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Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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OPTIMAL STRUCTURE ESTABLISHMENT OF COMPOSITIONAL
MATERIAL FOR MANUFACTURING STRENGTHENED
TO BENDING MUD- FLOW PROTECTIVE CONSTRUCTIONS

Abstract. Mudflows generate human and property losses. Natural calamities are not characteristic only for a
region or country it is problem of all humanity on the Earth. Mudflows phenomena are widely distributed on the
Republic of Kazakhstan territory.

The constructive features of today mudflow-protective constructions in this paper are considered. There had
been researches on optimal structure of the compositional material for mudflow-protective constructions. In this
study, two main directions are considered in this research work: resource-saving technology and life safety problems
investigation.

The purpose of the paper is raw mixture composition development for compositional material obtaining, which
together diminish its cost at the strengthening characteristics keeping as well as industrial waste simultaneously
utilization.

The basic practically meaningful result is the development of scientific and technological bases of production of
new multi-component hydraulic binding materials for compositional material. This technology is ecologically
valuable, and it is low-metal-intensive and low-energy-intensive one. The scientific value of research results lie in
the new regularities of multi-component system mechanical dispersion based on different grinding principles. It lies
also in revealing the new products of mechanically activated multi-component cement hydration in the presence of
technogenic waste of the industries (waste of mineral wool production 1.5-2.0; slag of electric-thermal production of
phosphorus 2.5-5.0; waste of slate-pipe production 1.2-1.8); as well as the development of compositions of high-
strength and technological sorts of cement concretes.

Mathematical modeling of experimental works planning was carried out for compositional material structure
determination for mudflow-protective constructions manufacturing with strengthening to bending at which maximal
meanings are reached.

Thus, the low-clinkered floured cements developed by us based on industrial technogenic waste that meets the
modern requirements. i.e. they improve physical-mechanical characteristics of the material and positively influence
on ecological situation and allow decreasing the cost of final product.

Keywords: emergency situations, mudflow, reinforced compositional material, mudflow protective
constructions, strength of constructions to bending.

Introduction. Mudflows regularly generate significant human and property losses. Analyzing
mudflows is important to assess the risks and to delimit vulnerable areas where mitigation measures are
required [1].
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Natural emergencies are not specific to a single region or country; this is a problem of all humanity
on planet Earth. In this regard, scientists all over the world in the field of life safety and environmental
protection are working on prediction, preventive measures, possibilities of reducing the damage to a
human and material.

In November 2000 a large landslide of mud and debris was triggered again and it still presents a
danger to the relatively new residential houses today. At present, the village is protected against mudflows
by a small rockfill dam and by the regulation of the stream bed. In rainy periods removal of mud is neces-
sary maintain safe conditions for the village [2].

Torrential floods are the most frequent natural catastrophic events in Serbia, causing the loss of
human lives and huge material damage, both in urban and rural areas. The analysis of the intra-annual
distribution of maximal discharges aided in noticing that torrential floods have a seasonal character [3].

Besides of natural calamities as well human activities bad influence on environment and they are
needed in new protective measures development.

Nowadays the technologies of emergency situations management in the mountain areas are developed
and applied in order to safe conditions of localities organization.

The protective constructions are used more than 30-40 years. They are worn out and partly destroyed.
It is necessary to develop ways of their theoretical and experimental researches as well their practical
application.

The most complex objective for science in the field of engineering protection of the territories is
concluded in how to forecast approaching of danger and what kind of measures to take for risk dimini-
shing of the natural calamities. At the scientific based approach to these problems decision can safe huge
material means as well to improve environment and mainly to keep life of people.

The purpose of this work is determination of constructional decision for protection from natural
calamities. The maximal index of strengthening is reached at the 7 and 28 days extraction [4-6].

Scientific novelty is concluded in the following:

— experimentally optimal structure of raw mixture for reinforced compositional material obtaining to
mudflow protective constructions manufacturing has been determined;

— due to mathematical planning of experiments optimal structure of raw mixture of the compositional
material, which strengthening characteristics increasing such as bending and exploitation period duration
have been established.

All over the world, where high mountain areas are situated have problems connected with natural
calamities. Therefore, protection from mudflows, floods and other natural character emergency situations
requires constructions advanced and resources saving with strengthening characteristics.

