





FFEE

294294  



א 294  
 FE 

 

  
 

 

 
،،אא،אW 

 אא א א א אאאא
אא،אאאאאאא

אאאא א
אאאאאאWא

אאK 

אאאאאאא
   א        ،א אא

אאאאאא،אא
א         א   ،א אא  
 א א אא  א א א  א א  א א

אא،אא
אא،אK 

 א א  ? FE ?? ?
אאאאאאאאK 

אאאאאאא
،א     ،א א אא      

אאאאאK 

 ؛   א אא א
אK 

אאאא 



א 294  
 FE 

 

  
 

  

אאאאא 
 אאאאאאא

אאאא،
אאא،אאKא

אאאאאאאא
אאאא،א

אK 
 אאאאאא

אאאK Jאא
אאאאא Jאאאא

אא،אא
אאאאאא

אאאאאאאאאאאא
אאאאאאאא

אאאK 
 ،אאאאא

אאאFאאאאא
אKKKEאאK 

אאא 
 אאK

אאאאK
אאאאאW 

1K אאאא،אFא
אאאKE

אאאאאאאאאK 



א 294  
 FE 

 

  
 

  

2K אאFאאEאא
K 

3K אאאאאאאא
אאאאאאK 

4K אאאאאאאא
אאK 

5K אאאאאאאא
K 

6K אאאאאאK 

7K אאאאאאא
K 

8K אK 

9K אאאאK 

10K אא 

11K א 

12K אאאאאאא
אK 

 
אאאאאאאא
אאאאא

אאאאאאא
אאאאאא

אאK 
אאF6Eאאא

F15Eאאא
אאאאאאא

אאK 



א 294  
 FE 

 

  
 

  

אאאאאאF3Eא
אאאאאאK 



 

 

  

  אא  

  


א




 1



 

 



א 294  אא 

 FE א 
  
 

      - 1 -

אאWאא 
 

 ،אאאאאאאא
אאאאאאאאאא  . 

אא Jאא JאאאK
אאאFEא

אאא Jא J،
אאK 

אאאא(C1 –C4)א
אאא،אאאא

(C5 –C18)אא،
אאאK 

א 
אW 

1K אא 
 אאא،אאאאא

א35אKאאאאא
אאK 

2Kא 
 אאאאאFאKEאא

אאאאאK 
3Kא 

אאאK 



א 294  אא 

 FE א 
  
 

      - 2 -

אא 
אאאFאEK

אאאאW 
1K אאDistillation 

2K אאאThermal cracking 

3K אאCatalytic Cracking 

4K אאHydroracking 

5K Steam Reforming 

6K Catalytic Reforming 

7K אא 

8K אא 

א 
1K אא 

אאאאא
אאאK 

2K אא(LPG) 

אאאאאא
אא(25 atm)אK 

3K א 

אWאא
אאאאKFאE

א(CO + H2)אאאאאK 

4K אא 

5K א 

6K א 

7K א 



א 294  אא 

 FE א 
  
 

      - 3 -

אאאא 
אאאאא

אאאאאאא
אKאאאאאW 

1K אDensity 
2K אRefractive Index 
3K אViscosity 
4K אVolatility 

אאא،אא
אאאKאאאא

אאאאאאאא
אאאאאאאK

אאאאאאאאK 
5K אAniline Polar 

אאאאאא
Diesel IndexKאא

אאאKאאאאא
אאKאאאאא

אאאKDiesel Indexא
אK 

6K אAsh Content 
7K אאBleeding 

אאאאאאא
אאאאK 

8K אאBurning Point 

אאאאאאאא
אאאאK 



א 294  אא 

 FE א 
  
 

      - 4 -

9K אCloud Point 

אאאאאאאא
אאאאK 

10K אPour Point 

אאאאK 

11K א 

12K אDropping Point 

אאאאאאא
K 

13K אא 

אאאאא
אאאאאאK

Kאאאאאא
אK 

14K אאאHeat of Combustion 
אאאאאאאאK 

15K אאPenetration Number 
אאאאאK

אאאא
אאK 

16K אאאSurface Tension 

אאFאאאא
אאKE 

17K אאאSpecific Heat 

18K אאאLatent Heat 

19K אאאא 
20K אא 



א 294  אא 

 FE א 
  
 

      - 5 -

21K אCetane Number 

אאאK 
22K א 
23K א(Knocking)א

אאאKאאאאאא
אאאKא

אאאאא
אK،אאאא

K 
 

 



א 294  אא 

 FE א 
  
 

      - 6 -

אא 

 ،אאאאא
אאאאKאא

א אאאאא(50-90%)אא،
،א

א(H2S)א(CO2)אאאאא
אK 

אאאאא
(Sour Gas)אאא،(Sweet Gas)א،אא

אאא(Wet Gas)א،
אאאאK 

אאאW 
1K אא 

 אאאאא،
אK 

2K אא 
 ،אא

אKאאאאאא
،אF1EאאאאK 

1Wאאאא 

א   

 84.7 36.8 
 9.6 32.8 

 3.0 21.1 
 1.1 5.8 
  J J J 3.7 



א 294  אא 

 FE א 
  
 

      - 7 -

אאאאK 

אאא 
 אאא20-50 atm

אאאאאK 
 אאאאאא(Natural Gas Liquids)

אאאאא
אאאאאא

אאאאאאאאא
אאK 

אאאא 
אאאאאW 

1K אאאאא،אא
אאאאאאאK 

2K אאFאאאEאאאא
K 

3K אא16%K 

4K אאאאא
אאK 

5K אאאאא
אאאK 

6K אא(OXO)
אאאאאאK 

7K אאאאאאK 



 

  



 

 

  

אאאא  

  







א


א




2



א 294  אא 

 FE אא 
  
 

- 8 -  

אאWאא 
 

 אאאאאאK
אאאאא

،אאאאאא
אאאאKאאK 

 אאאאאא
אאאאאאאאא

אאKאאאאא
א Jאא JK 

אא 
 אאא

W 
Wאא 

 אאאאאאאא
،אאאאאא

،אאאאאאאא
אא،א90٪Kאאא

אאאFאEאאKאאא
אאאאאFKEא

אאאאאK 

Wאא 

 אאאאאאKא
אאאאאאא

אאא،א
אאאאKאאא



א 294  אא 

 FE אא 
  
 

- 9 -  

אא،אא
Kאאאאאא

KאאאF40-180OCEאF
180-230 OCEאאF405-305OCKEאאא

אאK 

Wאאא 

 אאאאאאאא
אאאאאאK

אאאאKאא
אאFאEאאאאא

אאKאאאאאא
אK 

אא 
 אאאאאא
אW 

1K אא 

אאא 

2K אא 

אאאאאK
אאאאאאאK

אאאKא
אאאאK 

אאאאKא
אאאאא

אאאאאא
אאאK 



א 294  אא 

 FE אא 
  
 

