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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
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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PREPARING SOLUTIONS BASED ON INDUSTRIAL WASTE
FOR FRACTURED SURFACE STRENGTHENING

Abstract. Results of longstanding researches of Satbayev University scientists on the development of modified
building materials to strengthen cracked mountain structures based on industrial waste are considered. Industrial
processing of technogenic raw materials (enrichment and processing waste, overburden and enclosing rocks), which
is similar in composition to natural and used in conventional trend, scarcely different from industrial processing of
mineral raw materials. Creation of effective technologies for the processing of technogenic raw materials is an urgent
task, which make it possible to obtain competitive products from it for various industries.

Various methods of preparing solutions for strengthening of fractured rocks and building structures are
analyzed. Research results of tailings of the Balkhash Mining and Metallurgical Combine and preparing solutions for
strengthening fractured rocks and underground mining structures are presented. Rock mass strengthening in cracked
areas is achieved by adding substances into the cracks, which after hardening and solidification with rocks, increase
its shearing resistance characteristics. The most widespread hardening methods were cementation during mine
workings (underground structures) in fractured rocks.

Significance of obtained results for construction industry is in expansion and reproduction of raw material base
of building materials industry through the use of Mining and metallurgical complex waste (tailings) and development
of resource-saving technologies. Practical significance of work is in the detailed development of modified method for
the production of building materials and products.

Key words: field development, mine site, fracturing, cracks, rock mass caving, strengthening, mining waste,
building materials, modified solutions.

Introduction. Mining enterprises of Kazakhstan pay special attention to the industrial safety of
subsurface development. One of the real examples is geomechanical researches conducted by Satbayev
University in the framework of the project “Risk reduction of technogenic disasters by developing
innovative management methods” (2015-2017). Currently, within the framework of Project “Innovative
methods development for prediction and assessment of rock mass state for the prevention of technogenic
nature emergencies” researches on study and ensuring mountain structures stability are conducted by
young scientists.

The content of the work. Problems of mine workings stability in fractured rocks are the most hard-
solving problems in the construction and operation of mining enterprise. These problems intensely exist in
the polymetallic deposits of Kazakhstan: Tekeli, Akzhal, Verkhnekairaktinsky, Karagaylinsky, Tekeli.
Ores and enclosing rocks of these deposits are complicated by fractured deformations and make its
development more difficult.

Research results of mine workings at the Akzhal mine (at mine site and underground horizons)
showed that the largest number of dumps is confined to fractured rocks, and dumps volume is increasing
as far as workings’ standing. Observations of the mine workings, which were performed on the fractured
rocks, revealed that they are stable for a month. After two or three months, pins are formed up to 10-15 cm
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in size. Pins and outfalls arise and develop within six months, roof collapses become acquainted in the
form of domes. This acutely increases volume and complexity of the tunneling works, as well as the cost
of workings fixing and repairing.

Stability of adjacent rock masses is determined by the degree of their fracturing. Strengthening
technology of fractured massif should ensure the complete cracks filling in the massif with different
composition and securely bind individual structural blocks into a single whole. One of the effective
methods to prevent this type of rock deformation is their artificial strengthening which allows to provide
the necessary slopes stability of inoperative mine sites and in some cases to prevent possible rock collapse
in weakened areas, in others - significantly reduce the volume of overburden operations [1-3].

The most common strengthening method is rock cementation. Such method of ensuring the slopes
stability of mine sites is complex task, solution of which should include not only parameters determination
of stable slopes, but also their management to achieve the best economic results in the development of
natural resources. Use of artificial strengthening of rocks and massifs allows increasing gradient of slope
in areas with unstable rocks. Strengthening advisability is established by technical and economic
calculations. Strengthening of some areas is achieved with the help of substances that significantly
increase its strength characteristics. Adding substance in the massif is made under pressure, using cement
solutions, silicates and polymer resins as hardening material, confirmed by publications of leading
scientists in the field of mining [4-10].

