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ĺǻǷǣǺ�ǵǧǎ

ƥȂ�ƭǎȅǾ�ȉĥ�
1. content knowledge (CK)
2. pedagogical knowledge (PK), 
3. pedagogical content knowledge (PCK)
4. Shulman, L. S.,
5. national board for professional teaching standards (NBPTS)

ǡƨƥǿǺ�
1. Barnett, J.; Hodson, D. “Pedagogical Context Knowledge: Toward a Fuller Understanding of What Good Science Teachers Know” Science Education 
2001, 85, 426-453.
2. Chan, K. K. H.; Yung, B. H. W. “On-Site Pedagogical Content Knowledge Development” International Journal of Science Education 2015, 37(8), 
1246-1278.
3. Magnusson, S.; Krajcik, J.; Borko, H. “Nature, Source, and Development of Pedagogical Content Knowledge for Science Teaching” Gess-Newsome, 
J.; Lederman, N. G. (Eds.) “PCK and Science Education” Kluwer Academic Publisher, Netherlands, 1999, 95-132. 
4. Koehler, M. J.; Mishra, P. “What is technological pedagogical content knowledge?” Contemporary Issues in Technology and Teacher Education 2009, 
9(1), 60-70.
5. Van Driel, J. H.; De Jong, O.; Verloop, N. “The Development of Preservice Chemistry Teachers’ Pedagogical Content Knowledge” Science Education 
2002, 86, 572-590.
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ƽȊǄƥƮ�ǅƯǋƨ�Ǆǀ�ĺǻȋǎ

ƥȋǲǄȒƥǊ�ȁȊǁȃǺ

ȀǄƥǎƤ
�®ǅǏƨ�ȈƥȂǀǄȄƥƯǊǀ�ȈȒƥƨ��ǁǿǷƨ�ƭǊǅȃǪ�Ǆǀ�ǁȋǾǇƨ�ǈǁƺ
�ȈƥȂ�ȀǄƥĸǾǄƤȅȊǀ��ǀǄƤǀ�ǄƤǅǮ�ȀƥĸȊƥƶ�ǽȊǅƮ�ȁǿȃǲ�Ǆǀ�ǱȊ�ǸƤǁǲ
�ȈƥǻǿȂƤǄ�®ȁǿȋǺǆ�ǽȊƤ�Ǆǀ�ǁǿǾƤȅƮ�ȉǺ�ǄȄǀ�ǼƤǄƥķǆȄǄ�ȁƨ�ǘȅƨǅǺ
�ǼƥǺǆ�ƪǄƥƨǄǀ�ǭȋǮǀ�ȉƮƥǢȓǚƤ�ǆƤ�ȁƯǎǃķ�ȁǲ�ǁǿǎƥƨ�ȉƨȅƾ
�ƪǄƥƨǄǀ�ǹȂ�ȉȊƥȂ�ȉǿƯǫķ�®ȉĸǾǄ�ǀƤȅǺ�ǆƤ�ǼƥǋǾƤ�Ȉǅȋķ�Ȁǅȃƨ
�ǅǏƨ�ȉķǁǾǆ�ȈƥȂ�ǼƤǄȄǀ�ǽȊǅƮǄȄǀ�Ǆǀ�Ƨǋĭ�ǀǅƨǄƥǲ�ƭǺǁǮ

�ǁǾǄƤǀ
�åÞ�Ǆǀ�ȉǾƥǺǆ�®ǀƥǿǊƤ�ǽȊƤ�ȁǲ�ǹȋǿȋƨ�ȉǺ�ȈǄȄƥƨƥǾ�Ǵƥǻǲ�Ǆǀ

�ǁǾƤ�ȁƯǪǄ�ȁǾƥǏǾ�ƤǄ�ǀȓȋǺ�ǆƤ�Ǎȋĥ�ǴƥǊ�ǄƤǇȂ

�ƥȂ�ȀįƤȄǁȋǷǲ

ȁǺǁǯǺ

ƽȊǄƥƮ�ǵƩǮƥǺ�ȈƥȂ�Ƨǋĭ
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Ƨǋĭ�ƭǣǿǒ�ǄȅȃǞ�¯ǹȂǁǫȂ�ǼǅǮ

�ßƧǊƤ ĹƥȂ�Ƨǋĭ

ĺǾƥȃƶ�Ķǿƶ�Ȅǀ�ƫǷǒƥǪ�Ǆǀ�ƥȂ�Ƨǋĭ



  þ

ƹǷǒ�ǼƤǄȄǀ�Ǆǀ�ƥȂ�Ƨǋĭ

�ǼƥǿĮǻȂ�®ĺƯǣǿǒ�ǈƥȋǯǺ�Ǆǀ�Ƨǋĭ�ǁȋǶȅƮ�ĹƤǅƨ
�ǡȊƥǺ�ĹƥȂ�Ƨǋĭ�ƫȋȃƮ�Ǆǀ�ĺǾƤȅȋƺ�ǡƨƥǿǺ�ǆƤ

ǁǎ�ĺǺ��ȀǀƥǫƯǊƤ

�ȁƨǅƷƮ�ƤǄ�ǹǷǢ�Ǆǀ�ĺƨȓǯǾƤ�®Ǽƥȃƶ�÷ÿùö�ȁȂǀ�Ǆǀ
�ĺǪǅǣǺ�Ȅ�ǼǄǁǺ�ĺǻȋǎ�ǄȅȃǞ�ǆƤ�ȁĳ�ǁǿĳ�ĺǺ

ƭǊƤ�ȁƯǪǅķ�ȁǻǏĭǅǊ�ǁȊǁƶ�ǡȊƥǿǒ
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PVA

Ǹȓĳ�ǼƥȊƥĥ

ƥȂ�ƭǎȅǾ�ĺĥ�
1. horse glue
2. Le Page's glue
3. Borden, G.
4. Casco, Cascorez
5. Elmer
6. termoset plastic
7. Koover, H.
8. Kodak
9. super glue
10. white glue
11. krazy glue

ǡƨƥǿǺ�
1. www.gluehistory.com/glue -origin/ history of adhesive/ Discovery and 
Invention of Adhesives
2. Elmer's glue: The surpprising story american comesalive. 

 com. elmer's - glue
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ǍȊƥǺǆƘ�ƥƨ�ǌǆȅǺƘ

ĺǾƤǆǄƤ�ƤǅȂǆ

ȀǄƥǎƤ
�ĹǅǛƨ�ǍȊƥǻǾ�ǍȊƥǺǆƘ�®ǅȊǃĥ�ƭǏķǅƨ�ĹƥȂ�ǍǿĳƤȄ�ǉȊǄǁƮ�ƥȊ�ĺǶƘ�ĺǻȋǎ�ǉȊǄǁƮ�ǠȄǅǎ�Ǆǀ�ǨȄǅǣǺ�ĹƥȂ�ǍȊƥǺǆƘ�ǆƤ�ĺĴȊ
�ĹǀƥȊǆ�ǼƤǄƤǁǪǅǚ�ǍȊƥǻǾ�ǽȊƤ�®ǍǿĳƤȄ�Ǽǀȅƨ�ǡȊǅǊ�Ȅ�ȀǀƥǊ�Ȅ�ǹĳ�Ǆƥȋǋƨ�ǄƤǁǯǺ�Ǆǀ�ǀƤȅǺ�ȁƨ�ǆƥȋǾ�ǵȋǶǀ�ȁƨ��ƭËËǊƤ�ĶǾǄ�ĺƨƘ
�ĺǊǄǅƨ�ȁƨ�ȁǶƥǯǺ�ǽȊƤ�Ǆǀ��ƭǊƤ�Ȁǁǎ�ȀǀǄȄƘ�ĺƨǅǺ�ĹƥȂ�ǍȊƥǺǆƘ�ȁǢȅǻƷǺ�Ǆǀ�®ǹȂǀǆƥȊ�ǸȅǷǢ�ȀƥĸËËǏȊƥǺǆƘ�ƦƥƯĳ�Ǆǀ�Ȅ�ǀǄƤǀ

�ǹȊǆƤǀǅĥ�ĺǺ�ǍȊƥǺǆƘ�ǽȊƤ�ĹƥȂ�ǍǿĳƤȄ�ǄƥĳȄǆƥǊ

�ƥȂ�ȀįƤȄǁȋǷǲ

Ǆƥĳ�ǌȄǄ

mL

  ÷ö
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  ÷ø  ÷ø

MB+

MBH

 

ƥȂ�ƭǎȅǾ�ȉĥ�
1.Vourinen,T.
2.Laurens,A.
3.Campbell,J.

ǡƨƥǿǺ�

2. Laurens, A. et al. J. Chem. Educ., 2012, 89 (11), 1425.
3. Campbell, J. A. J. Chem. Educ. 1963, 40, 578.

J. Chem. Kinet. 1999, 31, 463.
5. Vuorinen, T. Carbohydr. Res. 1983, 116, 61.
6. www.rsc.org/learn-chemistry/resource/res00000729/the-blue-bottle-experiment?cmpid=CMP00005928
7.eic.rsc.org/exhibition-chemistry/the-blue-bottle-reaction/2020070.article
8. /faculty.mansfield.edu/bganong/biochemistry/bluebott.htm
9.www.csun.edu/scied/2-chem/redox_methylene_blue/index.htm

+H+
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�ĺȊȅĴǾ��ƥǋȊǅĥ

ȀǄƥǎƤ
�ƥȃǿƮ�ȁĳ�ƭǊƤ�ǹȂǀǆƥȊ�ȁȊƥĥ�®�à��ĺƨǅƷƮ�ǸȅǷǢ�ȀƥĸǏȊƥǺǆƘ�ƦƥƯĳ�®ĺƨǅǺ�û�ǍȊƥǺǆƘ�ƥƨ�ĹǆƤȅǺ�ĺǏȊƥǺǆƘ�ĹȄƥƺ�ȁǶƥǯǺ�ǽȊƤ
�Ȅ�ȀǀƥǊ�ĺǎȄǄ�ĺǪǅǣǺ�®�ǍȊƥǺǆƘ�ǽȊƤ�ȁƢƤǄƤ�ǆƤ�ǨǁȂ��ƭǊƤ�Ȁǁǎ�ȀǄƥǎƤ�ǼƘ�ȁƨ�ƦƥƯĳ�ǍǊǅĥ� ÛǽƯǺ�Ǆǀ�ǅȊȅǓƮ�ĲȊ�ƬǄȅǒ�ȁƨ
�ǇǿĸǿǺ�ǴȅǻǣǺ�ǍȊƥǋĳƤ�ĹƥȂǀǁǢ�ǼǀƤǀ�ǼƥǏǾ�ĹƤǅƨ�®ǭȋǮǀ�ĹǆƥǊ�ǴȅǷƻǺ�Ȅ�ȄǆƤǅƮ�ȁƨ�ǆƥȋǾ�ǼȄǁƨ�Ȅ�ĺǫȋĳ�ƬǄȅǒ�ȁƨ�ǡȊǅǊ
�Ǆǀ�ƤǄ�Ȁǁǎ�ĺƺƤǅǚ�Ǆƥĳ�ǄȅƯǊǀ�Ȅ�ǁȋǿĳ�Ĺǁǿƨ�ǹȋǋǯƮ�ĺȂȄǅķ�ƬǄȅǒ�ȁƨ�ƤǄ�ǼƤǆȅǺƘ�ǍǾƤǀ�ǁȋǾƤȅƮ�ĺǺ��ƭǊƤ�ǼƤǆȅǺƘ�ǍǾƤǀ�ȁƨ

