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אאאאאKא
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אאאKאאא
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١Jאאא
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J אאאאאK
J אאאאK 
J אאאאאK 
J אאאאאK

אאאאאW
J אאאאאאא

אאאאK
J א  א   א א    א 

אא אא    א  א א א
א אאאאא
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٢JאאאאאאW
א،אאאא

אאאאאאאKאאא
אאאאאK

אאאאאאאW
J אאאאK
J אאאאא 
J אאאK 
J אאאאאK 

J אאK
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F٩J٢Eאאאאאא


אאאאאאW

Kאאא - أ
 Kאאא - ب
 

٣JאאW
אאאאKאא

אאאאאKאאאאאא
אאKאאאאא

אKאאאאאאאKא
אאאאאא،
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אאאאFאאEאא
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F١٠J٢Eאא


אאאאאאא

אאאאאאאא
אאF٢٤J٢٥˚KEאאאאאא

 אא א ،א    א   א אא    K
     א  א     א

Chvorinov’s rule
2

⎟
⎠
⎞

⎜
⎝
⎛=

A
VCt

CZאאאאא،א
VZאא
AZאאא

אFאEאאאא
אאאאאK



 ٢١١  אא 

  א 

  

- ٣٧ - 


אאא


١J ؟אא 


٢J א؟אאאא 


٣J אאאא؟אאאאא

א 


٤J ؟א،א،א 


٥J אאאאא 


٦J אאאאL=400 mmאאאא
אאWEאEא؟ 


٧J ؟؟אאא 


٨J אאאאאא 


٩J א      א      א ،

r=10cmא،18cmKא؟א
Fא3

3
4 rV π=א،24 rA π=E
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  א 
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١٠J א 

١١J אאאאאאאאא 


١٢J       א ،א      א 

30cmאא،40 cm x 30 cm x 20 cm Kא
 א؟


١٣J אא،אאאאא 


١٤J ؟אא،אאאא


אאאאאאK
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אאW
אאאאא
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אאאא


אאW

אאא
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אאW

  א
א


אאW

אאאאאאאאא


אאW
אאאאא 
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אא
 

אאאאאא
אאKא

אאאאאא
אאאאFאאEא

FאאאKEאא
א،אאאאאא
אKאאאאאאאא

אאאKאאא
،אאאאאא

אאאאKאאאא
אKאאאאאא

אKאאW
١- אFאERolling 
٢- אDrawing 
٣- אExtrusion  
٤- אאForging 

אאאאא،אא،א
אW

١JאאאאK
٢Jאאאא 

אאאK
אא אאאאא א 

 ، א    א א   א  א 
אא Kאאאאא

אא א،Kא
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אאאאאKאאא
אאאא،אK

אאא،אא،אא
אא،אKאא

אא،אאא
א   א א Kא א  ،א   K،א 

אאא אאא
K

אאאאא
אאאאאאאאאאא

אאאא،Kאא
אאאא

אK
א א ،    א   אא     א 

א א  א  א א   א  
 אא א א אא   א א א  א

אאKאאאאא
אאK
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אאWאאא


אאאאא
،אא،אא،אא

אאא
אFאאאאE

אאאאאKאא
אאאאKאאא

אאא،אא
אKאאאא

אאאK
אאאאKאא

،אאאאאאא
אאKאאאא

אK


JאאK
אאאאFEא

 א 
אאאאאאאאאאא

 א ،   א א א אF١J٣ Eא  א 
אאK
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F١J٣Eאאא


אאאא

אאאאKאא
אאאאאאא

אאKאאאאאK
אאאאאKא

،אאאאאא
אאאאאא

אאKאאאאאK
אא،אאא،אא

אאאKאאא
אאKא،אא

אא،אKאאאאא
אאאאאא،Kאאא

אאאK
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F٢J٣EFE

JאאK
אא א  א    א  א    אא

 א K    א  א א  א
Kאאאאא 

 א א     K אא  א אא 
אאאאאאאK

אF٣J٣EאאאאFEאאאFE
אאאאK



 
F٣J٣Eאאא

،אאאאאא
אא،אאאאאK
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אאאא،אאאאאא
אאאK



