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                                                                                                               ي     و :  

     

    ُ ٚ  ٘ ٤ ٕٙ    ٥  ى    ٤ ٖ ٘     ٤   ٔٙ ٖ وٝ  ٛ ٥ك      ٥ك   ٞٓ          ٤ٗ   ٤ ٖ ٘ ٔٝ     ٝ   ٤ ٖ     ٘ٓ .      

وٝ ٕٞٛ  ٜ ٍ٘  ٘ ٜ    ٔٛ   ِغ  ٚ ٔ     ٛ  ل      ٜ  ٘   وٕ َ   ى   و   ٔ ٕ   م٣   ٕ ٢ ٚ و          ٕق٣ّ٥  ٤ ٖ ل 

 ٕٚٞٝ ٢ و  ٣٘ وٝ ٔ       ٝ   ٕ ْ    ٘ ٖ       ٥ى  ٖ    ٕٞ ٣ِ ٚ ٕٞ  ٣ٞ ٚ ٍٕٞ ٣ٔ ٔ     ِ ٛ  ٚ ٟٔ   ٘ٓ ٚ.       ْ

.   ٘ ٕٛ٘ ٤ٗ ٟٔٓ ٤  ٢  
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  چکیذٌ

   ف لٝ   ٥  ٢      ٘ ٕٙ  ٖ  ٔ ٚ ٜ ٘ ِِ٘ٛٛٝ ٞ ٢ و  ٣ٙ    ِ  ػ ف٣ّٕ  ٝ فٙٛ ٖ  ًٙ  ٙ ٢  ٘ ٘ٛ ِى  ٥٘ٚه 

  ٛ ص  ٚ   ق   وٛچه    ٢ٛ  ٤ٍ    ٔم ٤ ٝ      ٤  ٔٛ   ٘ ٘ٛ.           ٟ ٖ  ٝ  ٛ   ّب و  ٜ  ٘ 

 .                                                        و  ٜ    ٞ و        ٔٙ     ٝ        ع٥  ٚ ٥ق٣ ٔٛ   ٝ    ٤ُ   ٤ٗ       ٞ      ٟ٘   ٥ ٤ى٣ ل  ُ  ٛ ٝ

    ٤ٗ   م٥ك  ٥ِٛ  ٘ ِِ٘ٛٛٝ ٢ و  ٣ٙ     ٝ  ٚش  خ٥ّٝ لٛ   ِى  ٤ى٣      ٤ ٖ ٔ ٙ ٚب ٚ      ف  ٜ    ٤ه 

   ٢  ٤ٗ ٔٙؾٛ   و ٛ      ٚ  ِى  ٚ  وٝ    ٝ   ٞٓ ل    ٌ   ٝ  ٘    ى٥ُ . ژ٘   ٛ  ِٚ  ژ   لا     ٣ ٣ٔ و٥ٙٓ

ٚ ٌ   ٔ  ٖ  ج  ٢  ٝ فٙٛ ٖ ٔٙ ـ و  ٗ ٚٔ َ ٞ ٢ ٔخ ّ      ِى  ٚ ٞ   ٟ   ٥ِٛ     ٝ ٞ ٢ . ٤   ٝ    

    ٢ٛ  ٤ٍ    ّٝ . وٝ ٣ٔ  ٛ ٘     ل ِب ٤ه  ٙ ٛ  ٔٛ       ٣ ل     ٥ٍ  .   ٤   و  ٗ  ٝ و     ٝ    

٣ّ٥ٔ ٔ   1 ٣ّ٥ٔ ٔ        َ   ٥٥  ٥ٔ     ف ٜٚ     ٤ٗ    ٢ ع   ٣ لٛ     ّٝ 5  1 ٥ٗ  ٚ  ِى  ٚ     

 .                                      قٙٛ ٖ    ّٝ  ٥ٟٙٝ     ّ    ْ  ٙ ٛ ٌ   ش   ٜ    

ٕٞچ٥ٙٗ و٥ف٥  ٘ ِِ٘ٛٛٝ ٞ ٢ و  ٣ٙ  ٥ِٛ    ٜ  ٝ  ٚش  خ٥ّٝ لٛ   ِى  ٤ى٣     ٤ ٖ ٔ ٙ ٚب  ٝ فٙٛ ٖ 

   ق٣     ىُ ٞٙ  ٣  ِى  ٚ ٞ  ٚ  ث٥  ٌ   ٔ  ٖ  ٢ٚ  ٛ ص       ٢ ٘ ِِ٘ٛٛٝ ٞ  ٔٛ       ٣ ل    ٌ   ٝ 

    

 کلمات کلیذی

      ٘ ٘ٛ ِِٛٝ ٞ ٢ و  ٣ٙ     ٚش  خ٥ّٝ لٛ   ِى  ٤ى٣   ىُ ٞٙ  ٣  ِى  ٚ ٞ  ٌ   ٔ  ٖ 

 

 

 



                                                    

5 

 

 فُرست مطالة

 

 

 1............................................................................................................................................................ٔم ٔٝ   

 

 2 .....................................................................................................................................................فصل  يل  

 2......................................................................................................................................٘ ِِ٘ٛٛٝ ٞ ٢ و  ٣ٙ    

 2................................................................................................ ................................................ ٔم ٔٝ     1-1

 2............................................................................................................................    ٤خچٝ  ٙ ٚ ٢ ٘ ٘ٛ   1-2

 3..............................................................................................................    ٤خچٝ ٘ ٘ٛ ِِٛٝ ٞ ٢ و  ٣ٙ    1-3

 4.................................................................................................  ٚش ٞ ٢     ٘ ٘ٛ ِِٛٝ ٞ ٢ و  ٣ٙ     1-4

 6................................................................................................................  ٚش  خ٥ّٝ لٛ   ِى  ٤ى٣    1-5

 SWNT  ...........................................................................      7      ٘ ِ٘ٛٝ ٞ ٢ و  ٣ٙ  ه  ٤ٛ  ٜ 1-5-1

 MWNT ........................................................................   11      ٘ ِِ٘ٛٛٝ ٞ ٢ و  ٣ٙ چٙ   ٤ٛ  ٜ 1-5-2

 15.............................................................................................................................    ٚش      ٥ِ      1-6

 16..............................................................................................................  ٚش   ٛب  خ    ٥ٕ٥ ٣٤    1-7

 18........................................................ ٔ ٤   ٚش  خ٥ّٝ لٛ   ِى  ٤ى٣    ٔم ٤ ٝ     ٤ٍ   ٚش ٞ    1-8



                                                    

6 

 

