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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.



bBacpengakrtoph
3. . 1., mpodeccop, KP ¥FA akagemuri

HN.K. BeiicembeToB

bac penakTopbIHEIH OpBIHOACApHI

Koaraes I'.2K. pod., reon.-MuH. . JOKTOPHI

Pengaxunus axkachl:

AbakanoB T./. mpod. (Kazakcran)

Abumesa 3.C. npod., akagemuk (Kazaxkcran)
AbcaabixoB B.H. npod., kopp.-mymreci (Kazakcran)
Ara6exosB B.E. akanemuxk (benapycs)

AmmeB T. npod., akagemuk (O3ipOaiikaH)
Baxupos A.B. mpod., (KeipreizcTan)
BykrykoB H.C. mpoo., akagemuk (Kazakcran)
Byaar A.®. poo., akagemuk (YkpauHa)
I'anues U.H. npod., akanemux (ToxxikcTaH)
I'pasuc P.M. npod. (AKLLI)

Kapmenos A.A. npod., akanemuk (Kazakcran)
KonTopoBuu A.J. npod., akagemuk (Peceit)
KypckeeB A.K. mpocd., akanemux (KazakcTtan)
KypuaBoB A.M. nipod., (Peceit)

Meney A.P. mpod., akagemuk (Kazakcran)
MyxamenaxanoB M.A. ipod., kopp.-mymieci (Kazakcran)
O3n0eB C.M. nipod., akagemuk (Kazakcran)
MocToaaruii B. mpod., akanemuk (MosioBa)
Crenanen B.I'. mpod., (I'epmanmst)

Xampepu JTx. . npod. (AKII)

M Teitnep M. npod. (I'epmanwst)

«KP ¥F A Xa6apaapbl. ['eosiorust »oHe TEXHMKAJBIK FbUIBIMAAP CEPUACHI».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Memnmrikrenymi: «Ka3akctan PeciryOmikachiHbIH ¥ ATTHIK FRUTBIM akanemrisicb» PKB (Ammartsr K. ).

Kazakcran PecrmyOnukachiHBIH AKmapaT »>KoHE KOFaMABIK JaMy MHHHCTPJITIHIH AKIapatr KOMHTETIHIE
29.07.2020 k. 6epinren Ne KZ39VPY 00025420 mep3iMaik 0acbUIBIM TipKeyiHe KOHBLTY Typajbl KyQiK.

TaK])Ip])lHT])IK OarbITBL: 2€0102Usl HCIHE MEXHUKAJIbLK é’blﬂbl]\/l()ap ootibiHwa maxkaianap rcapusiay.

Mep3iMIiTiri: )KeIUIbIHA 6 pET.
Tupaxsr: 300 naHa.

Penaxiusanaeig mekerxkaiel: 050010, Anmats K., llleBuenko kemr., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOmukachiHblH ¥ITTHIK FRUIBIM akanemusichbl, 2020

Pemaxmmsaeir  Kazakcran, 050010, Anmarsr k., Kaban6aii 6aTsip kerr., 69a.
MEKEHKaWbI: K. H. CorbaeB aThIHAAFBI T€OJOTHS FRUTBIMIAP WHCTUTYTHL, 334 6emme. Tem.: 291-59-38.

Tunorpagusasiy Mexerkaiibl: «NurNaz GRACE», Anmars! K., PeickyioB kem., 103.

— 3 —



I'maBHBIH penakToOp
I. 3. H., ipodeccop, akanemuk HAH PK

M. K. BeiicembeToB

3aMecTHUTENb TIIAaBHOTO pe€aaKTopa

Kouaraes I'.2K. npoo., ZOKTOp T€0J.-MHH. HAYK

PengaknmuoHHas KOJNJNETHS:

AbakanoB T./l. mpod. (Kazaxcran)

Aobumesa 3.C. npod., akagemuk (Kazaxcran)
AbcaabixoB B.H. npod., un.-kopp. (Kazaxcran)
Ara6exosB B.E. akanemuxk (benapycs)

Amme T. npod., akagemuk (AsepOaiimkan)
Baxupos A.B. mpod., (Keipreizcran)
BykrykoB H.C. mpoo., akagemuk (Kazaxcran)
Byaar A.®. poo., akagemuk (YKpauHa)
I'anues U.H. npod., akanemuk (TamxukucTan)
I'pasuc P.M. npoc. (CILIA)

Kapmenos A.A. npod., akanemuk (Kazaxcran)
KonTopoBuu A.J. npod., akagemuk (Poccus)
Kypckees A.K. npod., akagemux (Kazaxcran)
KypuaBoB A.M. nipod., (Poccust)

