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١J١W

א א אא א א،אא א
Kאאcoded information

אאא،א
א א א Kאאאא

א       א א    א 
אאKאא،

אאאאא
אKKKאK


אאא١٩٤٧Jא١٩٥٢אא

אאאאKאאאא
אאאאאא

אKאאאאא
אאאאאPositional ControlK


אאאאאK

אאK


אאW
אא
   ،א    א  ،   א 

א،א،א،אאאאK


אאW
אאאאאאאא
אאאאא،אאא



٢٢١אא
אאF٢E
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Hydrodynamic Sliding BearingKאאאNCK
אאאאK

אאNC א א א
אאאאא KKא KK،

 אא   אא   א
K

אאאאאאאא
אאאאאא

K


אאWאאאאאCNC / DNC
א א   א א   א  א א  K

אאKא
א،א،א،אK

אאאMachining Centers.
א      א אא  א א   א

אאTurning Centers،אאW
• אאK
• אאאK 

אW


١JאאComputer Numerical Control CNC
CNCא א   NC،

א א א  א  KCNC
א    א א      א  

אKKאאאאא
אאאK
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אאF٢E
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א   אאאאא  K
אאאא CNCא،٣٠

א400mmאאאאאKK
אא٣٠NCKKאא

א אאא KKא   
אK

אאאאCNC،
אאא،א،

   K  א  א א   א  
אא  א  אdry run K،  

אאאK
CNCאאא،א،

אאא،
אKא،،א

אאאא KKא
אאאאK


٢JאאאDirect Numerical Control    DNC   

אאאאא
אאאK

אאאאא
אאKאאא

א א  אא  אא   א אא א   ،
K

אאאW



٢٢١אא
אאF٢E
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JWMinimum Cost
אאאאא

Kאאא
אKאאK



JWMaximum Flexibility
אאאאאאא

א  א    א א   ، א Kא
 א       א א א ،א א

אאאאאK
  א א א Molins System 24  ،א א  א א 

אא אא אא אאא
א א?אא? “FMS” Flexible Manufacturing Systemא

אאאא
אאא،א

אאKאאאאK
אאא٢٤א،٨K

 א א  FMS  א א א  א א 
אאאW

- אK
- אK 

- אK 

- K 

- אK 

- אK 
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١J٢אא

CNCאאא،אאאW
- א?אK?
- אK 
- אאK 
- אK 
- K 
- אK 
 

  א  א CNCא א   א  
אאKאאאא?MAHO?

אCNC 432K
 א א           א א

אאK


CNC432W
CNCW אאDIN 66257

אאאאא،א
אK

٤٣٢WאKאאK 
א٢אאאאאAdaptiveאK
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אא



אאאW

 אאK 

 ،אאא،א،אאאאאאא

אא،אK 

 אK 



א٢٢١אא
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אא
אאא

אאW


אאאW

 אא 

 אאאאא

• אאG81G83K
• אG85
• אG84K
• אאאG87K
• אG88K
• אאאG89K
• אאG79K
• אG78K
• אאG77אאK
• אאG77אאK
• אאאG17K
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٢J١אאW 
אא،אאאK



אW 
אא،אאאא אK



WאG81 
N…..G81    Y2   Z-15….    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

אא 
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אאF٢Eאאא

 

- ٣٣ - 

אW     
KKKKKK..KKKKKKKKKKK..KKKKKG83                           

אKKKKKKKK...KKKKKKKKKKKKKKKKKKK G84
KKKKKKKKKKKKK....KKKKKKKK..KKKKKKKKG85

KKKKKKKKKKKKK..KKKKKKKK..KKKKKKKKG86 
אאאKKKKKKG87 

KKKKKKKKKKKKKKKKKKKKKKKKG88 
אKKKKKKKKKKKKKG89

 

אאW 
אאG79, G78, G77






 
 
 
 
 
 
 
 
 
 
 

אW


G77Wאא 
G78Wא
G79Wאא
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אאF٢Eאאא
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٢J٢אא
٢J٢J١אG81W

אאאאא، 
א (G81) אאW

• אFאE 
• אאאאאאK 
• אאK 

אאאFG81EאאאW
(G86, G85, G84, G83) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

XKKKKKKאWאאאZ K 
 YKKKKKKאWאאאK
ZKKKKKKKKאWא??אFאא( 
BKKKKKKKאאWאאאאY

אאK

…M…  S…    F20B  15-Z  2Y  )1.5X(  81G

אא 

 אאא



א٢٢١אא
אאF٢Eאאא
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G81  (X1.5)  Y2  Z-14  B…     G81  (X1.5)  Y2  Z-14  B…   
G79     X42.5   Y37.6  Z0                      G79     X39.7  Y0  Z27.8            


W

• Z אG18 א 
• אFG79Eאא

 



א٢٢١אא
אאF٢Eאאא
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٢J٢J٢אאG83
אאא(G83)אאא،א

אאKKאאW


١JאאאFאאאEאF(JK
אW

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
٢JאאFאJKE

 
 
 
 
 
 
 
 
 
 
 

 



א٢٢١אא
אאF٢Eאאא
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٢J٣אG85W  
  א   א   אא א א  

K 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

…M…  S…    F20  B20-  Z2Y)  …X(  85G

    אG81           G79…  



א٢٢١אא
אאF٢Eאאא
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٢J٤א G84: 
א:

١J אא 
א(J)א 

٢JאFאFE
 

 
 
