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 :چكيده
GHIJKL MNOPQR SPTRU NV WTRXY Z[ M\NK] ^ 

T_TP `QN[ aNJbcdT N[ \NK] ^ ef MNOPQRG gT MThTRV H aNJbcdT M iNjkU T lXcmO nodNXL MIpqr .
L MNOPQRG _PKsdNXL nt_TIu vNKwxY aNyU T N[ zRwjL hTRV n{c|p_ \NK] ^HIJ nL }dl[ 

Np I~xt STIxO Z[ `z^ _P �X�Rf Np Z] NLIU H ZcKXcd^ `WPIf �{xO �LN� nt_TIu vNKwxY �pT �lp^
پ
KnL nc��I[I lX�N[ .nGI� gTLKLNXpPRLIt vN�|�pg nJIN[ sKfIt MTI[ I�XY �pT lpl� �pNxt gT WN�U eKURf P_TP �[If H W\HIcKU `W�KmfT .

W�KmfT v_R� _P PR�H �pT N[ nL eKURfIpg `zTqL sdNXL npTPg lU TRt �KJ�t lOP MlpIcKUR[If Np H MlpIcKU `MlK[_Nf vN[Rd_ .lLN� }]Nu nJp�KG hTRV Zf NyU^ gTZrN HTiN I{plJp Z[ pP�UnL � `lX�N[nL �Kr eKU NcKt lpIcKU H eKURfIpg lpIcKU �K[ n�[N�L _NcG_ WTRt PRxU nXK[.  �OH�r �pT _PN[ nX[If ef PQRG�����l� ZK�t eKURfIpg l�_P .`I�U P_RL nt_TIu vNKwxY MNOlXp^IG �~d }GIpqr aNyU T ZURxU MH_ I[ .�pNLg^ aNyU T N[ nc|d MNO 
G TI�R] NcL `Z[I� `nyXdH nSEMZURxU N[ ��Nu �pNcU lON�)

eKURfIpg WHl[ ZURxU (
}GI� _TI� n[Npg_T P_RL H ZmpN�L .  nL WN�U �pNcU Zf lXOPWPH�GT N[�����gT PQRG nc��I[IKr }]Nu Z[I� n{LI�� `PQRG Z[ eKURfIpg l�_P١

��� Z[٤
�

٣٨nL �pT�GT �H\ l[Np .Sl� �{xO }]Nu _P vHN�t �pT ZJK] Nu _PnxU �RmbL l�N[ .nc|d �KX�xO WT�KL Z[ n�pT�GT �KU nc��I[IKr }]Nu��nL WN�U T_ gIJpH lOP .
gT `�{xO }]Nu _P ZU TP SgTlU T  dRcL nGI� gT

٧
�¡�Z[٣

�
١١

}dT ZcGNp ��Xt WHIJKL .Zf �Nu �KY _PMAP
WN�U T_ I�NXY gT ncVTRXJp ¢NcomU £pgRt `I�NXY nL lOP.  

  

¨§¦¥¤واژه ¤©ª: `eKURfIpg `nt_TIu vNKwxY `n{c|p_ \NK] ^HIJKL PQRGnJKUNJL hTRV  

  «¬­® °̄®
 Z[ M\NK] ^HIJKL MNOPQRGMNOPQRG±²�T M�X{XL H �[If MHNu nL I³fTlu MT_TP Zf PR�١

��eK[RpNU `epPNU TH I�NXY gT l�_PH nL eKUNcKt �XfTH �IcXf ṕI� gT _NcVNd I[ MR� Iµ T Zf lX�N[ 
NOM
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zRd_ lU_TP Sl�Y I[ T_ aHP gNG v_R� Z[ vN[Rd_ �KJ�t H nOP 

]١[H[2,3] .
MNOPQRG gT SPN�cdT H ZkdRt WNLg vlL _PI[ Sl� aNyU T vNk] NjL Ic�K[ `M\NK] ^HIJKL  

MH_TRUT�pT MP_RU ú }dT SPR[ NOPQRG .
gT `MP_RU úRU _PvNKwxYMTI[ nJKUNJLRLIt �p_ _NcVNd Z[ WlKd_ZU TP[_R�XL Z[ `nc|d zRd_ STIxO ZnL SPN�cdT I�U P_RL hTRV Z[ n[NKcdP n]Nu _P �PR�úRU _P Zfnt_TIu vNKwxY ṕI� gT N�Xt sdNXL hTRV �R�u `n{c|p_WNJLT

 
}dT Ipqr]٤[ .

