
�����������
	������� �����������������
�� "!#�%$�����&!'!)(+*,�- ".
!/�0��1��-���2�435�& 5�� 560�87:9;�������� 

<>=@?A?B=DCE<GF�HJILKM=N=DCOKEPQIRCMITS?B=�UWV2=YXZC+[Y\]I�^_
`0aQb-ced�fBgZhjilk]menofBgZhpmrqts%u�v)wxf2yza]k@u{ceu{|�sY}M~@���T�@�����{�����u�qZf2��u-gZ|�}+~D�0f��@fBkO}

�D���Q���D�{�D�����o�2�]�-���x�p�-� }
����� a]u-d�f��Qb�|{f{ 

�Y¡{¡{¢/£¥¤o¤
¦o¦o¦/�§¡{¨o�)�p�
�D�o�2�]�{�D�x�p�-�Y¤D©��o�{�D�o¤
¢Y��ªo«{�D�-¡D�{¤Y�o�-�Y��¦@��¬Y�D¤�¢D�Yª-����o�Y¡��T�D¡
�Q�

®�¯�°2±2²
³Q´-±{µ�¶ b�kDs%gzb-mecx��b2sNb-yBy2m·�@f2kYqZh¸aQb�nof���f2f2kJgZfB��u-gpqZf��Jmek�qZa@f>c·b�h¥qlq§��u
��f2y�b{��f2h���¹]f'qZu¸h¥qpgZu{k@|lhpm·��f'�jmekQ��h2º�w�a�¹@h2}�b¸hp¹@mrqzb-�]cef���f2hpme|{kGvLu�g�qZa]f/k]fB��|-f2k@�
fBgzb
qZmeu{k»u-v)qZa]fGa]me|-a»hp��fBf��Jqpgzb-mek]hlhpa]u{¹@c·��qzb-¼of>mekDqZu�b�y2y2u-¹]kYq½qZa@fGgZfBhpm·h¥qzb�k]y2f
qZu�qZa]f>h¥qpgZu{k@|�hpm¾��f>�jmek]�@h2º+wxu�a]fBc·�¿f2k@|{mek]fBfBgZhlqZu%b-yza]mef2n{f�u-�@qZmed�¹@dÀ��f2hpme|{k+}
��u�qZa�qZa]f�qZmed�fB�§b�nofBgzb�|{f���b-kQ�ÁqZa]fNmek]h¥qzb�kYqzb-k]fBu{¹]h�Â]u
�:h¥qpgZ¹@yBqZ¹@gZf2h%b
gZu{¹]k]�
qZa@f½qpgzb-mekJhpa@u{¹]c·�%��f�¹]k]�@fBgZh¥qZuYuD�MºQw�a@f½ÂQu��Ãb�gZu-¹]kQ�%a]me|{a&hp��f2f��%Äp`��'�>qpgzb-mek
hp¹@��Åtf2yBqZf��¿qZuJb%Æ{Ç-È�hpm·��f��jmekQ�NsDb2�Éb-k]|-cefWmeh�hpu{cenof��»¹]hpmek]|%c·b�gZ|{f�f2�]��sJhpm·dW�
¹@c¾b
qZmeu{k�ÊÌËO�0~@ÍAº+w�a]f�ÎlfBs�k@u{c·�@h�kD¹@d���fBgl¹]hpf��Nmek¿qZa]f�hpmed�¹]c·b�qZmeu{k»meh>��ÏE��ÇoÐ
�]b-hpf��Eu-k�qZa@fWvRgZf2f2h¥qpgZf2b-dÑnof2ceuYy2mrqts�b�kQ�»qZa@fWa]fBm·|-aYq�u�v�qZa]f�qpgzb-mekOºxÒ0u-qZa�qZa]f
qZmed�fB�§b�nofBgzb�|{f��Nb�kQ�JqZa]fGmek]h¥qzb�kDqzb�k]f2u-¹]h¸ÂQu���b
gZf�mekDnof2h¥qZme|ob
qZf��+º�w�a]f>hpm·d�¹]c·b��
qZmeu{k%|{menofBh�b�vL¹]cec��@m·yAqZ¹@gZf½u�vOqZa@f¸��b-¼of¸��f2a]b
nDmeu-g�b-kQ��mrqZh0med��]b-yBq0u{k�qZa]fjqpgzb-mek
b�fBgZuD��s�kQb�d�mey2h2º

