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Abstract. The article examines the impact of modern structural materials' characteristics on the
advancement of the aerospace and rocket industries. The growing role of ceramic materials with unique
properties is emphasized: heat resistance, high hardness and strength; resistance to oxidation and
corrosion; radio transparency; lower density compared to metals. It is often the case that they are
indispensable in the manufacture of elements of rocket systems and defense industry products. However,
technical ceramics belong to the category of difficult-to-machine materials, which complicates the
processes of manufacturing critical products from them. Possible ways to improve the efficiency of
manufacturing rocket antenna fairing - thin-walled shells of complex geometric shapes made of sitalls (a
type of glass ceramics) are considered. Options for improving traditional technological processes for the
manufacture of fairings using CNC machines for their mechanical processing are proposed. The use of
additive SLS technology in the production of antenna fairings is substantiated. A variant of an improved
technological process for manufacturing antenna fairings was presented.

Keywords: modern structural materials; technical ceramics; rocket antenna fairing made of glass-
ceramics; blank production technology; grinding processes; machining quality and accuracy; additive
technologies.

1. Introduction

The rapid development of the aerospace and rocket industries is
accompanied by the emergence of challenges that require the use of modern
materials with the required properties to address them. This is possible through
improved manufacturing technologies for critical components of products made
from these materials, including those for aircraft.

Modern requirements for defense and aerospace products include strict
adherence to quality, reliability, safety, and compliance with international standards.
Key standards include AS/EN 9100 — an international standard for quality
management systems for the aviation, space, and defense industries; and AS9145,
which incorporates APQP (Advanced Product Quality Planning) and PPAP
(Production Part Approval Process) methods used in the development of new

products or modifications to existing ones.
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Key requirements for defense (missiles, projectiles of various calibers) and
aerospace industries products include the following:

« reliability and resistance to external influences, maintaining functionality
under extreme conditions: force impacts, vibrations, temperature changes, humidity,
electromagnetic interference;

* high precision and reliability of components — especially for satellites,
launch vehicles, and navigation systems;

* compatibility with control and guidance systems — integration with digital
platforms, GPS, and other navigation systems.

The capabilities and potential of modern rocket technology are linked to the
technical level of the structural materials used. Most of these materials are difficult
to machine. These include high-strength alloy steels, heat-resistant alloys based on
nickel, titanium, tungsten, rare earth metals, composites [1-5] and non-metallic
materials such as structural ceramics [6—8]. The latter possess unique properties and
are increasingly replacing metals in the production of products in this class. The
efficiency of using these materials depends on the level of processing technology
used to manufacture products made from them, based on the principle of ensuring
the necessary performance characteristics of rocket system components while
minimizing costs.

2. Current state of research in the field of increasing the efficiency of
the production of antenna fairings as an element of rocket systems

The structure of rocket systems includes ballistic missiles, launch vehicles,
and sounding rockets. Each of these systems consists of four basic elements: a
payload (a warhead for ballistic missiles); a propulsion system; a guidance and
control system; and an overall structure. Space launch vehicles and sounding rockets
are used to launch satellites into orbit and collect scientific data in the upper
atmosphere. An example of the design of such a system is shown in Fig. 1.

A complex, spatially shaped nose cone is mounted on the rocket's nose,
connected to a cylindrical body housing the rocket engine that provides thrust. The
rocket system's surface is typically made of metal or composite materials with heat-
absorbing or protective coatings.

The nose cones, which protect the seeker's antenna from aerodynamic
pressure and heat, are the most critical components of the warhead of a modern
rocket and most high-speed aircraft. Their primary purpose is to transmit radio
frequency control signals with minimal loss and distortion under conditions of high
thermal (heat flux density up to 32 MW/m?) and force loads (excess pressure greater
than 50 kPa) [9].
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To perform their functions, antenna fairings must also be made of a
radiotransparent material. Certain types of technical ceramics possess such
properties, for example: pure oxide ceramics based on Al;Os, Si,0,, and ZrO;
carbide ceramics based on SiC; nitride ceramics based on SizNa; as well as quartz
ceramics and glass ceramics — sitalls [10].

