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� l�３�sɠɊĠばý�“u Ȟす�ȃņ�j psņȇɕ�：ĝ�Ȇĩ˄Ĉųo�s���

ɠɊĠばý�u��ssȆĩɳʐ�えʙ�z�ˬǿy¡�k tɖį̲ƓŘŏ^J;B_p (	
-

˭�˻１ J;B��(	
-P�z��l�s(	
� ˭Ǹˊ�l�３ņȇ�ɖį� ) Ėɐ¤±m��ɓˀ

y¡s(		�˭o�
.�ñȺ：ĝz�k t��sJ;B�cWT�:[AQP[�;TP[cW�8bc;?PcTb�(	
� J;B��

(	
-Q��

�“k�sȃ３���ȹĳ¤げŠ�sy¡�ǸŎ¤１”ȹĳɞʊ˭ɕ�  KTPab�";eTS�f;cW�7;bP�

Q;[;ch0�K"7��―qy¤Ȩò̘uz�k tww�sl�３�Ȩò� (			 ˭�̵ǂ�ˈƎ̻ə̔

Ƒ�ǹ‒ʘ ( ò�j����ps(	
� ˭��ʘ 
 ò����k ty��sȃ３����けʅ

y¡ ���ɻsǯ̼” w��ʋȁ˭ɕ¤１”ʋȁɞʊ˭ɕ KTPab�AU�";UT�"Abc0�K""�� K"7

��ま�j ȹĳʷɛɞ͋˭^7;bPQ;[;ch�4SYdbcTS�";UT�KTPa0�74"K_pȃ３ʋȁ¤ɾǁ˄�２

Ĝ” ǫ０�z�じk�¡�k ps74"K �“k�� (			 ˭�l�３� 
- òs(	
� ˭��


) ò�ȍす�ȃņ�Ő�¡so�Ȩò¤Ⱥv�“�s��Ȇĩ˄̛ʞpȞすǱy¡ �l��

��q�k t�

� (		, ˭�ɮȺ��̵ǂ�� �sĥpǃ�l�３� 
( ¯ƒぎ３つ� 
z(�sɞĵぎ３つ�

)z-��j�sĔ̪� 
( ¯ƒぎ３つ 
z.�sɞĵぎ３つ )z
,��̄� �ʽkt��ÿ̂˄

�ȭəsȋ˭ȇ�ʎk�y¡ ps˪̿��ʮƿ˭��７ːpƿk�y¡  ɮȺ��(		,�tzo

zsɭ� (	
� ˭� J;B ̵ǂ��s˪ ̿�l�３�ɓƌņȇɕ� �	, ͂ɐ�ƭɞほ˜ȶ�� 

̨ɚ (, ˭�ņȇʷǊ #;];bcah�AU�;TP[cW�"AQAda�P]S�JT[UPaT� =P_P]���(	

��“u Ś̤ȹĳ

ʼąņȇ˗ƌ 

( ͂ɐ� � ˸�j��sȅǑ�ĥpǃ�l�３ɯǒɐƮ�o��ʎsso�：

ĝz�k w�pɓʅy¡ tñȺo�sĥpǃ�“k��s��ɖį˄��l�３�ɻŗɌʣ

�ぎƬ�Ǻ͸̸�ı˻�Ťź�ģʙ�j t�

�

(�� l�３�Ɍʣǫ０�
�

� l�３�Ɍʣ�ʍ�ɠɊȃņ�˞しȍ�ȃņ¤ɴˀz�びȲȵɀ�Ɯ͇�ŜȢ�żͅ���
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,Q;cş çÔâç´ȕ˳ɕ ((�	�Z;i �

J4I8 Ò¦©ã_� B_T]F#<"8 �˫ͼy¡s
	?b ̀� (�?b �ÒäxÛpɞɚy¡sĪɤy

¡�t�

� ķėėųˣ『は��k�Ĵɫ” �sėは�˩Ȼ̨Ÿ̶̨ǆ^E#F_�ǸŎ�Ŭ�̭ę” 



�

� 
,�

ėは¤ȅƬ˄�ǻ”ǫ０�j�s!¤ķÒäxÛ�“u ėはs"¤ÒäxÛɕ�z�s�

RMS[!] =
1

"
(!+)

-

.

