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Abstract. The paper concerns the investigations of the annealing conditions of Cu/Al 

laminar composite sheet metal. Diagrams of the dependence of the mechanical properties of 

Cu/Al composite sheet on the annealing temperature and annealing time have been worked out. 

The optimal range of the recrystallization temperature and the optimal time of recrystallizing 

annealing for the optimal temperature were determined. The optimisation criterion was the 

maximal plasticity of the material with its sufficiently high strength, satisfied when retaining the 

stability of the examined parameters. 

Keywords: laminar composite; bimetallic sheet metal; mechanical properties; heat 

treatment; annealing temperature; annealing time. 

 

Introduction . Multilayer sheet metal belongs to the group of composite materials used in 

many branches of industry. The rapid development of the investigations of composites is 

induced, among others, by the search for materials with high mechanical properties, able to work 

in a chemically active environment as well as at high temperature. The interest in the metallic 

multilayer materials is due also to the possibility to replace the more expensive homogeneous 

materials by the composites. Wide application have found the metallic three-layer composites 

(the so-called sandwich structures), e.g. brass-steel-brass strips intended for drawing, and the 

silver-brass-silver strips used mainly in electronics. Bimetals most frequently applied in the 

electronics and electrical industry are the brass-silver sheets and copper-aluminium sheets (the 

so-called cupal). The Cu/Al sheet metal is commonly used for inserts to join the conductors and 

for lines of high frequency. [1-6] 

There are known various methods of producing layered composite materials ï plying up 

by means of an outburst, joining by hot and cold rolling of a package of metals in the course of 

which there takes place diffusional bonding of appropriately prepared layers of the composite, 
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rolling of sheets, joined preliminarily by an outburst, rolling of metal powders, pressure welding, 

cold friction welding. The cupal sheet metal is obtained on industrial scale by the method of 

rolling. Annealed and cleaned, hot aluminium sheet slabs of EN AW-1050A (Al  99,5) grade are 

placed on sheet slabs from annealed, etched and cleaned copper Cu-ETP (Cu 99,9E) of room 

temperature. The charge prepared in this way is hot rolled, and as a result a bimetallic sheet, a 

few millimetres thick, is obtained. At the next stage, by cold rolling the Cu/Al sheet metal of 

preset thickness is obtained, in the hardened state. The complete technological process comprises 

also a number of necessary auxiliary operations, such as cutting the charge, intermediate 

annealing and final treatment of the sheet metal. 

The aim and the range of investigations. The starting material for the investigations 

was the cupal sheet metal in the hard state, with the thickness 0,7 mm and the ratio of the layers 

thickness of about 1:1. Plastic forming of such a material requires prior thermal treatment 

(recrystallizing annealing). The minimal level of the mechanical properties of Cu/Al composite 

sheet for the recrystallized state, defined by the standard, for the tensile strength is 150 MPa, and 

for the ultimate elongation is 30 %. 

The aim of the investigations was to determine the dependence of the mechanical 

properties of Cu/Al sheet metal on temperature and the annealing time, and to determine the 

optimal temperature and time of recrystallization. As the optimisation criterion there has been 

accepted the maximal plasticity of the material with the admissible level of its strength. 

At the first stage the effect of temperature with the annealing time set for 30 minutes was 

investigated. Basing on the characteristics of the component materials and the Al-Cu 

equilibrium diagram a wide temperature range of recrystallizing annealing: from 250 to 550°C 

has been determined. On the basis of the results for temperatures changing by 50 degrees the 

general character of the dependence of the mechanical properties on temperature was 

determined. Basing on these dependences there has been established a limited range of 

temperatures, essential on account of the differentiation of the plastic and strength properties. 

Further investigations were carried out in the range between 270 and 380°C, and the temperature 

step reduced to 10 degrees. The second stage of investigations comprised the examination of the 

dependence of the mechanical properties of the composite sheet on the annealing time. It fell 

within the range from 10 to 60 minutes, while in the range from 10 to 30 minutes the step of time 

variation was 5 minutes. The recrystallization temperature in this case was 360°C. It was the 

optimal temperature determined at the first stage of investigations. The samples were annealed in 

a laboratory muffle resistance furnace, with the maximal working temperature 1150°C. 
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In order to determine the mechanical properties specimens were cut out from the cupal 

metal sheet at the angle 0°, 45° and 90° to the rolling direction. For each temperature-time 

variant of annealing three specimens from each direction were subjected to tension. The offset 

yield strength Rp02, the tensile strength Rm, the uniform elongation Au, as well as the % 

elongation after the break A50 mm (ultimate elongation) were determined. The values used to 

prepare the diagrams showing the dependence of the properties on temperature and annealing 

time were the arithmetic means from the arithmetic means for the particular directions. They 

have been calculated according to the relation: 

xam = ¼ (x0 + 2x45 + x90) 

where x denotes the respective property. 

Investigation results. The tensile strength of the examined Cu/Al sheet metal in a 

hardened state was approximately 50 % greater than the required minimal value, which is equal 

to 200 MPa. The ultimate elongation was on the level of 2 % (minimal value for hardened state 

is 1,5 %). 

Effect of the annealing temperature on the properties of Cu/Al sheet metal. Figure 1 

shows the diagrams of the dependence of the mechanical properties of Cu/Al sheet metal on the 

annealing temperature. [7] The required level of the average properties (A50 mm above 30 % and 

Rm not smaller than 150 MPa) is guaranteed by annealing at temperatures between 340 and 

500°C. When taking into consideration the scatter of the measured values of elongation and 

strength, the range of good annealing temperature becomes reduced to the interval of the values 

(350ï450)°C. 

Compression of the temperature step enabled to determine the optimal temperature of 

recrystallizing annealing for the annealing time equal to 30 minutes. This is the temperature 

Tr = 360°C. For this temperature there has been obtained the greatest elongation 

(A50 mm = 39,4%), with appropriate tensile strength of the material (Rm = 160 MPa). The optimal 

temperature range falls within the interval (350ï370)°C. 
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Fig. 1 ï Dependence of the mechanical properties of Cu/Al sheet metal  

on the annealing temperature 

 

From the point of view of the recovery of the plastic properties of a hardened material of 

Cu/Al composite it can be accepted that recrystallization (for 30 minutes annealing time) begins 

at the temperature above 250°C (curve A50 mm on Fig. 1). A noticeable reduction of the strength 

properties is observed already earlier. Next, up to the temperature 360°C, there takes place 

intensive increase of the value of uniform end ultimate elongation followed by their noticeable 

decrease, which is very intensive at the temperature 550 °C. The difference between the uniform 

and the ultimate elongation at this temperature is minimal (not exceeding 1%). 

The strength properties of this composite throughout this time continue to decrease with 

various intensity as the temperature increases (an exception is the increase of the yield point at 

the temperature 550°C). Worthy of note is also a more intensive decrease of the yield point than 

that of the strength of the material. For example, at the temperature 360°C the value of Rp02 is 

nearly 4,5 times lower in comparison with this value in the hardened state, and the value of Rm is 

only less than 2 times lower. From the point of view of plastic workability of the composite this 

is advantageous, since it means the increase of the so-called plasticity margin. 
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The above mentioned drastic drop of the plastic properties, a great decrease of the tensile 

strength and a certain increase in the yield point of Cu/Al sheet metal following its annealing at 

the temperature 550°C need separate comments. The temperature 550°C is by about 2 degrees 

higher than the temperature of eutectic in the equilibrium system AlïCu (548,2°C). One of the 

more important hypothesis of bonding metals in the solid state in the processes of plastic 

working is the diffusion hypothesis. Basing on the literature data on the diffusion bonding of 

aluminium with copper in the temperature range (530-550)°C it can be assumed that during 

heating of the examined Cu/Al sheet metal at the temperature 550°C for 30 min., a local brittle 

intermetallic AlïCu phase may be formed, a liquid AlïCuïFe phase may appear at places, the 

formation of liquid AlïCu eutectic (at least locally) is also very probable, and a complete 

melting of the joint cannot be excluded, either. As a result of the above described phenomena, 

after the annealed composite was allowed to cool, an intermediate layer of low plastic and low 

strength could be formed. [8, 9] The presented interpretation appears to be the most probable, 

although the effect of the disadvantageous growth of grains in the area of the joint 

(recrystallization hypothesis) cannot be excluded. 

Comparison of the mechanical properties of Cu/Al with the respective literature data on 

copper and aluminium properties (Fig. 2) illustrates the specificity of the examined material. The 

effect of the properties of the joint on the characteristics of the material is especially visible in 

the case of elongation. For low annealing temperatures the percentage elongation of Cu/Al is 

smaller than in the case of pure metals. Only the sheet metal annealed at higher temperatures 

(between 320 and 500°C) is characterized by elongation of intermediate values which, however, 

are not the mean of elongations for aluminium and copper. Such a situation, on the other hand, 

takes place, approximately, with reference to the tensile strength of materials in the annealed 

state. The more hardened the bimetallic sheet the closer its strength to that of copper. 
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Fig. 2 ï Dependence of the mechanical properties on the annealing temperature  

for cupal sheet metal and the component materials (Cu, Al) 

 

Effect of the annealing time on the properties of Cu/Al sheet metal. On the basis of the 

results of the second stage of investigations there have been prepared the diagrams illustrating 

the dependence of the mechanical properties of Cu/Al sheet metal on the annealing time (Fig. 3). 

[10] 

Heating of the cupal sheet metal at the temperature 360°C for 20 minutes enables to 

exceed the minimal level of ultimate elongation A50 mm (above A (MIN.) = 30 %) and to obtain the 

tensile strength Rm above the minimal level (Rm (MIN.) = 150 MPa). Annealing carried out for a 

time shorter than 15 min., results in the instability of the mechanical properties of the sheet 

metal. It is a phase of intensive increase of the plastic properties and the decrease of the strength 

properties. Annealing for a time longer than 20 minutes causes at first further slight decrease of 

the strength properties which afterwards remain more or less at the same level. The plastic 

properties become also slightly diminished with the extending of the annealing time above 20 

min., attain a sort of a local minimum for 30 min. Further prolongation of the annealing time 

causes a renewed increase of the plastic properties, which, however, is not significant enough to 

justify the increased cost of thermal treatment connected with the prolongation of the heating 

time of the material. 
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Fig. 3 ï Dependence of the mechanical properties of Cu/Al sheet metal on the annealing time 

 

Conclusions. The essential theoretical value of the study are the diagrams of the 

dependence of the mechanical properties of Cu/Al sheet metal on temperature and time of 

annealing. On their basis there have been determined the optimal conditions of thermal treatment 

of the Cu/Al sheet metal, accepting as a criterion the maximal plasticity of the material with its 

sufficiently high strength. Consideration has been given to the fact that the optimisation criterion 

is satisfied while retaining the stability of the material properties. The optimal temperature range 

of recrystallizing annealing falls in the interval (350ï370)°C, and 360°C can be accepted as the 

optimal temperature of recrystallization. The heating time, necessary to carry out complete 

recrystallization of the material, is 20 minutes. 

The properties of Cu/Al sheet metal are not a direct averaging of the properties of the 

components. This refers especially to elongation, whose course as a function of the annealing 

temperature (against the background of the curves for copper and aluminium) is evidence of a 

strong interaction of the joint on the properties of the composite. Annealing of bimetallic sheet 

metal at temperature close to the temperature of eutectic transformation in the phase diagram Alï

Cu leads to drastic reduction of its plasticity and tensile strength. 

0

5

10

15

20

25

30

35

40

0

50

100

150

200

250

300

0 5 10 15 20 25 30 35 40 45 50 55 60

P
la

s
ti
c
 p

ro
p

e
rt

ie
s
  
  

A
u
, 

A
5
0
 m

m
(%

)

S
tr

e
n

g
th

 p
ro

p
e

rt
ie

s
  
  

R
p

0
,2
, 
R

m
(M

P
a

)

Annealing time    t  (min)

A50 mm

Au

Rm

Rp0,2

Rm (MIN.)

A (MIN.)

Cu/Al
T = 360 oC



11 
 

Extension of the obtained results on industrial scale would require taking into 

consideration the bulk factor of the thermally treated charge. 
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ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʧʦʣʫʯʝʥʠʝʤ ʯʫʛʫʥʘ ï ʧʨʦʜʫʢʪʘ ʜʣʷ ʩʪʘʣʝʣʠʪʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʘʣʶʤʠʥʘʪʥʦʛʦ 
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ʘʣʶʤʠʥʘʪ ʥʘʪʨʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʰʠʭʪʫ Na2CO3 ʠ CaCO3 ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. 
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THE PRODUCTION OF CA ST-IRON AND ALUMINAT E SLAG IN THE 

PROCESSING OF RED MUD WITH THE USE OF SI NGLE-STAGE REDUCTIVE  

ROASTING 

Anisonyan K.G., Kopiev D.Yu., Oljunina T.V., Sadyhov G.B. 

Baikov Institute of Metallurgy and Materials Science, Russian Academy of Sciences, Russia, Moscow 

Abstract. On the basis of the performed research of the red mud processing, the process 

of single ï stage reduction roasting with simultaneous production of cast iron ï a product for the 

steel industry, and aluminate slag suitable for the production of alumina is proposed. The 

roasting is carried out for reduction of iron oxides to the metal and the simultaneous transfer of 

aluminium in a water-soluble sodium aluminate, which is provided by adding to the mixture of 

Na2CO3 and CaCO3 in certain ratios. 

Keywords: red mud, alumina production, pyrometallurgical processing, reducing 

roasting, pig iron, aluminate slag, recycling of wastes. 

