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˨ŏʭáěʭğ˨ŌŘý˕˨ˬęùĕ˨ĕŗę˨ōŕ˕˨ŔÝęĕ˨ ŉʭĈŎ ˨ĖőùŔ˨ýʭĤŎ˨ŏùęùĖőʭċ˨äáĖŒÝùĚÏ˨ŗ˨˔ùŘŕ˨ŗ˨ûí˕˨ōŞŋŃù˨ĚĴő˨ěù˨ŔÝ˨ˬĖģ˨˛ŞÞĤă˨ŏʭáěʭğ˨ŌŘý˨ĖŒ×˨ěù˨  

˔ˬęùĕ˨˛âŒċ˨ŗ˨äÞĤē˨ōŕ˨ŗ˨˔äýí

˨


˨ŗ˨ʭŕŔ˨×ʭŰęĕ˨ʯʭŕĝ˨ŘőʭŞŃù˨ʯʭŕ˨˨äÞĤē˨˛Ŏʭģ˨ĕĚÝ˨ĂĠŰě˨ŔĤý˨ŔÝ˨ŐŞŎě˨ˬĚÝ˨ãʭċ˨Ěŕ˨ ˨ŐŞŎě˨ãʭŕŌ˨ŘýĂ˨ĠŰě˨Ŕ˙ŕ˨˛Ŏʭģ˨  



��

˶ß��Ý©�ß#��Ü�+�"/À#/'���/Í�

3 ˔O˕˨ŏÚŞĠÝù˨y˨˔H˕˨ŏÙŗęĖŞŕ˨y˨˔C˕˨ŐýĚÝ˨ ˨ˬĖģ˨ŔĄēʭğ˨ĚĨŒķ˨ʶ˨ěù˨ʲāùęĖŞŕŘýĚÝ

3 
ĖŰĕ˨ĚŀĠĿ˨ŏùŘă˨˨˨äŎ˨ōŕ˨˔ĖŞÐŞŊŘŀĠĿ˕˨ ˨ʭŕĖŞÐŞŊ˨ěù˨äŕŗĚá˨ęĕ˨ ˨˔O˕˨ŏÚŞĠÝù˨y˨˔H˕˨ŏÙŗęĖŞŕ y˨˨˔C˕˨ŐýĚÝ˨ ˨ˬĖģ˨ŔĄēʭğ˨ĚĨŒķ˨ʶ˨ěù˨ʲĖŞÐŞŊ

3 N	)	"	� ˨ˬĖģ˨˛ŞÞĤă˨ĚĨŒķ˨ʷ˨ěù˨ʲŐŞøăŗĚÏ

3 
RNA

DNA
  ĵŘő˨ ʵ  P	(	)	"	� ˨ˬĖģ˨˛ŞÞĤă˨ĚĨŒķ˨ ˨yěù˨ʲ˔ãùŔ˨ĄĠŕ˨ĖŞğù˨ãʭŒĸŎ˨Ŕý˕˨ĖŞğù˨ÜŞøŋÝŘő

O-H-C

 
ãŘńŋď˨ãęʭĄēʭğ˨ʭý˨ 	
äİē˨ãęʭĄēʭğ˨ʭý˨	

 
ĕęùĕ˨ŉĖŎˏ˨ʵ˨ěŘĄÝťʭá˨Ŧ̱ĈŎ˨ĚŞē˨ʱĂğù˨ãŘńŋď˨ʭŕĖŰęʭÝʭğŘőŘŎ˨ãŔ˨˙ŕ˨ęʭĄēʭğ˨ʭŰí ��pÝú

3 
Ėőęùĕ˨ãŘńŋď˨ʭŰ˨äİē˨ãęʭĄēʭğ˨ʭŕĖŰęʭÝʭğŘőŘŎ˨äŋÝ˨ęŘįŔ˨ý˨ōŞŰŘá˨˨˨˨˨äŎ˨ŐŞ˙ŕ˨ãùĚý

���pÞ+/�¿

ATP˨ęʭĄēʭğ˨ęĕ˨y˨RNA˨ęʭĄēʭğ˨ęĕ˨ĕŘċŘŎ˨ĖŒŃ˨  ěŘþŰę
DNA˨ęʭĄēʭğ˨ęĕ˨y˨ˬęùĕ˨ĚĄ˙Ý˨ěŘþŰę˨ěù˨ŏÚŞĠÝù˨ōăù˨ÜŰ˨  ěŘþŰę˨äĠÝŘ÷ĕ

  ʭŕěŘĄŒÏ

ĜÝŘŋá
˔ʭŕ˨ˬ ŘŞŎ˨ěù˨ãęʭŞĠý˨ęĕ˕˨ěŘĄÝŗĚĿ

ěŘĄÝťʭá
 ˨ʭŕěŗĜâŕ

äÝùęŘē˨ĚÞģ˨ŗ˨ĖŒŃ˨ ˨˔ěŘĄÝŗĚĿ˨�˨ĜÝŘŋá˕˨ěęʭÝʭğ
Řċ˨ŔőùŘċ˨ĖŒŃ˨ ˨˔ĜÝŘŋá�ĜÝŘŋá˕˨ěŘĄŊʭŎ
ĚŞģ˨ĖŒŃ˨ ˨˔ěŘĄÝťʭá˨�˨ĜÝŘŋá˕˨ěŘĄÝť

 ˔ŔØŞŕʭŎ˨ŗ˨ĖþÝ˕˨ŏùęŘőʭċ˨ŗ˨ÕęʭŃ˨ęĕ˨ˬĚŞēė˨ĖŰęʭÝʭğ˨äŋÏ˨ ˨˔üĸĤŒŎ˕˨ŏÙŘÞŞŋá
ŏʭŕʭŞá˨ęĕ˨ˬĚŞēė˨ĖŰęʭÝʭğ˨äŋÏ˨ ˨˔ûʭĸĤőù˨ŏŗĖý˕˨ŔĄğʭĤő

 
äŕʭŞá˨ãʭŕŉ˨Řŋğ˨ˬęùŘŰĕ˨ęʭĄēʭğ˨ęĕ

ʭŕ˨˨Ŕ×ęʭÏ˨ěù˨äķùŘőù˨ĖŞŊŘă˨ŗ˨ãěʭğĘĻʭÝ˨ęĕ
 ˨ĜŊŘŋğ

ŏʭĠőù˨ ęĕ

�+pÞ�Þ#

ŏʭŎ˨˨˨äŰùĘĻ˨ōŰÙę˨ĖŞÐŞŊ˨ŐŰĚăŏ˨ùŗùĚĿ˨ʲ˔äýĚ×˕ĖŰĚŞĠŞŋáã˨Ěă

ĖŒÝä˨Ŏ˨ĖŞŊŘă˨ŌŘŎ˨˛Ġķ˨ęŘþőě˨y˨ˬʭŞá˨ŉŘÞŞăŘÝ˨ŔŰť˨ęĕ˨y˨äýĚ×˨ŐŰĚăĜ˨ŰĚáû˨í ʲʭŕŌ˨ŘŎ

´ʭĤĻ˨ŉŘÞŊŘŎ˨ŐŰĚăŏ˨ùŗùĚĿ˨ʲʭŕĖŞÐŞŊŘŀĠĿ
˔ʭŕ˨˨äĠŒċ˨ĖŒőʭŎ˕˨ãĖŞ÷ŗĚĄğù˨ãʭŕ˨˨˨ŏŘŎęŘŕ˨Ăēʭğ˨y˨ĂĠŕ˨ãęŘőʭċ˨ãʭĤĻ˨ęĕ˨ŔÝ˨ŉŗĚĄĠŋÝ˨ĖŒőʭŎ˨ʲʭŕĖŞ÷ŗĚĄğù


ĕęùĕ˨ ʭŕĖŞÐŞŊ˨ŐŞý˨ ęĕ ù˨ę˨ûĚ×ĖŞğù˨ ŐŰĚă˨˨̨˨ ŰŘį˨ŏŘ×

˔ûĚ×˨ĖŞğù˨ �˨ŉŗĚĠŞŋá˨ ʴ˕˨ĖŰĚĠŞŋáŘőŘŎ˨ ʯûĚ×˨ãʭŕĖŞğù˨ ʯŉŗĚĄĠŋÝ˨ y˨ ĕęùĕ˨ãŘńŋď˨ãęʭĄēʭğ˨˨

Ėőùû˨Ęċ˨̨ ýʭŃ˨ÜŰęʭý˨ ˬĕŗę˨ęĕ˨ŗ˨ĖőęùĖő˨ġęùŘá˨Ŕý˨ãěʭŞő

ŏÙŗĚĄŞő

ĚŀĠĿ



��

pÝÞ�Þ$V�Ü��"/À#/'�+����¢��
˔˔OH˨ʭă˨ʶ˕˨äŋŎʭķ˨ʶ˨˛ÞŊù˕˨ŉŗĚĠŞŋá˨ʴ

 ûĚ×˨ĖŞğù˨ʁ
ĶŰʭŎ˨ŐĻŗę˨ ˨ˬĖŞ˙ē˨ûĚ×ĖŞğù˨ ŔőʭáĖŒ×˨ãʭŕĖ˨őŘŞÏ˨ãùęùĕ

ŔőʭâŰ˨ʭŕ˨˨˨ŐýĚÝ˨ŐŞý˨ãʭŕĖőŘŞÏ˨ã˨˨˨Ŕ˙ŕ
äİē˨ûĚ×˨ĖŞğù

 ĖŎʭċ˨ŐĻŗę  ���

 

pÞ�Þ#/Ã�Â�"/À#/'����¢��

˔ŔőʭáĖŒ×˨ĖőŘŞÏ˨ãùęùĕ˕˨ˬĖŞ˙ē˨ûĚ×ĖŞğù˨ʵ ˨ĜŰĚá˨˨˨ûí

Ăğŗĕû˨í˨ĢĔý
˨˔ PO ��

� ˕˨āʭŀĠĿ˨ʴ
Ã�Y{�ºÅ�¾]�¯�Ze���0 ZÀ¼� ˨˨˔äŋŎʭķ˨Ŕğ˨˛ÞŊù˕˨ŉŗĚĠŞŋá˨ʴ

ن ی ئ ت و ر پ

3 ˨ĖŒŎʭőä˨Ŏ˨ãęŗĚī˨ùę˨ŏí˨ ĵŘő˨  ̒ ˨ĵŘő˨ ʵ ˨rŐŰù˨ěù˨ ŔÝ˨ ˨ĕŗęä˨Ŏ˨ęʭÝ˨Ŕý˨ʭŕŐ˨ŞøăŗĚÏ˨ ęʭĄēʭğ˨ęĕ˨ĖŞğùŘŒŞŎí˨ĵŘő˨ ʵ ˨rŦ̱Ý˨ŔÝ˨ĖŞğùŘŒŞŎí˨ ˨ˬĖőěʭğ˨ĚŎŘőŘŎ

ĕęŗí˨Ăğĕ˨Ŕý˨äŰùĘĻ˨ĕùŘŎ˨ˬùĚ˙ŕ˨Ŕý˨ùę˨ĵŘő˨ʻ˨ŐŰù˨ĖŰʭý˨ŐŞ˙ŕ˨ãùĚý˨ĕěʭĠý˨ùę˨ʭŕŏ˨í˨ĖőùŘăä˨˙ő˨ĺŊʭý˨ŏʭĠőù˨ŏĖý˨ùĚŰě

3 ˨ĖőŘģä˨Ŏ˨ĚŞČőě˨ōŕ˨Ŕý˨ĖŞğùŘŒŞŎí˨ãĕʭŰě˨ĕùĖĸă˨ŔÝ˨äőʭŎě˨ ˨ĖŞĄÐÏã˨ĕ˨ ˨˔ãĖŞĄÐÏ˨Ōʭő˨Ŕý˨äĠőťùŗŘÝ˨ĖőŘŞÏ˕˨ĖŒŕĕä˨Ŏ˨ĖőŘŞÏ˨ōŕʭý˨ŔÝ˨ĖŞğùŘŒŞŎí˨ʵ

ĖŞĄÐÏ˨äŋÏ˨

3 ˨˛Þģ˨ŗ˨ĕęŘēä˨Ŏ˨ûʭăŗÖ˨ŞÏ˨ŔÝ˨ĖőŘģä˨Ŏ˨˛ŞÞĤă˨ĖŞĄÐÏä˨ŋÏ˨˔ĕęùĕ˨ˬĚŞČőě˨ʷ˨ŔÝ˨ŐŞýŘŋáŘ˙ŕ˨ĖŒőʭŎ˕˨ˬĚŞČőě˨ĖŒ×˨ʭŰ˨˔ŐŞýŘŋáŘŞŎ˨ĖŒőʭŎ˕˨ÜŰ˨ěù˨ʭŕŐ˨ŞøăŗĚÏ
˔ōŕĕěùŗĕ˨˛ŎʭÝ˨āʭĐŞīŘă˕ĕĚŞáä˨Ŏ˨äħʭē

3 rRNA ˨Ŕ˙ŕ˨Ŕő˨ŔĄþŊù˨ ˨Ėőùä˨ŒŞøăŗĚÏ˨ʭŕō˨ŰĜőí˨ĚĄĤŞý

:

3 ˨ŐŞ˙ŕ˨ãùĚý˨ 
ŔăŗʭŀĄŎ˨ʯľŋĄĔŎ˨ãʭŕĖŞğùŘŒŞŎí˨ęĕ˨ŔÝ˨Ăğù˨R˨ˬŗĚá˨ ˨
ĖŒÝä˨Ŏ˨āŗʭŀĄŎ˨ōŕ˨ěù˨ ùę˨ʭŕĖŞğùŘŒŞŎí˨ŔÝ˨äŋŎʭķ

ĕęùĕ˨ĕŘċŗ˨ʭŕĖŞğùŘŒŞŎí˨Ŕ˙ŕ˨ęĕ˨ĚâŰĕ˨ãʭŕĢ˨Ĕý˨ŔőĚáŗ˨ʯĵŘő˨ʵʳ˨ŐŞøăŗĚÏ˨ęʭĄēʭğ˨ęĕ˨ōâŞŎ

3 ˔ōŕĕěùŗĕ˨˛ŎʭÝ˨ĎŞīŘă˕˨ ĕŘģä˨Ŏ˨ ęùĚŃĚý˨ ĚâŰĕ˨ĖŞğùŘŒŞŎí˨ ãĖŞğù˨ĢĔý˨ ŗ˨ĖŞğùŘŒŞŎí˨ÜŰ˨ äŒŞŎí˨ĢĔý˨ ŐŞý˨ ãĖŞĄÐÏ˨ ĖőŘŞÏ

3 �Á�Ã|Ì»�OH�Õ|Ì�Y��z]�½Âq ˨Ăŋķ˨ ˨ĕŘģä˨Ŏ˨ĕùěí˨˔HʵO˕˨ûí˨ŉŘÞŊŘŎ˨ʴ ˨ãĖŞĄÐÏ˨ĖőŘŞÏ˨Ěŕ˨˛ŞÞĤă˨ãùěù˨Ŕý
�Ä��Ö»�{Y�M�[M�µÂ°·Â»�Á�Ã|Ì»�H��´Ë{�|Ì�YÂÀÌ»M�ÖÀÌ»M��z]

3 
ãĜÝĚŎ˨ŐýĚÝ˨Ŕő˨Ŕģä˨Ŏ˨ęùĚŃĚý˨ãĖŞğù˨ĢĔý˨˔C˕˨ŐýĚÝ˨ŗ˨äŒŞŎí˨ĢĔý˨˔N˕˨ŏÙŗĚĄŞő˨ŐŞý˨ãĖŞĄÐÏ˨ĖőŘŞÏ

3 ˨ęŘþķ˨Ŕý˨Ü˙Ý˨	˨˔ŐŞýŘŋáŘ˙ŕ˕˨ŏŘē˨ęĕ˨ĕùŘŎ˨ŉʭńĄőù˨	˨˔ŐŰěŘŞŎ˨ŗ˨ŐŞĄÝù˨ãʭŕŔ˨Ąģę˕˨ŔØŞŕʭŎ˨ĩʭþńőù˨ʲĖŒŕĕä˨Ŏ˨ŌʭČőù˨äăŗʭŀĄŎ˨ãʭŕęʭÝ˨ʭŕŐ˨ŞøăŗĚÏ
ʭŕō˨ŰĜőí˨ĚĄĤŞý˨	˨˔ʭŕÎ˨˙Ï˨ŗ˨ʭŕŉ˨ʭőʭÝ ˨̞´ʭĤĻ˨ěù˨ĕùŘŎ

د ی س ا ک  ی ئ ل ک و ن

3 ˔ĚĤŞŎ˨ãʭŃí˨ŏʭĄğùĕ˕˨ãùŔ˨ĄĠŕ˨ĖŞğù˨ ˨Ōʭő˨äŒĸŎ

3 ˨ʭŰ˨˔CUT˕˨äŒŰĖŞ˙ŰĚŞÏ˨ ˨ãùŔ˨ńŋď˨Üă˕˨ęùĕŏ˨ÙŗĚĄŞő˨äŊí˨ěʭý˨ÜŰ˨�˨˔ěŘþŰę˨äĠÝŘ÷ĕ˨ʭŰ˨ěŘþŰę˕˨ĖŰęʭÝʭğŘőŘŎ˨ÜŰ˨ãùęùĕ˕˨ĖŞăŘøŋÝŘő˨ ˨ˬĖőěʭğ˨ĚŎŘőŘŎ
˔āʭŀĠĿ˨ˬŗĚá˨ʶ˨ʭă˨ÜŰ˨�˨̝ A, G˕˨äŒŰęŘÏ˨ ˨˔ãùŔ˨ńŋď˨ŗĕ

äŒŞŎíãĖŞğù



��

3 ʲĕęùĕ˨äŋÝ˨ŉĖŎˏ˨ʵ
˔ʴʳ˨ŔĐŀħ˨˛Þģ˕˨ˬĖģ˨̨ ŞÞĤă˨ãĖŞăŘøŋÝŘő˨äŋÏ˨ŔĄģę˨ʵ˨ěù˨ŔÝ˨DNA  ĖŞğù ÜŞøŋÝŘőŘþŰę˨äĠÝùŘ÷ĕ˨˔ʴ

˔G,(�˨	˨N,(�˨	˨L,(�˨ʲĖŒőʭŎ˨
ĕęùĕ˨äķùŘőù˕˨ˬĖģ˨˛ŞÞĤă˨ãĖŞăŘøŋÝŘőä˨ŋÏ˨ŔĄģę˨ÜŰ˨ěù˨ŔÝ˨RNA  ĖŞğù  ÜŞøŋÝŘő ŘþŰę˨˔ʵ