- 10 -  

 אאאאאאא
אאאאאא

אאKאאאאKW
אאאאאאאא

אאאאא
אאK 

 



א 294  אא 

 FE אא 
  
 

- 11 -  

אאאאא 
 אאאאFאאEא

KאאאF4CHEאF62 HCEא
F83HCEאF104 HCE،אאאF22 CHCH Eאא
F22 CHCHCHCH EK 

אא 

 אאאWאאא J
אאאאא Jאאאאא

אKאאאאאא
6א1819א40K 

אאאאאא
KאאאאאאKא
אאאאאא
Fא،אא،א،Eאאאאא،

אאאאאאK 
אאאאאאא

אW 

א(CH4) 

 אCH4)Eא،،א،،
אאאKאא

WאאWאא،אא
50%90%אאאאאאאK 

אאאא אאאא
אאKאאאא

F1E، 
 



א 294  אא 

 FE אא 
  
 

- 12 -  

 
1Wאאא 

 אאאאאאא
FאאEאאאאK 

אאאאא34אoC
45oCאFאEK 

אאאא–אא Jא
אאאFClCH 3Eא،F2H/COE،

אF4CClEא،FOHCH 3Eא،F3NHKE 

א

 
 

 

א 
 

א 

 


א 

 


א 


א 

 



א 294  אא 

 FE אא 
  
 

- 13 -  

א(C2H6)  

  א אאאאא
אאאאאKא

אא،א،א
אK 

א(C3H8) 

 אאאא
אא،א،א،א

א،אK 

א(C4H10) 

 א،אאC-C-C-Cא،
אFאEאFאEאK 

אאאא
א،א

،אא،אK 

אא 

 אאאאאאאאK
אאאאאא

C5C10Kאאאא30-200oC
אF،،EאאK 

אאא
C10C30א240-260oCK 

אאאא،א
K 



א 294  אא 

 FE אא 
  
 

- 14 -  

א(CH3OH) 

 אאא
K 

1913(BASF)אאא
אK 

אא(ICI)אאא
אאאאא

?א?אאK 

א 

 אאאאאאאא
אאאHאHא

אK 
אW 

1K אאF1אKE 

2K אאF2אKE 

3K אאF3אKE 

אאאאאW 
 אאאא

אאאאK 

 אאK 

 אאאK 

 אK 

אא 

 אאאK1
אאאא،אאא

א320-380oCא250-350 atm،אא



א 294  אא 

 FE אא 
  
 

- 15 -  

א(ZnO-Cr2O3)אF1 J2E،
אאאאאK 
 

 
 
 
 
 

2Wאאא 
 

אא 

 2،אאאאא
א350oCא100-250 atm،

אאKאאאK 

 
 

 

  








 


א











 







 


א 

 

 

 

 

 

 



א 294  אא 

 FE אא 
  
 

- 16 -  

  
  

 
 

   

3Wאאא 

אא 

 אא،אKאא
א3،אאאאא

אאKאא240-260oC
50-100 atmא(CuO)א

(ZnO)א(Al2O3)K 

 




 

 




 






 

א
 
 

 

 

א 

 

 



א 294  אא 

 FE אא 
  
 

- 17 -  

 
4Wאאא 

א 

 א
אFσEאFπKE 

 אאאא،אאא
אאאאאKאאא

אאæا א،א،אא،،
אKKK 

אWF1EאאאF2Eאאא
אK 

אאאאא(C2)
א(C5)אFאאE،א

א،א(C6)
(C15)אאאFאאאKE 



א 294  אא 

 FE אא 
  
 

- 18 -  

אאW 

א(C2H4) 

אא
אאKא(CH2=CH2)،

אא،(C=C)אא
א،א،א،אא

א{،אK 
אאאאאא5K 

 

 
5Wאאא 

 
 

א 
 


א 


א 

 
א 

 

א 

 

א 
 

 
 

א 



א 294  אא 

 FE אא 
  
 

- 19 -  

Wאאאא 
1K אאאאא(NGL)

אאאאא62%K 

2K אאFאאEא25%K 

3K אאאFא،א،אEאאא
אא13%אK 

אאאאאKאאא
אאאאאאאאK 

אאW 
1K אK 

2K אK 

3K אK 

אאאאאKא6
אאK 

 
6אWאאK 



א 294  אא 

 FE אא 
  
 

- 20 -  

אאאאאא
C2 JC5K 

א(C3H6) 

 א(CH3CH=CH2)،،אאא،
אאאאK 

אאאאאאאK
אאאK 

אאאא 

 אאFא JBenzen Jא JTolune Jאא J
Xylene JBTXKEאאאא

(Aroma)אאאKא
Kא(Functional 

groups)א(NO3)א(COOH)א(NH2)א(OH)
א(F, Cl, Br, I)K 

א(C6H6) 

 אאאאאא
אאא–

 (C=C) א (C-C)  אאא 
.(C-H)  

 
אאאאא

אאKאאאא
אאאK 

1אאאאאאאאאא
אאאK 



א 294  אא 

 FE אא 
  
 

- 21 -  

 

1Wאאאאאאאא
אאאK 

א אא(%) אאא(%)
 16 53 

 47 30 
א 37 17 

 
 א،א،אאאא

،אKא7אאאאK 

 
7WאאK 



א 294  אא 

 FE אא 
  
 

- 22 -  

א(C6H6CH3) 

 אאאא
אאKאאאK 

אאאאאא(TNT)א
Kאאאאא

אאאאא
אאKא8אאK 

 

 
8אWאא 



א 294  אא 

 FE אא 
  
 

- 23 -  

אא(C6H6 CH3CH3) 
 א،

אאא(Methyl group)Kא
אK 

 אאK
אאאאKא

אא
א J אא אKאאא

אאאאאאK
9אאאאK 



א 294  אא 

 FE אא 
  
 

- 24 -  

 
 

9אWאאא 



 

  



 

 

  

אאאא  

  

א


א




3



 

 



א 294  אא 
 FE אא 

 
 

- 25 - 

אאWאא 
 

אHistory of Polymer Science 
אאאאאא(Natural Polymers)،א

אאאאאאאאא
א(Oils)אאא(Fats)אאאא(Natural 

resins)אאא(Arabic gum)א
Kאאאאאאא 

אאאאא(Colloids)אא
،אאאאא

אאאאאאאאא
אאא،אאא1880אא

(Raoult)(Vant Hoff)אאאא
אאאאאא10.000 J40.000  .