 19.................................................................................   ِص    ٢ ٚ       ٢ ٘ ِِ٘ٛٛٝ ٞ ٢ و  ٣ٙ    1-9

 19..............................................................................................................................   ِص    ٢     1-9-1

1-9-2     ٢       ....................................................................................................................................20 

 22..................................................................................................... و      ٞ ٢ ٘ ٘ٛ ِِٛٝ ٞ ٢ و  ٣ٙ    1-10

 22.................................................... ٥ٞ  ٚژٖ    ذ ٥ ٜ وٙٙ ٜ فٙٛ ٖ  ٝ و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و       1-10-1#

 22.............................................ٞٛ    ٚ  ب  ِٛ ٥ٌٟ ٢   ذب فٙٛ ٖ  ٝ و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و       1-10-2#

 23.................................................................. و ٔ ٛ ٤  ٞ           و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و      # 1-10-3

 23.............................................. ... ّ ٢  و   ٥ِ    ٞ ٢   ٤ٝ فٙٛ ٖ  ٝ و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و      # 1-10-4

 23............................................................. ٔ ٙ ع٥ ٣      ؾٝ فٙٛ ٖ  ٝ و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و      # 1-10-5

 23...........................................................................   ٥ٔه   م٤ٛ     و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و      # 1-10-6

 24.................................................................. ٥ٕ٥ ٣٤    و ٛ  فٙٛ ٖ  ٝ و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و       1-10-7#

 24.............................................................  لا  فّٕى        ٗ         و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و     # 1-10-8

 24.......................................................................................  ٍ ٞ      و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و      1-10-9#

 25....................................................................  ق ـ وٙٙ ٜ  فٙٛ ٖ  ٝ و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و      # 1-10-10

 25...............................................................  ع ٢ ٞ       ٤   ٛ ٖ    و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و      # 1-10-11

 25......................................................  ٤ـ     ٘ ٤  ٛ ٞ ٢         و  ٣ٙ ٘ ِِ٘ٛٛٝ ٞ ٢ و     # 1-10-12

 



                                                    

7 

 

 26..................................................................و  ٣ٙ  ٘ ِِ٘ٛٛٝ ٞ ٢  ٥ٔٙٝ      م٥ك   ٚ    ٥ٕٞ  ٚ # 1-11

 

 28.................................................................................................................................................... 2صل ف

 28.................................................................................................. ٛ ص       ٢ ٘ ٘ٛ ِِٛٝ      ِ   ق  َ 

 28..................................................................................................................................................  ٔم ٔٝ 2-1

 29................................................................................................................. ٘ ِِ٘ٛٛٝ ٢ و  ٣ٙ  ه  ٤ٛ  ٜ 2-2

 30...............................................................................................................  ٘ ِِ٘ٛٛٝ ٢ و  ٣ٙ چٙ   ٤ٛ  ٜ 2-3

2-4  ٣        ٞٙ  ٣ ٌ   ٥     ............................................................................................................31 

 30...................................................................................................................  ف ٝ ٔخ     ٌ   ٣ٙ 2-4-1

2-4-2  ٣ ٌ   ٥  ٙٞ        .................................................................................................................. 33 

 35...........................................................................................     ٣        ٞٙ  ٣ ٘ ِِٟٟ٘ٛٛ ٢ و  ٣ٙ 2-5

 42.................................................................................................  ٤   ٝ ٚ    ٌ   ٥  ٚ ٘ ٘ٛ ِِٛٝ و  ٣ٙ 2-6

 42...........................................................................................................  ٤   ٝ ٚ      ف ٝ ٌ   ٥  2-6-1

 44.............................................................................................................  ٤   ٝ ٚ    ٘ ٘ٛ ِِٛٝ و  ٣ٙ 2-6-2

 45................................................................................................   ٛ ص  ِى  ٤ى٣ ٘ ٘ٛ ِِٛٝ ٞ ٢ و  ٣ٙ 2-7

             46 ...............................................................................................................................................3فصل

 46................................................................................................................................................... ٔم ٔٝ  3-1



                                                    

8 

 

 48.........................................................................................................................................  ٚش  ج  ٣ 3-2

 48..........................................................................................................................................   ٚش  ٥ِٛ  3-4

3-4-1  ٤ ٔ   َٚ  ّٝ  ٔ  .........................................................................................................................50 

3- 4-2  ٤ ٔ   ْٚ  ّٝ  ٔ  ..................... .................................................................................................52 

3-4-3   ٤ ٔ   ْٛ  ّٝ  ٔ  .......................................................................................................................55 

                     56......................................................................................................................  ٔ  ّٝ چٟ  ْ   ٔ ٤ 3-4-4

 59.....................................................................................................................      ٣  ٛ ص  ِى  ٤ى٣ 3-5

 87...................................................................................................................................................٘ ٥جٝ ٥ٌ ٢ 

 88-91...................................................................................................................................................ٔ   ـ 

 92.............................................................................................................................................چ٥ٍ ٜ  ٥ٍّ٘ ٣ 

 

 

 

 

 

 



                                                    

9 

 

 فُ ست ش ل َا

  

  5......................................................................................  ٕ٘ ٤  ٔى ٥٘ ْ     ٘ ِِ٘ٛٛٝ ٞ ٢ و  ٣ٙ 1-1 ىُ 

 7 ......................................................................................................... لٛ   ِى  ٤ى٣  ٚش  خ٥ّٝ 2-1 ىُ 

 10.................................  ٤   #ب$ٔق٣ِٕٛ   # ِ $  ٕ٘ ٤   ٕ  ٥ه  ِى  ٚ ٞ     ٢  ِى  ٚ ٞ ٢ 3-1 ىُ 

 11....................................................................................  ٥  ٓ   ٔ ٤ ٍ ٣ٞ ٔ قُ    ٞٛ ٢      4-1 ىُ 

 12...........................................  ٕ٘ ٤   ٕ  ٥ه    ٍ ٜ  خ٥ّٝ ٢ لٛ   ِى  ٤ى٣    ٥٘  ٚژٖ ٔ ٤ـ 5-1 ىُ 

 13......................  ع    ٕ  ٥ه    ٍ ٜ      ٘ ِِ٘ٛٛٝ ٞ ٢ چٙ   ٤ٛ  ٜ    ٤ه ٥ٔ  ٖ ٔ ٙ ع٥ ٣ 6-1 ىُ 

 14 .................................................................................. ٘ ِِ٘ٛٛٝ ٞ ٢ چٙ   ٤ٛ  ٜ SEM   ٤ٚ  : 7-1 ىُ 

