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ANALYSIS OF METHODS FOR OBTAINING WIRE PRODUCTS, ADVANTAGES
OF TECHNOLOGICAL PROCESSES AT RADIAL SHEAR MILLS

Abstract: The production of wire products sets high demands in the field of assortment,
quality, flexibility of technologies, efficiency and cost-effectiveness, as well as full automation of
processes. This article is aimed at analyzing existing methods and identifying the most promising
approach to the production of wire products among innovative highly efficient technological
processes for the manufacture of rods and wire. The research is aimed at a highly specialized subject
area sufficient for full coverage and disclosure of the objectives of this article. Within the framework
of the article, a comparative analysis of the most effective modern technological processes for
producing wire products is carried out. The authors' conclusions indicate that modern methods of
producing wire products of various diameters through rolling processes (for example, on radial shear
mills) often represent the most economically justified process. A significant advantage of this process
is the possibility of obtaining high-quality wire products corresponding to the required dimensions,
with minimal tolerances. To verify this conclusion, at this time, a radial shear mill was created on the
basis of KazNRTU named after K.Satpayev, the main novelty of which is the location of the rolls. A
number of practical experiments were carried out on the created radial shear mill to attract an
aluminum rod of the alloy 6082 grade.
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Introduction

The contemporary trajectory of scientific and technological advancement is inconceivable
without the integration of metal products featuring diverse categories of conductive elements
composed of various metals and vortices. It is imperative to underscore that domestic enterprises
engaged in the production of machinery-related products lag significantly behind in terms of
technological modernization, enhancement, and production expansion. Consequently, local
manufacturers find themselves unable to effectively compete with their foreign counterparts,
hindering their ability to secure a prominent position in the service market. This research has
discerned the primary challenges and methodologies inherent in existing technological processes,
thereby illuminating avenues for future development.

Literature Review

In the contemporary landscape of metal and vortex-based rod and wire production, several
primary pressure treatment methods are employed, namely forging, stretching, compression, and
rolling. Each of these methods plays a crucial role in shaping the final characteristics of the
manufactured products. It is imperative to delve into a detailed examination of each method to
discern their distinct contributions and impact on the overall production process.

The forging process is applied in the fabrication of rod and wire blanks derived from refractory
metals and their challenging-to-deform alloys. This method involves subjecting the workpieces to
periodic oscillatory forces utilizing a die, resulting in the comprehensive deformation of the entire
surface area. Consequently, the cross-sectional dimensions of the workpiece are compressed, and
the mold's configuration or the spacing between the workpieces undergo alterations in accordance
with the principles governing the processing procedure. The die is strategically positioned on slides
encircling the workpieces, facilitating a reversible translational motion in the radial direction. For
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circular machining, rotary clamping machines prove effective for smaller workpieces such as rods
and wires, while radial crimping machines are employed for larger workpieces like castings
composed of low-stability, hard-to-deform materials [1].

The device or drive mechanism transporting the die and moving around the workpieces is
implemented in rotary-clamping machines, whereas this movement is absent in radial-clamping
machines. Depending on the method of movement of the working elements, rotary compression
machines are categorized as rotary, annular, and drum machines, while radial compression
machines are further classified as rotary, lever, and connecting rod machines. Regarding the
orientation of workpiece feed to the deformation site, both rotary-clamping and radial-clamping
machines are subcategorized into horizontal and vertical configurations [2].

On the basis of scientific research at the Kazakh National Research Technical University
named after K. Satpayev, a radial shear mill has been developed. This technical unit is an innovative
system that integrates radial and shear motion to optimize material processing processes. The result
of the creation of this mill was the improvement of technological processes in metalworking, which
contributes to increased production efficiency. The machine rollers are committed to a smooth
transition from the calibration section to the helical crimping segment.

/

Figure 1 — Cdmputer model of matrices with a working area

The mill itself is a matrix with an operational zone, the structure of which is characterized by
sequentially arranged, the cross sections of which gradually decrease in the form of truncated cones
with non-parallel bases. A notable aspect is the cruciform distribution of the great and small
generators in these competitions, as well as the presence of a calibration site.