אאאאאאא
(Macromolecules)אאW 

 J  אאאאאא
אאאאאא

אK 
 J  אאKא

،1826(C5H8)א،אאא
א(Isoprene)אא،

אאאאאW 
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CH3 
I     

CH2 --- C = CH-CH2 
I                             
CH2 --- C = CH-CH2 

I     
CH3 

אאאPolystyrene
F1839EFאFE1860EPoly (ethylene Glycol)

אIsoprene RubberF1879EאFStaudingerE
אא(Macromolecules)אאאא

א(Staudinger)1953א
אא(Carothers)(1929)F1937EFloryK 

אאאאאאא
אא،א

،אאK
א(Staudinger)F1925Eא

،אאאאאאאא
א،אא،

אאא(Cyclic Structure)אאא
אא1937(Flory)

אא(Chain Reaction). 
א??Poly??א??Mer

?א?אאKאאאא??
א

א،אא
א(Linear Polymer)א،F1Eאא

א(Branched Polymer)אא
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א(Comb form)א(Ladder form)א
(Cruciform)אאאF1E

אאאאאא
א(Crosslinked Polymer)FאF1KEא

אאא(Monomer)FאE
אאאא(Polymerization)K 
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אא(Structural Units)אא
א(Repeating Units)Kאאאא

אאKאCH2 = CH2א
(Polyethylene)אא(CH2 – CH2)n–CH2 – CH2-

אאאnאאא،אא
א(Degree of Polymerization)KאF1Eאא

אאאאאאאKאא
אאאאאאא

אאאא?אF?OligomerE
אאאאא10.000א1000.000אאאא

אאאאאאאאK 
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אאאא 
Classification Based on the Chemical Nature of Polymer 

אאאW 
FE  אאאOrganic Polymer  

אא
אאאאאאאאאאK 

FE  אאאInorganic Polymers 
אאאאא
אאאאKאאא

אאאאאאאאא
אאאאא(Silicon Polymers)אא

א(Glass fibers)אא(Poly Silicates)
אFאEK 

 
FE  אאאאOrganic – Inorganic Polymers 

אאאאאאא
אאאKאאאאאK 
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אאא 
Classification of Polymers Based on Technological Aspects 

אאאאאאאאאW 
FE  אאאThermoplastics 

אאאאאאאאא
אKאאאאא

אKאאאאK
אאאאאאאאאא

KאאאאW،،،
FאE،K 

FE  אאאאFאאEThermoset Polymers 
אאאאא

אאאאאא
אKאאאאאא

אאאאאאKאא
אאאאאאK 

FE  אאאאElastomers 
אאא(Elongation)א

א(Resilience)אאאאא
אאאאאא

אאאא
אאKאאאא

2אאאאאKאאאאא
(Tg)אאאK 
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FE  אFibers 
אאאאאאא

אאאאאא
אאאאא

אא،א
אKאאK

אא
אאאאאאאאאאאK

אאאאא
אאאאאאK 

אאאאFאאאEאאאאא
FאאEאK 

 
FEאאאאאAdhesives and Coatings 

אאאאKאא
אאאאאאא

אאאאאאאא
אאאאאאK 
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אאאFאאאE 
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1 J אא 
F4.1אE 

 
 
 
2 J אFE 

 
 
3 Jא 

(Nitrile Rubber)    
4 J K 

(S.B  Rubber) 
5 Jא 

(Butyl Rubber)       
 
 
6 J אא 

(Butadiene rubber) 
7 J אאא 

 

א 
8 J א 

9 J א 

10 J א 

 
 
 
 
 
 
 

אאא– 
א 

אא– 
א 

אא– 
אFE 

F0.6–3.5٪E 
אF– 

4.1–א–4.12.1 JE 
 
 
 

،4.1–אא
אא–א

א–אא 

 
 
 
 

 
1931 
 
 
1937 

 
1937 
 
 
1934 

 
 
1961 
 
1960 

 
 
 

1961 
1962 
1963 

אאאאא
אאאא
אאאאאאא
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אאKאאאאאWאאא
אא(Arabic Gum)אאאKאאאאא

Kא3אאאאK 
 

א3 
אאאאא 

 
אאא 

אא،א، 
אא 

אא 
FאאE 

א 
אא 

א 
א 

אא 
אא 

 
 

 

Acrylic Adhesives

Cellulose acetate, butyrate, Nitrate

Expoxides 

Synthetic rubber

Polyisocyanates

Metanoplast,

Phenoplast, Uroplast

Polyamides

Polyesters

Polyurethanes

Polyvinyls

Polysilicones
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אאאאא 
Classification Based on the Structural Shape of Molecules 

אאאאא
אאאאאK 

FE  אאאLinear Polymers 
אא،אאאא

אאKאאאאא
אאאאאKאאאא

אא(High density – Polythylene)אאא
–(Ziegler-Natta Catalyst)אא

א1K 

FE  אאאBranched Polymers 
אאאאאאאא

א،אא
אאא،אא

אאאא
אא1Kא

אאאא(Tm)אא
אאK 

אאאאאאא
אאאאאא

FאEאאאאאאא
אאאאאאא

אאא(Low Density Polyethylene)K 
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FEאאאCrosslinked Polymers 
אאאאאא

אFאא1KEא(Degree of 

Crosslinking)אאא
אאאאא

אאאא،אא
אאאאא(Thermosetting resins)אא
אK 

אאאא 
Classification Based on the Homogenity of Polymers 

FE אאאHomopolymers 
אאאאאאאאאK

אאאאאאCH2 

– CH2 -אאאאK 
 
 
 

אK 
FEאאאFאאECopolymers 

אאאאאאאאא
אKאאאאK

אאאאאאאאאKK
אאא،אאא

(Copolymerization)אאאאאאאא
אאאKKKFאא

(Styrene Butadiene CopolymersאאאW 
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 אאאאאאK 
 

אא 
Comparison between Addition and Condensation Polymerization 

אאאאאא
אאאאאאא

אאאאאW 

1 J אאאאא
אאאא

אאאאאאא
אאאא J6אא

אאאאאאא
אאאאK 

2 J אא
אאאא

אאK 
3 J אא

אאאW 

 
א  א 

 J  א
אK 

 J  א

 א
אK 

אא
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אאK 
אאא
אאאאא

אא
אא

אאאK 

  

אאאאK 
אאא
א

אאא
אאאאK 

 

אא 
אאאW،א،،אא،

אאא،Kאא
אאאאא

אאאא،אא
אאPolyethylene oxide

אאאW 
 
 
 
 

אאאאא
،אאאאאא6–

6א- amino caproic acidF6–אE(Poly (6-

aminocaproic acid)Kאאאאא
אאאKאאאא

אאאאא
––(co)אאאאKא

אאאEthylene glycolאTerphthalic 

acidW 
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Fא––אE 
Poly (ethyleneglycol – co – terphthalic acid)   