 

ʂʨʘʩʥʳʡ ʰʣʘʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʦʪʭʦʜʦʤ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ 
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ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʴʮʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʘʩʥʦʛʦ 

ʰʣʘʤʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʣʠʥʦʟʝʤʘ ʧʦ ʩʧʦʩʦʙʫ ɹʘʡʝʨʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ 

(%): 25-60 Fe2O3, 8-20 Al2O3, 4-15 SiO2, 5-15 CaO, 2-5 Na2O, 2-5 TiO2 ʠ ʧʨ. [1]. ʇʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ 1 ʪ ʛʣʠʥʦʟʝʤʘ ʧʦ ʩʧʦʩʦʙʫ ɹʘʡʝʨʘ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 1 ʪʦʥʥʳ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ, 

ʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦ ʩʧʦʩʦʙʫ ʩʧʝʢʘʥʠʷ - 2,5 ʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ ʦʪʩʫʪʩʪʚʫʶʪ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ, ʘ ʩʢʣʘʜʠʨʫʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘʭ ʧʨʠ ʛʣʠʥʦʟʝʤʥʳʭ ʟʘʚʦʜʘʭ. 

ɽʞʝʛʦʜʥʦ ʚ ʤʠʨʝ ʚ ʦʪʚʘʣʳ ʦʪʧʨʘʚʣʷʶʪ ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʢʨʘʩʥʳʭ ʰʣʘʤʦʚ [2], ʘ ʚ 

ʈʦʩʩʠʠ ʢʨʘʩʥʳʭ ʰʣʘʤʦʚ ʥʘʢʦʧʠʣʦʩʴ ʙʦʣʝʝ 100 ʤʣʥ. ʪ. ʄʝʞʜʫ ʪʝʤ, ʧʦʩʪʦʷʥʥʦ 

ʥʘʢʘʧʣʠʚʘʝʤʳʝ ʦʪʭʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʪʝʭʥʦʛʝʥʥʫʶ ʫʛʨʦʟʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ 

ʙʣʠʟʣʝʞʘʱʠʤ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ [3]. ʇʨʠʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ, ʥʦ ʠ 

ʩʜʝʣʘʪʴ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʳʨʴʷ, ʞʝʣʝʟʘ ʠ ʜʨʫʛʠʭ ʮʝʥʥʳʭ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʤʠ ʚ ʀʄɽʊ ʈɸʅ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʣʫʯʝʥʠʝʤ ʯʫʛʫʥʘ ï ʧʨʦʜʫʢʪʘ ʜʣʷ 

ʩʪʘʣʝʣʠʪʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʘʣʶʤʠʥʘʪʥʦʛʦ ʰʣʘʢʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʛʣʠʥʦʟʝʤʘ [4]. ʇʨʠ ʵʪʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʞʝʣʝʟʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʶʤʠʥʘʪʘ ʥʘʪʨʠʷ ʧʨʦʪʝʢʘʶʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʠ 

ʩʧʝʢʘʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʧʝʨʝʚʦʜ ʞʝʣʝʟʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʨʠ ʨʘʩʭʦʜʝ ʢʦʢʩʘ ʦʪ 7,5 

ʜʦ 9,0%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʭʦʜʝ ʢʦʢʩʘ 8,5-9,0% ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʝʣʝʟʘ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ. ʉʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʞʝʣʝʟʘ ʚ ʰʣʘʢʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 3,5-

5,0%. ʇʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ ʞʝʣʝʟʘ ʠ ʦʪʜʝʣʝʥʠʝ ʝʛʦ ʦʪ ʰʣʘʢʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (1350-1375ʦʉ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʣʫʯʘʝʪʩʷ ʫʛʣʝʨʦʜʠʩʪʳʡ ʤʝʪʘʣʣ ï ʯʫʛʫʥ. ʉʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʢʦʢʩʘ ʜʦ 8,0% ʠ ʤʝʥʝʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ ʤʝʪʘʣʣʠʟʘʮʠʠ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʜʦ 1400-1425ʦʉ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʰʣʘʢʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 6%. ʇʨʠ ʨʘʩʭʦʜʝ ʢʦʢʩʘ ʙʦʣʝʝ 9,0% ʰʣʘʢ ʩʪʘʥʦʚʠʪʩʷ ʜʦʚʦʣʴʥʦ 

ʪʫʛʦʧʣʘʚʢʠʤ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʰʣʘʢʦʚʦʡ 

ʬʘʟ. ʇʦʵʪʦʤʫ ʪʘʢʦʡ ʩʦʩʪʘʚ ʰʠʭʪʳ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 1400-1450ʦʉ ʠ ʚʳʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 
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ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʚʦʜʘ ʞʝʣʝʟʘ ʚ ʤʝʪʘʣʣ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: ʨʘʩʭʦʜ ʢʦʢʩʘ 8,5-9,0%, ʪʝʤʧʝʨʘʪʫʨʘ 1350-1375ʦʉ. 

ɺ ʰʣʘʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 1330-1425ʦʉ, ʩʦʜʝʨʞʘʥʠʝ Na2O 

ʩʦʩʪʘʚʣʷʝʪ 6,8-7,5%. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʙʣʘʛʦʜʘʨʷ ʥʝʙʦʣʴʰʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ (ʥʘʛʨʝʚʘʥʠʝ ʦʪ 1000 ʜʦ 1400ʦʉ ʧʨʦʠʩʭʦʜʠʪ ʚʩʝʛʦ 5-7 ʤʠʥ), 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʛʦʥʢʠ ʱʝʣʦʯʠ, ʠ ʥʘʪʨʠʡ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʰʣʘʢʦʚʦʡ ʬʘʟʝ, 

ʚʭʦʜʷ ʚ ʩʦʩʪʘʚ ʥʝʬʝʣʠʥʘ NaAlSiO4. ɸʣʶʤʠʥʠʡ ʢʨʦʤʝ ʥʝʬʝʣʠʥʘ ʚʭʦʜʠʪ ʪʘʢʞʝ ʚ ʩʦʩʪʘʚ 

ʜʨʫʛʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘ ï ʛʝʣʝʥʠʪʘ Ca3Al 2Si2O10. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʰʣʘʢʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Na2O-Al 2O3-SiO2-CaO, ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 

ʦʙʞʠʛ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ ʩ ʜʦʙʘʚʢʘʤʠ 9% ʢʦʢʩʘ ʠ 15% ʩʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400ʦʉ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ CaCO3 ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʰʣʘʢʘ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩ ʜʦʙʘʚʢʦʡ 6, 9 ʠ 20% CaCO3 ʢ ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ. ʀʟʫʯʝʥʠʝ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʳʭ ʰʣʘʢʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ NaAlO2 ʚ ʰʣʘʢʘʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʛʝʣʝʥʠʪ CaAl(SiAlO6), Na2Ca3Al 2O6 ʠ Ca3Al2O6. 

ʕʪʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʝ ʬʘʟʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ, ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ ʘʣʶʤʠʥʠʷ ʠʟ ʰʣʘʢʘ. ʋʤʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʚ ʰʣʘʢʝ ʜʦʩʪʠʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

CaCO3. ʊʘʢ, ʧʨʠ ʜʦʙʘʚʢʝ 20% CaCO3 ʦʙʨʘʟʫʝʪʩʷ ʜʚʫʢʘʣʴʮʠʝʚʳʡ ʩʠʣʠʢʘʪ Ca2SiO4. 

ʆʯʝʚʠʜʥʦ, ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ CaCO3 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʛʝʣʝʥʠʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʚʦʜ ʢʨʝʤʥʝʟʝʤʘ ʚ ʜʚʫʭʢʘʣʴʮʠʝʚʳʡ ʩʠʣʠʢʘʪ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʯʫʛʫʥʘ ʠ ʘʣʶʤʠʥʘʪʥʦʛʦ ʰʣʘʢʘ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ 

ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʘʣʶʤʠʥʘʪʥʳʭ ʰʣʘʢʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 

ˉ17-73-10414). 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ 

ʨʘʩʰʠʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʜʫʢʮʠʦʥʥʦ-ʢʘʣʠʙʨʫʶʱʠʭ ʙʣʦʢʦʚ (ʈʂɹ) ʪʨʝʭʚʘʣʢʦʚʳʭ ʢʣʝʪʝʡ. 

ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʈʂɹ ʚ 

ʧʨʦʢʘʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ 

ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʩʝʯʝʥʠʡ, ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʩʦʙʝʥʥʦ ʚ ʧʣʦʩʢʦʩʪʠ ʵʥʝʨʛʦʩʠʣʦʚʦʡ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʥʘʛʨʫʞʝʥʠʷ ʢʣʝʪʝʡ ʨʝʜʫʢʮʠʦʥʥʦ-

ʢʘʣʠʙʨʫʶʱʝʛʦ ʙʣʦʢʘ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʢʘʪʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʧʨʝʨʳʚʥʦʣʠʪʘʷ ʟʘʛʦʪʦʚʢʘ, ʨʝʜʫʢʮʠʦʥʥʦ-ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʙʣʦʢ, 

ʜʝʬʦʨʤʘʮʠʷ, ʢʘʣʠʙʨʦʚʢʘ, ʧʨʦʢʘʪʥʳʡ ʩʪʘʥ. 

 

POWER RATING OF DYNAMICS LOADING OF REDUCTION STAND OF THE 

REDUCTION AND SIZING MILL AT A COLD ROLLING  

Berezin O.I. 

Stary Oskol Technological Institute named after A.A. Ugarov (branch) NUST «MISIS» Russia, Stary Oskol 

 

Abstract. The results of the analysis of technological aspects of the expansion of the use 

of reduction and sizing mills (RSM) of three-roll stand are presented. The analysis shows that, 

despite the widespread use of RSM in rolling production, further expansion of the range of 

products, in the direction of increasing the cross sections, requires additional research, 

especially in the plane of energy-force assessment of the dynamics of loading of the reduction 

and sizing mill stands at low-temperature rolling. 

Keywords: continuously cast billet, reducing and sizing block, deformation, calibration, 

rolling mill. 

 

ɺʧʝʨʚʳʝ ʪʨʝʭʚʘʣʢʦʚʳʝ ʢʣʝʪʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʢʘʪʘ ʢʨʫʛʣʦʛʦ 

ʩʝʯʝʥʠʷ ʝʱʝ ʚ 1954 ʛʦʜʫ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʢʣʝʪʝʡ ʧʦ ʦʜʠʥʦʯʥʦ ʚʳʷʚʠʣʦ 
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ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʚʘʞʥʝʡʰʠʤ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʨʦʜʦʣʴʥʦʝ ʩʢʨʫʯʠʚʘʥʠʝ ʨʘʩʢʘʪʘ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʘʥʥʳʝ ʢʣʝʪʠ ʩʪʘʣʠ 

ʛʨʫʧʧʠʨʦʚʘʪʴ ʚ ʢʦʤʧʘʢʪʥʳʝ ʙʣʦʢʠ (ʈʠʩʫʥʦʢ 1). ʀʤʝʥʥʦ ʢʦʤʧʘʢʪʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʢʣʝʪʝʡ ʚ 

ʙʣʦʢʠ ʩʦʚʝʨʰʠʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʨʳʚ ʚʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʠ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʵʪʠ ʢʣʝʪʠ ʥʝʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʢʘʢ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʢʘʪʢʠ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [1-3].  

 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ1 ï ɺʠʜ ʦʪʜʝʣʴʥʦʡ ʢʣʝʪʠ (ʘ) ʠ ʢʦʧʘʢʪʥʦʛʦ ʙʣʦʢʘ ʠʟ 4-ʭ ʢʣʝʪʝʡ (ʙ) 

 

ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʝʭʚʘʣʢʦʚʳʭ ʙʣʦʢʦʚ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ [1,4]. ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʜʫʢʮʠʦʥʥʦ-ʢʘʣʠʙʨʫʶʱʠʭ ʙʣʦʢʦʚ (ʈʂɹ) 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʦʩʩʠʠ (ʈʂɹ ʚ 

ʤʝʣʢʦʩʦʨʪʥʦʡ ʣʠʥʠʠ ʩʪʘʥʘ 350 - ʧʨʠʟʚʦʜʩʪʚʦ ʢʨʫʛʦʚ Ï12-40 ʤʤ, ʈʂɹ ʥʘ ʤʝʣʢʦʩʦʨʪʥʦʤ 

ʩʪʘʥʝ 350 ʆɸʆ çʊʶʤʝʥʴʩʪʘʣʴè - ʧʨʠʟʚʦʜʩʪʚʦ ʢʨʫʛʦʚ Ï10-42ʤʤ, ʈʂɹ ʚ ʩʨʝʜʥʝʩʦʨʪʥʦʡ 

ʣʠʥʠʠ ʩʪʘʥʘ 350 ʆɸʆ ʆʕʄʂ - ʧʨʠʟʚʦʜʩʪʚʦ ʢʨʫʛʦʚ Ï 25-83ʤʤ) ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ 

ʤʦʤʝʥʪʘʤ. 