+/0

�

�ǻy¡ t�

� #966 �ŋʝ�˟ȠĤ˂�õţ�ƖŨ˵ƈ�ǻz�ʼ��j tȅǑ�ȏȨ�z��s�

}sƿʆÒxâ¬̭ň¤ƻlȦ̊�z�s;P]];]V 。¤ĿuŽŎĲ�ÆxÁ¤ 	 �z

^f;]SAf;]V_sʑȸ�� ėɡ�Ƨ� 	 �すɵ¤ĝm^iTaA�_PSS;]V_sっǞ¶¸©ç̭ň¤

ƻlt"Ƣ�ÆxÁo�� Ʉǀ¤1 ! s̭ňƧ�Ʉǀ¤2.s3.�” �s�

1 ! = 24 + 2. cos
9:!

;
+ 3. sin

9:!

;

>

./0

�

���sˢ�¡�ɇ̠�

1(!) = 2.
- + 3.

-�

¤Üãȉː�� Ǜĺ。¤Ƿ�Ò¨ãÁÎç³�ʼzsʑɕ¤� t�

�

Üãȉː�s�

?@A 1 = 1127.01048 log	(1 +
1

700
)�

�ƌǟy¡ t�

	;i o� .			;i �Ŏ�“k�sw�ÜãȉːȺ�˕Ŏļ��  (, ˊ¤ˢ tw�ˊ�ʝò¤

;i �” �s,.�
.s

)�,,s((,�
/s)
,�.	s

,�(-s�(��
-s,
��)�s--,�/-s/(
�
,s
	.	�	.s


(�
�((s


��
	s
,���(-s
..��,/s(
).�,
s(

,�))s(-(
�(	s)	���..s)
()�)
s).(,�,/s


(,/��(s
-���,.s�(./�)/s�.-��)(s,�
.��-s-((
�-
 �� tw� (, ˊ¤ʮɆ�zs	;is

.			;i �ķʮɆˊ (, ˊ�ƌ (. ˊ�“k�sʮɆˊ�Ϳ�ǁl ( ˊ�ʮɆˊ�¤Ɛ� (, Ƣ�

ǛĺƇ�Ò¨ãÁ¤ÜãÒ¨ãÁÎç³�ƠksƿʆÒxâ¬̭ň�ˢ�¡�ɇ̠¤ÜãÒ¨

ãÁÎç³�ʼzsʑɕ¤�����¤ 954A! �ƣ�t�

w¡�っǞ¶¸©ç̭ň¤ĿusっǞ˄� A ǹ RAb ¤Ŕˁ�” ÿǹƐǁ�Ƅɕ�̭ň” t�

KL = !. cos
:

"
9 +

1

2
M

NO0

./4

�

w � Ƅ ɕ ¤ Ü ã ȕ ˳ ɕ µ Ô » ä á Û Ƅ ɕ � k l t Ò¨ãÁÎç³�ɕ¤"�zsPQ

¤ʑɕÒ¨ãÁÎç³�ɇ̠�” �sƄɕR+�s�



�

� 
-�

S+ =
2

"
PQ cos

:T

"
U − 0.5

N

Q/0

�

�ǻy¡ t�

� ¾å³å»つ^iRa_�sĪɤŽŎ�“k�˳�ɜ̛p̭ę”  	 ¤ʼĤ” ７ː�j�s

ĪɤŽŎX�“u ėɡɄǀY�z�s�

ZR[ =
1

X − 1
1ℝ]^(Y_Y_O0)