Material and methods. Nowadays many researchers are interested in out of products of the chemical
productions particularly phosphorus slag the yield of which annually is increased.

Authors of this work use the following kinds of material with chemical composition in order to obtain
resource-saving and energy economic new material. which answer to all exploitation question.

Portland cement of the following chemical composition, mass. %: SiO, — 19.45+20.2; ALL,O; —
4.4 +4.9; Fe,05 — 2.9+4.49; CaO — 60.98+66.0; MgO — 1.8+3.18; R,0 — 1.80+1.90; SO; — 1.85+3.08.

Waste of slate-pipe production. Chemical composition, mass. %: SiO,— 20.80; A1,05 — 3.85; Fe,0; —
4.15; CaO - 50.0; MgO —5.35; SO;— 1.65.

Waste of mineral wool production represent by themselves fiberglass with an average diameter
0.6 microns and length from 5 to 20 mm with module of acidity equals to 1.4. Chemicalcomposition,
mass. %: Si0, — 45.8+46.1; AL,O; — 9.4 +9.84; Fe,0; — 1.5+1.63; CaO — 37.8+39.1; MgO - 2.2+2.22;
SO; — 0.9+0.93.

The applied slag of electric-thermal of phosphorus production has the following chemical
composition, mass. %: SiO, — 40.9+44.21; Al,O3; — 1.65+2.67; Fe,0; — 1.07+2.6; CaO — 45.0+45.92;
MgO - 1.07+3.18; SO; — 0.3+0.5.

The binders are received by means of neutralization of ground till specific surface 300-350 kg/m’® of
granulated phosphoric slag with lime (lime-slag binder). cement (cement-slag) and secondary cement dust
(dust-slag) magnesium chloride (salt-slag) sodium hydroxide (slag-alkaline). The content of activizators of
hardening in the binder is hesitated within 2-12 % from mass of slag.
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As reinforced materials are used glass Capron, basalt and steel fiber in the quantity of 2-40% on of
binders. For compositional binders receiving of steel fiber segments with diameter 0.5-1.0 mm and
2-20 mm are used.

The significant effect on efficiency of concretes reinforcement with fibers fraction and coarse
aggregate content influences. The number of coarse aggregate must be no more than 445-515 m*/kg and
size of its grains do not exceed 10 mm in compositional materials.

The significant influence on comfortable fit of concrete mixture and physical-mechanical
characteristics reinforced concretes the diameter and correlation of length to fibers (1/d) diameter. The
comfortable fit of concrete mixture with diameter diminishing and 1/d value increasing is lowered.

It is necessary to increase cement quantity for mixture comfortable fit improvement at the given
water/cement correlation. For dispersed-reinforced concretes production is more effectively use steel wires
with curved ends glued together in bundles. At these conditions clumping of fibers is diminished as well
comfortable fit of big amount of mixture, statistic and dynamic properties of concrete is improved [7-10].

Due to the following physical-chemical methods the experimental works are carried out: x-ray phase,
analytical, electron-microscopic thanks to electron-solution microscope JSM 63-90 LV, JED-2300
Analysis station Japanease firm JOEL.

It is established optimal composition and technological regime of raw mixture manufacture due to
method of mathematical planning of the experiment.

— strength of construction to bend (at the 7 days extraction) kg/cm?;

— strength of construction to bend (at the 28 days extraction) kg/cm®.

The following factors are varied:

— Portlandcement. %,

— waste of mineral wool production. %;

— slag of electric-thermal of phosphorus production. %;

— waste of slate-pipe production. %.

The ranges of aggregates composition changing are brought in the table 1.

Table 1 — Table samples

Factors X X, X3 Xy
Lowerlevel (1) 92.4 1.625 3.125 1.65
Upperlevel (+1) 94.8 1.875 4.375 1.50
Shoulder - ( = 2) (additionalpoints) 91.20 1.50 2.50 1.20
Shoulder + (additionalpoints) 96.00 2.00 5.00 1.80
Ground level (0) (mid of plan) 93.60 1.75 3.75 1.20
Intervalofvarying (X) 2.40 0.25 1.25 0.30

Tridimensional graphics of strength dependence on bend from different factorsequaled with found
optimal values at the 28 and 7 days extraction are shown on the figures from 1 to 8.