3 ˔ĎŞþĠă˨˛ĈŎ˕˨ˬĖŎí˨ĕŘċŗ˨Ŕý˨ʯˬĖģ˨ˬĚŞČőě˨˔ĚŎŘőŘŎ˕˨äŰʭŕĖďùŗ˨ěù˨ŔÝ˨äŊŘÞŊŘŎ˨Ăģęĕ˨ʲĚŎ˨˨˨äŋÏ


ĖŒÞģ˨˨˨˨äŎ˨ãĚŎã˨ĕ˨äĄď˨ʭŰ˨ãĚŎä˨ŋÏ˨ęʭĄēʭğ˨ęĕ˨ʭŕĚŎŘőŘŎ˨ŐŞý˨ĖőŘŞÏ˨	

Ŕģä˨Ŏ˨ĽĚĨŎ˨ûí˨ŉŘÞŊŘŎ˨ʴ ˨ĖőŘŞÏ˨Ěŕ˨ŐĄĠÞģ˨ãùěù˨Ŕý˨	

Ăğù˨ùě˨˨˨ãÙĚőù˨	

� �

ĖŒÝ˨˨˨˨˨˨äŎ˨ęùĚŃĚý˨ʭŕĚŎŘőŘŎ˨ŐŞý˨ùę˨ĖőŘŞÏ˨	

Ŕģ˨˨˨˨˨˨˨äŎ˨ĕùěí˨ûí˨ŉŘÞŊŘŎ˨ʴ ˨ĖőŘŞÏ˨Ěŕ˨˛ŞÞĤă˨ãùěù˨Ŕý˨	

Ăğù˨ˬùŘēã˨ÙĚőù˨	

��ß��Ý©�),'�²Î¿�.�ù

�{YÂy�Ö»�Õ��¿Y�Á�Ã|Ì»�[M��fÀ� ŉʭĈŎ ˨ĖőĚŞáä˨Ŏ˨ãĜŞ×˨ŔŰ˨ŗ˨ĖŒŕĕä˨Ŏ˨ãĜŞ×˨ŔŰ˨ŏʭĤŎùĖÝ˨Ěŕ˨�Ĥúzx�ËęÌ

3 
ʭŕŏ˨ŘŰ˨	˨COʵ˨	˨Oʵ˨	˨ûí˨ ĖŒőʭŎ ˨ĕęùĕ˨ěʭŞő˨ōŕ˨äőĖĸŎ˨ĕùŘŎ˨Ŕý˨ŉŘŋğ˨äŊŗ˨Ėőùä˨Ŋí˨äĄĠŰě˨ŉŘÞŊŘŎ˨ʷ˨ŐŰù

3 ˨ʭ̱ŎùĜŊù˨ŔĄĿęęʭÝŔ˨ý˨�	"	)˨ŔÝ˨äŊŘÞŊŘŎ˨Ěŕ˨ęʭĄēʭğ˨ęĕ˨äŊŗ˨ŔĄĿęęʭÝŔ˨ý˨)	"	�˨ʭ̱ĸİŃ˨āùęĖŞŕŘýĚÝ˨ęʭĄēʭğ˨ęĕ˨ ŉʭĈŎ ˨ĖŞģʭý˨äĄ˙ğ˨ʵ˨āŦ˙ċ˨üĳùŘŎ
˨Ăğù˨äĄĠŰě˨ŉŘÞŊŘŎ˨ʭ̱ĸİŃ˨ŔĄĿęęʭÝŔ˨ý˨�	"	)˨ŔÝ˨ŉŘÞŊŘŎ˨Ěŕ˨ęʭĄēʭğ˨ęĕ˨Ŕâý˨ʭŃí˨äŊŗ˨ ˨˔Ėģʭý˨ĚâŰĕ˨ãʭă˨ʶ˨ŏŗù˨ĖőùŘăä˨Ŏ˕˨ĂĠŞő˨āùęĖŞŕŘýĚÝ


Ėģʭý˨HʵCOʶ˨ĖŰʭģ˨ ˨ŔİŋĻ

˨ęŘÞŒÝ˨ęĕ˨üē˨äŊŗ˨Ėőùã˨ĚŎŘőŘŎ˨ʴʳ˨ʭă˨ʶ˨ŐŞý˨ŔÝ˨ĖŰęʭÝʭğ˨ŘâŞŊù˨Ōʭő˨Ŕý˨Ėőęùĕ˨äŊĖŎ˨Ŧ̱ĈŎ˨ĚŞē˨ʱĖőù˨̨ Þģ˨ʶ˨ŐŞ˙ŕ˨ĮńĿ˨ʭŕā˨ùęĖŞŕŘýĚÝ˨ʭŃí ��pÝú

ĖŰĚŞâý˨ĕʭŰ˨ùę˨ĵŘő˨ʶ˨ŐŞ˙ŕ˨ʭ˙ģ˨ęŘÞŒÝ˨ãùĚý˨ŗ˨ĖŰíä˨˙ő

ر ۳ ا ت ف گ

3  ˨ĕęùĖő˨ęùĕʭĤĻ˨ãʭŕÜ˨ŎùĖőù˨	˨5ĖŒŰŘáä˨Ŏ˨ãĖŞ÷ŘŋÝŘő˨ŔŞďʭő˨ŏí˨Ŕý˨ŔÝ˨Ăğù˨ŉŗ˨ōğŦÏŘĄŞğ˨ęĕ˨äÞŞĄőÙ˨ˬĕʭŎ7˨ĕęùĖő˨ŔĄĠŕ˨ ˨˔äăŘŰęʭÝŗĚÏ˕˨ŔĄēʭŰ
ʭŕã˨ĚĄÝʭý

3 ˨Ěŕ˨	5˨ßęĜý˨ĢĔý˨ŗ˨Ü×ŘÝ˨ĢĔý˨7ˬĖģ˨˛ŞÞĤă˨ĢĔý˨ʵ˨ěù˨	˨´ʭĤĻ˨ĖŃʭĿ˨	˨ĂĠŕ˨äăŘŰęʭÝŗĚÏ˨ęĕ˨ōŕ˨ŗ˨äăŘŰęʭÝŘŰ˨ãʭŕ˨˨˨˨˨˨˨˨ŉŘŋğ˨ęĕ˨ōŕ 
ʵ ˨ōğŦÏŘĄŞğ˨ęĕ˨ĕùěí˨āęŘħŔ˨ý˨ ʴ  ʲäăŘŰęʭÝŘŰ˨ãʭŕ˨ŉŘŋğ˨ęĕ˕˨Ăğù˨ãěʭğŐ˨ŞøăŗĚÏ˨ŏí˨ŔŀŞĳŗ˨y˨ĕŘģä˨Ŏ˨ŔĄēʭğ˨ŐŞøăŗĚÏ˨ŗ˨rRNA˨ěù˨ĢĔý˨ŗĕ

˔ĂğŦÏŗĚŋÝ˨ŗ˨ãęĖŒÝŘĄŞŎ˨ĖŒőʭŎ˨äŰʭŕ˨˨˨˨˨˨˨˨ÜŎùĖőù˨ŏŗęĕ˨ ʶ ˨Ěýě˨ä˙ğŦÏŗĖőí˨ŔÞþģ˨Ŕý˨ˬĖŞþĠ×

3 ʲĕęùĕ˨ŉĖŎˏ˨ʵ 

˔ŔØŞŕʭŎ˨ĩʭþńőù˨ŏʭĄğùĕ˕˨ōŞĠŋÝ˨ŏŘŰ˨ˬĚŞēė˨y˨ʭŕĖŞÐŞŊ˨ŐĄēʭğ˨ęĕ˨ Ģńő ˨Ăğù˨ŌŗěŘþŰę˨ĖŃʭĿ˨ŔÝ˨ʭŕŔ˨ŊŘŊ˨ěù˨ãù˨˨˨˨˨˨˨˨˨˨˨˨˨ŔÞþģ˨ʲĽʭħ ʴ
äĐģĚă˨ãʭŕ˨˨˨˨˨˨˨ŐŞøăŗĚÏ˨ŐĄēʭğ˨ęĕ˨ Ģńő ˨Ăğù˨ŌŗěŘþŰę˨ãùęùĕ˨ŔÝ˨ʭŕŔ˨ĠŞÝ˨ěù˨ãùŔ˨Þþģ˨ʲĚýě ʵ

3 ˔Ěýě˨ä˙ğŦÏŗĖőí˨ʭý˨ãęʭÞ˙ŕ˕˨ŔĄēʭŰ˨ĉęʭē˨Ŕý˨ĕùŘŎ˨ĎģĚă˨ŗ˨ãĖŒýŔ˨ĄĠý˨  ĖőùŔ˨ĄĿĚá˨ęùĚŃ˨ōŕ˨ãŗę˨ŔÝ˨ˬĖģ˨̨ ŞÞĤă˨äŰʭŕ˨˨ŔĠŞÝ˨ěù˨

3 
ĕęùĕ˨ĕŘċŗ˨RNA˨ŗ˨ŌŗěŘþŰę˨ŏí˨ŏŗęĕ˨
˔ATP˕˨ãÙĚőù˨ŐŞŎðă˨ Ģńő ˨˔ãŘńŋď˨DNA˕˨Ăğù˨ĕŘē˨ãùĚý˨ŔőʭáùĖċ˨DNA˨ãùęùĕ˨y˨ĕęùĕ˨ʭĤĻ˨ʵ

3 ˨ʭă˨ˬĕŘğĚĿ˨ŗ˨ĚŞÏ˨ãʭŕÜ˨ŎùĖőù˨ġęùŘá˨ěù˕˨ĕùŘŎ˨ãùŔ˨ĄēʭŰŏ˨ŗęĕ˨ġęùŘá˨ Ģńő ˨Ăğù˨ŏí˨ęĕ˨ˬĖŒŒÝ˨ĜŞŊŗęĖŞŕ˨ãʭŕō˨ŰĜőí˨ěù˨äķùŘőù˨ŔÝ˨ãùŔ˨ĠŞÝ˨

A DN

RNA

˴ß�/Ý��¿.� �˳-�¢�Ý

˔ĺŊʭý˨ĜŎĚŃ˨ŉŘþŋá˕˨
ĂĠŞő˨ęùĕŔ˨ĄĠŕ˨ʭ̱ŎùĜŊù˨äăŘŰęʭÝŘŰ˨ŉŘŋğ˨Ěŕ˨äŊŗ˨ŔăŘŰęʭÝŘŰ˨ãęùĕŔ˨ĄĠŕ˨ŉŘŋğ˨Ěŕ˨ʭ̱ŎùĜŊù

ŔĄĠŕ ʴ
˨˔ÜŎùĖőù˨�˨˔ãùŔ˨ŒŞŎě˨ˬĕʭŎ˕˨˛ğŘĄŞğ ˨̞ōğŦÏŘĄŞğ ʵ

ʭŕ˨˨ÕęʭŃ˨˔ʷ˨ŏʭŕʭŞá˨˔ʶ˨ŏʭŰěʭĻí˨˔ʵ˨ŏùęŘőʭċ˨˔ʴ ʲäŊŘŋğ˨ãʭĤĻ ʶ
˔ĚâŰĕ˨ĕùŘŎ˨ŗ˨ûí˕

 ˨ĖőĖģ˨ŔĄēʭğ˨äŋÝ˨ĢĔý˨ʶěù

äĄ˙ğ˨ŗĕ˨Ŕŋ˙ċ


ĖŒĄĠŞő˨ĮþăĚŎ˨ ōŕ˨Ŕý˨ÜŰĜŞĿ˨ıʭĐŊ˨ěù˨ äŊŗ˨˨



��

˔ˬĖģû˨Ęċ˨Ăģęĕ˨ãʭŕŉ˨ŘÞŊŘŎ

3 ˨ŔĄēʭğ˨˔äŒŞøăŗĚÏ˨äŊʭēŘă˨ ãʭŕŔ˨ĄģęĜŰę˕˨ ŉŘýŘăŗĚÞŞŎ˨ äŰʭăŔ˨ğ˨ŔĄğĕ˨ ˨̓ěù˨ ŔőùŘĄğù˨ Ěŕ˕˨ˬĖģ˨˛ŞÞĤă˨ōŕ˨Ěý˨ ĕŘ˙ķ˨ŔőùŘĄğù˨ ˔ʭă˨ ʵ˕˨Ăŀċ˨ÜŰ˨ ěù˨
˔Ûŗĕ˨ãʭŕŔ˨Ąģę˨˛ŞÞĤă˕˨äŊŘŋğ˨ōŞĠńă˨ęĕ˨ Ģńő ˨˔ĂĠŕ˨ĞēĚğ˨ŗ˨ˬĜē˨ęĕ˕˨ĕęùĖő˨ĕŘċŗ˨ŔĄĿĚĤŞÏ˨äŕʭŞá˨ãʭŕŔ˨ĄēʭŰ˨ęĕ˨ ˨˔ˬĖģ

3 ˨´ʭĤĻ˨ĕŘē˨äĄď˨ŗ˨ãÚŋá˨ˬʭâĄğĕ˨ŗ˨Ěýě˨ä˙ğŦÏŗĖőí˨ ŔÞþģ˨ĖŒőʭŎ˨äŰʭŕÜ˨ŎùĖőù˨ ˨ĕęùĕ˨Ģńő˨ĕùŘŎ˨äŰʭČýʭċ˨ęĕ˨ŔÝ˨´ʭĤĻ˨ĞŒċ˨ěù˨ãùŔ˨ĠŞÝ˨

Ėőěʭğ˨˨äŎ˨ùę˨ŉŘÞŰěŗ˨˔ěŘĄŞğŗĖőí˨ĖŒŰíĚĿ˨ęĕ˨Ŧ̱ĈŎ˕

3 ĕŘģä˨Ŏ˨ęùĚŃĚý˨ ōğŦÏŘĄŞğ˨ŗ˨ŔĄĠŕ˨ŐŞý˨ ĭʭþăęù˨ŏí˨ łŰĚį˨ěù˨ŔÝ˨ĂĠŕ˨ãĘĿʭŒŎ˨ŔĄĠŕ˨ãùŔ˨Űť˨ ˨ɻĢģŘÏ˨ ęĕ˨	˨äİē˨DNA˨ãùęùĕ˨	˨ĕęùĕ˨ʭĤĻ˨  ɻ


ĖŒÝä˨Ŏ˨ŉĚĄŒÝ˨ùę˨ŏí˨ãʭŕĂ˨ŞŊʭĸĿ˨ŗ˨ĦĔĤŎ˨ùę˨ŉŘŋğ˨ęʭÝ˨ʯˬěùĖőù˨ʯ˛Þģ˨ Ģńő

3 ˨ĜĄŒğŘĄĿ˨ Ěŕ˨ʭ̱ŎùĜŊù˨ Ŕő˨äŊŗ˨ĕŘģä˨Ŏ˨ˬĖŰĕ˨ˬĖŒŒÝ˨ĜĄŒğŘĄĿ˨ ŏʭŰěʭĻí˨ęĕ˨ŗ˨ŏʭŕʭŞá˨ęĕ˨ ˨ĜĄŒğŘĄĿ˨ Ģńő ˨ãŘńŋď˨DNA˨ãùęùĕ˨	˨ĕęùĕ˨´ʭĤĻ˨  ɻ

˔
ĖőùĂ˨ğŦÏŗĚŋÝ˨ĖŃʭĿ˨ŗ˨ĖŒŒÝä˨Ŏ˨ĜĄŒğŘĄĿ˨ʭŕ˨˨ãĚĄÝʭýŘőʭŞğ˕˨ãù˨ˬ˨˨˨˨˨ĖŒŒÝ

3 ˨	˔ĖŒÝ˨ęŘþķ˨ŏí˨ěù˨ĖőùŘăä˨Ŏ˨ĕùŘŎ˨ěù˨äēĚý˨ĮńĿ˕˨ äŒĸŰ ˨äþĠő˨äŰùŗùĚă˨ʭŰ˨äýʭĔĄőù˨ãĚŰĘÏėŘŀő˨ĂŞħʭē˨ãùęùĕ˨	˨ˬĖģ˨˛ŞÞĤă˨ŔŰť˨ʵ˨ěù˨ʭĤĻ˨Ěŕ˨

ĂĠŞő˨ÜŎùĖőù

���±¼���ª��

˨ˬĖőĚŞá
ŉʭĸĿ˨ŉʭńĄőù˨ʭý˨ĖŒŰùĚĿ˨ Î˙Ï

ŔØŰęĕ˨ŏŗĖý
ęùĕ˨ŔØŰęĕ

 ˨ˬĖģ˨˛ŞŖĠă˨ęʭĤĄőù˨ʭý˨ĖŒŰùĚĿ˨ ˨ŉʭőʭÝ
  �Äf§�³��Y�«�ÄËÓ����Å��{�˨ãĚğùĚğ

                        
äőŗĚŞý
äőŗęĕ

 ˨äĐİğ

˨ęùĚŃ˨ Įğŗ˨ęĕ˨ĜŰĚáû˨í˨ãʭŕĂ˨˙ĠŃ˨ ŗ˨Ėőùęŗĕ˨ōŕ˨ěù˨ Ăğŗĕû˨í˨ãʭŕĂ˨˙ĠŃ˨ŔÝ˨ŔĄĿĚáęùĚŃ˨ãùŔ˨őŘá˨Ŕý˨ ˨ʭĤĻ˨Ĝċ˨ŐŰĚăŏ˨ùŗùĚĿ
�Ä��Ö»�{��Õ�Ë����Zy�Ä]�[M�{Ây�˨˔ûí˨ęĕ˨ŉŘŋĐŎ˨ĕùŘŎ˨˛ýʭńŎ˨ãĖğ˕˨ŔĄĿĚá