 
 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 

אW                         M10
אW            P = 1.5mm
אW min

mVc 10=    
אW     n = 318 min-1 

Gא)F (=א ×אWmin
mm477 =1-min318mm x 1.5= F  


א(Y)אG83/G81 
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אאF٢Eאאא
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٢J٥אאאאאG87, G88, G89 
 

 אG88, G87G89يجب א אאא 
אG17, G18K








 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

W 
• אאG89, G88, G87W

-  XFאEאאX
- Yאא
- Zאאאא

• אאG17, G18אאאאG79, G78, 
G77 






א٢٢١אא
אאF٢Eאאא

 

- ٤٠ - 

٢J٦אאאG87 
אW

אאWא



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
G79  X40  Y30  Z0  (B1 = …)* 

 
 
 
*אאאא(B1 = …°) 
 
 
 
 
 

…  S…    F5K )1-J( )70I( 8R 2B 10-Z  50Y  60X  87G

  א   אא     
אא

      א  א     א
   א     FאYE

אאא



א٢٢١אא
אאF٢Eאאא
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٢J٧אG88 
١Jא: 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
٢Jאא:א

         G79  X15  Y20  Z0  (B1 = …)* 
 
Gאאאא( B1=...  ) 
 
 

…M…  S…   F 5K  )1-J)  (70I(  2B  10Z  15Y  60X  88G 

  אG87    אא      אא 
א       FאXE
 אא 

 G17א   Y
G18אX
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אאF٢Eאאא
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٢J٨אאאG89 
١JאW 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

J אאW א: 


G79  X35  Y35  Z0 
 
 
 
 
 
 
 
 
 

…M…  S…   F5K )1-J) 70I( 20R  2B  10-Z  89G 

           אאG87     אא 
                                        א         

א 
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٢J٩אאG79 
 

  א       א א   G79 אא  
FאKEאאא(Z, Y, X )  

אא L1, L2, B1, B2 )EאK
אאא (G90) אG91)(K



١JאאW 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٢JאאW 
 



א٢٢١אא
אאF٢Eאאא
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٢J١٠אG78 
 

אG78 
 

                      אאא                                      
 אאא 

 
 
 
 
 
 
 
 
 
 
 

אK 
 

 
 
 
 
 
 
 
 
 
 

אאאאG79אאא:
N…  G81… 
N…  G79  P1  P2  P3* 

 



א٢٢١אא
אאF٢Eאאא
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*K 
 
٢J١١אאG77אא
 

אאאאG77K
 

 

 
אאא   אאאא 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אאאאאאW


G77  L2=…  B2=…  Z…  R…  I…  J…  (K…) 
G77  L1=…  B1=…  Z…  R…  I…  J…  (K…) 
G78  P1   X…   Y…  Z… 
G77  P1                            R…  I…  J…  (K…) 

195K   5J   30I    15R     0Z   25  Y32X   77G 
                      א             אאא

  א          אא
     אא  א  אאאא



א٢٢١אא
אאF٢Eאאא
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٢J١٢אאG77אא
 

אאאG87, G89אאG77.
١Jא(G87)W

G87  X40  Y24  Z-5  B2  R5 
٢JאאW 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אאאא(B1 = … )אG88, G87 
G77  X70  Y60  Z0  R40  I45  J4  B1 = 0 

 
 
 
 
 
 
 
 
 
 

4  J45  I40  R0  Z60  Y70X  77G
אאא



א٢٢١אא
אאF٢Eאאא
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٢J١٣אאאG17 
אאאW

- T1 W 6mm 
- T2 W  6mm 
- T3 W M6 
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אW 


% PM  
N 9005 

    M 66   T 1  S 950   G 17 N 1 
    G 54N 2 

I 110   J 130   K 40
I 90     J 110   K 20 
I 60     J 60     K 10

Z-20
Z-20
Z 0

Y-10
Y 0
Y 50

 X-10 
 X 0
 X 30  

G 98
G 99
G 99

N 3 
N 4 
N 5 

B 10    F 50      M 3
B 2=37.1   L 2=50.52
B 1=10.5   L 1=40.4

R 15   I 0   J 6   K 270
 

Z-12

Z 10
Z 50

Y2

Y80
Y80

 
 
 

X 15
X 60

G 81
G 79
G 79
G 79
G 77
G 0

N 6 
N 7 
N 8 
N 9 
N 10 
N 11 

S 1200   T 2   M 66 
P 1 
P 2 
P 3 
P 4 
P 5 
P 6 
I 0    J 0.3    K3 
P 1   P 2    P 3   P 6 
P 5   P 4 

Z 0
Z 10
Z 10
Z 0
Z 10
Z 10
Z-14

Z 50

Y 100
Y 100
Y 100
Y 60
Y 60
Y 60
Y 2

X15
X40
X80
X15
X40
X80

G 78
G 78
G 78
G 78
G 78
G 78
G 83
G 79
G79
G 0

N 12 
N 13 
N 14 
N 15 
N 16 
N 17 
N 18 
N 19 
N 20 
N 21 
N 22 

S 530   T 3    M 66 
J 1 
P 4    P 5    P 6    P 3 
P 2    P 1 

Z-10

Z 50

Y 5G 84
G 79
G 79
G 0

N 23 
N 24 
N 25 
N 26 
N 27 

M 30   G 53N 28 



א٢٢١אא
אאF٢Eאאא
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٢J١٤אאא G17 
 

א א     FE   d = 8 mm(T1) 
(T2) d = 6 mm 12mmK 
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אאF٢Eאאא
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אW 
 