Jא
،אאא

،אאאא
 א א  א K  ،א     א  א

    אא א א K  א  
،אאאאאאK

אWאאאאאF٤J٣E
אאאאK



 
F٤J٣Eאאאא


،אאאאא

אאאאאאא،א
אאKאאא

،א א،א א
،אאאא،אא

אF٤J٣KE
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אאאא Kאאא
، אאאאא אא

 א  א  א א א  א  א  
אאKאאא،אא

אאא،א
K

 א  א א  ،א  א א F٥J٣ E 
אKאאאKא

אאאאKאא
א،אא،א،אאאאא

אK
،אאא،אאאאא

א  ،א א א   א   ،א  Fא
אאEאאאאK




F٥J٣Eא

JאאאK
אאאאK

א  אאאא א،  א  א
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אאאא،Kאאא
אאא،אאK




F٦J٣Eא אא


 א   א  א   אא א  K

אאאאאאאא
אאK

JאאK
א א  א  א    א א

 א Kא א א א א     א 
אאאאאאאאאא

אא א K א א    Kא    
 אאאא א

אאF٧J٣EאK


F٧J٣Eאא
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אאאW
١J אאאאא

אK
٢J אאאאKאא

אאאאK 
٣J אאאאאאא

،אאאאאאאאאK 
אאא،א

   אא،א  א אאאא  א
א  K א א אא

אאאא،אאא
אאאKאא
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אאWאאא


אאאא

א Kא א א אא  ، 
،א א  אא אאא א

،אאאאאאK
  א   א   ،א    

אאאאאאאא  א א
א  א K  א אא  אא   א  

 אFאא   א אE א א  –  –אK
،א א    

،אאאאאאFאא٢٠˚E
אאF٨٧}٠E٪

אאא٧٠٠˚FאאאEאאא
א Kאאאאא

אאאאK
אאאWאאא–א

–אאKאאא
אאKא

אאאאאK 

JאאK
אא אאאא א 

אאא،אKא
אאאאאאאאאאא
א،אאאF١J٣KE
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אאא  אא
אאאאאאW

١JאאK
٢JאאאאאאK 
٣JאאאאאK 

אאאאFא٠٠٢}٠אE
،אאאאאאאKאא

אאאאאא
K


אאאא،אאאאא

،א (ho-hf) ،א،µ،א،R، 
ho - hf =µ2 R 

 אאאא אא 
    א  א  א א א   

אאKאאאאאFEFא
EאאאאאאאאK


   א א      א א  א

אא

60000
2 FLNPower π

=
FZאאאאFNE

LZאאאאFmE
NZאאFrpmE

אאאFkWEאאאK
אא
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)( fo hhRL −= 
RZאFmE

hoZאאאאFmE
hfZאאאFmE

 

JאאW
אאאאאאא

אא،אאאאKאא
אאאאאאאKאא
אאW


١K אW

،אאאאאא
אאאKאאא
אא٥–٦אאא

אKאאאאא
אאKאאאK




F٨J٣Eא

،אאאאאאK
אאאאFWEא،FE
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אאאאאאKא
אאאאK

،אאאאא
אאאאא،אאK

אאאאאK
٢K אאW

אאאאא
אאאאKאא

אאאאאKאF٩J٣EאאK



F٩J٣Eאא

،אאא،א
אKאאאא،א

،אאאKאא
אאאKאאא

אאאאאאאאאא
אאK

JאאאW
אאאאא

אאאא،אאא
אאKא

אא،אK
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אאאאאאאK
אאאאKאא

אאאאאK

JאאFאאאאWE
אאא

אאאKא
אKאאKאאא

אאאאK 


F١٠J٣EאאK

אאאאאאאK
אאא،אאא

אא١٤٠–١٨٠˚Kאאא
אאאאאא٣٠٠א١٠–١٢٠K

אאאFאאEאא
אאאאאKאאאאK

אאאF١٠J٣EאאאK
אאאF١١J٣EאFEאא

אאאKאאאא
אאאאאאא،א

אK
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F١١J٣Eא

EאEא


JאאW
אאאאאא

אאאאאאאK
אאאאאK

אאאאאאאאFאE
K


F١٢J٣Eא


    ،א  

א א  K    א  א  א  
 ،אא  א אא   
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F١٣J٣Eא