ŐŞøăŗĚÏŘÞŞŋá
Ä¸�f»�|ÌbÌ·Â¨�§�Ä] ĖŞÐŞŊŘÞŞŋá

 ˨ĂĠŞő˨˛ńĄĠŎ˨āęŘħŔ˨ý˨ ˨ŔĄĿĚáęùĚŃ˨äőŗĚŞý˨Ďİğ˨ęĕ˨ĮńĿ


Ėģʭýä˨Ŏ˨ãęŘőʭċ˨´ʭĤĻ˨ęĕ˨ĮńĿ˨ ˨ĕęùĕ˨ęùĚŃ˨ùę˨ŔŰť˨ɻ ˨Ěŕ

3 ˨ûí˕˨äŊŘŋğ˨ŐŞý˨ ĶŰʭŎ˨ûí˨ ʭý˨äőŗĚŞý˨ ŗ˨˔˛ğˏŘĄŞğ˨ûí˨ ʭý˨ äőŗęĕ ˨̞Ăğù˨ĝʭ˙ă˨ęĕ˨ûí˨ʭý˨ ĽĚį˨ŗĕ˨Ěŕ˨ęĕ˨ĖŞÐŞŊŘŀĠĿ˨˔ęùĕ˨˨āʭŀĠĿ ˨̞Ăğŗĕû˨í˨ãʭŕĂ˨˙ĠŃ
˔˔ŉŘŋĐŎ˨ãʭŕŐ˨ŞøăŗĚÏ˨y˨äĸĿĕ˨ĕùŘŎ˨y˨COʵ˨	˨Oʵy˨ãĘļŎ˨ĕùŘŎ˕˨čŦŎù˨�

3 ��Ä»ZÀ]�Ã�Y{�d�Á{��Z´¿Y�[Zf̄ �Ö·Á�˨ĖŒŎʭő˨˨ä˙ő˨ÜŎùĖőù˨ùę˨ʭĤĻ˨ĖŃʭĿ˨äŊŘŋğ˨ãʭŕęʭĄēʭğ˨  ĖŞőùĖý

ГƔɅ�ȵɗǛɘƩӃǗ�ǗƔȬ�ƯɗƔȕƲ

ن آ ز  ا ج  و ر خ و  ه  ت خ ا ی ه  ب د  ا و م د  و ر و

˨äĤþŒċ˨ãÙĚőù˨ ʴ  ˨ęʭĤĄőù˨ĂÝĚď˨˛Ŏʭķ˨˔˔ATP˨ãÙĚőù˨ĽĚħ˨ŏŗĖý˨	˨˔ĂĴŋĻ˨üŞģ˨ĂŖċ˨ęĕ˕˨ĂĴŋĻ˨ōÝ˨ãʭċŔ˨ý˨ĂĴŋĻ˨ĚÏ˨ãʭċ˨ěù˨
ä˙Ĵőä˨ý˨Ŕý˨ʭŕŉ˨ŘÞŊŘŎ˨˛Űʭ˙ă˨ ʵ ˨ʭŕŉ˨ŘÞŊŘŎ

3 ŏŗęĕ˨ŗ˨ŏŗĚŞý˨ęĕ˨ĕùŘŎ˨ŏí˨ĂĴŋĻ˨ŏĖģ˨ŏʭĠÞŰ˨  ęʭĤĄőù˨äŰʭŖő˨ãŔ˨ČŞĄő

3 
ĕŘģä˨Ŏ˨ŌʭČőù˨´ʭĤĻ˨ĘĿʭŒŎ˨	˨ʭŕĖŞÐŞŊŘŀĠĿ˨ŐŞý˨ŏŘ×˨äŰʭŕĂ˨˙ĠŃ˨ěù˨  ˬĕʭğ˨ęʭĤĄőù
ˬęŗù˨ĉŗĚē˨y˨ŉŘŋğ˨ěù˨COʵ˨ĉŗĚē˨	˨ŉŘŋğ˨Ŕý˨Oʵ˨ĕŗęŗ˨  �âëě

˨ʭĤĻ˨ãĚğùĚğ˨ãʭŕŐ˨ŞøăŗĚÏ˨łŰĚį˨ěù˨ ˨˔ĖŒĄĠŞő˨äýĚ×˨ęĕ˨ŉŘŋĐŎ˕˨Ėőęùĕ˨̨ ÞĤŎ˨ʭĤĻ˨ʭý˨ĕùŘŎ˨ŐŰù˨ĮńĿ˨ˬĕʭğ˨ęʭĤĄőù˨ŏʭ˙ŕ˨ŐŞķ

ōŞğʭĄÏ˨ĉŗĚē˨ŗ˨ŔĄēʭŰ˨Ŕý˨ōŰĖğ˨ĕŗęŗ˨˨ ŉʭĈŎ ˨ĖŒŒÝä˨Ŏ˨ęŘþķ˨˔ʭŕŉ˨ʭőʭÝ˕

ĖŒŒÝ˨ ęŘþķ˨ĖŒőùŘăä˨Ŏ˨ ʭŕRNA˨ʯʭŕŐ˨ŞøăŗĚÏ



��

äþĠő˨äŰùŗùĚă˨ʭý˨äŰʭĤĻ˨ěù˨ Ăğù˨ûí˨ĥŘĨĔŎ˨ġŗę˨ŐŰù ˨˔ęʭĤĄőù˨āʭÞő˨Ŕ˙ŕ˨äŒĸŰ˕˨ûí˨ęʭĤĄőù˨Ŕý

3 ˨ãŘğ˨ŗĕ˨ęĕ˨ûí˨ĂĴŋĻ˨ĽŦĄēù˨ Ŕ×Ěŕ˨ ˨˔{�Y{�Õ�eÓZ]�Õ�¼�Y��Z�§�{�Y{�Õ�f¼¯��·Zy�[M�ÖÀ Ë�d�Y��e�ÄÀ�e�Ä¯�Ö�Ìv» ˨̞ãĜ˙ğù˨ęʭĤĿ˨ ˨Ĝ˙ğù˨˛Ŏʭķ
�Ã�Ì»�Ä¸¯�Z]�  ĚĄĤŞý˨ûí˨ĂķĚğ˨  ĚĄĤŞý˨ãĜ˙ğù˨ęʭĤĿ˨  ĚĄĤŞý˨ʭĤĻ

3 
Ĝ˙ğù˨˛ŎʭÝ˨ľŃŘă˨ãùĚý˨Ōěť˨ęʭĤĿ˨ʲãĜ˙ğù˨ęʭĤĿ˨ěù˨ûʭĄÝ˨ŐĄŎ˨ľŰĚĸă

˶-�¢�Ý�ÏpÞ¿���/´/'�.�Ð�'�"�Õ�

˨ĶŰʭŎ˕˨ʭŕŔ˨ĄēʭŰ˨ĽùĚįù˨ĶŰʭŎ˨ãĜ˙ğù˨ęʭĤĿ˨ŏŘ×˨ĕŘģä˨˙ő˨ŏí˨ŏĖŞÝĚă˨üċŘŎ˨Ĝ˙ğù˨Ěćù˨ęĕ˨ŔĄēʭŰ˨ŏŗęĕ˨Ŕý˨ûí˨ĕŗęŗ˨ ˨äőĖý˨ĮŞĐŎ˨ęĕ˨ãęŘőʭċ˨ŉŘŋğ˨
�Ä��Ö¼¿�{�YÁ�|u�Y��Ì]�[M�¾Ì¼Å�ÕY�] ˨Ăğʭŕŏ˨í˨ŏŗęĕ˨ŔýʭĤŎ˨ʭ̱þŰĚńă˨˔ãùŔ˨ĄēʭŰ˨ŐŞý

˨üċŘŎ˨ûí˨ĖďěùĢ˨Şý˨ĕŗęŗ˨ ˨ōŞŒÝ˨ĕęùŗ˨ŏŗĚŞý˨ĮŞĐŎ˨ęĕ˨ûí˨ŏŗęĕ˨Ŕý˨ãęŘőʭċ˨ŉŘŋğ˨ÜŰ˨äīĚĿ˨ęŘįŔ˨ý˨Ěáù˨ ˨äċęʭē˨ĮŞĐŎ˨ęĕ˨ãęŘőʭċ˨ŉŘŋğ˨

ĕŘģä˨Ŏ˨ŏí˨ŏĖŞÝĚă

äŕʭŞá˨ˬ ęùŘŰĕ˨ŐĄģùĕ˨ Ăŋķ ˨ĖÝĚăä˨˙ő˨äċęʭē˨ĮŞĐŎ˨ęĕ˨Ŕ×˨ŗ˨äőĖý˨ĮŞĐŎ˨ęĕ˨Ŕ×˨ ˨äŕʭŞá˨ŉŘŋğ˨

˨ōŕùĚĿ˨ATP˨ěù˨ĖőùŘăä˨Ŏ˨ãÙĚőù˨ŐŰù˨ ˨ãÙĚőù˨ĽĚħ˨ʭý˨	˨ĖőŘģä˨Ŏ˨˛ńĄŒŎ˨˔ōÝùĚăĚÏ˨ãʭċ˨Ŕý˨ōÝùĚă˨ōÝ˨ãʭċ˨ěù˕˨ĂĴŋĻ˨üŞģ˨ĽŦēĚý˨ĕùŘŎ 
˔ōŞŒÝ˨ōŕùĚĿ˨ATP˨ěù˨ùę˨ãÙĚőù˨ŐŰù˨ˬęùŘ˙ŕ˨ŔÝ˨ĂĠŞő˨ãęŘČŒŰù˨ʭ̱ŎùĜŊù˕˨ĕŘģ

3 ˔ʭŕÎ˨˙Ï˕˨´ʭĤĻ˨ãĚğùĚğ˨ãʭŕŐ˨ŞøăŗĚÏ˨łŰĚį˨ěù

3  ATP˨Ăēʭğ˨ãùĚý˨ ãÙĚőù˨ ŐŰù˨ěù˨ŔĄēʭŰ˨ŔÝ˨ĕęùĕ˨ĕŘċŗ˨ãÙĚőù˨  ĖŞÐŞŊ˨ʯŏÙŘÞŞŋá˨ʯŔĄğʭĤő˨ĖŒőʭŎ˨äŰʭŕŉ˨ŘÞŊŘŎ˨äŰʭŞ˙Şģ˨ãʭŕĖőŘŞÏ˨ęĕ˨:ATP˨ĂēʭŒģ

ĖŒÝä˨Ŏ˨ˬĕʭŀĄğù

3 
Ăğù˨ĖŞăŘøŋÝŘő˨ATP ˨āʭŀĠĿ˨ãĚă ŐµµµµŰěŘµµµµőĕí

3 
Ŕģä˨Ŏ˨ĕùěí˨āʭŀĠĿ˨ÜŰ˨ŗ˨ADP˨Ŕģä˨Ŏ˨ŗ˨ōŞŒÞĤŞŎ˨ùę˨ŏí˨ōŞŕùŘĔý˨ãÙĚőù˨ŔÝ˨äőʭŎě˨ŗ˨Ăğʭŕā˨ʭŀĠĿ˨ŐŞý˨ãʭŕĖőŘŞÏ˨ŏʭŞŎ˨ŏí˨ãÙĚőù

3 ˔ãęĖŒÝŘĄŞŎ˨ęĕ˕˨ãěùŘŕ˨ãùŔ˨ĄēʭŰ˨ĞŀŒă˨ ˨ĕŘģä˨Ŏ˨ŔĄēʭğ˨˔ĖŞőùŘēä˨Ŏ˨ōŕĕěùŗĕ˨ŉʭğ˕˨äŀŋĄĔŎ˨ãʭŕġ˨ŗę˨Ŕý˨ATP 

C H O s O ADP P g CO g H O l ATP( ) ( ) ( ) ( )� � � o � �� �� � � � �� � �

3 
Ăğù˨ŉŘŋğ˨äŒĸŎ˨Ŕý˨˔=SN?˕˨ĂŞğ˨ʲěŘĄŞğŗĜáù˨ŗ˨ěŘĄŞğŗĖőí

3 
ĖŒŒÝ˨ěŘĄŞğŗĖőí˨ùę˨Ăģęĕ˨ãʭŕ˨ˬ ęė˨ĖŒőùŘăä˨Ŏ˨ʭŕŔ˨ĄēʭŰ˨äĬĸý˨Ŕáä˨Ŏ˨ûʭĄÝ˨ŐĄŎ˨ ˨Ăğù˨Ăģęĕ˨ãʭŕ˨ˬ ęė˨ĥŘĨĔŎ

3 ˔āʭŀĠĿ˨ŏĖģ˨ĕùěíy˨ADP˨ĖŞŊŘă˕˨ATP˨˨ĽĚĨŎ˨ʭý˨ ˨ĖŒŰùĚĿ˨ŗĕ˨Ěŕ

ATPADP

Ŕģä˨Ŏ˨ĕęùŗ˨ŉŘŋĐŎ˨āęŘħŔ˨ý˨ŉŘÞŊŘŎ˨Ăģęĕ˨ʲěŘĄŞğŘŒŞÏ˨ ʴ
Ŕģä˨Ŏ˨ĕęùŗ˨ĖŎʭċ˨āęŘħŔ˨ý˨Ăģęĕ˨ˬęė˨ʲěŘĄŞğŘáʭĿ˨ ʵ

��˶�����"p'�ù�©/�Þ�.pÍ�

ГɁƱȫȼ

ûí˨äŰʭċ˨Ŕýʭċ˨ĂķĚğ

ʶ ěŘþŰę˨ ĖŒŃ˨�˨ŐŞőĕí˨ äŊí˨ ěʭý

ĉęʭē ĕęùŗ



��

ГӀǜ˵Ɠ�ǗƔǬȖ�ȔӃǙȋƲ

�Ze���Ä¿��Â¿���� : ن ا س ن ا ن  د ب ی  ا ه ت  ف ا ب

3 
ĖőʭģŘÏä˨Ŏ˨ùę˨˔ʭŕß˨ę˨ŗ˨ʭŕ˨ˬ ĕŗę˨ʯˬĖĸŎ˨ʯŏʭŕĕ˨ĖŒőʭŎ˕˨ŏĖý˨ŏŗęĕ˨ãùĚČŎ˨ŗ˨ʭŕ˨ˬĚŀď˨Ďİğ˨ʯŏĖý˨Ďİğ

3 ˨ĂĿʭý ˨ãʭŕŔ˨ĄēʭŰ ˨ŐŞý ˨ŔŋħʭĿ ˨ŔĄğŘŞÏʭő ˨ãʭŕß˨ĚŰŘŎ ˨ęĕ ˨˔ĕęùĕ ˨ʭŒĈĄğù ˨ŔĄþŊù˕ ˨ÛĖőù ˨ãùŔ˨ĄēʭŰ ˨ŐŞý ˨ãʭĬĿ ˨ ˨ĖőùÜ˨ŰĕĜő ˨ōŕ ˨Ŕý ˨ęʭŞĠý ˨ĢŰʭŕŔ˨ĄēʭŰ

ĕŘģä˨Ŏ˨ˬĖŰĕ˨ßĚŰŘŎ˨ˬęùŘŰĕ˨ęĕ˨äŰʭŕ˨ˬĚŀď˨āęŘħŔ˨ý˨ŔÝ˨ˬĕʭŰě˨ęĖńőù˨ġùä˨ĤģŘÏ

3  ĚâŰĖÞŰ˨Ŕý˨ùę˨äĤģŘÏ˨ĂĿʭý˨ãʭŕŔ˨ĄēʭŰ˨ ŔŰʭÏ˨ãʭĤĻ˨Ģńő ˨˔äŒŞøăŗĚÏŘÞŞŋá˨ŗ˨äŒŞøăŗĚÏ˨ãʭŕŔ˨Ąģę˨ěù˨ãùŔ˨Þþģ˕˨ŔŰʭÏ˨ãʭĤĻ˨ ˨ĂĿʭý˨ŐŰù˨ãʭŕŔ˨ĄēʭŰ˨ĚŰě˨ęĕ

ĖŒÝä˨Ŏ˨˛ĨĄŎ˨ŏí˨˔ĂĠğ˨ṯ̌Ř˙ĸŎ˕˨ŗ˨ĚŰě˨ĂĿʭý˨Ŕý˨ŗ˨˔ĝʭ˙ă˨ęĕ˨ŔŰť˕

3 ŔŰťĖŒ×˨ʭŰ˨ÜŰ˨ęĕ˨ ˨ãùŔ˨őùŘĄğù˨y˨äþĸÞŎ˨y˨äģĚŀâŒğ˨ ˨ĖŒőʭŎ˨äăŗʭŀĄŎ˨ãʭŕ˨̨ Þģ

3 ĖŞ÷ŗĚŞă˨ˬ ĖĻ˨	˨ŏŗĚŀő˨ ˨ŔŰť˨Üă˨äþĸÞŎ

3 ˬĕŗę˨	˨ˬĖĸŎ˨ ˨ŔŰť˨Üă˨ãùŔ˨őùŘĄğù

3 Üýʭþď˨y˨ßĚŰŘŎ˨ ˨˔ĕùŘŎ˨ŉʭńĄőùŗ˨̨ ńő˨ãùĚý˨ĚĄĤŞý˕˨ŔŰť˨Üă˨äģĚŀâŒğ

3 ŏʭŕĕ˨	˨ãĚŎ˨y˨ĂğŘÏ˨ ˨˔ĕęùĕ˨äĄĴĿʭĐŎ˨Ģńő˨ĚĄĤŞý˕˨ŔŰť˨ĖŒ×˨äģĚŀâŒğ

3 
Ėőęùĕ˨ãĕʭŰě˨ōŞĠńă˨ĂķĚğ˨äŊŗ˨ˬʭăŘÝ˨Ě˙ķ˨ŉŘį˨äĤģŘÏ˨ĂĿʭý˨ãʭŕŔ˨ĄēʭŰ˨üŋĻù

3 
ĕęùĖő˨ä˙ĠŞŊŘýʭĄŎ˨ĂŞŊʭĸĿ˨	˨ĂĠŞő˨ˬĖőě˨ ˨ŉŘŋğ˨ĖŃʭĿ˨ŔŰʭÏ˨ãʭĤĻ

3 
ĖŒģʭý˨ŔĄģùĕ˨ĎģĚă˨āęĖŃ˨ĖőùŘăä˨Ŏ˨ ˨˔ŔŰť˨ĖŒ×˨Ŕ×˨ŗ˨ŔŰť˨Üă˨Ŕ×˕˨äĤģŘÏ˨ĂĿʭý

3 
ˬĖģ˨˛ŞÞĤă˨˔äþĸÞŎ˨ʭŰ˨ãùŔ˨őùŘĄğù˨ṯ̌Ř˙ĸŎ˕˨äĤģŘÏ˨ĂĿʭý˨ĵùŘőù˨ěù˨ʯĂğʭŕ˨ˬĖĻ˨ęĕ˨äĐģĚă˨ĂĿʭý˨ŔÝ˨ãù˨ˬ ĖĻ˨äĤģŘÏ˨ĂĿʭý