Figure 2 — The developed radial shear mill on the basis of KazNRTU named after K.Satpayev

The precision of rotation during the cold-state stretching of entire products is equivalent to
that of the second category. According to experimental findings, the outer diameter of pipes
processed on rotary forging machines maintains a tolerance threshold of 0.025 mm for each 6-10
mm diameter of forging.

Forging, as a rapid method of metal processing under pressure, involves the circular
compression process wherein the active force is simultaneously applied from two or four opposing
sides of the workpiece. In contrast to simple compression, the metal deformation transpires not under
the influence of impact but rather under the substantial compression pressure exerted sequentially.
Through the process of hot forging, wires adopt a coarse-grained structure. To produce flexible wire,
the temperature is gradually reduced during metal processing. Rhodium sheets are prepared by
sequential hot rolling using a 0.75 mm thick spatula, rendering the metal pliable enough for
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subsequent cold rolling. Multiple intermediate heating steps are imperative during the cold rolling
phase [3].

Despite its advantages, the circular forging process is associated with several drawbacks,
including low machinability, challenging working conditions marked by vibration, intense noise,
substantial heat generation, a significant reliance on manual labor, a substantial material
requirement, and a relatively high level of unusable material. The unfavorable stress-strain state
pattern leads to surface defects such as scratches and internal flaws on the rods [4].

Stretching represents a pressure-based metal processing method where the metal, in the
form of a line with a consistent cross-section, is fed into the channel of the stretching tool and
subsequently stretched or elongated. The channel mirrors the shape or cross-section of the
malleable metal, featuring a horizontal section that gradually contracts from the tool's point of entry
to its exit. The outlet section of the channel is consistently smaller than the cross-sectional area of
the stretched portion. Consequently, the stretched segment undergoes deformation as it traverses
the channel, assuming the shape and dimensions of the smallest section within the channel. The
length of the wire increases in direct proportion to the reduction in cross-sectional area[5].

Preceding the stretching process on a specialized machine, the stud is front-faced, allowing
easy insertion with a slight protrusion from the opposite side. Subsequently, the end is engaged and
stretched using a designated mechanism, applying tension force to the front end of the workpiece.
This approach ensures the production of wires, rods with highly accurate transverse dimensions,
and pipes with diverse cross-sections. Metal stretching treatment finds widespread application in the
metallurgical, cable, and machine-building industries, encompassing the manufacturing of rod metal,
wire, pipes, and other products of normal and large cross-section [6].

The stretching process accommodates steel with various chemical compositions, as well as
nearly all non-ferrous metals and their alloys, including gold, silver, copper, and aluminum. Products
generated through stretching exhibit a high-quality outer surface, accompanied by precise cross-
sectional dimensions. When the objective is to endow a product with these specific properties, the
process is referred to as calibration.

Wire steel is utilized for tension rods ranging from 16 to 100 mm in diameter and pipes with
diameters between 16 and 300 mm. In instances where a workpiece with a diameter of 0.1-60 mm
is being stretched, a wire made of a hard alloy based on tungsten carbide is employed. For
workpieces with diameters up to 2 mm, as well as non-ferrous metals and their alloys, steel with a
diameter of up to 1 mm, nichrome, tungsten, and molybdenum with a diameter of up to 0.5 mm, or
a diamond conductor, and wires made of composite materials are utilized.

To minimize external friction between the drawn metal and the cord channel, a thick lubricant
is applied. This reduction in stretching energy costs serves to create a smoother surface for the
pulled metal, prevent channel wear, and facilitate the process at higher levels of deformation [7].

In most cases, the metal subjected to stretching is not preheated,; it is introduced into the wire
channel at room temperature. The deformation formed in the channel and the heat generated
through external friction are managed through continuous washing of the conductor with a cooling
emulsion, water, and ambient air. Under these anhydrous stretching conditions, appropriately
lubricated and equipped metal attains a smooth, glossy outer surface with precise cross-sectional
dimensions. Stretching on a solid conductor stands out as the most prevalent method for producing
wire products, involving the deformation of metal by pulling it through the channel of the stretching
tool.