JאאאאW
אאאאFE

،א،אKא
אאא،אאאאK

אאאאKאאא
אאאK


F١٤J٣Eאאאא

אאאW
١J אאאאאאאא

אאאK
٢J אאאK 
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٣J אאאאK
אאאאאK 

٤J אאFאאאKE 
٥J אאאK 

א،אאאא
אאאאאאאKא

אאאא
אאאKאאא

אK
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אאWאאא


אאאאאאאא
אאאאאאא،

אאאK

Wאאא
אאאאW

١J א    א א  א אא  א 
א،אאאא
אאאא،אאא

אאאאK
٢J א  א   א    א א 

אאאאא،אK 


אא،אאאW
١J אאFא–א–אאKKKKE
٢J אאFא–א–אKKKKE 
٣J אאFאא–אא–אKKKKE 
٤J אFא–אאKKKKE 
٥J אאאאFא–אJאKKKKE 
٦J אFאJאKKKKE 

אא،אאאאא
אאKאאFאE

אKאאאאא
אאאאK





 ٢١١  אא 

  אאא 



- ٥٨ - 

אאאאאW
١JאאW

א،אאא 
א א א  א  אא  K

אאאאאK
אאאW

FEאאW
 א א  א א א  א    א א 

אא Kא   א        א  א  K
אאאאאאאאא

א א      א א   א א
אאK

FEאאאW
אאאאאא
אKאאאK

אאאאאאאא
אK

٢JאאW
 אא  אא אא 

 אאא א אא א
אאאאF١٥J٣KE
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F١٥J٣Eאא

٣JאאW
אא،  אאא  אא 

אאאא  א Kאא
א،אאאאא

  א א  F١٦J٣ Eא
Kאאאא




F١٦J٣Eא


אאאאאאאאF

אאEאאאאא
F١٧J٣Eאאאאא

אאאאאאאK
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F١٧J٣Eא


אאא

אאאKאאF١٨J٣Eא
אאאא،אאאא

אאאK




F١٨J٣Eא


٤JאאאאאW
אאאא

 א   אא א    א   ،א K
אאאאאא

  א א  א   ،  
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  א אא   א א
א א א א  א K   א א 

אאאאאאF١٩J٣Eא
אאK




F١٩J٣Eא


٥JאW

،  אא  א      א 
،אאאאK

אאאא،א
،אאאאK




WאFאEPress Work 
אאאאאFא

אEא،K
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F Eאא Wאאאאא
Piercing אBlanking אאאאא

אאאK
א،אאאאאאF٢٠J٣E

א אא  F Eאא، א
אא،אאאאא

 א א    אא   א  K א 
אאאאא،F٢١J٣Eא

אאאאאאאאF
אאKE




F٢٠J٣Eאאא




F٢١J٣Eאא
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 F Eא א W א א   ،
אBending אאDeep drawing אאאא

،אאאאK
אאאאא

،F٢٢J٣KE



F٢٢J٣Eאאא
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א،אאאאא
אאאאK،אאא

אאא،אא
،אאאKא،

אאא
K

JאW
אא אאא 

א א   א א   ،א F
 א  א א  א א  א  KEא 

אאאא אאאא אא
אK


אאאW

J אK
J אאאאאאאK 
JאאK

א אאF אא،א،אE
א F א א   א א KEא    K

אאאK
א  א א   א   א  א אK

אאאאאאK
אאאא،א

א  א   א   א א א K
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אאאאאKא
،אאאאאאאאאK


