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åMicro-Simulation Modelsè�B�)�åStatistical Inferenceè[24]�A

­��{|:R

2.1.4.1 ·j¸¹

Ò�#"�O8m�fk��aÊ�����ÅÊÅÆ�O£�

fëk�x A��O�Õf7+�bäf�hÍ�Ý�£R
�

åGraph Theoryè/4�¼�åQueuing Theoryè�Max-Plus©k"

åMax-Plus Algebraè4¼�[AØM:��jÈ ¡]�� Hansen

�Z�záM¼�:B*jÈ±²f ¡][33]R

� 1995 
�Higgins 4â[35]Á3ÜrÎä���DÄÈãåç�

�ãè/&'éê�A�jÈé�4�M���±fÒ�ÅÆ�ÅÆ

+Ó�z­â&'Q/jÈ�7+� M���7+f ¡]�-�

o8�:(� 1998 
���A;!�u!G3'�AÒ�f#"g*

* ��%ïä[36]R

� Ferreira� Higgins[29]f§¨+�*º�ÇfÒ�ÅÆ+Ó�Ü

rÎä­\jÈ�ÆfHI¥åRisk of Delay, RDè������	


]�Æ3�H�ÆHIº�ïäfÕÖR

� Goverde[31]xßA Max-Plus©k"G���ÇÅÆ�[&'(

)+Ü\jÈ����ï��UÅÆ ��()°ûA±!îº�f

ïä�:?H7+K¶��ÕÖf��]�ªH]� FGE� ¡

7+f���*Ra Goverde[31]�Ç:ÅÆ`Oß�����ï7+

å�¡�°ï7+/H��ï7+è�?v���[15]Á3<�OL�

AST�ËASÂ��]���¥'p���Ë�ïð
ñÁ3­\

âÈ}¶d�8*�=��f>���=��f¥m0©+Ð²m�

 ¡�m�ªHR

����Q A�"��ÕH&'()f���·ï©zLMÒ

�#"FG��Ïëf���*RÒ�ÅÆ A�=z�£���f

UE�A�Hk�f !]�a<Ýf��h>f���Õ<¦ ¡

]8,R
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2.1.4.2 º�»�*

�ÅÊ �����	jÈ¦*�jÈA�E5ûC: !U


�����+8,f�Õ<�a3bäf!hÍ��¦,��
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Chen � Harker[28]Ú3ÜrÎä�jÈ�_rñf��/0¥GDÄ
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äf ¡]���ÐÅÆÓ�ãä!îïä/Oãïä��ÕHf6

#­)*ï7+f ¡]R

�
:de+8G !fÅÊÅÆ�p� Carey� Carville[26]Á3

>12Èã�Ó�jÈ<�¦Èã12&'øùDÄÅÊÅÆ���

�\ ¥7+­�$����#C�¥ÅÊ�At$7+f ¡]R

�?v� ¹!§º[8]Á3Ü\ÎQ�Ó�jÈ|�/ÈM¸}6#/

ãä!îïäA�deï�4>�× �DÄjÈ±² ¡]ÅÊÅ

Æ�/�jÈ|�¦jÈÉ���ïäfê0�Ë�U'p��®>

!îT%0kD�¥�A�zÒãä!îïäT%3 ¡]fÕÖR

¸��+=>ÅÊÅÆ��Ç}&9���ní²ñÝ+�H½

M����f Railned ¦ Incontrol Enterprise Dynamics ^ÐzFd�

: SIMONE�'�Á3��Â_()ºE��*3+BC(ã��Â

_XK):�$� BC*ãXK)+_�/&'/E5/|��T

¦ï7+4X;� )*ï7+ ¡]¦����:+�¦ÕÖ�Ë

���	&'E5øù:��RMiddelkoop ¦ Bouwman[46, 47]ZLM

Ð��/���Weesp Èãîè4/ïä�A�o8áâ9�_��

ï7+:ªH]R

� EUROPE-TRIP �À[30]+��ßQM%v?f AEA Technology 

Rail ^Ðºd� VISION�§¨ï7+­>65k¸�4fjÈ3�

�_r��6»:ÕÖ��\ý�&65fjÈk¦��f��ï

ä�áX:ä(�.,qã-åTrade-offèfê0R
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ÅÊÅÆ¦â�()f�(]8,�nØ\#$.�OÔ>&'

()f��XK�[�:$3�D���&'()fÏëï��+=

>f� kåp��:f�!7+4è��LMÅÊÅÆ:�¥���

�ü�F\��ÕH��}01��fUE�!�2ÅÊÅÆ3 ,

�Õ]fÊ¤R

2.1.4.3 ¼�f�

B�)���ßÎÏí¤�!XK�QM)�#"4*��fa

.����M��ÕÖ× ¦��¥f© ÆR� Olsson 4â[49]35

6Â_()Ff\(j§¨+�ÎÏde()fbC:9/8]Ñf

P7:9�*��z<XK��U)�#"�Aéê0kåPearson

Correlationè:Õ�ÕÖ��.f× �*+æç�;sk/��Q

M./7}ã8./9ïÛO/�
5�/Éã/�n/¶xã��6

»�A�!î8]#Æ4�Yì�Ð§¨��+���QM.���

.féê<�+g°+f,�aFX{| �ß?HjÈ%�f��

¥:;z¹�f�����}<Äf��R

� Briggs � Beck[25]�ß�Çz8 !fÉ��op)��z\

ÈãfjÈí¤!¥XK�<>\«I�4©+*�%ïä���.

ê0f q-exponential=kåq-exponential functionsè�A�UÐ=k+

f��0k:)*ÐÈã� ¡]ñf+&� â�)*�Èãf 

¡]�*�� �Ô�!Ô;sf�KR

Ç�"[13]f§¨YGÅÊÅÆ�aÅÆ++êãä!îïäfa

.�øÙßA)�#"4*�Ð§¨ÓÛSÂjÈfÈM¦O¡�±

,-¦£�¢ËJAÆ(2.2)+fjÈí¤¶dïä O
ijt �¥4*ëk�

�ßA+Hïä¦í¤ïä:, ije �¥���[Ð§¨ft$�	\
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S
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=>¤a;<�ÕÖjÈ ¡]f× k>�n%�Ä~XKf³´

>AFG��XKRÕ<?�/k��>/X;ÎH�"Á3��ü

×�¥Ä~@A4â>ü×�A��© ��f����g°R

)�#"¤.XK�¨>� LÅÆf B]¨,�a[�:(
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%&'��)*fþ����2.2.2�2.2.3��ß��ÞÜ\ÎQ�ó

ôÎQf&'����ÅÆ�¥î%R

2.2.1 cdA¿^_¸¹

Pachl[50]n&'��§¨f#"Î�GÒ�"åAnalytic Methodè

¦ÅÊ"åSimulationèá£`�a� EUROPE-TRIP[30]+��ßn&

'��f§¨#"�Î�GÒ�ÅÆ/67ÅÆ�A�ÅÊÅÆ�MR

�!§ºf§¨+[9]�ÎÏ#$+8å�MÅÆºÊMfþ�vg�

n&'��)*#"�GÒ�ÅÆåAnalytical Modelè/ÅÊÅÆ

åSimulation Modelè¦I��ÅÆåOptimization Modelè�A­��

Þ<�MÅÆ�{|*þ�v��ÊR�R

2.2.1.1 ·j�*

Ò�ÅÆ AßÓÛÂ_E5¦7+f;<��\�E�¦UE

f«¬­Bf>���hf^ÆåFormulaè��U^Æ+fök:�

h_r�_�*�¹�:��RÒ�ÅÆ ASç+)��+fa.

A�É�¥f�L�Ën*+£Ün��LMf;<�G)*&'�

�AM:#Æ�a×ÓÛf× +O�×·*�Õ<��ÅÊÅÆR

Ò�ÅÆ��h8 !:_�ï� A�n&'()ÒG=>�

�åNode, p�Èã/TUr/VC�è¦�råSegment, Sectionè

f¸z�­\{ ½%*�E;<:�h��RØ$�Ò�ÅÆJA

©z���°ä�()E�:WLM�MAÏH�M× 3&'��

fÕÖR
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ÓÛf× �A���ïºEHf65�A
��#w:X�()f

!FU
�×·Ú�j%o8�65­fs-:/�����Ré8

�Ò�ÅÆ�ÅÊÅÆ AÓÛ8> !f× �p�deÌÍ()/



2 - 21
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\ÑnÅÊÅÆÎ�Gx�ÅÊåDiscrete Simulationè¦óôÅ

ÊåContinuous  Simulationè�x ¡Gx�3¬fwÅÊåDiscrete

Event-Orientation Simulationè¦óô<ïäÅÊåContinuous Time 

Scanning Simulationè�áMÅÊ#"fAY�Ò§¨fN��+º�

	RLeilich[44]�G��KÅÆ:s-oZKÅÆ����KÅÆN�

A�r��+&fÅÆ A-�o8[��$3£�/��x�>�

kfÅÊ�3¬fwfÅÊ8óôïäÅÊ:U\[R

ÅÊÅÆ A(�\�UE¦OLå�ÅÊÅÆÓÛf× è�
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�"Õí!½-�ÓÛf× U>�3���fWý§¨�?!�ß

>Pf�Middelkoop ¦ Bouwman[45]®>\M%ñ�­f#"�

åTop-Down Approachè:²¼<â���*`Of�LßpA8,
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n­\â_}bÒ>:��§¨R<M�"äC{|zÅÊÅÆYì

 Ank>f !× !5���a ADÄÅÆX�ÎÏbc§¨
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I��ÅÆ A�.N�jÈ6�fþ�vg�a�BC²¼&'ø

ù/Èc<�/de()43jÈ!îï�fÕÖR

2.2.2 Â�ÃÄcdA¿ij�*UV

%�&'()é[ !�BC)*�â_�f��é[n>�;

�ß3�`µSÂ+>MjÈ!¥n+jÈKm/0¥Gf2)¼Î

�Â_()R×·��°f§¨ Aßn�â_�Î�G=>_Q�

­}Ú�hÜ\_Qf&'����ÊMf#"£>ò�Ò�ÅÆR

A­{|é?/��/ã~/+?�A�o?+êÜ\_Q&'��

:��ÅÆR

2.2.2.1 �b

é?2)Â_f&'��§¨Ë��µ�¸�Â_9
+��§

¨:��×·!"§¨pÑ�åTransportation Research Board, TRBè

x+ÌÍ&'��PÏfÄÀRé8�2)u!Â_�é?o8+(

)f§¨ßÁ3f�Ã!()º�Çf���hÅÆ�·0!"§¨

pÑ�åTRBè`ff»£k!"��¼±²³´PÏ¿(j:§¨

}��æ) TCRP Project A-08[52]� TCRP Project A-15[41]�¸fß�Ç

yzºé!";<:()���ÅÆ�}G£k!"í²�êëLH

X:�~ëÓ#¬R�\qPÏ�� 1999 
>q���qx� 2003


�>qR

�é?»£k!"��¼±²³´PÏ¿+�_r���hÆG�

)(
3600
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l ttt

C
++

= (2.3)

Æ+� lC =_r��åTU/hè

st =I9deï�åsè

dt =MNÈãfOÈïäåsè

mt =!îT%ïäåsè
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é?f_r��ßAÃ!()G`Of§¨3'�×·��fï

äÜ�G»9ï¿�+��2)Â_ßA»ã¿GÜ�-Ø$�Ã!

()>Ê r!î�jÈ<�A�Oã#Æ\��¢���h^Æ+

Ë�ÓÛjÈ��/0f6»R

2.2.2.2 ÅÆ

��f&'()é[�µ�&'��éêf§¨�+mrf�

��*+I ÞfÅÆG UICåInternational Union of Railwayè[38]º

®>f^ÆåUIC Codes 405è���°INOf§¨�G�®BCf

IMPROVERAIL �À[53]�*+\â�F�¸åWP8èÞßLH»Â_

E5��¦LMJ¼PÏåHandbook for Railway Infrastructure 

Capacity and Access Managementè¿�×·&'���h#"f�Ç�

xGNOf§¨��RA­����<áâ����ÅÆR

1. UIC ^Æ

UIC G?¤ Þf&'D®�*º�Çf&'����ÅÆÝ\
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Æ+� ijst , =jÈ js¤jÈ ifI9deï�åminè

ijmt , =jÈ js¤jÈ if!îT%ïäåminè
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jt =ô¥jÈ j fãä!îïäåminè
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z{|�h"�hfß rÎä­\t'f���Ð^ÆÓÛ�
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+
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t =jÈ�ãä:É�!îï�åminè
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st =Ì¼ÌÍº�fïäåminè�bCÌÍL�DCÆÌÍL

G 1.5 min�b«_~ÆÌÍLG 2.5 min 

δ =_rQM.�\ÑÊ 0.6
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jÈ�I

�Îäf!îïäG�hf�Ï�^Æ+	ïÓÛ¶_rQM.f×
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3.  ébÈ'MÎä
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h =I9!îï�åminè

δ =_rQM.�\ÑÊ 0.6
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_r��ï���ÓÛ0ÛjÈ/0,ÛjÈf���*�hÆtU

ÔG£ÜR

2.2.2.4 Íb
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Æ+� lC =_rÎäf U��å3k�jkè
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ct =!¥
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Dt =­¥sujÈº}op:Lz!îï�åminè

st =Ì¼ÌÍ�deïäåminè�SÂ¸�ÊM 1.5min

δ =_rQM.�$?ÊM 0.65~0.75�SÂÊM 0.7

η =¥ÈL]-.× ��¡ô¥0k�â�ÌÍÎäG 1.0�
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++&'kf8�×Ø tn R
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3. ý=��ÏHOÈïä

OÈïäfÏH#Ææ)�

(1) ÊM!î�ÀfOÈïä

(2) ëÓï7+:OÈïä

(3) �;s|��È§E�«¬:�h

4. ý=Þ��hMNde×�ï�

3�­\MjÈ¸z��­j
ù�hMNde×�ï��

(1) ÎÏjÈfãä!îïä�ÏHMNde×�ï���fÈ

ã�jÈ�>ÈãfMNdeï�:���ù��jÈÛ,
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ÛjÈ�ô¥jÈGõÛj

Èï�MNde×�ï� A����ÅµÈã�aÙ
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ij*;

kl*;

mn*;

(a) pQqr

(b) TQqr

&2-16 À½ÔÕÖ×�ØÙÚxÛÜ

(2) ÎÏ�ã�xãïft'!M#Æ��+ 2.5AMz©f^

Æ��hde×�ï��ök{|�+ 2.6R

(3) ÎÏÈãf&'øù¦!M#Æ��hjÈfÉ�deï�

:^Æ�+ 2.7ºuR

(4) ÎÏ�	� «¬��hMNde×�ï�u��+ 2.8R

5. ý=e��h��/0y ïä

(1) /0y ïä

)(
2
1

ijl ttt −= (2.13)

Æ+� lt =jÈ/0���fy ïäåsè

jt =jÈ jfãä!îïäåsè

it =jÈ ifãä!îïäåsè

(2) ��y ïä

)(
2
1

jil ttt += (2.14)
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r2.6 ÔÕÖ×�Ø�Ë�*8ÝÔÞß��r

ök {| Ü�

a �Û]f©d m/s2

)(Ga jÈ��]G ‰f�Û] m/s2

1B �\ÌÍÎäf�] m

2B ��ÌÍÎäf�] m
nB >�deaf­\âÌÍÎäf�] m

1−nB >�deaf­áâÌÍÎäf�] m
sB Èãº�Îäf�] m

b �Û]f©d m/s2

)(Gb jÈ��]G ‰f��Û] m/s2

iG �ã_r�] ‰
oG >ã_r�] ‰

i p¥jÈf©d ⎯
j ô¥jÈf©d ⎯

aK �Û<���×Ø ⎯
bK �Û<���×Ø ⎯

L jÈf�] m
es p¥jÈOÈ(È�¦'�f�x m
ts �ã'�¦>�deaf�x m
xs jÈ�ÈãOÈïÈ�¦>�deaf�x m
sT IMN²fdeï� s
AsT , �ãÉ�de×�ï� s

1, AsT 	\t'�ãfde×�ï� s

2,AsT �	t'�ãfde×�ï� s
B
AsT , ÅµÈãf�ãdeï� s

DsT , xãÉ�de×�ï� s

1,DsT 	\t'xãfde×�ï� s

2,DsT �	t'xãfde×�ï� s
A
DsT , >�Èãfxãdeï� s

MsT , jÈ��fde×�ï� s

t ãä!îïä s
dt Oãïä�O4ïä s

ot
jÈÈ� U>�dea(�ÒyÌÍ��yd

efïä
s

pt
jÈ�ãï�È� U'��ù(�Òy`Rr

f�_/î�·�î/�H�Rrf�_�A�
s
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deö f��F9ïä
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ÐaÑf!½ïä�¡afFMïäåOÈè�

�ÐaÑÕ�defïäå>�è
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v Û]f©d m/s
yv ¯�def�=Û] m/s

r2.7 ��ÔÕÖ×�Ø�Ë�*

É�de×�ï�&'�

E`�
Èãv&'øù

xã �ã

I
s


s

2,, DsDs TT = 2,, AsAs TT =

II s


s


2,1,, 3

2

3

1
DsDsDs TTT += 2,1,, 3

2

3

1
AsAsAs TTT +=

III
s


s


2,1,, 4

1
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3
DsDsDs TTT += 2,1,, 4
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4

