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KOJTOHKA TVIABHOI'O PEJAKTOPA

Jopozue konnezu!
3‘\\\ ; _@ﬂ\% Yeascaemasn peoxonnezusn!

1 4 b Hacrtymn Hossrit, 2025-b1i4 TO/I, ¢ KOTOPHIM MBI CBSI3BIBAEM HAIITK HAJICKIIBI M JKJIEM OT HETO CyAbOOHOC-
= = ' HOCTH, N30aBJIEHHs YEIOBEUECTBA OT YaCTH TEXHOTCHHBIX, CO3JAHHBIX PyKaMH CaMOIO 4elloBeKa, IpolieM,
- KOTOpBIE CBOMIAT Ha «HET» OXKHUAAEMBIH 3(Q(EKT B pe3ynbraTe HAIIeTo TPYyAa.
MBbI IPOAOIKAEM BBIIOIHATH CBOIO MUCCHIO IIE€pe]] MUPOBOM LIUBUIM3ALMEH, 0OecIeunBasi €€ ChIpbeM, KO-
el TOPOE COCTOMT U3 METAIIOB, IPOAYKIUH JJI1 XUMUUYECKOH, TOIUIMBHO-YHEPIeTUUECKOM U arpapHoil oTpaciei,
SH o011epacpocTpaHeHHBIX MOJIE3HBIX UCKOMaeMbIX. HapamyBas 00beMbl 1 yiTy4Iliasi KaueCTBEHHbIE TOKA3aTeNn
IIPOU3BOJCTBA ChIPbsI, MbI IIPOJOJDKAEM YBEIUUUBATh 00BEMBI PA3PyLICHUS IPUPOIHON CPEAbL, 3arPA3HEHUS
arMocdepsl, MOYBbI, BOAHBIX CTOKOB, (bI0opbI U (hayHbI BEIOPOCAMH, TBEPIABIMHU U KUAKAMHU OTXOJAMH.
IIpemiaraemplii y4eHbIMU U IIPOM3BOACTBEHHUKAMU MHOTHX CTpaH, B T.4. KazaXcTaHa, NpUHIMI «CO3HIA-

Mapar N =
Kak Eonuq TEJILHOTO OCBOEHHSI HEAP», ONpPeesisieT CyIIHOCTh B3aUMOACUCTBHSI T€0JIOTHUYECKON CPEbl U TEXHOTECHHBIX
B y 6 CHCTEM JIJIS YAOBJIETBOPEHUS HYXK]] B IIPUPOJAHOM ChIPbe Hellp (hOpMaTOM «pecypCcOBOCIPOM3BOICTBA U PECYP-
"T{‘M aeB cocOepeReHHsD B YCIOBUSIX COXPAHEHHSI KaYE€CTBEHHOM TIPUPOIHON CPE/IbL.
2/1A6HBLIL PEOAKMOD

Xapaxrep ¥ cofepKaHIe 3TOr0 NPHHIINIA PEATH3YIOTCS IPIMEHEHHEM (DU3HKO-TEXHUYESCKUX U (PH3HKO-XHU-
muueckux reorexnosioruit (OTI'T u ®XI'T), aelcTByrOMmUX MpU A00bIYE U IepepadoTKe Oe3 MoTeph U ¢ MU-
HUMAJIbHBIM Pa3y00KUBAHUEM.

OTnMYuTeNbHON YepTOii COBPEMEHHOTO 3Tara Pa3BUTHS TOPHOIOOBIBAIONIEH MPOMBIIILIEHHOCTH SBIAETCSA 00A3aTeIbHOCTH COBMECT-
HOro 3((EeKTUBHOTO U YIPABISIEMOIO PELIEHUS JIBYX, Ka3aJI0Ch Obl, IPOTUBOPEUALINX APYT APYTY 3aaad.

Ecmu pecypcocbepekenne Kak MOHATAE MOXKET OBITh COOTHECEHO C MPEXHEH MapagurMoil MOHATHS «KOMIIIEKCHOE OCBOSHHE HEZIPY,
TO «PECYPCOBOCHPOU3BOACTBO» MPEACTABIAET COO0H HOBBIM creU(UUECKUI TEXHOTEHHbINA THII 0OMEHa BEIECTB ¢ NpUponoil. Takoii
THII IPOU3BOJICTBA CO3/IAET HOBBIE BU/IbI PECYPCOB MIIM IIEPEBOIUT MOTEHIUAIBHBIE PECYPCHI B HEJPAX, YUUTHIBAEMBIC B TPaIHIIIOHHOM
MECTOPOXIECHHUH, YTO TEOPETUIECKH MOXKET IPUBECTU K COCTOSIHUIO IPOU3BOCTBA METAILIOB, KOIZla HOTPEOHOCTH B HUX OYAyT YIOBIET-
BOPATHCS, @ PECYPCHI B HEAPAX IPHU 9TOM MOI'YT yBEIMUYMBATHCS, B TAKOM COIEPIKAHUM «PECYPCOBOCIPOU3BOCTBO» KaK TEXHOJIOIHUS
(byHKIMS IPOU3BOJCTBA XapaKTePHU3yeTcst PUI0COHCKIM KIPUHIMIIOM COOTBETCTBUS), KOLIa CMEHA OHOH €CTECTBEHHOHAYYHOM TEOpHHU
B OTHOIICHHUH K OCBOCHHMIO HEJIP APYTOH He 0OHAPYKMUBACT PA3IHIHs U TIPOTHBOPEUNS, HO CIOCOOCTBYET IIPEEMCTBEHHOCTH MEX Ty HUMH,
KOTOpasi MOKET OBITH BBIPAXKEHA MAaTEMaTHIECKU U 00bSICHEHA BHYTPEHHUM €IMHCTBOM Ka4e€CTBEHHO Pa3IMYHbIX YPOBHEH MaTepUH.

«Co3zuarensHOE 0CBOCHNE HEZIP» Pa3BUBAETCS Ha (PyHIaMEHTe OCBOCHHUS HEJIP, COXPAHSIONIEM KauecTBO IIPUPOIHOM CPEJIbI, KOTOPast
B3aMMOJICHCTBYET ¢ TEXHOI€HHBIMHU IIPOLIECCAMU BO3CHCTBYS Ha Hee, COOMI0ast Kak 00s13aTeNbHbIe IOCTYIaThl IeKapOOHU3ALMIO U IIPU-
MEeHEHHe (C BO3MOKHBIM CO3/[aHHEM COOCTBEHHOTO ITPOU3BOICTBA) BO30OHOBIIAEMBIX HCTOYHUKOB SHEPTHH.

TaKOBBIM JIOJDKEH ObITH CETOAHAIIHUI OONMK FOPHOTO POU3BOACTBA, BKIIOUAIOLIET0 J0ObIYY U MUHEPATYPrHIO, TaK KaK epepadoTKe
TIOJIE3HBIX HCKOMTAEMBIX H COOTBETCTBEHHO 00OTaTUTENIHFHOMY Mepe/Iely B CO3/[aBaeMON HCOIOTUH TOPHBIX HAayK OTBOAUTCS 0CO0ast POITh.
Eciu TpaguiiioHHO Ha CTaAuy epepadoTKH, B YaCTHOCTH, TBEPOIO MUHEPAILHOTO ChIPbs, BCE BHUMAHKE HAIPABJICHO HA PallHOHAILHOE
MOBBIIICHAE W3BICUCHHS U Ka9eCTBA TOBAPHBIX MPOTYKTOB, TO B aCIIEKTE COXPAHEHHS HEMIP TaKOe YIIPaBICHHE IepepabOTKOM OKa3bIBACT-
s HetocTaTouHbIM. OTXObI IepepadoTKH TOKHBI PACCMATPHUBAThCS YIKe Kak HOBBIE PECYPCHI U1l H3MEHEHUSI COXPAHEHHS HeIp B LETIAX
MX MOCIIEAYIONIEro HCIIOJIb30BaHMS (B KAYECTBE 3aKJIaKU MOJ3EMHBIX ITYCTOT, IS PEryITHPOBAHUS (PUIBTPALIMOHHBIX, KOMIIPECCHOHHBIX
1 MHBIX CBOMCTB TOPHBIX HOPOJ HA OMPEETICHHBIX yYacTKax JUTOCGHEPDI; ISl CO3AAHNS TEXHOTEHHBIX PECYPCOB 00SIHEHHOTO M0 TOMY
W11 MHOMY II0JI€3HOMY KOMIIOHEHTY MUHEPAJILHOTO ChIpbs). [lo3TOMY ymnpaBiieHUE OTXOAaMU IPEAOIAraeT IPUAaHuEe UM HEOOXOIMMOIO
Ka4gecTBa [0 MHOTHM TTapaMeTpaM: 00beMHBIM, BEIIECTBEHHBIM, MEXaHNUECKUM, (PU3UKO-XMMHUIECKUM, CAHUTAPHO-THTHEHHIECKIM, KO-
JIOTUYECKUM U APYTHM — B 3aBUCUMOCTH OT TE€XHOJIOTMU OCBOEHMS U COXPAHEHUS HEP.

M3 sToTO0 CriemyerT, 9To cTaus nepepaboTKy, K COOTBETCTBEHHO 000TaTUTEIbHbIH IIUKII TOPHBIX HAYK OTBETCTBEHHBI 3a PEIIeHNE ABYX
B3alMOCBSI3aHHBIX IIPOOJIEM — IIOIyYEHUE TOBAPHBIX IPOAYKTOB JJIsl YOBIETBOPEHHS OOIIECTBEHHOIO CIIPOCA HA HUX, C OZHOM CTOPOHBI,
1 IIPOU3BOJICTBO HOBBIX PECYPCOB B YKA3aHHOM CMBICJIE — C IPYTOM.

Takxum 06pazoM, chHOpMyIUPOBAB LeJlb, ONPEIEIMBIIYIO, B CBOIO O4EpPE/b, 3aa4i B 00IACTH JEATEIbHOCTU YEJIOBEKA 110 OCBOCHUIO
HEZIP, MEPOBOE COOOIIECTBO TOCYAAPCTB TOMKHO!

- CO3/1aTh HA OCHOBE COAEP KaHUS HEIP, TEXHOTEHHBIX CUCTEM BO3JEHCTBHS HA HUX U YCTAHOBJICHUS SIBICHUM, CBOMCTB U 3aKOHOB Ma-
TepUATBFHOTO MUpa Help (00BEKTOB), paHee HEe YCTAHOBICHHBIX U JOCTYITHBIX IIPOBEPKE, B TOM YHCIIE TAKUX COCTABIIAIONINX MaTePHAIIb-
HOTO MHPa, KOTOPBIE YK€ OIHAYK/Ibl CTaJId TOBAPHBIM IIPOILYKTOM B PE3Y/IBTaTe OCBOEHHs HEIP M TENEPh MOT'YT y4aCTBOBATh B IOBTOPHOM
TEXHOI'€HHOM BO3/I€HCTBUH, HOBbIE MCTOYHHKHU IIPOU3BOJICTBA METAILIOB, MOT'yLIUE JECHCTBOBATH B TEUEHUE KU3HEHHOTO ITyTH YEJI0BEKa,
IIPOOJIKASICH B UCTOPUUECKOM MaclTabe BpeMEeHY;

- YYHUTHIBas BCE MPOOIEMBI Ha ITyTH HAyYHO-TEXHUYECKOTO IIPOrPecca, OPTaHU3YIONIEr0 BHIIOTHEHNE IIENH 110 4-X-4IeHHOH (opme
«HayKa-TeXHOJIOTUsI-TeXHUKA-TIPOLYKT», ONPEAEIUTh IPHOPUTETHI B Pa3BUTUH «OOJIBIION CHCTEMBD) «CO3UIATENEHOIO OCBOCHUSI HENP)
KaK yIPaBIsIeMOI COBOKYITHOCTH B3aHMOCBSI3aHHBIX YIPABIIIEMBIX IIOACHCTEM, 00BEIMHEHHBIX 00IIeH b0 (hyHKIMOHHPOBAHISL.

bnarue noxenanus cTaHOBATCS SIBbIO B COBPEMEHHOM HCTOPUHU Pa3BUTHsI TOPHO-METaIUTyprudeckoro komiiekca Kaszaxcrana. Ilpumep
TEXHOJIOTHIECKHUX PEBOMIONNH, OJJHA N3 KOTOPHIX MPOM3OIIIIA ¥ COBEPIIMNIA IEPEBOPOT B IIPUBEITHOM KOHTYPE TOPHO-000TaTHTEIHFHOTO
IPOU3BOJCTBA, @ BTOPAsi TOJIbKO HAYMHAET CBOM YKM3HEHHBIN ITyTh, HAMEYEHHbIN 10 2052 roza, co31aeT yBEPEHHOCTb B IIPaBUIILHOCTU
peIIeHAIT PYKOBOTHUTENCH THX MpeanpusTrii. Peds maer 06 Axroraiickom u bo3mrakoinsckoM TOpHO-000TaTHTETBHEIX KOMILIEKCAX U O
HOBOM pYIHHKE 10 100bI4e XpoMoBoii pyas! bonamak Ha JJonckom I'Oxe.

Ms1 yBepeHsL, uto B 2025-M TOmy BCIEX 3a STHMH «3BE3IaMH» MHPOBOTO YPOBHS Ha HEOOCKIOHE Ka3aXCTAaHCKHX TEOJIOTOB,
TOPHSKOB, 00OraTUTENeH, METaIyproB, MIaXTOCTPOUTEICH 3a)KTyTCsl HOBBIE, CO3AIOIIUe O0IUK MPEeIIPUSTHH, OCHAIEHHbIX TEeX-
Hosorusimu XXI Beka.

TOPHBIN ) KYPHAJI KABAXCTAHA Nel’ 2025
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A. Zhumabekova, *E. Khalikova, D. Meiram, D. Syzdykbayeva
Abylkas Saginov Karaganda Technical University (Karaganda, Kazakhstan)

SCIENTIFIC-TECHNICAL ACHIEVEMENTS
ANALYSIS AND INDUSTRIAL EXPERIENCE
IN STRENGTHENING EXCAVATION WORKINGS

Abstract. The experience of coal and mining enterprises, the development of underground mines shows that it is an important task of industrial activity to ensure the
reduction of defects in mine contours. With the «supportless» technology and the frame structure of excavations, there are intractable problems of safety and complexity of
work in the areas of long preparation works, including high-performance, where they come into contact with cleaning surfaces. In this case, the initial section of the grooves
adjacent to the cleaning surfaces is usually 14-16 m? and the second section — 9-10 m? This not only makes predictions of gas-dynamic phenomena, ventilation systems and
layer accumulation of methane in difficult ventilated working areas but also complicates the placement of modern large-sized equipment with high unit power, its transporta-
tion to a new location, worsens the situation. Exchange of jobs of people and organization of their delivery, transportation of materials create a constant high-risk situation.

Key words: zone of manifestation of increased rock pressure, fastening, support pressure, unit power, technology, methane, minerals, transportation of materials, large
equipment.

Ka30a :xyMbICTAPBIH/IA TAY KbIHBICTAPBIH HBIFANTYAaFbl FELIBIMA-TEXHUKAJIBIK KETICTIKTep MeH OHAIPiCTIK TIxKi-

pudeHi Tanmay

Amnnarna. Kemip jxoHe Tay-KeH OHAIPY KOCINOPBIHIAPBIH, XKepP aCThl Ka30alapblH Urepy ToxIpuOeci KeH Ka30alapblHbIH KOHTYPIAPbIHBIH AKaY/IbIFbIH a3aiTy/Ibl KaM-
TaMachl3 €Ty OHIIPICTIK KbI3METTIH MaHBI3/bl MiH/eTi OB TaObUIATHIHBIH KopceTeai. «TipeKci3» TeXHOIOTHAMEH JKoHe Ka30alapIblH paMalibK KYPbUIBIMBIMEH Ja-
WBIHJIBIK KYMBICTAPBIHBIH Y3bIH, OHBIH IMIIHJE JKOFapbl OHIMII, Tazanay OeTTepiMeH TYHiceTiH aiMaKTapbIH/a MENIIMEHTIH KayilCi3miK jKoHEe KYMBICTBIH KYpACIUIITi
Macerienepi TyblHaaipl. Byt skaFaaiiaa razapry OeTTepine ipresec )arkaH OMbIKTapIbIH OacTarKbl KUMAchl, aeTTe, 14-16 Mm%, an exinmi cekims — 9-10 mM? acmaiizisl. By
KHUBIH JKEJICTIICTIH JKYMBIC aiiMaKTapblH/a ra3-InHAMUKAIBIK KYOBUIBICTAPIBIH, XKEIJCTY JKYHEeIepiHiH jKoHEe METAHHBIH KabaT jKMHAKTATYBIHBIH OOJDKaMIaphbliH jKkacam
KaHa KOMMai/1bl, COHBIMEH Karap OipJIik KyaTbl JKOFaphl 3aMaHayH YJIKCH OJIIIeM Il Kab/IbIKTbl OPHATACTHIPYIbI, OHBI JKaHa JKEPre TaChIMaIay bl KUbIH/IaTaIbl, YKaF a6l
HalmapiaTajasl. AJamMIapibiH KYMBIC OPHBIH aifbipOactay sKoHE ollapibl XKEeTKi3yi YibIMIAaCTBIPY, MaTepHaiap/bl TachMallay — OyJI TYPaKThl )KOFapbl KayilTiliK jKaf-
JIafibIH TYBIHIAANHIbL.

Tyuinoi co30ep: may HcoiHbICMAPbIHbLY KblCHIMbIHbIH JHCORAPBLIAYBIHbLY KOPIHY alMagsl, GeKimy, Koioay KblCblMbl, OIpAIK Kyam, mexnonio2us, Meman, nauoausl Kazoa-
ap, Mamepuaidapobl macvlmManoay, ipi #adovikmap.

AHaau3 HAYYHO-TeXHUYECKUX IIOCTPDKEHl/lﬁ U MPOU3BOACTBEHHOI'0 ONbITA IPH YIIPOYHEHUH B BBIEMOYHBIX BblpﬂﬁOTKaX

Annorauus. OnbIT pa3pabOTKH YrONbHBIX M TOPHOPYIHBIX JOOBIBAIOIIMX HPEIIPHUATHH, MOJE3HBIX HCKOIAEMBIX, OTPabaThIBAEMBIX MOI3EMHBIM CIIOCOOOM, MOKa-
3BIBACT, YTO OOCCIICYCHHE CHIDKCHHS Ne()EKTHOCTU KOHTYPOB TOPHBIX BBIPAOOTOK SIBIISETCS BAKHOM TOPHO-TEXHHYECKOW 3ajadeil MPOM3BOJACTBEHHOU JIEATEIbHOCTH.
IIpn GecrenMKoBOH TEXHOIOIMH U PAMHOM COOPY/KEHHH BBIPAOOTOK BO3HHKAIOT HEpa3pelInMbIe MPOOIeMbl 6€30MACHOCTH M TPYAOEMKOCTH PAabOT B 30HAX COMPSIKEHUS
HOJITOTOBUTEIbHBIX BHIPAOOTOK C JUIMHHBIMH, B TOM YHCIIE BbICOKOIIPOM3BOAUTEILHBIMH, O4UCTHBIMHU 32005iMHU. ITpu 5TOM NEPBUYHOE CEUYEHHE BBIPAOOTOK, IPUMBIKAIOIINX
K OYMCTHBIM 3a005IM, KaK IIPaBuIo, He npesbimaetr 14-16 m?, a BropuyHoe cedenue — 9-10 m>. BosHukaer npobieMa He TOIBKO ra30{MHaMHYECKHX SIBICHUI, CHCTEM MPO-
BETPUBAHUS M CJIOEBBIX CKOIUICHNM METaHa B TPYAHOIPOBETPHBAEMbIX 30HAX BHIPAOOTOK, IOSBIISIOTCS 3aTPYJHEHUS B Pa3MEILICHHH COBPEMEHHOTO KPYITHOrabapUTHOTO
000pyoBaHus OOJBIIOH SMHUYHON MOIITHOCTH, €T0 TIEePEANCIIOKAIIHH, YXYAIIAIOTCS YCIOBHS 11 IEPEMEICH s TI0feii M OpraHu3aIMy X J0CTAaBKH, TPAHCIIOPTHPOBKU
MaTepHualioB, YTO CO3/IA€T CHTYAIHIO IIOCTOSIHHOM MOBBIIIEHHOH OITAaCHOCTH.

Kniwouesnle cnosa: 301a nposieneniis NOBbIUEHHO20 20PHO20 OABILeHUs, KpenleHue, ONOpHoe 0asileHue, eOUHUYHAA MOUHOCIb, MEXHONO2US, MEeMaH, NojlesHble UCKONA-

eMble, MPAHCROPMUPOBKA MAMEPUALO08, KPYNHO2ADapumHoe 060pyoosanue.

Introduction

Implementation of the task of improving the establishment
and maintenance of production facilities is an important factor
in increasing the efficiency of mineral production in mining.
The need to carry out these works is connected with the un-
satisfactory working conditions of more than 50 percent of the
Karaganda coal basin.

The weakest point in solving the problems of increasing the
efficiency of the use of roof bolting is the insufficient study
of geomechanical processes in the vicinity of mineral depos-
its. Anchors perform the main functions of tying weaker rocks
in the overburden to stronger rocks, connecting layered rocks
into a single support structure with high bending resistance,
increasing friction between rock layers, and absorbing tensile
stresses in the overburden. However, the effective use of an-
chor technology depends on the conditions of its use, which
are determined by mining geological and mining technical
factors.

It was found that the methods of calculating the parameters
of mining pillars cannot always ensure the reliable preserva-
tion of mining excavations in the area of influence of cleaning
operations. To determine the parameters of the anchor base
and to make reasonable technological decisions to ensure its
effective operation, a geomechanical forecast of the stress-de-
formation state of rocks is required, which forms the main
massif of mining production.

Therefore, the development of technological means and
systems for effective approval of preparatory work is an im-
portant task in the field of mining.

Full-scale experimental and analytical studies were carried
out, technological schemes of strengthening mines with roof
bolting were formed taking into account the development of
deformation processes to reduce the costs of conducting and
maintaining underground mines and to achieve the minimum
failure of working circuits during the operation of mining en-
terprises.

To achieve this goal, the following tasks were solved in the
monograph: mining inspections were carried out on the condi-
tion of the excavation works, which passed near the geological
faults of the Kostenko mine, and were fixed with an anchor
support; the shift of the rock chain near the ore deposits of
the Saranskaya mine of the CD «Qarmet» JSC was studied;
the effect of main stresses on the stability of mineral deposits
was determined; models for calculating the stability of ores
based on anchoring parameters were determined; the results
of studies on the improvement of technological schemes of
industrial testing of technical solutions developed in the case
of mines of the CD «Qarmet» JSC were included; production
experiments were carried out in the Kostenko mine of the CD
«Qarmet» JSC; technological developments were implement-
ed in the mining and geological conditions of the mines of the
CD «Qarmet» JSC; progressive tools were created and fixing
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parameters were determined during work in areas of geolog-
ical disturbances, in areas of high rock pressure, at the same
time, work was carried out to determine the parameters of pro-
tection of works in the areas affected by mining operations and
carry out technical and economic evaluation of technological
solutions.

Materials and Methods

Fulfillment of the research objectives is the use of full-scale
experiments and numerical modeling data evaluation methods
to form a two-level technology of mineral fixation in the case
of underground deposits; the analytical modeling of stress-
strain states; the feasibility assessment of technological devel-
opments carried out by conducting industrial experiments in
mining conditions.

Currently, three types of anchors are used in the mining
industry: mechanical anchors, anchors fixed with cement
along their entire length, and anchors fixed with polymer,
among them, anchors fixed with polymer along their entire
length are widely used in the mines of the Karaganda basin.
Mechanical anchors, especially lock anchors, are not used
in coal mines because over time their anchorage weakens
as the roof sags downward. The use of polymer-reinforced
anchors in the mining industry is limited by the high cost of
the resin. The feasibility of their use is determined by the
quick drying time and the preservation of newly covered
roof rocks, especially weak and flooded rocks. Full-length
cemented anchors are inexpensive and technically suitable
for use in coal mines [1].

Anchors ensure uniform loading of the support plate, at
angles the anchor deviates from normal to the roof by 200,
and their initial tension during anchor mounting is 45-55 kN,
which prevents overlapping of the anchored roof.

The roof bolting should be used in the following mining
and geological conditions [2]: in layered rocks with weak con-
nections between layers (in this case, anchors attach several
layers to a strong slab, where the process of crack formation is
much weaker than individual separated layers); if there are ex-
cavations of weak rocks with a thickness of 1.5-2.0 m directly
on the roof, a thick layer of strong rocks lies on top of it (in
this case, a weak roof is fixed on top of the main roof). When
located in a thick, weakly fractured massif of homogeneous
rocks, an anchorage is used. In this case, the anchor support
strengthens the attraction of rocks to each other, increases their
strength and stability and prevents the development of a col-
lapse arc; in the presence of weak, cracked rock, anchors are
mounted with holders and stiffeners. The supports are made
of metal strip, channels, special profile or welded from round
rods. In the short life of the work, as well as wooden anchors,
wooden supports made of beams, boards and saws are also
used.

Active roof control systems can be achieved by combining
different types of roof fixings. Thus, an anchor tube (7) and am-
poules with a quick-setting mixture are mounted in the drilled
hole, and the anchor iron tube is fixed with a quick-setting
mixture (2) along a length of 1.0-1.2 m, and a high-strength
metal pin (4) is attached to the monolithic mass, which a sup-
porting plate (5) is placed on it from below and pressed against
the roof rocks with a nut (6) (Figure 1).
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Figure 1. Flexible anchor: [ — anchor iron pipe; 2 — quick-
solid mixture; 3 — clutch, 4 — metal bolt; 5 — support plate;
6 — nut.

Cyper 1. Uxemai ankep: [ — ankepuix memip mymix;

2 — me3 kamamuln Kocna, 3 — mygpma, 4 — memannoan
Jrcacanean 6onm; 5 — mipeyiw nauma, 6 — 2aiKa.

Puc. 1. IlonaTiuBblii aHKeP: | — auKepHblll CIMEPIICceHDb,
2 — bvicmpomeepoerowas cmecy, 3 — mygpma,

4 — memannuueckuii bonm, 5 — onopnasn nauma, 6 — eaiKa.

This action results in a better fit of the rock with the reaction
curve. Shifts, bending and sliding may occur in the mechanical
bolt area, but the stability of the production is not compro-
mised. Therefore, in mines and quarries, they try to mount the
anchor post in the mine as soon as possible so that the anchor
iron tube is loaded when the rock is moved.

A passive full-contact anchor support is as follows: the an-
chor core is fixed along the entire length of the hole. The an-
chor iron tube is attached to the opening by means of ampoules
with a quick-setting mixture or by injecting a quick-setting
solution (mixture).

Steel-polymer anchors fixed along the entire length of the
hole by the ampoule method of supplying the hardening mix-
ture have a high load-bearing capacity (120 kN and more) [3-
7]. Such polymer-sized additives are often used despite their
high consumption and cost. To reduce the consumption of the
polymer mixture, the diameter of the hole is reduced to 25-32
mm. The characteristics of the anchor are rigid, so attempts are
made to equip it with elements of flexibility [8, 9].

Results

There is a real possibility that steel-polymer anchors, which
use an effective method of injecting a chemical mixture into
the hole, are technically more advanced than ampoules, be-
cause the injection of the chemical mixture allows increasing
its permeability to the hole rock. The strength of the anchor-
age is the effect of chemical strengthening of rocks by filling
cracks around the rock massif, and in this case, the probability
of leakage of the chemical mixture is reduced [10-12]. How-
ever, it is necessary to use a special set of equipment to inject
the chemical mixture into the hole where the anchor iron tube
is mounted. The use of this set of equipment is technologi-
cally complicated by the presence of a contact zone between
the chemical components (in the area of the mixer) during the
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transition from hole to hole (mounting of the chemical mix-
ture, cleaning of the nozzle in the mixer) and the difficulty
of mounting a seal at the mouth of the hole with limited di-
mensions of the latter (simultaneous placement of the anchor,
delivery pipe and elasticity).

Reinforced concrete anchors are attractive for the type
of composite materials used and provide the best possible
load-bearing capacity, and are widely popular in certain fields
of application in the mining industry and construction. The an-
chor is made of reinforcement (a rod, usually with a periodic
profile, parts of ropes are used, a pipe with a diameter of 6-12
mm, a wire twisted into a thread), inserted into a well or a hole;
sand cement solution to water or liquid glass with hardening
accelerators and mass expansion additives or phosphogypsum
or magnesium solution; sealing ring; a gathering and fastening
device in the form of a nut on a screw or bent loop, a rod in
a wire or cable hook. Reinforced concrete anchors are divid-
ed into ampoules and injection during solution injection after
mounting the fittings in the well [10]. The main disadvantages
that prevent the widespread use of anchors with mineral binder
in coal mines and mines are the problem of long-term increase
in strength and the efficiency of mounting technology with a
limited batch of anchors mounted in one anchor cycle. It is
clear that the greatest effect of reinforced concrete anchors in
coal mines is achieved when supporting the excavation soil (to
combat uplift), when mounting large batches of anchors from
the surface (outside the surface space) (the area where a set of
mining equipment is located, closely related to cyclic mining
operations). In the latter case, we mass-produce a fixed batch
of anchors: the requirements for the rate of increase in strength
are reduced, and defective anchors do not significantly affect
the performance of the technology.

Reinforced concrete anchors are characterized by very high
fixing strength. They are able to create a solid «rock-support»
system and absorb large compressive and tensile loads [10-
12].

Reinforced concrete anchors include anchors that consist of
a rod and fixing cement or sand-cement mortar. They can be
unstressed or prestressed. During the mounting of reinforced
concrete anchors, cement solution is pumped into the hole by
means of a pump [10]. The liquid is filled from the bottom
of the pit to its mouth mounted manually or with a hydrau-
lic or pneumatic hammer. This action creates a problem when
mounting an anchor on the roof of the excavation, because it
is necessary to wait up to 8 hours for the poured liquid to dry.

The hardening time of the cement solution can be signifi-
cantly reduced. When the rod is inserted into the hole as shown
in Figure 2 a, b, the cartridge bursts in the water capsule and
the cement gets wet. Wet cement mortar fills the entire gap and
is quickly fixed in a few seconds and has the required density
within 5 minutes.

In paper [11], a mineral-based composition is recommend-
ed for fixing the anchor rods, which ensures a strong fixing of
the anchor for 10 minutes. The authors conducted research to
determine the technological parameters of mineral-based am-
poules of ACD and checking their productivity in the mines of
the Karaganda basin. The industrial introduction of ACD am-
poules made it possible to increase work safety during mining
operations.

a)

b)
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Figure 2. Mounting a reinforced concrete anchor on the
basis of a cement mixture: a) — cement cartridge in a spur,
b) —inserting an anchor rod into the chuck,
¢) — construction of the anchor, 1 — cement, 2 — aqueous
capsule, 3 — cartridge outer shell, 4 — anchor rod, 5 — mixing
the mixture, 6 — solid cement mixture.

Cyper 2. IlemeHT Kocnachl Heri3iHae TeMipoeTOHIbI
aHKep/i OPHATY: a) — wWnypoazvl yemenmmi nampoH,

0) — namponea amKepiiK WMAaHeanvl eHeizy, 8) — aukepoiy
Kypblablcvl, 1 — yemenm, 2 — cynvl kancynd, 3 — nampoHHbIK
CLIPMKBL KAOBIEbL, 4 — aHKepriK wmaned, 5 — KOCnamwl
apanacmulpy, 6 — KamKbll Kyloeei yemeHm KOCnachyi.
Puc. 2. YcraHoBKa :Kej1e300€ TOHHOTO aHKePa HA OCHOBE
IIEMEHTHOTO PacTBOPA: @) — YEeMEHMHbII NAMPOH 6 Wnype,
0) — 8edenue 6 nampoH aHKepHOU Wmanel,

8) — Koncmpykyus anxepa; 1 — yemenm, 2 — 800AHAS
Kancyna, 3 — 060104Kka nampona, 4 — aHkepHas wmaned,
5 — nepemewusanue pacmeopa, 6 — 3ameepoesuiuii
YeMeHmHbLL paACmeop.

Steel-polymer anchors have been widely used in the prac-
tice of fixing ores. The principle of operation of these anchors
is mounting a cartridge with artificial resin and hardener on the
spur (see Figure 3).
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Figure 3. Start and finish diagram.
Cyper 3. bacTtay :koHe asiKTay cXeMachbl.
Puc. 3. Cxema HayaJia ¥ 3aBepLIEHHS.

Reinforced concrete anchors have achieved particular suc-
cess when strengthening rocks, where the anchor depth is 10-
20 m and more, the length of the concrete locking part is 3-4
m, the diameter of the wells is 100-120 mm, the pretension of
the ropes (rope bundles) is 400-1400 kN.

Discussion

The main disadvantage of fixing reinforced concrete is that
the anchor does not work until the cement mixture hardens.
This can be eliminated if a lock is added to the anchor struc-
ture, which is initially able to hold the anchor rod in the well
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with its end. Full-length cemented anchors have the following
advantages:

- high concentration of stresses in the anchor holes is not
allowed, thus allowing the use of this type of anchors in weak
rocks;

- the anchor is effective against the movement of rocks both
in the direction of the pit axis and perpendicular to it;

- the resistance of anchors to shear loads is greater than
that of anchors fixed with the end part.

But they are not very flexible, and even if the support plate
is nailed firmly to the roof rock with a nut, only the plate and
the part of the anchor rod adjacent to the plate are active. This
design prevents settlement of the roof rock so that stresses are
concentrated at the rock contact. When the stresses exceed the
strength characteristics of the rock in contact, the latter col-
lapses and spills, and the anchor iron tube is exposed between
the slab and the roof.

The passive type is the screw anchor, because it receives the
axial load only after the roof rocks have shifted.

Screw anchors are mounted in pre-drilled holes, and the di-
ameter of these holes is smaller than the outer diameter of the
screw. Wells are drilled with cutters with a diameter of 26-27
mm, so when the screw anchor is inserted into the well, it is
inserted into the rock as an engraving.

During the testing of screw anchors, certain shortcomings
were revealed [12], that is, screw anchors were not suitable for
mounting in such rocks as carvings.

The twisting of the anchors is limited by the intersection
of solid inclusions found in the rocks, because the amount of
resistance of the screw anchors increases significantly when
such twisting occurs.

Screw anchors are used in potash mines with plastic rocks.
Due to the difficulty of mounting in hard rock, they are rarely
used in coal mines. They are not used in mines where the rock
strength in the roof exceeds 120 MPa.

The «Swellex» and «Split-Set» friction anchors are of spe-
cial interest. «Swellex» is a deformable tube that is expanded
to the shape of the hole by water pressure and forces to fix the
unit length of the hole. It takes effect immediately after mount-
ing. Their mounting causes a reduction in the length of the rod,
which contributes to the pressing of the base plate against the
roof rocks in the mine. The loading of the Swellex array with
an anchor has its own form (Figure 4, a) and this form is very
similar to an anchor of the end type and cemented along the
length of the spur. But compared to the latter, it has an indis-
putable advantage: «Swellex» can slide along the hole without
losing its load-bearing capacity under high mountain pressure,
that is, «Swellex» is a flexible anchor. But during long-term
use of this anchor, problems with corrosion of the metal pipe
arise. «Swellex» anchors are used only where the service life
is not long.

«Split-Set» friction stabilizer anchor is widely used in the
US mining industry. As the split core is forced into the hole,
the spring action of the compressed pipe exerts a radial force
on the rock and creates a frictional resistance to the sliding
of the rock on the metal. It loads axially and radially along
the entire length of the joint contact (Figure 2 b). The radial
directions of the forces on the walls of the pit are estimated to
be 3.5 kg/cm?.
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Such active loading of the rock with the «Split-Set» sta-
bilizer creates a peculiar pear-shaped load distribution in the
mass of the roof [12]. The lower part of the pressure «pear»
is located directly under the slab, and along the entire length
of the anchor’s contact with the rock, a cylindrical column of
rock compression is formed. Due to the triaxial load in this
area, the strength of the rock and its stability increase signifi-
cantly.

When mounting a stud, the rod slides into the hole without
being loaded to the point of failure. Then, as the rock com-
pressive forces (displacement) appear, the anchorage increases
with time and tends to match the rock compressive load re-
sponse curve with the adjustment of internal stresses.

Integrated or specialized anchors allow efficient controlling
the roof. By combining different types of supports, active
roof control systems can be achieved, as the mechanical bolt
of the combined support is not connected to the stone by the
quick-setting mixture, which reduces the stiffness modulus of
the system and allows the stone to move around the rock and
to some degree «breathey.

Figure 4. «Swellex» (a)
and loading diagram of «Split-Set» systems (5).
Cyper 4. «CBeJuieke» (a)
soHe «CrnimT-Cer» KyleJepiHiH JKyKTey
auarpaMmacsl (0).
Puc. 4. dniopa Harpysxenus cucreM «Cpeslieke» (a)
u «Cmumut-Cet» (6).

This allows the bolt hole to place more stress on the base
plate and to cause uplift stress within the rock massif. In this
case, the load on the base plate should not exceed 50% of the
yield strength of the bolt steel. Excessive initial load on the
base plate can cause dangerous situations, for example: sudden
rupture of the anchor rod or separation of the rocks adjacent
to the bearing plate, because in such anchoring there is practi-
cally no anchor sliding. To prevent this, on the one hand, it is
necessary to use high-quality materials such as high-strength
steels and large-diameter rods, and on the other hand, to intro-
duce flexible elements into the anchor structure. The problem
is that the support system is too stiff and the support stresses in
the mass are not developed.

In the coal industry of Great Britain, Australia and the Unit-
ed States, the construction and anchoring of workings with a
rectangular cross-section is a common technology. In Germa-
ny, rock bolts are also widely used in the mining industry. For
example, in the Augusta Victoria Mine, roof bolts were used in
excavations with a rectangular cross-section (Figure 5).

Initially, the anchor was stressed with the force of 1300-
1700 kN, then the force decreased to 1100-1400 kN. This
measure was carried out in order to prevent future excessive
stresses caused by rock deformations during arch stabilization.
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Figure 5. The diagram of the anchor arrangement:

1 — 2.4 m long anchors on the excavation roof; 2 — 1.2 m
long anchors on the sides; 3 — 2.4 m long anchors in the coal
seam; 4 — coal layer.

Cyper 5. AHkepJiepaiH OpHAJIACy cXeMAachbl:

1 — Kaszba mebecinoezi y3viHObI2bL 2,4 M aHKepiep;

2 — byuipnepinoe y3viHObi2bl 1,2 m ankepiep,; 3 — Komip
KabamuvlHOabl Y361HObLebL 2,4 M anKkeprep,

4 — kemip Kabamul.

Puc. 5. Cxema pacnosiokeHusi aHKepoOB:

1 — ankepot Onunotl 2,4 m 8 Kposie 8bipabomku; 2 — aHKepbl
onunou 1,2 m 8 bokax, 3 — anxepwvl Onuno 2,4 m 8 y2onbHOM
naacme; 4 — yeonvbHulil naACH.

To ensure the ability to monitor the structure during operation,
the control anchors in the wells along their entire length were
not sealed with cement mortar. This made it possible to work
with tension during operation.

The following anchor constructions are used in foreign and
domestic practice: intermediate type metal anchors, reinforced
concrete anchors, steel-polymer anchors with cores made of
polymer materials, flexible anchors, movable anchors and rope
anchors.

Three main types of intermediate anchors are used: wedge
holes with an intermediate sleeve and two wedges. These an-
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chors are always used pre-stressed. Intermediate anchors used
in domestic practice have a number of significant disadvan-
tages. Additional devices are required to attach these anchors
to the well, which requires additional time and labor costs to
mount them.

Conclusion

In the coal mines of the USA, Great Britain and the other
countries, anchor rods with intermediate locks of various de-
signs are common. In these anchors, the lock consists of two
halves equipped with guides, between which a steel wedge is
inserted and fastened to the threaded part of the anchor. Both
are equipped with protrusions of different shapes on the out-
side, which are designed to eliminate vertical sliding during
anchor operation and prevent rotation of the lock in the well
when the anchor is attached. When mounting the anchor, both
halves of the lock are held by a steel clamp, which temporarily
fixes them with a wedge. A spiral spring serves to create a cer-
tain distance of the lock when mounting an anchor in a well,
without using the mounting pipe for these purposes.

