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אWa= 4/√3  x  0.124   =  0.2864 nm



א١١٤אא
אאאא

 
 

- ١٤ - 

 
4-1-4-1 אאFAPFE

אאאאאאAtomic Packing Factor
אFAPFKE

אאZאאאxא 
א

WאאאאBCC 
 

אWAPF = 2 x 4/3 π R3
٣F(4/√R

א=4/3 π R 3
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Z6
אF10-1EW

a =2 R

WאאאHCPאאK
אWאאא=4.24a3
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EK

EK 
EK 
EK

 

8EאאאאW 
EאאK

EאK 
Eא 
EK
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אא 
אאאאW 

• אK 
• אK 
• אאאאK 
• אאאאאK 
• אאאאאK 
• אאאאאאK 
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אאאאאא،א
،،

אאKאאאא
אאא…אKא

…אKאא
אאאאK



1-3 א
אאאאאא

אאאאאאK
אאאאאאאא

אW
FEאאK
FEאK
FEאK

אאאאKאאאK
אאאKאאאאאא

א4% אאאאאאא
א 13%אא،אאKKאF1-3E

אאאאאKאא
אא50% א 50% א

אאאW
Eאא13%K
Eאא 4%א



א١١٤אא
אאאאאאא
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FF11--33EEאאאא 

 
2-3א

אאאאאאאK
אאאאאא

אKאאאאא
אאאEאFאאאKא

F---Eאאא
אKF2-3EאK

 
FF22--33EEאאאא 

3-3 אאאא
אאא،אאאאא

אאאאאK
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אאאאאאאא
אאאKאא
אאאK



1-3-3אאאאא
אאאאא


אאאFאEאKאFאE

אKאאאאא
אKאKאאאא

אאאאאאאאKKF3-3E
אאאאK



FF33--33EEאאאאאאאאאא


אאאאאאאא
אאאאK

אאאא،אאא
אאK  
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- ٤٨ - 

  

 
FF44--33EEאאאאאאאאאא 

 
F4-3EאאאאאK
אאאאאא

KאFaEא
אFbEאאKאFcE

אאKאFdEאK


2-3-3אא
F4-3Eאאd, aאאc, bKא

אא100%אאK
אא

אאאF5-3KE 
 
 



א١١٤אא
אאאאאאא
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FF55--33EEאאאא


אאאB,AKאאאא

אA 100%B 0%אAאאא
B 100%A 0%אBKאFxEK

אFFx1EאK،אאאא
Fאאאx0

אx2אW


א=
l
l

xx
xx 1

02

01 =
−
−

 

 
א= 

l
l

xx
xx 2

02

12 =
−
−                     

 

lאאאאא(l=l1+l2) K
אאאl 2אאאx1l 1א

אאאK
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אאאאאאא
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3-3-3  אאאאאאא א 
א  

 

אF6-3EאאאאאK 
  

 
FF66--33EEאאאאאאאאאא

 
אאאאאאאK

FאאEאE
אאKאאW 

EאאאβαKאα
אאאאKאβ

אאK
EאCBAאאאא HGFא
אאK 
EאאFאEאא

BEGK 
EFאBEGEEKאאא

אK 



א١١٤אא
אאאאאאא
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Eא AEB α+LאEGF  
β+L אאCBEGH α + β

אאאK 
EאEאβ, α, Lא

אאFאאEא
א780oC 71.9%אא

אKF7-3EאאC1FאאαE
אאאK


FF77--33EEאאאאCC11אאאא


F8-3EאאC2 FאFβ, αEאא

אF9-3EאאאאKאא
אKאאאאא

FLAMELLAEKE 
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אאאאאאא
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FF88--33EEאאאאCC22אא




FF99--33EEאאאאאאאא


F10-3EאאC4Fאβ, α  

αEאאא،Kאאא
FLAMELLAEEαאאKאאאא

אאא β  αK 
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FF1100--33EEאאאאCC44אאαα


FאKEאאא

אאW
EאאW


FF1111--33EEאאאא

F11-3Eאאאא
Kאאא
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אאKאאאאא
אאאK 
EאאW 

F12-3Eאא
אאאK


FF1122--33EEאאאא

EאאW


FF1133--33EEאאאא

 
F13-3Eאא

אאאK
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FF1144--33EEאאאאאאאאאא




WאPb אSnאF14-3E40%Sn 
א150  W


FאKEאβ, αK
FKEאK

אWאאאאW


  α            11% Sn    %89 Pb 
      β              99% Sn    %1   Pb

א  α      =         99 -  40
                                 99 – 11 

=                                0.67
א  β         =         40 -  11 

                                         99 - 11 
    =                                0.33 



א١١٤אא
אאאאאאא
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4-3 אאאאא



FF1155--33EEאאאאאאאאאא

F15-3EאאאאאאאW
• אאאαFferriteEאא

FFe3cEFCementiteEא
FcarbideEא6.7%א
אK 

• אאאאFאאE
BCCאγאFAusteniteKEאא



א١١٤אא
אאאאאאא
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אא،אאא912 אאγ
FCCK 

