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DEFECTS OF AIRCRAFT STRUCTURAL ELEMENTS BASED ON POLYMERIC-
COMPOSITE AND THEIR DIAGNOSTICS BY NONDESTRODUCTIVE CONTROL
METHODS

Abstract. This article examines the application of non-destructive testing (NDT) methods for
assessing the structural integrity of aircraft components made from polymer-based composite
materials. Composite materials are widely used in aviation due to their high strength-to-weight
ratio, corrosion resistance, and durability. However, these materials are subject to various defects
caused by manufacturing processes, operational loads, and environmental factors such as
temperature and humidity fluctuations. Traditional NDT methods, including ultrasonic,
radiographic, optical-visual, capillary, and thermal testing, each have specific advantages and
limitations. Ultrasonic testing, for example, does not provide comprehensive volumetric analysis,
while radiographic methods require complex safety measures. Optical-visual techniques fail to
detect internal defects, and capillary methods suffer from low productivity. To address these
challenges, the study proposes improvements to existing diagnostic techniques, the development
of new automated models, and the optimization of parametric indicators. The research also
explores an integrated "human-machine-environment” system to enhance the reliability of defect
detection and assessment. Advancements in NDT technologies will not only increase the accuracy
and efficiency of aircraft inspections but also improve safety, extend service life, and reduce
maintenance costs. The findings of this study contribute to the development of modern diagnostic
complexes that ensure higher operational reliability of aircraft structures.

Key words: composite materials, defect, non-destructive testing method, loaded parts,
diagnostic models, dynamic correlation.

Introduction.

Aircraft have a complex structure. During the long-term operation of aircraft mechanisms
and components, defects that occur during their service life lead to an increase in accidents.
Ensuring safety is the responsibility of modern technical diagnostics, which are closely related to
automatic monitoring systems. Technical diagnostics is the science of determining the state of a
technical system and solving a wide range of problems such as obtaining and evaluating diagnostic
information. Currently, aircraft monitoring systems are limited in scope, making it impossible to
predict the technical state of all aircraft elements and assemblies over a long period of time during
their dynamic motion. Recently, one of the most pressing issues is the creation of combined
systems for diagnostics and forecasting of the technical condition of aircraft. Such combined
systems make it possible to timely monitor defects in polymer composite-based structural
elements, assemblies and nodes, accurately obtain information through modern sensors installed
in the composition of composite materials, study their dynamic and static characteristics and
process them on board, automatically compare information within permissible limits and transmit
it to a ground station, and also control various physical parameters. Namely, the creation of modern
automated monitoring systems in this direction, as well as the complex design of the “human -
machine - environment” system are considered one of the most pressing issues [1].
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The purpose of the work is to conduct a comparative analysis of diagnostic methods (models)
for the control of polymer composite-based structural elements of the HG and to identify directions
for improving existing diagnostic methods.

Materials and methods of the study.

In aviation technology, the replacement of structural parts of aircraft with high-modulus
polymer composite materials (PKM) is considered one of the important and strategic issues.
Composite materials are considered multicomponent materials. Typically, a composite material
consists of a plastic base (matrix) and various reinforcing fillers. According to the structure of the
filler, composite materials (KM) are divided into fibrous, layered and dispersed solid materials.
The matrix of the composite material ensures the monolithicity of the material, and the filler
provides stress transfer and distribution.

Depending on the composition and properties of the matrix and filler, their proportions and
the choice of placement, materials are divided into operational and technological types. Many
composite materials surpass traditional materials and alloys in terms of their mechanical properties
(specific strength, hardness, wear resistance, fatigue limit, thermal and vibration resistance, sound
absorption, impact viscosity, etc.). The impact strength and elastic modulus of composites are 2...5
times higher than those of conventional structural alloys. Studies show that during the operation
of structures made of composite materials, mechanical, impact, corrosion, etc. type damage leads
to the formation of cracks, and the effect of periodic fluctuations in temperature and humidity leads
to an increase in their size. Thus, diagnostics of structures and their periodic repair prevent
breakdowns and increase operational safety.