3
AsAsAs TTT +=

IV
s


s


1,, DsDs TT = 1,, AsAs TT =

r2.8 àáÔÕÖ×�Øâãr

� «¬ MN �Èã MNde×�ï�
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A

B
i j ( )( )ij
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Dss ttTTT −−= ,, ,max

ji tt >
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B
i j ( )( )B
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B
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A
Dss TTT =
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B
i j ),max( min,, s
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6. ý=l�ÏH!îT%ïä

(1) �[j¥ÏH�

�`µ()f[j¥:EH�p�é?&'��PÏf[j

¥G 20 ���ã~[j3�de×�ï�fT%ïäEHG 10

�R

(2) ¢deï�¦��/0y ïä:�fop�h�

( )lsm tTt += β (2.15)

Æ+� mt =!îT%ïäåsè

β =T%ïä0k�D�ÊM 0.3

sT =MNdeï�åsè

lt =jÈ���/0y ïäåsè

7. ý=[��hI9!îï�

3�FájÈ i� j��­Æ�hI9!îï��

mlsij ttTh ++= (2.16)

Æ+� ijh =p¥jÈ i¦ô¥jÈ jfI9!îï�åsè

sT =MNdeï�åsè

lt =jÈ���/0y ïäåsè

mt =!îT%ïäåsè

8. ý=b��hÉ�!îï�

(1) ï7+� 

� ⋅= ijij phh (2.17)

Æ+�h =É�I9!îï�
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ijh =jÈ js¤jÈ ifI9!îï�

ijp =jÈ js¤jÈ ifé3i.åÎÏï7+:)�è

(2) ï7+� 

��� ⋅⋅=
⋅

⋅=⋅= jiij
ji

ijijij nnh
nn

nn
hphh

22

1
(2.18)

Æ+� in =� iMjÈf�!jÈk

jn =� jMjÈfÉ�jÈk

�=
i

inn =ø�!jÈk

9. ý=£��h_r��

tl n
h

C
3600= (2.19)

Æ+� lC =_r��åTU/hè

h =É�I9!îï�åsè

tn =_rf&'k¸

10. ý=ò��hÈ§��

3��MÈ§��­Æ�h*È§��R

)( vssv Amnc ×+= (2.20)

Æ+� vc =È§��åsps/vehè

sn =È§~�kåsps/vehè

sm =èå������ÿ]åsps/m2è� éMÈcA 5 prs/m2

GD�¥-+/�
MÈcA 4 prs/m2GD�¥�Î¤¥dÊ

M 0 prs/m2
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vA =È§ ¯;sã�M:ðäåm2/vehè

11. ý=ò\��hjÈ��

3��MjÈ��­Æ�h*jÈ��R

��
==

×==
v

jj

v

i

m

j
vv

n

i
vt nccc

11

)( (2.21)

Æ+� tc =jÈ��åsps/TUè

ivc =jÈ+� i�sÈÈ§��åsps/vehè

jvc =jÈ+� jMsÈ�Æ:È§��åsps/vehè

jvn =jÈ+� jMsÈÈ§:Ì¸øk

vn =�jÈsÈÈ§fÌ¸øk

vm =�jÈsÈÈ§`�k

12. ý=ò���hI£¯E��

ÓÛjÈfop¦����­Æ�hI£¯E��R

�� ==
i

itl
i

itlo rcCrcCC
ii
-� =

i
ir 1 (2.22)

Æ+� oC =I£¯E��åsps/hè

lC =jÈfI£±²i.åTU/hè�

it
c =� iMjÈfjÈ��åsps/TUè

ir =Ü�ïäN� iMjÈk}øjÈkfopå%è

13. ý=ò���hI£LM��

ÓÛjÈfèåö-×Ø¦I£¯E���QM­Æ�hI£L

M��å µ}��èR

odu CC ρ= (2.23)
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Æ+� dρ =jÈäèåö-×Ø�~PÏA 0.8 GD�¥

uC = µ}���I£LM��åprs/hè

2.2.3 äåÃÄcdA¿ij�*UV

Ü\ÎQ&'��f��#"�½SçUE¦É*é®ÎQf�

ûÕÖ�ì��2)¼Î�Â_()*+>ÈM!¥A�jÈKm/

0¥G4;<��¦É·�ûÕÖ� �,*���×·+§¨�\

ý®>zóôÎQ&'����ÅÆ�A­����?¤Â_D®

åInternational Union of Railways/UICè�A��§£?Âº®>f

ÅÆR

2.2.3.1 UIC 406 

?¤Â_D®®>f UIC Code 406[39]ß����E5¦ï7+

� f6#­�QMÌÍïäåBlocking Timeèf#Æ¶¨ï7+:

�h��QM.åCapacity Consumptionè�*
ù�
 2-17R

XK:µ�[43]¦~§¨©ª

&2-17 UIC Code 406A¿:;<�Ë8CDæ0&

DÄ&'��E5

D�ï7+

n_�ª«G_rÎä

¶¨7+

�h��QM.
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*+��E5¦ï7+:DÄá
ùØÐ#"ÒG��QM.

�hf��"5�\ÑâÝ8�kÒ�¢��$P�R����ý=

]n_�ª«G_rÎäf#"��O�\ý���*ª��[�¼

(æçA­ 3 `�Landex[43]n:�¼�
 2-18R

1. _r�¬²å� Junctionè

2. jÈKm/0/��²

3. jÈ�­²

XK:µ�[43]

&2-18 UIC Code 406ç�èéêë�ÈÃ�8ìÞ&

Landex[43]f§¨Ý®�%�_�ª«ß(ô¶¨7+f���×

·��ª«nÕÖ����A®¯Â_:ýþïQGp�¥t$��

&�	ª«#"�h>:f��QM.,�,µ 38°d45°:äR

�� UIC Code 406 f¶¨7+
ù�ß��ÌÍïäfKL��

A
 2-19Gp:{|�*+
 2-19(a)ßnz\jÈº[UfÎäAÌ

ÍïäBC}ÌÍïä�±
åBlocking Time Stairwayè�MA¦&

Ü\jÈ!¥ºf�*®�ÌÍÎä²�OÌ"±R�náóôjÈ

fÌÍïä�±
BC�\��
 2-19(b)�ËQ �LájÈ¡�¶

+F\ÌÍïäéóï�ÐÌÍÎä¡G9
ÌÍÎä�MNÌÍÎ

äåCritical Block SectionèRAñ�G7+¶¨f�~�LR

��¶¨>jÈ:ÌÍïä�� nñ��L�A���p�


2-20(a)+�jÈ:ÌÍïä
�¢
 2-19f#Æ An� 1 j¦� 2

jfÌÍïä�A¶¨U¶
 2-20(a)�·ïMNÎä�In\âÎ

äR²C.n<â�¶¨fÌÍïäz³}G\â£fÌÍïä�


2-20(c)�I(AQM	Äf#Æn�z³fÌÍïä¦� 3 jÈfÌ
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Íïä�A¶¨ U
 2-20(d)�·G�jÈf¶¨���	ïMNÎ

äx �öC�ùR´·#" A��¶ N jÈfÌÍïä¶¨��

UIC `a[37]NfFp A|tß>7+¶¨�¦¶¨(f,-�


2-21¦
 2-22R¥Uñ8fßÎÏ UIC Code 406[39]º���7+¶¨

�Qß�ÓÛF�T%ïäf�+êT%f�h�­\�QÓÛR

(a) Ü\jÈ:ÌÍïä
 (b) óôájÈ:ÌÍïä


&2-19 íî��ïð&
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(a)ü7+ (b)¶¨� 1 & 2 jÈÌÍïä

(c)n¶¨��ÒG\jÈfÌÍïä (d)¶¨­\jÈ:ÌÍïä

&2-20 ñròóô0ìÞ&
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XK:µ�[37]

&2-21 ñròóõö&÷òóø

XK:µ�[37]

&2-22 ñròóõö&÷òóù
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UIC Code 406 fI(\âý=����fQM.�h�*mÄ�


 2-23R&'��f¸}� �Gá£µæç»��8¶�åCapacity

consumptionè¿¦»�LM��åUnused capacityè¿R*+»��

8¶�¿æç 4 â¸}�*+�\�(a)Þß�\ý=]7+¶¨(f

øïä-���(b)�ßT%ïä�a#+Ë�+®¯�h#Æ�D�

¥�Ú¬É®¶T%ïä �$fE�\âk¥�áóôjÈäq\

ÓÛR���(c)�ß��Ür!îº�$ÓÛfT%-I(\�(d)

�ß����º�fïä�AñÞ��G��8¶�føkR

��»�LM��¿f¹ï�æçz» M��¿¦»y ��¿

á¹��#$+®¶�OLM·Pf M��ï�%��Ô�¶7+�

×·+�OA�¥\}�f��QM.��R

XK:µ�[39]

&2-23 A¿:;<�Ë8ÒÓ&
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2.2.3.2 Parametric Capacity Model 

»Parametric Capacity Model¿ß�§£?ÂLM�_r����

:Ïë���*[42]� Á3£Î�:_r�¥&'����RÐÅÆ

Yß�UÅÊ��D���ÕÖ× ¦��fê0�a~´ñhßÒ

�ÅÆ��U­j^Æ����

BVeADelay 0= (2.24)

Æ+� 0A =Dz0k

B =Ak

V =jÈ��

ÎÏÆ(2.24) U¶&'��¸r��
 2-24�A% CKfI

£;¥ïä��åMaximum Trip Time Threshold, MTTTè:U¶&'

��RÆ(2.24)+f 0A �ßÓ�E3åPlantèéê/� åTrafficèé

ê�¦!îF9åOperatingèéê4�`ëkDz�hºUf0k�

A­��{|<�ëkºæçf�¸R

XK:µ�[42]

&2-24 cdA¿úÈ
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1. E3éêëk

(1) _r�]åLength of the Subdivisionè

_r�]¨���¹.jÈ!¥ïä¨��jÈ�¥��/

0}k¨,�<�f�ÕÖ&'��R

(2) jÈ��/0²fÉ�ä�åMeet Pass Planning Point 

Spacing, MPPPSè

jÈ��/0² AßÉ+@rf�#�*É�ä�f�h

^Æ�­�

( )1+
=

tu

SQvw

MPPP
MPPPS (2.25)

(3) jÈ��/0²f��åMeet Pass Planning Point Uniformity, 

MPPPUè

jÈ��/0²�_rñf��6#�̂ Æ�­�� MPPPU

G 0+ujÈ��/0²ß��É�f���_rñR

MPPPS

MPPPS
MPPPU

xyz{= (2.26)

(4) deä��@rä�o.åIntermediate Signal Spacing Ratio, 

ISSRè

��de A�HjÈä�A®,_r���deä��@

rä�o.�h�­Æ�

( )
100

1
×

��
�

�
��
�

�
++

=
MPPPS

MPPP
ISSR

|}tutu

SQvw

(2.27)
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(5)  r��oåPercent Double Track, %DTè

~ëkf�h�­Æ�*+�]lU 2v�f rÎäS�

5 rÎäø�]f�h��9� 2 v�£� 6000 vº�ÒG

@r�9� 6000vº��É��R

100% ×=
SQvw

pQ~�x�vw
DT (2.28)

2. � éêëk

(1) � ýþ×ØåTraffic Peaking Factor, TPFè

A 4 9ïGÜ���h 4 9ïI£fjÈk�¦É�­ 4 9

ïfjÈk:o.R

��7=��*t

��7�L�*t

4
4=TPF (2.29)

(2) jÈÊp�ì.åPriority Probability, PPè

�	ÈMfjÈ+�	fÊp,�~ëk��hjÈ»¶Ê

p,Ô,:jÈfa��^Æ�­�

( )� �
=

−

=
��
�

�
��
�

�
−

=
N

i

i

j
j

i C
T

C

T
PP

2

1

11

1
(2.30)

Æ+�N =jÈM`

T =øjÈk

iC =� iMjÈfk�

(3) Û,o.åSpeed Ratio, SRè

~ëkf^Æ�­�GI,ÛjÈfÛ]�I0ÛjÈfÛ

]:o.R
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���*x�w

���*x�w=SR (2.31)

3. !îF9éêëk

(1) &'+�åTrack Outages, TO¼sè

æçº+�À<�J�À<f&'+��&'+�BC�Õ

Ö���·ëk�h�­Æ�

�
=

=
n

i iT dn

sTO

1

1
'

����x���

(2.32)

Æ+� Tn =­�&'+�fø}k

id =­}&'+�fïäåhrè

(2) 
¥²åTemporary Slow Orders, TSO¼sè

jÈ¥[
¥²�yz×GÈÛ
�n�ñ[U
¥²�ü

�p�Û� U(A�Ûxd�3&'��+¦£fÕÖ�~ë

kf�h#Æ�­�

TravelTimeVtimesTSO +=' (2.33)

( ) ( )
D

TSOSpeedV

A

TSOSpeedKV
Vtime mm −

+
−

= (2.34)

( ) 60×��
�

�
��
�

�
+=

KV

L

TSOSpeed

L
TravelTime

m
(2.35)

Æ+� mV =I£u!Û]ågE¥ 60 mphè

K =AI,Û¥¡fo.ågE¥ 85 %è

TSOSpeed =
¥fÛ]åmphè

A =jÈ�Û]ågE¥ 20 mph/minè

D =jÈ�Û]ågE¥ 30 mph/minè
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L =
¥²�]+jÈÉ��]

àK»Parametric Capacity Model¿:½F|
�opÎÏ^Æ(2.25)

d(2.35)f�h��ÝU 0A �C.n 0A ©5^Æ(2.24)U¶&'��¸

r�I(� CKfI£;¥ïä��¥:U¶&'��R

2.2.4 ½¾

UV#$+�3�Ü\ÎQ&'����f#"�½SçUE*

.ÎQføzº��fÎQ���ÓÛ*.ÎQM#f6#­�Lj

È�\jC.\jf!î�:�h���ajÈf!¥ß¤ïäðä

��f�¥�¥*�2)¼Î�Â_()+��	ÈMfjÈ*+Û

,A�Km/0f¥G�ºAí¤!îï�>A�­\ÎäfÖó�

hÜ\ÎQ&'��f¼À"±�×·�8��f����#"½Ð

OÓ��ÎQ:äf�ûÕÖR

b� UIC Code 406Ø�+:(�+k>`a¾´MÐ#"�¥�

�QM.f���aÐ#"º�XKé[�!�æçde¦ÌÍøù/

jÈ!¥s-åTrain Performanceè/ ¥ï7+4XK��Ú+�

�!�Q# �ãU����E��Q	��"½M�<ß·#"f

LMOLR��Lß�!+f()�[��C�i�ï�67�é[

n>��·#"¿�Oï7+#�è¥�nf��¿ ÏfÀ#R·

$�%�Ð#"ü����/0Èã:ª«_��¢õ
ÈLz:(

)åp�SÂ/,ÂèO½M·#"ï�¦ ��²_rª=>�Q�

YÙòóôÎQ�aÎQ�] �8G+OR

�»Parametric Capacity Model¿Y*+Ò�ÅÆ£Ü�Mf;

<�a*BfU
fÁÂË�+��f{|R¼�ñ�AÅÊÅÆf

��:/�&'��¦ÕÖ× fê0����ÇÒ�ÅÆ:)*�

�ß ¥f#"�aÅÊÅÆfvgA��Õ]�Ý�ÕÖ¶I(�

Ç>:ÅÆfRÕ<R·$��L»Parametric Capacity Model¿Y(

ºÊMfÅÊÅÆ�4RÕf!½jÈ!¥f���aÝÚßÁ3�

§£Â_f;<º�Ç�×·�OBC½MÐÅÆ�*�()� �
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Ùü�Á3º§¨f()��Ç��fÅÊÅÆ�[U��f'p�

�:(�/���¦ÕÖ× fê0�#�D�óôÎQf&'��

��ÅÆR

+
�·�~§¨Ã$A2.2.2.5�+º��f!§º�Ç:ÅÆ

G����\ý�ÇóôÎQ&'����ÅÆR
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3.ûüN  !ý�þ�������

UVf§¨3�jÈ��f���£>ßA¸�ãFG�tf�

�:�hjÈfÉ����H¹ï�Á3±²FGvfÈã�qã)

�jÈf��Ri�	fïäFGv�jÈfÿ]/ÈM ���\

Ä�×·jÈf��Ý�¤.ïä�ö��a	ï��jÈ��fï

ðö�6»XË�>�Gz�4àK��¤ïä/ðäfö�6»�

~cnÎÏSÂí¤�!fXK���jÈ��fïð��Rop�

�3.1�+p��XKf&á¦��#Æ�C.3.2�3.3���{|É

ã�UãfjÈ��ïð��������3.4��ßÁ3;í3¬�

�ï��ïð��f6#�I(�3.5�u���f��R

3.1 ��	
��I��

M:�¥SÂjÈ��ïð����fXK�ßÎÏSÂ+Ý¥

ÈÈL()åCentralized Traffic Control, CTCèº89fjÈí¤¶x

ãX;:�hRCTC:9fjÈí¤¶xã6#�G^aï7+f+

Í¶/xãïä¦í¤¶/xãïä:,¥�a CTC Ú ÄtjÈí¤

 U�ãdea¦>�deaï:ïä��JjÈí¤ÅìOã¦f

Cxã:ïä��
 3-1ºu�×·Ð()�UÆ(3.1)�Æ(3.2):�h

:R[jÈ�O¡zÈãï��ßAí¤xãïäFGjÈ UÐÈ

ãfïäR

),(30),(),(),(),( jitjitjitjitjid ahaaa −+=−′= (3.1)