 
 

% PM  
N 9006

S 800        T 1         M 66      G 18N 1
G 54N 2

I 170      J 30      K 170
I 150      J20        K 150

Z 0    
Z 0

Y-20
Y-20

X-10
X 0

G 98
G 99

N 3
N 4

B 2  R 7.5  F 100  M 3

B 2  R 12.5

B 2
B 1 = 17.4
B 2  R 6
B 1 = 17.4
B 2   K 4.2

Z-5
Z 20
Z-5

Z-4
Z 19.77
Z-2.7
Z 55
Z-5.2
Z 130

Y 30
Y 0

Y-5
Y 11.5
Y 0
Y 25

Y-80

Y 50

X 50 
X 30

X-45
X 126.7
X 45
X 110
X 12.5
X 10

G 87
G 79
G 89
G 79
G 88
G 79
G 87
G 79
G 88
G 79
G 0

N 5
N 6
N 7
N 8
N 9
N 10
N 11
N 12
N 13
N 14
N 15

S 1000  T 2   M 66
F 50
R 17.5   I 32.5     J 7

Z-12
Z 80
Z 130

Z-17.51

Z 19.2

Z 0

Y 2
Y 0
Y 0

Y 50

X 52
X 70

X 16.7
X 15.917
X 12.8
X 17.71

X 0

G 81
G 77
G 79
G 91
G 79
G 79
G 79
G 79
G 90
G 0

N 16
N 17
N 18
N 19
N 20
N 21
N 22
N 23
N 24
N 25
N 26

M 30 G 53 N 27
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אא
אאאא


אאW


אאאW 

 אאאאW
 

• אאאG84K
• אאאG84K
• אG86K
• אG87K
• אG85K





א٢٢١אא
אאF٢Eאאא
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٣J١אאאG84 


F.. D3..D2..D0..P2..P0..Z.. X.. G84
mm/min µm µm µm mm mm mm mm  








 
 
 
 
 
 

G84אאא 
X,Z אא  K
P0 אX 
P2 אZ 
D0 X 
D2 Z 
D3 א 
F... א 

W
• אא אXZ، אא

אK 
• אאאP0, P2, D0, D2, D3K 

D2 



א٢٢١אא
אאF٢Eאאא
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٣J٢אאאG84 
 

١W
אאא אD3אF(1/1000mmK











 


 Z 2 X 44 G 00 N... 
D 3 = 2000 Z-26 X 30 G 84 N... 


 

W
 D3FאED3א

אK



א٢٢١אא
אאF٢Eאאא
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٢W אאD3אD0
D2K


DO : مقاس تشطيب في اتجاهX 
D2  : مقاس تشطيب في اتجاهZ 

 

 
 
 
 
 
 
 
 
 
 
 
 
  

   Z 2 X 44 G 00 N... 
D3 = 2000D2 = 760D0 = 500Z-26X 30 G 84 N... 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



א٢٢١אא
אאF٢Eאאא

 

- ٥٥ - 

 
٣W אאאD3POK


PO :مقاس للمخروط في اتجاه X  

 









 





  Z 2 X 44 G 00 N... 
D3 = 2000 P0-4.200Z-26X 30 G 84 N... 
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אאF٢Eאאא
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٤W
אאאD3 P0 P2D0

D2K 












 

N… G 
00 

X 
46 

Z 2      

N… G 
84 

X 
30 

Z-
26 

P0-
4.2 

P2-
10 

D0 = 
1000 

D2 = 
740 

D3 = 
2000 
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אאF٢Eאאא
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٣J٣אG84 
 

F.. D3..D2..D0..P2..P0..X.. Z.. G84 
mm/min µm µm µm mmmmmm mm  


 










G84 אאא 
X,Z אא  K
P0 אX 
P2 אZ 
D0 X 
D2 Z 
D3 א 
F... א 


אאאZXG84אאאאK

،אאאאאאאא
אK 






א٢٢١אא
אאF٢Eאאא
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١WאאאD3K 












N... G 00 X 32 Z 0  
N... G 84 Z-20 X 10 D3 = 2500 







  



א٢٢١אא
אאF٢Eאאא

 

- ٥٩ - 

٢W 
אאאאD0D2K 


D0WאX 
D2WאZK














N… G 00 X 32 Z 0    
N… G 84 Z-20 X 10 D0 = 500 D2 = 350 D3 = 2500



א٢٢١אא
אאF٢Eאאא

 

- ٦٠ - 

٣WאאאD3P0K

















N… G00 X 32 Z 1   
N… G84 Z-20 X10 P0 = -2 D3 = 2500






א٢٢١אא
אאF٢Eאאא
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٤W 
אאאD3 P0  P2D0

D2K













P0 אX 

P2 אZ 

D0 X 

D2 Z 

D3 א 


N… G00 X32 Z 0      
N… G84 Z-20 X10 P0-2 P2-9.57 D0=500 D2=700 D3=2500








א٢٢١אא
אאF٢Eאאא
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٣J٤אG86 
 

 

F..D5..D4..D3..Z..X..G86
mm/min µm  1/10 s µm mm mm  

 
 

D4  
D5    א

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א٢٢١אא
אאF٢Eאאא
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٣J٥אאW
 

