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��\óäkE,1��^=N��©�.

1 ¯K­ã

,�ïü Úó�ï�
�«�.°�S	�­��K, ^5\óäkE,1�^

=N�AÏó�, X��U�í�, ù
ó�äkMÝp!ºÝ�!\ó°ÝpÚ1�

�ëY1w­��A:. ã 1.1 ´Aa\óó�«~, ó� 1.1(a) �S	1�þ�à�,

ó� 1.1(b) �S1�´�üNà�. ù
ó����°�¤/ó²æ^��\ó.

(a) (b)

ã 1.1 AaAÏ\óó�«~

T�KÌ�dÅK.�, eó��, ¥ó��, þó�� ({¡e�!¥�Úþ�),

ó�ó��ÚßÓÅ��|¤ (�ã 1.2, Ù¥=xÑßÓ
�w«ßÓÅ�). e�!¥

��©O÷X�3.�Úe�þ���;���$Ä, ùü|�;�pR�; þ�U÷

¥�þ���;�=Ä. °ÄßÓp�^=�ßÓÅ�SC3ÅK.�þ, ßÓ�^=

¶��.��;���±²1, ��ó�ó���^=Ì¶�p (=ü^=¶� uÓ

�Y²¡). �ó���£Äþþ�3ÅK��¡�þgÄw«. ã 1.2 ¤«���ó�

	L¡���¹, ��ßÓ��\óSL¡.

ó�ó���C3þ�þ, §ÏL;^YäCYó�, ¦ó�7ó�ó��Ì¶±

�ú�=�^=, Ó��n�ó���EÜ$ÄUC�\óó��ßÓ��é �. n

���$Ä7L�p�Ü, ¦ó��ßÓ����, \óÑ÷v�¦�^=N.

n�ó���$Ä©Odn|Ú?>Å��. Ú?>Å´�«°�ê�>ÄÅ, z

Ñ\����óÀ, >ÅÌ¶=Ä��°(�Ú?�Ý (��½��), §������

d>Å(�Ú��>´(½ (UC>ÅÃ7|�Ï>^SÒ�UCÙ^=��); Q�Ñ

\·��ê�óÀ��>ÅÌ¶�� £þ; ��ÏL��,�ã¥�óÀªÇ½óÀ

�©Ù¦>ÅÌ¶=Ä�Ý��,«�¦: e,�ã¥�óÀªÇ�~ê (=óÀ�þ

!©Ù), K>ÅÌ¶�=Ä�À�!�, ÄK�C�, l
¢yN�. >ÅÌ¶�=Ä

ÏLC�ì¿d°�jm—Ú1B�=�, C�Ú1�²Ä, l
�ÄK1$Ä (=e!

¥����$ÄÚþ��=Ä). duÚ?>Å�ÑÑõÇ��, 3DÄó´¥I�;^

>—�õÇ��pÑÅ�òÚ?>Å�=ÄõÇ��. (ã 1.2 ¥vkxÑ�|°�j
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ã 1.2 �.ê�°�S	��K�(�«¿ã

m—Ú1BÚ�A�õ�pÑÅ�) Ú?>Å�Ñ\óÀK�â�K¤ïÄ�\ó�Y

dÅKÌO�Å��©�.

ã 1.3 >Å—pÑÅ�—jm—Ú1B—K1�mDÄó´

��e�!¥�$Ä�Ú?>ÅÚ�A�DÄXÚ©OSC3ÅK.�!e�þ,

ÙDÄó´Xã 1.3 ¤«. ��þ��Ú?>ÅÚ�A�DÄXÚSC3¥�þ (�ã

1.4 ¤«), Ï�þ��^=, ÙDÄó´IO\�!. ¥��AÛ¥%k��R�=¶,

þ�U7±T=¶¥%��%!�½3¥�þ���;=Ä; Ú1ÏLþ��°�wø

(J�¤«)�Äþ�=Ä. ã 1.4 �þ�!¥�,���G�, b �ó�ó���YäÄ

O¡�¥�=¶�ål, TÄO¢Sþ´ó�1� x = 0 �å:; R �¥�=¶���

jm—Ú1B¥%��ål.

�K���óä´U��pMÝá��7fßÓ (���L¡¹k�pMÝ�7f
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ã 1.4 þ��é¥��=Ä«¿'X

ßâ), �	���âó�1��/G, ßÓ�æ^�ÎNª½Óª, �S����ßÓ

�Óª. �Î.ßÓ�Ì�AÛëê´ßÓ�» ϕ ÚßÓþÝ a. ÓªßÓ�Ì�AÛ

ëêkßÓ��p�¡ (R�ußÓ=¶����¡)��» ϕ ÚßÓþÝ a, ±9Ùî

�¡ (ÏLßÓ=¶��¡) �	àÓ+�ëê (nØþ§�±´?�à1w­�, �ó

§þ~À^�»� r!Ü� α Ø�u 180◦ ��l), Ün�ßÓAÛëê´\óUÄ¢

y�'�Ï��� (�ã 1.5). 3��\óL§¥ó��ßÓØAøl�>.

ã 1.5 ÓªßÓ\óäkà]1��ó���«¿ã

$^êÆï���{, �â^=Nó��1w1��§ y = f(x), �Ñ��Ün�

\ó�Y, 3¦�Uá��mS�¤��, ¿�\óØ�©Û.

\ó�Y��
�¤\ó?Ö���Ú½ (¹äNSN) ±9�A�êâ, �)X

Û(½\óÄO, XÛÀJ\ógS, XÛÀJßÓAÛº�, XÛ(½n|��Ú?>

Å3��mã (gÌ?1�m©ã) ¥�gAu�óÀêÚù
óÀ3T�ã�©Ù�,
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±9\�@�A�Ñ�Ù¦SN.

Ø��ÛÌ��)¢S\ó­��nØ­�3�N�ÛÜ�Ø�, Ø��5
©

Û, \�æ^�oêÆþ5L«þãØ�, \�æ����3~�\óØ��¡�¢S

�J�, ±9\�@�A�Ñ�Ù¦SN.

\ó�Y�Ün5Ì��\óAÛØ�Ú\óL¡1w5�¦. ¢�L²��ü�

mã�óÀªÇ fq Ú fh (fq, fh ©O�c��ã¥�óÀªÇ) ���, ´E¤ó��

$Ä�Ø²­, \óL¡��þeü�­��Ï. �±æ���, �¦ |fq−fh|
fq

6 δ (��

� δ 6 0.10), \���±?1Ån©ÛJÑÙ¦ó�¤n��{.

��gïÄe� 4 �¯K (ü : mm)

¯K 1. \ó	L¡1�� y = − 7
18×103 (600 − x)2 + 0.45(600 − x), x ∈ [0, 600] �

,^=Nó�, æ^�Î.ßÓ\ó, �Ñ��\ó�Y; é\��Y�Ø

�©Û.

