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Purpose. Creation of the heat-insulating structure (based on perforated metal plates set), which has simple manu-
facturing, optimal thermal and physical properties, and also allows using structural elements both from one material
and a combination of different ones.

Methodology. The empirical laboratory studies of the proposed thermal insulation structure with varying of the
pore size and the distance between them were conducted. The regression equation was constructed by the method for
planning the experiment. The Student's t-test and Fisher's adequacy test were used for the statistical processing of the
data. The Lagrange method with the Kuhn-Tucker conditions was used for finding the objective function minimum.

Findings. Dependence of the strength and effective thermal conductivity in the insulating material structure on the
maximum pore diameter, and the distance between pore edges was found. An objective function on the basis of
minimum heat conductivity and compressive strength of at least 100 M Pa was received. The optimum plate perfora-
tion dimensions, at which the thermal conductivity is equal to 20.7686 W/(m-K) and the compressive strength equals
to 100.235 MPa, were determined.

Originality. The optimal geometric parameters of the perforated plate set, for their use as elements of power equip-
ment thermal protection, were determined. The thermal conductivity coefficient and hardness factor of the obtained
material were found.

Practical value. A thermal insulation structure consisting of a metal plate set was proposed. The obtained metal
thermal insulation can be used in different areas, among which are aircraft construction; rocket engineering; automo-
tive and nuclear industry. Such a wide range of applications is due to a combination of thermo-physical and strength
characteristics. The ability to use a variety of metals, whether they involve titanium for hulls in rocket construction or
zirconium to isolate the core of a nuclear reactor is also important. The usage of this insulation structure instead of
monolithic parts will lead to a decrease in total weight; heat losses and material costs.

Keywords: metallic thermal insulation, metallic thermal protection, effective coefficient of thermal conductivity, com-
pressive strength

Introduction. Porous metal materials have a unique Porous metal materials also can be used in a nuclear

combination of properties that have been repeatedly con-
sidered by scientists from different countries [1, 2]. This
combination of properties, contributes to the growth of
the spread of these materials in exponential dependence.
They have already found their application in various fields,
including aerospace (titanium and aluminum sandwich
panels); shipbuilding (hulls of passenger ships); automo-
tive industry (structural elements); railway industry
(dampers); medicine (implants in the human body).
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reactor core to reduce heat losses. They usually are made
of zirconium dioxide. This thermal insulation serves to
reduce energy losses and simultaneously to reflect neu-
trons, since the zirconium nuclei have a large scattering
cross-section and a small capture cross-section, as well
as a high atomic density. Based on the technological con-
ditions this thermal insulation cannot be replaced by a
non-metallic one.

Problem formulation. Despite various usages of po-
rous metallic materials in different areas, their develop-
ment is gradually decaying. The reason for this is one-
sided development, the orientation of research only on
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the chemical composition of such materials and the over-
all porosity. While the location, size and shape of pores are
hardly considered. This happens due to initial develop-
ment vector, which is fundamentally reliable, but has
exhausted itself over time. Also we should not forget about
the difficulties associated with obtaining porous or high-
ly porous material (with closed porosity) with identical
forms of all pores located in the right order.

For further development in this area, it is necessary
to develop a new porous metal material that will be sim-
ple in manufacturing, will allow achieving the identity of
all pores, locating pores in the desired order and using a
combination of different alloys without using expensive
equipment.

Analysis of the recent research. A number of research
studies on aluminum sponge production were carried out
and analyzed in [2, 3]. The entire process of forming a
spongy structure consists of three fundamental steps: prep-
aration of the working capacity and packing it with fill-
ing (organic or non-organic); infiltration of backfill gran-
ules with metal (with or without external pressure); re-
moval of pellets from frozen metal (leaching or heat treat-
ment). The density of such material lies in the range of
900—1200 kg/m?, porosity is 55—67 %. The main disad-
vantages of this method are: the complexity of the com-
plete removal of the backfill; the presence of excess pres-
sure for completeness; uneven distribution of the back-
fill in the volume. Moreover, the works do not consider the
thermo-physical properties of the given material.

