
Japan Advanced Institute of Science and Technology

JAIST Repository
https://dspace.jaist.ac.jp/

Title 真核生物の細胞分裂周期制御機構のモデル

Author(s) 伊達, 英俊

Citation

Issue Date 2000-09

Type Thesis or Dissertation

Text version author

URL http://hdl.handle.net/10119/700

Rights

Description Supervisor:小長谷明彦, 知識科学研究科, 修士



C û ° ¥

��mm¢¢��éé¦¦©©½½ZZ__¼¼ÙÙîîÏÏttééUU::^̂{{

0É�m Ê31 ÿ¾ �|

|½55|GÛ�"G®"G

n�|G�å|n�*,9Sn�G¾y

������ ¦� ÷,

O�¬æ Ê31 ÿ¾ �|Ô%OÕ

Ò® «Q %�|

(° ^¤ %�|

����� �¬

&RS\ULJKW p ���� E\ +LGHWRVKL 'DWH



�

���

Ý êÓüæ ÝÝ

ÝÚÝ á� Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ý

ÝÚÞ �J Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú ß

ÝÚß U:^{ã*RX_o*ZfÚ Ú Ú Ú Ú Ú Ú Ú Ú ä

ÝÚà ¿° Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú å

ÝÚá Ä°¥ét� Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú å

Þ ¦©_¼énÄ$H ÝÝÜÜ

ÞÚÝ ¦©_¼ê¾ßéÏçæ½Ì��� Ú Ú Ú Ú Ú Ú Ú ÝÜ

ÞÚÞ ¦©ê½Z¼æ4¡Õ½)Ô�Ú Ú Ú Ú Ú Ú Ú Ú ÝÝ

ÞÚß ¦©é³�æ�Þá¦©_¼é3Ðê}�â½��¦©½Zéf¦ýãå

�Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ýß

ÞÚà Ë¼¦é¦©_¼êD|æ+�Òá¿� Ú Ú Ú Ú Ú Ú Ýà

ÞÚá ¦©_¼óé�J`o4Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ýá

ÞÚáÚÝ ¦©é '1$=�æ��¦©_¼éÏÎn� Ú Ú Ýâ

ÞÚáÚÞ ¦©¢'sÎæ�Þá¦©_¼p)Ô�°�ÇÍÿ Ýã

ÞÚâ ¦©_¼é�f+f Ýå

ÞÚâÚÝ ½6_L^Æ�é�J`o4 Ú Ú Ú Ú Ú Ú Ýå

ÞÚâÚÞ óÞ�ù¼ÙîÏt Ú Ú Ú Ú Ú Ú Ú Ú ÞÜ

ÞÚâÚß I_o éÎá�ÚÔ &., Ú Ú Ú Ú Ú Ú ÞÞ

ÞÚâÚà 2fD"°é¬ï�½�æYF 4foJ`9�0oS

} Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Þß



�

ÞÚã B� Þà

ÞÚãÚÝ B�é$ý Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Þá

ÞÚãÚÞ B�û�é$ý Ú Ú Ú Ú Ú Ú Ú Ú Ú Þá

ÞÚãÚß B�û�f2° Ú Ú Ú Ú Ú Ú Ú Ú Ú Þã

ÞÚãÚà B�tH Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Þä

ÞÚãÚàÚÝ B��é�µÚ Ú Ú Ú Ú Ú Þä

ÞÚãÚàÚÞ B�tHé�µ Ú Ú Ú Ú Ú Þå

ß ¦©_¼U:^ ßÝ

ßÚÝ ¦©½ZéT�>-S Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú ßÝ

ßÚÝÚÝ &GN�&\FOLQ�3URWHDVHU:^ Ú Ú Ú Ú Ú Ú ßß

ßÚÝÚÞ &GN�&\FOLQ�3URWHDVH�5XP�U:^ Ú Ú Ú Ú ßâ

ßÚÝÚß &GN�&\FOLQ�YF 4foJ`9�0oSU:^ Ú àÜ

à (¤ àà

àÚÝ U:^{Ô�æ½ÚÞáéHçP Ú Ú Ú Ú Ú Ú Ú àá

àÚÝÚÝ äé�Áå*RX_o*Zf¿�_oýÒÊêuÃãÔ�

éÆëæ»N¦©_¼æÒÚ2H Ú Ú Ú Ú àá

àÚÝÚÞ U:^{Ô�æ½ÚÞáöªÔ�R��],nTf9f|é

2Hé�� Ú Ú Ú Ú Ú Ú Ú Ú Ú àá

àÚÝÚß U:^{æÅÌ�D\To2O� Ú Ú Ú Ú Ú àâ

àÚÝÚà B�tHé½�+û Ú Ú Ú Ú Ú Ú Ú Ú àå

àÚÝÚá ¦©_¼æÅÌ�P]YF 4f{éçg Ú Ú Ú áÞ

àÚÞ sÎ:o2ª¿�æ½ÚÞáéHçP Ú Ú Ú Ú Ú Ú áà

àÚÞÚÝ 51$�ûJ`H��^:o2ãé§» Ú Ú Ú Ú áà

àÚÞÚÝÚÝ 51$ �ûGo"ã2fD"°�ûGo"é

Õ�Ú Ú Ú Ú Ú Ú Ú Ú áá

àÚÞÚÝÚÞ ¦©_¼Pj®µ6�Ú Ú Ú Ú áá

àÚÞÚÝÚß '1$ 46JnQ�"`�_�é:o2éc

ûHÚ Ú Ú Ú Ú Ú Ú Ú áâ



�

àÚÞÚÞ �û®µ6���Ú Ú Ú Ú Ú Ú Ú Ú Ú áâ

àÚß ¿° Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú áã

àÚà yßé�ô Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú áã

àÚá yßé÷? Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú áä

àÚáÚÝ ¦©_¼ã�f Ú Ú Ú Ú Ú Ú Ú Ú Ú áä

àÚáÚÞ YF 4foJ`9�0oS}ã9»�H��Ú Ú áä

á ó(¥�Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú Ú âÜ



�

���

��� ¦©_¼é,9o+ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ¦©½Zé,9o+ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ½ZB£ã´ØB£é¦©_¼é§»ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ¦©_¼bÓá '1$�é�{ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ¦©_¼é½6ÙîÏtÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� BQ#]éË¼¦âú���(�"]fã03)éÚ2�{ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� YF 4f��û��,$o<ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� {½ZÙîÔ�ýÞãý*fJ^å¦©_¼U:^ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ���éU:^é*RX_o*Zf¿�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ���é#\HéH�o-J`6;ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� (�"]f��÷ÉIÒÚ{½ZÏtéU:^ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ���éU:^é*RX_o*Zf¿�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ���é#\HéH�o-J`6;ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� YF 4foJ`9�0oSæ�ÞáÙîÔ�¦©_¼U:^ÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ���éU:^é*RX_o*Zf¿�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ���é#\HéH�o-J`6;ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� 9P ����� ���� ����(é¦©_¼éA�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� .P ���� ����(é¦©_¼éA�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� 9P ����� ����� ���(é¦©_¼éA�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� .P ���� ���(é¦©_¼éA�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ¦©�éB�tHé=�'Ô�D2ofÕÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��



�

��� 9P ���� ���� ���(é¦©_¼éA�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� �éB��'Æ�å�¦©_¼ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� �éB��'Æ�å�¦©_¼ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� �éB��'Æ�å�¦©_¼ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

���� YF 4f �*��Xùâ��ÐÖÚ(é¦©_¼�{ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

���� '1$46Jæ�� �_¼æ
ÚÞá(�"]fé�û�úÚ:o2ÚÚÚÚÚ��



�

���

��� 9Po �*���ùâ�{ÐÖÚ(é_¼é�{ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� .Po �*���ùâ�{ÐÖÚ(é_¼é�{ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� 9Po ����*�ùâ�{ÐÖÚ(é_¼é�{ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� .Po �*���ùâ�{ÐÖÚ(é_¼é�{ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ¦©�éB�tHé=�'�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ¦©�éB�tHé=�'�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� ¦©�éB�tHé=�'�ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� 2fD"°ã 51$é�û(¼é�¿ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

��� Qßé#^oJÇ�TÔ�¦©_¼Pj®µ6�é�¿ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��

���� '1$46Jæ�� �_¼æ
ÚÞá(�"]fé�û�×Ú:o2ÚÚÚÚÚ��

���� ®µ6¥��é�{ã+û»ÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚÚ��



�

� ��

����

��� áá��

¦©tGê��¢Æ���é®µ6�2fD"°éçUÞªÆ����Þá

¿��Øéûßûßé®µ6�2fD"°éÛÈê§»�±�â½�Ç�Øé�¢Æ

���é®µ6�2fD"°é@6;bo"Ç�¢ntGã¿Á��å*,9SÞ

�´Òá¿��
�
�ê�½ZÒáÇzÙîÔ�¦©½Z_¼2fD"°òæH

áÒÚ�Îé¦©_¼êjï�å2fD"°'�ãF3�å2fD"°½�æ��Ù

îÐ�á¿��Ä�åâêØ��é2fD"°Fé¢{Gû�R��],nTf9

f|Lo,ãÒÚj�ø½Ç�|â¦©_¼é½6G�U:^{Ô�ããýæ�

yß��f¦åU:^¦©t½Ô�ÚüéHçP(¤Ô��

��� ��JJ

¦©½Zê¦©é¢ntGéåÆâ�ÊÒ��á¿�ûNâ½��¦©êØ

é�½ �ßæ½ZÒáÇzÔ��Îé¦©½Zê�½���¢�êÇÃ�nÄâ�

±¦©¢�êÂÒ¿XÕßÊ���¦©¢�ê�;ÿÊÍåäbÓá,
��¦

©lÁéæ�Ð��3å»�â½��Î��ê�½6_L^â×�ã�¿ÊßÆé

2fD"°éçUÞªæ�����Þá¿��-�é®µ6¿Gé�÷æ����m

¢�é '1$ '�é�µÏtÿ¦©½Zé½6_L^éÙîÇ�ÿÐ�áÈÚ�Øé

¿��Îé¦©_¼Ïtê³åÃÚRbéÙîÏtýßÎãÇÍÿÒÚ�

¦©é�f{ãYF 4f*,9Sæ��2fD"°½�ã¿Á � ßé o



�

bo<â�û÷¦©_¼�åÇÓ�æ�
�á¿��

¦©_¼ÙîÒá¿����åÎ��ÚÔ®µ6é�æ S���S���

5%�5HWLQREODVWRPD�ã¿ÞÚ�fåÙ®µ6ãmë��ýéÇ�Ê=÷Ô��Î��é

®µ6ê�¦©_¼�æ|¿"ÿ�÷lé,;_,æ�Þá '1$ æÊÍÇ¢ÓÚ�

'�'1$ ÇDÆCóÔ�ùâ¦©_¼�[ÐÖ�Ï»,Þá¿��Î���f

åÙ®µ6æãñÇ½�ã�'1$ æãñôÃÚùùÇzÅÎå¿�Øéùùã

ñÇzÅÎåÞÚ��¦©D�ÇD�Ò¿��æêXÕt�Òá¿�¦© ³é

�(ÇBÔ�

2fD"°é��&f;`o^ê¦©éañHéý,æÈ
üá�Ðâ½��

YF 4f*,9Sê�n°2fD"°¬ï�æYF 4f{Ô�Îãâ�2fD

"°½�ÙîÒá¿��Îé2fD"°½�}ê�¦©_¼n�ân,;_,�u

åäé�Ðå¢nûNæI��æÆÆ
Þá¿��ØéÚü�YF 4foJ`9�

0oSùÚê�n°2fD"°éãñæ�Þá¡¾å½�Ç��Ô�ã�2fD"°

é�þùÚê��ËÇ¢Óá�}å¦©Ú�nXÕãñ¢Ó��û�é�+�å9

»�H��â½�Do f0f�ê����æê%°<oDRfÞGH>Xo`fÿ

Ö�9»¦©Ç�HÕÔ�ããýæ�w=>Xo`fé¦©Õ]æ_FoÊÕÇ´

ûÔ�ÎãÇ$ýâ½��¨-��*é9»¦©é_FoÊÕæéÙ*?"_�f2

fD"°ãYF 4fÇþÍÒá¿�ÎãÇÍÿÒ�Øéãñå¦©]þÍéÚÃã

å�ÎãÇ�ÂÐ�á¿��ùÚ��ÖHDo f0f�é�}âÕYF 4fB�

â½� 8&+/�� éãñÇ×´Ð�á¿������ �æê�ãÄqæ§»��¿ï��

�Ô�Do f0f�éÚÃ®µ6 SHUNLQ ÇYF 4f]�o/â½�ÎãÇ½Æ

ÞÚ�

��� UU::^̂{{ãã**RRXX_o_o*Z*Zff

sÎ|Gnæ�B�û�éû�f2éùo�Å�îû�f2À�Ô�Ð

Ãâ½� S+�÷2�lÃ6ÿ�û��fé=÷��Ô�ýéæB�û�f2°Ç

½��ÎÎâê�ÎéB�û�f2°ænàÊR��],nTf9f|Lo,æ¦

