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Provides materials for mineral resources of southern Urals and theoretical bases of resolving the problem to ensure iron ore raw 

materials enterprises of the southern Urals. The General scheme of the processing titanomagnetite ore to produce the required iron- 
vanadium and ilmenite concentrates. 

Key words: titanomagnetite ore; ore dressing; the study of ore; technology of processing; concentrate. 
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The article about effect of copper vitriol on the indices of static strength of dried pellets of copper concentrate. Use of copper 
vitriol as addition to the water solution of lignosulphonate, which use as binder in pelletization of copper concentrate, was suggested. 
This measure will allow reduce density of binder from 1,09 to 1,02 t/m3, therefore, will allow reduce consumption of powdered lig-
nosulphonate to pelletization. 
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150 2,773 3,345 3,613 3,571 3,224 3,328 4,016 4,336 4,286 3,870 3,884 4,686 5,059 5,001 4,515 4,439 5,356 5,783 5,716 5,161 4,994 6,026 6,506 6,431 5,806 
180 3,412 4,117 4,444 4,394 3,966 4,095 4,941 5,334 5,273 4,761 4,779 5,766 6,225 6,153 5,556 5,463 6,590 7,115 7,034 6,350 6,145 7,415 8,005 7,913 7,145 

1,08 

80 1,449 1,748 1,887 1,865 1,684 1,739 2,098 2,265 2,239 2,022 2,029 2,448 2,610 2,613 2,359 2,319 2,798 3,021 2,987 2,695 2,609 3,148 3,398 3,359 3,033 
100 1,930 2,329 2,514 2,486 2,244 2,317 2,795 3,017 2,983 2,694 2,703 3,262 3,522 3,481 3,143 3,090 3,728 4,025 3,979 3,593 3,477 4,195 4,528 4,476 4,041 
120 2,412 2,910 3,142 3,106 2,804 2,895 3,493 3,771 3,728 3,365 3,378 4,076 4,400 4,350 3,927 3,861 4,658 5,029 4,972 4,488 4,344 5,241 5,658 5,594 5,051 
150 3,134 3,781 4,082 4,036 3,643 3,762 4,539 4,899 4,844 4,373 4,389 5,296 5,717 5,651 5,103 5,017 6,053 6,534 6,460 5,833 5,644 6,810 7,352 7,268 6,562 
180 3,856 4,653 5,022 4,965 4,483 4,628 5,584 6,028 5,960 5,380 5,400 6,516 7,034 6,954 6,279 6,173 7,448 8,041 7,948 7,176 6,945 8,379 9,047 8,943 8,074 

1,09 

80 1,469 1,773 1,914 1,892 1,709 1,764 2,128 2,297 2,271 2,050 2,058 2,483 2,681 2,650 2,393 2,353 2,838 3,064 3,029 2,734 2,647 3,193 3,448 3,408 3,077 
100 1,958 2,362 2,550 2,521 2,276 2,350 2,836 3,061 3,026 2,732 2,742 3,309 3,572 3,532 3,188 3,134 3,782 4,083 4,036 3,643 3,526 4,255 4,593 4,541 4,100 
120 2,446 2,952 3,187 3,150 2,844 2,937 3,543 3,825 3,781 3,413 3,426 4,134 4,464 4,412 3,984 3,916 4,725 5,101 5,043 4,553 4,406 5,317 5,739 5,674 5,123 
150 3,179 3,835 4,141 4,094 3,696 3,816 4,604 4,970 4,913 4,436 4,452 5,371 5,799 5,733 5,175 5,089 6,140 6,628 6,552 5,916 5,725 6,908 7,458 7,372 6,656 
180 3,911 4,719 5,095 5,036 4,547 4,694 5,664 6,115 6,045 5,458 5,478 6,609 7,135 7,055 6,368 6,261 7,555 8,156 8,062 7,279 7,045 8,500 9,176 9,071 8,189 
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: 
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 92,0R , 262,10Rt ;                       (13)

 

 21805,05223 t , 
 98,0R , 243,42Rt ;                      (14) 

 755
)25( 2

3578 ,  
 91,0R , 227,9Rt ;                            (15) 

 d2935009,5614 , 
 99,0R , 247,171Rt .                         (16) 

 
 

,  
-

 95% : 

 

( )

( )
( )

[ ]

2

211

25
2 755

3,8 10 2734 315556 1, 06

5223 0,5 180 3578

5614,9 293500 .

t

d

-

- t -

é ùr = ´ + - ´ê úë û
é ù
ê úé ù´ - - ´ ´ ´ê úê úë û ê úë û

´ -

     (17) 

 89,0R , 289,19Rt . 

  
 . 4. -

 P
Gm ,  (11), 
 . 4 -

 87,0R , 221,16Rt . 
-

,  (17),  
 (12), -

, 
, 

 5% ( . 5). 
,  

: -
 1,02 3,  

180° ,  25 ,  
 0,009 .  

 6,339 . 
-

,  
, -

-
, , 

,  
 

.  

