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Ï 1 a ßÎGrãÿ�ÃÍ�§

1.1 eÿ+Û

&9TX�Ñ�ÙÝ»¼õ�xßB�ÙÝþP>>8n�»A{�

D�TX<ÏCCÏ��¼����u�E/X�xßBþP
�à

#�?�JÄ6BÄJ�P´�ÝW��y@��ÎT���¬à

yß�î�J´�À��Í��.hEÛ�À.���s"�×ËJ

�P�v�D@DT�xßBþPÝ]°µ�ÿ&ð¥��T®>£

C�D�£�H5�*��ÇÎjEh×êýXs"�@~�

T®>£õ�D�£3Xbà�TX�Ñ�Ùº®Ý¢ó��Ì

b´�|�?vE®Ä�¿PJ��©P��xßB�ÙEyhÞó

ÂÝ��b½X�PÝÅ(�Í�ø�C�ø�ßB Ýø!®à�

yy` /î¹hÞóÂÝ��hÇ|T®>£T�D�£Ý�H

5��?�xßBþPÝñ¡Ã��

3hóC|�D�£õ�xßB�Ýø�ßBþP®ÌD�E

é��u�|�D�£Ý�H5��ø�ßBþPÝ¼ý�JbË

Í®ÞÄ6�X�×Î0��D�H�ø�ßBX�Å(Ý�£P

��ÞÎ0�9°�£P�/Ý�£��õßBþP Ý��n;�

3 [4] 9S¡Z�����îø�ßBX�Å(Ý�£P��VÎ

0.02 Õ 1.7 Hz � �¬vs¨©��£Ýø�ßBþP��ºCW

!�£Ý�D���¬�½�£Ý¦��.ø�ßB®àX0lÝ�

D���JÓ¼óìªÝ¨é�&Æ�
×MàìP¼à����D

�H�£õø�ßBþP�H�£� Ýn;�

PBP = 101.3 × PSND × 10−4.7×(frequency) (1)
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h`��D�HÝ�£���ö.ø�ßB®à�0lÝ�D�

���X|hPù���ø�þP���õ sympathetic modulation

of vasomotor tone � Ýn;�h���îÝ�|?�!ÝÌF�×

Îø�ßBþPE�D&�£���ÝÅ(¬&��Ý�Í»ð[£

Î�½�£Ý¦{��>ª±�ÞÎ���D�H��åø�ßB®

àÝ�£ ¬�§yØ×�ð�£ ��ÎÂ½Ý� 0.02 Õ 1.7 Hz

¼�íb���h��v«y Stauss �ß [3] Ý@��¡�Íï�é

Áy��Ý splanchnic nerve����zø¡�|�!�£�éøÔ

k���s¨|G-Pnø�ßB®àÝ�D�H{� �ø�ß

Bôb����Í �

¡Z [4] ÿÕî�����ÍµAÝÃFÎ�;\Îø�ßBþ

P�×Ý�üX3�uÎyh0Õø�ßBÝ·+ �¬�|�!f

�ÝéÔk�!`B�ø\Ýø�ßBþP�µ�|¾Õ�×CB�

ø�ßBþPÝêÝ�u�B|W�T<Î�×�ø�ßB��DD

 CñÚ®à�Ey�DÝÅ(.ô�µ�´ã@Ý?�ø�ßBX

�Å(Ý�D�£P���9øÝ@�'�É���ø�ßBþP�

ô�|ÿÕ�{öÜãø�ßB®à�;�Ý�D�H�

î�Î3�×Ý�I	õ�D��bnÝ.ô¡XÿÕÝ���

�?
×MÝ®ÞJÎu^b�×9°.ô��Dõø�ßBþPË

ïÝ���º�º�¨AîÝn;÷�¡Z [5] ���î�hÏµì

Ý�DCø�ßB���� ù�¨v«�n;P�¬Íðó4Jb

X���9°ðó4��åÕjÔ��angiotensin II TÍ�&ßBP

.ôÝÅ(�

á)hËI	Ý@����@�Ýø�ßBX�Å(Ý�D�£

P�¬&AGßX�×«êÝP���Î�#�ëÕ�ñÚ�£8

	��´ñ/�®à �5�ø�ßBC�D���Ý»ðÐó�
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�£� Ýn;�?ÿÕ×Íã�D�H£�ø�ßBþP±���

�Ý2P�3hÇ��|ó.ÿlÿa�Ñ3#åø�ßBÔk¡Ý

�DDTÿP��ÀßBÔk���DDT�f��DDT;ô`

 ��DDT¹�` �Ôk�£ �n;�|.?X�hn;PÝ

x�.�¢�

|ìå\î�]-P�Þ�D (blood pressure) �Ì BP��

ø�ßBÝþP�� (sympathetic nerve activity) �Ì SNA�

1.2 æ�ßÎ£GEï

��3W�6tZ�ßB��t�DD �È|ßB-���õÝ 

\� gallamine� b1-adrenoceptor Ý \� atenolol� angiotensin

II converting enzyme Ý9×� captopril C|ß�ñÚ �×ñÚ�

£Cú�¡�¸à�!f�ÝéÔk·+��;\Ýø�ßB·+

 �¬v!`B�©ø�ßBþP�ô���D����|ì¸à!

×w��3ÎåÔkÏVì�B� (% 1) õåÔkÏVì�B� (`

 ! 63.312 J)(% 2)�Ë8fE¬®|ì��§¡�®?¡ó

.ÿlÿaåÔkÏVìÝ¢�õ�JÝµA�

��f´Gr3ÎåÔkÏVõåÔkÏV Ý-²�3�Å

(GrÍ�P²ÝGÞì�E BP õ SNA 
�|ìE�;F�

EOÃãaFõEÑ!;F�ÃÍ�§�

1. �; BP õ SNA �Gr%

ÝÌD BP ®�îåÔk¡��Ý�;���yÎ¢ã` F

îÊ	Ý@ðóã�ãÍXET`  ð/�`aì«��Jh

«�Ý�;��Ç�µ��îÝ;��3h&ÆÌ9ËBÄ@

ðóã�¬�Õ�&�ð«�Ý%� – ��%�

3



BP ��%Ý®°�Þ BP %�îË8Ï t±FÝ â` ®

óã` �¬E9°óãÝ` ð5½OÍET` /Ý`a

ì«���ÞhO��«�ÂEXETÝ` ��®¿í (% 3�

4)�

�; SNA Gr%Ý®°�SNA Ý®�ãy´�!��X|P°

	 BP ×øb[2¾\Ë8Ï t±FÝ â�O SNA Ý��

%�yÎ;WãÍ±��ùÇÞ 0.8 Hz |îãñÚõÍ��8�

GrXCWÝ{��l* (% 5�6�7�8�9�10)�|ìÌBÄ

î��§� SNA Gr% SNA l®%�

2. 0� BP õ SNA �Ããa

Ý¡�Gr%î BP õ SNA 3åÔkÏVìõÎåÔkÏV

ì���îè{Ý9K�.hm�3ÎåÔkÝÏVì�0×f

Ããa�|®õåÔkÏV8f´ÝµA�3ÎåÔkÏVÝ

��%î�0ÃãaÝ]°Aì�

BP ÃãaÝ®°�ÞÎåÔkÏVìÝ BP ��%î&R�Ý

t±F[/R¼�¬Þ9°óÂ®�óFìÏÞ�°9"á�0

�°9"á¡Ý¾ó (73.6)�hÇ BP �ÃãaÂ (% 11�12)�

SNA ÃãaÝ®°�! BP 0ÃãaÝ®°�ÞÎåÔkÏVì

Ý SNA l®%î&R�Ýt±F[/R¼�¬Þ9°óÂ®�

óFìÏ"�°9"á�0�°9"á¡Ý¾ó (0.0021)�hÇ

SNA �ÃãaÂ(% 13�14)�

3. Þî�XÿÝ��Ñ!;

3�;�æ¼®�ÝGèì�]-?¡�ÌD�ó.ÿlÝ�

J�5½Þî�XB�ÝÂ®Ñ!; (Normalize) �§�Ñ!;

]PAì�
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BP Ñ!;®°�ÞåÔkÝ BP ��%3� BP Ããa (73.6)�

�t|ÎåÔkÏVìÝ BP ��%ýã- (2.028) (% 15)�

SNA Ñ!;®°�ÞåÔkÝ SNA l®%3� SNA Ããa

(0.002)��t|ÎåÔkÏVìÝ SNA l®%ýã- (0.0004)

(% 16)�

ÌDåÔkÏVìÝ BP Ñ!;��%õ SNA Ñ!;l®%��|

��:�&bóÍ²ðÝ{R�hÇßÎ3åÔkÏVì BP õ

SNA ��îÝ�;�h²ðÝ{RtÝM»õ¹�` b°�!

²�ËïÝsß` ôb×°-²��á3åÔkÏVì BP ��î

Ý�;x�Îå SNA �;ÝÅ(�X|u�¢ãÊ	Ýó.ÿl¼

ÿaåÔkÏVì BP õ SNA ÝDT���¬
×M�x�JÝå

ÔkÏVì BP õ SNA ó.ÿl�-�¢ã BP õ SNA ó.ÿl

î¢óÝ�J�0�ËïM»�¹�` õ` -Ýn=P�¬
�

|´PJ�PÝ�D�?.?�xßBþPÝ�;�

|ìÞåÔkÏVÝGr�yîý�B * �î���%yìý�

B P �î�l®%yìý�B F �î�Ñ!;yìý� N �î�»

A�ÎåÔkÏVì� BP ��%B® BPP �ÎåÔkÏVì�

SNA l®%B® SNAF �åÔkÏVì� BP Gr%B® BP∗�åÔ

kÏVì� SNA Gr%B® SNA∗�åÔkÏVì�Ñ!; BP �

�%B® BP∗
NP �åÔkÏVì�Ñ!; SNA l®%B® SNA∗

NF �

5



% 1: BP�SNA ÎåÔkÏVì�ßÎæ�Gr%� (À` �� 63.312 J�ãø�£ 128 Hz)

% 2: BP�SNA åÔkÏVì�ßÎæ�Gr%� (À` �� 63.312 J�ãø�£ 128 Hz)
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% 3: ÎåÔkÏVìÝ BP ��%

% 4: åÔkÏVìÝ BP ��%
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% 5: Îl®G�£ 0 Õ 1 ÝÎåÔk SNA õåÔk SNA �H%

% 6: l®¡�£ 0 Õ 1 ÝÎåÔk SNA õåÔk SNA �H%

8



% 7: ÎåÔk SNA l®%

% 8: åÔk SNA l®%

9



% 9: ÎåÔk SNA æ�Gr�l®¡��Eï

% 10: åÔk SNA æ�Gr�l®¡��Eï

10



% 11: ÎåÔkÏVìÝ BP ��%�ÃãaEï

% 12: åÔkÏVìÝ BP ��%�ÃãaEï

11



% 13: ÎåÔkÏVìÝ SNA l®%�ÃãaEï

% 14: åÔkÏVìÝ SNA l®%�ÃãaEï

12



% 15: åÔkÏVì BP ��%Ñ!;��

% 16: åÔkÏVì SNA l®%Ñ!;��

13



1.3 ÎÔkÏVìGr�%�Pl?

