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Abstract: The work covers the development of a technology for producing a bimetallic rod from high-strength 7075 alloy
with a cladding layer of 1100 aluminum, which is aimed at improving corrosion resistance while maintaining mechanical proper-
ties. A special feature of the proposed technology is the use of an additional front pure aluminum workpiece for the process of
direct extrusion of a rod from 7075 alloy. The direct extrusion process for a composite workpiece was simulated with
the DEFORM software package’s finite element method. The influence of process temperature and speed on the formation of
the cladding layer was analyzed. For this purpose, four problems were formulated with varying heating modes of workpieces and
tools. It was found that it is possible to produce a thin cladding layer at a heating temperature of the base 7075 alloy equal to
360 °C and a cladding layer temperature equal to 20 °C, which ensures a uniform distribution of the coating along the length of
the rod without signs of delamination. Stress-strain analysis during extrusion showed that a cold additional workpiece ensures
continuity for cladding coating formation. However, heating above 300 °C leads to rupture from deformation localization.
The developed approach can be used to reduce the cost of products by reducing the consumption of expensive 7075 alloy while
simultaneously increasing corrosion resistance due to the use of pure aluminum cladding. Prospects for the development of fur-

ther research are associated with the optimization of extrusion modes for various rod sizes.
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INTRODUCTION

Modern requirements for increasing fuel efficiency, re-
ducing the weight of structures and minimizing harmful
carbon dioxide emissions justify the search for and de-
velopment of promising lightweight materials and technol-
ogies for their processing. In this aspect, aluminum and
aluminum alloys are of interest as promising structural ma-
terials, which is caused by the optimal combination of their
physical and mechanical characteristics [1; 2]. However, to
develop new types of products operating, for example, in
extreme conditions, it is necessary to predict accurately
their behavior at various stages of production (in particular,
during metal forming).

The relevance of predicting properties at the stage of
design of product manufacturing technologies is also
caused by the continuing growth in metal prices. Accord-
ing to sources from the Fastmarkets database, the indica-
tors of which are used in contracts, exchange trading and
financial calculations, the cost of a cast ingot of 5000
and 6000 series alloys varies in the range of § 2.5-4 per
kg. For 7000 series alloys, the price is significantly
higher, since these alloys belong to the class of high-
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strength and hard-to-deform. The 7075 alloy has high
strength characteristics. Nevertheless, the aerospace in-
dustry’s adoption of this metal is limited by poor corro-
sion resistance and fatigue life.

Manufacturers are interested in reducing costs, espe-
cially in the areas of production of goods from expensive
metals, where even small savings per ton of material
provide significant financial benefits. Primary aluminum
with a minimum content of impurities is traditionally
used as raw material to produce 6061, 6065 and 7075
alloys. In the current reality, there is a problem with
the supply of this type of raw material due to the geopo-
litical situation in the world. This specifically concerns
the introduction of new increased customs duty rates on
goods. Manufacturers of metal products express con-
cerns, since they will now have to pay a significantly
higher amount for high-purity material. Custom tariffs
are ultimately included in the cost of metal. This has
a negative impact on all types of production whether
the enterprise is a manufacturer of machining tools or
sheet metal. For the case considered in this paper,
the cost of the product includes both the manufacture of
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cast metal and the further production of extruded semi-
finished product, which has a significant impact on
the final cost of the product. Moreover, the dynamics of
prices for aluminum products continues to grow. Accord-
ing to data for 2024, prices for 7075 alloy consistently
exceed $20 per kg', which is dictated, among other
things, by high demand in the aerospace sector. One so-
lution aimed at improving productivity while maintain-
ing product quality may be the use of composite
workpieces, where functionally loaded areas contain ex-
pensive metals and the remaining parts are made of
cheaper aluminum alloys or pure aluminum.

Although experimental methods remain the main re-
search tool, numerical simulation provides significant ad-
vantages, including time and cost savings, as well as deeper
analysis compared to experimental approaches [3]. This
makes it important to study the properties of expensive al-
loys such as 7000 series alloys.