¯K 2. \ó	L¡1�� y = 30e−
x

400 sin
(

1
100

(x+ 25π)
)

+ 130, x ∈ [0, 600] �,

^=Nó�, æ^ÓªßÓ\ó, �Ñ��\ó�Y; é\��Y�Ø�©

Û.

¯K 3. 3��\óL§¥, e��]�ßÓ�\óó����:´�½3.�Ú

ßÓ^=¶��IX¥Ó��: (¢S´:�����), �ßÓ^=/¤

���±, @oßÓ3T�±þ���¬\�, l
K�\ó�þ. �d,

F"3\óL§¥¦ßÓL¡���¦þþ!, �(Üþã1 1 ¯K, J

Ñ��?�üÑ, �Ñ��Ün�\ó�Y, ��A�Ø�©Û.

¯K 4. �(Üþã1 2 ¯K, JÑ��?�üÑ, �Ñ��¦ÓªßÓL¡��

�¦þþ!�Ün\ó�Y, ��A�Ø�©Û.

2 ¯K�µ

�¯þ, �
�oX�U�, éõU�ÑI���U�í, 
�duÉ��í{å�

K�, ±9n���¦, Å1!é1Ú��U�Ñ7Lä�U�í. 
���U�í, é

õ�ÿÑ´1��E,1w¼ê�^=­¡.

��U�íQ´�N�­�Ü�, q´X���XÚ�|¤Ü©, 3�y��íÄ

	/!�oÙSÜ�X�Ü��Â?Û/ª�ú�Ó�, §�ATäkûÐ�>^ÅD

ÂA5, �yíN��3Ä�ØK�X��&ÿ5U.[1, 2] �±`, U�í�þ�`�ò

��K����5U. p5UU�íé�þ�¦�©î�, ==��ÔnþÝú�´Ø


�, Ï��
ó²"�Ún��Øþ!5Ñ¬ü$U�í�5U.[3]

�
Jp5U, 7Lü$���L¡o÷Ý. L¡o÷Ý¢SþÒ´ßÓ\ó:;

,3�\óó�L¡�^��í3è,. �±©Û��, ê���^=­¡ó��L¡

o÷Ý/¤l��\óL§��n5`, Ì�©ü��¡: (1) ßÓ���ü��â\
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ó;,�pZ�3ó�L¡/¤�í3pÝ. (2) ��ü±Ú^���;,�pZ�3

ó�L¡/¤�í3pÝ.[4] cö�÷XÚ^���/¤, �ö�÷XÚ^!å��/

¤. Ú^!å��éê���L¡o÷Ý�K��éé�. ¤±�OÜn�\ó�Y,

¦�\ó¤/�ó�3êÆþ�Ø�¦�U�, ´ék¿Â�.[5]

3 ¯K©Û

�â¯K­ã, ·��±w�, �ªó����¤/, ´ÏLó�ÚßÓ�é$Ä5

¢y�. dußÓ�½, ¤±¢S¥ù��é$Ä, ´de�Ú¥��²Ä, ±9þ��

=Äù�X�$ÄEÜ
¤�. �*�w�, Ï��\óó�/GE,, ¤±XJ��

r�Kþ,��½:���I�:, ¯KïÄ¬�~E,. ¤±·��â$Ä��é5,

kró�@�´·��,,�ïá���IX [O;x, y, z].

Ù¥, ±ó�ó���^=Ì¶�YäÄO¡��:��:; ó���^=Ì¶÷

�m��, =1�L��§¥� x ¶���, ��·���IX x ¶���; 3�:¤

?Y²¡þ, � x ¶¤mÃX, =´1�¤3²¡� y ¶ �, ïá·�� y ¶; ± x

¶, y ¶, z ¶�g¤mÃX�5K, ïá z ¶.

3·���IX [O;x, y, z] ¥, ßÓÚó���:3¢Só�L¡���;,´Ú

��$Ä, ù�$Ä´ x ¶��� (C�) ��$ÄÚ yOz ²¡þ!��±$Ä�E

Ü. 3$ÄL§¥, ßÓÚó���:u x ¶��¬�)�� £, ù� £'u�m

�¼ê·�r§P¤ x(t). d¼ê3·���.¥´�©­��, Ï��¡·�¬y²,

ÅKe�, ¥�, þ�>Å3\óL§¥�?�þ xg, yg, zg, 3?��� t = t0 ,Ù¢Ñ

´'u x �¼ê�5Cz����; ù
¼ê��(½, @o¤I��, n|��Ú?

>Å3��mã¥�gAu�óÀêÚù
óÀ3T�ã�©Ù, Ò���A/(½e

5
. ¤±, ·�g��'�, ´ÏL�½�k�b�, �EÑ��'u��¼ê x(t) �

~�©�§, ,�¦)ù��§, ¿�âb� 7, b� 10, ±9\óL¡1w5¦�Up

�OKû½Ð�, ,�lÑ, �ª�Ñ¤�¦���óÀªÇ.

�´3¢SO�¥·�uy, é®�
�~�*�Ün�k�b�, Ù�ª�Ñ�

�©�§Ñ´E,���5�§, ¿�Øäk·½5. l
3ê�)�L§¥, ¬u)

·by�, ��Ù3ó§þvkæ^�d�. �´, éu,
k�^�, 1��§'�A

Ï�, �U¬�����~¤���§, ´�±°(¦)�. ¤±, Édéu, ¤±·�

æ^
ù����{: ò���1��§, ÏL����{, Cq¤��©ã¼ê, ù�

¼ê3z��ãþÑ´üg¼ê. ,�rù�Cq����1��\�5��.¥, ù

�Òr,
·��5vk)û�¯K, �±�Ñ��\ó�Y5.

du��\ó´��E,�ó§¯K, Ù¥V��þ�ÔnCzÚÚOØ�. Ñu

�mk�, ·�Ì�;5ud�.�AÛØ�, �Ò´X­&?·�ù��.¥, ¤�ª

\óÑ�­¡ÚnØ­¡3AÛþ�Ø�kõ�. ¿3y¢�1��¹e, XÛÀ�Ü
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·�ßÓº�, ó�ÄO�, ±~�Ø�. l·���.5w, ù�Ø�Ì�´ÏLü�

­¡ (nØ­¡Ú�.\óÑ�­¡) �¡È�O, ±9nØ1�e�¡ÈÚCq1�

e�¡È, ù
êÆþ5�x�.

=¯K�>3¯K�¥, ·�ïá��.¥, kn�/@�ßÓÚó�©ª��u�

�:, ,��gJÑ�eA�k�b�, ¿}Á3z�k�b�e¦)�:$Ä�;,,

l
�Ñ¤I��\ó�Y±9©Ûz«�Y�A�Ø�.

(1)þ�?��Ýþ!, l
z��mãS��óÀêÑ´���, ù�dþ�Úå

\óL¡�þeü�±�����.

(2)¥�?��Ýþ!, aqþ�«�¹.

(3)e�?��Ýþ!, aqþü«�¹.

