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Á dÌ¨Ì¯  ÊnÀ�  ÉZÅ Ä£|£{ �Y Ê°Ë É��ÁZ�¯ cÓÂ�v»  ¥��» Á cY�{Z� �{ ºÆ»  dÌ¨Ì¯ �nÀ�Á ¹Zn¿Y.|�Z] Ê»

  Z]  Ä¿Z´nÀa �YÂu ®¼¯  ½{Â]  ¾¼ËY ÉY�]  ½Z³|ÀÀ¯ ¥��» Ä]  ½ZÀÌ¼�Y ÉY�].|�Z]  Ê»  �] ½Z»� Á {ZË� ÄÀË�Å ÉY�Y{
  .d�Y �ZÌ¿ [�z» �Ì£ Á {Z¼f�Y ¶]Z« , �Ë�� , ¾¼ËY �Ìz�e �Á� ®Ë Ä] , ÊËY~£ cÓÂ�v» ¥��»kYÂ»Y  THz  Ä¯

�« ½Á{Z» Á ÂËÁÁ�°ËZ» cZÌ�Â�y ÉY�Y{ Á É��ÁZ�¯ �{ Ã{Z¨f�Y {�Â» ZÅ É|À] Äf�] �Y É�ZÌ�] �{ |¿YÂe Ê» , d�Y �»
 ÉZÆ·Z�  �{  É�ÁM  ¾§  ÉZÅ  d§��Ìa  Ä]  ÄmÂe  Z]  .|À¯  ½ZËZ¼¿  Y�  µÂ�v»  ¦ �  �Z¬¿Á  Ã{�¯  }Â¨¿   ÊËY~£  �ËZÀ�

Ê¨Ì�  É�Y{�]�ËÂ�e   �Y  Ã{Z¨f�Y  ¾ÌÀr¼Å  Á  kYÂ»Y  �Z° ¿Y  Á  [~m  dÌ¸]Z«  �Y  Ã{Z¨f�Y�ÌyY THz Ìz�e  d���� 
 Ë~a ½Z°»Y ÊËY~£ {YÂ» �{ Ê�·ZyZ¿É�Y{�]�ËÂ�e Ä¯ d�Y Ã|� Ã{Y{ ½Z�¿ , �ÌyY ÉZÆ·Z� �{ .d�Y Ã|� � THz  Ä]

ÊnÀ� ¦Ì� .d�Y �Y{�Ây�] ÊËÓZ] ¶Ì�¿Zfa �Y ÊËY~£ {YÂ» Ê���Z] ÉY�] �ÂÆ� µZu �{ [�z» �Ì£ É�Y�]Y ½YÂÀ� 
THz Ê» Ê¿ZËZ� ®¼¯ ÊËY~£ cÓÂ�v» Ê¼¯ Á Ê¨Ì¯ ��¿ �Y  |¿YÂe  ] Ä   �´Ë{ �Y .|Å{ ¹Zn¿Y dÌ¨Ì¯ µ�fÀ¯ Á Ê���Z]

É�ÁZÀ§ ÉZÅ{�]�Z¯ THz   .{�¯ Ã�Z�Y Ê¼�  cZ^Ì¯�e �Ìz�e Ä] ½YÂe Ê» ÊËY~£ �ËZÀ� �{ Á cÂ« �Z¬¿ Ä·Z¬» ¾ËY �{
.{�Ì´Ì» �Y�« hv] {�Â» É�ÁZÀ§ ¾ËY ÉZ¼¿�Á{ Ä] ÊÅZ´¿ Z] �Á� ¾ËY ¦ �  

  
:É|Ì¸¯ cZ¼¸¯kYÂ»Y THz  �Ì£ ÉZÅ ½Â»�M,¦Ì�,ÊnÀ� dÌ¨Ì¯,[�z» ÊnÀ�   
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 �e�ÅY�e kYÂ»Y �Y Ã{Z¨f�Y ½Z°»Y Ê���]  
  ÊËY~£ �ËZÀ� Á É��ÁZ�¯ cÓÂ�v» ÊnÀ� dÌ¨Ì¯ �{ 

  
1 - Ä»|¬»  
  kYÂ»Y  1THz     �¿Z¯�§ Ã{Á|v» Ä] ÓÂ¼ » ,0.1  THz    Ê·Y10  THz     Z] �]Y�] Ä¯  ZÆmÂ» µÂ�É 0.1Ze 1mm    ©Ô�Y  

 ZÅ{�]�Z¯  Ä��YÁ  Ä]  ,{Â�Ì»É  Â�e  �Ì�¿  ½YÁY�§ Ë�Y{�]�É  ÊnÀ�  ¦Ì�  Á )1(�ÁZÀ§  Á  dÌÀ»Y  ,É   cZ�Ô�Y   cZÆmÂe
�ZÌ�]É    .d�Y ÄfyZ� ¥Â� » {Ây Ä] Y�  ¦Ì�THz   {�Y{ �Y�« ÂËÁÁ�°ËZ» Á �»�« ½Á{Z» ÄÌuZe ¾Ì].¶°�    Ã�Z¼�1   ½Z�¿

Ê�Ì�ZÀ¤»Á�f°·Y ¦Ì� ÄÌuZ¿ Ã|ÀÅ{ THz  ÊuYÂ¿ ¾Ì] Ä¯ ,d�YZ» Á �»�« ½Á{Z» ËÁÁ�° ËÂ  �Y�«  {�Y{ .  

  
 

¶°�1kYÂ»Y É�Ì³ �Y�« ÄÌuZ¿ �ËZ¼¿:  THz )2(  

1-2 kYÂ»Y |Ì·Âe �Á�THZ 

 
1 Terahertz 
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 �]Ze |Ì·Âe ÉY�] Ã|¼� �Á� Ä� Ê¸¯ c�Â� Ä]THz �Z^� Ä¯ ,{�Y{ {ÂmÁ|Àe �Y  

¦·Y-  ÉZÆ�Á�   Ê°ÌfaY  
[- Ê»Âf¿YÂ¯ É�Z�]M ÉZÅ��Ì· Ä¸Ì�Á Ä] �e�ÅY�e �]Ze |Ì·Âe  
_- |»Zm Ê°Ì¿Á�f°·Y cZ �« Ä¸Ì�Á Ä] �e�ÅY�e �]Ze |Ì·Âe.  

