
1 

 

 



2 

 



3 

 

 

 

 



4 

 

 

 

  

32 3 ., 39  

 

 

 

 . 

     

. 

 -  . 

      

  

 

 

 

 

 

 

 

  



5 

 

 



6 

 

 

 



7 

 

 



8 

 

 

 

 

 

 

 

 

 

 

  





10 

 

 

 

 

-76 [1]. 

-

-

 

 

 

 -76 [1] 

 

Al - 0.5 C - 0.1 Cr - 23.5...26.5 Fe - 4 Mn - 0.5 Ni -  

P -  S - 0.013 Si - 0.8 Ti - 0.3...0.7 W - 13...16 

 

 -  5632-
76 [1] 

 

 

 

 

 

 

 



11 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

      

-   

   

 

 (1.1) 

 



12 

 

 

 

:  

 

 

 

 

 

 

 

 

-   

  

 

 

  



13 

 

 

  

 

-

 

 

 

    

 

 

    

 

 

 

 (1.2) 



14 

 

 

 

 

 

 

 

 

 

 (1.3) 

 

 

 

 

 

 

 

 

 

 

 



15 

 

 

 

  

 
 

 
 

, m  1.428 

,   4.358 4.279 
,   3350 4350 

 

 1.06 

 1.6 
 0.82 

 0.93 
 1.0 

,   140 
  18.47 23.68 

,  0.32 0.33 

  

 

 

 (1.4) 

 

 

 

 

 

 (1.5) 

   

 

 (1.6) 

 



16 

 

 

 

 

 

 

 

 

 

 

 

. 

 

 

 (1.7) 

 

 

 

 

 

 

 

 

 [6]. 

-

 



17 

 

;  

 

: 

-    

; 

-  ; 

-      

-   ; 

-   

; 

-   

-  

 

 

 

 

 

 

 

 

 

 :  ,  

   

 

 



18 

 

 (1.8) 

 

 

 (1.9) 

 

 

 (1.10) 

 

 

 (1.11) 

 

 

 

 

  

 6 5 4 
 3 71 3 

 

 

: 

 



19 

 

 

 

 

 

 

 

  

 

 (1.12) 

   

 

 

 (1.13) 

 

 

 

 

  

 8 10 12 13 14 
 4 49 11 4 9 

 

(1.13): 

 

 

 

 



20 

 

 

 

 

 

 (1.14) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  [7]:  

-       

 



21 

 

 

-   -  ,    

 

 

 

  

    

 

 

 

 

 

 

1.9. 

 

  

 

(-0.21)  

 



22 

 

 
  

 

(1.16): 

 

 (1.15) 

 (1.16) 

 

 

  

 

    

  



23 

 

 

 

 (1.17) 

 

 

 

 

 . 

 

 

 (1.18) 

 

=17-10=7 (4+2+1+1) 

 

 

 

25 12.5 6.3 Ra3.2. 

 

 Ra 25  

 

3.  Ra 12.5  

4.  Ra 6.3  

5.  Ra 3.2  

 

 

  (1.20) 



24 

 

 (1.19) 

 

 

  

  

  

 

 

 

 (1.22) 

 (1.21) 

 

 

 

 

  

 

 (+0.072)  

25  

 (1.16): 

 



25 

 

  

 

 

 

 

 

. 

 

 

=17-8=9 (4+3+1+1) 

 

 

 

 

 

 Ra 25  

 

3.  Ra 12.5  

4.  Ra 6.3  

5.  Ra 3.2  

6.  Ra 1.6  

: 

 

  

  

  



26 

 

  

 

 (1.

