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.
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-
5, 

1.
-

l  (l – , l=1, 2) 
p ,  ( ) 10,

, 
1, -

. 
l <p . 

, , -
6

) .
:

; ;
Q l=Q p  l p ), 

p  l p  – , p  l=pl -p , p =p -p ; p  – -
; Q  – p , -

.

:

–

J1d2
1, l/dt2=M l-F1 lR  1 1

-1;  J2d2
2, l/dt2=F1 lR  1-F2 lR  2 2

-1;

J3d2
3, l/dt2=F2 lR  2-3F3 lR  3 3

-1; J4d2
4, l/dt2=F3 lR  4-F4lR  4 4

-1;

(J5+3J 4)d2
5, l/dt2=3(F3 lR  3+F4 lR  4 4

-1)-WlR ;

–

mid2xi/dt2=Fi-f i-F i-Ri, i n/2; mid2xi/dt2=Fi-f . i-Ri, i>n/2;

–

m id2x i/dt2=F i-f . i;

–

m ld2x l/dt2=n F p l-Sl-F l±m lg sin =0;
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–

dQl/dt=Q l-Q l-Q l.                                       (1)

: Jr r,l –
r l ,

r=1, 2,…, 5; M l – , l ; Fm l
– m , m=1, 2, 3, 4; R ) m – -

 (  « »)  (  « ») m
; m – m ; J´4 – -

; Wl – , l
; R  – ; mi i– i

, i=1, 2, …, n; f . i – 
i ; ,  « » -

i ; Fi – , i
; Ri – i -

; m l – l-
; x l – l- ; n  – -

; Sl – l -
; F  l – l ; g – -

;  – ; Ql  – 
l ; Q l Q l – 

, -
.

:

F1l=c1(R  1 1, l-R  1 2, l)+ 1(R  1 d 1, l/dt-R  1 d 2, l/dt);

F2l=c2(R  2 2, l-R  2 3 l)+ 2(R  2 d 2, l/dt-R  2 d 3, l/dt);

F3l=c3(R  3 3, l-R  4 4, l-R  3 5, l)+ 3(R  3 3, l/dt-R  4 4, l/dt-R  3 5, l/dt);

F4l=c4(R  4 4, l-R  4 5, l)+ 4(R  4 d 4, l/dt-R  4 d 5, l/dt);

W1=S  1, 1-Sn,  1; W2=S  2, k+1-Sk,  2; S1=S  1, 1+Sn,  1; S2=S  2, k+1+Sk,  2;

S  1, 1=c(x  1-x1+x  1)+ (dx  1/dt-dx1/dt+dx  1/dt);

Sn,  1=c(xn-x  1+x  1)+ (dxn/dt-dx  1/dt+dx  1/dt);

Sk,  2=c(xk-x  2+x  2)+ (dxk/dt-dx  2/dt+dx  2/dt);

S  2, k +1=c(x  2-xk+1+x  2)+ (dx  2/dt-dxk+1/dt+dx  2/dt);
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F l=(w m lgcos )sign(dx l/dt),  dx l/dt 0;

F l=n F p l-Sl-m lgsin ,  dx l/dt=0^|n F p l-Sl-m lgsin |<w m lgcos ,

cr r – 
r ;

S  1, 1, S  2, k +1 Sn,  1, Sk,  2 – 
;

x  1 x  2 – 
;

 –
;

F  – ;
w w  – -

.
 (1) Q l=0, p l<p . 

Q  1=Q  1=0, Q  2=0, p  2<p , Q  2=0, p  2>p , p – -
.

, . dx l/dt=0, t=0
 dx l(t)/dt·dx l(t- t)/dt<0 x l=-h l , h l  – -

; t – -
.

p l= lx l/n F , l x l –
,

x l=Ql/n F -x l.
-

 125 . Q  – 1,3·10-3 3 ,
p  25  50 ,

, .

p  (  100 )  Q  (5·10-3  10-2 3 ).

 10 p =50 
Q =10-2 3 ,  3.

, -
, S 2, k+1 -

p  2
. p  2 -

p . 
.  0,13  ( -

Q ) -
v  2 v  2 , 
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p  2 S 2, k+1 – , 
 65  1598 . , , 

p  2=p v  2 v  2,  (
) , 

S 2, k+1 p  2 . , -
-

 ( v  2 ), 
S 2, k+1

 0,7 .

Sk, 2
-

,  358 , -
 3 . 

, 
, -

. 
 0,2 
, .
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. 
-

S 2, k+1 p  2.
, -

.

-
-

.

1. . 
 // -

. . 78. – .: , 1987. – . 43-49.
2. ., . -

 // -
. – : . – 1977. – . 10-17.

3. ., . -
53 // -

. – : . – 1980.
– 56 .

4. ., ., . 
. – : 

, 2005. – 264 .
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 2000 . 
 [1].

, -
  : -

; ; 
; 

, -
;  [2-3]. -

-
, -

.
.

-
  , -

-
. , , -

,
. 

, 
-

 [4].  -

 [5]  , 
  .

. , -

.
. -

 h ( .1). 
 (a, b, c, d) -

, a b c d, , , , -
. 

 4t, -
 Lc.

-
,  « »  ( -
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 s. -

  , -
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,  – « » 
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 1 – 

 « »  « » -

. ,   
. 

. -
  .

, , -D, , 
 ( . 2, , );    ( .

2, , )  ( . 3).
, -

 1,2,4 – ,  3 –  3  3
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. C , -
, -

  , 
. -

 dx ( . 4) -
 « » , 

,
.

 –  3- ;
 –  2- ;
 – .

 2 – 
:
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 – ;  – 

 3 – 
 (1-  4- ) 

 4 –   
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  1-  « »   

1
1 1 1x
x x yx·2t· ·2t· dx·2t· dx·2t 0

x
.                      (1)

1
1x
yx 0

x
.                                                        (2)

1
x

UE ,
x

                                                         (3)

1 2 1
yx

U UG
s

                                                         (4)

 (2), 

1 1 2BU U U 0 .                                                 (5)

 2, 3 , 3  4 « -
» -

2 1 2 1 3I 2 3II

1 3I 3I 1 2 1 3I 1 4

2 3II 3II 2 3II 2 2 2 4

4 4 1 3I 2 3II

AU 2 U 4 U K x U K x U 0

K x BU BU K x U K x U K x U 0

K x BU BU 2K x U K x U K x U 0

AU 2 U K x U K x U 0

l l

l

           6)

 1, 2 , 2 , 3, 4 – « »
-

, 
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1 1 1 2I 2 2II

1 2I 2I 1 3 1 2I 1 1

2 2II 2II 2 3 2 1

3 4 3 1 2I 2 2II

4 4 3

AU 2 U K x U K x U 0

K x BU BU K x U 2K x U K x U 0

K x BU BU K x U K x U 0

AU 2 U 4 U K x U K x U 0
BU U U 0

l

l l

      (7)

 1 , 1 , 2, 3, 4 , 4  – « -
»  C-D 

, 

1 1I 1I 1 2 1 1I

2 1II 1II 2 2 2 1II

2 3 2 1 1I 2 1II

3 3 2 1 4I 2 4II

1 4I 4I 1 3 1 4I

2 4II 4II 2 3 2 4II

K x BU BU K x U K x U 0

K x BU BU K x U K x U 0

AU 2 U 4 U K x U K x U 0

AU 4 U 2 U K x U K x U 0

K x BU BU K x U K x U 0

K x BU BU K x U K x U 0,

l l

l l
       (8)

E· ·sB
G

,                                                    (10)

A 2 B ,                                                     (11)

1K x x ,                                             (12)

2K x x .                                              (13)

.
-
,

  ( ).
  

.
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1. ,  1. ,  – 
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, ,

,  (1)
.
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 1 – 
) ;  ) 

:

max
X

ni

i ,                                                (1)

 |X| – ;
ni – .

-
-

. . 
 1.

, 
 50 . -

 40-80 .
-

. , -
2  " ", -

, , 

15 .
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 1 – 

, 
, % 4 10 30 50 70 100 140 170

0,16 0,17 0,25 0,26 0,34 0,37 0,41

0,31 0,38 0,62 0,58 0,59 0,60 0,60

0,17 0,22 0,39 0,32 0,28 0,25 0,21

-
, -

, , , -
. 

, , 
. -

 " "  20 , -
, , 

.
-

, , -
, -

. 
, 

, 
.

,
, 

. -
,

, -
, ., -

.
-

, , 
, , 

. , -
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, , -
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, – 
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.

, 

-
, -

, .
. , -

, -

 – -
, -

, 
, 

, , 

.

1. . 
. . "

". – ., 1991. –  1. – .
10 – 15.

2. ., . 
. – 2- ., . – .: , 2004. – 264 .

3. ., . -
. - .: , 1992. –

399 .
4. . . . 6 

. , . -
. – .: , 1959. – 375 .

., . .
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 551.243+622
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  , -
.

:   , -
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, .

-
-

, 
.

: ,
, ,   ,

, .

-
 « » 

  -
-

 [1].
-

. ,
  , -

, 
, . - 

-
, -

, -
 (  10 ) -

. 
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. -
  

.
-

 [2].