The channel's cross-section gradually diminishes from the point of metal entry into the
conductor to its exit plane. Consequently, the workpiece, while traversing the conductor, assumes
the shape and dimensions of the minimum (calibration) section within the conductor channel. Prior
to stretching, the front part of the workpiece undergoes pre-cutting. According to established
protocols, the wire stretching process is typically conducted in a cold state, occasionally involving
heating when processing hard-to-deform metals and alloys.

Occasionally, the stretching process employs simultaneous force on the back end of the
workpiece, aimed at reducing friction during the wire-metal connection, thereby enhancing the
strength of the wire channel. The evolution of the process has led to the emergence of methods such
as traction on rotating or oscillating conductors, traction in a liquid friction mode, multi-fiber
extraction, and traction on roller conductors.
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Theoretically and practically, the rotation of a solid wire is identified as a means to reduce
tension gain. However, experimental findings indicate that achieving a significant reduction in this
parameter at a standard stretching rate would necessitate rotating the conductor at an ultrahigh
speed. Consequently, the use of a rotating wire is infrequent and is typically reserved for ensuring
even wear of the wire channel when stretching thin wires.

Vibrating wire stretching finds application in the production of thin and ultrathin wires
composed of hard-to-deform metals and alloys. The application of ultrasonic vibrations in various
directions, within a frequency range of 17 to 20 kHz, to the conductor serves to decrease tractive
effort, enhance conductor resistance, and improve the surface quality of the wire. Vibrations of the
wire tool can be horizontal, transverse, or rotational. To maximize the efficacy of vibrational
stretching, it is imperative that the vibration velocity of the conductor significantly exceeds the tension
velocity. A piezoelectric or magnetostrictive irradiator serves as a source of mechanical ultrasonic
vibrations.

The multi-frame stretching process is employed for the repeated stretching of thin wire
through sliding. Stretching is conducted at relatively low speeds, and with the repetition of the
stretching cycle (4 to 8 times), the thread is simultaneously stretched, thereby increasing productivity,
reducing wire tool consumption, and enhancing product quality.

The prominent drawbacks of a solid conductor become evident, particularly during extensive
and moderate stretching of wire, manifesting in low productivity, stringent requirements for initial
workpieces, high costs associated with preparing its outer surface, the utilization of expensive
lubricants, low strength, and challenges in tool development. Notably, difficulties arise in producing
profiles with intricate patterns, and the method is unsuitable for obtaining thin-walled profiles and
those with a small rolling radius, as reflected in insufficient processing of the cross-section of
deformable metal obtained through casting methods.

The pressing process serves as the primary method for deforming spreading and cast blanks
in the production of wire-derived semi-finished products. The essence of this process lies in imparting
a specific shape by compressing the metal into a cavity created by a working tool. The stress state
scheme in compression (complex compression) is deemed more favorable compared to rotation.
The widespread use of compression is attributed to the advantageous stress state scheme of the
deformable metal — complex and uneven compression.

The selection of temperature conditions for pressing is contingent upon the deformation
resistance of the metal, exerting a significant influence on both the force dynamics during the
compression process and the ultimate outcome. Heating the pressed workpiece reduces the metal's
deformation resistance while enhancing its plastic properties. However, elevated temperatures
adversely affect tool working conditions. Consequently, a key challenge in determining temperature
conditions is achieving an optimal balance between the alleviation of power conditions and the
detrimental impact of high temperatures on equipment. Based on temperature conditions, the
pressing process is classified into the following types: hot, isothermal, cold.