אאאK 
 

אאאאאאאא
אKאאKFאE

Poly (vinylalcohol)אא
אFאEPoly (Vinylacetate)א

FאKE   
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אאאWא 
 

אאאאאאאא
אאאאKאאא

אאKאאא
،אאאא

אאKאאאא
אאאאK 

אאW1 JאאHomogeneous polymerization،2 J
אאHeterogeneous polymerizationK

אKאאאאאFאE،
א،אא

אאאאאאאK 

אMass or Bulk Polymerization 
א،אאאאא

אאאאאKאא
אKאאאאאאK

אאאאאאא
FאEPoly ( methyl Methacrylate)Kאאא

אאאאאא
אExothermicאאVinylmonomer،

אאאאאא
אFאא1Eאאאא

א DepolymerizationאאFאא2KE
אאא
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אא140K 
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א2Wאאאאא
אאK 

א3אאא(Heat transfer)אאK
אאא30 J60٪א
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אאKא
W 

 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

3אWאאאאאאא
אK 

אא،אא
אאאאאא

אאאאא
Kאאאא
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%33 J30،א
א90oC{אאאא75

אאאאKאא
אאאF145oCE

א(Conversion)KאFאאאE
אא200oCאא

אאא(Extruders)א
א،אאKא

אאאK
אאאאאKאא

אאContinuous mass 

polymerizationK 
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4Wאאאאאא
אK 

אאאאא
אKאא

אאאאאאאאK
אאאאא70א

אKא4אאאאא
אאא1אאא

אאאאBatch Polymerization Suspension WiseK 
 

אאאאא
אאK 

אאאאאא
א،אאאא

אאאאאאא
אאאאאאאK

אאאאאאאאא
אאאK 

 
אאאאאאאאא

אאאאKאא
אאאאאאאK 

אאאFאEFא
אEאאאאא

،א(Autoaccelaration)אאאאKא
אאK 
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א1 
אאאאא

אאא 
 

 אאא 
FE  אאW 

אאא
אא 

 
 

FE  אאW 

א 
 

אא 
FE  אאW 

 
 
 
 
 
 

אא 

 
 

 
א 

 
 

 
 

 
 

אא 
א

אא
אא
א 

א 
 

 
אאא
אאא

אאא
 

 
א 

אאא 
 

 
אא 

א 
אאא 

 
 
 

 
 

אאSolution Polymerization  
אאאאאHomogenous polymerizationK

אאאאא{،
אאKא،



א 294  אא 
א FE אא 

 
 

- 53 -  

אאאאאאאא
אאאאאאא

אאRefluxאK 
אאאאאא

אאאאאKא
אאאאK 

אאאאאאאאא
אאאאאא،א

אאאאא
אאKאאKאא

אאאKא،אא
אאאא(Precipitation)

אK 
אאאאאא

אאAdhesive applicationsאאCoatingא
אKאאאאKאא

אאאאאא
אKא–א30%אא

אאKאאא
،אאאK

אאאContinuous systemאאא،
א30:70 אא20%Kא150oC

אאאHeat exchangersאK 
אאאאאאאא

אKאאאאאאאאא
אאאאאאאאא

אאאאאאK 
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،אאאאאאא
אאא،אChain transfer to solvent

אאאאK
אא،אאאאK

אאאאStereoregularityאא
אאאאאאאאDielectric constant

אאK 
 

אאאSuspension Polymerization 
אאאאאSuspensionאK

אאאאאאאא
אאא،אאאאאא

א،אאאאא
K 

אאאאאאא
אאאא

Dropletsא1-0.1،אא
אאאאאאאאא

(Suspension stabilizers)Kאאאאאא
אאאאאאא(Suspending agent)

אKאאאאאאאאאא
אאאאאאאאKאאא

FאEPoly (vinyl alcohol)אFאE
Poly (acrylic acid)אאאMethyl celluloseאK

אאאאאאאKaolinא
Magnesium silicatesאאאאאא
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אאאCa3(PO4)2אאאא
אאאאאאK 

،אאאאאאאא
אאאאאאאK 

אאאאאאא
אאאא

אאאK 
אאאאאאאאאאW 

1 J FאEPoly(methylmethacrylates)                       

2 J אא 
 Polystyrene and rubber-modified polystyrene                                 

3 Jאא 
Polyvinylchloride and its copolymers 

 
4 J אאא 

Poly vinylidene chloride and vinylchloride copolymers 
5 J אFא–אE 

Syrene-acrylonitrile copolymers                                                     
6 J אFא–אEא(ABS) 

Rubber modified styrene acrylonitrile coplymers (ABS)                        
  

אאאאאאFאEBatch 

systemsKאאאContinuous systems
אאSemicontinuous systemsK 

 
אאאאאGlass linedא200

אאא0.1אאאאFאEא
אאאא100אאא

0.1אא،א
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90oCאא.130oC
א100% א
א3אאאא

אאא5Kאאא
AdditivesאאStabilizersאאAntioxidants

אPlasticizersאאאאExtruded
אK 

 

אאEmulsion polymerization 
אאאHeterogeneous polymerization

אאא،אאא
אאWאאאא1010א

אאאאאאא
אאאאאאאMicelles

אאאאאאKא
אאאאאאאא

אFאEאאא
אAlkyl sulphatesאAlkyl sulphonatesK 
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5אWאאאאאאא

אאK 
אאאאא

Critical micelle concentrationKאאHydrophlicא
אאאאHydrophobicאאא6Kא

א25 J50אא1810-1710L3א
אאאאאא
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אאאאאאאא
אאאאאאא

אאאא(Swelling)אא
אאא(Dynamic equilibrium)אאאא

K100-50אאאא
אאאאאאאW 

 
 
 
 
 
 
 
 
 
 
 

 
א6Wאא 

1 J אאאK 
2 J אאאאא

אאK 

3 J אאאאאאאא
אאאאאא(Coating)K 

אאאאK 
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אא 
אאאאW 

 J  אאאאאאאא
50אK 

 J  אאאאאאאאא
אאאK 

 J  אאאאאאאאא
אאאRedox initiatorאאא

אאאאאאא،אאא
אאאאאאKאא

(Buffer solution)אא
אאK 

אאאאאא
אאא1-5%אKא2א

אאאא–אK 
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2א 
אאאא–א 

א Component  
 Styrene 25 

א Butadiene 75 
א Butadiene 180 

 Water 5.0 
אא Emulsifier 0.5 

א Mercaptan 0.0024 
א NaOH 0.03 

א Cumene 0.14 
א FeSO4 0.18 


א 

Na4P2O710H2O 

 
 