©]é2fD"°éçUÞª+ûÒÚ�Î��é¿�ýãæ�Ä°¥âê�yß

f¦åU:^{t½Òá¿ÊÚüéçôPã�¢�\±öÞáç���sÎ:o



�

2ª¿�æ½ÚÞáéçôP@ô��

��� ¿¿°°

Ä�åâê�¦©tGéûßâ½�¦©_¼é½6ÙîÏtéU:^{�

åÞÚ�ÄU:^ê¥�n�éúât½ÒáÅ��$Îå¢�sÎêû¾�
åÆÞ

Ú�yßý¢�sÎ(�<Æ��Ð��¥�n�éúâ���f¦åU:^{Ç�

»ãå�â½�Á�ÒÆÒ�¥�Æ��Ð��sÎ:o2ýÐùÑùå»â�¿Ð

�Ú:o2â½��ØésÎ:o2Ç¢¥Ð��»:ÿ�Jà¸ÒáÅÆåÌ�ë�

"ÈÊ�ú�Ã��»H=�â¿��yß�"�é%AS:o2Ç¢¥Ð��Ç�

Î���"å:o2ÒÁQæê�¢�Gén�Ç�Ðâ½�ã�Ã��

¥�n�ct½ÒÚ¦©U:^O�Ô��â�ø½Ç�|ª¿Ú*R

X_o*ZfÛ�ê�Ð��3åýéâ½��ÎéÛ�ª¿ÚÄ�åâý�YF 

4foJ`9�0oS}é2fD"°½�ÏtæÅ¿á�YF 4fé$HæPÔ�

ÂÚån×ç�ÎãÇâÈÚ�

��� ÄÄ°°¥¥éétt��

ùÕ�Y � (âÄ�åé¢�G��Jæß¿á�ÿÔ��4æY � (â¦©

_¼U:^{Ô�ÚüéÇ:°ãØé*RX_o*Zf¿��TÔ��ØÒá¨

ßæ(¤ãÒá�yß��f¦åU:^t½Ô�ÚüéçôP�¢�sÎ:o2

ª¿�æ½ÚÞáéçôPÅ�îyßé�ô@ô��



��

� ��

���������>�@�>�@�>�@

��� ¦¦©©__¼¼êê¾¾ßéßéÏÏççææ½½ÌÌ������

Ñ ��� ¦©_¼é,9o+

½Z¼Ô0¼ÕêK¦©_¼é� �Ñ·ü��'1$'�¼Ô6¼Õ

ã½Z¼éF·ü�*�¼éöÆæ�½Z¼ã'1$'�¼éF

·ü�*�¼Ç½��



��

ëeæ½Z��0Òá¿�E;¦©é¦©_¼êÅ�Ø ��(Fâ½��¦

©_¼ênÄ�åQßéñ½æ½Ì�ÎãÇâÈ��ûßê¦©_¼é"ñ½·ü

�F¼ LQWHUSKDVH â½��ýÁûßê¦©½Zããýæ³
� �� ½öäé½Z¼

PLWRVLVâ½��F¼éFæ '1$êm]æ½�Ò�X�é4¡Õê�ÎâÈå¿�Î

éãÈ �µé�Ðå��Çt�Òá¿�æýÆÆ
�Õ�üøÜ�âêöã�ä×é

ýeýzü��å¿�ûßêF¼bÓájï�æt�Ô���â�íãùãüæÒ

á�3ã¿
���Îé��æê�]O0oS���R;&f<]��Ê©ÕÅ�î

�Êé2fD"°éÂÙ'�Ç=ù����éûßê�ûÁé¦©_¼bÓáûÁ

ÛÌàÎ��Ï�æt�Ô���â½���ãÒá�4¡Õ�~ÇF¼é�é 6¼Ô6

ê '1$ 6\QWKHVLVé 6æ±êÕã¿Á$oé(¼æ¢oÐ�á¿�ÎãÇ<Í����

6 ¼êF¼é��æÏÎÒ�Øéèæê *� ãmë��FÒÇïÊ�X�é4¡ÕÇ

�~Ð�ÚéÜ�Qßé·4¡ÕêU¿æ3²Ç0æ*ÞÚ��éPâÊÞß¿ÚA

�;Ü���4¡½Õ VLVWHU FKURPDWLF ãmë���V3�åG�¦©æÅÌ� *�

¼�6¼�*�¼�0¼êØ�Ù� ��(F��(F��(F���½â½��

���� ¦¦©©êê½½ZZ¼¼ææ44¡¡ÕÕ½½))ÔÔ��

Ñ ��� ¦©½Zé,9o+

è¼éFæ��Õêméû»¥ó�GÒ�4¡Õê�WÔ��mêcãÒ�¦©Ç½Z�¼óãtû

æß�á4¡Õê�]Õé�)æ)ÉÔ��ß¼æå�ã4¡½ÕFé¿'ê¾��·4¡Õêû»

¥é�]ÕBóãØ�Ù�½�Ô��¨³�æ¦©°½ZÇàÎ��Qßé·¦©Ç�¢Ô��



��

¦©½Zãê¦©tgé�Æß¯��å�{â½�ã¿Ã��6 ¼æ�~

Ð�Ú4¡Õê{½Zæ�Þáç+å �µæ½�Ð��¦©°½ZÇ�ù��¦©

Ç½Z¼æI�ÁãÒá¿�Îã�Ô¨Ëé3eê�è¼ SURSKDVHã�ë��(¼

æû���è¼éFæ4¡Õê�WÔ��Ôå
Ü�4¡ÕêùÕVñæø¦å{A

éýéãÒáÞá�æçU�ÎÇ�»æå��Ð�æ%Ê�tÊå��ØÒá�X�

é4¡Õêû»é4¡ÕãÒá×½Ì���ùâæå��

m�ÇcãÒáè¼ê³
��mã¦©°éºÇêåÊå��øÊ¤ PLFURWXEOHét

gæýºÒ¿�{Ç¢Ó��øÊ¤êøÊ¤»��� PLFURWXEXOH RUJDQL]LQJ FHQWHUÆ

�¦©]æ|¿Aæ¿îÚ3¿kýAétgâ½��øÊ¤»���êG�¦©âê

��Õ FHQWURVRPH�B£ÿv�âê,Gf<^Po^O:� VSLQGOH SROH ERG\ã�ë

�á¿��¦©ê�¢ÒÚãÈ�±ûéøÊ¤»���ÒÆýÞá¿å¿Ç�F¼é

FæøÊ¤»���ê�~Ð���½Z¼Çtûæß��øÊ¤é@6;bo"ê"

Èå�{ãÍ��YÕ PLWRWLF VSLQGOH »�Ô�æK���YÕãê�T]�fH

6;Oo^é�Áå»ÒÚøÊ¤éä0Ò�Øé�5æ��ÕÇÏÎÔ��GÚ

Õ NLQHWRFKRUHãmë��4¡Õé$vÔ^â�4¡ÕêøÊ¤æ¿'Òá¿��û»

é4¡½ÕêØ�Ù��YÕéû»é�]ÕBÆ�¿îá¿�øÊ¤æ¿'ÒáÅ

���Bé�Fæ�GÒá¿Ê�Ôôáé4¡ÕÇÎé�Áæ��Û(Ç�½Z�¼

PHWDSKDVHâ½��

¦©êt¿(F½Z�¼æãäùÞÚéÜ�4¡½Õé¿'�Ê�Î�ê½Zß¼

DQDSKDVHé�ù��Ôÿo�å´êPâ½��4¡½ÕêýêÿU¿æ�äÐ�á

¿å¿éâ�U¿Æ�½�Ò�øÊ¤æ*Þá�YÕéû»¥é�YÕBóã�GÒ

á¿Ê�4¡ÕÇBæ-àÊã�¦©½Zé���å��â½�¦©°½Z F\WRNLQHVLV

Ç�ù��üW¤Ç¦©QßæÊî�È�¿��ûµébKå4¡Õãûßé��

Õýß·4¡ÕÇ �XâÈ½Ç��¦©°½ZÇtûæß��4¡ÕêÕ�WÒ�

m�»�Ò�F¼émct�Ô��ùÚ�øÊ¤äýF¼éD2ofæ¯��

¦©°½Zã4¡ÕÕ�Wãéç»�å2�Rf#ê¦©æ�ÞáùÜùÜâ½��

ÒÚÇÞá�½Z¼é³
�ãF¼é�ù�é\ÕåºÇoõÔ�ÎãêÒ¿�

ûxæ4Éé �ßé�±Æ�½Zß¼é?�½Z¼é³
�ã(Ã��á¿���
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±éYûê½Zß¼é?�Ç��æð¤âÈ�ÿNæoõâÈ�´êPâ½�Îãâ