• אא γδא 1394 
אאאאBCCKא

FPolymorphismKEאאא
K 

• אאאFאKEאא
BCCFאFCCאאאא

אγאאBCCEא FCCאא
FFCCEא  α δFBCCKE 
• אδאא

K 
• אאאFEאא

אאK 
• F15-3EאאW 
E4.3%א1148K 

E 0.77%  א727K 
E 0.2%א1538K 



א١١٤אא
אאאאאאא
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5-3אא
אW

0.008%KאFIronE ) أ
א2.11% J0.008%  אE( steelא  ) ب

אא1%K 
EאאFcast ironEאאא6.7%J2.11%

אאאא4.5%K
אאאאאאאא

K1% א،א،
אאאF(AISI) American Iron and Steel InstituteE     א

אאא:(ASTM)American Society for Testing and Materials) Eא
אאאאאאK

אאאאאאא
אאאאאאאK، 

1040  40א0.4%) (10
אאK9280א0.8%א

א(1.8%  - 2.2%)K40250.25%
א(Mo)(0.2%  -  0.3%)Kאא

10אא
אKאאאאאא

K
6-3אא

1-6-3אא
(16-3)אאאאא  γFאE

aαFEFe3c+FEbKאאb
(Pearlite) K



א١١٤אא
אאאאאאא
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FF1166--33EEאאאאאא

  

 
FF1177--33EEאאאאאא





א١١٤אא
אאאאאאא

 
 

- ٦٠ - 

 2-6-3 אא 
(17-3)אאאא

אF0.77% אKE،c
אγאe ,dאα אאא

727אαFE+Fα+KE



FF1188--33EEאאאאאא

 
 



א١١٤אא
אאאאאאא
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3-6-3אא
F18-3Eאאאא
אK،gאγKh

אאאiF727Eא
+F+E

 

Wאאאאא،א99.65%
0.35%Kאאא،א
K

אWאאW
א0.022%א99.98%K

א6.7% 93.3%אאW
אα=6.7   -   0.35 

6.7 - 0.022                                                               
=                                        0.95 

א  =0.35   -   0.022 
6.7 - 0.022                                                           

=                                     0.05 
W

γ α3א0.4 %
אא850א728726K

אW
850W3 אγ α
728  :  1.46 אγ 1.54 α 
726  : γ2.83  α 

 

אאK 
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אאאאאאא
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אא
 

אאאאאאK
אאאאאאאא

אאאאאאאא
אאאאאאא

אאאKאאאא
אאאאאאאאKא

אאאאאK
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א
( 1אאW

E K
E K 
EK 
EK

 

2EאאאאאאW
EאאאK

EאאK 
EאאK 
EK 

3EאW
EאאאK

EאאאK 
EאK 
EK

 

4 EאאאאW
EאK

EאK 
EאK 
EK



א١١٤אא
אאאאאאא
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5 EאאW
EאאאאאK

EאאK 
EאאאאאאאאאK 
EאK 

 

( 6אW
EאאאאאK

EאאאאאK 
EאK 
EK

 

7EאW
EאאאאאאאK

EאאK 
EאאK 
EK

 

8 EאW
EאK

EK 
EאאK 
EK



א١١٤אא
אאאאאאא
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9EאW
EאאK

EאאאK 
EK 
EK 

 

10EאW
EאאאFCCK

EאאK 
EאאאBCCK 
EK 

 

11E1040W
E 0.4 %K

E 4%K
E 40%K
EK
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אא
אאאאW

• אאאK 
 Kאאא •
• אTTTאאאאK 
• אאאאאאאK 
• אאאK 
• אאאאK 
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אא
אא 
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אאאא
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אאאאאאאאא
אKW

EאאK
EאאאאאאK 

אאאאKאא
אאאא א

אאאאאאאאא
א.אאאאאא

אאאא
אאאאKא،

אאאאאאאKאאא
W

EאאK
EאK

אאאאאK
אאאאKא،

אאאאאK 
 

1-4אא
אאאאאאF15-3Eא
אFא0.77%Eאאאאא

אF727KEאאγKאא
אאαאKא

אאKאא،
אא

אKאאאאW



א١١٤אאא
אאאא
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FTime-Temperature-Transformation diagramEאא
TTTF1-4EאTTTאא
אאK




FF11--44EEאאTTTTTTאא


אאאאאאאא

אאאW
EאאאאF

γE 
Eאאאאאא

אK 



א١١٤אאא
אאאא
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EאאFPEאאא
אFBainiteFEBEאK 

EאFאFnoseEאאאאFPEא
FBKE 
Eאאאאא

אא،אאא
אאFMartensiteEMK




FF22--44EEאאאאאאאאאאאא


F2-4EאאאאאFPEאFBE

אFMKEאאW
EאאאK

Eאאאאא
אK



א١١٤אאא
אאאא
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FF33--44EEאאאא


אאאאאאא؟

אאאאאא؟K
F3-4Eאאאabcdefgא1
אאW

Eאbא1אK
Eאc0.5א0.5אאK 
E dKאאאאW 

• אאאאאeK 
• אאאאeK 



א١١٤אאא
אאאא
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EאfאאF0.5E0.25
אK