١J א:אא،אא
אאאK



אאW


N... G00    X 34     Z-15             
N... G86    X17.5   Z-30   D 5 = 3000 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 


 

٢J אWאא אא
א١}٠אאK

 
٣J אWא

אD4K 
 
٤J אWאD3א

אאK
 



א٢٢١אא
אאF٢Eאאא

 

- ٦٤ - 

١W 
אאאD32.5 mmאD5،

،D4،א4אK

















N… G00 X 22 Z-7.5 
N… G86 X 10 Z-17.5 D3 = 2500 D4 = 40 D5 = 3000





א٢٢١אא
אאF٢Eאאא

 

- ٦٥ - 

٣J٦א


 


F.. D6 D5..D4.. D3.. Z.. G87 
mm/min µm [%] 1/10 s  µm mm  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

א G87
אא Z 

אאא D3 
 D4 

אאא D5 
 D6 



א٢٢١אא
אאF٢Eאאא
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٣J٧א


١WאאK
 










 


N… G00 X 0 Z 2.5 
N… G87 Z-30  





א٢٢١אא
אאF٢Eאאא

 

- ٦٧ - 

٢WD3FאאKE 

D3D5D6אD3K
 

 













 


Wאא١٢٥}٨٥}٣٢K



N… G00 X 0 Z 2.5 
N… G87 Z-30 D3 = 9000 

 



א٢٢١אא
אאF٢Eאאא

 

- ٦٨ - 

 ٣W    א  D3   א א D4F
אEא،D5F٧٠E٪D6F٣KE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N… G00 X 0 Z 2.5    
N… G87 Z-30 D 3 = 12000 D4 = 50 D 5 = 70 D 6 = 4000

 
W  אאאאאD5אאא

D6K
 

אאZ 12mmZ D3           
אאZ D3C(D5/100) Z12C(70/100)Z8.4mm 

  ZD3C(D5/100)Z 8.4C(70/100)Z5.88mmאא
אאא Z  D3C(D5/100)Z5.88C(70/100)Z4.11mm 

אאZD6 F4KE 



א٢٢١אא
אאF٢Eאאא

 

- ٦٩ - 

٣J٨אא 
אW 

 
٣J٨J١אG33 

א  א   א   א  א  א 
G33،אאאאK

 
 

F... Z... X... G33 
µm mm mm  

 
 

   G33:     
 X  وZ:אאאא

    F...:א
 













א٢٢١אא
אאF٢Eאאא

 

- ٧٠ - 













 


Z 3 X 52 G 00  N 110 
 X 46.8 G 00 N 120 
F... Z-44 G 33 N 130 
 X 52 G 00 N 140 
 Z 3 G 00 N 150 


 



א٢٢١אא
אאF٢Eאאא

 

- ٧١ - 

٣J٨J٢אאFE
 
٣J٨J٢J١אאא
 

١JאאWאאא(S)אG85،אא
 AF אZE، F אX  E א

אK 













٢JאWאKFאאENFא

אEאZ, XK



א٢٢١אא
אאF٢Eאאא

 

- ٧٢ - 

٣JאאKאאN –אאD7K
אאW

- KFאאאE
- NFאאאE






 
 
 
 
 
 
 
 
 

  
D7 = 0, 1, 4, 5אD7KK אאאא

NאD7 = 2, 3, 6, 7K













א٢٢١אא
אאF٢Eאאא

 

- ٧٣ - 

٤JאD6WאאאאD6
א F(µmK















٥JאFWאאFالميكرون  )(µm. 












 



א٢٢١אא
אאF٢Eאאא

 

- ٧٤ - 

٣J٨J٢J٢אאא


١JאאD5Wאאאא
אD5K

JאאאWאאאאD5=0K









JאאWאאאאFאED5 
K




אא אD5
19° 40°
26° 55° 
29° 60° 
39° 80° 






א80, 60, 55, 40, 0D5אא200K 



א٢٢١אא
אאF٢Eאאא

 

- ٧٥ - 

٢J   א  D4  W D4 אא א
א Kאא020  א D4 

אאאאK


٣JאFא،אEאאD7/D3K
אD7W

• אD3אK 
• אאאK 
 

 
 
 
 
 
 















D7/D3

D3Wא 
WD7=4, 5, 6, 7 

D3Wא  
W D7=0, 1, 2, 3 

D7 = 4, 6 


D7 = 0, 2 


D7 = 5, 7 


D7 = 1, 3 


אA



א٢٢١אא
אאF٢Eאאא

 

- ٧٦ - 

٣J٩G85 


F.. D7..D6..D5..D4..D3..P2..Z..X..G85
µm  µm    µmmmmmmm  


D3D7אאאאBK











G85 

Z, X 
א 

אNK 

P2 אא 

D3 אאAאB

D4 אא 

D5 אא 

D6 א 

D7 אאAאB

F. א 






א٢٢١אא
אאF٢Eאאא

 

- ٧٧ - 

אאD5אאאAאK











אא אD5 
19° 40°
26° 55° 
29° 60° 
39° 80° 

אA 


D3 K/Nא D7
0 

K  1 
2 

א 

N  3 
4 

K  5 
6 

א
N  7 
אB 



א٢٢١אא
אאF٢Eאאא

 

- ٧٨ - 

٣J١٠אG85


١WאאFאEkאD3
D6אFK 














 


   Z 2  X 51 G 00 N... 
F = 2000D 6 = 1607 D 3 = 600Z-42X 46.786 G 85 N... 








