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א،אאFProcess PlansEאFProduction 

PlansEא  א   K  א    
،א’א

אאK 
،א  א א א    א  א א

א אא אא  א אאא
אאאאא

א א  א אא א ،א א  א 
אאאאאאK 

 
1-3 אאאא 

אאאאאאא
   ،א א א א  א א  א 

אאאאאאא،א
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1-4 אאאאאא 
 א    F1 J1 E אא   אא    א
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א אא  א      אא אא   

אאK
אא אא
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א، א  א אא א
אאאאאאKא

אאאאאא

 العميل

تصميم 
  المنتج

  تخطيط
 العمليات

  تخطيط
 الإنتاج

  ضبط التصنيع
 التجميع الجودة

 التخزين

  مناولة المواد -
 التحكم بالعمليات -

 يقإدارة التسو

  للإنتاج في نظم التصنيعالرئيسةالمراحل ):  1-1(شكل 
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אאאFאאאEאאא،Kאא

אאאאאאאא
אאK 

   א א    אא   
אאאK 

 
1 J4 J1אProduct Design)E 

אאאאKא،
 ،א אא אאא  אאא 
אא א،א אאא 

 א א K א א   א א א א
אאKאאאאאא

אאא א  א Kאאא
א אא אאאאא א אK

אאאאComputer Aided Design (CAD)) Eאא
אComputer Aided Drafting)EאאאK 

 
1 J4 J2א (Process Planning)  

 א        א  F
אEאא،אאאK

א אא K א
אאאא

א(Process Plan)אאאאא
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אKאאאאאא
א(Computer Aided Process Planning (CAPP))K 
 

1 J4 J3א(Production Planning and Control) 
 ،א  א     א   

  א    F אאאE، א א ،
 אא   א ، א(Material Requirements Planning (MRP))

אא(Capacity Requirements Planning (CRP))Kאאא
אאKאא

אאK 
 

1 J4 J4א(Fabrication) 
א  א  א אא   א 

אאא،א
א  Kא א،Fאאא

   א E א       א
אFאאאאא،א KKKאEאאא

אאאאאאאFאאא
אאאאא،אKKKאEאאאא

אאאאאאא K
 א א    א   א(CNC)  א

א(Computer Aided Manufacturing (CAM)) א   א    
אאאאאאאK 

 
1 J4 J5א(Quality Control) 

אאאאאאא
אאאאאאאאKאא
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 אא אאFאאE
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1 J4 J6א(Assembly) 

  ،  א אא  א א   א א
אאאאאKאא

אאאא
א א Kא  א    ،

 א  K  א א  א  א  א  
אאאKאאא
אא(Computer Aided Line Balancing (CALB))KK 

 
1 J4 J7א(Storage) 

 א    א       Kא א
אאא אאא

אאאאKאא
אאאאKאאא

אאאאאK 
 

1-5 אאאא 
א   א א   א א    

 א  א  א א א K  א א  
אא

אאKאאאא
אאאאאא،

אאאאאK 
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   القانون الأول1 -1-5
אאאאאא(Average Throughput Time)

 א א   (Average Work-in-Process)א  א  ،א 
אאK 

 
W = P . T 

W 
WZאאאFE 
T ZאאאFE 

PZאאאFLE 
 

א ،א(Little's Law)א
     א א   א א  א  א    

אאאאא،אא
א א א   א  א א

אאK 
 

1 J1 
 א אא א

אא   K   א א    אא   
א     א א  ،א   א 

 K א א     א    K
אאאאKאא

אאאאאאאW 
 J  אא 

 J  אא 
 Jאאא 

א 
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 J  אאFPE 
אאאאאFאEKא

א    א א    א א    
KW 

0.4 = P  FLE 
 

 J אאFWE 
אאאZאא 

 Jאאא 
 JאאאאZ0.4،א

א’אא 
 JאאאZ 0.8،אאא

K 
אW 

5.2 = 0.8 +0.4 +2 + 2 = W 
 

–אאאFTE 
אאאW 

 
13  = 0.4 ÷  5.2 = T   

 
אאאאא

אאאאאא،
אאKאאא

א אא אאאא אאא
אאWא،،،K 

 
    القانون  الثاني1-5-2
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אאאאאא
אאKW 

∏
=

=
m

i
iS rR

1

 

∏
=

−−=
m

i
iP rR

1

)1(1 

 
0 ≤  ri   ≤  1   ,   i = 1, 2, . . . ., m 

 
W    RPZmאאאא 

RSZmאאאא 
 

   א  א F  E     
א     א א        ،א  

אKא
אאF100 E٪ א Kאא

אאW 
 

2 J1 
 A  B C אאKאA

אא0.72   . 0.84אBא0.91.
אCאא  0.81  0.62  .  0.75א

אRK 
א 

                         R = rA .  rB .  rC
= 1- (1-0.84) (1-0.72) =  0.96                   rA 
=  1- (1-0.81) (1-0.62) (1-0.75) = 0.98     rC 

                        R = 0.96 × 0.91 × 0.98 = 0.86      
1 J5 J3אא 
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 א  Fא    E      א
אאKאאW 

∏
=

=
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inN
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NZאא 
mZא 
niZאאi 

 
אאא

א،אאא
אאK،אא

F2×2×2 E    Kא  
אאא46F(4096،

אא512K 
 

1-5-4 אאא 
אא 

،אאאאאא
אאFEאאאאKא

אא
א א      אא  K  א א א 

،אאאא א אאאא א
            

      K  אא   א   א
       א א  א א ،

אאאK
אאאאאא א
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א Fאאא E
؟אא،
אאאאאאאא،؟

אאאK 
 

1-5-5 אא 
אא 

אאאאאאא
אאאאא

Kאאא،אא
אאאK 

אאאא
  אא K  א   

FאE
א אא א אא א א

אאאאאK 
אאא

Kאאאאא
 א   א  F  E   Kא

אאאאאא
Kאאא،אא،

 א א א   א  א  K  א א
אא،Kאאאא

         א       
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 ،א
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K 
• אאאאK 
• אאאWאא

אאאא،אאאK 
•  אאא א א  Wא א

אאאאאאK 
•   א א  אאאא  Wאאא

אאאא،אFאאאKE 
• אאאאאאK 
• אאאאאא

אאאא،אאאK 
•  א  אאאא 

אאאK 
• אאאאאאאK 
• אאאאאאK 
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)1( FEFWE 
1. אאאא  EF 
2. אאאא  EF 
3KאאאKFE 

אאאKEF 
3. אאK EF 
4. אאאאאEF 

 
F2EאאאW 
1. אאאW 
KאKאKא 

2. אאאאW 
K  אאאאKאאKא 

 
3. אאW 
KאKאאאאא 
KאאאאאK 

 
F3E א     א      

אא Kאאאאא
א6Kאאאא

אאKאאאא
،אאאאאא א

אאאW 
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 J  אא 

 J  אא 
 Jאאא 
 Jא8 

 
F4E A B אאKאA

אא0.86   . 0.74אB
א0.92  א  0.79 . 0.65אאR)E
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אF2E 
2-1  

אאאאא אא
אא אא א K

אאאאאאאא
א א   א      א   K א  א

אאאK 
אא،אאא

،אK 
 

2-2 א 
   א  F2 J1 E א     א  

    Wא א  א  א א 
אא א  ،א K      א    

אאאאK 
 

 
 