The prevalent method in pressing processes is direct compression, where the friction force
of the metal between the ingot necessitates additional energy consumption as it moves within the
die press. In contrast, reverse compression involves the ejection of metal in the opposite direction to
the movement of the die press washer when the container is stationary. In this scenario, the ingot
does not shift more than the container, leading to a reduction in the overall compression force. The
size of the product in reverse compression is constrained by the dimensions of the press stamp
cavity. Compression with a side outlet offers convenience during product retrieval and enables the
attainment of maximum length on a vertical press [8]. The matrix is positioned directly on the sleeve
of the container at a 90° angle to the press protrusion, with the cast metal outputting at right angles
to the direction of the press stamp's movement. In hydrostatic compression, extrusion takes place
under the influence of a liquid under high pressure, with the compressible metal isolated in a liquid
layer, resulting in a significant reduction in compressive strength.

Advancements in metal pressing processes have given rise to various types of continuous
pressing, including non-contact, continuous hydrostatic, rolling-pressing, and friction force-based
methods such as "Linex," "disk extruder,” and "Conform." Continuous pressing methods offer
advantages such as automation and mechanization, increased efficiency, reduced energy
consumption, and seamless integration with continuous metal casting machines.
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A key advantage of pressed products lies in their ability to amalgamate multiple components,
each serving different functions, into a singular pressed product. For instance, panels, designed to
provide structural strength and rigidity by riveting rolled sheets and angular or T-shaped profiles, can
now be efficiently produced in a single pressing revolution, eliminating the labor-intensive process
of riveting and potential drawbacks associated with prefabricated structures. Pressed panels form a
unified entity where sheets and T-shaped profiles are seamlessly integrated, obviating the need for
assembly work to combine them. Another notable advantage is the ability to fabricate intricately
shaped pressed products, a feat unattainable through other processing methods or even cutting. An
illustrative example is an aluminum alloy pipe, 15 meters in length, with a diameter of approximately
90 mm, featuring through holes along its entire length (4 mm thickness), a configuration achievable
only through pressing. Numerous analogous examples underscore the versatility of pressed
products.

The compression process, while effective in producing wire products, presents several
disadvantages, including compromised mechanical properties of the section, heterogeneity of wire
products along their length, and a substantial strain load. Additionally, the equipment for pressing
necessitates a significant amount of metal and occupies a substantial portion of the production area.
Intensive wear of the working tool and the generation of press waste often result in reduced efficiency
of the pressing process.

Rolling, particularly with a rolling diameter suitable for rods and wires, stands out as one of
the most favored methods for producing wire products up to 5 mm. Challenges associated with this
approach are primarily linked to the difficulty in achieving the smallest wire sizes. When considering
the precise dimensions and geometry of their cross-section, available equipment may not be suitable
for rolling small profiles, and an increase in the size of a clean processing bag leads to an augmented
need for steel devices and additional production space. Consequently, wire production via rolling is
primarily directed towards obtaining hot-rolled wire billets (wire rods) or wire products from
continuous casting billets. Continuous wire mills and casting and rolling complexes have become
widely employed for this purpose.

Modern mills equipped with high-speed clean processing bag blocks, where cermets are
rolled on a single thread without a screen, can achieve high-precision (with a tolerance of £ 0.1 mm)
wire rod rolling. Morgan blocks from the USA are widely used abroad, featuring replaceable bags
with cantilever rolls positioned at an angle of 90° to each other and at an angle of 45° to the horizontal
plane. These blocks, designed for manufacturing 12.7 mm wire rods, contribute to the production of
high-quality wire products. Blocks with a similar design are produced by companies such as
"Siemag" and «SKET» in Germany.

For rolling tension wires, the triangle-triangle calibration scheme is employed in finishing bag
blocks from Kocks. These blocks consist of bags with three windings located at an angle of 120°
from each other and connected by conical gears. This block design allows for the rolling of wire made
from hard-to-deform steel grades with a diameter of up to 5 mm, originating from a finely dispersed
rolling-type billet with an elongation coefficient ranging from 1.10 to 1.25 [9].

An intriguing technology in wire production involves tubeless rolling using the RER process,
patented by the Australian company Copper Ltd. This method contributes to the standardization of
rolling rolls, enhances their efficiency, reduces the number of passes, simplifies the design of wire
fittings, and facilitates machine installation. The paper also explores the feasibility of using flat rolls
for rolling copper wire with a diameter of 6.35 mm from corrosion-resistant steel and wire with a
diameter of 8 mm.

