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КУЛАЧКОВО-ВИНТОВОЙ ПРЕСС С НИЖНИМ 
РАСПОЛОЖЕНИЕМ ПРИВОДА

Рассмотрена оригинальная схема механического пресса нового типа – кулачково-
винтовой. Предлагается схема с нижним расположением привода. Это позволит 
уменьшить высоту пресса в 2 раза, металлоемкость понизится на 20 %.

Ключевые слова: кривошипный пресс, кулачково-винтовой пресс с нижним 
приводом, штамповка.

ВВЕДЕНИЕ
Обработка металлов давлением занимает заметное место в машиностроении. 

Её эффективность в значительной мере зависит от оборудования – прессов. 
Более половины парка механических прессов в современном машиностроении 
занимают кривошипные прессы.

Рассмотрим кинематическую схему классического  кривошипного пресса 
(рисунок – 1). Пресс состоит из вала – 1, на котором имеется кривошип – 2.  
На кривошипе – 2 шарнирно закреплен шатун – 3, на конце которого 
шарнирно закреплен ползун – 4, который имеет возможность перемещаться 
вертикально в направляющих станины – 8. Электромотор – 5 через ременную  
передачу – 6 вращает маховик – 7, который свободно проворачивается 
относительно вала – 1 в холостом режиме (пресс не работает). Для осуществления 
рабочего цикла работник нажимает педаль. В это время срабатывают две муфты. 
Кулачковая муфта замыкается перемещением подвижной полумуфты – 9 к 
полумуфте – 1 установленной на маховике – 7. Вал 1 начинает вращаться вместе 
с маховиком 7, фрикционная муфта – 11 в этот момент размыкается. Вал – 1 
вращается, шатун – 3 двигается вначале вниз (рабочий ход – угол поворота 1800), 
затем вверх (холостой ход – угол поворота 1800). После полного поворота вала 
фрикционная муфта – 11 замыкается и останавливает вал – 1, полумуфты 9 и 
10 размыкаются. Пресс переходит в холостой режим. 

Для подачи рулонного листового материала в зоны штамповки в прессе 
часто применяют валковую подачу. Тяга – 12 валковой подачи эксцентрично 
крепится к маховику – 7, через рычаг тяга вращает валки – 13, которые дискретно 
протягивают стальной лист в зону обработки.

mailto:erlan57@mail.ru
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Көпшілік қайрау әдістерін бір-бірінен технологиялық ерекшеліктерімен ғана емес, 
бұрғылардың артқы бетіндегі нысандарымен ерекшеленеді. Сондықтан, бұрғылардың 
арасындағы әртүрлі қайрау кезінде, тіпті 2φ және α бұрыштарының бірдей мәндерінде, 
артқы бұрыштарының басты жиектері бойымен және көлденең жиегінің геометриялық 
параметрлері аумақтары бойынша бөлу түйісуі  жоқ: алдыңғы бұрышы, бетінің 
дөңестігі, кейбір жағдайда көлбеу бұрышы болады.

Большинство методов заточки отличаются друг от друга не только 
технологическими особенностями, но и формой задних поверхностей сверла. Поэтому, 
между сверлами разной заточки, даже при одинаковых значениях углов 2φ и α, нет 
совпадения по распределению задних углов вдоль главных кромок и геометрическим 
параметром поперечной кромки: передним углом, поверхности выпуклости, в некоторых 
случаях  и углом наклона.
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ANALYSIS OF PASSIVE METHODS OF PROTECTION  
FROM CORROSION OF MAIN OIL AND GAS PIPELINES

In this flock, «passive» methods of pipeline protection against corrosion are considered. 
High durability and trouble-free operation of pipelines directly depends on the quality of 
their anticorrosion protection. To minimize the risk of corrosion damage, the pipelines are 
protected with anti-corrosion coatings and additionally with electrochemical protection (ECC). 
In this case, insulation coatings provide primary («passive») protection of pipelines against 
corrosion, performing the function of a «diffusion barrier» through which access of corrosive 
agents (water, oxygen of air) to the metal is hampered. When defects appear in the coating, a 
cathodic protection system for pipelines is provided – «active» corrosion protection. For all 
time of anticorrosive coatings application, which constitute the core of «passive» protection of 
pipelines, a large number of insulating materials and methods of their application to the surface 
of pipelines in factory and route conditions have been invented. In this regard, an important role 
was played by such indicators of the insulation coatings quality, as waterproofness, adhesion, 
durability, economy, continuity, mechanical strength, and other indicators that characterize the 
effectiveness of an insulation coating.