To prevent the collapse of underground workings (underground structures), passed through fractured
rocks, roof timber with metal fencing mesh and shotcreting are used. However, roof rocks cleavage of
transport drift and significant rocks destruction indicates that this timber does not solve the problem of
stability ensuring of workings and does not prevent deformations development. As a result, after 2-3 years
of standing workings, timber are damaged and major repairs are required. Therefore, effective solution of
controlling issue on geomechanical properties of rocks is particularly important for adjacent rock mass of
mine sites and for underground workings passed through fractured rocks [11-13].

Researches on rock fracturing and methods development of controlling their properties were carried
out for the conditions of Akzhal deposit. Analysis of geological conditions of the field and workings
condition passed by fractured rocks showed that fracture systems of heavy pitch have great influence on
the workings’ stability. By nature, cracks vary from smooth, wavy to uneven, splintering. The width of the
crack opening does not exceed 3 mm and averages 1.5-1.8 mm. Based on conducted researches on
samples of fractured rocks, it was found that rocks have different degrees of fracture. According to the
degree of change, they were classified into 3 groups: particularly, highly and partially disturbed (table 1).

Various strength characteristics of fractured rocks predetermine the need for differentiated approach
to managing the rocks properties with fracturing intensity.

Table 1 — Classification of rocks, their physical and mechanical properties, structure and texture

Ne Fracture Rock . Ne Compres-sion | Rock strength Fracture Fracture
roup | intensity char'flcterls sample strength on by Proto- Srtucture | Texture plane state | positioning
& tics MPa diakonovf
9 434 3
Particularly Qu'f\r'tz— Small o Fracture Fractures
sericite 10 44,8 3 . Fissile | planes are of parallel
1 fractured . acinose A
chlorite 11 65.5 5 cragged lamination
Mean value 12 51.2 4
84 6 Fracture
Highly Sericite- 4 103.6 7 Small Massive planes are Fra}ctgres
I fractured quartz. acinose cragged, | multioriented
14 106,4 8 hackly
Mean value 62,7 7
Partially Diorite 3 140,0 10 Fracture Fr?Ct}lreS
fractured Quartzite 5 154.0 1 Small Massive planes are | multioriented,
11 2 acinose cragged, parallel
7 162,4 12 hackly lamination
Mean value 152,1 11

—— |4 ——
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For highly fractured rocks with strength factor of 5-8, it is recommended that workings walls be
coated with modified concrete in combination with roof timber. Application of waterproofer coat will
significantly reduce rock pressure on timber, limit the weathering spread and delamination of overlying
layers and prevent properties change of fractured rocks. To study the physical mechanical properties
(PMP) of solutions of various compositions, cubic samples of cement and water with modifying additives
were prepared in various percentages of cement weight. Research results are shown in figure 1.
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Figure 1 — Change dependency of concrete strength with various additives on time:
1 - Movilita additive; 2 - additive of sodium silicate and calcium chloride;
3 - additive of construction emulsion PVA-M; 4 - addition of high molecular polymer polyacrylamide

For safe deposit development on the underlying horizons, in order to prevent cavings, and also to
suppress the dust formation of dumps, insulating solution was developed by our scientists in cooperation
with “CelSIM” laboratory, composition of which is given below.

Known solution for strengthening fractured rocks described in the book Pevzner ML.E. [14]. It
contains cement, water and additive - calcium chloride in the amount of 1-2.2% by weight of cement.
Solution has high cost.

Known composition for hardening rocks [15] and contains following components: wt,%

Carbamide resin brand KSM 88-92,
Watersoluble polyester blend 4-6
Aluminum chromophosphate 4-6,

Solution has high cost and must be prepared directly at the well.

We are declaring solution that includes cement, filler and water. The basis of the invention is solution
creation for strengthening fractured surfaces, having low cost, sufficient fluidity to fill small cracks and
adhesion to rocks, high strength of material obtained and allowing recovering mining waste -
concentration plants tailings.

Invention relates to mining and building materials, namely to strengthen rocks with binder solution.
Technical result: utilization of mining wastes - concentration plants tailings, achievement of high fluidity
of solution, adhesion to rocks and strength of composition obtained.