EאgאKKא0.5
0.250.25K 

  

 
FF44--44EEאאאא 
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W
אTTTF1-4Eא

אאאא800אKא
אאW

E350אא104
אאK

E650אא
א400אאא103א

אאאK
אWF4-4Eא،W

• אFEא100%K 
• אFEא50%50%K 

אאאאאK 
 

2-4א
אאאא

אKאאאאא
אFcoarse pearliteEאאא

א540،א،א
Ffine pearliteKEאW

• אK 
• אFKאאKE 



3-4א
אאאא

אKא
אFKE



א١١٤אאא
אאאא
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4-4א
אאKא

FEאK
אאFא

EאאאאK
אאאאאאאאאאא

אאאאאאא
אאK

אאאאאאF 727E
אK

אאאאאא،
אK

  

5-4א
אאאאאW

EאK
EK 



1-5-4אא
אאאאאאאA1

F5-4Eאאאאאאאאאא
אאאK

 

2-5-4אא
אאאאאאאA3א

אאFא0.77%Eאאא
אאAcmאאאF5-4KE

א،אאKאאאK



א١١٤אאא
אאאא
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FF55--44EEאאאאאאאאאא 

 
6-4א

אאאא
Kא

אאאKאא
אאאאאאאKF5-4Eאא

אאK
7-4 א

א،אאא
אאאK،אאא

אאאF5-4KEאא
אא،אאאK



א١١٤אאא
אאאא
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אאאאאא
אאאKאאאאא

אאאאK
 

8-4אא
אאאW

Kאאאאאאא - أ
 FKEאא - ب

אאאאאאA1K
 

9-4  אא
א،אאא

אאKאא
אW

EאאאאאK
EאאK 
EאאK 

Wאא
KEאF ) أ
 KEאאאFאא ) ب
E K 

אאאאK
אאאK



1-9-4א 
אאאאאאאK

אאFBrassEאאאא
אאKאF BronzeEאאאא،
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א،אאאאKאאא
אK

אאאא
אאK

 

1-1-9-4אא
אאאאאאF

אKEאאאאאK
אאKאא980-760

אאKאאאאא
אאאFhot-shortnessEאא

אK
 

2-9-4א
אאFEאא

אאאKאאאאF660KE
אאאFאEאא

אאאKאאא
אאאאאFאKE
אאאאאKא

אאאאאאאאאK


2-9-1-4 אא
אאאאאא
אאKאאK
אאאאאKאא

א413-343K



א١١٤אאא
אאאא
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אאא
 

אאאאאאאא
KאאאאTTT

אאאא
אאאKאאאאאא

אאאאאאKאא
אאאאאאאאKאאאא

אאאאאאא
אאאK
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א


1 EאאאW
EאאאאאאK

EK 
EאK 
EK

 

2EאאאאאאW 
EאK 

EK 
EאאK 
EK

 

3Eאאאאא،אW
EK

EK 
EK 
EK

 

4EאTTTאאאW
EאאאאK

EאאאK 
EאאאאK 
EK
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5EאW
EאאאK

EאאאK 
EK 
EK

 

6Eאאאאאאא
אאW

EK
EHHK 
EHK 
E HK

 

7EאW 
EאאאK 

EאאאK 
EאאK 
EאאK

 

8EאאאW
EאK

EאאאאK 
EאאK 
EK
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9EאאW
EאK

EאK 
EאK 
EאK

 

10EאW
EאK

EאאאאאK 
EאאK 
EאאK 



11EאאW
EK

EאK 
EאאK 
EאאK

 

12EאאW
EאK

EאK 
EאאK 
EK 
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אא
אאאאW

• אK
• אK
• אK
• אאאאK
• אאאאK
• אא K
• אK
• אא K
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אא
אא 
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אאאאKאאא

אאאאאאאא
אאאאאאאKאאאא

אאאאאאאK
אאאאאאא

אאאא،
אאא،אאאK

אאאאאאאא
אאK

אאאא
אאא،אW

אאאאאאאאEא
אאאK

EאאK
EאאאאאאאK
EאאאאאK

EאאאאאאאK
Eאאאאאאאא

אאאאK
אא5% אאא

אאאאאאא
אאK 

 W
J אWאאא

אאאאאאא



א١١٤אא
אא
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אאאKאאא
אאאאK

JאWאאאאא
K

JאאWאא
אא،אK

אאאא،
אאאאK

אאאאאא
אאאאאאאאK

        

     1-5אאא 
אאאא

אKאאא
אK

 

 2-5א 
אאאאא6.023 אx1023

אאאאאאא
אאK

אFאאאאאEאאא
אאKאH2Oא18Fא

אאאEאאא18אא
18אא236.023x10אK

3-5אא
אאאאאא،

אאאאאאFא
אאEאאK

 