 68%  [3].

-
.

-
    -

  , .
  

., .,  ., -
., ., ., ., -

., .  [2].
-

  
. [4], . [5],  . [2], 

. 

-
.

-

-
.

, , 
, , -

. ,  1,5-2 
, 

 [6]. , -
, 

, , , , 
, -
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-
   « »

(« »), « », . , « », « -
», « », « », « », . . -

, « ».  486 , -
, 215  (44,2%),

149  (30,7%), 122  (25,1%).   -
:  1 -310

(63,7%), 1-3  – 160 (32,9%), 3-5  – 12 (2,6%), 5-10  – 4 (0,8%). 
 n 

22 9713
834
486 .,
.

n

-
-

:  342 -3  (
350 ),  6 -18  11 ).

, 
 66 -78  (  71

 0,82),  –  134 -150  (
 141  0,84) [7].

, 
, 

, -
, , -

,  15 -20 ,
-

.
, 

.
, , , -

 1,5  1,0 -
,  0,7 -

, .
-
-

 m (H/m). -
 486 

 H/m , -
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/m 0,8,  – /m 0,6.
, , -

.  H/m>0,9
 [6].

-

l6  “ ”
(“ ”), . , “ ”, “ ”, “ -

”, “ ”  “ ” (  1). -
-

, -

) , -
. 

 “ ” (0,24)  “ -
” (0,33), -

-
, . -

-
, -

.
, 

 ( . [8]) -
, 

, .
-

 l6. -
 ( -

), -
, 

:
I-  –  20% ( -

 “ ” – 13%; “ ” – 18,2%; .  –
14,3%; “ ” – 20%; “ ” (“ ”) – 18,8%);

II-  –  20%  40% (  “ ” – 23,5% 
” – 32,5%).
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1 – « » (« »)
2 – . 
3 – « »
4 – « »
5 – « »
6 – « »
7 – « »

2
0.14

 1 – 
l6
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1 – « » (« »)
2 – . 
3 – « »
4 – « »
5 – « »
6 – « »
7 – « »

 (  20% 
)

 (  20%  40% -
)

2
0.14

 2 – l6
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l6  I
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  -
, -

    
.
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, -

, 
, 

-
 [9].   -

 – -
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1. : 
.  15 . 2008 .: ( . ). – .:

. . – 168 .
2. . 

 (  « -
-

»  7.070701 « »). –
: , 2001. – 204 .

3. ., . . –
», 1975. – 164 .
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, 1972. – . 29-38.

5. . -
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1988 – 16 .

6. . -

 ( ): . . . .- . . –
, 1976. – 23 .

7. . -
-

: . . . . . –
, 2005. – 18 .

8. . -
. – .: , 1966. – 220 .

9. ., ., ., .
: . – .: . – 320 .

., . .
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. -

. -
, , -

, , 
. -

. ,  [1,2],
. , -

, 
, , 

.
, -

 « »
.

. -
 « » 

, 
 1.

 1 – 

 “a”  1- ,
 ( ) 
.  “b” , 

 ( ).  “ ” -
 2- -

.  “d” –  1- , 
, -

 (
).  “e” – -

 2- , -
. 

 “a”, “b”, “c” -
,  “d” “e”  – .
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, ,
 [3]:

P=XC+XB+XM ,                                          (1)

,  ,  , – 
, , -

;
,   – 

.
, , , , :

5

4

3

2

1

m0000
0m000
00m00
000m0
0000m

M

,
1
4

1
3

2
4

2
3

2
4

1
4

1
2

2
2

2
3

1
3

1
1

2
1

2
2

1
2

2
1

1
1

bbbb00
bbb0b0
b0bb0b
0b0b0
00b0b

B ; (2)

1
4

1
3

2
4

2
3

2
4

1
4

1
2

2
2

2
3

1
3

1
1

2
1

2
2

1
2

2
1

1
1

CCCC00
CCC0C0
C0CC0C
0C0C0
00C0CC

C ;

5

4

3

2

1

5

4

3

2

1

P
P
P
P
P

P;

x
x
x
x
x

X , (3)

C  – ,
m1,m2 – -

,
m3,m4 – ,
m5 – -
.

, 0C  (3)  (1) -
 1- , 0C  – ,

01m  (2) 0C , 01P  (3) –  2-
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.
 (1) -

:

0j
(t)jj=X(t) ,                                      (4)

)(tj  – .

j -
, X

(3). j -
j ,  (

). , 0j
00 . 

0j ,  (4) -

1j
jj (t)=X(t)  .                                          (5)

ij  ( 5,4,3,2,1i
4,3,2,1i ) 

j 0j -

j

. 0 , 00 , -
.

-

0M)(C j
2
j ,                                           (6)

 (6)  , 

0M)det(C 2
j .                                         (7)

 (7) -
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2 n – , n -
2
j , -

. C
, 

(7) . , -
.

j , -
 (6) -

, 
MC j

2 ,  (3), :

,CC)mC)(Cm(CCCc 2
2

2
2

2
j4

1
4

1
2

2
j2

1
2

2
3

2
1j1

,CC)mC)(CmC(CCCc 2
1

2
1

2
j3

1
3

1
1

2
j1

1
1

2
4

2
2j2

,CC)mC)(Cm(C)CmC(Cc 2
2

2
2

2
j4

1
4

1
2

2
j2

1
2

2
3

2
j1

1
1j3

,CC)mC)(CmC(C)Cm(Cc 2
1

2
1

2
j3

1
3

1
1

2
j1

1
1

2
4

2
j2

1
2j4

,CC)mC)(CmC(C

CC)m)(CmC(Cc
2
1

2
1

2
j1

1
1

2
j3

1
3

1
1

2
2

2
2

2
j2

1
2

2
j4

1
4

1
2j5             (8)

c  – , -
, j . , 

4321 CCCCc . 

C24C13O22O11 A/LC,A/LC,A/LC,A/LC                 (9)

21 , OO LL 21, CC LL , A  – -
 [3].

 (8), -
 (7) :

0)mC(CCC 2
j5

1
4

1
3j5

2
4j4

2
3j3 .                 (10)
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4321 ,,, jjjj -
 (8) 0C , -

5j :

0.CC)m)(CmC(C

0,CC)m)(CmC(C
2
1

2
1

2
j1

1
1

2
j3

1
3

1
1

2
2

2
2

2
j2

1
2

2
j4

1
4

1
2

                (11)

 (8) 
,  (10)  (11) -

, -
)4,3,2,1(2,1 kCk .

 1 -
:

jk
2
kkj N) ,                                         (12)

)( kj M
 ( k -

k , k ), jk  –
 ( 1jk kj , 0jk kj ); 2

kN  – -
,  (12) kj -

6

8

7

5

2

4

3

1

l

l

2
j4

l

l

2
j3

l

l

2
j2

l

l

2
j1

n

1i

2
jii

2
j dsUdsUdsUdsUmN ,     (13)

1l 2l  – -
,

3l 4l  – -
,

5l 6l  – 
,

7l 8l  – -
.

)4,3,2,1(iU ij -
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],[],,[],,[],,[ 68752431 llllllll . 
j .

 (5) -
-

:

2
j

j
j

2
jj

2
jj

N

P)
,                             (14)

)( Pj ,  (12), 
-

:

6

8

7

5

2

4

3

1

l

l
j42

l

l
j31

l

l
j2

l

l
j1

n

1i
ijij dsUSdsUSdsUdsUgPP ,  (15)

11 sinS , 22 sinS , 21,  – -
.

 (13)  (15) -
:

)LLL(LmN C2C1O2O1

5

1i
i

2
0 ,

)LSLSLg(LPP C22C11O2O1

5

1i
i0 ,

mN 2
0  – , 

SRMiP /0 , S  – 
.

 (14), 
0j

0 S/RMim .                                     (16)



82

 (4) :

1j
jj0 (t)(t)=X(t) .                                       (17)

 (5) -
 (17), 0)(0 t .

 (17) 

j
jj (t)=X(t) .                                           (18)

 (17) , -
. -

)(0 t -
 ( ) )(tjj .

 (17),  (3), 
:

4)3,2,1,(i(t)(t)(t)x
1j

jji0i ,                      (19)

i ij )(txi .
,  (18) 0)(0 t .

-
, -

, -
.

0t , -
.  [3]

, 
)(tX ,  (17). , -

0tt

j

0j
j

0

j
0jj0 td

)(t
=

td
)dX(t

,)(t=)X(t ,                    (20)
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j ,  (8) 

j ;
)(tj , -

 (14), 0t .

0tt  (20) 

j

0j
j

0

j
0jj0 td

)(t~d~=
td

)(tX~d
,)(t~~=)(tX~ ,                   (21)

 « », -
.