Currently, a number of non-destructive inspection methods have been developed in scientific
research centers in many countries of the world for the control of materials and products, where
the development of damage from the initial stage to complete destruction (wearing out) of
materials is monitored. Defects formed in materials, the study of their informative parameters, as
well as the calculation of defects in structures fall under the responsibility of non-destructive
inspection methods. However, non-destructive inspection methods used in the control of
composite materials have shortcomings. Namely, in order to eliminate these shortcomings,
research is being conducted in the leading scientific research centers in the field of non-destructive
inspection to improve the most effective diagnostic methods and develop new methods. It is known
that composite materials are widely used in aviation, rocket, automotive, mechanical engineering,
metallurgy, etc. industries. Over the past decade, the use of composite materials in aircraft
structures has increased significantly, which is 50-55% in Boeing 787, Airbus A350 aircraft, 80-
85% in small aircraft, and 100% in unmanned aerial vehicles. Figure 1 shows the replacement of
the entire fuselage section of a Boeing 787 aircraft with aerospace composite materials, and Figure
2 shows the replacement of individual parts of an A-380 aircraft with aerospace composite
materials.
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Figure 1 — Replacing an entire Boeing 787 HG fuselage section with composite materials
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Figure 2 — Replacement of Airbus A-380 HG with aerospace composite materials [1]

Unlike metal, composite materials are considered non-monolithic materials and are
considered the main part of the structure in terms of quality.

Defects found in composite materials are divided into two classes: production and
operational defects. Defects are divided into three groups: micro-, mini- and macro-defects [3].

Micro-defects are defects that occur in reinforcing fibers (microcracks, microparticles,
microvoids, fractures, bends, etc.), between elementary fibers in the matrix (micropores,
microcracks, microparticles, etc.) and on the fiber-matrix surface.

Mini-defects are bends, fiber breakage, small scratches, dents, fractures in groups or
individual parts of elementary fibers.

Macro defects are cracks, voids, depressions on the surface of the composite material, impact
defects, cracking, delamination, blistering, air macroparticles, non-adherent parts, and other
defects.

During the polymerization process of composites [3], the irregular distribution of internal
stresses, bonds, and other technological factors leads to delamination, detachment of individual
layers, brittleness, crack formation, and separation of fibers and reinforcement strands (Fig. 3 and
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Fig. 4).

Unlike metallic materials, composite material defects can increase during operation, which
reduces the reliability of the structure. Here, liquid penetrates into the composite through a crack
on the matrix surface, damaging it and reducing its elastic modulus. Even with a typical
delamination defect, the bond strength weakens, fibers break, and tensile strength decreases.

Figure 3 — Defects in composite materials: a) pores (black); b) cracks; c) delamination; d)
wave-like defects [3]

a) 2 b)
Figure 4 — External damage of composite materials: a) on the surface of the wing;
b) in the fuselage [3]

Composite-based objects are very difficult to control because they have a heterogeneous
structure, anisotropic properties, many different types of reinforcement (unidirectional, transverse-
longitudinal, combined, etc.), specific physical properties (high electrical insulation quality, low
thermal conductivity, sound absorption, many physical and mechanical characteristics, low density
(0.02- g/sm®). It is very difficult to keep the situation under control. Therefore, testing composite
materials by physical methods compared to homogeneous structures (metals) is characterized by
low sensitivity, transmittance and signal-to-noise ratio.

Depending on the nature of the filler used in many types of composite materials, they are
usually dielectric or poorly conductive. Practically all composite materials are non-magnetic
materials, which is why many non-destructive testing methods used for metals are considered
unsuitable for composite-based products. The main non-destructive testing methods used for
composite materials are given in Table 1 [1,3]. Let us consider the main characteristics of the
methods used. Testing composite materials by high-frequency ultrasonic methods is considered
ineffective, since the power of ultrasonic waves with a frequency of 1...5 MHz is scattered in the
matrix, fibers and other particles and weakens. Thus, the control becomes difficult depending on
the thickness range of composite materials. Some types of composite materials are very sensitive
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to moisture, and non-destructive testing methods are not applicable here.

In the nondestructive ultrasonic method, a powerful laser excites waves, making it essential
for personnel to handle the technology with care and work under controlled conditions for a limited
time. Among the various acoustic nondestructive testing methods, the low-frequency approach is
particularly effective for riveted joints in multilayer polymer composite materials. This method
enables the inspection of multilayer riveted construction joints composed of carbon, boron, and
organic glass-type fibers, including non-metallic coatings and riveted joints between frames.