`O0

_/0

�

�ǻy¡ t�

� ƿʷ˳ʑÌ©¼̄^;AE_�ėɡ�ʑ” ̘ĝÌ©¼�、ʑ˄�は�j�sƿʷ˳¤

as̘ĝÌ©¼¤"�z�s�

HNR = 10×Aef04(
a

"
)�

�ǻy¡ t�

� Ŕ̿ȕ˳ɕ�ǌ�ʽkȕ˳ɕÑx³�j�sÿ̂�ė˂�ʄm�¡ t�

� �“sėųˣ『は�ǋƟə��k��sǴɱ�÷� ŉŮ�˞ÿɐ̣�ėɡ¤ぼėzsƿkǋ

Ɵəpˢ�¡ w�sėは�ùk����Ĉų¤Ȓu�kw�¤ĸˬz�t�

�

(�
�� ˗ƌĪɤ�

�

� Ȫ��sŔ̿ʇə̫sl�３ƃ�¶çäåxãƃ�ėųˣ『は�ùk��k� FcdST]c � c Ɣ

ˀ�� ƃŎ̄Ļ¤ƻ��tl�３�¶çäåxã�˽̫ăǨ���l ǫ０��k��s»â

ÄÔæ©¼̸¤じk�˽̫̤ɤs���� ETRT;eTa�B_TaPc;]V�6WPaPRcTa;bc;R^EB6_Īɤ¤ƻ

ksŶɰĘ͎ɥ 4aTP�d]STa�RdaeT^4H6_sŇːsˣ÷ː¤ǟȠz�tǹ�sl�３ƃs¶çä

åxãƃ�¡�¡�“k� D<7F�FE= �»¶§�ėųˣ『は��、ŏĪɤ¤ƻ��ty��˭

へŦ�əǉ�Ĉų¤ō̫” ���s˭へsə̫sƃ^l�３ƃs“��¶çäåxãƃ_¤ɫ

̭͌ɕ�zs˽ ̫̤ɤ�ぎじ�j��ėųˣ『は¤͒˄̭ɕ�z�Ȟīř̤ɤ¤ƻ���tǌƧ

�sl�３ƃ�¶çäåxãƃ�˽̫�ぎじ�j��ėųˣ『は��k�sƐġ�ǋƟə¤Ɣ˙

” ��s˿ ̟ʅˀ�ÿƚ˷ʩ̤Ǟ̤ɤ¤ƻksƠƨで』əģʙ�ɱƧ�ėɡ¤̄Ļz�t�“s

˿̟ʅˀ̤Ǟ̤ɤ�“k��sぎõ�j��Ƚǁ�� _Abc�WAR Īɤ¤ƻl�pʼȾ�j ps

˗ƌÝÆãpl�３ƃs¶çäåxãƃ� ( ƃ�ʑz�sģʙ�ɱƧ�ėɡ�̭ę¤Ɣ˙” 