Figure 1 - Example of the design of a large research rocket (payload up to 250 kg,
flight range 400 km) [9]

Sitalls are produced by fine crystallization of glasses or melts of various
compositions, occurring throughout the entire volume of the formed product. Their
most important properties are a low coefficient of thermal expansion, low thermal
conductivity, stable permittivity over a wide temperature range, high hardness, radio
transparency, heat resistance (up to 1200°C), and corrosion resistance. In Ukraine,
sitalls are widely used to produce rocket antenna fairings, ensuring reliable operation
of products under extreme conditions due to their strength and performance
characteristics.

A radio-transparent fairing is a body of revolution, a thin-walled shell of
complex spatial shape (fig. 2).

Finished parts must meet requirements for mechanical strength, heat
resistance, and radio technical properties [9-12], that is, prevent control signal
distortion. This is ensured by the accuracy of the part's profile and wall thickness, as
well as the specified characteristics of the product's surface layer—its structure, the
absence of defects, and a certain roughness.

Existing workpiece technologies to produce complex-shaped ceramic
products (usually slip casting or centrifugal casting) do not allow these requirements
to be met without additional mechanical processing [10]. Therefore, the blank is
subjected to multi-stage mechanical processing, namely grinding with diamond
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Figuré 2 — Left: aerodynamic fairings (Northrop Grumrhan). Right: Fairings used
to protect the homing system of the reentry vehicles (American Technology & Research
Industries) [9]

wheels, primarily in a metal bond, on both universal and specialized machines.

Mechanical processing of products of this class is very labor-intensive. This
is due to the properties of the material itself, as well as the lack of technological
advancement of the fairing design [10, 12]. Signs of lack of technological
advancement: large dimensions of the product (maximum diameter — up to 500 mm,
height — over 1000 mm); complex curvilinear profile of the contour of the inner
surface of the part, variable along the length; the need for smooth mating of
individual curved sections of the inner surface; the wall thickness of the finished
product is 4.0 = 0.03 mm with a wall thickness of the workpiece up to 20.0 mm,
which can be variable along the length of the product; the specified deviation of the
geometric dimensions of the contours along the length of the part per diameter is:
internal < 0.04 mm, external less than + 0.1 mm; roughness of the treated surface no
more than R, = 2.0 um; absence of a defective layer in the finished product due to
mechanical processing.

However, given the properties of glass-ceramics (a combination of high
hardness and brittleness), their abrasive machining at all stages of the manufacturing
process (MP) — from rough grinding to diamond finishing of both shell surfaces —
is accompanied by the formation of a defective layer, the depth of which, even after
finishing operations, can reach 0.2-0.5 mm. This requires a combined hardening
operation. The operation consists of removing the defective layer in a solution of
concentrated acids, followed by hardening of the formed surfaces in liquid salts of
chemical compounds (ion bombardment). This operation is environmentally harmful,
labor-intensive, and expensive. Its duration is related to the depth of the defective
layer formed after the fine grinding and diamond finishing operations, which occupy
up to 70% of the total machining time.

Thus, the efficiency of machining ceramic rocket fairings using traditional
technology depends on the following negative factors: hard and brittle workpiece
material; complex curvilinear tool path; variable cutting depth caused by uneven
allowance thickness along the length of the product; non-rigid processing system;
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rapid and uneven tool wear; formation of a defective surface layer that must be
removed after the combined hardening operation.

An analysis of existing rocket fairing manufacturing processes has revealed
that their effectiveness depends on the workpiece production method. Maximizing
the workpiece's configuration and dimensional accuracy to match the corresponding
part parameters allows for the significant elimination of labor-intensive and costly
machining operations. This is possible using modern 3D printing technologies.

3. Formulation of the purpose of the research

The research conducted demonstrates that the labor intensity of
manufacturing thin-walled shells of complex spatial shapes made of glass-ceramics
and sitalls, such as rocket antenna fairings, depends on the workpiece production
method. The purpose of this article was to identify ways to improve the
manufacturing efficiency of these parts through the implementation of modern
technologies and processing methods.

4. Presentation of the main material

4.1 Traditional methods for increasing the efficiency of mechanical
processing of sitall fairings

Analysis of the basic fairing machine option.

The performance characteristics of glass-ceramic components, especially
rocket antenna fairings, depend on their manufacturing conditions, starting from the
basic manufacturing process, from the workpiece production stages to the final step
of the complex manufacturing process, namely, the combined hardening of the pre-
machined surfaces.

Until recently, aircraft fairing grinding was performed on modernized lathes
equipped with high-speed grinding aggregate heads and direct force copying systems
(Fig. 3).

Due to the increased brittleness and hardness of glass-ceramics, their
mechanical processing is difficult, and therefore, the grinding process is multi-stage
[10, 12]. Itincludes roughing and finishing operations of grinding the inner and outer
contours. This involves removing the main allowance of up to 8-10 mm per side,
unevenly along the entire profile of the part. Machining is carried out using deep
grinding (cutting depth of 0.5...1.5 mm), which is accompanied by the formation of
a defective layer damaged by the machining due to insufficient accuracy of the
fairing wall thickness, which is unacceptable.
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Figure 3 - Diagram of the external processing of the fairing using a representative part
as an example [12]

The direct copying system does not ensure the required machining accuracy.
It is significantly affected by the following factors: the accuracy of the grinding
wheel installation relative to the copying device (performed by the machine
operator); intensive wear of the grinding wheel and changes in its profile during
operation, which requires dressing the tool during finish grinding; the high labor
intensity of the internal grinding operation due to the complexity of the part profile;
changing the diametrical dimensions of the internal cavity along the length of the
part requires the sequential use of grinding wheels of at least three standard sizes,
stopping the grinding process, and resetting the entire process system for machining
with the next wheel.

The required machining accuracy of the product is achieved through the
final diamond lapping of its surfaces. This part of the process is performed manually,
requires many dimensional measurements, significant time investment, and highly
skilled machine operators.

The sequence of stages to produce fairings from technical combined-
defective glass-ceramic AC-418 (the structure of the original glass is Si.O-Al,O3-
Li,O-TiO,) is presented in Table 1.

To evaluate the effectiveness of the considered TP (see Table 1), an
approximate calculation of the time spent on machining a representative part was
performed. Initial data: the part (see Fig. 3) is a thin-walled shell of revolution
(paraboloid of revolution) made of AC-418 sitall with dimensions: overall length L
up to 750 mm, diameter of the cylindrical part of the product D = 200 mm, wall
thickness of the product h = 4.0 = 0.03 mm with a wall thickness of the workpiece
hw = 15.0...20.0 mm.
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Table 1 - Generalized basic process for manufacturing sitall fairings

The technological process of manufacturing sitall fairings
Workpiece production Machining of the Combined hardening of the
technology: workpiece: machined surfaces:
- synthesis of the starting - sequential rough and - removal of defective layers
material (batch finish diamond grinding of | caused by mechanical
production); the internal and external processing by chemical
- production of the surfaces of the workpiece; | etching;
workpiece by centrifugal - diamond abrasive - strengthening of
casting; finishing of the ground component surfaces by ion
- crystallization of the surfaces. bombardment.
fairing material in the
workpiece.

up to 750 mm, diameter of the cylindrical part of the product D, = 200 mm, wall
thickness of the product h = 4.0 + 0.03 mm with a wall thickness of the workpiece
hw =15.0...20.0 mm.

The results of the time calculation indicate the low effectiveness of the basic
TP. The total machining time of the fairing is Tsz = 49 hours. The time spent on the
machining process itself, Tmp, does not exceed 52% of T, with 20% of this time
spent by the worker. Auxiliary operations of the Ty, also require significant time.
These include interpretational inspection of the product's geometric parameters.
These are performed on special measuring machines outside the machine and require
the worker to reposition the workpiece. The number of repositioning reaches 8-10
and can increase if there are significant discrepancies between the workpiece and
part profiles.

Thus, the main problem with the efficient processing of thin-walled parts of
this type is the lack of automation in processing and inspection, coupled with the
significant influence of the subjective "human" factor on the result. This problem
can be partially solved by using computer numerical control (CNC) machines for
abrasive machining operations.

Using CNC machines in fairing manufacturing.

The efficiency of using CNC machines increases with the increasing
complexity of the workpiece profile and the need to achieve high-quality, precision-
machined surfaces. However, the grinding process for fairings is characterized by a
rapid loss of tool dimensional accuracy due to intense wheel wear and dynamic
instability of the system [10, 12]. Therefore, CNC machines must compensate for
changes in workpiece allowances, deformations in the process system, temperature
effects, machine errors during coordinate movement, and other factors.
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Complete machines of fairings are possible using the STUDER series
machines [13].