In [4], the method for obtaining intermetallic com-
pound by the SHS method is considered. The powders
of nickel, aluminum, cobalt, copper and manganese ox-
ide were used as the initial components. An analysis of
the microstructure of the samples, a test for strength and
thermal analysis were carried out. The analysis showed
that the physical and mechanical properties of the sam-
ples are different, depending on the composition of the
mixture and the processing method. Such materials have
a high melting point and low density. Due to the combi-
nation of these characteristics, their usage as thermal in-
sulation, with certain parameters of porosity, in systems
with high-temperature processes is promising.

In [5, 6], an analysis of porous metallic materials de-
pending on the technology of their production is pre-
sented. Experimental samples obtained by the gas-eutec-
tic method, foaming and casting are shown. The most
interesting are samples obtained by casting, because this
method allows achieving the same shape of all pores and
their orderly arrangement. However, the creation of a mold
for casting involves a number of difficulties, especially if
it is necessary to achieve a circular or ellipsoidal cross-
sectional shape of the pore. Also this method is limited by
channel porosity.

In [7] the technology of obtaining a highly porous coat-
ing by chemical precipitation is presented and patented.
The material with such a coating has plasticity and a com-
pressive strength. However, the manufacturing process has
a number of significant drawbacks including gases toxicity;
combustibility and explosiveness of precursors; it is cor-
rosively aggressive, features different evaporation rates
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of each precursor and in connection with this, the high
cost of the equipment.

In [8], porous metals and foam metals made from
powder are considered. The microstructure of the sam-
ples obtained by sintering without an applied excess pres-
sure, selective laser sintering and various foaming meth-
ods is given. The influence of the oxygen content on foam-
ing of aluminum powder at temperatures of 500 and 550°C
is shown. However, there is no analysis of the properties
of such materials.

In [9], the influence of the size and pores location on
the electronic thermal conductivity of metallic material
was investigated. As the experimental samples perforat-
ed plates of stainless steel were used with the hole diam-
eters of 3.2—15 mm. The dependence of the electronic
heat conductivity coefficient on the diameter of the holes
is shown for corridor and staggered arrangement. But this
method makes it impossible to obtain the coefficient of
effective thermal conductivity. Closed porosity was not
considered as well.

In [10], cellular metals and foam metals are consid-
ered. The emphasis in this work is put on metals with
lotus-porosity. Various methods of production are shown.
The work considers the following: the mechanism of
nucleation and pore growth in metals with lotus porosi-
ty; mechanical, chemical and physical properties; meth-
od for controlling the pore size and the total porosity of
such metals. However, the shape of the pores in the pro-
posed material is limited to an elongated cylinder with dif-
ferent cross-sections.

Objectives of the article. Creation of the power equip-
ment thermal protection based on a set of perforated met-
al plates, which features simple manufacturing, has op-
timal thermal and physical properties, which allows us-
ing structural elements both from one material and a com-
bination of different ones.

Presentation of the main research. The proposed meth-
od for thermal insulation porous metal material manu-
facturing for thermal protection, consists of perforated
plates linked together. The perforation in the plates can
be made in such a way that the plates being combined,
the formed pore would have the shape and location re-
quired. The connection of the plates can be made by sin-
tering under pressure, gluing or bolting. With a cold bond-
ing method, dielectric paper can be used as a dielectric in
the pores. Since the contact thermal resistance between
the plates will significantly reduce the heat flux, the as-
sembly of the plates must be carried out in such a way, that
their connection lines are perpendicular to the heat flux.
Since the largest overall pore size must also be perpen-
dicular to the heat flux, the plates must be assembled ac-
cording to the scheme given (Figure).

