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Introduction. Today, the Russian Federation leads the world in its proven reserves of iron ore, and ranks 5th in the world in production of marketable
iron ore (enriched in iron). However, currently, there is an imbalance in location of metallurgical complexes and their raw material base that leads to
negative economic consequences. At mining enterprises, the trend of permanent deterioration of the geological and mining technical conditions of
the development of deposits is maintained. Thus, the trend analysis of iron ore extraction and availability of reserves of mining enterprises to estimate
the level of production and consumption of iron ore is an important task in modern economic conditions.

Results. Based on the trend analysis for mining, production and consumption of iron ore in Russia for the period 1990-2016 taking into account the
contribution of regions to the extraction of raw ore and the production of marketable products, the dynamics of a decrease in the yield of marketable
ore was determined due to deterioration of the quality characteristics of raw iron ore. Some patterns and supply behavior of iron ore within the regions
of Russia and in foreign countries were analyzed. The structure of iron ore supplies for export has been determined. The distances of iron ore transpor-
tation between the regions of Russia are specified. Evaluation and the projected growth of the iron ore industry for the coming years are given. It was
shown that over the past 5-7 years, there has been a stabilization of the supply of iron ore raw materials to metallurgical enterprises and for export at
the level of 101-107 million tons/year; the growth in raw ore production (up to 2-7% annually) is primarily due to reducing its quality and reducing
the yield of marketable ore with existing technologies of beneficiation.

Conclusions. It was established that the supply of iron ore raw materials for export reaches 30% of the volume of its production in Russia and amounts
to 20-30 million tons/year. Estimated performance of mining enterprises indicate a stable position of the industry in 2010-2016 and for the short-
term; there is an increase in raw ore production, maintenance a high level of output of marketable ore, improvement financial performance, and a
strong position in the markets to the product.

Keywords: iron ore, raw ore, ore mining and dressing plant, headings, steel pellets, supply structure, production ouput, raw materials supply.

ntroduction
The extraction of raw iron ore and the production of iron ore raw materials (IORM) for iron and steel industry (head-
ings, agglomerates, steel pellets, etc.) are concentrated in the North-Western, Central, Ural and Siberian federal districts
of Russia. Iron ore reserves are unevenly distributed within regions: Central region ~ 59% of all-Russian balance reserves; respec-
tively, the Urals ~ 15%; North-West region ~ 4%; the Siberian region has ~ 13% of balance reserves; other regions ~ 9% of balance
reserves of ore [1, 2].

Mining enterprises of the Central Federal District that develop deposits of the Kursk Magnetic Anomaly provide more than
half of the output of marketable ore for pelletization and agglomeration (56.6% in 2016) and a significant part of raw ore pro-
duction (47.5%). In the North-West region, 20.7% of marketable ore was produced (with crude extraction at 22.8%), in the Urals
- 15.3% of marketable ore (23.5% of raw ore), in the Siberian region - 8.3% of marketable ore (6.2% raw ore).

Results

The dynamics of raw ore mining and commodity production, as well as the production of iron in Russia is shown in
Fig. 1.

The given data testify to the stabilization of the output of marketable ore in Russia at the level of 101-107 million tons/year.
At the same time, there is a negative trend of a decrease in the yield of marketable products in the iron ore sub-sector due to the
deterioration of the quality of the mined raw ore. Having existing beneficiation technologies for maintaining a stable production
of marketable ore this leads to an increase in production outputs and, consequently, unit costs. Compared to 1990, an increase in
raw ore production was ~ 13%, while marketable ore production fell by 1.2% (Fig. 2).

Iron ore is mined mainly with the help of open-cut mining (~ 93% of the total output) by ore mining and dressing plant
(OMDPs), which are part of the world’s leading metallurgical holdings, such as EvrazGroup, OAO Mechel, OAO Metalloinvest
Holding Company, OAO Severstal, etc. Among these enterprises, there are 8 largest mining companies producing over 85% of
Russia’s iron ore. The Table shows the main indicators of production and being provided with technological equipment for open-
cast mining within the group of the largest mining companies of Russia.
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Main indicators of production and technological equipment for opencast mining at the leading mining companies of Russia in 2015.
OCHOBHbIe NoKasaTenu A06blYM M OCHALEeHHOCTb TEeXHONOrM4yeckum obopyaoBaHMEM ANSA BeAeHWUS OTKPbITbIX FOpPHbIX paboT Ha
Beaywmx MOKax Poccum B 2015 T.