To achieve this result, composition for strengthening fractured rocks containing cement , filler and
water, according the invention results as the filler contains concentration plants tailings and additionally
contains Movilite dispersion polymer powder with the following equivalence ratio, wt. %:

Cement 30-35
Concentration plants tailings. 45-50
Movilite dispersion polymer powder 0,8-2
Water other
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Specified equivalence ratio is optimal and obtained experimentally. On the one hand, necessary
fluidity of solution and adhesion, and on the other hand, to obtain the material of the necessary strength
after setting it with rocks. In each particular case, to select optimal composition of bonding solution, it is
necessary to study the physical and chemical composition of tailings of various concentration plants.

For example, Portland cement M 400 of Karaganda cement plant and tailings of the Balkhash mining
and metallurgical plant are acceptable for the Akzhal mine and Portland cement of the Shymkent cement
plant and tailings of the Akbakay concentration plant itself are acceptable. The X-ray appearance of the
Balkhash mining and metallurgical complex tailings (figure 2) shows mainly three components with
4.23 diffraction lines; 3.238; 2,455; 2.28; 2.237; 2.127; 1.977; 1.817; 1,669; 1.658; 1.541; 1.454; 1,388;
1,373, corresponding to quartz.
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Figure 2 — The X-ray analysis of Balkhash mining and metallurgical complex tailings

After components dosing the cement, tailings and movilit are loaded into concrete mixer and mixed
thoroughly. Then add water and mix. Finished composition is delivered by underground workings and
pumped into disturbed pillars and roof of the chambers. To determine the strength, 4x4x16 cm samples
were molded from the composition and compacted on vibrating plate for 45 sec. After a day, the samples
were removed from the molds and stored in humid conditions for 28 days, and then physical and
mechanical tests were carried out, results of which are presented in tables 1 and 2.

Table 1 — Physical and mechanical properties of the solution

Composition of the solution, wt.% Index
Concentration . Compressive | Bending strength Slump,
Cement plants tailings Movilit Water strength, MPa MPa MM
Sample 1 30 50 4 16 32,5 4,7 150
Sample 2 32,5 47,5 3,5 16,5 35,6 52 145
Sample 3 35 45 3,0 17,0 37,2 5,8 143

Table 2 — Physical and mechanical properties of the composition

Index Sample 1 Sample 2 Sample 3
Compressive strength, MPa 22,5 25,6 27,2
Frost resistance, cycles 10 12 15

Technical novelty of the created solution is confirmed by the patent of the Republic of Kazakhstan
for the invention [19].

— 16 ——
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Analysis of mining and construction works showed that acid-resistant cements are the most widely
applicable at present, which are obtained by mixing filler with sodium silicate and accelerator of setting
and hardening process - calcium chloride of 30% concentration with a density of 1280 kg / m’. Therefore,
liquid sodium silicate with modular number of 2, 5 and density of 1330 kg / m’ and 1250 kg / m® was used
to create modified solution. In the course of researches on solutions with high - molecular polymer
additives the following polymers were tested: polyvinyl acetate dispersion - PVAD, builder dispersion
“Movilit VDM-618". Observations results showed that the best adhesion with humid rocks is achieved in
solutions of modified building dispersion “Movilit VDM-618 compositions (see figure 3, lines 1, 5).
Therefore, solution modification of construction dispersion “Movilit VDM-618" significantly improves its
properties; the set of strength occurs in humid aggressive environment. In addition, “Movilit” building
dispersion adding to solution gives the properties of gas and water resistance, resistance to aggressive
underground environments. To study adhesion, solution modified with various additives was applied to
fractured rocks. Test results are shown in figure 3.

g 45 |
g_ 40 —
6 35 w,_—/kfr -
30 ] it
G ®25 ﬁ —4
;E S 20 / —— R
8 15 e —
5 10 =
g 05
C 001 !