 Ã�Z¼� µÁ|m �{1 |Ì·Âe �Á�THz )d�Y Ã|� ½ZÌ] Ã{Z¨ff�Y ¶]Z« ÄÀ»Y{ Á ��Âf» ½YÂe Z]3.(  
  

 Ã�Z¼� µÁ|m1 ¶]Z« ÄÀ»Y{Á ½YÂe, |Ì·Âe �^À» �ËZ¼¿:)Ã{Z¨f�Y3(  

 �^À»   |Ì·Âe �Á� �YÂ¿Y   ��Âf» ½YÂe  
  ¶]Z« ÄÀ»Y{

Ã{Z¨f�Y  
 ÊmÁ�y �Â¿  

��Ì·  

Quantum cascade 
laser  mW  2 -10 THz  CW or Pulsed  

P-type germanium 
laser  

laser Few tens 
of a mW up to 

10 W  
1 -4 THz  CW  

Silicon-based laser  µW  0.5 -5  THz  Pulsed  

Free electron lase Tens of watts 
to 200 W  1.25 -2.5 THz  Pulsed  

µZ°ÌfaY  
Photoconductive 

switch  
W  

mW  
100 GHz Á 1.0 

THz  
Pulsed  

Optical rectification  µW  0.8 Thz  Pulsed  

®Ì¿Á�f°·Y  

Backward-wave 
oscillator  mW   -0.9 Ze -  1.1 

THz  
CW/Pulsed  

Gunn diode  0.1-1 mW  1 THz  CW  
Resonant tunneling 

diode 60 µW  2.3 THz  CW/Pulsed  

Direct multiplied 
sources 

200-500 mW  0.1 -0.3 THz  
Pulsed, CW  

>0.5 mW  1.5 THz  

  
      

1-3�e�ÅY�e kYÂ»Y ÉZÅ Ê³�ËÁ  
  kYÂ»Y ÉZÆÌ³�ËÁTHz  ,  ½Y�Ì¿ÂË�Ì£ �]Ze ®Ë ´¿ h�Z] Á d�Y  dÆm ÉZÅ Ê¿Y�½|¿Z�� \Ì�M  Ê¼¿  {Â�)4(   ¾ÌÀr¼Å

d�Y  \Ì�M  {ZnËY  ½Á|]  Ê·M  {YÂ»  �Y  É�ZÌ�]  �{  ªÌ¼�  }Â¨¿  Ä]  �{Z«.   ÃZeÂ¯ �·ZaTHz  Ê»  Á  cZ�ÂÀ�»  �Y  |¿YÂe
  ~£Z¯ Ä¸¼m �Y cZmÂ�À»)5 ( kYÂ»Y ÉÂ« [}Zm ,É�¸§ {YÂ» Á [M |À¯ �Â^� lËY� É|À] Äf�] {YÂ» Á �Z^· ,¾e�Z¯ Á

THz  |Àf�Å.   kYÂ»Y É��¿YTHz  Y Y� Ã|¿� ÉZÆf§Z] ½{�¯ Ã�Ì¿ÂË ��y ¾ËY�]ZÀ] d�Y �f¼¯ �ZÌ�] �°ËY kYÂ»Y É��¿Y �
  ÊW�»Z¿ kYÂ»Y d¨³ ½YÂfÌ» .{�Y|¿THz  ��� Ê] ¾Ì�¿ZmÄ �Y  d�Y �°ËY.   ÃZeÂ¯ kÂ» µÂ�THz   Zf^�¿ ÊËZ�§ sÂ�Á

Ê»  ÄËY�Y  ÂËÁÁ�°ËZ»  kYÂ»Y  �Y  É�fÆ] |Å{.   Âe�aTHz  ]  ½Z���  \�ZÀ»  �Z�  �Z°�M  ®Ë  ½YÂÀ�  Ä] �Ìz�e  ÊËZ¿YÂe  Z
 {�Ì´Ì»  �Y�«  Ã{Z¨f�Y  {�Â»  �Â»Âe  ¶°�  Á  ª¼� tÌv�  Á  ªÌ«{)6.( ºf�Ì�  ®Ë ½YÂfÌ»  ÄÌ¿ZiÂf¼§  ��Ì·  ®Ë  �Y  Ã{Z¨f�Y

  Ê¿Z»� Ã�Âu ÊnÀ� ¦Ì�(THz –TDS)   ÉZÆ�·Za É�Z��Z°�M Á |Ì·Âe dÆmTHz   {Â¼¿ É�Y|¿Y ÃY� Á ÊuY�� Y�.   �{
Ê» Äf§Z°� �z] Á{ Ä] Ê°ÌfaY Ä°Ë�Z] ºf�Ì� ¾ËY Á Ã{�¯ {�Ây�] Ã|À¸Ì�³ Z] Ê°ÌfaY `¼a �·Za ½YÂÀ� dve Ê°Ë ,{Â�

  �·ZaTHz   Ê»  |Ì·ÂeÀ¯)|7.(   ¶°�  Ã�Z¼�2  �e  Ê¿Z»�  Ã�Âu  ÊnÀ�  ¦Ì�  ºf�Ì�  ®ÌeZ¼�)TDS-THZ( �Y  Ã{Z¨f�Y
  kYÂ»YTHz   , c�Â� Á{ Ä]    ÊnÀ� ¦Ì�c�Â� Ä]  Ê�Z° ¿Y Á É�Â^�  Ê» ¹Zn¿Y  {{�³Á Ä¿Â¼¿ dÌÅZ» Ä] Äf�] . �ËZ»�M

�ZÌ¿ {�Â» �]�Z¯ Á  Ê» �Z°] [�z»�Ì£ ½Â»�M ¹Zn¿Y �{ ÊnÀ� ¦Ì� ºf�Ì� �Â¿ Á{ ¾ËY �Y Ê°Ë  .{Á�  kYÂ»YTHz   ��Âe
Ê» �° À» ¶»Z¯ c�Â�] Z¿Z�� {YÂ» Á cY�¸§ [�z»�Ì£ ½Â»�M �Y Êf�ËZ] {YÂ» Ä¿Â´ÀËY [ÂÌ� �Ìz�e ÉY�] Ä¯ {Â�
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  ¾ËY ¾ÌÀr¼Å .{Â� Ã{Z¨f�Y Ê�Z° ¿Y ÃÂÌ� Ä] �e�ÅY�eÊ» [~m ¶»Z¯ c�Â�] Ê^�« {YÂ» Á [M ��Âe kYÂ»Y Ä¯ {Â�

Ì�]  d«{  Z]  sÂ��  ��Âa  Ê¨Ì¯  µ�fÀ¯  ÉY�]  dÌ�Zy  ¾ËY  �YÓZ]�Z  Ê»  Ã{Z¨f�Y   {Â�    ,  ÃÂ¬·Z]  ÉZÅ{�]�Z¯  {ÂmÁ  Z]
É�ÁZÀ§ THz  .{�] ¹Z¿ ½YÂe Ê» Y� Ê³|À¯Y�a �iY Á º¯ }Â¨¿ Ä¸¼m �Y ÊËZÅ dË{Á|v» ÉY�Y{)8( .  

 
 

 Ã�Z¼� ¶°�2:Ê¿Z»� Ã�Âu ÊnÀ� ¦Ì� ºf�Ì� ®ÌeZ¼�) (THz –TDS �ËÁZ�e ÃY�¼Å Ä] Á ½M cY�ÌÆne)9(  

  
ÉZÅ  �ÅÁ�a    kYÂ»Y  �Y Ã{Z¨f�Y  Z]  ZÌ¿{  �{ É{| f»THz    µZ� �{  ½Y�Z°¼Å Á ®Ë�|§ ¥Y ½Zm.d�Y Ã|Ë{�³ ¹Zn¿Y

2005    kYÂ»Y �Y Ã{Z¨f�YTHz  f¿ ¾ËY Ä] ZÆ¿M.|¿Y Ã{Y{�Y�« Ê���] {�Â» ÊfÌÀ»Y ¶WZ�» �{ Y�  �Y ½YÂe Ê» Ä¯ |¿|Ì�� ÄnÌ
  kYÂ»YTHz  ){�¯ Ã{Z¨f�Y �|z» {YÂ»Á sÔ�,Ã�n¨À» {YÂ» ÊËZ�ZÀ� dÆm9  µZ� �{.(2020    �Y Ã{Z¨f�Y Z] ½Y�´�ÅÁ�a
  kYÂ»YTHz    Ê���]  Ä] ¹Y|«Y  ÉZÅ�ZfyZ� Ä¯ |Å{ Ê» ½Z�¿ lËZf¿,  |¿Y Ã{�¯ d¨¿ ¶Ì� ¾]�¯Á�|ÌÅ {�°¸¼� Ê]ZË��Y

  Ä¿  d¨¿  ZÅ  ½�Á�¯  �{  {ÂmÂ»  ¾]�¯[~m  Ê¸�Y  �^À»  Ä°¸]  |Àf�Å  Êf¨¿  ÉZÅ  ¶Ì�  �{  ÊËZ¿Z��  Ã{Z»  ZÆÀe THz  �Ì¿
  , d¨¿ ¶Ì� �{ Ê·M ÉYÂfv» ¦Ì�Âe ÉY�] Ê�Z¼e �Ì£ ÉY Ä¸Ì�Á ½YÂÀ� Ä] Ä¯.|Àf�ÅRTA    Ã{Z¨f�Y É�Z� ÄÀÌÆ] ÉY�]

|�Z]  Ê»  |Ì¨»  ¥�Z f»�Ì£  �^À»  ¾ËY  �Y  �»Zm  )10.(     kYÂ»Y  Ã{Z¨f�Y  Ê���]   Ä ·Z�»  ¾ËY  �Y  ¥|ÅTHz   �ËZÀ�  �{
 �Y Ã{Z¨f�Y Z] [�z» �Ì£ �Á� �Y Ã{Z¨f�Y ½YÂf] Ä¯ |�Z] Ê» É��ÁZ�¯THz    {Y{ Ä �Âe Äf�]YÁ �ËZÀ�Á É��ÁZ�¯ �{ Y�

 .{�¯ Ä��� Ã|ÀÀ¯ ¥��» Ä] ÊfÌ¨Ì¯ Z] cÓÂ�v» Ze  
2-�e�ÅY�e kYÂ»Y Z] É��ÁZ�¯ �z] �{ Ã|� ¹Zn¿Y cZ ·Z�»  

 Äf§�³ ¹Zn¿Y Ã|ÀÀ¯ ¥��» ÊÀ¼ËY �ËY�§Y Á ÊnÀ� dÌ¨Ì¯ �{ �e�ÅY�e kYÂ»Y ½{�]�Z¯ Ä] dÆm É{| f» cZ ·Z�»
 .{�¯ Ã�Z�Y ½M Ä] ½YÂe Ê» ¶Ë} �{ Ä¯ d�Y  

2-1 É��ÁZ�¯ cÓÂ�v» Ê¿Á�{ Á Ê¿Á�Ì] dÌ¨Ì¯ Ê]ZË��Y  
  kYÂ»Y  �Y  Ã{Z¨f�Y  Z]THz   Ã|�  Äf§�³  �Y�«  Ä ·Z�»  {�Â»  µÂ�v»  Ê¿Á�{  dÌ¨Ì¯  Á  Êv��  dÌ¨Ì¯  c�Â�Á{  Ä]

  µÂ�v»  d�Âa  �Ë�  Ê³|ÌÆ·  Á  Ê³|Ì�Âa  Á  Êv��  Ê³|ÌÆ·  ½Âr¼Å  Êv��  Ê¨Ì¯  cÓÂ�v»  Ê]ZË��Y  �{.d�Y
  kYÂ»Y �Y Ã{Z¨f�Y Z].d�Y Ã|� Ê���]THz   Á Ã|Ë{ \Ì�M ÉZÅ d¼�«  ��Âe kYÂ»Y ¾ËY [~m ½Y�Ì»  �nÀ� Z]  Á