Meaey A.P. npod., akagemuk (Kazaxcran)
MyxamenaxanoB M.A. ipod., ui.-kopp. (Kazaxcran)
O3n0eB C.M. nipod., akagemuk (Kazaxcran)
IocToaaruii B. mpog., akanemuk (MosioBa)
Crenanen B.I'. mpod., (I'epmanmust)

Xampepu JTx. . npod. (CLIA)

I Teitnep M. npod. (I'epmanwst)

«H3BecTusi HAH PK. Cepusi reosioruu U TeXHU4ECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CobctBennnk: PecmyOnmukanckoe oOmectBeHHoe oOwvenuHeHne «HammonanpHas axamemMus Hayk PecryOmmkum
Kazaxcras (. AiMartsr).

CBUETENHCTBO O TIOCTAHOBKE HA Yy4YeT NEpPHOAMYECKOro medaTHoro wu3manus B Komwurere wuHpOpMaimu
MunucrepcTBa nHbOpManmud u oOImIecTBeHHOTO pa3BuTHi PecmyOmuku Kaszaxcram Ne KZ39VPY00025420,
BeiganHoe 29.07.2020 r.

Temarnueckas HaIIPaBJICHHOCTb: ny6]luKCllﬂl}Z cmametl no 2e0n02UU U MEXHUYEeCKUX Haykam.

[MepromnanHOCTE: 6 pa3 B rof.
Tupax: 300 SK3eMIUTSIPOB.

Anpec pepaxiun: 050010, r. Anmartsl, yi. [lleBuyenxo, 28, kom. 219, 220, ten.: 272-13-19, 272-13-18,
http://www.geolog-technical kz/index.php/en/

© HarmmonaneHas akanemust Hayk Pecry6nukn Kazaxcran, 2020

Anpec pegakumn:  Kazaxcran, 050010, r. Anmarter, yin. Kabanbait 6aTeipa, 69a.
Wucturtyt reonorndeckux Hayk uM. K. . CarnaeBa, komaara 334. Tem.: 291-59-38.

Anpec tunorpadun: «NurNaz GRACE», r. Anmartsl, yi1. PeickysoBa, 103.

— 4 —



Editor in chief
doctor of Economics, professor, academician of NAS RK

I. K. Beisembetov

Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.

Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Absadykov B.N. prof., corr. member. (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)
Bakirov A.B. prof., (Kyrgyzstan)

Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev LN. prof., academician (Tadjikistan)
Gravis R.M. prof. (USA)

Zharmenov A.A. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty).

The certificate of registration of a periodical printed publication in the Committee of information of the Ministry of
Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420, issued 29.07.2020.

Thematic scope: publication of papers on geology and technical sciences.

Periodicity: 6 times a year.
Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://www.geolog-technical .kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2020

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: «NurNaz GRACE», 103, Ryskulov str, Almaty.

— 5 —



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 5, Number 443 (2020), 71 — 80 https://doi.org/10.32014/2020.2518-170X.106

UDC 622.281 (574.32)
V. Demin', R. Mussin', T. Demina®, A. Zhumabekova'

'Karaganda State Technical University, Karaganda, Kazakhstan;
?Ural State Mining University, Yekaterinburg, Russia.
E-mail: vladfdemin@mail.ru, r.a.mussin@mail.ru, dentalia@mail.ru, ailal980@mail.ru

STUDY OF EDGE PROTECTING ANCHORS INFLUENCE
ON SOIL HEAVING OF THE MINE WORKING

Abstract. To achieve the objective with the claimed technical result, a method of fastening mine workings of
predominantly rectangular cross-sectional shape with anchor bolts was used, while the applied task of reducing the
heaving of soil rocks is to increase the efficiency of mine workings by ensuring that the mine workings. Ensuring the
possibility of reliable and of good quality fortified rocks along the contour of making within the boundaries of the
zone of possible collapse of rocks. The length of the soil anchors did not significantly affect the condition of the soil
rocks. Consequently, that on the deformations and stresses both in the lateral and in the soils are not soil, but lateral
anchors. The use of these technological developments will reduce the cost of conducting and maintaining workings
by 7-10% with soil anchors (reducing maintenance costs by 7-10%) and will provide an economic effect of
10—15 thousand tenge per running meter of output.

Key words: mine working, anchoring technology, soil heaving, roof bolting, side anchors, rock pressure, rock
resistance.