MNOPQRG sdNXL nJKUNJL vN�|�LḰ�P �IcXf `n��� _Tl�L Z[ M\NK] ^ I�NXY WPH�GT N[ M\NK] ^HIJKLRG �uTILZc|p_ `MgNdPQ �J� IKKût H nt_TIu vNKwxY `MI� nL ��Nu nJKUNJL PR� .
e�L }dT n�pl[úRU �pT Z[üN� �pItZoX� `M\NK] ^ MNOPQRG N[ ZmpN�L _P NOPQRG 

W^ MPN�c� T MNO 
NO }dP }Kw[N� `PI[_Nf }Kw[ N� `ef Sl� aNxt }xK� nXkpZ[ n[Np nL QN[ np^_Nf H }K�Kfl�N[[5] .  

www.SID.ir



Arc
hi

ve
 o

f S
ID

��� ��
اكبرزاده�

����� فر�����




*�شمس� �*��� ����  �����"����احمد'�

�%�NKwxYnt_TIu vMNOPQRGZd �LN� ¢QRxkL `n{c|p_ \NK] ^HIJKL ZwuIL�Z[ z^ _P �X�Rf Np S�K] NLIU H WPIf ZXKcd^ `WPIf �{xO STIxOI~xtnc��I[IKr Np١nL l�N[[6,3] .
�{xO vNKwxY 

MgNd npNLP �PHlbL _P ¢QRxkL °C
¡¡��-

	��WNLg H PHlu nUQR� MNO
٧URxU �~d H ZcGI� aNyU T }YNdnL PId TRO _P Z PR�[6] .Np �LNf �²bUT _R�XL Z[ M\NK] ^HIJKL MNOPQRG WPIf ZcKXcd^nL v_R� M\NK] ^HIJKL I�NXY MNOlpIcKUR[If 
�NU PIK�[3] .I[�NdT I[ `NOPQRG úRU �pT MTI[ WPIf ZcKXcd^ MNLP �NdT �KxO`MlpIcKUR[If vN[Rd_ }K]²u MNLP H M\NK] ^HIJKL I�XY úRUIcKUnL �KKkt Zkj� }LN|� H MlK[_Nf H Mlp PPI�]١H٤[ H [6] . }dP _R�XL Z[ Tq]Ḱ�P _Rj[ lpN[ NLP �pT `zRwjL hTRV Z[ n[Np PR� �IcXf .Voigt

U T_NJxO H�[3]SPTP WN�U �pT�GT N[ Zf lU T PQRG WPIf ZcKXcd^ MNLPNb
gT `_TP	��Z[¡���Z�_P ncUNd `PTI�gTlU T _P �ONf ṕI� gT`ZU TP S¡�aNJbcdT _P l�_Pn{LI�� _P ndRmbL }GT ZJU^ WHl[ �lpPI� ��Nu PRo�[ ZURxUPR� SlON�L .

epPNUTH MNOPQRG MTI[ �KX�xO ZcKXcd^ MNLP `_TP PHlu °C
¡¡��_P nc|d zRd_ I³fTlu Nt }dT SlpPI� a²YTPR� ��Nu nc��I[IKr }]Nu[3] .

N[ `PQRG WPIf ZcKXcd^ gT lk[ Z�RtnL �XV TRO Np H ��H_ `z^ _P ZURxU `gNKUP_RL hTRV Z[ PR� Z[ ncp�Xt_NL _NcVNd Zf H ncpNXK[ `úNo�T ±RG �RwbL v_R�ncpIG - ncK]IrnL �KJ�t PPI�[6] .
\NK] ^HIJKL MNOPQRG MTI[ }pN�U _PnL aNyU T _R�XL HP Z[ nc��I[IKr lXp^IG Sl� �X�Rf PIK��  �] T

 (�plot}p�Xt_NL�KJ�t}p�Xt_NL Z[ �X�Rf lXp^IG _P Sl� Sl� nc��I[IKr  

ريزpgRt£) ب
_NcVNd�p_ _P M\NK]^HIJKL I�NXY vN[Rd_  Tq]nL Zc�� nc��I[IKr W^ Z[ lXp^IG HP TIpg PR�I~xtMgNdIKr H nL aNyU T WNL�xO _R� Z[ PIK� .