 
 
 
 
 
 
 
 

 

 أسس تصنيف نظم التصنيع

  حسب نوع
  المخطط
 الداخلي

حسب 
  طبيعة

المادة الخام

  حسب طبيعة
  الطلب على
 الإنتاج

   طبيعةحسب
عملية 
 الإنتاج

 حسب
  طبيعة
 المنتج

 تصنيف نظم التصنيعأسس :)1-2(كلش
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2 J2 J1אא 
אאא א  א א א א

אאאאK 
 

2 J2 J1 J1אאאא(Discrete-Part Manufacturing) 
    א   א    א א

אאאאאאאאKא
א،אאאאאאK 

 
2 J2 J1 J2אאאא(Process Industries) 

אאאאא
אאאאא،א

א א   K אא אאא אא 
א،אאאאאאאאא

אאאKאאאא
אא،אאK 

  א  א א אאא א
אאאאאאאא

  א  K   א   א     
אאאאא KKא

א،אאאאא،
אאאאאאאא Kא

אאאא،א
אאאאאא

אאאא אא  אא
א Kאאאאא אא
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אאאאאאא
א،אאאK 

 
2-2-2 אא 

אאאא،K 
 

2 J2 J2 J1א(Fabrication Systems)  

   א     א 
אK

אאאK 
2 J2 J2 J2א(Assembly Systems) 

א אFE א
،אאאאאאאאאK

אאאא،
אאאאאאאאא

אאאK 
 

2 J2 J3אאא 
אאאWאאאא

אאאאK 
 

2 J2 J3 J1אאאאFIntermittent ProductionE 
 אאFאE ،א אא

א Kא
אא א א א 

 Kא אאא (Batch Production)א 
(Job Shop Production)K 
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אאאאאFא
אEאאFאאאKEאא

אאאאא
  Kא  א  (Batch Size)א א א   

אא،אאאא
אK 

 אאאאאא אא
אאא،אא

אאK  א      א א   
אאאאאK 

 
2 J2 J3 J2אאאא(Continuous Production) 

אאאאאאאאFאEא،
FEאא،FאאKEא

אאאא א א،א אK
אאאאאאK 

 
2 J2 J4אאא 

אאאא
 א،   א א א  א א 

 א א     א    א א 
אאאאאאאאK 

 
2 J2 J4 J1אא 

אאאאאא
אא،אא

אאKאאאK 
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2 J2 J4 J2אא 

אאאאאא
א א،א א א  א  ،אא 

אאאKאאאא
אאאאK 

 
2 J2 J4 J3אא 

 א א      א א 
א،אאאאא

K 
 

2 J2 J4 J4אא 
א א  א א א    א א 

K 
 

2 J2 J4 J5אאא 
 אא אאא א      א א 

אאK 
 

2 J2 J5אאאאאFLayoutShopE 
אאאאאאא

אאאאא א Kא
אאאW1E،אא2אEאא

אFאאE،3EאאFאE،4E
אאKאאאאK 
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2 J2 J5 J1אאא (Product Layout)  
אאא،אא

 א  Fא  E  א    א אא א
 אאאא   ،א  א

FBelt ConveyorEאאאאאאאא
אKאאאאאF

EאאFKEאאאא
K 

 
 
 
 
 
 
 

 
 

 א   א   א  אא א  א 
אאאאא

אאאאאא
  א אא  א א א

אאK 
אאאאאאKאאW

1 Eאא   א א  א א א
אאאא،א2Eא

א،3Eאאא

  
 خراطة

  
 خراطة

  
 تفريز

  
 تثقيب

 شكل توضيحي للمخطط القائم على أساس المنتج):  2-2(شكل 

 المنتج
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  1المنتج 

  2المنتج 

   3 المنتج 

  قسم الجلخ  قسم الخراطة

  قسم المثاقب
  قسم التفريز

 ع عملية التصنيعشكل توضيحي للمخطط القائم حسب نو)  3-2(شكل 

 ، א 4א E  א א  אא א ،5 Eא
אK 

א    W1 Eא   א א  א  א
،،א2Eאאאא

א،אאאאא3EאאאK 
 

2 J2 J5 J2אאא  (Process Layout)   
 א    F2 J3 E،א   א א  א

אא(Functional Layout)אא،
Fא،KKKאEאא
א،אאאא

אאK 
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،אאאאאאאאא
אאאאאאא

אאאאאאK 
אאאאאאא

אאאא،אאא
אא אאא אאאא

אאKאאאא
אאאאא،אא،א

אאFאEאK
אאאאW 

 
1 J אאאאK 
2 J אאאאK 
3 J אאאאאאאK 
4 J אאFWIPEאאא

אאK 
5 J אאאאאK 
6 J אאאאא 
7 J אאאאאאK 
8 J אאאאאK 

 
2 J2 J5 J3אא(Cellular Layout) 

אא،אא،
אא(Cellular Manufacturing System)  Kא 

F2 J4 Eאא א א
אFאאE،אא

אאאא
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 Kאאאאאא
אאK 

  ،א א א א א א   א א
א  א    א א   א   

Kאאאאאאא 
אאאאאא

אK 
 

 
 

2 J2 J5 J4אאFixed Position Layout)E 
אאאאא

אאאאKאאאאא
אאאאאאKא

אאאאאאאא
אK 

 

 

M

  عائلة
 1-منتجات

  عائلة
 2-منتجات

  عائلة
 3-منتجات

T

D

G

  

 2 -خلية  1 -خلية  3 -خلية 

M

T 

T

G

G

M

D

D

F2 J4WEא 

א 
TWאK 

MW 
DW 
GW 
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אא 
• אW 

1. אK 

2. אK 

3. אאאאK 

4. אאK 

5. אאK 

•    א   א   א W  
،אאאאK 

•   א אאW  
K 

• אאאאאאWאא
אאאK 

• אאאאאWאא
אאK 

• א א  א Wאא
אאאאאאאאאK 

• ، א אאאא 
אאאאאאK 

• אאאK 
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 J2 J 
 

F1EFEFEW 
1. אאאא 

אאאאK    EF 
2. אאK    EF 
3. אאאK  EF 
4. אאאK  EF 
5. אאK     EF 

 
F2EאאאאאאW 
1. אא……………K…………KK 
2. א……………KאאK 
3.     א ……………… K א ، אא

……………K……………אKאאK 
4. א………………KK 

 
F3EאאאW 
1. אאאW 

KKKKKK 
2. אW 

KאKKאKאKK 
3. אאW 

    KK                         KK                  K 



 

 

 

  אאאא

אא  




א


א
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אאWאא 

אא 
 

אאאאW 
 

• אאאאאאK  

• אאאאאא،
אK 

• אאאאאאאא
אK 

• אאאאאאאא،א
אK 

• אאK 

• אאאאFFMSEאא
FCIMEאאאאאK 

• אאאאא
FSLCAEאאאאFROCKE 
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אאF3E 

3 J1 
אאאאאא

אאאאאאאאK
אאאאאא

אאאאאאא
אאאאK 

אאאא(Computer Numerical Control (CNC)) 
אאאאאא

אאKאאא
א    א א   א   א א 

 (CAD/CAM) א א (FMS) K א    (GT)
אא א אא

(CMS)אאאאאK
אאאאאא

אא(CIM)K 
אאאאאאא

 א       א א  א
אאאK 

 
3 J2אא 

א (Group Technology (GT)) א א
 א Fא ، אKKKא ، E א  

אKאאאא
אאאאאאא 
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אאKאאאאאאא
K 