אאK

JאאאאW
א אא  אא  א   א   K 

אאאאאK
  א ،    א א Kא  

א    א א    א   K
אאאאאאK

JאאW
  א א ،א א א  א א  א

אאא،אאאאאאKאא
،   א אא

אאאKאאאF
אאKE

JאאאW
א،א

אאאאKאFאE
אאK

אאא١٥٠٠א،
אKא،א

אאאK
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אאW


אאW
١Jאא،

אK
٢JאאאK 
٣Jאא

אFאאאKE 
٤Jאאא

אאאאא،א 


אW
١JאאאאאK
٢JאאאאK 
٣JאאאאאאK
 

J،אאאאאאW
،א א א א  א   א 

 א   א Kא א א  א  א  
אKאאאאאאאא
  ،א א     ،     ،

 א  K אF٢٤J٣ E ،א א    
אאאאאKאאא

אאאאK
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F٢٣J٣Eאא


א،،אאאאא

FאEא،אאא
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אאא
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אא،א


٢K אאאאKאא؟א


٣K ؟אאאא


٤K  א    אאא אא   אא   

 ؟


٥K ؟אא؟א؟אא 


٦K ؟אאא؟


٧K אא٣٠}٠א٥٠א
אא١٠אאא؟ 


٨K אאא٢٥٢٠Kא

٣٠٠אא ١٠٠אFrpm  KEא א
١٦٠٠אFkNEW 

  E؟אאאא
E؟אאא 
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٩K אאאאאאאאא،
؟אאאא؟אא 


١٠K א     א א   אFא  א E



١١K אאא٣٥אא

אאא ٣٠אאא
١٥٠אאא؟אFאא

אאאאאא
V1=V2A1L1=A2L2אא

אL2E 

١٢K א؟אאאא؟א

אא؟

١٣K אאKאא

א5 cmאא
3.5 cm Kאאא1.2 mאא؟אF

אאאאאא
אאV1=V2A1L1=A2L2אא

אL2E 

١٤K ؟אאאאא 
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אאאאאאK

 



 

 

 

  אאאא

 

  

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

אאאא 


א


א

 

٤



 ٢١١  אאא 

  אא 
 
 

- ٧١ - 

אאW
אאאאאאא




אאW
אאאFאאאאE
אא


אאW

א
א


אאW

אאא


אאW

אאאא
אא
א

 



 ٢١١  אאא 

  אא 
 
 

- ٧٢ - 

אאא 
 

אאאאאאאא
אאאאאאאאאא،א

אאאאKאאאא
אאאאKאאאאאאא

א،אFאEאאאKKאא
אאאאאאאא

אאKאאאאא
א٩٠٢٠٠א،אא،א

KKאWאאW
אאאאFאאאאאEא

FאEאאאWאאאא
אאK

،אא א ،
אאאאKאא

אאאאאאאK
אKאאאאאא

KאאאאKאאK
אאאא

אאאאאK





 ٢١١  אאא 

  אא 
 
 

- ٧٣ - 

אאWאאאא


אאאאאKא–
J،אאא

אאאאאא،אאא
אאאK

אאאMonomerאאאאFאKE
אאאאאאאאא

،אKאאא
אאPolymerא

א–PolyKאאא
אאPolymerizationאאא

אאאאאאK
אאא

אאאאK
אאאאKאאאא

אאאC2H4אא
אאאאאאאא

אKאאא
FMEREאK



אWPolymerization
אאאאאא

،אאאאא
אאאאאאא

אאKאאא



 ٢١١  אאא 

  אא 
 
 

- ٧٤ - 

אאאKאאאאFאאאא
KE

אאW
WאLאאאAddition Polymerization

אאאאא
א،אאאאאאא

אאאאKאאא
אאThermoplastic Fאאא

אE
WאLאאCondensation Polymerization

אא
אאאאאאאא

אאאא،אאH2O
אאאאKאא

אTHERMOSETTING Fאאאא
אEאאאK

WאLאאCopolymerization 
א،

אאאאאא
אאאאMERSאAאB

אאא
،אאאאאאאא

אאאאאא
אאאאKKK

אאאאאאאאא
אאאW



 ٢١١  אאא 

  אא 
 
 

