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DETERMINATION OF UNCERTAINTY IN THE FLIGHT MOTION OF AN
UNMANNED AERIAL VEHICLE BY MEANS OF REGULATOR SYNTHESIS

PETTEI'III CUHTE3IHIH KOMEI'ITIMEH, YIIKbILICbI3 YIIY
AIIMTAPATBIHBIH ¥YIIY KO3FAJIBICBIHIAAFBI BEJIT'ICI3AITI'TH AHBIKTAY

ONPEAEJIEHUE HEOINPEAEJEHHOCTHA B IETHOM JIBUKEHUU
BECIIMJIOTHOI'O JIETATEJIBHOI'O AIIITAPATA C ITIOMOILIbIO
PEI'YJISITOPHOI'O CUHTE3A

Abstract. This article highlights the fact that the development of unmanned aerial vehicles
(UAVs) is a dynamically developing direction, which has recently been of particular interest to
UAVs, as well as a number of their features and application areas. The main direction in the
development of UAVs is to increase the autonomy of flights, which in turn increases the reliability
of the device, provides ease of operation without requiring a high level of qualification of the operator,
as well as reduces the overall cost of completing the task. We show the control system of an unmanned
aerial vehicle, the impact of obstacles in the flight of an unmanned aerial vehicle and the presence of
difficulties arising in the landing conditions.

Keywords: unmanned aerial vehicle, unmanned aerial vehicle control system, unmanned aerial
vehicle movement model, system of equations.

Anparna. by makanaga yimkelncs3 yiry annapattapbiH (¥ ¥ A) a3ipsey KapKbIH/IbI 1aMblIl
KeJie JKaTKaH OarbIT OOJBIN TaOBIIATHIHBI, COHFBI YakbITTa ¥ ¥ A JIET€H €peKIle KbI3bIFyIIBUIBIK TIeH
onapAblH OipKaTrap epeKIIeNiKTepi MEeH KOJJaHy cajanapbl atan alTeliaabl. ¥ ¥A-H o3ipieyneri
Heri3ri OarpIT ymry JepOecTiriH apTThipy OoJblll TaObuiaabl, Oy ©3 Ke3eriHje ammnaparThlH
CEHIMITITIH apTTHIPAJIbI, OTIEPATOPABIH JKOFAphl OUTIKTUTIK JCHTeHIH Tajan eTei, mai aaanyIbH
KapanaibIMIbUIBIFBIH KAMTaMachl3 €Te/li, COHali-aK TalChIpMaHbl OPBIHAYFa KYMCAIATBIH KaJIIbl
IIBIFBIHIAPBI a3aiTaapl. Y IIKBIIICH3 YTy ammapaTbiHBIH OacKapy >KYWECiH, YIIKBIIICHI3Iap IbIH
yiry OGapbICBIHJIAFbI KeAEPriIepAiH ocepl MEH KOHY KaFAalblHIa TYBIHAAWTBIH KHUBIHIBIKTAPIbIH
0O0JIybIH KOpPCETEMI3.

Tyiiin ce3aep: YIIKBIIICHI3 YIIIy anmapaThl, YIIKBIIICHI3AapAbl OacKapy Kyieci, YIIKBIIICHI3
YIIIy anmapaTbhlHbIH KO3FaJIbICBIHBIH MOJIENI, TeHAEYIIep Kyiieci.

AnHoTanusi. B naHHO# cTaThe OTMEYaeTcs, 4yTO pa3pabOTKa OECHMIIOTHBIX JIETAaTEIBHBIX
anmmapatoB (BJIA) sBnsieTcss AMHAMMYHO Pa3BUBAIOMIMMCS HAMPABICHHEM, B TOCIETHEE BpeMs
0co0bIi nHTEpec peacTaBisioT bJIA u psan ux ocobeHHocTel u oonacteit mpuMmeneHusi. OCHOBHBIM
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HanpasieHueM B pazpabotke BJIA sBisieTcs MOBBILIEHHE CAMOCTOSTENILHOCTH TOJIETOB, YTO B CBOIO
ouepesib IOBBIIACT HAAEKHOCTh ammapara, oO0ecledynBaeT MPOCTOTY 3KCILIyaTallud, HE Tpelys
BBICOKOTO YPOBHS KBaJM(HUKAIIMH ONEepaTopa, a TaKKe CHIKAET OOIIre 3aTpaThl Ha BBHITOJHEHHE
3agaHus. llokaxeM cucTeMy ynpaBiieHUs OECHMIOTHBIM JIETaTENbHBIM allapaToM, BIIHUSHHUE
IPEMSATCTBUA Ha I0JieTe OECNMIOTHUKOB M HAIWYUE TPYAHOCTEH, BO3ZHUKAIOIIMX B YCIOBHAX
ITOCAJIKH.

KiroueBble cioBa: OecnWIOTHBIM  JIETaTENbHBIM — ammapar, CHCTEMa  yIPaBICHUS
OeCHMWIOTHUKAMU, MOJIEb IBM)KEHUS OECIIMIIOTHOrO JIETaTeJIbHOTO anmapaTa, CicTeMa ypaBHEHH.

Introduction. As science and technology advance day by day, the conquest of new milestones
in human history is revived. Today, science has reached many heights, and drones are proof of that.

Let's briefly touch on the variety of drone types: there are different types of drones by design.
UAVs are classified according to interrelated parameters such as weight: flight time, range and flight
height.

We know that UAVs are widely used in military defense, surveying and civilian programs. It
also contributes to scientific research, such as the use of drones in environmental research. Due to the
rapid development of drone technology that has become available over the past decade, they are in
high demand in wildlife research, especially aerial photography. Scientists have determined the
effectiveness of drones compared to planes for marine fauna studies taking aerial photographs of the
sea [1]. Scientists from Calvin University studied the impact of drones on the bird world and they
showed that drones do not cause the birds stress, making drones a better option for studying them.

[2].

Materials and methods. In the case of information uncertainty, the synthesis of software
control of an unmanned aerial vehicle is carried out. On the basis of the mathematical model of the
UAV guidance described in the discrete-variable coordinate system the method of analytical synthesis
of the UAV control law according to the given quality criterion at guidance along the trajectory
passing through the given points of space which is characterized by the solution of the optimization
problem is offered which allows to form the optimal control law in changing conditions of the UAV
application. On the basis of a fuzzy regulator formulated methodology for the formation of the control
signal of the UAV autopilot, which includes algorithms for forming the optimal trajectory of the
UAV, phasing of random input signals, calculation of control parameters and obtaining the control
signal. signals of the UAV autopilot, which allows it to provide the necessary quality control in terms
of information uncertainty [3].

Of particular importance is the development of domestic unmanned aerial vehicle (UAV)
control systems, which belong to the class of structures that are subject to the influence of random
external forces, measurement noise, and other perturbations. UAV manufacturers, due to changes
under the influence of unknown parameters in a wide range, the synthesis of high-precision systems
requires the search for solutions from the class of modern control systems.

The development of modern control theory began with works in the field of adaptive, interval
(interval-determined), uncertain and stochastic (uncertain and stochastic systems) systems.

The means to improve the effectiveness of UAV control in the face of obstacles to the UAV
control system are described. It is duplicated by local radionavigation systems based on false satellites
to improve the immunity from interference of satellite radionavigation systems. In order to improve
the accuracy of positioning of aircraft, the possibility of using a combined method of spatiotemporal
and spatial-frequency processing of navigation signals is defined [4].

If we synthesize UAV motion under uncertainty. For different levels of research uncertainty,
the mathematical model of the UAV is provided with lower control accuracy compared to the
proportional regulator with constant coefficients obtained for the model.

Results and Discussion. In estimating the vector state, we consider the coefficients of the
equations of linear motion of the aircraft simultaneously with the vertical-horizontal flight algorithm.

8
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Let us write the longitudinal model taking into account the wind acceleration, motions in the state
space:

X=AX+BU+ & 1)

Here is the vector state;

X = [AV A A9 Aw, AH]T - velocity stabilization errors, angles.

AV AG AY Aw,, AH - trajectory and pitch angles, angular velocity, and pitch altitude.

U- control of the helicopter.

E=1[§ ¢, 0¢, 0]" - vector of random wind gusts.

A- matrix state; B- control matrix.

The elements of matrix A and B depend on airspeed and inertial-mass characteristics.

We derive the estimation parameters A and B from the state vector and its derivative [5]. From
this we obtain 2 measurement equations:

Y =AX+BU+E+E

YZ =X+ 5}’2
Here Y; and Y, are the measurement vectors of the components of the state vector and its
derivative; the component of the measurement vector is the noise vector Z;yz =

y1’

(&, & & &, Exl T the state vector is the product of the noise vector of the state measurement

— T
component é;yl = [Ey &g €4 &, Egl
In the tracking device algorithm, the vector U* is used not only as a part of the measurement

vector, but also as a control vector. If separate sets of sensors are used, then for X and their noises
can be considered independent. As a result, the control process looks as follows:

X=U"+¢
A=0
B=0 (2)
or if we introduce an extended state vector
X* — [XT aT]T

where the equations-columns of the vector-coefficients written in the order a-(1), i.e., the rows of
matrices A and B,

X =[X"a" (3)
In the control process equation (3), the extended input control vector U™* = [U *T O]Tand the
extended deviation vector & = [& 0]T
Measurement equation:

= 5] - [ ]
oY =F+¢,
Here F = [AX;BU] , fy = [%]
V2

The nonlinear Kalman filter algorithm can now be used for the control process (3) and control
conditions (4) [5]:

X=U"+P (g—;)T S;1(Y —F(R,U)) (5)
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« equation of the control device;

: oF\T _q 0F _
P+p ( ax*) Sy 2P =S5, (6)
« the equation of the correlation error matrix P.

Estimation of the X extended state vector in the algorithm (5), (6).

Sy is the matrix of measurement noise intensity & v’

S, - intensity matrix of random perturbations &';

)
OF 14 —(4X + BU)

" da
0X ] 0

[-unit matrix.
For the model of longitudinal motion of the UAV described by system (1), when using only the
altitude rudder as the control system

9,

AV A8 A9 AS, O 0 0 0 0 0 0 0 0 0

[ 0 0 0 0 AV A8 AV A5, O 0 0 0 0 0 }
=10 0 0 0 0 0 0 0 0 0 0 0 0 0

[ 0 0 0 0 0 0 0 0 AV A6 A9 Aw, AS, O J

0 0 0 0 0 0 0 0 0 0 0 0 0

oF . _ : : .

X if we take into account linear independence of matrix columns.

Algorithm of joint evaluation and identification of equations (5) and (6).
To verify the performance of the algorithm (5), (6), mathematical modeling was conducted
using the Matplotlip Python Plotting program.

L.
a..c ! :
05 10 15 0 % o530 R S T R R R a—
€ M Bpema, ¢ 6 -y 1 Bpena. ¢
a : : : = . :
X0 ; : ! a
c’pao , : »¢ aD'\ . -
O W
: gk k.
.2 .
AL al
,S ; . ; . . . 4 i i . i | i
0 5 10 15 MW A& L X 0 5 15 a0 25 _ a0
M Bpena, ¢ a Bpems, ¢
.. 3 2 . a C-l 4 )
¢ pao : ¥
P O <] 8
24 2
&l LAY
5 i i i i ; i _1[ ; ; ; i i
0 5 10 ] 30 ;
Bpﬂ\lﬂ. c 0 5 10 15 20 25

30
Bpema, ¢

Figure 1. Coefficients of the first and second rows of the UAV longitudinal motion state
matrix.
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At the same time, the estimation of the motion parameters and the determination of the
parameters of the light UAV model were performed simultaneously. The object under study turned
out to be a completely nonlinear system of equations of motion. The flight of the aircraft was
simulated taking into account the random noise of the sensors.

Synthesis of a controller. The control law can be obtained by synthesizing optimal controllers
based on analytical theory [2, 4, 5]. For a linear object (1) is optimal in terms of minimum
functionality.

I=["X"QXdt + [ UTRUdL (7)

Manager U = —R™'BTSX
The solution of the algebraic S-Riccati equation of this
S+SA+ ATS —SBR™'BTS=—-Q (8)
In the last expression A—algorithm (5), (6) is evaluated using the state matrix; Q, R are matrices
of positively determined coefficients defining the ratio of control accuracy requirements and the
amount of control of individual state parameters.

Simulation of the synthesized adaptive regulator was performed under various conditions of
uncertainty, and its results (Fig. 2) indicate significant limitations of using such an approach.

[=]

ra
=
o

pan

[=]
jry
[

[ =]
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&
=
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]
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Bpewma, ¢ Bpena, ¢

Figure 2. Adaptive errors in UAV control based on the nonlinear controller (5), (6).

Fig. 1 and Fig. 2 show the motion parameters of the UAV, which were in error under a wind
speed of 20 km/h and a moment of inertia of 20%. In this case, if the airspeed is known to an accuracy
of 3 km per hour. In the absence of airspeed information, the control algorithm is unprofitable because
of the long transitions of the identification algorithm

Conclusion. Determining the effects of the natural environment on drones in different
situations. Observing the motion of UAVs under conditions of uncertainty. Estimating the vector of
state, the coefficients of the equations of linear motion of the aircraft, while considering the algorithm
of vertical-horizontal flight. We write a longitudinal model, taking into account the wind excitation,
situation, and get the drone motion in space.
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THE ROLE OF PROGRESSIVE METHODS IN THE DEVELOPMENT OF THE
LOGISTICS SYSTEM

JOTUCTUKAJIBIK JKYWUEHI JAMBITY JAFBI ITIPOTPECCHUBTI
QJIICTEPAIH POJII

POJIA ITPOT'PECCUBHBIX METO/IOB B PA3BUTHU JTOT UICTUYECKOM
CUCTEMbI

Abstract. The advantages of the MRP system create favorable conditions for its (MRP)
application in logistics markets to be profitable and effective. Thus, the mode of operation of these
centers depends on the time of year, the political and economic situation in the countries where they
operate, the development of the region, etc. The fact that the factors directly depend on the above
advantages of the MRP system clearly demonstrates how convenient and economically feasible the
use of these technologies is. From the above, it can be concluded that the use of MRP in logistics
centers creates the ground for the development of transportation in the region.

Keywords: MRP, logistics, SCM, cargo, concept.

Anparna. MRP xyifeciHiH apThIKIIbUIbIKTapel OHBIH (MRP) nmoructukanslk HapblKTapaa
KOJIZIAHBUTYBI THIM/II KOHE THIM/II OOJTYBI YIIIIH KOJIAMIIBI sKaFaainap »xacaiael. Ocbutaiiiia, aTaiaran
OPTAJIBIKTAP/IbIH JKYMBIC PEXHUMI XKbIJI ME3TUIiHE, OJlap JKYMBIC ICTEWTIH enjepJeri casich >KoHe
SKOHOMMKAJIBIK JKaFrjaiifa, alMakThlH JaMyblHa »oHe T.0. ¢akropiaapasiH MRP  xylieciHiH
KOFapblJla aTallfaH apTHIKIIBIIBIKTApPbIHA TIKEJEH Toyenai Ooiybl OChl  TEXHOJOTHUIAP.IbI
KOJIJaHY/IbIH KAHIIAJBIKTBl BIHFAMIbI KOHE HKOHOMMKAJIBIK TYPFBIAAH THIMII €KeHJITrH alKbIH
kepceteni. XKorapeiia alTeUTFaHAapaaH JTOTUCTHKAIBIK opTaibikTapaa MRP konmgany aiimakTarsl
KOJIIK TaChIMaJIbIH JAMBITYFa Heri3 00Ja/ibl JeTeH KOPBITHIHAbIFA Kelyre 00apl.

Tyiiin ce3aep: MRP, noructuka, SCM, KyK, TyKbIpbIM/IaMa.

AnHotanus. [Ipeumymecta cuctembl MRP co3nator GmaronpusiTHele yCIOBHS AJsl TOTO,
4yT00bI ee (MRP) nmpumeHnenue Ha TOrHCTHYECKUX PhIHKaX OBIJIO BHITOAHBIM M 3P QeKTUBHBIM. Takum
o0pa3oMm, peXuM pabOThl yKa3aHHBIX IEHTPOB 3aBHCHUT OT BPEMEHH TOJa, MOJUTHYECKOW U
HSKOHOMHYECKOM CUTYAIlMH B CTpaHax, IJ1e€ OHU JEHCTBYIOT, pa3BUTHs peruoHa u T.1. ToT gakxT, 4yTo
(bakTOpBl HANMPSMYIO 3aBUCAT OT BBIICNIEPEUYHCICHHBIX TMperMyInecTB cucteMbl MRP, HarmsimHo
J€MOHCTPUPYET, HACKOJBKO YIAOOHO M HSKOHOMHYECKH IIeJIeCOO0pa3HO TNPUMEHEHHE OSTHX
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TEXHOJOTHH. OT BBIIIEU3JI0)KEHHOIO MOKHO IIPUWTU K TaKOMY BBIBOJY, YTO npumeHeHne MRP B
JIOTUCTUYECKUX LIEHTPaxX CO3JacT MOYBY JJIS Pa3BUTHUS TPAHCIOPTHBIX MIEPEBO30K B PETHOHE.
Kurouessble ciioBa: MRP, noructuka, SCM, rpy3oBasi, KOHIIEIITHS.

Introduction. The article discusses the concept of Material Requirements Planning (MRP),
MRP Il products, the main goals in the MRP application, the processes that arose during the
application of the MRP system and its stages, auxiliary functions, and 3 important issues essential for
production, and also the basic conditions for material requirements planning. The advantages and
disadvantages of this system, the principles of its application in the activities of modern logistics
centers, ways to improve the efficiency of production and development of transportation in the region
are noted [1].

Main part. In any area of production, resource planning and their rational use are important. It
is the distribution and use of resources, whether human or material, in accordance with the needs of
the market, that is considered one of the indicators of the success of an enterprise.

In modern times, it is considered more appropriate to apply a concept called Material
Requirements Planning (MRP) in planning and using the need for material resources in many
industries, especially in the transportation of goods. MRP is a material production planning system.
It can also be put simply like this, that is, MRP is computer system-assisted resource management
designed to improve enterprise productivity. Businesses use MRP to determine the quantity (volume)
of raw materials needed for a product they produce and plan supplies accordingly. MRP is recognized
as one of the most modern logistics concepts in the world, and a large number of micrologistics
systems have been developed and operate on its basis [2].

Over time, the MRP concept was improved and the development of Enterprise Resource
Planning (ERP) software systems gave impetus to the development and implementation of MRP 11
products in production. Currently, MRP Il products are the most modern software, and such programs
are rarely found in older production information systems.

The creator of the concept of MRP is an American of Czech origin Joseph Orlinsky (1922-
1986). In 1975 he published the first book related to this area. According to his theory, MRP consists
of a series of logically related procedures necessary to fulfill production schedules, combining into
“requirement chains”, synchronized production rhythms (modes) over time and turning each
necessary backup component into a planned “purchase” of these requirements.

The first approach to the MRP system occurred in the middle of the twentieth century, then this
concept, as a result of the development of computer technology in 1970, began to be widely used.

The MRP system provides a consistent rescheduling of needs when changing the production
mode or inventory structure, as well as product attributes.

Usually, the MRP system is calculated in the direction opposite to the product development
plan, that is, according to the accepted schedule, it determines the list (quantity) of materials,
components, semi-finished products and their parts necessary for the finished product. In other words,
this system determines the materials and items needed for the production of a particular product, that
is, it helps the manufacturer determine the need for reserve raw materials for production by comparing
the needs and supply in the market. At the same time, MRP analyzes input data (bill of lading, shelf
life of stored raw materials, etc.) to provide managers with the necessary information on the use of
labor and materials to improve the efficiency of the enterprise.

In the international business environment, the concept of MRP is most often used in planning
and controlling orders in machine-building and logistics centers, as well as in solving issues related
to the supply of a wide variety of purchases and material resources. The use of this system allows the
manufacturer to determine the volume (quantity) of the final product and the timing of its production,
and at the same time determines the amount of time and material resources to ensure the production
regime.

The main goals in applying MRP are:
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- production planning and, along with meeting the demand for materials, components and
products, supply finished products to consumers;

- ensuring a low level of reserves;

- planning operations for production and purchases, as well as a schedule (table) of delivery.

When using the MRP system, the production schedule is formed in conditions of free demand
and automation tools are not used when drawing up the work plan. The plan is drawn up manually
subject to the mandatory feasibility of execution (implementation), i.e., taking into account demand
and the financial plan. Here, one of the essential issues is the compilation of a list of the main
resources needed for each product. This list indicates the shortage of resources and the possibility of
its (deficit) compensation. This type of monitoring and control of the production schedule must be
continuous. When eliminating defects that may arise in connection with updating the production plan,
the production schedule is divided into stages: at the first stage, modification of the plan is not
allowed, and at the second stage it is allowed only if.

The MRP system determines the answer to 3 important questions essential for production:

1. What do you need?

2. How much do you need?

3. When is it necessary?

The processes that have arisen when using the MRP system are divided into 4 stages:

Stage I: Their assessment to provide needs and materials. At the beginning of the application
of the MRP system, demand and the conditions for its provision are determined. To do this, the MRP
system determines specifically the volume (quantity) of the required raw materials and components.

Stage Il: Comparison of needs with reserve resources and their (resources) distribution
(section). Once the existing resources are identified, the MRP system allocates them precisely to the
required areas.

Stage IlI: Production planning. Given time, the time and amount of labor to complete
production is calculated.

Stage IV: Tracking the process. The production process is monitored in order to identify
possible problems. The MRP system informs managers about emerging problems and the
implementation of a plan to eliminate them without negatively affecting the final result [3].

The main issue in planning the requirements for materials is a wide list of raw materials,
components and fees (Bill of Materials - BOM) required for the production (creation) and repair of
the product, as well as for the provision of services, which in practice is called the "specification".
The specification defines the relationship of the finished product (free requirement) with the
components (non-free requirement). Free requirement is created outside of production, non-free
requirement refers to the components.

Given the specification, the need for components is fully calculated. The MRP algorithm
calculates the quantity of finished products in accordance with the main production schedule (mode
of operation) to fully meet the needs of the market. Here, one of the main issues is the accuracy of
the primary data. Primary data consists of two reports that perform auxiliary functions - primary (first)
and second.

The primary report is as follows:

- Planned orders. This includes a schedule divided into planning steps, indicating the time and
quantity (volume) of the order.

- Permission to execute orders according to the plan. Here the volume of stocks (reserve)
associated with the admission of materials for production and their use is calculated. After that,
materials are allowed for production and orders are fulfilled.

- Changes in orders according to the plan. This includes changes to the time and volume of an
order, as well as order cancellations.

The second report consists of the following:
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- The report on the control over the implementation of the plan reflects the details of the
deviation from it (the plan) and the costs of production.

- A report covering obligations related to supply contracts, purchases and similar procedures,
including an assessment of the purchase of materials necessary for production, if necessary in the
future.

- The exception report reflects the main inconsistencies and errors found in previous reports

The following information is of particular importance in the application of MRP:

- Name of the finished product. This is usually referred to as free demand or level "0" in the
BOM.

- Where and when. How many products are needed to meet the need and when needed.

- Shelf life of stored materials.

- Status of materials in stock: a list of materials in stock, suitable for use and orders issued by
the supplier.

- Documents materials (list). Detailed information on materials and components for the
manufacture of each product.

- Planning information. This includes restrictions in the manufacture of products or the
provision of services, the route of delivery, quality standards, the volume of delivered lots and other
primary data.

The MRP system has advantages and disadvantages. The advantageous aspects are as follows:

- Guaranteed availability of materials and components when needed.

- Keeping inventories at a minimum level and saving costs associated with this.

- The minimum time for providing services to clients.

- Increasing the productivity of production.

- Increasing production efficiency.

- Achieve customer satisfaction.

The disadvantages of the MRP system are as follows:

- Strong dependence on primary data.

- The high cost of the system and the complexity of the application.

- Poor response to production schedule changes.

- Desire to keep more than the required amount of inventory. [4;5]

Conclusion. The MRP system allows you to create a schedule in production in conditions of
free demand, without using automation tools. The plan is drawn up manually, i.e. taking into account
demand and financial plan. Here, the most important issue is the compilation of a list of the main
resources needed for each product. This list indicates the shortage of resources and the possibility of
its (deficit) compensation. This type of monitoring and control of the production schedule must be
continuous. To eliminate defects that may occur due to updating the production plan, the production
schedule is divided into stages, that is, at the first stage, modification of the plan is not allowed, and
at the second stage it is allowed only if the volume (quantity) of the main resources corresponds to
the modification of the production plan.
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AHIaTna. ABHANMSIBIK KayilCi3[MiK aBHALMSIBIK KbI3METKE OailJIaHBICTHI HEMece oye
KEMECIHIH KYMBICBIHA TIKEJICH KOJIJIay KOPCETYMEH OalIaHbICThI TOyEeKeIep TOMEHIACTIICTIH )KOHE
0acKapbUIaTBIH JICHreire JeiiH OONaThIH aBHALMSIIBIK JKYHEHIH HeMece YHBIMHBIH JKail-KyHiH
Ounnmipeni. ABuaIus Kayinci3airiH KaMTamachl3 €TyAeri €H MaHbI3Abl OaFBIT — 9ye JKOIAyIIbLIAPbIH
TEKCepy MpOUeAypalapblH JKEHUIIETY KOHE OJKEIeNAeTe OTBIPBIN, JKaHa, WHHOBALUSIIBIK
TEXHOJIOTUSUIAD MEH TEXHUKAIbIK Kypangap[bl €Hri3y apKbUIbl OHBIH JAEHIeWiH KeTepy. byin
Makajga/ja a3aMaTThlK aBMALMAHBIH JyeKall KeLIeHJEpIHIH aBHALMSAJIBIK KayIlCI3IIK KYHeciH
KETIAIPYAET] poJliH KapacThIPaMbI3.

JKyMBICTBIH KaHANBIFBl KAYINCI3AIKTI apTThIpa OTBIPBIN, XOJAylIblIapFa KbI3MET KOpCETy
KYMBICBIH a3aliTy VIIIH JKaHa canajibl TEXHOJOTHsIapJbl KOJJAHYBIHIAY >XOHE AaBHALUSIBIK
KayINCI3/IIK KYHeCiH )KeTuaipy O0bIn TaObUIa bl

ANBIHFAH HOTIDKENEPHAIH CEHIMAUIIi, FBUIBIMH €peXKelepliH, KOPBITHIHABUIAD MEH
MPAKTUKAJIBIK ~YCBIHBICTApABIH HETI3AUIN ToXipuOenep MeH 3epTTeyJepMeH, COHJail-ak
KapUsUTaHbIMJIApMEH pacTaiabl.

Tyiiin ce3aep: Oyexaii, Kayirci3uik, )KaHa TEXHOJIOTHs, CTAI[HOHAPIIBIK METAJIT IETEKTOpIIap,
KOJI METaJUI IETEKTOp, ra3 aHAJIN3aTop.

AHHOTAUUsA. ABHAIIMOHHAS 0€30MaCHOCTh OTHOCUTCSI K COCTOSIHUIO aBUAIIMOHHOM CHCTEMBI
WIM OpraHu3allid, B KOTOPOM PpHUCKH, CBS3aHHbIE C aBHALMOHHOW JESTENbHOCTBIO WIIU
HETOCPEJICTBEHHO C TOJJEP>KKOM padoThl BO3AYIIHOTO CYy/HA, YMEHBIIAIOTCS M HAaXOJATCS Ha
YIpaBIsieMOM ypoBHE. BakHeWlIuM HampaBjieHHEM B OOeCleueHUU aBHAllMOHHOW 0e30MacHOCTH
SBJIAETCS TOBBIIIEHUE €€ YPOBHS 3a CUET BHEIPEHMsI HOBBIX, MHHOBALIMOHHBIX TEXHOJOTMH H
TEXHUYECKUX CPEJCTB, YIPOIICHUS U YCKOPEHHUsI POLIeTyp IPOBEPKU aBHATIaCCA’KUPOB.

B naHHON cTaTbe paccCMOTPUBAIOTCS POJIb TPAKJAHCKOM aBHALlMM B COBEPIICHCTBOBAaHUU
CHCTEMBI aBHAIIMOHHOM 0€3011aCHOCTH a3pONOPTOBBIX KOMILIEKCOB.

HoBuszHoif paboThl sBISETCS MPUMEHEHHE HOBBIX KAUeCTBEHHBIX TEXHOJOTMH U
COBEpIICHCTBOBAHNE CUCTEMBI aBHAIIMOHHOM 0€30MacCHOCTHU JIJIsl CHUKEHUS pabOoThl 00CITY)KMBaHUS
MACCAKUPOB MPH MOBBIIEHUN 0€30MaCHOCTH.
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J10CTOBEPHOCTH MOJYYCHHBIX PE3yIbTaTOB, 00OCHOBAHHOCTh HAYYHBIX MPABUJ, BEIBOJIOB H
MPAKTUYECKUX PEKOMEHIANNN IOATBEPKIACHBI JKCIEPUMEHTAMU M HCCICIOBAHUSAMHU, a TaKKe
MyOTMKAIUSMU.

KawueBble ciioBa:  AjpomopT, OXpaHa, HOBBIE TEXHOJOIMH, CTallMOHAPHBIC
METAJUIOMCKATENH, PYYHOH METaJUIOMCKATENh, Fa30aHAIN3aTOP.

Abstract. Aviation security refers to the state of an aviation system or organization in which
the risks associated with aviation activities or directly supporting the operation of an aircraft are
reduced and are at a manageable level. The most important direction in ensuring aviation security is
to increase its level through the introduction of new, innovative technologies and technical means,
simplifying and accelerating the procedures for checking air passengers. This article discusses
innovative technologies and their role in ensuring aviation security.

The novelty of the work lies in the use of new high-quality technologies that reduce the work
of servicing passengers and improve safety.

The reliability of the results obtained, the validity of scientific rules, conclusions and practical
recommendations are confirmed by experiments and studies, as well as publications.

Key words: Airport, security, new technologies, stationary metal detectors, manual metal
detector, gas analyzer [1].

Kipicne. ABuanusiblk Kayilci3lik TEpMHMHI a3aMaTThIK aBUALUAHBl 3aHCBI3 apajacy
aKTUIepIHEH KOpFayFa apHaJfaH [Iapajap KeNIeHIH, COHJai-aK afaM >KOHE MaTepHaIbIK
pecypcerapabl OLAipei. ABHAIUSIIBIK KayIICi3AiK aBHAIUSIIBIK KbI3METKE OaiIaHBICThI HEMECE oYye
KEMECIHIH KYMBICBIHA TIKeJIeH KOoiay KopceTyMeH OalIaHbICThI TOYEKEeNIep TOMEHICTINICTIH KOHE
0acKapbUIaThIH JeHreire JeiiH OoJaThiH aBHALMSJIBIK JKYHEHIH HeMmece YHBIMHBIH JKail-KyHiH
oinaipeni. Ox TeOpUSHBI, TPAKTUKAHBI, TEPrey/Ii )KOHE CaHATTapFa 06y Typasibl YIIy COTCI3IIKTEpi
KOHE peTTey, OiiM Oepy KoHe OKBITY apKbUIbl OCBIHJAM aKkayJaap/blH aiablH any. OHbl KOFaMHBIH
Kayllci3Jri Typalibl aKkapaTTaHAbIpaThlH HayKaH asChlHAA KoJaHyFa 00Jajibl 9ye KaThbIHACHL. Oye
KeJIIrl JaMblFaH Ke3JleH OacTam, »KoJjaylIbulapibl, Oarakapl, COHJAi-aK opTYpii XKYKTepAi dye
apKbUIBI TaChIMANIIAy/Abl JKy3€re achlpy MYMKIHAIT Maiiia OoJIFaH Ke3Je OpTYPJl aBUALIUSIIBIK
KEUIeHJepJie JKOHE a’poJIpoM TEepMHHAJJApbIHAA ajJaM KayilCi3JIiriH KaMTamachl3 eTeTiH
ABUALIMSUIBIK KAYITICI3IIK KYHECIH JaMBITY KakeT 0osbl. Ka3ipri ke3eH ie aBuaIusiIblK Kaylnci3aik
aBUALMSHBIH OHBIH KbI3METIHE 3aHCHI3 apajacy/iaH Kayilci3aiK jKaF/iaibl peTiHae KapacThIPbLIaIbL.
ABHalUANBIK KaylNCI3AIKTIH ©31HIIK MakKcaTbl, MIHAETTEpPl, 3€pTTey IoHI, MPAKTHKAJIBIK >KOHE
TEOPHSUIBIK (FRIIBIMH ) MAceesep/l ey YIliH KOJIIaHbUIAThIH O11iM Kypasijapbl MEH IPUHIUIITEP]
Oap. Oyexailnpl mnaijanaHy >XKyHeciHIEe aBHALMUIBIK KAyilCI3[JIK KbI3METIH KYpY MaHbI3/bI
opbIHAapAbIH OipiH anaapl. Cebebi, mapanapIblH AYPHIC OPBIHAATYHI JKOJAYIIBUIAD MEH dyekai
KbI3BMETKEpJIEpIHIH ©Mipl MEH JeHCAayJbIFbIHbIH, OJIApJAbIH MYJKIHIH, OyeXalJblH ©31HIH
MaTepUaIbIK KYHIBUIBIKTAPBIHBIH ~KAYINCI3AITIH  aHBIKTAlIpl. Oyexalnapaa Kayinci3aikTi
KamTaMachI3 ety OoitbiHma OKb Kel3MeTKepIiepine apHaiibl OKUIeTTiKTep OepiireH [2].

Herisri 0esiim. Ko3zranbpicThl OHTaMIaHABIPY JKOHE OyeXKailbIH OMIpJIK MaHBI3/IbI
aliMaKTapbIHa JJAHKECTEp MEH Oerjie ajgamaapblH eHyiHe *KoJl OepMey YIIH dyexkaiiga Oakpuiay-
OTKi3y TYHKTIH JKOHE OOBEKTINIUIK PEeXUMAI YHBIMAACTBIPY JKOCHapilaHFaH.OyeKalabIH
Kayilci3airiH KaMTaMachl3 €Ty VIIIH Kajail >KOHE KaHJald Imapajiap KOJJIaHBLIATBIHBIH aNTHII
keremu3. KernrereH xaraaiiinapaa eH 3aMaHayd TEXHUKAJIBIK Kypajiap MEH TeXHOJIOTHsIIap bl €HT 13y
ApKBUIBI aBUAIUSIIBIK KAYIMCI3IKTIH THICT1 JEHT€HIHE KETyre ThIphIcaabl. [[ereHMeH, TeXHUKAIBIK
Kypajinap MoceneHiH Oip OeiriH faHa memiesi (KayinTi aHbIKTay >koHe kepcery) Kasipri xesenue
ABUAIMSUIBIK KAYITICI3/IIK aBUAITMSTHBI OHBIH KbI3METIHE 3aHCHI3 apajiacy/laH KOpFay JKaFaaibl peTiH/Ie
KapacThIpbLiIabl. ABUAIIMSUIBIK KAYINCI3IKTIH ©31H/IK MaKcaTbl, MiHIETTEpl, 3epTTEy IMoHI, TAHBIM
Kypajnapbl MEH NPaKTUKAJIBIK KOHE TEOPUSIIBIK (FUTBIMHU) MIETTyre KOJJAaHBUIATHIH MPHUHIATITEP]
Oap.
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OyexalIblH JKYMbIC JKYHeciHJe aBHAIMAIBIK KayilCi3OiK KbI3METIH KYpy MaHBI3JIBI
opbIHAAPBIH OipiH ananbl. bipak amaMm ¢akTopsl Moceneci kui Ke3zaecemi. byriHri KyHI TeKcepy
YILIiH KOJITaHbUIAIbI:

- JIOFa TOPI3/Il CTAIIMOHAPJIBIK METAJLT 13/1eT11I,

- KOJIMEH MEeTaJll 13/1eTilll;

- aJlaMJIbl CKPUHUHTITIK TEKCEpyTe apHaJiFaH CKaHEpJiey PEHTIeH alllaparsbl;

- Oaraxpl TeKCEpyre apHaJIFaH KOHBEWep THUITI CTAIMOHAPIIBIK PEHTTEH KOH IBIPFBICHI;

- )KapBUIFBIII 3aTTap MEH OJApAbIH 137IepiH IUarHOCTUKaIayFa apHaJlFaH HOPTAaTUBTI JETEKTOP
(xpomarorpad).

An enmi Ka3zakcran oyexaitbiHa keneTiH Oojicak, 2020 >xputbl ambutFaH «TypkicTany
XaJIBIKAPAJIbIK Oy€KalblH KAPaCThIPAUBIK.

«TypkicTan» XaJbIKapaJbIK oye)Kalbl, oyekail KelleHI OOBeKTUIepiHe >KOoJjaylibulap MEH
KeJyIIJIEp/iH eMipi MEeH JeHCayJIbIFbIH KOPFay, COHAaN-aK Kapy-Kapak, *KapbUIFbIIl MaTepuaniap
oHe 0acKa Ja 3aTTap/blH 3aHCHI3 alfHATBIMBIHBIH AJIJIBIH a1y KOHE KOJBIH Kecy OOJIbIN Ta0bUIaThIH
aBUAIMSUTBIK KayiNCi3iKk IIapajapbiHa epekimie KeHUT Oeseni. Ockbl Mocelenep/i IMmenry YIIiH
«TypKicTaH XaJbIKapalbIK 9yeKalbIHBIH KaYINCI3IIr» apHaibl KOCITOPHBI KYP/BIL.

Kacinopsin KeI3MeTi Keseci 0arpITTap OOMBIHINA JKY3€Te aChIPbLUIAIbL:

- Qyekaiifia aBHaIMsUIbIK KayilCi3iKTI KAMTaMachl3 €TYy;

- 9ye KEMECiH, XOJayIIbUIapJbl, dye KEMECIHIH JKHUITaXX MYIIeJepiH, KbI3MET KOpCeTyIIi
MIePCOHANIBI, Oara)ibl >koHEe KOJI KYT1H TEKCEepY;

- JKYKTEp/Ii, OMITaIap Ibl, OOPTTHIK TYKEHACPAl TeKCepy;

- 9ye KeMeJiepiH, dyekail ayMarblH JKOHE OHJIa OpHAaJIackKaH a3aMaTThIK aBHALUS OOBEKTUIEPiH
KOJI JKETKI3y/li OaKbIIay/Ibl, KOPFayIbl KAMTAMACHI3 €TY.

CKpUHUHITIK —mpolexypaitapAbl OKYprisy Kesinae mnpoduibaey omicTepi OenceHai
KOJIIaHBUIA bl TepMHUHAT FUMAPATBIH MATPYJIbACY KAPBUIFBII 3aTTapAbl Ta0y OOWBIHIIA apHANBI
JTANBIHABIKTAH OTKEH HICHIUT UTTEPMEH KHHOJOITAp apKbLIbl XKY3€re achlpbuiajbl. Teppopuszmre
Kapchl JalbIHABIK LIeHOepiHae OuliM Oepy yHbIMIApblHIA KapbUIFBILI 3aTTapiblH Oap-"KOFbIH
TeKcepy, KYIIKTI 3aTTap/pl, KOJiK KypaiJapblH TEKcepy VIIiH, COHJaii-aKk JTaHKECTIK OpeKeTTep
TypaJibl aHOHMMJIi CHTHAJIAAP TYCKEH Ke37le OKY OpPBIHIAPBIH TEKCEPYre KHHOJIOTHSUIBIK KbI3MET
KbI3METKepJiepl TapThLUIa b

Aynno xxoHe OeliHebaKpLuIay Kyiienepl apKbUIbl TEpMUHAI 3aapbl, OHAIPICTIK ayMaKTap MeH
KY3eT OeKeTTepi ToyIik O0bl OaKbUIaHaIbl. AJIBIHFBI ayJa/a skoHe 0acka dyekail HbICaHIapbIHBIH
YKaHBIHJIA KY3€T alilMaKTaphl YIUBIMIACTHIPBUTFaH.

Y11y anablHAarel THIMJII TeKCepyi KaMTaMachl3 €Ty MakcaThiHAa ABHUAIMSUIBIK KayiTCi3IiK
KbI3METI 3aMaHayM TEXHHUKAJIbIK Kypajlgapbl: MUJUIMMETPIIK CKaHEpey >KyHesnepiH, peHTTeHIIK
TeJeIuaap HWHTPOCKONTAPbIH, Ta3 aHAIM3aTOPJIAPBIH, JKAPBUIFBIII 3aTTap/Abl TachIMaJIalThIH
JETEKTOpJIapAbl )KoHE T.O.

Kazipri yakpitta TypKicTaH KaJdachIHBIH OyeKaWbIHIAFbl OApIBIK KOIAYIIbLIAPIBI TEKCEpy
MYHKTTEpPl JKOJAyIIbUIApABl TEKCEpy MpoLeAypachlH OapblHIIA JKbUIIAM JKOHE  THIMII
yHIBIMIACTBIpYFa MYMKIH/IIK O€peTiH jkaHa OybIH cKaHepJiepiMeH jka0bIKTanFaH. TexHonorusa agam
JICHECIH/Ie KACBIPBUIFAaH METall, aFall, KepaMuKa, IJIACTUK XOHE 0acka Ja MaTepualgapibl
aHBIKTAyAbl KaMTamachl3 eTedi. KypbuiFel OelceHal MUJUTMMETPIIIK TOJNKBIHAAP IIBIFApaibl, Olap
aJaMm TepiciHe eHOel, oJlaH 6Te TOMEH KyaT JACHTCWIepiHe MAaFbUTbICAIbl )KOHE MYJIIEM 3USHCHI3.
Ckanepzi maiianany KoJaylibliapsl TEKCEPY MPOIEAypachiHAH OTY MPOIECIH KbUIAaMIaTabl:
opOip ckaHepreyre maMameH 3 CeKyH I KeTedl. AJIbIHFaH JePeKTep/l TaaaayIbl Koca alFana, OyKii
Tekcepy nporieci mamameH 10 CeKyHITHI anajbl.

Oyexaiila oye KEeMECiH/Ie TachIMaljilayFa THIHBIM CAJIbIHFAH 3aTTaplbl aBTOMATTHI TYPHE
AHBIKTAUTBIH KOI JeHreil Oarakapl CKPUHUHITIH OIpIKTIpiAreH XYHeciH KaMTHUTBIH Oara) bl
aBTOMATTBI CYpPBINTAy Kyheci KojaaHbuiaabl. JKyHEHIH epeKIIeNiri opTypil TEeXHOJIOTHsUIapablH
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Oipereii KOMOMHAIMSCHIH Maiianany OOJbINT TaOBUIAABI - KOI COYNENl CKaHepliey, KOMIbIOTePIIK
tomorpadus sxoHe nudpakmus. Kazipri yakpiTTa 6araxasl TEKCEpYaiH TOPT JACHIeWIIi xKyiieci 0ap.

OpOip oye KeMecl oyexaill TIeppOHBIHIA TYPaFbl Ke3iHJIe TYPaKThl OcitHeOaKpuTaya OOIaIbl.
JKonaymisuiapapl OTBIPFBI3ap allJbIH/Ia KaOWHA MEH TEXHUKAIIBIK (0arax) OeJiKTepiH MIHJIETTI TYpe
peiic anapIHAAFbl TEKCEPY XKYPri3ijeni.

OpraHukaiblK KoHe OeHOopraHUKaNIbIK KOCBUIBICTAP/Ibl aHBIKTAY (YHKIUSACHI Oap PEHTIeHIIIK
TEJIEBU3USIIBIK HMHTPOCKOITAP/bIH, COHAAW-aK Ta3 aHaJu3aTopiapbl MEH KBI3METTIK HTTEPHAiH
KOMETIMEH JKYK IE€H IOIITAHbIH OapJIbIK KejieMi TeKCepiae/i.

¥Yury ke3ingeri Kopaapasl 100% exi geHreinn Tekcepy (YIIy Ke3iHIeri Tamak, Oyder xoHe
acxaHa >Ka0JbIKTapbl jKoHE Oa)xChl3 Tayapiiap) Ky3ere achIpbUlajbl: OOPTTaFrbl TaMaKTaHIABIPY
3ayBITBIHBIH [IEXTAPBIHIA KYPACTHIPY CATBIChIHIA OcifHeOaKbLIay KOHE JKMHAKTHI TEKCEpy. OopTTa
YKOHEJITY YIIIH aBTOJIU(TTEPre TUEITESH Ke3/1eTi OOpTTarsl Taramaap.

OyexaiipiH bakputaHaThIH aiiMarbiHa KOJIIK KYpaJJapblHBIH Kipyl JKYPri3yLIiHIH >XKeKe
pYKcaTbl ~ MEH  KONIK  KYpPalblHBIH  pYKCAaTTaMachlHBIH  KayilCi3[iKk  >KyienepiMeH
COMKeCTeH/TIIPUITeHHEH KEWiH JKy3ere achlpbuIajibl. Byl peTte Kok Kypajibl, KeiK KypailapbIHbIH
KYPri3ylIiiepi MeH kKoJayliblIapbl MiHJIETTI Typ/e TeKceplryre xkaTaabl. bakpliay myHKTTEpi KOk
KypaJlJapblH TOKTaTYAbIH TEXHUKAJBIK KypaJlJapbIMEH *aOJbIKTalFaH, OyJl oyexailra pyKcaTchl3
Kipy MYMKIiH/ITiH O0sabipMaiib [3].

KopbIThiHABI. bopimizre monmiM ABuarusga >KOJAyIMIbUIAD TACKIMAIBIH YHBIMIACTHIPYIAFbI
MaHbI3bl MAaceJe - a3aMarTaplblH eMipl MEH JCHCAyNbIFbIHBIH Kayilci3Airi. 3aHChI3 apajnacy
opekeTTepiHe OalIaHBICTBI OKUFANApbl OOJIBIpMAy YIIIH dye KONIriHiH KayilCi3airiHe »ayamnTbl
azaMaap KayinTi agampapiaH Oip caTbl jKOFapbl 00dybl KepeK. JKYMbIC 3aHCBHI3IBIKTHIH ajlIblH
Iy JKaHA WHHOBAIMSIIBIK OMICTEPIH KOJIJAaHA OTBIPHIN, ABHANMSIBIK Kayirci3gikreri Oap
Moceenep/i Menryre KemeH i TOCl KOJAaH IbI.

ABHAIMSUTBIK KAYINCI3IIK TajanTapbl jKOHE OJapAbl iCKe achlpy TOpTiOi JKOJIAyIIBUIAP/bIH,
aBUAIUS TIEPCOHAIIBIHBIH, XAIBIKTBIH, 9ye KeMEJEpiHiH >KOHE a3aMaTThIK aBUALMSHBIH KaylICi3Iiri
MEH KayilcCi3[IriH KamMTamachl3 €Ty MakcaThbIHAa XaJbIKapasblK akTuiepae xoHe Kazakcran
PecnyOnmKkachIHBIH 3aHHAMACKIH 1A KAOBUTIaHATHIH HOpMaTapMeH, epexesIepMeH )KoHEe paciMAepMeH
oenrineneni [4].
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CBs3b B BUIIUMOM CBETE IMAGING-MIMO
CUCTEMA C UCITIOJIB30BAHHUEM pLED U BCTPOEHHOI'O ITIPUEMHHUKA

KOPIHETIH )KAPBIK BAMJIAHBICBI IMAGING-MIMO _
pLED KOHE KIPIKTIPIVIT'EH KABBIUIJAFBIIITHI KOJIJAHATBIH )KYUE

COMMUNICATION IN VISIBLE LIGHT IMAGING-MIMO
SYSTEM USING pLED AND BUILT-IN RECEIVER

AnHoTanus. [lepegaya ¢ HECKOIBKUMU BXOJaMH U HECKOJIbKUMU BbIxogamu (MIMO) moxer
HCII0JIb30BAThCS JUIsl YBEJIIMUEHUS ITPOITYCKHON CIOCOOHOCTH cucTeM cBsi3u B BuumoM ceere (VLC).
OTOT OAXOJ XOPOIIO COBMECTUM € MCIOJIb30BAHUEM MAaCCUBOB MUKPOCBETOM3IYYAIOIINX JUOI0B
(LLED).

B s70if pabote MBI 1eMoHCcTpupyeMm cuctemy Busyanuzauun-MIMO VLC, ucnons3yroniyro
JBYMEpPHBII MacCHB MHUKPOCBETOAMOJOB C WHIWBUAYAJIBHOW aJpecallieil U WHTETPUPOBAHHBIN
npueMHuk Ha ocHoBe KMOII. CymmapHasi ckopocTh nepefauu AaHHbIX ~920 M6ut/c peanusyercs
IIPU UCTOJIb30BaHUH YETHIPEX NapaslieIbHbIX KaHAJIOB Ha paccTosHUU 1 M. [lanbHeliiee noBbIIEHHE
CKOPOCTH IE€pEAAYN JAAHHBIX BO3MOXKHO 33 CYET ONTHUMH3ALUN KOMIIOHEHTOB CUCTEMBI U yCIOBUI
paboTHI.

KuroueBbie ci10Ba: CBs3b B BUAMMOM CBETE, MHOXKECTBEHHBIN BXOJl M HECKOJBKO BBIXOJOB,
onTHyecKasi OecrpoBOHAas! CBS3b.