Recent studies of the corrosion behavior of 7075
aluminum alloy have revealed susceptibility to various
aggressive environments: in NaCl solutions, intense
intercrystalline corrosion is observed with the formation
of surface roughness and grain embrittlement to a depth
of 150 um [4]. The corrosion rate is minimal at neutral
pH due to the formation of a protective oxide layer,
while acidic and alkaline environments accelerate the
process [5]. Biological factors also have a significant
impact. For example, the Aspergillus niger fungus in-
creases the rate of uniform and localized corrosion by
3.7 and 22.4 times, respectively, compared to abiotic
conditions [6]. The sulfate-reducing bacteria in seawater
accelerate corrosion, completely destroying the protec-
tive film after 14 days [7]. These data demonstrate
the complex interaction of environmental factors affect-
ing the corrosion behavior of 7075 alloy and emphasize
the need to develop specialized protection methods for
different operating conditions.

The 7000 series alloys have high strength. This high
strength makes them difficult to deform during metal form-
ing [8]. Therefore, the traditional extrusion method is usual-
ly limited to a speed of 1-2 m/min due to the risk of surface
defects [9]. In foreign practice, the development of new
extrusion methods is very popular. For example, scientists
from the Pacific Northwest National Laboratory (PNNL,
USA) created the Shear Assisted Processing and Extrusion
(ShAPE) technology, which allows achieving an extrusion
speed of 12.2 m/min for 7075 alloy without the formation
of surface ruptures, providing high mechanical properties
after T6 heat treatment [10].

The 7075 alloy has a high sensitivity to various types
of corrosion. Therefore, developing composite modifica-
tions for this material is highly relevant. For example,
technologies for producing composites from aluminum
alloys using rolling are known. This method is a more
cost-effective alternative to applying protective coatings
using chemical or galvanic methods. In [11; 12], a mathe-

Y Aluminium reliant industries not spared
from the impact of tariffs. Fastmarkets.
URL: https://www.fastmarkets.com/insights/us-aluminium-
tariffs-impact-prices/.

matical model of grain evolution and dislocation density
during cold asymmetric rolling of pure aluminum
(Al 99.5 %) and 7075 alloy under severe plastic defor-
mation conditions was developed.

Research has shown that reinforcing 7075 alloy with ce-
ramic particles such as SiC and Al,O; significantly increas-
es corrosion resistance in various environments [13].
The stir casting method has proven effectiveness for
the production of metal matrix composites based on 7075
alloy with ceramic nanoparticles, providing a significant
improvement in mechanical properties [14], which is espe-
cially important in view of the growing demand for light-
weight materials in the aerospace industry.

In manufacturing practice, it is common to apply clad-
ding with pure aluminum to reduce the likelihood of crack-
ing and increase corrosion resistance. Several methods exist
for applying cladding to aluminum alloys including com-
bined hot rolling for sheet products; friction stir welding,
particularly for aerospace alloys [15]; the rolling of alumi-
num powder onto a substrate [16]; and a technique where
an aluminum alloy cylinder is compressed into a pure alu-
minum shell followed by swaging, rolling, and cold draw-
ing [17]. In this case, the cladding process allows producing
a composite with improved characteristics. For example,
clad wire demonstrates higher electrical conductivity com-
pared to the determined values while maintaining strength
properties.

The objective of this study is to develop a method for
producing a composite rod based on 7075 alloy with
a cladding layer of 1100 aluminum by direct extrusion to
ensure increased corrosion resistance.

METHODS

The feasibility of implementing a technology to pro-
duce a rod from 7075 alloy with a pure 1100 aluminum
cladding was predicted via numerical simulation using
the DEFORM-2D software package based on the finite
element method.