��3È|<ÎTW���×t SNA ²Í�ºÅ( BP Ý.ôì�

ÎåÔkÏV� BP õ SNA GrÎÍºÓ¨AeÿÓG

(whitenoise) �Ý%�P (stationary)�ul?��Ó%�P�J�.

? BP∗
õ SNA∗

�DTöÔkXSR�ul?���Ó%�P�

JT3
×M"D BP∗
õ SNA∗

n;G�4tºCW�W�.ô�

�áñÚXCW�Å(x�y�£ 1 Hz ��µA Nyquist ãø

�§ÝÞß�yÎã 2 J%�Pl? â�¬|Í
3
4 ��®¿É�

Ç3GrîNâ 1.5 J�ã��� 2 JÝGr�ôµÎtt¡×ð

�²�NðÝóãíºõG×ðb 0.5 JÝ¥P�Ah3 BP õ SNA

î&�ÿ 42 �Ý£]�

BP �%�Pl?�Þ BP Ý9 42 �£]5½�Õ¿íÂõ

ýã- (% 17�18)�B�Õ9°íÂÝíÂ 75.205�ýã-Ýí

Â 14.27��XbíÂ/ay�²P� ± 1.35 % /�ýã-Jay

�²P� ± 1.73 % /�

SNA �%�Pl?�Þ SNA Ý9 42 �Ý£]5½�Õ¿í

Âõýã- (% 19�20)�B�Õ9°íÂÝíÂ 0.0023�ýã-

ÝíÂ 0.0013��XbíÂ/ay�²P� ± 15.84 % /�ýã-

Jay�²P� ± 19.61 % /�

ã|îl?���BP õ SNA 3ÎåÔkÏV�Í��ðíÂ

õýã-Kº#�×Í�Â� .h�|ÞÎåÔkÏV� BP õ

SNA Ú%�PGr�

14



% 17: ÎåÔkÏVì BP Nâ 1.5 J�®�� 2 JÝóã�@ð®íÂ�0%Ý�� (Ìa¿

íÂ)

% 18: ÎåÔkÏVì BP Nâ 1.5 J�®�� 2 JÝóã�@ð®ýã-�0%Ý�� (Ìa
¿íÂ) 15



% 19: ÎåÔkÏVì SNA Nâ 1.5 J�®�� 2 JÝóã�@ð®íÂ�0%Ý�� (Ìa
¿íÂ)

% 20: ÎåÔkÏVì SNA Nâ 1.5 J�®�� 2 JÝóã�@ð®ýã-�0%Ý�� (Ìa

¿íÂ) 16



Ï 2 a BP∗NP �SNA∗
NF ó.ÿl��x

9×aÝxÞ3�xÊ)Ýó.ÿl�¼ÿaßÎÝ BP∗
õ SNA∗

DT�&ÆµAÌDÕÝ�l®��M»õ¹�` ��´0Ê)à

¼à� BP∗
õ SNA∗

Ýó.ÿl�|
×M.¡ßÎî BP∗
õ

SNA∗
Ëï� Ýn=P�

2.1 kà¼ÿa�ó.ÿl+Û

ÌD BP∗
NP ��×�JR�®��Ìb">>RccªìÝ©P��

SNA∗
ÝDT�Jbsß"��?ô"Ý©P�á)|î BP∗

NP õ

SNA∗
NF ®�DTîÝ©P�Þ¸à�ì`a (logistic) õ ¹Ðó

(damping) ¼ÿa BP∗
NP Ý®�DT��¸à ¹Ðóõ]»Ðó

(box) ¼ÿa SNA∗
NF Ý®�DT�

�ì`aðà¼ÿasß÷õ¨é�ßÎN�¦�>�Ýÿl�

9�ÞX�¸àÝ�ì`a L(x) �L�

L(x) =


ax

1+becx , x ≥ 0 (a�b�c > 0),

0, x < 0

ÍD`F�H3

2ecx + 2be2cx − bcxe2cx + xcex = 0

Ý��� ξ =
W ( 1

eb )+1
c �9� W (x) Ì� The Lambert W function�

Î|ì]�P

y × ey = x ∀x

17



Ý��yÎ®�R�{�

aξ

1 + becξ

�®�R���V
ln(2000a−1

b )

c

@jî�ì`a L(x) ©º¿� 0 ¬�º�y 0�yÎ¸à
ln( 2000a−1

b )
c

	®®�ÝR���ºb×°0-�0-î§ 1
2 × 10−3× (®�Ý

R���)�ãy®�ÝR���Îà¼ÿaßÎåÔk¡�DT¹

�` ��ã@jßÎÝ BP∗
DT®ÌD�DT¹�` ≤ 20�X

|0-V 10−2�×�Õ�|E¯ÝÂ (% 21)�

% 21: �ì`a L(x) 3�!¢ó a�b�c ì��;��

18



 ¹Ðóð�TàyÎ§T��îÿaÎ�Â æ�º�3cÝ

Ä��9�Þ ¹Ðó M(x) �L�

M(x) =

 axe−bx, x ≥ 0 ( a�b > 0),

0, x < 0

Í®�R�{� a
be�®�R���JV

4 ln(2) + 3 ln(5) + ln(a)

b

ãDT¹�` ≤ 20��ÿ3ÿaßÎDT`�îP�Ý a Â�Kº

�y 1.04�yÎ ln(a) > 0�@jî ¹Ðó M(x) ©º¿� 0 ¬�

º�y 0�yÎ¸à
4 ln(2)+3 ln(5)+ln(a)

b 	®®�ÝR���ºb×°0

-��0-î§ 1
2 × 10−3× (®�ÝR���)� !ø2��áDT

¹�` ≤ 20�X|0-V 10−2�×�Õ�|E¯ÝÂ (% 22)�

XÛ]»ÐóµÎ3©� ðîb×ü�Â��Í� ðîÝÂ

/ 0�9�ÞX�¸àÝ]»Ðó B(x) �L�

B(x) =

 a, if x ∈ [0, b] (a�b > 0),

0, otherwise

Í®�R�{� a�®�ÝR��� b (% 23)�

19



% 22:  ¹Ðó M(x) 3�!¢ó a�b ì�¢�%�

% 23: ]»Ðó B(x) a=1�b=1 `�ÃÍÿl
20



2.2 BP∗
NP ó.ÿl��x

3�x BP∗
NP ó.ÿlG�Ýb� BP∗

NP ÿlfEõ�JÝµ

A�m�æ� BP∗
NP î��×ÔkXCW��JR�®�õ×�ð�

âóÍÔk¡��JR�®��3æ� BP∗
NP î^ã��×�JR�

®�A% 24�×�ð�â 6 Í�JR�Ý®�A% 25�

3�x BP∗
NP Ýó.ÿl`�t�Ý�°Î|�ì`a (logistic)

® BP∗
NP Ýó.ÿl�¸à�ì`a L(x) ¼ÿa BP∗

NP Ý?��

tÐóÍ�%��@jßÎDTv«²�BãÊ	Ý�J a�b�c 9

ëÍ¢ó���E®ï��;�Ðó%�ÝR��� (ÿaßÎ3å

ÔkÏVì®�ÝDT¹�` �|ìà#Ì®¹�` )�R�{

� (ÿaßÎ3åÔkÏVì®�ÝM»{��|ìà#Ì®M»)

õD`F�H (ÿaßÎ3åÔkÏVì®�Ý®��Ü»��	D

`F�#�®)`�ìª�Tº�¦>��	D`F�#�®�`�

ìª>�J�¿c)�|hÿlX0�ÿl�Ë@ßÎDT8´�	 a

= 12�b = 1 õ c = 1 `�X0�Ýó.ÿl (% 26) �'î¿É

h ≈ 7.6� h Îæ� BP∗
NP î&t±F!� (�Vt±F'î

2
3 M»)

Ý¿íÂ�A% 27�¿É¡Ý�� (% 28) �% 24 Ýæ� BP∗
NP �

×�J®�8«�ËïÝ8n;ó1¾ 0.7�8E0-2J 11.2%�

4Qî�Ý��õË@ßÎDTv«�¬hÿlX¸àÝ�ì`

a L(x) 3�×%�ÝM»õ¹�` îm�8	9W���v¸Ý

mñf»ð8	�Ó�3?¡� SNA∗
NF ÿl®f´`�?m��ð

Ü²Ý` õ*»��®�§�.h&Æ�T�3�ì`a L(x)

²�0Õ¨×´���!`ê�ßÎ BP∗
NP Grv«ÝÍ�ó.ÿl

®���
1h�8n;ó�Õ°�

�(ßÎGr - ßÎGríÂ) · (ó.ÿl - ÿlíÂ)�/(�(ßÎGr - ßÎGríÂ)�·�(ó.ÿl - ÿlíÂ)�)
2h�8E0-�Õ°��ßÎGr - ÿaßÎGr�ó.ÿl�/�ßÎGr��

21



uÞÿa BP∗
NP Ýó.Ðó;´��Ý ¹Ðó M(x)�8´

y�ì`a L(x) 4KÝ�×D`FÝ^×�¬3�Ë@ßÎDT8

´¡�s¨¸à ¹Ðó M(x)�3 a = 9.55�b = 0.99 `�'î¿

É h ≈ 7.6 ¡ (% 29)��% 24 Ýæ� BP∗
NP �×�J®�8´�Ë

ï�8n;ó 0.64�8E0- 12.4%����ã8n;óÂî:

��ËïÝÿa[�-�9��î@àî�|�m�×D`F�yÎ

h¡Þ| ¹Ðó M(x) ®ÿa BP∗
NP Ýó.ÿl�

3bÝ BP∗
NP �×Ôkì�J®�Ýó.ÿl¡�-�
×M.