3 
ˬĖģ˨˛ŞÞĤă˨˔ĕŘģä˨Ŏ˨ŔĄēʭğ˨ĂĿʭý˨ĕŘē˨ãʭŕŔ˨ĄēʭŰ˨ĮğŘă˕˨ãùŔ˨ŒŞŎě˨ˬĕʭŎ˨ʯ˔ŏʭĠĤÝ˕˨äÞŞĄğťù˨y˨ŏÙŦÝ˕˨äŒŞøăŗĚÏ˨ãʭŕŔ˨Ąģę˨ʯʭŕŔ˨ĄēʭŰ˨ĵùŘőù˨ěù

3 
Ėģʭý˨˔ãùŔ˨ŊÙ˕˨ĖŎʭċ˨Ŕ˙Şő˨	 ĖŎʭċ˨	ĶŰʭŎ˨ĖőùŘăä˨Ŏ˨ ˨ãĖőŘŞÏ˨ĂĿʭý˨ãùŔ˨ŒŞŎě˨ˬĕʭŎ
  

3 ˨äýĚ×˨ ʹ ˨ŏùŘĔĄğù˨ ʸ ˨ĽŗĚĬĻ˨ ʷ ˨ŏŘē˨ ʶ ˨ōÝùĚĄŎ˨ ʵ ˨ĂĠğ˨ ʴ  ʲĂğù˨ĵŘő˨ʹ

3  ˨˨˔ĂĠŕ˨äŒŞøăŗĚÏ˨ãʭŕŔ˨Ąģę˨ōŕ˨äýĚ×˨ęĕ˨ĂńŞńď˨ęĕ˨ŔőĚáŗ˨ûʭĄÝ˨łþį˨ŔĄþŊù˕˨Ăğù˨äÞŞĄğťù˨ ŗ˨ŏÙŦÝ˨ãʭŕŔ˨Ąģę˨ ĖŃʭĿ˨ŏŘē ˨ĵŘő˨ʹ˨ŐŰù˨ ŐŞý˨ěù

ĕęùĕ˨˔ŐŰĚþŞĿ˕˨äŒŞøăŗĚÏ˨ãʭŕŔ˨Ąģę˨ŔőĚáŗ˨ōŰęùĖő˨äÞŞĄğťù˨ŗ˨ŏÙŦÝ˨ŏŘē˨ęĕ

3 ŔăŗʭŀĄŎ˨ ˨ãùŔ˨ŒŞŎě˨ˬĕʭŎ˨y˨ʭŕŔ˨Ąģę˨ĵŘő˨ŗ˨ęùĖńŎ˨ ˨ãĖőŘŞÏ˨ĂĿʭý˨ĵùŘőù˨ŐŰù˨ęĕ

3 
Ėŕĕä˨Ŏ˨ĖőŘŞÏ˨ōŕ˨Ŕý˨ùę˨ľŋĄĔŎ˨ãʭŕĂ˨Ŀʭý˨ŗ˨ʭŕŔ˨ĄēʭŰ˨ʲãĖőŘŞÏ˨ĂĿʭý˨Ģńő

Ã{ZË��ZÅ�µÂ¸��¾Ì]�Ä¸�Z§ ʲĂĠğ˨ãĖőŘŞÏ˨ĂĿʭý˨ ʴ

3 ˔ŐŞøăŗĚÏŘÞŞŋá˕˨Ăģęĕ˨ãʭŕŉ˨ŘÞŊŘŎ˨ĵùŘőù˨ěù˨äįŘŋĔŎ˨y˨ˬĖŒþĠ×˨y˨àőęä˨ý˨y˨Ľʭŀģ˨  ãùŔ˨ŒŞŎě˨ˬĕʭŎ

3 ġęùŘá˨ŔŊŘŊ˨äĤģŘÏ˨ĂĿʭý˨ĚŰě˨Ŧ̱ĈŎ˨ ˨Ăğù˨äĤģŘÏ˨ĂĿʭý˨ĚŰě˨ṯ̌Ř˙ĸŎ

˔ãùŔ˨Ąģę˕˨ōÝùĚĄŎ˨ãĖőŘŞÏ˨ĂĿʭý˨ ʵ

3 ĂĠŕ˨˔ŏʭŎʭâŞŊ˕˨ĭʭýę˨ŗ˨˔ŏŗĖőʭă˕˨äÏĕęě˨ęĕ

3 üŋŃ˨ãʭŕŔ˨ØŰęĕ˨ãĜÝĚŎ˨Ă˙ĠŃ

3 ˬĕʭŰě˨ʭŕŉ˨Řŋğ˨ŐŞý˨ŔŋħʭĿ

ŏĕŘý˨äķʭČăęù˨Ćķʭý ŌʭÞĐĄğù˨Ćķʭý

ŏùŘĔĄğù˨ęĕĽŗĚĬĻ˨ěù˨ äķùŘőù˨ ęĕ ŏŘē˨ęĕ˨ Ŧ̱ĈŎ



��

ʲäýĚ×˨ĂĿʭý ʶ

3 
ˬĚĄ˙Ý˨ōÝùĚĄŎ˨ŗ˨ĂĠğ˨Ŕý˨ĂþĠő˨ʭŕŔ˨ĄēʭŰ˨ŔŋħʭĿ˨˛Þģ˨łþį˨	˨�Ä¸�Z§�Ä�Ì»��f�Ì]�Ä�]�k�y��Y�Ö]�q�˨ˬĚŞļĄŎ˨ʭŕŔ˨ĄēʭŰ˨ŔŋħʭĿ
3 Ä�Ì»�Ã|Ë{�º�Ì·Â]Zf»�½M��{��a� ˨˨Ăğù˨ˬĖőě˨ãʭŕŉ˨Řŋğ˨ěù˨˛ÞĤĄŎ˨äŒĸŰ˨Ăğù˨ĂĿʭý˨ ˨ĖŞŒÝ˨ĂŃĕ˨ṯ̌ŗù

3 ʲäýĚ×˨ĂĿʭý˨ęʭĄēʭğ˨ęĕ˨ĞÏ˨ ˨
ĕęùĕ˨ęùĚŃ˨ŔĄēʭŰ˨ˬęʭŒÝ˨ęĕ˨ġùŔ˨ĄĠŕ˨ĖŒŞýä˨Ŏ˨˛Þģ˨łþį˨ŔÝ˨Ėőùã˨ùŔ˨ĄĠŕ˨Üă˨ġʭŕŉ˨Řŋğ˨  ʭ̱Ŏŗĕ
ˬęí˨ʱĖŰĕ˨ŏùŘăä˨Ŏ˨ŐŞøăŗĚÏ  

ˬęí˨ʱĖŰĕ˨ŏùŘăä˨Ŏ˨ãŘńŋď˨ŗ˨äİē˨DNA 


Ăğù˨ŏùŗùĚĿ˨˔ĖŰĚŞĠŞŋá˨ãĚă˕˨äýĚ×˨ěù˨ęʭģĚğ˨ĢŰʭŕŔ˨ĄēʭŰ˨ŏŘ×˨ʱäýĚ×˨ĖőùŔ˨ĄģùĘá˨ùę˨Ģ˙ğù˨ùĚ×˨

3 ãÙĚőù˨ˬĚŞēė˨	˨äăęùĚď˨łŰʭķ˨	˨ãĚŞáŔ˨ýĚī  Ģńő

3 Ã�e�ºÌz��½Z��¯�ÕZÅ�Äf����Y�½�Ô¯�ÕZÅ�Äf���Ä¯�|ÌÀÌ]�Ö»  ʴʹ˨ŔĐŀħ˨˛Þģ˨łþį

5ˬĚĄĤŞý˨ęŘőʭċ˨ŏĖý˨ęĕ˨ĚâŰĕ˨ãʭŕĂ˨Ŀʭý˨ĚŰʭğ˨ěù˨ãùŔ˨ØŞŕʭŎ˨ĂĿʭý˨ŏěŗ7
˨üŋĻù˨ y˨ĜŎĚŃ˨àőę˨y˨ ˬʭăŘÝ˨ŗ˨ĖŒă˨ĩʭþńőù˨ y˨˔äŒŞŒċ˨ŏùęŗĕ˨ęĕ˨ŔĄēʭŰ˨ĖŒ×˨ŐĄğŘŞÏ˨ ōŕ˨Ŕý˨ ěù˨̡ Ăŋķ ˨̞ãùŔ˨ĄĠŕ˨ĖŒ×˨ĢŰʭŕŉ˨Řŋğ˨˔ĮİĔŎ ˨̞äĄŋÞğù˨ ʴ
˨ŏí˨ōČď˕˨ĕŘģä˨˙ő˨ōŞĠńă˨ ˨ĖýʭŰä˨˙ő˨ĢŰùĜĿù˨ĖŊŘă˨ěù˨ĞÏ˨ŏí˨ĕùĖĸă˨	˨ûʭĸĤőù˨ŏŗĖý˨ęùĕĮ˨ē˨y˨˔ãĕùęùĚŞĻ˨ĝʭÞĸőù˨ĖŒőʭŎ˨äēĚý˕˨ãĕùęù˨Ģīʭþńőù

˔ĖýʭŰä˨Ŏ˨ĢŰùĜĿù
˨Ŕâő˨ãĚĄĤŞý˨āĖŎ˨ùę˨ĕŘē˨ĩʭþńőù˨ŗ˨ĕŘģä˨Ŏ˨ĪþńŒŎ˨äâĄĠŕí˨Ŕý˨y˨äăęŘħ˨àőę˨y˨ãĕùęùĚŞĻ˨ˬęùŘ˙ŕ˨y˨ãùŔ˨ĄĠŕÜ˨ă˨ŗ˨äÝŗĕ˨ĢŰʭŕŉ˨Řŋğ˨ʲĽʭħ˨ ʵ

˔äőťŘį˕˨
ĕęùĕä˨Ŏ
˨ĮńĿ˨y˨ãĕùęùĚŞĻ˨ˬęùŘ˙ŕ˨y˨üĸĤŒŎ˨ŗ˨ęùĕĮ˨ē˨ĜŎĚŃ˨àőę˨y˨ˬʭăŘÝ˨ŗ˨ĖŒă˨ŏí˨ĩʭþńőù˨y˨ãùŔ˨ĄĠŕ˨ʵ˨äēĚý˨ŗ˨ãùŔ˨ĄĠŕ˨ÜŰ˨ĚĄĤŞý˨ĢŰʭŕŉ˨Řŋğ˨ʲäþŋŃ˨ ʶ

üŋŃ˨ĕęʭÝŘŞŎ˨ŔŰť˨ęĕ

 

3 
Ăğù˨ˬĖģ˨˛ŞÞĤă˨˔ʭŞŋáŗęŘő˕˨äþĨķĚŞĻ˨ãʭŕŔ˨ĄēʭŰ˨ŗ˨˔˔Įýùę˨y˨äĄÝĚď˨y˨äĠď˕˨ŏŗęŘő˨ĵùŘőù˕˨äþĨķ˨ãʭŕŔ˨ĄēʭŰ˨ěù

ʭÏ˨ľÝ˨ y˨Ăğĕ˨ľÝ
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ش ر ا و گ ه  ل و ل د  ر ک ل م ع و  ر  ا ت خ ا س ر ۱:  ا ت ف گ  

3 

ʭŰĕęʭÝ˨	
ęŘŋŞÏ˨	

ŉʭÞğŘøŋŰù˨	
ġęùŘá˨ŔŊŘŊ˨Ěēí˨Ŕý˨ˬĖőʭŎ˨äÞŰ˨ 	

 ˨ãĕùęùĚŞĻ˨

ãĚŎ˨ãùĖĄýù˨	
ĉĚĔŎ˨ãʭŖĄőù˨ęĕ˨ˬęùĖŒý˨ŐŰĚēí˨	

 ˨ãĕùęù

 ˨ĖŒÝä˨Ŏ˨ ùĖċ˨ōŕ˨ ěù˨ùę˨ġęùŘá˨ ŔŊŘŊ˨ľŋĄĔŎ˨ãʭŕĢ˨Ĕý˨ ãŘńŋď˨ãʭŕŔ˨ØŞŕʭŎ˨˶ ˴*��pÎ� �˳�ÀÎÃ��

˨ōÞģ˨ŏŗęĕ˨ãʭŕŌ˨ùĖőù˨ŔÝ˨ãù˨ˬĕĚÏ˨ ˨ĂĠğˏ˨ãĖőŘŞÏ˨ĂĿʭý˨ʲĞŒċ˕˨Łʭŀħ˨ˬĕĚÏ˨ěù˨äĤĔý˨  äőŗĚŞý˨	
˨˔ĖŒÝä˨Ŏ˨˛ħŗ˨ōŕ˨Ŕý˨ĉęʭē˨ěù˨ùę

 
Ľʭħ˨ĚâŰĕ˨ãʭŕʭċ˨ŔŞńý˨ ŗ˨ĮİĔŎ˨ĵŘő˨ěù˨ ĉĚĔŎ˨äċęʭē˨ˬ ęùĖŒý˨ ʯãĚŎ˨ãùĖĄýù˨ ʯłŋď˨ʯŏʭŕĕ˨	

 ˔ûęŘŎ˕˨ĕęùĕ˨ĚĄĤŞý˨ŔŰť˨ÜŰ˨ˬĖĸŎ ˨ãŘńŋď˨ŗ˨äŊŘį˨˛Þģ˨Ŕý˨	
 ˨ãùŔ˨ØŞŕʭŎ˨ 	

˨ʭŰ˨ĕĜļŋý ˨ŏí˨ãŗę˨äĄďùęŔ˨ý ˨ŗ˨ĖþĠØý˨ãùŔ˨ØŞŕʭŎ˨ãŔ˨Űť˨ãŗę˨ĭʭĔŎ˨ĕŘģä˨Ŏ˨Ćķʭý ˨  äįʭĔŎ ˨ĚŰě˨	

ĕęŘĔý˨ŐŞ×

ĎģĚă˨ŗ˨ûĘċ˨ĖŒőʭŎ˨āŗʭŀĄŎ˨ãʭŕęʭÝ˨ ˨ĕęùĕ˨äĤģŘÏ˨ĂĿʭý˨ãʭŕŔ˨ĄēʭŰ˨  äįʭĔŎ˨	

��˴Ï.���-��Ï.Þ��©� �˳¯��/V�-#/#����¢��

3 ˨˨ĕęùĕ˨ĕŘċŗ˨ʭŕß˨ę˨ŗ˨ĂĠğˏ˨ãĖőŘŞÏ˨ĂĿʭý˨ŔŰť˨ʷ˨ŔŰť˨Ěŕ˨ęĕ

3 ˨ ˨
ĕęùĕ˨ĕŘċŗ˨äþĨķ˨ãʭŕŔ˨ĄēʭŰ˨ěù˨ãùŔ˨Þþģ˨äįʭĔŎ˨ĚŰě˨ŗ˨ãùŔ˨ØŞŕʭŎ˨ŔŰť˨ęĕ
  

 

˨äīʭþńőù˨Ŕńŋď˨ ˨ĖőŘģä˨Ŏ˨ÜŰĚĐă˨ġęùŘá˨ŔŊŘŊ˨äþĨķ˨ãʭŕŔ˨ĄēʭŰ˨ ˨ĕŘģä˨Ŏ˨ĕʭĤáˏ˨ġęùŘá˨ŔŊŘŊ˨ ˨ùĘĻ˨ĕŗęŗ˨
˨äáĖŒŒÝ˨ĭŘŋĔŎ˨äĤńő˨y˨üğʭŒŎ˨ĂķĚğ˨ʭý˨ŔŊŘŊ˨ŉŘį˨ęĕ˨ùĘĻ˨ĂÝĚď˨ ˨˔ĉĚĔŎ˨Ă˙ğ˨Ŕý˨ŏʭŕĕ˨ěù˕˨Řŋċ˨Ŕý˨ˬĕŘă˨ĂĤÏ

ęŘŋŞÏ˨ʭý˨ùĘĻ˨ˬĕŘă˨ĕęŘēĚý˨ʲĖŒőʭŎ ĕęùĕ˨ōŕ
ĞÞķĚý˨ŗ˨ĕŘģä˨Ŏ˨̨ ģˏ˨ŗ˨ĪþńŒŎ˨ŏʭŞŎęĕ˨ÜŰ˨āęŘħ˨Ŕý˨ŔŊŘŊ˨ěù˨äŰʭŕĢ˨Ĕý˨  

��¯��/V�-#/#���¿�

 

ùĘĻ˨ŏĖŰŘċ˨  

ŁùĜý˨ ĎģĚă ˨Ü×ŘÝ˨ãʭŕ˨ˬ ĖĻ˨ŗ˨˔ãù˨ˬ ęùŗęí˨ĚŰě˨y˨äőʭýěĚŰě˨	äģŘáʭŒý˕˨ßęĜý˨äŃùĜý˨ĕĖĻ˨Ăŀċ˨Ŕğ˨  
��Ï�+�����¯��/V

 

äģŘáʭŒý˨
äőʭýěĚŰě˨

ãù˨ˬ ęùŗęí˨ĚŰě˨
äģŘáʭŒý˨

 �ßÉ�ª��Ü�*p¼��Ã��ú�-�Ý�Ê'

 ûí˨	
˨āʭŒýĚÝä˨ý˨ĖŒőʭŎ˨äŰʭŕŏ˨ŘŰ˨	

˔ãĚĄÝʭý˨ˬęùŘŰĕ˨ŏĕĚý˨ŐŞý˨ěù˕˨ōŰěŗĜŞŊ˨y˨˔ěŘĄŊʭŎ˨Ŕý˨ŔĄğʭĤő˨˛ŰĖþă˨ ˨ŔĄğʭĤő˨ġęùŘá˨Ŕý˨Ü˙Ý˕˨ŁùĜý˨ěŦŞŎí ˨ō˨ŰĜőí˨ěù˨äķùŘőù˨	

 
äŒŞøăŗĚÏŘÞŞŋá˨ʲŏí˨ĞŒċ˨	


ĖŒÝä˨Ŏ˨ĕʭČŰù˨äįʭĔŎ˨ˬĕʭŎ˨ŗ˨ĖŒÝä˨Ŏ˨ûĘċ˨ŏùŗùĚĿ˨ûí˨	
 ˨ŐŞğŘŎ˨	

��Ë�ª�

˔ōŰĜőí˨ʭŰ˨ĖŞğù˨Ěćù˨Ěý˕˨äŰʭŞ˙Şģ˨üŞğí˨ʭŰ˨˔ùĘĻ˨ĝʭ˙ă˨ěù˨̨ ħʭď˕˨äáĖŞģùĚē˨ěù˨  


ĖŒÝä˨Ŏ˨˛ŰĖþă˨ˬĖőĜļŊ˨ã˨ˬ ĕŘă˨Ŕý˨ùę˨ʭŕŏ˨í˨ŗ˨ĖőʭþĠ×ä˨Ŏ˨ōŕ˨Ŕý˨ùę˨ùĘĻ˨ãʭŕ˨ˬ ęė˨  
��ß��£'�*��'�²ÊÍ