This article presents the results of scientific-applied re-
search of production processes, the technology of conducting
preparatory work in complex mining technical conditions of
production of coal layers. The desire to secure anchor posts
more reliably in weak rock has led to the development of
foreign anchor post structures with extended locks or double
locks to have a larger contact area between the anchor lock and
the well walls. These anchors are very difficult and expensive
to make, so they have not been widely used.
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ANHAMHNYECKOE PASPYHIEHUE
I'OPHbBIX IMTOPO/A: ODOKCIIEPUMEHTAJIBHBIE
N YUCJITEHHBIE METO/bI

AuHoTanus. B 1aHHOI 0030pHOI CTaThe pacCMaTPUBAIOTCS COBPEMEHHBIE METO/bI M MOJXOIbI K HCCIEJOBAHUIO JMHAMUYECKOTO paspyLieHus TOpHbIX mopo. Oc-
HOBHOE BHUMAHHE yAIISIETCS aHAJIM3Y CYIECTBYIOMINX HCCICA0BAHHMN, COCPEJOTOUCHHBIX YUCICHHOMY MOSIMPOBAHHIO, SKCIIEPUMEHTAILHBIM METOAAM U IPHMEHEHHIO
MAIIHHHOTO 00yYeHNUs ULl TPeICKa3aHusl TOBEACHNS TOPHBIX MOPOJ IO BO3ACHCTBHEM B3PBIBHBIX HArpy30K. OOCY KIal0TCsI Pe3yIIbTaThl, IIOTYYEHHbIE C HCIIOIb30BAHUEM
Pa3INYHBIX KOH(UrypaIyii B3PBIBOB, BDEMEHHBIX 3a/IePXKEK U PACCTOSIHUN MEXITY IIITypaMH, a TAK)Ke BIMSHUE 9THX (AKTOpoB Ha 3 (HEKTHBHOCTH APOOICHHS U YPOBEHb
BUOpaIi. BBIBOIBI TOAYEPKUBAIOT HEOOXOAMMOCTD JAAIBHEHIIIMX UCCIICO0BAHMN B 00JaCTH JHHAMHYECKOTO PaspyLICHUs] 1 ONTHMU3ALMH B3PBIBHBIX TEXHOJIOTHI JUIs
noBbleHus ux ddexruBHocTr. CraThs HANPABICHA Ha MPEIOCTABICHNE KOMIUIEKCHOTO aHAIM3a TEKYILEro COCTOSHHUS 3HAHUI U BBISBICHHE HATIPABICHUH JUls Oyaymux
HCCIICI0OBAHHN B TAHHOM 00nacTH.

Kntoueswie cnosa: ounamuueckoe paspyuienie, 63poléHoie paboml, YucieHHoe MOOeNUPOSAHUe, IKCNEPUMEHMATbHbLE MEMOOblL, MAWUHHOE 0OYUeHue, MPewuHooopa-
306anue, d¢hpexmusnocms Opobaenus, sudpayus, 20pHOO0OBIBAIOUASL OMPACTD.

Tay KbIHBICTAPBIHBIH JMHAMHMKAJIBIK OY3bLIYbI: IKCIIEPUMEHTTIK K9He CaHBIK d/icTep

Amnjarna. By 1oy MaKaiachkl Tay SKbIHICTAPIHBIH JMHAMHUKAJIBIK OY3bLTYbIH 3€PTTEY/IiH 3aMaHayHl diCTePi MEH TACiIAepiH KapacTeipaabl. CaHIbIK MOICIbACYTE,
SKCMEPUMEHTTIK 9ICTEPre sKIHE HKAPBUIFBILI KYKTEMEJIeP/IiH SCePiHeH Tay JKbIHBICTAPIHBIH JKaFailblH OO0JDKAy YINIH MallHMHAJBIK OKBITYIbI KOJJaHyFa OarbITTalFaH
KOJIIAHBICTAFbl 3ePTTEYJICPAl Taljayra Oaca Hazap aynapbuiajibl. OPTYPIIi JKapbUIbIC KOHPUTYpALUSIaphl, YaKbITTHIH KELIIryl JKOHE LIMypiap apachlHIarbl KalIbIKTHIK
JKOHE OChI (haKTOPIAp/bIH ycaKTay THIMALTIN MEH Aipin JeHreifiHe ocepi apKbLIbl adbIHFAH HOTHIKEIEp TalKbuIaHaabl. HoTrokenep qUHAMUKAIBIK Oy3bLLy HKOHE ONap/IbIH
THIMALIITIH apTTBIPY YIiH 5KaPBUIFIII TEXHOIOTHSIAPbI OHTAMIaHIBIPY OOMBIHIIIA KOCBIMILA 3ePTTEYIEP JKYPri3y KaKeTTiNIriH kepcereai. Makaia GiniMHIH aFbIMIAFbI
JKarJallblHa KeIICH 1 Tal/ay jKacayFa XoHe OChI cajaiarbl Ooalak 3epTTeyaepaiH OarbITTapblH aHbIKTayFa OarbITTAJIFaH.

Tyiiinoi co30ep: OUHAMUKATBIK OY3bLIY, HCAPBLILIC, CAHOBIK MOOETbOEY, IKCHEPUMEHMMIK 20ICMep, MAWUHATLIK OKbINY, HCAPLIKMAp, Ycakmay muimoiniei, 0ipin, may-
KeH oHepKacioi.

Dynamic destruction of rocks: experimental and numerical methods

Abstract. This review article discusses modern methods and approaches to the study of dynamic rock destruction. The main focus is on analyzing existing research
focused on numerical modeling, experimental methods, and the use of machine learning to predict the behavior of rocks under the influence of explosive loads. The results
obtained using various explosion configurations, time delays, and hole spacing are discussed, as well as the impact of these factors on crushing efficiency and vibration
levels. The findings emphasize the need for further research in the field of dynamic destruction and optimization of explosive technologies to increase their effectiveness.
The article aims to provide a comprehensive analysis of the current state of knowledge and identify areas for future research in this field.

Key words: dynamic destruction, blasting, numerical modeling, experimental methods, machine learning, cracking, crushing efficiency, vibration, mining industry.

BBenenue

B mocnennue necsTUIIeTHST UCCICOBAHUS B OONACTH JIIHA-
MHYECKOTO Pa3pylIeHHs T'OPHBIX OO HPHOOpEIH 0coldyro
AKTyaJIbHOCTh, OOYCIJIOBJICHHYIO POCTOM IIOTPEOHOCTH B (-
(heKTHBHBIX M 0E30MacHBIX METOAAX BEACHMS TOPHBIX Pa0oOT.
B3pbIBHBIC TEXHOIOTHH, UCTIONB3YEMBbIC ISl APOOICHNS U Tie-
peMenIeHus TOPHBIX Macc, TPEOYOT NIyOOKOro MOHUMAHHS Me-
XaHMYECKUX CBOMCTB MOPOJ M UX MOBEACHHMS O] BO3/ICHCTBH-
€M pa3InYHBIX Harpy3ok. COBpEeMEHHBIE METOIbI YHCICHHOTO
MOJICITUPOBAHUS W 9KCIIEPIMEHTAIIbHBIC UCCIICIOBAHUS TT03BO-
JSIIOT HE TOJNBKO aHAIM3MPOBATh IIPOLECCHI Pa3pyLICHHs, HO
U ONTHMHU3HPOBATH IapPAMETPBI B3PBIBHBIX PA0OT, YTO B CBOIO
o4epesib CII0COOCTBYET CHIDKEHHIO HETaTHMBHOTO BO3ACHCTBHS
Ha OKPY KAIOIIYI0 CPEy U MOBBIMICHNIO Oe3omacHocTH [ 1, 2].

B manHO# 0030pHOI cTaThe paccMaTpPUBAIOTCS KIFOYEBBIC
WCCIICZIOBAHNS, HANpPABICHHBIE Ha Pa3pabOTKy HOBBIX Me-
TOZOB JUIS aHAJIM3a W MPOTHO3UPOBAHMS MOBEACHHS TOPHBIX
MacCHBOB IPH B3PBIBHBIX Bo3aeHCTBUsIX. Oco00e BHUMaHHE
YAESIETCs] BIVSIHUIO TaKUX (haKTOPOB, KaK BPEMsI 3a/ICPKKH
MEXIy B3PBIBAMH, PACCTOSHUE MEKIY IIITypaMu U KOH(HTY-
panus 3aps0B, Ha 3P (GEKTHBHOCTE APOOICHNS U YPOBEHb BU-
Opannu. Taxoke 00CyKIAlOTCsT HOBEHIINE ITOX0/IbI, BKIFOUAsI
NIPUMEHEHNE MAIIMHHOTO OOy4YeHHWs U aHajlh3a CUTHAJIOB
TPEMMHOOOPA30BaHMs, YTO OTKPBHIBAET HOBBIC TOPHU3OHTHI B
o0racTi mpeicKa3aHus pa3pyIieHHH U ONTUMHU3ALUH B3PbIB-
HBIX pador [3-5].

Lenp maHHOW 0030pPHOH CTaThH — OOOOIIUTH CYIIECTBYIO-
Iye 3HAHUSL M JOCTIDKECHUS B O0NACTH AMHAMUYECKOTO pa3-

PYLICHUSI TOPHBIX MOPOJ, BBIIBUTH OCHOBHBIC TCHACHIMH U
HaIpaBlIeHUs OyLyIIUX MCCICIOBAHHH, a TAKKe IPEATI0KHUTh
PEKOMEHIAIUK I IPAKTHYECKOTO MPUMEHEHUs IOIy4eH-
HBIX PE3ybTaTOB B TOPHOIOOBIBAIOIIEH oTpaciu [6].

MertonoJiorust

B nanH0# 0030pHOM CTaTHE NCIIOIH30BAH CHCTEMATHIE CKUI
MOAXO/ K aHAJIM3Y CYIIECTBYIOUIUX HCCIEA0BAHUN B 00IaCTH
JUHAMUYECKOTO pa3pyLICHUs] TOPHBIX MOPOXA. MeTomoIorus
BKJIFOYA€T HECKOJIBKO KIIFOUEBBIX ITAIOB, KOTOPBIE 00ECTIeuH-
BAIOT KOMILJIEKCHOE M CTPYKTYPUPOBAHHOE TPEICTABICHHE O
TEKyII[eM COCTOSIHWM 3HAaHWK B JaHHOH obmactu. Ha mepBom
sTare ObuTa C(hOopMyITUPOBaHA OCHOBHAS IIEJTh CTAThU — 0000-
IICHUE W AaHAJIHM3 CYNIECTBYIOMNX JaHHBIX O AMHAMHYECKOM
pa3pyLIEHUH TOPHBIX MOPOJ, a TAKIKE BBISIBICHHE KIIFOUEBBIX
(haxTOpoB, BimsIONINX Ha 3(h(EKTHUBHOCTH B3PBIBHBIX PAa0OT.
Jis coctaBieHUsT 0030pHOM CTaTby OBLI NPOBEAEH IOMCK
Hay4YHbIX MTyOJIMKAINH, OIyOJMKOBAHHBIX B PEIICH3MPYEMBIX
KypHanax. Mcmonp30Banmch 6a36l JaHHBIX, TAKHE KaK Scopus,
Web of Science ¢ KJIFoueBBEIMH CIIOBaMU, CBA3aHHBIMHU C JIHA-
MHYECKUM pa3pylIEHHEM, B3PbIBHBIMH pab0OTaMH U YHCIICH-
HBIM MOZEIMpOBaHUEM. B oTOOpe nuTeparypbl yIUTHIBAINCH
TOJIBKO TE€ HCCIJIENOBAHMS, KOTOPHIE COAEPXKAIM SMITHpPHUC-
CKHE JJaHHBIC WM PE3yJbTaThl YHCICHHOTO MOJCIUPOBAHMS.
[Ty6nukaryy, He COOTBETCTBYIOLINE 3TUM KPUTEPHUSIM, OBbIIH
WCKJIIOUEHBI U3 aHanu3a. Ha cremyromiem sTamne Oblna mpoBe-
JICHa CHCTeMaTH3aIms coOpaHHoi nHpopmanuu. Mccnenosa-
HUs ObUIN KITaCCH(UIIMPOBAHBI IO METOAAM, HCIIOIB3YEMbIM
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JUTS aHATTH3a TAHAMHYECKOTO Pa3pyIIeHHsI, & TAKXKE IO OCHOB-
HBIM BbIBOJAaM. 3T0 IIO3BOJIMJIO BBISIBUTH O6H_H/Ie TEHACHIIUU
" pasjin4yusa B IOAXO0JaX K HMCCICIOBAHUIO. BaxaeiM ATanom
METOJIOJIOTHH CTaJI CHCTEMATHUYECKHIA 0030 MPEACTABICHHBIX
JaHHBIX, KOTOPbLIC IO3BOJIAIOT CO6paT]) )41 0606H11/IT]: JaHHBIC
13 pas3IMdYHbIX UCTOYHUKOB, O6eCHe‘lI/IBa$I BBICOKYIO CTCIICHb
HaJIe)KHOCTH W BOCIPOU3BOAMMOCTU pesyabratoB [7-9]. Ha
OCHOBE TPOBEICHHOTO aHAIM3a ObLIH CHOPMYIHUPOBAHBI OC-
HOBHBI€ BBIBO/Ibl, KOTOPbLIC MOJYEPKUBAIOT 3HAYMMOCTDL I10-
JIyYEHHBIX PE3yJIbTaTOB JJIsi TOPHOMOOBIBAIONICH OTPACIn H
HeO6XO[[I/IMOCTI) ,ZLaJ'II:-HeﬁLHeFO H3Yy4YCHU TUMHAMHWYCCKOTO pa3-
pYLIEHUS TOPHBIX IIOPOJ.

Ha ocHoBe siuTeparypHOro 0030pa Oblia co31aHa MEHTAJIb-
Has kapta B MindMup 2.0 (puc. 1), oTpakarorias CTpyKTypy
UCCIIEOBAaHUN B 00JaCTH TUHAMHYECKOTO Pa3pyIICHUS TOp-
HBIX ITIOPOJ.
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Puc. 1. /lunamMuyeckoe pa3pyuieHne ropHbIX MOPoOI.
Cyper 1. Tay KbIHBICTAPBIHBIH JHHAMHKAJIBIK 0Y3bLIYbI.
Figure 1. Dynamic destruction of rocks.

AHaJM3 3TOH KapThl TIO3BOJISICT BEISIBUTH Pa3HOOOpa3ne nc-
CJICZIOBAaHHUN B 00JIACTH TUHAMUYCCKOTO Pa3PYIICHHUSI TOPHBIX
MOPOJI, OXBATBHIBAIOIINX METOJO0B U TapameTpoB. [loapobHoe
OIKCAHKE MPUBEACHEHO HIKE:

- DKCNepUMEHMAIbHbIe MeMOObl PA3PYULEHUSL 2OPHBIX NO-
POO NPOBOOSIMCSL C UCHONb308AHUEM HANCUMHO2O CHIEPICHSL
Xonkuncona u yoapHuwix MAWuH, a maxaice nymem npoeeoenus
63PLIGHBIX PAOOM, KOMOPbLE NO3GONSIOM CUMYIUPOSAMb Y0~
6Usl, BOZHUKAIOWUE NPU DEATILHBIX 63DbIEAX,

- YucnenHvie Memoobl, maxKue KaKk Memood KOHEYHbIX dJie-
menmos (FEM) u memoo ouckpemuuvix snemenmog (DEM),
NO3B0SIOM OeMANbHO MOOEIUPOsams depopmayuu U pas-
PYUuleHUsi 20pHBIX NOPOO, A MAKAHCE KOMOUHUPOBAMb NPEUMY-
wecmea 0H60ux noox0008 0 bonee Mmouno2o anaiusd. Jis
YUCTEHHO20 MOOCIUPOBAHUL WUPOKO UCHOALIVIONCS NPO-
epammuvie komnaexcvlt ABAQUS u LS-DYNA. Onu nozeons-
10m 0emanbHO MOOEIUPOBAMb NPOYECCHL OePOPMUPOBAHUSL U
Pa3pyuleHust 20pHbIX HOPOO NPU 83PbLEAX;

- aHaIUMUYecKue Memoobl, OCHOBAHHbIE HA MAMEMAMUYe-
CKUX MOO@JIAX, NO360AION 8bIAGUMb 00UUE 3AKOHOMEPHOCU
nogeoenusi nopoo Npu 83pviee;

- GAUAHUE NAPAMEMPOS 63PbleA U CBOUCME NOPOO (CKO-
POCmb 0emoHayul, BPeMsi 3a0EPACKU MENHCOY G3PbIBAMU, MAC-
ca u ceomempusi 3apsoa). dmu napamempvl CyuWecmeeHHo
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BIUAIOM HA XAPAKMeEP PACIPOCMPAHEHUs 63PbIGHOU GONIHbL U
macuimao paspyuieHull;

- XapakmepucmuKu 20pHbIX NOPOO, maKue Kax mun nopo-
Obl (Mazmamuyeckue, 0cadouHbvle, Memamopuueckue) u Ha-
JuyUue Mmpewun, maxdice uspaiom Kiouegyio poib 6 npoyec-
ce paspywenus. Pasnvie munst nopoo obnaoaiom pasiuyHoll
NPOUHOCTNGIO U CONPOMUBTIAEMOCBIO 83PbIBHBIM HACPY3KAM.

CrpynnupoBaB pa3HOOOpa3he HCCIEIOBaHUN B oOmacTu
JMHAMHYECKOTO Pa3pyIICHUsT TOPHBIX MOPOMA, HEOOXOAUMO
0000IIUTH MOITyYeHHbIE PE3YJIbTaThI 110 KaX10H IpyIIe U BbI-
JICTIUTh KJTFOUCBBIC BBIBOJIBI, HAMOOIEE 3HAYMMBIC ISl HAIIle-
ro uccienoBanud [10, 11]. CpaBHeHHE SKCIEPUMEHTAIbHBIX,
YHCICHHBIX U AHATUTHYCCKUX METOJIOB HCCIICIOBAHHSI B3PBIB-
HBIX PabOT NpUBECH B Tadnuue 1.

PesynbTaThl 1 00cyKAeHUS

OCHOBHBIE TapaMeTphl B3PHIBHBIX PabOT, TaKHe KakK CKO-
POCTh JIETOHAIMHU, BpeMsI 3aJIPKKU MEXly B3pbIBAMH, Mac-
ca 3apsja ¥ TeOMETpHs LIITyPOB, OKa3bIBAIOT 3HAUYUTEIHLHOE
BIMSTHUE Ha XapaKTep paclpOoCTPAaHEHHs B3PHIBHOW BOJIHBI
W CTEINeHb pa3pylICHHs TOPHBIX Mopoa. ONTuMH3anus 3TUX
apamMeTpOB MO3BOJISIET MOBBICUTH 3P (HEKTHBHOCTH B3PHIBHBIX
pabdoT ¥ MUHUMH3HMPOBATh HEraTHBHOE BO3JICHCTBHE HA OKPY-
JKAIOLIYIO CPETy.

Hcnonb30BaHnE JKCIEPUMEHTAIBHBIX METOJ0B, TAaKHX Kak
WCIIBITAHUSI HA OTHOOCHOE C)KaTHe M JIa3epHOE CKaHWPOBAHKE, B
COYETAHHH C YNCICHHBIMU METOJIAMHU, TAKUMH KaK METOJ[ KOHEU-
HbIX 21eMeHToB (FEM) n muckpernsix anementoB (DEM), mo-
3BOJISIET BCECTOPOHHE M3YYHMTh MPOIIECCH IUHAMUYECKOTO Pa3-
py1meHus nopoA. YncieHHoe MOIeTUPOBAHIE, PEATH30BAHHOE B
Takux mporpammax, kak ABAQUS u LS-DYNA, sddextrBHO
CHMYJIMPYET IpoLecch ieopMUpoBanus 1 pazpyieHust [12].

MeTo/ibl MAIIMHHOTO 00YYEHUSI, IIPUMEHSIEMBbIE IS aHAIIH-
3a CUTHAJIOB TPEIIMHOOOPa30BaHMs, MO3BOJISIOT 3HAYMTEIIb-
HO YJIYIIUTh UHTEPIPETAINIO JaHHBIX 1 aBTOMaTU3UPOBATh
MPOLIECC MPOTHO3UPOBAHUSI pa3pylIeHHH. DTO OTKPHIBAET HO-
BbI€ TIEPCIEKTUBBI ISl HOBBIMICHHS TOYHOCTH ¥ 3 ()EKTHBHO-
CTH B3PBIBHBIX padoT.

[TonyueHHble pe3yabTarbl MMEIOT Ba)KHOE 3HAYCHHE JUIS
MOBBILICHUs] 0€30MaCHOCTH U 3 PEKTUBHOCTH B3PBIBHBIX pa-
00T, YTO 0COOCHHO Ba)KHO IS TOPHOIAOOBIBAIOIICH OTPACIIH.
[TpuMeHeHne YMCIICHHBIX METOIOB M ONTUMM3ALMS Iapame-
TPOB B3PHIBOB CHIOCOOCTBYET CHU)KEHMIO BUOpALMi U YMEHbB-
IICHUIO Pa3PYIICHUH OKPYKAIOUIUX CTPYKTYP.

J1J151 OBBILIEHUSI TOYHOCTH MOJCIMPOBAHUS IMHAMUYECKO-
O pa3pylIeHHUs] TOPHBIX TIOPOJ HEOOXOIUMO YUUTHIBATh 00JIee
CJIOXKHBIE TEOJIOTUUECKUE YCIOBUS, pa3padaThiBaTh MOJCIIH,
OTpaXkaroll¥e B3aUMOACUCTBUE B3PBIBHOW BOJIHBI C IPYHTO-
BBIMHU BOJIAMH U Ta3aMH, a TaK)Ke HCIOJIb30BaTh METOAbI Ma-
IIMHHOTO OOYYEHHUs JUIs aHaJlu3a OOJbIINX 00bEMOB AaHHBIX
U co3/1aHus 00JIee TOYHBIX MOZIETIEH.

OTH BBIBOJIBI IIOJYEPKUBAIOT BYKHOCTH KOMILIEKCHOTO MOJI-
X0/1a, BKIIFOYAIOLIETr0 AKCIIEPUMEHTAJIbHBIC, YNCIICHHBIC U aHa-
JUTUYECKUE METOJbI, & TAKKe HEOOXOIUMOCTh MPUMEHEHHUS
HOBEHIIMX TEXHOJIOTHH JUISi ONTHUMH3AIINH B3PBIBHBIX padoT 1
CHIDKEHUSI UX HETaTHBHOTO BO3/ICHCTBUSL.

YuciieHHOE MOJEIMPOBAHUE W W3YyYEHHE JAWHAMUKHU pas-
PYIIEHHSI TOPHBIX MOPOJ — 3TO AMHAMUYHO Pa3BHBAIOIIASCS
o0sacTh, KOTOpast TPeOyeT MOCTOSIHHOTO BHUMAHMS U WHHO-
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Tabauua 1
Memoowt uccnedosanus OUHAMUYECKO20 PA3PYuIeHUs 20PHBIX NOPOO
Kecme 1
Tay srcoinpicmapviHblH, OUHAMUKAIBLK OY3bIIIYbIH
3epmmey 20icmepi
Table 1
Methods of studying the dynamic destruction of rocks
O0bekT
MeToabl HCcJIe0BAHUS OCHOBHBIE BBIBO/IbI [Ipumevanus
HCCTeI0BAHUS

DKCTIEpUMEHTHI Ha
OZIHOOCHOE CXKaTHE,
MOJICJINPOBaHKE

OO0pasIisl TOPHBIX
nopox

PaccesiHue sHepruu cBsA3aHO ¢
00pa30BaHHEM MUKPOTPEIINH H
nedopmanmeit

AHanu3 KpUBBIX
HanpspKeHue-aepopMaIus

J]a3epﬂoe CKaHWPOBAHUC,

KoHTyps! TOpHBIX

CrerneHb MOBPECIKACHUS 3aBUCUT OT
HaHpH)KeHPIﬁ, MAcCChI 3apdaa U paCCTOAHUS

OHTI/IMI/IS’aLII/IH B3PBIBHBIX

YHCIIEHHOE BBIPa0OTOK. Mexay mimypamu. [lapamerpsl B3ppIBOB aGor
MOJICIIMPOBAaHHUE B3preiBHBIC paboTHI BJIMSIIOT Ha PacpOCTpaHEHUE TPEIIUH 1 P
5 (EKTHBHOCTH B3PBIBHBIX Pa0OT
YucneHusle TpelyHbl B TOPHBIX BzaumopeiicTBre HOBBIX M CTapbIX TpewnH | [IpuMeHeHne YHCICHHbBIX
9KCHEPUMEHTEI MacCHBax BJIMSIET HAa PACcIpOCTPAaHEHHE HANPSHKECHUI | METOIOB

AHaTUTHYECKHE METO/IBI

B3opBannast ropHast
Macca

Pacuer rpanynomMeTpuuecKkoro cocrasa
[IOATBEPKIAECT IPAaBOMEPHOCTD 110/1X0/1a

MeTobl 115 OIIEHKHU
(dbparmMeHTaIH

MammnHOe o0ydeHue,
aHaJIM3 CUTHAJIOB

CurHaJbl TpeIHO-
o0pa3zoBaHUS

Monenyu ManHHOTO 00y4EHHS YTy IIaoT
MHTEPIPETANIO TPEIINHHBIX CUTHAJIOB

ABTOMaTI/I3aHI/I$I aHaJIn3a
JaHHBIX

AHanu3 B3aMMHOI
UHpOPMAIIH

B3peiBHbBIE pabOTHI

BnusiHMe pa3nHuHBIX TapaMeTpoB Ha
(parMeHTaIHIO TOPOIBI

IIporuosupoBanue
KauecTBa B3PBIBHBIX PadOT

[ToneBble SKCIIEPUMEHTHI,
TEOPEeTHYECKHI pacyer

BspeiBuarsie
BEIlleCTBa

MecTo MHUIIMUPOBAHMSI B3PHIBA BIUSIET HA
XapakTep pa3pyLIeHUH

AHanu3 aMIUTUTY/IBI
KoeOaHui

IlomeBnie HCCICOOBAHUA

Mennble pyqHUKH,
B3PBIBHBIC PAOOTEI

HeraruBHoe Bo3/eHiCTBHIE B3PHIBOB Ha
OKPYKaIOIIyI0 Cpey U HHPPACTPYKTYPY

OnTuMu3anus B3pbIBHBIX
paboT Ha pyaHHUKAX

BAallMOHHBIX pemeHHﬁ. PeByJ'IBTaTLI OCICAHUX I/ICCJ'IC,Z[OBaHI/Iﬁ
IMOKa3bIBAKOT, YTO HWHTCTpalvsl COBPEMCHHBIX TEXHOJOTUH U
IOAXOA0B MOXKCET 3HAYUTCIBbHO ITOBBICHUTH 3(1)(1)€KTI/IBHOCTL
1 0e30IaCHOCTh B3PbIBHBIX pa60T. O,Z[HaKO JJIA TOCTUXKCHUSA

IOLIYIO Cpemy.
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*11. Kpamcakos!, . Croanosckux!, C. Kyssmun?, C. MejieHTheB?
!HAO Satbayev University (2. Aimamol, Kazaxcman),
’HAO Pyonenckuii unoycmpuaivusiti uncmumym (2. Pyonwui, Kazaxcman)

OBbOCHOBAHME ITPUMEHEHMW
KOHTEUHEPHOU TEXHOJIOI'NA IIPUAU
INEPEI'PY3KE T'OPHBIX ITOPO/JA B KAPBEPAX

AnHoTanus. B HacTosIIee BpeMs IPU MCIOIb30BAHUM Ha Kapbhepax KOMOMHUPOBAHHBIX BH/IOB TPAHCIIOPTA MPOLECC MPOMEXYTOUHOM Meperpy3ki ropHOi Macchl siB-
JIETCS HEOTHEMIIEMOH YacThIO TEXHOJIOIMH NPOn3BocTBa. Ha meperpy3ounbIx ckiagax pyaHbIX KapbepoB B HAacCTosIIEe BpeMs neperpyxkaercs 10 50-60% 1o0biBaeMoii
TOPHO#T Macchl. B 9Toif CBsI3M  pa3BUTHE METOAOB HCCIEAOBaHHS, 000CHOBAHMS M pacyuera IMapaMeTpOB KOHTCHHEPHO! TEXHOIOTHH Meperpy3KH rOpHON Macchl Ha Ka-
pbepax, 00eCIeunBaIOIIei SKOHOMUYECKYIO 1 IPOU3BOACTBEHHYIO 3(()DEKTUBHOCTD IPEANPHSATHS, SBISETCS aKTyalbHOW HAay4HOW U IMPAKTHYECKOH 3a1auei, UMEIOIIei
oTpaciieBoe 3HaueHHe. B crarbe mpesaraioTcss HOBbIE BO3MOXKHOCTH TOBBIIICHMS d(D(PEKTUBHOCTH IKCILTyaTalli MEePerpy30uHbIX MyHKTOB FOPHOI Macchl B Kapbepax
IyTeM 000CHOBaHHs METOIMKH IIPOEKTUPOBAHHS ITYHKTOB TIEPErPy3KHU Py/Ibl, YCIOBHH 1 NIapaMETPOB KOHTEHHEPHOI TEXHOIOIMH C HCIONb30BAHUEM KapbePHOU MOIb-
eMHO# MammHbl Ha 6ase aparmaitna DIII-13/50.

Kniouesnie cnosa: kapvep, nepezpy30unblil y3ei, KOMOUHUPOBAHHbLI MPAHCROPM, KOHMEUHEPHAs MeXHONO2US, WA2aiouuil SKCKA8AmMop, NOObeMHAS MAUUHA, TeXHU-
KO-9KOHOMUYECKUll pacuem, IKOHOMU4eckutl d¢hgpexm.

Kapnepiiepae Tay KbIHBICTAPBIH IIAMA/IAH ThIC }KYKTEy Ke3iHJle KOHTEeHHep/IiK TeXHOJOrHsIHbI KOJIIaHy Herizaemeci

Amnpnarna. Kasipri yakeiTTa Kapbepiepze KeliKTiH apaiac TYpIepiH maiianaHny Ke3iHae Tay-KeH MacCachlH apalblK KailTa THEY MPOLECi OHIIPiC TeXHONIOTHsChIHBIH
Kypampac 6esiri 6obin TabbuIa bl KeH KapbepiiepiHiH aybICTBIPBIIN THEY KOMMalapblH/a Ka3blIFaH Tay-KeH MaccachblHbIH 50-60%-bI Ka3ipri yakbeiTTa Kaiira Trenesi. Ocbl-
FaH 0ailIaHBICTBI Kapbepiiep/e Tay-KeH MacCachlH KaiiTa THey, KOCIIOPBIH KbI3METIHIH SKOHOMHUKAJIBIK JKOHE OHIIPICTIK THIMALIITH KAMTaMachl3 €Ty YIIiH KOHTCHHepPIiK
TEXHOJIOT s TTAPAMETPIICPiH 3epPTTey, HeTi3[ey JKOHE eCenTey oiCTepiH jKacay OHAIPICTIK MaHBI3bI Oap ©3CKTi FHUIBIMU-TOKIpHOEIiK MiHAEeT 60BN Ta0blTaab6l. Makanaaa
KEHJi TachIMalIay MyHKTTEPiH xo00anay axicremecin, 9XK-13/50 nparnaiin HeriziHaeri Kapbepiik YK KOTEprill MalIMHAHBI Tali/laaHa OTHIPbIN, KOHTCHHEPIIK TEXHO-
JIOTHSIHBIH IIAPTTaphl MEH NapamMeTpiiepiH »obaay 9/1icTeMeciH Heri3jey apKblibl Kapbepiep/eri Tay KbIHBICTAPBIH TackIMaidy ITyHKTTEpiH Naijanany THiMALIINIH
apTTBIPY/BIH KaHa MYMKIHAIKTEpPi YChIHBIIFaH.

Tyuinoi co3dep: kapvep, Kaiima muey mopaodst, apanac Keiix, KoHmeuHepiiK MexHoN02Usl, HCAsLy IKCKABAMOp, Komepy MAUUHACHL, MEeXHUKANbIK-9KOHOMUKATIBIK ecen-
mey, YKOHOMUKAbIK dCep.

Justification of the use of container technology in the transshipment of rocks in quarries

Abstract. At present, when using combined types of transport in quarries, the process of intermediate reloading of rock mass is an integral part of the production tech-
nology. At the reloading warehouses of ore quarries, up to 50-60% of the mined rock mass is currently reloaded. In this regard, the development of methods for research,
justification and calculation of parameters of container technology for handling rock mass in quarries, ensuring the economic and production efficiency of the enterprise, is
a pressing scientific and practical task of industry significance. The article proposes new possibilities for increasing the efficiency of operation of rock mass transfer points
in quarries by substantiating the design methodology for ore transfer points, conditions and parameters of container technology using a quarry hoist based on the WE-13/50
dragline.

Key words: quarry, transshipment hub, combined transport, container technology, walking excavator, lifting machine, technical and economic calculation, economic

effect.

BBenenue

VYBenudeHue NTyOrHBI OTPAOOTKH MECTOPOXKICHUH IMOJIe3-
HBIX MCKOIIAEMbIX OTKPBITHIM CIIOCOOOM M PACCTOSHUSI TPAHC-
MIOPTUPOBAHMS TOPHOH MAcChl aBTOMOOMIIBHBIM TPAHCIIOPTOM
IIPUBOANT K POCTy oOmmx 3arpar. KapeepHbIi TpaHCIOPT
SIBISIETCSI OCHOBHBIM MCTOYHHKOM BO3JEHCTBHS HA OKPYKalo-
IIYIO CPEdy 3a CUET BEICOKHX BEIOPOCOB OTPAOOTAHHBIX ra30B
B arMocQepy, NbUICHHSI TOBEPXHOCTH aBTOJOPOT, IEPEBO3H-
MOH TOPHOM Macchl. B Taknx ycloBHSAX ONTHMHU3AIMS TPAHC-
MOPTHOM COCTABIISIFOIIEH SIBISIETCS] MPUOPUTETHON 3a/1aueH.

[leperpy304dHblii MyHKT TOPHOM Macchl B Kapbepax sB-
JSIETCSl CBSBYIONIIMM 3BEHOM, COCIHHSS DPA3IMYHBIC BUJIBI
TPAHCIOPTAa B €IUHYI0 TEXHOJIOrMYecKyro cucremy. Ot mpa-
BHJIFHOTO BBIOOpPA KOHCTPYKIIMH, MECTA PACIIOJIOKEHHUS B Ka-
PBEPHOM IPOCTPAHCTBE M IIara IEpPEeHOCa Meperpy304HOro
IyHKTa 3aBUCST IPOW3BOAMTEIBHOCTh, OecrepedoHHOCTh
U PUTMHYHOCTH PabOTHI MOTPY30YHO-TPAHCIIOPTHOTO KOM-
IUIEKCa B IIEJIOM. B Takmx YCIIOBHSX aKTyaJbHOH SIBIISICTCS
3aj1a4a YMEHBIICHNS IIUPHUHBI TUIOMIAZ0K, 3aHUMAEMbIX BHY-
TPHUKAPbEPHBIMH MEPETPy309HBIMH ITyHKTAMH.

B Hacrosimmee BpeMs OTCYTCTBYIOT TE€XHOJIOTHUECKHE CXe-
MBI 1 00OCHOBAaHHbBIE METOIMKH pacyeTa MmapaMeTpoB Iepe-
TPY304YHBIX CKJIaJ0B, HO3BOJIIONINE d(PEKTUBHO MPUMEHSTH
Ha HUX COBPEMEHHBIC HHTEIUIEKTYaJIbHbIE KOHTCHHEPHBIC TEX-
HOJIOTHH C MCIIOIb30BAHUEM KapbepHOI MOABEMHON MAITHHBI
Ha Oa3e mpammaiiHa DIII-13/50, mONMyYMBOIMX MIMPOKOE pac-

MPOCTPaHEHHUE Ha MPEAIPUATHIX.

Wnest paGoTHI 3aKIII09AETCS B CHIKEHUH 3aTpaT YHEPTUH Ha
MMOJBEM M TIEPEerpy3Ky TOPHON MacChl Ha BHYTPHUKapbEPHBIX
MOJLEMHO-TIEPErPY30YHbIX IyHKTaX M MOBBIICHUS 3 dek-
TUBHOCTH HX KCILTyaTaI[HH.

Ilempto paboOTHI SABISAIOTCS OOOCHOBAaHHWE TIAPAMETPOB
1 pa3paboTKa METOIUKH NMPOSKTUPOBAHNS ITYHKTOB TIEPETPy3-
KH Pyl TPU KOHTEHHEPHOW TEXHOJIOTUH C UCTIONIE30BAaHUEM
B KQUeCTBE CKJIAJICKOTO 000PYI0BaHHS KapbePHOH MOABEMHON
MaIrHbl Ha Oa3e mpariaitaa D111-13/50.

IIpoBenenHsIit aHanu3 iuTeparypsl [1-3] mo3BonseT KOH-
CTaTUPOBATh, YTO B HACTOAIIEE BPEMS pa3IMYarOT HECKOJb-
KO THIIOB 3CTaKaJHBIX IMyHKTOB meperpy3ku [4] (puc. 1): Bcs
TOpHAasi Macca IMOJHOCTHI0 MEeperpykaercsi U3 aBTOCaMOCBa-
JIOB HEMOCPEACTBEHHO B TYMIKaphl; pa3rpy3ka MPOU3BOIHT-
Csl B CHELMAJIbHBIM NOJYCTalMOHAPHBIN WINA CTallMOHAPHBII
OyHKep, 13 KOTOPOTO TOpPHAs Macca CaMOTEKOM JIHOO ¢ IOMO-
IIpI0 BHOPOMHUTATENCH MEepeMeIaeTcsi B KeIe3HOTOPOKHBIC
JTyMIIKapBbl.

OcTakaaHbIe MyHKTHI IEPErpy3KH UMEIOT CePhEe3HbIE HEHO-
CTAaTKU: CIOHOCTh 3arpy3KH aBTOCAMOCBAJIAMH IyMIIKapOB
Ha TIOJHYIO TPY30MOIBEMHOCTh IOCIEIHUX; TPYAOEMKOCTh
MepeHoca 3CTaka] Ha HIYKHIE TOPH30HTHI; 3albIICHHOCTH TIPH
OZIHOBPEMEHHOM pasrpy3ke O0JIbIIOr0 00beMa rOpPHOI MacChl.

Ha xappepax Hambomplee MpUMEHEHHE HAIUIN 3KCKaBa-
TOpHAs MEeperpy3Kka TOPHOM Macchl, MPH 3TOM 000pyIOBaHKE
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Puc. 1. dcrakagnble cxeMbl Neperpy3Ku ropHoil Macchbl:
1 — scmaxaoa, 2 —bopm rkapwvepa, 3 — subponumamens,
@ — HeNOCpPeOCMEeHHAs NePecPy3Ka 8 OYMNKAPbI,
0 — nepecpyska uepes eubponumamens.

Cyper 1. Tay maccacblH KaiiTa THEyre apHaJIFaH
3CTaKaJaJapabIH cXeMaJapsbl: [ — scmakaoa, 2 — WyHKbip
arcazel, 3 — Oipindemkiut hudep, a — camocsandapaa mixenei

muey, 6 — Jipin pudep apKblLibl WAMAOAH MbLC HCYKMEY.

Figure 1. Trestle schemes for handling rock mass:

1 — overpass, 2 — quarry side, 3 — vibratory feeder; a — direct
transfer to dump cars, b — transfer through vibratory feeder.

MIEPErpy304HOro IMyHKTa COCTOUT U3 OHOTO WIIM HECKOJIBKUX
9KCKaBaTopoB [5, 6].

3antyOJeHHbIE CKIIabl YCTPAUBAIOTCS B CIICIMAIbHO BbI-
MTOJTHEHHOW BhIEMKE (TPUSAMKE), B KOTOPYIO PasTPyKaroTCs aB-
TOCaMOCBAJIbL, ¥ BBITOJHSIIOT, KaK [TPABUIIO, OJIHY OINpPEeIICH-
Hyt0 ¢QyHKIHo [6, 7]. Ckiaapl 00pTOBOTO THIIA TPEACTABIIS-
10T C000#i IIPU3MY OTCBHIITAEMOTO I10J] OTKOC YCTyIla MaTepuasa
U TIOZAPA3ACTSOTCs Ha (POHTAIBHBIC M TOPIOBbIC. [TaBHBIMU
X HEAOCTAaTKaMU SABJIAIOTCA KOHCEpBallUA O6’beMOB pyasl moa
CKJIaJIOM M3-3a €ro OOJbLION JUIMHBI M HU3Kas MPOM3BOJIH-
TEJILHOCTh IKCKABATOPa Ha CKIIAJe, YTO IPUBOIHUT K CO3AAHHUIO
B Kapbepe HECKOJIbKUX CKIaaoB [8]. TpyaHocTu ¢ pasmerne-
HUEM IIePEerpy304HbIX CKJIAJI0B B paboueil 30He KapbepoB BO3-
pacTaroT ¢ yBelIMUeHUEM IIyOUHBI KAPhEPOB, YTO BBIHYIKIAET
HCKaTb HOBBIC TEXHUYCCKUE PCIICHUSA.

MartepuaJibl H MeTOABI

OHUM U3 BapMAaHTOB CHIIKCHHS OOBEMOB JKCKaBallUU
Ha CKJaJaX MU OJHOBPEMEHHOIO COKpAIICHHUS MJIomaaei
0] MEPErpy30uHbIe MYHKTHl MOXKET OBITh HUCIOIb30BAHHE
Ha Ieperpy3ke TOPHONW MacChl B KEIE3HOAOPOKHBIE BATOHBI
KapbepHBIX MOJBEMHBIX MAIIUH C KOHTEHHEepaMHu ISl TOp-
Hoi Maccel. [IogbeM ropHoi Macchl ¢ IOMOILBIO Apariain-
HOB B KauecTBE MOABEMHBIX MAIIMH MPEIaraics U paHee
[9]. OnHako, cpenu CymEeCTBYONUX OAa30BhIX MOJIEIICH Ipa-
IJIaifHOB HET MaJora0apuTHBIX, HO C OOJBIIONH KOHIEBOW
Harpy3Kou Ha MOJIbEMHOM KaHaTe. MajgorabapuTHOCTh He-
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00X0JiMa B CTECHEHHBIX YCJIOBHUSX INIYOOKHX TOPU30HTOB
Kapbepa, a KOHIIeBasi Harpy3ka Ha II0J/beMHOM KaHaTe CBBI-
me 100 ToHH MOXeT o0ecneynTh padoTy ¢ KOHTeHHEepaMu
I'Py30M0IbEMHOCTBIO, COPA3MEPHON C IPY30MOABEMHOCTHIO
JKEJIE3HOJOPOXKHBIX BaroHOB ¥ YBEJIMYUTH INPOM3BOJIU-
TEJIbHOCTh IEPErpy30YHbIX IYHKTOB [0 CPAaBHEHHIO C H3-
BECTHBIMU 3KCKaBaTOPHBIMU B 2-2,5 pasa [10]. [Togpemuas
MalrHa Oy[eT pacioiaraTbCsi Ha MPOMEKYTOYHOM YCTyIIe,
COIJIaCHO pHC. 2.