�pT I[�NdTnpNLP SPHlbL 

°C
��� -

�
� HWNLg vlL�Nt Z�K�P�� ساعت I[aNyU T MT }dT Sl� �_T�� nc��I[IKr vNKwxY[3,6].  �IcXf �LNY WTRXY Z[ Ic�K[ Zf }dT MI�XY eKURfIpg �J� SlXXf
�Sl آخال aT_^ MNOPQRG _P MlK�]Rd MNO٢_TI� SPN�cdT P_RL }dT ZcGI�[7-9] .nd_I[nJKLNXpPRLIt vN�|�L�J� _P١[8]  WN�UnL lOPZ[N�L eKURfIpg ZfeKUNcKt يك 

_P MR� gNdlK[_Nf}dT �KpNr MNONLP _P MR� SlUR�lpIcKU �p H QN[ MNONLP[8,10] .lK[_Nf H Sl� sKfIt �[If N[ eKURfIpg `QN[ MNONLP _P PR�H �pT N[nL �KJ�t T_ MlK[_Nf vNoKfIt H OPl ,W\HIcKU N[ �~dZrN
T_ nL PR�R[ P_H^ .�NdT �pT I[ ZrN�KJ�t PNxyU T �Ku H �o� _P nL �NV^ H PPI� 

Nt ncu `}�_P MNOIj�WHIJKL �pZ[ T_PR�H nL lUP_H^[8].  

                                                                 
Temperaging ١   

 Killed Steels٢   

�[N� ZcJUZ�RtZJXp TZrN H TiNZj�U WR�xO lLN� }]Nu hTRV_TP Z[N�L M_Rw[ _NcVNd ncu H QN[ nc|d `QN[ zHüUl .�pT I[ �K[ n�[N�L _NcG_ �NdTZrNHTiN
eK[RpNU MNOPQRG _P 

_TP �Kr nL nXK[ 
��pT vNoµ T MTI[ nxf vNk] NjL �K[ �pT _P Zf PR}dT ZcGI� v_R� ZpI�U[8,10] .

MP_TRL _P eKURfIpg �pTI[ NX[ nL _TlpNr lpIcKU Nt Sl� eKUNcKt �p�{pN� lUTRtlOP �KJ�t .
�KY _P npNK] TIcdT WN��bL �Nu[9]SPTP WN�U Z[ eKURfIpg WPH�G T Zf lU T p_ Z[ IyXL M\NK] ^HIJKL MNOPQRG}dT Sl� _NcVNd n{U TP� .
N[ NLT lpIcKUR[If vN[Rd_ MH_ I[ nxf vNk] NjL PR�H �pT 
_P eKURfIpg }dT ZcGIpqr aNyU T PQRG .IKµNt `�OH�r �pT _P �NdT �pT I[ WPH�GT�����nd_I[ H �[If ef PQRG zTqL Z[ eKURfIpg l�_P_I[ P_RL PQRG _NcVNd�p_ H Z[I� n{LI�� `nc|d I[ W^ ��Und }GI� _TI� n[Npg_T H.  

  

  ���
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تحقيق'&%¬$   MTI[ZK�t_P 
|�L �K] NU ^ N[ MPQRG Z�TI� gT `I�U P_RL PQRG �Hl�١
N[ eKURfIpg eKmKwKdHIG H �[If ef �X{XL HIG STIxO Z[ `�Hl� _P Sl� SP_H^ �K] NU ^٢lpPI� SPN�cdT ` .�t MTI[gT zTqL ZK �UNfIG N[ npN�] T S_RfHZ 

(���exp�fNL WTRt HKW 
)�SPN�cdT l�.  

  *�¥+۱���©¦,¦� -¦.©�/�,012�3 451�6¥¦.�� ¤1�� ¤� ¤7©¦./���¦� �2�3
Fe  S  P Mn  Si  C  

89:;  <=>?  

Rem �(��  ����  ����  �(��  ����  MPQRG Z�TI�  

  lON� ZURxU)
eKURfIpg WHl[ (

N[ ZURxU H�����_P eKURfIpg l�_P S_RfnwGNLWTRt I³fTlu N[ KW 
��

٤ npNLP }�P N[ H °C
��± 
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�%� lXcGI� _TI� nt_TIu vNKwxY .�JKd 
MNOaNyU T nt_TIu vNKwxY ZURxU MH_ I[ ZcGI� nL Ipg 
I� Z[ NO l�N[�  

