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About Relations between Natural Gas and Oil
in Connection with Forecast of Their Reserves in Azerbaijan

A. A. FeizullaevE

Institute of Geology and Geophysics of National Academy of Sciences of Azerbaijan, Baku, Azerbaijan

Abstract: Azerbaijan is one of the oldest oil and gas provinces, where more than 2 bln tons of oil have been
extracted over more than a century. At present, the oil production is declining and mainly determined by production
from the Azeri-Chirag-Guneshli offshore block (AChG). Compared to oil, the opportunities for further growing
natural gas reserves and production are very promising. For the latest years, a number of large gas condensate
fields have been discovered in the deep-water part of South Caspian Sea, such as Shakh-Deniz, Apsheron, Umid.
There are a number of prospects that have not yet been drilled in this part of the sea basin. The paper assesses their
prospectivity, substantiates the priority exploration targets and, on the basis of the statistical analysis of the quan-
titative gas/oil ratio data for many other Azerbaijanian and world basins, an attempt is made to assess the reserves
in the prospects. The total recoverable oil reserves in Azerbaijan are estimated at 3.5 bln tons, of which slightly
above 2 bln tons have already been extracted. Based on the statistically estimated ratio between the volumes of
gas and oil in various basins of the world, including Azerbaijan, the total possible natural gas reserves in Azerbaijan
are estimated at about 4 trillion m>. This is in agreement with the other available estimates. Of this volume of
natural gas, 0.85 trillion m? has already been extracted, and the approved geological reserves are estimated at 2.55
trillion m®. Almost 83% of the extracted natural gas belonged to offshore fields. This trend will continue in the
future, and, moreover, will be strengthened due to large volumes of gas condensate accumulations in the deep-
water part of the basin. In this part of the basin, the most attractive prospects are Mashal, Shafag, and Israfil
Huseynov, total reserves of which are expected at 0.6 trillion m® of natural gas.

Keywords: sedimentary basin, gas, oil, fields, extraction, ratio, reserves, Azerbaijan
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O cooTHOMIEHNH MPUPOIHOTO ra3a U HePTH
B CBSI3U C IPOrHO30M HX 3a11aCOB B A3epOaiiKaHe

A A d)einyn.naeB

WucturyT reonoruu u reopusnku HarmonansHoit Akanemuu Hayk AsepOaiimkana, r. baky, AzepOaiimpkan

AHHOTanUsA: AsepOaii/pkaH SBIISICTCS OJHOM M3 CTapeHImx He()TEera30HOCHBIX ITPOBHUHIIMM, TJIe 3a 00Jiee YeM BEKOBOM
niepro 13 Henp 100bITo Oostee 2 Mutpa T HeTH. B HacTosiiee BpeMs 100b4a HepTH HIET Ha CIat ¥ B OCHOBHOM OTIpelie-
JsieTcst 100bI4eld U3 Mopckoro 0moka Asepu — Yupar — [Nonenm. B cpaBHeHNN ¢ He)TBIO MEPCIIEKTHBEI TATbHEHINETO
MPUPOCTA 3aI1acoB U JOOBIUM Ia3a OUeHb BRICOKUE. B nocieiHme rojip B riry0okoBoaHOM yacTu FOxxHoro Kacmus BeisiBiieH
PSIA KPYIHBIX Ta30KOHIEHCATHBIX MECTOPOXKICHHH, Takux Kak llax-/lenn3, Ammuepon, Ymun. B 3toit yactu 6acceiina nme-
eTcs psizl ele He pa30ypeHHBIX CTPYKTYP. B cBsi3u ¢ 3TUM B cTaThe OLleHeHBI MX IIEPCIEKTUBEI, 000CHOBaHBI IEPBOOUYEpPE-
HbIE TIONCKOBBIE O0BEKTHI ¥ HA OCHOBAaHHH BHITIOJIHEHHOTO CTATHCTHYECKOTO aHAT3a KOJIMUECTBEHHOTO COOTHOIIICHNSI T'a3a
1 He(pTH 110 JAHHBIM Pa3IMYHBIX OacCeHHOB/CTpaH MUpa, a Takke AzepOaiipkana IpeIIpUHSTa MOBITKA OLEHUTH 3aI1achl
B HHX Ta3a. CyMMapHbIe U3BlIeKaeMble 3arackl HeTH B A3epOalibkaHe OLEHUBAOTCS B 3,5 MIIPH T, U3 KOTOPBIX U3BJICYECHO
4qyTh Oosee 2 MiIpy T. MIcX0/s U3 CTaTUCTUYECKH BRISIBIICGHHOTO COOTHOIIEHHS MEXKTy 00hEMaMH Ta3a M HE(PTH B paziIIHBIX
Oacceiinax (cTpaHax) Mupa, BKIOUast 1 AzepOaiikaH, IPOrHO3HAas OIICHKA CyMMAapHBIX 3arlacoB rasa B AsepOaipKaHe
COCTABJISIET OKOJIO 4 TPITH M°. DTO B IIEJIOM COIIIACYETCS € CYIIECTBYIOIIMMU OLeHKaMH. V3 31010 06beMa rasa yike J100bITo
0,85 TpiH M>, a yTBEpIKICHHBIE NIEPCTIEKTUBHBIE 3aIachl ra3a OLeHUBaroTes B 2,55 TpimH M. [Toutw 83 % rasa n00bITO M3
MOPCKHX MECTOPOK/ICHHI. ITa TCHICHIS B Oy TyIIIeM He TOIBKO COXPAHUTCS, HO M OYJIET YBEIMIMBATECS O71aroapst BBe-
JICHHIO B Pa3palbOTKy KPYITHBIX TA30KOHICHCATHBIX CKOTUICHHH B TTyOOKOBOIHOM YacTH OacceiiHa. B 3Toit yactu Oaccelina
K HauOoJiee MePCeKTUBHBIM MOTYT OBITh OTHECEHBI CTpyKTypbl Marai, Hladar u Mcpadun ['ycelinos, cymmapHsie 3a-
ackl B KOTOPKIX IIPorHo3upyrores B 0,6 TpiH M rasa.
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Introduction

South Caspian Basin (SCB) of Azerbaijan, lo-
cated within the Alpine-Himalayan tectonic belt, is
a typical intermount basin. Recent structure of the
basin is controlled by the ongoing collision of the
Arabian and European (Russian) plates.

Recent geological and geophysical studies
have revealed some features being characteristic
of subduction regimes at the northern boundary of
the SCB [1]. The main structural element of this
zone is the Apsheron-Pribalkhan uplift zone, lo-
cated immediately above the frontal part of the
subduction zone. The studies showed the most fa-

vorable conditions for generation of hydrocarbons

(HC) were in place here [2]. The largest oil and
gas accumulations of the SKB continental and
offshore parts (Apsheron Peninsula and Apsheron
Archipelago) are confined to this sub-latitudinal
belt, from which more than 1.5 bln oil have been
extracted (about 75% of total oil produced in
Azerbaijan) (Fig. 1).

In the early exploration stages within the
SKB, in its continental part, oil fields were mainly
discovered; therefore Azerbaijan was referred to
as an oil province. This was for both objective and

subjective reasons.
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Fig. 1. Oil and gas potential of Azerbaijan:
1—4 — hydrocarbon deposits; / — oil; 2 — gas; 3 — gas and oil;
4 — gas condensate; 5 — prospects (exploration targets)
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The objective reason comprises three main
factors: 1) the presence of vertical zoning of oil
and gas formation; 2) phase redistribution of hy-
drocarbons in the section caused by the processes
of their subvertical-lateral movement; 3) unfavor-
able preservation conditions and significant losses
of the gas component of hydrocarbons in shallow
fields subject to intensive degassing. This ex-
plains the absence of gas fields in the upper dia-
genetic gas formation zone. This is typical for al-
most all sedimentary basins located in mobile tec-
tonic belts. More than 90% of these gases have
been lost in this belt. Commercial accumulations
of biochemical methane are known only in Italy
(in turbidite sediments of the Po river basin) and
in Western Siberia, where these gases have been
preserved due to the permafrost layer playing the
role of a seal.

The subjective reason is connected with the
lack of data on the zone oil-and-gas potential and the
phase state of hydrocarbons (HC) in the deep-water
part of the basin at the initial stage of exploration.

However, the results of further prospecting
and exploration, as well as widespread introduc-
tion of modern geological and geochemical meth-
ods for studying organic matter (OM), oil and gas
served as the basis for changing ideas about the
phase relationship of hydrocarbon resources in
the SKB. This was facilitated by:

- discovery of a number of large gas con-
densate fields, such as Shah Deniz, Apsheron,
Umid, with reserves ranging from several hun-
dred bln to more than a trillion cubic meters in the
deep-seated part of the SKB;

- identification of qualitative characteristics
of the OM of the parent Oligocene-Miocene rocks
capable of generating, along with oil, significant
volumes of gaseous hydrocarbons (about 70% of
the total generation);

GEOLOGY OF MINERAL DEPOSITS

- widespread development of mud volca-
noes in the SKB, which permanently carry large
volumes of gases to the surface during periods of
both gryphon activity and paroxysm.

By now, Azerbaijan has turned from an oil
supplier only into a major supplier of natural gas
to foreign markets. The peak of oil production in
Azerbaijan was recorded in 2010 at 51 million t.
Then, up to now, natural decline in the oil produc-
tion takes place. Further increasing the HC re-
serves is expected in connection with discovery of
mainly gas condensate fields in the central, deep-
seated part of the basin [3]. In this regard, the is-
sue of predicting gas reserves in the SKB is of ex-
ceptional interest.

Research Methods

To date, in the world, there are a huge num-
ber of classifications of oil and gas reserves and
resources. In fact, each oil-producing country has
its own classification, but there are also generally
recognized world classifications and methods for
estimating oil and gas reserves, which are used in
many countries [4].

Depending on the exploration maturity and
availability of the necessary data, different ap-
proaches and methods for estimating hydrocarbon
resources and reserves are used:

Analogy method. 1t is based on the assumption
that the reservoir under consideration is comparable
with the analogous reservoir in terms of poroperm
properties and fluid properties, which determine the
volumes of ultimate recoverable reserves.

Volumetric method. 1t is based on using
data on reservoir poroperm properties and fluid
properties for estimation of initial geological re-
serves and then determining their recoverable part
for a specific development project. This method is

used in early exploration stages.
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Material balance method. 1t is based on an-
alyzing a reservoir pressure changes while ex-
tracting HC from it. This method is applied in the
intermediate exploration stages.

Performance analysis method. 1t is based
on the analysis of the rate of extraction and phase
composition of the extracted HCs depending on
the time and the amount of accumulated extrac-
tion as the reservoir is depleted. The method is ap-
plied at the end of the field's life, when most of
the oil and gas has already been extracted, and the
field's production rate is declining.

Of'the above methods, the volumetric one is
the most commonly used.

This study provides an assessment of the pos-
sible recoverable natural gas reserves in Azerbaijan
based on statistical analysis of the ratio of proven re-
serves and production of natural gas and oil in 30
countries. In addition, the results of statistical analy-
sis of the primary values of gas/oil ratio (GOR, the
ratio of gas and oil production volumes) in Azerbai-
jani gas field for 54 continental and offshore fields
(754 data points in total) are used.

Although this statistical method cannot
claim universality, it may well be applied in the
conditions of Azerbaijan. This is due to the fact
that one of the parameters (oil reserves) is quite
reasonable and predictable in comparison with
another parameter (gas reserves). In the future,
there are no convincing prerequisites for discov-
ery of new commercial oil reserves, and further

prospects for increasing hydrocarbon reserves in

Azerbaijan are connected with discovery of ex-
clusively gas (gas condensate) fields in the SKB
deep-water part.

Research Findings

Existing estimates of recoverable oil re-
serves in SKB

The first well in Azerbaijan with a depth of 21
m was drilled for oil production in 1846 at the Bibi-
heybat area near Baku, and in 2017 the total amount
of oil production in Azerbaijan exceeded 2 bln tons.
The first bin t of oil was extracted for 125 years (by
1971), whereas the second one, for 46 years.

Current estimates of recoverable oil re-
serves in Azerbaijan are shown in Table 1.

As follows from the table, total recoverable
oil reserves in Azerbaijan are estimated at 3-4 bln
tons. However, when determining the fairest
value of the total oil reserves, a number of facts
must be taken into account. Firstly, for more than
a century of exploitation, slightly above 2 bln tons
oil have been extracted from more than 70 fields.
Secondly, at present, almost all oil fields in the re-
gion are at late stage of development and highly
depleted, with the only exception of the Azeri-
Chirag-Guneshli (AChG) mega-block, where oil
reserves are predicted to be between 511 and 923
million tons [9]. Considering that this block pro-
vides 91-93% of the country's oil [9, 10], the pos-
sible, not yet discovered oil/gas condensate re-
serves in Azerbaijan as a whole can be assumed
to be about 1.5 bln tons.

Table 1

Current estimates of oil reserves in Azerbaijan

Recoverable oil reserves, bln tons

Source

4.1

[3]

4.05

[6]

4.04

[7]

3

[8]

24 1.2%=32%*

[9]

*including estimated AChG oil reserves

**author’s estimate (produced + possible reserves)
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According to Khoshbakht Yusifzade, first
vice-president of the State Oil Company of Azer-
baijan (SOCAR), in Azerbaijan, the updated re-
coverable oil and gas condensate reserves are es-
timated at 1.5 bln tons [11], and taking into ac-
count the already extracted 2 bln tons of oil/gas
condensate, the total initially available reserves
are estimated at 3.5 bin t.

Thus, the volume of the initially available
recoverable oil reserves in Azerbaijan at 3.5 bln
tons can be taken as the most reasonable.

About relations between natural gas and
oil volumes

Analysis of data for different basins (coun-
tries). Fig. 2 presents a histogram of proved gas to
oil reserves ratio distribution for 30 countries,
drawn up based on BP data [12] (excluding coun-

tries with large gas resources).

100 —
80 —
N ]
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=] =)
3
2 40
] ot
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0
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Gas to oil reserves ratio (trillion m*/bln t)

Fig. 2. Histogram of proved gas to oil reserves ratio dis-
tribution (2014 [12]) in 30 countries

Fig. 3.

According to the presented histogram, in
slightly more than 60% of cases, the ratio do not
exceed 2 trillion m® of gas per 1 bln tons of oil,
and the average ratio is about 1.2 trillion m® of gas
per 1 bln tons of oil.

The analysis of the gas to oil production ra-
tio calculated based on the 2016 data for 35 coun-
tries [13] is illustrated in Fig. 3, which presents
the of the

The average value of the ratio is 1.1 bln m*/1 mil-

histogram ratio  distribution.
lion tons (1.1 trillion m*/1 bln tons).

Analysis of GOR data for the SKB fields.
Compilation and analysis of GOR data for fields
in Azerbaijan based large statistically significant
data array showed its values ranging 2.5-80,000.0
m>/t (1,457 m>/t on average). Histogram of GOR

values distribution is shown in Fig. 4.
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Fig. 4. Histogram of GOR distribution for the fields of Azerbaijan
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The revealed interval of the GOR values (for the proved reserves and the produced vol-
variations is typical for both oil and oil-gas, and umes of gas and oil in various countries, as well
gas condensate fields [14-16]. In this regard, as the GOR values for the SKB fields) were car-
GOR can serve as a criterion for assessing the ried out on the basis of the accepted value of the
phase state of hydrocarbon accumulations and the total recoverable oil reserves in Azerbaijan of
patterns of its spacial changes. 3.5 bln tons.

In the SKB, GOR increases from the side Taking into account the average value of the
parts towards the deep-water part (Fig. 5). This is proved gas to oil reserves ratio calculated based on
in good agreement with changing the HC phase the data of 30 countries, the possible gas reserves in
state in this direction, which is manifested by suc- Azerbaijan can be estimated as follows: 3.5 bln tons
cessive change from oil fields to oil-and-gas and of oil x 1.2 trillion m*/bIn tons = 4.2 trillion m®. This
gas condensate ones. is graphically presented in Fig. 7.

High gas saturation of liquid hydrocarbons Taking into account the average value of the
in the offshore part of the basin provides their rel- gas to oil production ratio (1.1 trillion m?*/bln
atively lower density (less than 880 kg/m®) in tons) in 2016 calculated based on the data of 35
comparison with the continental fields (Fig. 6). countries, the possible gas reserves in Azerbaijan

According to the exploration findings, the can be estimated as follows: 3.5 bln tons of oil x
central deep-water part of the basin is exclusively 1.1 trillion m*/bln tons = 3.9 trillion m>.
gas-bearing, with gas condensate and no oil. Un- The value of possible gas reserves, esti-
der the temperature and pressure conditions in this mated taking into account the average GOR of
part of the basin, in addition to gas condensate, 1,082 m*/t, estimated for 54 fields in Azerbaijan,
also light, so-called "volatile" oils can be found. is 3.5 x 1,082 = 3.8 trillion m>.

Estimation of possible gas reserves in Azer-
baijan. All estimations of the possible gas re-
serves in the SKB based on the ratio of gas and oil

] ] ] ] ] GOR,
| 1000 m3/t
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Fig. 5. Distribution of the average GOR values in the produc-  Fig. 6. Spatial regularities of liquid hydrocarbon density
tive strata (Lower Pliocene) over the area (to exclude the in- variations in the SCB
fluence of the preservation conditions on the average values,
the data for depths below 2 km only were used)
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Fig. 7. Relationship between proved oil and gas reserves
in various countries and predictive estimate for Azerbaijan

Thus, total recoverable gas reserves in
Azerbaijan, estimated based on three different in-
dicators of the gas to oil ratio, can be accepted at
about 4 trillion m?, including the already extracted
0.85 trillion m® of gas [17].

According to the existing official estimates,
in Azerbaijan, possible not yet extracted gas re-
serves are estimated at 2.55 trillion m? [11, 6].
These reserves mainly belong to such already dis-
covered fields as Shakh Deniz, Umid, Apsheron,
the AChG block and the Babek prospect. Proved
gas reserves for these fields amount to 1.2, 0.2;
0.35;0.35, and 0.4 trillion m?, respectively (a total
of 2.5 trillion m*) [10].

Thus, the official estimate does not take into
account the prospects of discovering new gas con-
densate accumulations in the SKB deep-water
part. The volume of the unaccounted possible gas
reserves, according to our estimations, may be
about 0.6 trillion m>: 4 trillion m? (the estimated
total reserves) — 0.85 trillion m? (the already ex-
tracted volume) — 2.55 trillion m® (the approved
proved gas reserves) = 0.6 trillion m3.

Such a volume of natural gas, depending on
the size of the structure, can correspond to gas re-
serves of some two or three prospects. Based on
the modern tectonic-geophysical model of the oil-

GEOLOGY OF MINERAL DEPOSITS

and-gas potential of the South Caspian Basin
(SCB) [2], most likely, Mushvig, Mashal, Shafag,
and Israfil Huseynov structures can be among
such prospects (see Fig. 1). However, it should be
noted that although the Mushvig structure is the
most promising, it is most likely to be classified
as unprofitable due to its small dimensions.

Conclusion

Total recoverable oil reserves in Azerbaijan
are estimated at 3.5 bln tons, of which slightly
above 2 bln tons have been extracted. Based on
the statistically estimated ratio between the vol-
umes of gas and oil in various basins of the world,
including Azerbaijan, the predictive estimate of
the total natural gas reserves in Azerbaijan was
estimated at about 4 trillion m>. This is in agree-
ment with the other available estimates. Of this
volume of natural gas, 0.85 trillion m* has already
been extracted; the approved geological reserves
are estimated at 2.55 trillion m°.

Almost 83% of the extracted natural gas came
from offshore fields. This trend will continue in the
future, and will be even strengthened due to large
volumes of gas condensate accumulations in the
deep-water part of the basin. In this part of the basin,
the most attractive prospects are Mashal, Shafag,
and Israfil Huseynov, total reserves of which are ex-
pected at 0.6 trillion m* of natural gas.
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Collector for Copper-Arsenic Ore Flotation
V. 1. Ryaboy', E. D. Shepeta?

'LLC "Mechanobr-OR", St. Petersburg, Russia
Institution of Science of the Khabarovsk Federal Research Center of the Far Eastern Branch of the Russian
Academy of Sciences (KhFRTs FEB RAS), Khabarovsk, Russia

Abstract: Copper and scheelite concentrates are produced from scheelite-sulfide ores of the Vostok-2 deposit at
the Primorsky processing plant. Chalcopyrite, gold, silver, and harmful impurities (arsenopyrite, pyrrhotite) are
extracted into the copper concentrate. As a collector, dialkyldithiophosphate-type IMA-1413p reagent is used. Bulk
sulfide concentrate is produced using activated carbon and trisodium phosphate; copper cleaner flotation is carried
out in the medium of ferrous sulfate. The commercial copper concentrate contains 16 % copper, 33 g/t gold, and
280 g/t silver. The recovery of the metals is 67.6, 44.7, and 50.1 %, respectively. The weight fraction of arsenic in
the ore fluctuates in the range of 0.04-0.25%, and that in the concentrate, 0.7-2.3 %. The enterprise looks for ways
to increase recovery of the valuable metals and decrease content of arsenic in the copper concentrate to below 1%
at the expense of increasing contrast in the separation of chalcopyrite from iron sulfides/arsenopyrite/pyrrhotite.
For solving this problem, we performed a study of flotation properties of sulfide collectors based on dialkyldithi-
ophosphates: BTF-15221, BTF -271, non-ionic collector Reaflot-277, and combinations of Reaflot-277 and
IMA-1413p. Applying BTF-15221 collector allowed, as compared to the standard IMA-1413p reagent, to increase
recovery of copper, gold, and silver and reduce arsenic content in the copper concentrate. The higher selectivity of
BTF-15221 as compared to IMA-1413p was confirmed by the fact that the bulk of the increase in copper recovery
and decrease in the weight fraction of arsenic in the copper concentrate was achieved in the selective cycle. Be-
sides, during the study, surface activity and hydrophobizing ability of the water-soluble collectors were assessed.
Using the example of BTF-15221, it was shown that improvement of the reagent collecting properties can be
achieved not only due to increasing the surface activity of the reagent, but also at its decrease — in case of sufficient
hydrophobizing ability of the reagent, close to that of the standard reagent. By adjusting these parameters through
the use of low-molecular weight homologues of the main components, it is feasible to increase or decrease the
selectivity and collecting ability of the reagent. Collector BTF-15221 is of practical interest for further testing in
flotation of copper-arsenic and other ore types.

Keywords: copper-arsenic ores, dialkyldithiophosphate collector, hydrophobizing ability of water-soluble collec-
tors, surface activity, flotation
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CobOuparesib 1jisi MEAHO-MbIIIBSIKOBHCTBHIX Py
B. . Psiooii', E. JI. Illenera?

'000 «Mexano6p-OP», r. Canxr-Ilerepbypr, Poccust
2Xa621p01301<1/1171 @enepanbHblil  MCClENOBaTENbCKUM LEHTp JlanbHEBOCTOYHOTO oTaeneHus Poccuiickoit
akanemun Hayk (XOULL IBO PAH), r. Xabaposck, Poccust

AnHoTamusi: V3 ckapHOBOW mieenuT-cyabGUAHON pyabl MecTopoxaeHus BocTtok-2 Ha Ilpumopckoit oboratu-
TeJIbHON (haOpHUKe BBIICISIFOT MEAHBIN U IISCIMTOBBINA KOHIIEHTPAThl. B MEIHBIN KOHIICHTPAT MU3BJICKAIOTCS Xallb-
KOIHMPHT, 30JI0TO, cepeOpo U BpeOHbIE IPUMECH apCEHONMPHUT, MMPPOTHH. B KadecTBe coOuparens UCIoIb3yIoT
pearent auankunautuopocharoro Tuna UMA-M413n. Cenekunio KOJUIEKTUBHOTO CYIb(QHUIHOTO KOHIIEHTpaTa
OCYIIECTBIISIIOT C IPUMEHEHHEM aKTHBHPOBAHHOTO YISl U TpUHATpHHpOochaTa, METHBIE IEPEYUCTKHU MPOBOJIST B
Cpelie JKeIe3Horo Kynopoca. ToBapHbIi MeIHBINA KOHIICHTpAT coaepskut 16 % menu, 33 1/t 30510T1a u 280 /T ce-
pebpa. M3BneueHne MeTallIoB COCTaBIAET-COOTBETCTBEHHO 67,6, 44,7 1 50,1 %. MaccoBas 70151 MBILIBSIKA B Pyie
kosebnercsa B uaTepBaiie 0,04-0,25 %, B konuentpare 0,7-2,3 %. s npeanpusTst SBIsIeTCS aKTyaJIbHBIM T10-
BBIIIICHNE U3BJICYCHHSI IEHHBIX METAJUIOB M CHI)KEHUE CO/IeP)KaHUs MBIIIBSIKA B MEHOM KOHIIEHTpaTe MeHee 1 %
3a CYEeT YCHJICHHS KOHTPACTHOCTH pa3JielieHHs XaJIbKONMPHUTA U CYIb(QHIOB JKejle3a apceHOMUPUTA, MUPPOTHHA.
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B mensx pemieHus yka3aHHBIX 3a71a4 ObLITH H3YYCHBI (UIOTAIIMOHHBIE CBOWCTBA CYIh(UIHBIX COOMpATENe Ha OC-
HoBe quankuiautnodocharos BTD-15221, BTD-271, HernoHnoreHHoro codoupateins Peadnor-277 u KoMOMHAIIUN
Peadnot-277 u UMA-1413n0. [Ipumenenne cobuparens BT®-15221 no cpaBHEHHUIO CO CTaHAAPTHBIM PEarceHTOM
NMA-14131 no3BosisieT HOBBICUTH U3BJICYCHUE MEJTH, 3010Ta M cepeOpa U CHU3UTD CO/ICPKaHNE MBILIBSIKA B MeI-
HOM KoOHIIeHTpaTe. bonee Bricokyro cenekTuBHOCTD aencTBust bTd-15221 mo cpasrennto ¢ UMA-U413m mon-
TBEpXKIaeT (PaKT, YTO OCHOBHOW MPHUPOCT M3BJICUEHUS MEIU M CHIDKEHHE MAaCCOBOH JIOJIM MBIIIbSKA B METHOM
KOHIICHTpATe MOJYYEH B CEIEKTUBHOM IIMKJIe. B paboTe BBIMOIHEHA OLIEHKA MMOBEPXHOCTHON aKTHBHOCTH U TH/I-
podoOu3MpyIOIIei CIIOCOOHOCTH BOIOPACTBOPUMBIX codupareneii. Ha mpumepe BTd-15221 noka3aHo, 4To yiryd-
IIeHne COONPATENFHBIX CBOMCTB PEareHTOB MOXKET OBITh JOCTUTHYTO HE TOJIHKO MTPH MOBBIIIEHUHN TOBEPXHOCTHOM
aKTHUBHOCTHU PEareHTa, HO U €e CHWKEHUH IPU JOCTATOYHO 3aMETHOM THIpOoQoO0H3UpyIOLIel CIOCOOHOCTH pea-
reHTa, OJIM3KOM K CTaHAaPTHOMY peareHTy. PeryaupoBaHHEeM 3THX MapaMeTpoB 3a CUET HCIIOIb30BaHUS HU3KO- U
00J1ee BEICOKOMOJIEKYJISIPHBIX TOMOJIOTOB OCHOBHBIX KOMIIOHEHTOB MOKHO TOBBICHUTH WJIM TMTOHU3UTH CEIEKTHB-
HOCTB U cobuparenbHyto criocoOHOCTh pearenta. Coouparens bTd-15221 mpencraBisieT NpakKTUYECKH HHTEPEC
JUTSL TAJTbHEHTIIMX MCTIIBITAHUH Ha MEHO-MBIIIBSIKOBUCTHIX U IPYTHX THIIAX PY/I.

KiaroueBrbie ¢jI0Ba: MEIHO-MBIIIBSIKOBUCTHIC PY/IbI, THAPO(HOOU3UPYIOIIAs CIOCOOHOCTH BOJO-PaCTBOPUMBIX CO-
Oupareneii, MOBepXHOCTHAS aKTHBHOCTD, (DITOTAIIHS

Jas uutupoBanus: Ps6oii B. U., lllenera E. 1. CoOuparens 115 METHO-MBIIIBIKOBUCTHIX PYA. I opHble HAyKU

u mexnonoeuu. 2020;5(4):297-306. DOI: 10.17073/2500-0632-2020-4-297-306

1. Introduction

Skarn scheelite-sulfide ore of the Vostok-2
deposit belongs to complex ores. Along with the
main scheelite concentrate, the Primorsky Pro-
cessing Plant (PPP) produces copper concentrate,
in which copper and precious metals (gold and sil-
ver) are concentrated. At present, at PPP, the task
is to increase the recovery of valuable minerals
through increasing the degree of separation of sul-
fide minerals in the bulk flotation cycle and de-
press arsenopyrite in the selection flotation cycle.
This enables increasing output of standard copper
concentrate with weight fraction of Cu of 16 %,
and that of As of <1.0 %.

This can be achieved, first of all, through
both selecting known and creating new more ef-
fective reagents on the basis of the existing theory
and practice of reagents application, presented in
[1-5, 6-13] and other publications.

Here are the main indicators of PPP perfor-
mance for 2020: weight fraction in ore: Cu —
0.21 %, Au—0.59 ppm, Ag - 3.7 g/t; weight frac-
tion in copper concentrate — 16.3 %, 33.0 g/t,
280 g/t, recovery — 67.6, 44.7, 50.1 %, respec-
tively. Average weight fraction of arsenic in the

current ores is 0.10%, its fluctuation range is

0.04—-0.25 %. In the copper concentrate, the range
is 0.70-2.32 %.

For testing collecting properties of a new
group of reagents, scheelite-chalcopyrite-pyrrho-
tite ore with the following weight fractions of the
main components was selected: WO3; — 0.65 %,
Cu—-0.22 %, Au— 1.6 g/t, Ag — 1.16 g/t, As —
0.007 %, S — 4.9 %.

Earlier, the authors, when selecting collec-
tors from the class of water-soluble compounds
based on dialkyldithiophosphates for flotation of
copper-arsenic ores, used the concept of the effect
of surface activity and hydrophobizing ability of
a reagent on flotation properties [14, 17], which
was later used to create a collector for flotation of
silver-containing ores [17]. The presented study
develops this line with the use of new water-solu-
ble collectors based on dialkyldithiophosphates.
High performance in copper recovery (at practi-
cally the same arsenic content in concentrate) was
achieved through using a composition of water-
soluble reagents based on dialkyldiophosphates
and reagents with thioamide groups [15].

This led to the choice of the following group
of collectors for the new research: BTF-15221,
which, according to data of Mekhanobr-OR LLC
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and Kvadrat Plus, showed positive results in flota-
tion of a number of copper and gold ores;
BTF-271, which is an analogue of the IMA-I413
used, and Reaflot-277 as a nonionic collector, which
demonstrated positive results in previous tests.

2. Research Materials and Methods

Method for determining hydrophobizing
ability of water-soluble collectors. Determination
of hydrophobizing ability (h.a.). of water-soluble
collectors was performed according to a refined
method in comparison with that previously pre-
sented in [17].

Initial solution concentrations: 2% aqueous
solution of dialkyldithiophosphate collector, pH
10.5, which was measured by a pH meter, 0.2 N
zinc sulfate solution, 0.1 N sodium hydroxide so-
lution, 0.1 N Trilon B solution and ammonia
buffer solution.

Assay method: 10 ml of the dialkyldithio-
phosphate solution were added with 10 ml of the
zinc sulfate solution to produce zinc dialkyldithi-
ophosphate, which precipitates as a sediment or a
paste-like product; then 3 g of sodium chloride
(100 % activity) were added, and stirred with a
glass rod until the salt dissolved. The suspension
was allowed to settle for 1-2 h. After that, it was
filtered through a fluted paper filter (Blue ribbon).
Then 2 part of the solution was taken, added with
5 ml of the ammonia buffer solution, and titrated

with the Trilon solution in the presence of the eri-
ochrome black indicator until the pink color
turned blue. Calculation of h.a. was carried out ac-
cording to the formula given in [17].

Laboratory research for the ore and the
plant products. The assessment of flotation prop-
erties of the collectors was carried out using the
samples of the sulfide flotation plant feed and us-
ing ore (tailings of core samples of metallurgical
mapping program) prepared under laboratory
conditions (crushing to 2 mm, grinding to Psp
(80%) of -80+0 um. At the same time, the amount
(share) of sludge grain size fractions in the ore
was approximately equal to that in the sulfide flo-
tation plant feed. Grain-size distribution of the
flotation feed (the ore ground in the laboratory)
ore is presented in Table 1.

It should be noted that, in contrast to the la-
boratory conditions, in the processing plant’s feed
(under commercial conditions), at the same
sludge portion, the portion of coarse categories of
+160 um increases significantly: from 1.76 % (lab
conditions) to 18.9% (commercial conditions),
and content of the components of interest also in-
creases: Cu—upto4.4 %, As—upto 12.1 %, S —
up to 8.0 % due to redistribution from medium
size categories of —80+15 um. This should be
taken into account when predicting the processing

results under commercial conditions.

Table 1

Distribution of the main elements in the sulfide flotation feed by size categories
(for the ore ground in the laboratory)

Size category, Yield, Weight fraction, % Recovery, %
um % Cu | As s Cu | cu | As
Sulfide flotation feed (ore ground in the laboratory)

+250 0.76 0.15 0.009 5.56 0.53 1.03 0.86
—250+160 1.00 0.10 0.008 2.93 0.47 1.21 0.60
Total: +160 1.76 0.12 0.008 4.07 1.00 2.24 1.45
—160-+80 18.21 0.16 0.008 4.17 13.67 22.00 15.42
—80+15 58.54 0.23 0.006 5.89 63.15 53.04 70.03
—15+0 21.49 0.22 0.060 3.00 22.18 22.72 13.09
Total: -80+0 80.03 0.23 0.007 5.11 85.33 75.76 83.12
Ore 100.00 0.21 0.007 4.92 100 100 100
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In the +80 pm size categories, the presence
of intergrowths of chalcopyrite with quartz and
pyrrhotite was observed, while with decreasing
grain size, the proportion of the intergrowths de-
creased, the intergrowths become smaller, they
were closed and complex, including association
of several minerals: quartz-pyrrhotite-chalcopy-
rite. In the —80 um size categories, the inter-
growths are absent.

The testing process for these collectors in-
cluded: 1) bulk flotation cycle: rougher sulfide
flotation and scavenging sulfide flotation
(t=10 min), cleaner flotation of the bulk sulfide
concentrate (t = 5 min); 2) copper cycle: rougher
copper flotation and scavenging copper flotation
(t=10 min), and two copper concentrate cleaner
flotation stages (t = 10 min). The volume of cells
of the flotation machines was 1.0-0.5-(0.3; 0.2;
0.1) L. The cell volume in the cleaner flotation de-
pended on the yield of the bulk sulfide concen-
trate. In the tests, weight of samples in the open
cycle ranged from 0.5 to 1.0 kg; in the closed cy-
cle, 6 one-kilogram samples was used, and the
calculation was performed based on the results for
the latest three samples.

The tests were carried out using tap water
(pH 6.8) and process water (pH 8.6, suspension
of 5.3-7.7 g/1). Ionic composition of the process wa-
ter, mg/1: sulfate ions — 800, copper cations — 0.06,
zinc — 0.022, molybdenum — 0.003, arsenic — 0.02,
tungsten — 0.004, silicon — 3.0, iron — 30.

The reagent test mode: liquid glass
(100+50) g/t (rougher flotation and cleaner flota-
tion — for reducing the losses of scheelite with sul-
fides; agitation of the pulp with the reagent
(tag=2 min), variable  sulfide collector
(15(45)+5(15)) g/t in the rougher and scavenging
flotation (t,¢ = 0.5 min), pine oil to the rougher
flotation of 10 g/t (f.c = 1 min). Separation (selec-
tive flotation) of the bulk concentrates: activated
carbon (C) — 50-100 g/t (ts¢ = 10 min), trisodium

phosphate (TSP) — (50+25) g/t (rougher flotation
and 1st cleaner flotation, 7,, = 5 min). For the plant
products, to enhance arsenic depression, copper
cleaner flotations were carried out in ferrous sul-
fate medium, at the pulp pH 7.3—6.5. The initial
pH of the pulp of the rougher copper flotation and
cleaner copper flotation stages was about 8.0—8.8.

It should be noted that according to the PPP
process balance data, at the standard beneficiation
process based on the mixture of reagents
IMA-1413p+Kkhput, 60 % of the chalcopyrite
losses belong to the bulk flotation cycle tailings,
(weight fraction of Cu of 0.036 %) and 40 % to
the copper selective flotation tailings (weight
fraction of Cu of 0.75 %). In terms of grain size,
10 % of the total copper losses belong to losses
with the coarse size category of +160 pm, 40 %
to the category of —160+15 pm, and 50 % to the
sludge size category of —15 um. Arsenic is almost
completely depressed into the sludge, and the rest
(+15 um) passes into the copper concentrate.

The use of the combination of IMA-I413p
and Kkhput leads to increasing the extraction of chal-
copyrite by 1-2 % relative to the use of dialkyldithi-
ophosphate, but at the same time the flotation activ-
ity of arsenopyrite increases. In cleaner flotation un-
der commercial conditions, reduced pulp levels in a
flotation machine are used, which promote reducing
arsenic content in the concentrate, but significantly
increases its amount in the selective cycle feed. All
this necessitates the search for new collectors, com-
bining high collection activity for copper and selec-
tivity for arsenopyrite.

3. Findings of flotation tests

At the first testing stage, the tests with PPP
feed were carried out with process water (with sus-
pension of 5.3 g/l) up to obtaining sulfide concen-
trates, using all samples scheduled for testing.
Weight fraction of the main components in the flota-
tion feed, %: Cu — 0.24, As — 0.08, S — 3.14. Fig. 1
shows the best results from the test series for deter-

mining the optimal consumption for each collector.
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Fig. 1. Diagram of the yield of the bulk concentrate and the extraction of copper, arsenic, and sulfur into the con-
centrate for the tested samples of sulfide collectors, g/t:
1 — sample 275 (200+80); 2 — sample 276 (200+80); 3 — IMA-1413p (45+5); 4 — sample 277 + IMA-1413p (40+10,
ratio of 1:1); 5 - sample 277 (45+5); 6 — Khyy (60+20); 7 — BTF-15221 (35+5) ; 8 — BTF-271 (45+5)

With sulfide concentrate yield of 3.8-4.6 %
for sample 277 and the combination of reagents
IMA-1413p+sample 277 (1:1), 3-5 % increase in
copper recovery was obtained as compared to the
standard collector, with selectivity in relation to ar-
senopyrite to be close to standard flotation process
mode. When using BTF 15221 and 271, at the yield
of 4.5-6.6 %, the maximum increase in copper re-
covery was achieved (to 6-8 %) with increasing the
arsenic recovery by 9-18% as compared to
IMA-1413p; however, the process selectivity was
higher as compared to using the combination of the

standard reagent IMA-1413p and Khyy. The recov-
ery of pyrrhotite, the main sulfide mineral that de-
termines sulfur recovery, for all the new collector
samples ranged 20 to 40 %, for Khyy was 58.4 %,
and for IMA-I413p, 39.7 %.

Findings of the tests for assessing the flota-
tion activity of the reagents allowed selecting, for
the final testing stage, the collectors BTF 15221,
271, and the combination of IMA-I413p with the
BTF-277 sample in the ratio of 1:1. The results of
the final closed cycle tests to obtain copper con-
centrate are presented in Table 2.

Table 2
Performance of the tested collectors to obtain copper concentrate
Copper concentrate

Test # Collector, g/t Yield, Weight fraction, %, g/t Recovery, %

% Cu | As Au Ag Cu | As | Au | Ag
Chalcopyrite-pyrrhotite laboratory-ground ore, tap water
Weight percent in ore: Cu—0.22 %, As — 0.007 % (Cu:As = 31.4:1), Au— 1.6 g/t, Ag— 1.16 g/t
1 IMA-i413p 30 0.84 16.00 0.10 | 54.20 | 56.00 | 61.09 | 12.00 | 28.46 | 40.55
2 BTF 15221 30 0.90 18.53 0.07 | 57.80 | 67.00 | 75.80 | 9.00 | 32.51 | 51.98
3 BTF 15221 40 0.95 17.67 0.09 | 71.70 | 64.50 | 76.30 | 12.21 | 42.57 | 52.82
4 BTF 271 40 0.88 18.18 0.10 | 64.51 | 61.43 | 72.72 | 12.57 | 35.48 | 46.60
5 IMA+ 277 (1:1) 30 0.97 15.36 0.13 | 55.00 | 61.70 | 67.72 | 18.01 | 33.34 | 51.59
6 Reaflot277 45 0.90 15.00 0.10 | 55.13 | 57.00 | 61.36 | 12.86 | 31.01 | 44.22
Chalcopyrite-arsenopyrite-pyrrhotite ore, PPP classifier overflow, recycled water
Weight percent in ore: Cu— 0.16 %, As — 0.14 % (Cu:As = 1.1:1), Au— 0.69 g/t, Ag — 3.6 g/t
7 IMA-i413p 30 0.83 14.48 4.57 | 38.10 | 231.8 | 75.12 | 27.09 | 45.83 | 53.44
8* 0.65 18.27 0.94 | 43.57 | 278.5 | 7422 | 436 | 41.04 | 50.28
9 BTF 15221 30 0.76 16.17 575 | 41.84 | 282.0 | 76.81 | 31.21 | 46.08 | 59.53
10* 0.64 18.85 0.86 | 4542 | 297.3 | 7540 | 3.93 | 42.13 | 52.85
*The tests on Cu selective flotation were carried out with cleaner flotation s of the copper concentrate in ferrous sulfate
medium: FeSOy Ist cleaner flotation to pH 7.2 (6.9) — 2nd cleaner flotation to pH 6.8 (6.7)
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Losses of valuable metals in final tailings in the tests of the laboratory ore sample

Collector; . s, o The proportions of
consumption, g/t Product Weight fraction, %, g/t Recovery, % total losses, %.
(Test #) Cu Au Ag Cu Au Ag Cu | Au Ag
Sulﬁ@e
IMA-1413p; g?g;n 0.02(8) | 1.0(0) | 0.4(5) | 11.0(5) | 55.45 | 34.53 | 27.7| 77.5 | 58.1
30 (No. 1 :
(No- D tca‘i‘hngsﬂ‘“a“‘m 0.63 | 25(0) | 2.8(0) | 28.8(6) | 16.09 | 24.92 | 72.3 | 225 | 41.9
Sulfide
BTF 15221 g?ltf;;n 0.02(9) | 0.8(4) | 0.4(0) | 12.3(4) | 47.92 | 30.93 | 49.0 | 71.0 | 64.4
30 (No. 2) »
tca}‘hngsﬂ"‘a“"“ 029 | 35(7) | 23(0) | 11.8(6) | 19.57 | 17.09 | 51.0 | 29.0 | 35.5
Sulfide
BTF 15221 gci)ltia;igcgn 0.02(7) | 0.7(3) | 0.3(4) | 10.7(1) | 40.38 | 25.60 | 45.2 | 70.3 | 543
40 (No. 3) »
gﬁingsﬂ"m“’“ 024 | 22(6) | 2.1(0) | 12.9(9) | 17.05 | 21.58 | 54.8 | 29.7 | 45.7

Table 3 shows the losses of copper, gold,
and silver in the tests 1-3 in the bulk flotation cy-
cle (sulfide flotation tailings) and in the selective
flotation cycle (Cu flotation tailings).