Angarna. Ken kipicti ken msireic (MIMO) Oepinicid kepiHeTiH »kapbIK Oaitnansicel (VLC)
KYHeJepiHiH CHIMBIMABUIBIFBIH apTTHIPY YVINIH MaijanaHyFa Oonaabl. bynm Tocin MHKpoOKapbIK
mibirapathelH quo (WLED) maccuBTepiH naiganaHyMeH kKakchl yiliecel.

byn wmakanana 6i3 VLC-MIMO OeiiHeney xyileciH xeke ajpecteneTiH microLED
nuckinepinin 2D maccuBin xoHe OipikTipiiren CMOS HeriziHaeri KaObUIAAFBIIITHl KOJIaHBII
kepcetemi3. ~920 MoOut/c xanmbl JaepekTepli Oepy >KbULZaMIblFbl | M KAlIBIKTBIKTaFrbl TOPT
napajuieNib/li apHa apKbUTBI XKY3ere achIpbiianbl. JlepexTepi TachiMaiaay KbUIIaMIBIFBIH OaH opi
apTTBIPY XKyHe Kypamaac OeiiKTepi MEH YMBIC >KarJallapblH OHTaWJIaHIBIPY apKbUIbI MYMKiH
OoJtaabl.

Tyiiinai ce3nep:kepiHeTiH kapblK OaiaHbIChl, OipHeIlIe Kipic >koHe OipHelle IIbIFhICTap,
OTITHUKAJIBIK CHIMCBI3 OalIaHbIC.

Abstract. Multiple input multiple output (MIMO) transmission can be used to increase the
capacity of visible light communication (VLC) systems. This approach is well compatible with the
use of micro light emitting diode (WLED) arrays.
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In this paper, we demonstrate a VLC-MIMO imaging system using a 2D array of individually
addressable microLEDs and an integrated CMOS-based receiver. The total data transfer rate of ~920
Mbps is realized using four parallel channels at a distance of 1 m. Further increase in data transfer
rate is possible by optimizing the system components and operating conditions.

Keywords: visible light communication, multiple input and multiple outputs, optical wireless
communication.

BBenenue. Cucremol cBsizu B BugumoM cete (VLC), takxke m3BectHble kak Li-Fi, Moryr
CBHITpaTh BaXHYIO pOJIb B OyIylmuX OECIPOBOAHBIX KOMMYHUKAIUSAX. DTO BaKHO, YUUTBIBAs, YTO
IIPOU3BOIUTENBHOCTh pagrodyacToTHOW (PY) cuctembl CTaHOBUTCS OTPaHUYEHHOW M3-3a HEXBATKU
JIOCTYIIHOT'O CIIEKTpa Ha 4acTOTaX, IJ€ BHEAPEHUE CUCTEMBI SBIISETCA MPOCTHIM U IOKPBITHE
Xopoliee.

VLC npeanaraer BO3MOXHOCTb JoCTyna K cOTHAM Tl HENUIEH3MOHHOrO CIEKTpa ¢
HCIOJIb30BaHUEM HeJloporux koMnoneHToB. Kpome Toro, VLC coueraer 3¢ deKkTUBHOE OCBELIEHHUE
C KOMMYHHKAIMSIMH, Ipejularas HNOTEHLHal MHOTIOLEJIEBOM HEI0pOrol KOMMYHHKAIMOHHON
UH(PACTPYKTYPBHI.

BonbIIMHCTBO KOMMEPUECKH JOCTYIHBIX OCBETHTENIbHBIX CBeTOoM3Iydaromux auonos (CHUI)
OCHOBaHbI Ha mpeoOpazoBaHuM 1Bera cuHero CHJl ¢ Hcronb30BaHHEM JKEJITOro JOMUHOGDOpA.
XKenteiii IFOMHHO(OP MOTIIONIAET YACTh CHHETO CBETa CBETOIMO/IA M TIOBTOPHO M3IyYaeT MUPOKUN
KENTHIN CIIEKTP, KOTOPBIN NPU CMELIMBAHUM B IPABUJIbHOMN MPOMOPLUYU C CUHSASA JAJIMHA BOJIHBI JaeT
Oenblii 1BET. XOTS 9TH YCTPOHCTBA MMEIOT HU3KYIO CTOMMOCTb JJISi MACCOBOTO MIPOM3BOJICTBA, OHU
UMEIOT HU3KYIO 1oJiocy npomyckanus (Heckonbko MI'm) [1]. HenaBHO Ob110 MOKa3aHo, 4TO CUHUE U
3eneHble MUKpocBeToanoabl (LLED) Ha ocHoBe GaN MoryTt obecrneyuBaTh IMOJIOCY MPOMYCKAHUS
ontuyeckoil Moxymsituu, npesbimaromyo 400 MI't [2]. besommbounas mepemavya JaHHBIX CO
ckopocThio 710 3 ['0ut/c ¢ ucnonb3oBanuem oxnoro cuaero pLED Obuta mpoaeMoHCTpUpOBaHa C
UCIOJIb30BAHUEM MYJBTUIUIEKCUPOBAHUS C OPTOrOHAJIBHBIM YaCTOTHBIM pa3[elIeHUEM KaHAaJOB
(OFDM) Ha HeOonbIoM paccTosiHuu [3].

YroObl yBEIMUYUTHh NOTEHIMAIBHYIO CKOPOCTh Nepenaun JaHHbIX VLC, OblIN MpeioKeHbl U
U3Yy4CHbl CHCTEMBl C HECKOJbKUMH BXOJAaMH U HECKOJbkMMH Bbixomamu (MIMO) [4-7].
CpaBHuTENbHBIE HCceNOBaHUSA pa3auyHblx cxeM MIMO koTopble NOKa3bpIBalOT YIIydIIEHUE
CHEKTPaTIbHON 3(P(PEKTUBHOCTH C HCMOIb30BAHUEM MPOCTPAHCTBEHHOTO MYJIbTHUIUIEKCUPOBAHUS
(SMP). Yersipexkananbhble cucteMbl MIMO ¢ oToOpakeHuem u 6e3 0ToOpaskeHUsI U300pakeHus
ObUIM NPOJIEMOHCTPUPOBAHEI B [4, 5] mpu 1ynHe KaHana 1 M.

Peanuzanus cucrem MIMO VLC 6e3 06paboTku M300pakeHUl ¢ COBOKYITHON CKOPOCTHIO
nepefayn gaHHbXx 50 M6ut/c onucana B [4]. Ucnons3yss OFDM u BHU3yanu3upyrolyl0 ONTHKY,
cuctema MIMO Gbps Obuta mponeMoHcTpupoBaHa B [5]. B o0eux BBIICYMOMSIHYTHIX CHCTEMax
UCMOJb30BATNCh KOMMEpUYECKHEe Oenble CBETOIMOJBl C OOJIBIIMM  pPAacCTOSHUEM MEXAY
n3nyyatesnsMu (15 cm u Bblie). 9TO OrpaHUYMBAET MACIITAOUPYEMOCTh TaKMX CUCTEM, OCOOCHHO
eclii TpeOyroTCs BEICOKONApaIeIbHbIE COSTNHEHMS.

B oroit pabore Mmbl nemonctpupyeM MIMO-VLC c wucnonb3zoBanumem cunux ULED u
BCTPOGHHOTO IpueMHHKa Ha ocHoBe CMOS. Marpuibl MUKPOCBETOAMOAOB U (OTOJETEKTOPOB
UMEIOT pasmep mara 1,5 mm u 0,25 MM cooTBeTcTBeHHO. Mcronb3ys cnenuanbHO pa3padOTaHHYIO
ONTUKY TMepelaTuuka W ONTHUKY NpPUEMHHMKA H300paKeHHUH, Mbl MOKa3bIBAEM BO3MOXHOCTb
HCTOJIb30BaHMS YeThIpeXKaHadbHbIX cucTeM MIMO. B Hacrosiiee Bpemsi 3Ta CKOpOCTh OrpaHuYeHa
IIPOU3BOJUTEIIBHOCTBI0 ~ KOMIIOHEHTOB, M  YCOBEPIICHCTBOBAHHBIE  IOJACHCTEMBI  JTOJIKHBI
obecrieunBaTh ropas3ao 0oJiee BHICOKME CKOPOCTH Mepeladul TaHHbBIX.

B ar0i1 cTatbe omuceiBaeTcs INpakTUYECKas pealu3alys U pe3yibTaThl, NOJyYEHHBIE Ha
JAHHBII MOMEHT ¢ ucnonb3oBaHueMm cucteMbl MIMO-VLC. CraTes OpraHu3oBaHa CIEAYIOIINM
obpaszom: B pazzene Il maercs 0030p nmpakTudeckoi CUCTeMB, a B pazjaene [l moapoOHo uznararotcs
SKCIIEpUMEHTAaJIbHBIE pe3yIbTaThl. BeIBOBI 1 Oyayas padota npeactasieHs! B Paznene V.
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Onucanne cucremsl. Ha puc. 1 nokaszana 61ok-cxema cuctrembl MIMO-VLC, uccnenyemoii B
naHHou cratke. [lepenaTunk cocTouT M3 MaccuBa 6X6 MUKPOCBETOIMO/I0B, PA0OTAIOIINX HA JJINHE
BOJIHBI 450 HM, K&Kl CO CHEKTpaJbHOM MMpUHOW 20 HM IpHU MOJHON IIMPUHE HA IOJOBHUHE
MakcuMyMma. OTH YCTPOWCTBAa H3TOTOBJIEHBI W3 KOMMEPUYECKHMX CHHUX CBETOAMOIHBIX IUIACTHUH
InGaN/GaN, BeIpaiieHHbIX Ha candupe. MacCuB MUKPOCBETOIMOI0B OPraHU30BaH TaKUM 00pazoMm,
YTO 3JIEMEHTHl CIPYNIHMPOBaHBI B KiacTephl 2x2 ¢ maroM 69 MKM MeXAy ABYMS COCEIHUMHU
3JIEMEHTaMU MMKPOCBETO/IM0/10B. CKBO3HOE pACcCTOSHUE MEKIY 3JIEMEHTaMH cocTaBiseT 1,5 MM
(cm. puc. 2(a)). Kaxnaprit uLED umeer nuamerp 39 MKM M ONTUMHU3ZUPYETCS HA OCHOBE U3MEPEHHOM
ONTUYECKON MOIIHOCTH M OTPAaHUYEHUI IOJIOCHI IPOIYCKAHUS, HAKIAJAbIBAEMBIX pa3IU4YHBIMU
pazmepamu LLED [2]. Oxugaemas mojioca mponycKaHus 1Jid 3TUX YCTPOUCTB coctasisieT 125 MI'w.
DTa moJioca NpoIycKanus gocturaercs npu tToke cMemnieHus 100 MA. Bosnee Bricokas nmpomyckHas
CIOCOOHOCTh MOXKET OBITh JOCTUTHYTA C UCIOJIB30BAHUEM MEHBIINX YCTPOMNCTB 3a CUET CHUKEHUS
ONTUYECKON MOIIIHOCTH.

N\

p
Dl [T JLEDI
Chl ﬁ‘
Data2 2
AWG pLED2

Daad [TagG uLED3

Duad (w1l wiEDs
Ch

N/
HLED array APD array

Im

Transmitter Optics
Reeciver Optics

Pucynok 1. brok-cxema cucremsr MIMO-VLC.

Ha puc. 2(b) nmoka3zana cxema ONTUKH IepelaTyrKa. ITO cOOUpaeT J1aMOepPTOBCKHUE JTy4YH OT
kaxnaoro u3 PULED u KOHTpolMpyeT WX pacXxoAMMOCTb. 3aT€M CBET pacClIpOCTPAHSETCS Ha
ONITUYECKYIO CUCTEMY IIpueMHHMKa. [ ycnemHoro pasaenenus kaHanoB MIMO na npuemnuke H-
MaTpulla KaHajia JoJKHa OBITh 3aMoJIHeHa KBATH(PUIIUPOBATh.

WULED array

37mm

(©)

Pucynoxk 2. a) M3o6paxenus maccua LLED yctpoiictea MIMO. BeraBneno nzobpaxenue ¢
0OJBIIMM yBENWYEHHEM JUId TUnu4Horo sinemeHta ULED u 0) cxema onTuyeckoil CUCTEMbI
nepeaaTyrKa.

B stom cnyuyae onTuka mnepenaTyMka CIPOEKTUPOBAaHA TaK, 4YTOOBI OOECIEYUTh Yroj
pacxoxaenus 7,5 rpagaycos (IIOJHOE), a ONITHKA TpueMHuKa (puc. 3(a) obecnieunBaer FOV 3 rpanyca
(nonnoe). Iloaxoasmias cucreMa ONTHUKHM IepelaTyMka W TNpUeMHUKa Obula pa3paboTaHa ¢
HCIOJIb30BAHUEM KOMMEPUYECKHUX JOCTYNHBIE JIMH3bl M  ONTHMHU3MPOBaHBl C IOMOUIBIO
MPOTPaAaMMHOTO 00€CTIeUeHHUS JIJIsl TPACCHPOBKH JIYUEH.

[lone 3peHuss MpUEMHUKA OTPaHUYEHO KOJMWYECTBOM JIETEKTOPOB B MAacCHBE INPUEMHHKA,
KOTOpbI€ OyyT OMKCAHBI B CIEAYIOIIEM pa3jele.

[IpreMHUK COCTOUT U3 CHEIHATBHO pa3pabOTaHHOM MaTpHILIbI IABUHHBIX (poToa1010B (APD)
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Ha OCHOBE KOMIUIEMEHTAPHBIX MeTALI-OKCUI-TIoaynpoBogHuK (CMOS), u3rotoBneHHOH 1O
texnosoruu 0,18 MkM, ¢ TpaHcuMItenancHBIM yeunuTeneM (TIA), BCTpOeHHBIM B KaXKIbIH JIETEKTOP.

Maccu 3% 3 APD pasmepom 200x 200 MkM2 Kakaelid ObLT peanu3oBad mar 240 MM (cM)
puc. 3(0).

APD array

2lmm

(@ (6

Pucynok 3. a) Cxema onTuyeckoil cucteMsl IpueMHuKa 1 0) nzo0pakenue maccusa JID/], 9
JI®/] BbIAEIEHBI KPACHBIM KBaJPATOM.

DT yCTPOICTBA UMEIOT YyBCTBUTENBHOCTD 2,61 A/BT npu HanpsKeHUH 00paTHOTO CMELICHUS
12,75 B npu ocsemennu Ha jymHe BoJHBI 450 HM. JID]J] Obud BHIOpAHBI, TOCKOJIBKY OHU UMEIOT
00J1ee BHICOKYIO YyBCTBUTENBHOCTD, yeM [IMH-® /1. koncTpykunu Ha ocHOBeE [§].

Hakonen, mnepenaBaeMble CUTHaJIbI OLCHUBAIOTCS IIOCIE€ IMPUMEHEHHS]  aIropuTMa
nexonuposanust MIMO u skBanaiizepa ¢ oopatHoi cBsa3bio (DFE).

PesyabraTrhl M o0cyxkaeHume. OKCIEPUMEHTHl IPOBOAMIUCH Ha paccTosHUM 1 M oOT
nepelaTuvKa U MPUEMHUKA, BBIPOBHEHHBIX IS IOJIYYEHHs MAaKCHUMaJIbHOIO OTHOIIEHHUS CUTHAI-
myM (SNR) B nmpuemnuke. PaccmarpuBaroTcsi yeTbipe napasienbHbix kaHana MIMO, mostomy
ucnoib3yrores yetbipe yriaoBeix fLED maccuBa. pLED ynpasnsuincek cpefHUM TOKOM 35 MA, 4TOOBI
rapantupoBath, yTo LWLED pabGotaer B nuneiiHom pexxkume otkimka LIV. M3mepennas cpemnusis
BBIXOJHAsI ONITUYECKAsi MOLTHOCTB IIPU 3TOM TOKE CMeEIleHus cocTaBiseT 1,5 MBT, 3a ucknroueHneM
OJIHOTO MUKCEJIs, KOTOPBIA UMEET CPEHIOI0 ONTUYECKYI0 MOIIHOCTH 0,5 MBT.

Ha puc. 4 nokazaHo m3o0pakeHHE ONTHYECKOW OCBEIIEHHOCTH Ha paccTOsIHUM 1 M mpu
OJIHOBPEMEHHOM BKJIOYeHNH yeThipeX LLED, pacnonoskeHHbIX B KpallHUX yriaax. Kakaslil Kpy»Kok
COOTBETCTBYET MPOoUiIt0 onTuYeckoi HHTeHCUBHOCTH UWLED. 3T0T npoduiabs 0CBEIIEHHOCTH TOYHO
COOTBETCTBYET CMO/IETTMPOBAHHOMY NMPO(UITIO, TOTYYEHHOMY C IIOMOIIbIO TPACCUPOBKH JIy4deil.

PI/IcyHOK 4. I/I306pa)KCHI/IC OITUYECKOI OCBEIIEHHOCTH Ha pacCTosIHNN 1 Mot nepcaaTuunka.

O6parute BHUMaHue, uto cuctema MIMO MoxeT paboTaTh TOIHKO B IIEHTPATILHOM 30HE, T/I€
Bce yeThlpe kaHana MIMO mnepekpbiBaioTcsi. Bo BHEMIHMX pernoHax MOIIHOCTb CHUTHaja BCEX
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YEeThIpEX KaHAJIOB HEIOCTATOYHA JUIsl YCIEUIHOTO JEKOAMPOBAHUS JAHHBIX M3 YETHIPEX KAHAJIOB.
OO6parute BHUMaHKUE, YTO B OTJIHUME OT 00bI9HOM crcteMbl NXN MIMO, BbI3bIBaroliei ceppe3Hoe
CHIDKEHHE TPOM3BOJUTEIBHOCTH TPU CUMMETPHUYHOM TIOMAJaHUM CBeTa Ha (OTOAETEKTOPHI,
MIpe/ICTaBJICHHAs 3[€Ch KOHCTPYKIUS MPAKTUYECKH JIMILIEHA MPOOJeMbl CUMMETpUM Ojarojgaps
TIIATEIBHO MTPOyMaHHbIM pazMepam u ctpykrype MIMO 4x9.

N3mepeHHble 4aCTOTHBIE XapaKTEPUCTUKNA CUCTEMBI JIJI YEThIPEX KaHAJIOB IMOKA3aHbl HA PUC.
5. Tlosoca mponyckaHusi CUCTEMbl HaxoauTcs B nuanazoHe 18— 22 MI'n. Ilomoca mpomyckanus
OrpaHMY€Ha B OCHOBHOM H3-3a HEONTHUMM3MpOBaHHOro maccuBa APD, mosioca mporyckaHus
KoTtoporo coctamisier mMeHee 22 MI1. UToObl MONMHOCTBIO HCMOJIB30BAaTh JOCTYIHYIO TIOJIOCY
MPONYCKaHUs NIepeIaTunKa, B HacTosIIee BpeMs uccieayercst Mmoauduuupoanubiii JIO I, koTopsIi,
KaK OXuaaercs, OyJeT COOTBETCTBOBATH I0JI0CE MIPOIMyCKaHUs epeaaTyuKa.

-5

-10

-15

Normalised gain (dB)

-20' - "
10 10 10°
Frequency (MHz)

PI/IcyHOK 5. I/ISMepeHHHe QJICKTPO-3JICKTPUUICCKUC YaCTOTHBIC XapPaKTCPUCTUKH KaHAJIOB
MIMO.

Ucnone3ys cxemy monynsauun on-off keying (OOK), Obuta onieHeHa NMpOU3BOAUTENBHOCTh
cucrembl MIMO. YeTtbipe He3aBUCHUMBIE IICEB/IOCITyYaliHbIE IBOUYHBIE TTOCIIE0BATEIbHOCTH ITTUHON
1013-1 6buM creHepupoBanbl B Matlab® u 3arpyxeHbsl B /Ba reHeparopa curhaios (Agilent
81150A), xoTopsle yrpasisitoT yeTbipbMs kKaHasiamu MIMO. [lpunsteie curHaist ot yetbipex JID]]
PETUCTPHUPOBAIUCEH C MoMoIIIbIo ocimitorpada (MSO7104B), mocne yero nanpHeimas o0paboTka
CUTHAJIOB BBINOJHSIACH B aBTOHOMHOM pexuMe. M3-3a orpaHWyYeHHON MOJIOCHI IMPOIMYCKaHUs
CHCTEMBbl B MPUEMHHUKE OBbLI MPUHAT HKBaNaif3ep C YaCTMYHO Pa3HECEHHOM pelaroiield oOpaTHOi
cBs3bto (DFE) ¢ 12 nunusamu 3aaepxku ¢ npsamoii ces3bto (TDL) u 2 TDL ¢ 00paTHOI CBA3BIO.

IlosnyyeHHBIE ABOMYHBIE NAaHHBIE CPABHMBAIOTCS C INEPEAAHHBIMU JAHHBIMU JUISL OLICHKH
4yacToThl omnook no 6uram (BER).

N3mepennas H-maTpuna kanana cuctemsl popmupoBanus nzodpaxenus MIMO c naeanbHbIM
BbIpaBHMBAaHMEM MOJYJIEH IMepenaTyrka U NMpueMHHKa npezcrasieHa B Tadmuue I, roe TXi n RXj
MIPECTABIISIOT 2JIEMEHTHl IEepeAaTdyuka W IpUEMHHMKA. MakCUMallbHOE YCWIEHHE KaHalla
HopManu3oBaHo 10 0 1b.

bnaronaps npueMHUKY U300pa)KeHHs BUIHO, YTO ONITUYECKHUE MTEPEKPECTHBIE TIOMEXU MEXTY
KaHaJIaMH O4YeHb MaJjibl, HIKe -14 nb (T.e. ayekTpuueckne mepeKpecTHbIe moMexu MeHee -28 nb).
Jna  nekogupoBaHuss kaHanoB MIMO MOryT uCHoib30BaThCs  pa3idYHbIE  AJITOPUTMBI
JEKOIMPOBAaHMSI, BKJIIOYAs OLEHKY MHHHMAaJbHOTO cpeaHekBagpatuyHoro 3HaueHus (MMSE),
dopcupoBanue Hyns (ZF) u MHorocnoitHoe mpocTtpancTBo-BpeMs Bell labs mo Beptukamu (V-
BLAST). OnHako u3-3a HU3KOTO YPOBHS MEPEKPECTHBIX MTOMEX JTAHHBIE MOKHO BOCCTAHOBUTH JIAXKeE
0€3 UCIOIB30BaHUS ITUX AJTOPUTMOB.

D710 HaOMIOACHNE TAaKXKe MOATBEPKIAETCS C TOMOIUIBIO TJIA3KOBBIX TMAarpaMM, pa3Hble KaHAJIbI
Ha ckopoctu 50 MOwuT/c, Kak HOKa3zaHO Ha pHUC. 6, TNleé BUAMMBIX MEPEKPECTHBIX IMOMEX He
HabOmomaercs. [71a3koBble TuarpaMMbl ISl KQXKJI0TOo KaHajga ObLTM 3aXBayeHbl, B TO BpeMs Kak
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Jpyrue KaHajsl ObUTH B paboTe.

0.05

Voltage (V)
Voltage (V)

20
Time (ns)

(a)

0.05

Voltage (V)
Voltage (V)

20
Time (ns) Time (ns)

(© (r)

10 20 30

Pucynok 6. 'maskoBast muarpamMma npuHuMaemsix curaainoB OOK Ha ckopoctu 50 M6ut/c
(a) xanan 1 (0) xanau 2 (B) xaHan 3 u () kaHan 4.

Ckopoctu mepenayu JaHHBIX B 3aBUcuMocThd OT BER st ueThipex KaHalOB CHCTEMBI
dbopmupoBanus nzodpaxenuii MIMO mnoka3zansl Ha puc. 7. OOpaTute BHUMaHHUE, YTO MPHUHSITHII
CUTH&J aJanTUBHO BbIpaBHUBaeTcs ¢ ucnoias3oBanueM DFE. Tlepseie 400 BbIOOpOK,
coorBercTBytome 200 6urtam OOK, ucnonb3yrorcs uis oOydeHHs 3KBajlaii3epa, a OCTaJbHbIE
JTAHHBIE HUCTIOJIb3YIOTCS A1l olleHKH BER. JlocTkrMbIe CKOPOCTH NIEpeAayu JaHHBIX BBIIIE TOPOra
npsimoro uctpasienus omuook (FEC), paBaoro 1,2x 10-3, cocrapmsror 300, 285, 85 u 250 Mowut/c
IUIsL KaHAJIOB C | 10 4 COOTBETCTBEHHO, IPU COBOKYITHOM CKOPOCTH Tepenaun JaHHbx 920 Mowut/c.
Bbosee HM3Kas CKOpPOCTh Nepedayd JaHHBIX KaHajla 3 cBs3aHa ¢ Oojiee HU3KOM IeperaBaeMoi
ONTHYECKOM MolTHOCTHIO. [lepegaBaemast onTuyeckas MOIIHOCTh KaHaja 3 B ~ 2,5 pa3a MEHbIIIe, 4YeM
y ApPYrHUX KaHalloB (Y4TO Takke oTpaxkeHo B H-marpuiue kanama B tabmuue I). 1o cBs3aHo ¢
po0eMoil B mporiecce MPOU3BOJCTBAa YCTPOUCTB. B pe3ynbTaTe MMen MECTO 3HAYMTENIbHBIA TOK
yTedkH Ha cocepnue WLED, uTo npuBoanio K HU3KOM 3¢ dexkTuBHOCTH. JTa npobiiema pemaercs, u
oXujaercs, 4to HoBoe nokojeHue LLED Gyner umers 60siee 0JHOPOIHbIE XapaKTEPUCTUKH C TOUKU
3pEHMsI OJIOCHI POITYCKaHHsI M ONTUYECKON MOIIHOCTU. TeM He MeHee 3Ta paboTa MOKa3bIBa€eT, YTO
cucrema Busyanuzauu MIMO Bo3MoOXHa ¢ MCHOJIb30BaHHEM ONM3KO pacnonoxkeHHbXx WLED un

HUHTCTPHUPOBAHHBIX KOMIIOHCHTOB.
0

—e— Channel 1

—&— Channel 2

—e— Channel 3

| ——Channel 4

2!

Iog1c(BER)

0 100 200 300 400 500
Data rate (Mbps)

Pucynok 7. CxkopocTs nepenauu gaHHbIX B 3aBucuMocty oT BER s kananos MIMO.

3akiiloueHue W JajbHeiimasi padora. B oroii pabore cooOmaercss 00 ycrenrHoi
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JEMOHCTpAIlMM MHTErpupoBaHHO# cucteMbl MIMO ¢ ucnonb30BaHHEM OJIM3KO PACIONOKEHHBIX
ULED wu wunTerpupoBaHHoro mnpuemMHuka Ha ocHoBe CMOS. bbina npoaeMoOHCTpUpOBaHa
COBOKYITHAsl CKOPOCTh Tepeaayu JaHHbIX ~920 MOUT/C mpU UCHOIB30BAHUU CXEMbI MOIYJISITUN
OOK. bonee BbICOKHE CKOPOCTH, BEPOSTHO, UCHOIB3YIOT O0Jiee CIOXKHBIE CXEMbl MOAYJSILIMH, a
MHTETPUPOBAHHBIN MOJIXO/1 MTO3BOJIUT MACHITAOMPOBATH CUCTEMBI, HCIIOB3YIOIINE TOPa310 OoJbIle
MapajuieJbHbIX KaHAJIOB, C COMYTCTBYIOIIUM YIy4YIIEHUEM CKOPOCTH IepeJauy IaHHbIX.

Bynymas pabota Bximtouaet B ceds perienue npoodiaemsl yreuku Toka BHyTpu WLED, 1 oHa yxe
Begercs. Takke OXHIaeTcs, 4YTO BTOpoe TMOKoieHHe MmaccuBa APD Oyner umers moisocy
nponyckanus B auana3zoHe coteH MI't. C APD ¢ 6osiee BBICOKOH MPOMYCKHOW CIIOCOOHOCTBIO H
BTOpbIM nokojeHueM ULED craHyT BO3MOXHBIMU ropa3fo 0ojee BBICOKHE CKOPOCTH Iepenauu
JAHHBIX.

JlanbHelmme TeCThl TakXKe OICHSAT MOKPBITHE U HCIOJIb30BAHHME PA3IMYHBIX aJITOPUTMOB
MIMO a1 oNTUMHU3AIKU TPOU3BOJUTEILHOCTH.
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KA3IPTI TAHJIA MEMJIEKETTIK TIIAIH KA3AKCTAH
PECITYBJIMKACBHIHBIH ASAMATTBIK ABUAIMSI CAJIACBIHJIA AJIATBIH OPHEBI
MEH MAHBI3BI

MECTO U 3HAYEHHUE I'OCYJAPCTBEHHOI'O A3bIKA B HACTOAIIEE
BPEMSA B COEPE I'PAYXKITAHCKOU ABUAIIU PECITYBJIMKHU KA3AXCTAH

CURRENTLY, THE PLACE AND IMPORTANCE OF THE STATE LANGUAGE IN
THE FIELD OF CIVIL AVIATION OF THE REPUBLIC OF KAZAKHSTAN

AnngaTna. bepijren Makaiazga MEMIIEKETTIK TUIIIH a3aaMaTThIK aBHALlMs CaJlaChIHIa ajJaThlH
OpHBI MEH MaHbI3Bl aWThurFaH. Kasipri yakpITTa aBWANMs CaJAChIHIA MEMJICKETTIK TUIIIH
KAHIIAIBIKTHI J9pPEKe/Ie KOMIaHBUIATHIHBI HAKTHI JACPEKTEP apKbLIbl TaadaHFaH. ABHALMS Caachl
MaMaHJApPBIHBIH OYe)KAWJIBIH TachbiMal KbI3METiHJIE, TIpKey OaFaHbIHIA, YIIAK CaJOHBIHJA
MEMJICKETTIK TIIJ€ KaAHIIAIBIKTBL JOPEXkKeae COMICHTIHIIN MbIcalaap apKbLIbl TajJIaHFaH.
Kazakcran PecmyOiMKachIHBIH a3aMaTTBhIK aBHAIMS CalachlHIAa MEMIICKCTTIK TUIMIH KOFaMJIBIK,
KociOM KaTblHAcTapja, OHBIH INIHAEC aBUALMSIIBIK-KOJIK KXYHECIHAEC KOJJaHYy asChlH OJIaH opi
KEHEWTyre MyMKiH/I1K OepeTiH Macelesepre Tanjiay *Kypri3uires. Makanaga MeMJIeKeTTiK TUIa1 Oy
- a3aMaTThIK apbI3 EKEHIIT1 alThUTFaH.

Tyiiin ce3aep: Kaszak T, MEMJIEKETTIK TUI, cayalHaMma, CypakK, KOFam.

AHHOTauus. B gaHHOW cTaThbe pacCMaTpUBAETCA 3HAYECHHE M BAKHOCTh TOCYAAapPCTBEHHOTO
s3blKa B OTpaciad TpaXJaHCKOM aBuauuu. [IpoaHanmu3upoBaHa CTENEHb UCIOIB30BaHUsA
roCy/lapCTBEHHOI'O sI3bIKa B aBHAIlMOHHOM cdepe. Ha mpumepax npoaHanu3upoBaHa, B Kakou
CTEIEHU CIEUUAIUCTHI aBUALIMOHHOW OTPACIH BIAJACIOT TOCYAAPCTBEHHOM SI3bIKOM B TPAHCIIOPTHOU
CITy)0€ a’poropTa, Ha CTOMKE PEruCTpallii U B cajloHe camoiieTa. [Ipoananu3upoBaHbl BOMIPOCH B
chepe rpaxmanckor aBuanuu PecmyOnukum KazaxcraH, mo3Boisitoniue najbHEiIIee pacumpeHne
chepsl HCTIOJIB30BAaHUSI TOCYIJApPCTBEHHOTO f3bIKA B OOIIECTBEHHBIX M MPO(ECCHOHATBHBIX
OTHOIIIEHUAX, B TOM YUCJIE B aBUALIMOHHO-TPAHCIIOPTHOM cUCTEME. B cTaThe TOBOPUTCS, UTO 3HAHUE
rOCYJIApCTBEHHOTO SI3bIKA SIBJIAETCS TPAXKIAHCKUM JOJITOM.

KuroueBble cjioBa: Ka3axCKUil sI3bIK, TOCYAAPCTBEHHBIN S3bIK, aHKETa, BOIIPOC, OOIIECTBO.

Abstract. his article discusses the importance of the state language in the civil aviation industry.
The degree of use of the state language in the aviation industry is analyzed. The degree of use of the
state language in the aviation sector is analyzed. Using examples, it was analyzed to what extent
aviation industry specialists speak the state language in the airport transport service, at the check-in
counter and in the aircraft cabin. Issues in the field of civil aviation of the Republic of Kazakhstan
are analyzed, allowing further expansion of the scope of the use of the state language in public and
professional relations, including in the aviation transport system. The article says that knowledge of
the state language is a civic duty.

Key words: Kazakh language, state language, questionnaire, question, society.
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ipicne 6esim. Kazakcran PecnyOnukachlHBIH a3aMaTTHIK aBUAIMS CAIAChIH/Ia MEMIICKETTIK
TUIMIH KOFaMJBIK, KOCIOM KaThlHACTap/aa, OHBIH INIHAC aBHAIUSIIBIK-KOIIK JKYHECiHIE KOJJIaHy
asICBIH 0J1aH 9p1 KEHEHUTYre MYMKIHJIK OepeTiH Macelenepre Tajiay xKyprizy - Ke3eK TalThIpMalThIH
ic. ATanFaH MoceJIeH1 TNy YIIiH MbIHAHal Macesenepre KoHiI 001y KaKeT:

A) EH anJbIMeH Ke3 KeJIreH aBHAIUSIIBIK MEKeMe, 0ye KOMIaHUsuIap, T.0. MEMIIEKETTIK TiIi
03 )KYMbIC 0a0bIH/Ia 3aH OOMBIHINIA KOJIAaHY KAKET;

O) ABuanys cajacblHJarbl MEKeMe OacIiblIapbl MEMJICKETTIK TUIJIE COWUJIeN, MEMJICKETTIK
Tire Oaca Ha3zap ayaapy Kepek. MeMIIeKeTTiK YHbIMIapMeH FaHa eMeC, MEMJICKETTIK eMec
YIBIMIapMEH /I XaT aiMacy, ic-Kara3aaphbl )KYMBICBIH MEMJICKETTIK T1J1JI€ )KYPri3yre Kelry Kepek.

b) MemnekeTTik TIAIH KOFaMJIbIK, KOciOM KaThlHAcTapja, OHBIH 1IIIHAC aBHAIUSIIBIK-KOIIK
KYHeciHe KOJIJaHy asiChIH OJIaH opi KeHelTyre ke3 kenreH Ka3zakcran PecryOnuKkachIHBIH a3amMaThl
aT CaJIBICYBl KaKeT.

Ka3zak TUTIHIH KOHCTHTYHHMSIJIBIK MopTeOeciH eckepe oTwIpbin, Kazakcran PecmyOnmukacs
Toyencizairinin 30 KbUIb iIiHIE MEMIICKETTIK TUIAIH aBHAlMs CalachlHAA KOJJAHBUIYBIH JKY3€re
aCBhIPYIBIH MaHBI3BI 30p. MEMIIEKeTTIK TUIMIH KOFaMIIbIK, KociOW KaThlHACTAapja, OHBIH iNIHIEe
aBUAIMSUIBIK-KOJIIK JKYHECiHAe KOIaHy asChlH OJIaH opi KeHeWTyre MyMKiHAIK O6epy kepek. Kazak
TUTIHIH ~KOJJAHBUTY asChIH KEHEWTYy OapJIbIKk MEMIICKETTIK Oarmapiamanapaa, Kasakcran
PecryOnmkaceiHbIH TYHFBI TIpe3uaeHTi-Endacet H.O. Hazap6aeBThIH kongaynapbIiHaa, COHAaN-aK
Kazakcran Pecnyomukaceineie npesuaeHTi K. K. TokaeBTHIH >konmaynapblHIa XOHE aFrbIMIarbl
ceiinereH cesnepinnae Kazak TuliHiH 2025 KpulFa JeiiH JaThiH OMINOWiHE Kellyi, OHBIH iIIiHJe
TepmuHaep >ka3y EnGaceinbiH JKapiblFbIMEH >KOHE TalcChlpMallapbIMeH, coHJail-ak «Pyxanu
KaHFBIPY» OaraapiamMachiHa KapacTeIpblUiFad [1].

Herisri 6eJim. XKanmsl MeMJIeKeTTIK TUIAIH KOJJaHy aschl Kejlecl MbIHAHAAW Ky)Karrapiaa
KOPCETUITeH:

1. «Kazakctan-2050» CrpaTerusichl: KaJbIITaCKaH MEMJICKETTIH aHa CasCH OarbIThI»,
Kazakcranuwsig Tynrsim [pesunenti — EnGaceiabiz, Kazakcran PecnyOnukaceinbiy [pe3unenTi —
¥t kembacuisickl Hypcynran Hazap6aeBteiH Kazakcran xankbiHa JKonmmayel. ActaHa. AKopaa,
2012 x.

2. «CpiHOapIBl KOFAaMIIBIK Auanor — KasakcTaHaarsl TYPaKThUIBIK TIEH OPKEHIEY IIH HET131»,
Kazakcran PecnyOnukaceinbiy [Ipesunenti KacsiM-Komapt TokaeB. MemiiekeT OacIIbICHIHBIH
Kazakcran xanksina XXongaysl. Actana. Akopaa, 2019 xbi.

3. H. HazapbaeB. «5 HMHCTUTYyHHOHAIIBIK pedopmaHbl xky3ere acelpy OoiibiHma 100 HAKTHI
Kazam» YT KOCHaphl.

4. «Kazak Tii oninOuiH KHPWUIMIIAIAH JIaThIHFA Kelipy Typanbsh» XKapnbirbsl, Kazakcran
Pecriy6nukacer [Ipesuaenti H.O. Hazap6aeBteiy 2017 xbinrbl 26 kazangarsl Ne 569 XKapibik.

5. «Kazakcran PecnyOnmkacelHIa Tl casicaThlH icke acbipyablH 2020-2025 >xpuinapra
apHaJFaH MeMJIEKEeTTIK Oarmapiamack», Kazakcran PecmyOnukacel YkimerTiHiH 2019 xpuirsr 31
x)enTokcanaarbl 0exiTinred Ne 1045 KaybIChI.

6. «Kazakcran PecriyOiinKachIHbIH oye KeHICTITH Nai1anany >koHe aBUaIisl KbI3MET1 Typalibl»
Kazakcran Pecniy6nukaceiabiy 2010 sxbutesl 15 minaeaeri 3aHsbl.

7. «¥my OKOHE dye KO3FalbIChIHA KBI3MET KOpCeTy Ke3iHJAeri paauoanMacy
(dpazeonoru3maepinig epexenepi», Kok xoHe KOMMYHHKAIUS MUHUCTPIHIH M.a-HBIH Kazakcran
Pecniyonukaceinbie 2010 sxbutebl 15 kazangarsl 6exiTiiren Ne 454 Oyiipeirbl. bepiiren kyxarrap
HET131H/1€ MEMJIEKETTIK T1T KOFAMHBIH OapJIbIK CajachIH/Ia, aTal alTKaH/a KOJIiK KYHeCiH 1e KeHIHeH
KOJIIaHBLTYBI KaXeT.

ATanFaH Mocesie HEeTi31H/1e MEMJIEKETTIK TUIIIH aBUAIIHs CaJlaChIH/Ia, COHBIH IIITH/IE )KOIAYTIThI
PETiH/E YIIKAH KOJAyIIBIHbIH MiKipi TOMEH/IET1/Iel YeK mapaKIachlHaa KOpCceTui:

Herisri o0bekT -AnmaThl XanblKapasblK oyexaiibl, Hypcynran HaszapOaeB Xabikapablk
oyexaisl [2].
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Ymak BbarbIThI AJIMaTBI DKHIAK XabapiaMmaHbIH
peiici Kyni dyeKabIH/I KOMAH/MPiHIiH IYpbIC
Jyexkomnanu | Caratbl arbl YIIAK KOHFaH alTBLIIYBI MEH
a1 sKepaeri Ke3xae JKa3bLIIYbI
KbI3MeT xabapJyamMaHbl
MaMaHIapbl xabapJiaybl
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IIOTOM Ka3aK TuTHAEr1
CHUMHTE. xabapaaMaHbI

- KBICKA FaHa
CyMKaHbBI3 1 alTKaH, OpBIC
BIH 1IIIHIE TiIHAET]
HOYTOYK xabapaaMaHbl
€CTh? OapeIHINIA  Y3aK
-Us anTyra

-Ounpa TBIPBICKAH
HIBIFAPBIIT
OTACIBHO
OTKI31HI3.
Tekcepy
OeiniMiHIe
JIe Ka3ak
TUTIHIE
KOMBLIFaH
CYpaKka
OpBIC
TUTIHIE
xKayar
OepiareH.

bepinren udek mapakmacbl KOPCETKEHJEH, aBHallUs CalTachIHBIH MaMaHAAphl SyesKalbIH
TackIMaJl KbI3METiHJIE, TIpKEY OaraHbIH/IA, YIIAK CATOHBIHAA MEMIIEKETTIK Tiije OapbIHIIA KaTecis
ceiineyre THIPBICYBI KakeT. TachiMan KbI3METiHIH MaMaHbI JKOJIayIlbl Ka3ak TUTIHE ceilece, Ka3ak
TUTIHAE Kayan Oepy KEepeKTITH YMBITIaybl KaXeT. bysl aBuanus canacblHAa MEMIIEKETTIK TIII1H
KOJIJaHBICBIH OJIaH 9pi KeHeTyre kafFaail xacaiiipl. JKbu1 caliblH aBUAIMs calachbIHBIH MaMaHAaphl
MEMJIEKETTIK Ti1/11 Oy JeHTr el OOMBIHIIA aTTeCTAllUsIIaH 6TCE, MEMJICKETTIK TUIA1 YUpPEHyTe JeTreH
YMTBUIBIC TTaliaa 6omap eni. CoHga FaHa MEMJIEKETTIK TUIMIH KOJ/IaHy aschl OapbIHIIA JaMUJIBI IETl
ecenreiimMi3. «Kaszakctan PecnyOnukacbiHaa Tin cascaThlH icke acblpyablH 2020-2025 xbuinapra
apHaJFaH MEMJIEKETTIK OaFaapiaMachbiHbIH» 2.2-MiHJIeTiHAe OblIail )ka3bUTFaH:

« - MeMrekeTTik TUIAI KOCIMTIK OarmapiaHFaH OKBITY, »asz0alla >KOHE aybI3llia Cousey
MOJIEHUETIH apTTHIPY YIIIH dJICTEMEIIK KAMTaMachI3 €Ty;

- KaHa TEXHOJIOTHSUIAP/AbI TaljalaHa OTBIPBII, MEMJIEKETTIK JKOHE MEMJICKETTIK eMec
MeKeMelep/IiH KYMbICKepJiepl YIIiH Ka3akK TUIiH 63 O€TiHIIe OKBITY KypCTapbhlH YHBIMIIACTHIPY;

- 0apJBIK MHHHCTPIIKTED MEH BEIOMCTBOJIAPIBIH JKBUIABIK JKYMBIC JKOCIIapblHA EHTi3y
»onbpiMeH KazakcTaHHBIH aKMapaTThIK KeHICTITIHAE MEMIIEKETTIK TUIIEri KOHTEHTT] YJIFalTy;

- YKIMETTIK eMec YABIMIapFa TIJAep/Il OKBITATBIH OPTAIBIKTAP, KAOMHETTED, YHipMenep Kypy
O0IbIHIIIa MaKCATThl KOHCYJIbTALMSUIBIK JKOHE OKY-91CTEMEITIK KOJIJIay KepceTy;

- OKIMIITIK 1C KYPTri3y JaFabUIaphiH, MEMICHIIK JaFaplIapIbl JaMBITYFa )KOHE MEMIICKETTIK
KBI3METIIUIEP/IH Coilliey MOJEHMETIH apTThIpyFa OarbITTalfaH Ka3aK TUIIH OKBITY KypCTapblH
YUBIMIIACTBIPY KOHE ©TKI3y OOMBIHIIA ojicTeMeNiK Koiaay kepcery» [3]. Atanran Oarnapiamana
KOPCETUINeH MIHJETTep/i OpbIHAAaYy — OYTiHI1 3aMaHHBIH Tanadbl. By MeMieKkeTTik opraaapibiH
KYKaT alHaJbIMBbIHA MEMJIEKETTIK TUIAIH KOJJaHbUIyblHA MOHUTOPHUHI JKYpPri3yre MYMKIHIIK
oepeni.

KopsiThinabl. JXanmel TUINIK KOJMAAHBICTA, dCipece aBUAIlUS CATACBIHIAFBl TEPMUHIEPAIH
KOJITaHBUTYBIH 3€pTTEY/IiH MaHbI3bl 0ap. Oyexail KbI3MeTKepIiepi, TachiMall KbI3METiHIH MaMaHAaphl
ABUALMSUIBIK TEPMUHEP/I1 aUTHUTYBI K€31HE, KYHIETIKTI KOJITaHbICTa OaphIHIIIAa MEMJIEKETTIK TIIe
aiityra ThIpbicy Kepek. CoHAa FaHa aBHALMSUIBIK TEPMUHAEPHAIH Ka3aK TUIIHIE TOJBIK IYPbIC
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alThUTYbIHA >KaFmai »kacanmazipl. JKammbl TUIMIK KOJNIAHBICTA TOMEHIE KOPCETIITeH KapamailbiM
ABUALMSUIBIK TEPMUHIEPAl Ka3ak TUIIHAC KOJIJAHCAK, aBHAIMS CalachlHIa MEMJIEKETTIK Tl
KOJITAHBLTY asiChl KeHEHeTiH1 aHbIK. bi3 TOMeH e KYH/IeNIKTi aybI3eKi coisiey TUTiH e KOIJaHbUIaThIH
KapanaibM aBUAIWSIIBIK TEPMHHJEPAl IpIKTEI Ka3ablKk. MyHIal TEpMHHJIEP KOJIAHBICHIHBIH
Ma3MYHBIH TOJIBIKTBIpYFa 901eH Oosazpl. bepinareHn kectene KYHIENIKTI aybI3eKi Coiey TimHIeT
KU1 KOJIJAHBUIATBIH aBHALMSIIBIK TEPMUHACPIIH KOJJIAHBICHI MCH JIYPBIC aUTBLIBIT KOJIAHBLTYBI

oepinui:

Ne | ABuamusi cajiachbIHAA ABHANUSIBIK ABHANMSJIBIK
KYHJeJIKTI TEePMUH/EPAiH TEePMHUH/EPAiH
KOJ/IaHBLIATBIH aybI3eki  ceiijey MeMJIeKeTTIK Tijjie Jypbic
ce3aep, o3 Tipkecrepi, TiJiHae Al THLIBIN KOJIAHBLIYbI
TepMHUH/IEP KOJIAHBLITYbI

1 | Oyexaii - Asponopt Men aspomoprka Men Jye:kaiira Oapa

0apa JKaTbIPMBIH KATBIPMBIH

2 | Tipkey -Perucrpanus Perucrpanus Tipkey OombIm xaTeip Ma?

0O0JIBIII KaThIp Ma?

3 | XKyk- Garax Baraxas! enenin KykTi emmenin 6e?

0e?

4 | Taceiman KBI3METI- Onbig Oanacel Ounbiy  Oanacel  TachbIMAaJl

ciryx0a epeBo3oK cayx0a KbI3MeTiH/Ie )KYMBIC iCTeH i
nepeBO30KTAa
YKYMBIC 1CTEH/TI

5 | OTbIpFBIZY TAJIOHBI- IHocanouHbrit OTbIprBHI3Y TAaJIOHBIH

MOCaIOUHBIN TaJI0H TAJIOH/BI KepceTTiH 6e?
KepceTTiH Oe ?

6 | Ymak- camoier CamoJieTke Ouier Ymakka ouiter anasly 6a?

ajpiy Oa ?
7 | OTBIPFBI3Y- MOCAIKA IHocanka OTbIprbI3y OacTanel Ma?
OacTayiipl Ma?

8 | Banet-ymry CamoueTTin YmakThlH YIIYbl Ke3iHe
B3JIeTi Ke31lHe KOPBIKIAIbIH 0a?
KOPBIKIAIbIH 0a?

9 | Kony -mocazaka IMocaagka  Ooiabl Konaasr ma? Kony

ma? OpBIHAAIIBI Ma?

10 | Konayusinapast IlepeBo3ka Konaymsliapasl
TaceIMasiay - naccaKupoBTa TachbIMajaay KbI3MeTiHIe
MePEeBO3Ka MACCAKUPOB YKYMBIC OHall emec. YKYMBIC icTey OHal emec.