The machining process is preceded by the preparation of a control program.
For this purpose, a 3D model of the workpiece is developed, considering its
configuration and all specified dimensions, after which the program itself is written
[14].

These machines are equipped with the following key components:

— a GE FANUC Series 16-T CNC system, which allows scanning of the
internal and external profiles of the workpiece before machining, which is necessary
for the automatic calculation of grinding allowance and the assignment of rational
cutting parameters in accordance with the machining program;

— a specialized system for measuring and monitoring the dimensional
accuracy, geometry, and surfaces of workpieces and parts, as well as mechanical
machine components, using control sensors, measuring heads, and feeler gauges, as
well as for monitoring and controlling machine operation, including grinding wheel
balancing;

— adjustable vibration mounts for vibration damping, which increases
machining accuracy;

—self-centering devices for mounting the workpiece on external and internal
surfaces;

— a universal rotating grinding head for external and internal grinding,
programmable for every 1.0° of rotation, and a device for adjusting the angle of the
working elements;

— a set of diamond grinding wheels and a mechanism for their automatic
change according to the program;

—adevice for automatic dressing of the wheels as they wear out, controlled
by the CNC system.

The machine's design, using a dedicated software subsystem, allows for the
integration of machining and inspection operations directly on the machine for all
stages of fairing grinding, significantly reducing the overall time required for its
machining.

The results of the time analysis for implementing the TP option, compared
to a traditional one, revealed the following. The CNC machining option reduces the
time required for intermediate operations within the Ty structure as follows: auxiliary
Tap — by almost 14 times; finishing, as the most complex and critical operation, by 3
times. This reduces the overall fairing machining time by 3.3 times — from 49.0 hours
to almost 15.0 hours, while maintaining the specified accuracy and quality of
machining.

Based on the obtained results, it can be concluded that using CNC machines
is rational for the machining of complex, thin-walled components, such as glass-
ceramic rocket fairings. However, even in this case, the abrasive machining process
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results in the formation of a defective layer on the machined surfaces, which is
unacceptable from the standpoint of ensuring the fairings' performance
characteristics and requires a combined hardening operation.

The results of an analysis of existing manufacturing processes for large-size
shell-type parts led to the conclusion that their effectiveness depends on the
workpiece production method. Maximizing the configuration and dimensional
accuracy of the workpiece to the corresponding part parameters allows for the
significant elimination of labor-intensive and costly machining operations.

4.2 Possibilities of implementing additive technologies to produce antenna
fairings from sitall

Additive manufacturing technologies for ceramic products offer significant
opportunities for creating complex ceramic shells [15, 16]. Each method is based on
the gradual deposition of material or its layer-by-layer formation in accordance with
a 3D model of the product.

One of the most common methods is SLS (Selective Laser Sintering) [17-
19]. SLS operates by sintering polymer powders of various ceramic components
with a laser beam. These powders are applied layer by layer onto a special platform,
and each layer is bonded with a liquid binder. After the process is complete, the
resulting product undergoes a stage of removing the remaining binder and
subsequent heat treatment in a furnace to achieve the desired density and strength.

The advantage of SLS technology is that other methods, which involve
applying materials during wet molding [17], require heat treatment. This leads to
chipping and cracking in thin-walled ceramic parts such as antenna fairings.

A schematic diagram of a part printed using SLS is shown in Figure 4.
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Figure 4 — Schematic diagram of the SLS method [20]
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The main advantage of using additive manufacturing is its ability to solve
the problem of workpiece production, where the profile of a workpiece obtained
using conventional methods differeds significantly from the final product profile.
This necessitated multi-stage machining (primarily abrasive machining with
diamond tools), which resulted in the formation of a defective layer that must be
removed during a combined hardening operation on the machined surfaces.

Additive manufacturing eliminates grinding operations, leaving only
finishing operations for high-quality surfaces. This is because even with low material
deposition rates during part formation, the surface quality obtained in an SLS
machine will not always meet the requirements of the final product.

Based on the above, it is possible to develop an updated process for
manufacturing parts such as antenna fairings from glass-ceramics using additive
manufacturing as follows (Table 2).