The low recovery of gold and silver was due
to the ore material composition. Precious metals
occurred in a finely dispersed native state (basic
size of 5-75 pum), isomorphically substitute for
Fe, Cu, As in sulfides. The non-extractable forms
included: gold in quartz in the form of thin leather
coats on quartz surface, inside quartz particles, at
Au particle size of 0.01-0.2(0.3) mm; silver in
heavy metal carbonates, quartz and silicates; and
in arsenopyrite in the form of drop-shaped parti-
cles. Therefore, the main losses of precious metals
were connected with the bulk flotation cycle, in
which the bulk of sulfide tailings was separated.

4. Review of the results

All the tested new collector samples pro-
vided an increase in the flotation recovery of cop-
per, gold, and silver as compared to the standard
IMA-1413p collector sample, with which the total
recovery of valuable minerals amounts to
129.1 %, at the consumption of 30 g/t. In the row
of increasing the total recovery, the reagents were
arranged as follows, %:

Reaflot 277 (45 g/t — 136.6) <
<BTF-271 (40 g/t — 154.8) <
<BTF-15221 (30 g/t — 160.3) <
<BTF-15221 (40 g/t — 171.7).

The highest performance on recovery of
copper and accompanying precious metals at the
lowest weight share of arsenic in the concentrate
was achieved with BTF-15221 reagent at the con-
sumption of (25+5) g/t. Increasing the collector
consumption to (35+5) g/t allowed increasing the
metals recovery, but with increasing the recovery
of arsenopyrite into the concentrate. The use of
the combination of Reaflot-277 nonionic collector
and IMA-I413p (the total recovery of 153 %) in-
creased copper recovery compared to IMA-1413p,
but to a lower extent as compared to BTF-15221
and with lower selectivity of the flotation process.

It should be noted that, for the BTF-15221
sample, a large proportion of the losses decline
belonged to the selective flotation cycle that was
confirmed by the data presented in Table 3. This
evidences higher selectivity of the reagent as
compared to the standard IMA-1413p collector.

The study of the effect of BTF-15221 in com-
parison with IMA-1413p on the plant feed of sulfide
flotation in the course of the scheelite-chalcopyrite-
arsenopyrite-pyrrhotite ore processing showed that
the process selectivity sharply decreases with BTF-
15221 (see Table 2, tests 7 and 9). Applying the
IMA-1413p collector, in contrast to BTF-15221, did
not allow obtaining the standard grade copper con-
centrate. To obtain, from this ore, the standard grade
copper concentrate with the IMA-I413p collector,
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adding iron sulfate to cleaner copper flotations was
required (see Table 2, tests 8 and 10). Under these
conditions, the increase in the total recovery of val-
uable minerals was 4.8 % only (170.4% with BTF
15221 and 165.5 % with IMA-1413p) versus 30%
for the scheelite-chalcopyrite-pyrrhotite ore.

The tests indicated that the problem of find-
ing an efficient selective collector for arsenous
ores is still relevant.

The selective effect of dialkyldithiophos-
phate collectors as compared to xanthates is due
to the formation of unstable complexes with iron
that improves the chalcopyrite/ron-containing
minerals (arsenopyrite and pyrrhotite) separation.
In contrast to xanthates, dialkyldithiophosphates
exhibit noticeable surface activity at the liquid-
gas interface (I-g). The influence of surface-active
properties of collectors, including dialkyldithio-
phosphates, was studied by many researchers
[18-25]. It was found that high surface activity of
the reagent promotes formation of a large number
of' small air bubbles in the pulp, and the efficiency
of fine particles recovery increases. This was con-
firmed by flotation processing practice. Due to the
reagent transition from the solid-liquid interface
to the liquid-gas interface, the water layer be-
tween the particles and the air bubbles decreased,
the mineral particles adhesion to the bubbles in-
creased, the flotation rate increased, and finally
the flotation performance was improved [18, 23].

Taking into account the surface-active
properties and hydrophobizing ability [8, 9], an
assessment of flotation properties of the reagents
proposed for testing in this study was carried out.

The values of surface tension of 1% aque-
ous solution of the collector characterize their sur-
face activity: IMA-1413p, 54.7 mN/m; BTF-271,
55.2 mN/m; and BT-15221, 57.7 mN/m. At the
same time, the hydrophobizing ability values
were (%): 54.0, 34.6, and 53.0 respectively.

Consequently, in the studied reagents series,
the most surface-active reagent, having higher hy-

drophobicity, was IMA-I413n, and the least sur-
face-active reagent was BTF-15221; and the least
hydrophobicity was observed for BTF-271.

At low consumption of collectors (up to
20 g/t), in bulk flotation cycle of the open-cycle
tests, the collecting properties of BTF 271 and
BTF 15221 reagents proved significantly inferior
to those of IMA-I413p standard collector. At the
same consumption of collectors, the yield of sul-
fide concentrate with the use of the new collectors
was lower by 1.6—1.4 % (compared to the stand-
ard one), the copper recovery was lower by 6 %
with BTF 271 and by 3.5% with BTF 15221, that
of arsenic, by 15-10% lower, and that of sulfur, by
4-10 % lower.

Key findings

The data obtained confirm the existing def-
inite relationship between the surface activity and
the hydrophobizing ability of the compared rea-
gents. This dependence was also observed in the
series of tests in the study [17], where the most
effective sample of IMA-208 showed higher sur-
face activity and higher hydrophobizing ability in
comparison with IMA-1413.

However, increasing the amount of ad-
sorbed collector on the surface of minerals (in-
creasing the coverage area) with the growth of the
collector concentration in the pulp reduces the ef-
fect of surface activity and the hydrophobizing
ability of the reagent, especially at insignificant
difference of the values.

With increasing consumption of the collec-
tors (BTF-271,15221) (at 30—45 g/t), or in the
closed cycle tests, the collecting activity of the
new collectors in the bulk cycle increased due to
increasing the reagent concentration in the pulp.
The flotation efficiency for the associated sulfide
minerals approached the performance of the less
selective collector Kxput (the consumption of
50 g/t), at advanced recovery of chalcopyrite.
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The determining factor in the bulk sulfide con-
centrate separation was the strength of the collector's
fixation on the surface of the valuable minerals.

5. Areas of further research

The created BTF 15221 collector sample
proved of undoubted interest for further commer-
cial tests on copper-arsenopyrite and other types
of ores with possible correction of its collecting
strength and selectivity through varying its con-
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Abstract: Mineral resource base of the Republic of Kazakhstan, being as the basis of its economy, plays a special
role not only in sustainable development of the country, but also in the formation of successful international rela-
tions. The paper substantiates the direction of the mining and metallurgical complex development in the Republic
of Kazakhstan towards solving the problem of increasing the country's long-term competitiveness. It was demon-
strated that achieving these goals will allow building the potential for consistent and secure participation of the
national economy in market interaction with leading global partners on mutually beneficial terms. At the same
time, despite forecasted promising geological data, significant excess of the scope of mining work over that of
exploration is observed in the Republic of Kazakhstan. It is also shown that the share of investments in geological
exploration in the total investments in the mining sector is insignificant. The major part of the funds is invested in
mineral extraction activities. In this connection, the paper proposes ways to improve administrative approaches to
subsoil management in the Republic of Kazakhstan when granting subsoil use rights, in order to eliminate barriers
for investors. The proposed improvements for the state subsoil management can have positive effect: investment
growth due to improving the administrative approaches in the Republic’s state subsoil management, ensuring
transparency of information, supporting new standards, a simplified procedure for obtaining subsoil use rights
(licensing); reducing corruption in the field of geology and subsoil use and reducing labor costs for the implemen-
tation of state functions through the creation of a modern geological infrastructure and the use of innovative op-
portunities in the implementation of supervisory functions by the competent authorities; ensuring fair returns for
the government from taxes, as well as obtaining fair returns by investors.
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CoBepuieHCTBOBaHME AIMUHICTPATUBHBIX MOJAX010B
rocy1apcTBEHHOr0 ynpasJjeHus Heapamu Pecnyoankn Kazaxcran

P. H. Baiimuiuen

MWUHHCTEPCTBO MHAYCTPUH U HHPPACTPyKTypHOTO pa3ButHs Pecnyonuku KazaxcraH,
r. Hyp-Cynran, Pecriy0mnuka Kazaxcran

AHHoTanusi: MuHepanbHO-ChIpbeBas 6a3a PecyOnnku KazaxcTan — Kak OCHOBa €€ S5KOHOMHKH — UTPaeT 0CO0YI0
POJb HE TOJIBKO B CTAOMIBHOM Pa3BUTHUU CTPaHbI, HO M B (JOPMHUPOBAHHUH YCIICIIHBIX MEXIYHAPOIHBIX OTHOILIE-
Huil. B paboTte 000cHOBaHA HANPABJIEHHOCTh PAa3BUTHS TOPHO-METAILTYPTrHUECKOro KomIuiekca PecryOnmuku Ka-
3axXCTaH Ha pCIICHUC 3a/Ia4M IMOBBINICHU A KOHKypeHTOCHOCOGHOCTI/I CTpaHbI B CTpaTeFquCKOﬁ TNIEPCIICKTHUBE. I1o-
Ka3aHO, YTO JOCTHXKEHUE ATHX IIeJIel MO3BOIUT cPOpMHUPOBATH MOTEHIMANT ISl TIOCIIEAOBATEIBHOTO 1 TapaHTH-
POBAHHOTO B3aMMOJEHUCTBUS C BEAYUINMH CTpPAaHAMH MHpPa Ha BBITOJHBIX JAJIS PECIyOnuKH yciaoBusax. [lpu aTtom,
HECMOTpsI Ha MPOTHO3UPYyEMbIe NEPCTIIEKTUBHBIE Te0JIOTHUECKHe JaHHbIe, B Pecrrybnuke KazaxcTan B HacTosmee
BpeMs 3a()MKCUPOBAaHO 3HAYNTENFHOE MPEBBIIEHNE JOOBIUYHBIX PadoT Haj pa3BeouHbIMH. [10kazaHo Takxke, 9To
JI0J1s1 ”HBECTHLIMH B T€0JIOropa3BeiKy oT 0011ero 00beMa HHBECTULMI B TOPHOPYAHBIN CEKTOP — HE3HAUNTENbHAS,
OCHOBHasd 4aCTb MHBECCTHUPYECTCA B }106I)I'~Iy MOJIE3HBIX UCKOMaeMbIX. B CBsA3M ¢ TUM B pa60Te MPEAJIOKEHBI ITYTHU
COBEpILIEHCTBOBAHUS aIMUHUCTPATUBHBIX IOJX0/I0B K yIpaBieHuto Henpamu PecryOnuku Kasaxcran npu npezno-
CTaBJICHUH NpaBa HEAPOIIOIb30BAHUS C LEJIBbIO UCKITIOYEHHUST OapbepoB AJisl HHBECTOPOB. [Ipennaraemele n3mMeHe-
HUS TI0 COBEPIIEHCTBOBAHUIO T'OCYJIAPCTBEHHOTO YIPABIICHHSI HEJPAMH MOTYT JIaTh IOJIOKUTEIbHBIH d((deKT:

EXPERIENCE OF MINING PROJECT IMPLEMENTATION




ISSN 2500-0632 (ON-LINE)

v MINING SCIENCE MISIS

National Universi
Science and Technalogy

2020;5(4):307-317

AND OGY (RUSSIA)

GORNYE NAUKI | TEKHNOLOGII

POCT MHBECTHIIMH 3@ CUET COBEPIICHCTBOBAHUS aJIMUHUCTPATUBHBIX ITOJXOJIOB TOCYaPCTBEHHOTO YIPaBICHUS
HEJIpaMH pecITyOIIMKH, 00ecTIeYeHUs IPO3PAYHOCTH HHPOPMAIHH, ITOJIEP’KKH HOBBIX CTAHIAPTOB, YIIPOIIEHHOTO
croco0a MoTy4YeHHUs MpaB Ha HEAPOIOIb30BAHNE; CHUKCHHE KOPPYIIIUOTCHHOCTH B cpepe TeoJOrHuu U HEAPO-
MOJIL30BaHUs ¥ COKPAIIICHUE TPYI03aTPaT Ha PEAIU3aIMI0 TOCYIaPCTBEHHBIX (DYHKITHH 3a CUET CO3JIaHUs COBPE-
MEHHOW Te0JIOTHIeCKON HH(PACTPYKTYPHI ¥ MPUMEHEHHST HHHOBAIIMOHHBIX BO3MOKHOCTEH TIPH pean3ainy KOH-
TPOIBHBIX PYHKINH KOMIETEHTHBIX OPTaHOB; OOECIIeYeHNE CIIPABEIMBON JOXOAHOCTH ISl TOCYAAapCTBa OT T0-
CTYMAIONIMX HAJIOTOB, & TAKKE MOJIyYeHUE WHBECTOPAMHM CIIPABEIMBON PUOBUIH.

KuroueBsblie ciioBa: MUHEpalbHBIE PECYPCHl; aIMUHUCTPATUBHBIE MMOAXO/Ibl, TOCYAApPCTBEHHOE YIIPABIEHHUE, JIN-
LIEH3UPOBAaHUE HEAPOIIOJIb30BaHUS, KOHKYPEHTOCIIOCOOHOCTD rOCy1apCTBa, MEX IyHapOIHbIE CTaHAAPTHI, HHPOP-
MAaIMOHHbIE CHUCTEMbI HEJPOIIOJIb30BaHUs, OaJaHC IPUPOAHBIX PECYPCOB, MHBECTHLIMOHHAS IPUBJIEKATEIbHOCTh
TOPHOM OTpaciu

Jas uutupoBanus: baiimumes P. H. CoBepiiencTBOBaHIE aJMIHHUCTPATUBHBIX ITOAXO0B TOCYAAPCTBEHHOTO
ynpaeneHust Henpamu PecmyOonmukm Kazaxcran. [opusie wnayku u  mexnonozuu. 2020;5(4):307-317.

DOI: 10.17073/2500-0632-2020-4-307-317

1. Introduction. Mineral resource base of
the Republic of Kazakhstan (RK) is the basis for
the country’s economy development, political sta-
bility, and prosperity of the state as a whole. Cur-
rently, in the context of tough international com-
petition, mineral resources of Kazakhstan play a
particularly important role in sustainable eco-
nomic development of the country and the for-
mation of successful international relations.

Increasing competitiveness of the Republic
of Kazakhstan in the international arena in the
struggle for raw materials is possible through im-
proving the mechanisms of legal regulation of this
sector. Since the mining sector is highly risky, it
is necessary to switch to effective international
methods of state management of subsoil resources
of the Republic of Kazakhstan.

In this regard, the head of state N.A. Naz-
arbayev, in the national plan "100 concrete steps",
identified the primary tasks in the field of geology
and subsoil use:

- introduction of a simplified contracting
method for all types of minerals using the best
world practices;

- increasing transparency and predictability
of the subsoil use sphere through the introduction
of the international system of reporting standards
for solid mineral reserves CRIRSCO.

EXPERIENCE OF MINING PROJECT IMPLEMENTATION

In pursuance of these provisions, on De-
cember 27, 2017, the Republic of Kazakhstan
adopted the Code “On Subsoil and Subsoil Use”.

The main prerequisites for reforming the
mining legislation were the condition of the min-
eral resource base and the insufficient level of in-
vestment in the industry.

As known, it is possible to replenish the bal-
ance of resources due to geological exploration at
the expense of state, quasi-state, or private invest-
ments. Taking into account the necessary costs in
such a risky area of activity as geological explo-
ration, the way of attracting private investment
was selected. Therefore, the main goal of the on-
going reforms can be formulated as follows: "Re-
plenishment of the country's mineral resource
base through significant increasing attractiveness
of the conditions (regulatory and economic
framework) for exploration and production of
solid minerals."

To achieve this goal, the following tasks were
determined within the framework of the Code:

- creation of conditions for the emergence
of junior exploration companies;

- establishing simple, predictable, transpar-
ent, and stable conditions for exploration and pro-

duction of solid minerals;
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- elimination of state regulation of technical
and economic issues of subsoil use, including es-
timation of mineral resources and reserves;

- introduction of an electronic form of com-
munication between the state and the industry, in-
cluding the choice of a subsoil plot, filing appli-
cations and issuing licenses (contracts for subsoil
use in Kazakh legislations), sending notifications;

- strengthening the requirements on mine
closure to ensure environmental safety of the
country.

2. Analysis of international experience in
regulating the sphere of subsoil use and for-
mation of the concept of the Code of the Republic
of Kazakhstan "On subsoil and subsoil use"

It should be noted that when developing the
Code, international experience was studied in de-
tail on the basis of a year and a half analysis and
recommendations of the World Bank, OECD,
Dundee Institute, EBRD, SOFRECO. Based on
the study findings, the experience of Australia
was revealed as the best world experience in sub-
soil use regulation [1].

The peculiarity of the Australian ap-
proaches lies in the transparency and simplicity of
the procedures for granting subsoil use rights,
which are the standard of investment attractive-
ness in global mining sector. Countries that have
implemented the Australian methods in their sub-
soil use legislation have achieved a significant in-
crease in investment in the industry: Peru, Can-
ada, Chile, Ecuador, Mongolia, Nigeria, Mozam-
bique [2—4]. All these countries have the highest
rating of attractiveness of investments in subsoil
use [5—7]. For example, the capitalization of the
Canadian Stock Exchange only in the part of jun-
ior companies is more than 58 billion USD. Al-
most all the largest mining companies in the world
operate in Australia, the number of mining com-

panies has reached 15 thousand, more than
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23.5 thousand licenses have been issued, 27 % of
the country's territory are covered by exploration
(for comparison, only 600 contracts have been
concluded in Kazakhstan) [8—11]. All this provide
new jobs, discovery of new deposits and develop-
ment of related industries.

According to the findings of the McKinsey
report, in the event of commencing intensive geo-
logical exploration in Kazakhstan, at least
15 world-class deposits, as well as new mining
provinces, are forecasted to be discovered.

In this regard, in order to ensure significant
inflow of investments into geological exploration,
the introduction of a licensing procedure for
granting subsoil use rights with annually increas-
ing lease rate on the basis of the “first in, first out”
principle (FIFO) was chosen as a key innovation
in the field of subsoil use [12, 13].

The main attraction for investors is that, in
contrast to the previously established duration of
procedures for granting exploration rights of 540
days, the new Code provides for exploration li-
censes to be issued within 10 working days.

Granting subsoil use right (licensing) based
on the FIFO principle implies division of the ter-
ritory of the Republic of Kazakhstan free from
subsoil use into blocks with an area of no more
than 1.8 km?. A license can be issued for 10
blocks at once, but it will be necessary to comply
with the requirements for the minimum invest-
ment in exploration or production, the size and
breakdown by years of which are defined in the
Subsoil Code, as well as to pay rent for each
block. These provisions will not allow unscrupu-
lous subsoil users to hold the territory without in-
vesting the required amount of investment.

In order to stimulate implementing explora-
tion, a progressive rental rate has been established
at the exploration stage, whereas fixed rate has

been established at the production stage. All this
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stimulates comprehensive exploration of the con-
tract (license) area in full (now, in the country,
there are contract areas of thousands of square kil-
ometers, in which, in fact, work is being carried
out in 10 km?). And most importantly, large-scale,
high-quality and detailed geological exploration
of Kazakhstan will be ensured to reach high level
of exploration maturity (for example, as yet Ka-
zakhstan's exploration costs per 1 km? are only
$ 3; whereas, in Australia, the costs are $ 167; in
the USA, $ 87; in Canada, $ 203; in Russia, $ 25).
That is, over the past decades, investments in ge-
ological exploration did not ensure replenishment
of the Kazakhstan's reserves [14—16].

Particular attention should be paid to a new
document, which is provided for in the Subsoil
Code, the Program for State Subsoil Fund Manage-
ment of the (PSSFM). The purpose of the PSSFM is
to manage the state subsoil fund systematically, ef-
ficiently, and publicly. The PSSFM establishes the
main directions of state policy in the field of subsoil
management, and also defines [17, 18]:

- territories and subsoil plots within which
subsoil use rights are granted on the basis of an
application, taking into account the types of sub-
soil use and minerals, as well as the powers of the
competent authorities;

- territories and subsoil plots within which
subsoil use rights are granted on the basis of auc-
tions or tenders;

- priority directions of the state policy on
geological exploration, indicating the territories
and corresponding subsoil plots.

In addition, a conceptual innovation of the
Code is the provision of open access to geological
information and its digitizing. This will allow im-
plementing in full the Australian model in the
field of subsoil use and will significantly improve
the investment environment in the field of subsoil

use in Kazakhstan.
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The Code "On Subsoil and Subsoil Use"
guarantees an unconditional transition from the
exploration stage to the production stage in case
of discovery of a deposit. This measure will pro-
vide investors with confidence in the return on in-
vestment in the exploration.

The only condition for obtaining a produc-
tion license when shifting from the exploration
stage will be the environmental approval of the
project documentation.

The Code of the Republic of Kazakhstan
"On Subsoil and Subsoil Use" provides for shift-
ing to international standards for estimation of re-
sources and reserves of solid minerals.

Taking into account significant differences
between mineral mining and oil-and-gas sectors in
terms of specifics, labor intensity of work and capi-
tal investment, different approaches have been laid
in the regulation of subsoil use for solid minerals,
hydrocarbons (HCs), industrial minerals, etc.

It should be noted that the Code revises the cur-
rent principles for the formation of a list of common
minerals, taking into account world experience.

Besides, in Kazakhstan, the procedure for
subsoil use consequences remediation has been
improved through introducing new instruments as
security for obligations on the remediation, such
as guarantees, pledges and insurance. The secu-
rity for obligations on the remediation is in favor
of the Republic of Kazakhstan acting by the gov-
ernmental body that granted the subsoil use right
(issued the license). At the same time, the collat-
eral amount is determined for prospecting and ar-
tisanal mining based on the number of hectares, at
the exploration stage, based on the number of
blocks, and at the mining stage for the first three-
year period it is calculated on the basis of the mar-
ket value of the work and is subject to updating
every three-year license period.
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The Code "On Subsoil and Subsoil Use"
should become a breakthrough legislative act
aimed at introducing the principles and ap-
proaches adopted in international practice, ensur-
ing transparent and understandable methods of
government regulation, reorienting the govern-
ment machinery to support of investments.

Implementation of the new approaches will
contribute to the inflow of new investments into
the subsoil use sector. This will subsequently con-
tribute to the creation of additional jobs, regional
development, strengthening of economic stability
and raising competitiveness of the Republic of
Kazakhstan in the international arena.

3. Investment attractiveness of the mineral
resource base of the Republic of Kazakhstan and
the system of governmental subsoil management

In order to create a developed market econ-
omy, one of the tasks facing all states of the world
is to build an effective system of state manage-
ment of the resources they possess.

In this regard, increasing the competitiveness of
the Republic of Kazakhstan in the international
arena in the struggle for raw materials is possible
through the improvement of mechanisms and ap-
proaches to state management of subsoil [19-21].

As 0f01.01.2019, the State Fund of Mineral
Resources of the Republic of Kazakhstan is char-
acterized by low investment attractiveness (un-
derexplored deposits, lack of infrastructure, fall-
ing world prices for certain types of raw materials,
complicated mining and geological conditions,
high capital intensity, long return on initial invest-
ments, high operational inertia, low liquidity of
the residual fixed assets of a mining enterprise,
contradictions in the regulatory framework).

All of the above indicates the need to revise
the current approaches to the management of the

sector, including through the development of an
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effective governmental strategy for the sector de-
velopment and increasing funding for explora-
tion, being the cornerstone of the industry, due to
which the mineral resource base of Kazakhstan
will be replenished.

Thus, in order to bring the industry out of
the crisis, it is necessary to improve the system of
state management of the industry, which requires
not just a modernization, but radical changes.

Stimulating prospecting and exploration for
replenishing the mineral resource base of the Re-
public of Kazakhstan and the discovery of new
deposits through attracting private investment is
possible if the following proposed measures to
improve the state management of subsoil in the
Republic of Kazakhstan are implemented: re-
forming the institutional arrangements of the sub-
soil state management; updating strategic pro-
grams for subsoil management; creation of up-to-
date geological infrastructure; improvement of
administrative approaches to the Republic of Ka-
zakhstan’s subsoil state management; application
of innovation opportunities in the implementation
of the control functions of the competent authori-
ties; improvement of the taxation environment on
subsoil use issues.

Taking into account exploration potential of the
mineral resource base, country location, economic
components, market demand, infrastructural factors
and many other aspects, states form a subsoil manage-
ment system and develop appropriate principles of le-
gal regulation of subsoil use. In Kazakhstan, the fol-
lowing fundamental principles of regulation of this in-
dustry have been formed, which determine the specif-
ics of the subsoil state management: rational manage-
ment of the state subsoil fund; ensuring environmental
safety when using subsoil; availability of information
in the field of subsoil use; payment for subsoil use;
conscientiousness of subsoil users; stability of subsoil
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use legal framework. The above principles were de-
veloped by the state to ensure sustainable develop-
ment of the mineral resource base of the Republic of
Kazakhstan, economic growth of the state and the wel-
fare of the community.

In addition to the subject and principles, the
subsoil state management is characterized by its
inherent system, formed from various govern-
mental bodies, endowed with the appropriate
powers and functions for subsoil management.

Currently the functions of managing state
property in the field of subsoil use are entrusted
with the different governmental bodies depending
on the mineral type: Ministry of Energy of the Re-
public of Kazakhstan — hydrocarbons and ura-
nium, Ministry of Industry and Infrastructure De-
velopment of the Republic of Kazakhstan — solid
minerals, Ministry of Agriculture — groundwater,
local executive bodies of regions and cities of re-
publican subordinance — industrial minerals, Min-
istry of Geology, Ecology and Natural Resources
— issues of development of geology.

At present the state acts as a subject of man-
agement, manages its property — the governmental
subsoil fund, offering a subsoil plot for granting
subsoil use rights and issuing licenses (contracts) for
subsoil use. State property as an object of manage-
ment is granted to investors for temporary use, and
the fact of granting the right to use is formalized
with a special state permit in the form of a license (a
contract). The license sets out the rights and obliga-
tions of investors; the conditions for subsoil use are
determined at the legislative level.

As a result, the process of managing the state
subsoil fund is carried out through the system of li-
censing (permitting) and restrictive measures aimed at
solving tactical tasks of the state and achieving targets
(benchmarks) determined by the mineral resource
base, long-term and medium-term programs for the in-

dustry development and the country's economy as a
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whole. In this case, the objects of strategic manage-
ment are objects from both allocated and unallocated
subsoil funds.

Based on the above, the system of subsoil
state management can be schematically shown as
follows (Fig. 1).

Among the factors that determine the con-
ditions and outputs of the subsoil use system func-
tioning, an important role is played by the state
management of the system activity, the efficiency
of which determines the level of use of the terri-
tory's resource potential.

Stimulating prospecting and exploration for
replenishing the mineral resource base of the Re-
public of Kazakhstan and the discovery of new
deposits through attracting private investment is
possible on condition of improving the whole set
of the above component-areas of the subsoil state
management in the Republic of Kazakhstan.

In this regard, by analogy with the experi-
ence of Western Australia, Canada and the United
States, being the countries that have the best
achievements in managing the subsoil use, it is
proposed to improve the approaches to the subsoil
state management in Kazakhstan in order to ad-
dress the following tasks:

- aftracting private investment in prospecting
and exploration by simplifying and improving proce-
dures for junior companies and increasing investments
in prospecting and exploration of the country’s terri-
tory, including improving the administrative ap-
proaches to subsoil state management in the Republic
of Kazakhstan when granting subsoil use rights (li-
censing) in order to eliminate barriers for investors,
namely: simplifying the requirements for submitting
an application for obtaining a subsoil use right (licens-
ing) in two languages (Russian and Kazakh), as well
as in hard copy; simplifying the requirements for con-
firming the applicant's financial capabilities, etc.;
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Fig. 1. Subsoil state management system in Kazakhstan

- development of geological infrastructure,
as well as reorientation of the Geological Service
of Kazakhstan to strengthening preliminary re-
search, mapping, analysis of historical data on an
ongoing basis;

- creation of the National Database of Mineral
Resources using modern innovative approaches and
opportunities. This will allow automating the pro-
cess of providing public services, expanding the list
of innovative services, improving informing the
population in the process of making political deci-
sions, building a targeted approach in public admin-
istration, and introducing a system of public exami-
nation of government decisions;

- exemption of geological exploration from
tax burdens to increase the competitiveness of the
subsoil use sector of Kazakhstan at the world level.

Domestic approaches to taxation of subsoil
users, in comparison with the leading countries in
the field of subsoil use, are assessed by investors

and international experts as very complicated and
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uncompetitive. This confirms that Kazakhstan re-
quires a conceptual revision of the taxation sys-
tem that will contribute to implementing effective
approaches in subsoil state management and cre-
ate a favorable environment for the mining indus-
try development, stimulate the inflow of new in-
vestments and, correspondingly, increase the con-
tribution to the country's economic development.

In this regard, the following changes in the
taxation regime for subsoil users in the Republic
of Kazakhstan are proposed:

- eliminating of the value added tax (VAT
of 12%) when conducting prospecting and explo-
ration of minerals, since the first product in sub-
soil use that has a market value is mineral raw ma-
terials, which are subject to taxation in accordance
with special payments of subsoil users;

- to allow classifying costs for prospecting
and exploration as tax deductions if the prospect-
ing and exploration findings are not subsequently

used in the following mining activities. Besides,
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to allow, by analogy with the mechanism pro-
vided for HCs, to classify costs for unsuccessful
exploration as tax deductions;

- in connection with the shift to the interna-
tional standards for mineral reserve estimation, it
is recommended that the current system for deter-
mining the mineral extraction tax be replaced by
royalties, applying the best world practice of Can-
ada, Bolivia, Australia, since this type of taxation
of mining activities has a number of advantages:
it stimulates subsoil users to create multi-process
stage productions; facilitates administration; has a
positive effect on attracting investment.

The analysis allowed developing a mecha-
nism for improving the administrative approaches
to subsoil state management in the Republic of
Kazakhstan.

The target set by the government of the Re-
public of Kazakhstan to implement the reforms

License
applications
submitted

through adopting the Code of the Republic of Ka-
zakhstan "On Subsoil and Subsoil Use" and im-
proving the investment environment, reducing ad-
ministrative and bureaucratic barriers in obtaining
subsoil use rights (mineral rights) has obviously
been achieved. This is confirmed by the fact that
for an year of the Code and the State Subsoil Fund
Management Program being in force the number
of mineral exploration licenses issued reached
400. This figure is very impressive for the speci-
fied period, especially in comparison with subsoil
use contracts for minerals concluded over 25
years of the Republic of Kazakhstan independ-
ence in the amount of 538 pcs.

However, it should be noted that the com-
petent authority received about 1,404 applications

for mineral exploration licenses.

Withdrawn
applications

Licenses issued

e 400

Fig. 2. Number of submitted and examined applications for mineral exploration licenses in Kazakhstan
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Fig. 2 shows high percentage (66 %) of re-
fusals to grant the right to use subsoil (licensing),
the reasons for which can be considered as con-
straining factors for attracting private investment
in exploration:

- the requirement to provide confirmation
that the applicant has financial capabilities suffi-
cient to conduct subsoil use operations;

- the requirement to submit an application
for license in soft and hard copies;

- the requirement to provide the documents
(the application and attachments to it) in Russian
and Kazakh languages;

- the requirement for the presence of the re-
quested subsoil plot in the PSSFM.

The fact that the applicant has financial capa-
bilities sufficient to conduct subsoil use operations
is mainly confirmed by submitting a statement of
the balance and movement of money in a bank ac-
count. At the same time, the Code toughened the re-
quirements for this statement, since it is necessary
to show the permanent availability of funds (every
day) during the month preceding the date of appli-
cation. That is, in fact, the statement must be issued
the day before the application is submitted, and this
requirement in some cases makes it impossible for
subsoil users from regions remote from the capital
of Kazakhstan (the location of the competent au-
thority) to submit an application.

A negative point in this case is also the re-
quirement to submit the applications in hard cop-
ies, which requires physical delivery of the docu-
ments to the office of the competent authority and,
thus, entails labor and material costs for the appli-
cants. The same negative consequences are
caused by the requirement to submit the applica-
tion and all supporting documents attached to it in
two languages (Kazakh and Russian).

Particular attention in the subsoil manage-

ment of should be given to the PSSFM formation.

EXPERIENCE OF MINING PROJECT IMPLEMENTATION

This specified program document (PSSFM) is in-
cluded into the Subsoil Code to the end that manag-
ing the state subsoil fund to be systematic, efficient,
and public. At the same time, the established prac-
tice shows the unsystematic character of the for-
mation of this legal act. Until now, the Committee
for Geology carried out the PSSFM formation ex-
clusively by collecting and processing (verification
of'the fact that a subsoil plot is free and no constrains
on the subsoil use are imposed) applications for the
inclusion of a subsoil plot in the PSSFM for the pos-
sibility of issuing a license.

This practice confirms weak exploration
maturity of the country’s territory and the insuffi-
cient competence of the authorized bodies when
developing the program. This circumstance has
developed due to the ineffective structure of the
government bodies authorized to manage the sub-
soil, the lack of the necessary infrastructural in-
formation system in the field of subsoil use, ena-
bling to visually trace the ongoing changes and
plan further stages of the industry development.
In this regard, it is proposed to revise the above
requirements for applicants: eliminate the reasons
that prevent issuing licenses for subsoil use, and
create the necessary infrastructure in the field of
geology and subsoil use.

4. Conclusions. Thus, introduction and im-
plementation of the proposed changes to improve
approaches to subsoil state management create
conditions for:

- investment growth due to the improve-
ment of administrative approaches to subsoil state
management in the Republic of Kazakhstan, en-
suring transparency of information, support of
new standards, simplified procedure of obtaining
subsoil use rights (licensing);

- reducing corruption in the field of geology
and subsoil use and decreasing labor costs for im-
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plementation of state functions through the crea- - ensuring fair return for the state from
tion of modern geological infrastructure and the taxes, as well as obtaining fair return on invest-
use of innovative opportunities in the implemen- ment for the investors.

tation of supervising and control functions of the

competent authorities;
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O0ocHOBaHME BHEIPEHNSI KATETOPUITHOM CTPATErMH 3aKYIOK
HA YPaHOI00bIBAIOIIKX NMPeINPUSATHIX

b. K. Kocmypartos

AO HAK «Kazatomnpom», r. Hyp-Cynran, Pecniybnuka Kasaxcran

AHHOTanMs: AKTYaJIbHOCTh PaOOTBI OOYCIIOBIIEHA CIIEAYIOIIMME OCHOBHBIMU NPENNOCBIIKAMH: HEOOXOAMMO-
CTBIO COBEPLICHCTBOBAHU 3aKyIIOYHON AESITEIBHOCTH B COOTBETCTBUY B 3a/1a4aMy, IIOCTaBJIeHHbIMU [IpaBuTens-
crBoM PecnyOnuku Kazaxcral, B KOTOpBIX yKa3aHO Ha HEOOXOAMMOCTh KapIMHAIBHOTO MEPECMOTPa MOIX0I0B
0 MPOBEICHUIO 3aKYMOK B KBa3UTOCYJAPCTBEHHOM CEKTOPE, chepe ECTECTBEHHBIX MOHOIOIHMHA U HEIPOIOIb30-
BaHUs, HEOOXOIUMOCTHIO ONTHUMHU3ALMH PACXOA0B KOMIIAHUHM U CHIDKEHUS C€0ECTOMMOCTH HPOLYKLIUH B yCJIO-
BUSIX BBICOKOKOHKYPEHTHOM CUTYallM{ Ha PhIHKE IPUPOAHOTO ypaHa 3a CUET BHEAPEHUS KaTeTOPUHHON 3aKyoy-
HOW cTpaTeruu; HeoOXOAMMOCThIO obecnieueHus d(H(HEKTUBHOCTA U MPO3PAYHOCTH 3aKYMOYHOH AEATEIbHOCTH
Kommanun 3a cuéTt BHeApEeHUsI KaTeTOPUHHOW CTpAaTeruu 3aKyNOYHOH AesitenbHoCTH. Llenbio paboTel siBisieTcs
o6ocHOBaHNE YPPEKTUBHOCTH peaTH3alii MEPOIIPHUITHH 110 BHEAPEHUIO HA YPAHOAOOBIBAIOIINX MIPEIITPHITHIX
CHUCTEMBI KaTeTOPUITHOTO YIpaBJIeHUs 3aKyMOYHOM NesTenbHOCThI0. KareropuiiHas cTpaTerus 3aKylmoK — 3TO
BHEJ[PEHUE COBEPIICHHO HOBOTO MEXaHM3Ma, KOTOPBIM B OTJIIMYHE OT JEHCTBYIOLIEH CHCTEMBI MpeaycMaTpUBaEeT
JIOCTHKEHHE 3KOHOMHUUECKON 3()(peKTUBHOCTH B TEUCHHE BCETO )KU3HEHHOTO LIMKJIAa TOBApa, paboThl WM YCIyTH.
JlanHas cuctema BHeApsieTcs BriepBble B Komnanuu mpu mosiHoM OTCYTCTBUU MPAKTUKU MOAOOHBIX Peann3aliii B
pecnyOinuke. B paboTe mpousBeieH aHaIN3 COBPEMEHHOTO COCTOSIHUS 3aKyIIOYHOM IeATeIbHOCTH yPaHOJ00bIBa-
IOLIMX NPEANPHUITUI, BBISBICHBI M CETMEHTUPOBAHBI IPOOJIEMHBIE 30HbI 3aKyIIOUHON NESTEIbHOCTH, OTIPEACTICHBI
HarnpasiieHUs ee onTuMu3anuu. Kpome Toro, nponsseaeno o6ocHoBaHuEe 3() PEKTUBHOCTH BHEAPEHUS KaTETOPHiA-
HOW CTpaTeruy 3aKyIokK Ha MPeINpUsITHA U pa3paboTaHbl MEPOTIPUATHS 10 HOPMUPOBAHUIO KATETOPUHHON cTpa-
Teruu 3akynok B Kommnanuu no ocHOBHBIM I'pyIIiaM TOBapoOB.

KuiroueBble cji0Ba: KaTeropus 3aKyIok, 3aKylnoyHasi KaTeropuiiHasi CTpaTerusi, KaTeropuilHbld MEHEDKEp, ONTH-
MU3alMA, YpaH, ypaHOAOOBIBAIOILUE IPEAIPHUATHSL

Jast muruposanusi: Kocmypatos b. K. O6ocHoBaHMe BHEPEHUS KATETOPUIHON CTpaTerny 3aKyIOK Ha ypaHO-
NOOBIBAIOINUX TpeanpusTusx. [ opuvie nayku u mexnonoeuu. 2020;5(4):318-335. DOI: 10.17073/2500-0632-
2020-4-318-335

Justification of category procurement strategy implementation
at uranium mining enterprises

B. K. Kosmuratov
NAC Kazatomprom JSC, Nur-Sultan, Republic of Kazakhstan

Abstract: The study relevance is supported by the following: the need to improve procurement activities in ac-
cordance with the tasks set by the Government of the Republic of Kazakhstan, which indicate the need for radical
revision of approaches to procurement in the quasi-public sector, natural monopolies, and subsoil use sector; the
need to optimize NAC Kazatomprom JSC (the Company)'s expenses and reduce the cost of production in highly
competitive situation at the natural uranium market through implementing category procurement strategy; the need
to ensure efficiency and transparency of the Company's procurement through the implementation of category pro-
curement strategy. The study aim is to substantiate effectiveness of the category procurement strategy implemen-
tation at uranium mining enterprises. The category procurement strategy is a completely new approach, which,
unlike the current system, provides for achievement of economic efficiency throughout the entire life cycle of a
product, work, or service. This system is being implemented for the first time in the Company and has no analogues
in the country. The paper analyzed the current state of procurement activities of the uranium mining enterprises,
identified and segmented problem areas of the activities, determined directions of their optimization. In addition,
effectiveness of the category procurement strategy implementation at the enterprise was substantiated, and
measures were developed to form the category procurement strategy in the Company for the main groups of goods.