�ÿa3×ð` /óÍÔkì� BP∗
NP ó.ÿlCÍ×�P�

|æ� BP∗
NP (% 25) î×ð` /óÍÔkìÝGr»�`

 �� 52.475 J�� SBP  52.475 J/óÍÔkì�ÿa BP∗
NP

®�Ýó.ÿl�3æ� BP∗
NP î�:�b 6 Í��ÝåÔkM

R�yÎ SBP Ç 6 Í�×Ôk�J®�Ý¿ÉP��� ti &g

Ôk3Jð` /ÝsßF�J SBP ��î

SBP =
6∑

i=1

M(x− ti) + h

qA@�óA�&Æ� t1 = 1.0392 J�t2 = 9.423 J�t3 = 18.026

J�t4 = 26.402 J�t5 = 34.989 Jõ t6 = 43.365 J� SBP (% 30

��Õa) �æ� BP∗
NP (% 30 ��Þa) 8´�Ëï�8n;ó

0.71�8E0- 12%�

�Êî�Ý��Î|ü�ÝÔk�£X®Ý@��J ti  Ý-

û-T�ºÎÍ�Â�& ti  -ûA� 1

ti - t2 − t1 t3 − t2 t4 − t3 t5 − t4 t6 − t5
` - (J) 8.3838 8.603 8.378 8.587 8.376

� 1: & ti  Ý` -
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� 1 �ÝíÂ 8.47��Xb` -Kay�²P� ±1.6%

/��îÔk�¨���V 8.47 J�ÇÔk�£V 0.12 Hz�u

Þ SBP ;¶

SBP =
5∑

i=0

M(x− 8.47i− t1) + h

h`�SBP (% 31 ��Õa) �æ� BP∗
NP (% 31 ��Þa) 8´�

Ëï�8n;ó�Î 0.71�8E0-ô) 12%�

.h	|ü��£ ω0 Ôk����À` �� T `�J

BP∗
NP �×Ôk�J®�Ý�¨��- 1

ω0
(ÿaåÔkÏVÝó.

ÿlNâ 1
ω0
J�¨×g)�yÎ SBP T��|¶W

SBP =

bTω0c∑
n=0

M(x− n

ω0
− tBP ) + h

(tBP  BP∗ Ï×ÍÔkDT�¨Ý` F)�î�Ç|©�Ôk�

£ ω0 Ôk BP Ýó.ÿl.0� SBP Ç?¡.� BP∗
NP �

SNA∗
NF  n;`�à¼ÿa©�Ôk�£ì BP∗

NP Ýó.ÿl�

23



% 24: æ� BP∗
NP î�×Ôkì�J®�Gr

% 25: æ� BP∗
NP î×ð` /óÍÔkì�Gr
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% 26: �ì`a L(x) a = 12�b = 1 õ c = 1 `�ÃÍÿl

% 27: æ� BP∗
NP ît±F!�M���CÍíÂ

25



% 28: �ì`a L(x) ÿl�% 24 8´%

% 29:  ¹Ðó M(x) ÿl�% 24 8´%

26



% 30: h`� SBP ÿl�% 25 8´%

% 31: Ôk�£ 0.12 Hz � SBP ÿl�% 25 8´%
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2.3 SNA∗
NF ó.ÿl��x

SNA õ BP 8´�BP Ìb®�î´!JõåÔkÏVìb��DT

�©P�� SNA ®�JM�´"v®�´�!J�yÎ ½åÔk

SNA ÝDT��` �¹�` �yõDT����µÎ�x

SNA∗
NF ó.ÿlÝn"�.h�x SNA∗

NF Ýó.ÿl`�Ä6�

¸´�ÝÄP����	�§ BP∗
NP £ø2�}�3h�Ê|]»Ð

ó B(x) õ ¹Ðó M(x) ¼ÿa@jßÎÝ SNA∗
NF DT���

ãy SNA∗
NF 3&gÔkXCW�M»õDT¹�` -²#

���« BP∗
NP !��X|P°	 BP∗

NP ��|ã�×�J®��

ó.ÿlÝ¢��.h SNA∗
NF Ýó.ÿl�ÎÞ&gÔkXCW

�²ðMR[/R¼¡�ãÍ&]«�¿íÂ�® SNA∗
NF ó.ÿ

l�µA�

ãyßÎÍ� SNA∗
NF µ´�!J��Ê BP∗

NP (% 15) îb 7

ÍåÔkÝMR��á BP∗
Ý�;x�Îå SNA∗

ÝÅ(�X|3

SNA∗
NF î�T�ôºb 7 ÍMR�ÌD SNA∗

NF (% 16)�Þ

SNA∗
NF î�ôMR�X3ÝËÍ±F®B��1ºË±FX�ôÝ

` ð�.Í�ðhë�Ah�ã� 7 ÍMR��Ì9Ëyl®%î

�ã��®�%¹3% (shrink)(% 32)�

kÞ SNA∗
NF |]»Ðó B(x) ÿa`��
×MÞî� 7 ðM

R®¿í�J¸ÆÝ¿íM»V 5.89�¿í¹�` JV 0.53

J�ã]»Ðó B(x) �M» 5.89�¹�`  0.53 J (Ç a =

5.89�b = 0.53)��áJÍ@�Ý` �� 63.312 J�� SSNA 

62.234 J/óÍÔkì�ÿaåÔk SNA ®�Ýó.ÿl�yÎ

SSNA Ç 7 Í]»Ðó B(x) Ý¿ÉP��� ti &gÔk3Jð
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` /ÝsßF�J B(x) ��î

B(x) =

 5.89, if 0 ≤ x ≤ 0.53,

0, otherwise.

yÎ SSNA ��î

SSNA =
7∑

i=1

B(x− ti)

qA@�óA�&Æ� t1 = 7.0009 J�t2 = 15.564 J�t3 = 24.097

J�t4 = 32.77 J�t5 = 41.419 J�t6 = 49.764 Jõ t7 = 58.421

J�ãyh`XC�¼Ýÿl¢� SNA∗
NF Ý���� SNA∗

NF Í

��õæ� SNA∗
b°-û�X|±C×à SNA∗

N ¼�ß SSNA õ

SNA∗
Ý8«��� SNA∗

N ®°ÎÞ SNA∗ 3� SNA ÃãaÂ

(0.002) ¡�t|ÎåÔkÏVìÝ SNAF ýã- (0.0004) (% 33)�

Ñ!;¡� SNA∗
N (% 34 ��Þa) �.¡�� SSNA (% 34 �

�Õa) 8´�Ëï�8n;ó 0.23�

!øÝ�uî�Ý��Î|ü�ÝÔk�£X®Ý@��J ti  

Ý-û-T�ºÎÍ�Â�& ti  -ûA� 2

ti - t2 − t1 t3 − t2 t4 − t3 t5 − t4 t6 − t5 t7 − t6
` - (J) 8.5631 8.533 8.673 8.649 8.345 8.657

� 2: & ti  Ý` -

� 2 �ÝíÂ 8.57��Xb` -Kay�²P� ±2.62%

/��îÔk�¨���V 8.57 J�ÇÔk�£ôV3 0.12 Hz�

uÞ SSNA ;¶

SSNA =
6∑

i=0

B(x− 8.57i− t1)

3BP∗
ÝåÔkDTÎã SNA∗

XSRÝ�X|Ëï�î�¼ÝåÔk�£�§¡îÍ¼µ�ºÎ×øÝ�
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h`�SSNA (% 35 ��Õa) � SNA∗
N (% 35 ��Þa) 8´�Ë

ï�8n;ó 0.26�§¡ÿl«�G| 7 ÍÌ?��` XCÝÿl

8f�Í�@jGrÝ8n;óbQè{Ý�V 13 %�

X|	ÿa SNA∗
NF DTÝó.ÿl]»Ðó B(x)�ÔkÝ

�£ ω0�À` �� T `�ÿa SNA∗
NF �]»Ðó B(x) �

¨��- 1
ω0

�yÎ SSNA T��|¶W

SSNA =

bTω0c∑
n=0

B(x− n

ω0
− tSNA)

(tSNA  SNA∗ Ï×ÍÔkDT�¨Ý` F)�

	 SNA∗
NF | ¹Ðó M(x) ¼�î`�¢�ÿl]»Ðó

B(x) Ý®°�ã ¹Ðó M(x) �M» 5.89�¹�`  1.5 (Ç

a = 133.36�b = 8.33)�! SNA∗
|]»Ðó B(x) �î`�.¡Ä

��J SSNA  7 Í ¹Ðó M(x) Ý¿ÉP��� ti &gÔk

3Jð` /ÝsßF�J SSNA ��î

SSNA =
7∑

i=1

M(x− ti)

ãy!ÿa SNA∗
ÝåÔkDT�X|9�Ý ti õ¸à]»Ðó

B(x) �î`8!� SSNA (% 36 ��Õa) � SNA∗
N (% 36 ��Þ

a) 8´�Ëï�8n;ó 0.29�

!ø2�uî�Ý��Î|ü�ÝÔk�£X®Ý@��JÔk

�£º�¸à]»Ðó B(x) `8!�uÞh`� SSNA ;¶

SSNA =
6∑

i=0

M(x− 8.57i− t1)

h`�SSNA (% 37 ��Õa) � SNA∗
N (% 37 ��Þa) 8´�Ë

ï�8n;óÎ 0.3�!øô´î�Ýÿl}�è{Ý×°�
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X|	ÿa SNA∗
NF DTÝó.ÿl ¹Ðó M(x)�ÔkÝ

�£ ω0�À` �� T `�ÿa SNA∗
NF � ¹Ðó M(x) �

¨��- 1
ω0

�yÎ SSNA ôT��|¶W

SSNA =

bTω0c∑
n=0

M(x− n

ω0
− tSNA)

(tSNA  SNA∗ Ï×ÍÔkDT�¨Ý` F)�

î�Ç|©�Ôk�£ ω0 Ôk SNA ÝËÍ SNA∗
NF ó.ÿ

l.0�

¸à]»Ðó B(x) ÿa SNA∗
NF Ý?��3y�|ÿaJÍå

Ôk SNA DTÝMRI	�´Ð)ßÎ.ïÝB��¬v3?¡.