3    ĕŘģä˨Ŏ˨ŔĄĔŞŎí˨ˬĖĸŎ˨ˬĚŞģ˨ʭý˨ ˨ˬĖĸŎ˨ĕęùŗ˨ ˨˔˔Ķŋý˨ĝʭÞĸőù˕˨ãĕùęùĚŞĻ˨ĞÐğ˨ŗ˨ãĕùęù˨ùĖĄýù˕˨Ķŋý˨ ˨ùĘĻ˨˨ˬ ĕŘă

3 āŘŋáä˨Ïù˨ŐĄĿę˨ŐŞŰʭÏ˨y˨ˬĚČŒď˨ŐĄĿę˨ťʭý˨	˨Ü×ŘÝ˨ŏʭýě˨ŐĄĿę˨ťʭý˨  Ķŋý˨ĝʭÞĸőùĝŘ˙ŞÝ

م ه ه د ی ا پ  - ل  ۲   ص دف ا و م ب  ذ ج و  ش  ر ا و گ



��

ĭʭĔŎ˨	
˔HCO�� ˕˨āʭŒýĚÝä˨ý˨	

  

 

ĖŒŒÝä˨Ŏ˨ĎģĚă˨ĭʭĔŎ˨äēĚý˨	
ʭŕěʭÐŞŊ˨ŗ˨ʭŕěʭøăŗĚÏ˨  äŋħù˨	

HCL

ãęŗĚī˨Bʴʵ˨ŐŞŎʭĄŰŗ˨ûĘċ˨ãùĚý˨ ˨äŋēùĕ˨ęŘĄÝʭĿ
  ãęʭŒÝ˨ŔĄēʭŰ˨	

  

��*p�'�*Þ°

˔ˬĖĸŎ˨ãʭŕěʭøăŗĚÏ˨ěʭğĢ˨ŞÏ ˨̞ŏÙŘŒŞĠÐÏ  ˨˨˨˨˨ŐŞĠÐÏ˨ ˔ĦŃʭő˨ġęùŘá˨	ĖŒÝä˨Ŏ˨˛ŰĖþă˨ ĚăÜ˨×ŘÝ˨ãʭŕŉ˨ŘÞŊŘŎ˨Ŕý˨ùę˨ʭŕŐ˨ŞøăŗĚÏ˕  HCL
˔ŐŞĠÐÏ̞ �

3   

ęʭâŞğ˨	
äŋÞŊù˨ãʭŕŔ˨ýʭģŘő˨	

ĕŘĿ˨ĂĠĿ˨	
ûùĚİīù˨ŗ˨ĢŒă˨	

 ˨ʭŰĕęʭÝ˨ĩʭþńőù˨ŏĕŘþő˨äĿʭÝ˨ Ăŋķ ˨ãĚŎ˨Ŕý˨ˬĖĸŎ˨ˬĚŞģ˨ĂĤáĚý˨ʲĞÝŦŀŰę

3 ˔ÜŰęʭý˨ˬĕŗę˨ãùĖĄýù˕˨Ŕŕĕěùŗĕ˨  ġęùŘá˨äőʭŰʭÏ˨˛ďùĚŎ
ŐŞğŘŎ˨	

ûí˨	
äģęùŘá˨ãʭŕō˨ŰĜőí˨	

āʭŒýĚÝä˨ý˨ĖŒőʭŎ˨ľŋĄĔŎ˨ãʭŕŏ˨ŘŰ˨	
˨äÞ˙ő˨ĶŰʭŎ˨	

  

āʭŒýĚÝä˨ý˨	
˔ĖőŘģä˨Ŏ˨ŉʭĸĿ˨ÜŰęʭý˨ˬĕŗę˨ŏŗęĕ˨ˬĖĸ˙ŊùěŘŊ˨ãʭŕěʭøăŗĚÏ˕˨ʭŕō˨ŰĜőí˨	

  

  ãŗùĚŀħ˨ãʭŕÜ˨˙ő˨	
ŐŞĄŞĠŊ˨ĖŞÐŞŊŘŀĠĿ˨	

āʭŒýĚÝä˨ý˨	
ŉŗĚĄĠŋÝ˨	

ĚăĜŰę˨ãʭŕ˨ˬ ĚİŃ˨Ŕý˨ŏí˨˛ŰĖþă˨ŗ˨äýĚ×˨Ěý˨ĚŞćðă
  

ĕěʭğä˨Ŏ˨ĖþÝ

��pÍªÝ��ß'�-+�©�.��-��Ü��/'�-�

äŋēùĕ˨ĮŞĐŎ˨Ŕý˨ʭŕä˨ýĚ×˨ĕŗęŗ˨ŗ˨ġęùŘá˨	

ĖŒÝä˨Ŏ˨Ü˙Ý˨ěʭÐŞŊ˨ōŰĜőí˨Ŕý˨äŊŗ˨ĕęùĖő˨ōŰĜőí˨ùĚŀħ˨	

˨äĿʭīù˨ŉŗĚĄĠŋÝ˨ŗ˨ŐŞýŗę˨äŋŞý˨ĖŒőʭŎ˨ĕùŘŎ˨äēĚý˨ĶĿĕ˨	
���Ã��²ÊÍ

3 
ĕęĕ˨ĕʭČŰù˨ ˨ùĚŀħ˨ĉŗĚē˨ãùĚČŎ˨ŏĖģ˨ŔĄĠý˨˨ ˨ùĚŀħ˨àŒğ˨˨	

ŏʭŃĚŰ˨ ˨ŏŘē˨ęĕ˨ŐŞýŗę˨äŋŞý˨ĢŰùĜĿù˨	
  ùĚŀħ˨ãŔ˨ĠŞÝ˨ ęĕ˨ ŉŗĚĄĠŋÝ˨ ĖŒőʭŎ˨ ùĚŀħ˨āʭþŞÝĚă˨ûŘğę

      ŔĄğʭĤő ěŦŞŎí
˔ãù˨ˬĖĸ˙ŊùěŘŊ˨ ŗ˨äŃùĜý˕  ĚăĂ˨ģęĕ˨ãʭŕŉ˨ŘÞŊŘŎ˨ŗ˨ěŘĄŊʭŎ ãʭŕō˨ŰĜőí

ÜŰęʭý˨ ˬĕŗę˨ãŔ˨ĄēʭŰ  ĖŰęʭÝʭğŘőŘŎ

ŐŞøăŗĚÏ  ĚăÜ˨×ŘÝ˨ãʭŕŉ˨ŘÞŊŘŎ ˨ÜŰęʭý˨ ˬĕŗę˨ęĕ
˔ÜŰęʭý˨ ˬĕŗę˨ŔĄēʭŰ˨ ŗ˨ ˬĖĸ˙ŊùěŘŊ˕˨ ěʭøăŗĚÏ  ĖŞğùŘŒŞŎí

 äýĚ×˨ˬĚİŃ ùĚŀħ
ˬĖŒŒÝ˨ĭŘŋĔŎ˨āʭÝĚď˨ ŗ

  ĚăĜŰę˨ãʭŕ˨ˬ ĚİŃ  ĚŎŘőŘŎ

ĕŘģä˨Ŏ˨ěʭĻí˨ ˬĖĸŎ˨ ęĕ˨
ŐŞĠŞÐÏ

ˬĖ˙ĸŊùěŘŊ˨ěʭÐŞŊ

��¯��/V

                                                                                                                                      

3 ĖŰĚĠŞŋá˨ãĚă˨ ˨äŰùĘĻ˨ōŰÙę˨ãʭŕĖŞÐŞŊ˨ŐŰĚăŏ˨ùŗùĚĿ˨

3 ˨ˬĖĸ Ŋ̇ùěŘŊ˨ěʭÐŞŊ˨ ˨ĂŞŊʭĸĿ˨Ěćù˨ęĕ˨ĚĄĤŞý˨ ˨ʭŕä˨ýĚ×˨ġęùŘá



��

ش ر ا و گ ه  ا گ ت س د ت  ی ل ا ع ف م  ی ظ ن ت و  د  ا و م ب  ذ ج ر ۳:  ا ت ف گ

3 ˨Ŕý˨ŏí˨ěù˨ĞÏ˨ŗ˨ĕęùŗ˨ʭŕŔ˨ĄēʭŰ˨ŐŰù˨Ŕý˨ŗ˨ĖőęĘâý˨äģęùŘá˨ãŔ˨ŊŘŊ˨äĤģŘÏ˨ĂĿʭý˨ãʭŕŔ˨ĄēʭŰ˨ãʭĤĻ˨ěù˨ĖŰʭý˨ŏĖý˨ãʭŕŔ˨ĄēʭŰ˨Ŕý˨ŏĖŞğę˨ãùĚý˨ãĘļŎ˨ĕùŘŎ

ĖőŘģ˨ĕęùŗ˨˔˨äĄĿʭý˨ŏʭŞŎ˨ûí˨ŗ˨ľŒŊ˨ʯŏŘē ˨̞äŋēùĕ˨ĮŞĐŎ

ŏĖý˨äŋēùĕ˨ĮŞĐŎ˨Ŕý˨ĕùŘŎ˨ĕŗęŗ˨ʲľŰĚĸă˨	

Ăğù˨ÛĖőù˨ûĘċ˨ˬĖĸŎ˨ŗ˨ŏʭŕĕ˨ęĕ˨	

ÜŰęʭý˨ˬĕŗę˨ʲŏʭĠőù˨ęĕ˨ûĘċ˨äŋħù˨ŏʭÞŎ˨	
��

3 ˨ĕùŘŎ ˨ûĘċ˨Ďİğ˨ĖŰĖģ˨ĢŕʭÝ˨ ŔČŞĄő ˨˔Řċ˨ŗ˨ŌĖŒá ˨ęĕ˕˨ŐăŘŋá˨ŐŞøăŗĚÏ ˨ ˨ʭŕěĚÏˏ ˨ĜŰę˨ŗ˨ʭŕěĚÏˏ ˨ʯÜŰęʭý˨ˬĕŗę˨ãʭŕŔ˨ĄēʭŰ˨ãʭŕü˨ŰĚĔă� �

˔
ĖőŘģä˨˙ő˨ûĘċ˨ŏĖý˨ěʭŞő˨ĕęŘŎ˨ãĘļŎ˨ĕùŘŎ˨ěù˨ãęʭŞĠý˕

3 
äŀŒŊ˨ãŔ˨ĄĠý˨ßĚŰŘŎ˨ĕęùŗ˨ ˨äýĚ×˨ęĕ˨ŉŘŋĐŎ˨	

˨äáĚŰŘŎ˨ãŔ˨Þþģ˨ĕęùŗ˨ ˨ûí˨ęĕ˨ŉŘŋĐŎ˨	
  ěĚÏˏ˨äĤģŘÏ˨ãʭŕŔ˨ĄēʭŰ˨Ŕý˨ĕŗęŗ

3 

ĭʭĔŎĚŰě˨ŗ˨ĭʭĔŎ˨ãŔ˨Űť˨˛Ŏʭģ˨ʲãŘńŋď˨ŐŞ×˨	
˨ĭʭĔŎ˨ŔŰť˨˛Ŏʭģ˨̡ ěĚÏˏ˨	

˔ŔŰť˨Üă˨ãùŔ˨őùŘĄğù˕˨ÜŰęʭý˨ˬĕŗę˨äĤģŘÏ˨ãʭŕŔ˨ĄēʭŰ˨ãʭĤĻ˨ěù˨äĤĔý˨̡ ěĚÏˏ˨ĜŰę˨	
� �

 

3 ˨ãʭŕß˨ę˨ ˨äŀŒŊ˨ ßĚŰŘŎ˨ ˨ŔĄēʭŰ˨ ŐŞý˨ ĶŰʭŎ˨ ěŘĄŞğŗĜáù ˨ãĖŞÐŞŊ˨ãʭŕŉ˨ŘÞŊŘŎ˨ŏĖģ˨ŔĄēʭğ˨ ˨ěĚÏˏ˨ŔĄēʭŰ˨ĕęùŗ˨ ˬĕʭğ˨ęʭĤĄőù ˨ʭŕĚŎŘőŘŎ˨  

˨ęĕ˨ Ăğùę˨ĜŞŋŕĕ˨ ˨ŐŰĚýě˨ßĚŕʭŞğ˨ßęĜý˨ ˨˔Ăğùę˨ŗ˨Î×˨ãù˨ˬ ŘŃĚă˨ĚŰě˕˨ãùŔ˨ŒŞğ˨ßĚŕʭŞğ˨ʵ ˨Ăğùę˨ŗ˨Î×˨äŀŒŊ˨ãùĚČŎ˨  ɻ ˨Ěăß˨ęĜý˨äŀŒŊ

 
˨˔ʭŕß˨ĚēĚğ˨ŧęùŘŰĕ˨Ŕý˨ŉŗĚĄĠŋÝ˨ûŘğę˕˨˨ ˨ŐŞøăŗĚÏ˨ ˨ŉŗĚĄĠŋÝ:LDL

˔ʭŕß˨ĚēĚğ˨ŧęùŘŰĕ˨ěù˨ŉŗĚĄĠŋÝ˨ûĘċ˕˨ ŐŞøăŗĚÏ˨ ˨ŉŗĚĄĠŋÝ˨:HDL
 ˨ŐŞøăŗĚÏŘÐŞŊ˨ ˨ĖþÝ

3 

ĕęùĖő˨ěĚÏˏ˨	
Ăğù˨ŔĄĠŕí˨ʭŕŏ˨í˨ęĕ˨ĂÝĚď˨	
ĖŒÝä˨˙ő˨ĎģĚă˨äģęùŘá˨ōŰĜőí˨	

˔ōŰěŗĜŞŊ˨ãùęùĕ˕˨ĖŒÝä˨Ŏ˨ĎģĚă˨äįʭĔŎ˨ˬĕʭŎ˨	

 ˨
ĕŘģä˨Ŏ˨ōĄē˨ĞŰĖőʭÏí˨Ŕý˨ŔÝ˨Ăğù˨ßęĜý˨ã˨ˬ ĕŗę˨ãùĖĄýù˨̡ ęŘÝ˨ˬĕŗę˨	
ŗęťʭý˨ŏŘŊŘÝ˨	
 äńĿù˨ŏŘŊŘÝ˨	

ŗęŐ˨ŞŰʭÏ˨ŏŘŊŘÝ˨	

��

3 
 

 B˨ŗ˨K˨ŐŞŎʭĄŰŗ˨ãęùĖńŎ˨	
ʭŕŏ˨ŘŰ˨ŗ˨ûí˨	

 ˨ûĘċ˨	

ĵŘĿĖŎ˨ŏĕęŗíęĕ˨ĖŎʭċ˨˛Þģ˨Ŕý˨	
  ßęĜý˨ˬĕŗę˨Ģńő

3 
ĕęùĕ˨ęùĚŃ˨ ˔ĮİĔŎ˨ãŔ˨ØŞŕʭŎ˕˨ äċęʭē˨ã˨ˬęùĖŒý˨ ŗ˨˔Ľʭħ˨ŔØŞŕʭŎ˕˨äŋēùĕ˨ã˨ˬ ęùĖŒý˨ʯˬĕŗęĂ˨ğùę˨ãʭŖĄőù˨ ˨ĕŘģä˨Ŏ˨äŖĄŒŎ˨ˬĕŗęĂ˨ğùę˨Ŕý˨ ŗęŐ˨ŞŰʭÏ˨ ŏŘŊŘÝ

3 ˔ãĕùęù˨āęŘħ˨Ŕý˕˨ĶĿĕ˨ ˨ĶĿĕ˨ĝʭÞĸőù˨ ˨ˬĕŗęĂ˨ğùę˨ĕęùŗ˨ ˨ĵŘĿĖŎ

3 ˨äēĚý˨ŗ˨Őŕí˨ĖŒőʭŎ˨ãĕùŘŎ˨ŗ˨ĕŘģä˨Ŏ˨ŔĄēʭğ˨ŐŞøăŗĚÏ˨ŗ˨ŏÙŘÞŞŋá˨ˬĖģ˨ûĘċ˨ĕùŘŎ˨ěù˕˨ĕŗęä˨Ŏ˨ĖþÝ˨Ŕý˨ùĖĄýù˨ûʭý˨ßĚŕʭŞğ˨ˬùę˨ěù˨ ˨ġęùŘá˨ŔŊŘŊ˨ŏŘē
˨üŋŃ˨ ˨ŐŰĚŰě˨ßĚŕʭŞğ˨ßęĜý˨ ˨ãĖþÝ˨ŁŘĿ˨ßĚŕʭŞğ˨ ˨˔ĕŘģä˨Ŏ˨ˬĚŞēė˨ʭŕŐ˨ŞŎʭĄŰŗ

3 ˬĖĸ˙ŊùěŘŊ˨ʯŉʭĐį˨ʯßęĜý˨ˬĕŗę˨ʯÜŰęʭý˨ˬĕŗę˨ʯˬĖĸŎ ˨ûʭý˨ßĚŕʭŞğ˨ãĚŞáŏ˨Řē

3 ˨ĖþÝ˨ěù  ãĖþÝ˨ŁŘĿ˨ßĚŕʭŞğ˨ãĚŞáŏ˨Řē

˨äăʭŞď˨ĂŞŊʭĸĿ˨ ˨äģęùŘá˨ĂŞŊʭĸĿ˨ʲÜŞăʭÐ˙ğ˨	
  ˨äăʭŞď˨ĂŞŊʭĸĿ˨ ˨äģęùŘá˨ĂŞŊʭĸĿ˨ʲÜŞăʭÐ˙ğùęʭÏ˨	

Ŕŕĕěùŗĕ˨ ˨ˬĖŒŒÝĖŞŊŘă˨	
ˬĖĸ˙ŊùěŘŊ˨ ˨ĽĖŕ˨ŌùĖőù˨	

āʭŒýĚÝä˨ý˨ĎģĚă˨ĢŰùĜĿù˨ ˨Ģńő˨	

 ˨ŐŞăĚÞğ˨	

˨ęŘŋŞÏ˨ęŗʭČŎ˨ˬĖĸŎ˨ˬęùŘŰĕ˨ãʭŕŔ˨ĄēʭŰ˨äĬĸý˨ ˨ˬĖŒŒÝĖŞŊŘă˨	
ˬĖĸŎ˨ãęʭŒÝ˨ŗ˨äŋħù˨ãʭŕŉ˨Řŋğ˨ ˨ĽĖŕ˨ŌùĖőù˨	