(4)�:÷X1�c?��Ý´þ!�, ù��±�y\óÑ5�­�ÚnØ1�

¦�U/��.

(5)�:÷XÚ���Ýþ!, l
���Ól�¤^��m��, ù��±�yó

�L¡�� �Ä�ÑÉ��Ó§Ý���.

3±þù
k�^�¥, þ��?�Ýþ!�, dud¯K¥1�/ª�AÏ5, �

§´�5�, ¿��±�Ñ��'�¤��), l
íÑ��°(�\ó�Y.


3�¹ (2), (3), (4) e, =¦r¯K�¥�1��¤�g¼ê, ����§Ñ´�

�5�, �u�m¤�, ·�vkéù
�§�Ñ�\�&?.

�¹ (5) '�AÏ, Ï�XJ��r¯K�¥�1��§�\, ¤���´���

�5��©�§; ,
, XJ·��Ä���IN���\ó¯K, =r1��§^�g

¼ê�\, �§¬C¤��é{ü��àg~Xê���5~�©�§; ù¦�·�@

�, éu���1��§, �N�±ÏL�5����{, ^��©ã�5�¼ê\±%

C, l
������{ü�(J?

,
, ¯¢þ, äNïÄuy, éu��Ú¯K�¥�Øõ����I/ó�, XJ

F"Ù\óL§¥÷vk�^� (5), =¦\ó�Ð©�Ý�~�, �ª¤\óÑ¤��

mÑ´�~á�. Ò´`\óL§¥, �:÷ x ¶����Ý¬é¯C��~�, Ø÷

vK8b�10, l
Øäk¢SA^�d�.

¤±nþ, ·�3)û¯K�Ú¯K��L§¥, Ì��½k�^� (1), ,�rÐ

����½Xê, )�§, (Üb�, (½n�>Å��?þ. ,�l�ª¤/­¡Ú�

n�\ó­¡�¡È�Oþ, ?1Ø�©Û, ¿�ÑßÓAÛëê���^�.

=¯K�>¯K��¦)aq¯K�, ¤ØÓ�´, ¯K�¤�Ñ�1��§Øäk

¯K�¥, ��]�A5; ,	, du¯K�\óL§¥, ¦^
ØÓu¯K��Óªß

Ó, ¤±, 3)�L§¥, ßÓAÛëê�û½, 7L�Ä�1�/G�AÏ5. äN5

`, ßÓ	àl/Ó+���», 7L�u­��������», Ó�, ßÓ�»7L
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¿©�, ±�yßÓ�àØ�ó�®\ó�Ü©��>, �âùü^, (Ü¯K�¥�Ø

��O, ·��±éßÓ�AÛëê�Ñ��^�.

,	, du¯K�¥1�/ª�E,, ¦�éu¤kþãk�^�, �§ÑØäk�

5�A�. ¤±·�æ^��{´, ÏL�5��, ^��©ã�5�¼ê\±%C¯

K�¥�1��§, 3z���5Ü©þ, $^k�^� (1); Ó�(Ü1�]à5�U

C, �ªaq¯K�, �Ñ��\ó�Y.

=¯Kn>3¯K��?Ø)û¥, ·�¢Sþ, 3éõ�¹e, ´rßÓw���

�:
. y3·���{´, 3�y�:;,ØC��¹e, ¦ßÓÚód�m, ÷1�

���)�éwÄ, l
UC�:3ßÓþ�¢S �. ùI�Ú\1n�, ±ßÓ^=

¶�î¶�#�IX, ,�ïá���§, £ãßÓ�:wÄ�$ÄG�. ��(Ü�

5��§, ¦)Ñ��\ó�Y.

=¯Ko>g´��aq¯Kn, �´duy3ßÓAÛ/G�CE,, ¤±#�I

Xe, £ãßÓ�:wÄ�$ÄG���§��AE,, ��¯K�)û, AO´Ø��

©Û, '�(J.

4 b��ÎÒ

b� 1. Ø�Ä�|Ú?>Å!C�ì, õ�pÑÅ�Ú°�jm—Ú1B��«

Ø�;

b� 2. @���óÀ°Ý��mºÝØ�u ms ? (10−3 ¦); l
z���óÀ

�À�]m�)�^.

b� 3. nó����£Ä��v
�, U�y�\óó��\ó;

b� 4. ó�3ý\ó�3����\ó{þ�(��g��¤/, ßÓº��?

¿ÀJ;

b� 5. ßÓ�ó�m©�>��c, ó��Ak��ãý$Ä, ±B��Y��

\ó$Ä²­q�, ¡ù��ã$Ä�ýÄ. K8�¦�\ó�YlýÄ

�m©;

b� 6. �|Ú?>Å�Ú?�Ý (zÑ\����óÀ�Ì¶=Ä�) þ� 1◦;

b� 7. éÚ?>Å���óÀ��pó�ªÇØ�uz¦ 100 óÀ;

b� 8. �|C�ì�DÄ'� 10 : 1 (=Ú?>Å= 1◦, KC�ìÑÑ 0.1◦); j

\�Úå� 12 mm;

b� 9. ¥�=¶�þó�����jm—Ú1B¥%��ål R = 300 mm, ó

�ó���YäÄO¡�¥�=¶�ål b = 250 mm;

b� 10. ��yL¡�\ó�þ, �¦ó�z=Ä 100 =, ó��ßÓ��:3ó

�ó���^=¶��þ�£ÄþØ�L 4 mm;

8



b� 11. ó�ó��Ì¶=Ä�Ý�½�z©¨ 250–300 =, ��!�=Ä, �±

°(�½.

b� 12. Ø�ÄO�Åê�¦)¥, ÑuêÆ^�?§�{¤Úå�(JØ�

b� 13. Ø�Ä��L§¥, duó�ÔnG��UC, ¤Úå�êÆþ�{�Ø

·^.

b� 14. 3¯K��¥, Ø�ÄßÓ���; 3¯Kno¥, @�ßÓ���þé

�, l
Ø¬UCßÓ�÷*AÛëê.

