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AIR TRANSPORT AND TECHNOLOGY
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lIslam Isgandarov, Sakhavat Amirbayli*
!National Aviation Academy, Azerbaijan, Baku

*E-mail: Sakhavat.Zahid92@agmail.com

STRUCTUAL MODEL AND REPORTING METHODOLOGY OF THE
PERSPECTIVE ANTI-ICING SYSTEM FOR CIVIL AVIATION AIRCRAFT

Abstract: In this article, analyzes the operational and technical characteristics of
anti-icing systems used in modern civil aircraft, as a promising anti-icing system, a
structural model of a system equipped with a microwave generator that can be installed
on the wing of an aircraft, as well as on other aircraft surfaces that may be subject to
icing, has been proposed. An application scheme for such a system for carbon-fiber
and aluminum-based front edges has been developed, and the microwave generator to
be used in the system will be used in the form of a block with low energy consumption
and minimal traction on the icy parts of a particular type of aircraft.

Keywords: Anti-icing system, Leading edges ,Carbon fiber,De-icing, Anti-
icing, Unmanned aerial vehicle, Composite,Dielectric, Aerodynamic surface, Thermal
anti-icing system, Pneumatic anti-icing system, Laminar flow, Turbulent flow,
Microwave energy.

Introduction. Aircraft icing in flight is recognized as a serious safety problem
worldwide. Under certain flight conditions, water droplets can cool and freeze within
clouds, causing damage to the leading edge of the aircraft fuselage, wings, controls,
and engine air intakes. The ice sheet changes the shape of the aerodynamic surfaces
and the resulting aerodynamic performance of the aircraft can be dangerous to the
flight. As we know, the aircraft eliminates ice accumulation during flight by activating
anti-icing systems. Most systems currently in use can be divided into two main types:
thermal and pneumatic.  There are real limits to the application of other types such
as vibration, chemical, shape memory alloys and super hydrophobic and are still under
development. Thermal anti-icing systems melt ice build up on the wing's protected
surface or prevent ice from forming by applying heat. This is done either by the use of
electric heaters or by transferring hot air from a jet engine. Typical applications of off-
wing anti-icing systems are on the leading edges, as well as the engine and propeller
blades, where ice accumulation can be detrimental. Therefore, each anti-icing system
has its own impact on weight, energy, as well as consumption and costs, for this reason

10
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we will try to classify all possible technical solutions, of course, this leads to ratings
with no general reliability. In this article, operational and technical features of anti-
icing systems applied in modern civil aviation aircrafts are analyzed, and a structural
model of a system that can be installed on the aircraft wing and also on other aircraft
surfaces that may be exposed to icing by being equipped with a microwave generator
as a prospective anti-icing system is proposed. The application scheme of such a system
for carbon-fiber and aluminum-based front edges has been worked out, and the
placement of the microwave generator to be used in the system in the form of a block
Is justified by consuming less energy and having a minimum weight in the parts of a
specific type of aircraft subject to icing [1].

Development of the scheme of perspective anti-icing systems. Since the early
days of aviation, the growth of ice on the surface of airplanes during flight has been
able to cause from minor danger to major disasters. Despite great developments,
aircraft anti-icing systems have become more effective over the years due to increased
understanding, but unfortunately, accidents due to this reason still occur during icing.
As it is known, the ice formed on the aerodynamic surfaces of the plane disrupts the
laminar flow of air, as a result, the lifting force decreases, the resistance increases, and
it weakens the stability by complicating the work of the control bodies. Maintaining
altitude, increasing angle of attack, and expending power to compensate for additional
drag allow ice to accumulate on the underside of the fuselage and wing. Ice
accumulates not only on the wings, fenders and windshields, but also on the front
surfaces of the aircraft, including antennas, vents and inlets. Vibrating the antennae so
severely eventually causes them to break. Most of the systems in use today are
classified according to two main types: thermal and pneumatic. Other types, vibration,
chemical, shape memory alloys and superhydrophobic are limited in real application
and are still under development. Thermal systems melt ice on the wing's protected
surface and prevent ice from forming through heat. This occurs through electric heaters
or hot air from the engine. Pneumatic de-icing systems usually consist of a rubber
inflatable cargo area located on the leading edges of the wing. In this research topic,
we will talk about the application of microwave anti-icing system for carbon-fiber
reinforced plastic front edges. Thus, the microwave anti-icing system for carbon-fiber-
based front edges is capable of performing both anti-icing and de-icing functions
through a microwave generator placed on those front edges, which has a high
absorption rate of microwaves. Thanks to such a high ratio, the efficiency of the system
is extremely high with negligible losses. Typical power consumption for a regional
aircraft is approximately (20kW). The system is always reliable due to its vital
Importance, but can result in difficulty caused by the heavy weight as protection of
adjacent structures and systems is required. A schematic diagram of the microwave
anti-icing system for composite leading edges is shown in figure 1.

11
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microwave anti-icing system for carbon- microwave anti-icing system for aluminum
fiber reinforced leading edges leading edges

Figure 1. and figure 2. Structural diagram of microwave anti-icing system for
carbon-fiber reinforced and aluminum leading edges

However, the microwave anti-icing system for aluminum front edges only has a
de-icing function, which heats and melts the accumulated ice by absorbing
microwaves. In this case, the microwave absorption process is not very high, and
therefore the system efficiency usually causes energy loss below 70% when the system
Is in operation [1,2,3]. A structural diagram of the microwave anti-icing system for
aluminum front edges is shown in figure 2.

In general, this system is designed for the wing, rotor and aerodynamic profile of
the aircraft. The working principle is that the radiated microwave energy is absorbed
in the propagation tube of the leading edge of the wing of the aircraft and eventually
turns into heat energy. In order to ensure the most efficient conversion of microwave
energy into heat energy, a highly absorbent coating and a mirror-insulator are placed
on the inner surface of the tube. As a result, heat energy is transferred to the wing, rotor
and aerodynamic profile through special heat transfer channels, so the temperature of
the wing parts, rotor and aerodynamic profile increases. and melting of ice formed even
at temperatures above freezing occurs and is preventable. So, we can use Maxwell's
equations and Lambert's law to describe the absorption of microwave energy. Since
Maxwell's equations are complex equations, we can give a numerical model of the
report using these two equations that represent the absorption of microwave energy.
Using these, it is possible to compare the numerical model's predictions based on the
two equations that show the absorption of microwave energy. As a result, it can be
concluded that the penetration depth, which is a function of the predictions of the two
formulas, depends on the critical density. According to Lambert's law, melting occurs
during microwave heating, and as a result, the microwave power P, at a normal surface
IS expressed as a distance x from the surface. This dependence can be characterized by
the following dependence:

P(X) =Pg &2 (1)

where ¢ is the attenuation constant, specified in units of 1/m. The penetration depth J,
is defined as d,=1/(26), where P(x)/Po = 1/e [2]. From here it can be said that if the
12
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thickness of the surface is 2.7 times greater than the depth of penetration, then the two
formulas will have the same results. Therefore, for sufficiently thick surfaces, models
based on the absorption of microwave radiation can be performed using Lambert's law.
The exact determination of the Po- quantity is very important for the development of
the microwave model algorithm. The surface power can be expressed as a function
equal to the absorbed power and the absorbed surface power. The proposed equations
are shown to correspond to this approach for cylindrical samples. However, the powers
calculated by the calorimetric model are averaged over absorbed powers rather than
surface powers. In this case, the absorbed power can be defined by the following
expression:

Paps = [, PCAV = [ [* [ Py e™20% = dxdfdz )

and after integration, the following equation related to the force can be obtained in
terms of the surface force absorption equation:

Paps®
Po = S (3)

However, in a cylindrical body, the volume element is not (dxdfdz), and the
dimensions on the left and right sides of equation are inconsistent. The aim of the
present work is to design a difference model to predict the experimental data, using the
absorbed power and surface power as well as the estimated surface power in a finite
way using the approach related to. The unsteady state heating for microwave radiation
on a long cylindrical surface can be modified by the equation of conductivity for solids
with constant physical properties by adding the absorption term of microwave power.

oT _ ko AT, , P
pCpor =G+ (4)

ror

where the P/V ratio is the volumetric heat generation time.

It should also be noted that the surface power for a certain geometry and charge
at a certain position in microwave radiation should not depend on the irradiated
samples, this movement is associated with inaccuracies in the attenuation constants,
and the non-uniformity in the microwave field or its absence reduces the probability of
the assumption of normal energy transfer. | would like to note that the microwave de-
icing and anti-icing system for airplanes is usually designed for airplane wings, rotors,
and airfoils. The principle of operation can be briefly explained as follows: microwave
energy is absorbed by the rising tube inside the front leading edges of the wing and
eventually turns into heat energy. Therefore, placing a highly absorbent coating and a
mirror insulator on the inner surface of the tube ensures the conversion of microwave
energy into thermal energy. And as a result, the heat energy spreads to the surface of
the wing, rotor and airfoils through the heat transfer channels, and at the same time, the
temperature in the wing part, rotor and airfoils increases, the elimination and formation
of icing is prevented [4].
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Microwave technology in the field of aviation. Microwave technology is widely
used for point-to-point telecommunications (ie, non-broadcast uses). Microwave ovens
are particularly well suited for this use because they are more easily focused into
narrower beams than radio waves, allowing frequencies to be reused; their relatively
high frequencies allow for large bandwidths and high data rates, and antenna sizes are
smaller than those at lower frequencies because the size of the antenna is inversely
proportional to the transmitted frequency. Microwaves are used in spacecraft
communications, and much of the world's data, TV and telephone communications are
transmitted over long distances by microwaves between ground stations and
communication satellites. Microwave radiation is also used in microwave ovens and
radar technology. A microwave oven passes microwave radiation at a frequency near
2.45 GHz (12 cm) through food, causing dielectric heating primarily by absorbing
energy in water. Microwave ovens became a common kitchen appliance in western
countries after the development of cheaper cavity magnetrons in the late 1970s. Water
in its liquid state has many molecular interactions that broaden the absorption peak.
Water molecules isolated in the vapor phase are absorbed at a frequency of 22 GHz,
which is almost ten times the frequency of a microwave oven. Many semiconductor
processing techniques use microwaves to generate plasma for purposes such as reactive
ion etching and plasma-enhanced chemical vapor deposition. The word "beam" refers
to energy emitted from a source, not radioactivity. The main effect of microwave
absorption is to heat materials; electromagnetic fields cause polar molecules to vibrate.
Microwave radiation (or other non-ionizing electromagnetic radiation) has not been
conclusively proven to have significant adverse biological effects at low levels. Some
studies, but not all, show that long-term exposure can have a carcinogenic effect.
Considering that the two plates located inside and the electromagnetic rays passing
through that plate cause the substance to be heated from negative temperature to
positive temperature [5].

Figure 3. Cutaway profile view of a magnetron

At low frequencies, open-wire and coaxial transmission lines are replaced by
waveguides and strip lines, and lumped-element tuned circuits are replaced by cavity
resonators or resonant stubs. In turn, at higher frequencies, when the wavelength of
electromagnetic waves is small compared to the size of the structures used to process
them, the microwave technigue becomes inadequate and optics methods are used. High
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power microwave sources use special vacuum tubes to generate microwave beams.
These devices operate on different principles than low-frequency vacuum tubes, using
the ballistic motion of electrons in a vacuum under the influence of controlling electric
or magnetic fields, and are divided into magnetron (used in microwave ovens),
Klystron, traveling wave tube (TWT) and gyrotron types. These devices operate in
density modulation mode rather than current modulation mode. This means that instead
of using a continuous stream of electrons, they operate on piles of electrons that fly
ballistically over them. A cutaway view of the inside of a cavity magnetron used in a
microwave oven (left). Antenna splitter: microstrip techniques become increasingly
necessary at higher frequencies (right) figure 3. [6].

Effect of ice accumulation on wing aerodynamics and perspective reporting
methodology and scheme. One of the main objectives of this project is to determine
the effects of icing on aerodynamics according to the performance of the aircraft
configuration (since each geometric surface accumulates ice differently and a general
study would be impossible). The effect of ice on the airflow depends on the location of
the ice and is regulated by the pressure distribution of the airflow. The ratio of the
height of the ice formation to the length of the chord of the wing determines the shape
of the ice wing and its geometry. Furthermore, its effects do not appear to be linear or
proportional in any sense. In general, icing has the effect of increasing wind resistance
by increasing the vertical load of the structure and increasing the open area of its wings.
This leads to reduced performance, loss of lift, variable control and eventual stalling
and subsequent loss of control. The least thing to do is that icing directly changes the
shape of the variable airfoil, which will increase its aerodynamics (changing the
airflow) and also its mass (important in UAVSs, more so than other types of aircraft due
to their smaller mass), and most importantly, change the center of mass, which,
currently we will analyze it. Aerodynamic problems in airplanes are mainly observed
with a decrease in lift force and an increase in wing drag. These two forces are the
forces that control aerodynamics, and their variation is what gives us the aerodynamic
degradation caused by icing. The drag force is the force parallel to the flow direction,
and the lift force is the force perpendicular to it. Lift is the (ideal) upward force created
by the aircraft as a result of its motion in the air. However, how air flow creates lift can
be explained by Bernoulli's principle (as well as Newton's laws). According to
Bernoulli's principle, we know that there is a direct relationship between pressure and
velocity. Like air flow, a pressure imbalance occurs, so that the air passing through the
upper part flows at a different speed than the lower part [7,9]. This pressure difference
Is exactly the lifting force. Also, the lifting force depends on the air density, the square
of the speed of the plane, the area of the wing, the shape of the wing and the angle of
attack.
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Figure 4. The principle of location of magnetrons and temperature transmitters
on the airfoil
I Magnetrons

® Temperature transmitters

This is the angle of attack and its shape (the lift coefficient in the lift force formula
Is expressed in the form of the equation (5)). Icing greatly affects the shape of the wing,
resulting in reduced lift and lift. We will refer to the lift force as the lift coefficient, as
this is what FENSAP will output. Its equation is shown in (5). This coefficient is
dimensionless and will be perfect for comparison between the cases we will be working
with here, FL - is the lifting force, S - is the surface area, V- is the velocity of the air
flow, and p - is the density of the liquid.
L= (5)

Drag is the opposite force of air, a force that opposes the relative motion of an
object, or in this case (aerodynamic drag), a force directed against the direction of flow.
This force is viscous and we will also work with a dimensionless drag coefficient. Its
equation is shown in expression (6). Similarly, the lifting force coefficient depends on
the liquid density p and the square of the flow rate V. However, this coefficient depends
on the cross-sectional area (A) unlike S.

p =2 (6)

The change in the center of mass is also very important. Generally, water droplets
hit near the front leading edge of the wing, and most of the ice accumulates on the
leading edge. This changes the mass distribution and center of mass of the fuselage.
For this reason, the change in center of mass caused by ice accumulation can be very
detrimental to flight. There are two different approaches to numerically calculate fluid
dynamics: one is Lagrangian and the other is Euler. The Lagrangian specification of
the field is a way of tracking the fluid motion followed by an individual fluid particle
as an observer moves through space and time. The position of an individual particle
over time gives the trajectory of that particle. The Eulerian approach, on the other hand,
focuses on specific locations in the space through which the fluid flows, instead of
following a fluid particle. With this approach, we can see the motion of the fluid
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particle at all observed locations. The problem is that CFD analysis usually fails to
accurately determine the lift and drag forces and results in low Reynolds numbers with
free passage. This is due to laminar separation effects, which cannot be fully captured
by common CFD methods [8-11].

Microwaves are a form of electromagnetic radiation with wavelengths of about
one meter to one millimeter, corresponding to frequencies between 300 MHz and 300
GHz, respectively. Different sources define different frequency ranges as microwaves;
the broad definition above includes the UHF, SHF and EHF (millimeter wave) bands.
A more common definition in radio frequency engineering is the range between 1 and
100 GHz (wavelength between 0.3 m and 3 mm). Microwaves travel in the line of
sight; unlike low-frequency radio waves, they do not diffract around hills, follow the
earth's surface like ground waves, or reflect from the ionosphere, so that terrestrial
microwave communications are limited to about 40 miles (64 km) beyond the visual
horizon [12,13]. At the high end of the range, they are absorbed by gases in the
atmosphere, limiting practical communication distances to a kilometer. In modern
times, microwaves are used in aviation, medicine and other fields, including household
applications. It should also be noted that microwave ovens are used in modern
technology, for example, in point-to-point communications, wireless networks,
microwave radio relay networks, radar, satellite and widely used in spacecraft
communications, medical diathermy and cancer treatment, remote sensing, radio
astronomy, particle accelerators, spectroscopy, industrial heating, collision avoidance
systems, garage door and keyless entry systems, and microwave cooking, etc.
Microwave radiation occupies a place in the electromagnetic spectrum with a
frequency above ordinary radio waves and below infrared light:

Electromagnetic radiation

Name Wave length Frequency Photon energy

Gamma <0.01 nm > 30 EHz > 124 keV

radiation

X-ray 0.01 nm—-10 nm 30 EHz — 30 PHz | 124 keV — 124 eV

Ultraviolet 10 nm — 400 nm 30 PHz —750THz | 124 eV -3 eV

Visible light 400 nm—-750 nm | 750THz 400THz | 3eV -1.7eV

Infrared 750 nm -1 mm 400THz-300 1.7 eV-1.24 meV
GHz

Microwave Imm-1m 300 GHz— | 1.24meV —1.2 pev
300Mhz

Radio >1m <300 MHz <1.24 peV
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Microwave radiation is also used in microwave ovens and radar technology. A
microwave oven passes microwave radiation at a frequency near 2.45 GHz (12 cm)
through food, causing dielectric heating primarily by absorbing energy in water.

CE@T.

Figure 5. Newly designed 1.5k W microwave magnetron

The characteristics of a microwave magnetron are as follows:

Output voltage: 3.8kV~4.4kV

Output current: Max.480mA

Destination: magnetron

Dimensions: 254 (L) x 173 (W) x 92 mm (H)

Output power: 100~2000W

Input voltage: 220V

Product name: New design 1.5kW microwave magnetron

Efficiency: more than 90%

As the main result of our research, we can say that the development of a
mathematical model that simulates the operation of the anti-icing system with the
conversion of microwave energy into thermal energy will provide ample opportunities
for the application of this system to a specific type of aircraft in the future [14]. And as
a new proposal, through the placement of microwave magnetrons in the wing profile,
it is possible to use about 2kW of power as a result of pulsed electromagnetic radiation.
As a result of the analysis, it was determined that the anti-icing system based on the
microwave generator is the most promising system. It has been shown that the use of
carbon-fiber-based reinforced plastic leading edges for a specific aircraft type can be
achieved in this work. As an innovation, it is considered appropriate to place the
microwave generator to be used in the system in the form of a block, consuming less
energy and having a minimum weight in the parts of the system that are subject to
icing.

Conclusion. As a result of the analysis, it was determined that the anti-icing
system based on the microwave generator is the most promising system. It has been
shown that the use of carbon-fiber-based reinforced plastic leading edges for a specific
aircraft type can be achieved in this work. It has been determined that this system,
besides being reliable in terms of its working capacity, is capable of performing both
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de-icing and anti-icing functions. In the article, as an innovation, the placement of the
microwave generator to be used in the system in the form of a block is justified by
consuming less energy and having a minimum weight in the parts of the system that
are subject to icing of a specific type of aircraft. In general, with the application of
temperature transmitters, magnetrons cause the melting of ice and the prevention of
icing on aerodynamic surfaces that may be subject to icing with the heat energy
released as a result of electromagnetic radiation. Harmful radiation can be relatively
avoided by operating in 1.5kW pulse mode.

Hcnam Uckennepos, CaxaBat Amup0Oeitnm

CTPYKTYPHASI MOAEJb U METOAUKA OTHETHOCTH
HEPCHEKTUBHOU NPOTUBOOBJIEJEHUTEIBHOU CUCTEMBI JJI51
CAMOVJIETOB I'PA’KJAHCKOU ABUALIMN

AuHomauun: B cmamve ananuzupyiomcs 3KCHIyamayuoHHbvle U mexHu4ecKue
XApakmepucmuky  npomusoo01e0eHUMENbHbIX — CUCMEM,  NPUMEHSAEeMbIX  Hd
COBDEMEHHbIX — 2PANCOAHCKUX — camojemax, 8  Kauecmee  NepcneKmusHou
NPOMUBO0OIEOCHUMENbHOU CUCTEMbL NPEOSIONCEHA CMPYKMYPHASL MOOEb CUCTEMb,
ochawennon CBY-eenepamopom, Komopas modxcem Oblmb YCMAHOBIEHA HA Kpblile
camonema, a mMakdxce HA OpyeUx HNOBEPXHOCMAX camojlema, KOmopvie MOo2Yym
noogepeamwcs obnedenenuro. Paspabomana cxema npumenenuss maxotu cucmemul OJisl
nepeoHUx KPOMOK U3 Yelen1acmuka u amomMunus, a ucnoavzyemolii 8 cucmeme CBY-
2eHepamop 6Oyoem UCNOJIb308AH 6 8Ude OJ0KA C MAlbiM nompebaeHuem 3Hepeuu u
MUHUMATbHLIM MA208bIM YCUTUEM HA 00JIe0eHeNbIX Yacmsax KOHKPemHO20 Mund
camonema.

Kntouesvie cnoea: npomugoobredenumenvuas cucmema, nepeoHue KpOMKU,
yenepooHoe  BONOKHO,  NPOMUBOODICOCHUMENbHAS — 3auuma,  OecnuiomHublil
JlemameibHbull annapam, KOMRO3UMHbLU MaAmepuaJl, OUIeKMpuK, aspoouHaMuieckas
NOBEPXHOCMb, MEeNio6as NPOMuUBo0DIe0eHUMENbHAS CUCeEMAd, NHeBMAMmU4ecKasl
nPOMuUB00OIEOeHUMENbHAS CUCeEMA, JTAMUHAPHBIU NOMOK, MYpOYIeHMHbIL NOMOK,
MUKPOBOJIHOBASL IHEP2USL.

Ucnam Hckennepon, CaxaBat AMupbeitnu

A3BAMATTBIK ABUALIMSTHBIH YINAKTAPBIHBIH KY3FA KAPCHI
"KETLIJIK )KYAECIHIH KYPBLIBIMIBIK MOJEJI ’)KOHE ECEITIK
JJIICI

Anoamna. Maxkanaoa 3amanayu azamammolk Yuakmapoa KoJAOAHbLIAMbIH
MY30aHyea Kapcol JAcylenepoiy Nauoaiany MHcoHe MEeXHUKANbIK CUNAmmAamMalapsl
Mandanaovl, NepCneKmusaibl My30aHy2a Kapcvl Jicyie peminoe MUKpOMmOIKbIHObL
2eHepamopmer HcAOObIKMANZAH NHCYUEHIH KYPbLILIMObIK MOOENl YCbIHbIIAObI, OHbl
YWaKmoly KAHAMbIHA, COHOAU-AK MY30aHyea Yublpaybl MYMKIH 0acka Yulax
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bemmepine opuamyza 601a0bl. MyHnoail sxcyiieni KOMIpmeKmi NIACMUKMEH JHCIHe
ANIOMUHULUOEH JHCACANIRAH aﬂablﬂé’bl Hcuekmepee ;gowany cxemacsl :)fcacaﬂdbz, ajl
Jicyliede KOJOAHBLIAMbIH MUKPOMOJIKbIHObL 2eHepamop 6encini 0ip Ywax mypiHiy
MY300bl b6liKmepinoe dHepeUusiHbl a3 MYMbIHAMbBIH HCIHE MUHUMATIObL Mapmy Kyuii bap
O10K mypinoe Ko10aHvliaobl.

Tyitin co30ep: mysoanyea Kapcwl dicyue, an0blHebl dHcuekmep, KOMIpmexkmi
manuiolk, M¥3()al-l Kopeay, YWKbIUICbL3 YUY annapamsl, KOMNRO3UYUAIIbIK mMamepuai,
OUINIEKMPUK,  AIPOOUHAMUKANLIK Oem, MePMUSIbIK, MY30aHyea Kapcol Jicylie,
NHeBMAMUKAIbIK MY30aHY2a4 KaApCbl JHCyle, JAMUHAPIbL A8blH, MypOYIeHmmi agblH,
MquOmOJZKblHObl IHEP2UAL.
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OIITUMM3BALINA TEXHUYECKOI'O OBCIY/KUBAHUSA B ABUAIIUMN:
HoaxoAbl U NIPAKTUYECKHUE IPUMEPBI

Annomayua. B asuayuonnou ompaciu mexuuueckoe obocnyocusanue (TO)
ABNAEMCS KPUMUYECKU BAICHBIM NPOYECCOM, NOCKOIbKY OHO HANPSAMYIO GlUsiem Ha
0e30nacHocmb, HAOENHCHOCMb U IKOHOMUUECKYIO IPGexmusHocms dKCIyamayuu
8030yuiHbIX cy008. Illpoepammsr TO nomoearom noodepiicusams camonemvl 8
UCNPABHOM —~ COCMOSIHUU, — BbIAGIAMb  NOMEHYUANbHbIE HEUCHPABHOCMU 00  UX
NPOAIGNIEHUS U ONMUMUUPOBAMb IKCHIYAMAYUOHHbIE pPACX00bl. JlaHHas cmamvsl
nocesaujena nooxooam K nogviutenuto sgpgexmusnocmu TO camonemos, ¢ aKkyeHmom
Ha NpocpamMmy MeXHUYecKo20 OOCIYHCUBAHUS U NPOCPAMMY HAOEHCHOCMU, A MAaKdice
803MOHCHOCMU OJ151 A0ANMAYUU NPOYEOYP HA OCHOBE ONbIMA ONepamopa.

Knwueevie cnoea: npocpamma mexHU4ecKko20 OOCHYHCUBAHUS, NPOSPAMMA
HAOeNHCHOCMU, NnosbluleHUe IPOeKmMUsHOCmY, ONMUMU3AYUSL, CMAMUCMUYecKue
memoowl ¢ TO.

Beeoenue. B chepe aBuanum >(PEKTHUBHOCTH TEXHHUYECKOTO OOCITYKHBaHHUS
SABJISICTCS KIIOYEBBIM (DAaKTOPOM, KOTOPBIM HAMpsIMyl0 BIUSET Ha 0€30MacHOCTh U
HAJIGKHOCTh  PabOThl  BO3AYMIHBIX cyAoB. Ilporpammbr TO u HameKHOCTH
o0ecreynBaroT OrneparopaM HEOOXOAUMYK0 THOKOCTh ISl aJanTaldd TpOeayp
oOCITyXKUBaHUSI TOJA CrenuPUUIecKre YyCIOoBUS dKciutyatanuu. OXUJaeTcsi, 4To C
Pa3BUTHEM TEXHOJIOTHHA W YTITyOJICHHBIM aHAJIM30M JTaHHBIX, MPOIIECCHI TEXHUIECKOTO
0OCITyXKMBaHUSI CTaHYT OoJiee TMPEACKa3yeMbIMU, SKOHOMUYECKH 3(P(EKTUBHBIMU U
Oe3omacHbpIMU. J[aHHAsT CTaThsl TIOCBSIIIEHA WCCIICIOBAHUIO PA3IMYHBIX KOMIIOHCHTOB
nporpamMMm TO m HageKHOCTH, a TaK)Ke MPEJCTABICHUIO TMPAKTHUECKUX MPUMEPOB
YCTENIHON aanTaIiy Iporeayp.

OcHnosHas uacmeo.

IIporpamMa TexHMYeckoro oociay:;kuBanus. [IporpaMma TEXHUYECKOTO
OoOCITyXKMBaHUSI CTPOUTCS Ha CTaHAapTax W TpeOOBaHUAX, pa3pabOTaHHBIX
MIPOM3BOIUTENIEM Ha OCHOBE MCHBITAHWM, aHAJIN3a OTKA30B U MPAKTUYECKOTO OTIBITA.
OcHOBHasi 1Ieb 3TOM MPOTPAMMBI 3aKIIOYACTCSI B TOM, YTOOBI MOJACPKUBATH
BO3/YIITHOE CYJHO B HCIPAaBHOM COCTOSIHUM U OOECIeYMBaTh €ro Oe30IacHYIo
OKCIUTyaTallui0 Ha TPOTSDKEHUU BCEro KM3HEHHOTO IWKIa. KirodeBble 2JIeMEHTHI
nporpammbl TO BKIIIOYAIOT:

- ba3oBoe u nuHelHOE OOCHYKMBAaHME: BKJIIOYAET PETYJIAPHBIE MPOBEPKU U
YCTPAHCHHE MEJIKMX HEHCITPABHOCTEH, BHITIOTHAEMBIE MEXKTY TIOJICTAMH.
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- Ilepuoanueckue npoBepku: 3arIaHUPOBAHHbIE OCMOTpBI Ha
OTpEeEICHHBIX MHTEpBaJIaX, KOTOPHIE MOMOTAIOT BBISBUTH HEUCIPABHOCTH 0 MX
IPOSIBJICHHUS.

- Pemonrt Y 3aMEHA JIeTajeil: BKIIOYAIOTIPOLeAypbl MO  3aMEHE  WJIU

BOCCTaHOBJICHHIO KOMIIOHEHTOB, U3HOIIIEHHBIX B MPOIIECCE IKCILTYaTAIUH.
[Tporpamma TO pa3zpabaTbiBaeTcsi C y4€TOM TOTO, UTO IKCILTyaTaIllUsl Y Pa3HbIX
OMEPATOPOB MOXKET paznuyarbes. [lo3TOMy KaknIplii omepaTop MOXKET BHECTH
M3MEHEHUS B MpOrpaMMy, aJanTupys €€ IMoj CBOU AKCILTyaTAllMOHHBIC YCJIOBHS U
CTaTUCTUKY J1e(hEeKTOB, YTO MOBBIIIACT TMOKOCTh U TOUHOCTH IIporpamMmbl TO.

IIporpamma nagexnoctu. [Iporpamma HageKHOCTH O3BOJISIET OTCIEKUBATH
TEXHUYECKOE COCTOSTHIE CaMOJICTOB M BBISBIISITh TCHACHIIMHM B TIOSIBJICHUU J1e(DEKTOB.
Omna cocpenoToueHa Ha cOOpe U aHAIM3€ JAHHBIX, YTO CIIOCOOCTBYET MPEICKA3AHUIO
Oyaymux HeucnpaBHocTed. [IpuMeHeHHe CTaTUCTUYECKUX METOJOB M MOJIeJei
IPOTHO3UPOBAHUSI MO3BOJSIET ONEpaTopaM  yIy4ylIUTh IuiaHupoBanue TO wu
CBOEBPEMEHHO pearupoBaTh Ha MOTEHIUAIbHBIE MPOOJIEMBI.

DIIEMEHTHI MPOTPaMMbl HAJIC)KHOCTH:

- COop naHHBIX: (UKCUPYIOTCA BCE€ HEHCIPABHOCTH, 3aMEHBI JeTalied WU
TM00BIe OTKJIOHEHUSI B pabOTE CUCTEM.

- Anamu3 paHHbIX: WHXXKEHEpHl BBIABISIOT TEHACHIIMH, HANpUMEpP, €CIIH
ONpe/IeTICHHBIN KOMIIOHEHT BBIXOJIUT U3 CTPOSI HA ONPEICTICHHOM JTare.

- Pexomenmammu mno ynydmenutro TO: ecnu gaHHBIE TTOKa3bIBAKOT YacTOE
MpOsIBJICHUE JIeEeKTa, ITO CIYKUT OCHOBAHHMEM ISl BHECEHUS] U3MEHEHUI B Tpaduk
TO wim 1o6aByieHNs POBEPOK.

[TporpamMma HaJIe’)KHOCTH TIO3BOJISIET ONepaTOpaM U MHKEHEpaM MpeyrajbBaTh,
Kakie KOMIIOHEHThI MOTYT TMOTpeOOBaTh OOCIY>KUBAaHUS, YTO MHHUMH3UPYET
HEIJIAHOBBIE MPOCTOU U MOBBIIAET HA/IE)KHOCTh CAMOJIETA.

NupuBunyamusanus nporpammbl TO. OgHMM M3 KIIFOUEBBIX MPEUMYIIECTB
nporpammbl  TO  sBisiercst €€ THOKOCTh, KOTOpasi TO3BOJISIET — olepaTopam
aJanTUPOBATh IJIaH OOCITYKMBAHUS I10JI OCOOEHHOCTH MX paboThl. OrepaTopbl MOTYT
N00aBIATh JOIMOJIHUTENbHBIE MYHKTHI B mporpammMy TO Ha OCHOBe aHaim3a
MOBTOPSIFOIIUXCS 1e(HEKTOB U IKCILTyaTallUOHHBIX YCIOBHA.

Ananranus nporpaMMsl TO BKITIOUYaET:

- JloGaBneHue HOBBIX MPOBEPOK: HAMPUMEP, €CIU KaKOH-TMOO KOMITOHEHT
YaCTO BBIXOJUT W3 CTPOSI Yepe3 OMpeeICHHOE KOJIMYECTBO YacOB, ONEPATOP MOXKET
N00aBUTh HHCIEKIUIO WM 3aMEHUTh JTOT KOMIIOHEHT paHee, 4YeM YKa3aHO B
CTaHAAPTHOU IPOrpaMme.

- ApmanTanuss  4acTOThl  IMPOBEPOK: ecauM  HaOMIoJaeTcs  BBICOKAs
M3HOCOCTOMKOCTh OMNPENEIIEHHON CHCTEMBI, ONEPATOP MOXKET YBEJIWYUTh WHTEPBAI
MEXKy MPOBEPKAMH, YTO MTO3BOJIUT COKPATUTH 3aTPATHI.