��ǁȋȂǀ�ǄƤǅǮ�ƥȂ�ǼƘ�ǄƥȋƯƾƤ

ƥȂ�ȀįƤȄǁȋǷĳ

ȁǺǁǯǺ
Mn

 +

ǼƘ�ǴȄƤǁƯǺ�ĹƥȂ�ƧȋĳǅƮ�Ȅ�ǇǿĸǿǺ�ǍȊƥǋĳƤ�ĹƥȂǀǁǢ�ß�ǴȄǁƶ
�ǍȊƥǋĳƤ�ǀǁǢƥȂ�ƧȋĳǅƮ

Mn (CO)

+MnC H CH (CO)

+MnCl , MnCO , MnO

+MnF , Mn(OAc) , Mn O

+MnO

+K MnO

+K MnO

+KMnO



  ÷ú

ĺǿǻȊƤ�ĹƥȂǄƤǁǏȂ

�ǆƥȋǾ�ǀǄȅǺ�ǵȊƥËËǊȄ�Ȅ�ǀƤȅǺ

Ǆƥĳ�ǌȄǄ
KMnO 

 mL

  mL
  

 mL

Mn+

Mn+

Mn+

 mL  mL
 mL

Mn+

ǁȂǀ�ĺǺ�ĹȄǄ�ȁĮǾƘ

Mn+

MnO - (aq) + C H O -CHO (aq) + OH-

MnO  - (aq) + C H O COO- (aq) + H O(l)

Mn +

MnO -(aq) + C H O   C H O -COO- (aq) 

+ C H O -COOH (aq) + MnO  (s) + H O (l)

Mn +

MnO - (aq) + I- (aq) + H O  (s) + I  (s) 

+ OH- (aq)

Mn +

H O (aq) + KMnO (aq) + H SO O (g) 

+ MnSO (aq) + K SO (aq) + H O (l)

Ĺǅȋķ�ȁƷȋƯǾ

ƥȂ�ƭǎȅǾ�ĺĥ�
1. Pyrolusite
2. Magnesia

ǡƨƥǿǺ�
1. rruff.geo.arizona.edu/doclib/hom/pyrolusite.pdf Handbook 
of Mineralogy.
2. Schmidt, Max. "VII. Nebengruppe". Anorganische Chemie 
II.Wissenschaftsverlag. p. 100–109.
3. Manganese and its compounds, Mildred Williams-Johnson, 
Division of Toxicology, Agency for Toxic Substances and Dis-
ease Registry, Atlanta, Georgia, USA, World Health Organiza-
tion Geneva.
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�Ȁǁȋǳĭ
�ĺƯǿǊ�ǉȊǄǁƮ�ĹƥȂǀǅƩȂƤǄ�®ǼȅķƥǾȅķ�ĹƥȂ�ĺǊǄǅƨ�ȁƨ�ƥǿƨ
�ǵǺƥĳ�ıǄǀ�ƭȊȅǯƮ�ĹƤǅƨ�ǼƤǆȅǺƘ�ǍǾƤǀ�ȁƨ�Ĳǻĳ�Ǆǀ�ĺǻĳ�ǅƲƤ
�ĹǅƯǺȅȋĳȅƯǊƤ�ǸȅȃǫǺ�ǼȅĮǻȂ�ĺǻȋǎ�ĺǢƤǇƯǾƤ�ǹȋȂƥǫǺ�ǆƤ
�ĺĴȊ�ĺƨǅƷƮ�ĹƥȂ�ǌȄǄ�Ȅ�ƥȂ�ƭȋǶƥǣǪ�ǅĸȊǀ�ĹȅǊ�ǆƤ��ǁǾǄƤǀ
�ȁĳ�ǀȄǄ�ĺǺ�Ǆƥǻǎ�ȁƨ�ĺƨǅƷƮ�ǸȅǷǢ�ǌǆȅǺƘ�ĺǷǒƤ�ǼƥĳǄƤ�ǆƤ
�ǼƤǆȅǺƘ�ǍǾƤǀ�ĺǻǷǢ�ĹƥȂ�ǌǅĸǾ�Ȅ�ƬǄƥȃǺ�®ǍǾƤǀ�ǁËËǎǄ
�ȁȊƥĥ�ǅƨ�ĺǾȅķƥǾȅķ�ǴƥËËǣǪ�ĹƥȂ�ǌȄǄ��ǁǿĳ�ĺǺ�ǹËËȂƤǅǪ�ƤǄ
�ǹȋȂƥǫǺ�ǉȊǄǁƮ�ĹƤǅƨ��ȁǾƤǅĸǎȄƥĳ�Ȅ�ĺƨǅƷƮ�ĹƥȂ�ƭȋǶƥǣǪ
�ǉȊǄǁƮ�ĹȅĸǶƤ�ƥËËȂ�ǌȄǄ�ǆƤ�ĺĴȊ���ǀǄƤǀ�ǀȅËËƶȄ�ǸȅǷǢ
�ǽȊǅƮǁǺƘǄƥĳ�Ȅ�ǽȊǅƮƥȊȅĥ�ǆƤ�ȁĳ�ƭǊƤ�� E��ĺȊƤǅķ�ƭƾƥǊ
�ƥȋǾǀ�ĹƥȂ�ǈȓĳ�ǆƤ�ĹǄƥȋǋƨ�Ǆǀ�Ȅ�ƭǊƤ�ǉȊǄǁƮ�ĹƥȂȅĸǶƤ
�ƤǄ�ǍȊƥǺǆƘ�Ȅ�ǴƥǣǪ�ǩǏĳ�ƭǒǅǪ�ǌȄǄ�ǽȊƤ��ǀȅǎ�ĺǺ�ƤǅƶƤ

�ǁȂǀ�ĺǺ�ǄƤǅǮ�ǼƤǆȅǺƘ�ǍǾƤǀ�ǄƥȋƯƾƤ�Ǆǀ
�ĺȊƤǅķ�ƭƾƥǊ�ǉȊǄǁƮ�ĹȅĸǶƤ�ĹǅȋķǄƥĳ�ȁƨ�ƥƨ�ȁǶƥǯǺ�ǽȊƤ�
�Ȅ�ĹǅƯǺȅȋĳȅƯǊƤ�ǸȅȃǫǺ�ĹǅȋķǀƥȊ�Ǆǀ�ĺǏƿƨǅƲƤ�ĺǊǄǅƨ�ȁƨ

��ƭǊƤ�ȁƯƾƤǀǅĥ�ĺķǁǾǆ�Ǆǀ�ǼƘ�ǀǅƨǄƥĳ

�ƥȂ�ȀįƤȄǁȋǷǲ
E

�ȁǺǁǯǺ

[

[

ĺƿǊ�ǄƤǁĴǿƨ�ȁȋǖƤǄ

ǆȄǅǺƤ�Ǽƥȃƶ�Ǆǀ�ĺǻȋǎ�ǌǆȅǺƘǆȄǅǺƤ�Ǽƥȃƶ�Ǆǀ�ĺǻȋǎ�ǌǆȅǺƘ



  ÷ü

û E ǉȊǄǁƮ ĹȅĸǶƤ

 [

 [

.

[

E
. E

 Ǽǀǅĳ ǅȋķǄǀ 

 [
[

ǌȄƥĳ 

ǩȋǒȅƮ 

�ǌǅƯËËǋķ� Ǚǋƨ Ȅ Ƹǅǎ 

ȉǻǷǢ ȈƤȅƯƻǺ

ȉǻǷǢ ǹȋȂƥǫǺ ȈƥȂ ƬǄƥȃǺ
ǸȅǷǢ ȈǁǿȊƘǅǪ

ǼǀǅǲǅȋķǄǀ

ȉƨƥȋǎǆǄƤ

ǙǋƨȄ Ƹǅǎ ǩȋǒȅƮ

ǌȄƥǲ
Explore

 E

  Engage

Evaluate

Extend Explain

 ®ȈǁǿȊƤǅǪ ȈƥȂ ƬǄƥȃǺ Ǳǻǲ ȁƨ ǼƤǆȅǺƘ ǍǾƤǀ
ƭǎƤǀ ǁǿȂƤȅƾ ȉǻǷǢ ǹȋȂƥǫǺ ǆƤ ȉƯǊǄǀ ǰǄǀ
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ĺƨƥȋǎǆǄƤ 

 ƤǅƶƤ ǌȄǄ

 



  ÷þ

Ʊƻƨ Ȅ ƵȊƥƯǾ

Ĺǅȋķ ȁƷȋƯǾ

 
 ƭǎȅǾ ĺĥ 

1.Karplus&Their

ǡƨƥǿǺ 

3. Bybee,.R.(2000). Teaching science as inquiry, In J. Minsterl, & E. H. Van Zee(eds.). Inquiring into Inquiry Learning and Teaching in Science, pp. 
20-46 Washington DC: American Association for the Advancement of Science (AAAS).   

6. Inquiry, the Learning Cycle, & the 5E Instructional Model From the Guidelines for Lesson Planning from the Electronic Journal of Science 
Educatio:The National Science Education Standards (NSES,1996).
7.ELVAN AKAR(JUN. 2005)., EFFECTIVENESS OF 5E LEARNING CYCLE MODEL ON STUDENTS’ UNDERSTANDING OF ACID-BASE 
CONCEPTS, A THESIS SUBMITTED TO THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES OF MIDDLE EAST TECHNI-
CAL UNIVERSITY.
8.exs.exploratorium.edu/wp-content/uploads/2012/06/Process-Skills-Defined.pdf
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ĺķǁǾǆ  Ȅ   ƭǣǿǒ®ĺǻȋǎ

÷ÿ  |

Ĺǅǫǣƶ ƤǅȂǆ �ȁǻƶǅƮ

ȀǄƥǎƤ
 Ƥǁȋĥ ǄƥĳȄǅËËǊ ĺǾƤȄƤǅǪ ĺĴȋƯËËǊȓĥ ǀƤȅǺ ƥƨ ȁǾƤǆȄǄ ƥǺ
 �ǁǾȅǎ ĺǺ ȁȋȃƮ Ǹƥƾ ƭǫǾ ǆƤ ƥȂ ĲȋƯǊȓĥ ǅƯǏȋƨ �ǹȋǿĳ ĺǺ
 ǄƥƯƾƥǊ Ǆǀ ȀǁǾȅǎ ǄƤǅĴƮ Ȅ ȀǁǾǆƥǊ ĺȊƥȂǁƺƤȄ ƥȂǅǺȅǾȅǺ
 ĺȊƥȋǻȋǎ ĹƥȂ ǍǿĳƤȄ ǼƥȊǅƶ Ǆǀ ȁĳ ǁǿƯǋȂ ƥȂ ĲȋƯǊȓĥ
 ǽȊƤ �ǁǿǺƥƷǾƤ ĺǺ ƥȂ ĲȋƯǊȓĥ ǁȋǶȅƮ ȁƨ Ȅ ǁǾǁǾȅȋĥ ĺǺ ǹȂ ȁƨ
 ǁȋǋĳƤ Ĺǀ ǽƨǅĳ ǼȅĮǻȂ ®ȀǁǿȊȒƘ ǀƤȅǺ ǁȋǶȅƮ ƥƨ ƥȂǁǿȊƤǅǪ
 ƤǄ Ǹƥƾ ƭǫǾ ǆƤ ĺĴȋƯËËǊȓĥ ǀƤȅǺ ǁȋǶȅƮ ȁĳ ƭǊƤ ȀƤǅǻȂ