BENEFICIATION AND PROCESSING OF NATURAL AND TECHNOGENIC RAW MATERIALS
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Hcnonb3yemblie B padoTe TEPMUHBI M CO-
KpaleHust

Kamezopusa 3axynox (Kamezopus) — rpynmna
TOBApOB W/WJIM TPyIa padOT W/WIN yCIyT, KOTO-
pble He SIBISIOTCS MJICHTHYHBIMH, IIPU 3TOM 00b-
€IMHSIOTCS B OIHY I'pYIITy HA OCHOBAHUM OJIMHA-
KOBBIX XapaKTEPHbIX [IPU3HAKOB UM CXOXKUX aTpU-
OyTOB, TEXHUYECKHX M HHBIX XapaKTEPUCTHK, 0Oec-
NIEYMBAIOIINX BBINOJTHEHNE CXOKUX pyHKIwiA. [Tpu
00bEIMHEHNH HOMEHKJIATYpHbIX IO3MIMHA TOBa-
poB, iopox u ycayr (TPY) B Kareropuro 3akymnok
YUHUTBIBAIOTCS Takue (hakToOpbl, KaK Haauyue 00-
LIEr0 PbIHKA IIOCTABUIMKOB, OJMHAKOBAs TEXHOJIO-
rvs IpPOU3BOACTBA, IPUHAIEKHOCTh K OJHOMN
cdepe AeITeLHOCTH | TIp.

3akynounas kame2opuunas cmpamezus —
JIOKYMEHT, ONPEICIAIOMNNA ONTUMAIBHBIN IOJ-
XOJ] K 3aKyIIKe TOBapOB, padoT U yCIyT UCXOs U3
MaKCUMHU3AallUA BBIFOJ B JIOJITOCPOYHOM HIIH
KpPaTKOCPO4HOH nepcnektuBe. CTpaTerus BKIIO-
yaeT B ce0s1 BBIBOJIbI, C/AETIaHHbIE HA OCHOBE pe-
3yJIbTaTOB IPOBEIEHHOIO 3aKyNOYHON KaTero-
PUMHOM TPYyNIOW aHaau3a pacxofOB IPOILIBIX
NepuooB, Oyayiell HOTpeOHOCTH phIHKA MOCTa-
BOK, TpeOOBaHU OM3HEca U T.1I.

Kamezopuitinwviti menedocep — COTPyIHUK,
OTBETCTBEHHBIN 3a aHaJIM3 PbIHKA MOTCHIIMAJb-
HBIX ITOCTaBIIMKOB, BBISIBJICHHE PE3EPBOB IS 110-
BbIIEHUS 3((EKTUBHOCTH BO BHYTPEHHEH W
BHEIIHEW Cpelie, 3a aHaJIu3 TeHIEHIUI TEXHOJIO-
THYECKOI0 Pa3BUTHS, BBIPAOOTKY PEIICHHUS 110 Op-
raHu3alUy 3aKylNKd M BBHIOOPY MOCTaBIIMKA, a
TaKKe 3a pa3padoTKy KOMMEpPUECKON YacTH 3aKy-
MIOYHOW KaTEerOPUIHOW CTPaTETHH.

/[30 — nouepHue 3aBUCUMBIE TPEATIPUATHS,
IATHAECAT U 00JIee MPOLIEHTOB TOJIOCYIOIINX aK-
il (Jonel yyacTusi) KOTOPBIX IPSMO MJIM KOC-
BeHHO npuHaanexar AO «HAK «Kazaromnpom»

Ha TpaBe COOCTBEHHOCTH WJIM JOBEPHUTEIHHOTO
yIIpaBJICHUSL.

AHaJIN3 CyIIeCTBYOLIHX NPOLeayp opra-
HHU3ALMHU 3aKYIIOK, MOHUTOPUHT H ayJHT 3aKy-
MOYHBIX NPOLECCOB HA NPeANPUITHH

Peanmusanus monened 3akyllku B HAcCTOsI-
iee BpeMsi — 3TO MacIiTabHast SKCIIEPTHO-aHAIH-
TUYECKas 3aJa4ya C MCIO0JIb30BAaHUEM METOJ0B U
MIPUEMOB aHaHM3a U 00pabOTKH OOJBIINX 00be-
MOB JJaHHBIX, OCBEIIIEHHAas B psijie MEKAyHapoI-
HbIX uccnenoBanuii [ 1-3]. CoBpemennbie HHGOP-
MalMOHHbIE TEXHOJIOTUY JIe)KaT B OCHOBE IOBbI-
mieHus ) HEeKTUBHOCTH 3aKyMOYHON IS TETbHO-
CTH U yJIy4LIEHUS] OCHOBHBIX 3KOHOMHYECKHX I10-
KaszaTeJsiel MPOMBIIIJIEHHOTO NpeanpusTus. AHa-
JIU3 NEePEIOBBIX MUPOBBIX IPAKTUK B cepe 3aKy-
MOYHOU JEATENbHOCTH HPOMBIIUICHHOTO Mpea-
NPUATHSL TIO3BOJISIET PEATU30BaTh 3KOHOMHYE-
CKYIO KOHIIETILIMIO CO3[JaHUs MPO3PavYHOro U KOH-
KYPEHTHOTO pbIHKa [4—0].

OCHOBHOH LEJIBIO JTAHHOW KaTeropuiHOU
CTpaTEruy SIBISAETCS MOJyYEHUE YKOHOMUUYECKUX
BBITOJ] Ha ATaIle MPOBEACHUS 3aKYIIKU ITyTeM CHU-
KEHHUSI CTOMMOCTH TOBapOB IIOCTABLINKA 3a CUET
yBEJIUYEHUS 00bEMOB 3aKYIIKHU 3aKa3zuuka [7].

[Ipouenypa opranu3anuu 3aKynKd BbITJIS-
JTUT CJIETYIOLIUM 00pa3oMm:

1. Onpenenenne enunoro OpraHuszaropa Jyis
Bcex mpeanpusatuii nepumerpa /30 mocpenctBom
HalpaBJIEHUs COOTBETCTBYIOLIEIO IHCbMEHHOIO
YBEIOMJICHUSI B CPOK JI0 TPEX pabouMX JAHEH ¢ 1aThl
YTBEPKAECHUSI COOTBETCTBYIOIIMX U3MEHEHHH B Ka-
TETOPUITHYIO CTPATETHIO YIIPABIICHHUSI.

2. Onpenenennie equabiM OpraHu3aTopom
cocraBa pabouel Ipynmsl Ui MPOBEIEHUS TIPO-
LeAypbl NEPEroBOpOB C IMOTEHIMAIbHBIMH IIO-
CTaBIIUKaMH.
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3. ®opmupoBanue eauHbM (OpraHusaro-
POM HEOOXOIMMBIX COCTABIISIOMIMX ISl IPOBEIC-
HUSl IPOLENYpbl IEPErOBOPOB C IMOTEHIIMAJb-
HBIMU ITOCTABILMKAMM: HaIlpaBJIEHUE IpUIJIALle-
HUS TTOCTABIIMKAM C y4eTOM TpeOOBaHMI arTe-
CTalMU; O3HAKOMJICHHE TTOTEHIIMAJIbHBIX ITOCTAB-
IIMKOB C YCIOBUSIMH 3aKa3YMKOB, B TOM YHCJIE CY-
LIECTBEHHBIMHU YCJIOBUSMH JIOTOBOPOB; IOJIyYe-
HUE JIAHHBIX O LIEHOBBIX MPEMJIOKEHUSAX MOTEH-
LUAJIbHBIX [TOCTABIIHUKOB; TOMOJIHUTEIbHBIE ITPO-
LEeAYpPbI 10 BO3MO>KHOCTH CHUYKEHUS 1IEH Ha TOII-
auBO (MpH  HEOOXOAMMOCTH); (OPMHPOBAHUE
IIPOTOKOJIa UTOTOB IPOBEJEHUSI NEPETOBOPOB C
MOTEHIMATbHBIMU ITOCTABIIMKAMMU.

4. CornacoBanne enuHbIM  OpraHu3aropom
UTOTOB IIEPErOBOPOB U cr1ocoba 3akynku ¢ DoxgoM B
TEUEHUE TIATU KAJICHJAPHBIX JHEW CO JIHS, CIEeTYHO-
I1IEr0 3a THEM MOCTYIUICHHUSI MaTEPUAIOB 3aKYIIOK.

5.1lo dakrty moOIydeHUS COTIACOBAHUS
@®oHJa B T€YEHHE OJHOTO paboYero AHs €IUHbII
Opranuzarop HanpasiIsieT OPEIIPUITUIM IepU-
Metpa J[30 naker JOKyMEHTOB JJisi IPOBEACHUS
npoueaypsl (GopMHpPOBaHUS U YTBEPXKACHUS pe-
HIEHUS! KOJUIETHMAJIbHOTO HCIIOIHUTEIBHOTO Op-
raHa/Ha0JII0AaTeTFHOTO COBETA.

6. B Teuenune Tpex pabouux aHed co THS
MOJIyYEHUS PEIeHUs KOJIErHaJIbHOTO UCIIOJIHU-

npenanpusTus nepumerpa /30 3akimogaroT 10ro-
BOp C IOCTABILMKOM Ha MOCTaBKY TOILJIMBA CO-
[JIACHO YCJIOBUSIM, OTOBOPEHHBIM B IIPOTOKOJIE
enunoro Opranuzaropa 1o (akTy HpOBEIEHHS
MPOLEAYpPbl IEPErOBOPOB € MOTEHUUAIBHBIMU
MIOCTaBIIMKAMH.

CornacHo BBILIENIPUBEACHHBIM pacdyeTaM
[0 aHAJIM3Y JIAaHHBIX BHYTPEHHEH cpeabl OJHUM
13 HEOOXOJUMBIX 3JIEMEHTOB pealu3aluu Iep-
BOI'O dTamna JaHHOM KaTErOpUHHOM CTpaTeruu —
LIEHTPAJIM30BAaHHBIX 3aKYIOK — SIBJISIETCS pa3pa-
00TKa KpUTEPUEB IPOBEICHUS MPEABAPUTEIHHOM
kB ukanuu nocraBiukoB (puc. 1) [8]. Yka-
3aHHBIE IEMEHThl HEOOXOIUMO MPUMEHATH IS
IIPOBECHUS 3aKYNOYHBIX MPOLEAYP — MEPBOro
JTarna OTKPBITOrO TEHJIEPA.

IIponenypa 3aKynok Jr00bIM U3 CIIOCOOOB,
pernameHTHpoBaHHbIX [IpaBunamu, B 00s3aTesnb-
HOM IMOpSIIKE IpeaycMaTpuBaeT HaJU4HE IPo-
€KTa JJOroBopa O 3aKyIKe, KOTOPbIN MOANKCHIBa-
€TCs MOCTABUIMKOM — TIOOCTUTENEM 3aKYIKH T10
(bakTy NpU3HaHUS €T0 TAKOBBIM.

Iponenypa KOHCONMIMPOBAHHBIX —3aKYIOK
NpeyCMaTpUBAET OPraHU3ALMIO 3aKYMOK €IMHBIM
Oprann3aropoM C IOCIEAYIOLMM 3aKITF0YEHUEM J0-
roBopoB npeanpuaTisavu nepumerpa /{30 [9, 10].

B kadectBe OCHOBBI UIsi BbIOOpa BHAA KOH-

TCIIBHOT'O

opraHa/Ha0JI0aTETFHOTO

COBETa

TpaKTa pacCMOTPUM CXEMbI €70 OpraHu3alH (pHC. 2).

CHUXXeHUue CTOMMOoCTU

AHKeTa (no dopme,

npeAaycmMmoTpeHHOM1
1 LleHOoBOE NnpeanoxkeHune OT KOHCONIuAauumu o
TeHAepHoun
obbvemos o
AOKYMeHTaumei)
MNMacnopT Kayecrsa no HotapuanbHo-

2 npoAayKuum 3asoga- KauecrBo TOBapa 3acBmaeTesibCTBOBaHHAaA
U3roToBuTeNnsA Konusa
TexHuUYecKnii nacnopT Ha HotapuanbHo-

3 €MKOCTU UWiun A,0rosop XpaHeHwue ToBapa 3acBuAeTeIbCcTBOBaHHaA
apeHAabl Konua
AKKpeauToBaHHasa

PeA HoTtapuanbHo-
naboparopwus (aTrecrar c

4 KauecrBo ToBapa 3acsngeTeIbCTBOBaHHaA

NPpUAOXKEHUEeM Unm
Konua

AOroBOp OKasaHUA cAvr)

5 P Hape>xHocTtb o
e CHaA cnpasKa urnHan
op P NOCTaBOK P

[ OKYMEHT, BblAaHHbIN

CnpaBKa Ha10roBoro Hape>HocTb

opraHa

NoCTaBoOK

nopTanom Haa0roBoro
opraHa

CHU)XeHue CTOMMOCTU ToBapa B obei
cymMmme LeHbl

MoAaTBep>KAeHue KayecTBa ToBapa M cratyca
npoussoauTens Tosapa

Hanuume co6cTrBeHHbIX UM apeHA,0BaHHbIX
CKNaA,CKMX MoLwHoOCcTe o6wmm o6vbemom
He meHee 100 TOHH B CyTKU

FapaHTna npnobpeTteHun Tosapa,
COOTBETCTBYIOLLLETO 3aAB/IEHHbIM B
nacnopre, cepTudukare n np. Tpeb6oBaHnaAM

MoaTBep)KAEHME NPOU3BOACTBEHHOM
MOLWWHOCTU: HE MeHee 50 TOHH B CYTKU
AUN3ENIbHOro TONJINBA U 3 TOHH B CYTKU —
6eH3uHa

MoaTBep>KAEeHMEe NONOXKUTEIbHOM
HaZI0roBOI UCTOPUM NOCTaBLUUKA

Puc. 1. KpnTeplm npoBeIeHUust ﬂpeﬂBapﬂTeJ’lbl—[Oﬁ KBaJ’lPl(l)l/[Kal[l/ll/l NMoCTAaBIIMKOB

Fig. 1. Supplier prequalification criteria
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Llena onpeaenserca Ha
OCHOBE HaMMeHbLLEeH
10 UTOram TOpros,
$uKcupoBaHHas Ha
BeCb NEPHOA, AeiCTBUA
AoroBopa

Dorosop Ha
UKCUMPOBaHHBIH CPOK
AeACTBMA,
YCTAHOB/IEHHBIN

3akasumxKom

MpumeuaHue:
- Hanuume WTpapHbIX
CaHKLWiA,
- HOBasA 3aKymnKa Npu
M3MEHEHWH LeHbI

Llena onpegiennerca Ha
ocHoBe Gopmy/ibi: LeHa
+ CPOK ee geicTeus,
duKcupyeTes Ha cpok
AEeUCTBMA NPeANoKeHna
nocraswmKa

Jorosop Ha
(HUKCMpPOBaHHbBIH CPOK
AeHcTBMA,
YCTaHOBAEHHbIA
MocrasBwmKom

LleHa onpefiensetca
Ha OcHOBe
HauMeHbLIei LeHbl

JloroBop Ha

(PUKCUMPOBAHHBIA
CPOK AeHCTBMA,
YCTaHOBNEHHbIA

3aKasuMKom

MpumeuaHue:
- HanuuMe wrpadHbIX
CaHKLUWA,
- HOBas 3aKynKa npu

LieHa onpegenserca Ha
OCHOBE KOMMAEKCHOW
dopmynel, ¢ nepeuHem
KoadppuyMeHTOB M
WHAWKATOPOE,

Mpumeyanue:

- HanuuKe WrpadHbIX

CaHKLMIA,

- HOBaA 3aKynka np1

MU3MEHEHMM LEHDI

QDorosop Ha
$UKCMpPOBaHHbIA CPOK
Aeicreun,
YCTaHOB/IEHHbBIA
3aKasumKom

NMpumeyanne:
- HanWuMe WTpadHbIX
CAHKUMA

M3MEHEHMUMH LeHbI

BAUAOLLMX HA Hee

Puc. 2. BapuanTsl BbIOOpa BH1a KOHTPaKTa

Fig. 2. Options for contract type selection

Haubonee mpuemiieMblM H3 IMEpPEUYUCIICH-
HBIX BapUAHTOB YCJIOBUN JOTOBOPOB SIBISETCS
NEePBBIH, TaK KaK CPOK €ro AercTBus (pUKCHPY-
eTcsl, TaK e Kak M IieHa nocraBliuka. Kpome
TOT'0, BHECEHUE U3MEHEHUI B JOTOBOPHI B YaCTH
YBEJIMYEHHUSI CTOMMOCTH TOBapa HE MPEAyCMOT-
pEHO HOPMATHUBHO-TIPABOBBIMH AKTAMH, PETYJIH-
PYIOIIUMU 3aKYTIOYHYIO JEATEIbHOCTh MPEIIPH-
aruit nepumerpa /130 [11, 12].

JlanHas kareropuiiHas CTpaTerus paccyu-
TaHa Ha MOJy4YeHHe YKOHOMUYeckoro ap¢exra B
Te4eHue OmmpKkaimmx 12 kKaneHAapHBIX MeECSIeB
C HayaJla ee peajiu3aluu, C YYETOM CpOKa Iepe-
XOJIHOTO nepuoja. B cBsizu ¢ ueM J0roBop, Kak u
cama 3aKyIika, JOJKHBI TPeTyCMaTpUBAaTh CIIETy-
IOIME YCJIOBHS, TO3BOJISIONINE PEAM30BaTh
CTpaTeTUIoO B OJIHOM 00BbeMe:

- MOCTaBKa TOBapa OCYIIECTBIISIETCS B TeUe-
HUE rojia MO 3asiBKaM €IUMHOr0o 3aKa3uMKa; OT-
rpy3Ka TOIUIMBA I10 3asBKE IPOU3BOIAUTCS B T€UE-
Hue 10 (necsTr) KaneHAapHBIX AHEH CO JHS MOo-
JyYEHUsI TOCIeTHEH OT €aUHOTo 3aka3zuuka
(ycnoBUsI OCHOBaHBI Ha OIBITE BEJAECHHS IOCTABOK
TOO «ToproBo-TpaHCIIOPTHAs KOMITAHHUS» |
MO3BOJISIFOT MUHUMHU3UPOBATh PAacXObl Ha XpaHe-
HHE 3aI1acoB TOILINBA);

- OIulaTa ToBapa MPOU3BOJIUTCS MO (PaKTy
€ro MOCTaBKM (MApTHUU MO 3asBKE) B TEUCHHE

20 (nBanuaTu) ONEPALMOHHBIX JAHEHW (CHM)KEHUE
MaKCHMaJbHO BO3MOKHBIX CPOKOB OIUIATHI CIO-
COOCTBYET MOTHBAIIUU TOCTABIINKA K YYaCTHIO B
3aKyIKax);

- Hanmu4ue mTpadHbIX CAaHKIUHI:

- B cllyyae HapyIlIeHUs MOCTaBIIUKOM CpO-
KOB TIOCTaBKH TOBapa IMOCTABIIUK 00sI3aH 0 Tpe-
OOBaHMIO €MHOTO 3aKa34MKa BHIIIJIATUTH MTEHIO B
pasmepe 1 % ot oO1eit CyMMBbI JOTOBOPA 3a KaXK-
JIBIA KaJIeHAapHBIN J€Hb TPOCPOUKH 10 THA (ak-
TUYECKOTO MCIOTHEHHUS MOCTABIIUKOM CBOUX
00513aTeNBCTB 1O AOTOBOPY, HO He 6omnee 10 % ot
o0111ei CyMMBI I0TOBOPA;

- B Clly4ae MOCTaBKM TOBapa HEHaJJexa-
IIEro KavyecTBa MOCTABIIUK 00s3aH MO TpeOoBa-
HUIO eIMHOTO 3aKa3unKa yIulaTuTh mTpad B paz-
Mmepe 10 % oT o011eit cymMMBbl JOTOBOpPA.

Cpok moAnucaHus JOTOBOpA 3aBUCHUT OT
pElIeHUN HCTIOHUTEIBHBIX OPTaHOB MPEIANpHUs-
tuil nepumetpa J[30, yTBepKIaOMUX 3aKYIKH
cornacHo m. 10 m. 138 IIpaBun 3akynok c npu-
MEHEHHEM KOHKYPEHTHOIro OTOOpa MOCTaBIIUKA
Y Ha OCHOBAaHWHU PEUICHMs KOJUIETHAIIbHOTO HC-
MOJIHUTENBHOTO OpraHa/HabIl01aTeNbHOIO CO-
BeTa (B cly4yae OTCYTCTBUS KOJUIETHATbHOTO HC-
MOJIHUTENBHOTO OpraHa/Ha0II01aTeNbHOIO CO-
BE€Ta OPraHOM YIIPABIICHUS/BHICIINM OPTraHOM
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(oOmree coOpaHre y9aCTHUKOB) 3aKa3unKa, HO HE
6onee 25 kaneHnapHbix auei — . 125 [pasui.

[Ipu 3ToM B cityuae HEOOXOAUMOCTH €IH-
Hbli Opranu3arop Ha 3Tare IpOoBEJEHUS I1epero-
BOPOB C IOTEHUUAJIbHBIMU IOCTaBIIMKAMHU
BIIPaBE IPUMEHHUTD aJIbTCPHATUBHBIC YCIIOBUSA pe-
alIu3aluy KaTerOpUHHOW CTpaTeruy IO Bapua-
TUBHBIM KpUTEPUSM (YCIIOBUS OIJIAThI, CPOKH I10-
CTaBKH TOBapa, 00bEM IOCTaBKU U IIp.), 3a UC-
KJIIOUYEHUEM OTCEKAIOIMX — HMEIOIUX HEMo-
CPEJICTBEHHOE OTHOLIEHUE K KPUTEPUAM OIIpeie-
JICHUSI COOTBETCTBHS IIOCTABIIUKOB TPEOOBAHUSIM
KaTeropuilHOM cTpaTeruu (arrecTalnus MOCTaB-
IIMKOB, KauecTBO ToBapa) [13, 14].

[Ipuemka TOBapOB Ha NPEANPUATHSIX INEPU-
merpa [[30 ocymecTisercs myreM BHYTPEHHETO
KOHTPOJII U KOHTPOJII KayecTBa Ha MPENIPUITUN
Ha OCHOBE COOCTBEHHBIX BHYTPEHHUX JJOKyMEHTOB.

VYka3aHHble JOKYMEHTHPOBAaHHBIE IIpOLle-
Jypbl 10 OpraHU3allii IPUEMKH TOBapOB YUUThI-
BAIOT TPeOOBaHUSI CHUCTEM MEHEIKMEHTa Kaue-
CTBa, MNpo(ecCHOHANbHON 0e30MacHOCTH U
OXpaHbl TpyZa, a TaKXKe 3KOJOTMYECKOro Me-
HepkMeHTa. [Ipu Heo6xoauMocTu co3naérces co-
OTBETCTBYIOLIasl KOMHCCHUS, OCYILIECTBIISIIOIIAS
IpUEMKY TOBapa BCeM OOIMM cocTaBoM. B ciy-
yae BO3HUKHOBEHHUS HEOOXOIMMOCTHU IpOBENE-
HUS aHAJIM3a KauecTBa KUJIKMX TOBApOB, IOCTaB-
JSIEMBIX B EMKOCTSIX, IPUBJIEKAETCsl HE3aBUCHMast
aKKpeIUTOBaHHas Ja0opaTopusl.

OnpeneneHHOE BHUMAaHHUE YIEISIETCS TeX-
HUKE O0€30MacHOCTH TPUEMKH TOBApPOB, HX
OCMOTpY, OTTPY3K€, XPaHEHUIO U TIp.

CriocoObl OLIEHKHM HEJOCTaTKOB TEKYILEeH
JeSITeIbHOCTH 3aKJII0YatoTCs B clieayromeM. Mo-
HUTOPHUHT OTYETOB M0 UCIOJHEHUIO JOTOBOPOB O
3aKynKax TOIUIMBA MPEANpUSATHIl Tepumerpa
J130 BbIsSBUII HEOCTATKU B 4YaCTU IPUOOpETEHUS
OJIHOPOJHBIX BUJIOB TOBApPOB 110 HECKOJIBKUM Me-
CTaM IOCTaBKHU IO Pa3INYHbIM LIEHAM.

MOHHUTOPHHI OpraHU3alliy 3aKyIOK Mpea-
npusatuil nepumerpa 130 BbIiBHI crabble CTO-
POHBI B TPOLIEAYPHBIX MOMEHTAX UX pealIn3alllu,
B YaCTU OTCYTCTBHS BO3MOXKHOCTH IOKyTMaTesnei
npuoOpeTaTh TOBAphI C MPOBEIECHUEM IIPEIBAPH-

TEJIBHOM aTTecTalM OCTAaBLIMKOB 110 OoJee Cy-
LIECTBEHHBIM YCIIOBUSIM, HE IPEAYCMOTPEHHBIM B
YTBEPKACHHBIX PETIAMEHTUPYIOIUX JOKYMEH-
Tax (Bo U30eXaHHE MOCPETHUKOB).

OCHOBHO# 11eNBI0 pa3pabOTKH KaTeropHii-
HOM CTpaTEeruu sABJIAETCS yCTPAaHEHHE HEIOCTAT-
KOB B 3aKyIIOYHBIX IPOLECCAaX NMPEANPUATUH TIe-
pumeTtpa 130 nocpeacTBom NpoBeICHUS LIEHTpa-
JM30BaHHBIX 3aKyNOK. /laHHBIA pplYar peaiausa-
UM KaTETOPUMHONU CTPATETHH MO3BOJUT HOPMa-
JM30BaTh IMPOLECC IUIAHUPOBAHUS 3AKYIOK, IO-
BbICUB €ro 3((eKTUBHOCTh, a TaKkKe CHU3UTH
pacxozbl IpU HAJIMYUU PABHOLIEHHON CTOMMOCTH
OJIHOPOJAHBIX BUJI0B ToIuMBa it Bcex 30.

OntumMu3zanus noTpeGHOCTH PacX0/10B TOII-
JMBa, KaK CaMOCTOSITEJIbHBIM dTall JaHHOW Karte-
TOpUIHON cTpaTeruu, 6a3upyercs Ha HeoOXO0aH-
MOCTH HOPMMPOBAHMS pPacXxoiOB TOIUIMBA, YTO
IIPY HAJIMYUU COOTBETCTBYIOLIUX 3alacoB U MpHU
TEX YK€ YCJIOBUSAX MPOU3BOJICTBEHHOH dKCILTyaTa-
LMY TTO3BOJIUT CHU3UTH €T0 MOTPEOIICHHE.

ABTOMAaTH3a1Msl IIPOLIECCOB y4ETa, a TAKIKE
BBIIIMCKM ITyTEBBIX JIUCTOB JUI1 TPAHCHOPTHBIX
CpEJICTB, BHEPEHUE PEIICHUH [0 YBETMUYEHUIO 3(-
(eKTUBHOCTH U M3MEHEHHIO BHYTPEHHMX IpoLec-
COB CIIOCOOCTBYIOT MOHHUTOPHHIY PacXoJl0B TOII-
JMBa U KOHTPOJIIO €r0 3aIlacoB, a TaK)Ke MUHUMU-
3UPYIOT YPOBEHb MOTEPh. Peanusaius 1aHHOM Ka-
TErOpUIHOMN CTpaTeruu TpeOyeT OnpeieNeHHbIX 3a-
Tpat npeanpustuil nepumerpa 30, ux cTpykTypa
paccmoTpeHa Huke. [Ipu 3ToM HE00XO0IMMO OTMe-
TUTb, YTO BOZHUKHOBEHHE THX 3aTpaT 3aBUCUT OT
IIPUCYTCTBUSL COOTBETCTBYIOIIMX YCJIOBUI B HOP-
MaTHBHO-IPABOBBIX akTax [15, 16].

Peanusanus kareropuiiHOM CTPATETHH OC-
HOBaHa Ha OpraHMU3alMM KOHCOJUAMPOBAHHBIX
3aKyMOK MOCPEACTBOM HECKOJIBKUX MECT TIO-
CTaBKU — (PUITMAJIOB, YTO MPUBEAET K BO3ZHUKHO-
BEHHIO M3MEHEHUI B cXeMaX IOCTaBKHM TOBapa
JUISL HEKOTOPBIX NMPEANPUATHI, TPAHCIIOPTUPOBKA
KOTOPBIM OCYIIECTBISIACH HANPAMYIO I1OCTaB-
LIMKaMU TOILJIMBA.

AHA/IM3 CTPYKTYpPbl M 00bEMOB 3aKYNOK
I'CM n pa3paGorka NpHOPHUTETHHIX HANPAaBJIe-
HMI pean3anyy KaTeropuitHo| crpaTeruu
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AO «HAK «Kazaromnpom» — Beyiasi Mu-
poBas KOMIIaHHMSA, OCYIIECTBISAIOUIAS TOOBIYY
ypaHa crioco0OM MOJ3eMHOT0 CKBa)KUHHOTO BBI-
menaynBanus [17-19].

OCHOBHBIMU KPUTEPHUSIMH 1IeJIeH 3aKyINoy-
HOM KaTeropuiHOMN CTpaTeruu SBISIOTCS: IPHOO-
peTeHne KaueCTBEHHBIX TOBApOB, padOT M yCIyT
(TPY), wmakcumu3anus 3SKOHOMUYECKOTO 3-
¢exTa Mpu UX 3aKynKe M UCHOIb30BAHUH, TEXHO-
JIOTUYECKOE YCOBEpIICHCTBOBAaHUE, IIpO3pad-
HOCTb KPUTEPHUEB BbIOOpA MOTEHIIMAIBHOTO IO-
CTaBIIIMKA, YIPABJIEHUE PUCKAMH.

[TocnenoBaTenbHOCTh Pa3pabOTKH  3aKy-
MOYHBIX KATETOPUUHBIX CTPATETU ONpeaesieTCs
KPUTHYHOCTBIO KATETOPUiA 3aKYIIKH.

3akynku ['CM (TOmIMBO) OTHOCSTCA K KaTe-
TOPHH 3aKYTOK TPYIIIBI «A» U UMEIOT I0CTaTOYHO
BBICOKUI YPOBEHb KPUTUYHOCTY JIJIS IPEAITPUATUAN
AO «HAK «Kazaromripom» (puc. 3) [20, 21].

Pa3paboTka kaTeropuiiHoOil cTpaTeruu Mo
TOIIMBY obecrieynBaeT okosio 90 % mpousBo-
cTBeHHBIX TporieccoB J[30 nmepumerpa (BKIHOUAS
pacxoasl Ha ['CM mo kaptam U TaJoHaM) U CIIO-
coOHa OO0ECTeYnTh JOCTHKECHHE SKOHOMHYE-
ckoro 3Qdekra B onmxaiimne 12 mecses (kpart-

KHE CPOKH), a TaK)KE€ Peain30BaTh BBHICOKYIO TH-
PaXUPYEMOCTh MPUMEHEHUS MO MPEINPUATUIM
AO «HAK «Kazarommpom.

AO «HAK «KazaTomnpom», KaK 1 BCe 3aBU-
CUMBbIE MPEANPUSTHUS, HE BKJIFOUCHHBIC B IEPUMETP
30 nanHOM KaTeropuitHOM CTpaTeruu, OCyIIeCTB-
ns1r0T 3aKynku I'CM (TOIUIMBO) COTIIACHO ACHUCTBY-
FOLLIMM HOPMaTHBHO-IIPABOBBIM aKTaM, PEryJIHpy-
FOLLIMM IIPOLIECC OCYIIECTBICHUS 3aKYIIOK.

Oo6wemsl 3atpat CII Ha npuoOpereHue Tor-
JMBa JOCTaTOYHO 3HAYUTENIbHBI U B Clydae J0-
CTHKECHUS TIOJIOKUTEIBHOTO 3 PeKTa THPaKUpo-
BAHME JAHHOW KaTETOPUIHOM CTpaTEruu TakKe
BO3MOXXHO K IPUMEHEHUIO B paMKax TpeOoBaHUi
HOPMaTUBHO-IIPABOBBIX AKTOB, PETrYJIUPYIOIIUX
JEUCTBHUS 3TUX NpeanpusaTuil. Peannszanus kare-
TOPUUHOM CTpaTerny B paMKax JEHUCTBYIOIIUX
[IpaBun it JaHHBIX TPEANPUATHAN HE TPEACTAB-
JII€TCSI BO3MOXKHOM.

[IpropuTeTHBIM HaNPABJICHUEM JaHHOM Ka-
TETOPUMHON CTPATEruu SIBJIACTCS CHUKEHUE CO-
BOKYITHBIX IIPSAMBIX U KOCBEHHBIX 3aTpaT MpUMe-
Henust ['CM, Bkirouas CTaauio 3aKylKH U IPO-
LIECChI KOHTPOJISI | MOHUTOPUHTA €r0 pacXxo10Ba-
Husl. [loaToMy Lienu 1 3a1a4u JaHHOW KaTeropuii-
HOM CTpaTeruu pacrpeiesieHbl 0 TPEM OCHOB-
HBIM 3Tanam (puc. 4).

AHanu13 YpoBHA KPUTUYHOCTH 3aKYNOK TOBAapOB NpeanpuaTUAMH
AO "HAK "Kasatromnpom™"

B [TpUpOaHLIA ras
B KMcnoTa cepHan TeXHWYecKan

XMUMHYecKasa npoayKLuma

(peareHTsl, cmonbl)*
H TaHTan (pyaa, nom, TMAPOOKKUCh

nr.a.)
B 3NeKTpO3HEepruA

cMm

B Tpy6Hasa npoaykuuMa MNBX, MHA

(dunbTpel KO®, oronoBHUKEK)
B [1poumne ToBaphbl

Puc. 3. AHaIU3 YPOBHSI KPUTHYHOCTH 3aKyNnok TopapoB npeanpusitusimun AO «HAK «Kazatomnpom»

Fig. 3. Analysis of criticality level of purchases at enterprises of NAC Kazatomprom JSC
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1. CHMeHMe 3aKYNOYHbBIX LLeH

(koHconupauma 06bemoB M yHUbUKaLma)

2. OnTumu3sauma notpebHocTU
(HopmUpoBaHMe pacXopoB M COKpalleHue
norpebnexms)

e— €

3. Koutponb yueta ICM (MoOHUTOpHHT
pacxofoB U 3anachbi)

Puc. 4. OcHoBHbIE ITAaNbI peaju3alui KaTeropuiiHoii crpaterun 3akynok I'CM

Fig. 4. The main stages of implementation of category procurement strategy for fuels and lubricants

Peanu3zanus nepBoro sramna — CHUXEHHE 3a-
KYIOYHBIX 1I€H TIOCPEJICTBOM KOHCOJIHJAIIUU
00beMOB ¥ YHU(DUKALIMA TEXHUUYECKUX XapaKTe-
PUCTHK M MECT MOCTaBKH, B TOM YHCIIE IIyTEM HC-
KIIFOYEHHUS] TOCPEIHUKOB CpEAH IOCTABIIMKOB
torinBa. C 3TOH 1eIbI0 MPOIEcC KOHCOINU AU
00BEMOB 3aKYIOK paccCMaTpUBAETCs Kak 00beTu-
HEHUE NOTPEOHOCTH TOIIMBA B KOJMYECTBEHHOM
BBIPXCHUHU JJI5 [IPOBEJICHUS LIEHTPATU30BAHHBIX
3aKyMOK €JUHBIM OPraHU3aTOPOM IOCPEACTBOM
IIPOBEJECHUS 3aKYIIKH Ha YCIOBHAX MTOCTABKH Ile-
peBanounbix 6a3 TOO «ToproBo-TpaHcnopTHas
kommanus»: cr. [luenu, Ke3puopaunckas o0-
J1acTh, U cT. XKanarac, FOxxno-Kasaxcranckas o0-
nactb. [lpu sTOM moamucaHue Aorosopa ¢ IoO-
CTaBIIMKOM TOIUIMBA U MOHUTOPHUHI €r0 HUCIIOJI-
HEHHUS OCYyIeCTBISIOTC KaxapiM [[30 mepu-
METpa CaMOCTOSITENIbHO.

JIBa mocnenyromux 3Tana CTpaTeruy, yka-
3aHHBIX B BBILIEIPUBEIECHHON CXEME, SIBIISIFOTCS
NEPCIEKTUBOW Pa3BUTHUs JAHHOM KaTErOpUHHOMN
CTpaTEeTHH U MOJyIekKAT BHEAPEHHIO 10 (PaKTy 3a-
BEpILIEHUS [IEPBOrO €€ dTara, 4To MO3BOJIUT J0-
CTHUYb 3HAYUTEIILHOTO TOJIOKHUTEIBHOTO A (pexTa
B IIOJIHOM LIMKJIE IPUMEHEHHUS TOIUIMBA — OT 3a-
KYIKHU A0 (PU3UYECKOT0 MOTpeOIeHHUS.

i ompeneneHust CyIIECTBYIOLIEIO pac-
Ki1ana B nepumetpe JI30: pacxompl, morpedieHue,
KaueCTBEHHBIC II0KA3aTeJIM TOIUIMBA M IIPOYEE,
HE00XOIMMO MPOBECTH aHATN3 BHYTPEHHEN CpeJibl.

AHanu3 peTpoCreKTUBHbBIX 3aTPaT MOKa3bI-
BAaeT 3HAYMTENbHbIE pacxoabl nepumerpa 130 Ha
pUOOpETEeHUE AU3EIBbHOIO TOIIUBA JIETHET0, KO-
TOpPOE HCIOJIb3YeTCd B TOM YHUCIIE HENOCpes-
CTBEHHO B ITPOM3BOJICTBEHHBIX ITpOLECcCaX.

CornacHo JaHHBIM IIPOBEIEHHOTO aHAJIN3a
HaAOJIIOAAIOTCS CIIEAYIOIINE TCHACHIINN:

- CHWKEHHE YPOBHS Pacxo/10B Ha rpuolpe-
TeHue 6en3nna AV-80 BBy CHIDKEHUS €T0 MPO-
U3BOJICTBA HA 3aBO/IaX-IIPOU3BOAUTEINAX U, COOT-
BETCTBEHHO, MOTPEOJICHUS MPEANPUATUIMU Tie-
pumertpa J130;

- yKa3aHHas TEHJICHIMs €CTECTBEHHO IIO-
BIIUSUIAa Ha yBEJIMYEHHE PacXo/0B MO 3aKylKam
o6enszuna AM-92(93) — Gosee moporoit U Kadve-
CTBEHHBIN aHAJIOT M1EPBOT0 BH/Ia TOTLJINBA;

- CHWKEHHE YPOBHS Pacxo/10B Ha npuoope-
TE€HUE JM3EJIBHOTIO TOIIMBAa OOOMX BHJIOB IPO-
JUKTOBAaHO KIMMAaTHUYECKUMU HW3MEHEHUSIMHU —
TEIUIBIA 3UMHHM NEeproJl, a Takke PaKTHUECKUM
CHIDKEHHEM IIeH Ha aaHHbli Bun 'CM, dusuye-
CKuil 00BbEM MOTpebIeHUS B OOJBIIMHCTBE CITY-
yaeB ocTayicsa 0e3 U3MEHEHUH.

Pesynprarel aHanu3a BHYTPEHHEHW CTpPYyK-
Typhl MTOCTABOK TOIUIMBA HA OCHOBE JAHHBIX MO-
clieIHero (PMHAHCOBOTO ro/1a MO3BOJIWIN CAENATh
CJIEYIOINE BBIBOJIBL.

[Ipennpustus nepumerpa 30 ocymiecTs-
JSIFOT CaMOCTOSITENIbHYIO paldoTy MO ompejerne-
HUIO CTOMMOCTH TOIUIMBA, BEIOOPY criocoba 3aKy-
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MOK ¥ TIEPUOIUYHOCTH UX MPOBENICHUS, YCTAaHOB-
JIEHUIO YPOBHSI COOTBETCTBMSI ITOCTABILMKA TOII-
JauBa TpeOOBaHUAM 3akazuuka u mp. [Ipu sTom
HE00X0/IMMO OTMETUTH, YTO OCHOBHBIE TIOCTABKH
TOIUIMBA OCYILECTBISIOTCA IIOCPEACTBOM HE-
CKOJIBKHX MecCT — nepeBasiouHbix 6a3 TOO «Top-
TOBO-TPAaHCHIOPTHAS KOMITaHUSI.

Ucropuueckue nannsie nepumerpa (30
(3aKITIOYEHHBIE JOTOBOPBI) IO 3aKyNKaM TOI-
nuBa, B ToM ymcie B 2015 r., XxapakTepus3yroT OT-
CYTCTBUE OIIPEJEICHHOCTEN: B LIEHOBOM Juara-
30HE — KOJeOaHHsI CTOMMOCTH TOILIMBA JOCTH-
raroT 66%; B nuamazone B3aumojencteus /(30
nepuMeTpa HaxOJATCS TIOCTABIIMKU Pa3HOTO
YPOBHSI MPOUCXOXKACHUS — OT HEMOCPEICTBEH-
HBIX TPOU3BOAUTENEH TOIUIMBA JI0 TIOCPETHUKOB.

[Ipennaraercs MpoBeCTH aHATU3 3TUX JaH-
HBIX U OIPENEIUTh 3aKOHOMEPHOCTU YCTaHOBJIE-
HUS 1IEH U CTPATEruy MOCTAaBIIMKOB IO paboTe ¢
npennpustusimu nepumerpa J130.