א١١٤אא
אא
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4-5אא 
  

FF11--55EEאאאא 
 

אאאאא،
א،אאKא

،אאא
אאKאאאאK

אאאאא
אאאאאאאא

אאאאאא
אאאאאK

אאאאאאאW
M       →    M+z+Ze

=M  אאא 
M+zZאאאא(Z)אאאK

ZZאאאאא
K

eZאK
אאאאאאאאאK

אאאאאאאא
אKא،אאא



א١١٤אא
אא
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אאאאאאאא
אאאאאאא،

אאאאאאא
אאאF1-5KEאא

אאאאאאFאא
אאאאאאאEאאא
אאאK

אאאאאאאא
אאאאאאאאKא

אאאאאאאאא
אאאK

אאאאאא
אK



5-5  אא  

אאאFאKE
F2-5EאאFFeE1L 

אא1אאא
אKאאא Kא

א(Cu)1LאאאאK
אאאאאאאא

אאאאKאאאא
אאאאF






א١١٤אא
אא

 
 

- ٨٦ - 

 



FF22--55EEאאאאאא


אEאאאאאFא

WEאW
   

+2e- Fe2+ →    Fe
           
      Cu  +2e-  Cu2+

א(2-5)אאא
KאאFאא(Fe

אאFאאKEא
אאאK(2-5)



א١١٤אא
אא
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א(Fe)  א
(Cu)אאאא

אK



FF33--55EEאאאאאא




(3-5)א(Zn)א(Fe)
אFEאאאאKא

Kאאאאאא
אאאאאK

 



א١١٤אא
אא
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6-5 אאאאא
  

 
FF44--55EEאאאא 

 
אאאאאFא

Eאא
1LאH+

FEא
אאאא

(4-5)Kאאאאאא
1LאאK

(1-5)אאאאאFאאאאE Au
אאאאKאאא

אFAgאAuאPtEאKא
אFאEMgאNa

אKK



א١١٤אא
אא
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(2-5)(3-5)(1-5)אF

EאאFאE
אFאE

אאאאא
אK

אאאאא
W
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אא
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Eא
אאK

EאאאK
Eאאאא

(5-5)K



FF55--55EEאא

 
 
 7-5א

אאאאK אK
אאKאאא (Corrosion Penetration Rate)

CPRW
CPR= KW 
           ρAt

wZאאאאK



א١١٤אא
אא
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tZאאאאK
 ρZאK

AZאאאאK
KZאאאאK

אWאאאאאא
،K=87.6אאאK

Wא1א
200Kאא7.87אאאא

א0.2אKאאאאK
אWאאW

CPR = KW 
    ρAt 
 87.6 =K
 W=200א
 ρ=7.87א 
 tZ200

אא،אא
אKא1W
A=5C1Z5 

200     × 87.6 CPR = 
 200×5×7.87          

=   2.22      
אאא2.22K



א١١٤אא
אא
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8-5א  
אאאא. 

1-8-5 א
אאאאאאK

אאאאאאאאאK
 

1-1-8-5אא  
אאאאK

א،אא،
אאאFEא

אKא
אאא(Fe)אא
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C1095 1.03 – 0.90 1.0 – 0.7 0.04 0.05 1095 
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AISIאאW

אאאאאאW
אא

1 
2
3J
4 
5 
6 J
7 
8 JJ




אאאאאאאאא
א0.01%א،אFAISI 1020Eא،

%. 0.20אFAISI  2340Eא
% 0.30א0.4 %

אאאאאאW
(A)אאK
(B)K 
(C)אאאK 
(D)אאאK 
(E)אאK
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אאאא
١J אC15  St 37K
٢J אC35K 
٣J אC45K 
٤J אאK 
٥J אאאאאאFאאאאKE 
٦J אאאאא   K 
٧J FKE 



אא
١J אאK
٢J אאFאאאאKE
٣J אאאאאא

F٦–١٩EאאאK 

א
אאאאא
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אאא
אאאW

אאאאאאא
א،אאאאא

אאK
אאאא؟

אאאאאאאW
١J אאאK
٢J אאK 
٣J אאאK 
٤J אאאאאאאאK 
٥J אאאאאאא

אא،אF٦J٤E
F٦–٥KEאאאאאאאא

אאאאאאF٦–٢٠EאWJ 




א

א



Te

m
pe

ra
tu

re
  (

 °
C

 )

אא% C 
F٦–٢٠Eאאאאאאאאא

 Acm المــعادلـــــة

A3

A1
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אאאא
אאאאאא

١٥٠א١٣٥٠אאאאא
אאאאאא،אאא

אאאW
١J אאFאKE
٢J אאK 
٣J אאאא،א

K 
٤J אאאK 
٥J אאK

 

 
אאאאאאאא

אאאאאאא،
אאאKאאאאא

אאאאא
אKF٦J٢١EאאK



F٦J٢١E
אא



א١١٤ אא 

אא אא 
 
 