  א  א א      א  
אא Kאאא

،אאאאאאאא
אאאאאאאאאKא

אא  אא   אא
אאKאאא(Process 

Planning)אאאא
א K   א     א  אא

(Standardized Fixtures) א  K  א   
אאא(Group Scheduling)א

אאא
אKאאא

א،אא
אא אא אאא  א  א  אא

אאאאאאK 
 
3-3 אא(Cellular Manufacturing System (CMS))  

3 J3 J1 
אאאאא،K

 א   א א   א 1955א  א  א
אאאא1960

אKאא،
     א  (Manufacturing Cells)     

 א(Machine Group) אא    א א 
(Part Family) Kאאאאאא
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א      K  א  א א
א    F    א   

אאEאאאא
אאאאאK

אאאאאאאא
אאאאאאא

אאKא،אאאאאאא
אאא(Intercell Moves)א

אאאאFאא
א Eאאאאאא אא א

אאאאאאK 
 

3 J3 J2אאאא 
  א א   א   א א א 

אKאאא،אאא
אאאאאאא
אאאא(Product Mix Flexibilityty)אא

אא(Routing Flexibility)K 
אאאאאאאW 

9 J אFאEאא
אאאא 

10 J אאאאאא
אאאא،אK 

11 J  א (Batch Size) א א
אאאאאאK 

12 J אאאאא
אFWIPEFאEK 
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13 J א א  א  (Throughput Time) א א  
א א     ،אא  א א   

K 
14 J אאאאאאא

  א אאא 
אאאאא،אK 

15 J אאאאאאאא
אאאאא

א،אאK 
16 J א א אאא א

א א    א        
אאאאאאK 

17 J אאאאא
אאK 

 
3 J3 J3אאאא 

א אא א  אא   
אאאאאK 

אאאאאאאFIndian Engineering CompanyE
אאאאא6א،3500

אאאאא9000،
אאא18 Kא120

אאK 
אאאאאא14

   א אא  13א  א  ،
א36729Kאאאאאא

W 
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 Jא12094K 
 Jאאא51٪74K٪ 
 J  א א  א א  א א  

אאאאאאK 
 Jאאא21K٪ 
 JאאK 
 

   א א  א א א FAlfred HerbertE א
 א ،א Jאאא

א–70000،אאאאא
1050K 
 אאאא א  אא

אאא12א18אא،
אא4אKK 

אאאאא26אא
18،7000א90٪א

אאKאאאאאא
34K 

אאאא61א،
א8000אאא150אאאK 

  א אאא  א        א
א72א٪ א92٪א،אא
18אאאא 

 
 
 

  النظام الخلوي لعملية تصميم الرئيسةف الأهداو  المراحل 3-3-4
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אאא
  ،א א  א א F א Eא  א א 

אאא  אא Kא א   K
אא

     K אא   א א  א א  א
אFEאאאא

K 
אאאW 

 
1. א(Cell Formation)אאאאKא

אאאאא
(Part Families)    א  א  (Machine 

Groups)         ،   
אאאK 

אאאאא(Intercell Moves)אא
אאאא

א Kאאאא 
א   א א    א אא   א K

אאאאא
 ، א     א א  אא   
אא  א  אא

אKאאאאא
א א  K

אאאאW 
 
 J אאאאאאא

אאאK 
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 J    א   א אא  א  א  

אאאאאK 
 

2. אאא(Design of Intra-cell Machine Layouts)Kא
אא،

    אא א   א   א
אאאאKאאאא،

אאאא
F א (Backtrack moves) KE אא

אאאאאאאא
        א א      א 

FEאאאאאאאKא
א،אא Z  W،אא

אאאאאאא
אK 

 
3.  אא (Design of Intercell Layout) Kא א 

  א    אא  ،א     א
אאאאK 

 
4. אא   (Design of Material Handling System) K א 

 א אא   א  א  אא  א א 
אאKאאאאא

אאאאאאאאK 
 (The Cell Formation Problem)   معالجة مسألة  تشكيل الخلايا5 -3-3

 אאא  אא
אאאאא،אאF
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אEאאKא
 א א  אא     א   100

 K         א א 
אאאאאאK

 א א א    אא   
אאאאK 

 
    تشكيل الخلايا بناء على التشابه في التصميم 5-1 -3-3

אאאאאא
אא ،אא אא

 אא א 
אא אא K אאא(Coding and 

Classification) K א   א א א(Code) א
אFא אא א E

אאאאאFאא
אא،אKKאKEאא(Classification)א

אאK 
א א   א     א א א

א    K  א   OPITZ  אMICLASS
אK 
 

     تشكيل الخلايا بناء على التشابه في التصنيع5-2 -3-3
אאאאאאא

אKאאאאא
1962?א?(Production Flow Analysis (PFA))Kאא

אאאא Kאא
אאFאאEאא

אאא،אאFא
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EאאאK
אאא

א(GT matrix) א   Fא   Eא  
אאאאאKאא

FEFE?1?אאאא
،0?א K?אא

אאK 
א3 J1א

KאאאP1
אABאCאP2P3K 

 
א   

P5P4P3P2P1  
1 0 0 1 0 A
0 1 1 0 1 B
0 0 1 1 0 C
1 1 0 1 1 D

א








 
 

א  א אאK
    א ?א א ?(Single Linkage Clustering Algorithm (SLCA))

?אאא?(Rank Order Clustering (ROC))Kא
אאא

אאK 
 

 مثال توضيحي لمصفوفة تكنولوجيا : )1-3(شكل 
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3 J3 J5 J3אאאאFSLCAE 
SLCA א אMcAuly א 1972  K   א  

אאאאא
  (Jaccard Similarity Measure) K     א 

אא א
  א א  א א   א א  Kא 

  אא א א
 א א א  (Threshold Similarity) א    

אKאאאSLCA،א
א אאא

K 
אאאאאK 

 
אF1WEא(A)א(M)א(N)

،אאאאאK 
 

 אF2 WE  א  א Fא Eאא  
 ،א      אא  א א   

אאW 
1≤0 ≤ Sik,  

ikki

ik
ik Hnn

HS
−+

= 

W 
SikZאאFאEik 
HikZאאאik?1K? 

njZא?1?אאj 
 

אF3WEאאF5E 
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אF4WEאאאא
אאאא،אא

אF8KE 
 

אF5WEאאאא
אא א א  

אאK 
 

אF6WEאאאF5Eאאא
אאאאF5KE 

 
אF7WEאאאאF5Eאא

אK 
 

אF8WEאאאאאא
אאאאא،

אK 
 

3 J1 
D, C , B , AP6, P5, P4, P3, P2, P1

אKאאא
אאאK 

 
א P1 P2 P3 P4 P5 P6 

אאB A , C B , D A , C A , C B , D 
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א 
،אאאאא

אאW 
 

P6 

0 

1 

0 

1 

P5 

1 

0 

1 

0 

P4 
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0 

1 

0 

P3 

0 

1 

0 

1 

P2 

1 

0 

1 

0 

P1 

0 

1 

0 

0 
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B 

C 

D 

 
 