½��YQê½Zß¼é?�Ç¦©_¼ÙîÏté�Ðå�{æ»�Òá¿�ã¿Á

Îãâ½��Ð�æ�½Zß¼é?��¦©_¼é³
�ã4Éé¦©_¼é?�

oõÔ�PãÒáýÏÎ�Ì��á¿��

��� ¦¦©©éé³³��ææ��ÞÞáá¦¦©©__¼¼éé33ÐÐêê}}�â�â½½

����¦¦©©½½ZZééff¦¦ýýããåå��

+Ó¢�Õt�Ô�¦©âý³�Ç�Ãë�¦©_¼æê"Èå�¿Ç¢

Ñ 2.3 ½ZB£ã´ØB£é¦©_¼é§»

½ZB£é¦©_¼ê�´ØB£é¦©_¼ãQßéPâãåÞá¿��½ZB£âê DNA�~é³

Lã�]Õ»�é?�ãéFæÿNå G2¼Ç½�Ç�́ ØB£æêå¿�,2o;éb�´Øæ�

Þá�Ô´ØB£ããåÞá�½ZB£æê,2o;�Ô»�G�Qo�oê=÷Òå¿�
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ÓÁ���Êé�¦©¢�êm�écããct��åÁ?|½Z RSHQ PLWRVLVÔ

��»��æ�±¦©¢�éåÆæê�½Z¼éFýmtgÇ;Ú��=®½Z FORVHG

PLWRVLVÔ�ýéÇ�¿�=®½ZæÅ¿áê��YÕêmé]¥æ»�Ð��4¡

Õé½)ÇbLÒÚéÜæmêQßæÊî��ØÒá¾����¦©½Zéf¦ýù

Ú¦©é³�æ�Þá}�â½��G�¦©ê¨½æ¾��Ð��Ç��Õå¦©Ý

ýß��¦©åäê¦©é�)æ¦©Ýt½Ô��æýP
�Õ�Î��é¦©

êÔôá�V3�å�m¦©éÕ¦©_¼ VRPDWLF FHOO F\FOHæú�����3�'1$

'��{½Z�¦©°½Zã¿Á¾ßé$HÒá¿��

¡¾åæ��âê�ÊéÕ¦©êÚÃÕ�3ÒïÌ��¦©_¼é3Ðê�

�Ëé�Gê½�ýéé¦©é2�JÏãæö÷ûoâ½�Ç�¦©é2�Jæ��

�¿ê"ÈÊ�ëeæ½ZÒá¿�¹C�¦©é ��(FÆ�B£é ��½ã}�â½

��ùÚ�ûßé¦©øÅãÞáúáýX�é¦©é¦©_¼é3ÐæêC\7 

Ç½��½�¦©ê_Ðé¦©��VñæêÿÊ�½�¿êVñæ�ÞÊ�ã½ZÔ

�ã¿ÁÎãýÒëÒë×����×ãý×i¬ý�'æ�Þáê×�ýéF��3

ý½ZýÖÕæ¿Ú¦©æcî½Z�ÉÔ�ÎãýâÈ���Ãë�¦©êbñ�

3ý½ZýÒå¿Ç��Ú�ÇàÎ�ãÔËæ½ZÔ��Áæå��ûÇ�9»¦©

é�Áå¦©ê���R�æ¦©_¼Æ�zÕÒQ2ãcî½ZâÈå¿�

��� ËË¼¼¦¦éé¦¦©©__¼¼êêDD||ææ++��ÒÒáá¿¿��

¦©_¼¢{G�æ�åÔ�Úüæê�¦©_¼+�ÒáÁÞá¿�¦

©øÅÇ�Ðâ½��Õ¦©_¼ÁÞá¿�¦©øÅêbñ+�Òá¿å¿�ÒÚ

ÇÞá�¦©_¼é$oé(¼æ½�¦©øÅç�ÚüéÛ�?�Ô��ÐÇ½

��¦©+�ÐÖ�æê�ßÉé�ÁåÇ:Ç½���É+�: LQGXFWLRQ

V\QFKURQL]DWLRQ ê�¦©_¼é$oé�Ï��Ô��÷â£�Ô�åä�¦©$

Îåæ��æÅÊÎãæ�ÞáÔôáé¦©¦©_¼é½�Pâ�[ÐÖ�Áã

Ô�����°Ô�Îãæ�Þá�[Òá¿Ú¦©é¦©_¼§»+�Òát�

ÐÖ�ÎãÇâÈ��¬ï�+�: VHOHFWLRQ V\QFKURQL]DWLRQê�¦©_¼tûæß

�á¦©é$HÇ�{Ô�ÎãÑªÒá¦©_¼é$oé(¼æ½�¦©øÅ

½�Ô�ã¿Áýéâ½���Êª¿���Ç:éûßê�¦©"ÈÐæ�Þá½
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�âÈ�$vå��ÏöÁýéâ�¦©é"ÈÐÇ¦©_¼éFæ�{Ô�Îã

ÑªÒá¿��ÒÆÒ�ä�å+�:æýäÁæýå�å¿¢ÇÇ½��Ôå
Ü�

Õ¦©_¼é3ÐêÐùÑùâ½��¦©_¼tûæß��¦©øÅé+�HêF

fæ,
�áÒùÁ�

Îé�Áå3Pê�D|é+�}�Ôå
Ü�VÆ´�PãÔ�Ë¼¦é

¦©_¼ HDUO\ HPEU\RQLF FHOO F\FOHÑªÔ�Îãæ�Þá8¯Ô�ÎãÇâÈ���

�^ÿ�¥uÄ�G�öÃë�"�éÂ�VÆøü�Ð�æØ���VÐÖ�

Îãæ����Áé¦©_¼FfÆß+��æt�Ô�¦©øÅøü�ÎãÇ�

�æâÈ��Î��é¦©ê½ZéFæ�3Ô�ÎãêåÊ�¦©_¼Ïãæ�VÆ

ê±æ��ÊÐ¿¦©óã½�Ð�á¿Ê�û÷é¦©_¼�µæPÔ�n×é�Ê

ê�Îé�ÁåVñæ±�å¦©_¼�åÔ�Îãæ�Þáç��Ú�

��� ¦¦©©__¼¼óóéé�J�J`o`o44

¦©_¼�åÔ�Úüæê�X�é¦©Ç¦©_¼éäé(¼æ¿�éÆ

n��ÐÇ½��½Z¼éG�¦©ê�mã¦©°ãéºÇÇåÊå���WÒÚ

4¡ÕÇ�YÕéåÆæ��â¿�ÎãÆ��üøÜ�â��æ+oÔ�ÎãÇâÈ

��ÒÆÒ�F¼é¦©Ç *��6�*� ¼é¿Õ�æ½�éÆæß¿áê�üøÜâ

ên�ÎãÇâÈå¿�
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����� ¦¦©©éé '1$ ==��ææ����¦¦©©__¼¼ééÏÏÎÎnn