TN

Puc. 2. Cxema BHYTPHMKAphEPHOI'0 NMOXbEMHO-
NEPEerpy304HOro MyHKTa ¢ KAPbEPHOI MOXbeMHOMH
MamuHoi Ha 6a3e aparnaitna JIII-13/50: / — noovemnasn
Mawuna, 2 — n1owaoka npuema epysceHbix KOHmeHepos,
3 — ycmpoucmeo pazepy3Ku KOHmeHepos
8 JHCENe3HOOOPOJICHbIE 8A2OHbL, 4 — KapbepHble yCmynbl,

5 — dicenesnooopooicuvie nymu, 6 — cocmas
HCENE3HOOOPONCHBIX OYMNKAPOS, 7 — BHYMPUKAPLEPHAS
dopoea.

Cyper 2. Kapbepain inringeri kerepy-kaiita Tuey
NyHKTiHiH cb130ackl DIII-13/50 nparuaaiinra HerizgenareHn
Kapbepai KoTepy MAalIUHACBIMEH: | — Komepeiul Mauuna,
2 — mueneen kKoHmeunepnepoi Kabvlioayea apHaIEaH
niamegopma, 3 — KOoHmeHepLepoOi MemipHCOl 6A20HOAPLIHA
mycipyee apHanean Kypulivl, 4 — kapbepoiny dicuekmepi,

5 — memip dconoap, 6 — memip 4con 6a20HOAPLIHLIY KYPAMbL,
7 — Kapbepiuinix Hcol.

Figure 2. The scheme of the intra-barrier lifting and
reloading point with a quarry lifting machine based on
the ASH-13/50 dragline: / — lifting machine, 2 — platform
for receiving loaded containers, 3 — device for unloading
containers into railway cars, 4 — quarry benches, 5 — railway
tracks, 6 — train of railway dump cars, 7 — quarry internal
road.

Pajnyc pasrpysku aparmaiina R, MoxeT ObITh OIpeeneH
o opmyiie:

R, =L, cos(y) +d, n, @

rae L, — nuivHa CTpesibl ApariaiHa, M;

y — YIroJl HaKJIOHA CTpeJIbl ApariaiiHa, Tpaji.;

d — paccTosiHME OT OCH BpallleHUs ApaniaiiHa JI0 MSThl €ro
CTPEJIbL, M.

R, =50 cos30" + 5 =48,3 m.

Beicora npenorsana H,,, MOXET ObITH ONpEIENeHa II0
hopmyie:
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anel)' = (Rp -B- C) tg (ﬂ)’ M, (2)

rae B — paccTosiHue OT 0CH KOHTeWHepa /10 HIKHEH OpOBKH
[Ipel0TBAlIa, M;

C — Oe30macHOE pacCTOsIHUE OT OCH BpAIEHUS ApariaiHa
JI0 BEpXHei OPOBKH MPEI0TBaIA, M;

S — yroi oTkoca oTBaia, Tpaj.

H,,,=(483 —6-1)1tg 40’ =34,65, m. 3)

[Tpunumaem BbicoTy mpenorBaia 30 METPOB U KeJIEe3HOAO0-
POXHBIN TYIHK OyAeT pacliojiararbCsi Ha BbICOTe 15 MeTpoB
BBIIIE YPOBHS YCTAHOBKH MOABEMHON MAalIUHBI. DTO MO3BO-
JIUT COKPATHUTh IIJIEY0 OTKATKH CaMOCBAJIOB, TAK KaK OJIMH IIe-
PEerpy304HbIH CKIIaJ ¢ KOHTCWHEpaMU 00ECIICUYHBACT MOIbEM
TOPHOM MOPOABI Ha 45 METPOB.

[To cxeme, NpUBEICHHOM Ha pHC. 3, TOPHYIO Maccy JOCTaB-
JSIFOT OT 3a00€B aBTOCAaMOCBaJlaMy JFO0OW IPy30I0bEMHO-
CTH U BBITPYXKaIOT B OyHKEp IUIACTMHYATOTO WJIM JICHTOYHOTO
nmuTareiisd, U3 KOTOpOTro 3aroJHAI0T KOHTeﬁHepLI o MEpe ux
[10J1a41 KapbEPHOU IOABEMHON MAIIMHOM.

Puc. 3. Cxema 3ano/1HeHUsI KOHTeHHEePa FOPHOM MaCCON:
1 — aemocamocean, 2 — numamens ¢ OyHKepoMm,
3 — Koumeitinep, 4 — noOveMHbIN KaHam Opazialtd,
5 — mseoswitl Kanam Opaenauna.

Cyper 3. KonTeliHepai Tay-KeH MaccacbIMeH
TOJITBIPY CXeMachl: [ — asmocamocsean, 2 — OyHKepmeH
KopekmeHOipeiul, 3 — Konmetinep, 4 — Opaenaiin Kemepeiui
apKaH, 5 — Opacnaiin mapmgsiul ApKaH.

Figure 3. Scheme of filling the container with rock mass:
1 — dump truck, 2 — feeder with hopper, 3 — container,

4 — dragline lifting rope, 5 — dragline traction rope.

Henmocrarkom Takoi cXeMbl SIBISIETCSI NOHFDKEHHAsl CKO-
pocCTh 3amoyHeHUs] KoHTeHHepa. [Ipyn 3TOM Hamo NpaBMIIb-
HO BBIOpATh MUTATENb, HAIPUMEP, MHATATeNIh THIA 1-24-150,
AMEIOMH mupuHy nojotHa 2400 MM, MOLIHOCTbH MPUBOJA
37,5 xBt u cobctBeHHyro Maccy 108 T mpu BbIcoTe padoue-
ro ciost 0,8 M ¢ HACBIMHOM MJIOTHOCTHIO Marepuana 1,5 T/m?
obecrieunBaeT npousBoauTeabHocTh 2000 M*/u wim 0,83 1/c
[10]. TIpu Takoil mMpOM3BOAMTEIHLHOCTH Ha 3allOJIHEHUE KOH-

TeiHepa Ipy30I0bEMHOCTBI0 35 TOHH morpedyercst 42 ce-
KyH[IbI, YTO 3HAYUTEJILHO YIUIMHUT PA0OUMUil LUK KapbepHOM
HO[['beMHOﬁ MalIvuHbI U CHU3UT €€ IMPOU3BOJAUTECIILHOCTD. I[J'ISI
oOecrieueHns BPEMEHHM 3arpy3ku KOHTeWHepa B IIpejeliax
25 ¢. HEOOXOIMMO MOA00PaTh MUTATEIb C MOAa4YeH HE MEHEe
1,4 1/c wim 3360 M? /4.

Pasrpy3ka koHTeliHepa B lyMIIKaphbl Oy/IeT MPOU3BOANUTHCS
aBToMaTnuyecku. Ha puc. 4 mpuBOgUTCS cXema pasrpy3Ku C
MMPUMECHCHUEM HpHHCHbHOﬁ IIJIMTBI.

1
"
-
3
|3

Puc. 4. Cxema BbITpY3KH FOPHOIi Macchl H3 KOHTeiiHepa
¢ IOHHOM pa3rpy3Koii: [ — peiuae npusooa 6 oeticmaue
Mexanuzma OOHHOU pasepy3Ku KOHmelHepd, 2 — npuyenbhas
nauma, 3 — OyMnKap.

Cypert 4. Tay-keH MaccachbIH KOHTeliHep/IeH Tycipy
cxeMachl TOMEHTI pa3psianen: / — koumeuinepoi myoinen
Mycipy Mexanuamin icke Kocy memiei, 2 — Kopy maxmacawi,
3 — oymnxap.

Figure 4. Scheme of unloading rock mass from a
container: / — lever for actuating the bottom unloading
mechanism of the container, 2 — sighting plate, 3 — dumpcar.

Oobcy:xnenune

KomrutekcHast cpaBHUTENbHASI OLIEHKA MpeJIaraeMoi cxe-
MBI [IEPErPy304YHOr0 MyHKTa U CYNIECTBYIONIETO BHYTpPHUKA-
PBEPHOTO CKJIa/ia MTa0eIFHOTO THIIA BBITOJHEHA 10 CIEY-
IOLIMM IOKa3aTeNsiM: CTOUMOCTh KOMILIEKTa 000pydOBaHHS
(Tabnuia 1); romoBbie SKCILTyaTallHOHHBIC 3aTparhl (Ta0JIu-
1a 2); CBOJHBIE DKOHOMHYECKHUE MTOKAa3aTeI M0 BapuaHTaM
(Tabnwuma 3).

CTOMMOCTH KOMIUIEKTOB 00OpPYIOBaHUS MpeIaracMo-
rO ¥ TPAJUIIMOHHOTO BAPHAHTOB MPUMEPHO paBHBI. Pacuer
KaluTaJbHBIX 3aTpaT 110 BapHaHTaM IpPUBEJIEH B TaOIH-
e 1.

OKCIUTyaTal[MOHHBIE TOIOBBIE 3aTPAThI 10 BApUAHTaM IIPH-
BeJIeHBI B Tabnuie 2.

Buytpukapsepssiii neperpy3ounsiii ckmag ¢ OKI-10 mo
TPAJUIIMOHHON CXeMe 3aHUMAeT IUIOMIa b OKoJo 11,5 Teic. M.
B nmpenaraemoil TexHOIOTHYECKON cXeMe (B COOTBETCTBUU C
puc. 1) oOmias miomaap 1isi Meperpy304HOro MyHKTa cocTa-
BHUT OKOJIO 5,8 THIC. M?, UTO B JIBa pa3a MEHBIIIEC IUTOMIAN TPa-
JUIHOHHOTO ITa0eIFHOTO CKIIA/Ia.

B takom ciydae exerojmHble 3arparbl, Z, ThIC. AOJUIL, Ha
MOJJIEp)KaHUE KaXJIOro dJIEMEHTa pabodell 30HBI Kapbepa
OIPEENIATCS Yepe3 HOpMaTHBHBIN Koo durmeHT sddexTus-
HOCTH KallMTAJILHBIX BIOXKEHHH 110 (hopmyiie:
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Tabnuua 1

Cmoumocme Komniekma 000pyoosanus ona noovema 9,5 man. m/200 2opnoit maccol na 45 m
no Gopmy Kapvepa u nepezpy3Ku 8 Heene3no00pPOHCHBLIL MPAHCHOP

Kecme 1

Ken maccacvin scoinvina 9,5 man. m kemepyze apHanzan y#cado0blKmap HublHMbIZbIHbIH KYHbL KAPbePOil
oopmuinoa 45 m scone memip scon Kenizine Kaima muey

Table 1

The cost of a set of equipment for lifting 9.5 million tons/year of rock mass by 45 m on board the quarry
and transshipment to railway transport

CTOMMOCTb, MJIH. JIOJII.
HanmenoBanue KonuuectBo Bapuanr 1 Bapmant (ipearacysiii)
(6a3oBbIii)
Asrocamocsai, 1/ 911 (CAT-777D) 2,0 1,6 -
Oxckasarop (OKI'-10) 1,15 2,3 -
Bynbnozep T-25 1 0,3 -
[Murarens (3,5-4,0 Thic. M3/4ac) 1 - 0,8
Hparnaiin (D11-13/50) 1 - 3,5
Konrelinep, npuienpHas minra 1 xomIIeKT - 0,05
Bcero 420 435
Taobnuya 2

Tooosvie IKCnJlyamayuoOHHble 3ampambl O MEXHO/102UYecCKum eapuanmam

npu npouzeooumensvrHocmu komnaexca 9,5 man m/200

Kecme 2
Kewennin onimoinizi ycoinvina 9,5 man m mexnono2usnvlk HYCKanap 00ublHuIa Heol10blK NATLOANAHY WbIZLIHOADbL
Table 2
Annual operating costs for technological options with a complex capacity of 9.5 million tons/year
Y,Z[CHLHEISI 3anaTbI, MJIH. )Z[OJ'IJ'I./FO}I
Bunst pabot CTONMOCTb, Bapwuanr 1 BapuanT 2
TOJIL/T-M (6a30BbIit) (mpeiaraemblit)
[Tonvem aBroTpancnoptom Ha 45 M (0,9 km) 0,1 0,855 -
[Torpy3ska skckaBaToOpoM 0,035 0,333 -
ITepemerienue Oymbma03epoM 0,017 0,162 -
[Morpyska nurareiaem 0,175 - 0,166
[Togbem u morpyska aparaaifHOM 0,053 - 0,504
Bcero 1,350 0,670
Tabauua 3
Cs00Hble IKOHOMUYECKUE ROKA3amenu HO 6APUARMAM MEXHONI0ZUYECKUX CXeM nepezpy304H020 NYHKMA 6 Kapbepe
Kecme 3
Kapuvepoezi kaiima muey nyHKminiy mexnono2usaiplK CXemaiapblibly HYCKaaiapsl 00ublHuia
HCUBIHMBIK, IKOHOMUKATIBIK, KOPCeMKiuimep
Table 3
Summary economic indicators for variants of technological schemes of the transshipment point in the quarry
l'onoBeie 3aTparhl O BapuaHTaMm, MIIH. JOJ1. | OQTKJIIOHEHHE (Bap. 1 —
Buner 3arpar Bapuanr 1 Bapuant 2 Bap. 2),
(0a3oBbIit) (mpemiaraembliii) MJTH. JTOJUI.
DKCIUTyaTalluOHHbIE 1,350 0,670 0,68
Viep6 or TIOAepIKAHHA TUTOMazeH MOx 0.662 0.389 0273
MEPErpy30UHbIA ITYHKT
Bcero 2,012 1,059 0,953
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z=y, -C,. ‘K, 103, 4)

6eKp

e Y, — 00beM ropHO-KauTaIbHBIX paboT, M>;

an

C,m,j ce0eCTOMMOCTD BCKPBINTHBIX pabdor, 1,5 xormr./m;

K, — xo>punreHT HOpMaTUBHON 3(P(PEKTUBHOCTH KallH-
TaIbHBIX BIOkeHui, K, = 0,15.

CBOZIHBIE 9KOHOMUYECKHUE TIOKA3aTeH 10 BApHAHTAM TEX-
HOJIOTHYECKUX CXEM MEPErpy304HOro IyHKTa B Kapbepe MpH-
BEIEHBI B TAONIHIIE 3.

[Tpu cpaBHEHUN TEXHOIOTUYECKUX CXEM HEOOXOOMMO yUH-
TBIBaTh (DaKTOP TOBBIMICHUS SKOJOTMYECKOH Oe30MacHOCTH.
OH MOXKET OBITh OIIEHEH IT0 YPOBHIO BPETHBIX BEIOPOCOB B atT-
Mocdepy Kapbepa 1 YHCICHHOCTH IIEPCOHANA, MOABEPraroIIe-
TOCsl BO3JCHCTBUIO BPETHBIX (DaKTOPOB B Kapbepe. CHIKEHNE
Ipy30BOi pabOTHI aBTOTpPAHCIIOPTa B Kapbepe Ha 8,55 MiH.
T-KM/TOJ] TIPH MCIIOJH30BAaHUH OTHON KapbepHOU MOIBbEMHON
MAaIIMHBl Ha MOIBEMHO-IIEPErPY30YHOM ITyHKTE MPUBENET K
COKpAIIIEHHUIO pacxo/a AU3EIHHOTO TOIUTMBA Ha 855 TOHH B TO]
U, COOTBETCTBEHHO, K CHIDKCHHUIO 3ara30BaHHOCTH aTrMocde-
PBI Kapbepa, 4TO CIEeTyeT N3 U3BECTHOTO CPEIAHETO YIEeIbHOTO
pacxoza mpH aBTonepeBo3kax okono 100 r/T-km.

YnCcneHHOCTh OCHOBHOTO Pabouero MepcoHana 1o BaphaH-
TaM OIIPEEITINTCS U3 COCTaBa M KOMYECTBA 000PyI0BaHMUS (Ta-
Ommma 1). [l TpaguinoHHOTro BapHaHTa 3TO COCTaBHT S5 4ero-
BEK B CMeHy (2 — Ha aBTOocamocBaiax, | — Ha Oympao3epe, 2 —Ha
9KcKaBaTope). Jist mpeyiaraeMoro BapuaHTa MOJbEMHO-TIepe-
TPY309HOTO ITyHKTa — 3 4eJIoBeKa B cMeHy (1 — Ha urarene, 2 —
Ha TOJBEMHOHN MammHe-apariaiae). CHIDKEHHE YUCIICHHOCTH
Ha 40%. [Tpy AUCTaHIIMOHHOM YTIPABICHUH TINTATENIEM C ITYITh-
Ta KapbepHOH MOABEMHON MAIINHbBI YHCICHHOCTD ISl TIPE/ia-
raeMoro BapHaHTa COCTABUT 2 YEJIOBEKA B CMEHY.

CHIDKEHHE 3aTpaT SHEPTUM Ha MOJBEM U MEeperpy3Ky rop-
HOM Macchl IPH MCIOIB30BAHUH MPEATIOKEHHON CXEMbI MOXK-
HO OIIGHUTH W3 CpaBHEHHs OOIIEH MOIIHOCTH O0OPYIOBAaHUS

CIIHCOK HUCIIOJIb30BAHHBIX UCTOYHUKOB

no Bapuanram. CyMMapHasi MOIITHOCTb JIByX aBTOCaMOCBAJIOB,
oxHoro skckaBatopa DKI'-10 u Oynbnosepa pasua 2700 kBt
(2-:800 + 800 + 300). MoOIIHOCTh CETEBOTO JBHUTraTeNs JApa-
rnaitaa DII1-10/70A — 1250 kBT, nurarenss — okono 80 kBT.
CpaBHeHI/le YCTaHOBJICHHBIX MOLL[HOCTCﬁ 110 BapuaHTaM roBo-
PUT O TOM, YTO 3aTpaThbl SHEPIUU CHU3ATCHA B IBa pa3a IIpH BHC-
JPEHUH MPEIIaraeMoro MobeMHO-TIEPErPy304HOro MyHKTA.

3akiao4eHne

[MonoxurenbHbli AQHEKT OT MPUMEHEHHs TOAbEMHO-TIEpe-
IPY304HOIO IIYHKTa C KAPbEPHOMU NOABEMHON MALLIMHOW TP KOH-
TEMHEPHON TEXHOJIOTMU TPaHCIOPTUPOBAHUSI TOPHOM MAacChl B
Kapbepax B CPaBHEHUH C CYIIECTBYIOIIMMYU CUCTEMaMH COCTOUT
B CJIEIYIOILIEM: CHWKEHHUH TOJ0BbIX SKCILTyaTallHOHHBIX 3aTpar;
COKpAILIEHUN €XKETOJHOI0 yIiepda OT MOoJIepyKaHus! JOTOIHH-
TEJIBHBIX IUIOMIAJICH B Kapbepe; MOBBIMEHUH 3(()EeKTHBHOCTH
TPAHCIOPTHBIX CHUCTEM B Kapbepe; YIYYIIeHHH 3KOJOruye-
CKOW OOCTaHOBKH B Kapbepe BCIICACTBHE COKpAIICHHS OObeMa
BBIXJIONHBIX Ta30B OT TEXHUKH, paOOTAIOIIEH Ha JU3EIBHOM TO-
IUTMBE. 3aMeHa TOJBKO OJHOTO BHYTPUKAPhEpHOTO IKCKABaTop-
HOTO IITa0EIBHOIO MEPErpy304HOIo CKJajia Ha MOAbEMHO-TIEpe-
TPy304HBIN ITyHKT C KAPbEPHOU MOIBEMHON MAILIMHONW TO3BOJISIET
B/IBO€ CHH3UTH I'OJIOBBIE KCILTyaTallMOHHBIE 3aTPAThl SHEPIUH
YCTaHOBIICHHBIX MOIIHOCTEN T10 BapHaHTaM, a pacyeTHasi cymma
SKOHOMMH €XKETO/IHBIX 3aTpaT MIpHU 3TOM COCTaBUT OKoio 0,95
wuH. oiut. CIIA. CHwkaercst 3ara30BaHHOCTb arMoc(epbl Ka-
pbepa, YUCIICHHOCTh Pab04ero MepcoHalia ¥ SHEProeMKOCTb IPo-
W3BOJICTBA, YTO MOJHOCTBIO OTBEYAET MHPOBBIM TPEOOBAHHSIM,
NPEIbABISIEMbIM K COBPEMEHHBIM TOPHBIM TEXHOIOTHSIM.
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TECHNOLOGY OF GEOMECHANICAL PROCESS
CONTROL TO INCREASE THE STABILITY OF
THE CONTOUR MASSIF AROUND WORKINGS

Abstract. The stress-strain state, manifestations of rock pressure, and conditions for maintaining workings depending on mining and technological parameters were
studied. The studies allowed us to establish the degree of their influence on the efficiency of using anchor support for mining workings. A method for managing geomechan-
ical processes during mining operations at deep levels of coal mines was developed. The aim of the research is to create a technology for intensive and safe implementation
of mining workings based on the identified patterns of behavior of adjacent rock massifs, optimization of the parameters of technological schemes for preparatory work,
ensuring increased efficiency of underground mining operations. The idea of the research is to manage the technogenic stress-strain state (SSS) for the development of an
efficient technology for supporting the marginal rock massif.

Key words: rock pressure, anchor fastening, stress state of the massif, massif disturbance, massif fracturing, fastening of mine workings.

OHjipy aliHATBIHAAFBI KOHTYPTBIH TYPAKTHLIBIFbIH APTTHIPY YLIiH FreoMeXaHHKAJIBIK NponecTepli 0aKblIay TeXHO-

JIOTUSACHI

Angarna. Keprey-nehopManusibK Kyif, Tay-KeH joHe TEXHOJIOTHSUIBIK HapaMeTpiepre OaiinaHbICThl Tay HKbIHBICTAPBIHBIH KbICBIMBIHBIH KOPIHICTEp] JKOHE JKyMBbIC-
Tap/ibl yCTay MIapTTaphbl 3ePTTENi. 3epTTeyiep oJap/blH AaMy APEekKECiH Ka30a KyMbICTapbIH aHKepIIiK OeKITy/l maiifanaHy THIMIUINHe aHBIKTayFa MyMKIHIIK Oepi.
KeMip ImaxTanapbiHbIH TEPEeH ACHTEHIHICT] Tay-KeH KYMBICTaphl KE3iHIe TeOMEXaHUKANBIK IIPOLecTepi OaKpLIay o/ici a3ipiaeHai. 3epTTeyliH MaKcaThl — iprenec tay
JKBIHBICTAPBI MaccalapblHbIH MiHE3-KYJIKbIHBIH aHBIKTAIIFaH 3aH/IbUIBIKTAPhl HETi3iHe Ka30a KeH )KYMBICTAPBIH KApKbIH/IbI JKSHE KayillCi3 Kypri3y TEXHOIOTHSCHIH KYpY,
JAHBIH/BIK JKYMBICTAPBIHBIH TEXHOIOIUSIBIK CXeMaIapbIHBIH MapaMeTpIIepiH OHTANaHIbIPy, JKYMBIC iCTey THIMUIriH apTTHIPYABl KAMTAMAChI3 €Ty JKepPacThl Tay-KeH
eHlipici. 3epTTeyAiH HACSCHI MEKAPAIBIK KBIHBIC MACCACHIH OCKITY/IIH THIM/Ii TEXHOIOTHSCHIH 3ipJiey YIIIiH TEXHOTCHIIK KepHey-aedopmarmsibik kyiai (TKK) 6akpuiay
GOJIBIN TaObLIAIbI.

Tyiiinoi cezoep: may HcblHLICMAPBIHBIY KbICHIMbL, OeKimne, MAcCuemiy KepHeyi Kyii, MAcCugmiy Oy3vliybl, MACCUBMIY HCAPLLIYbL, KeH Ka30aniapvii OeKiny.

TexHoJorust YupaB/jeHUA TCOMEXAHUYCCKUMU IPOoHeCCaAMM IJIA MOBLINICHUS yCTOﬁqHBOCTH 3aKOHTYPHOI'0O MacCuBa

BOKPYT BbIPa00TOK

AHHOTaHﬂﬂ. I/ICCHG}IOB&HLI Haﬂpﬂ)}(eHHO—)Z[e(bopMHpOBaHHOe COCTOSIHHE, IIPOABIICHUS TOPHOI'O JaBJICHHS, YCIOBUS MOAACPIKAHUS BLIpa60TOK B 3aBUCUMOCTH OT T'Op-
HOTEXHUYECKUX U TEXHOJIOTHYECKHX IapaMeTpoB. McciieoBaH s TO3BOJIMIIN YCTAaHOBUTD CTENICHb MX BIMSHUS Pa3paOboTKu Ha 3((EKTHBHOCTH MPUMEHEHHS QHKEPHOTO
KPEIICHUsI BHIEMOYHbBIX BbIPaOOTOK. Paspaboran crocod ympasiieH s FeOMEXaHHYECKUMI POLECCaMHy TIPU BEICHUH TOPHBIX PabOT Ha IyOOKHX FOPU30HTAX YTOIbHBIX
oI1axT. HCJILIO I/ICCJ'ICI(OBaHI/II\//I SIBJISICTCA CO30aHUE TEXHOJIOTMHA HHTCHCUBHOI'O 1 0€30I1aCHOTO IIPOBEACHUS BBICMOYHBIX TOPHBIX BBIpaGOTOK Ha OCHOBC BBIABJIICHHBIX 3aKOHO-
MepHOCTeﬁ TIOBEACHUS IIPUMBIKAIOMHUX K HUM MaCCHBOB TOPHBIX ITOPOJA, ONITHMH3AINH TapaMETPOB TEXHOJIOTHICCKUX CXEM ITOATOTOBUTEIBHBIX pa60T, 06ecne'mBa}0umx
noBbInIeHHe dQGEeKTHBHOCTH QYHKIHOHUPOBAHHMS MOA3EMHOIO TOPHOTO PON3BOACTBA. Viest HCecieI0BaHMi 3aKII0YaeTCsl B IPABICHHH TEXHOTCHHBIM HaIPsHKEHHO-J1e-
opmupoBanubM coctosianeM (HJC) aist pa3padotku 5(heKTHBHO TEXHOIOIMH KPEIUICH S IPHKOHTYPHOTO TOPHOTO MacCHBa.

Knroueegwie cnosa: 2opHoe Oa(meﬁue, aHKepHoe KpenjieHue, HanpssiceHnoe COCMmosHUue Maccued, HapyueHHocms maccusd, mpewuHoeamocms maccued, KpenjieHue
20PHBIX 8bIPAOOMOK.

Introduction

Modern technologies of fastening of underground mine
workings include consecutive consideration of the following
issues: determination of parameters of rock pressure and phys-
ical and mechanical properties of the host rocks; assessment
of technology, means and types of fastening, at coal mines and
mines; analysis of theories used in the calculation justifica-
tion of parameters of fastening of mine workings; principles of
fastening, geomechanical models and experience of applica-
tion; methods of carrying out and fastening of mine workings;
methods of calculation of fastenings; monitoring of the condi-
tion of mine workings.

Mining pressure is the stresses arising in the rock massif,
near the walls of workings, boreholes, in pillars, on the surfac-
es of the contact «rock — fastener» as a result of gravitational
forces, as well as tectonic forces and temperature changes in
the upper layers of the Earth’s crust [1].

There are five main theories used in the design justifica-

Figure 1. Theories used in the calculation justification of
the parameters of anchor support.
Cypet 1. AHkepJiik Tipek mapameTpJiepiH ecenrey
HerizaeyiHae KOJIJaHbLIATHIH TeOpHUsIap.

tion of the anchorage parameters: suspension of the immediate
roof to stable rocks (Figure 1, a); formation of the load-bearing
structure (Figure 1, b); compression of the supporting rocks
(Figure 1, c); joint operation of the anchorage and the massif
(Figure 1, d); energy theory (Figure 1, e) [2, 3].

The following schemes of anchoring of mine workings
are distinguished — Figure 2: one-level scheme of anchor-
ing with metal arch support (Figure 2, a), one-level scheme
of anchoring (Figure 2, b), two-level scheme of anchoring
(Figure 2, c).

Puc. 1. Teopuu, npuMeHsieMble IPH PacYeTHOM
000CHOBAHUH NIAPaMeTPOB AHKEePHOii KperH.

There are the following types of anchors used in mines and
mines, which can be divided by the structural design of the
anchor rod: metal lock anchors; metal lockless (blast) anchors;
wooden anchors; reinforced concrete anchors; steel-mineral
anchors; steel-polymer anchors; plastic anchors; basalt plastic
anchors; friction anchors; injection anchors; self-drilling an-
chors; rope anchors; bundle anchors.

TOPHBIN ) KYPHAJI KABAXCTAHA Nel’ 2025




27

[eoMexanmka

AKDT
126,000 ==

v
f %

AKM20.01
[=Z4dm

lNepes. ankep

AC-141L0
"'ﬂ ( )

AKM20.01

\L BM

=780 |

Al .!.
1 Al l

\\ oK,

%0, _

=3 "‘--_.,_

¢ — two-level scheme
of anchoring

b — one-level scheme
of anchoring

a — one-level scheme of anchoring
with metal arch support

Figure 2. Anchor fastening schemes for mine workings.
Cyper 2. Ken ka30ajapbIH 0eKiTy cxeMajaphbl.
Puc. 2. CxeMbl aHKepHOI0 KpeIlJieHHsI TOPHBIX BBIPAGOTOK.

Modern trends in the development of anchoring technolo-
gies (methods of excavation and anchoring, etc.) include ap-
plication of two-level anchoring in the following conditions:
maintaining workings and interfaces up to 12 m and more
wide (Figure 3, a); pre-cut and formed dismantling chambers
(Figure 3, b); interfaces of a cut-and-cover furnace with a
19.7 m wide conveyor workings (Figure 3, c); reinforcement
of workings fastening for their reuse and aimless mining of
coal reserves; for the operation of the mine face without mech-
anized interfaces (Figure 3, d); for their preservation for the
purpose of gas control, drainage, emergency exits; in the zone
of advanced bearing pressure; in unstable rocks, in zones of
geological disturbances; installation of suspended monorails;
foundationless installation of belt conveyor stations [4, 5].

There are methods for calculating the parameters of deep
anchors in mine workings with a width of 8-12 m (Figure 4,

AKO1. AK02

AKM20.01

\ AR IRATERAR:

Kauarnsie ankept AKOL, AK02

Figure 3. Application of two-level anchor support.
Cyper 3. Eki aenreiini Oexityai Koigany.
Puc. 3. [Ipumenenne 1ByXypoBHEeBOIl AaHKEPHON KpeIH.

a) and the parameters of anchoring of dismantling chambers
(Figure 4, b).

Figure 4. Schemes of methods for calculating the
parameters of deep-laid anchors.
Cypert 4. TepeH aHkepjepAiH mapaMeTpiepiH ecentey
JicTepiHiH TMarpaMmanapsbl.
Puc. 4. CxeMbl MeTO/I0B Pac4eTOB MapaMeTPOB AHKEPOB
[Iy0OKOT0 32J105KeHHUSI.

To maintain high productivity, the mine face must move
8-12 m/day, with reserve preparation at 15-25 m/day. Mod-
ern longwall coal mining employs three schemes: (1) reus-
ing workings, (2) creating workings in mined-out space, and
(3) twin workings with adjacent longwall excavation. The
most advanced scheme preserves excavation workings along
the boundary of the excavation space, stabilizing them with
two-level deep-embedded anchor fasteners and reinforcing
supports.

Second-level anchorage, installed after roof rock displace-
ments (up to 50 mm), creates a load-bearing layer, while dis-
placements of 50-200 mm reduce the system's bearing capaci-
ty by 15-65%. To limit sliding prism effects, 2.4-5.2 m anchor
rods are used, reducing displacement to 200-250 mm [6].

At greater depths, excavation stability is critical, with up to
60-70% cross-sectional loss due to mining pressure. Annually,
20% of mine workings are repaired, accounting for 15-20%
of coal production costs. Increased size and density of met-
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al frame bracing have shown limited effectiveness due to de-
formation issues. Modernizing fasteners alone cannot resolve
these challenges [7].

Geomechanical processes remain understudied. At the
Kostenko mine (Karaganda, Kazakhstan), conditions in con-
veyor drift 49k10-z were analyzed. The k10 seam (3.7-4.0 m
thick) has an immediate roof of mudstones (3-7 m) and a main
roof of weakly fractured sandstones (24-32 m). Soil displace-
ment reached 0.55 m in two years. Pre-mining the drift by 0.5-
0.6 m ensured a stable cross-section. Optimal conditions were
achieved in a 50 m semi-arched section secured with mixed
bracing (anchors and MRC) at 1.33 frames/m.

c
a — mixed bracing; b — deformation of the topside;
¢ — rupture of the topside; d — deformation of the struts
Figure 5. Condition of the conveyor intermediate drift
49, .. in the zone of influence of mining operations
at the Kostenko mine.

Cyper 5. 49, ,,., aTbIHJAAFBI LIAXTA/1a Ta3ajay
JKYMBICTAPBIHBIH dCep eTy aliMaFbIHAAFbI APAJIBIK HK0JI
KOHBeliepiHiH xkarnaiibl KocTenko.

Puc. 5. CocTosiHne KOHBelHepHOro MPOMe:KyTOYHOI0
mrpeka 49, .., B 30He BIMSTHUSI OUHCTHBIX padoT
Ha maxrte uM. Koctenko.

This section of excavation is characterized by the following
changes in the condition of the support: deformation of the
top layer and its tearing (Figure 5, b, ¢) along the lines of the
purlins — 60%; deformation of the composite struts (Figure 5,
d) in the vertical plane — 1.5%; deviation of the friction struts
from the vertical position, mainly along the line of the first run
from the face — 70%.

In this regard, the study of the peculiarities of rock mass
deformation around preparatory excavations with anchoring at
different angles of bed dip and anchoring depth, justification of
anchoring parameters and determination of rational area of its
use, is an urgent task of mining production.

The purpose of the research is to create a technology for
intensive and safe mining excavations on the basis of the
identified regularities of the behavior of adjacent rock mas-
sifs, optimization of the parameters of technological schemes

of preparatory work, providing an increase in the efficiency
of underground mining operations. The idea of the research
is to manage the technogenic stress-strain state (STS) for the
development of an effective technology for fixing the adjacent
rock massif.

The diversity of mining and geological and mining engi-
neering conditions of mine workings operation and the associ-
ated mechanism of interaction between rocks and supports has
led to the emergence of a number of different geomechanical
models of the state of the rock mass around mine workings. At
the same time, the most promising at present is mathematical
modeling with the use of computers.

In the presented studies analytical modeling is performed
using the numerical finite element method. Modeling is car-
ried out for conditions of seam conveyor mining of seam
k,, of mine named after Kostenko of Karaganda coal ba-
sin at mining depth of 400 m and thickness of seam 3.8 m.
Kostenko mine of Karaganda coal basin at the depth of de-
velopment of 400 m and the thickness of the seam 3.8 m.
Studies are made on mathematical models using the ANSYS
program complex allows to establish the influence of mining
and geological factors on the conditions of operation of mine
workings supports.

A model of the host rock massif was built in the ANSYS
program complex, corresponding to the conditions of occur-
rence of the k,, formation.

The influence of the shape of the mine cross-section and the
angle of dip of the coal seam on the magnitude of the maxi-
mum stresses in the rock mass at anchoring of the excavation.

In case of vaulted (arched) cross-sectional shape of the
mine face, normal stresses (6y) grow with increasing dip an-
gle (@) from 10 to 13.5 MPa according to the exponential
function. The distribution of stresses in the zones of the host
lateral rocks surrounding the mine face is shown in Figures
6,aand 6, b.
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Figure 6. Distribution of maximum stresses in the zones of
host wall rocks surrounding a mine working of arched (a)
and rectangular () cross-sectional shape.

Cypert 6. [loFaJbl (a) #&dHe Tik OYPBIIITHI (6) KHMACHI 6ap
IIAXTaHbl KOPIIAN TYPFAH HeTi3ri Tay KbIHbICTAPbIHBIH
aliMaKTapbIHAAFbI MAKCHMAJIIbI KepHeyIepAiH Tapaaybl.
Puc. 6. Pacnipenesienue MaKkCHMAaJIbHbIX HANIPSKEHUH
B 30HAX BMEIIAIOIIHUX OOKOBBIX MOPOJ, OKPY-KAIOIIMX
TOPHYIO BHIPAGOTKY apO4HOii (@) U PSIMOYTOJIbHOI (0)
(opMBI MONIEPEYHOr0 ceYeHHUsl.

For mine workings with a polygonal cross-section, the
stress-strain state trends are similar to those of rectangular
cross-sections, with notable differences: stresses (oy) are 1.5
times higher, (6x) is 2-3 MPa lower, and (zxyp) is 1.5-2.0 times
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higher. [8, 9] Studies indicate that rectangular cross-sections
with anchored host rocks are preferable for the k10 seam at the
Kostenko mine.

The stress-strain state of host rocks was also analyzed for
varying thicknesses of easily collapsible rock layers and dif-
ferent anchor lengths. For a trapezoidal cross-section with a
15° dip, a 3.8 m seam, and a depth of 600 m, the following was
observed: stresses increase proportionally with anchor length
(1.5-6.0 m) and collapsible layer thickness (1-6 m). Tensile
stresses decrease, while compressive stresses jump at an an-
chor length of 3.0-3.5 m and remain in a narrow range (42-
48 MPa). Tangential stresses increase with thicker collapsible
layers and vary with anchor length. Borehole diameter increas-
es (up to 0.05 m) negatively affect stress, doubling it across
the range.

These studies highlight the stress distribution and behavior
of lateral rocks around excavations, offering insights for opti-
mizing support systems [10].

-.783E408
-, 665E+08
-.548E+08
- 430E408
-.312E408
-, 194E+08
- 167E407
L410E+07
. 159E+08
LATREH0B

B00DEEOE N

1 — zone very unstable; 2 — zone unstable; 3 — zone unstable;
4 — zone of average stability,; at the point of minimum the
zone is stable
Figure 7. Distributions of normal (o) and
longitudinal (b) stresses.

Cypet 7. KaabInTsl (@) &IHe 00HIBIK (0)
KepHeyJIepAiH Tapaldybl.

Puc. 7. Pacnipenenennsi HOpMaJIbHBIX (a)
¥ NIPO0JILHBIX (0) HANPSKEHUH.

The analysis of stress distribution shows that zones of
unstable rock formations occur around the excavation. To a
greater extent it concerns the roof and soil of the excavation,
as well as its sides in the area of the lower part of the lateral
sides of the excavation contour. The maximum value of nor-
mal stresses occurs in the anchor located on the roof of the
excavation in the rightmost anchor in the place of its fixation.
The maximum value of longitudinal stress occurs in the an-
chor located on the right-side surface of the excavation (first
from the bottom).

The above theoretical and practical recommendations al-
low to form progressive technological schemes of anchoring
of mine workings, one of which is presented below. Method
of anchoring the preparatory mine workings. The purpose of
this method is to provide anchoring works in the zone with
increased stresses in the contour rocks, especially in the condi-
tions of excavation of mine workings in the emission-hazard-
ous formations.

The application of the proposed method of fixing the pre-
paratory mine workings will allow to fix rocks in advance in
the zone of high stress state, thus preventing deformations

(reduced by 20 - 30%) at their exposure in the process of
mining.

The method of fixing the preparatory mine workings [11,
12], in which the layers of host rocks, fix anchors and place
them at an angle to the overlay, characterized by the fact that
the anchors are located forward directed to the zone with in-
creased stress state, located at an angle along the front of the
excavation, determined by the formula:

__ YmtVYa
ﬁ — 2 ?
where y,, and p, are the directions of action of the vertical and
lateral stress vectors, respectively.
Figure 8, a shows a longitudinal view of the method of fix-

ing the preparatory mine workings, and Figure 8, b shows a

plan view.
The zone of increased supporting rock pressure 1 (with the

a — longitudinal view of the excavation, b — plan view
Figure 8. Method of fastening preparatory mine
workings.

Cypert 8. Ken ka3z0ajiapbIH 6H/eyli KaMTaMachI3 eTy dfici.
Puc. 8. Criocod kpenuieHUsI OATOTOBHTEJbHBIX TOPHBIX
BbIPa0OTOK.

a b

a — erection process; b — technological scheme
Figure 9. Technology of using advanced support for
unstable roofs (Saranskaya mine, Karaganda coal basin).
Cypet 9. TypakcbI3 LIaTHIPJIAPFA APHAJIFAH
JKeTUIAIpinred TipekTepai KOIIaHy TEXHOJIOTHSACHI
(Capan kenimi, Kaparanabl kemip 0accerini).

Puc. 9. TexHoJiorusi NpUMeHeHHsI NepeoBoil Kpenu
NPH HeyCcToiYuBOI KpoBJe (maxTa «CapaHckasy,
Kaparanaunckmuii yrojbHblil 6acceiin).
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value of 1.3-1.5yH, where p is the density of the host rocks t/
m?; H is the depth of the excavation, m) is located in the roof
and sides of the excavation contour and is adjacent directly to
the moving plane 2 of the tunnel face and its wave 3 comes out
in front of the excavation advancement front.

When stripping the next cycle 4 of rock mass along the
front 5 of the excavation advancement, boreholes are drilled
in the roof and sides of the excavation and anchors 6 and 7
are installed forward into the zone of increased stresses, thus
achieving «cross-linking» of the side rocks in this zone. The
position angle of the anchors is .