˨ŏÙŘŒŞĠÐÏ˨ŗ˨HCL˨ĎģĚă˨ĢŰùĜĿù˨ ˨Ģńő˨	
 ˨ŐŰĚĄğʭá	

��ß°��/V�Ü�+pÎÝ�Â�)Þ¹Î�

  

             



��

3 
äŰùĘĻ˨ãʭŕ˨ˬĖķŗ˨ŏĕęŘē˨ŐŞý˨ãŔ˨ŋħʭĿ˨ʲäþĠő˨äģŘŎʭē˨	

ùĘĻ˨ĕŗęŗ˨ěù˨Ėĸý˨ʲĖŰĖģ˨ĂŞŊʭĸĿ˨	
��ġęùŘá˨ˬʭâĄğĕ˨ĂŞŊʭĸĿ

3  
ÛĚĐă˨ōŞĴŒă˨	
ĎģĚă˨ōŞĴŒă˨	

 ˨ġęùŘá˨ŔŊŘŊ˨äþĨķ˨ãʭŕŔ˨ĄēʭŰ˨ãʭŕŔ˨Þþģ˨Ģńő
   

3 
Ăğù˨ĚćòŎ˨ʭŕŏ˨í˨ĕĚÞŋ˙ķ˨Ěý˨ŗ˨ĕęùĕ˨ĭʭþăęù˨ʭŕŏ˨í˨ ʭý˨ ęʭĄĔŎĕŘē˨äŊŗ˨ĖŒÝ˨ĂŞŊʭĸĿ˨ęʭĄĔŎĕŘē˨äþĨķ˨ˬʭâĄğĕ˨ěù˨˛ńĄĠŎ˨ĖőùŘăä˨Ŏ˨ãù˨ˬĕŗę˨äþĨķ˨ˬʭâĄğĕ

3  

ŏěŗ˨ĕŘþ˙Ý˨:ʴʼ˨ěù˨ĚĄ˙Ý˨	
üğʭŒŎ˨ŏěŗ˨:ʵʸ˨ʭă˨ʴʼ˨	
ŏěŗ˨ŔĿʭīù˨:ʶʳ˨ʭă˨ʵʸ˨	
äŃʭ×˨:ʶʳ˨ěù˨ĚĄĤŞý˨	

 ˨˔
�

³o]

7g
˕˨äőĖý˨ˬĕŘă˨ŔŰʭ˙ő
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3 
ĖŒÝä˨Ŏ˨ûĘċ˨ĢőĖý˨Ďİğ˨ěù˨ŔÝ˨˔ġęùŘá˨ˬʭâĄğĕ˨ŗ˨ŏʭŕĕ˨ĖŃʭĿ˕˨ŗĖÝ˨ŌĚÝ˨ĖŒőʭŎ˨

3 ˨ŌŗěŗĜŞŊ˨ŐĄğŘŞÏ˨ ˨ŏí˨ĂÝĚď˨ŗ˨ŉŘ÷ŘÝùŗ˨˛ŞÞĤă˨ ˨ĖŰíä˨Ŏ˨ŏʭŕĕ˨Ŕý˨ùĘĻ˨ ˨ʭŕÛ˨ÚŎ˨ĂÝĚď˨ ˨˔ãùŔ˨ĄēʭŰŏ˨ŗęĕ ˨̞äĠŎùęʭÏ˨ĖŒőʭŎ˨
˨ĘŀŒŎ˨ˬùę˨ěù˨āʭŰŘĄĐŎ˨ĶĿĕ˨  äĸĿĕ˨ŉŘ÷ŘÝùŗ ˨ĖőʭŎä˨Ŏ˨äŃʭý˨ŔĄĿʭŞő˨ġęùŘá˨ŗ˨ĉęʭē˨ŏí˨ěù˨ŔĄĿʭŰ˨ġęùŘá˨ĕùŘŎ˨ ˨äģęùŘá˨ŉŘ÷ŘÝùŗ˨̨ ŞÞĤă˨ ˨ŏí˨Ŕý

äĸĿĕ

3 ˔ãùŔ˨ĄēʭŰŏ˨ŗęĕ˨Ėĸý˨ãùŔ˨ĄēʭŰŏ˨ŗĚý˨ùĖĄýù˕˨ʭŕŏ˨ʭċĚŎ˨ĖŒőʭŎ˨ŏʭáĚŖŎä˨ý˨ęĕ˨˕

3 
ĕŘģä˨Ŏ˨ŌʭČőù˨ĢăʭýʭĸĤőù˨ŗ˨ŔĠŞÝ˨ŐŞ˙ŕ˨ŏŗęĕ˨ĜŞő˨ĕùŘŎ˨ġĕĚá˨ ˨˔ĉŗĚē˨ŗ˨ĕŗęŗ˕˨ĕęùĕ˨đùęŘğ˨ÜŰ˨ˬĚŀď˨ŐŰù

3 ˨ęĕ ˨ġęùŘá ˨ŔŎùĕù ˨ ˨˔ěŘĄŞğŗĖőí ˨äķŘő˕ ˨ěŘĄŞğŘáʭĿ ˨ùĘĻ ˨āùęė ˨ ˨˔ãùŔ˨ĄēʭŰ ˨ŏŗĚý ˨ġęùŘá ˨ěʭĻí˕ ˨ĖŒŒÝä˨Ŏ˨ĎģĚă ˨ōŰĜőí ˨ˬĚŀď ˨ŐŰù ˨ęĕ ˨äŰʭŕŔ˨ĄēʭŰ
˔ãùŔ˨ĄēʭŰŏ˨ŗęĕ˕˨äŰùĘĻ˨ãʭŕŔ˨ØŰĚÝ

˨ġęùŘá ˨ŔŎùĕù˕ ˨ŏùĕŔ˨ŒŞ×˨ ˨ãĚŎ˨ ˨
ĖŒÝä˨Ŏ˨ěʭĻí˨äŰʭŞ˙Şģ˨ġęùŘá˨ŁùĜý ˨ěŦŞŎí ˨ŗ ˨˔äÞŞőʭÞŎ˨ġęùŘá˕ ˨ĕĚēˏ ˨ùę ˨ùĘĻ ˨ʭŕ˨ˬ ęùŗęí ˨ʲĒŋŎ ˨	
˨äŰʭ˙Şģ˨ġęùŘá˨ʭČŒŰù˨ęĕ˨ˬĖĸŎ˨ãʭŕŔ˨ĠŞÝ˨ŗ˨ˬĖĸŎ˨ãʭŕō˨ŰĜőí˨ ʵ ˨äÞŞőʭÞŎ˨ġęùŘá˨ ˨ʭŕŔ˨őùĖőĕ˨ ʴ ˕˨ˬĖĸŎ˨ĢŞÏ˨ ˨ʭŕā˨ùęĖŞŕŘýĚÝ
˨ʭŕŏ˨ŘŰ˨ŗ˨ûí˨ûĘċ˕˨ˬĕŗęĂ˨ğùę˨ ˨ˬĕŗę˨ ˨˔ûĘċ˕˨ˬĖĸŎ˨ ˨˔ãùŔ˨ĄēʭŰ˨ŏŗĚý˨ġęùŘá˨ŏĖģ˨˛ŎʭÝ˕˨ˬĖĸŎ˨ãʭŕŔ˨ĠŞÝ˨ ˨˔ĖŒŕĕä˨Ŏ

˨ĉĚĔŎ˨ěù˨ĶĿĕ˨ ˨˔Cl	˨ŗ˨K�ŏŘØ˙ŕ
 ˨ãęʭâő˨ ˨˔äýŗĚÞŞŎ˨ġęùŘá˕˨äýùĚŞğ˨ ˨ãĚŎ˨ ˨˔ˬĖŰŘċ˨Ŕ˙Şő˨ùĘĻ˕˨ŏʭŕĕ˨ʲ˔ĖŒŀğŘá˨ŗ˨ŗʭá˨ĖŒőʭŎ˕˨ˬĖŒŒÝęùŘĔĤő˨ŏùęùĖőʭĄĠÏ˨	
˨˨˨ˬĕŗę˨˔ûĘċ˕˨ ˨ŏùĕĚŞģ˨˔ä˙ŰĜőí˨ġęùŘá ˨̞ ˨ťęùĜŕ˨˔ãĚŞâýí˕˨ ˨ãęʭâő˨ ˨äýùĚŞğ˨ ˨ãĚŎ˨ ˨˔ˬĖŰŘċ˨˛ŎʭÝ˕˨ŏʭŕĕ˨ ˨ãĚŎ

˨ĖŒĄĠŕ˨ęŘÝ˨ˬĕŗę˨ęĕ˨äŰʭŕû˨ŗĚÞŞŎ˕˨ ˨Ăğù˨ä˙ŰĜőí˨ġęùŘá˨ěù˨ Ėĸý˨ äýŗĚÞŞŎ˨ġęùŘá˨ʲ˔üğù˨ ĖŒőʭŎ˕˨ˬĖŒŒÝ˨ęùŘĔĤő˨ ĚŞĻ˨ŏùęùĖőʭĄĠÏ˨ 	
äŰùĘĻ˨ĕùŘŎ˨ěù˨äĤĔý˨ĶĿĕ˨ ˨˔ĖŒŒÝä˨Ŏ˨ĜŞŊŗęĖŞŕ˨ùę˨ĜŊŘŋğ˨ŔÝ

3 

ùĘĻ˨ĂŃŘŎ˨ˬĚŞēė˨	
ĖŒÝ˨ŐŞŎðă˨ùę˨ĕŘē˨ěʭŞő˨ĕęŘŎ˨ãÙĚőù˨ ˨ŔŰĘļă˨ĚĄ˙Ý˨āʭĸĿĕ˨Ŕý˨ʭă˨Ėŕĕä˨Ŏ˨ŏʭÞŎù˨ęŘőʭċ˨Ŕý˨	

˨ĕęùĕ˨ęùĚŃ˨äŃùĜý˨ĕĖĻ˨ěù˨Ěăťʭý˨ʲĒŋŎ˨ęĕ˨	
 ˨ŏùĕŔ˨ŒŞ×˨Ģńő

 

3  

ˬĖĸŎ˨äþńķ˨ĢĔý˨	
ãùŔ˨ØŞŕʭŎ˨	


ĖŒÝä˨Ŏ˨˛ŞŖĠă˨ùę˨ùĘĻ˨ŏĕĚÝ˨ûʭŞğí˨ĖŒŰíĚĿ˨ ˨ˬĖģ˨ˬĖŞĸŋý˨ãʭŕ˨ˬ ĜŰĚâŒğ˨	

ĕęùĖő˨ŏùĖâŒğ˨ĒŋŎ˨	

 ˨ŏùĖâŒğ
  

3 ˨˛ŞŖĠă˕˨ŏùĖâŒğ˨ ˨˔äÞŞőʭÞŎ˨ŗ˨äŰʭŞ˙Şģ˨ġęùŘá˕˨ˬĖĸŎ˨ ˨ĕŘģä˨Ŏ˨ˬĚŞēė˨ŏí˨ęĕ˨ŗ˨ĖŰíä˨Ŏ˨ŏùĕŔ˨ŒŞ×˨Ŕý˨ãĚŎ˨łŰĚį˨ěù˨ˬĖģ˨ˬĖŞĸŋý˨ĂķĚğ˨Ŕý˨ãùĘĻ
ĉĚĔŎ˨łŰĚį˨ěù˨ ĶĿĕ˨ ˨˔˨ ŏĕĚÝ˨ ˬĕĚĤĿ˨ ŗ˨ûí˨ûĘċ˕˨ßęĜý˨ ˬĕŗę˨ ˨ ù̝ĘĻ˨ûĘċ˕˨ÜŰęʭý˨ ˬĕŗę˨ ˨˔˨ ˬĖģ˨ˬĖŞĸŋý˨ ãʭŕ˨ˬĜŰĚâŒğ˨Ü˙Ý˨Ŕý˨ ùĘĻ˨ŏĕĚÝ˨ûʭŞğí



��

ГƯƔȫȼ



��

ا ه د ی س ا ک  ی ئ ل ک و ن ر ۱:  ا ت ف گ
ġŘŎ˨ßĚŎ˨ ŔČŞĄő ˨ġŘŎ˨Ŕý˨ęùĕŔ˨ŒŞģŘÏ˨ãʭŕã˨ĚĄÝʭý˨łŰęĜă˨ʲŉŗù˨ãŔ˨ŋďĚŎ

ġŘŎ˨ŏĖőʭŎ˨ˬĖőě˨ ŔČŞĄő ˨ŔŒŞģŘÏ˨ĖŃʭĿ˨ˬĖőě˨ãʭŕã˨ĚĄÝʭý˨łŰęĜă˨̡ Ōŗĕ˨ãŔ˨ŋďĚŎ
˨ãĖŰęʭÝʭğä˨ŋÏ˨ãŔ˨ŒŞģŘÏ˨ĞÏ̞ ˨ġŘŎ˨ŏĖőʭŎ˨ˬĖőě˨ ŔČŞĄő ˨ʭŎĚá˨ʭý˨ˬĖģŔ˨ĄĤÝ˨ęùĕŔ˨ŒŞģŘÏ˨ãʭŕã˨ĚĄÝʭý˨łŰęĜă˨ʲŌŘğ˨ãŔ˨ŋďĚŎ

˔
ĂĠŞő˨ßĚŎ˨˛Ŏʭķ
Ăŋķ ˨ġŘŎ˨ßĚŎ˨ ŔČŞĄő ˨ˬĖőě˨ãŔ˨ŒŞģŘÏ˨ ĖŃʭĿ˨ ŗ˨ˬĖģŔ˨ĄĤÝ˨ęùĕŔ˨ŒŞģŘÏ˨ ãʭŕã˨ĚĄÝʭý˨ ěù˨ äįŘŋĔŎ˨ łŰęĜă˨ ʲŌęʭŖ×˨ãŔ˨ŋďĚŎ


ĕĚÝ˨ˬĖŕʭĤŎ˨ęùĕŔ˨ŒŞģŘÏ˨ˬĖőě˨ãʭŕã˨ĚĄÝʭý˨ŏí˨ãʭŕĢ˨ģ˨ŗ˨ŏŘē˨ęĕ

���ÞÃÝV�Ü�É��Ü�+�²Ý�'©�

3 ˨ã˨ˬĕʭŎ˨ĂŞŕʭŎ˨ĖŞŒÝ˨ĂŃĕ˨ ˨ŔŒŞģŘÏ˨ŏŗĖý˨ ã˨ˬĖőě˨ãŔ˨ĄēʭŰ˨ Ŕý˨ęùĕŔ˨ŒŞģŘÏ˨ã˨ˬ ĕĚŎˏ˨ãŔ˨ĄēʭŰ˨ěù˨ŔĄĿĚá˨āęŘħ˨äĄćùęŗ˨ã˨ˬĕʭŎ˨ŉʭńĄőù˨ʲĢŰʭŎěí˨ãŔ˨ČŞĄő

ĖĤő˨ŔċŘĄŎ˨ĂŞŀŰĚá˨ùę˨äĄćùęŗ

ГƯƔȫȼ
ŉʭĈŎ

Ăŋķ

ی ر و ی ا ی  ا ق آ ی  ا ه ش  ی ا م ز آ

˨ĞÐğ˨
ĕĚÝ˨üŰĚĔă˨ʭŕěʭøăŗĚÏ˨ãŔ˨ŋŞğŗ˨Ŕý˨ùę˨ĢŰʭŕŐ˨ŞøăŗĚÏ˨äŎʭ˙ă˨ŏí˨ęĕ˨ŗ˨ĉùĚĔĄğù˨ùę˨ęùĕŔ˨ŒŞģŘÏ˨ã˨ˬ ĖģŔ˨ĄĤÝ˨ãʭŕã˨ĚĄÝʭý˨ã˨ˬ ęʭĨķ˨

ĖŒĄĠŞő˨äĄćùęŗ˨ã˨ˬĕʭŎ˨ʭŕŐ˨ŞøăŗĚÏ˨ ŔČŞĄő ˨ĂĿĚá˨āęŘħ˨ŉʭńĄőù˨ĖŰĕ˨ŗ˨ĕĚÝ˨ŔĿʭīù˨ŔŒŞģŘÏ˨ĖŃʭĿ˨ãĚĄÝʭý˨ĂĤÝ˨ĮŞĐŎ˨Ŕý˨ùę˨ˬĖőʭŎä˨Ńʭý

˨āęŘħŔ˨ý ˨ŏí˨ęĕ˨ĕùŘŎ˨ŗ˨ĕùĕ˨ęùĚŃ˨ťʭý˨ĂķĚğ˨ʭý ˨ÙŘŞŀŰĚĄőʭğ˨ÜŰ˨ęĕ˨ùę˨ęùĕŔ˨ŒŞģŘÏ˨ã˨ˬĖģŔ˨ĄĤÝ˨ãʭŕã˨ĚĄÝʭý˨ěù˨ˬĖģĉ˨ùĚĔĄğù˨ã˨˨ˬ ęʭĨķ˨
˨ęĕ˨ŔÝ˨ãùŔ˨Űť˨ʭý˨ĮńĿ˨Ăŀħ˨ŉʭńĄőù˨ĖŰĕ˨ŗ˨ĕĚÝ˨ŔĿʭīù˨ŔŒŞģŘÏ˨ŏŗĖý˨ã˨ˬĖőě˨ãʭŕã˨ĚĄÝʭý˨ĂĤÝ˨ĮŞĐŎ˨Ŕý˨ŔőʭáùĖċ˨ùę˨ŔŰť˨Ěŕ˨ĞÐğ˨
ĖőĖģ˨ùĖċ˨ŔŰťŔ˨Űť


Ăğù˨DNA˨äĄćùęŗ˨ã˨ˬĕʭŎ˨ ŔČŞĄő 
ĕŘģä˨Ŏ˨ŌʭČőù˨ĕęùĕ˨ĕŘċŗ˨DNA˨ŏí
˨äŊí˨ĕùŘŎ˨ěù˨ˬŗĚá˨ÜŰ˨ã˨ˬĖŒŒÝü˨ŰĚĔă˨ōŰĜőí˨Ă˙ĠŃ˨Ěŕ˨Ŕý˨
ĕĚÝ˨ōŞĠńă˨Ă˙ĠŃ˨ʷ˨Ŕý˨ŗ˨ĉùĚĔĄğù˨ùę˨ęùĕŔ˨ŒŞģŘÏ˨ãʭŕã˨ĚĄÝʭý˨ã˨ˬ ęʭĨķ˨
˨ˬĖŕʭĤŎ˨ŗ˨ĕĚÝ˨˛ńĄŒŎ˨ŔŒŞģŘÏ˨ŏŗĖý˨ãĚĄÝʭý˨ĂĤÝ˨ĮŞĐŎ˨Ŕý˨ùę˨ʭŕĂ˨˙ĠŃ˨ŐŰù˨ěù˨ŌùĖÝ˨Ěŕ˨ĞÐğ˨
ĕĚÝ˨ŔĿʭīù˨˔ěʭøŋÝŘő˨y ˨ěʭÐŞŊ ˨y˨ěʭøăŗĚÏ˨y˨ěùęĖŞŕŘýĚÝ˕