° ¿Y  |��{ �Ìz�e  d�Ì¿  dÌWÁ�  ¶]Z«  º�q Ä]  Ä¯ Y�  µÂ�v» d�Âa �Ë�  Á  Êv�� \Ì�M ½YÂe  Ê»  kÂ»  ¾ËY  �Z
  kYÂ»Y �Z° ¿Y Z] Êv�� Ê³|ÌÆ· ,Ê£Z] �Â�z] É��ÁZ�¯ cÓÂ�v»�{.{Y{THz   Ê» µÂ�v» º·Z� ÉZÅ d¼�« �Y

  Ã�Z¼� ¶°� �{ Ä¯ {Y{ �Ìz�e ½YÂe3  �§ ÄmÂ³ ÉÁ��] Ã|� ¹Zn¿Y Ä ·Z�» Z].{Â� Ê» Ã{Y{ ½Z�¿  �Z° ¿Y|��{ Ê´¿
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  kYÂ»YTHz  d¼�« �Y �f�Ì] Ê´¿�§ ÄmÂ³ º·Z� d¼�« �{ Ê³|� Ä· Á Ê³|Ì�Âa d¼�« �{.|�Z] Ê» Ê³|� Ä· ÉZÅ

  Ã�Z¼� ¶°� �{ Ä¯ Êv�� �Ë�4    d¼�« �{ kYÂ»Y �Z° ¿Y Ê³|Ì�Âa �iY �{ �Z³ {ÂmÁ ¶Ì·{ Ä] {Â� Ê» Ã{Y{ ½Z�¿
)|�Z] Ê» º·Z� d¼�« �Y  �f�Ì]  Êv�� �Ë� Ê³|Ì�Âa11Ä¯ (  )  Ã�Z¼� ¶°� �{5)Ã�Z¼� ¶°�Á (6 Ê» Ã{Y{  �ËZ¼¿  (

   .{Â�  

    
 

 Ã�Z¼� ¶°�3  {Y|�Y Z] Êv�� Ê³|ÌÆ· �Z¬¿ �ËZ¼¿3  Á4)11 (  
 

 Ã�Z¼� ¶°�4 Z] Ä¯ Ê´¿�§ ÄmÂ³ Äf�Âa �Ë� Ê³|Ì�Âa t��:A   �ËZ¼¿
.d�Y Ã|� Ã{Y{)11( 

 

Ã�Z¼� ¶°� 5 kÂ» �Z° ¿Y |��{ �ËZ¼¿:THz �f�Ì] º·Z� �Z¬¿)15  
) (|¿�Y{ �Z° ¿Y |��{11 (  

 Ã�Z¼� ¶°�6 kÂ» �Z° ¿Y ½Y�Ì» �ËZ¼¿:THz  ÄmÂ³ Êv�� �Ë� Ê³|Ì�Âa �{
 {Á|u º·Z� t��)Ê´¿�§10  {Á|u Ã|Ì�Âa t�� Á |��{14   �Z° ¿Y |��{

)({�Y{11 (  

  
Ì» Ê���]  (Ê´¿�§  ÄmÂ³)  µÂ�v» Ê¿Á�{ dÌ¨Ì¯ �nÀ� �{  kYÂ»Y �Y Ã{Z¨f�Y Z]  Y�  µÂ�v» |À«  ½Y�THz    �Á� Á

BRIX   |À« ÉY�Y{ Ä¯ Ê·Â�v» Ä¯ d�Y Ã{Â] c�Â� ¾ËY Ä] ÄnÌf¿ Ä¯ d�Y Ã|� Ã{Y{ �Y�« Ê���] {�Â» µÂ�v»
  kYÂ»Y �Z° ¿Y |�Z] Ê» É�f�Ì]THz   dÌ¨Ì¯ µÂ�v» |À« |��{ �Y Ã{Z¨f�Y Z] ½YÂe Ê» �Á� ¾ËY Z] Ä¯ {�Y{ É�f¼¯

  Ã�Z¼� ¶°� �{ . {�¯ ÊnÀ�7  ,k   �ËY�§Y Á |À« ½Y�Ì» �ËY�§Y Z]  Ä¯ |�Z] Ê» �e�ÅY�e kYÂ»Y Ê]Ze�Z] �Y�¬¿Y \Ë��
  \Ë��k     Ê¿Á�{  dÌ¨Ì¯  Á  µÂ�v»  |À«  |��{  �Ìz�e  dÌ¸]Z«  ÄnÌf¿  �{  Äf§�  ÓZ]  kYÂ»Y  [~m  ½Y�Ì» µÂ�v»

Ê»Y�).{�¯ �nÀ� ½YÂe11 (  
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 Ã�Z¼� ¶°�7 kÂ» �Z° ¿Y |��{ Ä�]Y� ÊÀvÀ»:THz �Y�¬¿Y \Ë��ÁK)11 ( 

  
2-2 É��ÁZ�¯ cÓÂ�v»�{ ¹Â¼� Ê¨Ì¯ Á Ê¼¯ ÊËZ�ZÀ�.  

 cÓÂ�v» �{ ¹Â¼� ÊËZ�ZÀ� dÆm \�ZÀ» �ZÌ�] dÌ¸]Z« �Z° ¿Y Á ½|� [~m dÌ¸]Z« ¶Ì·{ Ä] �e�ÅY�e kYÂ»Y Ã{Z¨f�Y
 {�Y{ Y� .  
2-2-1)¾§Á�fÌ¿ ¹Â¼� ÊËZ�ZÀ�.Nitrofen)|Ë�aÂ¸¯ZÌe, (Thiacloprid)|Ë�a Ê»Zf�Y Á (Acetamipyrid(  

  kYÂ»Y  �Y  Ã{Z¨f�Y  Z]THz   �Ìz�e  �{.{�Y{  �Ìz�e  Y�  É��ÁZ�¯  cÓÂ�v»  �{  {ÂmÂ»  º�  ½YÂe  Ê»
)¾§Á�fÌ¿Nitrofen)|Ë�aÂ¸¯ZÌe,  (Thiacloprid)|Ë�a  Ê»Zf�Y  Á  (AcetamipyridY  �Y  ½YÂe  Ê»  (  kYÂ»THz   Ã{Z¨f�Y