- ١٤١ - 

אא
אHardening  אTempering



אא
١J אאא

אאFאEאאאאK 
٢J FEאאאאאאK



אאא

אאאאאFאEHardening  K 
אאאאאא

( 50 – 30)א  A3א
C  0.77 %FאאE،אאC  

0.77 %FאאE(30 – 50 )A1J
אאאאאאאF٦–٢٠EJאא

אאאQuenching 
אאא،אW

١J אFאאKE
٢J אK 
٣J אאאאאK 
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אאאאQuenchingאMartensite
אאKF٦J٢٢E

FEאאK



 


אאאאאאא

FאETemperingאאא
אאאאאאאFA1 E

אאא
FאאאEאאK









 

 F٦J٢٢E
אאFאא

E1220 :1
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J אHardening
אאאא

١J אאK
٢J אThermocouple  thermometer  K 
٣J אאC 45K 
٤J אK 
٥J אK 
٦J אאאK 

J K
J K 
J K 

٧JאK
٨JאאאאאK

Wאאאא
0.35 C %אאא0.35 C     %K

אא
١Jאאאאא 

(30 – 50°C ) אאאאFA3Eא
אK
٢Jאאאאאאא

אאאאK
٣JאאFEC

 HRC א   K
٤Jאאאאא،אא

Thermocouple  thermometer  K 
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٥JאאאאאאאK
٦–אאאאאא

אאאאא2025 mmW

אאFEZאFE×
25
20ZאFE×8.0K

٧JאאאFאאEאא
אQuenchingאאא،אאW

IJאאאאא
K

IIJאאאאאאא
אאאא

אאאK
٨JאאאאאאK
٩JאCHRCאK

١٠–אאאאK
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א


אאאא


אאאא


א


א
HRC


אא

א

א




א
א




א


א


א
HRC





 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 

     
 
 

 

 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 

 

      



א١١٤ אא 

אא אא 
 
 

- ١٤٦ - 



JאTempering
אאאא

١J אאFאאאאאא
אKE

٢J אThermocouple  thermometer  K 
٣J אאC 45FKE 
٤J אK 
٥J אK 
٦J FKE 
٧JאK



אא
١Jאאאאא)  ( 500 – 650 °Cא

אאאאאK
٢JאאFEC

 HRC אK
٣Jאאאאאאא

אאThermocouple  thermometer  K 
٤JאאאאאאאK
٥JאאאאאאF

KE
٦JאאאאאאK
٧JאCHRCאK
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אא
אFאEAnnealing אNormalizing


אא

١J אאאאFאאKE
٢J אאאאא

אFאאKE 


א
אאאאא

אאאאא
Kאאאאאאאא

אאKאאאFאEFull 

Annealing אאאא
(50 – 30)א °CA3אC 0.77 %F

אאE،אאC  0.77 %Fא
אEא(30 – 50 ) °CA1Jאאא

אאאאJאאא
אאאFאאEKא

אאאK
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א
FאE

אאאא

אא 
Full  Annealing 


אאא

אא
א

K

אF(30 – 50 °C
A3א

C 0.77 
%Fאא

אE،א
א

C  0.77 %Fא
אEא
(30 – 50 ) °CA1

א

א
Process Annealing 


אא


א
אאאאא

אא
אFאא

אE
א

אאאK

אאא
אאא

אאA1


(550 – 700) ºC K

אא


אאא
Stress-relief  
Annealing 


א

אאK

אאא
אאא

אאA1
אWJ

١J
אא،
אא650 – 

495  °C אK
٢J،

אא650 – 
495  °C אK

אא
א

430  ºCא
אאK
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JאAnnealing
אאאא

١J אאK 
٢J אThermocouple  thermometer  K 
٣J אאC 45FKE 
٤J אK 
٥J אK 
٦J אK


אא
١Jאאאאא

א  (30 – 50 °C ) אאאאFA3E
אאK

٢Jאאאאאאא
אאאאK

٣JאאFEC
 HRC א   K

٤Jאאאאא،א
אאThermocouple  thermometer  K

٥JאאאאאאאK
٦JאאאאאאK

٧JאאאFאאEא
אאK

٨JאאאאK
٩J אאC HRC 

אK
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JאNormalizing


אאאאאאאא
אאאאאאK

אאאאאא(30 – 50 )  
אאאA3A1(30 – 50)

אאאאאאאא
אאאאאא
Kאא



אאאא
١J אאK 
٢J אThermocouple  thermometer  K 
٣J אאSt 37אK 
٤J אK 
٥J אK 
٦J אK 
 

אא
١Jאאאאאא

  (30 – 50 ) אאאאאאK
٢Jאאאאאאא

אאאאK


٣JאאFEC
 HRC א K

٤Jא אאאאאא
אThermocouple  thermometer  K

٥JאאאאאאאK
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٦JאאאאאאK
٧JאאאFאאEאא