 4 
 

 
)  ( ) , 

 
 

 
 , 

3 
,  , 

 
d,  Gm , 

 

P
Gm , 
 

, 
2 

, 
2 

1 1,02 80 5 0,005 0,300 0,192 376 240 
2 1,02 120 15 0,009 6,616 5,652 4602 3340 
3 1,02 100 10 0,007 1,454 2,636 1300 2357 
4 1,02 180 25 0,013 10,727 8,603 5,165 4141 
5 1,02 150 20 0,011 9,129 8,537 5195 4859 
6 1,06 120 10 0,013 0,525 353,4 253 1700 
7 1,06 100 25 0,011 2,642 3,158 1504 1797 
8 1,06 180 20 0,005 5,325 6,232 6667 7800 
9 1,06 150 5 0,009 7,159 4,472 4980 3109 
10 1,06 80 15 0,007 0,300 0,290 268 259 
11 1,04 100 20 0,009 0,450 3,258 313 2266 
12 1,04 180 5 0,007 5,969 4,768 5338 4261 
13 1,04 150 15 0,013 7,123 6,083 3430 2934 
14 1,04 80 10 0,011 0,860 0,271 489 154 
15 1,04 120 25 0,005 4,230 4,415 5296 5527 
16 1,09 180 15 0,011 8,407 7,882 4781 4496 
17 1,09 150 10 0,005 3,986 4,822 4990 6037 
18 1,09 80 25 0,009 0,475 0,391 330 272 
19 1,09 120 20 0,007 5,522 5,417 4938 4844 
20 1,09 100 5 0,013 0,100 1,828 48 880 
21 1,08 150 25 0,007 6,261 7,399 5599 6616 
22 1,08 80 20 0,013 0,400 0,314 193 151 
23 1,08 120 5 0,011 0,483 3,291 275 1872 
24 1,08 100 15 0,005 3,065 2,286 3837 2868 
25 1,08 180 10 0,009 5,987 6,454 4164 4488 
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 5  
,  

,  5% 
 5 10 15 20 25 

 d 
t  5 7 9 11 13 5 7 9 11 13 5 7 9 11 13 5 7 9 11 13 5 7 9 11 13 

1,02 

80 0,124 0,149 0,159 0,156 0,139 0,156 0,187 0,201 0,197 0,175 0,184 0,221 0,237 0,233 0,208 0,203 0,244 0,262 0,257 0,229 0,210 0,252 0,271 0,265 0,237 
100 1,120 1,346 1,445 1,417 1,263 1,413 1,697 1,822 1,788 1,592 1,671 2,008 2,156 2,115 1,884 1,841 2,213 2,376 2,331 2,075 1,903 2,287 2,456 2,409 2,145 
120 1,845 2,278 2,445 2,399 2,136 2,390 2,872 3,084 3,025 2,694 2,827 3,398 3,649 3,578 3,187 3,115 3,744 4,019 3,943 3,512 3,219 3,870 4,155 4,075 3,629 
150 2,642 3,175 3,410 3,345 2,979 3,333 4,005 4,300 4,218 3,756 3,942 4,738 5,087 4,990 4,444 4,344 5,220 5,606 5,498 4,897 4,489 5,395 5,793 5,682 5,060 
180 2,891 3,475 3,731 3,660 3,259 3,647 4,382 4,705 4,616 4,111 4,314 5,185 5,567 4,467 4,863 4,753 5,712 6,134 6,016 5,359 4,913 5,904 6,339 6,218 5,538 

1,04 

80 0,109 0,131 0,141 0,138 0,123 0,138 0,165 0,177 0,174 0,155 0,163 0,195 0,210 0,206 0,183 0,179 0,216 0,231 0,227 0,202 0,185 0,223 0,239 0,235 0,209 
100 0,989 1,188 1,276 1,252 1,115 1,247 1,499 1,609 1,578 1,406 1,475 1,773 1,904 1,867 1,663 1,626 1,954 2,098 2,058 1,833 1,680 2,020 2,168 2,127 1,893 
120 1,673 2,011 2,159 2,118 1,887 2,110 2,536 2,724 2,672 2,379 2,496 3,000 3,221 3,160 2,815 2,751 3,306 3,549 3,482 3,101 2,843 3,417 3,668 3,598 3,204 
150 2,333 2,804 3,011 2,954 2,606 2,943 3,537 3,797 3,724 3,317 3,481 4,183 4,492 4,406 3,923 3,835 4,609 4,949 4,855 4,324 3,964 4,764 5,115 5,017 4,468 
180 2,553 3,069 3,295 3,231 2,878 3,220 3,870 4,155 4,075 3,630 3,809 4,578 4,915 4,821 4,294 4,197 5,044 5,416 5,313 4,731 4,338 5,213 5,597 5,491 4,890 