A key distinction of the low-frequency nondestructive testing method for multilayer riveted
constructions based on polymer composites lies in its unique capabilities. It allows for the detection
of structural non-dampness in gyroscopic materials, ensuring the integrity of details and
assemblies. Additionally, it facilitates the assessment of surface curvatures, accommodating both
concave and convex components. Furthermore, this method proves effective in evaluating uneven
surfaces of anisotropic materials, enhancing the reliability of structural inspections.

Table 1 — Basic methods of non-destructive testing used for composite materials [1,3]

Sizes of detected
Control methods Control_ defects. mm
. roductio '
Area of used for KM Information P 2 N ViR
application parameter N, m=/hour um um
scan | length
Damage to Active thermal | Temperature, heat area 0.6 0.15 10
smoothness control
Crack (open defect)| Surface wave 'Il'he time dyratllog of the 2.1 0.1 15
ultrasonic signal between
ultrasound method the recegllver and
transmitter of the
ultrasonic transducer
Revealed defects Ultrasonic sound | Acoustic radiation and 0.6 0.001 | 5..7
and thermal area
thermo rfgjhy
metho
Various defects and|  Radiography |Conversion of X-ray 4..5 0.15 3
cracks Radioscopy intensity into optical
Radiometry beam
Cracks Radio wave Radiation characteristics 0.5 0.1 15
Foreign particles, X-ray television | Comparison of X-ray 7 0.2 0.2
roughness and video
images

The unevenness of Tangential Size change and depth3 0.2 10
multi-layer lightin detection
construction in ghting
rotating bodies

In non-gyroscopic composite materials, the acoustic contact between the transmitter and the
object is established through a viscous liquid. Typically, the free oscillation method is employed
for testing composite materials, analyzing the characteristics of free oscillations that occur after a
vibration shock. This method, in combination with appropriate electronic equipment, enables the
detection of various defects, including layered and air-bubble cavities, as well as non-adherent
parts. Compared to other low-frequency acoustic methods such as impedance, velocimetric, and
acoustic-topographic techniques, the free oscillation method offers distinct advantages. It allows
for the detection of defects located at significant depths, facilitates the control of structural
materials with a low elastic modulus, and ensures effective monitoring of materials characterized
by a high damping coefficient of elastic oscillations.
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One of the most common methods is the radiation control method [3]. This method allows
the detection of various voids, individual particulate foreign materials, as well as non-uniform
structures (fractures of reinforcing elements, voids, etc.). It has been established that, as in metals,
if the illumination has a weak effect on defects (cracks perpendicular to the radiation flux,
delamination), depending on the change in the total thickness of composite materials, then the
application of the X-ray method becomes impossible.

For this type of materials, the capillary-radiation inspection method is used, in which the
contrast of the elements of the illuminated object is increased by the penetration of a liquid X-ray
contrast penetrant. For this purpose, a wide range of organic and inorganic penetrants with a high
absorption coefficient of X-rays are produced. One of the most common penetrants is considered
to be a solution of Znl2 (zinc iodide). It is opaque and has high radiation compared to other
substances. With this method, it is possible to detect surface or intermediate damage as a result of
the penetration of capillary penetrants into cracks or interlayer gaps. The high achievements of
radiation defectoscopy in the last decade have also had an impact on the development of digital X-
ray television inspection.

Here, the X-ray beam is converted into an optical beam by passing through the object with
the help of optical converters and is reflected on the monitor screen by the telephoto method. Here,
inexpensive X-ray optical scintillation crystals are used and the optical image is read by a small-
sized charge-coupled device (CCD) with high sensitivity (Fig. 5). The digital radioscopy method
provides instant digital X-ray imaging, improves visual imaging, and determines the measurement
of geometric parameters controlled by the images. Here, a database (flash radiography) provides
for the input, storage, selection, display of images, and the extraction of results, as well as data
transmission to local and external networks [3].

Figure 6a shows low-contrast images of a fiber with a width of a few pixels inside a
composite material using the digital X-ray method. In this case, it is difficult to examine the
structure of the fiber. Here, specialized digital filters are used for image processing, which
improves the X-ray image of the fibers in given directions in the composite material (Figures 6b,

cand d).
Q
»
a) b)

Figure 5 — X-ray flash radiography method of HCC matrix: a) YCC sensor; b) X-ray image
of a trident made of composite material [3]
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P ) 7=
Figure 6 — X-ray image of a composite sample: a) real; b), ¢), d) images after digital
contrasting

Figure 7 shows images of carbon fibers and their fractures. Here, the effective use of
computed tomography depends on the geometric dimensions of the object. Such an expensive
technology can be considered unique for the study of volumetric internal structures. Its resolution
is several microns and is determined by computed microtomography.