 (12), k
~ -

2
kjkkj N~)~M~~( ,                                           (22)

M~

 (21) Mj
~~

 (22) 

k

0k
kj2

j

0j

k
0kkj2

j
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, 
V

, . . -
:

dV,EF,E,xVdS,Et,E,xV,xV k
V

0ij
S

*
k0ij0i

V

.*
kij dV,EF,E,xV ,                                       (4)
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dS,Et,E,xT,xt,xt
S

*
kij

*
kiki 000 2

1

V

.*
kij

V
0ij dV,EF,xTdV,EF,E,xT                          (5)

 (4)  (5) -
,Et*

k S -

,EF .*
k V .

,EF .*
k ,  (4)  (5)

-
.
, -

.
 (4)  (5) -

-
.

-
-

, -
,EF .*

k . , -

 (4)  (5) :

dV,EF,E,xVdS,Et,E,xV,xV k
V

0ij
S

*
k0ij0i

+
V

ij
..*

k dV,E,xVF ,                                              (6)

dS,Et,E,xT,xt
2
1,xt

S

*
k0ij0

*
kik0i

V
ij

..*
kk

V
0ij dV,xTFdV,EF,E,xT ,                        (7)
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..*
kF  – 

.
 (6)  (7) -

. , 
, -

.
-

:

V

..*
kk

VS

*
k 0dVFdV,EFdS,Et .                  (8)

 (8) : -

. -
 – .

, -
 (6 – 8) 

.
. 
 ( , -

, ) -
.  (6 - 8), -

 [7], .
 (3 - 5) . 

,
 C 

. :

dV,EF,E,xVdS,Et,E,xV,xV k
V

0ij
S

*
k0ij0i

+
V

.*
kij dV)CCF(,E,xV ,                                     (9)

dS,Et,E,xT,xt
2
1,xt

S

*
k0ij0

*
kik0i

V

.*
kijk

V
0ij dV)CCF(,xTdV,EF,E,xT .                  (10)
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:

dV,EF,E,xVdS,Et,E,xV,xV k
V

0ij
S

*
k0ij0i

V
ij

V

.*
kij dV)C,E,xVdV)CF(,E,xV ,                             (11)

dS,Et,E,xT,xt
2
1,xt

S

*
k0ij0

*
kik0i

V V
ij

.*
kijk

V
0ij CdV,xTdV)CF(,xTdV,EF,E,xT .     (12)

,  C , -
 ( ) )CF( .*

k . -
,  ( ) -

. -
,  (11)  (12) -

:

dV,EF,E,xVdS,Et,E,xV,xV k
V

0ij
S

*
k0ij0i

V
ij

V

.*
k

.
ij dV)C,E,xVdV)CF(,E,xV ,                  (13)

dS,Et,E,xT,xt
2
1,xt

S

*
k0ij0

*
kik0i

V V
ij

.*
k

.
ijk

V
0ij CdV,xTdV)CF(,xTdV,EF,E,xT .     (14)

 (8) -
:

V V

.*
kk

VS

*
k 0CdVdV)CF(dV,EFdS,Et .             (15)
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V

.*
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.

.
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, -
.

2. , 
.

1. . , . , . , . 
-

. – : , 2005.– 488 .
2. ., . 

.  . – .: , 1984. – 494 .
3. ., . -

. . .– .: , 1987. – 328 .
4. , . 

. . – : , 1982. – 248 .
5. . 

. – .: , 1983. – 352 .
6. . -

 /
-

: . . . / -
. . . . . . -

 « ». – , 1995. – . 20 – 26.
7. Grynkevych V., Danchenko V. On The Solution Of Metal Forming

Boundary Value Problems In Real Time Mode // Proc. International Confer-
ence «Advances in metallurgical processes and materials». – Dnipropet-
rovsk. - May 27-30. – V.2. - 2007. - P.272-278.
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, , -
. -

, -
.
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-

:
– , -

, . 

 [1];
–
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-
. 

[2];
– , 

, 

. -
, -

, 
 [3];

– -
, 

 [4];
– -

. 
, 

. -
, -

 [5]. -

, , -
, ,  [6].

-
-

, 
.

-
: ,

, -
.

-
, -

. 

                                                     = / ,                                                 (1)
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– -

;
– -

-
, 

, 
.

 0  1 

.
 [7].

,   42,11
% , 10,53 % , 10,53 % , 5,26 % 

, 31,58 % . , -
. -

 10 
 220 .  180 - 360 . -

  -
, . -

-
-

. -
. 

, -
 +10

.  200 -
 220  240 . -

.

(V, .)  ( , %). : -
 ( , . .),  ( , %),  ( , ), - -

 ( . 1). 
: -1, 0, +1.

 (Xi) 
 ( , , ) :

         =( 1 10)/I1 ;            =( 2 20)/I2 ;         = ( 3 – 30)/ 3.             (2)
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 1 – 

-
,  ( 1),

.
,  ( 2),

%

, 
3), 

+1 0,72 6,0 0,36
0 ( 0) 0,40 5,0 0,27
-1 0,08 4,0 0,18

-
, 0,32 1,0 0,09

. -
 6 .  (  =0,08; 1 = – 1) -

 6 .  6 , 
 1/6 . 

-
.  6 -

.  (  =
0,72; 1 = + 1) , .

 (  = 0,4; 1 = 0,40) , 
 6 -

 2.
 2 – 3 . -

-
 2-  ( . 3). -
 180 .

 2 - 

, 
0 – 1 1 – 3 3 - 5 5 - 7 7 - 10 + 10

1   50 % 33,33 % - - - -
2 50 % 33,33 % 33,33 % - - -
3 - 33,33 % 33,33 % 33,33 % - -
4 - - 33,33 % 33,33 % 50 % -
5 - - - 33,33 % 50 % -
6 - - - - - 100 %
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 3 - 

1 ) 2 ) ,  % V, 
1 -1 -1 72,09 38,33
2 1 -1 33,33 41,82
3 -1 1 71,23 38,33
4 1 1 36,26 51,11
5 1 0 33,33 46,00
6 -1 0 80,00 38,33
7 0 1 53,85 41,82
8 0 -1 65,43 38,33
9 0 0 67,44 38,33

:

     V = 39,34 + 3,99 1 + 2,13 2 + 2,95 1
2 + 0,86 2

2 + 2,32 1 2,              (3)

     = 65,93 - 20,10 1 - 1,55 2 - 7,66 1
2 - 4,67 2

2 + 0,90 1 2.               (4)

 (2) -

:

         V = 63,83 - 40,01  - 9,29  + 21,55 2 + 0,86 2 + 6,28 ,               (5)

          = -24,92 - 16,11  + 44,23  - 55,96 2 - 4,67 2 + 2,43 .           (6)

 (  1 – 2) , 
, 

. , 
. 

 (  > 0,4), -
.

-
 (  4). -

:
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V = 27,35 - 4,825 1 + 4,075 2 + 1,975 3 + 1,9 1 2 + 1,15 1 3 +

+ 0,25 2 3 - 0,575 1 2 3 , (7)

35

40

45

50

55

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

. .

V 

=4

=5
=6

 1 - 
 (%)

30
35
40
45
50
55
60
65
70
75
80

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

. .

 %

=5
=4
=6

 2 - 
 (%)

 = 62,69 + 9,69 1 - 11,57 2 - 0,268 3 + 6,93 1 2 - 0,76 1 3 –

  - 1,35 2 3 - 2,35 1 2 3.                                     (8)
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 (2) -
-

:

V = 63,57 - 83,81  – 35,93  – 3,94  + 165,79  + 20,76 + 6,17  –

– 19,96 ,                                              (9)

 4 – 

1 ) 2 ) 3 ) 1 2 1 3 2 3 1 2 3 V
1  + + + + + + + 63,00 31,3
2  + - + - + - - 79,70 20,0
3  - + + - - + - 36,00 36,0
4  - - + + - - + 71,00 30,0
5  + + - + - - - 72,50 25,7
6  + - - - - + + 74,35 13,1
7  - + - - + - + 33,00 32,7
8  - - - + + + - 72,00 30,0

 = 99,58 - 109,47  - 190,39  - 5,10  + 649,73  + 24,18 +

             + 17,85  - 81,81 .                             (10)

-
 (  3). 

. -
 ( 2 = -1; 3 = -1) 

 0,18  0,36 -
 30,0  13,1 . 

 ( 2 =  1;  3 = 1) 
 36,0  31,3 . 

, 
,       -

, -
, -
.



192

15,00

20,00

25,00

30,00

35,00

0,18 0,23 0,28 0,33

.

V 

=0,08

=0,4
=0,72

 3 - 

, , -
2 (b2 = 4,075) 

(7), 3 (b3 = 1,975). , 
 – , 

-

.
-

 (
4). , -

-
-

. 
. -

-

.
, 

, 

, 
: -

. -
-

.
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0,30

0,40

0,50

0,60

0,70

0,80

0,18 0,23 0,28 0,33

. .

 %

=0,08
=0,4
=0,72

 4 -  ( ) 
) 

, :
 [8]. 

, 
-

, , . 
: -

, , -

. , 
, -

. , 

 = 1 -
. 

, ,
, 

-
, 

.

1. 
, 

, -
. -

-

80

0

0

0
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. -
,  > 0,4.

2. -
-
-

. 
, .

3. -
-

.
4. -

-
.

1. .  / . . –
.: , 1974. –   228 .

2. .  / . . –
.: , 1968. – 284 .

3. . -
 / . . – .: , 1966. – 152 .

4. . 
  / . . – .: , 1978. – 207 .

5. 
-

 / . , . , . , .  //
. . . : . . . –  , 2005. –

. 15. – . 13 – 16.
6. . .   / . 

. - : , 2006. - 357 .
7. . 

: .
. / . . – , 1989. – 24 .

8. . 
 / . , . , . . – -

: , 2000. – 420 .

., . .



195

 669.054.8:669.15
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, , -
, , 

,  -
. -

-
, , .

 [1–3], -
-

, -
 [4,5].

, , -
-

, .
-
-
-

 ( ).
-

. , 
-

. -
 – -

, 
, .

, , 
, -

, 
. , 
. -

. 
, , -

, .
, -

 1 -
 47 %  0,15 % . -

-
-

, .
, -

.
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-
 1 , 2 ,

.
-

r2O3  50 %, -
 1 –1, –2. , -

 – , 
-

.
-

,  14 – 15 % V2O5, 35 % FeO, 25
% SiO2, 9 %TiO2, 3 % MnO, 4 % Al2O3, 1 % MgO  10 – 11 % 

.
-

- , : , -
, , , , -

.
, 

, -
. , 

, . 
,  85 % V2O5, 

1 ,  Fe2O3, AI2O3, SiO2, CaO, MgO.

, , 
. , 

.

.

, .
-
-

. . -
. , 

, 
. 

: ,
, 
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, . 

. -
-

.
-

, -
.

-
, , 

.

 –
. -

.

;222 COSiCSiO 0,855  1  Si

;
2
3

2
3

2
1

32 COCrCOCr 0,346  1  Cr

;
2
3

2
3

2
1

32 COMnCOMn 0,327  1  Mn

;
2
5

2
5

2
1

52 COVCOV 0,588  1  V

,  1 -
 60/28=2,14  SiO2,  1  1,46  Cr2O3,  1 

1,44  Mn2O3,  1  1,59 .
-

, , -
 1 -

,  1.
, -

, . 
  

 12 %. 
 60 %, -

.
-

 2, -
 1.
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 1 – 
 1 

:
Si Cr Mn V

SiO2 Cr2O3 Mn2O3 V2O5
, % 97 50 72 85

, 2,21 2,92 2,00 1,87
, 0,855 0,346 0,327 0,588

, 0,95 0,384 0,363 0,653
-

, Fe2O3
0,044

FeO–
0,51
SiO2–
0,10

FeO–
0,04
SiO2–
0,11

FeO–
0,12
SiO2–
0,04
Cr2O3–
0,02

,
0,010 0,085

0,040
0,007
0,044

0,021
0,016
0,010

,  0,011 0,147 0,057 0,052
-

 1 , 3,171 3,451 2,42 2,575

 2 – , %

Si Cr Mn V
69 83 80 72
12 12 12 12
19 5 8 16

, -
, , -

, .

3):  – 1,8;  – 2,0;  –
2,6;  – 1,8;  ( ) – 0,6; -

 – 0,8. -
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.
 1 .

( i/ )=1/ ,                                             (1)

– ,
 – ;
 – .

-
 1,25.

, -
 1 . -

 3.

 3 – 
 1 

Si Cr  Mn  V
,  3,171 3,451 2,420 2,575

,
3

1,18 1,81 1,46 1,22

, 3×10-3 2,695 1,907 1,654 2,103
, 3 1,47 2,26 1,83 1,53

-
, 3×10-3

2,156 1,526 1,323 1,682

, -
, 

.
, -

, 
 3. -

 ( ) 
 (1).

, –
. -

 ( ) -
. , -
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 0,7 %  10–
 0,7×10000/100 2,42 169 –

, -
 0,169/1,83 0,092 3, -

 – 1,428 3.
 ( ) 

-
. 

: .
, 

. ,
 0,092 3 , -

 300 ,  50 ,

)1400(14
5,03

492,925,03
4 22

22 hh ,

: h – .
   100–150 .

, 300,
l =1400 .  40 , 380

, l 1500 . -
 10  0,7 % Mn 350 .

-
. -

 1  – 2
,  – 0,763 ,  – 0,808 ,  – 1,373 . 

 1  2,023 ,  1 -
 0,882 ,  0,927  1,483 .

 10 
 70 , ,  0,882 70 62

,  0,2 3 (  1550 0 )
 310 3. 

 0,012 3 2

[6,7].  10 -
 0,7 %  1,3 2

 310/(0,012 1,3) 19872 5,5 .
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, -
. -

, -
.

, , , 5 -
 10– . -
,  0,012 

0,020 – 0,025 3 2 .
, -

. 
,  0,1 3 2 -

 –  1 .

.
-

 4.

 4 – , 

Si Cr Mn V
, % 0,3 0,5 0,7 0,5

, 66 46 62 74
, 3 330 232 310 371

, 5,9 4,1 5,5 6,6

, 
. 

. -
, -

,
.  1 

-
 ( ):  – 10,9;  –

4,7;  – 3,7;  – 5,7.



203

, 
70  10– -

 260 . -
 1 ,  300 , 

. 

-
 0,5 .

-
.

-
, , 

 0,7 % .
 130  10–

. 
 600 . ,

, .
.

 1  2 
.

-
:

– -
,
-

;
– 

;
– -

-

;
– -

,
, -

, -
, 

-
, , 
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, -
;

0

20

40

60

80

100

120

140

160

Mn Si Cr V

 1 –  1 
 (  1% ) 

0
20
40
60
80

100
120
140
160
180

Mn Si Cr V

 2 –  1  (  1% Mn, Si, Cr 
 0,1% V)  ( .)

,
·

,
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   5  10
.  1 -2  – -

.     -
, -

-
, .

-
-

, -
 [3,4],   -

-
.

. -
   -

5 .
. -

5  25  15 .
-

,  [5]. -
  25  0.02

 0.10 : -
 19-20 ;  0; -

 5 .

.  « » , .
,  1.5 – 2.00 -

.  « » 
, , -

.
 1   

,  0.06 . , -
   « », . -

, , 
. -

. 
» .

-
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 1 -  « » 
) .  0.06 .

-
,  [5]. , 

-

,  [6].
-

, -
 10  500, -

-
.  2 -

.

 2 – 
 ( ) ,

 ( ).
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, 
, -

 [3,4]. 
:

                                   = U • sin  / 2 ,                                             (1)

 U  – ,   
, -

 – ;  – 
;  – -

.
 75% , -
 U

[3,4],  1.39.
 (Fe.

W.Mo,Cr.V.C) ,  [3,4]:

                                 = i
*• i• ci ,                                                  (2)

i
* - -

  ; i – ; i
– .

 2 5 -

 1075 -1.  ( ) -
 1  = 10; 20; 30; 40  500 , 

 1.02; 2.0; 2.95; 3.82  4.6 .
, -

-
.

 1 , 
-

. -
, -
 ( ) .

5  1.
, 

-
. -
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, 

. -

 1 –    ( ), 
 ( )   ( ), 

) 5

%
±3%

1.02 60 2.949 3.674 17.2 12.4
2.00 52 2.933 3.671 17.2 10.5
2.95 52 2.928 3.666 16.3 12.0
3.82 44 2.915 3.639 17.1 14.6

0.02

4.06 37 2.900 3.620 16.0 14.1
1.02 50 2.912 3.649 17.4 15.0
2.00 43 2.918 3.661 16.8 13.4
2.95 38 2.930 3.648 17.0 16.1
3.82 37 2.921 3.651 15.7 15.2

0.04

4.06 28 2.880 3.611 18.7 15.6
1.02 48 2.900 3.640 16.4 10.6
2.00 39 2.899 3.643 16.0 12.1
2.95 35 2.890 3.631 15.8 13.0
3.82 36 2.897 3.652 16.0 15.1

0.06

4.06 36 2.910 3.619 17.1 12.9
1.02 59 2.916 3.650 16.5 11.5
2.00 52 2.891 3.620 15.6 13.6
2.95 45 2.910 3.640 18.1 15.1
3.82 44 2.890 3.633 17.3 14.6

0.10

4.06 41 2.897 3.640 17.4 15.0

, 
  .   -

, -
, 

.
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3, 4 . 560N , 
32N , 24N .

 [6, 7].   2  3 -
-

 ( -
 2)  (  3).

w
, 

3

n

 –  10 ; o  –  20 
 2 – 

n 18b

w
, 

3

n

« » – CT 650 ; « » – CT 725 ; «o » – CT 800
 3 – 

n 36
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-
-

 [8] -
 [9].

-
 STATISTICA [10].

-
.

-
, 

.
-

pw  ( ) w , -

, . 4. -
-

, 
.

-

. -
 1, , TFF

.

 1 – 

36

32 24 56

, 2
yS 1,3452 41,228 296,73

, 2S 0,20494 2,9095 1,2992

, F 6,564 14,17 228,4

, TF 1,835 2,01 1,56

-
 [10], 

 95%.
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. -
-
-

. , 
.  « » -

, -
. .

 250 . . .
-

 « » 
». 

, -
-

. -
: , , 

, 
. . -

     1.

 1 – 
 « »

.
.) -

.)
-
.)

-
.) 1

-
. - -

.

1 2 3 4 5 6 7 8 9
Fe 36,60 46,2 37,2 47,5 58,08 47,7 63,0 47,5

Mn 1,10 0,80 2,00 2,20 (Fe )
39,55 0,99 0,43 –

FeO 8,80 10,50 9,50 5,90 11,87 61,33 – –
32OFe 42,40 54,30 32,40 61,50 13,28 – 90,0 –

2SiO 12,60 9,30 13,80 5,30 9,02 33,82 7,25 10,00
CaO 8,90 9,60 9,90 6,20 9,62 0,36 0,20 5,00
MgO 1,70 1,20 1,20 10,40 5,90 0,23 – –

32OAl 3,00 1,10 2,80 1,00 – 1,59 1,17 2,00
MnO 1,40 – – – – 0,99 0,43 -

18,90 8,40 24,00 4,60 – – – 7,50
12,60 2,70 12,90 0,80 – – – –

S 0,49 0,30 0,40 0,20 – 0,6 0,2 –
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 1

P 0,03 0,03 0,04 0,04 – 0,11 0,35
1 2 3 4 5 6 7 8 9
Zn – 0,05 0,14 0,003 – – – –
Ni – 0,008 0,006 0,040 – – – –
Pb – 0,010 0,020 0,180 – – – –
As – 0,002 0,002 0,004 – – – –
Cu – 0,008 0,010 0,070 – – – –

OH2 26,3 15,0 15,0 15,0 2,0 – – –

  . . [2], -
. -

 ( . 2) [1].
, -

-
, -

. 
 « »   

 1.

 2 – ,

) )

Fe 0,98 0,02 — FeO  1,8 – 2,5%
P 0,50 0,40 0,10 —
S 0,03 –

0,08
0,15 –
0,08

0,80 –
0,90

—

Mn 0,005 –
0,100 — —  0,15% Mn

Si — — —  0,15% Si

C — — — 4,0 – 4,8% C

, -
 0,95.  2 -

. 
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 (0,7 – 0,9) ,
,

1,0  1,3.

 1 – 

 2 – 
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 1700 0 -
. -

.
 « », 

 0,7 – 0,9, -
.

-
, 

 (  6-8 %) -
. -

, 

 « ». 
. -

. 
, 

. -
, 

 6 %. -
, .

 (  20 %) 
 6 % , -

 170 .
, -

 « »  « » -
, 

.

1.  « » / . . . – .: , -
 « », 2005. – 400 .

2. ., . -
.

6, 1993,      . 10 – 13.

., . .
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-
. 

 250-300 . 
,  « -

» . -
, .

-
.  50 -

. -
-

.
-

: -
, , 

, . -
.

.
-

1  3  3000 3  1994 . 
1995 . 

 " " .
-

. 
-

, -
.

. -
 [1], , 

, , 
, 

, 
, 

, 
.

-
,  100 % , 

 100 % ,
, 

.
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,  20 %  [2].

, -
 1719 3,  1:10 [3].

, 
, .

-
. 

 [3] 
 AAKK -

 KAAK .

,  Kobe
Steel  800 °  [4, 5].

,  200-
300 °C, , 

,  600 °C -
. , -

 600 °C,  700 °C.
, -

. -
.

. -

: , -
 [6]. -

. -
.

-
 2  [7]. -

 80, 50, 40, 25  12,5 -
.

. -
-

.
.

 2005  « », , 
, . 

 1589  AT . -
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.
:

1) , %........................  7,0;
2) , %........................  0,7;
3) , %......................  5,0.

, %:
1) + 100 .....................  20;
2) 0-5 .........................  6.

 1.

 1 – 

1 3 1 3

, , , , , , , ,

8 2234 4,8 1898 17,6 19 2450 18,4 1956,3 25,6
7 2281 4,2 1815 19,5 18 2651,3 7 1953 44,2
6 2452 1,2 1920 1,5 17 2229 20,7 1923 27,9
5 2335 0 1811 6,5 16 2505 9,6 1958 20,1
4 2438 6,1 1756 9,8 15 2556 0 2176,1 19,6
3 2458 16,3 1736 21,4 14 2594,4 10,6 1952 19,2
2 2267 15,6 1919 15,5 13 2454 12,9 1904 12,1
1 2449 7,8 1896 8,6 12 2451 8,6 1957,7 12,1
28 2154 25,4 1802 13,3 11 2450 11,7 1922 12
27 2479 20 1905 24,7 10 2456 12,1 2001,5 18
26 2510 7,4 1927 22,7 9 2403,1 0,4 1955,6 6,1
25 2450 0 1861 27,8 8 2453 2 1925 9
24 2351 5,7 1903 34,8 7 2453 4,3 1902 20,7
23 2154 18,7 1804 36,7 6 2459 9,4 1907 17,6
22 2451 20 1900 33,8 5 2451 3,9 2172,6 8,1
21 2520,4 14,5 1904 34,8 4 2451 5,5 1902 13,6
20 2475 15,5 1921 28,5 3 2468 0 1965,9 29

:
1)  10 
. 

 50 .
2) , , -

, 
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, -
.

3) -
 2005 , -

 0,9 .
-

. 1
 1, 3 -  2.

1 ( .1), -
 1386 3, -

. , 28  25,4 ,
 2154 , -
 2300-2500 . 

, 
.  15 

.

, , 
 1 - 

1
 2, 3,

 1033 3, 
.  14  28 , 

 (  20-40 ), -
. 

-
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, 
.

, , 
 2 - 

3
-

. -
, , 

, -
. , .

, , -
.

 12  40 
 1 ,  265  4 , -

 200 .
 2.

 2 – 

, 12,0 12,0
  - 10, /% 4,75/39,6

 8-10 )
0,55/4,6

)
                 - 25, /% 0,85/7,1 1,0/8,4
                 +25, /% 6,4/53,3 10,45/87,0
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: 1)  - , -

; 2)  - -
; 3)  - -

 4) .
-

, , -
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.

, .
:

- ;
- ,  900 0 ;
- , . -

,  3000 ,  10 , 
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- -
 0  3000 .

. -
-

. 
. -

. -
-
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, 
. 

. -
: 

, -
. 

-
. 

-
, , , -

, . [4].
, , ,

, , , . -
, -

. -
 ( , ). 

.
 ( , -

, , , .) 
. 

. -
. -

. -
, ,

,  [2].
-

. -
, -

. 
, -

-
 [5]:

%
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m
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.
100100 ,
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m  – , ;
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-
-

,  [6].
-

. -
 [7] :

–   -
;

– 
;

– 
 90%– -

.

. -
-

. 

,  ( , -
.).

. 
. 

.
-

. 
, , , , , -

.
 70- -

 « » . 
.

 « » 
 –

, -
 1.

 1 – 

 TiCl4 AlCl3 CrCl3 NaCl CaCl2 FeCl2 KCl MnCl2 MgCl2 C SiO2

% 7,13 8,09 5,79 8,14 2,86 19,4 24,63 3,30 15,44 2,26 2,96
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-
. . -

 2-3.
 TiCl4

 Ti( )4,   
[8].  Ti 2

. -
 1, ,  Ti , -

, . -
-

 (  2).

 2 – 

K+ Ca2+ Na+ Mg2+ Al3+ Mn2+ Cr3+

, –2,92 –2,79 –2,713–2,37 –1,65 –1,17 –0,74

-
. 

.
I . = – 3,20 .
II . 

:
– , ,  (–3,20…–2,85);
– , ,  (–2,85…–2,75);
– Na, ,  (–2,75…–2,50);
– Mg, ,  (–2,50…–2,00);
– Al, ,  (–2,0…–1,50);
– Mn, ,  (–1,50…–1,00);
– Cr, ,  (–1,00…–0,50).

, 
.

. -

. -
. 

. 
. -

. 



238

, 
.

, -
. 

.
: 

 = – 1,5 ;   I  ~ 0,5 A;  
 = 2 .  3.

 3 – 

 k,
/( )

-
-

 m, 
Cr 1,796 10-4, 0,486
Mn 2,846 10-4 0,382

, , -
 1 .

, 
, -

. , 
, 

.
, -

, -
-
-

.

1. . . . .
. . . ., « . »,

1973.480 .
2. ., . , ., . -

: 
 // . . . – .:

, 2001 .– 720 .
3. . . -

-
 / ; . . , 2006.78 .
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4. ., . 
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7. .  / .
.– ., 1963.–167 .
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-
, , 

-

, -
.

, -
-

.
 65 18 10 ,

»,  50- , -
 « »,  13 -

,  37 
.

.

  – 

 %, 
»-

- -
»

-
-

Ni 28,10
*65,1048,9

36,10
75,1043,9

04,10
45,1050,9

81,9
30,1001,9

Cr 87,17
46,1846,17

01,18
80,1825,17

10,18
91,1835,17

35,18
97,1853,17

Ti 51,0
70,038,0

56,0
75,027,0

61,0
70,045,0

67,0
80,035,0

Ni
Cr

74,1
82,170,1

73,1
84,165,1

80,1
87,165,1

85,1
90,178,1

C
Ti

00,6
60,700,5

30,6
50,700,5

35,6
00,810,5

40,7
00,1110,5

N 0098,0
014,00055,0

0093,0
015,00048,0

0124,0
017,0011,0

0172,0
024,00152,0

O 0040,0
006,00013,0

0041,0
0072,00017,0

0070,0
009,0003,0

0155,0
022,0004,0

*– , .
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, ,
 « », 

 ( .) -
. , -

, -
.  [1, 2], NiCr /

CTi / . 

, 
,  [3].

. -
, , 

CTi / , 
, .

, , -
, -
 1,5 – 2,5 , -

 3,0 – 4,5 ,
-

.

.  MS-46
 « »). , -

. -
, 
.

, 
,  « ». 

. 
.

-
, -

.
, -

, -
. 

 9,81%  10,09% -
 620  605 2  295  280 2, -

 68  71%  55 
57%. 
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. , , -
.

 [4] , 
, 

 4- , -
, -

. 
 5 – 6 

. 
. CTi /

 5,5  8,5 
590  615 2  263  290 2, -

 73  68,5%  60  55%.

, 
-

 0,65%,  0,50 – 0,65% -
.

, 
, -

. 
, 

, .
-

, , -
, 

-
 (  1).

, , 
, -

:
1.  17,0 –

18,0%.
2. 

 10,0 – 11,0%.
3. -

 1,8.
4. 

,
CTi /  5,0 – 6,0.
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.  13 –
18% Mn  0,003 – 0,020% P . 

, . 
-

, .
 – -

.
-

, 
, . 

, 
, ,

.
-

 1 [1].

 1 – 
, %

Mn SiO2 CaO MgO Al2O3
14-19 43,5-46,8 15,5-16,5 4-5 6,9-9,0 16,1-3,7

-
. -

.

. -
, -

, -
.

.

 100 . .
, 

. 
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. 
, , -

.
, -

-
. -

, . -
. -

.  –  MnO
, 

,  [2, 3].
-
.

 (–0,1; 0,1 ÷
0,63; 0,64 ÷ 2,5; +2,5 ), 

,  2.

 2 – 

-
+ 2,5  2,5 

0,64 
 0,63 

0,1 – 0,1 

, 3 1,424 1,317 1,311 1,333 1,212

, 3 3,024 3,010 2,896 2,857 2,667

, 699 427 132 105 35

-
, % 100 61,09 18,88 15,02 5,01

, 
. 

 0,63 ÷ 0,1 . -
 300 . , 

.

, 
 570  ( )  0,057  ( ). 

-
,  –
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1960 . -
. -

 -1960 -
. -

. 
. -
 (–196 ÷ –1500C,

–150 ÷ –1000C,  –100 ÷ –500C). 
 3.

, -

 –150  –1000C, 
.

 3 – , %

- –196 ÷ –1500C –150 ÷ –1000C –100 ÷ –500C

Mn* 13,00 17,20 21,92 20,30
MnO 17,00 22,20 28,30 26,20
SiO2 47,50 40,10 40,50 41,10
CaO 12,50 10,70 9,71 11,00

23,00 27,00 21,49 21,70
100,00 100,00 100,00 100,00

30,59 66,47 54,12

* -  MnO.

, -
-

 30,5÷66,47%. -
 –150 ÷ –1000

 17%  28,3%, . . 
66,47%.

-
, 

, 
. , -

 –150 ÷ –1000C MnO 
. -

.
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, , . 
.
-

 38–40% [4].

. -
, -

 (  26 – 50%). 
: MnO2, Mn2O3, Mn3O4. -

, ; 
 MnCO3 [5].

, 
-
-

. , 
-

. 
, , -

.
-

:
- -
;
- 

;
- .

1. . -
.: . – .: , 1991. 335 .

2. . -, -, -, -
- . . : -

 « ». – ., 1971. 1032 .
3. . .: -

 – .: , 1956. 352 .
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‘‘CHAPTER “DEVELOPMENT OF MINERAL DEPOSITS”

Litvinsky G. Rock pressure in mining developments – the new
concept.

The new classification and the fundamental regularities of rock pres-
sure in mining developments are offered.

Key words: rock pressure, deformed state, rock stability, classification,
fundamental regularities.

Frumkin R. A., Okalelov V. N., Samkova E.R.  Estimation of reli-
ability of the information used by working out of investment projects of
collieries.

Results of researches of reliability of the geological, technological and
technical and economic information used by working out of investment pro-
jects are stated.

Key words: reliability of the geological and technical and economic
information, designing of mines, investment projects.

Antoshchenko N.I., Syatkovskiy S.L., Filatijev M.V. About the
classification and the factors which determine the efficiency of ventila-
tion schemes of the coal mines’ faces.

There was executed the analysis of the efficiency of practical applica-
tion ventilation schemes of the coal mines’ faces.

There was proposed one of the criterion of estimation the possibility of
the management of gas escapes through the excavated spaces exhaust faces.
There were formulated the main principles and theses of classification of
ventilation schemes with taking into account supplementary factors which
influence on their application efficiency. The selection, basis and calculation
of ventilation and degassing schemes are proposed to be carried on the com-
mon method and one normative document.

Key words: ventilation, which determine, degassing.

Kornjejev S.V., Dobronogova V.Yu. Dynamics of backwall scraper
conveyers with hydraulic tighteners.

The mathematical model of conveyer of type of KSD is developed
with a hydraulic tightener, the dynamic loadings are investigational in the
elements of construction, efficiency of device as facilities of protecting is set
from urgent overloads.

Key words: scraper conveyor, hydraulic tightening device, dynamic
load, the protective functions.



462

Kuzmenko V.I. Mathematical model of the is intense-deformed
condition of the joint of NSZL-type of ribbons of belt conveyors.

The mathematical model is developed in the form of system of differ-
ential quotations with variable indexes, describing stress-deformed condition
of junction NSZL-type at its loading by tensile force.

Key words: Belt conveyor, rubber band, the vulcanized joint, tense-
deformed state, mathematical model.

Fesenko N.S. Perspectives and trends for developing the methods
of automated control for coal mine’s ventilation.

The reasons of unsatisfactory condition of automation control for
mine’s ventilation are considered, the improvement ways of automated con-
trol systems for coal mine’s ventilation are offered.

Key words: mine’s ventilation, control, automation, methane release,

efficiency.

Lisitsa V.Ye.  Shkurskiy Ye.F. Prediction the opportunity of cross-
ing of low-amplitude break-ups by face workings with the view of decreas-
ing coal loses, its efficiant use and earth interior protection.

The article is devoted to predicting the crossing complexity of low-
amplitude tectonic break-ups of coal layers by face workings with the view of
decreasing coal loses, that provides its efficient use and Earth interior protec-
tion.

Key words: low-amplitude tectonic break-up, crossing complexity of
break-up, face working, coal loses, its efficient use, Earth interior protection.

Chehlatiy N.A. The transitional conditions of the lifting equipment
when boarding and removing lifting container from bases.

The transitional processes of mechanical lifting system are considered.
Also designed the mathematical model of dynamic condition lifting equip-
ment when containers boarding-removing from hard base, which allows to
conduct numerical studies of this process. The results of numerical modeling
the dynamic conditions of lifting equipment are stated.

Key words: lifting setting, dynamic state, landing-removal of vessels,
mathematical model.

Karlova V.V.  The method of shooting crane ways in plants with
long operating in aggressive environments.

A method of engineering and geodetic surveying in the shops of plants
with long, exposed to aggressive environments. This method will improve the
accuracy of geodetic work and improve safety.
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Key words: destruction, crane equipment, the load-bearing construc-
tion, crane ways, deformation, a neutral line.

Shkurskiy  Ye.  F.,  Lisitsa  V.  Ye.   Prognosing  of   low  amplitude
faults of coal layers according to the size of displaces.

The possibility of vacuum position and short-range faults amplitude for
prospective planning of refining mine works is in the article.

Key words: shift deformations, their amplitude, length, prognosing,
planning of mine working face.

Kozakov V.I., Bazarova K.V. The resolving of the mining-
geometrical problems on the scheme of the mine working.

There set the ways of construction of the images of the spatial forms on
the plane and the ways of resolving the problems of geometrical character ac-
cording to the given images of these forms in the Monge’s system of planes
and projections, and also the ways of the depicting the things in the scheme
and resolving the problems of mining-geometrical character in the projec-
tions with the figural marks.

Key words: mining-geometric problem, the plane of projection, the
projection of numerical marks.

Larchenko V.G., Horujaya N.V.  Ways of measurement of defor-
mations  the terrestrial surface and earned additionally objects.

The offered ways and device of  the determination deformation to ter-
restrial surface and worked up object, founded on simultaneous, independent
determination horizontal and vertical deformation to terrestrial surface or
worked up object, vastly reducing labour content of the observations, raising
their accuracy and comfortableness.

Key words: horizontal, vertical deformations of constructions, ways of
natural supervision.