�kl���j����s_Abc�WAR Īɤ�ƻ£�o��t�

� ˗ƌĪɤ�� <5#�FCFF�FcPc;bc;Rb�((^<5#�RAa_��4a?A]Z��AK��HF4_¤じk�t� �



�

� 
.�

)�� Ɛġ�
�

)�
�� ķƃ�ėųˣ『は�ǉ�Ɣ˙�

�

� l�３ƃ�¶çäåxãƃ¤̄Ļzs5A]UTaaA]; �ʎȞ̄Ļ̳ɜƧ�ぎõ�ǉ¤ˬ����

#966�(�j�sl�３ƃp¶çäåxãƃ�̄z�ぎõ�ƿʦ�j��̂ c3�,�-(.��_3��))´
	�

/��6AWT]jb�S3�
�-(_t��ʍ�ėųˣ『は��ぎõ�ǉ�ˬ��o��tFWP_;aA�J;[Zb�]Aa?P[�

;ch�cTbc �s#966g�sɳʑȸ� J�3�	�/.��_�eP[dT�3�	�)	sl�３ƃ� J�3�	�/-��_�eP[dT�3�

	�
(s¶çäåxãƃ� J�3�	�/,��_�eP[dT�3�	�)	(. �sk}¡�ɜśəpĸˬy¡�t�

（ȭ̫��Ɣ˙���¡�¡� #966�( ���l�３ƃpぎõ�ƿo��^（ə0� c3�
�/	)��

_2	�		
��6AWT]jb�S3�
�,)1� ȭə0�c3���
((��_2	�		
��6AWT]jb�S3�
�.
_tƐġ�１ ) �ǻz�t�


	 ǏñĘ^hAd]VTa�VaAd__��¡ñȺ^A[STa�VaAd__��̤u��w¢shAd]VTa�VaAd_ �

l�３ƃ 
- ͊^（ə 
( ͊sȭə � ͊_s¶çäåxãƃ (	 ͊^（ə 
( ͊sȭə . ͊_��

�sA[STa� VaAd_ �l�３ƃ 
/ ͊^（ə 
	 ͊sȭə / ͊_s¶çäåxãƃ^（ə 
 ͊sȭə


( ͊_����tķ´ãxÔ�˞し�ǉ¤̄Ļz��w¢sk}¡� #966�( ��l�３ƃp

ぎõ�ƿʦ�j��̂ hAd]VTa�VaAd_0�c3���)(-��_2	�		
��6AWT]jb�S3�
�.	1�A[STa�VaAd_0�c3�
�.�.��

_2	�		
��6AWT]jb�S3�
�,/_t�

�

)�(��#966 �� ˽̫̤ɤ�

�

� »âÄÔæ©¼̸�� ˽̫̤ɤ¤ƻ��Ɛġs#966�( ��p˽̫�ǎじy¡sl�３ƃ

�¶çäåxãƃ¤sŇː --�.�sˣ÷ː .,�
�s˽̫ĸつ .
�/��˽̫�q�^J;[Zbj�ê�3�

	��,-1�ë(�3�)/�
�,��SU�3�
��_�2�	�		
_tƐġ�１ 
 �ǻz�tɒ 
 �sķƃ�“u  #966�(

�˽̫y¡�ƃ��k�� #966�( �̤̙�j tl�３ƃ�l�ƯɠɊき¤˧̡z�k�k

ʑȸȇ�sl�３ƃ�˽̫y¡�t��s#966�( � EB6 Īɤ�Ɛġs4H6 � 	�.. �j�s

EB6 Ŷɰ�“k�ǈȺƀ�ǌ�Ż�sʦ¤Βʦ�z��w¢sŇː .	�,�sˣ÷ː .)�)��j

��^ɒ �_t�

�

)�)�� ķƃ�“u ȕ˳ɕ»Ö³äã�ǉ�Ɣ˙�

�

� #966�( �“k�ǉ¤ˬ���klƐġ��k�sにƃ�ėɡ»Ö³äã¤̄Ļz�tɒ , �

#966 ¤ƌǟ” Ĥ˂�j sÜãȉː�Ŕ�sÒ¨ãÁÎç³¤ʼz̨Ńęz�ȕ˳ɕˣə

^954A!_¤ǻ”t¶çäåxãƃ�̄Ļzsl�３ƃ�� (			;i o� )			;i ¤ʮɆ�z



�

� 
/�

�ȕ˳ɕʒý�“k�¬Ëã²xpʽss5A]UTaaA]; ̳ɜƧ�sぎõ�ƃŎǉ¤ˬ��tɒ - �

¶çäåxãƃ�l�３ƃ�¡�¡�̨Ÿʦ�ǉ̤�s#966�	 o� ) ���っǞ¶¸©ç̭

ň�“u Ŕˁ¤ǻ”tǉ̤�ÏÁxç� #966�( �Ŕˁ�ŻkƇʔ�j�sw¡p #966�(

�̭ę�l�３ƃ�“u ėɡ¬Ëã²x�ʽĘÏÁxç��ŏ΅¤ɫ͌zl �ƹm�¡�t�

�

)�
�� ėųˣ『は� D<7F�FE= �、ŏĪɤ�

�
� 5A]UTaaA]; ̳ɜƧsぜl�ȉː D<7F�FE= �ぎõ�、ŏ¤ǻ”ėųˣ『は��o��t#966�

( � D<7F�FE= �“k��sl�３ƃ� a�3� �	�	())�� _�eP[dT�3�	�./)s¶çäåxãƃ� a�3�

	�(�
��_�eP[dT�3�	�
), �ぎõ�、ŏ¤ǻy}s#966�( � D<7F�FE= �Ęòƾ͒^ɔ͈sぜl

�sɃそuʐȞsțʮͼuƏʣsǼƤ２ĜsŕǯˮどsŲͅs̆ほsɠɊć˝ɀʔ_�“k��

ぎõ�、ŏ�ˬ��o��t�

�

)����#966�( �“u Ȟīř̤ɤ�

�

� ˭へsə̫sl�３�ぎ͉^l�３ƃs¶çäåxãƃ_¤ɫ̭͌ɕ�zs#966�( ¤͒˄̭

ɕ�” Ȟīř̤ɤ¤ȅǭz��w¢l�３�ぎ͉�é� 3�	�,)-^_�eP[dT�2	�		
_s˭へ�é�

3�	�	,.^_�eP[dT�3	�
.(_sə̫�é� 3��	�	)/^_�eP[dT�3	�,.._�j�sl�３�ぎ͉��p

ぎõ� #966( �ùk¤ɫ͌z�tE(� 	�
). �ʮ˂ː�ÝÆãɫ͌ͼ¤ǻz�t#966�( �

l�３�ぎ͉�Ĉų¤Ȓu ps˭ へsə̫o����¥�Ĉų¤Ȓu�o��tƐġ¤１ � �

ǻ”t�

�

)�,�� Ơƨで』əģʙɱƧ�ėɡ�“u ˿̟ʅˀ�ÿƚ˷ʩ̤Ǟ̤ɤ�

�

� #966�( �Ɛġ�ǋƟə¤Ɣ˙” ��sƠƨで』əģʙɱƧ� #966�( ��k�˿̟ʅˀ

ÿƚ˷ʩ̤Ǟ̤ɤ¤ƻ���tƠƨで』əģʙ�ƃ�ぎõ�ƩƦǔじ�ˬ��o��̂ 93)��

_t

ÿ̶sɳʑȸȇ�“u Ơƨで』əģʙ�ȍƬġ�˗ƌĽ˄�ぎõ̂ 93
��	.��_2	�	�_�j�s

ƃ�� ȍƬġ���ぎõ^93�
�

-��_2	�		
_�j��tɒ . �Ơƨで』əģʙ�ɱƧ�“

u ķƃ� #966�( �̨Ÿʦ¤ǻz�t�

�
� �



�

� (	�


�� ƹǘ�
�

� ̿ƖŨ�“k�s#966�( �ʦpl�３ƃ�“k�¶çäåxãƃ�̄Ļzsぎõ�ƿkw

�p£o��tw� #966�( �ùk�˭へ�ə̫�Ĉų¤Ȓu�o��t#966( �ƿkŇː

�ˣ÷ː�l�３�¶çäåxã¤˽̫�q�tÿ̶s#966�( �l�３�Ȟȵː��、ŏ~

}sƠƨで』əģʙ�Ĉų¤Ȓu�o��t�

�


�
��#966�( �̭ę���Şw �o�

�

� w¡�� #966 �l�３�ŏ΅��k��sks�o�ƖŨ̵ǂpj p 4ZZPaP[PTacbTbc�

P]S� K;]VcWPfAa]bdZ�� (	
�1� 6d??;]b� Tc� P[��� (	
�P1� FA[A?A]� Tc� P[��� (	
�1� GT;]c;_b;a;� P]S�

K;]VcWPfAa]bdZ��(	

�s#966�( ¤Ő� #966 ��¡�¡�ǹƚ�“u ŏ΅̵ǂ��kty

�� #966 �l�３��ŏ΅p��ɞ{ oƹǘ�y¡�k�kt�

̿ƖŨ��sėɡ»Ö³äã¤Ɣ˙z�Ɛġs#966�( �ùkpl�３ņȇ�“k� (			;i

o� )			;i �ȕ˳ɕʒý�¬Ëã²xpʽkw��ʑĒ” w�p£o��tÿ̂˄�sw�

ȕ˳ɕʒý�˻ɡ�Ƴp�̶�Ĉų” �y¡�“� 5T[T��(		,1�"T;]A�Tc�P[���(	

1�Fd]SQTaV��

(		
�s(			;i o� )			;i �ȕ˳ɕʒý�ɐŎ�ʶŇȺ�ėはp˕zs� �lɪˀy¡�

˕áªÈË»Ŷɰ^<FB�((,0(		)_�“k�sǌ�Ňːpƿkʒý�j tw��l�ˣˀ�ȕ

˳ɕʒý�¬Ëã²x�ʽĘpˬ��¡�psėは��ぎõ�ǉp�o��w�o�sǄī�Ɛ

ġ�sl�３ņȇ�ėは�ǉ���sėɡpw���̧wm w��ŏ΅” w�¤ǻǇz�k

 t�

#966�( ��l�ʽǹƚ� #966 �ɡʒɇ˝�Ĉų¤Ȓu�k�y¡�“�sɡˡ�̭ę¤

˿ĉ” ���ƹm�¡ tɡˡ�sɡʒo�ƮɅ��sā˛sư˛šƺsƮƺ�k��Ƹʃ

̣����Ƹɚy¡sǳ�Źź」sɬ�Ęľ�˝q�����ėȄp̭ę” tK;]VWdP ��

#E< ¤じk� #966 �ɡˡpŏ΅” �̵ǂz�k  K;]VWdP�LWd�Tc�P[���(	
)�tw�w�o

�sl�３�“k��ɡˡ�̭ępɞ{�“�sw¡����ɡpw��sėųˣ『は�l�

#966�( p̭ęz��ɓʅy¡ t�

ñȺ�ƹǘo�s#966�( �l�３�ぎͼ�Î©®Ùx¯x���l w�pǻǇy¡�t�

�


�(�� Ŕ̿ȕ˳ɕ�

�

� ʎs�ƖŨ�sŔ̿ȕ˳ɕ�sぜl�ɀʔ¤Ő�ɠɊɀʔ��ŏ΅p̵ǂy¡�k psǄī

�Ɛġo��l�３ƃ�¶çäåxãƃ�ぎõ�ǉ¤ˬ��o��tŔ̿ȕ˳ɕ�ė˂¤˿ĉ



�

� (
�

zsƢɐǉ�―qkˣ『は�j tǄī�ėɡ¸çÔãɳʐ�Ŕ̿ȕ˳ɕ�̨Ÿʦ¤じk�Īɤ

¤ƻ���ps̀ 	
(�)
��,-./a�klėɡ��s˥�Ⱥv�ˏʮ�˻ɡz�k�kŽŎpʊǒ

zsŔ̿ȕ˳ɕ�ɕʦ�Ĉų¤こmsȅǑ�Ŕ̿ȕ˳ɕ��÷� Ɛġ����k�Ğ˱əpj

 tǄƧ�ƖŨ�“k�Ŕ̿ȕ˳ɕpl�３¤ǿ̫” ��ぎじ�j o�lo�s˥ �Ⱥvģ

ʙ¤̭m�Ɣ˙p̍す�j t�

�


�)�� ȰŁ�

�

� ̿ƖŨ��l�３ņȇ�ėɡ�“k�ėųˣ『は�j  #966� ( p̭ęzs��̭ęp

(			;i o� )			;i �ėɡȕ˳ɕʒý�“u ɡˡˣə�̭ę�ŏ΅” w�¤ǻz�tw�

#966�( �̭ę�l�３ņȇ�ɡpw���̧wm �klびȲ˄�Āȸ�ÿʪ” t#966�

( �l�３�Ɍʣ�“k�ぎじ�Î©®Ùx¯x�� Ğ˱əpǻǇy¡�t�

�

�

� �



�

� ((�

�

�

�

�

�

�

�

�

�

�

�

ƖŨ (� Ǻ͸�� ぜl�ȵɀ�ėųˣ『は�̭ę�



�

� ()�


�� ͒˄�
�

� ƖŨ 
 �� #966�( ¤じk�l�３ņȇ�˽̫p�q Ğ˱əpǻǇy¡�psēʣ͎˄�

�ȵɀ��、ŏ�ˬ��¡}sȵɀ２Ĝ��˅じĞ˱ə�żͅ�̗Ȝ̤�j��ṯ Śuk¡¥
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