�ǁǿĳ ĺǺ ĺǪǅǣǺ ƧǊƥǿǺƥǾ ĺǎȄǄ ǼƤȅǿǢ ȁƨ
 ®Ǽƥȃƶ ǅǊƤǅǊ Ǆǀ Ǹƥƾ ƭǫǾ ĹƤǅƨ ƥǖƥǯƮ ®ǅĸȊǀ ĹȅǊ ǆƤ
 ƥƨ ǼƘ ǨǅǓǺ ǅķƤ ǀȅǎ ĺǺ ǀǄȄƘǅƨ ȁĳ ƭËËǊȒƥƨ Ǽƥǿĭ ǼƘ
 ǆƤ ǅƯǻĳ Ǆǀ Ǽƥȃƶ ƭǫǾ ƪǅȋƾǂ ®ǁËËƨƥȊ ȁǺƤǀƤ ĺǾȅǿĳ ǁǾȄǄ
 Ǆǀ ǵĴǏǺ Ȅǀ ǽȊƤ �ǁȋǊǄ ǁȂƤȅƾ ǅǫǒ ȁƨ ȀǁǿȊƘ ǴƥǊ ǁǒ
 Ǆǀ ƥƮ ƭǎƤǀ ǼƘǅƨ ƤǄ ǼƤǁǿǻǏǾƤǀ ®ȁƯǎǃķ ƫȂǀ Ȅǀ Ǵȓƾ
 ǆƤ �ǁǿǎƥƨ ƥȂ ĲȋƯǊȓĥ ƭƾƥǊ ĹƤǅƨ ǁȊǁƶ ĺȊƥȂ ǌȄǄ ĺĥ
 ȀǀƥǫƯǊƤ ®ƥȂ ĲȋƯǊȓĥ ƭƾƥǊ Ǆǀ ǅƲƝǺ ĹƥȂǄƥĴȂƤǄ ȁǷǻƶ
 ǽȊƤ �ƭËËǊƤ Ȁǀȅƨ Ǹƥƾ ƭǫǾ Ĺƥƶ ȁƨ ĺȂƥȋķ ƫȋǶȄƤ ǀƤȅǺ ǆƤ

 �ǁǿǪȄǅǣǺ ĺƯǋȊǆ ĹƥȂ ĲȋƯǊȓĥ ȁƨ ƥȂ ĲȋƯǊȓĥ ǆƤ ǵǋǾ

 �ƥȂ ȀįƤȄǁȋǷĳ

ȁǺǁǯǺ

 



  øö

ƬƤȅǾƥĴǶƘ ĺǋĳȄǄǁȋȂ ĺǷĥ ǁȋǶȅƮ é

 PHA

PHA

ĺƯǋȊǆ ĹƥȂ ĲȋƯǊȓĥ ǁȋǶȅƮ

PLA
PHA

ǁȋǊƤ ĲȋƯĳȒ ĺǷĥ ǁȋǶȅƮ
PLA

  øö

PLA

 ǙȋƻǺ ƥƨ ĺƯǋȊǆ ĹƥȂ ĲȋƯǊȓĥ ĺƩǋǾ ĹǄƥķǆƥǊ
ƭǋȊǆ

 ǽȊƤ Ǆǀ ȀǁǾǆƥǊ ƪǀƥǺ ǼƤȅǿǢ ȁƨ ǁǿǮ ǀȅƶȄ
 ȁƨ ƤǄ ĹǅȊǃĥ ǁȊǁƷƮ ĺķİȊȄ ®ƥȂ ĲȋƯǊȓĥ

ǁǏƿƨ ĺǺ ƥȂ ǼƘ
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Ǽǀǅĳ  ƭǊȅĦǻĳ

PLA

CO

CO
PLA

PLA
   H O + C H O  CO  + CH
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ƭǪƥȊǆƥƨ

 ȀǁǿȊƘ ȁƨ ĺȂƥĸǾ
 

PHA

ƥȂ ƭǎȅǾ ĺĥ 
1. Ford, H.
2. Bioplastic
3. Lactide 
4. Davies, S.
5. Nature Works
6. switchgrass

ǡƩǿǺ 
1. Washam, S. «Plastics Go Green» , Chemmatters, Ap. 2010.
Www. Acs.Org/ Chemmatters.

PHA

 ĺƯǋȊǆ ĹƥȂ ĲȋƯǊȓĥ ȁĳ ǁǿǾƤǅĸǾ ǼƤǁǿǻǏǾƤǀ
 ǁǾȅǎ ȁȊǇƷƮ ĺǺƤǄƘ ȁƨ ƬǁǺǆƤǄǀ Ǆǀ ®Ȁǁǎ  ǽǪǀ
 ǅĸȊǀ ĹƤ ȁǾƥƿǷķ ǆƥķ ĲȊ ¯ǁǿǿĳ ǀƤǆƘ ǼƥƯǺ ǆƥķ Ȅ

ƭǊƤ COø ǆƤ ǅƮ ıƥǾǅǛƾ ǅƨƤǅƨ øö ȁĳ



  øø

 ĺǯȋǯƺ ǼƤǅǺƥĳ ƥǻȋǎ �ȁǻƶǅƮ

ȀǄƥǎƤ
 ǹȂ ȁƨ ǵȊǆǅƨ ǴƥǻËËǎ Ǆǀ ȄǅĸǾ ȅȊǄ Ȅ ǼȄǆƥËËǺƘ ǀȄǄ Ȅǀ
 ȁĳ ĺǺƥĸǿȂ �ǁǾǇȋǺƘ ĺǻǾǄǀ ǹȂ ƥƨ ǵƻǺ ǽȊƤ Ǆǀ ƥǺƤ ǁǿǊǄ ĺǺ
 Ǚƾ ®ǹȋǿĳ ĺǺ ȀƥĸǾ ǵƻǺ ǽȊƤ ȁƨ ĹƤ ȀǄƤȅȂƥǺ ĹƥȂ ȁǏǯǾ Ǆǀ
 ®ĺǿǎȄǄ ȁƨ ƤǄ Ȅǀ ǼƘ ȁĳ ǹȋǿȋƨ ĺǺ ǀȄǄ Ȅǀ ǽȊƤ ǼƥȋǺ ĺȂƥȋǊ
 ǁǾǄƤǀ ǼƥȊǅƶ ǹȂ Ǆƥǿĳ Ǆǀ ǀȄǄ Ȅǀ �ƭǊƤ Ȁǀǅĳ Ƥǁƶ ǹȂ ǆƤ

�ǁǾȅǎ ĺǺ ĺĴȊ ǹȂ ƥƨ æ km ƭǪƥǋǺ ĺǚ ǆƤ ǉĥ ȁĴǿȊƤ ƥƮ

pH �ƥȂ ȀįƤȄǁȋǷĳ

�ǁȊǁǺƘ ǌȅƾ ǵĸǿƶ ȁƨ
 km

 km

ǼƤǄƥƨ Ȅ ǁȋǊƤ

 pH pH

 C H O N S

(-COOH) (-OH)
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 pH

ǀȄǄ Ȅǀ ǽƯƿȋǺƥȋǾǄǀ ǆƤǄ

  km/h   km/h

 C
 C

 km

ƥȂ ƭǎȅǾ ĺĥ 
1. Rio Negro
2. Manaus
3. humic acid
4. dengue

ǡƩǿǺ 
1. Bjorn, G. "Two rivers that refuse to mix" , Chemmatters, Dec. 2010.

 
  km

 ®ǁǿǊǄ ĺǺ ǹȂ ȁƨ ǀȄǄ Ȅǀ ȁĳ ĺǺƥĸǿȂ

 ĺĸƯǫǎƘ ǀƥƷȊƤ ƱǢƥƨ ƥȂ ƬȄƥǫƮ ǽȊƤ

 Ȅ ĹǁȋǊƤ ƭȋǒƥƾ ®ƥǺǀ ®ǼƥȊǅƶ Ǆǀ
ǀȅǎ ĺǺ ĺǶƥĸĭ



  øú

ȀǄƥǎƤ
 ȉƾǅƨ ȁǲ ƭǊƤ ȉǶƥƺ Ǆǀ ǽȊƤ �ǹȋǿǲ ȉǺ  ȀǀƥǫƯǊƤ ȈƤ ȀǀƥǊ ȈƥȂ ƹȋǖȅƮ ǆƤ ®ȈǄƥƶ ǄȅǺƤ Ǽƥȋƨ Ǆǀ ÖȒȅǻǣǺ ƥǺ 
 ǅƯǏȋƨ ®ǡǮƤȄ Ǆǀ �ǁǾƤ Ȁǁǎ ǵȊǁƩƮ ƥǺ ĶǿȂǅǪ ǆƤ ȉǏƿƨ ȁƨ ®ǄƤǅǳƮ ǅƲƤ Ǆǀ Ȅ ǁǾǄƤǁǾ ȉǻǷǢ  ƫȊƥĥ ƥȂ ƹȋǖȅƮ ǽȊƤ ǆƤ
 ȁƨ ƥȂ ȁǪƤǅƾ ǽȊƤ ȈƤǄȄ ǆƤ ƥƮ ǁǿǲ ȉǺ Ǳǻǲ ȉǻȋǎ ǹǷǢ ǆƤ ȀǀƥǫƯǊƤ �ƭȋǣǮƤȄ ƥƮ ƭËËǋǾƤǀ ȁǪƤǅƾ ƤǄ ƥȂ ǼƘ ǁȊƥƨ

 �ǹȊǆƤǀǅĥ ȉǺ ƥȂ ȁǪƤǅƾ ǽȊƤ ǆƤ ǀǄȅǺ Ȅǀ ȁƨ ȁǾȅǻǾ ȈƤǅƨ �ǹȋƨƥȊ  ƭǊǀ ƭȋǣǮƤȄ

 �ƥȂ ȀįƤȄ ǁȋǷǲ

  øú
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 ®ǅǪȄǅǲƥǺ ȀƥĸƯǊǀ Ǆǀ ƤǃǦ �ß ƫǾȅǻǾ
 ǀȅǎ ȉǺ Ǹǅķ ǼȄǅȋƨ ƭǻǊ ȁƨ ǼȄǄǀ ǆƤ

 ǅǪȄǅǲƥǺ ȀƥĸƯǊǀ ǁǶȅƮ ƫĮƿȊǄƥƮ

 

 m

ǁȂǀ ȉǺ ȈȄǄ ǅǪȄǅǲƥǺ Ǆǀ ȁĮǾƘ

x
 cm

 ǅǪȄǅǲƥǺ Ǆǀ ǀȅǎ ȉǺ ƧƩǊ ƦƘ ȉƩǛǮ ƭȋȂƥǺ
 ƴƤȅǺƤ ȈįǅǾƤ ǅƨƤǅƨ Ǆǀ Ʀǂƥƶ Ǆƥȋǋƨ ȈƤ ȀǀƥǺ ǼƤȅǿǢ ȁƨ

ǁǿǲ ǄƥƯǪǄ ƴȅǺ ǇȊǄ



  øü

 ȀƥĸƯǊǀ ǽȊƤ Ǆƥǲ ǅƨ ǅǞƥǾ ǈǁǿȃǺ ®ǅǋǿĦǊƤ ȉǊǅĥ ®ȈǆȄǄ
 ǍƩȋƶ Ǆǀ ȀƥĸƯǊǀ ƥƨ Ǆƥǲ ǸƥĸǿȂ ȁǲ ȉƮƥƩǿƨƘ ǁǎ ȁƶȅƯǺ
 Ǆƥǿǲ ƬǄǂ ȈǄƤǁǯǺ ȄƤ �ƭǊƤ Ȁǁǎ ǰƥǿƩǋĭ Ȅ ǸǅǾ ǀȅƨ