• b = 300 mm ó�ó���YäÄO¡�¥�=¶�ål

• R = 300 mm ¥�=¶���jm—Ú1B¥%��ål

• ϕ ßÓ�»

• a ßÓþÝ

• r ÓªßÓ�	à�l�»

• α ÓªßÓ�	à�lÜ�

• y = f(x) 1��§

• fq, fh ©O�c��ã¥�óÀªÇ

• δ c��ã¥�óÀªÇ��éØ��

• w ó�=Ä���Ý

• l ó���Ý, =3 x ¶þ����

• T ó�\ó�o�m

• U ��C�Ý


• v0 ÷ó�1����Ð�Ý

• S ßÓÚó��:�éßÓ¥%$Ä�±Ï

• [O;x, y, z] ±ó�.¡¥%��:��m���IX

• [Og;xg, yg] ±ßÓÚó��:��:�²¡���IX

• [Os;xs, ys] ±ó�.¡¥%��:�²¡���IX

• [Oq;xq, yq] ±ßÓAÛ¥%��:�²¡���IX

• xg(t) t ��e� £þ

• yg(t) t ��¥� £þ

• zg(t) t ��þ� £þ

• xs(t) t ���:÷ó�1���� £þ

• nx(t) t ��e�Ú?>Å¤u��\ÈóÀê

• ny(t) t ��¥�Ú?>Å¤u��\ÈóÀê

• nz(t) t ��þ�Ú?>Å¤u��\ÈóÀê

• ∆t �mm�ã
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• ρmax 1���­Ç

• ζ(t) ßÓÚó��:�ßÓý¡¥:� £

• x(t) 3 t ��, x ��$Ä� £

• y(t) 3 t ��, y ��$Ä� £

• z(t) 3 t ��, z ��$Ä� £

• θ(t) 3 t ��, xs ¶Ú xt ¶�Y�

5 �.�ïá�¦)

5.1 Vã

�
U^êÆ�{)ûþã¯K, ·�I�ïá�IX. �Ä�ßÓ�ó���

:[6]31�þ�£Ä, ±9þ¥eó���$Ä, ·�3ßÓ�^=¶��ó�ó��

�^=¶�/¤�Y²¡þ, ïáü@���IX.

1�@���IX, ±ó�ó���^=¶�, �YäÄO¡��: Os ��:, ±

^=¶�� xs ¶, �ã 1.4 ¥�m�����, ± xs ¶7�:_��^= 90◦ � ys ¶,

ïá²¡���IX [Os;xs, ys], Xã 5.6 ¤«. T�IX^5�x1�, � t ��, 1

��ßÓ���:�I� (xs(t), ys(t)), K

ys(t) = f(xs(t)) (5.1)

xs

YäÄO¡

ys

Os

xg

yg

Og

�:

ó�

θ(t)

ã 5.6 ü@���IX

1�@���IX, ±ßÓÚó���: Og (ù�:3�m¥�é.�·�) ��

:, ±L�:²1ußÓ=¶���� xg ¶, �ã 1.4 ¥�m�����, ± xg ¶7�

:_��^= 90◦ � yg ¶, ïá²¡���IX [Og;xg, yg], Xã 5.6 ¤«. T�IX

^5�xþ¥eó���$Ä, � t ��, dSC3.�þ�Ú?>Å 1.3 =Ä, �ÄÚ

1�£Ä, ?
íÄe�� £þ� xg(t), ±�{¡e�?� £þ, ¿{¡§��ê

�e�?��Ý, Ù¦ü�ó��aq. �¥��?� £þ� yg(t), þ��?� £

þ� zg(t), ¿P

g(t) = (xg(t), yg(t), zg(t)) (5.2)
10



·��'�Ò´¦Ñ g(t), ��=��óÀê, óÀªÇ, ?
���K��Ñó�.

ü@���IX��é �´�X�m�CzØäUC�, ·�ÏL�IC�ò§

�éXå5, ù� g(t) ÒU��d xs(t) 5�x. �
�� xs(t) �/�, ·�}Á
õ

«b�, �ª��.éu1�¯K, =1���Ô���/, ��
�{�)û, éu�

���., =1�¯K, ·�|^AÏ�©ã�Ô���¼ê, =z�¯K���/, �

��
éÐ�)û. �¡�ü�¯K�z8�¯K���/, �Ñ
äN�©Û. 'u

Ù¦b�¬���¯Kò31 5.5 !¥�ã, ��u´é·��.�b��Ün5�Ñ

)º. o�5`, éu¯K)û�g´, �^6§ã 5.7 5L«.

1���g¼

ê�k°()

~�©�§ ��1�¦)(J �g¼ê�� )Ñxs(t)

b�z′′g (t) ≡ 0 �IC��g(t)

ëê�O Ø�©Û óÀªÇ©ÙL

ã 5.7 )û¯K�6§ã

5.2 �Ô�.1�

b�þ�?��Ý�~ê, �=þ�>Å=�ð½ (¢S¥�N´ö�), l


z′′g (t) = 0 (5.3)

ÏL*	þ��E�{zã 1.4, N´w�,

zg(t) = −R tan θ(t) (5.4)

Ù¥ θ(t) � t ��, l xg ¶��=� xs ¶����Ý, Xã 5.6 ¤«. d²¡AÛ�

£Ú��¼ê�ê�AÛ¿Â, w,k,

tan θ(t) = f ′(xs(t)) (5.5)

Ïd

zg(t) = −Rf ′(xs(t)) (5.6)

�\ (5.3) z{�

f ′′(xs(t))x
′′
s(t) + x′s(t)

2f (3)(xs(t)) = 0 (5.7)

þªéu���1�¼ê f(x) ´����5�~�©�§, �éu1�´�Ô���

/, þª´�±°(¦)�.
11



½n 5.1éu1���Ô���/, e (5.3) ª¤á, K

x′′s(t) = 0 (5.8)

y: � f(x) = a0x
2 + a1x+ a2, �\ (5.7), z{=�y².

�â½n 5.1, ·���knd�

xs(t) = v0t (5.9)

Ù¥, v0 ´���½�~ê. ù�ªf�Ôn¿Â�´é²(�, =�:÷Xó�é¡

¶��, ±�Ý v0 �!���$Ä.

·�®²r zg(t) L«¤
 xs(t) �¼ê, y3ÏL�I¶C�r xg(t) Ú yg(t) �

L«¤'u xs(t) �¼ê. dp��ê�£, ·���, ²¡þ����IC�o�±

©)�^=�IC��²£�IC��EÜ. �: Os 3�IX [Og;xg, yg] e��I�

X0, Kl�IX [Os;xs, ys] � [Og;xg, yg]��IC�úª�,

Xs = TXg +X0 ⇒ Xg = T−1(Xs −X0) (5.10)

Ù¥

T =

cos θ − sin θ

sin θ cos θ

 , T−1 = TT =

 cos θ sin θ

− sin θ cos θ

 (5.11)

éu·�ùp��/, þ��=¶¥%3 Os e��I´ Xs = (b, 0), Ð©�=�

X0 = (xs(t), ys(t))
T, �\��xg(t)

yg(t)

 =

 cos θ(t) sin θ(t)

− sin θ(t) cos θ(t)

b− xs(t)
−ys(t)

 (5.12)

�1�¼ê f(x) = a0x
2 + a1x+ a2, -

s0 = v0t, d =
√

1 + (a1 + 2a0s0)2

��þ¥e�� £þ��m�Cz¼ê, = g(t) �L�ª.
xg(t) =

(b− a1a2)− (1 + 2a0a2 + a21)s0 − 3a0a1s
2
0 − 2a20s

3
0

d

yg(t) =
−(a1b+ a2)− 2a0bs0 + a0s

2
0

d

zg(t) = −R(a1 + 2a0s0)

(5.13)

±þL§�í�, ��d Mathematica ¢y, L§Xe, ��ë�N�§S�©�

deduce.nb, ���ê�O��Üd Matlab �¤.