A concrete realization of this method of advanced support
installation is shown in Figure 9.

In case of roof collapse, as a consequence of disturbance
of the stability of the surrounding rocks, when the face breast
goes more than 0.75 m — in case of anchoring and 1.25 m — in
case of mixed anchoring, inclined steel-polymer anchors are
installed in the roof of the excavation.
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NCCIEAOBAHUE ®PU3ZUKO-MEXAHNWYECKHUX
CBOMCTB IOPHBIX ITIOPO/1 PYJAHbIX
MECTOPOXJEHHUMN C OIITEHKOHA
ECTECTBEHHOI' O HAIIPAXEHHOI'O
COCTOsAHUA MACCHUBA

AnHoTanus. Llens HaydHOU CTaThU — NPOBENCHUE KOMILIEKCHOTO MCCIIEIOBAaHMSI MEXaHUYECKUX CBOMCTB Pyl U MOPOJ MeCTOpoxeHus KuiaHAUHCKOW TPYIIIbL, a
TAKIKE OL[EHKA IPUPOIHOTO MOJIST HATIPSDKEHHOTO COCTOSIHHS MACCHBA JUIS PELICHHSI TEOMEXaHUYESCKUX 3a/1a4 IIPU ONTHMH3ALNK BeJCHUsI TOPHBIX paboT. Hacrosimee nccie-
JIOBaHUE MTOCBSIICHO OLICHKE BIMSHIS BOIOHACHIIICHHS HA MEXaHNYECKHE CBOHCTBA TOPHBIX NOPOoA JKIIaHANHCKOH IPYIITBI MECTOPOXKICHHH U ONPEETICHHIO IPUPOTHOTO
TI0JIs1 HAIPSDKEHHOTO COCTOSTHUSI MaccuBa. [IprMeHsiach KOMIUIEKCHAsT METOMKA, BKIIFOYAIONIasi THAPOPa3phIB IIOPOJT B CKBAXKUHAX. BBISABICHO 3HAYNTEIFHOE CHIKCHHE
HPOYHOCTHBIX XapAKTEPHUCTUK HPH BOAOHACHIIICHNH.

Knrouesnie cnoea: none nanpsoicenuil, 2u0popaspule, NPOUHOCMHbLE Xapakmepucmuru, KvliaHOUHCKAs 2pynnad, MecmopodicoeHus, pyod.

MaccuBTiH Ta0MFu KepHeyJii KyiliH 0arajiaii OThIPbINI KeH KeH OPbIHAAPBIHBIH TAy KbIHBICTAPBIHBIH (PU3NKAJIBIK

MEXaHUKAJIBIK KaCHeTTepiH 3epTTey

Amnparna. FeulbIME MaKaTaHbIH Makcatsl — JKHIaHIb!l TOOBIHBIH KSH OPBIHAAPBI MEH Tay JKbIHBICTAPBIHBIH MEXaHHKAIBbIK KACHETTEpPiHe KCIICH/l 3epTTey JKYprisy,
COHJIali-aK Tay-KEH JKYMBICTAPbIH KYPTi3y/i OHTaiNIaHIbIPY Ke3iHIe FeOMEXaHUKAIIBIK MOCEIeNep I ey YIIiH MaCCUBTiH KepHEYII KYHiHiH Taburu epicin Oaranay. By
3eprrey JKuiaHab! TOOBI KeH OPBIHIAPBIHBIH Tay JKBIHBICTAPBIHBIH TAOMFU KEPHEY OpiCiHEe SCEpiH jKSHE ONIapIbIH CyFa KAHBIFYBIHBIH MEXaHHUKAJBIK KACHETTEpre aCepiH
3eprreyre apHaiFaH. [HapoXKapbUIbIC dJ1ici apKbUIBI TAOUFU KepHEY OpiCiH aHBIKTAy YINiH KeIIeHi 9jic Konaausuiasl. HoTmkenep Tay sKbIHBICTAPBIHBIH CyFa KaHBIFYBI

Ke3iHze OepiKTiK CHIaTTaManapbIHbIH €10Yip TOMEHACHTIHIH KOPCETTi.

Tyuinoi ce30ep: mabuzu Keprey opici, 2uopodicapvlivic, bepikmik cunammamaiapbl, Koiiandvl moobul, Ken opeiHOAPsI, KeH.

Investigation of the physical and mechanical properties of rocks of ore deposits with an assessment of the natural stress

state of the massif

Abstract. The purpose of the scientific article is to conduct a comprehensive study of the mechanical properties of ores and rocks of the Zhylandinskaya group deposit,
as well as an assessment of the natural stress field of the massif to solve geomechanical problems in optimizing mining operations. This study focuses on assessing the im-
pact of water saturation on the mechanical properties of rocks from the Zhylandy group deposits and determining the natural stress field of the rock mass. A comprehensive
method including borehole hydraulic fracturing was applied. The results showed a significant reduction in strength characteristics during water saturation.

Key words: stress field, hydraulic fracturing, strength characteristics, Zhylandinskaya group, deposits, ore.

Beenenne

B mryounax Kasaxcrana oOHapyxeHo okoiio 100 Tumos
TIOJIE3HBIX UCKOIMAEMBIX, YTO CBSI3aHO C OJIArONPHUSITHBIM I'e€0-
rpagu4ecKuM MOJIOKEHUEM CTPaHbl, BKIIOYAIOIINM Pa3HOO-
OpasHbIe reoIOrMYeCKHe CTPYKTYPhI M Pa3JIMYHbIE TUIIBI TOP-
HBIX IT0POA, chOPMHUPOBAHHBIE HA TIPOTSHKEHUH JUTUTEIHLHOTO
BPEMEHM — OT JPEBHHMX apXeHCKuX (opmanuii 10 MOJIOIBIX
YETBEPTUUHBIX OTIOKEeHUH [1-2].

C pa3BuUTHEM TOPHOIOOBIBAIOIIEH TPOMBIIIIEHHOCTH H T10-
CTOSIHHBIM YBEJIMYEHUEM IITyOMHBI J0OBIYM BOSHUKAIOT HOBBIC
BBI30BBL. HarmpsbkeHHO-/1e(hOpMUPOBAHHOE COCTOSHUE MOPOJ-
HOTO MacCHBa IT0J] BO3ICHCTBHEM TOPHOIOOBIBAIOIIMX PabOT
MOXXET CYNIECTBEHHO M3MEHUTBCS, YTO HEraTUBHO OTPAa3UTCs
Ha yCTOMYMBOCTH IOI3eMHBIX BbIpaboTok. Ilepepacmpenene-
HHE JICHCTBYIOIMX B MACCHBE HAIPSDKEHHH MOXKET HETaTHBHO
BJIMSITH HA YCTOMYMBOCTH MOJ3EMHBIX BBIPAOOTOK, YTO BIIEYET
KaluTalbHbIE 3aTparbl Ha HMX KperuieHue. CII0KHOCTh Top-
HO-T€OJIOTMYECKUX YCJIOBUI TaKKe CYIIECTBEHHO BIMSET Ha
YCTOHYMBOCTb TOPHBIX BBIPAOOTOK M MPEBSIBILIET IOCTATOYHO
JKECTKHE TPeOOBaHMS K TPOSKTUPOBAHUIO MOAIOTOBHTEIBHBIX
1 OYHMCTHBIX paboT. B Takux ycioBusix Bo3pactaeT 3Ha4MMOCTh
pO0OJIEMBI IPEAOTBPAILCHHSI HETaTHBHBIX IIPOSIBIICHUI TOPHOTO
JIaBJIeHHs] 1 00ecredeH sl YCTOWYMBOCTH TOPHBIX BBIPAOOTOK,
JUISL pELIEHHsT KOTOPOM HeoOXoumMa HH(OPMALUsI O €CTECTBEH-
HoM none HanpspkeHuil [3]. ITosTomy olieHKa HampsKEHHOTO
COCTOSIHUS TIOPOJL B MACCUBE SBIISIETCS aKTyaJIbHOW 3a7a4ei.

[IposiBiIeHNE TEPLUHCKOTO TEKTOTeHe3a MPHUBENIO K 00pa3o-
BaHUIO 37eCch cTPYKTyp Il U Oosiee BBICOKOTO MOPSAKOB (Ky-

TI0JIOB, MYJIBJT), OCIIOKHEHHBIX IPOAOJIBHBIMU 30HAMH COKATHS
TUna (IIEKCYp W JAU3BIOHKTHBHBIME HapyIICHUSMU. JKHTaH-
JUHCKas FpyIa MECTOPOXkKAECHUH pacnonoxkena B 30-35 kM k
ceBepy OT pyIHHUKOB JKe3ka3raHa U BKIIOYAeT B ce0st 5 MecTo-
poxeHui (¢ 3amaga Ha BOcToK): Mray3, 3amagnas Capbei-O0a,
Bocrounast Capei-O6a, Kummaknaii n Cesepnbliii Kaparro-
mak. B menoM MecTopoxaeHusl XapaKTepU3yIOTCsl CIOKHBIM
T€0JIOTMYECKAM CTPOECHHEM, 0COOCHHO 3TO OTHOCHTCS K KPYII-
HbIM: Bocrtounas Ceiper-O6a, 3amagHas Capel-O6a, Wrays.
JlanHbIe palOHBI SBISIFOTCSI 30HAMHM HAaWOOJBIINX HaIpsDKe-
HUH, KOTOPBIE U MIPUBEIIN K 00pa30BaHHIO HE TOJIBKO CKIIaada-
TBIX, HO U KPYITHBIX Pa3pbIBHBIX HAPYIICHUH.

Pynnble 3amexu XapaKTepU3ylOTCs BECbMa HM3MEHYHMBOM
MOIIIHOCTBIO U HEPABHOMEPHBIM PACHpPEAEICHUEM MOJIE3HBIX
KOMIIOHEHTOB. B TmiaHe pyaHble Tena MMEIOT Iulameoopas-
HYIO, OKPYIVIO-BEITSIHYTYIO, JICHTOUHYIO (hOpMYy, 4acTo Xapak-
TEPU3YIOTCS JIOBOJBLHO CIIOXKHBIMU KOHTypamu. Ha duanrax
WM BO BHYTPEHHEH YacTH OHM Pa30MBAIOTCS MYCTHIMH HOPO-
JAMH WA 320aJTaHCOBBIMU pynamu [4-6].

MeToauka

Br160p ygacTKOB [UTST KOHTPOJIS IEHCTBYIOIIUX B MAacCUBE
HanpspKEHUH, a TakkKe MECT 3aJI0KEHHSI 3aMEPHBIX CTaHLUN
MPOBOAUTCS Ha BOBMOXKHO MaKCUMAaJIbHOM YIAJI€HUH OT 30HbI
OYHCTHBIX pabot [7]. KoHCcTpyKItns 3aMepHOI CTaHITUH TIPEI-
yCMaTpUBaeT MPOBEACHNE HE MEHEE TPEX CKBAKHUH IUAMETPOM
76 MM TiryOuHO#M 10 12 M. Jlanee ocymecTBisieTcst 00cieno-
BaHHUE MOBEPXHOCTU CTEHOK CKBaXMHBI. [IpeamnouTuTesnbHO
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B TOpHeBOﬁ YaCTU CKBAXXHWHbI YCTaHABJIMBACTCSA U3MCPUTEIIb-
HBII 30HJ W BBINOJHAETCA TECT TUAPOpa3pbiBa. DUKCUPYET-
Csl KpUTUYECKOE JiaBieHne (Ironia B MOMEHT THIpOpa3phiBa
U JIaBIICHHE €r0 CTa0WIM3aIlMU I0CIIE MPEKPAIeHUs TT0aun
¢dumonya. JlaBneHne craOWiIM3aluy PErHCTPUPYETCs B Tede-
Hue 5 MuH. /laBlieHre HArHETaHKUsI COPAChIBACTCS 10 HYJICBOIO
3HAYEHUSI, IPOLIECC HArPY)KEHUsS] CTEHOK CKBAKUHBI TIOBTOPSI-
eTcst 2-3 pasza ¢ perucTpaimei B kaxxaom ciydae. [lepectanos-
Ka M3MEPUTEIBHOTO 30H/1a OCYIIECTBISIETCS] B HAIIPABICHUH K
YCTBIO CKBAXKHHBI C pasMCIICHUEM €T0 B IBYX-TpPEX MECTax 1o
JUTMHE CKBaXHHBI ¢ marom 1.0-1.5 M. B kaxxnmom mecte ycra-
HOBKH BBIIIOJIHAIOTCS TE€CThI Tuapopa3psiBa. [lo mapamerpam
THJPABINYECKOTO TE€CTa OIPEICISIOT 3HAYCHUE MEHBIICH U
pacCUMTHIBAIOT 3Ha4YE€HUE OOJbLICH TOPU30HTAIBHOM KOMIIO-
HEHT JeHCTBYIOIIUX HampspkeHui. [locie 3Toro n3mepurens-
HBIH 30H/ U3BJICKAKOT U3 CKBA>XUHBI.

Onpeodenenue (u3uKo-mexaHuueckux CeolCme 20PHbIX
nopoo

B tabnuue 1 mpuBomsTcs: HOMep NpoObl, HAUMEHOBAHHE
MOPOJIbl, MECTO O0TOOpa, HOMepa JabopaToOpHBIX 00Pa3IioB,
BBIOypEHHBIE U3 3TOW MPOOBI M COOTBETCTBYIOIINE MM BHUJIBI
HCHLITaHHﬁ, MPOBEACHHLIC HA TaHHBIX 06pa3uax B €CTCCTBCH-
HOM U BOJOHACBIIIICHHOM COCTOAHUAX.

[Tpu BBIOOpE MecTa 0TOOpa MPOO CTPEMHIIMCH K MaKCH-
MaJIbHOM THIIMYHOCTH OTOMPAaEMBIX MPOO, T.€. K UX COOTBET-

CTBHUIO IO CTPYKType M CBOMCTBaM MOpPOJaM B MECTax, I
KOTOPBIX PENIalOTCs MOCTABICHHBIC 3aaud. B Kaxmoi mos-
TOTOBUTEIHHOW BHIPAOOTKE W/WIIM B OYUCTHOM 3a00€ mpoObI
OTOMpAIKCh HE MEHEE YeM B IByX MECTax.

[TpoOb! momenianuch B repMETHYHbIE EMKOCTH WIIM B Ia-
KETbI U3 BO3AYXOHCTIPOHUIIAEMBIX MaTCpHaIioB. HpI/I HUCIIOJIb-
30BaHHUU ITOJIMOTUIICHOBBIX ITIAKETOB KaXKJast np06a YIaKOBbI-
Bajgach B ABOWHOM makeT. KakKIplii MOJMSTUICHOBBIA ITAKET
repmetuzupoBaics. [lepea repmeTH3aiuei maketa BO3IyX U3
HEro yaayisuics. B Memiok ¢ mpo0oii BKIIapIBAJICS JHCT OyMa-
ru ¢ uHpOpMaIKeH 0 1aTe U BPEMEHH 0TOOpa MPoObI, MECTe
0T00pa, IPUPOIHOTO THIIA PYbI, ©3 KOTOPOTo 3Ta Mpooda Oblita
orobpaHa.

Hcnbitanus 1eopManuoHHO-IIPOYHOCTHBIX CBOMCTB 00-
pasloB Pyl U BMEIIAIONHMX MOpoja JKUIaHAWHCKOTO MECTO-
POXKIICHHUS] TIPOBEJCHBI HA CEPTU(GUIIMPOBAHHOM 000PYI0Ba-
HHMU.

[Ipecc obecneunBaeT pexMMbI MSTKOro (Iporpamma Ha-
IPYKEHHUA 3aJa€TCA 11O Harpy3kam, AJisl BbIABJICHUS CKJIIOHHO-
CTH TIOPOJ K XPYIKOMY Pa3pyIICHUIO U YAapOOMACHOCTH) H
JKECTKOTO (TporpamMMa Harpy»KEHHUs 3a7aeTcCs 10 MepeMerne-
HHIO 3aXBara) HATPY)KEHHsI C aBTOMATHYESCKOM 3aMUChIO B T1a-
MSITh KOMITBIOTEPA PE3yIbTaTOB M3MepeHuid. B mporecce akc-
MEPUMEHTOB IMPOBOJAUTCA HEHPEPLIBHOC U3MEPCHUE U 3aIIUCh
0CEBOM HArpy3KH, IPOIOJIBHBIX U TIONIEPEUHBIX AehOopMaInii B
cpenHeil yactu oOpasia (6aza 25 MM) ¢ IPUMEHEHUEM TEH30-

Taonuua 1
Haumenosanue npoo, mecmo omoopa, 6uobl UCHbIMAHUIL U COOMEENICIMEYIOUiUEe HOMEPA 00PA3 Y08
Kecme 1
Cotnamanapowiy amaysl, ipikmey opHbl, CbIHAK, Mypepi Hcane ynzinepoiy, muicmi nomipnepi
Table 1
Name of samples, place of sampling, types of tests and corresponding sample numbers
Homepa 06pa3noB, BUAbI HCTIBITAHUH, COCTOSIHUAE
No HawnmenoBanne
Mecro otOopa Cixatue Pactsoxenue
TPOOBI TTOPOJIBI
€CTECTBEHHOE | BOJIOHACHILEHHOE | E€CTECTBEHHOE | BOJIOHACHILIEHHOE
Mecuanuk cepbii Pyna (Boctounas Caper- | 1-1-1n, 1-1-2n, 1-1-1w, 1-1-2w, 1-2-1n, 1-2-2n, 1-2-1w, 1-2-2w,

1 - P 0O06a, I1-6, 3anexs I-11, 1-1-3n, 1-1-4n, 1-1-3w, 1-1-4w, 1-2-3n, 1-2-4n, 1-2-3w, 1-2-4w,
pyA rop. 300 M, MKLI) 1-1-5n, 1-1-6n 1-1-5w, 1-1-6w 1-2-5n, 1-2-6n 1-2-5w, 1-2-6w
Pyna e 2-1-1n,2-1-2n, | 2-1-1w, 2-1-2w, | 2-2-1n,2-2-2n, | 2-2-1w, 2-2-2w,

I (MecCTOpOKICHNE Hzﬂmm 2y76 ” A 2-1-3n, 2-1-4n, | 2-1-3w, 2-1-dw, | 2-2-3n,2-2-4n, | 2-2-3w, 2-2-4w,
Uray3) A 2-1-5n, 2-1-6n 2-1-5w, 2-1-6w 2-2-5n, 2-2-6n 2-2-5w, 2-2-6w
Heesame coomi (r};e(f;‘f:fH"a:eg;"tl_ 3-1-1n,3-1-2n,  |3-1-lw,3-12w,  |3-2-1n,3-2-2n, | 3-2-1w,3-2-2w,

M| o P oo s 500 L |31 3an, 313w 30w, 3230, 3-24n, | 323w, 3-2-4w,

e o TOP: ©|3-1-5n,3-1-6n | 3-1-5w,3-1-6w  [3-2-5n,3-2-6n | 3-2-5w, 3-2-6w
BUCSYNI OJIOK)
ITecuanuk kpacHbIi
— gg;”;?‘zz S";‘;‘_’:a 4-1-1n, 4-1-2n, | 4-1-1w, 4-1-2w, | 4-2-1n, 4-2-2n, | 4-2-1w, 4-2-2w,
v oo o H’30Hf 100 m); b 4-13n,4-1-4n, | 4-1-3w,4-1-4w, |4-2-3n,4-2-4n, | 4-2-3w, 4-2-4w,
P HscanHK KpaCH;)IIZ 4-1-5n, 4-1-6n 4-1-5w, 4-1-6w 4-2-5n, 4-2-6n 4-2-5w, 4-2-6w
(Uray3, momgatax 270 m)
AJEBPOJIUT CephIi
g‘;p;’;%iz;?m’m 1-1-In, 1-1-2n, | 1-1-1w, 1-12w, | 1-2-In, 1-22n, | 1-2-1w, 1-2-2w,
\'% AneBponut AnzB P HécanHﬁ 1-1-3n, 1-1-4n, 1-1-3w, 1-1-4w, 1-2-3n, 1-2-4n, 1-2-3w, 1-2-4w,
(Kapblép Cenepmbiii 1-1-5n, 1-1-6n 1-1-5w, 1-1-6w 1-2-5n, 1-2-6n 1-2-5w, 1-2-6w
Kapamromak)
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MeTpoB hupmbl INSTRON, a Takxe BeTHYUHBI IEPEMEIICHUS
TpaBepchl mpecca. [Ipu ncnbITaHUSIX Ha OOBEMHOE CiKaThe
IMPOBOAUTCA AOIOJHUTEIIbHASA 3alliCh OOKOBOTIO JaBJICHUA,
10/1aBa€MOT0 Ha 00pasell, MOMENIEHHBIH B KOMIIPECCUOHHYIO
kamepy. OGopynoBaHUE COOTBETCTBYIOT TPEOOBAHUSIM MEXK Y-
HapOAHBIX CTAHAAPTOB U MMO3BOIACT NOJIYUYUTH MPOUYHOCTHLIC,
Je(opMalMOHHbIE XapaKTEPUCTUKU HA BCEX CTaIUsIX HArpy-
JKCHUA 06pa3u013, B TOM 4YHUCJIC HOCTHHKOBOﬁ, BIIJIOTH OO0 HUX
paspyIIeHHsL.

Huametp o06pa3ioB (d), U3roTaBIMBaeMbIX U3 KepHA, CO-
craBisyl He MeHee 30 MM, OTHOIIEHHE BBICOTHI (L) K aua-
MeTpy (ko3ddumment dopmsr L/d) coctasmsuim: 0.5-1 mpu
HCIBITAHUN Ha pa3pbiB; 2.0 — IpU HCHBITAaHUM Ha CXKaTHE.
[ToaroroBka 00pa3oB MPOBOAMIACE HA CIIELIHATILHOM 000py-
JIOBaHHH JJIs1 00pabOTKH KEPHOB — CHCTEME ISl BBICOKOTOY-
HOI'0 M3TOTOBJICHUA HUJIMHIAPOB U TOPULCBBIX HOBCpXHOCTeI‘/II
kepHoB npousBozacTBa Coretest Systems, CIIA. Otkione-
HUE OT MapajuIeIbHOCTH TOPILIEBBIX IIOBEPXHOCTEH 00pa3IoB
JUISL UCTIBITAHUH cocTaBisuio He oosee 0,05 MM 110 AuameTpy
OCHOBaHHMs 00pasia; OTKJIOHEHHE OT MEPIEeHAUKYISIPHOCTH
TOPIIOB K 00pasyromuM nuwinHapa He oonee 0.05 MM; BbIITy-
ki10cTh TopioB — MeHee 0.003 MM commacHO TpeOOBaHUAM
I'OCT 28985-91 [8].

Onpedenenue npedena NPOYHOCMU NPU OOHOOCHOM
corcamuu

[Ipesen MpoYHOCTH NOPOJ IIPU OJTHOOCHOM CXKAaTHU OIIpe-
nemsuics cormtacHo ['OCT 21153.2-84. Jlnsg UCHIBITAaHWNA HC-
MOJIb30BAIMCH LMIIMHPUYECKUE 00pa3ibl auamerpom 30 MM
C COOTHOUIEHHEM BBICOTHI () K ero auamerpy (d) paBHBIM
m = h/d = 2.0. VI3mMepenue nuamMeTpoB 00pasiia MpoU3BOIH-
JIOCh B TPEX MECTax IO €ro BBICOTE (B CEpeIUHE U Y TOPLIOB).
3a pacueTHBI AMAMETP MPUHUMAIOCHh CpeaHeapu(MeTHye-
CKOE 3HAYECHHE pEe3yJbTaroB BceX u3MepeHuu. M3mepenus
MIPOBEAEHBI HU(BPOBHIM IITAHTCHIMPKYJIEM C HOIPELIHOCTHIO
+0.001 mMm.

HarpyxeHnue o0pa3ioB MpU HCHBITAHHUSIX MTPOU3BOIIIOCH
CO CKOpPOCTBIO JIBH)KEHUS MOABMXKHOrO Tpaepca mpecca 0.1
MM/MUH. 3Ha4€HUE Ipejielia MPOYHOCTH IIPH OHOOCHOM CiKa-
TUH 6caHe, | (MIla) BEIUUCISUIOCH IO hopMmyrie:

_ P, max
o.g.m' - s’ (I)

rae P, — MakCUMaJbHas pa3pyIIalomas Harpys3Ka;
S — rTona b MoNnepevyHoro cedeHns oopasmna.

Onpedenenue 0ehopmayuonnbIX XAPAKMEPUCMUK NPU
00HOOCHOM CoICamuu

Wzydyenne nedOpManMOHHBIX CBOWCTB TOPHBIX IOPOJ
npoBoauioch B cootBeTcTBUU ¢ ['OCT 28985-91. Jlanusblit
HOPMATUBHBIN JOKYMEHT MPUMEHSETCS K TBEPAbIM IOPOAaM,
y KOTOPBIX HpeAena MPOYHOCTU MPHU OAHOOCHOM CXKaTHUHU CO-
craBisier He MeHee 5 MIla, n onpenesnsier crocod u3MepeHus
nX 1e(hOPMAIIMOHHBIX TApPaMETPOB.

JUist IpoBeAEeHNS SKCIIEPUMEHTA 110 OTPEAEIEHUI0 MEXaHU-
YECKHMX CBOMCTB 00pasia ObLIN 3aperHCTPUPOBAHBI MPOI0JIb-
Hble (¢1) u momepedHsble (£2) nedopManyu, a TakKe oceBas
Harpyska (P) ¢ mOMOILIbIO M3MEPHUTENBHOIO KOMILIEKCa, KO-
TOPBIA paboOTa] aBTOMAaTWYECKH B TEYEHHE BCETO Ipolecca

Harpy>keHus J0 pa3pylleHus obOpasua. Yactora M3MepeHHit
cocrasimsuia 10 I'm.
HaHpH)KeHI/Ie BbIYHMCJIIAJIIOCH U3 BBIPAKCHUSA:

_ @
nd?’

Monyns nedopmanuii E n ko3 duImenT monepeqHon Je-
¢opmarmu v onpenessumch cortacHo [OCT 28985-9 B BbI-
OpaHHOM JMana3oHe HANPSHKEHUH 65 — 6f MPSIMOIMHEHHOTO
y4JacTKa Harpy304HOH BETBH 110 (hOpMyJIam:

Eg=—L, y=2ot &
E1f—€1s E1x—E1n
TJIE 6, — 3HAYEHHUs yPOBHEH HANPSIKEHMS B KOHIE AUAIa30HA
npu Harpy3ke, MlIla;

0, — 3HAUCHUs YPOBHEW HANpPsDKEHHS B Hadalle TUara3oHa
npu Harpyske, MlIla;

&, — OTHOCHUTEJBHBIC IPOIOIbHbIC HAPSHKEHUS MaTepHraa
B HaJalle TUara3oHa pyu Harpy3Ke;

&;;— OTHOCHTENBHBIE NPOJIOJILHBIC HAMPSKEHUS MaTepHaa
B KOHIIE THAMa30Ha IPU HAarpy3Ke;

&, — TIONEPEUHBIE Je(OopManiu 00pasia, K3MEPEHHBIE OT-
HOCHTEIHHO KOHEYHOTO 3HAYECHHUS HArpy3KH B Ipenenax 3a-
JAHHOTO JHana3oHa

&,,— Tonepevnble aedopmanmu 00pasia, H3MEPEHHbBIE OT-
HOCHTEIHHO HAaYaIbHOTO 3HAYCHHS HATPy3KU B Ipeenax 3a-
JAHHOTO JHAIa30Ha.

B ciyyae HennHENHHONW 3aBUCHMOCTH «HAIPSDKEHHUE — Je-
(hopmanus MPUMEHSIICA METO/] IMHEWHON almpOKCHMAIINH.

[Ipenen mpoyHOCTH MOPOJ MPH PACTHKEHUN (OpasHIILCKUN
tect) ompexnensics comtacHo ['OCT 21153.3-85. Crangapt
pacIpoCTpaHsAeTCs] Ha TOPHBIE MOPOABI C MPEASIIOM MTPOYHO-
CTH TIpH OJHOOCHOM pacTshkeHun e menee 0,5 Mlla. ITox-
TOTOBJIEHHBIC MUIUHAPUIECKUE 00pasibl auamerpoM 30 Mm
cooTBeTcTBOBaNM TpedoBanmsM 1. 1.3.4 u m. 2.3.4 TOCT
21153.3-85.

OmnpezneneHne mpeena NpoYHOCTH MPH KOCBEHHOM pacTs-
JKEHHUU TIPOU3BOIMIIOCH IO METOY Pa3pyIICHUS IUIHHIPUIEC-
CKHUX 00pa3IoB C)kaTueM 1o o0pasyrommm. [Ipu ucnbITaHusx
o0pazerr IMoMenTaucs B IEHTPE OMOPHOH IIIUTHI UCIIBITATEINb-
HOW MamuHbI (ImIpecca) MeXIy IUTMTaMH-IpoKiIagkamu. Ha-
rpy’keHre o0pasiia MPOU3BOIMIOCH PABHOMEPHO CO CKOPO-
ctbto 0.1 MM/MuH 110 ero paspylueHus. BenuuunHa paspyiia-
fore# cuitel (P) GukcupoBaiach CHIIOM3MEPHTEIEM HCIIBITA-
TEJIbHOM MaluHbl. [Ipenes npoYHoCTy pU pacTsHkeHuH (o,)
BBIYHUCISLICS 10 hopMylie:

o, =0.64, )

rae P — paspyiuaromniast o0paszer cuia;

S — mowmaap pa3peiBa 00pasia, paBHas IPOU3BEACHUIO JIU-
ametpa obpasia (d) Ha ero uny (L).

B HaTypHBIX 3KCIIEPUMEHTAaX IPUMEHSIOTCS U3MEPUTEIIb-
HbIE 30HJbI IBYX KOHCTpyKUuH. Ha nusmepurenbHoM 30H1¢E,
OCHAILICHHOM 4YETBhIpbMS MaKepaMH, UMEHTCs ABa THIPO-
LUJIMHIPA, KOTOPbIE MUCIIOJIB3YKTCS IJIs OCEBOIO CKATHs
MaKepyomux 31emMeHToB. [Ipu nposegeHnu ucciienoBaHui
CyILECTBOBaIa BO3MOKHOCTb U3MEHATh Pa3Mep MEKIaKep-
HOI'O IIPOCTPAHCTBA IIyTEM 3aMEHbI LIEHTPaJIbHOIO CETMEH-
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Ta HeCylero crepxkHs. Ilpu npoBeaeHUH THIPOpa3phiBa B
XO/Ie HCIBITAaHUM, pa3Mep MEXIAKepHOTO MNPOCTPaHCTBA
coctaBisia 5-6 nuameTpoB. [t y1o6cTBa yCTAHOBKH IIPH-
00pa B M3MEPHUTEIbHYIO CKBAKMHY IHMAMETPOM 76 MM, U3-
MEpPHUTEIbHBIA 30H] ObLI OCHAIIEH HANpPaBIJISIONUMU IJ1a-
CTUHAMU. M3MepuTeNnbHbIN 30H] BBIIIOIHEH B BUAE [IUIHH-
JPUYECKOr0 METaNINYeCKOro KOpIryca, Ha KOTOPOM paBHO-
MEPHO PaCIOJIOKEHBI YEThIPE KOIBIEBBIX YINIOTHUTEIbHBIX
9JIeMEeHTa, U3TOTOBICHHBIX U3 IMOJMypeTaHa. DTHU dJIEMEeH-
TbI, Onarogapsi CBoei TMOKOCTH U IPOYHOCTH, OOECIIeYnBa-
10T HaJIeKHYI0 TepMETHU3aIUI0 U IUNIOTHOE MpUIeraHue 30H-
Jla K OKpy’Kalolllel cpese, NpeaoTBpalias NpOHUKHOBEHUE
JKMJAKOCTH WJIM ra3a. MeTananyecKuid KOpIlyC M3rOTOBJIEH
13 HeprKaBeIoLeH CTalld, YTO FapaHTHUPYeT JOJITOBEYHOCTh
U YCTOMYHMBOCTh K KOPPO3HH, a MOJUYPETAHOBBIE MAKEPHI
0071aJaf0T BBICOKOW H3HOCOCTOHMKOCTBIO, YTO AETAET HX
MOAXOASIIMMHU JIIS UCIIOJIB30BAHUS B arPECCUBHBIX Cpeiax,
TaKuX Kak He(Tera3oBble CKBa)KWHBI MM T'€OJOTHYECKHUE
ucciaenoBanus. [lakepbl MMEIOT INMaAKyl0 MOBEPXHOCTh U
HaJIeKHO 3aKpeIUieHbl Ha KOpITyce, Co3AaBasi TEXHUUYECKHU
MPOJYMaHHbIH U YCTOMYMBBIA K BHEIIHUM BO3JIEHCTBUIM
npubop. B 30H11€ Takke MMEIOTCS HAIPABISIONINE IIIACTH-
HBI, THIPOLMINHIPHI U BTYJIKA JJIS 3aII0JIHEHUS MEKIaKep-
HOI'0 MpocTpaHcTBa [9].

B nByxmakepHOM 30HJIe 0CEBOE CiKaTHe MaKepyOUIUX ie-
MEHTOB MPOU3BOJUTCS C IOMOIIbIO THAPOLMIMHIpPA, pac-
MOJIOKEHHOTO B LIEHTPAJIbHOW 4YacTH. B KOHCTpyKIMHU ObLIO
MIPEIYCMOTPEHO HCIIOJIb30BAHNUE TAKEPYIOMUX 3JIEMEHTOB,
ApPMUPOBAHHBIX MPYKUHAMHU.

Pe3yabTaThl M 00CyXKIeHHUSA

Ha ocHoBe 3aMepoB yCTaHOBIIEHO, YTO BOJOHACHIIIEHUE
3HAUYUTENILHO CHIDKAET Mpejiesl MPOYHOCTH MOPOA MPHU OHO-
OCHOM C)KaTHM U pacTsKEHUHU. BBIABICHBI JTUHEWHbIE 3aBU-
CHUMOCTH HM3MEHCHHsI HampshKeHUH ¢ miyouHoi. [IpoBemeHo
YHCIIEHHOE MOJICIIMPOBAHUE KIIMHOOOPA3HBIX BBIBAJIOB B IIPO-
rpamme Unwedge.

B nepuox OypeHus CKBaXKHH II0J1 3aMep NPUPOAHOTO MOJIS
ObLI 33JJOKyMEHTUPOBAH KEPH C AaHHBIX CKBaXXUH. [10 pe3ysib-
TaTaM JOKyMEHTHPOBAaHUS KepPHA Ka94eCTBO MAaCCHUBA B JAHHOM
y4acTKe JIOCTAaTOYHO ycTOHuMBOe. B To ke Bpems HaOmoma-
JIOCh MHOTO MEXaHHYECKHX TPEIIUH, 00pa30BaHHbBIX B PE3YIlb-
Tare OypeHHs: U IIPH TPAHCIOPTHPOBKE KepHa. Habmronanoch
paspyllieHue KepHa B Hadaje CKBa)KUHBI, YTO TOBOPUT O HU3-
KOM Ka4decTBE OypOB3PBIBHBIX Pa0OT M HANPSDKEHUSIX HA KOH-
Type BBIPAOOTKH.

Bcero 0bw10 mpon3BeneHo 0kosio 280 3aMepoB TPEIIUHOBA-
TOCTH MacCHBa METOJIOM JINHEHHOTO KapTUPOBAHUS IO [IaXTe
Wray3. [Ipumep n300paxkeHHs TPEHIMHOBATOCTH MaccuBa Ha
MecTopokaeHun Mray3 nmpeacrasieHo Ha puc. 1.

Vcxonst U3 mpeAcTaBIeHHBIX JaHHBIX, MOYKHO CIeNaTh BbI-
BOJI, YTO MAaCCUB FOPHBIX MOPOJ, MPEJICTABICHHBIX B HCCIEI0-
BaHMH, 00JIa/JaeT YCIOBHO CPEIAHUM JI0 XOPOILIETO KaueCTBOM
mo RQD (Rock Quality Designation). RQD — 310 mokasareiib,
HCIONb3YyeMbIH JJIs OI[EHKH KauyeCTBa TOPHOTO MacCHBa Ha OC-
HOBE KOJIMYECTBA TPELIMH W UX paclpenesieHus B oOpasuax
TIOPOJIBI.

YCTONYMBOCTh TOPHBIX MOPOJ B 3HAYUTEIBHOM CTEIEHH
3aBUCHUT OT XapaKTEePUCTUK TPEIINH, TAKUX KaK HX 3aloJIHe-
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Puc. 1. M300paskeHne TpeIMHOBATOCTH MACCHBA
MecTopoxaenns Urays.
Cyper 1. Utay3 KeH OpHbI MACCUBIiHIH
JKAPBIKIIAKTBIFBIHBIH OeliHeci.
Figure 1. Image of fracturing of the Itauz deposit massif.

HUE W MHKpPOIIEPOXOBATOCTh. 3aMOIHEHHE TPEIIMH MOXKET
BIMATh HA MPOHHWIAEMOCTh TOPHBIX IOPOJ M HUX yCTOWUH-
BOCTB K BOJIE, UTO B CBOO OUEPE/Ib CKa3bIBACTCS HA MX MPOU-
HOCTH TIPH BOJIOHACBHIIICHWH. MHUKPOIIEPOXOBATOCTh, WA
MeJIKasi EePOX0BATOCTh MOBEPXHOCTH TPEIINH TAKXKE BAXKHA,
MIOCKOJIbKY OHA MOXKET YCHJINBATh TPEHIMHOCTOMKOCTH ITO-
POABI ¥ YyMEHBIIATh BEPOSITHOCTD PAa3pyLICHMS O BO3/CH-
CTBHEM MEXAaHWYECKOM Harpy3ku. AHalu3 XapaKTepUCTUK
TPELINH B TOPHBIX TOPOAAX MO3BOJISIET CAEIATH BHIBOZ 00 MX
YCTOMYHUBOCTH.

Jlyisi MaccuBa CKalbHBIX MOPOJ XapaKTepHAa HEPaBHOMEP-
Has TPEIIMHOBATOCTh. OHA MMEET TEKTOHUYECKOE TTPOHCXOXK-
JICHUE W Ul Pa3JIMYHBIX JINTOJOTMIECKAX PAa3HOBUIHOCTEH
B CpPEOHEM COCTaBISeT: Ui MecTopokaerns Mray3 — 10-15
TPELINH HA METP.

[Tpumeps! MOISIPHBIX AMATrPaMM TPEIIMHOBATOCTH MAaCcCHBA
TOPHBIX ITOPOJ BOKPYT 3ae3ma Ne5 (momaTaxk 270 M) U MaccuBa
BOKpYT BBIpaOoTKHU (momdTax 290 M) mectopoxaerns Wray3
MIPEACTABICHBI HA PUC. 2.

Jist onpezienieHust 00pa30BaHMsT KIMHOOOPA3HBIX BHIBAJIOB
B KPOBJI€ BBIPAOOTKH B 3aBUCHMOCTH OT a3UMyTa €€ IIPOXOAKA
U TPEIIMHOBATOCTH MPOBEACHO YHMCIECHHOE MOJEIUPOBAHHE
B nporpamme Unwedge. [IpsaMbiMu 3amMepaMu yCTaHOBIICHO,
YTO Ha MECTOPOXKICHUN UMEIOTCSI OT TPEX JI0 YETHIPEX CHCTEM
TpemuH (puc. 3).

Taknm 00pa3oM 1Mo pe3yabTaTaM MOAEINPOBAHHS YCTAHOB-
JICHBI KPUTHIECKNE HAMPABICHHS 110 CYIIECTBYIOIINM CHCTE-
MaM TPEIIHH, [0 KOTOPHIM 00pa3yrOTCsi MAKCUMaIbHBIE KITH-
HbsI, T.€. HAIIPABJICHHUS MPOXOAKH B JAHHBIX a3UMyTax Oyaer
COIIPOBOJKAATHCSI PUCKOM OOJNBIINX KIMHOBHAHBIX OOpymIe-
Hu [10].

[To pesynbraTam 3aMepa DPUPOJHOTO IOJIS HANPSKEHUH
Ha MecTopokaeHNH JKWIAHIMHCKOH TPYNIbl yCTaHOBICH
TeKTOHHYecknid pexknMm Trust Faulting, T.e. TekToHMYeckwe
MaKCHUMaJIbHbIE, MUHAMAJIbHBI U BEPTHUKAIBHBIC HAPSHKCHHS
(61>62>6v). 3aBUCUMOCTh HANPSHKEHUS C IIYOMHOH 1O pe-
3yJbTaTaM 3aMepOB MPECTaBIeHa Ha PUC. 4.
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Puc. 2. /luarpaMma TpemuHOBATOCTH MaCCHBA FOPHBIX
nopoa Mecropoxnenus Urtays: (a) — noosmaosic 270 m; (6) —
noosmasic 290 m.

Cyper 2. Utay3 KeH OPHBIHBIH Tay KbIHBICTAPBI
MACCHBIHiH KapbL1y JMarpamMmmacslt: (a) — 270 m Kocankboi
xabam; (6) — 290 m Kocankvl Kabam.

Figure 2. Fracturing diagram of the rock mass of the
Itauz deposit: (a) — sub-floor 270 m; (b) — sub-floor 290 m.