 Ȁǀǆ ƭǫĸǎ ®ǼƘ Ǽǀǅǲ ǩĥ ǆƤ Ȅ ƭǎƤǃķ ȀƥĸƯǊǀ ȈƥȂ ȁǶȅǶ
 ǄƤǅǮ ƥȂ ȁǶȅǶ ƴƤȅǺƤ ǅƨƤǅƨ Ǆǀ ȉǺƥƾ ǤǅǺ ǹƿƮ ǅķƤ �ǁǎ
 ǨƤǅǚƤ ȁƨ ǼƘ ǼȄǄǀ ǀƤȅǺ Ȅ ǁȋǲǅƮ ȉǺ ®ƭǪǅķ ȉǺ

 Ǆǀ ƤǄ ƤǃǦ ǽƯƿĥ ƪǁȊƤ ®ȀǀƥǊ ȈƥȂ ǍȊƥǺǆƘ ǽȊƤ �ǁȋǎƥĥ ȉǺ
ǀǅǲ ƸǅǛǺ ǅǪȄǅǲƥǺ

+ + +
---

ƥȂ ƭǎȅǾ ȉĥ
1.Raytheon
2.Spencer,P
3. Yam, K.K.
4. Rutgers

 ȉǻȊǁǮ ȈƥȂ ȀǅƷǿĥ ǽȋȊƥĥ Ǆǀ ȁËËǏȋǎ ƭǺƥƿǖ �àȁǾȅǻǾ
 ǡȊƥǺ ƬǄȅǒ ȁƨ ®ǼƥǺǆ ƭǎǃķ ƥƨ ȁǏȋǎ ƤǅȊǆ ƭǊƤ ǅƯǏȋƨ

 �ǁƨƥȊ ȉǺ ǼƥȊǅƶ ǽȋȊƥĥ ȁƨ

 ȁǏȋǎ ȉǶȅǳǶȅǺ ǄƥƯƾƥǊ

 ƭǊƥǻǣǺ ǽȊƤ ƽǊƥĥ ƦƘ
 °ǁǾǇĥ ȉǺ ǅƮǀȄǆ ƤǃǦ ȉǾȄǄǀ ȈƥȂ Ǎƿƨ ®ǅǪȄǅǲƥǺ Ǆǀ ƥȊƘ
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 ȉǻȊǁǮ ȈƥȂ ȁǏȋǎ ȈǄƤȅǻȂƥǾ ƫǏȊǄ

 

ƥȂ ƭǎȅǾ ȉĥ 
1.Brow,R.
2.Rolla

 ǡƩǿǺ 
Rohrig, B. «Myths; chemistry Tells the Truth», Chemmatters, Dec. 2010.



  øþ

ĺǿȊǆ ǵǗǫǶƤȅƨƤ �ƫǻƶǅƮ

ȀǄƥǎƤ
 ®àÞÞæ ǴƥǊ ƫȊǄȅǪ ȀƥǺ ǆƤ ǀǅËËǊ Ƨǎ ĲȊ ƭǫȂ ƭǢƥǊ
 ǹȂ Ǆǀ ƤǄ ƥȋƶǄȅƶ Ǆǀ ǅĴËËǎ ǁȋǶȅƮ ƫǾƥƾǄƥĳ ĲȊ ĹǄƥƷǫǾƤ
 ƫǻȂ ǄƤȅȊǀ ȁĳ ǀȅƨ Ǽƥǿĭ ǄƥƷǫǾƤ ǽȊƤ ĺǾƤǅȊȄ ƪǅƯǋķ �ƭƿȊǄ
 ǡǛǮ ƱǢƥƨ Ȅ ƭǋĴǎ ǹȂǄǀ ǴƥȊǅĦǺƤ ƫǾƥƾǄƥĳ ĹƥȂ ȁǯƩǚ
 ®ƹƩǒ ƥƮ Ȅ ƭǎƤǀ ȁǺƤǀƤ ƥȂ ƭǢƥǊ ĹǆȅËËǊ ǍƮƘ �ǁǎ Ǭǅƨ
 ǵȃĭ Ȅ ǁǿƯƾƥƨ Ǽƥƶ ǅǫǾ ȀǀǇȋǊ �ǁǎ ǼƤǅȊȄ ȁǾƥƾǄƥĳ ƫǻȂ
 ǅǖƥƺ ȁƲǀƥƺ ǵƻǺ Ǆǀ ǼƤǅĸËËǏȂȄİĥ �ǁǾǁǎ ĺǻƾǆ ǅǫǾ

 �ǁǿǿĳ ǽȋȋǣƮ ƤǄ ǄƥƷǫǾƤ ǵǺƥǢ ƥƮ ǁǾǁǎ
 ǽȊƤ ƪǀǄȄƤǅǪ ƥȃǿƮ Ǉƶ ĹǇȋĭ ®ȅƶȄ ƭËËǋƶ ǽȊƤ ƽǊƥĥ

�ǅĴǎ �ǀȅƩǾ ȁǾƥƾǄƥĳ

 �ƥȂ ȀįƤȄǁȋǷĳ

  øþ



øÿ   |   

ȁǺǁǯǺ

ǅĴǎ ĹƥȂ ȀǄǂ ĹǄƥƷǫǾƤ ƬǄǁǮ ǆƤǄ

ǄƥƷǫǾƤ ǵǺƥǢ ¯ĺǿȊǅȋǎ ǅȋǻƾ

 C H O

 C H O (s)+ O (g) CO (g)+ H O(g)+

 C H O

C H O (s)+ O (g) CO (g) + H O(g) +

μ m

 ƪİȊȄ ®Ĺǆƥķ ĹƥȂ ǴȅǺǄǀ ǹƷƺ ǍȊƤǇǪƤ ǽȊƤ
 Ǆǀ ǍȊƤǇǪƤ ǽȊƤ ǅķƤ �ƭǊƤ ĹǄƥƷǫǾƤ ĹƥȂ ǍǿĳƤȄ
 ǄƥƷǫǾƤ ®ǁȂǀ ĹȄǄ ƭǢǅǊ ȁƨ ®Ĺǆƥķ ǀƤȅǺ ǹƷƺ

ǁƯǪƤ ĺǺ ǬƥǫƮƤ
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  ùö

 ǼƘ ǆƤ ĹƤ ȀǁǻǢ Ǎƿƨ ǅĴǎ ȁĳ ĺǿȊǅȋǎ ǅȋǻƾ
 ǀȅǎ ĺǺ ȁƯǎǅƨ ȁĳ ǼƥǿĮǻȂ ®ǁȂǀ ĺǺ ǵȋĴǏƮ ƤǄ

ǀǆȅǋƨ Ȅ ǀȅǎ ǄȄ ȁǷǣǎ ǁǾƤȅƮ ĺǺ

 C÷øHøøO÷÷(s)+÷øOø(g) ÷øCOø(g)+÷÷HøO(g)+ĹįǅǾƤ

 ǆƥķ ǴȅǺ ÷ø ®ȁǶǀƥǣǺ Ĥĭ ƭǻǊ Ǆǀ ȁĳ ǹȋǿȋƨ ĺǺ
 ǆƥķ ǴȅǺ øù ƭǊƤǄ ƭǻǊ Ǆǀ ȁĳ ĺǶƥƺ Ǆǀ ǀǄƤǀ ǀȅƶȄ

 �ƭǊƤ ǀȅƶȅǺ
 ƪİȊȄ ®Ĺǆƥķ ĹƥȂ ǴȅǺǄǀ ǹƷƺ ǍȊƤǇǪƤ ǽȊƤ

 Ǆǀ ǍȊƤǇǪƤ ǽȊƤ ǅķƤ �ƭǊƤ ĹǄƥƷǫǾƤ ĹƥȂ ǍǿĳƤȄ
 ǬƥǫƮƤ ǄƥƷǫǾƤ ®ǁȂǀ ĹȄǄ ƭǢǅǊ ȁƨ ®Ĺǆƥķ ǀƤȅǺ ǹƷƺ

ǁƯǪƤ ĺǺ

 ǅȋǻƾ ®ǴƥȊǅĦǺƤ ǅĴǎ ǁȋǶȅƮ ƫǾƥƾǄƥĳ Ǆǀ ǄƥƷǫǾƤ ǵǺƥǢ
ǅĴǎ ȁǾ  ®ƭǊƤ Ȁǀȅƨ ĺǿȊǅȋǎ

 �ǁǿǺƥǾ ĺǺ ǄƥƩǦ Ȅ ǀǅķ ƤǄ ûöö μm ƪǆƤǁǾƤ Ǆǀ ĺȊƥȂ ȀǄǂ
 ĹƤ ȀǆƤǁǾƤ ǽȋǿĭ ȀǀƥǺ ĲȊ ĹƥȂ ȀǄǂ ȁĳ ĺǺƥĸǿȂ

 ®ǁǾȅǎ ǅƷǫǿǺ ǁǿǾƤȅƮ ĺǺ ĺƯƺƤǄ ȁƨ ǁǿǎƥƨ ȁƯǎƤǀ
ǁǿǎƥƨ Ȁǁǎ ȀǁǿĳƤǅĥ ƤȅȂ Ǆǀ ǅķƤ ȀİȊȄ ȁƨ

 μm

 
CSB

CSB

ƥȂ ƭǎȅǾ ĺĥ 
1. Imperial
2. Chemical Safety and Hazard Investigation Board

ǡƩǿǺ 
1. Tinnesand, M. «Sugar, an unusual explosive», Chemmatters, Dec. 2010.

ǅƯȋƮȅǊ

 ƤǄ ûöö μm ƪǆƤǁǾƤ Ǆǀ ĺȊƥȂ ȀǄǂ
 ĺǺƥĸǿȂ �ǁǿǺƥǾ ĺǺ ǄƥƩǦ Ȅ ǀǅķ
 ǽȋǿĭ ȀǀƥǺ ĲȊ ĹƥȂ ȀǄǂ ȁĳ
 ȁƨ ǁǿǎƥƨ ȁƯǎƤǀ ĹƤ ȀǆƤǁǾƤ

 ®ǁǾȅǎ ǅƷǫǿǺ ǁǿǾƤȅƮ ĺǺ ĺƯƺƤǄ
 ȀǁǿĳƤǅĥ ƤȅȂ Ǆǀ ǅķƤ ȀİȊȄ ȁƨ

ǁǿǎƥƨ Ȁǁǎ

  ùö

cm  cm
cm

*  = cm

*  = cm
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ȀǁȋĴĭ
 ǙȊƤǅǎ Ǆǀ Ȅ ǁǾȅǎ ĺǺ ȀǁǿĳƤǅĥ ǙȋƻǺ Ǆǀ ĺƯƺƤǄ ȁƨ  ȁĳ ǁǾƤ ĺǶȅǷǊ ǁǿĭ ĺȊƥȂ īǄƥǮ ƥȂ ĲĦĳ
 ǄȄƘ ǼƥȊǆ ǹȂ Ȅ ǁǿǺǀȅǊ ǹȂ ǁǿǾƤȅƮ ĺǺ ƥȂ ĲĦĳ �ǁǿǿĳ ĺǺ ǁǎǄ ȀǁǾǆ ǀƤȅǺ ƹǛǊ Ǆǀ ƧǊƥǿǺ
 ĺƯǺȓǊ ǽƯƾƤǁǾƤ ǅǛƾ ȁƨ ƧƩǊ ĺǻǊ ĺȊƥȋǻȋǎ ǀƤȅǺ ǁȋǶȅƮ ƥƨ ǄȄƘ ǼƥȊǆ ĹƥȂ ĲĦĳ �ǁǿǎƥƨ
 Ȅ ƥȂ ĹǄƥǻȋƨ ǼƥǺǄǀ Ǆǀ ƥȂ ĲĦĳ ǆƤ ĺǢƤȅǾƤ Ǵƥƺ ǽȋǻȂ Ǆǀ �ǁǾȅǎ ĺǺ ǅĸȊǀ ǼƤǄȅǾƥƶ Ȅ ǼƥǋǾƤ

�ǁǾǄƤǀ ĹǄȄǅǖ ǀǅƨǄƥĳ ĺȊƤǃǦ ǀƤȅǺ ǁȋǶȅƮ

�ƥȂ ȀįƤȄǁȋǷĳ

ȉǾƥǻǯǶ ǹȊǅǺ



  ùø

ȁǺǁǯǺ

ƥȂ ĲĦĳ ǠƤȅǾƤ
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ƥȂ ǽȋǋĳȅƮȅĴȋǺ

DNA

 

 



  ùú

B
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 ǆƤ ĹǅȋķȅǷƶ ĹƤǅƨ ĺȊƥȂ ȁȋǒȅƮ
ĲĦĳ ǁǎǄ

  

 Ĺǅȋķ ȁƷȋƯǾ

ƥȂ ƭǎȅǾ ĺĥ 
1.mould    2.fungi   3.mycotoxine 4. hyphea  5.deoxynivalenol   6.zearalenone   7.ochratoxin   8.fumonisin    9.aflatoxin   

ǡƨƥǿǺ 
1.Chan, Z. and Tian, S. Postharvest Biology and Technology, 2005, 36, 215.
2. Cook, D.W.M. Phytopathology,2005, 92,1293.
3.Droby, S.; Chalutz, E. (1994) Mode of action of biocontrol agents of postharvest disease. In: Wilson CL, Wisniewski ME (Eds.), Biological control of 
postharvest diseases of fruits and vegetables-theory and practice. CRC Press, Boca Raton, FL, pp. 63– 75.
4.Etebarian, H.R.; Sholberg ,P.L.; Eastwell ,K.C.; Sayler, RJ.Canadian Journal of Microbiology,2005, 51, 591.
5.Fallah ,B.; Zaini, F.; Daei Ghazvini ,R.; Kachuei ,R. ;Kordbacheh, P.; Safari, M. ;Mahmoudi, S .
 Current Medical Mycology, 2016, 2(1),1.

ß ǴȄǁƶ
ǽȋǋǲȅƮȅǳȋǺ ǸƥǾǅȊǃĥ ƧȋǊƘ ȈƥȂ ȀǀǄȄƤǅǪ



  ùü

ƥƩǚ ȉǿƨ ǽȋǋƺǁȋǊ

ȀƤȅƾ ǠȅǾ ȁǫǚƥǢ

ȀǁȋĴĭ
 ǼƤǁǾǀ ȁƨ ĲȊǀǇǾ ǸƥĴƻƯǊƤ ƥƨ ĺǿȊǆǄ ĹƥȂ ȀǆƥǊǁǿĭȅǾƥǾ ǆƤ ȀǀƥǫƯǊƤ ȀǆȄǅǺƤ
 ȁƨ ƭĳǅƺ ǴƥƺǄǀ ƥȂ ǽȊǆǄ ǽȊƤ ǆƤ ȀǀƥǫƯǊƤ �ƭǊƤ ȁƯǪǅķ ǄƤǅǮ ȁƶȅƮ ǀǄȅǺ Ǆƥȋǋƨ
 ȈƥȂįƥȋǶƘ ǠȅǾ ǆƤ ®ƥȂ Ȁǁǿǿĳǅĥ ǽȊǇĸȊƥƶ ǵǺƥĳ Ǆȅǚ ȁƨ ǁǿǾƤȅƯƨ ȁĳ ƭǊƤ ĺƯǻǊ
 Ǆǀ ȁĳ ƭǊƤ  ĺǻƷƺ ĹƥȂ ǔƥƩǯǾƤ ƥȂ ȀǆƥǊǁǿĭ ǽȊƤ ĺǷǒƤ ǵĴǏǺ �ǁǾȅǎ Ȁȅȋƶ
 ȁƨ ƱǢƥƨ ƥȃǿƮ ȁǾ ȉǻƷƺ ȈƥȂ ǔƥƩǯǾƤ ǽȊƤ �ǁȊƘ ĺǺ ǀȅƶȄ ȁƨ Ǽǁǎ ǅǻȋǷĥ ǁǿȊƤǅǪ
 Ȁǁǿǿĳǅĥ Ȅ ǼƤǁǾǀ ǽȋƨ ĺǷƾƤǀ ĹƥǗǪ Ȅ ǁǾȅǎ ĺǺ ǼƤǁǾǀ Ǆǀ ǍǿƮ ǼǁǺƘ ǀȅƶȄ
 ƤǄ ǼƤǁǾǀ ĺķǁȋǊȅĥ ƥȂ ǼƘ Ǆǀ ǡȊƥǺ Ȅ ƤǃǦ ĹƥȂ ȀǄǂ ǡǻƷƮ ȁĴǷƨ ǁǿǿĳ ĺǺ ǀƥƷȊƤ

�ǁǿǿĳ ĺǺ ĹǆƥǊ ȁǿȋǺǆ
 Ȅ ǀƤǀ ǍȂƥĳ ƤǄ ĺǻƷƺ ĹƥȂ ǔƥƩǯǾƤ ǁǒǄǀ ǼƤȅƮ ĺǺ ƥȂ ȀǁǿǿĳǅĥȅǾƥǾ Ĳǻĳ ƥƨ

�ǁȋǏƿƨ ǀȅƩȃƨ ĹǅȋĸǻǏĭ Ǆȅǚ ȁƨ ƤǄ ȀǆƥǊǁǿĭ ǸƥĴƻƯǊƤ
 ǽȊƤ ĹƥȂǀǅƨǄƥĳ ǆƤ ĺƾǅƨ ®ƥȂ ǼƘ ĹȅǾƥǾ ǠƤȅǾƤ Ȅ ƥȂ ȀǆƥËËǊǁǿĭ ȁƨ ȁǶƥǯǺ ǽȊƤ 

�ƭǊƤ ȁƯƾƤǀǅĥ ǼƤǁǾǀ Ȅ ĺǢȅǿǓǺ ĹƥȂ ǼƤȅƿƯǊƤ ȁȋȃƮ Ǆǀ ƥȂ ƧȋĳǅƮ

�ƥȂ ȀįƤȄǁȋǷĳ

  ùü
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ȁǺǁǯǺ

 ƥȂ ȀǆƥǊǁǿĭ ȁƨ ǆƥȋǾ ƬǄȄǅǖ

ƥȂ ȀǆƥǊǁǿĭ

 

ùý   |   



  ùþ

 ®ĹǇǷǪ ǀƤȅǺ ƭǋȊǆ ǆƤ ǵǓǫǺ Ȅ ǼƤȅƿƯǊƤ ĹƥȂ ǽȊǇĸȊƥƶ
 ĺƩȋĳǅƮ ȁƨ ȁĳ Ë ƥȂ ȀǆƥǊǁǿĭ Ȅ ƥȂǅǻȋǷĥ ®ƥȂ ĲȋǺƤǅǊ ƭǋȊǆ

ǁǾȅǎ ĺǺ ȁƯƾƥǊ Ë ǀȅǎ ĺǺ ȁƯǫķ  ƤǇƶƤ ǽȊƤ ǆƤ

ĺǢȅǿǓǺ ǼƤȅƿƯǊƤ ¯ĺǢȅǿǓǺ ĹƥȂ ǸƤǁǾƤ

ȀǆƥǊǁǿĭȅǾƥǾ ƥƨ ǼƤȅƿƯǊƤ ǁǾȅȋĥ

ƥȂ ǼƤȅƿƯǊƤ Ȁǁǿǿĳ ǹȋǺǅƮ ĹƥȂ ƭǋƨǄƤǀ
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 ǼƤȅƿƯǊƤ ǹȋǺǅƮ ĹƤǅƨ ȀǆƥǊǁǿĭȅǾƥǾ ǀǅÙķ

 ƭǎƥĳ  ǅǻǢ  Ǵȅǚ  Ȅ  ĺȊƤǄƥĳ  ǍȊƤǇǪƤ  Ȅ  ƥȂ ȀǆƥǊǁǿĭ
 ĺǾƤǁǾǀ

 ƥȂ ƭǎȅǾ ĺĥ 
1.composite
2. fibronectin

ǡƨƥǿǺ 
 1.www.polymertechnology.com/post/15
2.Simontd,B.W.,Lacey, D.l..Nature,2003,42,423.
3.Int.J.of Biological Macromolecules,2016,86,434.
4.J.of Composite Materials,2013,48(4),483.

 ĹǇǷǪ ĹƥȂįƥȋǶƘ ĹȄǄ ĺƯȋƮƥĥƘ ĹƥȂ ȀǁǿǾƥǎȅĥ
 ĹƥȂ ƭǪƥƨ ĹǆƥǊ ȁȋƩǎ ĹƤǅƨ Ȅ Ȁǁǎ ȀǀƤǀ ǄƤǅǮ
ǁǾƤ ȁƯǪǅķ ǄƤǅǮ ĺǊǄǅƨ ǀǄȅǺ ĺƯƾƥǿǎ ƭǋȊǆ
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  úöúö

ĺǾȄǁȊǅǪ ȁƲǁƻǺ �ȁǻƶǅƮ

ȀǄƥǎƤ
 ǼƘ ǁȊƥƨ ȁĳ ĺǿǶƥķ Ƶǿĥ ǵǛǊ ĹƥȂ ȀǄƥǿĳ ǆƤ ȀǁǿƩǋĭ ƪǀƥǺ
 ȀǀƤǀ ǴȅǮ Ǹǀȅƾ ȁƨ �ǁǿĳ ĺǺ ǇȊǄǅǊ ®ǸǅƩƨ ǹǾƥǻƮǄƥĥƘ ȁƨ ƤǄ
 ǵǛǊ ĲȊ ǽȊƤ ®Ʀȅƾ ƥǺƤ ǸǅƩǾ ȁǾƥƾ ȁƨ ƤǄ ĹǇȋĭ ǅȂ Ǹǀȅƨ
 Ǆȅǚ ȁƨ ®ȁƯǫȂ ǅȂ ǽǺ ȁĳ ƭǊƤ ȀǁËËǎ ǨǅǓǺ ĺƮƥƩǾ ǽǦȄǄ
 ƥƮ Ǹǅȋķ ĺǺ ǹƯǋȂ ǌƤ ĹǅƯǏǺ ȁĳ ĺǾƤǄȅƯËËǊǄ ǆƤ ǼƥĸȊƤǄ
 ǽȊƤ ǆƤ Ǎȋĥ �ǹǿĳ ȀǀƥǫƯǊƤ ǼƘ ǆƤ ȄǄǀȅƾ ƭƾȅǊ ǼƤȅǿǢ ȁƨ
 �ǹǿĳ Ƥǁƶ ƤǄ ǽǦȄǄ Ǆǀ ǄȄƥǿËËǎ ĺȊƤǃǦ ǀƤȅǺ ƫǻȂ ǁȊƥƨ Ǆƥĳ
 ȁȊƥĥ ȁǊ ĲȊ ĹȄǄ ȁĳ ĹƤ ȀǁǿǿĳƤǁƶ ƫËËǋȋĳ Ǆǀ ƤǄ ǽǦȄǄ
 �ǸƤ ȁƯǎƤǃķ ǵǛǊ ĲȊ ĹȒƥƨ ƤǄ ȁȊƥĥ ȁǊ �ǸǇȊǄ ĺǺ ®ǀǄƤǀǄƤǅǮ