1 2 4 5 6 7

Bpewms 3amepos, cyT

|——06p1 —&— 0602 —X—06p3 —¥— 064 —8— 0605 —+— 0606 |

Figure 3 — Influence of time on the adhesion change of modified cementations’ compositions with fractured rocks:
1 — with the addition “Movilit VDM-618"- 5% of cement composition;
2 - with the addition of sodium silicate with = 1.33 g/ cm® and m = 2.5 calcium chloride;
3 - with the addition of sodium silicate with 8 = 1.25 g / em® and calcium chloride;
4 - with the addition of PVAD; 5— with the addition of PAA

Pilot tests of obtained composition in underground workings of the Akzhal mine showed its sufficient
penetrability and rapid polymerization with its own high mechanical properties [20].

Conclusions. Use of concentration plants tailings will contribute to reduce composition cost and
increase material strength. With more than 35% increase of cement amount and more than 4% increase
super plasticizing additive - composition cost increases. With less than 30% decrease of cement amount
and super plasticizing additive less than 3% decrease - strength of the obtained material increases.

Increasing of concentration plants tailings by more than 50% will lead to decrease in the solution
fluidity and its adhesion to rocks, and less than 45% decrease will increase the composition cost.

Thus, use of developed solutions allows obtaining the roof with high strength and higher adhesion. It
should also be noted that new solution use ensures strengthening of weak sections of open pit sides and
underground mining structures and can significantly reduce the damage effect of concentration plants
waste on environment.
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OHIPIC KAJIABIKTAPBI HETT3IH/IE )KAPBIKIHNAKTAJIFAH
BETTEPAI BEKITY YIIIH EPITIHALJIEP ’KACAY

AnHoranusi. Cor0aeB yHHUBEPCHUTETI FabIMIAPBIHBIH OHEPKICIN KAJJBIFBI HETi31HIE KapbIKIIAKTAJFaH Tay
KBIHBICTAPBIH HBIFAUTY YIIIH JKaHAPTBUIFAH KYPBUIBIC MaTepHaIJapbIH XKacay JKOHIHJET] KOIDKbUIIBIK 3epTTeyIepi-
HIH HOTHKEJepl KapacThIPbUIIBL.

Taburu KypaMbl >kaFbIHaH JKaKbIH TEXHOTEH/II IIHKi3aTTap/abl (0albITy KaJIBIFBIH, apiibiMa j)KoHE jKaHaMa Tay
JKBIHBICTAPBI) ’KSHE JSCTYPII OarbITTap/a MaiiianaHbulaThIH MUHEpaI/Ibl IHKi3aTTapAbl OHEPKACINTIK Kaiita eHey-
JIH alfBIpMAaIIbUTBIFEL )KOK. COHIBIKTaH, TEXHOTEH/IIK IIMKI3aTThl KaiiTa OHICyIiH OJaH OHEPKICINTIH TYpi canana-
PHBI YIIiH Oacekere KabineTTi oHIM alyFa MyMKIHAIK OepeTiH THIMIi TeXHOJIOTHIIAphIH KYpy OYTiHT1 KYHHIH MaHBI3-
JTBI MOCeTIeCi OOJIBIT OTHIP.

Kaprep OerkeitnepiniH KyIaysl MEH MIOTYIHIH aNIbIH ally YIIIH YJIKEH MacCHUBTEpAETI Tay >KBIHBICTAPBHIHBIH
KacaH[pl TypJe OepIKTIriH yIFaiiTyFa KeliMece Je, )KeKellereH OeTkei aehopMalusIapblH XKOHE jKacaHabl OeKeMaey
o/liciMeH Kapbep OeTKeWiHIe ONBIPbUTY/IbIH aJJbIH ally Kas3ipri TaHla OTaHIbIK JKOHE IIETENIIK Kapbepiepe
KosaHbutya. Kenreren kapbepieplie )KYMbIC iICTEMEHTIH epHeyi TY3€TiH Tay >KbIHBICTApbIHBIH KYPBLIBIMBI MEH
(bu3MKaITBIK-MEXaHUKAIIBIK KacueTTepi OipTekciz Oosbin keneni. Kapbep ajaHbplHAAFbl Tay >KbIHBICTaphl OIPTEKTI
0O0JIBIN TY3UITCH KYHHIH ©31H/I¢ K€H OPHBIH/A, 9/IETTC KOITEICH TCKTOHUKAIBIK OY3bUIBIC aliMarhbl XHi Ke3IeCeIl.