- ٧٥ - 

١J  א:CH4א א א    אא א  
אאאאK

٢J  אC2H4אא א א    א א  
אאאK 

٣J  אC2H6 א  א א    אא 
אאK 

٤J אC6H6אFEאאא
אא–אABS 



אאאאאאThermoplastic and Thermosetting
אאאאא

אאאאאאא
אאאאא

אאאאאאא
Kאאאא

אאFאאאEאאא
אK

אאFאאאEאאאא
אאאאאאא

אאאאא
אאאאא

אאאאאKאאאא
אאאאK

אאאאאא
אאאאאאאאאאאF

אאאאאאKEא
אאאאאאאK



 ٢١١  אאא 

  אא 
 
 

- ٧٦ - 

אאאא
אאאאא

אאאאאאW
١J אאK
٢J אאK 
٣J KאאK

אאאFאאאEא
אאאאFאאאEא،

אאאא
אאאאאא

אאאאאאאאK










 ٢١١  אאא 

  אא 
 
 

- ٧٧ - 

אאאFאEאאאFאWE
F١J٤EאאאFאE

א
א 

א אא אא 

א 


PVC 

א  
א א 
א א  אא

א א א
א

 א – 
א–א

– א  –
א א 

א 

א    א
א    א א
א  אא

 א אא –
 א– א –

אא א א 
א–א–אא 

א 

א א 
א 
א א א
  א 

אא
אא א

א 

  –
א –
 אא א–

אא–
J 

אא א א א
 א–א א 

אאאאא 

א 

אאא
א 

   
 א אא  –

–
 –  א

א–

 א – א–
 א– א א–

 א –א אא
אאאא 

א
FאE 

 א 
אא

א
 

   –
  –א 

 א
 א –

א  א
א 

א–א–
א אא א 

–א 


F٢J٤EאאאFאWE



 ٢١١  אאא 

  אא 
 
 

- ٧٨ - 

א
א 

א 
אא אא 

א 

   
אא  

   
א

  –
  א٢٦٠א –

 א– 
אאא 

אאאא
אא–אא

–אא–אא
אא 

א

   א
    א
 אא א
  א

א 

  –
אא  

Jא 
٢٦٠ 

א   
 F א  ، א אE

 א אא –
אאאאK 

א 

אא


 

   –
   א–

  א ١٥٠
אא٢٦٠

 

א  א 
אאא

אא
א   א

אא 





 ٢١١  אאא 

  אא 
 
 

- ٧٩ - 



אאאFאWE
אאאא

אאאאאאאאאאאאא
אאאא،אאא،

אאאאאאא
אאאאא

אאאא،אאK
אאאFאEW

١J אאאאWK
٢J אWאא

אK 
٣J WאאK 
٤J אWאאאK 
٥J אWאFאא١J١KE 
٦J א  Wא   ،  

אאאאאK 
٧J אWאK 
٨J אWאאאK

אאFאEW
١J אK
٢J אK 
٣J אאאאK 
٤J אK 
٥J אאK



 ٢١١  אאא 

  אא 
 
 

- ٨٠ - 

אאWאא


אאאאאאא
אאאאאאאK

אאאאאאאW
١J אFאEאאאK 
٢J אאאאK 
٣J אאאאאK 
٤J אK 
٥J אאאK

אאאאא
אאאא،אאא

אאאK


אא
אאא

א،אאאא
אאאאאאKאאא

אאאא
٢٧٠٠K

אW
אאWאאW

١J FEאK
٢J אאאK 
٣J אאאK 

אאWאא
K



 ٢١١  אאא 

  אא 
 
 

- ٨١ - 

אאאW
١J אאF١J٤E 


F١J٤Eא


٢JאאאF٢J٤E 

אאאאאאאאאא
אאאK


F٢J٤Eאא


אאאאאאא

אW
١J אאK٢JאאאK٣Jאאא

אFאEאF٣J٤EאאאאW
١- אאFאEאאאK



 ٢١١  אאא 

  אא 
 
 