In recent times, the method of obtaining blanks through continuous or semi-continuous
casting of metal has gained widespread use. This involves the use of casting machines equipped
with a graphite crystallizer, enabling the production of billets closely matching the size of the finished
wire. This approach reduces the overall duration of the technological cycle. However, the cast
structure of the extracted metal is unsuitable for further stretching, and the process is generally
considered less productive. Hence, in global practice, the prevalent approach is the combined
process of casting and rolling metal, executed in foundry and rolling complexes. This integrated
method has significantly increased productivity, enhanced product quality, and reduced production
costs. For the production of blanks made of aluminum and copper, rotary-type casting machines with
a vertically positioned circular crystallizer are commonly utilized, followed by rolling processes
according to schemes such as «hexagon-triangle — circle», «circle — oval — circle», or «sharp square
— sharp square — circle». In the production of zinc and brass wire rods, casting machines with a
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horizontally positioned circular mold (carousel type) are employed, utilizing alternating box-shaped
calibration systems. Leading companies engaged in the implementation of integrated casting and
billet rolling processes abroad include Continuous Properzi (ltaly), General Electric Co. (USA), and
Speedem (France). The productivity of these combined processes has approached 70 t/h, with a
wire rod exit speed from finishing bags of 10 m/s, and a minimum wire rod diameter ranging from
1.5to0 2.0 mm.

Cold rolling is a prevalent method in the production of rod and wire products. However, its
extensive use in the production of round-section wire encounters technological challenges, primarily
metal riveting during deformation, necessitating interruptions in the continuous deformation process
and the implementation of heat treatment operations. Uneven deformation, more critical than in hot
rolling, requires the development of a winding calibration to prevent excessive curvature of the strips
and ensure proper gauge filling. In practice, combined wire production processes are often
employed, incorporating various methods in conjunction with cold rolling. The choice of a
technological scheme is determined by the shape and size of the profile, with an emphasis on
minimizing costs and reducing technological retraining efforts. For instance, the Maschinenfabrik
Gans Arnold mill in Germany facilitates cold deformation of round and reinforcing wires with a
diameter of 4 to 7 mm in anhydrous and wet bags with a winding diameter of 180 mm. A single
adjustable rolling speed (up to a volume of 12 m/s) ensures mill production ranging from 5 to 12.5
t/s in a hopper weighing 2.5 tons. Similar production processes have been implemented at the
Cerepovets mizileumezavod for products in the range of 4 to 12 mm. LTP type lines from Impianti
Industriali SpA (ltaly) are currently utilized for cold rolling of wire with a diameter of 4 to 12 mm,
offering the rolling of a three-chamber block at speeds up to 15 m/s. There is also information
indicating the use of four-leaf caliber bags for cold rolling of circular wire [10]. Cold rolling finds
application in the production of flattened strips, shaped bars, and wire, often incorporating
prestressed double-frame bags and bags with a multi-frame caliber. The versatility and variety of
metal products, along with their distinctive features, position them as fundamental and constructively
complementary materials with widespread applications.

Conclusion

The rolling process stands out as a highly versatile, cost-effective, and quality-assuring
method for manufacturing wire products. Its advantages in terms of thickness range, energy
efficiency, quality outcomes, processing performance improvement, and enhanced productivity
make it a preferred choice in the evolving landscape of steel profile manufacturing. Among the
various methods considered for manufacturing wire products, the rolling process emerges as the
most advantageous in terms of modernization and automation. In comparison with pressing and
forging, rolling offers several key advantages:

1. Versatility in Thickness Range: Rolling provides the ability to obtain products across a wide
thickness range, spanning from several microns to 200 mm. This expansive range enhances the
versatility of steel rolling and widens its applicability.

2. Energy and Cost Efficiency: Rolling has the potential to significantly reduce energy
consumption and costs. Hot rolling, in particular, involves high metal-plastic deformation during the
process, leading to reduced electrical application for metal deformation. This, in turn, positively
impacts the cost of finished products.