� BP∗
NP � SNA∗

NF �n;`�y9ó�µì�|ÿÕ�?Ý[��

�¸à ¹Ðó M(x) ÿa SNA∗
NF Ý?��3y¸àÝ� BP∗

NP 8

!Ýÿl�©Î¢ó¯b�!���ó.îÝ×lP�¬vb`Î¸

fà]»Ðó B(x) ÿa SNA∗
NF b´{Ý8«����3?¡.�

BP∗
NP � SNA∗

NF n;`��¾Õ�¸à]»Ðó B(x) ÿa SNA∗

-�9Ý[��¢å §3.4 � §4.2 BP∗ � SNA∗
M»�¹�` n;

�.¡�.h#ì¼Ý@�õ.¡�KÞ9ÞËÿl¬W+Û�\

ï�
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% 32: qA (% 16) ã��¹3%

% 33: SNA∗
N %�
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% 34: ]»Ðó B(x) (Õa) � SNA∗
N (% 33) (Þa) 8´%

% 35: Ôk�£ 0.12 Hz � SSNA ÿl� SNA∗
N (% 33)(Þa) 8´%
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% 36:  ¹Ðó M(x) ÿl (Õa) � (% 33) SNA∗
N (Þa) 8´%

% 37: Ôk�£ 0.12 Hz � SSNA ÿl� (% 33) SNA∗
N %� (Þa) 8´%

34



Ï 3 a BP∗NP �SNA∗
NF  n;�.¡

|ó.ÿlÿa BP∗
NP õ SNA∗

NF Ý?��3y�|¢ã]�PÝ.

�õ¢óÝ�J�fEßÎåÔk¡ÌDÕÝ¨é�0Õ��ßÎ

BP∗
NP õ SNA∗

NF  Ý×°n;�»A BP∗
NP õ SNA∗

NF  Ý;ô`

 �M» Ý¹ófTÎ¹�` Ý��-��3tâÝTàî��

T�|�9°n;��
�ÿá� BP∗
NP .¡ SNA∗

NF �Tï�

SNA∗
NF .¡� BP∗

NP Ý]°�

3.1 BP∗�SNA∗  ��Ý;ô` 

�áßÎ3åÕÔk¡�BP ��GrîÝ�;x�Îå SNA ÝÅ

(�.h3ßÎåÔk¡�ºb BP sßDTÝ` ´ SNA sßD

TÝ` E;ôFÝ¨é��E;ôFÝ9K` �µÎ9×�;X

�"DÝxÞ�

qA3åÔk¡�	 BP å SNA �Å(�3`�ÍMRº@�

����¬3åÕì×ÍåÔkÝ SNA Å(`�º��MRÝ�

°�&ÆÿÕ BP∗
NP Ããa'î¿É h ¡�&åÔkMR �sß

` F�|Ú® BP∗
ÝDTsß` F (% 38)�yÎÞ BP∗

NP Ãã

a'î¿É h ¡, &åÔkMR �sß` F[/R¼��ÿ 7 Í

Â�9 7 ÍR�FÝET` �y� 3�

R�F Ï 1 Í Ï 2 Í Ï 3 Í Ï 4 Í Ï 5 Í Ï 6 Í Ï 7 Í
` (J) 8.118 16.502 25.105 33.481 42.068 50.444 58.82

� 3: BP∗
P î&DTsß` F×�

#½�&Æ¾\ SNA∗
åÔkMR�sß` F�SNA ÝåÔ

kDT�bsßÿ"�?ÿô"Ý©P�ÌD SNA∗
F (% 8) î�ôå
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ÔkMRÝËÍ±F�J9ÍËÍ±F Ý` --TåÔk`�

SNA DT ð�yÎ�DT ðÝ��` �-ºÎ SNA åÔk`

MRÝsß` F�Þ SNA∗
F Ý¹3% (% 38) R�F5½ã�¬B

� (� 4)�

` ð Ï 1 Í Ï 2 Í Ï 3 Í Ï 4 Í Ï 5 Í Ï 6 Í Ï 7 ÍR��
` (J) 7.0009 15.564 24.097 32.77 41.419 49.764 58.421

� 4: SNA∗
F î&DTsß` F×�

3bÝ BP õ SNA åÔksßMRÝ��` ¢�F¡�
×

M-Îf´9°¢�Fî` Ý-²�ãyåÔk¡� BP sßMR

Ý��` º´ SNA ¼ÝM�X|5½B�Ï×Í BP MR��`

 3�Ï×Í SNA MR��` �ÏÞÍ BP MR��` 3�Ï

ÞÍ SNA MR��` �. . . �ÏÚÍ BP MR��` 3�ÏÚÍ

SNA MR��` (� 5 �×)� ÏÞÍ BP MR��` 3�Ï×

Í SNA MR��` �ÏëÍ BP MR��` 3�ÏÞÍ SNA

MR��` �. . . �ÏÚÍ BP MR��` 3�Ï0Í SNA MR

��` (� 5 �Þ)� . . . ÏÚÍ BP MR��` 3�Ï×Í

SNA MR��` (� 5 �Ú)�

1.0626 0.95324 0.96887 0.64852 0.36723 0.65633 0.36723
9.4465 9.5559 9.3449 9.0167 8.962 9.0324 -
18.049 17.932 17.713 17.612 17.338 - -
26.425 26.3 26.308 25.988 - - -
34.793 34.895 34.684 - - - -
43.388 43.271 - - - - -
51.764 - - - - - -

� 5: BP∗ � SNA∗
&DTsß` F8ET` - (���J)

� 6 � 5 &�Ý¿íÂ�hÇ BP∗�SNA∗
 åÔk¡Ý��

;ô` ¢�Â�
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� 1 2 3 4 5 6 7
¿íÂ (J) 0.72 9.03 17.73 26.26 34.79 43.33 51.76
�²P� ± 48 % ± 3.57 % ± 1.8 % ± 0.65 % ± 0.3 % - -

� 6: BP∗�SNA∗
 åÔk¡Ý��;ô` ¢�Â

qAßÎîÝÌD���Ý;ô` T�+y 0.3 Õ 0.5 J�

 �î��t#�9ÍÂÝÏ×4� 0.72�Í�²P�}�Ý��

æ.��� 5 Ï×���s¨�ãyN×4óÂK8	��X|�²

P�8Eº�ÿ�Ý×°��x�Å(@j;ô` õ 0.72 � -

ûÝæ.�3yE¾�F�El?F&DTsß` F^bÊ	Ýµ

A�.h�A¢E¾�F�El?F&DTsßÝ` F�-Î¹y

.?�;ô` 0-Ýn"�Q�3?¡Ý.¡� (§3.3) &Æºs

¨�;ô` ¬�Å(&Æ.¡ BP∗
NP õ SNA∗

NF � Ýn;�.h

;ô` ÝI	�3Í¡Z�Þ^bµ��áÝ"D�
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% 38: 'î¿É h Ý BP∗
NP (Þa) õ SNA∗

N ¹3% (Õa) Ñ!;¡8E�Hf´%
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3.2 BP∗
NP �SNA∗

NF y�!M»�¹�` �;ô` ì�n;

3|�¿�ßX½E Frequency dependent sympathetic modulation

of vasomotor tone in the anesthetized ratF[4] �¼�� SBP õ

SSNA 3�!Ôk�£ì�y�½ ω ∈ (0, 1] /ãËïfÂ�Eó�º

�lÓ¨×ËaPn; (% 39)�9×;Þ¸àXOÿÝ BP∗
õ

SNA∗ ó.ÿl��Jî�aPn;�

E®Ý���Î�ü� BP∗
NP õ SNA∗

NF ó.ÿl&�ÝDT¹

�` �M»��õ;ô` �¬@g;�MR®�Ý�¨�£ (�

��!ÝÔk�£)�#½ã�½î&�!Ôk�£XET��½

Â�ÞÿÕÝ SBP õ SSNA ÿa®�½ÂãfÂ�Eó¡�3�½

îi�ETF�

Ï×Ë@�Î| ¹Ðó M(x) ¼ÿa BP∗
NP ��|]»Ðó

B(x) ¼ÿa SNA∗
NF �qAÏÞaÝÿl�Þ BP∗

NP õ SNA∗
NF ÝD

T¹�` 5½� 4 Jõ 0.5 J� BP∗
NP õ SNA∗

NF ÝM»K�

1.2�� BP∗
NP ´ SNA∗

NF DT;ô` ü� 0.5 J�� a�b ÿ

a BP∗
NP � ¹Ðó M(x) Ý¢ó�c�d ÿa SNA∗

NF � ¹Ð

ó M(x) Ý¢ó�J a = 7.88�b = 2.42�c = 1.2�d = 0.5�À?�

` � 60 J�ãø�£ 1000 Hz�Ôk�£ ω0 � 0.1 Hz R�N

gL¦ 0.1 Hz � 1.2 Hz�Þ SBP õ SSNA ET ω0 ��½Â8t�

3�½îi�ETF�A% 40 õ% 41�

ÏÞË@�Î1¹ BP∗
NP Ýÿl���¬| ¹Ðó M(x) ÿ

a SNA∗
NF �?�f�Jõ|]»Ðó B(x) ÿa SNA∗

NF Ý?�f

���8!�h`Ý&¢óÂ a = 7.88�b = 2.42�c = 78.01�

d = 23.92�Þ SBP õ SSNA ET ω0 ��½Â8t�3�½îi�E

TF�A% 42 õ% 43�
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ÌDî����ÑA [4] �Xà��y�½ (0, 1] /º�lÓ¨

Ø×aPn;��¯@î�9Î�ÎË×fàa÷�êuàa�

3;� BP∗
NP õ SNA∗

NF ÝM»�¹�` õ;ô` ¡�ÎÍ�|

¢ãXETÝÿl¢ó�.Õ�àaÝE£÷�3ì×;��Þ.�

OÿÝ BP∗
NP õ SNA∗

NF ó.ÿl�¿àmñf»ð3ó.îÝ.