- vNKwxY�{xO 
MgNdMNLP _P °C

¡���WNLg vlL _P Hساعت ٦ HTRO _P WPIf PId  

- vNKwxYZcKXcd^MNLP _P WPIf°C
	��WNLg vlL H٢H }YNd z^ _P WPIf PId  

- 
MNLP _P nc��I[IKr vNKwxY°C

���WNLg vlL _P H٤H }YNd TRO _P WPIf PId  
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  �pNLg^ gT �pNcU n[Npg_T MTI[ �~d vNk]NjL H nJKUNJL MNO
�lpPIريز SPN�cdT M_NcVNd .nc|d �pNLg^ �NdT I[ nyXd P_TlUNcdT��¡((DIN-

MHIKU H gIJpH �H_ N[ ` kg
��aNyU Tl� . �KU nr_N� Z[I� �pNLg^ I[ P_TlUNcdT �NdT��¡¡�DIN- aNyU T }GI� .

_P `�K{UNKL Z[I� n{LI�� H nc|d Z[ n[NKcdP _R�XL Z[�pNLg^ ` pTI� IO 
NO٣

_N[lpPI� _TIJt .`M_NcVNd�p_ nd_I[ MTI[ SPNL^ �uTIL gT �r `MgNdSPNoxd nUg�K]Rr H 
M_Nf�RwbL N[ NXKLR] ^ZURxU ` 

�NcKU �RwbL _P NO٢ %lUl� �T
 .

eO�KKkt MTI[ �KX� ZU TP SgTlU T  dRcL l� SPN�cdT njV �K{UNKL �H_ gT `NO .
}pN�U _P£�N�L nd_I[ H I�NXY £pgRt SRbU `vN[Rd_ nd_I[ _R�XL Z[ZURxU }mJ� SN{cdP gT Z[I� MNOSEM

�lLISIABT
MId   

SR-50lpPI� SPN�cdT.  
  �¬�� 
��&��� �Hl�٣ �K] NU^npNKxK�nxdTZURxU 

MNOA) lON� ZURxU (H B
T_ nL WN�U lOP .  
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A  

  �J� _P 
MNO٢H٣cUaNyU T gT ��Nu Z[I� n{LI�� H nc|d �pN}dT Sl� SP_H^ �wc|L �uTIL _P nt_TIu vNKwxY .SlON�L

nL H �X�Rf }]Nu _P `ZURxU HP �K[ nc|d i²cVT Zf PR�
پ
KInc��I[}dT Ic�K[ �{xO }]Nu Z[ }omU )�J�٢( .nGI� gT�K�NU ZURxU HP �X�Rf H �{xO }]Nu Z[I� n{LI�� WT�KL i²cVT}dTZURxU `nc��I[IKr }]Nu _P n]HBn{LI�� �pT�GT WT�KL nL WN�U T_ MIc�K[ lOP .�KJ�t Sl� �{xO }]Nu _P £�TH _P vN[Rd_nL lU TRtSl� nc|d PRo�[ 'YN[�N[l�WT�KL _P n]H Zc�TlU MIKµNt n{LI�� lUT .�KJ�t `Sl� nc��I[IKr }]Nu _P NL Tt PRo�[ 'YN[ N�U^ £pgRt H vN[Rd_ PlyLn{LI�� H nc|d aTR }dT Sl� PQRG Z[I�.  

  

  ��������1�(  ©¦§,� )1 ��©( ��"0 *�©��
  

  ��������1�(  ©¦§,� )1 ��©( 4��5 ����+, *�©��
  �J� 

MNO٤H�WN�U �{xO }]Nu _P T_ \NK]^ HP _NcVNd�p_ nL lXOP .ZU TP SgTlU T  dRcL I[ TI[ \NK] ^ HP �pT MNO٧
�¡�H٣

�
١١ WHIJKLlL^ }dl[ .Z[ eKURfIpg WPH�G T IKµNt �KoL �ONf �pTWT�KL Z[ ZU TP SgTlU T �ONf H PQRG٢٨l�_PnL Zf �}dTlUTRt PQRG nc|d WT�KL �pT�G T �LNYZ[ }omU 
eKURfIpg WHl[ ZURxU l�N[.  
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MNO٦H٧
MNO\NK] ^ }mJ� £j�L

AHB
�{xO }]Nu _P T_ Sl�WN�UnL lXOP .nL SlON�L v_R� Z[ }mJ� Zf PR� ZU TPgIL ZU TP gIL _P vN[Rd_ �KJ�t gT n�NU Zf }dT SPTP �_ MT 
NO nL l�N[ .�J� ZmpN�L nGI� gT

 
MNO٨H٩

}]Nu }mJ� £j�L Zf IU }mJ� `}dT Sl� }��I[IKr\NK]^ aBZ[ T_nL WN�U n[RV lOP . Z[I� n{LI�� �pNcU I[ MlKpNt IpHN�t �pT �KX�xO)�J�٣ ( nL lX�N[.  
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  �J�¡�`MAPZURxU _P T_ I�NXY £pgRtA
WN�U Sl� }��I[IKr nL lOP .