Table 2 — Plan and treatment results of the experiments for determining the optimal composition of composite materials,
which gives the maximum value Y, — the strength of the structure in bending (with exposure time of 7 days) kg/cm?

No Internalvarieties Yield Inaccuracy (error) Coefficient of mathematical
test | X, X, X, Xy Yexperiment  Yealeulated absolute relative % model (1) in real scale

1 2 3 4 5 6 7 8 9 10 11

1 9480 1.63 3.13 135 147.400 147.5238 -0.1238 -0.0840 Ne meaning

2 9240 1.63 3.13 135  147.000 146.9924 0.0076 0.0052 1 473.0706

3 9480 1.88 3.13 135  146.900 146.8954 0.0046 0.0031 2 3.8260

4 92.40 1.88 3.13 135 146.500 146.5562 -0.0562 -0.0384 3 -320.9542

5 9480 1.63 438 135  146.600 146.7070 -0.1070 -0.0730 4 -159.0778

6 9240 1.63 438 135  145.700 145.7068 -0.0068 -0.0046 5 -276.7881
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Ipooonsicenue mabruyor 2

1 2 3 4 5 6 7 8 9 10 11
7 94.80 1.88 438 1.35 148.500 148.5355 -0.0355 -0.0239 6 -0.0401
8 9240 1.88 438 135 148.000 148.0259 -0.0259 -0.0175 7 23.5433
9 9480 1.63  3.13 1.65 148.200 148.2034 -0.0034 -0.0023 8 0.9723
10 9240 1.63  3.13 1.65 147.700 147.7437 -0.0437 -0.0296 9 -1.4522
11 94.80 1.88  3.13  1.65 147.800 147.8753 -0.0753 -0.0509 10 0.9252
12 9240 1.88  3.13  1.65 147.850 147.7738 0.0762 0.0515 11 0.8049
13 94.80 1.63 438 1.65 147.500 147.5268 -0.0268 -0.0181 12 1.4044
14 9240 1.63 438 1.65 147.000 147.0306 -0.0306 -0.0208 13 45.5884
15 94.80 1.88 438 1.65 147.000 147.0356 -0.0356 -0.0242 14 91.4725
16 9240 1.88 438 1.65 147.300 147.2625 0.0375 0.0254 15 45.9248
17 96.00 .75 375 1.50  147.000 146.8542 0.1458 0.0992 16 -0.2948
18 91.20 .75 375 1.50  146.000 146.0346 -0.0346 -0.0237
19 93.60 1.50  3.75 1.50  148.000 147.8949 0.1051 0.0710
20  93.60 2.00 375 1.50 148.400 148.3982 0.0018 0.0012
21 93.60 .75 250 1.50  148.500 148.4494 0.0506 0.0340
22 93.60 .75  5.00 1.50  148.000 147.9393 0.0607 0.0410
23 93.60 .75 375 120  146.200 146.0841 0.1159 0.0793
24 93.60 175 375 1.80  147.000 147.0047 -0.0047 -0.0032
25  93.60 .75 375 1.50  146.700 146.6751 0.0249 0.0170
26 93.60 1.75 375 1.50  146.500 146.6751 -0.1751 -0.1195
27 93.60 .75  3.75 150  146.900 146.6751 0.2249 0.1531
28  93.60 .75 375 1.50  146.490 146.6751 -0.1851 -0.1264
29 93.60 1.75 375 1.50  146.880 146.6751 0.2049 0.1395
30 93.60 1.75 375 1.50  146.560 146.6751 -0.1151 -0.0785
31 93.60 .75 375 1.50  146.700 146.6751 0.0249 0.0170
Summaryerror = -0.22656 -0.0012
Averagemeaningoferror = -0.01133 -0.0001
Meaning of criteria of Rqyadratum = 0.9837

Table 3 — Plan and treatment results of the experiments for determining the optimal composition of composite materials,
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which gives the maximum value Y, — the strength of the structure in bending (with exposure time of 28 days) kg/cm’