��D¡ËïfÂÝEóÓ¨%�øÝ���

% 39: ¡Z [4] �XÌDÕÝ��
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% 40: BP∗ ÿl ¹Ðó M(x)�SNA∗ ÿl]»Ðó B(x)�À`  60 J� (a = 7.88�b
= 2.42�c = 1.2�d = 0.5) `ÝÃÍÿlî�%

% 41: BP∗ ÿl ¹Ðó M(x)�SNA∗ ÿl]»Ðó B(x)�À`  60 J� (a = 7.88�b
= 2.42�c = 1.2�d = 0.5) `�5½ã SBP õ SSNA XET��£Â�ÕfÂ¡�X0ÝEó%
�
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% 42: BP∗
õ SNA∗

�ÿlK ¹Ðó M(x)�À`  60 J� (a = 7.88�b = 2.42�c =
78.01�d = 23.92) `ÝÃÍÿlî�%

% 43: BP∗
õ SNA∗

�ÿlK ¹Ðó M(x)�À`  60 J� (a = 7.88�b = 2.42�c =
78.01�d = 23.92) `�5½ã SBP õ SSNA XET��£Â�ÕfÂ¡�X0ÝEó%�
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3.3 BP∗
NP �SNA∗

NF Ëï n;�ó..0

��Ðó f(x) ∈ L1(R)
⋂

L2(R) JÍmñf»ð�LW

F [f(x)](w) = f̂(ω) =

∫ ∞

−∞
f(x)e−i2πωxdx

Í� f̂(ω) Î f(x) 3�£ ω ∈ R �Ý�½Â��h�&ÆnTÝP

�Î ω ∈ (0, 1]�

bmñf»ðÝ2P¡�-�
×M.03©�Ôk�£ì�ÿ

a BP∗
NP Ýó.ÿl SBP õÿa SNA∗

NF Ýó.ÿl SSNA Ýmñ

f»ðÐó�ôµÎ SBP õ SSNA Ý�½Â�

	ÔkÝ�£ ω0�À` �� T `��á SBP �¶W

bTω0c∑
n=0

M(x− n

ω0
− tBP ) + h

�Ey�� f(x− a)�B�ó�ð��®Fñf»ð

F : L2(R) → L2(R)��ÿ�

F [f(x− a)](w) =

∫
f(x− a)e−i2πωxdx

=

∫
f(x)e−i2πω(x+a)dx

= e−i2πωa

∫
f(x)e−i2πωxdx

= e−i2πωaf̂(w)

� ŜBP õ ŜSNA 5½ SBP õ SSNA BÄmñfºÕ¡Ý���J

.0�¼Ý ŜBP AìX��
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ŜBP (ω) = F(

bTω0c∑
n=0

M(x− n

ω0
− tBP )) + h)

=

bTω0c∑
n=0

F(M(x− n

ω0
− tBP )) + F(h)

=

bTω0c∑
n=0

e−i2πω( n
w0

+tBP )M̂(w) + F(h)

. h 3 [0, T ] /Îðó�Í�½Â©3 ω = 0 �bÂ�&Æ�D¡

ω = 0 ��½Â�ÆÞ¸¯����X|

ŜBP (ω) = M̂(ω)

bTω0c∑
n=0

e−i2πω( n
w0

+tBP )

= e−i2πωtBP
1− e−i2πω

bTω0c+1
ω0

1− e−iω2π 1
ω0

M̂(ω)

:= e−i2πωtBP
1− e−i2πω

bTω0c+1
ω0

1− e−iω2π 1
ω0

M̂BP (ω) (2)

î�Ç|©�Ôk�£ ω0 Ôkì SBP Ýmñf»ð.0�#ì¼

: SNA∗
NF �

	ÿa SNA∗
NF DTÝó.ÿl ¹Ðó M(x)�ÔkÝ�£

 ω0�À` �� T `��á9`Ý SSNA �¶W

bTω0c∑
n=0

M(x− n

ω0
− tSNA)

ãy SNA∗
DTº´ BP∗

DTè\ τ ` sß (τ ≥ 0)�X|�Þ�

ÿÝ SSNA ;¶

SSNA =

bTω0c∑
n=0

M(x− n

ω0
− tSNA + τ)

9� τ  BP∗
õ SNA∗

Ýÿa® û (ÿa BP∗ ´ SNA∗
åÔkM

R®�Ý;ô` )�ãy τ õ tSNA K�áÝ�Â�.h��
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κ = tSNA − τ�J

SSNA(ω) =

bTω0c∑
n=0

M(x− n

ω0
− κ)

� SSNA Ýmñf»ðAì�

ŜSNA(ω) =

∫ ∞

−∞

k∑
n=0

M(x− n

ω0
− κ)e−i2πωxdx

=

bTω0c∑
n=0

∫ T

0
M(x− (

n

ω0
+ κ))e−i2πωxdx

=

bTω0c∑
n=0

e−i2πω( n
w0

+κ)M̂(w)

ê

bTω0c∑
n=0

e−i2πω( n
w0

+κ) = e−i2πωκ

bTω0c∑
n=0

e−i2πω n
w0

= e−i2πωκ1− e−i2πω
bTω0c+1

ω0

1− e−iω2π 1
ω0

X|

ŜSNA(ω) = M̂(w)

bTω0c∑
n=0

e−i2πω( n
w0

+κ)

= e−i2πωκ1− e−i2πω
bTω0c+1

ω0

1− e−iω2π 1
ω0

M̂(w)

:= e−i2πωκ1− e−i2πω
bTω0c+1

ω0

1− e−iω2π 1
ω0

M̂SNA(w) (3)

P² 3.1 	À` �� T �|©�Ôk�£ ω0 ÔkßÎ�BP∗
NP

Ýó.ÿl ¹Ðó M(x)�� SNA∗
NF Ýó.ÿlô ¹Ðó

M(x) `�&Æ�|ÿÕ ŜBP õ ŜSNA fÂÝ�EÂ

| ŜBP (ω0)

ŜSNA(ω0)
| = a(d2 + 4π2ω2

0)

c(b2 + 4π2ω2
0)
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¬v3�½ (0, 1]  �log | ŜBP (ω0)
ŜSNA(ω0)

| �Ú×fàa�

J��µAî� (2)�(3) ���J

| ŜBP (ω)

ŜSNA(ω)
|

=

∣∣∣∣e−i2πωtBP 1−e
−i2πω

bTω0c+1
ω0

1−e
−iω2π 1

ω0

M̂BP (ω)

e−i2πωκ 1−e
−i2πω

bTω0c+1
ω0

1−e
−iω2π 1

ω0

M̂SNA(ω)

∣∣∣∣
=

∣∣∣∣e−i2πωtBP M̂BP (ω)

e−i2πωκM̂SNA(ω)

∣∣∣∣
=

∣∣∣∣ M̂BP (ω)

M̂SNA(ω)

∣∣∣∣
= lim

T→∞

∣∣∣∣
∫ T

0 axe−bxe−i2πωxdx∫ T

0 cxe−dxe−i2πωxdx

∣∣∣∣
= lim

T→∞

∣∣∣∣∣
a(e−(b+i2πω)TTb + e−(b+i2πω)TTi2πω + e−(b+i2πω)T − 1)

(b + i2πω)2

c(e−(d+i2πω)TTb + e−(d+i2πω)TTi2πω + e−(d+i2πω)T − 1)

(d + i2πω)2

∣∣∣∣∣
=

∣∣∣∣a(d + i2πω)2

c(b + i2πω)2

∣∣∣∣
=
|a||d + i2πω|2

|c||b + i2πω|2
(a > 0, c > 0)

=
a(d2 + 4π2ω2)

c(b2 + 4π2ω2)

�á ω = ω0�yÎ�ÿ

| ŜBP (ω0)

ŜSNA(ω0)
| = a(d2 + 4π2ω2

0)

c(b2 + 4π2ω2
0)

(4)

�ã% 39 îÝàa]�P��Õ�3 0.33 !�ºb

ŜBP (0.33) ≈ ŜSNA(0.33) Ý���Þ (4) PãEó¡�3 0.33 �®�

�"��¬|ÏÞaÿa BP∗
NP õ SNA∗

NF Ý ¹Ðó M(x) ¢óÂ
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a�b�c õ d �á��ÿ

log | ŜBP (ω)

ŜSNA(ω)
|

≈ −0.00046− 4.58 ∗ (ω − 0.33)

�0-î§JV 2.32�

yÎP² 3.1 Ç|©�Ôk�£ ω0 Ôkì�¸à ¹Ðó

M(x) ÿa BP∗
NP C SNA∗

NF Ý.¡���

|% 43 »�ÞÍ¢ó a�b�c õ d��á (4) P��J (4)

PXÕ�¼Ý��A% 44���Ëï3 ω ∈ (0, 1] `��lîÎ8	

Ù)Ý�

	ÿa SNA∗
NF DTÝó.ÿl]»Ðó B(x)�ÔkÝ�£

 ω0�À` �� T `�Jÿa SNA∗
NF �]»Ðó B(x) �¨

��- 1
ω0

��á9`Ý SSNA �¶W

SSNA =

bTω0c∑
n=0

B(x− n

ω0
− tSNA)

� SNA∗
DT!øº´ BP∗

åÔkDTè\ τ ` sß�X|!ø

�Þ SSNA ;¶
bTω0c∑
n=0

B(x− n

ω0
− κ)

J SSNA Bmñf»ð¡Aì�

ŜSNA(ω) =

bTω0c∑
n=0

e−i2πω( n
w0

+κ)B̂(w) (5)

P² 3.2 	À` �� T �|©�Ôk�£ ω0 ÔkßÎ�BP∗
NP

Ýó.ÿl ¹Ðó M(x)�� SNA∗
NF Ýó.ÿl]»Ðó

B(x) `�&Æ�|ÿÕ ŜBP õ ŜSNA fÂÝ�EÂ

| ŜBP (ω0)

