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€ro OBICTPO MEPEHECTH, MIEPECTABUTD WU IIEPEOPOCUTH C OIHOTO
TOPU30HTA Ha JIPYTOH BCIIE 32 OTCTYHAIOIIEH BOJIOH. A 3TO ObLIO
HYXHO. 1 TOHOACCOBIIBI CKOHCTPYHPOBAJIN IBYXITaXKHbIC KIICTH,
Ha KOTOPBIX Pa3sMEINaloCh HECKONBKO JIEWCTBYIOIIMX HACOCOB
OJIHOBPEMEHHO. B Xoze paboT aBTOMaru3MpoBaIn YIpaBlIcHHE
LIaXTHBIMHU BOJIOOTIIMBHBIMU yCTaHOBKaMH. J100mMCh OOIbIIONM
SKOHOMHH JIEKTPOIHEPIUH, YMEHBIICHHUS YnCiIa JIFOAeH, 3aHs-
TBIX Ha BbIKa4ke Bojbl. HO Bce TeXHMUECKHE HOBUHKU CaMH 110
cebe MorIM Obl HE IPUBECTH K YCIIEXY, €CIIH Obl HAIIIM HHKEHEPbI
HE NpeIycMOTpell 4eTKoi opraHuzanuu pabor. OHM 3acTaBu-
JIM MeXaHM3MbI paboTaTh B CTPOroM B3ammonencTBud. Ha pas-
HBIX IIaXTaxX MPOU3BOAUTENHFHOCTh MEXAHHW3MOB NMOAYMHSIIACH
OJIHOMY CTPOrOMYy OOIIEMY PEXHMY. 3a4yeM JKe HY)KHO ObUIO
MIPUHOPABIMBATh Pa3Hble MAIIMHBI HAa PaBHBIX IAXTaxX K OIHO-
My Temny? K ueMy Hy»HO ObIIO MOAIEPKUBATh ONPEAETICHHBIN
YPOBEHb BOASHOTO 3€pKala Ha Pa3INYHbIX PyIHUKAX? ITO JIETKO
TIOHSATb, €CJIU ITPEJICTABUTH CeOe MOI3EMHOE MOPE HE CyMMOI pa-
300I1E€HHBIX, H30JIMPOBAHHBIX JIPYT OT JAPYTa 3aTOIJICHHbIX IIAXT,
a JISMCTBUTEIFHO HACTOSIIINM CIUIOIIHBIM MopeM. Hanmuue c6o-
€K MEXJ1y IIaXTaMH MOCIY)KHJIO 00pa30BaHHUIO OIPOMHBIX IO~
3eMHbIX OacceitHoB. Tosbko onuH U3 HUX, Ha [oproBcko-Exaku-
€BCKOM TpyIIIe IaxXT, UMel 00beM, paBHbIi 20 MUIITMOHAM Ky0o-
METPOB. JIMIIIb OMMHAKOBBIN CKOPOCTHOU PEKUM, OCBOCHHBIN Ha
IIITH 111AXTaX 3TOM I'PYIIIbL, TOJILKO CIUHbIM CTAXaHOBCKUM TEMIL
BBIKAYKH BOJIBI, KOIJIa HA yueTe Oblia OyKBaJIbHO KaXK/1asi CEKyH-
Ja, IPUBEIHU K TI00ee.

Yepes 6 MecsILIEB peaKLys XKy pHaIa IIyOIMKyeT JOIOIHEHIEe
[11] k crarse [10], B KOTOPOM JOTMONHSIOTCS M YTOUHSFOTCS JaH-
HBIE O COBETCKOM TOpHOM TeXHHKE. ABTOPBI MUCbMa OTMEUAIOT
cnenyromiee. JloHOaccoBamu ObUIM TPUMEHEHBI Pa3InyHbIC

Croco0bl OTKAauKKM BOJbL. [IpUMEHSINCH 3piaudThl — BO3IYyXO-
TMOABEMHUKH, B KOTOPBIX I IMOABEMa BOIbI HCIIOJIB30BAJICA
CKaTblil Bo3AyX. OHAKO OTKa4Ka PyAHHKOB CXKAThIM BO3LyXOM
Ha Ypauie u3BectHa yxe ¢ 1921 roaa, xorna urmxenepom A M. Be-
CEJIOBBIM OBUIO OCYILIEHO HECKOJILKO PYAHUKOB COMMaHOBCKOW
JonrHbL. BecenoBbiM Oblta pa3paboTaHa U TEOpHsl 3TOTO BOIPO-
ca. Teopwst ¥ IpaKkTHKa IPUMEHEHHS! SpIUPTOB ObUTH M3JI0KEHBI
BecenoBbim B 19261928 ronax (kypHa1 « YpallbCKUH TEXHHUK,
1927-1928 rr, «Tpymas! 1-ro TopHOro Hay4HO-TEXHHYECKOTO
coelanus», 1928 r). Ilpn oTkauke IIaXT MPUMEHSIOTCS TaK-
JKC CKMIIbI — BOAOOTIIMBHBIC MallIMHbI, IPCACTABIIAOIINC cooo
60]'1]:].[11/16 MCTAJUIMYCCKHUC AIIUKHU, 3a4CPIbIBAIONINE BOAY U BbI-
TaCKMBAIOIIHE €€ Ha TIOBEPXHOCTh. ABTOPHI IMHUCbMA YTOUHSIOT,
4TO 3TOT CHOCO6 SABJIACTCA BCIIOMOI'aTCJIbHBIM U IIPUMCHACTCA B
COYC€TaHUM C IPYyTruMHu, 0o0J1ee SKOHOMUYHBIMH MCTOAAaMU.

[IpuBenem anHoTanuiO K padore [12].

B knure «Orkayka miaxt mnpu BoccraHoBieHuu [loHOac-
ca» 0000111aeTCsl OMBIT OTKAYKK BOJIBI M3 3aTOIJIEHHBIX IIAXT
Jloneukoro GacceiiHa 3a Bpemst ero BoccraHoBieHus (1943—
1948 rr.). B xHure npuBoAATCA XapaKTEPUCTHKHU 3aTOILIEH-
HOCTH IIAXT, 06’])6M])l BOABI B HUX U €CTCCTBCHHBLIC IPUTOKH,
ornucanue 000pyIOBaHUs U IPUCIOCOOICHUI, TPUMEHSBIINX-
Csl IPU OTKa4Ke ILIAXT, CXeMbl OTKA4YKU U OpraHu3aius pador.
3akJroYMTeNIbHAS TVIaBa TOCBSIEHA UTOraM paboT 1o OTKa4Ke
3aTOIIJICHHBIX IIaxXT I[OH6aCC&. Kuunra npeaHasHa4yceHa Jajis uH-
JKEHEPHO-TEXHUUECKIX PaOOTHHUKOB.

Ora paboTa, ¢ Halllel TOYKH 3peHusl, 10 CUX 0P — IPOLLIO
75 jer nocie ee U3JaHUsA — HE YTPAaTUIa CBOCH aKTyaJlbHO-
CTH, KAK MHHUMYM, B Ka4e€CTBE MPAKTHYECKOIO PYKOBOJICTBA
1 y4eOHOro rnocoousi.
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T. Kumykova, G. Nurshaiykova, *A. Akylbaeva, T. Malgazhdarov
D. Serikbayev East Kazakhstan Technical University (Ust-Kamenogorsk, Kazakhstan)

PRINCIPLES OF QUALITY UNIFORMITY
STABILIZATION OF MULTI-GRADE ORES IN
THEIR OPEN-PIT MINING

Abstract. An analysis of industrial development experience in deposits with complex mineral compositions indicates that improving the efficiency of raw material
resource utilization requires the advancement of mining technologies for complex-structure ores. This paper presents the results of experimental research on the quality
averaging of ore types and grades during the open-pit mining of complex polymetallic deposits. The authors propose a comprehensive efficiency criterion based on the
Hancock and Gaudin-Kelsall approaches, which accounts for the separation process during ore beneficiation. The application of this criterion enables the management of
quality homogeneity for multi-grade ores when extracted separately or as a blend. Furthermore, dependencies have been established for metal recovery into concentrates
during the flotation of refractory and mixed lead-zinc ore blends.

Key words: multi-grade ores, complex-structured polymetallic deposits, controlled selective mining, quality averaging, mixed lead-zinc ores.

AIIBIK TICIIMEH OHIIPY Ke3iH/le KONCOPTTHI KeHIePAiH canajbIK OipTeKTIIIrH TYpaKTaAaHABIPY KAaFUAAaTTaApPbI

Annarna. MuHepanblK Kypambl KYp/eii KeH OpbIHIaPbIH OHEPKICINTIK Urepy TKIpHOeCciH Tajay IHKi3aT KOpJIaphlH MaiaanaHy THIMAUTICIH apTThIPY YIIIH Kypbl-
JIBIMBI KYp/ieTi KeHACPAi OH/ipy TEXHOIOTHSICHIH KETIAIPY KaXeTTiriH kepcereai. KypbulbIMbl Kyp/iei MOIMMETALT KeH OPBIHIAPBIH AllIbIK JAICIICH Urepy Ke3iHae KeH
TYpJIEpi MEH COPTTAPBIHBIH CANAChIH OPTALIAIaHBIPY OOMBIHILIA XKYPTi3iIreH SKCIEePUMEHTTIK 3epTTeYIepIiH HOTIKEIePi KeTipinreH. ABTopiap KeHai 6alibITy Kesinzaeri
Geury mporecin eckeperin, XaHkok reH Iojxen-Kemicann Tocinjaepine Heri3aenren KemeH i THIMIUTK KpUTepUiin YCbIHABL. Byl kpuTepmiini naiijanany Ker COpTTBI
KEHJIeP/Ii )KeKeNeil HeMece apaiacThIPbII OHIIPY Ke3iH/Ie ONap/IblH canaiblk OipTeKTiLTiriH 6ackapyFa MyMKiHAiK Oepeai. bailbIThUTy bl KUBIH KOHE apajiac KOPChIH-MbIPBILI
KeH/ICPiHIH IIMXTAChIH (IOTALHSIIBIK OaiibITy Ke3iHe MeTa1ap/ibIH KOHLIEHTPATTAPFa LIBIFY TOYENIAINIKTep] aHbIKTAIIBI.

Tyitinoi cozoep: kon cypbinmol keHoep, Kypoeii KYpbliblMObl NOIUMEMALT KeH OPbIHOAPbL, OACKAPLLIAMbLH CeNeKMUusmi oHOIpY, Canambl OPmMawaldy, apaidac Kopad-
CbIH-MbIPbIUL KEeHOEPI.

HpuHUMNBI cCTA0MIU3ALNH KAYeCTBEHHOI 0ITHOPOJAHOCTH MHOTOCOPTHBIX PYA NIPH MX OTKPBITOM 100bIYe

AHHOTaHl/lﬂ. AHanu3 omneita TIPOMBIIIIJICHHOTO OCBOCHUS MCCTOpO)KZ[CHHfI CJIOJKHOTO MHUHEPAJIBHOI'O COCTaBa CBUACTCIBCTBYCT, YTO IS ITOBBIIIICHUA BQ)Q)CKTI/IBHOCTI/I
HCIIOJIB30BaHUs 3aI1aCcOB CBIPb Tpe6yCTC$l COBEPIICHCTBOBAHUE TEXHOJIOTHH pa3pa60TKn CIIO)KHOCTPYKTYPHBIX PYI. anBeI[eHL] Ppe3yNIbTaThl SKCIICPUMEHTAJIBHBIX HC-
CJIC/IOBaHUI yCPEIHEHUsI KauecTBa THUIIOB U COPTOB DY/ MPHU OTKPBITOH pa3padOTKe CIOKHOCTPYKTYPHBIX HOJMMETAUIMYECKUX MECTOPOXKACHUH. ABTOpAMHU HPETIOKEH
KOMILJIEKCHBIN Kputepuii addexTuBHOCTH Ha Oase moaxonoB Xankoka u ['ogena-Kescamna, yauThIBalOUMi pa3ienTelbHbIH polecc npu oboramiernu pya. Mcmomnb3o-
BaHUEC JAaHHOTO KPUTECPH MTO3BOJIACT YIIPABIATH KaueCTBEHHOM OOHOPOAHOCTHIO MHOT'OCOPTHBIX PYI IIPHU UX Z[OﬁI)I‘-IC pasfeabHO UK B CMECH. ‘VcTaHOBIEHBI 3aBUCUMOCTH
HU3BJICYCHHUA METAJUIOB B KOHIEHTPATBI ITPU (l)I]OTaI.H/IOHHOM 060FaH_leHPH/l IOUXTHI prI[HOO6OFaTHMbIX ¥ CMEIIAHHBIX CBUHIIOBO-IIMHKOBBIX PYI.

Knrwouesvie cnosa: MHO20COpmMHblIE pyabl, CIIOHCHOCMPYKMYPHble noauMemaiiudecKkue ]HECmOpODIC()@HMﬂ, ynpaeisiemas celeKmueHas ()06bl‘{d, ycpe()HeHue Kadecmed,

CMeuaHHble C6UHY0B0-YUHKOBbIE py()bl.

Introduction

The primary requirements for the quality of ore feed sup-
plied to beneficiation include uniformity in component con-
tent, particle size, moisture, etc., i.e., a set of properties. One
of the key tasks of an open-pit mine is to ensure quality for-
mation and parameter stabilization over accounting periods —
shifts, days, and weeks. Rapid fluctuations and inconsistencies
in quality characteristics hinder adaptation, underscoring the
importance of maintaining a stable ore flow quality [1, 2, 3].

Ore quality encompasses a set of natural and technologi-
cal properties determining enrichability and economic value.
Various methodological approaches are applied to stabilize ore
mass quality, including [4, 5, 6, 7]:

» Controlled selective mining through a combination of
technical solutions and organizational measures.

* Quality averaging of different ore grades through special-
ized measures ensuring uniform composition based on techno-
logically significant parameters, such as chemical and miner-
alogical composition, grain size distribution, and the presence
of valuable or harmful impurities. To establish an effective
averaging scheme, optimal batch ratios in the charge, trans-
port flow optimization, and ore mass stacking sequence must
be investigated through experimental studies on intra-grade
and inter-grade quality averaging.

The outlined tasks were addressed using representative
technological samples of Zhairem ores, employing methodol-
ogies and practical recommendations from experts in the field
[8].The ores, both separately and in mixtures, were enriched
using flotation schemes with and without desliming in the flo-
tation laboratory of VNIItsvetmet.
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Materials and methods

Experimental research methods were employed to substan-
tiate the stabilizing quality indicator for ores from complex
Atasuy-type polymetallic deposits. The Gaudin-Kelsall (z;
criterion is a measure for evaluating quality in separation pro-
cesses based on the yield of beneficiation products [9]. The
Hancock (E) criterion allows for a quantitative assessment of
ore mass quality based on three parameters simultaneously:
the metal content in the feed ore («), the concentrate yield (y),
and the content of the useful component (f) [10]. The choice
of a comprehensive efficiency criterion — defined as the prod-
uct of the Hancock index and the Gaudin-Kelsall criterion —
is justified by its ability to simultaneously account for both
the qualitative recovery of the useful component and the mass
yield of the concentrate. This multiplicative approach provides
a more rigorous mathematical sensitivity to fluctuations in the
slime fraction, which is critical for the complex polymetallic
ores of the Zhairem type.

wa = g, metal recovery is considered.