Figure 7 — Visualization of cracks in the internal structure of camposite material
using tomography [5]

It is difficult to diagnose large-sized composite materials using the tomography method,
when 360...720-pixel images are rotated at an angle of 360 degrees. This method makes it possible
to obtain 6, 12, 24 projections with small angles. However, exposure deficiencies are encountered
here. In this case, the error in the reconstruction of geometric parameters increases sharply.

Thermography (thermal) method is the most promising non-destructive inspection method
for composite material-type structures [2, 6]. The basis of this method is infrared technology
(thermal imager or pyrometer) and determines the presence of a defect as a result of changes in
temperature fields. Thermography records temperature changes at 0.01°C. Thus, during
mechanical loads, energy concentration sites are recorded, where energy is released as a result of
plastic deformation. By recording temperature fields on the surface, it is possible to determine the
location of the energy concentrator relative to the surface of the product. Here, taking into account
the issues of non-stationary heat transfer, it is also possible to determine its dimensions and
location. Figure 8 and Figure 9 show images of the distribution of heat fields (thermograms) in
composite-based objects [6].

defekt defekt
N\
/ —
defekt
Figure 8 — Thermogram of the Figure 9 — Thermogram of the defect found on
defect of the composite panel of the the honeycomb panel of the wing of the Super
aircraft [2] Jet-100 aircraft [2]
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The main advantages of thermographic control are universality, high evaluation of
temperature signals, efficiency, high productivity and remote measurement. The disadvantages of
this method are the presence of specific noise generated by the object (fluctuations in optical
properties), as well as by an external heat source.

It has been established that the active thermography method is one of the new, highly
effective and informative methods of non-destructive control and is widely used in the aerospace
industry. Due to a number of advantages of the active thermal control method, it is more expedient
to inspect composite materials using this method (Fig. 10 and Fig. 11).

Figure 10 — Active temperature control Figure 11 — The device of the active
method applied to composite materials temperature method for the study of
[2] airplanes (Automation Technology,

Germany) [2]

However, recently, automated diagnostic monitoring systems of leading organizations such
as Boeing, Airbus, AgustaWestland (AW), Northrop Grumman, NASA have been designed based
on modern sensors. The application of such sensors has been widely used in conducting scientific
research and measuring many different physical parameters (deformation, temperature and
magnetic field). Studies show that further improvement of modern sensors based on the fiber-optic
method in the future will give impetus to the development of a number of areas. For example,
modern sensors will allow for full monitoring of the internal structure of composite material parts,
rivet joints, and airframes, as well as for operational monitoring of the resources of individual
elements of the structure and uneven areas in a short time. Figure 12 and Figure 13 show the
installation of modern sensors in the internal structure of composite materials [5].

2
Figure 12 — Placement of conventional optical fiber (a) and small diameter fiber (b) in the
internal structure of carbon fiber [4,5]
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Figure 13 — The sensor installed on PCM [4,5]

Conclusion.

Thus, the above methods of non-destructive testing have their advantages and disadvantages
for the diagnosis of composite materials. The ultrasonic method does not allow volume control of
composite materials, as it is necessary to take into account the requirements for the material of the
controlled object, as well as its surface. The radiation method limits the complexity of the technical
execution, used to ensure the requirements of radiation safety, as well as specific defects of
composite materials. The disadvantage of the optical-visual method is that hidden defects are not
detected, and the disadvantage of the capillary method is its contact and low productivity. The
disadvantage of the heating method is a one-sided check, dependence of surface temperature
signals on the depth of defects, as well as a high level of detection of additive and multiplicative
sounds when using an optical stimulator. It also makes it difficult to control the quality of
composite materials.

And with this connection, the improvement of diagnostic methods in recent years, the
creation of new automated diagnostic models using non-destructive control methods, the study of
new methods and tools, as well as the optimization of parametric indicators are considered as one
of the most important issues of creating new modern diagnostic complexes.