Keywords: active and passive corrosion, insulation coating.

INTRODUCTION
Corrosion of metals – spontaneous destruction of metals due to their chemical or 

electrochemical interaction with the external environment.
In most cases, corrosion of metals passes unevenly over the surface, there are  

areas where local lesions occur. Some corrosion products, forming surface films, inform 
metal corrosion resistance.

Sometimes loose friable products may appear, which have a weak adhesion to the 
metal. The destruction of such films causes intense corrosion of the exposed metal.

Corrosion of metal reduces mechanical strength and changes its other properties.
Corrosion processes are classified according to the types of corrosion damage, the 

nature of the interaction of the metal with the medium, the flow conditions.
By the nature of the interaction of metal with the environment, chemical and  

electrochemical corrosion are distinguished.
According to the conditions of the corrosion process, the following types of  

corrosion are most often encountered: gas, atmospheric, liquid, underground,  
biocorrosion, electrocorrosion, slit, contact, corrosion under stress, corrosion cavitation, 
corrosion erosion, fretting, structural, thermal contact.

mailto:rvladvit@yandex.kz
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MAIN PART
For external insulation of pipelines, the following types of factory coatings are 

most often used: 
a) factory epoxy coating; 
b) factory polyethylene coating; 
c) factory polypropylene coating; 
d) factory combined ribbon-polyethylene coating.
These types of coatings meet modern technical requirements and provide long-term, 

effective protection of pipelines against soil corrosion (figure 1).
Combined ribbon-polyethylene coatings are used mainly for insulation of pipes of 

small and medium-sized diameters with operating temperature up to plus 40 °C.

		
Figure 1 – Scheme of factory insulation of pipes

To date, when building domestic main and field pipelines as external protective  
coatings, the factory covers of pipes based on extruded polyethylene are most widely used.

The quality of the factory polyethylene coatings of pipes largely depends on the 
design of protective coatings and insulating materials used for their application.

There are 4 variants of constructions of factory polyethylene coatings of pipes:  
polyethylene coating applied on bituminous-mastic sublayer; Polyethylene  
coating applied on an insulating sublayer on the basis of a sticky polymer tape;  
a two-layer polyethylene coating consisting of an adhesive undercoat based on a hot-melt  
polymer composition and an outer polyethylene layer; a three-layer polyethylene coating  
consisting of an epoxy primer layer, an adhesive polymer undercoat and an outer  
polyethylene layer [1].

The first two types of polyethylene pipe coatings have a rather limited range 
of applications. These types of coatings are recommended to be used for external  
insulation of pipes of small and medium diameter (from 57 to 530 mm inclusive) at a 
pipeline service temperature not higher than +40 °C. The main area of application of such  
coatings is the construction of field pipelines, water pipes, low-pressure inter-settlement 
gas pipelines [2].

The application to the pipes of combined mastic-polyethylene and tape-polyethylene 
coatings can be carried out in conditions of stationary pipe-insulating bases. Protective 
coatings are applied using a simplified technology (brush cleaning, priming the surface of 
pipes, applying a mastic or strip underlayer, applying an outer extruded polyethylene layer).  

Preliminary technological heating of pipes and abrasive cleaning is not required, which 
significantly reduces the cost of surface preparation and pipe insulation.

For the application of the mastic sub-layer, special modified bituminous  
mastics should be used, which have an increased frost resistance and good adhesion to  
polyethylene. For the application of the strip underlay, duplicated polyethylene tapes 
with a butyl rubber sublayer having a thickness of at least 0,45 mm should be used. 
The outer shell of extruded polyethylene with thickness up to 2,0–2,5 mm is designed 
to increase the mechanical strength of the coating, increase its resistance to punching 
and impact, which ensures long-term storage, storage and transportation of insulated 
pipes [3].

Factory double-layered polyethylene coatings are characterized by higher  
properties and a wider temperature range of operation (from minus 20 °С to plus 50–60 °С).  
The use as a melt adhesive of a hot melt polymer composition based on an ethylene- 
vinyl acetate copolymer or ethylene with an acrylic acid ester substantially increases 
the adhesion of the coating to the steel.