 

 
אאאאא

KאאאאאאW 
 

        A         B            C             D 
A                 0.00        1.00        0.00 
B                                 0.00       0.67           
C                                               0.00 
D 

 
 

אאא،אאא
אאאאא SikZSki

ikK 
אאאאא

אאD   Bא0.67 א،A  Cא
אאK 



 265 אא 

 א אא 
 
 

- 43 -  

 

BDDB

BD
BD Hnn

HS
−+

= 

 
HBDZ 2،nDZ2،nBZ3 

 
אW67.0

223
2

=
−+

=BDS 
 

אא A  C 
 

1
333

3
=

−+
=

−+
=

ACCA

AC
AC Hnn

HS 

אאאאF
אאKE 

א0.50א
K 

     P2      P4       P5        P3       P6      P1  
   0         0        0 
   0         0        0 

   1        1         1 
   1        1         1 

   1         1        1 
   1         1        0 

   0        0         0  
   0        0         0 

 
אF5EF6Eא

אאאאאאK
אF5EF6EאאK 

 
א 1 0.67 0 

אא{D}, {B}, {A,C} {B,D}, {A,C} {D,B,C,A} 
 

A
Cאא 

B 
Dאא 
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3 J3 J5 J4אאאFROCE 
ROCאאא1980Kאא

אא
אאאאKאW 

 
אF1WEא(A)א(M)א(N)

אאK 
 

אF2WEאאאW 
 J iאאאWiאאאW∑

=

−=
N

k

kN
iki aW

1

2. 

 J אאאאא 
אF3WEאאאW 

 J kאאאWKאאאW∑
=

−=
M

i

KM
ikK aW

1
2. 

 J אאאאא 
 

אF4WEאאאF3EאF2KE 
 

אF5WEאא،אאאא
אא،אאאא

אאאאא?1?K 
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3 J2 
ROCאאFEא

אKאאאFAEW 
 

P6 

0 

1 

0 

1 

P5 

1 

0 

1 

0 

P4 

1 

0 

1 

0 
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0 
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0 

1 

P2 

1 

0 

1 

0 

P1 

0 

1 

0 

0 
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B 

C 

D 
F1Eא 

אאאW 
 

                             25     24     23     22    21     20               
א

2 

1 

3 

4 

אא 
21 +22 + 24 =  22 

20 +23 + 25 =  41 

21 +22 + 24 =  22 

      20 +23 =  9 

P6

0 

1 

0 

1 

P5 

1 

0 

1 

 0 

P4 

1 

0 

1 

0 

P3 

0 

1 

0 

1 

P2 

1 

0 

1 

0 

P1 

0 

1 

0 

0 

 

A 

B 

C 

D 
אאא 

P6 

1 

0 

0 

1 

P5 

0 

1 

1 

0 

P4 

0 

1 

1 

0 

P3 

1 

0 

0 

1 

P2 

0 

1 

1 

0 

P1 

1 

0 

0 

0 

 

.B 

A 

C 

D 
F2Eא 

אאא 
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אא
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P4 
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0 

6 

5 

P3 

1 

0 

0 

1 

9 

1 

P2 

0 

1 

1 

0 

6 

4 

P1 

1 
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0 

0 

8 
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B 
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C 
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5

21
4
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3
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2

3
1
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אאאW 
                                   25    24     23     22    21     20     

א
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3 

4 

2 

אא
56 

7 

7 

48 

P5

0 

1 

1 

0 

P4 

0 

1 
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 0 

P2 

0 

1 

1 

0 

P1 

1 

0 

0 

0 

P6 

1 

0 

0 

1 

P3 

1 

0 

0 
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B 

A 

C 

D 
 

אאאW 
P5

0 

0 

1 

1 

P4 

0 

0 

1 

 1 

P2 

0 

0 

1 

1 

P1 

1 

0 

0 

0 

P6 

1 

1 

0 

0 

P3 

1 

1 

0 
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D 

A 
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  א א    א אא     א אא 
KאK 

 

 J2  J1   
P5 P4 P2 P1 P6 P3   

0 0 0 1 1 1B 

000011 D


 J1

111000A

111000C


 J2 
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3 J4אא)(FMS) Flexible Manufacturing Systems ( 
3 J4 J1א 

אאאFא
   )CNC( E       א   

 א  KKאא א 
W 

1K   W،       א  
אאאאאאאK 

2K אאWאאאFאEFRobotE
،אאאאאאא

K 
3K  Wא אאא א

אאK 
 
3 J4 J2אאא 

אאאאא
אאאK 

אא  א א א   א  Kא
אאאא ،אא

אאאאאK 
אאאא א

אאW 
 

FEאאFDedicatedE 
  א א   ،א      

אאאאא،
אאK 
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FEאאאFRandom – orderE 
،א א אאא א
אאאאאאאא

א    K אא   א א אא  
אאאאאKאאא

אאאאK 
 

      مرونة التصنيع وأنواعها 3-4-3
א FManufacturing FlexibilityEא   

אאאאאא   K  א
(Intangible)        א   א א א 
אאאאאא،K 

א3 J2א،א
אאאא،אK 

 
 

 

 
 

 
 

 مرونة التصنيع

 مرونة
 المعالج

  مرونة
المعالجة

 مرونة المنتج مرونة العملية

  مرونة
التنويع

  مرونة
مياتالك

  مرونة
التوسع

  مرونة
  تغيير
 المسار

 نواع مرونة التصنيعأ ):   2-3  (شكل
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FEא)duct FlexibilityPro( 

אאאאאKאא
אW 

1 JאK (Routing Flexibility) 

אא F،KKKא،E
אאאאK

אאK 
 
2 J א(Processing Flexibility) 

אאF
אKE 

 
FEא)Process Flexibility( 

 א    א Fא  E א   אא א 
אאאאW 

 
1 Jא(Processor Flexibility) 

אאאFאאאא،אKKאE
אאK 

 
2 J א(Mix Flexibility) 

אאאא א א א  
אאאK 

 
3 Jא(Volume Flexibility) 

א א א  
אK 
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4 Jא(Expansion Flexibility) 

אאא(Upgrading)אאK 
 

3 J5אא(Computer Integrated Manufacturing (CIM)) 

  א א  א FCIM E      
א1973،אאאאא،

אאאאאאא
  א א א    א   ،  

 Kאאא – 
אא–אאאאK 

אאא
?א??א?،א،אאא

אאאK 
،אאא א

אאאאאאאK 
אא א א  Wא א

،אא אאא
אאK 

אאאאאא
،אאאא

א  אא 
אאK 

אא
א  א א   אא  א    ،
K 

אאאאאW 
1K אא 
2K אK 
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3K אאאאK 
4K אאK 
5K אK 
6K אאאK 
 