In[1]:= Theta[t] = ArcTan [f ′ [xs[t]]]

Out[1] = ArcTan [f ′ [xs[t]]]

In[2]:= zg[t ] = −RTan[Theta[t]]

12



Out[2] = −Rf ′ [xs[t]]
In[3]:= D [zg[t], {t, 2}]

Out[3] = −R
(
f ′′ [xs[t]]x

′′
s [t] + x′s[t]

2f (3) [xs[t]]
)

In[4]:= f [x ] = a0x
2 + a1x+ a2

Out[4] = x2a0 + xa1 + a2

In[5]:= %%

Out[5] = −2Ra0x
′′
s [t]

In[6]:= xs[t] = v0t;

ys[t] = f [xs[t]] ;

In[7]:= xg[t] = (b− xs[t]) Cos[Theta[t]]− ys[t]Sin[Theta[t]];

yg[t] = − (b− xs[t]) Sin[Theta[t]]− ys[t]Cos[Theta[t]];

g[t ] = Simplify [{xg[t], yg[t], zg[t]}]

Out[7] =

{
b−ta21v0−(t+2ta0a2)v0−2t3a20v30−a1(a2+3t2a0v20)√

1+(a1+2ta0v0)2
, −ba1−a2+ta0v0(−2b+tv0)√

1+(a1+2ta0v0)2
,

−R (a1 + 2ta0v0)}

�e5, ·�rn�ó��� £þ g(t) =�¤n|��Ú?>Å3��mã¥,

�gAux�óÀê n(t) = (nx(t), ny(t), nz(t)) Úù
óÀ3T�ã�©Ù. du�Ä

Ú1²Ä�ål´�ê�Úå�¦È, ±9C�ì�DÄ'´ 10 : 1, Ïd

n(t) =
g(t)

h
× 360× 10 (5.14)

P ∆t ��mm�, tk ���oóÀê� n(tk), ²L ∆t �m�, oóÀê8C�

n(tk + ∆t). @o3ù� ∆t �mãp, óÀê8�CzþÒ´1 k �mã�óÀªÇ

fk, =

fk =

[
n(tk + ∆t)− n(tk)

∆t

]
(5.15)

Ù¥ [x] L«��, .¾ªÇÑ´�ê. duK¥�½, ��óÀ��pó�ªÇØ�u

z¦ 100 óÀ, ¤±��óÀªÇ�

fmax = 100 Hz (5.16)

�âK8�¦ |fq−fh|
fq

6 δ (��� δ 6 0.10, ù��¦´ØÜn�, �¡¬k`²),

½ÂóÀªÇ��éCzÇ�

ηk =
|fk+1 − fk|

fk+1

6 δ = 0.10 (5.17)

5.3 ��1�

éu���1�¼ê, ·�vk�{¦)�§ (5.7), ùpæ^©ã�Ô�����

ª, ò��1��¯K=z��Ô���/, ?
¦). ,
DÚ�©ã�Ô���, �
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|^��«mS�&E, ù����©ã�Ô�¼ê�1w5�Ø��¦, ùp|©�

òz�ã��Ô��±�«mã�&EéXå5, é¯K��Ñ
éÐ�)�.

y3í�dn:O�ÏLùn:��Ô��Xêúª. ��Ô� f(x) = a0x
2 +

a1x+ a2 ²L: P0(x0, y0), P1(x1, y1), P2(x2, y2), =

f(x0) = y0, f(x1) = y1, f(x2) = y2

¦)� 

a0 =
x2(y1 − y0) + x1(y0 − y2) + x0(y2 − y1)

(x0 − x1)(x0 − x2)(x1 − x2)

a1 =
x22(y0 − y1) + x21(y2 − y1) + x20(y1 − y2)

(x0 − x1)(x0 − x2)(x1 − x2)

a2 =
x22(x0y1 − x1y0) + x21(x2y0 − x0y2) + x20(x1y2 − x2y1)

(x0 − x1)(x0 − x2)(x1 − x2)

(5.18)

ù�O�L§®²�¤ Matlab ¼ê P2C.m, ë�§S�N�.

y3Qã)û¯K��oNg´. Äkò1�¼ê©¤eZ«mã, ò«m�à:

Úà:�¼ê��;å5. ,�éz�ã¦^úª (5.18) ¦Ñ�Ô��n�Xê, ¯K

���Y, ¢Sò?¿�Ô���/Ñ�{/)û
, y3®�z�ã�Ô��n�X

ê, @^c¡��{, ÒU��\óù�ã1��, n�Ú?>Åux�óÀªÇ©Ù.

��òz�ãóÀªÇ©Ù©�å5, Ò��\ó��ó��óÀªÇ©ÙL.

du�Ô���I�n�:, 
��«mã�kü�à:�, DÚ��{´, e�©

m ã��Ô���, K¢S©¤ 2m+ 1 �«mã, ü�«mã��n�à:, |^ùn

�à:��Ô���. ù���{¦���üà�Ô�3ë��/�ÛÉ��, ���

©ã��¼ê�Ø��¦. ùp��{´, e�© m ã��Ô���, K¢S�©¤ m

�«mã, e?n1�ã±��«mã, Kòc�«m�à:��Ä?5; e?n1�

ã, Kò1�ã�à:��Ä?5, ù�|^��üà�n�à:, �Ñ�©ã�Ô��

�¼ê, ¢�L², U��éÐ��J.

��, d¯K�¥1��AÏ/�, ·��Ñ��ßÓAÛº����^�. {üå

�, rÓªßÓ	à�l/Ó+��Ü�, �½� 180◦, Xd�5, ßÓ�þÝ a = 2r;

@o, ·�¤I��½�þ, Ì�´	à�l/Ó+���» r, ±9ßÓ�» φ. �


3êÆþ�y, �l/ßÓ3��L§¥, �ó�L¡��>��: (3�K·�b�

ù��>:´�l/Ó+�¥:). �Ä�ó�L¡�AÏ5 (§´��^=­¡), ¤

±·��I���, Ù�» r �uó�1��������». d{ü��©AÛ�£

�±w�, �K­�þ?��:�����», �uù�:?­Ç��ê. ¤±·�k:

r ≤ ρ−1max, Ù¥:

ρmax = max

{
f ′′(x)

[1 + (f ′(x))2]3/2

∣∣∣∣ x ∈ [0, 600]

}
(5.19)
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f(x)´�K¥�1��§, äN�

y = 30 e−
x

400 sin

[
1

100
(x+ 25π)

]
+ 130, x ∈ [0, 600] (5.20)

�\(5.19), )� ρmax ≈ 1440 mm, 5¿�ù´��'���þ, Ò´`dK¥, Óªß

Ó	à�l/Ó+���» r �À�, ´'�gd�.