����

6 ¼é¦©ê¡�Ð�Ú '1$ è

�Õé���úæ�Þá+oâÈ���

��ù�Úè�Õê¦©ÕoÔ2fD

"°�Õ÷åäâ¦©�Ò�Øétg

ý,ÒáÅÊ£�ÕÒáÆ��´Ð�

�Îãæå��ÎéÇ:êw�Ð��¦

©Ç¦©_¼é&(¼æäé�Áå§¸

â=÷Ô�éÆÿoÔ�Úüæª¿�

�ÚÇ�sÎæ(FÇÆÆ�ÁÃæ�ç

���¿�êF��åýéâÒÆåÆÞ

Ú�û÷�Êé�å*Çª¿á¿�éê

H`o(�;T;]oIORZ F\WRPHWU\ ã

më��ýéâ�øÅt�Ô�X�é

¦©é '1$ �ùoÔ��¦©øÅ

'1$¿'H/6¡�â¡�Ò�Îé¦©

øÅû2æùãüáå�õ2½�]Î

æÆÌ��Îé]ÎêX�é¦©æ¿'

ÒÚ/6¡��ùoÒ�Ø� '1$�

æµ�Ô�ÎãÇâÈ��*�¼é¦©½

Ú�é '1$ �ê�\Õæ *� ¼é '1$

�éÞZéo�Ô�6 ¼é¦©é '1$ �ê '1$ �~ét�æ�ÓáÇ�Ò�*�

¼ã *� ¼æÅÌ� '1$ �é�Féo�Ô�V+��æ½ZÒá¿�¹C�¦©

øÅæÅÌ� '1$=�½�éV3�åD2ofêÑé�Áæå��*�¼ã *�¼é

¦©�êÿNåGo"¬Ê�ÒÆÒ�6 ¼é¦©½Ú�é '1$ �ê�*� ¼ã *�

¼æú���Go"éFæ½Ú�¸Ðæ½�Òá¿�éâ�QßéGo"æ§ôá1

éñ½êÆå�ÐÊåÞá¿��

Ñ 2.4 ¦©_¼bÓá DNA�ê�{Ô�

G2¼é¦©é DNA=�ê G1¼é¦©é 2Zâ

½��S¼é¦©é DNA�ê G1¼ã G2¼éF

éo�Ô
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����� ¦¦©©¢¢''ssÎÎææ��ÞÞáá¦¦©©__¼¼pp))ÔÔ��°°

��ÇÇÍÍÿÿ

Qßé¢ÈÚ®µ�æ+ûé·¦©Þ�´ÔÚüæê��ÿÒåÌ�ëå

�å¿��ÊéçôÇ=÷Ô��ÒÆý�ÎéQßéÞ:êçUæ¯��ætü��

èëå�å¿��¿�ãÒá�4¡Õé�Wê '1$�~åÙÔ�éâ�¦©ê '1$

�~ÇbLÔ�ùâ½Z?�Ô�ÎãÇâÈå¿ã¿ÁûN<Í�ÎãÇâÈ

��Î�êbLæPÔ�çôéû�â½��bLæPÔ�çôãê�¦©_¼é½�

��?�Ô�Úüæê��é$oé��bLÒåÌ�ëå�å¿ã¿Áýéâ½

��¦©Ç�ÿÒåÌ�ëå�å¿ýÁûßéçôê�dUHæPÔ�çôâ½��

'1$�~ÇbLÔ�ÚîæûÁé4¡Õ½�Ç�Èï¿áàÎ��ýÁû2 '1$�

~Çï¿áàÎ�Îãêå¿�

������æ�å
�ÚûjésÎæ�Þá�¦©_¼é�åÇFfæ'yÒ

Ú�¨Ëæ�å
�ÚûjésÎâê�F¼é¦©ã½Z¼â�[Òá¿�¦©Ç¢

'Ð�Ú�*�¼�6¼�*�¼é¦©½Z¼é¦©ã¢'Òáç��Ú¢'¦©�

K9`�]�f KHWHURNDU\RQ âê�F¼émÇcãÒ�Ôôáé4¡ÕÇ�WàÎ

Ô�Îé¿�ê�½Z¼ê¦©_¼é�é(¼æ»Òá�Hâ½�Îã�ùÚ�½Z

¼é¦©æê�F¼é¦©æÉIÔ�ã½Z�ÈàÎÔÃ6Ç=ù��Îã�Â

Òá¿Ú�4ÉésÎâê�6¼é¦©Ç *�¼é¦©ã¢'Ð�Ú�Ô�ã�*�¼

émêÔËæ '1$�~?�ÒÚ�Îé¿�ê�6¼é¦©é¦©°æê *�¼ém

æ '1$�~�àÔ�Ã6Ç=ù�á¿�Îã�ÂÒÚ�*�¼é¦© 6¼é¦

©ã¢'Òáç��ÚK9`�]�fê�*�¼émÇ '1$'�³Ã�ùâ½Z¼

æêI�åÆÞÚ�Îé�gÆ�H�o<C6"Ùîé=÷Çÿ�ÆæåÞÚ�Ôå


Ü�¦©_¼é½���Ç³LÔ�ùâ¦©¦©_¼é4�6"P�f;â[

ÐÖáÅÊÏtâ½��

*�¼é¦©ã 6¼é¦©ãé¢'ê�Ø�ùâé¿�ãê�ÞÚ¿�ÛÞÚ�

6¼émê '1$�~ïÌÚÇ�*�¼émê½�Úå '1$�~?�ÖÕ�K9

`�]�fê 6¼émÇ '1$�~³LÔ�ùâ½Z¼æê¿�ÎãêåÆÞÚ�
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*�¼é¦© 6¼é¦©ã¢'ÐÖÚ¿��6¼é¦©°æê '1$�~tH{Ô