Results of the carried out tests of the effect of soil anchors mounting on the mine working soil
rocks heaving. To carry out experimental verification of the roof bolting technology aimed at reducing
soil heaving, metal anchors were mounted in the soil along the sides of the workings in sections of 10 m
long and gauging stations to control deformations every 5 meters in the experimental section and in
adjacent sections of 50 m long each side every 10 m. Surveying services of the mines monitor
manifestation of deformations (leveling the soil) twice a week, and when deformations are shown once a
week with presenting data of the rock pressure manifestations dynamics.

At the Kazakhstanskaya mine of the Karaganda coal basin, work was done to mount metal anchors
into the soil of the gas-drainage drift 322173 on PK21-22 (section of the UPR-3 advance works).
However, the presented working has not yet fallen into the zone of the stoping effect, therefore, intensive
heaving of the soil was not observed.

Experimental work was carried out at the Saranskaya mine to strengthen soil rocks in the conveyor
drift 52x7-3 of PK1-PK6 with seven double anchors 1.6 m long in 42 mm diameter holes for six AMK-350
ampoules each. Observations have shown that in this working and in the experimental section heaving of
rocks is absent.

Anchors were mounted in the conveyor roadway 22k;,-c in section PK55+3 m along PK56+3 m at
the Abayskaya mine to carry out a pilot test aimed at reducing heaving of the soil rocks.

At the Kostenko mine there were mounted soil anchors (figure 1) in the development face of the
4™ east conveyor roadway k; of PK42-PK62, but only at one side of the working. The anchors were
mounted at the angle of 45° every 1.0 m, which led to decreasing the convergence of the soil and working
sides by 0.6-0.7 m. In order to obtain a greater effect, it is recommended to mount soil anchors at both
sides of the working alongside with anchoring the working sides.
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a — transverse section (1 — zone of strengthening impact; 2 — coal seam; 3 — rocks of the immediate roof; 4 — roof anchors;
5 — metal-arch support; 6 — soil rocks; 7 — soil anchors; 8 — working soil); b — longitudinal section of the working with soil
anchors; ¢ — plan view: scheme of mounting soil anchors relative to the arches of the metal-arch support
Figure 1 — Technological scheme of mounting soil anchors at the Kostenko mine

Analytical modeling of the soil anchors location scheme according to the results of experimental
mine observations. Calculations were made using the Flac 2 program [1-6] for various mining conditions
of the coal seams development of the Karaganda basin.

Rectangular and arched sections of the workings were used with soil and corner roofing anchors of
various lengths, which allowed analyzing the technological schemes to reduce of mine workings soil rocks
heaving (figures 2-5).
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Figure 2 - Rectangular cross section of the working with inclined anchors into the soil 2.4 m long

a b

a — into the soil 5.0 m long; b — into the soil and into the roof 5.0 m long

Figure 3 — Rectangular cross section of the working with inclined anchors
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Figure 4 — Rectangular cross section of the working with inclined anchors into the soil
and into the roof 5,0 m long alongside with the side anchors

a—2.4mlong; b—5.0 mlong

Figure 5 — Metal-arch support of the working with inclined anchors into the soil

The analysis of the plots of deformation patterns allows concluding that it is advisable to use a
rectangular cross-section of the workings with inclined anchors into the soil 5.0 m long, which ensures the
absence of destructive deformations, decreasing degradation (by 20-22 %) and delamination (by
12—-14 %) of the soil rocks.

When using a protecting soil anchor system (figure 6), deformations can be reduced by 40—50 % and
provide little maintenance of workings according to the stability conditions of the soil rocks of the
workings.
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Figure 6 — Technology of soil rock strengthening with a protecting soil system of the roof bolting

Considering that the greatest effect from the strengthening effect was obtained with a rectangular
cross section of the mine working, analytical modeling was carried out taking into account presence of the
roof bolting and the location of the side anchors according to the combined scheme with their mounting in
such a way that the upper side anchor (deep-earth, as a rule) was placed in the zone of the reference
pressure beyond the working contour in the enclosing rocks in order to shift the peak of the rock pressure
deeper into the massif beyond the zone of propagation the deformations around the working effect zone,
while the lower deep-earth anchor was positioned to serve as the protecting zone for spreading and
squeezing the wall rocks into the working soil (figure 7) [7-13].

Figure 7 — Development of deformations (a) and tangential stresses (b) in the soil rocks
with upper side anchors 2.4 m long and with the soil anchors 5.,0 m long

Applied developments for implementation in production. The applied task of reducing the
heaving of soil rocks is to increase the efficiency of supporting mine workings by providing the possibility
of reliable and high-quality supporting due to the formation of a zone of strengthened rocks along the
contour of the mine working within the boundaries of the zone of possible rock collapse.