The product of the Hancock and Gaudin-Kelsall criteria:

RN il 7 1
ETk—Eﬂ(l_a) ()

Thus, represents an unambiguous quantitative assessment
of the flotation activity of the valuable component.

The symbol & can replace E-z,, simplifying the notation.
This is a quality criterion, which we have named the compre-
hensive indicator of ore mass beneficiation potential during
the extraction of multi-grade ores.
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The maximum possible values of the Hancock and God-
den-Kelsall criteria are ensured at stoichiometric metal con-
tents in the ore:

0.866 —

For lead : E = 1.55-—a
1-a
-—a

% = 6.463 - —— 2
a

. 0.671 — «

For zinc: E=1.49  ———
1-a
1-a

Taking the f# = const, we can find the maxim possible re-
covery, in this case:

0.866 — apb
For lead: (fpb—)max {7. 463 - 7} “4)
Xpp
) 0.671 — agz,
For zinc: fz —max {3. 038 - —} )
" Azn

The comprehensive quality indicator ¢ enables controlled
ore extraction, as it allows for the evaluation of technological
parameters of ores with various compositions. According to
this criterion, the quality of a technological ore grade is ex-
pressed as relative fractions of the maximum possible theoret-
ical values. Calculations are performed for each metal using
the formula:

Tkl

E"Tk1=E1'ﬁ'Tk2, (6)
where E;- 7,/ represents the criterion values for the actual met-
al content in the technological ore grade a, the expected recov-
ery &, and the concentrate quality #; moreover,

p—«a

1-ao

Ey-al=¢€-B- (7)

where E,t,? is the maximum criterion value, determined from
expression (7) at the metal content, assuming 100% recovery
and an ideal concentrate quality corresponding to the theoret-
ical metal content in the extracted mineral: for galena a,, =
86.6%; for sphalerite a_,= 67.1%.

In practice, for averaging quality based on the mean values
calculated by formula (6), the planned (weighted average) value
is determined for the entire set of grades involved in the mining
and processing process according to the development direction of
mining operations. Then, based on the maximum possible values
of quality fluctuation within the interval found by the formula:

I={+a AE'-5/;—a AE' -1}, o)

the optimal blending ratios of ore grades are calculated. More-
over, the value of the degree of averaging for the concentrate ,°
in the averaged volume, found by the formula, is determined.

p—a
1-ao

Tk3=)"ﬂ' ")

should be greater than the minimum value of the degree of
separation 7, calculated at the minimum allowable metal
content in the concentrate according to the applicable State
Standard standards for concentrates. The analytical expression
of this limitation is as follows:

73 > gMmin, (10)

When calculating the blending ratios using the variation
rang

I={+a AE' - 5/;—a-AE'- 7,

the maximum possible deviation in the quality of the mix-
ture for one metal is taken into account, since, in general, the
averaging indicator values (6) for the extracted metals differ.
A simplified method for calculating the blending ratios Q,/Q,
of the averaged ore grades is to find the values of the ore grade
fractions:

a (& — &)

Q:/Q, = o2 (&3 — &), (1)
where Q/Q, is the fractional ratio of the worst and best qual-
ity ore grades to be blended — expressed as a percentage or
fraction of a unit, with corresponding metal contents oa; and
aa, and extractions &g, u €&,; €&; is the planned extraction, ex-
pressed as a percentage.

If the ratio of volumes of averaged ore grades in blocks is
established, the calculations should be conducted taking into ac-
count the reliability of geological reserves Q,-P(m,)/Q, P(m?)
in accordance with the detail and stage of the site exploration.

Experimental studies of grade averaging based on calcu-
lation formulas (6), (9), and (11) were conducted on small-
scale technological samples, represented by rich lead-zinc
crystalline-granular ores from quarry No. 2, +297 m level, of
the Western Zhayrem deposit, blended with fractions of gale-
na and sphalerite — sample No. 3; difficult-to-beneficiate ores
with a lead extraction of 50.9% into the commercial product
with a metal content of 13.74% — sample No. 2; and «condi-
tionally balanced» lead-zinc ores with a conditional zinc con-
tent below the minimum industrial standard but higher than the
cutoff content.

To establish the limits of possible metal extraction reduc-
tion during the operational management of mining operations,
we investigated the impact of dilution on the quality of lead-
zinc ores. The ore was diluted sequentially in steps of 10%
from a ratio of ore to waste rock of 9:1 to 1:9.

Results and discussion

Experimental results demonstrated that all. Zhairem ore
grades exhibit fine-grained sulfide dissemination, making
beneficiation challenging due to incomplete mineral liber-
ation, even with ultra-fine grinding to 98% passing 74 um.
Additionally, increased slime generation negatively impacted
concentrate quality. Different natural ore types exhibit varying
beneficiation characteristics. Hydrothermal-sedimentary ores,
characterized by unevenly layered textures, abundant globu-
lar sulfide formations, and an overall aleuropelitic structure,
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contain fine-grained pyrite, galena, and sphalerite, resulting in
poor beneficiation performance (Figure 1).

Extraction of metals into concentrates, %

0 10 20 30 40 50
The zinc content in the class is 0.01 mm, %
0 10 20 30 40 50

The lead content in the class 1s 0.06 mm, %

Figure 1. Dependence of lead and zinc extraction into
concentrates on the content of fine-grained sulfide: / —
extraction of lead, n = 96, 2 — extraction of zinc, n = 75.
Cyper 1. KopracblH MeH MBIPBIIITHIH KOHIICHTPATTAPFA
AJIBIHYBIHBIH KYKa TYHipmIikTi cyabduarepain
KYPaMbIHA TdyeJiiri: / — kopzacvin any, N = 96, 2 —
Mulpblud any, n = 735.
Puc. 1. 3aBucHMOCTD NM3BJI€YEeHHUS CBHUHIIA M IIMHKA
B KOHIIEHTPATHI OT CO/IEPKAHUS TOHKO3ePHUCTHIX
cyab®uIoB: ! — uzeneuenue ceunya, n = 96; 2 — uzenevenue
yunka, n = 735.

The primary conclusion derived from analyzing the ampli-
tude of quality fluctuations in Zhairem lead-zinc ores and their
material composition characteristics is that none of the listed
composition parameters can be considered the main criterion
for averaging. The combined influence of these parameters
necessitates grade-based averaging by mixing higher-quality
ores with lower-quality ones.

An analysis of the beneficiation potential based on the
dispersion analysis of Zhairem ore beneficiation products
has shown that the majority of metal losses occur in the fine-
grained fraction (-20 um) (Figure 2).

The distribution curves of lead and zinc in flotation tail-
ings exhibit distinct peaks at the -10 pm or -20 um size frac-
tions, depending on similar peaks in the metal distribution
within the flotation feed, except for a peak at the +74 pm
fraction, from which lead and zinc are recovered at approx-
imately 96%.

Diagrams (Figure 3) confirm a significant difference in met-
al recovery between the «sandy» (+20 pm) and slime (-20 pm)
fractions. This explains the instability of beneficiation perfor-
mance, decreased selectivity, lower concentrate quality, and
increased metal losses in different concentrates as the propor-
tion of metals in the slime fraction increases.

The resulting experimental data (Figure 4) prove the reduc-
tion in lead and zinc extraction following a linear law, which
allows the following conclusion: when calculating the blend-
ing ratios of averaged ore grades, a correction factor for the
degree of dilution should be introduced for each separately
mined grade to stabilize quality.
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Figure 2. Curves of the dispersed analysis of the products
of enrichment of lead-zinc ores: / — mixed lead-zinc ores;
2 — tailings.

Cyper 2. KopracbIH-MBbIpBIII KeHAEPiH 0aiibITy
OHiM/IepiHiH THcHepCeTiK Taaaay KUChIKTapbl: [ — apanac
KOpP2aCbIH-MbIpbli KeHoepi, 2 — Kanovlkmap.

Puc. 2. KpuBble 1MCIepPCHOro aHAIN32 NPOIYKTOB
o0orameHusi CBHHIIOBO-IIMHKOBBIX PYA: [ — cumeuiantvle
CBUHYOBO-YUHKOBBIE PYObL, 2 — XBOCHIbL.

Thus, the primary stabilizing indicator of ore quality for
stratiform polymetallic deposits of the Zhairem type is the
metal content in the slimes fraction, which determines the
overall metal recovery. This leads to a crucial conclusion re-
garding the efficiency of mining complex polymetallic depos-
its. To ensure the quality homogeneity of the ore flow in terms
of metal content when mining multi-grade ores under quality
management protocols, it is necessary to standardize the metal
content in the slimes fractions of the extracted ore grades. This
objective can be achieved through various methods. However,
the most effective approach is the proposed method based on
a comprehensive beneficiation efficiency criterion. We have
designated it as such because this indicator is a product of the
Hancock efficiency index, well-known in the theory of sepa-
ration processes, and the degree of separation by concentrate,
also known as the Goden-Kelsall criterion.

The application of the Hancock criterion has provided
mathematical confirmation that quantitative separation effi-
ciency is directly dependent on the particle size distribution.
High efficiency is achieved in the «sand» fraction (+20 um),
whereas the «slime» portion significantly reduces the overall
value of the criterion.

It has been experimentally established that a dilution in-
crement of 10% significantly affects selectivity. When the
ore-to-waste ratio falls below 7:3, the beneficiation indicators
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90

sands +20 microns

Extraction of lead and zinc, %

15 3.0 a5 60 Zn
Lead and zinc content,%

Figure. 3. Dependence of the extraction of metals into
concentrates on their content in the sand and slurry
fractions of ore grinding: / — sulfide lead-zinc ores; 2 —
mixed lead-zinc ores.

Cyper 3. MeTaiaapablH KOHUEHTPATTAPFA WIbIFAPy
JdpesKeciHiH oJIapAbIH KeH/1i YHTaKTay Ke3iHaeri
KYM/bI KoHe IJIaM/bl (ppaKkuusijIapAarbl MoJIepiHe
TAYeJAiIiri: [ — cynbpuomi Kopzacwvin-mouipuvliiu kenoepi; 2 —
apanac KopaculH-mulpbiil KeHOepi.

Puc. 3. 3aBucumocTh U3BJICYCHHS METAJLIOB B
KOHIIEHTPATHI OT UX CO/IeP:KAHHUS B MEeCKOBOI 1
IIJIAMOBOI GPaKIHUAX MOMOJIA PYAbL: [ — cyib@uonbie
CBUHYOBO-YUHKOBbLE PYObL, 2 — CMeuldntble CEUHYOB0-
YuHkogwle pyool.

become unstable. To stabilize concentrate quality, operational
management of the blending process (based on formulas 6, 9,
and 11) is required to ensure minimum slime formation during
the averaging process.

Conclusions

Summarizing the theoretical aspects of the issue and the
results of experimental studies conducted on small-scale tech-
nological samples of lead-zinc ores from the Zhairem group of
polymetallic deposits, the following conclusions can be drawn.

The primary stabilizing indicator of ore quality for Ata-
suy-type stratiform deposits is the metal content in the slime
fraction of mineral grains smaller than 20 um.

The quality of the blend of averaged ore grades directly
depends on the quality of the source components and follows
a linear relationship. Furthermore, blending low-grade ores
with high-grade ones predictably deteriorates the overall tech-
nological performance.
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Figure 4. Dependence of lead extraction into concentrates
and the quality of lead concentrates on the charge ratios
of hard- and easy-to-enrich grades of lead-zinc ores in the
charge: [ — extraction; 2 — concentrate quality; 3 — losses in
the tailings of enrichment (in the numerator the volumes of
hard-to-enrich, in the denominator — easily-enriched ores).
Cypert 4. KoprachbIHHBIH KOHICHTPATTAPFA IIBLIFAPbLTYbI
MeH KOPFAChIH KOHIIEHTPATTAPBIHBIH CANACKIHbIH
IIMXTA KYPAMBbIHAAFbl 0albITYFa KUBIH sKOHE JKeHil
0alBITHUIATBIH KOPFACBIH-MbIPBILI KeHAEPiHiH yJjec
KATBIHACBIHA TIYeJAIIri: / — wwieapwiny, 2 — konyenmpam
canacwl; 3 — daublmy KaiOblKmMAapblHOAEbl HCOLANMYIAD
(anvlmbiHOa — batiblmyea KuvlH KeHOepOiH KeJieMi,
b6MIMIHOE — JiCeHin OALIMbLIAMBIH KeHOEPOIH KOeMi).
Puc. 4. 3aBucumMocTh U3BJIeYeHHSI CBUHIA B KOHIIEHTPATHI
U Ka4ecTBa CBUHIIOBBIX KOHIEHTPATOB OT IIMXTOBOYHBIX
COOTHOLIIEHUI TPYAHO- U JIETKOOOOTaTUMBIX COPTOB
CBHHIIOBO-IIMHKOBBIX Py B IIUXTe: [ — usgieuenue, 2 —
Kauecmeo Konyenmpama, 3 — nomepu 8 X6ocmax 00oeaujenus
(8 uucnumene 0b6vembl MPYOHOOOOLAMUMDIX, 8 3HAMEHAMeNe —
N1€2K00002amumblx pyo).

The proposed evaluation method, based on a comprehen-
sive criterion (the product of the Hancock and Gaudin-Kelsall
criteria), provides the most accurate prediction of beneficia-
tion efficiency in conditions of complex deposit structures.
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Oboratmere MOMe3HbIX UCKOMAEMBIX

Kox MPHTH 52.45.19

*I.T. CanabioexoBa, M.b. BapmeHnmunoBa
Kaszaxcruii nHayuonanensiil uccieoosamenvckuil ynusepcumem um. K. Camnaesa (2. Anmamoi, Kazaxcman)

BJINAHUWUE MUHEPAJIOITTYHECKOI'O COCTABA
PYJA BO3ITAKOJJBCKOI'O MECTOPOXJIAEHUA
HA DOOPEKTUBHOCTD ®JIOTAIINUN MEJIAN

Annoranus. VccienoBano BIHsHAE MHHEPAJIOTHYECKOrO COCTaBa M KPYITHOCTH M3MENIBUCHHS Pyl BO3IIaKoIbCKoro MecTopoxkaeHus Ha d3QGEKTHBHOCTD (BroTaiyun
Meju. Mcronb30BaHbl €KeIHEBHbIE JIAHHBIE PEHTIEHOCTPYKTYPHOIO aHAJIN3a, PE3YJIbTAaThl CHTOBOIO aHAJIM3a U OLEHKH PAacKpbITHs/accounanuii Cu-MUHEpPaIoB, a TaKkKe
nansbie Gpadpukn 3a 2022-2025 rr. TTokazaHo, 4TO POCT MUPUTA B TUTAHUH CBSI3aH CO CHIDKeHHEM n3BiedeHus meau (Crimpmen -0,47), Torna Kak anbOUT KOPpeIupyeT no-
noxuTeNbHO (+0,34). YeTaHOBIEHO, 4TO 0KOMO 22% MeIM B IUTAaHUU OCHOBHOM (DIOTALUM HPEICTABICHO IUIOXO BBICBOOOXKICHHBIM XaIbKOIIMPHUTOM, a BO (pakimu +125
MKM cocpenorodeHo 13% Bceil Mmenu. MonenupoBaHue noaTBepskaaet najgenue u3piedennii Cu n Au npu pocre P80; camxerne P80 ¢ 130 no 120 MKM MOXET ITOBBICUTH
n3Bnedenne Cu Ha 1,95%. Ipeanoxkena uaterpanus MuHepaioruu u P80 B yrpaBiieHHe ¢ pa3MepHO-pa3/eibHbIM aHATU30M (+38/-38 MkMm).