Production

Number of equipment, units

Average weighted distance

output, million tons (average) of transportation, km
Ore mining and dressing
plant
including rock drilling navy dump locomo- motor railway
rock mass ores machines excavators trucks tives vehicles transport
Mikhailovsky 123.6 49.8 16.1 73.6 56.8 81.2 23 14.6
Stoilensky 86.0 33.5 9.0 40.0 38.0 45.6 3.0 10.8
Lebedinsky 101.5 50.5 17.6 46.3 32.7 50.2 2.7 15.2
Kostomukshsky 141.7 347 20.0 44.0 55.3 18.0 3.1 14.3
Olenegorsky* 49.2 13.9(12.1) 10.0 18.0 26.8 9.0 2.7 11.6
Kovdorsky 28.8 19.6 7.7 14.0 58.0 0.0 3.8 0.0
Kachkanarsky 74.0 59.4 15.6 37.0 28.0 36.4 1.3 111
Korshunovsky 44.8 9.2 6.8 211 50.2 14.0 3.0 8.6
Total** 649.5 270.6(268.8) 102.8 294.0 345.9 2544 2.7 10.8

*Ore mining: total (including open-pit mining);
**Ore production: total (including open-pit mining).
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Figure 1. Dynamics of production of raw iron ore, production of marketable ore and iron smelting in Russia for the period 1990-2016.
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Figure 2. Dynamics of production of raw iron ore and the yield of marketable ore in percentage terms for the Russian Federation for the

period 1990-2016.
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Figure 3. International supplies output of iron ore in 2013-2016.
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Figure 4. Structure of international supplies of iron ore in 2016. a — export, b — import (Kazakhstan).
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For this group of enterprises, the capacity of a bucket of the average excavator is 9.4 m’, the average loading capacity of the
dump truck is 125.8 tons. In many respects, it is these enterprises that shape the future of the Russian mining industry in the field
of open-cut mining and beneficiation of ore raw materials [3-7].

Sales geography of iron ore by ore mining and dressing plants is quite wide and covers both Russian consumers in all regions
of Russia and foreign ones in the CIS countries, the European Union and Asia. Fig. 3 shows the dynamics of international ex-
port-import supplies of marketable iron ore in Russia for the period from 2013 to 2016.

Headings amount about 50% in supplies structure of iron ore for export, (Fig. 4), steel pellets are up to 40% and metallurgical
briquettes are ~ 10%. The leader in exports and the only supplier of briquettes is Lebedinsky ore mining and dressing plant (8.2
million tons in 2016, more than 35% of the total output). Sales geography of iron ore to Lebedinsky ore mining and dressing plant
is shown in Fig. 5 as an example of wide connections of industry leaders with consumers.

The given data show some growth in the supply of iron ore for export, which has reached a level of 20-26 million tons/year
over the past years; it is up to 25% of the production of iron ore in Russia. The main consumers of iron ore from Russia are met-
allurgical enterprises of China, they account for up to 30% of the total output of exports; a significant amount of iron ore (6-10
million tons/year) is supplied to EU countries (mainly to Central and Eastern Europe ); the CIS make export supplies to Ukraine
in the amount of more than 2 million tons/year (1.7 million tons in 2016); Turkey (1-2 million tons/year), Japan (0.2- 1 million
tons/year) and other countries are regular customers [8-13].

Import of iron ore to Russia is made only from Kazakhstan up to 10 million tons/year (6.8 million tons in 2016), which
amounts to 10% of the production output of marketable ore in Russia. Deliveries from Kazakhstan go to the metallurgical enter-
prises of the Southern Urals.