Ne Internalvarieties Yield Inaccuracy (error) Coefficient of mathematical
test X4 X, X3 Y experiment Y calculated absolute relative % model (1) in real scale
1 9480 1.63 3.13 135 150.500 150.5855 -0.0855 -0.0568 Ne meaning
2 9240 1.63 3.13 135 151.100 151.3130 -0.2130 -0.1409 1 529.6355
3 9480 1.88 3.13 135 153.200 153.2402 -0.0402 -0.0263 2 -3.5596
4 9240 188 3.13 135 153.000 153.2568 -0.2568 -0.1679 3 -221.3659
5 9480 1.63 438 135 150.300 150.2816 0.0184 0.0122 4 -59.1221
6 9240 1.63 438 1.35 151.000 150.9416 0.0584 0.0387 5 -50.3336
7 9480 1.88 438 1.35 152.700 152.4960 0.2040 0.1336 6 -0.0094
8 9240 1.88 438 135 152.500 152.5937 -0.0937 -0.0614 7 19.9401
9 9480 1.63 3.13 1.65 153.700 153.5833 0.1167 0.0759 8 -0.1927
10 9240 163 3.13 1.65 153.400 153.7786 -0.3786 -0.2468 9 -24.4914
11 9480 188 3.13 1.65 152.500 152.7176 -0.2176 -0.1427 10 1.8042
12 9240 188 3.13 1.65 152.300 152.2847 0.0153 0.0101 11 0.3451
13 9480 1.63 438 1.65 153.200 153.0906 0.1094 0.0714 12 1.4871
14 9240 163 438 1.65 153.500 153.4336 0.0664 0.0433 13 17.3555
15 9480 188 438 1.65 150.700 150.4816 0.2184 0.1449 14 -3.4337
16 9240 188 438 1.65 150.300 150.3778 -0.0778 -0.0518 15 22.1527
17 96.00 175 375 1.50 152.000 152.2313 -0.2313 -0.1522 16 -0.1466
18 9120 175 375 1.50 153.000 152.6296 0.3704 0.2421
19 93,60 150 375 1.50 153.800 153.7217 0.0783 0.0509
20 93.60 200 375 1.50 153.800 153.7402 0.0598 0.0389
21 93,60 175 250 1.50 153.500 153.0439 0.4561 0.2971
22 93,60 175 500 1.50 151.000 151.3233 -0.3233 -0.2141
23 93,60 175 375 1.20 149.700 149.5653 0.1347 0.0900
24 93,60 175 375 1.80 151.000 150.9956 0.0044 0.0029
25 93,60 175 375 1.50 152.600 152.4847 0.1153 0.0756
26 93.60 175 375 1.50 152.420 152.4847 -0.0647 -0.0424
27 93,60 175 375 1.50 152.580 152.4847 0.0953 0.0625
28 93,60 175 375 1.50 152.300 152.4847 -0.1847 -0.1213
29 93,60 175 375 1.50 152.400 152.4847 -0.0847 -0.0556
30 9360 175 375 1.50 152.600 152.4847 0.1153 0.0756
31 9360 175 375 1.50 152.500 152.4847 0.0153 0.0100
Summaryerror = -0.27902 -0.0044
Averagemeaningoferror = -0.01395 -0.0002
Meaning of criteria of Ryyadratum = 0.9739
A B
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Figure 1 — Tridimensional graphic of strength dependence
on bend from X3 and X, at the fixed values X; and equaled
with found optimal values (at the 28 days extraction)
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Figure 3 — Tridimensional graphic of strength dependence
on bend from X and Xj; at the fixed values X, and equaled
with found optimal values (at the 28 days extraction)
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Figure 5 — Tridimensional graphic of strength dependence
on bend from Xj and X, at the fixed values X, and equaled
with found optimal values (at the 7 days extraction)
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Figure 2 — Tridimensional graphic of strength dependence
on bend from X and X; at the fixed values X; and equaled
with found optimal values (at the 28 days extraction)

Figure 4 — Tridimensional graphic of strength dependence
on bend from X, and Xj; at the fixed values X; and equaled
with found optimal values (at the 28 days extraction)

Figure 6 — Tridimensional graphic of strength dependence
on bend from X, and X, at the fixed values X3 and equaled
with found optimal values (at the 7 days extraction)
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Results and discussion. The results of optimal composition of raw mixtures searching at which is
reached maximal value of strength of the construction on bend are brought in the table 4.