11 | AgpikTama Oemimi  — OHEI OHBl aHBIKTaAMa 00JIiMiHEH
CIpaBOYHAs CIyKOa CIIPaBOYHASI/IAH cypay Kepek

cypay Kepek

12 | Peiictep  kecteci - Pacnucanue PeiicTep kecreciHeH KopceH
pacnucaHue percoB pelicoBTaH KOpCEH 0oJabl FOI

0oJabl FOIt

13 | ¥mry ke3iHJie — BO BpeMst Bo Bpemsi moJsiera Yy Ke3inae KaTThI
noJiera yxac KOPKBIT KOPKBIHBIIIT OOJIIBI

KETTIM
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MeMIeKeTTIK Tire IereH KaKeTTUIIK ToyeICI3IirimMi3ieH 0acTay ajbll, 3aMaH TanadblHa cait
KYHHEH KYHI'e apThill Kenemi. Kasak TUMIHIH KOJIaHy asiChlH KEHEHTY MaKCaThlHJa MEMJICKET
TaparblHAaH HOPMATUBTI-KYKBIKTHIK KECIMIEp MEH OaraapiaMaiap KaObUIIaHBII, TYPII ic-Tapanap
aTKapbUIBII KaThIp [4]. Onait 6osica, MEMIICKETTIK TUIMIH KOJITAHBUTY asChIH aBUAIIHsI CalachIHIa
OllaH opi KEHEHTy, COHBIMEH Karap COJ cajaja Ke3JeCeTiH Ka3zaK TuUIliHe OallIaHbICThI
JUHTBUCTHKAIBIK 3€pTTEYNIEpIi Taljay MEMJICKETTIK TULIIH JaMyblHa Yiec KOCaiabl el
ecenTeimis.

Majinananbliarad dgeduerTep Tizimi

1. «Kazakcran-2050» CrpaTerusichl: KalbIITACKAaH MEMIICKETTIH JKaHa cascu OaFrbIThI»,
Kazakcranuwsig Tynreim Ipesunenti — EnGaceiabiH, Kazakcran PecnyOaukaceinbiy [Ipe3uaenTi —
¥ur xembacubicel Hypeynran HazapOaerToiH Kaszakcran xankena JKommayel. Acrana. Akopia,
2012 x.

2. T. TynekoBa «A3aMaTTHIK aBHAIMs CAaChIHJAa MEMIICKETTIK Til- Ka3aK TUIHIH Kociow,
KOMMYHHKATHBTIK OarbITTa KOJAAHBUTY JCHrediH Oaranay METOAOJOTHACH» (9IiCHAMAChl) aTThl
FEUIBIMU K00aHBIH ece0l. AnmMatsel, 2022 x.

3. «Kazakctan PecnyOnukaceiHga Tin cascatblH icke acbipyabiH 2020-2025 >xpuimapra
apHaJFaH MEMJICKETTIK Oarmapiamace», Kazakcran PecnyOmmkacel YkimeriniH 2019 xpuirsr 31
)enTtokcanaarbl OexiTiarer Ne 1045 KayJbIChI.

4. Ana tim razeri, 2020 5x Ne 1caHbl.

References

1. «Qazagstan-2050» Strategnasy: qalyptasqan memlekettin jana saiast bagyty», Qazaqstannyn
Tungysh Prezidenti — Elbasynyn, Qazagstan Respyblikasynyn Prezidenti — Ult koshbasshysy
Nursultan Nazarbaevtyn Qazagstan halqyna Joldayy. Astana. Aqorda, 2001.

2. G. Tylekova «Azamattyq aviatsua salasynda memlekettik til- qazaq tilinin kasibi,
kommynikativtik bagytta qoldanyly dengeiin bagalay metodolognasy» (adisnamasy) atty gylymi
jobanyn esebi. Almaty, 2022.

3. «Qazagstan Respyblikasynda til saiasatyn iske asyrydyn 2020-2025 jyldarga arnalgan
memlekettik bagdarlamasy», Qazaqstan Respyblikasy Ukimetinin 2019 jylgy 31 jeltogsandagy
bekitilgen Ne 1045 gaylysy.

4. Ana tili gazeti, 2020, Ne 1sany.

Marepuan 03.11.22 Gacmara TycTi.

36



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne4(27)2022

DOI 10.53364/24138614_2022_27 4 37
VK 519.6

'Ackanyaer K*., !CpaiinoBa M.
'Bocrouno-Kasaxcranckuii Texnuueckuii yuusepcutet umenu JI. Cepuk6aesa,

r. Ycre-Kamenoropek, Kazaxcran
“E-mail: Askaduly@mail.ru

CBA3b B BUIMMOM CBETE C HCIIOJIB3OBAHHUEM CHUHEI'O GaN
pLED U ITPEOBPA3OBATEJIA HBETA N3 ®JIYOPECIHEHTHOI'O IOJIMMEPA

KOK GaN APKbLIbI KOPTHTEH ’KAPBIKTA BAMJIAHBIC
pLED )KOHE ®JIOOPECHEHTTBI IOJIUMEP TYCTI TYPJIEPAIPY

COMMUNICATION IN VISIBLE LIGHT USING BLUE GaN
pLED AND FLUORESCENT POLYMER COLOR CONVERTER

AnHoTanus. [IpencraBieH HOBBII METOJ JOCTH)KEHUSI BBICOKOCKOPOCTHOM CBSI3U B BUIMMOM
ceere (VLC) c ucnonbp3zoBanuem Oenoro csera, renepupyemoro cuauMm GaN uLED u xentbim
(I1yOpecLeHTHBIM COIOJIMMEPOM. MBI T'eHepupoBaiau Oeiblif CBET, MPUIOJHBINA Ul OCBEIICHUS
IIOMEUICHUS, ONTUMHU3HUPYs COOTHOLIEHUE MEXKY CUHEH deKTpostomuHecuenuuend nLED u sxenrtoi
(boTONIIOMUHECLIEHIIMEH COMONIMMEPHOro mpeoOpazoBaTesns IBeTa. BocCmonb30BaBLIMCH BBICOKOH
MPOMYCKHOM CIMOCOOHOCTHI0O KOMIOHEHTOB, MBI IPOJIEMOHCTPUPOBAIN CKOpocTh 1,68 ['Out/c Ha
paccrostHuU 3 cM (mpu ocBemieHHOCTH 240 mrokc). Hackoabko HaM M3BECTHO, 3TO caMble OBICTpBIE
pesyabTatel VLC 06enoro cBera C MCMOJIb30BAHHEM OJHOM KOMOWHAIIMM CHUHErO CBETOAMONA M
npeoOpa3oBaress LBeTa.

Kiawuesbie caoBa: VLC, Li-Fi, uarencuBHOCTh, MOAyisnus, mummupoBanue, LINM,
ontudeckuit OFDM ¢ 00paTHOI MOISAPHOCTHIO.

Anparna. Kex GaN pLED jxoHe capbl (hiyOopecleHTTI CONMOJMMEp apKbUIbl XKacajafaH ak
KApPBIKThl TMalaaHbIl, >KOFapbl >KbUIIAMIBIKTBI KOPIHETIH »kapblK OainanbicbiHa (VLC) xon
KETKI3y/iH kaHa ofici yesiHblFad. biz pLED kex EL >xoHe comonumep TycCTi TYpJIEHIIPrillTiH capbl
(OTOMOMUHECTICHITUSICHIHBIH,  apAKATBIHACKIH OHTAWIAHABIPY AapKbUIBI 1K KapBIKTaHABIPYFa
KOJIalJIBI aK JKapbIK xkacajblK. Kypamaac OeikTepiiH *oFapbl ©TKi3y KaOUIeTiH naiianana OThIphII,
613 3 cm-ze (240 mokere) 1,68 ['0ut/c-Ka Ko xeTki3AiK. bi3aiy 6unyimiziie, Oy )KalFbI3 KOK KapbIK
JIMOABI MEH TYCTI TYPJEHIIPTill KOMOWHAIMSCHIH MaiianaHaThlH €H JKbligaM ak kapelk VLC
HOTHKETIEPI.

Tyiiin ce3nep: VLC, Li-Fi, KapKbIHABUIBIK, MOIYJISAIHS, KYHTipTTeY, PWM, Kepi MONsSpIbirsl
6ap ontukansik OFDM.

Abstract. A new method to achieve high speed visible light communication (VLC) using
white light generated by a blue GaN uLED and a yellow fluorescent copolymer is presented. We
generated white light suitable for indoor lighting by optimizing the ratio between the blue EL of a
LLED and the yellow photoluminescence of a copolymer color converter. Taking advantage of the
high bandwidth of the components, we achieved 1.68Gbps at 3cm (at 240 lux). To the best of our
knowledge, these are the fastest white light VLC results using a single blue LED and color converter
combination.

Keywords: VLC, Li-Fi, intensity, modulation, dimming, PWM, optical OFDM with reverse
polarity.
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BBenenne. HenaBuuii moBsimieHHe 3QQGeKTUBHOCTH cBeTousnydaromux auonoB (LED)
CHEJIaJI0 UX CHUJIbHBIM KaHAUAATOM 3aMEHHUTh CYIIECTBYIOIIME HMCTOYHMKU OCBelleHHs. CBs3b B
BuguMoM cBete (VLC) npuBiekaTelbHa, MOCKOJIBKY JIF00ast HHPPACTPYKTYpa OCBEIIECHUS HA OCHOBE
CBETOJMOJI0B 00ECIIeUnBaET BO3MOKHOCTb IePEAayu JaHHbBIX U OCBELICHHUSI.

OnHako XOpomio H3BECTHBIM y3kUM MectoM B VLC sBisercss MeICHHBIM OTKIMK
koMmMepueckux Oenbix ceroanooB (WLED) [1]. Kak npaBuio, oHM OCHOBaHBI Ha YHIIE CHHETO
CBETO/IMO/Ia C JIIOMMHO(POPOM, KOTOPBHIH IOTJIOMAET YacTh HM3JIyUYEHHs CHHETrO0 CBETOAMO/AA U
MOBTOPHO U3Jy4yaeT HIMPOKUN >KEeNThld crnekTp. OJHAaKo BpeMs XHU3HU (POTONIOMHHECIEHLINU
OOBIYHBIE JIFOMUHO(OPBI CIUIIKOM JIHMHHBIE (MKC), YTOOBI MOJAEP)KUBATH BBICOKHE CKOPOCTH
nepeaadu JaHHbIX.

Kak mpaBuio, ontuyeckuii GUIbTP KOPOTKOTO MPOITYCKAHUS MCIIONIB3YeTCs s MTOIaBICHUS
MEJIEHHOT O JKEJITOr0 KOMIIOHEHTa B IPUEMHHUKE, YBEIMYUBas MIUPUHY 1o10ckl Moayssiiuu (U/b) ¢
Heckonbkux MIm mo 20 MI'n. HecMoTpss Ha HHU3KYIO NPOITYCKHYIO CIIOCOOHOCTb, HUMEETCs
JIOCTATOYHAsi MOITHOCTb JJIs1 IOCTUKEHUS BBICOKMX CKOPOCTEH Mepeaaun IaHHbIX C UCIIO0JIb30BaHUEM
MOy ISIHH 00Jiee BBICOKOTO MOPSAIKA, @ CKOPOCTh Nepeaayn AanHbix 1 ['0ut/c 6puta qocTUTrHYTA C
HCIIOIb30BaHueM JitoMuHO(opa u cuHero ynna WLED [2].

Taxxe npenpUHUMAIOTCS YCUIIHS 10 YIYULICHUIO CaMUX CBETO1M010B. [Ipumepom sBistoTCs
cBeTouo bl ¢ pesoHaHcHbIM pe3oHatopoMm (RCLED). RCLED no3BositoT nepeiaBath JaHHBIE CO
CKOpOCThIO 10 3 ['0mT/c 1o TUTacTUKOBOMY ontudeckomy BosiokHy (POF) [3]. Ograko ux Henerko
aIanTUPOBaTh JJIs ocBeleHus 6enbim cBeToM. B [4] cunne pLED na ocHoBe GaN ¢ Maioit eMKOCTbIO
nepexoza u 0oJiee BEICOKOH IMIIOTHOCTHIO TOKA MCIOIB30BAUCH [T AEMOHCTPAUN O€CIIPOBOTHOTO
VLC co ckopoctsio 512 Mout/c. Ucnonb3ys Takue ycTpoHCTBa, Mbl IPOAEMOHCTPUPOBAIIA CaMYIO
OBICTpYIO0 OECIIPOBOIHYIO TIepeIady ¢ OJHUM cBeToanoaoM 3 1'0ut/c B HenaBHel myOnukanuu [5],
HO OIISITh )K€ ATH UCTOUYHUKH HE OeTbIe.

B atom cratbe MBI HccieayeM BO3MOXKHOCTh MCIOJIb30BaHUS CONPSIKEHHOIO MOJIMMEpa s
MPEOJONICHUSI  OTPAaHMYEHUN  CylIecTBYIOUMX JIIOMHHO(OPOB. COMpsSHKEHHBIE — MOJUMEPHI
MIPEICTaBISIOT cO00M Ba)KHBIM KJ1acC OPraHMYEeCKUX MOIYHNPOBOAHUKOB, 00IaJAIONIUX BBICOKUMU
KBaHTOBBIMH BBIXOJaMH (prryopeciieHIInd, KOpoTKuM (1 HC) BpeMeHeM KH3HU MPU H3ITYYCHUU U
MIPOCTBIMU MpOIIECCAMU TepepabOTKU U3 pacTBOPOB. Elle 0lHUM MpeuMyIiecTBOM UCIOIb30BaHUS
MIOJIUMEPOB SIBIISICTCS TO, YTO UX MOKHO CMEIINBATH JAJIS OJIy4eHUs O6e0ro cBeTa 6ojiee BHICOKOTIO
KauyecTBa, YeM OOBIYHBIN CUHUM CBETOMOAHBIN YHII C TIOMUHOGOPOM [6]. DTH CBONCTBA ETAI0T X
MIPUBJIEKATENFHOM abTEPHATUBON COBPEMEHHBIM JIFOMUHO(BOpaM.

B pasmene renepanuum Genoro cBera MpolecC T'eHepaluu Oellioro cBera IOKa3aH Iocie
BBEJICHUS XapaKTepUCTHK, ucrnonb3dyemoro Hamu GaN pLED wu npeoGpazoBarens nsera SY. B
pazzaene Il mogpoOHO ONKCHIBAIOTCS KOMMYHUKAIIMOHHBIE XapaKTEPUCTUKHN T'€HEPUPYEMOT0 O€I0ro
CBE€Ta C IPUMEHEHUEM ONTHYECKOTO MYJBTUIUIEKCUPOBAHUS C OPTOrOHAJIbHBIM YaCTOTHBIM
paznenenueM kaHanoB (OFDM). B pazgene IV o6cyxaaroTcs npakTHYECKHUE BOMPOCH M TEKYIIIast
paborta, u pa3zaen V 3aBeplaeT 3TO MUCbMO, 00palasch K MOTEHIHATY IPeJIaraéMoro MeTo/1a.
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Pucynok 1. Criextp 2JI GaN pLED (crutomnas nuaust). Crnexkrp @JI (mtpuxoBast TUHUSA) U
norjoueHus (myHKTupHas auHus) SY.
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PucyHnok 2. DxcriepuMeHTallbHAasl yCTaHOBKA JJIs TeHepaluu 0eoro cBera (a) 0J0k-cxema
yCTaHOBKH, (0) M300paxkeHne YCTaHOBKHU U (B) U3MepeHHbIH criekTp nznydenus GaN pLED,
ocgemntaromiero oopaser; CU ontudeckoit miotuoctu 0,96.

I'enepanus Gesioro cBera

A\ Cgoiictea GaN pLED u Super Yellow
Ha pucynke 1 mnokaszanel cnektp uznydenus OJI GaN pLED u cnektp usmyueHus u

nornouienus GJI SY.

Muxkpocseroanon (GaN, wucnonap3yemblii B 3TOM MHCbMe, uMeeT auamerp 50 Mk,
aNeKTpUIecKo-onTo-3ekTpuueckyto (EOE) momocy mpomyckanuss 60 MI'm u oOmmii JTyducThIi
notok 3,5 MBT npu 60 MA. Bosee BbICOKUI yIpaBiIONINi TOK MOKeT yBenuuuTh B/W [4], HO 3TO
3Ha4YeHHE ObUTO BEIOPAHO JJI 0OecTieueHHs paOOThI B TMHEWHON 00JaCTH OTKIIHKA.

SY umeer kBaHTOBBIA BbIXOJ (hoTomomuHecHennmu (PLQY) 60%. M3mepennas momoca
npornyckanus SY B pactBope coctaisier™ 200 MI', uro moxer obecriednts npumepHo B 50 pa3
6onpiiee 3HaueHue B / W, ueM y oObI9HOTO NTpeoOpa3zoBaTtesis iBeTa Ha OCHOBE JJIOMMHOGOpPa, U3-32
KOpOTKOTO BpeMenu xu3Hu (iyopectennnu (100 ¢ nc) marepuana. [logpobHee o cBoiicTBax SY

MOXHO y3HaTh B [7].

B. IIpouecc remepanyn Genoro ceta Ha pucyHKe 2 MOKa3aHa SKCIIEPUMEHTAbHAS yCTAHOBKA,
ucrnosib3yemas uid renepauuu Oenoro cBeta. Cunmit cer or GaN uLED komnumwupoBancs u
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doxycupoBasicss Ha npeoOpazoBarens mBeTa SY C MOMOIIBIO Psiia JIMH3 C BBICOKOH YHCIOBOM
aneptypoit (NA), Kak TOKa3aHO Ha PUCYHKE.
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Pucynok 3. (a) [IpencraBienue nony4eHHbIX 11BeTOB Ha quarpamme usetHoctd CIE u
reOMETPUYECKOM MECTOIOJIOKEHNN YEPHOTO Tenia (CIUIomHAs TuHU). [l cpaBHEHUS
MpeAcTaBiIeHbI 11BeTa Kommepueckoro WLED u nmromuHectieHTHOH gamibl. (0) oTorpadus
IIPOELMPYEMOT0 CBETA PacTBOpa ¢ ONTUUECKOH MIIOTHOCTHIO 0,96.

belna wucnonp3oBaHa KOHCTPYKLHS ONTHKH C BBICOKOM 4YHCIIOBOM amepTypou H3- 3a
orpaHu4eHHoON ontuyeckoil moutHocT WLED u ero nam6epToBcKoro nmpoduis u3iaydeHus (yroi
moJIOBUHHOTO pacxoxkaeHus 60°). IIpeoOpasoBartens 1Bera SY COCTOMT W3 KIOBETHI C JUTUHOU
ONTUYECKOTO MyTH 2 MM, cojepxameil SY B pactBope xyopOeH3ona. 1o (opMmupyer
1aMOepPTOBCKUI U3ITyyaTellb, U CMECh UCITYCKaeMOT0 KEJITOTO U MPOXOJIALIEr0 CHHET0, CITyCKaeMas
KIOBETOH, conepkamieit marepuan SY, cuibHO pacxoaurtcs. s cOopa M KOJUIMMAIUHM 3TOTO
M3JIy4EHHUS] UCIIONIB3YETCS Apyras ONTHYECKash CHUCTEMa C BBICOKOW YHMCIOBOW ameprypou. s
NOBBIIIEHUS 3((EKTUBHOCTH U3IY4YEHUS B TNPSIMOM HAINpaBJIEHUH HENOCPEACTBEHHO Iepen
npeoOpaszoBarenem CS  yCTaHOBIEHO JUXPOMYHOE 3€pKajo, MpO3pavyHOE JJId CHHEro, HO
OTpa)KaOILEE JKEITHIN CBET. DTO OTPa)kaeT YacThb JKEJITOTO CBETA, PACIPOCTPAHSAIOILErocs Ha3al, B
MpsIMOM HalpaBJieHUH, yBeauuuBas 3P¢exkTuBHOCTh npuMmepHo Ha 20%. CoctaB Genoro caera,
TEHEpUPYEMOr0 B 3TOM IIPOLECCE, MOKHO W3MEHUTh, M3MEHUB KOHIIEHTpalMio pacTBopa SY,
KOTOPBIH peryaupyer Kak Ko3((GULIUEHT NPOIYyCKaHUsl CBETOJUOIHOTO CBETA, TAK U UHTEHCUBHOCTh
XKEJITOr0 M3Iy4eHMs. OKCIEPUMEHTaIbHO YCTaHOBIEHO, 4ro CHM mopumnHsercs 3akoHy bepa-
JlamGepra, a ontuueckas mioTHocTh (OIT) mponopiimonanbHa KoHIIEHTparmu pactBopa: OIl = 5,2c¢,
IJie C - KOHLIEHTpAIMs B MI/MJI.

Ha puc. 3 (a) nokazan rpaduk CIE 1uBera, reHepupyemMoro mpu H3MEHEHHH ONTHYECKOU
IUIOTHOCTH. MBI 3KcnepuMeHTanbHO npoBepwiu, uyto OIl 0,96 npuBOOUT K HaWMEHbLIEMY
paccTostHuIO OT dTanoHHOM Oemoit Touku (0,33, 0,33). DTO MPUBOAUT K XOJIOAHOMY OETIOMY CBETY,
Kak roka3aHo Ha puc. 3(b). [ng cpaBHEHHS MbI TakKe M3MEPHIIM KOOPJMHATHI KOMMEPYECKOTO
WLED 1 1FOMUHECHEHTHOM JIaMITbl, 1 OHH TaK)XK€ IMOKA3aHbl HA PUCYHKE.

KommyHukannonnass mnpoumsBoauTeabHocTh. Ontuueckuiit OFDM  co cmemenuem
nocrosinHoro toka (DCO-OFDM) [8] ucnons3yetcst uig nepenadyud AaHHbBIX, MOcKoiabKy DCO-
OFDM wumeet camMyro BBICOKYIO CIIEKTpalibHYIO 3¢ (eKkTuBHOCTh cpean ontudeckux cxem OFDM,
YTO JIEJIAET €r0 MOAXOASIIHM 1Sl cucTeMbl VLC ¢ OrpaHMYeHHOM MOJI0COM MPOITYCKaHUA.
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A.DCO-OFDM u npeo6pazosanue curaana OFDM — 570 criekTpainbHo 3QPeKTUBHAsS cxeMa
MOJYJISIIIAHA ¢ HECKOJIBKUMH HECYIIMMH, MCIIOJIb3YIOIIasl TOJIBKO MOJIOBHHY B/W 10 cpaBHEHHIO C
OOBIYHBIMH YaCTOTAMH.

ZHL-6A Transmitior Wireless link T
Bias-T |—> il m APD Oscilloscope

ZFBT-6GW  (inFig.2) ACL4050A MSO71048

LDC205C
PucyHnok 4. DxciepuMeHTallbHAsl yCTaHOBKA IS [I€pelayy JaHHBIX.

OKcrnepuMeHTalIbHAs YCTaHOBKAa MJIs Iepeladd JAaHHBIX MCIOJIb3YET CXEMYy YacTOTHOIO
myabTuIIekcupoBanus (FDM). UToObl NmpuUMEHHUTH €ro K CHCT€MaM, OCHOBAHHBIM Ha IPSIMOM
oOHapyxeHHH ¢ Monyisinued uHTeHcuBHOCTH (IM-DD), mocnenoBarenbHOCTh BO BpPEMEHHOU
obnacti x(n) JOKHA MMETh TOJIBKO IOJIOKUTENIbHBIE JEHCTBUTEIbHBIC 3HAYCHUS. DTO YCIOBUE
JIOCTUTaeTCs OrpaHuYeHrneM cCUMBOJIOB X(m) Ha nogHecyuux OFDM, uto0bl OHM UMETH 3pMUTOBY
cumMmertputo (1). Jlanee cieayer orpannueHre curHana (2) u 100aBJIeHHE MOCTOSTHHOTO ToKa (3)

Am) = X(WIE m) (1

M -1
1 i2nmn
®ny = T *{m) aken _—
NE 0 HepepT
Clow < %(n) < Cup = Clow, ¥°_(n)  Clow (2}
= Kybok, ¥ (n)  Kybok
x{n) =~ x{n) + DG [3)

rae * obosnauaer spmuroBy onepauuto. Nfft, Clow u Cup o3HauaoT pasmep OBICTPOro
npeobpazoBanus Oypre (FFT), HIODKHMI 1 BepXHUN YPOBHU OTPaHUUEHHUSI COOTBETCTBEHHO.

YpOBEHb OTCEUEHHUS, YUIUTHIBAsI CMEIIEHHE TIOCTOSIHHOTO TOKA, SIBJISIETCS OAHUM M3 Haubosee
BaXXHBIX (PAKTOPOB, ONpenendonux ooyt npoussoauteasHocts DCO-OFDM. B o61em, ypoBeHb
OTCEYKH BBIPAYKAETCSI 110 OTHOLLIEHUIO K CTAHIAPTHOMY OTKJIOHEHHUIO CUTHAJIa BO BpEMEHHOW 0051acTi
(o).

Jljig yrcna nogHecyIuX, MpeBblaonero 64, craTucTUKa IIyMa OTpaHUYEHUS] COOTBETCTBYET
pactpeneneHuro ['aycca, u, cieg0BaTesIbHO, MOXKHO IIPEACKa3aTh

ONTHUMAaJIbHBIA ypoBeHb orpaHuueHus [9]. Ha mpakTuke onTumanbHble YPOBHH HAXOAATCS B
JauanasoHe oT + 26 10 + 46, B OCHOBHOM B 3aBUCHUMOCTU OT JIMHAMUYECKOrO JHaIa3oHa KaxXIou
CUCTEMBI, YACTOTHON XapaKTEPUCTUKHA U HETUHEHHOCTH. MBI SKCIIEpUMEHTAJIBHO ONPEAEIIAIIN, YTO
OTCe4YeHHE * 2,56 ABIAETCS ONTUMAIBHBIM /711 UCIIOJIb3YEMON HAMH CHCTEMBI

B. Dxcnepumenransnas ycranoska. Ha pucyHke 4 mokasaHa SKCIIEpMMEHTaIbHAsl YCTAHOBKA
JUId Tiepefadu JaHHbIX. BXomsmuii OMTOBBIM MOTOK KOJIUPYETCS M IpeodpaszyeTcsl B JUCKPETHBIN
CHTHAJI BO BpPEMEHHOH 00J1aCTH ¢ MMOMOIIIBIO ollepaluu 00paTHOro0kicTporo nmpeodpazosanus Pypne
(IFFT) m nmoGaBneHusi IMUKIWYECKOTO mpedukca. ITOT CUTHAT 00pe3aeTcsi COOTBETCTBYIOIIUM
0o0pa3oM, 4TOOBI TapaHTHPOBATH MOJOKHUTEIbHBIM CUTHAN M M30€KaTh HETUHEHHBIX MCKaKEHUH,
BBI3BAHHBIX KOMIIOHEHTaMU NiepeaaTurka u npueMuuka. [{ns oopaborku MATLAB.

JIMCKpeTHBII curHan npeoOpa3yeTcst B aHaJIOTOBbII CUTHAI C TOMOIIBIO TeHEpaTopa CUTHAJIOB
npou3BoabHON GopMbl (AWG) Agilent N8241A. Jlanee ciemyeT yCHJICHHE MIHPOKOTOIOCHBIM
ycunuteneM Mini Circuits ZHL-6A. B coderanuu co cmemnienuem mnocrossuHoro toka (DC) ot
npaiiepa mazepa (LDC205C) uepe3 cmemenue-T, Mini Circuits ZFBT-6GW, moayaupoBaHHas
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WHTCHCUBHOCTH NE€PEIaeTCs, UCHOIb3ysd MOAYb, ONUCAHHBIA Ha puc. 2. Moy TUpOBaHHbIN OembIit
CBET, FTeHEPUPYEMBI MOyseM, (POKycHpyeTCsl Ha IPUEMHHUKE Ha OCHOBE JIABUHHOIO (pOTOZIETEKTOpa
(APD) uepe3 cobuparorniyto TuH3Y.

(a) Assigned bits
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Pucynok 5. (a) cxema 3arpy3ku 1o 6uram u (6) o mouraocta i 1,8 ['out/c Ha 3-
canTuMeTpoBoM KaHane. Paccrosnue (240 nk) ot OD 0,96.

Bbu10 HMCIONB30BaHO PACCTOSHUE CBSI3M 3 CM, @ YPOBEHb OCBELIEHHOCTH NPHEMHHUKA ObLI
nu3MepeH 240 mokc. 9To HU3KHI ypoBeHb ocBellleHHOCTH. (O0braHO 400 THOKC CYMTAETCS XOPOILIUM
ocBelnieHueM.) BeixonHol curnan ¢ukcupyercs nudpossiM ocipuiorpagom Agilent MSO7104B.
Hakonen, o0paGoTka curHana s BoccTaHoBlieHUsl BeimonHsiercs B MATLAB® mocie
CHUHXPOHM3AIIHH.

C.VcnoBus okcryaranuu. YuuTthiBas xapakTepucTukn pLED, onTMManbHas To4YKa
CMEILIEHHUS ¥ pa3Max HaMpsKEHHs IEPEMEHHOI0 ToKa ObLIN Hal/IeHbl yTeM CpaBHEHHS OTHOLLIEHUS
curHas-iiym (SNR), monydeHHoro B pesysibrare npouenypsl ooydenus. Ha kaxoil moxnecymen
obut0 nepenaHo 200 M3BECTHBIX CHMBOJIOB OumnossipHO ¢azoBoit manumymsuuu (BPSK), a
mucniepcus mryma 1 OCIL Oblu OlleHeHbl HAOCHOBE MPUHATOM CTaTUCTHKH mryMa. OnTuManbHas
TOYKa cMelleHus Obuta mpu 60 MA, a pa3max MEepeMEeHHOro TOKa cocTaBiisin 3,5 Bpasmax, yto
MPUBOAMIIO K IOJTHOM IITyOuHE MOAYISALIUY.

Pa3zmep BII® (Nfft) 256 u jynna nukimyeckoro npeduxca (Ncp) 3 66Ut BEIOpaHbl, TOCKOIBKY
He OBUIO 3HAYMTEIBHOTO yiydmieHus ans Oombiiero CP (wakmaaseie pacxoasl CP cocrapmsum
~1,2%). Yactora auckperuszanuu (Fs) reneparopa curHaioB NMpOU3BOJBHON (OPMBI COCTaBIISIET
1250 MBBIO/C, UTO JaeT MakCUMaJbHO JOCTHXKUMYIO OJHOCTOpOHHIOK0 mosiocy Y/b 625 MI'u. B
JTAHHOM MHCbME MBI UCTIOJIB30BAIM Pa3psIIHO-MOLTHOCTHYIO CXEMY 3arpy3KH, TaK Kak OHA CUUTAeTCs
ONTUMAJIHOU JJIS IOCTUIKEHUS IPOITYCKHOM criocoOHOCTH KaHama [10].
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Pucynok 6. Pesynsratel BER 1 Habop BoccTaHOBiIeHHBIX co3Be3auit ipu 1,81 ['out/c u
orceuenun + 2,50 ¢ 1,2x10 3 BER.

Ha puc. 5 moka3aHsl Ha3HaYeHHbIE OMTHI U MOUIHOCTh HAa KaXJoW momHecymiei. I[lockonbky
nociueanue 19 mogHecymux He UCIOJIB30BAINCH, I10JI0CA IIPOIYCKaHMs, KOTOPYIO 3aHMMajl CUTHAJI
OFDM, cocraBmisna 531 MI'u. Xopo1io BUJHO, YTO IPUMEHEHHAs CXeMa M03BOJIIET IPUOIU3UTHCS
K IIPOIIYCKHOM crIOCOOHOCTH KaHaja, HoJay4eHHOU u3 oueHeHHoro OCIII.

Pe3yabTaT 1 06cy:kaenue. Ha puc. 6 npeacTaBieHbl pe3yabTaThl K3MEPEHUS YaCTOTHI OIHO0K
o 6utam (BER). Kak mokasano, orceuenue + 2,56 oka3ajaoch ONTHUMAIbHBIM ISl HCIIOIB3yEeMOMN
Hamu cucreMbl. Kpusas BER ¢ otceukoii + 3,06 cOOTBETCTBYET ONTUMAaIbHOW KPUBOM C HEMHOT'O
6onee BbicokuM BER. D70 mnpoucxoaut wu3-3a TOro, 4Tro yMEHBIIEHHOE OTCEYEHHE JIeNaeT
JUCIEPCUIO TIOJIE3HOTO CUTHAJIa MEHbIIIE B 33JJaHHOM JMHAMUYECKOM JUana3oHe, HO YMEHbIIEHUE
IIymMa OTCEUeHHs MEHbIIe, 4eM (POHOBBIN cucTeMHBbIH myM. [lokazaHo, 4to orcedenue npu + 2,0 ¢
co3/aer Oosiee BBICOKMM IIYM OTCEUYEHMsI, YTO MPUBOAUT K Oosee BbicokoMy 3HaueHuio BER.
Vcnonb3ys oNTUMaNbHBIA YpOBEHb OTpaHUYEHUs, CKOPOCTh Nepeaayn JaHHbIX 1,81 I'd6ut/c Obuia
nocturayta ¢ BER 1,2x10-3. YuuTeiBas HakJIaJHbIE PACXOJbl Ha YNPEXKIAIOUIYI0 KOPPEKIHUIO
omubok (FEC) B pasmepe 7% s 6e3ommbouynoit cuctemsl [11], ckopocTh mepeaun JaHHBIX
cTaHOBUTCS paBHOU 1,682 I'6ut/c.

K npakrtuueckoii cucreme. J{i1s 3TOl cHCTEMBI MOXHO JOCTHYb OOJBIINX PACCTOSHUM, HO
IIPY CIUIIKOM HU3KOM YPOBHE OCBEILEHUS, YTOOBI €r0 MOXHO OBLJIO UCIIOJIb30BATh ISl OCBEIICHHUS.
(Hanmpumep, Ob11a n3mepena ckopocts 0,84 I'6ut/c Ha paccTOsIHUM 2 M ITPU OCBELIEHHOCTH 14 JTI0KC. )
Taxum 06pa3oM, OCHOBHOH 3ajaueil 3TOro Moaxoja sSBiseTcs YBEINYSHUE MOLTHOCTH, N3ITydaeMOi
HCTOYHUKOM O€JIoro cBera, 4ToObl 00ecneunTh OOJBIINM Tuana3oH W/HUiIU Wi NOKpbITHsS. Kpome
TOTrO, TpedyeTcs 6osiee KOMITAKTHBIM N3Ty4aTelb.

MaccuBsl [-CBETOJUOJIOB MOT'YT HMCHOJb30BaThCS MJs YBEIMYEHHUs oOuIeil nepenaBaeMoit
MOIITHOCTH TPU COXPAHEHHH MPOMYCKHONH CHOCOOHOCTH OTIENBHBIX YCTPOHCTB, M 3TOT MOAXO[
peanuzyetcst B mporpamme UPVLC (9acTbhio KOTOPO SIBASETCS 3TO MUChMO). B THMMYHON KOMHATE
Oy/1eT HECKOJIBKO CBETOUOHBIX CBETHJILHUKOB, PACIPEICIEHHBIX 110 MOTOJIKY, YTOOBI 00ECTIeUUTh
OCBEILEHHUE, U B 3TOM CIy4ae KaKIbli CBETUIILHUK OY/IE€T COCTOSTh U3 MacCHBAa MUKPO-CBETOIHO/IOB.
UYroObl co3aaTh Oosiee NPOCTOM M KOMMAKTHBIM H37y4daTeidb, Mbl HCHOJb3YeM pEUIeTKH U
MHUKPOOIITUYECKHE CTPYKTYpPbl Ha CBETOAMOAAX JUIsl oOecreueHrs HalpaBIeHHOro u3inydeHus [12].
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DTO CHU3UT MOTPEOHOCTh B COOMPAFOIIEH ONTHUKE C BRICOKON YMCIIOBOM amepTypoil. Kpome Toro, ¢
MOMOIUIBI0 MPUKPEIUICHHON IJIEHKU TBEPJOTEIHHOr0 IpeoOpazoBaTesi, WM OIU3KO K MacCHUBY
CBETOJIMOJIOB HAXOJIWUTCS TMOJ CJEACTBUEM. [BepAOIUICHOYHBIH mpeoOpa3oBarens SY ObLI
MIPOTECTUPOBAH M MOKa3ajl MHOTOOOCIIAIONINE PE3yIbTaThl, HECMOTPSl HA HEKOTOpPbIE MPOOIEMBI C
WHKAICYISALUEH, OTPaHMYUBAIONINE CPOK CIYyXKObl. Takke HCCIENYIOTCS ApPYrue COMPSIKCHHBIC
nonuMepbl ¢ Oosee BbicokuM PLQY (mo 90%). Bmecte 3TM moaxojabl JOJDKHBI MPUBECTH K
MPAKTUYECKUM YCTPOMCTBaM.

3ak/royenne. B sToM crabe MBI MPOJEMOHCTPUPOBAIM BO3MOXHOCTH HCIOJIb30BaHUS
conpspkeHHoro noiaumepa aisg VLC 6enoro ceeta. Hamn HOBBIN MOAXO0/] TO3BOIHII MTOTYYUTh O€JbIN
CBET C MIUPOKOU MOJIOCON MOYJISIIIUU.

Kanan cBs3u Oenoro cBera co ckopocthio 1,68 ['Out/c ObUT MPOAEMOHCTPHPOBAH Ha
paccTostHuH 3 cM ¢ MpuMeHeHuneM anantupHoro metoga DCO-OFDM.

Opnako orpannuyeHHass MomHocTh ULED u  3HauuTenpHble BHOCHMBIE IOTEPU
npeoOpaszoBarens 1BeTa (KM3-32 €ro M30TPOMHON CXEMBI MEePEU3NyYeHHs) MPUBOAIT K TOMY, YTO
YPOBEHb OCBEIIEHHOCTH HAMHOTO HIKE (240 JIIOKC), 4eM Y KOMMEPYECKOTO OEJIOro CBETOIMO/IA.

Opnaxo Tabnuua 1 moka3pIBaeT, 4To JJ1s 33JaHHOTO YPOBHS OCBEIICHHOCTH OMUCAaHHBIN 3/1€Ch
«OBICTPO-OEITBIiY CBETOIHO MOXKET 00CCIICUUTh 3HAYUTEILHYIO IOMOJHUTEIBHYIO MOITHOCTh. DTO
camble OBICTpPBIE PE3YNbTAThI, 0 KOTOPBIX coodmianoch st VLC ¢ o1HUM OeNbIM HCTOUHUKOM.
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THE HISTORY OF DEVELOPMENT AND THE CURRENT STATE OF
ACADEMIC WRITING
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AKAJEMHUYECKOI'O IMCBMA
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Abstract. The article is devoted to the study of academic writing in higher educational
institutions. The work deals with the issues of the evolution of academic writing, and the history of
its formation and development. Some problems of the current state of academic writing in our country
are considered. As a result of the analysis, some features of academic writing and its significance in
higher educational institutions were revealed.

Keywords: academic writing, foreign language, scientific style, features.

Anaarna. Makana >XKOFapbl OKY OpPBIHIAPBIHIAFbl aKaJIEMHSUIBIK YKa3bUIBIMIBI 3€PTTEYTe
apHanraH. JKyMbICTa aKaJeMUSUIBIK >Ka3bLJIBIMHBIH ABOJIIOLMSICH], OHBIH KAJBIITACYBI JKOHE J1aMy
Tapuxbl Mocemenepl KapacThipbliFrad. bi3NiH emiMi3feri akaJAeMHsUIbIK >Ka3bUIBIMHBIH Ka3ipri
KaFJalbIHBIH ~ KeHOip Mocenenepi KapacThIpblUiafbl. Tanmgay HOTHIKECIHIE —aKaJeMUSIIBIK
YKa3bUTBIMHBIH KEHO1p epeKIIeTiKTepl MEH OHBIH KOFaphl OKY OPBIHAAPBIHIAFbl MAHbI3bI AllIBUIIBI.

Tyiiin ce3aep: akaJeMHUsIIBIK Ka3bLUTbIM, IIET TiMi, FBIIBIMUA CTHIIb, €PEKIIETIKTEPI.

A6ctpakTt. CTaThsl TOCBSIICHA H3YYCHHUIO aKaJeMHUYECKOTO THChbMa B BBICIIMX YYEOHBIX
3aBeJICHUSX. B cTaThe paccMaTpUBarOTCS BOIIPOCHI BOJTIONNHN aKaJIeMUYECKOTO TUChbMa, HCTOPHS €T0
CTAaHOBJICHUSI W pPa3BUTHA. PaccCMOTPEHBI HEKOTOpbIE MPOOJIEMBI COBPEMEHHOTO COCTOSHUS
aKaJeMHYeCcKOM NUCBbMEHHOCTH B Haled cTpaHe. B pe3ynpraTe aHain3a ObUIM BBISBICHBI
0COOEHHOCTH aKaJIEMHUYECKOTO MTUChMa U €r0 3HAYCHUE B BBICIIUX YUCOHBIX 3aBEACHUSX.

KiawueBble cjioBa: akageMHYECKOE MHCbMO, HWHOCTPAHHBIM S3bIK, HAY4YHBIM CTHUJIb,
0COOEHHOCTH.

Introduction. Academic writing is a traditional form of competence that is relevant in a new
way in the conditions of intensive development of information processes, international exchanges,
and academic relations and is widely spread in the world educational and scientific community.

Currently, academic writing is the main language education for successful work, which allows
you to read, understand, structure, and format your own scientific texts at the university.

Prototypes of academic writing have developed over the past five thousand years, from
hieroglyphs on stone to letters on paper. The surviving written monuments contain information about
astronomy and geometry, except for domestic boilers and religious writings. It is no secret that these
sciences did not appear a hundred years ago, but existed in the ancient world.

Every civilization has left a written mark on history. Ancient Roman Latin became the language
of various academic written materials. But over time, a combination of international communication
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languages appeared. This is not surprising, because the world was constantly in the process of
communication, and we had to find a common language and understanding.

Discussion. Overcoming deviations from the basic principles of rhetoric began in the United
States, so the first associations and conferences related to rhetoric and essays, the method of teaching
academic writing, the basic principles of the modern order, the principles of organizing writing
centers, and the writing business were created. This is the reason for the dominance of American
publishers of scientific literature, which is now becoming international, and the prestige of the first
American higher education that recognizes academic writing as the central set of reading skills in any
university program.

The beginning of modern academic writing originated in the 1930s under the name new
criticism (new criticism) and required a radical revision of writing courses that are no longer related
to literature.

More than 60 years of effective development of academic writing as a discipline have allowed
us to create and explain the history of its creation as a new field of in-depth research, comprehension,
scientific and methodological knowledge of a theoretical, philosophical, scientific, and
methodological, pedagogical, and institutional nature. Today, academic writing is based on extensive
literature and a scientific and theoretical basis. Writing centers operate all over the world, and leading
universities are opening more educational programs for specialists in rhetoric and composition,
including doctoral work (Ph.D.). The discipline of academic writing has formed and entered a phase
of maturity.

Scientific and educational ties between different countries have been carried out through
academic writing over the past few decades. Their principles are guided by the leading editors of the
most qualified scientific publications in the world, therefore, in any science, everyone should master
them in order to simplify the ways of moving up the career ladder.

English-speaking countries today play an important role in the development of the system of
academic writing and its scientific and methodological basis. This is a new subject of education, but
the problems that arise for our country are not new. Specialists from various fields, including
linguists, philologists, semiologists, sociopsychologists, and even representatives of professions
dealing with information technologies, took part in the development of scientific writing.

In our practice, there are some problems with the use of academic writing, since initially the
traditions of academic writing were recognized in the second half of the twentieth century, in different
socio-cultural circles, with different mental attitudes, methodological and didactic models. The
history and patterns of academic writing are unknown to many teachers at our universities. In
addition, it is impossible to widely use the practice of academic writing in the academic and socio-
cultural environment, which will be enough for the internationalization of our science and education.
It should be noted that at present there are some measures in terms of promoting methods and
technologies for creating a scientific text in accordance with modern international requirements, but
very local, internal, and non-systemic.

Some educational institutions have academic writing courses for undergraduates and
postgraduates, advanced training courses for teachers, and teachers who recommend teachers write
articles in journals indexed by foreign systems. But this is not a system, but a local service.

When writing any text within the framework of academic writing, it is necessary to take into
account its features. Thus, a scientific text as the main academic model of writing should have a
simple structure consisting of an introduction, the main chapter, and a traditional result.

The introductory part briefly reveals the topic and introduces the reader to the process of work.

In the main chapter, the author refers to scientific research on this issue and offers his vision of
the problem under study.

As a result, conclusions are drawn, hopes are placed more on the topic under study, and
assumptions are made.
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When composing a sentence, using special terminology and professional abbreviations of
terms, the author must understand what audience he is writing for. When reading the questions, the
topic should be explained in detail and clearly.

Another important aspect is the clarity and accuracy of the formulations, as well as the absence
of spatial representations that have no practical significance for the reader.

Of course, you must strictly follow the rules of grammar, punctuation, and spelling. This makes
it easier to understand, and eliminates the distortion of the meaning and ambiguity of what was said.

It is recommended to use citations and refer to the works of other scientists in the study. This
reflects the competence of the researcher and the breadth and completeness of his research. Referring
to other studies, it is necessary to explain their essence so that the reader understands what is being
discussed and for what purpose the author gave a specific example.

Conclusion. Finally, everyone should master scientific text and academic writing: students of
higher educational institutions, graduate students, teachers, scientists, and researchers who publish
scientific articles.

If they plan to publish their work in scientific journals, they will have the opportunity to receive
a positive response from the editorial board. This is facilitated by a resume prepared in accordance
with academic spelling rules.
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CBA3b BUJUMbBIM CBETOM C HCITIOJIb30BAHUEM IIU®POBOM KAMEPHI
N CBETOAUOJHOI'O ®POHAPUKA

HU®PJIbIK KAMEPA KOHE XKEJIEJIIK LIAPAM/IbI MAWJAJTAHATBIH
KOPIHETIH KAPBIKTBIH BANJIAHBICHI

VISIBLE LIGHT COMMUNICATION USING A DIGITAL CAMERA AND LED
FLASHLIGHT

AHHOTanus. B 3T0ii cTaThe npeicTaBiIeH MOAX0 K ONTHYECKOH CBSI3HM C TOMOIIBIO BUAUMOTO
CBETa C HMCIOJB30BaHUEM (OKYCHPYEMOTO CBETOAMOIHOTO (hOHapHKa B KadeCcTBE IEPEAAIOIIETO
ycTpoiictBa U 1udpoBoil kamepbl B KayecTBe npueMHHKa. OJHHM M3 HOBOBBEJICHMH MOJX01a
SBIISIETCS TO, YTO KOHCTPYKIIMSI MOXKET HHTETPHUPOBATh CTAHIAPTHBIE KOMIIOHEHTHI HICTOYHHKA CBETA
¥ KaMephbl U IpeiHa3HayeHa s paOboThl B IOMELICHUH TIPH TUIIHYHBIX YCIOBHUSAX OCBEIICHHUS, T. €.
IpU BEPXHEM OCBEIIEHUM W OKPYKAIOIIEM IHEBHOM cBeTe. CUTHAN CBSI3M TEpenacTcs B BHIE
nocienoBarenbHocTH 3HadeHu# (1,0), KoTopble BKIIOYAIOT/BBIKIIIOYAIOT MCTOYHUK cBeTa. Kamepa
MOJTy4YaeT CUTHaJl, HaOoas 3a HaIu4heM/ OTCYTCTBHEM CIPOCHUPOBAHHOTO CBETOBOTO ISITHA HA
MIPOMEXYTOYHON MOBEPXHOCTHU M MPeoOpa3oBbiBas ero o0OpatHo B aABonuHbIil curnain (1,0). [loxxon
MPUMEHSIET METOAbl 00pabOTKM W300paXeHWH [UIS BBIYMCICHHS TIOJYY€HHOTO CHTHajla U3
3aMMCaHHOTO U300paXKEHUS C KaMephl.

Kawuesbie cioBa: Li-Fi, Cesa3p B Bugumom cere (VLC), n3obpaxkenue, pacrno3HaBaHue,
cBeroano, poHapuk, Raspberry Pi, nudponas kamepa.

Anparna. byn makanaga tapaTkpll peTiHae (OKycTanaThlH KapbIKAUOATH IaMJIbl JKOHE
KaOBUIIAFbIII PETiH/IE CAaH/IBIK KAMEPaHbI KOJIJAHATHIH KOPIHETIH KaphIKTHI KOJITAaHATHIH ONTHKAIBIK
OaiiaHpIC TOCUTIH YChIHA/ABI. OICTIH JKaHAIIBUIABIKTAPBIHBIH O1pi AW3alfH CTaHJAPTTHI KapbIK KO3l
MEH KaMmepa KypamJacTapblH OIpIKTIpe ajaabl oHE THUMTIK KapbIKTAaHABIPY *XarJailblHJa, SIFHU
YCTIHI1 apblK MEeH KYHJI3T1 *apblKTa Vi 1LIiHJIE XYMBIC icTeyre apHajfaH. bainaneic curHasbl
XKapbIK KO31H KocaThIH/emipeTiH Moraep Tizoeri (1,0) perinae 6epineni. Kamepa curnaibl apaibik
OeTiHze )xo0anaHFaH >KapbIK 1aFbIHBIH OOJTYBIH/KOKTBIFBIH OaKbUIaI, OHbI KaliTaJlaH eKiJIIK CUTHaJIFa
(1,0) Typnenaipy apkbuibl KaOblaal 1. Tocin kaMepaiaH jKa3bUIFaH KECKIHHEH aJlbIHFaH CUTHAJIbI
€cemnTey YIIIH KeCKiH/II OHeY SHICTepiH KOJIJaHAIbI.