The technological process of applying a two-layer polyethylene coating  
includes preliminary heating of the pipes, their abrasive (shot-blasting or blasting)  
cleaning, heating to a specified temperature (180–200 °C), application of the adhesive  
«plane-slit» or annular extrusion of melts of adhesive and polyethylene, and cooling 
of isolated pipes with recycled water. To improve the quality of the two-layer coating 
at operating temperatures of 40–60°C, it is recommended to passivate the cleaned 
surface of pipes with a special chromate composition [4].

The design of the three-layer coating differs from the two-layer coating by the  
presence of an additional layer – an epoxy primer (figure 2). To apply the priming 
layer, it is possible to use both epoxy powder paints (the optimal thickness of the 
epoxy layer should be 100–200 microns and at least 40–50 microns higher than the 
roughness of the cleaned pipe surface) and liquid epoxy paints (dry film thickness 
primer should be 40–60 microns). Epoxy primer provides increased adhesion of the 
coating to steel, resistance to cathodic peeling and to prolonged exposure to water [5].

In addition, the epoxy layer is permeable to cathodic protection currents, which  
creates a good compatibility of the three-layer polyethylene coating with the  
electrochemical protection of the pipelines. The polymeric adhesive undercoat is an 
intermediate layer in the construction of a three-layer coating of pipes. Its function 
is to provide adhesion between the outer polyethylene layer and the inner epoxy 
layer. The outer polyethylene layer is characterized by low moisture-permeability, 
performs the functions of the «diffusion barrier» and provides a high mechanical and 
impact strength coating. The combination of all three layers of the coating makes a 
three-layered polyethylene coating one of the most effective outer protective coatings 
of pipelines.

Polyethylene coating has a high adhesion to steel (not less than 35 Н/cm), high 
dielectric characteristics (more than 5 kv) and resistance to external mechanical 
damage [6].
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Figure 2 – Pipe with three-layered polyethylene coating

The coating is applied by the method of lateral («plane-slit») extrusion. To ensure 
high adhesion properties of insulation, high-quality blast cleaning of the pipe surface 
is applied, application of an intermediate adhesive layer (adhesion-active composition 
300–400 mkm), further application of an outer protective layer based on a thermoset 
stabilized polyethylene composition. Pipes coated with extruded polyethylene have a 
number of significant advantages:

– the coating is environmentally safe;
– improves the service life of gas pipelines and the culture of construction;
– has increased mechanical strength;
– the quality of the coating does not depend on the ambient temperature, etc.
Advantages of three-layer polyethylene coatings in comparison with double-layer 

coatings of pipes are related not only to the presence in the coating structure of an  
additional layer – epoxy primer, but also with the use of higher quality insulating 
materials for the application of an adhesive undercoat and an outer polyethylene  
layer. Undoubted advantages of three-layer polyethylene coatings of pipes include their 
increased heat resistance. The use of modern adhesion compositions and epoxy primer 
allowed to expand the temperature range of application of polyethylene coatings from 
plus 50–60 °C to plus 80 °C [7].

Polypropylene coating has increased heat resistance, high mechanical, impact 
strength, resistance to extrusion and abrasive wear (figure 3).

			 
Figure 3 – Pipes with factory polypropylene coating

The main field of application of polypropylene coatings is anticorrosive protection 
of «hot» sections of pipelines (up to 110–140 °C), corrosion protection of offshore,  
offshore pipelines, underwater crossings, pipeline sections constructed by «closed» gasket  

methods (punctures under roads, directional drilling, etc.). Due to the high impact 
strength of the polypropylene coating, its thickness can be 20 to 25 % less than 
the thickness of the polyethylene pipe coating (from 1,8 mm to 2,5 mm) [8]. The  
disadvantages of polypropylene coatings include their reduced frost resistance.

For anticorrosive protection of pipelines of small and medium-sized diameters 
(up to 530 mm) in recent years a combined ribbon-polyethylene coating has been 
widely and successfully used. The combined tape-polyethylene coating is applied to 
the pipes in factory or basic conditions. Structurally, the coating consists of a layer of 
adhesive primer, a layer of a duplicated polyethylene tape and an outer layer based on  
extruded polyethylene (figure 4). The total thickness of the combined tape-polyethylene 
coating is 2,2–3,0 mm. In the case of insulation of pipes in factory (base) conditions,  
additional layers of polymer tape and wrappers are applied to increase the impact strength 
of the coating required for transporting insulated pipes from the plant to the pipeline 
construction site. In this case, depending on the diameters of the insulated pipes, the 
total thickness of the tape coating in accordance with the requirements should be not 
less than 1,8–2,4 mm. The increased consumption of insulating materials significantly 
increases the cost of coating [2].