(1.22): 

 

 

 

 

  

 

 

 

-

-
 

    

 

 

 
 

 

 

 

 

Td Ra Td Ra 
 

 

Ø259.6h10(-0.21);  
 
 

;  Ra 25 

 

T
d
 

1
7
.1

 

2
.5

 

3 

IT17 1  3.6 25 - - 

- 2  - - - - 

h13 3 
 

0.81 12.5 4.44 2 

R
a 

7
.8

1
 h11 4 

 
0.32 6.3 2.53 2 

h10 5  0.21 1.6 1.52 2 

 17.14 8 
 

 

(+0,072);  

 
 

; Ra25
 

T
d

 

4
4
.4

4
 

3
.3

 

4 

IT17 1  3.2 25 - - 

- 2  - - - - 
 3 

 
0.72 12.5 4.44 2 

R
a 

1
5
.6

3
 

 4 
 

0.185 6.3 3.89 2 

 5 
 

0.115 3.2 1.61 2 

 6  0.072 1.6 1.6 2 
 44.44 16 

 

 



27 

 

 

 

 

  

8

 

  

 

 

 

  

 

 

 

 

 

 



28 

 

 

-

 

-   Ø259.6h10(-0.21). 

 

 

 (1.23) 

 

 

 (1.24) 

 

 

 (1.25) 

 

 

 

 

 

 



29 

 

(1.24): 

 

 

 

  

: 

 

 (1.26) 

 

 

 

 

 

 

 

 

 23): 

 

 

 

 

 

7): 

 

 (1.27) 

 

 



30 

 

 

 

 

8): 

 

 (1.28) 

 

 

 

 

29): 

 

 (1.29) 

 

 

 

 

 

  

  30): 

 

 (1.30) 

 

 

1): 

 

 (1.31) 



31 

 

 

 

 

1.11. 

 

 

11   

 

  

 
 

 
 

  

 
i Es(es) Ei(ei) Rz h   

2
Z

m
ax

 

2
Z

m
in

 

2Z  2d  

 (-0.21)

 
 

1  +1.8 -1.8 

2
0
0

 

1
0
0

 

1
0
0
0

 

0 - - - 265.52  

2  - - - - - - - - - -  

3 
 

- -0.81 50 50 60 1
0
0
 

7
.0

2
 

2
.6

1
 

4
.2

1
 

261.31 Ø261.3-0.81 

4 
 

- -0.32 20 20 3 80 

1
.5

3
 

0
.4

 

1
.2

1
 

260.1 Ø260.1-0.32 

5 
 

- -0.21 5 5 0 50 

0
.7

1
 

0
.1

8
 

0
.5

 

259.6 Ø259.6-0.21 

 



32 

 

- - (+0,072).  

 

 

 (1.32) 

 

 

 

 

 

 

 

27): 

 

 

 

 

 

 

 8): 

 

 

 

 

 

 

 ): 

 

 



33 

 

 

 

 

 

 

0): 

 

 

 

 (1.33    

 

 (1.33) 

 

 

 

1.12. 

 

 
  

 

- -  (-0.081). 

 



34 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1.28): 

 

 

 

 

 

 

29): 

 

 

 

 

 

 

 

 



35 

 

0): 

 

 

 

1): 

 

 

 

 

 

 

 

 

  

 

  

 
 

 
   

 i Es(es) Ei(ei) 2Zmax 2Zmin 2Z  2d  

1 2 3 4 5 6 7 8 9 
 (+0,072)  

 

1  +1.6 -1.6 - - - 218.38  
2  - - - - - - - 

3 
 

+0.72 - 4.95 1.75 3.35 221.73 Ø221.7+0,72 

4 
 

+0.185 - 1.405 0.5 1.22 222.95 Ø223+0,72 



36 

 

 

1 2 3 4 5 6 7 8 9 

5 
 

+0.115 - 0.5 0.2 0.385 223.335 Ø223.3+0,72 

6  +0.072 - 0.237 0.05 0.165 223.5 Ø223.5+0,72 

 

1  +1.8 -1.8 - - - 280.1  
2  - - - - - - - 

3 
 

- -0.82 5.35 1.75 3.35 276.71 Ø276.7-0.82
 

4 
 

- -0.21 1.53 0.5 1.32 275.39 Ø275.4-0.21
 

5 
 

- -0.13 0.54 0.2 0.41 274.98 Ø275-0.13 

6  - -0.81 0.261 0.05 0.18 274.8 Ø274.8h8(-0.081). 