The creation of such control systems will not only increase the safety of aircraft operation,
increase its resource, increase the accuracy of measurements, make it economically efficient and
affordable, but also open the way for a complex and convenient study of the "human - machine -
environment" system.
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MHOJIMMEPJII-KOMIIO3UTTIK HET'T3JIEI'T OYE KEMEJIEPIHIH
KOHCTPYKTHUBTIK 3JIEMEHTTEPIHIH AKAYJIAPbI ’)KOHE OJIAP/IbI
BY3BAUTBIH BAKBUIAY 9AICTEPIMEH IMAT'HOCTUKAJIAY

Anoamna: JKobanay ywin OY361imMaimoli ColHAY 20iCMeEpPIHiY CAnlblCMbIPMAIbL MAI0aybl
acypeizinoi. Byn maxanada noaumep HeliziHOe2i KOMNOSUYUSILIK MAMEPUATOAPOAH HCACANAH
yulax, KOMNOHEeHMMepIiHiy KYPblIbIMObIK MYMACMbIbIH 6a2anay yuin OY3ulimMaimulH 6aKwliay
(BB) a0icmepin natioanany kKapacmoipwliadsl. Komnosummix mamepuanoap xco2apvl Oepikmix
NeH CanMak KAmvblHACbIHA, KOPPO3Usiea me3iMoilicine dcane bepikmicine OAUIanblCmbl A8UAYUAOA
KeHiHeH KONOauwliaowvl. [lecenmen, Oyn mamepuanoap 6HOIPICMIK NpoyecmepoeH, HCYMblC
KepHeyiHeH J#CoHe meMnepamypa MeH bli2aloblIblKmazvl e32epicmep CUSKMbl KOpulazan opma
Gakmopaapvinan myblHOA2aH aPMYpai aKayiapea ce3imman. Jocmypii Oy3uiamaimoin 6AKbliay
a0icmepi, COHbIY [WiHOe VIbMPAObIOLICMBIK, PAOUOSPADUAILIK,  ONMUKAILIK-BU3YAN0bL,
KAnUAPILIK  HCOHE MEPMUSILIK, O0AApOblH  apPMLIKUWBLILIKMAPLL  MeH uwiekmeynepi  oap.
Yavmpaoviovicmeix mexcepy, mvicansl, KeuieHOl KoeMOiK maniodayovl KAMmamacsls emneioi, al
paouocpadusvlk 20icmep Kypoeni Kayincizoik wapaiapvin maian emedi. Onmukaivik-6u3yaiobvl
a0icmep TWKI akaynapovl aHbIKMAll aimMatiovl, al KAnuwuisapavlK 20icmep momeH OHIMOLIIKmeH
sapoan wezedi. Ocvl macenenepli wiewly YwiH 3epmmey KOAOAHbICMA&bl OUACHOCMUKAIBIK
a0icmepoi  Jceminodipyoi, dcana asmMoMammaHobIPbLIZAH MO00enb0epdi  23ipneyoi  JicaHe
napamempiik Kopcemkiuumepoi OHMAUIAHObIPYObl YCbIHAObL. 3epmmey COHbIMEH Kamap
akaynapobl aHLIKMA) JicoHe 0a2anay CeHiMOLNIZIH apmmulpy YuliH a0amM-MAauuHa-KOpuLazam
opmanvly Oipikmipineen Jucytiecin Kapacmvipaowvl. by30atimein CblHAK MeEXHOI02USIAPbIH
oamvimy aye KemelepiH mekcepyoiy 0andici MeH MUIMOINIIH apmmulpbln KAHA KOUMAUObL,
COHbIMEH Kamap Kayincizoikmi cakcapmaovl, Kvi3mem emy Mep3iMiH Y3apmaowsl JicoHe
MEXHUKANbIK Kbl3Mem KOpCcemy Wbl2blHOApulH azaumaovl. Byn 3epmmeyodiy nomuoicenepi aye
Kemenepi KYpblLibIMOapbiHbly NAOAIAHY CeHIMOLNI2IH ApMMbIpAMbIH 3AMAHAYY OUACHOCIUKATbIK
JHcyiienepoi 0amvlmyaa biknau emeoi.

Tyiiin ce30ep: KOMNOZUYUALLIK MAMEPUANoap, aKayivlk, OY3blIMAumvlH OaKbLIAY
a0icmepi, scykmenceHn bouekmep, OUASHOCMUKAILIK MOOeNbOep, OUHAMUKATLIK KOPPEAYUSL.