In the construction of the combined coating, a polyethylene insulating tape applied 
along the adhesive primer provides a stable adhesion of the coating to the steel, the  
resistance of the coating to cathodic peeling, while the outer polyethylene layer is  
responsible for the mechanical characteristics of the coating, providing coverage with 
increased impact strength, bursting strength and light aging. The combined ribbon- 
polyethylene coating can be used as an anticorrosion coating for pipes used in 
the construction of main, field pipelines and bends from them, for laying low- 
pressure inter-settlement gas pipelines, city gas, water supply networks, pipelines for  
municipal purposes [9].

				  
Figure 4 – Polyvinylchloride sticky tape (PVCh Sticky)

The temperature range of operation of pipelines with combined coating is from 
minus 20 °С to plus 40 °С, and the predicted service life is 35–40 years.

In terms of properties, the combined ribbon-polyethylene coating is inferior to the 
factory two-layer and three-layer polyethylene coatings of pipes, but at the same time 
it largely surpasses the bitumen-mastic and polymeric tape coatings of pipelines [10].
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Factory epoxy coatings of pipes with a thickness of 350–500 microns are used as 
external anticorrosive coatings of pipelines for about 50 years (figure 5). These coatings 
are characterized by increased heat resistance, high adhesion to steel, excellent resistance 
to cathodic peeling, resistance to cutting, scraping, abrasive wear. Pipes with epoxy 
coating, in contrast to pipes with factory polyethylene coating, for a long time can be 
stored in the open air. Epoxy coatings are permeable to cathodic protection currents. 
Under epoxy coatings there were no cases of stress corrosion of pipelines. The cost 
of applying epoxy coatings is much lower than the cost of factory polyethylene and 
polypropylene coatings of pipes [11].

				  
Figure 5 – Pipes with epoxy coating

Glass-enamel is a fused, vitreous, inorganic mass consisting predominantly of 
oxides and applied to the metal in one or more layers (figure 6).

			 
Figure 6 – Pipes with glass-enamel coating

Enamel coatings are quite widely used. The enamel coating has great continuity, 
good adhesion to metal and high electrical resistance, but it is quite expensive, so it is 
recommended to use it only in particularly critical cases, for example when pumping 
aggressive media or laying pipelines in such environments. Glass-enamel coatings of 
factory application are used to protect pipelines from underground and atmospheric 
corrosion [12].

The internal coating of pipes must have high protective properties, ensuring its 
safety during the period of transportation, storage and installation, and also have a high 
durability during operation.

With internal insulation of pipes in stationary factory or base conditions, it is possible 
to use modern technologies and equipment for cleaning, heating and insulating pipes, 
performing sequential process control and quality control of finished products, which 
ensures high quality coating of pipes with various anticorrosion coatings [13].

The process of internal insulation of pipes is a complex of consecutive completed 
operations, including: preheating, drying pipes (if necessary, thermal degreasing); cleaning 
of the internal surface with the creation of the necessary relief; Technological heating of 
pipes to the set temperature (if necessary); application of a protective coating (required by 
the technology of the number of layers) and their curing; quality control of the protective 
coating; repair of places of damage to the coating [7].

Internal polymer coatings of pipelines can be divided into anticorrosive and smooth.
The use of internal pipe coatings offers a number of advantages: extending the service 

life of pipelines; increase in the capacity of pipelines; reduction of paraffin formation on 
the walls of pipelines and facilitation of the cleaning process (cleaning costs are reduced 
by approximately 75 %); increasing the reliability of pipelines and reducing annual  
operating costs [14].

It is believed that an increase in the life of the pipeline by 1 % pays for the costs of 
coating the pipes.

To create a durable internal insulation of pipes, it is very important that the insulating 
material is properly selected and that the technological process for coating the pipes is 
observed.