 
אאאאF2EאK،

אאאאאא
אChain transferKאאא

אאאKאFructose
אאאאאKאא

אאאK 
אא 

אאאאאאאאאא
אא(Ri)1310L3LK

אאאאאK 
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אאאאאK
אאאאאאאאאא

אאKאאאאאאאא
אאאאKאאאאא

אאאאאאא
אאאאאאאאא

אאאאאאאאאאאאאא
אאאKאאאאאאא

אאאאאאאK 
אאאאאאא(Micelles)אא

אאאW 
 J  אאאאאאאא

אK 
 J  אאאאא

אאאא
אאאאאK

אא1810L31010L3אא
אאאאאאא

אאאאאK 

 J  אאא
אאאאאא

אאאאא
אאאK 
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אאPrecipitation Polymerization 

אאאאאאא
אאאאאKאא،

אאאאאאאאא
אאאאאאא
אאא

אאK 
אאאאאא

אאאאאא
אאאאאאKא

אאאK 
אאאGas-phase polymerizationKא

אאאאאאא
אK 
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אWאא 
 

אאאאאאאאא
אאאא{אK

אאאא{{א
אאאאאאאK
אאאאThermosetting resin)Eאא

אאאאSoftening)Eאאאא
אאKאאא

אאאאאאKאאא
אאאא(Films)

אאאאאאאאK
،אאאאא

אאאאאאא
אאאאאאא

אאאKאאאא
אאאאאאא

،אאK 
Kאאאא

אאאאאאאKאא
אאאאאאא

אאK 

אFאE Melt Index melt viscosity  

אאאאאאאא،
אאאאאא(Melt Index)

אאא(Melt viscosity)K 
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אאאאאאא
א(Crosslinking)א(Branching)אא(Molecular weight 

distribution)אאא،Kאאא(Flow 

properties)אאאאאא
א(Rheology)K 
א(Melt index)אאאאא

KאאאאKא
אאאאKא

אאא(Films)א(Pipes)א،(Containers)
אאאKאאאא،
אאא،K

אאאאאאא
אאאK 

א(Flow)אאאא
K،אאאא

אאאא،אאאא
(Newtonian fluid)אאאא(Newtonian flow)א

א1אאKאאא
א1אא(Flow Rate )א

אאאאKאאא
אאאאאאאאאא

אאKאאאא،אאא
אאא

אאאK،
אאאאאK

אאאאאאKא
אאאאא
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אKאאא
אאK 

 
 

 
 
 
 

 
 
 

1Wאאאא 
FE  אFE K 

אאא(Melt Flow Indexer, 

MFI)אאא
אא،K

אאא190oC Kא
א،،אא

אאK 

אאאאCompression Molding 

אאאא1909א
(Buckelund)אאPhenol Formaldehyde

BakeliteאאK 
אאאאאאאא(Thermoset)K

א،אאאא
אאאאאKאאא
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אא(Mold)אKא
אא(Molding powder)אאאא

אאאאאK
אאא10L2אK

אאאאאKא
א(Crosslinking)אאKא2אאK

אאאאא
אאאKאאא
(Cold molding)אאאאאא

אאKאאאא
(Fille)אאאאא

אאאאאא(Binder)אא
אאא

אK 
 
 
 
 
 
 
 

2Wאא 

אאאא(Thermosets)אאא
אאאא(Alkide resins)אאא

(Epoxy resins)אאאא
אאאאK 
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אאאRequirements of compression molding 

،אאאאאא
W 

 J  אאWאאאא
אאאאאאKא
אאאאאKאא

אאK 
 J  אאWאאאאאאא،

،אאאא(Curing times)
אא،א

אאאאK 

 J  אWאאאאא
،אאאאW 

1 J אאאאאK 
2 J אאאאאK 

3 J אאאאאא
(Erosion)אאאK 

4 J אK 

 J  אWאאKאא
אאא،אKאאאאא

אאאאאK 
 J  אWאאאאא

אאאאאאאאאא
אאK 

אאAdvantages and Disadvantages of Compression Molding  

אאאאW 
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FE  אאאאאאא
אאאK 

FE  אאא(Strain)אאא
אאאאאK 

אאאאאאאK
אאאאאאאאK

אW 
 J  אאאאאK

אאאאא(Cycle)Kא
אאאW 

אאא 140-160oCא10 J20
אאאאאאאא(130oC)  

אאאאא
אא70–35אL2אאאאא

אאאאא
אK{אא75oC א

אאF5 J10Eא
א40oC אאא

אאאאKאאא
אאאאאא

אאאK 
 J  אאא

אאאא
אאK 

،אאאאאאא
Kאאאאאאא 
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אInjection molding 

אאאאKא
אאאאאאאא

אאאאKא
אאאאא

אK 
אאאאאאאW 
FE  אאPlunger injection molding 

FE  אאSpiral Injection molding 

א(Cyclical process)א
אאאא

א(runner)אאאK
אאא(Injection cycle time)Kאאא

10 J30אאאאא
אאאאאאאK 

אאPlunger injection molding 

אF3Eאאא
אאאאא(Hopper)K

אאא(Batches)א
אאאא(Heating chamber)Kאאא

א،אאאאאא
אאאאאא(Torpedo)

אKאאאאאאאא
אאאאאאKא

א(Nozzle)אאאאאK
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אאאאאאא
Kאאאאא

אאאאאאאKאא
K 

 
אאThe screw injection molding 

אאאאא
אKאאאFEאאאא

אאאK 
 
 
 
 
 
 
 
 
 
 
 

אאאProcessing by Extrusion  
אאאאאא

אאאא(Die)אא
FWEאא(Sheets)א(Pipes)

(Rods)؛FEאא(Coating)؛אאאאFE
אאאא(Cables)K 

3Wאא  
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א4אאאאא
א،א(Screw)Kאא

אאאKאאאא
אאאאKא

א(Screen)אאא
אא(Die)،אא

K 
אאאאאאאK

אאאאאאאאא
אאאאאאאאאאK

אאאFאאאEאאאאאאK
אאאאאא

אKאאאאאאאא
אאKאאאאאא

אאKאאאא
אאאאאאא

א(Hopper)Kאאאאא
(thermocouple) אאKאאאאאאא

אאאאK 
אאאאאKאאא

אאאאאאא
א16 J30אאאא(Heat transfer area)K

אא(Feed region)،
א(Compression region)،א(Metering region)K
א،אאאאאאא

אאאאאאאאא
אאאאאאKאא
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אאאאא(Metering 

region)אאאאK 
אאא(Pressure valve)א

(Screen)،،אאאא،
אאאאא

אKאאא
אאאKאKא

،אאאא4אאאK 
 
 
 
 
 
 
 
 
 
 
 
 
 

א4Wאאאאאא
אאDieK 

אאא
אאאאאK 
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אאאאאא(Co-extrusion)אא
אKאא