- ٨٢ - 

٢- אאאא
אאאאאאאא

אאאאK 
٣- א אאא אא

אאאאK 
٤- אאאK 
٥- א אא    א  א   א  

אאK 
٦- אאאאאאאא

K 
٧- אאK 




F٣J٤Eאא

–אאK

אא
אאאא

אאאאא
אFאאאאKEאאאא

אאאאאאא



 ٢١١  אאא 

  אא 
 
 

- ٨٣ - 

אאאאFאאאאKEא
אאאאאא

אאאאא
אאאאKאא

אאאאא
אאאאאKKKKאא

אאאאא
אאאאאאא

אאאאKאא
אאאאאאאאאאK

אאאאK
אF١٣J٤Eאא

אK


F٤J٤E



אאאאאW
אאאאאW





 ٢١١  אאא 

  אא 
 
 

- ٨٤ - 

١JאW
אאאFEא

١–٥٪אK
٢JאW

אאאFEאא
אאאא،אאא

אאFאEאא،
FEאK

٣JאW
אאאאאאא

אאאאאא
אאK

٤JאW
אאאאאאאאא

אאאאאFאא
אFאEאאא

אאאFאEא
אKאאאאא

אאאאאאאK


אאFאאאWE
אאאאאאא

אKאאאאאא
אאאF٥J٤KE

אאאאF٦٥˚١١٥˚E
אאאאF١٦٢˚٢٠٤˚E

אK



 ٢١١  אאא 

  אא 
 
 

- ٨٥ - 









F٥J٤EאאאFאEא
אאJאאאא


אאאאאא

אאאאאאK
אאאאאאאא،

אאאא
אאKאאאאאאא

KאאאFאאEא
אאאאK

אאאאK


אאא
אאאאא

אאאאKאF٦J٤E
אאאF٢٥٠٠LE

אא،אאאאא
אאKא،

אאאאאKאא
א،אאאאא



 ٢١١  אאא 

  אא 
 
 

- ٨٦ - 

אאאאאKא
אאאאאאאאא

אאFאאEאאא
אאאKאא

אאאאאא
אאאאא

אאאאאK



F٦J٤Eא

אאK






 ٢١١  אאא 

  אא 
 
 

- ٨٧ - 

אאWאא


אאאא
אא،אאאאאא،

אאאW
١J אאאאאאאא 
٢J אאא א אא א א ،  

K 
٣J אאK 

אאאאאאא
א٢٠אא٢אאK



אW
אאF٧J٤EאאאאW

١J FEאK 
٢J אאאאא،אא

٣אW 
J אאFאKE

J אאאאאאאK 
J א א  אא   א א  א א  

K 
٣J אאאK 

אאאא
אK



 ٢١١  אאא 

  אא 
 
 

- ٨٨ - 


F٧J٤EאאFאEאא

FאאKE




 ٢١١  אאא 

  אא 
 
 

- ٨٩ - 

אW
١J אFאEאאK
٢J אאאאאאאא

אאאאאW 
JאאאאK

JאאאאאאאאK
٣J אאFאאEאK
٤J אאאאאאא

אאאאאאK 



אW
١JאאאאאW

אאאא٦אאאאא
א٢٥,KאאאFאE

אאאאאאאאאKא
אF٨J٤Eאאאאא


F١٧J٤Eאאא





 ٢١١  אאא 

  אא 
 
 

- ٩٠ - 

٢JFאEאאאאW
אאאאאאאFE

אאאאאאא
אאאKאא

אאאאאאK
אאאאאא

אאאאאF٩J٤E


F٩J٤Eא


٣JאאאאW

אאאF
אEאאאאאא

אאאאF١٠J٤Eא
אאאFאEאא

Kאאאאאאא
אאאאאא





 ٢١١  אאא 

  אא 
 
 

- ٩١ - 


F١٠J٤EאFאאKE


٤JאאW

 אא   א א  א     א 
אאאFFאKEE

אאא
אאאא

אF١١J٤KEאאאא
אאאKKKאא

אאאK



F١١J٤EאאFאאE





 ٢١١  אאא 

  אא 
 
 