The groups of holes are arranged in rows at a distance
a from the center of the pores. This pore location helps
achieve a large total porosity of the sample. To determine
the dependence of the strength and the effective coeffi-
cient of thermal conductivity on the determining dimen-
sions of d and b, the method of experiment planning was
used. Input parameters of the model are: d — the maxi-
mum diameter of the holes in the plate, the encoded val-
ue (X)); b — the distance between the edges of pores in
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Fig. Assembled perforated metal plates: side view (a); top view (b)

one row, the encoded value (X,); a — the distance be-
tween the centers of the rows of perforations, the encod-
ed value (X;). The output parameters of the model are
Y, — the thermal conductivity of the collected sample,
W/(m-'K) and Y, — the compressive strength, MPa. The
levels of variation with the input parameters of the mod-
el are presented in Table 1.

Experimental part. In the experiment carbon steel of
ordinary quality ST3sp with a compressive strength of
137 MPa and a thermal conductivity of 55 W/(m-K) was
used. The thickness of one sheet was 0.8 mm. The di-
mensions of the sheet are 0.3 x 0.3 m. A dielectric paper
in the form of a petal was inserted into pores after every
six plates. The perforated plates were connected by point
application of epoxy glue (cold welding) and by welding
the ends of the sample with electric welding.

To obtain the quadratic coefficients of the regression
equation, an orthogonal second-order plan with a core
of 23 and with two “star” points was chosen (Table 2).

N . .
¢ Zx/ -y i=1,...,n
=

a;,=1c, ~§[(xij_n)2 —B]yj,i=n+1,...2n
=1

N
I Zx; ~x;{ 'yj,u,k =1L2,..,n,u#Ai=2n+1,...k
j=1

The free regression coefficient was calculated by the
following formula

n
ay =by - Bzarm )
=

where b, was calculated as the arithmetic mean value of
the experimental data

The coefficients of regression equation were calcu- b :ii y/
lated with the following formula [11] ° N =
Table 1
Variation levels of the model input parameters
X -1.215 -1 0 +1 +1.215 A
X;, mm 8.925 10 15 20 19.86 4
X,, mm 2.57 3 5 7 7.43 2
X5, mm 23.925 25 30 35 36.075 5
Table 2
The experimental design matrix and obtained results for experimental sample
No X, X, X5 Y, Y, No X, X, X; Y, Y,
1 +1 +1 +1 37.8 95.67 9 -1.215 0 0 34 110.73
2 -1 +1 +1 27.9 109.65 10 +1.215 0 0 31 90.38
3 +1 -1 +1 44 4 90.99 11 0 -1.215 0 21.1 99.39
4 -1 -1 +1 30 110.51 12 0 +1.215 0 30.3 101.71
5 +1 +1 -1 42.2 95.67 13 0 0 -1.215 24 101.25
6 -1 +1 -1 43.1 109.65 14 0 0 +1.215 28.3 102.25
7 +1 -1 -1 39.2 90.99 15 0 0 0 22.7 100.55
8 -1 -1 -1 41.6 110.51 16 0 0 0 22.8 100.1
ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 6 105
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According to [11], for the plan with the core 23, the
following coefficients were taken: o = 1.215; $ = 0.73;
¢y = 0.0667; ¢, = 0.0913; ¢, = 0.2298; c; = 0.1250. Af-
ter calculating of all regression equation coefficients and
finding the non-significant coefficients with Student's t-
test, the following equations were obtained

Y, =20.979-1.9X, +8.592X +3.985X; +4.29X] +
+3.45X X, ;
Y, =100.284-8.375X, +0.955X, +1.01)(32 +1.385X X,.
Optimization and analysis. Proceeding from the fact
that the thermal conductivity of the product should be
minimal and the compressive strength should not be less

than 100 MPa, a target function was obtained for opti-
mization with restriction

Y, =20.979-1.9X, +8.592X] +3.985X; +4.29X] +
+3.45X,X, > min

Y, =100.284-8.375X, +0.955X, +1.01X] +
+1.385X,X, 2100

To determine the optimal mode of thermal treatment,
the Lagrange function was compiled. The target func-
tion, which would be optimized, was as follows

F(X)=20.979-1.9x, +8.592x; +3.985x; +
+4.29x; +3.45x,x, .