TexkToHMKaNBIK OY3bUIBIC aliMarbl, 63 KEe3€TiHe eJIIeMIepi MEH KeHICTIKTe TapalyblHa OaiIaHbICTBI OeTKEH-
Jep MEH epHEYJiH OpHBIKTBUIbIFbIHA MeEIUliHIe Kepi ocepiH Turizeni. MyHpail skarmaiiia OeKiTy apKbUIBI Tay
JKBIHBICTAPBIHBIH YTyl MEH OIBIPBUTYBIH OastyslaTyFa, Kapbep OeTKeliHiH ONbIpbUIa KYJIaybIHBIH JKOHE Tay >KbIHBIC-
TapBIHBIH CHIPFY O€Ti apKbUIbI KBUDKYBIHBIH aJlJIbIH allyFa 00aIbl.

Maxkanana >kapbIKIIaKTaJFaH Kapbep OeTKeill MEH KypbhUIBIC HBICAHAAPHl KaOBIpFajIaphlH OCKITY VINIH KakKeT
epiTiHAinep i ary MyMKIiHZITi 3epTTenreH. bamkam tay-keH metamryprust KoMOuHAaTHHBH (BTKM) 0albITy KalapIk-
TapbIH 3ePTTEYAIH XKOHE )KapBIKIIAKTAIFaH Tay JKbIHBICTAphl MEH KYPBUIBIC HBICAHAAPBIH HBIFAUTY YILiH epiTiHAinep-
I aly HOTHIKeJepl KeTipiireH.

OuicipereH y4dackenep/eri Tay KbIHbICTapbl MACCHUBI MEH KYPbUIbIC KaObIPFaJIapbIHbIH OCKITiTyiHE, )KapbIKIIaK-
Tapra apHaiibl epTiHII EHri3y apKbUIbl XKy3ere achlpbliajbl, O0Jap KaTaliFaHHAaH KEHIH HBICAHHBIH JKbUDKY Kelaepri
KaOineTiH apTTeipaabl. bekeMueiTiH 3aTThl MacCUBKE €HTI3y KBICHIM jKacay apKbUIbl XKy3ere acalbl, OeKeMaeHTiH
Marepuall peTiHJe LEMEHT epITIHAUIepl, CUIIMKATTap >XOHE IOJIMMEpPIIK Marepuaiiap KapacThIpbUIFaH. bekiTy
9/icTepiHIH apachlH/a €H KOl TapajFaHbl — OJI KeH Ka30aapblH (3KepacThl KYPBUIBICTAPBIH) JKapbIIIaKTaIFaH Tay
JKBIHBICTAPBIHAA JKYPri3y Ke3iHzue nemeHTTey. KonmaHy ascel — KaTThl KapbIKIIAKTHI YTITUIMENl KoHE jKapThlIal
JKapJIblgaH OacTan ipi TacThl KYM MEH >KYMBIpTacTapra JACHIHT1 Tay-KeH JKbIHBICTAPBIHBIH MacCHBI.

Kypbuibic HHIYyCTPHSCH YIIiH HOTI)KE MaHBI3BI KYPBUIBIC MaTepUaIap OHEPKICiOiHIH MHKi3aT 0a3achlH KEH-
METaJUTyprusi KeIeH KalablFblH (0aiibITy (adpukaiapbl KajJIblFblH) NaijanaHy JKOHE pecypcTapibl YHEMICHTIH
TEXHOJIOTHSIIAPAbI JAMBITY apKbLIbl KYPbUIBIC MaTepualiap OHEpKICIOIHIH IIKKi3aT 0a3achlH MONANTY JKOHE KaiiTa
KAHFBIPTY OoJbIl caHanmagbl. JKYMBICTBIH IPAKTHKAIBIK MAHBI3IBUIBIFEl — KYPBUIBIC MaTepHaigapbl MEH
OYMBIMAAPBIH OHAIPYAIH MOAU(DHUKAIMSUTAHFaH 9/TICIHIH KacallFaH IbIFbIH/IA.