אאאא
אK

٨JאאאאK
٩JאאאC

 HRC אK
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אא
אא א

אא
 אאאאאאאא

אאK
א

אאאאאHardenability
א HardnessK

א Hardenabilityאאאא
א،אאאK

א HardnessאאאK
W

אא%0.9Hardnessא
א0.3% א H  3% א،

אHardenabilityא0.3% H  3% 
אאאאא

K
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 السطح     المرآز         السطح   

HRC

F٦–٢٣Eאאא
אאאאא

אא

 فولاذ سبائكي (1) 
 منخفض السبائكية 

          فولاذ آربوني(2) 
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אא
אא Jominy End-Quenching TestאאW

אאאאאFASTMEאא،FSAEEא،
אאFAISIEKאאא

אF1˝ = 25.4mm(F 4˝ = 101.6mmEאאF
אאאאKE 20

אאאאא
אאאאKF٦–٢٤E

אאאK






25.4Φ
mm 

 عينة
 جومني

 
10

1,
6 

m
m

  

12,7 mm   

12,7   mm 
قطر فتحة انبثاق الماء

  

 
 

 C °  24                       ماء   
 

F٦–٢٤Eאאא
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אאאא
١Jאא1025K
٢Jאא1045K
٣Jאא4340K
٤JK
٥JאאK
٦JאאאK
٧JאK
٨JאאThermocouple  thermometer   K
٩JHK

١٠JאC )HRC(K
אא

١J אאא   (30 – 50 ) ° C 
אאאאאאK

٢J אאאK 
٣J אאאאאאאא

אאאאThermocouple  thermometer  K 
٤J אאאאאאאאK 
٥J אאאאאאא

אאK 
٦J אאאK 
٧J אאאא

א0.4 mmאK 
٨J אאאא50 mm

אW 
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Jאאא13 mm
1.6 mmK

Jא13 mm3.2 mm37  mmK
٩J אאאאCאא

אאאFHRCEK 
١٠J אאאFHRCEK 


אאW

אW
אW 

אW
אW 

אW
אW 

א


 
HRC 

1 

 
HRC 

2

 
HRC א



 
HRC 

1

 
HRC 

2

 
HRC 

 
א



 
HRC

1 

 
HRC

2 

 
HRC

 
1.6 1.6 1.6 
3.2 3.2 3.2 
4.84.8 4.8 
6.4 6.4 6.4 

8 8 8 
9.6 9.6 9.6 

11.2 11.2 11.2 
12.8 12.8 12.8 

16 16 16 
19.2 19.2 19.2 
22.4 22.4 22.4 
25.625.625.6
28.828.8 28.8 

323232
35.2 35.235.2
38.438.438.4
41.6 41.6 41.6 
44.8 44.8 44.8 

48 48 48
51.2 51.2 51.2 
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אא
א

אא
אאאאאK




אאCorrosionאאאאאא

אKאאאאא
FKEאאאאא

אKאאK


١W
אאאFE،

אאאKאאאא
אאK



٢W
אאאFאEאK

אאא،אאא
אאא



אאאאאא
FאאאאEאאאאא

אFאאאKEF٦-٢٥Eא
אW
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אא

אאאא،
אאKאאא

FEF٦–٢٦E،אאKאא
אאFאE،אאאאFאE،אא

אאאאאאאאא
אK




א
אאאFאE

אאאאאאא
،אאאא

אאאאאאאKא
אאW

  )  ٦-٢٥(شكل 
 سلسلة الجهد الكهرو آيميائية للمعادن 

 النفاسةتقل   تزداد النفاسة

الخلية الجلفانية)26-6(شكل
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ATD
WKR =


   R אFאאאEK

TאאאK
WאאK
 A  אאאאאאK

K אZ٦}٨٧K
DאאK

אאאא
١J ٥אאst37

x 8 mm١٥ ΦK٤אאאא 
x 8 mm٥٥ Φ
x 8 mm٤٥  Φ
x 8 mm٢٥ Φ
x 8 mm١٥ Φ 

٢J ml١٠٠٠ אK
٣J אgm٠٠١}٠ K 
٤J F١٨٠J٢٨٠J٤٠٠–٦٠٠EאK 
٥J אאאאאאK 
٦J HFאEאK 



אא


١J אSt 37אאאK
٢J אאאאK 
٣J אאאאK 
٤J אאאW 

5        אH١٠٠٠  K
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٥Jא St 37 K
٦JאאאK
٧Jאאא