 Á |Ë�aÂ¸¯Z°Ìe.{�Ì³ Ê» �Y�« Ã{Z¨f�Y {�Â» ��Å ÉZÅ ¦¸� Z] Ã��Z^» �{ Ä¯ d�Å �¯ ¦¸� º� �Â¿ ®Ë ¾§Á�fÌ¿.{�¯
Ê¿Z»� ÄÀ»Y{  ÊnÀ�  ¦Ì� �Y  ½YÂe Ê» Ã|�  �¯}  ¹Â¼�  �Ìz�e�{.|�Z]  Ê» cZ§M  �§{  ¹Â¼� |Ë�a  Ê»Zf�Y (THz-

TDS) ÂÀ� Ä] , ½M {�§ Ä] ��vÀ» ÉZÆÌ³�ËÁ ¶Ì·{ Ä] cZ^Ì¯�e ¶Ì¸ve Á ÄË�ne Á ÊËZ�ZÀ� ÉY�] ��f�{ �{ É�Y�]Y ½Y
¦Ì� .d�Y Äf§�³ �Y�« Ã{Z¨f�Y {�Â» THz  |Ë�aÂ¸¯ZÌe) �´Ë{ cZ§M �§{ ¹Â¼� Á{ Ä�ËZ¬» Á |� Ã{Y{ �Ìz�e ¾§Á�fÌ¿

  kYÂ»Y �Y Ã{Z¨f�Y Z]  �¯ d§M {�§ Ä] ��vÀ» cZ�z�» ½{Y{ ½Z�¿ ÉY�] (|ÌË�Ìa Ê»Zf�Y ÁTHz    ÄWY�Y.|�   �{ Ä ·Z�»
¦Ì� ,  Ã|�  ¹Zn¿Y     Ê�Z° ¿YTHz   Á  |Ë�aÂ¸¯ZÌe)  �´Ë{  Ã{Z»  Á{  Z]  Ä�ËZ¬»  �{  �ËZ¼f»  ÉZÅ  Ê³�ËÁ ÉY�Y{  Á  ¾§Á�fÌ¿

(|ÌË�Ìa Ê»Zf�Y [~m (®Ìa) Ä¸« Ä� Ä¸¼m �Y ,  {�Y{ 0.48    ,0.98   Á1.33   kYÂ»YTHz  Ã�Z¼� ¶°� �{ Ä¯ |�Z] Ê»8 
  d¼�«C  ¾§Á�fÌ¿  Ä]  �Â]�»   ¶°�  .{Â�  Ê»  Ã{Y{  ½Z�¿  ÉZÅa  Á b   |Ë�aÂ¸¯ZÌe  ¹Â¼�  Ä]  �Â]�»  \Ìe�e  Ä]

)Thiacloprid)  |Ë�a  Ê»Zf�Y  Á(Acetamipyrid  [~m Ä¸«  ®Ë  Á  Ä¸«  Á{  ÉY�Y{  Ä¯  (THz   ¦Ì� ¾ËY�]ZÀ]  .|¿�Y{  Y�
ÊnÀ�  THz Â» �Á� ®Ë )d�Y Ê¼� {YÂ» ÊËZ�ZÀ� ÉY�] �i12(.  

  

1534



National Congress on Biosystems Engineering and Agricultural Mechanization th13 
Tehran, 15-17 September 2021 

 

  
Ã�Z¼� ¶°�8�ËZ¼¿ : ) Ä¸«  ®Ìa(  kYÂ»Y �iY �{ Y� ¹Â¼� ¦¸fz» ÉZÅTHz )12 (  

  
 
  

2-2-2) ¾Ì�¯ÂeÔ§M º� �Ìz�e.Aflatoxin  �e�ÅY�e ÊnÀ� ¦Ì� �Y Ã{Z¨f�Y Z] ZËÂ� ¾£Á� �{ (  
 ¾Ì�¯ÂeÔ§M ��Âe 0Z^·Z£ ZËÂ� ¾£Á� B1 (AFB1) |�Z] Ê» Y� ½Z��� Ã{Z» ½YÂÀ� Ä] Ä¯ {Â� Ê» Ã{Â·M  ¾ÌÌ e ½Z°»Y.

 �Ë�� AFB1   ¾£Á�  �{d�Y  Äf§�³  �Y�«  Ê���]  {�Â»  �e�ÅY�e  ÊnÀ�  ¦Ì�  Z]  ZËÂ�.    Ä¿Â¼¿  ��  Ê���]  ¾ËY  �{
Z]  ZËÂ� ¾£Á�  ¦¸fz» AFB1   ÉZÅ d�¸£ �{0    Ze20  )  ¹�³Â¸Ì¯ �]  ¹�³Á�°Ì»0    ,1    ,2    ,5    ,10    ,20   /  ¹�³Á�°Ì»

 {ÂmÂ» {�Y|¿Zf�Y µÂ¸v» �Y \�ZÀ» �Y|¬» ½{Á�§Y Z] (¹�³Â¸Ì¯ AFB1 Â» �·Zy ZËÂ� ¾£Á� Ä] Äf§�³ �Y�« Ê���] {�
  kYÂ»Y  �Z° ¿Y  Á  [~m  Ã|�Z«�Y  Ã{Z¨f�Y  Z]  .  d�YTHz   ZËÂ� ¾£Á��{ Y�  ¾Ì�¯ÂeÔ§M  º�  (d�¸£)|��{ ½YÂe  Ê»

  Ã�Z¼� ¶°� �{.{Y{ �Ìz�e9    d�¸£ ½Y�Ì» ¦¸fz» ÉZÅ º� |��{ Z] ¦¸fz» ÉZÅ (®Ìa )Ä¸«�Y Ã{Z¨f�Y Z] ½YÂe Ê»
){Y{ �Ìz�e Y� ZËÂ� ¾£Á� �{ º�13  .(  

  
 Ã�Z¼� ¶°�9 Ä¸« �ËZ¼¿:) ¦¸fz» ÉZÅ d�¸£ Z] ¾Ì�¯ÂeÔ§M º� ÉZÅ (®Ìa)13(  

  
2-3-   ÊËY~£ {YÂ» �{ d]Â�� �nÀ�  
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  �Y Ã{Z¨f�Y (�¨ËÁ)½Z¿ cZ �« �{THz  d]Â�� ½Y�Ì» É�Ì³ Ã�Y|¿Y ÉY�] Ê¼mZÆe�Ì£ Á Ê¼¯ �Á� ®Ë    �Y �f¼¯ Ê¿�Á