אאאאKאא
Kאאא

אאא
אKאאא

אאאאאאאאאאK 

אאאBlow molding 
אאאאאא

אאאאאאאא
אאאKא(Blow molding)אW 

 J  א(Softening) 
 J  אא(Pre-form)א(Parison)אK 

 J  אאאאK 

אא5אKאאאא
(Parison)אאא،א(Injection 

blow molding)אאאא(Extrusion 

blow molding)Kאאאאאא
אאאא

אאאא،א،אK 
אא(Parison)אא

אאK1אאאK 
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5Wאאאאאאאא

אא 
FE  אאאאFKEאאאא

אK 
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א1 
אאאאא 

 
אא 

Extrusion Blow Molding 

אא 
Injection Blow Molding 

א
 Kאאא

 
 אK 

 א
K 

אאK 

אאאK 

אאא
אK 

אאאא 

אא
אא

אK 
 

א
אK 

 
אאא


אK 
אא

אאK 

אאאאא
אאאאKאאאאאאא

אאאאאאאK
אאאאאאא

אא،אאא(Blowing pressure)K 
אאאאאאאאאאא

אאאאאאא
אאאאאאאא

אא(Parting line)אאK
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אאאאא
אK 

אאאאא
אאK،אאאא

אאאא(Injection molding)K
אאאKא،K

אאאאאאאאK 
אאאאאאאאK

א(Cycle time)אאאאאאK
אאאא(Multy cavity molds)Kא

אא(Parison)אאא
אאאאKא6אאאא

אאא(Parison)אא
אאאאאאא

אאאא6K 
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א6Wאאאאאאא 
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אאאאאProcessing by rotational molding 
אאאאא

אאאאא
אKאאא

אאאאאKא
אאK 
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אאאא 

  




א


א
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אWאWאא 
W 

אאאאאאא
אאאאאW 

1 J א 

אאאאK 
2 Jא 

אאאא
אאאא،K 

3 Jאא 
אאאאאאאאאאא

אKאאאאאK 
אאאאאאא
אאאאאא

אאאאא50٪،
אאא2א٪אאאאא

אK 
אאאאאאW 

 1 Jאאאא 
 2 Jאאא 
 3 Jאא 
 4 Jא 
 5 Jא 
 6 JFאE 
 7 J 
 8 JFאE 

9 JFאE   
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 10 J 
 11 Jאאאאאאאאא 
 12 Jאא 

אW 
 1 Jאאא 
 2 Jא 
 3 Jא 

אאאאאאW 
 1 J،אאאאאא 
 2 JאאL 

3 Jאאאאאא 
אאאאאאא

אאK 
 

אאאאאU
אאאאאאא

אאאאאאאאאKאאא
אאאאאאK 

 
אאאא

אW 
 J  ،אאאא 

 J  אאא 

 J  א 
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אאאאאאאאאאא
אאאאאא

אK 
אאאW 

1 J אא 
2 J א 

אאאאאאאW 
 1 Jאאאא، 
 2 Jא 
 3 Jא 
 4 Jאא 
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אWDEGUMMING 

 
אאW 

אאאאאאאא
אאאאאW 

 J،א 
 Jא، 
 JאK 

 
אאאאאאW 

1 Jאlecithin 

אאאא
אאאאאאא

אאKא90٪אאK
אאאאאאK 

 
2 JאאאWGummy mucilaginous substances 

 
אאאאאאאאאאאאא

אאאאאPhysical Refining א
אאאא

אאאאWSoap Stock 

3 Jא 

4 Jאאא 

אאאאאאאא
אK 

5 JאאW 
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אאאW 
1 J א 
2 J אW 

 J  א 
 J  אאא 

אאאא200אK 
3 J א،אאאא

אאK 
 
אאאאאאW 
 

 J  אאא 
 J  אאאאאא 

 J  אא 

אאאאאא1
אKאאאאאאאא

אאאאW 
1 J אא 
2 J  J J 

 
אאא 

 
אאאF1EW 

1 J FEאאFא
אא60E، 

2 J אאאאא76 J
82،א 
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3 J א60،א 

4 J ،אא 

5 J אאאאאאא
אא، 

6 J אאK 
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אאאWBatch Water Degumming Process 

 
אאW 

1 Jאאאאאאאא، 
2 Jאאא32، 
3 Jאאאאא1,5 J3٪

א Jאאאא،אא 
4 Jאאאא15

، 
5 Jאאא76 J821 J1,5، 
6 Jאא82،אאא 
7 Jאאאאאאאא3
، 
8 J،אאאאאא 
9 J،אאאאאא 

10 JאאאאאאאK 
 

אאאW Continuous Degumming Equipment 
 

אאאאאF2EW 
1 Jאאאאאא

، 
2 Jא/אאאאא Jא

אאאאאא76א J
82، 

 

3 J،אאאאאא 
4 J،אאאאאאאאא 
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5 Jאאאא، 
6 Jאאאאא، 
7 JאאאאK 

 
 
 
 

 
 
 

1Wאא 
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אאאא 
אאF2E 
אא 
1 J،אאאאאאא

אאאFE، 
 2 Jאאא76 J82

30Kאאאאאאא
אאK 

 3 Jאאאאאאאאא
אאא،א 

 4 Jאאאאא
אאאFאאEאאא

،א 
א  

אא2 J3٪אK 
אאW 

 1 Jאאא70 J82، 
 2 Jאאאאאאאא

א،א 
 3 Jאא3٪

،אא 
 4 Jאאאא20 J30

،אא 
 5 Jאאא66

אאא، 
 

 

6 Jאאאא، 
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   JאאWאאW 
    J30 J35٪ 
    J70 J80٪،אאאאא 
    Jאאאא0,3٪

،אאאא 
   JאאWאאא

אK 
7 J אאא

אK 

 

 
 
 

2Wאא 
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אא 
 
אאאאאאW 

 
iK א 
iiK אא 

iiiK א 

 
אאאאאאא0,3٪

אאאא
אאK 

אאאאא
אאאא5אK 

אאאאא
אאאK 

 
אWRefining 

אאW 
 
אאאאאאאאאW 
 

 J،אא 
 J،א 
 JאאאK 

 
אאאאאאW 
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1 J אאאWאאאאא
אאא1א، 

2 J אאWאאאאא2
00{K0–0,004،א 

 
אאאאא

،אאא 
3 J אאא 
4 J א 

5 J אא 

6 J אאאא 

7 J אא 

8 J אאא 

9 J א 

10 J אאאאא 

אאאW 
 

1 J ،אא 
2 J ،אאאא 

3 J אאאK 

 
אאאא

אאאK 
W 

 
1 JאאChemical or caustic refining method

אNeutralizationK 
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2 J؛אאPhysical or steam refining method 
 

WאWNeutralization 

 
אאאFאאאEאאאא

אאאK 
 

1 J אאWChemical Reaction 
 

אאאאאאא
אאאאאאאאאא

אK 
 
 