),(60),(),(),(),( jitjitjitjitjid dsddd −−=−′= (3.2)

Æ+� ),( jida =jÈ i�Èã j :í¤¦+Í¶ãïäf,¥å�è

),( jita′ =jÈ i�Èã j :í¤¶ãïäå�è

),( jita =jÈ i�Èã j :+Í¶ãïäå�è
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),( jith =jÈ i UÈã j �ãdea:ïäå�è

),( jidd =jÈ i�Èã j :í¤¦+Íxãïäf,¥å�è

),( jitd′ =jÈ i�Èã j :í¤xãïäå�è

),( jitd =jÈ i�Èã j :+Íxãïäå�è

),( jits =jÈ i UÈã j>�deafïäå�è

ï
ä

ðä
Èã

>�dea�ãdea

í¤ U�ã
defïä

í¤ U>�
defïä

í¤¶ãïä

í¤xãïä

30�

60�

í¤O¡ïä

�3-1 ý�
�������
�

jÈ!¥fU
+������ï ���¥Æ�F9�a�j

È��ïð����+�`Oß/���f¹ï�×·~§¨op�

Æ(3.3)�h­jÈ�­\ÈãfÉ���ïä-C.�h»É�­ã

�z\Ü�ïäv�[Uz\Èã:º+jÈf	
��ïä¿�^

Æ�(3.4)R%�jÈf	
��¦jÈ|�+ê�×·x �\ýA

^Æ(3.5)�h»�z\Ü�ïäv�[Uz\Èã:­jÈfÉ��

�ïä¿RI(AA��B#
���4,r
:¦&jÈ��fï
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ð��6#��(ô AÁ3��8�NfïðÎ��m5/��Ð

Î�v:jÈ¥[�Èãf��"#R

�
�
�

�
�
� +

= 0,
2

),(),(
max),(

jidjid
jid da

(3.3)

n

jid

D kjIi

kj

�
∈= ,

),(

,
(3.4)

kj

kj
kj m

D
D

,

,
, =′ (3.5)

Æ+� ),( jid =jÈ i�Èã j :¶xãÉ���å�è

kjD , =É�­ã� k âÜ�ïä�Èã j f	
��ïäå�è

n =�¥��føãk

kjI , =+Íïä�� k âÜ�ïäv¶µÈã j fº+jÈ:á

z

kjD ,′ =�� k âÜ�ïäv�[UÈã j :­jÈfÉ�	
�

�ïäå�è

kjm , =�� k âÜ�ïäv�[UÈã j fjÈk

~§¨����Éãå�\¶�Þè/Uãå�e¶�ãè�A

�;í3¬��ïfjÈ��ïð���XK:µGc? 98 
 12 1

1 ã¶c? 99 
 3 1 25 ã°ä�SÂ CTC º89fjÈ¶xã��

ïäR%�Ð()>J�+XKÇ :6»���×·~��3��

í¤¶ãX;fjÈ��Aí¤xãX;FG*í¤¶ãX;�!:

xì��í¤¶ã¦xãX;áX½���UEÐjÈ�F���R

�Éã�Uã°äf��#$�Gáâ¹ï��\¹ï0Á3

º/+/¨4�£f�Î��U^Æ(3.4)����3dÈ�J3dÈ�

�È¥å��¹�rGñ¥è�É¥å��¹�rG­¥è#w4�

	Ä$�:/�É�­�jÈf	
��ïð��6»-��¹ï�

QM^Æ(3.5)��­jÈÉ���fïð��6»�Á3��8�N
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:ïðÊN��\ý/�¥[ÐÊN:jÈ¥[�Èãf��"#R

%�·��G/�jÈ�\Ñ�!6#­f��"#�×·�
óô

U°å12 1 31 ã¶ 1 1 3 ãè/Ë�óôU°å2 1 12 ¶ 21 ãè�

A�?v���Å8£:�Ìf 3 1 4 ã� 8 ãá�4°äfXK�

n�j5��:+R

�3�;í3¬f����ßÁ3c? 99 
 3 1 4 ãº��f

�Ì�Î�3dÈ�J3dÈ�A�È¥�É¥#w�/��Ì��

(��¹�rfjÈ��ïð��6»�%���N���/�3¬

��(jÈ��f	
��6#�×·��ÉUã\ÄA��jÈ¥

[�Èãf��"#R�������A­c���{|:R

3.2 ��ý�þ���

3.2.1 ü����ý�þ�����

+êÉã°äjÈ	
��fïð��6»�A 1 9ïG��f

ïäÜ��ðäñ�Î�º/+/¨�£f�Î�*+º¹f�Îf

��FGG[\¶��Îä�+¹GÍÎ¶Ñ_Îä��¨¹G��

¶ÏzÎäR

3.2.1.1 �����

�º¹f�Î#$��U��B#
¦&3djÈf��ïð�

�6»��
 3-2�
 3-3ºu�
+ xÐGïä�+u\�f 24 â9

ï- yÐGðä��ù+uSÂ�âÈã- zÐGÉ���ïäRÎ

Ï��f�� �&�È¥jÈ	
��8�NfïäG@ñ 7 �¶

8 �öô�n¤.È¥#w���*+�AÇÑIG�N-�É¥j

Èf	
���8È¥jÈH�Ò@ 5 �A(�ÛÓ¶��ÎäS+

Ô,f	
��R
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�3-2 ����������� G!�"#þ�����

�3-3 ����������$ G!�"#þ�����



3 - 6

�J3dÈ#$�
 3-4�
 3-5�	ÄßÈ¥jÈf	
��8

É¥jÈ�N�a��ßÈ¥�É¥���ñ 8 ��@ñ 7 �áýþ

ïäf	
���8,�­ëýþ8ñëýþ�N�Ën¤.È¥�

É¥#w���È¥#wAÕÖ/ÇÑ/[\4��f	
��8,�

É¥�ß�×Ø¶��ÎäR

�3-4 �������%���� G!�"#þ�����
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�3-5 �������%���$ G!�"#þ�����

3.2.1.2 &����

�+¹f�Î3dÈ�Éãf	
��6#�
 3-6�
 3-7��

�:{o�º¹f�Î���6#8GÙ�RÈ¥#w�­ë 5 �S

+A¨�A�­ë 6 �S+AºfjÈÉ�	
��ïä8,-�É

¥#w��ïä8,fïQ�ß���@ñ 9 �öô�	Äß��S

+��fÈãRJ3djÈÉã�È¥#w�+|t��,	
��

f�#�Ú�ñë 7 �fÚ��Û�/­ë 5 �fÚ���Üã¶Û

�Îä�A�@ñ 9 �fÛ��+Ô�,\�f���*��f��

ïð���
 3-8ºu-��É¥#w��
 3-9��ñë 8 ��­ë

5 �áâýþïä+8,f���*+I,ff���}jãR



3 - 8

�3-6 &���������� G!�"#þ�����

�3-7 &���������$ G!�"#þ�����



3 - 9

�3-8 &������%���� G!�"#þ�����

�3-9 &������%���$ G!�"#þ�����



3 - 10

3.2.1.3 '����


 3-10�
 3-11G¨¹f�Î3dÈ�Éãf��ïð���È

¥#w�+|t8,f	
���a ß>��¤.È¥#w���

�-�É¥#w+ë 12 �+8,���n@ñ 7 �A(jÈ��6#

ÔGôÁ�`O���Ö×¶�ö�ÎäRJ3dÈ�ÉãÈ¥#w

��f���
 3-12��3dÈf6#éµ��|t8,f	
��-

�É¥#wf���
 3-13�8,f��ß�ñë 8 �öô�­ë 5

�A(R

�3-10 '���������� G!�"#þ�����



3 - 11

�3-11 '���������$ G!�"#þ�����

�3-12 '������%���� G!�"#þ�����



3 - 12

�3-13 '������%���$ G!�"#þ�����

3.2.2 ý� (����þ���

�A 15 ��GïäÜ���jÈÉ���fïð��6»��

U��4,r
:¦&f���
 3-14�
 3-15�
+ xÐGïä�

+u��ñ 6 �¶@ñ 12 �- yÐGðä��ù+uSÂ�âÈã-

�É���ïäf
]�AÝ�mÞ+u�̈ m+uÉ���¨�NR

�
 3-14+�� 18 �öôfÚ�ãòº�,¶ 20 �öôf¨ß

ã� �&+\«É���8,fÊN��ï7+  ¥[·ÊNf

jÈG 1032 }bñdRYì
 3-14+� 13 �öôf��ã�A� 23

�öôfà�/§á/}j4ã+8,fÉ����aÐ��Ú��

% 2 1 24 ãf 1238 }ùúd�� 1 1 13 ãf 2686 }ÎäÈº�}�

ËJ[A<��:�%�×·�Am5/�R��
 3-15++k«É

���8,fÊN���G 12 �öô���ãò¨¶�ö�ã/22

�öô�à�ã¶(âã�A� 23 �öô�ãäã¶�ö�ã�¥[

fjÈæç 101 }û�d/29 }ùúd� 1133 }bñdR



3 - 13

È
ã

10

9

8

7

6

5

4

3

2

1

0

å èïä 9ï 

9 12 15 21

É
�
­
j
È
�
�
ï
ä(

�
�)

6 18 24

[\
åì
¨ß
æz
2º
ÇÑ
ÕÖ
^_
z�
çè
éê
vë
+ë
ì¹
×Ø
íî
ÛÓ
�ï
�º
��
ðz
�¨
ÍÎ
ñò
�V
Ú�
ïü
óØ
2+

�Üã
}j
Û�
§á
Ñ_
à�
ô+
��
_v
õl
õ¨
£_
c·
öV
¨÷
(â
��

_Ï�
�ô
��
�ø
ãä
2¨
Ö×
+�
£Û
_�
îz
Ö�
ùú

�ö�
,·
Ïz

�3-14 ��)*+,-� G!��.þ�����



3 - 14

È
ã

10

9

8

7

6

5

4

3

2

1

0

å èïä 9ï 

9 12 15 21

É
�
­
j
È
�
�
ï
ä(

�
�)

6 18 24

[\
åì
¨ß
æz
2º
ÇÑ
ÕÖ
^_
z�
çè
éê
vë
+ë
ì¹
×Ø
íî
ÛÓ
�ï
�º
��
ðz
�¨
ÍÎ
ñò
�V
Ú�
ïü
óØ
2+

�Üã
}j
Û�
§á
Ñ_
à�
ô+
��
_v
õl
õ¨
£_
c·
öV
¨÷
(â
��

_Ï�
�ô
��
�ø
ãä
2¨
Ö×
+�
£Û
_�
îz
Ö�
ùú

�ö�
,·
Ïz

�3-15 ��)*+,-$ G!��.þ�����



3 - 15

3�<�É���8,fjÈ� �\ý/�*¥[�ÈãfÉ

���6#R1032 }bñdf���
 3-16��Ú�ãò�Kû �

&ïüÚ�/õl_v/öVc·�A����ôß�}��8�N

:Îä�a*+jÈ¥[���ô(Dq¢�¥Æ��¶zöVã�

�����*��âÎäº�}f���ß��	
��R

+ê 101 }û�d���¶�ö�Îä+8,����
 3-17 

 �`OßjÈ¥[ÕÖ^_äA��ô��äº�}�YìjÈ�

+ë¶ü#äÝ�ô�����a¤(DÆ�î:R

�
 3-18+ �& 29 }ùúd�¶µà�ã:��Yì��¹

�rfý��c�§þ�¶ä��8£f���a¶µæzãïjÈ

�[Æ�2É���0�\Hf����:(���q¢de���

*+A^_z�/��ðz�Û�§á4�âÎäIG�NR

� 1133 }bñd�ãäã¶�ö�ã+8,f���%
 3-19

  I`Ofü×:\GjÈ¥[�ô��äïº�}����ôã

:���åì¨ß/�¨ü#�ÿNã¨4Îä��8,f���j

ÈÝ�ïf�¥Æ��a��ß:���Ùß+����f£¤R



3 - 16

-
¿
0
00

¿
0
0

2
0
0

3
0
0

4
0
0

5
0
0

6
0
0

, ·

� ö �

ù ú

Ö �

î z

_ �

£ Û

+ �

Ö ×

2 ¨

ã ä

� ø

� �

� ô

_ Ï �

� �

( â

¨ ÷

ö V

c ·

£ _

õ ¨

õ l

_ v

� �

ô +

à �

Ñ _

§ á

Û �

} j

� Ü ã

ó Ø

ï ü

Ú �

� V

ñ ò

Í Î

ð z

� �

� º

� ï

Û Ó

í î

× Ø

ì ¹

+ ë

v ë

é ê

ç è

z �

^ _

Õ Ö

Ç Ñ

2 º

æ z

¨ ß

å ì

É � � � ï ä � � �

�
3-

16
�
�

10
32
/
0
1
�
2
�
�
�
�
�
.
þ
3
�
�



3 - 17

-
¿
0
00

¿
0
0

2
0
0

3
0
0

4
0
0

5
0
0

6
0
0

[ \

å ì

¨ ß

æ z

2 º

Ç Ñ

Õ Ö

^ _

z �

ç è

é ê

v ë

+ ë

ì ¹

× Ø

í î

Û Ó

� ï

� º

� �

ð z

� ¨

ü #

£ z

� � �

� ì

 �

ÿ N

ã ¨

£ q

2 + ß

� �

� �

� 	

£ 


Û �

§ á

Ñ _

à �

ô +

� �

_ v

õ l

õ ¨

£ _

c ·

ö V

¨ ÷

( â

� �

_ Ï �

� ô

� �

� ø

ã ä

2 ¨

Ö ×

+ �

£ Û

_ �

î z

Ö �

ù ú

� ö �

É � � � ï ä � � �

�
3-

17
�
�

10
1
/
4
5
�
2
�
�
�
�
�
.
þ
3
�
�



3 - 18

-
¿
0
00

¿
0
0

2
0
0

3
0
0

4
0
0

5
0
0

6
0
0

z �

� �

ê z

� �


 ñ

í �

� �

� �

ý �

� c

� �

ú û

Ç �

Ï _

ï ô

� �

� ×

§ þ

� ¶

� �

� �

� É

¨ �

� �

ã �

� z

� �

� �

Þ ¶

� �

� �

� � �

� �

� �

[ \

å ì

¨ ß

æ z

2 º

Ç Ñ

Õ Ö

^ _

z �

ç è

é ê

v ë

+ ë

ì ¹

× Ø

í î

Û Ó

� ï

� º

� �

ð z

� ¨

Í Î

ñ ò

� V

Ú �

ï ü

2 +

� Ü ã

} j

Û �

§ á

Ñ _

à �

ô +

� �

_ v

õ l

õ ¨

£ _

c ·

ö V

¨ ÷

( â

É � � � ï ä � � �

�
3-

18
�
�

29
/
6
7
�
2
�
�
�
�
�
.
þ
3
�
�



3 - 19

-¿
0
00

¿
0
0

2
0
0

3
0
0

4
0
0

5
0
0

6
0
0

[ \
å ì

¨ ß
æ z

2 º
Ç Ñ
Õ Ö
^ _
z �
ç è
é ê

v ë
+ ë
ì ¹
× Ø
í î
Û Ó
� ï
� º
� �
ð z
� ¨
ü #

£ z
� � �

� ì
 �
ÿ N

ã ¨
£ q

2 + ß

� �
� �
� 	

£ 

Û �

§ á
Ñ _
à �
ô +

� �
_ v
õ l
õ ¨

£ _
c ·
ö V

¨ ÷
( â
� �
_ Ï �

� ô
� �
� ø
ã ä

2 ¨
Ö ×

+ �
£ Û

_ �
î z
Ö �
ù ú
� ö �

É � � � ï ä � � �

�
3-

19
�
�

11
33
/
0
1
�
2
�
�
�
�
�
.
þ
3
�
�



3 - 20 

3.3 8�ý�þ���

3.3.1 ü����ý�þ�����

3�Uã°äfïð��6»��Éã°ä\Ä�Aº/+/¨

4�£f�Î��{|�*+�f�Îfïð��FG�Éãf��

é	R

3.3.1.1 �����

º¹f�Î3dÈ�È¥#w��f���
 3-20�8,f	


�����@ñ 7 �¶ 8 ��¤.ºñf#w�	
��q¢���

¥*�ÇÑIG�N-É¥#w8,f	
���ß�����­ë

5 ��@ñ 8 ���
 3-21ºu�n��x¤.¨­f#wq¢���

�ì¹A¨de+|t8,f	
��RJ3dÈf	
����6

#�
 3-22�
 3-23�È¥#w�@ñ 6 �¶ 8 �f��8,�n¤

ºñ#w ��B¶æz¨ß	
��I,-�É¥#w��|t8

,ß�@ñ 8 ��*+I,f	
��ß���×ØR



3 - 21

�3-20 �����8����� G!�"#þ�����

�3-21 �����8����$ G!�"#þ�����



3 - 22

�3-22 �����8�%���� G!�"#þ�����

�3-23 �����8�%���$ G!�"#þ�����



3 - 23

3.3.1.2 &����

+¹f�ÎUã°ä3dÈf	
�����
 3-24�
 3-25�

�È¥#wfÒ@ 5 �¶ 6 �+Ô,f	
���nÍÎ¶Ú�A�

Û�¶Ñ_Îä8G|t-É¥#w8,f	
���ß���@ñ

9 �öô�ïü¶óØä,�*�ÎäRJ3dÈ#$f6#�
 3-26

�
 3-27�È¥#w�­ë 5 �A(�ÎäôÁ��Ô,f	
�

�-�É¥#wÝß�­ë 5 �A(+Ô,f���a`O��Üã

¶Û�ÎäR��:{�+¹f�Îf	
��6#8º¹f�ÎÙ

�=>R

�3-24 &����8����� G!�"#þ�����



3 - 24

�3-25 &����8����$ G!�"#þ�����

�3-26 &����8�%���� G!�"#þ�����



3 - 25

�3-27 &����8�%���$ G!�"#þ�����

3.3.1.3 '����


3-28�
3-29G¨¹f�Î3djÈ�Uã°äf����"

#��È¥#$�	
��¤.È¥#�����aÜ���N£f

��-�É¥#$�@ñ 9 �¶ 10 �f��8,�*+�A�ø��

ö�8G�NR�J3dÈf�����
 3-30�
 3-31�È¥#w

�|t8,f	
��-É¥#w�ß­ë 5 �de���¶�ö�

Îä+8,f��R



3 - 26

�3-28 '����8����� G!�"#þ�����

�3-29 '����8����$ G!�"#þ�����



3 - 27

�3-30 '����8�%���� G!�"#þ�����

�3-31 '����8�%���$ G!�"#þ�����



3 - 28

3.3.2 ý� (����þ���

�\ýA 15 ��GïäÜ����­jÈÉ���fïð��

6»����
 3-32�
 3-33ºuR�
 3-32++k«É���8,

fÊN�*+IG�Nfß� 20 �öôf+ëãdeòº�,�¶

21 �öôfåìã���[U·ÊNfjÈ+ 112 }û�d� 24 }

ùúdR��
 3-33+f��6#ÔG�N�*+ 20 �öô�+ë

ãde�+£FGÉ����NfÎ��!"fjÈkk>�[§?