The existing technological processes of internal insulation of pipes provide for the use 
as powder materials of powder polymers and paintwork materials, both liquid and with 
a solvents content of more than 30 % and high viscosity, with a solvents content below 
30 % (high-solids LMC with solids) [3].

The criteria for selecting coatings for internal insulation of pipes are the operating 
conditions of the pipeline, the protective and technological properties of the coatings.

In all respects the most suitable for the internal insulation of pipes are paint materials 
based on epoxy, modified epoxy and phenol-formaldehyde resins. From powder polymers, 
coatings based on epoxy powder materials applied on a phenolic primer are widely used. 
The thickness of anticorrosive coatings, as a rule, is 300–500 mkm [15].

In order to improve the quality of insulation works to protect the welded joint zone, 
heat shrinkable tapes (cuffs) are used, which are a two-layer material consisting of a  
polyethylene radiation-modified base film that is combined with a hot-melt adhesive 
that has a high adhesion to the steel pipe and to the factory coating. The primer is a 
solvent-free composition that consists of an epoxy resin and a hardener (activator).  
The primer is supplied to the consumer in complete with cuffs. Polymer coating  
«TERMA-ST» is a heat shrinkable tape, which is designed for corrosion protection of 
welded joints of pipes and made of radiation-modified (cross-linked) polyethylene, which 
significantly improves the physical properties of the final anticorrosion coatings, and 
also simplifies the process of their application; The resulting insulation is not inferior 
in its properties to the basic factory polyethylene insulation; work on the application of  
anticorrosive materials «TERM» can be made both in factory and in road conditions 
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(both in summer and in winter at ambient temperatures from –35 ºС to +45 ºС); ease of  
application; materials provide protection against corrosion for a period of at 
least 30 years, since all materials of the brand «TERMA» are light stabilized and  
radiation-cross-linked, they can also be used for isolation of above-ground pipelines without 
fear of exposure to ultraviolet rays, solar radiation, temperature changes and without losing  
their properties [12].

CONCLUSIONS
Based on the analysis of «passive» methods of corrosion protection of main oil and 

gas pipelines, a number of requirements for protective coatings have been identified, such 
as: low moisture-permeability, high mechanical characteristics, high and stable in time  
coating adhesion to steel, cathodic peel resistance, good dielectric characteristics, resistance 
of coating to UV and heat aging. Insulating coatings should perform their functions in a wide 
range of temperatures of construction and operation of pipelines, ensuring their protection 
from corrosion for the maximum possible period of their operation.

According to the conducted researches of various anticorrosive coatings of factory and 
route application, on the basis of which it was found out that the most optimal for today is 
the use of pipes with a factory three-layer polyethylene coating, followed by route isolation 
of welded joint areas with thermo-shrink sleeves (of the type TERM-ST). Re-insulations 
of the trunk pipeline section with a modern insulating coating (heat-shrinkable tape) is 
expedient and economically viable.

It can be concluded that the insulation coatings used earlier in the isolation of the 
main oil and gas pipelines are no longer able to compete with modern insulation coatings 
that are more effective and durable.

In connection with the continuous improvement of insulation materials and their 
application technologies, the efficiency of passive corrosion protection of main oil and 
gas pipelines is constantly increasing, the longevity of the coating is increased, and, 
accordingly, the life of pipelines isolated by these materials, which leads to a significant 
reduction in costs on their operation.
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Бұл формада коррозияға қарсы құбырларды қорғаудың «пассивті» әдісі 
қарастырылады. Құбырлардың жоғары беріктігі мен проблемаларын қамтамасыз ету 
олардың коррозиядан қорғаудың сапасына тікелей байланысты. Коррозия зақымдану 
қаупін төмендету үшін құбырлар коррозияға қарсы жабынмен және қосымша 
электрохимиялық қорғанумен (ЭХҚ) қорғалған. Бұл жағдайда оқшаулағыш жабындар 
коррозияға қарсы агрессивті агенттерге (су, оттегі) кедергі келтіретін «диффузиялық 
тосқауыл» функциясын жүзеге асыратын құбырларды бастапқы («пассивті») қорғауды 
қамтамасыз етеді. Қаптамада ақаулар пайда болғанда, құбырларға арналған катодты 
қорғаныс жүйесі – «белсенді» коррозиялық қорғаныс қарастырылған. Құбырлардың 
пассивті қорғанышының негізін құрайтын коррозияға қарсы жабындарды қолданудың 
барлық уақыттары үшін зауыттық және маршруттық жағдайлардағы құбырлар 
бетіне көптеген изоляциялық материалдар мен оларды қолдану әдістері ойлап табылды. 
Осыған байланысты оқшаулағыш жабындылардың сапасына, мысалы, су өткізбеу, 
адгезия, беріктілік, үнемдеу, үздіксіздік, механикалық беріктік және оқшаулағыш жабу 
тиімділігін сипаттайтын басқа көрсеткіштер сияқты маңызды рөл атқарылды.