 א  א אא    א א  
W 

 
1K אא(Computer Aided Engineering (CAE))אא

FCADEאאאFNCEאאא
אא،אFCAPPEא 

אאאאאK 
2K  א א W   א  א אא    

אאאא،א 
אK 

3K אאאאאאאK 
4K  א א א א א א  א א

אK 
5K  א א אא א אא   א א א

אאאK 
 

אא
אאאאאא

F3 J3KE 
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F3J3EWאא 

א
א


א

א

א
א

א


F

א


F

א

א
א
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אא 
• א(GT)אאאF

א،אKKKא،EאאK 
• אאאK 
• אאFCMEאאאK 
• אאא א

אאK 
• אאאא

אאאאאא
אK 

• אאאאאאK 
•  אאא  א א   Wא

אאאאאאאK 
•    א א   אא   א  

אאאאK 
•   אא   אא

אKאאא
אא?א?(Production Flow Analysis)אאK 

•      א   א א אא 
א(Coding and Classification)K 

•  א אFSLCAE א אא  א(ROC)  
אאאאK 

• אאFFMSE
א،אK 

•  א   (MF)  א  א  אא אא  
אאאא،אK 

• אWאאK 
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،אאאאאW
אאK 

• אאאאאאא
אWאאא

אK 
•   א אFCIM Eא א    א  

،אאאאK 
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–3– 
F1EFEFEW 

1K אאאאאאאEFK 
2K אאאאKEF 
3K אאאאאאEFK 
4K ROCאאאEFK 
5K אאEFK 
 

F2EאאאW 
1KאאW 

KאKKאKKאאK 
2KאאFFMSEאאאW 

KאKKא 
KאאאK 

3KאW 
KאROCKKאROCאSLCAKKאSLCAK 

4KאאW 
KCNCKKאK 
KFCNCEא،K 

5KאאW 
 

F4EאW 
1،אFGTKE 
2KאאFCIMKE 
3KאאFFMSKE 
4Kא(MF) 
5KאאFCMSKE 
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F5 E  א  

אאKאאW 
 J  אאאK 
 J  אאSLCAאאאא0.5 
 J  אאROCK 
 J  אFאSLCAאROCKE 

 
  

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

A 
B 
C 
D 
E 

1 
0 
0 
1 
1 

1 
0 
0 
0 
1 

0 
1 
1 
0 
0 
 

0 
1 
1 
0 
0 

0 
1 
1 
0 
0 

1 
0 
0 
1 
0 

1 
0 
0 
1 
1 

1 
0 
0 
1 
1 

0 
1 
0 
0 
0 

0 
1 
1 
0 
0 



 

  

אא  

אא  





א


 

4
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אאאWא 
אא 

 
אאאאאW 

 
 אאאאK 

 אאאאא
FRPWEאK 
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אF4E 
4 J1 

אאאאאאא،א
،אאאאא

FEאאאאאאאאK
אאאKאא

אאאא
אא(Assembly Line)א

אאאאא
א1913אKאאאאא

אאאK 

א
א،(Interchangeability)א(Division 

of labour)Kאאאא
אא،אאא

אאאאKא
אאKאאאא

אאאאא
אאאFEאאאK 

אאאאא،אא
אאKאא

אאאאאאא
אאאאאאא

אאKאאא
אאאאא

אFאEא
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   Uمثال توضيحي لمخطط تجميع بشكل ):  1-4(شكل 

 المنتج

  
 

  
 

  
 

  
 

 محطات عمل

 خروج

  دخول
 

אאKאFאאאEא
1216000אאK 

 
4 J2אאא 

אאאאאא
אא،،אא(Unidirectional)

אאאאאKאאא
אאKא

אאFEאאאא
אאKאUFא4א J1E

אאK 
 

 
 
 
 
 

 
 

אא
אאא،14

Kאאאא
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300KאאUאא
،אאא،אאא

אאאאאאאאא،
אאאא 

 
4-3 אא 
   وصف المسألة ومفاهيمها الأساسية 4-3-1

אאאאא
אK،אאאא

אאאאאא
אאאאאKא(Cycle Time)

אאFאאKE
א،אאאאאא

אאK 
אאFאEאאא

אאאאKאא
אאאאא

אאאא
אאK 

אאא،
אאאא،

אאאKאאא،
אאאאא،א

Kאאאאא
אאאאאאאאאא

אK 
אאא (Precedence Diagram)

אאאאאאאאא
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א(Precedence Constraints)،אאא
אאאא

אאאאK 
4א J2אאf ,e ,d 

,c ,b ,aאאאאאאKאאאa
bא،bce،אdefK 

 

 
 

אאאאאאא
אאFEאאא

אKאFא
אאאEאאא

אאאאאK
אאאא،א

אאאאא،אא
אאW 

d

e

a b
f

c

12 

10 

8 

14 

9 

6 

   مثال توضيحي لمخطط الأسبقية لأعمال التجميع):2-4(شكل 
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P* = H/C* 
W 

   P*ZאאאFאE 
  HZאא 

C*Zאאאא 
אאאא

W 
N*

min = T/C* 
W 

TZאאאא 
N*

minZאאFאEאאאאא 
 

4 J1 
אKאאאא

אF4 J1EKW 
1 J אאאא 
2 J אאאאא 
3 J אאא8א 
4 J 10א8אאאא

אאאאK 
5 J אאאא 
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א 
א

FE 
אא

 
a 18  J 
b 22 a 
c 12 b 
d 26 c 
e 35 c , f 
f 32 c 
g 15 e , f 

 
א 

1 J אאאZאFאE 
אאאZ7FאE 

 
2 JאאאZ35FאאgE 

אאאZ18H000H15Z160FאאE 
 

3 Jאאא8F480ZE480D160Z3א 
אאאZ480D35Z13.7 

 
4 J 10א8אא(C*)אאא

א(N*
min)אאאW 

C*ZאDאאאZ480D10Z48K 
N*

minZאDאאZ16D10Z1.6Z 
 

5 J אאאW 

F4 J1WEאא4 J1
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4 J3 J2אאאא(Ranked Positional Weights (RPW)) 

אאאאאאאאK
אאאאאאא
אאאKא

אK
אאאאאK 

RPWאאא
אאאאא،

אKאאאאאאאא
FאאאE،FEאא

אאKאאW 
 

F1EWאאW 
 J אא 
 J אאא(P*) 
 J אא(H) 

d

f

b c g
a

26 

15 

32  

22 18 
12 

e

35 

F4 J3WEאאא4 J1
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F2EWאW 
 J jאאאאאאPWjW 
 

∑
∈

+=
jSk

kjj ttPW 

Wtk    Zאk 
SjZאאj 

 
 J אא(C*)אאאW 

 
C*  = H/P* 

 
F3EWאאאאKא

אאאG 
 

F4EWאMZ 0 FMאאE 
 

F5EWאאGאאF8E 
 

F6EWאW1 + M = M، C*= RMM،= UMM 
W 

RMMZאאאMK 
UMMZאאאMK 
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F7EWאFtkEאkאGאאאMKא
tkRMMאאF5KEאאאW 

 JאאkMאG 
 JאאאאMW 
 

kMM tUU += 
MM UCR −= * 

 J אF7KE 
 

F8EW،אאאאK 
 

4 J2 
אאאאאא

אאאאF4 J4KEאא
אאא

10Kאאאאא1500
K 
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F4 J4WERPW
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אאא،אאאאא
אאF4 J2KE 

 
 

אאא א
FE 

אא
 

a 
b 
c 
d 
e 
f 
g 
h 
i 
j 
k 
l 

אאא
א 

א 
אאא

אאאא 
אאאא 

א 
אאא 

אא 
א 

אאא 
אא 

20 
6 
5 

21 
8 

35 
15 
10 
15 
5 

46 
16 

- 
a 
b 
- 
- 
- 

c2d 
g 

 e ,h 
c 

 f ,I ,j 
k 

א 
Wאאאאא 

אאאא
אF4 J5KE 

 

j 

i

e 

g l

d 

5 

16 

15  

5 

21 

h 

10 

a b c

k 

46  
35  

15  

6  20  

f 

8  

F4 J2WEא4 J2

F4 J5WEאאא4 J2 
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אאאPWi iFאא
EאאKאאF4 J3EK 