 14....................................................................ٕ٘ ٤   ٕ  ٥ه    ٍ ٜ    ٕ      ِى  ٚ  چ   ٖ : 8-1 ىُ 

 16 .........................................................................................................................   ٚش      ٥ِ  9-1 ىُ

 16 ................................................... ٚش      ٥ِ        ٜ    ٜ      ه  ٤ٛ  ٜ ٞ ٢ ٘ ِِ٘ٛٛٝ  10-1 ىُ 

 18 .................................................................................................... ٥ٕ٥ ٣٤  خ     ٚش   ٛب11- 1 ىُ

 

 31  ..................................................................................................................................................1-2 ىُ 

  32........................................................................ ٢ ٔخ     ٌ   ٣ٙ  ٢     ف ٝ      ٞ ٢ ٤ىٝ 2-2 ىُ 

 32..........................................................................       ٞ ٢ و  ٤ َ     ف ٝ ٔخ     ٌ   ٣ٙ 3-2 ىُ 



                                                    

10 

 

 33.................................................................................................        ٞٙ  ٣  ف ٝ ٌ   ٥  4-2 ىُ 

  34...........................................................................................................................    ىٝ ٌ   ٥  5-2 ىُ 

  35.....................................................................................................  ٤   ٝ ٚ    ٘ ٘ٛ ِِٛٝ و  ٣ٙ 6- 2 ىُ 

  mٚn ................................................................... 37       ط عَٛ       و ٤  َ    عَٛ      ٞ ٢ 7-2 ىُ 

 38................................................................  ٕ٘ ٤       ٞ ٢ و  ٤ َ     ف ٝ ٔخ     ٌ   ٣ٙ 8-2 ىُ 

 39...............................................   ٔ  ٚ ٜ  ٘ خ ب      ٞ ٢ و ٤  َ     ف ٝ ٔخ     ٌ   ٣ٙ  9-2 ىُ 

ٖ ٞ  # ِ $ 10- 2 ىُ   40 ....  وٛ  ٞ  ٤ٗ ٔ ٥ ٞ ٢ ٔ  ٛط  ٝ      ٞ ٢ و ٤  َ ٚ ٚ   ٞ ٢  ى     ٛ٘ ٜ ٢  

ٖ ٞ  #ب پ    $ 10-2 ىُ   ..وٛ  ٞ  ٤ٗ ٔ ٥ ٞ ٢ ٔ  ٛط  ٝ      ٞ ٢ و ٤  َ ٚ ٚ   ٞ ٢  ى     ٛ٘ ٜ ٢  

......................................................................................................................................................................41 

 43.................................................................................................. .  ٤   ٝ ٚ       ىٝ ٌ   ٥  11-2 ىُ 

 M  K ٚΓ.....................................................................  44  ٘  ٥ٝ   ٤ّٛئٗ ٌ   ٥ٗ    ٘م ط  م  ٖ 12-2 ىُ 

 

46.....................................  ٘ ِِ٘ٛٛٝ و  ٣ٙ  ٝ  ٛ    ف       ٛ ٘ٝ  ٢    ٞٓ  ٥چ٥ ٜ    ٌ   ٗ 1-3 ىُ   

47..................................... ٘ ِِ٘ٛٛٝ ٞ ٢ و  ٣ٙ  چٙ ٤ٛ   ٜ  ف ْ ٞٓ  ٟ  ٚ  ف ْ  ٟ ٟ ٢      ٣ 2-3 ىُ   

49...........................................................................................ٕ٘ٛ    ع   و٣ّ    ٢    ٤ٙ        3-3 ىُ  

49..............#      ُ   و ٛ   $    ٜ  ٘   ٢  ٕ  ٥ه       ٤ٙ   خ٥ّٝ لٛ     ِٚ  ژ  لا    ٌ   ٔ  ٖ 4-3 ىُ   

50....................................................................  ِى  ٚ ٞ ٢ ٌ   ٥      غح ٔمغـ   ٤ ٜ   ٢   ف 5- 3 ىُ  

  51.............  ٤ٛ  ٥ٔى ٚ ىٛپ  ِى  ٣٘ٚ  ٘ م ٣ِ    ٕ٘ٛ٘ٝ ٢  ٝ      ٔ ٜ     ٚ  ِى  ٚ      ٟٗ : 6-3 ىُ



                                                    

11 

 

  غح ٔمغـ   و ٘س       ف  ٜ       ٍ ٜ   ٥ّٛ ىٛپ    ٢  ٚ  ِى  ٚ -    ٤ٚ  ٕ٘ٛ    ِٚ  ژ : 7-3 ىُ

٤ ٜ   ٢  ........................................................................................................................................................52  

 

53............................................    ِى  ٚ  ٞ ٢ ٌ   ٥      غح ٔمغـ   ٤ ٜ  ٢   ف ٚ ٘ٛن  ٥   : 8-3 ىُ   

53-54 ................................................... .   ٤ٛ  ٥ٔى ٚ ىٛپ  ِى  ٣٘ٚ     ِى  ٚ  ٞ ٢ ٌ   ٥  : 9-3 ىُ  

    غح ٔمغـ    و ٘س       ف  ٜ       ٍ ٜ   ٥ّٛ ىٛپ    ٢  ٚ  ِى  ٚ -    ٤ٚ  ٕ٘ٛ    ِٚ  ژ: 10-3 ىُ

55..........................................................................................................................  ف ٚ ٘ٛن  ٥     ٤ ٜ   ٢   

 

 56 ........................................................................................ ِى  ٚ ٞ ٢ ٌ   ٥        ٘ٛن  ٥  : 11-3 ىُ 

56..................................................................... ِى  ٚ ٞ ٢ ٌ   ٥      غح ٔمغـ ٔىق ٣  ىُ : 12-3 ىُ   

   ٤ٚ  ٥ٔى ٚ ىٛپ  ِى  ٣٘ٚ  ٘ م ٣ِ    ٕ٘ٛ٘ٝ ٢  ٝ      ٔ ٜ     ِى  ٚ  ٞ ٢ ٌ   ٥      غح : 13-3 ىُ

 57.........................................................................................................................................ٔمغـ ٔىق ٣  ىُ

  و ٘س       ف  ٜ       ٍ ٜ   ٥ّٛ ىٛپ    ٢  ٚ  ِى  ٚ  ٌ   ٥     -    ٤ٚ  ٕ٘ٛ    ِٚ  ژ: 14-3 ىُ

58................................................................................................................................ غح ٔمغـ ٔىق ٣  ىُ  