Tyiiin ce3aep: KeH opbIHAAPBIH HIepY, Kapbep, OY3bUTY, KaPHIKIIAK, TAy-KEH MAaCCUBIHIH ONBIPBLIYHI, OEKITY,
Tay-KeH OHAIPIiC KAIBIKTaphl, KYPbUIbIC MaTepUaliapbl, €piTiHALIep.
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CO3JAHUE PACTBOPOB HA OCHOBE OTXOA0OB ITPOU3BOJCTBA
JUISI YKPEILJIEHUS TPEIIIUHOBATBIX IIOBEPXHOCTEM

AHHOTanusi. PaccMOTpeHbl pe3ynbTaThl MHOTJIETHUX HccilefoBaHuil yueHbix Satbayev Unibersitu mo Bompo-
caM pa3pabOTKH MOAMGHIMPOBAHHBIX CTPOMTENBHBIX MATEPHATIOB Ul YKPEIUICHHS OCIAONCHHBIX TPEeUIMHAMHE
TOPHBIX COOPY)KEHHUIT HA OCHOBE OTXO/I0B IIPOM3BOJICTBA.
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[IpomeimieHHass mepepaboTKa TEXHOTEHHOTO CHIPhS (OTXOABI OOOTamleHWsI U TMepepadOTKH, BCKPBIIIHBIE U
BMELIAIONIME NOPObl), OJIU3KOro MO COCTaBy K NPHUPOIAHOMY M HCIOJIB3YyeMOr0 B TPaIMLHOHHBIX HAINPaBICHUIX,
NPaKTUYECKH HE OTINYACTCS OT IPOMBILUICHHON NepepaboTKH NPUPOJHOIO MHHEpalIbHOro chipbsi. Co3naHue
3(HEKTUBHBIX TEXHOJIOIUH IepepaOdOTKH TEXHOTEHHOTO CHIPbS, MO3BOJIIOIINX IOIY4aTh U3 HEro KOHKYPEHTOCIIO-
COOHYIO MPOIYKIIMIO JUISl Pa3IMYHBIX 00JIacTell NPOMBIIUICHHOCTH, SIBISIETCA aKTyaIbHOW 3aadeH.

Ecan s mpenynpesxaeHust OOpYIICHMH M OIOJN3HEH HCKYCCTBEHHOE IOBBIMICHHE IPOYHOCTH OOJBIIMX
MacCHMBOB HOPOJ NPaKTHYECKH IOKa HEOCYIIECTBHMO, TO MpeAylpexaeHHe AedopMaluii OTAEIbHBIX YCTYIOB U
NPEA0TBPALICHUE OChINEe00pa30BaHus C TOBEPXHOCTH OTKOCOB ITyT€M MCKYCCTBEHHOTO YKPEIUICHHS HAXOJUT celdac
NIPUMEHEHHE Ha OTEUECTBEHHBIX U 3apyOeKHBIX Kapbepax. Ha 00ibIIMHCTBE KaphepOB FOPHBIE TIOPO/IbI, CIaraloye
HepaOoune OoOpTa, HEOIHOPOJHBI MO CBOEH CTPYKTYype M (MU3MUECKMM M MEXaHHWYECKMM CBoWcTBaM. [laxke B
OJTHOPOJIHBIX M3BEPKEHHSX MOPOJax KaphepHOTO IMOJIsI HACUUTHIBAETCS MHOXKECTBO 30H TEKTOHHYECKON HapyIlIeH-
HOCTH.

B 3aBHCHMOCTH OT HX pa3MepoB H NMPOCTPAHCTBEHHOW OPHEHTALMM OHH OKAa3bIBAIOT 0oJice HIIM MEHee 3HA4H-
TEJBHOE BIIMSHHE HA YCTOWYMBOCT YCTYIIOB U 60pTOB. C MOMOLIBIO YKPEIUICHHSI MOYKHO 3aMeUISITh MPOLIECCHI BBIBET-
PHBAHUS U OCHIIIAHUS IOPOJI, IIPEAYIPEKIATH OOPYIICHHUS YCTYIIOB U OCBIIIAHHUE ITOPOJI C IOBEPXHOCTH OTKOCOB.