By rewriting the constraint with the ultimate strength
in an implicit form we obtained the following

¢,(X)=100-(100.284 -8.375x, +0.955x, +
+1.01x7 +1.385x,x,) =0.

The auxiliary Lagrange function was compiled by the
following way

L(X A1) =20.979 —1.9x; +8.592x +3.95x +4.29x7 +
+3.45x,x, + (100 ~100.284 - 8.375x, +0.955x, +

+1.01x] +1.385x,x,).

The necessary condition for extremum of the La-
grange function is the vanishing of its partial derivatives
with respect to the variables X; and undetermined fac-
tors. The obtained equations system is

OL / &x, =17.184x, +3.45x, +p(~1.385x, +8.375)=0
0L / &x, =3.45x,+7.97x, +1(~1.385x, ~0.955)=0
OL / &x, =—2.02x,1+8.58x, ~1.9=0
1(100—(100.284-8.375x, +0.955x, +1.01x2 +
+1.385x,%,))=0,u >0

The next step was to solve the following system of
equations
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17.184x, +3.45x, +pu(~1.385x, +8.375) =0
3.45x, +7.97x, +p(~1.385x, —0.955) =0
2,025, +8.58x, ~1.9=0

Two options were considered:

a)i#0,

X, =1(0.03675, -0.02414, 0.2181) u = -0.0652;

b)u=0,

X, =1(0,0,0.2214).

Further, the conditions of Kuhn-Tucker were checked.
The Kuhn-Tucker theorem says that in order to make
the found plan X, a solution to the problem it is neces-
sary and it is sufficient that there would exist such a vec-
tor u°, with which (X°, u°) for all X> 0 and p > 0. Then
LX, 1% < L(X°, u°% < L(X°, n). For a function of vector
variables to have a saddle point, it is necessary and suf-
ficient that the following conditions be satisfied

0.0 00
ALk ) 5o, ILETRD (05,
dx . / dx /

j J
0.0 0,0
Mgo; x‘?Mzo, MQZO.
dp . / dp; !

J J

Point X; was excluded, because p has a negative value
X,=(0.03675, -0.02414,0.2181), u = -0.0652.

Point X, = (0, 0, 0.2214) satisfies all conditions, the
value of the function at this point f{x) = 20.7686.

Further, the form of the extremum was determined.
For the function L(x, A, n), the Hessian matrix H; was
found. If the matrix HL is positive-definite, then the ob-
tained point x is a minimum point, if the matrix is nega-
tive — then x is the maximum point. For the equations

L(x,, 1) =20.979 —1.9x, +8.592x +3.985x; +
+4.29x7 +3.45x,x,;

F(X)=20.979~1.9x; +8.592x, +3.985x +
+4.29x] +3.45x,x,

partial derivatives were found

i(X)=17,184x1 +3.45x, ; OF(Y) =3.45x,+7.97x, ;
X, Xy
OFX) =8.58x, —1.9.
X

3

After the system was solved, the stationary point was ob-
tained. X, = (0, 0, 0.2214) The second partial derivatives are

2 2 ’
: 5(50:17.184; CIY 345, TIY
o%x; 0x,0x, 0, 0x;
2 2 g
OFX) 597, OFH . TFY ¢ 5o
x> 0x,0x, 0°x;

The Hessian matrix is

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 6
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17.184 345 0
GX)=| 345 1797 0
0 0 858

For point X; = (0, 0, 0.221) the following values were
obtained

2 2
0 F(X)(X°)=17.184; 0 F(X)(X°)=3.45;
82x12 X, 0%,
2
IR (x0)=0;
6x10x3
2 2
0 F(X)(X°)=7.97; m(){"):m
azxf X, 0X;
2
g F(X)(X°)=8.58.
82x32

The Hessian matrix at the point X, = (0, 0, 0.221) is

17.184 345 0
G(0;0;0.221)=| 345 797 0
0 0 8.8

The obtained diagonal minors are:

D, =a, =17.184;

D, = aypay—ayay;

D;=1072.9631484.