א٢٢١אא
אאF٢Eאאא

 

- ٧٩ - 

٢W   א א    Fא  E K
אאP2אD5אאD3אD6אFK
















 
 

     Z 2 X 51 G 00 N. 
F = 2000D 6 = 1607 D 5 = 60D 3 = 600P2 = -4Z-40 X 46.786 G 85 N. 






א٢٢١אא
אאF٢Eאאא

 

- ٨٠ - 

٣ W א א     Nא  אP2
אD3אאD4אאD5אD6

אאD7אFK
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       Z2 X51 G00 N. 
F=2000D7=7 D6=1605 D5=60D4=3D3=600P2=-4 Z-40 X50 G85 N. 

Ø
46

.7
9

 



 

 

אאאאאאאא  

 

אאאאFF٢٢EE  

אאא
Ú^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<í 

אאאא 




א



אא


א

 

٣



א٢٢١אא
אאF٢Eאאאא

 

- ٨١ - 

אאא
אאאא


אאW


אאאאאאאאW

• אאG14K
• אאאG14K 
• אאG93/G92K 
• אאG93/G92א
• אG72/G73K
• אאאG73   A4 =... K


 אאאאK



א٢٢١אא
אאF٢Eאאאא

 

- ٨٢ - 

٤J١אאG14
 

אאאאאאG14
(G) K

























א٢٢١אא
אאF٢Eאאאא

 

- ٨٣ - 

٤J٢אאאG14 














 % PM  
N 9007 

M66 T1 S 400  G 17 N 1 
    G 54 N 2 
I 140    J 140    K 30 
I 120    J 120    K 20 

Z-20 
Z-20 

Y-10 
Y 0 

X-10 
X 0 

G 98 
G 99 

N 3 
N 4 

M 3 Z 2 Y 45 X55 G 0 N 5 
    G 91 N 6 
F50 
F100 

Z-7  
Y 10 
 
Y-45 
 
Y20 
 
Y-20 
 
Y 45 

 
 
X 50 
 
X-30 
 
X-40 
 
X-20 
 
X 40 

G 1 
G 43 
G 42 
 
 
 
 
 
 
 
 
G40 

N 7 
N 8 
N 9 
N 10 
N 11 
N 12 
N 13 
N 14 
N 15 
N 16 
N 17 
N 18 

 
(J1)    N1 = 7   N 2 = 18 

Z 7 Y 45  G0 
G14 

N 19 
N 20 

  
Z 50 

 
Y 0 

 
X 0 

G90 
G0 

N 21 
N 22 

M 30    G53 N 23 





א٢٢١אא
אאF٢Eאאאא

 

- ٨٤ - 

٤J٣אאG93/G92 
אאW


 



١JאאW











٢JאאאW




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אאא                 אא 
G93                           

 



א٢٢١אא
אאF٢Eאאאא

 

- ٨٥ - 

٤J٤אאG93/G92א
אאאא

  

אאאאא         אאאאא

G92 א          G93א
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



אאאG92 B4 = …: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



אאאאאאW

G93 B2=… L2 =… Z =… B4=25         G92 B1=… L1=… Z=… B4=-
20 

 
 



א٢٢١אא
אאF٢Eאאאא

 

- ٨٦ - 

٤J٥אא 
 
 
 
 
 
 
 
 
 
 
 
 
 
 








W 
- אאאאא                G92 
- אאאאG93  
- אאא =   G93  B4  
 
 
 
 
 
 
 
 
 



א٢٢١אא
אאF٢Eאאאא

 

- ٨٧ - 

אW
 
 

%PM
N 9008

S 400    T 1    M 66   G 17N 1
G 54N 2

I 260    J 215    K 30
I 240    J 195    K 20

Z-20
Z-20

Y-10
Y 0

X-10
X 0

G 98
G 99

N 3
N 4

M 3 
F 50
F 100

Z 2
Z-5

Y 45

Y 55

Y 10

Y 30

Y 10

Y 55

X 55

X 105

X 75

X 35

X 15

X 55

G 0
G 1
G 43
G 42
 
 

G 40

N 5
N 6
N 7
N 8
N 9
N 10
N 11
N 12
N 13
N 14
N 15
N 16
N 17

J 2     N 1= 5    N 2 = 18
Y 55G 92

G 14
N 18
N 19

 
(J1)    N 1 = 5    N2=17 

 Y 130 X 120 G 93 
G 14 

N 20  
N 21 

B 4 = 30 
(J1)    N 1 = 5   N 2 = 17

 Y 10 X 145 G 93 
G 14 

N 22 
N 23 

 Z 50 Y 0 X 0 G 0 N 24 

M 30    G 53 N 25 
 
 
 
 



א٢٢١אא
אאF٢Eאאאא

 

- ٨٨ - 

٤J٦אG72/G73
  

אא 
- אFxyE
- F x (y 

אאאG73 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אW
- אG73אאאא( G73 X1 )
- אG72אא 
 
 
 
 
 
 

א


א
 



א٢٢١אא
אאF٢Eאאאא

 