Kniwouesnle cnoga: npousso0CcmeeHHas MUHEPANIO2Us, PeHMeeHOCMPYKMYPHbLI AHANU3, (romayus Meou, pAcKpblmue XaibKonupumd, nusHue nupuma, KpynHoCnb
UBMeNbYeHUsl, X80CHIbl KOHMPOLbHOU iomayuu, mecmopodcoenue bosuiakois.

Bo3makes keH OpHbI pylajapbIHbIH MUHEPAJOTHSVIBIK KYPAMBIHBIH MBICTHI (uioTanusiay TuiMaitirine acepi

Anjnarna. Makanaga Bo3iakes KeH OpHBI KSHACPiHIH MHHEPANOTMsUIbIK Kypambl MeH yHTakray ipimiriniy (P80) mbic duotaumscsiHbie THiMALTITIHE dcepi Kapac-
TBHIPBUIBL. 3€pPTTEyIe OHIIPICTIK MUHEPANOrus AepeKTepi (KYHIENMIKTI CaHIbIK PEHTTCHOCTPYKTYPAIIbIK Tajaay, eiey HoTmkenepi, Cu-MHHEpaIIapbIHbIH allbLTybl MECH
acconuaiusuiapeia 6aranay) sxoHe hadpukansin 2022-2025 sok. KepeeTKinrepi naiananbiibl. [IMpuT Meepinin ocyi MbIC HIBIFAPBUIBIMBIH TOMEHIACTETiHI KOpCeTi i
(Cniupmen -0,47), an anbouTTin ocepi ox (+0,34). Herisri duorauust Koperinaeri MbICTBbIH aMaMeH 22%-bl HalIAp allbUIFaH XaJbKOIUPUT TYpiHae Oonajpl, +125 MkM
(pakumsiceinna MbicTbIH 13%-bI orbipaanrad. Monensaey P80 yikeiiren caiibin Cu 5xoHe Au 1bIFapblIbIMAAPBIHBIH TOMEH/EHTIHIH kopcerTi; P80-1i 130-1an 120 Mxm-
re azaiity Cu wbrapsuIbIMbIH 1,95%-Fa apTTeIpysl MyMKiH. +38/-38 MM dpakuusiapsr GoibIHIIA TanAdy KOIJAHY YCHIHBLIAbL.

Tyiiinoi cesoep: ondipicmix Munepanocus, CaHobiK PeHMeeHOCMPYKMYPAIbIK MAiod, MblC Qromayusacsyl, XarbKONUPUmMmiy auibliybl, RUPUMmiy acepi, YHmaxmay
ipiniei, baxpliay romayusiceinbly Kaiobikmapwl, Bosuiaken ken opHui.

Influence of the mineralogical composition of ores from the Bozshakol deposit on the efficiency of copper flotation

Abstract. This paper evaluates how ore mineralogy and grind size (P80) affect copper flotation performance at the Bozshakol concentrator. Daily quantitative XRD
trends, size-by-assay results and liberation/association observations are combined with plant daily data (2022-2025). Pyrite in feed shows a negative relationship with
Cu recovery (Spearman -0.47), while albite correlates positively (+0.34). About 22% of Cu in rougher feed occurs as poorly liberated chalcopyrite and 13% of total Cu is
hosted in the +125 pm fraction. Modeling indicates decreasing Cu and Au bulk recoveries with increasing P80; reducing P80 from 130 to 120 pm may increase Cu bulk
recovery by ~1.95%. Integration of mineralogy and P80 into daily process control via PI Vision and size-split QXRD (+38/-38 um) is proposed.

Key words: operational mineralogy, quantitative X-ray diffraction, copper flotation, chalcopyrite liberation, pyrite, grind size, control flotation tailings, Bozshakol.

BBenenue

[ToBbIeHne W3BIEYEHUSI MEAW Ha OOOTATUTENBHBIX (a-
Opukax MemTHO-TTIOP(GUPOBBIX MECTOPOXKICHUH B 3HAYUTEIb-
HOM CTETEHH OTPAaHHMYCHO MHUHEPATIOTMYECKUMH (haKTOpaMu:
(hopMolf HaXOXKICHUS MEIH, CTETICHBIO PACKPBITHS CYylb(u-
JIOB, KOJMYECTBOM MHPHTA, COAEPNKAHUEM TOHKHX TIIHMHHU-
CTO-CITIONIUCTBIX MHHEPAIOB M WX BIMSHHEM HA PEOJIOTHIO
MYJIBIIBI M CEEKTUBHOCTE (uioTannu. bo3makonbsckoe MecTo-
POXICHUE XapaKTepu3yeTcs BapnaOelbHOCTBIO JIMTOIOTHYE-
CKUX THIIOB M MHHEPAJIOTHH, ITO TpeOyeT mepexosa oT paso-
BBIX MUHEPAJIOINIECKNX UCCIEAOBAHUH K PON3BOJCTBEHHON
MHUHEPAJIOTUH KaK K €KeTHEBHOMY HHCTPYMEHTY YIPABICHHS
MIPOLIECCOM.

[ens paboThI — OIIPEACINTD KIIFOUEBBIC MHHEPAIOTHYECKIE
orpaHudeHus (uIoTanuu Meau U pya bosmiakoiabckoro me-
CTOPOX/ICHUS U KOJIMYECTBEHHO OIIEHUTH BINSHUE KPYIMHOCTH
m3menwsacHus (P80) na nssneuenus Cu, Au u Mo Ha oCHOBE
MIPOM3BOJCTBEHHBIX JAHHBIX, 4 TAKXKE COPMHUPOBATH TPAKTH-
YeCcKHe PEKOMEH/IAINH 110 MHTerpanuu MuHepanorun u P8O B
OTIEPaTHBHOE YIPABICHUE MTPOIIECCOM.

Marepuajbl M1 MeTOAbI

B paborte ncnonb30BaHbl CIEAYIONINE HCTOYHUKH JAHHBIX
1 TIOJXOJIBI:

1) Omuem no ayoumy npouszo00CmMeeHHOU MUHEPATOSUU C
onucanuem MmeKywux npakmux omoopa u noo20mosku npoo,
€JHCEOHeBH020 PEeHMeeHOCMPYKMYPHO20 AHAIU3A U PEKOMEH-
dayutl no unmezpayuu munepanoeuu 8 PI Vision.

2) Pe3ynomamul ucciedo8anus CUmo8oeo aHAIUu3d U Mu-
Hepano2uy No Kiaccam KpynHOCMu (Cymounvle/CmenHble
Komnosumet), exniouas donu Cu-wiunepanog (CuCN, CuAS),
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pacnpedenenue medu no Qpakyusam u OYeHKy packpvlmus/ac-
coyuayuil XarbKonupuma.

3) Ananus eruanus P80 na usenevenus Cu u Au no cymou-
HbIM OanHbiM abpuku 3a 2022 2. — anpens 2025 ee.

4) Pezynbmamvl 1a60pamopHuixX romayuoHHbIX Mecmos
(0sa komnozuma, ouanazor P80 120—180 mxm).

JL71s1 OLleHKH CBA3M MMHEPAJIOTHH U ITOKa3aTesel mpouecca
WCTIIOTH30BaHbl HemapamMeTprueckne Kod(h(HUIEHTH Koppe-
nsmmn (Crimpmen). [ox repmuaoM QXRD monnmaetces komim-
YeCTBEHHAs] PEHTTCHOCTPYKTypHas nudpakums (quantitative
X-ray diffraction).

PesyabTarsl

ITo exxemHEBHBIM JTaHHBIM PEHTTEHOCTPYKTYPHOTO aHAIU-
32 KOMITO3UTHBIX TPOO BBITOJHEH BBICOKOYPOBHEBBIN aHa-
TM3 CBSI3M MHUHEPAJIOTHH NMUTAHHUA W ITOKa3aTeleil mporecca.
YCTaHOBICHO CHIIBHOE OTPHIIATENFHOE BIMSHUE TMHPHUTA HA
m3BIeueHNE Mean: koddduiment xoppensamun CrimpMeHa co-
crasiseT -0,47. [TonoxxnuTenpHas KOPPEISIHS BBISIBICHA MEXK-
Iy W3BIICUCHHEM MEIW W COIEp)KaHWEM ajlbOuTa B MUTAHUU
(+0,34). [lanHblc 3aBUCHIMOCTH MOTYT HCIONB30BaThCs Kak
WHAWKATOPH U3MEHEHUS PACKPBITHS M CENEKTUBHOCTH TPH
M3MEHCHUY MIHEPAJIOTHH MTUTAHMUS.

J17151 TTIOBBITIIEHUS TMAarHOCTUYECKOM 1IEHHOCTH €3KETHEBHON
MUHEpPAJIOTHH PEKOMEHIOBAaHO BBITIONHATE pPa3MEepHO-pas-
JENBHBIA aHAIIN3: pa3/ieleHne KaKI0W KOMITO3HUTHOW MPOOBI
Ha aBe ¢paxmun (+38 u -38 Mxm) ¢ mocaexyromv QXRD.
Takoif TOIX0]] MO3BOJISIET OTJACIUTH BIUSIHUE TPYOBIX KOMIIO-
3UTHBIX 9acTHUI] (HEIOPACKPHITHE) OT BIMSHUS YIIBTPATOHKIX
(paxkmuii (TMTAHBL, TUTAMBI) U IEJICHANPABICHHO YIIPABIATH
TTOTEPSIMA MEITH.
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Tabnuya 1

Juanazonvt nepepabomxu MIICH u uzeneuenus meou (25-75% npouenmuns) u énuanue zeonozuu
(axcnnyamayuonnsle oannsie 3a 2023 200)

Kecme 1

MIICH botivinwa onoey jcane moicmol aiy Kopcemkiuimepiniy ouanazonoapul (25-75% naitvi30u1K, ynec)
Jcone zeonozuanviy acepi (2023 xcvinzel naiidanany oepekmepi)

Table 1

Ranges of MPSI throughput and copper recovery (25th—75th percentile) and the impact of geology
(operational data for 2023)

Jluaus ITepepadorka MIICH, | W3zeneuenue Cu, Bnusiaue reonmoruun Bimsiue reonoruu
(pabpuka) 1/ (25-75%) % (25-75%) (mepepaboTka) (u3BIICUCHUC)
BhIcoKHe CepHUIIUT U Beicokast 1oi1st Opexunu —
KaJUIHHbBIE — HUXKE T1 aboTKa; HIDKE U3BJICUCHUE,
Cynbduanas 3164-3540 82,0-84,4 N ¢ nepepaborka; © M3BIICTCHAC;
BBICOKHE XJIOPHTBI — BBIIIE BBICOKAsI JIOJISI aH/IE3UTA —
nepepaboTka BBIIIIC U3BJICUCHUE

Munepasiornyeckue orpaHunyeHusi GuIoTanuu MeaH

Pe3ynbTaThl CHTOBOIO aHAIN3a X MHHEPAJIOTHH 110 KjlaccaM
KPYIHOCTH HOKa3aJd, YTO 3HAYMMas JOJs MEIU TepseTCs B
rpyObIx Kiaccax. Bo ¢ppaxnuu +125 MkMm cocpenorodeno 13%
BCell Meau B BHIE cl1ab0 BBICBOOOXKIEHHOTO XaJIbKOIHMPUTA.
CymmapHO 0komo 22% Menu B TMTaHUM OCHOBHOM (hioTanyn
HAaxXOIMTCSA B BHJE IUIOXO BBICBOOOXKICHHOTO XaJIbKOIIUPUTA,
KOTOPBIH HE OAXOMUT I dPPEKTUBHON (hIroTarnu.

MuHepaornyeckue HaOIIONCHUS YKA3bIBAIOT Ha Xapak-
TEpHbIE ACCOLUALNH: XaJbKOIHPHUT B KOMITO3UTHBIX YAaCTHIIAX
NPEUMYIIECTBEHHO CBSI3aH C arperaTraMi «CIIofa + IIHHAY,
a BTOPUYHBIE CYIb(UIBI MEIH YaCcTO aCCOLUUPOBAHBI C Xalb-
KOIIMPUTOM M «ciIrozia + IInHa». B XBocTax KOHTpOIBHOH (1o-
TAIMH 3aKPBITHI, HEBBICBOOOKICHHBIN XaJbKOIHPHUT BCTPE-
YaeTcsl NIAaBHBIM 00pa3oM COBMECTHO CO «CJIIOAa + TIIHHA» U
MIUPHUTOM. DTO IMOATBEPIKAAET IBOMHYIO IPUPOIY MOTEPh:

1. Hedopackpuvimue 6 2pybuvix Kiaccax,

2. Vxyowenue promupyemocmu u cenekmusHOCmuy npu 8bl-
COKUX QOAX MOHKUX AUHUCIO-CTIOOUCTNBIX MUHEPATO8.

[lo maHHBIM KOJUIEKTHMBHOH MHHEPAJIOTHH IIMTaHUS OC-
HOBHOH ¢moTtanuu nopsinka 50% maccel TUTAHHUS COCTABIIS-
10T MHHEpalbl TPYIIBl «CIII0ga + INMHA»; HAHOOJNbIIEe MX
KOJINYECTBO HPHUXOIAMUTCS Ha TOHKHE KJIACCHI (B TOM YHCIIe
< —11 mxm). JIONOTHATENHHO B MIEPHUOJ MCCICIOBAHUS OIS
muHepanoB CuCN u CuAS ouennBanach Ha ypoBHe 14-36%
OT O0IIero KOJIMYecTBa MeAW B mHTaHuUW; mpu 3ToM CuCN
n3BIeKancs myuire, yem CuAS, a B 6oiiee KpyMHBIX KJIaccax
(+125 MKM) n3BICYCHHE YXYAIIAIOCH.