ʊʨʘʜʠʮʠʦʥʥʦ 4-ʭ ʢʣʝʪʴʝʚʦʡ ʈʂɹ (ʈʠʩʫʥʦʢ 1ʙ) ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ 

ʫʟʣʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ: 
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- ʩʪʘʥʠʥʳ 4-ʭ ʢʣʝʪʴʝʚʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʦʧʦʨʥʳʤʠ 

ʧʣʠʪʘʤʠ, ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʩʪʦʣʦʤ; 

- ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʫʟʣʦʚ ʠ ʰʧʠʥʜʝʣʝʡ; 

- ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

- ʯʝʪʳʨʝʭ ʪʨʝʭʚʘʣʢʦʚʳʭ ʢʘʩʩʝʪ; 

- ʪʨʝʭʨʦʣʠʢʦʚʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩ ʛʘʟʦʚʳʤʠ ʘʤʦʨʪʠʟʘʪʦʨʘʤʠ (ʦʙʳʯʥʦ ʥʘ ʦʜʥʫ 

ʤʝʥʴʰʝ , ʯʝʤ ʯʠʩʣʦ ʢʣʝʪʝʡ; 

- ʢʘʩʩʝʪ ʩ ʭʦʣʦʩʪʳʤʠ ʨʦʣʠʢʘʤʠ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʩʪʘʥʠʥʘ ʠʤʝʝʪ ʚʠʜ ʩʚʘʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʢʣʶʯʘʝʪ ʦʜʥʫ 

ʙʘʣʢʫ ʜʣʷ ʧʨʠʝʤʘ ʢʣʝʪʝʡ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʩʪʘʥʠʥʳ ʩʤʦʥʪʠʨʦʚʘʥʘ ʠ ʩʦʝʜʠʥʝʥʘ ʩ 

ʧʦʧʝʨʝʯʠʥʦʡ ʩʪʘʥʠʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʙʦʢʦʚʳʭ ʦʧʦʨ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʘʢʨʝʧʣʝʥʳ 

ʥʝʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʘʥʠʥʳ, ʚʢʣʶʯʘʷ ʮʠʣʠʥʜʨʳ ʟʘʞʠʤʘ ʢʣʝʪʠ. ʆʩʥʦʚʥʘʷ ʦʧʦʨʥʘʷ 

ʨʘʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʨʦʙʯʘʪʦʛʦ ʩʝʯʝʥʠʷ. ʂ ʦʩʥʦʚʥʦʡ 

ʨʘʤʝ ʧʨʠʢʨʝʧʣʝʥʳ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠ ʟʘʞʠʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 3-ʭ ʚʘʣʢʦʚʳʭ ʢʣʝʪʝʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʮʠʣʠʥʜʨʳ. ʋʩʪʨʦʡʩʪʚʘ ʚʪʷʛʠʚʘʥʠʷ ʠ ʫʜʝʨʞʠʚʘʥʠʷ 

ʚʩʝʭ ʚʘʣʦʚ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ ʢ ʦʩʥʦʚʥʦʡ ʨʘʤʝ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʮʠʣʠʥʜʨʳ. 

ʉʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʢʠ ʚʘʣʢʦʚ ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ ʚʩʪʨʦʝʥʘ ʚ ʩʪʘʥʠʥʫ. ɺ ʩʪʘʥʠʥʫ 

ʚʩʪʨʦʝʥʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʦʪʚʦʜʘ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʟʠʮʠʠ ʜʣʷ ʚʭʦʜʥʳʭ ʧʨʠʚʦʜʥʳʭ ʚʘʣʦʚ 

ʢʘʩʩʝʪ.  

ʈʂɹ ʦʩʥʘʱʝʥ ʪʘʢʞʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʨʠʚʦʜʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʢʘʞʜʦʡ ʢʣʝʪʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ ʜʚʠʛʘʪʝʣʝʡ 

ʛʣʘʚʥʳʭ ʧʨʠʚʦʜʦʚ ʢ ʚʘʣʢʘʤ ʢʘʩʩʝʪ ʨʝʜʫʢʮʠʦʥʥʦ-ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʙʣʦʢʘ. ɼʚʠʛʘʪʝʣʠ 

ʧʝʨʝʤʝʥʥʦʛʦ (ʠʣʠ ʧʦʩʪʦʷʥʥʦʛʦ) ʪʦʢʘ ʩʦʝʜʠʥʝʥʳ ʩ ʛʣʘʚʥʳʤ ʨʝʜʫʢʪʦʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʤʫʬʪ. ʂʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʛʣʘʚʥʳʡ ʨʝʜʫʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ 

ʧʝʨʝʢʣʶʯʘʶʱʝʡ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠ ʦʙʦʨʫʜʦʚʘʥ ʪʨʝʤʷ ʚʳʭʦʜʥʳʤʠ ʚʘʣʘʤʠ.  

ɺʳʭʦʜʥʳʝ ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʚʘʣʳ ʛʣʘʚʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʧʦʜʩʦʝʜʠʥʝʥʳ ʢ ʚʝʨʭʥʠʤ ʠ 

ʥʠʞʥʠʤ ʢʦʥʠʯʝʩʢʠʤ ʨʝʜʫʢʪʦʨʘʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʰʧʠʥʜʝʣʷʤʠ. ʉʨʝʜʥʠʝ ʚʘʣʳ ʛʣʘʚʥʳʭ 

ʨʝʜʫʢʪʦʨʦʚ ʩʦʝʜʠʥʝʥʳ ʥʘʧʨʷʤʫʶ ʩ ʚʘʣʢʘʤʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʰʧʠʥʜʝʣʷʤʠ ʠ ʟʫʙʯʘʪʳʤʠ 

ʤʫʬʪʘʤʠ. 

ʂʦʥʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ ʦʙʦʨʫʜʦʚʘʥʳ ʧʦʜʚʠʞʥʳʤʠ ʚʳʭʦʜʥʳʤʠ ʚʘʣʘʤʠ ʩ ʧʨʠʚʦʜʦʤ 

ʦʪ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ, ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʰʧʠʥʜʝʣʷʤʠ ʚʘʣʢʦʚ ʚ ʢʘʩʩʝʪʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ 

ʰʧʠʥʜʝʣʷʤʠ ʩ ʟʫʙʯʘʪʳʤʠ ʤʫʬʪʘʤʠ. 

 ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʢʘʞʜʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʚʘʣʢʘ ʪʘʢʞʝ ʚʦ ʚʨʝʤʷ ʧʨʦʢʘʪʢʠ ʩ ʮʝʣʴʶ 
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ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʦʙʞʘʪʠʷ ʧʨʦʢʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʮʠʣʠʥʜʨʘʤʠ ʥʘ ʨʳʯʘʛʠ ʩʚʝʜʝʥʠʷ ʚʘʣʢʦʚ. 

ʊʨʝʭ ʚʘʣʢʦʚʘʷ ʢʘʩʩʝʪʘ (ʈʠʩʫʥʦʢ 1ʘ) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʥʝʡ ʧʨʠʚʦʜʥʳʭ 

ʚʘʣʦʚ ʩ ʧʨʦʢʘʪʥʳʤʠ ʚʘʣʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʞʘʪʠʝ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʠ 

ʥʘ ʥʝʝ ʚʚʦʜʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʘʭ ʈʂɹ. 

ʂʘʩʩʝʪʘ ʚ ʩʙʦʨʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʪʘʥʠʥʝ ʈʂɹ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ 

ʧʨʦʢʘʪʘ ʩ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʪʦʯʥʦʩʪʴ ʜʠʘʤʝʪʨʦʚ, ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ). 

ʂʘʩʩʝʪʘ ʚʘʣʢʦʚ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ. ɺʩʝ ʚʘʣʳ ʚʘʣʢʦʚ ʠʤʝʶʪ ʰʣʠʮʝʚʳʝ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʚʪʫʣʢʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʝʜʠʥʷʝʤʳʝ ʩ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʤʫʬʪʘʤʠ 

ʢʦʥʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʚʘʣʦʚ. ʈʦʣʠʢʦʧʦʜʰʠʧʥʠʢ ʠ ʢʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʦʜʠʥ ʧʦʚʦʨʦʪʥʳʡ ʨʳʯʘʛ, ʚʩʪʨʦʝʥʥʳʝ ʛʘʟʦʚʳʝ 

ʘʤʦʨʪʠʟʘʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʟʘʟʦʨʘ ʚ ʩʠʩʪʝʤʝ. ɺʩʷ ʧʦʜʘʯʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, 

ʥʘʧʨʠʤʝʨ, ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ, ʚʦʟʜʫʰʥʦ-ʤʘʩʣʷʥʦʡ ʩʤʘʟʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʝʜʠʥʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʫʬʪʳ ʜʣʷ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʝʜʠʥʷʝʪʩʷ ʩ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʧʦʜʘʯʠ ʵʥʝʨʛʦʩʨʝʜ ʧʫʪʝʤ ʚʚʦʜʘ ʢʣʝʪʠ ʚ ʙʣʦʢ. 

ʊʨʝʭʚʘʣʢʦʚʘʷ ʩʠʩʪʝʤʘ ʢʘʣʠʙʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʩʭʝʤʫ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ, ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʶʱʫʶ ʥʘ ʢʘʯʝʩʪʚʦ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʨʦʢʘʪʢʝ 

ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫʝʤʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʜʚʫʭʚʘʣʢʦʚʦʡ [5-8]. 

ɸʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʈʂɹ ʢʘʣʠʙʨʦʚʦʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʢʘʣʠʙʨʦʚʢʘ 

ʚʘʣʢʦʚ ʪʨʝʭʚʘʣʢʦʚʳʭ ʙʣʦʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʙʦ ʩʠʩʪʝʤʫ ʦʜʥʦʨʦʜʥʳʭ ʪʨʝʫʛʦʣʴʥʳʭ 

ʢʘʣʠʙʨʦʚ (ʪʨʝʫʛʦʣʴʥʠʢ-ʪʨʫʛʦʣʴʥʠʢ); ʣʠʙʦ ʩʠʩʪʝʤʫ ʯʝʨʝʜʫʶʱʠʭʩʷ ʢʘʣʠʙʨʦʚ (çʩʪʨʝʣʴʯʘʪʳʡ 

ʪʨʝʫʛʦʣʴʥʠʢ-ʢʨʫʛè) [9]. ʉʠʩʪʝʤʫ çʪʨʝʫʛʦʣʴʥʠʢ-ʪʨʝʫʛʦʣʴʥʠʢè ʜʣʷ ʧʨʦʢʘʪʢʠ ʩʪʘʣʴʥʦʛʦ 

ʢʨʫʛʣʦʛʦ ʧʨʦʢʘʪʘ ʧʨʠʤʝʥʷʝʪ ʬʠʨʤʘ KOKS. 

ʅʘʯʘʚʰʝʝʩʷ ʚ ʧʦʩʣʝʜʥʠʝ 15-20 ʣʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʈʂɹ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʢʘʪʢʠ (ʪʘʙʣʠʮʘ 1) ʩʦʟʜʘʣʦ ʧʨʝʜʧʦʩʳʣʢʠ ʢʘʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤ ʢʘʣʠʙʨʦʚ, ʪʘʢ ʠ ʧʦʪʨʝʙʦʚʘʣʦ ʵʥʝʨʛʦʩʠʣʦʚʦʡ 

ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʥʘʛʨʫʞʝʥʠʷ ʢʣʝʪʝʡ ʈʂɹ.  

 

ʊʘʙʣʠʮʘ 1 ï ʏʠʩʪʦʚʘʷ ʧʨʦʢʘʪʢʘ ʢʨʫʛʣʦʛʦ ʧʨʦʢʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈʂɹ ʚ ʧʦʪʦʢʝ ʃʇʂ-5 

ʢʦʤʧʘʥʠʠ BAOSTEEL SHANGHAI 

ɻʨʫʧʧʘ ʩʪʘʣʠ 
ʊ-ʨʘ ʥʘ ʚʭʦʜʝ 

ʢʣʝʪʠ ˉ7, ʦʉ 

ʊ-ʨʘ ʥʘ 

ʚʭʦʜʝ ʈʂɹ, 
ʦʉ 

ʊ-ʨʘ ʥʘ 

ʚʭʦʜʝ 

ʭʦʣʦʜʠ

ʣʴʥʠʢʘ, 
ʦʉ 

ʉʠʩʪʝʤʘ 

DSC 

ɿʘʤʝʜʣʝʥ-

ʥʦʝ ʦʭʣʘʞ-

ʜʝʥʠʝ 

ɸʫʩʪʝʥʠʪʥʘʷ 

ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 

1030-1070 970-1030 - ʅʝ ʠʩʧʦʣʴ. ʅʝ ʠʩʧʦʣʴ. 
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ɸʫʩʪʝʥʠʪʥʘʷ ʢʣʘʧʘʥʥʘʷ 

ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 

1100-1120 980-1030 - ʅʝ ʠʩʧʦʣʴ. ʅʝ ʠʩʧʦʣʴʟ. 

ʄʘʨʪʝʥʩʠʪʥʘʷ 

ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 

1020-1100 950-1000 - ʀʩʧʦʣʴʟ. ʀʩʧʦʣʴʟ. 

ʌʝʨʨʠʪʥʘʷ 

ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 

950-970 880-920 870-890 ʅʝ ʠʩʧʦʣʴ. ʀʩʧʦʣʴʟ. 

ʇʦʜʰʠʧʥʠʢʦʚʘʷ ʩʪʘʣʴ 970-990 780-840 720-760 ʀʩʧʦʣʴʟ. ʅʝ ʠʩʧʦʣʴʟ. 

ʇʨʫʞʠʥʥʘʷ ʩʪʘʣʴ 950-970 780-840 780-820 ʀʩʧʦʣʴʟ. ʅʝ ʠʩʧʦʣʴʟ. 

ʉʪʘʣʴ ʜʣʷ ʭʦʣʦʜʥʦʡ 

ʚʳʩʘʜʢʠ 

950-970 840-860 820-840 ʀʩʧʦʣʴʟ. ʅʝ ʠʩʧʦʣʴʟ. 

ʅʠʟʢʦʣʝʛʠʨʦʚʘʥʥʘʷ 

ʩʪʘʣʴ 

950-970 820-860 800-840 ʀʩʧʦʣʴʟ. ʅʝ ʠʩʧʦʣʴʟ. 

ʋʛʣʝʨʦʜʠʩʪʘʷ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʪʘʣʴ 

950-970 860-900 840-860 ʀʩʧʦʣʴʟ. ʅʝ ʠʩʧʦʣʴʟ. 