Figure 8 shows the general view of the technological scheme of the proposed method, figure 9 shows
the modeling of the stress-strain state at the location of the working in a coal seam with different length of
soil anchors from 5.0 to 2.4 m.
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Figure 8 — General view of the technological scheme of the proposed method

To achieve the task with the claimed technical result, when using the method of supporting mine
workings of a predominantly rectangular cross-sectional shape with anchor roof bolting, including drilling
holes in the roof of the mine in the process of mounting anchors in them, as well as anchors in the side of
the mine, the roof of the working in the process of its drilling and mounting anchors 1 in them,
simultaneously with drilling inclined holes 2 in the roof of the working there are drilled inclined holes in
the sides of the working 3. Next, for strengthening side rocks, in the lower part of the working and
strengthening the working soil, at the height of one meter from the working soil there is mounted
composite anchor 4 at an angle of 20-25° from the working side.

n
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3.3
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0.6
5.3

unbousded
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Figure 9 — Simulating the stress-strain state with different working location
in the coal seam and with different length of the soil anchors
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The technology of the roof bolting provides for its mounting in the direction of the soil along the
sides of the mine workings, by drilling inclined holes for composite anchors at the angle of 20-25° to the
vertical. The length of the anchors mounted in the side of the working is recommended to be determined
by the empirical formula:

L=k¢* Bb * H,, /Ny, m,

where k; is an empirical coefficient depending on the shape of the mine working cross section; By, — the
width of mine workings in rough, m; H, - the probable amount of soil rocks heaving, m; N, - soil rock
compressive strength, MPa.

The height of the hole on the side walls of the working from its soil is 1/3 of the height of the
working in the light (h).

There is provided the combination of functions of the mounted side anchors for supporting the sides
and preventing the working soil rocks heaving.

The stress-strain state was simulated using the Flac 2 program with the location of the working in the
coal seam with different length of soil anchors from 5.0 to 2.4 m (see figure 9) and the presence of side
anchors. The length of the soil anchors did not significantly affect the condition of the soil rocks. It should
be concluded that deformations and stresses both in the side rocks and in the soil rocks are not affected by
the soil but by side anchors.

The technical result which achievement provides a solution to the problem, is expressed in the
technology of supporting the working sides and reducing its soil rock heaving.

According to the given information Karaganda basin is divided into 4 zones. Geological and
geophysical data were analyzed to perform basin modeling of Karaganda coal basin. In this regard, the
basic material was selected, including geological structure [14].

Results. Using the technological developments will reduce the cost of driving and supporting mine
workings by 7-10 % with soil anchors (reducing maintenance costs by 7-10 %) and will provide the
economic effect of 10—15 thousand tenges per running meter of the working.

B. ®@. Jlemun’, P. A. Mycuﬂl, T. B. Jlemuna’, A. E. )Kymaﬁelconal

'Kaparan/isl MeMJIEKETTIK TEXHUKAJIBIK yHHBEpCHTeTi, Kasakcran;
*Opai MeMJIeKeTTIK Tay-KeH yHuBepcuteti, Ekatepunbypr, Peceit

KA3BA TOIIBIPAK KbIHBICTAPBIHBIH KOTEPITYIHE HIEKTEME
CBIPTBIHJIAFBI KOPIIAY AHKEPJIEPIHIH OCEPIH 3EPTTEY

AnnHoranus. Tay >KbIHBICTapBIHBIH ICiHYiH a3aiiTyra OarpITTanFaH aHKEpJi OEKiTy TEXHONOTHSACHIHA JKCIIe-
PHMEHTAJIIbI TEKCEPY XKYPridy YIUiH Tay JKbIHBICHIHA Y3BIHABIFBI 10 M ydackele sKoHe IKCIIEPHUMEHTAIIbl ydacKee
5 M caiibIH jKOHE 9p KarblHaH Y3BIHIBIFEL 50 M iprenec ydyackene aeopManusHbl Oakpuiay YIIiH OJILEY CTaHIUS-
JapbIHA METAIUT aHKEpJIep OPHATY OOUBIHIIIA KYMBIC KYPTi3iii.