59.........................................   ٤ٚ  ٥ٔى ٚ ىٛپ  ِى  ٣٘ٚ  ٚ  ٣       ٝ ٞ ٢ و  ٣ٙ    ُ  :15-3 ىُ  

 61.............................................. ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #1ٚ.$ ٤ٍ  ي  ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 16-3 ىُ 

 62.............................................. ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #2ٚ.$ ٤ٍ  ي  ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 17-3 ىُ 

 63.............................................. ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #3ٚ.$ ٤ٍ  ي  ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 18-3 ىُ 

 64.............................................. ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #4ٚ.$ ٤ٍ  ي  ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 19-3 ىُ 



                                                    

12 

 

 65.............................................. ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #5ٚ.$ ٤ٍ  ي  ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 20-3 ىُ 

 66............................................... ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #6ٚ.$ ٤ٍ  ي  ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ : 21-3 ىُ 

 67.............................................. ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #7ٚ.$ ٤ٍ  ي  ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 22-3 ىُ 

 69.............................................. ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #1ٚ1$  ٥ٔج   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 23-3 ىُ 

 70............................................. ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #2ٚ2$  ٥ٔج    ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 24-3 ىُ 

 71............................................. ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #3ٚ3 $  ٥ٔج   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 25-3 ىُ 

 72..............................................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #4ٚ4$  ٥ٔج    ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 26-3 ىُ 

 74............................................... ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #1ٚ2$و ٤  َ  ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 27-3 ىُ 

 75...............................................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #1ٚ3$و ٤  َ   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 28-3 ىُ 

 76...............................................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #1ٚ4$و ٤  َ   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 29-3 ىُ 

 77...............................................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #1ٚ5$و ٤  َ   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 30-3 ىُ 

 78................................................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #1ٚ6$و ٤  َ   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 31-3 ىُ 

 79................................................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #1ٚ7$و ٤  َ   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 32-3 ىُ 

 80............................ ..................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #2ٚ3$و ٤  َ   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 33-3 ىُ 

 81............................ ..................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #2ٚ4$و ٤  َ   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 34-3 ىُ 

 82................................................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #2ٚ5$و ٤  َ   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 35-3 ىُ 



                                                    

13 

 

 83................................................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #2ٚ6$و ٤  َ   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 36-3 ىُ 

 84................................................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #3ٚ4 $و ٤  َ  ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 37-3 ىُ 

 85................................................ٚ ٕ٘ٛ          ٘ٛ  ٢  ٖ  #3ٚ5$و ٤  َ   ٥ٝ    ٢ ٘ ٘ٛ ِِٛٝ  : 38-3 ىُ 

 

 فُ ست ج يل َا

 

 

 68............................   ٍ٘   ْ 3     ٣       ٢ ٘ ٘ٛ ِِٛٝ ٞ ٢ و  ٣ٙ  ٤ٍ  ي     ق ؿ وٕ      3-1  َٚ 

 73..............................   ٍ٘   ْ 3     ٣       ٢ ٘ ٘ٛ ِِٛٝ ٞ ٢ و  ٣ٙ   ٥ٔچ      ق ؿ وٕ      3-2  َٚ 

 86..............................   ٍ٘   ْ 3     ٣       ٢ ٘ ٘ٛ ِِٛٝ ٞ ٢ و  ٣ٙ و ٤  َ      ق ؿ وٕ      3-2  َٚ 

 

 

 

 

 

  



                                                    

14 

 

 

 
 مقدمه

 
 ٌ   ٝ   ٜ     وٝ       ٖ ٤ٛ٘ ٣٘  ٝ ٔقٙ ٢  ٤  ٛ ٜ ٚ  غ    ٗ  ٚ ٢ ٘ ٘ٛ  ٝ ٔق٣ٙ nanous وّٕٝ ٘ ٘ٛ    ٚ ژٜ ٢

 .٣ٔ      ٥ٜٛ ٢  ٝ و  ٥ٌ ٢  ٤        ٞ   ٝ فٙٛ ٖ  ًٙ  ٙ ٢       ٞ ٢    ي ٔم٥   

  ٤           ٥    # غٛط  ٥ِٛ $ ٗ  ٚ ٢ ٘ ٘ٛ ف         ٛ ٕ٘ٙ ٢         ٥ِٛ  ٔٛ         ٞ    ٥  ٓ ٞ   ِٔٛ ٞ ٢ 

   ٤  ذ       وٙ   ٤ى ٤ٍ     ع   ٞ ٢     ٥   ق٥٥ٗ   ٜ ٚ    .ٌ   ٗ وٙ  َ           ق     ٣ٕ ٚ ِٔٛى٣ِٛ    

 .  ٘ ٥جٝ    ف  ٜ     ٛ ص  ٛق  ِق  ٜ  ٢ وٝ  ٤ٗ    ٤  ٣ٔ  ٛ ٘      ٛ  ٘  ٖ  ٞ     ٕ٘ٛ ٞ ٢ فّٓ ٘ ٘ٛ    

 ٙ    ٤ٗ ٣ٔ  ٛ ٖ ٘ ٥جٝ ٌ    وٝ  ٗ  ٚ ٢ ٘ ٘ٛ ٤ه    ٝ ف٣ّٕ   ٤  ٥٘    ّىٝ  ٤ٚى  ٢   ٤      ٕ ْ    ٝ 

 [1] .ٞ ٢ فّْٛ ٔ  ٛب ٣ٔ  ٛ 

 ٥      ِى  ٥٘ٚه    وٛچه و  ٖ و  ٖ لغق    ِى  ٤ى٣ ٚ  ٛ ٖ ٔ   ٣  ٖ ٞ  ٚ    ٤    ف    ل  ٚ   وٓ  ٖ 

 ٙ ٚ ٢  ٙ ٣ ٥ٔى ٚ ِى  ٥٘ٚه      ٥ ٖ  ٝ   ق   چٙ   ٜ ٘ ٘ٛٔ  ٢ . ٞ      ٢ٚ     ٝ ٞ ٢ ٥ٕ٘ٝ ٞ  ٢    ُ   

٘  ٤ه ٘مغٝ ٢   ٤ ٣٘  ٤ٛ   ٛ  وٝ ٘ ٌٟ ٖ  ٔ ٔٝ ٞ ٢ ٘ ٘ٛ ٙ ٚ ٢  ٝ ٌٛش   ٥  ٚ        ٤    وٝ     ى٥ٝ     ٤ٗ 

 ٙ ٚ ٢ ٘ٝ  ٟٙ  ٣ٔ  ٛ ٘  ٘مغٝ فغف٣     ِى  ٥٘ٚه     لٓ  ٘   ّىٝ     ٛ ٝ  ٝ  ٛ ص و ٔ ً   ٤  ٚ ٔٙ    ف   