XBOCTBI KOHTPOJNBHON (roTanuu (GOpMHUPYIOT TMOpPSIIKa
87,5% Bcex XxBOCTOB (haOpHKH, UTO JETAET JaHHBII IOTOK MpH-
OPUTETHBIM JUISl CHIDKEHHS 1oTepb. [lo pesynsraram MuHepa-
JIOTUH XBOCTOB KOHTPONBbHOH (hrrotanuu 1o 28% o0riero xomiu-
YeCcTBa MEAN MOXKET TEPATHCS C JAHHBIM HMPOAYKTOM, a 7—13%
o0mIeil Mexu TepseTcst B XBOCTHI KOHTPOJBHOH (oTanun B
¢bpakm +125 Mxm. Ot™edeHo, uto 10 20% Meau, moTeHIH-
aIbHO MOJJAIoIeHcs (IIOTalMK, TepAEeTCs MPENMYIEeCTBEHHO
3a CYET 3aKPBITOTO, HEBBICBOOOXKICHHOTO XaIbKOITUPHTA.

Bansinne kpynuoctu usmesbuenus (P80) Ha uzBiieyenus
AHanmn3 CyTOYHBIX MPOU3BOJCTBEHHBIX TaHHBIX (2022 1. —
anpens 2025 TT.) moOKa3ad BBEIPAXKEHHYIO OOpaTHYIO 3aBH-
cumocTh u3BiedeHuit Cu u Au ot P80. s MonubmeHa

M0 TPOM3BOACTBEHHBIM CYTOYHBIM JaHHBIM YCTOHYHUBOU
koppensuu ¢ P80 He BBIABICHO, YTO COTIIACYeTCSA C BapH-
a0eIbHOCTHIO MUHEPAIOTUH Mo W 4yBCTBUTEIBHOCTBIO K
PEKUMY MEPEUUCTKH U JIeNpeccHr. Pe3ynbrarhl MOIEIUpPO-
Banus n3Bineuennii Cu u Au B nuanasone P80 120—180 mxm
MpeICTaBICHEI B TabmIe 2.

Taonuya 2
Mooens uzeneuenuii Cu u Au ¢ 3a6ucumocmu om P80
(cymounwte oannvie paopuru 2022-2025 22.)

Kecme 2

P80 manine éaitnanvicmor Cu scane Au any mooenvoepi

(padpukansiy maynikmik oepexmepi, 2022—2025 coxc.)
Table 2

Model of Cu and Au recoveries as a function of P80 (daily
plant data, 2022-2025)

P80, MxMm Ussneuenue Cu, % | Wssneuenue Au, %
120 85,64 55,41
130 83,69 53,72
140 81,74 52,02
150 79,80 50,33
160 77,85 48,63
170 75,90 46,94
180 73,95 45,24

i " A .
- g f: : O:D°g°'ﬂ€§::ﬂ :f WKS*
° - e

Puc. 1. 3aBucumocts nu3Bjedenuii Cu u Au ot P80
(MoeJIb 10 CYTOYHBIM JaHHbIM 2022-2025 rr.).
Cyper 1. P80 monine 0aiinanbicTbl Cu K9He Au any
KepceTKimTepinin Tayeamimiri (2022-2025 xek. Ty diKTiK
JiepeKTep OOWBIHIIA MO/IEJIb).

Figure 1. Dependence of Cu and Au recoveries on P80
(model based on daily data, 2022-2025).
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JlaGoparopHble ¢roTannoHHble TecThl (anpenb 2025 r.) Ha
JIBYX KOMIIO3UTAX TOJITBEPIMIN 00LMiA Tpena: cHibkenue P80
MIPUBOIUT K pocTy u3BiedeHuit Cu, Au u Mo, a yBenuiueHue
P80- k cHmxkenuro. [y kommo3ura 2 Oosiee HU3KUE U3BJICUC-
Hust Cu OOBSICHSIIOTCS TIOBBIIICHHOM 107 BTOPHUYHON M-
HOMU pyzblL.

Pesynbrarhl (rOTalMOHHBIX UCIBITAHUH JUIsl KoMIo3uTa 1
NIPUBEJICHBI B Ta0HLE 4.

Pesynbrarhl (IOTalMOHHBIX WCTIBITAHUN JUIsi KOMIIO3UTA 2
NIPUBEJICHBI B TAOIHLE 5.

Bonee uuskue nzineueHuss Cu 0OBSICHSIOTCS BBICOKOH J10-
JIel BTOPUYHBIX MEIHBIX MUHEPAJOB.

W3MeHeHrEe U3BICUCHUN OTHOCHTEIBHO 0a30BOM KPYIHO-
ctu P80 = 130 MKM npuBecHO B TaOIHIIC 6.

Tabnuua 3
Komno3zumul pyost, ucnonv3oeannvie 011 uomayuoHHbIX
UCRBIMAHUTL
Kecme 3
Dnomayuanvlk ClHaKmap yuwin naioaianvlizan pyoa
Komnozummepi
Table 3
Ore composites used for flotation tests
% IlepBuu- | % Bropuu-
Kouro-| Cu, | Au, Mo, % |A1203 | Si02 |S/Cu| Fe/Cu | Hbie Cylb- | HbIE CYlb-
3ur | % | g\t
s s
N°1 [03]0.25/0.0125 | 13.81 [42.618.68 | 25.68 86.92 7.58
N°2 |0.4/0.190.0125 | 14.87 {49.9219.85| 19.70 46.87 26.76
Tabnuua 4

Dnomayuonnvie ucnvimanus: uzenevenus Cu, Au u Mo
6 YUKJIe OCHOGHOI — KOHMPOJIbHOU U 8 KOJINIEKMUBHOI
pnomayuu npu paznuunvix 3navenusx P80

Kecme 4

Dnomayuanvlx cetnakmap: apmypii P80 manoepinoe

Hezi32i — 0aKblIay YUKIL HCIHE YHCHIMObIK (promayus

ke3zinoe Cu, Au scone Mo any kopcemkiwumepi
Table 4
Flotation tests: Cu, Au and Mo recoveries in the
rougher — scavenger circuit and in bulk flotation at
various P80 values

Taonuua 5
Dnomayuonnsle ucnvimanus: uzeneuenus Cu, Au u Mo
6 YUK]Ie OCHOBHOU — KOHMPOTLHOU U 8 KOIEKMUGHOT
dnomayuu npu paznuunsix 3nauenuax P80

Kecme 5
Dnomayuanvik colnakmap: apmypii P80 manoepinoe
Hezi32l — 0aKbLIAY YUK HCIHE FHCHIMOBIK promayus

ke3inoe Cu, Au ycone Mo any kepcemxkiuimepi

Table 5

Flotation tests: Cu, Au and Mo recoveries in the rougher —

scavenger circuit and in bulk flotation at various P80 values

M3BieueHne 0CHOBHOMN- M3BiedeHne KOIIEKTHBHON

KOHTPOJILHOU (hrroTarun ¢noranun
P80 Cu Au Mo Cu Au Mo
120 | 71.10 76.41 74.43 70.04 64.95 63.27
130 70.31 75.25 73.33 69.25 63.96 62.33
140 |  69.52 74.09 72.23 68.47 62.97 61.40
150 | 68.72 72.92 71.13 67.69 61.99 60.46
160 | 67.93 71.76 70.03 66.91 61.00 59.53
170 | 67.13 70.60 68.93 66.13 60.01 58.59
180 | 66.34 69.44 67.83 65.34 59.02 57.66

Tabnuua 6

H3menenue uzeneuenuii omuocumensno P80 = 130 mxm

(nabopamopnsle promayuonnsle mecmol, 06a KOMRO3UMA)
Kecme 6

P80 = 130 mxkm manine Kamuvicmol aiy Kopcemkiuimepiniy

032epyi (3epmxananvik promayuanslK colHaKmap, exi
Komno3um)

Table 6

Change in recoveries relative to P80 = 130 um (laboratory

flotation tests, two composites)

P80, ACu, AAu, AMo, ACu, AAu, AMo,
MKM KOMIL.2 | KOMIL2 | KOMIL2 | KOMILI xomrt. 1 xomrI. |
120 0,78 0,99 0,93 0,97 1,80 1,50
130 — — — — — —
140 -0,78 -0,99 -0,94 -1,26 -1,47 -1,98
150 -1,56 -1,98 -1,87 -2,28 -3,75 -2,78
160 -2,35 -2,97 -2,80 -2,63 -6,23 -3,34
170 -3,13 -3,95 -3,74 -4,56 -7,50 -5,56
180 -3,91 -4,94 -4,68 -6,18 -9,11 -7,31

H3Bneuenue 0CHOBHOI- H3Bneuenue KOMIEKTUBHON

KOHTPOJIBHON (hoTaruu torarun
P8O Cu Au Mo Cu Au Mo
120 | 85.85 65.40 66.01 84.13 56.90 57.43
130 | 84.86 63.33 64.29 83.16 55.09 55.93
140 | 83.57 61.64 62.02 81.90 53.63 53.96
150 | 82.53 59.02 61.09 80.88 51.34 53.15
160 | 82.17 56.16 60.45 80.53 48.86 52.59
170 | 80.20 54.70 57.90 78.60 47.59 50.37
180 | 78.55 52.85 55.88 76.98 4598 48.62
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OO0cy:xneHne pe3yJibTaToOB

[osydeHHbIe Pe3ybTaThl MOATBEPKAAIOT, YTO MHHEPAIIO-
rudeckuil (haktop i Bosmiakonst mposBiseTcs yepes Ba
KJTFOYEBBIX MEXaHHU3Ma:

- HE0OCMAMoyHoe packpvimue cyibpuoos meou 6 epyowix
Knaccax, npedxcoe ececo +125 mxm, ede cocpedomouena 3a-
MemHast 00 Meou,

- GIUAHUE MOHKUX 2NUHUCMO-CTIOOUCTIBIX MUHEPALO8 U
nupuma Ha cenekmusHoCcmb omayuu u pazbasienHue Kou-
yenmpama. OmpuyamenvHas cés3b NUPUmMa ¢ U3ejiedeHuem
meou (-0,47) mooicem ompasxcams conymcmsyouull YHoC nu-
puma 6 KOHyeHmpam u/unu yxXyouienue cenekmueHocmu npu
UBMEHEHUU INEeKMPOXUMUYECKUX YCA0BUL, M0o20a KAK NOL0-
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Puc. 2. U3menenne usBaedyenus Cu npu u3sMeHeHUH
P80 orHocuTesbHO 130 MKM (;1a0opaTopHbIE TECTHI —
KoMmo3uT 1).

Cypert 2. P80 mani 130 MKM-re KaTbICTHI 63repreH Kesje
Cu aay kepceTKilmiHiH e3repyi (3epTXaHajbIK CBIHAKTAP,
1-koMmo3uT).

Figure 2. Change in Cu recovery as P80 varies relative to
130 pm (laboratory tests, Composite 1).
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Puc. 3. U3menenne uspiedyenus Cu npu u3MeHeHHH
P80 orHocuTe1bHO 130 MKM (J1aGopaTOpHBIE TECTHI —
KOMIIO3HT 2).

Cyper 3. P80 moni 130 MKkM-Tre KaTbICThI 63repreH Ke3jie
Cu aay kepceTKiliHiH e3repyi (3epTXaHAJBIK CBIHAKTAP,
2-KOMIO3MT).

Figure 3. Change in Cu recovery as P80 varies relative to
130 pm (laboratory tests, Composite 2).

Jrcumenvhas ces3b ¢ arvoumom (+0,34) eeposimuo ceszana ¢
yayuuenuem paspyulenus u packpoimus Cu-munepanos 6 npu-
cymemauu 6onee Xpynkux noieeounamos.

IIpakTuecknii BBIBOA W3 3aBUCHUMOCTH «U3BIICYCHUE —
P80» 3axsodyaeTcss B TOM, UYTO YIpaBiICHHE KPYHMHOCTHIO
JIOJDKHO BBITIOJIHATBCS HE 110 (DUKCHPOBAHHOM yCTaBKe,
a ¢ yueroM MuHepajoruu nuranus. [Ipu pocre ponu Komro-
3UTHBIX YaCTHIl XaJIbKOIIMPUTA B IPyObIX Kilaccax IIENecoo-
OpasHo neneBoe ymeHbienue P80, B mepByto ouepens 3a cyer
CTaOMIIM3aLUH KITacCU(DUKAUK U UPKYISIIMOHHON HATrPy3KH
B KOHTYpe JjousmenbueHust. [Ipu pocte nonm «ciroia + miInHay
Y BTOPHYHBIX MUHEPAJIOB MEIH IMOBBIIIACTCS POJIb yIpaBlie-
HUSI IUTaMaMy (BOAHBIA PEXHMM, pacrpelelieHHe pearcHToB,
ONTUMHU3AIMS THIPOANHAMUKHN) U HEOOXOIUMOCTh KOHTPOJIS
yHOCA MUPHTA.

PexomeHn10BaHHBIN KOHTYpP OIEPAaTUBHOW IPOU3BOJCTBEH-
HOM MMHEpaJIOIH BKJIFOYAET:

1) ediceonesnuiil ananusz KpynHocmu numanust, KOHYeHmpa-
ma u X60cmos;

2) pasmepro-pazoenvibiii ananus (+38/-38 mxm) ons noka-
AU3aYUU NPUYUH NOMepb,

3) euzyanuzayuio coemecmuo ¢ KPI ¢ PI Vision (xauecmeso
KOHYEHmMpama/xeocmos, m/4, usgieuenue) u gopmuposauue
Habopos «mpuzeeposy Oiisi Oetucmeuil (NepeHacmpolra Kidc-

cupurayuy, KOppekmuposKa peazeHmHo20 pexicumd, QoxKyc
Ha KOHMpPOAbHOU grnomayuu). Hamuuue yugposwix uncmpy-
menmos (Smart Tag ons omenescusanus pyowt, Mill Slicer ons
KOHMPOJs 3a2py3Ku Meavhuybl, VisioFroth ons monumopunea
nenvt, TRIT-Al u pewenus na 6aze Power Bl) cozoaem ungpa-
cmpykmypy 011 6HeOPEeHUsL MAKO20 NOOX00d.

Bozshakol Feed Mineralogy and Cu Recovery
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Puc. 4. CBsi3b Me:k1y e:KeJHEeBHBIMU TeHIeHUUSIMHU
MHHEPAJOruM 1 NPOU3BOANTEbHOCTHIO (padpuKu 1is
BBISIBJICHHS] BO3MOKHOCTEH ONTHMU3AINHU IIpoLecca.
Cyper 4. IIpouecTi oHTalIaHABIPY MYMKIHAIKTepPiH
aHBIKTAY YIIiH MUHePAJIOTUsIHbIH KYH/AEJIKTi ypaicrepi
MeH (padpuka eHiMAIIriHIH apackIHaarbl Oail1aHbIC.
Figure 4. Relationship between daily mineralogy trends
and plant performance to identify process optimization
opportunities.