CBeneHus 0 CpeTHEB3BEILIEHHBIX LIEHAX I10-
CTaBIIMKOB IO MOCTAaBKaM YETBIPEX BUAOB TOII-
JMBA MOKA3bIBAIOT, YTO MPEANPUITUS IEPUMETPa
J30 npuobpeTaroT 0OAHOPOAHBIE BHJIBI TOBAPOB
[0 pa3JInYHBIM ILIEHaM C YYETOM OJMHAKOBBIX
MECT IOCTaBKH.

Kpome Toro, orpomMHoe 3HaYeHuE AJIs OTIpe-
JIeTICHNs TIOCTABIIMKA TOIUIMBA UMEIOT MPOLETyPbI
NPOBEJCHNUS 3aKyIOK, onpeneneHHble [Ipapnnamu:

1) HEoJHOKpaTHOE MPOBENECHUE 3aKyIOK
Croco0OM OTKpPBITOI'O TEHJAEpa, BBUAY HpU3HA-
HUS MX HECOCTOSIBUIMMMCS 110 TEM WM HHBIM
OpUYMHaM (OTCYTCTBUE 3asiBOK, MpPHU3HAHUE MX
HECOOTBETCTBYIOIIMMHU TPEeOOBAHUSAM 3aKa3uu-
KOB U 1Ip.);

2) npoBeAeHNUE 3aKYIOK CIOCOOOM M3 Of-
HOTO MCTOYHMKA Kak Mo (akTy MpU3HAHUS OT-
KPBITOTO TEHJIepa HECOCTOSIBIIMMCSI, TaK U Ha Ie-
PHOJ ©XKEHEBHOM /exXeHe1eIbHOM MOTpeOHOCTH;

3) 3aKJIFOYE€HNE MHOTOYNCIIEHHBIX JI0TOBO-
POB Ha MOCTaBKY TOIUIMBA MCXOHS U3 MNEPBBIX
JBYX IIEPEUYNCIICHHBIX IPUUUH C Pa3IMYHBIMU I10-
CTaBIIMKaMU;

4) yCTaHOBJICHHUE PA3TMYHBIX 3HAYCHHH 1IEH Ha
croumocts ['CM, BBUy peanu3alyu ycIoBuii m. 1,
2, 3, Ipy HATMYUY OJMHAKOBBIX MECT ITOCTaBKH.

AHanu3 mapka o0opyaoBaHHs, €ro Xapak-
TEPUCTHK W TPOU3BOJICTBEHHBIX IOKa3aTeneit
MTO3BOJIMJI BBISIBUTH €TI0 CTPYKTYPY U OOBEMBI.

OrneHka OCHOBHBIX HCTOUHUKOB MOTpedIie-
HUS TOIUTHBA, PACCMATPUBAEMOTO B IaHHOU KaTe-
TOPUIHON CTpaTeruu, MO3BOJIUT U3YYUTh HEOO-
XOJIUMOCTb CHM)KEHHUS PACX0JI0B, a TAKXKE €ro co-
BEPILIEHCTBOBAHUS IIyTEM HOPMHUPOBAHUSI.

Takum 00pa3zoM, COBEpIIEHCTBOBAHUE IPO-
1ecca HOPMHUPOBAHUS TOTPEOJICHHUS TOIUIUBA, B
TOM YHCJIE YKa3aHHBIMHA HCTOYHUKAMU, OYJIET CI10-
coOcTBOBaThH CHIDKEHHIO pacxonoB 130 Ha mprob-
perenuie ['CM, uto coorBeTcTBYET 2-1 U 3-i1 LIeH
JTAHHOM KaTeropuiHOW CTpaTerui U BO3MOXKHO Ha
CIIEIYIOIIMX dTarnax peaan3aiuu — 1o GaxkTy 3aBep-
LIEHUS MpoIiecca KOHCOMUIAINY 3aKYTIOK.

Jlnis peanu3anuy KaTeropuitHONW cTpaTerun
HEOO0XOMMO PaCCMOTPETh METOJIbI TOTIOTHEHUS
3aI1acoB, a TaKKe HEOOXOMUMOCTh HaIW4YHAS U
00BEMOB CTPAXOBBIX/aBAPHITHBIX 3aI1ACOB.

AHanmm3 TpeACTaBICHHBIX TAHHBIX 1O EM-
KOCTHOMY OCHAIIICHUIO MEPEeBATIOYHBIX 0a3 1Mo3-
BOJISIET CYJTUTh O TOM, YTO Pa3HbI€ BU/IbI TOILUIMBA
Pa3IUBAIOTCS 1O COOTBETCTBYIOIIMM HE3aBHUCHU-
MBIM €MKOCTSIM, YTO TaKXKe CIOCOOCTBYET YBENHU-
YEHHUIO IPOITYCKHON CIIOCOOHOCTH 6a3 U BO3MOX-
HOCTH 00ecrieueH sl TOITMBOM B CaMble THKOBBIE
MoMeHThI. TOO «ToproBo-TpaHcropTHast KOMITa-
HUSD) IMEET JIOCTATOYHBIE CKIIA/ICKAE MOIIIHOCTH,
B TOM 4YHCIE IS XPaHEHUS JIOTOJTHUTEIBHBIX
o0bemoB ToruiBa J[30 (cTpaxoBble WM aBapuid-
HBIE 3aI1achl).

C 1enblo OLIEHKHU OIpeJIeNIeHUs] YPOBHS MO-
KPBITHSI BO3MOXKHOCTEH MEPEeBaIOUHBIX 0a3 B MU-
KOBBI€ TIEPHOIBI TOTPEOIEHUS (CE30HHOCTD ) TIPO-
BEJIEH aHalu3 MpUXoJa M pacxoja TOIUIMBA B
OJIMH U3 TaKUX MECSIIEB — CEHTAOPDH (YyOOpOUHBIit
MIEPUOJT ¥ TIOATOTOBKA K OTOMUTEILHOMY CE30HY).

Ha ocHOBaHWM TpENCTaBICHHBIX TaHHBIX
MOJKHO C/I€TIaTh CJEYIOINE BBIBOIBI:

- JUIsl aHanu3a MOJy4YeHbl JaHHbBIE MO JH-
3eJIbHOMY TOIUIMBY JIETHEMY, SIBJISIOIIEMYCS ca-
MBIM BOCTPEOOBAaHHBIM BHJIOM TOILUINBA B TIEPH-
metpe J130;

- CKJIaJICKH€ MOIIIHOCTH MepPeBaJIOYHbIX 0a3
UMEIOT JIOCTATOYHBIE BO3MOXXHOCTH TOKPBITHS
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noTpedHocTel mpennpustuii nepumerpa 130
JUI XpaHeHHs1/iepepaboTKH/moTpedIeH!sT He00-
XOJJMIMOTO 00beMa TOIUIMBA JJaKE B CaMble TTHKO-
BbIE I1EPUO/JIBI.

Panee ormeueHHbIe (haKThl HEPUTMUYHOCTH
KaK IIPUXO0/a, TaK U pacxo/a TOIIuBa (KOppeKTu-
pOBKa M OajlaHC 3aI1acoB), BO3MOYKHO HaJlaJuTh
nocse pa3paboTKU U BHEIPEHUS MOJEIH IOIOJI-
HEHMs 3aI1acoB, CIIOCOOCTBYIOIIEH yI0BIETBOpE-
HUIO TOTpeOHOCTEH NPEANPHUIATUH TepuMeTpa
30 u cHIKEHHUIO HEOOXOIMMOCTH 3aMOPAKHUBA-
HUS1 000POTHOTO KaNHTaja ISl XpaHSHUS U3JTUIII-
HUX 3aI1aCOB TOIUIMBA. Mcrionb30BaHuE EMKOCTEM
JUI IByX BUJIOB TOILIMBA (3UMHETO U JIETHETO) B
COOTBETCTBYIOIIUE CE30HBI IIO3BOJISIET IpUME-
HATH €MHYI0 MOJEJb ITOIIOJHEHUS 3a11aCOB.

OnHako pa3paboTka MOZIENU OMOJIHEHUS 3a-
[IaCOB B HACTOSALIMNA MOMEHT SIBJISIETCS HELIENECo-
00pa3Hoi BBUY IJIAHUPYEMOTO IPOBEAECHUS KOH-
coyMIay 0OBEMOB 3aKyIOK U OyJeT yMecTHa B
pamMKax BHEIPEHHs BTOPOIO 3Talla KaTeropuiHOU
CTpaTeruy — HOPMUPOBAHUS TIOTPEOIICHUSL.

Takum o00pa3oM, NpOBEIEHHBIH aHaIU3
BHYTPEHHEHN Cpelbl MO3BOJISIET FTOBOPUTH O TOM,
yTO npeanpusaTus nepumerpa 30 npoBoasT He-
OJIHOKpaTHbIE MPOLEAYPBl 3aKyIOK TOIIMBA B
CWIIy NPHU3HAHUS MOCIEIHUX HECOCTOSBUIMMUCS
[0 pa3jINYHbIM NPUYUHAM (OTCYTCTBHE 3asBOK
MOCTaBIIMKOB, OTKAa3 OT MOCTAaBOK U 11p.). Kpome
TOT0, PIHOYHBIE KOJICOAHUSI LIEH, B TOM YHCJIE Ha
CBIpbE, I€BaJIbBAIMA U MPOYUE BHEUIHUE OOCTOS-
TEJIbCTBA TAK)KE CIIOCOOCTBYIOT YBEJINYEHHUIO KO-
JIMYECTBA 3aKYIOK U, COOTBETCTBEHHO, YBEIMYE-
HUIO KOJMYECTBA IIOCTABIIUKOB TOILUIMBA, YTO
IpeJnoiaraeT OTCYTCTBUE 3KOHOMUH 10 CTOUMO-
CTH TOIUIMBA (MPU HAJIWYUH OJHOPOJHBIX MECT
MIOCTAaBKHU TOBapa) U HAIWYUE MPETEH3UN K Kaye-
CTBEHHOMY €r0 COCTaBY (CMEUIMBAaHUE TOIUIMBA
pa3IMYHBIX MOCTaBIIHMKOB/TIPOM3BOUTENEH ).
Kpome Toro, mocraBka TOIUIMBa BKIIOYAET B Ce0s
OIUIaTy HaJora — aklu3a, KOTOPBIA TaK)Ke BKIIIO-
4aeTcs B CTOMMOCTb TOBapa, NpeAHa3HAaY€HHOT O
s ganbHenne TpancnoptupoBku TOO «Top-
TOBO-TPAaHCHIOPTHAS KOMITAHUS HA MPEANPUATHS
nepumetpa J130.

Ha ocHOBaHMM H3J10EHHOTO peanu3aius
MpOoLEAYpbl KOHCOJIMJALUHN 3aKYIIOK MMEET J10-
CTaTOYHBIN MOTEHLUMAI Ul HOJYyYEHHUS ONpese-
NEHHBIX 3PPEKTOB, UYTO MO3BOJIUT PEUIUTH MHO-
T'H€ BOIIPOCHI U IOCTUYb 3HAYUTEIBbHBIX MOJIOKHU-
TEJbHBIX PE3YJIbTATOB:

—CHM)KEHUE CTOMMOCTH TOBapa (TI0JIy4yeHue
CKUJIKW) MPHU YBEIMYCHUHU (KOHCOJUIAINH) 00h-
€Ma €ro 3aKyIKu;

—YCTaHOBJIEHUE €IMHOM LIEHBI 110 OJHOPOI-
HbIM M€CTaM IIOCTaBKM Ha OJUHAKOBBIA TOBAp
st Beex J130;

—COTPYJHUYECTBO C MPOU3BOJUTEISAMU Ma-
101 MorHocTH (710 800 ThIC. T B TOJ]) B pETMOHE Me-
CTOMoJIOKeHHUs npeanpustuii nepumerpa /130
(FOsxno-Kazaxcranckas u Ke3buiopaunckas ooia-
CTH), YTO IMO3BOJUT CHU3UTH PACXObl MOCTABIIIU-
KOB-ITPOM3BOIUTEINEH Ha IOCTABKY TOILTUBA;

—peanu3anus KaTeroOpuiHON CTpaTEruu Io-
CPEICTBOM HCIOJIb30BaHUSl IMEPEBAIIOYHBIX 0a3
TOO «ToproBo-TpaHcrnopTHas KOMIIAHUS», TaK
KaK BO3MOXKHOCTH TOCJEIHUX MO3BOJSIOT 00ec-
ne4uts npeanpustus nepumerpa 30 Torum-
BOM, B TOM UYHCJI€ HAa IEPUOJ] CE30HHBIX 000CTpe-
HUll (roceBHast/yOOpouHasi KaMIaHWM, a TaKkKe
OTONUTEJIbHBII CE30H);

—HUCKJIIOYEHHUE OIUIaThl JIOMOJHUTEIBHOTO
aku3Horo coopa BBuny HazHauenus TOO «Top-
TOBO-TPAHCIIOPTHAs! KOMITAHUS» OPraHU3aTOPOM
3aKyNnKH (M3MEHEHUE pOJIM IOCTaBIIMKA), a
TAK)KE€ 3aKJIIOUEHUE J0rOBOpA HA IOCTABKY TOI-
muBa 130 HEmoOCpeICTBEHHO C MOCTABIIUKOM —
noOeauTeNneM 3aKylKH1 — MO3BOJIAT MOJYYUTh BbI-
rogy ot ympasieHus nocrakamu I'CM, B Tom
YHCIIe IKOHOMUYECKYIO.

AHaJIM3 COCTOSIHUSI BHEIIHe#l cpeabl, ee
CTPYKTYPBbI, KAHAJIOB cObITa U hopMHupoOBaHHE
noprdgeJisi IPUOPUTETHBHIX NMOCTABIIUKOB [JIs1
NPOBe/IeHUs 3aKYNMOYHBIX NpoLeayp Ha 1eJjie-
BOM pbiHke 'CM

CymectByronasi cxemMa MOCTaBKU TOILIMBA
(puc. 5) umeet cBou ocobenHoctu. [IponsBonurenn
toruuBa (HII3) He MMErOT COOCTBEHHBIX HCTOYHH-
KOB CBIpbSI, [TOCJIEJHEE OHU NPHUOOPETAIOT C IIEIIbI0
JAJIbHEHMIIIEN pean3ai TOTOBOrO MPOAYKTa WA
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nepepabaThIBAIOT JaBalbyeCKOe ChIpbE U BO3Bpa-
IIAIOT TOJTYYEHHOE TOIUIMBO BiajenblaM. Omnro-
BbIf MOCTaBIIMK TOIUTMBA BIIPaBE KYIUTh €ro Y
NPOU3BOAUTENS U OCYLIECTBIIATH POAXKY TOJIBKO
po3HnuHbIM (A3C) MM KOHEYHBIM ONTOBBIM IIO-
TpebutensiM. OCHOBHOM MPoOJieMOol B MPOU3BO/I-
CTBE TOILIMBA SIBIISIETCS TOCYJAPCTBEHHOE PETYIH-
pOBaHUe ITyTeM YTBEpPXKICHHUs Tpa(UKOB MOCTaBKU
HedTH, rpaduKoB ee nepepadoTku (kpome HIT3 ma-
noi morHocT — 800 ThIC. T B TO/).

Omnpenenenne mnopTdens NTPUOPUTETHBIX
MOCTABIINKOB JIJIs1 IPOBEICHUSI 3aKYTIOYHBIX TPO-
HeAyp TNPOU3BOIUTCA CIEAYIOMIMM 00pa3oMm.
KonkypeHTHOH cpeioil MOCTaBUIMKOB JIs peain-
3alluM JaHHOW KaTeropuiHOM CTpaTeruu ympas-
aeausi 'CM (TOIMBO) SIBASIOTCS MPOU3BOIU-
Tenu, a uMeHHO MuHuHIT3.

CoriacHO UCTOPUYECKHM JIaHHBIM TIPEe.I-
npusituii nepumerpa 130 ocHoBHas 105 mocTa-
BOK TOIUJIMBA MPUXOJIUTCS HAa ONTOBBIX MOCTAaB-
IIMKOB (ITOCPEIHUKOB) TOIIMBA.

3akynku ['CM mnpoBoadrcsi cpenu pasind-
HBIX KaTeropuii MOCTABIIMKOB U 110 Pa3HBIM LIEHAM,
YTO MpEAroiaraeT HaTu4YKe MOTEeHIMaNa JUIs Ipo-
BEJICHUS NIPOLIETYPbl KOHCOIUIAIIMU 3aKYTIOK.

I[Tpu 3TOM COTPYIHMYECTBO HETIOCPEICTBEHHO
C TMPOM3BOJUTENSIMH TOIUTMBA CIIOCOOCTBYET HUCKIIIO-
YEHHIO TTOCPEHUKOB B MPOLIECCE TIOCTABKU TOILIMBA

Céepa uHTepecos
KaTeropwiHoM cTpaTermu

Wmnopt AKcnopt
HedTenpoayKToB HedTenpoAyKToB
4

Y TIO3BOJISIET JOOMTHCS ONPENETEHHBIX CKUJIOK IO
CTOMMOCTH TOBApA, a TAKKE YMEHBIIIUTL YPOBEHb 3a-
TparT Ha €ro TPaHCIIOPTUPOBKY.

Pa3paboTka TaHHOW KaTeropuiiHO# cTpare-
I'M{ OCHOBBIBAETCS HA IIOCTPOEHUU B3aHMMOBBITOJI-
HBIX OTHOILIEHUH C MOCTABIIMKOM(aMH), HE TOJIBKO
CIOCOOHBIM TPENJIOKUTh CKUAKH MO CTOMMOCTH
TOBapa, HO U OCYLIECTBISIOLIMM ITOCTaBKH Kaye-
CTBEHHOT'0 TOIJIMBA B OTOBOPEHHBIE CPOKHU.

Ha cerogusmHuii 1€Hb HA TOIUIMBHOM
poinke Pecyonuku Kazaxcran Bexymias poiib B
IIPOU3BOJICTBE TOIUIMBA IMPUHAMICKUT TPEM
KpYIHBIM HedTenepepadaThIBAIOINM 3aBOIaM.

1. [TaBnogapckuii HEPTEXUMUUYCCKUNA 3a-
Boa (ITHX3) — kpynueiimee B Kazaxcrane npen-
MpHUATHE 10 TiepepaboTke HEPTH, MPOU3BOJICTBY
u peanuzanuu HedTenpoayktos. [THX3 Beimyc-
KaeT OEH3UH, JU3€JIbHOE, PEaKTUBHOE TOIUIMBO,
Mas3yT, ra3, HeTsaHO# OuTyMm, KOKC U cepy. [Ipo-
€KTHasI MOIITHOCTH 3aBOJIa COCTaBJISIET 7,5 MIH T
HepTn B rox. ['myOmHa mepepabotku HEpTH —
okoso 85 %. Axumonepamu ITHX3 sBisitorcs
TOO Refinery Company RT (mouepnee npeanpu-
arue AO «Ka3Mymnaiil a3 — nepepabotka u map-
KeTuHI») — 58 % akuuii, 1 AO ®Hb «Campyk-
Kazpna» — 42 % akmuii.

NOTPEBUTENB

MUHUCTEPCTBO IHEPTETUKN MUHUCTEPCTBO IHEPTETHKN
PK yTBepmaaer nnau

nepepaboTku HedTH

PK yTBepsAaeT rpadux
NOCTaBOK HeQTH

KOMMTET 0 pery/MpoBaxmio
€CTECTBEHHbIX MOHOMOMIA 1
3aLLMTE KOHKYPEHLIMM
MWHUCTEPCTBA HAUMOHaN bHOM
IKOHOMMKM PK yTBepkaaeT
npeaenbHyio LeHy (kpome

HOHVHBET TONAWBO, COTNACHO
yTBepHIeHHOMY
MWHUCTEPCTBOM 3HEPreTURK
PK rpagmry noctasok

6GensuHa AU-80)

Puc. 5. AHanu3 ocoGeHHOCTElH CylIeCTBYIOIIeH cXeMbl NOCTABKH TOILINBA
U cepa MHTepecOB KATErOPUITHOI cTpaTeruu

Fig. 5. Analysis of the features of the existing fuel logistic structure
and the area of interest for category strategy
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2. lIeiMkeHTCKUE  HedTenepepadaThIBarO-
mmit 3aBox (LIHII3) TOO «IlerpoKazaxcran
Oiin [Iponakrey (ITKOIT) ¢ MourHOCTHIO 10 6 MITH
T B roA. [loctpoennsiii B 1985 r., 3aBox siBisieTCst
cambIM HOBBIM 13 Tpex HII3 Kazaxcrana. HTHII3
oOecrreunBaer 0okoyio 35 % ot o61rero oonema
pou3BoJCTBAa HedTenpoaykToB B PecmyOnuke
Kazaxcran. [ons AO «KazMynaiil'a3 — nepepa-
6otka u mapketunr» B [IKOII cocraBnser 49,7
%, CNPC npunamiiexut 50,3 %.

3. IIpoekTHass ~ MOUIHOCTH  TepepabOTKH
Hedtr TOO «AThIpayckuii HedrenepepadaThIBat0-
nwi 3aBo» (AHII3) cocraBnsger 5 MiH T B roz.
99,5 % nomu yuyactust B AHII3 npunamexur AO
«Ka3zMymnaiil a3 — nepepaOoTKa U MAPKETUHT».

Bce Bollieykazanubie 3aBOAbI HE MPOAAIOT
W3TOTOBJICHHOE TOILJIMBO HAIPSAMYIO, TaK KaK HE
ABIIIOTCS BIaAeNblaMu ChIpbsi. OCHOBHBIM HC-
TOYHUKOM X YKU3HENEATCIIbHOCTHU SIBIISCTCA TIe-
pepaboTka naBanpyeckoro cbipbs. Kpome Toro,
JaHHBIC TIPEATNPUATHS UIMCIOT CBOH COOCTBEHHBIN
rpaduK OTTPY30K TOTOBOTO TOTUIMBA, KOTOPHIN HE
3aBUCHT OT MOTPeOHOCTEH MpenrpHusITHIi-3aKa3-
YUKOB, YTO MOKET MPUBECTH K 3aTOBAPUBAHUIO
MOCTEAHUX B Cllydyae MOJy4YeHHUs MOJTHOro 00b-
€Ma POU3BEIEHHOIO TOIINBA €IMHOBPEMEHHO.

CpenneroioBoif 00beM mnoTpeOIeHUs Tu-
3enpHOr0 TormuMBa B Kaszaxcrane cocraBisieT
4,7 mmu T B roa. Tpu kazaxcranckux HII3 exe-
TOJIHO OTTPYXaroT 4—4,2 MJITH T IU3EIBHOTO TOTI-
nmuBa. Henocraromue 300—600 ThIC. T — UMIIOPTH-
pytorcst u3 Poccun. PpIHOK MMOCTaBOK TOIUIMBA
JTAHHBIX MMOCTABIIUKOB YK€ paclpe/iesieH U BHEI-
pEeHUE B €ro psabl MPEACTABISIETCS TOCTATOUYHO
npoOJIEeMaTUYHBIM TI0 TPUYMHE HE3aUHTEPeco-
BAaHHOCTH KPYIHBIX MPOW3BOJUTENCH TOIIJIMBA B
o0BeMax 3aKkyrok, B TOM uuciie nepumerpa 130 —
He 6osee 0,6 % ot obuero oobema kpynHbix HIT3.

B cBs13u 3TMM OCHOBHasl IoCTaBKa MpPOU3BeE-
JEHHOIO MMM TOIUIMBA OCYIIECTBISETCS NOCPEA-
CTBOM UX JUCTPUOBIOTOPOB/ANIEPOB U MPOUYHX I10-
cpenHukoB. PaboTa ¢ mocpeTHIKaMy JAaHHBIX 3aBO-
JIOB COMpSIKEHA C PUCKOM BO3HMKHOBEHUS CHUTYya-
Ml paz0aBiieHUs TOIUIMBA, YTO IMPEICTaBIISET
yrpo3y Ui JalbHEHIIEero ero MpruMEeHEHus], B TOM

Yucie MpU MEepeBO3Kax OMacHbIX Ipy3oB. Takke
IIPY HAJIMYUKU COOTBETCTBYIOIIEH MapKUHAJIBLHOU
COCTAaBJISIFOILEH JAaHHBIX MOCPEIHUKOB CTOMMOCTH
TOBapa YBEJIMUYMBAETCS, B TOM YHCIIE HA pa3Mep ak-
134, KOTOPBIA COIEPKUTCA B HAIBHEUIIUX IIO-
CTaBKax norpedutesnsm, B ToM uncie ais J130.

Kpome toro, onbIT paboThl ¢ yKa3aHHBIMU
MOCTABIIMKAMHU COIPSIKEH C MpolieMaMu B pea-
JM3alUU [TOCTaBOK TOILIMBA. Tak, Ha mpumepe 3a-
kynok TOO «ToproBo-TpaHcnopTHas Komiia-
HUS», BBISBICHO HEJOOPOCOBECTHOE OTHOIICHUE
MOCTABIIMKA, MPU3HAHHOTO TMOOETUTENEeM 3a-
KYIIKU 110 UTOraM OTKpbITOro tenaepa Ne 78-16
(261779) — TOO «Ocean Tradey». Yka3aHHblIH 110~
CTaBIIMK IpeJiarai K MOCTaBKe TOIJIMBO MPOU3-
BoactBa TOO «llerpoKa3zaxcran Oiin Ilpo-
JAKTC», HO Ha ATare MOMUCaHuUs IOTOBOpa OTKa-
3ancsi ot mocnenHero. [lo ycTHOMy 3asBiIeHHIO
npencrasutenst TOO «Ocean Trade» ortrpyska
TOIUIMBA HEBO3MOXHA, BBUJAY OTKa3a COOTBET-
CTBYIOILIETO 3aBOJIA OTIPY3UTh TOILIUBO.

BuyTpeHHne MomHOCTH —HedTenepepa-
6oTku Ha Tpex 6azoBbix HII3 — ocHoBHOI, 0of-
HAaKO HE €JMHCTBEHHBII UCTOYHHK MPEIJIOKEHUS
Ha TOIUIMBHOM pbiHKe PecrmyOmuku Kasaxcran.
CBOI0 CKPOMHYIO JIENITY BHOCAT M OT€YECTBEHHBIE
MUHH-3aBOABI. 3a uioHb 2016 r. 00BEMBI OT-
rpy3ku MuHuHII3 ynmanu Ha 51,2% mno cpaBHe-
HUto ¢ okazatesieM Mas 2016 r. [1o uroram uronst
2016 r. orrpyxeno aumb 11 779 T nuzenpHOrO
TOILJINBA.

CorytacHO TaHHBIM, NPECTABIECHHBIM IIPE/-
npustsaMu nepumerpa /[30, nocnenHue UMeErOT
TMIOJIOKUTEINIBHBIM OMBIT PaboTHI C MOCTaBKaMU MH-
HuHII3, kak 1o kauecTBy TOIIMBA, TAK U IO LICHE.
K taknm npennpusitusim otHocsites: TOO «B.N.
GASOIL PROCESSING», TOO «XKapacy», TOO
«Awmanrensauackuii ['TI3», TOO «KHII3».

B mnonp3y corpynamnuectBa ¢ muHuHII3
CTOUT PACCMOTPETH CIIEAYIOIIEE:

- 0JIM30CTh K MECTaM PACIIONIOKEHUS TIPe/I-
npuatuit nepumerpa 30 (FOxno-Kazaxcran-
ckas u KeI3pumopannckas 06s1acTh);

- OTCYTCTBHE ITPETEH3UM MO0 KAYECTBEHHBIM Xa-
paKkTepucTUKaM TorumBa (cornacHo nanabmM J[30);
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- BO3MOXKHOCTH TOKPBITHSI HEOOXOJINMBIX
i npeanpustuii nepumerpa /130 o6beMoB.

[ nanbHEMIIMX pacyeToB HKOHOMUYE-
ckoro »¢¢ekra mpoueaypsl KOHCOIUIUPOBAH-
HBIX 3aKyNOK, HEOOXOIUMO OIpEeNeIuTh Mapa-
METPbI POTHO3UPOBAHUSI.

[Ipouecc peanu3anuu IEHTPATU30BAHHBIX
3aKYIOK BKJIIOYAET B ce€0s1 KOHEUHbIE MEPOIpHs-
THUS — 3aKJIIOYEHHE J0rOBOPA M MOCTABKY TOBapa
cornacHo 3asiBke 3akazumka ([30). C sroit 1e-
JbI0 HEOOXOJUMO TPOpadboTaTh BOMPOC O MJIaHU-
poBaHUU 00BEMOB ITOCTABOK 110 BBILICYKAa3aHHBIM
3asBKaM, 1a0bl HCKITIOUUTH 3aMOPAXKUBaHHE 000-
POTHOTO KanuTaia MOCTAaBIINKA U 3aTOBAPUBAHUS
nepeBanounblx 6a3 TOO «Toproo-TpaHcnopt-
Has KOMIaHMs» M3JIUIIKAMH TOIUIMBA B CiIydae
OJIHOBPEMEHHOM TMOJa4yl 3asgBOK Ha OOJBIION

YCJIOBHBIE OBO3HAYEH M

HACEAEHHBIE TIVHRTBI

00beM (TIpEeBBIIAOIINN HEOOXOIUMOCTh) MHO-
T'MMHU U3 3aKa3YHKOB.

Takum 00pa3oM, COIJIACHO MPHUBEACHHOMN
cxeme TOO «ToproBo-TpaHcnopTHas KoMIla-
Hus» cornacyet 3asBku /30 Ha mocTaBKy TOII-
JMBa IPEeXJie, 4eM OHU OyyT HalpaBJIeHbl HENO-
CPEACTBEHHO IOCTABILUKY TOBapa Ul UCIIOJIHE-
Hus. JIaHHBIE MOHUTOPHMHI TOCTaBOK TOILIMBA
CIOCOOCTBYET PAaBHOMEPHOMY PpaCHpPEAEICHHIO
00BEMOB 10 3aKa3UYMKaM M CO3JaHUIO TOJIBKO He-
00X0MMOTO YPOBHS €r0 3aIacoB.

Kpome TOro, HemaraoBaXHbBIM (HaKTOPOM
SABIISICTCS TPAHCIIOPTHAS 3aBHCUMOCTB ITOCTABOK
toruBa B JI30 oT MecTopacnonoKeHust ocTaB-
IIMKOB. 1151 OLIEHKH 3aBUCUMOCTH TPAHCIIOPTHOM
COCTaBJISAIOLIEH B [TOCTABKAX TOIUIMBA IPOBEIEHA
paboTa 1o aHaiaM3y MECTOPacCHoI0kKeHUs 0a3 OT-
rpy3Ku ToruBa (puc. 6).
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Fig. 6. Analysis of the fuel shipment bases location
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Ha npencraBneHHON KapTe OTpa)KE€HbI JBa
nosoxkeHuss J[30, mpu KOTOpBIX TpaHCIOPTHU-
pPOBKa IMOCTAaBUIMKOM TOIUIMBA SIBJSIETCS HEd(D-
(eKTHUBHOM (IOPOTOCTOALICH U MPOFOIKUTEIb-
HOU — 00JIBIION KPYT) U 3 (eKTUBHON (TIpruemIe-
MOM M KPaTKOCPOUYHOM — MaJIbIid KPyT).

Tak kak moctaBka ToBapa o JJaHHOM cTpa-
TErMH TMpeArnoiaraeT KOHCOIHAALUI0 00bEeMOB
MOCPEJICTBOM JIBYX TepeBajouHbix 0az TOO
«ToproBo-TpaHCIIOpTHAsT KOMIIAaHUSA», 3aBOJbI-
M3TOTOBUTENH (TIOCTABIIMKK TOIUIMBA) paccMmar-
pUBarOTCA B IByX BapuaHTaX BO3MOKHOTO pa3BU-
THUS CLIECHAPUEB:

O100p MOCTABIIMKOB TOIUIMBA B MpeAenax
1170 kM — OCHOBO# JTaHHOTO BbIOOpA SBJISIETCS TH-
1oTe3a O TOM, YTO MpPU pea3alui JaHHOTO OT-
0opa CTOMMOCTh TPaHCIIOPTHPOBKH IOCTABILUKA
3HAUYUTENIbHO OTPA3UTCSd HAa YPOBHE SKOHOMHYE-
CKoro 3 peKTa B CTOPOHY €ro CHIKEHHS, T.C. 9eM
OoJibllIe YAAIEHHOCTh OCTABIIMKA OT IE€PEBAIOY-
HBIX 0a3 MO LEHTPAIM30BAHHBIM 3aKyIKaM, TE€M
MEHbIIIe 5KOHOMUYECKUH 3PEKT BBUILY yBenude-
HUSI CTOUMOCTH TPAHCHIOPTUPOBKH.

[Tpu pacnonoKeHUU MOCTaBIIMKA TOIUIMBA
B niepumerpe 10 2300 kM OT nepeBaJoYHbIX 0a3
MO ILEHTPATU30BAaHHBIM 3aKYyIKaM BEPOSTHOCTh
MOJIyYEHUsI KaKOro-JIM00 IKOHOMUYECKOTo 3(-
(dexTa MeHbIIIE.

Takum oOpa3zoM, HaubosbInk P PexT Mo-
eT ObITh IOCTUTHYT IIPH B3aUMOJIEUCTBUU C TIO-
CTaBIIMKaMH, YIAIEHHOCTh KOTOPHIX HE MPEBbI-
maet 1700 kM.

Anam3 nocraBok ['CM no nepumerpy (30
MO3BOJIMJT  BBIACNUTH TPYIITY TOCTaBIMKOB MH-
HUHII3, BKIIOYEHHBIX B OMpPEIETICHHYIO 00JacTh
TPaHCIOPTUPOBKH, KOTOpasi HanboJee, a TO U MOJHO-
CTBIO, YJIOBJIETBOPSIET OOIIYIO MOTPEOHOCTh B TOI-
muBe Bcex J130. K takoBemM otHOCsTCS: TOO «OKa-
pacy, TOO «KMHII3», TOO «KHII3», TOO «B.N.
GASOIL PROCESSING». [lanee paccMOTpuM
nomo notpednenus neprmverpa 130 B obiemM 00b-
€M€ TPOM3BOJICTBA BBIIIEYKA3aHHBIX [OCTABIIMKOB
Ha OCHOBE JIaHHBIX npeanpusaTaid nepumerpa 130 u
AHKETHBIX JTAHHBIX, [PE/ICTABJICHHBIX BBIICYKa3aH-
HBIMU [TOCTABIIMKAMH.

HeoOxonuMo oTMeTuTh, 4TO JieBasi 4acTb
HIDKETIPUBEJICHHBIX TIpauKoB (cTonber) orpa-
YKaeT HBIHEIIHIOI CUTYallMI0 B IPOU3BOJICTBEH-
HBIX IIpOLEccCax NOCTaBIIMKA, TOI/IA KaK €ro mnpa-
Bast 4acTh (CTOJIOEI) — MOKa3bIBACT M3MCHCHHE B
o0beMax NPOM3BOACTBA TOIJIMBA IOCTABIIKKA
NpU HaJMYUU KOHTPAKTOB C MPEANPUATUIMU
30 nepumertpa. Ha npumepe nocrasmmka TOO
«Kapac» paccMoTpuM 00Ul TOAXO K aHATH3Y
noau 1 06beMoB nocraBok I'CM B pamkax kare-
ropuiinoit ctpareruu. CorjacHO MPUBEIECHHBIM
nanabiM TOO «Kapacy sBisieTcst mpou3BOIUTE-
JIEM BCEX YETHIPEX BUJIOB TOILUINBA, pacCCMaTpUBa-
€MbIX B JIaHHOW KaTeropuitHo crpareruu. I[lpu
9TOM MUHUMAJIbHOE MPOTHO3HOE 3HAYCHHE JOJIU
npennpustuii nepumerpa 30 B oOmem o0beme
MIPOU3BOJICTBA MOCTABIIUKA 1O KOHCOJIMIAIUU
00BEMOB 3aKyIOK cocTaBisieT 9%, Toraa Kak Io-
clle peaiu3aluy JaHHOW IpoLEeAypbl ITO 3Haue-
Hue yBennuuBaercs 10 50%, yTo mpeamnonaraeT
HaJIMYMe BBICOKOTO BIIMSHUS IPEIPUITHIA TISPH-
Metpa /30 Ha mpou3BOJCTBO MOCTaBIIUKA (HC-
TOYHUK: aHKETHbIE IaHHBIE MTOCTABILIUKA).

JlJis OIleHKH BO3MOXKHOCTEH MOCTAaBIIUKOB
obecrieunTh MOTPEOHOCTH MPEANPUITUN TEpH-
Metpa JI30 HeoOXoauMo paccMOTpeTh Tpedye-
MbIf 00bEM TOIJIMBA B pa3pe3e MeCT MOCTAaBKU
(JIOTOB), YTO BO3MOXHO OIPEACIUTh HA OCHOBA-
HUU COOTBETCTBYIOLIMX 3aKynok 2017 r.

[To nu3enbHOMY TOIIMBY 3UMHEMY JIaHHBIE
00 oowemax mpouzBoacTea TOO «B.N. GASOIL
PROCESSING» HEn3BECTHBI.

I'eorpaduueckoe pacnosiokeHue 3aBoja
TOO «XKapacy (r. Kanatac) mo3BosisieT HOKPHITh
MOTPEeOHOCTh MOCTAaBOK BCEX BUAOB TOIJIMBA I€-
pumetpa J130.

l'eorpauueckoe pacronoxeHue 3aBojaa
TOO «KHII3» (r. KapaTay) mo3BossieT HOKpbITH
MOTPEOHOCTh TOCTABKU JM3EIBHOTO TOILIHBA
JIeTHEro TOJIbKO B CT. JKaHaTac — coryiacHO 00b-
€My MPOU3BOJICTBA MOCTABIIIUKA.

I'eorpaduueckoe pacmonoxeHue 3aBoja
TOO «KMHII3» (r. KsI3bu10pa) Mo3BOJISIET MO-
KpBITh NOTPEOHOCTh MOCTaBKU JIU3EJILHOTO TOII-
JMBa JETHEero Tojbko B cT. lluenu — cornacHo
00BbeMy MPOU3BOJICTBA MOCTABIINKA.
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TakuM 00pa3oM, COTJIacHO BhILIEIIPHUBE-
JNEHHBIM pacueTaM MOXXKHO paccMmarpuBaTh TOO
«Kapac» B KadyecTBE OCHOBHOI'O IMOCTaBIIHUKA
torunBa B 2017 1. s npeanpusTuil nepuMerpa
30 kak mo oObeMaM MPOU3BOJCTBA, TaK U IO
TEPPUTOPUATHBHOMY MECTOPACIIOJIOKEHHUIO.

[Tpu 3TOM NIPUCYTCTBYET HEOOJIBILION PUCK He-
CBOEBPEMEHHOM MMOCTaBKM TOBapa W/WIM OTKa3a OT
MIOCTaBKM TOBAapa BBUJY CPbIBA MPOU3BOJCTBA TOIM-
nmBa (PEMOHTHBIE PabOTHI, aBapusi, OTCYTCTBUE ChI-
pbsl M TIpoyee), HEBO3MOXKHOCTH OCYIIECTBIICHUS
TPaHCIIOPTUPOBKK TOTOBOTO MPOJYKTa (OTCYTCTBHUE
WJIU TI0JIOMKA TEXHUKU U TIPOYEE) U p.

B cBsi3u ¢ uem B kauecTBe «TOAYIIKH O6e30mac-
HOCTH» TIPU PEATM3alMU BBIIICYKa3aHHBIX PHCKOB
MO>KHO pacCMOTPETh HAJIMYKE OCTaBIMKOB No 2 1o
UTOTaM OIpeIeNICHUs TIOOSTUTENIS 3aKYITKH.

C 1ol 1enblo HamboJee TOIXOAIIIMMHE
nocTaBiukamMu No 2 siBJISIOTCS:

- TOO «B.N. GASOIL PROCESSING»
JUTSl TIOCTABKU JTM3EJIbHOTO TOTUIMBA JIETHETO;

- TOO «KHII3» mms mocraBkA OeH3MHA
AMN-92 u 1u3enLHOTO TOIJINBA JIETHETO;

- TOO «KMHII3» mist mocraBku OeH3UHA
AMHN-80 u qu3eapHOTO TOILIMBA JIETHETO.

Heo0xoauMo OTMETHTH, YTO MOCTaBIIUK
TOO «B.N. GASOIL PROCESSING» Haxo-
JUTCS B 30HE OTAAJIEHHOCTH OT TEPEBATOYHBIX
0a3, mpeHa3HAYEHHBIX ISl TIPOBEICHUS MPOIIe-
JTypbl KOHCOIUIAINH 3aKyTOK, YTO MPE/IoIaraet
BBICOKHI YPOBEHb TPAHCIIOPTHBIX PACXOJIOB B CO-
cTaBe LEHbI. /[ momy4eHus: SKOHOMHYECKOTO
a¢ddexTa nmpu paboTe C AAHHBIM MOCTABIIUKOM
CKMJIKa, IIPEeIOCTaBisieMas MOCIEAHUM, JOJIKHA
OBITh 3HAYUTEITHLHOM.

B cnydae oTka3a ykazaHHBIX NOCTaBIIUKOB
OT TIOCTaBKM TOBapa HEOOXOJUMO MPOBEACHUE
MOBTOPHBIX MPOIEAYP 3aKYIIOK.