Kaparannasr kemip 6acceitninig «Ka3akcran» maxrtaceiaaa [TIK21-22 (YIIP-3 yHFBIMAIBIK )KYMBICTAp ydacKeci)
322n7-3 ra3mpeHakasl INTPEK KBIHBICBIHAA METaT aHKepIIep i OpHaTy OOMBIHINA JKYMBICTap OPBIHOANABL. Anaiina
YCHIHBUIFaH Ka30a oii KyHre A€iiH Ta3apTy >KYMBICTapbIHBIH ocep €Ty alMarblHa TYCKECH J>XOK, COHIBIKTaH
JKBIHBICTAPIBIH KApKBIHIBI iCiHY1 OaliKaaIMa bl

«Capan» maxraceiana 52k7-3 TIK1-I1IK6 xomBeiiepinik mTpekre opKaiiceichl antel AMK-350 ammynmaceiHa
IraMeTpi 42 MM Tecrere Y3pIHABIFEL 1,6 M KeTi KocapiiaHFaH aHKep OOHBIHIIIA Tay KBIHBICTAPHIH HBIFAUTy OOMBIHIIIA
IKCIIEPUMEHTAJIIBI JKYMBICTap KOJIFa alblHABL. bakpuray ocbl Ka30aa jkoHE SKCIEPUMEHTTIK yYacKele yKBIHBICTap-
IIBIH iCIHOETeHAITiH KOPCeTTi.

«A0aif» IIaxTacblHAA Tay >KbIHBICTAPBIHBIH IIOFBIPIAHYBIH TOMEHJACTYre OarbITTAIFAaH JKCIEPUMEHTAIIBI
Tekcepy xkyprizy ymris [IK56+3 m k5543 M yuackecinge 22k12-c KOHBeHepITiK MTPEKTe aHKEeP OpHATHUIFAH.

Koctenk areinarsr maxrana [1K42-1TK62 apranraH k4 4-IIbI IIBIFBIC KOHBEHEPIIK MTPEKTEPHiH TaHBIHIBIK
KEH)KapblHA XKep KbIPTHICHIHBIH KaMbUIFBICHIHA Ka30aHbIH Oip jKarblH FaHa KAMTHUTBIH aHKEpJIep OpPHATHULABL. AHKEp
1,0 M keiiin 45° GyphIIIIeH KOWBUTBII, TOMBIPAK KOHBEPTEHIMACH MeH Ka30a Oyitipmepi 0,6-0,7 M-Te azaiibl.
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Kaparanzpl 0acceiiHiHIH KoMip KaOaTTapblH d3IpJieyiH Typii Tay-KeH TeXHHUKaJbIK mapTrapbiHa Flac 2 Garnap-
JIaMachIH MaijanaHslll, ecenTeyiep XKyprizuini. Tay-keH Ka3z0anapbl Tay KbIHBICTAPBIHBIH IIOFBIPIIAHYBIH a3alTyIbIH
TEXHOJIOTHSUIBIK ChI30aChlH TalliayFa MYMKIHIIK OepeTiH, TypJi Y3bIHIBIKTaFbl KOMKEPUIreH jOHE OYPBIIITHIK
IIATHIP aHKePJIePl HEeri3iHae Ka30amapAablH TiK OYPBIIITHI )KOHE apaibl KUMAChI KOJAaHbLIIbI.

Tay KbIHBICTApBIHBIH ICIHYIH a3aiiTy >KeHIHJEri KOJJaHOas bl MIHIET — KBIHBICTAP/bIH ONBIPHUTYBI BIKTHMAI
aiiMak 1exapa Ierinie Ka3da KOHTYpbl OOibIHINA OEKITUIeH KbIHbICTAp aMaFbIHbIH Taiiia 00yblHA HEri3/eNreH
Kazbanap/pl CeHIMJI JKOHE camaiibl OeKiTy MYMKIHZITH KaMTamachl3 eTy eceOiHeH Tay-KeH Kaz0ajapbiH OeKiTy
TUIMJIUIITIH apTTHIPY.

AHKepItik OeKITIIEMEH KYMBIC 1CTey TEXHOJIOTHSCHI Tay-KeH Ka30a epHeyJiepiHiH OOibIH/Ia KbIHBIC OaFbIThIHAA
opHatysl, TiK Gypbimrarsl 20-25° Kypamaac aHKepsiep acThiHa Keyibey Tecrenepii Oyprbuiayasl kesaehai. Kasba
JKarJaiiblHa OPHATHUIATHIH AHKEPJEePAIH Y3bIHIBIFBIH SMIHPHUKAIBIK (QOpMyJa OOMBIHIIA aHBIKTAY KOJJIAPHI
YCBIHBLIA/IBL:

L=k¢* Bb * H, /N, M

myHzaa kf - Tay-keH Ka30achl KeJIeHeH KUMaChIHbIH HbICAHBIHA OailJIaHBICTBI AMITUPUKAIBIK K03 duuuenT; By - Tay-
KeH Ka30achIHbIH eHi, M; Hj - Tay bIHbICTaphl ICiHYIHIH BIKTMMaJl IIaMmachl, M; N - KbICyFa TOIBIPAK KbIHBIC-
TapbIHbIy OepikTiri, MITa.