Fig. 6 shows the scheme of iron ore supply between the regions of Russia.

The main volumes of produced iron ore are sold within the territory of its production (Fig. 6). Thus, in the Central Region,
iron ore in the amount of 28.6 million tons/year is supplied mainly to Novolipetsk and Orsk-Khalilovsky metallurgical plants
within 300 km. In the Ural region, the distance for transportation of steel pellets and agglomerates from Kachkanarsky ore mining
and dressing plant (11.5 million tons) to Nizhny Tagil Iron and Steel Works slightly exceeds 100 km. Considerable distances for
transportation of the main iron ore volumes within the region in the North-West are ~ 1.3 ths km; in Siberia - more than 1.8 ths
km. The weighted average transportation distance of 1 ton of iron ore at Russia is ~ 670 km.
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Figure 5. Production and supply of iron ore by Lebedinsky ore mining and dressing plant in 2016.
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Conclusion

1. Over the past 5-7 years, there has been a stabilization of the amount of delivery of iron ore to metallurgical enterprises and
for export at the level of 101-107 million tons/year. The production volumes of commercial ore in 2016 reached the level of 106.6
million tons (an increase of 1.5 million tons compared to 2015).

2. 'The growth in raw ore production (up to 2-7% annually) is primarily due to a decrease in its quality and a decrease in the
yield of marketable ore using existing technologies of beneficiation. This negative trend is seen for a considerable time and leads to
an increase in unit costs for the production of iron ore. In recent years, there has been a slight increase in the yield of marketable
ore to 35.8% of the volume of produced raw materials by introducing innovative technologies for mining and processing.

3. The main production of iron ore is concentrated in the Central and North-West federal districts of Russia (~ 75% of the
total Russian production). The remaining iron ore ~ 25% is produced in the Ural and Siberian Federal District. About 23% of
Russia’s crude iron ore with an average iron content of 15.7% is mined in the Urals region due to the development of the unique
Gusevogorsky titanomagnetite deposit (Kachkanarsky ore mining and dressing plant), which is also the raw material base for
extracting vanadium from smelter slags.

4. Iron ore is sold mainly within the region where it was produced. The distance for transportation from places of manufac-
ture to consumers ranges from 100-300 km to 1.3-3.5 thousand km with a weighted average transportation distance of 1 ton of
marketable ore in Russia ~ 670 km.

There is a rather high level of iron ore consumption by metallurgical enterprises in the Ural region — 32.8 million tons/year
(up to 35% of the total demand), which are covered only 40% by production within the region.

5. Supplies of iron ore for export measure up 30% of the volume of its production in Russia and amount to 20-30 million tons/
year. The main consumers of iron ore are Chinese metallurgical enterprises; they account for 7-12 million tons/year of raw materials
(30-50% of export supplies), as well as EU countries consuming raw materials up to 10 million tons/year (up to 40% of export).

Imports of iron ore are produced from Kazakhstan in volumes of 6-10 million tons/year, which is up to 10% of Russian
production. Iron ore from Kazakhstan is supplied to metallurgical enterprises of the Southern Urals that do not have their own
raw material base, - OAO MMK plant (Magnitogorsk) in volumes up to 8 million tons/year and Chelyabinsk Metallurgical Plant
- 2 million tons/year. In recent years, there has been a decrease in the supply of iron ore from Kazakhstan (a decrease of 1.1
million tons to the level of 2015 with Sokolov-Sarbai Mining Production Association) due to their replacement by supplies from
the center of Russia (Lebedinsky and Mikhailovsky ore mining and dressing plants).

One of the options for replacing imports of iron ore is the development of new promising raw materials areas, including the
Subpolar Urals, where the estimated resources of magnetite iron ore are estimated at level of 1.5-3 billion tons. Production of
8-10 million tons/year of iron ore in the Subpolar Urals can be carried out by open-pit mining to a depth of up to 250-300 m by a
group of quarries with an ore productivity of 1-3 million tons/year with preliminary beneficiation in place by the method of dry
magnetic separation and transportation of middlings to metallurgical enterprises of the Southern Urals'[1, 14].