�Ã6Ç=ù��ÎãÇ�Ð�Úéâ�*�¼é¦©ÇÞ2áé '1$�~æI�å¿

Îã�ÿÔ�éêÎâ½ÞÚ�Î�±�æ�ÿÔ�æê�c�~éåÙã¿Á

N(,Ü�ûÎãÇ2â½��Îé�|ê+Óæ�¦©Ç¿ÆæÒádUHæP

Ô�çô�ÿÔ�Æã¿ÁÎãý�ÂÒá¿��Îé��âê�'1$ ê¿ÞÚ�

�~Ð��ãcî�~Ð�å¿�ÁæC<Ð��Îã�oÒá¿��½ZéFæÎ

éåÙÇ�°Ð��ãÔ�ë�*�¼émé '1$�~»êÆå��Ê�ÿâÈ��ù

Ú�'1$�~ã '1$�~éFæûÁé½ZÇ�Ðâ½�Îãý+}æ�ÿâÈ��

¦©¢'sÎê¦©_¼��Ô�ÁÃâ�ÐåN(�ét÷ýÚ�ÒÚ�Î��

ésÎê½Z&tÃ6 PLWRWLF�SURPRWLQJ IDFWRU åäé½6é=÷�ÂÒÚÇ�w(

åÇ�ÎésÎ}Ø��é�6.�}ãÒáª¿�ÎãêÎâ½ÞÚ�

¦©¢'sÎâê�¦©_¼éFæàÎÞá¿�¯��ûNéÁÜ��Ðå�éQß

é2�Jæß¿áêÿ�ÆæÐ�åÆÞÚ�ûßê¦©_¼ã¿Á�Ï�æt�Ô�

´êPã¦©�3ã¿Ájï�æt�Ô�´êPãéçPâ½��'1$ �~ã½Z

é�àê¦©Çûoé"ÈÐæ�Ô�Îãæ�Þáûõ�æÙoÐ�áÅ��¦©Ç

¦©_¼æÅÌ�ÿo�å�Ïb�âÈ�Æ8Æê�Îé¦©é�3Ç��Ð�Ú

ÁÃâédâ½��ýÁûßé¯��ûNãê�¦©�cºæàÃÔ�*#=^æ�

�¦©_¼éÙîâ½��Îé*#=^æêUC�é=÷ÔUC�éuDÕÇ*#

=^ãå�Õÿ�é¦©Æ�é*#=^åäÇ=ù���
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��� ¦¦©©__¼¼éé��f+f+ff>�@�>�@�>�@�>�@�>�@

����� ½½66_L^_L^ÆÆ��éé�J�J`̀oo44

¦©_¼�åéÈÞÆÌãå

ÞÚéê�¦©_¼t�ÐÖ�Úüé

�f+fãý�Ã� &GF�Ô&GNÕãmë

��2fD"°é�×â½��Îé�f

+fæêÁ©^Vætü�Úüæ(

�"]fÔ&\FOLQÕã¿Á2fD"°Ç

¿'Òá¦©_¼ét�æ'
Öá2

�Rf#�ÊÏ»Òá¿��¦©_¼æ

Å¿á�f+féG�ßÚÃ�Î�

�ÚÔéÇ�2fD"°t�Ô��

RADéÁÜ.]f�6HU�½�¿ê,_

�>f�7KU�é]fD{â½��Ôå


Ü�&GF� ê¡�2fD"°é$oé.

]fã,_�>f]fD{Ô�Îã

éâÈ�B�tHýßJ`9�f 

=o/â½��ØéÙ]fDné���

Õ�Ç¡�2fD"°é�Õtg�

{ÐÖ��ØÒáØ�ÇtH{ÿ�tH

{éÙîÒá¿��

(�"]fêØé,èÆ�j

ÐÐ���Áæ�¦©]â_¼�Ô&\FOLFÕæÇÃÚ�ëÞÚ�Òá¿��ûÇ�&GF�

ê¦©_¼éF�ÕÞãûoâ��å�{êå¿�ãÎ�Ç�&GF�  =o/tHê

(�"]fÇ¿'ÒáêÓüá�¾Ð��Úü� =o/tHê½�$oé(¼æÛ

ÌÛÊ�ÁæÙîÐ�á_¼�æ�GÔ��(�"]fã¿'ÒÚ &GF� ê� =o

/ãÒáé�PÇ³
�ëÎwæå�éâ�fÿÆæ½�Ð��ýãé�tHå &GF�

éúÇw�ã¿Á�µúæåÞá¿��ÎÎâ�&GF� D�ýùÚ$oé,_�>f

Ñ 2.5 ¦©_¼ÙîÏt

ãå�(�"]fé¿'æ�� Cdk êtH{

Ò�Ø�Ù��ÞÚ*#=^µ�?�Ô��

CdkétH{ê¿'Ô�(�"]fé½�æ�

�³LÔ��
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½�¿ê4`*fÔ7\UÕã¿Á � ³�é�RAD]fD{Ð��Îãâ�tH{

Ð�ÚÙÏA�æÅÆ�á¿��&GF� ÇtH{Ð��éê�Î��é]fD{Ð�

Ú�RADÇ$ÎåB�Ô&GF���æ�ÞáÕ]fD{Ð��ÎãâêÓüá��Ð�

�éâ½��

¨Ëé�åÇt�ÛB£âêû³�é &GF� �f+fâ¦©_¼ÁÒá¿

�ÎãÇÿ�ÆæÐ�áÈÚÇ�E;âê &GF�éúâêåÊ�&'.�*&'.�ãÅ4

,àÌ��Ú �³�é�ÃåÏ»ntgýß2fD"°ã�Ø�&o<Ô�®µ

6Ç�×Ð�á¿��ûÇ�(�"]féöÁê�B£âÐÃ�³�é(�"]fã

Øé®µ6Ç×ßÆÞáÅ��Ø�Ù�é(�"]fÇ¦©_¼é$oé(¼â =

o/tHÙîÒá¿�ÎãÇ
ÆÞáÈÚ�E;âêû÷ùâæ(�"]f

$�%�&�'�(�)�*�+�,�7é ��³�é(�"]fÇn��áÅ��ØéÙîÔ�¡�ÿ(¼

êÆå��}â½�ã(Ã��á¿��

����� *��0¼¼ÙÙîîÏÏtt

Ñ 2.6 BQ#]éË¼¦âú���(�"]fãMPFéÚ2�{

�Ñén�ê�ûoFÒâ��ÒÚ(�"]f A�BéÚ2ã§»»�ãÒáéB�, oG

f#B���Ñê�Ñén�0ãÒÚ�\,;�
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&GF��(�"]f�'Õé¦©_¼ÙîæÅÌ�Î�Ç¨Ëæÿ�ÆæåÞ