B crartee mpoaHanmM3MpoBaHBI Pa3NUYHBIE CHOCOOBI CO3JAHHUS PAcTBOPOB Ul YKPEIUICHHS TPELIMHOBATBIX
TOPHBIX MOPOJ M CTPOHUTENBHBIX COOpYXKEHMH. IIpHBelNeHBl pe3yNbTaThl HMCCIENOBAaHUS XBOCTOB OOOTAICHUS
Banxarmickoro ropao-metainryprudeckoro kombunara (BI'MK) u momydgenust pacTBOpoB Uil YKpPEIUICHHS TPEIIHHO-
BaTbIX I'OPHBIX TOPOJ U MOJA3EMHBIX TOPHBIX COOpy)KeHHﬁ.

prO‘IHeHI/le MacCHvBa TOPHBIX IMOPOA Ha ocJ1a0JeHHBIX yYdacCTKax AOCTUIa€TCsA BBCIACHUCM B TPCIIUHBLI BE-
IIECTB, KOTOPBIE 110CIIE OTBEPCBAHMS U CXBATHIBAHKS C TIOPOJIOH YBEJIMUMBAIOT €€ XapaKTEPUCTUKN COIPOTHBIICHUS
cABUTY. BBeneHne yrnpouHSIOIEro BelecTBa B MaCCUB OCYIIECTBISIETCS 1101 IaBJIICHHEM, a B Ka4eCTBE YIPOUHSIO-
IIEerocsi MaTepraiga HaMH pacCMaTpHUBAIOTCs LIEMEHTHBIE PACTBOPBI, CHIIMKATHI U TTOJIMMEpHbIe cMoubl. Hanbosbmiee
pacIpoCcTpaHEeHHe Cpeld METOAOB YNPOYHEHHWS MOJydriIa LEeMEHTalus NPH IPOBEJCHHHM TOPHBIX BBIPAOOTOK
(TI0I3eMHBIX COOPYKEHHI) B TPEUIMHOBATHIX Hopoxax. OOIacTb ee MPUMEHEHHS — MACCHB, CIIOKEHHBIH ITOpoIaMu
OT CHJIbHOTPEIMHOBATHIX CKAIBHBIX U HOJIyCKAJIBHBIX 10 KPYIHO3EPHHUCTHIX MECKOB M TaJICYHUKOB NPU HAIUYUH B
HOPOJax TPELIHH, 00ECIIeUNBAIOIINX JOCTYI LIEMEHTHOTO PacTBOPA B TPELIUHY.

3HaUNMOCTPh MOJYYSHHBIX Pe3yJbTaTOB JUIl CTPOUTEILHOW OTPACiH 3aKII0YaeTcss B PACIIMPEHHH U BOCIPO-
U3BOJACTBE CHIPHEBOW 0a3bl NPOMBIIUIEHHOCTH CTPOUTENBHBIX MaTEepUaloB 3a CYET MCIOJb30BaHUs 0TX010B I'MK
(xBOCTOB OOOTaIIEHHsT) M Pa3pabOTKK pecypcocOeperaronux TexHosaoruii. [lpaktuyeckoe 3HaueHne paboThl COCTOUT
B TOM, YTO JETAIbHO pa3paboTaH MOAU(UIMPOBAHHBIH CHOCOO MPOM3BOJICTBA CTPOMTENILHBIX MaTEpHAJOB WU
U3JIEIHUH.

KroueBbie ciioBa: pa3paboTKa MECTOPOXICHHH, Kapbep, HapyIIEHHOCTb, TPEILIMHBI, OOpYIIEHHS TOPHOTO
MaccuBa, YKpEIUICHHE, OTXOJOB TOPHOTO TIPOW3BOJCTBA, CTPOUTENBHBIE MaTepualibl, MOIU(UIMPOBAHHBIC
pacTBOpEIL.
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