 

 

 

 

 

I.   

 

-   7, 6, 5, 4, 3, 11, 31, 25, 26, 27, 28; 

- 2   19, 18, 24, 30, 29; 

- 3   22, 23, 2, 12; 

- 4  . 

 

 

,   

18868-73 [10]. 

  

 

 (1.35) 

 (1.34) 



37 

 

 

 1.14   

 

 

 

 

 

 

1  

. 

 36): 

 

 
(1.36) 

 



38 

 

 

 

 (1.37) 

 

 

 

 

  

(1.36): 

 

 

 

38): 

 

 
(1.38) 

 

 

 

  . 

   



39 

 

 
(1.39) 

 

 

 

40): 

 

 
(1.40) 

 

 

 (1.41) 

 

 

 

 

40): 

 

 

 

 

 

18882-73 [12]. 

 ) : 

 



40 

 

 

 

 

 

 

11  

. 

36): 

 

 

 

38): 

 

 

 

 . 

   

 

 

 

41): 

 

 

 

40): 

 



41 

 

 

 

 

1  

) : 

 

 

 

 

 

 

 

11  

. 

   

 

 

 

): 

 

 

 

 . 

  39): 

 

 



42 

 

41): 

 

 

 

40): 

 

 

 

 

  18874-

73 [13]. 

  (1.34) : 

 

 

 

 

 

 

1  

. 

): 

 

 

 

38): 

 

 



43 

 

 . 

   

 

 

 

 ): 

 

 

 

40): 

 

 

 

): 

 

 (1.42) 

 

 

 

   

  

-  1, 2, 3, 4, 5, 6; 

-  7, 8, 9, 10, 11, 12, 13. 

15 

 

 

18868-73 [10]. 



44 

 

 

15   

 

 34) (1.35): 

 

 

 

 

 

 

 

1  

. 

36): 

 

 

 

(1.38): 

 

 

 

 . 



45 

 

   

 

 

 

41): 

 

 

 

40): 

 

 

 

 

 

18874-73 [13]. 

 

 

 

 

 

 

 

 

1  

. 

36): 

 



46 

 

 

 

38): 

 

 

 

:  . 

   

 

 

 

41): 

 

 

 

40): 

 

 

 

42): 

 

 

 

  

  

-   

-   



47 

 

-   

 

 

 

  

 

 

0

18868-73 [10]. 

 

 

 

 

 

 

1  

. 

36): 

 

 



48 

 

38): 

 

 

 

 . 

   

 

 

 

41): 

 

 

 

40): 

 

 

 

 

  

18874-73 [13]. 

  

 

 

 

 

 

1  

. 



49 

 

 

 

 

 

 

 

 

 

 . 

   

 

 

 

 

 

 

 

 

 

 

 

 

0,5   

18882-73 [12]. 

  

 

 



50 

 

 

 

 

 

1  

. 

  

 

 

 

 

 

 

 

 . 

   

 

 

 

 

 

 

 

 

 

 

 



51 

 

 

 

 

 

60  . 

  

-   

-    

 

 

 

  0 

 

 

-1-80 [14]. 

    ): 

 

 

 

1  

. 

(1.43): 



52 

 

 
(1.43) 

 

 

 

 

38): 

 

 

 

 . 

   

 

 

 

41): 

 

 

 

40): 

 

 

 



53 

 

 2. 

6, z = 2,  -80 

[15]. 

  

 

 

 

1  

   

 

 
(1.44) 

 

 

 

 

 

 

 

 

 . 