3. Quality Assurance: Cold rolling, in particular, yields products of the highest quality across
various indicators, including dimensional accuracy, surface finish, and physical and mechanical
properties. These advantages have contributed to the widespread adoption of cold rolling in both
ferrous and non-ferrous metallurgy.

4. Improvement in Processing Performance: Hot rolling proves beneficial in enhancing the
processing performance of metals and alloys. It facilitates the removal of large granules during cast
production, healing of cracks, reduction or elimination of defects from casting, and transformation of
the microstructure from a cast state to a deformed structure. This, in turn, improves the technological
properties of the alloy.

5. Increased Productivity: The rolling process utilizes large castings and rolling equipment,
leading to increased productivity. Moreover, it creates favorable conditions for elevating rolling
speeds and establishing a continuous, automated rolling process.
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CbIM ©HIMAEPIH AY TOCUIAEPIH TANOAY, PAOUAINAbLI-bIFbICY BINAENHAET
TEXHONOIrnsAnblK NPOUECTEPAIH APThIKLWbIIbIKTAPDI

CbiM eHiMOepiH eHOipy mexHosoausiapbiHa, SFHU OHbIH accopmuMeHmiHe, carnachbiHa,
uxkemoirniaiHe, muimdiniai  mMeH  yHemainiaiHe, coHOali-ak  npouyecmepdi  mornbikmaul
asmomammaHObIpy canacbiHa Xofapbl mananmap KosiObl. byn makana konda 6ap oadicmepli
mandayra XoHe Wbibbikmap MeH CcbiMOapObl QdalibiHdayObiH UHHOBAUUSbIK — muimOi
mexHosio2usifblK npouecmepi apacbiHOa CbIM ©HiMOepiH eHOIpydiH nepcriekmusmi maciniH
aHbikmayfa barfbimmarnsaH. 3epmmeynep map weHbepde MamaHOaHObIpbIiFaH canara
b6arbimmarfaH, 0e2eHMEH, OCbl MakasiaHblH MaKkcammapbiH MOJIbIK Xapus emy YWiH XemKirikmi.
Makana asiceiHOa cbiMm eHiMOepiH arnydbiH eH muimdi, 3amaHayu mexHO02UsbIK fnpouecmepiHe
canbicmbipmarnbsl manday xypaisindi. AemopnapObiH myXbipbiMdapbl bolbiHWa - unemoey
npouecmepi apKbiribl 8pmypni duamemprii CbiM eHiMOepiH eHOIpydiH 3amaHayu adicmepi (Mbicarskbl,
paduandbi-bifbicy bindeai) aKOHOMUKanbIK mypfbidaH eH muimdi npoyecmepldid 6Gipi 6onbin
caHanadel. byn npouecmiy maHbI30bI apMbIKWbIbIFLI — Kaxemmi enwemdepae colkec KesiemiH
)KOFapbl canarsnbl CbIM ©HIMOEepiH €eH meMeH weKkmi enuwemoepmeH any MyMmKiHOiei. Ocbl
myXblpbiMObI Kasipai yakbimma mekcepy ywiH, K. Coembaee ambiHOarbl Ka3¥T3Y 6asacbiHOa
paduanobl-bifbicy bindeai Kypblrobl, XoHe OHbIH Heai3ai XaHarslbifbl opamOapObiH opHanacyb! 605birn
mabbinadbl. XKacanfaH paduanibl-bifbicy 6indeciHoe 6082 mapkarbl amtOMUHUU KOpbIMMAachbiH
mapmy 6olbiHwa 6ipkamap npakmukarsbiK maxipubesnep Xypai3inoi.

TyliH ce30ep: cbiM 6HIMOepi, wbibbiK, unemoey, bindek, kepeyem, deghopmayusi,
paduandbl bifbiCy, POIUKMEP.