Since diagonal minors have a positive value, Gy is a
positive definite matrix. It follows that the function is
convex. Moreover, the function is strictly convex and
has a unique minimum point X; = (0, 0, 0.2214). Based
on the obtained values, the optimum dimensions of the
assembled metal perforated plates are: d = 15 mm; b =
5mm; a = 31.1 mm. The coefficient of thermal conduc-
tivity at such parameters is 20.7686 W/(m-K), and the
compressive strength is 100.235 MPa.

Conclusions and recommendations for further research.
A metal structure that can serve as thermal insulation of
power equipment and consists of perforated metal sheets
of ST3sp brand was developed. Optimal dimensions of
metal plates perforation, at which the thermal conduc-
tivity coefficient was 20.7686 W/(m-K), and the compres-
sive strength was 100.235 MPa, were obtained. The ob-
tained design of the metal element of thermal protection
of industrial equipment satisfies all the purposes. The tech-
nology of production of such a structure is simple and
allows minimizing financial costs for the purchase of tech-
nological equipment. The obtained construction with the
proposed analysis technique can be used in further stud-
ies, for example for carrying out experiments with plates
of different metals. Moreover, on the basis of this research
it is possible to create a heat-insulating composite mate-
rial in which part of the plates will be made of non-metal-
lic material.
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Meta. CTBOpeHHS TeIuioBO1 i30Js11il (Ha 0a3i Ha-
0opy 1nephopoBaHUX MeTaJleBUX IJIACTUH), 11O BOJIO-
Jli€ TPOCTOTOIO0 BUTOTOBJIEHHSI, MA€ ONTUMAaJIbHI TEeTIO-
¢izuuHi i MilIHICHI XapaKTepUCTUKU, KOTPi JO3BOJISI-
I0Thb BUKOPHCTOBYBaTH KOHCTPYKTUBHI €JI€MEHTH $IK 3
OIHOI0 MaTepiajy, Tak i KoMOiHallil pi3HUX.

Mertomuka. [IpoBeneHi eMItipruHi 1abOpaTOpHi 10-
CJIIIKEHHS 3alIPOIIOHOBAHOI TEIUIOBOI i30JIsI11i1 3 Bapi-
IOBAaHHSIM PO3Mipy TOp i BincTaHi MixX HUMU. L1 mo-
OylOBU PiBHSIHHSI perpecii BUKOPUCTOBYBABCS METO[
TJIaHYBaHHS €KCIIepUMEHTY. 1S CTaTUCTUYHOI 00pOOKH
JTAHUX BUKOPUCTOBYBABCSI METOI t-KpuTepito CThloEHTa
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i1 TiepeBipKa amekBaTHOCTI 3a KpuTepiem Dimrepa. Jisg
3HAXOI>KEHHSI MiHIMyMY LIIJTbOBOI (DYHKIIii BAKOPUCTOBY-
BaBcs metoq Jlarpanzka 3 ymoBamu Kyna-Taxkepa.

PesynbraTu. 3HalineHa 3a1exKHiCTh MIilIHOCTI Ta ehek-
TUBHOI TETUIONIPOBIIHOCTI PO3MJISIHYTOTO TEIJIOi30s1-
LiffHOro MaTepiajy Bil MaKCHUMAaJIbHOTO AiaMeTpa Iopu
i BigcTaHi Mix Kpasimu nop. CkJagaeHa 1iboBa (yHK-
11is1, BUXOASYM 3 MiHIMaJIbHOI TeTIONPOBIIHOCTI i Mill-
HocTi Ha ctuck He MeHIe 100 MITa. BuznaueHi ontu-
MaJIbHi po3Mipu nepdopallii y MIacTuHax, 3a SKUX Te-
mionpoBinHicTh mopiBHioe 20,7686 Bt/(M-K), mexa
MirtHocTi Ha ctruck — 100,235 MI1a.