ɸʚʪʦʤʘʪʥʘʷ ʩʪʘʣʴ 950-970 880-920 860-880 ʀʩʧʦʣʴʟ. ʅʝ ʠʩʧʦʣʴʟ. 

 

ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʢʘʪʢʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʮʝʥʪʨʦʤ ʨʘʩʢʘʪʘ [10-12] ʤʝʥʷʝʪ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚ 

ʢʘʣʠʙʨʘʭ (ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ ʧʦʧʝʨʝʯʥʦʝ ʪʝʯʝʥʠʝ) ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʩ ʜʨʫʛʦʡ, 

ʧʨʠʚʦʜʠʪ: ʢ ʧʦʚʳʰʝʥʠʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʧʦ ʩʝʯʝʥʠʶ [13-

15]; ʨʘʟʥʦʟʝʨʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʦ ʩʝʯʝʥʠʶ ʧʨʦʬʠʣʷ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢ ʧʦʷʚʣʝʥʠʶ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ. ɺ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʦʟʤʦʞʥʳ ʧʨʦʷʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʜʠʘʤʝʪʨʘ ʢʨʫʛʘ ʚ ʦʜʥʦʤ 

ʩʝʯʝʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʩʝʯʝʥʠʷʭ ʧʦ ʜʣʠʥʝ ʧʨʫʪʢʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʈʂɹ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʦʢʘʪʢʠ ʚ ʫʩʣʦʚʠʷʭ ʩʦʨʪʦʚʳʭ ʩʪʘʥʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʠʥʠ- 

ʟʘʚʦʜʦʚ, ʨʘʙʦʪʘʶʱʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ ʥʘ ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʡ ʟʘʛʦʪʦʚʢʝ ʤʘʣʦʛʦ ʩʝʯʝʥʠʷ (ʯʘʱʝ 

ʚʩʝʛʦ ʢʚʘʜʨʘʪ 150ʭ150 ʤʤ) ʧʦʪʨʝʙʦʚʘʣʦ ʦʧʨʝʜʝʣʝʥʠʷ (ʚ ʫʩʣʦʚʠʷʭ ʢʘʞʜʦʛʦ ʠʟ ʩʪʘʥʦʚ) 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʢʘʪʘ, ʚ ʢʦʪʦʨʦʤ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʧʦʣʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ. 

ʅʝ ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʝʯʝʥʠʠ ʛʦʪʦʚʦʛʦ ʧʨʦʢʘʪʘ, 

ʧʦʯʠʚʰʝʛʦ ʩʫʤʤʘʨʥʫʶ ʚʳʪʷʞʢʫ ʚ ʧʨʝʜʝʣʘʭ 5-6 ʤʦʛʫʪ ʚʳʷʚʣʷʶʪʩʷ ʩʣʝʜʳ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʳ 

[16], ʪʘʢʦʡ ʤʝʪʘʣ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʝʜʝʣʢʠ ʚ ʧʨʦʜʫʢʮʠʶ ʥʝ 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [17]. ɸʥʘʣʦʛʠʯʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ [18,19].  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʚ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʚʦʟʨʘʩʪʘʥʠʶ ʥʘʛʨʫʟʦʢ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʨʘʙʦʪʳ [20] 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʬʦʨʤʘʮʠʠ ʩ 10000ʉ ʜʦ 8000ʉ ʙʘʟʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʪʝʯʝʥʠʝ ʤʝʪʘʣʣʘ 

ʚʦʟʨʘʩʪʘʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 1,66 ʨʘʟʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠ ʘʥʘʣʦʛʠʯʥʳʡ ʨʦʩʪ ʥʘʛʨʫʟʦʢ 

ʥʘ ʵʣʝʤʝʥʪʳ ʈʂɹ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 780-8400ʉ ʥʦʩʷʪ ʚʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʡ 
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ʭʘʨʘʢʪʝʨ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ ʧʨʦʙʣʝʤʳ ʩ ʵʥʝʨʛʦʩʠʣʦʚʦʡ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ 

ʥʘʛʨʫʞʝʥʠʷ ʢʣʝʪʝʡ ʨʝʜʫʢʮʠʦʥʥʦ-ʢʘʣʠʙʨʫʶʱʝʛʦ ʙʣʦʢʘ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʢʘʪʢʝ. 

ɺʳʚʦʜ. ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʈʂɹ ʚ ʧʨʦʢʘʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʩʝʯʝʥʠʡ, ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʩʦʙʝʥʥʦ ʚ ʧʣʦʩʢʦʩʪʠ ʵʥʝʨʛʦʩʠʣʦʚʦʡ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʥʘʛʨʫʞʝʥʠʷ ʢʣʝʪʝʡ ʨʝʜʫʢʮʠʦʥʥʦ-

ʢʘʣʠʙʨʫʶʱʝʛʦ ʙʣʦʢʘ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʢʘʪʢʝ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅʆɺʆɻʆ ʉʇʆʉʆɹɸ çʄʗɻʂʆɻʆè ʆɹɾɸʊʀʗ 

ʅɽʇʈɽʈʓɺʅʆʃʀʊʓʍ ɿɸɻʆʊʆɺʆʂ ʅɸ ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʍ ʌʀɿʀʏɽʉʂʀʍ 

ʄʆɼɽʃʗʍ 
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309516, ʈʦʩʩʠʷ, ʛ. ʉʪʘʨʳʡ ʆʩʢʦʣ, ʤʠʢʨʦʨʘʡʦʥ ʠʤ. ʄʘʢʘʨʝʥʢʦ, 42 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ 

çʤʷʛʢʦʛʦè ʦʙʞʘʪʠʷ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʥʝ ʪʦʣʴʢʦ 

ʧʦʜʘʚʣʷʪʴ ʦʩʝʚʫʶ ʣʠʢʚʘʮʠʶ ʠ ʧʦʨʠʩʪʦʩʪʴ, ʥʦ ʠ ʩʦʢʨʘʱʘʪʴ ʨʦʤʙʠʯʥʦʩʪʴ 

ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʄʅʃɿ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʧʨʝʨʳʚʥʦʣʠʪʘʷ ʟʘʛʦʪʦʚʢʘ, çʤʷʛʢʦʝè ʦʙʞʘʪʠʝ, ʜʝʬʦʨʤʘʮʠʷ, 

ʄʅʃɿ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ. 
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Abstract. The primary results of the study of a new method of "soft" reduction of 

continuously cast billets by combined physical models, performed to determine the effectiveness 

of this method in comparison with existing ones, are presented. It is shown that the new method 

allows not only to suppress axial liquation and porosity, but also to reduce the rhombicity of the 

continuously cast workpiece during solidification in the CCM process line. 

Keywords: concast billet, soft reduction, deformation, CCM, quality management. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʘʝʪ ʤʝʪʦʜ çʤʷʛʢʦʛʦè ʦʙʞʘʪʠʷ 

ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ [1], ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʘʷʩʷ ʦʙʦʣʦʯʢʘ ʟʘʛʦʪʦʚʢʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʣʘʚʥʦʤʫ ʦʙʞʘʪʠʶ ʩ ʮʝʣʴʶ 

ʤʠʥʠʤʠʟʘʮʠʠ ʠʣʠ ʠʩʢʣʶʯʝʥʠʷ ʝʸ ʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʨʠʩʪʦʩʪʴ ʠ ʦʩʝʚʘʷ ʣʠʢʚʘʮʠʷ [2, 3]. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ 
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ʜʝʬʝʢʪʘ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ñʨʦʤʙʠʯʥʦʩʪʴò, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʥʠʮʘ 

ʜʠʘʛʦʥʘʣʝʡ ʟʘʛʦʪʦʚʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʨʦʙʣʝʤ ʧʨʠ ʧʨʦʢʘʪʢʝ [4]. ʇʦʵʪʦʤʫ, 

ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʚ ʯʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ ʙʫʜʫʪ ʠʤʝʪʴ 

ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʚʤʝʱʘʪʴ ʚ ʩʝʙʷ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ çʤʷʛʢʦʛʦè ʦʙʞʘʪʠʷ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʪʴ ʚʝʣʠʯʠʥʫ ʨʦʤʙʠʯʥʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ [5]. 

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʣʠʪʝʡʥʦ-ʧʨʦʢʘʪʥʳʭ ʤʦʜʫʣʝʡ 

[6]. 

ʅʘ ʢʘʬʝʜʨʝ ʄʝʪʘʣʣʫʨʛʠʠ ʠ ʤʝʪʘʣʣʦʚʝʜʝʥʠʷ ʉʪʘʨʦʦʩʢʦʣʴʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ (ʬʠʣʠʘʣ) ʅʀʊʋ «ʄʀʉʠʉ» ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ 

çʤʷʛʢʦʛʦè ʦʙʞʘʪʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʘʪʴ ʢʘʯʝʩʪʚʦ ʦʩʝʚʦʡ ʟʦʥʳ 

ʟʘʛʦʪʦʚʢʠ, ʥʦ ʠ ʠʩʧʨʘʚʣʷʪʴ ʨʦʤʙʠʯʥʦʩʪʴ, ʝʩʣʠ ʦʥʘ ʚʦʟʥʠʢʣʘ ʥʘ ʙʦʣʝʝ ʨʘʥʥʝʡ ʩʪʘʜʠʠ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. ʇʦ ʵʪʦʤʫ ʩʧʦʩʦʙʫ ʥʝʧʨʝʨʚrʥʦʣʠʪʘʷ ʟʘʛʦʪʦʚʢʘ ʧʦʣʫʯʘʝʪ 

ʜʝʬʦʨʤʘʮʠʶ ʚ ʟʦʥʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʢʦʛʜʘ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʫʭʬʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʚ ʚʘʣʢʘʭ ʙʣʦʢʘ çʤʷʛʢʦʛʦè ʦʙʞʘʪʠʷ ʩʝʛʤʝʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʜʚʝ ʧʘʨʳ 

ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʚʘʣʢʦʚ ʚ ʦʜʥʦʤ ʩʝʛʤʝʥʪʝ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʜʣʠʥʝ ʩʣʠʪʢʘ ʚ ʵʪʦʡ ʟʦʥʝ ʚ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ [7, 8]. ʇʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʚʳʩʦʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʟʘʛʦʪʦʚʢʠ, ʪʘʢ 

ʠ ʩʤʝʱʝʥʠʝ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʛʨʘʥʝʡ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ ʚ ʛʝʣʠʢʦʠʜʘʣʴʥʳʭ 

ʚʘʣʢʘʭ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʨʦʤʙʠʯʥʦʩʪʠ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦ ʧʨʦʚʝʜʝʥʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʣʦʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʝ, ʘ ʠʤʝʥʥʦ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʧʝʥʦʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʬʦʨʤʘ, 

ʠʤʠʪʠʨʫʶʱʘʷ ʨʦʤʙʠʯʥʫʶ ʟʘʛʦʪʦʚʢʫ, ʩ ʦʪʚʝʨʩʪʠʝʤ ʚ ʢʦʪʦʨʦʝ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʞʝʣʘʪʠʥʦʚʘʷ 

ʤʘʩʩʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʥʦʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʤʦʜʝʣʠ ʨʦʤʙʠʯʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʘʤʦʨʬʥʦʡ 

ʩʝʨʜʮʝʚʠʥʦʡ ʧʦʟʚʦʣʠʣʦ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʠʤʠʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʩʧʨʘʚʣʝʥʠʷ ʬʦʨʤʳ 

ʨʦʤʙʠʯʥʦʡ ʟʘʛʦʪʚʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʞʠʜʢʦ-ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʚʚʠʜʫ ʙʦʣʴʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʢ ʧʨʝʜʤʝʪʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [9-12].  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʘʨʘʢʪʝʨʝ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʨʘʟʤʝʨʦʚ ʬʘʟ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʤʙʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʰʝʩʪʴ ʜʝʬʦʨʤʠʨʫʝʤʳʭ 

ʧʝʥʦʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʬʦʨʤ ʩ ʞʝʣʘʪʠʥʦʚʦʡ ʩʝʨʜʮʝʚʠʥʦʡ (ʈʠʩʫʥʦʢ 1).  

ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʛʨʫʧʧʳ ʤʦʜʝʣʝʡ, ʠʤʝʶʱʠʭ ʥʘʯʘʣʴʥʫʶ ʨʦʤʙʠʯʥʦʩʪʴ 1,035 

ʠ 1,1. ɺ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʬʦʨʤʳ ʩ ʞʝʣʘʪʠʥʦʚʦʡ 
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ʩʝʨʜʮʝʚʠʥʦʡ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʧʣʦʱʘʜʝʡ ʜʚʫʭ ʬʘʟ 0,05, 0,1 ʠ 0,25.  

  
ʈʠʩʫʥʦʢ 1 ï ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʦʜʝʣʠ 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʧʨʠʥʷʪ ʤʘʩʰʪʘʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʚʥʳʡ 1:1. ʈʘʟʤʝʨʳ 

ʦʩʝʚʦʡ ʧʦʣʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʫʪʝʤ ʨʘʩʯʝʪʦʚ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [13, 14]. 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʫʶ ʬʦʨʤʫ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ 

ʟʫʙʯʘʪʳʭ ʨʝʝʢ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʪʦʯʝʥʥʳʝ ʟʫʙʮʳ ʢʦʪʦʨʳʭ ʠʤʝʣʠ ʬʦʨʤʫ ʪʨʘʧʝʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʟʫʙʯʘʪʳʭ ʨʝʝʢ ʩʦʩʪʘʚʣʷʣʦ 0 ʤʤ, 5 ʤʤ, 10 ʤʤ, 15 ʤʤ ʠ 20 ʤʤ.  

