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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 simultancously
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.¢. 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 arcas. 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 arcas 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. %: SiQ, — 19.45+20.2; AlLO; —
4.4 +4.9; Fe,0; — 2.9+4.49; Ca0 - 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. %: Si0,— 20.80; A1,0; — 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; ALO; — 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. %: Si0, — 40.9+44 21; Al,O; — 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 X4 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 X4 X5 X3 Xy Y cxperiment Y caloulated absolute relative % model (1) in real scale

1 2 3 4 5 6 7 8 9 10 11

1 9480 163 313 135 147400 147.5238 -0.1238 -0.0840 Ne meaning

29240 163 313 135  147.000 146.9924 0.0076 0.0052 1 473.0706

3 9480 188 313 135 146.900 146.8954 0.0046 0.0031 2 3.8260

4 9240 188 313 135 146.500 146.5562 -0.0562 -0.0384 3 -320.9542

5 9480 163 438 135 146.600 146.7070 -0.1070 -0.0730 4 -159.0778

6 9240 163 438 135 145700 145.7068 -0.0068 -0.0046 5 -276.7881
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IIpooomxncenne mabnuyer 2

1 2 3 4 5 6 7 8 9 10 11
7 9480 1.88 438 135 148500 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 1.63 313 1.65 148200 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 147800 147.8753 -0.0753 -0.0509 10 0.9252
12 9240 1.88 3.13 1.65 147850 147.7738 0.0762 0.0515 11 0.8049
13 94.80 1.63 438 1.65 147500 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 147300 147.2625 0.0375 0.0254 15 45.9248
17 96.00 1.75 375 150  147.000 146.8542 0.1458 0.0992 16 -0.2948
18 91.20 1.75 375 150  146.000 146.0346 -0.0346 -0.0237
19 93.60 1.50 375 150  148.000 147.8949 0.1051 0.0710
20 93.60 200 375 150 148400 148.3982 0.0018 0.0012
21 93.60 1.75 250 150 148500 148.4494 0.0506 0.0340
22 93.60 1.75 500 150  148.000 147.9393 0.0607 0.0410
23 93.60 1.75 375 120  146.200 146.0841 0.1159 0.0793
24 93.60 1.75 375 180  147.000 147.0047 -0.0047 -0.0032
25 93.60 1.75 375 150  146.700 146.6751 0.0249 0.0170
26 93.60 1.75 375 150  146.500 146.6751 -0.1751 -0.1195
27 93.60 1.75 375 150  146.900 146.6751 0.2249 0.1531
28 93.60 1.75 375 150  146.490 146.6751 -0.1851 -0.1264
29 93.60 1.75 375 150  146.880 146.6751 0.2049 0.1395
30 93.60 1.75 375 150  146.560 146.6751 -0.1151 -0.0785
31 93.60 1.75 375 150  146.700 146.6751 0.0249 0.0170
Summaryerror = -0.22656 -0.0012
Averagemeaningoferror = -0.01133 -0.0001
Meaning of criteria of R guadratum = 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?

No Internalvarieties Yield Inaccuracy (error) Coefficient of mathematical
test X X, X3 Y experiment Yosasa absolute relative % model (1) in real scale
1 9480 163 313 135 150.500 150.5855 -0.0855 -0.0568 Ne meaning
2 9240 163 313 1.35 151.100 151.3130 -0.2130 -0.1409 1 529.6355
3 9480 188 313 1.35 153.200 153.2402 -0.0402 -0.0263 2 -3.5596
4 9240 188 313 1.35 153.000 153.2568 -0.2568 -0.1679 3 -221.3659
5 9480 163 438 135 150.300 150.2816 0.0184 0.0122 4 -59.1221
6 9240 163 438 1.35 151.000 150.9416 0.0584 0.0387 5 -50.3336
7 9480 188 438 1.35 152.700 152.4960 0.2040 0.1336 6 -0.0094
8 9240 188 438 1.35 152.500 152.5937 -0.0937 -0.0614 7 19.9401
9 9480 163 313 1.65 153.700 153.5833 0.1167 0.0759 8 -0.1927
10 9240 163 313 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 163 438 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 02184 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 175 375 150 153.000 152.6296 0.3704 0.2421
19 9360 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 9360 1.75 250 1.50 153.500 153.0439 0.4561 0.2971
22 9360 1.75 500 1.50 151.000 151.3233 -0.3233 -0.2141
23 9360 175 375 120 149.700 149.5653 0.1347 0.0900
24 9360 175 375 1.80 151.000 150.9956 0.0044 0.0029
25 9360 175 375 150 152.600 152.4847 0.1153 0.0756
26 9360 175 375 150 152.420 152.4847 -0.0647 -0.0424
27 9360 1.75 375 150 152.580 152.4847 0.0953 0.0625
28 9360 175 375 150 152.300 152.4847 -0.1847 -0.1213
29 9360 175 375 150 152.400 152.4847 -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 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 1 — 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)
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Figure 4 — 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 3 — 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 5 — Tridimensional graphic of strength dependence Figure 6 — Tridimensional graphic of strength dependence