 
 

א 
(i) 

אא 
Si 

אא 
PWi 

א 

a 
b 
c 
d 
e 
f 
g 
h 
i 
j 
k 
l 

b, c, j, g, h, i, k, l
c, j, g, h, i, k, l 
j, g, h, i, k, l 
g, h, i, k, l 

i, k, l 
k, l 

h, i, k, l 
i, k, l  
k, l 
k, l 

l 
- 

138 
118 
112 
123 
85 
97 

102 
87 
77 
67 
62 
16 

1 
3 
4 
2 
8 
6 
5 
7 
9 

10 
11 
12 

 
אאאא(P*)،אא

אא(C*)W 
 

   1500 = P*   א 
  1760 = (10 × 2  –  60 × 4)  × 2 ×   4 = H   א 

 1.17 = P* ÷ H = C*  Z70 
 

Wא 
אאאאF4EF5EF6EF7EאK

אF4 J2EאאKאאא،
אK 

 

F4 J3WEאאאא4א J2
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אא
אאG 

 
(j) 


אj 

 
(tj) 


א
 
(M)
 

אא
אM 
 

F= UM + tjUMME 

אאא
M 

 
F= 70 - UM RMME

a 20 1 20      50 
d 21 1 41 29 
b 6 1 47 23 
c 5 1 52 18 
g 15 1 67 3 
f 35 2 35      35 
h 10 2 45 25 
e 8 2 53 17 
i 15 2 68 2 
j 5 3 5    65 
k 46 3 51 19 
l 16 3 67 3 

 
אאאKאאאאW 

 
 
א 

א 
א 

1 
2 
3 

 a , d , b , c , g 
 f, h, e , i 
 j , k , l 

 
 
 
 
 
 

F4 J4WEאאא4 J2 
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אאא 
 
• אאאא

אאאK 
• אאאK 
• אאאאאK 
• אאאאאא

אK 
• אאאאאא،

אאK 
• אאאאא

אאא،אK 
• אאאאאאא

אאאאאאK 
• אאאאFRPWEאאא

אא،אFאEא
אאאאאK 

• אאא،אאאאא
אאאאאK 
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 J4– 
F1EFEW 

1K אאאאK     EF 
2K אאאאK  EF 
3K אאאאאEF
4K RPWאאאא 

אאאKEF 
5K אאאאאK   EF 

 
F2EאאאאאאW 

1K א…………………………KK،א
……………KK……………………KKK 

2K אאאא………KK…………אא
אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

3K Kא……………K…………… 
 

F3EאאW 
1K אK 
2K אK 
3K אאK 

 
F4E

K،אאאאא
א30KאאאFRPWWE 
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1K אK 
2K אאאאאK 
3Kאאאאאאא

אאאאK 
 

א א?? אא
a 
b 
c 
d 
e 
f 
g 
h 

20 
18 
6 

10 
6 
7 
6 

14 

- 
- 
a 
a 
b 

 c ,d 
e ,f 
g 

 
 
 



 

48 

אאאא  

אא  

א
א





 

5
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אאWאא 
אא 

 
אאאאW 

 
 אאאאאK 

 אאאאאK 

 אאאאאאאK 

 אאאאאאא
K 

 אאאאאאK 
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אאF5E 
5 J1 

אאאאאאK
אאאא(Material Handling Institute)א

א?אאאאאאאאא
אאאאK?

אאאאאאא
אאW 

1 J אאאFEFE
אא(Loading and Unloading)K 

2 J אאאאאאאאא
א،אאא،א

אאאא،אאK
אאאאא(Transportation)

אאאאK 
3 J אאאאא،אאאאK

אאאאא
אאאאK 

אאK
אאאא30א٪75٪אאא

אא15٪30K٪ 
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5 J2אאאאאא 
אאאאא

אKאאא
אאאKא

،אא،א
،אאאאא

אאאKאאאא
אאKאאאאאאא

אאW 
 
 J אאאאא 
 J אא 

 J אא 

 J אא 

 J א 

 

אא
אאאKא،אאאא،א

אאאאאאKא
א5 J1אאאאK

אאאאא
אאKאאאאא

אK 
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א א 

אFOrientation E אאאאאאא 
אאFGravityEאאאאא 

אFSafetyE אאאאאאא 
אFCostE אאאאאאK 

א 
FSimplificationE 

،אאאאא
אא 

אFSystem FlowEאאאא 
אFFlexibilityE אאאאאא 

אא 
FObsolescenceE 

אאאאא
אאא 

אFMaintenanceE אאאאאא 
אא 

FLayoutE 
אאאאאא،אאאא

אאאאא 
אFEnergyE אאאא 

א 
FPlanningE 

אאאא
אא 

אא 
FSpace UtilizationE 

אאאא 

אFStandardizationEאאאאא 
אאא 

FErgonomicE 
אאאאא

א،א 
אFEcologyE אאאאאא 

אFMechanizationE אאאא 
אאא

FComputerizationE 
אאאאאאאא 

א 
FUnit LoadE 

אאאאא 

אFSystemsE אאאאאאא 

 

F5J1EWאאאא 
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5 J3אאאא 
אאאאאאאK

אאאאאאKאא
אאאא

אאאKאאאאא
אאא،אאאאאK

אאאאאאאK
אאאאאאF5 J2EK 
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5 J3 J1אאFIndustrial ConveyorsE 
אאאאאאא

אKאאFBeltsEאא،FChutesE،
אFRollersEFאF5 J1KEE 

אאאKאא
אאאK 

אאאא
אאאאK 

،אא،אאFא
F5 J1KEEא،אא،א

،K 
אW 

1K אאK 
2K אאאK 
3K אאK 
4K א، 
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K 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 F5J1EWאא 
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5 J3 J2אאאFCranes & HoistsE 
אאאאאא

אאאאאאFHooksEK،א
אאאאאKאאא

אאאאK 
 

5 J3 J3אאFIndustrial TrucksE 
אאאאFFork LiftsEאאFHand CartsE،K

אאאאא
K 

אאאFAGVs)EAutomated Guided VehiclesEאא
אאאאאFHand TrucksEא

אאKאאא
אאא،אאאאא

אאאK 
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5 J3 J4אאא(AS/RS)  

           אאא(Automated Storage/Retrieval Systems (AS/RS))א
אאאאאא

אאאKאאא،אא
א،אאאאא

אאאאK  א
אKאאאא

Kאאאא
אFF5 J2KEE 

 
 
 
 
 
 
 
 
 
 
 
 
 F5 J2EWאא 



 265 אא 

 א אא 
 
 

- 84 -  

 لمعدات مناولة المواد                                تلفة مزايا وعيوب الأصناف المخ:)2- 5(جدول 
1  

  
  

  الناقلات الصناعية
  

  العربات الصناعية  الأوناش والرافعات

  المزايا

 
  طاقتها الاستيعابية عالية -
 يمكن تغيير سرعاتها -
أخرى مع يمكن دمج أعمال  -

 المناولة مثل التجميع والفحص
يمكن أن تكون أرضية أو معلّقة  -
يمكنها التخزين المؤقت للمواد  -