Kaz6anbiH Oyilip KaObIpFanapblHa TECTENEp/IiH OpHalacy OUIKTIri OHBIH KbIHBICTAPBIHAH Ka30aHbIH XKapbIKTa
owuikTirinig 1/3 6emirin kypaiasr (h).

Byitipnepai GekitTy joHe Ka30a TOMBIParbl KbIHBICTAPBIHBIH HIOFBIPIAHYBIH OOJIbIpMay OOWBIHIIA OPHATHI-
natheiH OYHipiik aHKepiep QYHKIHIApbIH OIPIKTIpY KaMTaMachl3 eTie.

Kemip xabateiaaars! Ka30ausiH 5,0-1eH 2,4 M-re AeiiH opTYpJIi Y3bIHIBIKTAa OPHAIACKAH/IA JKOHE OYHip aHKep-
nep Oonran ke3ne Flac 2 GarmapnamachiH maiijganaHa OTHIPBIN, KepHeyli-nedopmanusiianran kai-Kyiti MoJesb-
nenbi. Tay KbIHbICTaphl KYiiHE OpHATBHIIFAH aHKEPIEP/iH Y3bIHIBIFbI aiiTapibIKTail ocep epreni. JKbIiHbIcTapbiHaa
Jia, Oy#ip *KbIHBICTapbIHA Ja TabaH )KbIHBICTapbIHA Ja OYHip KepHey Herizingeri qedopmanusuiap acep eTei.

AnFa KO#FaH MIHIETTI IIelIy/li KAMTaMachl3 eTETiH TEXHUKAJIbIK HOTIKE Ka30a epHeyJepiH OeKiTy TeXHOJIOo-
THSCBIH/IA YKOHE TOTBIPAK KBIHBICTAPBIHBIH LIOFBIPIIAHYBIH a3aiiTy OapbIChIHIA KOPIHE/I].

TeXHONOTHSIIBIK d3ipiieMenep/i Komany Ka30amappl )Kypri3yre )XKoHe YCTar TypyFa apHaJIFaH IIbIFbIHIAP/IbI
7-10%-¥a azaiiTyra (ycranm TypyFra apHaJiFaH IIbIFbIHIAp/AbI 7-10%-Fa KbICKapTy) jKOHE XKYPri3uIin jKkaTkaH d3ipie-
MeHiH Kyma MeTpine 10-15 MbIH T€Hre SKOHOMHUKAIIBIK BIKIAJ €TYre MYMKIHIIIK Oepei.

Tyiiin ce3nep: KeH OHAIPY, aHKEpJey TEXHOJOTHSCHI, TOMBIPAKTHI TacTay, LIATBIp OOJTTaphl, OyHipiik
aHKepJIep, Tay JKbIHBICTAPHI KBICBIMBI, Ty KBIHBICTAPBIHBIH KEIEPTicCi.

B. ®. Jlemun', P. A. Mycnﬂl, T. B. I[eMnHaz, A. E. )Kymaﬁelconal

'Kaparauguracknii rOCyJapCTBEHHBIN TEXHUYECKNH YHUBEpCUTET, Ka3axcTaH;
2Ypanbc1<1/1171 roCyIapCTBEHHBIN TOpHBIN yHUBEpcHuTeT, ExaTtepunOypr, Poccus

HNCCJIEJOBAHHUE BJIMSIHUSA 3AKOHTYPHBIX OI'PAXKIAIOIIINX AHKEPOB
HA IIOAYTHE ITOPO/ ITIOYBbI BBIPABOTKH

AHHoTanust. /[ mpoBeieHNs IKCIIEPUMEHTAIbHON MPOBEPKU TEXHOJIOTUH aHKEPHOT'O KPETIeH!s, HalIPaBJICH-
HOW Ha CHI)KEHHUE ITyYeHHMsl MOPOJ] MOYBBI, BBIMOJHEHbI pabOThl 10 YCTAHOBKE B MOYBY METAJUIMYECKUX aHKEPOB
B0 OOPTOB BEIPAOOTOK Ha ydacTKax IHHOW 10 M ¥ 3aMepHBIX CTaHLUI TSI KOHTPOJIs AedopMarimii yepe3 5 M Ha
OKCIEPUMEHTAILHOM YYacTKe W Ha MPHWJICTAIOUIMX Y4acTKax JUIMHOH 50 M ¢ kaxmol cropoHsl yepe3 10 m.
Mapkiueiinepckue ciiyxObl IaXT MPOU3BOIST KOHTPOJIb 32 MPOsiBIeHHEeM JaedopMalivii (HUBEJIHPOBKA MOYBBI) J1Ba
pas3a B He/eNio, a MpH MPOsBICHHH AedopMalMii OJMH pa3 B HENEN0 C MPEICTABICHHEM JaHHBIX 10 JUHAMHKE
MPOSIBJICHUIT TOPHOTO JIABIICHHSI.