3aki04eHue

1. Ilo skenayamayuonuviv oannvim 2023 200a oasa cyno-
@uonou runuu ouanazon nepepadbomxu MIICH (25-75% npo-
yenmuiaw) cocmasnsem 3164—3540 m/y, a uzeneuenue medu —
82,0-84,4%. ['eonozus énusem na nokasamenu: 6blcoKue 00
cepuyuma u X10puma CeA3aHsl CO CHUMICEHUeM nepepadomxi,
Opexuuss — co CHUMCEHUeM U36IeYeHUs, AHOe3UM — C NOBble-
HUEeM U36J1e4eHUsL.

2. Ilo edcednenblM  OaHHLIM  PEHM2EHOCMPYKIMYPHOZO
aHanu3a 6blAGNEeHbl CIAMUCIMUYECKU 3HAYUMbLE C8A3U MUHE-
panozuu numanus u uzeiedenus Cu: nupum (Cnupmen -0,47)
u anvoum (+0,34).

3. Munepanocuueckue obciredosanusi NOKA3au, 4mo OKo-
a0 22% meou 8 numanuy 0OCHOGHOU romayuu npeocmasie-
HO NJI0XO 8bICB0OOINCOCHHBIM XANLKONUPUMOM, d 80 (Ppakyuu
+125 mrm cocpeoomouerno 13% eceti meou; X60cmvl KOH-
MPONLHOU promayuy AGIAIOMCA OCHOBHbIM HOCUMenNeM No-
mepw (00 28% obweti meou,).

4. Mooenuposanue no cymounvim oannvim 2022—2025 ee.
noomeepocoaem naderue uzgnevenut Cu u Au npu pocme
P80; cruocenue P8O ¢ 130 0o 120 mxm moxcem obecneuums
npupocm useneuenuss Cu nopaoka 1,95%. Jlabopamopueie
mecmul noomeepcoarom mpero ons Cu, Au u Mo.

5. Hna npakxmuueckozo eneopenus npeonodcena unme-
epayus munepanoeuu u P80 6 onepamusnoe ynpasnenue c
ucnonvzosanuem Pl Vision u pasmepno-pasoenvrnoco ananu-
3a (+38/-38 mrm) Onsa OuacHOCMUKU U CHUJICEHUS NOMeEPD
meou.
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OxpaHa Tpyfa it 6€30MacHOCTD B TOPHOIT ITPOMBIIITEHHOCTII

Kox MPHTH 52.01.93

H.J. Cnaraes, *I.C. CarrapoBa, C.C. Kyapsasues, H.M. CyJjeiimeHnoB
HAO «Kapazanounckuii mexnuueckuti ynugepcumem um. Aovinikaca Cacunosa» (2. Kapaeanoa, Kaszaxcman)

BJIUNAHMUWUE U30JIsAIUU BBIPABOTAHHOI'O
ITPOCTPAHCTBA JTIABBI HA COCTOSsHMUE
INPOBETPUBAHUWSA BBIEMOYHOI'O YYHACTKA

AuHOTanus. B crarbe Mccie10BaHO BIMSHUE H30JISILHN BBIPAOOTAHHOTO TPOCTPAHCTBA JIABbI HA a9POra30BYI0 CUTYAIMIO BBIEMOYHOTO y4acTKa IPU MPSIMOTOYHON
cxeme nposerpuBanus. Llenb — pa3paboTka adpoJMHAMHYECKOr0 Ciocoba yrpaBieH s BEHTHIISILICH ¢ ONTHMU3ALUEH MapaMeTpoB M30IISLUK [Tl 00eCIIeYEHHUs yCTOM M-
BOTO MPOBETPUBAHMS U OE30MACHOCTH BECHMSI TOPHBIX paboT. Ha OCHOBE YKMCICHHOTO MOJEIMPOBAHMS BBISBICHBI OCOOCHHOCTH PACIPE/IC/ICHUs BO3AyXa U BbIICICHHS
MeTaHa. YCTaHOBJICHO, YTO MOBBILICHHAS! BO3AYXOMPOHUIIAEMOCTh BEIPAOOTAaHHOTO MPOCTPAHCTBA M POCT a3POANHAMHYECKOTO COMPOTHBIICHHS TTOAACPKHBACMBIX BbIpa-
GOTOK BBI3BIBAIOT JIOKAJIBHbIC 30HbI 3arazupoBanus. OG0CHOBAHO, YTO M30JISLMS BHIPAOOTAHHOTO MMPOCTPAHCTBA JIABBI CO CTOPOHBI TTOAAEPKUBAEMON BEHTHUIISILIHOHHON
BBIPaOOTKH siBJIsIeTCsl Hanbosee 3 (EeKTHBHBIM CIIOCOOOM YIIpaBJICHHs a3POra3oBoil CUTyalHeil, 00eCIIeUNBAIOIINM CTA0MITN3ALUIO BO3IYIIHOTO OTOKA, CHIYKEHHE YTEUEK
U YCTPaHEHHE 30H OMACHOTO 3ara3upOBaHHsI.

Kntouesvle cnosa: npamomounas cxema npogempusanusi, O4uUcmHuoll 3a00u, u0aAyus 6blpabomanio2o NPOCMPAHCmMed, 3a2a3upo8anusl, PAcxo0 8030yXd, NOOOEPICU-
saemas BEHMUIAYUOHHAS BbIPAOOMKA, AIPOOUHAMUYECKOE CONPOMUBTEHUE.

JlaBaHbIH OHAIPJIIN AJILIHFAH KEHICTITH OKIIayJaylblH Ka3y aliMarbIH KeJIeTy Kyiine acepi

Amnjparna. By Makananga skenaeTyain Tikesei Ti30eKTi chr3bachl Ke3iHae a’poraszibl JKaraaiira GailIaHbICTBl Ka3blIFaH aiiMaKKa JIAaBAHBIH OKIIAYJIAHbII, OHJICITCH
KEHICTIKKe acepi 3epTresai. Makcar — TYpaKThl KeJIIeTyl )KoHE Kayillci3 Tay-KeH KYMbICTapbIH KaMTaMachl3 €Ty YIIiH OHTalJIaHIbIpbUIFaH OKIIayJay rapaMerpiepi 6ap
a’pOIMHAMUKAJIBIK XKEJACTY/I OacKapy oiciH a3ipiey. CaHAbIK MOZCIbACY HETi31He ayaHbIH Tapasy 3aHAbLIBIKTapbl MCH METaH 0OJIiHY1 aHBIKTAJIbl. OHAIPLIIN aJIbIHFaH
KeHICTIKTiH aya ©TKI3riITiriHiH )OFapblIaybl KOHE TipeK Ka30aaapblHbIH a9POJMHAMUKAIIBIK KSACPTiCiHIH apTybl )KEPriTiKTi ra3aaHy aiiMakTapbiH TYbIPAThIHbI AHBIKTAJI-
1161, JIaBaHBIH Ka3bUIFAH KCHICTITIH TIPEJITeH JKeIAeTy KYHeCiHiH XKaFbIHAH OKIIayJay aya MCH ra3 JKar[aiblH OaKbUIayAbIH €H THIM/I XKOJIBI CKCHI OJICIACHICH, Oy aya
aFBIHBIHBIH 0AFBITBI MCH XKbIIIaM/IbIFbIH TYPaKTaH/IbIPYFa, aya aFrblll KETyiH a3aiiTyra )oHe KayinTi ra30eH jlactaHy aiiMakTapblH ic jKy3iHe KOIFa MyMKIHAIK Oepei.

Tyiiinoi ce3dep: mikeneii azviHObL Jicendemy Cbl30AChl, HCYMbIC bGemi, OHOIPINCeH KeHICMIKMI OKWAyIay, 2a30aHObIpY, aya WblebIHbL, YCMAIblMOazsl dceloenty Kazoachl,
aAIPOOUHAMUKATIBIK KeOepel.

The influence of the isolation of the worked-out lava space on the state of ventilation in the excavation site

Abstract. The article studies the influence of isolation of the worked-out lava space on the air and gas situation in the excavation site with a direct-flow ventilation
scheme. The aim is to develop an aerodynamic method of ventilation control with optimization of isolation parameters to ensure stable ventilation and safety of mining op-
erations. Based on numerical modeling, the features of air distribution and methane emission were identified. It was found that the increased air permeability of the worked-
out space and the increase in aerodynamic resistance of the worked-out areas cause local gas accumulation zones. It has been substantiated that isolating the worked-out
space of the longwall from the supported ventilation output is the most effective way to control the air and gas situation, allowing to stabilize the air flow, reduce air leaks,
and eliminate dangerous gas accumulation zones.

Key words: direct-flow ventilation scheme, working face, isolation of the mined-out space, gas accumulation, air consumption, supported ventilation output,

aerodynamic resistance.

BBenenue

VYronbHass NPOMBILIJIEHHOCTh OCTAETCSl OJHOW M3 KIIIOYe-
BBIX OTpacyieldl 3koHOMUKM Ka3zaxcraHa, oHaKo Moja3emMHas
nmobsrga yrisa, ocobenHo B Kaparanmmackom Oacceiine, co-
MIPOBOKAACTCS BBICOKUMH POU3BOJCTBEHHBIMH PHCKAMH.
HawnbGosnee omacHbIM (akTOpOM SIBISETCS BBIACICHHE METaHA
1 00pa3oBaHUE B3PHIBOOMACHBIX METAHOBO3AYIIHBIX CMECEH,
YTO HEPEJKO MPUBOAUT K TSHKEJIBIM aBapHUsIM C YEIOBEUECKHU-
MU JKEPTBAMH U pa3pylIeHHEM TOPHBIX BBIPAOOTOK W 000py-
moBanus. [loaTomy obecrieueHme Oe30macHOi pa3padoTKu
YTOJBHBIX MECTOPOXKACHUH W COOMIONeHNEe TpeOOBaHUN TIPO-
MBIIIUIEHHOH O€30MacHOCTH OCTAaeTCs aKTyalbHOHM 3amaucit
JUISL SHEPTEeTHKH ¥ SKOHOMUKH CTPAHBI.

B mepuox ¢ 1993 mo 2023 rox B yronpHBIX maxTax Kazax-
CTaHa MMPOU30IIII0O MHOXKECTBO KPYIHBIX aBapHii, CBI3aHHBIX
CO B3PBIBAMHU METaHA, BBIOpPOCAMH YISl U Ta3a U MOXKapaMH,
YHECIINX >KN3HU COTEeH ropHAKoB. K Hanbonee Tparndeckum
otHOcsATcs aBapun 2004 1. Ha maxte «laxtuackass» (23 mo-
rubmmx), 2006 roma Ha maxte uM. JlenuHa (41 moruOmmii)
n 2023 1. Ha maxte uM. KocTeHko, rie mpu B3phIBE MeTa-
HOBO3IYIIHOW cMecu moruomu 46 denosek [1]. OCHOBHBIM
crmoco0oM OOpBOBI ¢ METAaHOM SIBJISETCS TPOBETPHUBAHUE
TOPHBIX BBIPAOOTOK, 0OeCIeuynBalonIiee MoAepKaHnue JT0My-
CTHMBIX KOHIIEHTpanuii raza. OJTHaKO CyIIECTBYIOIINE MEPHI
YaCTO OKA3bIBAIOTCS HEMOCTATOYHO 3(h(hEeKTUBHBIMH, YTO 00-
YCIIaBINBAET HEOOXOAMMOCTH COBEPIICHCTBOBAHHUSI METO/IOB
YIPaBJIEHUS Ta30BbICICHIEM, MOHUTOPHHTA METaHA U pa3-
paboTku Oojee HAAEKHBIX CXEM HMPOBETPHUBAHUS BBIEMOY-
HBIX Y9acCTKOB.
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Bompocam npoBeTpHBaHUS YIOJIBHBIX IIAXT IIOCBSALIECHO
S3HAYUTCIIbHOC KOJINMYECCTBO HAYYHBIX HCCHGHOB&HHﬁ, YTO CBs-
3aHO C HEOOXOAMMOCTBIO TIOBBIIICHHST HA/IE)KHOCTH 1 3P heK-
TABHOCTHU BCHTUWIAIIMHU TOPHBIX BI)Ipa6OTOK u O6eCHe‘IeHI/IH
0e30MacHOCTH TOPHBIX paboT. OCOOEHHO aKTUBHO JaHHAas
npoOneMarrka nu3ydaetrcs B Kurtae. AHamu3 myOmuKariuii mo
BeHTW I axT 3a 2010-2023 rojpl, TpeJCTaBICHHBIA B
pabote [2], moka3bIBaeT STalbl CTAOMIBHOTO Pa3BUTHS, 3a-
MEJUICHHOTO pOCTa M TIOCIEAYIOLIEro OBICTPOro IMoAbeMa
uccnenoBannii. OCHOBHbBIE HAaIpaBIEHUS PAaOOT CBS3aHBI C
MOACIINPOBAHUEM BO3JYIIHBIX ITIOTOKOB, FaSO}IHHaMHKOﬁ " Co-
BEPILECHCTBOBAHUEM CHCTEM YIPaBICHUS BeHTWIALMEH. Taxk,
B HccienoBaHusx [3—5] pa3zpaboTaHbl TpEXMEpHBIE MOJIENIN
BEHTWIALIMOHHBIX CETEeH, METOAbl paclpe/eleHusl pacxoia
BO3ayXa, YCTpaHCHUA YTCYCK, MOBBIMICHUA TOYHOCTU HU3ME-
PEHUIl CKOPOCTH BO3IyXa, a TaKXKe IKCIEPUMEHTAIBHO IOJ-
TBEpKeHA (P PEKTUBHOCTD YBEINYCHHS IOIa4H BO3yXa JUIs
CHM)XCHHS KOHUCHTPpAIIUU ra3a B O4YUCTHBIX 3a6091x.