- Hcnonp3oBaHue mporpaMMbl HAJEKHOCTH. HA OCHOBAaHUM JIAHHBIX O
CTaTUCTUKE JEPEKTOB OMEPaTOpP MOXKET BHEAPATH MPOPHUIAKTUUECKUE MEPOTPUSTHS
UL U30exaHus cOOEB.

OTa MHIUBHUIYATU3AITHS TOBBIIIAET SKOHOMHYECKYIO d(()EKTUBHOCTh M CHUKAET
PUCK BHE3AIHBIX OTKAa30B, TakK Kak mnporpamma TO onTUMH3UpPYETCA O]l PEATbHYIO
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AKCILTyaTaIHIoO.

JIis nmydiiero moHMMaHus, Kak mporpammbl HajuexxHoctd u TO pabotatoT Ha
NPAKTUKE, HUYKE MPUBEJEHBI HECKOJIBKO MPUMEPOB U3 OIBITA OTIEPATOPOB.

IIpumep 1: AnanTanus 4acToThl 3aMEHBI (PUITBTPA HA OCHOBE CTATUCTUKU

B crannaptHoiit nmporpamme TO (MPD) mnst camosneroB Embraer Moxker ObITH
MpeaycMOTpeHa 3aMeHa TOIUBHOTO (hrmbTpa Kaxapie 2000 ukiioB. DTOT WHTEpPBA
YCTaHOBJICH MPOW3BOJNUTEIIEM Ha OCHOBE PACUETHBIX JAHHBIX W HUCIBITAHUH, OTHAKO
peanpHas OKCIDTyaTaldsi MOXKET BHECTH KOPPEKTHBBL. Hampumep, ormepatopos,
aHAIM3HUPYS JaHHBIE MPOTPaAMMBbI HAJEKHOCTH, 3aMETHJ, YTO (MIBTPHI HAYMHAIOT
3aCOPATHCS Topasno panbiine — mpumMepHo Kaxkasie 1200-1500 nmuximoB. 310 mMpUBEO
K HETPEABUICHHBIM OCTAaHOBKAM M HEOOXOIMMOCTH CPOYHOTO OOCTYKHUBAHUSI.

[IpuHsTHIE MEPBI:

Oneparop NpUHAN pelieHUuEe COKpaTUTh MHTepBai 3aMmeHbl ¢uibTpa ¢ 2000 1o
1500 uwmkioB, 106aBuB HOBYIO paboty B mporpammy TO. Takoe pemienue ObLIO
000CHOBaHO AaHAJIM30M CTAaTHUCTUKH OTKa30B M MPEAOTBPAIICHUEM HEIUIaHOBBIX
IPOCTOEB.

MeTtonomnorusi coopa u aHanu3a 1aHHbIX. UTOOBI MPUHSATH 000CHOBAHHOE PEIICHUE
0 COKpaIllIeHHH MHTEepBaJia, OnepaTop UCIOIb3YeT JaHHbIE MPOTrPaAMMbl HAJE)KHOCTHU U
OTIpeNIeTICHHBIC AaHATUTHYECKHE METO Ibl. BOT OCHOBHBIE IIaryl METOAOIOTHH:

1. COoop pannbix o pedextax u 3ameHax: Kaxnpli pa3, korma (uibTp
3acopsieTcsi WM TpeOyeT 3aMeHbl paHbIIe YCTAaHOBJIEHHOTO WHTEpBajia, 9TO
¢ukcupyercs B 06aze ganHbix TO. BxmodaroTcst naHHble O mIpoOere, KOJIWYECTBE
IIUKJIOB, BpPEMEHU paboOThl, TPUYMHAX HEUCIPABHOCTH U JIOOBIX APYTHUX
COITYTCTBYIOIIUX (PaKTOpax.

2. AHanmu3 TEHJCHIMN: TOCJIe HAKOIJICHUS JaHHBIX 3a OMPEEICHHBIN MepHOJ
WHKCHEPBhl aHAM3UPYIOT MX, YTOOBI BBISBUTH TEHACHIIMHU. B naHHOM ciydyae ObUIO
3aMeueHO, YTO (UIBTPHI 3aCOPSIOTCS PaHBIIIE YKa3aHHOTO WHTEpBaJla — Yallle BCEro
B npenenax 1200-1500 1ukioB. AHanmM3 BBIIOJIHSAETCS C  HMCIOJIb30BaHUEM
CTaTUCTHYECKUX METOJIOB, TaKWX KaK OMNpEJEICHHUE CPEAHET0 BPEMEHH OTKasza H
MOCTPOEHUE pacpeAeIeHHsI IO YaCTOTE OTKA30B.

3. Ompezenenue WHTEpBajia HAa OCHOBE CTATUCTUKHU: HAa OCHOBAaHWUU JaHHBIX
oTepaTop BBISBISET ONTUMANTBHBIA MHTEPBAJ, MPU KOTOPOM (DUIIBTPHI eme padoTaroT
B HOpPME, HO BEpOSITHOCTh 3aCOPEHHUsSI YyXe 3HAYUTEIbHO BO3pacTtaeT. B maHHOM
ciydae, aHajau3 Tokasai, uto uHTepBaid B 1500 IUKIIOB SIBISICTCS ONTHUMATBHBIM IS
O ITICPKAHUS HaJISKHOCTH.

4. Bueapenue HOBOW mpoueaypsl B nporpammy TO: Ha OCHOBaHUM BBIBOJIOB
aHaM3aToOphl TpeAaraloT U3MEHUTH nporpammy TO, mo6aBuB 3ameHy (GUIBTpa
kakaeie 1500 nuxiioB. DT W3MEHEHHs COTJIACYIOTCS C aBUAIMOHHBIMU BIIACTSIMH,
ecM  3TO  HeoOXxomumMo, W OOHOBJICHHAas TMporpaMMa  yTBEpXKIAeTcs IS
MCIIOJIb30BaHUSI.

5. MOHUTOPUHT TIOCNIE BHEAPEHHWS: TOC]Ie TOr0 Kak HOBas YacTOTa 3aMEHBI
bunpTpa BBEACHA B MPOTpaMMy, OTMEpPaTOp MPOAOIKAET OTCIECKUBATH JIaHHEBIE,
9TOOBI YOEIUTHCSI, YTO W3MEHEHHUE TOJIOKUTEIHHO BIMSIET Ha DKCIUTyaTallMOHHBIE
pe3ynbTathl. Eciy maHHBIE MOKAXYT JalbHEHINee OTKIOHEHHWE, WHTEPBAT MOXKET
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OBITh MEPECMOTPEH CHOBA.

[IpenmyniecTBa METOIOIOTHH:

- CHmxkeHue pucka mpoctoes: PerymspHas 3aMeHa GuibTpa 0 €ro 3aCOpeHHs
MO3BOJISIET IMPENOTBPATUTh HEIUIAHOBBIE OCTAHOBKH, IIOBBICUTH HAAECKHOCTh U
CHU3UTH PaCXOBI.

- OKOHOMMS Ha OOciyxuBaHUH: OnepaTop MOXKET COKPATHTh 3aTPaThl 338 CUET
Oojsiee TOYHOTO WHTEpBaja 3aMEHbI, HCKIIOYas PUCK MOJOMOK M HEOOXOIUMOCTH
CPOYHOTO PEMOHTA.

- Ilossimenue >¢pdextuBHOCTH Tporpammbl TO: Ilporpamma TO cranoBuTCS
Ooiee aganTUPOBAaHHOW U HKOHOMHUYHOM, MOCKOJIBKY Oa3supyeTrcs Ha peanbHbIX
JAHHBIX DKCIUTyaTallMH, a HE TOJBKO HA pacyeTax MPOU3BOAUTEIS.

Takass Meromosioruss mo3BoJisieT orepatopaM 3G(EKTUBHO pearupoBaTh Ha
U3MEHEHUSI B JKCIUTyaTallMOHHBIX YCJIOBMSIX M NOJJECPKUBATh BBICOKME CTaHAAPTHI
0€30I1aCHOCTH U HaJIEKHOCTH.

OTOT npUMeEp OTIMYHO WIUIIOCTPUPYET, KaK OIEpaTOpbl MOTYT IOBBICUTH
s¢¢pexktuBHOCTh TO, MCHONB3ysl aHHBIE O KAyeCTBE KOMIIOHEHTOB OT PA3JIMYHBIX
naptuil 1 Mojaenedd. B naHHOM cityyae, u3MEHEHHE MAPTHOHHOIO HOMepa (hUIbTPOB
[IOMOTAeT YMEHBIIIUTh YaCTOTY OTKA30B U YJIYUIIUTh OOIIEe KaueCTBO OOCITYKUBaHUSI.

Ilpumep 2: OrpaHuyeHWe€ Ha WCIOJIB30BAaHUE TMAPTUHHBIX HOMEPOB IS
NOBBIIIIEHNsT  HajekHocTH.  [lomyctum, oneparop Embraer oOGnapyxwn, dro
onpezesieHHasl MapTusl (PUIBTPOB C KOHKPETHBIM HOMEPOM YacTO BBIXOJUT U3 CTPOA
paHblle YCTAHOBJIEHHOIO MHTEpBaJIa. AHAJINU3 IPOrpaMMbl HAJEKHOCTU BBISBHII, YTO
(GUIBTPBl W3 JaHHOW MapTHM TOABEP)KEHBI 3acopeHuto yepe3 Kaxkaeie 1000-1200
LMKJIOB, YTO CYIIECTBEHHO HWKE€ 3aIUIAHMPOBAHHOTO MHTEpBala OOCIyXHBaHUs. B
pe3yabpTaTe 3TOr0 BO3HMKIM HEIPENBHUIECHHBIE ITPOCTOM WU JOIOJHUTEIbHBIC 3aTPAThI
Ha BHEIUIAHOBYIO 3aMEHY (PUIIBTPOB.

[IpousBoautens, mOMYy4yuB OOpaTHYIO CBSI3b OT oOmepaTopa M JAPYrux
aBUAKOMIIAaHWM, MpOBEpUI KauecTBO (MIBTPOB JaHHOHM MAPTHM W IPEIUIONKUI
AQHAJIOTMYHBI KOMIIOHEHT C HOBBIM MAPTUHHBIM HOMEPOM, KOTODPBIM OBLI
IPOTECTUPOBAH U MOKA3AJI JIyYIIUE PE3yJIbTaThl MO JOJITOBEYHOCTH U YCTOMYNBOCTH K
3aCOpPEHHUIO.

[Tponecc BHeapenus ynyumennid u co3aanue Technical Information Letter (TIL):

1. COop naHHBIX M aHaNM3 KadyecTBa (QuibTpoB: Omneparop (UKCUPYET YACTOTY
3acOpeHHs] (PUIIBTPOB M CBSI3AHHBIE C ATUM CIIy4ad BHEIJIAHOBBIX 3aMeH. J[aHHbIE
MOKa3bIBAIOT, YTO KOMIIOHEHTBl ONpPEJEICHHON MapTUM HMEIOT CYIIECTBEHHBIE
OTKJIOHEHUS OT HOpPMaJbHBIX XapakTepucTuk. Ormeparop  CBS3bIBACTCS  C
POU3BOAUTENIEM, YTOOBI ONPEAEIUTh AIETEPHATHUBY.

2. [Ipennokenne  anbTEPHATUBHOTO TMapTHHOTO HOMepa: [IpowsBomutensb
MOJITBEPKAAET, YTO HOBBIM MApPTHIHBIA HOMEpP (PHIBTPOB TECTUPOBAICS M TOKA3all
0ojsee BBICOKYI0 YCTOMYMBOCTb K 3arpsA3HEHUSIM. OTOT KOMIIOHEHT TaKxke
COOTBETCTBYET CHEIU(PUKAIMIM, HO HUMEET YIYyYIIEHHbIE SKCIUTyaTalllOHHbIE
XapaKTEPUCTHUKHU.

3. I[IpoBepka u ananu3 anbrepHATHBBL: OmiepaTop BHEAPSICT HOBBIA MAPTHIHHBIN
HOMEpP B OlPAaHUYEHHOM KOJIMYECTBE [UJIsl TECTHUPOBAHMS, NPOJOJDKAas COOMpaTh
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JaHHbIE TI0O YacToTe 3acopeHuss M A(PPEKTUBHOCTH pabOThl HOBOTO (HUIIBTPA.
TectupoBanue NOATBEPXKIACT, YTO (DUIBTPHI U3 HOBOM MapTuu pabOTarOT CTaOUIBLHO
nonbine (Hanmpumep, 2000 HMKIOB), YTO COOTBETCTBYET WM JIa)K€ IPEBBIIIACT
NepBOHAYAIIbHBIE OKUAHMSI.

4. Coznanue Technical Information Letter (TIL): mocime Toro Kak HOBBI
NapTUIHBIA HOMEP GUIIBTPa YCIEIIHO MPOTECTUPOBAH, ONIEPATOP CO3/1aET JOKYMEHT —
TIL (Technical Information Letter), B KOTOpoM peKOMEHJyeT OTKa3 OT 3aKyIOK
(GUIBTPOB C HWCXOMHBIM TMAPTUWHBIM HOMEPOM U TMPEAJIaraeT HCIIOJIBb30BaTh TOJHKO
¢ubTphl U3 HOBOM naptuu. B TIL onuceiBarores:

- IlpuunHa M3MEHEHHS: BEICOKAs YaCTOTa OTKA30B CTApOH MapTHH.

- Onucanue HOBOTO (PMIIBTPA U €0 MPEUMYLIECTBA.

- PexoMenpammu [ TEXHUYECKMX M 3aKYMOYHBIX OTIEJIOB — HaIpHUMeED,
BBECTH OTPAaHWYCHHE HA MCIIOJIb30BAHKME CTAPOro MapTHIHOTO HOMEpa U MPUOOPECTH
(GUIBTPBI TOJBKO U3 MIPOBEPEHHOMN MapTUH.

5. OrpanuyeHue Ha 3aKynkud ¥ BHeapeHue B mporpammy TO: TIL cranoButcs
OQUIMAIBHBIM  JOKYMEHTOM, Ha OCHOBAaHHUM KOTOPOTO 3aKyNMOYHBIA OTJEN
npekpaiaet npuodbpereHue GuibTpoB crapoit naptuu. [Iporpamma TO oOHOBIsIETCH,
YTOOBI BKJIIOYATh HOBbIE (DMIIBTPBI, U ONEPATOP TEMEPh UCHOIB3YET TOJNBKO (PUIBTPHI
C YIIYYIICHHBIMH XapaKTePHUCTUKAMHU.

[IpenmytiecTBa TaHHOTO MOAXO/A:

- IloBermienne HagekHOCTH: VICTOMB30BaHHWE KOMIIOHEHTOB C  YITYYIICHHBIMH
XapaKTePUCTUKAMHU YBEITUYUBACT HAJC)KHOCTh CHCTEMBI, CHIDKAET YaCTOTy OTKAa30B U
MUHHAMH3HPYET TIPOCTOH.

- CHWKEHHE OKCIUTyaTallMOHHBIX 3aTpar. YBEIWUYEHHWE WHTEpPBaja MEXKITY
3aMeHaMH cokpamiaeT 3arpaTsl Ha TO ¥ BHETUIAHOBBIE POCTOMU.

- Ontummzanus  3akynok: OrpaHM4eHHE Ha WCIOJIb30BAHUE HEHACKHBIX
napTuil OMOTaeT KOMIIAHUU HE TPATUTh CPEACTBA HA HEKAYECTBEHHbBIE KOMITOHEHTHI.

- Apantamus nporpammbel TO: HoBble peKOMEHIAIMM CTAHOBSITCS YaCTHIO
nporpaMmMbl TO, 4YTO MO3BOJIAET M30SKaTh aHAJOTUYHBIX TpoOsieM B OymyimieM u
MOBBICUTH KAYECTBO OOCITY>KMBAHHSI.

Hcnonb30BaHue TakuX MAaHHBIX MJI ONTHUMHU3ALMU 3aKyIMOK W OOCITYKHUBaHUS
— OTJMYHBIA MPUMEP TOro, Kak aHamuTuyeckuil moaxoa k TO u oOMeH JaHHBIMU
C TIPOU3BOIUTEIIIMA ITOMOTAIOT ABHAKOMIIAHWSIM CHIDKATh 3aTpaTrbl M TOBBIIIATH
3 PEeKTUBHOCTH OOCITYKUBAHUSI.

Bovigoowi. Texnuueckoe 00CIyXKMBaHHE B ABMALIMOHHOM OTPAacCiM SIBIISETCS
KJIIOYEBBIM ~ BJIEMEHTOM,  OO0ECHeuMBalOIMM  0€30MacHOCTb,  HAJEKHOCTb U
AKOHOMHUYECKYIO 3(h(DEKTUBHOCTH IKCILTyaTaIlliy BO3AYIIHBIX CY/IOB.

Kputnyeckas pomp TexHudeckoro obcmyxkuBanus: OddextuBnoe TO
CHOCOOCTBYET MPENOTBPAIICHUIO  aBapUil U CHUKCHUIO  BEPOATHOCTH
HEMPEIBUJICHHBIX MTPOCTOEB, YTO HAMPSMYIO BIMSAET Ha 0€30MaCHOCTH MOJIETOB.

['uOkocts w® amanranus Tpoueayp: BO3MOXHOCT, HHAWBHUAYATH3AIUU
nporpaMMm TO B 3aBHCHUMOCTH OT CHEHU(PUKUA IKCIUTyaTaIlMH MO3BOJISIET OTepaTopam
0ojiee TOYHO pearupoBaTh Ha peajbHBIE YCIOBUSA Pa0OTHI M YJIydillaTh KadyeCTBO
00CITyKUBaHUSI.
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Baxxnocts mporpammsl HagexxHocTH: COOp M aHaJIM3 JAHHBIX O COCTOSIHUU
KOMIIOHEHTOB ~ CaMOJICTOB ~ TIOMOTAaeT  BBIABIATH TEHJACHUUU B  IOSBICHUU
HEHCIIpaBHOCTEH, 4YTO BeAeT K Oonee 3¢ddextuBHOMYy muaHupoBaHuio TO u
YMEHBILIECHUIO 3aTpar.

Hcnonp30BaHne  CTaTUCTUYECKUX METOAOB: lIpHMEHEHHe CTaTHCTHYECKHUX
METOI0B M MOJENEH NPOrHO3UPOBAHMSA II03BOJIIET ONEPATOpPaM IPEIyraJbIBaTh
BO3MOXKHBIE TPOOJIEMBI U OITUMHU3UPOBATH TPaUK TEXHUUECKOTO 00CITY>KUBAHUSL.

[Ipumepsr  ycnemHsix aganTauui: KoOHKpeTHbIE TIIpUMEpPBl W3 IMPAKTHKHU
MOKAa3bIBAIOT, KaK aJlanTalys WHTEPBAJOB 3aMEHbI KOMIIOHEHTOB M Tepexoj Ha Oosee
HAJIKHBIE TApTUM JeTajliel MOTyT CYyIIECTBEHHO MOBBICUTH 3()(PEKTUBHOCTH H
CHU3UTH SKCIUTYyaTallMOHHBIE PACXOBI.

Takum oOpa3oM, BHEApPEHHE CHUCTEMATUYECKOTO MOAX0Aa K TEXHUYECKOMY
OOCIIy’)KHBaHUIO, OCHOBAHHOTO Ha aHaJIM3€ JaHHBIX M aJanTalud MpoLeayp,
ABJIICTCSI HEOOXOJIUMBIM Uil JOCTH)KEHUS BBICOKHMX CTAHIApTOB O€30MaCHOCTH U
HAJICKHOCTU B aBUALUU.

A. H. Cyneiimenona, C. K. Kapuribaen

ABUAIUATA TEXHUKAJIBIK KbIBMET KOPCETY I
OHTAMJIAHJBIPY: TOCIJIJAEP MEH MBICAJIJIAP

AHoamna. Asuayus 6HepKaICIOIHOe MEXHUKANLIK Kbl3Mem KOpcemy Manbi30bl
npoyecc 601N MadwbLIAOLL, OUMKEHI 0]l 9)ye KeMENEPIHIH HCYMbICLIHbIY KAYINCi30iciHe,
CeHIMOINI2IHe JicoHe YHeMOiNicine mikenel acep emeOdi. TexHUKAIbIK Kbl3Menm Kopcemy
bagoapaamanapel  Yuakmapovl JHCAKCbl IHCYMbIC KYUIHOe ycmayed, bIKIMUMAal
akaymlkmapovl onap natoa 0Oonean2a OeuiH AHLIKMAYEAd JHCoHe NAUOANAHY
WBIRLIHOAPLIH OHMALLIAHObIPYEa Kemekmeceodi. byn makanaoa mexHuxkanwlk Kbiamem
Kepcemy 0a20apramacvl MeH CeHIMOLIIK 0a20apiamacblia JiCoHe Onepamop
maoicipubecine Heziz0eneen npoyedypailaposl bOelimoey MYMKIiHOICIHe baca Hazap
ayoapa omwvipbln, aye KemenepiHe MeXHUKAIbIK Kbi3Mem Kepcemy muiMOoinicin
apmmulpy macinoepine Ha3ap ayoapviiaobl.

Tyiiin ce30ep: mexHUKanblK Kblzmem Kepcemy 0a20apaamacsl, CeHiMOLIIK
bagoapramacel, MUiMOLIKMI aApmMmulpy, OHMAUIAHOLIPY, MEXHUKALLIK Kbl3Mem
Kepcemyoe CmamucmuKaiblk 20icmepoi KoN0amy.

AN. Suleimenova, S. Zh. Karipbayev

OPTIMIZING AVIATION MAINTENANCE: APPROACHES AND CASE
STUDIES

Abstract. In the aviation industry, maintenance (MRO) is a critical process

because it directly affects the safety, reliability, and cost-effectiveness of aircraft

operations. Maintenance programs help to keep aircraft in serviceable condition,

identify potential malfunctions before they occur, and optimize operating costs. This

paper focuses on approaches to improve aircraft MRO performance, with emphasis
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on the maintenance program and reliability program, as well as opportunities to
adapt procedures based on operator experience.

Keywords: aircraft maintenance program, reliability program, efficiency
improvement, optimization, statistical methods in maintenance.
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OB30P AHAJIU3A ITPOBJEMbBI HAAEZKHOCTHU B KOCMHUYECKHUX
AIIITAPATAX PAHHHUX 3AITYCKOB

Annomayusn. B cmamve oaemcs 00630p ananuza NPpUYUH U 4aACMOMbl OMKA308
KOCMUYeCKUX annapamos paHuux 3anycko8. Paccmampusaromes pesyiomamot
UCCNIe008ANHUIL HAOEHCHOCMU U AHATUBUPYIOMCS 0COOEHHOCMU BbIS8IeHHbIX NPUYUH
omkaszo8. B pesynomame, nocie uzyuenuss HeKomopwix pabom, noceaueHHblx OaHHO
npobneme  nNPoOBOOUMCS  CMAMUCMUYECKUL  AHAIU3 — NPUYUHHO-CIIeOCTBEHHOL
2UNOMe3bl  CHUNCEHUsL HACOMbl OMKA308 KOCMUYECKUX annapamos, a makdice
UCCNIeOVIOMCsL HeOOCMAMKU NPOEeKMUPOBAHUSL UU UCNOAHeHUs. sl OyeHKu cmenenu
OMKA308 NPUBOOUMCS KIACCUDUKAYUSL OMKA308 68 NOPSOKe 803PACMAHUSL CIMeneHu
msdicecmu OmKAa308 U 6 C80H ouepedb OHU paz0elsilomcs Ha Kameeopuu. B
3aKOueHue cmamvi 0aemcs paszoeiieHue OmKA308 HA Kame2opuu ONnACHOCMU,
NOKA3AHHOM 8 MAOIUYHOM 8UOe, U NPeOCMABIAIOMCS UMO0208ble OAHHbIE.

KioueBble ciioBa: xocmuueckutl annapam, HAOE’CHOCMb, PAHHUE OMKA3bl,
cucmemamuyecKkue HeuCnpasHOCMuU, PaKema-HoCumesb, NpocpammHoe obecneueHue.

Beedenue. CriyCTsi HECKOJIBKO JIET TOCJIE 3allyCKa TMEPBBIX CIYTHUKOB CTau
MOSIBJISITECS  CTATUCTUYECKHE aHAIU3bl HAJCKHOCTH KOCMHUYECKHUX amnmaparoB u
0TKa30B Ha opoure [1].

OnHO U3 camMbIX paHHUX MCCIEAOBaHHUM HaJEKHOCTH, CoriacHo Leventhal u np.
(1969), 6pu10 onybmukoBaHO B 1962 T., 1 B HEM aHAJIM3UPOBAIOCH MOBeAcHUE 16
CIIyTHHMKOB, 3amylieHHbIX 710 HOs0ps 1961 r. (ARINC, 1962). 3a »tu roasl Obun
NPOBE/ICHbl AHAJIOTHMYHBIC aHadu3bl C OoJee KPYMHBIMH pa3sMepaMu WU
IpyNIupoBKON KocMuueckux ammaparoB. Hampumep, Bean u Bloomquist (1968)
MPOAHAIM3UPOBATIM COCTOSTHUE 225 CIyTHUKOB BO BpeMsl oTkasza; Timmins u Heuser
(1971) u Timmins (1974; 1975) npoaHaqu3upoBaaud COCTOSIHUE 57 CIIYTHUKOB BO
BpeMs otkasa; Hecht u Hecht (1985) u Hecht u Fiorentino (1987) npoananuzupoBaiu
cocrosinue okoyio 300 cnyTHUKOB BO BpeMs oTkaza. M B pabore Saleh u Castet,
HECYIIYI0O HaYYHYIO LIEHHOCTh M SIBJIAIONICHCS HamOoJiee MOJHBIM HCCIIEIOBAHUEM
MOCJIETHUX JIET, AaHATU3UPYETCS HEUCIIPABHOCTh U “noBefieHue” 1584 cryTHMKOB Ha
OKOJIO3EeMHOU OpOUTE, 3amyIIeHHbIX B TIepuo/ ¢ ssHBaps 1990 r. mo oktsi6ps 2008 T [1-
3].

Pannne uccnenoBaHvs HaJASKHOCTH KOCMHUYECKHX amnmapaTtoB MPearnojaraiu
SKCIIOHEHLIUAJILHOE PAaCIpEAEICHHE U MOCTOSIHHYIO 4acTOTy OTKa30B. OIHAKO, 3TO
npeanojoxkenue Owuto ompoBepruyto Timmins u Heuser (1971 rox), xotopsie
MOKa3aJik, 4TO JUIsi BHIOpAaHHOW MM 57 KOCMHYECKHX amnmnaparoB, 3aIyIICHHBIX U3
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nentpa kocmuyeckux nosneroB HACA umenu [Nognapna, yactora oTka3zoB Oblia HE
MIOCTOSIHHOM, a 0oJiee BHICOKOM B MEpBbIE THU MPEObIBAaHUS Ha OpOUTE.DTOT BHIBOJI O
panHux otkaszax (infant mortality) kocMu4eckux ammapaTtoB M CHHYKCHHH YaCTOTHI
OTKa30B MOBTOPSICS B mocaeayronux uccieaoBanusx (Timmins, 1974; 1975) [1-3].

Ocnoenas wacms. Hecht and Hecht (1985 r.) mpoananusupoBaiu pas3inyHbIC
IPYNIIMPOBKYA KOCMHUYECKUX alapaToB, cocTosAmue nmpuMepHo u3 300 kocMHAYECKUX
anmaparoB, 3amynleHHbIX B nepuona 1960-1984 romos, u oxBaTeiBaromux 96
pa3IMYHBIX KOCMHUYECKHUX Mporpamm. B xone aHanmza Obu10 0OHApYKEHO CHUYKEHHE
4acTOTHl OTKA30B JJI1 BHIOPAHHBIX KOCMHUYECKHX allaparoB, a MOJAEIU MOCTOSHHOU
YacTOThl OTKA30B, MPEAJIOKEHHbIC B CIPABOYHUKE MO BOCHHOW HagexHocTu MIL-
HDBK-217, pa3pabotannoii B 1961 roay u mepepaboTaHHON HECKOJBKO pa3 MocIe,
OBbLTM COUYTEHBl HEpEaJbHBIMH [UJII TPOTHO3UPOBAHMS HAJECKHOCTH CHUCTEMBI.
AHaJloru4HbIe BBIBOJIBI caenanu Tak ke Krasich (1995) u Sperber (1990 r.; 1994 r.)
[1-3].

B pesynbrare B HEKOTOPBIX HCCICIOBAHUSAX HM3y4alUCh IPUYUHHO-
CJICICTBEHHBIC THUIOTE3bl CHIDKEHMSI YacTOThl OTKAa30B KOCMHUYECKHX alllapaToB.
Norris 1 Timmins (1976) 00bsicHWIM 3TO TE€M, YTO, TaK KaK KOCMHUYECKHE anmapaThl
COCTOAT U3 MHOYKECTBA KOMIIOHEHTOB, 1 KOMIIOHEHTHI C BHICOKUM PUCKOM BBIXOJIAT U3
CTpOsi, IPU 3TOM OCTajJbHBbIE KOMIIOHEHTHI UMEIOT 00Jiee HU3KYI0 YacTOTY OTKa30B.
Baker u Baker (1980) uckimouniam KOCMHYECKYIO Cpey KaK BO3MOXHYIO MPHUYUHY,
HE CUMTasi €€ CypOBOH JJIsi KOCMHUECKUX allapaToB U OOBSICHSS TEM, YTO €CIU ITO
ObLI0 OBI TaK, TOT/Ia CTEMEHb OMTACHOCTH BO3pacTaja Obl B 3aBUCUMOCTH OT (HYHKIIUU
BpPEMEHH, MTOCKOJIbKY KyMYJISITUBHOE BO3/ICHCTBHE IPUBOJUT K OTKA3aM.

Ho xak otmedyeHo B uctouHuke [l], mpuBeneHHbIE YTBEPKIACHUS O MPUYMHAX
panHux otka3oB (infant mortality) B KkocMuueckux ammapaTrax — SBISIOTCS
COMHUTEJIbHBIMHU.

[ToMmuMo akileHTa Ha YacCTOTy OTKA30B IPU UCCJCIOBAHUM HAJIEKHOCTH
KocMuueckux ammapatoB Sperber (1994), momoOHO panHemy BbIBOAy Bean u
Bloomquist (1968) mns 225 kocMHYECKHX ammaparoB, 3amylIeHHBIX 10 1968 T.,
KOTOpbIE BHUJCIU TJIABHYIO MPUYMHY HEUCIPABHOCTEH KOCMHYECKHX allapaTtoB B
HEaJIEKBAaTHOM IMPOEKTUPOBAHUU, HA JOJIO0 KOTOpoil mpuxoautca nmoutu 60% Bcex
MIPOMCIIIECTBHMA C OOBICHUMBIMU TIPUIUHAMH, TIPEIITOTOXKHUIT YTO, TPHUUHBI OTKA30B H
HEUCTIPABHOCTEH Ha OpOWTE HE SABISAIOTCA CIy4yailHble MEperpy3KH WM HW3HOC, a
BO3MOYHO, SIBJISIFOTCS HEIOCTATKU MPOCKTUPOBAHUS WM MCTIOJHEHUS, BBISBIICHHON B
xone muccuu [1-3]. Kak npuBoautcss B pabore [2] MHeHHe, O NpeodsiagaHuu
(TOMUHHpPOBAaHWHM) OTKA30B B TIEPBOM ToAy OOYCIOBIEHO C HEAOCTaTKaMH
NPOEKTUPOBAHUSA, KOTOpbIE OOHApY)KMBAIOTCS B Hadalle MHCCHH, TaK e
noareBepxkaaercs Mak Tafazoli, kotopeiii u3yunB 6Gonee 4000 kocMHUYECKHX
anmaparoB, BeISIBUI 156 oTka30B Ha 129 paznnuHbix KocMUYeckux anmaparax ¢ 1980
o 2005 rr [3], Tak u B apyrux [4,7] pabotax. Pesynbrarsl Tafazoli mokassiBaroT, 4To
paHHUE OTKa3bl BEPHBI JIJI1 KOCMUYECKUX anmaparoB (Tadsmma 1).
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Taoauna.l. OTKa3sl KOCMUYECKHUX aapaToB, CrPYMITUPOBAHHBIE IO CPOKY
9KCIUTYyaTaluu (U3 ucrounuka [3])
OTKa3bl KOCMHYECKHX aNapaTos,
CrPYNINHPOBAHHBIE N0 UX CPOKY IosicHeHue
IKCILTyaTaAllMU

0-1 1-3 3-5 5-8 >8

OTka3bl KOCMHYECKHX aIlllapaToB 10
41% |17% 20% 16% | 6% uccinenosaunto Mak Tafazoli,
oxBaTteiBaronm 4000 xkocMUYECKUX
anmapatoB ¢ 1980 mo 2005 rr

[lo3guue wuccreqoBaHUS MPOBOJIUIINCH HA YPOBHE KOHKPETHBIX MOJICHCTEM
kocmudeckux anmnapatoB. Hampumep, Cho (2005 rox) u Landis u np. (2006 ron)
COCPEIOTOYMIIM BHUMAHHUE Ha OTKa3aX B MOJACUCTEME JIEKTPOMUTAHUS KOCMUYECKIX
anmaparoB, Brandhorst u Rodiek (2008 roxa) - Ha oTka3ax B COJIHEUHBIX Oarapesix, a
Roberston u Stoneking (2003 rox) - B noacucremax opueHtanuu. Sperber (2002) u
Tafazoli (2009) npoanau3upoBalivi CPaBHUTENIbHBIN BKJIA/ PA3IMYHbBIX MOJICUCTEM B
OTKa3bl KOcMHUYECKuX anmnaparoB Ha opoute. A Bedingfield u ap. (1996) uccnenosanu
OTKa3bl, 00YCIIOBJIEHHBIE KOCMUYECKOM cpeoit [1].