ذ         ق   ٘ ٘ٛٔ  ٢  ٤ٗ  ٙ ٚ ٢ ٣ٔ  ٛ ٘    ٣ِٛ   ٥   فؾ٥ٓ       ٤ـ    ٚ    ٥ٌ       ٞ   ٘چٝ وٝ     ٝ   َ     

 .  ٝ  ٖ   ٥ ٜ  ٛ      ٤ج   ٕ٘ ٤ 

٘ ِِ٘ٛٛٝ ٞ ٢ و  ٣ٙ ٤ه        ٔٙ    ف        ٓ . ٤ى٣    ٟٔٓ   ٤ٗ     ٢  ٤ٗ  ٙ ٚ ٢ ٘ ٘ٛ ِِٛٝ ٞ ٢ و  ٣ٙ ٞ  ٙ 

  م٥م    ٘ج ْ   ٜ    .ٞ ٢ و  ٗ ٣ٔ      وٝ  ٝ  ٥ُِ ٤ٚژ٣ٌ ٞ ٢   ص  ٖ  ٝ  ٖ و  ٗ    ٣٤ٚ ٥٘  ٌف ٝ ٣ٔ  ٛ 

 ٢ٚ ٘ ِِ٘ٛٛٝ ٞ  ٘  ٖ ٣ٔ  ٞ  وٝ ٣ٔ  ٛ ٖ     ٟ٘      ٥ٔٙٝ ٞ ٢ ذ ٥ ٜ  ٘ ژ٢       ٞ ٢ ٘ ٘ٛٔى ٥٘ى٣ ٚٔٛ   ٔ وب 

 [.2ٚ3]    ف  ٜ ٕ٘ٛ 

        ٢  ٤ٗ   م٥م   ٔ   ٝ     ٣  ٚش ٞ ٢  ٥ِٛ          ٞٙ  ٣ ٚ  ٛ ص  ِى  ٤ى٣ ٘ ِِٟٟ٘ٛٛ ٢ و  ٣ٙ 

ٓ٤ ٟ      . 
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 فػل ايل

 کرتىی َای واوًلًلٍ

 

  مقذمٍ(1-1 
 

    ٢ ٚ  ِص ٞ   ٚش ٞ ٢  ٙ   ٘ ِِ٘ٛٛٝ ٔق  ٣  ٝ   س.    ٛ ٞ  ذو  ٘ ٘ٛ  ٙ ٚ ٢    ٤خچ١            ُ  ٤ٗ   

     ٣  ٝ ٥٘       ُ  ْٚ.٣ٔ ٌ        ٣    ٔف ُ  ِى  ٤ى٣ لٛ   ٝ  ٚش  ٙ   ٚ   ٜ       ٝ  ٟ٘  و     ٞ ٢ ٚ

 .ٌ    ٣ٔ ٚ    ٣       ٝ ٔخ    عٛ   ٝ ٘ ِِ٘ٛٛٝ ٞ ٢ و  ٣ٙ       

 

 واوً فىايریتاریخچٍ  (1-2

   ٥         ء  ٟ ٖ وٝ      ٛ ٜ   ٚ   ٤ٗ    ٚ     ٝ  ف م    ٛ   ٥  ٖٔٛ  ٤    ٥       ء ٚ ٛ   ٝ      ٤        

 ٔ  ٜ     ء وٛچى  ٤ٗ    ٢  ٥ ٖ   ٓ ٚ فٙ   ف         ٥ٔ      ل ُ   َ چٟ     ٞ  ٤ٛ٘ ٣٘ .      ٜ   ى٥ُ  ٤ ٢

 . ٘  و  ٜ    ف  ٜ

  ٤  ٢  ض ٢"فٙٛ ٖ      خٙ  ٣٘ ٤ه ع٣  ٥ٕٗ  ٤چ      َ  ٤ٗ    .     ٜ 1959   َ    ٘ ٘ٛ  ٙ ٚ ٢   لٝ  ٥ِٚٗ

 ٘  ٤ه  ٤ٙ ٜ ٞ ٢        وٝ    ئٝ    ٘ؾ ٤ٝ  ٤ٗ ٢ٚ .     ٔغ      ٘ ٘ٛ  ٙ ٚ ٢  ٤ ٜ  "     ٚ ٛ    ٥٤ٗ  غٛ    

     ل        وٝ             ٤ٗ  خٙ  ٣٘    ٢ٚ .و٥ٙٓ    ى  ٢ ٔ  م٥ٓ  ٛ    ٝ      ٕٟ  ٚ ِٔٛىِٟٛ  ٥ٔ ٛ ٥٘ٓ

 .      ٘ٛ      ٓ  ٝ   ٓ ٚ ِٔٛىَٛ  ٝ ِٔٛىَٛ  ٛ    ٝ     ٟ ٖ

                                                           
1
  - Richard Feyman 
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  ٤ٗ  ٚ .   ٢       ٟ٘     1974   َ     ٛو٥ٛ فّْٛ   ٘ ٍ ٜ       ٘ٛ ٤ٛ  ٤ٍٙٛچ٣  ٛ ظ      ٥ِٚٗ ٘ ٘ٛ  ٙ ٚ ٢ ٚ ژٜ

     ٔ  .    و    ٝ ٘ ٘ٛٔ  ٥ٔ             ٟ٘    ق  ٢  ّٛ  ٘س وٝ  ل٥م٣      ٞ ٢ ٚ ٔٛ         ٛ ٥     ٢    ٚ ژٜ

 .٘ ٛ  ٞ  ِٔٛىَٛ ٚ ٞ    ٓ  س ٕ٘ٛ ٖ ٤  ٔ  ٞ ٜ  ٝ ل    ٞٙٛ       ٔ ٖ   ٖ

    IBM   و      ٥ٙ٥ً ٚ  ٚٞ   ٛ ظ ٥ٔSTM   َ   1981ى ٚ ىٛپ       ؿ ٘ ٘ٛ  ف  ٝ      ٛلا   ٚج

  .ٕ٘ٛ  ٞ    ٓ ٚ ٞ  ِٔٛىَٛ  ٤ ٖ  ٝ ل       ٔ مم٥ٗ      ؿ  ٤ٗ . ٛ   ٚ ٤خ

   َ       ٌ        ٘ ٘ٛٔ  ٢ ٔم٥      ف٣ّٕ    م٥م  (STM) ٚ  ٣  ٣ّ٘ٛ ٥ٔى ٚ ىٛپ      ؿ     س

  ٔ ٖ  ٖ    وٝ و   و      و  ٗ ٞ ٢   ٓ      ٤        ٢  ژ  NECٗ   و        ٤ج٥ٓ  ٥ٔٛٛ     ٛ  1991

  و  ٣ٙ ٞ ٢ ٘ ِِ٘ٛٛٝ  ٛ   ٘ ٘ٛٔ  ٢ لغ     و  ٗ  ٙس    ٞ ٣٤ ِِٛٝ  ٛ    ٝ وٝ            ٤ٗ ٢ٚ . ٛ  ٘  ٜ  ٤ ٜ

  ٥ٔ ٘[4.] 