ŜSNA(ω0)
| = aπω0

c(b2 + 4π2ω2
0)| sin(πω0d)|
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¬v3�½ (0, 1]  �log | ŜBP (ω0)
ŜSNA(ω0)

| �Ú×fàa�

J��µAî� (2)�(4) ���J∣∣∣∣ ŜBP (ω)

ŜSNA(ω)

∣∣∣∣
=

∣∣∣∣M̂(ω)

B̂(ω)

∣∣∣∣
= lim

T→∞

∣∣∣∣∣
−a(e−(b+2iπω)TTb + 2e−(b+2iπω)TTiωπ + e−(b+2iπω)T − 1)

(b + 2iπω)2

−1

2

c(e−2iπωd − 1)

iπω

∣∣∣∣∣
=

∣∣∣∣∣
a

(b + 2iπω)2

−c(e−2iπωd − 1)

2iπω

∣∣∣∣∣
=

∣∣∣∣ 2aiπω

−c(e−2iπωd − 1)(b + 2iπω)2

∣∣∣∣
=

|2aiπω|
|c||e−2iπωd − 1||b + 2iπω|2

�á

|b + 2iπω|2 = b2 + 4π2ω2

¬v

|e−2iπωd − 1| =
∣∣∣∣e−iπωd − eiπωd

eiπωd

∣∣∣∣
= 2| sin(πωd)|

X| ∣∣∣∣ ŜBP (ω)

ŜSNA(ω)

∣∣∣∣
=

|2aiπω|
2|c|| sin(πωd)|(b2 + 4π2ω2)

(a, c, w > 0)

=
aπω

c(b2 + 4π2ω2)| sin(πωd)|
(6)
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!øÞ (6) PãEó¡�3 0.33 �®��"��¬ÞÏÞa.

?Ý ¹Ðó M(x) C]»Ðó B(x) ¢óÂ�á�ÿ

log | ŜBP (ω)

ŜSNA(ω)
|

≈ −0.49− 4.62 ∗ (w − .33)

0-î§JV 2.33�

Þ (6) P�á ω = ω0 `�ÇP² 3.2 ��|©�Ôk�£ ω0

Ôkì�¸à ¹Ðó M(x) ÿa BP∗
NP C|]»Ðó B(x) ÿa

SNA∗
NF Ý.¡���

|% 41 »�ÞÍ¢ó a�b�c õ d��á (6) P��J (6)

PXÕ�¼Ý��A% 45���Ëï3 ω ∈ (0, 1] `��lîÎ8	

%)Ý�

ã% 46 3 ω ∈ (0, 5] ` (4) PÝ��õ% 47 3 ω ∈ (0, 5] ` (6)

PÝ����s¨ | ŜBP

ŜSNA
| 3�½îãEó¡�Í@���×fà

a�©Î3�½ 0 Õ 1 � ��E&Æb�L��9ð�½P��Ý

`aQª?bA×fàa�Abm�£�hàa]�P`��¿àt

�¿]àa2P�0�t#�Ýàa��kãàaÝF/)µ�

(x1, y1)�(x2, y2)�. . ., (xn, yn) 9°F��'t#�î�9°FÝà

a]�P y = ax + b�J2t�¿]àa2P��ÿ

[ab]T = (AHA)−1AHy� 9� A 

 x1 1
x2 1...
xn 1

 ×Í n× 2 Îp� y 

 y1

y2...
yn

 ×Í n× 1 Îp�
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% 44: P 4 � a = 7.88�b = 2.42� c = 78.01�d = 23.92 À` �� 50 J`��% 43 ®f´

% 45: P 6 � a = 36.53�b = 11.2�c = 1�d = 0.2 À` �� 50 J`��% 41 ®f´

50



% 46: P 4 3�£ 0 Õ 5  Ý5µ�� (î%) õãEó¡�� (ì%)
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% 47: P 6 3�£ 0 Õ 5  Ý5µ�� (î%) õãEó¡�� (ì%)
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3.4 BP∗
NP � SNA∗

NF M»�¹�` n;�.¡

3.¡ BP∗
NP � SNA∗

NF  M»�¹�` n;`�4Qµ®�î:

¼ BP∗
NP ÝåÔkMR´���ô´�|ÌD�Q�ÍåÔk¡Qb

��×ð` ÝEõ®��F�#�ºb!8¥PÝ���D�P°

á¼Í@6Ý¹�` ºb9��.hÍ;Þ|ÏÞa�XOÿÝ

SNA∗
NF M»õ¹�` Â	®�á��Ê BP∗

NP ÝM» SNA∗
NF

Ý α ¹�¹�` ´ SNA∗
NF 9 β J�DÄ�J BP∗

NP Ý¢ó�×

M»õ¹�` �¸Í��@jßÎ log | ŜBP (ω)
ŜSNA(ω)

| 3�H%Ý���


�.���Ý α Âõ β Â�

	 SNA∗
NF Ýó.ÿl ¹Ðó M(x) `�| 1 aÏ 2 ;Ýæ

�ßÎ£G®»���Ê SNA∗
NF ÝM» 5.89�¹�`  1.5 J

(c = 133.36� d = 8.33�8n;ó 0.29)�. BP∗
NP �SNA∗

NF Ý

M»5½ a
be õ

c
de�¹�` J 4 ln(2)+3 ln(5)+ln(a)

b õ

4 ln(2)+3 ln(5)+ln(c)
d �yÎ�|ÿÕì«9ëÍP��

i. BP∗
ÝM» SNA∗

Ý α ¹�Jb a
be = α c

de�

ii. BP∗
Ý¹�` f SNA∗

9 β J�Jb

4 ln(2)+3 ln(5)+ln(a)
b = 4 ln(2)+3 ln(5)+ln(c)

d + β�

iii. log | ŜBP (0.33)
ŜSNA(0.33)

| ≈ 0�

Bã?��	 α = 0.5�β = 2.5 (Ç BP∗
NP ÝM» SNA∗

NF Ý 0.5

¹�¹�` J´ SNA∗
NF 9 2.5 J ) ` (% 48�49)�� [4] Ý��

(% 39) t#���ÿ a = 21.34�b = 2.67�Þh�Õ��¢ó a�b

�áÿa BP∗
NP Ýó.ÿl���æ� BP∗

NP �×�JGr8´�

8n;ó 0.59�8E0- 16% (% 50)��æ� BP∗
NP î×ð` �

Gr8´�8n;ó 0.55�8E0- 15% (% 51)�

SNA∗
NF Ýó.ÿl]»Ðó B(x) lP`� !ø|Ï×a�
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Ýæ�ßÎ£G®»���Ê SNA∗
NF ÝM» 5.89�¹�` 

0.53 J (c = 5.89�d = 0.53�8n;ó 0.23)��æ SNA∗
NF Ýó

.ÿl ¹Ðó M(x) lP`ÝëÍP��J;¶W|ìlP�

i. BP∗
NP ÝM» SNA∗

NF Ý α ¹�Jb a
be = αc�

ii. BP∗
NP Ý¹�` f SNA∗

NF 9 β J�Jb

4 ln(2)+3 ln(5)+ln(a)
b = d + β�

iii. log | ŜBP (0.33)
ŜSNA(0.33)

| ≈ 0�

Bã?��	 α = 0.8�β = 4 (Ç BP∗
NP ÝM» SNA∗

NF M»�

0.8 ¹��¹�` J´ SNA∗
NF 9 4 J) ` (% 52�53)�� [4] Ý

�� (% 39) t#��Þ�Õ��¢ó a = 31.22 õ b = 2.44 �áÿ

a BP∗
NP Ýó.ÿl���æ� BP∗

NP ��%�×�JGr8´�

8n;ó 0.61�8E0- 15% (% 54)��æ� BP∗
NP ��%î×ð

` �Gr8´�8n;ó 0.59�8E0- 15% (% 55)�

9�X.¡�¼Ý BP∗
NP ÿlM»�¹�` ¢�Â�B�æ

� BP∗
NP f´�8n;óKb¾ 0.5 |î�X|�Þî�Ý α Âõ β

Â�Ú� SNA∗
NF .¡ BP∗

NP TÎ� BP∗
NP .¡ SNA∗

NF Ý¢��

f´h`¸à]»Ðó B(x) õ ¹Ðó M(x) ÿa SNA∗
NF Ý

[��¸à]»Ðó.¡�¼Ý BP∗
NP ÿlB� BP∗

NP f´�8n

;ó´¸à ¹Ðó M(x) {�

54



% 48: SNA∗
NF Ýó.ÿl ¹Ðó M(x)�α = 0.5�β = 2.5 `� log | ŜBP (ω0)

ŜSNA(ω0)
| 3�£ 0 Õ

1 Hz  Ý��

% 49: SNA∗
NF Ýó.ÿl ¹Ðó M(x)�α = 0.5 `� log | ŜBP (ω0)

ŜSNA(ω0)
| 3�£ 0 Õ 1 Hz î�

! α�β ÂEï
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% 50: α = 0.5�β = 2.5 (a = 21.34�b = 2.67) `��áÿa BP∗
NP Ýó.ÿl�� BP∗

NP ��
%�×�JGrf´

% 51: α = 0.5�β = 2.5 (a = 21.34�b = 2.67) `��áÿa BP∗
NP Ýó.ÿl�� BP∗

NP ��
%î×ð` �Grf´
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% 52: SNA∗
NF Ýó.ÿl]»Ðó B(x) lP�α = 0.8 õ β = 4 `� log | ŜBP (ω0)

ŜSNA(ω0)
| 3�£ 0

Õ 1 Hz Ý��

% 53: SNA∗
NF Ýó.ÿl]»Ðó B(x) lP�α = 0.8 `� log | ŜBP (ω0)

ŜSNA(ω0)
| 3�£ 0 Õ 1 Hz

î�! α�β ÂEï
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% 54: α = 0.8�β = 4 (a = 31.22�b = 2.44) `��áÿa BP∗
NP Ýó.ÿl�� BP∗

NP ��
%�×�JGrf´

% 55: α = 0.8�β = 4 (a = 31.22�b = 2.44) `��áÿa BP∗
NP Ýó.ÿl�� BP∗

NP ��
%î×ð` �Grf´
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Ï 4 a PÎåÔkGrfE`�åÔkGr.¡

ÎåÔkGr3G«¿Ía;��x�Îà¼Ý£ÎÍÓ¨%�PC

0Ããa��0ÃãaÝê2�Îà¼.¡ßÎGr3åÔkG¡�

J�Grîè{9KM»�Q�3.¡ | ŜBP

ŜSNA
| ÝÄ���s¨J�G

rÝ'î¿É�3Fñf»ðÝÄ�����^b®à�.hÍaÝ

êÝ�x�3"D	^bÎåÔkGr®fE`�GbÝ×àåÔk

Gr�3þKEÃãaF^×`�B�G¿aXè���8!E®M

»¡�ÎÍ�ÿv«Ý���

4.1 æ�ßÎ£G�ÃÍ�§�ó.ÿl�x

!Ï×a��È|<ÎTW��×t SNA ²�Í�ºÅ( BP Ý.