B pa6ote J.H.Saleh u J.F.Castet [1] knaccuduuupyroTcsi 0TKa3bl, BHISBICHHBIC B
pe3yJibTaTe CTAaTUCTUYECKOT0 aHAJIM3a YCIIEIIHO 3aIyIIEHHbIX B Iepuo ¢ sHBaps 1990
rojia mo okTsi0pb 2008 roga, 1584 KocMUYECKHX amnmapaToB HAa OKOJIO3E€MHON OpOuUTe.
B nannoii pabore uccineayroTcs KiIacchl OTKa30B B MOPSAJIKE BO3pAcTaHUs CTEIECHU
TSKECTU (CEPbE3HOCTH) OTKA30B:

Kuace 1V: He3HaunTenbHbIA / BPEMEHHBIM / UCIIPAaBUMBII OTKa3, KOTOPBIA HE
OKa3bIBaCT CYIIECTBEHHOTO IMOCTOSTHHOTO BIMSHHS Ha pabOTy CHOYyTHHKA WU €To
MOJICUCTEM,;

Kuace [1ll: cepbe3nblii, HeucnpaBUMbIA OTKa3, NPUBOASILIMKA K TMOTEpE
pe3epBUPOBAHUS ISl PAOOTHI CITyTHUKA WIJIH €r0 TIOJICUCTEM Ha TTOCTOSTHHOW OCHOBE;

Kuace II: cepbe3Hblii HeUCHIpaBUMBIM OTKa3, KOTOPBIM BIMSIET Ha paboOTy
CIIyTHUKA WJIM €T0 MOJICUCTEM Ha MOCTOSHHOM OCHOBE.

Kaacc I: oTka3 nojacuctemsl, NPUBOIAIINN K BBIXOJY U3 CTPOSI CIyTHUKA. JTO
(paKTUYECKH MOJTHBIN OTKA3 CIIyTHUKA U3-3a CEPHE3HOT0 0TKA3a MOJICUCTEMBI.

Kmaccer IV u Il o0ObeguHsArOTCS, Tak KaK BIHSHHE DOTHUX KJIAacCOB Ha
(YHKIIMOHAJIBHOCTh CIYTHHKAa W €ro MOoJCHUCTEM He3HauuTedabHo. Ha pucynke 1.
MOKa3aHbl BCE HEHCIPABHOCTUA M OTKAa3bl BEIOPAHHBIX KOCMUYECKUX aIIapaToB, U X
pacrpeeneHue 1o pa3auyHbIM Kiaccam [1].
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Odimee koJamecreo: 773

Kmacel, 12.7%
Kmacc IV-III, 41.3%

Kmaccll, 46.1%

Pucynok 1. Pacnipenienienre HEMCIIPpaBHOCTEH U OTKA30B I10 CTETICHH TSKECTH
JUISl KOCMHYECKHX allllapaToB, YCIEIIHO 3aMyIeHHBIX B Ieproy ¢ suBaps 1990 r. mo
okTs10pb 2008 1 [21]

Tak xe B NaHHOW paboOTe OTMEYAeTCs 4YTO, OTU MPEACTABICHHBIC YMCIA HE
JOJKHBI MHTEPHPETUPOBATHCS 32 MPEJEIaMH BaKHOIO, & UMEHHO (DOKYCHpOBATHCSA
HCKIIFOUATENIbHO HA HAJIEKHOCTH KOCMHUYECKOIO ammapara, OIpeAesieMOr Kak
BEPOSATHOCTh HAXOXJIEHUS B paboueM (a He B TIOJIHOM OTKa3€) COCTOSTHUU, MPOITyCKast
BaXXHYIO YacTh JIETpaJlallid KOCMUYECKOTO arapara Ha OpOUTE U €ro «IOBEJACHHE)
IIpU OTKAa3e.

B ncrounuke [3] Ha ocHOBE ABYX Pab0T! mpeacTaBieHo paseleHre OTKa30B Ha
KaTeropuy OMACHOCTH, MOKa3aHHOM B TabiuyHOM BHje (Tabnuia 2). B xoxe sToro
aHaimn3a ObLIIO pacCMOTPEHO 325 «aHOMaui» KOCMUUYECKHX alapaToB, B PE3yJIbTaTe
4yero ObUTH TMOJTyYeHBI 3HAYCHUS, IPUBEACHHBIC B Tabmuile 3 U Ha puCyHKe 2. A Ha
pucyHke 3 ToKazaHa pa30MBKa CHCTEMaTHYECKUX HEUCIpaBHOCTEH (1Mo oOIiei
MIPUYHHE).

Taoauna 2. Kateropuu anajausza onacHocteu (u3 ucrtoyHuka [3])
Kareropun OnacHocru OnpenesieHust
Anmnaparasle HencripapHoctr CitygaiiHble OTKa3bl JeTalen
Bce HeumcnpaBHOCTH, BBIXOJSIIHME 32 PaMKHU
CucremMaTH4ecKre HEMCIIPABHOCTH | allllapaTHBIX U MPOrPaMMHBIX COOEB, KOTOpHIE
(O6mas ITpruuuna) MOTYT  BO3HHMKHYTh B  JIF000€  Bpems
YKU3HEHHOTO LIMKJIa CHCTEMBI, BKJIFOYAsl CTaIUN
IIPOEKTUPOBAHMS, PEANTU3ALNH, IKCILUTyaTalluH
U TEXHUYECKOTO 00CITy>KUBaHUS.
HeucnpaBaoctu nporpammaoro | OTkassl IpOrpaMMHOro o0ecreyeHust mpu
oOecrieueHus BKJIFOUEHHH OTKA30B B TPeOOBaHUs
Kocmuueckas cpena DIIEKTPOCTATUYECKHIA paspsia,
MHUKPOMETEOPUTHI, KOCMUYECKHIN MYCOP. ..
Texanueckue ommoOku (Jleranmu nu | HempaBuiibHOE MCHONB30BaHUE MAaTEPUATIOB
Marepualibl) JUISL Cpebl IPU IPOEKTUPOBAHUH
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Texauyeckue ommOKu
(ITpoekTupoBanue)

OmmubKu CHCTEMHOT0O IMPOCKTUPOBAHU,
IMPOCKTHLIC HEAOUYCTHI (HC BKJIFO49asa MaTCpH-

pHUaJioB), OMMUOKH MOJCITUPOBAHUS, OIITMOKH
uHTepdeiica
OTka3pl MaTeprasIoB U MPOILECCOB AETANEH

[Tpon3BoaCTBEHHBIC TE(PEKTHI
(KauecTBO M3rOTOBJICHMUS])
OrpaHnyeHHbIEC HHKCHEPHBIC

Heynaua nepBoii nonbITKH HOBOM

3HAHMS (dbeHoMeHoIoTUn

Otkazsl PH Otka3sl B pe3ynbrare otkazoB PH yepes
pa3zelieHHe, BKIIFOYasi BEIBOJ HA HU3KYIO
opouTy

HewusBecTHas npruunHa Kareropus nms Bcex Ipyrux 0TKa3oB WU
HEUCIIPAaBHOCTEN

Tabauna 3. O61Iee KOJIUYECTBO «aHOMAJHI (HEUCITPABHOCTEHN ) KOCMUYECKUX
anmapatoB (13 uctouHuka [3])

Kareropuu onacuoctu  Aerospace LL TOR | War Bcero | ITpoueHnTsl
Stories

AnnapaTHble 2 48 50 16%
HEUCIPABHOCTHU
HewusBecTtHas npuunHa 2 32 34 11% )
Cucremarnueckue o%
HEUCIPABHOCTHU 136 89 22 3%
HeucnpaBHoctu 7 9 16 7%
[IporpamMmmHOro
Obecneuenus 5 13 15 6% 'é
Kocmuueckas cpena 0 L
TexHuueckue omuoOKu 0
(deranu u Matepuarnsr) 10 J 19 8%
TexHu4eckre OmmOKu
(ITpoekTupoBanue)
[IpoK3BOCTBEHHBIE 40 13 53 22%
neeKThb (Ka4ecTE
M3TOTOBJICHUS ) 46 34 80 33%
OrpaHnyeHHbIE
WHXCHEPHBIC 3HAHUS
Otkazsl PH 1 9 10 4%

37 11 48 20%
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UToroBble AaHHble N0 KaTeropuam
onacHoctu KA

11%

B Cuctematmyeckue
HeENCnpaBHoOCTH

AnnapaTtHble
HencnpasHOCTH

W HeusBecTHaa npuymHa

PucyHnok 2. ITorosbie JaHHBIE IO KATETOPUSIM OMACHOCTH KOCMHUYECKUX
anmnapartoB (U3 UCTOUHHKA [3])

MUTorosble AaHHbIE NO
cucTemaTmyeCcMm HencCnpPaBHOCTAM

KA H TexHUYecKne OWmnbKN
(OeTann n Matepmansl)

7% 8%

B TexHUYeCcKune oLNOBKM
\ (MpoekTnposaHue)
W NpounssoacTBEHHbIE

AedekTbl (KayecTso
M3roToB/eHMA)

4%

Pucynok 3. CucreMarnueckue HEUCIPAaBHOCTH KOCMHUYECKUX anapaToB
(u3 ucrounuka [7])

3axnouenue u 6v1600bi. YacTHUHBIC OTKa3bl PA3IUYHON CTETICHH TSKECTH
COCTaBIISIFOT 3HAYUTENBHYI0 YacTh HEUCIPABHBIX COCTOSIHHM, HWCIBITHIBAEMBIX
KOCMUYECKHUMH ammapaTaMi BO BpEeMS JKCIUTyaTalluH, U TO3TOMY WX aHalU3 JacT
JIOTIOJTHUTENBHYIO U BAKHYIO HH()OPMAIIHIO B TOHUMAaHUH «TIOBECHUS U CKIIOHHOCTH
K c00sIM KOCMHYECKHX anmaparoB U nojcucteM. Ha ocHoBe pucyHka 1, B pe3ysbTare
MPOBEICHHBIX HAOJIIOICHUI MPUIIUIA K HEKOTOPBIM BbIBOJAM [1]:

- TIOJIHbIE OTKa3bl KOCMHUYECKHX armmapatoB (kiacc ) mpeacTtaBisitoT cobOoi
OTHOCHUTENIbHO HEOOJIBIIYIO YaCTh MPOUCIIECTBUHN, MPOUCXOASIIUX Ha OPOUTE: OKOJIO
13% »5Tux COOBITHII TPUBOMAT K MOTEPE KOCMHUYECKOTO ammapara; OCTaBIIUECs
(6OTBIMHCTBO) COOBITHS YACTUYHBIC OTKA3bI MAJIOW MU OOJBIION TSKECTH.

- 0k0J10 46% TIpoOIIeM, TPOUCXOASIINX B BRIOPAHHBIX KOCMUYECKHUX arllapaTax,
ABIISIIOTCS Cepbe3HbIMU OTKazaMu (ksacc II), 4To o3HayaeTr, 4yTO HEHCIPABHOCTH
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OPUBOJUT K HEOOpPaTMMbIM M 3HAUYMTENbHBIM YXYIIIEHUSM (PYHKIHOHAIBHOCTU
CIyTHHKA / CTyTHUKOBOM MOJCUCTEMBI (HO HE MOJTHOM MOTEpE).

- HE3HAYMTEeJIbHbIE HEMCIPABHOCTU BCTpEUaroTcs J0BoJIbHO YacTo (kiacc 11l u
knacc V), u onu cocraBistor 41% Bcex MPOUCIIECTBUM, C KOTOPBIMU CTATKUBAIOTCS
Ha opOuTE BRIOpaHHBIE KOCMUYECKHE amnapathl.

[IpeacraBneHHble OTKa3bl KIACCUPUIMPYIOTCS C LEJIbI0 HHTEPIPETALHMH
MEPBONPUYMHBI. AHANU3 TMOKa3bIBAE€T, YTO OOJBIIMHCTBO OTKA30B KOCMUYECKUX
anmnapaToB BBI3BAHO OOIIEH MPUYMHOW WM CUCTEMATUYECKUMHU HEHCIIPABHOCTIMH,
HEXEJH CITy4allHbIMU aIllapaTHIMU HEHUCIPABHOCTSAMH.

N.A.Uckennepos, C.C. AGayiaeBa

EPTE ¥IIBIPBIJIATBIH FAPBIII ATIITAPATTAPBIHAAT'BI
CEHIMAIVIIK MOCEJIEJIEPIH TAJIIAYT A HIOJTY

Anoamna. Maxanaoa 2apeiii annapammapuli epme Yulblpy Kezinoezi manioayaa
wony omcacanaovi. CeHiMOINIK 3epmmeynepiniy Hamudicenepi Kapanvin, akayiapobly
cebenmepi  aumvikmanaovl.  Homuoicecinde,  keubip  3epmmeyiep  eapuliu
annapammapuviusly ICIMeH Wbley MHCbLI0AMObIRbIH MoMeHOemyee apHaiean ceben-
canoap 2eunomes3anapvlH 3epmmeoi, ai Keubipeyniepi Ou3ain Hemece OpblHOAY
Kemwinikmepin 3epmmeoi. Comci30ik Kiacmapvl CcomcizOikmepoiy —ayvlpiblK
0apedceCiHiy Hco2apvliay pemimeH mizimoenedi Hcane oap 63 Keze2inoe Canammaped
Oo1iHeOl.

Maxkananviy coyviHOa axaynapobly Kayinmiiik caHammapwvlHa OO0NiHYI Kecme
mypinoe Kopceminin, KOpblmvlHObL OepeKmep Keamipineoi.

Tyitin ce30ep: 2apviui annapamsl, CeHIMOLTIK, epme iCmeH Wbl2YNap, JHCylei
axkaynap, 36IMblpas macwlblild, 6a20aplamanblk KAMMmMAMAacsls emy.

I.A. Isgandarov, S.S. Abdullayeva

REVIEW OF THE ANALYSIS OF RELIABILITY PROBLEMS IN EARLY
LAUNCH SPACECRAFT

Abstract. The article provides an overview of the analysis of early spacecraft. The
results of reliability studies are considered and the causes of failures are identified. As
a result, some studies examined cause-and-effect hypotheses for reducing the failure
rate of spacecraft, and some considered design or implementation deficiencies. Failure
classes are listed in order of increasing severity of failures and they are in turn divided
into categories.

The article concludes with a division of failures into hazard categories, shown in
a tabular form, and summary data are presented.

Keywords: spacecraft, reliability, infant mortality, systematic malfunctions,
launch vehicle, software.
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APPLICATION OF TERAHERTZ WAVES IN AVIATION SECURITY

Abstract. In recent years, the increasing threat of plastic explosives has posed
significant challenges to aviation security agencies, emphasizing the critical need for
their timely detection and neutralization. Simultaneously, interest in the terahertz
region of the electromagnetic spectrum has grown considerably. This study
investigates the potential of terahertz time-domain spectroscopy (THz-TDS) for
detecting the spectral signatures of concealed plastic explosives and their compounds.
Additionally, the article presents the conceptual design of a terahertz spectrometer
specifically developed for identifying concealed hazardous substances.

Key words: aviation security, terahertz spectrometer, femtosecond laser, GaSe,
InSe crystals, plastic explosives, HMX, RDX, TNT.

Introduction. Terahertz radiation refers to electromagnetic waves within the
frequency range of 0.3-10 THz, or 0.3 x 10'-10 x 10'? Hz, corresponding to a
wavelength of approximately 1 mm. This range lies between the infrared (IR) and
microwave regions of the electromagnetic spectrum, often referred to as the far-IR or
submillimeter range. The terahertz range encompasses the radiation spectra of various
astronomical objects and complex organic molecules, including proteins, DNA, certain
explosives, and atmospheric pollutants (e.g., harmful substances).

Advancements in modern technologies have enabled the creation of quantum-
scale structures such as quantum dots and quantum wires, widely utilized in
nanotechnology. The excitation energy of quantum dots aligns with the photon energy
of terahertz radiation, allowing coherent control of these structures using terahertz rays.
Furthermore, the non-ionizing nature of terahertz radiation ensures its safety for human
use, facilitating its application in diverse fields such as medical diagnostics, modern
security systems, environmental monitoring, quality control of pharmaceuticals and
food products, and high-speed communication systems.

In recent years, the interest in terahertz technologies, imaging, and protection
systems has grown significantly, driven by three primary factors:

« Terahertz radiation can detect concealed non-metallic weapons, as material like
cardboard, clothing, and footwear are transparent to it.

. It enables the remote (standoff) detection and identification of explosives and
drugs due to their characteristic spectral lines in the terahertz region.

- Terahertz radiation is safe for human exposure, making it suitable for practical
applications [1].
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The main part. In recent years, plastic explosives, chemical bombs, and biological
weapons have increasingly become tools utilized by terrorists, while the expanding
illegal drug trade poses a growing global threat. Addressing these challenges requires
the development of effective methods for the rapid detection and neutralization of such
threats.

One promising approach is the use of terahertz electromagnetic waves, as the
materials of interest exhibit unique absorption and reflection characteristics within the
terahertz frequency range (0.5-10 THz). Explosives such as C-4, HMX, RDX, and
TNT, as well as various illicit drugs, possess distinct absorption and reflection spectra
that differentiate them from materials like clothing and human skin. Terahertz
radiation's ability to penetrate non-metallic substances enables the identification of
these hazardous materials, even when concealed, based on their terahertz spectral
signatures.

The influence of atmospheric conditions is a critical factor in distance
measurements involving terahertz radiation. Figure 1 presents the results of
experiments measuring atmospheric transmittance within the 300 GHz to 4 THz
frequency range.

As illustrated in Figure 1, numerous absorption lines are observed across the
terahertz spectrum, primarily attributed to water vapor in the atmosphere. Nevertheless,
under conditions of relatively short distances (50—100 meters) and moderate humidity
levels (<58%), which are adequate for standoff detection, the terahertz range remains
sufficiently transparent for the identification of concealed objects.

The study identifies at least five atmospheric transparency windows within the
1.4-4 THz frequency range, demonstrating the viability of this spectral region for
practical applications in standoff detection systems.

1.1

1 |
0.9] AL i A

0.8 0\ I IR

0.7

0.6 ,

0.5

0.4

0.3

0.2

0.1

0 I
03 05 07 09 1.1 13 15 17 19 21 23 25 27 29 31 33 35 3.7 3¢
Frequency (THz)

Figure 1. The emissivity of the atmosphere within the frequency range of 0.3-4
THz varies depending on the relative humidity, ranging from 5% (upper curve) to
58% (lower curve), with emissivity at 0.3 THz normalized to unity [2].
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Figure 2 presents the absorption spectra of various plastic explosives and their
components, as determined through experimental measurements [3]. Each explosive
exhibit distinct spectral characteristics. For instance, RDX-based explosives display a
resonance peak in the 820 GHz region, allowing for their identification. However,
while the presence of a spectral feature is a critical indicator, it alone is insufficient for
the definitive identification of an unknown substance.

The primary challenge in explosive detection lies in differentiating the spectra of
non-hazardous materials with similar properties from those of explosives. As
demonstrated in Figure 3, the terahertz range effectively satisfies these conditions,
enabling accurate distinction and identification.
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Figure 2. Absorption spectra of plastic explosives and their components
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Figure 3. Absorption Spectra of Materials: (a) Materials commonly used in
packaging and clothing (1 — cotton; 2 — silk; 3 —wool; 4 — leather; 5 — nylon; 6 —
polyester; 7 — polyester/cotton), (b) Materials that may interfere with the
identification of explosives (1 — milk chocolate; 2 — vitamins; 3 — granulated sugar; 4
— powdered sugar)

The frequency range from 6 THz to 10 THz exhibits numerous spectral features
for explosives; however, moist air is not transparent to radiation in the 2—-3 THz range.
Therefore, for standoff detection applications, only a relatively narrow portion of the
terahertz spectrum, specifically 0.3-3 THz, is suitable.

Terahertz generation method relies on the generation and detection of coherent
terahertz pulses using femtosecond laser pulses (10-100 fs). In this setup, the laser
beam is split into two components: one generates an ultrashort terahertz pulse using a
photoconductive antenna, while the other records the time delay with a photodetector.
The photoconductive antenna consists of a semiconductor plate with two parallel metal
electrodes spaced 50-200 um apart. When a constant voltage is applied between the
electrodes, the antenna acts as a terahertz pulse generator. Upon exposure to
femtosecond laser pulses, charge carriers are generated in the semiconductor,
producing a surface current.

In the absence of an applied voltage, the antenna functions as a terahertz radiation
detector. In this configuration, the charges generated in the semiconductor by the
incident laser pulse are displaced by the terahertz pulse, which arrives with a delay
relative to the laser pulse. The resulting current between the electrodes is proportional
to the electric field strength of the terahertz pulse. This process is referred to as
terahertz spectroscopy. Additionally, this detector can measure not only the amplitude
of the radiation passing through and reflected from the sample but also its phase.

In the experiments conducted for the generation and detection of terahertz
radiation, a Ti: sapphire femtosecond laser from Toptica, model FFPRONIR
(FemtoFiberproNIR), was used, operating at wavelengths of 1560 nm and 780 nm. The
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laser had an average power of 360 mW, a spectral width of 108 nm, and a pulse duration
of 10 fs. Terahertz radiation was generated and detected using GaSe crystals with
thicknesses of 45 um and 35 um, respectively. For InSe crystals, the corresponding
thicknesses were 40 um and 32 um. The results of the experiments confirmed that both
GaSe and InSe crystals are suitable as generators and detectors in the 0.1-6 THz
frequency range [5].

The remote sensing system using terahertz (THz) beams is illustrated in Figure 4.
The Ti: sapphire femtosecond laser beam is split into two components by a beam
splitter: one acts as the absorption beam (20%) directed at the photoconductive
antenna, while the other serves as the sample beam (80%) for detecting the THz beam
reflected from the target object.

In the sample beam channel, fixed delay lines of 1000 mm and a frequency-
varying delay of 15 THz are incorporated, forming a time-strobe mechanism
(comprising mirror-angle reflectors in the assembly). To enhance the collection
efficiency of THz radiation, hyperhemispherical lenses made of high-resistance silicon
are placed on the surface of the photoconductive elements. For collimation and
focusing of THz beams, two parabolic lenses with an aperture ratio of f/1 are employed
within the measurement setup.
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Figure 4. THs system for remote detection of explosives [6]

The measurement results for two different explosive samples are presented in
Figure 6. As shown in the figure, there is good agreement with the calculated results.
In both cases, characteristic features were observed at frequencies of 0.8, 1.05, and 1.4
THz. Since RDX was the primary component in both samples, these frequencies are
consistent [6].
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Figure 5. Reflectance spectra of Semtex-H (1) and SX2 (2)
measured from a distance of 1m (solid curve);calculated (dashed curve) [6]

Conclusion. Based on the studies conducted, it can be concluded that, under the
given conditions, terahertz (THz) radiation presents a promising approach for the
detection of concealed explosives.

X.N.Abnynnaes, T.H.Ba3zuposa

ABUANMSIJIBIK KAVIIICI3AIKTE TEPAXEPI] TOJKBIHBIHBIH
KOJJAHBLITYEI

Anoamna. CoHebl  J#CHLIOAPBI  NAACMUKANLIK — HCAPBLIRLIW — 3aMmMAapoan
MYbLIHOAUMbBIH  Kayin-Kamep Aasuayusiibl Kayincizoik op2anHoapvl YuliH eneyii
KUBIHOBIKMAP MYyOblpbln, 0Japobl 0ep Ke3iHOe AHbIKMAY MHCIHe 3aNaNCbi30aAHObIPY
Kasxcemminiein aukvinoan omwlp. CoHbIMeH Kamap, 21eKmMpoMAcHUMMIK CNeKmpOoiy
mepazepy aumMazblHa O0e2eH Kbl3blyWbLIblK aumapavikmat apmmsl. byn zepmmey
JHCACHIPLIH NAACTMUKATILIK JHCAPBLILIUL 3aMmMap MeH O01apObly KOCHLIbICIAPLIHLIY
CNeKmpJliK epeKueniKmepin aHbIKmMay YUWiin mepazepy YaKblMMmMblK
cnekmpockonusiceln  (THz-TDS) Konoanyovly MyMKiHOIKmMeEpiH —Kapacmolpaowl.
Convimen Oipee, Maxkanaoa dHcacvlpblH Kayinmi 3ammapobl aHbIKMAY2d apHAIEaH
apmativl  23ipreHeen mepazepy CneKmpoMempiHiy MyAHCbIPbIMOAMATLIK  HCOOACHI
YCHIHbLIZAH.

Tyitin  co30ep:  asuayusnvly  Kayincizoik, mepazepy  CHEKmMpomempi,
Gemmocexkynomvix nazep, GaSe, InSe kpucmanoapvl, NIACMUKATBIK HCADLLIZbIUL
3ammap, OKMO2€H, 2eKCO2eH, MPOMUIL.
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X.N.Abnynnaes, T.H.Bazuposa

IMPUMEHEHUME TEPATEPIEBBIX BOJIH B ABUAIITMOHHOM
BE30OITACHOCTH

AHHOmMauun. 8 nocieonue 200bl PACMYWds yepo3a, UCXo0auas om niacmuKo8oul
83pbIBUAMKU, — CO30ANA  CepbesHble NpodieMbl Ol OPeaHO8  ABUAYUOHHOU
bezonachocmu, NOOYEPKHY8  OCMPYIO  HEOOXOOUMOCMb  UX  CBOEBPEMEHHO20
oonapyxcenusn u netumpanuzayuy. OOHOBPEMEHHO 3HAYUMENbHO 803POC UHMEpPeC K
mepazepyosoll 0o61acmu IeKMPOMACHUMHO20 cnekmpa. B oannom uccredosanuu
PACCMampusaencst 603MOICHOCHb UCHONb308AHUSL Mepa2epyosoli CHeKmpOoCKONUU 60
spemennol ooaracmu (THz-TDS) ons obHapyscenuss cnekmpaibHblX Xapakmepucmux
CKPBIMBIX NIACMUKOBBIX 83PbIBUAMbIX 8ewecma U ux coedunenuil. Takoce 6 cmamve
npeocmasieH KOHYenmyaibHslii NpOeKm mepazepyosoco CneKmpomempa, CneyuaibHo
Paspabomanno2o 011 8bIAGNEHUS. CKPbIMbIX ONACHBIX 8EULeCNS.

Knroueswvie cnosa: asuayuonnas 6e3onacHocms, mepazepyosulii CHeKmpomemp,
Gemmocexynonviii nasep, xpucmaiier GaSe, InSe, mracmuxosas e3pvisuamxa,
OKMO2EH, 2eKCO2eH, MPOMUIL.
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METO/ ONPEJAEJEHUSI SKOHOMHUYECKOHN D®®EKTUBHOCTHU
MOBBILIEHUS ITPOITY CKHOM CNOCOBHOCTH B3JIETHO-
IMOCAJOYHOMU ITOJIOCHBI

Annomayusn. B cmamve Ovblio u3yuyeHo dKoHOMUUECKAS IDhekmusHocmy
83/1eMHO-NOCAOOYHOU NOAOCHL ObLIA OnpedeieHa Ha npumepe MedxcoyHapoonozo
asponopma « Tawikenmy.

C yuemom ycnosuii ce30HH020 Y8eauyeHUus NOmoKa 8030YUIHbIX CYO08 8 Yelsix
nogvluenusi NponyckHou cnocoonocmu  BIIIl  co3oan memoo onpedenenus
IKOHOMUYECKOU dhpexmusHocmu nogviuleHuss NPONYCKHOU CHOCOOHOCMU 63/1eMHO-
nocaoouHou noaocel. B pesynemame  paszpaboman  memoo  onpedeneHusl
aKoHOoMuueckou 3pgexkmuenocmu BIIII, nosviwiarowuti nponyckHyo cnocoOHOCHb
8371€MHO-NOCAOOYHOU NOJIOCHL AIPOOPOMA 8 YCIOBUSAX CE30HHO20 POCMA 8030YUIHO2O
nomoka. Ilpu smom, K Kakomy mumny OMHOCUMCA paboma camoinema & clyuae
UCNONIL306AHUSL NOJIOCLL  OBUIICEHU U NOJOCbL  ObICMPO20, A MAKdHce CyMMA,
ynaauueaemas 3d 6371emHO-nocadounylo noaocy. OnpedeneHo IKOHOMUYECKYIO
3 pexmueHocmov UCNONILI0BAHUS 83/IEMHO-NOCAOOUHBIX NOJOC AIPOOPOMA 8 YCIIOBUSX
CE30HH020 POCMA 8030VUIHO20 NOMOKA 8 MEXCOYHAPOOHOM asponopmy « Tawkenmy 6
Kauecmee akmopa noevluleHus IPEEeKmueHocmy NponyCcKHOU CHOCOOHOCMU
8371€MHO-NOCAOOYHOU.

B pezynomame 6vi10 ycmanoeneHo, 4mo 8 YCiousax Ce30HH020 pocma nomoxda
BC mooicno 0obumwvcs noswviuenus sxoHomuveckou sgpgexmusnocmu Ha 10 %, mo
ecmb 3a 200 cakoHomums 878 710 848 cymos.

Kniouegvie cnosa: Aspoopom, 631emHO-NOCAOOUHASI NOOCA, IKOHOMUUECKOL,

aghghexmusnocmo, asuayus, asponopm, camosiem, NPOnYCKHAsL CNOCOOHOCMb.

Bseoenue. QOnHoMy acmekTy MPOMYCKHOHW CIOCOOHOCTM —al’pomopra -
CIIOCOOHOCTH CHCTEMBI B3JIETHO-TIocaiouHbld  mosioca (BIIII) ymoBieTBOpSTH
MOTPEOHOCTH B JBMIKEHUU BO3IYIIHBIX CynoB. [lo Mepe mpuOmmkeHus crpoca K
MPOIYCKHOW  CIIOCOOHOCTH  B3JIETHO-TIOCAJOYHBIX TOJOC BO3AYIIHBIE CY/a,
HaxoAsIIMeCs Ha 3€MJIE U B BO3JyXE, HCHBITHIBAIOT TNEPETPY3KH, a TaKKe
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noporocrosiue 3aaepKku. OLeHKa 3TUX 3aTpaT Ha 3a/IepKKY OyJIeT UMETh BaXKHOE
3HaUYEHUE I JII0OOW OLEHKU 3(P(PEKTUBHOCTH CYIIECTBYIOIIUX YCTAHOBOK M JUIS
M000TO aHaiM3a 3aTpaT-BhIFOJ, CBSI3aHHOTO C TNPEIOCTaBICHUEM YBEIMYEHHON
MOIIIHOCTH.

DToMy 00J1acTH IMHUPOKO U3ydaeTcs 3apyOekHbIMU yueHbIMU. MccnenoBaHo B [1]
AHAJIM3UPYIOTCSl MEPCIEKTUBHBIE TEXHOJIOTUM OYMCTKHU B3JIETHO-TIOCAOUYHBIX IMOJIOC
a’poJIpOMOB, a TaKXKE OMpeiAcsicHue Haubojee MEePCIEeKTUBHOTO METOJa OYHUCTKU
B3JIETHO-MIOCAI0YHBIX HoJioc. B [2] HaydyHOM uHccnenoBaHuu ObLI MPEJIOKEH 0030P
MaTEeMaTUYeCKOTO MOJCIUPOBAHUS TPOOJIEM ABMKCHHUS TSHKEIBIX TPAHCIOPTHBIX
CaMOJICTOB Ha B3JICTHO-MIOCA/IOYHBIX I0JOCaX C HEOJHOPOJIHBIM COCTOSTHUEM
MMOBEPXHOCTH, BBI3BAHHBIM PA3IUYHBIMU YCIOBUSMH SKCIUTyaTaliui. MeToj| OleHKU
SABJICHUM Ha OCHOBE M3yUYEHMs] B3aUMOJICHCTBUSA caMojieTa C MOKPBITHEM
UCKYCCTBEHHOW  B3JIETHO-NIOCAJIOYHOM  TOJIOCBI  C  TOMOIIBKD  CHUCTEMBI
MaTeMaTHYECKOr0 MOACITMPOBAHUS TMHAMUKH TT0JIeTa MpeIokeHo B padoTe [3]. B [4]
UCIIOJIB30BAJICSI METOJI OOHApy>KEHHUSI BBHIOPOCOB BHEIIHUX OOBEKTOB Ha B3JIETHO-
MOCAI0YHON TOJIOCE a’pPONOPTa, a TAKKE TEXHOJOTHUS OObEIWHEHHUS ITaHHBIX IS
aHanu3a ux uzobpaxkenuii. B [5] mpencrapiena oreHka 3¢ HEKTUBHOCTH OCBEIIEHUS
B3JIETHO-TIOCAJIOYHON TOJIOCH a’3poJipoMa C IIEJIbI0 TMOBBIIMICHUS] O€30MaCHOCTH B
YCJIOBUSX OIPAHUYEHHON BUIUMOCTH C UCTOJIb30BAHUEM PEXKUMA HHTETPUPOBAHHOTO
nHJekca. Poct aBuanepeBO30K - OJTHO M3 CaMbIX BIECUATIISIOMIMX TEXHOJOTMYECKUX
NOCTHKEHUN TOCIEIHUX BpPEMEH. DBICTPBIN pPOCT KOJMYECTBA ABHAIEPEIIETOB
MPUBOJUT K CEPhE3HBIM MPOOKaM B ad’poropTax KPYHHBIX TOPOJIOB, KOTOPHIC
HYXJAI0TCSI B JIOTIOJIHUTEJIBHBIX BO3MOXKHOCTSAX JJI1 OBICTPOPACTYIIMX BHYTPEHHUX
KpPaTKOCPOYHBIX PBIHKOB. MccnemoBanus [6] mokaspiBatoT, 4to MeKIyHapOIHBIN
aspornopt Yennau Oyzaet 3amonHeH Kk 2015 romy, mosToMy mpejjaraercs adporopt
I'pundung B HlpunepymOynype. CymiecTByrore npoodaeMbl CTPYKTYpbl U1 METOJIOB
MOBPEXKICHUS 36MHOTO TMOKPOBA a’poApoMa, a TAKKE COBPEMEHHBIE METO/IbI B paboTe
[7] ObUIM TIIATENBHO TPOAHATU3UPOBAHBI M TPEJIOKEH HOBBIM METOJ pacyeTa
3€MHOTO [TOKPOBA a3pOApOMa.

Orta pabora CTpeMHTCS OOECHEYUTh TMOHMMAHHUE CIIOCOOHOCTH B3JIETHO-
MOCAI0YHON TOJIOCHI M (DAKTOPOB, OT KOTOPBIX ATO 3aBUCUT. AHAIIU3 BKIIIOUYEH B Pl
MPOCTHIX B UCTIOJL30BAHUU MOJIETIEH JJIsl OLICHKHU 3a/IEP’KEK C CaMOJIETOM IO/ JTFOOBIM
JAHHBIM 00pa3IoM TpeOoBaHUs. DTU MOJIENIM IPEAHA3HAUYCHBI, YTOOBI MPEIOCTABUTH
MJIAHUPOBIIUKY TPOCThIE HMHCTPYMEHTHI JJIsI OBICTPOM OIEHKH BO3JCUCTBUS Ha
3a/Iep’)KKy M3MEHEHUM crpoca Te, KOTOpble MOTJM Obl OBITh JOCTUTHYTHI
PEryJIUPYIONIUM WU MOJUTUKOM 1IeHooOpa3zoBaHus. Kpome Toro, caM moJiHbIN aHAIU3
oOpa3yeT OCHOBaHHE JJIsI OBICTPOM TPEIBAPUTEIHHOM OLIEHKH BO3JACHCTBUS
ATBTEPHATUBHBIX KOH(UTYpaIuii B3JETHO-TIOCAAOYHON TIOJIOCHI, HOBBIX THIIOB
CaMOJIETOB WJIM U3MEHEHHBIX CTaHAAPTOB pa3AeICHUSI.

Teopurnyeckast 4acTb

[IpomyckHasi cnocOOHOCTh OJHOM B3JIE€THO-TIOCAA0YHOM moJockl (manee — BIIIT),
paboTarolieil B pexuMe udepeoBaHMs B3neTarmmx u npusemistomuxcsi BC (6e3
y4eTa MPOMYCKHOW CIOCOOHOCTH BO3IYIIHOTO TPOCTPAHCTBA), OMPEACNACTCS II0

dbopmye:
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CMEXHBIMH B3JICTHO-TTOCAJI0YHBIMH ONIEPAIMSIMU «B3JIET-B3JIET», KIIOCATKA-TIOCATKAY,
«B3JIET-TIOCAIKAY», «TTOCaaKa-B3IeT» A «i» 1 «)» BC (cekynma);
pi,p; —Hons i u j BC B 001mei ”HTEHCUBHOCTH JIBHIKEHHS;

I, ] — HNEpEMEHHbIC MHACKCHI, COOTBETCTBYIOIIUE: I-BC, COBEPUIAIOIIIEMY B3JICTHO-

ocajioyHbIe orepanuu mepBbiM; J-BC, coBepiamoiiemMy B3JI€THO-TIOCAT0YHbIC
oIepaiiy BTOPHIM, IIPXU 9TOM | M | IOCJIE€I0BATEILHO U3MEHSIOTCS OT 1 10 M;m —
kosimdecTBo TUNOB BC, paccMaTpuBaeMbIX B pacyeTe.
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3nauenust Tpp, T, Trr, Trp ONIPENENSIIOTCS KaK CPEAHEB3BEIICHHBIC BEJIMYMHBI
U3 TPOU3BEICHHII MHUHHMAJIbHO JOMYCTHUMBIX MHTEPBAJIOB BPEMEHH MEKIY
BO3MOXHBIMH KoMOUHarusiMu BC Ha ux 701110 B 00111€1 HHTEHCUBHOCTH JIBU>KEHUS.

JKCIEePUMEHTHI U 00CYKICHUS

O} hekTUBHOCTH MPOMYCKHOM CIIOCOOHOCTH U CPEIHEE BpEeMsI OXKUAAHUS PECOB
B OXXHJIAHWM B3JIETa SBISIOTCS BAKHBIMH IMMOKa3aTeIsIMU 3(G(OEKTUBHOCTH B3JIETHO-
MOCaJIOYHON TOJIOCHl. B pe3ynbraTe COKpallleHUusI BPEMEHU 3aJICP>KKU PEUCOB 3TO
NPUBOJUT K CHIDKEHUIO pacxoja TOIUIMBA, MOBBIIMICHUIO ASKOHOMHYECKOMN
3¢ (HEeKTUBHOCTH, YMEHBIICHHIO BHIOPOCOB BPEAHBIX ra3oB B Bo3ayX. Kpome Toro,
MPOMYCKHAsI CIOCOOHOCTh B3JICTHO-TIOCAI0YHOM TMOJOCHl HAMPSAMYIO OIpeeseT
MPOMYCKHYIO CIIOCOOHOCTH asponopra. CylieCTBYET HECKOIBKO CIIOCOOOB YIYUIIIUTh
NPOIYCKHYIO crocoOHOocTh. Haumbonee pacnpocTpaHEHHBIM U3 HHUX SIBISETCA
CTPOUTEIBCTBO JOTOJHUTEIBHOW B3JIETHO-TIOCAJIOYHOM TMOJIOCHI, 4YTO Tpedyer
3HAYUTEIBHBIX CTPOUTEIBHBIX U SKCILTyaTallMOHHBIX 3aTparT.

QOYyHKIMOHAIBHO-CTPYKTYPHAsE ~ MOJIETIb  BBIYMCIUTEIBHBIX  BBIPAKECHHI
MaTEMaTUYECKOH MOJIeNIM OICHKHA MPOIYCKHOW CIIOCOOHOCTH OJIHOM B3JIETHO-
MOCAI0YHON TOJIOCHI, paboTarolell B MOPSAKE YePelIOBaHUS B3JIETHO-TIOCAIOYHBIX
M0JIOC, MIPEACTABIICHA HA PUCYHKE 1.

Tnn BK Tnn BK T en -BK npouecc T Bn - BK npouecc
AT I=EE Mt el npouecc nacagxa B3/leTa-nacajKa B3/1€Ta-NacajKa

P BIMI- nponyckHaa cnocobHOCTE B3/18THO-NMOCaA04YHOM NOM0CE!

Pucynok 1. CtpykTypHas cxeMa OlleHKH MPOITYCKHOW CITIOCOOHOCTH B3JIETHO-
II0CAaJ0YHOM II0JI0CHI a3pOoApOMa

B3neTtHo-nocagoyHas nojaoca — 3T0 MOJIOCa IBUKEHUSI, COEIMHEHHAS C B3JIETHO-
MOCaJI0OYHOM TMOJIOCOM MOJ OCTPBIM YIJOM U MO3BOJSIOMIAS MPHU3EMIISIOIIUMCS
caMoJIeTaM Pa3BOPAUYMBATHCS C OTHOCUTENIBHO OOJIbIIEH CKOPOCTBIO MO CPABHEHUIO C
IPYTUMHU TI0JIOCaMU, TEM CaMbIM COKpalias BpeMs MpeObIBaHUS Ha B3JIETHO-
nocagouyHol mosoce [8]. Paamyc KpuUBH3HBI HAa BHYTPEHHEH CTOPOHE KPUBOWU
HE00X0AMMO, YTOOBI YCThE TIOJIOCHI ABMKCHUS OBLIIO JOCTATOYHO PACIIHPEHO, YTOOBI
OBLJIO JIerdye BXOJWTH B TMOJIOCY ABUKEHUS U ONPEICNSITh MOBOPOTHI HAa JOpOrax ¢
ObIcTphIM BBIE370M. [losoca JaBUKEHUS C OBICTPHIM BBIXOJOM JIOJDKHA COJEPIKAThH
MPaBUJIILHOE PACCTOSHUE TOCJIE Pa3BOPOTa, JOCTATOYHOE MJI TOJHOM OCTAaHOBKH
YXOJISIIIETO BO3AYIIHOTO CyJHA JO TOr0, KaK OHO JOCTUTHET JPYyrod MOJIOCHI
JBUYKEHUS, KOTOPYIO OHO MEPECEKAET, U HE MEHEee CISAYIOIINX 3HaYeHUH, KOT1a yroj
nepeceduenus cocraisier 30°[9]. B pucyHok 2 moka3zaHO, 3aBUCMMOCTh CKOPOCTH
BO3JIYIITHOTO CyJHA OT pajJinyca HalpaBJICHUS IBMKEHUS HA OBICTPOM BBIXOJIE.
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PucyHoK 2. 3aBUCUMOCTh CKOPOCTH BO3YIIIHOT'O Cy/HA OT paauyca
HaIpaBJICHUS JBUKEHUS HA OBICTPOM BBIXOJIC.

[Tomy4yeHHbIC pe3yNbTaThl MOKA3aJl, YTO Pa3HUIIA BO BPEMEHH, 3aTPAuUBaACMOM
a’pOJPOMOM MEXKIAYHAPOIHOTO a’poropra TalIkeHT ¢ MOMEHTa KacaHHs B3JIETHO-
MOCaJI0YHOM MOJIOCHI IO MOMEHTA TTOKUIaHUS B3JIETHO-TIOCAI0YHOM MOJIOCHI B CIIydae
MIPUMEHEHUsI CKOPOCTHBIX B3JIETHO-TIOCAIOYHBIX II0JIOC, COCTaBIIsI€T OT BPEMEHH,
3aTpavyMBaEMOro JIETKUMHU, TSHKEIBIMA U CPETHUMHU CaMOJIETaMU C MOMEHTA KacaHUsI
B3JIETHO-TIOCAIOYHOM TIOJIOCHI 10 MOMEHTA MTOKUIAaHUS B3JIETHO-TTOCA0YHOM MOIOCHI.
CoBepmiaroniue  TOCaAKy  Ha  B3JICTHO-TIOCAJOYHYIO  TIOJIOCY  a’pojpoma
MEXIYHApOJTHOTO a’pornopra TamkeHT, I JIETKWX BO3AYIIHBIX CYJ0B, C MOMEHTA
MIPU3EMJICHUS U JI0 BBIJIETA C UCITOJIH30BAHUEM B3JIETHO-TIOCAIOYHBIX ITOJI0C OBICTPOTO
JBIKEHUSI JTIOCTUTHYTO cokpamieHue Ha 90% Bpemenu (puc.3). A s TsOKEbIe
BO3/TIYIIIHBIC Cy/a C MOMEHTA PHU3EMJICHHUS JI0 BBLICTA, UCITOJIB3YsI TIOJIOCH OBICTPOTO
JBIDKEHUST OBLIO JTOCTUTHYTO cokpaiieHue Ha 70% Bpemenu (puc.4), 1 cpeaHue
BO3/IYIIHBIE CyJla C MOMEHTa IOCAJKH JO BBUIETA, WCIOJIB3YS IOJOCHI OBICTPOTO
JIBYDKEHUS OBLIO IOCTUTHYTO cokpaiieHne Ha 80% Bpemenu (puc.5).
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Pucynox 3. Bpems, 3aTpaunBaeMoe JIETKMMH CaMOJIETaMU ¢ MOMEHTA UX
KACaHMSI B3JIETHO-TIOCAJJOYHOM MOJIOCHI IO MOMEHTA UX MOKUAAHUS (CEKYH]T).
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Pucynox 4. Bpems, 3aTpaunBaeMoe TsHKEJIBIMU CaMOJIETaMH C MOMEHTA UX
KacaHUs B3JIETHO-TIOCAIOUHOM MOJIOCHI IO MOMEHTA WX MOKUIAHUS (CEKYHN).

140

120

100
80
60

40

20

A1 NOAOChI

AN1A NoAoChl
ObICTPOro ABMMEHMA

OBUAHEHWA

PucyHnok 5. B cpenHem Bpems, 3aTpaurBaeMoe caMOJIeTaMi ¢ MOMEHTA KacaHusl
B3JICTHO-TIOCAIOYHOM TOJIOCHI 10 MOMEHTA €€ MOKHUIaHUusI(CeKYyH]T).
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B paborte paspaboraH MmeTona omnpenesaeHdus 3KOHOMUYECKOU 3(P(HEeKTUBHOCTH
BIIII, noBelmaromuyii MPOMYCKHYIO CIIOCOOHOCTh B3JIETHO-TIOCATOYHOM IOJIOCHI
a’poJipomMa B YCIIOBHSX CE30HHOTO POCTa BO3AYIIHOTO MOTOKA. [Ipu aTOM, K Kakomy
TUITy OTHOCUTCS paboTa caMoJieTa B Cly4ae HMCMOJb30BAHMS MOJOCHI JBUKEHUS U
MOJIOCKI OBICTPOTO, a TAKKE CyMMa, yIIaunBaeMasi 3a B3JIETHO-TIOCaI0YHYIO MOJIOCY.

Crnenyroliee BBIpAKEHHE OIMpPENEIsIeT SKOHOMHYECKYI0 3()PEKTUBHOCTH IS
Clly4as, KOT/ia OJIOCHI OBICTPOro ABMKEHHUSI ObLIA MPUMEHEHHI K B3JIETHO-TIOCaJ0UYHON
II0JIOCE 3a OJMH Yac:

F- oskxonomuueckass 3(QQPEeKTUBHOCTH  B3JIETHO-TIOCAJOYHON  TMOJOCHI  3a
ONPEEIICHHBIN NIEPUO/I IO OTHOLIEHUIO K COCTOSIHUIO, B KOTOPOM I1OJIOCHI IBUKEHUS
OBLIIM MPUMEHEHBI C MPUMEHEHUEM METO/1a MOBBIICHUS 9(PPEKTUBHOCTH MPOITYCKHON
CIIOCOOHOCTH B3JIETHO-TTOCA0YHBIX TMOJIOC.

F = Fthy - th, (41)

Fihy- mpuObLIM 32 ONpEIENeHHbI TIEpUO Ul Cilydas, KOraa N camoJIeToB
HCTIOJIb30BAJIM TI0JIOCHI OBICTPOTO JBHKCHHUSI.

l:“thy = 1vllthy + M2thy + M3y t... lv[nthy1 (4.2)

Mjthy— 9TO cymMMa NPHUOBLIH, KOTOPYIO CaMOJIET TOJy4aeT 3a OJMH B3IET U
NOCaJKy Ha B3JIETHO-TIOCAJOYHOW MOJIOCE C MCHOJIb30BAHUEM B3JIETHO-IIOCATOYHBIX
M0JI0C OBICTPOTO ABUKEHHS.

Mithy = Sithy — Hithy: (4.3)

Fy,y- cymMmma npuObLIY 38 OTIPEIENICHHBIH TIEPHOJI JUIA Cllydasi, KOrja N caMoJIeToB
UCIIOJIb30BAJIH MOJIOCY JIBUKEHUS.

th = Mlhy + MZhy + M3hy+' .. Mnhy, (44)

Mipy— 9TO cymMa NpuOBLIH, KOTOPYK CaMOJIET TMOJYYaeT 3a BBHIIOIHEHHE
OJIHOTO B3JI€Ta U MOCAIKU Ha B3JIETHO-TI0CAI0YHOM MOJI0CE C UCTIOIb30BAHUEM IOJIOCHI
JBHKCHUSL.

1v[ihy = Sihy - Hihy1 (4.5)
31ech;

Sithy — KOTOPYIO TIPHHOCHT CaMOJICT [JIsl COBEPIIICHHUS OJHOTO B3JIETA U MOCA/IKH
B BIIII ¢ ncrnonb30BaHrEeM MOJIOCHI OBICTPOTO JBHKCHHS;

Hjthy — cyMma 3arpar, MpUYHMTAIONIMXCS CaMOJIETy 3a COBEPIICHHE OJHOTO
B3JIETA U MOCAJKH C UCIIOJIB30BAHUEM IOJIOCHI CKOPOCTHOTO ABM>KeHus B BIIII;

Sihy — CyMMa, KOTOPYIO TIPHHOCHT CaMOJIET JJisi COBEPUICHHUsI OJHOTO B3JIETa U
nocanku B BIIII ¢ ncronp3oBanueM noJIoChl ABHKCHUS

Hjpy — 9T0O CymMMa 3aTpar, IOHECCHHBIX CAMOJICTY 32 BBIMOJIHEHUE OJTHOTO B3JIETa
Y MOCAJIKH C UCITOJIB30BaHUEM IOJIOCHI ABMKEeHUA B BIIII.

Meronuka ompeneneHus JIKOHOMHYECKOW A(P(HEKTUBHOCTH  MOBBIIICHUS
MPOMYCKHON CIMOCOOHOCTH B3JIETHO-TIOCAJOYHON TOJOCHl B YCJIOBHUSIX CE30HHOTO
pocTa BO3AYIIHOTO IOTOKA IIO3BOJIIET OMNPEACNINTh, KaKyl BBIFOAY MpPUHECET
WCIIOJIb30BaHUE B3JIETHO-TIOCAI0YHBIX MOJIOC TIO CPABHEHUIO C UCITOIb3YEMbIMH.

OnpeneneHo SKOHOMHUYECKYIO 3(P(EKTUBHOCTh HCIIOJB30BAHUSI  B3JIETHO-
MOCAJ0OYHBIX MOJIOC a3pOJpoMa B YCIOBUSIX CE30HHOTO POCTa BO3AYIIHOIO MOTOKA B
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MEXIYHApOIHOM a’pomnopty «TamkeHT» B KadecTBe (pakTopa TMOBBIIICHUS
3¢ (HEeKTUBHOCTH TPOMYCKHOW CIIOCOOHOCTH B3JE€THO-TIocanouHo. [Ipeamonoxum,
YTO YCIIOBUSI CE30HHOTO POCTa BO3AYIIHOTO TOTOKA COCTABIIAIOT OKOJO 96 YacoB B
TOTy.

Ha npumepe camonera A330 manasuiickoit aBuakommannu Malaysia Airlines B
MEXIYHApOAHOM a’ponopTy «TalkeHT» U BhUIETAEM B MEXIyHAPOIHBIN a’poropT
Kyana-JIymmyp.

3a peiic u3 Ha camonere A330 ¢ HoMepoM pelica 1 HOMEPOM Ha3zHaueHUs peica
MAC 8440 6p10 yrumageno 250022618 (22912USD) Cym. 3a B35ieT 1 ocaKy 3a Bce
YCIYTH W PacxoJibl Ha B3JIETHO-TIOCAAOYHOW Tosioce Obuto 3arutadeHo 38138488
(3495USD) cym. MBI HaxoauM, Kakyto SKOHOMHUYECKYIO d(P(GEKTUBHOCTh PUHOCUT
OJIMH Yac, YYUTHIBasI, YTO OJMH B3JIET/TIOCAIKA Ha B3JIETHO-TIOCAOYHOM TTOJIOCE CTOUT
38138488 (3495USD) pymnwid.

OnpenenuM >KOHOMHYECKYIO A(h(PEKTUBHOCTh HJisi Cliydasi, KOTJIa CaMOJICThI
TSDKEJIBIX TUIIOB COBEPIIIAIA CMEIIAHHBIC B3JIETHI U MTOCA/IKU, OOPATUBIIKUCH K TaOIHIIE
4.2,

Petic u3 Kyn-Tam-Kyna na A330 ¢ MAS 8440.

Sithy = (3495USD)38138488 Cywm;

Hithy — €CIM MPENnoNoKuTh, YTO CTOMMOCTb, 3aTpayuBacMas CaMoJIeTy Ha

COBEPILEHUE OJHOTO B3J€Ta W IOCAAKU C HCIOJB30BAHUEM MOJOCHl OBICTPOIO
nekennst BIIII, paBra 88% OT cyMMBbI, KOTOPYIO MPUHOCHT Syyy;

Himy = (3075USD)33561869 Cywm;

Siny = (3495USD)38138488 Cywm;

Hihy — €ciu mpenmosiioxkurh, 4TO CTOMMOCTB, 3aTpauvBacMas CaMmoJIeTy Ha
COBEPILIEHHUE OJHOTO B3JIETa M IOCAAKU C HCIIOIb30BAHHEM ITOJIOCHI CKOPOCTHOIO
ABIKEHUSE S1y,y B BIIIL, paBrHa 88% 0T cyMMBbI, KOTOPYIO IPHHOCHUT Sypy;

Hipy = (3075USD)33561869 Cywm;

Nyy = 21 — Koau4ecTBO CaMOJIETOB, HCTIOB3YIOIIUX MOJIOCY IBUKCHUS,

Nphy = 23 — KOJHUYECTBO CAMOJICTOB, KOT/[A UCTIOIB3YETCS METO/I MOBBIIICHHS
IPONYCKHON CIOCOOHOCTH MOJIOC OBICTPOTO IBUKEHUS;

t = 96 yacos.

Mjihy— 9TO cymma NpuOBLIM, KOTOPYKO CaMOJIET IPUHOCHT 3a OJMH B3JIET U

MTOCAJKY C UCIIOJIb30BAaHNUEM MOJIOCH IBUKEHNUS HA B3JIETHO-ITOCAOYHOU ITOJIOCE.
M 1tny=38138488-33561869=4576619

Fipy-N caMoeTOB Mbl YMHOXKHIIM Ha YHCIIO, TIOCKOJIBKY N CaMOJIETOB TPUHECITH
Ty K€ CyMMy HOpHOBUIM TNPU OMNpEIENICHWH MpUObUIM B dYac JJis ciydas, KOrjaa
MCIOJIb30BAJIMChH MOJIOCHI OBICTPOTO JBUKECHHUSL.

Finy=4576619+4576619+4576619+4576619+4576619+4576619+4576619+4576
619+4576619+4576619+4576619+4576619+4576619+4576619+4576619+4576619
+4576619+4576619+4576619+4576619+4576619+4576619+4576619= 105262237

Mjhy— 9TO CymMa NpHOBLIN, KOTOPYHO CaMOJIET MPHUHOCHT 3a OJMH B3JET U

ImocaaKy C UCIIOJIb30BAHHUEM I10JIOCHI ABHIKCHUA HA B3JICTHO-IIOCAJ0OYHOM MOJIOCE.
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My = 38138488 — 33561869 = 4576619
Fyy - MBI yMHOXHIIM Ha YKCJI0, TIOCKOJIBKY N CAMOJICTOB MPUHECIIHU TY JKE CyMMY

npuObUIM TPU OMPEICIICHUH TpUOBLTM B 4Yac UIA Ciaydas, Korga N caMoOJIETOB
HCIIOJIb30BAJIM MOJIOCY ABUKEHUS.

Finy=4576619+4576619+4576619++4576619+4576619+4576619+4576619+45
76619+4576619+4576619+4576619+4576619+4576619+4576619+4576619+45766
19+4576619+4576619+4576619+4576619+4576619= =96108999

Fi- sxoHOMMueckass 3((EKTUBHOCTh COCTOSIHUSA, B KOTOPOM IPUMEHSIINCH
II0JIOCHI OBICTPOTO JIBUYKEHUS 33 OJJUH Yac, 10 CPAaBHEHUIO C COCTOSIHUEM, B KOTOPOM
IPUMEHSIIUCH MOJOCHI IBUKECHHUSL.

F1=105262237-96108999=9153238

Fog- skoHOMMUeckas 3()(PEKTUBHOCTH COCTOSIHUS, B KOTOPOM MNPUMEHSIIUCH
HOJIOCHI OBICTPOrO JABM)KEHUS B TE€UEHUE JNEBSHOCTA IIECTH YacOB, IO CPABHEHUIO C
COCTOSIHHEM, B KOTOPOM IIPUMEHSJICH MTOJIOCHI IBUKECHHSL.

[TockosbKy MBI OIIpeessieM Ha MPUMEPE SKOHOMUUECKYIO 3(P(EKTUBHOCTH B Yac
0e3 nepecyeTa, yMHOXas €€ Ha IEPUO/i CE30HHOTO POCTa BO3AYIIHOIO ITOTOKA B TOAY
(gac).

Foe=9153238%x96=878710848

B Tabnuue npuBeneHa s3xoHoMHUUYEcKast 3PPEKTUBHOCTh CPABHEHUSI B OCHOBHOM
Ha TOpPHUMEpPE CaMOJIETOB TSKEJIOrO THIIA, BBIMOJHSIOIMIMX CMEIIAHHBIE B3JIETHI H
IIOCAJKM B TEUEHUE OJHOIO Yaca Ha B3JIETHO-IIOCAJOYHOM IIOJIOCE a’poApoMa
MEXIYHAPOJAHOro a3ponopTta «TallkeHT» ¢ UCIOIb30BAHUEM M HEHUCHOJb3YEMBIX
B3JIETHO-ITOCA/I0YHBIX IT0JIOC.

Tadaunma. DxoHomuyeckas 3PEKTUBHOCT B3JIETHO-MOCAJI0YHOMN MOJIOCHI

[TpubsiTH
npu
Pacripen Cymma nipu Cymma nipu WCII0JIB30
MCIIOJIb30BaHUU UCIIOJIb30BaHUU BaHUU
eJIeHUe
No TPOTYapOB JIBU>KEHUS M0JIOC OBICTPOTO 1oJI0C
110 TUIIOB
BC JIBUKCHUS OBICTPOTO
JIBYKEHUS
KOJINYECTB KOJINY Cy
0 Cym €CTBO Cym M %
100% 9610899 105262 | 91532
L TSDKEITBINA 21 923 23 237 38 10

B ycnoBusix c€30HHOTO pocTa BO3yLIHOTO MOTOKA Mbl pACCMOTPENN Ha IIpUMepe
MEXIyHapOAHOro asporopra «TalkeHT» MeToI OmpeleieHUs 3KOHOMUYECKOU
3G (HEKTUBHOCTH HCIIOJIB30BAHMS B3JIETHO-TIOCAJ0YHBIX MOJIOC C HCIOJIb30BaHUEM
METO/Ia OTpe/eIeHUs] SKOHOMUYECKON d(PPEKTUBHOCTH TOBBIMICHUS 3G (HEKTUBHOCTH
IPOMYCKHOW CIIOCOOHOCTH B3JIETHO-TTOCAIOYHBIX MOJIOC. Pe3ynpTaThl MOKa3aiu, 4To
OpU  BBHIMOJHEHWH CMEIIAHHBIX  TOJIETOB  TSDKENBIMH  THUIIAMHA  CaMOJIETOB
sKOHOMUYEcKas 3PPEeKTUBHOCTh MOKET ObITh yBennueHa Ha 10% no 9153238 cymos
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Buac 1 878710848 cymMOB B o I1py YCJIOBUYM MUHUMAJILHOTO CE30HHOTO POCTA MOTOKA
3a 96 yacos.

Buvisoowvl. Dxonomuueckas 3gdexkruBHocTs BIIIl mpu BeimoiHeHUH B3neTa U
nocagku TsokenbiM TunoM BC, Ha npumepe “TamkeHTCKOTo” MEXKIyHapOJHOTO
aspornopta gocturuyta 10 %-Hblid pocT, T. €. yYUTHIBAs, 4YTO IEPHUO]] CE30HHOTO pOCTa
notoka BC cocrtapnsietr 96 yacos, onpezeneHo 4to 3a yac 9 153 238 cym, 3a rox 878
710 848 cym OyneT CIKOHOMIIEHO.

N.M. Caiinymapos, N.)K. boiimanoB

YIIY-KOHY KOJIAFBIHBIH OTKI3Y KABIJIETIH APTTBIPY IBIH
IKOHOMUKAJBIK TUIMILIITTH AHBIKTAY DJICI

Anoamna. Maxanaoa "Tawkenm" XxanvlKapanvlk 2yedcaliblHblH MblCAIbIHOA
YULY-KOHY HCONAEbIHbIY IKOHOMUKALBIK MULMOLNI2T AHLIKMALObL.

oye KeMelepitiy a2bIHbIH MAYCbIMObIK YAAUNY Wapmmapsli ecKkepe Omblpbln,
YKOK emkizy kabinemin apmmouipy MaKCamvlHOA YUuly-KOHY MHCOJIASLIHbIY OMKI3Y
Kabinemin apmmuolpyoObly SKOHOMUKANLIK MUIMOLTICIH QUKLIHOAY 20iCi KYPbLIObL.
Homuoicecinoe aya aevinblHbly MAYCbIMObIK OCYI HCAROAUBIHOA YeaulaKmvly Yuly-
KOHY JfCONagblHblY OmKi3y Kabinemin apmmuipamoin YKK-nuvly 5KOHOMUKATBIK
MUIMOINicIH auKbIHOAY 20ici 23ipieHdi. Byn pemme, dconax nen dHcwvlioam Hcoaax
NAUOANAHBIIZAH HCALOAUOA YUAKMBIY HCYMBICHL KAHOAU mypee Hcamaobvl, COHOAl-ak
YuLy-KoHy diconagel yulin menaernemin coma. "Tawkenm" xanvikapanwlx ayexcauvbinoa
aya  a@blHbIHbIY ~ MAYCHIMObLIK — OCYl  JcaAg0aublHOa  2VeaulaKkmuly — YuLy-KoHy
HCONAKMAPBIH  NAUOANAHYObIY IKOHOMUKALIK MUIMOLNIZ] YULY-KOHY HCONARbIHbIY
OmKi3y Kabinemminiciniy muimoiniein apmmolpy gaxmopwvi peminoe auKblHOALObL.

Homuoicecinoe OK agbiHblHbIE MAYCLIMObIK 6CYI HCAR0AUBIHOA IKOHOMUKATILIK
muimoinikmi 10% - ea apmmulpyea KoJl scemxizyee O0AamulHObIEb, AHU OIP HCbLIOA
878 710 848 cymma ynemoeyee 601amulHObIEbL AHBIKMANOBL.

Tyitin ce30ep: A>poopom, Yuly-KOHY IHCONARBI, IKOHOMUKAILIK, MUIMOLIIK,
asuayus, ayexcau, yulax, 6mkizy Kaoiiemminiei.

I.M. Saydumarov, 1.J. Boymanov

A METHOD FOR DETERMINING THE ECONOMIC EFFICIENCY OF
INCREASING RUNWAY CAPACITY

Abstract. The article studied the economic efficiency of the runway was
determined by the example of the Tashkent International Airport.

Taking into account the conditions of a seasonal increase in the flow of aircraft
in order to increase runway capacity, a method has been created to determine the
economic efficiency of increasing runway capacity. As a result, a method has been
developed to determine the economic efficiency of the runway, which increases the
capacity of the airfield runway in conditions of seasonal air flow growth. At the same
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time, what type of operation the aircraft belongs to in the case of using the traffic lane
and the fast lane, as well as the amount paid for the runway. The economic efficiency
of using the airfield runways in the conditions of seasonal growth of air flow at
Tashkent International Airport as a factor in increasing the efficiency of the runway
capacity has been determined.

As a result, it was found that in conditions of seasonal growth in the flow of
aircraft, it is possible to achieve an increase in economic efficiency by 10%, that is, to
save 878,710,848 soums per year.

Keywords: Airfield, runway, economic, efficiency, aviation, airport, aircraft,
capacity.
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JIOTUCTUYEKASA CUCTEMA YIIPABJIEHUA KAYECTBOM
ABTOTPAHCIIOPTHBIX YCJIYI' U CTAHIAPTU3AIIUA
JIOTUCTUYECKOI'O OBCJIYKUBAHUA KJIMEHTOB

Aunomauusn. B cmamve o0bocHo6aHa YenecoobpasHOCMb  NPUMEHEHUs.
CUCTeMHO20 Nno0Xo0a K UHmMezpayuu JOSUCMUKU, YAPABIEeHUS KAYeCmEOM
ABMOMPAHCNOPMHBIX YCIYe U JIOSUCMUYECKO20 Cep8UCd, a MaKice HeoOX00UMOoCnb
CManoapmu3ayuy NPoyeccos O0OCTYICUBAHUSL KAUEHMO8 6 J02UCUYecKol cgepe.
Paspabomxa u 6HeOpenue nocucmuueckux cucmem YNpPAeleHUs Kauecmeom
obecneuusaiom nosvluleHue y0081emeopeHHOCmuU nompeobumenel, 3p@exmusroe
ucnonv3osanue QUHAHCOBLIX, MAMEPUATbHBIX, KAOPOBLIX U UHGOPMAYUOHHBIX
pecypcos, a makdce cnocoOCmeyom NpUMeHeHulo UHHOBAYUOHHBIX MeXHON02UIL.
Cmanoapmuzayus J102UCMUYECKO20 O0OCIYHCUBAHUSA, 8 CBOI0 0Uepedb, NO380.Jsem
YyemKo Onpeoerums YpPo8eHb Cepeucd, ONMUMUIUPOBAMb JOSUCTUYeCKUe NOMOKU,
bvicmpee peazupo8amv HA USMEHEHUs. PLIHOUHBIX YCI08UL U  PopMuUposamy
KOHKYpeHmuble npeumywecmsa. Taxum o0pazom, unmecpuposamuvlii nooxoo K
VIPABNeHUl0 Kauecmeom U CMaHoapmu3ayu 102UCMUYecKo20 cepeuca opmupyem
OCHOBY 0I5l NOBbIUEHUSL NPOU3BOOUMENLHOCMU, 3PHEeKMUBHOCMU U CUCTEMHOCMU
VNPABNeH4ecKUux peuleHuti 8 mpaHCHOPMHO-I02UCMUYECKO OMPACU.

Knioueevie cnosa: ynpasnenue xauecmeom, JIO2UCIUKA, ABMOMPAHCNOPMHbLE
yenyeu, TOM, cmanoapmuzayusi 0OCAYHCUBAHUS KAUECHMOB, CUCMEMHbIU N0O0X0O0,
KOHKYPEHMOCNOCOOHOCMb.

Beeoenue. JxoHOMHUECKasi HECTAOMIBHOCTh U KPU3UCHBIE SBJICHUS TPEOYIOT OT
Ou3Heca CHUYKEHUS U3JIEPIKEK U MOBBIICHHS Y(PPEKTUBHOCTH yIPABICHUS KAYECTBOM
YCIIYT, B TOM YHCJIE U TPAHCIIOPTHBIX. ABTOTPAHCTIOPTHBIC KOMITAHUN CTAIKMBAIOTCS
C POCTOM IICH Ha TOILJIMBO, YCTAPEBIITMM TOJIBH)KHBIM COCTaBOM, HU3KUM Ka4yeCTBOM H
OTCYTCTBHEM (UHAHCOBBIX HHCTPYMEHTOB. TeKyIlas CHTyallds Ha pbIHKE
aBTOTPAHCIIOPTHBIX YCIYT CBHJETEIBLCTBYET O HEOOXOIUMOCTH IIOMCKA HOBBIX
PEe3epBOB, ONITUMHU3AIIMH IIPOIIECCOB U IMOBBITIICHUS kKauecTBa. OTCYTCTBHE CHCTEMHOTO
M0JIX0/1a K YIPABJICHUIO KQ4€CTBOM TPAHCIIOPTHO-JIOTUCTUYCCKUX YCIYT CHUXKACT UX
KOHKYPEHTOCTIOCOOHOCTh. [l03TOMY aKTyanbHOW CTAaHOBHUTCS pa3pabOTKa CHCTEMBI
VOPaBJICHUS ~ KauyeCTBOM  JIOTUCTUKH,  OOCCIEUYMBAIONIEH  yIOBIECTBOPCHHE
MOTPeOHOCTEN KIMEHTOB, A(()EKTUBHOE HCIIOIB30BAHUE PECYpPCOB, IOBBIIICHUE
MPOU3BOAUTEIILHOCTH U BHEJPECHUE HHHOBAIIHIA.
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AHaJIN3 TIOCJIEIHUX MCCIIETOBAHUI MOKA3bIBAET, UTO YIPABIECHUIO KAYECTBOM B
JIOTUCTUKE YJNENseTcs 3HauuTelbHOe BHUMaHue. Hampumep, B kommanuu Miller
Transporte BHeApeHa cepTuduULMpOBaHHAs cUcTeMa ympabieHus kadecTBoM (ISO
9001) c¢ gomonHUTENbHBIMU —oOTpacieBbiMu  cTangaptamu (GDP, TAPA),
oOecreunBaroiasi KOMIIEKCHBIM KOHTPOJIb TI0 BCEH 1EMOYKE MOCTABOK U yIPaBIICHUE
pHUCKaMHU.

B nayunbix paboTax ynpaBjieHHUE KaueCTBOM pacCMaTPHUBAETCA KaK CHCTEMHOE
HCITOJIh30BAaHNE PECYPCOB U MOTEHITNATIOB, Pa3padaThIBAIOTCS OOIIUE TEOPETHUCCKHEC
MOJIOKEHUSI U JITOPUTMBI TTOBBIICHUS 3((HEKTUBHOCTH W HATJISIAHOCTH MPOIIECCOB,
BIIMSIIOIIMX HAa KA4yeCTBO JIOTUCTHYECKUX ycayr. OAHAKO 10 CHX TOp CYIIECTBYET
HEOOXOJIMMOCTh COBEPIICHCTBOBAHUS MPUHIIUIIOB U METOAOB, a TaKXe CO3/IaHMs
KOHIIETIIHUU JOTUCTUYECKOTO MEHEHKMEHTA, 00bETUHSIIONIEH Ka4eCTBO U JIOTUCTHUKY.

UccnenoBarenu OTMEYarOT, 4YTO TMOBBIMIEHHE dA(PPEKTUBHOCTU PaOOTHI
JIOTUCTUYECKUX ONEPATOPOB U MHTETPALUS JIOTUCTUKU C Ka4ye€CTBOM BO3MOKHBI Ha
OCHOBE MPOLIECCHOTO U CHCTEMHOTO TOAXO0B, C Y4ETOM HHTEPECOB BCEX YUYACTHUKOB
MU TTOCTABOK M OOIIMX CTPATETUYECKUX IENIeH.

OcHosHas uacms. B yCIOBHUSIX 5KOHOMHUYECKOW HECTAOMIBHOCTU M YCUJICHUS
KOHKYPEHIIMM B CEKTOpE TpaHCIOpTa U JIOTUCTUKU CIOCOOHOCTh 3()PEKTUBHO
YIOPaBIATh KA4eCTBOM YCIYT CTAaHOBHUTCS KJIIOUEBBIM (DAKTOpOM ycrexa s
KOMIMaHUN. ABTOTPAHCIIOPTHBIC KOMIIAHUU CTAIKUBAIOTCS C POCTOM II€H Ha TOIUIMBO,
CTapeHHEM MOJIBMYKHOTO COCTaBa M OTPaHUYEHHOCTHIO (DMHAHCOBBIX MHCTPYMEHTOB.
B T0 ke BpeMsi, HeCMOTpPs Ha BaXKHOCTh JIOTUCTUYECKOTO CEPBHCA, CUCTEMHBIN MOX0/T
K YIIPaBJICHUIO KaYECTBOM BCE €III€ HEJI0CTATOYHO PAa3BHUT.

KonnenTyaibHbIN MOAX0/ K YIPABICHUIO KAYECTBOM aBTOTPAHCIIOPTHBIX YCIYT
BKJIIOYaeT B ce0s TPUHIUIB BceoOmiero ympasiaeHuss kadectBom (TQM) wu
JIOTUCTUYECKOTO MEHEPKMEHTa, OPUEHTUPOBAHHOIO HA TOCTOSIHHOE YJIYy4YIIICHUE,
ONTUMH3ALMIO TIETIOYKHA TIOCTABOK M Y4YeT MOTpeOHOCTeH KineHToB. DopMupoBaHue
KOPIIOPAaTUBHON KYJbTYphl KauecTBa M BOBJICUECHUE IEPCOHANIAa HA BCEX YPOBHSX
CIIOCOOCTBYIOT MOBBIIICHUIO THOKOCTU U aJaTUBHOCTH CUCTEMBI.

Crannmaptuzanus OOCIIYy)XKHMBaHUS KIHUEHTOB, OXBATHIBAIOIIAS KaK <OKECTKHE
aCNeKThI (CPOKU, TOUHOCTH JIOCTABKH, 3aIaChl), TAK U «MATKHE» (PaKkTOpbl (MIOBEICHUE
nepcoHasna, CTWIb OOIIeHHUs), o0ecreuruBaeT €IUHO0Opa3rue KadecTBa, YMPOUIAET
oOyuyeHue MepcoHalla, CHIDKAET 3aTpaThl M TOMOTaeT ObICTpee pearupoBaTh Ha
M3MEHEHHUS B MIPEANOUTCHUSX KIIMEHTOB.

HNurerpaums TQM u craHmapTu3alu  yCIyr B JIOTUCTHYECKYH) CHCTEMY
pacimpsier CTpaTeruyeckuil moTeHuuan npeanpustus. CHUCTEMHBIA IMOJIXO]
CBSI3BIBACT JIaHHBIE O KadecTBe (YyIOBJICTBOPEHHOCTh KIMEHTOB, HAJICKHOCTD
MIOCTABOK) C JIOTHCTUYECKUMU MapameTpamu (3amachl, TPAHCIIOPTHBIE BO3MOXHOCTH,
cpoku, Oe3omacHocTh). Ilpumenenme ERP-cucTteM, MoHMTOpHMHIa KadecTBa H
MeXayHapoaHblX crtanmaptoB (ISO) memaer mporiecc mpuHSTHS pernieHui Oosee
000CHOBAaHHBIM U OTIEPATUBHBIM.

Takum ob6pazom, cnusiHue npuHnunoB TQM, cTanmapTU3au O0OCTYKUBAHUS
KIIMEHTOB U JIOTUCTUYECKOTO TOaXo/a (opMUpyeT KOMIUIEKCHYIO CHUCTEMY
VOPaBJICHUS KayeCTBOM TPAHCIOPTHOTO OOCTY)KMBaHHS. ITO TMPUBOJIUT K

61



A3aMaTTBIK aBHAITUS aKaJIEMUSCBIHBIH JKapIIbIChl No4(35)2024

HOBBIIIEHUIO  YAOBJIETBOPEHHOCTH  KJIMEHTOB, CHWKEHUIO  3aTpar, pOCTY
3¢ (HEeKTUBHOCTH U (POPMHUPOBAHUIO YCTOWUYUBBIX KOHKYPEHTHBIX MNPEUMYILECTB HA
PBIHKE.

@®OpMHUPOBAHUE HHTEIPUPOBAHHON JIOTUCTUUECKOM CHUCTEMBl YIPABICHUS
KayeCTBOM TPAHCIIOPTHOIO OOCIYKHMBaHUSA TpeOyeT HE TOJBKO CTPAaTErHuecKOro
BUJICHUSA, HO U YETKOTO CTPYKTYpPUPOBAHUS HJIEMEHTOB CHUCTEMBI, paclpeiesieHus
poJiell MeXy YIPaBISAIOLIECH U YIIPaBIsSIeMOH MOACUCTEMAMU, a TAK)KE ONPEAEICHUS
napaMeTpoB, HEOOXOTUMBIX JIJISl IPUHATHUS OTIEPATUBHBIX YIIPABICHYECKUX PEIICHUH.

CyObekTOoM yNpaBiieHHs B JAaHHOW CHCTEME SIBISIETCS COBOKYIHOCTb
OpraHu3allMOHHO O0OCOOJEHHBIX MOAPA3/ICICHUN W YIPABICHYECKOTO IMEepCcoHaia,
OTBETCTBEHHBIX 32 pealM3alui0 (PYHKUUW JIOTUCTUKM M MEHEI)KMEHTAa KadyecTBa.
VYnpaBieHue KayecTBOM OXBAaTbIBAET MHOYKECTBO AaclEeKTOB - OT pPa3pabOTKH
KaueCTBEHHOI'O MPOAYKTA WIH YCIYTdM, KOHTPOJII M YJIydlIEHUs KadecTBa J0
yIIOBJIETBOPEHUs] MOTPEOHOCTEW KIMEHTOB. 3aJaud JIOTUCTHKH, B CBOIO OYEPE/b,
BKJIIOYAIOT IUIAHUPOBAHHWE U KOHTPOJIb JBW)KEHHUS W XPaHEHHs MaTepHalIbHBIX
pECypCoB, pacnpeiesieHue, TPAHCIOPTUPOBKY U yIIpaBJIEHHUE 3aliacaMu, 00ecrieuyeHue
ONTHMHU3ALIMA TOTOKOB, HEOOXOAUMBIX Il CTAaOMJIBHOIO  IPEIOCTABIICHUS
TPAHCIOPTHBIX YCIIYT.

CucteMHBId TOAXOJ MPEANOJaraeT pacCMOTPEHHE ITHX (YHKIUH B UX
B3aUMOCBSI3M M B3aUMOBIUSHUU. JIOTHMCTHKA W YINpaBIE€HUE KAayeCTBOM HE MOTYT
paccMaTpuBaThCA HM30JMPOBAHHO: OHU JOJDKHBI OBITh MHTEIPUPOBAHBI C YYETOM
B3aUMOJICHCTBUS, CHHEPIMM U OOIIEd HANpaBICHHOCTH Ha YJIOBJIETBOPECHUE
noTpeOHOCTEe KiauMeHTOoB. Ha mpakTuke 3Ta MHTErpamus peaju3yercs 4epe3 TaKHe
KOHLETIIIMM M HMHCTPYMEHTHI, Kak «lHTerpupoBaHHOEe yIpaBieHUE UEHsAMU
NoCTaBoOK»,  «Jlorucruka, opueHTUpoBaHHass Ha  BpeMs», «Jlorucruka,
OpUEHTHpOBaHHasi Ha  chnpoc», «Touno B cpok», «llmanupoBanue
NOTpeOHOCTEH/PeCcypcoBy U JIPyTHe, PACIIMPSS BO3MOXKHOCTH OIEPATUBHOTO U
CTPATETUYECKOTO YIPABIICHHUS.
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Pucynoxk 1. O61m1as cxema CUCTEMHOTO MOIX0/Ia K MHTETPALMK JIOTUCTUKHU U
yIpaBJieHUs KaueCTBOM Ha MPEANPUSITUI

JItobast cucreMa ymopaBi€HHs KAadyeCTBOM JIOTUCTUKH (PYHKUMOHUPYET TIO
MPUHIUIY «BXOJ-BBIXOJ», TJ€ ympaBigemas mnojcucteMa (00beKT) QopMupyer
TpeOyeMblii YPOBEHb Ka4eCTBAa TPAHCHOPTHBIX YCIYT M JIOTHCTUYECKOTO CEpPBHCA, a
yIpasisitonas nojcucreMa (CyObEKT) BO3ACHCTBYET Ha OOBEKT, OCHOBBIBASICh Ha
oOmene nHpopmaluen, aHaam3e JaHHBIX U cucTeMe kputepues dddextuBHOCTH. Ha
«BXO/I»  YOPABISAMOIIEH  MOACUCTEMBbI  IOCTYNAIOT  IOKa3aTelld  KadyecTBa
aBTOTPAHCIOPTHBIX YCIYT, MOTPEOHOCTh B 3allaCHBIX YacTsIX, WHHOBAIIMOHHBIE
peuieHus, a Takke (akTopsl Oe3omacHOCTHM TepeBo3ok. Ha  «Bexome» -
YIOBJIETBOPEHHOCTh KJIMEHTOB, IOCTUTHYTHIN YpOBEHb KadecTBa U 3(PPEKTUBHOCTD
HCIIOJIb30BaHUS PECYPCOB.
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Pucynok 2. CxemMa JOTUCTHYECKOW CUCTEMBI YIIPABICHUS Ka9€CTBOM
ABTOTPAHCIIOPTHBIX YCIIYT

[IpuMeHeHre CUCTEMHOro MOAXOoJa K HMHTErpalud JIOTUCTUKU WU YHPABICHUS
KaueCTBOM Ha aBTOTPAHCHOPTHOM MPEANPUSITHH MPEANOaraeT 4YeTKoe OnpeeieHue
poJed M B3aUMOCBA3EU MEXIY VYIIPABISIONIEH W YHPaBIIEMOM IOACUCTEMAaMMU.
VYnpasnsemas moicucTeMa B JaHHOM Cly4yae BKIIIOYAeT B ceOsl HEMOCPEICTBEHHO
IPOLIECCHI PEJOCTABICHHS TPAHCIIOPTHO-JIOTUCTUYECKUX YCIIYT, & KOHTPOJIUPYIOIIAs
HoJIcUCTeMa MpeJcTaBiIsieT €000l  COBOKYNHOCTh OpraHOB — yIpaBlIEHUS U
COTPYJHUKOB, VIOJHOMOYEHHBIX [PUHHUMATh pEUICHUS, HaIpaBJICHHbIE Ha
obecrnieueHue TpeOyeMoro ypoBHs KauecTBa.

NudopmanimoHHblii OOMEH MEXIy ATUMHU IMOJCUCTEMAMU HIPAET KIIIOUYEBYIO
poJib. Ympapisiomas MOACHCTEMAa MOCTOSHHO TOJy4YaeT JaHHbIE O COCTOSHHH
YIpPaBIISIEMOM MO/ICUCTEMBI: NoKa3areyu KauecTBa MPEI0CTABIISEMBIX
aBTOTPAHCIIOPTHBIX YCIYT, MOTPEOHOCTh B 3alacHBIX YacTAX M WHHOBALIMOHHBIX
pEelIeHUsIX, BOMPOCHI 0OE€30MacHOCTH TNEPEBO30K U JIPYyrUe MNapaMmeTpbl, KOTOpHIE
bopMHUPYIOT «BXOJbD» cuUCTeMbl. Kpome TOro, B YHpaBiSIOUIYI0 MOJCHCTEMY
NoCTymnarT BeKTophl orpanndenuii (L) u kpurepues s3pdexkruBHoctu (E), KoTOpHIE
MO3BOJISIIOT OLIEHUTH JAEATEIbHOCTh KOMITAHUH C TOYKH 3PEHUS TOCTHXKEHUS LIEJIEBBIX
MapaMeTpOB KayecTBa U COOTBETCTBUSA MEXKIYHAPOAHBIM CTaHAapTaM (Hampumep,
tpeboBanmsim  ISO), a Takke HAIEKHOCTH H  KOHKYPEHTOCIOCOOHOCTH
MIPEAOCTABIIIEMBIX YCIYT.

[=W,U, X, Z, L, E, 1, Z(t) = Z =1(1)- {R}.
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CamMa gjorMCTHYECKass CHUCTeMa YIPaBICHHUS KadeCTBOM MOXET OBITh
NpeCTaBICHa KaKk HAaO0Op BEKTOPOB, XapaKTEPHU3YIOIIUX Pa3IUYHBIE AaCIEeKTHl €¢
(ynxuuonuposanus. Tak, Bektop U OmHMCHIBAaET «BXOI» yHPABISAEMOM ITOICHCTEMBI
(moTpeOHOCTH B KaU4eCTBE, peCYPCHOM 00€CTICUCHUH, HHHOBAIIUSIX U O€30IIaCHOCTH), a
BeKTOp V - «BBIXOI» YIPABISAEMON IOJCHUCTEMBI, OTPAKAIOIUN CyOhEKTHBHYIO
MOJIC3HOCTh U CTEIECHb yIOBIETBOPEHUS TpeOoBaHUM oTpeduTens. UHbIMU ciioBamu,
V nemoHCTpupyeT ()aKTHYECKHMI ypOBEHb KAUeCTBA ABTOTPAHCIHOPTHBIX YCIYyT H
WHTETPUPOBAHHOTO JIOTUCTHYECKOTO CEPBHCA.

BHyTpeHHEE COCTOSIHUE CUCTEMBI OIUCHIBAETCA BEKTOPOM X, KOTOPBIN BKIIIOUAET
BXOJIHOM KOHTPOJIh Ka4e€CTBa MAaTEPHAITBHO-TEXHUYECKUX PECYPCOB, CTAOMIBHOCTH H
rHOKOCTH TOCTaBOK, a TaK)K€ BBIXOJHOM KOHTPOJb PE3yJbTaTOB OKAa3aHUS YCIYT.
Bekrop F orpakaer BHeIHNE (aKTOPHL: KOHBIOHKTYPY PBIHKA, HACKIIIEHHOCTH PHIHKA
OTpeeICHHBIMH YCIYTaMu, CIIPOC U MPEI0KEHIE, KOHKYPEHTHbIE TPEUMYIIECTBA U
HOpMAaTHUBHBIC TPEOOBaHUSI (HAPUMED, TAMOXKEHHBIC TPABUIIA).

OrpaHuyeHHsi CHCTEMBI OIpPEAEISIOTCS BEKTOPOM L: 3TO0 MOryT OBITH
OrpaHUYeHHUs 1O (PUHAHCOBBIM  pecypcaMm, JOCTYIHOMY  00OpYIOBaHUIO,
KBIM(PHUKALUUA TIEPCOHAA, CKIAACKAM MOIIHOCTSM U DKOJIOTMUECKUM CTaHJapTaM.
Bekrop E BxmouaeT noxaszarenyu u kpurepur 3GPEKTUBHOCTH CUCTEMBI yIPABICHHS
KaueCTBOM JIOTUCTUKU: TpeboBanus [SO, ypoBeHb HaIEAKHOCTH U APYTHE OPUEHTHPHI,
Ha OCHOBE KOTOPBIX KOMITaHHUS OIICHUBAET CBOI Mporpecc.

Bce pemennst mo ympaBieHHIO Ka4eCTBOM, BKIIIOUAsl aHAIU3 U TUIAHUPOBAHHE,
paspabaTeIBalOTCs HA OCHOBE MHpOpManuy, coaepxkaieiica B sekropax V, U, X, Z, LL
u E. Dt pemenus GopMupyroTcs BO BXOAHBIE UMIYIILCHI BEKTOpa Z, KOTOPBIM
MpeACTaBIsgeT coO0i HAOOp YIPaBICHUECKUX pEHICHUH, HauuHas OT MPOTrpaMm
UCCJICIOBAHUSI DPBIHKA JIJIsi OMNpeAesieHus TPeOOBaHWM K KadyecTBY MPOIYKIIUU
KIIMEHTOB, KAJIbKYJISIIIUN 3aTPaT M0 YPOBHAM Ka4eCTBa, MIIAHUPOBAHUS TEXHUUYECKOTO
oOCITy>KUBaHUSI 1 PEMOHTA U 3aKaHYMBas aHAIM30M KOHKYPEHTHBIX MpeaiokeHui. B
CBOIO O4Y€pe/lb, 3TH YIPABJICHUECKHE PEIICHUS] IPEoOPa3yOTCsl B KOHKPETHBIE BUIBI
JeSITeIbHOCTH, OnrchiBaeMbie BekTopom {R}.

Kommiexe meponpustuii {R} MojkeT 0XBaThIBaTh ONTHMHU3AIIUI0 YKOHOMHUECKUX
OTHOIIEHUH TIO0 KPUTEPHUIO KAYECTBA, MOJITOTOBKY MAaTepPUAJIOB K MTPOU3BOJACTBEHHOMY
MOTPEOICHUIO, MOACPHU3AITUIO aBTOMAPKA C YYETOM MHUPOBBIX OPTaHU3AIMOHHBIX H
TEXHOJIOTHYECKUX  CTaHAAPTOB, BHEAPEHUE CHUCTEMBI «KaHOaH», KOHTPOJIb
MCIIPAaBHOCTH aBTOMOOMIIEH, 00ecrieYeHue KaueCTBEHHOr0 00CITyKUBaHUSI KJIMEHTOB,
MOHHUTOPHUHT TPOIECCOB B JKCILIyaTalluH, 3alIUTy IpaB IMOTpeOHUTENeld W apyrue
JICHUCTBYS, HAIIPaBJICHHBIC HA MOBBIIICHUE OOIIETO YPOBHS KauecTBa 00CITY)KHMBaHUSI.

Takum o00pa3oM, 4YeTKO OIpeaeleHHas JIOTHKO-MaTeMaThdecKkash CTPYKTypa
JIOTUCTUYECKONW CHUCTEMBl YIPaBICHUS Ka4eCTBOM, MOJKPEIJICHHAsS TMPUHIIUIIAMH
TQM u craHngapTH3aIK 00CITYKUBAaHUS KJIMEHTOB, 00ECIIEYMBALT IIeJICHATIPABICHHOE
1 000CHOBAHHOE YIIPABJICHUE BCEMH aCMEKTaMU TPAHCIIOPTHO-JIOTUCTHYECKUX YCITYT.
WNHuTerpamnus TOTMCTUKA U MEHEPKMEHTA KauecTBa ((OPMHUPYET KOMIUICKCHYIO MOJIENb
VOpPaBJICHUS, KOTOpash HE TOJHKO TOBBIMAET 3(P(HEKTUBHOCTh, CTAOWUIBLHOCTH H
COOTBETCTBHE TpEOOBaHUSM TMOTpeOUTENECH, HO W CIOCOOCTBYET JIOCTHIKEHUIO
CTPATETUYECKUX IIeJICH MPEANPUSITHSI, YCUICHUIO €r0 KOHKYPEHTHBIX MPEUMYIIECTB,
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MOBBIIICHUIO YJIOBJIETBOPEHHOCTU MOTpeOUTENel, a TakKe CO3[aeT YCIOBUSA s
JOJITOCPOYHOT'0 M YCTOMYUBOTO Pa3BUTHUS PhIHKA TPAHCTIOPTHO-JIOTUCTUYECKUX YCITYT.

Buvisoowr. TloBblllieHHuEe KauecTBa OOCTY>KHMBAHHUS B JIOTUCTUYECKOM CEKTOpE
MOJIpa3yMEBAET HE TOJHKO YJOBJIETBOPEHHE TEKYIIMX TPeOOBAaHUN KIMEHTOB, HO U
CIIOCOOHOCTh TOYHO MPEIBUJIETh W MPEBOCXOAUTh WX OXujaHus. Jloructuka u
MapKEeTHHT JOJDKHBI pPAacCMaTpUBAThCS KaK €aWHAs B3aWMMOCBSI3aHHAs CHCTEMa,
co3maromnas CHHepreTHIeckuil 3OPEeKT U MOMOIHATEIBLHYIO IEHHOCTD JJIs KJIMCHTA.
Crpareruu OOCTYXWUBaHHsI KJIMEHTOB MOTYT BapbHPOBATHCS OT TPAAUIMOHHBIX U
MOAPAXKATEIBHBIX JI0 YHUKAJIBHBIX, TO3BOJSIIOIIUX COKPATUTh W3ACPKKHA WIIH
MOJIYYUTh UCKITIOYUTEIIbHBIE KOHKYPEHTHBIC TIpeuMyIiecTBa. [Ipu 3ToM B OCHOBY UX
KJIaccu(puKanuu MOXKET OBITh IMOJOKEHO OTHOIICHHE KOMIAHUU K KOHKYPEHITUH H
KJIMEHTaM, J0Ji1 PBIHKA, CTENEHb HCIIOJNb30BAHUA COBPEMEHHBIX JIOTHCTHYECKHUX
pElIeHU, YPOBEHb Pa3BUTHS JIOTUCTUYECKOTO MEHE/DKMEHTa WU reorpaduyeckuii
OXBar.

KitoueBoii 11e1p10 cTpareruii o0CIy>KUBaHUSI KJIMEHTOB OCTAETCSl JTOCTUKEHUE
KOHKYPEHTHOTO TMpeumyiiecTBa. MEHHO mMOATOMY WHTErpamusi JOTUCTUKU U
yIpaBJICHUs] KAauyeCTBOM Ha AaBTOTPAHCIOPTHBIX MPEANPHUATUIX HMMEET 0c000e
3HaueHue. [[pumMeHenne CUCTEMHOTO MOX0/1a K MHTErpalliy JOTUCTUKH, YIIPABJICHUS
KaueCTBOM M OOCIYKMBAaHMs KJIMEHTOB oOecrneunBaeT 3(PPEKTUBHBIA KOHTPOJIb U
ONTHMH3AIAI0 BCEX ACIMEKTOB ITOCTAaBKHM M IPOM3BOJCTBA TPAHCIOPTHBIX YCIYT.
dopMUpOBaHNE HWHTETPUPOBAHHOW CHCTEMBI YIPABJICHHUS KAadeCTBOM JIOTUCTHKU
MTO3BOJISIET COKPATUTh BPEMEHHBIC U (PMHAHCOBBIC 3aTPaThl, MUHUMHU3UPOBATH PUCKH,
MTOBBICUTH HAJIGKHOCTh M CTA0OMIBHOCTD MPEATIPUITHSI, & TAKKE 00SCIIEYUTh BHICOKYIO
YAOBJIETBOPEHHOCTH MOTPEOUTEIEH.

Takum 00pa3oM, KOMILIEKCHBIM MOAXOI, COYCTAIOIIMN CTPATETHISCKUN BBIOOD
MOJIENT 00CITY>)KHBAHUS KIIMEHTOB, MPOTHO3UPOBAHNE UX TTOTPEOHOCTEH U BHEIPEHUE
npuniunos Total Quality Management B 1oructuxy, opMuUpyeT yCTOHYHBYIO OCHOBY
JUISL  JIOJITOCPOYHOTO Pa3BUTUS M KOHKYPEHTOCIIOCOOHOCTH aBTOTPAHCIIOPTHBIX
OPEANPUATANA B TUHAMUYHO MEHSIONUXCS PHIHOYHBIX YCIOBHSIX.

JI.H.ToiikonoB, A.JK.AGxarnbapoBa

ABTO KOJIIK KbIBMETTEPIHIH CAITACBIH BACKAPY K9HE
KJIMEHTTEPT'E APHAJITAH JIOTUCTUKAJIBIK KbIBMETTEPII
CTAHJAPTTAY JOTHCTHUKAJIBIK ) KYWECI

AHnoamna. Maxkanaoa nocucmukanvl, a8momooOUnb Keuiel Kvlzmemmepi MeH
JIOCUCTNUKATIBIK  KbI3MEm KOpCcemy CandacvlH 0ackapyobvl, COHOAU-aK JA02UCMUKA
CanacvlHOabl MYMbIHYWbLIAPEA Kbl3Mem Kepcemy Npoyecmepin cmanoapmmay
KadiCemmijicin UHmMe2payusnayobly JHCyueliKk maciliH KOJNOAHYOblH OpPbIHOLLIbIb
Hezizoenedi. Jlocucmuxkanvlk cana MeHeONCMeHMmi JHCYUeCiH a3ipiey JHCIHe eH2I3Y
MYMbIHYWBLIAPObIY — KAHARAMMAHY — OeH2eliH  apmmbsipyobl,  KAPIHCHLILIK,
MaAmMepuaiovlK, a0amu JHCIHe aKnapammolk pecypcmapobl muimMoi naudaianyobl
KamMmamacwls emeoi, COHOAU-aK UHHOBAYUANBIK MEXHOL02UANAPObI KONOAHY2A bIKNAL
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emedi. Jlocucmukanvl KvlzMemmi cmanoapmmay, 63 Ke3ezinoe, Kbl3Mem Kopcemy
OeHeellin HaKmbl aublKmayed, J0SUCTUKAIBIK ARbIHOApObl OHMAUIAHObIPYRA, HADLIK
KOHBIOHKMYPACHIHbIY 032epicmepine mesipex dcayan oOepyze dcane Oacexenecmik
aApmMulKWbLILIKMApObl  Kaavlnmacmsipyea  MYMKIHOIK — Oepedi.  Ocwlnatiuia,
JIOCUCMUKATBIK, KbI3MEm KOpcemy Candacvlh 0AcKapy MeH CManoapmmay2a KeueHol
KO3KApac KONIK-I02UCMUKANLIK CANA0d OHIMOLNIKMI, MUIMOLNIKMI JiCoHe Jcyliei
backapy wewimoepin apmmuipyoblH He2i3iH KYPauobl.

Tyitin  co30ep: cana MmeHeONCMeHmMi, JNOSUCTMUKA, ABMOMOOUNL KOl
Kovizmemmepi, TOM, mymuviuywusiiapaa Kbizmem Kopcemyoi CmaHoapmmay, HCyuenix
macin, bacekeze Kabinemmisix.

L.N. Goikolov, A.Zh. Abzhapbarova

LOGISTIC QUALITY MANAGEMENT SYSTEM FOR ROAD TRANSPORT
SERVICES AND STANDARDIZATION OF LOGISTIC CUSTOMER
SERVICE

Abstract. The article substantiates the expediency of using a system approach to
the integration of logistics, quality management of road transport services and logistics
service, as well as the need to standardize customer service processes in the logistics
sphere. The development and implementation of logistics quality management systems
provide an increase in customer satisfaction, efficient use of financial, material, human
and information resources, as well as promote the use of innovative technologies.
Standardization of logistics service, in turn, allows to clearly define the level of service,
optimize logistics flows, respond faster to changes in market conditions and form
competitive advantages. Thus, the integrated approach to quality management and
standardization of logistics service forms the basis for increasing productivity,
efficiency and systematic management decisions in the transport and logistics industry.

Key words: quality management, logistics, road transport services, TOM,
standardization of customer service, system approach, competitiveness.
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COBEPHIEHCTBOBAHUE CUCTEMBI TOCMOTPA BAT'A/KA:
TOMOI'PA®BI KAK YACTDb TEXHOJIOI'NU JOCMOTPA BAT'A’KA B
AJPOIIOPTAX

Annomayuna: B cmamve paccmampueaemcs npumenenue momozpagos &
cucmeme ABUAYUOHHOU 0OE30NACHOCMU, MAaKdice NpeuMyujecmeda UcnoIb308aHUs
momoepaghos 0Nl CKaHuposanus Oazcazxca, Kak Oojee 3¢hghexmusHoe GuvisgleHue
3anpeujenHvix npeomemos 1 nosviueHue ckopocmu docmompa. Llenv uccredosanus
3axnrouaemcs 8 oyeHke 3¢hghekmusHocmu HeOpeHUs MomMozpaghos 6 Cyuecmayrouyo
cucmemy  6e30nacHocmu, KAk OHU UHMESPUpyIomcsi C  CYUuecmeyiomumu
MeXHUYeCKUMU CPeOCmBAMU, MAKNHCe BbliGlleHUe NPeuMyuecms u HeooCmAamKos
UCNOIL308AHUSL MOMO2PAP08 0M MPAOUYUOHHBIX MeXHOoIo02ull. B xo0e uccieoosanus
ObLl nposedeH AaHAIU3 CYUWEeCMBYIOWUX Ccucmem U momocpagos Kax Hacmo
MmexHon02utl 0ocmompa, OvLL NPOU3BEOEH CPABHUMENbHBIU AHAAU3 P PekmusHocmu
HOBOU MEXHON02UU OM MPAOUYUOHHBIX MEXHON02UU 6 CUucmeme asUaAyUOHHOLU
besonacnocmu. B 3axniouenuu npusooumcs 6bl800 Om CPASHUMENbHO20 AHANU3A
npumeHenuss cogpemennou mexnonroauti KT om mpaduyuorHHot mexHoi02uu
docmompa bazaxca u pyuHou Knaou ¢ nomowvto PTY.

Knwueswvie cnoea: momoecpaghol, 6azasxc, oocmomp, cucmema 0e30nacHoOCmu,
ABUAYUOHHASL OE30NACHOCMb, A2PONOPHI.

Beedenue. DddexTuBHOE MPOTUBOJICHUCTBHE TEPPOPU3MY — MpobdiieMa
Yype3BbIYaiHO ci10kHast. Bo3aylIHbI TpaHCHOPT SBJISETCS OJHUM U3 YSI3BUMBIX IS
TEPPOPUCTUUECKON aTaku, TaK Kak Jake HECUJIbHBIM B3pbIB Ha OOpTYy camoJjeTa
OpaKTHYECKU Bcerja NpUBOAUT K kaTtactpode. Ilo 3Toil mpuymHe a’pomnopTsl U
aBUAKOMIIAaHMM 0CO00€ BHHMMaHUE YICNAIOT HWMEHHO TEXHOJOTHSIM M CpelCcTBaM
oOHapyKeHHsI B3pbIBUATHIX BEIIECTB, B3PbIBHBIX YCTPOUCTB, OPYKUS U OOETIPUIIACOB.
Kak npaBuino, Haubosee cioxkHble U JOPOTHUE TEXHUYECKUE CPEACTBA OOHAPYKEHUS
UCTIONB3YIOTCSl CHadaja MMEHHO B a’pomopTax, a 3aTeM MPHUMEHSIIOTCS Ha JPYTHX
BUJIaX TPAHCIIOPTA M B MECTAaX MAaCCOBOTO CKOILICHUs Jironiel [1-2].

Ocnoenass  yacme. llenb MaHHOTO WCCIENOBAaHUS — TPOAHAIM3UPOBATH
CYIIECTBYIOIINE TEXHUKU, MPUMEHSIEMBbIE B CHCTEME aBHAIIMOHHOW OE30MacHOCTH,
3 PeKTUBHOCTH BHEAPEHUSI TOMOTpadoB B CUCTEME aBUALIMOHHOW 0€30MacHOCTH U
€ro OTJIMYKE OT TPAIUIIMOHHOTO METOJIa TIOCMOTpa Oaraka peHTTeHOCKOITHH, a TAKKe
OIICHKAa WHTETPAIlMM JAaHHOW TEXHUKH C JPYTUMH TEXHUYECKUMHU CpEJCTBAMU
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NPUMEHSIOIINX JJI TOCMOTpa MAaCCaKUPOB M UX PYYHOH Kilaau, 6araxka, BHISIBICHHE
NIPEUMYIIECTB U HEJOCTATKOB MCIIOIH30BAHMS IAHHOW TEXHOJIOTHH B a3POIOPTY.

B Hacrosimee BpeMs CYIIECTBYIOT HECKOJIBKO OCHOBHBIX TEXHHUYECKUX U
CHEIMABHBIX CPEJCTB IS TPEATOJIETHOTO JOCMOTpA MACCAKUPOB U UX PYUHOU
KM, O6araka: METAIJIONCKATEIH; YCTPONUCTBA PAAHAIIMOHHOTO KOHTPOJISI, CHCTEMBI
TEJICBU3MOHHOTO M BU3YAITbHOTO KOHTPOJIS; IETEKTOPHI B3PHIBYATHIX M HAPKOTHIECCKUX
BEIIIECTB; PCHTTEHOBCKHUE CUCTEMBI IOCMOTpa (MHTPOCKOIIBI) Oaraka u maccaxxkupa. B
a’pOIopTax C KaXKIbIM TOAOM BCE OOJIBIIE BHEAPSETCS PA3IUYHBIX TEXHHUYECKHUX
CPEICTB, MO3BOJAOMMX S(DPEKTHUBHO M KAUYECTBEHHO OCYIIECTBIATH MPOIEAYPY
JOCMOTpa TaCCAKUPOB W MX PYYHOH Kiamu u Oaraxka [3-4]. JlaHHbIe cpencTBa HE
TOJIPKO TTOBBIMAIOT 3PHEKTUBHOCTH MPOLECAYP, HO M YCKOPSIOT MPOIECC TOCMOTPa,
3HAYUTEIIbHO CHUXAET PHUCK MPHHITHS OMNEpPAaTOPOM OIIMOOYHBIX PEIICHUU U
BEPOSITHOCTh BO3HUKHOBEHUS yesoBeueckoro gakropa. (Puc. 1)

Ncxons u3 31010, akTyaabHOCTh IAHHOTO UCCIIEI0BAHMS 3aKITIOYACTCS B aHAIU3E
CYILECTBYIOIIUX TEXHOJOTUHN U MPOBEJACHUE CPABHUTEILHOTO aHAIN3a COBPEMEHHOMN
TEXHOJIOTUHA JOCMOTpa OT CYHIECTBYIOIIMX CHCTEeM B cdepe aBHUALMOHHOM
0€30MacHOCTH.

N

Pucynok 1. lHHOBalIMOHHBIE CUCTEMBI 1OCMOTpa B a3ponopty CIIIA

B coctaB coBpeMEHHBIX HMHHOBAIMOHHBIX TEXHOJOTUHA MOYHO BKIIFOUUTH
ToMorpadpl, TMpenHa3HaueHHbIC s YIrIyOJIeHHOro aocMoTpa Oaraxka. [lanHyro
TEXHOJIOTHIO YK€ AaKTUBHO HCIHOJB3YIOT 3apyOeKHBIE a’pOmMOpPThl Kak 4YacTb
TEXHOJIOTMH JJOCMOTpa B cepe aBHalMOHHON Oe30macHoCcTH [5].

TexHo0rnss KOMIBIOTEPHOU TOMOTpad U yKe ycresa 10Ka3aTh CBOI BBICOKYIO
3 PEKTUBHOCTD ¢ TOYKH 3PEHUS aBUALIMOHHON 0€30MacHOCTH U CKOPOCTH 00pabOTKU
Oaraxa.

Tomorpadsl — 3T0 Oojee cOBpeMEHHBbIE CKaHEphl, KOTOPbIE OCHOBaHBI Ha
TEXHOJIOTMM PEHTIeHOBCKUX Jyd4eil. BcnenctBue Ttoro, 4ro tomorpadsl HMEOT
BO3MOXXHOCTh II€pelaBaTh Ha »dKpaH Oojee JeTaTU3UPOBAHHOE TPEXMEpPHOE
M300paxeHne COJAEPKUMOTO CYMKH, IPOIECC MPOBEPKU MpoxoauT Obictpee. CTout
YUUTBIBaTh, UTO, JAHHAS COBPEMEHHAsI TEXHOJIOTHS MPUMEHSETCS] HE TOJIbKO B cdepe
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aBUAIIMU, HO U HAXOJAT IIMPOKOE MPUMEHEHHUE B PA3IUYHBIX 00JIACTSX, B YACTHOCTH,
B MEJIUIIMHE.

Ipunyun pabomer momoepaghos. barax nomaércs B KOpOTKUIM TYHHEIb, U3HYTPHU
BBUIOKEHHBIN CBUHLIOM. Uepe3 OTBEpCTUE IUPUHON OKOJIO 1 CM pEHTT€HOBCKHE JTy4H
IIPOCBEUMBAIOT KaX/Ibli MpeaMeT Oaraxa. Ha mpoTUBOMOI0KHOM OT UCTOYHHUKA CTEHE
TYHHEJS HaXOJIUTCS JETEKTOP, U3MEPSIONINI KOJIUYECTBO U3MYyUYECHUS, MPOIIEAIIETO
yepe3 KaXAyl0 TOUYKY CKaHHpyeMoro oObekTa. Ha OCHOBaHWM 3THX TaHHBIX
KOMITBIOTEP CO3/1aéT N300pakeHne rpeameTa (puc. 2).

, . MonyToHOBbLIN Aucnnen
BeepHblii ny4ok Ckanupyiolee yCTpoinCcTBO
PEHTrEHOBCKOro U3NyyeHus
O6bekT nccnenoBaHus 1= ®
PeHTreHosckas Tpyba 02 ®
DetekTop ®©
1
C—— AHanoro-
umdposon ={> KomnbioTep
npeobpasosarens
A A
® > AnekTponpueoa
N ~—
BblCOKOBONLTHbLIN f
reHeparop <

PucyHnok 2. KoHCTpYKIIUSI KOMITBIOTEPHOTO TOMOrpada

PentrenoBckas TpyOka, ucniojib3yeMasi B ToMorpadax it CKaHHpOBaHUs Oaraxa
B adpOIOPTY, OOBIYHO SIBIISETCS BBICOKOBOJBTHOM TPYOKOH, KOTOpasi T€HEpUpyeT
PEHTT€HOBCKOE U3JIyUY€HHUE AJIsl CO3AaHUs U300paXkeHus cofepxumoro Oaraxa. Takas
TpyOKa UMEET CrelaIbHOe OXJIaXIeHne, 4ToObI N30eXKaTh MmeperpeBa u 00eceunThb
HETPEPHIBHYIO pa00Ty B TEUCHHE JITTUTEIBHOTO BpeMeHu (puc. 3).

Tomorpads!l SABIAIOTCS Ba)XXKHOM YaCThIO TEXHOJIOTHH CHCTEM AaBHUAIIMOHHOM
0€30MacHOCTH U MHTETPUPYIOTCSA C PA3TUYHBIMU CUCTEMaMH O€30MaCHOCTH, TAaKUMU
KaK JIETEKTOPHI B3PHIBYATHIX BEIIECTB, MHTPOCKOIIBI, CUCTEMa BHICOHAOIIOACHHUS,
CHUCTeMa OXpaHHOW CHUTHaNW3auuu W Jpyrue. HHTerpupoBanue TomorpadoB B
CHCTEMY aBHAIIMOHHOW 0€30MaCHOCTH MO3BOJSET 3HAYUTENIBHO YIYUIIUTh MPOLEAYPHI
MIPOBEPKHU MACCAKMPOB U Oaraka Ha MpeAMET HAIMUHS 3allPEIIEHHBIX MPEAMETOB WIH
MarepuanoB. Tomorpadsl 1mo3BossitoT Oonee TOUHO M APPEKTUBHO OOHAPYKUBATH
JOObIE CKPBITHIE YTPO3bl, YTO MOBBIIIAET OOIIMIA ypOBEHb 0€30MacHOCTU Ha OOpTy
camoJeTa.
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YctponcTeo
PeHTreHOBCKOW TPyOKu

[lBuXeHue aneKTpoHOB

Moporpesaembilit katog

Bbixon PEHTreHOBCKOro
n3ny4veHus

PucyHnok 3. YCcTpoiiCTBO peHTTEHOBCKOM TPYOKHU

bnaronaps ucnonap30BaHui0 TOMOrpad)oB B a3ponopTax BOZMOXKHO OOHAPYKEHHE
OMAaCHBIX TMPEAMETOB, TAKMX KaK OpYXKME, B3phIBUATHIC BELIECTBA M HAPKOTHUKH,
KOTOPBIE MOTJIH ObI OBITH YTa€HBI IPU MCTIOIH30BAHUH O0JIee TPATUIIMOHHBIX METOOB
KOHTPOJIA. OTO 3HAYUTEIBHO CHWXXAET PHUCK TEPPOPUCTHUYECKUX AKTOB IIPH
aBHAIlEPEeBO3KaX ¥ MOBHIIIACT OOIIYI0 OE30MaCHOCTh MTACCAKUPOB U dKHIaxa [6-7].

Ipeumywecmea u Hedocmamku OaHHOU mexHoao2uy. TeOoPEeTUUECKH, KaKI0ro
[Iaccaxupa MOXHO JOCMATPUBATh BPYYHYIO: OILYIBIBaTh KapMaHbl, 3aCTaBIIATH
pa3yThCs, OTKpBIBaTh YEMOJAH M MEPEeBOPOIINTh Bemu. OQHAKO HA 3TO yiAeT
CIIMIIKOM MHOro BpeMmeHu. K Tomy ke momoOHas mporenypa BpsJ JHM BBI3OBET
npusTHele BredarieHus. CnoyxOe aBmabe30MacHOCTH TMPUXOIUTCS peuiaTh JBE
MPaKTUYECKH B3aMMOUCKIIIOYAIOIINE 3aJadyd: O0OecleunBaTh BBICOKHMI YpOBEHb
0e30MmacHOCTH, MPHU ITOM ObOecrednBasi MaKCHUMAalbHO BO3MOXKHBIM KOMQOPT s
MAaCCaXUPOB M 0OeCcTIeUrBasi OOJIBITYIO MPOMYCKHYIO CITOCOOHOCTD.

CoBpeMeHHbBIE TEXHOJOTUU JOCMOTpa TOMOrpadbl 00ECIEUNBAIOT BBICOKYIO
CTeneHb 0€30MaCHOCTH U YCKOPSIOT MPOLIECC JOCMOTPA.

[IpeumymecrBamu KT 1o cpaBHEHUIO C TpaAULIMOHHON pEHTIeHOrpauelt cTanu:

* OTCYTCTBHUE TEHEBBIX HAJIOKEHUH Ha U300paKEHUU;

* 0oJiee BBICOKAs TOUHOCTb U3MEPEHUS TEOMETPUUYECKUX COOTHOIICHU;

* YyBCTBUTEJIbHOCTh Ha MOPSAOK BbIIIE, YEM IpPU OOBIYHOM peHTreHorpaduu
(puc. 4)

N3o6paxenne, nomyuennoe merogoMm PKT, mpexacraBisier coOoii IByMEPHYIO
MPOEKIHUIO TPEXMEPHOTO O0BEKTa, yepe3 KOTOpPOro MpoluIo H3idydeHue. B stoi
MPOEKIUY PA3MYHBIE CJIOM 00BEKTa HA PA3IMYHOMN TITyOMHE HAKIIabIBAIOTCS IPYT HA
Ipyra, Mo3TOMY 3TO M300paK€HUE Tak>Ke HA3bIBAIOT CYNEPHO3ULIUEH H300pakKeHUi.
JlanHast TexHuKa oOecrnieunBaeT 0oJiee TOYHBIE PE3yNbTaTbl M YK€ YCHEIIHO
UCIIOJIb3YETCs MPU CKAaHUPOBAHUM Oaraxa.
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Pucynox 4. [Ipoiiecc nocmotpa 6araxka tomorpagom B adponopty «IlmaTos»

OnHuM U3 HEAOCTATKOB CUCTEM KOMITBIOTEPHON TOMOTPA(QUH SBIISIETCS] BBICOKHIA
KO3(PUIIMEHT JI0KHOTO cpadaThIBaHUsA, KOTOPBIM 3a4acTyto cocTaBisieT okojo 30%.
CTOUT NOMHUTB, YTO JIFOOOK TOMOTpad HYKIAETCS B TOUHON HACTPOIKE U KaJTuOPOBKE
(anmukamuu) I TOro, 4TOObI YCTPaHUTh 3TOT HEAOCTATOK. DTO OOYCIOBJIEHO
(akTOpOM peryisipHOM KaauOpOBKM M HACTPOMKH TEXHUKH, KOTOpAs 3aBHCHT OT
MOJIEJIN U CEPUU YCTPOUCTB.

Cucremsl KT ucnonb3yroTcss Kak i HEPBUYHOIO, TaK M JUII BTOPUYHOIO
nocMotpa. B wactHocTH, B HacTosiee BpeMs cucteMbl KT UCIOnb3yoTCs B Ka4eCTBE
ABTOHOMHBIX Ha ypoBHE |, B JMHEIHOW KOH(HUTypalmuu Kak 4acTh KOMIUIEKCHOMN
CUCTEMBI WJIM JUJISl IPOBEPKH TPEBOKHON CUTHAIM3ALMHU OT JPYroil CUCTEMBI YPOBHS
1. Cucrema siBIsieTCSl HaJIG)KHOM, a JH0ObIe TPOOJIEMbI KOMITJIEKCHBIX CUCTEM CBSI3aHbI
c cucteMoil o0paboTku Oaraxa; TpeOyeTcs CTPOTUN y4eT KaxJoro MecTta Oaraxa B
CUCTEME

CpasnumenvHulil AHATU3 NPUMEHEHUs MoMo2paghoe om penmeeHockonuu. Meron
TOMOTrpaMyecKoro  HCCIENOBAHUS  SIBISCTCS  OJHOM U3 pa3sHOBUIHOCTEH
PEHTI€HOCKONIMM W OCHOBBIBAETCSI HAa HM3MEPEHHMH U 00pabOTKe MOCPEACTBOM
KOMITbIOTEPA Pa3HUIIBI OCJIA0JICHHS] PEHTIeH-Iy4eil, MPOXOASAIINX Yepe3 TKaHU JIH0o
MPEAMETBl  C  Pa3NM4YHOM  IUIOTHOCTBIO. [lpy  mnpumeHeHnn  craHmapTHOU
PEHTIEHOCKOIIMM HCCIIEA0BATEND II0IY4YaeT JIMIIb OTPaXEHHUE MCCIIENYEMOUM TKaHW,
OpraHa, mIpeaAMeETa, H3-3a HAKJIAAbIBAaHUA OJHOM 4YacTU NpeaMeTa Ha JpYyryro
MPOUCXOIUT UX CIUSHUE HA (PUHATBHOM BEPCUU MOTYYaeMOro U300paKeHUs, YTO HE
JaeT MOJTHOIICHHOM KapTHHBI COCTaBa KaKoro-J1ubo 0ObeKTa.
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Pucynox S. [Ipumep ckanepa Oaraxa NoJy4E€HHOE C IOMOUIbIO
PEHTI€HOCKOINU

Pucynok 6. [Ipumep ckanepa Oaraka noxy4eHHOE KOMIIbTEPHBIM TOMOTIpadom

Kak BuaHo Ha pucynke 5 P - 310 u300pakeHue, MOIy4yaeMoe OOBIYHBIM
PEHTI€HOTEIEBU3UOHHBIM aIIapaToOM, KaK Mbl BUIUM, MPOUCXOJUT HAKIIAJbIBAHUE
OJIHOTO IIPEIMETA Ha JIPYroM, 4TO HE MO3BOJISAET aIEKBATHO OLEHUTH PACIIOIOKEHUE
00BEKTOB B MpoCTpaHcTBE. TakuM 00pa3oM pa3iuuHble NMPEAMETHI, 3alpelIeHHbIE K
[IEPEBO3KE BO3IYIIHBIM TPAHCIOPTOM, MOTYT CKpPBITBCI M HE pPaclo3HaBaTHCS
OTIepPaTOpPOM B IpOIecce TO0CMOTpa. (puc. 5)

B ciyuae ke uHCIONIb30BaHHE KOMITBIOTEPHOM TOMOTpauu pPEHTTEHOBCKAas
TpyOKa Bpallaercs BOKPYT MPEIMETa, YTO MO3BOJSIET MOJYUYUTh OTACIIbHBIE CHUMKH
o0beKTa B pasHbIX Ipoekuusx. (puc. 6) B urore, Mpl MoxeMm u3 1enoro "Oaraxa"
MIOJYYNTh OTHENbHBIE €ro mpoekunu S1 u S2, KOTOphle MO3BOJAT HAM YBUIETH B
OTIENTBHOCTH Bce 4 mpenmera. BaxHoe otnnuue 3akimtoyaercs B ToM, uto KT — 3T0
COBOKYMHOCTb MOCJTOMHBIX PEHTTE€HOBCKUX CHUMKOB OIPEIEIEHHON TOJIIMHBI cpe3a,
13 KOTOPBIX BBICTPAMBAETCS 00BbEMHAsI MPOEKIINS, @ HE TUIOCKOCTh, KAK HA PEHTTEHE.
B 9TOM 0/1HO M3 OCHOBHBIX OTIMYHMM KOMIBIOTEPHOU TOMOTpaduu OT TPATUITUOHHOTO
peHtreHockonuu. Takke ToMorpagpl B OTIMYMU OT TPAAUIMOHHOW PEHTI€HO-
TEJICBU3MOHHON YCTAHOBKM JAalOT BO3MOXKHOCTb IOJY4YHTh OoJjiee YETKHe U
JeTaTM3UPOBaHHbBIE N300PaXKEHUS COIEPI)KUMOTO Oaraxa, YTo 3HAYUTENIbHO YIPOCTHUT
Y YCKOPHT IPOLIECC MPOBEPKHU.

Takum o006pa3oM, MOXKHO cienaTh BBIBOJBI YTO, KOMIBIOTEpPHAsE TOMOTrpadus
aBisieTcsi 6osee MHGOOPMATHUBHON M BHICOKOI(PPEKTUBHONW B OTIUYHH OT OOBIYHOM
PEHTI€HOBCKOM YCTAHOBKH, TaK KaK OHa ropa3/i0 YyBCTBHUTEIIbHEE M BEJIMKOJICITHO
OTMEYaeT pa3auyiusi B INIOTHOCTH OOBEKTOB.

Bwvisoowvl. B 3akntoueHue, CTOUT OTMETHTb, YTO TOMOrpad — 3TO HOBeWIas
TEXHOJIOTHSI, CIOCOOCTBYIOIIAs 3P PEKTUBHOMY MPOLECCY AOCMOTpa Oaraxka u pyqHoiu
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KJIaJd TAacCaXUPOB. YHHUKAIBHBIE BO3MOXXHOCTH 3TOM CHCTEMBI MO3BOJSIOT
MUHUMU3UPOBATh PHUCK IMPOHOCA 3alpEHICHHBIX U OIMACHBIX MPEIMETOB Ha OopT
BO3JIyIIIHOTO CyJHA, KOTOpPbl€ MOTYT OBITb HCIOJB30BaHbI JJII COBEPIICHHS aKTa
HE3aKOHHOT'O0 BMEIIATEILCTBA M, HECOMHEHHO, IMOBBIIIAET YPOBEHb ABHUAILIMOHHOM
0€30I1aCHOCTH.

Ha wnam B3rasg BHenpeHue mMOAOOHBIX TexHoJoTuid B a’pomoptax PK
CYIIECTBEHHO YIYUYIIUT CHUCTeMY O€30MacCHOCTH, TaK KaK JaHHAas TEXHOJIOTHSI
MIPUMEHSIET CIIOKHBIE aJITOPUTMBI JIJIsi OOHAPY>KEHUS B3PHIBUATHIX BEIIECTB U APYTUX
yrpo3, cosznaBas 3D-u3o00paxeHune, KOTOpoe MOKHO MPOCMATPUBATh U MTOBOPAYNBATH
Ha 360 rpaaycoB IS TIIATEILHOTO aHAIH3A.

biarogaps naHHOM TEXHOJIOTHH, B TEUEHUE KOPOTKOTO IEPUOia BPEMEHHU, MOKHO
OCYUIECTBUTH TMOJHBIA JOCMOTp Oaraxa, 4TO 3HAYUTEIHLHO CHU3UT BO3MOXXHOCTH
BO3HUKHOBEHHUSI YEJIOBEYECKOro (hakTopa B YCJIOBHUSX IOCTOSHHO pPAacCTYIIEro
MaCCAKUPOIIOTOKA U 3aJEPIKEK.

C. T. Temupracosa., A.)K.A6xanbapoBa

KOJLKYI'TH TEKCEPY "KYHUECIH KETLIJIIPY: TOMOI'PA®TAP
IOYEXKANIAPJATBI )KOJKYKTI TEKCEPY TEXHOJIOI' MACBIHBIH
BOJIII'T PETIHAE

Anoamna. Makanada asuayusinvlk Kayincizoix oicyiecinoe momocpaghmapobl
KOJIOaHy, COHOQU-ax 6azcaxcovl CKaumepiey YuwiH momozpagpmapovl nanoaianyobiy
APMBIKWBLILIKMAPLL MbLIbLIM  CALIHRAH 3amMmapobl MUiMOipeKk aHblKMAy JHCIHe
meKxcepy JHCbLIOAMObIEbIH ~ApMMbLPY pemiHoe Kapacmulpuliaobl. 3epmmeyoiy
makcamol - mMomozpaghpmapovl KOJIOAHbICMARbL KAYINCi30iK dcyliecine eHei3yoin
muimoiniein b6azanay, o01apovly KOJAOAHBLICMA&bL MEXHUKAILIK KYpPaioapmeH Kalall
UHMe2PAYUSIAHYbL, COHOAU-AK OdCMYPAi MEXHONOSUANAPOaH Momocpagmapobl
KONOAHYObly — apmMbIKWbLILIKMAPbl  MeH — KeMUilikmepin auvlkmay. 3epmmey
bapuvlcblHOa meKcepy MmexHON0SUANAPLIHbIY 06.1i2l peminde KOI0AHbICAgbl JHcylienep
MeH momozpaghmapaa manoay HCypeizinoi, asuayusivblK Kayincizoik cyliecinoeci
02CMYypPIli MEXHON02UANAPOAH HCAHA MEXHOTOUSAHBIY MUIMOLICIHE CANbICIMbIPMATbL
manoay sxcacanovi. Kopblmvinobioa peHmeeHOCKONUs KOME2IMeH MHCONHCYIH JHCIHE
KO JICy2iH meKcepyOily 0aCMypi MeXHON0SUACHIHAH KOMNbIOMEPAIK MOMOSPAPUAHBIH
3AMAHAYU MEeXHON02UACHIH KOJLOAHYObl CANbICMbIPMANbL MAL0AYOaH KOPbIIMbIHObL
Kenmipineoi.

Tyitin ce30ep: momoepaghmap, oicondcyei, mekcepy, Kayincizoik oicyieci,
asuUayuANLIK Kayincizoik, ayexrcal.
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S.T.Temirtasova, A.Zh. Abzhapbarova

IMPROVING THE BAGGAGE SCREENING SYSTEM: TOMOGRAPHS
AS PART OF THE BAGGAGE SCREENING TECHNOLOGY AT AIRPORTS

Abstract. The article discusses the use of tomographs in the aviation security
system, as well as the advantages of using tomographs for scanning luggage, such as
more effective detection of prohibited items and increased speed of inspection. The
purpose of the research is to assess the effectiveness of the introduction of tomographs
into the existing security system, how they integrate with existing technical means, as
well as to identify the advantages and disadvantages of using tomographs from
traditional technologies. In the course of the research, an analysis of existing systems
and tomographs as part of inspection technologies was carried out, and a comparative
analysis of the effectiveness of the new technology from traditional technologies in the
aviation security system was carried out. In conclusion, a conclusion is drawn from a
comparative analysis of the use of modern computed tomography technology from the
traditional technology of baggage and hand luggage inspection using fluoroscopy.
baggage and hand luggage inspection.

Keywords: tomographs, baggage, inspection, security system, aviation security,
airportro.
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A SCIENTIFIC APPROACH TO UTILIZING ARTIFICIAL INTELLIGENCE
FOR THE DIAGNOSIS AND PREDICTION OF EARLY AGING

Abstract. Premature ageing is one of the most pressing problems of modern
medicine. It is associated with accelerated wear and tear of tissues and organs, which
can lead to the development of chronic diseases and reduced life expectancy. In recent
years, artificial intelligence (Al) has started to play a key role in healthcare, providing
new tools for diagnosis and prognosis. This article reviews current Al advances in the
study of premature aging processes, including the use of machine learning to analyse
aging biomarkers, estimate biological age, and predict the risk of age-related diseases.

Key words: artificial intelligence, premature ageing, biological age, machine
learning, biomarkers.

Introduction. Premature ageing is a complex biological phenomenon

characterised by accelerated wear and tear of tissues and organs compared to the
chronological age of an individual. This process can be caused by genetic,
environmental and lifestyle factors. Premature aging is often accompanied by the
appearance of age-related diseases such as cardiovascular diseases, diabetes,
osteoporosis and others [1].
With the development of artificial intelligence (Al) and machine learning (ML) in
medicine, it is now possible to detect signs of premature aging more accurately and
earlier. These technologies can analyse large amounts of data, extracting important
biomarkers and patterns that may not be accessible by traditional analysis methods. In
this article, we discuss the role of Al in diagnosing and predicting premature aging, as
well as its potential to improve health and longevity.

Premature aging is associated with various biological and external factors,
including oxidative stress, DNA damage, inflammation and epigenetic changes [2]. In
recent years, biomarkers such as telomere length, epigenetic clock, oxidative stress
levels and immunological parameters have been actively used as indicators of
biological age.
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With the development of artificial intelligence (Al) and machine learning (ML)
in medicine, it is now possible to detect signs of premature aging more accurately and
earlier than ever before. These technologies can analyze vast amounts of biological,
genetic, and clinical data, extracting important biomarkers and identifying patterns that
might remain undetected through traditional analysis methods. In this review, we
discuss the evolving role of Al in diagnosing and predicting premature aging, focusing
on its potential to enhance our understanding of the aging process and improve
interventions aimed at promoting health and longevity.

Al and ML offer new ways to analyse these biomarkers in order to diagnose and
assess the risk of developing age-related diseases. For example, epigenetic changes
such as DNA methylation can be used to calculate biological age. This is the so-called
‘epigenetic clock’, which can accurately determine the extent to which an organism is
ageing [3].

Results and methods

1. Analysing biomarkers of aging using Al

Al enables comprehensive analyses of aging biomarkers such as telomere length
and DNA methylation levels, which helps to estimate the biological age of an
individual more accurately than traditional methods. Machine learning can help
identify hidden patterns in DNA methylation data and also predict the rate at which an
organism ages based on various biomarkers [4].

For example, deep learning algorithms can analyse epigenetic data to estimate
biological age from DNA samples. These algorithms are trained on thousands of
samples, allowing them to predict biological age with high accuracy. Applying Al to
analyse epigenetic data is becoming an increasingly popular approach in ageing

research.
Biomarker Importance in Aging Prediction Using Al
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Figure 1. Importance of biomarkers
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2. Prediction of age-related diseases

Al is also being actively used to predict age-related diseases associated with
premature aging. Machine learning models can analyse patients' medical data,
including genetic information, biomarkers and lifestyle, to assess the risk of developing
diseases such as Alzheimer's disease, cardiovascular disease and osteoporosis [1].

To illustrate the effectiveness of Al in predicting these diseases, Table 1
summarizes the predicted risks for various age-related conditions and the
corresponding accuracy of Al models based on biomarker analysis:

Table 1: Predicting Risk of Age-Related Diseases Using Al
Predicted Model

Disease Biomarker Risk (%) Accuracy (%)
Cardiovascular Inflammatory Markers, Lipid
) : 80 92
Diseases Profiles
Type 2 Diabetes  Blood Glucose Level, BMI 60 89
Osteoporosis Bone  Density,  Metabolic 50 85
Markers
Alzheimer's Neuroimaging, 20 91
Disease Neurodegeneration Biomarkers
Cancer  (general Telomere Shortening, Oxidative
. 65 87
risk) Stress
. Telomere Length, DNA
Premature Aging Methylation 75 90

The high accuracy of these Al-driven predictions demonstrates the potential of
integrating Al into personalized healthcare strategies for age-related diseases.

Predicting Risk of Age-Related Diseases Using Al

Diseases

! T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Predicted Risk

Figure 2. Prediction diseases

One promising approach is to create multimodal models that combine data of
different types (e.g., genetic, clinical, and lifestyle) for more accurate prediction. Such
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models can reveal relationships between biomarkers of ageing and specific diseases,
which facilitates early detection and prevention of these conditions.

3. Estimation of biological age using Al

Traditional age estimation is based on chronological age, but biological age can
vary significantly. Al can be used to estimate biological age based on complex analyses
of data such as clinical test results, blood biomarkers, genetic data and even images
(e.g. skin or internal organs).

The application of deep learning to image analysis (e.g. MRI or ultrasound) allows
the assessment of the degree of aging of tissues and organs. These methods are used to
diagnose signs of ageing such as loss of skin elasticity, changes in bone density or
increased fatty deposits in the area of internal organs [5].

Show how Al models (e.qg., epigenetic clocks) can estimate human biological age

from DNA methylation data.
Biological Age Estimation Using Al
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Figure 3. Estimation of biological age

Benefits and limitations of using Al in the study of premature aging

Advantages:

1. High accuracy: Machine learning algorithms can identify hidden patterns in
large amounts of data and provide more accurate predictions than traditional methods.

2. Process Automation: Using Al to analyse data automates the diagnostic and
monitoring process, which reduces human error and saves resources.

3. Personalised predictions: Al can analyse patient-specific data and provide
personalised recommendations based on individual body characteristics.

Limitations:

1. Data availability: Large amounts of high-quality data are required to create
quality Al models, which may limit its application.
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2. Transparency of algorithms: Many Al algorithms, especially deep learning, are
‘black box’, making it difficult to interpret results and limiting their clinical
application. Need for regular updates: Al technologies and medical data are rapidly
evolving, requiring models to be constantly updated to maintain their accuracy and
relevance.

Future prospects for Al applications

Al has great potential to further develop methods for diagnosing and predicting
premature aging. The development of hybrid models that can combine data from
different sources such as genomics, epigenetics, and clinical data will help create more
accurate and personalised solutions for monitoring ageing [6].

In addition, with advances in data processing technologies and the increasing
availability of medical data, we can expect to see more advanced methods for
predicting and treating age-related diseases. Al will help create new approaches to
prevent premature ageing, which in turn may lead to longer life expectancy and
improved quality of life.

Conclusion. The application of artificial intelligence in diagnosing and predicting
premature ageing opens new horizons for medicine. Al technologies can help in more
accurate estimation of biological age, identifying hidden biomarkers of aging and
predicting age-related diseases. Despite existing limitations, such as the need for high-
quality data and transparency of algorithms, Al is already showing significant advances
in this field. In the future, we can expect Al to become an integral part of healthcare
systems aimed at combating premature aging.