Úéê *��0¼é«�PæÅ¿áâ½��ÑâòÛæ@ôÚ�Áå�µúæåÞáÙ

îÐ�á¿�Ç�fÒÊ�ôáú�ãýÁû���âÁqå��ÌÇÎ�Ð�á¿�

ÎãÇ
ÆÞáÈÚ�

ùÕ�*��0¼æÅ¿á=÷�ÇGo"ãå��Á_¼�æ�ûÙîÐ�á¿

�(�"]féû³â½�(�"]f % Ç�&GF�  =o/ã�'Õ»�Ô��Î

é�'Õê��^é�VÆé�«��é�åâ¨Ëæ=÷ÇM�Ð�ÚãÎ�Æ��

Æ�«&tÃ6Ô03)�PDWXUDWLRQ SURPRWLQJ IDFWRU�ã�ë��Îãý½��ÒÆÒ�

&GF�êÎéùùâê =o/tH�¾âÈå¿�D�é 1Ã5Æ��Ãá ��ßá

ÔE;Õã ���ßá�E;ÕéQßé,_�>fã ��ßá�E;Õé4`*fÇ]fD

{Ð���Õtgé�{ÇàÈáÙÏA�æå�ÎãâêÓüátH{é0»A�Ç

.6;Ð���

Îé]fD{æýQßé,96JÇ�Ðãå��¨Ëé,96Jê�0LN�½

�¿ê :HH�ãmë��ú6éJ`9�f =o/éÁÜäÜ�ÆÇÛ¿á�$ã�

æ 7KU���E;Õ�7\U���E;Õé �i²]fD{Ô�Îãâ½��:HH� =o/Ø

éýéý�Ð�æ�yÆ�é*#=^µ�Ùî�ÌÚ 1LP�ãmë��J`9�f

 =o/æ�Þá$oé�²Ç]fD{Ð��ÎãâvæÙîÐ�á¿��Îé�Á

æ]fD{Ç��éZé�Áæ4�ãàÎÞá¿ÊÎãâÙîÐ�á¿��µúê

¦©é�é¿ÊßÆéûNæÅ¿á-��×Ð�áÈÚýéâ�]fD{�,$o<

æ��*#=^µ�ãmë���4é,96Jê &GF�é 7KU���ÔE;Õé]fD{

â½��Î�Ç³LÒáêÓüáÙÏA�ãå��

Î�ùâæ@ôÚ�µúã�ÃéýéêB£ÿE;éúâåÊ���^�Q

�,�\6;åäâý���Þá¿�ÎãÇ=ÿÐ�áÈÚÇ�E;æÅ¿áêÐ�

æ]fD{û�Ç &$.�&GF� DFWLYDWLQJ NLQDVH�ã¿Á =o/æ�Þá�æÐ��Î

ãý½ÆÞá¿��ÎÎâ�&$.Ø�D�ý &'.��(�"]f+Æ�t�Ð�� &'.

 =o/â½��Ð�æ &$.ý &$.tH{B��&$. DFWLYDWLQJ NLQDVH�æ�ÞáD�

é 7KU����E;ÕÇ]fD{Ð��Îãâ =o/tHÇÙîÐ�á¿�ã¿ÁðÁ

æ�ÎÎâý]fD{æ���,$o<ÇÙîé�ãåÞá¿��

¦©_¼ÇÅ�æt�â¿á 0 ¼ætIÒáý�¿ã¿Á> ÇI�ã�
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&GF�� ãmë��$ãHé�¿Õ]fD{B�æ�Þá 7\U�� ÇÕ]fD{Ð��

03)Ô&GF� =o/�(�"]f�'ÕÕêtH3æ�{Ô��tH303)Ç¡�2

fD"°]fD{Ô�Îãâ0¼Ç�ÉÐ��Øéßê0¼$é,$+Xo^

æåÞá{½ZÇt�Òá�Ê�

03) é¡�2fD"°ãÒá 0 ¼t�æ�Ðå2fD"°éûßæ\Rf

�ODPLQ�Çn��á¿��\Rfê�'Òá�áAé\R=�ODPLQD�»�Òám�é

]¥é�cÂÜÒ�Îél�¿�Þá¦©mê<Atg;Þá4¡Õü�Òá

¿��*� ¼æÅ¿áê\Rfê � �ÕãåÞÚÁÃâáñ+ûÇÊÞß¿á¾�Õ

t�Ò�Î�Ç±ÏãåÞá�áAtg»�Òá¿�Ç�03)æ��]fD{Ð
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>�@� $OEHUWV %� %UD\ '� /HZLV -� 5DII 0� 5REHUWV .� :DWVRQ -'� 0ROHFXODU %LRORJ\ RI WKH

&HOO� 7KLUG (GLWLRQ� *DUODQG 3XEOLVKLQJ� ,QF� 1HZ <RUN ������

>�@� 0XUUD\ $� +XQW 7� /Ä�ö Ù6 ¦©_¼é½6¢�G T:��^n(��f

,n�f2o=*Z=^ ������

>�@� 6WHLQ *6� %DVHUJD 5� *LRUGDQR $� 'HQKDUGW '7� 7KH 0ROHFXODU %DVLV RI &HOO &\FOH DQG

*URZWK &RQWURO� -RKQ :LOO\ 	 6RQV� ,QF� 1HZ <RUN ������

>�@� 6WHUQ %� 1XUVH 3� $ TXDQWLWDWLYH PRGHO IRU WKH FGF� FRQWURO RI 6 SKDVH DQG PLWRVLV LQ

ILVVLRQ \HDVW� 7UHQGV *HQHW ���� 6HS�������������

>�@� +D\OHV -� )LVKHU '� :RROODUG $� 1XUVH 3� 7HPSRUDO RUGHU RI 6 SKDVH DQG PLWRVLV LQ ILVVLRQ

\HDVW LV GHWHUPLQHG E\ WKH VWDWH RI WKH S��FGF��PLWRWLF % F\FOLQ FRPSOH[� &HOO ���� 6HS

��������������

>�@� °kÁû��I³ ¦©_¼ãx sÎ�G 9RO��� 1R� � �ÇÀ� �����

>�@� %HQLWR -� 0DUWLQ�&DVWHOODQRV &� 0RUHQR 6� 5HJXODWLRQ RI WKH *� SKDVH RI WKH FHOO F\FOH

E\ SHULRGLF VWDELOL]DWLRQ DQG GHJUDGDWLRQ RI WKH S��UXP� &'. LQKLELWRU� (0%2 - ����

-DQ ���������������

>�@� 6WHUQ %� 1XUVH 3� &\FOLQ % SURWHRO\VLV DQG WKH F\FOLQ�GHSHQGHQW NLQDVH LQKLELWRU UXP�S

DUH UHTXLUHG IRU SKHURPRQH�LQGXFHG *� DUUHVW LQ ILVVLRQ \HDVW� 0RO %LRO &HOO ����

-XQ�������������

>�@� �V&�]�&6 *fJ^¢{G °ït Ô����Õ

>��@� *ROGEHWHU $� $ PLQLPDO FDVFDGH PRGHO IRU WKH PLWRWLF RVFLOODWRU LQYROYLQJ F\FOLQ

DQG FGF� NLQDVH� 3URF 1DWO $FDG 6FL 8 6 $ ���� 2FW �����������������

>��@� *DUGQHU 76� 'ROQLN 0� &ROOLQV --� $ WKHRU\ IRU FRQWUROOLQJ FHOO F\FOH G\QDPLFV XVLQJ

D UHYHUVLEO\ ELQGLQJ LQKLELWRU� 3URF 1DWO $FDG 6FL 8 6 $ ���� 1RY �����������������
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>��@� 6FKZDOEH ' 	 :DJRQ 6� �°z-6 9LVXDO'VROYH �¥t Ô����Õ