Nechepurenko M.S., Sirotina K. Yu. In relation to a task from de-
termination of parameters of fastening of working surface of screen.

The method of calculation of distance between the resilient trans-
formers of motions in construction of fastening of working surface of screen
is considered in the article. The necessary amount of resilient transformers
for prevention of the impermissible bending of working surface is certain.

Key words: working surface, fastening, resilient transformer of motion,
possible bending.
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Kasyan S.I. Substantiation of the parameters of unsteady roof
hardening by chemical anchoring on junctions between longwall faces
and reused workings.

Three charts of consolidating of unsteady roof are developed from
bringing down and substantiation of the parameters of unsteady roof harden-
ing by chemical anchoring on junctions between longwall faces and reused
workings.

Key words: rock hardening, chemical anchoring, junctions between
longwall faces and reused workings.

Pavlov E.E. The analysis of negative consequences of waste space
behind roadway lining.

The statistical laws of distribution of interstices in overlining space of
rock headings, which where driving by drill and fire system or combine
methods,are stude.

Key words: development, roof, lacing, negative consequences,
arch support.

Bubunets Yu.V.  Potential forecasting of methane abundance in
coal mines’ workings.

The research results of methane abundance in coal mine working are
given, the problems concerning the rightfulness of using normal distribution
law when determine the awaiting methane abundance of mine workings were
studied, displaying the zones of potential forecasting of methane release us-
ing the randomness indexes are offered.

Key words: methane abundance, forecasting, randomness index, fore-
cast model.

Ermakov A.N.  Role of coal in consumption of power resources.
In article the analysis of need for coal and prospects of development of

coal output in the world and Ukraine is resulted.
Key words: coal, consumption, power resources, stocks, analysis.

CHAPTER “METALLURGY”

Petrushov S.N., Rusanov I.F., Mycyk N.A.  Nature of coal dust in-
qection in fire furnaces of sintering machines.

Various schemes of coal pouder fuel in furnaces and forges of a vari-
ous design are considered. The expediency of use of torch burning of coal
pouder fuel in forges of sintering machines is proved.

Key words: coal pouder fuel, fire furnaces, sintering machines.
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Petrushov  S.N.,  Rusanov  I.F.,  Rusanova  N.I.   Nature  of  prepara-
tion  and  inqection  of  coal  pouder  fuel  in  fire  furnaces  of  sintering  ma-
chines.

The different charts of preparation of coal pouder fuel are considered
with the purpose of the use of it in the used for setting fire furnaces of sinter-
ing machines is  proved.  Expedience of  the use of  chart,  at  which going and
selected coal dust which appears during crushing  of fuel in the workshop of
agglomeration, is grounded, and farther given in the used  for a setting fire
furnace.

Key words: coal pouder fuel, fire furnaces, sintering machines.

Vasilev Y.D., Konovodov D.V., Vasilev E.Y.  Theoretical definition
of contact stress at cold rolling with new model for the friction stress.

The results of the theoretical definition of contact stress at cold thin
strip rolling are presented. The mathematical model for definition of an aver-
age normal contact stresses are obtained.

Key words: cold rolling, the contact stresses, mathematical model.

Grinkevich V., Kuzmina O. To decision of the boundary problem
of the plastic deformation in the network of the indirect boundary-
integral formulation.

The decision of the problem by viscosity-plastic flow theory, based on
the boundary elements method,  is described . It is solved the Poiseuille task.
Also indirect formulation of the border hard-plastic problem in boundary in-
tegral equations is considered.

Key words: boundary problem, boundary elements method, theory of
plastic flow.

Bezverhiy I.V., Tomash A.A. Researching of intensifying factors
influencing on the indexes of sintering process.

The influencing of largeness segregation of sintering  charge, lime ex-
pense, changes of height of stratum on speed of sintering process and output
of suitable sinter is experimentally studyed. Equalizations, allowing to take
into account influence of intensifying factors on the indexes of sintering
process, are got.

Key words: intensification of sintering process, lime, stratum height,
segregation, speed of sintering process, output of suitable sinter, planning of
experiment.
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Kuberskiy S.V. Arc deep renewal of useful admixtures of metal-
lurgical slags in metallic fusions.

Technology of saturation of metallic fusions useful alloying compo-
nents from the metallurgical slags by the method of arc abyssal reduction is
offered.

Key words: metallic fusion, saturation, alloying, turn slag, arc abyssal
reduction.

Ershov V.M., Korobko T.B. X-ray photography analysis of super-
ficial layer of the polished high-speed steel.

The results of X-ray analyses of micron surface layers of ground
quick-cutting steel P6M5 are presented. Evident increase of number of re-
tained austenite in near-surface layers for all grinding modes was discovered.

Key words: X-ray analysis, austenite, grinding, parameter of crystal
lattice, width of diffraction.

Borovik  P.  V.,  Lutsenko  V.A.,  Ulyanytsky  V.N.  Research  of  de-
pendence of specific work of cutting from width of cutting edge of knife.

The results of experimental researches are resulted as evaluated by in-
fluence of relative width of cutting edge of knife on specific work of cutting,
for different materials and terms of realization process of cutting in parallel
knives.

Key words: scissors, knife, specific work.

Kuberskiy S.V.,  Dorofeev V.N., Vasiliev D.B. Efficiency increase
of technogenic offcuts utilization in stoves with liquid slag bath.

Possibility of metallurgical production offcuts processing on OJSC
«Alchevsk iron and steel works» by the process of «Romelt» is considered.
Measures on the improvement of engineering-and-economical performance
of «Romelt» process at processing of slime are offered.

Key words: process of «Romelt», slime humidity, cast-iron, degree of
reheat,  slags basicity.

Novokhatskiy A.M., Mikhaylyuk G.D., Karpov A.V. Problems of
use of anthracite as coke substitute in domain manufacture.

Results of industrial use of coal as coke substitute are analysed. Me-
chanical durability of coal in a rotating drum is received. Techniques of re-
search of metallurgical value of coal are presented.

Key words: anthracite, coke, industrial experience of replacement of
coke, mechanical durability.
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Semiryagin S.V., Smirnova I.V., Bozhanova E.S. Usage of the elek-
trolysis in metallurgical technologies.

Given revien deals with some questions of elektrolysis, its mechanism
and application during the metal recovery from wastes of metallurgical
manufacturies. The results of the experiment with the usage of amalgam elec-
trodes of the limited volume are given in the review.

Key words: amalgamnye limited amount of electrodes, electrolysis,
metallurgical production wastes.

Kuberskiy S.V., Kuberskaya N.V., Fedotov O.V. Ways of improv-
ing the quality of continuous-casting grade billets made of corrosion-
resistant steel.

On the base of experimental data in the conditions of plant “Serp and
Molot” (Moscow city) the analysis of crack formation in the sheets of con-
tinuous-casting billets was made for chromium and chromium-nickel steel
alloyed with titanium. There were proposed some methods allowing to de-
crease the ability of continuous-casting metal to damage occurring, to in-
crease the quality of billets and rolled metal.

Key words: continuous-casting billets, titanium, chromium-nickel
steel, damage of rolled metal.

Proskurina I.V., Batluk V.A. Mathematical model of catching of
coke dust in the workplace.

This article solves the problem of mathematical modeling of air flow in
the cyclone and proposed ways of numerical implementation.

Key words: coke production, louver-type separator, dustcathing.

Protsenko M.Y., Kuberskiy S.V., Essel'bakh S.B. Research of sili-
comanganese production slag enriching possibility by magnetic separa-
tion method.

The method slag enriching of silicomanganese production by magnetic
separation with the purpose of the further use for the production of ferro-
alloys is offered.

Key words: enriching, slag, magnetic separation, liquid nitrogen,
manganese, point of Curie.

Ivanov A.P., Ivanova I. A.  Method of determination of the tense -
deformed consisting of rental channels after local thermal influences.
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The changes of the remaining-tense state of channels (broad wise and
along the tested standards) are examined in the article, depending on position
of the welded stitches.

Key words: channel, section welded seam, tense-deformed condition.

Vasiliev D.B., Kuberskiy S.V.,  Kravchenko V.M.  Research of ef-
ficiency of steel scrap replacement on hot-briquette iron at smelting be-
came in the converters with the combined blowing.

Efficiency of steel scrap replacement on hot-briquette iron at smelting
became in the converters with the combined blowing is considered.

Key words: hot-briquette  iron, briquette, steel scrap, converter of the
combined blowing.

Kubyshkina I.A., Bazarova K.V., Bartash I.A.  Geometric model-
ing of the machine components with the help of Solid Works.

There set the results of application of the mechanism of modification
of the shape and the mechanism of modification (reconstruction) of the com-
ponent’s designs filled in modulating system Solid Works, used in the proc-
ess of creating the items of identical shape.

Key words: geometric modeling, configuration, three-dimensional
ample, modification, design of the component.

Danko N.A., Sova I.O., Pronina O.N. Geometric modeling of the
machine components with the help of KOMPAS-3D.

On the basis of the students’ practical works and on the theoretical
foundations the KOMPAS-3D system is one of the programmers necessary
for learning engineering graphic.