Table 4 — Table sample.The results of investigation

— strength of construction on bend (at the 28 days extraction) kg/cm? I

96.0 2 2.5 1.44 156.01

— strength of construction on bend (at the 7 days extraction) kg/cm® ‘

151.79

94.42 2 2.5 1.80

There were carried out testing of the compositional material on bend with different quantity of
aggregates. The results of samples testing are brought in the table 5.

Table 5 — Table sample. The results of testing

C Appellationofaggregates, mass.% Strength limit at the bend.
ompo-
tion waste of mineral waste of slate- slag of electric-thermal
portlandcement wool production | pipe production | production of phosphorrus 7 days 28 days
Pro- 93.5 2.0 - 45 146 149
totype
1 94.52 1.61 1.27 2.60 148 154.2
2 93.24 1.73 1.43 3.60 149 155
3 92.80 1.80 1.53 3.87 149 155.5

There are carried out experimental researches on choosing of raw mixture allowing increasing
strength of mudflow protective constructions [11-14].

It is maintained optimal composition of the considered material with the limit of strength on bend in
7 days - 149 . in 28 days 155.5 .

The results of experimental data are allowed recommend optimal composition for stable mudflow
protective constructions on bend having low cost in building industry.

Conclusion. The most difficult aim for science in the field of engineering protection of territories is
conclude in how to forecast a danger approaching and what kind of measures to take for natural calamities
risk lowering. It is possible to economy huge material facilities and improves ecology as well as keeps life
of people.

In the result of periodic influence on stone-mud stream on constructions the micro-cracks are
appeared. They have brought to macro-cracks and exploitation period of mudflow protective constructions
is reduced. The application of Portland cement, waste of slate-pipe production, slag of electric-thermal
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production of phosphorus and waste of mineral wool production as reinforced fibers increase strength on
bend and micro-cracks appearance is excluded. Consequently exploitation period of mudflow protection is
extended.
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KOMMO3ULMSIIBIK MATEPUAJIBI JAWBIHAAY YIIIH
BEPIKTIKKE ULITII CEJJEH KOPFAY KYPAMBIH KETLIIIPY

AnHoranusi. Cen arbIHIAPHI alaM KOHE MYJIKTIK MIBFBIHAApPFa okeeni. TaOuru amarrap aiMak HEMece el
yIIiH FaHa emec, oyt XKep Oetinae amam3aTThie npobdiemachl. Cen KyObuibicTapsl Kasakcran PecnyOnukachiHma KeH
TaparaH.

Kazipri 3amMaHFbl CelIeH KOpPFay KYPbUIBICTAPBIHHBIH KYPBUIBIMJBIK epeKiiemikTepi Kapanasl. CesieH Kopray
KYPBUIBICTAPBIHHBIH OHTANIIBI KYPaMBIHBIH KOMITO3UIIMSUIBIK MaTephan OoWbIHIIA 3epTTeyiiep Kypriziimi. Ocbl
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KYMBICTA €Ki Heri3ri OarbIThl KapajaJbl: pecypc YHEMICYLIITEXHOJIOTHsIIAp JKOHE TIPIILTIK Kayilci3airi Mocesese-
PiHiH 3epTTeyJepi.

JKyMBICTBIH MakcaTbl OyJI 93ipiiey KypamblH HIMKi3aT KOCHACBIH ajly YIIiH KOMIIO3HLMSUIBIK Marepuai, Oy
JKUBIHTBIFBIHIA OHBIH KYHBIH CAaKTail OTBHIPBII TOMEHAETEMl, OCPIKTIIIK KACHETIH JKOHE Oip ME3Tiaae OHEePKICINTIK
KaJIIbIKTap/Ibl KO/IETe jKapaTy OOJIbIN TaObLIAIbI.