on bend from X5 and X, at the fixed values X; and equaled on bend from X, and X, at the fixed values X3 and equaled

with found optimal values (at the 7 days extraction) with found optimal values (at the 7 days extraction)
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X3=const

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? |

96.0 2 2.5 1.44 156.01

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

94.42 2 2.5 1.80 151.79

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

5 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-
folype 93.5 2.0 - 45 146 149
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 1555

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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KOMIIO3UIISLIBIK MATEPHAJIIEL JAVBIHIAY YIOTH
BEPIKTIKKE HLITTII CEJJEH KOPFAY KYPAMEBIH )KETLIIIPY

Annortamust. Cen aFpIHIAPBI a1aM JKOHE MYJIKTIK INBFBIHAAPFA oKeneni. TabwFu amarrap aiiMax Hemece el
yuriH rana emec, oy XKep Ocrinae amam3arTeiH nmpodmemacel. Cen kKyObutsicTapel Kasakctan PecyOmikachiHma KeH
TaparaH.

Kazipri 3aMaHFBI CenieH KOPFAy KYPBUIBICTAPBIHHBIH KYPBUIBIMIBIK €pPEeKIICTiKTepl Kapaxasl. CenneH Kopray
KYPBUIBICTAPBIHHBIH OHTAMWIBI KYPAMBIHBIH KOMITO3HIAIBIK MATCpHaN OOibIHINA 3eprreyiep skyprisimmi. Ockr
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JKYMBICTA €Ki HET13ri OaFbIThl Kapanaasl. Pecypc YHEMACYITEXHOIOTHAIAD JKOHE TIPINITIK Kayirmcizmiri Mocemnene-
PiHiH 3epTTEyICpi.

JKyMBICTBIH MaKcaThl OYJI 93ipiey KYPaMmblH IIHKI3aT KOCHACHIH ajy VIIIH KOMIO3ZHIMSUIBIK MaTtepua, Oy
SKUBIHTBIFBIHA OHBIH KYHBIH CAKTail OTHIPHIN TOMECHACTEMl, OCPIKTLTIK KACHETIH 'KOHE Oip Me3riiie eHepKacinTik
KaJIBIKTApAbI KOZIETE sKapaTy OOJIBIN TAOBIIAIbL.

Ic »xy3iHmEe HEri3ri MaHBI3ABI HOTWKECI OYJI FHUIBIMH-TEXHHKAJBIK HETI3ACPIH 93ipiey, OHIIPICTIH KAHA KOl
KOMITOHEHTTI THAPABJIUKAIBIK TYTKBIP MAaTEpHAIIAp YINiH, KOMIO3HIMIBIK Marepuangap Oomem Tadbuiagsl. byn
TEXHOJIOTHSI 3KOIOTHSIBIK Oaraibl, TOMEH-METAJUIIBI )KOHE TOMECH-IHEPTECTHKAIBIK OOIIBI TaObIaabl. Fumeivu 3ept-
TEY KYHIBUIBIFBIHBIH HOTHXKCTICPL YKAHA 3aHIBIIBIKTAPhl MEXAHUKAJBIK AUCIICPCHS KOIKYpPAMIBI KYHE HETi3ICIreH
OpTYPJI NMPUHLMITEPIHE ycakray Oonbin Tabbumaapl. O COHIAN-aK AHBIKTAY, YKAHA OHIMACPAI MEXaHO-OCIICCHI-
pUITEH KOITKOMIIOHEHTTI THAPATALMSIIAY LIEMEHT KATBICYBIMECH OHIIPICTIK TEXHOTCHIIK KAJIBIKTAPAB! (MHHEPAIIbI
MAaKTaHBIH ©HIpic Kamaelkrapel 1,5-2.0; snekrporepMusuislk (Gocdop esamipiciniH mumakraper 2,5-5,0; Takrara
COHAIPY KauasIkTapsl 1,2-1.8); coHmal-aK 93ipiey KOMIO3UIMSA OCPIKTIri XKOFAPHI KOHE TEXHOJIOTHSUIBIK COPTTAPbI-
HBIH IICMCHT OCTOHIAP.