 

 

 کرتىی تاریخچٍ واوًلًلٍ َای ( 1-3

   َ  1991 ljima     ٜ ٍ ٤ ٔ   NEC    ٗ  ٢ و  ٗ         ٤ٛ  ٜ چٙ  ٘ ِِ٘ٛٛٝ ٞ ٢  ٥ِٚٗ ژ  ٜ ٚ  ُ       

  ١ٞ ٌ  ٤  ٥ٔ   ٥٘   ه  ٤ٛ  ٜ ٘ ِِ٘ٛٛٝ ٞ ٢ ٔ  ٞ ٜ  ق    َ  ٚ   ٚ . [5]و    ٔ  ٞ ٜ  ِى  ٤ى٣ لٛ   خ٥ّٝ

 ٘ ِِ٘ٛٛٝ ٞ  ٔى ٥٘ى٣  ٛ ص .     ٛ ٜ     ٘ ِِ٘ٛٛٝ ٞ   ٚ ٟ ٢      ٢ ٚ و   ٣٤    ٣ٕٟٔ   م٥م     ٞ  ٌذ  ٝ

 .     ٛ ٜ      ٚ ٟ ٢ ٌ   ش    ٢ ٔ  وٝ ٚ ٥٘ ٢ٚ     ٌ   ٝ ل    ٔ مم ٖ  ٛ ٝ ٔٛ   ٌ    ٜ  ٢  غٛ 

   لا ٤ ً٘ ٔ َٚ ٘ؾ٥  ٔ ٘ٙ  ٚ ٣ ٔف٥        ٢  ٛ ص  ٤ٗ    ٌذ  ٝ
٘ ِِ٘ٛٛٝ   ٤ٗ [6] ٛب   و  ٣     ى ْ ٚ 

 ٥٘ ٞ   ٛٔ     ٝ ٛ . 

٥ٕ٘ٝ  ٤ه ٤  ٚ  ّ  ٤ه  ٛ ٣  ٝ  ٖ  ٘   ٠ ٚ لغ  ٚ ٘ ِِ٘ٛٛٝ            ٣     ٔ    ٚ  ٝ  ٛ ٝ    ٘ ِِ٘ٛٛٝ ٥ٔ ٛ ٘  ٤ه

 ٥٘    ِ    ٔ   ه  ق ٢  ٥ ٤ه ٔغ ِق      ٢  ٤ ٜ  ٣ِ  ٥  ٕٟ ٢ ٘ ِِ٘ٛٛٝ ٞ  .      ّ     ٝ ٤ه ٤  ٚ   ٞ  ٢

                                                           
2
 - Scanning tunneling Microscopy 

3
 - Somio Iijima 

4
 - carbon nanotube 

5
 - multi-walled carbon nanotube  

6
 - Young’s Modulus 

7
 - Tension conductor 

8
 - Semi Conductor 

9
 - Metalloid 
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 .    ٔ ٕ و    ٜ  ِى  ٥٘ٚى٣       ٞ ٢ ٚ ٘ ِِ٘ٛٛٝ   ٣ٕ         ٢ٚ    ف٣ّٕ ي  ئٛ ٢ و  ٞ ٢ .ٞ  ٙ 

 ٚ ف٥ٛب ٔى ٥٘ ْ ٚ     ى ْ و  ٣ ٚ ٤ ً٘ ٔ َٚ   ُٔ ٔى ٥٘ى٣  ٛ ص  ٝ   ٥ ٣ٌ    ٢ ٥٘  ٌ    ٜ  ٢ وٛ  ٟ ٢

  [.7 ]    ٌ   ٝ  ٛ    ِى  ٤ى٣    ٛ ص ٘ ِِ٘ٛٛٝ ٞ   ىُ   ٥٥   ث 

 

 لًلٍ َای کرتىی واوً رضذ ريضُای(1-4

    ٖ و    ٝ ٚ   ٞٓ و  ٖ . ٚ٘   ى   ٚ  ٤ُ ٕ٘ٛ٘ٝ  ٢ٚ      ٜ ٞٓ    ٤  ٚ ٔج    ٛ    ٝ ٥ٔ ٛ ٘ٙ  ٘ ِِ٘ٛٛٝ ٞ  ١ٕٞ

 ٔم  ٤  .٥ٍ٥ٔ    ٛ     ٛ ص  ِى  ٚٔى ٥٘ى٣  ٚ و ٔ ٛ ٤ ٣ ٔٛ   ٚ  ٞ وٙٙ ٜ ٥٘ٛٔ ٛ ٞ ٢  ٥ٔٙٝ    ِِٛٝ ٘ ٘ٛ

   ٤    ٍٞٙ ٣ٔ ٘ ِِ٘ٛٛٝ ٞ    ِم٠ٛ  ٛ ٖ .٥ٔ ٚ٘  ٥ٞ  ٚژٖ  ى   ذ ٥ ٠ ٚ  ٘ ژ٢ ذ ٥ ٠  ١ٙ٥ٔ    ٘ ِِ٘ٛٛٝ ٞ      ج٣ٕ٥

   ل٣  ٥ٔٙٝ  ٤ٗ    ٔ ى        ٥  ٢  ٤ٗ ٚ ٛ     . ٛ٘  ٚوٙ  َ  ٥ٟٙٝ    ٢ ٘ ِِ٘ٛٛٝ ٞ       ٚ ٟ ٢ وٝ ٥ٔ ٛ 

٘ ِِ٘ٛٛٝ   ج٥ٓ ٚ  ٤   ٔم٥          ث ٥٘ ً      ٔ ىُ   ٥   ٘ ِِ٘ٛٛٝ ٞ    ٖٚ ف٥ب      ٚلاً : ّٕٝ    .    ٔ ٘ ٜ

 ٔ ى  ٣        ٟٔٓ   ٥   ٘ ٘ٛ ٥ٓ ٞ   ٥ِٛ     ٢ وٝ ِِٛٝ ٞ  ٘ ٘ٛ  ٟ      ث ِ  ً     ٘ ٛ ٜ      ٥ٔ     وٖٙٛ ٞ 

  ٛ ٥ح  ٟ٘  ٔٛ       ف ٥ُ  ٝ وٝ ٥ٔ ٛ     ف  ٜ ٘ ِِ٘ٛٛٝ ٞ   ٥ِٛ     ٢  ٚش  ٝ    و٣ّ عٛ   ٝ ... ,ٚ     ٕٞ  ٜ

ٜ     ٛ ٥ٔ. 