 ȄǄǀȅƾ ǼǁǾƤǄ ĹƤǅƨ ǀǄǃķ ĺǺ ȁËËǋȋĳ ǼƥȋǺ ǆƤ ȁĳ ȁĮǾƘ
�ƭǊƤ ƧǊƥǿǺ

 ƭƾȅǊ ĲȂȓĳ ®ǹǾǆ ĺǺ Ȓƥƨ ƤǄ ȄǄǀȅƾ Ƭȅĥƥĳ Ǽƥƨƥȋƾ Ǆǀ
 ƭǪƥȊǆƥƨ ǽǦȄǄ �ǸǇȊǄ ĺǺ ǼƘ Ǆǀ ƤǄ ǽǦȄǄ Ȅ ǹǿĳ ĺǺ ǆƥËËƨ ƤǄ
 �ǀǄƤǀ ĹǀƥȊǆ ƭǻƺǆ ǼƘ Ǽǀǅĳ ȀǀƥǺƘ ƥǺƤ ƭǊƤ ǼƥĸȊƤǄ Ȁǁǎ
 ǌȓƮ ȁǻȂ ǽȊƤ ǌǆǄƤ ÖƥǣǮƤȄ ƥǺƤ ǸǄƤǀ ƭǊȄǀ ƤǄ Ǆƥĳ ǽȊƤ ǽǺ

°ǀǄƤǀ ƤǄ

 �ƥȂ ȀįƤȄǁȋǷĳ
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ĺƮƥƩǾ ǽǦȄǄ ǨǅǓǺ ĹƤǅƨ ĺǷȋȊȄǆƥķ ǄȅƮȅǺ Ǆǀ ǅȋȋǧƮ

ıƥĥ ĺƯƾȅǊ ¯ĺƮƥƩǾ ǽǦȄǄ

ȁǺǁǯǺ

 

°ǀǆȅǊ ĺǺ ȁǾȅĸĭ ȄǄǀȅƾ ǄȅƮȅǺ Ǆǀ ĺƮƥƩǾ ǽǦȄǄ



  úøúø

 ƭǎȅǾ ĺĥ 
1. triacylgiycerol

ǡƩǿǺ 
1. Nolte, B. "Thanking up, the oil used to cook your dinner could run your 

car" , chemmatters, 2011 , Apr.   

  ǽȊǇǿƨ ǆƤ ǅƯǏȋƨ ĺǶȅĴǶȅǺ ǽȋƨ ĹƥȂȄǅȋǾ ǵȋȊȄǆƥķ Ǆǀ
 ĹǅƯǏȋƨ ĹȄǅǾƤǅķ ǵȋȊȄǆƥķ ǀȅǎ ĺǺ ƧƩǊ ȁĳ ƭǊƤ

ǁǎƥƨ ȁƯǎƤǀ ǽȊǇǿƨ ȁƨ ƭƩǋǾ

B20
E85

E10
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www.roshdmag.ir

Email: Eshterak@roshdmag.ir

www.roshdmag.ir
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ǅƿƯǫǺ  ǼƤǇĥ ȀǄȅǲ ȁȊǁȃǺ

 ĺǻǊ ĹƥȂȅǺ ĶǾǄ ĹƤǅƨ ĺǿȊǇĸȊƥƶ®ǽǪƤǅķ

 Enough with the toxic hair dyes. We could use
graphene instead
www.sciencemag.org/news/2018/03/enough-toxic-
hair-dyes-we-could-use-graphene-instead

ǽƮȅǷķ ƥƨ ȀǄȅƾȅǺ ǼƥǺǄǀ
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pH

pH
pH

 

1. Wang, Sh. 2. Jiangnan
 Want to cure your hair’s split ends? Try washing
them with wheat gluten

www.sciencemag.org/news/2018/02/want-cure-
your-hair-s-split-ends-try-washing-them-wheat-gluten

 ĺȊƤǃǦ ǀƤȅǺ Ĺǁǿƨ ȁƯǋƨ ĹƥȂǅƲƤ

ZnO

ZnO



  úü

 ƥƨ Ȅ ƭǊƤ ĺĴȊǅƯĴǶƤ ǼƥȊǅƶ ĹƥǾƥǊǄ ǽǪƤǅķ
 Ǆǀ ȁĳ ĺȊƥȂȅǺ ȁƯǎǄ ƥƨ ǁȋǾƤȅƮ ĺǺ ǼƘ ǨǅǓǺ

 ǁǿǾƥǺ ĺǺ ƭǊƤǄ ® ƤȅȂ Ǆǀ ǽĳƥǊ ȁƯȋǋȊǅƯĴǶƤ ǅƲƤ
ǁȋǿĳ ĺǟǪƥƺƤǁƾ

1.Mahler,G. 

Food packaging could be negatively affecting nutri-
ent absorption in your body
www.sciencedaily.com/releas-
es/2018/04/180409161305.htm

 ǁǾȅǎ ĺǺ ȀǄȅǟǿǺǁǿĭ ĹǁȋǎǄȅƾ ĹƥȂ ǴȅǷǊ

 
DSSCs

DSSC

DSSC

DSSC 

TiO
TiO

TiO
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DSSC

TiO

TiO

DSSC 

DSSC

DSSC

DSSC

1.Graetzel,M.  2.Swiss Federal Institute of Technology  
3.dye-sesitized solar cell  4.Wasieelewski,M.    

Solar cells that work in low light could charge devices 
indoors
www.sciencemag.org/news/2018/04/solar-cells-work-
low-light-could-charge-devices-indoors

ƥȂ ǽȋƣƮȄǅĥ ĺƨƥȊǀǄ ƥƨ ȁƯǎǃķ ȁƨ ǅǫǊ

 

EVA

 ĹƥȂǁǾȅȋĥ ǵȋĴǏƮ ȁƨ ǁǾƤȅƮ ĺǺ Ǹǁǿķ ǽƮȅǷķ ƧȋĳǅƮ
 ȀǁȊǀ ƧȋǊƘ ĹƥȂǁǾȅȋĥ ǽȊǇĸȊƥƶ ȁĳ ǁǺƥƷǿȋƨ ǁȊǁƶ

ǁǾȅǎ ĺǺ ȅǺ Ǆǀ

 Ǽȅƾ ĹƥȂ ȁĴǶ ĺǊǄǅƨ ĹƤǅƨ  EVA ĹƥȂ ǹǷȋǪ ǆƤ
 ȁƨ ǍƮȅǪ ǆȄǄ Ǆǀ Ǩȅƿĭ ǼȅƯǾƘ ȁĳ ĺǿȂƤǅȋĥ ĹȄǄ
 ĹƥȂ ȀƥǺ Ǆǀ ȁĳ ĺǶƥƯǋĥ ƬǄƥĳ Ȅ ƥȂ ȁǺƥǾ ®ȁƯǎƤǀ ǽƮ

ǁǎ ȀǀƥǫƯǊƤ ®ȁƯǎȅǾ ǌǅǻǢ ǅƾƘ



  úþ

EVA  

EVA

 

EVA  
EVA

 

 

EVA

EVA 

EVA 

EVA

 ƥƨ Ȁǁǎ Ȅǅǋǿĳ ǤǅǺ Ȅ ȁƨȅĭǄƥǺ ®ǽƮ ĺȂƥǺ ®ƬǄǂ
 ǄƤǅǮ ĺǊǄǅƨ ǀǄȅǺ ĺǺǅƶ ƵǿǊ ǩȋǚ ǆƤ ȀǀƥǫƯǊƤ
 ǽȊƤ Ǆǀ ĹȄǄ ǄƤǁǯǺ ȁĳ ǀƤǀ ǼƥǏǾ ƵȊƥƯǾ �ǁǿƯǪǅķ

 ĺȊƤǃǦ ǹȊįǄ Ǆǀ ǆƥƷǺ ǄƤǁǯǺ ǅƨƤǅƨ ǁǒ ®ĺȊƤǃǦ ǀƤȅǺ
ƭǊƤ ȁǾƤǆȄǄ
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EVA

1.Righetti,P.G.  2.Zilberstein,G.  3.Bulgakov,M.  
4.Lombardy 5.yersinia pestis  6.antrax bacteri-
um  7.mycobacterium tuberculosis    8.laudanum    
9.Collins,M.   10.Pushkin,A.

Trace proteins on texts and clothes offer insight into 
the past
cen.acs.org/analytical-chemistry/art-&-artifacts/
Trace-proteins-texts-clothes-offer/96/i15

1.Zhao,R.    2.Feng,L.

Newly improved glass slide turns microscopes into 
thermometers
phys.org/news/2018-05-newly-glass-microscopes-
thermometers.html

 ȈƥȂ ȁǿƻǒ Ǆǀ ǀȅƶȅǺ ǬǅǢ ȈƥȂ ȁǾȅǻǾ ǆƤ ȈǄƤǀǅƨ Ȁǅȃƨ
Ǹǅƶ

 ȁƨ ƤǄ ģȅĴǊȄǅĴȋǺ ®ǁȊǁƶ ĹƤ ȁǏȋǎ ĹƥȂ ǸȒ
ǁǿǿĳ ĺǺ ǵȊǁƩƮ ƵǿǊƥǺǀ



  ûö

 

DNA

1.Halamek,J.
Forensic chemist uses sweat to distinguish individuals 
at crime scene
phys.org/news/2018-05-forensic-chemist-distinguish-
individuals-crime.html

ǄȅǾ ƥƨ ƥȂ ǴȅĴǶȅǺ ĲƮ ǼǆȄ ǽȋȋǣƮ
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iSCAMS

iSCAMS

iSCAMS

iSCAMS

1.Kukura,Ph.  2.Benesch,J.  3.interferometric scatter-
ing mass spectrometry

1.Weighing single molecules with light
phys.org/news/2018-04-molecules.html
2.Scattered light weighs single biomolecules
cen.acs.org/analytical-chemistry/microscopy/Scat-
tered-light-weighs-single-biomolecules/96/i18

 ƬƥƷȊǇƩǊ  Ǆǀ   ȀǁǾƥǺ ĺǮƥƨ  ĹƥȂ Ǎĳ ƭǪƘ   ĹǅĸǶƥƨǅǦ

/



  ûø

1.pyrethroid    2.Hongshun,Y.    3.Yu Xi   4.mycotoxin

Food scientists create novel magnetic nanoparticles 
for rapid screening of pesticide residue in vegetables
phys.org/news/2018-02-food-scientists-magnetic-
nanoparticles-rapid.html

PCL-PEG-PCL

  1. Hong,Y.
Highly elastic biodegradable hydrogel for bioprint-
ing of new tissues
1.phys.org/news/2018-05-highly-elastic-biodegrada-
ble-hydrogel-bioprinting.html

ƥȂ ƭǪƥƨ ĺƯǋȊǆ ģƥĭ ĹƤǅƨ ǴįȄǄǁȋȂ ĲȊ ĺǪǅǣǺ
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Word

pdf shimi@roshdmag ir
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  ûú

     goREACT
ǁȋǿĳ ȁƨǅƷƮ ƤǄ Ǽǁǎ ǼƤǀ ĺǻȋǎ

goREACT

Ƭƥȋƨ ǀƤȅƶǁǻƻǺ

  ûú
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     PHET 
ĺǎȅķ Ǆǀ Ǆƥƨ ǽȊƤ ®ƦȅƩƻǺ

PHET
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ǄƤǀƤǀ ƈƤǅǓǾ

ȀǄƥǎƤ
 ǌǆȅǺƘ ȉƯȋƨǅƮ ȉǢȅǖȅǺ ǍǾƤǀ� ǍȊƥǻȂ ǽȋƯËËǋƿǾ
 ƗƤǅȂǇǶƤ ǉȊǀǅĥ Ǆǀ ȁƯËËǎǃķ ǴƥǊ ȀƥǺǁǿǫËËǊƤ �ȉǻȋǎ

�ǁǎ ǄƤǇķǅƨ ǼƥȃǫǒƤ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ
 ȈƤǅƨ ȈǆƥËËǊ ȁǿȋǺǆ ®ǍȊƥǻȂ ǽȊƤ ȉǻǷǢ ǅȋƨǀ ƫƯǫķ ȁƨ
 Ǆǀ ƤȅƯƻǺ ǁȋǶȅƮ ƬǄȄǅËËǖ ȁƨ ȉǻǷǢ ȁǣǺƥƶ ȁƶȅƮ ƧǷƶ
 ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ ȀƥĸȊƥƶ ǽȋȋƩƮ Ȅ ȉǻȋǎ ǌǆȅǺƘ ȁƯǎǄ
 ǨƤǁȂƤ ǽȊǅƮ ǹȃǺ ǆƤ ®ǄȅƻǺ ǍȂȄİĥ ȀƥĸǏǾƤǀ ǱȊ ǼƤȅǿǢ ȁƨ

�ǀȅƨ ǍȊƥǻȂ ǽȊƤ
 ǴƥǻƯƺƤ Ȅ ǍȊƥǻȂ ǽȊƤ ȈƥȂǀǄȄƥƯǊǀ ǆƤ ȉȂƥķƘ ǄȅǟǿǺ ȁƨ
 ǁȋǏȃǺ ǅƯǲǀ ƥƨ ȉȊȅķȄ ƭǫķ ®ȀǁǿȊƘ Ǆǀ ǼƘ ǀǁƷǺ ȈǄƤǇķǅƨ
 ȁǲ ǹȊƤ ȀǀƤǀ ǸƥËËƷǾƤ ǍȊƥǻȂ ǽȊƤ ȉǻǷǢ ǅȋƨǀ ®ȁǾƥƯËËǋǷķ

�ǁȊƘ ȉǺ ȁǺƤǀƤ Ǆǀ ǼƘ ǌǄƤǇķ

 ǼƥķǁǿǾƤȅƾ ĹƤǅƨ ǼƥƯǯƨƤȅǊ Ȅ ǀȅƾ ǆƤ ĺǻĳ ǆƥǦƘ Ǆǀ ÖƥǫǛǶ 
�ǁȋȊƥǺǅǫƨ

ISI

  ûü

ǼƥǻǷǣǺ ƥƨ ȀƤǅǻȂ
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 ǄƤǇķǅƨ ĺǾƥǺǆ ȁĭ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ ĺǻȋǎ ǍȊƥǻȂ 
°ǀǅĳ ĺǺ ǴƥƩǾǀ ƤǄ ĺǪƤǁȂƤ ȁĭ Ȅ ǁǎ

 ȀƥĸËËǏǾƤǀ °ǀȅƨ ƥƷĳ ȁǢȅǻƷǺǅȊǆ ĺǻȋËËǎ ǍȊƥǻȂ 
°ǄȅǏĳ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ ƥȊ ǼƥȃǫǒƤ ǼƥȋĸǿȂǅǪ

 ǍȊƥǻȂ ǽȊƤ Ǆǀ ǼƥȋĸǿȂǅǪ ȀƥĸËËǏǾƤǀ ǆƤ ĺǏƿƨ ȁĭ 
°ƭǎƤǀ ĹǄƥĴǻȂ

 ȉǚ ȉǻȋǎ ǼƥǓǓƿƯǺ ǽȂǂ Ǆǀ ȁǲ ȉƮȒƤƝǊ ǆƤ ĺĴȊ 
 ȈǀȅƶȄ ƥƨ ȁǲ ǀȅƨ ǽȊƤ ǁǺƘ ǀȅƶȄ ȁƨ ǍȊƥǻȂ ǽȊƤ ȈǄƤǇķǅƨ
 ǽǻƷǾƤ ǙËËǊȅƮ ǍȊƥǻȂ ǱȊ ®Ǆƥƨ ǱȊ ǴƥËËǊ à ǅȂ ȁǲ

 ǄƤǇķǅƨ ǼƤǅȊƤ Ǆǀ ȉǻȋǎ ǌǆȅǺƘ ȈǆƥǊ ȉǿǦ ȈƤǅƨ ȉǻȋǎ
 ®ǼƤȅǿǢ ǼƥǻȂ ƥƨ ǍȊƥǻȂ ǽȊƤ ȈƤǅƶƤ ƬǄȄǅǖ ®ǀȅËËǎ ȉǺ

°ƭǊƤ Ȁǀȅƨ ȁĭ ȁǾƥķƤǁƶ ƬǄȅǒ ȁƨ ȉǶȄ

 
 PCK

PCK
PCK
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 ǍȊƥǻȂ ǽȊƤ Ǆǀ ȉǏǯǾ ȁĭ ȉȊƥƶǄ ǁȋȃËËǎ ȀƥĸǏǾƤǀ 
°ƭǎƤǀ

 Ȁǀȅƨ ȁǾȅĸĭ ǍȊƥǻȂ ǽȊƤ ǆƤ ƥȂ ǹǷǣǺ ǴƥƩǯƯËËǊƤ ǼƤǇȋǺ 
°ǁȋǊǄ ƥǻǎ ƭǊǀ ȁƨ ȁǶƥǯǺ ǀƤǁǣƮ ȁĭ °ƭǊƤ

 ȀǄȄǀ Ǆǀ ǹǷǣǺȅƷËËǏǾƤǀ ǀƤǁǣƮ ȁĭ Ȅ ǹǷǣǺ ǀƤǁǣƮ ȁĭ 
°ǁǿƯǎƤǀ ǄȅǗƺ

 ȈƥȂ ȁǺƥǾǅƨ °ǁǿǲ ȉǺ Ƥǁȋĥ ȁǺƤǀƤ ǍȊƥǻȂ ǽȊƤ ȈǄƤǇķǅƨ ƥȊƘ 
°ƭǋȋĭ ǍȊƥǻȂ Ȉǁǣƨ

 

 ǽȊƤ ȁƨ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ ȉǏȂȄİĥ ƭǾȄƥǣǺ
 Ǽǀǅǲ ǁǺƘǄƥǲ ȈƥȂ ȀƤǄ ǆƤ ȉǳȊ ȁǲ ǁȋǊǄ ȁƷȋƯǾ
 Ȅ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ Ǽǀǅǲ ǄȅƻǺ ǍȂȄİĥ Ȅ

 ǅȊƥǊ ǼƥȋǺ Ǆǀ ȀƥĸǏǾƤǀ ǽȊƤ ȀƥĸȊƥƶ ǼǁǾƥǊƥǿǎ
 ȈƥȂ ǍȊƥǻȂ ǆƤ ȈƤ ȁǢȅǻƷǺ ȈǄƤǇķǅƨ ®ƥȂ ȀƥĸǏǾƤǀ
 Ǆǀ �ȉƯȋƨǅƮ ȉǢȅǖȅǺ ǍǾƤǀ� ǠȅǖȅǺ ƥƨ ȁǾƥķ÷û

 ƥȂ ǼƘ ǆƤ ȉǳȊ ȁǲ ƭǊƤ ǩǷƯƿǺ ȉǓǓƿƮ ȈƥȂ ȁƯǎǄ
ǀȅƨ ȉǻȋǎ ǌǆȅǺƘ

 ȀƥĸǏǾƤǀ Ȅ ȉǻȋǎ ǽǻƷǾƤ ǍȊƥǻȂ Ȅǀ ǅķƤ
 ȈǅƯǏȋƨ ȈǄƤǃķǅȋƲƛƮ ®ǀȅǎ ǸƥǦǀƤ ǼƥȋĸǿȂǅǪ
 ǁȂƤȅƾ ȁǾƥķƤǁƶ ǍȊƥǻȂ Ȅǀ ȈƤǅƶƤ ȁƨ ƭƩǋǾ

ƭǎƤǀ

  ûþ



 ǼƥȃǫǒƤ ƗƤǅȂǇǶƤ ȁǻǚƥǪ ǉȊǀǅĥ ǽȋǻȂ Ǆǀ ǍȊƥǻȂ ǽȊƤ 
°ǁǎ ǄƤǇķǅƨ

 ǅĸȊǀ ȈƥȂǅȃǎ Ǆǀ Ȉǁǣƨ ȈƥȂ ǍȊƥǻȂ ƭǊƤ ǽǳǻǺ ƥȊƘ 
°ǀȅǎ ǄƤǇķǅƨ

 ǽǻƷǾƤ ǍȊƥǻȂ ƥƨ ǍȊƥǻȂ ǽȊƤ ǀǄƤǀ ǼƥǳǺƤ ®ƥǻǎ ǅǟǾ ȁƨ 
°ǀȅǎ ǸƥǦǀƤ ȉǻȋǎ

 ǍȊƥǻȂ Ȅǀ ǽȊƤ Ǽǁǎ ǅƮ ǱȊǀǇǾ ȈƤǅƨ ȈǀƥȃǿǏȋĥ ȁĭ 
°ǁȊǄƤǀ ǅĸȊǁǳȊ ȁƨ

 ǼƘ ǀǄȄƥƯǊǀ ǽȊǅƮ ǹȃǺ ®ǍȊƥǻȂ ǆƤ ǀȅƾ Ȉǁǿƨ ǡǻƶ Ǆǀ 
 °ǁȋǾƤǀ ȉǺ ȁĭ ƤǄ

 ǵǮƤǁƺ ƤǄ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ ǁȊƥƨ ȉǻȋǎ ǽǻƷǾƤ
 ǼƤǄȄǀ Ǆǀ ǄȅǏǲ ȉǻȋǎ ǌǆȅǺƘ ǅǺƤ ȉǶȅƯǺ ǼƤȅǿǢ ȁƨ

ǁǊƥǿǏƨ ȉǊƥǿǎǄƥǲ ǼƤǄȄǀ Ȅ ȁǛǊȅƯǺ
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 ǁȋȃǎ ȀƥĸǏǾƤǀ ®Ȉǁǣƨ ȈƥȂ ǍȊƥǻȂ Ǆǀ ǁȋǿǲ ȉǺ ǅǳǪ 
ǁǎƥƨ ǼƥƮǄƥǿǲ Ǆǀ ȉȊƥƶǄ

 ȀǁǿȊƘ Ǆǀ ȈǅƯȃƨ ƭȋǫȋǲ ƥƨ ǍȊƥǻȂ ǽËËȊƤ ȁǳǿȊƤ ȈƤǅƨ 
°ǁȊǄƤǀ ȈǀƥȃǿǏȋĥ ȁĭ ǀȅǎ ǄƤǇķǅƨ

 ǌǆȅǺƘ ǡƨƥǿǺ ǅǯǪ ƥƨ ȉǻȋǎ ǌǆȅǺƘ Ȁǆȅƺ Ǆǀ ƥǺ
 Ȅǀ ƥȊ ǱȊ Ǆǀ ǅǯǪ ǽȊƤ ǅķƤ Ȅ ǹȋƯǋȂ ȁƶƤȅǺ ȉǻȋǎ
 ǍǶƥĭ ƥƨ ƤǄ ǼƥȊȅƷǏǾƤǀ ®ǀȅǏǾ Ǩǅǚǅƨ ȀǁǿȊƘ ǴƥǊ