MareMaTHKaIbIK MOACIbACYIL JKOCTIAPIAY KOHIHACTI IKCIICPUMEHTAIIBIK *KYMBICTAPAbI KYPBUTBIMBIH AHKbIH-
Jay KOMIIOZHIMSUTBIK MATEpHANAbl AAWBIHAAY VINIH CEXACH KOPFAYy KYPBUIBIMIAPBIHBIH OCPIKTITiH KOFaphIIATY
JICHIH iy KC3IHAC CH MKOFAPBI MOHI KCTCHI.

Ocplnatima, Oi341H TapambIMbI3IaH d31PICHICH TOMEH-KJIMHKEPII IEMEHTTEDP HETI3IHAE 6HEPKACINTIK TEXHOTCH-
JiK KaIABIKTApPAbIH KA3ipri 3aMaHFBI TaJaNTapra cai, SFHH, OJap (PU3HKAIBIK-MEXAHHKAIBIK CHIIATTAMAJIAPBIHBIH
MaTEpHANIbI JKOHEC OFAH OH OCEPETII, 3KOJIOTISUIIBIK JKOHE a3aUTyFa MYMKIHAIK Oepim, ©31HHIK KYHBI TYIKLTIKTI
JKaKCAPTa/IbL.

TyiiiH ce3aep: TOTCHINC KAFAANIAP, CET, TEMIP-TYTKBIPIB KOMIO3HIHAIBIK MATCPHAN, CCIICH KOPFay KYPBI-
JBICTAPBL, HITyTE OEPIK KOHCTPY KIILIAP.

K. Hypraii', A. Haykenosa', T. Ay6axnposa’,
K. Campixos’, II1. Iananos’, A. MenpGexon?,
H. Koamaramoeror’, I'. Myxanosa®, I. Hpaxniok®

"1OxH0-KasaxcTanckuii rocy 1apcTBeHHEIH yHIBepcuTeT, [IIbvKenT, Kazaxcran,
*MesxayHapoasiit Kazaxcko-Typenkmii yrusepcuteT uM. X. A. Sccasu, Typkectan, Kasaxcran,
KaparanTHHCKUI TOCYIAPCTBEHHBIH TeXHHYeCKHi yHuBepcuTeT, Kaparanaa, KasaxcTan,
Hosblit 5xOHOMHUYECKHH YHUBEPCUTET, Amvarel, Kazaxcras,
>Cankr-TTeTepOyprekmit rocy JapCTBEHHbIH 3KOHOMIYECKuH yHuBepcHTeT, CankT-Iletep6ypr, Poccus

CO3JIAHHUE ONITUMAJIBHOM CTPYKTYPBI
KOMITO3NIINOHHOT'O MATEPHAJIA I U3I'OTOBJEHUA NTPOYHBIX HA U3I'UbB
CEJEXAIMMTHBIX KOHCTPYKIIUHA

AnHotamust. CeneBble MOTOKH IPHBOIAT K JIOACKAM M MMYIICCTBEHHBIM moTepsiM. CTHUXHIHHBIC OCACTBUS
XaPaKTEPHBI HE TOJBKO U1 PETHOHA MJIM CTPAHBI, 3TO MPOOIeMa BCETO YeIoBeUuecTBa Ha 3emute. CeneBble SBICHUS
IMMPOKO PAaCHPOCTPAHCHBI HA TeppuTopuH PecmyOnmuku Kazaxcran.

PaccMOTpeHBI KOHCTPYKTHBHBIE 0COOCHHOCTH COBPEMEHHBIX CEIIC3aLIMTHBIX coopyxkeHui. [IpoBeaeHb! mccie-
JOBAHUA MO ONTHUMAIBHOMY COCTABY KOMIIO3HIHOHHOTO MATEpHAana AMA CEIC3AIIUTHBIX COOpPYKeHHH. B maHHON
paboTe paccMATPHBAIOTCS JBA OCHOBHBIX HAINPABICHHUS PECYpPCOCOCPETAIOIINE TEXHOJIOTHH M HCCICIOBAHHC
mpoOIeM OC30TIACHOCTH KU3HCACATCIIEHOCTH.