A plastic type of deformable material was used.
The number of grid elements for the main workpiece is
12,000; for the additional one — 1,700 (the grid size was
selected taking into account the element size in accordance
with the volume of the workpieces). Fig. 1 shows a CAD
model of the original geometry in 3D visualization.
The original diameter of the workpiece is 750 mm.
The final diameter of the rod is 360 mm. The diameter of
the container is 800 mm. The taper angle of the matrix ex-
trusion die is 75°. The dimensions and other parameters
were selected from the practice of one of the enterprises.

Fig. 2 shows the hardening curves of the materials for
the considered temperature ranges.

The Siebel’s friction index was set to 0.5 at the work-
piece-die contact and 1 for the other contact pairs®.
The extrusion speed was 4.27 mm/s. The parameter for ac-
counting heat exchange between the workpieces materials

% Loginov Yu.N. Pressovanie kak metod intensivnoy
deformatsii metallov i splavov [Pressing as a Method of Intensive
Deformation of Metals and Alloys]. Ekaterinburg, UrFU Publ.,
2016. 156 p.
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and the tool was included when solving the problems in
DEFORM.

According to the data from the DEFORM materials li-
brary, the thermal conductivity for the materials under con-
sideration was 180 W/(m-°C). The heat capacity of the ma-
terial was 2.43 MJ/(m’-°C).

According to the MatWeb database, pure aluminum has
the following thermodynamic parameters: specific heat of
fusion is ¢~=387 klJ/kg, specific heat capacity is
¢=900 J/(kg-°C), melting point is #,=660 °C.

Each series of alloys is characterized by certain ranges
of thermodynamic properties, which is caused by the incon-
sistency of the chemical composition even within a single
grade. For example, 1000 series alloys contain over 99 %
aluminum. However, trace impurities cause their phase dia-
grams to demonstrate both liquidus and solidus lines. This
can lead to a melting point decrease compared to pure alu-
minum. The lowest melting point values are characteristic
of 7000 series alloys, which is explained by the presence of
low-melting zinc in their composition.

Table 1 shows the average values of specific heat capac-
ity ¢,, and melting point #,, to simplify engineering analysis
[18]. In addition, the parameter A (%) characterizing
the deviation of the average melting point of the alloy from
the melting point of aluminum of the 1000 series was de-
termined. The greatest discrepancy (up to 13 %) is observed
in 7000 series alloys. This indicator allows estimating
the potential error when determining energy costs if
the parameters of pure aluminum are taken as a basis, and
the alloy is actually processed.

Considering the specific thermodynamic properties of
aluminum alloys of different series is critical for accurate
simulation of technological processes and minimizing er-
rors in engineering analysis.

The successful implementation of a cladding technology
for extruded rod requires an additional front workpiece
made of pure aluminum and the correct selection of process
boundary conditions. In particular, the selection of tempera-
ture conditions is difficult, since pure aluminum obviously
has greater plasticity than 7075 alloy.

Several variations of temperature conditions for the pro-
cess were selected (Table 2). The choice of temperature
conditions for 7075 alloy was carried out in accordance
with the recommendations from the manual®, which notes
that the optimal temperature range is 360—430 °C.

Several variations of temperature conditions for the pro-
cess were selected (Table 2). The choice of temperature
conditions for 7075 alloy was carried out in accordance
with the recommendations from the manual, which notes
that the optimal temperature range is 360—430 °C.

RESULTS

During the simulation for temperature modes No. 1-3
(Table 2), unsuccessful results were obtained. When
the product leaves the drawing cylinder of the matrix extru-

3 Loginov Yu.N. Pressovanie kak metod intensivnoy
deformatsii metallov i splavov [Pressing as a Method of Intensive
Deformation of Metals and Alloys]. Ekaterinburg, UrFU Publ.,
2016. 156 p.

sion die parallel land, the cladding material is torn off from
the main workpiece. For modes No. 1 and 3, a similar effect
of cladding delamination is observed.