ǁǿǲ ȉǺ ȁƶƤȅǺ

  üö
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 ȈƥȂ ǍȊƥǻȂ ȈƤǅƨ ȁǲ ȈǆƤǁǾƤ ǹËËǏĭ Ȅ ǭǪƤ ȁƨ ȁƶȅƮ ƥƨ 
 ƭȋǪǅǞ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ ƥȊƘ ®ǁȊƤ Ȁǀǅǲ ǹȋǊǅƮ ȀǁǿȊƘ
 ǽȊƤ ǆƤ ȉǾƥƩȋƯǏĥ ȈƤǅƨ ƤǄ ȉǾƥǺǆƥǊ Ȅ ȉǶƥǺ ®ȉǾƥǋǾƤ ȈȄǅȋǾ

°ǀǄƤǀ ƥȂ ǍȊƥǻȂ

 ǍȊƥǻȂ ȉǻȋǎ ǽǻƷǾƤ ǁȋƯǋȂ ǼƥȊǅƶ Ǆǀ ȁǲ Ǆȅǚ ǼƥǻȂ 
 ƭǣǿǒ Ȅ ǹǷǢ ȀƥĸǏǾƤǀ Ǆǀ ǴƥǋǺƤ ȀƥǺǄȅȊǅȃǎ Ǆǀ ƤǄ ǀȅƾ
 ǽȊƤ Ǆǀ ǀǄƤǀ ǁǓǮ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ ƥȊƘ �ǁǿǲ ȉǺ ǄƤǇķǅƨ
 ƭȋǫȋǲ ȈƤǅƨ ȈǀƥȃǿǏȋĥ ȁĭ °ǅȋƾ ƥȊ ǁǿǲ ƭǲǅǎ ǍȊƥǻȂ

°ǁȊǄƤǀ ȉǻȋǎ ǽǻƷǾƤ ǍȊƥǻȂ ǅƯǏȋƨ

 ǍȊƥǻȂ Ȅ ȉǻȋǎ ǽǻƷǾƤ ǍȊƥǻȂ ǁǎƥƨ ǄƤǅǮ ǅķƤ
 ǨƤǁȂƤ Ȅ ƥȂǄȅƻǺ ®ǁǾȅǎ ǸƥǦǀƤ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ
 ǀǄȅǺ ǍȊƥǻȂ ȈƥȂǄȅƻǺ ǆƤ ȉǯȋǫǷƮ ǁȊƥƨ ǇȋǾ ǍȊƥǻȂ

ǁǎƥƨ ȉǻȋǎ ǽǻƷǾƤ Ȅ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ ǆƥȋǾ

 ǅƯƨƤ ®ǍȂȄİĥ ǼȄǁƨ ǼƥȋĸǿȂǅǪ ȀƥĸǏǾƤǀ Ǆǀ ǌǆȅǺƘ
ƭǊƤ
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 ǼƥȊȅƷǏǾƤǀ Ȅ ȉǻȋËËǎ ǼƥǻǷǣǺ ȁǲ ƥǺ ǼƥƩǚƥƿǺ ȈƤǅƨ 
 Ǆǀ ȁĭ Ȅ ǼƥȋĸǿȂǅǪ ȀƥĸËËǏǾƤǀ Ǆǀ ȁĭ Ë ǹËËǷǣǺ ƭȋƨǅƮ
 Ȓƥƨ ȈƤǅƨ ȉǺƥȋĥ ȁĭ ®ǁǿƯǋȂ Ë ȉȊƥƶǄ ǁȋȃËËǎ ȀƥĸǏǾƤǀ
 ǆƤ ȈƤ ȀǁǢ ǅķƤ °ǁȊǄƤǀ ȉËËǎǆȅǺƘ ȈƥȂǄƥǲ ƗƥǯƮǄƤ Ǽǀǅƨ
 ǄȅǗƺ ƥƷǿȊƤ Ǆǀ ȉǻȋǎ ǼƥǻǷǣǺȅƷǏǾƤǀ ƥȊ ȉǻȋǎ ǼƥǻǷǣǺ

°ǁȊǀǅǲ ȉǺ ƸǅǛǺ ǼƥǏȊƤǅƨ ȉȊƥȂ ȁȋǒȅƮ ȁĭ ®ǁǿƯǎƤǀ

 ƸǅǛǺ ȁǲ ǁËËǊǄ ȉǺ ǼƥƯǿȂǂ ȁƨ ȈƤ ȁƯǳǾ ǅķƤ ®ǼƥȊƥĥ Ǆǀ 
�ǁȋǿǲ ȁǪƥǖƤ ǁȋǾƤȅƮ ȉǺ ®ǁȊƤ ȀǀǅǳǾ

 ƭǎȅǾ ĺĥ 
1. Pedagoical Content Knowledge

  üø

 ǌǆȅǺƘ ȁƯǎǄ ǼƥȊȅƷǏǾƤǀ ƥƨ ȉǻȋǎ ǽǻƷǾƤ Ǽȅĭ
 ǡƨƥǿǺ Ȅ ƤȅƯƻǺ ǁȋǶȅƮ ȁƨ ǅƯǻǲ ®ƭǋȋǾ ǅȋķǄǀ ȉǻȋǎ

ǀǆƤǀǅĥ ȉǺ ȁƯǎǄ ǽȊƤ ȈƤǅƨ ȉǊǄǀ
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 ƥǺ ƥƨ ǁǾȅȋĥ ȈǄƤǅǮǅƨ ȈƤǅƨ Ȁƥķ ȄƤ �ƭǫķ ǹȊǁËËǊ ȁƨ ǹȋƯȋǶ
°ǀȅƨ ƥǺ ǹǊǄ ȉÛǲ ®ǽȊƤ �ǁǿǲ ȉǺ ǵȊƥǻƮ ǄƥȃǞƤ

�ǸƤ Ȁǁȋǿǎ ®ĹǄƘ �ǹȊǁǊ

 ȁƨ Ȅ ǀȅǎ ĺǺ ĺǻƮƤ Ȅǀ ǁǿǲ Ƥǁȋĥ ǹȂ ǼȄǅƯǳǶƤ ǅķƤ �ǹȋƯȋǶ
 ƥǺ �ƭǋȋǾ ȅǏƨ ǁǿƨ ȁĳ ƥƶ ĲȊ �ǁǿǲ ȉǺ ǄƤǅǪ  ǆƥķ ƬǄȅǒ

°ǹȋƯǎƤǀ Ȉǆƥķ ǅǓǿǢ ƥƷĳ
 Ǆȅǚ ȁƨ ®ǁȊǄǁȋȂ ǵĴǎ Ǆǀ ǹȂ  ĺȂƥķ ȁĳ ĹƤ Ȁǁȋǿǎ �ǹȊǁǊ

°ǀȄǄ ĺǺ ǁǾƘ ȁƨ ƦƤǃǺ
 ȉǾȅȊ ®ƥȂ ǼįȅǶƥȂ ǁǿǾƥǺ ®ǅĸȊǀ ĹƥȂǅǓǿǢ ƥƨ ƥǺ ǁǾȅȋĥ �ǹȋƯȋǶ
 ǄƤǅǮǅƨ ȉǋǾȒƤȄȅǲ ǁǾȅȋĥ ȄƤ ƥǺƤ �ȉËËǋǾȒƤȄȅǲ ȁǾ ®ƭǊƤ

�ǁǿǲ ȉǺ
 ȄǄȄǀ ȁǾȅķ ǽȊƤ ȈǅǓǿǢ ǀȅƾ  ȀǀƤȅǾƥƾ Ǆǀ ƥǺ �ÖƥǣǮƤȄ �ǹȊǁǊ

�ǀȅǎ ȉǺ ǼȅȋǾƘ Ȁƥķ Ȅ ǼȅȋƮƥǲ Ȁƥķ ȄƤ �ǹȋƯǎƤǁǾ
 �ƭǊƤ ǸƥǢ Ȅ ǐƥƾ ǀǇǾƥƨǆ ȈǇǷǪ ƭǶƥƺ Ǆǀ ƥǺ ƭȋǶƥǣǪ �ǹȋƯȋǶ
°ǀǄƤǀ ƥǺ ȁƨ ȉƯȂƥƩǎ ȁĭ ȄƤ ÖƥǣǮƤȄ �ǹȋƯǋȂ ǹȂ ƥǾƥǊǄ Ȅ ǬƤÜǅƨ
 ǵȊǁƩƮ ȉÛǲ ƥǺ �ƭǋȋǾ ƥǺ ǄƥƩƮ ǆƤ ȄƤ �ƭǊƤ ƭǊǄǀ �ǹȊǁǊ
 ƤǄ ǌǄǃǢ ǁȊƥƨ �ǀȅǎ ĺǻǾ Ǆȅǚ ǽȊƤ ®ȁǾ °ǹȊƤ Ȁǁǎ ǼȅȋǾƘ ȁƨ

�ƭǊƤȅƾ

 ƫǻȂ ƥƨ ȉƯƺ �ǹƯǋȂ ǵǳËËǎ Ȉǆƥķ ǅǷǲ Ȅ ǄȅƢȅǷǪ ǁǿǾƥǺ ǽǺ
 ƥȂ ǼƘ ǅƨƤǅƨ ȉǻƷƺ ®ǼƥǋĴȊ ǙȊƤǅǎ Ǆǀ ®ȉǳƩǊ Ȅ ȉǳĭȅǲ
 ƥǻǎ ®�ĺǪǄƥǣƯǺ ǙȊƤǅǎ Ǆǀ ǅƯȋǶ àà/â� ǹǿǲ ȉǺ ǴƥǧËËǎƤ
 ǽȊƤ Ǆǀ �ǁȊǄƤǀ ƥȂ ȉȊƥȋǷǮ ƥƨ ƤǄ ƭǷǒȄ ǵȊƥǻƮ ǽȊǅƯËËǏȋƨ
 ȉǶȅǳǶȅǺ ƬǄȅǒ ȁƨ ǽǺ �ǹƯËËǋȋǾ ǵȋǺ ȉƨ ǹȂ ǽǺ ȁǿȋǺǆ

�ǹƯǋȂ ȉǻƮƤ Ȅǀ ƥǻǎ ǁǿǾƥǺ

 ƥǺ �ƭǊƤ ǅĥ ȁǻȋǾ ƥǻǎ ƭȋǪǅǞ  ȁȊȒ ǁǿǾƥǺ ǽǺ ƭȋǪǅǞ  ȁȊȒ
 ǁǾȅȋĥ ȉǾȅȊ ǁǾȅȋĥ Ȉƥƶ ȁƨ Ȅ ǹȊǄƤǀ ȁƨƥǏǺ ȈȅȋƮƥĸǾȄǅƯǳǶƤ

 �ǹȋǿǲ ȉǺ ǄƤǅǮǅƨ ȉǋǾȒƤȄȅǲ

ǁǾƥǺ ȉǺ ƥȃǿƮ ǀǄƤǀ Ȁǅȃĭ ǁǿĭ ȁǲ ȉǋǲ

 ǡƩǿǺ 
www.oxy.com 

ĺƺ
ȅƯǪ

 ƥǾƤ
ǁǾƥ

Ǻ �ȁ
ǻƶ

ǅƮ



  üú

ȀǁȋĴĭ

C

�ƥȂ ȀįƤȄǁȋǷĳ
ĺȊƤǆǅȋǺ ƤǅȋǻǊ�ȁƢƤǄƤ
ĺĳǄƥǾƤ ǹǟǢƤ ǅƯĳǀ �ƥǻǿȂƤǄ ǀƥƯǊƤ
ĺȊƤǆǅȋǺ ƈƤǁƩǢ ǴȅǊǄ ǅƯĳǀ�ǄȄƥǏǺ ǀƥƯǊƤ
ĺȊƥƶǄ ǁȋȃǎ ǅȋƨǀ ƭȋƨǅƮ ȀƥĸǏǾƤǀ
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http://samanketab.roshdmag.ir/fa/fehrestegan 