Tyiiin ce3nep: Li-Fi, Visible Light Communication (VLC), cyper, TaHy, >XKapblK JIHOJTHI,
¢donapb, Raspberry Pi, cannpik kamepa.

Annotation. This article presents an approach to optical communication using visible light
using a focusable LED flashlight as a transmitter and a digital camera as a receiver. One of the
innovations of the approach is that the design can integrate standard light source and camera
components and is designed to work indoors under typical lighting conditions, i.e. overhead lighting
and ambient daylight. The communication signal is transmitted as a sequence of values (1,0) that turn
the light source on/off. The camera receives the signal by observing the presence/absence of a
projected light spot on the intermediate surface and converting it back to a binary signal (1,0). The

49


mailto:78oea@mail.ru

A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne4(27)2022

approach applies image processing techniques to calculate the received signal from the recorded
image from the camera.

Keywords: Li-Fi, Visible Light Communication (VLC), image, recognition, LED, flashlight,
Raspberry Pi, digital camera.

BBenenme. Ilepenaua umHbopManum ¢ MOMOIIBIO CBETa — ATO KOHIEMLHUSA, KOTOpas
CYLIECTBOBaJIa C JIPEBHUX BPEMEH, KOIJa CHUTHAJIbHBIE OTHU IE€pEeAaBajid BaXKHbIE HOBOCTU Ha
Oonpine paccrosiHus. CoOBpeMEHHbIE MPUIIOKEHHUS BKIIOYAIOT —TEJIIEBU3HMOHHBIE  ITYJBTHI
JTUCTAHIIMOHHOTO YIIPaBJICHHSI, KOTOpbIe HCMONb3yoT uHpakpacHeiii (MK) cBer mns mepemaun
koMmaHa Ha TeneBu3op. CBsa3b B BuauMoM cBere (VLC) sBisieTcss MeHee IMIMPOKO HCIOJIb3yeMOn
dopmoii cBs3H, KOTOpast TpeOyeT, YTOOBl YaCTOTHI CBSI3M HAXOIMIIUCH B CIIEKTPE BHIMMOTO CBETa
(mmuua BoiHBI 390—700 HM). Metoast VLC meHee pacnpocTpaHEeHbI, MTOCKOIBKY Mepe/laBacMbIe
CUTHAJIBI BUHBI JIFOJISIM, YTO MOXET HEOJaronpusaTHO MOBJIMUATH Ha OKPYKarouIyto cpeny. OObraHast
dpaza s VLC — Li-Fi (light-fidelity) mocie momynspaoro merona cesazu Wi-Fi (wireless fidelity).
[TockonbKy Bce Oosbllie U O0JbIIE YCTPOUCTB MCIOJIB3YIOT PAJMOBOJIHBI ISl CBSI3U, PAJUOCIEKTP
CTAaHOBUTCSI TEPETPYKEHHBIM, MOCKOJIBKY Ka)JIbli Ki1acc OECIPOBOIHBIX YCTPONCTB CTPEMHUTCS
WCIIOJIB30BATh MCKIIOYUTEIBHO YacTh OECIIPOBOIHOTO CIEKTpa. B Hapoe 3T0 HA3bIBAIOT «KPaxoM
crekTpa». OOBIYHO BUAMMBII CBET HE CUMTAETCs >KM3HECIOCOOHOH YacThio cmekTpa cBsizu. VLC
MeHsieT 3710 mpexacraBieHne. VLC 0coOeHHO Tosie3eH, MOCKOIBbKY CHUCTEMbBI OCBEHICHHS HMEIOT
MHOT0 OOIIUX XapaKTEePUCTUK, HEOOXOAUMBIX JIi CUCTEM CBSI3HU, T. €. PErYJISIPHOE paclpesesieHue
MecCT mepenaun/mpuema. [lo 3TOW MpUYMHE WX HMHTErpalvs C CUCTEMaMHU OCBCIICHUS 3JIaHUM
sBisgercs ectectBeHHOM. Lllnpokoe pacnpoctpanenue cucteMm Li-Fi B 31aHuax Moxer oOecrneduThb
HOBBIE METOJbl YIPABJICHUS YMHBIM 3[JaHUEM, a TAK)KE€ CBSI3U, KOTOPbIE SBJISIOTCS MOJYJIbHBIMU,
pa3paboTKa BBICOKOpACHpPEIEICHHbIX 3()PQEKTUBHBIMU M HAJCKHBIMU IMPOBEPEHHBIX cUcTeM. B
CBETOBOM CIIEKTPE TaKX€e IMOYTH OTCYTCTBYIOT KOMMYHUKAIIMOHHbIE TexHONOoruu. CienoBarTenbHo,
oH obecreynBaeT OOJbIIE YACTOT, YeM OOBIYHO JOCTYIHO B PagMOYacTOTHOM criekTpe. OJHUM H3
BaKHBIX MPEUMYIIECTB BHICOKOYACTOTHBIX PaJHOBOJIH, UCIOIb3yeMbIX B curHanax WiFi, sBisercs
TO, YTO UX CUTHAJIBI MOT'YT IPOXOJIUTH CKBO3b TBEP/Ible 00BEKTHI, HAIIPUMEP CTEHBI, YTO HEBO3MOKHO
g curHanoB Li-Fi. Ceerousnyuaromme guonsl (CHUJl) 0oObIYHO HCIONB3YIOTCS B KayecTBE
NepelaTYNKOB I KaHAIOB cBsi3u VLC, MOCKONBbKY CBETOAMOBI HENOPOTM U MOTYT I€pelaBaTh
JTaHHBIE C OYEHb BBICOKOW CKOPOCTHIO. CBETOAMO/ABI BUAMMOIO CBETA TAKXKE IMIMPOKO JTOCTYIHBI U
HEI0pOTH, 4TO 00JIerJaeT UX MHTETrpalyio B CYLIECTBYIOIIME PELICHHs JAJs OCBELICHUS OMOB U
KOMMEpUECKUX 3/1aHui. [ mpuHUMaroIel CTOpoHbl KaHalla CBA3H ObUIO MPEII0KEHO HECKOIBKO
pa3NUYHBIX MOAX0J0B. HekoTopble MeToabl HpeJiaraloT HCHOoJIb30BaTh LU(POBYIO Kamepy s
OoOHapyXEeHHs CBETa, a Jpyrue MpeaiaraloT UCIOoab30BaTh (OTOMMOM i OOHApyKeHus: cBeta. B
3TOM cTaThe MpEeIaraercsi UCHOJIb30BaTh (POKYCHPYEMBIH CBETOAMOAHBIM (POHAPHK B KadecTBE
nepenaTyvka U HuQpoByro Kamepy B KauecTBE IPUEMHHUKA.

Mepenatuuxk VLC. A. Ob6opynoBanue. Ilepematunk VLC coctouT H3 ciexyrommx
KOMITOHEHTOB: (1) dhokycupyemoro cBeToinoHoro GoHapuka, (2) MUKpOKOHTposuiepa H (3) cxembl
ympaBiieHUsl ocBemieHueM. Ilpy npuMeHeHHH (OKYCHUPYEMbI  CBETOAMOIHBIA  (oHApUK
HACTpanBaeTCs TaK, YTOOBI CBETUTh HA CTEHY, 32 KOTOPOM OJHOBpEMEHHO HalitoJaeT BeO-Kamepa.
JIro0ast craniapTHas KaMepa U CBETOJUOJIHBIN (JOHAPUK MOTYT ObITh MHTEIPUPOBAHBI B CHCTEMY B
KauecTBE KOMIIOHEHTOB C HEOOJIbIIMMHU H3MEHEHHUSIMH, MOMUMO BBIMOJIHEHHUS] COOTBETCTBYIOLINX
NIEKTPUUECKUX coeluHeHHH. DOHAPUK JOJKEH UMETh BO3MOXKHOCTH (POKYCHPOBKH, YTOOBI CHIIA
CUTHaja MorJla ObITh HACTPOEHA Ha PACCTOSIHHME MEXKIY HCTOUYHHKOM CBETa U MPOMEKYTOUHBIM
00BEKTOM. OTO BHOCHT 3HAYMTEJIbHBIM BKJIaJ B MPOOJIEMBbl C CUTHAIBHBIM IIYMOM H3-32
OKPY’KaIOIIIEro CBETA U OTPAXKAIOIIUX MPOMEKYTOUHBIX MOBepXHOCTel. Jlyd oHapuka BKIItouaeTcst
Y BBIKJIIOYAETCS € 33/1aHHON T0JIb30BaTeNIeM CKOpOCThIo Uit nepeaayn (1,0) 6ut coorBercTBeHHO. B
KauyecTBE UCTOYHHMKA MUTAHUS A (poHApHUKa MOYKHO HCIIOJIb30BaTh OaTapelKku WM BHEIIHUMN OJIOK
nuTaHusa. B To BpeMmsi Kak J1t000W MHUKPOKOHTPOJUIEP C JOCTaTOYHO OBICTPOI CHHXpOHH3aIMen

50



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne4(27)2022

MOJKET YIpPaBIATh (POHAPHKOM, B 3TOW CTaThe JAJIS YIPABICHHUS CUTHAIOM (POHAPUKA MCIIONIB3YETCS
onenoyHas riata Renesas RX62N.

B. Cxema. ITockonbky ¢ poBOii BBIXO YIPABICHUS MUKPOKOHTPOJIIEPA, UCTIOIb3yEMBbIN JIIS
BKJIIOUEHUS U BBIKIIIOUEHHS (JOHAPHKA, pacCUMTaH TOJbKo Ha 3,3 B, a BeiOpanHbIil hoHaps paboTaer
ot 6 B (4 Garapeiiku AA), s ynpasneHus GpoHapukoM ObUTa BBEJCHA JAOIMOJIHUTENBHAS cxeMa. B
yactHoctd, MOSFET-Tpan3ucrop ¢ gorudeckum ypoBHeM IRF540 wucnonb3yercs nis
MEPEKIIIOYCHNUS MUTAaHUs (POHAPUKA B COOTBETCTBUU C IIU(PPOBBIM BBIXOJ0OM MUKPOKOHTposiepa. Ha
puc. 1 mokazaHa pe3yabTUpYIOIIas cxema yrpasieHus: (OHApUKOM, KOTopasi coeuHseT uudpoBoi
BBIXOJHOM CUTI'HAJl MUKPOKOHTpoJuiepa ¢ 3arBopoM mosieBoro MOII-Tpan3ucropa. 91O 103BOISIET
MUKPOKOHTPOJUIEPY BKJIIOUaTh (POHAPUK, KOTJa HA HU(POBOM BBIXOJIE BHICOKHI ypoBeHb (+3,3 B),
Y BBIKJIIOYATh, KOTAa HA HU(POBOM BBIX0/1€ HU3KUH ypoBeHb (OV). MUKPOKOHTPOIIIEP BKIIIOYAET B
cebs mporpamMMmHOe oOecredyeHue, KOTOpOE IMPUHUMAET CUTHAJIbHBIE JaHHbIE U TeHEpHUpYyeT
MOCTIeIOBATEIbHOCTh CUTHAJIOB BKJIIOUCHHSI/BBIKIIOUEHUS ISl TEpeAayd JaHHBIX B BHUJE
MOCIIE0BATEIHHOCTH ABOUYHBIX LUPP.
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PucyHnoxk 1. [IpuHnunuaneHas cxema nepeiarduka.

VLC npuemnuk. A. O6opynosanue. [Ipuemank VLC cOCTOUT U3 CIETYOIIUX KOMITOHEHTOB:
(1) xommepueckoii BeO-kamepsl u (2) MukKpokommbeioTepa. IIporpammHOe —obecredeHue
MUKPOKOMITBIOTEpPA HUCIOJIb3yeT O0IIHMe MeToNbl mHTepdeica BeO-kamepsl, YTOOBI CaeNaTh 3Ty
cucreMmy VLC npuMeHMM B KadecTBE MpHEMHHUKa JUIsi OOBIYHBIX IM(poBBIX Kamep. Kamepa
pacrioyio’)keHa Tak, 4ToObl HAONIONATh 3a ISITHOM, T€HEPUPYEMBIM TepefaromuM (OHAPUKOM Ha
npomexxyrouHoi crere. [IK uaM MHUKpOKOHTpoOJUIEp 3amMChIBAaeT H300pak€HUs C KaMmepbl U
o0OpabaThIBaeT 3T W300paKEHUS I OOHAPYKEHUS TTepeaaBaeMOro COOOIIEHUSI BUIUMOTO CBETA.

MHUKPOKOMITBIOTEP HEMPEPHIBHO 3aXBaThIBAET N300pakeHus ¢ kamepsl. Kaxoe nzoOpaxxenue
aHAJM3UPYETCS C UCTIOIB30BAHUEM METOM0B 00pabOTKH M300paXeHNUH ISl OTpeieTICHNS 3HAUCHHSI
nepegasaemoro curHana VLC. Ilo cornameHuro Mbl Ha3HayaeM JIOTMYECKYIO €IMHUILY, YTOOBI
COOTBETCTBOBAThH BKIIOYCHHIO (POHAPUKA, M JIOTHIECKUAN HOJIb, KOTJa (oHApUK BBIKIIOUEH. Kamepa
3axBaThIBACT N300paKEHUs MPOMEKYTOUHOTO 0OBEKTA M IPUMEHSET CIIeIYIOIINe 3Tanbl 00pabOTKU
Ui onpenenenus 3HaueHus: (1) npeoOpasoBaHue n300paxeHUsI B OTTEHKU CEporo, (2) mpuMeHeHne
O6unapHoro nopora, (3) koutyps! fmd B OuHapHOM M300paKeHUU U (4) YCTAaHOBUTH MUHUMAJIbHYIO
OXBAaThIBAIOIIYI0 OKPYKHOCTb BOKPYI OOHApy)XEHHBIX KOHTYpOB. OTHU 3Tambl 00pabOTKH
3HAYUTENbHO MOMOTAalOT B HAJEKHOM OOHapy)KeHHWHU CHrHajia (OHapHKa, HECMOTpPS Ha Halluuue
ApYyroro WCTOYHWKA CBETa WM OKPYXKAIOMIEr0 OCBEIICHHsS, KOTOpble MOTYT OCBEUIaTh
MHTEPECYIOIIYI0 TOBEPXHOCTh. JTOT MpOIecC MO3BOJISET MepeaaBaTh JaHHbIE CUT'HAjla Ha OCHOBE
paauycoB kpyroB. Ha puc. 2 3ToT nporiecc mokasas rpadgudecku. B mocneayrommx naparpagax 3ToT
nporecc OyaeT paccMOTpeH Oojee moApoOHO.
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a) 0) c)
Pucynok 2. M300paxenne Ha Kaxa0M dTare airopurMa. (a) Micxomnoe n3obpaxkeHue,
cHsATOE C KaMephl. (0) M3o0paxkeHue mociie moporoBoit 00padoTKu U pa3MbITHs. (¢) OKpYKHOCTD,
MOJIOTHAHHAS 1101 00HAPY)KCHHBIE KOHTYPHI.

B. Anroputm. i 3TOro moaxoAa IBETHbIE H300paKEHHsS HE HYXKHBI, MO3TOMY, €CIIH
UCIOJb3YeTCsl JAaTYMK I[BETHOTO HM300paKEHMsI, 3aXBAYEHHOE M300paXEHUE JOJDKHO OBITh
peoOpa3oBaHO B OTTEHKU ceporo. Vcronp3oBaHne n300pakeHUil B rpajjalluix ceporo, B OTIINYHE
OT LIBETHBIX U300paKeHUH, 103BoIIsAET ObIcTpee U 3(h(heKTUBHEE MAaHUITYIUPOBATh U300paXKEHUAMH,
MOCKOJIBKY TpeOyeTcs JOCTYI K MEHBIIEMY KOJMYECTBY TOUYEK JaHHBIX. M300paskeHus B rpajausax
CEpOro MHCHONB3YIOT TOJNBKO OAWH KaHal HWHTEHCUBHOCTH IIMKCEJIEH, TOrJa KakK IIBETHBIE
M300pakeHNs UCIIOIB3YIOT TPU KaHala: KpacHBIN, 3eneHblid u cuamii (RGB).

B wu3o0paxkeHuum B rpajanusx Cceporo KakAbll MHMKCEIb MPEJCTAaBICH 3HAYCHHEM
uHTeHCUBHOCTH OT 0 10 255. M3-3a BhIIeynoMsHYTOW (DOKYCUPOBKH Jyd (OHApPHKA, BEPOSTHO,
OTBEYAET 3a CO3/JaHUE CaMbIX SPKUX IHKCEJIeH B 3alMCaHHOM H300pak€HHH. DTO IO3BOJISET
BBIMOJIHATh ~ NEPBOHAYAIBHYIO  (QUIBTPAIMIO THKCENCH-KaHIUAAaTOB CHTHAJIa Ha OCHOBE
IpearnogaraeMoil BBICOKONW HWHTEHCHUBHOCTH. OTOT (UIBTp pealn3yercs IyTeM NpUMEHEHUs
JBOUYHOTO ITOPOTa K N300pasKEHUI0, KOTOPOE U3BJICKACT MUKCENN-KaHAUIaThl (POHApUKA B KA4eCTBE
NEepeHero IiaHa M300pakeHHs M OTOpachlBaeT OCTaBIIMECS MHMKCEeIu H3o00paxkeHus. Meron,
WCTOJIB3yEeMBIH U TIPUMEHEHUS! JBOWYHOTO MOpora, rmokaszaH B ypaBHeHuu (1), rae lcllrrenl —
TeKyIllas u3MEpeHHasi MHTEHCUBHOCTh nukceneit ot 0 go 255, 1,00v — HauMeHbIas u3MepeHHas
MHTEHCUBHOCTh THKceneil ¢onapuka, a Inell' — HOBas WHTEHCHBHOCTb IMUKCEJIEH. 3HauEHHE,
MIPUCBOEHHOE TEKYIIEMY ITUKCEINIO.

Omnepauust pa3MbITUS M300paXKeHHUs TakkKe MPUMEHSETCS K HM300paKeHUIO Ui yJaJeHUs
3allyMJIEHHBIX OOHApy)XEHUH NHUKCeel, pacloloXeHHbIX BOJM3UM KpaeB CBETOBOTO Kpyra.
PesynpTpyromee o6paboTaHHOE M300pa’keHHE OOBIYHO BKIIOYACT IUJIABHYIO IYT'Y OKpPY)KHOCTH,
KOTOpasi UCXOAMT OT NeperaTurka GoHapuKa, Kak MOKa3aHo Ha puc. 20.

I — {255 if Icurrent = Ilow
- 0 otherwise

1)

Kaxk nmokazano Ha puc. 20, pe3yibTHpYIolee H300pakeHrne 00BIYHO YePHOE C OOTBIITUM OeTTbIM
KpYyroM (MJIM 4acThiO Kpyra) BHYTpH Hero. HaxokaeHne KOHTYpOB 3TOr0 M300pa’keHHsl J1aeT HaM
YTy OKPYKHOCTH, KaK Ha pHC. 2¢. 3aT€M Mbl IIOJIFOHSIEM HaUMEHBIINHI BO3MOXKHBIN KPYT, KOTOPHIT
OXBaTBIBACT BCE OOHApPYXEHHbIE KpaeBble IHMKCEIH, YTOObI alMPOKCUMHPOBATH MPOEKIIHIO
nepenaHHoro yiyda ¢onapuka. [Ipu Hanuuum Apyrux UCTOYHUKOB CBETAa PacUETHBIN paguyc jaydya
MO>KHO MCIIOJIb30BaTh JUIs (PHIIBTPALIUH JIOKHBIX KPYTOB. DTal IOPOroBoil 00paboTKH TaKKe CIYKUT
JUIS yCTPAHEHHUS IIyMa OT UICTOYHUKOB CBETa HU3KOM MHTEHCUBHOCTH, TAKUX KaK OKPY)KAIOIINN CBET,
JTHEBHOI CBET M yJalleHHOe BepxHee ocBemieHue. 1101xon ¢ moAroHKol mo Kpyry uMmeer ocoboe
3HAYeHHUE JJISl HAJC)KHOTO OOHAPY)KEHUS NMPU HAIWYUH 3€PKANbHBIX OTPAXKAIOUINX MOBEPXHOCTEH.
311ech METOJT IPOBEPKU Ha OCHOBE pajiyca MpoBepsieT KPYyT, UMEIOIINIA pa3mep, Haubosee OIU3Kui
K OXHJaeMOMY paauycy iyda (oHapuka. OTO OTKIOHSET JIO)KHO OOHAapyXEHHbIE KPYI'H OT
oTpakaroImux rnoBepxHocteld. Kak mobodHbli MpOIyKT, ATOT LIAr TAKKe SBISAETCS KIIOUYEBBIM JIJIS
MPOBEPKHM HAIMYUsl CHUrHaia (oHapuka Ha 3allMCAaHHOM H300pa)K€HHH, KOIJa OTpakarollue
MOBEPXHOCTU OTOPACHIBAIOT KPYIJIble CBETOBBIE y30pHI B MOJ€ 3peHus mpueMHuka. Ecnu paguyc
00HapyKEHHOT'0 Kpyra MoJ00eH 0KUAaeMOMY paanycy jdy4ya (oHapHKa, MepeaaHHbIi OUT SBIsSETCS
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nmorudeckoi eauHUIeH. Jlornyeckuii HOJb MepenaeTcs, Koraa Ha 3aMuCchbiBAeMOM H300paKeHUU HE
0OHapy’KeH JIyd CUTHAJIBHOTO hoHapHKa (Kpyru BooOI1e He 00HapykeHbI). Kak yTBepkaaeT Teopema
muckpern3anuu HaiikBucra [10], yactoTa nucKpeTH3aluu MpUEMHUKA JOJKHA OBITH B JIBa pasa
Oosblle 4YacTOThl OWTa TMepelaBaeMoro CurHajga. B 3TOM KOHKPETHOM HPUIIOKEHUU
OTpPaHUYUBAIOIUM (HAKTOPOM CKOPOCTH MEPEIavH SIBISICTCS YACTOTa KaJ[POB KaMEPhI; YKA3bIBACTCS
B kaapax B cekyHny (FPS). CnemoBarensHo, camas ObIcTpasi CKOPOCTh, C KOTOPOH MOTYT OBITh
MOJTyYEHBI JIaHHBIE, COCTABIISIET MOJOBUHY CKOPOCTH KaMmepbl. Tak Kak BUJIEOKaMepa U MepelaTyukK
¢doHapuka paboTalOT aCHHXPOHHO, Ka)/10€ 3allMCaHHOe M300pakeHne HeOOXOAUMO MPOBEPSATH Ha
Hanuuue curHana. Ecioum dacrora aumckperw3anuu coctaBisieT mnojoBuHy FPS, T0 kaxkmoe
MpOBEpsieMOE  M300paK€HUE JIOJDKHO HMETh TOYHOE OOHapyKeHue HJs MPaBUIBLHOTO
BOCIIPOM3BE/ICHUSI TIE€PEIaBacMbIX JAaHHBIX. TeM HE MeHee, MPAKTUYECKHUE CHUTYalluH IUKTYIOT
HaJIM4Yue IIyMa, a aCMHXPOHHBIA XapakTep KaHajla CIOCOOCTBYET CO3JaHHIO OIIMOOK MPH 3TON
TEOPETUUECKOU MaKCUMAJIbHON CKOPOCTH.

CrnenoBatenbHO, A HAJACKHOM JIMHUU CBSA3H CKOPOCTH MEpelayr TaHHBIX CHIXKAETCs, YTOObI
00eCIIeUYNTh TPH WJIM YETHIPE BBIOOPKH KAXKIOTO TepenaBaeMoro Oumra. ITo maetr 0oljiee TOYHBIE
PE3yNbTaThI 32 CYET CKOPOCTH Iepenayn. BpemMeHHas KOrepeHTHOCTh M300paXeHHU TakKe BIHSET
Ha CKOPOCTh Tepelaun TaHHBIX B CUCTEME, TTOCKOJBKY KaKI0€ M300pakeHHEe MPECTABIIICT COO0H
KOPOTKHII BPEMEHHOI MHTErpan HabmoqaeMol KapTUHBI MHTEHCUBHOCTHU cBeTa. M3-3a 3Toro0, ecnu
M300paKeHHUE MOIYICHO BO BPEMs, KOTOPOE TIOYTH COBIAIACT C MEPEXO00M OT CIUHUIILI K HYIIO,
PE3yNbTUPYIOIIAsk BRLIOOPKA MOXKET IMIPUBECTU K HEOOHAPYKEHUIO, T. €. CUTHAI HEe Oy/eT oOHapyKeH.
B takmx 00CTOsATENhCTBAX MOXKET IMOTPEOOBATHCS JIBA Kaapa IS HAJICKHOTO OOHAPYKEHUS OJHOTO
nepenaHHoro Ourta. BpemMeHHass KOT€peHTHOCTh HCIONb30BANACh JUISl OLEHKU 3HAueHUN OUTOB
JAHHBIX, KOTJIa 3HAYEHHUs IepeceKalidi HECKOJIbKO KaJapoB. Mepa KOT€PEHTHOCTH OIIEHUBACT
MepelaHHblii OMT, MpOCMaTpuBas KOJIMYECTBO HYyJNEH, MpeArojaraeMblX NzeroS. W CpaBHEHUE
JIOTUYECKHUX HTOTO ¢ OOIIUM KOJIMYECTBOM MPHUHATHIX KaIpOB JUIisi OMTa, N KaJpOB, KaK IMOKAa3aHO B
ypaBHeHuu (2).

: 2
Received Bit = 0 if Mzeros 2 3 Nframes

1 otherwise

()
Ora BpeMEHHas AMarpaMMa Ha pHUC. 3 WIUIIOCTPUPYET HEOINPEAEIEHHOCTh, CO3aBACMYIO
HEeyJJaYHON OTHOCUTEJIbHON CUHXpOHU3aLKeH Ui rnepeiayn oOutoB no auHuM cBsizu. Cucrema VLC
ObuIa BIIEPBBIE pealn30BaHa C UCMOJb30BaHUEM IM(poBoi kamepsl Point Grey Scorpion SCOR-
20S0. Yacrota KaJapoB ATOM KaMmepbl cOCTaBisgeT 15 KaJpoB B CEKyHAY, YTO O3HAuYaeT, 4TO
MaKCUMaJlbHasi CKOPOCTb Mepeaayud JUlsl 3TOH KOHKPETHOM Kamephl cocTaBiseT 7,5 OMT B CEKYHAY
(6but/c). daxTuueckas HCIOIb3yeMasi CKOPOCTh Tepelayd JODKHAa OBITh (DUKCUPOBAHHBIM
3HAa4YeHUEM, OINpeAesieMbIM IpH HACTpoiike. AmnmapaTHoe oOecledyeHue, HCHOIb3yeMoe s
nepeaaTynka, Takoe ke, kak ykazano B Pasznmene III. Onucanuplii alroputM OBLT MPOTECTUPOBAH
IyTeM OTHPAaBKH HECKOJBKHX PA3JIMYHBIX THIOB COOOLIEHUH co ckopocThio 1 6ut/c, 3 Out/c u 5
6ut/c. B 3TuX ycloBHAX MCHBITAHUN CHUCTEMa CBSI3U C BUIAMMBIM CBETOM paboTaia MpaBUIbHO Ha
BCEX ITHX CKOPOCTSX Mepeadn ¢ HyleBbIMH omnOkamu. [lpu TectupoBanuu Ha ckopoctu 7,5 6ut/c
4acTOTa OMIMOOK B TIOJMYyYEHHBIX COOOmICHUsX coctaBmia 50 %, 9TO MOXET OBITh CBSI3AHO C
HECUHXPOHM3AIMEH  CHHXPOHM3alMM [pPUEMHUKA M  [E€pelaTyuka, Kak  yIOMHUHAJIOCh

B Paznene IV, B.
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Pucynox 3. Bpemennasi nuarpamma aiis cuctemsl VLC.

[Tocne o3ByunBanus 0a30BOi KOHCTPYKIMH MpueMHuKa ¢ nomouibio [1K u kamepsl BbICOKOTO
paspelieHus cucteMa ObUIa 3aTeM peajn30BaHa BO BCTPOCHHOW cucteme. BeTpoeHHas cuctema
COCTOsJIa W3 MHKPOKOHTpPOJUIEpa JUIsl alropuTMa oO0paboTKu H300pakeHWH W HEAOporoi BeO-
kamepsl USB B kauecTBe IpUEMHHUKA.

B kauecTBe MUKpOKOHTpoJUIepa ucnoib3oBaics Raspberry Pi Model B. Mogaens Raspberry Pi
Model B umeer 512 Mb O3V, 2 mopra USB u mopt Ethernet. O umeer cucremy Broadcom
BCM2835 na uure, koTopas BKIro4aeT B ceds mporeccop ARMI176JZF-S 700 MI', rpadudeckuii
nporeccop Video Core IV u BremmHioo SDxapryna 4 I'b. I'padwmyecknii mporeccop crnocobeH
BOCHPOU3BOANTh KauecTBO Blurayc ucnons3oBanuem H.264 co ckopocteio 40 MOut / ¢ u
MCIIOJIH30BAJICS BO MHOTHX IPOEKTaX, BKIFOYAst CHCTEMY MOHHUTOPA C CEHCOPHBIM DKPAaHOM Ha OCHOBE
Bluetooth [11]. MukpokonTposuiep 3amyckaetr Bepcuto Debian Linux moj Ha3zBanuem Raspbian.
Raspberry Pi 6611 BEIOpaH MOTOMY, YTO €r0 BEIYUCIUTEIBHBIE PECYPCHl MOTYT JIETKO 00pabaThIBaTh
n300paxkeHus1, TpedyemMbie ITUM aITOPUTMOM, B PEXKHME PEAIbHOTO BPEMEHH.

TectupoBanme cucremsl ¢ Raspberry Pi u Be6-kamepoit USB moarBepanino, 4To mporeccop
CIOCOO0EH 00eCNeYUTh BBIYUCIUTENBHYIO HPOM3BOIUTENBHOCTh, HEOOXOJUMYIO Ul CHUCTEMBI.
Opnako ObUIO OOHAPYXKEHO, YTO OOBIYHBIE HMEIOLIUECS B Mpojaxe BeO-kamepbl USB He sBistoTcs
HA/IKHBIMH ITPUEMHHUKAMH JJIsi 3Toro mnpuiokeHus. Cpenu mpoTtecTupoBaHHbIX BeO-kamep USB
obutn Logitech C170, Microsoft LifeCam HD-3000 u Logitech C920. Logitech 920 6bu1 BEIOpaH B
KayecTBe 0ojiee JOPOroro TECTOBOTO BapHaHTa C IMPEANoJOXKeHHeM, 4To 0a3oBoe 000pyaoBaHUE
Kamepbl Oyznetr Oosnee HamexHbIM. Bce mporectupoBanHbie BeOkamepblUSB pabortanu ¢ pasHoit
94acTOTOM KaJpoB, YTO JAeaeT HEOOXOIUMYIO0 CHHXPOHHU3AIMIO [TPU TAKOM TOJIX0/1€ HETIOCTUKUMOH.
CkopocTb niepeiauu TaHHbIX, U3MEPEHHas [ KaK10M KaMephl, MoKa3aHa Ha puc. 4, mpu 3tom Point
Gray SCOR 20S0 siBnsieTcss KOHTPOJIBHBIM YCTPOHCTBOM € MTOCTOSTHHBIMU 15 KaJpamMu B CEKYHY.

FPS cf Cameras
30

Legend
Point Grey SCOR-2050 —
Logitech C170
Logitech C920
LifsCam HD-3000

Frames per Second

0

0 50 100 150 200 250
Time (s)

Pl/lcyHOK 4. I/I3MepeHHa;1 JacCToTa KaApOB KaMEpPbl B 3aBUCUMOCTH OT BPCMCHHU.

Bo Bcex Tectax paccTosiHUME OT NepeAaTyrka U MPHUEeMHUKa 10 CTeHbl cocTaBisuio 11 ¢yros.
OT0 paccTosiHME TMpeAcTaBisieT co00il paccTOsHME OT IMoJia O MOTOJIKA B THUIHYHBIX O(QUCHBIX
3nanusax. Ha Beicote 11 ¢yToB MHHMMANbHBIM yron jgy4a (oHapuKa, Ipd KOTOPOM paboTaeT 3Ta
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cucrema, cocrasisier 14,7 rpagyca u msnydaer 833 mrokca. MakcuManbHBIN YToJl Jiyda Ha 3TOM
pacctosHuu cocTaBiseT 17,7 rpagycoB u u3nydaet 367 mokc. Ha puc. 5 nokazanbl MUHUMAJIBHBIN U
MaKCUMaJIbHBIN yriel paboThl poHapuka Ha pacctosHuu 11 gyToB or crensl. Tect mpoBoauics B
MOMEIIIEHUH CO CPEeHEN BHEIIHEH OCBEIIEHHOCTHIO 128 JItOKC.

3710 OBUIO M3MEPEHO B TEUCHHUE JIHS IPU PACCESTHHOM THEBHOM CBETE, IMONAJAIOIIEM B OKHA
(cBeT W3 OKOH HE ToIMajall HEMOCPEACTBEHHO Ha SIPKOMEpP) U IPU BKIIFOUEHHOM JIOMUHECIICHTHOM
OCBEIICHWHU ToMelleHus. B TecroBble cimydan Obu1 Jgo0aBiieH eme OAWH (DOHAPHUK, YTOOBI
MIOCMOTpPETh, KaKOe BIMSIHHE OH OKaXXeT Ha cuctemy. Mcronb3yeMblil 11 3TOro oHapuK HUMe
sipkocTh 140 JTI0KC ¥ HE BIMSUT HAa pabOTy CUCTEMBI.

3akJirouyenue. Vcrnonb3oBanue kaMepsl ¢ 0osiee BHICOKOM MaKCUMaJIbHON 4acTOTOW KaJpoB
MOKET 00ecTIeunTh O0JIee BRICOKYIO CKOPOCTh nepeaaun. OnHako Hanbosiee BaXHBIM (DakTopoM Ipu
BBIOOpE KaMmephl Ji ITOW CHUCTEMBbI SIBIISIETCS €€ COIVIaCOBAaHHOCTh. J[Isi 3TOMl KOHCTpYyKLIUU
TpeOyeTcst KaMepa ¢ TIOCTOSIHHOW 4aCcTOTOM KaJpOB M3-3a BPEMEHHU, HEOOXOJMMOTO JIJIsl CBS3H.

DTOT MOAXO]I J0JKEH UMETh BO3MOXKHOCTh COOTBETCTBYIOIIMM 00pa3oM MaciuTabupoBaThCs
no ©Oosiee BBICOKOH 4YacTOTBl KaapoB. Makcumanbhblii FPS  kamepsl, BeposiTHO, sIBIseTCS
OTrpaHUYUBAIOIIUM (DAKTOPOM MPU OMPEEIICHUN CKOPOCTH nepenayn. OHaKo, Mpeanoaras, 4ro Bbl
HCIOJIb3yeTe KaMepy C IMPOU3BOJIBHO BBICOKMM MakcuMaibHbiM FPS, Oyner momeHT, Korna
CBETOMOJI OyAeT BKIIOYAThCS U BBIKIIOYATHCA TaK OBICTPO, YTO OH HHUKOTJA HE BBIKIHOYUTCS
MIOJIHOCTBbIO, @ BMECTO 3TOr0 OyJIeT TOJIbKO TYCKHETh. JTa TOYKa OyIeT APYruM BO3MOKHBIM
OrpaHUYUBAOIUM (HAKTOPOM CKOPOCTH Tepenaud. [[pyrum BakHbIM (DaKTOpPOM, BIHUSIOUIMM Ha
paboTy 3TOW CHUCTEMBI, SBISIETCS OKPYXKArOIIee OCBEIICHHE IMOMENICHHS. B CIMIIKOM CBETIION
KOMHATe Takoi Ju3aiiH He MoAoNAeT. DTa KOHCTPYKIHS TpeOyeT, 4YToObl MHTEHCUBHOCTh
OKPY>KAIOILIEr0 OCBEIIECHUs B MOMEIIEHUH Obljla 3HAUUTEIbHO HUKE MHTEHCUBHOCTH H3JIy4aeMOro
NepeaTIYuKoOM CBETa, a MPUEMHHUK He JOJDKeH OBbITh HAIpaBlieH Ha Kakue-THOO MOBEPXHOCTH C
BBICOKOM OTPAKAOLIUMN.
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1929-1933 JKBIJTIAPIATBI KA3AK XAJTKBIHBIH KACIPETI
TPATEJUSI KA3AXCKOI'O HAPOJIA B 1929-1933 TOJAX
THE TRAGEDY OF THE KAZAKH PEOPLE IN 1929-1933

AHaaTna. ATaJMBIII MaKaJiajga Ka3aK XaJKbIHBIH OachlHA TYCKEH HOYOET JKbUIIAphI, O6ITin ai
na Owiei Oep cascarbl, OKIMINUI-OMIPIIUI >KYHEHIH, TOTAJIMTAPJBIK PEKUMHIH cajlaapblHaH
TYBIHJAFaH aIllThIK, KYFBIH-CYPIiH, XaJbIKTBl Kyaasiay, ceOernci3 >Ka3FbIpyAbIH KOJJIaphl MCH
caliappl Typajbl aWThbUIaAbl. XaJbIK HApa3bUIBIKTaphl MEH YIT 3HsUIbLIAphl  MEH  YIIT
YKaHAIIBIPIAPBIHBIH JKaH alKaiiapbl T.C.C. Macelenep Kosraiansl. KymiTen y>KbIMIAaCcThIPYIbIH,
PENPECCUSHBIH XaJIbIK TaFIbIPbIHA aKeJIreH 3apaa0bl Typallbl CO3 KO3FaIaIbl.

Tyiiin ce3aep: KyFbIH-CYPriH, allThIK, TEHOLN/I, STHOIH/I, XaJIbIK CAHAFbl, HHTCIUTUTCHITHSI.

AHHoOTanus. B 3T0ii cTaThe paccka3bpiBaeTcs O Tpareaun kKaszaxckoro Hapoza B 20-30-x romax
XX Beka, O PENpPECCUBHBIX MEPOIPHUATHUSX, pacKylauMBaHWM, FOHEHMHM Hapona. [lociencrBus
IIOJINTKU «pa3fensdl U BIacTByM». IIporecTsl M HENOBOJIBCTBO IIpOCTOro Hapona. ['oBopurcesa o
BJIMSIHUM HAaCUJIbCTBEHHOW KOJUICKTUBHU3ALMU U PENpeccuu Ha cynpObl stoneil. boppba kazaxckoi
HUHTCJUIMT'CHIUHA APYIUX YUYCHBIX 3a HEJOCTHOCTL IrOCyaapCTBa U Ap.

KiroueBble ciaoBa: pemnpeccus, ToJoJ, TE€HOLWJ, OTHOLMJ, IEPENUCh HACEJICHHUS,
UHTCIIJIMTI'CHIIUA.

Annotation. This article tells about the tragedy of the Kazakh people in the 20-30s of the
twentieth century, about repressive measures, dispossession, persecution of the people. Consequences
of the "divide and rule" policy. Protests and discontent of the common people. It is said about the
impact of forced collectivization and repression on the fate of people. The struggle of the Kazakh
intelligentsia of other scientists for the integrity of the state, etc.

Keywords: repression, famine, genocide, ethnocide, population census, intelligentsia.

OKIMIIIJI-OMIPIIUT JKYHEeHIH KbUIBIIIBIHAH KaH TaMbIll TYPFaH IIaFblHAQ, KOMMYHHCTIK
uaeonorusiHeiH ycreM etkeH KCPO ke3eHiHe amapibuIbIK, perpeccus, Kyaaiay T.C.C. TAaKbIPBIITap
MYJIIEM 3epTTesIMeli OoMaca 3epTTeyre ThIMbIM CalbIHABI 1eceK Te 0oapl. MyHaal aKTaH1aKTap
kemeri XX FachIpJIbIH COHFBI IIMpPEKTepiHJe ambuia 6actaasl. Manam Ko3eiOaeB 6acraran Kenec
HypneiiicoB, Mamnikaiinap AcbuibexoB, Makam TorimoB, Maomber Koitrenni, Tamac Omap6exos,
Kynneiz AosroxuH, Kaitmap AnnmaxymanoB, bypkitOaii Asran, Xanrenai ©OO0XKaHOB CBIHJIBI
FAJIBIMAAP/ABIH FBUIBIMU-3EPTTEY KYMBICTAphl TapUX FBUIBIMBIH KalTa KapacTbIPBIN, *aHa ThIH
YKOJIZIBI OOJTalIaK Tapux YIIiH caibin Oepi.

OTaHJBIK TApUXThl 3€PTTEYAErT ©3€KTI Mocesesiepli KapacTblpy OapbIChIHAA AEpeKTepl,
Ky)KaT MaTepHajlapblH KOJIJaHy, TapUXbIMBI3IbIH «AKTaHTakTapbiHy (bemble msTHa) 3eprreyie
aJlaThIH OpHBI epekiie. Conap/IbIH iIIH]IE epeKIle aTal oTeTiH Ke3€H, TApUXbIMbI3/Ia YIKEH Tpareaus,
300anaH anbil KenreH — KazakcTanmarsl YWKBIMAACTBIPY JKbULIAPHI. bysl ke3eHzeri 0acTel Hazap
ayJapaTbIH KOUT OYJ1 — KYIITEN OTBHIPHIKIIBUIAHABIPY, KOIITeN XalbIKThI TIPUIUTIK KO31HEH albIpy,
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«bemin an ga Ouneli 6ep» MPUHIUII CAlITAPBIHBIH KaHail O0JFaHbIH TAPUXTAH KAKCHI OijeMi3, o —
JKarman aIThIK, «T€HOIMIY, XaJIbIKThI KOJIJIaH KbIPY.

1992 sxpuTel KBIpKYHEK-Ka3aH aimapblHaa eTkeH JlyHHexKy3l Ka3aKTapblHBIH KYpbUITaiibIHAA
Ka3aK JHMacropachl KYIITEN Y KbIMIACTHIPYIbI, OOJBIICBUCTIK cascaTThl, Xammad penpeccus
casicaThlH KaTaH TYPJe ChIHaFraH OOJIaThIH.

Con ke3ne Typkusan KelIreH Ka3ak JUacopachlHbIH aKcakayibl Xanuda Anrait, 01 KacipeTTi
Ke3eHJIi — «KbI3bUT TabaH HIyOBIPBIH/IBI» [T 0ara Oepren OonaThiH [1].

Artar aitatein xaiT, XX raceipabiH 20-30kpL1aaphl Ka3ak skepinjie OoFaH Tpareausi Keuoip
FaJIBIMJIAPABIH MiKipiHIIe — «[ 0JIOMEKHHIIK TeHOIH T, HEMeCe «3THOLUI» JIeTl aTayFra Keieni [2].

Y KbIMAACTBIPY CasiCAaThIHBIH HOTH)KECIHIC HET131HEH Ka3aK XaJIKbIHBIH KbIPhLIFAHBIH €CKEPCEK,

OOJIBIIEBUKTEPIIH OYJI casicaThlH «Ka3aKIIUay» JIeT Te atayFa oonazsl [3]. backa ga yiT exinaepi
3apjamn IeKTi, ajlaiijla KeIlIesi J>XOHe >KapThUlald Kelmesi Ka3akK IapyajapblHa jKacalFaH
KAaCTaHIBIKTHl Oackamia aTay MYMKiH emec. Artanm aiitcak, 1930-33 >xpuimapbl Kaszak KepiHjae
amteIKTaH 49% kazakrap, 11% ykpaunnsikrap (Kazakctanasik TypreiHaap), 6% opsictap, 8% e30ek
yitel, 13% yitreipnap, 10% rtartapnap, 11% newmicrep, 12% wmopnaBannmap, 10% 6Gemopyc, 25%
KbIpFbI3, 10% nyHrenaep KanTeic 60araH [4]. MyHaail KOPKBIHBIIITE MAITIMETTEP TEK Ka3aK XaJIKbI
FaHa eMec, 0acka Jia YIT eKUIIepiHiH KbIPbUIFaHBIH KopceTedi. AJaiiia, XaaKbIHbIH KapThIChI (49%)
KBIPBUIFaH Tpareaus agam3ar TapuXbIHa )KOKTHIH KaChl.

ApxuB nepektepiHiy kepceryinmie, 1930-33 xpurmapbl XaiblK CaHBIHBIH 3 MIH 379,5 MBIH
aJjamMFa KeMITeHIIrH KepeMi3 (Heri3iHeH Ka3ak XaliKbl). 1926 xbUibl ©TKeH BYKII0aKTBIK XaJIbIK
CaHAFBIHBIH MAJIIMETIHIIE Ka3aKTapabiH 98,1 mailbI3bl aybUIIbl KEepe TYpFaH.

1887, 1926, 1937, 1939 xbuimapaa OTKI3UITEH XaliblK CaHAKTApbIHBIH MOJIIMETTEpIHE
cyiieHeTiH Ooncak, xoHe nae Kasakcran PecrmyOnmkackl YATTBIK Kayinci3IiK KOMHUTETIHIH
apXUBTEpIHEH aJlbIHFAH aKnaparrap OOWBIHINA KYIITEN YXKbIMIACTBIPY KbuinapbiHa 80 MbIHFa
KYBIK Kazak xankel coll ke3nmeri KCPO TepputopuschiHAaH CBIPT achilm Kemrin KetkeH [5]. OHbIH
imriHge 7 MbIHFa XKYbIFbI kepiriniec Kpitaii enine konbic ayaapran. CoHbIMEH KaTap, OipHelle MbIH
Ka3aK KepceTuIreH »Kbuigapbl AyraHcTaH jkoHe Mpan sxepnepiHe barbic Kazakcran eHipiHeH
Typikmenus xone ToxkIKCTaH apKbUIBI, COJ XKepiepre MOKOYpIIi Typ/ie KOHBIC ayJapFaH.

Kymren yxpMaacTeipy, KOHQUCKANUSIIAY - TOPKIICY KBbULIAPBIHAA IIapyaliapFa KaThICTHI
penpeccusi oJaH apbl KyIIeWai. ATajafaH Ke3eHJEri oJeyMeTTIK-casicu ic-mapanap kesinae 165
MBIHHAH acTaM Ilapyajiap penpeccusra yibiparat [6]. Ocel aTanraH yaksiTTapaa Kenec ykimeTi MeH
KoMMyHHCTIK MapTUSHBIH opOip MIBIFApFaH 3aHAapbl MEH YKIM-OYHPBIKTaphl PEeIPECCUSTHBIH jKaHa
TOJIKBIHBIH TYBIHIATHIT, XaIBIKTBIH YPEHiH TYIBIPHIT OTBIPIHI.

KazanayneiH, KyaanayIblH ©pKEHACT TYPFaH MaFbIHAA TYPIIl albInTayIapAblH HOTHKECIHIE

Tajal Ka3bpIKChI3 IKAHJAP IKA3AIAHBIN, AaTBUIBIN, JKEP ayJapbUIbIN, KOHIUIArephliepre
KamanraHbl Oenrini. TinTi eH copakbUIapbhIHBIH Oipi — alITBIKTaH KBIPBUIFAH XaJbIK Macak TEepPreHi
YIIIiH 1€ COTTAJIbIIN, KOHIVIarephJaepre Ka0bUIbIIL, JKEp ayAapblIbll KeTkeHaep 6onran. 1932 xbuibl 7
Ttamb3ga «O0 oxpaHe WMYIIECTBAa TOCYJAPCTBEHHBIX MPEANPUITUNA M KOJIXO030B U KOOMEpalul H
YKperyieHue OOIIECTBEHHONW COIMATMCTHYECKON COOCTBEHHOCTH» JIETEH 3aH MHIBIKKAH OOJIaThIH.
Backarmia aiiTkana, COIMATMCTIK MEHIIIKTI KOpFay Typaibl Kaynbl. Coll 3aH OOWMBIHINIA MacakK TepiIl,
KOoMOaliH, TpaKTopJjap/AaH KajFaH eTiHAep/l XKUHAFaH YIIH KbUIMBICTBIK 1C KO3Fambim, 10 >KplaFa
JICH1H COTTAJBII, JKep ayJapbuiFaH GakTijep kenrten ke3aecei. JKoHe /e oTe KaTThl KbIHXKbUITAThIH
Tarbl Oip YKaKT, OCHI 3aHFa OalIaHBICTHI ATy Jka3ackl OosFaH, | xpurnbiH imiHAe Kazakcranga 33345
ajiaM coTTajraH [7].

XX racwipasiH 20 — KBUIAAPBIHBIH asFbIHAA IIH JaMybl OaFbIThIHIA 2 OaFbITTHIH OOJFaHbI
3eprreyuriepre oenrini. bipinmici — Oyxapunaik Ton (H.M. byxapun, A.H. PsikoB, M.1.Tomckwif)
SKOHOMHKAJIBIK JIaMyJla HAPBIKTHIK MEXAaHW3MHIH IICIIyIIi pPeJl aTKapaThIHJBIFEIH MOWBIHIACA,
ekiHmrici — cranuamingep: B.B. KyOsmmes, B.M.MonotoB, A.A. Aunapees, JI.M.Karanosuu,
C.M.Kupos, A.1. Muxkosu, I''K. Opmkonukumaze T.0. Kele XKaTKaH TOTAIHTAPIBIK PEKUMHIH
KETEKIILIepi.
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CranvHImiaepAiH MalbIMIAybIHIIA, <OKAPKBIH OOJallaky VIIiH, MapTHSUIBIK-MEMIICKETTIK
KYHEHIH caKTalybl MEH HBIFAIObI VIIIH KOITereH KypOaHIpIKTapra 0apyra 00aabl )K9HE OJ1 KaXkeT.