- ٨٩ - 

٤J٧אאG73 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

% PM  
N 9009 

S 400        T 1        M 66    G 17 N 1 
    G 54 N 2 
I 260    J 150    K 30 
I 240    J130     K 20 

Z-20 
Z-20 

Y-75 
Y-65 

X-130 
X120 

G 98 
G 99 

N 3 
N 4 

M 3 
F 50 
F 100 

Z 2 
Z-5 

Y 45 
 
Y 55 
 
Y 10 
 
Y 30 
 
Y 10 
 
Y 55 
 

X 55 
 
 
X 105 
 
X 75 
 
X 35 
 
X 15 
 
X 55 

G 0 
G 1 
G 43 
G 42 
  
 
 
 
 
 
 
 
G 40 

N 5 
N 6 
N 7 
N 8 
N 9 
N 10 
N 11 
N 12 
N 13 
N 14 
N 15 
N 16 
N 17 

 
(J1)   N 1 = 5    N 2 = 17

  X-1 G 73 
G 14 

N 18 
N 19 

 
(J1)   N 1 = 5    N 2 = 17

 
 

Y-1 (X-1) G 73 
G 14 

N 20 
N 21 

 
(J1)   N 1 = 5    N 2 = 17

 
 

(Y-1) X+1 G 73 
G 14 

N 22 
N 23 

    G 72 N 24 

 Z 50 Y 0 X 0 G 0 N 25 
M 30    G 53 N 25 



א٢٢١אא
אאF٢Eאאאא

 

- ٩٠ - 

٤J٨אאאG73   A4 =...  
 

  א אG73 A4=... Kא  
FA4 = 2* E(A4 =200*)K
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
- אאאG72K 
 
 
 
 
 
 
 
 
 
 



א٢٢١אא
אאF٢Eאאאא

 

- ٩١ - 

٤J٩אאא











 % PM 
N 9010 

S 400       T 1       M 66  S 400  G 17 N 1 
    G 54 N 2 
I 315   J 135  K 30 
I 295   J 115  K 20 

Z-20 
Z-20 

Y-10 
Y 0 

X-10 
X 0 

G 98 
G 99 

N 3 
N 4 

M 3 
F 50 
F 100 

Z 2 
Z-5 
 
 
 
 
 
 
 
 
 
 
 
Z 50 

Y 45 
 
Y 55 
 
Y 10 
 
Y 30 
 
Y 10 
 
Y 55 
 

X 55 
 
 
X 105 
  
X 75 
  
X 35 
  
X 15 
  
X 55 

G 0 
G 1 
G 43 
G 42 
 
 
 
 
 
 
 
 
G 40 
G 0  

N 5 
N 6 
N 7 
N 8 
N 9 
N 10 
N 11 
N 12 
N 13 
N 14 
N 15 
N 16 
N 17 
N 18 

S 250     T 2     M 66 
 
A 4  = 1.5 
(J1)  N 1 = 5    N 2 = 18 

   
Y 20 

 
X 120 

 
G 93 
G 73 
G 14 

N 19 
N 20 
N 21 
N 22 

    G 72 N 23 

S 800     T 3     M 66 
 
A 4 = 0.5 
(J1)  N 1 = 5     N 2 = 18 

  
Y 70 

 
X 30 

 
G 93 
G 73 
G 14 

N 24 
N 2 5 
N 26 
N 27 

    G 72 N 28 
  Y 0 X 0 G 93 N 29 
 Z 50 Y 0 X 0 G 0 N 30 

M 30    G 53 N 31 





א٢٢١אא
אאF٢Eאאאא

 

- ٩٢ - 

٤J١٠אאאאאאG22
 

אאPM MM אKא
אאא אאאא

MMK
אאאMMאאPMK

אאאאאאW
- אאPM K
- אאאMMK 
- אאMMFאאEאPMK 



























א٢٢١אא
אאF٢Eאאאא

 

- ٩٣ - 

٤J١١אאאא
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

% PM البرنامج الرئيسي 
N 9013 

    G 17 N 1 
    G 54 N 2 

X-10   Y-10   Z-20    I 220   J 160   K 30 
X 0     Y 0      Z-20    I 200   J 140   K 20 

G 98 
G 99 

N 3 
N 4 

N = 9801 
N = 9802    G 22 

G 22 
N 5 
N 6 

  Y 75 G 93 N 7 
N = 9801    G 22 N 8 
B4 = 90  Y 10X 180 G 93 N 9 
N = 9801 
N = 9802    G 22 

G 22 
N 10 
N 11 

B4 = 0    G 93 N 12 
  Y 0 X 0 G 93 N 13 
  Y 0 X 0 G 0 N 14 
M 30    G 53 N 15 

 
 
 



א٢٢١אא
אאF٢Eאאאא

 

- ٩٤ - 

 
 
 

% MM بالكنتور الخاص الفرعي البرنامج 
N 9801 

 M 66T 1 S 400  N 1 
M 3 
F 50 
F 100

Z 2 
Z-5 

Y 45X 55 G 0 
G 1 
G 43 

N 2 
N 3 
N 4 

   
Y 10
 
Y 30
 
Y 10
 
Y 55

X 105
 
X 75 
 
X 35 
 
X 15 
 
X 55 

G 42 
 
 
 
 
 
 
 
 
G 40 

N 5 
N 6 
N 7 
N 8 
N 9 
N 10 
N 11 
N 12 
N 13 
N 14 

 Z 50   G 0 N 15 
 
 
 