25  d�Y  Ã|�  ÄWY�Y  Ê��Y�³  |»Zm  ÊËY~£  {YÂ»  ÉZÅ�¨ËÁ   ÉÁ�  �]  Ã|�  ¹Zn¿Y  Ê���]  .|�Z]  Ê»  Ê¿�Á  |��{.  �{
�]Ze �Á� �Y d]Â�� ½Y�Ì» �nÀ� THz .d�Y Ã|� Ã{Z¨f�Y   ÉÓZ] ÉZÆ�¿Z¯�§THz   {ÂmÂ» ~§ZÀ» Ã�Y|¿Y  ¶Ì·{ Ä]

|¿�Ì³  Ê»  �Y�«  Ê³|À¯Y�a  �ÌiPe  dve  �¨ËÁ  �{. zf¿Y  [~m ,  [M  ��Âe  Ê�Ì�ZÀ¤»Á�f°·Y  ¦Ì�  �Y  d¼�«  ¾ËY  Ê]Z
  �Á� ®Ë ÉY�] Y� Ê¸Ì�¿ZfaÊ¼mZÆe�Ì£THz  |Å{ Ê» ½Z�¿ ªÌ«{ �ZÌ�] Y� �ËZ»�M Á {ZnËY.   kYÂ»Y �Y Ê���] ¾ËY �{

THz  Ã�Z¼�  ¶°��{  Ä¯{Â�  Ê»  Ã{Z¨f�Y  �m�»  ½YÂÀ�  Ä]  {�Y|¿Zf�Y  d]Â��  |��{  Z]  Ä¯� Ë̈Á  Ê·Â¼ »  Ä¿Â¼¿  Z]10 
  kYÂ»Y �Â^� Z].{Â� Ê» Ã{Y{  �ËZ¼¿THz  �¨ËÁ �Y [~m ½Y�Ì» Á ½Z¿  cZ �«  ¦¸fz» d]Â�� |��{ Z]  ¦¸fz»  ÉZÅ

  kYÂ»YTHz  � �{ .{Y{ �Ìz�e É|À] Äf�] cÓÂ�v» �{ Y� d]Â�� |��{ ½YÂe Ê»  Ã�Z¼� ¶°10 ÊÀvÀ»  �Â]�» ÉZÅ
 [~m  �Y|¬»  {�Y{  É�f�Ì]  d]Â��  Ê¿�Á  |��{ Ä¯ ÉY  Ä¿Â¼¿.d�Y Ã|�  �z�» ½Z¿  �{  {ÂmÂ» d]Â�� |��{ Ä]

){�Y{ Y� É�f�Ì] �e�ÅY�e kYÂ»Y14 .(  

  
Ã�Z¼� ¶°�10 �Zf§� �ËZ¼¿:THz )�¨ËÁ �{ {ÂmÂ» d]Â�� Z] {�Ây�] �{14 (  

  
2-4 {YÂ» �Ìz�e. ÊËY~£ cÓÂ�v» �{ (cY�¸§)Êm�Zy  

  É�Á�� ÊËY~£ {YÂ»  ÊÀ¼ËY  Á  dÌ¨Ì¯  �Y  ½ZÀÌ¼�Y  ÉY�]  ÊËY~£ cÓÂ�v» �{  Êm�Zy {YÂ»  �Ë��  Á  ªÌ«{ �Ìz�e
  É�Y{�]�ËÂ�e .d�YTHz    Ê»  �Y�« Ã{Z¨f�Y  {�Â»  ÊËY~£ �ËZÀ� �{  [�z» �Ì£ �Ìz�e  ÉY�]  �ÂÆ�Â¿ É�ÁZÀ§  ®Ë

 Ë ½Z°»  ½Z°»Y Ã|� ¹Zn¿Y Ä ·Z�» �{  .{�Ì³ É�Y{�]  �ËÂ�e �Á� �Y Ã{Z¨f�Y Z]  �Z^·Z¯  Á  �Ì�Â� �{ ZÅ Ê³{Â·M Ê]Z
THz    �{.{�Y{  Y�  ÊËY~£  {YÂ»  �{ �Ìz�e dÌ¸]Z«  �e�ÅY�e  kYÂ»Y  [~m dÌÅZ»  ¶Ì·{  Ä]  �¸§.d�Y  Ã|�  �Ë~a  ½Z°»Y

  Ã�Z¼� ¶°�11    {Z ]Y Z] É�¸§ Ä �«5    kYÂ»Y �Y Ã{Z¨f�Y Z] Y� �f» Ê¸Ì»THz  e Ê» Ä¯ d�Y Ã|� Ã{Y{ �Ìz�e �{ ½YÂ
)|]ZË �ËY�§Y Ã|ÀÀ¯ ¥��» ÊÀ¼ËY Ze {�] �Z¯ Ä] Á Ã{Z¨f�Y ÊËY~£ �ËZÀ� |Ì·Âe Á ZÅ É|À] Äf�]15.(  
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 Ã�Z¼� ¶°�11 kYÂ»Y �Y Ã{Z¨f�Y Z] �Ì�Â� �{ {ÂmÂ» É�¸§ Ä �« Ã|� Ã{Y{ ½Z�¿ �ËÂ�e:THz 
)15 (  