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʥʥʳʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʢʨʘʱʝʥʠʷ ʧʣʦʱʘʜʠ ʞʝʣʘʪʠʥʦʚʦʡ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠ, ʠʤʠʪʠʨʫʶʱʝʡ ʞʠʜʢʦ-ʪʚʝʨʜʫʶ ʬʘʟʫ, ʦʪ ʩʤʝʱʝʥʠʷ ʨʝʝʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʤʙʠʯʥʦʩʪʠ 

(ʩʤ. ʨʠʩʫʥʦʢ 2).  

 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʢʨʘʱʝʥʠʷ ʞʠʜʢʦ-ʪʚʝʨʜʦʡ ʬʘʟʳ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ 

ʧʣʘʥʦʢ ʠ ʧʣʦʱʘʜʠ ʞʠʜʢʦ-ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʨʠ ʠʩʭʦʜʥʦʡ ʨʦʤʙʠʯʥʦʩʪʠ D2/ D1 = 1,1 

 

ʊʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʦʤʙʠʯʥʦʩʪʠ ʤʦʜʝʣʝʡ ʦʪ ʩʤʝʱʝʥʠʷ ʟʫʙʯʘʪʳʭ ʨʝʝʢ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʦʡ 
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ʨʦʤʙʠʯʥʦʩʪʠ ʢʘʞʜʦʡ ʤʦʜʝʣʠ (ʈʠʩʫʥʦʢ 3). 

 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʤʙʠʯʥʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʣʘʥʦʢ 

ʠ ʧʣʦʱʘʜʠ ʞʠʜʢʦ-ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʨʠ ʠʩʭʦʜʥʦʡ ʨʦʤʙʠʯʥʦʩʪʠ D2/D1 = 1,1 

 

ɺʳʚʦʜ. ɺʳʧʦʣʥʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ 

ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʠʩʧʨʘʚʣʝʥʠʷ ʜʝʬʝʢʪʘ ñʨʦʤʙʠʯʥʦʩʪʴò 

ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʘʣʠʙʨʦʚʢʠ ʢʨʫʛʣʦʛʦ ʧʨʦʢʘʪʘ ʧʦ 

ʩʠʩʪʝʤʝ çʪʨʝʫʛʦʣʴʥʠʢ-ʢʨʫʛè ʜʣʷ ʚʘʣʢʦʚ ʨʝʜʫʢʮʠʦʥʥʦ-ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʙʣʦʢʘ 

ʤʝʣʢʦʩʦʨʪʥʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʨʘʩʩʯʠʪʘʥʘ ʢʘʣʠʙʨʦʚʢʘ 

ʢʨʫʛʘ ʜʠʘʤʝʪʨʦʤ 15 ʤʤ ʠʟ ʟʘʛʦʪʦʚʢʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ. ɼʘʥʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʧʦʟʚʦʣʠʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʛʦʪʦʚʢʫ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʧʨʝʨʳʚʥʦʣʠʪʘʷ ʟʘʛʦʪʦʚʢʘ, ʨʝʜʫʢʮʠʦʥʥʦ-ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʙʣʦʢ, 

ʜʝʬʦʨʤʘʮʠʷ, ʢʘʣʠʙʨʦʚʢʘ, ʧʨʦʢʘʪʥʳʡ ʩʪʘʥ. 

 

IMPROVING THE CALIBR ATION OF THE REDUCIN G AND SIZING BLOCK F OR 

THE PRODUCTION OF SM ALL -SECTION ROUND BARS 

Butorin A.A.  

Stary Oskol Technological Institute named after A.A. Ugarov (branch) NUST «MISIS» Russia, Stary Oskol 

 

Abstract. A method for calculation of the calibration round bars according to the 

"triangle-circle" roll reducing and sizing block light section rolling mill. With the use of this 

method, the calibration of the round with a diameter of 15 mm from a workpiece with a diameter 

of 20 mm is calculated. This calibration will allow using a workpiece with a larger diameter and 

increasing the efficiency of the process. 

Keywords: continuously cast billet, reducing and sizing block, deformation, calibration, 

rolling mill. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʷʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʥʝ 

ʧʦʣʥʦʩʪʴʶ. ʋʩʪʦʡʯʠʚʳʡ ʜʝʬʠʮʠʪ ʠʤʝʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ ʚʠʜʝ ʧʨʦʢʘʪʘ ʠʟ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ - ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ, ʩʦʨʪʦʚʦʡ ʠ ʣʠʩʪʦʚʦʡ ʠ ʪ.ʜ. [1]. 

ʅʘ ʥʝʢʦʪʦʨʳʭ ʟʘʚʦʜʘʭ ʂʠʪʘʷ [2] ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥ ʨʷʜ 

ʧʨʦʝʢʪʦʚ, ʢʦʛʜʘ ʢʘʣʠʙʨʫʶʱʠʡ ʙʣʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʨʝʜʫʮʠʨʦʚʘʥʠʷ. ʕʪʦ 
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ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ [3]. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʙʨʘʢʘ ʧʦ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ 

ʛʦʪʦʚʦʛʦ ʧʨʦʢʘʪʘ [4-6], ʨʘʟʤʝʨʘʤ ʠ ʬʦʨʤʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ [7], ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ [8] ʠ ʪ.ʜ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʧʨʘʚʣʷʪʴ ʙʨʘʢʦʚʘʥʥʳʡ 

ʤʝʪʘʣʣ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʦʣʝʝ ʜʝʰʝʚʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʤʝʣʶʱʠʭ ʰʘʨʦʚ [9]. 

ʀʟ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʢʘʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʜʫʢʮʠʦʥʥʦ-ʢʘʣʠʙʨʫʶʱʠʭ ʙʣʦʢʦʚ ʠʤʝʶʪ ʘʢʪʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʆʯʝʚʠʜʥʳʤ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʬʠʨʤʘ çʂʆʂʉè [10]. 

ʊʝʭʥʦʣʦʛʠʷ ʛʦʨʷʯʝʛʦ ʢʘʣʠʙʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤʳ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʩʞʘʪʠʷ ʚ ʩʠʩʪʝʤʝ ʪʨʝʭ ʚʘʣʢʦʚ, ʦʩʠ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛʣʦʤ 120 ʛʨʘʜʫʩʦʚ [11]. 

ʂʨʦʤʝ ʪʦʛʦ ʠʩʢʣʶʯʘʝʪʩʷ ʩʢʨʫʯʠʚʘʥʠʝ ʨʘʩʢʘʪʘ ʟʘ ʩʯʝʪ ʩʭʝʤʳ ʯʝʨʝʜʦʚʘʥʠʷ ʨʘʟʲʝʤʦʚ ʚʘʣʢʦʚ. 

ʊʦʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʞʝʩʪʢʦʡ ʫʩʪʘʥʦʚʢʠ ʚʘʣʢʦʚ ʚ ʢʨʫʛʣʳʝ ʢʘʩʝʪʳ ʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʝʨʝʤʝʱʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʧʨʦʩʳ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʢʣʝʪʷʭ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ (ʦʚʘʣ-

ʢʨʫʛ) ʨʝʰʘʣʠʩʴ ʜʦʚʦʣʴʥʦ ʚ ʪʘʢʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ [12-15] ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ 

ʢʘʣʠʙʨʦʚʢʠ ʢʣʝʪʝʡ ʢʘʣʠʙʨʫʶʱʝʛʦ ʙʣʦʢʘ ʧʦ ʩʠʩʪʝʤʝ ʪʨʝʫʛʦʣʴʥʠʢ-ʢʨʫʛ ʜʣʷ ʧʨʦʢʘʪʢʠ ʢʨʫʛʘ 

15 ʤʤ. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜʠʢʫ, ʠʟʣʦʞʝʥʥʫʶ ʚ ʨʘʙʦʪʘʭ [16, 17]. 

ʋʩʪʘʥʘʚʣʠʚʘʝʤ ʩʣʝʜʫʶʱʠʝ ʚʳʪʷʞʢʠ ʧʦ ʢʣʝʪʷʤ ʙʣʦʢʘ (ʧʨʦʪʠʚ ʭʦʜʘ ʧʨʦʢʘʪʢʠ) 

˃ ρȟπυȟ ˃ ρȟρτȟ ˃ ρȟς 

ɺʝʣʠʯʠʥʘ ʚʳʪʷʞʢʠ ʚ ʧʝʨʚʦʡ ʢʣʝʪʠ ʙʣʦʢʘ ʥʘ ʫʨʦʚʥʝ ‘ ρȟς ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʪʘʙʠʣʴʥʦʛʦ ʟʘʭʚʘʪʘ ʨʘʩʢʘʪʘ. ʊʦʛʜʘ ʚʳʪʷʞʢʘ ʚʦ ʚʪʦʨʦʡ ʢʣʝʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ:  

˃
В˃

˃Ͻ˃ Ͻ˃

ȟ

ȟ Ͻȟ Ͻȟ
    (1) 

ʈ ρȟςτς 

ʇʦʩʪʨʦʝʥʠʝ ʪʨʝʫʛʦʣʴʥʳʭ ʢʘʣʠʙʨʦʚ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʨʘʜʠʫʩʘ ʦʧʠʩʘʥʥʦʛʦ 

ʢʨʫʛʘ Ὑ̏  ̋(ʩʤ. ʨʠʩʫʥʦʢ 1). 

ɿʘʜʘʝʤʩʷ ʟʥʘʯʝʥʠʝʤ ʫʛʣʘ j = 75Á. ʉ ʫʯʝʪʦʤ ʚʝʣʠʯʠʥʳ ʫʛʣʘ  ʥʘʭʦʜʠʤ ʧʣʦʱʘʜʴ 

ʩʝʛʤʝʥʪʘ KMND: 

Ὓ ÓÉÎ•      (2) 

ʛʜʝ ὶ ï ʨʘʜʠʫʩ ʟʘʜʘʚʘʝʤʦʛʦ ʚ ʪʨʝʫʛʦʣʴʥʳʡ ʢʘʣʠʙʨ ʢʨʫʛʘ, ʤʤ. 

ʇʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ ʢʘʣʠʙʨʘ Ὓ  ʧʦʣʫʯʘʝʤ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʠʟ ʧʣʦʱʘʜʠ 

ʟʘʜʘʚʘʝʤʦʛʦ ʢʨʫʛʘ ʨʘʜʠʫʩʦʤ Ò ʧʣʦʱʘʜʠ ʪʨʝʭ ʩʝʛʤʝʥʪʦʚ  
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3 ʌ: σ3       (3) 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʫʛʦʣʴʥʳʭ ʢʘʣʠʙʨʦʚ 

 

ʆʧʨʝʜʝʣʷʝʤ ʩʪʨʝʣʫ ʩʝʛʤʝʥʪʘ ʄɼ, ʦʙʦʟʥʘʯʠʚ ʝʝ ʢʘʢ h 

Ὤ ὶϽÓÉÎϽÔÇ    (4) 

ʆʧʨʝʜʝʣʷʝʤ ʨʘʜʠʫʩ ʚʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ὶ̃  ̐ʢʘʢ  

Ò̃̐ : È     (5) 

ʈʘʜʠʫʩ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʳʤ  

2ͦ ͨ ςÒ͍  ͨ     (6) 

ʊʘʢ ʢʘʢ, ʚʝʣʠʯʠʥʘ ‘ ̉ ὶ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ, ʜʣʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʘ 

• χπωυЈ, ʫʪʦʯʥʷʝʤ ʚʝʣʠʯʠʥʫ ʨʘʜʠʫʩʘ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ  

Ὑ̏ ̐
ȟ Ͻ

ȟ
Ͻὶ      (7) 

ʆʧʨʝʜʝʣʷʝʤ ʰʠʨʠʥʫ ʢʘʣʠʙʨʘ: 

ʘ) ʧʦ ʦʩʷʤ 

b = 1,732Ὑ̏  ̐      (8) 

ʙ) ʧʦ ʜʥʫ ʢʘʣʠʙʨʘ 

ὦ ὦ ςὸ     (9) 

ʛʜʝ t ï ʟʘʟʦʨ ʤʝʞʜʫ ʚʦʣʢʘʤʠ, ʤʤ. 