Key words: designing the machines, model of the detail, design
documentation, scholastic process.

Danko A.V. Research of coefficient of the tense state at asymmetric
rolling.

Experimental research of coefficient of the tense state at the kinematics
asymmetric rolling by the method of physical design is conducted. Regres-
sive dependence of this parameter from a degree of deformations and degree
of kinematics asymmetry is got.

Key words: asymmetric rolling, physical design, coefficient of the
tense state,  regresioning model.
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Brevnov A.A.  Numerical research of task of a swirl stream motion
in circular gap.

The task on determination of hydrodynamic parameters of swirl stream
in circular area with a permeable internal cylindrical surface is considered.

Key words: hydrodynamic filter, rollup of stream, field of speeds, cir-
cular gap, equations of Navier-Stokes, axial, radial and tangential speed,
permeable surface.

Lisenko E.V. Ecologically method of utilization of domestic poly-
meric wastes clean and power advantageous.

The  results  of  researches  of  chemical  composition  of  products  of  the
piroliza most widespread domestic polymeric wastes are resulted, with the
purpose of determination of their possible use for different industrial tech-
nologies.

Key words: wastes are domestic, polymers, piroliz, chemical product,
industrial technologie.

CHAPTER “CIVIL ENGINEERING”

Drozd G.Y., Pazin V.V. Installation and assembly - ispytatel-
noeoborudovanie for the implementation of technology bezdefektnoy
laying of underground pipelines.

The problems of the mechanization of the lining of underground pres-
sure pipelines. Goals and objectives of the study, given basic scheme for
solving the problem.

Key words: pressure pipes, construction of technology, equipment in-
stallation, butt joint.

Drozd  G.,  Pazin  V.  Assembling  and  editing-tester  equipment  for
realization of technology without of defects of gasket underground pipe-
lines.

The problems of mechanization of works are considered on the gasket
of underground pressure pipelines. Aims and research tasks are formulated,
the of principle chart of decision of task is resulted.

Key words: pressure pipelines, technology of gasket, assembling
equipment, joint connections.

Mochalin Y.V., Mochalina I.G. Modeling of the flow close to rotat-
ing permeable cylinder.

The influence of modeling approach for the surface of rotating perme-
able cylinder on the distribution of flow characteristics in the boundary layer
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on this  surface  is  analyzed.  It  is  shown that  in  the  case  of  suction  of  liquid
through the cylinder’s surface perturbations caused by these details don’t
spread into the outer stream.

Key words: permeable cylinder, boundary layer, velocity profile, tur-
bulent viscosity.

Chernykh O.A., Sova I.O., Balashova-Sukach Ya.A.  Geometrical
design of build constructions through a programmatic complex LYRE.

The results of design of difficult geometrical surfaces of build construc-
tions are presented through a programmatic complex LYRE and approbation
of co-operation of him with the modern automated graphic systems of Auto-
CAD and 3D Studio Max.

Key words: geometry, design, engineering and computer graphic arts,
surfaces, constructions, importation, visualization.

Iatsyna V.N.,  Poddubny S.V. Usage of  carbonate minerals in pro-
duction of silicate concrete products.

Scientific and t hni l information  calcium carbonate sitiv
role in raw compounds used for silicate concrete articles production was
studied and  analysed. The mechanism of calcium carbonate interaction with
other minerals when forming silicate concrete was described. The results of
experiment with lime-limestone mixtures f different kinds of limestone
were adduced.

Key words: calcium carbonate, silicate concrete, lime-limestone mix-
tures.

Antoshina T.V., Ivanov A.P.  Research of dependence of magnetic
properties of material from the tense state of plates at different tempera-
tures of the local heating.

Correlation communication between the tense state and magnetic de-
scription in plates preliminary warmed-up to different temperatures in a cen-
ter is got.

Key words: plate, resistance, the local temperature effects.

Otrosh  Y.A.   Features  of  tests  metal  in  build  constructions  with
application of local destruction.

In the article the comparative analysis of existent methods is presented
for determination of mechanical properties of metal in on-the-road construc-
tions.

Key words: strength of the metal, the local destruction of the test
screw.
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CHAPTER “ELECTRICAL ENGINEERING.
RADIOTECHNOLOGY”

Zablodskiy N.N., Lupanov A.V., Filtov M.A., Gritsyuk V.Yu.  Cal-
culation of electromagnetic moment polyfunctional elktromechanical
converter using numerical methods.

The picture of distributing of induction in a cross-section and differen-
tial equalization of mechanical equilibrium of mechanical parts of PEMP is
got.

Key word: polyfunctional elktromechanical converter, electromagnetic
moment.

Kravchenko V. M., Sidorov V. A. Definition of the technical
condition electromechanical systems.

Methods of an estimation of a technical condition of electromechanical
system are considered. Diagnostic parameters are defined: vibrations, electric
parameters, frequency of rotation of the engine.

Key words: electromechanical systems, diagnostic parameters, vibra-
tion, electrical parameters, frequency of rotation of engine.

Zablodskiy N.N., Kvasov V.A., Filatov M.A., Lukyanov N.V. The
methodology of calculation of the process of heat exchange in multifunc-
tional electromechanical converters screw type.

In work presents the methodology of calculation of the process heat
exchange multifunctional electromechanical converters screw type, taking
into account the cooling air.

Key words: multifunctional electromechanical converters, the energy
dissipation, process of heat exchange, heat transfer coefficient.

Lushchyk V.D., vanenko V.S., Karapka V.D. Asynchronous cas-
cading engine combined with a phase winding in the rotor.

It was considered 8-pole cascade induction motor with the combined
phase winding in the rotor, having improved starting characteristics. We stud-
ied the whole spectrum of harmonics that are created in the cascade winding
rotor, and their impact on the operation of the engine.

Key words: induction motor, phase winding, rotor, coil Cascade Section.

Zablodskiy N.N., Androschuk A.D. On using electrical heating in
coke-chemical and mining production industry.
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The problems of using the heating for technological equipment in
coke-chemical and mining production industry were considered, the require-
ments to the electrical heating devices and performance methods were stated.

Key words: electrical heating, bin feeder, surface-distributed heat re-
lease, requirements to electrical heating devices.

Motchenko A.I., Kobets D.V.  Fazzy control system of dynamic ob-
jects with function of coordinates restriction.

The results of researches indistinct control system with function of co-
ordinate’s restriction are presented. Recommendations for choice forms of
functions of the accessories providing demanded quality of control.

Key words: dynamic object, fazzy control, restriction.

Kotsemir I.A. Algorithm and program of calculation of optimum
tuning of adjusting systems with p – regulators.

A method, mathematical, algorithmic and programmatic providing
of  procedure  of  search  of  optimum  parameters  of  the  automatic  systems  of
adjusting, is resulted with proportional regulators.

Key words: optimal settings, the criteria for optimality, the regulator,
the rate of oscillation.

Saratovskyy R.N. Source of steady-state current for the feed of
installations of the induction heating on the base of frequency thyristor
converter.

Possibility of work of frequency thyristor converter on resonance in-
vertor base in the mode of source of steady-state current for the feed  lot of
posts installations of the induction heating.

Key words: Source of current, frequency thyristor converter, induc-
tion heating, system of stabilizing of current.

Komisarenko A.,  Lamanov S.  Research of the scheme of switch-
ing with operated arcing contacts.

The results of researches of electric switch, its chart and construction,
which contain for extinguishing of arc the contact, which is set in motion by
means of tracker electromagnetic drive, are described. An investigational
switch is let in on the ground before similar switches from point of power pa-
rameters of the process of disconnecting carried out by them.

Key words: mechanical, switching, device, arcing, contact,  arc con-
trol device, scheme, construction.
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Khalimov V.V.,  Sinyaev A.Yu.  Features of calculation of currents
of short circuit in the mine electric networks of the complicated configu-
ration.

The features of internal elektrosnabzheniya of mines are resulted. The
basic parameters of charts of relay defence are described. The calculation of
currents of short circuit is conducted on the method of relative base units and
method equivalent EDS on the area of underground high-voltage distributive
network  of  mine  with  the  complicated  configuration.   An of  principle  chart
and chart of substituting for the area of high-voltage distributive network of
mine is resulted with the complicated configuration.

Key words: system, elektrosnabzhenie, mine, relay guard, current of
short circuit, exactness, methods of calculation, geometry, distributive grid-
iron, of principle chart, chart of displacement.

Gontovoi S.V., Yemelyanov V.A. Informative model of the intellec-
tual automated system of metallographic checking of metals quality.

The informative model of the intellectual automated system metal-
lographic checking of metals quality is resulted, which represents the infor-
mative streams of the system, basic subsystems their setting and interaction.

Key words: informative model, informative streams, database, knowl-
edge base, neural net.

Yegorova T.I. Increase of effective of work of asr of termal mode
of tubular stove.

The results of experimental research are expounded, synthesis of
control  the  system  by  the  thermal  mode  of  tubular  stove  on  the  base  of
microprocessor comptroller.

Key words: tube furnace, thermal condition, the synthesis of control,
real derivatives, the desired extremal.
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