e¡·��ÄßÓ�» φ �À�. N´w�, d¯K�1�¥, �3]à5UC�

/�, ¤±, 1�þ?¿�:�{�3ò��, k�UÚ1��Ù§:��. XJ·�À

��ßÓ�» φ , '1�þ?�:, �{�ò���1��:ål��������{,

�3ßÓþÝØ����¹e, @o3��L§¥, ßÓÚ1���>:ÒØ¬�L�

�. ù�^��±^XeêÆ�ó�x.

b� (x0, y0) ´1�þ?¿�½�:, KÙ{�Ú1���:�I (x, y) ÷vXe

ü�éá��§: 
y − f(x0) = − 1

f ′(x0)
(x− x0), x0 ∈ [0, 600]

y = f(x)

(5.21)

��Cþ y, K¯KC¤Xe��^�4�¯K:

8I¼ê

min (x− x0)2 + (f(x)− f(x0))
2 (5.22)

�å^� 
f(x)− f(x0)

x− x0
= − 1

f ′(x0)

x ∈ [0, 600]

x0 ∈ [0, 600]

(5.23)

¦^ Lagrange ¦ê{¦)ù�^�4�¯K, �� r ≤ 163 mm.

N´w�, 3¯K�1��/ªe, (5.7) ´����5�~�©�§, =¦´ê�

¦)��~(J. ¤±, ·���{´, r¯K�¥���¼ê1�, ?1üg��%C,

�Ò´À�1�þeZ�:, 2Ïé�^d©ã�Ô�ë�
¤��^­�, ¦�Ù�

�5�1��§¿©�C. ù��5, �â�5�¯K��)�, �:3z�ã�Ô�þ

���, Ñ�±�yþ�>Å?�þ�þ!.

5.4 ¦)¯Kno

3¯K��ïÄL§¥, ·���@�, ßÓÚó���:, �éußÓAÛ¥%

Oq, �=´ßÓ=¶þ�ßÓþeL¡ål���:, ´vk �UC�. y3·�ò

ùüöm��é$Ä�Ä?5. �
�xù�Cz, ·��ï¯K�¥�²¡���I

X [Og;xg, yg], =
�Ä, ±ßÓAÛ¥%��: Oq, .��;þÀ�m��� xq ¶

��, 3 xq ¶¤3Y²¡S, r xq ¶_��^= 90◦, ����#�²¡���IX
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[Oq;xq, yq]. aq¯K�, ·�F"r¥�=¶, 3�IX [Oq;xq, yq] ¥�$Ä;,�§

�Ñ5, ù�ÒN´�Ñ\ó�Y
.

xs

YäÄO¡

ys

Os

Og ζ(t)

θ(t)

xq

yq

Oq

ϕ
2

ã 5.8 ¦)¯Kn�«¿ã

�ßÓÚó��:�ßÓý¡¥:� £� ζ = ζ(t); w,k ζ(t) ∈ [−a
2
,
a

2
]. d

ã, N´��, XJ�:�I´ (xs, f(xs)), (w,´3�IX Os − xsys ¥���), @o,

Oq ��I�:

Oq =

 xs(t)

f(xs(t))

+
1√

1 + f ′2(xs(t))

ζ(t)− ϕ

2
f ′(xs(t))

ζ(t)f ′(xs(t)) +
ϕ

2

 (5.24)

þª¥, �
¦ßÓ��¦�Uþ!, ζ(t) AT�����3 [−a
2
,
a

2
] �m±Ï�

Ä�¼ê. nØþ��3ù�«m¥�?¿±Ï¼êÑ�±, ��
{üå�, Ó��


÷v�½�1w5, ·�ùpØ�k�¤

ζ(t) =
a

2
sin(

2π

S
t) (5.25)

Ù¥, S ´�Ä�±Ï, û½
ßÓ�:3ßÓL¡H{�H��m. ¢S¥, �±�â

\óá��ØÓkû½.

r Oq �IL«Ñ5�, aq¯K��¦)L§, ·�����IC�, =��Ñ¥

�=¶3�IX [Oq;xq, yq] ¥�;,�§, ,��Ñ?���, 'u��¼ê xs ��A

�~�©�§. duù
�§/ªE,, �·���mk�, ¤±·�¿vk3ù�¯

Kþ�Ñ���~(½�)�.

3¯Ko¥, ·����, Ò´r¯Kn)ûL§¥� ζ(t), ^�:�	àÓ+�l

�%ë�Ú�l¥:��%ë��Y�O�, ,�À�Ü·�¼ê, ¦��:3	àÓ

+�þ±Ï5/{Ä, l
��ßÓ��¦�Uþ!/8�.

5.5 ��k���Ø�.

du$Ä´�é�, �
?n��B, ·�@�ó�´·�ØÄ�, ßÓ�ó���
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:3$Ä, ¿ïá�:��m$Ä��..

±ó�ó���^=Ì¶�YäÄO¡��: O ��:, ±^=Ì¶� x ¶, ±

YäÄO¡� y ¶, ±R�u Oxy ²¡���� z ¶, ïá�m���IX [O;x, y, z].

ßÓÚó���:3ó�L¡���;,´Ú��$Ä, ù�$Ä´ x ¶���(C

�)��$ÄÚ yOz ²¡þ!��±$Ä�EÜ. ¤±k:
x(t) = x(t)

y(t) = f(x(t)) coswt

z(t) = f(x(t)) sinwt

(5.26)

dd���:$Ä�2ÂÚ^­��., ã 5.9 ´2ÂÚ^­����~f.

ã 5.9 2ÂÚ^­�

�â¯K©Û¥�b� 5 (ßÓ!���ó��z��:), �

[x′s(t)]
2 + [y′s(t)]

2 + [z′s(t)]
2 = C (5.27)

¦��

x′sx
′′
s + y′sy

′′
s + z′sz

′′
s = 0 (5.28)

ò2ÂÚ^­���§ (5.26) �\þª, ¿z{�

x′
[
f ′(x)

(
w2f(x) + x′2f ′′(x)

)
+
(
1 + f ′(x)2

)
x′′
]

= 0 (5.29)

Ø�Ä²�), 
æ^Xe�~�©�.

f ′(x)
(
w2f(x) + x′2f ′′(x)

)
+
(
1 + f ′(x)2

)
x′′ = 0 (5.30)
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�Ä1��~ê¼ê�AÏ�/, =�Î/ó�, �1��§�

f(x) = c (5.31)

�\ (5.30), ¿z{�

x′′ = 0 (5.32)

�Ä1���g¼ê�AÏ�/, =�I/½��/ó�, �1��§�

f(x) = c− c

l
x, x ∈ [0, l] (5.33)

�\ (5.30), ¿z{�

x′′ =
c2w2

c2 + l2
(l − x) (5.34)

ù��§´����Öª�, ���àg~Xê�5~�©�§, §�±°(/�

Ñ)�. ù�, éu���1��§, ·���æ^�5����{, Ò�±òÙCq,

¿�Ñ��©ã1w�), l
(á��\ó�Y.