Kpome Toro, 1151 CHM>KEHHUST BO3MOKHOCTH
peanu3alnuy BBIMIEYKAa3aHHBIX PHUCKOB HE00XO-
JUMO YCTaHOBJICHHE COOTBETCTBYIOUIUX KpHUTE-
pueB 0TOOpa 7S IPOBEICHUS MTPEABAPUTEIBHOMN
aTTECTAIlMU TOCTABIIUKOB, B TOM YHCJIE YPOBHSI
IIPOU3BOJICTBA TOBapa (COOTBETCTBUS 00beMy 3a-
Ka34MKOB), HAJIWYUsA JOCTaTOYHOTO OObema

CKJIQJICKMX MOIIHOCTEH ISl XpaHeHHs TOIUIMBA
(eMKOCTH), a TaKKe MOJATBEpPXKJIECHUE KauecTBa
MIPOU3BOAMMOTO TOBapa (IKCIEPTHU3a WK OLIEHKA
AKKPEIUTOBAHHOM TabopaTopun).

CornacHO HUMEIOHIMMCS JaHHBIM AHKET
npousBoauTeel ToBapoB nposeaeH SWOT-ana-
JU3 MOTEHIMAIBHBIX MOCTABUIMKOB (CHUJIbHBIE U
cnabple CTOPOHBI KOMIAHHWH, OJaronpusTHbIE
BO3MOXKHOCTH M BHemIHHE yrpossl). [IpoBenen-
b1t SWOT-ananu3 no3BoJsIeT OLIEHUTh BO3MOXK-
HOCTH JTHUX TOCTABIIUKOB YIOBJIETBOPUTH IIO-
tpebHocT /[30 Kak 1o KayecTBY TOBapa, Tak U
M0 TIOKA3aTeNio ero cromMoctd. Ha ocHoBaHumM
YKa3aHHBIX CBEICHHH BO3HHMKAET BO3MOXKHOCTh
cocTaBieHHs U oopMIIeHUsI TIepeyHs KBanudu-
KallMOHHBIX TpeOOBaHMIA Ui MPOBENCHUS TMPe-
BapUTEIbHOM aTTeCTAlUH TOCTABIUKOB JIJIs IIPO-
BEJICHUSI COOTBETCTBYIOIIUX 3aKYIOK CPEIN ITOM
TPYIIIBl YYaCTHUKOB 3aKYTIOK.

Taxum 06pa3om, MECTOTIOIOKEHUE ITOCTAB-
1IMKa (MECTo OTTPY3KH €ro TOIUIMBA) OyJeT cro-
COOCTBOBATh CHMKEHHIO [TOKA3aTessl SKOHOMHYE-
ckoro 3¢dexra MunuMym Ha 25% mpu BbIOOpE
HauboJee 6JIM3KOro Mo reorpaduueckoMy pacro-
JOKEHUIO TIOCTAaBILMKA, WM €ro IMOJIHOMY HC-
KJIIOYEHHI0 — COOTBETCTBEHHO Hambosee OTAa-
JIEHHOMY MECTOHAX0XKICHHIO TIOCTABIINKA OT 0a3
KOHCOJIMJIAIIMH JJIS1 TIOCTaBKH TOBAPOB.

[Tpu sTOM HIKETTPUBEIEHHB I pacueT (Tabm. 1)
TIPOTHO3HOTO 3HAYEHHUSI SKOHOMHYECKOro 3ddekra
Ha ycnoBusix DDP (Incoterms 2010) HeoOGxomumo
CUMTaTh ONTHMHCTUYHBIM BapUAHTOM, OTpPAKAIO-
MM 00S13aTeNbHYI0 TPAHCIOPTHYIO COCTABIISIOLLYIO
B o0meM oObeMe JOCTUTHYTOro pe3yibTara (BbI-
TOJIbI).

CoOTBeTCTBYIOIIKE pacueThl HEOOXOIMMO
aKTyaJM3HPOBATH 110 UTOTaM 3aKyIIKH: OIpe/Ielie-
HUE mobOenuTenst (CTOMMOCTh €r0 TPaHCHOPTH-
poBKu TOBapa) u croumoctd I'CM.

Opranuzanus [EHTPATN30BaHHBIX 3aKYy-
MIOK, KaK YK€ OTMeuasoch paHee, 6a3upyercst Ha
TpeboBanusx [IpaBun. Cxema opraHu3aiuy 3aKy-
MOK IO JAHHOW KaTerOpHHON CTpaTeruu mpei-
CTaBJICHA Ha puC. 7.
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Taéauna 1

Pacyer nporHo3Horo 3HaueHust IKOHoMu4eckoro 3pdexra Ha yciaosusix DDP (Incoterms)

Calculation of predicted value of economic effect under DDP terms (Incoterms)

IIporno3upyemplii
IKOHOMHUYECKHi (-
ekt Ha ycnoBusx

Cpennmii mporsos-
HBIH MOKa3aTejlb

IIporno3upyemslii
3KOHOMUYECKHUH (-
ekt Ha ycnoBUAX

O0bem 3aKynok 1o
mwiany 2017 r. DDP

Joast nporuo3upye-
Moro 3¢ dexra Ha
yeaosusx DDP

EXW (Incoterms), TPAHCIOPTHPOBKH DDP (Incoterms), (Incoterms), mu (Incoterms) ot
TOO «Kapac» TEHIe o
MJIH T€Hre MJIH T€HIe ILUIAHA 3aKYNOK, %
386,03 109,03 276,99 4 431,89 6,2%

OTKpbITbIN TEHAEP

no 3aKynkam
3/1eKTPO3HEPTUMN

Cnocob 2.

OTKpbITbIA TEHAEP COFNAaCcHO
TpebosaHuam Ocoboro
nopagka (npunoxkeHune Ne 3
K MpaBunam)

Cnocob6 1.
Cnocob6 3. Cnocob6 4.
OTKpbITbIV TEHAEP NO

AeWcTteyowmnm Mpasunam

OTKpbITbIA TEHAEP COFNAaCHO

peboBaHuAM CrneLmanbHOro

nopagka (npunoxkeHune Ne 4
K MpaBunam)

Cnocobom 13 ogHOro
MCTOYHMKA NO AENCTBYIOLLM
Mpasunam

Puc. 7. Cnoco0bl peaju3anum 3aKyNO4HON CTpaTeruu

Fig. 7. Approaches to procurement strategy implementation

Cnoco6 1. OcHOBHOI LIeNIbIO JaHHOM KaTe-
TOPUMHOM 3aKyIIOYHOM CTpaTeruu sBJIAETCS MpU-
oOpeTeHHre 3JIEKTPOIHEPTUU MO €JUHBIM LIeHaM
nyteM KoHcoiupanuu o0wsemoB JI30 mocpen-
CTBOM HaszHaueHus eauHoro OpraHuzaropa 3a-
Kynku. TpeOoBanus CrnenuaabHOro HOpsAKa
IpelyCMaTpUBAIOT MOAOOHBIE NEHCTBHUS, B TOM
YHClie C BO3MOKHOCTBIO IIPOBEACHMSI 3aKyIKH Ha
OyMa)KHBIX HOCUTEJISIX — BHE AJIEKTPOHHOMU IJIO-
manku TOO «Campyk-KassiHa KoHTpakTy.

Henocratku ganHoro croco6a npoBeeHus
3aKyIIKH:

- JomnonHuATenbHbIE pacxonsl 130 BBHILY
HEOOXOJUMOCTH JIMYHOTO NMPUCYTCTBUSA Ha BCEX
JTanax TeHaepa (BCKphITHE, AOMYCK, pacCMOTpe-
HUE 3a8BOK M MpPEIJIOKEHUH, MOJBEJCHUE HTO-
TOB) — TOJIKO MPU OpraHU3alUH 3aKyIKH Ha Oy-
Ma)KHBIX HOCUTEJISX;

- CHIDKEHHE YPOBHSI IPO3PAYHOCTH 3aKYTIKH.

Crioco6 2. OcoOblii MOpsA0K MpeaycMaTpu-
BaeT HEOOXOAMMOCTh HAIMYMSI MPHOOpPETaeMBbIX
ToBapoB B [lepeune ToBapoB, padoT, ycIyr, 3aKy-
MaeMbIX Y KBATH()UIINPOBAHHBIX MOTCHIIMATEHBIX

IIOCTaBUIMKOB, yTBep:kaaeMoM [IpaBiennem

®onpa AO «Campyk-Kaszpina». Cxema opranusa-
LMY 3aKyIIKHA aHAJIOTHYHA c11oco0y 1.

Henocrarku ganHoro croco6a nmpoBeAeHus
3aKYIIKH:

- TPYAOEMKHE U JJINTENbHBIE YCIOBUS AJIS
MIPOBEJICHUS] MPEABAPUTEIBHOIO KBalU(UKALIU-
OHHOTO 0TOOpa MOCTABIIUKOB;

- JIONIOJTHUTEJIbHBIE PAacXObl TOCTABIIMKOB
Ha TMPOXOKJIEHUE NPEIBAPUTENBLHOTO KBalu(pu-
KallMOHHOT'0 0TOOpa IMOCTABIIUKOB.

Peanuzanuio naHHOro crnocoba pasperia-
€TCsl 3aMEHUTDH YCIOBUAMM IIPOBEACHUS 3aKyNKH
no CnenuanbHOMY OPSIKY.

Cnoco6 3. TpeboBanus AeUCTBYIOLIMX
[IpaBun 3akynok He cojepaT BO3MOXXHOCTH
MIPOBEJICHUS LIEHTPAIM30BaHHBIX 3aKYIOK HEMo-
CPEICTBEHHO NOPTGeNbHBIMU KOMIaHUAMU — AO
«HAK «Ka3zaromnpom». Kpome Toro, 31nekTpoH-
Hag miomaaka TOO «Campyk-Kazeina Kon-
TPaKT» TAaKXKe HE OCHaIlleHa (PYHKIUSIMH KOHCO-
muaanud o0pemMoB paznmuuHbix [[30. B cBszu ¢
YeM HCMOJIb30BaHUE JIAHHOTO CIocoba 3aKymok
HE IPEeJCTaBIAETCS BO3MOXKHBIM.
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Cxema opraHu3anyy 3aKyNK{ aHAJIOTMYHA
criocoOy 1.

Crioco0 4. [Topsok OCYIIeCTBICHUS 3aKYy-
MMOYHOM JEeATEIbHOCTH periaaMmeHTupyercs «llpa-
BUJIAMU 3aKYIIOK TOBAapoOB, pabOT U yCIyT aKIHo-
HEepHbIM 00mecTBoM «®POHJI HALMOHAIBHOTO
6narococrosinus «Campyk-KaspiHa» u opranusa-
USIMH, TSATHAECAT U 00Jiee MPOLIEHTOB IOJI0CYIO-
HIMX aKIHH (10J1el ydacTus) KOTOPBIX MPSIMO UITU
kocBeHHO npuHamiexar AO «Campyk-Ka3bsiHa»
Ha TpaBe COOCTBEHHOCTH WM JIOBEPHUTEIHHOTO
ynpasieHus (nanee — IlpaBuna)», yTBep:KIeH-
HeiMu pemenueM CJI AO  «Campyk-Kasbinay
Nel26 ot 28 sauBaps 2016 r. B cooTBercTBUM €
Brinuckoil W3 DPOTOKONA OYHOTO 3aceAaHus
[IpaBnenus AO «Campyk-Kaszsina» Ne35/26 ot
26 cents0ps 2016 r. yrBepxkaeHsl CTaHIapTHI MO
YIPaBJICHUIO 3aKyIIOYHON 1€ATEIbHOCTBIO U IIPU-
HATO pELIEHHE O TOM, YTO 3aKa3uhKaMm Heo0Xo-
JUMO OCYILLIECTBIISITh 3aKyIIKW TOBapoB, paboT u
YCIYT B COOTBETCTBUU C JCHCTBYIOLIUM IOPSII-
KOM, /10 nnpu3HaHus [IpaBui yrpaTuBIIMMU CHITY
B YCTaQHOBJICHHOM IOPSKE.

3akio4enue

B xozne npoBesieHHBIX HcCae10BaHUN 00b-
eKTHUBHO MOKa3aHa HEO0OXOAMMOCTb COBEpIIEH-
CTBOBaHMSI 3aKYIIOUHOM AESITEILHOCTU B COOTBET-
ctBuM ¢ 3amadamu [IpaBurensctBa PK, a Taxxke
ONTUMM3ALMH PACXOJ0B KOMIIAHUU U CHUKEHUS
ce0ecTOMMOCTH POAYKIIUU B YCIIOBUSAX BBICOKO-
KOHKYPEHTHOM CUTyallud Ha PBIHKE IIPUPOIHOTO
ypaHa 3a CYET BHEIPECHUS KAaTETOPUMHOU 3aKy-
NOYHOM cTpareruu. Bee 3To 10mKHO 00eceuuTh
3¢ (EeKTUBHOCTH U TPO3PAYHOCTH 3aKYIIOYHOH Jie-
areiabHocTH KoMnanum 3a cy€Tr BHEApEHUs Karte-
TOPUMHOMN CTPATETHH.

B pabote paccMoTpeHbl NPUHLHUIIBI BHE-
pEHUSI COBEPILIEHHO HOBOTO MeXaHM3Ma (KaTero-
PHITHOM CHCTEMBI 3aKyIOK), KOTOPBIA B OTIMYNE
CYIIECTBYIOIIEH  (IEHCTByIOIIEH)  CHCTEMBI
IPEyCMAaTPUBAET JTOCTH)KEHNE IKOHOMMUYECKOMN
3¢ (EKTUBHOCTH B TEUEHHE BCETO >KU3HEHHOTO
LUKJIa TOBapa, paboThl WK ycnyru. JlaHHas cu-
cTtema BHezapsiercss BrepBble B Kommanuu mnpu
MOJIHOM OTCYTCTBHUH MPAKTHKU MMOJAOOHBIX peau-
3aIuil B pecIryOmKe.

Matepuan paboThl 10BECH /10 YPOBHS Me-
TOJMYECKUX PEKOMEHJALMN 110 BHEAPEHUIO HO-
BOM CHUCTEMBI 3aKyIOK 10 OTAEJIbHBIM BUAAM TO-
BapoB, pabOT W yCIyr AJs JOYEPHUX OpraHM3a-
nuit Komnanuu.

Hacrosimas crparerus yrnpasieHus KaTero-
pueii 'CM paspaboTana it CUCTEMBI TIPEATIPH-
stuit AO «HAK «KazatoMmnpom» ¢ 1iesbro moiy-
YEeHHs] IKOHOMUYECKHX BBITOJ IIPU 000pOTe MOJI-
HOro nukia npuMenenus TPY: or MmomeHTa ero
NpUOOpETeHUsT W 0 TMOJHOIO HCIOJIb30BAHUS.
VYipaBiieHue JaHHBIMM KaTErOpUsSIMU TOBAapOB
MIO3BOJIUT OPraHU30BaThb BCE IPOLEAYPHI €ro
YKU3HEAESITEIIbHOCTU B MTPOU3BOJCTBEHHBIX IPO-
neccax npennpusatuii AO «HAK «Kazatom-
MIPOM», a TAKXKE ONPEIETUTh €IUHBIN MOPSAIOK 110
IIPUEMKE, XPAaHEHHUIO U KOHTPOIIO pacxona TPY.

Ha ocHoBaHMM H37I0)KEHHOTO MOKHO Cie-
JaTh BBIBOJ, YTO pean3aliusi Nporeaypbl KOHCO-
JAUJALMU 3aKYIOK MMEET JOCTAaTOYHBIA IMOTEH-
[UAJT IS TIOJTYYeHHS ONpeAeTIEHHBIX YPPEKTOB,
KOTOpPBbIE€ MO3BOJISAT PELINTh MHOTME BONPOCHI U
JIOCTHYb 3HAYUTENIbHBIX TIOJIOXKUTEIIbHBIX pe-
3yJlbTaTOB: CHIKEHUE CTOMMOCTH TOBapa (Moy-
YeHWE CKHUJKU) TpU YBEJIWYEHUH (KOHCONIUAA-
uu) o0beMa €ro 3aKynkH; yCTaHOBJIEHHE ellu-
HOM IIeHBI 110 OJIHOPOJHBIM MECTaM MOCTAaBKH Ha
OJIMHAKOBBIN TOBap /st Bcex [[30.

Kpome Toro, 1 cCHM>XKEHHS BO3MOKHOCTH
pean3aly pUCKOB 3aKYIIOUHOM JesITENbHOCTH B
paboTe MpeIoKeH COOTBETCTBYIOIIUI KpUTEpH-
aJIbHBIA OTOOpP Ui MPOBEJECHUS NpeBapUTElNb-
HOH aTTecTaluy MOCTaBIIMKOB, B TOM 4YHCIE C
YCTaHOBJICHMEM YPOBHS IPOU3BOJCTBA TOBapa
(cooTBeTcTBUSI 00bEMY 3aKa3uMKOB), HAJTUYMS
JIOCTaTOYHOTO 00bEMa CKIAJCKUX MOIIHOCTEN
JUISL XpaHEeHHs! TOILJIMBA (EMKOCTH), a TaKXKe MOJI-
TBEP)KJIEHUEM KayecTBa MPOU3BOJUMOrO TOBapa
(9KcTiepTH3a WM OIEHKAa aKKpEeIWTOBAHHOMW Jia-
6oparopun).

IIpu 5TOM peanusanyst KAaTETOPUHHOM CTpa-
Teruu TpeOyeT MpeIBapUTEIbHOTO MPOBEIECHUS
MapKeTMHTOBOTO HCCIEOBaHUS Ha MpeaMeT
YCTaHOBJIEHHsSI TOPOTOBOTO 3HAYEHHUSI IIEH JIJIS Op-
raHU3alUy U IPOBEJCHUS 3aKyOK. B cBs3u ¢ uem
MMPOTHO3 SKOHOMHUYECKOTO 3P deKkTa He0OX0IUMO
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Abstract: Drilling and blasting operations (D&B) are the most difficult and laborious operations in the process of
mineral extraction, requiring permanent development and upgrading of methods and equipment. The aim of the
study is to substantiate the parameters of drilling and blasting drivage of horizontal and inclined (up to 120) mine
workings on the basis of high-performance self-propelled equipment and new designs of box cuts with cleaning
explosive charges (0.2 kg of 6ZhV ammonite), placed in advance holes of 65 to 105 mm in diameter. The paper
presents the results of the analysis of practical experience and scientific achievements in the field of drilling-and-
blasting rupture of solid media and continuum mechanics. The need for new designs of box cuts, reliability of
which in the formation of high-quality (clean) cut cavity reaches 0.95-1.00, was substantiated. New design options
of box cuts have been developed, the peculiarity of which consists in provision of sufficient compensation (pe-
ripheral) volume with the use of blast hole cut charges for blasting rupture of trapezoidal partitions, with the com-
pensation volume factor of 2.50 to 1.34. Promising areas of research were shown using the example of complicated
structure ore deposits and large faults in the Kirovograd ore district and crystalline rocks of the Ukrainian shield
at the following mines of Ukraine: PJSC KZhRK, CJSC Sukhaya Balka (Kryvyi Rih), Vostok-Ruda LLC, SE
VostGOK (Zheltye Vody), CISC ZZhRK, etc. Promising areas of research were proposed using the example of
complicated structure ore deposits typically formed at the junction of large faults; besides, the use of environmen-
tally friendly emulsion explosives and self-propelled emulsion explosive chargers was recommended.
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O0ocHoBaHMe MapaMeTPOB 0YPOB3PbIBHOM NMPOXOAKH FOPU30HTAJBHBIX
TOPHBIX BHIPA0OTOK € NOAYHMIIAIIIMMHY 3aPSIaMH B3PbIBYATBIX BellIeCTB
B OIlepeKaloIIUX CKBa)KUHAX Bpy0a

B. W. JIsmenko', O. E. Xomenko?, M. H. Kononenko’

TocymapcTBennoe npeanpusTre YKPaHHCKUM Hay9IHO-HCCIIEN0BATENBCKHI M TPOEKTHO-U3BICKATENBCKHI HH-
ctutyT npombinuieHHo# Texnonorun (I'Tl «YkpHUIINUnpomTexHoaorun»), r. XKenteie Boasl, Ykpanna
’HaumoHanbHbIA TEXHUYECKUH YHUBEPCUTET «JIHENPOBCKAs MONMTEXHUKaY, T. J{Henp, Ykpauna

AnHoTtanusi: HanOosee coXHBIMU U TPYJOEMKHMH B JOOBIUE IOJIE3HOTO MCKOMAEMOro, TPeOyOMMH IIOCTOSIH-
HOT'O M3YUYCHHUS M COBEPLICHCTBOBAHMSI TEXHOJIOTMH M TEXHUUYECKUX CPEACTB UL €€ OCYIIECTBICHUS SIBISIFOTCS Oy-
poB3apbiBHBIE padboThl (BBP). Llenpto nccnenoBanus sBsieTcsi 000CHOBAaHKE MapaMeTpoB OypOB3PHIBHON MPOXOAKU
TOPU30HTAIBHBIX X HAKIIOHHBIX (110 12°) ropHBIX BEIpaO0TOK Ha 0a3e BEICOKOMPOU3BOUTENIEHOTO CAMOXOTHOTO 000-
PYZAOBaHUs ¥ HOBBIX KOHCTPYKLMH NMPU3MAaTHYECKUX BPYOOB C MOAUMIIAIOLIMMH 3apsJaMy B3pbIBUATHIX BEILECTB
(BB) mo 0,2 xr ammonuTa Mapku 6JKB, pa3MelieHHbIX B ONEpEKArOIIMX CKBRKUHAX TUaMeTpoB oT 65 1o 105 mm. B
paboTe npeacTaBIeHb Pe3yabTaThl aHATN3a IPAKTHYECKOTO ONBITa U HAYYHBIX JOCTHXKEHHH B 0071acTH OypOB3PHIB-
HOT'O Pa3pyLIeHUs] TBEPIBIX Cpell, MEXaHUKU CIUIOMIHBIX cpell. OO0CHOBaHA NOTPEOHOCTh B HOBBIX KOHCTPYKLIMSIX
MPU3MATHYECKIX BPYOOB, HAJIEKHOCTh pabOTHI KOTOPBIX MO0 00pa30BaHUIO KauyeCTBEHHOH (YMCTOI) BpyOOBOil TO-
noctu pocturaer 0,95-1,00. PekomeHmoBaHbl BAPHAHTHI HOBBIX KOHCTPYKLUI NMPU3MaTHUECKUX BpyOOB, 0cOOCH-
HOCTb KOTOPBIX 3aKJIF0YaeTCs B 00ECIICUCHNH KaXKI0W U3 HUX JOCTaTOYHBIM KOMIICHCALIMOHHBIM 00BbEMOM IS pa-
OOTHI IIITypPOBEIX BPYOOBBIX 3apsa0B BB Ha paspylieHue TparmerueBUIHbIX IEPEropoaoK ¢ KodpPpHUImeHToM KoM-
neHcamonHoro oobema ot 2,50 1o 1,34. [TokaszaHbl IEpPCIICKTUBHBIC HAIPABICHUS UCCIICIOBAaHUI Ha IIPUMEPE PYI-
HBIX MECTOPOXKICHUH CII0KHOTO CTPOCHUSI M MOIIHBIX TEKTOHHYECKUX Pa3ioMoB KUpoBorpaackoro pyIHoro paii-
OHA U KPUCTAUIMYECKUX OpoAax YKpPauHCKOro muta Ha maxTtax YkpauHsl: [TAO «KKPK», HAO «Cyxas banka»
(r. Kpugoit Por), OO0 «Boctok-Pyna», [Tl «BoctlI'OK» (r. XKentsie Bomsr), HAO «3XKPK» u ap. IpennosxxeHst
MEPCTIEKTHBHBIC HATIPABJICHUS HCCIICIOBAaHUI Ha MIPUMEPE PYIHBIX MECTOPOXKACHHI CIIOKHOTO CTPOSHHUS C THITHY-
HBIMH 00pa30BaHHUAMH B y3/1aX COWICHEHHS] MOIIHBIX TEKTOHUYECKHX Pa3IOMOB U NPUMEHEHUSI SKOJIOTMUECKH YH-
CTBIX MYJILCHOHHBIX BB, a Taxke caMOXOJHBIX 3apsJUUKOB AIMYJIbCHOHHBIX BB.

KiroueBble ciioBa: pyTHbIE MAaCCHUBBI, TOPHBIE BHIPAOOTKH, OYpPOB3PBIBHASI IPOXO/IKA, TPU3MATHYECKHE BPYOHI,
MOUMIIAIONINHN 3apsi]], 0€301acHOCTh, Y (HEKTHBHOCTh

BaarogapHocts: B co3ganny, coBeplIEeHCTBOBAaHUN M BHEIPEHUH HAYUHBIX pa3paOOTOK NPUHUMAIIN y4acTue U
OKa3bIBAJIM COJCHCTBHE CHEIMATUCTHI CIEAYIONINX OPraHU3aluil:

— l'ocynapcTBeHHOE TIpeAnpuUaATHe «YKPauHCKU HAyYHO-HUCCIIEA0BATENLCKUN U IPOEKTHO-U3bICKATEIbCKUAN
UHCTUTYT npomblinuieHHoH Texnonorun» (I'Tl « YkpHUITMnpomrexuonoruny), . XKentsie Bonsl, Ykpauna,

— I'ocymapctBenHoe npeanpustue «BocTtounslii ropHo-oboraturensubeiii komouHat» (I'TI «Boctl OK»),
r. XKenteie Bonbl, YkpaunHa;

— HanmoHaJIbHBIN TEXHUUECKUH YHUBEPCUTET «/{HENIPOBCKAs MOJIUTEXHUKAY, T. JlHenp, YKpauHa;

— Kazennoe npeanpustue «Kuposreonorus» (KII «Kuposreonorus»), r. Kues, Ykpauna.

B paGote Ttaxxe npunumanu ydactue A.X. ynuenko, A.A. Tkauenko, I1.A. Kucneiii, A.C. Kyparokos,
A.I'. Cxotapenko, B.I1. Crenanos, H.I1. Xmapa u ap.

s nutupoBanusi: Jismenko B. U., Xomenko O. E., Kononenko M. H. O0ocHoBaHue napameTpoB OypOB3phIB-
HOW MPOXOJIKY TOPU30HTAIBHBIX TOPHBIX BRIPAOOTOK C MOJYHIIAIONIMMY 3apsJaMy B3PbIBYATHIX BEILIECTB B OIle-
peXKAIINX CKBaKMHAX BpyOa. [opusie nayku u mexnonoeuu. 2020;5(4): 336-348. DOIL: 10.17073/2500-0632-
2020-4-336-348

Introduction

Drilling and blasting operations (D&B) are
the most difficult and laborious operations in the
process of mineral extraction, requiring permanent
development and upgrading of methods and equip-

ment [ 1, 2]. Construction of mine workings requires

MINERAL RESOURCES EXPLOITATION

implementation of a whole cycle of mining opera-
tions, among which drilling and blasting operations
are primary [3, 4]. Taking into account the parame-
ters and various purposes of the workings (transport,
ventilation, etc.) is also important in the design and
implementation of D&B [5— 7]. High quality of

drivage is a key prerequisite of safe operation
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throughout a mine working life cycle [8, 9]. This
work is a continuation of the authors’ research, the
main scientific and practical findings of which are
most fully presented in [10-12].

Research objectives and tasks

The aim of the study is to substantiate the
parameters of drivage with blasting technique of
horizontal and inclined (up to 12°) mine workings
on the basis of high-performance self-propelled
equipment and new designs of box cuts with
cleaning explosive charges (0.2 kg of 6ZhV am-
monite), placed into advance holes of 65 to 105
mm in diameter. This will ensure high-quality
mine working drivage with the advance per round
of at least 3.0-3.5 m, increasing the drivage rate
from current 50—70 m/month up to 300 m/month
per a tunneling system in the near future. To
achieve this goal, the experimentally obtained
data are compared with the calculated data. The
research objective is development and performing
of tests on new designs of box cuts with cleaning
explosive charges (0.2 kg of 6ZhV ammonite),
placed into advance holes for drivage with blast-
ing technique of horizontal and inclined (up to
12°) mine workings in the conditions of a specific
metal deposit [13].

Study of the rock mass characteristics at
an ore deposits of complicated structure

The considered ore deposit of a complicated
structure is a typical ore body at the junction of
large faults in Kirovograd ore district in Ukraine.
The combination of physico-mechanical proper-
ties of the rocks enclosing this deposit naturally
determines geotechnical conditions under which
development and face-entry drivages and stoping
are to be safely performed. To provide the safety,

assessing stress-strain state (SSS) of the rock

MINERAL RESOURCES EXPLOITATION

mass (geotechnical monitoring) should be perma-
nently performed by various methods and equip-
ment, including field studies of the impact of
man-made voids on the rock mass stability under
the mine conditions [14]. When assessing the sta-
bility of mine workings, permanent assessing the
rock mass weakening factor (the ratio of adhesion
along the contacts of natural fractures to adhesion
in intact solid rock) is required, this is decisive in
determining the need and type of supporting these
workings. Its value for the considered rock
masses ranges 0.32 to 0.39 [15].

Deposits of this type demonstrate similarity in
rock mass quality and, hence, similar practice of ex-
traction and supporting are applicable to them. Min-
ing at the deposit allow forecasting rock mass pa-
rameters at similar type deposits. The results of field
measurements for the considered rock masses
showed that the direction of the fractures, as a rule,
coincides with the designed direction of the ore
body extraction. In this case, fractures propagating
at angle of more than 45° prevail [16].

The main processes occurring in rock mass
after goaf formation (development workings and
stopes), subject to monitoring [17]:

— formation of SSS of rock mass and its
change over time;

— displacement (failure) of rocks, mani-
fested in various forms;

— interaction of rocks and supports.

Rock pressure is produced by gravity —
weight of vertical overlying rock column (up to
the surface) and the shear stresses produced by
tectonic movements. The forces of rock pressure
objectively exist independently of the formation
of man-made voids in a rock mass, but the pro-

cesses of changing the integrity of surfaces are
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possible only after the void formation. Actual ge-
omechanical rock mass force field at each point of
the space coordinate grid is characterized by SSS
values depending on the shape and parameters of
mine workings. At permissible parameters, mine
workings remain in stable safe state [18].

The manifestation of irreversible defor-
mations changing the rock mass took place in the
course of drivage of the exploration-and-produc-
tion shaft in the form of fracturing and spalling of
rock pieces from the wall at a depth of 870-880
m. This evidences potentiality of dangerous un-
loading of the rock mass (rock burst) after the for-
mation of a goaf. Ore-enclosing rocks and ore
bodies of such a deposit, composing the main
mass, are very stable; exploration workings in
them are capable to maintain their shape for a long
time without noticeable signs of deformation,
with the exception of appearing fractures and
small spalls caused by changes in the natural
stress field.

At the deposit, zones of rock weakness are
collectors of static groundwater reserves and, at
the same time, may cause cutter breaks (wedges)
and inrushes in some tectonically disturbed areas
in the places of clay gouge formation — in the dis-
cussed case, these are zones of Syenite and
Sekushchy faults, whose thickness is 40-50 m.
Hole drilling data show that zones of unstable
rocks were found in all faults. In such fracturing
zones, scabbing of large rock pieces at the con-
tacts of the fault footwall and hanging wall.
Therefore, in the course of drivage through these
zones, rock scaling, and, in some cases, bolting
are required [19].

There are no large gneiss masses at this de-
posit, but some gneiss is found within granites.

Rockbursts, pressure bumps, and rock outbursts

MINERAL RESOURCES EXPLOITATION

were not observed. In the course of mining, when
approaching deep tectonic zones (faults), advance
boreholes should be drilled to determine both wa-
tering and gas content. Control of gas content in
the mine air should be systematically carried out
by the ventilation and gas rescue services [20].
The main activities during mining should be
aimed at reducing harmful aerosols content in the
mine air to the safe level and minimizing their im-
pact on operational personnel. 673 deep explora-
tion boreholes have been drilled at the deposit, not
taking into account underground drilling. All the
boreholes are plotted to the abandonment map,
but not all ones have been plugged [21].

Justification of selection of equipment for
mine working drivage

A tunnelling system (including self-pro-
pelled equipment) for drivage of horizontal and
inclined workings includes [22]:

— jumbo drill rig;

— LHD.

Two options of tunnelling system with die-
sel engine undercarriage were considered:

1) AtlasCopco:

— Boomer 281 (282) drilling rig;

— ST 3.5 LHD;

2) Tamrock:

— drilling rig Minibur 1F;

—TORO 151 LHD.

Performance specifications of the consid-
ered systems for drivage of horizontal and in-
clined workings are presented in Table 1.

Productivity on loading and transportation
of rock mass while driving mine workings and in
working faces of Boomer 281 (282)/ST 3.5 sys-
tem (Table 2) and Minibur 1F/TORO 151 system
(Table 3).




ISSN 2500-0632 (ON-LINE)

v MINING SCIENCE
AND

GORNYE NAUKI | TEKHNOLOGII

(RUSSIA)

2020;5(4):336-348

Performance specifications of the systems for drivage of horizontal and inclined workings

Indicator Heading set of equipment (tunneling sys- Heading set of equipment (tunneling
tem) AtlasCopco system) Tamrock
Drilling rig LHD Drilling rig LHD
Facility type Boomer 281(282) ST 3.5 (ST710) Mini-drill 1F TORO 151
Bucket capacity, m? 3.6 1.75
Weight-carrying capacity, t, 5.2 2.5
aty= 1,66 t/m’
Overall dimensions, mm:
Length 11,620 8,824 8,500 6,970
Width 1,650 2,040 1,200 1,480
Height
for transportation 2,100 2,104 1,850 1,235
at discharge 4,374*
on duty 1,719 1,740
Engine:
power, kW (hp) 42 (75) 149 (200) 30 (40) 53 (71)
air tyre 8,25R15 17,5%25 10x15 12x20
tank capacity, 1 60 191 50 80
fuel consumption, kg/h 13.5 36 7.2 13
installed power, kW 63 55
operating weight, t 9.3 18.2 7.0 8.7
rock-boring machine, type COP 1432 1GI300S
water consumption, m’/h 2.9 2.9
noise level, dB (A) <106 <106
drilling-off area, m? 10+31 4+18
air consumption for face airing, m®/s 17 6
Note. From sill to bucket edge when unloading directly into transport vessels.
Table 2
Boomer 281 (282)/ST 3.5 system performance
Indicator Haulage distance
50 100 150 200 250 300 350 400 450 500
Hourly throughput, tph 1072 | 89.8 77.6 67.8 60.8 55 49.8 45.8 422 394
Shift throughput, t/shift 536 448 388 338 304 272 248 228 210 196
Daily throughput, tpd 1,608 | 1344 | 1,164 | 1,014 | 912 816 744 686 630 588
Yearly throughput, ktpa 386 322 254 244 218 196 178 164 152 142
Table 3
Minibur 1F/TORO 151 performance
Indicator Haulage distance
50 100 150 200 250 300 350 400 450 500
Hourly throughput, tph 53.6 44.9 38.8 33.9 30.4 27.5 24.9 22.9 21.1 19.7
Shift throughput, t/shift 268 224 194 169 152 136 124 114 105 98
Daily throughput, tpd 804 672 582 507 456 408 372 343 315 294
Yearly throughput, ktpa 193 161 127 122 109 98 89 82 76 71

MINERAL RESOURCES EXPLOITATION
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Based on the analysis of advantages and dis-
advantages of the systems of the world's leading
firms, the following conclusions can be drawn:

- high ergonomic characteristics of Atlas
Copco LHDs and dump trucks are their advantage
over Tamrock;

- productivity of Boomer 281 (282)/ST 3.5
of Atlas Copco in drivage is 2 times higher than
that of Minibur 1F/TORO 151 system of Tamrock
at the same distances of rock mass transportation;

- annual productivity of ST 3.5 LHD is 2
times higher than that of TORO 151;

- to mechanize blast-hole charging, it is ad-
visable to use a self-propelled charging unit with
diesel-engine drive.

Development of blasting pattern for mine
working drivage

In practice, rational distances between the
blast holes are calculated using the well-known
formula of prof. V.N. Mosinets [13, 16]:

a=KW,m, (1)
where K is coefficient taking into account the
blast hole designation, K = 1.0 - 1.3 for outer
holes, K =0.75 - for peripheral sill holes, K = 0.85
for peripheral roof holes, K = 0.95 for peripheral
wall holes.

The formula is valid when the peripheral
hole diameter ranges 50 to 200 mm. The disad-
vantages of peripheral blasting are as follows: the
number of blast holes increases by 10-15%, and
the charging labor costs increase. Based on the
practice of peripheral blasting, the distance be-
tween the holes in the peripheral row should be
adjusted for the depth of fracturing caused by
blasting of the outer pre-peripheral hole charges
of the latest row:

a,.<(0,8—1,0)W_, m ()

MINERAL RESOURCES EXPLOITATION

where _ is the line of least resistance of the pe-

ripheraling charges, m, which on a field basis for
hard rocks (Protodyakonov rock hardness index
f=16) is equal to 0.60-0.65 m. Thus, the distance
between the peripheral blast holes is equal to
a,<(0,8-1,0)-0,6<0,5-0,6 m. It is taken at:
a =0.55 m on average.

The projected specific consumption of ex-
plosives is determined on the basis of calculation
or experience in mine working drivage with cer-
tain type of explosive. The new explosive specific
consumption for working drivage is adjusted ac-

cording to the formula:
4, = 9K, kg/m’, (3)

where ¢ 1s the used explosive specific consump-

tion (ammonite No. 6ZhV), kg/m?, K s 18 the ex-
plosive performance factor, units;
e
Kpa6 =— ’ (4)
e

where e, is performance of the explosive used,

cm’. Performance of ammonite No. 6ZhV and
grammonite 79/21 is equal to e =360-370 cm? at
charging density of p = 1.0-1.1 g/cm? (from 0.8
g/cm? for grammonite 79/21; granulite AS-4; AS-
4V; AS-8; AS-8V up to 1.6 g/cm® for ammonite
No. 1 for hard rock and other); when using other
explosive type, its specific consumption is ad-
justed through the performance factor.

Two options of the equipment used for drill-
ing operations are considered:

— AtlasCopco Simba M4C drilling rig;

— Tamrock SOLO 1L drilling rig (Table 4).

To effectively conduct blasting operations
with ensuring minimizing seismic effect on the
enclosing rock mass stability, the use of the fol-
lowing explosive types is recommended and reg-
ulated (Table 5).
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Table 4
Technical characteristics of drilling rigs
Indicator AtlasCopco Tamrock
Facility type Simba M4C SOLO IL
Rock-boring machine COP 2550EX TAMROCK 510LKh
Hole diameter 64-102 64-89
Optimum depth, m 51 30
Overall dimensions, mm
Length 10,500 6,450
Width 2,350 1,670
Height
For transport 2,875 2,150
In working position 2,965 2,750
Engine:
power, kW (hp) 115 (156) 30 (42)
Installed power, kW 118 60
Table 5
Explosive seismic effect
Explosive type Charge density | Explosion heat, | Velocity of det- Seismic effect in-
g/cm’® kJ/kg onation (km/s) dex
No. 6ZhV ammonite 1.0-1.2 4,305 3.64.8 1.0
Grammonite 79/21 (b?l.liod_e(ifisty) 4,285 3.2-4.0 1.0
Granulite AS-4; AS-4V (bu?kgge%Zi ty) 4,522 3.0-3.5 1.03
Granulite AS-8; AS-8V (bﬁfﬁgfi ty) 5,191 3.0-3.6 1.12
0.95-1.1
Ammonal A-200 (explosive car- 4,932 4.2-4.6 1.07
tridge)
0.95-1.2
Ammonal A-10 (explosive car- 5,645 - 1.19
tridge)
1.0-1.1
Hard rock ammonal No. 3 (explosive car- 5,684 42-4.6 1.19
tridge)
Hard rock ammonal No. 1 1.43-1.58 5,400 6.0-6.5 1.17

Development of box cuts with two holes
having diameter of d = 65 mm

At peripheral blasting, the number of pe-
ripheral holes (along the cross-section contour) is
determined on the basis of the previously justified
parameters. The holes at the face include cut
holes, the number of which depends on the face
design. The greater the number of holes per a cut,
the higher their performance. For finishing the cut
cavity, auxiliary blast-hole charges are used,
which determine the quality of rock mass break-
ing at the face and the length of advance per
round. All blast holes outside the cut and the
cross-sectional contour are evenly distributed in
the face and called outer holes [23, 24].

MINERAL RESOURCES EXPLOITATION

Experience shows that due to the impossi-
bility of observing the calculated geometry of the
cut due to violations occurring in the process of
face drilling, the hole charges do not ensure clean-
ing of the cut cavity for the entire depth of the ad-
vance per round [25, 26]. As a result, the length
of advance per round at low blast hole utilization
rate. To improve the quality of the cut cavity
cleaning, a cleaning charge is used, which is
blasted last in the cut at a greater depth (300—400
mm) in peripheral hole. To clean the cut cavity, it
is advisable to place the cleaning charge in a
small-diameter peripheral hole (65, 74, 85 mm),
if there is no confidence in effective cleaning the

cut cavity without applying the cleaning charge.
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The use of a cleaning charge in a cut increases the
reliability of its cleaning and ensures high-quality
cut formation up to 90-95%. To ensure horizontal
and inclined (up to 12°) mine workings drivage ad-
vance up to 3.5 m and more, box cuts with two holes
65 mm in diameter (d) with bottomhole placed
cleaning charges (0.2 kg of 6ZhV ammonite) were
developed, one of which is shown in Fig. 1.

Study of perimeter (compensation) vol-
umes for different cut options

Compensation (peripheral) volume factors
for the different cut options during explosions for
blasting the first charge of cut holes for peripheral
hole: d = 105mm, 2.5; d = 85 mm, 2.0; d =
74 mm, 2.14. At blasting of the fourth cut charge,
the compensation (peripheral) volume factors for
peripheral holes are as follows: d =105 mm, 1.44;

d=85mm, 1.36; d =74 mm, 1.34.