אאאאK
٨JאאFאאEאאא

אאאאK
٩Jאאא

אK
١٠JאK
١١JאאאאאאK
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אא





א

١

st37 

٢

st37

٣

st37

٤

st37

٥

st37

אאmg 
W1 



אmg           
W2 



אאmg    


W= W1- W2



אא

2
1

A
A









א=א
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אאZ
2
1

A
A



 A1=אאא mm²K
 A2=אאא mm²K



 A1       =    L  × D × π+  /4    D²- d²)( × π  


   A2=   l × d × π+  /4    d² ×  π   


D  =א
d   = א
L    =אא

l    =אא
Wאאאא

אאאאK


אאאאK
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א
אאאאאאאאK 

אאאאאאאK
אאאאאאאא

אאאKאאאאאא
אאאא אאא

אאK
אאאא

אאאKאאאאאאא
،אאאאW

1Eאאאא،אאא،K
 (2אאאאאאאFאE

K
3Eאאאאאאא

אKאאאK
،אאא،א

אאאאאאאא
אאאאKאאK

אאאאאאאאא
אאKאאאאא

אאאאאאK
אאאאאאKאאא

אאKאאאא
אאאאאאאK אאא

אאאאאאאK
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א
אא

(1
(2
(3
(4
(5
(6
(7
(8
(9

(10
(11
(12
(13
(14
(15

אא
(1
(2
(3
(4
(5
(6
(7
(8
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אא
(1
(2
(3
(4
(5
(6
(7
(8
(9

(10
(11

אאא
(1

(2
(3
(4
(5
(6
(7
(8
(9

(10
(11
(12 
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אא
(1

(2
(3
(4
(5
(6
(7
(8
(9

(10
(11
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   (2) 

אאאא
א א

אאא Thermal equilibrium

אא Internal stresses

א Miller indices

א Jominy test

אא Reduction 

 Mounting 

 Oxidation 

 Electron 

א Valence electrons

 aluminum

  Dislocationא

א Edge dislocation

  Planes slippingאא

א Melting 

 Anode 

 Anion 

א Quenching media 

Austenite 

 ion

Pearlite 

 Proton 

 Pretectoid 

 pretectic

 Electric battery 
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א Crystals 

Bainite 

אא Steel microstructure 

 Crystalline structure

 Lattice structure

 Microstructure 

א Polymers 

 Corrosion 

 Electro-chemical corrosion

 Solidification 

אא Phase transformation

FE Annealing 

אאא Stress relief annealing

 Full annealing

 Gear 

א Thermocouple thermometer

 Deformation 

א Cold working

א Hot working

 Hardening 

 Case hardening 

FאE Tempering 

FE Quenching 

 Magnification 

 Twinning 

 Molecule 

 Polar potential
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 Grain 

א Grain size

 Grain boundaries

 Iron 

 Cast iron

א  Dislocation motion

 Cathodic protection

 Ceramics 

 Galvanic cells

 Unit cell

 Mixture 

אא Recrystallization temperature

אא Substitutional atoms

א Foreign atoms

א Interstitial atoms 

 Atom 

 Solubility 

א Ionic bond

א Covalent bond

א Metallic bond

 Lead 

אא Atomic bonds

א Secondary bonds

FE Zinc 

 Stop watch

 Ferrous alloys

 Nonferrous alloys



א١١٤א
א

 
 

- ١٧٠ - 

 Alloy 

 Ternary alloy

 Binary alloy

א Impurities 

 Hardness 

 Steel 

א Hypo eutectoid steel

א Hyper eutectoid steel

FE Photo-micrograph

 paint

 Organic paint

 electroplating

 Nonmetallic non-organic paint 

 Phase 

א Diffusion phenomena 

א Family of directions

א Family of planes

 Coordination number

 Atomic number

א Actual number of atoms

 Objective lens

 Eyepiece 

א Machining processes

א Forming processes

א Crystallization process

 Line defects

 Surface defects
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 Point defects

 Microscopic inspection

א Vacancy

א Metals  

אא Tool steel

 Mild steel

א High carbon steel

 Carbon steel

א Medium carbon steel

א Low carbon steel

א hardenability

 Brittleness 

א Hot shortness

 Tin 

 Brittle 

א Tension force

א Electromotive force

א Standard electromotive force

 Cation 

 Cathode 

 Atomic density

 Atomic density for directions

 Atomic density for planes

א Solid spheres

 Gas carburizing

 plasticity

 Sacrificial material
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 Martensite 

 Toughness 

 Crystalline directions

 Microscope 

 Etching solution

 Electrolyte 

 Diagram 

 אאא Phase diagram

א orbital

  Crystalline planes

 Ductile 

 Normalizing 

א Heat treatment 

אא  Atomic packing factor

א Corrosion rate

 Cooling rate

א Cooling curves

א Engineering materials

 Mole 

 Red copper

 Brass 

א Atomic radius

 Crystalline system

 Isotope

א Melting point

א Freezing point

 Pure 
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א Nucleus 

 Nickel 

אא Atomic mass unit

 Atomic weight

 Eutectoid  

 Eutectic 
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 (3) 