�´, ¢S�O�w�·�, ù�\ó�Y3ó§þ´Ø�1�. �Ä��{ü�

�¹: 1��§ f(x) = 130− 130
600
x, ù´��Ú¯K�¥ó��º��Øõ��I. �â

(5.34), ·��±éN´�O�Ñ�A� x(t). - x(T ) = 600, Ñ<¿���¹Ñy
:

d�)���m T , =ó��¤\ó��m, ¾,�k 10 ¦¨Ø�. �\ó��aqº

���Ô.ó�, ��I� 50 ©¨, ù´Ø�gÆ�.

¯¢þ, 3þã�I/ó��\óL§¥, �
÷v÷��Ú����Ýð½�^

�, 3éá��mS, �:÷1�����Ý¬þ,/�~¯, ¿�3\ó�¤c±Yþ

,. ù´���ªnØ\ó�m�~á��Ï. ù�¯K��), ��þ´d�I/ó

�, 3�C�Iº:�/�, �)AÛþ���K5¤���.

ÏL?�Ú�O�·�uy, 3þã\óL§¥, ��K8¥¤�½�, �:÷1�

���Ýþ���m, �kØ��¦. ¤±, =¦ÁãÏL©ã�5����{, é��

1�%C��O\ó�Y, Ù��þ�"�E,Ã{;�. 3²L��ãå, ���'

]�, ¿\Î
�
��P��, Ä�(½ù�"�Ã{�Ö. ·�Jäû½�ïù�ä

kÚ�/ª��., =
ïÄÙ¦�k�b�. ¯¢y², ù�ûä´²��.

6 �.�u�

|^é¯K��¦)5u�31 5.2 !JÑ��.. K8¥�Ñ
e¡�ëê, ¥

�=¶�þó�����jm—Ú1B¥%��ål R = 300 mm, ó�ó���Yä

ÄO¡�¥�=¶�ål b = 250 mm, j\�Úå h = 12 mm.

d	, duó�ó��Ì¶=Ä�Ý�½�z©¨ 250–300 =, Ïdó�=Ä��

�Ý w, ÷v
25π

3
6 w 6 10π (6.35)

18



qÏ���yL¡�\ó�þ, �¦ó�z=Ä 100 =, ó��ßÓ��:3ó�ó�

��^=¶��þ�£ÄþØ�L 4 mm, ¤±

v0 6
w

50π
∈
[

1

6
,
1

5

]
(6.36)

·�b� v0 = 0.2 mm/s, =�:÷Xó�é¡¶��±���Ýc?, XJ3ù

«�/e, n�Ú?>Å�óÀªÇÑØ�uz¦ 100 �óÀ, � |fq−fh|
fq

6 δ (���

δ 6 0.10), =31 5.2 !¥½Â� ηk ÷v�¦, @o\óó���m��.

Matlab ·-©� parabola.m |^þ¡�g�Ú�., )û
¯K�, ¢SþT§

SU)û1�´�Ô��^=Nó����¯K. T§S±ÑóÀªÇÚóÀªÇ��

éCzÇ�©Ùã, ¿òn�Ú?>ÅuxóÀ�ªÇ&EÑÑ�©� parabola.txt ¥.

§SSNXe

% �Këê (ü : mm)

R = 300; h = 12; b = 250;

% 3ó�ó���^=¶��þ�£Ä�Ý (ü : mm/s)

v0 = 1/5;

% �Ô� f(x) = a0*x^2 + a1*x + a2 �Xê

a0 = -7/18000; a1 = 1/60; a2 = 130;

% lÑ�m t

t = (0:1:3000)’;

% Cþ��

s0 = v0*t;

d = (1+(a1+2*a0*s0).^2).^(1/2);

xgt = ((b-a1*a2)-(1+2*a0*a2+a1^2)*s0-3*a0*a1*s0.^2-2*a0^2*s0.^3)./d;

ygt = (-(a1*b+a2) - 2*a0*b*s0 + a0*s0.^2) ./ d;

zgt = -R*(a1 + 2*a0*s0);

g = [xgt ygt zgt]; % 3 t ��, n�Ú?>Å©O�þ¥

eó��� £þ
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n = g/h*360*10; % 3 t ��, n�Ú?>Åux�\È

óÀê

fs = round(diff(n)); % 3 t ��, n�Ú?>ÅuxóÀ�

ªÇ

eta = diff(fs) ./ fs(2:end,:); % 3 t ��, n�Ú?>ÅóÀªÇ�

�éCzÇ

% ±ÑóÀªÇÚóÀªÇ��éCzÇ�©Ùã

subplot(3,2,1), plot(fs(:,1),’k’), subplot(3,2,2), plot(eta(:,1),’k’)

subplot(3,2,3), plot(fs(:,2),’k’), subplot(3,2,4), plot(eta(:,2),’k’)

subplot(3,2,5), plot(fs(:,3),’k’), subplot(3,2,6), plot(eta(:,3),’k’)

% òn�Ú?>ÅuxóÀ�ªÇ&EÑÑ�©� parabola.txt ¥

fid = fopen(’parabola.txt’,’wt’);

fprintf(fid,’%d %d %d\n’,fs’);

ÑÑ(J, Xã 6.10 ¤«, ·�wÑ, n�Ú?>ÅuxóÀ�ªÇÑØ�L

100 Hz, þeó���óÀªÇ��éCzÇØ�L 0.10. �´¥��óÀªÇ��é

CzÇk�L 0.10 ��/, c[©Û�)��Ï´óÀUC��, ©1�Cu 0, ¤±

�éCzÇ�I
, ¦+d�c��óÀªÇCzé�. ùÒ´·�` |fq−fh|
fq

6 0.10 Ø

Ün��Ï.

©� parabola.txt ¥, ± 3000× 3�/ª, ��
)û1�¯�óÀªÇ©ÙL, T

©�¥c 10 1�êâXe

-54 12 14

-54 12 14

-54 12 14

-54 12 14

-54 12 14

-54 12 14

-54 12 14

-54 11 14

-54 11 14

-54 11 14
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ã 6.10 n�Ú?>ÅuxóÀ�ªÇÚóÀªÇ��éCzÇ (¯K�)

|^é¯K��¦)5u�31 5.3 !JÑ��.. T�.ÏL Matlab ·-©�

general.m 5¢y, T§S)û1�´��¼ê�^=Nó����¯K, ±ÑóÀªÇ

ÚóÀªÇ��éCzÇ�©Ùã, ¿òn�Ú?>ÅuxóÀ�ªÇ&EÑÑ�©�

general.txt ¥.