Ic »ky3iHae Heri3ri MaHbI3Abl HOTHXKECI OYJI FhUIBIMHU-TEXHHKAJIBIK HETI3ZEpiH d3ipiiey, OHIIPICTIH kKaHa Kerl
KOMITOHEHTTI THPABIUKAIBIK TYTKbIP MaTepuaiap YIIiH, KOMIO3UIMSUIIBIK Marepuanaap Oojbin Tadbuiansl. byn
TEXHOJIOTHUSI SKOJIOTHSUIBIK OaFalibl, TOMEH-METAII/IbI KOHE TOMEH-IHEPIeTUKAIIBIK OOJIBII TaObuIaibl. FhUIBIMU 3epT-
TEY KYHJbUIBIFBIHBIH HOTHKEJIEP] JKaHa 3aHJIbUIBIKTAPbl MEXaHUKAJBIK AUCIIEPCUs] KOIIKYpaM/ibl XKyiie Heri3ienreH
OpTYpJIi NMpUHIMOTEPiHE ycakray OoJjbin TaObuiaabl. O cOHali-ak aHbIKTay, KaHa OHIMAEPIl MeXaHO-OesCceHmi-
pUIreH KOIMKOMIIOHEHTT] THIpaTalusiiay [IEMEHT KaThICYbIMEH OH/IPICTIK TEXHOTEHIIK KaJABIKTApbl (MUHEPAJIbI
MaKTaHbIH OHIIpIC KauabIkTapsl 1,5-2,0; smexTporepMusiiblK (Gochop eHmipiciHiy nuiaktapsel 2,5-5,0; Takrarta
COHIIpY KanabIKTaps! 1,2-1,8); conmaii-ak 93ipiaey KOMIO3HIIUSA OEPIKTIri KOFaphl )KOHE TEXHOIOTHSIBIK COPTTaphI-
HBIH [IEMEHT OeTOoHaap.

MaremMaTHKaIbIK MOJIENBICY/ Il JKOCIapIiay KOHIHIET! SKCIePUMEHTANIBIK KYMBICTAP.bl KYPBUIBIMBIH aiKbIH-
Jlay KOMIIO3ULIMSUIBIK MaTepualiibl AailblHAAY YIIIH CeJIeH KOpFay KYpbUIBIMIAPbIHBIH OEpIKTIriH JKOFapbuIaTy
JIeiiH Uiy Ke31HJe eH MKOFaphl MOHI )KETe/I1.

Ocputaiinia, 0131iH TaparnbIMbI3aH 931pJICHI€H TOMCH-KIUHKEPITl IEMEHTTEP HETI31HI¢ OHEPKICINTIK TEXHOTCH-
JUK KaJJIBIKTApIblH Ka3ipri 3aMaHFbl TajanTapra caif, siFHH, oap (U3UKAIbIK-MEXaHHKAJbIK CHUIATTaMalapbIHbIH
MaTepHaIIbl )KOHE OFaH OH OCEPeTiN, SKOJOTHSUIIBIK XKOHE a3alTyFa MYMKIHHIK Oepiml, e3iHIiK KyHBI TYMKUIIKTI
KaKCapTabl.

Tyiiin ce3aep: ToTeHIe KarFqaiiiap, cei, TeMIp-TYTKbIPJIbl KOMIO3UIMSIIBIK MaTepuall, CeJIJIeH KOpFay Kypbl-
JIBICTAPBI, UUTyre Oepik KOHCTPYKIULIIAp.
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CO3JAHUE ONITUMAJIBHON CTPYKTYPBI
KOMITO3UIIMOHHOTI'O MATEPHAJIA JJIS1 U3IOTOBJIEHUS ITPOYHBIX HA U3I'UB
CEJIEXXAIIMTHBIX KOHCTPYKIINN

AnHoTanusi. CeneBble NMOTOKHM MPUBOIAT K JIOACKAM W HUMYIIECTBEHHBIM HOTepsiM. CTuxuiiHble OencTBHA
XapaKkTEpHBI HE TOJBKO Ul PETHOHA WM CTPaHBI, 3TO IpoOiiemMa Bcero denoBedecTBa Ha 3emiie. CeneBble SBICHHS
IIMPOKO pacHpocTpaHeHbl Ha Teppuropun Pecrryonnku Kazaxcran.

PaccMOTpeHBl KOHCTPYKTHBHBIE OCOOCHHOCTH COBPEMEHHBIX CEJIC3AIUTHBIX coopykeHui. [IpoBeneHs! nccie-
JIOBaHHS TI0 ONTHUMAJIBHOMY COCTaBYy KOMITO3MLIMOHHOTO MaTepuana Ui CENe3allUTHBIX COOpYXeHU. B manHoi
paboTe paccMaTpuBalOTCA [Ba OCHOBHBIX HAIIPABICHHS: peCcypcocOeperaronie TEXHOJIOTHH W HCCIEJOBaHHE
mpo6IeM 6e30MacHOCTH KU3HEIEATCITEHOCTH.