   

 



54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3   

 
 

 
 

t, 
 

 
To, 

 
n, 

-1 
S, 

 
V, 

 
1 2 3 4 5 6 7 8 

015 

  
- 

TL200EX 
 

-7, 11, 
25-28, 31 

1.85 160 

0.2 

140.7 3.4 

8-10, 18-21, 24, 2, 30 
1.1 200 136 3.5 

12, 22, 23 
2 180 144 1.6 

12-17 
1.3 250 180 0.5 

 9 

020 

  
- 

TL200EX 

-6 
2.1 170 

0.2 
140 5.6 

-
13 

7.5 170 180 1.6 

 7.2 
 



55 

 

 

1 2 3 4 5 6 7 8 

040 

  
- 

TL200EX 

2-4, 7-9 
0.25 245 

0.2 

200 1.95 

1, 5, 6 0.2 250 208 0.3 

10-16 
0.2 300 210 0.5 

 2.75 

060 

 
 

- 

JDP1890 

 
2.9 700 

0.2 

12.7 0.7 

 
0.1 270 5.1 0.43 

 1.13 

 

 

 

 

 

   

  

(1.45): 

 

 (1.45) 

 

 

 (1.46) 



56 

 

 

 

 

 

47): 

 

 (1.47) 

 

 

 

 

  

 

 (1.48) 

 

 

 

 

49): 

 

 (1.49) 



57 

 

 

 

 

 

   5): 

 

 

 

): 

 

 (1.50) 

 

 

 

): 

 

 (1.51) 

 

 

 

 

 

 

 (1.52) 

 



58 

 

 

 

-  ): 

 

 
(1.53) 

 

 

 (1.54) 

 

 

 

 

-  

 

 

 

4. 

   

   

 

 

 

 

 

 

 

 



59 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

  : 

 

 

 

-  

 

 

 

-  

 

 



60 

 

 

  

   

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  (1.51): 

 

 

 

: 



61 

 

 

 

-  

 

 

 

 -  

 

 

 

 

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



62 

 

 

 

 

 

 

 

  

 

 

 

  

 

 

 

-  

 

 

 

-  

 

 

 

 

 

4   

 
 

 
, 
 

, 
 

, 
 

, 
 

, 
 

, 
 

- , 
 

015  9 6.07 15.07 0.9 15.97 16 16.17 
020  7.2 2.76 9.96 0.6 10.55 16 10.64 
040  2.75 3.5 6.25 0.37 6.62 16 6.71 
060   1.13 0.74 1.87 0.17 2.04 18 2.14 



63 

 

 

 

 

-  

 

  

 1.21 

 

 

 

  

 

 

  

 

 

  



64 

 

 

  

 

  

 

 

 

 

  

 

 

  

 

 

  

 

  

  



65 

 

 

 

 

  

 

 

  

  



66 

 

 

 

 

 

 

 

 

   

  

 

 

 

 

 

 

 

 

 

   

 

3,  

 4  .  

 

  . 



67 

 

 

   , 

 ,  1 

,     

.  

 

 

 

 

 

 

 

 

  

 

 

    

: 

 

 
(2.1) 

 

 



68 

 

 
(2.2) 

 

 

 (2.3) 

 

 

 

 

 

 

 

 

 

  . 

  

 

 

 

: 

 

 
(2.4) 

 



69 

 

 

 

 

 

 

 

 

 

 

 

 

. 

. 

  

 (2.5): 

        

 (2.5) 

 

 

 

 

 

 



70 

 

 (2.6) 

 

 

 

 

   (2.7): 

 

 
(2.7) 

 

 

 

 

    

 

 

 

): 

 

 
(2.8) 

 

 

 (2.9) 

 



71 

 

 

 

 

 

): 

 

 

 

 

    ): 

 

 (2.10) 

 

 

 

 

-81 [18]:    



72 

 

 D = 200    1011-20 - -81 [18]. 

): 

 

 
(2.11) 

 

 

 

,   

   

 

 

2.2  

 

 

 

 

 

 

  

 

 



73 

 

   

  

 

 . 

     

. 

  



74 

 

 

 

3.1  

 

 

 

 

-

  

 

 

-  

 

 

 

 

 

 

 

-

 

 



75 

 

3.1  

 

 

 

 

, 

  

   

 

    

  [19]    

      

.  

 

 

-  

 

   

  

 [20]. 