% MM بالثقوب الخاص الفرعي البرنامج 
N 9802 

 M 66T 1 S 800 N 1 
F 50  M 3Z-10 Y 2  G 81 N 2 
 Z-5 Y 20

Y 45
 
 
Y 20

X 25 
 
X 83 
X 97 
 
X 83 

G 79 
G 79 
G 79 
G 79 
G 79 
G79 

N 3 
N 4 
N 5 
N 6 
N 7 
N 8 

 Z  50  G 0 N 9 



 

 

 

CCNNCCCCAADD//CCAAMM  

 

אאאאFF٢٢EE  

אאא
ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ< 

אאאא 










C
N

C





C
A

D
/C

A
M

 

٤



א٢٢١אאא
אאF٢ECNCCAD/CAM

 

- ٩٥ - 

 

אא
CNCCAD/CAM


אא


אאאW

 CAD/CAMK 

 אCAD/CAMK 

 אאאCNCCAD/CAMK 



א٢٢١אאא
אאF٢ECNCCAD/CAM

 

- ٩٦ - 

٥J١CAD/CAM؟
   א CAD (Computer Aided Design)

CAM (Computer Aided Manufacturing)א
אאאאאK

CAMאאאאאאK
CADא       א  א      

K
אCAD/CAMאאCNCא

K
CAD/CAM  א א 
אCNCאK 
CADאאאאאKאא

אאאא
אאKאא

Initial Graphics Exchange Format (IGES)Drawing Exchange Format (DXF)
א   א א   א א   א   

אK 
CAD،אאCAD/CAMא

אK
אאCAD/CAMאאא،CADK

 א א     א א   א K CAD/CAM
אאאאK

 א CAD/CAM א    א  א    
אאאK

אאאאCAD/CAMאאא
 א K  א CAD/CAM  א א  CNC 

 CNCK  א א א   אא  א א    
K



א٢٢١אאא
אאF٢ECNCCAD/CAM

 

- ٩٧ - 

 א CAD/CAM  א  א
אאK


٥J٢CAD/CAM 

אאCAD/CAMאא
אאK

  אא   ،א  CAD/CAM Mastercam  
אאאאאאאCNCK


MastercamW

- א 
- א 
- אRAMK 
- K 

אCAD/CAMאWindowsא
אאאאאאאאK



א٢٢١אאא
אאF٢ECNCCAD/CAM

 

- ٩٨ - 

אא
   Mastercam    ،א Mastercam Mill 8 

אאא٥J١K












א٥J٢אאKאאאא
אK













٥אJ١ 

٥אJ٢ 



א٢٢١אאא
אאF٢ECNCCAD/CAM

 

- ٩٩ - 

אא٥J٢אאאאא
אW



١JאJob Setup
אאאאJob setupאא٥J٣א

אאאKאאאאK
אאאאאK


















٥אJ٣ 



א٢٢١אאא
אאF٢ECNCCAD/CAM

 

- ١٠٠ - 

٢Jאא 
אאא، W 

Horizontal, Vertical, Last, Polar, Arc, Line, Tangent, Angle, Fillet, Radius, 
Chamfer, Trim, Distances, Contour… 
     א א   אא  אא  א 

אאא٥J٤אאK




 




 
 
 
 






٥אJ٤ 



א٢٢١אאא
אאF٢ECNCCAD/CAM

 

- ١٠١ - 

٤JאאאאTool parameters
  Contour (2D) א  א٥J٥אא  א א אא 

אW،א،אאא،אאא
אKKK 













٥אJ٥ 



א٢٢١אאא
אאF٢ECNCCAD/CAM

 

- ١٠٢ - 

٥JאVerification Wא א
אאאאVerifyPlayאאאא٥J٦K












٥אJ٦ 



א٢٢١אאא
אאF٢ECNCCAD/CAM

 

- ١٠٣ - 

٦JאאאPost processingWCAD/CAM
  אCNC   א א  CNCK

א٥J٧אאאPostK













٥אJ٧ 



 

 

  

 

אאאאFF٢٢EE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 








 

٥



٢٢١אא
אאF٢E

 

- ١٠٤ - 

אא


 
אא


אאאW

 אאאאאאאא

אK 

   א אא  א א      

אאאK 

 



٢٢١אא
אאF٢E

 

- ١٠٥ - 

אאWא
 

אאאאW


١K אInitialization 
٢K א 
٣K אאא 
٤K אאא 
٥K אאא 
٦K א 
 
 


 
















٢٢١אא
אאF٢E

 

- ١٠٦ - 

אW
١JאInitialization
 

N9050         
N 1 G18 S 500     T 1 M 66
N 2 G54        
N 3 G98 X-10 Y-10 Z-10 I 86 J 20 K 60  
N 4 G99 X 0 Y-10 Z 0 I 66 J 10 K 40  



٢J א W  א    א   א 
30mm 

 







 
 

٣J אאא 
אWT2 = 8mm 









N 5 G0 X-17 Y 5 Z 57 M 3 
N 6 G1  Y 0  F 100
N 7 G43   Z 18  
N 8 G42     
N 9  X 83    
N 10    Z 22  
N 11  X-17    
N 12 G0  Y 150   

N 13   T 2 M 66
N 14 GO X-10 Y 5 Z 50
N 15 G1  Y-4  
N 16    Z 38
N 17  X 64   
N 18    Z 2 
N 19  X 2   
N 20    Z 60



٢٢١אא
אאF٢E

 

- ١٠٧ - 

٤J אאא













٥J אאא 
 








 
 