At temperature mode No. 2, the cladding material is in-
tensively heated in the deformation zone — more than
100 °C from the initial temperature of 300 °C. The heating
rate of the additional workpiece material does not allow
achieving the desired result. At the same time, it is unrea-
sonable to reduce the heating temperature of the tools, since
7075 alloy is difficult to deform and such a solution will
obviously lead to a negative result.

Based on the results shown in Fig. 3 and 4, it was decid-
ed to attempt extruding without heating the additional
workpiece (Table 2, option No. 4). For this temperature
mode option, it was possible to obtain a rod with a thin uni-
form cladding layer. In this case, the material of the addi-
tional workpiece does not peel off.

As can be seen from Fig. 5, the cladding layer of pure
aluminum is applied to the rod throughout the extrusion
process. At the steady state stage of the extrusion process,
the thickness of the cladding layer is 5 mm, which is
1.38 % of the diameter of the resulting product. The flow
rate of the cladding metal is restrained by high friction
forces at the container contact. This phenomenon is charac-
teristic of the direct extrusion process and illustrated in
Fig. 6.

It is evident from Fig. 7 that in the absence of heating of
the additional workpiece, heat transfer occurs with moder-
ate intensity. The flow stresses of the additional workpiece
material are slightly lower (Fig. 2 b) than those of the base
metal (Fig. 2 a), which prevents the separation from the
main workpiece during extrusion.

Based on the distribution of the strain rate (Fig. 8), it
can be concluded that the highest value of the strain rate is
characteristic of the zone adjacent to the matrix extrusion
die parz:llel land. The strain rate reaches the value of
&=0.5s".

DISCUSSION

The result of the composite rod extrusion process,
shown in Fig. 3, was obtained for the first three vari-
ants of the problem statement (Table 2, No. 1-3). For
variant No. 2, the maximum possible extrusion temper-
ature of 7075 alloy was selected 470 °C. This choice
was caused by the existence of works that described
the process of extruding rods from 7075 alloy at a heat-
ing temperature of 450 °C and higher [19]. When
choosing this temperature mode, the possible chilling
of the main workpiece metal during the extrusion pro-
cess was considered. The heating temperature of
the additional workpiece made of 1100 alloy was set to
300 °C in order to try to create conditions for more in-
tense deformation of 7075 alloy.

As a result of the analysis, the optimal process parame-
ters were identified: the heating temperature of the base
7075 alloy is 360 °C, the temperature of the cladding layer
is 20 °C, and the heating temperature of the tools is 430 °C
(Table 2, No. 4).

The difference in the heating temperatures of
the workpieces creates an optimal balance of the plasticity
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Fig. 1. Assembly for setting the task in 3D visualization: 1 — pressing disk; 2 — container,; 3 — main workpiece;
4 — additional workpiece; 5 — matrix extrusion die
Puc. 1. Coopxa ona nocmanosku 3adaqu 6 3D-euzyarusayuu: 1 — npecc-waiiba; 2 — koumetinep; 3 — 0CHO8HAA 3A20MOBKA;
4 — dononHumenvHas 3a20mMoeKa; 5 — Mampuyd

120 140
350°C
S 450°C £ 100
a
S 8 =
£ aq S g 80
CE2 60 g
hs w8 60
2 L K7
§ 40 § 40
20 20
O 1 1 1 1 1 0 1 1 1 1 1 1 1 1
0 0,2 0,4 0,6 0 0,3 0,5 0,7 0,9
True strain True strain
a b
Fig. 2. Hardening curves for materials at a strain rate of ¢&=0.1 ¢':
a — for 7075 alloy; b — for 1100 aluminum
Puc. 2. Kpusvie ynpounenus 0s mamepuanos npu ckopocmu dedopmayuu £=0,1 ¢! :
a— ons cnaasa 7075; b — onsa anomunus 1100
Table 1. Thermal properties of aluminum alloys by series [Reference: 18, p. 68]
Taonuua 1. Tennomexnuueckue ceolicmea cniaeos amomunusi no cepusim [Ilpusod. no: 18, c. 68]
Alloy System C, [ tm9 tmms A’
series y J/(kg-deg) J/(kg-deg) °C °C %
1000 Al 900-904 902 643-660 652 0
7000 Al-Zn-Mg 856-960 858 476-657 567 -13
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Table 2. Temperature modes for setting problems
Taonuya 2. Temnepamypuvie pexcumvl 0151 HOCHAHOBKU 3a0aY