�KX�xO�J� _P 
NOM

١١H١٢�K] NU ^EDSZj�UAH �J� nbjd �K]NU ^¡�}dT Sl� SP_H^ .nL SlON�L 
N�Xt Zf PR� }dT Sl� SPTP
K|�t �X{XL H �O^ nw�T I�NXY.  
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�J� NL T
١٣ZfMAPSl� }��I[IKr ZURxU I�NXY £pgRtB`}dT Sl� npNdNX� �KU eKXKLR]^ H eKURfIpg I�NXY lU T .�J� 

MNO١٤H
١
�H١٦�K] NU ^ ZfEDSSl� 
|�L �N�UA` BHC�J� _P١٣ nL WN�U T_ 

_R�u SlXXf lKpNt �KU `lXOPvN[Rd_I�NXY �pT lXcmO .nL SlON�L �KX�xO ncVTRXJp ¢NcomU £pgRt I�NXY Zf PR� lU_TP .nGI� gT H PRoU Ipq~UNJLT �od I�NXY }VNX� Zf npNyU^ gTKJ�t vN[Rd_ Z[ Z�Rt N[nL Sl� � �Kr WTRt 
�pT Zf PRxU nXK[lXcmO lpIcKUR[If Np H lpIcKU `lK[_Nf v_R� Z[ vN[Rd_ .
�KY _P W^ �KKkt H }VNX� `vN[Rd_ SgTlUT nJ�Rf �Nu 

NOSPRxU _TR�P T_ nL PRV �pT Zf PR[ aNyU T  pTI� WPR[ sdNXL I[ MlKpNt lU TRt l�N[ nt_TIu vNKwxY.  
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WPH�G TeKURfIpg}]Nu _P vN[Rd_ �KJ�t 'YN[ PQRG Z[ PRo�[ H nc��I[IKrnL PQRG Z[I� n{LI�� H nc|d _P PR�.  

٢- aNyU T N[vNKwxYnt_TIuPQRG HP �{xO }]Nu nc|d i²cVT I[ TI[٣٩Z[ �X�Rf }]Nu _P WT�KL �pT ZJK] Nu _P SPR[ gIJpH٨٤H Z[ nc��I[IKr }]Nu _P٦١
}dT SlKd_ gIJpH. 

٣- 
WPH�G T N[�����`nX[If SPNd PQRG Z[ eKURfIpg l�_P {LI��n}]NugT nc��I[IKr١

���Z[٤
�

٣٨ZcGNp �pT�GT �H\ M_Rj[ �}dT�X�Rf H �{xO }]Nu _P vHN�t �pT ZfSl��RmbL nxU l�N[. 

٤- 
N[WPH�G T �����SgTlU T `nX[If SPNd PQRG Z[ eKURfIpg l�_PgT `�{xO }]Nu _P ZU TP  dRcL٧

�¡�Z[٣
�

١١�ONf WHIJKL }dT ZcGNp. 

۵- MAP XY £pgRtT_ I�NXY gT ncVTRXJp ¢NcomU £pgRt `I�NgT lk[ aNyU TvNKwxYnc��I[IKrnL WN�U OPنl. 

  

٥¬�� 	
' �̄ & ��
�nL agQ PRV I[ Z] N�L �pT WN�lXmpRU £pNX� SHI� gT Nt lXU TP vNx�L H MgNdM\_R] NcL`aN�L M_H�XG H aRwY SlJ�OH�r `WTI�tI� �pT MTI�T vNUNJL T WP_H^ eOTIG I�N|[WNXcL T H IJ�t �Nxf 
 lU_TP a²YT T_ �pRV.  
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_TlpIrNKk]`WT_NJxO H "�� �� ��� ���� ����� � �  !�"# $ ��%&' ( )* ��� �( +)�� �"�� �( �, -."/*� 0 �� 1 $(&2�� ��%�345"
�KxyXr ` `WTIp T M\_R]NcL �KdlX�L �xyU T ZUQNd SI{Xf¡(
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