Lenpto paboThI ABISIETCS pa3paboTKa COCTABA CHIPHEBOM CMECH IS TIOJY YCHHSI KOMITO3HIMOHHOTO MAaTEPHAa,
YTO B COBOKYIMHOCTH CHIDKACT €€ CTOMMOCTh IPH COXPAHCHUH YHIPOYHAIOIMX CBOWCTB U OJHOBPEMCHHOM YTHIIH-
3a0{H MPOMBIIIIJICHHBIX OTXO00B.

OCHOBHBIM TPAKTHYCCKH 3HAYMMBIM PE3YJIBTATOM SIBIICTCS Pa3pabOTKa HAYYHO-TCXHHUECKHX OCHOB IPOH3-
BOJICTBA HOBBIX MHOTOKOMIIOHCHTHBIX THIPABINYCCKUX BSUKYIIMX MATCPHAIOB I KOMIIO3HUIIMOHHOTO MaTCpHAa.
DTa TEXHOIOTHS SIBILICTCS YKOJOTHHECKH IICHHOM, HH3KO-METAJUIOEMKOH M HH3KO3HEepreTmdeckoil. Hayunas neH-
HOCTh PE3yJIbTATOB MCCICAOBAHMM 3aKIFOYACTCA B HOBBIX 3aKOHOMEPHOCTAX MEXAHHYECKOM AMCHEPCHH MHOTO-
KOMITOHCHTHOH CHCTEMBI, OCHOBAHHOM HA PA3IMYHBIX NMPHHIMIAX H3Menb4ycHUI. OHA 3aKIFOYACTCS TAKXKE B BBLIB-
JICHAM HOBBIX IPOIYKTOB MEXAHO-AKTHBUPOBAHHOTO MHOTOKOMITOHEHTHOTO THIPATALMH IICMEHTA B IPHCYTCTBHH
TEXHOTCHHBIX OTXO0J0B MPOM3BOJACTB (OTXOABI NMPOM3BOJACTBA MHMHEpANbHOM Barhl 1,5-2,0; mulaku 3I€KTPOTEP-
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H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

MHYECKOTO mpom3soacTea (ocopa 2,5-5,0; orxomsr cmanmesoro mpomssoacTBa 1.2-1.8); a Taxke pa3paboTke
KOMITO3HIMH BRICOKOIIPOYHBIX W TEXHOJIOTHYECCKHX COPTOB IIEMCHTHBIX OCTOHOB.

ITpoBeaeHO MaTeMAaTHYECKOE MOJCIMPOBAHHE ILIAHHPOBAHHA SKCICPHMECHTAIBHBIX PAaOOT IO ONPEACICHUIO
CTPYKTYPBl KOMIO3HIMOHHOTO MATE€pHAIa i1 H3TOTOBICHHA CEIC3AIMUTHBIX KOHCTPYKIHUH C YIPOYHCHHEM 0
n3ruda, MPH KOTOPOM JOCTHTAFOTCSI MAKCHMAITBHBIC 3HAUCHHUS.

Takum 00pa3oM, pa3paboTaHHBIC HAMH MAJOKIMHKCPHBIC IEMEHTHI HA OCHOBE MPOMBIIIIICHHBIX TEXHOTCHHBIX
OTXOJ0B OTBECYAIOT COBPEMCHHBIM TPECOOBAHMSM. T.€. OHH YIy4IIAIOT (PH3HKO-MEXaHUICCKUE XaPAKTCPUCTHKH MaTe-
pHaIa U MOJIOKUTEILHO BIMAIOT HA 3KOJOTMYECKYIO0 0OCTAHOBKY U IO3BOJLIIOT CHH3UTh CEOSCTOMMOCTh KOHEYHOIO
MPOAYKTA.

KimoueBbie c/1oBa: Upe3BbMANHBIC CHTYALMH, CEICBOM MOTOK, APMHPOBAHHBIA KOMITO3HIMOHHBIA MAaTCPHAIL,
CEJIC3AINUTHBIE COOPY>KSHUS, IPOYHOCTh KOHCTPYKIMH HA H3THO.
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