ISSN 2788-7995 (Print) IITokaopiM yHHBEpCHTETiHIH Xa0apIubichl. TexHUKambIK FeutbiMaap Ne 1(13) 2024 60
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(13) 2024


mailto:rsovetbayev93@gmail.com

P.A. CoBet6aeB', E. 3. HyrmaH!, E.{l. LLlasaxmeToB?, Anna Kawalek?®
1Satbayev University,

Pecnybnuka KasaxctaH, r. Anmarsl, yn. Carbaesa, 22 a
2YHuBepcuTeT umenu Llakapuma ropoga Cemeit
Pecnybnuka KasaxctaH, r. Cemen, yn. MuHkn, 20 A
3YeHcTOXOBCKasA MONMUTEXHUKA,

MonbLlua, r. YeHcToX0BA,

*e-malil: rsovetbayev93@gmail.com

AHANKU3 CNOCOBOB NOJNTYYEHUA NPOBOJIOYHOW NPOAYKLUMW, MPEUMYLLEECTBA
TEXHOJIOTMYECKUX NMPOLIECCOB HA PAOUAIIbHO-CABUIOBbIX CTAHAX

lMpoussodcmeo npososioyHoU npodykyuu cmasum rneped cobol ebicokue mpebosaHusi 8
obnacmu accopmumeHma, Kadecmea, aubkocmu —mexHosnoaud, aggekmusHocmu U
3KOHOMUYHOCMU, @ makKxXe rosiHou asmomamu3ayuu rpoyeccos. Hacmosiwas cmambsi HauerneHa
Ha aHajiu3 cyuecmsyruux Memodos U ebiserieHue Hauboree nepcrnekmugHo2o rnodxoda K
rnpouseodcmey  rpoBOSIOYHOU  MPOOYKUUU cpedu  UHHOBAUUOHHbLIX  8bICOKOIGhhEKMUBHbIX
MEeXHOI02UYeCKUX MPOoUecco8 U320moerieHUs NMpymkKoes U npoeosioku. MccrieoeaHusi HarpaesieHbl
Ha y3Kocreuuanu3upogaHHyt rnpedmemHyro obracmb, docmamo4yHyro Orisl MOSIHO20 0C8EUEHUST U
packpbimusi yenelt Hacmoswel cmambu. B pamkax cmambu nposedeH cpagHUMesbHbIU aHanu3
Haubonee 3¢bgheKmMuUBHbIX COBPEMEHHbIX MEXHOI02UHECKUX MPOUECCO8 MOSyHEHUS MPOBOSI0YHOU
rnpodykuyuu. Bbieodbl agmopoe yka3biearom Ha mo, 4mo CO8PEMEHHbIE Memodbl npou3godcmea
Mpo80osI04YHOU MPOBYKUUU pasiudyHbiX OuamMempos Yepes Mpouecchbl MpoKamku (Hanpumep, Ha
paduarnbHo-cO8uz208bIX cmaHax) 4Yacmo npedcmasnsaom cobol Haubosiee 3KOHOMUYECKU
obocHosaHHbIl rpouecc. CyuwecmeeHHbIM rpeumMywiecmeom 0OaHHO20 rpouyecca sesisgemcs
B803MOXXHOCMb [10/1y4EeHUS MPOBOSI0YHOU MPOdyKUUU BbICOKO20 Kayecmea, coomeemcmsyrouiel
Heobxodumbim pasmepam, ¢ MUHUMarbHbIMU Aornyckamu. [ns npoeepku daHHO20 8bisoda 8 OaHHOe
epemsi Ha basze KasHUTY um.K.Camnaesa 6bin1 co30aH paduarnbHo-c08u208bIli cmaH, OCHOBHOU
HOBU3HOU KOMOPOO020 S18/19emcs pacrosioxeHue gasnkos. Ha cosdaHHom paduansibHO-c08U2080M
cmaHe 6bIn nposedeH psd rnpakmu4yecKux 3KCepumMeHmos8 Mo npumsaugaHuro antoMUuHUE8020
npymeka mapku crisiaga 6082.