ʚ) ʧʦ ʤʝʪʘʣʣʫ 

ὦ̍ ςὶϽÓÉÎφπ‎     (10) 

ʛʜʝ ‎  

ɺʳʩʦʪʘ ʢʘʣʠʙʨʘ  

Ὤ Ὑ̏ ̐ ὶ̃  ̐    (11) 
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ɺʳʩʦʪʘ ʢʘʣʠʙʨʘ ʧʦ ʤʝʪʘʣʣʫ  

Ὤ ὶ ὶ̃  ̐     (12) 

ʆʙʞʘʪʠʝ ʚ 3-ʭ ʫʛʦʣʴʥʦʤ ʢʘʣʠʙʨʝ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʚʳʨʘʞʝʥʠʷ  

ЎὬ ὶ ὶ̃  ̐     (13) 

ʇʦ ʜʥʫ ʢʘʞʜʦʛʦ ʢʨʫʛʣʦʛʦ ʢʘʣʠʙʨʘ ʫʛʣʫʙʣʝʥʠʝ ʛʣʫʙʠʥʦʡ (ʈʠʩʫʥʦʢ 2): C = 0,95 ὶ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʢʨʫʛʣʦʛʦ ʢʘʣʠʙʨʘ 

 

ʈʘʜʠʫʩ ʫʛʣʫʙʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʚʳʨʘʞʝʥʠʷ:  

ὶ πȟωυ ὤ (14) 

ʐʠʨʠʥʘ ʢʘʣʠʙʨʘ ʧʦ ʦʩʷʤ:  

ὦ ρȟχσςϽὶ.  (15) 

ʐʠʨʠʥʘ ʢʘʣʠʙʨʘ ʧʦ ʜʥʫ:  

ὦ ὦ πȟυὸ  (16) 

 ʛʜʝ t ï ʰʠʨʠʥʘ ʨʘʟʲʝʤʘ, ʤʤ  

ɻʣʫʙʠʥʫ ʢʘʣʠʙʨʘ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʚʳʨʘʞʝʥʠʷ  

Ὤ πȟυὶ πȟτσσὸ ὅ   (17) 

ʆʙʞʘʪʠʝ ʚ ʢʨʫʛʣʦʤ ʢʘʣʠʙʨʝ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʚʳʨʘʞʝʥʠʷ:  

ЎὬ ὶ ὶ ὅ   (18) 

ʇʨʦʩʪʦʨ ʥʘ ʫʰʠʨʝʥʠʝ ʚ ʢʨʫʛʣʦʤ ʢʘʣʠʙʨʝ:  

Ўὦ ὶ ὶ̃  ̎  (19) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʨʫʛʣʳʭ ʢʘʣʠʙʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʨʫʛʣʳʭ ʢʘʣʠʙʨʦʚ 

ʇʘʨʘʤʝʪʨʳ ʆʙʦʟʥʘʯʝʥʠʷ ʂʣʝʪʠ ʈɹʂ 

1 2 3 4 

ʋʛʣʫʙʣʝʥʠʝ ʧʦ ʜʥʫ ʢʘʣʠʙʨʘ, ʤʤ c - 0,205 - 0,186 

ʈʘʜʠʫʩ ʫʛʣʫʙʣʝʥʠʝ, ʤʤ ὶ - 7,78 - 7,125 

ʐʠʨʠʥʘ ʢʘʣʠʙʨʘ ʧʦ ʦʩʷʤ, ʤʤ b - 14,19 - 12,99 

ʐʠʨʠʥʘ ʢʘʣʠʙʨʘ ʧʦ ʜʥʫ, ʤʤ ὦ - 13,69 - 12,49 

ɻʣʫʙʠʥʘ ʢʘʣʠʙʨʘ, ʤʤ h - 3,867 - 3,503 

ʆʙʞʘʪʠʝ, ʤʤ ЎὬ - 1,605 - 0,504 

ʇʨʦʩʪʦʨ ʥʘ ʫʰʠʨʝʥʠʝ, ʤʤ Ўὦ  0,26  1,0 

 

ʆʧʨʝʜʝʣʷʝʤ ʩʢʦʨʦʩʪʴ ʧʨʦʢʘʪʢʠ ʧʦ ʢʣʝʪʷʤ ʈʂɹ (ʪʘʙʣʠʮʘ 2) ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʥʝʡ ʢʣʝʪʠ ʤʝʣʢʦʩʦʨʪʥʦʡ ʣʠʥʠʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʫʛʣʦʛʦ 

ʧʨʦʬʠʣʷ  20ʤʤ ï ʢʣʝʪʠ 24ɺ, ʩʢʦʨʦʩʪʴ ʧʨʦʢʘʪʢʠ ʩʦʩʪʘʚʣʷʝʪ: V24 = 14 ʤ/ʩ 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʚʳʨʘʞʝʥʠʝ:  

ὠ ὑϽ‘Ͻὠ  

ʛʜʝ K - ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʪʷʞʝʥʠʷ.  

 

ʊʘʙʣʠʮʘ 2 ï ʈʘʩʯʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ 

ʇʘʨʘʤʝʪʨʳ  ʆʙʦʟʥʘʯʝʥʠʷ  ʂʣʝʪʠ ʈʂɹ  

1 2 3 4 

ɸʙʩʦʣʶʪʥʦʝ ʦʙʞʘʪʠʝ, ʤʤ ЎὬ 2,07 1,605 1,69 0,504 

ʇʣʦʱʘʜʴ ʨʘʩʢʘʪʘ, ʤʤ S 261,67 210,68 184,81 176,0 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʞʘʪʠʝ, % ‐ 16,67 19,49 12,28 4,77 

ʋʛʦʣ ʟʘʭʚʘʪʘ, ʛʨʘʜ ‌ 6,06 5,34 5,48 2,99 

ʉʢʦʨʦʩʪʴ ʧʨʦʢʘʪʘ, ʤ/ʩ V 16,97 21,29 24,51 25,99 

 

ɺʳʚʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʩʠʩʪʝʤʝ çʪʨʝʫʛʦʣʴʥʠʢ ï ʢʨʫʛè ʧʦʟʚʦʣʠʪ 

ʫʚʝʣʠʯʠʪʴ ʚʳʪʷʞʢʫ ʚ ʨʝʜʫʢʮʠʦʥʥʦ-ʢʘʣʠʙʨʦʚʦʯʥʦʤ ʙʣʦʢʝ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʛʦʪʦʚʢʫ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 
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ʪʨʝʭʚʘʣʢʦʚʳʭ ʢʣʝʪʝʡ // ʄʝʪʘʣʣ ʠ ʣʠʪʴʝ ʋʢʨʘʠʥʳ, 2000. ï ʉ. 53-57. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʩʣʷʙʦʚ ʪʦʣʱʠʥʦʡ ʦʪ 200 ʜʦ 300 ʤʤ ʠ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ 0,06-0,2 %ʉ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʠʯʥʘʷ ʢʘʨʪʠʥʘ 

ʟʦʥʘʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʛʦ ʩʣʷʙʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʢʚʘʮʠʷ; ʦʩʝʚʘʷ ʭʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ; ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʡ 

ʩʣʷʙ. 

 

DISTRIBUTIONS OF THE  DEGREE OF CARBON SEGREGATION IN THICKNE SS 

IN CONTINUOUSLY CAST  SLABS 

Glotova I.O., Dozhdikov V.I. 

Lipetsk State Technical University, Russia, Lipetsk 

 

Abstract. In the article the experimental data of various researchers for continuously cast 

slabs with a thickness of 200 to 300 mm and carbon content in the range of 0.06 to 0.2% C are 

analyzed. The characteristic figure of zonal chemical heterogeneity in the thickness of a 

continuously cast slab is presented. 

Keywords: segregation; axial chemical inhomogeneity; continuously cast slab. 

 

ɺ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʢʘʭ (ʅʃɿ) ʙʝʟʫʩʣʦʚʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠʢʚʘʮʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʝʚʦʡ ʟʦʥʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʮʝʥʪʨʘʣʴʥʘʷ (ʦʩʝʚʘʷ) ʭʠʤʠʯʝʩʢʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʦʡ ʩʚʝʨʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜ, ʩʝʨʘ ʠ ʬʦʩʬʦʨ ʞʠʜʢʦʡ ʬʘʟʳ, 

ʦʪʪʝʩʥʷʶʪʩʷ ʚ ʦʩʝʚʫʶ ʟʦʥʫ ʩʣʠʪʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʪʝʧʣʦʚʦʤ ʮʝʥʪʨʝ ʩʣʠʪʢʘ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʚ 1,5-5 ʨʘʟ, ʩʝʨʳ ʚ 3-4 ʠ ʬʦʩʬʦʨʘ ʚ 1,5-2 ʨʘʟʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʥʘ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʯʘʩʪʢʘʭ [1].  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʣʠʢʚʘʮʠʠ ʧʦ ʩʝʯʝʥʠʶ, ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʣʷ 



38 
 

ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʩʣʷʙʦʚ ʪʦʣʱʠʥʦʡ ʦʪ 200 ʜʦ 300 ʤʤ ʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʚ 

ʜʠʘʧʘʟʦʥʝ 0,06-0,2 %ʉ. 

ɸʥʘʣʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʤʘʩʩʠʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ 

ʪʨʠ ʛʨʫʧʧʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ: I ʛʨʫʧʧʘ ï 0,06-0,1%ʉ, II ʛʨʫʧʧʘ ï 0,11-0,15%ʉ ʠ III  

ʛʨʫʧʧʘ ï 0,16-0,2%ʉ [2-15].  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʥʝʨʘʚʥʦʮʝʥʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʬʠʢʩʘʮʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʧʦ ʤʘʣʦʤʫ ʠ ʙʦʣʴʰʦʤʫ ʨʘʜʠʫʩʘʤ ʠ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʫʯʘʩʪʢʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʘʢʦ, ʠʤʝʥʥʦ ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʜʘʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʙʱʠʭ ʪʝʥʜʝʥʮʠʷʭ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʣʠʢʚʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʩʣʠʪʢʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʪʨʝʭ 

ʚʳʙʨʘʥʥʳʭ ʛʨʫʧʧ ʩʪʘʣʝʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʛʜʝ 

ʟʥʘʯʝʥʠʷʤ ʩʪʝʧʝʥʠ ʣʠʢʚʘʮʠʠ ʧʨʠ x/L=-1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʙʣʘʩʪʠ ʩʣʠʪʢʦʚ 

(ʢʘʢ ʧʦ ʤʘʣʦʤʫ, ʪʘʢ ʠ ʧʦ ʙʦʣʴʰʦʤʫ ʨʘʜʠʫʩʫ), ʘ ʟʥʘʯʝʥʠʶ ʧʨʠ x/L=0 ï ʦʩʝʚʘʷ. 

  

 

ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʣʠʢʚʘʮʠʠ ʫʛʣʝʨʦʜʘ ʧʦ ʪʦʣʱʠʥʝ:  

ʘ ï I ʛʨʫʧʧʘ [2-6]; ʙ ï II  ʛʨʫʧʧʘ [2, 4-5, 7-10]; ʚ - III  ʛʨʫʧʧʘ [2, 6, 11-15] 

ʘ ʙ 

ʚ 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1 ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʣʠʢʚʘʮʠʠ ʫʛʣʝʨʦʜʘ 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʭʘʨʘʢʪʝʨ ʤʘʢʨʦʩʝʛʨʝʛʘʮʠʠ ʧʦ 

ʪʦʣʱʠʥʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʣʠʪʢʘ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ: 

 - ʜʣʷ I ʛʨʫʧʧʳ: 
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- ʜʣʷ II ʛʨʫʧʧʳ:
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IIʩ , ʧʨʠ R2=0,992 

- ʜʣʷ III  ʛʨʫʧʧʳ: 

15,1*47,3)(*20)(*83,46)(*7,9,47)(*9,17 2345

,
+++++=

L

x

L

x

L

x

L

x

L

x
k

IIIʩ , ʧʨʠ R2=0,83 

 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʣʠʢʚʘʮʠʠ ʫʛʣʝʨʦʜʘ ʧʦ ʪʦʣʱʠʥʝ ʩʣʷʙʦʚ 

ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ. ʊʘʢ, ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʷʤʘʷ ʣʠʢʚʘʮʠʷ (Kc>1), ʧʦʣʫʯʘʶʱʘʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʦʩʝʚʦʡ ʟʦʥʝ ʩʣʠʪʢʘ, ʠ ʦʙʨʘʪʥʘʷ ʣʠʢʚʘʮʠʷ (Kc<1) ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ. ʄʦʞʥʦ ʪʘʢ ʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢ ʮʝʥʪʨʫ ʩʣʠʪʢʘ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʧʦ ʪʦʣʱʠʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʦʩʠ ʩʣʠʪʢʘ ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʠ ʥʝʙʦʣʴʰʦʡ ʪʝʥʜʝʥʮʠʝʡ ʝʛʦ ʚʦʟʨʘʩʪʘʥʠʷ. ʅʘʣʠʯʠʝ ʵʪʦʡ çʚʦʣʥʳè ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʝʧʝʥʠ ʣʠʢʚʘʮʠʠ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʢʦʣʝʙʘʥʠʷ ʩʪʝʧʝʥʠ ʣʠʢʚʘʮʠʠ ʫʛʣʝʨʦʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʨʝʟʯʝ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʨʦʜʘ ʚ ʩʪʘʣʠ. ɺ ʫʟʢʦʡ ʦʩʝʚʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʠ ʤʝʥʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʣʠʢʚʘʮʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʦʥʘ, ʦʙʝʜʥʝʥʥʘʷ 

ʫʛʣʝʨʦʜʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʩʪʘʣʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʷ I, II ʠ III ï ʛʨʫʧʧ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʣʠʢʚʘʮʠʠ ʚ ʦʩʝʚʦʡ ʟʦʥʝ 

ʩʦʩʪʘʚʣʷʝʪ 1,15, 1,25 ʠ 1,35, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʧʝʥʴ ʦʩʝʚʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʫʛʣʝʨʦʜʫ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʝʛʦ ʚ ʧʨʝʜʝʣʘʭ 0,06-0,1%ʉ ʚ ʩʨʝʜʥʝʤ ʚ 1,2 

ʨʘʟʘ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ 0,16-0,2%ʉ. 

ʆʙʦʙʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʪʠʧʠʯʥʫʶ ʢʘʨʪʠʥʫ ʟʦʥʘʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʛʦ ʩʣʠʪʢʘ (ʈʠʩʫʥʦʢ 2). 