`O½ßK¶I\de� 20 �öô¥[+ëã:jÈfÕÖ�æç

29 }ùúd/1043 }bñdA� 1045 }bñdR

ê�<�jÈ¥[�ÈãfÉ���6#����
 3-34d


3-38Rop�È¥#w�
 3-34G 112 }û�d¥[�Èãf�%6

»���5É���I�NfÊNA��jÈ�S¨ãä�õl_v

Îä��8|t:�����_v:(É���ïäD\B#,�

­RØ$\j¥[·ÊNfjÈG 24 }ùúd��
 3-35 �&·

jÈ�>�ãde�YìjÈ�¹�Îä�¥Æ��aá��A°û

�*�Îä��f����LU��:É���ïä¦&��f£

¤�*+�AjÈ¥[S¨ãä/õl_v/ïüÚ��¦���º

4Îäº��f��8G�NR

�É¥#w#$�
 3-36tuý��c/§þ��/^_z��

vëì¹4Îä�ßf� 29 }ùúd���Nf`OÎäR�+ê

1043 }� 1045 }bñdájÈ�*,-���1043 }jÈÚ��e

¥¡�A[\Ge�ã-1045 }jÈÚ��ã¥¡�A§þGe�ã�

a�[\ã:(ájÈf7+é	�×·�
 3-37�
 3-38 �&�

[\:(�ájÈ¥[�Èãf�%6»éµ�f�É�����f

`OÎäG[\åì�ÕÖ^_áÎäR



3 - 29

È
ã

10

9

8

7

6

5

4

3

2

1

0

å èïä 9ï 

9 12 15 21

É
�
­
j
È
�
�
ï
ä(

�
�)

6 18 24

[\
åì
¨ß
æz
2º
ÇÑ
ÕÖ
^_
z�
çè
éê
vë
+ë
ì¹
×Ø
íî
ÛÓ
�ï
�º
��
ðz
�¨
ÍÎ
ñò
�V
Ú�
ïü
óØ
2+

�Üã
}j
Û�
§á
Ñ_
à�
ô+
��
_v
õl
õ¨
£_
c·
öV
¨÷
(â
��

_Ï�
�ô
��
�ø
ãä
2¨
Ö×
+�
£Û
_�
îz
Ö�
ùú

�ö�
,·
Ïz

�3-32 8�)*+,-� G!�þ�����



3 - 30

È
ã

10

9

8

7

6

5

4

3

2

1

0

å èïä 9ï 

9 12 15 21

É
�
­
j
È
�
�
ï
ä(

�
�)

6 18 24

[\
åì
¨ß
æz
2º
ÇÑ
ÕÖ
^_
z�
çè
éê
vë
+ë
ì¹
×Ø
íî
ÛÓ
�ï
�º
��
ðz
�¨
ÍÎ
ñò
�V
Ú�
ïü
óØ
2+

�Üã
}j
Û�
§á
Ñ_
à�
ô+
��
_v
õl
õ¨
£_
c·
öV
¨÷
(â
��

_Ï�
�ô
��
�ø
ãä
2¨
Ö×
+�
£Û
_�
îz
Ö�
ùú

�ö�
,·
Ïz

�3-33 8�)*+,-$ G!�þ�����



3 - 31

0

2
0
0

4
0
0

6
0
0

8
0
0

¿
0
0
0

¿
2
0
0

, ·
� ö �

ù ú
Ö �
î z

_ �
£ Û

+ �
Ö ×

2 ¨
ã ä
� ø
� �
� ô
_ Ï �

� �
( â

¨ ÷
ö V

c ·
£ _
õ ¨
õ l
_ v

� �
ô +
à �

Ñ _
§ á
K �

£ 

� 	
� �

� �
2 + ß

£ q
ã ¨
ÿ N

 �
� ì

( �
£ z
ð z
� �
� º
� ï
Û Ó
í î
× Ø
ì ¹

+ ë
v ë
é ê
ç è
z �
^ _
Õ Ö

Ç Ñ
2 º
æ z

¨ ß
å ì

É � � � ï ä � � �

�
3-

34
8
�

11
2
/
4
5
�
2
�
�
�
�
�
.
þ
3
�
�



3 - 32

0

2
0
0

4
0
0

6
0
0

8
0
0

¿
0
0
0

¿
2
0
0

, ·

� ö �

ù ú

Ö �

î z

_ �

£ Û

+ �

Ö ×

2 ¨

ã ä

� ø

� �

� ô

_ Ï �

� �

( â

¨ ÷

ö V

c ·

£ _

õ ¨

õ l

_ v

� �

ô +

à �

Ñ _

§ á

Û �

} j

� Ü ã

ó Ø

ï ü

Ú �

� V

ñ ò

ð z

� �

� º

� ï

Û Ó

í î

× Ø

ì ¹

+ ë

v ë

é ê

ç è

z �

^ _

Õ Ö

Ç Ñ

2 º

æ z

¨ ß

å ì

Þ $ %

� �

� �

� &

� �

' &

Þ ¶

� �

( �

ã �

� �

) ~

� �

� �

º ì

É � � � ï ä � � �

�
3-

35
8
�

24
/
6
7
�
2
�
�
�
�
�
.
þ
3
�
�



3 - 33

0

2
0
0

4
0
0

6
0
0

8
0
0

¿
0
0
0

¿
2
0
0

z �

� �

ê z

� �


 ñ

í �

� �

� �

ý �

� c

� �

ú û

Ç �

Ï _

ï ô

� �

� ×

§ þ

� ¶

� �

� �

� É

¨ �

� �

ã �

� z

� �

� �

Þ ¶

� �

� �

� � �

� �

� �

[ \

å ì

¨ ß

æ z

2 º

Ç Ñ

Õ Ö

^ _

z �

ç è

é ê

v ë

+ ë

ì ¹

× Ø

í î

Û Ó

� ï

� º

� �

ð z

� ¨

Í Î

ñ ò

� V

Ú �

ï ü

2 +

� Ü ã

} j

Û �

§ á

Ñ _

à �

ô +

� �

_ v

õ l

õ ¨

£ _

c ·

ö V

¨ ÷

É � � � ï ä � � �

�
3-

36
8
�

29
/
6
7
�
2
�
�
�
�
�
.
þ
3
�
�



3 - 34

0

2
0
0

4
0
0

6
0
0

8
0
0

¿
0
0
0

¿
2
0
0

[ \

å ì

¨ ß

æ z

2 º

Ç Ñ

Õ Ö

^ _

z �

ç è

é ê

v ë

+ ë

ì ¹

× Ø

í î

Û Ó

� ï

� º

� �

ð z

� ¨

Í Î

ñ ò

� V

Ú �

ï ü

2 +

� Ü ã

} j

É � � � ï ä � � �

�
3-

37
8
�

10
43
/
0
1
�
2
�
�
�
�
�
.
þ
3
�
�



3 - 35

0

2
0
0

4
0
0

6
0
0

8
0
0

¿
0
0
0

¿
2
0
0

§ þ

� ¶

� �

� �

� É

¨ �

� �

ã �

� z

� �

� �

Þ ¶

� �

� �

� � �

� �

� �

[ \

å ì

¨ ß

æ z

2 º

Ç Ñ

Õ Ö

^ _

z �

ç è

é ê

v ë

+ ë

ì ¹

× Ø

í î

Û Ó

� ï

� º

� �

ð z

� ¨

Í Î

ñ ò

� V

Ú �

ï ü

2 +

� Ü ã

} j

É � � � ï ä � � �

�
3-

38
8
�

10
45
/
0
1
�
2
�
�
�
�
�
.
þ
3
�
�



3 - 36 

3.4 9:;<ý�þ���

ÎÏ+Ý«'�fXK���
åc? 99 
è3 1 4 ã�ñ 8 �

18���\�*|�Å6.4:�Ì�ÌÝ�,·q+�Ìã�¨#17.1

^�²�Ì]I,���öV,£ì.�S¨,ù�.�Ì],µ 6

ð�Ð�Ìx3¥[öV�S¨fSÂjÈ�}67��UjÈ��

ïð��
 ��zÒ*ÕÖA�����f-½R


 3-39G 3 1 4 ã3djÈ��¹�rºñ#w:jÈ��ïð

�����ñ 8 � 15 �d8 � 30 �ä����ãde+8,:���

nÐ��¤.ïäòºñ#w�,����IWïõÛf���:(

Y+�Hf£¤�aD]+ORJ3dÈºñ#w:���
 3-40�

�é	fïä¦����de��8,f���Ënòºñ#wõÛ

���a�öVã:(��q¢°ûRA� �ß¹�J3dÈf¸

�ãGöVã�×·��UAq¢/�R

���¹�rfÉ¥#w�
 3-41�
 3-42��3dÈ�J3d

È:��ïð��6»���ñ 8 � 15 �d8 � 30 �ä��öVã

de+8,:���:(��¤ïäò¨­#wq¢���3dÈ:

���,·ã:(EÛ�H�`Oü× �Ýß×G£>kf3dj

ÈA,·ãG¸��LU���A	
�n,·ã:(fjÈ|�8

0�2jÈ+Æ�fðäR	Äfü×�%�¹�J3dÈ:¸�ã

GS¨ã�×· �&
 3-42�+¹�J3dÈ:���S¨ã:(

D�A	
R



3 - 37

�3-39 3� 4�	�=%���� G!�"#þ�����



3 - 38

�3-40 3� 4�	�=%%���� G!�"#þ�����



3 - 39

�3-41 3� 4�	�=%���$ G!�"#þ�����



3 - 40

�3-42 3� 4�	�=%%���$ G!�"#þ�����

3.5 >?

à�Añ������ïäfQ]:ß�£�ñjÈ�Éãfñ

­ëýþ°ä+8�f��ïä�n­ëf��6#£>oñë�

N��Uã�ßà+­ë+8����n��f6# AoÉãá�

NR��ðäfQ]:ß�º¹f�Îf��6#IG�N�+¨¹

�8GÙ��·$�º¹�¨¹+|tf#w<Î��`Oü× �



3 - 41

��º¹>GÉ¥jÈ:���È¥jÈ:¸��×·É¥jÈ�º

¹Ü���8,:����È¥jÈ¶zº¹�[	
z�H���

�¨¹�é!R

[�Ì��ï� �&�ÌÝ���jÈf��õÛ���Ë¤

ïäw$	
�����+*�«¬å�¶µ¸�ãè�jÈY Æ

�A�H���aD]+O�`Oü×��[�Ì��(���H0

¡Ñü��¥»1&¿fCF�AÕÖ&'�+K¶�Ìf23�º

A� �+£DfÆ�R

~§¨xÁ3É���8,fïðÊN+:jÈ��\ý��*

¥[�Èã:��6»��&�}jÈ����� Aá+�z�Î

ä�p��È¥#wfS¨¶ãä/õl¶_v/ïü¶Ú�4Îä�

A�É¥#wfÕÖ¶z�/�ô¶��4ÎäR

���ïð��
+� ��ß>jÈ��8G�NfïQ�Î

ä�A���	
�����/�f&'�a¿>A4�*ü×�Ú

�ÎÏ����Bt �ß×Gý5ïä;s�>�ßjÈ|�,�

ºAf���ïä8,R·$��+º+jÈf��ü×XK���

@A>}O��XK�� ÎÏ}O����fïä���hjÈ|

���\ý��jÈ|�¦É���ïä:ê0R

ì�¸�SÂÚÁ3�ð3djÈ89*��ü×�×·8>/

�jÈ¦jÈ:ä�ûÕÖ­�}f��6#�aÙ�QMÐXK�

¥ü×����­\c+�nÎÏSÂ3djÈf��ü×:9�3

��ü×�¥/�R





4 - 1 

4.û@N  !��ý�þ�AB��

UV��ß§¨Ü��&'�!Ü��3�jÈ��ü×f�

��½ÚA����ü×�}fø��ïä�:o8���ü×3 

¡]ÕÖf�N
]�a�	f��ü×+*��a.¦�N<å�

��ïä�«èf,-�Gz�	ï/�·á× �~§¨´5HI

J¼fKL�¥��ü×��R~c4.1�p{|XKf&á¦��#

"�:(4.2�3����ü×HI�������4.3d4.6��Á3

HI8,fü×F�\ýf/��I(4.7�®>��R

4.1 ��	
��I��GH

jÈ��ü×��ºÊMfXKGSÂf»`OjÈ�%�#ã

`+¿�*�Æ�+ 4.1ºu�%8]Ñ67�Ð+0Á3�ð3dj

È��SÂfbñd/ùúd/û�d¦KújÈ�[jÈ¶µ¸�

ã�% 6 ��Añï�S���%�#7+:9*�%ü×/���

�¦�%ïä��%ïäfÜ�G��R

C4.1  !D�ý�þ3�E�KC�F

SÂn�%ü×W�G 15 `���+ 4.2:{|�%�»*�¿

`ü×æç*P�M ��}jÈ��f× ���Am5/��×

·�~§¨+�!5Ó��ÚÞ 14 `��ü×�¥��R



4 - 2

C4.2  !D�ý�þ�AB�GC

ü×`� {|

��
G0Já3wjÈ�_rñ��6��LUz\jÈ�4�

Ø\jÈxd6�Îä(#� U����}��R

/0
á	wjÈ�_rñ��Km/06»�f�z\jÈ�4

�Ø\jÈKm(#� U����}��R

;s
×Èãv;sk�U>�f��"�+ÍOãïäv�};

sñ­ÈfF9�øLjÈ��Oãïä��}��R

_Í jÈK¶*p¥jÈ���%fÕÖ�f���R

¥æ

¹�jÈyzå!;s:$�Ü��åuv�[uv�8>�

f��"�+HOãïäv�}8!F²�øLjÈ��O

ãïä��}��R


¥
[jÈ U5�Î��GÕÖâÈ×�ü�OTjÈ�Û�

×jÈ�"¢üÍÛ]¥¡�f���R

8È ×��"#f�Jg°f8ÈF9���}��R

Ì¸
jÈ�zÕF²�((�[U\Q�3ïä�aôè¥­\

ÕF²��p¥F²�������óN�}CôF²��R

de ×de()-A���}��R

ATP × ATP ()-A���}��R

¥
 ×jÈC�()-Af�jÈ�"RA>���f���R

Èc¢¢ ×a¢/a�/s�/b¢4Èc¢¢�f���R

��45
×£9/�Ì4�ìþ:f�jÈü�O¡��Û¥¡�f

���R

3¢ ×É�'3¢/��3¢4× �f�jÈ��R

*� *��ò�ñ��`f��ü×R
XK:µ�STÂ_J¼�

~��QMHIJ¼åRisk Managementèf�L�n��ü×Õ

Ö ¡]f
]�A��RHIJ¼�+()f�&;�HI�Ë�

�)* �N:fÕÖ�*+3�HIf)*ßÓ�3¬��fi.

å�a.èA�*�}y f�N<�k�Æ +uGÆ(4.1)��~

§¨DßnjÈ×¢����[F3¬��U·k��f#Æ�3�

���ü×��\ýfo8¦/�R



4 - 3

SFR ×= (4.1)

Æ+�R =HI

F =��i.