Table 2 — Structure of the production process for manufacturing fairings from AC-418
sitall using SLS technology

Fairing manufacturing process

Workplece. production Machining of the workpiece: Combmt_ad hardenln.g
technology: of machined surfaces:
- high-precision, high- - abrasive surface treatment - removal of the layer
quality workpiece (finishing operations — diamond damaged by treatment
production using SLS; finishing or lapping) to ensure the with chemical etching;
- heat treatment of the required precision and quality of - hardening of the
workpiece to eliminate the product (accompanied by the component surfaces by
internal defects. formation of a defective layer of ion bombardment.

shallow depth and rational

structure).

A comparison of two manufacturing processes for fairings made of AC-418
sitalls (basic traditional and using SLS technology) reveals the following advantages
of additive manufacturing.

e The SLS method eliminates the need for traditional, consumable
workpiece production technology.

» Knowing the material deposition rate during product formation on the SLS
machine and the dimensions of the representative part, the total workpiece
production time can be estimated at 7.5 hours.

* The precision and quality of the product surfaces formed under such
conditions allow for the complete elimination of rough and fine grinding operations,
leaving only the finishing abrasive operation if necessary.
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* The fairing machining time is reduced to one hour when forming a
defective layer with a favorable structure and shallow depth (due to gentle machining
conditions at low cutting forces), which will reduce the time of the combined
operation of the operation of the part.

* The total time spent on manufacturing the fairing will not exceed 10.0
hours, with lower costs for equipment and reorganization of production.

5. Conclusions

This article examines the manufacturing processes for complex-shaped
shells made from difficult-to-machine materials, using a sitall-based rocket nose
cone as an example. The need to improve existing manufacturing technologies for
this class of components is substantiated.

This paper also includes:

1. The physical and mechanical properties of difficult-to-machine structural
materials used to manufacture rocket system components, including nose cone
antenna fairing, are examined.

2. The priority of using various ceramic materials for the manufacture of
rocket and aerospace components, including rocket nose cone radomes, is
confirmed.

3. The basic manufacturing process for the sitall nose antenna fairing is
analyzed.

4. It is established and confirmed that the labor intensity of sitall nose cone
manufacturing depends on the workpiece production method.

5. The need to use CNC machines to improve the efficiency of machining
the sitall antenna fairing is substantiated.

6. The potential effectiveness of using additive manufacturing techniques in
antenna fairing production is analyzed.

7. A rational method for blank production using additive manufacturing is
presented — using SLS technology, which allows for minimizing subsequent
machining requirements for the antenna fairing.

8. An improved technological process for manufacturing antenna fairing
using SLS technology is presented.
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AHoOTaNisA. YV cmammi pozensioaemucs 6naue XapaKmepucmuk Cy4acHux KOHCMpYyKyiuHux mamepianie
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meepoicmb ma MiyHICMb; CMIUKICMb 00 OKUCIEHHs MA KOPO3ii; padionpo3opicmv, MeHwy wiibHicmy
npomu  memanie. OOHAK MeXHIYHI KepamiKu GIOHOCAMbCS 00 Kamezopii  8aickoo6pobeanux

143


https://www.preciseceramic.com/applications/aerospace.html
https://www.preciseceramic.com/applications/aerospace.html
https://www.preciseceramic.com/applications/aerospace.html
https://www.corning.com/media/worldwide/csm/images/Macor_FA_AerospaceV7_Final_CM.pdf
https://ntrs.nasa.gov/api/citations/20180002984/
https://www.mtcr.info/download/pictures/d5/zwkvd85x6nzx7xji0ktex2rxfnlofj/mtcr_annex_handbook_rus.pdf
https://www.mtcr.info/download/pictures/d5/zwkvd85x6nzx7xji0ktex2rxfnlofj/mtcr_annex_handbook_rus.pdf
https://mach4metal.com/ua/slifuvalni-verstati/cilindricno-slifuvalnii-verstat/studer-s-40-cnc
https://ntrs.nasa.gov/api/citations/%2020240004693/downloads/Jamboree%202024%20-%20AM%20Ceramics.pdf
https://ntrs.nasa.gov/api/citations/%2020240004693/downloads/Jamboree%202024%20-%20AM%20Ceramics.pdf
https://genesysdefense.com/intl/additive-manufacturing-in-defense-and-aerospace/
https://genesysdefense.com/intl/additive-manufacturing-in-defense-and-aerospace/
https://genesysdefense.com/intl/additive-manufacturing-in-defense-and-aerospace/
https://doi.org/10.3390/aerospace9050255
https://3ddevice.come.ua/selektivnoe-lazernoe-spekanie-sls/
https://www.researchgate.net/figure/A-schematic-diagram-of-the-SLS-machine_fig6_260094770
https://www.researchgate.net/figure/A-schematic-diagram-of-the-SLS-machine_fig6_260094770