>��@� ÈÁ�û�Ê°÷��°�êQ, J`9�]*, 2fD"°½�é½6Ï

tãC��`+o R�´� ������

>��@� .LUVFKQHU 0� ,QWUDFHOOXODU SURWHRO\VLV� 7UHQGV &HOO %LRO ���� 'HF�������0����

>��@� 'H5LVL -/� ,\HU 95� %URZQ 32� ([SORULQJ WKH PHWDEROLF DQG JHQHWLF FRQWURO RI JHQH

H[SUHVVLRQ RQ D JHQRPLF VFDOH� 6FLHQFH ���� 2FW ������������������

>��@� :KLWH .3� 5LINLQ 6$� +XUEDQ 3� +RJQHVV '6� 0LFURDUUD\ DQDO\VLV RI 'URVRSKLOD

GHYHORSPHQW GXULQJ PHWDPRUSKRVLV� 6FLHQFH ���� 'HF ��������������������

>��@� 6SHOOPDQ 37� 6KHUORFN *� =KDQJ 04� ,\HU 95� $QGHUV .� (LVHQ 0%� %URZQ 32�

%RWVWHLQ '� )XWFKHU %� &RPSUHKHQVLYH LGHQWLILFDWLRQ RI FHOO F\FOH�UHJXODWHG JHQHV RI WKH

\HDVW 6DFFKDURP\FHV FHUHYLVLDH E\ PLFURDUUD\ K\EULGL]DWLRQ� 0RO %LRO &HOO ����

'HF��������������

>��@� )LVKHU '� 1XUVH 3 &\FOLQV RI WKH ILVVLRQ \HDVW 6FKL]RVDFFKDURP\FHV SRPEH� 6HPLQ

&HOO %LRO ���� $SU����������

>��@� &KR 5-� &DPSEHOO 0-� :LQ]HOHU ($� 6WHLQPHW] /� &RQZD\ $� :RGLFND /�

:ROIVEHUJ 7*� *DEULHOLDQ $(� /DQGVPDQ '� /RFNKDUW '-� 'DYLV 5: $ JHQRPH�ZLGH

WUDQVFULSWLRQDO DQDO\VLV RI WKH PLWRWLF FHOO F\FOH� 0RO &HOO ���� -XO�����������

>��@� 6WUDFKDQ 7 	 5HDG $3� +XPDQ 0ROHFXODU *HQHWLFV� %,26 6FLHQWLILF 3XEOLVKHUV /WG�

������

>��@� 6KHUU &- &DQFHU FHOO F\FOHV� 6FLHQFH ���� 'HF ������������������

>��@� *UD\ 16� :RGLFND /� 7KXQQLVVHQ $0� 1RUPDQ 7&� .ZRQ 6� (VSLQR]D )+� 0RUJDQ

'2� %DUQHV *� /H&OHUF 6� 0HLMHU /� .LP 6+� /RFNKDUW '-� 6FKXOW] 3*� ([SORLWLQJ

FKHPLFDO OLEUDULHV� VWUXFWXUH� DQG JHQRPLFV LQ WKH VHDUFK IRU NLQDVH LQKLELWRUV� 6FLHQFH

���� -XO ������������������

>��@� /HUR\ (� %R\HU 5� $XEXUJHU *� /HXEH %� 8OP *� 0H]H\ (� +DUWD *� %URZQVWHLQ 0-�

-RQQDODJDGD 6� &KHUQRYD 7� 'HKHMLD $� /DYHGDQ &� *DVVHU 7� 6WHLQEDFK 3-� :LONLQVRQ

.'� 3RO\PHURSRXORV 0+ 7KH XELTXLWLQ SDWKZD\ LQ 3DUNLQVRQ
V GLVHDVH� 1DWXUH ���� 2FW

�����������������

>��@� .LWDGD 7� $VDNDZD 6� +DWWRUL 1� 0DWVXPLQH +� <DPDPXUD <� 0LQRVKLPD 6� <RNRFKL

0� 0L]XQR <� 6KLPL]X 1� 0XWDWLRQV LQ WKH SDUNLQ JHQH FDXVH DXWRVRPDO UHFHVVLYH
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MXYHQLOH SDUNLQVRQLVP� 1DWXUH ���� $SU �����������������

>��@� 3RO\PHURSRXORV 0+� /DYHGDQ &� /HUR\ (� ,GH 6(� 'HKHMLD $� 'XWUD $� 3LNH %� 5RRW

+� 5XEHQVWHLQ -� %R\HU 5� 6WHQURRV (6� &KDQGUDVHNKDUDSSD 6� $WKDQDVVLDGRX $�

3DSDSHWURSRXORV 7� -RKQVRQ :*� /D]]DULQL $0� 'XYRLVLQ 5&� 'L ,RULR *� *ROEH /,�

1XVVEDXP 5/� 0XWDWLRQ LQ WKH DOSKD�V\QXFOHLQ JHQH LGHQWLILHG LQ IDPLOLHV ZLWK

3DUNLQVRQ
V GLVHDVH� 6FLHQFH ���� -XQ �������������������

>��@� :LONLQVRQ .'� /HH .0� 'HVKSDQGH 6� 'XHUNVHQ�+XJKHV 3� %RVV -0� 3RKO -� 7KH

QHXURQ�VSHFLILF SURWHLQ 3*3 ��� LV D XELTXLWLQ FDUER[\O�WHUPLQDO K\GURODVH� 6FLHQFH ����

1RY �����������������

>��@� 6KLPXUD +� +DWWRUL 1� .XER 6L� 0L]XQR <� $VDNDZD 6� 0LQRVKLPD 6� 6KLPL]X 1�

,ZDL .� &KLED 7� 7DQDND .� 6X]XNL 7� )DPLOLDO SDUNLQVRQ GLVHDVH JHQH SURGXFW� SDUNLQ� LV

D XELTXLWLQ�SURWHLQ OLJDVH� 1DW *HQHW ���� -XO������������

>��@� %HQQHWW 0&� %LVKRS -)� /HQJ <� &KRFN 3%� &KDVH 71� 0RXUDGLDQ 00� 'HJUDGDWLRQ

RI DOSKD�V\QXFOHLQ E\ SURWHDVRPH� - %LRO &KHP ���� 1RY ������������������

>��@� *XVHOOD -)� 0DF'RQDOG 0(� $PEURVH &0� 'X\DR 03� 0ROHFXODU JHQHWLFV RI

+XQWLQJWRQ
V GLVHDVH� $UFK 1HXURO ���� 1RY���������������

>��@� .DOFKPDQ 0$� *UDKDP 5.� ;LD *� .RLGH +%� +RGJVRQ -*� *UDKDP .&� *ROGEHUJ

<3� *LHW] 5'� 3LFNDUW &0� +D\GHQ 05� +XQWLQJWLQ LV XELTXLWLQDWHG DQG LQWHUDFWV ZLWK D

VSHFLILF XELTXLWLQ�FRQMXJDWLQJ HQ]\PH� - %LRO &KHP ���� $XJ ������������������


