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LMNO :چكيده P QRSTUVW XYZ[\] _̂O M̀ a QWRb Ô Mca deW [ZWE54
f\gha XiMjk lmRa QRTne oW p_b Wpqb W r Ms ي ptpk uMvqt W wpt[\] .Ut XYZ[\] xMyeMaoPt̂\ Msf\gha z]WZ [Z Msr{NVMqiW \NTtMq| }~[ b̂ Wpqb W [\b�a Q ��Me �M�t W �o~ �sM� QRNY woWpt W }~[ b̂ ��i .pk wZMSqiW Q[\t �niRnNa oW XYZ[\] �\t Xi[Rb QWRb . Xa �Myt xMyeMaoP �eMqt�Nha �̂ pjsZ MsZ[Wpt LMNO P deW Q~[ QR�W XVMjbR� XeMNg� [MNTb Q .{eZ�t ĉ`ja [Z pH j]ث�\e oW Q[M� X Ms�Myt Z\] oW Xb\] �a~Mca LMNO P deW [~Rg� ~ dN�ji xW�g� Q XaXV[\� [Z rpsZ[Z �̂ �Nha Ms�\e Q~M� QpNiW [MNTb Q MsZ\] oW XYZ[\] zbMca [Z Xqa~Mca QpeRg� XeMNg� �Nha ~ dN�ji xW�g� Q XUt �MytpsZ .

f\gha R��W [Z ��M� XYZ[\] �\t Msg� [\� b̂�iW QW t̂ WZ oRa XYZ[\] X .XYZ[\] deW wWRUs t̂\Ut �Mct X�_b [Z MsXa wpsMya �Nt QW wRS� XYZ[\]�sM� �eMaoP XtMeM| ĝ�Ra [Z XYZ[\] deW �̂ Z\k RNYWR� QpeRg� �Nha [Z �o~ XaZ\k.  

  

�����واژه ���: LMNO P rQRSTUVP XYZ[\]WE54\NTtMq| r t̂ WZ oRa XYZ[\] rxMqiW\] rQWwRS� XYZ[QW  

  

مقدمه�١

 LMNO PWE54Xn i zNOZ b̂)
Z~p�٧٠ %

�NjNa\OP (�Z\b [WZ[\]Rb ~ w¡e~ �MnhqiW oWب�P QMsLMNO P ~ �NjNa\OP oW RV¢M MsleMj� [Z WRN]W [WR� wZMSqiW Z[\a ~[Z\] ~ M��W\s XaZRNY[1-3] .dU£ LMNO P deW [WZ[\]Rb�Z\bQMaZ [Z u\g`a XnNtMna ¤W\] oW[Z r�Nha XV[WR� xMNgU� �eWRkT6
¢Mb QMsMaZ [Z)

Z~p�C º٣٠٠ ( Xa �Myt Z\] oW Xb\] Xk�] �a~McapsZ[4-5] .Ô Mca deW [Z ��RY [WR� _̂O M̀ a Z[\a LMNO P deW QRSTUVW XYZ[\] .QRTne oW p_b f\gha XiMjk lmRa MsQW~Mb wpt[\] �Nb ~ �� Q[6]�W\j� b̂ f\gha Ms[\] xMyeMaoP Q[WR� wZMSqiW Z[\a XeMNUNk~RqnO W XYZ pjq�RY .XYZ[\] _̂O M̀ a oW �̂ �iW wZWZ �Myt Z\] Ô Mca [Z QW~Mb t̂ \Ut XeMNUNk ~RqnO W Msf\gha deW [Z Q�g� Q MsXb\] [MNTb �eMqt Xa z�M�Z\k .س .�tW[MnUs ~ xR YWZ[7]
f\gha MsW[ [\b�a Q
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W\OMY QMsZ¢\� QRSTUVW XYZ[\] _̂O M̀ a [Z[WR� wZMSqiW Z[\a w�Nt f\gha �̂ pt WZWZ �Myt ~ wZWZ MsQRSTUVW _̂O M̀ a QWRb [\b�a Q t̂\Ut MspjqTs f\c_a [MNTb.  

  î�ïðñò ðóôõ ö ÷øùúû üöý t̂\UtZM_b W [Z QMsþ
×
þ

×
þXV[WR� xMNgU� oW p_b rRqa XqtMiT6 

)[Z QoMi �L\UsºC٥٢٥b̂xpa٨uP [Z �ZR� ÿje W\� r��Mi
ºC٦٠� ~[Z Xqvi u\i[ xMNgUºC ٢٥٠

xpa b̂þ���Mi (MV wZM Ui٢٥٠٠pNSi znO W z]WZ [Z ��i rwpk Q[M� �NO\|pk QRNY woWpt W �Myto~ rwpk �NUV {Nt\iWRqO~W wM�qiZ �i\V .p_b oW 
�̂\��P QoMi[~ Msf\gha [Z MsXtMao z�W\� [Z wpt[\] Q �P �o~ �vya MswoWpt W WZp�apk QRNY .b̂ �o¢�̂ �iW �N£\VRqUNqt Mi Rs QWoW b̂ �o~ �sM� QRNY woWpt W �eMaoP w~RY Rs QWRb[Wpca t̂\Ut �`i lbRa٤٠RqNO XgNa ~ �TNb xpa b̂ f\gha [M�� ��RY [WR� wZMSqiW Z[\a ��Mi .t̂ \Ut r�o~ QRNY woWpt W oW z � Msb̂ xpa 
þQ~M� f\gha [Z ĉN�Zþ��{Na~R� pNiW RqNO Rb �RY �RYt̂\Ut �`i Q~[ oW q̂�Me zNnyV QMspNT�W MV pk wZWZ [WR� Ms Z\k wZ~Zo [8-10].  woWpt W�NiMq| [~Rg� Z~RqnO W {e b̂ � Tt {NVMqiW\NTtMq| QRNY�M kW)KCl 4.7 N (â MtRb {NVMa\VW ê�	V l ja {e {U� b̂Q�e[ wpk )z]WZ �]Mi (

��Me �M�t W .Rs fZM_V zNTtMq| dNN_V oW p_b {et̂\Ut oW Msf\gha [Z Ms[Wpca b̂ QptP zNTtMq| rwpk wZMaP Q þ
�
 +

xpa b̂ �O~ XgNa٦٠pk fMU�W ĉN�Z .deW �M�t W oW p_b
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t̂ \Ut �`i ĝ�M��b r�eMaoP Ms�\t Q[\t �ni~RnNa {e �i\V

OLYMPUS PMG3

��RY [WR� Xi[Rb Z[\a .~ XeMNUNk �N�RV
pH

f\gha MsxMyeMaoP deW [Z �̂ Xeb̂ pjq�RY [WR� wZMSqiW Z[\a �iW Reo �Rk�  �O W (H2SO4 
þ
/٠rfMaRtZnSO4 

þ
/٠Me [¢\a٥/

þ
 pH  

Mb) ب x¢Mq� �NiMq| pNiW٥/٥pH =  .
�N�jVpH

�i\VNa2CO3 ، �þ
/٠[¢\a  

 ، NaHCO3) پ
�þ
/٠Mb [¢\a٥/٨pH= .�Ì�ß±pH

�i\VNa2B4O7 ، �þ
/٠[¢\a  

٥/٠Mb، NaCl) ج [¢\a٥/٩pH =  Z
 (Na2CO3 ،

þ
/٠Mb [¢\a٥/

þþ
pH =  ^�vya Msf\gha deW ��a [MNTb Q MsoW pjV[M ��pH ) dNbMa٥/

þMV
٥/

þþ
 ( Ms[~Rg� z�a R�Mj� X�_b Z\m~ �p� Me ~ Z\m~ ~)

f\gha
)ج

xMjbR� r Ms  )
Z f\gha( dN�ji xW�g� Me ~ )

�O W f\gha( ، f\gha MsXa �eWRk deW Mb Xeo �Nha {e �ct pjt W\V~ �� �Te pjeMUt QoMb W[ wZ\OP �Nb .
f\gha deW �NVRV depb MsQRTne � i �j�W~ Ms ي XeMNUNk \ne�N� Xa�j�W~ deW �̂ pt\k MsXapjt W\V �j�W~ b̂ Mya MsQo~Ra W XYpto X_N � �Teo �Nha [Z Q[Mm Q pjkMb.  

نتايج��  
�ú� ö ïðñò ðóôõ

١������ !�"#$%�&
H2SO4١

'() �#�* )ZnSO4١
'(�+ ,-!# .'