CoBpeMeHHbIE HCCIIeIOBAaHHS OPUEHTHPOBAHBI Ha BHE/PE-
HHE LU(PPOBBIX W HMHTEIUICKTYallbHBIX DPEHICHHH, BKIIOYas
JUCTAaHIMOHHOC YIIPAaBJICHUE BeHTHJ’IHHHeﬁ, IIPUMEHCHUC J1aT-
YHKOB U METOJIOB MCKYCCTBEHHOTO WHTEIUIEKTA JUIsl aHaIn3a
JIAaHHBIX B peajbHOM BpeMeHH [6—8]. DTo mo3BosseT omnepa-
TUBHO KOPPEKTHPOBATH PACIPENEICHUE BO31yXa, BBIABIATDH
ONacHbIC 30Hbl M CHMKATh PUCK TEXHOTCHHBIX aBapuil. B pa-
Oore [9] mpemIokKEH CUCTEMHBIH PUCK-OPUEHTHPOBAHHBIN
HOJIXOJ K CHM)KEHHIO aBapUMHOCTH Ha OCHOBE MOJEIHNPOBa-
HUS a9POJIOTHYECKON U ra30BOI 0OCTAaHOBKY U aHAJIH3a Mpe/I-
BCCTHUKOB B3PBIBOOIIACHBIX COCTOSIHUH.
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HecMoTpst Ha HanuuKe 11eJI0ro psifia HaydyHBIX HCCIIEN0Ba-
HUI B 00JIaCTH LIAXTHOM BEHTWISALMH, TPUMEHEHHE HHHOBA-
LMOHHBIX TEXHOJIOTHH B MPOBETPUBAHUM NPOOJIEMa CHIKE-
HUSI PUCKOB B3PBIBOB METaHa B YrOJBHBIX IIAXTaX BCE €lIe
He peurena. OneHKa, yIpaBieHne U CHU)KEHHE PHUCKa B3pbIBa
METaHOBO3/lyLIIHOW CMECH Ha BBHIEMOYHBIX Y4acTKax sIBJISET-
Csl COCTaBHOM YacCThIO CHCTEMBI YIIPABJICHHS TPOMBIIIICHHON
0€30I11acCHOCTH IAXT U MPEJICTABISIET COOOW OIHY U3 IIPUOPH-
TETHBIX HAY4HBIX NpoOieM. Bmecte ¢ Tem mpobiiemMbl yCToii-
YHBOTO MPOBETPUBAHMSI BHIEMOYHBIX Y4aCTKOB U MPEIOTBpa-
LIEHUs JIOKAJIbHBIX 3ara3upOBaHUI B OYMCTHBIX 320051X, 0CO-
OEHHO NIPH MPSIMOTOYHON CXEME MMPOBETPUBAHMS U HATUIUU
BbIPa0OTaHHOTO MTPOCTPAHCTBA JIaBbl, OCTAIOTCSl HEJO0CTATOY-
HO M3YYEHHBIMH, YTO ONpEJeIsieT He0OXOAUMOCTh pa3padoT-
ku 3QHEKTUBHBIX a9POANHAMHYCCKUX CIIOCOOOB YIIPABICHUS
METAHOBBIJICJICHUEM M BEHTWISLIHOHHBIMU PEXHMaMHU Bble-
MOYHBIX yYaCTKOB.

Jlis perieHus Hay4HOM MPoOIEeMBl B CTaThe MPEAJIOKEH U
HayyHO OOOCHOBAH a’dpOJMHAMHYECKMH METOJ| YIpaBICHHS
BEHTWJISIIMOHHBIM PEKMMOM BBIEMOYHOT0 y4acTka. Ero npus-
LUIYaIbHass HOBU3HA 3aKJII0YACTCsl B ONTUMMU3AIMU T1apame-
TPOB M30JISILIH BEIPAOOTAaHHOTO IPOCTPAHCTBA JIABBI KAK KIIFO-
4yeBoro (hakTopa peryJupoBaHMs Bo3ayxopacipeieneHus. Pe-
QJIN3aIMsl 3TOTO MOAX0/Ia MO3BOJISIET IIOBBICUTH YCTOWYHBOCTh
[IPOBETPUBAHMUS, CHU3UTh PUCK JIOKAIBHBIX 3ara3upOBaHUN U
obecrieunTh Oe30IacHbIe YCIOBHUS BEACHHSI OYUCTHBIX PadoT.

MeToab! HccIe10BaHUS

HccnenoBanue BBITOTHEHO € NPUMEHEHHEM KOMILIEKca
AQHAJIUTUYECKUX, HAaTypHBIX M PAcueTHHIX METONOB. B xoze
HCCIIEIOBAaHUN TIPOBEJCH aHAJIN3 HAyYHO-TEXHUYECKUX IIy-
OMKalMii 1 HOPMAaTHBHBIX JJOKYMEHTOB [0 BOIIPOCAM ITPOBE-
TPUBAHUS BBIEMOYHBIX YYaCTKOB M YIPABIECHUS METaHOBBIIE-
JICHUEM TPHU NPSMOTOYHON CXeMe MPOBETPUBAHMUS.

HartypHble nccrenoBaHus OCHOBBIBAINCH HA aHAIM3E JIaH-
HBIX O COCTOSIHUM a’pora3oBoil OOCTaHOBKH BBIEMOYHOTO,
MOJTyYeHHBIE B XOA€ HATYPHBIX TI'a30BO3MYIIHBIX M JEMpec-
CHOHHBIX ChEMOK B OYHMCTHBIX 3a00s1x naB 45K, —3 n 43K,—3
mraxtel uM. Koctenko Kaparanaunackoro yroiasHoro 6acceiiHa.
COO0p aHHBIX MPOBOJMJIICS B COOTBETCTBUH C TPEOOBAHUSIMU
MIPOMBILIICHHON 0€30I1aCHOCTH M METOIMKAMU I'a30-BO3LyII-
HBIX M JICIPECCHOHHBIX CheMOK. IIpu mpoBeneHun ra3o-Bo3-
JYUIHBIX ChEMOK B OMOPHBIX TOYKaX MCCIEIYEMbIX 30H (HK-
CHPOBAJINCH 3HAYEHHSI TaKUX rapameTpoB kak C — oObeMHOe
Cofiep)KaHHEe MeTaHa B BO3AyXxe (%), CKOPOCTb JBMKEHHS
BO3yIIHOrO TI0TOKa V (M/c) v pacxon Bosayxa Q (m/c). Tlpu
MIPOBE/ICHUH JETIPECCHOHHBIX ChEMOK B JIOTIOIHEHHE K 3aMe-
PEHHOMY pacxoaiy Bo3ayxa (, 3aMepsuIMch MOTepH Hamopa h
(0alla) mexay Toukamu. [l M3ydeHHsl MEXaHHM3Ma 3ara3u-
pOBaHMsI, yTeYeK BO3yXa uepe3 OOpYyLICHHBIH MacCHB M WX
[IPUTOKOB B MOJJICP)KUBAEMYIO BEHTHIISILIMOHHYIO BBIPAOOTKY
3aMepbl MPOBOAMIIKMCH B HATYPHBIX YCJIOBHSX JEHCTBYIOLINX
1axT. 30Ha 3ara3upoBaHUs PacCMaTPUBAIACh B TPEXMEPHOMH
cucreme koopauHat (X, Y, Z), rae Touka 0 Ha mo4se B paifo-
HE CONPSDKEHMs] JIMHUM OYUCTHOTO 320051 M CTEHKH HOAJEp-
KUBAEMOM BEHTWIALMOHHON BBIPAOOTKH CIyXHJIa HA4aJIoM
koopauHat. Ock Y HampasieHa B10Jib 32005, 0Ch Z — MEPIICH-
JUKYJISPHO IUIOCKOCTH 3aJIeTaHUs IUIacTa. YYHUTHIBAs, 4YTO
HauOoJee ornacHas ra3oBasi CHUTyauust OpMHUpYeTCsi y TPyAu

OYHMCTHOTO 320051 B BEPXHEH €ro 4acTh, U3MEpeHHEe KOHIICH-
Tpauu MeTaHa npoBoAminuch Ha paccrostauu 0,05 m — 0,1 M
OT rpynu 32005t 1 2,2 M — 2,5 M OT IIOYBBI OUYMCTHOI'O 32004
M3mepenus copepkaHusl MEeTaHa 10 yKa3aHHOM JMHHUM TIPO-
BOJIMJIMCH Ha ydacTke paBHOM 50 M — 60 M OT compspKEHHs
OYHCTHOM BBIPAOOTKH C TIOJ/ICPIKMBACMOH BEHTHIISILIMOHHOH C
I1aroM U3MepeHus 3 M — 5 M.

Jna anamusza pacmpereneHus BO3AYLIHBIX ITOTOKOB HC-
MOJIb30BAJIOCh YMCIIEHHOE MOJICNIMPOBAaHME HAa OCHOBE KBa-
3HCETEBOM MOJIENM BBIEMOYHOIO Yy4yacTKa, I03BOJISAIONIEE
OLIGHUTH BIMSHUE H3O0JIIIMM BBIPAOOTAaHHOIO NMPOCTPAHCTBA
Ha adpora3oMHaAMHUYECKYI0 CUTyaluio. JloCTOBEpHOCTh pac-
YEeTOB MOATBEPXKAE€HA POU3BOACTBEHHBIMH SKCIIEPUMEHTAMU
IO M30JISILIMU BBIPAOOTAHHOT'O MPOCTPAHCTRA JIABBI U TIOCIIELY-
IOLIUMH KOHTPOJIBHBIMU U3MEPEHUSMHU.

PesyabTarhl ucciieoBaHusA

B KaparananHckom OacceliHe TeXHOJIOTHH BHIEMKH YTOJIb-
HBIX IUIACTOB C NPSIMOTOYHOM CXEMOH IpPOBETPUBAHUS Ha
MOJIEP’KUBAEMYI0 BEHTUISIIMOHHYIO BBIPA0OTKY MO3BOJISIOT
3HAUUTENIBHO YBEINYMBATh HAPY3Ky Ha OYHMCTHBIE 3a00H, CO-
Kpaiiarb 00beM M 3aTpaThl Ha IOrOTOBUTENIbHBIE BBIPAOOTKH,
MUHHMH3UPOBATh NMOTEPH YIUI B MPUCEUHBIX LIEJINKAX, & TaK-
)K€ Cco3AaBarh Oe30IacHbIC YCJIOBHUS JUIsl JIOKaJIM30BaHHOIO
cOopa W yjnajeHus METaHa [0 MCTOYHHKAM €ro BbLICICHHS.
VYTeukn BO3[yXa U3 OYMUCTHOTO 3a00si CYIIECTBEHHO BIIUSIOT
Ha ra3oBbIii OajiaHC BbIEeMOUYHOro yuactka. C OJHOH cTOpO-
HBI, 4aCTh METaHa Ojarojapsi yreukaM MHHYET JOOBIYHBIN
Y4acTOK U yJalsieTcsl Ha IMOJACP)KUBAEMYIO0 BEHTUISIIMOH-
HYIO BBIPaOOTKY, C JAPYroil — yMEHbIIACTCS 00bEM BO3/yXa,
Y4acTBYIOIIETO B MMPOBETPUBAHHUHU JIABBI, YTO MOBBIIIACT PUCK
3ara3upoBaHus pu3adoiiHoro npocrpancTsa. MccnenoBanus
a’pPOIMHAMUKY BHIPAOOTaHHBIX MPOCTPAHCTB TOKA3aJId, 4TO
IIPU TPSMOTOYHOM CXeMe MHPOBETPUBAHUS C MOJCBEKECHU-
€M CTpyH BO3JlyXa BO3HHUKAIOT OCOOCHHOCTH (POPMHPOBAHMS
yTedeK: onacHasi MO KOHIEHTpAIlMd MeTaHa 30Ha BO3HHUKAET
B MECTaxX BBICOKOH BO3JyXOIPOHHIIAEMOCTH BBIPAOOTAHHOTO
MPOCTPAHCTBA JIaBbl, 0COOCHHO OKOJIO TOYKH B3aUMOJICHCTBHS
OCHOBHOTO ITOTOKA BO3/1yXa I10 JIaBe U MOJCBEKAIONIEH CTPYH,
M0/IaBaeMOM 4epe3 MPHIIeralollylo BbIPAaOOTKYy K OYUCTHOMY
3a0010.

CocTosiHME MOAJIePKUBAEMON BEHTHIISIIMOHHON BBIPAOOT-
KM OKa3bIBAaeT KIIIOUEBOE BIMSHHUE HA a9POra30JMHAMUKY BBI-
eMOYHOro yuacrtka. IlonBepkeHHass A€MCTBUIO TOPHOTO JaB-
JICHUs] ¥ OOpYILIEHHUS TIOPOJl, OHA UCIIBITHIBACT Ae()OpMAIHIO
KpeNnu ¥ YMEHbBIIICHHUE MONEPEYHOro CEUYCHHs B 30HE MEePBUU-
HOM MOCAJKN KPOBJIH, YTO TOTMOJIHUTEIBHO BIUSIET Ha paclpe-
JieJIeHUe MTOTOKOB BO3yXa M METaHa.

UccnenoBanusamu [10], npoBeneHHsiMu Ha maxtax Kapa-
raHJAMHCKOrO OacceliHa, yCTaHOBIICHO, YTO YIEIbHOE adpo/Iu-
HAaMUYECKOEe COINPOTHUBIIEHHE TaKHX BBIPAOOTOK MOXET BO3-
pactarb 10 40 pa3 U MPUBECTH K M3MEHEHUIO HANPaBICHUS
MOTOKa BO3/JyXa B NPH3a00HHOM MPOCTPAHCTBE JIaBbl M 00-
pazoBanuto B 10—30 MeTpax OT CONpsDKEHUS JIaBbl C MOIEP-
JKMBAaEMOI BEHTWISIIHOHHOW BBIPAOOTKOW 3aCTOMHOI 30HBI
C TIOBBIIIEHUEM Ccofep)kaHus MeTaHa. [lognepikaHue BEHTH-
JSIIMOHHOM BBIPAOOTKM B HOPMaJIbHOM COCTOSIHMH C OJHO-
BPEMEHHBIM YBEIIMUCHUEM COIPOTHUBIICHUSI BBIPAOOTAHHOTO
MPOCTPAHCTBA JIABbI SIBJISICTCS BAYKHBIM MOMEHTOM B CTaOMIIH-
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3al[K I'a30BOM 0OCTAHOBKM HA BHIEMOYHOM y4acTke. Bhirosi-
HEHUE ITHX YCJIOBHH B ONpPEJEICHHON CTEIIEHH MOXET ObITh
obecrieueHo NMpu BO3BEICHUHM OXPaHHO-M30JIMPYIOIINX M0JI0C
B/IOJIb BEHTWJISILIUOHHOW BBIPAOOTKH. DTO CBUETEIHCTBYET
0 TOM, Y4TO B CHCTEME «H30JIUPYIOLINE COOPYKEHUsI — BbIpa-
00oTaHHOE MPOCTPAHCTBOY, B MPOLECCe YIPABICHUSI METaHO-
BBIJICJICHUEM ONPEJIEIISOIIasi POJb MPHHAIICKHUT U30IUPYIO-
MM COOPYKEHHSIM.

B xoze mccrienoBaHus CpaBHUBAIUCH adpOra3oBble CUTya-
1MU B JIaBe B 30He 3arazuposanus (ot 0 g0 50-60 M ot comnpsi-
KEHHs C IOJJICP)KUBACMON BEHTHIISILIMOHHON BBIPAOOTKOIN)
IPU Pa3IMYHBIX PEKUMaX PEryJMpOBaHHs IPOBETPUBAHMUS,
TaKuX Kak:

a) 6e3 npoeederust Kakux-aubo MeponpusimuiL;

6) ¢ npumeHenuem NOOPLIEKU NOUEbL NOODEPIAHCUBACMOLL
BEHMUNIAYUOHHOU 8bIPAOOMKIU

8) ¢ npogedeHuem U30IAYUYU BbIPAOOMAHHO20 NPOCMPAH-
CmMea N1agvl cO CMOPOHbL NOOOEPIAHCUBAEMOL GEHMUNAYUOHHOU
svipabomku Ha yoanenue 0o 200 m om conpsiicenus ¢ 1a8ou.