% �Këê (ü : mm)

R = 300; h = 12; b = 250;

% 3ó�ó���^=¶��þ�£Ä�Ý (ü : mm/s)

v0 = 1/5;

% 1�&E (ü : mm)

fun = @(x)30*exp(-x/400).*sin((x+25*pi)/100)+130;

p = 0; q = 600;

% æ�:&E (��©üã, = m>=2)

m = 100;

temp = (q-p)/m;
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F(:,1) = p : temp : q;

F(:,2) = fun(F(:,1));

Delta_t = temp/v0;

% © m ã��Ô���, ¿^¯K (1) ��{¦)

fs = [];

for i = 1 : m

if i > 1

C = P2C(F(i-1:i+1,:));

else

C = P2C(F(i:i+2,:));

end

a0 = C(1); a1 = C(2); a2 = C(3);

t = ((i-1)*Delta_t : i*Delta_t)’;

s0 = v0*t;

d = (1+(a1+2*a0*s0).^2).^(1/2);

xgt = ((b-a1*a2)-(1+2*a0*a2+a1^2)*s0-3*a0*a1*s0.^2 ...

-2*a0^2*s0.^3)./d;

ygt = (-(a1*b+a2) - 2*a0*b*s0 + a0*s0.^2) ./ d;

zgt = -R*(a1 + 2*a0*s0);

g = [xgt ygt zgt]; % 3 t ��, n�Ú?>Å©O�þ¥

eó��� £þ

n = g/h*360*10; % 3 t ��, n�Ú?>Åux�\È

óÀê

fs = [fs ; round(diff(n))]; % 3 t ��, n�Ú?>ÅuxóÀ�

ªÇ

end

eta = diff(fs) ./ fs(2:end,:); % 3 t ��, n�Ú?>ÅóÀªÇ�

�éCzÇ
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% ±ÑóÀªÇÚóÀªÇ��éCzÇ�©Ùã

subplot(3,2,1), plot(fs(:,1),’k’), subplot(3,2,2), plot(eta(:,1),’k’)

subplot(3,2,3), plot(fs(:,2),’k’), subplot(3,2,4), plot(eta(:,2),’k’)

subplot(3,2,5), plot(fs(:,3),’k’), subplot(3,2,6), plot(eta(:,3),’k’)

% òn�Ú?>ÅuxóÀ�ªÇ&EÑÑ�©� general.txt ¥

fid = fopen(’general.txt’,’wt’);

fprintf(fid,’%d %d %d\n’,fs’);

ÑÑ(J, Xã 6.11 ¤«, ·�wÑ, n�Ú?>ÅuxóÀ�ªÇÑØ�L

100 Hz, 
��ó���óÀªÇ��éCzÇÑé�, 
�CzÇ�I���, �Ð´

óÀUC���/�.

ã 6.11 n�Ú?>ÅuxóÀ�ªÇÚóÀªÇ��éCzÇ (¯K�)

©� general.txt¥, ± 3000× 3�/ª, ��
)û1�¯�óÀªÇ©ÙL,T©

�¥c 10 1�êâXe

-27 40 55

-27 40 55

-27 40 55
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-27 40 55

-27 40 55

-27 40 55

-27 40 55

-27 40 55

-27 40 55

-27 40 55

©� general.m �ò©ã�Ô���¼êÚ�¼ê±�3�Üãþ, ¦�^ré�

�¼ê�Cq§Ý, ±9[Ü�Ø�k���*�@£, ùã�èXe.

% ��:&E

N = 100; step = (q-p)/N;

X = []; Y = [];

% O���:���¼ê�

for x = p : step : q

for i = 2 : m+1 % �ä x áu=���«m

if x <= F(i,1)

break

end % �äÑ x áu«m (F(i-1,1),F(i,1)]

end

X(end+1,1) = x;

if i > 2

C = P2C(F(i-2:i,:));

else

C = P2C(F(i-1:i+1,:));

end

Y(end+1,1) = C(1)*x^2 + C(2)*x + C(3);

end

% ÏL±ã, é'�¼ê��Ô���¼ê�«O

x = (0:600)’; y = fun(x);

figure(2), plot(x,y,’-k’,X,Y,’:k’)
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legend(’�¼ê’, ’��¼ê’)

title(’�¼ê vs �Ô���¼ê’)

ÑÑ(J, Xã 6.12 ¤«, ·�wÑ, ©ã�Ô���¼êé�¼ê�Cq�Jé

Ð.

ã 6.12 �¼ê�©ã�Ô���¼ê

7 �.�`":

·�ù��.�Ì�`:Xe:

(1)�.·^��2, Ï^5r, éu�«E,1�Ñ�±¦).

(2)3êÆþ'�{ü, (J�é{', ~�
<�Ñ���U5

(3);m
LuÄ�c÷�êÆóä, ´uò�.í2U?

(4)�.�ª��ö�5ÚA^5'�r, ´u��£��ØÓ«a�XÚ¥

(5)�.�{#L, k'�r�M#5ÚÕM5

�,, �u¿m�mór, êÆXïÄ)äNó§¢�²�Øv, ¤±·���.3

Ø�©Ûþ��Ø´�©�¡, vkéêÆÏ�±	�)�Ø�kv
�Ä; Ó�, ¯K

o�\ó�Y, ���Ø
��. F"kÅ¬3�Ð�^��e, ��\/ïÄ, �&ù


¯K3·�ù��.��µee, Ñ´ØJ)û�.
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8 ?�Ú?Ø

Äk, ·�ATw�, 3ùo�¯K¤k�¦)L§¥, ·�Ñ´rßÓÚó���

>��, n�z/Ä�¤��:, �Ò´@��I���â�$Ä, =��¤ó���

�. 
¯¢þ, ßÓÚó���>Ü©, ´����«�. ù��«�þ, ßÓõ��â

��Ó�^, ��¤/
�ªI��ó�. ¤±XJ@���«�©ª´k�½¡È, @

o�ª\óÑ5�ó�, �n��/G, 3êÆþ´k«O�. ù�«O�±^L¡È

��O5Ýþ. ¯¢þ, ù�±lC©{��Ý±9ÚOÆ��¡\±�½/ïÄ.[7]

,	, 3¯K©Û¥J��Ãõk�^�¥, du�Ü©¤�Ñ��©�§´��

5�, ·�B3d�Ú, vk[Ä. 
¯¢þ, ù
��5/�©�§, k
ÏL�½�

O�E|, ´�±3ê�¦)þ, ?1��\/ïÄ; ½ö, aqk�^� (5), ¤���

�©�§éu'�AÏ�1��§k{ü�°(). ù
¯K, ÃØlêÆþ�´ó§

þ, b±�F, ?1�
ïÄ, Ñ´�~k¿Â�.[8]

��, éu¯Ko, ·�lêÆg�þ, aq¯K�Ú�, ®²�Ñ
���{. �

l¯K�Ú��)ûL§¥, ·�uy, �
êÆþ¤��(J, �
�äNó§þ��

�^�þ�, �ªØ�Ø�ï. ¤±, XÛlêÆg�LÝ�ó§\ó¢S, l
�.)

û¯Koù�a¯K, ´��s�m�&?�.
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