HaykoBa HoBM3HA. Bu3HayeHi onTUMasbHiI reoMe-
TPUYHI TTapaMeTpu Ttep(opoOBaHNX TJIACTUH TSI BUKO-
PUCTAaHHS iX B SIKOCTi TeTJIOBOI i30J1s111ii. 3HAMIEHO KO-
eillieHT TEIIOMPOBITHOCTI I TTOKA3HUK TBEPIOCTi OT-
pUMaHOro MaTepiaiy.

IIpakTHuHa 3HAYMMICTh. 3aIllPONIOHOBAHA TEIIOBA
130714111151, KOTpa CKJIaJaEThCS 3 HAOOPY METaJIeBUX Tj1ac-
TUH. Po3pobiieHa MeTajieBa TerioBa i30JIs1Lisi MOXe OyTr
BUKOPHUCTaHA B psi/li rajty3eil, cepe sSIKUX: aBiadyayBaH-
HsI; paKeToOyAyBaHHs; aBTOMOOiIbHA Ta siiepHa Mpo-
MucJIoBicTb. HacTinbku 1miMpoka o0acTh 3aCTOCYBaH-
Hs1 00yMOBJIEHA KOMOiHAL€0 TEIUTOMi3UYHUX 1 Mill-
HICHMX XapaKTePUCTUK. TaKOX BaxKIMBOIO € MOKIIM-
BiCTh BUKOPUCTAHHSI Pi3HOMAHITHUX MeETajliB, Oyab TO
TUTAH U151 KOPIIYCiB y pakeToOynyBaHHi a00 LIMPKOHIi
JUJTST 1307151111 aKTUBHOI 30HU SIIEPHOro peakTopa. Bu-
KOPHUCTaHHS JaHOiI KOHCTPYKIIii 3aMiCTb MOHOJIITHUX
YaCTUH y BMPOOi Mpu3Beae 10 3MEHIIEHHs 3arajbHoi
Baru, TeIUIOBUX BTPAT i BUTpAT MaTepiay.

Kmouosi ciioBa: memanesa mennoizonauis, ecpekmue-
Ha MmenaonpogioHicmy, Medca MiyHOCMI HA CMUCK

Heas. CoznaHue KOHCTPYKILIMU TETI0BON U30JISILIUU
(Ha 6a3e Habopa nMepdOPUPOBAHHBIX METATUIMYECKUX
TJIACTHH), 00JIaa011Ie} TIPOCTOTOM M3TOTOBJIEHUS, UME-
011} OMTUMAaNIbHBIE TETUTODU3NIECKUE U TTIPOYHOCT-
HBbIE XapaKTePUCTUKU, MO3BOJISIIONIEH MCMOIb30BaTh
KOHCTPYKTHUBHBIEC JIEMEHThI KaK U3 OJHOTO MaTepua-
Jla, TaK U KOMOMHALIMY Pa3IUYHbIX.

Metoauka. [IpoBeaeHbl aMIIUpUUECKUE JabopaTop-
HbIE MCCIIEAOBAHUS MPENTIOKEHHON KOHCTPYKIIUM Te-
IUIOBOI M30JISIIIMU C BapbMPOBAHUEM pa3Mepa Iop 1
paccTosTHUST MexXIy HUMM. [IJ1s1 OCTpoeHUsT ypaBHe-
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HUS PETPECCUM UCIIOIH30BaJICSI METO TIJIaHUPOBAHMS
aKcrnepuMeHTa. s craTucTuyeckoin oopaboTKM JaH-
HBIX MCITOJIB30BaJICS MeTOq t-KpuTepus:i CThIONEHTA U
MPOBEPKa aIeKBaTHOCTH 110 KpuTepuio Puinepa. st
HaXOXIEHUST MUHUMYMa 11eJIeBOi (hDyHKIUU HUCIIONb-
3oBajicst Mmeton Jlarpanxa ¢ ycnosusimu KyHna-Takepa.