Ăğù˨DNA˨äĄćùęŗ˨ã˨ˬĕʭŎ˨˨ ŔČŞĄő 
Ăğù˨DNA˨ã˨ˬĖŒŒÝü˨ŰĚĔă˨ōŰĜőí˨ãŗʭď˨ŔÝ˨äĿĚĳ˨ĜċŔ˨ý˨ŗ˨ĂĿĚá˨āęŘħ˨Ăŀħ˨ŉʭńĄőù˨ĽŗĚĳ˨ãŔ˨˙ŕ˨ęĕ˨ĕĚÝ

3 äĄćùęŗ˨ã˨ˬ ĕʭŎ˨ĂŞŕʭŎ˨ĂēʭŒģ˨ʲĢŰʭŎěí˨ãŔ˨ČŞĄő

د ی س ا ک  ی ئ ل ک و ن

3  

   ˔ěŘþŰęä˨ĠÝŘ÷ĕ˨ʭŰ˨ěŘþŰę˕˨ěŘĄŒÏ˨ĖŰęʭÝʭğŘőŘŎ˨ÜŰ˨	
˨˨˔U ˨ʯC ˨ʯG ˨ʯT ˨ʯ A ˕˨ęùĕ˨ŏÙŗĚĄŞő˨äŊí˨ěʭý˨ÜŰ˨	

āʭŀĠĿ˨ˬŗĚá˨Ŕğ˨ʭă˨ÜŰ˨	

ãŘńŋď˨äŊí˨ãʭŕĢ˨Ĕý
 ˨ĖŞăŘøŋÝŘő˨ 
ĖŒĄĠŕ˨ʭŕĖŞăŘøŋÝŘő˨ěù˨ãĚ˙ŞŋÏ

RNA U DNA

T

3 ˨äÝùĚĄģù˨ĖőŘŞÏ ˨ʭý ˨ōŕ˨äŊí ˨ěʭý ˨ŐŞŒ×ō˨ŕ˨
Ăğù˨ˬĖģ˨˛ĨĄŎ˨ĖŞăŘøŋÝŘő˨ęĕ˨ěŘĄŒÏ˨ĖŒŃ ˨Ŕý ˨̝ äĠőťùŗŘÝ˕˨äÝùĚĄģù ˨ãĖőŘŞÏ˨ʭý˨āʭŀĠĿ˨ãʭŕ˨ˬ ŗĚá˨ʭŰ˨ˬŗĚá
ĕęùĖő˨ĕŘċŗ˨äŊʭĨăù˨äŊí˨ěʭý˨ŗ˨āʭŀĠĿ˨ŐŞý˨äŊŗ˨Ăğù˨ˬĖģ˨˛ĨĄŎ˨ěŘĄŒÏ˨ĖŒŃ˨Ŕý˨˔äĠőťùŗŘÝ˕

م ه د ز ا و ه د ی ا پ  - ل  ۱   ص یف ت ا ع لا ط ا ی  ا ه ل  و ک ل و م



��

 
G

A
 ˨˔ãù�Ŕńŋď˨ŗĕ˕ŐŰęŘÏ˨	

  T

U

C

 ˨˔ãù�Ŕńŋď˨Üă˕˨ŐŰĖŞ˙ŰĚŞÏ˨	
������Ï.�ÞÍ�ß#��©�����/Í�


ĖőĕĚáä˨Ŏ˨˔A˨ŗ˨G˕˨ʭċ˨ŗ˨Ŕőʭē˨ŉʭþőĕ˨˔ãùŔ˨ńŋďŗĕ˕˨ʭŕĉ˨ŗě˨ŗ˨˔ãùŔ˨ńŋďÜ˨ă˕˨ĖőŘģä˨Ŏ˨ʭŖŒă˨ʭŕĚŞÏ˨�Ĥúzx�ËęÌ

3 ˨ĕŘģä˨Ŏ˨ęùĚŃĚý˨˔
Ăğù˨ ĚĄğùŘŀĠĿ˨ĖőŘŞÏ˨ ŗĕ˨˛Ŏʭģ ˨̞ĚĄğùã˨ĕ˨ŘŀĠĿ˨ĖőŘŞÏ˨ ęŗʭČŎ˨ĖŞăŘøŋÝŘő˨ĖŒŃ˨ŗ˨ĖŞăŘøŋÝŘő˨ÜŰ˨ĖŒŃ˨ŐŞý˨ ˨ãĖŞăŘøŋÝŘőä˨ŋÏ˨ãŔ˨Ąģę˨ęĕ

ĖőŘģä˨Ŏ˨˛ĨĄŎ˨ōŕ˨Ŕý˨ʭŕĖŞăŘøŋÝŘő˨ŔőŘáŐ˨Űù˨ŔÝ

ATP ATP

3 ˨äŒĸŰ˨ ˉĖģʭýä˨Ŏ˨ĚâŰĕ˨ãʭŖĄőù˨ ęĕ˨˔OH˕˨˛ŞĠÝŗęĖŞŕ˨ˬŗĚá˨ŗ˨ʭŖĄőù˨ÜŰ˨ ęĕ˨āʭŀĠĿ˨ˬŗĚá˨˔ʭŕ˨RNA˨ŗ˨äİē˨DNA˨ŔĄģę˨Ěŕ ˨̞äİē˨ãʭŕĖŞğùÜ˨ŞøŋÝŘő˨ ęĕ

˔ĂŞþİŃ˨ĂŞħʭē˕˨ĕęùĕ˨āŗʭŀĄŎ˨Ěğ˨ŗĕ˨ŔĤŞ˙ŕ

3  DNA  ŉʭĈŎ 
ĖŒŒÝä˨Ŏ ˨ĕʭČŰù ˨ùę ˨ãŘńŋď ˨ĖŞğùÜ˨ŞøŋÝŘő ˨ʯĖőŘģ ˨˛ĨĄŎ ˨ōŕ ˨Ŕý ˨ĚĄğùã˨ĕŘŀĠĿ ˨ĖőŘŞÏ ˨ʭý ˨ãĖŞăŘøŋÝŘőä˨ŋÏ ˨ãʭŕŔ˨Ąģę ˨ãʭŖĄőù ˨ŗĕ ˨Ěáù
ãęĖŒÝŘĄŞŎ˨DNA˨˨	˨ĂğŦÏŗĚŋÝ˨DNA˨˨	˨ʭŕā˨ŘŰęʭÝŗĚÏ

3 
T=A

C=G
   DNA˨ŉŘÞŊŘŎ˨ÜŰ˨ęĕ˨ĖŞ˙ŖĿ˨ŏùęùĖőʭċ˨DNA˨ãŗę˨ˬĖŕʭĤŎ˨ʭý˨ʲĽʭáęʭ×

3 
Ăğù˨ŔĄģę˨ÜŰ˨ěù˨ĢŞý˨ŗ˨äØŞÏęʭŎ˨DNA ŔČŞĄő ˨ĖőĕĚÝ˨ŔŞŖă˨ãĚŰŗʭĨă˨DNA˨ěù˨˨x˨ŘăĚÏ˨ěù˨ˬĕʭŀĄğù˨ʭý˨̡ ŐŞŋÞőùĚĿ˨ŗ˨ĜŒŞÞŋŰŗ

3 ˨ˬĖŞØŞÏ˨äīĚĿ˨ęŘĐŎ˨ęŗĕ˨Ŕý˨ŔÝ˨ˬĖģ˨ŔĄēʭğ˨ãĖŞăŘøŋÝŘőä˨ŋÏ˨ãŔ˨Ąģę˨ŗĕ˨ěù˨˨DNA˨Ěŕ˨ʲ˔ÖŞÏęʭŎ˨ŏʭýĕĚő˨äŊŘÞŊŘŎ˨ŉĖŎ˨Ŕ÷ùęù˕˨ÜŰĚÝ˨ŗ˨ŏŘĠăùŗ

ĖŒÝä˨Ŏ˨ĕʭČŰù˨ùę˨ãùŔ˨Ąģęŗĕ˨ÖŞÏęʭŎ˨ęʭĄēʭğ˨ŗ˨ˬĖģ

ا ه ز ا ب ن  د ش ت  ف ج

3 ˨˛ŞÞĤă˨äőÙŗęĖŞŕ˨ĖőŘŞÏ˨Ŕğ˨ōŕ˨G˨ŗ˨C˨ŗ˨äőÙŗęĖŞŕ˨ĖőŘŞÏ˨ŗĕ˨T˨ŗ˨A ˨
ĕęùĕä˨Ŏ˨Ŕâő˨ōŕ˨˛ýʭńŎ˨ùę˨DNA˨ŔĄģę˨ʵ˨ʯʭŕěʭý˨ŐŞý˨äőÙŗęĖŞŕ˨ãʭŕĖőŘŞÏ

ĖŒŕĕä˨Ŏ

DNA

DNA DNA


ĖŒÝä˨Ŏ˨ãěʭğŐ˨ŞøăŗĚÏ˨āʭķŦįù˨ŏí˨ěù˨ˬĕʭŀĄğù˨ʭý˨ŌŗěŘþŰę˨ŔÝ˨Ėőʭğęä˨Ŏ˨ŌŗěŘþŰę˨Ŕý˨DNA˨ěù˨ùę˨āʭķŦįù˨:mRNA


ĕĚýä˨Ŏ˨ʭŕŌ˨ŗěŘþŰę˨Ă˙ğŔ˨ý˨ãěʭğŐ˨ŞøăŗĚÏ˨ęĕ˨ˬĕʭŀĄğù˨ãùĚý˨ùę˨ʭŕĖŞğùŘŒŞŎí˨:tRNA


ĕęùĕ˨ĜŞő˨ä˙ŰĜőí˨Ģńő˨ŗ˨Ėģʭýä˨Ŏ˨ŌŗěŘþŰę˨ęʭĄēʭğ˨ęĕ˨:rRNA

��RNA���/Í�

DNARNA

A-T-C-GA-U-C-G



��

(TRNA

_

DNARNA

3 
Ėőù˨ˬ Ėģ˨äŕĕŏ˨ʭŎěʭğ˨ŏÙ˨Ōʭő˨Ŕý˨äŰʭŕĖďùŗ˨ęĕ˨DNA˨˨ęĕ˨äĄćùęŗ˨āʭķŦįù˨ʲŏÙ

3 
ĖŎʭČŒŞý˨ ĖŞĄÐÏä˨ŋÏ˨ ʭŰ˨˨RNA˨ĖŞŊŘă˨Ŕý˨ ĖőùŘăä˨Ŏ˨ŏí˨ ŏʭŞý˨ ŔÝ˨˔˨DNA˨āʭÞő˨Ōʭ˙ă˨ʭý˨ĕęùĕ˨ãùŔ˨Ąģę˨ ˨ɻãęʭĄēʭğ˨ĞÏ˕˨Ăğù˨DNA˨ŉŘÞŊŘŎ˨ěù˨ äĤĔý˨ŏÙ

ا ن د ی  ز ا س د ن ن ا م ه ر ۲:  ا ت ف گ

3 ä˙ŰĖŃ˨DNA˨ãŗę˨ěù˨ĖŰĖċ˨DNA˨ŉŘÞŊŘŎ˨ŏĖģŔ˨Ąēʭğ˨ʲãěʭğĖŒőʭ˙ŕ

3 

˨ŗĕ˨ŗ˨ˬĖģ˨ōŞĠńă˨ěù˨˛ħʭď˨ãʭŕŔ˨ĄēʭŰ˨ěù˨äÞŰ˨ĕęùŗ˨ʯˬĖőʭŎä˨Ńʭý˨ˬĕęŘĔőĂ˨ğĕ˨ŔÝ˨˔ŔŞŊŗù˕˨äŋþŃ˨DNA˨ŔĄģę˨ŗĕ˨ʲäĄĳʭŀď

ĕŘģä˨Ŏ˨ĚâŰĕ˨ãŔ˨ĄēʭŰ˨ĕęùŗ˨ōŕ˨ĖŰĖċ˨ãŔ˨Ąģę

˨ʯˬĖģ˨ŔĄēʭğ˨ĖŰĖċ˨ãʭŕĖŞăŘøŋÝŘő˨ʭý˨ŔÝ˨ĚâŰĕ˨ãŔ˨Ąģę˨ŗ˨˔ŔŞŊŗù˕˨äŋþŃ˨˨DNA˨ěù˨ŔĄģę˨ÜŰ˨ʯŔĄēʭŰ˨Ěŕ˨ęĕ˨ʲäĄĳʭŀď˨Ŕ˙Şő

Ėŕĕä˨Ŏ˨˛ŞÞĤă˨ùę˨DNA˨ŉŘÞŊŘŎ

˨āęŘħ˨Ŕý˨ùę˨ĖŰĖċ˨ãʭŕŔ˨Ąģę ˨ŗ˨äŋþŃ˨ãʭŕŔ˨Ąģę˨ěù˨äăʭĸİŃ˨ʯ˛ħʭď˨ãʭŕ˨DNA˨ěù˨ŌùĖÝ˨Ěŕ˨ʲ˔ˬĖŒÝùĚÏ˕˨äĄĳʭŀďĚŞĻ

ĖőęùĕĕŘē˨ęĕ˨ˬĖŒÝùĚÏ

3 

˨˨˨Ăēʭğ˨ęĕ˨ŔÝ˨ęùĕŏ˨ÙŗĚĄŞő˨äŊí˨ãʭŕěʭý˨ęʭĄēʭğ˨ęĕ˨��N ˨ĕŗęŗ˨ ˨
Ėőĕùĕ˨ĂĤÝ˨˔ŏÙŗĚĄŞő˨ŐŞâŒğ˨ÍŘăŗĜŰù˕˨��N ˨ĂĤÝ˨ĮŞĐŎ˨ęĕ˨ùę˨ʭŕã˨ĚĄÝʭý˨ ʴ
˨Ŕý˨ĂþĠő˨ãĚăŐ˨ŞâŒğ˨DNA˨ŔÝ˨ĖőĖģ˨ĖŞŊŘă˨äŰʭŕã˨ĚĄÝʭý˨ʯĮŞĐŎ˨ŐŰù˨ęĕ˨ĚŞĈÞă˨ŗ˨Ėģę˨ŔŋďĚŎ˨ŐŰĖŒ×˨ěù˨ĞÏ˨ ˨
ĖŒŒÝä˨Ŏ˨ĂÝĚģ˨ãĚĄÝʭý˨DNA


ĖŒĄģùĕ˨ŔŞŊŗù˨ãʭŕã˨ĚĄÝʭý

  ʵ ˨rěù˨Ėĸý˨y˨Ěŀħ˨ŏʭŎě˕˨ãùŔ˨ńŞŃĕ˨˨ʵʳ˨˛ħùŘĿ˨ęĕ˨ ˨˔ŏÙŗĚĄŞő˨Üþğ˨ÍŘăŗĜŰù˕˨��N ˨ãùęùĕ˨ĂĤÝ˨ĮŞĐŎ˨Ŕý˨˔��N ˨ãùęùĕ˕˨ʭŕã˨ĚĄÝʭý˨ŐŰù˨ŉʭńĄőù˨ ʵ

˔
ĖĤÝä˨Ŏ˨ŉŘį˨ŔńŞŃĕ˨ʵʳ˨ĕŗĖď˨ʭŕã˨ĚĄÝʭý˨ōŞĠńă˨ŏŘ×˕˨ĖőĕĚÝä˨Ŏ˨äğęĚý˨ŗ˨ùĖċ˨ĂĤÝ˨ĮŞĐŎ˨ěù˨ùę˨ʭŕã˨ĚĄÝʭý˨ʯ˔ŔńŞŃĕ˨˨ʷʳ˨ěù˨Ėĸý˨y˨ŔńŞŃĕ

˨ĝʭğù˨Ěý˨ĕùŘŎ˨ ˨˔
Ėőĕùĕä˨Ŏ˨ĜŰĚá˨ťʭý˨ęʭŞĠý˨äĄķĚğ˨ęĕ˨ŗ˨āŗʭŀĄŎ˨ãʭŕĂ˨ĴŋĻ˨ʭý˨ĖŰĚŋÝō˨ŰĜğ˨ŉŘŋĐŎ˨ěù˨äþŞģ˨ęĕ˕˨ʭŕ˨DNA˨äŊʭâ×˨ĢČŒğ˨ ʶ

˔
ĖőĚŞáä˨Ŏ˨ęùĚŃ˨ŔŊŘŊ˨ŐŞŰʭÏ˨ęĕ˨ĚăŐ˨ŞâŒğ˨ŗ˨Ěăťʭý˨äŊʭâ×˨ʭý˨ĕùŘŎ˕˨ĖŒĄĿĚáä˨Ŏ˨ęùĚŃ˨ŔŊŘŊ˨ęĕ˨ŉŘŋĐŎ˨ěù˨äăŗʭŀĄŎ˨ãʭŕĢ˨Ĕý˨ęĕ˨äŊʭâ×

˨˨ʲÙŘŞŀŰĚĄőʭğ˨ěù˨ˬĖŎí˨ĂğĕŔ˨ý˨ĊŰʭĄő˨ ʷ
˨äŊʭâ×˨ŗ˨��N ˨ʭŕŏ˨í˨˨DNA˨ŔĄģę˨ŗĕ˨Ěŕ˨ŏŘ×˨Ėőĕùĕ˨˛ŞÞĤă˨ ŔŊŘŊ˨ãʭŖĄőù˨ęĕ˨ęùŘő˨ÜŰ˨ʯŏĕùĕ˨ĜŰĚá˨ěù˨ĞÏ˨ ŔŞŊŗù˨ãʭŕã˨ĚĄÝʭý˨ ˨DNA˨ʲĚŀħ˨ŏʭŎě˨	