ô�B�×ð 16 JÝåÔkGr (% 56)�Gr�§Ý×lP�3

�Å(GrÍ�P²ÝGÞì�È|�Ï×atEOÃãaF²�Í

�ÃÍ�§�

1. �; BP õ SNA �Gr%

BP∗
P Ý®°õM»!Ï×aX��A% 57�

SNA∗
F Ý®°õM»!Ï×aX��A% 58 õ% 59�

2. BP ��%C SNA l®%ÝÑ!;

BP Ñ!;Ý®°�Þ BP∗
P 3�Ít±F!��V 2

3 M»Ý¿í

Â (77.89)��t| BP∗
P ýã- (3.52)�A% 60�

SNA Ñ!;Ý®°�Þ SNA∗
F 3� SNA∗

îÝt±F

(0.00063)��t| SNA∗
Ýýã- (0.0019)�A% 61�

3�x BP∗
NP ó.ÿlG�Ýb� BP∗

NP ÿlfEÝµA�!øy

æ� BP∗
NP î^ã×ð�×ÔkXCW��JR�®��A% 62�
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¸à ¹Ðó M(x) ¼ÿa BP∗
NP �ã@�óAÿá�	

a = 10.96�b = 1.61 ` (% 63)�õ% 62 Ý�×ÔkXCW��JR

�®�8´�8n;ó 0.89�3bÝ�×Ôkì�J®�Ýó.ÿ

l¡�-�
×M.�ÿa3×ð` /óÍÔkìÝ BP∗
NP ó.ÿ

lCÍ×�P�

BP∗
NP Ý` �� 16 J�� SBP  16 J/óÍÔkì�ÿ

aåÔk BP ®�Ýó.ÿl�3 BP∗
NP î�:�b 2 Í��Ýå

ÔkMR�yÎ SBP Ç 2 Í�×Ôk�J®�Ý¿ÉP��� ti

&gÔk3Jð` /ÝsßF�J SBP ��î

SBP =
2∑

i=1

M(x− ti)

ã@�óA�&Æ� t1 = 2.1 Jõ t2 = 10.9 J� SBP (% 64 ��Õ

a) � BP∗
NP (% 64 ��Þa) 8´�Ëï�8n;ó 0.87�

ãî����:�3þKÎåÔkGr�fEì�à#¸àåÔ

kGr¼�xó.ÿl�!ø�ÿ8	�ýÝ8«���

�ãG«ÏÞa��.¡�u|ü��£ ω0 Ôk����À`

 �� T `�J BP∗ �×Ôk�J®�Ý�¨��- 1
ω0

�yÎ

!ø�ÿ

SBP =

bTω0c∑
n=0

M(x− n

ω0
− tBP )

(tBP  BP∗ Ï×ÍÔkDT�¨Ý` F)�î�Ç|©�Ôk�

£ ω0 Ôk BP∗
Ýó.ÿl�

3 BP∗
NP (% 60) î�:�b 2 ÍåÔkÝMR�X|3

SNA∗
NF îT�ôºb 2 ÍMR�ÌD SNA∗

NF % 61�Þ SNA∗
NF î

�ôMR�X3ÝËÍ±F®B��1ºË±FX�ôÝ` ð�¬

.Í�ðhë�ã� SNA∗
NF Ý¹3% (% 65)�

60



	 SNA∗
NF |]»Ðó B(x) �î`�
×MÞî� 2 ðMR®

¿í�J¸ÆÝ¿íM»V 2.35�¿í¹�` JV 0.58 J�

ã]»Ðó B(x) �M» 2.35�¹�`  0.58 J (Ç a = 2.35�

b = 0.58)��áJÍ@�Ý` �� 16 J�� SSNA  16 J/

óÍÔkì�ÿaåÔk SNA ®lÝó.ÿl�yÎ SSNA Ç 2

Í]»Ðó B(x) Ý¿ÉP��� ti &gÔk3Jð` /Ýsß

F�J B(x) 

B(x) =

 2.35 if 0 ≤ x ≤ 0.58,

0 otherwise.

yÎ SSNA ��î

SSNA =
2∑

i=1

B(x− ti)

ã@�óA.?�&Æ� t1 = 1.3672 Jõ t2 = 9.8438 J�3�ß

SSNA G�!øÿã SNA∗
î±C×à SNA∗

N � SNA∗
N Ý®°Þ

SNA∗ 3� SNA∗
î�t�Â¡ (0.00063)�t| SNA∗

Ýýã-

(0.0019) (% 66)�� SSNA(% 67 ��Õa) � SNA∗
N (% 67 ��Þ

a) 8´�Ëï�8n;ó 0.56�

!ø2�qAG«ÏÞa��.¡�uî�Ý��Î|ü�ÝÔ

k�£ ω0 X®Ý@���À` �� T `�Jÿa SNA∗
NF �]

»Ðó B(x) �¨��- 1
ω0

�yÎ!ø�ÿ

SSNA =

bTω0c∑
n=0

B(x− n

ω0
− tSNA)

(tSNA  SNA∗ Ï×ÍÔkDT�¨Ý` F)�	 SNA∗
NF | ¹Ð

ó M(x) ¼�î`�¢�ÿl]»Ðó B(x) Ý®°�ã ¹Ðó

M(x) �M» 2.35�¹�`  1.5 (Ç a = 133.36�b = 8.33)�!

SNA∗
NF |]»Ðó�î`�.¡Ä��J SSNA  2 Í ¹Ðó
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M(x) Ý¿ÉP��� ti &gÔk3Jð` /ÝsßF�J

SSNA ��î

SSNA =
2∑

i=1

M(x− ti)

ãy!ÿa SNA∗
ÝåÔkDT�X|9�Ý ti õ¸à]»Ðó

B(x) �î`��8!� SSNA (% 68 ��Õa) � SNA∗
N (% 68 �

�Þa) 8´�Ëï�8n;ó 0.56�

qAG«ÏÞa��.¡�uî�Ý��Î|ü�ÝÔk�£

ω0 X®Ý@���À` �� T `�Jÿa SNA∗
NF � ¹Ðó

M(x) �¨��- 1
ω0

�yÎh`| ¹Ðó M(x) ÿa SSNA Ý�

��!ø�ÿ

SSNA =

bTω0c∑
n=0

M(x− n

ω0
− tSNA)

(tSNA  SNA∗ Ï×ÍÔkDT�¨Ý` F)�

�|î BP∗
NP õ SNA∗

NF ó.ÿlÝ.0Ä�õ8n;óÝfE

��s¨�3PÎåÔkGrÝfEì�t®lÝM»b��Ý;�

²�Í�Ý-²�K8	����	¸à!øÝÿl¼ÿa BP∗
NP õ

SNA∗
NF `�?Î©bÅ(ÿlX¸àÝ¢óÂ���Í�K^bÅ

(�.hì×;�Þà#
� ŜBP õ ŜSNA �ÕfÂ¡ãEóÝ�

���ß3;�ÿlX¸àÝ¢óÂ¡�ºÍÿÕ�bÎåÔkGr

fEì�8!Ý����ËàXÿÕÝóA -²Pêb9K�

f´h`¸à]»Ðó B(x) õ ¹Ðó M(x) ÿa SNA∗
NF Ý

[��¸à ¹Ðó M(x) � SNA∗
N f´�8n;ó´¸à]»Ð

ó B(x) {�
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% 56: BP�SNA åÔkì�ßÎæ�Gr%� (À` �� 16 J�ãø�£ 128 Hz)

% 57: BP∗
P ��
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% 58: �£ 0 Õ 1  SNA∗ l®G¡�H%

% 59: SNA∗ æ�Gr� SNA l®%Eï
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% 60: BP∗
NP ��

% 61: SNA∗
NF ��
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% 62: æ� BP∗
NP î�×Ôkì�J®�Gr

% 63:  ¹Ðó M(x) ÿl�% 62 8´%
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% 64: h`� SBP ÿl� BP∗
NP 8´%

% 65: qA% 61 ã��¹3%
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% 66: SNA∗
N %�

% 67: ]»Ðó B(x) ÿl�% 66 8´%
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% 68:  ¹Ðó M(x) ÿl�% 66 8´%