Knroyeeble crnoea: npososioyHas rnpoOyKyus, MpymoK, rpoKamka, cmaH, cmaHuHa,
Oeghopmauusi, paduaribHo-cO8uU208bIl, 8aslKu.
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MCTO MEH KECY[IH TEMNEPATYPAIJIbIK PEXXUMIHIH KECY NMPOLECIHIH TUIMAINITHE
OCEPI

AHOamna: Makanada MCTO (malinay-cankbiHOamy mMmeXHO02Us/IblK 0pmachkl) XoHe
memrepamyparbiK Kecy PexXuMiHiH Kecy rnpoueciHi4 muimdiniciHe acepi Kapacmbipbiiadsbl.
Makanada oHmadnel MCTO KondaHy »eHe KecydiH memrepamyparbiKk PexXuMiH pemmey Kecy
npoueciHiH muimoinieiH keneci 6arbimmapda apmmbipyra MYMKIHOIK 6epemiHOieiH KepcemkeH
aKcriepuMeHmMmik 3epmmeynepdiH Homuxxesnepi KenmipinaeH:

— KypandeiH 6epikmizaiH apmmbipy. MCTO kondaHy Kecy alimarbiHOarbl memnepamypaHsbl
memeHdemyzae MyMKiHOIK 6epedi, 6yn KypandbiH mo3ybiH a3alimaolsbl.

— OHOeneeH 6emmiH kedip-byobipnbirbiH asatmy. MCTO kondaHy Kecy alimarbiHOafbi
memnepamypaHbl memeHOemyze  MyMkiHOiKk  6epedi, ©6yn eHOenemiH MamepuasnobiH
depopmayusiCbiHblH MeMeHOeyiHe XoHe HamuxeciHOoe eHOenzeH bemmiy canacbiHbIH
)KakcapybiHa akeneoi.

— Kecy kywmepiHiH memeHOeyi. MCTO kondaHy Kecy alimarbiHOarbl memrepamypaHbl
memeHdemyae MyMKiHOIK 6epedi, by Kypan MeH eHOeniemiH Mamepuarn apacbkiHOarbl yUKesicmiy
memeHOeyiHe XXoHe HomUXeCiHOe Kecy KywmepiHiH memeHOeyiHe okeneoi.

Hemuxxenep oHmatlnel MCTO KondaHy XeHe Kecy memrepamypacbiH pemmey Kecy
npoueciHig muimoinieiH apmmabipyObiH muiMmdi 8dicmepi ekeHiH kepcemedi.

MawuHa 6enwekmepiHiH 6emki kabambiHbiH 08ndiciH apmmbipy ywiH MCC (madnay-
cankbiHOamkbiw cylbliKmbikmap) xoHe MCC mypnepi; akonoeusnbik mada MCTO-HbIH xaHa
mypriepiH xacay 6olbiHWa ycbiHbicmap bepineeH.

MCTO xaHa KypamdapbiH maHdayObiH Kerl Kbipsibl 8dicmemeci ycbiHbIndbl. TexHuka Sots
maHday ke3iHOe 6enikmiH Mamepuaribl MeH KyparbiHbIH XUMUSTbIK Kypambl, eHOey adicmepi, Kecy
pexumdepi, 6enikmiq 6emki kKabamebiHblH dendiei MeH canacbiHa KolUblnambelH marnanmap
eckepinemiHoiciHe Heai30es2eH.

Tylin ce3dep: MCTO-matnay-cankbiHOamy MexHOM02USMbIK opmackl, memrepamypa
pexXumi, kecy npoueciHiH muimainiei, KypandbiH 6epikmiei, eHOenzeH 6emmiH kedip-6yObIpribifbil.

Kipicne

Kecy apkbinbl eHoey kesiHoe GeTki kabaTTbiH KaXeTTi cana napameTpnepiH any kenbip
KMbIHOBIKTAP TyFbl3adbl. OWTKeHi 6eTTiK KabaT canacbiHbIH KenTereH oakTopriapbliHbiH, GenLWeKTiH
OCblHO AN KacueTiHe acepi OCbl YaKblTTa OHLLA XaKCbl 3epTTeSIMEreH.
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