Lenpto paboTsl siBiIAETCS pa3pabOTKa coOCTaBa CHIPHEBOM CMECH VIS IOTYyUSHHSI KOMIIO3UIIMOHHOTO MaTepuarna,
YTO B COBOKYITHOCTH CHIDKA€T €€ CTOMMOCTb IPU COXPAHCHMH YHPOUHSIOUIMX CBOWCTB M OJXHOBPEMEHHOW yTHIIH-
3aI[M IPOMBIIIIIIEHHBIX OTXOJI0B.

OCHOBHBIM ITPAaKTHUECKH 3HAYMMBIM PE3yJIbTaTOM SBJISETCS pa3pabOTKa HAyYHO-TEXHHYECKHX OCHOB ITPOM3-
BOJICTBA HOBBIX MHOTOKOMITOHEHTHBIX TMIPABINYECKHX BSDKYIIMX MaTE€pPUalIOB JJIsi KOMIIO3UIMOHHOTO MaTepHaa.
DTa TEXHOJOTHUS SBISETCS DKOJOTHUECKH LEHHOH, HU3KO-METAIUIOEMKOW M HH3KOIHepreTudeckod. Haydnas 1eH-
HOCTh PE3yJbTAaTOB HCCIIEJOBAHWN 3aKIIOYAETCS B HOBBIX 3aKOHOMEPHOCTSAX MEXaHMUYECKOH ANCIEPCHH MHOTO-
KOMITOHEHTHOH CHCTEMBI, OCHOBAaHHOM Ha Pa3iIMYHBIX NMPUHIMNAX M3MespueHHs. OHa 3aKIIF0YaeTcsl TAaKkKe B BBISB-
JICHUM HOBBIX HPOJYKTOB MEXaHO-aKTHBHPOBAHHOTO MHOTOKOMITIOHEHTHOT'O THJPATallMH IIEMEHTa B MPHCYTCTBHU
TEXHOTEHHBIX OTXOJOB MPOWM3BOIACTB (OTXOIBI NPOW3BOJACTBA MHUHEpaIbHOW BaThl 1,5-2,0; mUTakm 3JEKTpOTEp-
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MHYECKOro mpousBojactsa ¢ochopa 2,5-5,0; orxomsl cianieBoro mpomspoictsa 1,2-1,8); a Taxke paspaboTke
KOMITO3HIIMI BBICOKOTIPOYHBIX U TEXHOJOIMYECKUX COPTOB LIEMEHTHBIX OETOHOB.

[IpoBeneHo mMareMaTHYecKOe MOJCIMPOBAHHE IUIAHUPOBAHHS 3KCIIEPHUMEHTAIBHBIX paboT IO ONpeeeHUI0
CTPYKTYPHl KOMIO3HIIMOHHOTO MaTepHaja Uil M3TOTOBJICHHUS CEJe3aIlUTHBIX KOHCTPYKIUH C YHPOYHEHHEM 0
n3ruda, Mpu KOTOPOM JTOCTUTAIOTCSI MAaKCHMAJIbHBIEC 3HAUCHHUSL.

Takum o06pa3om, pa3paboTaHHBIE HAMU MaJOKJIMHKEPHBIC IIEMEHTHI HA OCHOBE NMPOMBINIICHHBIX TEXHOT€HHBIX
OTXOJIOB OTBEYAIOT COBPEMEHHBIM TPEOOBAHUSIM. T.€. OHU YJIyUIIAIOT (PU3MKO-MEXAaHUUECKHE XapAKTEPUCTUKH MaTe-
pHuana 1 MOJIOKUTEIHHO BIUSIOT HA SKOJIOTHYECKYI0 OOCTAHOBKY M MO3BOJISIOT CHH3UTH CE0ECTOMMOCTh KOHEYHOTO
MIPOAYKTA.

KiroueBble c10Ba: Ype3BbIYAIHBIE CUTYAIUH, CEIEBOIl MMOTOK, apMUPOBAHHBIN KOMITO3HIIMOHHBIA MaTepHall,
CeJIe3alIUTHBIE COOPYKEHHS, IPOYHOCTh KOHCTPYKIIMI Ha U3THO.
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