69



4.2 PÎåÔkGrfEì BP∗
NP � SNA∗

NF M»�¹�` n;
�.¡

	 SNA∗
NF Ýó.ÿl ¹Ðó M(x) `�h`� SNA∗

NF M

» 2.35�¹�`  1.5 J (c = 48.94�d = 7.66)�º��ì«9

ëÍP��

i. BP∗
NP ÝM» SNA∗

NF Ý α ¹�Jb a
be = α c

de�

ii. BP∗
NP Ý¹�` f SNA∗

NF 9 β J�Jb

4 ln(2)+3 ln(5)+ln(a)
b = 4 ln(2)+3 ln(5)+ln(c)

d + β�

iii. log | ŜBP (0.33)
ŜSNA(0.33)

| ≈ 0�

Bã?��	 α = 0.5�β = 3 (Ç BP∗
NP ÝM» SNA∗

NF Ý 0.5

¹�¹�` J´ SNA∗
NF 9 3 J ) ` (% 69�70)�� [4] Ý��

(% 39) t#���ÿ a = 6.75�b = 2.11�Þh�Õ��¢ó a�b

�áÿa BP∗
NP Ýó.ÿl���æ� BP∗

NP ��%�×�JGr

8´�8n;ó 0.84 (% 71)��æ� BP∗
NP ��%î×ð` �G

r8´�8n;ó 0.83 (% 72)�

SNA∗
NF Ýó.ÿl]»Ðó B(x) lP`� �Ê SNA∗

NF Ý

M» 2.35�¹�`  0.58 J (c = 2.35�d = 0.58)�JG�ëÍ

P�;¶W|ìlP�

i. BP∗
NP ÝM» SNA∗

NF Ý α ¹�Jb a
be = αc�

ii. BP∗
NP Ý¹�` f SNA∗

NF 9 β J�Jb

4 ln(2)+3 ln(5)+ln(a)
b = d + β�

iii. log | ŜBP (0.33)
ŜSNA(0.33)

| ≈ 0�

Bã?��	 α = 0.8�β = 5 (Ç BP∗
NP ÝM» SNA∗

NF M» 0.8

¹��¹�` J´ SNA∗
NF 9 5 J) ` (% 73�74)�� [4] Ý��
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(% 39) t#��Þ�Õ��¢ó a = 8.97 õ b = 1.76 �áÿa

BP∗
NP Ýó.ÿl���æ� BP∗

NP ��%�×�JGr8´�8n

;ó 0.88 (% 75)��æ� BP∗
NP ��%î×ð` �Gr8´�8

n;ó 0.86 (% 76)�

�Í;Ý��õG«ÏëaÝ����s¨�3PÎåÔkGr

fEì�| ¹Ðó M(x) ÿa SNA∗
NF .¡�¼Ý BP∗

NP M»�

SNA∗
NF Ý 0.5 ¹õbÎåÔkGrfEì8!� BP∗

NP ¹�` 

SNA∗
NF 9 3 JJõbÎåÔkGrfE`�9 2.5 J-�9��|

]»Ðó B(x) ÿa SNA∗
NF .¡�¼Ý BP∗

NP M»� SNA∗
NF Ý

0.8 ¹õbÎåÔkGrfEì8!� BP∗
NP ¹�`  SNA∗

NF 9

5 JôõbÎåÔkGrfE`�9 4 J-�9�

�h��'�¡bPÎåÔkGr®fE�K�3 | ŜBP

ŜSNA
| �H%

îãEó¡�ÿÕ� [4] 9SXèÝ¨é (% 39) b8!���

f´h`¸à]»Ðó B(x) õ ¹Ðó M(x) ÿa SNA∗
NF Ý

[��¸à]»Ðó.¡�¼Ý BP∗
NP ÿlB� BP∗

NP f´�8n

;ó´¸à ¹Ðó M(x) {�
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% 69: SNA∗
NF Ýó.ÿl ¹Ðó M(x)�α = 0.5�β = 3 `� log | ŜBP (ω0)

ŜSNA(ω0)
| 3�£ 0 Õ 1

Hz  Ý��

% 70: SNA∗
NF Ýó.ÿl ¹Ðó M(x)�α = 0.5 `� log | ŜBP (ω0)

ŜSNA(ω0)
| 3�£ 0 Õ 1 Hz î�

! α�β ÂEï
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% 71: α = 0.5�β = 3 (a = 6.75�b = 2.11) `��áÿa BP∗
NP Ýó.ÿl��æ� BP∗

NP �
�%�×�JGrf´

% 72: α = 0.5�β = 3 (a = 6.75�b = 2.11) `��áÿa BP∗
NP Ýó.ÿl��æ� BP∗

NP �
�%î×ð` �Grf´
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% 73: SNA∗
NF Ýó.ÿl]»Ðó B(x) lP�α = 0.8 õ β = 5 `� log | ŜBP (ω0)

ŜSNA(ω0)
| 3�£ 0

Õ 1 Hz Ý��

% 74: SNA∗
NF Ýó.ÿl]»Ðó B(x) lP�α = 0.8 `� log | ŜBP (ω0)

ŜSNA(ω0)
| 3�£ 0 Õ 1 Hz

î�! α�β ÂEï
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% 75: α = 0.8�β = 5 (a = 8.97�b = 1.76) `��áÿa BP∗
NP Ýó.ÿl��æ� BP∗

NP �
�%�×�JGrf´

% 76: α = 0.8�β = 5 (a = 8.97�b = 1.76) `��áÿa BP∗
NP Ýó.ÿl��æ� BP∗

NP �
�%î×ð` �Grf´
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Ï 5 a óA5����D¡

f´ÏëaõÏ°aÝ����|.¡àó.ÿlÿaßÎ BP∗
NP õ

SNA∗
NF Ý | ŜBP

ŜSNA
| ����GrJ�Ý'î¿É9KC BP∗

NP �

SNA∗
NF  Ý` ;ôPn�ôµÎ�|à#¸à×ðåÔkGr¼

ÌDõ.¡ log | ŜBP

ŜSNA
| Ý¨é��m¨×ðÝÎåÔkGr®fE�

� log | ŜBP

ŜSNA
| Ý¨é©�ó.ÿlÿaÝM»{�õ¹�` 9òb

n��yó.ÿlÿaÝM»�X�9{�¹�` �X�9��J

bä�@jßÎDTÝ8n���àÿlÝ¢ó¼�×�

ßÎî�ÌD�	Ôk�£��ØË��`�BP∗
®�îº�¨

×°´�×Ôk®��Ý®��qAÏÞaÝ BP∗
NP ó.ÿl.0Ý

Ä�õ����s¨9°´�Ý®��©ÎóÍ8! BP∗
®�P�

�¼Ý[��¬^b.ÔkÝn;®ß±Ý®��

�Ïëa.¡�¼Ý log | ŜBP

ŜSNA
| 3�½ (0, 1] ºÓ¨aPn;Ý

����� [4] 9S¡Z��à�Ý���D�H�£õø�ßBþ

P�H�£� Ý]�P�

PSNA = PBP × a× 10b×(frequency) (a, b ðó)

¬vqAÏëaõÏ°aÝ����.ÿ BP å SNA Å(¡�Í�

�¹�` ºî¹V 4 Õ 6 J�

h²��3% 49�% 53�% 70 õ% 74 �:�� BP∗
NP õ

SNA∗
NF  �¹�` n; β�Ey log | ŜBP

ŜSNA
| %îÝE£bÅ(��

BP∗
NP õ SNA∗

NF  �M»n; α�Jx�Å( log | ŜBP

ŜSNA
| %î¿É

Ý¨é�EyE£J¿{^bÅ(�

ÏëaõÏ°a BP∗
NP � SNA∗

NF M»�¹�` n;�.¡�

JJ§A� 7�
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bÎåÔkGrfE`
SNA∗

NF ÿl BP∗
NP õ SNA∗

NF ÿÕÝ BP∗
NP ����

n;

 ¹Ðó M(x) SNA∗
NF M» 5.89 z-value ×0.5 BP∗

NP M» 2.945 z-value
SNA∗

NF ¹�` 1.5 sec +2.5 BP∗
NP ¹�` 4 sec

]»Ðó B(x) SNA∗
NF M» 5.89 z-value ×0.8 BP∗

NP M» 4.712 z-value
SNA∗

NF ¹�` 0.53 sec +4 BP∗
NP ¹�` 4.53 sec

PÎåÔkGrfE`
SNA∗

NF ÿl BP∗
NP õ SNA∗

NF ÿÕÝ BP∗
NP ����

n;

 ¹Ðó M(x) SNA∗
NF M» 2.35 z-value ×0.5 BP∗

NP M» 1.175 z-value
SNA∗

NF ¹�` 1.5 sec +3 BP∗
NP ¹�` 4.5 sec

]»Ðó B(x) SNA∗
NF M» 2.35 z-value ×0.8 BP∗

NP M» 1.88 z-value
SNA∗

NF ¹�` 0.58 sec +5 BP∗
NP ¹�` 5.58 sec

� 7: BP∗
NP � SNA∗

NF M»�¹�` n;.¡J§�

ãî���:��|!øÝE®ø��3¸à ¹Ðó M(x) ÿ

a SNA∗
NF `��¡bPÎåÔkGr®fE� BP∗

NP ÝM»KV

SNA∗
NF Ý 0.5 ¹�¹�` JV SNA∗

NF 9 2.5 Õ 3 J��¸à

]»Ðó B(x) ÿa SNA∗
NF ��¡bPÎåÔkGr®fE�

BP∗
NP ÝM»KV SNA∗

NF Ý 0.8 ¹�¹�` JV SNA∗
NF 9

4 Õ 5 J�¬v38!ßÎGrì��¡¸à¢Ëÿlÿa

SNA∗
NF ��I	X.ÿ� BP∗

NP M»õ¹�` Kº8	#��

f´»²ÝÎ�bÎåÔkGrfE`X.ÿÝ BP∗
NP M»�-

û 1.758 z-value�|C^bÎåÔkGrfE`X.ÿÝ BP∗
NP ¹

�` �-û 1.08 J�-ûÝx�¼Ù�T�Î�3£� SNA∗
NF

ÝM»õ¹�` Ä�î�

ãG«¿a SNA∗
NF .¡�� BP∗

NP %�:¼�t% 75 õ 76�

ã]»Ðó B(x) .¡�� BP∗
NP ÿlf´â?²�Í�ã]»Ðó

B(x) .¡�� BP∗
NP ÿl�M»b�{Ý¨é�A% 54 õ% 55�

�ã ¹Ðó M(x) .¡�� BP∗
NP ÿl�M»Jb�±Ý¨é�A

% 50�% 51�% 71 õ% 72�ãy&ÆÎ¸à SNA∗
F îåÔkMR

Ý¿íÂ�¼£�M»õ¹�` �9ºõ@j SNA∗
ÝM»õ¹�
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` ºb×°0-�A��3ÿa SNA∗
NF M»õ¹�` Ý9ÍÄ

�î�0Õ?Ê)ÝÂ�T��|?b[Ýè{ÿlÿa SNA∗
NF Ý

8«���¬
�;�X.¡�¼� BP∗
NP M»-²P�
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