Heating temperature Heating temperature Heating temperature
No. of the main workpiece (AL7075), | of the additional workpiece (AL1100), ofgtoolsp° C
QC OC b
1 450 430 360
2 470 300 430
3 430 430 430
4 360 20 430

c

I 1.00

0.750

0.500

0.250
I 0

d

Fig. 3. The course of the extrusion process with the display of effective strain color levels
for temperature mode No. 2: a — the stage of pressing out; b — the beginning of extrusion,
¢ — the beginning of cladding peeling off; d — the development of the process of cladding peeling off
Puc. 3. Xoo npoyecca npeccosarnusi ¢ omobpasiceHuem yeemosvix yposuei sghpexmusroil degpopmayuu
014 memnepamypuozo pexcuma Ne 2:
a — cmaous pacnpeccosku, b — nauano npeccosanus; ¢ — HaYANO OMCIOCHUS NAAKUPOBKU,
d — pazsumue xo0a omcnoeHust RAAKUpPoGKU

of the components, which is a critically important factor.
Heating the tool to 430 °C maintains the plasticity of the
7075 alloy. However, if the 1100 alloy heats up, it sticks to
the tool. Therefore, a suitable result is only achieved by
combining a cold 1100 alloy with a hot 7075 alloy.

An additional advantage of the proposed technology
may be the possibility of using process waste in the form
of scraps as a front workpiece, which increases the re-

source efficiency of production. A promising direction
for further research is the optimization of the technology
for rods of different diameters. This material’s combina-
tion of high strength and corrosion resistance meets
a critical requirement for structural materials in the aero-
space industry.

To verify the obtained results, other works related to this
topic were considered. In [20], a scheme for extrusion a rod
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i 473

429

I 386

300

Fig. 4. Temperature field at the stage of additional workpiece peeling off
for the extrusion option No. 2, °C
Puc. 4. Temnepamypuoe none na smane omcioerusi OONOIHUMETbHOU 3420MO8KU
ons eapuarnma npeccosanus Ne 2, °C
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Coordinate along the length of the extruded part x, mm

Fig. 5. Graph of the dependence of the cladding layer thickness h on the coordinate along
the length of the extruded part of the product x
Puc. 5. I'paghux 3asucumocmu monuyunsl niaxupyrowe2o cios h om koopournamol
10 OlUHe OMAPECCOBAHHOU YACMU U30eNUs X

I 4.00

Fig. 6. The effective strain color levels for the temperature mode No. 4
Puc. 6. LJsemosvie yposHu s¢hpexmuenoii deghopmayuu 0ns. memnepamyprozo pexcuma Ne 4
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1

I 430

418

405

393

380

Fig. 7. Temperature field during the extrusion process, °C:
a — pressing out stage; b — beginning of extrusion, ¢ — steady state stage
Puc. 7. Teunepamyproe none no xo0y npoyecca npeccoganus, °C:
a — cmaousa pacnpeccosku; b — nauano npeccosanus, ¢ — cmayuonapras cmaous

I 0.500

0.375

0.250

0.125
I 0

Fig. 8. Color levels of effective strain rate for the temperature mode No. 4, & ¢!
Puc. 8. 1Jsemosuie yposHu spdpexmusHoti ckopocmu dedopmayuu Ons mevnepamyprozo pescuma Ne 4, & ¢!

made of a 6000 series aluminum alloy using an addi-
tional rear workpiece made of a less expensive alloy in
order to reduce the loss of the base metal was consid-
ered. Three temperature modes for implementing
the extrusion process were studied. It was found that
the optimal mode is the one without heating the press-
ing disk and the additional workpiece. This confirms
the result obtained in the course of the current study,

where it was found that it is possible to implement
the technology of extruding a composite rod without
heating the additional workpiece.