В данной стаье рассматриваются «пассивные» методы защиты трубопроводов от 
коррозии. Высокая долговечность и безаварийность работы трубопроводов напрямую 
зависит от качества их противокоррозионной защиты. Для сведения к минимуму риска 
коррозионных повреждений трубопроводы защищают антикоррозионными покрытиями 
и дополнительно средствами электрохимзащиты (ЭХЗ). При этом изоляционные 
покрытия обеспечивают первичную («пассивную») защиту трубопроводов от коррозии, 
выполняя функцию «диффузионного барьера», через который затрудняется доступ 
к металлу коррозионноактивных агентов (воды, кислорода воздуха). При появлении в 
покрытии дефектов предусматривается система катодной защиты трубопроводов – 
«активная» защита от коррозии. За все время применения антикоррозионных покрытий, 
составляющих ядро  «пассивной»  защиты трубопроводов, изобретено большое количество 
изоляционных материалов и методов их нанесения на поверхность трубопроводов 
в заводских, а также трассовых условиях. В связи с этим немаловажную роль стали 
играть такие показатели качества изоляционных покрытий, как водонепроницаемость, 
адгезия, долговечность, экономичность, сплошность, механическая прочность и др. 
показатели, характеризующие эффективность того или иного изоляционного покрытия.
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ПОВЫШЕНИЕ ЭНЕРГЕТИЧЕСКОЙ ЭФФЕКТИВНОСТИ  
РАЗРЕЗА «ВОСТОЧНЫЙ» АО «ЕК» ПУТЕМ  
ПРОВЕДЕНИЯ ЭНЕРГЕТИЧЕСКОГО АУДИТА 

Изучается баланс энергоресурсов. Рассматриваются существующие мероприятия 
в области энергосбережения и специфика технологического процесса, а также 
анализируются результаты инструментального обследования объекта.

Ключевые слова: энергоемкость ВВП, энергетический аудит, энергоэффективность, 
энергосбережение, тепловые потери, изоляционные материалы.

ВВЕДЕНИЕ
Энергосбережение – самый дешевый и экологически чистый «источник» 

энергии. Это подход к экономии энергоресурсов, основанный на использовании 
энергосберегающих технологий, которые призваны уменьшить потери                              
ресурсов [1]. В настоящее время энергосбережение – одна из приоритетных 
задач. Это связано с дефицитом основных энергоресурсов, возрастающей 
стоимостью их добычи [2], а также с глобальными экологическими проблемами 
[3], [4], [5]. Внедрение энергосберегающих технологий является одним из 
важных шагов в решении многих экологических проблем – изменения климата, 
загрязнения атмосферы (например, выбросами от ТЭЦ), истощения ископаемых 
ресурсов и др. Энергосбережение является важным фактором, который 
улучшает экономические показатели и качество окружающей среды [6], [7], 
[8], [9]. Энергосбережение в любой сфере сводится по существу к снижению 
бесполезных потерь энергии. Универсальных способов экономии энергоресурсов 
на данный момент не существует, но разработаны методики, технологии и 
устройства, помогающие вывести энергосбережение на качественно новый 
уровень [10]. Проблемы повышения энергоэффективности привлекает внимание 
руководства страны на самом высшем уровне. Главой государства поставлены 
цели по снижению энергоемкости ВВП на 10 % к 2017 году и на 25 % к 2020 
году, в реализации которых должны быть задействованы все промышленные  
предприятия [11], [12]. Особенностью процессов добычи полезных ископаемых, 
особенно угля, является то, что сами технологические процессы несовершенны. 
Практическое потребление и сопутствующие потери энергии, при отсутствии 
её производства, не позволяют считать их энергоэффективными. Применяемое 
на разрезах энергоёмкое оборудование не может не сказаться на себестоимости 
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