 
2-5- ¡�» ºze Äf�Âa d»Zz� �nÀ�  

 |��  ÉY�]  Ê¿| »  {YÂ»  Ê¸�Y  �^À»  ½YÂÀ�  Ä]  Ä¯  Ê¸yY{  ÉYÂfv» �Y  d�§Zv»�{  Ê¼Æ» �¬¿  ¡�»  ºze  ÉZÅ  Äf�Âa
ºze Äf�Âa Z] ÉZÆ¼ze .{�Y{ ¡�» ºze ¶yY{ ¾ÌÀm    ÉY�] ½Y�Y|Ë�y Á ½Y��ÁZ�¯ ��Âe d�Y ¾°¼» �e ºÌz� ¡�»

  d�Y ¾°¼» ,  �e ºÌz�  Äf�Âa  ÉY�Y{ ÉZÅ ¡�» ºze Ä¯ d�Y ¾ËY �»Y  ¾ËY  ¶Ì·{  .|¿Â� Ã{Y{ tÌm�e É�Ë� ÄmÂm
 ,{�Y{ É{ZË� Ê¿| » {YÂ» {Ây �{ d�Y�e ºÌz� d�Âa   ÉY�Y{ Ä¯ Ê£�» ºze .|ÀÀ¯ |Ì·Âe É�e º·Z� ÉZÅ ÄmÂm

z�  d�Âa  ¾ÌÀr¼Å �fÆ]  (  |Ì��Ây  �Â¿  �� »  �{  ¾f§�³  �Y�«)  �¨À]  Y�ÁZ»  Ä �Y  �]Y�]  �{  Ê¸yY{  cZËÂfv»  �Y  ºÌ
  Ä]  ¡�»  ºze  Äf�Âa d»Zz� É�Ì³  Ã�Y|¿YÁ  ¡�»  ºze  Äf�Âa  d»Zz�  {�Â»  �{ ªÌ¬ve  ¾ËY  �]ZÀ].|À¯ Ê» d�§Zv»

Âa  d»Zz� �nÀ��{ .|�Z]  Ê»�ZÌ¿  [�z» �Ì£ É�Ì³ Ã�Y|¿Y  ÉY�]  Ê^�ZÀ»  �Á� {ÂmÁ ¹|� ¶Ì·{  �Y ¡�»  ºze Äf�
  kYÂ»Y Ä¯ Zn¿MTHz    {Â� Ê» �Z° ¿Y ¡�» ºze Äf�Âa Ê¸yY{ ��» �Y ¾ÌÀr¼Å Á ¡�» ºze Äf�Âa ÉYÂÅ ¾Ì] Ä¸�Z§�Y

  d»Zz� ½YÂe Ê» , ¾ËY�]ZÀ] .{�Y{ Ê´f�] ¡�» ºze Äf�Âa d»Zz� Ä] ¶�Zu ¶yY|e ÉZÅ µZÀ´Ì� .{{�³ Ê» Ã{Z¨f�Y
  Ã�Âu �{ ½Z�Â¿ Ä¸�Z§ �Y Y� Äf�Âa  Ã�Z¼� ¶°� . {� ¾Ì¼ze �¿Z¯�§12  )É�Ì³ Ã�Y|¿Y  ÃZ´f�{ �ËZ¼¿a(   ) Áb kÂ» (

  ÊmÁ�y Á É{Á�ÁTHz   Ã{Z¨f�Y Z] ½YÂe Ê» Y� ¡�» ºze Äf�Âa d»Zz� ÊÀvÀ» Á �nÀ� �Á� .|Å{ Ê» ½Z�¿ Y�
){Y{ �Ìz�e Y� ¡�» ºze {�Y|¿Zf�Y d»Zz� ½YÂe Ê» ÊmÁ�y ÊÀvÀ»�{ Ã|� {ZnËY (®Ìa) Ä¸«�Y16 .(  
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 Ã�Z¼� ¶°�12 )É�Ì³ Ã�Y|¿Y ÃZ´f�{ �ËZ¼¿a(  ) ¶°� ÁbÊmÁ�y Á É{Á�Á kÂ» (  
THz)16(  

  
 �Y Ã{Z¨f�Y dÆm Ã|� �¯} ÉZÅ �ÅÁ�a ½YÂe Ê» Ê¸¯ �Â� Ä]THz    É��ÁZ�¯ �z] [�z» �Ì£ ÉZÅ ½Â»�M �{ Y�

 Ã�Z¼� µÁ|m �{ Y�2 .{�¯ ½ZÌ] Ä�Ôy c�Â� Ä]  
  

 Ã�Z¼� µÁ|m2 ��Y�³ Ä�Ôy:É��ÁZ�¯ �z] �{ [�z» �Ì£ ÉZÆ¿Â»�M �{ �e�ÅY�e kYÂ»Y�Y Ã{Z¨f�Y  

¦Ë{�   ½Â»�M �Â¿  ÄnÌf¿  
 �Á�

 Ã{Z¨f�Y
THz 

 �¿Z¯�§  
¿ {Y| e¼  Ä¿Â

  dÆm ÉZÅ
 �ËZ»�M  

 �Á�
  ÄËÂ¿Zi
 {�Â»

 �{ Ã{Z¨f�Y
 �ËZ»�M  

  cZ�z�»
�ËZ»�M ÃZ´f�{   d·Zu

 Ã{Z»
 �ËZ»�M  

 �^À»  
 �¿Z¯�§  

)THz(  

1  

  dÌ¨Ì¯ Ê]ZË��Y
 Á Ê¿Á�Ì]
 Ê¿Á�{

 cÓÂ�v»
 É��ÁZ�¯  

 �Ìz�e dÌ¸]Z«
 Êv�� Ê³|ÌÆ·

 Ê¿Á�{ Á–
½Y�Ì» �Ìz�e 
µÂ�v» |À«  

THZ-
TDS 

1-1.8  2 Brix 
mater  0.2-2   |»Zm Yuichi Ogawa et 

al.,206  

2  

Z�ZÀ�ÊË ¼¯Ê 
Á ¯Ì¨Ê ¹Â¼� 

cÓÂ�v»�{ 
��ÁZ�¯ É  

Z�ZÀ�.ÊË  ¹Â¼�
¿Ì¾§Á�f 
)Nitrofen  (
e,Ì�aÂ¸¯ZË| 

)Thiacloprid (Á 
»Zf�YÊ �aË| 

)Acetamipyrid (  
  

THZ-
TDS 
 
 

0-1.6  14  Ipls(PLS) 

sapphire laser 
(Femtosource) 
provides 100 
fs pulses with 
a repetition 
rate of 80 

MHz 

�ËZ» Wang Qiang and 
Ma Ye-hao.,2013  

z�eÌ� º�  
�¯ÂeÔ§MÌ¾  

)Aflatoxin  �{(
¾£Á� Â�ËZ Z] 
Ã{Z¨f�Y �Y  �Ì¦  

nÀ�Ê �e�ÅY�e  
  

THZ-
TDS 
 
  