It was found that action of the first charges
in the cut bottom part occurs under conditions
with excessive compensation volume (tight-face
blasting), and the action of the last cut charges
(the fourth in delay) occurs under weak compress-
ing conditions. The main blast hole parameters are
diameter (doh), length (/o) and depth (Fig. 2).

Correct drilling implementing the proposed
cut designs with observing the above-described cut
charge operating conditions ensures high-quality
rock mass rupture with effective use of the entire
face blast holes. The most effective cut options
should be selected in the process of testing when im-
plementing blasting patterns in the faces of horizon-

tal and inclined (up to 12°) mine workings.

&

L

\J

Fig. 1. Box cut with two blast holes with cleaning charges:
1, 2, 3, 4 — cut blast hole charges blasted in turn; 5 — cleaning charges (fifth delay); 6, 7, 8, 9 — auxiliary blast hole charges

Fig. 2. Blast hole charge design:
1 —hole mouth; 2 — hole wall; 3 — hole bottom; 4 — stemming; 5 — electric detonator; 6 — explosive cartridge;
a - hole angle, degrees
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Table 6
Procedure for blast hole charges blasting at a face
Numbers -
Blast hole designation Blast hole delay de
delays gree
1 0 0
Cut 2,3 1 0.025
4,5 2 0.050
6-9 3 0.075
Auxili 10-11 4 0.100
uxiliary 12-15 5 0.150
16, 17 6 0.250
Out 18-27 7 0.500
uter 28 41 8 0.750
Peripheral holes:
wall and roof; 42-61 9 1.000
sill (snake holes); 62-68 10 1.500
sill (corner) 69-70 11 2.000
Table 7
Procedure for blast hole charges blasting at a face
Indicator Value
Rock Albitite
Protodyakonov rock hardness index, f 16
Fracturing Medium
Cross-section area, m? 13.8
Cut type Cylinder cut
Number of blast holes, total, and their length, mm 70
perimeter holes; 2, 3800 mm long
cut; 3, 3500 mm long
auxiliary; 12, 3500 mm long
outer; 24,3500 mm long
peripheral; 29, 3500 mm long
Perimeter hole diameter, mm 65
Blast hole diameter, mm 40
Explosive No. 6ZhV ammonite
Blast hole charge, kg 190.4
Cleaning charge weight in perimeter holes, kg 0.6
Total explosive specific consumption per blast 191.0
Total rock blasted, m3 45.88
Blast hole utilisation factor 0.95
Explosive specific consumption, kg/m? 4.16
Blasting method Electric w1th inverse initi-
ation
Non electric delay detonators Primadet type

MINERAL RESOURCES EXPLOITATION
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Thus, the main initial data for designing
safe mine working drivage, based on which blast-
ing pattern is developed, are as follows [27]:

— geotechnical conditions, including Pro-
todyakonov rock hardness index, f, rock mass
blocky structure (type of fracturing), direction of
bedding, etc.);

— mine working drivage rate, determining
the advance per round length (up to 3.5 m);

— type of cut depending on the advance per
round length; all the developed cuts are used for
the advance per round length within the range of
2.5-3.5 m and more; the cut performance with the
advance per round length more than 3.5 m shall
be assessed after a pilot test.

The order of face hole blasting at blasting
drivage of a horizontal mine working with cross-
section of 4300 x 3600 mm is presented in Table
6, and the blasting conditions and parameters are
given in Table 7.

Promising areas of research

Promising research area is application of
emulsion explosives and equipment sets for
mechanized drilling and charging of blast holes
and boreholes in the course of mine working
drivage. To date, the volume and scale of
introducing of environmentally friendly Ukrainit-
PP-2 emulsion explosive has increased
significantly, with expanding geography and
scope of its application at mines of Ukraine,
including: PJSC "KZhRK", PrJSC "Sukhaya
Balka" (Kryvyi Rih), LLC "Vostok-Ruda" (the
city of Zheltye Vody), PrJSC "ZZhRK". Besides,
the first experimental charges of a blast-hole ring
(at the hole diameter of 89-105 mm and length of
up to 30 m) were tested, and work is underway for
improving the process of preparing the explosive
components.

With the support of the Gosgorpromnadzor
of Ukraine and the Kryvyi Rih Mining and

MINERAL RESOURCES EXPLOITATION

Technical Inspectorate, commercial tests of
Ukrainit-PP-2 emulsion explosive will continue at
the mines of PJSC KZhRK and SE VostGOK.
Some other companies of developed mining
countries [10—12, 28] are also interested in testing
on application of emulsion explosives.

Conclusions

1. It was shown that blast hole charge diam-
eter is an important parameter when driving mine
workings, since it determines the explosive con-
tent in the hole, the detonation velocity and dis-
tance of its transmission, the hole drilling rate and
the labor intensity of drilling operations, the qual-
ity of contouring the mine working design cross-
section, and economic indicators. It is unreasona-
ble to apply blast hole diameter of more than 40—
42 mm in drifting faces. Decreasing the blast hole
diameter to 36 mm increases performance of mine
working drivage with blasting technique.

2. It was determined that to provide an ad-
vance per round of at least 3.3-3.5 m, in addition
to high-productive self-propelled equipment, new
designs of box cuts are required, reliability of
which in the formation of high-quality (clean) cut
cavity reaches 0.95-1.00.

3. New designs of box cuts have been de-
veloped, the peculiarity of which consists in pro-
vision of sufficient compensation (peripheral)
volume (advance holes with diameters from 65 to
105 mm, charged with cleaning charges of 0.2 kg
of ammonite No. 6ZhV) for rupture of trapezoidal
partitions with the compensation volume factor of
2.50 to 1.34.

4. The procedure for the development of
blasting pattern is recommended, which ensures
high-quality mine working drivage with the ad-
vance per round of at least 3.0-3.5 m, and increas-
ing the drivage rate from current 50 — 70m/month
up to 300 m/month per a tunneling system in the

near future.
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K KOHICIIIMA IAXTHOI'O MMOA3CMHOI'0 BbIIICJIAYUBAHUA MCTAJIJIOB
0. 3.Tabapaes!, A. O. I'abapaesa', H. T. Jlenerkaesa', ). Bosioréexon’

!CeBepo-KaBkasckuii ropHO-METaLTYpPrUYECKH MHCTUTYT (TOCYIapCTBEHHBIH TEXHOIOTMYECKUH YHUBEPCHUTET),

r. Bmagukaekas, Poccns

2KBIPrbI3CKHI FOCYIaPCTBEHHBIN YHUBEPCHUTET M€0JIOIUH, TOPHOTO J€Na U OCBOECHHS IPUPOIHBIX PECYPCOB HM.
akan. Y. A. Acananmuesa (KI'TY), r. bumkek, Keipreizckas Pecrybmka

AHHOTaUUs: AKTYaITHFHOCTB IIPOOJIEMbI BOCTIONTHEHHSI BHIOBIBAFOIIINX 3aITacoB sl 00ECTIEUeHSI MIHEPAITHHON OE301IaCHOCTH
Poccun 00bsicHsIeTest I3MEHEHHEM SKOHOMHYEeCKO# cucteMbl Poccun, m3MeneHneM reorpadui JoObMH METaIIOB M ocniabie-
HHEM MHHEPATIHO-PECYPCHOM 0a3bl TOPHOTO MPOM3BOZICTBA MPH MIEPEXOIE OT OTKPBITOrO CTiocoda K momseMaoMy. [ IpuBeneHb!
CBEJICHHS O IIIAXTHOM BBIIIENIAYUBAHAN METATIIOB B HICTOPHYECKOM cpese. [Tokazana poJib POCCHICKIX YUCHBIX U HAYIHO-HCCIIe-
JIOBATEITHLCKUX OPraHM3aIHi B HCCIISTIOBAHKH TPOIIECCOB JOOBMH METAILIOB BhIIIeIaunBaHyeM. [ IprBeieHpI IpUMEphI TpHUMe-
Henust TexHosorun Ha pyaHikax CCCP, CHI™ 1 crpaH faibHero 3apyOeiKbsi C XapaKTePHCTAKON OCOOCHHOCTEH OCYITICCTRICHHS.
CdhopMympoBaHbI OCHOBHBIC HEJIOCTATKH IIIAXTHOTO TIOA3EMHOTO BBIICTIAYABAHMS: HU3KAS CKOPOCTD MOTyYCHHUST METAIIIOB
TPY/AHOCTD OCYIICCTRIICHHSI KOHTPOJIS TIOTHOTBI MPOLIECCa W3RIICUCHHS] METALIOB B TIPOYKIIMOHHBIN pacTBop. OTMEUEHO, UTo
TP TIO/I3EMHOM BBIIIEIAYMBAHIH J2%KE€ XOPOILO PasapoOJIeHHBIX Py IPOLIECC JTATCS TONIAMH, YTO CHIDKACT MPUBIICKATEITb-
HOCTb TEXHOJIOTHH 10 CPABHEHHIO € TPAIMIIMOHHBIMHU CTIOCO0aMH JOOBIUH METAITIOB B PABHBIX YCIOBHSX. OIMHMCaHbI 3BECTHBIE
1 HOBBIE MEPCTIEKTUBHBIC METOJIbI THTCHCHU(UKAIMH IPOTIECca C IEITBEO YBETTMUCHHSI CKOPOCTH M3BIICUCHHUST METATIIOB B PACTBOP.
Ha npumepe CeBepokaBKascKuX MecTOpOKIeHHE CallOHCKOH TPYIITIBI MOKA3aHa [eieco00pa3HOCTh TPHMEHEHH S TEXHOJIOTHH
TOJI3EMHOT'O BBIIIEIIAYMBAHMS TSI IOPAOOTKH HBIHE MOTEPSHHBIX TSI TPAIMLIMOHHOM TEXHONOTHH 3anacoB. OXapakTepru30BaHa
ponb podeccopa Octpoyriko M. A. B M3pICKAHNN 1 BHEIPEHNH CIIOCOO0B M3BIICUEHHS METAJITOB, OCTABIICHHBIX B OTPA0OTAHHBIX
MPOCTPAHCTBAX PY/IHUKOB, B YACTHOCTH, ITyTEM H3BIICUCHHUS METALIOB U3 CTOYHBIX BOJI MecToporkennit Casiona. J{aue! cBerie-
HUSI O COBPEMEHHOM COCTOSIHUY CTIONB30BaHus TeXHONOrMHU. CienaH BBIBOJT O HEZIOCTATOYHOCTH HCTIONB30BAHMSI TOH TTepCIieK-
THBHOW TEXHOJIOTHAH B MPAKTHKE Pa3pabOTKU BCKPBIBAEMBIX PY/l B YCIIOBUSIX OT/ICTBHBIX PETHIOHOB. BriepBbie yTOUHEHBI JeTaN
00111l KOHIICTI M MOJ3EMHOTO BBIIIETAYHBAHKS: BOSMOKHOCTh PUMEHEHHS IIIAXTHOTO BBIIIECIIAYMBAHYIS YT HE TOJIHKO B Ona-
TONPUSTHBIX YCIIOBUSIX, HO M TPH HEBBIIEPKAHHBIX AIEMEHTAX 3aJIeraHusl 1 HepaBHOMEPHON MUHEPATIM3AH, BO3MOYKHOCTb
BBIIIEIAYMBAHNSI HE TOITBKO HEKOH/IMIIMOHHBIX JTSI TPAIUIIOHHBIX TEXHOJIOTH Py/I, HO 1 OalaHCOBBIX 3ar1acoB, U c(hOpMyIIH-
PPOBaHA BO3MOXKHOCTB MOJ[3EMHOTO OJIOKOBOT'O BBIINE/IAYMBAHYS KAK ATETCPHATHBA TPATMLIMOHHBIM TEXHOJIOTHSIM B KOHKPETHBIX
YCIOBHSIX, HarpumMep, Ha MectopoxkaeHrsix CeBepHoro Kapkaza.

KaroueBble cjioBa: J100ObUa METAJIJIOB, IIAXTHOE IMOJ3EMHOE BBIIICIAYMBAHKUE, IPOAYKTUBHBIN PacTBOp, py/a,
WHTeHCH(PHUKAIHA TTPoIecca, TOTEPSIHABIE 3aIachl

Jas uutupoBanus: ['adapaes O. 3., ['abapaeBa A. O., [lenerkaesa H. T., bomot6exor XK. K koHmemm maxTHoro
TMOJI3EMHOI'0 BBIIIEIAYMBAHUS METALIOB. [ opHble Hayku u mexnoaozuu. 2020;5(4):349-357. DOI: 10.17073/2500-0632-
2020-4-349-357

On the concept of in-situ metal leaching
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Abstract: The information on history of in-situ metal leaching method (ISL) was given. The role of Russian scientists and research
organizations in research into ISL processes was shown. Examples of ISL application at the mines of the USSR, the CIS and non-
CIS countries with the implementation features were given. The main disadvantages of ISL were formulated: low rate of metal
production and difficulty in monitoring the completeness of metal recovery into pregnant solution. It was noted that underground
leaching of even well-crushed ores lasts for many years. This, under otherwise equal conditions, decreases attractiveness of ISL in
comparison with traditional methods of metal mining, Well-known and new promising methods of the leaching process intensifi-
cation for increasing the rate of metal extraction into solution were described. As illustrated by the North Caucasian deposits of the
Sadon group, the expediency of ISL use for extracting the residual reserves, which would not be extracted by the traditional meth-
ods, was shown. The role of Professor I. A. Ostroushko in development and implementation of methods for extracting metals
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remained in the mined-out space of mines, in particular, by extracting metals from the Sadon deposits wastewater. Information on
the current state of ISL application was given. The conclusion was made about insufficient use of this promising method in mining
in some regions. For the first time, the details of the ISL general concept were clarified: the feasibility of ISL use not only in
favorable conditions, but also at non-continuous geology and mineralization; ISL applicability for not only substandard ores (non-
extractable by traditional mining methods), but also for balance reserves; ISL (block leaching) was proposed as an alternative to
traditional mining methods in specific conditions, for example, at the North Caucasian complex ore deposits.

Keywords: metal mining, in-situ leaching, pregnant solution, ore, process intensification, lost reserves
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AKTYaITbHOCTB TIPOOJIEMBI BOCTIOTHEHHS! BHIOBI-
BAIOIMX 3aIlacoB YISl 0OECHIEUeHHs] MHHEPATHHON
6e3onacHocT Poccun 00BsICHAETCS MI3MEHEHHEM KO-
HOMHYECKOHM crcTeMbl Poccun, M3MEHeHHeM reorpa-
(b 100bIYKM METAIOB U OC/IabIeHUEM MUHEPATLHO-
pecypcHoii 6a3bl TOPHOTO MPOM3BOJICTBA TP Tepe-
XOJI€ OT OTKPBITOTO CIIoco0a K moazemMHomy [ 1-3].

O NpOMBIIIIEHHOM BBILIENAYUBAHUN IIBETHBIX
metawioB u3BecTHO ¢ XVI B. (Mcnanus). [lupokoe
OCBOEGHHE crioco0a CBS3aHO ¢ I0OBbIMel Me Ha Py/I-
Huke «Kananea» B Mekcuke (1924 1.) u Ha Ypane
(1930-1940 rozpr). [TogzemMHOE BhIIIETaYMBAHUE Me-
TaJUI0B U3 py/ B Poccru Ob110 NpezickazaHo akaaemMu-
koM A.E. depcmanom.

B Hacrosiiiee Bpemst Io13eMHOE BbIIIIEIauKBa-
HHE TIPUMEHSIETCS [UTs IOOBIYM I[BETHBIX METAIOB B
CIIA, Poccuu, ®@panumm, Anonnu, Ascrpamiu, OPT
U 1p. cTpanax [4-7].

UccnenoBanussMu 1o 100BIYE IIOJIE3HBIX
MCKOTIaeMBIX METO/IaMH BHITIETIaYNBAHUS HA T€O-
TEXHOJOTHYECKHUX MPEATNPUATUAX paHee APYTUX
Havamu 3annMmatbes MIIKOH PAH, BHUMXT,
BHUITUIIT, CKITMU (I'TY) u naboparopuu
MPEANPUATHI ATOMHON OTPACIIH.

OMNBITHO-TIPOMBIIIUICHHBIE UCTIBITAHUS [1aXT-
HOTO TIOZI3EMHOTO BBIIIIENIaYMBaHMs ObUTH Ha4YaThl Ha
brsiBUHCKOM pymHHKE METHOropckoro MeaHo-cep-
Horo komOunara B 1971 r. Hanborneime ycnexu mo-
CTHTHYTHI IPH BBIIIIETTAYNBAHAH MEJIH, YpaHa U 30710Ta
Ha npepusTrsax aroMHoi orpaci CCCP.

Kax npaBuio, 00bekTamMu Mo00HbIX UCCIE0-
BaHMI CIY)KWIH PyAbl MECTOPOXKIIEHMH, OTpaboTKa
KOTOPBIX TPATUIIMOHHBIMU METOIaMU ObI1a 3KOHOMH-
yecku HereniecooopasHa [8—11]. B 1970-x rogax 66wt

MINERAL RESOURCES EXPLOITATION

0TpaboTaH MEePBBIi OJIOK OATAHCOBBIX Py, @ B HACTO-
siiiee BpeMst [IpuapryHckuii KoOMOMHAT BhITIETAYMBa-
HHUEM JOOBIBACT MOJIOBUHY CBOCH MPOIYKITHH.

Eme B 1974 1. 3tim Meroniom mommyyamu 20 %
MHPOBOU JT00bI4M Mev. Ero 10711 B MUpOBOM IPOM3-
BOJICTBE HEKOTOPBIX IOJIE3HBIX MCKOMAEMbIX JOCTH-
raet BemnuuHbl 80% [12-15]. Tomeko B CILIA non-
3EMHBIM BBIIIEJIAYUBAHIEM €KETOIHO N00bBaroT 300
TBIC. TOHH MEJTU ¥ 4 TBIC. TOHH ypaHa.

Lenpro ucciienoBaHuii MO yYKa3aHHOM IIPO-
OJiemMe SIBJISIFOTCS B TOM YHCIie 000011EHHE U CUCTE-
MaTH3alysl CBEJICHUA O JOOBIYEe METAIIOB METO-
JTaMU BBIIIENIauMBaHUs. 3aJaueil HCCIIeI0BaHMUS SIB-
asieTcsi 000CHOBAaHME TEXHOJIOTUYECKH KOPPEKT-
HBIX, 0€30MaCHBIX ¥ SKOHOMHYECKH Y((HEKTUBHBIX
MapamMeTpoB TEXHOJIOTUH MIAXTHOTO BBIIIEIaYHBa-
HUS C UCIIONIB30BAHUEM HATYpHBIX U JlabopaTop-
HBIX METOJIOB, BKITFOYAsT PETPOCIICKTHBHBIA aHATN3
MIPAKTUKH BBIIIEIAYMBAHNS B TICPBYIO OYepe/b Ha
MIPEANPUATUSAX YPAHOBOM OTpaciy.

Oowas uacmo

YcenoBusi npumenenusi. Bo3MokHOCTh TpH-
MEHEHHsI TEXHOJIOTHIA BBIIIIETIauMBaHKSI OTIPEIEIISIETCS
B OCHOBHOM MUHEPAJIOTUYECKAM COCTABOM PY/IbI U CO-
CTaBOM TMOPOA000Pa3yIOIINX MUHEPAIIOB.

[Ipouecc BIIENaUMBaHKs ypaHa U3 KyCKOBOM
PYZIBI MOYKHO Pa3ZIeNIiTh Ha JBa TIEPUO/Ia; HAYTbHBIH,
KOT/Ia YpaH U3BIICKACTCSI C TIOBEPXHOCTHBIX U TIPHIIO-
BEPXHOCTHBIX YaCTEH PYIHBIX KYCKOB, 1 KOHEYHBIM,
KOTJIa YpaH U3BJIeKaeTcs 13 MTyOnHBI Kycka. [lepexon
ypaHa U3 py/abl B PacTBOpP peareHTa 3aKiIFouaeTcs B
MIPSIMOM B3aUMOJICHCTBUM TTOBEPXHOCTH MUHEPAJIOB C
pacTBopuTesieM, GHIBTPYIOIIMMCS Yepe3 CIION Py/Ib,
1 B 1 (hdy3OHHOM IEpEMEIIEHUHN PAaCTBOPEHHBIX CO-
Jieil B MOJBM>KHOM ITOPOBOM pacTBope (puc. 1).
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Puc. 1. Biok noa3eMHOro BhIlIeIaYNBAHUS METAJJIOB: IUIAH M pa3pe3bl:
1 — 3TaXkHBIe ITPEKH; 2 — IPUEMHUK PacTBOPOB; 3 — OTpe3Has ILeNb; 4 — OTPE3HOH BOCCTaloIui; 5 — pyAa; 6 — pyIdOCIyCKH;
7 — BEpXHUi1 IITpeK; § — TpyOOIPOBOI LISl TI0/Ia4W PacTBOPa; 9 — CKBAXKUHBI JUIs 1TOJIauy pacTBopa; /() — BoccTaouue;
11 — BBITyCKHBIC BRIPAOOTKH
Fig. 1. In-situ metal leaching block: plan and sections:
— level drifts; 2 — pregnant solution receiver; 3 — slot; 4 — slot raise; 5 — ore; 6 — ore passes;
7 —upper gangway; 8 — solution supply pipeline; 9 — holes for solution supply; 10— raises; // — drawpoints
Tab6auna 1

Tunuzanus MWAXTHLIX CHCTeM pa3padoTky BoimenaynBanus (no 'onnky B. H.)

Typification of ISL methods (according to V. L. Golik)

Tunbl mara3una Bapuanrtbi YcioBus NpUMeHEeHUs
B ecrectBenHo-ynpasisie- | 13 oTOuTON pyanI VYcroituuBele BMeELIAIOLINE
MBIX MacCUBax W3 noganHOM N3BHE py b TIOPOJIBI
[Tox HECYIIUMHU MIEPEKPBITUSIMU .
B pa3pymenHsix Mmaccu- Heycroituusbie TOPOJBI,

HOI[ pasacisIIOMUMU NEPEKPBITUAMA

Bax CKJIOHHBIC K OOPYIIICHUIO

bes nepekpriTuii

C TBepaeromei 3aKIaaKon

B wuckycctBeHHO-3aKper- = IHoponast 000
C nepeBsIHHOM Kpembio

JICHHBIX MaCCHUBax

— YCTOMYHBOCTHU
C OeTOHHOM Kpenbio

KOJ'IBMaTPIpOBaHHLIC MNpOAYKTAaMH BbIIICIIAYUBAHUA

B maccuBax u3 XBOCTOB ITopons!, npurogHsle A BbI-
C yxpenneHreM [IEMEHTHBIMH PacTBOpaMH

BBIIIICJIAYNBAHUA

meJIa4ynBaHuA
C XMMHUYECKIM 3aKpCIJICHUEM

BeIenaurBaHye NOIMMETAJUTMUECKUX PY/ C
HU3KOI IOPUCTOCTBIO (MeHee 5 %) U He3HAYUTENb-
HOI NPOHMIIAEMOCTBIO PAacTBOpoB (MeHee 1 m/c)
TpeOyeT UX MpeABAPUTENILHOTO ApoliieHus Oypo-
B3pBIBHBIM cII0cOOOM 1 MarazuHupoBanus. B CHI'
U 3a pyOexoM 3¢ heKTUBHA CKBOXUHHAS OTOOWKA
PYA ¢ KOPOTKO3aME JICHHBIM B3PbIBAaHHEM B 3a)Ka-
TOM cpeze. B kayecTBe KOMIIEHCAIIMOHHOTO MPO-
CTPAaHCTBA HCIOJIB3YIOTCS OYHCTHBIE BBIPAOOTKH,
CyMMapHbIi 00beM KOTOphIX cocTtaBisier 30 %
00beMa BOBJIEKAEMBIX B OTPAOOTKY PYI.

VcioBuss pUMEHEHHsI CHUCTEM pa3pabOTKH
NpUBEJEHBI B Ta0I. 1.

MINERAL RESOURCES EXPLOITATION

TexHOoMOruro MIAXTHOIO BBIILETAYUBAHHUS C 00-
PYLIEHHEM Pyl LIeecoo0pa3HO MPUMEHSTH TP pas-
paboTKe pyJl pa3IMyHON KPEMOCTH U YCTOMYMBOCTH
MOIIHOCTBIO OT HECKOJIBKHUX JI0 JIECTKOB METPOB. OHa
MO3BOJIAET YIPABIIATh KaK KPYHMHOCTBIO APOOJICHUs
PYII, TaK 1 KOHTYpaMH 00pyIlIaeMoi KaMephbl, TO3TOMY
MOXXET HaWTH TIPUMEHEHHE TIPH Pa3pabOTKe PYIHBIX
TEJ C HEBBIJIEP KaHHBIMU 2JIEMEHTAMU 3aJI€TaH sl 1 He-
PAaBHOMEPHON MUHEpATA3ALIUEH.

IlpakTHKa IIAXTHOIO BbILIEJIAYHBAHMSL.
ONBITHO-MIPOMBILIUIEHHBIA OJIOK BIIEPBBIE B MUPO-
BOM MpaKTHKe ObUT OTPA0OTaH B KPEMKUX CIOUCTHIX
ropoziax MectToposkaeHuss Boctok Ha npeanpustin
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MADII B CeBeprom Kazaxcrane. OcOOEHHOCTB €ro
3aKJII0YAIach B TOM, YTO BBIIIEIAUYMBATUCH HE 3a0a-
JIAHCOBBIE HEKOHIMLIMOHHBIE [UIS TPaJULIMOHHBIX
TEXHOJIOTHH PY/Ibl, @ OAJIaHCOBBIE.

[Tapamerpbl Onoka: IMHA MO MPOCTUPAHUIO
60 M, BbicoTa 36605 M, cpemHsisi MOIIHOCTH 20 M.
[ToaroroBuTtensHO-Hape3Hble pabOTHI BKIIOYATA B
ce0st mpoBeieHNe OJIOKOBBIX BOCCTAIOIINX, IITPEKOB
OPOCHUTEIILHOTO, OYpOBOI0, IPEHaKHO-OYpOBOTO U
JPEHaKHOTO TOPU30HTA, OYPOBBIX pacceyek, COOeK 1
OTPE3HOI0 BOCCTAOLIETO.

s OypeHusi CKBa)XMH IPUMEHSUIM CTAHKU
HKP-100 M, npu 4YacTUYHOM BBITYCKE HCIOJIB30-
BaJIM MIOTPY304HO-I0CTaBoYHbIe ManmHbl MIT/TH-1
u JIb 125/1000.

OT160iiKy pyabl OCYLIECTBISUIM C JIBYX
noJPTaxkeil — OypoBOro W JIPEHAXHO-OYPOBOTO
BEPTUKAJIbHBIMU BOCXO/ISIIIMMH BEEPAMU CKBAKUH
JTUaMETpPoOM 85 MM 1O ceTKe 2,5%2,6 M.

Oporenre 6;10ka MPOU3BOIIIIOCH KaK CEKIH-
OHHO (TIONIEPEMEHHO BOCTOYHAs M 3arajiHasi IMoJjo-
BUHBI), TaK U 10 BCEI IOBEPXHOCTH, KPOME TOT0, B Ce-
pearHe SKCIepUMEeHTa ObLUT MOAKITIOYEH MPOMEXKY-
TOYHBII TOPU3OHT OpPOLIEHHS HA YpPOBHE OYpPOBOro
nopTaka. OpoLIEHHE OCYIIECTBISIETCS YepPE3 CKBa-
YKUHBI-OPOCUTENI B OTOUTON pyJie TOPU3OHTAIIBHO,
obcakeHHbIe Tep(hOpPHPOBAHHBIMU TPYOAMHL.

KonTtponbHbIMU BbIpaOOTKaMHU 110 3aMarasu-
HUPOBAHHOM PyJI€ YCTAHOBIICHO:

- YIOBJICTBOPUTEIILHOE JPOOJICHUE TONY-
YEHO JIMIIIH B 30HAX BBIMTYCKa,

- MEKIIYIITPEKOBBIE TEIMKU Pa3IpOOICHBI Ha
KpyIHbIe 0070MKH pazmepamu 6oree 300 MM 1 1o 1 m;

- 4acTh KOHTypa OTOOMKH y OOpTOB OKa3za-
Jach HEIPOOJICHOM.

B 610ke ObUTO TIPOM3BEACHO PHIXJICHHUE Ya-
CTUYHO BBIIICIIOYCHHOHN PY/bI ITyTEeM BBIEMKH IIe-
JIMKa, B pe3yjbTare 4ero odOpasoBajiach ITyCTOTA,
KOTOPYIO TIOTaCHJIA MYTEM B3PbIBAHHS CKBaKUH-
HBIMH 3apsinamu. ['opHast macca Gonee uem Ha 50%
ObLTa HEIOCTYITHOM JUTS BHIIICTAYNBAHMS.

VAydlIeHHr0 TOKA3aTesNe  BbIILEIaYUBaHUS
CIOCOOCTBYET KaveCTBEHHOE JPOOJICHHE TOPHOTO
Maccusa (puc. 2).

[py OArOTOBKE PYIbl ATAKHBIM TPUHY/IHU-
TEJIbHBIM OOPYIIICHHEM €€ OTOMBAIN B3PhIBAHUEM 3a-
PSIIOB TITyOOKHX CKBKMH Ha BCIO BBICOTY 3TaXa. JTa
TEXHOJIOTHSI TIEPCIISKTUBHA ST pa3pabOTKH MOIIHBIX
TPEIIMHOBATHIX PY/IHBIX 3QISKEH, HE CKIIOHHBIX K CIie-
KUBAHUIO, KOIZIA PYIHAS MUHEPAIM3ALMS MPHYpPO-
YeHa K TPEIIMHAM CKOJIA HJTA TeKTOHUYECKHM IIIBaM.

Takast TEXHOJIOTUSI IPUMEHSUTACHh HA YPAHOBOM
Mectopoxknennn CeBepHoro Kazaxcrana st otpa-
00TKHM OaTaHCOBBIX 3aMlacOB CHCTEMOM CIIOEBOTO 00-
pyiieHus. BpimenaunBanm 3a0amaHCcoBbIe PyIIbI HA
JIBYX TOPU30HTaX C BbICOTOM dTaxa 40 M. OTOOMKY
PY/Ibl IPOM3BOIMITH TITYOOKUMH CKBOKHHAMH.

100
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150 200
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Puc. 2. U3BJieyeHne MeTAILIOB U3 Py P NOATOTOBKeE:
[ — ¢ MarasuHMUPOBaHHUEM; 2 — C TKHBIM 0OpYITICHHEM

Fig. 2. Extraction of metals from ores using preparation:
I —with shrinkage; 2 — with block caving
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J1st paBHOMEPHOTO pa3pbIXJEHUS] TOPHOU
(pyaHOIT) Macchl Ha HUKHEM TOPU30HTE 0OPa30BbI-
BaJIM TOPU3OHTAIBHYIO TOJICEUYKY BBICOTOM 12 M.
[Monceunple CKBaKMHBI B3PBIBAIUCH C OIMEPEXKe-
HUEM Ha |-2 psna OTHOCHUTENBHO CKBA)XKUH B Ka-
Mmepe. bypoBbie BbIpaOOTKH BEPXHETO TOPU3OHTA
UCTIONIb30BAJIMChH /ISl TIPOKJIAJKU 110 HUM OPOCH-
TENBHBIX TPYOOIIPOBOJIOB, @ HEB30OPBAHHBIE YACTU
CKBQ)KUH — U1l OPOIIEHHS TOPHOW MAaCChI.

Bo Bcex ciydasx cTpeMUIMCh ParioHATBHO
COBMECTUTh (DYHKIIMM TOATOTOBUTEILHO-HAPE3-
HBIX BBIPAOOTOK (puC. 3).

TeXHUKO-DKOHOMUYECKUE TTOKA3aTEeH CH-
CTEMbI IPUBEICHBI B TA0I. 2.

[TonoGOHoI TEXHOJIOTHER oTpaboTaHO
ypancoepxaiee mectopoxaeHue CesepHoro Ka-
3axcrana (LleTMHHBI TOPHO-XUMUYECKUN KOMOU-
HAT), IPUYpPOYCHHOE K HWHTPY3UBHOMY MACCHBY,
CIIO)KCHHOMY JICHKOKPATOBBIMH TPAHUT TOPQH-
pamu. COMMKEHHBIE PYTHBIE TeJla )KWILHOTO THITA

I
el

HMMEJM MOIIHOCTH OT 1-5 cm 1o 0,5-1,5 M u kpyToe
(80-90°) manenue. PynHast MuHepanmm3anus Obuia
MIPUYpOYCHA K PA3IMYHOTO poja TpemuHaM. Pyna
Y BMEIIAOIINE TTOPOABI UMENN KO PUIUEHT Kpe-
noctu 8-15 no M.M. TIpoTobkoHOBY.

Ha sTom pyaHuKe MCob30BaH BapHaHT, MU
KOTOPOM HIDKHIOIO TIOZICEUKY 00pa3yroT 00pyILEHHEM
BEEPOB HUCXOMSIIMX CKBOXUH U3 BBIPAOOTOK BEpX-
HETr0 FOPU30HTA U B3PHIBAHUEM KOHLIOB JIPEHAYKHBIX
CKBYKVH, TIPOMJICHHBIX C TOPH30HTA OTKATKH.

Bbroku xapakrepr30BaMCh MapaMeTpaMu, M:
BeicoTa 30-90; mmpuna 20-25; mmna 30-40. Pac-
TBOPBI [TOJJABAIFICH HA TOPU30HT OPOIICHUS, TTIE OCY-
IIECTBIISLIACH PA3BOJIKA OPOCUTENBHBIX crucTeM. [1po-
TYKTUBHBIE PACTBOPHI YJIaBIMBAIU C [IOMOIIIBIO CKBa-
KWH, MPOOYPEHHBIX W3 BBIPAOOTOK HIKHETO TOpH-
30HTa JI0 3epKaJia MOI3eMHbIX BOJ yepe3 1,5-2 m.

TeXHUKO-?)KOHOMUYECKUE TIOKAa3aTeId  IIpo-
IIECCOB TOJITOTOBKH PY/I K TIOJ3EMHOMY IIAXTHOMY
BBIIIC/IAUYMBAHUIO TIPUBEICHEI B TA0I. 3.

I
—

Puc. 3. loaroroBka 0/10Kka K BbILIeJAa4YMBAHUIO C COBMeLeHUeM (PyHKIUI BbIPA00TOK:

1 — opocuTenTbHO-0YpOBOH MITPEK; 2 — HIHKHAN 3TAXKHBIA ITPEK; 3 — OypOBOH IITPEK; 4 — BEPXHSISL paccedka OTPE3HOI MIely;
5 — HIDKHSIA paccedKa OTPE3HOH LIeIH; 6 — 3aX0/1Ka

53,(_22

Fig. 3. Preparation of a block for leaching with combining mine working functions:
1 — sprinkling-drill drift; 2 — lower level drift; 3 — drill drift; 4 — slot upper crosscut; 5 — slot lower crosscut; 6 — cut

Taommua 2

IMoxazaTe/i TEXHOJIOTHH € 3TAKHBIM 06pymeﬂneM

Performance of block caving

HaunmenoBanue Moxazarenn
TTpOM3BOUTENHLHOCTE TPy/a 3a00HHOTO Pabodero, M>/cMeHy 17,7
[pomsBoAUTEEHOCT OYPEHUSI CKBAXKHH, M/CMEHY 12,1
V nenbHbIi pacxon BB, kr/m? 1,2
Bbxoz ropHO# Macchl ¢ | 1or. M CKBaYKHUHBI 5,6
Y esbHBIH Bec MO/T0TOBUTENBHO-HAPE3HBIX BHIPAOOTOK, %o 4-6
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Tabanua 3
OCHOBHbI€ TEXHHKO-)KOHOMHUYECKHE MOKA3ATEN
Key performance indicators
HaumenoBanue noxasareJieit Besauna
TTpOH3BOMMTENBHOCTH TPy/A 3a00MHOTO PaboYEero, M>/cMeHy 14-17
[Ipom3BOAMTETFHOCTE TPy OYPIUIBIIMKOB, M/CMEHY 12,1
V nensHbI pacxon BB, kr/m? 0,9-12
'Y IebHBII BeC TTOATOTOBUTETFHO-HAPE3HBIX BEIPAOOTOK, %0 6-12
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Puc. 4. 3aBrucuMocThb M3BJIe4eHNSI METAIIOB OT BeJIMYMHLI Pa3y00KMBaHUS Py/I IPH NOATOTOBKE 0JI0KOB:
1 — ¢ Mara3uHNPOBaHKEM; 2 — C ITAKHBIM OOPYIIIEHHEM

Fig. 4. Dependence of metal recovery on ore dilution during block preparation:
1 — with shrinkage; 2 — with block caving

Y cTaHOBIIEHO, UTO Ha ITOKA3aTeNIN U3BJIcUe-
HUSL METAUIOB BeChbMa CYLIECTBEHHO BIIUSET
pasyboxxkuBanue pyn (puc. 4).

HNHTeHcudpukanmus npoueccoB BbIleJIa-
yuBaHus. OCHOBHBIM HEIOCTATKOM IIAXTHOTO
MOJI3EMHOTO BBILEIAYUBAHUS SIBIISIETCS HU3Kas
CKOPOCTB ITOJIy4€HHUs MeTAILI0B. [Ipn moazemHom
BBILIEJIAYMBAHUY JIaXK€ XOPOIIO pa3ApoOIeHHBIX
pyZx npouecc 1auTes 1-2 roxa, 4To 3HAYUTEIBHO
OoJblIe BpeMEeHH JOOBIYHM TPaJUIIMOHHBIMU CIIO-
cobamu. C 1eNpI0 yBEIMYEHHS] CKOPOCTHU BBILIE-
JaYUBaHUS TIPUMEHSIOT METOJbI MHTEHCH(HKa-
L[UU Tpoliecca.

XUMHYECKHE CIMOCOOBl MHTEHCH(PHUKAIIUN
BbIILIE€JIaUMBAHNS UMEIOT OTpaHUYEHHBIE BO3MOXK-
HocTH. Tak, yBenuyeHue KOHIEHTpaIMU pacTBO-
POB KHCJIOT M 1ienoueit 6omnee 5-8% He yBenuuu-

BAaC€T CKOPOCTH BBIIICIIAUYMBAHNUA, a IIPUBOAUT K

MINERAL RESOURCES EXPLOITATION

BBIIIETAYMBAHUIO TYCTHIX KApOOHATHBIX U CHUITH-
KaTHBIX TIOPO/I, YTO CHIDKAET COIepIKaHKE MEeTall-
JIOB B KOHIICHTpATax M yJaoposkaeT mporecc. Ko-
JMYECTBO METAJUIOB, KOTOPOE OKHCISETCS IO
JEUCTBUEM «IApHUKOBOTO 3(deKTay, MOKHO
paccuuTaTh Ha OCHOBAaHWHM MHHEPAIOTHYECKOTO
cocTaBa Pyl U JAHHBIX BO3AYIIHOW M THIpOME-
TaJNTIOMETPUIECKUX CHEMOK.

HccnenoBanus BIUSHUS TOBEPXHOCTHO-aK-
TUBHBIX BEIIECTB Ha CKOPOCTH BBIIICTAUMBAHHS
MOKa3aJld, YTO YBEJIUYECHHUE €€ BO3MOXKHO B 1,5-2
pasa 3a cuet 700aBOK.

buonornueckne cnocoObl WHTEHCHU(]UKA-
MY BBIIIEIAYMBAHUS 110 PE3YyIbTATHBHOCTH 3HA-
YUTEILHO TPEBOCXOMAT XUMHUeckue. [lyrem
aJanTanyy, a TakKe HCIOJb3ysl MYyTareHHbIE
(hakTOpBI, MOTYYArOT KYJIBTYPhI HOBBIX OaKTepHil
¢ OoubIIIelt CKOPOCTHIO BBILIIEIAYNBAHUS.
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dm3nyeckue crnocoobl HHTEHCU(UKAITAH TTPO-
IICCCOB BBIILIETIAYMBAHIS OOSCTICUNBAIOT YBEITIUCHHEC
CKOPOCTH 3a CUET aKTUBHU3ALIUMH IPOLIECCOB OKUCIIE-
HUSI, YMEHBILICHUS! KPYITHOCTHU PY/ U T.IL., YTO IO3BO-
nsieT SPPEKTUBHO TPOM3BOUTH JTOOBIYY TOJIE3HBIX
MCKOIAeMbIX MPH Ky4HOM U TIO/I3EMHOM BBIIIEIauu-
BaHuM. TepmMuueckoe BO3/IeiCTBHE YBEIMUMBAET CKO-
POCThH BBIILLIETIAYMBAHUS B 2-3 pa3a MpU HOBBIILICHUH
TemIiepatypbl cpezpl 10 +35 °C npu GakTepuaTbHOM
BhIleTaurBaHuu U 10 +80 °C —pu XUMUYECKOM BbI-
IeaYUBaHUH.

[Ipyn BO3AEHCTBUM DIIEKTPUYECKUM TOKOM
HU3KOTO HAIPSKEHUSI CKOPOCTh BBIIIEIAYNBAHUS
Meau yBenuuuBaeTcs B 2-3 pa3a. BozneiictBue
TOKOM BBICOKOI YacCTOTHI Ha CYIb(HUIAHBIE PYIbI
MOBBIIIAET CKOPOCTH BhIIIETIaUMBaHUA B 5-6 pas.