א
אאאאאא

W
E אאאאאאא

אאW
• אאאא

אאאK
• K 
• אאאאK 
• אאK 
• אאאא

K 
• אאאאאK 
E  אאK    
Eאאאאאא،אא

אאאK
EאאאאאTTT אאאא

אאאאאאאTTT
אKא،אאאאא

אK
Eאאאאאאאאא

אK
Eאאאאאא

אK
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Eאאא
אאאאאאאא

אK
Eאאאאאא

אאK
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אאא 


١- Kא،KאאWאאאKא النشر العلمي 

 . م١٩٩٩ , ١٤٢٠، والمطابع 
٢- Kא،KאאWאאאאאKא النشر 

 . م١٩٩٩  ,١٤٢٠، العلمي والمطابع 
٣- Kא،KאאWאאKא النشر العلمي 

 . م١٩٩٩  ,١٤٢٠، والمطابع 
٤J KאKאאאאאאאא

אאאK
אKאא،١٤١٧J١٤١٨K 

٥J Kא،KאאFאאKEא،אK 
٦J ،،KאKא،،אא

אאא،١٩٧٩K 
٧J ،KאאאWאאאKא

،،אאאאא،١٩٧٩K 
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א
 

אאWאא١
אא١

אא١
אא١

٢
1-1א٢

1-1-1אא٢
2-1-1אא٣
3-1-1א٣
4-1-1אאא٣
5-1-1א٤
6-1-1א٥
7-1-1א٥

2-1אאאאאא٦
1-2-1אאא٦
2-2-1אאא٦

1-2-2-1א٨
3-2-1אאאFאE٨
4-2-1אאא٩

3-1אאא٩
1-3-1אא١٠
2-3-1אא١٠
3-3-1 א١٠

4-1אא ١١
1-4-1אאא BCC١٢



א١١٤א
א

 
 

 

1-1-4-1אא١٣
2-1-4-1אאאא١٣
3-1-4-1אאא١٣

4-1-4-1 אאFAPFE١٤
 FCC١٥אאא2-4-1
3-4-1אאאאHCP١٦

5-1אאא١٨
1-5-1אאאא١٩

1-1-5-1אא١٩
2-1-5-1٢٠

2-5-1אאאא٢١
1-2-5-1אא٢١
2-2-5-1٢٢

6-1 אאא٢٣
1-6-1אא٢٣
2-6-1 אא٢٤

7-1אאאא٢٥
1-7-1א٢٥
2-7-1א٢٥

אא٢٦
א٢٧

אאWאאאא٣١
אא٣١

אא٣١
אא٣١

٣٢
1-2אא٣٢



א١١٤א
א

 
 

 

1-1-2אא٣٢

2-1-2אאאאא٣٢

3-1-2אאא٣٣

2-2א٣٣

1-2-2א٣٤

3-2אא٣٥

1-3-2אאאא٣٦

4-2 אא٣٦

1-4-2אא٣٧

2-4-2אאאא٣٩

1-2-4-2א٣٩

2-2-4-2אא٣٩

3-2-4-2א٣٩

4-2-4-2 א٣٩

5-2א٤٠

אא٤١

א٤٢

אאWאאאאאא  ٤٤

אא٤٤

אא٤٤

אא٤٤

٤٥

٤٥א1-3

2-3א٤٦

3-3אאאא٤٦

1-3-3אאאאא٤٧

2-3-3אא ٤٨



א١١٤א
א

 
 

 

3-3-3אאאאאא
אאא

٥٠

4-3אאאאא٥٦

5-3אא٥٨

6-3אא٥٨

1-6-3אא٥٨

2-6-3אא٦٠

3-6-3אא٦١

אא٦٢

א٦٣

אאאWאאא٦٦

אא٦٦

אא٦٦

אא٦٦

٦٧

1-4אא٦٧

2-4א٧٢

3-4א٧٢

4-4א٧٣

5-4א٧٣

1-5-4אא٧٣

2-5-4אא٧٣

6-4א٧٤

7-4 א٧٤

8-4אא٧٥

9-4אא ٧٥

1-9-4א ٧٥



א١١٤א
א

 
 

 

1-1-9-4אא ٧٦

2-9-4א ٧٦

2-9-1-4 אא ٧٦

אאא ٧٧

٧٨ א

אאW٨١ א

א٨١ א

א٨١ א

א٨١ א

 ٨٢

1-5אאא ٨٣

2-5٨٣ א

3-5אא ٨٣

4-5אא ٨٤

5-5אא ٨٥

6-5אאאאא ٨٨

7-5א ٩٠

8-5א ٩٢

1-8-5 ٩٢ א

1-1-8-5אא ٩٢

2-1-8-5אא٩٢ א

3 -1-8-5א٩٢ א

2-8-5א٩٢ א

אא ٩٤

א ٩٥

٩٨ א

אאאא٩٩ 



א١١٤א
א

 
 

 

אאא٩٩ 

אאאא١٠٨

אאא١١٢

אאאאאא١١٧

אאאאאא
אא

١٢٧

אאא١٣٩

אאאא١٤١

אאאFאE א١٤٧

אאאאא١٥٢

אאא١٥٧

(1)א ١٦٤

  (2)אאאא ١٦٧

 (3)א ١٧٤

אא١٧٦
 



 

 















 

 

 

 

 

 

 

 











אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 