 بين المحطات 
نقل الأحمال أوتوماتيكي ولا  -

 يحتاج لعدد آبير من المشغلين
لاتحتاج لممرات أو مسارات  -

 مستقيمة
النوع المعلق منها يوفر  -

 المساحة
  

 
يمكنها رفع المواد بالإضافة  -

  لنقلها
 توفر مساحات في الأرضية -
يمكنها مناولة الأحمال الثقيلة  -
 جدا

يمكن استخدامها في التحميل  -
  والتفريغ

 
يمكن استخدامها في أي مكان  -

تسمح مساحته لعدم ارتباطها 
  بمسارات ثابتة 

لديها القدرة على الرفع  -
والتحميل والتفريغ بالإضافة 

 للنقل
استغلالها عالٍ لمرونتها في  -

  بين المواقعالتنقل
  

  العيوب

  
  انعدام المرونة الناتج عن ثبات -

  مساراتها 
 أي عطل في الناقل يوقف خط  -

 العمل بالكامل
 مساراتها الثابتة قد تعيق حرآة  -

  المعدات المتنقلة

 
  تكاليف شرائها باهضة  -
 تخدم مناطق محدودة -
معظمها يتحرك باتجاه واحد  -
 فقط

استغلالها قد يكون منخفضا  -
 م    غالبا تستخدلكونها  

 لفترات محدودة
معظمها يحتاج لشخص يوجه  -

 عملها
  

 
لا يمكنها مناولة الأحمال  -

  الثقيلة
طاقتها الاستيعابية صغيرة  -

 نسبيا في النقلة الواحدة
تحتاج لممرات خاصة لكي لا  -

 تتداخل مع العمل 
 معظمها يحتاج لسائق -
لا تسمح بدمج المناولة مع  -

  أعمال أخرى
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5 J3 J5אא JאFRobotE 
 

אאW،
،אאFאא،،،E
אאאKאא

א(Body)FאE
א(End Effectors)אKא

אKאא(Joints)
אאאאFאE

אאFאKEאא
(Actuator)אא

Kא(Sensors)אאא
אאאאאK 

 

אאאאאא
אKאאאאאא

FאאF5 J3EאאKE
אאאאא

אאKאאאאW 
 
1K אאאאאא

אאאאK 
2K אאאאK 
3K אאאאK 
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  א،אאאאאא
אאאאא،אאאאאא

אאאK 
 

אאאאאFPolarEא
אא،אFCylindricalEא،א

א(Cartesian)אאאא،FJointed – armE
אאKאאאאF5 J4KE 

 
 

 

F5 J3EWא 
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5–4אאא 
אאאאא،א

אאאאKא
אא،אאא

א،אא،K
אא12،

אF5 J3KE 
 

F5 J4EWאאאא 

 سطوانيأ
 قطبي

 ديكارتي

 يد مفصليةذو 
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א  
1–KאK 

–אאK 
–אא 

 
2–Kא 

–א 
 
3–Kאא 

–א 
 
4–Kאא 

–אא 
 
5–Kא 

–אא 

אא 
אאאאאא 

אאאFAGVSE 
 

אאא 
א 

 
 

 
 

א 
אאא 

 
אאא 

אא 
5 J5אאאא 

אאאאאאא
אאאאKאא

،אא،אאא
אאאאאK

אא،W
אאא؟אאK 

،אאאאאאאא
،אאאאאא

 طرق أخرى لتصنيف معدات مناولة المواد):  3-5(جدول 



 265 אא 

 א אא 
 
 

- 89 -  

אאאאKאאאאאא
،אאאא

אK 
אאא،אאא

א،אא
אK 

א،אאאא
אאאאאא،אא

אFModularityEאאא،
אאK 

אאאאאאא
אאאאאאK 

אאאאאא
،אאאאאאא

אאאאאאאאK 
 
 
 
 
 
 
 
 
 
 

אא 
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• אאאאאאאאא
א،אאאאאאאK 

• אאאאאאאאאא
א،אK 

• אאאאא
،אאא

W1 JאK2 JאאK3 JאK4 JאK5 JאK 
6 JאK7 JאK8–אאK9–אK10–א?א?

אK 
11 JאK12–אK13–אאאK14–אK 
15–אאK16 JאK17–אK18–אאK 
19–אאK20–אK 

• אאאאאאאW1 JאK
2 JאאאK3 JאאK4 Jאא

אK5–אאFאKE 
• אאאא

אאאאאא
אאK 

• אאא،אאא
،אאא،א،א،א

אKאאאאא،אאא
אאאאאאK 
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–5– 
 

F1EFEW 
1K אאאאאK  EF 
2K אאאK    EF 
3K אאאאאK   EF 
4K אאאאאאK EF 
5K אאאאאאאK  EF 

 
F2EאאאאאאW 

1K …………………Kאאאאאא
K 

2K אא………………K……………KKא
…………………KK 

3K אאאא………………………………א
………………Kא…………………KאKK 

4K א…………………KK…………………KKא
…………………K 

 



 265 אא 

 א אא 
 
 

- 92 -  

F3EאאאאW 
 
1Kא،אאאאא

אאW 
FEאKFEK   FEK 

2KאאאאאW 
FEאאKFEאאאK FEK 

3KאאאאW 
FEאK   FEאK   FEK 

 
F4EאאאW 

1K אאאK 
2K אאK 
3K אאK 
4K אאK 
5K אאK 

 



 

 

אא  

אא  




א


 

6
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אאWא 
אא 

 
אאאאW 

 
 אאאאK 

 אאאאK 

 אאאאאאאK 

 אאABCאK 

 ،אאאאאאא
אא،אאאאאאא

אK 
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אF6E 
6 J1 

אאאאא
אאאאא،אאאא

אאאאK،א
אאאאאאאאאאא

אאאK 
אא،אאא

אא
אKאאאאא

אאאK
אאאאאאא

אא،אאאא
אKאאאא

אאאאאאK 
אאאאא

אאאKאא
אאאאא

אאאאאK 
אW،אא

אאאא،אאאאאK 
 

6 J2אא 
אאאאאאאKאא

אW 
1K אאא(Receiving) 

2K אאK 
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3K אאK 

4K אאK 

5K אאK 

6K אאאאK 

7K אאK 

8K אאאK 

9K אא.(Shipping) 
 

אאאאאאKא
א،אאאאאאאא

אא،אFאאאא
אKE 

אאאאאK
אאאאW 

 
1K אאאאK 
2K אאאאאK 
3K אאאאK 
4K א(Accessibility)אK 
5K אאK 
 

אאאאא
אאאאאאא

אאאK 
 

6 J3אאאאא 
אFStorage racksEאאאאאKא

אאאFPalletsEאא
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،א،א
אאאא،K

אאאאא
אאא،אא50C80

120C120א،אאא
אKאאF6 J1EאאK 

 
 
 
 
 
 
 
 
 
 
 
 

אאFCantilever racksEאאאא
F6 J2EKאFRotating CarouselsEאא

אאאאאאK 
אאא،אאאא

אFBlock StackingE،אא
אKאאאאא

אאאאא،
אאKאאאא

אאאKא،אאאאא

 
 