   [19]:  



76 

 

-  ,   3.3,  

-  -  

).  

   

  

 

  

  

-     

  

 

   

   [19]   

-   

   

 , 

 . 

   . 

 

 

-  

 

 

 [19].  



77 

 

   .  

 

   -   

 

 

 

-  

 

  

21]. 

   

 

 

-  

 

. 

  [19]: 

-    

     

  

; 



78 

 

- - 

    

 - ; 

- -  ) - 

  

 . 

 

 

 

 

 

-  - , 

- - -

) 

 

 

   

 3.8).   

[19]. 

 

 

-  

 

 

    



79 

 

,   [19].  

   

 

    

-  

 

  

[19].  

  

       

 

       

-  

 

 

3.1  

 

 

 

 [22]

 



80 

 

 

 

    

  

  

 

3.2  

 

 

  

 

  



81 

 

 

 

 

 

NX CAM 

-   . 

 

 

-  

 

 

-    

NX CAM 

 4.1).  

   

). 

 

  

 

 

 

 

 

  







84 

 

 

 

 

 

 

 

 

 

  Ø0.1 Ø6  

Ra1.6 .  

 

 

7 

.  

 

 

           

  

  



85 

 

5.1.1  

 

 

 2).  

 

 

 

2   

 

. 

3). 

 

 

 

 

 

 

 



86 

 

 

 

 

 

 

 

1. - 4)  

. 

 

-  

-  

-  

-  

-  

 



87 

 

  

  

4 - -  

MV 1200R, -  

 

2. 5)  

.  

  

   

23]. 

 

  

  

.5   ,  

-  

 

 

-  

-  

-  

.6)  



88 

 

 -

24]. 

  

   

-  

-  

-  

-  

 

  

  

6   ,  

 ) 

 

 

 

 

 

 

 

25



89 

 

 

  

 

7. 

 

   

   

7   ,  

,   

 

 

5.2  

 

 

25]: 

 



90 

 

 

 

 

 

 

 

 

 

: 

 

2) ; 

 

 

 25]: 

1) - -

 

 

2) -  



91 

 

 

 

 

- 

8).  

 

 

8 -  

 

 

 

 

5.4  

 

 

 

 [25]; 



92 

 

 

[25]; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



93 

 

6 

 

 

 

   

 

 -  SKIQ-12CM  

.   

   

 

 
(6.1) 

 

 

 
(6.2) 

 

 

 

 

  

 

  

 



94 

 

  

 

 (6.3) 

 

 

 (6.4) 

 

 

 (6.5) 

 

 

 

 

 

     

 



95 

 

 (6.6) 

 

 

 

 

 

  

 

 
(6.7) 

 

 

 

 

 

  (6.8): 

 

 
(6.8) 

 



96 

 

 
(6.9) 

 

 

 

 

 

   

 

 

 

 

   (6.10): 

 

 
(6.10) 

 

 

 
(6.11) 

 

 

 

 

 

   



97 

 

 

 

 

   (6.12): 

 

 
(6.12) 

 

 

 
(6.13) 

 

 

 

 

 

 

 

 

 

 

  [26  

). 

   (6.4): 

 



98 

 

 

 

 

 

 

   

 

 

 

 

-

-

 

  



99 

 

  

 

 

 

 

 

 

    

   

 

  

 

 

 

  

 

 

   

 [27].  

   

h = 0.7  

 -28-2018 «

  [28]. 

  

   =70%; =50%; 

=30%; 



100 

 

   -  

[L/h] = 1,3   

  

 k = 1,4. 

  z = 1,1.  

 

 

 

 

 

(7.1) 

 

 

: 

 

 
(7.2) 

   

 

 

 

 (7.3): 

 

 (7.3) 

   

 -  



101 

 

 

 

): 

 

 (7.4) 

 

 

 

 (7.5): 

 

 (7.5) 

   

   

h   

 

 

 

  

 

 (7.6): 

 

 (7.6) 

  2. 