Ăģùĕ˨ŐŞâŒğ

Ăģùĕ˨ĮğŘĄŎ˨äŊʭâ×˨äŒĸŰ˨ˉĕùĕ˨˛ŞÞĤă˨ŔŊŘŊ˨ãŔ˨őʭŞŎ˨ęĕ˨ęùŘő˨ÜŰ˨ʯŏĕùĕ˨ĜŰĚá˨ěù˨ĞÏ˨ʲ˔ŔńŞŃĕ˨ʵʳ˨ěù˨Ėĸý˕˨ãěʭğĖŒőʭ˙ŕ˨ŉŗù˨ęŗĕ˨	

˨äŊʭâ×˕˨ŔŊŘŊ˨ãťʭý˨ęĕ˨ęùŘő˨ÜŰ˨ŗ˨˔ĮğŘĄŎ˨äŊʭâ×˕˨ŔŊŘŊ˨ãŔ˨őʭŞŎ˨ęĕ˨ęùŘő˨ÜŰ˨ʯŏĕùĕ˨ĜŰĚá˨ěù˨ĞÏ˨ʲ˔ŔńŞŃĕ˨ʷʳ˨ěù˨Ėĸý˕˨ãěʭğĖŒőʭ˙ŕ˨Ōŗĕ˨ęŗĕ˨	

ĖŒĄģùĕ˨Üþğ˨äŊʭâ×˨ĚâŰĕ˨ä˙Şő˨ŗ˨ĮğŘĄŎ˨äŊʭâ×˨ʭŕŏ˨í˨ěù˨ä˙Şő˨ˉĖőĕùĕ˨˛ŞÞĤă˨˔Üþğ

3 
ĕŘģä˨Ŏ˨ŌʭČőù˨äĄĳʭŀďŔ˨˙Şő˨āęŘħŔ˨ý˨ãěʭğĖŒőʭ˙ŕ 



��

ГƔɅ�ǃǙȁ�ϏǥƲ�ƯƔȫȼ

DNA

ی ز ا س د ن ن ا م ه

3 

˔ŘâŊù˨ŏùŘŒķ˨Ŕý˕˨˨DNA˨ŉŘÞŊŘŎ˨	
˨āʭŀĠĿŗĕ˨ʯãĖŞăŘøŋÝŘőä˨ŋÏ˨ ãŔ˨ĄģęŔ˨ý˨ ŉʭĨăù˨ ãŔ˨ĴĐŊ˨ęĕ˨ŔÝ˨ĖŒĄĠŕ˨ŔăʭŀĠĿŔ˨ğ˨ʯĖőĕùěí˨ŔĄēʭŰ˨˛ēùĕ˨ęĕ˨äĄŃŗ˕˨ĖŞăŘøŋÝŘő˨ ŘþŰęä˨ĠÝŘ÷ĕ˨	

˔
ĕĕĚáä˨Ŏ˨ĽĚĨŎ˨ûí˨ŉŘÞŊŘŎ˨ʵŗ˨ĕŘģä˨Ŏ˨ĜŞŊŗęĖŞŕ˨ĖőŘŞÏ˨ʵ ŔĄÞő ˨ĖŒŕĕä˨Ŏ˨Ăğĕ˨ěù˨ùę˨ĕŘē
ěùĚŎä˨ŋÏ˨˨DNA˨ʯěʭÞŞŋŕ˨ ĖŒőʭŎ ˨ʭŕō˨ŰĜőí˨	

˨ěʭý˨ ˨˔äŒŞøăŗĚÏ˨ãʭŕō˨ŰĜőí˨Ü˙Ý˨Ŕý ˨̞ŏí˨ěù˨ʭŕŏ˨ŘĄĠŞŕ˨ŏĖģ˨ùĖċ˨ŗ˨˔ŔŒŞŎʭĿ˕˨ŐŞăʭŎŗĚÝ˨ûʭăŗÖ˨ŞÏ˨ŏĖģ˨ěʭý˨ ˨ãěʭğĖŒőʭ˙ŕ˨˛þŃ˨
 ˨
˔ěʭÞŞŋŕ˨ĮğŘă˕˨ĕŘģ˨ěʭý˨ĊŰęĖăŔ˨ý˨ŗ˨ĖőùŔ˨ĄĠý˨ʭŕĂ˨˙ĠŃ˨ŔŞńý˨ʯĕŘģ˨ŌʭČőù˨ãěʭğĖŒőʭ˙ŕ˨Ăğù˨ęùĚŃ˨ŔÝ˨äŋĐŎ˨ęĕ˨ŏí˨ãŔ˨Ąģę˨ŗĕ˨ŗ˨DNA˨˨ÖŞÏęʭŎ˨ŏĕĚÝ

˔ěùĚŎä˨ŋÏ˨ ˨ĮğŘă˕˨ŘâŊù˨ŔĄģę˨ãʭŕĖŞăŘøŋÝŘő˨˛ýʭńŎ˨˛˙ÞŎ˨ãʭŕĖŞăŘøŋÝŘő˨ŐĄĿĚá˨ęùĚŃ˨ ˨
ʭŕěʭýĂ˨ŀċ˨ŐŞý˨äőÙŗęĖŞŕ˨ãʭŕĖőŘŞÏ˨ŏĖģ˨ŔĄĠÞģ

˨ÜŰ˨Ěŕ˨Ŕý˨ŔÝ˨ĖŰíä˨Ŏ˨ĕŘċŗ˨Ŕý˨ĖŒőʭŎ˨Y˨ęʭĄēʭğʵ˨ʯ˔ãěʭğĖŒőʭ˙ŕ˨ěʭĻí˨ˬʭâŰʭċ˕˨ĖőŘģä˨Ŏ˨ùĖċ˨ōŕ˨ěù˨ ˨DNA˨ŔĄģę˨ŗĕ˨ŔÝ˨äŋĐŎ˨ęĕ˨

ĖŒŰŘáä˨Ŏ˨ãěʭğĖŒőʭ˙ŕ˨äŕùęŗĕ˨ʭŕŏ˨í˨ěù

3 
Ėőęùĕ˨ĂŞŊʭĸĿ˨ěùĚŎä˨ŋÏ˨˨DNA˨ōŰĜőí˨ŗĕ˨ŗ˨ěʭÞŞŋŕ˨ōŰĜőí˨ÜŰ˨ ˨˔ãěʭğĖŒőʭ˙ŕ˨äŕùęŗĕ˨Ěŕ˨ʭŰ˕˨ĖŒőʭŎ˨Y˨ęʭĄēʭğ˨Ěŕ˨ęĕ

ГƯƔȫȼ

DNA

DNA �G

�G DNA

DNA

DNA

ز ا ر ا پ س ب ا ن د م  ی ز ن آ ی  ا ه ت  ی ل ا ع ف

3 ˨˨ĖŞăŘøŋÝŘő˨ʯ˨A˨ĖŞăŘøŋÝŘő˨˛ýʭńŎ˨Ŧ̱ĈŎ ˨̞ĖŒÝä˨Ŏ˨ˬʭþĄģù˨äŕʭá˨ ˨
Ėŕĕä˨Ŏ˨ęùĚŃ˨ōŕ˨˛ýʭńŎ˨äŋ˙ÞŎ˨ãŔ˨İýùę˨ĝʭğù˨Ěý˨ùę˨ʭŕĖŞăŘøŋÝŘő˨ʯěùĚŎä˨ŋÏ˨DNA˨ōŰĜőí
˨Ėģʭý˨ˬʭþĄģù˨Ěáù˨ʯĖŒÝä˨Ŏ˨Ü×˨ùę˨äŋ˙ÞŎ˨ãŔ˨İýùę˨ŗ˨ĕĕĚáä˨ŎĚý˨ĚĄğùã˨ĕ˨ŘŀĠĿ˨ĖőŘŞÏ˨Ěŕ˨ãęùĚŃĚý˨ěù˨ĞÏ˨ěùĚŎä˨ŋÏ˨DNA ˨ōŰĜőí˨ ęʭÞŕùę ˨˔
ĕęùĘáä˨Ŏ˨C
˨ĖőŘŞÏ˨˛ŞÞĤă˨ʲãěùęʭÐĠý˨ĂŞŊʭĸĿ˕˨Ėŕĕä˨Ŏ˨ęùĚŃ˨ŏí˨ãʭċŔ˨ý˨ùę˨Ăğęĕ˨ĖŞăŘøŋÝŘő˨ŗ˨˔ĚĄğùã˨ĕŘ˨ŀĠĿ˨ĖőŘŞÏ˨ŐĄĠÞģ˨ʲãěʭøŋÝŘő˨ĂŞŊʭĸĿ˕˨ŔĄģùĕĚý˨ùę˨ŏí


˔ĚĄğùã˨ĕŘŀĠĿ



��

3 
ĕŘģä˨Ŏ˨ãěʭğĖŒőʭ˙ŕ˨ęĕ˨ʭŕ˨ˬ ʭþĄģù˨ĶĿę˨Ćķʭý˨ŔÝ˨ěùęʭÐĠýʭőĕ˨ãěʭøŋÝŘő˨ĂŞŊʭĸĿ˨ʲĢŰùĚŰŗ

3 
ĖŒŰŘáä˨Ŏ˨ĢŖċ˨ˬĖĤőĎ˨ŞĐĨă˨ˬʭþĄģù˨ŐŰù˨Ŕý˨ŔÝ˨ĕŘĤő˨ĎŞĐĨă˨ěùęʭÐĠýʭőĕ˨ˬʭþĄģù˨Ăğù˨ŐÞ˙Ŏ˨āęĖőŔ˨ý

DNA
DNA

RNA
RNA

_

3 ˨ŏŘ×˕˨ĕęùĕ˨ęùĚŃ ˨ōğŦÏŘĄŞğ˨ęĕ˨ŔÝ˨Ăğù˨ãŘńŋď˨DNA˨ŉŘÞŊŘŎ˨ÜŰ˨ãùęùĕ˨ŏí˨äŋħù˨ŌŗěŘŎŗĚÝ˨ʯĕŘģä˨Ŏ˨ãĚĄÝʭý˨ãŔ˨˙ŕ˨˛Ŏʭģ˨ŔÝ˨ʭŕā˨ŘŰęʭÝŗĚÏ

Ėģʭýä˨Ŏ˨˛ĨĄŎ˨ŔĄēʭŰ˨ãʭĤĻ˨Ŕý˨ŗ˨˔ĖőęùĖő˨ŔĄĠŕ

3 ˨ŐŰù˨āʭķŦįù˨
ĖŒģʭý˨ŔĄģùĕ˨˔ĖŞŎěŦÏ˕˨ÜĠŰĕ˨Ōʭő˨Ŕý˨ãĚâŰĕ˨DNA˨ěù˨äŰʭŕŉ˨ŘÞŊŘŎ˨˔ˬęùŘ˙ŕ˨Ŕő˕˨Ăğù˨ŐÞ˙Ŏ˨ʯäŋħù˨DNA˨Ěý˨ˬŗŦķ˨ʭŕā˨ŘŰęʭÝŗĚÏ
˨Ăŋķ˨ŐŞ˙ŕ˨Ŕý˨ ˨˔ʭŕÜ˨ŞăŘŞýä˨Ąőí˕˨ʭŕĂ˨ĠŰěĕʭÏ˨˛ýʭńŎ˨ęĕ˨ãĚĄÝʭý˨ĂŎŗʭńŎ˨ĢŰùĜĿù˨ĖŒőʭŎ˨ˉĖŕĖý˨ãĚĄÝʭý˨Ŕý˨ãĚâŰĕ˨ãʭŕä˨áÚŰŗ˨ĖőùŘăä˨Ŏ˨ʭŕŉ˨ŘÞŊŘŎ


ĖŒŰŘáä˨Ŏ˨ĜŞő˨äÞ˙Ý˨ŌŗěŘŎŗĚÝ˨ʭŕŏ˨í˨Ŕý

DNA

3 
˔Ŕ˙ŕ˨Ŕő˕˨Ėőęùĕ˨ĕŘē˨DNA˨ęĕ˨ãěʭğĖŒőʭ˙ŕ˨ěʭĻí˨ˬʭâŰʭċ˨ÜŰ˨ĮńĿ˨ʭŕā˨ŘŰęʭÝŗĚÏ˨üŋĻù

3 ˨ŔŎùĕù˨ĂŖċ˨ŗĕ˨ęĕ˨ŗ˨ĕŘģä˨Ŏ˨ĵŗĚģ˨Ŕİńő˨ÜŰ˨ěù˨ãěʭğĖŒőʭ˙ŕ˨äŒĸŰ˨ ˨˔ʭŕā˨ŘŰęʭÝŘŰ˨ĖŒőʭ˙ŕ˕˨ĕęùĕ˨ĕŘċŗ˨ĜŞő˨ʭŕã˨ĚĄÝʭý˨ęĕ˨äĄŖċŗĕ˨ãěʭğĖŒőʭ˙ŕ

ĖýʭŰ˨ŏʭŰʭÏ˨ãěʭğĖŒőʭ˙ŕ˨ŗ˨ˬĖŞğę˨ĚâŰĕō˨ŕ˨Ŕý˨ʭă˨ĖýʭŰä˨Ŏ

3 ˨ʭŕŏ˨í˨ŐŰĚăō˨ŖŎ˨ŔÝ˨ʭŕŐ˨ŞøăŗĚÏ˨ ěù˨ ãùŔ˨ķŘ˙ČŎ˨ ŗ˨Ăğù˨ äİē˨āęŘħŔ˨ý˨ ŌŗěŘŎŗĚÝ˨Ěŕ˨ęĕ˨DNA ˨˔ʭŕÕ˨ęʭŃ˨ ŗ˨ŏʭŰěʭĻí˨ʯŏʭŕʭŞá˨ʯŏùęŘőʭċ˕˨ ʭŕā˨ŘŰęʭÝŘŰ˨ ęĕ

˔
Ăğù˨ˬĖŞØŞÏ˨ŏŘĄĠŞŕ˨ʻ˨ęŗĕ˨Ŕý˨ęŗĕ˨ʵ˨ĕŗĖď˨DNA˨ʲŌŗěŘøŋÝŘő˕˨Ėőęùĕ˨ęùĚŃ˨ʯĖŒĄĠŕ˨ʭŕŏ˨ŘĄĠŞŕ

3 ˨ãęĖŒÝŘĄŞŎ˨ęĕ˨Ăğù˨ãŘńŋď˨āęŘħŔ˨ý˨ŔÝ˨˨DNA˨äēĚý˨ ŗ˨ĖŒŰŘáä˨Ŏ˨ãùŔ˨ĄĠŕ˨˨DNA˨ŏí˨Ŕý˨ŗ˨Ăğù˨äİē˨āęŘħŔ˨ý˨ ŔÝ˨Ăğù˨ ŔĄĠŕ˨ęĕ˨DNAĚĄĤŞý

ĖŒŰŘáä˨Ŏ˨ä˙ğŦÏŘĄŞğ˨DNA˨ŏí˨Ŕý˨ŔÝ˨ĕŘģä˨Ŏ˨ˬĖŰĕ˨ĂğŦÏ˨ŗ

3 
ŌŗěŘŎŗĚÝ˨ŐŰĖŒ×˨ęĕ˨ŐĄģùĕ˨ęùĚŃ˨ŗ˨DNA˨ĕʭŰě˨ęùĖńŎ˨ĕŘċŗ˨ Ăŋķ ˨ʭŕā˨ŘŰęʭÝŗĚÏ˨ěù˨Ăğù˨Ěă˨ˬ ĖŞØŞÏ˨ęʭŞĠý˨ʭŕā˨ŘŰęʭÝŘŰ˨ãěʭğĖŒőʭ˙ŕ

3 ˨ęĕ˨ ŉʭĈŎ ˨ĕŘģ˨ōŞĴŒă˨Ř˙ő˨ŗ˨Ėģę˨˛ďùĚŎ˨Ŕý˨ŔĄĠý˨ĖőùŘăä˨Ŏ˨ŏí˨ĕùĖĸă˨ŔÝ˨ōŰęùĕ˨ŌŗěŘŎŗĚÝ˨Ěŕ˨ęĕ˨ãěʭğĖŒőʭ˙ŕ˨ěʭĻí˨ˬ ʭâŰʭċ˨ŐŰĖŒ×˨ʯʭŕā˨ŘŰęʭÝŘŰ˨ęĕ
˨Ăğù˨ĕʭŰě˨ōŕ˨ãěʭğĖŒőʭ˙ŕ˨ěʭĻí˨ˬʭâŰʭċ˨ĕùĖĸă˨ŗ˨ĕʭŰě˨ōŞĠńă˨ĂķĚğ˨˔ĂĠŞğŘĄğŦý˨˛ŞÞĤă˨ãŔ˨ŋďĚŎ˕˨ťŘĄğŦý˨ŗ˨ťŗęŘŎ˨˛ďùĚŎ˨ęĕ˨äŒŞŒċ˨ŏùęŗĕ


ĕŘģä˨Ŏ˨ōÝ˨ěʭĻí˨ʭŕ˨ˬ ʭâŰʭċ˨ĕùĖĸă˨ŗ˨ōŞĠńă˨ĂķĚğ˨ʯʭŕŌ˨ùĖőù˨˛ŞÞĤă˨ěù˨ĞÏ˨äŊŗ

3 
Ăğù˨ ĚăĢ˨Şý˨ ōŕ˨ŏʭģã˨ěʭğĖŒőʭ˙ŕ˨ěʭĻí˨ãʭŕ˨ˬ ʭâŰʭċ˨ĕùĖĸă˨ ˔ä˙ĄĠŰĚŎ˨ãʭŕŉ˨Řŋğ˨ŗ˨ãĕʭŞŒý˨ ãʭŕŉ˨Řŋğ˨ĖŒőʭŎ˕˨Ăğťʭý˨ ŏʭģō˨ŞĠńă˨ĂķĚğ˨ŔÝ˨äŰʭŕŉ˨Řŋğ

˨Ăğù˨ŐÞ˙Ŏ˨ŏŘ×˨ʭ̱ŎùĜŊù˨ Ŕő˨ ʱĕęùĕ˨ãěʭğĖŒőʭ˙ŕ˨ěʭĻí˨ ĕĖĸĄŎ˨ãʭŕ˨ˬ ʭâŰʭċ˨ãěʭğĖŒőʭ˙ŕ˨ęĕ˨ʯäăŘŰęʭÝŘŰ˨ ãʭŕŉ˨Řŋğ˨ęĕ˨ĕŘċŘŎ˨ DNA˨Ěŕ˨ʭŰí ��pģú

Ėģʭý˨ʭŕā˨ŘŰęʭÝŘŰ˨ä˙ğŦÏŘĄŞğ˨DNA˨ęŘĴŒŎ
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ل و ا گ  ن س ر ف ی  ت س ت ت  لا ا ؤ س