OCHOBOIM MEXaHUYECKOTO CII0c00a MHTEHCH-
dUKaMu  SBISIETCS TIEPEMCEICHHE KYCKOB Ya-
CTMYHO BBILIEIIOYEHHON PYABI CWIOHN TSKECTH, BO3-
JICMCTBHUEM B3PbIBA, MEXAHU3MaMHU M MAIITMHAMH.

B npakTuke BbllenaunBaHusl MTPOU3BOIAM-
JIMCH OTIBITHI IO PHIXJICHUIO OJIOKOB BhIIIEIaunBa-
HUS B3pbIBaHUEM 3apsanoB BB B orOuToii pyne u
CKBa)KMHAX. YJapHOE BO3JIEHCTBUE B3PHIBOB He-
BEJIMKO BBHUY 3HauuTeNnbHOTO (20-40%) 00BbeMa
MyCTOT B MaTepHalie, MOJBEPraéMOM PhIXJIEHHUIO,
BO3JIelicTBHE HAOJI01a7I0Ch B 30HE PAIUYCOM I10-
pANIKa HECKOJIBKUX TMAMETPOB 3apsia.

IIpumeHeHne TEXHOIOTUi MOA3EMHOTO BbI-
HIeJIAaYMBaHMS BO3MOKHO, HallpuMmep, i Jopa-
06otkn ApxoHckoro, CamgoHckoro, 3THICKOTO,
XoscTUHCKOro U PUarJoHCKOro MeCTOPOKIe-
Huit (PCO-Ananus). B ux BeIpaboTaHHOM IpO-
CTPAHCTBE C CYMMAapHO IJIOIIAbI0 MPOEKIIMY Ha
BEPTUKANBHYIO IIOCKOCTh 2,3 MIIH M2, OCTaIoCh
B BUJIE SKCIUTYaTaIlMOHHBIX MOTEPh U B OOKOBBIX
OpPYJICHEJIBIX MOPOJIaX OKOJIO 54 MIIH TOHH PY.I-
HOM Macchl, OTpabOTKa KOTOPOW TpPaJUIIMOH-
HBIMHU TE€XHOJIOTUSMU HEBO3MOKHA.

HecMmotps Ha Hanuuue uccienoBaHuil B 00-
nacTi PU3MKO-XUMHUUECKUX TEXHOJIOTUN JOOBIYU
METAJIJIOB, HEKOTOpPhIE X 00JAcTH M3y4YeHBI He-
JIOCTAaTOYHO. DTO TPEXAEC BCEro MPUMEHEHHE

MINERAL RESOURCES EXPLOITATION

TEOPUHU U MEPEIOBOTO OIbITA BHIIIETAUMBAHUS K
YCIIOBUSIM OTJEIIBHBIX PETHOHOB.

C pesynapTaTamMM HUCCIIEIOBaHHUIl IO pac-
CMaTpHBAaEeMOi MpobiieMe KOPPECTIOHIUPYIOT HC-
CJICZIOBAHUS TIO COMYTCTBYIOIIMM HAIPaBICHHUSIM
TOPHOTO JieJla, BKIFOYAIOIIUM MOJATOTOBKY Py K
BBIILIETAYMBAHUIO, OCYIIECTBICHHE KOHTPOJISI
npouecca u ap. [16-20].

3axnwuenue

Jeduuut MeTauioB U1t HPOMBIIIJICHHOCTH
MOJKET OBITh BOCIIOJHEH pacuIMpeHreM 001acTh
MPUMEHEHHSI TEXHOJIOTHIA MAaXTHOTO TOJ3EMHOT0
BBIIIEJIAYMBAHNS METaNIMYecKux pyA. Haxor-
JICHHBIA OMBIT Pa3pabOTKU METAITUYECKHX Me-
CTOPOKACHHUI TO3BOJISET JETANIN3UPOBATh KOH-
LEMNIUI0 Pa3BUTHUSI POTPECCUBHBIX MPUPOIO- U
pecypcocOeperaronyx TeXHOJIOTUH J00buN Me-
TaJJIOB MOJ3EMHBIM CIIOCOOOM.

O06ocHOBaHHME KOPPEKTHBIX, O€30MACHBIX H
3¢ (GEKTUBHBIX TEXHOJIOTUH IAXTHOTO BBIIIENA-
YMBAHUS BKJIIOYAET B Ce0SI PETPOCHEKTHBHBIN
aHaJIW3 MIPAKTUKY BbIIIETaYUBAHUS HA TPEANIPUS-
TUSIX YPaHOBOI OTpaciu.

TexHomorusl MAaXTHOTO BBIIETAYUBAHUS C
00pyIIeHHEM pPYJl MO3BOJISIET YIPABIATH KPYITHO-
CTBIO JIpOOJIEHUs PYyJl U KOHTYpamMu OOpYILaeMbIX
MacCHBOB TIPH HEBBIIEP)KaHHBIX JIEMEHTax 3ajie-
TaHWs U HEPAaBHOMEPHOW MHUHEpaIM3aluel B Ipo-
1ecce pa3padOTKHA MOITHBIX 3aJieKel, 0COOEHHO
KOT/Ia pyJIHask MUHEpAIU3alus TIPHypovYeHa K Tpe-
IIMHAM CKOJIa WA TEKTOHUYECKUM IITBAM.

OnbIT NOATBEPKIAET BO3MOKHOCTD BBIIIIE-
JIaYMBaHUA HE TOJIHBKO HEKOHIUITMOHHBIX JIJIS Tpa-
JTUIMOHHBIX TEXHOJIOTUNA Py, HO ¥ 0ATaHCOBBIX.

TexHOJIOTHH MOA3eMHOTO BBIIIETAYNBAHMS
MOTYT TPOMJIUTH CPOKH OJKCILTyaTallid MeECTO-
poXaeHui ¢ KOM(OPTHBIMU YCIOBUSMHU OTpa-
6otku, Hanpumep, Ha CeBepHoM Kagskaze, orpa-
00TKa KOTOPBIX TPAJAUIIMOHHBIMU TEXHOJIOTHUSIMHU
HerPPeKTHBHA.

B03MOXXHOCTH TEXHOJIOTHI JOOBIMM MeTaj-
JIOB BBIIIETIAYMBAHUEM MOTYT OBITh PACIIMPEHBI 32
CUET TBOPUYECKOTO MPUMEHEHHUSI TEOPUH H TIEPeIo-
BOTO OTIBITA K YCIIOBHSIM OTJEIBHBIX PETHOHOB.
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IHepcnexkTuBbI pa3padoTkn CaJoOHCKHUX MECTOPOKICHU I
NMO/JA3eMHbIM BbIlEJAYNBAHUEM

H. 10. l'apudyauna', A. I'. Aéayaxamumon?, U. A. 3acees?, FO. A. MaiicTpos’

!CeBepo-BocTounblii rocy1apcTBEHHBIN yHUBEPCHUTET, T. Marazan, Poccus
2CeBepo-KaBkasckuii roOpHO-METAILTYPTHIECKUH HHCTHTYT (TOCYapPCTBEHHBIN TEXHOJIOTHYECKMI YHUBEPCH-
TeT), T. Bnagukaekas, Poccust

Annoramusi: [Ipobiema BOCCTaHOBJICHMSI YTPaueHHOTO TOPHONPOMBIINIIEHHOTO moTeHnuana it PCO-Ananus
“MeeT 0COOYI0 aKTyalbHOCTh. BriepBrIe mpu penieHny mpodiaeMbl GyHKITHOHUpoBaHUs CaJOHCKOTO CBUHIIOBO-ITHH-
KOBOTO KOMOMHATA B CBSI3U C MCTOIIECHHUEM 3aIlacoB U YXY/IICHHEM KauecTBa W3BJICKAEMBIX MOJIUMETAITMIECKUX
PYA Mccaea0BaHa BO3MOXKHOCTh AKCILTyaTalluy IIEJI0T0 MECTOPOKIACHHUS IaXTHBIM [T0JI36MHBIM BBILIETauNBaHUEM
MeTaJIoB. JlaHa XxapakTepuCTHKa MPOMBIIUIEHHOTO OpyAeHEeHNsT BocTouHO-/[>KUMUIOHCKO!M PYHOM 30HBI B YBSA3KE
C TEXHOJOTHYECKHMH OCOOEHHOCTSIMU TTOATOTOBKH PY/ K BBINIENaunBaHMIO. [[aHa KOMIUTIEKCHAs OIIEHKa COOTBET-
CTBHUS CBOMCTB pPya U napaMETpoOB UX JIOKAJIM3ALUN Tpe6OBaHI/IHM, OpEaAbABIIACMBIM TEXHOJIOITMYECKUM PCTIaMCH-
TOM IIOA3€MHOI'O HIaXTHOI'O BBIIICIaYBaHUA. Cz[enaHa PEBU3UA 3al1aCOB CBHUHIIA U IITMHKA I[)KI/IMI/II[OHCKOI‘O pya-
HOTO ITOJISl C YYETOM YBEIHYECHHUS JOCTYIHBIX JUIS MepepaOOTKY 3aracoB MpH MOHMKEHUN KOHIWIIMN Ha METaJLIbL.
PaccMoTpen TeopeTHyecKuil aclieKT 3aa4n Ka4eCTBEHHOTO pa3pylIeHHs, 00JEeTHaIOIIETo MOCIeAyIoIee BhIIea-
YMBaHUE METAJUIOB, KaK IPUOPUTETHOE OT/eNICHHE HETTOBPEKICHHBIX 3epEeH MOJIE3HOI0 KOMIOHEHTa OT MUHEPAJIOB
ITyCTOX TTOPOIBI TIPY N30MPATETFHOM PACXO0/Ie SHEPTUH TONBKO Ha pa3phIB MEKaTOMHBIX CBSI3€H BIOJb TTOBEPXHO-
CTel cpacTaHUil. Y CTaHOBJIEH KpUTepHii TpeOOBaHMS K B3PHIBHOW MOJTOTOBKE Py/l KaKk 0OeCIIedYeHre YPOBHS SHEP-
T'€THYCCKOI'O BOSI[CP'ICTBHSI, A0CTATOYHOIO JJId pa3pylICHUA OCJ'Ia6J'ICHHI)IX MCIK3CPHOBBIX CBsI3el 1 HEAOCTATOYHOI'O
JUTSL pa3pyIIeHns OTAETBHBIX 3epeH. BIiepBhie moka3zaH MEXaHU3M PACIIHPEHNS MUHEPAITLHO-CHIPhEBO 0a3bl 3a CUET
CHIDKEHHS TPEOOBaHUM K KOHIUISIM Ha PYJIbI ITPH KOHBEPCHH TPAAUIIMOHHBIX TEXHOJIOTHH TTOA3EMHON pa3padoTKH
MECTOPOXKICHUIM Ha TEXHOJOTHH IIAXTHOTO TOA3EMHOr0 BhIlIenaunBanus. [lokazaHa MpUOPUTETHOCTh obecrede-
HUsS KadyeCTBa )Z[pO6HCHI/I$1 Pya AJid BBIICTIAYUBAHHUA IIYTEM OINTUMM3ALNU SHCPICTUYCCKUX MoKa3aTejei B3phbIBA.
O} PeKTUBHOCTH TEXHOJIOTHH BHIMIEIAYNBAHIS OyIET OTPENEIATHCS C YIETOM I'€0JOTHYECKHX TapaMeTPOB MECTO-
pOXJIeHUH 1 obecrieueH sl KPYITHOCTH BBIIENAYHBAEMOT0 PYIHOTO KYCKa.

KaroueBnlie ciioBa: CaoHCKUN PYAHBIN y3€i; 3amachl ¥ KaueCTBO PyJI; MHHEPaIbHO-ChIpheBas 0a3a; CBUHEII;
IUHK; CBUHIIOBO-IIMHKOBBIH KOMOWHAT; IIAXTHOE MOJ3EMHOE BhINICIAUHBAHNUE; METAIUTBI, Pa3pyIICHUE MUHEPA-
JIOB; KOHTUIIHS

s umtupoBanus: [apudymmna U. 10., Aonynxamumos A. I, 3aceeB W. A., Maiictpos 0. A. [lepcniektussl paspa-
001Ky CaJIOHCKUX MECTOPOXKICHHI TIO/I3EMHBIM BhIILICTIAYUBaHUEM. [ OpHble Hayku u mexronoeuu. 2020;5(4):358-366.
DOLI: 10.17073/2500-0632-2020-4-358-366

Prospects for development of Sadon deposits by in-situ leaching

I. Y. Garifulina', A. H. Abdulkhalimov?, I. A. Zaseev’, Yu. A. Maystrov’

"North-Eastern State University, Magadan, Russia
*North-Caucasian institute of mining and metallurgy (State technological university), Vladikavkaz, Russia

Abstract: The problem of restoring the lost mining potential is of particular relevance for North Ossetia-Alania. For the
first time, for solving the problem of the Sadon lead-zinc complex, in connection with depletion of reserves and decreasing
grade of extracted polymetallic ores, the feasibility of exploiting the whole deposit by in-situ leaching (ISL) method was
investigated. Commercial mineralization of the East Dzhimidon ore zone was characterized in relation to the technological
features of the ore preparation for leaching. A comprehensive assessment of the compliance of the ores and the parameters
of their position with the requirements of in-situ leaching protocols was given. An audit of the lead and zinc reserves of the
Dzhimidon ore field was implemented, taking into account the increase in the reserves eligible for processing due to de-
creasing the cut-off grades. The theory for effective rock rupture provision to facilitate the subsequent metal was consid-
ered. The study was focused on priority separation of intact grains of the useful component from barren rock minerals, with
selective energy consumption for breaking interatomic bonds along the intergrowth surfaces only. A criterion of ore blast-
ing preparation (for ISL) was determined, namely, ensuring the level of energy impact, sufficient for breaking weakened
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intergranular bonds but insufficient for rupture of individual grains. For the first time, a mechanism for expanding mineral
resource base through decreasing cut-off grades due to shifting from common underground mining methods to in-situ
leaching was demonstrated. The priority of ensuring the quality of ore crushing for leaching through optimization of the
blast energy parameters was shown. The ISL performance will be determined taking into account geological parameters

of the deposits and ensuring the size of ore grain to be leached.

Keywords: Sadon ore cluster; reserves and quality of ores; mineral resource base; lead; zinc; lead-zinc complex; ISL;

metals; destruction of minerals; acceptable grade
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Beenenue

MecTopoxaeHus MONUMETALUINYECKUX Py
Ca/loHCKOro py/HOTO y37a B UCTOPUYECKOM Cpe3e
BCEr/a UIPAIM BaXKHYIO POJIb B CTPATErMYECKOM OT-
HOIIICHUH KaK JJIsl pEerHoHa, Tak u 1yt Poccun. beim
BpemeHa, koraa CaJioH WK MOTHOCTHIO, UITH B 00JTb-
o Mepe oOecrieunBan mnorpedHoctd Poccun B
cBuHIIe ¥ IIMHKE. CaToHCKHUI KOMOMHAT ObLI Ipajio-
obpazyrormM 1yist PCO-Ananws.

[TosToMy mpoGiiema BOCCTAaHOBJIEHHS yTpa-
YEHHOIO  TOPHOINPOMBIIUIEHHOTO  MOTEHIHaNa
MUMEET 0COOYIO aKTYaJIbHOCTh U TPEOyeT perIeHHsI.

ChipbeByto 6a3y CaoHCKOrO CBUHIIOBO-1IH-
koBoro komOuHara (CCLIK) cocrapmnstor 3anace! 11
NOJIMMETAJUIMYECKAX MECTOPOXKICHUN. JmnTens-
HBII TIEpUOJ UX SKCIUTyaTalliy MPUBEN K HCTOLIE-
HMIO 3aI1aCOB U YXYALIEHUIO KaueCTBA N3BJIEKAEMbIX
MOJMMETAJUTMYECKUX Py IPH YBEJIMUEHUU CTOUMO-
CTHU UX 100bI4M U iepepadotku [ 1-4].

U3 chepbr mpon3BOACTBEHHON JEATEIHHO-
CTH BbIBEIEHbI XoJyIcTUHCKOe U JleBoOepexkHoe
MECTOPOXKACHUS, a Takke duargoHckas rpymnmna
MECTOPOXKACHUN. YacTb MECTOPOKIACHUN SBIIA-
I0TCSI PE3€PBHBIMU U JIJI1 Hauaja UX MPOMBIIIJICH-
HOT'O OCBOEHMsI HEOOXOJMMbI 3HAUUTENIbHbIE Ka-
MUTAJIbHBIE BIIOXKEHUS (J1a1ee — KaIlBJIOKEHU).

[lenpto uccnenoBanus siBisiercss 000CHOBa-
HHE BO3MOYKHOCTH KOHBEPCUU TOPHO-000TaTUTEb-
HOTO MPOM3BOJACTBA HAa MPUHIMIIMAILHO HOBYIO
TEXHOJIOTHIO, OTBEYAOIYIO YCIOBUSAM PBIHOYHBIX
OTHOUIEHUI HOBOro BpeMmeHu. [l mocTmkeHus
9TOM 1eNIM HEOOXOIMMO PEIINTh 3a/1aull JIeTan3a-
LIUM TE0JIOTUUECKUX YCIIOBUH B LIETISIX OCYILECTBIIE-
HUSI KOHBEPCUHM M OCOOCHHOCTEH OypOB3pHIBHOM
MOJrOTOBKH PYJI K BBIIIETAYUBAHUIO.

MINERAL RESOURCES EXPLOITATION

J1st 000CHOBaHMSI BO3MOKHOCTH IIAXTHOTO
MIO/I3EMHOIO BBILIEIAYMBAHUS OCYILECTBISAETCS
ayJIUT UMEIOLINXCA U IEPCIEKTUBHBIX 3a11acOB 10
re0J0ro-MapKIIeHIepCKUM JaHHbBIM, IPEUMYyIile-
CTBEHHO JUIsl IPOMBILIUIEHHOTO OpyJeHeHus Bo-
CTO4YHO-/DKUMUAOHCKONW pynHOW 30HBI Bypon-
cKOM cBUTHI. OCyIIECTBISETCS MPOTHO3UPOBAHUE
YBEJIMYEHUS! MPOMBIIUICHHBIX 3alacoB 3a CUeT
MOHM>KEHUsI 0aJTaHCOBOI'O MOpOTra TEXHOJOTHYe-
CKOT0 1epeziesia pyA 110 HOBOM TEXHOJIOTHH.

OueHuBaeTcsl MPUHLMIIKAATIbHAS BO3MOXK-
HOCTb B JJAHHBIX YCJIIOBUSIX CEJIEKTUBHOTO OT/IENIE-
HUS HEMOBPEXJCHHBIX 3€PEH MOJIE3HOI0 KOMIIO-
HEHTa OT MUHEPAJIOB IyCTOM NOPOJbI IPH U30U-
paTEeNbHOM pacxoJ€ HEPTUU TOJIBKO Ha pa3pbiB
MEXaTOMHBIX CBA3€H BAOJb IOBEPXHOCTEN Cpac-
TaHUH, 4TO JOJDKHO 00ecneunTh 3 (HEeKTUBHOCTh
pa3paboTKN MECTOPOKIEHUI METOIOM ILIaXTHOT'O
[10/I3€MHOTO BBIIIEIAYUBAHMUS.

PaccmarprBaemas TEXHOOTHUS UMEET MHOTO-
BEKOBYIO HCTOpHIO. B HacTosiiee Bpemsi BbILLETaq-
BaHMEM JIOOBIBAETCSI CYIIECTBEHHAs YacTh METAIJIOB,
IpEeKe BCEro ypaH, 301010 U Meap. B CCCP nog-
3€MHOE IIAXTHOE BBILEIAYMBAHUE CTAIO HCIIOIB30-
BaThCSl C CEPEIUHBI MPOIILIOr0 BeKa, OCOOEHHO aK-
TUBHO TIpH J00brde ypaHa. Ha mecTopoxmeHusx
CTpenbLOBCKOM TPYIITbI 3Ta TEXHOJOTHUS CTajla OC-
HOBHOIL. B 3apy0eH0ii NpaKTHKe MaXTHBIM IT0/13eM-
HBIM BBIIIETaYMBAHUEM J0pa0aThIBAIOT YYACTKU Me-
CTOPO’KAEHUH, IO Pa3HBIM IIPUYMHAM HEIOCTYIHBIX
JUISL TPAJULIMOHHBIX TEXHOJIOTHIA.

CoBepIIEHCTBOBAaHUE TOPHBIX U CMEKHBIX
TEXHOJIOTHUH, a TaK)Ke U3MEHEHHE PYIHOM 0a3bl C
yBEJIMYEHUEM IITYOHHBI TOPHBIX paboT U nepeme-
LIIEHHEM UX B MeHee KOM(OPTHbBIE ISl JOOBIYU
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YCIIOBUS TOBBIIIAIOT BO3MOXKHOCTH paccMaTpu-
BAEMOM TEXHOJIOTUM CTaThb OCHOBHOM IIPH pa3pa-
00TKE MECTOPOKICHHUI BCKPBIBAEMBIX PYI.

HanpagpiieHusi BOCCTAHOBJIEHHS MPOU3-
BO/JICTBEHHOI'0 MOTEHIMAJIA

[TpousBoacTBeHHas aesrenbHOcTh CaloH-
ckoro CIHK 1mo sKOHOMHUYECKHM COOOpaKEHUSIM
BO3MOXXHa TOJIbKO Ha 3rujckoMm, CaJoHCKOM U
ApPXOHCKOM MECTOpOXKIeHUsIX. B ux mpenenax
peHTabeIpHBIX 3aMacoB, KOTOPBIE MOTYT OTpaba-
TBIBATHCSA 03 OOIBIINX KaIIBJIOKEHHM, OCTAIIOCH
Ha 67 ner (Tabu. 1).

[lomnepxars MHUHEpPATLHO-CHIPBEBYIO  0a3y
CamoHckoro kKoMOMHATa M TPOMIUTH BpEMs €ro

(YHKIIMOHMPOBAHUSI MOXET BBOJ B IKCILTyaTalAIO
HOBBIX MECTOPOXKICHUIA ¢ OoJiee OoraTsIMU py1aMu 1
0J1aronpUSTHHIMU SKOHOMUYECKHMH YCIIOBUSIMHL.
Haunbonee nmepcrneKTHBHBIM B 3TOM OTHO-
HIeHUU sBJsieTcst JPKUMHIIOHCKOE MECTOPOXKIe-
HUE, Ha KOTOPOM pe3yJIbTaThl re0JI0ropa3Be1oy-
HBIX pa0bOT MO3BOJIAT CO3/1aTh KOMIIAKTHOE TOp-
HOJI0OBIBAIOLIEE IIPOU3BOJCTBO 3a CUET IPUMEHE-
HUS HOBOM TexHousioruu. [IpuBnekaTenbHa oTpa-
60TKa 30HBI Ne 5 C MOBBIIIEHHBIM COZCPKAHUEM
CBHHIIA U IIMHKa, a Takke V, Cu, Co, Ce, Be, W n
Ag. Coneprxanue 30510Ta qocturaet 5—12 r/T.

Ta6auna 1
CripbeBas 6a3a CaJoHCKOro CBHHIOBO-LIHHKOBOI0 KOMOMHATA
Resource base of Sadon Lead-Zinc Complex
IloAroToBJIEHHOCTD Mapamerpnl
3aMacoB K 100bIue J00BIYHN
3 ) . o @ °\Q = 2 3} Ll
Mecropounenne AMACHL, TRIC. T MecTOHAXO0KAEHHE = 2 . | ; E g
8 8 S | 2| 5E| 85
= E 1) %o g = - ]
= >1 = = = ]
= = =) © =]
= = = |z | g g 3
B Ci |B+Ci| G g s S
117 | 117 234 —
3ruzckoe 2,47 | 2,47 | 2,24 Mesxny sTaxamu 12—14 + - 5 25 30 5,9
2,121 2,12 | 1,97
22 34 56 20 [IHaxta Cesepnas, 13-it ropu-
1,32 0,61| 0,89 | 1,00 |30uT; 30Ha IlenTpanbHas,
9,40(3,19| 5,89 | 4,55 omoxu NeNe 138 u Il Co, LVI-[ + - 33 33 20 6,6
C1, 136, 137; rop. Ne 5 6710k Ne
52 no ['naBHO# pynHOI 30He
20 20 20
Canonckoe 3.01| 3,01 | 2,10 Mexny ropusontamu 9 u 6;( N 33 33 20 20
433| 433 | 303 TJaBHas 30Ha ’ ’
22 M 11-9; 6.
2.01 exay sTaxamu 11-9; 6mok|
- - - 1-C2; rmaBHas 30Ha * 3.3 3 20 !
2,69
111 | 269 380
1,87 1143 | 1,56 XKuner CeBepHast 1 Manast + - 3,2 29 20 19
3,151 2,51 2,70
ApxoHCKOe 40.0
1,20 |owmst Marasy v |32 ] 29 20| 2
- - - 3,01 PXOHCKasi-
307 | 668 975 102 102 122 85 12,7
Bcero 2,00 [ 1,58 1,71 1,49 - 1,49 11,49 - —
3,151 3,03 | 3,07 | 3,25 3,25 3,25

Ilpumeuanue: B rpade 3anacel BBEpXy MOKa3aHbI 3aaChl Py/Ibl, BHH3Y — METAJUIOB: B YHAC/IATEIIC — CBUHEII, B 3HAMEHA-
TeJe — IUHK

Note: in the column Reserves, at the top, the ore reserves are shown, and, at the bottom, the reserves of metals: lead in
the numerator and zinc in the denominator
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Puc. 1. YBesnyeHnue 3an1acoB noJiMMeTaJIM4eCKUX PYA IPH KOHBEPCUM TEXHOJIOTMIi:
1 — TpamUIMOHHAS TOA3EMHAs TEXHOJIOTHS; 2 — IIAXTHOE MO3E€MHOE BHIICIaYHBAHUE

Fig. 1. Increasing reserves of polymetallic ores due to changing mining method:
I — traditional underground mining; 2 — in-situ leaching

Pacmmpenre MuHepanbHO-ChIpbEeBOM Oa3bl
CaoHCKOrO0 CBUHIIOBO-LIMHKOBOTO KOMOMHaTa
BO3MO)XHO IIpU KOHBEPCHM TEXHOJOTHH pa3pa-
OO0TKHU ¢ TPaAULIMOHHOW TOPHOM TEXHOJOIMH Ha
LIAXTHOE IIOJI36MHOE BbIIIIEJIaYUBAHUE METAIITIOB
(puc. 1) [5-8].

Takoii nepexo]; 00eceunT KaKk yMEHbIIIe-
HHE [I0TEPh U pa3y00KUBaHUS Py, TaK U CHUXKe-
HHE [TOpOra KOHIUIMOHHOTO COJIEPKaHUs TIOJIH-
METALIOB B PYyJaX, YTO IO3BOJIMT IEPEBECTH
YacTh 3a0aI1aHCOBBIX PY/1 B KATETOPUIO POMBIILI-
JICHHBIX.

I'eonornyeckne 0COOEHHOCTH MeCTO-
poxKIeHUs

OcHOBHOW 00BEM TPOMBIIIEHHOTO OpY-
JneHeHus: BoctouHo-JDKMMHUIOHCKON — pyIHOM

30HBI JIOKAJTM30BaH B KPUCTALTMYECKUX CIIAHIaX
u ampubomTax BypoHCKOH CBUTHL 3/1€Ch BBISB-
JIEHBI MIPEUMYILECTBEHHO MUPUT-ITUPPOTUHOBBIC
PYABI C HU3KHM COJIep>KaHHEM CBHUHIIA U [IHKA.

MecropoxaeHue ObLIO0 OTHECEHO K 4-i
TpyMIe CI0KHOCTH, a €ro 3amachl Kiaccudu-
uupoBanbl kateropueir C2 M cocTaBisioT 2
287,5 ThIC. T pyasl, B Hel 20 ThIC. T CBUHIIA C
conepxanuem 0,88 %, 67 ThIC. T IIUHKA C CO-
nepxxanuem 2,94 %.

Mopdonorudecku KpyTomaJaroIye pyi-
HBIE TeMa MPECTaBICHbI WM TUITUYHBIMU K-
JaMH C OTYETIMBBIMU T€OJIOTMYECKIMHU KOHTAK-
TaMU, WM SKAJIGHBIMHA 30HAMH, KOHTAKThl KOTO-
PBIX YCTaHABIMBAIOTCS TOJBKO MO pe3yJibTaTaM
XUMHYECKOTO OrpoOoBaHus (TadlI. 2).

Taoauna 2

B3aumocBs3hb XaPAKTEPUCTUK MECTOPOKIACHUA C TEXHOJOIHIECCKUMU 0CO0EHHOCTAMH

Relationship between the deposit geological and structural features and mining methods and performance

T'eostornueckue
XapaKTePUCTUKH

Bo3moikHbBIE
nocJaeaCTBHSA

TexHosornueckoe
peluieHue

Kpytoe nagenue pyaHbIx Tea

Huzkast qpoOuMocTs mopos

B3psiBaHue B 3axkuMe

Tlonoroe nageHue pyaHbIX TEX

IloTepu pacTBOpOB

B3peiBaHue ¢ koMneHcaiuei

CTpyKTypHas 30HAIbHOCTh

PasyboxnuBaHue u HoTepu

CenexTuBHas 0TpabOTKa

MHHepaHOFH‘IeCKaH 30HaJIbHOCTH

3arps3HeHue MPOAYKIMOHHBIX pac-
TBOPOB

OnTuMH3aIus peareHToB

CHKeHHne COACPIKaHUA METAJIJIOB

Y aopoxaHue NpoayKIuu

COBCpIHeHCTBOBaHI/Ie IMpO1ECCOB
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CaMocCTOSITEeIbHBIE MECTOPOXKICHHS 30JI0TA
u cepebpa B npeaenax JKUMHIOHCKOTO PyTHOTO
TI0JIsSl HEM3BECTHBI. PyONPOSIBICHUS ATHX METaJl-
JI0B 110 (hOPMAITMOHHOMN MPUHAIIICKHOCTH MOKHO
MOJIPa3eIUTh Ha TP TPYIIIIHL

[TepBas u3 HUX ¢ TPODUIUPYIOIIHM ceped-
pOM CBsi3aHa ¢ CyJIb(QUIHBIMHU MOJIMMETAIUINYC-
CKUMHU pynHbIMU TesiamMu. Cepedpo acconuupyer
C TJICHUTOM W B TIpoOIlecce 0OOTaleHHus HaKall-
JUBAETCSI B KOHIIGHTpATe, OTKYyJa HM3BICKACTCS
npu MetajuryprudeckoM nepexesne. CepeGpo ur-
paeT BeAyIIYI0 POJIb B H3BJIEKAEMON IIEHHOCTU
PYZ, €ro CoJepKaHUE COCTABISET ACCATKU IPAMM
Ha TOHHY. 30JI0TO HAKaIlJIMBACTCSI B CBUHIIOBBIX
KOHIICHTpAaTaX MPH COJICPYKAHUU B JICCATHIC TOIH
rpamMma Ha TOHHY.

Bropas rpynma mpeacraBiieHa CaMOCTOSI-
TEIbHBIM OPYJICHEHUEM 30JI0Ta, CBS3aHHBIM C
CWJIBHOM3MCHEHHBIMY BYJIKAHUTAMH, TPEICTaB-
JICHHBIMU aHJIC3UTAaMH, UCIBITABITUMHU H3MECHE-
HUS1, BBIPA3UBIINECS B TUPUTH3AIMH, XJIOPUTU3A-
UM U 00pa30BaHUH CBETIIBIX CITFO]I.

TpeTbs rpyIna npeacTaBieHa SMUTEPMaTb-
HBIM 30JI0TOCEPEOPSHBIM TUIIOM OpyAeHEHUS. 30-
JIOTO 3/IeCh OTIMYAeTCs MHOrooOpa3ueM MHHE-
palbHBIX (OPM, aCCOITUUPYS ¢ cepedpoM, ¢ KOTO-
pBIM 00pa3yeT HeMPEePhIBHBINA PSII.

YTBepkIeHHbIE 3amachkl pyAbl Ha y4acTKe
bozanr no xareropuu C; coctaBiustor 457 ThIC. T,
B KOTOpO#l comepxkutcs 10 ThiC. T cBUHIIA U 22
TBIC. T IMHKA. [[0 CIIO)XHOCTH TEOJIOTHYECKOTO
CTPOCHHUSI M XapaKTepy pacrpeeieHus: opyacHe-
HUS 3TO MECTOPOKJIEHUE OTHECEHO K 3-H rpymre.

Pynnas 30Ha mnpencrtaBieHa MPOXKHIIKO-
BBIMH, MPOKUIKOBO-BKPAIlJICHHBIMHU, BKpaIlICH-
HBIMH ¥ MAacCCHUBHBIMH pPYyJIaMHU, YTO OIpEAessieT
cnenn UKy UX B3PBIBHOTO pa3pymeHus (Tad. 3).

MorHocTs pyaHOTO Tefla Ha y4acTKe OTpa-
00TKH OJ0Ka KomeomneTcst ot 1 10 6 M, B CpeHEM CO-
crapisst 2,8 M. Cynbuibl MpeicTaBiIeHbl PpeuMy-
IIECTBEHHO MTUPUTOM, CHaTIEPUTOM, TATICHUTOM.

Ha yuacTtke onbITHOI OTpabOTKU CpeHee co-
JiepKaHue CBUHIIA cocTaBisieT 2,7 %, nunHka 3,9 %.

Pacuer conepkaHus MOJNE3HBIX KOMIIOHEH-
TOB B OJIOKAaxX BHINICIAYUBAHUS, 2 TAKKE MOIII-
HOCTb, COJICp’)KaHNE CBUHIIA, ITMHKA i MEIH MTPE/I-
CTaBJICHBI B Ta0I. 4.

IManporeonoruyeckue ycinoBus yqactka bo-
3aHT CPABHUTEIBHO MPOCTHI: MO OTJEIbHBIM TEK-
TOHHYECKUM pPa3pbiBaM BO3MOXKEH KaIexk, PeaKo
CTpyHUaThIii, a yIeIbHBINA 1e0UT BOA COCTABUT 1—
1,2 1/ Ha 1 M TOpHOI1 BEIPaOOTKH.

Tabauna 3
Cneuuduxa BBP B 3aBHCHMOCTH 0T THIIA OPYAeHEHUS
Drilling-and-blasting specific features depending on the type of mineralization
Tunbl opyseHeHust XapakTepucTHKA 0TOOHKHU Pa3mep pyAHOro Kycka, MM

KunbHbii Ha koMmneHcaIoHHoe MpoCcTPaHCTBO 50-80

fp OAHIKOBO-BKparl- Ha xoMneHcannoHHOE IPOCTPaHCTBO 20-30

JICHHBIN

BxparieHHbli Ha 3axatyio cpeny 10-20

MaccuBHbIH Ha 3axatyio cpeny 10
Tab6umna 4

3anacel pyabl 4 MeTAJVIOB B nIpeaesiax onbITHbIX 00koB LITTB

Ore and metal reserves within the ISL test blocks

Baoku | Ilmomans, m? | Mommuocts, M | O6bem, M* | 3amachl pyabl, T Coneprxanne meTainos, %
CBHMHeEIL LHUHK MeIb

1 1960 3,42 4743 14 751 2,45 5,45 0,35

2 2000 2,33 4660 14 493 0,52 1,76 0,31

3 2000 3,75 7500 23325 2,76 424 1,8
Hrtoro 5960 2,83 16903 52 569 2,05 3,89 0,63
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Tabéauna 5
IIpoMbIIIEHHBIH MOTEHIUAJI CBHHIA ¥ IUHKA JZKHMH/IOHCKOTO PYIHOTO MOJIs

Commercial lead and zinc potential of Dzimidon ore field

Kareropust sanacos Py;:[a; TBIC. Cm;]c{::;, (";:)IC. T Hl/zl:(l)(;l.T:Z;. T | Cymma 1\2::;?1%3, TBIC. T
Pyonas 3ona bozane
G 757,7 17,9 (2,36) 43,6 (5,75) 61,5 (8,11)
C 425,7 8,3 (1,959 30,1 (7,07) 38,4 (9,02)
C+C 11834 26,2 (2,21) 73,7 (6,23) 99,9 (8,44)
Py 2406,5 46,8 (1,94) 113,4 (4,71) 160,2 (6,65)
Bcero no pynHoii 30He 3589,9 73,0 (2,03) 187,1 (5,21) 260,1 (7,24)
Pyonas 3ona Bocmounviii /[picumudon
C 1287,5 20,2 (0,88) 66,8 (2,94) 87,0 (3,82)
Py 3443.6 54,8 (1,59) 143,7 (4,1) 198,5 (5,76)
P, 3324,0 28,0 (0,85) 97,0 (0,92) 125,0 (3,77)
Bcero no pynHoii 30He 9055,1 103,0 (1,14) 307,5 (3,40) 410,5 (4,53)
Pyonas 3ona Lazapcap
P | 2160 | 7,0 (3,24) | 99460 | 16,9 (7,84)
Kaonyxm-Axwapmuipaccras anomanvuas 30ua
P | 17610 [ 520295 | 820(4.66) | 134,0(7,61)
Bcezo no Jicumudonckomy pyoHomy nomo
C,+Cy+P +P, | 146220 | 2350(1.61) | 5865(401) | 821,5 (5,62)

Pe3ynbpTaThl pa3BeqKHU ydacTKa OIBITHBIX
0JIOKOB CBHJIETEILCTBYIOT O BBICOKOM KaueCTBE
NOJIMMETAITUNYECKUX pyad. B 3amacax, kinaccudu-
UPOBaHHBIX KaTeropuei B, conepkanue cBUHIIA
cocrasiuseT 3,41 %, uuaka — 6,17 %.

AHanmv3 TPOMBIIUIEHHOTO  OPYIEHEHUS
MO3BOJISIET MPOTHO3UPOBATH  MOJUMETAINYE-
CKYIO pyIHYI0 30HY emé Ha 750—800 m ¢ mpeamno-
CBUTKaMHU CYIIECTBEHHOTO (~B 2 pa3a) yBeluye-
HUS POMBIIIJICHHBIX 3armacoB (Taoi. 5).

J{po0eHne pya AJisl BbIEJIAYMBAHUS

3amaya Ka4ecTBEHHOTO pas3pylieHus (00-
JIETYAIOIIETO MOCJIEIYIONIEE BBIETauMBAHUE T10-
JUMETAJVIOB) COCTOMT B OT/CJIICHUM HETOBpE-
JKIEHHBIX 3€pEH MOJE3HOI0 KOMIIOHEHTa OT MU-
HEpaJIOB MYCTOM MOPOJIbI, YTO JIOCTUTAETCS MpPHU
n30upaTeTbHOM PacXo/ie SHEPTHH TOJIBKO Ha pa3-
PBIB MEXXATOMHBIX CBSI3€M BIIOJIb MMOBEPXHOCTEH
cpacranuii [9—-12].

ITpouecc pa3zpyiienus cneayer MpoOBOAUTH C
TaKUM YPOBHEM JHEPreTUYECKOTO BO3JICHCTBUSI,
KOTOPBIN JTOCTAaTOYEH ISl pa3pyIleHUs: OCliabieH-
HBIX MEXK3EPHOBBIX CBS3€d M HEIOCTATOYEH MJIsi
paspylIeHus OTAeNbHBIX 3epeH [13—17].

W3 puc. 2 BUAHO, YTO KaueCTBO APOOICHUS
TOPHOI Macchl OKa3bIBaeT HAUOOJbIIIEE BIUSIHUE HA

MINERAL RESOURCES EXPLOITATION

3¢ (HEKTUBHOCTL Pa3pabOTKH MECTOPOXKICHUN Me-
TOAOM IIAXTHOTO TTOI3€MHOTO BBIIIIEIAUMBAHHSL.

I'opnas nopona, nmo M.H. TeneeBy, nomxna
OBbITh paz/iesieHa Ha COCTABIIOLIME €€ KPUCTAILIbI
MHHEPAJIOB 17151 00ecrIeYeHus! JOCTYIa TeXHOIOTH-
YeCKHX pacTBOpoB. LlernecooOpa3Ho B3pbIBOM pac-
KPBITh CPOCTKH, YTOOBI OCYIIIECTBUTH IPOIIECC BbI-
11e1a4MBaHuUs TOJIE3HOI0 KOMIIOHEHTA, MOJIb3YsCh
MHUKpoTpemmHamMu. Ilpu 3TOM  pasynpouyHeHue
HY)KHO TIPOM3BECTH IO MEX3EPHOBBIM TPaHHIIAM,
YTO 00ECIEUUT CEIEeKTHBHOCTh 00pabOTKM MHUHE-
pasioB pacTBopamu (puc. 3).

Pynueie MuHEpansl pa3ynpovyHSIIOTCS B3PbI-
BOM B MEHBIIIEH CTEMEHH, YeM MOPOI000pa3yro-
mMe (KpoMme KBaplia, KOTOpblif Hanbosee yCToiH4nB
K B3pBIBHOMY Pa3ylpOYHEHHIO).

