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ũŦ�ÿúĴÕāÞ)Ì�úr)Tl\Kĺø¼=Abs280�(¨"
#đ��9
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@c[ō% +:9�@c[ō)ĩřûÆ*öô) pH(Ã�#ª�� 
9�	9Tl\Kĺ)ĭŝ(±§�9@c[ō)ĩřûÆ)Ě¢�Rk(

'9 pH=��)Tl\Kĺ)ť� 	� Ŧ% -�ť� 	� Ŧ684  
ųCŰŤ
m|
Ŵ pH)öôr)Tl\Kĺ*ĭŝ�Ĺ(»ř�#8�
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Ġ�9� 
(i)  �)Èï%�#�Mj;ńHhdKkbXLh^An*ň�'
%Ġ�
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II.  fnTnTl\Kĺ$	9cGPl*�ĕĢţã$	9@KVl^Ahe
lXťF @KVlŦo= ATP �í�ĲEZjJn(6 #����)Ń�*       
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9�F@KVl*ď�ěę=æÇ�9�ĕ
^AhelX�)�cGPl*�®

^AhelX�)��:�:sÇ�$	9ť¥ũŦ�F@KVlo)cGPl
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^AhelX)
w)æÇTl\Kĺť� @� Ŧ(6 #Ŗ�:#8�ATP ±§p$	 #4
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^AhelX%®
^Ahe

lX)ő( ATP�±Ć(÷8Ń��ÿ��ď�Ĝ�ÿ�9��)6�'�Ĝ�
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� ď�Ĝ(�9ť� A� Ŧ)6�(�ŏ¹BGl*¬ç'ÿ¡üĸ(
#Ŏ
ı'À�=ß��#
9���+�ATP�í�ĲŌĔ*s%�#ť� B� Ŧ(ŋ
{�� ATP=¨ĺ%�#
9�0��ò�ř{*�ĕĢĦ=Ð>$«�%��
)ť� C� Ŧ%ť� D� Ŧ)ø¼º(6 #ÿ�9śêĦř{�Ĥ�å�9�%
(6 #ÿ�9��)ø¼º*�(b)ATP �í�ĲEZjJn(6 #ť� C� Ŧ
=ĕĢ«(î1���ť� D� Ŧ=ĕĢ�(î1�:9BGlal_)*�7�
(6 #ÿ�9� 
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ũŦ ť A Ŧ�ť D Ŧ(*Ą'9ŏ¹BGl��9��:�:�Ĕĳ�%�

Ó�<�96�(�('7 #ĳ��ť�Ű Li+Ŧ 
�  
ŪŦ pěŊ(a)(!
#�yp)ŉËġ)���F@KVl%cGPl)÷8Ń

�(6 #ÿ�9üĸ=Ū!ŉ>$ĳ�� 
ť@Ŧ ĉáĕĢ�)¸Ģļľ � � � � �   
ťBŦ �úĕĢ)ĕĢĺ�ĮÚ)�Ĝþ)�Ĝ 
ťCŦ £tşĒ°)Ń�� � � � � � � �  �  
ťEŦ äúĕĢ)�¿ĺó� 
ťGŦ ĉáĕĢ)�ĮÝ(�9àħ})�ŋ �  
ťHŦ ĥĪ)łñ 

 
ūŦ pěŊ(b)(ŒŁ��é)ļľ¿½)�ċ=ĳ�� 

(i) �  ĦTl\Kĺ��ATP)�í�ĲEZjJn(6 #�Ħ�«)ø
¼�ŋ(Ŀ7 #Ĭ�úĺļľ¿½� 

(ii)�  (i))6�'ļľ¿½)r$�pěŊ(b))6�(�	9úĺ=ĕĢ�
.��)úĺ=ĕĢ«.�%Ĉu(Ŀ��(ļľ�9¿½� 
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	ÖTNBYP%�(a) CXI;Å RNA����2�»qa�
0�CXI;
Å$q�#c��JE$¬³�%�(b) 60S=KRFDE 40S=KRFDE�/�
80STNBYP����21�TNBYP%�¬³�\$µÅ¶�v32��"
��É�
1Ô� 5� Õ����21�Ô� 6� Õ�q��2�TNBYPCX