 

ٔى ٥٘ ْ     ٞٙٛ  ٔٛ ٛؿ   ث  ٛ ٜ ٚ ٕٔىٗ     .  ٚش  ىُ ٥ٌ ٢ ٚ ٛ ٛ   ٔ ٖ ٘ ٘ٛ ِِٛٝ ٞ   ل٥م ً ٔقّْٛ ٥٘  

٤ى٣    ٔى ٥٘ ْ ٞ  ٔ  ىُ     ٝ ٔ  ّٝ .    ٖ ٚ       ٥       ٤ه ٔى ٥٘ ٤ٓ     ٤ج   ٘ ٘ٛ ِِٛٝ ٞ ٢ و  ٣ٙ   ٥ُ     

    ٢ٚ  غح ذ    و   ٥ِ    ّ ٢ و    ٤ٗ  c2      ٚ ٛ  ٤ه  ٥  ٔ  ٜ    ٢  ٤ج   ٘ ِِ٘ٛٛٝ ٞ  ٚ  ّٛ ٤ٗ ٞ    .    

  س  ٤ٛ  ٜ  ٖ .           ٤ٗ و   ٥    ٝ   ٤       ف  ٤ه و  ٗ   ٝ ٥ّٔٝ  ىُ ٣ٔ ٥ٌ  .  ٥  ٔ  ٜ     ٘ج ْ ٣ٔ  ٞ 

 [. 8] ٤ٗ ٔى ٥٘ ْ ٔ  ٣ٙ   ٔ  ٞ    ٥ٔى ٚ ىٛپ  ِى  ٣٘ٚ    ٌ ٣ّ٥ ٣ٔ      .  ٝ    ٣ٔ ٌ   ٥ ٣ ٣ٔ  ٛ 

   ٤ظ  ل٥ك ٔ ٥غ٣  ٝ  ى٥ٙه ٔٛ      ف  ٜ    ٣ٍ      ٚ     ٘ج ٤ىٝ ٞ   ى٥ٙه    ٤ظ   ص  ٛ          ٍٞٙ ْ 

   ٞ   ٛ    ٝ ٘ؾ  ٥ٔ        ٘ ٘ٛ ِِٛٝ ٞ     ٢ .  ٥ ٖ ٞ  ٚش  ٝ  ٥ ٖ    ٤ظ   ص ٕٞ ٖ  ٚش  ٛ ٥ٞٓ        

                                                           
10

 - Composite Material 
11

 - Electromechanic Properties 
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    ٔٛ   ٔى ٥٘ ْ  ل٥م    ٘ ٘ٛ ِِٛٝ ٞ  2001 ٚ ٕٞى   ٘       َ   ٤ه .  ٕ ْ  ى٥ٙه ٞ ٢ ذو    ٜ ٤ى  ٖ     

 .چٙ ٤ٗ ٘ؾ ٤ٝ    ئٝ    ٘ 

٤ه ٘ؾ ٤ٝ     ٤ٗ   ض    ٛ       وٝ ذ    و   ٥ِ    ّ ٢  ٢ٚ ٌ   ٥  ٤ٚ  ٤ه  ٤  لا٤ٝ  ٤ٍ    ٛ    ٙ ٚ  ٤  

   ٕ َ ٣ٔ  ٚ  وٝ ذ    و   ٥ِ   و ٢ٚ  ىُ ٚ ٤  ٌ  ٣  ىُ    ٙ  وٝ     ٤ٗ  ٛ   ٘   . [9]ث    ل      ٘  

  ٕٟ ٢ و  ٗ     ٔ      غٛ    #   ٢ ذ    ٌ  ٣  ىُ     ٘ ٟ ٢   ٣ٙ٥٤  ٖ $.  مظ  ٢ٚ ٣ٕ٥٘    غح  ٘ج ْ ٣ٔ ٥ٌ  

 ٟ   َ    ٟ٘  . ٥      ٙ   خ    ٜ ٚ   ٥ٕ٘ٝ ٔم  ُ  مٛط و  ٜ ٚ     ع  ف ٚ  ٤  ٥ٕ٘ٝ     ٣٘  ٝ ٘ ٥ٗ ٣ٔ ٌ  ٘ 

       ٚ لّٝ ٥ٕ٘ى ٜ  ٝ ٘ ٥ٗ ٣ٕ٘ ٌ  ٘  ٚ ٥ٕٞٗ  ٔ   ٝ           ٛ ٘ٝ  ٢   ٖٚ  ٣ٟ  ٟ٘  وٝ       ٤ٗ ف ٔ  

٤          ٢  ّ   ٣ وٝ ٥ٔ ٛ ٘ٙ   قٙٛ ٖ و   ٥ِ    ى   ٚ٘  ٘ ٘ٛ ِِٛٝ ٞ . ٔ خ ٝ  ٤ٗ ٘ ٘ٛ ِِٛٝ ٞ    ٔٙج  ٥ٍٔ   

 . ع  ف ذ ٜ  ّ ٢  ٛ ٘ٝ   ٜ ٚ     ٣ٔ ٤  ٙ  ٚ ٤  ذ ٜ  ّ ٢  ٝ  ٤  لا٤ٝ ٔ  ُ ٣ٔ ٔ ٘ 

    ٚش  ٤ٍ  ذ     ّ ٢     غح وٙ ٜ   ٜ ٚ      ٘ ٘ٛ . ٣ٔ ٘ ٔٙ  base growth  ٤   extrusion ٤ٗ  ٚش    

 . ٣ٔ ٤ٌٛٙ   tip-growthِِٛٝ ٞ  ٕٞ  ٜ      ٖ  ٝ   لا   و  ٣ٔ وٙ  وٝ  ٤ٗ  ٚش    

 

 ٕ٘ ٤  ٔى ٥٘ ْ     ٘ ِِ٘ٛٛٝ ٞ ٢ و  1:٣ٙ-1 ىُ
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  -derycke 
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    ٚش  خ٥ّٝ   ِى  ٤ى٣  ٌ  .     ٘ ٘ٛ ِِٛٝ ٞ ٢  ه  ٤ٛ  ٜ ٚ ٤  چٙ   ٤ٛ  ٜ    ٣ٍ  ٝ   ٤  ذ    و   ٥ِ       

 وٝ       ٕ   ىُ C2 ِى  ٚ ٞ ٢ ٌ   ٥ ٣  ٝ و     ٝ   ٔ  ٢ٛ و   ٥ِ   ٘   ٙ  ٘ ٘ٛ ِِٛٝ چٙ   ٤ٛ  ٜ  ٢ٚ ذ    

   ٣ٔ ٤       ٘  ٝ   ٌ. 