 אאWPhysical Reaction 

 
 J  אאאאאK 

 J  ،אאאאאאאא 

 J  אאאאאאאא
،א 

 J  אאאאאK 

אאK 
אW 

1 J،אאא 
2 Jאא 
3 JאאאאאאאK 
4 JאאאאאאK 
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Figure 1: Overall Layout of a Steam Reforming Plant for Ammonia Synthesis 
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אא،א400א،
אא550K 

אאאאאאא،אאא
אאאא420Kא

אאאאאאאאאKאאא
אא،א

SO3K 
SO3אא

98.3א٪א
?אOleum?אאאאא

98.3٪אאאא،אא
אSO3F3KE 

 
3Wאא 

 
 



294 א  אא 

 FE אא 
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אאWא 
 

אאאאאאאK 
אאאאאאא

אK 
אאאאאK 

א،אא
אאא،א

،אאאאאא
א34א٪אאK 

 
،אא،،א،אאאאאא

א…K 
 

אאאW 
 

1 J אא 
2 J אא 

 
1 J אא 

 
אאאאא

אF55E٪א70٪אאא
אאאאאאK 

 
Ca3 (PO4)2  + 3 H2SO4       3CaSO4  +  2 H3PO4 

 



294 א  אא 

 FE אא 
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،א،אא
אאF1KE 

 

 
 

1WאאK 
 

אאאא75٪H3PO454٪
אאאא،א،

אאאK 
H3PO4אאאאאא،

אK{ 



294 א  אא 

 FE אא 
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1H3PO475٪1.8אא32٪א
1.7א94٪60אK 
 

אא3אFאWCaSO4, 2H2OE
FKE 

 
אאH3PO4אאאא

אK 
 
2 Jאא 

 
אאאאא

אאאאא،
אאK 

אאאאאאH3PO4K 
 

1H3PO4100٪א2.5אא440
אאאא2.3

אאאאאK 
 
אאאאאאאאא

אאאאK 
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אאWאFWNaOHE 
 

אאא?אאא?א
אאK 

א،אא
،אאאאא

אאאK 
אאאאF

אEF1EK 

 
1Wאאא 

 
אאאאאאאא

،אאאאאאא
،אאאאא

אאאאאK 
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א،א J?Castener Kellner?
אאא،אאK 

 
אאאאאאאאFאE

א،א
אאא،K 
 

אאאאא،אא
،אאאאאאא

אאאK 
 

א،،אאא
אא،אא

אאאK 
 

אאא
،אאא،אאא

،אאאא
אאאאK 

 
אאאאא،

אאKאאא
אK 

 
אאא،

אK 
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،אאאאאאאא
אאא،אאאא

אאאK 
 

אאא،אאאאאא
3.6 J3.7،אא95K 
 

אא،אא
7٪א،א،אא،

אאאא
אK 

 
אא

?HOOKER?אאK 
 

אאאאא
אא،אא،אא

אK 
א30٪،

Kאאאאאא
אאK 
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אאWא 
 

1 JW 
אאאW 

 
 1 J،אאאא 
 2 Jאאא، 
 3 Jא، 
 4 JאאK 

 
אאאאאא

אאאאאאK 
 
2 Jאאא 

 
1 JאFWאSiO2E 

אאאאאאאאא
אKאא99٪

0.05٪א،א
אאאאאאאK 

 
אאאאא

אאK 
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- 150 -  

2 JאFNa2CO3E 
 

 
אאKאאא

אאאא
אאK 

 
אאא43٪

Na2Oא58٪Na2OKאאאא
אאKאאW
59.5٪،22٪،15٪،3.5K٪ 

אאאאא
אאK 

 
3 JאאאCaCO3 

 
אאא

אאאאאאKא
אאאאאאא

אאאאאK 
 
 

4 Jא 
 

אאאאאאא
אאאאאKאאNa2B4O7. 

10 H2OאאאאאאKאא
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 FE אא 
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אאאאKא
אאאאK 

 
5 Jא 

 
אאאאאאא
אאאאאא

אאאאאא
אאאK 

 
6 Jא 
 

אאאאאאא
אאאאאאאאאא

אאאK 
 

2 J אאא 
1 J אאא 
2 J אאא 

3 J אא 

4 J אאאF1400E 

5 J אW 

 Jאא 
 Jאאא 
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 Jאא 
  Jאאאאאא 
  Jאא 
  Jא 

6 Jאא 
7 Jאאאאאא 

3 J אא 
אאW 

1 J אאאאאא
אא 

2 J א،אא90
אאאאK 

 
4 Jאא 

 
אאאאא

אאאאK 
א،אא

א،אאא
אאK 

אאK 
אW 

 
 Jא 

 Jא 
אאאW 

1 J אאאFאאאאE 
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2 J אא 

3 J אאFאE 

 
אאK 

 
 

אאW 
1 Jא 
2 Jאא 
3 Jאאא 
4 JאFאאאE 
5 Jאא 
6 J 
7 JאK 



 

26 

  

  

  







 7



א 
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אא 
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1W 

אאW 
 

C2H6   C2H4   +  H2 

 
C2H6     + H2    2 CH4 

 
אאאK85א٪אFC2H6Eא

FIEKא50.1٪אאא47.1٪K 
אאאאאאK 

 
אW 

1 JאאW 
X = (1 -0.501)*85 = 42.42 mol 

 2 JאאאW 
אאZא 

WW = 15 mol 
3 Jאא 

Y = 0.471*85 = 40 mol 
4 Jא 

אאWאאאZאא 
2*85 = 2X +2Y + T = 2*42.42 + 2*40 + T 

WT = 5.2 mol 
5 Jא 



א 
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אא 
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אאWאאאZאא 
6*85 = 6X + 4Y + 2 Z +4*T = 6*42.42 + 4*40 + 2Z +4*5.2 

WZ = 37.34 mol  
 

א אא א 
אא א אא א  

30.3 42.42 85 85 C2H6 
28.6 40  J  J C2H4 
26.7 37.4  J  J H2 

3.7 5.2  J  J CH4 
10.7 15 15 15 I 
100 140 100 100 א 

 
 

2W 
אאאFC6H6EאFC12H10  Eא

FC7H8EאW 
 

 
C7H8  + H2  C6H6   +  CH4 

 
2 C7H8     + H2  C12H10  + 2 CH4 
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אאאאF2E160אF1Eא
אאאאא80٪אאא8K٪ 

אW 
 
1 JאאWאאאHאאZ10H80G٪60Z10H48Z58 
2 JאאZאאFZ8G٪60LE2Z2.4Fאא2

א1אKE 
3 JאאZאאא–אאאZ60 JF48H4.8ZE7.2 
4 JאאZאאאHאאFאאEH2GאאZ20H

48H4.8Z72.8 
5 JאאZאאא–אאאZ70–F48
H2.4ZE19.6 

א אא א 
אא א אא א  

4.5 7.2 37.5 60 C7H8 
36.3 58 6.2 10 C6H6 
12.3 19.6 43.8 70 H2 
45.5 72.8 12.5 20 CH4 

1.5 2.4  J  J C12H10 

100 160 100 160 א 

 
 