(a) )

Puc. 3. KiiuHbBI P pa3HbIX a3MMYTaX NPOXOAKH
BbIpadoTok: (a) — 120°% (b) — 141°.
Cyper 3. Kazoagapapl YHriJIeyaiH opTYpJai a3uMyTTapbl
Ke3iHjeri ceiHagap: (a) — 120° (b) — 141°
Figure 3. Wedges at different azimuths of excavation:
(a) — 120°; (b) — 141°.

ITo xagectBy manHbix RQD m FF maccuB OTHOCHTCS OT
CPEeIHETPENIMHOBATHIX 10 MACCUBHBIX C JIOKAJIbHBIMU 30HAMHU
npoOneHnst u pasnoMoB. Ilo pe3ynbraraMm ChbeMKH TPEIINHO-
BaTOCTH OBIIM ONpPEAEICHBI HEONaronpusITHBIC HAMPABICHUS
11 yyacTkoB. Ilpu mocnenyronieil mpoxoake peKOMEHIyeM
KBapTUPOBATh BBHIPAOOTKH (TEOJOTHYECKOH M TeOMEXaHU-
YECKOM CIyKOOH pymHHKA) TSI KHHEMAaTHYECKOTO aHaln3a
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Puc. 4. J/Iuneiinbie 3aBHCUMOCTH H3MEHEHUS HANPSZKEHHS
¢ IIyOMHOH Mo pe3yJibTaTaM 3aMepoB.

Cyper 4. Ouniey HoTHKe1epi 00HBIHIIA TepeHiri 6ap
KepPHeYIiH 03repyiHiH ChI3BIKTBIK TIYeJILIiri.
Figure 4. Linear dependences of voltage variation with
depth based on measurement results.

YCTOWYMBOCTH BBIPAOOTOK W yIpaBieHHs Kposieil. B oc-
HOBHOM Ha YCTOHYMBOCTH BBIPAOOTOK BIIMSIFOT 3aIlOJIHUTENb
U MHUKpOIIEPOXOBATOCTh TPEIIUH, KOTOpbIe TPeOyloT Ooiee
JETabHO M3YYEHNUs, TaK KaK IMpU JOKYMEHTHPOBAHUH KEpHa
CKB)KHH I0J] TUIPOPA3PbIB 3aIIOJHUTEIh TPEIHH ObLT MPE-
CTaBJICH KapOOHATOM.

Jlutocratnueckue nasnenue (ch=yh) nns 3aMepHOU CTaH-
nuu Nel Ha ormetke 123.5 M coctamser okoso 9.0 Mlla. Ha
3aMepHo# ctannuu Nel BeIOITHEHO 17 TECTOB rHAPOPA3PHIBA.
B pesynbrare 00pabOTKH p-f TUarpaMM YCTaHOBIICHBI CICITY-
FOIIME 3HAYCHUS HAIPSHDKEHUH, IEWCTBYIOIINX B MACCUBE:

— G in=10.55-11.68 MPa = 1.2 yh;

— G o = 18.36-20.76 MPa = 2.14 yh;

—0,=9.12 MPa.

Hampasnenue MakcuMalbHOTO TOPU30HTAIBLHOTO HaMPshKe-
HUSL OPUEHTHPOBaHO 1o azumyTy 70°+10. 3a ph B34TO 3HAUE-
HUE 6V (6V MOXKET ObITh OTIIMYHBIM OT yh BBHUY HaJpaOOTKH
WK T0ApadoTKK MaccuBa). JlaHHbIE 3aMEepPhl MOJKHO paccMa-
TPHUBATh KaK IPUPOAHOE ITOJI€ HANPSKEHUH Ha JTaHHOH ITyOu-
He (paccTosHUE 0T MOBEPXHOCTH — 0K0J0 310 m).

Jlutocratnueckoe napneHue (eh=yh) st 3aMepHON CTaH-
nuu No2 Ha otMmeTke 42 M cocTasiseT okoio 8.5 MIla. Ha 3a-
MepHoi cTanmmu Ne2 BbITIOTHEHO 18 TecToB ruapopaspsiBa. B
pe3yibrare 00pabOTKH p-f AUarpaMM YCTaHOBJICHBI CIIEIYIO-
1€ 3HAYEHUs HANPSIKEHUH, JEHUCTBYIOIIUX B MAaCCUBE:

— G = 11.63-13.5 MPa = 1.35-1.56 yh;

— G pux = 15.0-17.2 MPa = 1.74-2.0 yh;

—0,=8.08-9.0 MPa.

Hampasnenue MakcHMalbHOTO TOPU30HTAIBLHOTO HAaMPshKe-
HUS OpUEHTHUPOBAHO 1o a3umyTy 70°+10. 3a ph B3siTO CpeaHee
3Ha4YeHHe MmoyrydeHHoro ov = 8.61 Ml1a.

CyMMapHO Ha JABYX 3aMEpPHBIX CTAHIMSIX BBITOJHEHO 35
TECTOB THAPOPA3PhIBA. YCTAHOBJIECHO, YTO HA MECTOPOKICHUN
MIPUCYTCTBYET TEKTOHHYECKOE HAIMPSDKEHHE, KOTOPOE MOXKET
OBITH 00yCJIOBIICHO (DOPMOIl CTPYKTYPHBIX CKIJ0K M TEKTO-
HUYECKOM TPEIIMHOBATOCTHI0. ASUMYT IEHCTBHS MaKCHMAallb-
HOTO TOPU30HTAIHHOTO HAMPSDKEHHUS HA MCCIETYyEeMBIX CTaH-
USX coBmagaeT u paBeH 70°+10.
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BoiBoabI

PesynbraThl HcciieoBaHUs MEXaHWYECKUX CBOWCTBAX Ma-
TEpUaJIOB B €CTECTBEHHOM U BOJOHACHIIIEHHOM COCTOSHUSAX
MO3BOJIMIIN CJIETIAaTh CIEAYIOIINE OOINME BHIBOJBI: BCE HC-
CcllelyeMble MaTepualibl JEMOHCTPHPYIOT CHIDKCHHUE Ipeiena
MIPOYHOCTH Ha CXKATUE, PACTSHKEHNWE U K CABHUTY IIPH BOJIOHA-
CBIIIEHNUH, YTO CBHECTENBCTBYET O TOM, YTO BOJOHACHIIICHHE
OKa3bIBaCT HETaTUBHOE BIMSHHE Ha MPOYHOCTH MATEPHAJIOB;
BOJIOHACBIIICHUE TAKXKE MPUBOAUT K YMEHBIICHUIO MOMIYJIS
nedopmaly MaTepragoB, YTO YKa3bIBAaCT HA UX YMCHBIICHHE
KECTKOCTH IO BO3AECHCTBUEM BOJIBI; MO BIMSIHUEM BOJIOHA-
CBIIIIEHUST KOX(PPHUIIMEHT TomnepedHoi aedopMari M yroi
BHYTPEHHETO TPEHMSI MaTepHaJIOB TAKXKe M3MEHSIOTCS, 4TO
MOKET BIMSITH Ha UX CIOCOOHOCTH K Jie(hopManuy U CLerie-
HUIO MEX/ly YaCTUI[AMH; BOZOHACHIIIIEHHUE TPUBOANT K YMEHb-

CIIHCOK UCIIOJIB30BAHHBIX UCTOYHUKOB

HIEHUI0 KO3((UIMEHTa CHEIUICHHS MaTepUalioB, YTO MOXKET
CKa3bIBaThCSI HA UX CIIOCOOHOCTHU CONPOTHUBIISITHCS CIBUTOBBIM
HAIPSHKEHUSIM M yCTOMYMBOCTH K PA3JIMYHBIM HArpy3KaM.

s onpeneneHus o0pa3oBaHUs KIMHOOOPA3HBIX BHIBAJIOB
B KPOBJIE BBIPA0OTKH B 3aBUCHMOCTH OT a3UMyTa €€ IPOXOAKU
U TPEIIMHOBATOCTH IMPOBEJCHO YHCIEHHOE MOJIEIUPOBAHHE
B nporpamme Unwedge. [IpsiMbiMu 3amMepaMu yCTaHOBJICHO,
YTO Ha MECTOPOXK/ICHUU UMEIOTCS OT TPEX JI0 YETBIPEX CHCTEM
TpeuwH. [1o pe3yasraraMm MOEINPOBaHUs YCTAHOBIICHBI KPH-
TUYECKUE HAIlPaBJICHHS 110 CYNIECTBYIOIIMM CHCTEMaM Tpe-
IIMH, 110 KOTOPBIM 00pa3yloTcsi MaKCHMAallbHbIE KIIUHbS, T.C.
HAaIpaBJICHHsI POXOJKU B JaHHBIX a3UMYyTax OyIyT COIPOBO-
JK/IATHCSI PUCKOM OOJIBIINX KIIMHOBHIHBIX OOpyIIeHuil. Ycra-
HOBJICHBI a3UMYThI HAIIPABJICHHsI BBIPAOOTOK C HANOOJIBITUMHU
1 HaUMEHBIIMMHU 00beMaMy BbIBAJIOB.
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NCCIEAOBAHUE OBOTATUMOCTHU
PEAKOSEMEJIBHOMU PY/JbI KOPbBI
BBIBETPUBAHMWUA

AnHoTanus. B crarbe npuBoxurcst nHdopmanus 1o nepepaboTke peaKo3eMeIbHON pyabl KOPbI BBIBETPUBAHHS MecTOpokaAeHNs KyHapi0ail. OcoOEHHOCTH TEXHOIO-
IMYECKUX CBOMCTB JIAaHHOI PY/IbI JCNAIOT €€ YHUKAIBHOW M LICHHOH. B CBsI3M ¢ 9THM BO3HUKIIA HEOOXOMMOCTb TPOBEACHHS IOJTHOMACIITAOHBIX HAYYHBIX HCCIICOBAHHUN
C 1IEMIBI0 M3yUYEHHs BEIIECTBEHHOIO COCTaBa Py/bl C YCTAHOBICHHEM M3MEHUYMBOCTU PacHpeeeH s B HUX MONE3HbIX KOMIOHEHTOB U TEXHOJIOTUUECKUX CBOICTB MX Ie-
pepaboTku. Py/Hbie MUHEpaIbl HMEIOT MUKPOCKOIIMYECKHE Pa3Mephl, OHU PACIpeieIeHbI IIPEHMYIIECTBCHHO BHYTPH 36PEH BMEIIAIOIINX MTOPO/. YCTaHOBICHA METOANKA
TEXHOJIOTMYECKHX METO/I0B MepepaboTKH JaHHOTO MUHEPAIBLHOTO ChIPhs HA OCHOBE I'PABUTALIMOHHOTO 00OTAIIEHHS C HCIIOIB30BaHNEM Pa3pabOTaHHOTO HEHTPOOSKHOTO
THIPOKOHIIEHTPATOPA.

Knrouesnie cnosa: peoxosemensvuas pyoa, cooepaicanue, Kiacce KpynHoOCmu, KOHYeHmpam, Xe0Cnbl, 2paAgUmayus.

Mopy KbIPTHICBIHAFBI CHPEK 7Kep KeHiHiH 0alibIThIIYBIH 3epTTey

Annarna. YcblHbUIFaH Makaiana KyHapibaii KeH OpHBIHBIH MOpPY KbIPTBICBIHIAFbI CHPEK JKep KeHIH OHJCYAiH MAIIMETTepi KeATIpUIreH. ATanfaH KeHHIH TeXHOJI0-
TUSIIBIK EPEeKIIeNTiKTepi, OHbI Oipereii xoHe KyH/pl eTejti. COFaH ColiKec OChIH/Ial KeHHIH 3aTThIK KYPAaMbIH 3€PTT€YMEH, OHAFbI Maii/1albl KOMIOHEHTTEPIiH TapalybIHbIH
e3repyiH jKoHE OJIap/bIH OHICYIET] TeXHOJIOTUANIBIK KACHETTePiH OLIyre apHaIlFaH TOJBIK MAacIITA0TaFbl FHUIBIMU 3€PTTEYIIEp Kyprizyre MoxOypneni. Kenperi Munepai-
JIapJibIH pa3Mepiiepi MUKPOCKOIHSUIBIK, OJIap HEeTi3iHe KeHIer )KaHaCKaH JKbIHBICTAp/bIH TYHipILIiKTepiHe TapanFraH. MUHEpaAbIK INKi3aTThl OHICY/IIH TEXHONOTHSIBIK
onmicremeci aHbIKTa bl KeHti GailbITy 93ipJieHIeH OpTaiaH TeNKill TMAPOKOHICHTPATOP/IbI KOIIaHYMEH, IPAaBUTALMSIIBIK OalbITy 91iCi HEri3iHAe aTKapbUIIbl.

Tyiutinoi ce3dep: cupek sicep Memanovl Ket, Kypambl, ipiliK K1acc, KOHYeHmpam, Kaioblk, epasumayiis.

Research on richability of rare earth ore from weathering crust

Abstract. The article provides information on the processing of rare-earth ore from the weathering crust of the Kundybay deposit. Features of technological properties
of this Ore make it unique and valuable. In this regard, the need arose to conduct full-scale scientific research in order to study the material composition of ore with the
establishment of variability in the distribution of useful components in them and the technological properties of their processing. Ore minerals are microscopic in size and
distributed predominantly within grains of the host rock. The technique of technological methods of processing of this mineral raw material on the basis of gravity concen-
tration with the use of developed centrifugal hydrocenter is extensively established.

Key words: rare earth ore, content, size class, concentrate, tails, gravity.

BBenenue

W3BecTHO, 4TO OOTaThie PeKO3eMENbHBIE MECTOPOXKICHHS
MCYEpIIaHbl ¥ BO3HUKIJIA HEOOXOANMOCTH BOBJIEKATh B MTPOM3-
BOZICTBO O€HEIE MK TpyaHOoOoraTiuMele pyabl. K mocneranm
OTHOCSITCS PY/IbI KOP BEIBETPUBAHMS, B KOTOPBIX PEIKO3EMEITh-
Hele aneMeHTsl (P39) mpencrasiensr gocharamu P33 (uep-
9UTOM, Pa0OI0(OHITOM, KCEHOTUMOM FUTH MOHAIIUTOM).

JIeiCTBUTENIFHO, 3TH OCOOCHHOCTH TEXHOJIOTHYECKUX
CBOMCTB HCCIEIyeMOH PyIbl JeNIAI0T €€ YHUKAIGHON M IIEH-
HOH. OTCYTCTBHE PAIMOAKTUBHOCTH SIBISICTCS] 3HAYNTEIHHBIM
MIPEUMYIIECTBOM, TaK KaK 3TO MO3BOJSET M30€KaTh JIOIOJ-
HUTEJIBHBIX Mep O€30IIacCHOCTH NpH J00BIYE M IepepadoTKe
PYZIbI, @ TaKkke o0ecrednBaeT 0e30MacHOCTh KOHEYHOTO IPO-
nykra. KpoMe Toro, phIXiblid IMeCYaHO-IITMHUCTBINA T'PaHysIo-
METPHUYECKHI COCTaB PY/IbI MO3BOJISIET CYIIECTBEHHO COKOHO-
MUTB 3aTPaThl Ha ONEPaUsIX APOOICHUS U N3MEIBICHHS, YTO
TaKXKe SBISIETCS] BaKHBIM (hakTopoM. HakoHem, HEOOBIYHBIH
COCTaB JIAHTAHOWIOB, BKIIOYAIOIINHA Ae(DUINTHBIA HTTPHUH,
€BPONUI W JApyTue TsHKENbIe JIAHTAHOMIBI, IETAeT 3Ty PYLY
O0COOCHHO IEHHOM, TaK KaK STH 3JIEMEHTHl UMEIOT BBICOKYIO
CTOMMOCTB U IIMPOKO HCIIONB3YIOTCS B PA3IMYHBIX OTPACIISX
IIPOMBINIJICHHOCTH.

B cBs3m ¢ 5THM BO3HHKIA HEOOXOAMMOCTH IIPOBEICHHMS
MIOJTHOMACHITA0HBIX HAYYHBIX HCCIIEAOBAHUM C IIEIBIO H3Y-
YEeHHUS! BEIECTBEHHOTO COCTaBA PyIbl C YCTAHOBICHHWEM H3-
MEHYHMBOCTH PACIIPEIEIICHUSI B HAX ITOJE3HBIX KOMIOHEHTOB
1 TEXHOJIOTHYECKUX CBOWCTB MX IepepadoTKH. PynHbIe MuHe-
palibl IMEIOT MUKPOCKOIIMYIECKHE Pa3Mephl, OHU pacipesieste-
HBI TPEUMYIIECTBEHHO BHYTPH 3€pPEH BMemaonmx nopoa. Ha
OCHOBE aHaJlM3a paHee MPOBEACHHBIX MCCIENOBAaHMH IO Iie-
pepaboTKe peIKo3eMeTbHOTO CHIPhs [ 1, 2] ObLTa ycTaHOBICHA
METOZMKa TEXHOJIOTHYECKHX METOIOB MNepepadOTKH Hccie-

JyeMOTO MHHEPAIBHOTO CHIPhS U IPOBEACHHI Ja00paTopHbIE
WICCIICZIOBAHMS IO TPABUTAIIIOHHOMY 00OTaIEHUIO HCXOTHON
PENKO3EMENBHON PyZbl. YCTaHOBIIEHA BO3MOKHOCTh I'PAaBUTa-
LUOHHOTO OOOoraiieHus pyabl kiacca KpynHocta 6onee 0,10
MM.

Jlnst mpoBefeHusT UCCIIEIOBAHUN TI0 OINPEIEICHUI0 COCTa-
Ba M CBOMCTB 0TOOPAaHHOW MPOOBI HCIIOIH30BAHBI CICAYIOIINE
METO/IbI (PU3UKO-XMMHUUECKUX aHAJM30B: CHEKTPaJIbHbIN, MHU-
HEPAJOTHYCCKUH, XUMHUYCCKUH, PCHTTeHO()A30BbINi aHAIN3 U
pacTpoBasi 3JIEKTPOHHAST MUKPOCKOTIHS.

IIpoBeneHs! HcClIenOBaHMS MO TPABUTAIIHOHHOMY OOora-
LEHUIO UCXOAHON PEIKO3EMEIBbHOU PYIbI.

K penxozemensHBIM OTHOCHTCS rpynna u3 17 31eMeHTOB,
BKJIIOYArOIIas: ckaunaui (Sc¢), urrpuii (Y), nanran (La), 1ie-
puii (Ce), nipazeonum (Pr), neongum (Nd), npomernii (Pm),
camapuii (Sm), eponuit (Eu), raponunuii (Gd), TepoOmit
(Th), nucnposuii (Dy), ronemuii (Ho), spowii (Er), Tynwii
(Tm), urtepouii (Yb), morenuii (Lu). PenkozeMenbHbIe diie-
MEHTBI HCIIOJIE3YIOT B NPHOOPOCTPOCHUHU, PATUOIIEKTPO-
HHUKE, MAlIIMHOCTPOCHUH, aTOMHOM TEXHUKE, XUMHYECKOU
MPOMBINUICHHOCTH, B METAJUIypTHH U APYTUX Pa3THIHBIX
orpacisax. Ha ocaoBe Nd, Y, Sm, Er, Eu ¢ Fe-B (6opunom
JKeJie3a) MOIy4aroT CIIJIaBBI C BRICOKOM HaMarHMYMBAIOMICH 1
KOPIUTHBHON CHIION AJIS CO3IaHUS MOCTOSTHHBIX MarHUTOB,
HCIIONIB3YEeMBIX, B YACTHOCTH, B BETPOTEHEPATOpaxX M ABUTA-
TeJSAX dNeKTpomMooumeit [3].

B Hactosimiee Bpems penko3emenbHble MeTamibl (P3M) —
9TO KIIFOUEBBIE KOMIIOHEHTHI CaMBIX COBPEMEHHBIX MaTepHa-
JIOB U TeXHOIOTHH. HeyKkITOHHBIN HHTEpeC K HUM 00yCIIOBICH
IIMPOKUM CIEKTPOM WX IOTPEOICHUS B BHICOKOTEXHOIOTHY-
HBIX OTPAcifiX MPOMBINUIEHHOCTH, BO3PACTAIOIINM CIIPOCOM
Ha MHPOBOM pBIHKE [4].
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Jo6siBacmMbie P3M HCHONB3YIOTCSI B IIPOM3BOACTBE MOIII-
HBIX MOCTOSHHBIX MarHUTOB, KaTaJU3aTOPOB AJIS KpPEKHHra
He()TH, CUHTE3a KaydyKa, TaKk)Ke JUIsl BBIYCKa KaTaJuTHYe-
CKUX (DUIIBTPOB-HEHTPAIN3ATOPOB BBIXJIONHBIX T'a30B aBTO-
TPaHCIIOPTa, JIOMUHO(GOPOB I MOHUTOPOB M 3HEprocoepe-
TaroIIUX JaMIL.

YHukanpHbie cBOMcTBa P3M city>kar 0CHOBOM 1Sl peasiu-
3allMU COBPEMEHHBIX MEPEAOBIX TEXHOJIOTUH B METAJLTypIr1H,
MPUOOPOCTPOEHUH, MAIIMHOCTPOCHUH, DPATHONIEKTPOHUKE,
XMMHUYECKOH U 000POHHOM MPOMBINIICHHOCTH U T.1.

Pynpl, comeprkamue MUHEPAIbl PEIKO3EMENIbHBIX 3IEMEH-
ToB (P3D), 00BIYHO NO/IBEPTalOT IPABUTALIMOHHOMY O0OTaIle-
HUIO JUI BBIJENIEHHS TSDKEJIbIX MUHEpPalIoB — MOHAIUTA, KCe-
HOTHMa, 9BKCEHUTA U JIPYTHX [5, 6].

OOBEKTOM HCCIIEIOBaHMs SIBISIETCSI MHUHEPAILHOE ChIPhE
Mectopokaenus Kynnpioaii, kotopoe Haxogutcs B KocraHaii-
ckoii obnactu Kazaxcrana [7]. OCHOBHYIO IIEHHOCTh B KOPE
BBIBETPUBAHUS TPEJCTABIAIOT BTOPUYHBIE PEIKO3EMENIbHbIE
MHUHEpaIbl 0ACTHE3UT, YepuuT U pabmodoHut. Yepuut — ca-
MBI pacIpOCTPaHEHHBIH MUHEpaaI Ha MECTOPOXKAEeHUH. Pab-
JO(GOHUT 0 COCTaBY SIBJISCTCS OJNM3KUM aHAJIOTOM YepyuTa
> TR,0;—42,57%, ni1st HEro XapakTEepHO IMOBBIILIEHHOE COJEP-
skaHue uttpus (4,76%).

MatepHnaJbl 1 OCHOBHBIE METO/ABI

Jist IpoBeIeHNs MCCIIE0BAaHMI IO ONPEe/IeIEHUIO COCTaBa
U CBOMCTB pyabl KyHIpI0aHCKOTO MECTOPOXKICHUSI ObliIa OTO-
OpaHa npezcTaBuTeNbHas poda pysbl. Vcons30BaHbI cliery-
IOLIMe METOAbl (PM3MKO-XUMHUYECKUX aHAIN30B: CHEKTPallb-
HBIH, MUHEPAJOrMYEeCKUH, XMMHUYECKUH, PEHTreHO()a30BbIi
aHaJIU3 ¥ pacTpoBas 3JEKTPOHHAST MUKPOCKOIIHS.

ATOMHO-3MHCCHOHHBI ~ KaueCTBEHHBIM  CHEKTPaIbHbIHI
aHaJIM3 MPOO MCCIeTyeMOH pyIabl U MPOJYKTOB OOOTaIeHHUs
npoBoxwiIM Ha JudpaxkuuoHHoM cnekrporpade JADC-13,
MUHEpaTornYecKii aHaau3 ¢ UCIOJIB30BaHUEM MHKPOCKOIA
MUH-8 (mpoxonsmuii CBeT) U HHBEPTUPOBAHHOTO MUKPOCKO-
na Deica (o0TpakeHHBIN CBET); PEHTreHO(A30BbIi aHAIN3 Ha
anmapare D8 Advance (Bruker).

B cocraB MMHEPaJIOro-TeXHOJOIMYECKUX HCCIEOBAHUMI
BXOJIMIIN CIIEAYIOIINE MPOLEAYPhl: U3yUeHHE IPaHyIOMETpHU-
YEeCKOr0 U MUHEPAIOTMYECKOr0 COCTaBa HCCIELYEMOIo MH-
HEpAJILHOTO CHIPBS; Mpolecc 00ecuuIaMiINBaHHs TIIMHUCTOM
(dpakiyy pyabl; TPaBUTAIMOHHOE OOOralieHHe Ha OCHOBE
(paKIIMOHHOTO aHAJIN3a U TPABUTALMOHHON 000TaTHMOCTH.

B pabote uccnenoBaHbl METOIbI XUMUYECKOTO, MUHEPAIO-
THYECKOTO U TPaHyJIOMETPUYECKOTO aHAIHU30B; SKCIEPUMEH-
TaJIbHBIE UCCIIEJOBAHUSI 000raTUMOCTH OTOOPaHHOM MpecTa-
BUTEJIHON MPOOBI PEIKO3EMENBHOTO MUHEPATbHOTO ChIPhs Ha
OCHOBE I'PaBUTALIMOHHOTO METO/1a 00OTaIleHNUSI.

Pe3yabraThbl U UX 00Cy:K/I€eHHE

HccnenoBanue BBITIOMHEHBI HA OTOOPAHHOM ITPEICTABUTEIIb-
HOM mpo0e peKo3eMETbHOr0 MUHEPaIbHOro chipbsi. [Ipoda
Maccoit 155 kr ObL1a nmpoapodieHa 1 u3MesIbIeHa 10 KPYITHO-
ctu 2,5 mM. [omydeHHbIH NpoayKT KpymHOCThio 2,5-0,0 MM
MePEeMEIIMBAIICS M COKPALIAJICS METOIOM KBapTOBaHUS Ha J[BE
gyacTu BecoM 77,5 Kr kaxnas. OJHy 4acTh BecoMm 77,5 Kr nepe-
MEIIMBAJIM U COKpAIllald Ha JIBE PaBHBbIE YacTH BecoM 38,7 K.
Onna yacts BecoM 38,7 Kr nojseprajiach (ppakiOHHOMY aHa-

TOPHBIN ) KYPHAJI KABAXCTAHA Nel’ 2025

nu3y. Bropast yacte mozBeprajiach rpaBUTallIOHHOMY OOora-
[ICHUIO Ha pPa3padOTaHHOM BHOPOIICHTPOOCIKHOM YAIICBOM
anmapare [8].

Bropyro dacte BecoM 77,5 KI' IOBTOPHO [EPEMEILNUBAIU U
COKpaIllajay Ha JBe yacTu BecoM 38,7 Kr kaxaas. OqHy 4acTh
Opayiu Ha MUHEPAJOrMYeCKUil, peHreHo(a3oBbIii U Apyrue
aHaAJIA3bL, IPYryI0 YacTh [IEPEMEIINBAIA U COKpaILlaId Ha JBE
gyact BecoM 19,3 xr. OnHy yacTh Opajiy Ha CUTOBOW U CEJIH-
MeHTaHHOHHbIﬂ AHaJIM3bl, JPYTYIO UCIIOJIb30BaIU U1 IIPOBC-
JCHUSL (l)HOTaL[I/IOHHbIX OIIBITOB.

CojeprkaHre CyMMBI peKO3eMeNIbHBIX a1eMeHToB () P3D)
B HCCJIEAYyeMOW Ipo0e pyabl MO pe3yjbTaraM XMMHYECKOTO
ananmza cocrasiser 320,45 r/t. Cogeprkanue otienbHbIX P30
B mipo0e pyumel, r/1: Dy —9.175; Er—3,93; Eu—0,874; Gd -
6,8; Ho—1,03; La—48,0; Lu—0,6; Nd—26,09; Pr—41,8;
Sm —3,89; Th —0,722; Tm —6,524; Y —14,12; Yb —2,78;
Ce — 155,765. U3 penko3eMeNbHbBIX 2JIEMEHTOB B HCCIENye-
MO pyjie OOJIbIIIe BCETrO COAEPXKUTCS liepus — 155,765 r/T,
HECKOJILKO B MEHBIIIEM KOJUYE€CTBE MOXKHO OTMETUTH La, Pr,
NduY.

I'panynomerpuueckuii ananu3 ApoOIEHHOH 10 -2,5 MM
pyael mokazan, uto 70,65% Y P33 comepxuTcs B TOHKHX
knaccax -0,02+0,01 mm, -0,01+0,005 MM, 0,005+0 mm. Cym-
MapHBIA BBIXOJ 3THX KJiaccoB cocTaBiseT 32,65%. Cpennee
cozepkanue Y P33 mo 3tum kitaccam — 667 1/T.

ITo pesynpraram HKC-ananuza B mpoOe pyabl couep-
JKarcsl CIEIYIOIIMe OCHOBHBIE MHHEpPAIbl: KAOJUHUT —
AL[(OH), [Si,0,,], xBapu a-Si0, anoptut Ca[AlSi,0f,
aneout NafAlSi;04f, xaneuut CaCO;, mycxoBut KAL[(OH,
F),|AlSi,0,,], pytun Ti0,, unemenut FeTiO;.

B nenom pacnipeznenenue coxepxanuii y P39 no kiaccam
KPYIHOCTH B MCCIIEAYEMOU Py[e UMEET HEPABHOMEPHbIN Xa-
paktep. HammeHnsbiiee comepxkanue y P33 HaOmomaeTcs B
CaMbIX KPYIIHBIX KJlacCax u Hau6onee BBICOKHC COACPIKAHUA
B TOHKMX Kiaccax kpynHoctu. Coxepikanue y P3D B Kiac-
ce kpynHocTblo 80-40 Mm cocraBui 22,055 /1, a B Kilaccax
kpynHocteio 0,02-0,01 MM 1 0,01-0,05 MM COOTBETCTBEHHO
cocraBui 609,981 r/t 1 821,597 r/1. OOLIMIA BEIXO, JAHHBIX
KjaccoB KpymHocTH 31,49% co cpelHuM colep KaHueM CyM-
Mbl P33 694,318 r/T u 00mum usBieueHuem y P33 68,229%.
DT0 MO3BOJISAET YTBEPIKAATh, UTO OO0JIbINas YacTh P32 KOHIIEH-
TpHupyeTcs B kiacce kpymHocThio 0,02-0,005 mm.

BbIxo/1 caMOro TOHKOTro Kiiacca KpYIHOCTBIO MEHee 5 MKM
coctaBui Beero 1,14%. OnHako B JaHHOM Kjacce KPyHMHOCTH
HaOIroIaeTcst HanboJIee BBICOKOE coepkanue Y P33, KoTopoe
coctaBmwio 890,639 r/t, mpu uzsneueruu P33 3,168%.

Hanuyrie BRICOKOTO KOJIMYECTBA MIJIAMUCTON (pakiuu (00-
nee 30% OT pyzbl) MO3BOJMIO CAENATh BBIBOM, YTO JAHHYIO
pyIy HEBO3MOXKHO IIOJIBEprarh IpolieccaM obOoramieHus: 0e3
[IPEBAPUTEIILHOM JeIaMaliu.

[pouecc nenuiamManuy 0CyIeCTBISUICS Ha pa3pab0TaHHOM
B KasHUTY um. K.M. CarnaeBa ynbTpa3ByKOBOM a3pOru-
npoxaenviamarope (YATI) [9-10], mo3BosisitoliieM BbIBECTU U3
nporiecca 10 90% TOHKOTO NIMHUCTO-IIIAMUCTOTO MaTepHraa
KpymHOCThIO (-2 MM). Cxema YAI/] npencrasnena Ha puc. 1.

[pouecc nenuiamManiy HCXOJHOTO ChIPhsl OCYIIECTBIISIETCS
B IOCJICIOBATEIILHO pa3ueibHbiXx Kamepax YATJ[. B TypOy-
JICHTHOM MPOTHUBOTOKE BO3AYIIIHBIX U BOISHBIX CTPYH (Kamepa
1) ocymiecTBIsieTCs: pa3zielieHHe U3 MyJIbIIbl TPYOBIX CPOCTKOB
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Puc. 1. Cxema YAI'l.
Cyper 1. YAT'JI cy10achbl.
Figure 1. UAGD Schematic.

Y TSDKEJIBIX MUHEpAJoB, 3aTe€M B MOCIEAYIOlLeH kamepe 2 3a
CUET YJBTPa3BYKOBOW aKTHUBAIMH JIAMMHAPHOI'O ITOTOKA ITyJIb-
IIbI IPOUCXOJUT Pa3/elIeHne TOHKUX U TOHKOAMCIIEPCHBIX Ya-
ctul. ['mapasnnyeckas Kiaaccu(UKalys B amnapare oCyIecT-
BIISIETCSI B HETIPEPBIBHBIX 110 MEPEMEHHO HCXOSIIMX-BOCXO-
JUIIIUX, KPUBOJIMHEWHO TEKYIIMX MOTOKaX M IPOUCXOIUT OT
KPYIHOTO KJIacCa K MEJIKOMY.

B niepBoii kamepe 00JIbIIIOE 3HAYEHNE UMEET pa3Mep U ILIOT-
HOCTb pa3JessieMbIX YaCTHUII, BO BTOPOH KaMepe TIIaBHBIM SIBIISI-
ercsi pa3mep ¥ (popMa YacTHIl M XapaKTep X CTPOSHHMS, B CIIU-
BE — pa3Mep YacTHIl. 3a CYET adpallvH IyJIbIIbI B IEPBOM Kamepe
MIPOUCXOANT MHUHEpAIM3alHsl ITy3bIPHKOB BO3yXa, 3aKperuie-
HHE Ha HUX TOHKOIMCIEPCHBIX IIIAMHCTHIX (IJIMHUCTBIX) Ya-
CTHII IPH JIBW)KEHUH ITTy3bIPbKa CHU3Y-BBEPX M M1a/ICHUH YaCTH-
(bl BHU3. BO-BTOPO#i, yIbTpa3ByKOBasi akTHBALUS Pa3pylIaeT
ITy3bIPEKU BO3/TyXa M BCKPBIBAET («OUHIAET)») 3€pHA OT TICHOK
1 KOPOK JIPYT'MX MHUHEPAJIOB, BBIIOJIHSET TOHKYIO JA€3UHTErpa-
o (1-10 MKM) MUHEpaJIbHOW B3BECH M CLIOCOOCTBYET OCax-
JICHUIO OoJiee KPYIHBIX 3epeH. B ciuB Jenniamaropa nocryraer
TOHKO JI€3MHTEr PUPOBAHHBIHN, OYMIIEHHBIH (001aropoyKEHHBIN )
Marepuall, IPUTOAHBIN YISl THAPOMETAILTYPTHYECKOM TIepepa-
OOTKM 1 rpaBUTALMOHHO-(IIOTAIIMOHHOTO 000TAIEHUSL.

[lepemervBanye Myablbl U pa3geleHUe TBEPIBIX YaCTHIL
OCyIIECTBIIETCST 0apOOTHPOBAHKEM, T.€., IPOITYCKaHHEM Ye-
pe3 MyJIbITy MEJIKUX ITy3bIPHKOB BO3/yXa. JIsl 3TOTO B IIEPBOi
KaMepe yCTaHOBJIEH BO3YIIHbII 0apOoTep, MpeICTaBIIsFOIHNA
cO0OH TpU TOPH30HTAIBHO PACIOJIOKEHHBIE CKPEIUICHHBIC
Mexay co0o0it TpyOsI (d=21 Mm) ¢ 56 orBepctusivu (d=1 Mmm) B
HIDKHEH 4acTH KakaoH. biarogaps yemy Bo3yX U3 OTBEpPCTUI
IIPEOI0JIEBAET OANHAKOBOE TMAPABIMYECKOE COIPOTHBIICHHE
U PaBHOMEPHO BBIXOAWUT W3 OTBEPCTHMH, YTO CIIOCOOCTBYET
Jy4lIeMy epeMEeINBaHNI0 0Ca/IKa B KOHUYECKOH BOPOHKE, a
HIDKHEE PacIioIOKeHNEe OTBEPCTHH MPEIOXPAHSIET UX OT 3aC0-
peHus ieckoM. Bozmyx mopaercst mox naBieHUeM. YacTHIbl
IUIOXO CMauUBAaEMbIX BOJIOW MHHEPAJIOB (cepa, TalbK, rpadur,
Cynb(GUIBI, B PsILIE CIy4aeB CaMOPOJHbBIE METAJUIbI) IPHIIHIIA-
IOT K ITy3bIpbKaM BO3/lyXa M BCIUIBIBAIOT BMECTE C HUIMH Ha I10-
BEPXHOCTH ITYJIbIIBL. XOPOIIO CMauyUBaEMble BOJOH YaCTHIIBI,
OKpY’KEHHBIE IIPOYHON I'MPATHON 000JI0UKOH, HE IIPHUIIUIIAIOT
K IIy3bIpPbKaM BO3/1yXa U OCTAIOTCS B BOAHOMW Cpee.

Kcraru, nobaBneHue B MysibIly peareHTOB BCIIEHUBATEICH
(cocHOBOE MacIIo  Jp.,), 00eCIeunBaeT YCTOHYUBOCTD U JTH-
TEJBHOCTh CYIIECTBOBAHHUS B IIyJIbIIE Ty3bIPHKOB BO3IYXA.

BrImyck oceBIIero ocajaka OCYLIECTBISETCS € MOMOIIBIO
[IaPOBBIX KPAHOB, PACIOJIOKEHHBIX B KOHHYECKHMX JHUINAX
Kamep, CJIMB OTIPABIISIETCS Yepe3 CIMBHOM MOPOT, yepe3 KOTo-
PBIi yOAJISFOTCS LUTAMBL.

Paznenenne nmeckoB B YAI'Jl BocXomsmmx MOTOKAaX BOIIbI
OCYIIECTBIISIETCS B KAMEPHBIX Kiaccu(uKaropax, NpOU3BO/IH-
TEJILHOCTh KOTOPBIX PACCUUTHIBACTCS 10 TI0KA3aTeIsIM PAOOTBI
MocJeIHe KaMephl, U3 KOTOPOH yaassioTcs B CIMB TOHKHE
yacTulpl. [Ipu GOJIBIIOM COAEp)KaHUU TOHKHX IIJIAMOB HM3-32
HEJI0OCTATOYHOM IUIOIAAN OCAKACHUS (3epKaia BOABI) YACTHUI]
B MOCJIEIHEN KaMepe CHIPKAeTCs MPOU3BOAUTEILHOCTh Kilac-
cupuranuu. Obecuutamiuanue B YAIJl mpou3BOauTCs MO
rpannuHoOi kpynHocTtH 0,04 Mmm.

HeoOxoxumasi KpyIHOCTh PyZIbl ISl IPOBEACHUSI YKPYII-
HEHHO-JIA0OPATOPHBIX MCIIBITAHUH, ONpeelICHHAs! IIPeBapH-
TEJBbHBIMU HCCIIEIOBAHUSIMH, COCTaBUIA 2,5 MM.

CoracHO puc. 2 TpoOy HCXOOHOH pyAbl KPYIHOCTBIO
-80+0,0 MM OpOOHMIM M M3MENIBYaId IO KPYHHOCTH 2,5 MM.
ITonydennblii kinacc KpynHocTH -2,5+0,0 MM HampaBisuiud
Ha jenutamaiuioo B YAIJ[ ¢ menbio OT/eNeHus MIJIaMUCTON
¢bpakmun -0,1+0,0 mm. TlomyueHHbIe Ba Kiiacca KPYIHOCTH
-2,5+0,1 mm u -0,1+0,0 MM HampaBJIsUIMCh HA OMBITHI MO Tpa-
BUTALMOHHOMY OOOTaIleHUIO.

[Tepen mpoBeeHNEM YKPYITHEHHO-1a00PaTOPHBIX HCIIBITA-
HUH pymy, APOOJICHHYIO 710 2,5 MM, MOJBEPrajiy JcIaMalidi
no kiaccy kpymnaoctu -0,1+0,0 mm. Pe3ynprars! aenuiamaim
IpeJICTaBIeHbl B Tabmume 1.

Tabnuua 1
Pezynomamul dewnamayuu pyovt OpooaeHHol 00 2,5 um
Kecme 1
2,5 Mm Oeilin yHmaKmanean KeHoi 0em1amayusanay
Hamuicenepi
Table 1
Results of desliming of ore crushed to 2.5 mm

Knace Brixon, | Conmepxanune | W3pneuenue
KPYITHOCTH, MM % P33, r/t P33, %
-2,5+0,1 53,75 108,09 18,88
-0,1+0,0 41,25 534,02 81,12
Pyna 100 307,78 100

ITo pesynbraram [emmaManuyl CpeJHEB3BEIIEHHOE CO-
naepkanue » P30 B mccieqyeMoi mpobe pyabl COCTaBHIO
307,78 r/t, Tabnuma 1.

AHanu3 pe3yabTaToB JAelUIAMAald UCXOIHOW PYIBL, Ipo-
OJICHHOW 110 2,5 MM, IIPUBENICHHBIX B TaOmuIe 1, MOKa3bIBacT,
YTO BBIXOJ KJacca -2,5+0,1 mm cocraBuin 53,75% c conepixa-
HueM XP3D 108,09 r/t npu uzBneuennu 18,88%.

Brixon knacca -0,1+0,0 mm cocraBun 41,25% ¢ conepxa-
HueM XP3D 534,02 r/t npu uzBneuennu §1,12%.

Crnemyer OTMETUTB, 4TO cofepakanue P33 B kilacce KpyI-
HOCTH -2,5+0,0 MM mpakTHYECKU B TPU pa3a HUXKE, YEM CO-
nepxkanue XP3D B pyde U uMeeT HU3Koe u3pieueHue P30
B nanHbIM Kiace (18,88%). Orcrona MOXKHO KOHCTaTHPOBATh,
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YTO OCHOBHOE KonmuecTBO XP33 m3Biekaercs B KiIacc Kpym-
noctu -0,1+0,0 mm (81,12%) 1 B HeM HAOIIOACTCS IOBBIIIICH-
Hoe cofepxanne P33 1o OTHOMIEHHUIO K coaepkaHuto P30
B McxoaHoM pyze B 1,73 pasa (534,02 r/1).