- ٩٢ - 

٥JאאW
אאאאאא

אKאא
אFEאאאא

אאאאאאFא
אאאEאאאא

אאאאאF١٢J٤KEאאא
אאאאאאאאא

אאאאאאK



F١٢J٤EאאK


٦JאאאW

אאאאא
אאאאאאKאאא

אאאא
אאKKKאאאאא

אאאאאא
אאא٢–٣

F٥٠EאK



 ٢١١  אאא 

  אא 
 
 

- ٩٣ - 

אאאאאאאאאא
אאאאאאא

אK



 ٢١١  אאא 

  אא 
 
 

- ٩٤ - 

אאאWאא


אאאאא
אאאאאא

אKאאאאאאאאאא
אאאאא
א،אאK

אאאאאאא
אאאאאאאK

אאאאאאאא
אאאKאאאאאאא

אאא،אאאK
אאאאאאאאאאא

אאאאא





F١٣J٤Eאא





 ٢١١  אאא 

  אא 
 
 

- ٩٥ - 

אW
אאאאאאאא

אאFאEאאFFEEא
אאאאאא

אאאאאא،אאאא
אאF١٣J٤KEאא

אאאאF١٤J٤KE
אאאאא،אאא

אאאאאאאFאEא
Kאאאאא

אאאאF١٥J٤KEא
אאאאאאא

אK
אאW

Wאאאאא
אFאאKE

WאאאאK
Wאאאאאאאאא

אFEאא
אאאאאK


K



 ٢١١  אאא 

  אא 
 
 

- ٩٦ - 


F١٤J٤EאאאאאK





F١٥J٤E

אאאאK


אאW
 א א   א   א א   א K

אאא،
א  א א   א  א א   א 

F١٦J٤KE



 ٢١١  אאא 

  אא 
 
 

- ٩٧ - 


F١٦J٤Eא


אאאאא

אא
אאאאאאא

אאאFאE
אאאאאא

אאK










 ٢١١  אאא 

  אא 
 
 

- ٩٨ - 

אאWאאא


אאאFאאאEאא
אאאאאאK

Wא
אאאאא

אאאאאאאאא
אאאאאא

אאKאא
אאאאא

אFEאאFא
אאאKEאאאא٩٣،٢٠٥

אאא١٠٠٠،١٠٠٠٠Lאא
٣،٢٠Kאאאאאא

אאאאאאKא
אאאא

אKאאאאאאאאא
אאאאאאא،

אאאאאאא
אאאאאאאא

אאאK

Wא
אאאאא

אאא،אאאא
אאא

אF٦٠٠٠–١٢٠٠٠LEאאאאא



 ٢١١  אאא 

  אא 
 
 

- ٩٩ - 

אאאאאאאאא،אא
אKאאאאא 

אאא،א
אאאאאF١٧J٤E

Kאאאאא
אאאא

אאFאEאאאאא،א
אאאאאאאא

Kאאאאא
אאאא

אאאאאאאאאK



F١٧J٤EאK

JאאאאKJאאאאאא
אאKJאאאאאא

אK



 ٢١١  אאא 

  אא 
 
 

- ١٠٠ - 


אאאא


١K אאאאא؟אאאאאא 


٢K ؟אאאא 


٣K אא؟אאא 


٤K אא 


٥K אא؟אא 


٦K אאאאא 


٧K אאאאא؟א 


٨K  אא    א א אא א אWאא ،

א،אא،אK 


٩K ؟אא؟א 


١٠א؟؟א؟אא 


אאאאאא



 ٢١١  אא 

 F  

 
 

- ١٠١ - 

 
١- JKאKKאJF

אאJאאEJ١٩٩٠J


٢- ،אא،א א،אJF
אEJ١٩٩٩


٣- אJ–FאאE


٤- –FאאWJאJJE

J١٩٩٤


٥- א–FאאEJאא


٦- אJFאE


٧- א–FאE 


٨- Kalpakjian S., Schmid S, “Manufacturing Engineering and 
Technology,” Addison Wesley Longman, Singapore, 4th ed., 2000
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