I;Å�Ô� 7� Õ4È��¬³�#d0�Ô� 5� Õ� RNA OTQSYA I
#.0Æg�2�TNBYP RNAÔrRNAÕkÒa#q�1�JE�%�45S
$ rRNAkÒa�LW@>X<4m���28S�5.8S�18S$ rRNA "1�28S 
rRNA 5.8S rRNA% 60S=KRFDE�18S rRNA% 40S=KRFDE$��
�i�
1��60S =KRFDE#% (c) RNA OTQSYA III #.0Æg�2
1 5S rRNA,s*21�Ô� 5� Õ����2�pTNBYP=KRFDE%�
�$�´4����+Ô� 7� Õ4ÈË�Ô� 6� Õ#Ê&21�±À\$ 80S
TNBYP%�¯�$9U:HS�
1Ô� 8� ÕZ#|w�1� ,
1��

�

×Õ�§\$Ô� 5� ÕÛÔ� 8� Õ#d1¬³f$l¡*�%�É4©.�

� �

ØÕ[°Í�(a) #Ð�1�$�§$Ô� A� ÕÛÔ� C� Õ#��%*1�Ì"
Ân4©.��

CXI;Å RNA����2�»qa%�TNG;V9CXI;Å t&
2��0�TNBYP$]#Ô� A� Õ-Ô� B� Õ"!�¥���$¬³
f#|w�1�Ô� A� Õ%��·a�¨$`Ï#c�Î«�
0��$ RNA
�i% DNAq�$Ô� C� Õ "1�Ô� B� Õ%�mRNAkÒa�/6X
EWX$j0h�4¹���

�

ÙÕ[°Í (b) #Ð���60S=KRFDE 40S=KRFDE�q��,$
� 100S#"/"�� 4Ç).Ô1Û2¹¦�Õ� 

�

ÚÕ[°Í (c) #Ð���5S rRNA^{# RNAOTQSYA III#.0Æg�
21 RNA4 ���1��$�´4×ÛØ¹¦��¿���/#��$ RNA
$�É¤��Ô¥���$ex¤" mRNA %¢"1�Õ4×�¿���
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�ÖJEyÑ¬³�/¼����CXI;Å X ��}$ RNA  q��»q
a4�����1 ²/2���$o´�4�Á�1�+$~Ó��4²
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×Õ!$�"��4��2&¬³f�CXI;Å X  q�1 RNA 4r}�

1� ���1�4Ç).Ô2Û3¹¦�Õ� 
 
ØÕªº��CXI;Å X  r}�2� RNA 4�����2/$»qa��

$_q}�Ôq}�Õ4�+����$�+$¾��#���×�b4

�1�Ã��.Ô2Û3¹¦�Õ� 
 
ÙÕCXI;Å X  r}�2� RNA $q�JEyÑ¬³f�!$.�"�

´4��$�4Ä)����$�+$~Ó��4²��z¢a	��£�	
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¡ßr)+ªïªÓ(áÛ�á¼�$�9	Þ¯áÛ+Ó
(İ�Ù<Â!�

�$*áÛ��ę*ì��7(a)Ĝ���&Ā�7:$�9	(b)õùÔ+�áÛ

*İýĨ�<ć�*)6�â�7:9	0��áÛ*İýĨ� �%(��Ğ

�5Tm]Hē*İýĨ�<ć�*)4Ë�(ÀØ%�9	Þ¯áÛ+�Ð

ÒĚ*ËÚ%�èÐáÛ&(c)�ÐáÛ)��7:9	�ÐáÛ+�Ê)ĸ#*

Ijoa��(;!�øĄĴèÖøĄĵ&=oF=Ĵ�øĄĵ)�İ�:9	 
pĂ)�øĄ&=oF=*Ïă�+àÜ ��(d)èÐáÛ*Ð�*Ïă�+

üÜ%�9	èÐáÛ*Ð�*Ïă�)+�(e)Ïă�<°±)ûÂnĉĈn�

Ġ�9�3)ºĊ(Ó
( DNAĭ¢�¯ �9	 
 
IĶsüğ (a))Ĩ�$�Õ*čė 1Ĺ5*!Ö��4*<ķ#0�+ĸ#ĝ-�
ä�%ó�6	 
 
1. ^Y&Um]mNo*CoRkIĴï�¶)6"$�ę*ì�Ğ��7
á��ç�(Ğ�ĵ*¦¤Ġ�<J\f��%×Ė��¥��AFRm

ĭ¢4?mYkmĭ¢4 90%}r�p%�9	 
 
2. CpG =?hmZ+�CpG Ġ�*�ÞĮ·�J\f*|*ĭ¢684ĳ��
I=[m*gUj�<{�$ĕ�Ēô)Ĩu�9	 

 
3. å(9áÛïħ%Ğ�*w-È���DNAĭ¢<MmW[oĭ¢&�.	 
 
4. ^YJ\fx*YhmOcSmãÍ*Ġ�*K_oÅ+ 2qĹ3q%�9	 
 
5. �¾zĠ�9«�� N *p±ĩ�Ĵy��áÛĵ%á��Ç�(xð©å
��±�:9êÝ+ö 1/(4N)%�9	 
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�'e���'�� {s��v�&bN�'T�

f �'os��v)L�W��%��
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)x��k�e�!��� 
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;7�)D������

'�� *=+@<@6
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T�f §�{s��v

)W��%��
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IIIªD�� (c)� ���}[E Sr~| ]�!Z¥�V¡��'��'X
\0@9>�`Y�'u��Sr~|� ��O¤)Z¥)F���m&��

�����	��� �# a¦iy) 35��c��m�%��
�£d�
!����$ ��'� 
 
IVªD�� (d)� ���§��r~| rM q�IC�`Y�'�H^ ]
�!,-4@A+@6?@t�)�'�+@6?@�`Y�'Qz) 2�j��
�(�(�23��c��m�%� 
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VĶsüğ (e))Ĩ�$�sč*Æñ*Ĵ� =� ĵĹĴ� D� ĵ)¸$+09Č
ą<ďþ�7ĝÁ�č�	 
 
èÐáÛ*Ð�*�*�**Ïă�)+�Ïă�<ĉĈ�9�3)ºĊ(�

ĉÅ*Ĵ� =� ĵ�¯ �9	Ïă� DNA *ĉĈ+�Ĵ� =� ĵ�7Ħ¬�:
v�)Ĝ2	�* DNAĉĈ�ĜĆ�$�9ĭ¢+ĉĈ`BoH&�,:9ÒĚ
<&9	ķ#*ĉĈ`BoH%+�2Ì*Çċ DNAģ��¿�:9��DNA�
¿�Ĵ� ?� ĵÈ�)Ĝ2�3��:�:*Çċ DNAģ+�¿*�:È�ī³
í%�9	DNA�ěúæ)�¿�:9ģ<Ĵ� ]� ĵ�těúæ)�¿�:9ģ
<Ĵ� A� ĵ&�.	DNAcighoQ+�DNA�¿<Ħ¬�9�3)ah?
do<ºĊ&�9	�*ah?do<�¿�9�3*´â*ġ÷+Ĵ� C� ĵ

&�,:�ah?doĴ� D� ĵ*�¿<Ć	 
 
�ďþ	�

2′�3′�3′�2′�2′�5′�5′�2′�3′�5′�5′�3′�DNA�RNA�Ęĕ�ġ÷� 
DNAYc?RghoQ�DNAah?doQ�DNAiEoQ�HiVHģ� 
hGmIģ�ioX[mIģ�joaģ�lYRmģ�ĕ�Ħ¬Ù� 
ĉĈĔÙ�ÿĎĦ¬Ù 
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RGC /ÿÙ0ñë�Ć.©��)ßè�Ć.É´�=ÿÙ0ñë|Ć.©��
=Ē�ĕ�bē�

GF[/ÎÅ�;j1= RGC/ÿÙA�ĕb»/đÏ�/kã*y¯�)Î
ÅA 180 ��þ�!)u1ÎÔĒ�B�ē.¦�¨íA��-�+)y¯Ö§
�;r/ÿÙ0xô�>¿��="/�)�a	 RGCÿÙ0u1j10�7)ñ
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ĕēbàĆ ( a )/+�)RGCÿÙ0,/:�.u©��=�hb/Ē� �� ē
+Ē� �� ē.�)05=ù�A�|�5$0����;">#>ĄB*õ

!$%�)(
/õ�0� 1.���
�

ßè|ĆÉ´/ RGCĒ●ē/ÿÙ� �� ñë/Ē� �� ēĆ�
ßè�ĆÉ´/ RGCĒ○ē/ÿÙ� �� ñë/Ē� �� ēĆ�

�

ĖēbàĆ ( b )/Ë�-ì~+0,/:�-ì~�A 1ę2ì*ú±!:$%
�)ď*�=SF�GF[/ñÊ.s'$+�/)GF[/ì~Ao.�)

ú±!:�

�

�

�

�Ĕ|Ā/GF[/�Đ�;���f¥�>$ÁýĒ�>AhĊ)Áý X +�
2ēA���=$7.)GF[+�·/ÿÙ©�·�Aª(Q]PZ.��))

¹/�Đ A+�Đ BA��-'$�
�

�Đ AēÌÇāe/Q]PZå/ñë|Ć+ñë�Ć�;y<�'$ñëèA
áÃ.ċĉ-�d4$Ē�Ėēßè�ĆÉ´/ÛâÀAáÃĆ.Č«�!�Ď

�$+�?)RGC /ÿÙ�ñë�ĆAą�)ñë|Ća.��)j1$Ē�
Ėaēßè|ĆÉ´/ÛâÀ*�·/¬mA��-'$+�?)áÃ/ñëè

aAéÉ.jĈ�$Ē�Ėbē�

¹.)V\OD_L5$0 PI-PLCĒXKUCMJ[ERIP_[ÂËÍXK
XZT_L Cē.:<vÆ�$ñë�Ć/ñëèAÈ�))�·.�ĎA��-
'$"/Ýµ)�c	� >/ćØvÆ�.8)ßè�ĆÉ´/ÿÙ0)áÃ/ñ

ëèaAéÉ.jĈ�$�

�

�Đ BēÌÇāe/Q]PZ/ñë/|Ć+�Ć�;ñëèAy<w�)ö®A
ûï�)g¹qH[č¼¾~.��$ñë�ĆÉ´/H[/6.ó��>$

KYNPAÁý X /pî+ä�)Ēdē"/H[ÀAy<�'))�5>=ÁýA
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ĕēbàĆ ( c )/Ýµ�;f¥�>=Áý X /¶Ă.��@=Â¢A 1 ìÓ�
*Õ�:�

�

Ėē�Đ A /Ýµ�;)Áý X 0ßè�ĆÉ´/ RGC ÿÙ.��),/:�
.mÈ�=+ä�;>=���Ì�!=�5$0�ø��=�/,&;�

º��8/Aõ!�

�

ėēbàĆ ( d ).(�))Áý X /pîA���=$7/°½+�))Ä�`
êÍ.��-@>)�=°½/�ÒAõ!� �
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ĘēbàĆ ( d ).(�))Áý X/pî����>$/&)">�³�. RGC
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I. VO�¬	#�®¬�k���#� 
¬j��~w_�`rv���'�VO� i) 	ii)�ch�)	Y��$�]
��dr� 8 ªra)���� Lewis �¤v���xvª�)��&"��
xvª�"�¤vQ��� 

Y� T�§«H2SO3¬� � � � � � � � � � � � � � �  

 

 

i) CKF*E:«CH3NO¬� � � � ii) �§«HNO3¬ 

 
®¬VO� i)	ii)�ch��cs�¤v)��cs�¤v�	Y��$��W
�|W)"�"�������Wcs�`
&#���� 
� � Y 

 
 
i) 4-(1-G7K-7K)A@6M� � ii) (E)-3-G9/3-2-G7K-2-?8M-1-.NK 
 
 
II. ��h}�¢ i)¯v)��'�'�e{�	R�}����z$'&ch� A
¯F�cs�¤v)�� 

�

«�BN4���¬�
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III. ��¡£ 1¯5�Q
$���"�) 1� �� 2�¦�	�g���#� 
 
1. C4H8Cl2���'&ch����\s�|�ch�� 6Z�&� 
2. (1S,2S)-1-0LL-2-G7K30LA/2M�	E2e{�#% 1-G7K30LA
/5M)R�}����P�&� 

3. O���4G7K30L.0689I-M� 2 ���¤v�	S¨�h�^
y��i�`r)��� 

 

 
4. *K/K���o�&��'�*EM���ªrtu�o��!	��^y
§��&*MH<,F+.M��Q�� pKa [�	O���#���a��

op�&� 

�

�

5. -6=NKQ��DLM§4-7K�G7K><K19M�� Michael Ub
e{�	nl���X('&;9J,F-9/3:) q©���mh�"
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�
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CO2CH2CH3
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I. T´g�;5QJ#	B8=PfwY"Á_Zb° 10"g�ª¹1¡��*
"��.�WT"ÌË�ÑË"j!§	+� 

 
ÌËS"g�;5QJ!
��¤� A�D!�*¿��e�a1	WT"À�®
�,À$	�/�/´�� 

[À�®] 
CrO3 KMnO4 H2, Pd/C Na2SO4 Na2CO3, H2O 

HNO3, H2SO4 
 

NaH HO(CH2)2OH CH3NO2 

ÍËcg� 1�,cg� 2!¯.R¼"e�"e���1��� 
ÎËcg� 2" 1H NMR;H6@NÊÃ6OOINJV	v���uË!
�
.�© Ha"cs9F@δ (ppm) #	>@LK=N9LP1���· (0 ppm) �
��og	WT"�"¨l�³��/.�À$	´��  

1~3    3~5    5~7    7~9    9~11    11~13 
ÏËcg� 3
+$cg� 4"cs�»|1¥Ycs�0�.+�!��� 
ÐËcg� 7 " 2 �"B@On#X¬À��!x]�/.��"À�����
.��!��� 1�2±¢{�´�� 
ÑËcg� 6"�© Hb�cg� 7"�© Hc�/�/" 1H NMR;H6@N!

�.cs9F@δ (ppm) #��,�q��	1�2 ±¢{"���^!§	
+�     
 

Ê�HQ:%«�Ë 

O
HC CH

O



II. �"�¦1¶(	WT"ÌË
+$ÍË"j!§	+� 
3>P" [  A  ] pn��.3>BN2B4PÊDBN2B4PË# [  B  ] 
��º¾	3=P" [  A  ] pn��.3=BN2B4PÊ2<=MA2B4
PË# [  C  ] ��º¾1*��[  B  ] ��º¾" s�# [  D  ] %	[  C  ] 
��º¾" s �# [  E  ]%��.�s ��q���º¾!]���.År'
�	dr��,"zm¸Ä��� -ÆÅ�! [  F  ]��.�)	3>P" 
[  G  ] \ 44!�&3=P" [  G  ] \# 25�y�� .�2N5P"�"
+� �·1`��	GOEP!~ [  H  ] 1Z���.�GOEBN2B4
P�w�!������/!2<@2N?CA1e���.�2N859A 
( RO

-
 ) ����	�,!GO@Pc�.�2N8QN ( ROH ) ������

ROH " [  G  ] \#GOEP" [  G  ] \+- [  I  ]  .�)	e��w
�!½±��� 
 
ÌË[  A  ] Ò [  I  ] !].µ����*¿���.*"1WT"µ�,À
&�h�µ1²�k[����0 �� 
[µ] 
ΔG0 ΔH0 Kd Ka Kb pKa pKb pH sd sd2 sd3 sp sp2 sp3 
q� y�� tu Utu ¼« U¼« ^� ^É Â pn  Âca 
~ } 20 25 33 40 50 60 67 75    
             
ÍËjÇ�V"2N8QN ( ROH ) "cs�»|1��� 
 
III. T´cg� 11!� Â1Z���.� 6i�1*�²�"2N7P� 5i
�1*�²�"2N7P"�g���,/���"�� 5i�1*�2N7P 3
£ÈÊ�»��YË"cs�»|1��� 
 
 



	� �º�u�¼�/ IÆV i�¥	,� 

� ��FID�º¯!���c� [¹7AH9Jpa3�(/¾�U20/�

�º¯ZT!hkÁq�Â�x���� ��.��º¯[��/Kuv¤ 

vj��/FID�c��¬20/� 

� �
��º�u! 25 ��¬����c� [¹7AH9Jpa�7I>HC

Jpa!�25 �µ´�!�|�,-�Ku��/�%��lT(s)*�T(l) T

¤!�T(g) T¤��$��®�����¼N�/�T!�$�tZ�T�

���/ª�) ��/��_�r! 2����¯¦�,� 

I. �º¯ BJ>J��1.0×10 V�7.0 A ¿�3 5.0×102 s�����1��º

¯ �|� 5.0 KL���� 

ÃÂ����� q3�J)��! kJbS�¥	,� 

ÄÂ� �º¯ �º¯u�Á�vºÂC3�(,� 

II. � �º¯3U� 1.0×10−2 mol :G;I3�������1��º¯ �

|� 1.4 KL����1 mol��. :G;I ��c� [¹7AH9Jpa

ΔU3�(,� 

III. :G;I �� c�}!�}��0/� 

NH2CH2COOH (s) +Á4ÂO2 (g) Á5ÂCO2 (g) +Á6ÂH2O (l) +Á7ÂN2 (g) 

� c�}��T��(g)��0/as£������ º±V� {Á��� 

- c��Â3 Δνgas��0"�Δνgas =Á8Â��/�Á4ÂÆÁ8Â[�Y/�X
3¥	,� 

IV. Ku�|�o�
�/ 1 mol��. :G;I ��7I>HCJpa ΔH

3¨	/��Tu�3 R��|3 T����ΔH3[¹7AH9Jpa ΔU� Δνgas

3g'}��� 
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V. ��FID�º¯�
�/��c�!K«�Àm�¬20��^s ���

��!m^�¸���/���FID�º¯[ ��c� ΔU* ΔH����

�� m^�
�/ ΔU* ΔH� ¸�3¨w�/� 

� ����FID�!���e`C=@I3)�;GI?J[��/m^ pa�

T¤ Va��²º na��| T �T3¨	/��T �| T3Ku�W���-�

�T m^3 pa�-���� m^��/ �½.��+��.�pa��/�

� m^paO��asc�!³�-���T�� %%��/��T!tZ

�T����/ª�) ����T�hk� » 7AH9J¡`!����

T¤©~�,/QP &��/�RM ÃÂÆÅÂ i�¥	,� 

ÃÂ m^ � �T T¤Vb�pa] T¤Va� �Vb / Va3�}3°�� 

ÄÂpa¶O m^ p�
����T T¤� V�- V + dV��zpa�/�

 T¤©~�,/QP w3�m^ p3g%��}�°�� 

ÅÂm^3 pa�- #pa��/nf���T�hk�-d�/�º q3�T

¤ Va� Vb3g%��}�y\·¢)g(°�� 
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� ��.{�%2æ&û�}�$/� íô�32�û�}�!&�x}

�%/�$nâ�x"õ�û px5�µ$½Ð$¿,2�"�!0�
h5W]b@

�° ℎ = 6.626 × 10!!"ă� 6� Ą"� 
nâ%gÐ�©�x"õ�û%gÐ�
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J
s
Js
Js–1

∆!!∆! ≥ ℎ/2!
 ∆!!∆! ≤ ℎ/2!
∆!!∆! ≥ ℎ/4!
 ∆!!∆! ≤ ℎ/4!
T9
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0
1
h
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nL
L/n


2nL
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ℎ/!
!/ℎ
nh/L
n/hL
nh/2L
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nh/8mL2
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