Anramkpl OyxapuHAIK TONTHl con ke3zieri ipi skoHomuctrep: H.J. Konapparbes, H.IL
Makapos, B.B. Hosoxxuiios, A.B. Yasnos, JI.H. KOpbeBckuii CUSKTBI FaabIMAap Kypaibl.

Anam ynTThIK MHTEIIMreHuuscel O.bekelixanos, A.baiitypcsiHoB, A.EpmekoB M./lynatos
T.0. WIT KaHambIpaapsl Oactaran Ton KaszakcTaH jKepiH cakTayabl, TOYEJICI31IIK YIIiH KypecKeHi
tapuxTaH Oenrim. CoHbIMEH Katap, 0acka Jja YITTHIK KacipeTKe >KaHbI alllbIFaH, eJiH aMaHIbIFbIH
oiinaraH anamzaap na Oosigel. Onmap FambIMIap, coil Ke3Jeri TYpil SKCHeAULMsUIapIblH MYIIenepi,
TYpal JKalaMeH enre anjanraH «Oackaima OWIaNTBIHAAp», MEMIIEKETTIK Oackapy, aybul
mapyamnibUIbIK cajiajapblHaa eHOSK €TKEH OKUIASp A€ alamlopaalibuiapAblH MiKIpAEpIMEH Keicir
oteipael. Onap: [lIBenos, Hanmumos, Beprep, PeiOHUKOB chiHabI T.0. Tpodeccopmap 60asl. OpTaibik
Kazakcranapl 3epTTeren sxcneauius sxerekirici, nmpogeccop C.ILIBernor 1926 xbutbl ObuTaid A
kasraH OonateiH: «Ka3zakcTaHmarel KeOIINMENi I[MapyallbUIBIKTBI KOK, O — TEK Jana Mai
[IapyallbUIBIFBIHBIH dKOWBUTYBI FAHA €MEC, KAa3aK IIapyallbUIbIFBIHBIH )KOUBLTYBI, Ka3aK JalachIHbIH
KYpFakK, aambl )KOK [6JITe alHaIYbD» - IeTeH 0oJaThIH [8].

1928 >kbUIIBIH KAaHTAp alblHAH OacTam-aK casch OFOPOHBIH OpPTaJIbIK KOMHUTETI OYKUIT e
OOMBIHIIIA «IIYFBUD» OKIMIILTIK-MOKOYPIIEY ic-IapanapblH KYpri3y Typaiibl HIeIIiM KaObUIaan KaHa
KoiMai, Oujail eHiMIepiH TOpKiIey i e KaTaH OakbuIiayFa ainFraH O0JaThIH.

Cranmaucrep 6ac TapThIl, Kapchl HiKip OUIIIpreHaepaeH MEMJICKEeTTIK Oara OONBIHIIA HAaH
oTKizynepiH Tanam eTTi. OchUlaiilia KYKbIK KOpFay OpraHfapbl OpTajbIKThIH Moackeyaiq
HYCKAybIMEH KaOBIK IUPKYIISAIUSUIBIK OYHPBIKTAD apKbUIbI COT JKAYaIKEPIILTIITiHEe TapThII, TYPIi
KBUIMBICTBIK KOJIEKCTEp apKbUIbl Tepreil Oactaapl. Omap miapyanapiblH OapiibIK oJIC€YMETTIK TOII
OKIIIZIepiH KaJlaFaHIapBIHIIIA TEPryTe allfbl.

Cot oprangapeimen Katap, OI'TIYre kapaliThIH «YIITIKTEP» KYIITEM perpeccusiiayMeH Karap,
KapyJaHFaH KOMMYHHUCTIK OTpsATAap eNAiH o0aeH OepekeciH keripreH. Ka3pallKOMHBIH KyITUs
MaTiMeTTepiHe cyiieHcek, TeK 1929 buiabiH 15 xKenToKkcaHbIHA ACHiH HaH OH/IIpY callachl OOMbIHINA
30800 amam KyfFbIH-cyprinre yibiparad. An 1928 sxeuiapiH 1 — kazansiHan 1929 xeuigeiH 1-
KEITOKCaHbIHA AeiiH 125 agaM aTy *a3acklHa KECUITeH.

Kymren yXbpIMIacTeipy, TOPKUIEY KOHE MalI-MYJKIHEH albIpy >KbUIJApBIHIA Iapyanapra
KATBICTBI pepeccus KYIIEUreHHIH YCTiHe KYIIeHin oThIpabl. JKoFapbiaa aTanFaH oleyMeTTIK-CasiCH
KaMITaHUS KbUIIApbIHIAA pecnyOsnka OoMbIHIIA KYFBIH-CYPTiHIe YIIbIparaH Iapyanap caHbl 165
MBIHHAH aCBII KBIFbIIFaH.

Op TYpJi XKajanap, KyJaaiayiaapablH Tarsl 0ip Typi — «PeickysioBmmHaY, «ConyakacoBIIUHAY,
«KokaHOoBIIMHA» JeTeH araylnapMeH ©Oac KOTepreH, IMIBIHABIK alTKaH, IIbIPhUIAaFraH
WHTEJUTUT CHIIUSIHBI, FATBIMIAP/bI XKa3aJlall, aThIl, XKep ayJapblll OThIpraH. ['oomeknH 6ackapran
YKbeIMAACTHIPY Kbimaapbiaa 1931-1933 xeuinapst 40 miuH 6ac Manaan 4 MiH Oacka JeiUiH KeMir
KeTKeH. 36 muH Oac koK. byn kamait 6omael necek, Kasakcran Conryctik KaBkas, Opra Asus
Kananapeid, Ci6ip, Optanslk EBpona KananapbIH eTneH acblparaH. 36 MiIH 06acTbhlH 9 MIIHBIH FaHa
Kaszakcran TyTeiHFaH Aa, KanFaH 27 MiaH Oac man eT Oonbll JKOFapblia aTajfaH anWMakrapra
YKOHEJITLUIIN OThIPFaH.

Okcnpornpuanus koHe YKbIMaacTelpy xkpuraapsiaaa OI'TIY TD'ymartapibiH apHaibl KOHBIC
aynapyumsiiapsiHad 46091 ot6acel Hemece 180015 anam enjen xep ayaapsuibin xkidepinren [9].
BonbiieBuKTEpIIH asyCchl3 KYIITEY, 30PJIBIK-30MOBLIBIK APKBLIBI JKYPTi3T€H oJIEYMETTIK-CasiCh
casicaThl, XalbIKThl KyFBIH-CYPTiHT€ YIIBIPAaTybl, TeK Oail mapyamrapAblH FaHa €Mec, KapamaibiM
1apyanap/blH JJa Hapa3blUIbIFbIH TYABIpAbL. backamia 601ybl MYMKiH eMec €/l1, OMTKEH1 XaJbIK 90/1eH
allIBIH/ABI, AlBIKTBI, TYTHIKTHL [llapyamapaplH anFamkel TONKYTapel 1929 KbUIIBIH Ky3iHIE
Kapakanmax aBTOHOMIBIK OONBICHIHIAFEI (071 Ke3ne KaszakcTaH KypambiHa KipeTiH) bocTaHbIK,
barmnak kapa, Takrakernip aynanaapeiaaa 6omiabl. OnapasiH apteiHan Cosak, blprei3 aynannapeiaaa,
Apan manpiagarel Kapakymaa, Capkana, Ockemen, 3pIpbsHOBCK, Apai, bankam, Kacrek, Kopnai,
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eiarbicTay, llybapray aynanaapsinaa, Anaii skepiepinje mapyaiapIblH TOJKYJIapbl O0JIbI OTTI
[10].

@.I'onmomexkun OI'TIY momimerrepine cyienin >xazran Cranunre >xaObik xateiHga (1931
JKENTOKCaH) COHFBI 2 burna Kazakcranga 15 ipi 6aHAUTTIK KeTepiicTep OOIABI IETeH MAJIIMETTEP
KeNTipeai (XaJblK Hapas3bUIBIFBIH CcOJIail aTam KepceTkeH). On Tonkyiapra 34 MbIHFA JKYBIK ajiaM
KATBICKaH.

1929-1931 xpuimapbl e TeppuTOpHUsAChIHIA 372 XanblK Hapa3bUIBIKTAPhl MEH TOJIKYJIAphI
Oonran exeH. Omap KbI3bUI SCKEPAIH KYIITEPIMEH asychl3 OachUIBII-KAHIIBUIBINT OTBIPFaH. Tek
Coszak, blpre3, Capkang, OckemeH, 3pIpbTHOBCK Kepiepineri KakreirbicTapaa 1000 Han aca agam
Ka3aK TanKaH.

30-1m1b1 KBUTIAPBIH OAChIH/IA alliTaH OypaliFaH alFamKbl OOCKBIHAAPABIH Maiiaa 0olybl MEH
VAT Keje jKaTKaH alllThIK KyH3eJicTepi >KalbIHa Kep-KepJeH KeKenereH azamarrap Mackeyre,
Anmareira xxenenxarrap xeHenTti. @.['onomexkunHiy aTbiHa 1932 KbUTFbl 4 MIUIACE 6JIKEKOMHBIH
*ayanThl KbizMeTkepi Fabur Mycipenos, Kasmembana menrepymrici Mancyp Faraynun, KomBy3
6acmbutapel Myram [loyner-ranues nen EmOepren AnteiHOeKoB, ['0CTuTaHHBIH CEKTOP MEHTEPYIIICi
Kaneip KyansbimeB konm KoiifaH «OeceyqiH XaTbhl» TYCTl. XaTTa aybUl IIapyallblIbIFbIHIAFbI
Kyaeipay aepekrepi kenrtipini (1930 sxputrst 40 Musunon 6ac Maigad 1932 sKpuThl 5 MUJUTHOH FaHA
KanraH efi). Kazakrap apaceiHa amiTaH eJIyAiH ThIM KeOelin KeTKeH1 )KoHe OCBIHIIIA MYIIKLI XaJre
«COJIITBUIABIKY achIpa ciiTeyiep MeH Ka3eIkeKOMHBIH KaTe casicaThl )KeTKi3reHi auTeuist [11].

XKazymsr Cmaryn Eny0aii «AMaThl akIIaMbly» Ta3eTiHe OepreH cyx0aThiHAa )KaH TYPIIIKTIpep
nepekrep kenripeni. «MaraH Oip okuFaHbl MapKyM Mommgabaii O0IipoB IereH akcaKall alThIIl eJi:
«Ka3l[1U-ne crynent enik. MHCTUTYT 3anbIHBIH Ipe3uanyMblHAa ['onomeknH 6actaran pecnyoinka
Oacursiiapbl: «bec JKBULIBIKTBIH KOCIIAPBI KepeMET OpbIHIaIIbl. Ypa-ypa! JKacackiH, KOMMYHHUCTIK
naptusi!» Jaen aifrail cambli, YpaHAaThil OThIpAbl. KyH BICTBIK OONFaHABIKTAH, 3aJIbIH €CI1 alllbIK
TypraH efi. JKuHaIbpICKa KaThICHIT OTBIPFAH CTYJACHTTEP AIlbIK TYPFaH €CIKTIH ap JKarbIHAAFbI KOJIa
alITHIKTAaH Oypajblll, KYJam >KaTKaH Ka3aKTaplbl Kepil, >XKbUIal OTHIPABIK. MbIHamap HETKEH
KOPCOKBIP, KaHBITIE3epIIep €1», JEM KbUIall OTBIPABIK» JIereHl ecte. MiHe, ochl Oip SMU30ATHIH 031
INonomiexnH 6ackapraH cascaTThIH Ka3aKKa Kapchl OaFrbITTaldFaH KbUIMBICTBIK, ITOBUHUCTIK CUTIATHIH
Kepcerenl. ... TOOOMWH JereH KoMuccapAblH Oip yikeH xublHAa: «Kazak — kermem XalbIK.
OnapablH TYPMBICTBIK JIEHT €1 COIMATUCTIK KypbUIbIcKa Keamei 1. COHABIKTaH OJap/bIH KOUBLTYHI
TapUX¥ 3aHIBUIBIKY, — JET alllbIKTaH-alIbIK MOJIIM/IEY1 COJl KBUIMBICTHIK CasicaTThlH KopiHici [12].

... Ka3I1U-nin angeiafa kasipri [andunosmsinap casbars! Typ Foil. Coin casgbakTa 601FaH Oip
okuraHel Mopusm XakiMkaHoBa amambi3 03 ecremmirinae: «1932 kputbl 013 TEXHUKYMHBIH
ctyneHTtimi3. TyHi O0iibl allITaH ©aTeH agamaap napkTe, Kajaa KelleaepiHae KUHAIBI Kanaabl. TaHFbl
alakeyiMjie CTYIEHTTepl mibiFapaabl. bi3 emikrepal apbara THeN aiblll, KaJTaHBIH CBHIPTHIHIAFBI
caiffa amapsin Terin TacTaiimbi3. CTyIEeHTTEpiH KYHIETIKTI KYMBICHI OChUIalIa KalaHbl alliTaH
eJITEHIEP/ICH Ta3apTy 0oJiabl. bip KyHI KbI3ap O0JbII, ©J1KTep/I1 apOara TUETI KYPreHIMi3e MapKTe
aralika apKacblH Cyiern, TiN-Tik Oip ipi mag OTbIpFaHbIH KepiiK. backiHaa Tymak, ycTiHne OeniH
OybII ajFaH TOH. ©31 KUMBUICKI3. bi3 eiKkTepAl )KMHAI )KYPreHAIKTeH, Tipl OThIPFaH aJaMabl Kepi
IIOMIBIN KETTIK. JKaKbIHIAM Kelin Kapacak, eJil KaIbINThL. YHIJIE KaparaHbIMbI3[a, Oip KOJBIHIA
KBICBHITI YCTaFaH JIOMOBIPACHI, EKIHIII KOJIBIH KEY/IeCIHE KBICHIT YCTaFaH €KeH, TOHHBIH 1ITK1 )KaFbIHaH
KIIIKeHEe HOpPEeCTeHIH 0achl KbUITUAIBL. O 1a oIl KajaFaH. SIFHU allThIK MEHJIET€H 1IaJl TiK OTHIPHII
O KETKEHY, — JIeT >ka3abl. [13]

KopsbiTa kene maObIHIBIK XKOHE EriCTiK kKepAl Kaita Oeily, TOpKiJiey, a3blK-TYJIK CajbIFbl,
KYIITEN OTBIPBIKIIBUIAHABIPY MEH Y)KBIMIACTHIPY OapbICBIHIAFBI 30PJIBIK-30MOBUIBIKTAPIaH KOIT
azall MIEKKeH €H alAbIMeH Ka3aKk XalKbpl Oonapl. bap ayHueciHeH, Mal-MYJIKiHEH, Kypau-
cailMaH/apblHaH, TINTI KEPTOJIECIHEH /1€ allbIpblIFaH Ka3aKTap allaplibUIbIKKA YIIbIpamn, OOCKbIH
Kyiire kemTi. By Ka3ak XaJKbIHBIH TapUXBIHIAFbl €H HAOYOeT, KacipeTTi Ke3eHaepaAiH Oipi 60l
[NonmomekuHaIK TEeHOMT TOTATUTAPIIBIK KyWeHiH Kazakcranra jxacaraH SKCIEPUMEHTI iCIETTec
0017161, HOTMXKECIH/IE XAJIBIK KBIPBUTBIIN, OOCKBIHFA YIIBIPAIL, JKaJIIbl €71 SKOHOMHKACBIHA YIIKEH 3apap
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KEJITeH pachIMEH Jie STHOUUATIK casicat 6onasl. KommyHnucTik naptustasl Tamac OmMapOexoB araMbi3
aMTIIaKIIbl KBUIMBICTBIK ITAPTHS IECEK T€ 00JIa b, OUTKEHI OJIAp/IbIH Ka3aK JKYPThIHA jKacaraH ajiaM
IIOIIBIPJIBIK CasicaTTaphl SIIKAHAAN aKTayFa, TYCIHIIPYTre KeIMen . ...

31 — mampip Casicu KyFBIH-CYPTiH KypOaHJIapbhlH €CKe ajdy KYHi JIel KapHsUIaHFajIbl KallaH,
Oipak, KeITereH FaJbIM TapUXIIbLIapbIMbI3, OHBIH imriHae Tamac OmapOekoB arambl3 alThIN
KeTKeHIeH OyJ1 KyHa1 YJTTBHIK KacipeT KyHi, casich KyFbIH-CYPTiH MEH aIlapiibUIbIK KYpOaHIapbiH
€CKe ally KYHlI Jen Xapusuiaca, araMmbl3 alTBII OKEHJeH ecKepTKiuTep TeKk Oip Tac, TakTa
(dhopmackiHIa FaHA €MeC TOJIBIK aHCaMOJIb PETIH/IE OpPHATHLUICA JIETEH MMIKipIMEH TOJIBIFBIMEH Kemicep
elliM.
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OJHO®OTOHHBDI JIABUHHBII MO (SPAD) VLC CUCTEMA U
MPUIOKEHHUE JJISI BHYTPUCKBAKUHHOTO MOHUTOPUHT A

BIP ®OTOH/IbI KOIIKIH JUOAbI (SPAD) VLC MOHUTOPHHI )KYWECI J)KOHE
OHBbIH KOCBIMIIACbI

SINGLE-PHOTON AVALANCHE DIODE (SPAD) VLC SYSTEM AND APP FOR
DOWNHOLE MONITORING

AHHoOTauusi. B nanHOW paloTe BHepBble IOKa3aHO, 4YTO Npo0jeMa HEnpepbIBHOIO
BHYTPHCKBRXWHHOTO MOHHTOPHUHTAa B He(TerazoBod otpaciu 3(QeKTuBHO pemiaercs 3a cueT
UCIOJb30BaHus cBsA3U B BUAUMOM cBete (VLC). Bynyun HasiexHbIM, THOKUM M HETOPOTUM METOJI0M,
VLC MoOXeT yIOBIETBOPHTHh KPUTHYECKYIO TOTPEOHOCTh ONEpPaTopoB B  IMOAJCPKAHUU
3¢ GEeKTUBHOCTH 100bIUM U ONTUMH3ALMU paboThI Ia30BbIX ckBaxHH. [Ipennaraemas cucrema VLC
HCIOJIb3YET NepeaTurK Ha cBeTou3ydaromux auoaax (LED) u BBICOKOUYBCTBUTENbHBIN IPUEMHUK
¢ 0OHapyKEeHHUEM OJJMHOYHBIX ()OTOHOB, Ha3bIBAEMbIil OJHO(OTOHHBIM JaBUHHBIM Ju0J0M (SPAD).
[Tocnennee urpaet BayKHYIO poJib B 00ECTICYSHUH CBSI3U Ha OOJIBIINE PACCTOSHUS, U UCIIOIB3YETCS
TOT (haKT, YTO B ra30BOM TpyOe HET OKPYKAIOIIErO CBETA.

B uwacTHOCTH, OTCYTCTBHE OKpYXKAIOIIErO CBETa OOECIEYMBAET BBICOKOE OTHOIICHUE
curHas/mym (SNR) B mpueMHuke, KOTOpblii paboTaer B pexume cyera (oToHOB. B 3TOM
UCCIIEIOBAaHUM TPOU3BOAMTEIBHOCTh CHUCTEMBI MO Kod(pduuuenty OurtoBeix omubokx (BER)
MOJIeIUpYeTCs sl MeTaJulndeckoi TpyObl anuHoi 4 kM. IlokazaHo, 4To mpejuiaraemasi cucreMa
uMeeT 0oJiee BBICOKYIO YHEProd(PPEeKTHBHOCTH IO CPABHEHHIO C TPATUIIMOHHBIMH METOJIAMH, YTO
BaXXHO, IIOCKOJIbKY TIpEeAIoiaraercsi, 4yTo IepegaTyuk paboraer or Oarapen. Kpome Toro,
paccumThIBaeTCs TeopeThdeckas mpousBoauTenbHocTh BER u cpaBHMBaercss ¢ pesynbraTamu
MO/JICJIUPOBAHMUSL.

KuroueBble cioBa: OecrnipoBonHas onrtuyeckas cBsizb (OWC), cBs3b B BUJIUMOM CBETE
(VLC), mpueMHUK ¢ oacyeToM (POTOHOB, ITABUHHBIN 101 ¢ oqHUM GoToHOM (SPAD).

Anparna. byn xyMmpicta MyHaif-ra3 cajachbIHIAFbl YHFBIMAIIIUTK Y3JIKCI3 MOHHTOPUHT
Maceneci kepiHeTiH xapbikra (VLC) OaitmanpIcThl Maiinanany ece0lHeH THIMII MISHIUIeTIHI aJiFall
pet xepcerinreH. CeHiMal, MKEM/II J)KoHE ap3aH 9ic 6oxa oTeipsin, VLC oneparopiapabiH eHipic
TUIMIUTITIH CaKTay »>KOHE Ta3 YHFbIMAlapbIHBIH JKYMBICBIH OHTaWJIaHIBIPY KaKETTUIITH
KaHaraTTaHJplpa anajsl. ¥celHblFan VLC xxyiteci sxapbIK mbiFapatsid 1noaTsl (LED) TapaTKbITh
#oHe Oip poToHABI Kap KelKiHi a1noasl (SPAD) nen atanaThiH aKOFapbl ce31MTal KalIFbI3 (OTOHIbI
aHBIKTANTBIH KaObUIIAFBIIITHI MNaiinananaabl. COHFBICHI  aJbIC KALIBIKTBIKTaFrbl OailIaHBICTHI
KaMTaMachl3 €Ty/le MaHbI3/Ibl POJ aTKapajabl *oHe ra3 KYObIphIHA KOpIIaFaH XKapbIK JKOK eKEHIr1
KOJIJaHBLIAbI.

ATan aifTKkaH/aa, KOoplIaraH KapbIKThIH 00JIMaybl OTOH/IBI CaHAy PEXKUMIHJIE )KYMBIC 1CTEHTIH
KaOBUIIAFbIIITA JKOFAphl cUrHaJ/1y KaTbiHacklH (SNR) kamTamacsei3 ereni. by 3eprreyne xyieHiH
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ourtik kKatenik koddpduuuenti (BER) enimaimiri y3bIHIBIFBI 4 KM MeTal KYOBIp YIIiH
MOJICJIbJICHE 1. YCBIHBUIFAH JKYHEHIH JOCTYpJl OMICTEPMEH CabICTBIPFAHIIa SHEPTHsl THIMILUTIT
KOFapbl €KeHIT1 KOpCEeTUIreH, Oy MaHbI3/Ibl, O©MTKEHI TapaTKbII OaTtapesMeH KYMBIC i1CTEHal Aer
OoomxaHaapl. COHBIMEH KaTap, ber TEOPHSIBIK OHIMJAUIIN €CenTeNe/ll JKOHE MOJCNbACY
HOTHXKEIIEPIMEH CaTbICThIPBLIAIBI.

Tyiiin ce3aep: cbiMchi3 onTukaiblk Oainansic (OWC), kepineTiH xkapblK Oaitnanbicel (VLC),
¢doronab KaObUIAFRI, Oip GoTOHAB! KemKiH auoasl (SPAD).

Abstract. This paper shows for the first time that the problem of continuous downhole
monitoring in the oil and gas industry is effectively solved through the use of visible light
communication (VLC). As a reliable, flexible and low-cost method, VLC can meet the critical need
of operators to maintain production efficiency and optimize gas well performance. The proposed
VLC system uses a Light Emitting Diode (LED) transmitter and a highly sensitive single photon
detection receiver called a Single Photon Avalanche Diode (SPAD). The latter plays an important
role in enabling communication over long distances, and the fact that there is no ambient light in
the gas pipe is exploited.

In particular, the absence of ambient light provides a high signal to noise ratio (SNR) in a
receiver that operates in photon counting mode. In this study, the bit error rate (BER) performance of
the system is simulated for a 4 km long metal pipe. The proposed system is shown to be more energy
efficient than traditional methods, which is important because the transmitter is assumed to be battery
powered. In addition, the theoretical BER performance is calculated and compared with simulation
results.

Keywords: wireless optical communication (OWC), visible light communication (VLC),
photon receiver, single-photon avalanche diode (SPAD).

BBenenne. Ilpu ObicTpoM pocTe KonudecTBa OECHPOBOAHBIX YCIAYr W MPHIOKEHUN
OTpaHUYEHHOTO creKkTpa pagunodactor (PU) MoxkeT oka3aThcsi HEOCTATOYHO ISl YAOBIETBOPEHUS
Oyaymux moTpeOHOCTell B CKOpOCTM TMepelauyd JaHHBIX. B KadecTBe »KU3HECIIOCOOHOIO
JOTIOTHUTEIBHOTO TIoAXoAa onTudeckas OecripoBojaHas cBsa3b (OWC) mpuBiekia 3HaYUTEIHHOE
BHUMaHHE OTYacTH Onarojapsi HEAaBHUM TEXHOJOTMUYECKUM JIOCTIDKEHUSIM B TEXHOJIOTUU
TBepAoTenbHOro ocsemenus. [Ipenmymecrso OWC 3akitodaercss B TOM, YTO OH IPEIaraeT mo4YTH
OECKOHEUYHYIO MOJI0CY MponycKkaHus B Auamna3one oT uHdppakpacHoro (MK) no ynerpaduoneroBoro
(YD), Bximroyas ciekTp BuaumMoro csera B auanazone 400-790 reparepn (TI'm). K npyrum Baxxusim
npeumyniectBaM OWC oTHocsTCs: Oe3nuieH3noHHas paboTa, BbICOKas 0€30IacHOCTb CBSA3H,
HEIOpOoTHe BHENIHHE HHTEP(EHCH M OTCYTCTBUE MTOMEX JUIS PaHovYacTOTHBIX cucteM. [locnennee
MperuMyIIecTBo o3HadaeT, uto cucteMbl OWC u RF Moryt ncnonb3oBaTbes 0THOBPEMEHHO.

B coBpemenHBIX cucTemax cBs3u ¢ BUAUMBIM cBeToM (VLC) B KadecTBe mepeaaTyukoB B
OCHOBHOM HCIIONIB3YIOTCA cBeTomsnydatomue auoasl (LED). B mpueMHuKe yCcTaHOBIIEHBI
BBICOKOYYBCTBHTENbHBIC (oToanoabl (PD), Takue Kak MOJOKHUTEIHLHO-BHYTPEHHE-OTPUIATCIILHBIC
(PIN) nwompi, naBunuble (oToauoast (APD) u omHodoToHHBIe naBuHHBIC auonabl (SPAD).
ucronb3ytorcsa. Ha cerogusimHuit neHp camas ObicTpast OecmpoBogHast cuctema VLC ¢
HCIOJIb30BAHUEM OJIHOTO CBETOJHMOAAa MOXET JOCTHraTh CKOpOCTeW, mpeBbimarommx 3 ['Gut/c.
OnHako HEKOTEPEHTHBIM CBETOBOW IMOTOK CBETOAMOJA O3HAYAET, YTO MH(OpMAIUS MOXKET OBITH
3aKOJIMPOBaHAa TOJILKO Ha ypOBHE MHTEHCHUBHOCTU. Kak ciencTBue, isi MOAYNSIMHA JaHHBIX MOTYT
WCTIOJIB30BATHCS TOJBKO JIEHCTBUTEIBHBIE U TIOJIOKUATEIBHBIE CUTHAIIBL. DTO PE3KO KOHTPACTUPYET C
PaAMOYacTOTHBIMU CHCTEMaMH, B KOTOPBIX HCIIONB3YIOTCSI KOMIUIEKCHBIC M OUTIONSPHBIE CUTHAIIBI.
Takum oOpazom, cuctemsl VLC 0OBIYHO paccMaTpuBalOTCAd Kak MOJYJIUPYEMbIE KaK CHCTEMBI
Monysiiuu uHTeHcuBHOCTH (IM) m mpsimoro nerekrupoBanus (DD). On-off keying (OOK),
UMITYJIbCHO-TIO3ULIMOHHAs Monyisiuus (PPM) u ammuryano-umnynscHas Moaymsuus (PAM)
SIBJIIFOTCSI OJTHUMU U3 TIOMYJSPHBIX CXEM MOJYJSALNU, UCTOIB3YEMBIX B COYETAHUU C CHCTEMaMU
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IM/DD.  Jlns  BBICOKOCKOPOCTHOW  MepeJauyd  JaHHBIX  MPUMEHSETCS  ONTHYECKOe
MYJIbTHUIUICKCHPOBAHUE C OPTOTOHAJIBHBIM YaCTOTHBIM paszjeicHueM kaHajaoB (O-OFDM), uToObl
MPUOIU3UTHCS K MPOIYCKHOW CIIOCOOHOCTH KaHajia 3a CYET UCIOIb30BaHUs aIalTUBHON HATpy3KU
mo OutaMm u MomHOCTH. Pazmmunbie cxembl monymsiuu O-OFDM Obu peanu3oBaHbl H
ucnonb3zoBanbl B VLC, Takue kak ontuueckuit OFDM co cMmenienueM no nocrosaHomy Toky (DCO-
OFDM), ontuueckuit OFDM ¢ acummerpuunbiM orpanndeHueM (ACO-OFDM), ogHOMONMSpHBIMA
OFDM (U-OFDM) u OFDM 6e3 cMetenus 1o nocrostitaomy Toky. (NDC-OFDM).

B mnpenpiagymux uccnenoBanusix VLC paccmarpuBaicss IJid TaKuX MNPUIIOKEHUM, Kak
OecrpoBOHAS CBSI3b BHYTPH TIOMEIICHHM, OECIIPOBOJHAS CBS3h B OMACHBIX CPENax W IMOABOHASL
cBsi3b. OCHOBHOE BHUMaHHE B JaHHOM HCCIEAOBaHUU yraensercs npumenenuto VLC B
ra30/100bIBAIOIICH TPOMBIIUICHHOCTH M, B YaCTHOCTH, B CHUCTEMaxX CBS3M BHYTPHCKBAKHHHOTO
MOHHUTOPHUHTra. B ra30BOl MPOMBIIIJICHHOCTH HCIOJIb30BAaHHE TPOCOB U OPOHMPOBAHHBIX Kabeein
SIBJIIETCSL OOBIYHOW TPAKTHKOW TSI CBSI3M MEX]y CKBOKUHOUM U MOBEPXHOCTHIO, HO ATH YCTAHOBKH
BBI3BIBAIOT MPOOJIEMBbI ¢ OOCITYXKMBaHHEM M HAJEKHOCTbIO. Kpome TOro, mpoBOJAHBIE pEIICHUS
HMMEIOT BBICOKHE 3aTPaThl HA YCTAHOBKY, a MX dKCIUTyaTalus TpeOyeT OCTaHOBKHU IIPOU3BOJICTBA, YTO
MPUBOJUT K JIOTIOJHUTEIBHBIM 3aTpaTaM JUIs OllepaTropa u3-3a mpocTtos. becnpoBoaHbIe pelieHus
TaKK€ pacCMaTpPUBAIUCh JJIA HCIONB3YIOTCA B CKBOXHUHHOM MOHUTOPHHIE, TaKOM Kak
THIPOUMITYJIbCHAsL TEJIEMETPHUsl, HU3KOYACTOTHBIC 3JIEKTPOMArHUTHBIE BOJHBI M aKyCTUYECKHE
BOJIHBI, HO JIJISI CBSI3U Ha OOJIBIIINE PACCTOSHUS X XapaKTEPUCTUKU HEYAOBJIETBOPUTEIbHBI. Hu3kas
CKOpPOCTh Tepefaud JaHHBIX, BOSHUKHOBEHHE HEOOHAPYKMBAEMBIX CUTYyallUd W BO3JEHCTBHE Ha
OKPYKAIOIIYIO CpPEeAy SIBIISIFOTCS OCHOBHBIMHU (DaKTOpamH, OTPaHHMYUBAIONIUMHU Pa3BUTHE CHCTEM
0ecrpOBOTHOM CBSI3U B 3TOM KOHTEKCTE.

B a0t cTaThe mpeaiaraeTcsi 6ecipoBOHOE perieHue ¢ ucnoiibzoBanueM VLC.

Pucynok 1. Mozens ctanbHOM TpyOBbI.

Pemenne mpenHasHaueHO A7 00ECHEUEHUs HU3KOTO HHEPromnoTpeONIeHHs TpPH BBICOKOU
CKOpPOCTH MW HAJACKHOCTHU CBA3H. B oriamume ot cucteMbl pPaAuOMOHUTOPHHTA, BMECTO AHTCHH
UCIONIb3YETCSl CBETOAMOJHBIA TepenaTunk. TakuM oOpa3om, mpejjaraeMas CUCTeMa CUHUTAeTCs
0os1ee 6€30MacCHBIM PELICHUEM.

Mopean cucrembl. B 3TOM pasnene mpeactaBieHa MpakTUYECKas MOJENb MpeiaraeMon
cucteMbl. OcHOBaHHasg Ha oOmux cucremMax VLC, cucTeMa CBSA3M COCTOMT M3 CBETOJHOAA C CHHUM
cBeToM U MaccuBa SPAD. [[nuHHas craiapHas TpyOa onpeaenseT KaHall MepeIadHn.

A TlapameTpsl TPyOBL..

B. Kak nokasano Ha puc. 1, mpeamosnaraercsi, 4To CHCTeMa CBSI3M PEalU30BaHa B JJIMHHOM
CTaNbHOU IIMHapUYeckoi Tpyoe mmnHoi 4000 M u tuameTpom 1,5 M. Pazmepsl B3STHI U3 pealbHOTO
pa3BepThIBaHMS TaKoi TpyOsl. OTpakaTenbHasi ClIOCOOHOCTh CTalu COocTaBisieT 58,5 %.

B maHHOM uHccleoBaHUM OTpa)KeHHE HeCcyIero MHGOpMaIlMI0 CBETa paccCMaTpHUBAaeTCs Kak
3epKaJbHOE OTpa)K€HHE Ha BHYTPEHHEH MOBEPXHOCTH TPYyObl. B cucreme BHYTPHCKBaXXUHHOTO
MOHHUTOPHHTa HET paccessHHoro cBera. CremoBaTenbHO, (OTOHBI, JOCTUTAIOIIME BepXa TPYOBI,
HCXOMST JIUOO OT IPSIMOTO TTYTH, JINOO OT OTPAKEHUH BHYTPH TPYOBI. ITa TpyOa mpeacTaBisieT co0oi
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KaHaJl paCpOCTPaHEeHUs], U METOJ TPACCHPOBKH JIydel HCIOJIB3YETCs ISl CO3JaHUsI MOJICITU KaHala.
Ha mnpaktuke mo stoil TpyOe TpaHcmoptupyercsi ra3. IIOCKOJNIBKY CKOPOCTh CBETOBBIX BOJH
YMEHBIIIAETCSI B Ta30BOM Cpele B COOTBETCTBUHU C IOKazaTejeMm MpeinomieHus, 3pdexr Oymayt
YCHUIICHBI MEXKCUMBOIIbHBIE ToMexH (ISI), 4To OBBICHT BEpOSTHOCTH OLIMOOK OOHApY)eHus. B aToM
UCCJICIOBAaHUH IPEIOJIAracTcsi, 4To TpyOda HAXOAUTCS B BaKyyMme, YTOObI YCTAaHOBUTH 0Oa30BbIC
XapaKTePUCTHKHU U TIOHATH OOIYI0 OCYIECTBUMOCTb.

3 T T

25
. P1/2=5"°

e PU2=10°

»1/2=15°

L ®12=30°

05

80 60 40 20 62040 = - 60 SE)
VYron usnydenus ¢ (rpagychel)
Pucynok 2. UateHcuBHOCTD TamOepToBcKoro usnydenus npu ®1/2=15,7,5,10 u Pt =0,1 Br.

C. CBeroauoaHsIit nepenaruuk C. [Ipuemuauk SPAD u nmoacuer ¢oroHoB. Kak moka3zaHo Ha
puc. 1, B KauecTBe nepeaardyuka MCIOIb3YeTCsS CBETOMMOA Ha JHE TpyObl. CBETOIWOI M3TydaeT
CUHMI cBeT ¢ JuMHOM BonHBI 450 HM. CBETOBOE M3Iyuy€HUE CBETOJUOHOTO MepeAaTdynka MOXKHO
CMOJETHUPOBATh, UCIOIB3ysd OOOOIICHHYIO JIAaMOEPTOBCKYIO0 KAPTHHY MHTEHCHUBHOCTH H3JIyYCHHSI
[11]:

RO(¢) =2m (B + 1) cosP (p)P, (1)

rae = 1In 2/ In(cos(®1/2)), a ®1/2 — nonyyron nepeaardrka, NpeACTaBISIOMUNA YOI MTOJTOBUHHOMN
MoturHocTH. [lepeMeHHast @ 0603Ha4yaeT yroi u3iaydeHus, a Pt — cpeHIo0 MOIIHOCTh CBETOAMOA.
B paccmarpuBaemoii cucteme CBA3M € AJIUHHBIMU TpyOaMu I1eJib IPOEKTUPOBAHUS COCTOUT B TOM,
9qT00BI 00ECHeuuTh MOMNaJaHNue JIOCTATOYHOIO KojiuyecTBa (OTOHOB B mpueMHUK SPAD npu
UCIyCKaHUM CcBeTa. BaKHBIM mapamMeTpoM sBJsIETCs MOdyyroi nepenaryuka. Ha puc. 2 nokazano
pacripeielieHue HUHTEHCUBHOCTH JJaMOEpTOBCKOI0 M3Ny4eHUs NpH noiyyriax Br. nzmyuarens. Kak
nokazano, S5 15 Oompmas w 30 TpU MOIIHOCTH MOIIHOCTH MOXeET cBeroauona Owith 0,1
COCPEJIOTOYCHA B JMara3oHe 0ojiee HU3KMUX YIJIOB M3NydeHus (-5°) ans Oosiee HU3KUX MOIYYTJIOB
neperaTyuka. JTO YMEHBIIUT CBETOBBIX KOJIMYECTBO JIy4el, MOMAaJalolIuX Ha CTEHKY TpPYOBbI, U,
TaKUM 00pa3oM, yMEHBIIUT MOTEPH, BEI3BAHHBIE OTPAKECHHUS.

YroObI MOBBICUTH BEPOATHOCTH Nonaaanusi ¢poroHoB B SPAD Ha TuHMM NPSIMOM BUIUMOCTH
(LOS), cBerognon u ycrpoiictBo SPAD Ha MOBEpXHOCTH BBIPOBHEHHI 1O BEpPTHKAIW. B maHHOM
HCCIIEIOBAaHUM pacCMAaTPUBAOTCS 3HAUEHUS MOayyriaa oT 5 1o 1.

D. Ilpuemnux SPAD u noacuer GOTOHOB.

W3-3a nepenaun Ha 6onbioe paccrosiHue (4000 MeTpoB) H3iIyueHHe Ha BEpXHEil MOBEpXHOCTH
HIDKE, YeM B CTaHAApTHBHIX cueHapusx VLC nis moMemeHwil, rjie MakCHUMaJIbHOE pPaCCTOSIHUE
COCTaBIISIET HECKOJbKO MeTpoB. DaKTHUECKH KOJIMYECTBO (POTOHOB HA MPHUEMHHUKE B 33JaHHOM
ClleHapuil MOKET OBITh TOJBKO B paiioHe JnecsaTkoB ¢(oTtoHoB. TunuyHoe ycunenue JIDJ]
HEJIOCTaTOYHO Uil MOJYYEHHUs JOCTATOUYHOM MOIIHOCTH CHTHajla JAjs JanbHelield oOpaboTku
curHaia. IlosTomy [isi MCHONB30BaHUST B CUCTEME CKBAXMHHOTO MOHMTOpPHHIA Ipeljiaraercs
BBICOKOUYBCTBUTENIbHOE TpueMHoe ycrpoiictBo SPAD. Dror amox mpexacrasiser coboit JID/I,
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CMEIICHHBIN 3a Mpeaensl 00paTHOTroO Mpobosi B Tak Ha3biBaeMoi obnactu ['eiirepa. B aToM pexxume
pabotel SPAD 3amyckaeT reHepanuio MUJUIMAPIOB JJIEKTPOHHOABIPOYHBIX Map AJIA KaxKIOTro
obHapyxeHHoro (otoHa. Kak ciencrsue, yCcTpoWCTBO Upe3BBIYAHO UYBCTBHTEIHHO U CIIOCOOHO
TOYHO OOHapyxuBaTh oAuHOUYHBIH ¢GoToH. Kpome Toro, SPAD paccmarpuBaroTcs is
HCI0JIb30BAaHUS B CUCTEME CKBR)KMHHOTI'O MOHUTOPUHTA JUISl CJAEAYIOLIUX LIETEH:

B ckBaxxuHe co3maercs cpezia, CBOOOIHAs OT OKpy»karolero ceera. CiieZoBaTeIbHO, BBICOKAs
9yBCTBUTEIBHOCTh NpueMHUKa SPAD He CHI)KaeTCs U3-3a OKpYKAOIIEro myma. ii M3-3a BeICOKOIA
yyBcTBUTEIbHOCTH SPAD nanbHOCTH mepenaud W ONTHYECKass MOIIHOCTb MOTYT OBITh BBITOJHO
CHIDKEHBI B TIOJIb3Yy CpOKa ciy»kObl OaTapeu. iii TpeOyemasi cKkopocTh mepeayn JaHHbBIX, KOTOpas
HaXOJUTCS B Ipelenax OT KWJIOOHUT 0 HECKOJbKHUX MeraOuT B CEKYHAY, JIOCTaTOYHO HH3Ka JJIs
UCIO0JIb30BaHus ABYXNOo3uIMOHHON MaHunysauu (OOK). OOK o3BosiseT uCnoap30BaTh NPOCTHIE
METOJIbl OOHApPYKEHHs Ha OCHOBE MOPOra B COYETAHHM C NMpUHIMUNOM moxacyera ['eitrepa. iv. s
nerektopa SPAD He TpeOyercss TpancummnenancHbii ycunurens (TIA), a BBIXOZHOW CHTHAI
npenacTaBisier co0oil IMocieoBaTeIbHOCTh UMIYJIbCOB (Kak mokazaHo Ha puc. 3(b)), uro
3HAYUTEJIbHO CHUKAET IIYM B IPUEMHHUKE.

Bripaxenue ¢(nR) npencrasiser co0oii yron u3nydeHus: Kak QyHKIHUIO OTpakeHUi; nR —
KOJIMYECTBO OTPaKEHUI, HEOOXOIUMMOE [UIsl JOCTHXKEHHUS BeplIMHbL. KoJIM4YecTBO OTpakeHUH,
HeoOxomuMBbIX [T goctuxkenuss SPAD, onpenensier yroi us3iiydeHus, Mo KOTOPbIM CBETOBOM JTy4
BBIXOJIUT U3 CBETOJIMO/IA, TIOATOMY MBI PEUIMIIN MPEACTaBUTh ¢ Kak QpyHKIuio nR. OTpaxkarenbHas
crocoOHOCTh cTtanu Beipakaercsi CR.

B skcniepumMenTe okpykaromuid cBeT, kodgduimeHT temHoBoro cueta (DCR), koadgdurnment
OKCTUHKIIUU, IIyM OTHOCHUTEIbHOW HHTEHCHBHOCTH U JPOXKAHME YacOB OyayT 100aBIATHCA K
KOJIMYECTBY IMOJCYMTAHHBIX (DOTOHOB 3a onuH BpeMeHHOW uHTepBai [3]. [lockoibKy BiIHMsHUE
Kod(duleHTa SKCTUHKINY, IIyMa OTHOCUTEIbHON WHTEHCHUBHOCTU M JDKUTTEPa 4acOB HAMHOTO
MEHbIIIe, YeM OKpyxatomiero ocsemenus 1 DCR, oHM HE yYUTBHIBAIOTCS MPU MOJCIUPOBAHUHU [3].
Tak kak cucrema peanu3oBaHa B JUIMHHOM cTajdbHOU TpyOe, rae HEeT okpyxkaromerocsera, DCR
CUMTAeTCs JOMUHHUpYIOIUM HcTouHUKOM 1myma. SPAD nemonctpupyer DCR, mnonoOHbIi
TEMHOBOMY TOKY PD, KOTOpBIIi reHepUpyeTCsl TEIUIOBBIMM HOCUTEISIMHU. DTO 0o3Havaer, yto DCR
CylIecTBYeT naxke Toraa, korga (oronsr He nocturaroT SPAD. Ha mnpaktuke DCR Oyner
YBEJIMYMBATh KOJMYECTBO MOJCUUTAHHBIX (JOTOHOB B Ka)KJOM BPEMEHHOM MHTEpPBAJIE.

(a) MndpopmaumoHHble 61Tl NRZ-OOK

& ITH A A
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Homep cumsona (b)
Cuer ¢poroHos SPAD
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wn
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Pucynok 3. [Tpumep: monynsuus u aemoxnyisitust HP3-OOK mst CITAlos.
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E. Cxema MOIYJISALUA

B stom uccnenoBanuu ucnonszyercs OOK 6e3 Bo3Bpara k Hyiio (NRZ-OO0K).

B nepenatunke BXOJHON OMTOBBIN MOTOK HANpPSIMYIO MpeoOpa3yercss B aHAJIOTOBBIN CHTHAI
nudpo-ananoropsiM npeodpaszoparenem (D/A).

JlBonuHas «1» mpeacTaBiIeHa MOJOKUTEIBHBIM HAIIPSDKEHHEM, KOTOPOE HAMHOT'O BBIIIIE, YeM
HarpsbkeHue, kotopoe npencrasiser npouuHblii «0». NP(NR) = CPDE B nepenatunke BXOmHOM
OWTOBBII TIOTOK HaMpsIMyl0 TpeoOpa3yercss B aHAJIOTOBBIM CHUTHAN [U(PO-aHATIOTOBBIM
npeoOpazoareneM (D/A). YpoBHU HampspKeHUs, HA3HAYCHHBIE OMTaM, 3aBUCST OT OIPAaHHMYCHHM
MOILHOCTH cucTeMbl. B 3ToM uccnenosanuu P1 npeacrapnser MOIHOCTb, IPUCBOEHHYIO «1», a PO
0003Ha4aeT MOIIHOCTb, MPUCBOCHHYIO «0». (2) IIT = 2 (3) [locKoNbKY CIy4aifHO CreHEPUPOBAHHbBIC
HYJIU M €IMHULBI CIEAYIOT paBHOMEpHOMY pacnpenenenuto, Pt, P1 u PO umeror cienyromme
OTHOIICHHUS:

[Tr=2I11+I1o @)

Korna curnan nepegaercsi CBETOMOI0M, HAPSHKEHUsS PeoOpa3yroTcsi B COOTBETCTBYIONIYIO
WHTEHCUBHOCTHh cBeTa. Kak cnenctBue, «1» B KOHEYHOM HTOTE MpEACTaBICHBI 00Jiee BBICOKOM
MHTEHCUBHOCTBIO CBeTa, a «0» mpeacTaBieHbl 0ojiee HU3KOW MHTEHCHUBHOCTBIO, KOTOpas OJmke K
nynro. Kak mokasano Ha puc. 3(b), Hecymuii undopmanuro ceet npuaumaercs SPAD u npencrasien
yucioM (poroHoB. [lo cpaBHEHHIO ¢ UCXOAHBIMH HUPPOBBIMU OuTamMu (puc. 3(a)) BUAHO, YTO MIPH
nepenadue «l» moacuutTeiBaerca Oosblie (HOTOHOB, a «0» NpeaCTaBIEHbl IOpa3f 0 MEHbIIUM
KoJnuecTBOM (poToHOB Ha mpueMHuke. [lockonbky npunumaemsie ¢otonsl U mrym DCR cienyror
pacrpenenenuio [lyaccoHa, KOTOpoe reHepUpyeT CiydaliHbIe MOJOKUTEIbHBIC Iiebie ynciaa [12],
00a yBeIMUYMBAIOT KOJIMYECTBO MOACUMTaHHBIX (hoToHOB. Kak ciencreue, Ha puc. 3(b) HabarogaroTcs
HEperyJIsipHbIe (UIYKTyall, KOTOPhIE MOTYT BBI3BIBATH OIIMOKW TMPU JIEMOAYJISAIHHA. B 3TOM
WCCIIEIOBAaHUH TPEATNOIaraeTcs, YTo CKOPOCTh nepenaun Huskas (1 kOuT/c), a MHTepBail BpeMEeHH
MEXIy TPSAMBIM M OTPaKEHHBIM CBETOM, JOCTUTAIONIUM IpHEeMHUKa, Mail. CliegoBaTenbHO,
JUINTEJIBHOCTh CHMBOJIA) HAMHOTO BbIIIE, 4eM pasz0Opoc 3aaepxkek. Takum obOpaszom, ISI moxkno
UTHOPUPOBATH.

o O A=nNO

X A=N1

01

=~ 0,08 ° o Nt
. x x Ousebna
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0,06
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x
x
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4] 5 10 15 20 25 30 35
Konuwuecreo ¢oToHOB, X

PucyHnox 4. BeposTHOCTHBIN aHaAJIN3 0OHAPYKEHUS OLIHOOK.