YucieHHOe MOJEIMPOBAHUE €CTECTBEHHOTO pacrpesesie-
HUSI TIOTOKOB BO3/lyXa B Y4acTKOBOHW BEHTHJISILIMOHHOW CETH
OBUIO OCYIISCTBICHO Ha 0Oa3e pa3pabOTaHHON KBa3uceTe-
BOM Mozenu BhleMOYHOTrO ydacTka [11]. OOiee konudecTBo
Y4acTKOB, Ha KOTOPOE JICJHIINCH JIaBbl, U OTpadOTaHHasl YacTh
Tu1acTa ObUTH MPUHSATHI OIMHAKOBBIMU JIJISI JIBYX JIaB U PaBHsI-
quck n = 10.

[To mepe moxBuranusi O4UCTHOTO 320051 HAOIIOIATIOCH 3HA-
yutenbHoe, 10 60%, yMeHbIIIEHUE CeUeHUS TOAIEPKUBAEMO
BEHTUJISIOHHOW BBIPAOOTKH 110 CPABHEHUIO C MPOEKTHBIM
ceueHneM. B cBa3u ¢ atum, no nase 45K,,—3 mpoBoamiachk
MO/IPBIBKA MOYBBI MOJICPKUBAEMON BEHTHIISILIMOHHOM BbIpa-
6otku Ha ynanenue 10 1000 M OT corpsHKEHMsI C OUMCTHBIM 3a-
6oem, 4To, OJTHAKO HE JaJl0 CYIECTBEHHOTO U3MEHEHHUS adpo-
ra30BOM cUTyaluH B o4lcTHOM 3a00e. [1o naHHbIM, MoTyueH-
HbeIM 110 J1aBe 45K —3, mpoBeeHo MOIeNnUpOBaHUEe, KOTOPOe
MOKa3aJjio, 4To Ha paccTossHUU 30 M OT CONPSDKEHUS C TTOAEP-
KMBAaeMOW BBIPAOOTKOI BO3AyX omnpokujabiBaeTcs. dakruye-
CKHE U3MEPEHUsI IOKa3aJu, 4To B rpejaenax 50 M ot conpsike-
HUsI CKOPOCTh BO3/yxa Haxomurcst B npenenax 0,1-0,2 m/c u
BEKTOP JIBMKEHHUSI CKOPOCTH 10 JlaBe 00parHblil. B npenenax
30HbI OT 10 10 30 M M0 J1aBe CKOPOCTH Bo3ayxa menee 0,1 m/c.
BekTop BHKEHHSI CKOPOCTH HE OIPEIesIsIeTCsl.

JanbHelilnee MOAEIUPOBAHUE C NPUMEHEHUEM H30JISLUU
BBIPa0OTAHHOTO IPOCTPAHCTBA JIaBbI CO CTOPOHBI HOJZEP-
KMBAaeMOW BEHTWJISIIHOHHOW BBIPAOOTKH Ha paccTosiHue 32
MeTpa u 54 MeTpa OT JIaBbl [10Ka3ajo, YTo a’porazopasi CH-
TyalMsi B JIaBe MEHsIeTCsl He3HauuTedbHO. Jliisi momydeHus
OOBEKTHBHBIX JaHHBIX O BIMSHHM H30JILMU BBIPAOOTAHHO-
r0 MPOCTPAHCTBA JIaBbl MIEPBOHAYAIILHO TIpeycMaTpUBaliach
M3OJISILUSL  TIO/IJICPI)KUBAEMON  BEHTHWIISILMOHHOM BBIPAOOTKU
yuactkamu JuinHOH 20, 40 u 60 M. OzHako oOcienoBaHue ee
(haKTUYECKOro COCTOSIHMSI Tepe]] MIaXTHBIM JKCIEPHUMEHTOM
BBISIBUWIO 3HAYMTENbHbIE JieopMaliy apOYHON KPENH U BbI-
BaJI TIOPOJBI, YTO 3aTPYJHWUIO IPOBEJCHUE H3OJSLIMOHHBIX
paboT. B CBsI3u ¢ 9THM W30S BEHTUISLIMOHHOTO IITPEeKa
B LIAXTHBIX YCJIOBHSX ObLJa BBINOJHEHA HA y4acTKax JJIMHOU
32 u 54 M, 4T0 00YCIIOBHJIO COOTBETCTBYIOIIUI BBIOOP Mapa-
METPOB MOJICIIMPOBAHUSI a9POra30BOM CUTYallU BHIEMOYHOTO
yuactka. [Ipu nanpHelnem yBelnyeHUy IpOTS)KEHHOCTH U30-
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JISIIIMU BBIPAOOTAHHOTO MPOCTPAHCTBA JIaBBI CO CTOPOHBI MO/~
JIep)KUBAEMON BEHTWIISIIMOHHOW BBIpaOOTKM 10 128 MeTpoB
BEKTOP CKOPOCTH JBHKEHHsI BO3/lyXa B JIaBE CTAOMIIU3UPYETCs
M0 BCeW AJHMHE, OJHAKO CKOPOCTh JBIDKEHMS BO3AyXa HMKE
JIOIYCTHMOTO TPeOOBaHUSIMHU 0€3011aCHOCTH MUHUMAIILHOTO
cocrasiser 0,11-0,12 m/c.

Jnst obecriedeHust CKOPOCTH JIBMIKEHMSI BO3/lyXa I10 JIaBe,
COIVIACHO TPeOOBaHMSIM IPOMBINIICHHOW OE30I1aCHOCTH, Kak
NIOKa3aJIy pacyueThl, IPOTSKEHHOCTh U30JISILIMK BHIPAOOTaHHOTO
MPOCTPAHCTBA JIaBBI CO CTOPOHBI MOIEPKUBAEMOI BEHTHIISLIU-
OHHOI1 BBIPaOOTKH JIOJDKHA COCTaBJIsITH HE MeHee 192 merpa.
CornacHO pa3pabOTaHHBIM MEPOIPHUSITUSIM [0 YIPABICHUIO
NPOBETPUBAHUEM NPOBOAMIIACH H30JISILUS  BBIPAOOTAHHOTO
MPOCTPAHCTBA JIABBI CO CTOPOHBI MOJAEPKUBAEMOI BEHTHIIS-
LUOHHOI BBIPaOOTKU. [IpOBEpOUYHBIN IKCIIEPUMEHT ITPOBOIMII-
cs crenyrommM oopazom. [Ipumbikaromas K BeIpaOOTaHHOMY
MPOCTPAHCTBY JIaBBI YaCTh MOAEPIKUBAEMON BEHTUIALIHOHHOM
BBIPAOOTKH OT TIOYBBI JI0 CEPEANHBI BEPXHSKA apOYHOM Kperu
M30JUpoBaiach Ha npoTshkeHur 200 MeTpoB OT JiaBbl. B kaue-
CTBE M30JIALMH IPUMEHSUICS BO3TyXOHEIPOHUIAEMBIN MaTepu-
a1 (BeHTHJIALMOHHAs TpyOa, nonuaTriieH). [lomockl Marepuaa
KPEIUIUCh K JICMEHTaM CETUYaTOM U KeIe300€TOHHOMN 3aTsKKH
MEXKIy paMaMH KPEMH, CTBIKU YIUIOTHSUTHCE.

ITocne mpoBeneHus U30ISIMU MOAECP)KUBAEMON BEHTHIIA-
IIUOHHOHN BBIPAOOTKH MPOBOJMINCH KOHTPOJIBHBIE H3MEPEHUS
CKOPOCTH JIBIKEHHUS M KOJIMYECTBa BO3/AyXa IO JaBe W IMOJ-
JepkuBaeMol BeipaboTke. Ha puc. 1 npencrasieHsl JaHHbIE O
BJIMSTHUU PA3JIMYHBIX CIIOCOOOB yIPaBJICHUsI IIPOBETPHBAHIEM
naBel 45K,,—3. AHanoru4Hble UCCIIEIOBaHUs, MPOBEICHHbBIE
quia naBsl 43K,-3, mokaszansl Ha puc. 2. AHaJIN3 MOTYYEHHBIX
pe3yJIbTaToOB JJIEMOHCTPUPYET, YTO 30HA 3ara3upoBaHus B 00e-
UX JIaBaX UMeeT MPOTHKEHHOCTh 0Kouto 30 M U pacrionaraeTcst
B uHTEpBase oT 13 10 40 M OT cONpsHKEHUS JIaBbI C MOJIEPIKU-
BaeMOM BEHTWIALIMOHHOM BHIPAOOTKOM. DTH JJaHHbIE TI03BOJISI-
10T C/IeaTh BBIBOJ O CXO)KECTH XapaKTepa 3ara3upoBaHUS B
paccMarpuBaeMbIX BIPAOOTKAX.

c% 3

—— 63 MeponpuATHA
—— NpK NOAPbLIBKE NOYBHI

NPy M30AAUMM

Puc. 1. I'paduxn u3meHeHnii KOHUEHTPALUIl MeTaHa B
04ucTHOI BhIpadoTke 45K10-3.
Cyper 1. 45K10-Z Ta3anay Ka3doacbIHAaFbI METaH
KOHIEHTPALUSICHIHBIH 03repy rpagukrepi.
Figure 1. Graphs of changes in methane concentrations in
the 45K10-W working face.

IIpu mpoBeneHWH TOAPBHIBKU TIOYBHI B IOJICPKUBACMOI
BEHTIIAIIMOHHON BEIPAOOTKE 30HBI 3ara3upoBaHHS B JIaBe
45K,—3 ymenpmmiuch 10 20 M, IpU 3TOM KOHLIEHTpALUs
raza ymenpmmiace ¢ 2,4% no 1,5%. B nase xe 43K,—3 30Ha
3ara3upoBaHUS MMPAKTHICCKU HE U3MCHMIIACH, OTHAKO MaKCH-
MaJibHasl KOHUEHTpaLus MeTaHa nonusuiacs ¢ 2,2% no 1,8%.
OTHOCHTENBFHO CJIa00e BIMSHUE IMOIPHIBKK TIOYBHI IOIICP-
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6e3 MmeponpuaATUid

NPy NoApbIBKe MoYBbI

1 npy U301AUMK

Puc. 2. I'padpuku u3MeHeHUI KOHLIIEHTPaLMii MeTaHa B
04HCTHOI BhIpadoTke 43K,-3.
Cypert 2. 43K,—Z Ta3anay Ka3d0acblHAaFbl MeTaH
KOHIIEHTPALUSICHIHBIH 03repy rpaukTepi.
Figure 2. Graphs of changes in methane concentrations in
the 43K,—W working face.

YKMBAaEMOHM BEHTWISLIMOHHOW BBIPAOOTKM BO BTOPOM Cllydae
MOXHO OOBSICHUTH OoJiee BBICOKOH MPOHHUIIAEMOCTHIO BBIpa-
6oranHOTO TIpOCTpaHcTBa JaBbl 43K,—3.

[Ipn w30 BBIPAOOTaHHOTO IPOCTPAHCTBA JIABBI CO
CTOPOHBI TIOJICP’KMBAEMOI BEHTHIISILIMOHHOM BBIpAaOOTKH Ha
paccrosnue 10 200 M OT CONpsKEHUs C JaBOM 30HA 3arasu-
poBaHMs B 00OMX CIydasiX MPAaKTHUECKH OTCYTCTBOBAJA, YTO
BUJIHO W3 NPUBEJCHHBIX TpadukoB Ha puc. | u 2. Cuenyer
TaK)Xe OTMETHTB, YTO TIOCJIC MTPOBEJACHUS N30SI BBIPaOO-
TAHHOTO MPOCTPAHCTBA JIaBbl CO CTOPOHBI MOAAEPKHUBAEMON
BEHTWISIIMOHHOW BBIPAOOTKM, KaK OIHOTO W3 MEPONPHSITHH
10 YIPAaBJICHUIO IPOBETPUBAHUEM, 30HBI CHIIBHOTO 3ara3upo-
BaHUs, MPOTSKEHHOCTBIO OT 8§ M 10 10 M, MMeBIIME MECTO B
o0enx J1aBax, MPaKTUYECKU OTCYTCTBOBAIIH.

Takum oOpazom, aist obecrieueHnst TpeOOBaHNI MPOMBIIII-
JIeHHOW 0e30MacHOCTH MO COJACP)KAHHIO METaHa HEOOXOIMMO
TIPOBOJIUTH MEPOTIPHUSTHS TI0 U3OJISLIUH BHIPAOOTAHHOTO ITPO-
CTPAHCTBA JIaBbl CO CTOPOHBI MOJAECPKUBAEMBIX BEHTWIISALU-
OHHBIX BbIpaboTOK. Hambosnee ymoOHOH KOHCTpyKumeH uist
H30JIUM BBIEMOYHOTO MPOCTPAHCTBA SIBISIETCS MEPEHOCHAs
M30JIMPYIOIIasl CTEHKa M3 TMOKOTO BO3yXOHEIPOHHUIIAEMOTO
Marepuasa, IMEIOIIEro yCTPOUCTBa (MKCAIMHU ITOH N30IHPY-
IOIIEH CTEHKH Ha IEMEHTaX FTOPHOM KpemnH.

OO0cy:xneHne pe3yJibTaToOB

P€3YJ'ILTaTI>I HUCCJIICAOBAaHUs ITOKA3bIBAKOT, 4YTO 3(1)(1)CKTI/IB—
HOCTBb H3O0JIIIUH BLIpa6OTaHHOl"O MMpOCTpaHCTBa JIaBbl CO
CTOPOHBI HOZ[I[Cp)KI/IBaeMoﬁ BeHTHJ’[HIIPIOHHOﬁ BI)Ipa6OTKI/I 00-
YyCJIOBJICHA BO3)1617ICTBI/I€M Ha OCHOBHOU OyTb YTCUCK BO3AyXa.
IloBEImcHHE A3pPOAUHAMUYCCKOI0 COITPOTUBJICHUSA IEPECTOKAM
obecreunBacT NnepepacnpeaciicHue BO3AYIIHBIX IMOTOKOB B

MOJIb3Y OYUCTHOTO 3a00sl, CTAOMIM3AI[MI0 BEHTHJISIIMOHHON
CTPyH U yCTpaHEHHE 30H OIIaCHOIo 3arasupoBaHusd. B omiu-
YKe OT MOJAPBIBKY TIOYBBI MOAJIEP)KUBAEMON BBIPAOOTKH, U30-
Jsiuust 00ecneYrBaeT yCTONYMBBIA BEHTHISIIMOHHBIN PEXUM
pu npotskeHHocTH He MeHee 190-200 .