ʋʨʘʚʥʝʥʠʝ ʫʩʨʝʜʥʝʥʥʦʡ ʢʨʠʚʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 
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11,1*55,2)(*5,14)(*69,33)(*4,34)(*84,12 2345 +++++=
L

x

L

x

L

x

L

x

L

x
kʩ , ʧʨʠ R2=0,87 

 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʣʠʢʚʘʮʠʠ ʫʛʣʝʨʦʜʘ ʧʦ ʪʦʣʱʠʥʝ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʩʣʷʙʘ [2-15] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʘʷ ʢʨʠʚʘʷ ʦʙʦʙʱʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʪʝʧʝʥʠ ʣʠʢʚʘʮʠʠ ʧʦ ʩʝʯʝʥʠʶ ʩʣʠʪʢʘ, ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʥʘ ʦʩʠ ʩʣʠʪʢʘ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʣʠʢʚʘʮʠʠ ʫʛʣʝʨʦʜʘ ʧʦ ʩʝʯʝʥʠʶ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʩʣʠʪʢʘ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʤʦʞʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʛʦʪʦʚʦʛʦ ʤʝʪʘʣʣʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʜʝʣʴʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʘʣʝʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʘʣʝʡ ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ ʧʨʝʜʝʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʣʷ ʩʦʨʪʘʤʝʥʪʘ ʩʪʘʣʝʡ, ʧʨʦʢʘʪʳʚʘʝʤʳʭ ʥʘ 

ʪʠʧʦʚʦʤ ʩʨʝʜʥʝʩʦʨʪʥʦʤ ʧʨʦʢʘʪʥʦʤ ʩʪʘʥʝ, ʚʳʧʦʣʥʝʥʥʘʷ ʧʦ ʧʨʠʟʥʘʢʫ ʙʣʠʟʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʧʨʝʨʳʚʥʦʣʠʪʘʷ ʟʘʛʦʪʦʚʢʘ, ʧʨʦʢʘʪʥʳʡ ʩʪʘʥ, ʜʝʬʦʨʤʘʮʠʷ, 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʜʝʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ. 

 

THE USE OF ULTIMATE PLASTICITY INDEX TO CLASSIFY THE RANGE O F 

ROLLED STEELS  

Goncharova A.N. 

Stary Oskol Technological Institute named after A.A. Ugarov (branch) NUST «MISIS» Russia, Stary Oskol 

 

Abstract. An approach using the ultimate plasticity index for the classification of steels is 

considered. The classification of steels according to the index of ultimate plasticity for the range 

of steels rolled on a typical medium-grade rolling mill, made on the basis of the proximity of 

deformation and temperature modes of processing, is presented. 

Keywords: concast billet, rolling mill, deformation, ultimate plasticity index, quality 

management. 

 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʟʘʢʘʟʘ ʥʘ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʶ ʠʟ ʨʘʥʝʝ ʥʝ ʦʩʚʦʝʥʥʦʡ ʤʘʨʢʠ ʩʪʘʣʠ 

ʠʣʠ ʩʧʣʘʚʘ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʥʝʩʪʠ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʢ ʦʜʥʦʡ ʠʟ ʫʞʝ ʧʨʦʠʟʚʦʜʠʤʳʭ 

ʛʨʫʧʧ ʤʘʨʦʯʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʢ 

ʜʘʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʦʜʥʦʡ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ [1]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʢʘʟʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʥʘʥʠʷʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʧʳʪʦʤ ʪʝʭʥʦʣʦʛʦʚ ʠ 

ʤʝʪʘʣʣʦʚʝʜʦʚ. ʆʜʥʘʢʦ, ʦʙʦʙʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ ʩ ʧʦʤʦʱʴʶ 



43 
 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʩʠʪ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʩʜʝʨʞʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ [2]. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʧʨʠʚʣʝʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢ ʤʥʦʛʦʤʝʨʥʦʡ 

ʛʨʫʧʧʠʨʦʚʢʝ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʵʪʫ ʧʨʦʮʝʜʫʨʫ ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʲʝʢʪʠʚʥʦʡ, 

ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ ʚʨʝʤʷ ʥʘ ʝʝ ʚʳʧʦʣʥʝʥʠʝ [3-6]. 

ɸʥʘʣʠʟ ʩʦʨʪʘʤʝʥʪʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʪʠʧʦʚʦʤ ʥʝʧʨʝʨʳʚʥʦʤ 

ʩʨʝʜʥʝʩʦʨʪʥʦʤ ʩʪʘʥʝ ʪʠʧʘ 350, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʦʩʩʠʠ (ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʠʥʠ-ʟʘʚʦʜʘʭ) ʧʦʢʘʟʳʚʘʣʠ, ʯʪʦ ʚʩʷ ʧʨʦʜʫʢʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʘ ʧʦ ʜʝʩʷʪʠ ʦʩʥʦʚʥʳʤ ʛʨʫʧʧʘʤ (ʪʘʙʣʠʮʘ 1). ʇʨʠ ʵʪʦʤ 

ʜʦʧʫʩʢʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʛʨʫʧʧʳ. ʆʜʥʘʢʦ ʠʭ ʫʜʝʣʴʥʳʡ ʚʝʩ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʢʨʘʡʥʝ ʥʝʚʝʣʠʢ 

[7-10]. 

ʊʘʙʣʠʮʘ 1 ï ʉʦʨʪʘʤʝʥʪ ʪʠʧʦʚʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʨʝʜʥʝʩʦʨʪʥʦʛʦ ʩʪʘʥʘ ʧʦ ʧʨʦʬʠʣʷʤ ʠ 

ʤʘʨʢʘʤ ʩʪʘʣʠ 

ɺʠʜ ʧʨʦʢʘʪʘ ʈʘʟʤʝʨʳ, ʤʤ 
ɻʆʉʊ ʥʘ 

ʩʦʨʪʘʤʝʥʪ 
ʄʘʨʢʘ ʩʪʘʣʠ 

1. ʇʨʦʢʘʪ ʩʪʘʣʴʥʦʡ ʛʦʨʷʯʝʢʘʪʘʥʳʡ 
ʢʨʫʛʣʳʡ 

20...50 
ɻʆʉʊ 

2590 

ʉʪ0, ʉʪ3, ʉʪ4, ʉʪ5, ʉʪ6 ʢʧ/ʧʩ/ʩʧ 

18ɻ2ʉ, 09ɻ2, 09ɻ2ɼ, 14ɻ2 

08 ï 60, 65-80, 60ɻ-70ɻ, 

55ʉ2, 55ʉ2ɸ, 60ʉ2, 60ʉ2ɸ 

45ʍ, 50ʍ, 35ɻ2, 45ɻ2, 30ʍɻʉ, 

38ʍɻʉ, 38ʍʉ, 30ʍɻʊ, 40ʍʅ 

2. ʇʨʦʢʘʪ ʩʪʘʣʴʥʦʡ ʛʦʨʷʯʝʢʘʪʘʥʳʡ 
ʢʚʘʜʨʘʪʥʳʡ 

18...45 
ɻʆʉʊ 

2591 

ʉʪ0, ʉʪ3, ʉʪ4, ʉʪ5, ʉʪ6 ʢʧ/ʧʩ/ʩʧ 

18ɻ2ʉ, 09ɻ2, 09ɻ2ɼ, 14ɻ2 

08 ï 60, 65-80, 60ɻ-70ɻ, 

55ʉ2, 55ʉ2ɸ, 60ʉ2, 60ʉ2ɸ 

45ʍ, 50ʍ, 35ɻ2, 45ɻ2, 30ʍɻʉ, 

38ʍɻʉ, 38ʍʉ, 30ʍɻʊ, 40ʍʅ 

3. ʇʨʦʢʘʪ ʩʪʘʣʴʥʦʡ ʛʦʨʷʯʝʢʘʪʘʥʳʡ 
ʰʝʩʪʠʛʨʘʥʥʳʡ ʩ ʜʠʘʤʝʪʨʦʤ 

ʚʧʠʩʘʥʥʦʛʦ ʢʨʫʛʘ 

20...48 
ɻʆʉʊ 

2879 

ʉʪ0, ʉʪ3, ʉʪ4, ʉʪ5, ʉʪ6 ʢʧ/ʧʩ/ʩʧ 

08 ï 60 

45ʍ, 50ʍ, 35ɻ2, 45ɻ2, 30ʍɻʉ, 

38ʍɻʉ, 38ʍʉ, 30ʍɻʊ, 40ʍʅ 

4. ʇʨʦʢʘʪ ʛʦʨʷʯʝʢʘʪʘʥʳʡ ʜʣʷ 

ʘʨʤʠʨʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ 

14...36 
ɻʆʉʊ 

5781 

ʉʪ3ʢʧ, ʉʪ3ʩʧ, ʉʪ5ʧʩ, ʉʪ5ʩʧ 

35ɻʉ, 10ɻʊ, 80ʉ, 25ɻ2ʉ 

5. ʉʪʘʣʴ ʘʨʤʘʪʫʨʥʘʷ 
ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠ ʫʧʨʦʯʥʝʥʥʘʷ ʜʣʷ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

14...36 
ɻʆʉʊ 

10084 

ʉʪ3ʢʧ, ʉʪ3ʩʧ, ʉʪ5ʧʩ, ʉʪ5ʩʧ 

35ɻʉ, 10ɻʊ, 80ʉ, 25ɻ2ʉ 

6. ʉʪʘʣʴ ʘʨʤʘʪʫʨʥʘʷ ʚʠʥʪʦʚʦʛʦ 
ʧʨʦʬʠʣʷ ʜʣʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ 

14é36  
ʉʪ3ʢʧ, ʉʪ3ʩʧ, ʉʪ5ʧʩ, ʉʪ5ʩʧ 

35ɻʉ, 10ɻʊ, 80ʉ, 25ɻ2ʉ 

7. ʇʨʦʢʘʪ ʩʪʘʣʴʥʦʡ ʛʦʨʷʯʝʢʘʪʘʥʳʡ 
ʜʣʷ ʨʝʩʩʦʨ 

75×8,0 

75×9,5, 

90Ĭ10,0é12,0 

ɻʆʉʊ 

7419 

65-80, 

60ɻ-70ɻ, 

55ʉ2, 55ʉ2ɸ, 60ʉ2, 60ʉ2ɸ 

8. ʋʛʦʣʢʠ ʩʪʘʣʴʥʳʝ ʛʦʨʷʯʝʢʘʪʘʥʳʝ 
ʨʘʚʥʦʧʦʣʦʯʥʳʝ 

ʦʪ 32Ĭ32Ĭ4 

ʜʦ 63Ĭ3Ĭ4...ʙ 

ɻʆʉʊ 

8509 

ʉʪ0, ʉʪ3, ʉʪ4, ʉʪ5, ʉʪ6 ʢʧ/ʧʩ/ʩʧ 

18ɻ2ʉ, 09ɻ2, 09ɻ2ɼ, 14ɻ2 

9. ʋʛʦʣʢʠ ʩʪʘʣʴʥʳʝ ʛʦʨʷʯʝʢʘʪʘʥʳʝ 
ʥʝʨʘʚʥʦʧʦʣʦʯʥʳʝ 

ʦʪ 45Ĭ28×3...4 

ʜʦ 

63×40×4...8 

ɻʆʉʊ 

8510 

ʉʪ0, ʉʪ3, ʉʪ4, ʉʪ5, ʉʪ6 ʢʧ/ʧʩ/ʩʧ 

18ɻ2ʉ, 09ɻ2, 09ɻ2ɼ, 14ɻ2 

10. ʐʚʝʣʣʝʨ 

ˉ5,0 

ˉ6,5 

ˉ8 

ɻʆʉʊ 

8240 

ʉʪ0, ʉʪ3, ʉʪ4, ʉʪ5, ʉʪ6 ʢʧ/ʧʩ/ʩʧ 

18ɻ2ʉ, 09ɻ2, 09ɻ2ɼ, 14ɻ2 
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ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʢʘʪʘ ʩʣʝʜʫʝʪ 

ʩʯʠʪʘʪʴ ʥʘʛʨʝʚ ʟʘʛʦʪʦʚʦʢ ʧʝʨʝʜ ʧʨʦʢʘʪʢʦʡ ʚ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʝʯʠ. 

ʇʦ ʨʝʞʠʤʫ ʥʘʛʨʝʚʘ ʤʘʨʢʠ ʩʪʘʣʠ ʫʩʣʦʚʥʦ ʜʝʣʷʪʩʷ ʥʘ ʛʨʫʧʧʳ [11, 12]. ʆʜʥʘʢʦ ʘʥʘʣʠʟ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʧʝʯʘʭ ʨʝʛʣʘʤʝʥʪʘ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʘʛʨʝʛʘʪʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʝʩʴʤʘ ʫʧʨʦʱʝʥʥʳʡ ʨʝʞʠʤ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʦʢ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʨʦʢʘʪʳʚʘʝʤʳʭ ʤʘʨʦʢ ʩʪʘʣʠ ʥʘ ʜʚʝ ʛʨʫʧʧʳ (ʪʘʙʣʠʮʘ 

2).  

ʊʘʙʣʠʮʘ 2 ï ʈʝʞʠʤ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʦʢ ʚ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʝʯʠ ʩʪʘʥʘ 

ɻʨʫʧʧʘ 

ʤʘʨʦʢ ʩʪʘʣʠ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʝʯʠ, 

ʰʪ/ʯ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦ ʟʦʥʘʤ ʧʝʯʠ, Áʉ 

ʥʠʞʥʠʝ 

ʟʦʥʳ 

ʚʝʨʭʥʠʝ 

ʟʦʥʳ 

1 2 3 4 5 ʠ 6 

ʋʛʣʝʨʦʜʠʩʪʳʝ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 

63 

47 

38 

900 

800 

860 

1230 

1200 

1190 

910 

890 

870 

1240 

1210 

1200 

1230 

1200 

1200 

ʅʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʠ 

ʣʝʛʠʨʦʚʘʥʥʳʝ 

63 

47 

38 

870 

850 

830 

1220 

1190 

1180 

880 

860 

840 

1230 

1200 

1190 

1220 

1190 

1190 

 

ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʛʦʨʷʯʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʠʟʚʝʩʪʠ ʪʘʢʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʨʦʢʘʪʳʚʘʝʤʳʭ ʥʘ ʩʪʘʥʝ ʤʘʨʦʢ ʩʪʘʣʠ, ʢʦʪʦʨʘʷ 

ʜʦʧʫʩʢʘʣʘ ʙʳ ʙʣʠʟʢʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʉ ʵʪʠʭ 

ʧʦʟʠʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʧʦʩʦʙ ʛʨʫʧʧʠʨʦʚʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʢʘʪʳʚʘʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʪʠʧʦʚʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʩʨʝʜʥʝʩʦʨʪʥʦʛʦ ʩʪʘʥʘ ʧʦ ʧʨʠʟʥʘʢʫ ʙʣʠʟʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ 

ʦʙʨʘʙʦʪʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧ ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʪʘʢʩʦʥʦʤʝʪʨʠʠ, ʫʩʧʝʰʥʦ 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [1]. 

ʊʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʨʘʟʜʝʣʠʣʘ 

ʚʳʨʘʙʦʪʢʫ ʩʪʘʣʝʡ ʥʘ ʩʝʤʴ, ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʳʭ ʛʨʫʧʧ [13-19]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʧʧ, ʘ 

ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ɺʳʚʦʜ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʘʣʝʡ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʧʨʝʜʝʣʴʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʝʝ ʠ ʪʦʯʥʝʝ ʦʪʥʝʩʪʠ ʤʘʨʢʫ ʩʪʘʣʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʝ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʠʪ ʚʚʦʜ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʦʛʦ ʤʘʨʦʯʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ ʠ ʧʦʚʳʩʠʪ 

ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ʊʘʙʣʠʮʘ 3 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʘʣʝʡ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʧʨʝʜʝʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʄʘʨʢʘ 

ʩʪʘʣʠ 
ʊʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʇʨʝʜʝʣʴʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʳʪʷʞʢʠ ʟʘ 

ʧʝʨʠʦʜ 

 ɛ 

65-80 

60ɻ-70ɻ 

ɸ - ʩʪʘʣʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʨʝʜʠ ʚʩʝʭ 

ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʩʦʩʪʘʚʦʚ ʘʙʩʦʣʶʪʥʳʤ ʫʨʦʚʥʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ 1200Üʉ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800Áʉ ʚʩʝ 

ʩʪʘʣʠ ʵʪʦʡ ʛʨʫʧʧʳ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʥʫʣʶ. 

0,74-

1,05 

1,09-

1,36 

55ʉ2 

55ʉ2ɸ 

60ʉ2 

60ʉ2ɸ 

80ʉ 

ɹ - ʩʪʘʣʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʝ ʠ ʤʘʣʦʠʟʤʝʥʷʶʱʠʝʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 800-1000Áʉ ʧʣʘʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʨʝʜʥʠʡ 

ʠʭ ʫʨʦʚʝʥʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 1100-1200Üʉ. 

0,59-

0,74 

1,11-

1,27 

38ʍɻʉɸ 

38ʍʉ 

30ʍɻʊ 

40ʍʅ 

ɺ - ʜʣʷ ʩʪʘʣʝʡ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʪʨʝʙʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʝ ʫʩʣʦʚʠʷ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʠ ʚʩʝʭ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧ. ɸʥʘʣʠʟ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʦʙʨʘʟʮʦʚ ʠʟ 

ʩʪʘʣʝʡ ʛʨʫʧʧʳ ɺ, ʚʳʷʚʠʣ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʪʠ ʧʨʠ ʚʩʝʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʡ. 

1,24-

1,44 

1,49-

1,73 

45ʍ 

50ʍ 

45ɻ2 

ɻ - ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʘʣʝʡ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʜʘʥʥʦʡ ʛʨʫʧʧʝ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʤʦʥʦʪʦʥʥʦʛʦ ʠ ʙʣʠʟʢʦʛʦ ʢ ʣʠʥʝʡʥʦʤʫ ʨʦʩʪʫ ʧʦʢʘʟʘʪʝʣʷ n ʦʪ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ 

(n= 7 - 14) ʧʨʠ 800Áʉ ʜʦ ʚʝʣʠʯʠʥ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ (n= 55 - 75) ʧʨʠ 1200Üʉ. 

0,49-

0,59 
1,2-1,25 

18ɻ2ʉ 

35ɻ2 

30ʍɻʉ 

35ɻʉ 

10ɻʊ 

40ɻ, 10 

ɼ - ʫ ʩʪʘʣʝʡ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ n ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʝʪ 

ʧʦʯʪʠ ʪʘʢʦʡ ʞʝ ʭʘʨʘʢʪʝʨ, ʢʘʢ ʠ ʫ ʩʪʘʣʝʡ ʛʨʫʧʧʳ ɸ. ʆʜʥʘʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

800Üʉ ʧʦʢʘʟʘʪʝʣʴ n ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʘʙʩʦʣʶʪʥʳʡ ʫʨʦʚʝʥʴ, ʘ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʝʥʝʝ ʟʥʘʯʠʤʦʝ ʧʨʠʨʘʱʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʝʪʘʣʣʘ ʢ ʧʣʘʩʪʠʯʝʩʢʦʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ. 

0,54-

1,24 

1,23-

1,49 

09ɻ2 

09ɻ2ɼ 

ɽ - ʜʣʷ ʩʪʘʣʝʡ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ n ʥʝ ʤʝʥʷʝʪʩʷ ʠʣʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠʩʧʳʪʘʥʠʷ 800Üʉ ʟʥʘʯʝʥʠʷ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 10 - 40 ʦʙ., ʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1200Üʉ - ʚ ʜʠʘʧʘʟʦʥʝ 16 - 45 ʦʙ., ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ. 

1,02 1,22 

ʉʪ0, ʉʪ3 

ʉʪ4, ʉʪ5 

ʉʪ6,14ɻ2 

25ɻ2ʉ 

ʋ7, ʋ8 

15, 25 

40, 45 

50, 55 

ɾ - ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʝʡ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʜʘʥʥʫʶ 

ʛʨʫʧʧʫ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 800 ʜʦ 

1100Áʉ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1200Áʉ ʦʥ ʤʦʞʝʪ 

ʩʥʠʞʘʪʴʩʷ. ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ n ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʩʪʘʣʝʡ ʛʨʫʧʧʳ ɾ ʙʣʠʟʢʘ ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʦʚʝʜʝʥʠʷ ʢ ʩʪʘʣʷʤ ʛʨʫʧʧ ɹ, ɺ ʠ ɻ, 

ʦʜʥʘʢʦ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʟʥʘʯʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

0,51-

1,27 

1,13-

1,63 

n - ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʦʙʨʘʟʮʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ.  
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Abstract. The design features and operating principle of small-sized hydraulic shears 

realized two-stage cutting on dimensional lengths of thin-walled pipes, which the high quality of 

the end surface is provided, are highlighted. 

Keywords: pipe, wedge knife, hydraulic cylinder, cutting force, pressure, oil station, 

electric drive. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʨʝʟʢʫ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʥʘ ʤʝʨʥʳʝ ʜʣʠʥʳ ʚ 

ʧʦʪʦʯʥʳʭ ʣʠʥʠʷʭ ʩʚʘʨʦʯʥʳʭ ʠ ʛʠʙʦʯʥʳʭ ʩʪʘʥʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʠʣʘʤʠ, ʘʙʨʘʟʠʚʥʳʤʠ 

ʢʨʫʛʘʤʠ ʠʣʠ ʥʦʞʥʠʮʘʤʠ ʩ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ ʥʦʞʘʤʠ. ʇʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʨʝʞʫʱʠʭ ʩʠʩʪʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʠ ʦʜʥʦ ʠʟ ʥʠʭ ʥʝ ʦʪʚʝʯʘʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʤ ʚʘʞʥʳʤ ʫʩʣʦʚʠʷʤ: ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʩʢʦʨʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ 

ʪʨʫʙʳ ʥʘ ʤʝʨʥʳʝ ʟʘʛʦʪʦʚʢʠ ʠ ʠʩʢʣʶʯʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʠʭ ʪʦʨʮʘʭ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ, ʢʘʢ 

ʩʤʷʪʠʝ, ʟʘʫʩʝʥʮʳ ʠʣʠ ʟʘʜʠʨʳ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʙʝʟ ʩʥʠʞʝʥʠʷ ʨʠʪʤʘ ʨʘʙʦʪʳ ʪʨʫʙʦʩʚʘʨʦʯʥʳʭ ʩʪʘʥʦʚ 
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ʜʦʙʠʪʴʩʷ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʤʦʡ ʥʘ ʥʠʭ ʧʨʦʜʫʢʮʠʠ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʪʨʝʙʫʝʪ ʧʨʠʥʷʪʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ [2, 3]. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʩʣʝʜʫʝʪ 

ʧʨʠʟʥʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʩʭʝʤ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʯʘʩʪʠ ʪʨʫʙ 

ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʭ ʜʚʫʭʩʪʘʜʠʡʥʫʶ ʨʝʟʢʫ, ʩʭʝʤʘʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1 ʙ. ʉʫʪʴ ʝʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʪʝʣʝ ʪʨʫʙʳ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚ ʥʠʞʥʝʤ ʥʦʞʝʚʦʤ ʙʣʦʢʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʥʦʞʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʥʘʜʨʝʟ, ʦʩʣʘʙʣʷʶʱʠʡ ʧʦʧʝʨʝʯʥʦʝ 

ʩʝʯʝʥʠʝ ʪʨʫʙʳ (1-ʷ ʩʪʘʜʠʷ), ʧʦʩʣʝ ʯʝʛʦ ʚʝʨʪʠʢʘʣʴʥʦ ʦʧʫʩʢʘʶʱʠʤʩʷ ʢʣʠʥʦʚʳʤ ʥʦʞʦʤ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘ ʥʝʝ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʦʩʣʘʙʣʝʥʥʦʤ ʤʝʩʪʝ ʠ ʨʘʟʜʝʣʷʶʪ ʧʨʦʬʠʣʴ ʥʘ 

ʯʘʩʪʠ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʤʷʪʠʷ ʠʭ ʪʦʨʮʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (2-ʷ ʩʪʘʜʠʷ). ɼʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʟʢʠ ʪʨʫʙʥʦʛʦ ʧʨʦʢʘʪʘ ʥʝʦʙʭʦʜʠʤʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʥʦʞʥʠʮ, ʚʢʣʶʯʘʶʱʠʭ ʦʩʥʦʚʥʦʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʨʝʞʫʱʠʝ 

ʤʝʭʘʥʠʟʤʳ, ʩʠʥʭʨʦʥʥʦ ʨʘʙʦʪʘʶʱʠʝ ʦʪ ʦʜʥʦʛʦ ʧʨʠʚʦʜʘ.  

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʥʦʞʝʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʦ- (ʘ) ʠ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ (ʙ) 

ʧʨʦʮʝʩʩʦʚ ʧʦʧʝʨʝʯʥʦʡ ʨʝʟʢʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ 

 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʦʛʦ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʩʭʝʤ ʠʟʚʝʩʪʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʯʠʥʘʶʱʠʭʩʷ ʜʚʠʞʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʥʦʞʝʡ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʤʫ ʟʘʢʦʥʫ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʤʫ ʟʘʚʝʨʰʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʜʨʝʟʘ 

ʪʨʫʙʳ ʜʦ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʩʠʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʥʝʶ ʢʣʠʥʦʚʦʛʦ ʥʦʞʘ. ʋʢʘʟʘʥʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʦʞʥʠʮ 

ʨʝʘʣʠʟʦʚʘʥʘ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʦʜʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʟʫʙʯʘʪʳʭ ʨʝʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʘʮʝʧʣʝʥʠʠ ʩ 

ʨʘʟʤʝʱʝʥʥʳʤʠ ʥʘ ʦʜʥʦʤ ʚʘʣʫ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ ʩ ʨʘʟʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʜʝʣʠʪʝʣʴʥʳʭ 

ʦʢʨʫʞʥʦʩʪʝʡ, ʩʦʦʪʥʦʩʷʱʠʤʠʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʪʘʢ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʨʝʡʢʠ 

ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʝʝʢ ʚ 1,5 ʨʘʟʘ (ʈʠʩʫʥʦʢ 2). 

ɼʘʥʥʳʝ ʦʙ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ ʨʝʟʢʠ ʪʨʫʙ ʢʣʠʥʦʚʳʤʠ ʥʦʞʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [4, 5], ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʩʯʝʪʝ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʥʦʞʥʠʮ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 
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ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʥʦʞʥʠʮʳ ʤʦʛʫʪ ʢʦʤʧʣʝʢʪʦʚʘʪʴʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ (ʈʠʩʫʥʦʢ 3, 

ʘ) ʠʣʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ (ʈʠʩʫʥʦʢ 3, ʙ) ʧʨʠʚʦʜʘʤʠ. 

 

ʈʠʩʫʥʦʢ 2 ï ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʦʞʝʡ ʨʝʞʫʱʝʛʦ ʙʣʦʢʘ ʥʦʞʥʠʮ: 1 ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʟʫʙʯʘʪʘʷ ʨʝʡʢʘ; 

2 ï ʩʫʧʧʦʨʪ; 3 ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʣʠʥʦʚʦʡ ʥʦʞ; 4 ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʟʫʙʯʘʪʳʝ ʨʝʡʢʠ; 5 ï ʚʘʣ ʩ 

ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ; 6- ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʦʧʦʨʘ ʚʘʣʘ; 7 ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʥʦʞ 

 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3 ï ɺʘʨʠʘʥʪ ʠʩʧʦʣʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʦʞʥʠʮ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ (ʘ) ʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ (ʙ) 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʩʠʣʦʚʦʛʦ 

ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʚ ʜʝʡʩʪʚʠʝ ʨʝʞʫʱʠʡ ʙʣʦʢ ʥʦʞʥʠʮ. 