M.V. Cynenimenona, /J[.M. Myxammemxanosa, P.T. Amanosa

EPTE KAPTAIOABbI IMATHOCTUKAJIAY KOHE BOJI’KAY YIIIH
KACAHAbI HHTEJUIEKTTI KOJJAAHY AbBIH F'bIJIBIMUA TOCLJII

Anoamna. Epme xapmaio-Kaszipei meouyunadagvl ey e3ekmi macenenepoiy Oipi.
Byn cozviimanst aypynapoviy oamysina sxcane emip cypy ¥Y3aKmul2blHblY KblCKAPYbIHA
aKenyl MYMKiH minOoep MeH Myuwieneploiy me3 mo3ybimeH Oailianvicmol. Conavl
arewlnoapel  dicacanovl unmennexkm (KHU) ouacnocmuka men 0OaHCAYObIH IHCAHA
KYPanoapblH YCbIHA OMbIPbIN, OEHCAYIbIK CAKmMayoa weulyui pea amxapa 6acmaobi.
byn maxanaoa epme xapmaro npoyecmepin 3epmmeyoe2i Hcacanobl UHMeNNeKmMmiy
3amanayu cemicmikmepi, COHbIH [WiHOe Kapmaio Ouomapkepiepin manoay,
OUONOCUANBIK Jicacmbl 0AeANay HcaHe HcacKa Oaulamvicmvl aypyrapovly Kayni
bodICay Yin MAWUHATBIK OKbLMYObL NAUOANAHY KAPACMbIPLLIAObL.

Tyitin ce30ep: oicacanOvl unmeniekm, epme Kapmaioo, OUONO2USIbIK JiCdC,
MAWUHATLIK, OKbIMY, Ouomapxepiep.
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M.V. Cyneiimenona, /J[.M. Myxammemxkanosa, P.T. Amanosa

HAYYHBIN IOJIXO/I K UCITIOJIb30BAHUIO HCKYCCTBEHHOI'O
HUHTEJVIEKTA JJIAA IMATHOCTUKHA U TIPOI'HO3UPOBAHUA
PAHHEI'O CTAPEHUA

Annomauusn. Illpexcoespemennoe cmapenue - 00OHA U3 CAMBIX AKMYATbHbIX
npoonem cospemennou meouyunvl. OHO C65A3AHO C YCKOPEHHbIM U3HOCOM MKAHel U
Op2aHO8, YMO MOdNCem npusecmu K pa3eumuio XpOHUYecKux 3abonesanuii u
COKPAWEHUIO NPOOOINCUMENbHOCMU JHCUSHU. B nocneonue 200vl uckyccmeenHulil
unmennexm (M) nauan uepams xiouesyro poiv 6 30pagooxpaneHult, npeoocmaesisis
HOBble UHCMPYMEeHMbl Ol OUACHOCMUKU U NPOSHO3Upoanus. B smou cmamve
PACCMampusaiomcs COBpPeMeHHble O0CMUNICEHUSL UCKYCCMBEHHO20 UHMELIeKmAa 8
UBYYEHUU NPOYECCO8 NPeAHCOeBPEMEHHO20 CMAPEHUs, BKII0YaAsl UCNOIb308AHUE
MAWUHHO20 00Y4eHUs OISl AHAIU3A OUOMAPKEPO8 CIMAPEHUS, OYEHKU DUOI02UYECKO20
803pacma U NPOSHO3UPOBAHUL PUCKA 803PACMHbIX 3a00nesanutl. Kniouesvie crosa:
UCKYCCMBEHHbLIL URMETLIeKM, NPedcoe8peMeHHoe cmapeHue, OuoI02u4ecKull 603pacn,
MawunHoe obyueHue, buomapkepol.

Kntouesvie cnoea: uckyccmeeHHwlil UHmMeNIeKm, npelcoespeMeHHoe cmapenue,
buonocuteckull 603pacm, MawuHHoe obyueHue, 6UOMAPKePb.
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AI-BASED REMOTE PATIENT MONITORING SYSTEMS IN
KAZAKHSTAN

Abstract: The integration of artificial intelligence (Al) into Kazakhstan's
healthcare system presents significant opportunities for enhancing remote patient
monitoring, particularly in a country characterized by vast geographic distances and
uneven distribution of medical resources. In rural and remote areas with limited access
to healthcare, Al solutions have the potential to revolutionize patient care by providing
real-time health data. The study aimed to identify the advantages and barriers to using
Al for remote patient monitoring in Kazakhstan. Analytical methods were applied in
this study, including the analysis of pilot project data focused on the implementation
of Al-based monitoring systems. Modern IT solutions were used for the collection,
processing, and analysis of medical data, enabling an evaluation of the effectiveness
of these technologies. The conducted pilot projects demonstrated a 57% reduction in
hospital admissions and a 33% decrease in treatment costs for chronic diseases. The
use of Al systems was shown to enable early detection of health issues, reducing the
burden on healthcare facilities and improving access to medical services for patients
with chronic conditions such as diabetes, hypertension, and cardiovascular diseases.
Despite the achieved results, the implementation of Al in Kazakhstan's healthcare
system faces several challenges, including insufficient internet infrastructure in rural
areas, data security concerns, and the need for training medical personnel. However,
government support and ongoing advancements in Al technologies create
opportunities for expanding their application in healthcare. The scientific novelty of
the study lies in evaluating the practical effectiveness of Al systems in the context of
Kazakhstan, while the significance of the work is reflected in the improvement of
medical outcomes and the reduction of healthcare costs.

Keywords: artificial intelligence, remote monitoring, healthcare, telemedicine,
Kazakhstan, chronic diseases.

Introduction. The adoption of artificial intelligence technologies in medical
practice is accelerating globally, offering new opportunities for diagnosing, treating,
and monitoring patients. In Kazakhstan, where healthcare access in rural and remote
areas is limited, Al-driven remote patient monitoring systems are emerging as a vital
solution for enhancing healthcare delivery. These systems not only enable continuous
real-time health monitoring but also allow for more personalized and data-driven
approaches to patient care, which are particularly valuable in managing chronic
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diseases and reducing the need for frequent hospital visits.

Kazakhstan, with its vast and diverse geography, faces unique healthcare
challenges, including the uneven distribution of medical resources and a shortage of
healthcare professionals, especially in remote areas. Al-powered systems have the
potential to bridge these gaps by extending high-quality medical services to
underserved populations, significantly improving healthcare access and outcomes.
Moreover, these systems can alleviate the burden on urban healthcare facilities, where
overcrowding and resource constraints are prevalent.

This article explores the opportunities, challenges, and future development
prospects of Al-based remote patient monitoring systems in Kazakhstan. It also
examines how these technologies can transform the healthcare landscape, offering
solutions to longstanding issues, improving efficiency, reducing healthcare costs, and
enabling a more sustainable and equitable healthcare system for the country’s
population. By leveraging Al, Kazakhstan has the potential to set a benchmark for the
use of advanced technologies in healthcare, fostering innovation while addressing
critical public health needs.

Kazakhstan’s healthcare system faces multiple challenges, such as a shortage of
healthcare professionals in rural areas, overcrowded medical facilities, and an
increasing prevalence of chronic diseases [1].

Al-powered remote patient monitoring systems address these issues by:

- Enhancing healthcare access, especially in rural and underserved region [2].

- Providing real-time, accurate monitoring of patients’ health conditions, allowing
early intervention [3].

- Reducing treatment costs through early diagnosis and preventing complications
[4].

These systems hold particular promise in managing chronic diseases such as diabetes,
hypertension, and cardiovascular conditions, where continuous monitoring is essential
for preventing severe health outcomes.

Al-driven remote monitoring systems typically consist of three key components:

1. Wearable Devices and Sensors: These devices collect data on vital signs such as
heart rate, blood pressure, blood oxygen levels, and blood glucose levels [5]. Sensors
are equipped with wireless connectivity, enabling real-time data transfer.

2. Al Algorithms: The data collected from wearable devices is analyzed using Al
algorithms that detect abnormalities and provide alerts to healthcare professionals [6].
These algorithms enable early detection of potential health issues, allowing timely
medical intervention.

3. Predictive Models: Al-based predictive models analyze historical and current
data to forecast disease progression. This information helps doctors make data-driven
decisions about patient care [7].
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Figure 1. Example of Remote Monitoring System Architecture Application of Al in
Remote Monitoring in Kazakhstan

Several pilot projects in Kazakhstan have already demonstrated the
transformative potential of Al in remote patient monitoring, showcasing its ability to
enhance healthcare delivery. In major cities such as Almaty and Nur-Sultan, Al-driven
systems are being used to monitor patients with chronic conditions such as diabetes,
hypertension, and cardiovascular diseases. These systems continuously collect data
from wearable devices, analyze health metrics in real time, and use Al algorithms to
detect early signs of complications. This enables healthcare professionals to intervene
promptly, often before symptoms become critical, reducing hospital admissions and
improving overall patient outcomes.

One notable example is the use of Al to predict and manage diabetic
complications. Through continuous glucose monitoring and predictive modeling, Al
systems can alert both patients and healthcare providers when blood sugar levels are
likely to reach dangerous thresholds, prompting immediate action. This has led to a
significant reduction in emergency room visits and hospitalizations among diabetic
patients, allowing them to manage their conditions more effectively from home.

In addition to improving outcomes for chronic disease management, Al-driven
remote monitoring solutions are increasingly being tested in rural and remote areas,
where healthcare infrastructure is limited. By leveraging telemedicine platforms and
mobile health applications, Al enables the remote monitoring of vital signs and health
indicators in patients located far from urban medical centers. These technologies bridge
the gap in healthcare access, offering rural populations timely and efficient medical care
without the need for frequent travel to city-based hospitals.
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Furthermore, Al systems are being integrated with Kazakhstan’s broader digital
health infrastructure, such as electronic health records (EHRS). This integration allows
for seamless data sharing between remote monitoring systems and healthcare providers,
Improving coordination of care and ensuring that patient data is up-to-date across all
levels of the healthcare system. In the long term, this connected ecosystem has the
potential to expand beyond chronic diseases, allowing for Al-driven remote monitoring
to be applied to other conditions, such as respiratory diseases, mental health disorders,
and post-operative recovery.

Overall, these pilot projects demonstrate that Al-powered remote monitoring is not
just feasible but also highly effective in Kazakhstan’s diverse healthcare landscape. By
Improving access to healthcare services, especially in underserved rural regions, and
enhancing patient management through real-time data analysis, Al has the potential to
significantly elevate the quality and efficiency of healthcare delivery in Kazakhstan
[8,27,32].

REMOTE MONITORING
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Figure 2. Remote Monltormg in Kazakhstan s Rural Areas Impact on Hospitalization
Rates and Treatment Costs

The introduction of Al-based remote monitoring systems in Kazakhstan’s
healthcare system has had a profound and measurable impact on both hospitalization
rates and treatment costs, particularly for patients with chronic diseases such as
diabetes, hypertension, and cardiovascular conditions. By enabling continuous, real-
time monitoring and early detection of complications, these systems have significantly
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reduced the need for hospital admissions, allowing patients to manage their
conditions more effectively at home.

For instance, studies and pilot programs in cities like Almaty and Nur-Sultan have
shown that the use of Al-driven monitoring systems led to a 57% reduction in
hospitalizations for chronic disease patients. This dramatic decrease is largely
attributed to the systems' ability to alert healthcare providers to potential health risks
before they escalate into emergencies, allowing for early intervention. Moreover, this
reduction in hospitalizations not only improves patient outcomes but also alleviates the
strain on overcrowded healthcare facilities, especially in urban centers where resources
are often stretched thin [27,29].

In addition to reducing hospital admissions, Al-based systems have also
contributed to a significant reduction in healthcare costs. The prevention of
complications through continuous monitoring has led to earlier diagnoses and reduced
the need for expensive emergency treatments. For example, treatment costs for patients
with chronic diseases decreased by 33% following the implementation of Al-driven
systems. This cost-saving effect is particularly important in Kazakhstan, where
managing the healthcare budget is crucial for maintaining the sustainability of the
national healthcare system [28,30].

The financial impact of these technologies is further amplified when considering
the potential long- term savings. By preventing complications and reducing hospital
stays, Al-based remote monitoring reduces the overall demand for medical resources,
allowing healthcare providers to allocate their budgets more efficiently. This has led to
significant savings for both the healthcare system and patients, who benefit from
reduced out-of-pocket expenses associated with hospitalizations and ongoing care [31].
Overall, the implementation of Al-driven remote monitoring systems in Kazakhstan
has proven to be a cost-effective and efficient strategy for improving healthcare
outcomes. By reducing hospitalization rates and cutting treatment costs, these
technologies offer a sustainable solution to managing chronic diseases and optimizing
resource utilization in the country’s healthcare system.

Hospitalization Rates Before and After Al Implementation
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Figure 3. Hospitalization Rates Before and After Al Implementation

91



A3aMaTTBIK aBUAIUS aKaJIEMUSCHIHBIH XKaPIIBIChI Ne4(35)2024

As shown in Figure 3, the number of hospitalizations decreased from 35 cases per
month to 15 after the deployment of Al-based remote monitoring systems, resulting in
a 57% reduction. This reduction highlights the effectiveness of early detection and
continuous monitoring of chronic disease patients.
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14000
12000
10000
8000
6000

4000

Treatment Costs (in thousand units)

2000

0

Before Al Implementation After Al Implementation

Figure 4. Treatment Costs Before and After Al Implementation

In addition to reducing hospitalization rates, Al-powered systems have also
contributed to lowering healthcare expenses. Figure 4 illustrates that treatment costs
dropped from 15,000 thousand units to 10,000 thousand units — a 33% decrease —
thanks to early diagnosis and the prevention of complications through remote
monitoring.

Table 1. Summary of Hospitalization and Treatment Costs

Period Hospitalizations Costs (in thousand units)
Before Al Implementation 135 15,000
After Al Implementation 15 10,000

The data in Table 1 demonstrates the clear benefits of Al in both reducing the
need for hospital stays and lowering healthcare expenses.
Advantages of Using Al in Kazakhstan’s Healthcare
The deployment of Al-driven remote patient monitoring systems offers several
transformative advantages for Kazakhstan's healthcare system, addressing many of the
challenges faced by the country’s medical infrastructure:

1. Improved Healthcare Access: Al-based remote monitoring allows patients in
remote or rural areas to receive high-quality healthcare without the need for frequent
travel to medical facilities, which is especially important in Kazakhstan's vast and
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sparsely populated regions. This greatly improves access to healthcare for communities
that would otherwise face geographical barriers to regular medical care [9]. It also helps
alleviate pressure on urban healthcare centers by enabling decentralized healthcare
delivery.

2. Reduced Workload for Medical Staff: Al technologies automate routine tasks,
such as monitoring vital signs and alerting medical professionals when intervention is
needed. This frees up healthcare workers to focus on more complex patient care,
improves workflow efficiency, and helps mitigate the shortage of healthcare
professionals, particularly in rural and underserved regions [10]. In addition, Al can
assist healthcare providers in prioritizing patients based on the severity of their
conditions, optimizing resource allocation and improving patient outcomes.

3. Cost Efficiency: By reducing hospital admissions, enabling earlier diagnoses,
and preventing complications through continuous monitoring, Al-driven systems
contribute to significant cost savings for both patients and healthcare providers [11].
Early intervention can reduce the need for expensive treatments and lengthy hospital
stays, which are particularly burdensome in managing chronic diseases. These systems
also minimize the financial strain on the national healthcare system by optimizing the
use of resources and reducing unnecessary hospital visits.

4. Personalized Healthcare: Al-driven monitoring systems can provide
personalized healthcare by analyzing patient-specific data in real-time, offering
tailored recommendations and treatments. This level of precision medicine can lead to
better health outcomes, especially for chronic disease management, where individual
variations in disease progression are common.

Challenges and Limitations
Despite the significant advantages, there are several challenges that must be addressed
to fully realize the potential of Al-based remote monitoring systems in Kazakhstan:

Lack of Internet Infrastructure: One of the most significant barriers to the
widespread implementation of Al-powered remote monitoring is the limited availability
of high-speed internet in many of Kazakhstan’s remote areas [12]. Reliable internet
connectivity is crucial for real-time data transmission and monitoring, and without it,
patients in the most underserved regions may not benefit from these advanced
healthcare technologies. Expanding broadband access in rural areas is critical for
ensuring equitable access to Al-driven healthcare solutions.

Data Security and Privacy: The handling of sensitive patient data in Al-driven
systems presents serious concerns about data security and privacy. As these systems
collect and process large volumes of personal health information, ensuring robust
cybersecurity measures is essential to prevent unauthorized access, breaches, and
potential misuse of data [13]. Kazakhstan must adopt and enforce stringent data
protection regulations, in line with global standards, to build trust among patients and
healthcare providers in the security of Al-based healthcare technologies.

- Training Healthcare Personnel: The effective use of Al-based technologies
requires healthcare professionals to be well-versed in digital tools, which presents a
challenge in Kazakhstan, given the current shortage of trained medical personnel.
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Comprehensive training programs are necessary to ensure that healthcare workers can
effectively use Al systems, interpret data, and integrate these technologies into their
daily workflows [14]. Additionally, ongoing education and support will be needed as
Al technologies evolve, ensuring that healthcare providers remain up-to-date with the
latest developments.

- Cost of Implementation: While Al systems offer long-term cost savings, the
initial investment required for implementing Al-based healthcare infrastructure,
including acquiring technology, installing systems, and training staff, can be
substantial. The cost of upgrading internet infrastructure in remote areas and purchasing
advanced medical devices may also pose financial challenges for some healthcare
providers and government agencies.

- Regulatory and Ethical Concerns: The adoption of Al in healthcare also raises

important regulatory and ethical questions. Regulations must be developed to ensure
that Al-driven systems are safe, reliable, and compliant with healthcare standards.
Additionally, ethical issues such as algorithmic bias, transparency in decision-making
processes, and ensuring equitable access to Al technologies need to be carefully
managed to avoid disparities in care.
Addressing these challenges will require coordinated efforts between the government,
healthcare providers, and technology developers. Investments in infrastructure,
training, and cybersecurity, alongside the development of clear regulations and
policies, are essential for maximizing the benefits of Al-driven remote patient
monitoring systems in Kazakhstan.

The challenges in implennnting Al

in remote monitoring in systes (@)

¥ Lackof speed in rural areas
y internet

DAstUreaiks

Ingantteanes 7/
- Data breachs with nlitiers /775
cebesseed innesstrorker rinu
infasccuire jnonstcture data
traiting gaps training gapa

Figure 5. Challenges in Implementing Al in Remote Monitoring Prospects for
Development
As Kazakhstan continues to digitalize its healthcare infrastructure and invest in
innovative healthcare projects, the future of Al-based remote monitoring systems looks
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promising. Increased coverage of remote regions, advancements in Al technologies,
and government support for digital health initiatives are expected to drive further
development in this area [15] . Additionally, the adoption of 5G technology and
improved internet connectivity in rural areas will enhance the real-time capabilities of
remote monitoring, making it more reliable and accessible.

Moreover, Al will likely be used in the future for managing a broader range of
conditions beyond chronic diseases, expanding its impact on the country's healthcare
system. The integration of Al into emergency response systems, telemedicine
platforms, and mental health care is also on the horizon, allowing healthcare providers
to offer a more holistic approach to patient care. As Al algorithms continue to evolve,
predictive analytics will play a larger role in preventing medical emergencies and
optimizing treatment plans, especially for patients with complex conditions.

Another key area of future development is the integration of Al-driven remote
monitoring systems with Kazakhstan's electronic health record (EHR) systems. This
will allow for seamless data sharing between healthcare providers, improving care
coordination and ensuring that patients receive timely and appropriate interventions.
The use of Al to analyze large datasets from EHRs can further enhance diagnostic
accuracy, track disease trends, and help in the early detection of public health crises.
In the coming years, as Al technologies mature, there will also be opportunities for
Kazakhstan to participate in international collaborations and research initiatives, further
positioning the country as a leader in digital health innovation. The combination of
government support, advancements in Al, and a focus on addressing local healthcare
challenges will ensure that Kazakhstan remains at the forefront of healthcare
modernization, creating a more resilient and efficient healthcare system for its citizens.

Conclusion. Al-driven remote patient monitoring systems present a transformative
opportunity for Kazakhstan’s healthcare sector. By addressing key challenges such as
limited access to healthcare, medical staff shortages, and rising treatment costs, these
systems have the potential to significantly improve patient outcomes and optimize
healthcare resources. The introduction of Al technologies allows for continuous, real-
time monitoring of patients, particularly those with chronic diseases, ensuring early
intervention and reducing the burden on healthcare facilities.

However, to fully leverage the potential of Al, it is crucial to overcome challenges
related to internet infrastructure, data security, and healthcare worker training. The
implementation of robust cybersecurity measures is essential to protect sensitive patient
data, while investments in workforce education will ensure that healthcare
professionals can effectively utilize Al-based tools. Additionally, extending high-
speed internet access to remote and underserved regions is a vital step in making these
technologies universally accessible.

Looking forward, continued investment in technology and human resources will
be essential for expanding the reach and impact of Al-driven systems in Kazakhstan’s
healthcare. As the government continues to support digital health initiatives, further
developments in Al technologies may allow for even broader applications, including
predictive analytics for a wider range of medical conditions. Ultimately, Al has the
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potential to reshape Kazakhstan’s healthcare landscape, improving the quality of care,
reducing costs, and ensuring equitable access to health services for all citizens,
regardless of their geographic location.

.M. MyxammemxanoBa, M. Y. CyneiitmeHoBa

CUCTEMbI JUCTAHIIMOHHOI'O MOHUTOPUHT' A TAIIMEHTOB HA
OCHOBE UM B KABAXCTAHE

Aunomawuna. Humeepayus uckyccmeennHo2o unmennekma (MH) e cucmemy
30pasooxpanenuss Kazaxcmana omxpuviéaem wupoxue 803MOHCHOCMU OISl YIYYUIeHUs
OUCMAHYUOHHO20 — HAONIO0eHUsT  3a  nayuewmamu,  OCODeHHO 8  Cmpawe,
Xapaxmepusyoueicst 02POMHBIMU eeoepaghuueckumu  paccmosTHUAMU u
HEepPasHOMEPHbIM pacnpeoenieHuem MeOUYUHCKUX pecypcos. B cenvckux u omoanenHwvix
PatioHax ¢ O02PpaHUu4eHHbiM OOCMYNOM K 30PA80OXPAHEHUI0 peuleHUsi Ha OCHO8e
UCKYCCMBEHH020 UHMENIEKMA CNOCOOHbL NPOU3BECTNU PEBOTIOYUIO 8 OOCTYHCUBAHUU
nayueHmos, npedocmasiss OaHHble O COCMOSAHUU 300P0BbS 8 PEedCUME DedlbHO20
spemenu. Ilenv uccnedosanus - onpederums npeumywecmea u oapvepvl Ojis
ucnoavzosanus MU ons yoanennoco monumopunea nayuenmos 6 Kazaxcmane. B
UCCNIe008aAHUU NPUMEHSIUCL AHAAUMUYECKUEe MemoObl, 8 MOM YUCLe AHAIU3 OAHHLIX
NUIOMHBIX NPOEKMO8, HANPABIEHHbIX HA 8HEOPeHUe CUCTEM MOHUMOPUH2A HA OCHOBE
HU. Jlna cobopa, obpabomku u amanuza MeOUYUHCKUX OAHHBIX UCNOAb308AIUCD
cogpemennvie IT-pewienus, umo no3801UN0 OYeHumsb dPHeKMUHOCmb IMUX
mexnonocuti. 1lposedennvie nuiomuvle NPOEKMvl NPOOEMOHCIMPUPOBATIU CHUNCEHUE
Konuwecmea eocnumanusayuti Ha 57 % u 3ampam Ha JeyeHue XpOHUUEeCKUX
3abonesanuil Ha 33 %. Bbl1o nokazaro, 4mo UCNoIb308aHUE CUCEM UCKYCCINBEHHO20
UHMeNIeKMA N0360Jiem BbIAGIsMb NpodieMbl CO 300P08beM HA PAHHUX CMAOUSX,
CHUICASL HA2PY3KY HA MEOUYUHCKUE YUPEHCOCHUsT U YAYUUAsT O0CMYN K MeOUYUHCKUM
yeayeam Oisi NAYUEHMO8 C XPOHUYEeCKUMU 3a00/e8anusiMuy, makumu Kak ouabem,
2unepmoHust U cepoeuro-cocyoucmole 3abonesanus. Hecmomps ma oocmuenymoie
pe3yiomamsl, 6HeOpenue HU 6 cucmemy 30pasooxpanenuss Kazaxcmana
CMAIKUBAEMcss ¢ pao0oM  npoobiem, 6KIYas HeOOCMAMOYHYI0  UHMeEpPHem-
UHpacmpykxmypy 6 CenbCKOl MeCmHOCMU, NpobaeMbl 0e30NACHOCU OAHHBIX U
He0OX00UMOCMb  00YYeHUsT MeOUYUHCKo2o nepconanra. QOHako 2o0cyo0apcmeeHHas
noo0epIIcKa U NOCMOSIHHOe —Cco8epuleHcmeosanue mexuonoeuti WU  cozoarom
B03MONCHOCMU OJI51 PACUUPEHUS UX NPUMEHeHUs 8 30pasooxpanenuu. Hayunas nosusna
UCCNIe008AHUSL 3AKNI0UAEMC 68 OYeHKe NpaKkmudeckou 3ggexmusHocmu cucmem
uUcKkyccmeenno2o unmesnekma 6 ycioeusx Kazaxcmawna, a 3mnauumocmsv pabomol
8bIpANCAEMCcsl 8 YIYYUIeHUU Pe3)Ibmamos JNe4eHUss U CHUNCEHUU 3ampam Ha
30pasooxpaHenue.

Knrouegvle cnoea: uckyccmeenHbulll UHMeN1eKm, OUCAHYUOHHBIU MOHUMOPUHS,
30pasooxpanenue, meremeouyura, Kazaxcman, xponuuecxue 3a001e6aHusl.
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JM. MyxammemkanoBa, M. Y. CyneliMeHoBa

KABAKCTAHJAFBI 5K HETI3TEH AUMEHTTEPI KAIIBIKTAH
BAKBLIAY )KYHEJEPI

Anoamna. KazaxcmanHnvly OeHCAYIbIK CAKMAY HCYUECIHE HCACAHObL UHMELLEKMN
(KU) unmezpayusicol nayuenmmepoi KautblKmvlKman 6aKbLiayobl HCaAKCapmy Yulin
MaHvi30bl  MYMKIHOIKmMep Oepedi, acipece 2eocpausnvlk KaublKMuvlKmMapoblH
KeHOiciMeH  JiCoHe  MeOUYUHANbIK — pecypcmapovly  OIpKenKki  mapaiyblMeH
cunammanamoiy enoe. MeOuyunanvix KoMeKke Kou Heemimoiniel uiekmeyi ayvlioblk
Jocone waneau aumakmapoa KU wewimoepi nakmvl yaxbimmazol OeHCAyablK
OepeKmepin Kammamacsl3 emy apKblibl nayuenmmepee KymiMm H#acayoa meHKepic
Jcacay MymKiHOiciHe ue. 3epmme)yoiy maxcamvl — Kazaxcmanoa nayuenmmepoi
Kawblkmelkmar  O6akvliay ywin KU Kondawyovly apmulKuibliblkmapsl MeH
Keoepeilepin aHvlKmay. 3epmmeyoe aHAIUMUKAIblK adicmep, oHvly iwinoe KU
Heli3iH0e2l ~ MOHUMOPUHZ — JiICylenepin  eHeizyee  OAbIMMAN2AH — NUIOMMbIK
acodbanapoviy depekmepin manoay Koioansvliovl. Meouyunanvlk oepekmepoi HCuHay,
oHnoey oicone manoay ywin zamamayu AT wewimoepi Kondanwliovl, OY1 OCb
MEXHON02UANAPObIY MUIMOLICIH Oa2anay2a MyMKIHOIK 0epoi. JKypeizineen nuniommaoix
acobanap aypyxamaza camkwizy camvli 37%-ea JicoHe CO3bLIMANbL AYpYIapObl
emoeyze Kememin wbleblHObl 33%-ea KbicKapmyauvlH Kopcemmi. JKacanowl
uHmeniekm oicylenepin nauodaiany OeHcayivlk npooOIeMalapblh epme Ke3eHoe
AHBIKMAY&a, OeHCaYIblK CAKMay MeKemeiepine mycemin HCyKmeMmeHni a3aumyaa Hcome
Kaum ouabemi, SUNepPmMOHUs IHCIHE IHCYPEeK-KaAH MAaMbIPAAPbl AypYAaApbl CUSKMbL
CO3bLIMANLL  aypynapvl  6ap  HAyKacmapowvly — MeOUYUHANbIK — KblsMemmepine
KONHCemMIMOIIIKMI dcaxcapmyaa MyMKIHOIK Oepoi. Kon scemkizineen nomudcenepee
Kapamacman, Kazaxcmannviy Oencaynvik cakmay odacyiecine KU eneizy Gipxamap
npobaemanapea man 00N OMbLP, COHBIY IUIHOE AYbLIObIK dcepiepoeci UHMepHem -
UHDPAKYPBLILIMHBIY JHCeMKINIKCI30icl, OepeKmepOil Kayincizoiei macenenepi JHcoHe
MeOUYUHATIBIK KAOPAapObl OKbIMY Kadicemminicl. /leceHMeH, Memiekemmik Koaoay
oicone KU mexnonocusnapwin y30iKkciz J#cemindipy oaapobl OeHCAYAblK CaKmayod
KO0aHyObl Kenelmyae MyMKIHOIKmep myavizaovl. 3epmmeyoil blIbIMU HCAHAIbIEbL
Kazakcman  orcazoauivinoa  orcacanOvl  uHmeniekm — JHCYUECiHiy — NpaKmMuKaniblk
muimoiniein  6azanayoa, an HCYMbICMbIY MAHbIZ0bLIbIEbL eMOey HIMUNCENEPIH
JoHcakcapmyoa HcaHe 0eHCAaAyIblK CAKMA) WblRbIHOAPLIH A3atimy0a KepCemiieH.

Tyiiin ce30ep: dcacanovbl uHmeIeKm, KAUWbIKMbIKMAH O0aKbliay, OeHCAYIblK,
cakmay, menemeduyuna, Kazaxcmau, co3viimansl aypynap.
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o Jloeucmuka, macolmanodayovl YublMOoacmulpy, Koaikmeei Kayincizoix
o  Komnvromepaix blnblmMoap, Acnan dcacay Heane asmomammanobipy

MAKAJAHBI PECIMJIEYTE KOMBIJIATHIH FBIJIBIMUA TAJIATITAP

Makanana ©3eKTUIIri, FhUIBIMA MaHBI3AbUIBIFBI, 3€PTTEY HOTHKEIEepl MEH TYXKBIPhIMIAPhI
HaKThI KOpceTilyl Kepek. backa Ke3JepAeH albIHFaH Ke3-KeJIreH MaTepraliap ClITeMeMeH TyphIC
pecimenyi Kepek, ajl aBTop CLATeMe >KacaraH JEPEeKKO3/iH aTaybl 9eOueTTep Ti3IMiHIe KOpCeTiTyi
KEpeK.

Makana FbUIBIMH CTHJIBJE Ka3bUTybl KepeK. FBUIbIMH CTHIIBJAIH JIEKCHUKAIBIK KypaMbl
CaJIBICTBIPMAJIBl OIPTEKTUTIK TMEH OKIIAYJTaHYMEH CHUMATTalafbl >KoHE OyJl CHHOHUMIEPIIH a3
KOJIJIaHbUTYbIMEH KepiHeni. FruibiMu cTunbpae Oaranayra TOH eMec ceilney 0osybl Oap JeKcHKa
6onmaybl kepek. FrutbiMu eHOexTeperi Oaranay aBTOPABIH OWBIH TYCIHIIPY YLIIH KOJAaHBLIA/IbI
KOHE YTBIMJIbI CUNIaTKa ve. F'bulbIMU coliiey OMIbIH ASMAITT MEH KUCHIHABUIBIFBIMEH, OHBIH JOHEKTI
YCHIHBUTYBIMEH JKOHE MPE3CHTAUSHBIH O0ObEKTUBTUIINIMEH epeKIIeIICHE Il

FoutbiMu xapusnaHbIM 3epTTEYI KbI3METIHIH HET13T1 HOTHXKeNepiHiH Oipi 00N TaObLIaIbL.
"AAA Xapuibicel" FRUTBIMU JKYpHaJbIHIA JKapusjiay VIIH YChIHbUIFaH Martepuan Oacka Oacma
OacbUTBIMIApBIHA OYpPBIH JKapusUlaHOaFaH TYMHYCKa Ooiybl THWic. Makaia HeETi3iHeH 3amMaHayu
FBUIBIMU O/ICOMETTEepi KOJIJaHa OTBIPBIN Ka3bLTybl KEPEeK >KOHE >KAHAIBIKTHI KaMTYbhl Kepek.
bacbulbIMHBIH 0acThl MaKCaThI-aBTOPJIBIH KYMBICHIH Oacka 3epTTeyIIiiepre KOJ JKETIMIL eTy.
XKapusinay apKblUibl aBTOp TaHJAJIFaH 3€pTTEy CalachlHAa ©31HIH OachIMIBIFBIH OENT1IeH .