[IpoBeneHbl yKPYITHEHHO-JIA00OPATOPHBIC HCIBITAHHS IO
TpaBUTAlUOHHOMY O6OFaHIeHI/IIO TOHKOAUCIICPCHBIX YaCTHI]
PEIKO3eMEIbHBIX 3JIEMEHTOB U3 HCCIIEyEMOH PYJIbI C HCIIOJIb-
30BaHHEM Pa3pabOTAaHHOTO BHOPOIEHTPOOCSIKHOIO YaIIECBOrO
armapara pa3JIn4HON POU3BOANUTEIBHOCTH.

CxeMmbl 000ralieHusi B IPaBUTAIIMOHHBIX araparax Mmpei-
CTaBJIeHbI Ha puC. 2.

Knacc kpynmuoctn -2,5+0,1 mm

|

Oboranienne Ha BUHTOBOM CENMapaTope

Koruentpar XBocTst

4

Oboranienue Ha Kackaje Oboranienue Ha Kackae
BHOPOYAIIEBHIX aNnapaToB BHOPOYAMIEBBIX ANIAPATOB

| i ! }

Konnentpar

TIpommpoykr — 1 TpomnponvkT — 2

}

O6mmii

XBOCTBI

TIPOMIIPOJYKT

Puc. 2. Cxema odoramenusi kjaacca -2,5+0,1 mm.
Cypert 2. -2,5+0,1 MM KJIacTbIH 0alBITY CY10aChI.
Figure 2. The grade enrichment scheme is -2.5+0.1 mm.

Obozeawenue knacca -2,5+0,1 mm na 6unmosom cenapamo-
pe u pazpabomanHom eUOPOYEHMpPoOOE’CHOM YaulesoM anna-
pame.

BubpouarmieBslii anmapar 1Mo cBOMM KOHCTPYKTHBHBIM ITa-
paMeTpamM | TIPHHIMITY JEHCTBHS SIBISIETCSI aHAIOTOM pas-
paboTaHHBIX THAPOKOHIEHTpaTopoB [l1]. OrTimuurensHAs
OCOOEHHOCTB ammapara: OTCYTCTBHE IIO/IadM JIOTIOIHHTEIb-
HOW BOJBI B Hamry (POTOpP) KOHIIEHTPATOPa, BEICOKAs CTETIEHb
xoHIeHTparw (10 200) moIe3HBIX KOMIOHEHTOB B MTPOTYKTaxX
o0orameHus 1 BOSMOKHOCTH Pa0OTHI C MAJIBIMH MTPOOAMH HC-
CclIeyeMoro marepuaia. Pa3ppIxieHne Marepruana B OCTEIH
Yalu KOHIEHTPATOpPa OCYIIECTBISIETCS 3a CUET ee BHOpaIun
(3000-6000 xo/mMHH).

I'paBuTanmonHOE OOOTaIIEHNE WCCIEAYEMONH PYIOBl OCY-
IIECTBISUIOCH HAa Pa3pab0TaHHON YKPYITHEHHOW TEXHOIOTHYe-
CKOW yCTaHOBKE, IPEICTABICHHON Ha pUCYHKaX 3, 4.

Ob6oramenne kinacca -2,5+0,1 MM Ha BAHTOBOM CemapaTope
OCYIIECTBIIOCH TPH CIEAYIOMNX MapaMeTpax: OTHOLICHHE
AK:T=3:1.

JloBo/IKa KOHIIEHTpaTa BHHTOBOTO CEMapaTopa B BHOpoyJalle-
BOM aIlapare OCyIIECTBIUIACH MPH CIIEAYIOMNX MapamMeTpax:
otromenue JK:T=3:1, gacrora Bpamernus gamm 500 06/MuH.

®DoTorpadust HCIOIH3YEMOTO B CCICIOBAHUAX BUOPOIICH-
TPOOEKHOTO amIapaTa MpeCTaBIeHa Ha PHC. 5.

Pesynerarer oboramienns kinaccea -2,5+0,1 Mm mpencrasie-
HBI B Ta0IHIIE 2.

AHanmu3 pe3ynbTaroB yKPYIMHEHHO-IA00PATOPHBIX HCIIbI-
TaHWH TPAaBUTAIIMOHHOTO OOOTAIIEHHUs KiIacca KPYMHOCTHIO
-2,5+0,1 MM (Tabmuia 2, puc. 2) MOKa3bBAE€T BO3MOKHOCTD
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Puc. 3. BunrtoBoii cenaparop.
Cypert 3. BunTTi cenaparop.
Figure 3. Screw Separator.

Puc. 4. Kackaj BuOpouanieBbIX annaparos.
YKpylHeHHasi TEXHOJIOTHYEeCKasl yCTAHOBKA.
Cyper 4. lipinai TadaKkmaasl anmnapar.
Ipisienaipinired TeXHOJOTUSIIBIK KOHABIPFBI.
Figure 4. Cascade of vibrocash machines.
Enlarged technological installation.

MOJIyYeHHs] KOHIIEHTPAaTa, JIBYX IPOM/IIPOLYKTOB (IIPOMITPO-
IYKT — | ¥ IpOMITPOITYKT — 2) ¥ XBOCTOB.

Brixox konmentpara cocrasun 3,76% ot pynst (7,00% ot
Kjacca) ¢ copepykanueMm y P33 640,68 r/T, mpu MU3BICUCHUN
> P39 7,83% ot pyas! (41,47% ot kmacca).

Brxox mpomnponykra— 1 coctaBun 8,17% ot pyast (15,2%
0T KJ1acca) ¢ comepkananeM y P33 122,61 r/T mpu U3BICICHUN
> P33 3,25% ot pyas! (17,21% ot kmacca). Beixon mpommpo-
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Pa6ouas yawa ¢ KonbueBbIM HapudneHnem

MyneT ynpaenexns
(Taiimep, KHOMKM Nycka, OCTaHOBKM)

Puc. 5. BuGpoueHTpodeKHbII YanieBblil annapar.
Cypert 5. lipinai opTagan Tenkim Tadakuiajbl anmapar.
Figure S. Vibrating centrifugal bowl machine.

nykra — 2 cocraBun 9,48% ot pyms! (17,45% ot kmacca) ¢
cozmepxkanueM y P30 95,15 r/t, npu nzsnedenuu y P33 2,90%
ot pyzasl (15,36% ot xitacca). Berxox obmiero mpomMmpoaykra
(mpoMIponyKT — 1 TUIFOC MPOMOPOAYKT — 2) cocTaBmi 17,55%
ot pyusl (32,65% ot kiacca) ¢ coxepxanuem y P33 107,93
/1, ipu 001IeM u3pieueHun y P3D 6,15% ot pyasr (32,57%
OT KJlacca).

BrIxos1 XBOCTOB 000TaICHHS KJTacca KPYMHOCTHIO -2,5+0,1
MM cocTaBmi 32,44% ot pyzsl (60,35% oT Ki1acca) ¢ coiepixa-
HueM y P33 46,44 r/T npu uzsnedenun y P33 4,90% ot pyusl
(25,96% or knacca).

Oboeawenue xknacca -0,1+0,0 mm Ha eubpouawesom an-
napame.

Oo6oramienue kiacca -0,1+0,0 MM Ha BHOpOUaIIeBOM aria-
parte OCyIIECTBISUIOCH MPH CIHCAYIONIMX ITapaMeTpax: OTHO-
menue JK:T=3:1, yacrora Bpamienus yamu 500 06/MuH.

TexHOIOTHUECKUE TIOKA3aTeNH, MOTy4aeMbIe M0 CXeMe, B
Tabmnure 3.

[Nony4yeHHbIe pe3ybTaThl YKPYIHEHHO-Ta00PaTOPHBIX HC-
MBITAHUN TPABUTAIIMOHHOTO 000TAIICHHS KITacca KPYMHOCTHIO
-0,1+0,0 (Tabnuma 3) MOKa3bIBAIOT BO3MOXKHOCTH TOJIYUCHHS
KOHIICHTPAaTa U XBOCTOB.

Tak BbIXOJ KOHIEHTpara coctaBmil 11,05% ot pynsl
(23,89% or kitacca) ¢ conepxanuem y P33 1053,76 /T, mpu
u3BneucHnu y P39 37,83% ot pyasl (46,63% OT kiacca).

BbIxom XBOCTOB oOOraiieHuss Kiacca KpYIMHOCTBIO
-0,14+0,0 mm cocraBun 35,2% ot pyusl (76,11% ot kinacca)
c coxepxanuem y P33 378,53 r/T npu m3Binedenun y P30
43,29% or pynst (53,37% ot kinacca). [lo comepkaHuio

Taonuuya 2
Pezynomamul obo2auienun knacca -2,5+0,1 mm
Kecme 2
-2,5+0,1 mm Knacmoly 6aitoimy Hamudicenepi
Table 2
Grade enrichment results -2.5+0.1 mm
0 Beixon, % ot Conepsxanue P30, Nzeneuenune P33, % ot
AMEHOBAHNUE TIPOAYKTA o
Ktacca PyIbI ( KJracca PyIBI
Konrnentpar 7,00 3,76 640,68 41,47 7,83
IIpommpoaykr — 1 15,2 8,17 122,61 17,21 3,25
[TpommpoaykT — 2 17,45 9,48 95,15 15,36 2,90
OOmmiA TPOMITPOTYKT 32,65 17,55 107,93 32,57 6,15
XBOCTBI 60,35 32,44 46,44 25,96 4,90
Kiace -2,5+0,1 MM 100 53,75 108,09 100,0 18,88
Kitacc -0,1+0,0 MM - 46,25 534,02 - 81,12
Pyna - 100,0 307,78 - 100,0
Taonuya 3
Ilokazamenu obozawmenusn knacca -0,1+0,0 mm
Kecme 3
-0,1+0,0 mm Knacmoiy 6aitvimy Kopcemkiuimepi
Table 3

Grade enrichment values -0.1+0.0 mm

Beixon, % ot Conepsxanue P32 UzBneuenne P35, % or
HammenoBanne npoaykra N ’

Kimacca PyaBl %o KIacca PyaBI
Konrentpar 23,89 11,05 1053,76 46,63 37,83
XBOCTBI 76,11 35,2 378,53 53,37 43,29
Knacc -0,1+0,0 mm 100,0 46,25 534,02 100,0 81,12
Kiacc -2,5+0,1 MM - 53,75 108,09 - 18,88
Pyna - 100,0 307,78 - 100,0
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Tabnuua 4
OnmumanvHble mMexHoN02UYeCKUE NOKA3Amenu yKPynHeHHO-1a00pamopHbiX UCHbIMARUIL NO 0002aueHUI0
UCX0O0HOIL PyObl, OPOONIEHHOU 00 2,5 Mm — bananc memanna
Kecme 4
2,5 mm-ze Oeilin ycamolizan 6acmankpl KeHOIi 0aiblmy GoubIHULA KeH AYKbIMObl 36PIMXAHATILIK, COLHAKMAPObLY
OHMAILbl MEXHOIO2UAIBIK, KOPCeMKiuimepi — Memanoap 6anancel
Table 4
Optimal technological indicators of enlarged laboratory tests on beneficiation of initial ore crushed
to 2.5 mm — metal balance

HaunmenoBanme Brixon, % Conepxanne Y. P33, r/T UzBneuenne, %
TIPOIYKTa
Konmnentpar ki. 2,5-0,1 mm 3,76 640,68 7,83
Konnenrpar ki. 0,1-0,0 mm 11,05 1053,76 37,83
OO0mmit koHIeHTpar K. 2,5-0,0 MM 14,81 948,89 45,66
IIpommponykt — 1 k1. 2,5-0,1 MM 8,17 122,61 3,25
[Ipommpoaykr — 2 xi. 2,5-0,1 mm 9,48 95,15 2,90
OO6mmit mpomMmpoaykT KiI. 2,5-0,1 MM 17,55 107,93 6,15
XBOCTBI — MpoMIPoayKT KiI. 0,1-0,0 MM 35,2 378,53 43,29
XBocTheI KII. 2,5-0,1 MM 32,44 46,44 4,90
Pyna 100,0 307,78 100,0

> P35 naHHBIE XBOCTHI HEOOXOUMO CUUTATh IPOMIIPOIYK-
TOM.

OnrtumanbHBIe PE3YyNbTaThl  YKPYITHEHHO-Ta00PaTOPHBIX
WCIIBITAaHUH TI0 00OTAIIEHHIO PYABL, APOOIEHHOH 10 2,5 MM,
IIPUBEJICHBI B Ta0muIe 4.

CornacHo NMpHUBEAEHHOMY OaJaHCy METajUIOB, BBIXOH 00-
IIET0 FPAaBUTAIOHHOTO KOHIIEHTPATa MPX 00OTAIIEHUN PY/IbI
KpynHOCTBIO 2,5-0,0 MM cocTaBui 14,81% co cpegaum comep-
xanueM  » P33 948,89 r/T n m3Bneuenuem y P33 45,66%.

Beixon obmiero mpommpoxykra Ki. -2,5+0,1 MM, o0be-
JIMHEHHOTO ¢ xBoctamu Ki. -0,1+0,0 MM, cocraBun 52,75%
co cpemHHM conepxanueM y P33 208,5 r/T U u3BICYCHHEM
49,44%.

XBOCTBI BBIICISIFOTCS U3 Kitacca -2,5+0,1 MM, BBIXOJT UX CO-
craBuia 32,44% co cpeqaum cozpepxkanueM y P33 46,44 r/T u
n3BieucHueM 4,90%.

[lonydeHHBII TPOMIPOAYKT 0OOTAIIEHUs] HEOOXOANMO
MOJBEPraTh JOMOJHUTEIBHON KOHLEHTPAUH C LENbI0 MO-
BBIIICHUS copepskanus y P3D. B cinydae ero oObeanHeHUS ¢
XBOCTaMHU OOOTAIEHUs BCEX KIACCOB KPYITHOCTH, UX OOIIUHA
BEIXOA coctaBma 85,19% co cpemHmM comepikaHuem » P35
146,79 r/T n o6muM usBnedeHuemM 54,34%.

3akin04ueHue

1. IIpouseeden ombop npedcmasumensHoll npodbL peoKo3e-
MENbHOU PYObl KOPbl GbIEEPUBAHU.

2. Ha ocHose u3yueHus HaxoxicoeHus: NoNe3HbIX KOMHOHEH-
mog 8 ucciedyemotl pyoe, nposedeHbl UCCAe008AHUsL NO PABU-
MAYUOHHOU 0602aMUMOCTIU.

AHanuz pe3ynomamos epaHyiomMempuieckoeo cocmasa —
cpeonessgeutennoe cooepacanue y P39 anemenmos 6 npobe
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pyowr cocmasuno 307,73 o/m. Haubonvwuil 661x00 u u36ie-
yenue HabIO0Aemcsi 8 Camom MOHKOM Kidcce KPYRHOCHbIO
0,1-0,0 mm. Eeo evixo0 cocmasun 48,81% c codepoicanuem
YP33 511,44 o/m npu uzeneuernuu 81,121%.

3. Ionyuennvle pe3yromamol NO U3VUEHUIO DPPAKYUOH-
HO20 cocmasa pyovl NOKA3anu, 4mo ucciedyemas pyod u 6
yacmuocmu Knaccol kpynnocmu kpynuee 0,10 mm 603moduc-
HO 0Oo2awams ¢ UCNONb30BAHUEM 2PABUMAYUOHHBIX NPO-
yeccos.

4. JTns obecunamnusanus pyosl UCNONb308AH PA3PAOOMAH-
HbLIL YIbIMPA38YKOB0U A3POSUOPOOCUNIAMATNOP.

5. [ pasumayuonnoe oboeaujerue ucciedyemou pyovi ocy-
WeCcmesANoCch ¢ UCNONb308AHUEM BUOPOYEHMPOOEICHO20 Ud-
wesozo annapama.

6. Ha ocrnosanuu npusedeHno2o 6ananca memanios 6bixo0
00wezo epasuUMayOHHO20 KOHYEHMpAama npu 0002aujeHuu
pyowr kpynnocmoto 2,5-0,0 mm cocmasun 14,81% co cpeo-
Hum cooepoicanuem y P33 948,89 o/m u uzeneuenuem Yy P39
45,66%.

7. Pesynemamot uccnedosanuti mo2ym 6vinms UcCnoib308aHbl
8 MEXHON02UYECKUX NPOYeccax nepepabomru Kax mpyoHoO-
002amumMblx PeOKO3eMeNbHbIX PYO KOPblL 6bIGEMPUBAHUS, MAK
u Opyeux pyo. HszeomoenenHvle epasumayuioHHble annapamol
NOo YIaBIUEAHUIO MOHKOOUCNEPCHBIX YACMUY PEeOKO3EMENbHbIX
MUHEPANos, a makdice YibmpazeyKogou aspocuopooeunama-
mop 015 yOaneHus WaamMUCvIX YaCmuly 20mosbl K UCNONb30-
BAHUIO 8 NPOMbBIULTEHHBIX VYCILOBUSIX.

BaarogapHocTh
Jlannas cmamos nanucana no pe3yibmamam HAy4HO-Uuc-
cnedosamensvckux paoom no npoexmy AP23488914 «Paspa-
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00mKa mMexHoNo2uu KONUYeCHEeHHOou ouenKu moukoouc-  2024-2026 200w, pykosooumens npoekma K.m.H., npogec-
nepcHO2o 3010ma 8 NPuUPOOHbIX U mexHozeHHbIX 00vekmax  cop Lllaymenoe M.P. Hccneoosanue ¢punancuposanocs Ko-
U OYeHKAa NepcneKmue e2o 0OHapylceHus na meppumopuu  mumemom Hayku Munucmepcmea HayKu u evicuiezo 00pa-
Kazaxcmana» 6 pamkax zpanmoeozo gunancuposanus na  30eanusn Pecnyonuxku Kazaxcman.
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NCCIIEJOBAHUE COPBIINU 30J10TA
AKTUBUPOBAHHDBIM YIUIEM ¥
B IIPUCYTCTBUU METAJIJIOB ITIPUMECEN

Annoranus. Llenbio HacTosimiel paboThl SBISIETCS MCCIENOBAHIE COPOLMOHHBIX CBOWCTB COPOCHTOB, MOJY4YEHHBIX Ha OCHOBE akTUBHpoBaHHOTO yris (NoritRO,
AKBACOPB) 1 myHrura. DKCHepUMEHTHI 10 OMPEISICHUI0 ONTHMAIBHOTO COPOSHTA IPOBOIMIMCH C IUAHUCTBIM PAacTBOPOM cocTaBa, Mr/i: Au — 11,66; Ag —2,16; Fe —
0,68; Cu — 8,45, Zn — 8,12. YcraHOBIIEHO, YTO NMpH cOpOIMHK 30510Ta ¢ Hcnoab3oBaHueM copoenToB NoritRO, AKBACOPB u copOeHTa Ha OCHOBE IIYHIUTa, HAHOOIBIINM
3HaYEHHEM eMKocTu o0nagaer noHuT Mapku NoritRO. OnrumanbHeivM 3HaueHreM pH cpenpt 1us ussnedenus 3omora ¢ NoritRO 1 AKBACOPB sBuincs 10, nist copbenTa
Ha ocHoBe mryHruta pH = 6. [Ipu npoBenennn copOLuK 30J0Ta U3 MHOTOKOMITOHEHTHOTO pactBopa ¢ NoritRO Habmogaercst coussieueHne npumeceit meramios. [lpu
copOIMK 30J10Ta U3 PeaJbHOTO [IMAHUCTOTO POIYKTHBHOIO pactBopa ¢ copbenToM NoritRO B 6 craauii crerneHb U3BIeUeHHUs 3010Ta focTuraet 96-99 %.

Knrouesvie cnosa: 3010mo, c60600H0€ 3010m0, YUAHUOHOE BblUeIaUUEAHUE, COPOEHM, AKMUBUPOBAHHDBIU Y2Oib, uzsieyenue, pH, npumecu memannos.

MeTajaaapabiH KocnajJapiblH KaTbICybIMeH OesIceHIipiiireH KoMipMeH aJIThIHHBIH COPOIUSICHIH 3epTTey

Anpmarna. byn sxymbicTeiH Makcatbl Oencenaipinred kemip (NoritRO, AKBACOPB) oHe LIyHIUT Heri3iHle ajblHFaH COPOCHTTEpPAIH COPOLMSIIBIK KaCHETTepiH
3eprrey 60sabl. OHTaiIBl COPOCHTTI aHbIKTay OOWBIHINA YKCIEPHMEHTTEP KYPaMHBIH LMAHHU] epiTiHAiciMeH xKyprisinai, mr/m: Au — 11,66; Ag — 2,16; Fe — 0,68; Cu —
8,45, Zn — 8,12. Noritro copoenrrepin, AKBACOPBTBI oHe LyHrHT Heri3iHAeri COpOeHTTi KOlAaHa OTBIPBII, alThIHAbI cOpOLMsIay Ke3inae Noritro MapKaibl HOHHT
CBIMBIM/IBIIBIKTBIH €H YIKEeH MOHIHE ue ekeHJiri anbikramisl. Noritro skone AKBACOPE 6ap antbinasl any ymid opranbsiH oHTaiiisl pH moni 10, miyHruT Herisingeri
copbent yurin pH = 6 60ip1. NoritRO copOeHTiMeH HaKThI MaHU/TI OHIMJI epiTiHAIASH aNThIH/bI 6 caThlia cOpOLMsIAY Ke3iH/Ie anThIH/IbI aiTy Jopexeci 96-99% xeteni.

Tyitinoi coszdep: armoin, 60C anmvit, YuaHuOmi waumaiay, copbenm, 6eicendipineen komip, sxkcmpaxyus, PH, memann Kocnanapbl.

Investigation of gold sorption by activated carbon in the presence of impurity metals

Abstract. The purpose of this work was to study the sorption properties of sorbents obtained on the basis of activated carbon (NoritRO, AQUASORB) and shungite.
Experiments to determine the optimal sorbent were carried out with a cyanide solution of the composition, mg/l: Au — 11.66; Ag —2.16; Fe —0.68; Cu —8.45, Zn — 8.12. 1t
was found that when gold is sorbed using NoritRO sorbents, AQUASORB and a sorbent based on shungite, the ionite of the NoritRO brand has the highest capacity value.
The optimal pH value of the medium for extracting gold from NoritRO and AQUASORB was 10, for a sorbent based on shungite, pH = 6.When gold is sorbed from a real

cyanide productive solution with NoritRO sorbent in 6 stages, the degree of gold extraction reaches 96-99%.
Key words: gold, free gold, cyanide leaching, sorbent, activated carbon, extraction, pH, metal impurities.

Beenenne

301010 OMarofapsi yHUKaJIbHBIM CBOMCTBAM HaXOAUT IIH-
pOKOe IpPUMEHEHHE B D3JIEKTPOHHON TEXHMKE, IOBEIHMPHOM
MIPOMU3BOJICTBE, MEAWIMHE, HAHOTEXHOJIOTHAX M T.J., KPOME
9TOTO, €TO AKTUBHO NPHUMEHSIOT KaK aKTHB BO BCEX CTpaHax
MHpa.

B Hacrosiee Bpemsi ¢ OypHBIM pa3BHTHEM SIIEKTPOHHOMN
MIPOMBIIIIEHHOCTH, HAHOTEXHOJIOTUI U MHUPOBOH HECTAOMIIb-
HOCTBIO PE3K0O BO3POC CIIPOC Ha 301070 [1].

Kazaxcran oOmagaer KpyIHBIMH 3amacaMy 30J10Ta, IO
maaaeiM World Gold Council, sa 1 urons 2022 roga 3amachl
3omota B Kaszaxcrane cocrasmanu 373,4 1. [IpumepHo 60%
3010Ta B CTPAaHE COCPEAOTOUYEHO B MEPBUYHBIX MECTOPOXKIIE-
HusX 1 38% 30710Ta — B MOTMMETAIUTHYECKUX pynax. OmHako,
MHOTH€ Ka3aXCTaHCKHE MECTOPOXKICHNSI OTHOCATCS K OSTHBIM
YIOPHBIM 30JI0TOCOAEPKAIIMM MECTOPOXKICHUSAM C HU3KUMHU
coziepKaHusIMHU 30110Ta. JIist mopep kanust o0beMa IMPOU3BOA-
CTBa 30JI10Ta B MIPOIIECC BCE Yallle BOBIECKAETCS HU3KOCOPTHOE
30J10TOCOZIEpIKallee ChIphbe. VI3BIeueHne 3010Ta U3 TakuX pysa
MIPOM3BOIUTCS, IIABHBIM 00pa3oM, C HCIIOIb30BAaHHUEM IIPO-
1[ecca IMaHUPOBAHMS C OJHOBPEMEHHBIM H/MIHM MOCIEAYIO-
IIUM CEJIEKTHBHBIM pa)MHUPOBAHUEM U KOHIICHTPUPOBAHUEM
30JI0Ta MPOIIECCOM HOHHOTO oOMeHa (copbommeit) [2, 3]. Anb-
TEPHATUBHBIMU PEAreHTaMM BbINIEIAINBAHNS SIBISIFOTCS] THO-
MOYEBHHA, THOCYIb(AT, TAIOTEHUTHBIE PACTBOPEI U 1Ip. [4, 5].

[Ipn BBIIIETaYNBAHUE 30JI0TOCOMAEPIKAIIETO KOHIIEHTpAaTa
LUAHUIHBIM PACTBOPOM IPOTEKAIOT CIAEAYIOIINE XUMHUECKHIE
peaKnny, U3BECTHBIE KaK ypaBHEHHs DIIbCHEpA!

24u +4CN - + 2H20 + 02 — 2[Au(CN)2] —
+20N -+ H202 (1)

24u + 4CN — + 2H202 — 2[Au(CN)2] — + 20H — (2)
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[Ipyn B3auMOnIEWCTBUM C LMAHUIHBIM PACTBOPOM 30JI0TO
OKHCIISIETCSI KHCJIIOPOIOM BO3JyXa M 00pa3yeT KOMILIEKCHBIN
aHuoH [Au (CN),] co cTeneHblo okuciaeHus +1.

HoBbIMU pa3HOBHAHOCTSIMM LIMAHWIHOTO HpOLEcca SIBIISI-
I0TCSI CIIOCOO M3BJICUYEHHS 30JI0Ta HEMOCPEICTBEHHO M3 LHa-
HUCTBIX PYAHBIX ITYJIBI C UCIIOJB30BAHUEM CIICLUAIBHO pa3-
paboTaHHBIX HOHUTOB. HackIIEHHBII 30J10TOM COPOEHT 3aTeM
OT/ZICJISIIOT OT IIYJIBIIBI U IIEPEepadaThIBAIOT B OTAEIBHOM LIUKIIE
C IOJIy4YEeHHEM 30JI0TOCOEpIKaIlero Npoaykra. B 3aBucumo-
CTH OT Xapakrepa nepepadarbiBaeMoil pyabl copOIHs 3010Ta
U3 MyJBI OCYIIECTBISIETCS ABYMsI METOJIaMHU — IOCJE MPEe-
BapUTEJIBHOTO BBIIIEIAYMBAHNS («COPOCHT B MYIBIIE» WA
sorbent-in pulp, CIP) wiu oqHOBpeMeHHast COPOIHSI C BhIIIe-
JIaYMBaHUEM PY/Ibl («COPOSHT — B BBILIEIaYMBAHUIY, sorbent-
in leach, CIL). [Ipu Ky4HOM IIHAHWCTOM BBIIICIAYUBAHUH,
JITAaHHBIN METOJI Ha3bIBAIOT «COPOCHT B pacTBOpax», sorbent-in-
solution, CIS). Ha npeanpusaTHsIX 4acTO HCIOIB3YIOT /Ba Ba-
puanTa copboumu: «myiabnoBoi» (CIP, CIL) u «pacTBOpHBIN
(CIS) [6, 7, 8].

JIJIsl CeTIEKTUBHOTO M3BJICUSHHUS 30JI0Ta M3 PACTBOPOB BbI-
IIETaYUBaHUsl TIPUMEHSIOTCS IPOLECChl HMOHHOTO OOMeEHa,
JKMJIKOCTHASI 9KCTPAKIINS, OCAXKICHUE [IMHKOM H T.JI.

Cpenu BceX 3(D(QEKTHBHBIM M IIHPOKO HCIIOIH3YEMbIM
MIPOIIECCOM CEJIEKTHBHOIO U3BJICYCHUS 30J10Ta U3 PACTBOPOB
SIBIISIETCS COPOIMSI 30JI0Ta aKTUBUPOBAHHBIM YIVIEM. AKTH-
BUPOBAHHBIM yrojib MOJXYYalOT M3 Pa3IMYHBIX YIIEPOACO-
JiepKaliX IPEeKypcopoB (M3 IPEBECHUHBI, PA3IHYHBIX yIIIEH,
KOCTHBIX OCTaTKOB JKUBOTHBIX, CKOPJIYIIbI KOKOCOBOTO Opexa
W T.J.) KapOOHHM3aIMel NpU BBICOKOH Temieparype (B WH-
tepBanie Temneparypbl 800-900 °C) ¢ mocneayromnei akTu-
BalMell XMMUYECKHM CIIOCOOOM HIIM 00pabOTKOM BOASHBIM
napoM. [Ipu sTomM (opmMupyercsi BBICOKOIOPUCTAs IPOYHAs
CTPYKTypa, KOTOpast 00ECIEeYnBaET €ro BHICOKHE COPOIMOH-
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HBIE CBOMCTBA, B 32aBUCMOCTH OT TEMIIEPATypHOI0 peKHUMa
00paboTku. OOpa3oBaHHE pPa3IMYHBIX (DYHKIIMOHAIBHBIX
IPYII IO3BOJSIET YIVIIO MPOSIBISATH aHUOHO- M KaTHOHOO-
OmenHble cBoiicTBa [9, 10, 11]. [Ipn Hanuyum npuMecen B
pacTBOpe BBILIECIAYMBAHNUS, COIEPIKAIIUX PA3IMIHBIC AaKTHUB-
HbIe MOHBI, Y(Q(PEKTUBHOCTD MpoLEecca COPOLUU aKTUBUPO-
BaHHBIM YIJIEM MOKET 3HAYMTEIbHO CHU3HUTHCS, YTO, B CBOIO
o4epesib, MOXKET CYIIECTBEHHO IOHHU3UTH MPOU3BOJUTEIb-
HOCTB Bcero npeanpustusi. [1oaToMy Ha KaXXJ0M NpEANpHsi-
THH 30JI0TA aKTyaJIbHOU MPOOJIEMOH SBISIETCS HCCIIEJOBaHUE
COpOLIMOHHBIX CBOWCTB COPOEHTOB, & TAKIKE BIUSHUE IIPUME-
Cel Ha U3BJICUYECHUE 30J10Ta.

Llenpro HACTOSIIIETO MCCIIEIOBAHMS SIBISIETCS HCCIIEI0Ba-
HUE COpOIMH 30JI0Ta ¥ IPUMECEH aKTUBUPOBAHHBIM YIJIEM U3
PacTBOPOB BhINIEIAYNBAHNS MECTOPOXKICHNsT AKOaKai.

Marepuajibl 1 METOIUKA

OOBEKTOM HCCIICIOBAHUS SIBIISIOTCS MPOAYKTHBHBIN pac-
TBOD, l'[OJ'ly'-{CHHbeI BbIIICIAYMBAHUEM 30JI0TOCOACPIKAIIUX
npod MecTtopoxiaeHus: AkOakaii U COPOEHThI Ha OCHOBE
aKTUBHUpOBaHHOTO yriusi Mapok NoritRO, momydenHbie u3
KOKOoca, AKBacopO M aKTUBHPOBAaHHBIM YroJib Ha OCHOBE
LIYHTHUTA.

ATOMHO-OMUCCHUOHHEIN aHAIN3 MMPOBOAUJICA C IPUMCHEHU-
€M CIIEKTPOMETpa C MH/IyKTUBHO-CBSI3aHHOM T1a3moii Optima
5100 DV, Perkin Elmer, pentrenha3oBbiii aHaIu3 — 3J1€KTPOH-
HO-30HJIOBBIM MHKPOAHAJIM3aTOPOM Mapku Superprobe 733
¢upmbr JEOL, SInonusi, peHTreH(1yopecieHTHbI aHaau3 —
HHEProUCIIEPCUOHHOM  PEHTTEeHO(IYOPECIIEHTHOM  CIEK-
tpomerpe X-Calibur SDD LE Xenemetrix. Conepxanue Me-
TaJUIOB B PAaCTBOPE ONPEIEATIOCh aTOMHO-a0COPOLUOHHBIM
crekTpoMeTpoM SavantAA ¢ IulaMeHHBIM aroMu3aTopomM, pH
PacTBOPOB — C MOMOLIBIO JIaOOpaTopHOro noHomepa «pH-150
M» co cTaHIapTHBIMH DJIEKTPOJIAMH.

Memoouka copoyuu 6 cmamuueckom pexcume

CopOuuto 30510Ta OCYIIECTBISUIM [0 METOJMKE: HMOHUT C
Maccoil 1 r nepememuBany ¢ 500 M1 IPOJYKTUBHOTO PacTBO-
pa, IPOJIOJIKUTENLHOCTh COCTaBHIIA CYTKH, T.€. 24 uaca. [locine
WCTEUEHHs] BpEMEHH COPOLIMKM MOHKUTA OTIEIISUIN OT pacTBOpa
W ero 3aJIMBaJI HOBOH MOPIMEH MCXOIHOTO IMAHUIHOTO pac-
TBOpA U B TeUeHHE 24 4yacoB MPOJOIDKAIN TIePEMEIINBATh.

HVccnenoBanus BIMsSHUS NPUMECE METAIUIOB Ha U3BIICUE-
HUE 30JI0Ta IPOBOAMWINCH B 6 1HKiIax. [locie kaxoro nukia
HACBIIICHUS] COPOCHTa METAJIIOM PACTBOP OBLI MPOAHAIN3U-
pOBaH Ha COZAEP)KAHUE 30JI0Ta U METAJIOB-IIPUMECEH MEeTO-
JTaMH XMMHUYESCKOTO aHAJIM3a U aTOMHO-a0COPOIIMOHHOMN CIIeK-
TPOMETpHE.

B craruueckux YCIOBUAX O6MeHHaﬂ €MKOCThb Bbl6paHH])IX
COpPOEHTOB OIPEeIsIACh 110 (hopMyJIe:

Cucx_cpaBH v
E(COE), % = === —, (D
CPICX m
rae C,.. — UCXOHast KOHIIEHTPAIMs METalla B pacTBoOpe, Mr/
M MM MMOJIB/IM?;
C,. — PABHOBECHAs KOHIIEHTPAIMs METaja B PacTBOPE,
MTI/IAM® WIIA MMOJIB/IM;
m — Macca copOeHTa, T;

V — oGbem pactBopa, am>.

Pe3yabTaThl 0 THCKYCCHS

OH3MKO-XUMUYECKUMH  HCCIIEJOBAaHUSIMH IPOO MECTO-
poxaeHusi AkOakail yCTaHOBJIGHO, YTO COAEPKaHUE 30J10Ta B
pyze cocrapisieT 3,73 r/T. OCHOBHBIMH KOMIIOHEHTaMH PYJIbI
ABISIIOTCA  KpeMHeseM 64,7%; tmHozem 14,00%; oxcumbl
Kanbus 5,73%, maraus 5,61%, xanus 3,41%, natpus 2,93%.
Pynoo0pasyronmu (azamu sSBISIOTCSI TUPHUT, APCEHOITUPUT.

VccnenoBanus o copOIuK MPOBOAMIIUCH C POAYKTHBHbI-
MU pacTBOPaMH, IOJy4YE€HHBIMH BBIIIEIa4MBaHUEM ITPOO 30J10-
TOCOJIEPIKAILET0 MECTOPOXKICHHSI C COIEPYKAHUEM OCHOBHBIX
KOMIIOHEHTOB, Mr/1: Au — 11,66; Ag —2,16; Fe — 0,68; Cu —
8,45, Zn — 8,12, nmanun Harpus — 811; pH 10,18.

DH3MKO-XUMUYECKUMH UCCIIEJOBAHUSIMH YCTaHOBIICH CJIe-
JYIOIINI XMMUYECKUI cocTaB pyabl (Tadmuna 1).

Tabnuya 1
Xumuueckuii cocmae pyovt mecmopodxcoenusn Axoaxaii
Kecme 1
Kenoepoin xumuanvlx Kypamol AKGaxai Ken opHbl
Table 1
Chemical composition of the ore Akbakay deposit

Jnemenr, MaccoBasi Jement, MaccoBasi
KOMIIOHEHT 0731 B KOMIIOHEHT A0/ B
npooe, % npooe, %
Si0, 68,70 Zn 0,00445
AL, 13,70 Cu 0,0054
CaO 5,38 As 0,241
MgO 2,47 Sbh <0,005
MnO 0,0071 Ba 0,036
P,0; 0,18 Bi <0,005
K20 3,68 Cd <0,0002
Na,0 2,21 Cr 0,0096
Tio, 0,73 Co 0,0012
Coom 0,9 Mo <0,0005
co, 2,71 Ni <0,005
Fe,, 3,06 Sr 0,015
Feyen 2,55 Sn <0,005
Feyg 0,51 4 <0,01
S o 0,5 Hg <0,003
S eymnpar <0,25 Au, T/T 5,73
Pb 0,0044 Ag, T/t 1,22

Pe3ynbrarhl XUMHYECKOTO aHAH3a MOKA3bIBAKOT, 4TO pyaa
Ha 94,27% coctout u3 JIMTOGWIBHBIX MUHEepasioB. Coepixa-
HUe OJIarOpOJHBIX METAJUIOB 30JI0TAa U cepedpa COCTaBIISIOT
5,73 u 1,22 r/t coorBercTBeHHO. COMEpKAHUE MBIIIbSIKA —
0,241.

PeHTreHandpakiimoHHBIM METOIOM aHAIN3a yCTAHOBJICHO
(Tabamua 2), 4TO OCHOBHBIMM PYAHBIMHU (ha3aMu SIBISIFOTCS
[TUPUT, aPCEHONMUPHUT U JIMMOHHUTHI, a TIOPOJ000Pa3yOIIUMH
MHHEpaJIaMHi ABJIAIOTCSA KPEMHE3EM, IIOJIEBLIC IHINAThI, KaJlb-
LIUT, MYCKOBHT, XJIOPUTHI U JIp. JKene3o B OKHCIEHHOH (opme
npeodnanaer Haj cynbhunHoN Gopmoii. B pyne takxke npu-
CYTCTBYIOT aKIICCCOPHBLIC MUHECPAJIbl TUTAHA TUIIA allaTUT.
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Tabnuua 2
Munepanwvhutit cocmas npoé pyosvt mecmopoxcoenusn Akoaxai
Kecme 2
AKobaxaii KeH OpHBIHbIH PYOd CHIHAMAIAPLIHBIY MUHEPATLObL KYPAMbL
Table 2

Mineral composition of ore samples from the Akbakai deposit

Munepail, rpynna MUHEpAIOB Maccosast nons, % Musepail, rpymnna MUHEPAJIOB Maccosas nons, %
[TopomooOpasyromiye MUHEpabl Pynoo6pazyromnire MuHepabl
Ksapn 44,0 [Mupur 0,8
IToneBble mnarel 30,5 ApceHonupuT 0,5
Kampiut 6,1 Oxcunpl/runpokcusisl Fe 0,9
MyckoBUT 9,0 Axueccopubie (Munepais! Ti, araTuT) 1,5
Xnoput 6,7 HUroro: 100

B pyne B COTBIX U THICSYHBIX JOJAX MPHUCYTCTBYIOT OKHC-
JICHHBIE U CYIb(GUIHBIC MU, IUHK. [1071€3HPIM KOMIOHEHTOM
B IIpo0e pyabl MECTOPOKACHUS AKOaKall SBISETCS 30JI0TO.

W3BecTHO, YTO /IS BBIIETAYNBAHUS 30JI0TA U3 TAKOTO BHIA
CeIpbsl d(H(HEKTHBHO MPUMEHITh TPAaBUTAIMOHHOE oborare-
HHUE C TOCIEAYIONMM IPOIECCOM IIMAaHUIHOTO BBIIETAYNBa-
HUSL.

Jis M3BNEYEHNS 30710Ta U3 MPOAYKTUBHBIX PACTBOPOB, IO-
JyYSHHBIX BBIIIENauuBaHuEeM, 3()(HEKTHBHO MPUMEHSTH COpO-
[UIO C aKTUBHPOBAHHBIMH YIJISIMH, BEIOOP KOTOPOH SBIAETCS
BXHOU MPOOJIEMOM Ha Ka)KIOM MECTOPOXKICHUHN 30JI0TA.

Jlnst BBIOOpa 3(h(PEeKTHBHOTO MOHUTA TIPOBEACHBI SKCIIEPH-
MEHTHI 110 COPOLIMHU W3 MOAETHHBIX PACTBOPOB C aKTHBHPO-
BaHHBIMH yrsiMu NoritRO, AxBacop0 u copbeHTa Ha OCHOBE
ITYHTHUTA.