B nmanHom wuccnemoBanmm s neneit gemoxyisiiuun HP3-OOK BeiOpan mopor, paBHBIN
CpeAHeMY YHCITy OJCUNTAaHHBIX (POTOHOB. [Iopor He ONTUMaIbHBIH.

OmnpeneneHre ONTHMAJIBHOTO IOPOTa BBIXOJWUT 32 PAMKH JaHHOW paboThl. Pa3zymMHBIM
NpUOIMKEHUEM TIPE/ICTAaBIsCTCS CpeaHee 4MCIO (OTOHOB MNPH CHACNAHHBIX MPEINOIOKEHUSIX.
Hanpumep, Ha puc. 3(b) mopor ycraHoieH Ha 38. DTo 03Ha4aeT, 4To, KOrJa KOJIMYECTBO (POTOHOB
npeBbIaeT 38, curHai remMoayiaupyercs 10 «1». B mpotuBHOM ciydae momydaercs «0».
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Teopernuecknii anaaun3 BER. Pacnpenenenue Ilyaccona umcnonp3yercss s pacuera
TEOpeTUYECKOro o 3HaueHue Imyma. PyHkuus 1iotHoctu BepositHocTH (PDF) pacnpenenenus
Ilyaccona:

Ay
Prix, \) =ex! — .
3)
rae A — cpenHee 3HaueHue pacnpeaenenus. Kymynstusnas ¢dyakuus pacnpenenenus (CDF)
pacnpenenenus [lyaccona:

Pc(x, \)=e
(4)

B cranpaptabeix cuctemax VLC u RF annutuBHbIi Oemnbiii rayccoBekuii miym (AWGN) 00b19HO
sBJIgeTCs HanOoJiee 3aMETHBIM KOMIIOHEHTOMILIyMa. Y paBHEHHUs i pacueTa xapakrepuctuk BER
pasznuuHbIX cxeM monyssiinuu B kaHaie AWGN npencrasiens! B [13]. g myma [lyacconamoxHO
WCIOJIH30BaTh aHAJIOTHYHBINA puHIuI. Ha puc. 4 nokasan ananms BeposiTHocTd omnOku. Kpusast ¢
CUHUMHU KpyKkamu nipezctasisieT PDF nojncuntannbix ¢otoHoB, Koraa nepenaetcs «0». [lockonbky
NMPUEMHUK cuuTaeT (OTOHBI OT mepenarynka u mymoBor mporecc DCR, cpennee 3HaueHune 3Toi

PDF paBno
NO = Nr0 + Ne. (5)

KpuBast ¢ kpacHbIMH cHMBONaMu «x» o0Oo3Hauaer PDF moacumranHBIX (OTOHOB, KOT/Ia
nepenaercs «1». Cpennee 3Hauenne PDF paBHo
N1 =Nrl + Ne. (6)

Pesyabrarel  MopeaupoBaHuii. Ilpy MozenupoBaHMM — CBETOAMOAHBIA  M3JIydaTelb
pacrosaraercsi Ha pacCTOSHUH, paBHOM IIOJIOBHHE pajuyca, OT LEHTpa HWKHEN nmoBepxHocTu. [
cuHero ceta (450 HM) B Bakyyme sHeprus ¢otoHa (3®) cocrasuser 4,42 x 10-19 JIx. pyrue
napamMeTpbl CBETO/IMO0/1a, TaKue Kak moiyyroi ceeroauoaa (P1/2), momHocTts cBeroauoaa (Pt) u
MIPOIYCKHAas CIIOCOOHOCTH ((PyTh) SIBISIFOTCS] IEPEMEHHBIMU B MOJIETTUPOBAHUU.

Jn1st BBIOOpA MOAXOAALIMX 3HAYCHUH MOJIETUPYIOTCS pa3INuHble 3HAUEHUS ITUX T€PEMEHHBIX.
MormHoCTh cBEeTOANO 1A TpOTECTHpOoBaHa ot -10

10s] .. 06

1041

5 10 152025
103} .
—1/2=5 HoMep oTpaxesus (R )

102 |- er2=75°

®1/2=10°
101
-- ®12=15°

100 L L L b} >
] 5 10 15 20 25

HOMep oTpaxeHus (R )

Pucynok 5. KonnyectBo (poTOHOB.

KonnuectBo hoTOHOB KOTOpBIE MOTYT OBITH TTONTydeHBI SPAD mocne uncna oTpaxeHuu, s
Pt =0,1 Bru ®1/2 =5, 7,5, 10° u 15° no 25 nbm, a paccmarpuBaeMble MOJOCHI MPOITYCKAHUS
coctaBysroT 1 kI, 2 k' u 5 k', B aTol cTaTthe MomHOCTh, mpucBoeHHas «0», PO, npennonaraercs
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pasHoii 0 Bt. CnienoBarensHo, u3 (3) crenens, npuaasaemas '1', P1, pasna 2Pt. I1pu moaenupoBanuu
SPAD, npencraBieHHbIH B [3], HCITONB3YeTCs 11O ABYM MPUYMHAM: a) 3TO OoJibas marpuna (2,4 x
2,1 mm) ¢ 1024 snementamu SPAD, 49TO MOBBIIAETBEPOATHOCTh TpreMa (OTOHOB; U 0) ITO
YCTPOMCTBO MPAKTHUYECKU CYLIECTBYET, UTO OUYE€Hb BaXKHO, IIOCKOJIBKY LI€Jb COCTOUT B TOM, YTOOBI
IIOCTPOUTH JEMOHCTPATOP [JIsl IPOBEPKU PE3YyIbTATOB MOJEIMPOBAHUS B ITOM HCCIIEJOBAHMH.
Benuunna CPDE coctasnser 20 %, a NDCR pasna R paBna 7,27 k't [3]. B tabnuue I nepeunciens
BCE ITapaMeTpPbl, UCIOIb30BAaHHBIE IIPU MOJIETUPOBAHUY.

A.KonuuectBo npussaTeix (oToHoB. Ha pHc. 5 IOKa3aHO COOTHOLIEHHE MEXIY YIJIOM
U3ITy4EHUS U OTPAKEHUSIMH, HEOOXOAMMBIMU IS TOCTHKEHUS IPUEMHHKA. BUIHO, 4TO Mpu 4uciie
oTpaxkeHui 25 yron paBeH Bcero 0,55, a kocunyc paBeH 0,9999. 310 cBg3aHO ¢ TEM, 4YTO CUCTEMaA
peanu3oBaHa B JUIMHHOW TpyOe, a IUIOmaAb BEpXHEH IOBEPXHOCTH OTHOCHTEIBHO Maja.
CrnenoBatenbHO, yroy usnydeHus @(nR) moxxHo mpubnmsuth k 0, maxe ecnu umeercs Oomee 20
orpakenuil. Takum oOpazom, cosP (¢(nR)) ecnmu B (2) B Benmuko. mouTH paBeH, uyToObI 1, maxe
BBIYUCIUTH KOJMYECTBO MOJIYYEHHBIX ()OTOHOB B Ka)JIOM JIyye OTpa)KeHUs, (2) MOXKHO yNPOCTHUTH
KaK:

Ha puc. 5 ¢ yBennueHueM KOJIMYECTBAa OTPAKEHMI, KOTOPBIE Jyd CBETa JOJDKEH MPOMTH,
9TOOBI JOCTUYH MPUEMHHUKA, PE3KO YMEHBIIIASTCS KOJMYSCTBO TPHHUMAEMBIX (DOTOHOB.
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Pucynok 6. ITokazarenu BER SPAD B tpy6e s ckopocteit nepenaun 1 k6ut/c, 2 kOut/ ¢
u 5 kout/c, korga ®1/2 = 10.
B. ITokazarenu BE

Hcnonb3ys yka3zaHHbIE NapaMeTpbl, MOXKHO pPAacCUUTaTh 3HAUYE€HUE MOJIYYEHHBIX (POTOHOB.
KonnyectBo poTOHOB yBenTMUMBaeTCs €O CpeHe MOIHOCThIO cBeToanoaa Pt. Ha puc. 6 moka3ansl
xapaktrepuctuku BER nmpuemnnka SPAD ¢ ¢uxcupoBanHbsiM noiyyriom ceeroguona (P1/2 = 10).
[Ipennonaraercs, YTo0 CKOPOCTU IEpeauyd B 3TOW CHUTYallMM COCTaBIsAOT 1 kOuT/C, 2 KOUT/C U 5
kOut/c. Ha puc. 6 moka3aHo Xopollee COOTBETCTBHE Pe3yJbTaTOB MOJENUpoBaHus U Teopuu. Kak
MoKa3aHo, NmoTpediiieMasl MOIIHOCTh CBeToMoaa cocTaBisieT okono 13,5 nbm ans BER 109 npu
ckopoct 1 kbut/c. [{ns Oosee BBICOKMX CKOpOCTEH Mepeaayu, Takux Kak 2 kOut/c u 5 kOut/c,
TpeOOoBaHMS K MOITHOCTH cOCTaBISIIOT 16 n1bm 1 20,5 nbMm cootBetrcTBeHHO. (11) Ha puic. 7 moka3zaHsl
xapakrepuctuku BER ms SPAD npu ckopoctu nepenaun nanssix 1 kI, B omiimunme ot puc. 6, puc.
7 nemoHcTpupyet xapakrepuctukd BER npu namenennu nonyyria, ®1/2 =15 10 u 15. Korna ®1/2
=5, ceeroaunoy tpedyercs 109. Bcero. [Ipu 7,5 nbm, ®1/2 urobsr = 15 noctnys 1 BER = BER 109
notpebisieMasi MOIIHOCTh cBeTouoa coctanister 17,5 nbm. C yBennueHneM noiyyria Bo3pacTaer
notpebiiseMas MOIIHOCTh CBETOMOIHOTO NepefaTunka. Kak ciencrsue, cucrema gocturaer 6osuee
BBICOKOM »HEpProd(pPeKTUBHOCTH NMpH MEHbIIEM Moayyrie. Ha mpakTuke MOXXET HCIOJIb30BaThCs
Oosee NIMHHBIA Wi Oojiee KOPOTKHM KaHall, U CYHIECTBYET pa3HUIAa B TPEOOBAHUAX K CKOPOCTHU
nepeaayy B pa3HbIX cueHapusax. Ha puc. 8 mokasana MOIIHOCTb, HEOOX0uMast epelaTuuKy, Korna
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nonyyron (®1/2 = 10) sBasercs ¢ukcupoBanHbiM, a BER cumraercs paBusiM 103. Ha puc. 8
MIPUHATO, 4TO JjMHA TPYOs! BapbupyeTcs or 1000 o 1000 meTpoB.
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Pucynoxk 7. [Tokazarenn BER SPAD B tpy6e s @1/2 =5, 10 u 15 npu ckopoctu
nepenaun 1 k6uTt/c.

3akuiouenue. B nanHol craThe npecTaBieHo 3Heprocoeperatoiiee npuiaoxenne VLC s
CHCTEMBbl BHYTPUCKBXHHHOTO MOHUTOPHHTA Ta30BOi CKBaXXMHBI B JJIMHHON TpyOe. B oTnmune ot
00bIyHbIX cucTeM VLC, B KOTOPBIX UCHONB3YIOTCs 00bIuHble PD, mpeuiaraemas cucrema OCHOBaHa
Ha npueMHuKe SPAD, KOTOPBIIl B COCTOSIHIH TTOCUYUTATH KOJIMIeCTBO POTOHOB. IIpn ncnons3oBanuu
MmaccuBa SPAD cBeToaMOAHOMY INEpenaTyuKky TpeOyeTcs MOIIHOCTh Bcero 8§ AbM Ui OTHpaBKU
KOHTpPOJIbHOI'O CUTHaJa B TpyOy razoBoil ckBakunbl 1iuuHoi 4000 meTpos.

[TockonbKy CBETOAMOIHBIN NEpEAATUUK B CKBAKUHE JOJDKEH MUTAThCs OT OaTapeu, BhICOKasl
9HEprodh(PEeKTUBHOCTH 00ECTIEUNBACT TOCTATOYHO JUTUTEIBHBIN CPOK CITY>KOBI CUCTEMBI.
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INPUMEHEHHME CASE-STUDY B OBYYEHUU [TPO®ECCUOHAJIBHOMY
AHI'JIMHACKOMY S3BIKY HA IIPUMEPE 3AHATHSA IO TEME “DIPLOMATIC
SECURITY”

“DIPLOMATIC SECURITY” TAKBIPBIEbI BOMBIHIIIA CABAK MBICAJIBIHJIA
KO9CIBU AFbIJIIIBIH TIUITH OKBITYJA CASE-STUDY TO9CIJIIH KOJIIAHY.

THE USE OF CASE-STUDY IN TEACHING PROFESSIONAL ENGLISH ON THE
EXAMPLE OF A LESSON ON THE TOPIC “DIPLOMATIC SECURITY”

Annorauusi. Ileqpr0 paccMOTpeHHs MPUMEHEHHS METOAOB Case-Study B Buae mpocmoTpa
BUJICOPOJIMKA HA YypOKax Hpo(EeCcCHOHATBHOTO AHIJIMHCKOrO s3blKa SIBJISIETCS  pa3BUTHE
MEXKJIMYHOCTHOM KOMMYHUKAIIUA BCCX YUYACTHUKOB 06paSOBaTeJ'IBHOI‘O Imponecca. BCI[L B YCJIOBUSIX
CUTYaTUBHOI'O O6y‘ICHI/I$I OYCHBb BAJKHO MOAACPIKUBATH HHTCPEC CTYACHTOB IMOCPCACTBOM B3aUMHOI'O
oOMeHa nHpopMaIKel B mpodhecCHOHATBHOMN cpeie.

OcoOeHHOCTh OOYYEeHHS HAa TPUMEPE BHJEO OTPHIBKA 3aKIOYACTCS B TOM, 4YTO OHO
CHOCO6CTBy€T BOBJICUCHUIO CTYACHTOB B AKTUBHYIO POJICBYIO CHUTYyallUIO IIO SaHaHHOﬁ TEMEC, a
npenoaaBaTeyib HAIPaBJIACT UX ACATCIbHOCTb HA JOCTHIKCHUC ITOCTABJICHHBIX ueneﬁ 3aHATUA.

KuroueBble ciioBa: 06pa30BaTCHLHLII>'I mnmponecc, CUTYyaTuBHOC o6yquHe, HpO(bGCCI/IOHaHBHa}I
KOMMYHHMKAIUS, TpynnoBas paboTa, pojieBas CUTYyallus.

Anparna. KociOu arbullIblH Tii cabakTapbiHia OeiHEepOoIMKTI Kepy TypiHzeri oenriui Oip
KarJaiibl KapacThIPhIN OKBITY 9/ICTEPIH KOJAAHYABIH MakcaTbl OUTiM Oepy HpoLeciHiH OapIbIK
KaTbICYHIBUIAPBIHBIH TYJIFaapaJIblK KapbIM-KATbIHACBIH JAMBITY 00JIBII Ta6LIJ'IaI[LI. PaCLIHI[a Ja,
Oenrun Olp >karmalabl KapacThIPBIIT OKBITY JKaFAalbIHAA KICiOM opTaja e3apa akmapaT aiaMmacy
APKBbUIbI CTYI[eHTTCpI[iH KbI3bIFYIIBUIBIFBIH CAKTAy 6TC MaHbI3/IbI.

beline y3iHII MbICAJIbIH/IA OKBITYABIH €PEKIIENIr — OJI CTYIEHTTEpIiH OEpuIreH TaKbIPHII
OolibIHIIa OesceH/al PeJIiK CUTyalUsFa TapThUTybIHA BIKIAN €Tel XOHE MYFaliM OJapJblH ic-
OpEeKeTIH cabaK MaKCaThIHA )KETyre OarbITTal Ibl.

Tyiiin ce3aep: Outim Oepy nporieci, 6enrisi 6ip JkaFaai1bl KApacTBIPHII OKBITY, KOCIOM KapbIM-
KaTbIHAC, TONTHIK XKYMBIC, POJIIK KaFAail.

Abstract. The purpose of considering the application of case-study methods in the form of
watching a video in professional English lessons is to develop interpersonal communication for all
participants in the educational process. Indeed, in conditions of situational learning, it is very
important to maintain the interest of students through the mutual exchange of information in a
professional environment.

The peculiarity of learning on the example of a video excerpt is that it contributes to the
involvement of students in an active role-playing situation on a given topic, and the teacher directs
their activities to achieve the goals of the lesson.

Keywords: educational process, case study, professional communication, group work, role-
playing situation.

BBenenue. Hu 1151 Koro He cekpert, uTo B mpodecCHoHanbHOM cepe OyayIero aBuaiimoHHOTO
CHeIHaTuCTa OTPOMHYIO POJIb UTpaeT 3HAHUE AHTIUNCKOTO s3blka. Ho BIajieHWs OCHOBHBIMU
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HaBBIKAMU KOMMYHHKAIIUU B aHTJIOSI3BIYHON Cpejie He XBaTaeT JJis PyHKIHMOHUPOBaHUs B paboueit
atMocepe, BaXHO TOHMMATh U TMPABUIBHO MPUMEHATH MpodeccHuoHalbHbIE TEPMUHBI U
CIIOBOCOYETAHHUSI, YCTOWYMBBIC BhIpakeHUs U (Ppasbl. [losTomy B AKkajieMUH BBIJCICHBI Yachl s
Bcex 00pa3oBaTeNIbHBIX IPOTPaMM Ha BCEX dTanax o0ydeHus, a 3T0 3HAYUT, UTO 3aHATUS IPOBOAATCS
HE TOJILKO IO OOIMIeH mporpaMme Ha MEepBOM Kypce, HO U MO MPOodEeCCHOHATHLHOMY aHTIUHCKOMY
SI3BIKY B CTapIINX Kypcax.

['pynmbl o crienuanbHOCTH «ABUAIMOHHAS 0€30MaCHOCTBY HE SBIISIOTCS HCKIIOUYCHHUEM B
peaninzanuu 00pa3zoBaTENBLHOrO Mpollecca Ha MPOPECCUOHANTBHOM AaHIJIMICKOM si3bIKe. B cBs3M ¢
3TUM, XOTEIIOCh OBl MOJETUTHCS OMBITOM TIPOBEACHUS 3aHSATUS B JIAHHOW TpyIIE IO TeMe
“Diplomatic security”.

OcHoBHasi 4YacTh. Tak Kak TEKCTOBOro Martepuaia B yueOHuke “Security Personnel”
HEJOCTAaTOYHO JUIsl TOJHOLIEHHOTO OXBaTa TEMbI, HYXHO ObLIO NMPUOETHYTH K HCTOYHHMKAM M3
uHTepHera. OAHAKO, W B D3JEKTPOHHBIX pECypcax OKaszajloch Majio ayJAHO W BHJCOPOJIUKOB,
CBSI3aHHBIX C TEMOU TUIIOMAaTHYeCKO# O0e30macHoCTH, 0oJiee TOro HY>KHO OBLJIO CBSA3aTh MaTepual ¢
aBUAILMOHHOH 0€30I1aCHOCTBIO.

Tyr nmam momoria Meroauka case-study. IToxxox case-study ocoOeHHO MOJe3eH, KOraa
HE0OXOIMMO TIOJNYYUTh BCECTOPOHHEE IPEICTABICHHE O TpoOsieMe, COOBITHH WM SIBJICHHH,
MPEICTABIISAIOIIEM HUHTEPEC, B €r0 €CTECTBEHHOM KOHTEKCTE peanbHOl ku3HH. [Toaxox case-study
MO3BOJISIET TIPOBOJIUTH YTIIyOJICHHOE, MHOTOIPAHHOE UCCIICIOBAHKE CIIOKHBIX BOIIPOCOB B PEATBHBIX
ycioBusX. [1]

B kadectBe mpumepa JUIsl paCCMOTPEHUSI CUTYyallud OBLI JaH OTPBIBOK W3 BUJICO UCTOYHHKA
0Ty6 o teme “Diplomatic Airport Entrance”, rae muruioMaThl OKa3bIBaIH MPOIECC BHYTPEHHEH
MPOBEPKH JOKYMEHTOB M Oaraka. CTymeHTaM OBUIO JaHO 3aJlaHue PA3JACTUTHCS 10 TPYyIMIaM, U
popaboTaTh CUTYaIMI0 B KOMaH[IE, TO €CTh OTHITPAaTh MUHU-CIICHKY 110 IPUAYMAHHOMY CIICHAPHUIO
B MPOQECCHOHAIBHON CpeJie, @ UMEHHO Ha JOCMOTPE B a3pPONOPTY WIIHM TPU MPOBEPKE TOKYMECHTOB.

[2]

3amaHuI0 TPENIIeCTBOBAJIO H3yYeHHE TEKCTOBOTO MaTepuala C HOBBIMH CJIOBaMHU H
cinoBocovyetanussMu: handling considerations — ocoOeHHOCTH Ha3eMHONW 0OpabOTKH Tpy3a B
a’poropTy, non-revenue — HeyyTEHHbIN, HeKoMMepueckuil (OecrutaTHbi), diplomatic clearance —
JTUTIIIOMAaTHYeCKoe paspenieHue, on short notice — cpa3zy, mo nepsomy TpeboBaHuto, airport slots -
BpeMs, BBIJICJIEHHOE B a3poIOpTy IS pelica aBHakoMnaHuu; BpeMeHnHoi nuntepsai, filed flight plan
— mpejcTaBlIeHHbIH TuaH nojera, glitches and pitfalls-coon u noBymiku, revision notifications -
yBeoMIIeHHus O nepecMoTpe. C 3TUM CIIOBapHBIM 3aI1acOM HYXKHO OBLJIO COCTaBUTH JUasor/oeceny
0 33JJaHHOU TEMAaTHKE.

CryneHTbl OBUIM BOBJICUYEHBI B TPYMNIOBYIO paboTy ¢ OONBIIMM 3HTY3Ma3MOM, TaK Kak
BUJICOPOJIMK 3aHTEpecoBall nX. Ha mpoTshkeHUH 5-7 MUHYT MOSIBISIICH BCE HOBBIC U HOBBIE UJICH
K cuTyauuu. B urore, ob6e rpynmsl Mmoka3ajld WHTEPECHbIE POJIEBbIE CHUTYaIlWil: IepBas rpyrmmna
WHCIICHHPOBAJIA ITPHUE3 T JUIUToMaTa U3 TypIuy ¢ epeBOTYNKOM U TEIIOXPAHUTENEM, €T0 JIOKYMEHTHI
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MIPOBEPUIIH COTIIACHO MPABUIIaM OCMOTpPA AUIIJIOMAaTHUECKUX BBUIETOB, a Y TEJIOXPAHUTENS B KApMaHe
0Ka3aJ0Ch OpYKHE, Ha KOTOPOE UMEETCs JIUIEH3US 110 MEXKTyHAPOIHOMY 3aKOHY, BCJIEJICTBUE YETrO
ero JOmycTwIn K mepenery. Kpome Toro, 3asBieHHBIN MEPEeBOAYMK MOKA3al XOpOIIee BIIAJCHUE
JIBYMS SI3bIKAMH, a BECh MEPCOHAN OMEpHPOBaT MpodhecCHOHATbHOM JIeKCMKOH. Bropas xomanma
MoKa3aJia CLIEHKY JJOCMOTpa Oaraka mpecTaBUTeNeii-TUIIOMaTOB U3 APYrUX CTPaH, Tae pabOTHUKU
MIPOJIEMOHCTPUPOBAIM OUYEPEIHOCTh IMPOBEPKHU MACCAKUPOB, MPOLECC JOCMOTpa IMPU MOMOIIU
pa3HbIX MPHOOPOB, a BCE AMAJIOTH OBLIH BbIIEPKaHbI B MPO(ECCHOHAIBHOM CTHIIE.

Taxke maHHBIA Keiic paccmarpuBaics u mo kapre Mind-Mapping: Obuto gaHO 3agaHue
OOBSICHUTH JApPYr JAPYry pasHble acCHeKThl MOTEHIMAJIbHBIX COOEB M JIOBYIIEK B IpoOIEcce
JTUTUIOMATHYECKUX MOJIETOB MO TEKCTOBOM MH(OPMALIUY U YKa3aHHOTO BUJICOPOJIUKA.

Kak Mb1 momanM, «Mind mapping» — 3T0 U300pakeHUE MBICIIEH YeIoBeKa M0 KaKoi-HuOy b
TeMe rpaduyecKy Ha JiMcTe Oymaru, Ha y4yeOHON JOCKe WM Ha 9KpaHe KOMIbIOTepa. JTa 3aluch
MBICJIEH MPEICTABISET COOOM Kak Obl CEpIIEBUHY C PaIHaIbHO PA3BEBAIOIIMMUCS OT HEE BETBSIMHU.
[3] [ToaToMy OBLIIO pelieHo 00bEIMHUTD TaHHBIM METOT C 33JaHHOM CUTYaIueH.

Basic Pre-.glann.ing
considerations considerations
§

Operating POTENTIAL Passport and

o GLITCHES visa
TIPS AND i mliiing AND considerations

Flight
planning

CONSIDERATIONS airports PITFALLS

9
1 Customs/immigration
Documentation

TekcT BKITIOYAN cleayoomylo WHPopMmanuio: PaspemieHne, IIaHWPOBaHHE TIOJETOB U
o0cCTyKMBaHHE TUIUIOMATHYECKUX PEHCOB OTIMYAIOTCS OT OOBIYHBIX YaCTHBIX HEKOMMEPUYECKHUX U
YapTepHBIX (HEPETYISIPHBIX KOMMEpPYECKUX) peiicoB. [lporecc miaHupoBaHUS TUTIIOMATHYECKUX
paspelieHnii BKIIOYAeT KOOPAWHAIUMI0 MEXIY CTpaHaMH, U MOTYT OBITH OrpaHHuYeHus. UToObI
I/I36e)KaTI) BO3MOXHBIX HpO6J’I€M B JCHbBb pa6OTBI, CJICAYCT IIOMHUTb O HCECKOJBKHX COBCTaX H
npaBuiax. [4]

XOTS JUIUIOMAaTHYECKHE PENChl HMMEIOT ONPENEICHHBIE TPEUMYIIECTBA, CYIIECTBYIOT
MOTEeHIIMaJIbHbIe COOM W JIOBYIIKH, KOTOPBIX cleayeT wu30erate. BaxHO cremoBaTh BceM
TpeOOBaHUAM O(GOPMIIEHHS BaIIETO TUTUIOMATUYECKOTO Pa3pelIeHus] U COONII0IaTh YTBEPKACHHBIC
MapuIpyThl 1MoyieToB. Ecnu Bbl BHOCUTE M3MEHEHMsI B paclHCcaHHe, MapUIpyTH3ALUI0 WM MyHKT
Ha3zHa4YCHUs, BAXKHO COOTBETCTBOBATH Tpe6OBaHI/I$IM C TOYKHU 3PCHUMA yBe)IOMJ'IeHI/Iﬁ 00 M3MEHEHUSIX.
[5]

Nwmes BhilIeyKa3aHHBIA TEKCTOBBIM MaTepual U BUAECO OTPHIBOK, HY)KHO OBLIO KOMaHIHO
0o0CyIUTh W TpOMUCaTh HA IJIAKaTaX 3aMETKH IO OMpPEJESICHHBIM IMYHKTaM M TepelaTh CBOIO
nH(popmMalrio BTopoil komanae. JlanHas rpymnmnoBast paboTa MoATaIKKUBaja CTyIEHTOB UCIIOJIb30BATh
CJIOBa, TEPMHHBI U CIIOBOCOYETAHUS 10 HOBOH TeMe, (POKYCHpPOBATh BHUMaHUE HAa CUTYallH B BUJIEO,
3aKpEnuUTh MPOUICHHBIN MaTepral. TakuM 00pa3oM, MPOCMOTP BHJIEO CITIOCOOCTBOBAJ BOBJICYEHUIO
CTYJICHTOB B OTpa0OTKe pa3rOBOPHBIX HABBIKOB B CHUTYAIlMM B MX Oyaylied mpodeccruoHaIbHON
cpene.

BoiBoabl U mpeasio:kenusi. Vcxons W3 BBIIIEH3I0XKEHHOTO, XOTENOCh OBl CIenaTh
CIEAYIOUIUN BBIBOJI:

[Ipumenenue case-study B 00ydeHUM TpOodECCHOHATHLHOMY aHTIUICKOMY SI3BIKY B TPYIIIE
o0pa3oBaTenbHON MpOTrpaMMbl «ABHAIMOHHAs OE€30MaCHOCTh» Ha TPHUMEpPE 3aHATHUA IO TeMe
“Diplomatic security” cmoco6cTBOBaJIO:
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- [ToBbImIeHUIO YPOBHS KOM(POPTHOCTU OOYUICHHUS;

- lloBbIIEHNIO AKTUBHOCTM W WHHUIMATHBHOCTH BCEX CTYICHTOB B XOJAE TI'PYIIIOBOTO
obcyxnenus mo Mind mapping ¥ MOATOTOBKH K CLIEHKE B TPO(PECCHOHATBHOMN CUTYaIHH.

Takoke MBI IM€EM OTIpe/ICIICHHBIE PE3YIbTATHI:

- Pa3BUTHE HaBBIKOB aHAJIM3a U KPUTUYECKOTO MBIIIJICHHUS;

- MOTHBALUS K H3YYEHHIO TPO(ECCHOHATBHOTO aHTIINHCKOTO SI3BIKA;

- COKpaIlleH!e J0JIH TPAJAUIIMOHHON ayTUTOPHOU paboThl U yBeTHYEeHHE 00BeMa

CaMOCTOATENLHOIN paboThI, YTO HEMAJIOBAXKHO B KPEIUTHOW TEXHOJIIOTHH O0Y4EHHUSL.
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YJI'EPIM @ YHKIUACHI ’)KOHE OHbI 3BEPTTEY
OYHKIUA YCIIEBAEMOCTHU 1 EE U3YYEHHUE
THE ACADEMIC PERFORMANCE FUNCTION AND ITS STUDY

Angatna. JXorapfel OKy OpHBIHAA OKY YAEpICIHIAE OKY TOOBIHBIH YIrepiM KOpCeTKImIi
OakputaHbIl OTBIpanbl. OKy yirepiMmine OaiIaHBICTBI OKY YAEpICiHIEri e3repicTep TYpaKThl
OaKpLIay/Ibl, TY3€TY/ XKoHEe OacKapyabl Tanamn ereni. Ke3 kenren xaraaiiia Hemece agaM eMipiH/e,
MBICAJIBI, JIGHCAYJBIK Typalbl alTaThiH OOJICaK, aypyAblH CAJIapblH €MJICYACH Tepi alJblH aly
KYMBICTaphIH KYprizreH aypeic. OKy-TopOue mpoleciHae, YKCACTBIK OOMbIHINA, YJITepiMHIH
TOMEHJIITiHE KIHAJIIEpi i3/eyJeH Topi, OKy TOOBIHBIH KYMBICBIHBIH HallapJIaybIHBIH AJJIBIH aly
oHaiibIpak. O YIIiH UIrepiHi aibH ana 00Jkay, OKY TONTapbIH/A AJJIbIH a1y dKYMBICTAPBIH KYPri3y
KaxerT.

MaxkanaHblH MaKcaThl — aJIIbIHFbI EMTHXaH HeMece OaKbliay HOTHXKECIH O11€ OTBIPBIM, TONTHIH
OKY YJITepiMiH OOJIKay >KOJIIaphiH Taly.

Makanansl AaifbiHAay OapbhIChIHIA MaTEMATHKAHBI TANJIay MEH CUHTE3/ICY/I1H, CaTbICTBIPYIBIH
YKOHE KAJBUTAYIBIH KAIBI SIICTePIMEH KaTap BIKTHMAJIBIKTApP TEOPUSCHIHBIH HET13T1 YFBIMAapHI,
TYBIH/IBIHBIH KOJIJIAHBLTYBI KoHE MU depeHInabIK TeHIEY/Il ey 9icTepl KOAAaHbIIbI.

3epTTey HOTMKECIHJIE YaKbITKa TOyenal yirepiM (QYHKIUSACH KypbUiabl. byn (yHkuusra
napameTpiepre KaTbICThl 3epTTeysiep Kyprizuiai. @OyHKIUSHBIH KypaMblHa KipeTiH opOip
napameTpiiepAiH GYHKIHUSIHBIH ©3TepiCiHe KaH/ail ocepi 0ap ekeHl aHbIKTalIFaH. Makaiiaga OKbITY
IpoIeCiHe YIrepiM QyHKIUACHIH KeJleci eMTUXaH HOTHXKECIH OoKay YIIIiH, OHBI Kanail maiganany
KepeKTiri kepcetuieni. bys G yHKIMSHBI Maii1agaHa OTHIPHIT, OKY TOOBIHBIH JTaWbIHABIFBIH, OJIAP/IBIH
KMHAKBUIBIFBIH, TOH OOMBIHIIA OKBITYIIBIHBIH JOHE TOIN KYypaTOpPbIHBIH >XYMBICBIH Oarayayfra
OoJIabL..

Tyiiin ce3aep: GyHKIMSA, TYBIHABI, YITEpIM, OKY YJIrepiMi, yJIrepiMm QyHKIUACHI, OKY TOOBI.

AnHoTanus. [TokazaTens ycrneBaeMOCTH y4eOHOM IpyMIbl OTCIESKUBACTCSA HAa KaXKIOM dTare
MOHHUTOpPHHra y4eOHOro mnpoiiecca B By3e. M3MeHeHus, mpoTekarolue B yuyeOHOM Ipolecce,
CBSI3aHHBIE C YCIIEBAEMOCTBIO, TPEOYIOT MOCTOSHHOT'O HAOII0I€HUS, KOPPEKTUPOBKU U YIIPABJICHUS.
B xaxxmoil cuTyanuu WM B 4€IOBEUECKOW JKM3HHU, HAIPUMEP, €CIM OyJeM TOBOPUTH O 3/I0POBBE,
Jydie MPOBOJAUTH MPOPMIAKTHYECKHE PaOOThl, YeM JIEYUTh MociencTBUEe Oone3Hu. B yueGHOM
MpoLiecce MO aHAJIOTMM Jerde MpeloTBPATUTh YXY/IIEHHE YCIEeBaeMOCTH y4yeOHON 3acTaBbl, UYeM
rocJje npoBaJia UCKaTh BUHOBHBIX. JIJ1sl 3TOro HEOOXO0MMO 3apaHee IPOTHO3UPOBATh YCIIEBAEMOCTb,
MpoBecTy NpoduIaKkTHIeckue padboThl B yUeOHBIX rpyInax.

Lenb cTaThu HAWTH MyTH TPOTHO3UPOBAHUS YCIIEBAEMOCTH yUeOHBIN TPYIIIBI 3HAs, pe3yIbTaT
MIPebIAYIIEro SK3aMeHa UIIH KOHTPOJIS y4eOHOM rpyIIbl.

B xoie moAroToBKM CTaThu, Hapsy ¢ OOIMMHU METOJAaMM aHallM3a M CUHTE3a, CPaBHEHUS U
000011eHIST MATEMaTUKH, UCTIOIb30BAIMCH OCHOBHBIE TOHATHS TEOPUU BEPOSATHOCTEH, IPUITOKEHUS
MIPOU3BOIHOM U METOJIbI pelieHus AU PepeHIINaTbHOTO YpaBHEHHMS.
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B pesynbTrare mccnemoBaHUs MOCTpOeHA (DYHKIHMS YCIEBAEMOCTH 3aBHUCAIIAs OT BPEMEHH.
[TpoBenens! MccineqOBaHUS 3TOW (YHKIIMHM OTHOCHTEIBHO IAapaMeTpoB. Y CTAHOBJICHO NOBEACHUE
9TON (PYHKIIMH NTPU MHIUBUAYATEHOM H3MEHEHUH KaXKAO0T0 IMapaMeTpa, BXOIAIIETO B 3Ty (DYHKIIHIO.
[TpoeMOHCTPHUPOBAHO UCTIONIB30BaHNE (PYHKIIMHU YCTIEBAEMOCTH B IIPOLIECCE OOYUYEHUs, M TOKA3aHbI
CIIOCOOBI €€ HCIIONB30BAaHUS Ui INPOTHO3MPOBAHMS pe3yibTaTa CIEAyIoIero sk3ameHa. Ilpu
MIOMOIIH 3TOH (DYHKIMM MOKHO OLECHHUTH IOJTOTOBKY y4eOHOH TPYIIBI, X OPraHW30BaHHOCTH,
paboTy npenoaaBatesis Mo MPEeaAMETY U KypaTopa rpyIIIbL.

KnioueBsbie cioBa: GyHKIUS, MPOM3BOJHAS, HPOTpEcC, MPOrpecc oO0y4eHHsl, BHIOOpOUHAsS
¢byHKuus, o0yJaronas rpyma.

Abstract. The academic performance of the study group is tracked at each stage of the
monitoring of the educational process in the university. Changes in the learning process related to
academic performance require constant monitoring, adjustment, and management. In every situation
or human life, for example, if we talk about health, it is better to do preventive action than to treat the
consequence of disease. In the learning process, by analogy, it is easier to prevent the worsening
performance of a study group than it is to look for the fault after a failure. To achieve this, it is
necessary to forecast academic performance in advance, to carry out preventive work in study groups.

The aim of the article is to find ways to predict the performance of the study group, knowing
the result of the previous exam or the control of the study group.

In the course of preparing the article, along with general methods of analysis and synthesis,
comparison and generalization of mathematics, basic concepts of probability theory, applications of
the derivative, and methods of solving the differential equation were used.

As a result of the study, a time-dependent function of academic achievement is constructed.
This function has been analyzed with respect to the parameters. The behavior of this function when
each parameter included in this function is modified individually has been established. The use of the
learning achievement function is demonstrated, and ways of using it to predict the result of the next
exam are shown. Using this model, you can evaluate the preparation of the study group, their organization,
the work of the teacher in the subject and the curator of the group.

Keywords: function, derivative, progress, progress of learning, sample function, learning

group.

Kipicne. Ilenarorukanslk capanTay OapbIChIHAA albIHFAH HOTHXKEJEpPAl MaTeMaTHUKAaJIbIK
OHJIey FBUIBIMM 13[IEHICTIH MaHBI3/bl Ke3€HJEpiHiH OipiHe >XaTaabl. 3epTTey Ke3iHJIE aJbIHFaH
TYKBIPBIMAAP/BIH  AYPHICTBIFBIHA MAaTEeMaTHKAJbIK CTaTUCTUKAChI3 KO3 JKeTKi3e alMailMbI3.
3epTeylIiHiH TeKCepill OTBIPFaH JEpPeKTepl MeH MeJaroruKaliblK KyYObUIBICTApAbIH OapibIFbl
CTaTUCTHUKAJIBIK 3€pTTEYAIH TaJalTapblH KaHAaFraTTaH/ABIPYbl )KOHE MaTeMaTHKAJIbIK OHICY/IEH OTYyl
KEpeK.

Toxipubeni megaror TyJFa MEH TONTapJbl 3€pTTEY YILUIH SJICTep KELIeHIH KaciOM cayaTThl
aHbIKTall Olnyl, JUArHOCTUKAJIBIK OJICTEMeNepll 9d3ipiey JaraplIapblH MEHIepyl, ajblHFaH
HOTHOKETEp/Ii TaJIal, IbIHAWBI 3aHIBUTBIKTAP IbI )KoHE OalIaHBICThI aHBIKTAM 01Tyl THIC.

3amaHayu O611iM OepeTiH KOFapbl OKY OpHbIHA FHUIBIMU-3€PTTEY 1C-OpEKETIHIH TEXHOJIOTHUSIChIH
UTEPreH >KOHE ©31H KbI3BIKTHIPAThIH FHUIBIMU 3€pTTEY asChIHIA MENarorukalblK 3epTTeyiaepal
YHBIMIIACTHIPAThIH, COHBIMEH KaTap, eJarOruKaJIbIK 3epTTeYJIEpAiH HOTHKEIEPIH TYCIHIpE alaThiH
Kabineri Oap 3epTTEYII-OKBITYIIBI KaKeT. 3epTTeylli ajblHFaH HOTHWXKeNepJiH HeMmece
TYKBIPBIMAAPABIH KOJIaHbUTY II€KapachlH, OoJlap/bl OUTIM Oepy opTachlHIa €HTi3YIiH Kepl ocepiH
’KOHE OJ1aH 9pi 3epTTey MepcleKTUBANIapbIH Oarasail Oinyi Kepex.

TonTeiH OKy yarepimi - Gojamak MamMaH TYJIFAChIHBIH KaJbIIITaCyblHa IIEHIYIIl dCep eTeTiH
dakropnapasiH 6ipi. OKy YIATepiMiHIH JCHreill eMTHXaHHAH KEWiHT1 KOPBITBIHIBI OaraiapablH
opraiia MoHIMEeH aHbIKTanaael. OKy yiarepiMiHIH Kajail keTepyre Oojaabl JIereH Cypakrap
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TOHIPETiH/Ie dJEM/IIK KONTEeTeH FhUIBIMU KYMBICTAp KETil kaTelp. Omapapl FalamMTopAaH na taba
aJylaMbI3.

Kaszipri yakpITTa OKBITY MPOIIECIH/E CTYACHTTEP/IIH Ke3-KEeJITeH MOHIHCH YIITePiMiHE CaraIbIK
TajlaMaHbl 9/IETTE CECCUsl COHBIH/IA KacalMbl3 )kKoHE 9p TOMKa 0ara Oepin xaTtambl3. IFHu yarepimai
caHJap FaHa aHBIKTaAbI. bipak, Kemeci Mocenere Hazap ayaapailbik. Mbicasbl, CTYACHTTEPIIH OKY
yirepimMi Korapbl MaTKEMaTHKa IIOHIHEH KapacThIpbUIaThIH 0o0Jica, TOMNTAaFbl CTYIACHTTEPAIH
OacrankplJarbl MaTeMAaTHKaJaH OUTIMIHIH JeHrewi oprTypii Oomnbim kenemi. COHFBI HOTHKE J€
CTYJIGHTTEPAIH OChl OacTankpl O1J1IM KOPBIHA TOYEJI/II €KeH1 alTIal-aK TyciHikTi. CoFaH KapamacTaH,
KelOip TomTap Oacramkbl JACHreiiHeH KeOipek anFa >KbUDKHIBL. Erep omapabiH eHOeKTepiH
CaJIBICTBIPATHIH OOJICaK, yJIrepimMi OachlHIa TOYip TanTapFa KaparaHaa )Korapel Ooanbl. bipak, onap,
opuHe, Oip CEMECTp OKBIN aJABIHFBI KaTapra IIBIFBIN KeTe anMaiapl. OChl alThUIFaHIAp/AaH,
OJIapbIH JKYMBIC icTey KaOlJIeTiH Kajai Oaranayra 6oaapl nem onanchi3? CTyIeHTTepAIH alIbIHFbI
OakplIay HOTHD)KECIHE Kapam, ajJbIHFBl €MTHXaH HOTIKECiH Ooipkail amambiz 6a? MiHe OChI
CYpaKkTapbIH >kayalbl 3epTTey KYMBICBIMBI3IbIH MAKCAThIH aHBIKTANIbI.

TakbIpbINTHIH 3epTTENy Adpexeci. XKorapbia OKbIPMAHHBIH YJTEPiMi Typalibl KONTETreH
xymbictap 6ap aenik. Conmapasia Oipi Kuymikuna B.P. xyMbICBIHA OKBIPMAaHHBIH YATEPiMi OKY-
TopOMe TpoleciHe €Ki XaKThIH Ja KaTbICybIMEH: OKBIPMaHIap MEH MYFaiMAEPHIiH IKEeMicTi
KYMBICBIHBIH HOTH)KECIH KOPCETETIH KOPCETKIllll peTiHJe KapacTbpbuiaabl. JKoFapFel OKYy OpPHBIH
OITIpYIIIHIH KaJBINTAaCKaH KY3BIPETTLIIrT MeH Oocekere KaOIISTTUIIrHE ocep eTeTiH OapiibiK
Tapantap MeH OarbITTap/bl XKYPri3ydiH THUIMIUIr HE €KEeHIH >KOHE OYJI KOpPCETKIIIKE ocep €TEeTiH
KenTereH (hakTopiapabl aHbIKTaraH [1].

Axn IletkoB A.A., AkcernoBa B.H. aBTOpmapbIHBIH KYMBICBIH/Ia KOCIMITIK-TEXHUKAJIBIK OKBITY
OPBIHJIAPBIHA OKY TONTAPBIHBIH YJITEPIM HOTHKEJICPIHIH YJIECTIPIM TYpPiH €CenKe aiMaid KaJbIIThI
YJIECTIpIMHIH HMHTETpaiAblK (QYHKIUSACHIH MaifalaHFaHa KaTe HOTHIKENIepre oKeIreHIir
Oassaananpl. Cedebi, 0Chbl OKY OpPHBIH/IA OKY YJATEPIMiHIH HOTHXKEIepl KAJIBINTHI YecTipiMHEeH 0acka
OpTYpIIi 3aHIBUIBIKTApFa OaFbIHATHIHBI AHBIKTAIIFAH.

Ke3 kenren Oara nuama3oHbl apachlHIa OKYIIBLIAPIBIH YJTEPiMiH aHBIKTAy VIIIH Keleci
(dhopMyIa KoIaHbLIAIbL:

y = 100%- f,* f (k) de (1)
MyHJIarel Y — ky — k, nuana3oHblHAa Oara anFaH OKYIIBUIAPJBIH CaTBICTHIPMAibl CaHbl, %-OcH
KepceTireH; k,— TannaHaThlH OeNriiep JUana3oHbIHBIH KOFAPFbl MOHI;, K — TalaHaThIH Oenriaep
JMana3oHbIHBIH ToMeHrT MoHi; f(k) — yJlecTipiMHIH  BIKTUMAJIBIK THIFBI3ABIFEl JKOHE Ol
YJIECTIpIMHIH TypiHe OaillaHbICThl aHBIKTANIABI [2].

Moucee B.b., 3yoxoB A.®. xone [lepkauenko B.H. aBropmapeibiH xone — UM.H.
MacnskoBaHblH FBUIBIMH 3€pTT€Y MakaiajlapblHAa OacTamKbel JepeKTepre CyHeHe OTBIPHIII,
OKYIIBUTIAP/IBIH YATEpIMIH OOJDKAy OMICTEMECIH 93ipJiey Moceniecl MaHBI3NIbI JKOHE ©3€KTI E€KEeHl
aifteutaapl. SIFHYU, 6€nriai 6ip cTyeHTTep TOOBI allFallIKbl PEUTHUHITIK JepeKTep HET131HAe, MbICAIbI,
OKYZBIH OIpIHII CceMecCTpiHACFI HOoTkenep Oenrium Oosca, OKYbIH KaHAal KOPCETKIITepMEH
asKTaWTBIHBI  KapacThIpbLIaAbl, MaTemaTukanblK amnmapar periHae MapkoB — Tiz0ektepi
KOJJTAHBUTAIBI. Byl omicTi maijianaHy YIIH BIKTUMAIIBIKTAp TEOPHSICHI MEH MaTeMaTHKAJIBIK
CTaTHCTUKAHBI TepeH Oumy KaxeT [3], [4].

Keneci Ilomsn C.B., benoxonr O.C. aBTOpiapbIHBIH KYMBICBIHAA MOIIMETTEPAIH
CTaTHCTUKAIIBIK OJICTEPIH JKOHE 3epTTey Ke3iHJe alblHFaH MOTIMETTEepAl OHJeyre 3aMaHayu
KOMITBFOTEPITIK TEXHOJIOTHSJIAPIBIH MYMKIHIIKTEPIH TMalIaaHbllly apKbUIBI  CTATUCTHKAJBIK
MOJIETIACPAL KYPY - CTYACHTTEP/IiH OKY JKETICTIKTepiHIH Ka3ipri >Kar1ailbIH OarayiayFa skoHe OJapAblH
Oonamak KyiaepiHe OoipkaMm xkacayra MYMKIHAIK OepeTiHl alThUIFaH JIeTeH KOPBIThIH/bIFA KeIeMi3
[5].

Oky 3acTaBajlapblHJ]a 9p CEMECTp CailblH >KOFaphl MaTeMaTHKa MOHIHEH OKYy YJIrepiMiHiH
OCETIHJIIT1H MbIHA CTaTUCTHKAAaH Kepyre Oonazsl (1 -kecte).
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Ocpsl cTatucTrKara Kapamn «A» 6arachlHbIH caHbl 0-Te TeH 3acTaBaJarkl YIrepiM HE KEeMIreHiH,
aJl ecce Jie oTe a3 MOJIIIep/e 6CKEHIH Kopyre 0oJabl.
1 -xecre-2017-2018 oKy >KbUIBIHAAFBI MATEMATHKA MTOHIHEH OKY YJITepiMi.