PaBHOMEpHOE W omTHMaNbHOE IPOOJICHHE
MOJTUMETAIUTUIECKAX PYA U BBIIIETAYNBAHUS
o0ecrieynBaeTcsi MPABUIBHBIM BBIOOPOM THIA
B3pBIBUATHIX BEIIECTB M UX YHEPTETHYECKUX TO-
kaszateneil. [Ipu B3pbIBe Ha BBIOPOC Ha pa3ynpou-
HEHHE TOpPHOIO0 MaccHBa 3aTPayMBAETCs MpPHU-
MepHo 1 % oOpa3yromielics SHepruu, a Mpu
B3pBIBE B 32)KaTOH Cpefie, KOT/1a SHEPT s IIPOTIOp-
LMOHAJIbHA UMITYJIbCY, — IPUMEPHO 2,5 %.
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Puc. 2. Biaussnue Ha 3¢ (peKTHBHOCTH NPOLECCOB BbILEJAYUBAHUSA METAJJIOB:
1 — cOOp MPOAYKTUBHBIX PACTBOPOB; 2 — KOHCTPYKLMS 0JI0Ka; 3 — M0o/1aua BBIIIEIAuMBAIOLIETO pacTBopa; 4 — npobiieHue pyn

Fig. 2. Influence on performance of metal leaching processes:
1 — collection of pregnant solutions; 2 — block design; 3 — supply of leaching solution; 4 — crushing of ores
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Puc. 3. 3aBucuMOCTh NapaMeTPOB BbIIEJAYHBAHUSA OT CeJIeKTHBHOCTH Pa3yNnpoOYHEHHs TIOPOJ

Fig. 3. Dependence of leaching parameters on the selectivity of rock weakening

[Ipu B3pBIBaHMM TOPHOPYIHON MACCHI B 3a-
JKUME TPOUCXOIUT MPEUMYIIECTBEHHO MHUKPO-
TPEUIMHHOE pAa3pyIICHUE U BCKPBITHE PYAHBIX
MHUHEPAJIOB ISl TIOCJIEAYIOIIETO BO3ICHCTBHS Ha
HUX BBIIIECIAYUBAIOIINX pacTBOPOB. [Ipu B3pbiBE
Ha BBIOPOC pa3ylnpoYHEHHWE MW KOHIICHTPAIUs
MUKPOTPEIIMH yMeHbImaroTcs. [ToaToMy uis 1e-
Jiell BhIIIETIaYMBAHUS METAIJIOB TIPEAMOUTUTENb-
HEE CHCTEMBI C UCIOJIB30BaHUEM DJIEMEHTOB OT-
OOWKH B 3a3KaTOM cpene.

MINERAL RESOURCES EXPLOITATION

[lonmyyeHHble pe3yabTaThl HMCCIEIOBAHUS
KOPPECTIOHAUPYIOT C JAHHBIMHU CIIEIIUATUCTOB 3a-
TPOHYTOT'O HampaBjeHUs ropHoro aena [18-20].

3aki0ueHue

[lepcrieKTUBBI BOCCTAHOBIICHHS yTpadeH-
Horo noreHnmana CaJoHCKOTO CBHHIIOBO-ITTHKO-
BOro KOMOMHATa BO3MOXHBI TP KOMOMHUPOBa-
HUHU TPAJAULMOHHON TOPHOW TEXHOJOTUU U TeX-
HOJIOTHMM IIaXTHOT'O MOJ3€MHOI0 BBIIIEauHBa-
HUS METAJJIOB U3 PYI.
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PynHbie 30HBI MECTOPOXKICHUN CIIOAKEHBI
pylaMu ¢ YAOBIETBOPUTEIBHBIMU JUIS BBIIIENIA-
YUBAHUS CBOMCTBAMHU, YTO TIO3BOJISCT YIIPABISATH
nporeccaMi KOMOMHUPOBAHHON pa3pabOTKH.

JpoOGnenue pya 1uis BIIETauuBaHIS 00ec-
MEYUBACTCA C ONTUMHU3ALUEH HIHEPreTUYECKUX
MOKa3aTeJIe B3pPhIBHOM OTOOMKH.

KouBepcust TpagulIMOHHON TEXHOJIOTHH
MOJ3eMHON Pa3pabOTKH  MOJUMETAJUTMUECKUX

MecTopoxaeHuii CajoHa Ha TEXHOJOTMU IIaXT-
HOT'O IMOA3CEMHOTI'O BBIIIICIAYUBAHUA MOXKET 06€C-
IICYUTH pacmeeHHe MI/IHepaJILHO-CLIpBCBOf/'I
0a3bl 1 BOCCTAHOBJICHHE YTPAYCHHOTO MOTCHIIU-
ayia mpeIIpUsITHS 32 CYET CHUKCHHS TpeOOBaHUI
K KOHIMIUSIM Ha pyabl. [IproputeTHBIM yCIO-
BHUEeM 3(P(HEKTUBHOCTH KOHBEPCUOHHOHN TEXHOJIO-
TUU SIBJISIETCS yYET T€OJOTUUYECKUX YCIIOBUN Me-
CTOPOXKJICHHUH U 00€CIIeUeHHEe KPYITHOCTH BBIIIIE-

JTa4YMBaEMOro PYIHOTO KyCKa.
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AHAJIN3 JHEPreTH4YeCKHUX MoKasaresieid padoTsbl
TOPHOINPOXOIYECKUX KOMILIEKCOB YIOJIbHOM MIAXThI

A. Bb. CaapuauHoB

000 «3ueprodmok-M», r. Mocksa, Poccust

AHHOTamMs: POCT MHTEHCHBHOCTH BEAEHMS MPOXOAYECKUX pabOT, SHEProBOOPYKEHHOCTH TPyHa M 3aTpaT TOII-
JIMBHO-3HEPTeTHYECKUX PECYpPCcOB 0OYCIOBIMBAET HEOOXOANMOCTh HE TOJBHKO MOBBIIIATH 3HEPTr03((HEKTUBHOCTD
MPOU3BOJICTBEHHBIX POLIECCOB MPOM3BOACTBA, HO U CHIKATh HEM30€:KHO BOSHUKAIOIIME TOTEPH SHEPTUH. Y CIIOBUS
BEJICHHUSI TOPHOIIPOXOTYECKUX pabOT ONpeeIsIIOTCS COYeTaHeM KOMIUIEKCa B3aNMHO BO3ICHCTBYIONHMX (haKTOPOB
(reoNOrMueCKuX, TCXHOJIOTMUECKUX M OPraHU3aMOHHBIX ), 8 OLICHKA CTEIICHH UX BIUSHUS HA S3HEProd(h(HEeKTUBHOCTD
TEXHOJIOTHUECKHX MPOLECCOB TPEOyeT ITyOOKOro AeTAIBHOTo HecienoBanus. [1is kpurepraibHOl oneHKH 3 dek-
THBHOCTH BEICHHS TOPHOIPOXOJUECKUX paboT mpeyiaraeTcs HCIoIb30BaHHe TTOKa3aTeNneil ypoBHS SHEPronoTpeo-
nernst, 3pPEeKTUBHOCTH 1 KaueCcTBa MPOXOKACHHUS TOPHON BEIPAOOTKH CMEHHBIMH OpUTaaMH, TIO3BOJISIOIIMMH 00b-
EKTHBHO OIEHUTH UX paboTy. [TokazaTenn TEeXHOIOTUUECKOTO U YACIFHOTO PACX0/Ia AIEKTPOIHEPTHH TIPH BEICHUU
MPOXOAYECKUX PA0OT U3MEHSIOTCS B HIMPOKOM JIHANa30He, MOATOMY JUIsl 00ECIICUeHUs] YCTOMYNBOW paboOThl CMEH-
HBIM OpHragaM HeoOXOIMMO TPHACPKHUBATHCS PEKOMEHIYEMBIX IOKa3aTelNield, ONPEeACNISIONMX ONTHMAaIbHBIE
TEMIIbI ITPOXOJKH U OI'PpaHUYCHUA BbIXOJA 3a NOIIYCTUMBIC WJIN MPCACIbHBIC PEKUMBI. HCCHCI{OB&HI)I CTaTUCTHYC-
CKME MOJIEIH N0Ka3aTelel, ONpeAeNonMX 3Hepro3(pHeKTUBHOCTb PabOThl TOPHOIIPOXOAYECKUX KOMILIEKCOB, Ha
npuMepe yroibHO# maxTel «CeBepHas». [Ipeioxkensl moka3aTean ypoBHs SHEpronorpetneHus, 3peKTHBHOCTH
M KayecTBa MPOXOXK/ICHHUS TOPHOU BHIPAOOTKM CMEHHBIMH Opuragamu. OnpeneneHbl 3aKOHbI PAaCTIpeIeNICHUST IS
OCHOBHBIX ITOKa3aTesel, XapaKTepH3yoIHX SHeprodp ek THBHOCTH BeJIeHNs] TOPHOIPOXOoadecKuX padboT. Paspabo-
TaHbI PEKOMEH/IAIINH 10 00ECTIEYEHHIO YCTOIHYMBOW pabOTHI TOPHOIPOXOIIECKUX KOMIUICKCOB B TEUEHHE BCETO TIe-
pHoa MPOXOIKH yJacTKoB. C TOUKHM 3pSHUS] OPraHNU3alUH BEICHUSI TOPHOIPOXOIYECKUX paboT HEOOXOIMMO OCy-
HIECTBJICHUE MTOCTOSTHHOTO KOHTPOJIS ITApaMeTPOB M TEMIIOB ITPOXOJIKH, Ka4eCTBa MOATOTOBKH 320051, CBOCBPEMEH-
HOI'O TCXHUYCCKOI'O O6CHy)KI/IBaHI/ISI " pEMOHTAa MallliH U O60pyI[OBaHI/ISI, YIIpaBJICHUA TEXHOJIOTHUUCCKUM ITPOLECCOM
IyTeM 00ECIIeUeHHUS ONTUMAJIBHBIX PEKHMOB PadOTHI TOPHOIPOXOYECKOT0 KOMILIEKCA.

Ki1roueBble cj10Ba: TOPHONIPOXOAYECKHE PAOOTHI; 3JIEKTPOCHAOKEHHUE, YTOJIbHAS 1IaxTa, YHEPro3(HEeKTUBHOCTS,
TOPHOIIPOXOAYECKHE KOMIIEKCHI; MOIETH

s untupoBanus: CanpuanHoB A. b. AHanM3 sHEpPreTHIECKUX MoKa3aTenei paboThl TOPHOIPOXOTUYECKIX KOMILICK-
COB YTOJIbHOM IAXTHL. [ opHsie Hayku u mexuonoeuu. 2020;5(4):367-375. DOL: 10.17073/2500-0632-2020-4-367-375

Analysis of energy performance of heading sets of equipment at a coal mine

A. B. Sadridinov
Energoblok-M LLC, Moscow, Russia

Abstract: The growth of volume of tunneling, power supplied per job, and consumption of fuel and energy re-
sources makes it necessary to increase energy performance of production processes with reducing energy losses.
Tunneling conditions are determined by a combination of mutually influencing factors (geological, technological
and organizational), and assessing their impact on tunneling energy performance requires a deep detailed study.
For criterion assessment of tunneling performance, indicators of energy consumption, performance, and quality of
tunneling performed by shift crews, allowing to objectively assess their work, were proposed. Indicators of process
and specific power consumption in the process of tunneling vary over a wide range, therefore, to ensure smooth
equipment operation, shift crews must adhere to the recommended indicators that determine the optimum rates of
tunneling and enables adherence to permissible operation modes. Statistical models of energy performance indi-
cators of heading sets of equipment operation were investigated using the example of the Severnaya coal mine.
Indicators of energy consumption, energy performance, and tunneling (on shift basis) were proposed. Distribution
laws have been determined for the main indicators characterizing tunneling energy performance. Recommenda-
tions have been developed to ensure sustainable operation of heading sets of equipment throughout the entire
period of tunneling. Tunneling requires permanent monitoring its parameters and rates of advance, the quality of
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face preparation, timely maintenance and repair of machinery and equipment, control of the process through en-
suring optimal operating modes of the heading sets of equipment.

Keywords: tunneling; power supply, coal mine, energy performance, heading set of equipment; models
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Beenenue

[oBbiienne 3HEProdpHEeKTUBHOCTH TOp-
HBIX TPEINPUITHN, OCYIICCTBISIONINX JTOO0BITY
MOJIE3HBIX HCKOIMAEMBIX MOJ3€MHBIM CIIOCO00M,
SBJISICTCS AKTYyaJIbHOW HAYYHOH M MPaKTUYECKOU
3ajaueid, crosmier B o01acTH 3P(HEKTUBHOTO
OCBOGHUS MPHUPOAHBIX PECYPCOB U MOA3ZEMHOTO
npoctpancTBa. [Ipu ocymiecTBieHun Meponpusi-
THW TI0 DHEProcOEPEKEHUI0 HA TOPHOM IIPOU3-
BOJICTBE HEOOX0IMMO 00s1agaTh nHpopmanuen
0 KOJIMYECTBE MPAMBIX 3aTpaT SHEPTrUU Ha OC-
HOBHBIE TE€XHOJOTUYECKHE MPOIECChI, BKIIOYas
paboTy BCIIOMOTATENbHBIX YCTaHOBOK. JlJist mpo-
W3BOJICTBEHHBIX IPOIIECCOB B OOJIACTH CTPOUTEIb-
CTBa IMOJI3EMHBIX COOPYXEHHM U IIaXT Takasl WH-
dbopmarms He0OXOMMA, T.K. B PEATEHOCTH MOYKET
OKa3aThCsl, UTO CHIDKCHHE MPSMBIX 3aTpaT dHEp-
ruu Oy/IeT COMPOBOKAATHCS POCTOM COBOKYITHBIX
3aTpar, ¥ OOIIUE 3aTPAThl IHEPTUH MPEBHICST MEP-
BOHauaIbHbII 0a30BbIN YpOBeHb. POoCT MHTEHCHB-
HOCTHU BEICHUS MPOXOAUECKUX paboT, IHEPrOBO-
OpPY’KEHHOCTH TpyZa U 3aTpaT TOIJIMBHO-IHEpPre-
TUYECKUX PECypCcOB 00YCIOBIUBAET HEOOXOIH-
MOCTb HE TOJIBKO IMOBBIIATH YHEProd)PeKTHB-
HOCTh TIPOM3BOJICTBEHHBIX ITPOIIECCOB MPOU3BO/I-
CTBa, HO M CHIDKATh HEM30€KHO BO3HUKAIOIIHE
notepu sHeprud [ 1, 2]. Kpome Toro, Heo6xoaumo
00paTUTh BHUMaHKE Ha TO, YTO aHAJIU3 IHEPTETH-
YeCKUX TMoKa3aTelield TOPHOMPOXOAUECKUX paboT
Ha OCHOBE IMOCTPOEHHBIX MATEMATHUECKUX MOJIe-
JIel OTKPBIBAET MYyTh K pa3paboTKe CHeIHaTnu3U-
POBAHHOTO OOECTIeUeHHs sl KOHTPOJIS KauecTBa
BEJICHUS TOPHOMPOXOTYECKUX padoT, a TakkKe
BBIPAOOTKH OPTaHU3AIMOHHBIX MEPOIPHUATHN TIO
VIIYYIICHUIO 9TOTO Ka4eCTBA HA OCHOBE PEIICHUS
TaK Ha3bIBa€MbIX 00paTHBIX 3a1a4 [10—14] .

DnexTponoTpediaeHue
CKHUX KOMIUIEKCOB SIBIIIETCS TpeaMeToM Oolee

TOPHOIPOXO/I4e-

PaHHUX HCCIEIOBAHUHN, CPEAN KOTOPBIX €CTh JI0-
CTaTOYHO OpUTHHANIbHBIE paboTel [3—8]. Ho B
OOJIBIIMHCTBE CITy4aeB pa3padboTKa MOJIENeH OCy-
LIECTBIISUIACh HE J1JIs 1ie1el OLleHKH 3(h(hEeKTUBHO-
CTH TOPHONPOXOTYECKUX paldoT, a I onpenele-
HUS [1apaMeTpOB U PEKUMOB pPabOThl TOPHOINPO-
XOJJYECKUX KOMIUIEKCOB, YTO TOXKE OYEHb BAXHO,
HO 3TO TOJIBKO OJTHO U3 BOSMOXKHBIX HaIpaBJICHUI
pelaemMbIX 3a1ad.

Onucanue IKCIePUMEHTAIbHOM IUIOIIAIKH

DKCrepUMEHTAJIbHBIE UCCIIEOBAHUS, pea-
au3yemble B paboTe, MPOBOAMINCH Ha 0a3e mpo-
XOJIUECKUX Y4YacTKOB mIaxThl «CeBepHas», T.
BopkyTa, riae BejeHue rOpHONPOXOIYECKUX Pa-
00T OCYILIECTBIISACTCS C UCIOIB30BAHUEM IIPOXO/I-
geckux kombOainoB MB670, JOYR75, 12CM30 u
KII-21. Kone4Ho, B KaXKJIOM ClTy4ae CXeMbI JJICK-
TPOCHAOKEHUST TTPOXOTIECKUX YIACTKOB YTOJIb-
HBIX IIAXT OTPAKAIOT CIEMUPUKY TEXHOIOTHYE-
CKUX PELIEHUH KOHKPETHOTO MPEANPHITHS, HO
U3BECTHBI TaKKe 00IIMEe MOIXOAbI K UX IPOEKTH-
POBaHUIO, XapaKTEPUCTHKH, PEXKHUMbI PaOOTHI,
MeTObI BIOOpa 00opynoBanus u T.1. [9].

PaboTter Ha maxte «CeBepHas» BEyTCs O
MOpoJie, MO YIJII0, MO YIUIKO ¢ NpUCEYKOr. TpaHc-
MOpTHAasl CXe€Ma BKJIIOYaeT B ce0si CKpeOKOBbIE
koHBelepsl 2CP75 u nenTouHble KoHBeleps! 3J1-
1200. ITpoxogueckue paboOThI Takxke BeayTcs 0e3
pUMeHEeHHs OypOB3PBIBHBIX paboT, HO MO TPYyH-
TaMm, IPH OCEBBIX YCUIIUAX CHKATHS Gex B TIPeieax
ot 20 go 70 MIla. CrannapTHOE ceueHUE TOPHOI
BbIpaGoTKH 9 M’ Hapeska BEHTUIAIMOHHBIX U
OTKAaTOYHBIX IITPEKOB B 3aBHCUMOCTH OT MOIITHO-
ctu miacta (ot 1,5 1o 1,9 m) obecnieunBaer mo-
MyTHYIO A00BIYY MOJIE3HOTO McKomaemoro. [lna-
HOBBIE TOKA3aTeIN MPOXOIKU JUTISI Pa3ITHIHBIX
y4acTKoB cocTaBistoT oT 2300 no 9500 m.m.
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AHaJan3 3J1eKTPOnoTpedJeHHsl HA TOPHO-
NMPOX0I4EeCKOM y4acTKe

PazHocTh MO cymMMapHOMY TOZOBOMY pac-
XOJy JIEKTPOIHEPTrUu Mexay cMeHamu AW nis
Ka)XJI0T0 M3 y4acTKOB Koseouercs ot 133 o 5127
kB1u (AW% = 0,91-4,1). IIpu 3Tom 1y1st yyacr-
KOB C 0OoiblIeil 3HEProBOOPYKEHHOCTbIO ATOT
II0Ka3aTesb BhIIIE KaK B a0COJIIOTHOM, TaK U B OT-
HOCUTEJIbHOM COOTHOLIEHHU (MEXIY CMEHaMH
Y4acTKOB).

OHUM U3 KPUTEPUEB OLIEHKU YPOBHS SHEP-
ronotpebienuss mpu aHanuse 3((HEeKTUBHOCTH
IPOXOMYECKHX PabOT C TOYKU 3PEHHS PaIHo-
HQJIbHOTO  HCIOJb30BAHUS  BJIEKTPOIHEPTUU
CMEHHBIMU Opurajgamu IpeJiaraercsi UCroJb30-

BAaTh I1OKa3aTcJIb
_ WCM_WCMi

ke = -100,%,

CM

rie Wewi— pacxo] 3JIEKTPOIHEPTUU 3a i-I0 CMEHY
Ha IIPOXOIYECKOM yuacTke, KBr-u; W, — cpeane-
CMEHHBIN pacxojl 3JIEKTPOIHEPTUU IO COBOKYII-
HOMY HOTPEOJIEHUIO0 BCEMU CMEHAMH MPOXOaue-
CKOro y4actka, KBT-u.

Pa3zHocTh MO0 rogoBOM CymMMapHOW Macce
U3BJICKAEMON W3 TOPHOW BBIPAOOTKH TIOPOMIBI
Mexay cMeHaMu AQr I KaXJIOTO U3 Y4aCTKOB
konebnercs ot 87 1o 2301 T (AQ: % =1,1-4,41).
[Ipu >TOM aOCONMIOTHBIE U OTHOCUTEIBHBIE MOKA-
3aTeNly MO roJI0BOM CyMMapHOM Macce u3BJeKae-
MOHM MOPOJbI KAaK ISl YYaCTKOB, TaK U MEXIY
CMEHaMU BHYTPH YYaCTKOB, MIPAKTUYECKU HE 3a-
BUCST OT UX SHEPTrOBOOPYKEHHOCTH.

OTOT (DaKT CBUIETEIHCTBYET O TOM, UTO
MIPU TIPOXOKIEHUU TOPHBIX BBIPAOOTOK IMOCTOSH-
HOTO CEYEHUsI 00beM M Macca M3BJIEKaeMOM Io-
POJBI 3aBUCST OT €€ XapaKTEPUCTHUK, a TAKKE TEX-
HUYECKUX XapaKTEPUCTUK IPOXOJYECKHX KOM-
TUIEKCOB U PEKUMa UX PabOTHI.

[Ipu onenke 3¢ (HEKTUBHOCTH MPOXOTUe-
CKUX paboOT ¢ TOYKH 3PEHUS PAlMOHAIBLHOTO HC-
MOJI30BAHUS DJIEKTPOIHEPTUN CMEHHBIMH OpHUTa-
JlaM{ ¥ KauyeCTBa IMIPOXOKICHUS TOPHBIX BHIPA00-
TOK IIpeJIaraeTcsi UCIOoIb30BaTh K03()PUIIMEHT

kor = % 100, %,

T

rae Q.; — IpOU3BOAUTENILHOCTD - CMEHBI TIPO-
XO/[4ECKOTO ydJacTKa 110 TOpHO# Mmacce, T; Qp —
CpeIHECMEHHBIE 00beM U3bIMaeMOW TOPHOM
Macchl Ha IPOXOIYECKOM Yy4acTKe, T.

PazHocTb 10 roJJ0BBIM MOKA3aTENSAM 110 MPO-
TSHDKEHHOCTU TIPOXOJIKH TOPHOM BBIPAOOTKH MEXTY
cMeHaMd AQny UTSI KQKIOTO U3 YYaCTKOB KOJIe0-
nercst ot 13,9 no 84,2 n.m (AQuw % = 1,35 =7,07).
[Tpu >TOM aOCONIIOTHBIE U OTHOCUTEIHHBIC ITOKA-
3aTelld MPOXOAKU JJI YYaCTKOB M MEXIY CMe-
HaMM BHYTPHU YYaCTKOB MPAKTUUECKH HE 3aBUCST
OT UX PHEPTrOBOOPY>KEHHOCTH.

[Tpu nepecuere utoroBbix nokazarenei AQm
M0 OTHOIICHHIO K BEIMYMHE CPEIHECMEHHOU Mpo-
XOIKU Qp,, JUI K&GKIOTO YJacTKa Pa3HHIIA B 3aTpa-
YEHHOM BPEMEHU MEX]ly CMEHHBIMU OpHUTaziaMu CO-
crasysier ot 4 10 35 cmeH (24—210 4 B ro).

OTOT (QaKT CBUAETEIBCTBYET O TOM, YTO
MPU TPOXOKJIECHUU TOPHBIX BHIPAOOTOK MOKa3a-
TeJb MPOXOIKH Oy 3aBUCUT HE TOJIBKO OT TOPHO-
T'COJIOTUYECKUX M TEXHOJOTHYECKHX (haKTOPOB,
HO Y MPaBWJIbHOM (palMOHAIILHOW) OpraHu3aluu
paboThl OpUrabl B TEUCHUE CMEHBI.

[Ipn onenke 3¢ ¢HEeKTUBHOCTH MPOXOaUe-
CKUX paboT ¢ TOYKU 3pEHUS PAIMOHATIBLHOTO HUC-
MOJIb30BAHUS DIIEKTPOIHEPTUN CMEHHBIMU OpHTa-
JaMU TIpeJjIaraeTcs HMCIOJIb30BaTh B KadeCTBE
KpUTEpUsI OLIEHKU 3(PPEKTUBHOCTU MPOX 0K ACHUS
TOPHBIX BBIPAOOTOK MOKA3aTehb

kqnw = 51100, %,

M
171€ Qi — CPEHSAS TPOM3BOIUTETBHOCTD i-if CMEHBI
MIPOXO/TYECKOTO yJacTKa M0 MOrOHHBIM METpaM rop-
HOM BBIPaOOTKH, ML.M; Q\ — CPETHECMEHHOE 3HaYe-
HUE MPOTSHKEHHOCTH IIPOMICHHOM TOPHOM BBIPa-
OOTKH Ha IIPOXOTYECKOM YUacTKe, I1.M.

Crarucrnyeckne MoJeJM  IOKa3aTeJieit
IHepProd(ppeKTMBHOCTH MPOXOAYECKHX YYACTKOB

B pabote Oblia mocraBieHa 3aj1a4ya Ha OC-
HOBaHUM CTaTUCTUYECKHUX JAHHBIX TEXHOJIOTHYE-
CKOTO pacxojia 3JeKTPOIHEPruu U oObeMa BbI-
MOJIHEHHBIX MPOXOJYECKHUX paboOT yCTaHOBUTh
3aKOHBI pacrpeiesieHus IS MoKa3arTeseil, xapak-
TEPUBYIOIIUX YHEProdPPeKTUBHOCTh MPOXOIUE-
CKHX YYaCTKOB.
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B cooTBeTCTBUM C M3BECTHOU METOIUKOU
AQHAJTUTUYECKUX HCCIICIOBAHUM BBIMOJHEH aHa-
713 TPOU3BOJUTEIBHOCTH U PEKUMOB ITOTpedIie-
HUS 3JCKTPUYECKON SHEPrHUM Ha MPOXOTUECKUX
yuacTkax maxTsl «CeBepHas» [1, 2].

CpenHecMeHHbIE MOKa3aTeNu MPOU3BOIU-
TEIbHOCTH YYacCTKOB MO O0bEMY H3BIIEKaeMO
ropHoit Maccel (1 (T), IPOHJIECHHBIM TOTOHHBIM
MeTpaM TropHOH BIpabOTKH (> (1IM), a TAKXKE IO
CMEHHOMY TOTPEOJICHUIO AIIEKTPUUYECKON IHEp-
run W (kB14) U ee ynenbHOMY pacxody oi
(xBT1'u/T) 1 ©2 (kBT-9/1M) IpuBeeHs! B Ta0. 2.

Jnana3oH H3MEHEHUs IIOKa3aTelel I1o
YIEIBbHOMY PpPacXoJly SJEKTPOIHEPTHH OTHOCHU-
TEJIbHO TOPHOM Macchl Ha y4acTKaX COCTaBJISET
o1 = 2,4-2,57 kBru/T (Ae = 6,6 %), oTHOCH-
TEJIBLHO MPOXOAKH m2 = 51,9 — 65,8 kBru/m.m
(Ae = 21 %). Takoit pa3dpoc 3HAYCHUI MOXKHO
O0O0BSCHUTH TEM, YTO HETIOCPEIACTBEHHOE U3BJICYE-
HUE FOPHOM Macchl B paMKaxX TEXHOJIOTMYECKOTO
npouecca 00yclIOBI€HO €€ 00BEMOM, IIOTHO-
CTBIO TMOPOABI, CTEIEHbIO PA3PBIXJICHUS U TOJ-
HOTBHI 3arPy3KH KOBIIIA UM CTOJIA TUTAHUSI TIOTPY-
304yHOM MamwmHbL. [Ipu 3TOM yIenbHBIN pacxon
JJIEKTPO’HEPTMM Ha IPOXOJAKY OJHOIO IOrOH-
HOT'O METpPa BBIPAOOTKH B 3HAYUTEILHOMN CTENEHU
3aBUCHT OT KPEMOCTU MPOXOJUMBIX TOPHBIX TIO-
pOX f, UX COINPOTUBISIEMOCTH YCUJIUIO PE3aHUs
@cx WCIIOJIHUTENBHOIO OpraHa IMpOXOJYECKOTro
KoMOaifHa UM OCEBOTO YCHJIMSI TI0J1a4u OypOBOM
YCTaHOBKH Poc.

Jlnana3oH M3MEHEHHUsI CPEJHUX IOKa3are-
Jel MeXIy CMEHaMU B TpeJesiax y4acTKOB HeE
npeBbimaer 2 %, 4To CBUIAETENBCTBYET O JI0CTa-

Ha cnenyromem stamne craBuiach 3ajada
YCTaHOBJICHHUSI 3aKOHOB pacIpe/eNieHusl, KOTO-
PBIM MOJIYUHSIOTCS CPEIHECMEHHbIC TTOKa3aTelln
pabOThI TPOXOAUYECKHUX YIACTKOB C IEIBIO OIpe-
JICTICHUSI UX YCTOMYMBBIX YPOBHEU M JMara3zoHa
JIOTTYCTUMBIX OTKJIOHEHHH. ITO MO3BOJISET 000C-
HOBaTh HOpPMATHBHBIC (TJIAHOBBIC) TOKA3aTEIn
JUISL IPOXO/YECKUX YYaCTKOB M OLIEHUTH MOTEH-
Majg TOBBIMNIEHUS 3(G(HEKTUBHOCTH TMPOU3BOI-
CTBa NpOxXoaueckux padot. s ycTaHoOBIIEHHS
3aKOHOB paCIpECIICHUs] aHATM3UPYEMBIX BEIHU-
YUH B 3aBUCHUMOCTU OT YAaCTOTHOI'O pacmpejee-
HUS OTPEICIISIOTCS a0COMOTHBIC U OTHOCUTEIIb-
HbIE MT0KA3aTeJIM BapUALIMOHHBIX PSAIOB.

Ha ocHoBanuu cBOiCTBa Ma>XOpPaHTHOCTH
CpPEeIHUX BEIMYMUH (KOTJa CyMMa MOJIOKHUTEIb-
HBIX OTKJIOHEHUH OT CPEAHEr0 paBHA CyMME OT-
pHULIATEeTBHBIX OTKJIOHEHUM) pacmlpeeicHue Be-
posiTHOCTH P(®) 6JIM3KO K HOPMAJILHOMY 3aKOHY
P YCIIOBUU O > 1,25d.

B ciydae ecnu koadunueHT Bapuanuu v
MeHble 33%, TO COBOKYITHOCTb [ (] sIBJIAETCS OJ1-
HOPOJHOM (11 pacrpeaesieHnid, OJIM3KUX K HOP-
MaJbHOMY 3aKOHY).

Pe3ynpraroMm aHanmusa CTaTUCTUYECKUX IO-
Ka3aresell SHeproTeXHOJIOTMYECKUX MapaMeTpoB
MPOXOAYECKUX YIACTKOB SIBIISCTCS CIAEAYIOIIEE:

1. JIns mpencTaBlieHHBIX IMOKa3zarene xa-
paKkTepeH IOCTaTOYHO OOJBINON pa3mMax BapHa-
MM OTHOCUTEJIBHO CPEAHEN BEJIMYMHBI. Xapak-
TEPU3YIOMINN ero K03()pPHUIHEHT OCUUIUIAINN U3-
MeHsieTcs B nuanasone kg = 30 — 170%. HanGoib-
UK pa3Max Bapuallid OTHOCUTEIIBHO CPEIHETO
3HAUEHMS PUXOJIUTCA HA MOKA3aTeNN YAEIbHOTO

TOYHO YCTOWYMBOM paboTe B TEUEHUE ro/ia. pacxoma  anekTposHeprun  ®1  (kBtu/1),
o2 (xBtu/nm) u nponssBoautensHocTd Q> (1IM).
Tabdauua 2
CpeaHecMeHHbIE MOKA3aTeJH 1151 POXOAYECKUX YYACTKOB (10 HTOraM roja)
Average shift performance indicators for drifting areas (at year-end)
Iloxa3zarenan Pa3mepHocTh TIpoxoeckie yuacrku

Ne 1 Ne 5 Ne 6 Ne 8 Ne 9 Ne 10

O T 45,94 76,24 19,57 87,31 173,28 45,02

0)) M 1,99 3,45 2,02 3,53 8,47 2,03

/4 kB1u 109,6 182,1 49,35 207,6 4154 107,6

01 kBt1-u/T 2,41 2,47 2,57 2,49 2,5 2,47

2 kBT1u/mm 59,95 56,5 26,8 62,6 51,92 57,87
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1. Cpennrie 1 MeAuaHHbIC 3HAYEHUS MMOKa-
3aTCJIeI>'I HpOI/I3BOI[I/IT€JH>HOCTI/I HpaKTI/I‘-IGCKI/I COB-
IajaioT:
Ag =+0,01 %, nns TEXHOJOTHYECKOTO pacxoja
anektposneprun — Ae = +2,6 %. OmHako uist

OTHOCHUTCIIbHAsA MOrpCIIHOCTb

YAEIBHOTO pacxojia dJICKTPOIHEPTHU OTHOCH-
TenbHas norpemHocts Ae = —9 %. Ilocnennee
CBUJICTEIILCTBYET O HEOOXOAMMOCTH YCTaHOBJIE-
HUS MPUYUH TAKOTO HECOOTBETCTBHS.

2. Koappunmentsl acuMMeTpHH, JKcIecca
Y BapuallUMd YKa3bIBalOT Ha COOTBETCTBHE MOKa-
3aTelied MPOU3BOAUTEIBLHOCTH U TEXHOJIOTHYE-
CKOr0 pacxoja 3JIEKTPOIHEPIHH HOPMAIbHOMY
3aKOHY pacIpe/ielIeHHUs.

3. Jlna mokasareneil yaenbHOro pacxojia
9JICKTPOIHEPTUU  XapakTepHa IOJIOKUTEIbHAS
ACUMMETPHUS U MaJIbIi 3KCIECC, YTO, C YUYETOM O/I-
HOPOJHOCTH BBIOOPKH, XapaKTEPHO ISl JIOTHOP-
MaJbHOTO 3aKOHA WJIM TaMMa-pacrpe/eeHusl.

VYcraHoBieHHE 3aKOHOB pacipeefeHus
CPEIHECMEHHBIX TOKa3aTeseH BBIMOIHAIOCH ISt

YETBIPEX IPOXOJYECKMX YYaCTKOB B COOTBET-
ctBuH ¢ [3, 4]. ['ucrorpaMMel U QyHKIIUH IJIOT-
HOCTHM paCIpEelesIeHUs Ha IpUMeEpe Ipoxoaue-
ckoro yvyactka Ne 1 maxtel «CeBepHas» npen-
CTaBJIEHBI HA puc. 1-3.

CratucTuyeckuil aHaiau3 NoKasai, 4yTo W3-
MEHEHHUE TEXHOJIOTUYECKOIO0 pacxofa 3JIEKTPO-
sHepruu W nogunHsAeTcs paBHOMEPHOMY 3aKOHY
pacnpeneseHus, yACIbHbIM PACX0l JIEKTPOIHEP-
MU Ha TOHHY U3BJIEKAEMOW FOPHON MOPOABI O] —
raMma-pacrpe/iesIeHUI0, YEIbHbIA pacxo 3JeK-
TPOHEPIUU HA OJJUH ITIOTOHHBIN METP TOPHOM BbI-
paboTKH M2 — JOTHOPMAIBHOMY 3aKOHY.

B pesynbpraTe NpoBepKH JOCTOBEPHOCTH 110
kpuTepusamM cornacus Iupcona x>, Konmoroposa-
CmupHoBa u Ilanupo-Bunka Obuto ycTaHoB-
JIEHO, YTO XapaKTep U3MEHEHUs CIy4aillHbIX Be-
JUYMH MCCIEAYEMBIX IapaMeTpOB COOTBET-
CTBYIOT IIPUHSTHIM THIIOTE3aM O 3aKOHAaX pacrpe-
nenenus [15—18].

30%

Histogram of YO (kBT*u/nm)
Mpoxoayeckuii-1 in WWaxTa wypab ucxogHsi 7v1180c
YO(kBT*y/nm) = 1180*10*lognorm(x; 4,0444; 0,3108)
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13% |
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| YO(kBT*4/nm): N = 1180; Mean = 59,9514; StdDv = 19,3328; Max = 120,5; Min = 31,17|

Puc. 1. I'ucrorpaMmma ¢pyHKIMH IVIOTHOCTH pacnpeaeaeHust f*(mz2)

Fig. 1. Density function histogram f*(:)
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Histogram of E1, kWh/t
LllaxTa wypab ncxogHbin 6v*1180c

E1, kWh/t = 1180*0,2*gamma(x/0,038; 63,2616)/0,038
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Puc. 2. I'ucrorpaMmma (pyHKIMH IVIOTHOCTH pacnpeaeaeHust f*(m1)

Fig. 2. Density function histogram f*(c1)

Variable: 3P(kB1*y), Distribution: Rectangular
Kolmogorov-Smirnov d = 0,03810, p < 0,10
Chi-Square test = 34,45008, df = 5 (adjusted) , p = 0,00000
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Puc. 3. 'ucrorpamma ¢pyHKIuM INIOTHOCTH pacnpeneenus f*(W)

Fig. 3. Density function histogram f*(W)
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Hns pacnpenenenuss dactot fiW) xapak-
TepHA CHMMETpPHMSl OTHOCUTEIBHO W, T.e. ero
cpenHee 3HaueHUe M TMPAKTUYECKU COBIAIACT C
mMenuaHHbiM M., C y4eToM cpelHeKBapaTHye-
CKOTO OTKJIOHCHHUsI YCTOWYHMBBIA YPOBEHB 3JICK-
TPONOTPEOICHUS! TPOXOTIECKOTO Y4acTKa OIpe-
nenutcs B auanasone W + oy .

Jns pacnpeneneHus 4actoT f(mz) Xapak-
TEpHA HE3HAYUTEIbHAss ACHMMETPHUS OTHOCH-
TEJILHO My, T.€. €r0 CpeHee 3HaueHue M rnpakTu-
YECKH COBIIAJAET C MEAUAHHBIM M.

C y4eToM cpenHEeKBaApaTHUECKOTO OTKIIO-
HEHHS YCTOWYHMBBIH YPOBEHb JIIEKTpPONoTpedIie-
HUS IPOXOTYECKOT0 YUACTKA OMPEACTUTCS B JHa-
Ma3oHe W, t 0y5.

Takum 00pa3om, CTaTUCTHYECKIE MOIEIH TI0-
Kazareneil 3HeprodPEKTUBHOCTH TPOXOTISCKIX
Y4aCTKOB MOYKHO CUHTaTh COPMHUPOBAHHBIMH.

BeiBOABI:

1. YciioBusi BeieHUSI TOPHOIPOXOTICCKUX
paboT OmpEEINAIOTCS COYETAaHUEM KOMILIEKCa
B3aMMHO BO3JICHCTBYIOIUX (HaKTOPOB (reooru-
YECKHX, TEXHOJIOTHYECKUX M OPTaHU3aIMOHHBIX ),
a OLIEHKA CTETIeHU UX BIUSHHS Ha YHEProdPQex-
TUBHOCTh TEXHOJIOTMYECKHX TPOILIECCOB TPeOyeT
TITyOOKOTO AETATBHOTO UCCIICAOBAHUSI.

2. B xadectBe KpuTepueB OLEHKHU 3P pek-
TUBHOCTH BEJIEHUS TOPHONPOXOTYECKUX PpaboT

Bubauorpaguyecknii ciucox

Ipe/ularaeTcsi  MCIOJIb30BaHUE  IOKazaTesei
YPOBHS 3HEPromnoTpedneHus, 3pPeKTUBHOCTH U
KayecTBa TIPOXOXACHUS TOPHOH BBIPAOOTKH
CMEHHBIMU OpHrajaMu, MO3BOJSIOMIMMHU OOBEK-
TUBHO OIIEHUTH UX PadoTYy.

3. Ilokazarenu  TEXHOJOTMYECKOIO U
YIEJIBHOIO Pacxojia 3JIEKTPOIHEPTUU MPHU Beze-
HUU NIPOXOAYECKUX PabOT U3MEHSAIOTCS B LIMPO-
KOM JMamna3oHe, I03TOMY Il oOecredeHus
yYCTOMUYMBOW pabOTHl CMEHHBIM OpHUTrazaMm Heo0-
XOJMMO TPHUIEPKHUBATHCA PEKOMEHIYEMBIX IO-
Kazarejaer,  ONpeNelsIOIIUX
TEMITBI IPOXOJIKH, U OTPaHHUYEHHUH BBIX0/1a 32 J10-

OIITUMAJIBHBIC

MyCTUMBIE HITU MPENICITBHBIC PEIKUMBI.

4. Ilpu TIaHMPOBAHUU TOKA3aTeJIe dHEp-
rooppexTuBHOCTH  HEOOXOIUMO  YUHUTHIBATh
TOPHO-TEOJIOTHYECKUE YCIIOBUS, TEXHUUECKUE Xa-
PaKTEPUCTHKH MPOXOTIECKUX KOMIUIEKCOB M pe-
KHUMBI HX paOOTBHI.

C TOUKM 3peHUS OpPraHU3AIUH BEICHUS
TOPHOIPOXOMYECKHX paboT HEoOXOIUMO OCy-
IIECTBJICHUE TOCTOSTHHOTO KOHTPOJIS TAPaMETPOB
U TEMIIOB MPOXOJIKH, Ka4yeCTBa MOJTrOTOBKH 3a-
0051, CBOEBPEMEHHOT'0 TEXHUYECKOTO 00CITyKHBa-
HUS U PEMOHTA MAaIllMH U 000pyI0BaHUs, yIIpaB-
JeHUs TEXHOJIOTMYECKUM IPOLECCOM IyTeM
o0ecTieYeHns ONTUMAIIBHBIX PEXKUMOB pabOTHI
TOPHOIPOXOTYECKOTO KOMITIEKCA.
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