102 

 

 

 

 (7.7): 

 

 (7.7) 

 

 

 

 (7.8): 

 

 (7.8) 

 -  (7.9): 

 

 (7.9) 

 

 

 

): 

 

 

 

 

 

  65   

 



103 

 

 (7.10): 

 

 (7.10) 

 

 

 

 (7.11): 

 

 (7.11) 

 

 

 

 

 

 (7.12) 

 

 

 

 

  (7.13): 

 

 (7.13) 

 

 

 

 



104 

 

 

(7.14): 

 

 (7.18) 

 

 

  



105 

 

 

 

 

». 

 

NX CAM  

 

  

 

 

  



106 

 

  

 

 

1. [ ], - URL: http://saturn-

sv.ru/khn60vt-ei868. 

2. [ ], - URL: 

https://uk.wikipedia.org/wiki/%D0%93%D0%B0%D1%80%D1%82%D1%83%D0%B

2%D0%B0%D0%BD%D0%BD%D1%8F. 

3. [ ] 

- URL: https://studopedia.com.ua/1_190207_viznachennya-tipu-

virobnitstva.html. 

 

   

 

-

   

6. StudFiles. . [

] - URL: https://studfile.net/preview/5398887/page:2/. 

7. [ ] 

- URL: https://studopedia.org/12-37794.html. 

8. Engneering. . 

[ ] - URL:   

https://ncengineering.net/articles/izgotovleniye-metatlicheskikh-



107 

 

detaley.html?gclid=CjwKCAjww5r8BRB6EiwArcckC7hvPF7kHj9CPsb9Gsu1eKN7v

wUokKNFpQGWhV9PLmywoGbVvHzM6RoCM34QAvD_BwE. 

9 -

-  

  

10. -73 

 

 -07-01. URL: http://docs.cntd.ru/document/1200015986.  

11 -

-  

  

12. -

 

 -07-01. URL: 

http://docs.cntd.ru/document/1200016001.  

13. -

 -07-01. URL: 

http://vsegost.com/Catalog/41/41486.shtml.  

14.  -1-80  

 80-12-01. 

URL: http://docs.cntd.ru/document/471819650.  

15. -80 

  95-07-01. URL: 

http://vsegost.com/Catalog/30/30543.shtml.  

16

 4-    

17

 -

2004   



108 

 

18. -

N 1, 2, 3)   83-01-01. URL: 

http://vsegost.com/Catalog/30/30543.shtml. 

19. StudRef. [  ] 

 - URL: https://studref.com/318120/tehnika/avtomatizatsiya_otvoda_struzhki. 

20. [ ] - 

URL: https://uk.wikipedia.org/wiki/%D0%A1%D0%BA%D1%80%D0%B5%D0%  

B1%D0%BA%D0%BE%D0%B2%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD

%D0%B2%D0%B5%D1%94%D1%80. 

21. [ ] - 

URL: https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B1%D1%80%D0% 

B0%D1%86%D1%96%D0%B9%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%

D0%BD%D0%B2%D0%B5%D1%94%D1%80. 

22. 

. [  ] 

 - https://stanok-kpo.ru/stati/udalenie-struzhki.html. 

23.  [ ] 

- URL: https://mirstankov.com/uk/shop/oborudovanie-uk-2/elektroerozijni-verstati-z-

chpu/. 

24. . [  

]  - URL: https://iskrostan.prom.ua/p535506032-

elektroerozionnaya-superdrel-sjd.html. 

25. Hypertherm. 

. [  ]  - URL: 

https://www.hypertherm.com/ru/learn/articles/tips-and-techniques-for-automated-

plasma-cutting/. 

26

 

 



109 

 

 003.  245. 

 

  

 -28-   

 -28- -03-01].    



110 

 



111 

 

 

 



112 

 

 

 



113 

 



114 

 



115 

 



116 

 



117 

 



118 

 



119 

 



120 

 



121 

 



122 

 



123 

 



124 

 



125 

 



126 

 



127 

 



128 

 



129 

 



130 

 



131 

 

 



132 

 

 