Ha maxte «Ka3axcranckas» KaparananHckoro yroasHOTo 0acceiiHa BBITIOTHEHBI paOOTHI 10 YCTAaHOBKE METall-
JMYECKUX aHKEPOB B MOYBY Ta30ApeHaKHOTO mTpeka 3221;-3 Ha 11K21-22 (ygacTok mpoxogdeckux padot YIIP-3).
OpHako mpeAcTaBlieHHas BbIpa0OTKAa J0 CHX IMOp HE Momnaja B 30HY BJIMSHHS OYUCTHBIX PabOT, MOITOMY
WHTEHCHUBHOT'O ITy4YeHUs! TOYBBI HE HAOIIO1AJIOCh.

Ha maxte «CapaHckash MpoBelIeHbl 3KCIIEPUMEHTAIbHBIE PA0OTHI 10 YIIPOUHEHHUIO TIOPOJI MOYBHI B KOHBEep-
HOM mmTpeke 52k;-3 [IK1-IIK6 mo cemp capeHHBIX aHKepOB UIMHON 1,6 M B mIMypsl 1uamMeTpoM 42 MM Ha IIECTh
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amyn AMK-350 B xaxasiii. Habmromenus mokasanu, 9To B TaHHOH BBIPAOOTKE W HA SKCIIEPUMEHTAIHHOM yYacTKe
ITy4YeHHEe TOPOJ OTCYTCTBYET.

Ha mraxre «AoGaiickasp s MpOBEIEHUS 3KCIIEPUMEHTAIBLHON MPOBEPKH, HANIPABICHHON Ha CHIDKEHHUE ITyde-
HUS TIOPOJI IOYBHI YCTAHOBJICHBI aHKEPa Ha KOHBeilepHOM mTpeke 22K;,-¢ Ha yyactke [TIKS55+3 m mo TTK56+3 m.

Ha maxte um. KocreHko mpou3Be/eHa YCTaHOBKAa HAIOYBEHHBIX AHKEPOB B IIOATOTOBUTEIBHOM 3a00e
4-T0 BOCTOYHOT'O KOHBeWepHoro mrpeka k4 Ha [IK42-ITK62, HO TOIBKO C OJHON CTOPOHBI BHIPAOOTKH. AHKEpa
YCTaHOBJIEHBI 11011 yrioM 45° uepes 1,0 M, YTO NPHUBENO K YMEHBIIEHMIO KOHBEPIEHIMHU TTI0YBbI U OOKOB BHIPAOOTKU
Ha 0,6-0,7M. PekomeHs0BaHO C 11€/bl0 MONy4YeHUs: Oouibiero 3ddexra MpoU3BOAUTh YCTAHOBKY HAIOYBEHHBIX
aHKEPOB C 00EUX CTOPOH BBIPAOOTKH COBMECTHO C aHKEpHUPOBAaHHEM OOKOB BBIPAOOTKH.

[Ipou3BeneHbI pacdyeTsl C UCIONb30BaHHEeM nporpammsl Flac 2 s pa3nuyHBIX TOPHOTEXHUYECKUX YCIOBUI
pa3paboTku yroibHbIX IU1acToB KaparanauHckoro OacceiiHa. IIpMMeHEHBbI NPSIMOYTOJIbHOE W apovyHOE CedeHHe
BBIPA0OTOK C MPHUIIOYBEHHBIMH U YIJIOBBIMH KPOBEJIbHBIMA aHKEPAMHU Pa3lUYHOMN [UIMHBI, TO3BOJIMBIIUMHU IIpOaHa-
JU3UPOBATH TEXHOJOTHYECKUE CXEMBI CHIDKEHHS ITyYeHHS [TOPO/] TIOYBHI TOPHBIX BEIPAOOTOK.

[pukiagHas 3ajaya MO CHUDKEHUIO MYYEHHs IOPOJ MOYBbI 3aKIHOYAETCS B IMOBBIMECHUH S((HEKTUBHOCTH
KpETUICHUsI TOPHBIX BBIPAaOOTOK 3a cyeT oOecredyeHUs] BO3MOKHOCTH HAAEKHOTO M KadeCTBEHHOTO 3aKpEeIUICHUS
BbIPa0OTOK, OOYCIIOBJIEHHOT0 0O0pa30BaHHMEM 30HBI YKPEIUIEHHBIX IOPOJ IO KOHTYpPY BbIpaOOTKM B Tpeenax
TPaHUIIBI 30HBI BO3MOYKHOTO O0pYIIEHHUS TIOPOI.