Kipicne Oesnimae FBUIBIMA MOCEJIEHI HEMeCe TarChpMaHbl J3IpJeyAiH ©3€KTLIrT MeH
OPBIHJIBUTBIFBIH KOPCETY KaxeT. MaKalaHbIH HETi3T1 OeiriHae akmapaTThl Talay )KoOHEe CUHTE3/IeY
apKBUTBI 3€PTTENETIH MACelNeNepii, oJNiap/bl IIeNTy JKOJIapbiH amry Kaxker. CoHpmaii-ak, MYMKiH
HOTIDKETIEp/Il JKOHE OJIap/AbIH CEHIMIUTITIH HeTi3[ey KakeT. Makanaga FhUIBIMHBIH (TIPaKTUKaHBIH),
OHBIH JKEKEJETeH KBhI3MET TYPJIEPIHIH, KYOBUIBICTApPABIH, OKHFaJap/AblH >KoHE T. 0. MaMybIHBIH
MaHBI3/Ibl )KOHE TIEPCIIEKTUBAIIBIK OAFBITTAPI TAAAHYBI, CATBICTHIPBHLTYHI )KOHE aHBIKTATYhI KEPEK.

FrutbiMu Makaa mpo0ieMalibik cunarta 00Jybl KepeK, FATBIMIAPIbIH FHUTBIMH (TPAKTHKAITBIK)
OUTIMAI J1aMBITyFa JIET€H JpTYpJl Ke3KapacTapblH KepceTyl KepeK, KOPBITBIHIbLIAp, *KUBIHTHIK
MomiMeTTep OONybl Kepek. KopbITBIHABI Oeiimae aBTOpP KOPBITHIHIBLUIAI, KOPBITBIHIBLIAD,
YCBIHBICTAP TYXXBIPBIMIAI, 9p1 KapaiFbl 3epTTeyaep/IiH MYMKiH OaFBITTapbIH KOPCETY1 KepeK.

MAKAJIAHBI PECIMJIEYTE KOUBLJIATBIH TEXHUKAJIBIK TAJIATITAP

Makasnanapabl JailbIHIaY Ke31H/1e peIaKiisa TOMEHIET] epekenep/i )KoHe )KypHalIa )KapHsiay
YIIIH YCBIHBUIATBIH MaTepUaiapibl peciMieyre KONbUIAThIH TajJanTapAbl OacCIIbUIBIKKA aTyJIbl
Cypaiabl:

1. XKapusnayra yChIHBUIATBIH Makanajap >kaHa, OypblH Oacka Oacrma >koHe DIEKTPOHJBIK
OaceuTeiMIapaa Oipaeit Typae >kapusuiaHOaraH OoNybl THIC. MakajgaHBIH Ma3MYHBI KypHaJIbIH
TaKbIPBINTHIK OAFBITTAphl MEH FBUIBIMH JCHT€HiHE colikec Kemyl, Oenrii Oip jkaHaJbIKKa ue O0Iyb
KOHE aBHWAIWs CaaCBIHAAFBl FBUIBIMH  KbI3METKEpJiep, OKBITYIIbIIAp, MaMaHAap YIIiH
KBI3BIFYIIBUIBIK TAHBITYBI KepeK. Makananap Ka3ak, OpbIC, aFbUIIIBIH TUIIEPIH/E KapUsIaHaIbl.

Makana kejeMi 6-1an 12 OeTKe Iein;
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e Marepuan WORD wmotianik pegaktopsiaaa Times New Roman kapinimen, 6ip apansikTa 14
enemMze Tepiryi kepek. Cxemanap, rpadukTep, quarpamMManiap, cbizdanap xoHe 0acka rpaduKaibK
marepuagap WORD MOTIiHAIK pENaKTOPhIHBIH KOMETiMEH HEMece BEKTOPIIBIK TIpadHKaIbIK
Oarmapnamanapaa (Adobe Illustrator, Corel Draw) ak-kapa HyYCKada jkacadybl MYMKIH >XOHE
ANIEKTPOH/IBI PeAaKIMsIIayFa MyMKiHAIK Oepeni. ['padukanbik MaTepraniap MeH KOWBIH/IBI TYJIFAJIap
PETTIK HOMIp/i ’KSHE TaKbIPHINTHI KaMTyhI Kepek. Popmynanap Mach type Garnapiamacsiia Hemece
MC Office kocbIMIIIachIHAa TEPIEAl )KOHE OYKUT CTHIIb OOMBIHINA O1p CTHIIB/II YCTaHAIBI.

2. MaxkananblH OacbiHAa >KOFapFbl coi kakta FTAXP (FhUIbIMH-TEXHHKAIBIK aKIMapaTThiH
XaJbIKapaJbIK pPyoOpHuKaTopbl) kepcetiyl kepek, FTAXP www.grnti.ru cailTeiH1a aHBIKTaIaabl 9pi
Kapaii, 0eTTiH opTackIHIa Oac opinTepMEH — aBTOPIIAP/IBIH aThl — )KOHI, JIaya3bIMbI, TOPEKEC], COAaH
KCHIH OpTachIHIA Killll OPINTEPMEH-)KYMBIC XOHE Kaja OpbIHIAIFaH YUBIMHBIH(JIAPJBIH) aTayhl,
TOMEHJIe COHJIall — aK, opTachiHa Oac opinTepMeH (KaJbIH KapiIieH )-MaKaJlaHbIH aTaybl.

3. AHzaTtna >KyMBICTBIH MaKCaThIH, 9J/1iCi HEMECE YKYMBICTBI jKacay dJ[iICHAMACBIH, KbICKAIIa
HOTIDKEIIEP/li, HOTHXKENEp/li KOJJAAaHY asiChIH, KOPBITHIHABUIAPBIH alKbIHIAAY KepeK. AHJATIaHbIH
kezemi 1/3 OerteH keM OonMaybl Kepek. AHAaTnansap MiHIETTI TypAe Ka3ak, OpbIC )KOHE aFbUIIIBIH
Timaepae Oonybl THic. AHJaTnagaH KeWiH TYWIH ce3[ep aHjaaTia TUTIHJIE Kilm opinTepMeH, YTip
apKBUIBI 5 CO37ICH KeM 00JIMaybl KepeK.

4. MakaJia MOTiHIHIH TapayJiapbsl MiHAETTi Typae cranaaprrairal "Kipicre", "Herisri 6emiM",
"KopsbIThiHIbUIap k0HE ¥ CHIHBICTap" aTaylapblH KOJIJAHY apKbUIbl KYpPbUIBIMAANTYbI Kepek. Kaxer
OoJIFaH JKaFaaiiia TapayablH KOCBIMIIIA apHAYIIBI aTayJIapbl KOCHUIAIbI.

5. MakananbiH coHpiHIa «IlaliananbIFad IepeKKe3aepIiH Ti3iMi» KeTipiaeai (5 TeH KeM eMec).
MoriHgeri cuitemenep - MapIibl KaKIIaTapbHAa. Jlepekkesnep MOTiHAE JdHeKkce3 ary TOpTiOiHIe
Kepcetiieni. MariHae oneOuerTiH Tiz0eciHeH OapliblK AepeKkesnepre ciiremenep OOmybl Kepek.
[Natimananeuran  aepekkesnep Tizoeci "bubnmmorpadusumeik  xaz0a" MEMCT  7.1-2003  coiikec
pacimaeneni. OaeouerTep TiziMi: OMOIHOrpaUsIIBIK Ti3IM €Ki PET KacallajIbl: ISPEKKO3ICP/IiH TYITHYCKA
TUTIHIE (Ka3aK, OpbIC), KUPWITAIIAHBI KOJIJIAHATHIH TUIIE JIATHIH OPINTEpIMEH TPAHCIIUTEPAIHsIIaHYbI THIC.

6. XKeke dainma makanara aBTopiap Typajbl MOTIMETTEp Koca Oepiiie/i: MaKalaHbIH aTaybl,
TET1, aThl XKOHE OKECiHIH aThl (Ka3ak, OpbIC, aFbUIIIBIH TUIAEPIHC), FRUIBIMU JOPEKECi MEH aTarbl,
YUBIMHBIH TOJIBIK aTaybl MEH MEKEH-Kailbl — )KYMBIC OPBIH/IAPhl, aTKAPAThIH JIaya3bIMbl, OailiaHbIC
TeneOHBI, TCKTPOHIBIK MOIITA MEKEHKAMHI.

7. FouibiMu MakallaHbIH aBTOPBI OHBI )KYPHAJIAPABIH LIBIFY KECTECiH/Ie OeNTiICHreH Mep3iM/Ie
OHE FRUTBIMHA MaKaJlaJlapFa KOWBUIATBIH TAIANTAPFa COMKEC SJICKTPOHIBI TYP/C YChIHAIBI.

8. KaObinganran Makananap aHTUIUIATHATTHIK capamnTayiaH eTe/l opi Kapail ekl peleH3eHTKe
pereH3usnayra xioepineni. PerieH3eHTTiH Makananbl Kapay mep3imi 7-10 kyHai Kypaiasl. FeuibivMu
OacbuTbIMIApA KapHsIay YIIIiH YCHIHBUIATHIH FRUIBIMU MaKajiaiap TYIHYCKa MOTiHHIH keminae 70%
- Kypaysl Taic. EKi pelieH3eHT MaKky/jaFaHHaH KeiliH Makaiia Oacrnara xidepiieni.

9. MakanaHblH Ma3MyHBIHA aBTOP JKayarThl.

MaxkanaHbIH MeTaJepeKTepiH pacimaey:

e Makana aBTOpbIHBIH aTbl-keHi, Teri (Times New Roman, kernp 14 kanein); 2. XKymbic
opubl, KOO ataysr; 3. Kana, en; 4. Koppecionnent aBropsiabiH E-mail; 5. Eckepty: aBTOp-
KOppecoHieHTKe — * (kyJiapI3iia) Genrici oepinei.

HA3AP AYJIAPBIHBI3! Epexeni Oy3a OTBIPHIN peciMIeNTeH HeMece rpaMMaTHKAIIBIK KOHE
opdorpadusablK KaTenepl Kell, arbUIIIBIH TUIIHE aBTOMAaTThl ayAapMackl Oap Makajanap
penakuusMeH KaObu11aHOa Ik XKoHE OJIap/IbIH MOHI OOMbIHINIA KapaiMail aBTopIiapFa KalTapbuiabl.

Penakiust kaker OonFaH »Karmaiijia aBTOpJapAaH KOCHIMINA JKCIMEPEMEHTTIK JepeKTepAl
(MbICaBl, CIIEKTpPIIEP) CYpaTyFa KYKbUIbI.
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bactankpl 1IOMYIBIH HOTHXKENEpiHE KapaMacTaH, epecKeN KaTesep, ayKbIMAbl Kapbl3lap
HEeMece Kare [oHeKce3[ep aHbIKTaJFaH Ke3[e Makajda >KYMBICTBIH Ke€3 KeJIreH CaThIChIHIa
KaObU11aHOAybl HEMECE MBICBHIKTayFa KalTapblUTybl MyMKiH.

Kypnan xapusimaMaiiibl:

- )KypHaJ TaKbIpbIObIHA COMKEC KeIMEUTIH MaTepuaniap;

- aBTOpJap OyphIH Oacka GachuIbIMAApA KapUslaFaH MaTepuaaap;

- Ty3eTUIMEHTIH opdorpadusiblK, MaTeMaTUKAIBIK HeMece Oacka KaTeNiKTepIeH TYpPaThIH
Marepuaniap, COHIai-aK OCNTIJICHTeH FRUIBIMU (PaKTLIepTe TIKEIeH KalIlbl KeJIETIiH MaJIiMaeMernep
MEH TUIoTe3anap.

PelakUsJIbIK _aJIKa, erep 0J KYPHAJJIBIH _ABTOPJIAPFA KOWBLIATHIH _TAJaNnTapbIHA
coiikec pecimjienMece, MaTepuUaNIbl KAPUAIAHBIMFA KapaylaH 0ac TapTyFa KYKbLIbIL,
KO0J1’ka304/1ap aBTOPJIapFa KaWTapbuUIMANAbI.
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IMPABUWJIA J1JIs1 ABTOPOB
npreMa HayqHbIX CTaTeH Ml MyOIMKalii B HAyIHOM JKypHaIe
«BECTHUK AKAJEMHUHU I'PAXKKIAHCKOU ABUALIUN»

Kypunan «Bectuuk AI'A» BKIIOYEH B NEpPEUYCHb HW3JIaHUNA 711 MYOJUKAIMM OCHOBHBIX
pPEe3yIbTATOB AUCCEPTAIIMN 110 HAITPABICHUSM:
o B030yuwHbIlL MPAHCROPM U MEXHOI02UU
o Jloeucmuka, opeanuzayus nepeso3okx, 6e30NacHOCMb Ha MPAHCNOpMe
e  KomnvromepHvle HAYKU, NpUOOPOCMpoOeHUe U A8MOMAMU3aAYUs.

HAYYHBIE TPEBOBAHUS K O®OPMJUIEHUIO CTATBU

B craThe 10KHBI OBITh 4eTKO 0003HAUYEHBI aKTYalIbHOCTb, HAyYHasi 3HAYMMOCTh, PE3YyJIbTaThl
HUCCIICAOBAaHUA U BBIBOJBI. .HIOGBIG 3aMMCTBOBAaHHA MAaTCpHUAJIOB M3 JAPYIrUX MCTOYHUKOB OOJIKHBI
OBITh TOIDKHBIM 00pa3oM O(OpPMIIEHBI CCHUIKOM, a Ha3BaHHE MCTOYHHKA, HA KOTOPBIN CCHLIACTCS
aBTOD, JOJDKEH OBITh YKa3aH B CIIHCKE JIUTEPATYPHI.

Crates nOomKHA OBITH HAaMUCaHa B HAYYHOM cTuiie. JIeKCHMUecKHii COCTaB HAYYHOTO CTHIISA
XapaKTEePU3yeTCs OTHOCUTEIBHOMW OJHOPOJHOCTBIO M 3aMKHYTOCTBIO, M OTO BBIPAXKAETCS, B
YaCTHOCTH, B MEHBIIIEM HUCII0JIb30BAHUHM CHHOHUMOB. B Hay4yHOM CTHIIE€ HE IOJKHA IPUCYTCTBOBATH
JIEKCHKA C Pa3rOBOPHOM OKPACKOM, KOTOPOW HE CBOMCTBEHHA OIEHOYHOCTh. OlleHKa B HAy4YHBIX
paboTax mpuUMeHseTCs [T MOSICHEHHUSI MBICTTH aBTOpa M MMEET palloHaNbHbIN xapakTep. Hayunas
pCYb OTIMYACTCA TOYHOCTBIO U JIOTHYHOCTBIO MBICIIM, €€ IOCICAOBATCIbHBIM MPCACTABIICHUCM U
OOBEKTUBHOCTHIO M3JIOKECHHUS.

Hayunas myGnukanus npeacTaBiseT co00i OAMH M3 OCHOBHBIX PE3YyJIbTaTOB JIE€ATEIbHOCTU
uccnenoBarens. Marepuan, NMpeICTaBICHHBIM A MyONIMKanmuyd B HAyYHOM XypHaie «BecTHuk
AT'A», nomkeH ObITh OPUTHHANBHBIM, HE OMYOJIUKOBAHHBIM paHee B APYTUX MEYATHBIX WU3/IaHUSX.
Cratpsi noiKHA OBITH HalKMCaHa C UCIOJIb30BAaHUEM IPEUMYLIECTBEHHO COBPEMEHHON HAy4YHOMH
TUTEepaTyphl, U COAEpKaTb HOBHU3HY. | 7aBHas uenb myOIuMKalUU — cienat paboTy aBTopa
JOCTYITHOM JIpyruM  uccienoBarensM. [locpeacTBoMm myOnukanuu aBTOp 00O3HAYaET CBOM
MPUOPUTET B M30PaHHOM 00JIaCTH HCCIEA0BAHUN.

B BBOJHOI yacTH HEOOXOAMMO 00O3HAUUThH AKTYyaJbHOCTh U 1IEI€CO00Pa3HOCTh Pa3pabOTKH
HAy4YHOU MPOOIEeMbI UK 33a4i. B OCHOBHOM 4acTH CTaThy MyTEM aHallM3a U CHHTE3a WH(OpMaLun
TpeOyeTcsl pacKpbITh HCCIEAyeMble MpoOJaeMbl, MyTH UX pemieHusa. Takxke HYy)XHO 0OOCHOBATh
BO3MOXXHBIE PE3YyNbTaThl U WX JOCTOBEPHOCTh. B cTaThe MOMKHBI OBITH MPOAHATM3UPOBAHBI,
COIIOCTaBJIEHLI M BBLISIBICHLI HanOoOJee Ba)KHBLIE U NEPCICKTUBHLIC HAIIPABJICHUA Pa3BUTHA HAYKH
(pakTUKH), €€ OTAETBHBIX BUIOB JEATEIbHOCTH, IBICHUH, COOBITHI U TIp.

Hayunast crathsi jomkKHa HOCUTH MPOOJEMHBIN XapakTep, JAEMOHCTPUPOBATH Pa3IMUHBIC
B3TJISIBl YUEHBIX HA PA3BUTHE HAYYHBIX (MPAKTUYECKUX) 3HAHUMU, COJIEP>KATh BBIBOJIbI, 0000IIECHNUS,
CBOJIHbIE JaHHblE. B 3aKkiIiounTenbHONH YacTH aBTOPY HYXKHO IOJBECTH WUTOT, CPOPMYIHPOBATH
BBIBO/Ibl, PEKOMEHJAIIMH, YKa3aTh BO3MOKHbBIE HAIIPaBJICHUS JAIbHEHIINX UCCIIEI0BAHUM.

TEXHUYECKHUE TPEBOBAHUA K O®OPMJVIEHUIO CTATBU

[Ipn moaroroBke crarel penakius IMPOCUT PYKOBOJACTBOBATHCS NPHUBEACHHBIMM HUKE
IpaBUjIaMd M TPeOOBAHUSAMHU K O(GOPMIIEHHUIO MaTEpUANOB, MPEACTABISEMBIX Ui MYOJUKAIMH B
KypHaJe:

1. Ilpennaraemple i MyOJUKAIMM CTaThU JOJDKHBI OBITH HOBBIMH, HE OITyOJMKOBAaHHBIMHU
paHee B TOM K€ BUJE B IPYTUX MEYATHBIX U IEKTPOHHBIX n3gaHusax. CoaepkaHue CTaTb JOJIKHO
COOTBETCTBOBATh TEMAaTHYECKUM HANpaBICHUSM M HAy4YHOMY YPOBHIO JKypHaja, oO0ianaTh
OTIpe/IeIEHHOW HOBU3HOWM W MPEACTABIATh MHTEpEC ISl Hay4HbIX PaOOTHHUKOB, IpernojaBaTelie,
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CTIEeUUANUCTOB B obsiacTu aBuanuu. CTaTbu MyOJMKYIOTCS Ha Ka3aXCKOM, PYCCKOM, aHIJIMHCKOM
S3BIKAX.

O6beM ctathu OT 6 10 12 cTpanuir;

Marepuan nokeH ObITh HaOpaH B TekcToBOoM penakrope WORD ¢ ucnonp3zoBanuem mpudra
Times New Roman, 14 pa3mepa uepe3 oaun unTepBai. Cxembl, rpaduku, AuarpaMMbl, PUCYHKH U
UHbIe rpaduueckue MaTepuagbl MOTYT OBbITh BBIIOJHEHBI B YEPHO-OEJIOM BapHaHTE CPEICTBAMU
TekcToBoro peaakropa WORD unmu B nporpammax BekTopHo# rpaduxu (Adobe Illustrator, Corel
Draw) u o0s3aTenbHO JAOMYyCKaTh AJIGKTPOHHOE pelaKkTHpoBaHHUe. ['paduueckue marepuansl U
TaOIUIIBI TOJDKHBI COAEPIKATh MOPSAIKOBBIN HOMEp 1 HazBaHHe. DopMyiTbl HAOMPAIOTCS B TPOrpamMme
Mach Type nnu B mpunoxenun MC Office u mpuaepKuBarOTCS OJTHOTO CTHJIS HA IPOTSHKEHUS BCEH
CTaTbH.

2. B nauane craTh BBEpXYy cieBa cieayer ykazath MPHTU (MexayHapoaHslii pyopukaTop
Hay4HO-TexHH4Yeckoil nHpopmanuu), MPHTU omnpenensiercss na caiite www.grnti.ru Jlanee mo
ceperHe CTPAHULIbI TPONUCHBIMU OYKBaMU — MHUILIUAJIBI ¥ ()aMUJIHH aBTOPOB, I0JKHOCTb, CTETICHb,
3aTeM I0 CepelrHe CTPOYHBIMU OYKBaMHU — Ha3BaHUE OpPraHM3alWHU(Mii), B KOTOPOH BBIOJHEHA
paboTa U TOpOJ, HIKE TAaKKE MOCEPEAMHE 3arjiaBHBIMU OyKBamH (TOJTY>KUPHBIM IIPUPTOM) —
Ha3BaHME CTaThH.

3. AHHOTalMsg JOJDKHA OTpa)xarh Ledb pabOThl, METOJ WM METOIOJOTHIO MPOBEICHUS
paboThI, KpaTKue pe3ysbTaThl, 00JIACTh NMPUMEHEHHS Pe3yJbTaToOB, BBIBOABI. Pa3smep aHHOTammu
nomkeH OblThb He MeHee 1/3 cTp. He3aBucuMo OT s3blka CTaThbU 0OO0s3aTelbHBl AHHOTALUM HA
Ka3aXCKOM, PYCCKOM M aHIJIMICKOM si3bikax. Ilocne aHHOTanuu MOJIKHBI OBITh YKa3aHbl KIFOUEBbIE
CJIOBA Ha SI3BIKE AaHHOTAIIMH, HE MEHEE 5 CIIOB, CTPOUYHBIMU OyKBaMU, Yyepe3 3amsiTyo.

4. Tekcr craThu JIOJDKEH OBITH CTPYKTYPUPOBAH C NMPUMEHEHMEM CTAaHJIAPTHBIX Ha3BaHUI
pasnenoB «Beenenuey», «OcHoBHas 4actb», «BoeBonbel u Ilpemioxenue». [Ipun HeobxomumocTu
JIOITYCKAIOTCS JAOIMOJIHUTENbHbIE CIIEIMaIbHbIE HA3BAHUS Pa3eIoB.

5. B konme cratb npuBoAuTCcs «CIHCOK HCIOJIL30BAHHBIX HUCTOYHHMKOBY» (HE MeHee 5).
CchUIKM B TEKCTE — B KBaIpaTHBIX CKOOKax. MICTOUHMKM yKa3blBalOTCS B MOPSJIKE LIUTUPOBAHUS B
Tekcte. Ha Bce HMCTOUHMKHM W3 CIHCKA JTUTEPATyphbl JOJDKHBI OBITh CCHUIKM B TekcTe. CIHCOK
WCTIOJNB30BAHHBIX ~ MCTOUYHUKOB  odopmisitorcs B cootBerctBuun ¢ CTCT  7.1-2003
«bubnuorpaduueckas 3anucb». CMCOK JIUTEpaTyphl: OMOIMOrpapUUEcKuil CIUCOK COCTABIAETCS
JBAX/bl: Ha SI3bIKE OpPUTMHAla MCTOYHUKOB (Ka3aXCKHUM, PYCCKUM), Ha S3BIKE, HCIOJIb3YIOLIEM
KUPUJLTUILY, JOJKHBI OBITh TPAHCIUTEPUPOBAHBI JJATUHCKUMU OyKBaMHU

6. B ornmenpHOM (aiie K CTaTbe MPHIIATAIOTCS CBEJCHHS 00 aBTOpax: Ha3BaHUE CTAThH,
(dbamMuIHst, UMsI M OTYECTBO (Ha Ka3aXCKOM, PYCCKOM, aHTTIUICKOM SI3bIKaX ), yueHasi CTENIeHb U 3BaHHE,
MIOJIHOE HA3BaHME M aJpec OpraHu3aluyd — MecTa paboThl, 3aHMMaeMasl JOKHOCTb, KOHTaKTHBIN
TenedoH, aApec IMEKTPOHHON MOYTHI.

7. ABTOp Hay4HOH CTaThbU MPEIOCTABISIET €€ B JIEKTPOHHOM BHJI€ B CPOKH, YCTAaHOBIIEHHBIE
rpadukamMu BBIXOJa )KyPHAJIOB U B COOTBETCTBUU C TPEOOBAHUSMH, MPEAbIBIIEMbIMH K HayYHBIM
CTaThsIM.

8. IlpunsTHIE CTATHU MPOXOAT AHTUIUIATHAT Jaliee HAMpPaBISIeTCS Ha PELIEH3UPOBAHUE IBYM
penienzeHTamM. Cpok pacCMOTPEHHS PEIEH3EHTOM CTaThu cocTaBisieT 7-10 nueit. Hayunbie cTaThy,
MpeJcTaBiIsieMble s MyONWKAallMM B HAYYHBIX HW3JIaHUSX, JOJDKHBI COCTaBIATH He MeHee 70%
OpUTHHANIBHOTO TeKcTa. [locie 0100peHus ABYX peLieH3eHTOB CTaThs HAIIPABIIAETCS HA MeYaTh.

9. OTBeTCTBEHHOCTH 32 COIEP)KaHUE CTAThbH HECYT aBTOPBI.

Odhopmnenue memaoannuvlx cmamopu:
1. ®UO aBtopa cratby; uHULMANBI U pammwinn aBTopoB (Times New Roman, kerns 14
BBIJICTATh KUPHBIM); 2. Mecto paboTel: Ha3zBaHue By3a; 3. ['opox, crpana; 4. E-mail aBtopa

*
KOPPECIIOHACHTA, 5. HpI/IMe‘-IaHI/IeZ ABTOPY KOPPECIIOHACHTY IMMPUCBAUBACTCS 3HAK - (SBCBI[O‘-IKa).
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Buumanue! Crateu, odopMiieHHBIE C HapyIICHHWEM, MPaBHI I COJEpKallue OOJbIIoe
KOJMYECTBO TpaMMaThyeckux U opdorpadpudeckux omuOOK, aBTOMATHUYECKUNW TEpeBOj Ha
AHTTIMICKUN SI3BIK, pEJaKiueld He NPUHUMAIOTCS W OyAyT BO3BpallaThcs aBTOpaM 0e3 ux
PaccMOTpPEHHUSI 110 CYIIECTBY.

Penakuus uMeeT mpaBO MPU HEOOXOJMMOCTH 3alPOCUTH OT aBTOPOB JIOMOJHUTEIIBHBIE
SKCIIEPUMEHTAaJIbHbIE JaHHbIE (HAlIPUMEp, CIIEKTPHI).

HezaBrcuMo OT pe3ybTaToB EPBOHAYAILHOUN PEIICH3UU, CTAThsl MOXKET OBITh OTKJIOHEHA UITU
BO3BpaIllecHa Ha J0pabOTKy Ha JIOOOW cTaguu paboThl NpH OOHAPYKEHHH TPYOBIX ONIMOOK,
OOIIMPHBIX 3aMMCTBOBAHUH WM OIMIUOOYHBIX [IUTUPOBAHUH.

KypHaa He nmy0JIuKyeT:

- MaTepHalbl, HE COOTBETCTBYIOIIUE TEMATHUKE KypHAa;

- MaTepHalbl, OMyOJIIMKOBAHHbBIE aBTOPAMHU PaHee B IPYTUX U3JaHUIX;

- MaTepuanbl, cojaepxkamme opdorpaduyueckue, MaTeMATHYECKHE WM JPYTHE OIIUOKH,
KOTOpBIE HE MOTYT OBITh UCIIPABIICHBI, & TAKXKE YTBEPKICHUS U TUIIOTE3bL, IPSIMO IPOTHBOpPEUAIIUE
YCTaHOBJICHHBIM Hay4YHBIM (haKTaM.

PenkoJuierusi BipaBe 0TKa3aTh B PACCMOTPEHMU MaTepuasia K Ny0JIUKAMU, eCJIH OH He

O_(I_)ODMJICH B_COOTBETCTBMH C TPEeOOBAHMSIMM KVPHAJIA K aBTOpPaM, PYKONMCH aBTOpPaM He
BO3BpPAaIIATCA.
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RULES FOR AUTHORS
on accepting scientific articles for publication in a scientific journal
"BULLETIN OF THE CIVIL AVIATION ACADEMY™

The journal “Bulletin of the CAA” is included in the publications listing for the issuance of the
main results of dissertations in the following areas:

e Air Transport and Technologies
e Logistics, Organization of Transportation, Transport safety
e Computer Science, Instrumentation Engineering and Automation

SCIENTIFIC REQUIREMENTS FOR ARTICLE COMPOSITION

The article must clearly indicate its relevance, scientific significance, research results and
conclusions. Any borrowing of materials from other sources must be properly documented with a
reference, and the name of the source referred to by the author must be indicated in the list of
references.

The article must be written in a scientific style. The lexical composition of the scientific style
is characterized by relative uniformity and restraint, and this is expressed, in particular, in the lesser
use of synonyms. The scientific style should not contain vocabulary with a colloquial tone, which is
not characterized by evaluativeness. Evaluation in scientific works is used to explain the author’s
thoughts and is rational in nature. Scientific speech is distinguished by the accuracy and logic of
thought, its consistent presentation and objectivity of presentation.

A scientific publication is one of the main results of a researcher’s activities. Material submitted
for publication in the scientific journal “Bulletin of the CAA” must be original and not previously
published in other print media. The article should be written using predominantly modern scientific
literature and contain novelty. The main purpose of the publication is to make the author’s work
accessible to other researchers. Through publication, the author indicates his priority in the chosen
field of research.

In the introductory part, it is necessary to indicate the relevance and worthwhileness of
developing a scientific problem or task. In the main part of the article, through analysis and synthesis
of information, it is required to reveal the problems under study and ways to solve them. You also
need to justify the possible results and their reliability. The article should analyze, compare and
identify the most important and promising directions in the development of science (practice), its
individual types of activities, phenomena, events, etc.

A scientific article should be problematic in nature, demonstrate different views of scientists on
the development of scientific (practical) knowledge, and contain conclusions, generalizations, and
summary data. In the final part, the author needs to summarize, formulate conclusions,
recommendations, and indicate possible directions for further research.

TECHNICAL REQUIREMENTS FOR THE ARTICLE COMPOSITION

When preparing articles, the editors ask you to be guided by the following rules and
requirements for the design of materials submitted for publication in the journal:

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

The volume of the article should be from 6 to 12 pages;

The material must be typed in a WORD text editor using Times New Roman font, size 14,
single spaced. Schemes, graphs, diagrams, drawings and other graphic materials can be made in black
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and white using a WORD text editor or in vector graphics programs (Adobe Illustrator, Corel Draw)
and must be electronically editable. Graphic materials and tables must contain a serial number and a
title. Formulas are typed in the Mach Type program or in the MC Office application and adhere to
the same style throughout the entire article.

2. At the beginning of the article at the top left you should indicate IRSTI (international
rubricator of scientific and technical information), IRST1 is determined on the website www.grnti.ru.
Further in the middle of the page in capital letters (italics) there should be the initials and surnames
of the authors, position, degree, then in the middle in lowercase letters - the name of the
organization(s) in which the work was performed and the city, below also in the middle in capital
letters (bold) - the title of the article.

3. The abstract should reflect the purpose of the work, the method or methodology for carrying
out the work, brief results, the scope of application of the results, and conclusions. The abstract size
must be at least 1/3 page. Regardless of the language of the article, annotations in Kazakh, Russian
and English are required. After the annotation, key words in the language of the annotation must be
indicated, at least 5 words, in lowercase letters, separated by commas.

4. The text of the article should be structured using standard section titles “Introduction”, “Main
Part”, “Conclusions and Proposal”. Additional special section names are allowed if necessary.

5. At the end of the article there is a “List of used sources” (at least 7). References in the text
are in square brackets. Sources are indicated in the order they are cited in the text. All sources from
the bibliography must be referenced in the text. The list of used sources is drawn up in accordance
with SAUS 7.1-2003 “Bibliographic record”. References: the bibliographic list is compiled twice: in
the original language of the sources (Kazakh, Russian), in a language using the Cyrillic alphabet,
must be transliterated in Latin letters.

6. In a separate file, information about the authors is attached to the article: title of the article,
last name, first name and patronymic (in Kazakh, Russian, English), academic degree and title, full
name and address of the organization - place of work, position held, contact phone number, email
address.

7. The author of a scientific article provides it in electronic form within the deadlines established
by the journals' publication schedules and in accordance with the requirements for scientific articles.

8. Accepted articles undergo anti-plagiarism and are then sent for review to two reviewers. The
review period for the article is 7-10 days. Scientific articles submitted for publication in scientific
journals must comprise at least 70% of the original text. After the approval of two reviewers, the
article is sent for publication.

9. The authors bear responsibility for the content of the article.

Formatting article metadata:
1. Full name of the author of the article; initials and surnames of the authors (Times New Roman,
font 14 in bold); 2. Place of work: name of the university; 3. City, country; 4. E-mail of the
corresponding author; 5. Note: the corresponding author is assigned the sign - * (asterisk).

Attention! Articles written in violation of the rules or containing a large number of grammatical
and spelling errors, automatic translation into English, will not be accepted by the editors and will be
returned to the authors without consideration of their articles in a substantial manner.

The editors have the right, if necessary, to request additional experimental data (for example,
spectra) from the authors.

Regardless of the results of the initial review, the article may be rejected or returned for revision
at any stage of the work if gross errors, extensive borrowings or erroneous citations are detected.

The journal does not publish:
- materials that do not correspond to the subject of the journal;
- materials previously published by the authors in other publications;
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- materials containing spelling, mathematical or other errors that cannot be corrected, as well
as statements and hypotheses that directly contradict established scientific facts.

The editorial board has the right to refuse to consider material for publication if it is not
prepared in accordance with the journal’s requirements for authors; manuscripts are not
returned to the authors.
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