The implementation of the analogous composite rod
production technology in [21] utilized a hot extrusion
process wherein both workpieces were heated to a tem-
perature of 380 °C. The technology proposed in this
work implies the possibility of using process waste in
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Fig. 9. Color levels of effective stresses for the temperature mode No. 4, Gopeciives: MPa
Puc. 9. Ilsemoevie yposnu s¢hghexmuenvix HAnpadiCeHUll 0N MEMREPANTYPHO20 PecuMa Ne 4, G opeciive, MITa

the form of extrusion discard as an additional front workpiece,
which is intended to reduce losses of the base metal.

The feasibility of the technology was assessed through
numerical simulation of the direct and inverted extrusion
processes for a large-sized rod. The model incorporated
a softer aluminum alloy as an additional workpiece. Using
the tracing point function, a comparative study of the flow
rates of the materials of the main and additional workpieces
during plastic deformation was performed. For both extru-
sion options, graphical dependencies of the cladding layer
thickness on the length of the rod extruded part were con-
structed. It was found that the direct extrusion method is
preferable for solving the problem of producing a bimetallic
rod. Experimental modeling of the extrusion process on
model materials was carried out. As a result, a bimetallic
rod with a thin cladding layer was produced.

At the same time, a defect of local delamination of the
additional workpiece material after exiting the matrix extru-
sion die parallel land was detected. In the study conducted
within this work, the effect of peeling of the cladding layer
material is not observed.

The study’s key task was to develop resource-saving
recommendations for setting experimental conditions. This
was essential because running the experiment on the target-
ed industrial equipment would have been prohibitively ex-
pensive.

The verification of the obtained data is substantiated in
the literature. For example, the reference manual® presents
hardening curves for pure aluminum for various types of
tests. The values of effective stresses vary in the range
of 50—100 MPa depending on the state of the material for
which the curves are given. In the course of solving
the problem in DEFORM, the distribution of effective
stresses shown in Fig. 9 was obtained.

As can be seen from the figure, no abnormal growth of
stresses in the deformation zone is observed, therefore, it
can be concluded that the extrapolation of stress values for
the materials under consideration (Fig. 2) in the course of
solving the problem occurs correctly.

* Burkin S.P., Babaylov N.A., Ovsyannikov B.V. Soprotivienie
deformatsii splavov Al i Mg [Resistance of deformation
of Al and Mg alloys]. Ekaterinburg, UrFU Publ, 2010. 344 p.