3W 
אאאאאאאא

אאאאאאK 
CH4  + 1.5O2  CO    +  2H2O 

 
CH4  + 2O2  CO2    +  2H2O 
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אא 
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7.8٪א19.4٪72.8٪K 
א90٪אא8אאא

אאK 
אאאאאK 

אW 

 
א אא א 

אא א אא א  

0.78 0.78 7.8 7.8 CH4 
6.2 6.24  J  J CO2 

72.5 72.8 72.8 72.8 N2 
0.78 0.78  J  J CO 

14 14.04  J  J H2O 

5.70 5.75 19.4 19.4 O2 
100 100.4 100 100 א 

1 JאאW 
אאאZאאZ72.8 

2 Jאא 
אאZא 

אאאZאא 
7.8 = X + Y +Z (1) 

 
4 J אא 

אאZא 
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אא 
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2*19.4 = 38.8 = Y +2Z + T+2W (2)  
 
4 Jאא 

אאZא 
2*7.8 = 15.6 =2X + T (3) 

 
5 JאW 

(7.8 – X)/7.8 = 90% = 0.9 (4) 
X = 0.78 

 
6 JאאLאאא 

Z = 8Y (5) 
 

5W 
 

 
X + Y +Z = 7.8  
Y +2Z + T+2W = 38.8 
2X + T = 15.6 
X = 0.78 
Z = 8Y 

X = 0.78, Y = 0.78, Z = 6.24, T= 14.04, U = 72.8, W = 5.75 
 

4W 
 

אאאFton/dayEאא50 א kg/h
אאאאK 

 
אW 

 
1 JאאW 
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- 159 - 

[C6H7 O2(OH) 3 ]n + 3n CH3COOCOCH3  [C6H7 O2(CH3COO) 3 ]n   +  3n CH3COOH 
 

� � � � � � � � � � � �

2 JאאאW 
 JאW[C6H7 O2(OH) 3 ]n 

n = 1אאW162 g/mol 
 J  אW CH3COOCOCH3FאWEmolL 102 g 

 JאWC6H7 O2(CH3COO) 3W288 g/mol 

 JאW CH3COOHW60 g/mol 
 
3 JאW 
 JאW 

אאאW 
50*288/162)*24/1000 = 2.13 ton/dayE 

 JאאW ton /day1.33.13*60/288 =23* 
WאאאW2.13*102*3/288 = 2.26 ton/day  

 
 

5W 
 

 50 אאאFton/dayEאאאא

kg/dayאאאW 
 

אW 
 
1 JאאW 

[C6H7 O2(OH) 3 ] + 3 HNO3  [C6H7 O2(NO3) 3 ]   +  3 H2O 
 

� � � � � � � � � � � �
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אא 
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2 JאאאW 
 JאW[C6H7 O2(OH) 3 ]n 

n = 1אאW162 g/mol 
 J  אW molL 63 g 

 JאאW297 g/mol 

 JאW18 g/mol 
 
3 JאW 
 JאאW 

אאאW 
50*297/162)*24/1000 = 2.2 ton/dayE 

 J אאW 0.4 ton/day.2*18/297 =23* 
W אאW2.2*63*3/297 = 1.4 ton/day  

 
W6 

 
אאא15א14,5W 

1 J א15 
2 J אא80K 

אW 
 

1 J אאאאאאK 
2 J אאאW 

 
א   Z145–F145LאאE 

 
אאZ145FL145–אE 
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אא 
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3 J אאאאW 

אא150,00055אא
0,059אאK 

 
Wאאאאאא1,1א1,4K 

 
א15Z145FL145–14,5ZE1,111 

 
 Jא80Z1,111–F80–15E0,00055Z1,0754 

 
 Jא80Z14.5–F80–15E0,059Z10,665 

 
 

7W 
 

אאאא1000אF30E٪212K 
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אא 
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אW 
 

אאאאאW 
 

F212C40LE56Z151,4 
 

1000אאא151,4
אאK 

 
אאאאאאא

30٪אאאאא،30٪W 
 

151,4C100L30Z504,7 
 

8W 
אאW 

 1 Jאא10003Aא 
 2 Jאאא1000א3 
 3 JאאZ1L2 

אאאאאאאאW 
  

 J  ،א 
 J   
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אW 
אW 

 
 J  אאאאאאF10003WE  

 J  אאאאאWW 
 

FWאאFLEאאאZE1L2 
 
(A – W)/W:Z1L2 
 
W/AZ3L2 

 
אאZ2L3 

 
אאW 

 
אאאאא5003K 

 
WאאאאאאאאאW1W 
 

FWאאאאFLEאאא
אאZE1L2 

W 

 
(A – W1)/1000/ W1/500 = 1/2 

 
W1/A = 1/2 
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אא50K٪ 
 

WאאאאאאאאאW2W 
א50٪אאאאאא

אאא50٪אאאאאW 
 

(0.5 –W2)/1000/W2/500 = 1/2 
W2=0.25 = 25% 

אאאW50H٪25Z٪75٪ 
 

אאאא4Fאא250א
3Eא80,3K٪ 

אא5א81.5٪אK 
 

9W 
אאאF80٪א20٪E148,1

אאאK 
 

אW 
 

אאאאאא
אאאאאאאאאאאאאK 

 
אW 

 
 J  אאאאא 

 J  אאאאאא 
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Wאא193אאאאאא193
אאאאאK 

א1000א193KOHK 
אאאאאW193×50/56 = 137.86 g 

 
1000א137,86אאאK 

 
אאאF80٪א20٪אE148,1

אW 
1000א148,1אא 
100א14,81אא 

 
אאאאF31,22٪37E

אאאאאאאW 
 

100×14.81/31.22 = 47.50  
 

אאאאא34,96Z٪40אאא
אאאאK 

 
10W 

 
15٪25٪

אFNa2CO3KEאאאאאא
אא(Na2CO3 10 H2O)אאא

8٪אKא100אאK 
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אW 

�
X  HY = 100 - 8 = 92  (1) 

X = 0.15 me   (2) 
2Y/286 = 2*(0.25 me)/106 (3) 
 
X = 16.76 g 
Y = 75.27 g 
me = 111.56 g 
W =111.56 – 100 =11.56g 

11W 
אא22Lא25٪

אKאאא5٪אKאאאאא
4100אK 

אא؟ 
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אW 

 
 

me -  ms  = 1000 (1) 
0.75 me -  = 0.95 ms (2) 
me -  = 4750 Kg 
ms = 3750 kg 
3750 P = 400 + 22*3750 
P = 28 
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