1,06 

80 0,104 0,125 0,134 0,131 0,118 0,131 0,158 0,170 0,167 0,149 0,156 0,187 0,200 0,197 0,175 0,171 0,206 0,221 0,216 0,193 0,177 0,213 0,228 0,224 0,200 
100 0,946 1,136 1,220 1,196 1,066 1,192 1,433 1,539 1,509 1,344 1,411 1,695 1,820 1,786 1,589 1,554 1,867 2,005 1,967 1,751 1,606 1,930 2,073 2,033 1,810 
120 1,600 1,922 2,064 2,025 1,804 2,017 2,425 2,603 2,554 2,274 2,387 2,868 3,079 3,021 2,690 2,630 3,160 3,393 3,329 2,965 2,718 3,266 3,507 3,440 3,064 
150 2,230 2,681 2,878 2,823 2,515 2,813 3,381 3,630 3,560 3,171 3,327 4,000 4,294 4,211 3,751 3,666 4,407 4,731 4,641 4,133 3,789 4,554 4,890 4,796 4,271 
180 2,441 2,933 3,149 3,090 2,752 3,078 3,700 3,972 3,896 3,469 3,641 4,376 4,724 4,609 4,104 4,012 4,822 5,177 5,078 4,523 4,146 4,984 5,351 5,248 4,674 

1,08 

80 0,109 0,131 0,141 0,138 0,123 0,138 0,165 0,177 0,174 0,155 0,163 0,195 0,210 0,206 0,183 0,179 0,216 0,231 0,227 0,202 0,185 0,223 0,239 0,235 0,209 
100 0,989 1,188 1,276 1,252 1,115 1,247 1,499 1,609 1,578 1,406 1,475 1,773 1,904 1,867 1,663 1,626 1,954 2,098 2,058 1,833 1,680 2,020 2,168 2,127 1,893 
120 1,673 2,011 2,159 2,118 1,887 2,110 2,536 2,724 2,672 2,379 2,496 3,000 3,221 3,160 2,815 2,751 3,306 3,549 3,482 3,101 2,843 3,417 3,668 3,598 3,204 
150 2,333 2,804 3,011 2,954 2,606 2,943 3,537 3,797 3,724 3,317 3,481 4,183 4,492 4,406 3,923 3,835 4,609 4,949 4,855 4,324 3,964 4,764 5,115 5,017 4,468 
180 2,553 3,069 3,295 3,231 2,878 3,220 3,870 4,155 4,075 3,630 3,809 4,578 4,915 4,821 4,294 4,197 5,044 5,416 5,313 4,713 4,338 5,213 5,597 5,491 4,890 

1,09 

80 0,115 0,138 0,148 0,146 0,130 0,145 0,174 0,187 0,184 0,163 0,171 0,206 0,222 0,218 0,193 0,189 0,227 0,244 0,239 0,213 0,195 0,235 0,252 0,247 0,221 
10 1,043 1,254 1,347 1,321 1,177 1,316 1,852 1,698 1,666 1,484 1,557 1,871 2,009 1,970 1,755 1,715 2,061 2,214 2,171 1,934 1,773 2,131 2,288 2,244 1,999 
120 1,765 2,122 2,279 2,235 1,990 2,227 2,676 2,874 2,819 2,511 2,634 3,166 3,399 3,334 2,970 2,903 4,485 3,745 3,674 3,273 3,000 3,605 3,871 3,797 3,381 
150 2,462 2,959 3,177 3,117 2,776 3,105 3,732 4,006 3,930 3,500 3,673 4,415 4,740 4,650 4,140 4,047 4,864 5,223 5,123 4,562 4,183 5,207 5,398 5,295 4,715 
180 2,694 3,238 3,476 3,410 3,037 3,398 4,084 4,385 4,301 3,830 4,020 4,831 5,187 5,088 4,531 4,429 5,322 5,715 5,606 4,993 4,577 5,501 5,907 5,794 5,159 
  

, ,  
-

 1,09 
 1,02 3, -

. 
 

,  
,  

, .  
, -

-
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Building of horizontal piping drainage systems on the border of beach and pond zones, accounting heterogeneous structure area 
of seepage and screeneffect of pond’s sedimentation in the feed’s place is giving possibility to increase capacity of tail’s storage and 
to reduse the area of earth for mining wastes.  

Key words: tail-storing, mining-concentrating combine, pond’s sedimentation, filtering, drainage. 
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The article is devoted to solving the urgent problem – reducing the energy and metal during hydrotransportation of tailings of iron 

ore mining and processing enterprises. Based on the results of experiments proposed a method of industrial identify of the main techno-
logical parameters of hydraulic transport – critical hydraulic gradients, the cost of the transported slurry and slurry pipelines diameters. 

Key words: tailings, mining-treatment manufacture, hydro transport, energy capacity, meta capacity l, slurry pipeline, hydraulic 
gradient, tailing. 

 
-
 

. -
, -

, -
- . 

, 
 40%, -

 
 0,876  38,67 .  

-
,  . 1. 

-
 35 -

,  2,5 3 
. -

, -
,  2010  

 « »),  («  

»)  « » -
 757, 335  102 3 -

. , -
, 

 3,5 3 . -
-
-

 1 -
 1 . 

-
.  

 1  ,  -
-

,  
 . 2. 

-
-
-

 20–90 . 3 . -



.  

———————————————————————————————————     . . . . 2012.  2.  16

 R=  15–20 3 
 1 -

,  ,  -
 

-
 ( ). -

, -
, -

-
,  

. 

 2 
  

 1   
,  

 

-
 

 

*, 3   
 

** 
R= , 3  

 
/q R  

 
q R  

 35,90 16,87 31,84 
 20,65 17,85 30,10 

 34,80 17,40 34,80 
–
  22,64 9,87 17,5 

 42,36 10,9 9,0 
 28,19 13,11 24,6 

 20,83 14,0 42,5 
 44,80 11,52 15,5 

 
 29,58 13,01 23,1 

 

*  . 
**  . 

-
-

 500  1200 , -
 3–5 -

 
.  

-
. -

-
, -

-
 

-
 

-
. 

-
-
-
 

, -
-
-

. -
-
 
 
 

, -
 

-
-

.  
 
 

-
-
 

-
 

-
. 

, -
-

, -
 [1, 2],  [3] 

 [4, 5]. -
, ,  

 [6, 7]. 
,   

 
 

-
 

-
 

. 
 
 
 

 [8]: 

 1 
,  

 1970–2010 . 

-
 

 

 
Fe , % 

  
G ,  

  
G ,  

 -
 

1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 

 15,67 61,16 22,49 40,06 45,07 39,86 47,35 18,16 32,24 36,92 32,14 38,67 
 32,69 68,45  25,65 43,65 44,99 47,56  16,04 25,22 25,07 28,70 

 40,80 61,95  17,69 38,06 41,30 44,96  17,69 18,50 21,33 26,73 
 – 
 34,30 65.73 24,11 28,67 27,30 30,13 40,22 12,99 16,60 13,80 16,75 23,43 
 32,59 63,79 26,01 33,13 35,23 27,92 31,44 15,65 20,08 20,29 16,42 18,47 
 30,50 63,32 6,17 25,73 28,11 16,30 28,55 3,74 15,44 17,01 9,786 17,98 

 29,59 68,00   23,55 19,17 26,61   14,32 12,11 16,75 
 35,37 65,39 31,71 40,02 42,46 14,73 28,39 18,06 23,85 23,80 8,752 15,01 

 24,12 64,91 6,98 14,00 16,39 9,14 16,51 4,05 8,87 10,61 5,918 10,94 
 27,34 65,71 11,04 14,14 15,76 10,69 14,75 6,52 8,74 9,86 6,818 10,08 

 34,66 65,23 33,52 33,92 35,62 18,72 16,74 19,11 18,41 18,45 10,37 9,180 
 30,07 62,4 12,86 17,75 13,93 8,83 11,29 7,47 10,74 8,32 5,355 7,082 

 33,2 66,77   15,78 10,11 11,73   10,13 6,080 6,007 
 40,16 49,25  8,89 11,74 1,85 3,12  2,71 5,25 0,872 1,353 

 « » 34,18 61,78 16,46 8.30 2,63 1,64 2,51 8.46 4,93 1,01 0,474 0,876 
 

 31,15 63,18 – – – – – – – – – – 
   189,34 307,95 395,28 295,38 371,73 114,21 196,34 233,49 178,26 231,99 
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0 ,n

V DJ J J A B
D V

  (1) 

 J0 – -
, ; J –  

, ;   – 
, -

  = f( );  = f( , d , T, n). 
 (1)  

2 1(900 ) ,V Q D  
 =const. 

 
2 2,5

0 5 ,n
Q DJ J J A B
D Q

 (2) 

 J0  Jn –   
, ; J – , -

-
, ;  – -

; Q – -
, 3 ; D –  ( )  

, ; =(164,52 106)-1 -1 2; B – ,  
 ( ) -

-
, -

, , 0,5 1 :  

 2826 ( 1) ( 1) ,x y
n cp TB K d  (3) 

   0,010 
< dcp < 0,15  

1,75 11045 ; 2, 25; 1,25;K x y  
-

 0,15 < dcp < 1,5  
0,25 191,2 ; 0,75; 1,25;K x y  

-
 1,5 < dcp < D  

0,5 1207 ; 0; 0,5;K x y  

0

T
T

0

n
n

 –  

 ( ); 
0,10  – , 3. 

dcp –  
 ( -

,  
); 

 
 R : 

 1 1(1 )*( ) .n R R   (4) 

 
f (Re) . . [8] -

.  [9], -
 

 [10]: 

 
210,308 lg( ) ,nm Q D  (5) 

 m;  – , ,  
m = 35,386; Qn – , 3 . 

 (5) -
 . 1, , -

 -
 

 D=const  
 Q=const. 

 
 Q ,  

. 1.  
   

 
 
 (5)  (2) 

-
 ( )  const: 

 2 5 2,5 10,308 lg .n n nJ m Q D B D Q  (6) 
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The paper presents the results of a comprehensive study of the porous structure of coke produced by various technologies including 

HMI and coke, and other reducing agents. Microscopic examination was conducted to determine and compare the value of their porosity. 
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Soft reduction continuously cast slab with thickness 300 mm from tube steel decrease zonal chemical inhomogeneity carbon 
twice and improved quality metal. 
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This paper presents a comparative analysis of the casting mold in casting and casting in sand-clay molds. 
Key words: chill casting, casting in sand- clay molds, cast «sleeve conical». 
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The design procedure of the die hold-down pressure to the rollers for the process of combine rolling and extrusion of the profiles 

with a glance the constructional characteristic of the tool and the technological conditions of the deformation is presented. The example 
of calculation of the die hold-down pressure and contact forces from the rollers in the time of making  of the profiles from aluminium 
alloys is presented. 

Key words: process of combine rolling-and extrusion, choice in fixed gage, die hold-down pressure to the rollers. 
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tension scheme with dominant compression stress strain that prevents micro cracking in the upper part of stampings. 
Key words: tension scheme, extrusion, stamping, granular. 
 

, -
, 
 
. 

 [1],  
-
 

,  
-

, -
.  

 
 K, -

 -
  [2]. -

 ( )  
, , 

. 
-
 
 

 [3],  
. 1,  

,  
. -

 
 

-
. -

 
 

 ( .  . 1), -
 

 [4].  
. 

. 1.   
: 1 – ;  

2 – ; 3 – ; 
 4 – ; 5 –  

-
 [5]: 

 ,
S

c T

S
V S S

N N N N

T HdV T dS dS   (1) 

 N – , ; N  – -



… .  

. . . 2012.  2.      ——————————————————————————————————— 35

; Nc – -
; NT – ; V – -

;  –  
; H – -

; S – ;  –  
,  i  i+1 -

; SS –  
;  – ;  – -

. 
, -

,  
: 

 
0

2
1R
NPP ,                    (2) 

 0 – ; P  – 
, -

: 

  2 0 1

0 1

2 ln[1/ (1 )] 3 ,
1 3s

hP
R

  (3) 

 0 –  
;  –  

; S – -
; 

 – . 
-

,  (1) -
,  -

: 
 

 N(0) = NT
(0),                                                (4) 

 NT
(0) –  

. 
, -

: 

 s3 .  (5) 

 1: 

 N(1) = N (1) + NC
(01) + NC

(12) + NT
(1),  (6) 

 N (1) –   1;   
NC

(01) –   0   1;  NC
(12) –  -

 1   2;  NT
(1) –  

. 
 2: 

 N(2) = N (2) + NC
(23) + NT

(2),   (7) 

 N (2) –   2;   
NC

(23) –  2  3; N (2) – -
-

. 
 3: 

 N(3 )= N (3) + NC
(34) + NT

(31) + NT
(32),  (8) 

 N (3) –   3;   
NC

(34) –   3   4;  N (31) – 

; N (32) – -
. 

 4: 

 N(4) = NT
(4),  (9) 

 NT
(4) –  

. 
 

 . 

 

,  
,  

: 

 N = N(0) + N(1) + N(2) + N(3) + N(4).  (10) 

-
 (10)  (2),  

-
. 

 
-
-

. -
-

 [10]. -
 

. 
 

-
. 

-
-
 

-1 -

 
  

 
  

   

 0 – – 
(0)

0 1 2

2 3
( )

T

s

N
R h h

 

 1 
(1)

2
0 1

3 sN
R

 2
3
1

0s
)01(

h3/R

N

(12)

0 1 2

sN

R h
 

(1)

3
0 1 2/ 3
T sN

R h
 

 2 
)R/Rln(R

2N

12
2
1

0s
)2(

 
)RR/(Rh

RN
2
2

2
3

2
12

20s
)23(  (2)

2
0 1 2 1 2

2 3

( ) /
T

s

N
R R R h

 

 3 

(3)
0

2 2
1 3
2 2
3 2

4 4
2 3

2
3

2 4 4
3 2 3

2
2

3
(2

3
ln )

3

sN

R R
R R

R R
R

R R R
R

 

)RR(h3/

/)RRR3R2(

RN

2
2

2
32

3
22

2
3

3
3

2
10s

)34(

 

(31)
0

2 3 2
1 3 3

3 2 2
2 2 2 3 2

3

(2 3

) / 3 ( )

T sN

R R R

R R h R R
(32)

2
0 1 3

2 2
2 3 2

3

/ ( )

T

s

N

R R
h R R

 

 4 – – 
(4)

2
0 1 3 2

2 3

/ ( )
T

s n

N

R h R R
 



 

———————————————————————————————————     . . . . 2012.  2.  36

. -
-
-
. 
-
 

-
. 

-
 ( . . 1) , 

 1  3 -
 [6],  2 – .  

 1  
 [7] : 

 0
h

)31(
dr

dq

2

s
)1(

rr ;  (11) 

 s
)1(

rr
)1( q)pp( , (12) 

 p(1) –  
 1; s – -

; p – , -
 

1  2,  2  3, -
: 

 
0

2
1

)32()23(
c

)12(
c

R
)NNN(

p .   (13) 

 (12) , : 

 
dr

dq
dr

dp )1(
rr

)1(

.  (14) 

 (11)  (12),  
 

 1: 

 cr
h

)31(p
2

s)1( .  (15) 

-
,  1: 

 pp )1( ,  (16) 

 p – . 
 [8] (  

 2 ): 

 
0

2
1

)1(
T

)1()01(
c)1(

R
NNNp .  (17) 

 (  2, 3  4 -
) 

 

(01) (1) (1) (12)

(2) (2) (23) (3) (31)

(32) (34) (4) 2
1 0

(

) / .

c c

T

p N N N N
N N N N N

N N N R
  (18) 

, -
 z: 

 
12

(1) 1
2
1 20 0

2(1 3 )1
3

R
sRp prdrd c

R h
.  (19) 

 (16) 

 
2

s1
h3

R)31(2pc .  (20) 

 
 (20)  (19),  
 (12),  

 1: 

 p)rR
3
2(

h
)31(p 1

2

s)1( ;   (21) 

 
(1) (1)

1
2

(1 3 ) 2( )
3

3 .

s
rr

s

q q R r
h

p p

  (22) 

 
 1  

 )1()1(
zz

)1()1()1(
rr

)1(
rr p;q;q .  (23) 

 (16)  
 (12), -

 1. 
 

 p
3

)p3(2 s .   (24) 

 p = 0, p = p (1), 
 

 .p
3

2 )1(s    (25) 

  = s ,  
 1. 

 

 s
)1(

y /)p3/p2(3/2T/K . (26) 

 

 s
)1()1( /p3/2T/K . (27) 

 2 ,  
. 
 

-
 

 
(2) (2)(2)

2

2 3 0.rrsrr
q qdq

dr h r
, (28) 

 s
)2()2(

rr 2qq . (29) 



… .  

. . . 2012.  2.      ——————————————————————————————————— 37

 (28)  (29), : 

 crln2h/r32q s2s
)2(

rr .  (30) 

-
: 

 
1Rr

)1(
rr1Rr

)2(
rr qq , 

 1 2 1

1 2

2 3 / 2 ln

(1 3 ) / 3 3 .
s s

s s

c R h R

R h p p
  (31) 

 
 (31)  (30),  

 2: 

 
(2)

1 2 1

1 2

2 3 ( ) / 2 ln( / )

(1 3 ) / 3 3 .
rr s s

s s

q r R h r R

R h p p
   (32) 

 (29),  
(32),  2: 

 
(2)

1 2 1

1 2

2 3 ( ) / 2 ln( / )

(1 3 ) / 3 (2 3) .
s s

s s

q r R h r R

R h p p
   (33) 

 2 -
 

 

(2) (2) (2)

(2) (2)
(2) (2)

;

;
2

rr rr

rr
zz

q

q q
q

   (34) 

 2,  
 (29)  (34),  

 

 )2(
rrs

)2()2(
rr q

2
.   (35) 

 2 (r = R2) -
 

 2 1 2 2 1

1 2

2 3 ( ) / 2 ln( / )

(1 3 ) / 3 (1 3) .
s s

s s

R R h R R

R h p p
   (36) 

 (  3  4  
) 

 
(2) (01) (1) (1)

(12) (2) (2) 2
1 0

(
) / ;c T

p N N N
N N N R

 

 
0

2
1

)12(
c)2(

R
Np .  (37) 

 
2  

 2 1 2 2 1

(2) (2)
1 2

2 3 ( ) / 2 ln( / )

(1 3 ) / 3 (1 3) .
s s

s s

R R h R R

R h p p
  (38) 

, -
 2  

 
(2)

2 1 2 2 1

1 2

/ 2 3 ( ) / 2ln( / )

(1 3 ) / 3 1 3 ( ) / .
y

s

K T R R h R R

R h p p
 (39) 

 

 
(2)

2 1 2 2 1

(2) (2)
1 2

/ 2 3 ( ) / 2ln( / )

(1 3 ) / 3 1 3 ( ) / .s

K T R R h R R

R h p p
 (40) 

,  3,  1,  
. , 

 (11) -
 

2Rr
)2(

rr2Rr
)3(

rr qq , 

-
 3: 

 

(3) (3)
2 1 2 2 1

1 2 2

2

2 3 ( ) / 2 ln( / )

(1 3 ) / 3 (1 3 ) ( ) /

/ 3 .

rr s s

s s

s

q q R R h R R

R h r R

h p p

  (41) 

 3  

 s
)3()3(

rr pq ,   (42) 

 p(3) – , -
. 

 
0

2
1

)4(
T)3(

R
N

p .   (43) 

 (42)  (41) 
,  

 

(3)
2 1 2 2 1

1 2 2

2

2 3 ( ) / 2 ln( / )

(1 3 ) / 3 (1 3 ) ( ) /

/ 2 3 .

s s

s s

s

p R R h R R

R h r R

h p p

.  (44) 

,  r  = R3 (  3  
) 

 )3()3( pp . 

 3 -
: 

 )3()3(
zz

)3()3()3(
rr

)3(
rr p;q;q .  (45) 

 (43)  
 (42),  

 
 3. 

 

 )3(
s p3/2 .   (46) 

 0p )3(  ( -
 4 ) 

 3/2 s .  (47) 

 
 



 

———————————————————————————————————     . . . . 2012.  2.  38

 s
)3()3(

y /p3/2T/K .   (48) 

 
 3/2T/K )3( .   (49) 

,  
,  

-
,  

 2 -
,  

 
.  