Em - B é%HLf%H g% §H 2 U.auégH ]
~E|Tg|YEE YEE Q8- |258|  |S2EE YEE =
= = 3 S S8l 205 | ¥88 | 82K E S8 8 =
& S 5 5 | -2 3 3 L& E = & | dEE
S 8 O <8 3 © IR
1 64,4 1 65,19 1 0 79,84 5 0
2 65,12 3 0 70,44 5 0 77,64 5 0
3 60,88 0 0 59,23 1 2 75,08 3 0
4 63,81 0 2 65,46 1 2 69,83 0 4
5 71,58 2 70,31 4 0 78,96 6 6
6 67,5 3 1 69,68 3 0 77,63 5 0
7 66,31 2 66,62 1 0 67,31 2
8 63,24 2 68,48 2 68 0
9 67,88 4 69,92 5 76,5 7 1-x.K.
10 62,23 4 1 60,52 2 2 72,92 1 1-x.K.
Opra | 65,29 67,28 74,408
Oamel | 5

Ocpl craTrCcTHKaFa Kapar «A» OarachlHBIH caHbl 0-Te TeH 3acTaBa/iarbl yJrepiM He KeMireHiH,
aJ1 ecce Jie Te a3 MeJIep/ie 6CKeHIH Kopyre 00IaIbl.

Yarepim ni t— yakeiTka Toyenai (yHkuus y(t) men anmaiblk, OHJA OHBIH ©3Tepy
KBUIIAM/IBIFBIH OHBIH TYBIH/IBICHI V' CHIIATTAIbI. YITepiM HiH eciyiHe «A» OarachlHBIH CaHbI, al
keMmyiHe «F» OaracblHBIH caHbl ocep erinm Typ. Omaii Oosca, 3acTaBajarbl OKY YJTepiMiHIH

JKBUIIAMIBIFBI TOMEHAET1ENR O0JIaIbI.

Z—z = ay — By, 1)

y(0) =y ()

MYHJaFbl @ —3acTaBa yjiarepiMm KodpQpuuueHTi; f — Texey KodpPHUIHMEHT]; ¥ — OKY 3aCTaBaChIHbIH
QJIJIBIHFBI CECCHSI KOPBITBIH/IBI YIITepiMi.
Oumnap/ipIH 1aMacsl TOMEHIer1 el

Yarepim koad¢uuueHTi « 3acraBajarbl «A» OaFachlH ajfaH KypCaHTTap CaHbIHBIH

3acTaBaJarbl OApJIBIK KypCaHTTap CaHbIHA KaTbIHACKIHA TEH, SIFHU
m
a=—,
n

MYHJIaFBI M — 3acTaBajiarbl «A» OarachlH allFaH KypCaHTTap CaHbI, N — 3acTaBajarbl OAPJIBIK
KYPCaHTTap/IbIH CaHBI.

Texey ko3 durmenti [ 3acraBanarsl «F» OarachlH allFaH KypCaHTTap CAHBIHBIH 3aCTaBaaFbl
OapIBIK KYpCaHTTaP/IbIH CAHbIHA KaThIHACKIHA TCH, SFHU

8 k
==
MyHJarbl k — 3actaBajarbl «F» OaracelH anFraH KypcaHTTap CaHbl, N — 3acTaBaJlaFrbl OApIBIK
KYPCAHTTap,IbIH CaHBI.
(1)-(2) wmopmeniniy memiMiH TabadbiK. (1) TeHAEy alWHBIMANBUIAPHI AXKBIPATHUIATHIH
muddepenmmanasik TeHaey. OHbl nuddepeHImanabK Typae xKazambi3 [6].
dy = (a — B)ydx,
CoHFBI TCHJICY/TIH aifHBIMATBUTAPBIH aXKBIPATHITT HHTETPATIANMBI3.
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dy o
[2-pa
Inly| = (@ — )t + In|C],

y = Ce (a=p)t
Aunramkpl mapt (2)-Hi maiganaHbIn, MOJEIb/IIH MEIIMIH alaMbl3.
y = ye(@h ®3)

bi3 TonTeH ynrepiMm GyHKIMACHIH anablK. Ochl GyHKIHMSAHBI 3epTTeiiK. O YIIIiH OHBI
TYPJICHAIPIN BIHFAMIIBI TYpre KeNTipin ajJalbiK. YarepiM (yHKUIMACBIHA YATEPIM JKOHE TEXKEY
KOd(hpuIMeHTTEPIHIH MOHIAEPIH OKEI KOSUBIK,
Ry moky
y=yen n =yen
A
y =yen", (4)

MYHJIaFbl ¥ — OKY TOOBIHBIH QJIJIBIHFBI CECCHSI KOPBITBIH/BI YATEpiMi, 7 = m — k xoHe TeN.

bi3 kapacteipran 2017-2018 oky >xbutbiHAaFl 416 0Ky 3acTaBaChIHBIH KOFapbl MaTEMaTHKa
MIOHIHIH YJITepiMiHe Tanjay jkacaibik (2-kecrte).

2-kecte - 416 OKy 3acTaBaChIHBIH CECCHSI HOTHXEIepl

416 o/3 2017-2018 o0.xk. 2017-2018 o.x.
KypCaHT HOMepi »asrbl ceccust (1 KBICKBI ceccus (2-
Kypc) Kypc)
1 58 70
2 77 78
3 53 64
4 53 64
5 52 66
6 53 68
7 58 78
8 67 89
9 92 99
10 99 98
11 88 93
12 69 75
13 75 93
14 78 89
15 64 79
16 66 66
17 77 82
18 91 85
19 72 76
20 62 76
21 75 75
21 59 69
23 53 54
69,68 77,63

ConbiMeH, Ne6 0Ky TOOBIHH Ka3FbI cecCHUsCHI (1-Kypc) apKbLUIbI KBICKBI CECCUSICHIHBIH, (2-Kypc)
oprama OanblH TaOybIMbI3Fa Oojanpl. On yIIIH KypFaH MOJENbJiH emiMi (4)-gopmynaHsl
naiinananamsiz. Moienbaeri ajaFamksl HapTka 1-cemecTp KOpBITBIHABICHIH Y = 69,68 % (0,7); m =
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3, k=0, osgma r=3-—0=23; te[0,1] cecusnby conpl Oosranapikrad, t = 1. OHma COHFbI
ceccusizia KYTIIETIH yIrepiMm

3
y=207" et ~ 79,7,

TonThlH KBICKBI CecCHsIarbl OpTa Oanmbl Oyl KOPCETKIIIKE CoNl JKeTne Typ. ByHbIH
Tycinaipmeci: 16 sxone 23 Hemipueri KypcaHTtrap Oip cemecTp OOHBI OUTIMACPIHIH JOpEkKeCiH
KOTEPMETEHIIKTEH OOJIBIT TYP.

CoHbIMeH OYTiHTI KYpPBUIFaH MOJENb apKbUIBI OKY YJTEpIMiHIH Kelecl ceccusja KaHmaau
TOpeXere KOTepuTyl KEpeKTITiH aJlJIbIH aja Tada alaMbi3.

YnrepiMm GyHKIMSACBIHIAAFBI N TIapaMeTpi allHbIMAJbI, ajl KaJIFaH HapaMeTpliep TYPaKThI ATl
ecenTeiik. byJ OKbIpMaHIApIbIH JKallbl CAaHBI ©3repce Je, TONTAFbl «OTE MKAKChI» IKOHE
«KaHaraTTaHAPJBIKCHI3» JIETeH Oarajap/blH CaHbl TYPAKThl €KeHiH Ourmipeni. XKaHagaH KOCBUIFaH
OKBIPMAH/IAP <OKAKCHI» XKOHE «KaHAFaTTaHAPJIBIK» JIeTeH Oarara raHa ue OOJChIH. bipa3 yakeITTaH
KeiiH Oy TonThiH yiarepiM 1 Kamail esrepemi? CypakTblH >KayaObIH 137I€yre TYBIHIBIHBIH
KOJIIAHBICHIH TIai1ajJaHaMBbI3.

OyHKUMSHBIH O1piHILI PETTi TYBIHIBICH KaHaall na 6ip nHTepBaaa oH 60sca, OChl UHTEpBaLAa
(GyHKIUSHBIH ©ceTiHi, Tepic Ooinca, QyHKIUSHBIH KemuTiHi Ourrimi. COHOBIKTaH, M mapameTpi
OOMBIHIIIA YATEPIM (YHKIMACHIHBIH OipiHILI PETTI TYBIHABICHIH alalbIK.

yrt r.

—Fent <0, erepr>0

/ _
Y=Y yrt -, (5)
Fen >0, erepr<o,

MYHJIaFbl I' TapaMeTpiHiH TaHOAachIHAa OaMIaHBICThI €K1 KaFAal bl KapacThIPAMBI3. Erep r
napameTpi TYpakThl xkoHe e > 0 Oosica, OHIAa TONTHIH YATepiM i eceni, Oipak N mapameTpi 6CKeH
caiibiH O11iM O6epy TOOBIHBIH opTalia 6anbl Oasy eceni. Al erep I mapameTpi TyYpakThl xxoHe ae 7 < 0
Oosica, oHJa yarepiM KeMmuji, Oipak N mapaMmeTpi ©CKeH caiiblH yirepiMm Oasyblpak KeMuIi. MyHbI
MBICAJIMEH KOPCETEHIK:

Oxky To6bIHAa 20 oKpIpMaH Oap. OKy TOOBIHBIH OpTaia Oamisl ceccusiHbiH 6achiaaa 0,6 (60%)
Kypazasl. Erep okbipman To6s1 30 Gosica, ynrepiMm Kanai e3repeni?

bipinminen, r = —2 60JchIH (Y341K OKYLIbLIAp CaHbl YITIpMENTIHAEpre KaparaHia 2-re KeM).
Onpa ceccust COHBIHJIA €K1 TONTHIH Ja YATEepIM 1 ToMeH el 1, 6ipak canbl 1 = 30 TeH OKY TOOBIHBIH
opTaia 6ayibl canbl n = 20-Fa TeH OKYy TOOBIHBIH OpTalla OajbIHaH KOFapbl 00Ja/Ibl.

Erep r = 2 OosnchH (y3/11K OKYILIBUIAP CaHbl YATIpMEHTIHAEpPre KaparaHaa 2-re apThik). OHza
ceccusi coHpiHIa r > 0 OonFaHIBIKTaH OKY 3acTaBajlapblHIA YJrepiM ecemi, Oipak caHbl n =
30 60s1aTBIH TOOBIHBIH OpTalia 6auibl caHbl 1 = 20 GOJaTHIH TONTHIH YAr€pPIMiHEH TOMEH.

Yarepim  QyHKUMsICHl yakbITKa Toyenai, 013 1 cemectpai 1 Oipiikke Oanamansl Jen
KapacTelpambl3. Anranap cansl 15. bip cemectpaeri yakpIT apainbirbl [0,1] cermMeHTi 60FaHIbIKTaH,
013 ocel KeciHIiHI 15-ke Oeinm XoHe HHTEepBaj OpPTAChIH JIbII YIrepiM (DYHKUHACHIHBIH N
napaMeTpiHe TOYeJJIUIIriH rpaduKneH kepcete anaMei3 (1-cyper) .

Y, Sl

L Y
061 087
06 0,66
059 \ 0,65
058 064 r=2
057 0,63 ~
0.56 — n=20 052 — n_jg
055 —n=30 061 —n=
054 =2 06 /
0,53 0,59
052 anma 058 anma
051 = 057 >

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 12 3 4 5 6 7 8 9 10 11 1z 13 14 15
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1-cypert. YarepiMm (pyHKIUACBIHBIH N TTapaMETP MOHACPIHE TOYEIILIIT.

Enni (4) dopmynana r mapamerpi aiiHbIMaibl, ajl KajlfaH MapameTpiiep TYpakThl OOJCBHIH. T
napaMeTpiHe KaTbICTHI YIrepiM (yHKIMACHIHBIH OipiHIII PETTI TYBIHABICHIH anaibIK. [lapamerpain
TaHOAachl OApJIBIK YaKbITTa OH OOJIMaraH/IbIKTaH, 013 MbIHAHBI AIAMBI3:

yt r.
Zent > 0, erepr >0

y/ = nyt , (6)
—?en < 0,erepr < 0.

Byt coHFbI @pHEKTEH: erep 0acka mapaMeTrpiiep TYpakThl Oosica xoHe MoHuepi r > 0 Oouica,
OHJIa OKY TOOBIHBIH oOpTamia Oayibl apTaThiHbl *koHe 7 < 0 Ooyica TOMEHACUTIHIITI IIBIFAIIBL.
Meicaibl, KaHanaa 6ip oKy TOOBIHBIH Oip ceMecTpaeri yarepiM i (anFamkpl mapt) petigae y = 0,7
xone 1 := —1,0,1,2,3,7 Mouzepi yuriH yiarepiMm QyHKUMSICHIHBIH Tpadurid canaibik. byn xepne
te[0,1] apanbirsia 15 anrara Gemik, ce6ebi cemecTp y3bIHABIFRI 15 antaman Typaast (2-Cyper).

Ay

~
I
w

I
=)

D~

e B T )
[ 1}

1
—

V-

2-cypert. YrepiM MOJETIHIH 7 TapaMeTpiHe TOYeIIIIri.

Conrbl y>0 napameTpiH 3epTTEHiK.
T
y/ =en". (7)

COHFBI OPHEKTEH OPKAIIaH TYBIHIB 6apibIK ke3ae y/ > 0 GomaThIHbI mbFamsl. By nereHimis
KepceTKImTIK QyHKIusA 7 < 0 OoJaFaHHBIH ©31H€ opKalllaH OH OOJIFaH/IbIKTaH, YJArepiM (yHKIUSICHI
Y ©CKEH CalblH apTajbl AereHal ounaipeni. SrHu, 6acka mapameTpiaep TypakThl OOJFaH/Ia, allIbIHFbI
€MTHUXaHHBIH KOPBITBIH/IbI OaFachkl HEFYPJIBIM 5KOFaphbl 00JIca, OKY TOOBIHBIH OpTala 0ajbl COFYPIIbIM
KOFapbl OOATHIHBI aHBIK.

Conrbl exi gomenai 6ip MbICaIMEH MBICAJIMEH KOpPCeTeHiK:

3actacta 20 KypcaHT OOJICHIH. 2-KECTEET1 Y )KOHE T 9pTYPil MOHAEPIHIH CecCUsl COHBIH/IAFbI
(t=1) ynrepiM (QYHKIHMACBIHBIH MOHIH 7" MapaMETPiHiH OH MOHJEPiHAE ecenTeHikK.

2-Kecme - Y JiCaHe T IPMYPi MIHOePT YUliH OHIMOLTIK QYHKYUACHIHbIY MIHI

, r 1 2 3 4 5
0.6 0,63 0,66 07 0,73 077
0.7 0,74 0,77 0.81 0,86 0.9
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| 08 | 084 | 088 | 093 | 098 | 1|
bipne-6ip mapamerp mieTTe KajaMaraHbIH, OapJiblK MapaMeTpiep OKY TOOBIHBIH YJTepiM
(YHKUIMSACBIHBIH ©3repyiHe ocep eTeTiHIH OailKabIK.

bizre oxpipmaHmapabH OarajapblHBIH YJIECTIpiMI KaJbIOThI 3aHHAH e3remie 0oJica, OKYy
TOOBIHBIH YJATepiM iH OOJDKay YIIiH OKY TOOBIHBIH YATE€pIM MOJIETIH Kajlall KOJJIaHy KepeKTiriH
Tajkpuiay Kaiaabl. OKy TOOBIHBIH yirepiMm iH Ooipkay YIIIH MapaMmeTpiiepre KaThICThl TajlJaHFaH
yiirepiM  pyHKUHMACHIH Naiinananyra 6onaasl. [lapamerp r = 0 Gonranma yirepiM e3repMeiTiHi,
QJJIBIHFBI EMTUXAH HOTHIKECIHIH JCHreriHIe KaJaThiHbl Oenrini. OKy TOOBIHBIH aJIIbIHFBI €eMTHXaH
HOTIKECIH Oiie OTBIpPHIMN, 013 angarbl eMTUXAHHBIH KYTUIETIH HOTHXKECIH Ooinkail anambi3. O yIiniH
QJJIBIHFBI CECCUSHBIH HOTHIKECIH, ajl erep MoH Oip ceMecTp FaHa OKbUIATBIH 0oJjica, oHaa OipiHIIm
arbIMJIBIK OaKbLIay/IbIH HOTHXKECIH aimyFa Oomansl. bip cemectpaeri yakbIT apansirsl [0,1] cermenTi
OoraHbIKTaH, 013 OaKbUIAHTHIH CECCUSHBIH COHBI Hen t = 1. kaObu1IaiiMbI3.

[TapameTpriepre KaTbICTBl YATEpIM (QYHKIUACHIH 3epTTEreHae I' mapameTpiHiH TaHOAChl OKYy
TOOBIHBIH YATE€pPIM KOPCETKIIITEpiHE KATThI 9cep €TETIHIH KOpIiK. OPINTIK op TYpial TaHOaaarbl
9KBUBaJICHTI B-Fa TeH Oara anraH OKbIpMaHIap Kejeci Oakpliay CaThICBIHIA YJArepiM JCHTeliH
KOTEpIiN KaTaThIHBIH CTaTHCTUKAJaH Kepyre Oomanbl. byn armait oKy TOOBIHBIH yirepiM opra
OaypIHA J1a 9cep eTei.

bizge: m,- «eore kakcbl» JlereH Oara anFaH OKbIpMaHIap caHbl; m, - B+ OaraceiH anran
OKbIpMaHAap caHbl; M3 - B OaracelH anFaH OKbIpMaHAap CaHbl, M4- «—» B OaracblH anraH
OKBIPMaHAap CaHbI OOJICHIH.

Omnpa keneci 6enriieynepai eHrizeMis:

rn=my; —Kk,
r, =my +m, —k,
r3=my+m,+ mz—k,
r=my+my,+ my+my, —k,
MyHJarbl 73, L = 1, 2, 3,4 koddduumentrepin ynrepim ai perrey KdQOUIueHTTepi Aem aTaibIK.

Erep emTrxanHaH KeiiH oH OOibIHIIA OKY TOOBIHBIH OpTalla 0asuibl Y-/1€H TOMEH €MeC JK9HE

71-JIeH Ken OonmMaca, SIFHU:

y(r=0) <y <y(n),
OHJIa OKY TOOBIHBIH €MTHUXaHFa JaibIHBIFBIH «OPTaIliay JAeM aTaiMbI3.
EmTHxaHHaH KeliH MoH OOWBIHINA OKY TOOBIHBIH opTama 0amibl y(r;) TOMEH eMec KoHE

y(r,),0amnpiHal ken Oonmaca, SIFHU:
y(r) sy <y(r),

OHJIa OKY TOOBIHBIH EMTHXaHbIHA JalbIHIBIKTHI «OpPTa/IaH KOFaphbl» /1M aTaliMbI3.

EMruxanHaH KeiiH moH OOWbIHIIA OKY TOOBIHBIH opTama Oansl y(r,)-IeH KeM eMec JKoHe
y(r3)-neH ken 6osMaca, SIFHU:

y(r) <y <y(rs),

OHJIa OKY TOOBIHBIH EMTHXaHFa TAHBIHABIFBI «GKAKChD» JIEN aTaliMBbI3.

Erep emTuxaHHaH KeiiH MOH OOWbIHIIA OKY TOOBIHBIH OpTamia Oamwiel y(r3) TeMeH OoiamMaca,
SIFHH:

y(r3) <,

OHJIa OKY TOOBIH/IA EMTHXaHFa JalbIH/IBIFBI «OTE )KaKChI» JICT aTaliMBbI3.

Erep eMTuXaHHBIH KOPBITBIHIBI Oarachl ajlJIbIHFBl EMTHXAaHHBIH HOTHXKECIHEH TOMEH OoJca,
SFHU

y <Y,

OHJ]a OKY TOOBIHBIH EMTHXaHFa JalbIHJBIFBIH «KaHAFATTAHAPIBIKCHI3» JeN aTaiiMbI3. Mpeican
KapacThIpaibIK.
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«OKorapbl MaTeMaTHKa» MoHI OOMBIHIIA eMTUXaH HATHXemepi OonchiH (3-kecte). KyTinerin
HOTHKE KaH/1ail 00JI/Ibl )KOHE OKBIPMaHIap ajaFbl EMTUXAaHFa KaJlail qaibIHaa b?

3-kecme - «Kozapvi mamemamukay» nawi ootvinua Emmuxan nomuoiceci

~ b

= § 3 arayiap CaHbl é

S | 812 8 z E

2 & Z 5 K |mpeAA+| my: Bt my: B my: B- F g &

= 7 N Q E &

o -3 H 3 o = 5

= Ol <o & n < 3
1 15 | 67,60 3 0 1 1 2 70,70
2 16 | 63,63 1 1 1 1 1 75,63
3 17 | 63,59 1 1 0 2 3 71,06
4 16 | 64,31 0 2 1 1 1 76,00
5 15 | 65,27 0 2 1 1 1 70,33
6 17 | 67,12 1 1 3 2 3 71,53

OKy 3actraBaceiHma: 1, =my —k=3-2=1, y =67,6; n=15,

«OKorapel MaTemaTrKay 1oHi OOIBIHIIIA EeMTHXaHHBIH KYTUIETIH HOTHXKECIH ecenTey yuriH Nel
t=1, e= 2,7 MOoHIEpIH

naiiananeln - KampKyasTopra  67,6%2,7°(1/15*%1)  ¢opmymacein  Tepemiz, Hemece EXCEL
OarmapiaMachIH naiiananyra 6onaabl (4-kecte).
4-xecme. - EMmMuxanHvly Kymiiemin Homuiceci
Yurepim ai perrey Kytinetin Hotmxe: =
o & | kKoaddunmenTepi T, 72,73, 1y 2
o = ~ =
: | EFE.3 Z 5
Q Nl et T
=BG EEE | n | T e | YO [yey | yew | £ 2
Q
S | S5 =288 52
411 67,60 72,23 | 72,23 77,17 | 82,46 | 70,70
5
412 63,63 63,63 | 67,71 72,04 | 76,66 | 75,63
6
413 63,59 56,58 | 59,99 59,98 | 67,42 | 71,06
7 2 1 1
414 64,31 60,44 | 68,43 72,81 | 77,47 | 76,00
6 1
415 65,27 61,09 | 69,74 7451 | 79,61 | 70,33
5 1
416 67,12 59,72 | 63,31 75,44 | 84,79 | 71,53
7 2 1
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KopbITbiHabl OaFraHbl NaiijjalaHa OTBIPBII, OKY TONTApbIHBIH E€MTUXAHFAa JalbIH/BIFbIH
OaranaiibIK:

Nel TonTa — «opramay;

Ne5, Ne6 Tonrapaa - «Kakce»;

No2, Ne3, No4 TomnTapaa — «eTe *KaKChl» TalbIH]IbIK.

Bbyn sxepne Ne2, Ne3 okbplpMaHHBIH JaWbIHIBIFbIHA Ha3ap ayjaapraH xeH. byn TonrTapibiy
aJIJIBIHFBI ceccHUsilarbl opTama Oanjgapbl Oipied OOJIFaHBIMEH, COHFbl €MTHUXaHJAFbl KOPBITHIHIbBI
6annmapsl opTypai. byran Ne3 ToObIHBIH yirepiM ai perrey KodpduuuenTi Tepic 00yl acep erTi,
01paK COFaH KapaMacTaH OJIapJblH eMTHUXaHFa JaibIH/ABIFbI AKOFapbl OOJIBL.

KopsbiThinabl. ConbiMeH, 0i3 yarepiM (yHKIUSACBIH TOJIBIFBIMEH 3€pTTEN, OHbI HE YIIiH
naiagany KepeKTiriH OUIIK.

ANnarel KYTUIETIH €MTHXaH HOTIDKECIH YiArepiM Ii perrey Kod((UIUEHTTEpi apKbUIbI
Oomkayra O6omanel. Erep KyTiIeTiH HOTHKE «TOMEH» 0oJica, SpHHE, KypCAaHTTBIH YArepiMiHe Hazap
ayJaphIl, CeMECTp IMIiHC OChI ITOH OOMBIHINA OKY TOOBIHBIH ©31H/IIK TAHBIHIBIFBIH OaKbLIay KaKeT.

YcpiHbIcTap. EMTHXaH TamnchlpbUIFaHHAH KeHiH OKY TOOBIHBIH JaWbIHIBIFBIH, OJIAPbIH
YIBIMIACTBIPBUTYBIH JKOHE OKBITYIIBI MEH OKY TOOBI KETEKIITICHIH dKYMBICHIH Oaranayra 0oJabl.

Conpnaii-ak yarepiMm (yHKIMACH ©T€ KapamnaibIM jKoHE OHbI OOJDKay MpoLeciHae naiaanany
MaTeMaTHKaHbl TEpeH OuLTy/l KakeT eTIEUTIHIH aTam OTKEH >KOH, SIFHH opOip MaTeMaTUK eMec
MYFaIiMHIH 031 cabak >Kypri3eTiH TOOBIHBIH €eMTUXaHHAH KYTUIETIH HOTHXKECIH O0JKay MYMKIHAIT
oap.
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OPTICAL INTERNET OF THINGS _
OIITUYECKUU UHTEPHET BEIIIEN
3ATTAP/JbIH OIITUKAJIBIK MHTEPHETI

Abstract. The article reveals the existing problems for the widespread adoption of the Internet
of Things technol- ogy, presents promising areas based on optical wireless communications for
implementing intelligent life support systems.

Keywords: Internet of Things, optical wireless communication, data transmission, Visible
Light Communications, optical camera.

AHHOTauusl. B craThe pacKphITHI CYMIECTBYIOIIME MPOOJIEMBI JJISl IIHPOKOTO BHEIPECHHUS
TCXHOJIOTHH I/IHTepHCTa Bemeﬁ, MMPUBCACHDBI IICPCIICKTUBHLIC HAIIPABJIICHUSA Ha OCHOBC OINTUYECKOM
OECIIPOBOTHOM CBSI3M JIJISI peaTi3allii HHTEIUICKTYIBHBIX CHCTEM JKU3HEOOCCIICUSHUSI.

KiaroueBblie ciioBa: I/IHTepHeT Bemeﬁ, OIITHYCCKas 6CCHp0BO,Z[Ha}I CBA3b, IIE€pCaada NaHHBIX,
Visible Light Communications, ontuueckas kamepa.

Anjarna. Makanaga WHTEpHET 3aTTap/blH TEXHOJOTHICHIH KEHIHEH €HTi3y Mpobiemaapsl
KapacTBIpbUIFAaH, OMIpIl 3UATKEPIIK >KyHenepAl €Hridy YIIIH ONTHUKAIBIK ChIMCHI3 OalaHbIC
HETI31H/Ie MepCIeK- THBAJIBIK OarbITTap OepiireH.

Tyiiin ce3nep: 3aTTap MHTEPHETI, ONTUKAIBIK ChIMCBI3 OailnaHbIc, Aepekrepai Oepy, Visible
Light Communications, ONTHKaJIBIK Kamepa.

Introduction. The beginning of the rapid growth of the Internet of Things is considered to be
the year 2011, when international analytical companies recorded an excess of the number of
connected physical objects over the number of connected people. But back in 2001, a report by the
U.S. National Research Council predicted: "The number of physical devices with embedded
computers connected to networks will grow rapidly... This will radically change human interaction
with the world around us.

The Internet of Things (10T, Internet of Things) is a network of physical objects equipped with
embedded technologies for interacting with each other or the external environment," as defined by
Gartner, a leading research and consulting company specializing in information technology markets.
As the 10T paradigm opens up opportunities for innovation that foster interaction between objects and
people, it enables the creation of smart cities, infrastructures and services to improve quality of life and
efficient use of resources.

Scientific news. Most international analytical agencies give high estimates to the growth of the
number of co-branded devices in the world. In 2016, at the Internet of Things World conference
(Santa Clara, USA), the SigFox company provided projected data from various companies (Fig. 1).
The graph shows that the values differ by an order of magnitude, for example: analysts from Gartner
stated that the number of connected devices in 2020 will reach 21 billion units, and specialists from
Intel for the same year are given the value of 200 billion units.

In May 2019, experts from Strategy Analytics published data on the connection of 22 billion units
in 2018. This forecast, as well as real data on the growth rate of the Internet of Things market, dictates
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that industrial companies, platform and application developers invest in the development and promotion
of this segment.

500 (J.Chambers, Cisco)

MAPA. WT. g 200 (Intel) &

100 ¢ 100 (Huawei)

80 T .
75 (Morgan Stanley)

60
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®

2013 2020 2040

Figure 1. Forecast of 10T implementation in the world by the number of connected devices,
billion units.

In the 10T, every object or object is virtually connected and the Internet becomes the infrastructure
to support the connections of these interconnected objects. As more and more devices evolve to use the
wireless network, there is a significant increase in traffic and the need for spectrum expansion. The key
requirements of 10T systems are: low device cost, low deployment cost, high energy efficiency, high
security and privacy, and support for a huge number of devices. The widespread adoption of devices in
smart environments presents a major challenge for communications service providers to provide cost-
effective, high-quality wireless connectivity.

The optimal radio frequency for use in the 1-2 GHz band is already overloaded. Therefore,
spectrum shortages, called spectrum crises, must be addressed with appropriate countermeasures in
wireless communications systems.

To meet the growing demand of the wireless network, either increasing bandwidth or increasing
spectral efficiency must be used. However, increasing spectral efficiency is slow and cannot meet the
rapidly increasing demand. Using new spectrum becomes a unigue solution.

In parallel with the development of technology in the field of radio frequency, there is potential
for the use of optical wireless communication (Optical Wireless Communication, OWC) as a new
generation communication system. OWC technologies have a number of unique advantages, such as
wide spectrum, high data transmission speed, low latency, high security, low cost and low power
consumption [4-6].

Three basic bands of ultraviolet, infrared and visible light can be used in optical wireless
communication. Within the last two bands communication is possible through visible light (Visible
Light Communications, VLC), wireless optics (Free Space Optics, FSO) and through an optical camera
(Optical Camera Communications, OCC), which could potentially be considered for the
implementation of loT technology. Fig. 2 shows schemes of data transmission via optical wireless
communication. Each of these technologies has individual distinct features and some limitations.

VLC technology uses LED lights and photo detectors to provide simultaneous data transmission
and indoor lighting. Visible wavelength range ~370-780 nm provides a bandwidth of ~400 THz, which
is 10,000 times the radio frequency bandwidth [9]. In addition, VLC technology includes intrinsic
security at the physical level, resistance to radio frequency electromagnetic interference and free
licensing. LEDs have a number of advantages over existing lighting infrastructure: lower power
consumption, longer lifetime, high energy efficiency, convenient maintenance, low heat generation
characteristics and high switching speed.
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Figure 2. Diagrams of data transmission over optical wireless communication.

VLC is capable of high data rates in the range of tens of meters, but does not account for multiuser
access. In contrast to VLC bi-directional data transfer Li-Fi (Light Fidelity) is a network technology
based on LED re-sensors, which includes multi-user access, bi-directional communication. Li-Fi is
similar to Wi-Fi technology: it realizes high-speed wireless connection together with lighting, using
LEDs as transmitters and photodetectors as receivers; visible light is used for the forward path and
infrared port or visible light is used as the communication medium for the backward transfer. Receivers
in most user devices, such as smartphones, are not equipped with high-power LEDs; thus, uplink
communication in VLC and Li-Fi is not good enough at the moment.

The peculiarity. FSO technology transmits data in the infrared part of the spectrum. The
transceiver module includes a high-power laser diode for signal transmission and a highly sensitive
photodiode for reception (Fig. 2). The wavelength in the existing systems depends on the used laser
diode and varies in the range of 700-950 nm or 1550 nm. The FSO equipment operates in the ~400
THz range and requires no licensing or frequency allocation procedure. FSO solutions in the wireless
backhaul market currently support speeds of up to 30 Ghps, which is considered the highest ever
recorded.

FSO channels are immune to any type of electromagnetic interference from RF devices and
communication lines. Due to this you can achieve a high density of coverage without problems with
interference from simultaneous operation of multiple systems. It has high confidentiality. The signal
can only be intercepted by placing scanners-receivers directly in the narrow beam from the transmitters.
Deployment and dismantling of the system is easy to perform in a few hours to establish connections
between blocks of FSO transceivers. It can operate both indoors and outdoors at high data transmission
rates of up to several kilometers, while visible light communication can reach short distances of a few
meters. The advantages of FSO technology make it attractive for a variety of military and civilian
applications compared with traditional communications networks.

The importance of work. The main problems for widespread implementation are related to
the dependence of FSO on weather conditions and the need to ensure direct line of sight between the
transmitter and receiver.

All receivers of FSO, VLC and Li-Fi technologies consist of photodetectors, which are rarely
used in modern receivers, and the cost of commercialization to change the receiver structure is high.

In the last few years, smart devices with built-in additional high-resolution metal-oxide-
semiconductor cameras have appeared.

Most next-generation smartphones have built-in CMOS cameras that provide photo and video
capabilities and can be used for data transfer and localization.

The VLC smartphone or video camera within wireless optical communications is considered a
candidate for the IEEE802.15.7rl standard and is referred to as the OCC. OCC is an extension of VLC
with the advantage of no additional hardware at low data rates and indoor positioning.
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Unlike conventional VLC systems, which use a photodetector as the receiver, OCC uses a CMOS
camera as the receiver, embedded in today's standard smartphones, digital cameras, car rear cameras,
surveillance cameras. That is, OCC captures two-dimensional data in the form of image sequences,
which allows more information to be transmitted compared to photodetector-based VLC. OCC
technology is making significant progress in key applications in the fourth industrial revolution.

In terms of infrastructure, the described technologies have differences in the type of transmitter,
receiver and communication facilities. Table 1 compares the performance of the OWC technologies.

Table 1. Comparative performance of OWC technologies

Indicators VLC Li-Fi FSO OCC
Communication |{Unidirectional Bidirectional Unidirectional Unidirectional
topology or bidirectional or bidirectional
Communication 20 m 10 m over 10,000 km |60 m
range
Cell phone support| not necessarily by all means not available not necessarily
Interference level |low low low not available
Data rate 10 Gbps 10 Gbps

using LEDs using LEDs 40 Gbps 55 Mbps
Security High High High High

Figure 3. Shows the features and benefits of optical wireless communication in loT technology.
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Figure 3. Benefits of the Optical Internet of Things

The result of the work. At present, radio-frequency systems cannot meet the high demands of
future communications networks. Optical wireless communication technologies are the best
complementary solution. VLC and OCC-based offerings can pave the way for deploying optical 10T
networks to realize intelligent and cost-effective environments.
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DEVELOPMENT OF LED LIGHTING SYSTEM WITH DATA TRANSMISSION
FUNCTION BASED ON VLC TECHNOLOGY

VLC TEXHOJIOTI'UACBIHA HEI'BAEJT'EH JEPEKTEPI JKACAY
OYHKIUACHI BAP ' KAPBIKANOATHI )KAPBIK BEPY )KYUECIH 93IPJIEY

PA3PABOTKA CBETOJNOJHON CUCTEMBI OCBEIIEHUS C ®YHKIIMEN
IEPEJAYU JAHHBIX HA OCHOBE TEXHOJIOT'UM VLC

Abstract. In this paper, we study the amplitude-frequency characteristics of light-emitting
diodes of visible light, the principle of their action, and the technical characteristics necessary for
constructing networks using VLC technology.

Keywords: networks, data transmission, data reception, LEDs, Li-Fi, VLC, lighting device,
software.

Anparna. Ocbl Makajiajga >KapblK COYJIe IIBIFAPYy apbIK JTUOJITAPBIHBIH aMILUIATYAIIbIK-
KUUTIKTIK CHIAaTTaMalapbiH, OJApJbIH OpeKeT eTy KarunaThlH jkoHe VLC TexXHOJIOTHSCHIH
KOJIIaHBIM, XKENUIEp/Ii KYpy YILIIH KaXeTTi TEXHUKAIIBIK CUIIaTTaMasapbl 3epTTeieIl.

Tyiiin ce3mep: xeminep, AepekTepai Oepy, AepeKTepai Kadbuiaay, xapblk mauoarapsi, Li-Fi,
VLC, xapbIKTaHABIPY KYPBUIFBICHI, OaFaapiaMalblK KAMTaMachl3 €Ty.

AHHOTamusi. B JaHHOW cTaTbe WM3Y4YalOTCS aMIUIMTYJHO-YaCTOTHBIC XapaKTEPUCTHKH
CBeTOHSHy“IaIOHII/IX OTUOI0B BUIUMOT'O CB€Ta, HpI/IHHI/IH nux HeﬁCTBHﬂ n TCXHHUYCCKHC
XapaKTePUCTHKH, HEOOXOIUMBIE JIJIsl IOCTPOCHUS CETeH ¢ ucroiib3oBaHueM TexHonoruu VLC,

KiroueBble cjioBa: ceTH, Iepefada JaHHBIX, MMPHEM JaHHBIX, cBeroauonsl, Li-Fi, VLC,
OCBETHUTEIBHBIN MPHOOpP, MPOrpaMMHOE 0OECIICUeHHE.

Wi-Fi is currently the most widely used data transmission technology. Its use helps to set up
local computer networks and allows you to connect and transfer data to mobile devices. However,
the technology has limits on the data rate associated with the wavelength of electromagnetic radiation.
Based on medical studies, the radiation intensity in the vicinity of the router provided that a large
number of users are connected may have a harmful effect on human health. One of the ways to
improve data transmission characteristics in wireless networks can be the use of the optical
wavelength range. This was made possible by the advent of white LEDs used for lighting. Since 2011,
a new VLC (Visible Light Communication) technology has been rapidly developing, allowing the
light source not only to illuminate the room but also to transmit information using the same light
signal [1]. VLC uses visible light in the optical spectrum (about 400-800 THz). This technology can
use fluorescent lamps for signaling at about 10Kbps or LEDs for signaling at about 500Mbps. The
article describes a prototype of a new generation wireless data network Li-Fi (Light Fidelity or Light-
based Wi-Fi) based on an LED system used to illuminate a room.

Since 2011, Harald Haas, a specialist in optical wireless data transmission and a professor at
the University of Edinburgh (Edinburgh, United Kingdom), has seriously promoted a new technology
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for wireless data transmission via a flashing LED [2, 3]. At that time, most university professors
decided that the idea was certainly interesting but hardly feasible. Four years later, Haas created the
first router that works according to his concept. This technology is called Li-Fi. The new router
showed amazing features. It surpassed Wi-Fi in speed by 100 times. The new router achieved a record
data transfer rate of 224 Gbps in lab conditions. The test was carried out by the Estonian company
Velmenni in the laboratory. Haas provided his first solar-powered router to make network access
offline. Currently, the router has a stable data transfer rate of 10 Gbps due to the barely noticeable
blinking of L.E.D [4].

To bring the first mass-produced systems to the European market, Li-Fi inventor Harald Haas
merged his pure company with Lucibel to collectively develop and effectively drive innovation closer
to the average consumer to make Li-Fi the mainstream for users to access the network.

The core of the technology works according to the following scheme. Three color channels
thumbnail

L.E.D. (red, green, and blue) transmit data in parallel up to 3.5 Gbps. As a result, we can get 10
Gbps. Turning the lights on or off happens at breakneck speed, which creates a huge collection of
binary data.

This is called orthogonal frequency division multiplexing (OFDM) digital modulation and
allows millions of light beams to be transmitted at different intensities per second. Prof. Haas
demonstrates this with an example of a showerhead that is worn strictly parallel, the light in a Li-Fi
system works the same way.

Meanwhile, Chinese and German researchers became interested in researching this topic. Back
in 2011, the Germans were able to achieve data transfer with a record speed of 800 Mbps at a distance
of 1.8 m, and the Chinese connected 4 computers to the Internet at a speed of 150 Mbps. Prof. Haas
stressed that lightwave technology is more secure than Wi-Fi. Wi-Fi networks are known to be easy
to hack from the outside and intercept files as radio waves travel through walls outside.

Li-Fi, meanwhile, can theoretically only be used if you're in the same room as the transmitter
and receiver, since light can't pass through walls. Thus, a reliable barrier is installed for violators,
they will not be able to hack or intercept anything either from the street or even from the next room.

But first of all, the advantage of Li-Fi lies in its high speed and low power consumption (at best,
the efficiency of standard routers reaches 5%).

Certainly, there are future prospects for this technology. Visible light waves have a very wide
frequency band, 4 times as wide as radio waves. There is no risk of network congestion, and neither
speed nor network performance is lost, like Wi-Fi [5].

LEDs are widespread. The infrastructure is almost there, and in addition, LEDs can perform
two roles at the same time - a data transmitter and a light source. But there is another question: how
well does the system work in a lit room or bright sunlight? However, developers have high hopes for
VLC for data transmission using visible light [6].

The high data rate of Li-Fi already makes it possible to successfully transmit video streams in
HD format, while maintaining the high energy efficiency of the system [7]. Another advantage over
Wi-Fi is the accuracy and stability when connecting to the Internet inside buildings. The problem of
the weak and discontinuous signal areas is solved due to the arrangement of distributed LED
transmitters [8].

Most articles on data transmission using visible light provide a general scheme for the operation
of VLC and Li-Fi technologies. However, circuit diagrams are rarely given. Usually, circuit diagrams
are not described in detail and their operation is not discussed. This article describes in detail the
scheme for transmitting an audio signal using a white LED used in lighting systems.

A block diagram of data transmission using an LED lighting device is shown in fig. 1. The
transmission unit of the system consists of three parts:

1. Block 1 - preparation of data in a specific format. We use the STM 32 microcontroller, which
allows us to match the signal coming from a personal computer (PC) with the lighting control system.
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2. Block 2 - lighting control. This can be a standard driver built based on MAX16800 or
LM3404HV microcircuits, which support dimming mode. You can also use the control scheme (Fig.
2).
3. Block 3- LED lamp 3 (LFL), used by us in our experiments, consisting of 4 LED strips, each

of which includes 8 serially connected Nichia LEDs with a power of 1 W.
The receiving unit also consists of three parts: a photodetector 4 based on a line of photodiodes,
then a signal amplifier with a high and low pass filter 5, and a matching device 5. We also use the

STM 32 microcontroller.
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Figure 1. Structural diagram of a data transmission system based on VLC technology.

To demonstrate the operation and testing of such a circuit, we created a mock-up, the schematic

diagram of which is shown in Fig. 2.
Y . , -H""n._!: F
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o

Audio in *—T}

Figure 2. Schematic diagram of a sound transmission device using a white LED.

In this circuit, we used an amplifier assembled based on transistor Q1 as a control for the LED,
which provides the necessary current for the LED. We worked with a BC337 transistor (originally
with 2N2222A, and 2N4401 transistors). For the BC337 transistor, the values of the circuit elements
were as follows: C1=2.2uF, R1=4.7kQ, R2=1kQ. A Nichia LED (NCSL219B) with a nominal value
of 1 W was used. The lighting characteristics of the LED were previously well studied by us, and this
LED was used by us in the design of lamps and the installation of the LED system for lighting office
premises [9].

Studies of the frequency characteristics of this LED showed that for a signal frequency of 250
kHz, the signal does not change in amplitude. Further, at a frequency of 3.4 MHz, a decrease from
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the original signal to a level of 3 dB is observed. This means that data transmission using this LED
in lighting systems will be limited to 3.2 Mbps.

A BPW34S photodiode was used in the receiving path. After the photodiode, the signal was
amplified using an amplifier assembled on an LM386 chip. The ratings of the elements of this
amplifier are as follows: C2=10uF, C3=0.1pF, C4=250uF, C2=0.05pF, R3=10kQ, R4=10kQ. For
the normal operation of the above circuit, it is necessary to switch it on in a room without natural light
in order to remove interference from the power supply of lighting devices. So, in bright sunlight, it
was not possible to carry out data transmission.

If the input and output of this circuit are connected to microcontrollers (Fig. 1), then the sound
is transmitted in real-time from one computer PC1 to another PC2.

To organize sound transmission from one personal computer to another, we used the STM32F4
Discovery microcontroller. For the transmitting channel, a USB input was used, the signal from which
was converted using a 24-bit digital-to-analog converter and fed to the input of the LED control
circuit.

An 1/0 port was used for the receiving channel. The signal to the port came from the amplifier
after the C4 low-pass filter. Then the signal was digitized and transmitted via USB to a personal
computer. The general block diagram of the STM32F4 Discovery board is shown in fig. 3. The choice
of this board for the experiment was due to the fact that such an assembly has all the necessary
components for working with sound: an analog input-output port, a 24-bit digital-to-analog converter
connected to the audio connector, a USB port for data exchange with a computer. In addition, this
board has a low cost (less than $10).

The microcontroller control program was standard. An example is an implementation made in
the articles [9, 10]. When playing sound in real-time using microcontrollers, there was practically no
distortion.

However, detailed studies of the frequency characteristics of the transmit-receive
communication channel based on white light, described in this work, have not been carried out.

The appearance of the layout, assembled according to the scheme (Fig. 1), is shown in fig. 4.
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Figure 3. Block diagram of STM32F4.  Figure 4. Appearance of the installation layout Discovery.

Headphones were used to control the sound quality, and a laptop was used to analyze the
frequency characteristics of LEDs, program the microcontroller, and monitor the operation of the
entire circuit.

The work demonstrates the transfer of data (sound) from one computer to another using VLC
technology, while the implementation of the transfer was carried out using a simple circuit and a
common element base. To organize a data transmission network, it is necessary to use data
transmission protocols, such as TCP / IP, and at the physical level, the system described above uses
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microcontrollers. To increase the data transfer rate, it is necessary to use modulation of each color of
the white LED. In this case, as a transmitting receiving path of the network, hardware is required that
supports higher frequencies. So, for high frequencies of the order of 100 MHz, the sensitivity of the
LED drops by 12-13 dB. This circumstance suggests that it is necessary to use more powerful LEDs
or several LEDs in parallel for data transmission.

This work is intended for people conducting experiments on data transmission using white light
LEDs.
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ORGANIZATION OF CHARACTER DATA TRANSMISSION
WITH THE HELP OF WHITE LIGHTING LEDS

AK KAPBIK TUOATAPBI APKbL/IbI CUMBOJIABIK JEPEKTEPAI BEPY 11
YUBIMJIACTBIPY

OPI'AHM3AIUA TEPEJAYN CUMBOJIBHBIX JTAHHBIX C IOMOIIbIO
BEJIBIX OCBETUTEJIBHBIX CBETOJINO/J10B

Abstract. The article proposes a data transmission system based on VLC technology using a
new physical coding. The transfer of character data from one personal computer to another was
realized using a white illuminating LED. When transferring data, a driver was used to control the
LED. Instead of the standard physical coding approach, where one clock corresponds to a value of 0
and one clock to a value of 1, expressed in the maximum power of the LED, a new coding was
implemented. This approach in two clock cycles at 0 voltage determines 0 in binary coding, and at a
voltage that provides the maximum power ofthe LED, identifies 1 in binary. Although the baud rate
is reduced, the reliability is improved by using two bits.

Keywords: optical wireless communication, VLC, LED, microcontroller.

Anparna. Makanana kaHa (QU3MKaIbIK KOATaynbl KojgaHa OThIphIN, VLC TEeXHOIOTHUsCHI
OolibIHIIA Iepek- Tepi 6epy kyileci yebiHbuIFaH. CHMBOIIBIK AepeKTepl Oip xKeke KOMIbIOTEpACH
eKIHIINCIHE aK JKapblK TUOMABI apKbUIBI Oepy jKy3ere acwlpbuiabl. Jlepektepai Oepy Ke3iHze
KAPBIKIUOATHI OacKapy YIIiH JIpaiiBep KoMAaHbULIBL. bip caraTTeiH MoHi 0-re xoHe Oip carar 1-re,
YKaPBIK TUOATHIH MaKCUMAJbl KyaThIHIa KOPCETIITeH (PU3UKAIBIK KOATAY TOCUTIHIH OpPHBIHA JKaHA
KoATay eHri3inai. byn tocin 0 kepHeyeri exi HUKIAe eKiTik koarayaa 0-a1 aHbIKTalIbl, all JKapbIK
JTMOJIBIHBIH, MaKCUMAJIJIBI KyaThlH KaMTaMachl3 €TETIH KepHEY Ke31HAe eKUTIK CaHJbIK kKyuene 1-mai
aHbIKTalIbI. JlepekTepai Oepy JKbUI- JaMABIFBl TOMEHJAETEHIHE KapaMacTaH, €Ki OUTTI KOJJaHy
apKbUIBI CEHIMIUTIK apTa/ibl.

Tyiin ce3aep: onTukanslk cbIMCbI3, VLC, xKapbIK AMOABI, MUKPOKOHTPOJLIED.

AHHoTanusi. B crathe mpeanokeHa cuctema mepenadyd NaHHBIX To TexHonoruu VLC ¢
HCIIOJIb30BaHNEM HOBOTO (DM3MYECKOTO KOJMUpOBaHWA. belna peann3oBaHa mepenada CUMBOJIBHBIX
JAHHBIX C OJJHOTO MEPCOHAIBHOTO KOMITbIOTEpa Ha APYroil ¢ MOMOIIBIO OEIOro OCBETUTEIHHOTO
ceeroamnona. [lpm mepenave NaHHBIX HWCIONB30BAICS JpaiBep Ui YIPABICHUS CBETOIUOJIOM.
Bmecro cranmapTHoro monaxona (hu3MUEeCKOro KOIWPOBAHHUSA, TIE€ OJHOMY TaKTy COOTBETCTBYET
3gayenue 0 u OIHOMY TAKTy 3HAUCHUC 1, BBIPAXKCHHOC B MaKCUMaJILHOU MOIITHOCTHU CBETOAHO/[A,
OBUIO pealin30BaHO HOBOE KoaupoBaHue. JlaHHBIM Toaxon 3a ABa TakTa npu ( HampsoKeHUU
OIpCacisICT 0B JABOMYHOM KOAWPOBAHHHU, a4 IIPHU HANPSAKCHUU, O6GCHG‘-H/IB3IOHI€M MaKCUMaJIbHYIO
MOIIIHOCTh CBETOAMO/a, UASHTUDUIIPYET | B ABOMYHON cucTeMe curcieHus. HecMoTpst Ha To, 4TO
CKOpPOCTh meEp€aavyu MaHHBIX YMCHBIIACTCSA, HAACKHOCTH 3a CYET MCIIOJIB30BAHHUA JIBYX OuTOB
MTOBBIIIACTCS.