Ó Ô�Õ�ÖM×�ØjÙ+Ú¸Û>Ü�Ý#Õ�Ü�ÝÞÜ�Û>ß8à)Ù+áAÖ4Õ�â%ãQázßäÛ�âZÕ0åMáZÚ¸Ü

æ�çMFGK�F�\@F�èR[�éMHJF-C@êj[�ëOêBVB=�I¾CO?�éMVB[QKMì _ êBI¾[@C�IRCJèR=@?Zê _ F�C]êAì+VAí&éMVA[�K�ì _ F-?�ç+I¾î@çJ?AéxF�F-K�êBVB=�I¾CO?
êAç+=Dê>=DVBF _ çO=DV2= _ êBF�VBI¾ï-F-KNð�I¾êAç"èRI¾î@ç]êGðlF-I¾î@ç@ê{ñ�ò�çMF�C�?Aì _ ç�êAV2=DIRC+? _ VBìMIL?zFWIRC"?zêAVB[�C+î�?AIRKMF
ð�I¾C+K+?�ó�êBçMF�íÃF
ô�éOF-VAIRF�C _ F"?ZêBVA[@CMî�=�F�VB[�K�íQC+=DHJI _ ëÌ[@V _ F-?J=DC+KÃHJ[�HJF�C]ê2?�êAç+=Dê�êBF�C+KÃêB[
K�F�V2=DIRè�[�VJ[Y\�F-VzêBìMVACõêAçMF-H÷öÌIRCøF
ôQêAVBF�HJF"?zI¾êAì+=DêAIR[�C+?2ù�ñjæ�ç+F�ëÌVBF�F{?ZêBVAF{=DHûú+[YðüI¾HJé+= _ êB?
êAçMF»?zêAVBF-=�H%ð�IL?zF�ëT= _ FJ[Dë�êAç+FJêAV2=DIRC _ =Dì+?AIRCMî�?Zê2=Dî�CO=YêAIR[�C�VBF�î�IR[�C�ð�I¾êAçýçMIRî�ç�éMVBF-?B?zì+VAF@ñ
PQI¾C _ F�êAçMFEú+[YðÑ?AçM[�ì+èRKõëÌ[�èRè¾[YðþêBçMF"?zìMVAëT= _ F»[�ëGêAçMFEêBVB=�I¾C)ó�é+=�Vzê�[DëGêBçMF"ð�I¾COKõHJ[Y\�F{?
êA[Yð�=DV2K�êAçMF�êA[@é�ÿ¥?AILK�F¿ëT= _ FEð�çMI¾èRFEé+=DVAê&HJ[Y\�F{?�êB[Yð½=�VBK�êBçMF��OF-è¾èRíý[Dë�êBçMFEêAV2=DIRC)ñ0æ�ç+F
_ [�H��MIRCMF-Ký?AéOF-F-K�[�ë�êAçMFNêBVB=�I¾Cõ=�C+Ký?AIRK�F»ð�I¾C+K K�F
êBF�VBH�IRCMF{?�I¾ë�êAçMFNúO[Yð8VBF�HN=�I¾C+?%=Yêzÿ
êB= _ ç+F-KÃêA[�êAç+F ?zì+VzëT= _ F"[�VNI¾ë�I¾ê»?AF�é+=�VB=DêAF-?J[@C êBçMF�êB[�é�ÿp?zILK�FEëT= _ F�ñ��½ê¿F-CM[�ì+î�çøçMI¾î@ç
?zéxF�F{K�ó�êAç+FWú+[Yð ?AF�é+=�VB=DêAF{?jëÌVB[�HüêAçMF�êA[@é�ÿp?zILK�FWëT= _ F�=Yê�êAçMFWêBVB=�I¾èRIRCMîJF-K�î@F�HN=��]IRCMî�êAç+F
ð½=���F&ú+[Yðüö úO[YðÀK�[Yð�C+?zêAVBF-=�H [DëlêAçMF�êAV2=DIRCOù
ñ)æ�çMFJéMVAF{?A?AìMVBF&[�ë¸êBçMF¿?zF-é+=DV2=YêBF-K�ð�=��@F
ú+[YðäIL?WH%ì _ ç�?zHN=�è¾èRF�V�êAçO=DC êAçMF¿?zêB=�î�C+=DêAIR[�CÁéMVBF-?B?AìMVAF�IRC êBçMF¿?ZêBVAF{=DH&ð�IR?AF�ëT= _ F�ñ)æ�ç+F
K�I	�4F�VBF�C _ F
�xF
êZð½F�F-C�êBçMF�éMVBF-?B?AìMVAF�[@CEêAçMF%?zêAVBF-=�H%ð�IL?zFWëT= _ F�=�C+KEêAçMF%éMVAF{?A?AìMVBFW[�C"êAç+F
è¾F-F
ÿp?zILK�F¿ëT= _ F�éMVA[�K�ì _ F-?&?zILK�F»ëÌ[�V _ F»ð�ç+I _ çýêBF�C+K+?%êB[ éMìO?zçýêBçMF�êAV2=DIRCýëÌVA[@H êBçMF"?zILK�F�ñ
� CýêAçMFE[DêBçMF�V&ç+=DCOK�ó/êBçMF�ú+[Yðþ[�CýêBçMF¿êB[�é�ÿp?AIRK�F»ëT= _ F»IL? _ [�HJéMèRF
êAF-è¾íýK�I��4F�VBF�C]ê%ëÌVB[�H
êAçMF%ú+[Yð [�C"êAç+F�x[DêzêB[�H�ÿp?zILK�F�ëT= _ F%=�C+K _ [@C+?AF��]ìMF�C]êBè¾í�êAçMF&éMVBF-?B?zìMVBF�ñOæ�çMF&K�I��4F�VBF�C _ F
�OF�êZðlF-F�C�êBçMF&é+VAF{?A?AìMVBF�[�C êAçMF��O[�êzêB[�H�ÿ¥?AILK�F�ëT= _ F&=�C+K"êBçMF&é+VAF{?A?AìMVBF�[�C êAçMF&êA[@é�ÿ¥?AILK�F
ëT= _ F�IR?lêBçMF�èRI¾ë êlëÌ[@V _ F>ð�çMI _ ç¿VBIR?AFGêBçMF>êBVB=�I¾C¿ëÌVA[@HÀêBçMF�VB=�I¾ètñQP�I¾C _ FGêBçMF>úO[Yð�IR?lìMC+?zêAF{=�K�í
öÌItñ F@ñ _ çO=DCMî@I¾CMî%I¾C»êAIRH�Foù�ó]êAç+F-?AFGëÌ[�V _ F{?l=�VAF>ìMC+?zêAF-=@K�íN=DC+K»K�F�éxF�C+K+?l\@F�VBí&H&ì _ ç»[@CNêAç+F



�

êAV2=DIRCÁ?zéxF�F{KÁ=DC+K ?zILK�F%ð�IRC+KÁKMI¾VBF _ êAIR[�C)ñ��¥ê�IL?Gð½[�VAêAç�HJF�C]êBI¾[@CMI¾C+î¿êAçO=Yê>êBçMF%[@CMèRí�ëÌ[@V _ F
êAç+=Dê½ð½[�V ��?¸=Dî]=DIRC+?zêjêAçMFW?AIRK�F�=DC+KNêAçMF�è¾I¾ë ê�ëÌ[�V _ F{?�êA[�?Zê2=��MIRèRI¾ï-F>êBçMFGêBVB=�I¾C¿IL?lêAçMF�ð½F�IRî�ç]ê
[DëxêAçMF�êBVB=�I¾C/ñ@PQIRC _ F�êBçMF�çMIRî�ç¿?AéOF-F-K&êAV2=DIRC+?�çO=o\�F�è¾IRî�ç]êjð½F�IRî�ç]ê-óDêAçMF-í�=�VAF�IRC¿=WçMI¾î@çJVAIL? �
[Dë�= _�_ IRKMF�C]êG[ _�_ ì+VAVBI¾C+î�ð�ç+F�C _ VBìMIL?zIRCMîNIRC"=N?zêAVB[�C+îJ?AILK�F�ð�I¾COK�ñOæ�çMIL?�éMç+F�CM[@H�F-C+=Jç+=@?
F�C+?AìMVBF-K"êBç+=Yê�êAçMF _ VB[@?B?Gð�IRC+KÁ?zêB=��MIRè¾I¾êZí�[Dë�êBVB=�I¾C+?�IL?�=�C =DVBF-=N[�ë¸VBF-?AF-=DV _ ç"ð�çMI _ ç ç+=@?
VAF _ F�C]êBè¾í�ìMC+K�F-VAî@[�CMF�=�VAF-\QI¾\Y=Dètñ@æ'[%=o\@[�ILK%êBçMF>ì+C]ð�=DC]êBF-KJIRC�ú+ìMF-C _ F{?¸[�ë�êAçMF�?zILK�F>ð�IRC+K�ó
êAçMF"ú+[Yð ?ZêBVAì _ êAìMVBF-?J=�VA[@ìMC+KýêBçMF"êAV2=DIRCÃ?AçM[@ìMèRK �xF�ìMC+K�F-VB?zêA[Q[�K IRC �O[�êAçÃêAçMF"êBI¾HJF
ÿ
=o\�F�V2=Dî@F-KN=�C+K¿IRC+?zêB=DC]ê2=DCMF-[�ì+?¸ú+[Yð�ñ���ô�éxF�VBI¾HJF�C]ê2=DèxI¾CQ\�F{?ZêBI¾î]=YêBI¾[@C¿[Dë'êAçMF�ú+[YðÉ=�VA[@ìMC+K
êAV2=DIRC+?�=DVBF�K�I�� _ ìMè·ê>êA[NHN=��@F�ñ���[]?ZêG[�ë'êBçMF�éMVBF�\QIR[�ì+?�F�ôQéxF�VBIRH�F-C]êB=Dè)?zêAìOK�I¾F{?�èRI��@FWêAç+=Dê
I¾C	��
������ç+=o\@F�ëÌ[ _ ì+?AF-K [�CÁHJF-=@?zì+VAIRCMî�?A[�HJF&I¾C]êAF-î�V2=Dè0é+=DV2=DHJF�êAF�V2? �+ì�ê�C+[DêWH%ì _ çÁ[@C
ìMC+K�F-VB?zêB=�C+K�IRCMîEêAçMFJú+[Yð�ñ �>è·êBçM[�ì+î�ç�CQìMHJF�VBI _ =Dèj?zêAì+K�IRF-?�è¾I ��F�êAçO=Yê%IRC�� �Oó����¸=�VAFJ\�F-VAí