S =�N
]

»`OjÈ�%�#ã`+¿0%â�67�YìjÈ��ü×

+)\f�`�a*:9�Æ¿×â�-�×·(ôfXK�¼�F

8G�!�A���"� CTC:9\Ä �§¨ï
:vEÛ&á�

¼ 4 â1fXK�ºA~§¨ÚÎÏc? 99 
 2 1 22 ã¶ 3 1 25

ã°äfXK��¥SÂ3djÈ��ü×���op������

ü×fHI�:(A3*+HI8,fü×FÔm5f���éêv

��A­c�{|R

4.2 �Hþ�AB�IJ��

�SÂ»`OjÈ�%�#+¿+ )�>����ü×fø�

�}kA�º�}fø��ïä�%­Æ�h����ü×f�N


]�*���
 4-1��N
]��Þf��ü×G»3¢¿/»�

�45¿�»Èc¢¢¿R

r

r
r N

T
S = (4.2)

Æ+� rS =� rMü×f�N
]

rT =� rMü×�}fø��ïä

rN =� rMü×fø��}k



4 - 4

48.78

33.55

¿9.98

¿4.29
¿0.43

5.72 5.46 5.36 4.78 4.¿8 4.00 3.05 ¿.37 ¿.¿8

0

¿0

20

30

40

50

60

3
¢

�
�
4
5

È
c
¢
¢

Ì
¸

d
e

/
0 AT

P
�
�

_
Í

¥



8
È

¥
æ



¥

;
s

�
N



]

(
�
�
)

�4-1 �Hþ�AB�KL�M

���i.#$�A�ð3djÈ�c? 99 
 2 1 22 ã¶ 3 1

25 ãfø�È^�FG�G��Æ(4.3)�ÝÞß�h����ü×�

­Ü��È^��º��fÉ�}k�*���
 4-2�×»;s¿

�»
¥¿f�jÈ��f��i.|t,>*�ü×R

L

N
F r

r = (4.3)

Æ+� rF =� rMü×f��i.

L =�ð3djÈ���°ävfø�È^�

¿49.59

82.28

22.74
¿¿.54 ¿¿.04

3.68 3.43 3.26 2.34 ¿.84 0.92 0.75 0.59 0.50
0

20

40

60

80

¿00

¿20

¿40

¿60

;
s



¥

/
0

�
�

_
Í

�
�
4
5

È
c
¢
¢ AT

P
d
e

¥
æ

¥



3
¢

Ì
¸

8
È

�
�
i

.
(
}
k
/
ò

Ç
�

È
^

�
)

�4-2 �Hþ�AB�NOPQ



4 - 5

�A��ü×f�N
]G xÐ���i.G yÐ�n�`ü×

�u�BQ~�(+�D U¶\HIgh��
 4-3ºu��+ 

�&�»3¢¿�»��45¿4ü×�Yì�N
]¦,�a*�

�i.�,-�»;s¿�»
¥¿f��i.Y,�a*�N
]

é380R

�\ý�h����ü×fHI�Ë%,�06j��
 4-4�

*+»;s¿/»/0¿/»��45¿/»
¥¿/»Èc¢¢¿�

A�»��¿4ü×fHI}z�¹HIfb}Añ���3<�ü

×�¥����3 ¡]f®s�+|tf-��×·A­c��n

Þ<	`ü×���m5���a*+»��45¿G� È× �

ºA�A�A/���»/0¿�»��¿`µ��z³G\`�¥

��R

0

20

40

60

80

¿00

¿20

¿40

¿60

0 ¿0 20 30 40 50 60

�N
](��)

�
�
i
.
(
}
k
/
ò
Ç
�
È
^
�
)

��ü×

A ��

B /0
C ;s

D _Í

E ¥æ

F 
¥

G 8È

H Ì¸

I de

J ATP
K ¥


L Èc¢¢

M ��45

N 3¢

A

B

C

D
E

F

G

HIJK L M N

�4-3 ý�þ�ABIJRS



4 - 6

¿77.02

¿30.¿¿

¿23.42

¿¿2.63

68.48

6¿.88

52.76

36.7¿

24.42

¿7.8¿

8.36

5.60

3.85

2.0¿

0 50 ¿00 ¿50 200

;s

/0

��45


¥

Èc¢¢

��

_Í

3¢

de

ATP

Ì¸

¥æ

¥


8È

HI(��/òÇ�È^�)

(21.46%)

(15.77%)

(14.46%)

(13.65%)

(8.30%)

(7.50%)

(6.40%)

(4.45%)

(2.96%)

(2.16%)

(1.01%)

(0.68%)

(0.47%)

(0.24%)

�4-4 ý�þ�ABIJTU

4.3 VWXY�þ�IJ

ÎÏñ�:�����;sß�}3djÈ��f`×��O�

\ýf��� ���ïä�ðäfQ]�:/�\� 24 9ï:+�

ïQf»;s¿��HI4.3�旅客造成的延滯風險��SÂ�Èã:»;s¿��HIR

4.3.1 ��Z�[VW\þ�IJ

+ê�ïQ;sº�}f��HI:�h���)�\� 24 â

9ï��ïQ��»;s¿��fø}k�º�}fø��ïä�A

Æ(4.4)�h*�N
]����i.#$��A�ïQ3djÈO¡

Èãfk�FG�G:�h��Æ(4.5)�A�Æ(4.6)�h�ïQfH

IR



4 - 7

kp

kp
kp N

T
S

,

,
, = (4.4)

kp

kp
kp C

N
F

,

,
, = (4.5)

kpkpkp SFR ,,, ×= (4.6)

Æ+� kpS , =�� k âïQ»;s¿��f�N
]

kpT , =�� k âïQ×»;s¿�}fø��ïä

kpN , =�� k âïQ��»;s¿��fø}k

kpF , =�� k âïQ»;s¿��f��i.

kpC , =�� k âïQ3djÈ���°ävO¡Èãfø}k

kpR , =�� k âïQf»;s¿��HI


 4-5�
 4-6��GSÂ�r�È¥(Èï�)�É¥(Éï�)#

w�ïQf»;s¿��HI��+ ß>��ßÈ¥�É¥#w�

�ïQ�Uã×;s�}f��HI½oÉã,�­ëïQÝfoñ

ë,�*+I,fHIfß���@ñ 7 �R

0

0.0¿

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0
0
:
0
0

0
¿
:
0
0

0
2
:
0
0

0
3
:
0
0

0
4
:
0
0

0
5
:
0
0

0
6
:
0
0

0
7
:
0
0

0
8
:
0
0

0
9
:
0
0

¿
0
:
0
0

¿
¿
:
0
0

¿
2
:
0
0

¿
3
:
0
0

¿
4
:
0
0

¿
5
:
0
0

¿
6
:
0
0

¿
7
:
0
0

¿
8
:
0
0

¿
9
:
0
0

2
0
:
0
0

2
¿
:
0
0

2
2
:
0
0

2
3
:
0
0

ïä

H
I
¥ Éã

Uã

�4-5 � G!��Z�[VW\þ�IJ



4 - 8

0

0.0¿

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0
0
:
0
0

0
¿
:
0
0

0
2
:
0
0

0
3
:
0
0

0
4
:
0
0

0
5
:
0
0

0
6
:
0
0

0
7
:
0
0

0
8
:
0
0

0
9
:
0
0

¿
0
:
0
0

¿
¿
:
0
0

¿
2
:
0
0

¿
3
:
0
0

¿
4
:
0
0

¿
5
:
0
0

¿
6
:
0
0

¿
7
:
0
0

¿
8
:
0
0

¿
9
:
0
0

2
0
:
0
0

2
¿
:
0
0

2
2
:
0
0

2
3
:
0
0

ïä

H
I
¥ Éã

Uã

�4-6 $ G!��Z�[VW\þ�IJ

4.3.2 ����[VW\þ�IJ

�Èã:»;s¿��HIf�h�ñ�£�é	��	²Ú�

�»;s¿��fø}k/º�}fø��ïäA�3djÈO¡È

ãfk��ß��Èã��)�:�*�h^Æ�­R

jp

jp
jp N

T
S

,

,
, = (4.7)

jp

jp
jp C

N
F

,

,
, = (4.8)

jpjpjp SFR ,,, ×= (4.9)

Æ+� jpS , =Èã j :»;s¿��f�N
]

jpT , =Èã j ×»;s¿�}fø��ïä

jpN , =Èã j ��»;s¿��fø}k

jpF , =Èã j :»;s¿��f��i.

jpC , =3djÈ���°ävO¡Èã j fø}k

jpR , =Èã j f»;s¿��HI



4 - 9

�Éã°ä�È¥�É¥#w:»;s¿��HI�ò£Èã�


 4-7�
 4-8ºu�*+�Üãã½ßÞj�\�n*HI¥½=,

���Þ� �ü×���Üãã`O®¯¦,Â2+ãfîèj

��aáã:�x8=�A��jÈ�4/îè;s>èf±¢R·

$éê/+ë/��/öV4ã�È¥�É¥#wf���½ò�,

HI?�½�Ò*+ÍOãïäßl�4R

��Uã°äf���
 4-9�
 4-10ºu� ß>×;s�}

f��HI,>Éã=>��È¥�É¥#wñ���HI�ò£È

ã£�é	�æç��/éê/+ë/��/�¨/S+/öV�2

¨4 8 âã��é-f¹ï�È¥#wß�Û��,·áã-É¥#

wGSº�ÕÖáã�tuUã°ä��¹�r�ºñf;s>á+

�¨¹-¨­f;s>á+�º¹R

0 0.05 0.¿ 0.¿5 0.2 0.25

�Üã

éê

+ë

S+

��

öV

ïü

[\

Û�

õl

HI¥

�4-7 ��� G!�[VW\þ�IJ]^���



4 - 10

0 0.05 0.¿ 0.¿5 0.2 0.25

�Üã

�ø

éê

��

S¨

+ë

�ö�

öV

îz

��

HI¥

�4-8 ��$ G!�[VW\þ�IJ]^���

0 0.05 0.¿ 0.¿5 0.2 0.25

+ë

éê

Û�

S+

��

öV

,·

��

�¨

S¨

HI¥

�4-9 8�� G!�[VW\þ�IJ]^���



4 - 11

0 0.05 0.¿ 0.¿5 0.2 0.25

éê

��

+ë

�¨

S+

��

S¨

öV

Sº

ÕÖ

HI¥

�4-10 8�$ G!�[VW\þ�IJ]^���

4.4 _�`aXY�þ�IJ

YìSÂn��/0Î�Gá`�	f��ü×�a·á`ü×

½ßjÈü��Èãv4�*p¥È U��}f���×·�~§

¨n*z³G\`�¥��R

·$��í²ñ���/0f�� �G�À<�J�À<á

`�»�À<��/0��¿G7+�×6jÈ���/0fïä¦

���a�!ï×K¶p¥jÈ�%fÕÖ�������/0fï

ä-�»J�À<��/0��¿G7++�×6jÈ���/0�

a×�djÈ�!î�¼�f�jÈ��$�¥���/0º�}f

��R~���È}fQ]���/��À<�J�À<:��/0

��HIR



4 - 12

4.4.1 
�b�_�`aþ�IJ

ÎÏ»`OjÈ�%�#+¿+º89f����/0��:�

��3Ôï7+ <>�È}���À<��/0��fø}k�ø

��ïä��Æ(4.10)�h*�N
]RC.ÎÏï7+)��jÈf

�À<��/0:ø}k�AÆ(4.11)�h�jÈ���À<��/0

��:i.�I(AÆ(4.12)�h�È}���À<��/0��:H

IR

ix

ix
ix N

T
S

,

,
, = (4.10)

ix

ix
ix C

N
F

,

,
, = (4.11)

ixixix SFR ,,, ×= (4.12)

Æ+� ixS , =� i}jÈ:»�À<��/0¿��f�N
]

ixT , =� i}jÈ×»�À<��/0¿�}fø��ïä

ixN , =� i}jÈ��»�À<��/0¿��fø}k

ixF , =� i}jÈ:»�À<��/0¿��f��i.

ixC , =� i}jÈ���°äv�¥�À<��/0fø}k

ixR , =� i}jÈf»�À<��/0¿��HI

�h���
4-11�
4-12ºu�
+��GÉã�Uã��»�

À<��/0¿��:HI�ò£È}� �&Uãf��HI8,

�ÉãR*+ÉãHII,fG 13 }jÈ�*��/0��½���

�ôã�/0 1011 }jÈ-�UãHII,fG 1036 }jÈ���

½����¨ã�/0 1154 }jÈR



4 - 13

0 0.5 ¿ ¿.5 2 2.5 3 3.5

¿3

¿0¿

34

¿¿5

¿75

¿05¿

¿030

¿054

¿¿6

94

HI¥

�4-11 ��[
�b_�`a\þ�IJ]^��/

0 0.5 ¿ ¿.5 2 2.5 3 3.5

¿036

2953

¿065

¿¿6

28

¿3

25

2055

37

47

HI¥

�4-12 8�[
�b_�`a\þ�IJ]^��/



4 - 14

4.4.2 %
�b�_�`aXY�þ�IJ

Á3J�À<��/0º�}f��HI�*�h#Æ¦ñ�:

#"é	�%���3'�GJ�À<f��/0�×·�n�À<

fø��}k�ø��ïä��AJ�Àf:�h��Æ(4.13)���

��i.#$��ßA�È}d¥fø}kFG�G��Æ(4.14)�I

(+êHI:�h�Æ(4.15)R

iu

iu
iu N

T
S

,

,
, = (4.13)

iu

iu
iu C

N
F

,

,
, = (4.14)

iuiuiu SFR ,,, ×= (4.15)

Æ+� iuS , =� i}jÈ:»J�À<��/0¿��f�N
]

iuT , =� i}jÈ×»J�À<��/0¿�}fø��ïä

iuN , =� i}jÈ��»J�À<��/0¿��fø}k

iuF , =� i}jÈ:»J�À<��/0¿��f��i.

iuC , =� i}jÈ���°ävd¥fø}k

iuR , =� i}jÈf»J�À<��/0¿��HI

»J�À<��/0¿f��HI�ò£È}�
 4-13�
 4-14

ºu�*+Éãf 8807/8808� 1337 }jÈ�A�Uãf 7708/7791/

2934/7700 � 8836 }jÈG�djÈR�á
 �&�AJ�À<

��/0��HII,fÈ}:ß�Éã�UãéV�=�a��:

{Uã�È}fHIáß|toÉã,�,���ÉãfHI`Oá

+��djÈ��Uã�8G��R�»�À<��/0¿f��H

Iéo�½ßUãfHIoÉã,�aUãf�À<��/0��H

Iß�$�®,��J�À<��/0��HI�ßnHI�@¶*

�È}�LI,HI��lUÉãf��R



4 - 15

0 2 4 6 8 ¿0

8807

8808

¿337

43

2059

2058

¿0¿

¿054

¿05¿

40

HI¥

�4-13 ��[%
�b_�`a\þ�IJ]^��/

0 2 4 6 8 ¿0

7708

25

29

779¿

2934

7700

59

40

8836

24

HI¥

�4-14 8�[%
�b_�`a\þ�IJ]^��/



4 - 16

4.5 c XY�þ�IJ

���
¥º�}f��HI� �jÈ
¥ÎäfQ]:/

�R�»`OjÈ�%�#+¿+89��
¥��:Îä�)��

Îä��
¥��ffø}k�ø��ïä�AÆ(4.16)�h�Îä


¥��f�N
]RAÎÏï7+���)� U<�Îä:3dÈ

fk��AÆ(4.16)�h*��i.�I(�UÆ(4.18)�h�Îä×


¥�}f��HIR

ls

ls
ls N

T
S

,

,
, = (4.16)

ls

ls
ls C

N
F

,

,
, = (4.17)

lslsls SFR ,,, ×= (4.18)

Æ+� lsS , =� lQÎä:»
¥¿��f�N
]

lsT , =� lQÎä×»
¥¿�}fø��ïä

lsN , =� lQÎä��»
¥¿��fø}k

lsF , =� lQÎä:»
¥¿��f��i.

lsC , =���°äv U� lQÎä:3dÈøk

lsR , =� lQÎäf»
¥¿��HI

Éã�Uã»
¥¿��HI�ò£Îä�
 4-15�
 4-16ºu�

*+^_ÕÖ/ïüÚ�/õl_v/���ôÎä�A��ºã�

Rr����Éã�Uã�
¥3jÈ�}��f+8,fHI�¥

*ß�ôò��Îä��ÉUãfHIfßÞj�BR



4 - 17

0 0.05 0.¿ 0.¿5 0.2

��C�ô

�ôC��

_vCõl

õlC_v

Ú�Cïü

ÕÖC^_

ïüCÚ�

öVC¨÷

+�CÖ×

�ºã�Rr

HI¥

�4-15 ��[c \þ�IJ]^���

0 0.05 0.¿ 0.¿5 0.2

�ôC��

Ú�Cïü

ïüCÚ�

_vCõl

�ºã�Rr

ÕÖC^_

��C�ô

���C��

��C��

õlC_v

HI¥

�4-16 8�[c \þ�IJ]^���



4 - 18

4.6 �defXY�þ�IJ

+ê×Èc¢¢�}��fHI����&+XK �ÈM:�

Ò*HI�*+ùúd�û�d	GaÈ!´JC�Èc:Ì¸�*

aÈ�ßLMf�×·z³G\`�¥o8R

��)�á`ÈM��Èc¢¢fø}k��}fø��ï

ä�ÎÏÆ(4.19)�h*�N
]����
 4-17R���Aá`ÈM

fø�È^�FG�G��UÆ(4.20)�h*��Èc¢¢fi.��

��
 4-18�I(AÆ(4.21)���h*HI����
 4-19ºuR

mb

mb
mf N

T
S

,

,
, = (4.19)

mb

mb
mf L

N
F

,

,
, = (4.20)

mfmfmf SFR ,,, ×= (4.21)

Æ+� mfS , =�mMÈ:»Èc¢¢¿��f�N
]

mfT , =�mMÈ×»Èc¢¢¿�}fø��ïä

mfN , =�mMÈ��»Èc¢¢¿��fø}k

mfF , =�mMÈ:»Èc¢¢¿��f��i.

mfL , =�mMÈ���°ävfø�È^�

mfR , =�mMÈf»Èc¢¢¿��HI

ÎÏHIf�h���ùúd�û�d��Èc¢¢��fHI

,�bñd���\ý/�*��i.��N
]� �&áÈM×

Èc¢¢�}��f�N
]é��aùúd�û�df��i.�

,>bñd=>� ®¯SÂjÈ��F9:ëÓR



4 - 19

0

5

¿0

¿5

20

25

bñ ùú�û�

�
N



]

(
�
�

)

�4-17 ��gB�defXYþ��KL�M

0

0.5

¿

¿.5

2

2.5

3

3.5

4

4.5

bñ ùú�û�

�
�
i

.
(
}
/
ò

Ç
�

È
^

�
)

�4-18 ��gB�defXYþ��NOPQ

0 20 40 60 80 ¿00

bñ

ùú�û�

HI¥

�4-19 ��gB�defXYþ��IJ



4 - 20

4.7 >?

à�~cÁ3SÂ3djÈf§�ü×���»;s¿/»��

/0¿/»
¥¿�»Èc¢¢¿G��HI8,fü×���\¹

��(�3��ü×®>��D��

1. »;s¿#$

@ñ 7 �ß»;s¿��HII,fïQ�nUãÔG�N�×

· �ÐïQ�DâÑEf;s�A�0jÈ��fHIR�éê/

+ë/��/öV4ã����ÉUã*��HI½,� N��Ò

ßl�8�*+ÍOãïä�Ayzí¤�TR

2. »��/0¿#$

3���<��/0��HI8,fÈ}� A j%6��

��Ø$�£�ÈM/�HOãÅÆ/�&�4#Æ� �H×6�

�/0f�O�D��0jÈ��/0��fHIR�J��<��

/0àO��D��}jÈ�%� Afß×G�djÈºf�� 

Ó�3Éã/Uã��LH7+��LH7+ï	ïÓ�Uã �:

7È�A�HJ��<��/0f��R

3. »
¥¿#$

¼�ñº+ U
¥ÎäfjÈ½Ðf�K¶ÕÖ�+º�

%��UHI��Y <>8�NfÎä�a�	
¥Îäf�]/

ÛO/jÈÿ]�&'øùf6#F-�Þ¸�&+XK�8><>


¥3­jÈ�}fÕÖfÎ~× �Ü�Ô��fXKS�®>�

�#'R

4. »Èc¢¢¿#$

yz�ñÈcH°ÖG��$�3�HIÈc½+�À<f�¥

JI ��F�A�H��¢¢f �<R



4 - 21

ÎÏSÂí¤�!ñf[j��Gde¢¢ßI�NfjÈ�%

ü×�×GYìde¢¢�ßAA���a�BCÕÖ_rñfº+

jÈR��~��+de¢¢�}fHI¿�g°+,����f�

�:ß�
 4-2tude¢¢f��i.�,��í²[jéy�a

�N
]#$å�
 4-1è���g°,�`Oü×��de¢¢3

º+jÈ½�}ÕÖ�æç3dÈ�J3dÈ�%�J3dÈfk�

8>�×·J3dÈK¶fÕÖ=£�3dÈ��SÂ»`OjÈ�

%�#+¿+ÚÁ33dÈ:9�%ü×�ºA�"��!½>de

¢¢f�N<R

jÈ��ü×��:j��0ÎÏUVí¤�!XK��jÈ 

¡]6#�A§Ê��D��a�O)*�gt�:fjÈ ¡]�

�Ü�¡ ¡]��ÅÆRÞ��§¨�À:��� ¡]��ÅÆ

G­
]:FZ�a�UV#$+  � ¡]��ÅÆ A�EH

We�������fa.��4�×·­\cDÎÏSÂí¤�!

XK�)�jÈ�Èãv�ãäf��ö-6»�A¯(ô§¨ëÓR





5 - 1 

5.ûhN ý�i�I#j��kl��

SÂ()*+>ÈM/>MOãÅÆ�A�+��/04;<�

�jÈfOãïä�ÈM�-�n���¥��/0��Oãïä�

£D��-jÈfãä!îïä	ÄÝ¤ÈM�-�nOã¦lÝ�

ÕÖ!îïäR��Añ× �~cn��SÂjÈOã¦!îïä

fö-�AkÒ*¤a��"±�+���:/�ï7+ªH]f�

�R

~��ßAjÈí¤fOãïä�ãä!îïä�¦üï7+�

�ïäé�f¥:/�ö-6#R~cop�5.1�{��XKf&á

¦��#"����5.2��5.3�{|Oãïä�ãä!îïäö-f

�����:(�5.4�®>��R

5.1 ��	
��I��GH

~��ºÊMfXKGSÂ CTC º:9fjÈí¤¶xãX

K�éê{|�� 4.1 �RÎÏjÈí¤¦+Í¶xãïä:,¥�

 ��AÆ(5.1)�(5.2)��h­jÈ��Èãfí¤¦+ÍOãïä

:,¥�A��Îäfí¤¦+Í!îïä:,¥�C.�U)�f

#Æ��É/Uã/3d/J3dÈf�	��U
+¦&*ö-f6

#�Ë�h*É�¥���,A�¥o8R

[ ] [ ]
),(),(

),(),(),(),(),(),(),(

jidjid

jitjitjitjitjitjitjid

ad

adadwww

−=
−−′−′=−′=

(5.1)

[ ] [ ]
),()1,(

),()1,(),()1,(),(),(),(

jidjid

jitjitjitjitjitjitjid

da

dadarrr

−+=
−+−′−+′=−′=

(5.2)

Æ+� ),( jidw =jÈ i�Èã j :í¤¦+ÍOãïäf,¥å�è

),( jitw′ =jÈ i�Èã j :í¤Oãïäå�è



5 - 2

),( jitw =jÈ i�Èã j :+ÍOãïäå�è

),( jidr =jÈ i �Èã j ¶Èã 1+j :í¤¦+Í!îïäf,

¥å�è

),( jitr′ =jÈ i�Èã j ¶Èã 1+j :í¤!îïäå�è

),( jitr =jÈ i�Èã j ¶Èã 1+j :+Í!îïäå�è

ÎÏc? 98 
 12 1 1 ã¶c? 99 
 3 1 25 ã°äfSÂ CTC

XK���f����{|�A­c�R;�{|~��G/�\Ñ

�!6#­f"#�×·�
óôU°å12 1 31 ã¶ 1 1 3 ãè/

Ë�óôU°å2 1 12 ¶ 21 ãè�A�?v���Å8£:�Ìf

3 1 4 ã� 8 ãá�4°äfXK�n�j5·��:+R·$SÂ

()fÈãk¦ãäkk>�Ó�§¨°
¦`aKD�×·ÚÞ�

�8G�NfÈã�ãä�¥���/��

5.2 i���kl��?m

Oãïäö-f��ßAéêãFG��3'�×GÎÏ 5.3.2

�:���éêã���Éã�Uã�K¶;s�}f��HI½Þ

j��Þ��U·���Ú zÒ*Oãïäö-6»�*��x 

®¯8�*Oãïä:ëÓR

�h­jÈ�éêãí¤¦+ÍOãïä:,¥�A­ 30 �G

\`���)�*}k}�¹}kf��o��UB#
 ¦&*ö

-��6»��
 5-1d
 5-4G3djÈ�éêãfOãïäö-�

��
 5-5d
 5-8GJ3dÈ��Éãéo�Uãf��½wô#H

õ�a3dÈ8J3dÈ+|tHõ� �ü×GUãf;s>G�

L;}��ñ3dÈÈ�8��Q;sõÛñ­Èf±¢��}Uã

°ä3dÈfOãïä��R



5 - 3

0

¿0

20

30

40

50

60

-90 -60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300 330 360 390 420 450

��ïä(�)

�
�

o
(
%
)

�5-1 no���� G!����i���kl��

0

¿0

20

30

40

50

60

-90 -60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300 330 360 390 420 450

��ïä(�)

�
�

o
(
%
)

�5-2 no�8�� G!����i���kl��

0

¿0

20

30

40

50

60

-90 -60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300 330 360 390 420 450

��ïä(�)

�
�

o
(
%
)

�5-3 no���$ G!����i���kl��



5 - 4

0

¿0

20

30

40

50

60

-90 -60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300 330 360 390 420 450

��ïä(�)

�
�

o
(
%
)

�5-4 no�8�$ G!����i���kl��

0

¿0

20

30

40

50

60

-90 -60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300 330 360 390 420 450

��ïä(�)

�
�

o
(
%
)

�5-5 no���� G!%����i���kl��

0

¿0

20

30

40

50

60

-90 -60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300 330 360 390 420 450

��ïä(�)

�
�

o
(
%
)

�5-6 no�8�� G!%����i���kl��



5 - 5

0

¿0

20

30

40

50

60

-90 -60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300 330 360 390 420 450

��ïä(�)

�
�

o
(
%
)

�5-7 no���$ G!%����i���kl��

0

¿0

20

30

40

50

60

-90 -60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300 330 360 390 420 450

��ïä(�)

�
�

o
(
%
)

�5-8 no�8�$ G!%����i���kl��

�É/Uã/3d/J3dÈ����hjÈ�éêãOãïäö

-fÉ�¥/��,/H±0k��þ±0k�*���+ 5.1�+

5.2ºu��+ �&UãfÉ�¥���,½,�Éã°ä�tuU

ã��f6#8Éã�N�¥*�É¥#w�*�Uãf��,GÉ

ãfáMAñ� ��Uãïäfýþ>è;<;�|t�p��e

@ñ­.A��ã@ñ­î�FN��A��;s>á+>èz�È

}����}ö-<8£R



5 - 6

C5.1 no�i���kl��.pIqrst� G!u

Éã Uã

É�¥ 7 19 

��, 43.17 49.23 

H±0k 2.45 2.37 
3dÈ

þ±0k 5.07 5.49 

É�¥ -2 7 

��, 38.44 47.61 

H±0k 3.35 2.88 
J3dÈ

þ±0k 11.65 7.96 
Ü���

C5.2 no�i���kl��.pIqrst$ G!u

Éã Uã

É�¥ 24 52 

��, 50.64 139.52 

H±0k 2.50 2.38 
3dÈ

þ±0k 5.98 5.50 

É�¥ 12 23 

��, 60.77 121.66 

H±0k 2.59 2.34 
J3dÈ

þ±0k 5.80 4.42 
Ü���

5.3 ��#j��kl��?m

ÎÏ 5.5 �f����ô¶���ÉUã½G
¥��HI,f

Îä�×·~��AÐÎäG3':/�ãä!îïäö-R·$�

SÂ CTC XKºæçf°äGc? 98 
 12 1 1 ã¶c? 99 
 3 1

25 ã���c? 99 
 2 1 23 ã���ô¶��G
¥Îä�ºA~

§¨A 2 1 23 ãG
���3í5
¥:�¦:(���jÈ��ô

¶��fãä!îïäö-R



5 - 7

�h­jÈ��ô¶��äí¤¦+Í!îïä:,¥�A­ 30

�G\`���)�*}k}�¹}kf��o���í5
¥ï�

�ô¶��Îäf���
 5-9d
 5-12� �&3dÈ�J3dÈ�

�Éã�Uãf��6#£�é	� �ÉUã3jÈãä!îïä

fÕÖ�£R��í5
¥:(��ô¶��Îäf���
 5-13d


 5-16��í5
¥�éo���fwôHõ�tuí5
¥�}j

Èãä��ïä��R

0

¿0

20

30

40

50

60

-60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300

��ïä(�)

�
�
o

(
%
)

�5-9 vw�xy���������#j��kl��

0

¿0

20

30

40

50

60

-60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300

��ïä(�)

�
�
o

(
%
)

�5-10 vw�xy�8�������#j��kl��



5 - 8

0

¿0

20

30

40

50

60

-60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300

��ïä(�)

�
�
o

(
%
)

�5-11 vw�xy���%������#j��kl��

0

¿0

20

30

40

50

60

-60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300

��ïä(�)

�
�
o

(
%
)

�5-12 vw�xy�8�%������#j��kl��

0

¿0

20

30

40

50

60

-60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300

��ïä(�)

�
�
o

(
%
)

�5-13 vw�xy�������#j��kl��tc z�u



5 - 9

0

¿0

20

30

40

50

60

-60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300

��ïä(�)

�
�
o

(
%
)

�5-14 vw�xy�8�����#j��kl��tc z�u

0

¿0

20

30

40

50

60

-60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300

��ïä(�)

�
�
o

(
%
)

�5-15 vw�xy���%����#j��kl��tc z�u

0

¿0

20

30

40

50

60

-60 -30 0 30 60 90 ¿20 ¿50 ¿80 2¿0 240 270 300

��ïä(�)

�
�
o

(
%
)

�5-16 vw�xy�8�%����#j��kl��tc z�u



5 - 10

�í5
¥�(/É/UãA�3d/J3dÈ����hjÈ�

�ô¶��äãä!îïäö-fÉ�¥/��,/H±0k��þ

±0k����+ 5.3�+ 5.4�Yìí5
¥:(�}jÈfãä!

îïä���a*í��í5
¥ï�jÈfãä!îïäÉ�¬�

� 1 ��� �+Í!îïä����X+*�ü×�}jÈ��R

C5.3 vw�xy������#j��kl��.pIqrs

�í5
¥ í5
¥

É�¥ 61 73 

��, 61.66 62.64 

H±0k 1.93 1.51 
Éã

þ±0k 3.06 1.08 

É�¥ 60 87 

��, 57.14 67.53 

H±0k 1.96 1.46 
Uã

þ±0k 3.44 1.26 
Ü���

C5.4 vw�xy�%�����#j��kl��.pIqrs

�í5
¥ í5
¥

É�¥ 64 71 
Éã

��, 41.43 37.21 

H±0k 2.37 2.06 

þ±0k 5.00 3.21 

É�¥ 66 85 
Uã

��, 40.75 51.26 

H±0k 2.42 2.21 

þ±0k 5.31 4.44 
Ü���



5 - 11

5.4 >?

Oã¦!îïäö-��:���yz��:�Ç ¡]��Å

Æ(� ®¯ÅÆ"5��éêfëkXK�x 3 ¡]��#$

®¯�\ýfD�Rp���ec+��U��HI����&éê

ã×;s�}f��HI8,�×·®>8�+ÍOãïä:���

�A�U~c3�Oãïäö-:���� �\ý®>½ÐA��

>HOãïäS�yz�TR�ãä!îïäö-��#$���H

I���&�ô¶��ä��×
¥�}�����~cf���

����& �+Íãä!îïä~�Þ���f�
¥5�(�3

jÈ���}Ô£fÕÖR

jÈ±² ¡]�ÚßÕÖ±²³´NOf× :\�Ôß3K

à�£kº°��&'�!9X����� ¡]f����~§¨

®>��3jÈ����:#"�3�:�!Ü���¦��* ¡

]+ºO�R





6 - 1 

6.û{N |}�Z������~�

�°§¨�Ç:��ÅÆÚÓÛÜ\ÎQåæçáóôÈã�*

ãäè�½M��«_r���hï�Êq\�h­âÎQ:���

Ën�«_r+��¥I9fÎQÒGMN�ÐÎQ:��¥�GÐ

_r:��R·#"Sç�h­\ÎQïfUE*�é®ÎQ ��

øzÐÎQ�2ÐÎQµ¶I£��fjÈ!¥�T�aí¤ñjÈ

�ïäðäN�òóôfõCö��¢ñ/­÷jÈ;<¦Èãøù�

ú·éûÕÖ�×·~°§¨�\ý§¨óôÎQ­f&'����R

óôÎQ����º�f"5ëk �:bÜ\ÎQÅÆf"

5åp�Oã�±/ãä!îïäè¦">åp�de×�ï�è�

áÅÆú·äfê0mÄ�
 6-1�Gz�4���zUV¦�::

§¨}��óôÎQÅÆ��ß&�QfÅÆÄD��:f
Æd

����ÓÛZB�zf��R�:ÅÆ½Mï�20 P���"5ë

kåp�jÈ��Û/ÌÍÎQ�]è\Q8��Ü\ÎQ��ÅÆ

¦óôÎQÅÆ:������!½Ðök3��:ÕÖR

óô_Q��ÅÆ"5ëk
Ü\_Q��
ÅÆ"5ëk

Ü\_Q��
ÅÆ">��

Ü\_Q
��ÅÆ

óô_Q
��ÅÆ

óô_Q��
ÅÆ">��

óô_Q��
*�"5ëk

�6-1 ��/|}�Z~����PQ�



6 - 2

×·�A­{|óôÎQ��ÅÆ:���pÁ3Ü\ÎQ��

ÅÆ�¥N�î%�;�ßNOfÅÆUEA�¦óôÎQéêf"

>+>RC.A{|óôÎQÅÆ���I(3ÅÆ�hf���A

��R

6.1 ���Z��~�L���

A­��{|Ü\ÎQ��ÅÆfNOUE¦">�����v

����»ST�Î&'��PÏ���K]2)¼Î�Â_K¿R

1. ÚÓÛ /0:Èã

Gz0J,*���Ü\ÎQ����ÚÓÛ /0fÈã�A

[\dåìäGp�Ü\#wYì+�âÎQå�[\���/��

�e\/e\�åìè�a%�¸���¦e\�GÃ!�Èã�	

wÚ+\t' LM��"�¥jÈ/0�×·�n[\�åìäz

³G\âÎQ�aãä!îïäyzß�âÎQf	
�ø:$�Ü

O�5Oãïä\³�hR

2. deï��h�AOãG��

��ß�ã�xãfdeï�ÅÆ��UEjÈ�Èã�OÈf

6#­:�hde×�ï��yz Öw67F9+fjÈ/0 �

<:$�x ÕÖjÈA�r¶d�>Èãï�[U'�fÛ]��

�OÛ:vR��ÅÆ+A»�ã-�ã¿ï�©�»�ã- U¿ï

�-A»xã-xã¿ï�©�» U-xã¿ï�R

3. t'WM:¥GBC!½�ï�k¥

ÅÆ��hï�ï�n¨ºWMft'�AÓÛ�p�ASÂA

�f\�\{(+É$��øùåp�S+/S¨4ãèGp�*�

ãï�nA 2,1,, 25.075.0 AsAsAs TTT += �h:�*+ 1,AsT GãvLM	\&

'f�ãï�- 2,AsT �GãvLM�	&'f�ãï�R��BfU


 ë�»ST�Î&'��PÏ���K]2)¼Î�Â_K¿R



6 - 3

4. de×�ï�G`O�h��

�h��æç�ãdeï� AsT , ¦xãdeï� DsT , �nk¥��

�	fp/ô¥jÈ¸z+º�	��+ 3 MjÈM�����h>

932 = M¸zf�ãï�¦xãï�R

6.2 ~��Q

A­n��Þ�~�L/UE«¬/"5ëk/�h|
/T%

ïä0k4������ÅÆR

6.2.1 ����

+
� UIC 406 fóôÎQ����#"å¶¨ï7+èü�A

ï7+FG"5�3�Ü���/E��Qïf&'()��LM�×

·~§¨�An� 1 âÎQfjÈÿ]×6�IÿåjÈkA�jÈ

fÈM¸}�%LMXÏHè�C.Ò­÷ÎQfde×�ï�/ã

��ùA�jÈÛ,�©[»�d¿jÈä���·!ü�hB¶º

+ÎQ�ÓÛ�RRC.AInÎQfo/n7È:ä�øzjÈkT

hÉ�ï��I(ÓÛT%0kTU�âóôÎQ:��R£?:�

·\!h�L�ß�óôÎQf�Óå� 1 âÎQèÿá��>jÈ�

��óôÎQf>ÓåInÎQèKtjÈI£f|.�Ï·:�h

óôÎQf��R

Anâóô rÎQ¦N jÈ:65�
 6-2Gp�A­nA Dep
jit ,

©+� iÎQ+� j jÈ�ÐÎQfxãïä-A Arr
jit , ©+� iÎQ+�

j jÈ�ÐÎQf¶ãïäR�·mÄ­�UVÜ\ÎQ��ÅÆ�

ßQM� 1 âÎQº+f Dept 1,1 d
Dep

Nt ,1 A� Arrt 1,1 d
Arr
Nt ,1 Th����~§¨

�n:���A� 1 âÎQ:��øz­\âÎQ:ëkåOãïä/

ãä!îïä/deï�4èTh Dept 1,2 d
Dep

Nt ,2 A� Arrt 1,2 d
Arr

Nt ,2 ��·!ü

²¼B¶º+ÎQ�h�R(�I(AAÆ(6.1)�¥óôÎQ���

hR¥Uñ8fß�%�jÈ ��UÈã�¥Km/0�×·­â

ÎQfjÈÈù ��+º-C��� Arr
jit , ¦ Arr

jit ,1+  �ËJß	\È}R



6 - 4

1=i

2=i

�
�
�

ni =

Dept 1,1

Arrt 1,1

Dept 2,1

Arrt 2,1

Dep
Nt ,1

Arr
Nt ,1

Dept 1,2

Arrt 1,2

Dept 2,2

Arrt 2,2

Dep
Nt ,2

Arr
Nt ,2

Dep
nt 1,

Arr
nt 1,

Dep
nt 2,

Arr
nt 2,

Dep
Nnt ,

Arr
Nnt ,

�
�
�

�
�
�

�
�
�

�
�
�

�6-2 |}�Z~����k����

)1(
1

3600

,1, β+×
−
−

=

N

tt
C

Arr
n

Arr
nN (6.1)

Æ+�CºóôÎQ��åTrains/Hourè

NºÅÊjÈk

β =T%ïä0k

Arr
nt ,1 =InÎQå�nÎQè� 1 jÈf¶ãïäå�è

Arr
nNt , =InÎQå�nÎQèInjÈå�N jÈè¶ãïäå�è

6.2.2 8��<

A­j^~ÅÆ:UE«¬Ë£É{|:R

1. a�Ü\ÎQÅÆ:º+UE

%�óôÎQÅÆ+fdeï�ëkß%Ü\ÎQÅÆ�h�

U�×·3�Ü\ÎQÅÆfUE��)C;R

2. º+jÈ�¥[nâóôÎQ



6 - 5

ÓÛN jÈ�SU nâÎQº�h>fÉ�ï�ß\M8GÖV

f���h#Æ�·UEx WVLMXq\"5�È}f��ãX

;�;�ßÅÊjÈkN  �CXk��ñä�q\"5��ãé[

¶ïR#ní¤!MÅÆï�óôÎQk nx %LMXb¥ÏH�

�*+é[£:x<R

3. ÓV�~fjÈ!î��

~§¨ÓÛf���¸¦{|�+ 6.1R

C6.1 ý���#j��I��

jÈ�~!î�� Ó�{|

Öódeï� AsT , ¦ DsT , �� Ü\ÎQÅÆx+ÓÛ

��=ãä+LKm¥G ·GjÈKú¥G�¢½6y

��=ãvjÈklUt'k� ·GjÈKú¥G�¢½6y

ãä!îïä� �ö ���Q¦���h��·ÓÛ

jÈ O¸±� �ö  O¸±���ÕÖãä!îïä

4. �ÓÛ� III�12f!wjÈÉ$��

%�Ü\ÎQÅÆ�n*!½�deï�k¥ñ�¢�óôÎQ

��ÓÛR

6.2.3 ����

~ÅÆf"5ëk�+ 5 £` 9 9��+ 6.2�*+ 3 �ëk0

òÜ\ÎQ��ÅÆ:"5ëk-2 �ëk�ò�Ü\ÎQ��ÅÆ

:">��R�Ø$ 4�"5ëk+�»!îT%¿0^Æ(6.1)+:β-

»�ÅÊjÈk¿ß2LMXÏHÅÊ�Å-»ÈM¸}op¿ëk

�UVÜ\ÎQÅÆ+qÎQEH�	��ßA\¸EH¥}M¶º

+fÎQv-»YkMØ¿�ß~ÅÆM:¤a+�jÈÈM:ëkR



6 - 6

C6.2 ������I���GC

XK:µ `
ëk�` ëkÞ¡ ÜÎQÅ

Æ:"5

ÜÎQÅ

Æ:">
*�

!îT% ] ] √
��ëk

�ÅÊjÈk ] ] √

ÈM¸}op ] ] √
� ¸}

YkMØ ] ] √

Èãëk Èã�Ü¦Èù √ ] ]

ãä!îïä √ ] ]jÈ_r�

ûê0ëk �ÀOãïä √ ] ]

�ãï� AsT , ] √ ]
deï�

xãï� DsT , ] √ ]

6.2.4 
�J�

Yì
 6-2ßA»qÎQ�h¿f�L!üTh���a·#"

(�|tf-�RZ�AjÈÅÊk�ß 1000 jGp��� 5 jÈ�

� iÎQ×deï������ Dep
it 5, �¦+ �� 1 ¶� 1−i �ÎQf

+£�f Dept ¦ Arrt �OHõËHk¥���-�fÓÛ�~§¨�A

»qÈ}8�G`/qÎQ8�G�¿f8�
ù�
 6-3ºuR

opÎÏLMXEHf»ÈM¸}op¿¦»YkMØ¿+��

1 jÈ�5()�C.�� 1 ÎQdeqÎQ8�jÈf¶dïä�

B¶jÈ¶µI(\âÎQ�ì(	ÄAA»ÈM¸}op¿¦»Y

kMØ¿+�­\jÈ�qÎQ8�*¶dïä�B¶ÅÊfjÈk

µ¶»�ÅÊjÈk¿GìR


 6-3+m��f»8�jÈ¶dïä¿G�h
ùfN���

�ß�� 1 ÎQ:8��(ôÎQ:8��áXf,-Ú���Xß

Aüe"5fÈ}X;FG"5�(X�Añ÷ÎQfÈ}¶dïä

FG"5�×·\³�6.2.4.1�+��:R�[8�jÈf¶dïä



6 - 7

ï�+ �¦()+f*�jÈ��ó�Bî�3�~ÅÆ��²¼

·ó�Bî�����6.2.4.2���{|R

de

jÈkßl
�µÉHk�

óôÎQ
���h

�}

�5¿jÈ�
5()

8��¿ÎQ:

jÈ¶dïä

Yes

No ßlá+
(ôÎQ

8�(ô
ÎQ:jÈ
¶dïä

Yes

No

�6-3 ���/���D��� ¡
��U

6.2.4.1 ý��¢�����

ÎÏ
 6-2  �%�xãïä Dep
jit , �o¶ãïä Arr

jit , áO��×·

��hjÈ¶dïäï�Êãp�h Dep
jit , A�h Arr

jit , :ëÉR�8� Dep
jit ,

ï��ÓÛ*¦p¥Èåex: Dep
jit 1, − , Dep

jit 2, − 4è�ô¥Èåex: Dep
jit 1, + , Dep

jit 2, + 4è

fê0ßlz¼�GQ�(ô{|�~§¨¡»�i Dep
jit , ¦ Dep

jit 1, − :äß

l(�6�¿G�i
ù I-»�i Dep
jit , ¦ Dep

jit 1, + :äßl(�6�¿�

¡G�i
ù IIR

	¼��8� Arr
jit , ï�x�ÓÛ*¦p¥Èåex: Arr

jit 1, − , Arr
jit 2, − 4è�

ô¥Èåex: Arr
jit 1, + , Arr

jit 2, + 4èfê0ßlz¼�»�i Arr
jit , ¦ Arr

jit 1, − :äßl

(�6�¿A­n¡G�i
ù III�»�i Arr
jit , ¦ Arr

jit 1, + :äßl(�6

�¿A­n¡G�i
ù IVRI~IV Þâ�i
ùÎµ�
 6-4���

i
ù I ¦�i
ù IIIN�� 1−j jÈGp¥jÈ�� j jÈGô¥

jÈ���i
ù II ¦�i
ù IV +�� j jÈGp¥jÈ�� 1+j

jÈGô¥jÈR�â�h
ù �¼�
 6-5R



6 - 8

i

Dep
jit ,

�i
ù I

i

Arr
jit ,

�i
ù II

�i
ù III �i
ù IV

åaè8�jÈxãïä Dept åbè8�jÈ�ãïä Arrt

�6-4 ý���/£����¤¥��

�i
ùIV

�i
ùIII

�i
ùII

�i
ùI

�h��5fjÈ�ÉHÎQfxãïä   

Arr
jit ,

�i��5jÈ¦
p¥jÈßlz¼

de

Yes

Dep
jit ,

�i��5jÈ¦
ô¥jÈßlz¼

No
(õ½Fj
È�p¥j
Èxãïä

Yes

No (õô¥j
Èxãïä

�h��5fjÈ�ÉHÎQf�ãïä   

�i��5jÈ¦
p¥jÈßlz¼

Yes

�i��5jÈ¦
ô¥jÈßlz¼

No (õ½Fj
È�ãïä

Yes

No (õô¥j
È�ãïä

�(

�6-5 ��ý��¢����¦J�

+ 6.3 ���u�o8
 6-4+®�f 4��i
ù���Þ�i

v�/8�3'A�|

:o8�*+�i|
�
 6-6d
 6-10R



6 - 9

C6.3 �g¤¥I��H��§¨C

�¸ �i
ù I �i
ù II �i
ù III �i
ù IV

�i

v�

xãdeï�

ãäKm&'

p¥È/0

xãdeï�

ãäKm&'

�ãdeï�

ãvt'k

�ãdeï�

ãvt'k

8�

3'