CONCLUSIONS

The study allowed predicting the possibility of imple-
menting the developed technology for producing bimetallic
rods from high-strength 7075 alloy with a cladding layer of
1100 aluminum by direct extrusion using an additional front
workpiece. The optimal extrusion temperature mode was
identified, which makes it possible to produce a rod with
a thin uniform cladding layer, amounting to 1.38 % of
the diameter of the final rod. For this mode, the heating
temperature of 7075 alloy is 360 °C, and the temperature of
pure aluminum is 20 °C.
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npouHoro cruasa 7075 ¢ mnakupyromuM ciaoeM u3 amoMunus 1100, koTopast HanpaBiieHa Ha yaydlI€HHE KOPPO3HOHHOM
CTOMKOCTH TIPH COXPAaHEHWH MEXaHMYECKHX CBOHCTB. OCOOCHHOCTHIO MPEATIOKEHHON TEXHOJIOTHH SBJISIETCS TPUMEHEHHE
JIOTIONTHUTEIBHON TepeHe 3arOTOBKM M3 YMCTOTO AIIOMHHHS IS MpoIlecca MPsIMOTO MPECCOBAHUS MPyTKa U3 CIUIaBa
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7075. IIpoBeneHO YMCIICHHOE MOJISITMPOBAHNE TPOIIecca MPSIMOTO PECCOBAHUS KOMITO3UTHOM 3aTOTOBKH B TTPOTPaMMHOM
kommiekce DEFORM ¢ ucnonbs3oBaHreM MeToJa KOHEUHBIX 31eMeHTOB. [IpoBeneH aHain3 BIMSHUS TeMIEpaTypHO-
CKOPOCTHBIX YCJIOBHH Tporiecca Ha pOpMHUpOBaHHE TUTAKUPYIOMIETO ciiosl. [ aToro Oblia BEITOTHEHA TOCTAHOBKA YETHI-
pex 3amad ¢ BappbHpPOBAaHUEM PEXMMOB HarpeBa 3ar0OTOBOK M MHCTPYMEHTOB. YCTaHOBIICHO, YTO IOyIUTh TOHKHH TUIAKH-
pyIoLIMiA CION yAaeTcs Mpy TeMIepaType HarpeBa ocHOBHoro cruiaBa 7075, paBHoit 360 °C, u TeMmeparype IIaKUpYIOIIEro
ciost, pasHoit 20 °C, uTo obecneynBaeT paBHOMEPHOE pacIpeeleHne TMOKPHITHS 110 JJIHMHE NMpyTKa 0e3 MpHU3HAKOB pac-
CIOeHHs. AHAJIN3 HAPSHKEHHO-IC(POPMHUPOBAHHOTO COCTOSIHHS MaTe€pHajoB B XOIE€ IPECCOBAaHUS MOKa3ajl, YTO BapHaHT
UCIIOJIb30BaHMUS JIOTIOJHUTEIBHON 3arOTOBKH B XOJIOJIHOM COCTOSTHHM ITO3BOJISIET COXPAHSATh JIOCTATOYHYIO CIUIOIIHOCTh
JUtst ()OPMHUPOBAHMS HETIPEPHIBHOTO TIAKMPYIOIIETO HOKPBITHS, B TO BpeMs Kak HarpeB a0 300 °C u BbllIe IPUBOIUT K €T0
pa3phIBy H3-3a JIOKaJIW3auu AedopMarin. PazpaboTaHHBI MOAXOX MOKET OBITh MCIOIB30BaH IS CHIKCHUS CE0eCTOH-
MOCTH M3JEJIMH 3a CUET YMEHBILEHHUS pacxojia Joporocrosiiero cruiaBa 7075 npu 0HOBPEMEHHOM TOBBIIIEHHN KOPPO3H-
OHHOM CTOWKOCTH 3a CUET NPUMEHEHUs IIIAKUPOBKHU M3 YHCTOTO allFOMUHMS. [lepcrieKTuBbl pa3BUTHS JalbHEHIINX HUCCie-
JTOBAaHUI CBSA3aHBI C ONTHMHU3ALNEH PSKUMOB IPECCOBAHUS U PA3IMIHBIX THIIOPA3MEPOB MIPYTKOB.

Knrouegvie cnosa: npeccoBaHue; METOJ KOHEUHBIX AJIEMEHTOB; KOMIO3UIIMOHHBIE MaTEepHabl, aFOMUHUEBBIN CIIIaB
7075; naaKupyroUuii CiIou.

Bnazooapnocmu: Crarbs IOATOTOBJICHA TI0 MaTepHaIaM IOKIAN0B yaacTHHKOB XII MexmyHaponHOH mkomsl «Pu3u-
yeckoe MatepuanoBenenuey (ILIOM-2025), Tompsartu, 15-19 centabdps 2025 rona.

/na yumupoeanusa: bymyesa H.U., Jlorunos F0.H. Cxema nonydeHus: KOMIO3UIIMOHHOTO Marepualia Ha OCHOBE KOH-
CTPYKIIMOHHOTO aJIFOMHHHEBOTO CIUIaBa METOIOM IIpsiMoro mipeccoBanus // Frontier Materials & Technologies. 2025. Ne 3.
C. 27-37. DOI: 10.18323/2782-4039-2025-3-73-2.
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