6. Effective quality management of iron ore at ore mining and processing plants can be based on the following principles:

— continuous data validation on the quality characteristics of mineral resources based on the results of mining exploration,
magnetic well logging, chemical analysis of raw materials at all stages of its processing, etc.;

- continuous data validation in GIS with updated data on mineral resources; use of GIS in mining planning (on annual,
monthly, weekly, and daily basis);

— control the order of blasting of the drilled blocks of mineral resources; GPS positioning of excavation (the trajectory of a
bucket and the position of an excavator in the mine face) and transportation navigation (taking into account the quality of raw
materials in vehicles);

- implementation of automated control systems for the automated management of cargo flows in a quarry, taking into ac-
count the quality of raw materials;

— the use of pre-beneficiation in the quarry space on the basis of dry magnetic separation, and other innovations for cutting
off substandard raw materials.

7. To smooth the negative impact on the efficiency of the iron ore industry, reserves reduction and deterioration the quality
of iron ore in areas of traditional raw materials bases (especially in the Urals and Siberia), as well as to expand export opportuni-
ties, the organization of a new iron and steel industry in the east of the country is of great importance. The raw material basis for
its creation can be deposits of easily beneficiated magnetite iron ores of the Aldansky iron-ore province of Yakutia with reserves
approved by National Reserves Committee of the Federal Subsoil Management Agency: “Tarynnakhskoe” with reserves of cate-
gories B + C, - 1.1 billion tons, “Gorkitskoe” C, + C, - 1.9 billion tons, “Tayozhnoye” B + C, + C, - 1.25 billion tons, and deposits
of high-quality metallurgical coal as well (Neryungrinskoe, Elginskoe).

8. In general, the performance indicators of mining enterprises indicate a stable position in the industry in 2010-2016. In the
short term, there is an increase in raw ore production, maintenance a high level of the output of marketable ore, improvement
financial performance having a strong position in the markets to the product. Also worthy of mention is the insufficiently active
work on the modernization of fixed assets and increasing the productivity of mining equipment in quarries [5-16].
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OCHOBHbIE TEHAEHLIMU PA3BUTUSI JKEAE3OPYAHOM oTpacam Poccum