١ pH=
/ LMNO PXa wZ[\] xpk b̂ [\b�a f\gha [ZZ\k .

xWpsMyaXa �Myt {NVMqiW\NTtMq| �eMaoP oW p_b X�ni~RnNa�̂ pjsZ �iW q̂i\N| �\�~ b̂ QW t̂ WZoRa XYZ[\] )znkþ
.(  �eMaoP �eMqt�̂\�Xa �Myt Q[~t̂\Ut �o~ �̂ psZ Msf\gha [Z Xa �� xpk b̂ [\b�a\kZ  )znk٢ .(QptP zNTtMq| {e fMU� W Mb �bM� )mV۱۵۰+(t̂\Ut QptP �MeRm MsX`] x[\� b̂ M eRcV �Nt znk [Z wpk wZWZ �Myt wZ~pha [Z٣Xa �eW��WpbMe .

xWpsMya Xa W[ [\b�a{e f\gha WReo ZR� XcgV X_N � �W\VpH[MNTb q̂kWZ QpNiW ،

�iW Q~[ z�a dN�ji �g� Q~M�.  

  0������ !�"#1&�2 3-�45 6�7�48 ��7�.'.
 (pH= �iW Xg � f\gha oW RqU� �V WRa b̂ f\gha deW XYpt[\] R� W ) �O W f\gha .(Xa wpsMyazNTtMq| {e fMU�W ^�Nqt [Z �̂ Z\k �bM� QptP)mV۱۵۰+( Xa �sM� QptP �MeRmpbMe )znk٤([Z r ^�Nqtt̂\Ut �o~ �sM� r MsZ~p� f\gha deW [Z �Nt٥٠RqU� RbWRb �iW Xg � f\gha oW )znk٥u Xjhja .(znk n̂e[\� b̂ XO~٦ Xa �Mytx~MSqa XU� Xg � �eMaoP �eMqt Mb XYZ[\] �\t psZ �iW .Xa R�t b̂t̂ WZ oRa XYZ[\] �Nt [\b�a �eWRk [Z pi[9MSV W QW Xa Xh`i [MNTb Ms[MNk :U� XO~ wZMq�WpjkMb .�N£\V b̂ �o¢

WpsMya �̂ �iWoW p_b t̂\Ut �`i x
٥

�̂\� o~[f\gha [Z Q[~ Xa �Myt [\b�at̂\Ut �`i �̂ psZ MsXh`i [MNTb x[\� b̂ �iW wpk dy].  

  

3�۳�; !�"# ���&
NaHCO3

(<'(�2 ,-!#.'=
pH = 
/ t̂ \Ut �o~ �sM� �̂ pj� Rs MsMb ^TeMca [Z [\b�a f\gha [Z �O W f\gha)٥/

þ
 (pH =p�Z~٢٠RqU� Rb WRb�W�Na XO~ r�iW ^yNUs f\gha deW [Z XYZ[\]٢u f\gha oW RqyNb RbWRb)٥/٥ 

(pH = 

�iW)znk٥> Xjhja r( .Xa wpsMya R�eZ Q\i oWZ\k Xjhja xWRNN	V ?jsP �̂
 Msb ~ {NVMqiW\NTtMq| Q^Xjhja w¡e~ -R�epUs b̂ QZMeo [MNTb �sM k f\gha ~Z Rs �o~ �sM� QMspt[WZ .همwpsMya dNj� XaQptP �MeRm [\ � �W�Na �̂ Z\k)znk

٧ (
f\gha deW [Z )Mb f\gha ٥/٨ (pH =بu f\gha oW RVZMeo [MNT �iW .deW oWXa ~[� i f\gha deW �eWps x[p� �̂ ZR� f\ � �W\V�iW wpk Xg � f\gha b̂ � Tt XYZ[\] RqyNb xpk .

��[ Xg� Z[WZ XO~�t RNi f\gha ~Z Rs [Z �MeRm n̂je W .ya{e wpsM � {e oW f\gha deW [Z �N_£ XYZ[\]b̂ @RpH �p� ~ XeMNg� �\e Z\m~ Ms�iW �\bRa [~Rg� Q .�̀ i QL\O\�[\a R�eZ Q\i oW {NVMqiW\NTtMq| �eMaoP oW p_b)znk٨ (Xa �Myt�̀ i �̂ psZXYZ[\] R�eZ x[M � b̂ rwpk AW pepk [MNTb x[\� b̂ t̂\Ut�iW wZMq� W 9MSV W QW t̂ WZoRa.o~[ �j| oW p_b �`i xWpsMya XO~ �̂\�Xa �Myt [\b�a f\gha [Z Q[~x[\� b̂ t̂\Ut �`i �̂ psZ �iW wpk dy] Xh`i [MNTb .Xa R�t b̂Ry� {e �̂ pi[MV W[ �g� �`i �̂ q̂�Me zNnyV �`i Q~[ XVMjbR� pNT�~[pNsXYZ[\] zbMca [Z QZ~p� Xa �B MS�pj�.  