 
 

 [9]. 
 [3] ( . . 1) -

 
,  

, -
-

 ( . 2) [11]. -
, -

.  

 
. 2.  

: 1 – ;  
2 – ; 3 – ; 4 –  

; 5 – ; 6 –  
; 7 – ; 8 – ; 

9 – ; 10 – ; 11 –  
; 12 – ; 13 – ;  

14 – ; 15 –  
; 16 –  

 
 
 

-
,  

.  

 
 

 7–8% . 
 [3] -

-
-

.  
,  

 
.  

.  
 [11] -
, -

.  
-

 2 – 3%. 
 

1. -
 / . -

, . , . . // . . . 
1983.  3. . 99–102. 

2. . . .: -
, 1986. 688 . 

3. . 1109261 , 3 B22F3/02, B30B15/02.  / 
. , . , . , .  

). –  3596053/22 – 02; . 27.05.83; . 23.08.84, .  31. 
4. ., ., .  

-
   // : . 
. . 15. : . , 1988. . 52 – 56. 

5. . . .: 
, 1980. 456 . 

6. . -
. .: , 1983. 200 . 

7. .  
. .: , 1955. 280 . 

8. ., . . 
.: , 1977. 424 . 

9. ., ., .  
. .: , 1984. 144 . 

10. ., ., .  
-

 // . . II 
. .- . . . ., 1987. . 98–99.  

11. .  / . -
; .  

. –  201101101 / 26.  19.08.11. 

Bibliography 
1. Effect of tension on plasticity of compacted granular aluminum alloy / A.P. 

Kolpashnikov, A.P. Petrov, A.S. Kirilyanchik, etc. // Izv. USSR Academy of 
Sciences. Metals, 1983.  3. P. 99–102. 

2. Kolmogorov V.L. Mechanics of metal forming. .: Metallurgy, 1986. 688 p. 
3. A.c. 1109261 USSR,  B22F3/02, 30 15/02. Press mold / 

N.V. Shepelsky, V.I. Belokopytov, N.A. Grishenko, V.V. Kuporosov 
(USSR). -  3596053/22 – 02; appl. 27.05.83; publ. 23.08.84, Bull.  31. 

4. Kornilov V.N., Belokopytov V.I., Rusov I.G. Analytical estimation of lateral 
pressure coefficient in compression of porous metal in container // Metal 
Forming: Interuniversity Collection.  15. Sverdlovsk: U PI named after 
S.M.Kirov, 1988.P. 52–56. 

5. Gun G.Ya. Fundamentals of metal forming. M: Metallurgy, 1980, 456. 
6. Ovchinnikov A.G. Fundamentals of impact press extrusion. M: Mashinostroenie, 

1983. 200 p. 
7. Unksov E.P. Engineering methods of plastic theory in metal forming. 

Moscow: Mashgiz, 1955. 280 p. 
8. Storozhev M.V., Popov E.A. Theory of metal forming. .: Mashinostroenie, 

1977. 424 p. 
9. Bogatov A.A., Mizhiritsky O.I., Smirnov S.V. Ductility in metal forming. .: 

Metallurgy, 1984. 144 p. 
10.  Gorbunov U.A., Usoltsev S.V., Belokopytov V.I. Common factors of 

change in strain resistance of extra high tensile granulating alloy in 
processing in half-finished product // Abstracts of the 2-nd Scientific-
Technical Conference of Granular Metallurgy. M., 1987. P. 98–99. 

11. The Eurasian Patent Organization. Press mold / V.I. Belokopytov; 
applicant Siberian Federal University. An application for invention.  
201101101 / 26. Author’s Priority 19.08.11. 



… ., ., ., . 

. . . 2012.  2.      ——————————————————————————————————— 39

 621.771.016 

., ., ., . 

 
 

 
-

. .  
 

.  
: , , , . 

The article shows different approaches to the prediction of strain-hardening of steels during cold rolling in accordance with 
their chemical composition. There was a comparison of commonly known approaches and neural networks. As the result of 
comparison greater ability of neural networks for approximation and prediction of strain hardening variation with chemical 
composition has been determined. 

Key words: strain hardening, neural networks, cold rolling, computer-aided design. 
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This article focuses on the analysis of the stabilization of high-strength reinforcement of large diameter. In the work described in 

this paper were carried out laboratory tests and modeling of the stabilization process. The studies established the conditions for the 
possibility of the stabilization process, as well as the dependence of mechanical properties of the tension force stabilization. 

Key words: high-strength fittings, stabilization, concrete sleepers, modeling, mechanical properties, technological modes, tensile 
test, tensile force, heating temperature. 
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The regularities of the change of tribological properties and wear ability of ZrN-based films during magnetron sputtering under the in-
fluence of technological conditions of their formation have been investigated. Diagrams of dependence of these parameters to optimize the 
process of obtaining and predict the properties of the antifriction and wear-resistant films, to maximize their effectiveness were received. 

Key words: technological conditions of formation, anti-friction and wear-resistant films based on ZrN, magnetron sputtering, 
tribological tests of films, the optimal range of process parameters. 
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The influence of reducing the amount of reinforcing elements in the steel in the range of valid values and additional boron alloy-

ing on the transformation kinetics, structure and properties of wire rod for welding wire was investigated. Changing of the chemical 
composition of steel and the use of isothermal exposure in the cooling process on the line Stelmor in the range 550-600 ° C results in 
obtaining structure without bainite-martensite phases, which determines the possibility of drawing wire rod into wire without inter-
mediate annealing. 

Key words: wire rod, decomposition of austenite, structure, bainite, martensite, plasticity. 
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Probabilistic assessment of change of temporary resistance and twisting coefficient for high-strength bolts M 22 is carried out. 

Comparison of curves of theoretical and empiric distribution of controlled parameters lets us make a conclusion on probability to 
reduce the number of bolts at their mechanical testing from 36 to 26%. 

Key words: high-strength bolts, temporary resistance, twisting coefficient, distribution curves. 
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The paper describes regimes of heat treatment to reduce the hardness of consumable pattern steel castings, selected time-

temperature parameters of annealing and results of testing the economical annealing regimes producing required properties of castings. 
Key words: casting, annealing, normalizing, tempering, hardness, impact toughness. 
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The article is devoted to approaches to improving pumps for metallurgical slurries. Due to design changes provided increased 

productivity and pressure. 
Key words: Sludges, pump, metallurgical production. 
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The problem of co-processing of the holes for the pins in the details of materials with different properties. It is shown how to 

provide the same accuracy holes in details based on computer modeling.  
Key words: precision machining of holes, computer modeling, nailing holes. 
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Main restrictions of tightness and approach range were explored for a cold pipe bending by flaring.Some advises for of tightness 

and approach options according to specific equipment were given. 
Key words: pipe bend, flaring, yielded cycle region, tightness and approach range. 
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It is known, that high-strength steels which are widely enough applied in mechanical engineering, are inclined to the delayed 

fracture. In the given work an influence of various factors on resistance of medium carbon steels used for manufacturing fixing con-
nections to the delayed fracture was investigated. 

Key words: delayed fracture, micro alloyed by vanadium and nitrogen. 
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The article describes equations for the calculation of the mechanism drag torque and inertia using startup and slowdown experi-

mental oscillograph records taken from the setup unit of moment intensity and source. The authors present practical mechanical char-
acteristics obtained in accordance with the method developed for steel wire drawing mills equipped with «frequency converter – 
induction motor» electric drives. 

Key words: electric drive, method, drag torque, inertia.  
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The article considers the dynamic stability of rotor-centrifugal impact crusher. Pronounced dependence of the precession angle of 
the rotor and the response of the radial bearing loads applied to it, necessary to perform the calculation of elements of a drawing crusher. 

Key words: precession, gyroscope, crusher, rotor, bearing. 
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Kinetics of limestones CaCO3 decarbonization are considered and analysed. It is shown that decarbonization process in layers of 

a slice of processed limestone (the maximum radius of a particle of 20 mm) at temperatures above 900°  occurs almost instantly. 
Key words: kinetics, decarbonization, limestone, lime, temperature. 
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The state of Picea glauca in the urban environment. The influence of pollution onbiological indi-cators of needles. Depending on 

the distance from pollution sources, zones of varying intensity of pollution of urban tree planting. 
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In work perturbation of operator Weber-Hermite of one operator of shift is considered. In view of the received restrictions 

eigennumbers and eigenfunctions of the perturbation operator are calculated. 
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We research the theory of the development of scientific schools in the field of blast -furnace and steelmaking production and the 

effect of the scientific developments of Doctors of Science and Professors of MGMI-MGTU on the economic activities of the 
Magnitogorsk Metallurgical Works. 

Key words: scientific schools, blast- furnace production, steelmaking production. 
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Presented article, contains materials on obtaining the theoretical dependence, allowing to estimate increase in diameter and 

length of contact of the tool with a deformable material as a result of elastic deformation of the tool. It is established that than hard-
ness of a deformable material and less module of elasticity of a material of the tool is higher, subjects are there been more by incre-
ment of diameter and length of contact at the expense of elastic deformation of a contact surface of the tool. Calculations show that 
deformation drag from fast-cutting steel in 1,6-1,8 times more than drag from a firm alloy.  

Key words: hearth of deformation, the matrix, fiber, hyperbole. 
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With using computer simulation the analysis of process of shaping steel billet during making tip brake hoses using different 

schemes of cold forging was done. Regularity and conditions of formation of defect “fold” in the wall of thin-walled barrel were discov-
ered. The most preferable transitions of cold forging for realization of repetition work of the considered manufacture were determined. 

Key words: Cold forging, brake hoses' nozzles, computer simulations, workpiece, deforming, strain. 
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.  1 
,  

 « » . ,  
-

. ,  
. 

: , , . 
In this paper we prove that for hot-rolled metal, using lubricants, mezhvalkovom node in the cage, «quarto», sold elastohydro-

dynamic regime of friction. The dependences of showing the existence of the regime during the rolling process for the entire range of 
products, depending on the energy efficiency groups. The studies relate primarily to the lack of sources of information, revealing the 
essence of the problem. 

Key words: hot rolling, lubricant, lubricant supply system technology. 
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