F6J1EWאא 
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אאאFEאFHoney com LossEKאא
אאאאאFאאאEא،

אאאאאאK 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
6 J4אאאא 

אאאאאא
אא،אאאא
א،אאאא

אאאא،א
אאאאא،א

אאKאאאאאW 
 

1K אאאאאאא
אאאאאאאא

F6 J2EWאאאא 
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אKאאאאKא
אאא50٪אא

אאאאאKאא
FAS/RSEאFאאEא،

אאאאFאאא
אEא15אאאאאאאא،K 

 
2K אאאאא

אאאKאאאFPalletsE
אאאאKאאא

אאאאKאא
אאאאא

אאאאאK 
 
6 J5אאאאאא 

אאאאאWאאא 
(Dedicated Storage) אאא.(Randomized Storage)אאא

א
Kאאא،אא

Kאא،אאא
אWאאאא،אא

אאKאאאW 
K 

1K אא،אאא
אאאאאא

אאאא،K 
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2K אאאאא
אאאאא
אא،

אאאKאאאאא
אאאא

אK 
 

3K אאאאאאא
אאKאאא

אאא
אKאאאאאא

אא،אא
א،אאאאא

אאאאאאאK 
 

אאאאאאאאאאא
אK 

 
6 J1 

אא
Kאא

אKאאאFאE
אאאאא،

אאאאאאK 
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F6 J1EWאאאF6 J1E 
إجمالي المخزون   المنتجات

 1 2 3  الأسبوعي
  الأسبوع

39 10 8 21 1 
34 16 11 7 2 
38 8 17 13 3 
37 19 6 12 4 

א 
אאאאא

א57אאאאא،
א(21+17+19)Kאאאא

39אא،Kא
אאאאאאאאK 

 
6 J6ABCא 

אאאאאאKא
אאאא5٪אא،

א80K٪
אאאאKא

אאא،
FאEK 

אF6 J3EABCא
אFאאEABCK 
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א 
 

F6 J3WEABC
א 

  
 










א





 
אAא،אאאאאB،אאאאא

אCאאאאאKאA
BCK 

אאאABC
אאKאא،א

אאאK 
אאABCאאFאאא

אEא،א
אאKאאאאאF
EאאאאK 

 
6 J7אאאא 

אאאאאא
א،אאאא

C

B

A 
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אא،
אאא

،אאא
אאאאאKאא

אW
אא،אFE

אK
אאאאאK 

 
6 J8אאאא 

אאאאאאאא
אאאאKא

אאאאאאא
אאאאאא،אאאאא

אאאאKאאאאא
אFאCאCאEאאאFאEאא

אFאאKE 
א،אאאא
אאאאאאא

אK 
 

6 J8 J1אאאאא 
אאא

אאאאKאאאא
אאא،אאאאאא

אאאאאאאאKאא
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אאאאWאאא
אאאאLאK 

אאאאא
אאאאKאאa  Z(X2 , X1)bFZ(Y2 , Y1

אW 
2121 YYXXDab −+−= 

 
אאאא

אאאאK 
 

FE  –אא 
אאאאאא

אאאאאאאאא
אאאאא،א

אKאאאאא
אאKאאאאאאא

אאאאK 
 

F6 J2E 
(A, B, C, D, E, F, G, H)אאאאא

אF6 J4EאאאF6 J2Eא
אאאK 
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א ABCDEF GH
אאאא 201540106 241050

אאאאא202548604 201825
 

א 
אאאאאא

אאKאאאW 

 دخول خروج

F6 J4EWאאאא6 J2 

F6 J2EWאאא6 J2 
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א A B C D E F G H 
א

א 1.000.600.830.171.501.200.562.00

 
אאD, G, B, Cא،אא

אאD،אGB
CKאE, F, Hא،אא

אאHא،EFKאA
אאאאאאאאK

אאאK 
 

 
G 
 


C   

 
F 
 


E 

 
 

 


 

 
D 

 
 B A H 

 
 

 
FE Jאא 

אאאאא
אאאאאאLא

אאאא،KאאABC

 دخول خروج

F6 J3EWאאא6 J

F6 J5EWאאאא6 J2 
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אאאאאאAאאL
אאאאאBאאCK 

 
F6 J3E 

אאאF6 J6E36Kאאאא
א،אאאאאK 

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

 
 
 

W 
 JאאאאאאLאK 

 
 Jאא36FEא

AB Cאאא،
אאאאאאאW 

 JאA680٪אK 
 JאB1215٪אK 
 JאC185٪אK 
 

–1000אאLאאאא
אאA BCK 

 

           
 الخروج/نقطة الدخول

F668EWאאאא/אא6 J3 
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א 
FKEאאאאLאZאDאא 

אZ2×8 + 4×7 + 6×6 + 6×5 + 6×4 + 6×3 + 4×2 + 2×1Z162א 
אWאאאאLאZ162D36Z 4.5  
 

FKEאאאאאאא
א/אאאא،אAאאאאאא

אאBאאCKאאאאא
אאאאK 

 
C 8 7 6 6 7 8 
  7 6 5 5 6 7 
B 6 5 4 4 5 6 
  5 4 3 3 4 5 
A 4 3 2 2 3 4 
  3 2 1 1 2 3 

 
 
 

אאLאאאא
אאאאFE،W 

 
אאאAאLאZ1×2)H2×4ED6Z1.67 

אאאBאLאZ3×6)H4×6ED12Z3.50 
אCאLאZ6×6 +5×6)+7×4+8×2ED18Z6.11 

אW 
אאאאZ+ (3.50×0.15) + (1.67×0.80) F(6.11×0.05Z2. 17 K 
אאאאאFEא

52א٪אאאLאאאK 

           
 الخروج/نقطة الدخول

F6 J7EWאאאא 
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FKEאא1000W 

אאAZ0.80×1000Z800 
אאBZ0.15×1000Z150 
אאCZ0.05×1000Z50 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 265 אא 

 א א 
  
  

- 109 - 

אא 
• אאאאאאא

אW 
1KאK2KאאK 
3KאאאK4KאאאאK 

• ،אאאאאאאW
،אאאאאאאK 

• אאאאא،א
אאאK 

• אאאאאאW 
1K אאאאאאאK 
2K אאאאא

אאאK 
• אאא،אא

אאאFאEאאK 
• אאאאאאW 
• ABCאא

אאאאאאאא،
K 
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–6 
 

F1EFEFEW 
1K אאאאאאEFK 
2K אאאאAFABCE

אאאBK    EF 
3K אאאאאK     EF 
4K אאאK   EF 

 
F2EKאאK 

KKאאאאאאK 
KאאאK 
KאאאאאאK 

 
F3Eאא

Kאא
אKאאאFאE

אאאאא،
אאאאאאK 

 
  آميات المخزون للمنتجات

3 2 1 
  الأسبوع

12 10 15 1 
9 14 18 2 

  
  
) 3 ((A, B, C, D, E, F, G, H)אאאאא

אאאאאא
אאאK 
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א ABCDEF GH
אאאא 161842306 241254

אאאאא2435286014221950
  
  
  
  
  
 

 دخول خروج
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אא 
 
WאאאW 

1K אאא،א1999א،א،א
،אא،אK 

2K אFאWא،E1992אא،אא،
،אK 

 
WאאאW 
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