[IpenMyiecTBOM HCCIETOBAHUS SBISETCA KOMILIEKCHOE
MIPUMEHEHNUE HATypHBIX a30-BO3AYIIHBIX M JEMPECCHOHHBIX
CBEMOK COBMECTHO C YHCJICHHBIM MOAEIHPOBAHUEM, UTO TO-
3BOJIMJIO KOJIMYECTBEHHO OOOCHOBATH MapameTphbl U3OJISLUH
Juist yciioBuil maxt KaparanamHCKOro yroipHOro OacceiiHa.
OrpaHu4yeHHs CBSI3aHbI C MIPUBA3KOM Pe3yabTaTOB K KOHKPET-
HBIM TOPHO-TEOJOTMYECKHM YCIOBUSAM M HCIIOIb30BAHUEM
KBa3uceTeBOU Mozenu. IlepcnekTuBbl gaJbHENIINX UCCIEN0-
BaHUH 3aKIIOYAlOTCAd B YTOYHEHHWHU MapaMeTPOB H3OJALUH C
YYETOM M3MEHEHHS I'a30HOCHOCTU M IIIyOMHBI pa3padoTKH, a
TakKe MHTETpalliy a3pOAMHAMHUYECKHUX METONOB C CHCTEMa-
MU JIera3aluy U aBTOMaTU3MPOBAHHOTO MOHUTOPHUHTA.

3aki04eHue

HartypHsle uccnenoBaHust U pe3ynbTaThl YUCIEHHOTO MOJIe-
JUPOBAHUSA MOKA3aIM, YTO TAKHE MEPOMPUATHS, KaK MOAPBIB-
Ka [0YBBI MO/JIeP)KNBAEMON BEHTHIISILIMOHHOM BBIPAOOTKH, HE
00eCIICYMBAIOT YCTOHYUBON CTAOMIM3AIIMN BEHTHIISIIHOHHOTO
pexuMa U B psiJie CIydaeB CIIOCOOCTBYIOT YBEIHUCHHIO yTe-
4yeK BO3JyXa uyepe3 BblpaboTaHHOE IpocTpaHcTBo. Hambosee
3 PEKTUBHBIM CIIOCOOOM YIIPABJICHUS a3POra30BOi CUTYyaIlU-
eil sABIsieTCsl N30JSILMST BBIPAOOTAHHOTO TPOCTPAHCTBA JIABBI
CO CTOPOHBI MOAJICPKHUBAEMON BEHTUIIALIMOHHOW BHIPAOOTKH,
MO3BOJISIIOIAsl CHU3MTh YTEUKH BO31yXa, CTaOWIIM3UpPOBAThH
HalfpaBJIeHHE U CKOPOCTb BO3YIIHOTO MOTOKA B JIaBE U MpakK-
TUYECKH YCTPAHUTh 30HBI OMTACHOTO 3ara3upOBaHMUs.

YcraHoBiieHo, uTO Juisi oOecrieueHHs: TPeOOBaHMEH Mpo-
MBIIIUICHHON 0€30IaCHOCTH 110 MUHUMAIbHON CKOPOCTH JIBHU-
JKEeHHS BO3/1yXa M JIOMyCTHUMOMY COJCPKAHUIO METaHa MPOTH-
JKEHHOCTh M30JISIIMHU BBIPAOOTAHHOTO MPOCTPAHCTBA JIOJDKHA
coctaBATh He MeHee 190-200 M OT compspkeHHs JIaBbl C
MOJIICP)KUBACMO BEHTUJISIIIMOHHON BhIpaboTkon. [Ipous-
BOJICTBEHHBIE JKCIIEPHUMEHTH! MOATBEPIMIN JOCTOBEPHOCTh
pacyeTHBIX U MOJAEIbHBIX JaHHBIX. [loyueHHbIE pe3yabTaThl
MOT'YT OBITh MCIIOJIb30BaHBI MPH MPOSKTUPOBAHUU M IKCILTY-
aTalliy BBIEMOYHBIX YYaCTKOB YTOJBHBIX IIAXT C MPSIMOTOY-
HOM CXEMOH IPOBETPUBAHUSA JUJIS IIOBBILIECHUS YCTOMUUBOCTH
BEHTUIISIMH, CHU)KEHHSI PUCKa 00pa30BaHusl B3pPbIBOOIIACHBIX
KOHIIEHTpAIMi MeTaHa 1 o0ecredeHusl OE30MacHbIX YCIOBHN
TpyAa TopHOpabOYHX.
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TPEBOBAHUS K O®OPMJIEHHUIO U YCJIOBUS IIPEJOCTABJEHUS CTATER
B PelaKIUI0 NePUOANYECKOro neyaTtnoro u3aanus «lopubii xxypHaja Kazaxcrana»

1. «T'opHblii :kypHaa Kazaxcrana» NpMHUMAaeT K NyOJIMKAIMU OPUTHHAJIbHbIE CTAThbU HAYYHOI'0 U HAYYHO-TEXHUYECKOI0
CO/lep:KaHusl, OTPAKAIOLIME Pe3y/abTaThl HCCIeJ0BATENbCKO M HAy4YHOH JesiTeJbHOCTH, HMeEIOLIUE PEeKOMEeHJAUHH K
NPaKTHYeCKOMY NPHMEHEHHMIO pelaeMbIX BOINPOCOB, a TAK:Ke CTATHM 0030PHOI0 XapakTepa, OTBeYalolHe KPHTEPUSM
NepBUYHOI HAYYHO# myOauKkanuu (OJHBIN IepedeHb pyOpUK yKa3aH Ha caiite minmag.kz).

2. OcHOBHBbIE TPeOOBAHUS K CTAThAM, IPEACTABJIECHHBIM /Il MyOJHMKALMH B KypHaJie:

= Ha0Op CTaThU MPOU3BOIUTCS B TEKCTOBOM penakrope Word mpudrom Times New Roman 12 kernem ¢ oy TOpHBIM HHTEPBAIOM;

= 001IHiT 00bEM CTATBhH, BKIIOYAsi PUCYHKH, TAOIMIIbI, METAaJaHHBIC HE TOJDKCH IIPEBBIIIATh 8 EYaTHBIX CTPAHUILL;

* cTaThH (32 UCKIIIOYCHHEM 0030pOB), TOIKHBI COIEPKATh HOBBIC HAyUHBIC PE3y/IbTaThI;

* cTaThs JOJDKHA COOTBETCTBOBATh TeMaTHKE (CM. 1. 1), HAy4YHOMY YPOBHIO )KypHaJa;

* CTaThs JOJDKHA OBITH 0()OPMIICHA B IIOJTHOM COOTBETCTBHH C TPEOOBAHUSMH, OTPAKCHHBIMH B 1. 3

* cTaThs MOXKET OBITh IIPE/ICTABICHA Ha Ka3aXCKOM, PYCCKOM HJIM aHITIMHCKOM SI3BIKE;

* B PEIAKLHUIO MPEACTABISICTCS OKOHYATENIbHBIN, TIIATEJbHO BbIBEPEHHbINI BAPMAHT CTAaTbhH, UCKIIIOYAIONINH HEOOXOIUMOCTh
MOCTOSIHHBIX JOPaOOTOK TEKCTa Ha JTAlax M34aTeIbCKOr0 IIPOLEcca;

* r1epe] OTIPABKOil CTAaTbU B PEIAKLHUIO JKypHaJIa aBTOpaM HEOOXO0IMMO HPOBEPUTH TEKCT Ha MPEIMET OTCYTCTBHSI IUIaruara.

3. CTpyKTypa cTaThH JOJDKHA COICPIKATh CICAYIONINE Pa3aCIIbl:

= xon MPHTU (I'PHTU http.//grnti.ru/?pl=>52) — mieCTU3HAYHBIN;

* Ha3BaHHUE CTAThbU (COKPAIICHUS HE TOIYCKAIOTCS, HE MOIYCKACTCs HCIIONb30BaHHWE a0OpeBHATYp M (OpMYI; MaKCHMalIbHOE
komuecTBo cioB 10-12) nmomkHO OBITH WH(OPMATHBHBIM, COOTBETCTBOBAaTH HAyYHOMY CTHIJIIO TEKCTa, COACP)KATH OCHOBHEIC
KIIIOUCBBIC CJIOBA, XapaKTepH3yloliue TeMy (IpeaMeT) HMCCIICAOBaHUS U COJepKaHue paboThl, NMPEIOCTABISICTCS Ha Ka3aXxCKOM,
PYCCKOM U aHIIMMCKOM SI3bIKaX;

* MHUIMAJIBI 1 (paMUIINK aBTOPOB; CTaThs JI0JDKHA UMETh He Oosiee 4 aBTOPOB; 3HAKOM «*» YKa3bIBACTCsl aBTOP-KOPPECIIOH/ICHT;

* CBEJICHHSI O Ka)KIOM aBTOpe (Y4eHasi CTCIICHb, yUCHOE 3BaHHE, JOJDKHOCTh, MECTO OCHOBHOM pabOThI, FOPOJI, CTPaHa, KOHTAKTHBIC
naHHbIe (aapec 2nekTpoHHOM mouTer), ORCID ID) npenocTaBisroTcs Ha Ka3aXCKOM, pyCCKOM U aHTJIMHCKOM SI3BIKAX;

* IOJTHOE HA3BaHUE OpraHU3aIuu (-if), Tae paboTaroT aBTOPHI (C YKa3aHHEM BEIOMCTBEHHOW NMPUHAJIC)KHOCTH);

* QaHHOTALIMS B COOTBETCTBHUHU C TPEOOBAHUSMH MEKIYHAPOAHbBIX 6a3 TaHHBIX JOJDKHA JOCTATOYHO MOJIHO PACKPBIBATH COJICPIKAHNE
CTaThH, BKIIOYAS XapaKTCPUCTUKY OCHOBHOH TEMbI, NMPOOJeMbl OOBEKTa, LEIHM HCCICJOBAHHS, OCHOBHBIC METOJbI, PE3yJIbTaThl
HCCIICIOBAHUS | IVIaBHBIC BBIBOJbI. B aHHOTAIMKM HEOOXOAMMO yKas3aTh, YTO HOBOI'O HECET B ce0e CTaThsi B CPABHEHHUH C JIPYTUMH,
POACTBEHHBIMHM 10 TEMATHKE M IICJICBOMY HA3HAUCHHIO MarepuasaMi. AHHOTALUS NPEAOCTABISACTCS Ha Ka3aXCKOM, PYCCKOM
M aHIJIMICKOM s13bIKax 00bemoM He MeHee 700 u He 6osee 900 CMMBOIIOB;

* KJIFOUCBBIC CJIOBA B KOJIMYeCTBE 6...10 yCTOMYMBBIX CIIOBOCOYETAHUIL, 110 KOTOPHIM B JajibHEHIIEM Oy/IeT BBIIOJIHATHCS HOUCK
cratbu (COKpamleHUss U aO0peBUATyphl HE IOIYCKAIOTCS): KJIIOUEBBIC CIIOBA OTPAXKAIOT CHEHU(MHUKY TEMBbI, OOBEKT M PE3yIbTaThl
HCCIICIOBAHUS H ITPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM M aHIIMHCKOM SI3bIKaX;

* TEKCT CTaThM, COCPIKAILUI CIeIyIoNe pa3ieibl (BBEACHNUE, METOIbI/MCCIIC0BAHMS, PE3YIbTaThl, 00CYKICHHE PE3YIIBTATOB,
3aKJII0YCHHUE/ BBIBOJIBI);

* CIIMICOK MCTIOJIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yncie He MeHee 3 3apyOekHbIX He paHee 2015 rona, mpenocraBisercs: Ha
Ka3aXCKOM, PYCCKOM M aHIJIMHCKOM SI3bIKAX.

PUCYHKM nomxHE UMETh pacmupeHue rpapudeckux penakropo CorelDraw, Photoshop, Illustrator u T. m.). @otorpaduun
JIOJDKHBI OBITH MpeaesibHO YeTKuMHE B TpaduaeckoMm popmare (TIFF, JPEG, CDR) ¢ pa3pemennem He meHee 300 dpi. Bce OykBennbie
u uudpoBbie 0003HAYCHUSI HA PUCYHKaX HEOOXOAMMO IOSCHUTh B OCHOBHOM WJIM HOAPHCYHOYHOM TekcTaxX. Haiamucu u apyrue
0003HaueHHs Ha TpadUKax ¥ PUCYHKAX TOJDKHBI ObITh 4eTKuMU U Jierko yntaeMbpiMu. [IOAMNUCU K PUCYHKAM u 3ATOJTOBKHA
TABJUL OBSI3ATEJIbHBI. OhopMIIstoTcst OTIETBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM M aHITTHICKOM SI3bIKaX.

MATEMATHYECKHUE ®OPMYVIJIbI cienyer Habupats B popmyiasHOM pempaktope MathTypes Equation wnmun MS Equation,
rpedecKue u pycckue OyKBbI B popMyiax HaOUpaTh NPSIMBIM IPUGTOM (OMIIHS TEKCT), JATHHCKNE — KypPCUBOM. Q003HaueHus 6e1udun
u npocmole Popmynvl 6 meKcme u MAdGIUUAX HAOUPAMb KAK neMenmbl mekcma (a2 He KaKk 00beKThl (OPMYIBHOTO PEIaKTopa).
HymepoBars ciiesyeT TONbKO Te GOpMyIIbl, Ha KOTOPBIE €CTh CCHUIKH B MOCIEyoNeM n3noxeHun. Hymeparust popmyn ckBo3Hast.

CIIMCOK UCITOJb30BAHHBIX UCTOYHUKOB cocraBnsercss B MOPSAKE HUTHPOBAHUS U OPOPMISIETCS B CTPOTOM
coorBercTBUH ¢ [[OCT P 7.05-2008. CcpuTKH Ha TUTEPATypy B TEKCTE OTMEYAIOTCS 110 MEPE UX MOSIBICHUS MOPSIKOBEIMA HOMEpaMu
B KBaJpaTHbIX CKOOKax. CHMCOK NPHBOAMTCS Ha Ka3aXCKOM, PyCCKOM M aHIVIMMCKOM sI3bIKaX C yKa3aHHEM B CKOOKaxX OpHUI'MHaja
myonukanuu. O6paser] opopMIICHUS TUTEPATYPHl U TPAHCIUTEPALMH Pa3MEIICH Ha caiite minmag.kz.

4. YcaoBusi npuodpeTeHus JKYPHAI0B ABTOPaAMHU.

C aBrOopoM(aMH) 3aKIIOYaeTCs AOTOBOp O mproOpereHHH 10 (mecsATH) SK3EMIUIIPOB XKypHAlIa COIIACHO YCTaHOBJICHHBIM PAaCLEHKaM
Ha TEKYLIMil TOJI, KOTOpble OH(OHH) UMEIOT MPABO PACIIPOCTPAHSATH CPEAN TOPHOI oOImecTBeHHOCTH. TToce omaThl crarbs MyOIHKyeTcst B
HOMeEpE KypHaja COIIaCHO O4YCPEIHOCTH.

Topnwiir srcyprnan Kazaxcmana Ne3’ 2026