 

 قًس الکتریکی ريش تخلیۀ (1-5

 ٥ّٞٓ    ٕ ٢ ٌ      ُ    و    ٚ  ٘  لغب  ٚ      لا   ٤ ٖ ف ٛ   ٛ ١ّ٥ و  ٗ   ٓ ٞ ٢ لٛ   خ١٥ّ  ٚش   
  

    ٘ ِِ٘ٛٛٝ  ٥ِٛ   ٟ  ٚ ٟ ٢ ف ٣ِ    ٤ى٣ ٚ ٝ و  ٜ  ٥     لٛ   خ٥ّٝ  ٚش.#2-1$ ٥ٔ ٛ٘   ىُ  خ     ٜ   ك

        ٤ظ وٙ  َ    ٥ٔ ٛ ٖ ٥٘      ٤ٛ  ٜ چٙ  ٘ ِِ٘ٛٛٝ ٞ ٢.      ٜ    ٤ُ  ه  ٤ٛ  ٜ ٘ ِِ٘ٛٛٝ ٞ ٢ ٚ ف ٣ِ و٥ف٥ 

 [.10] ٚ           ٤ ٖ ٔم    ٚ ٚ ٚ ٢ ٌ        ٚ  ٔ  ٘ؾ٥ 

    ٖٛ  ٛ ظ      ٥ِٚٗ    ٢  ٤ٛ  ٜ چٙ  ٘ ِِ٘ٛٛٝ ٞ ٢        ٥ٔ ٘  ٢ 1992     َ
  ٚش   ٤ٗ    . ٔ        

٣ٔ   ٘ج ْ   ٜ ٔٙؾٓ ٘ ٘ٛ   ٛ   5-30  لظ ٚ ٥ٔى ٖٚ 10 عَٛ    و٥ٌّٛ ْ  غح      لا و٥ف٥      خ٥ّص ٚ    

  ٥ٌ [11.] 

 ٘ ِِ٘ٛٛٝ ٞ ٢ .    ٔ   ى٣ٕ وٝ  ٥ٛ٘       ل٢ٛ  ٚ ٘  ٚ ِس ٥٘ ٚٞ ٢ ٘ٛؿ      ّب ٘ ِِ٘ٛٛٝ ٞ   ٥ٗ  ٥ٛ٘ ٞ ٢

  ٥ٗ    .     ٟ٘   ٤     ٖ و ٤   َ    وٝ   و٣ ٞ  ٙ    ف  ٣ّ٥ لٛ   خ٥ّٝ  ٚش      ٜ  ٥ِٛ  چٙ   ٤ٛ  ٜ

 .    ٔ  ٞ ٜ ل  ُ ٘ ِِ٘ٛٛٝ ٞ   ٤ٛ  ٜ  ٢ٚ     ٚٞ   ٌٛ٘ َ    ٙ  ٌٛ٘ َ   ف٥ٛب   ٛ   ٔم   ٢ ٔٛ      
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 - Arc Discharge Method 
14

 - Plasma of Helium Gas 
15

 - Ebson 
16

 - Vander Weals Force 
17

 - Pentagonal 
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 - Heptagonal 
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  ًس  ل ت      يش  خلیٍ :(2-1 )ش ل                                              

 

  

  خ٥ّص ٘ ِِ٘ٛٛٝ ٞ   ٛ ٥ّٝ .٣ٔ  ٛ٘    ى٥ُ    ٣ّ ٞ  ٖٚ    ىُ ٌ   ٥  چٙ ٌ ٘ٝ     لا٤ٝ ٞ ٢  ٚش    ٤ٗ

        ٢. [12]٣ٔ ٥ٌ     ٛ    ٌ   ٥  ذ     و ٥   ٖ ٚ  و ٥  ٖ ٔ ٥ظ    ٤   ٝ     ٔٛ      ٖ      

 ه  ٘ ِِ٘ٛٛٝ ٞ ٢  ٥ِٛ  ٔٛ م٥ ٟ     ٥ِٚٗ .    و   ٥ِ ٚ ٢  ّ   ٝ ٥٘   لٛ   خ٥ّٝ  ٚش     ه  ٤ٛ  ٜ ٘ ِِ٘ٛٛٝ ٞ ٢

 و  ِ  و   ٥ِ ٚ         ٢   ُٔ  ٘ و  ٣ٙ ٤ه     ٟ٘  . ٔ       ٕٞى   ٘  ٚ    ٖٛ  ٛ ظ 1993   َ     ٤ٛ  ٜ

 [. 13]    ٔ  ٞ ٜ  ه  ٤ٛ  ٜ ٘ ِِ٘ٛٛٝ ٔم   ٢    ٚ ٜ    ُ ٔٛ      وٝ  ٛ ٘  و  ٜ    ف  ٜ  خ٥ّٝ   ٔ ٤    

 

 SWNTساخت واوً لًلٍ َای تک دیًارٌ  (1-5-1

 ٤   Fe   Co   Ni   Y ٌ   خٛ ٥ٞٓ ٘ ٘ٛ ِِٛٝ  ه  ٤ٛ  ٜ     ٝ    ٥ٓ  ٣ٔ   ٤  ٣  ٘    ٢ٚ و   ٥ِ    ّ ٢ ٕٞچٖٛ 

Mo       .  ّ ل    ٌ   ٝ  ٘  ٚ  [13]فٙ    ٔ ق   ٚ ٤    و٥ب ٞ ٢ ٔ ق  ٢    فٙ     ٛ ظ       ٔخ       ٛٔ

 ٤ٗ  ٣ّ٥ ٞٓ فج٥ب .  ٛ      ف  ٜ    فٙ    ٤ى  ٖ ٘  ٤ج و ٔ ً ٔ ف ٚ ٣  ٝ      ٔ ٜ  حت     ٔ  ٞ ٜ   ٜ وٝ
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 - Polyhedron 
20

 - Beton 