H3BiieueHre METaIIoB COPOIHEH TPOBOIMUIOCH U3 MOJICITh-
HOTO pacTBOpa ITMaHWIa HATPUS C COAEp)KaHUuEM MT/I: Au —
11,66; Ag — 22,16; Fe — 0,68; Cu — 8,45, Zn — 8,12, unanung
Hatpus — 811; pH 10,18. TIpu copOIMM MHAHUCTHIX KOMITIEK-
COB METAJUIOB M3 PAaCTBOPOB MOHUTAMH W/WIA aKTHBHPOBAH-
HBIMHU YIJISIMH TIPOTEKAIOT PEaKI[Ni aHHOHHOTO 0OMeHa, KOTO-
PBI€ OMHUCHIBAIOTCS HIDKECIEAYIOMUMHI YPABHEHUSIMHU:

R - OH + [Au(CN)2] - - R— Au(CN)2 + OH—  (3)
2R - OH + [Cu(CN)4]2 — — R2 — Cu(CN)4 + 20H — (4)
2R - OH + [Zn(CN)4]2 — — R2 — Zn(CN)4 + 20H — (5)

4R — OH + [Fe(CN)6]4 — — R4 — Fe(CN)6 + 40H — (6)

IIpu copbmmy MeTayuIoB HEOOXOAMMO Y4YEeCTh YCTOHYH-
BOCTb [JHAHHUCTBHIX KOMIUIEKCOB LIEJICBBIX METAJIOB U METaJl-
JIOB IpHMecel, COpasMepHOCTh MOHHBIX PAINYCOB AaHHOHOB
U 1I0p copOeHTa, B3aNMOACHCTBHE MEX Y LUAHUCTHIMU KOM-
IUICKCAMU METAJUIOB ¢ ()YHKIMOHAIEHBIMU IPYIIIAMHU COPOCH-
TOB, SHEPTHUIO MPUTSHKEHUS MKy HOHAMHU U T.1. B 3aBrcHMO-
CTH OT TaKUX (haKTOPOB OIpeeIsIeTCs KOHEYHOS KOTHIECTBO
COpOMPOBAaHHBIX HOHOB B AHMOHUTE W/HJIM B AKTHBUPOBAHHOM
yrie.

B pesynbrare mpoBeneHUs] SKCIIEPUMEHTOB [0 COPOLUH B
CTaTUYECKOM DPEXUME OIIPEACNICHBl CTaTHYecKash OOMEHHas
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E€MKOCTh COPOCHTOB-aKTUBHPOBAHHBIX yIiierd Mapok NoritRO,
akBacop0 u copbeHTa Ha OCHOBE mIyHrHTa. [lomydeHHbIe pe-
3yIBTaTHl PUBEICHBI B TaOIHIIE 3.

Tabnuua 3
Pezynomamut copoyuu 3010ma ¢ Cmamu4eckom pejpcume
Kecme 3
CmamuKanvlx pexrcumoe anmoii cOpOYUACHIHBLY,
Hamuicenepi
Table 3
Results of gold sorption in static mode
CopOeHThI COE, mr/t
AxTHBHpOBaHHBIH yroibs NoritRO 0,88
AxBacopb 0,63
AKTUBUPOBAHHBIA yroJib HA OCHOBE 0,32
mryaruta (CI)

W3 nonyyueHHbIX JAaHHBIX BUIHO, YTO CaMbIM HaHOOJIBIINM
s3HageHueM COE ob6namaer akTUBHUPOBAHHBIA YTONb MapKd
NoritRO, 3atem mocnenyeT aKTHBHPOBAHHBIA yroib AKBa-
cop6. Hamxynmme pesynasrarsl mo COE moxaszam akTHBHPO-
BaHHBI Yrojib Ha OCHOBE LIYHTHTa: €r0 3HAYCHHE MOYTH B
2,75 pa3a HIKe, yeM y copoerTa NoritRO, u B HECKOIBKO pa3
HIDKE, 4eM y AKBacopba.

Jlanee ObUIM HMCCIIEIOBAHBI BIUSIHUE MPOIODKUTEILHOCTH
npotiecca copbuun U 3Hauenus: pH Ha u3BIEYeHHE 30I10Ta C
copbentamu NoritRO, Axsacop6 u CIII. Pesynsratsr mpuse-
JleHbl Ha puc. | u 2.

Wzyuenne copOIMOHHON aKTUBHOCTH COPOEHTOB OT MpO-
JIOJDKUTEILHOCTH Tpoliecca copomuu nmokazanu (puc. 1), 91o
CTaTHCTHYECKass OOMEHHAsi €MKOCTh aKTHBHPOBAHHOTO YIJIs
Mapku NoritRO mo cpaBHEHHIO COpOSHTOM Mapku AKBacopO
Obina BeImre. [ToHOE HACBIIIEHHE COPOCHTa MOHAMU 30JI0Ta
B konmmdectBe 99% mis copOentra NoritRO pocturaercs 3a
120 MuHYT, TOTAAa Kak COpOEHT AKBacopd 3a 3TO BpeMs aJco-
poupyet Bcero 85% 3010Ta. AKTHBHPOBAHHBIN YTOJIb HA OC-
HOBE IIIYHTUTa YCTYIAeT MO CTaTHYeCKOW 0OOMEHHOH eMKOCTH
BBIIICHA3BAHHBIM COPOEHTaM MoYTH B 2 pa3za u 3a 60 MUHYT
COpOIIMOHHOE M3BIICUCHHE 30JI0Ta cocTaBmuio 51%, a 3a 160
MHHYT Bcero 52%.
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Puc. 1. KuHeTH4YecKHe KpUBbIe N3BJI€YeHHs 30JI0TA U3
NHAHUIHBIX PACTBOPOB Pa3JIMYHBIMH COPOEHTAMH.
Cyper 1. Op TypJi copéeHTTEepMeH IMAHUATI
epiTiHaijiepaeH aaThIHABI 061N aJTyIbIH KHHETHKAIBIK
KHCBIKTAapBhI.

Figure 1. Kinetic curves of gold extraction from cyanide
solutions by various sorbents.

Pesynbrarel mccnenoBanus BausiHuA pH Ha moxasarenn
nporecca copbuuu copdenTamu NoritRO, AxBacop6 u CIII
moka3anu (puc. 2), uro copoerTsl NoritRO m AxBacop0 xo-
POIIO M3BJIEKAIOT 30JI0TO IPH BCexX 3HadeHus pH pactBopa.
MaxkcuMaabHOE 3HAYCHHE CTETICHN M3BICYCHUS JOCTUTACT-
cst mpu pH paBaom 10 m cocrasmstor 100 u 85% coorset-
ctBenHo. C yBemmuennem pH ot 10 mo 14 mokasarenm co-
poumm AxBacop0d um NoritRO cHmkatorcs u coctaBimsror 90
n 70% coorBeTcTBeHHO. M3MeHenne pH cuiibHO BimseT Ha
COpOLMOHHBIE CBOWCTBA aKTMBMPOBAHHOTO YIVISI HA OCHOBE
IIYHTUTa — €T0 COPOIIMOHHBIE CBOWCTBA YIYUINAIOTCS IMPU
CHJIPHOKHCIIOTHOW oOmactw, mpu pH 2 m3BIedeHHe 30110Ta
coctaBmino 64%, 3areM ¢ moBeImeHneM pH ot 2 1o 6 moka-
3aTesl cOpOIMM Pe3Ko MaaloT, T.e. B cpene ¢ pH, paBHOM 6,
copOnus 30J0Ta U3 PAacTBOpA MPAKTUYECKH HE MAET. Jlanb-
Helmee nosbimenue pH pactBopa or 6 1o 14 mpuBoauT K
YIAYHIICHUIO COPOLMOHHBIX CBOWCTB M CTETICHb M3BJICUCHHS
3omoTa yBenmanBaercs ¢ 0 1o 52%.

Ha ocHoOBe MONyYeHHBIX PE3yNIbTaTOB HKCIIEPUMEHTOB MO
M3YYCHUIO BIVSIHUS PA3IMYHBIX MApaMEeTpPOB VIS AajbHEH-
IIAX UCCIIEAOBAHUM B Ka4€CTBE ONTHMAJIBLHOTO COpPOCHTa 30-
sota ObwT BEIOpaH copOeHT NoritRO.

HccnenoBannsi BIMSHUS TIPUMECE METAJUIOB Ha M3BIIE-
yeHne 30710Ta copOeHTaMu Mapku NoritRO mpoBomwmmich ¢
UCIIONIb30BAaHNEM PACTBOPA BBIMICTIPUBEICHHOTO cocTasa. Pe-
3yJBTaTHI IPUBE/ICHBI HA Tadnue 4.

Kak 1mokasbIBaloT pe3ysbTaThl, BCE IPUMECH COPOUPYIOTCS
AKTHBHPOBAHHBIM YITIEM H3-32 €r0 BBICOKOH COPOIIMOHHON
emrocTd. OHAKO, IPU YBEJIMYEHUN TPOIOIDKUTEIBHOCTH CO-
pOIMH 110 2-X CyTOK conep kaHie NPUMECEH METaJlIOB B COp-
OeHTe CHIDKAETCs. DTO MOATBEPIKAACT BBIBOZ O TOM, YTO HOHBI
IIpUMECEl METaJIOB 3aMEIal0TCsl HOHAMM 30J10Ta M U3BJICKa-
foTcs B pactBop [11].
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Puc. 2. Biussnue pH cpeabl Ha n3BJje4eHue 30J10Ta U3
NHAHUIHBIX PACTBOPOB Pa3IMYHbIMHU COPOEHTAMH.
Cyper 2. Op TYpJii copOeHTTepMeH MAHKU/ epiTiHaiepiHeH
aJITHIH aJIyFa KopiaraH opranbin pH acepi.

Figure 2. The effect of the pH of the medium on the
extraction of gold from cyanide solutions by various
sorbents.

Tabnuua 4
Pe3ynomamut uzeneuenus Memainoe copoeHmamu Ha
0CHOGE AKMUBUPOBGAHHDIX y2llell
Kecme 4
bBencendipinzen komip necizinoezi copoenmmepmen
Memanoapovl 60in any Homudicenepi
Table 4
Results of metal extraction by sorbents based on activated
carbons

IIponomxku- M3B/eueHe METAIIOB PUMEcei, %

TeIBHOCTh
COpOLIH, MIH Au Ag Fe Cu Zn
30 752 | 66.1 | 124 | 92 75
60 90,3 | 85,2 14,8 114 9,2
90 92,1 | 88,2 | 15,6 13,2 10,1
120 96,8 | 89,3 | 16,2 15,1 12,1
150 9.7 | 904 | 187 | 132 | 97
180 97,6 | 91,5 | 26,3 10,3 5,6
1440 98,7 | 97,5 14,7 7,4 42
2880 99,5 | 98,6 | 10,2 5,1 4,0

Jlanee ObUIO M3YYEHO BIMSHUE YMCIIA CTAJUU COPOLMH Ha
COpPOIMOHHYIO crtocoOHOCTh noHKuTa NoritRO mpumeceii ce-
pebpa, Menu, *xene3a ¥ UHKA M3 IUAHUCTOrO pacTBopa. Pe-
3yJbTaTHI IPUBECHBI HUXKE Ha pHC. 3-4.

OmnpeneneHue CoJaepKaHHusi METANIOB B PACTBOPE II0-
CJIe KaXkJIOTO 3Tara CopOLMK MPOBOAMIOCH XUMHUYECKUM U
aTOMHO-a0COPOIMOHHBIM CIIEKTPOMETPUYECKUM METOJ1a-
MU aHaiu3a. Pe3ynpTaThl 9KCIIEPUMEHTOB IPUBEICHBI Ha
puc. 5-6.
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Puc. 3. 3aBucHMOCTH KOHIIEHTPALUHU cepedpa B pacTBope
OT HHKJIA COPOLUH.
Cyper 3. Epitingigeri kymic KOHIeHTPamusiCbIHbIH
copouusi HMKJIiHe TIyeJIijIiri.
Figure 3. Dependence of the silver concentration in
solution on the sorption cycle.
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Puc. 5. 3aBucuMOCTh KOHIIEHTPAIUH 7KeJie3a B pacTBOpe
OT IMKJIA COPOIUH.
Cyper 5. Epitingizeri TeMip KOHIEHTPAUUACHIHBIH
copouus HUKJIiHE TIyeJIiJIiri.
Figure 5. Dependence of the concentration of iron in
solution on the sorption cycle.

Kak moka3zanu pes3yssTaTsl HallliX MCCIICIOBAHUM, BRIOpAH-
HBII aKTWBHUPOBAHHBIM YTONb XOPOIIO H3BIEKAET HAPSAY C
HMOHAMH 30JI0Ta MOHBI IIPAMECEH METaJuIoB — cepedpa, Mew,
JKeJe3a W IMHKa. B mociemyromue cTamud, T.e. HaYMHAS CO
BTOPOM CTaIH COPOITNH HAOMIONACTCSI BBITECHEHHE TIPUMECEH
METAaJUIOB M 3aMEIeHHe HOHAMH 30JI0Ta U3 CTPYKTYPHI aKTHBH-
POBAaHHOTO YIS, YTO 3aMETHO IPH ONPENeNICHHH KOHIIEHTpa-
[UH IIpuMeceld B pactBope. Cpean BCeX HOHOB MPUMECEH IUI0-
XO BBITECHSIOTCS HOHBI MEI U cepedpa, UTO IMOATBEPKIACTCS
BEIBOJIAMH TIPUBEACHHBIX HccienoBanuit [12]. Ho, mecmoTps
Ha 9TO, ACTIOJIb30BAaHHBIA B AKCIIEPUMEHTAX aKTHBHPOBAHHBIN
YTOJIb TIOKA3aJT BRICOKYFO CEIIEKTUBHOCTD K 30JI0TYy U Cepedpy.

3onoTocomepkamas pyga cocraBa (tabmmma 1) mecto-
poxneHns AxOakall TOCTyHmaeT Ha TPAaBUTAMOHHOE 000-
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n, YHC.10 CTATHH COPONHH

Puc. 4. 3aBHCHMOCTH KOHIIEHTPALMH MU B PACTBOpE OT
HHMKJIA COPOLMH.
Cyper 4. Epitinaigeri Mbic KOHIEHTPAUMACHIHBIH
copousi HMKJIiHEe TIyeJIiJIiri.
Figure 4. Dependence of the copper concentration in
solution on the sorption cycle.
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Puc. 6. 3aBHcHMOCTh KOHIIEHTPAIMY IUHKA B PACTBOPE
OT NHMKJIA COPOLHH.
Cyper 6. Epitingigeri MbIpbIlll KOHIEHTPAIMUSCbIHbIH
copOuMs NMKJIiHe TIyeaimiri.
Figure 6. Dependence of zinc concentration in solution on
the sorption cycle.

raimieHne, Irie CTENeHb oOorameHus cocTaBiasieT 53-56%.
KoHueHTpar nanee HampaBiIseTcss Ha [UAaHUIHOE BBIIIEIA-
YUBaHUE, B PE3yIbTaTe KOTOPOTO M3BIEKaeTcs oT 69,42 mo
78,33% 3omota. [Ipu mmaHuIHOM BEIIETAYNBAHUH PYI Me-
CTOpOXICHN AKOaKail MOJMydYaloT MPOIYKTHBHEIN PacTBOpP
cocraBa, mr/i: 3o01moto 500-600 mr/n, xenezo 80-90 mr/i,
menb — 0,40-0,50 mr/m, cepedpo — 100-150 mr/n. Ilpomuece
COpOIIH MMPOBOANTCS C MCIIONBb30BaHUEM copOernTa NoritRO
¢ copepkaHueM TBepaoi (aser 40%, MPOLOIHKUTEIEHOCTHIO
IIUKJIa 8 9acoB.

[ukn npomecca cOpOLMM MPOUCXOTUT HAa yCTaHOBKE
Pumpcell Plant kommaann Kemix, re mo060ii 9aH MOXKET OBITh
MePBBIM WM mocieqanM. CrcTeMa THTaHus COPOIMH CIIPOEK-
THPOBAHA C PACYETOM IOJa4H ITYJIbIIBI B JIFOOOH U3 YAHOB COP-
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61mu. To ecTh TOJIOBHOM YaH COPOIMU OTCEKASTCsI IS BRIBOZIA
30JI0TOCOZEPIKAIIETO YIS, ¥ MUTaHHE COPOLMM MEePEBOANUTCS
B cieayromuii yaH. [locne BbIBOA 30510TOCOIEPIKALIETO YIVIS
C TOJIOBHOTO YaHa U MEPEKaYKH B HEr0 00€330JI04EHHOTO YIJIs
HOCJIe JIeCOpOLH, TaHHBIH YaH CTAHOBUTCS XBOCTOBBIM (TIO-
cienauMm). B cucteme Pumpcell MexxkackaaHbIl TPOXOT, HACOC
JUIA YTUIA U aruTartop MyJibIlbl BCTPOCHBI B OIMH MEXaHNU3M TOJIb-
KO C OJTHMM NEPBUYHBIM NPUBOJIOM. Bcero ycraHOBIEHO 11ecTh
pe3epByapoB Pumpcell, kKaxaplii 13 KOTOPHIX UMEET MOJIE3HBIN
ob6beM 78 M* 1 00w 00beM cocTaBisieT 468 M3, obliee Bpe-
Msi COpOIMM WJIM KOHTakTa cocTapisieT 1,5 wacoB. Kaxmprit
pe3epByap COIEP)KUT 2 TOHHBI AKTUBHUPOBAHHOTO YIJIS, YTO
COCTAaBIISIET OAHY MOPIHIO AronpoBaHusi. C b0 KOMIIEHCH-
POBaTh COKpAIIEHHOE BPEMsI KOHTAKTa C YIJIEM, €ro KOHIIEHTpa-
LS B K&XKJOM pe3epByape yBeanuuBaercs 10 S0 r/m. Ilynbmna,
BBIXOJISIIIAst ¢ ycTaHOBKK Pumpcell, xapakTepusyercs comepxa-
HHEM 30510Ta B pactBope He Bbiie 0,02 mr/i, cepedpa — 0,2-0,3
mr/i, meau — 10-15 mr/mn, sxenesa — 50-65 mr/i. 1o mOKa3bIBaeT
BBICOKYIO CTEIICHb COPOLIMH 30JI0Ta U COPOLMOHHON aKTHBHO-
ctu copbenTa NoritRo.

HacpimenHbli yroab cobupaercst u3 pesepyapos Pumpcell
JUIs JalibHeMIIero anoupoBaHus. M3 mepBoro pesepByapa
Pumpcell u3Bnekaercst 2 TOHHbI HACBIIEHHOTO YIJIsl, KOTOPBIN
nocie coopa OyieT HampasieH JUlsl JalbHEHIINX ATaloB 00-
pabotku. Korja HackIEHHBIH Yroib N3BJIEKAETCS, €r0 3aMe-
HAIOT BOCCTAHOBJICHHBIM YIJIEM M3 HHKJIA 3JIFOMPOBAHUA WIN
13 ey JUIsl TEePMHUYECKOM pereHepauuu ymis. XBOCTOBast
IyJIbIIa TIpOLecca IO/ JEHCTBUEM CHIIbI TSXKECTH CTEKaeT Ha
KOHTPOJIbHBINM IpoXoT 11 yris. I[logpemeTHsiid MpoayKT rpo-

CIIUCOK UCIIOJIB3OBAHHbIX UCTOYHHUKOB

X0Ta OTKAYUBACTCs B ITUKIJI O6e3Bpe)KI/IBaHI/IH OT IMaHU 0B JIA
CIIEAYIOIICH CTaqul 00PaOOTKH.

3akjroueHue

Jlyist mepepaboTKH 30710Ta U3 Py MECTOPOXKICHHsT AkOakai 3¢-
(l)eI(Tl/IBHO TNPUMCHATL HUAHUTHOC BLIIICIIAYBAHNC. DuznKo-xXu-
MHYECKUMH HCCIICIOBAHUSIMU YCTAHOBIICHO, YTO Py/Ia COMCPIKHT
CBOOOJIHOE 30JI0TO U OCHOBHBIE 30JIOTOCOZEPIKAIIE MHUHEPAJIbI,
TaKue KaK IMAPUT, apCEHOMMPHT, TMMOHUTBL. Comep:KaHne 30710Ta
1 cepebpa cocTaBisitoT 5,73 u 1,22 1/ cootBercTBeHHO. Comeprka-
HHE MBIIIbSKA B pyA€ OueHb HU3Koe U cocTaisieT Beero 0,043%.
OCHOBHBIMH MHHEpaJaMH ITyCTOH MOPOIBI B PYAC SBISFOTCS
KpEMHE3eM, TTIMHO3EM, TTOJIEBOH IIITIAT, CIFOMIbI, XJIOPHUTHI 1 JIp.

CopOLMOHHOE M3BJIEYEHHUE 30JI0Ta C Pa3IMUHBIMHU COPOCH-
TaMH (aKTUBHPOBAaHHBIMM YIVISIMU Pa3lIWYHBIX Mapok) MOKa-
3ai, 4T0 3((HEKTUBHOCTH COPOEHTA MagaeT B CICAYIOIIEM
nopsake NoritRO>Aksacopo>ClIl, cTeneHp U3BICUEHUS 30-
sota ¢ copoenToB NoritRO cocrasiser 99%. Ha nokazarenu
CTEIICHU U3BJICUYEHUS 30J10Ta BiusgeT pH cpeabl U IponoiKu-
TEMBHOCTH COPOIMU. DKCIEPUMEHTHI TT0 H3BJICUCHUIO 3010Ta
¢ akTMBUpOBaHHBIM yriieM NoritRO u3 1imanuHOTO pacTBopa,
COJIepIKAaIIero MPUMECH METaJUIOB, TaKUe Kak cepedpo, Meab,
JKeJe30, IIMHK TI0Ka3aJd, 94TO MPU COPOLUK BCE TIPUMECH Me-
TAJUTOB M3BJICKAIOTCS COPOCHTOM, HO B MOCIEAYOIINX IUKIAX
OHHU BBITECCHAKTCA HIUAHHUAHBIM KOMIIJICKCOM 30JI0Ta.

[Ipu copOuum 3050Ta W3 MPOAYKTUBHBIX PACTBOPOB Ha
MeCTOpokaAeHHH AkOakani copoerTom NoritRO crenenp us-
BJIeueHUs cocTaBisier 95-96%. Conepixanue B MmylbIie Mocie
copbuuu He npessbimaet 0,02 mr/i.
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OEPPOKOPLBITITIA OHAIPICIH
IKO-BAT1APJIAHTAH JAMBITY:
AKTOBE OBJIBICBIHBIH TOXIPUBECI

Anjarna. Makasa heppoKopbITIia OH/IipiCiMeH aiHaIbICAThIH KOCIMOPBHIHAAP KbI3METiHiH KOJIOTHSUIBIK aCIIEKTLICPiH 3ePTTeyre, KaJIbIITaCKaH MACEIeNePIi aHbIKTay-
Fa )KOHE OJIAPJIbIH KOPIIAFaH OPTaFa TEPic bIKIAIBIH TOMEHICTY YIiH THiMAI merniMaepai Tabyra OarpiTranran. Makanaga AKTe0e 00IbICBIHBIH SKOIOTUSIIBIK JKaFAalibIHA
epeKIle Ha3ap ayaapa OTBIPIN, GeppOKOpbITHaIap eHAIpiciHe OailIaHbICTBI SKOJIOTUSIIBIK Macenesepre Tanaay xacainibl. KP CKPA ¥nTThIK craTHcTHKa OOPOCBHIHBIH
JiepekTepi Herizinae armocdepara MIbIFAPbIHIBUIAP MEH Cy OOBEKTiNIepiHe JacTayIibl 32 OHAIPICTIH KOpIIaraH opTara Tepic dCepiH a3aiiTy MakcaTbIHAA KajbIKTapabl
KaiTa OH/IeY JKOHE IKOIOTHUIBIK OaFapiaaHFaH TeXHOIOrHsuIapabl eHridy cusikTsl «Kazxpom» TYK» AK duunans — Akrede GheppoKophITIa 3aybIThIHIA KOJIAAHBUIATHIH
MHHOBALMSNIBIK IIENTIMIEP KapacThIPbUIIBITTAPABIH TOTIHALIEPIH KOCA alFaH/a, aFbIMIAFbl SKOJIOTUSIIBIK KOPCETKIIITEP 3ePTTEN L.

Tyiiinoi cesoep: gheppoxopvimna oHOIpici, IKONOSUATBIK Macenenep, Axkmobe gpeppokopbimna 3ayvimsl, ayanvly 1ACMAHYbl, 3UAHObL 3aMMAP WbI2APLIHOBLLAPGI, IKO-
JO2USANBIK 3UAHObL A3ATNTY.

Eco-oriented development of ferroalloy production: the experience of Aktobe region

Abstract. The article is devoted to the analysis of environmental aspects of ferroalloy production enterprises, consideration of existing problems and search for possible
solutions to reduce the negative impact. The article analyzes the environmental problems associated with the production of ferroalloys, with a special focus on the environ-
mental situation of the Aktobe region. Current environmental indicators, including emissions into the atmosphere and discharges of pollutants into water bodies, are being
investigated based on data from the Bureau of National Statistics of the Republic of Kazakhstan. The article considers innovative solutions used at the Aktobe Ferroalloy
Plant, a branch of TNK Kazchrome JSC, such as waste recycling and the introduction of environmentally oriented technologies in order to minimize the negative impact
of production on the environment.

Key words: ferroalloy production, environmental problems, Aktobe ferroalloy plant, air pollution, emissions of harmful substances, reduction of environmental damage.

JKOOPHEHTHPOBAHHOE pPa3BUTHe (epPOCINIABHOIO NMPOU3BOACTBA: ONBIT AKTIOOMHCKOMH 00/1acTH

Annotanus. CTaThs NOCBAIICHA aHAIM3Y YKOJOTHMYECKHUX aCIEKTOB JCSTEIbHOCTU MPEANPUITHIA 10 POU3BOACTBY (hEPPOCILIABOB, PACCMOTPEHHUIO CYIECTBYIOMINX
pobIIeM U MOMCKY BO3MOYKHBIX PEIICHHMN ISl CHIJKCHUSI HEraTHBHOTO BO3/ICHCTBHS. B cTaThe MPOBE/ICH aHAIN3 YKOJIOIHYECKUX MPOOIIeM, CBS3aHHBIX C IPOM3BOJCTBOM
(heppocIuIaBoB, ¢ 0COOBIM aKIIEHTOM Ha IKOJIOTHIECKYI0 00cTaHOBKY AKTIOOMHCKOH oOnactu. Ha ocHoBe manHbIx bropo HamuonansHoi cratuctuku ACIIP PK ncceneny-
I0TCS TEKYIIUE SKOJIOTMYECKHE TTIOKa3aTelIH, BKII0Yast BEIOPOCH B aTMoc(hepy U cOPOCHI 3arps3HSIOIIMX BEIIECTB B BOAHBIC 00BEKThI. PaccMarpyBaroTCsi HHHOBALIMOHHbBIE
pelieHus1, npUMeHseMble Ha AKTIOOMHCKOM 3aBoze deppociiaBoB — ¢puanane AO « THK «Ka3xpomy», Takue kak nepepaboTka OTXOIO0B M BHEJIPEHUE YKOJIOTHYESCKU OpH-
CHTHPOBAHHBIX TEXHOJIOTHA, C LEIbI0 MUHUMH3AINK HeTATHBHOTO BO3ACHCTBHS MPOU3BOACTBA HA OKPYIKAOILYIO CPELY.

Kntouesvle cnosa: eppocniasnoe npoussoocmeo, skoio2udeckue npooiemot, AkKmoOUHCKUIl 3a600 (Peppocniasos, 3azpasHenue 6030YXd, 8blOpPOChL 8PEOHbIX Ge-

wecmse, CHUINCEHUe IKON02U1UeCKO2o ymepﬁa.

Kipicne

DeppoKOpHITIIA OHIIPICI-KOFAPHI camaibl 0oJarTap MEH
KOPBITITATApAbl OHIIPY VIIH IIHKi3aT KOPBIH KaMTamachl3
€TeTiH METaJUTypIys CalaChIHBIH HET13T1 2JIEMEHTTEepiHiH Oipi.
CrpaTerusuiblK MaHBI3bUIBIFbIHA KapamMacTaH ©HEPKACINTIH
OyJ1 Typl KOpIaraH opTara alTapibIKTal acep eTyiMEH CUIIaT-
Tanazsl [1, 2].

Canazars! arbIMIarbl kargaid. COHFBI JKbUIIApAarbl MoJIi-
METTepre ColKec, aNeMIIK (PeppOKOPBITIIA OHMIPICi KBUT ca-
WbIH T1aMamMeH 35-37 MUIH TOHHAHBI Kypauibl. OHmipiIeTiH
(beppoKophITHATIAP/BIH HEri3ri cerMeHTi — deppoxpom, 2021
JKBUTBI QNIeMJIIK (eppoxpoM eHipici 13,91 MiIH TOHHAHBI Ky-
paapl. Onemaik deppoxpom HapbiFbl 2021 xputer 18,52 Mu-
JHapI JoIDTapra OaramaHmbl xkoHe 2027 JKpUTFa Kapai opraria
ecerrreH 5,55%-ra ecim, 25,61 Mummapa Koiutapra sKeTei Ien
kytinyzae [3]. @eppoxopeitia caiacsl — Ka3akcTaHHBIH OTaH-
JIBIK METaJUTYPrHsIChIHBIH MaHbI3/Ibl CaJlaJIAPbIHBIH Oipi. OH-
JipuieTiH (GeppoKOpBITIANAP/ABIH KOJIEMi, CYPBINITAIBIMBI MEH
carachkl >keHiHEeH KazaKcTaHABIK ©HEpKacil oieM OOMBIHIIA
KOIIIOACIIIBI JKOHE €H ipi AKCIOPTTAayIbUIAPABIH Oipi peTiHme
TEXHUKAJIBIK JaMbIFAaH MEMIIEKETTEP KaTapblHaH OPBIH aJajbl
[4, 5]. KP-marsr MeTamuTyprusiiblK ©HIIPIC KOMIIOHEHTTEPIHIH
Heri3ri enaipymrici — «Kasxpom» TYK» AK. «Kazxpom» T¥K»
AK xypambiagarel Jlen KBK, Akcy ¢eppokopbITiia 3aybIThI
skoHe AKTe0€e (peppOKOPHITIIA 3ayBITHI TEXHOJIOTUSUTBIK KaFnaaT
OOMBIHIIIA COHFBI OHIMHIH AJIBIHYBIMEH YHBIMIACTBIPBIIFaH.

AxTe0e (peppOoKOPHITIIA 3aYBITH TYPIi MapKaJarsl (peppox-
pOM, COHBIMEH Oipre, OTKa TO3iMIl OYHBIMIAP, KOMipKBIIII-
KbUI Ta3bIKUBIPUIBIK TAC, CYWBIK MIBIHBI, ()eppOIIaH CeKiIi
KOCBIMIIIA OHIMJEp OHAIpEl, KOXKAapAbl Kaita exHaeiai. JloxH
Tay-KeH 0albITy KOMOMHATBIHBIH XpoM KeHi (45-50% Cr,0;) —
(heppOoKOpHITITaTapAbl OHIIpy O0ACTHI MIMKi3aTHI [6].

3eprreyiep. Heri3ri 3koJ10rusiIbIK MaceJieliep

DeppoKOpHITIIa OHIIPICIHIH KOpIIaFaH OpTara anTapIIbIK-
Tait Kepi BIKMaisl ga 6ap. Herisri Mmocemenepniy imiHae Keie-
cimepzi aram eTyre 0oaabL:

1. Ammocgepanvik ayanviy 1ACmMaHybvl:

- IIBIFapbIHABUIAP, ce0edl (eppoKOpHITHATIApIbl OHIIPY
Ke3iHzae arMocdepara 3WSHIBI 3aTTap LIBIFapbLIagbl: Kypa-
MBIH/Ia aMOp(THI MIBIHEI azacsl, Si0,, A1,0;Ca0, K,0, MgO,
xpommmmHenb (Mg, Fe) (Cr, Fe, Al),0, MgO+Al,0;+Cr,0;
JkoHe T.0. 6ap OelopraHuKaIbIK II1aH;

- ra3 Topi3/ec WbIFAPBIHIBUIAP — KYKIPT KOCTOTBIFHI (SO,),
keMipreri ToTeIKTaphl (CO, CO,), a3ot ToThIKTaphl (NO,) [7].

AtmocdepanbIk ayara JIacTayIllbl 3aTTap/IblH 65-1 IIBIFapbI-
JaIbl, OHBIH iMIiHIE 8 MapKepiik 3aT 0ap: KypaMbIHIAa KPeM-
HUH KOCTOTBIFBI Oap Oeffopranukaisik maH (2909), KypaMbIH-
Jla KpeMHUH AWOKcHIi Oap OeiopraHukanblk mmaH (2908),
KypaMbIHIa KPEMHUH KOCTOTBIFBI 0ap OCHOpPraHUKAIbIK IIaH
(2907), azor koctoteiFsl (0301); azor ToreiFsl (0304); KyKipT
koctoThiFbl (0330); kykipreyTek (muruapocyiabdum) (0333),
kemipreri ToToIFEI (0337). Kanran 3aTrTap MaHBI3IBL emMec [6].

l-cyperte AKTo0Oe OOIBICHIHBIH arMOC(epalblK ayachblHa
HETi3T1 JlacTaymIbl 3aTTap MIBFapeIHABUIApBIHBH 2020-2023
JKBIIIAPIAFhl JHHAMHUKACH KOpCceTiareH [8].

2. Cy pecypcmapbiHbly 1ACMAHYbL:

- CAJIKBIH/IATKBIII CY/BIH €/19yip KOJIeMiH IaiianaHy;

- KYpaMblH/Ia CYCIICH3MsJIAHFAH OJILIEKTep MEH MeTajll
KOCBUIBICTaphl Oap aFbIHABI CyJIap/ibl aFbI3y.

DeppoKopHITIIAa OHIPICIHAC MalIaTaHBUIATHIH Cy HETi31H-
JIe TYUBIK ITUKJIMEH alHAJIBII TYPAIbI )KOHE OHEPKICII KACIIO-
PBIHIAPBIHBIH 9p TYPIIi Cy KO37epiHe OHAIPICTIK aFbIHAAPIAbIH
arbI3BUTYBI ejeyci3. MyHJal Cy arbi3yiap Ke3iHJE arbIHJIbI
Cy KypaMbIHIa TeMip, Kalaibl, KOPFAChIH, MBIPBIII KaJMHH,
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Figure 1. Emissions of major pollutants into
the atmospheric air of Aktobe region in 2020-2023,
thousand tons.

Puc. 1. BoIOpochbl 0CHOBHBIX 3arpsI3HAIONINX BelIeCTB
B aTMOC(epHBIi BO31yX AKTIOOMHCKOH 00/1acTH
3a 2020-2023 roapl, THIC. TOHH.

MBIC, HUKEJIb, CHSKTBI METaJIapAbIH HOHIAPBI O0Iybl MYMKIH.
1-kecrene Akre0e 00bICHIHBIH 2022-2023 KbUTIapBI AFBIHIBI
CyJIlapMeH JIaCTayIIbl 3aTTapIbIH TOTIHIUICPiHIH KeJeMi Kell-
TipinreH [§].

Kecme 1
2022-2023 scvinoapoazel Enek o3eninin canacst
Table 1
The quality of the Ilek River in 2022-2023
Tabnuua 1
Kauecmeo pexu HUnex 3a 2022-2023 200061

Cy carnachIHbIH KJIaCChI 2023 x.
ITapamerp-
KOHI[CHTPAIIUACHI,

2022 xput | 2023 kKbt lep 3
MT/ M

AMMOHMIA- 1,108

4 4 HOH

forace HCC 1 Denonpi 0,0016
Xpom (+6) 0,059

3. Ounoipic kanovikmapwi:

- KOXKJIap/IbIH, IIJTaMAap/IbIH )K9HE 0acka Jia KaTThl KaJlJIbIK-
TappbIH TY311yi;

- KoliMalap/ia )KaHe MaTepHaigap/bl KaiTa eHuey Ke3iHae
naiia 60aThlH YHBIMIACTRIPHUIMAFaH IIBIFAPBIH/IBLIAD.

Kasnaplkrapabl yakbITIIA JKOHE TYPAKThl JKHHAFaH Ke3Ze
KeJecimeil pakTopiapaslH KOpIIaFaH OpTaFra BIKMAIbl OOy
MYMKIH LITAMAP, KaJIbIK KOHMasiap, apIibliFaH KbIHBICTAP
YHiHAIIEepiHiH OSTIHEeH MaHAaHy Ke31H/e; KaABIKTap aJlaH/ia-
PBI JIaCTAHFAaH/A aTMOC(EPABIK JKaybIH-IIAIIBIH OapbICIHIA
JIACTAHFAaH aFbIHBLIAP aFybl BIKTUMAIT, KOKBICTBIH YHIH/ILIEpi
callIapbIHaH TOIBIPAKTHIH JIACTAHYBI, COH/Ial-aK KaJIbIKTap-
JIbl KOMETIH OpbIHFa TaChIMAN/IAy YaKbITHIH/IQ; KaJIbIKTap/Ibl
TYPAKChI3 IIBIFAPY Me3eTiHAe OyJl OpbIHJAp MILIOBIHAAPIBIH
JICPHOCUIACPIHIH 6Cy OpPHBIHA aliHaJa/Ibl, CalIapblHAH CaHU-
TapIIbIK-0aKTEPUSUIBIK JIACTAHy KayIiHIH apTybl MYMKIH.
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2023 xbutbl AKTO0O€ 00aBICHIHIA 68 628,62 MBIH TOHHA
OHEPKACIINTIK KaJIBIKTAp Maiaa O0JIbl: Tay-KeH OHIIPY caia-
¢l — 68 160 410 TonHa (99%), xumns enepkacidi — 311 800
(0,5%), mynaii camacsr — 156 410 (0,2%). ©OHEpKacinTIK Kall-
IBIKTapbI KalTa exnaey yrueci 18% — 12 291 660 MbIH TOHHA-
HBI Kypazs! [6].

Kanapikrapapl 0ackapy Kyieci OapiblK Tay-KeH KOCiIo-
PBIHAAPBIHAA Oap, 0N KaJIBIKTapIbIH TEXHOJIOTUSUIBIK ITHKITi-
HiH 0apIIbIK Ke3eHICPIH KaMTHIIBL: KaJABIKTAPIBIH TY31LTyiHIH
ANJIBIH ATy JKOHE a3aiTy, OaKpUIay jKOHE €CEIKe alry, )KIHAY,
JKUHAKTAY, KaWTaJdaH eHJeY, KOJIeTe achIpy, TaChIMalay, CaK-
Tay jkoHe xor0. MaceneH, «Kazxpom» TYK» AK dunmansr —
Jen KBK-HbIH apHibuiFaH JKbIHBICTApbIH KOpIIAaFaH OpTara
TEpiC oCepiH a3alTy YIIIH Ka3bUIFaH Kapbep MaHbIHAA Op-
HAJIACTBIPAIBI, OYJI KaJABIKTApAbIH YHIHIUIEpIES >KHHAITYBIH
azaiTyra ceben Oomampl.

AxTe0e (heppOKOpHITIIA 3ayBITIHAA KATThI JKOHE TTacTa To-
pi3ni MyHaii 6ap KaJAbIKTap/bl, OHBIH IIIiH/Ie TAOUFU HEri3/e
naiijajaHblIFaH COPOSHTTEeP/Il, MyHalHMEH JIACTaHFaH CYPTiJi-
TeH MIyOepeKTep i xoHe T.0. Kojere skapary ymiiH «Kocrep-
1M>» KOHABIPFBLIAPHI Hai1adaHbLIa bl

CoHBIMEH Karap, KOFapbl KOMIPTEKTi (heppoXpoMIbI Oaj-
KBITY KE31HZIE allbIHFaH JKOFaphl KOMIPTEKTI KOXIaH OHICY
apKBUIBI TYTBIHYIIBIHBIH CYpaHbIChIHA calikec 0-5, 5-20, 20-
40 nemece 20-70 Qpaxumsibl KUBIPIIBIK TAcTap ajbIHAIbL.
Kupipmibik Tactsl mbirapy makcarbinga CT 8618-1904-A0-
06-2015 «Tazapreurran (heppOXPOMHBIH TYpPaKTAHABIPHUIFaH
KOKIaphIHAH KHBIPIIBIK Tac MEH KYM aiy» YHUBIMAACTBIPY
CTaHIAPTHI JaWbIHAAIAH [8].

OKOJIOTHSUTBIK 3USIH/IBI a3alTy YIIIH KOcCImOpbIHAAp Oip-
KaTap HMHHOBALMSUIBIK TEXHOJIOTHsUIAp MEH ic-LIapajiapiibl
enrizyne. Kypambina «Kazxpom» T¥K» AK kiperin ERG-ze
KOCITOPBIHAAD OHMIPICIHIH KaJIBIKTAphIMEH OailyIaHBICTHI
KBI3METTEep NUKIIiH OpbiHAayFa Mamarganrad ERG Recycling
’kaHa KommaHusacsl Kypsuinel. ERG Recycling Tikenel KaThI-
CybIMEH OipKarap KaiWTa eHJEY >KOHE SKOJOTHSUIBIK Oarmap-
JaHFaH jxobamap ikyzere acelpbuiabl. 2021 xbutel AD3-ma
ICKe KOCBUIFaH Ta3 Ta3apTy MIaHbIH OPUKETTEY JKOHIH/IET KO-
Fapbl TEXHOJOTHSUTBIK, II€X JKAPKBIH MBICAIT QOB Ta0BLIA IBL.
IlexThIH camacel )KOFapbl XpOM OPUKETTEPiH OHIIPY OHIMIiTI-
ri aipiHa 4 MBIH TOHHaFa xereni. CoHmai-aK KOCIOPHIH 63
K@XKETTUTIKTEpI YIIIH LJIecne OH/Aipic peTiHie KYpbUIbIC MaTe-
puanuapeiH (iprerac *oHe KaObIpFa OJIOKTApbIH) IIbIFApabl.
Koutbiaa 200 000 ToHHa TYpaKTaHIBIPBUIFAH KOXKAAp KanTa
eHJeNeal. Makcumaabl eHaipic kexeMi — 656 860 ToHHa, eH
TOMEHT1 eHipic kemeMmi — 378 558 ToHHa [6].