ISSN 2078-7405 Cutting & Tools in Technological System, 2025, Edition 103

Mamepianie, wo YCKIAOHIOE NPoYecu BUSOMOBGIEeHHS BIONOBIOAIbHUX BUPOOIE 3 HUX, 6 MOMY YUCTI
20/I06HUX OOMIYHUKIE pakem, nimaivHux anapamie (JIA). Obomiunuxu JIA - MOHKOCMIHHI CKIAOHO-
npoginbii 060IOHKU, 00 SKUX NPeO SENAIOMbCS NIOGUWEHI GUMOSU WOO0 MOYHOCHI 2eOMEMmPUUHUX
Po3Mipie i opmu, a maxodc AKOCmi NOepXoHb. BoHu 6upobnsawomoecs 3 padionpo3opux Kpuxkux
Hememalieux mamepianie, 8 momy yucii 3 pisHo8udy ckiokepamixu — cumanig. Cyuacui 3a2omisenbHi
mexnono2ii (30ebiibuioco ye wlikepHa MexHono2ia abo GioyeHmpose JuUmeo) He 00380NIONb
3abe3neuumu mounicmsv opmu 6upoby i nompiony AKicmb 1020 NOGEPXOHbL HA emani OMpUMAaHHsA
3azomoeku. Tomy eupi6 niooaemvcs mpyOomicmkiil 6azamoemantiti. MexaiyHii obpobyi, a came
onepayisam YopHOB020 | YUCMOB020 WNIQYEAHHS ATMAZHUMU IHCMPYMEHMAMU, SIKI CYRPOBOOINCYIOMbCS
KPUXKUM  PYUHYBAHHAM — 00pOOIIOBAH020 Mamepianry 1 (OPMYBAHHAM NOPYUEHO20 0OPOOKOI0
Oepexmnoeo wapy. Lle € Henpunycmumum 3 mMoOYKu 30py 3a0e3neUeHHs eKCHAYAmAayiiHux
Xapaxkmepucmuk oOmiuHUKie i nepedbauae HasiGHICMb 3aKIIOUHOT onepayii - KOMOIHOBAHO20 3MIYHEHHS
nopyuieHo2o 00pooOKor wapy. 3anponoHO8aHO 6apianmu 800CKOHANEHHS MPAOUYIIHUX MEXHOLO02IYHUX
npoyecis 8U20mMoGIeHHs OOMIYHUKIE 30 PAXYHOK GUKOPUCMANHS OISl IX MeXaHIYHOI 06pobKu 6epcmamie
3 YIIK, wo 00360.15€ nioguwumu npooyKmugHicms onepayiti adpasusHo2o oopobanus. Bcmanosneto,
WO MAaKCUMANbHe HAOMUJICeHHs. KOH@Ieypayii i mouYHOCmi po3mipié 3a20moeku 00 6IiON0GIOHUX
napamempie demai 003680J€ Y 3HAUHIN MIPI BIOMOBUMUCS 810 MPYOOMICIKUX | BUMPAMHUX Onepayiil
MexaHiyHoi 0Opobku. Lle mooxcnueo 3a paxynok euxopucmauHs cyvachux 3D-mexwnonociti Opyky.
Buxoosiuu 3 yb02o, OOIPYHMOBAHO GUKOPUCMAHHS aoumueHoi mexwonoeii SLS npu eupobHuymei
207I06HUX AHMEHHUX OOMIYHUKIE pakem i npedcmagienuti 8apianm yOOCKOHANEHO20 MEXHOI02IYHO20
npoyecy ix 6U20mMoGIeHHsL.

KuI104oBi cl10Ba: cyvachi KOHCMpYKYiiHi Mamepianu, mexHiuHa Kepamika, aHmeHHi 0OMIiYHUKY pakem
i3 cumanie, 3a20mieeyibHi MeXHON02I; npoyecu wiiysanHs eupobie; sKicmv i MouHicmv 00pPOOKU;
aoUMUGHI MexXHON02Il.
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