  

4���C  !�"# ���NaCl)).'(�2 ,-!#.'D
pH =
/

 Mb f\gha deW [Z LMNO P [Mq�[٣

�iW x~MSqa [MNTb Xg � f\gha . �Myt {NVMqiW\NTtMq| �eMaoP oW p_b �`i X�WRY~RnNa Xa�̂ psZ t̂\Ut f\ghaXa �]WZR| W[ MspsZ)znk٩ .(�Myt N̂O~W xWpsMya Xa�iW QW t̂ WZoRa XYZ[\] �\t Ma\U� �̂ pjsZ .wWRUs b̂ ]wpsMya �Nt �pk [WZ wRS� XYZ[\] oW Q[M�P QW t̂ WZoRa XYZ[\XaZ\k .Mb XO~ pepk [MNTb QptP �MeRm {e n̂je W b̂ m̂\V Mb[Z XO~ r�iW ��M� �qTNi Rb �eMaoP QWpqb W [Z wpjsM� QRNi[MNTb x[\� b̂ �MeRm wpjsM� ~ wpje W��W xWRNN	V �eMaoP QM�qt WXa wpsMya pepkZ\k )znkþ�
 u ~ �O W .(oW p_b [\b�a [Mq�[ �g� �̂\� �eMaoPt̂\Ut �o~ �sM� Q[~ Mspk [MnkP .Q[\� b̂oW �̂ znk٥Xa wpsMya E Xjhjat̂\Ut �o~ �sM� Z\k Mso~[ [M�� [Z �iW �P oW RqU� Xq� ~ u f\gha p� [Z �eMaoP f~W .XV[\� [Z - t̂ \Ut �aMv£ oW n̂je W �~pb Qp_b ĝ�Ra [Z �̂

 Msq̂iM��o~ Z\k t̂\Ut MsXa �sM� xpk b̂pbMe .RN� �y� Mb t̂\Ut �`i xWpsMya Xa �Myt �gTat̂\Ut �\̀ i �MUV �̂ psZ Ms ) �\̀ i  
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شكل
�����7 �+ 3�# �2 $%�  !�"# ,	 ��
�47�!��*�48 �+�#
� 
� ��2 �*!�* �5 ��� ����#����×

  

  
شكل
�

.�,� ��!� �+�#
� 
� ��2 �*!�* �
�����$%�  !�"# ,	&�'�
 pH=
/

  QZ\U� ~ Xc�W (pt W wpk zvgvqa .wRS� XYZ[\] R�eZ x[M � b̂ t̂\Ut �\̀ i Q~[ �pk [WZ Ms�iW wZMq� W 9MSV W .W[ _̂O M̀ a deW �eMqt XaZR� ^��] �Rk depb �W\V�[Z QW t̂ WZoRa XYZ[\] �̂ pj� Rs�WRa [Z XO~ �iW ��M� �qTNi Rb xMyeMaoP N̂O~W z�WRaXtMeM| z Xa RNYWR� �pk [WZ wRS� XYZ[\]Q[\� b̂ rZ\koW Q[M�P �̂
Q~[ [Z QW t̂ WZoRa XYZ[\] t̂ \Ut MsXUt wpsMyaZ\k .XYZ[\] t̂\Ut MszbM� Xq� ~ Xh`i [MNTb f~W QMso~[ [Z f\gha deW [ZXa �ZR� R�t @R�XV[\� [Z rpkMb{e p_b b̂ �[M�� o~[ oW �̂ t\Ut Q~[ pepk XYZ[\] ̂MsXa 9MSV W��WR� b̂ �̂ pq� WXa �W\V LMNO P �̂ �SY

WE54
Z[Wpt �a~Mca ��W [\b�a �Nha [Z .zaM�  
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�۳شكل��*� ��+�� 3����
&�	��2 منحني#�

/$%�  !�"# ,	 �*!�*&�'�
(pH=

  