Texnomorust paboT aHKEPHOH Kpembio NMPeAyCMAaTPUBAET €€ YCTaHOBKY B HANPAaBJICHWH IOYBHI BAOJIb OOPTOB
rOPHOM BBIPAOOTKH, 3a0ypUBAHHEM HAKIOHHBIX LIMYPOB II0J COCTABHBIE AHKEPHI Moj yrioM 20-25° k BepTHUKAJIH.
JluHy aHKepOB, YCTaHABIMBAEMbIX B 00PTa BHIPAOOTKH, PEKOMEHAYETCS OTPEelIsTh 0 IMIMPHIECKOM hopmyJie:

L=k¢* Bb * H, /N, M

rae ke—ammuprdeckuit Ko UIHeHT, 3aBUCSIIHI OT (POPMBI IIOMIEPEUHOI0 CEYCHHsI TOPHON BRIPAOOTKH; By, — mmprHa
TOpHOH BBIPaOOTKH BuepHe, M; H,, — BeposiTHasi BeJIMYMHA IIy4€HHS [TOPOA MOYBBI, M; N, — IPOYHOCTb MOPOJI TOYBbBI
Ha cxkartue, Mlla.

BericoTa pacnonoxeHus MITypoB Ha OOKOBBIX CTEHKAX BBIPAOOTKH OT €€ IMOYBbI COCTABIISET 1/3 4acTh BBICOTHI
BbIpaboTKH B cBety (h).

OoOecrieunBaeTcsi coBMelleHHe (YHKIHMI yCTaHABIMBAaEMbIX OOKOBBIX AHKEPOB MO KpPEIUICHHIO OOKOB W
MPEAOTBPALICHHUIO [TyYESHUsI TOPOJ OYBbI BEIPAOOTKH.

[IpousBeneHo MoAeIHPOBAaHUE HAMPSHKECHHO-IE(OPMHPOBAHHOTO COCTOSHUS C HCIOJIB30BAHHUEM IIPOTPAMMBI
Flac 2 npu pacnonoxeHnu BEIpaOOTKY B YTOIBHOM IIJIACTE TPHU Pa3INYHON JJIHMHE MPUMIOYBEHHBIX aHKEPOB OT 5,0 10
2,4 M 1 Hammgu# OOKOBBIX aHKepoB. CyIIeCTBEHHOTO BIVMSHUS JUTMHA PUIIOYBEHHBIX aHKEPOB HAa COCTOSIHHE TOPOJ
MOYBHI He oka3zano. Cremyer caenaTh BBIBOJI O TOM, YTO Ha jAedopMarii W HalpsDKEHUS B KaK OOKOBBIX, Tak M B
MOpOJIax MOYBHI OKA3BIBAIOT HE IIPUIIOYBEHHBIC, & OOKOBBIEC aHKEPa.

TexHu4eckuit pe3ynpTar, JOCTHKEHNE KOTOPOro 00ecieynBaeT pelIeHre IIOCTaBICHHOH 3a1a4, BBIPAKaeTCs B
TEXHOJIOTUH KpPEIUICHHSI O0PTOB BRIPAOOTKH M CHIDKEHUH ITyUEHHS TOPO/]] €€ TIOYBHI.

[IpuMeHeHNe TEXHOJOTHYECKUX pPa3padOTOK IO3BOJIMT CHHU3WTH 3aTpaThl HA IMPOBEACHHE W TOANCpPKAHUE
BbIpaboTok Ha 7 — 10% ¢ npunoYBeHHBIMU aHKepaMu (COKpallleHHe 3atpaT Ha nojaepxanue Ha 7 — 10%) u 1mo3Bso-
JIUT TOJIyYUTh SKOHOMUYeCKuit 3ddekt 10 - 15 ThIC. TeHre Ha NOTOHHBIH METP MPOBOJUMOM BHIPAOOTKH.

KioueBbie ciioBa: ropHasi BBIpabOTKa, TEXHOJIOTUSI aHKEPHOTO KPEIUIeHHsI, TI0IyTHE TTIOPO/]] IOYBbI, aHKepHas
KpeTb, O0KOBBIE aHKepa, TOPHOE JaBJICHHE, YyCTOWIHBOCTH ITOPO/I.
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