0.05-
2.5  

100 

BPNN  
LS -

SVM، 
PLS ، 

0.1-5 �ËZ» Wei Liu et al.,2019  
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3  
�nÀ� d]Â�� 

�{ {YÂ» Y~£ÊË  

�nÀ� |��{  
¿�ÁÊ d]Â��  

¶yY{ ÁË�¨ ½Z¿  

THz-
TDS  

0.2-
0.6 

2  Z] Ä¿Â¼¿ �Â¿
 ÉZÅ ¶z¸ze

77 Á88 
|��{ 

  
 

0.1-4  |»Zm P Parasoglou et 
al.,2010  

4  

z�e.Ì� {YÂ»  
m�ZyÊ  (cY�¸§)

�{ cÓÂ�v»  
Y~£ ÊË  

  

z�eÌ� �¸§ �{  
�Â�Ì �  

THZ-
TDS 
  

0-1.4 1  
 

 
 

0.1-3.5  |»Zm Chen Wang et 
al.,2018  

5  
�nÀ�  

d»Zz� d�Âa 
ºze ¡�»  

z�eÌ� d»Zz� 
d�Âa ºze ¡�»  

THZ-
TDS  

.0204-
1.203 

  
 

  
 

0.2-2   |»Zm 
Alin 

Khaliduzzaman et 
al.,2020  

 
�ÅÁ�a�{ µZj» �Â� Ä],{�Y{ �Ì¿ ÊËZÅ dË{Á|v» �e�ÅY�e kYÂ»Y �Y Ã{Z¨f�Y ÉÁ��] Äf§�³ ¹Zn¿Y  Ê¨Ì¯ ÊnÀ� dÌ¨Ì¯

)ZÅ ÃÂÌ»  Ê´¿�§ ÄmÂ³ ( kYÂ»YTHz   ¶�Zu lËZf¿ µÂ�v» d]Â�� �ÅZ¯ Z] d�Å d]Â�� Ä] Äf�]YÁ Ä°ÀËY ¶Ì·{ Ä]
 kYÂ»Y ¶z¸ze |��{ �ËY�§Y Z] � Ë̈Á ÉÁ��] Ã|� ¹Zn¿Y Ä ·Z�» �{ ¾ÌÀr¼Å |À¯ �ÌÌ¤e |¿YÂe Ê» �ÅÁ�a�YTHz  �f�Ì])

�Y0.6THz( Ê» kYÂ»Y �{ �Z�fyY {ZnËY Ä¯ {{�³Ê» �ÅZ¯ Y� �ËZ»�M d«{ Ä¯.|Å{  
  

 Á ÄnÌf¿ :hv]  
 kYÂ»Y Z] [�z» �Ì£ ÉZÅ ½Â»�M �Á� �Y {Z¨f�Y Ä¯ |Ì�� ÄnÌf¿  ¾ËY Ä] ½YÂe Ê» Äf§�³ ¹Zn¿Y ÉZÅ Ê��] Ä] ÄmÂeZ]

THz    kYÂ»Y  .{�¯  Ã{Z¨f�Y  Ã|ÀÀ¯  ¥��»  ½ZÀÌ¼�Y  \Ë��  �ËY�§Y  dÆm  É|Ì·Âe  cÓÂ�v»  ÊÀ¼ËY  �ËY�§Y  dÌ¸]Z«,
THz  ] Ê���] d��� �ËY�§Y �{ |¿YÂe Ê» \�ZÀ» É�Ë~a }Â¨¿ Z] Ã{Z¨f�Y Z] .{�¯ ®¼¯ ÊËY~£ {YÂ» ÉZÅ É|À] Äf�

  kYÂ»Y [�z» �Ì£ ÉZÅ �Á� �YTHz    dÌ¸]Z«  Ä¯ cÓÂ�v» ¶yY{ �{ É�¸§ {YÂ» {ÂmÁ �Y ½YÂe Ê» |Ì·Âe �y �{
  kYÂ»Y  �Y  Ã{Z¨f�Y  Z].{�¯ Ã{Z¨f�Y  |¿�Y|¿  Y�  º�q  Z]  �Ìz�eTHz   Y�  ÊËY~£ {YÂ»  ¶yY{ ¹Â¼� ÊfuY�  Ä]  ½YÂe  Ê»

 {Ây  Ä¯  {�¯  ÊËZ�ZÀ�    kYÂ»Y  �Y  Ã{Z¨f�Y  ÄÀÌ»�  �{.d�Y  ½Z�¿Y  �{  ½Z���  {ZnËY  ¶»Z�  ¹Â¼�  ¾ËYTHz   Ä���  �{
  ÉZÅ ÄÀÌ»� Ä¼Å �{ ½YÂf] Ze {Â� �ÅÁ�a Á ªÌ¬ve Êf�ËZ] �ZÌ�] ÊËY~£ �ËZÀ� Á É��ÁZ�¯ �{ [�z» �Ì£ ÉZÅ ½Â»�M

 .{�] �Z°] Y� ½Â»�M �Á� �Â¿ ¾ËY ÊËY~£ �ËZÀ� Á É��ÁZ�¯ 
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Investigating using THZ method for quality assessment of agro-food products 

 
Abstract: 
Quality and measurement of agricultural products is one of the major concerns in exports and 
consumption. Performing and measuring quality with the help of the five senses is costly and time 
consuming. A safe, fast, reliable and non-destructive diagnostic method is needed to reassure 
consumers about the safety of food products. THz waves, which have microwave and infrared 
properties, can penetrate many packages used in agriculture and food industry and highlight the 
weaknesses of the product. Due to technological advances in recent years, the use of the ability to 
absorb and reflect waves as well as the use of THz spectral imaging has made it possible to quickly 
detect impurities in food. In recent years, THz imaging has been shown to have great potential as an 
emerging non-destructive tool for food inspection. THz spectroscopy in terms of quality and 
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quantity of food products can be a great help in inspection and quality control. Other applications of 
THz technology in the food industry include the detection of toxic compounds. In this article, the 
strengths and weaknesses of this method are discussed by looking at the perspective of this 
technology. 
Key words: THz waves, non-destructive tests, quality measurement, spectroscopy. 
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