N 21   Y-2   
N 22    Z 32  
N 23  X 53    
N 24  X 58  Z 26  
N 25    Z 14  
N 26 G3 X 52  Z 8 R 6
N 27 G1 X 17    
N 28 G2 X 9  Z 16 R 8
N 29 G1   Z 42  

N 30 G0  Y100   

N 31 G88 X 38 Y 16 Z-5 B 2
N 32 G79 X 22 Y 0 Z 20  
N 33 G0  Y 150   



٢٢١אא
אאF٢E

 

- ١٠٨ - 

٦JאW
אWT3 = 2mm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






N 34     S 900 T 3 M 66  
N 35 G81  Y 2 Z-7 B 20 F 50   
N 36 G77 X 33 Y 0 Z 20 R 6 I 45 J 7 K 315
N 37 GO  Y 150      
N 38 G53       M 30 



٢٢١אא
אאF٢E

 

- ١٠٩ - 

אאW
  א א א    א א    א

 CNC432 א20mmא3mm
א א6mm  אא א8mmא  7mm א

אאאאK


















٢٢١אא
אאF٢E

 

- ١١٠ - 

אאW
  א א א    א א    א

CNC432 א    א  20mmא  3mm
  אא 6אmm א 7mm א  א א  א

א. 
 
 



















 



٢٢١אא
אאF٢E

 

- ١١١ - 

אאאW
  א א א    א א    א

CNC432:
- א20mm
- א5mm
- אאא6mm
- אא8אmm
- אא4אmm
- א7mm

אאאאא. 
 


 
 
 
 
 
 
 
 
 
 
 









٢٢١אא
אאF٢E

 

- ١١٢ - 

אאW
א    א  א א א    א

CNC432  20אmm א2mm
א6mmKאאאאאK 











٢٢١אא
אאF٢E

 

- ١١٣ - 

אאWאK
אאאאW
١K א 
٢K א 
٣K אא35mmאG84 אP2=-3.5mm  
٤K אא17mmאG84 אP2=-18mm  
٥K אא45C1 
٦K אאR=3.5mm 
٧K אא 
















٢٢١אא
אאF٢E

 

- ١١٤ - 

אW
١Jא  








٢Jא










٣Jאא35mmאG84 אP2=-3.5mmK

 
N0050 G00 X43.000 Z2.000   
N0060 G84 X36.000 Z=-57.5 D3=500 P2=-3.5












O100      
N0000 G54 G92 X0.000 Z86.000 S2000
N0010 G59     
N0020 G96 S200 F100 T0001 M04 

N0030 G00 X45.000 Z0.000
N0040 G01 X-2.000  



٢٢١אא
אאF٢E

 

- ١١٥ - 

٤Jאא17mmאG84 אP2=-18mmK


N0070 G00 X36.000 Z2.000   
N0080 G84 X17.000 Z-30.000 D3=500 P2=-18.000











٥Jאא45˚C1

 
Z2.000 X15.000 G00N0090
Z0.000  G01N0100
Z-1.000X17.000  N0110















٢٢١אא
אאF٢E

 

- ١١٦ - 

٦JאאR=3.5mm
 

N0120 G00 X38.000    
N0130   Z-57.500   
N0140 G01 X36.000    
N0150 G02 X43.000 Z61.000 I3.500 K0.000











٧Jאא
 

N0160 G00 X100.000 Z100.000    
N0170  T0003  F50   
N0180 G00 X19.000 Z-11.000    
N0190 G86 X10.000 Z-19.000 D3=500 D4=20 D5=3000
N0200 G00 X100.000 Z100.000    

M30 T0000 G56 G53 N0210   



 



٢٢١אא
אאF٢E

 

- ١١٧ - 

אאאאWאא
EMCO אG84אK
























٢٢١אא
אאF٢E

 

- ١١٨ - 

אאWאאאא
EMCOאאאK
























٢٢١אא
אאF٢E

 

- ١١٩ - 

א אWאאאאא
EMCOאאאK













 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



٢٢١אא
אאF٢E

 

- ١٢٠ - 

אאW
אאאאאEMCO

אאאK



א٢٢١אא
אאF٢E



- ١٢١ - 


1. John Polywka and Stanley Gabrel, “Programming of CNC Machines”, 

Second Edition, Industrial Press Inc, 2001. 
 
2. James Madison, “CNC Machining Handbook”, Industrial Press Inc, 1996. 

 
3. Emco Technics, “Instruction Book - Training System EMCOTRONICS 

TM02”, EMCO, Austria, 1992. 
 
4. G. W. Vickers, M.H.Ly and R.G.Oetter, “Numerically Controlled Machine 

Tools”, Ellis Horwood Series, 1990. 
 
5. G. E. Thyer, “Computer Numerical Control of Machine Tools”, Industrial 

Press, 1988.  
 
6. Manfred Berg and Siegfried, “MAHO-Training Literature for CNC 432”, 

MAHO AG, Pfronten, 1987.  
 
7. A .J. Medland and Piers Burnett, “CAD/CAM in Practice”, British Library 

Cataloguing in Publication Data, 1986. 
 
8. Joseph Pusztai and Michael Sava, “Computer Numerical Control”, Reston 

Publishing Company Inc., 1983. 



א٢٢١א
אאF٢E

 

 



א
אאWKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١
١J١KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١
١J٢אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٦

אאWאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٧
אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٨

אאWאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٩
אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٩
٢J١אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٠
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