  ���
۴���*� ��+�� 3����
&��"�# �	��2 �#/1 !�"# ,	 �*!�*&

pH=5.5
/

  Z[\] Xg�W�\e f\gha deW [Z XY Ms�iW Rg� Q .b̂ R�eZ Q\i oW Q[\�znk oW �̂þ�Xa wpsMya u ~ �O WZ~p� oW p_b rZ\k٢٢٠ ��i wZMq� W 9MSV W �MeRm pepk ��W {NVMqiW\NTtMq| �eMaoP ĉN�Zn̂e[Mb x[\� b̂ �MeRm xWRNN	V MsXa â WZW u~Mjqa QpbMe .deW oW~[  

  Xag�Ra �̂ ZR� f\ � �W\VQ[WZ wRS� ^�� ��9MSV W ĝ�Ra deW [Z Xapq� W .Xjhja deW �i[ �eWRk [Z R�eZ x[M � b̂)znkþ�
( ،

٢٢٠
�̂\� �eMaoP o~[ [M�� fZM_a ĉN�Z�iW �o~ �sM� Q[~.  
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شكل

���*!�* �
��������,� ��!� �+�#
� 
� ��2�1 ��"�#/�2  !�"#�'�
pH =) ; ��"�#/�2  !�"#�'�

pH =)C ��"�#/�2  !�"#�'
۹ pH =

  

  

���7. ۶شكل �+ 3�# �2 1 !�"# ,	��
�47�!��*�48 �+�#
� 
� ��2 �*!�* �5 ��� ����#����×
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3�۷كلش����
�������*�&��"�# �	��2 �#/; !�"# ,	 �*!�*&�'�

 pH=�/
  

  
شكل

��úó ý� �øû ð�	 
�ø�
 ð�� �ò ðóôõ ô 
 ��� �
��
 �� 
�� ö��øó�� ð	 �ò ï�ó �� � ����î��
×
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���7�۹شکل �+ 3�# �2 C  !�"# ,	��
�47�!��*�48 �+�#
� 
� ��2 �*!�* �5 ��� ����#����×

  

  �����$%��; !�"# ,	 �*!�* ��*� ��+�� 3����
&�'
 ۹ pH=�/
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  �����1�; !�"# ,	 �*!�* ��*� ��+�� 3����
&�'
 ۹ pH=�/

  

5��� # ���	 !�"&
Na2CO3
)١'(�2 ,-!#.'

١١ pH =
/ deW [Zf\ghat̂\Ut Q~[ XYZ[\] oW QR� W MsXUt wpsMyaZ\k . �̂\� �eMaoPXa �Myt �Nt Q[~psZ 

�̂
 oW p_b٢٤٠

�̂\� ��Mi - t̂ \Ut �o~ Q[~ Ms�sM� XUtpbMe b̂ b̂ Mya �eWRk [Z QptP �MeRm �sM� xpk XapbMe )znkþþ
.(  �p�XYZ[\]t\Ut ̂Msb̂ @R� {e oW [\b�a �eWRk [ZpHoW ~ ZMeob̂ ~ �eMaoP Z[\a f\gha [Z [~Rg� Z\m~ �p� b̂ R�eZ @R�XVMjbR� pNT�~[pNs �oMt [MNTb ê¢ {e zNnyV b̂ ZMeo fMUq�W�iW �\bRa.  

  

���øنتيجه�� �M�t W xM_O M̀ aq̂�MeXa W[ZR� ^��] Reo �Rk b̂ �W\V�  þ
- ~MSqa xMyeMaoP oW�eMqt xb̂MyqaXa z�M�Z\k.  

٢- LMNO P WE54QpNiW [MNTb �Nha [Z)۵/۱pH = (�\e Q~M�QMs dN�ji xW�g�)Zn (wZ[\] xpk b̂ QpeRg� XeMNg� �Nha [Z ~ XaZ\k.  

٣- �W�NaXYZ[\]{eZ�t :�Mja [Z LMNO P deWpHX�j])۵/۸ -

۵/۵pH = (�\e oW Q[M� MsiW �� [MNTb [~Rg� ~ dN�ji xW�g� Qت.  

٤-[Z�NhaQ~[ XYZ[\] oW QR� W ZMeo XeMNg� ^m[Z Mb XVMjbR�XUt wpsMya LMNO P deWZ\k.  

  

  
شكل

�����*� ��+�� 3����
&��"�# �	��2 �#/	 !�"# ,	 �*!�*&�'
 

��
 pH=
/
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