Banepui flanumnosny KAHTEMUPOB',
PomaH Cepreesuy TUTOB™,

AHgpen Muxavnosuy AKOBJIEB™,
Mapus BnagummpoBHa KO3JTOBA™

WHcTuTyT ropHoro gena YpO PAH, Poccus, Ekatepunbypr

BBeaenne. Ceroatsi P® o MoATBEPIKAEHHBIM GAAAHCOBLIM 3aMacam >KEAE3HBIX PYA SIBASIETCSI MUPOBLIM AMAEPOM, & MO 06LEMaM MPOU3BOACTBA TOBAPHOIA
SKEAE3HOM PyAbl (OBOraleHHOM 1 6Oratol ro >KEAe3y) 3aHMMAET MSIToe MeCTo B MUpe. OAHAKO B HACTOSILLEE BPEMSI UMEETCS U B BAVIKAMILEN NepcriekTiBe
COXPAHSIETCS AUCMPOMNOPLIMS B PA3MELLEHNN METAAYPIUYECKMX KOMOVHATOB M MX CbIPLEBOW 6asbl, YTO MPUBOAMUT K HETATUBHLIM SKOHOMUYECKMM MOCAEA-
CTBMSIM. Ha rOpHOPYAHBIX MPEANPUSITUSIX COXPAHSIETCS] TEHAEHLIMSI MOCTOSIHHOTO YXYAWEHUsI FEOAOTMUYECKMX M TOPHOTEXHUYECKMX YCAOBUM PaspaboTKu
MecTopokaeHui. Takum O0BpPa3oM, AHAAM3 AMHAMMKU AOOLIYM SKEAE3OPYAHOTO ChIpbsi U OBECMEYEHHOCTH 3aracamy FOPHOPYAHLIX MPEANPUSITUNA AAST
OLIEHKM YPOBHsI MPOU3BOACTBA M OBLEMOB MOTPEBAEHUSI KEAE30PYAHOTO ChIPbs SIBASIETCS] BAKHOM 3aAA4Y€EN B COBPEMEHHDLIX SKOHOMMYECKMX YCAOBMSIX.
PesyAbTaTnl. Ha OCHOBaHMM aHaAM3a OCHOBHBIX MOKA3ATEAEN AODLIUM YKEAE3HOW PYAbI, MPOM3BOACTBA U MOTPEBAEHUsI KEAE30PYAHOTO Chipbsi B Poccum
3a neproa 1990-2016 rT., BKAQAA PEMVIOHOB B AOObLIYY CIPOM PYAbl M MPOM3BOACTBO TOBAPHOM MPOAYKLIMM YCTAHOBAEHA AVHAMMKA CHUKEHMS! BLIXOAQ
TOBAPHOM PYAbl BCAEACTBUE YXYALIEHMS] KAYECTBEHHBIX XAPAKTEPUCTUK AOOLIBAEMOW CLIPOM >KEAE3HOM PYyAbl. [TpOAHAAMBMPOBAHDLI CXEMbI M AVHAMMKA
MOCTABOK YKEAE€30PYAHOTO Chipbsi MO pernoHam Poccum u B 3apybeskHble CTpaHbl. YCTAHOBAEHA CTPYKTYPa MOCTABOK KEAE30PYAHOTO ChIPbsi HA SKCMOPT.
OrnipeaeAeHbl PacCTOsIHUST TPAHCITOPTUPOBAHMST JKEAE30PYAHOTO CbIPbsl MEXAY permoHamm Poccun. AaHbl OLIEHKA U MPOrHO3 Pa3BUTUS XKEAE30PYAHOM
oTpacam Ha 6AamKanme roabl. MokasaHo, YTO Ha MPOTSKEHMM MOCAEAHUX 57 A€T OTMeYaeTcs crabyam3aumst OGLEMOB MOCTABOK YKEAE30PYAHOTO ChIpbsi
Ha METaAYpPryyeckme MPEeANnpuUsiTUs M Ha SKCMopT Ha ypoBHe 101-107 MAH T/roa, a poct 06beMOB AOBBIUM CLIPOW PYAbI (A0 2-7 % €KEroAHO) B MEPBYIO
ouepeAb OOYCAOBAEH CHMDKEHMEM €€ KAYECTBA M COKPALLEHMEM BLIXOAA TOBAPHOM PYAbI MPU CyIIECTBYIOWMX TEXHOAOTUSIX OBOraleHmst

BbIBOABI. YCTAHOBAEHO, YTO B HACTOSILLEE BPEMSI MOCTABKM JKEAE30PYAHOTO Chipbsi HA 3KCMopT aAocturaioT 30 % oT 06beMOB ero NpPousBoOACTBa B Poccun
1 coctaasiior 20-30 MAH T/roA. OLEHEHHDBIE MOKa3aTeAM PaBOTbi FOPHOAOBLIBAIOWMX MPEATPUSITUN CBUAETEALCTBYIOT O CTAGUALHOM MOAOXKEHMM OTPACAU
B 2010-2016 rT. 1 Ha GAMDKAALLIYIO MEPCEKTUBY, OTMEYAETCSI POCT OOGLEMOB AODLIUM CLIPO PYAbI, MOAAEPIKAHME HA BLICOKOM YPOBHE OGLEMOB BbIMYCKa
TOBAPHOM PYAbI, YAyHLIEHVE (PUHAHCOBLIX MOKA3ATEAEM, YBEPEHHOE MOAOXKEHME HA PLIHKAX CObITA MPOAYKLIMM.

KatoyeBble CAOBA: JKEAE30PYAHOE Chipbe, ChIPAsi PYAQ, FOPHO-0BOraTUTEALHBI KOMOMHAT, KOHLIEHTPAT, OKATLIWM, CTPYKTYPa MOCTABOK, OOLEMBI AOOLIHM,
MOCTABKM CbIPbsI.
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