Pe3ynbTatel. HaliieHa 3aBUCMMOCTb MPOYHOCTU U
3((HEKTUBHON TETIONPOBOIHOCTU paccMaTpUBaeMO-
'O TEIJIOU30JISILIMOHHOIO MaTepurajia OT MaKCUMaJIbHO-
TO IMaMeTpa TOPbl U PACCTOSTHUST MEXKILy KpasiMU TI0pP.
CocrasyeHa ueseBast (PyHKIIUST, UCXO/sT U3 MUHUMAJTb-
HOU TEIIOIPOBOAHOCTY Y IIPOYHOCTH Ha CXKaTHE HE Me-
Hee 100 MITa. OnpenenieHbI ONTUMAJIBHBIE pa3MephI Tep-
dopamum B IIacTUHAX, TIPU KOTOPBIX TEILIOMPOBOI-
HocTb paBHa 20,7686 Br/(m-K), npeaen mpoYyHOCTH Ha
cxatue — 100,235 MIla.

Hayunas nHoBu3na. OnpeneeHbl ONTUMAJIbHBIC Te-
OMeTpUUYECKHE MapaMeTPhbl COCTaBHBIX MepdoprpoBaH-
HBIX TUJTACTUH IJIs1 MCTIOJb30BaHUST UX B KaUeCTBE 3J1e-
MEHTOB TEIJIOBOM 3allIUThl SHEPTETUIECKOTr0 000pYI0-
BaHus1. HaiineHbl KO3 GUIIMEHT TETUIONPOBOIHOCTU U
ToKa3aTesib TBEPIOCTH TTOJIyYeHHOTO MaTepuaia.

IIpakTueckas 3naunmMoctsb. [IpeaoxkeHa KOHCTPYK-
LIWST TETUTOBOM M3OJISIIIAM, COCTOSIIIAS M3 Habopa Me-
TAJUTMYCCKUX TUIACTUH. Pa3zpaboTanHass MeTaummaecKast
TETLTOBAasI N30JISIIINST MOXET OBITh UCTIOJIb30BaHA B PsIIe
o0JacTeil, cpeny KOTOPHIX: aBUACTPOCHNUE; PAKETOCTPO-
€HHe; aBTOMOOMJIbHAS UM siAepHas MPOMBIIIICHOCTD.
Cronb mMpokasi 0osacTb MPUMEHEHUsST 00yCJIOBIeHA
KOMOMHaLMel TerI0hU3NIeCKUX U MPOYHOCTHBIX Xa-
pakTepucTuk. TakxKe BakHa BO3MOXHOCTb UCIIOJIb30-
BaHUSI pa3HOOOPA3HbIX META/UIOB, OY/Ib TO TUTAH ISk
KOPITYCOB B PaKeTOCTPOSHUY WJIN IIMPKOHUI IJIST N30-
JISIIIAMA aKTUBHOM 30HBI SIIEPHOTO peakTopa. Kcronb3o-
BaHUE JAaHHOW KOHCTPYKIIMM BMECTO MOHOJIUTHBIX Ya-
CTel B M3IETNN IPUBEIET K YMEHBIIICHUIO OOIIIEeTo Beca,
TEIUTOBBIX ITOTEPh U 3aTPaT MaTepraa.

KimoueBble cioBa: memaniuueckas meniousonsyus,
Memaniuueckas menioeds 3auuma, 3¢pexmuenblil Ko-
aghguyuenm menaonposooHocmu, npedea NPOHHOCMU HA
cocamue

Pekxomendosarno 0o nybaikauii dokm. mexH. HAyK
O. B. flemywenkom. Jlama Ha0xo0xceHHs pYKonucy
14.12.16.
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