KiaroueBsble cjioBa: ontudeckas OecripoBoHast cBs3b, VLC, cBEeTOMO, MUKPOKOHTPOJLIED.
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The article proposes a data transmission system based on VVLC technology using a new physical
encoding. The transfer of symbolic data from one personal computer to another was carried out using
a white glowing LED. When transmitting data, a driver was used to control the LED. Instead of the
standard approach of physical coding, where one clock cycle corresponds to the value 0, and one
clock cycle corresponds to the value 1, expressed in the maximum power of the LED, a new coding
was implemented. This approach determines 0 in binary coding in two cycles at a voltage of 0, and
at a voltage that provides the maximum power of the LED, determines 1 in binary code. Although
the baud rate is reduced, reliability is improved by using two bits.

The widespread introduction of devices into the intelligent environment represents a serious
challenge for communication service providers in order to ensure an economical and high-quality
wireless connection. To date, the radio frequency in the range of 1-3 GHz optimal for use is already
overloaded [1, 2]. Therefore, the spectrum deficit, called the spectral crisis, must be solved by
appropriate countermeasures in wireless communication systems.

To meet the growing demand for a wireless network, either an increase in bandwidth or an
increase in spectral efficiency should be used. However, the increase in spectral efficiency is slow
and cannot meet the rapidly growing demand. Using the new spectrum becomes a unigue solution. In
parallel with the development of technologies in the radio frequency domain, there is an additional
potential for the use of optical wireless communication (Optical wireless communication, OWC) as
a new generation of communication systems. The technologies have a number of unique advantages
of VNK, such as a wide spectrum, high data transfer rate, low latency, high security, low cost and
low power consumption [3-5].

In the VNC, ultraviolet or infrared spectra, as well as visible light, can be used as a transmitting
medium. Within the last two bands, communication via visible light (Communication with visible
light, VLC), wireless optics (Free space optics, FSO), communication via an optical camera
(Communication with an optical camera, OCC) are possible. Figure 1 shows the general data
transmission schemes of these technologies, which have individual distinct features and limitations
in application [6-9].

LED matrix/ LCD

laser diode led lamp 5
b display

transmitter - Y e
optical wireless
channel

______ e el s b st - o — e — — g _su— a— S
fetEer photogetector photcidetector camera
FSO A VLC | OCC

Figure 1. Data transmission schemes for optical wireless communication.

VLC technology is the most promising for organizing a data transmission system via optical
wireless communication in a room. An LED lighting device acts as a transmitter, which performs its
main function — lighting the room. Conducting a large amount of research and promoting this
technology is associated with the introduction of LED lighting in the last ten years, since, unlike
traditional lighting infrastructure, semiconductor lighting technology has higher technical and
economic indicators, operational parameters, as well as the ability to create a dynamic comfortable
lighting environment [10]. Inertia-free switching on of LED devices and high switching speed made
it possible to consider LEDs as a means of transmitting information. Separately, it is necessary to
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highlight the possibility of regulating the luminous flux of a light diode in the range of 400-800 THz,
which is 10,000 times more than the radio frequency bandwidth [6, 7].

Thus, due to the qualities of the LED and its wide use in lighting of buildings, buildings and
other objects, their use in data transmission is possible. Data transmission using VLC c technology is
carried out by quickly turning off/on the light source, which simultaneously performs the function of
a lighting device, which is not perceived by the human eye. The flickering of light, which occurs with
a high frequency, allows you to transmit information without changing the level of illumination in
the room. In addition, the VLC player technology has the security of information transmission at the
physical level, resistance to radio frequency electromagnetic interference and free licensing.

Previously, we developed an audio signal transmission system using VLC technology. The
experiments carried out on the system's operability showed that when using conventional LED
lighting devices, it is possible to transmit audio signals in rooms with no more than 20% illumination
from sunlight [11]. Such systems are convenient in rooms without natural lighting (basements,
tunnels, mines, etc.).

This article discusses the system developed by the authors for transferring symbolic data from
one personal computer to another using a white LED lighting using VLC technology.

In VLC systems, methods used for radio frequency communication can be applied, as well as
specific modulation methods are implemented. The main modulation methods are based on two types
of modulation — the modulation of one and several carriers [12-14].

When solving the task, the modulation of a single carrier was used to transmit information. At
the same time, since data was transmitted from the computer port to the microcontroller in the form
of a binary code, when physically encoded, the signal from the microcontroller had the form of a two-
level unipolar NRZ code (Non-return to zero). The difference between the NRZ code and the standard
protocol was as follows: the value of bit 0 occupied two — the absence of a signal, and the value of
bit 1 also occupied two, but the presence of a signal (Fig. 2). The physical encoding used is due to
the fact that when transmitting data (0, 1), the influence of both external and internal distortions
decreases. In two cycles, the distortions occurring during this time are averaged, and the influence is
correspondingly reduced. The presented method of data transmission is planned to be used in the
future for control systems in which the reliability of information is more important than the speed of
data transmission.
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Figure 2. Graphical representation of physical coding.

Figure 3 shows the general scheme of data transmission over VLC, which uses physical
encoding. From a personal computer, character data in accordance with the ASCII table (the
American standard code for information exchange) is transmitted to the microcontroller in the form
of a binary code. Discrete signals transmitted from the microcontroller to the LED driver are
represented as physical encoding and transmitted over a digital communication channel over a
distance. In the receiving part of the system, the digital signal from the photodetector is amplified
using an amplifier and fed to the microcontroller. After the microcontroller, the signal in the form of
binary numbers is sent to a personal computer, where, in accordance with the ASCII table, it is
converted into characters.
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Figure 3. General scheme of data transmission using VLC technology.

The appearance of the developed symbolic data transmission system is shown in Fig. 4.

Figure 4. Appearance of the developed data transmission system.

A single-watt Nichiya LED was used as a light source. A solar photocell was used to receive
the signal. The STM32 microcontroller was used to convert the signal (for transmission and
reception).

To date, radio frequency systems cannot meet the high demands of future communication
networks. Optical wireless communication technologies are the best additional solution for the
implementation of intelligent and cost-effective environments. As a result, a data transmission system
using LED lighting has been developed. A new method of physical encoding has been implemented,
which made it possible to reliably transmit characters in ASCII format. Character data transmission
using the-

The coding with a frequency of 2 kHz showed sufficiently stable characteristics with weak
signal distortions. This suggests that there is a possibility of a significant increase in frequency when
using microcontrollers with a higher clock frequency. Testing of the system showed high quality of
data transmission. The results obtained allow us to conclude that this approach can be used in control
systems.
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Abstract. The purpose of this work is to improve the quality of the management process of the
monitoring territorial service and prevention of emergency situations system. The goal is to solve the
problem of the management system by improving the information and analytical support. In the
proposed study, two scientific and practical tasks are solved: the development of a formal method for
quantifying the quality of management of a complex multi-criteria organizational and technical
system under conditions of statistical uncertainty of management agents; formalization of the process
of quantitative assessment of decision-making risks in the environment of statistical uncertainty of
management agents. Probabilistic and simulation models have been developed to solve the tasks of
assessing and predicting the risks of control and decision-making, under conditions of statistical
uncertainty. The verification of theoretical prerequisites is implemented by computer modeling using
a software application developed for these purposes. The developed multi-approach methodology of
integrated quantitative assessment of the quality of management of the territorial system of
monitoring and prevention of emergency situations is new in the class of solving such problems.

Keywords: management; emergencies; process; model; risk; distribution law; information;
uncertainty, monitoring.

Anpgarna. JXyMBICTBIH MaKcaThl — TOTEHIIE KaFIaiIapAblH MOHUTOPUHTI KOHE aJJBIH Ay
OolibIHIIa ayMaKTBIK KbI3MET >YHeciH Oackapy NpOIECIHIH camacblH apTThlpy. MeHeIKMEHT
KYMECIH aKMmapaTThIK-aHAJTUTUKAIBIK KaMTaMachl3 €TYAl KETULNIPY apKbUIBI MakKcaTKa >KeTy
YCBIHBUIBIT OTBIP.

¥YCBhIHBUIFAH 3€pTTey/ie €Kl FhUIBIMU-TIPAKTUKAIBIK MIHJET MIEHIUIIl: 6acKapy areHTTepiHiH
CTaTUCTHUKAJIBIK O€NTici3/iri >karnailblHAa KypAeni Kol KpUTEepHalAbl YHBIMABIK-TEXHUKAIBIK
KYHeH1 Oackapy camachlH CaHABIK OaranaynblH (opmanbapl 9ICIH jkacay; OakplIay areHTTEpiHIH
CTaTUCTUKAIBIK OENTiCi3airi jkaFaaiblHAa IIennM KaObUilay ToyeKeNJepiH CcaHIbIK Oaranay
MPOIIECIH peciMIey.

bakputay >koHe mienrimM KaObUiay ToyekenzepiH Oaranay jkoHe OoipKay MiHAETTEepiH LIelry
YIIIH CTAaTUCTUKAIBIK OENTiCIi3iK >KaFdailblHIa BIKTUMAIIBIK KOHE HMUTAIUSIBIK MOJICIbIED
93ipIIeHII.

Teopusanbik Oomkammapasl TEKCEPYy OCHI MakcaT YIIH d3ipJieHreH Oarmapiamaltbik
KOCBHIMIIIAHBI TTalijallaHa OTBIPHII, KOMIIBIOTEPIIIK MOACIBCY aPKBLIBI )KY3€Te aChIPbLIa/IbL.
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Terenmie »xarmaiimapAplH MOHUTOPUHIT MEH aJJIbIH allyJIbIH ayMaKThIK JKYyHeciH Oackapy
camachlH KeIIEH 1 CaHIbIK OaralayablH 931pJICHIEH KOIl JKaKThl 9MIICTeMeCi OCBhIHIAN Macemenep/ii
IIeTy KJIACHIH/IA YKaHa OOJIBIN TaObLIA IbI.

Tyilin ce3mep: Oackapy, TOTCHIE >Xarjaaiiap; MPOIECC, MOJEIb;, TOYEKeN, 06y 3aHBI;
aKnapat; Oenrici3fiK, MOHUTOPHUHT.

AHHoTanus. L{enbro paboTh ABISETCS MOBBIILIEHUE KaUeCTBA IPOLIECCa YIIPABIECHUS CUCTEMBbI
TEPPUTOPUANBHON CIIy’)KOBI MOHUTOPHHTAa W TPEAYPIPEKACHUS YPE3BBIYAMHBIX CHTYalUH.
JlocTwkeHue Lenu Ipejularaercs pelmarb IyTeM COBEPIIEHCTBOBAHUS MHGOPMALMOHHO-
aHAJIUTHYECKOTO 00ECIIeUeHHs CUCTEMbI YIpaBieHus. B mpemiaraeMoM HCCIIEJOBAHUU PEIIAIOTCS
JIBE HAyYHO-PAKTUYECKHE 3aJaud: pa3paboTka (GOpPMaIbHOTO METOAAa KOJIUYECTBEHHOTO
OLICHMBAHMS KaueCTBa YIPABJICHUS CI0KHOM MHOTOKPUTEPUATIbHON OPraHU3allMOHHO-TEXHUYECKON
CHCTEMOW B YCJOBHUSX CTaTUCTHYECKOW HEONPEAEICHHOCTH areHTOB yIpaBieHUs; (popmanuszanus
rporecca KOJWYECTBEHHOI'O OLICHMBAHUS PHUCKOB IPHUHATHS PELICHUH B Cpele CTaTHCTHYECKOU
HEOINPEACIEHHOCTH AareHTOB yIpaBieHHs. /[l pelleHue IIOCTABJICHHBIX 3aJad OLCHKU U
IIPOTHO3UPOBAHUS PUCKOB KOHTPOJS M TPUHATHS PELUICHHM, B YCIOBHUSX CTaTHCTUYECKOU
HEOIPEENIEHHOCTH, pa3paboTaHbl BEPOSATHOCTHAs M HMUTAlMOHHble Mozenu. IIpoBepka
TEOPETUYECKUX MPEANOCHUIOK PEAIM30BaHa KOMIIBIOTEPHBIM MOJEINPOBAHUEM C HCIIOJIb30BAaHUEM
IIPOrpPaMMHOTO IIPUJIOKEHUS, pa3pabOTaHHOTO AJis 3TUX Leneil. PazpaboTanHas MHOTrOMOAX0AHAS
METOAMKAa  HMHTETPUPOBAHHOIO  KOJMYECTBEHHOIO  OLICHMBAHUSA  KAadecTBa  YIPABIICHUSA
TEPPUTOPUATIBHON CUCTEMbl MOHMTOPHHIA U MPEAYIPEKICHUS YPE3BbIYAHBIX CUTYALUN SBIISIETCS
HOBOM B KJIacCE pelIeHUs T0J00HBIX 3a/a4.

KuroueBble cioBa: ymnpaBlIeHHE, YpE3BbIYAWHBIE CHUTYalMM; IPOLECC; MOAECIb; PHUCK;
3aKOH pacnpesieseHus; HHPOopMalus; HEONPeAeIeHHOCTb, MOHUTOPHHT .

Introduction. Current trends in digital transformation of socio-economic processes. Solving
complex managerial problems in practical management remains impossible without the use of new
digital information technologies [1,2]. Information technologies play a special role in decision-
making processes, which include all stages of management processes. Emergency management
system is one of areas where scientific and technical methods are intensively used and developed.
With the advent of space tools, new information technologies, robotics, unmanned aerial vehicles
(UAVs), artificial intelligence (Al), big data (Bl) and VLC technologies, the managing business
processes principles in operational organizations in this field have changed, monitoring and control
of emergency situations [5].

Currently, attention has been drawn to the fact that emergencies and subsequent hazards such
as fires, floods, and floods cause huge losses, especially in the agricultural sector, where these events
put large areas of suitable fertile land out of production or stop planned operations. Improving the
quality of analytical functions in developed information systems is solved by intellectualizing data
processing processes. It is true that all intelligent technologies have the concept of "SMART", which
is interpreted as "SMART" or "thinking" [6-8]. Often, this concept is given the meaning of another
term "convergence" and robustness, which is also used in literature and research [9, 10].

Recently, a new form has appeared in the field of emergency management and control, where
the control of natural and man-made hazards plays a key role, a system with the general name -
"Agriculture". The phrase "agriculture” appeared relatively recently [5].

Relevance. The research methodology is based on the geosystem approach. In this
interpretation, the geosystem is considered as a special class of management agents of the system,
where natural agents are systematically connected with each other and interact with the cosmic sphere
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and human society as a certain whole. In the tasks of assessing and predicting the dynamics of natural
phenomena, the following are used as applied tools for formalization of geosystem approach methods:
expert assessments, geographic similarities, functional dependencies, probabilistic and simulation
models, fuzzy sets, agent-based approaches.

The issue of receiving, processing, transmitting and protecting information is very important in
currently used information-analytical systems. Information and analytical support of complex multi-
parameter stochastic programmable control systems with control factors and the problem of control
and decision-making in conditions of statistical uncertainty of vague data is particularly relevant.

Scientific news. A new approach to solving information security problems at the technical level
is solved using VLC technologies [3]. The statistical uncertainty of the factors and parameters of
control agents leads to the emergence of risks at the decision-making stage.

This fact cannot be eliminated, therefore, in the latest edition of the 1ISO 2015 standard,
regardless of the industry and legal subordination, in each new project, the manufacturer's risk and
the consumer's risk are differentiated, and the quantitative assessment of risks is necessarily regulated.

This problem can be solved only by using mathematical apparatus and computer technologies.
This problem is especially relevant in the systems of ensuring and preventing the safety of socio-
economic objects from natural and man-made threats.

Organizationally, this is solved by creating special state and territorial services. Risks arising
in decision-making stages in these organizations and situations are accompanied by huge costs for
the population, therefore risk prediction and monitoring at a new scientific and technical level is an
urgent task. Special automated systems of territorial management have been created and are being
improved to ensure monitoring and control processes of natural and man-made threats in the
environment. The basic version includes the structural-functional model of modern automated control
systems [9, 10].

The peculiarity. Hardware in computer technology is structured and schematically resolved
according to functional design goals. In automated control and monitoring systems of natural and
man-made hazards, much scientific and practical attention is paid to instrumental control and
measurement equipment. The scientific and practical feature and novelty of the work is the use of
space monitoring tools, which are considered not as a local agent in the technological process of
management, but as a target integration with multi-agent support in the system process.

Mathematical software is aimed at solving technical and economic problems of general
systemic nature and operational technological level. The software determines the SMART level of
the system. The latter includes management and control risk assessment and forecasting.
Mathematical software in modern SMART systems plays a key role and determines the level of its
"intelligence".

Innovativeness. On the basis of software provision, the system will have an applied
technological purpose, which will provide the functions of the planned ideas.

The importance of work. Information provision of the system has its own disciplinary features
and significantly affects the goals and principles of its design and use. In the concept of this system,
it is necessary to implement general management from one center and to consolidate general technical
and economic information. Information necessary for current technological purposes is concentrated
in the database of local control centers.

Discussion. Organizational and methodological provision in accordance with legal norms,
industrial and socio-economic conditions requires specific solutions and methods in each specific
case.
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Due to the high requirements for the accuracy and safety of the system in question, there are
high requirements for metrological support. Due to insufficient knowledge on this issue, special
research is needed. The metrological requirements of the ISO 9001:2015 standard were used in this
work.

There is a random error in the measurement procedure [3]. The most important characteristic
of random error is the distribution law. Research shows that random error can be approximated by
three laws: Gauss's law, Weibull's law, and the law of equal probability.

In general practice, observational errors are often considered to be due to measurement errors.
Control errors are estimated as the probability of false and undetected defects of Rss and Ryq and are
called producer and consumer risk [4]. Quantification of Rt and Rud approximation depends
significantly on the probability distribution patterns between all the mentioned factors in their plural
combination (composition). Each version of the combination of distribution laws is described by a
specific mathematical or simulation model. The choice of distribution laws depends on the specific
experimental task and is determined experimentally. The multi-parameter and specificity of the
requirements for the quality management system of business processes in the emergency management
environment requires an optimal approach to the selection of control process parameters. This
problem cannot be verified by formal methods and numerical techniques.

The calculation shows that the number of all possible combinations (compositions) of statistical
characteristics, laws and regulatory conditions, when they are fully sorted, amounts to 729 options.

In the proposed work, only some compositions of approximation options that adhere to the
goals and objectives will be considered in the system of monitoring and control of natural and man-
made hazards in the scope of practical feasibility.

Consider the main methodological options for risk control and formation when assessing and
forecasting natural and man-made hazards.

One time limit. The initial stage of modeling studies the option of one-time limitation of the
parameter "from below" controlled by the St norm (Fig. 1).
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Mathematical expressions for approximation errors Rs and Ryg have the following form:
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Probability calculation according to the proposed formulas is carried out in the software
complex of computer modeling. The analysis of simulation results shows that the value of R is often
dependent on the standard value and can reach 30%. The probability of Rus also depends on the
standard size and can reach 15%.

The result of the work. Development of a universal model for estimating and predicting
control errors. In well-known studies, it was assumed that the standards of the lower S, and upper Sy
are symmetrical with respect to the average Sa of the monitored parameter. However, in practice this
condition is not always correct and is not observed. Therefore, it is necessary to consider the
hypothesis about the free location of the standards in relation to the observed average parameter.
Figure 2 shows a graphical scheme of probabilistic modeling in the given conditions.
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Figure 2. Formation of errors during the free placement of standards in the field of the
monitored parameter.

To develop an approximation model, the range of S parameter values is divided into a certain
number of discrete values from Sa - 36s to Sa + 36S. An admissible case is considered when the true
value of the parameter S is greater than S), but less than Sy.

In this example, we propose a hypothesis about the obedience of the studied indicator s to the
Weibull law with a distribution density function

(S8
(Sapn=Lis—rpte « S27

The integral distribution law is as follows
(818
F(S)=1-e <« (1)
107



A3aMaTTI>IK aBUAllA aKaACMUSCBIHBIH, KapIIbIChHI

Ne4(27)2022

Knowing the form of the integral function F(S), we can write for the value j of the parameter

Piy6 = AF; { _fo p(y)dy + Joo ¢(y)dy] 2)
Si _Ss Ss_si

(2) After substituting the expression AFi into the integral function, we get (1).
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By organizing the collection of R according to the range of values of S, we get the approximate
value of Ryq:
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To study the level of risks of the statistical parameters of the models, a software application

was created and a computer experiment was conducted. Figure 3 shows one of the results of modeling
the risk formation process in the control system
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Figure 3. The results of the study of the risk formation model in the control system.

As can be seen from the graphs, the false defect approximation is more sensitive and depends
on the variable ratio of the error to the tolerance value. The overall control reliability (upper curve)
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is particularly sensitive to the ratio of the uncertainty of the error to the uncertainty of the monitored
parameter, which decreases to the 50% level. The increase in the quality of monitoring is reflected in
the tightening of regulations.

Conclusion. An approximate model of control and decision-making risk assessment and
forecasting was created in the context of statistical uncertainty in the scope of the tasks. A software
application was created and a computer experiment was carried out to check the compatibility of the
theoretical prerequisites with the experimental conditions. During the computer experiment, it was
found that the risk can exceed 30% when the value of the measurement uncertainty corresponds to
the accuracy of the uncertainty of the monitored parameter. In addition, it was found that the impact
of uncertainty of standards is greater than the impact of measurement uncertainty.
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A3aMaTTBIK aBHAIMS aKaJleMHsICHIHBIH JKapIbichD) KYPHAJIBIHBIH
aBTOpJIapbiHa apHajiraH Epexenep

Makxananaposl oaiivinoazan Ke3zoe pedaKuus HcapusiaHviMea Oepemin mamepuanoapowvl pacimoeyoe
memenOe KeamipinzeH epejiceiep MeH maianmaposl 6acuiblIbIKKaA anyobl CYpaiobl.

1. XapusulanbIM VIIIH YCHIHBUIATBIH Makanajap >kaHa, OypblH Oacka Oacma >kKoHE 3JIEKTPOHIBIK
OaceUIBIMIApHIHAA KapusulaHOaraH O6oiry Kepek. MakajgaHBIH Ma3MYHBI TEMATHKAIBIK OAFbIT JKOHE YKYPHAIIBIH
FBUIBIMU JEHTeHiHe, alKpIHIAIFaH KaHAIBIK TAHBITYIIB! OOJBIN, aBHALMS CAJaChIHBIH FHUIBIMH KBI3METKEpIIepi,
OKBITYIIBLIAPHl MEH MaMaHIapBIHBIH MYyHelepiHe coiikec 00y Kepek. Makamamap Kaszak, OpbIC, arbUIIIBIH
TiJAEpiHAe KapysIaHaIbL.

2. MakanaHbIH KeJieMi: JOKTOpJap MEeH FhUIBIM KaHmunattapbl, Phd nokropnaps! yinin — A-4 kenemueri 10
OerreH (5 MBIH ce3); JOKTOpPAHTTAp, MarucTpaHTTap yIuiH — A-4 xenemjeri 7 6eTTeH (3 MbIH Co3); OKBITYLIbLIAD,
FaJIbIMJap MEH NPaKTUKTep YIIiH A4 kenemzeri 7 6eTke AeiiH, jxac FalbIMAap MEH CTyJEHTTep YIIiH A4 KeneMaeri
7 6etke aeiiiH 6omysl kepek. Matepuan Oip nHTepBai apaibikTa 14 enmemuain WORD MoTiH penakTopbiMeH, Times
New Roman kapiOiH KOJIaHbII, TepiireH 60y kepek. Kecrenep, tuarpammarnap, CypeTTep *oHe e3re rpaduKkanbk
MaTepuainap ak-kapa Hyckaga WORD (2003 xburFbl HycKagaH ecki OonmMaybl KepeK) MOTIHIIK pelaKTOPAbIH
KypalgapbiMeH OpBIHIAFaH, HeMece BEKTOPJIBIK ka3y-ch3ydblH (Adobe Illustrator, Corel Draw)
OarmapiaManapblHa JKOHE MIHACTTI TYple SJCKTPOHMABIK pPEAaKIUsuIay MYMKIHAIr Oonmy kepek. I'padukaibik
MaTepHaIIapblH JKoHE KecTelep/iH MOTIHHIH IINHAE cuITeMelnepi, peTTIK caHbl YKoHE aTaybl 0Ooly Kepek. Op
KECTEHIH acThIHAa MIHICTTI TypJe Jepekkesre ciareme xacanansl. Gopmynanap Mach Type GarmapmamachiHIa
Hemece MC Office kochIMITIaChIHAA TEpiiei )koHe MaKalia OOWBI Oip CTHIIBIII YCTAHAIBI.

3. Maxkananbly OachiHAa JKOFapeiga cod xakra OO0X kikTerim WHACKCI, OOBEKTIHIH CaHIBIK
unentudukaropsl (arbutmn. digital object identifier, kpick. DOI), xkepcetineni. bynan opi 6eTTiH opTaceiHaa Oac
opinTepMeH (kel0eyMeH) - HHUIHaIAap (aThl, OKECiHIH aThl HEMece ©31HIH, 9KEeCiHiH, (DaMWIHACHIHBIH OipiHIIi
opinTepi) kKoHE aBTOPIApAbIH (aMUIUSIIAPh, J1aya3bIMbl, TOPEKEC], CollaH KeliH opTachlHAa Killli opiNTepMeH -
JKYMBIC OpBIHIAIFAH YHBIMHBIH (YHBIMIAPIBIH) aTaybl, JKOHE Kalachl, TOMEHJE A9 Coyiaii oprachiHma 0Oac
opinTepMeH (Kapaiay KapilieH) — MaKajJaHbIH aTaybl.

4. Anpatia >KYMBICTBIH MaKCaTbhIH, 9JIiCi HeMece KYMBICTHI JKacay METOOIOTHACHIH, KbICKa HOTHXKeIEp/Ii,
HOTIKEJIepAl KOJaHy asiChlH, KOPBITBIHABUIAPHIH aliKbIHAAY KepeK. AHAATIIaHbIH KeseMi 1/3 6eTTeH keM O0oaMaysbl
KepeK. AHJaTajgap MiHICTTI TypJie Ka3ak, OpbIC )KOHE aFbUIIIBIH TiTAepAe OOMyhl THIC. AHIAaTHaNaH KeHiH KijaT
ce3Jiep aHaTIa TUTIHIE Killli 9piNTepMEeH, YTip apKbUIbI 5 cO3/IeH KeM 00JIMaybl Kepek.

5. Maxkana MoTiHIHIH Tapayigapsl MiHAETTI Typae cra"gaprrainrad "Kipicme", "Herisri 6esim",
"KopBIThIHABUIAD KOHE ¥YCBIHbICTAp" arayjapblH KOJJIaHY apKbUIbI KYpbUIBIMIANybl Kepek. Kaxker OonraH
JKaFmaiia TapayaslH KOCBIMINA apHAYJIbl aTaylapbl KOChUTA B

6. MaxkananpiH coHbHIa «[laiiananpuFan JepeKKe3nepaid Ti3imi» kentipiieai (5 kem emec). MariHzeri
ciTeMernep - MapIibl JKaKImaaapbiaaa. Jlepexkkesaep MoTiH e IolieKco3 aly TopTiOiHae kepcerineni. MaTtiHae oneOueTTiH
Ti30eciHeH OapIIbIK JepeKkesaepre curremenep 0oyl kepek. [lafinananpurran aepekkesnep Tizdec "brdmmorpadusuibk
xaz0a" MEMCT 7.1-2003 coiikec pacimaeneni.

7. Makaiara xeke Qaiiiiga aBTopiap Typajibl: CypeT )KoHE aKnapiap, MakalaHblH aTaybl, (PaMUIIUSACHI, aThl
JKOHE OKECiHIH aThl (Ka3aK, OpBIC, aFbUIIIBIH TITAEpIE), FEUIBIMU IOPEKeci JKOHE aTarbl, )KYMBIC OPHBIHBIH —
YHBIMHBIH MEKCH)KalBI TOJIBIK aTaybl, (MHACKCI Koca OepiireH), Jaya3bIMbl, KOHTAKTI Tene(OHBI, SIEKTPOHIBIK
MOIITaHBIH MEKeH)Xalbl Koca Oepineni. KepcerinreHn TamanTtapra cail KelIMEHTIH Koibkazbanap, pemakiusMeH
KapacThIpbUIMaiIbI J)KoHEe KalTapelIMai sl Makaiia KaObuTIaHOaFaH yKaFaaina, peaakins KaubIpyIblH cedenrtepi
OOMBIHIIIA MIKIpTAIACTAPABI KYPriz0ey KYKbIFbIH ©31H/IC CAKTaHIbI.

8. KepcerinreH tananrtapra colikec KEIMEHTIH KoJbKka30anapapl pelakiius KapaMman bl )KoHe KaiTapMai bl
Erep makana kaObuman6aca, pegakuus 6ac TapTy cedentepi OOMBIHINA MiKipTaNac KYpriz0ey KYKbIFBIH CaKTaHIb.

9. KaOwuimanran Makajanap aHTHIDIATHATTHIK capanTaydaH, FEUIBIME KOHE 9JcOH peJaKkIHsuIayJaH OTe/Il.
PenaknusuianraH Makaiia aBTOpFa JKeHJEYre JKoHe OypblliTama Korora xibepinemi. YKas3pin OiTipreH MakKalaHbI
penaknmsFa xKidepy Kepek.

10. Makanainap BIEKTPOHIBI JKoHE Oacma HYCKalapbIHaa - MOIITAJIBIK KIOepiTiM,
MbiHa e-mail-mepre: almamakeeva@mail.ru Hemece MbIHA MEKeH)XKaiira: AmMmaTel K., 3akapmarckas - 44 yif,
AsamatTheIK aBHaIns akageMuscel, 202 ka0.

11.MakanaHbIH Ma3MYHBIHA aBTOD JKayarlThl.
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IIpaBuna nis aBTOpoB
JKypHaia «BecTHHK AkaJeMHH rpakIaHCKON aBHaALN»

Ilpu noozomoexke cmameii pedakyus npPOCUM pPYKOGOOCHEOEAMBCA HPUBEOCHHBIMU HUICE
npasunamu u mMpeodoCaAHUAMU K OQOPMIEHUI0 MAMEPUANos, NPEOCMABIACMbIX 0711 RYOIUKAUUU 6
JHcypuane:

1. Ilpennaraemele i MyOJUKALMK CTaThU JOJDKHBI OBITH HOBBIMH, HE OITyOJIMKOBaHHBIMU PaHEe B
TOM K€ BHJIE B IPYTUX MEYATHBIX U 3JIEKTPOHHBIX m3naHuax. ComepikaHue CTaThu JI0JIKHO COOTBETCTBOBATh
TEMAaTUYECKUM HAIIPaBJICHUSAIM M HAyYHOMY YPOBHIO JXKypHaja, oOnajaTh OIpPEIENCHHOM HOBHM3HOM U
MIPEICTABIIATh MHTEPEC AJSl HAaydHBIX PaOOTHUKOB, IpeNojaBaTesiei, CHEIHMAINCTOB B O0NACTH aBUALWH.
Crarbu MyONMHMKYIOTCS Ha Ka3aXCKOM, PYCCKOM, aHTJTTMHCKOM SI3bIKaX.

2. Pasmep craThH He JOJDKEH MPEBBIIIATH: ISl TOKTOPOB M KaHAUIATOB HayKH, okTopoB Phd 1o 10 ctp.
(opmara A4; TOKTOPaHTOB, MATUCTPAHTOB 110 7 cTp. (popmaTa A4.; mpernogaBareneil, y4eHbIX U MMPAKTUKOB JI0
7 ctp. hopmaTa A4; MOIOABIX YUEHBIX U CTYACHTOB A0 7 cTp. hopmara A4. Marepunan gomkeH ObITh HaOpaH B
tekctoBoM penakrope WORD ¢ ucnons3oBanuem mmpudra Times New Roman, 14 pasmepa uepe3 omauH
uHTepBasl. CxeMsl, rpadMKH, AUarpaMMbl, PUCYHKH U WHBIE rpauiyecKue MaTepuasbl MOTYT OBITh BBIIIOJHEHbI
B YEpHO-0ENIOM BapWaHTe cpencTBaMu TeKcToBoro pemaktopa WORD (e crapme Bepcum 2003), winm B
nporpammax BektopHoit rpaduku (Adobe Illustrator, Corel Draw) u 00si3aTenbHO JOMyCKaTh AJIEKTPOHHOES
penaktupoBanue. ['padudeckue Marepualibl U TaOJHIIBI TOJKHBI COACPIKATh CChUIKH B TEKCTE, MOPSIKOBBIH
HOMep W Ha3BaHme. llom kakmoi Tabmureld o0sS3aTeNHbHO IOMEIACTCS CChUIKA Ha HMCTOYHUK. DOPMYITBI
Habuparorcst B mporpamme Mach Type wiu B npunokennn MC Office u npuaep)xuBaroTCss OJHOTO CTHIIS Ha
MPOTSDKEHMSI BCEH CTATBU.

3. B Haugane craTeu BBEpXYy ciieBa cienyet ykazarb unaekc Y K, mudposoit uneatudukarop oobekra
(amrmn. digital object identifier, cokp. DOI). [lanee no cepennHe cTpaHUIIBI TPOIHCHBIMEI OYKBaMH (KYPCHBOM)
— MHUIIUAJIbl U (I)aMI/IHI/II/I aBTOPOB, NOJIDKHOCTB, CTCIICHb, 3aTCM 10 CEPECANHE CTPOUYHBIMU 6yKBaMI/I — Ha3BaHHC
opranmzanuv(uii), B KOTOPOW BHIITOJHEHA pa0d0oTa W TOPOJ, HIKE TaKKe MocepelnHe 3arjJaBHBIMU OyKBaMHU
(moy)upHBIM IPUGTOM) — HA3BAaHUE CTATHH.

4. AHHOTalMs JO/DKHA OTpPaXaTh IeJib pabOThI, METOJA WM METOJOJIOTHIO IMPOBEACHHUS PadOoTEHI,
KpaTKU€ pPE3YJbTaThl, OGJIaCTB IMPUMCHCHUA PE3YJIbTATOB, BbIBOIBI. Pa3Mep AHHOTaAllUnu OOJIDKCH GBITB HE
MeHee 1/3 ctp. HezaBucuMo OT s3bIKa CTaThH 00sI3aTENbHBI aHHOTALIMK HA Ka3aXCKOM, PyCCKOM M aHTJIMHCKOM
si3p1kax. [lociie aHHOTaMK JODKHBI OBITH YKa3aHbl KIIFOUEBBIE CIIOBA Ha SI3BIKE aHHOTAIIMU, HE MEHEe 5 CIIOB,
CTPOYHBIMH OYKBaMH, Yepe3 3aIsiTyIo.

5. Tekct cTatbu AOIKEH OBITH CTPYKTYPHPOBaH C NPUMEHEHHEM CTaHIAPTHHIX Ha3BaHUH pa3zesioB
«BBenenne», «OcHoBHas uacTb», «BrBoabl m Ilpemnoxenue». Ilpm HeoOXoguMocTH AOMyCKaroTCs
JIOTIOJTHUTEIILHBIE CTICIIaIbHbIC HA3BAHHSI PA3JIeNOB.

6. B xonne crateu npuBoautcst «CIIMCOK MCIOJIB30BAaHHBIX MCTOYHHUKOBY (He MeHee 5). CChUIKM B
TEKCTe — B KBaJPaTHBIX CKOOKax. VCTOYHMKM yKas3bIBalOTCS B IOpSAKE LUTHpOBaHUs B Tekcre. Ha Bce
HUCTOYHHUKHU M3 CIIMCKA JIUTCPATYPhl JOJKHBI 6I)ITI) cChUIKH B TekcTe. CIIMCOK HMCITOJIb30BAHHBIX HCTOYHHUKOB
oopmisitorest B cootBercTBHM ¢ ['OCT 7.1-2003 «bubnuorpadudeckas 3anvch.

7. B otnenbHOM (aiiie K ctaTbe npuiaratoTcs ¢pororpaduu v cBeIeHU 00 aBTOpax: Ha3BaHUE CTaTbU,
(bamuHst, UMs 1 OTYECTBO (Ha Ka3aXCKOM, PyCCKOM, aHIJIMIICKOM $I3bIKax), y4eHas CTeIeHb U 3BaHUE, TIOJTHOE
Ha3BaHUE W aJpec OpraHU3aIlliyd — MecTa padoTHI (BKJIIOYAs] MHIEKC), 3aHUMaeMasl TIOJDKHOCTh, KOHTAKTHBIN
TenedoH, axpec 3JIEKTPOHHOH MOYTHI.

8. Pykonucu, He COOTBETCTBYIOIINE YKa3aHHBIM TPeOOBaHUAM, PeJaKell He pacCMaTpPUBAIOTCS U HE
BO3BpamiatTcs. Eciu craTths OTKIOHEHA, pellakiis CoXpaHseT 3a coOoi MpaBO HE BECTU JUCKYCCHIO TIO
MOTHUBAM OTKJIOHCHUSI.

9.IlpunsTHIC CTaThH MPOXOIST AHTHIUIATMAT, PELEH3UPOBaHUE, HAYYHOE JIMTEPATypHOE PEIaKTHPOBAHHE.
OTtpemakTipoBaHHAS CTAThS OTHPABIISICTCS aBTOPY HA JOpabOTKyY M BU3UpoBaHue. JlopaboTaHHas pyKOMMCH TOJDKHA
OBITh MPEJICTABIICHA B PEIAKITHIO.

10. CraTbu IpUHUMAIOTCS B AJIEKTPOHHOM M NEYaTHOM BapHaHTaX — IIOYTOBBIM OTHpaBJICHUEM, HA €-
mail: almamakeeva@mail.ru wim mo aapecy: r. Anamatel, yi. 3akapnarckas - 44, AkageMus rpakJIaHCKOM
aBuanuy, ka6.202.

11. OTBeTCTBEHHOCTH 3a COAEPKaHUE CTATHU HECYT aBTOPHI.
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Requirements for article’s writing to be published in the journal:

1. The article which is proposed for publication must be new, previously not published in the
same form in other print and electronic publications. The content of the article should correspond to
thematic areas and scientific level of the journal, have a certain novelty and be of interest to
researchers, teachers, experts in the field of aviation. Articles are published in Kazakh, Russian and
English languages.

2. The amount of the paper should not exceed: for doctors and candidates of science, Phd
doctors up to 10 pp. format A 4, for doctoral students, undergraduates up to 7 pp, format A4, for
teachers, scientists, and practice up to 7 pp. The material should be typed in text editor WORD with
the Times New Roman font, size 14, single-spaced. Schemes, graphs, diagrams, drawings and other
graphic materials can be made in black and white by means of a text editor WORD (not older than
2003 version) or vector graphics programs (Adobe Illustrator, Corel Draw) and be sure to allow
electronic editing. Graphics and tables should contain references in the text, serial number and the
names. Each table is required a link to the data source. Formulas are typed in the program Mach Type
or application MC Office and adhere to one style throughout the paper.

3. There should be indicated UDC (Universal Decimal Classification), Digital object identifier
(abbreviated DOI), at the beginning of the left top corner. Initials and names of the authors in capital
letters are in the middle of the page, in the middle of lowercase letters there are title, degree and the
name of the organization (s) and city the work is done, the name of the article with capital letters
(bold) is below in the middle of the paper.

4. The abstract should reflect the purpose of the work, method, or methodology of work,
summary results, the scope of the results, conclusions. The size of the summary should be at least 1/3
of the page. Regardless of language annotations are to be written in Kazakh, Russian and English
languages. After the summary there are keywords, not less than 5 words in lowercase, separated by
commas.

5. The text of the article should be structured as "Introduction”, "Main part", "Conclusion and
Proposal”. If necessary additional special section titles are allowed.

6. "List of references"” (at least 5) is at the end of the article. References in the text are in square
brackets. Sources in the text should be indicated in the order of citation. All sources from the list of
references should be cited in the text. List of references are made in accordance with 7.1-2003
«Bibliographic record» State Standard.

7. Photos and information about the author as the name of the article, name and patronymic
name (in Kazakh, Russian and English), academic degree and rank, full name and address of the
organization, the place of work (including zip code), position, telephone number, e-mail address are
attached to the article in a separate file.

8. The manuscripts do not meet these requirements are not considered and returned. If the article
is rejected, the editors reserve the right not to have a discussion based on the deviation.

9. Accepted articles are reviewed, pass antiplagiat, scientific literary editing. The edited article
is sent to the author for the modification and the sighting. The finished manuscript must be
represented into the editorial staff.

10. Avrticles are received in electronic and printed versions on e-mail almamakeeva@mail.ru or
at 44 Zakarpatskaya Str., Almaty, Academy of Civil Aviation, room 202.

11. The authors are responsible for the content of the article.
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Republic of Kazakhstan. 050039. Almaty city. Turksib district.
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. Issued on April 23, 2015

‘ No. ATO 02-15

It is hereby certified that the approved training organization “'raining
center Part-FCL"” LLP is in compliance with the requirements laid down by
the Republic of Kazakhstan, standards and recommended practices of ICAO
concerning the range of activities of an approved training organization,
specified in the Annex to the present Certificate.

The Certificate was issued in accordance with the Act of the
certification examination dated by March 17, 2015 and the Control act of the
certification examination approved training organization “Iraining center
Part-FCL” LLLP dated by April 18, 2015 the Civil Aviation Committee of the
Ministry of Investment and Develomem ot the Republic of Kazakhstan.
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Committee of the Ministry of Investment and Development ol the Republic
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Aviation Committee
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KA3AKCTAH PECIYBJIHKACHI
HHBECTHLUSAAP JKIHE AN
MIHHCTPITIHIR
ASAMATTBLIK ABHAILNS KOMITETI
PECIYBIHKANLIK MEMJIEKETTIR
MEKEMECI

REPUBLIC OF KAZAKHSTAN
REPUBLIC STATE AUTHORITY
MINISTRY OF INVESTMENTS AND
DEVELOPMENT
CIVIL AVIATION COMMITTEE

Komurer rpazianekoii aBuannn
MuIHCTEPCTBA N0 HNBCCTHURAM I pa3sBiuTHio Pecnybaunkn Kasaxcrana

Ceprugurar

aBHAUHONNOIo yuebnoro nenrpa
Ne AV 02-15

Pecnybauxa Kaszaxceman, 050039, o Arviamer, Typicubekut paiio,
va. 3akapnamcekan 44.

Boiaan: «23» anpens 2015 roaa

Hacrosiumit Cepriudukar yaoctosepsier, 4To ABHauHonibii yueOnbii
ueHtp TOO «Training center Part-FCL» coOTBCTCTBYIOT TpeOOBaHHIM,
ycTtaHoseHHbIMH PecnyGaunkoi Kasaxcran, cranaapramM U pekomenlyemoi

NpaKTUKOM

HMIKAO orHocurensHO 00s1acTH

JCHCTBHH  aBHALMOHHOIO

y'-[eﬁHOFO LUEHTpa, YKaszaHHbIX B NPHUAO0KEHHH K HACTOSAILCMY (‘.ep‘rm|m|:a'r)-'.

Ceprugukar BblaaH
obcnegosanuss ot 17

HA OCHOBaHHH
mapra

aKTa
roia H

cep'rmbu KalHOHHOIO

2015 aKTa  KOHTPOJILHOI'O

cepTH(HUKaUMOHHOTO oOcaen0Balnsg ABHaLroHIIoro yuednoro uenrpa TOO

«Training center Part-FCL»
FpaXAaHCKON  aBHaUHH

PecnyGnuin Kazaxcran,

Munucrepersa 1o

Komurera
PA3BHITHIO

or 18 anpeas 2015 roaa

MHBCCTHIIMAM H

HMucnekuMoHHbIH KOHTpOL ocyllectaseT: KOMHUTET rpakiatcKon

aBuHalHy  MuHHCTEpCTBA MO
Kazaxcran.

Ny

f . 3 e, ’

HHBCCTHIIHAM  H

passiTiio  Peenvoiikn

Pykosoaurenn Ynpasiacuun no
OpPranu3anuy  BLUIAYH  CBILICTCALCTE
ABHANHONHNOTO HEPCOHAA I MCIHILHIE
Komurrera rpasiancroii apnann

AL

- A/ 1. Typeaxmeron
: (noanics)

120



A3aMaTTI>IK aBUAllA aKaACMUSCBIHBIH, KapIIbIChHI

Ne4(27)2022

IR

-
2

o g
@
KA3SAKCTAH PECMYB/IUKACDHI Y 2’% MWHUCTEPCTBO NO UHBECTULIUAM U PA3BUTUIO ?{:‘:\
WHBECTULIMANAP XOHE AAMY MUHUCTPAIN E’% ﬁ PECNYB/INKU KASAXCTAH &3’
i X B
" N A A
BAWU/IAHBIC, AKMAPATTAH/ILIPY YXOHE AKMAPAT KOMMUTETI tﬁ ;‘; KOMMTET CBA3U, UHOOPMATU3ALIUU U UHOOPMALIUU ;%
/ Al b n
;| MEP3IM/| BACMACO3 BACbI/IbIMbIH YXOHE AKNAPATTbIK ATEHTTIKTI &4 i A
ECEMNKE KOIO TYPA/IbI A A A
;%i 3*4 O NOCTAHOBKE HA YYET NEPUOAUYECKOIO NEYATHOIO U3JAHUA U M
A A WH®OPMALUOHHOIO ATEHTCTBA A
Ne 154529 tg :g»; Ne 15452-K B
N M N s
’%‘% Actana Kanacht «0{»_ 0% 2015 x. Z? A ropoa Acrana «pd»_0F 2015r.
WA & )|
B B B ¢
% MBBb  arbi:  «4 0 bIHbIY @ '?5 Hassanue [IIIH: Kypman «Becmnux  Axademuu | %
:;: HCAPUIBICHLY DCYPHANBL i‘g Y 2pasicoanckoil asuayuuy
\Qf - l’ ; : -
B MBB Tiui: & opuicuia, azbL. BR S3pik IIIHA:  kasaxckudl, pycekuil, aneauiickuit
%‘
v

Ibiry suiniri: ocouivina 4 pem

2

3
L

Y Y
%‘ M Heci: «A4 vy AK g‘
e (Anmamer Kanacet) v
® @
b Herisri TAKbIPBINTBIK GAFBITBI: 2bLILIMU-KONUITIK g{z
A : : A
ﬁ Tapaty aymarbi: Kasaxeman Pecny6nixacet K/
@& Teparanbin opbiéacapb N T. Kazauran @
5 \ : M
A By 0 N

I S S IR RS IR IR I ARG IR e 2T Y @

I
S

2>

2

e

Hepuoauanocts: 4 pasa 6 200

CobcTBeHHHK:
(20poo Anmamet)

OcHoBHAs TeMATHYECKASI HATIPABJIEHHOCTD: HAYYHO-
nonyispnas ;

Teppuropusi p T

AO  «Axademus 2pajxicoGHCKOU  aguayuuy

ZIS 2

»
A

<

SEIX

>%

T

=
>

283

T
> S

IEISIX

@

HALNCHALHAA TOCYTAPCTBERHAA KHMAHAN HAJATA
PECMYBIIHKM KAZAX 1ALl

CEPTUDPUKAT

Kypraa

7

AD A rp 4
(ropo,L Alimarney

JIICTAELIPIIEIH B A I IR L5 10 DETHUTRILSLY
<epHiti s 135N (IO . Napra, Ppanuwn} o of
TDNCHOCH WEBIFHIAGAN I HIMUD

ISSN 2413 - 8h14

FarEay cophi GAGH AT W
i
" 56-2402

Wl 1 Cpeine udimad )

picdopna (IO 3TN0
D3 At UG 2 2ay it 1
asdocay AN ve s ouoncalsed coveapir § O

" Me ROIHADIINOA Criry

/laperTop CEelny viaauy

FAZARCTAU PECEVBIISACKHITTLI
NI L)C MEMILE STV KA UANATACKH

ISEN ¥ LI OFEAJILIE L

CEPTH®UKAT

3,

2 BUIN HCULIEDICM S
Heypraas

«Asava LR e akaaenoiens AK
{AIMATLI KAAACLY)

(OHECKODpanuna Taping K.1 CeFHAIME DUCanmMaapisl
TIPREH fiH RGN X nhZ )L ik O MHJE  TIREINCH waHe
NI GIPN LUK T UMEp epUiel

1SSN 2413 %614

wanidapn HCO 32970 -
) cpenen Goesasog
HOGRINRIN RN
[P B v vdnp

Nupesrop

121