AE®EKTbI KOHCTPYKTHBHBIX 9JIEMEHTOB BO3AYIIHBIX CY10B HA
MNOJMMEPHO- KOMITIO3UTHOU OCHOBE U UX TUATHOCTUKA METOJAMU
HEPA3PYIIAIOIIEI'O KOHTPOJIA

Annomauusn: Ilp0Oseder cpasHumenvHulli AHAIU3 MEMOO08 HEPA3PYUAIowe20 KOHMPOJis.
0Nl KOHCmpyKyuu. B oOannoii cmameve paccmampusaemcs npumeHeHue Memooos
Hepaspywaioweco koumpoaa (HK) onsa oyenxku cmpykmypHoOu yenocmnocmu KOMHOHEHMO8
JIlemameibHulX annapamos, U320MoGIeHHbIX U3 KOMNOSUYUOHHLIX MAMepudios Ha OCHO8e
noaumepos. Komnosumuvle mamepuanvl wupoxo ucnonb3ylomcs 6 asuayuu 61a200aps 6blCOKOMY
COOMHOWLEHUIO NPOYHOCMU U 8eCd, KOPPOIUOHHOU cmotkocmu u 0oneoseynocmu. OOHako smu
mamepuanbl  NOOBEPIHCEHbL  PA3IUYHLIM — OeheKmam,  Bbl36AHHLIM — NPOUIBOOCHBEHHBIMU
npoyeccamu, KCHAYAMAYUOHHBIMU HASPY3KAMU U akmopamu oKpyscaioujell cpeovl, maxKumu
Kak nepenaovl memnepamypvl U 6aaxcHocmu. 1paouyuonnvie mMemoovbl Hepaspyularouie2o
KOHMPOJISl, BKII0UAS YIbMPA3EYKOBOU, paouocpapuieckuti, ONMUKO-8U3yaibHblll, KANULIAPHLIL U
MeNnJI080U, UMEION C80U NPEUMYWECmEa U 02pAHUYeHUs. YIbmpa3eykoeol KOonmpoib, Hanpumep,
He obecneyusaem cecmoponHe20 00beMHO20 AHANU3a, a paouocpaguyecKue memoosvl mpedyom
COJHCHLIX Mep OezonacHocmu. Onmuko-eu3yanvbHble Memoovl He MNO38ONAIM OOHAPYHCUMb
8HympeHHue 0egekmul, a KanuuisApHvle Memoobl CMpaoarom om HU3KOU NPouU3800UmMeIbHOCMU.
Jna  pewenus omux npobrem 8 UCCIE008AHUU  NPeOdla2aemcsi YCO8EepUIeHCIBE08aNMb
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cywecmeyrowue memoosbl OUASHOCMUKU, pa3pabomams Ho8ble Ad8MOMamu3upO8aHHblie MOOelu U
ONMUMUZUPOBAMb NApamempudeckue nokazamenu. B ucciedosanuu makaice paccmampueaemcs
UHMESPUPOBAHHASL  CUCEMA  «YeNl08eK-MAWMUHA-Cpeda» Ol  NOGLIUEHUS  HAOEHCHOCHU
obOHapydiceHusi U oyenku Oegexmos. Pazeumue mexnonoeuti Hepaspywiarowe2o KoOHMpOJs
NO3601UM He MOAbKO NOBbICUMb MOYHOCMb U IPDEKMUBHOCIb NPOBEPOK 8030VUIHBIX CYOO08, HO
U yryyuums 6e30nacHocms, NPOOIUMb CPOK CIYHCObL U CHUSUMDb 3ampamsl HA 0OCLYIHCUBAHUE.
Pezynomamer  0anmoco  uccnedosamus — cnocobocmeylom — paspabomke — COBPEMEHHLIX
OUACHOCMUYECKUX KOMNIEKCO8, 00eCneuus8aroumux nosbliueHue IKCNIyamayuoOHHOU HA0eHCHOCU
ABUAYUOHHBIX KOHCMPYKYUI.

Kntouesvie cnosa: xomnosumuvle mamepuanvl, oegexkm, Memoobl HepaspyuLanuje2o
KOHMPOJIsl, HA2PYHCEHHble YaACmU, OUa2HOCIUYecKue Mooelu, OUHAMUYECKAsl KOpPenayusl.
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