p¥/ô¥jÈ

å
 6-4(aírÖrè

ô¥jÈ

å
 6-4(a)Örè

p¥jÈ

å
 6-4(b)írè

ô¥jÈ

å
 6-4(b)Örè

|
 
 6-6 
 6-8 
 6-9 
 6-10

ô¥Èßl �
~ãKmp¥È

(õp¥jÈxãï
ä

��xãï�ßl��
�ô¥jÈKmp¥jÈ

(õô¥jÈxãï
ä

lmßl+p¥jÈ

lmßlÙ+p¥j
È

�(

de

YesYes

No

Yes

Yes

No

NoNo

�6-6 ¤¥�U I�J��


 6-6+f»ô¥Èßl �~ãKmp¥È¿f«¬æ)A­ 3

��ü�O�¹}�#�=Km�
 6-7R

1. p¥jÈG
È��ô¥È��\ÎQf!îïä9�p¥ÈR

2. p¥jÈ�ÐÈã+Oã��p¥jÈ�ÐÈãOãïä£� 0R

3. xãï����ô¥È¦p¥È��hÎQ+xãï���R

4. ãvt'k�4��ãv+>Pt' ¯/0R



6 - 10

�hÎQ

�\ÎQ

p¥È ô¥È

«¬2.p¥È+O¡ «¬3.p/ô¥Èxãï���

«¬1.p¥Èãä!îïäoô¥È:!îïä�

«¬4.ãv+�4t'k¯/0

�6-7 } �
©ª ���<�

��xãï�ßl��
�ô¥ÈKmp¥jÈ

(õô¥jÈxãïä

lmßl+ô¥jÈ

de

�(

No

No Yes

Yes

�6-8 ¤¥�U II�J��



6 - 11

���ãï�ßl��
�ãvt'kßl��

(õô¥jÈ�ãïä

lmßl+p¥jÈ

de

�(

No

No Yes

Yes

�6-9 ¤¥�U III�J��

���ãï�ßl��
�ãvt'kßl��

(õô¥jÈ�ãïä

lmßl+ô¥jÈ

de

�(

Yes

No

No Yes

�6-10 ¤¥�U IV�J��



6 - 12

6.2.4.2 ý�|«¬­�®�

�
 6-5+�¥�MjÈåçp¥jÈ/ô¥jÈè:»(õ�/

xãïä¿CFï��]+ �¦()+f*�jÈ��ó�Bî�

Gz�8��jÈ��ãf�/xãïäï���ö*!îïäË^�

ï��&'k4«¬�~§¨HVz»(õ3¬¿Ë>ø\â_`

åStackè�·:²¼jÈfó�(õR»(õ3¬¿ß%A­ÞMX

;¸}�*+�(3)¦�(4)�ü+\�G 0��Ø\��89(õ�R

(1) (õ��å�Èãè

(2) (õÈ}

(3) �ãïä(õ�

(4) xãïä(õ�

[�
 6-5+��F�\â(õ3¬ï�ÅÆ�n»(õ3¬¿

�ÎQÈù�5_`�·+�C.SRÆ²¼»(õ3¬¿�²¼�

ü�ÕÖÐ»(õ3¬¿��A��*�(ôjÈ+�»(õ3¬¿�

����X��ü�²(ôjÈf»(õ3¬¿Ýa5_`�·R�

·!üè¥B¶_`+��F�»(õ3¬¿(�#h�}\}%


6-5º��f(õCF��â
ù�
 6-11R

å è_` (�p> 

/È} Èã
�ãïä(õ�
xãïä(õ�

/È} Èã
�ãïä(õ�
xãïä(õ�

/È} Èã
�ãïä(õ�
xãïä(õ�

%�O²w�lm(
õÈ}f�\Oã²

_`ßlGð

��\Oã²de�ù
n(õ3¬�5_`+

��_`+�\â(õ
3¬ßlÕÖô¥jÈ

²¼(õ3¬

de

No

õy_`+�
\â(õ3¬

No

�(
Yes

Yes de+�ô¥
jÈ(õ3¬

�6-11 ¯�° ±²³Y|«´µ;<�J��



6 - 13

Gz2bX�Ô���|k·²¼|
�A­�U
 6-12:Fp

{|:RUEOn
 6-12+fjÈ 2 �Èã B :xãïä(õ d Ü��

ÎÏ
 6-11:²¼|
�op<>jÈ 2 �Èã B A�åæçÈã Bè

f�\âOã²�ÝÞßÈã A�A%Èã A de��ùnjÈ 2 �

�ãf(õ3¬�5_`+��
 6-13R

ÈãA

ÈãB

ÈãC

ÈãD
å è_` p�(> 

jÈ¿ jÈ2

jÈ2xãïä(õd

�6-12 ®�ý�|«¬­�F��� 1

ÈãA

ÈãB

ÈãC

ÈãD
jÈ2,ÈãA,xã(õd

å è_` p�(> 

jÈ¿ jÈ2

jÈ2,ÈãB,�ã(õd

jÈ2,ÈãB,xã(õd

jÈ2,ÈãC,�ã(õd

jÈ2,ÈãC,xã(õd

jÈ2,ÈãD,�ã(õd

�6-13 ®�ý�|«¬­�F��� 2

C.Dde²¼_`+f(õ3¬�·ï_`+�\â(õ3¬

f�VG�njÈ 2 �Èã D f�ãïä(õ d Ü��%�·3¬Ë

���}(ôjÈfó�Bî�×· BCn�ãïä(õ d Ü��

�
 6-14ºu�Ën_`+�\â(õ3¬õyR%�_`+Ü+*

�(õ3¬�ºAaô²¼­\â3¬�jÈ 2 �Èã C fxãïä



6 - 14

(õ d Ü���
 6-15ºuRA·`Bq\²¼_`+f3¬�B¶

�
 6-16�O²¼jÈ 2 �Èã B fxãïä(õ3¬ï�ô¥fj

È 1�jÈ 2 :äfxãï����×·jÈ 1 �Èã B fxãïä

Ý�\³(õ d Ü��S�Öó�4fï�R

ÈãA

ÈãB

ÈãC

ÈãD
jÈ2,ÈãA,xã(õd

å è_` p�(> 

jÈ¿ jÈ2

jÈ2,ÈãB,�ã(õd

jÈ2,ÈãB,xã(õd

jÈ2,ÈãC,�ã(õd

jÈ2,ÈãC,xã(õd

jÈ2,ÈãD,�ã(õd

�6-14 ®�ý�|«¬­�F��� 3

ÈãA

ÈãB

ÈãC

ÈãD
jÈ2,ÈãA,xã(õd

å è_` p�(> 

jÈ¿ jÈ2

jÈ2,ÈãB,�ã(õd

jÈ2,ÈãB,xã(õd

jÈ2,ÈãC,�ã(õd

jÈ2,ÈãC,xã(õd

�6-15 ®�ý�|«¬­�F��� 4



6 - 15

ÈãA

ÈãB

ÈãC

ÈãD
jÈ2,ÈãA,xã(õd

å è_` p�(> 

jÈ¿ jÈ2

jÈ2,ÈãB,�ã(õd

jÈ2,ÈãB,xã(õd

xãï���

�6-16 ®�ý�|«¬­�F��� 5

Þ�	\de(õjÈ 2 f6#\Ä�OnjÈ 1 �Èã B fx

ãïä(õ d Ü��op<>jÈ 1 �Èã B A�åæçÈã Bèf

�\âOã²�ÝÞßÈã B ~��A%Èã B de��ùnjÈ 1

��ãf(õ3¬�5_`+��
 6-17�:(Aq\aô²¼_`

+f(õ3¬R

ÈãA

ÈãB

ÈãC

ÈãD
jÈ2,ÈãA,xã(õd

å è_` p�(> 

jÈ¿ jÈ2

jÈ2,ÈãB,�ã(õd

jÈ2,ÈãB,xã(õd

jÈ¿,ÈãB,xã(õd

jÈ¿,ÈãC,�ã(õd

jÈ¿,ÈãC,xã(õd

jÈ¿,ÈãD,�ã(õd

�6-17 ®�ý�|«¬­�F��� 6

[_`+º++êjÈ 1 f(õ3¬f²¼�}(�*���


6-18ºu�·ï_`+f�\â(õ3¬�njÈ 2 �Èã B fxã

ïä(õ d Ü���[���}jÈ 1 xãï���f���×· 



6 - 16

BCnjÈ 2 fxããïä(õ d Ü�R[_`+º+f(õ3¬²

¼�}(�D�}z�âjÈó�Bîf²¼����
 6-19ºuR

ÈãA

ÈãB

ÈãC

ÈãD
jÈ2,ÈãA,xã(õd

å è_` p�(> 

jÈ¿ jÈ2

jÈ2,ÈãB,�ã(õd

jÈ2,ÈãB,xã(õd

�6-18 ®�ý�|«¬­�F��� 7

ÈãA

ÈãB

ÈãC

ÈãD
å è_` p�(> 

jÈ¿ jÈ2

�6-19 ®�ý�|«¬­�F��� 8

6.2.5 ¶·��¸�

����U
+ÓÛT%ïä0k`Ofü×��!îU


+���ßdetu/î�·f½F/OÈïä4U
�G¤a
ù�

�Î ���:�����gHf�À:!F�×·ü���!îT

%ïä�A3jÈ×¢�%ï+Æ�fðäR



6 - 17

!îT%0k:ÏHé[n>�y¦() !<å�õ
ÈLz

!îè$�¦¥È() ¡]x,]éê�UVÜ\_Q��§¨+

D�2Â()fT%ïä0k¬G 0.3�%�Ðk¥ç)z×óôÎQ

º+�f��y¶�¢óôÎQÅÆ:T%ïä0k¼½o 0.3 9R

�UE¸�2ÂÈ}IÿáfÎQ»[\-^_¿�µ¶ CK:

 ¡]­fI,��QM.å­9ï 11 jè��·�®­�nT%ï

ä0k� 0 de�A 0.05 G��:�h���ÉBºU¶fT%ïä

0k¬G 0.2�FG~§¨WýD�¥�ì·ëk ����ÎQ:k

��	�-�+/(ô§¨F�\ý/�R





7 - 1 

7.�¹� cdA¿ºöij

ÓÛ[\]^_ß¸�2Â�Iÿánº+jÈ�¥¡�¹Î

Q�¢~§¨A[\]^_äfÎQ�¥'p��R%
 7-1   »Ü

\ÎQ��ÅÆ¿¦»óôÎQ��ÅÆ¿ßÿ� �f��X Ò

G(Xf���»óôÎQÅÆ¿f"5ëkyzHkß;+f:$�

£>kf:µ0ò»Ü\ÎQ��ÅÆ¿f"5ëk¦">��R×

·�'p����»Ü\ÎQ��ÅÆ¿���YìUV§¨»!"

()����¼½M§¨-&'()(1/4)¿Z3��]��ä�¥»Ü

\ÎQ��ÅÆ¿f'p���a�Þ
:�Â���ôBC�MS

ÂÃ!��
�	ï¨ß''åæz/¨ßÈã�­�èf��xL

=>���hëk+ºö��×·~cnN��¥»Ü\ÎQ��Å

Æ¿¦»óôÎQ��ÅÆ¿:'p���I(A�¥áMÅÆfà

zo8R

7.1 Â�ÃÄA¿�*ºöij

~�n�¥[\]^_äÜ\ÎQ��ÅÆf'p���yz�

�{|�~f"5ëk¦�h��:$���$j>�Mp/ô¥jÈ

¸zf�ãï�¦xãï��·X;YJ»Ü\ÎQ��ÅÆ¿fI

¸�h���a0ò»óôÎQ��ÅÆ¿f"5ëk�¢¦&:R

7.1.1 »¼½¾

Ü\ÎQÅÆº�"5:ëkk>�~�n�Ï»� ¹!§º

]2)¼Î�Â_()&'����
Æ¿:½F�$f�`#Æn

XK�G��ëkEH/jÈëkEH/ÈãëkEH/jÈ¦_r

�ûê0EH4Þ�:��{|EH¥R



7 - 2

7.1.1.1 ×Ñ½¾

»Ü\ÎQ��ÅÆ¿W�+ 8���ëk�*ëkÞ¡¦�~

'p+fEH¥�+ 7.1R

r7.1 ×Ñ½¾¿w½¾r

ëkÞ¡ k¥

ÒyÌÍ¦�ydeïä 4�

ÐaÑ¦¡a!½ïä 5�

Òy� 1t'�_/�H� 2t'¼deö ��F9ïä 15�

6�ïÜr��I«deï� 25�

T%ïä0k 0.30

¯�deÛO 60km/h

� IIM&'�EÊM:h 0.3333

� IIIM&'�EÊM:i 0.75

7.1.1.2 7,¿wÀ

SÂf±²ÈMk>�~'p+nÓÛA­�MÈM�GD�#

cf{|�<�`jÈn��£¡G»bñd¿/»ùúd¿¦» 

ébÈ¿R

1. B�ÆbÈ¸åB�ÆaÈ¼2+B�ÆsÈ¼13�bñdè

2. E200~E400!´JC�sÈåb�aÈ¼1+sÈ¼8�ùú/û�dè

3. EMU500� ébÈå8 ÈÌ¸� ébÈè

·�`jÈf3½fëkEH¥�¼�+ 7.2R%�~}f'p

��Ë��¥;skå�E���/ µ}��4è:���×·+

êjÈfjåÈ§k/~�k/��$
/èå��4k¥����R
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r7.2 7,½¾r

bñd ùúd  ébÈ

jÈ�]å^kè 274 197 160 

±²�Û]åkm/h/sè 1.25 0.85 1.25 

±²�Û]åkm/h/sè 1.5 1.5 2.0 

�Û]<�+-×Ø 1.0 1.0 1.0 

�Û]<�+-×Ø 1.0 1.0 1.0 

7.1.1.3 ,Á¿wÀ

ÈãëkEH¥k>�æ)ÌÍÎäf�]/�>ã�]/>�

dea�ù¦î�·�ù4�A­nÈãëklø�¼�+ 7.3¦+

7.4R++ºj&'�E`� ëÓ+ 7.5�éê©d ëÔ
 7-1:{

|�*+f xS ¦ tS ¥%�3�����nk¥ö-89��AgE¥

²¼:R

r7.3 ,ÁcdÂÜ½¾rÃÄÅÈÆ

�E`� �ã�] xã�] 2B 1B sB nB 1−nB

Ü� � ‰ ‰ ^k ^k ^k ^k ^k

[\ I 6.24 0 638 1329 1133 1625 2605

åì I -1.5 4.98 1175 1134 691 1698 1749

¨ß I -6.32 -1 1248 2213 972 1933 875

æz I 5.98 9.7 972 1933 875 1737 1350

2º I 8.15 -4.07 1060 1080 1083 1432 885

ÇÑ II -5.7 -9.8 1432 885 502 956 1584

ÕÖ I 0.1 -0.15 1584 814 1038 996 957

^_ I 4.8 3.2 1293 1296 764 1450 1060
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r7.4 ,ÁcdÂÜ½¾rÃÇÅÈÆ

�E`� �ã�] xã�] 2B 1B sB nB 1−nB

Ü� � ‰ ‰ ^k ^k ^k ^k ^k

^_ I -3.2 -4.8 1925 983 1067 1290 1608

ÕÖ I 0.15 -0.1 1608 1516 850 1434 1584

ÇÑ II 9.8 5.7 1584 851 497 1330 870

2º I 4.07 -8.15 1330 870 705 1167 2250

æz I -9.7 -5.89 1090 993 789 1433 1425

¨ß I 1 6.32 789 1433 1425 1654 2274

åì III -4.98 1.5 2274 1195 968 1839 1658

[\ I 0 -6.24 1788 2674 501 1113 947

r7.5 cdÈ¿´ÉÊÔ��r

©d `�{| øùu�


I á�Þt'Añ
s


s


II
\�\@�É

$���t'
s


s
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\�\@+É

$���t'
s


s


IV
\�át'

á@át'

s


s


2B 1B

sB
nB 1−nB

xS

tS

&7-1 ,ÁÂÜ½¾ÊÔ��&
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7.1.1.4 7,B�ÈËÌ]�¿wÀ

jÈ¦_r�ûê0fEHëkæ)zå1èOãïäå2èãä

!îïäå3èÉ�1mÛ]��R

*+Oãïäß�wEH¥½\��+ 7.6��ãä!îïäA

�1mÛ]���	#w+�	EH¥���+ 7.7¦+ 7.8R���

ÈMfop�ëÓÐÎä:�ãjÈk�¨­#wEHbñd�ùú

d�bÈG 44�24�83�ºñ#w�EHG 44�23�76R

r7.6 ÍÁ��¿wÀ

OãïäåÜ���è OãïäåÜ���è
Èã

bñd ùúd  ébÈ
Èã

bñd ùúd  ébÈ

[\ 2�00 2�00 1�00 Sº 2�00 2�00 1�00

åì 2�00 2�00 1�00 ÇÑ 0�00 2�00 1�00

¨ß 0�00 2�00 1�00 ÕÖ 2�00 2�00 1�00

æz 2�00 2�00 1�00 ^_ 0�00 2�00 1�00

Ü��[�:�]

r7.7 Á�?É��¿wÀ

�Rrå¨­#wè �Rråºñ#wè
Îä

bñd ùúd  ébÈ bñd ùúd  ébÈ

[\]åì 7�30 9�00 9�30 8�30 9�00 10�30 

åì]¨ß 5�30 6�30 6�30 5�00 6�30 4�30 

¨ß]æz 2�30 4�30 3�00 2�30 4�00 3�00 

æz]Sº 6�00 6�00 5�30 6�00 7�30 5�30 

Sº]ÇÑ 3�30 4�00 4�00 3�30 5�30 4�00 

ÇÑ]ÕÖ 4�00 6�00 4�00 4�00 5�00 4�30 

ÕÖ]^_ 5�00 6�00 5�00 5�30 6�00 5�00 

Ü��[�:�]
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r7.8 ÎÏÐ[¿wÀ

�Rrå¨­#wè �Rråºñ#wè
Îä

bñd ùúd  ébÈ bñd ùúd  ébÈ

[\]åì 81.20 64.89 66.56 76.75 64.89 63.71

åì]¨ß 86.97 70.26 73.59 91.33 70.26 90.00

¨ß]æz 89.73 59.11 75.33 89.73 62.33 75.33

æz]Sº 86.00 76.00 83.21 86.00 67.47 83.21

Sº]ÇÑ 75.33 61.33 64.67 75.33 53.70 64.67

ÇÑ]ÕÖ 87.33 62.67 80.67 87.33 68.53 75.78

ÕÖ]^_ 86.53 69.33 79.87 82.61 69.33 79.87
Ü��km/h

7.1.2 �Ë¾Ñ

Ü\ÎQ��ÅÆ�h���
 7-2¦
 7-3�MNÎä`OG[

\]åìR��FGóôÎQ��ÅÆMf"5ëk]�ãï�¦x

ãï�X;��+ 7.9d+ 7.12R

&7-2 Â�ÃÄA¿�*ij¾ÑÃÄÅÈÆ

&7-3 Â�ÃÄA¿�*ij¾ÑÃÇÅÈÆ
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r7.9 ÒÁ�ØÀÃÄÅÈÆ

p¥ bñ bñ bñ ùú ùú ùú  é  é  é

ô¥ bñ ùú  é bñ ùú  é bñ ùú  é
åì 162 179 170 155 172 163 158 174 165
¨ß 222 247 230 215 241 223 218 243 226
æz 184 235 194 177 229 188 179 231 189
Sº 163 173 157 157 167 152 158 168 153
ÇÑ 154 156 147 243 246 237 193 195 186
ÕÖ 175 207 171 169 201 165 171 203 167
^_ 169 189 168 163 183 161 165 185 163
Ü���

r7.10 �Á�ØÀÃÄÅÈÆ

p¥ bñ bñ bñ ùú ùú ùú  é  é  é

ô¥ bñ ùú  é bñ ùú  é bñ ùú  é
[\ 247 247 247 300 300 300 280 280 280
åì 208 208 208 253 253 253 226 226 226
¨ß 173 173 173 233 233 233 186 186 186
æz 201 201 201 242 242 242 200 200 200
Sº 166 166 166 195 195 195 178 178 178
ÇÑ 152 234 185 175 257 208 151 233 184
ÕÖ 142 142 142 168 168 168 142 142 142
Ü���

r7.11 ÒÁ�ØÀÃÇÅÈÆ

p¥ bñ bñ bñ ùú ùú ùú  é  é  é

ô¥ bñ ùú  é bñ ùú  é bñ ùú  é

ÕÖ 202 223 196 196 216 190 198 218 192
ÇÑ 148 153 144 242 247 238 186 191 182
Sº 160 194 167 153 188 161 155 189 163
æz 161 172 146 154 165 139 157 168 142
¨ß 181 220 188 175 213 182 177 215 184
åì 216 247 203 209 240 197 212 243 199
[\ 257 287 285 250 281 279 252 283 281
Ü���
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r7.12 �Á�ØÀÃÇÅÈÆ

p¥ bñ bñ bñ ùú ùú ùú  é  é  é

ô¥ bñ ùú  é bñ ùú  é bñ ùú  é

^_ 182 182 182 211 211 211 181 181 181
ÕÖ 185 185 185 225 225 225 196 196 196
ÇÑ 176 260 213 214 297 250 181 264 217
Sº 197 197 197 239 239 239 197 197 197
æz 171 171 171 223 223 223 186 186 186
¨ß 223 223 223 281 281 281 221 221 221
åì 224 224 224 262 262 262 250 250 250
Ü���

7.2 äåÃÄ�*ºöij

A­�ù��"5ëk/�h��¦��]����R

7.2.1 »¼½¾

"5ëk�Ü¦k¥�+ 7.13�*+�ÀOãïä¦ãä!îï

ä ëÓ+ 7.6¦+ 7.7�de×�ï���+ 7.9d+ 7.12R

r7.13 äåÃÄA¿�*»¼¾À�Ór

ëkÞ¡ ¨­#wEH¥ ºñ#wEH¥

!îT%β 0.2 0.2 

ÅÊjÈkN 1000 1000 

ÈMop(bñd�ùúd�bÈ) 44�83�24 44�76�23

YkMØ 0 0 

Èã�Ü [\�^_ ^_�[\

ãä!îïä ë�+ 7.7 ë�+ 7.7

�ÀOãïä ë�+ 7.6 ë�+ 7.6

�ãï� AsT , ë�+ 7.9 ë�+ 7.11

xãï� DsT , ë�+ 7.10 ë�+ 7.12
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7.2.2 �Ë¾Ñ

���"5ëk�¥`©�h(��RråÉ¥è¦�RråÈ

¥è:InÎäÉ�ï�å�
1

,1,

−
−

N
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n
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7.2.3 ÔÕ[ij

A­3ÅÆ+�	ëkf��]�¥���jAkÒÅÆ;<R

7.2.3.1 äåÃÄ¾
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