2023 >xputel AKTO0E KaTaChIHBIH TOMBIPAKTHIH JKai-KyHiHe
«Kasrunpomer» PMK 6akpuiay xyprizai. Kexrewm, ka3 jxoHe
KY3 ME3TiUIJepiHjie ayblp METalJapMeH JIACTaHYbIH aHBIKTAY
YILIiH TONBIPAK ChIHaMaJapbl albiHbI (kecte 2) [8, 9].

4. @usukaneix acep. uLy, Oipii, uic.

OHipicTeri qipija MEH IIyIbIH €H MaHbI3/IbI KO3Iepi: IIHKi-
KypaM MEH OHMIPICTIH ©HIMJIEpiH TachIMajiay >KOHE OHIEY;
MarepuaiapAbl YHTaKTay-ycakray yAepictepi MEH MUpoMe-
TALTYPrUsIIBbIK YAEpicTep; JKeIAETKIITEp MEH COpPFbUIAp/bI
KOJJIaHy; aBTOMATThl Aa0bUI JKYHenepiH icke Kocy. Merai-
JyprUsJarsl HICTIH Ke31epi: MeTasl Oybl, OpraHUKaIbIK Maii-
Jap MEH epiTKIITep, aFbIH/BI CYTapIbl Ta3apTy KOHE KOXKIBI
CAJIKBIHAATY HOTIDKECIHIE OOTIHETIH, KBIIIKBII Ta3aap MeH
cyneduarep [10].

5. bIkmuman paduayusnvi Kayin.

Kypambiaga TaOWFu pamguoOHYKIUATED Oap IIUKi3aTThI
nariganany. Kasakcran PecmyOnuKachIHBIH KalTanraMa IId-
Ki3aTThl KaWTa eHACWTiH Eypoma enmepiHeH aiblpMaribi-
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Kecme 2
AKmeooe K. monvipazvlnoazol ayvlp memanoapovity 2023 jncovligbl KOHYEHMPAUUACHL, M2 / K2
Table 2
Concentrations of heavy metals in the soils of Aktobe in 2023, mg/kg
Taonuuya 2
Konuenmpauuu masicenvix memannos 6 nousax 2. Akmooe 3a 2023 200, me/ke
. AybIp MeTannap
Mesrin
Meic Kopracen Kanmuit Hunk Xpom

Kexkrem mesrimi 0,22-0,34 0,07-0,12 0,09-0,12 1,71-2,49 0,06-0,1

a3 wmesrim 0,26-0,35 0,1-0,24 0,1-0,19 1,82-2,22 0,09-0,16

Ky3 mesrimi 0,31-0,46 0,16-0,25 0,1-0,2 1,87-2,37 0,1-0,15

JBIFBI — OacTamKbl MIMKi3aT NaiJanaHybl, Oy Karmad e3 KopbIThIHABI

Ke3eTiH[e PaAMOAKTUBTLIIKTIH Ke3i 0onbim TaObuTamsl. [le-
TeHMEH, OTHIH MEH Ka30a IIMKi3aThIHBIH KOITEreH TYpiepi-
HIH KYpaMbIHIa TaOWFU OOJAThIH PaJHOAKTHBTI 3aTTapIbIH
LIBIFAPBIH/IBIIAPBI HET13T1 9KOJIOTHSIIBIK MAcellep KaTapblHa
JKaTIanugbl.

AKTe0e 00JBICH aTMOC(EepaChIHBIH OeTKi KaOaThIHIAFHI
PAAMOAKTUBTI TYCYICpAiH OpTamia TOYIIKTIK THIFBI3IBIFBI
1,1-2,7 Bx/M? 1ierine aybITKbBIT OTBIpazbl. JKaybIH-IanbH-
MEH TYCYJIep ThIFBI3ABIFBIHBIH OpTaiia MoHi 1,7 Br/M? Kypaii-
JIbl, OYJI IIamMa pyKcaTr eTUITeH HICKTI JeHIeHIeH acraiibl.
2023 XbUIbI O0JIBIC ayMaFbIHIAFBl PAIUAIUSUIIBIK YKAF A IbI
Oaramay MakcarbiHna CaHUTAPUSIIBIK-ITHICMHAOIOTHSITBIK
JlemapTaMeHTI MOHUTOPHHT MIEHOepiHAe eI MEKCHISPIiH
KOHBICTaHY ayMaFbIHAA TaMMa-CoyJIeNeHyiH OamaMaisl 10-
3achIHbIH KyaTsiH 6000 pet euniey xKyprizii, *KaybIH-IalIbIH
MeH arMochepalibik ayara 408 paguoMeTpHsUIBIK 3€pTTeYIIep
JKYprizinai. beirineHren geHreiieH achlll KeTKeH IaMalap
AHBIKTAJIFaH KOK. AKTe0e 0OJBICE OOWBIHINA PaTHaIHSITBIK
JKarmai TypaxThI [8].

MAHUJATIAHBIJIFAH OJJEFUETTEP TI3IMI

DeppoKOpBITIIA OHAIPICI — OJIEMIIIK YKOHOMHUKAHBIH Ma-
HBI3JIBI Calachl, OipaK OHBIH KOpIIaraH OpTara 9Ccepi MYKHUST
TaJIay MEH Iapanapiasl KaKeT eTeli. 3aMaHayH TeXHOJIOTHS-
JapAbI €HT13Y, YAepiCTep i OHTAWIaHABIPY JKOHE SKOIOT USITBIK
0aKpLUIay JTACTaHy JCHICHIH €Ioyip TOMEHAETYTe YKOHE OH/Ii-
pICTi TYpakThl eTyre MYMKIHAIK Oepezi. ©OHepKacilTi KOJI0-
THSITaHABIPY — OYJI K&XKETTLIIIK KaHa eMec, COHBIMEH KaTap 00-
JaIIaK YpIIaK YIIiH TAOWFN pecypcTap/bl cakTayFa MYMKIH/IIK
OepeTiH JaMyIbIH CTPATEeTHSUIBIK OaFbITHI.
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E.I. Kuldeyev, A.A. Ashimova, E.A. Bek, *M.B. Nurpeisova
Satbayev University (Almaty, Kazakhstan)

HIGH LAG FOR THE «GREEN KAZAKHSTAN»
PROJECT

Abstract. Article examines key trends in implementation of the Green Kazakhstan project and the Concept for country’s transition to a green economy. It provides
overview of current situation regarding solid industrial waste management, with a focus on large industrial centers, which are the main sources of this waste. As potential
solutions for closing waste loops, recovering secondary material resources, and developing industrial waste management system, article proposes establishment of pro-
duction and technical complexes for waste processing. It also summarizes preliminary results of research conducted by Satbayev University on resource conservation and
development of new technologies for producing in-demand materials. Utilization of waste from mining and metallurgical complexes is highlighted as a means of reducing
environmental impact and ensuring efficient use of secondary raw materials.

Key words: green Kazakhstan, sustainable development, mining and metallurgical complex, production waste, processing, resource saving, new technologies, building
materials.

«KacpL Ka3aKCTaH)) )KOﬁaC])IHbIH KOFaphbl KOJIAFbI

Anjarna. Makanaga «Kaceur Kazakcran» jk00achIH iCke achIpyIbIH HETi3ri TeHACHIMSUIAPhI HKOHE MEMIICKeTIMi3/IiH OChl SKOHOMMKara Koy TyKbIpbIMAaMachl
KapacThIpbuFad. KarTbl TYPMBICTBIK KaIABIKTap/bl 0acKapy calachlHIAFbI Ka3ipri Karaai YChIHBLIFAH, OJapAblH Ke3/iepi ipi OHepKICINTIK OpTaIbIKTap/ia MIOFbIPIaHFaH.
Kaapikrap arbIHIapbIHBIH Ka0bLTybIH KAMTAMAChl3 TY/AIH MEPCHEKTHBAJIBIK IIapanaphl PeTiHAe KalTalaMa MaTepHalIIbIK PEeCypCTapibl aly, KalAbIKTap/bl Kaiita oH-
JIeyIiH OHIPICTIK-TeXHUKAIIBIK KEIICHAePiH KYpy apKbUIbl OHIIPICTIK KaJbIKTap/Ibl 0acKkapy cXeMachlH a3ipiey yChbIHbUIaabl. CaTrnaeB YHHBEPCHTETIHIH pecypcTapibl
YHEMJIEY JKOHE CYpPaHbICKA He KYPBUIbIC MaTepHaIapbIH ally/IbIH jKaHa TEXHOIOTHsIApbIH d3ipiiey OOMBIHIIA XKYPIi3reH JKyMbICTApbIHbIH aJIJIbIH ajla HOTHKeIepl JKMHAK-
Tanrad. Tay-KeH MeTalulyprusi KeHmeHIEpiHiH KaaIbIKTapblH KalTa eHey KOpPIIaFraH OpTaFa aHTPOIOIeH/IK KYKTEMEHI a3aiiTyFa jkoHe KaliTaJaMa HIMKi3aTThl YThIMIbI
naiiianaHybl KAMTaMachl3 €Tyre MyMKiHIIK Oepezi.

Tyiiinoi ce3dep: scacvin Kazaxcman, mypakmul 0amy, may-KeH MEmaiiypeus Keuiehi, oHOIpic Kai0blKmapbl, Kauma eHoey, pecypc YHemoey, Hcana MexHoI02us,
KYPbLIbLC MAMeEPUanoapbL.

Bbicokas nnanka npoekrta «3enenblii Kazaxcram»

AHHOTa[IMSl. B cratpe PacMOTPEHBI OCHOBHBIC TCHACHINH peajlu3alliy IIPOCKTa «3enenpiii Kazaxcran» u KOHHGHHHH Iepexo/ia Halero rocyrapcTsa K 3TOH KO-
Homuke. [IpuBeaeHa TeKkylas cutyauus B cepe oOpaiieHus ¢ TBEPABIMU IPOMBIIIICHHBIMH OTXOIaMH, HCTOYHUKH 00pa30BaHMUs KOTOPBIX COCPEIOTOUCHBI B KPYITHBIX
MPOMBIIUICHHBIX EHTpaX. B KauecTBe MepCHeKTUBHBIX Mep, 00eCIeUHBAOIINX 3aMbIKaHHE TOTOKOB OTXOI0B, IIOTyYE€HNE BTOPUYHBIX MaTePHAIbHBIX PECYPCOB U IIpeuia-
TarTCsA pa3BUTHE CXCMBIL 06paH_ICHI/I$l C IPOMBIINIICHHBIMH OTXOAAaMH 3a CYCT CO3AaHUsI MPOU3BOACTBECHHO-TCXHUICCKHUX KOMIICKCOB I10 nepepa60TKe OTXOO0B. HO[[B@Z[CHI)I
TIPEeABapUTEIBHBIC PE3YJIETaThI pa60T, IIPOBOAUMBIE CarrmaeB YHUBEPCUTETOM I10 pecypcoc6epe>l<eHmo u pa3pa60Tl<e HOBBIX TEXHOJIOTHH 1O TIOJIyYCHHU IO BOCTpeﬁOBaHHBIX
MarepHaioB. Y TUIN3ALUs OTXOJ0B TOPHO-METAIUTYPIrHYECKIX KOMIUICKCOB TTO3BOJISIET CHU3UTh TEXHOTCHHYIO HArpPy3Ky Ha OKPYIKAIOIIYIO CPely M 00ECIeUUTh palfo-
HaJIbHOE MCII0JIb30BaHUE BTOPUYHOTO ChIPH.

Kniouesvte cnosa: senenviti Kazaxcman, ycmouiuugoe pasgumue, 20pHO-MeMALIyPRULECKULl KOMNIEKC, OMX00bl NPOU3800CM8, nepepabomia, pecypcocoepedrcenue,

HOBASl MEXHON02Us, CMpOoumenbHble Mamepuaisl.

Introduction

«Green» does not mean the spring color of awakening na-
ture, «green» is not a reminder of the national currency of the
United States, casually called «green» by the people. Here, it
seems, everything comes together — it means young. In fact,
the «green» economy deserves other definitions, more respon-
sible and balanced in spiritual and moral terms: clean, like a
newborn child, wise, like a mature and useful scientist for so-
ciety, and finally, its main advantage is seen in the fact that it is
the most reliable friend and partner of the environment.

Maybe you will say that such miracle in the totality of all
above qualities does not exist in nature. Maybe we have real-
ly raised the bar for «Green Kazakhstan», but introduced the
National Projects of the Republic, such as «Quality and afford-
able healthcare for every citizen «Healthy Nation», «Quality
education», «Educated Nation», «Technological breakthrough
through digitalization, science and innovationy», «Strong re-
gions are the driver of the country’s developmenty, «Sustain-
able economic growth aimed at improving the well-being of
Kazakhstanis», «Green Kazakhstany», «Quality education «Ed-
ucated nation», and you will understand what these projects
represent.

«Green Kazakhstany basically raises issues of efficient use
of natural resources and improving the well-being of citizens
through diversifying economy, creating new jobs, including:
improving air quality, effective management of production
and consumption waste, increasing the area of green spac-
es, instilling careful attitudes towards nature and wildlife,
as well as modernization of ecological consciousness of the
population [1].
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The main content

By destroying the environment, modern society is destroy-
ing its own future. To ensure environmentally sustainable fu-
ture, we first need:

- monitoring the state of the natural environment;

- regulation and prevention of industrial emissions;

- development and implementation of waste-free and re-
source-saving technologies.

According to the «Green Kazakhstan» Project, the key
direction of economic development in the republic is to im-
prove management system of technogenic mineral formations
(TMF).

On the territory of the Republic, according to the State Ca-
dastre, about 30 billion tons are stored in dumps, tailings ponds
and storage tanks of mining enterprises. Industrial waste, in-
cluding: 72% — dump rocks of overburden and substandard
ores, 20% — dump tailings, 8% — other waste. With annual out-
put of industrial waste of 1 billion tons no more than 100 mil-
lion tons are usefully used. The rest pollutes the environment,
gradually accumulating in it [2].

According to the bodies of State Control and Supervision
of Natural Resources, share of waste used in the republic
is 18-20%. For example, in 2007, the percentage of waste
utilization was 16%, in 2008 — 18.98%, and in 2009 — 20%.
However, this figure in the recent past in the industry of the
former USSR was 29%. It remains extremely low compared
to world practice. In Western Europe (France, Germany, It-
aly, England) this figure is up to 58%, in North America
(USA, Canada) — up to 63%, in Japan — up to 87%, China —
up to 37% [3].
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Thus, accumulated waste is, on the one hand, the main envi-
ronmental pollutant, and on the other hand, it represents valu-
able products that are potentially suitable for processing and
reuse to produce commercial products with high added value.
The main reason for progressive accumulation of waste in the
country is the raw material orientation of our economy.

Currently, more than 22 billion tons of solid waste have
been accumulated at 450 landfills in the country (Figure 1).

§

Extraction of fuel and energy minerals

Manufacturing industry

Mining industry

Production and distribution of electricity, gas and water
Construction waste (products of destruction, demolition,
Restoration and repair, etc.

ON OO mE

Figure 1. Main indicators of solid waste accumulated
in the Republic by 2023.
Cyper 1. 2023 kbliIbl pecny0IuKaga KaTThl KAJIBIKTAP
JKMHAKTAJIYbIHBIH Heri3ri kepcerkimrepi.
Puc. 1. OcHoBHBIE OKA3aTeJIH HAKOILUIEHHBIX TBEPABIX
0TX010B B pecnyOiauke k 2023 roxay.

Most of the technogenic mineral formations (TMF) are
in Karaganda (29,4%), East Kazakhstan (25,7%), Kostanay
(17%) and Pavlodar (14,6%) regions. Every year, the republic
generates up to 20 million m* of domestic waste, about one bil-
lion tons of industrial waste, including more than 150 million
tons of toxic waste.

Technogenic mineral formations (TMF) are accumulations
of mineral substances on the surface of the Earth or in mine
workings, formed as a result of their separation from natural
massif and storage in the form of waste from mining, process-
ing and metallurgical industries. The constant increase in the
volumes of various types of waste generated in mining and
processing industries and their storage in storage facilities and
experience of using such objects in industry allows us to con-
sider them as sources for obtaining secondary raw materials
and building materials.

Purpose of the work is to consider possibility of integrated
use of TMF in areas where mining waste is located based on
their integrated use as secondary raw materials. Integrated
use of raw materials and industrial products progress of met-
allurgical, mining and construction enterprises is pressing
problem not only in Kazakhstan, but also in any econom-
ically developed state. As practice has shown, waste from
these particular industries is produced in small quantities and

poses a serious economic threat. In these conditions, problem
of environmentally rational use of industrial waste as second-
ary raw materials and development of scientific principles in
the creation of new technological regulations for production
of marketable products from industrial household waste be-
comes particularly acute. Thus, the introduction of environ-
mentally friendly technology to produce building materials
based on waste from mining and metallurgical complex is
relevant for Kazakhstan.

To develop and implement effective environmental pro-
tection measures for waste management, it is necessary to
have reliable information about their impact on natural eco-
systems: surface, groundwater, air and land disturbance on
an industry scale with increasing production volumes. The
summarized materials will make it possible to obtain ob-
jective information about state of ecosystems in the region
under study and to outline priority environmental protection
measures, implementation of which will help reduce harmful
impact on environment.

Intensification in this direction involves use of industrial
waste instead of primary natural resources to reduce cost of
building materials Project [4, 5]. In this direction, KazNRTU
employees are conducting a large amount of research on pro-
duction of building materials based on ash and slag waste.

Purpose of the work is to consider possibility of integrated
use of TMF in areas where mining waste is located based on
their integrated use as secondary raw materials.

Job objectives:

v’ surveying of solid waste to create cadastral maps and
determine their actual volumes,

v’ sampling of solid waste to study their composition with
the participation of the customer;

v’ conducting research on solid waste in order to determine
the direction of their disposal;

v’ improvement and implementation of technologies for the
development of solid waste with complex extraction of valu-
able components.

v’ development of technology for producing effective build-
ing materials, such as: obtaining a silica component to pro-
duce portland cement; production of cinder blocks, production
of cellular concrete; obtaining decorative and facing building
materials; creation of foundations for highways.

By burning coal, thermal power plants receive thermal
energy and generate electricity. Negative side of this pro-
cess is formation of by-products of coal combustion — fly
ash and slag.

Composition of ash and slag material was determined by
quantitative ratio of its constituent minerals, which depend on
mineralogical composition of original part of fuel.

On the X-ray diffractometer DRON-3, X-ray diffraction
pattern of the CHP-3 ash was obtained, which is shown in Fig-
ure 2.

As a result of the interpretation of this X-ray diffraction
pattern, the following minerals were identified in the follow-
ing amounts, in % of the crystalline phase: hematite Fe,0; —
12.1%, quartz SiO, — 32.4%, sillimanite ALSi05 — 25.9%,
mullite Al 4587, 5 — 29.6%.

Results of chemical analysis of ashes of TPP dumps from
combustion of Ekibastuz coal are presented in Table. 1.
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Figure 2. X-ray ash CHP-3.
Cypert 2. )KI0-3 peHTreH Ky.JIi.
Puc. 2. PentrenoBckas 3oJa TIII-3.

Table 1 clearly shows that main component contained in the
ash is silicon and aluminum oxide (from 57.7 to 63.9%), there
is also a high content of iron oxide, calcium oxide in sam-
ples from the ash dump is much less than in samples from the
electrostatic precipitator. Most likely, free calcium oxide was
converted into calcium carbonate by reaction with carbon di-
oxide dissolved in water, which washes away the ash through
the slurry pipeline.

On figure 3 shows electromicroscopic image of fly ash,
from which one can see:

* that particles are spherical, vitreous and hollow, ranging
in size from 1 um to 50 um;

e that large particles contain smaller spherical particles in
their cavities (shown by arrow);

e that on the surface of large particles there are, as a rule,
tightly «gluedy tiny granular balls.

One of the main indicators of raw materials is their granu-
lometric composition.

Granulometric composition of the Ekibastuz SDPP by
fractions is distributed as follows: up to 0.5 mm — 0.14%;
0.45 mm — 2.26%; 0.25 mm — 3.6%; 0.1 mm — 25.8%;
0.09 mm — 0.84%; 0.08 mm — 12.12%; 0.06 mm — 4.5%;
0.05 mm — 21.46%; 0.045 mm — 21.38%; 0.04 mm — 7.9%. In
this case, piercing loss (LPP) is about 3% [6]. Table 2 shows
distribution of phase composition of fly ash depending on its
fractional composition.

G0MEM 3nekTpoHHoe naolpaxeHue 1

Figure 3. Microphotograph of ash fractions in
a scanning electron microscope.

Cyper 3. Kya ¢ppakuusijiapbIHbIH 3JICKTPOH/bI
MHUKPOCKONTAarbl MUKpodoTorpadusicol.
Puc. 3. Mukpodororpadus 30, 1bHbIX ppakumii
B 2JIeKTPOHHOM MHKPOCKOIIE.

Knowledge of chemical composition of ASW is necessary
condition for judging its properties and resolving issue of pos-
sibility of using it in various sectors of national economy. To
determine chemical composition of ASW, ash samples were
taken from electrostatic precipitators and ash disposal sites ac-
cording to the methodology RD 34.09.603-88 «Guidelines for
organizing control of the composition and properties of ash
and slag sold to consumers by thermal power plants». Anal-
ysis of chemical composition of Ekibastuz ash gives idea of
composition of mineral substances of coal, which is necessary
to resolve issue of possibility of using it in various sectors of
national economy. Data obtained indicate that ash and slag
wastes belong to acidic type of ash. Acid ash has unstable
chemical composition. They also do not have independent as-
tringent properties, but when hardening intensifiers are added,
they become astringent. Conducted studies confirmed produc-
tion of ash-containing binder in the following content of in-
gredients, wt. %: Portland cement — 70-30, fly ash — 30-70,
NeoLit-400 superplasticizer (top) — 0.3%.

Table 1
Results of chemical analysis of TPP ash dumps
Kecme 1
ZKIC Kyn yitinodinepine XumMuanvik, manoay Hamuoicenepi
Tabnuua 1
Pezynomamul xumuyecxkozo ananuza 30100meanoe TOC
Name of TPP, ash dumps content, %
and their elements Sio, ALO, Ca0O Fe,0, | MgO K,0 Tio, SO,
Ekibastuz TPP 56,6 23,64 3,41 4,73 1,54 1,22 0,79 3,05
Ekibastuz State District 63,9 25,50 0,80 5,70 0,10 0,90 1,20 0,20
Power Plant ( SDPP)
Pavlodar CHPP 57,7 25,26 2,48 10,1 1,66 0,50 0,02 0,07
Almaty CHPP-3 57,7 29,6 1,1 6,24 0,35 0,03 - 1,3
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Table 2
Distribution of phase composition of fly ash depending on its fractional composition
Kecme 2
Kynoin ¢ppaxuusanvik Kypamovina oaiinansicmol azansik KypamolHblH MAPALybl
Tabauua 2
Pacnpedenenue pazosozo cocmasa 30161-yHOCA 6 3A6UCUMOCIU OM €€ PAKUUOHHO20 cocmasa
. . Distribution of phase composition depending on fraction, %
Grid . . Fraction
number Particle size, maintenance ) o ) glass phase
sieves pm on a sieve, % Mullit | a- quartz Sillimanite Carbon (occuple;i
area, cm?®)
0,5 500 0,14 28 54 - 18 6
045 450 2,26 44 21 24 11 14
025 250 3,36
01 100 25,8 46 18 28 8 14,5
009 90 0,84
008 80 12,12 42 20 31 7 18
0063 63 4,5 47 17 29 7 20
005 50 21,46 50 21 29 - 22
0045 45 21,38 47 25 28 - 23
004 40 7.9 51 14 35 - 23

Invention relates to building materials and can be used
as inorganic binder with a mineral additive in production of
Portland ash cement from acid ash from thermal power plants
[7, 8].

Thus, the processing and disposal of mining and metal-
lurgical waste into construction materials is aimed at solving
technological, environmental, social and economic problems
in regions with developed mining and metallurgical industries.
The development of technologies for the production of build-
ing materials based on technogenic waste, contributing to the
development of the industrial and innovative potential of the
state, careful attitude towards natural resources and the envi-
ronment, should be considered as the most important scientif-
ic and practical task, the solution of which is directly related
to environmental safety when disposing of billions of tons of
waste in industrial regions [9, 10].

Expected effect (technological, economic, social and envi-
ronmental):

Technological effect. As part of the implementation of the
state program for industrial and innovative development of the
Republic of Kazakhstan in the field of environmental protec-
tion, various methods of processing industrial waste through
the introduction of waste-free technology are being consid-
ered.

The economic effect is the production of additional building
materials and products.
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Social effect: creation of new jobs in the vicinity of existing
mining and metallurgical complexes due to the work of newly
created solid waste recycling facilities; improvement of working
conditions, since solid waste is located on the surface of the Earth.

Environmental effect — improvement of the environmental
situation; reduction of new land areas allocated for dumps; re-
duction or elimination of costs associated with eliminating the
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Conclusions

Thus, it can be argued that utilization of technogenic waste
from mining and metallurgical industries into construction
materials is aimed at solving environmental and social prob-
lems in regions with developed mining and metallurgical in-
dustries. Rational organization of waste recycling process in
combination with efficient modern equipment makes it possi-
ble to obtain products from secondary raw materials at a cost
2-2,5 times lower than for similar products from primary raw
materials, with comparable product quality.
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9. Konoees E.U. Exibacmys komip Kyrinen azionopum anyowvl sepmmey. / E.U. Konoees,

M.E. Hypneiiicosa, E.B. @edopos, A.A. Qwimosa. // Eypasusaneix may-ken. 2023. Ne2. 5.85-88
(agvliwvln mininoe)

10. bBeecenmaes M.M. Tay-ken memaniypeus Keuwienoepi Kai0blKMapblH KYPbliblC MaAmMepuaioapulHod
navoanany. / M.M. BFecenmaee, M.b. Hypneiiicosa, B.C. ®edomenko, A.A. Bex. // Eypa3usanvik may-Ken.
2024. Nel. B. 14-19 (azbinwivin mininoe)

CIIUCOK UCIIOJIB30OBAHHbIX UCTOYHHUKOB

1. Hayuonanvnwviii npoexm «3enenviii Kazaxcmany Ilocmanosnenue I[lpasumenvcmea PK om 12 oxkmsabps
2021 200a Ne73 (na pycckom s3vike)

2. Kynvoees E.U. [lepcnexmugvl nepepabomiu mexHo2eHHbIX 0MX0008 0151 NPOU3ZBOOCMEA CIMNOUNMENbHBIX
mamepuanos. / E.M. Kynvoees, M.b. Hypneuccoea, A.A. Bex, A.A. Awumosa. // I'opuulii scypnan
Kazaxcmana. 2023. Nel. C. 57-64 (na anenutickom ssvike)

3. Ilpoexm I'®14871694 na 2022-2024 200ut «Pazpabomka mexuonocuu nepepabomxu 3010UIAAKOBHLX
0MX0006 Menio8oU INEeKMPOCMAHYUU C NOLYYEHUEM 60CMPEOOBAHHBIX CMPOUMENbHBIX MAMEPUATOB »
Ne263/30 om 18.10.2022 (na pycckom asvike)

4. Awumosa A., Kynvoees E.U., Hypneucosa M.b. Ilepepabomka 3010W1aAK0BbIX OMX0008
Meniod1eKmpoCcmanyuti ¢ nPOU3B00CMEOM CMPOUMENbHbLIX Mamepuanos. // 18-u Meacoynapoonviu
mapruweudepckull konepecc, Crouyacoy: Kumaiickuil 2opHo-mexnonozuveckul ynugsepcumem (Ilexun),
2023. — C. 248-252 (ha anenutickom s3biKe)

5. Kynoeee E.U. Ynpasnenue omxooamu — 00HO U3 KNI0YEBbIX HANPAGIEHUT PAZEUMUL (3ETIeHOU»
akonomurku 6 Kazaxcmaune. / E.U. Kynoees, M.b. Hypneucosa, A.A. bex, A.A. Awuumosa. //
Mapkweiioepckoe deno u neopononvsosanue. 2022. Ne6. C. 67-75 (na aneauiickom s3vike)

6. Manvuux A.I. U3yuenue 3010W1aK08bIX 0MX0008 0151 UCNOIb30BAHUS 8 KAUECMEE BMOPUYHBIX PECYPCO8.
/AT, Manvuux, C.B. Jlumoskun. // Medxcoynapoonulii scypnan NPUKIAOHbIX U (QYHOAMEHMANbHbIX
uccnedoganun. 2015. Ne9. C. 23-27 (na pycckom s3vike)

7. Ilameuwm PK na noneznyto mooenv Ne8579 om 27.10.2023. Cnocob nonyuenus 3010c00eprcaue2o
saxcyuweeorn. / E.U. Kynvoees, M.b. Hypneucosa, 3.A. Ecmemecos, A.A. bex, A.A. Awmuumosa,

B.I'. Jlozunckuu, 2 c. (na pycckom s3vike)

8. Ilamenm PK na noneznyio mooenv Ne8580 om 2710.2023. « Cocmag 30102a306emona Hea8moKkia8HO20
meepoenus u cnocob ezo noayuenusn». / E.U. Kyrvoees, M.b. Hypneucosa, 3.A. Ecmemecos,
A.A. Awumosa, B.I'. Jlosunckuil, 2 c. (Ha pycckom s3vike)

9. Kynoeee E.U. Hccredosanue 803MOACHOCMU NOLYYUEHUS A2TONOPUMA U3 3016l IKUOAZCMY3CKUX yenel. /
E.U. Kynoees, M.b. Hypneucoga, E.B. ®edopos, A.A. Awumosa. // ['opnoe deno Eepazuu. 2023. Ne2.
C. 85-88 (na anenuiickom sa3vike)

10. beecenmaes M.M. Hcnonv3osanue omxo0068 cOPHO-MEMANLYP2UYECKO20 KOMNIEKCA O NOJYYeHUs
cmpoumenvnovlx mamepuanog. /M.M. Becenmaes, M.b. Hypneucosa, B.C. ®edomenxo, A.A. Fex. //
Topnoe oeno Eepasuu. 2024. Nel. C. 14-19 (na anenuiickom ssvike)
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TPEBOBAHUS K O®OPMJIEHUIO U YCJIOBHSI IPEJOCTABJIEHUS CTATEN
B PeIaKIHI0 NePUOAUYECKOro ne4yaTHoro u3ganus «Lopubiii :xxypHaa Kazaxcrana»

1. «TopHblii :xypHaj Ka3zaxcrana)» NPpHHUMAET K NYyOJIMKAIIMY OPUTHHAJIbHbIE CTATHU HAYYHOTO U HAYYHO-TEXHUYECKOI0
co/lep:KaHUsl, OTPAKAIOLIME Pe3yIbTAaThl HCCIEI0BATEILCKO M HAay4YHOH /esiTeJIbHOCTH, HMMeEIOLIHEe PEKOMEHJAANMH K
NPAKTHYeCKOMY NPHMEHEHHIO pelIaeMbIX BOINPOCOB, a TaKKe CTATbH 0030PHOr0 XapakKTepa, OTBeYAKOIIHE KPUTEPUSIM
NepBUYHOI HAY4YHOH MyOauKanuu (TIOJIHBIN NIepeueHb pyOpUK yKa3aH Ha calte minmag.kz).

2. OcHOBHBbIE TPe0OBAHMS K CTAThAM, PeACTABICHHBIM I MYOJHKANMH B )KypHAaJie:

= HA0Op CTaThH MPOU3BOAUTCS B TeKCTOBOM pernakrope Word mpudrom Times New Roman 12 keriem ¢ IOIyTOPHBIM HHTEPBAJIOM;

= 001 00bEM CTaThH, BKIOYAsi PUCYHKH, TaOJIMIIbI, METaIaHHbIC HE JOJDKEH MIPEBBINIATh 8 eYaTHBIX CTPAHUI;

= cTaThy (32 UCKIFOYCHNUEM 0030pOB), JOIDKHBI COIEPKaTh HOBBIC HAy4YHBIC PE3YIIbTaThL;

* CTaThs JOJDKHA COOTBETCTBOBATH TEMATHKE (CM. II. 1), HAyYHOMY YPOBHIO KypHAJIA;

* CTaThs AOJDKHA OBITH 0)OPMIICHA B IIOJTHOM COOTBETCTBHH C TPEOOBAHUSMH, OTPAKEHHBIMU B II. 3;

= CTaThsi MOXKET OBITH IPE/ICTaBIICHA HA Ka3aXCKOM, PyCCKOM HIIM aHITIMACKOM SI3BIKE;

* B PCAKLHUIO IPE/ICTABIISCTCS OKOHYATENIbHBIN, TIIATEILHO BbIBEPEHHbIl BAPUAHT CTAaTbU, UCKIIIOYAIOUIMNA HEOOXOIUMOCTh
IIOCTOSIHHBIX 10Pa0OTOK TEKCTa Ha STaax M3IaTeIbCKOro IpoLecca;

= [Iepel OTIIPABKOM CTaThU B PENAKIIMIO JKypHAJIa aBTOPaM HEOOXOIUMO IPOBEPHUTH TEKCT Ha MPEAMET OTCYTCTBHS IUIaruara.

3. CTpyKTYypa CTAThH JOJDKHA COACPIKATH CIEAYIOIINE Pa3Ieibl:

= xog MPHTW (I'PHTWY http://grnti.ru/?pl1=52) — miecTU3HAYHBIN;

* Ha3BaHHWE CTAThH (COKPAIIECHUS HE NOIYCKAIOTCS, HE NOIYCKAeTCsS HCIIONb30BaHHE a0OpeBHATYp M (HOPMYI; MaKCHMaIbHOE
KommuecTBO cioB 10-12) mOmMKHO OBITH WH()OPMATHUBHBIM, COOTBETCTBOBATH HAyYHOMY CTHIIIO TEKCTa, COIEPKaTh OCHOBHBIC
KJIIOUEBBIC CJIOBA, XapaKTepHU3YIOLMe TeMy (IpeIMeT) HCCICJOBAaHUS W COIep)KaHHWEe padOThI, MPEIOCTABISETCS Ha Ka3aXCKOM,
PYCCKOM M aHIVIMICKOM SI3bIKAX;

* MHULMAJIBI 1 (HPaMUIINU aBTOPOB; CTAThs IOJDKHA MMETh He Ooiiee 4 aBTOPOB; 3HAKOM «*» YKa3bIBAETCSI aBTOP-KOPPECIIOH/ICHT;

= CBEJICHHS O Ka)KI0M aBTOpe (Y4eHas CTCIICHb, yU4eHOE 3BaHNE, JOJKHOCTh, MECTO OCHOBHOI PabOThI, FOPO/I, CTPaHa, KOHTAaKTHBIC
nmaHHbIe (agpec snekTpoHHOo# nouTer), ORCID ID) mpenocTaBisroTCsl Ha Ka3aXCKOM, PyCCKOM M aHIJIMMCKOM SI3bIKaX;

* [IOJTHOE Ha3BaHHWE OpraHu3anuu (-ii), TAe padoTaroT aBTOPHI (C yKa3aHWEM BEIOMCTBEHHOW MPUHAIICKHOCTH);

= aHHOTALIMS B COOTBETCTBUU C TPEOOBAHUSIMH MEKAYHAPOAHBIX 0a3 JaHHBIX JOJDKHA JI0CTATOYHO HOJIHO PACKPBIBATH COJCPIKAHNE
CTaThbu, BKIIIOYAs XapAaKTEPUCTUKY OCHOBHOW TEMBI, NMPOOJIEMbl OOBEKTA, LEIH HCCICIOBAHHUS, OCHOBHBIC METOMBI, PE3yJIbTaThl
HCCIIC/IOBAHMS M IVIABHBIC BBIBOJBL. B aHHOTAI[MM HEOOXOAMMO yKa3aTh, YTO HOBOTO HECET B ce0c CTaThsi B CPABHEHUH C JIPYTHMH,
POICTBEHHBIMH II0 TEMAaTHKE U IEJICBOMY HA3HAUYCHHUIO MarepuaiaMu. AHHOTALUS MPEIOCTABISETCS Ha Ka3aXCKOM, PYCCKOM
W aHIJIMKACKOM si3bIKax 00beMoM He MeHee 700 u He 6omee 900 cumBonoB (mpumepHo 150...200 cnos);

= KJIFOYEBBIC CJIOBA B KOJIMYECTBE 6...10 yCTOWYHMBBIX CIIOBOCOYETAHHI, 10 KOTOPHIM B AaJbHEHIIEM OyIeT BBIIOIHATHCS ITOUCK
cTarbd (COKpalmeHus u abOpeBHATypbl HE IOOIYCKAIOTCA): KIIOYEBBIC CIIOBA OTPAXKAIOT CHEHU(DHUKY TEMBbI, OOBEKT U PE3yJabTaThl
HCCIICIOBAHMS U NIPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM M aHIIMICKOM SI3bIKAX;

= TEKCT CTaTbU, COIEPIKAILUIl CICIYIOLINE pa3/elibl (BBEACHUE, METOIBI/UCCICA0BAHNS, PE3YIbTAThI, OOCYKICHHE PE3YJIbTaTOB,
3aKJIFOYCHNE/ BBIBOIBI);

* CIIMCOK HMCIIOIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yncie He MeHee 3 3apyOekHbIX He panee 2015 rona, mpemocrapisercs Ha
Ka3aXCKOM, PYCCKOM U aHIJIMICKOM SI3bIKAX.

PUCYHKM nomxHBI UMETh pacmupenue rpadguaeckux penakropoB CorelDraw, Photoshop, Illustrator u T. m.). @ororpaduu
JIOJDKHBI OBITH MpeaenbHo YeTKkuMu B rpaduaeckom popmare (TIFF, JPEG, CDR) ¢ pa3pemenunem He meHee 300 dpi. Bce OykBeHHBIE
u 1udpoBbie 0003HAYCHUSI HA PUCYHKaX HEOOXOIMMO IOSCHHUTh B OCHOBHOM MJIM HOAPHUCYHOYHOM TeKcTax. Haamwcu u Ipyrue
0003HaUYeHMsI Ha rpaduKax ¥ pUCYyHKaX TOJDKHBI ObITh 4eTKMH U JieTko ynTtaeMbiMi. IOAINNNUCU K PUCYHKAM u 3AT'OJIOBKH
TABJINL OBSI3ATEJIbHBI. OdopMitsitoTcst OTACIBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX.

MATEMATHYECKHUE ®OPMYVJIbI cienyer Habupars B popmynbHOM pemaktope MathTypes Equation wimm MS Equation,
rpeuecKue U pycckre OyKBEI B popMyiax HAOMPATh MPSMBIM MIPUGTOM (OIIIHS TEKCT), TATHHCKUE — KYPCUBOM. O003HaueHUsA 6eIUYUH
u npocmule Gopmynvl 6 meKcnme U MAdIUYAX HAOUPAMb KAK Jjlemenmyl mekcma (a He Kak 00BEKTHl (HOPMYIHHOTO PEOAKTOPa).
HymepoBarts ciieryer TOJIBKO Te GOpMyIIbl, Ha KOTOPBIE €CTh CCHUIKH B MOCIEIYONeM n3nmkeHnn. Hymeparust GopmyI1 CKBO3HAS.

CIIUCOK HUCIIOJb30BAHHBIX UCTOYHUKOB cocrapnsercss B MOPSAKE MUTHPOBAHKUS U OGOPMIIIETCS B CTPOTOM
coorBeTcTBHH ¢ ['OCT P 7.05-2008. CchUIKH Ha IUTEPATYpPy B TEKCTE OTMEYAIOTCS IO MEPE UX IMOSBICHUS MOPSIAKOBBIMA HOMEPaMU
B KBaJIpaTHBIX CKOOKax. CIHCOK NMPUBOAMUTCS HA Ka3axCKOM, PYCCKOM M aHIVIMMCKOM SI3bIKaX C yKa3aHHEM B CKOOKaxX OpHIHHAaJa
myonukamuu. O6pasen opopMIICHUS TUTEPATYPHI U TPAHCIUTEPALNH pa3MEIIeH Ha caiTe minmag.kz.

4. YciioBusi NpuoOpeTeHNsl KYPHAJI0B aBTOPaAMU.

C aBrOpoM(aMH) 3aKJIIOYAETCsT JOroBOp O mpuoOpereHHH 10 (mecsATH) SK3EMIUIIPOB JKypHAlda COMIACHO YCTAHOBJICHHBIM paclEHKAM
Ha TEKYIIUH TOJI, KOTOpbIe OH(OHM) UMEIOT MPABO PACIPOCTPAHSTH CPEIH IOPHOI 06mecTBeHHOCTH. ITocie OIUIaThl CTaThst MyOIHKYeTCs
B HOMeEpe KypHalla CONIACHO O4epeJHOCTH. EciM CylIecTBYeT HEOOXOAMMOCTh ONyOIHKOBATh CTAThIO B OJHOM U3 ONIIKAHIINX HOMEPOB
JKypHaJIa, aBTOPHI OIIaYMBAIOT yckopeHue B pazmepe 50000 (mATbaeCST THICSY) TEHTE.
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