éO[Yð½F�VAëÌìMèMêB[Q[�èL?�êA[&ìMC+K�F-VB?zêB=�C+K�êAç+FGú+[Yð�ó�êAçMF-íJ=�VAF>VB=�VAFG=�C+KJHJ[@?zêl[Dë�êBçMF�Hþ=�VAF �O=�?AF-K
[�C"êAç+F���F-í]C+[�èLKM?>=o\@F�V2=Dî�F{K���=o\]IRF�VWP]êA[ ��F{?�ö�� ����PMù>F��]ì+=DêAIR[�C+?GêAç+=Dê>î�IR\�F{?G[@CMè¾í�êAç+F
êAIRH�F�ÿ¥=o\@F�V2=Dî@F-K�I¾C�ëÌ[@VAHN=DêAIR[�C)ñ��pC"êBçMIL?>é+=�éOF-V-óOðlF�ìO?zF{K"èR=�VAî@F�F-KMK�í"?AI¾H&ìMèR=DêAIR[�Cõö����lP+ù
êA[�?z[@è¾\@F¸êBçMF�?zILK�F�ð�IRC+K&ú+[Yð =DVB[�ì+C+K�êBçMF��� !�#"GêAV2=DIRC�?Aì ��XZF _ êBF-K%êA[$&%('¸?AIRKMF½ð�IRC+K&í@=oð
=DCMî@è¾F@ñ�)½F-?AILK�F�êBçMF%çMIRî�ç�= _-_ ìMV2= _ í»[Dë�êBçMF&êAIRH�F�ÿ¥=o\@F�V2=Dî@F-KEVAF{?zì+è·ê2?�óOêAçMF&HJF
êAç+[QK î�IR\�F{?
êAçMFEI¾CO?Zê2=DC]êB=�CMF�[@ì+?%IRC�ëÌ[@VAHN=YêBI¾[@C =��x[�ìMê&êBçMF»úO[YðÑ?zIRC _ F�I·êN?A[�èR\�F¿êBçMFEI¾C+?zêB=�C]êB=DC+F�[�ìO?
î�[Y\�F-VAC+I¾CMî�F��]ì+=DêAIR[�C+?-ñjæ'F�C�í�F{=DV2?J=Dî�[Oó*���½P ð�=�?JC+[Dê»=�ëÌF-=@?zI �MèRF�HJF
êAç+[QKøêB[õ?z[@è¾\@F
êAçMF%ú+[Yðä=DVB[�ìMCOK �Mè¾ì � �x[�K�IRF-?�I¾CÁî@F�CMF-VB=�è/[Yð�IRCMîNêB[»I¾êB?�çMI¾î@çMèRí _ [�HJéMì�ê2=YêBI¾[@C+=Dè _ =�?zê-ñ
�G[Yð�=�KM=oí�?�K�ì+F¿êA[ êAçMF�F
ô�IL?ZêBF�C _ F¿[DëGçMIRî�ç F�� _ IRF�C]ê+�/I¾CQì�ô _ è¾ì+?zêAF-VB?&=DC+K ?zìMéxF�V _ [@H�ÿ
éMì�êAF-VB?-ó,�-�lP�ç+=�? �OF _ =DHJFWëÌF{=�?AI��MèRF�=DCOK�I¾ê>IL?G?AéMVAF{=�K�IRCMî�ëT=�?zê�êA[ �OFWêBçMF�HJF
êBçM[�KEêAç+=Dê
= _�_ ìMV2=YêAF-è¾í&?z[@è¾\@FlêBçMF�ú+[YðøI¾CJHN=DCQí�=DéMéMèRI _ =YêBI¾[@C+?-ñDæ�çMF�HN=DIRC�é+VA[ �Mè¾F-H:[�ë.�-�lP&IR?�êAç+=Dê
ðlF _ =�C CM[�êW=��x[@VBKÁêA["ì+?AF&I¾ê�ëÌ[�VWçMIRî�ç/��F�íQCM[@èRK+?WC]ì+H�xF�V�?zIRC _ F&êBçMF _ [@H�é+ì�êB=DêAIR[�C+=�è
êAIRH�F»ðl[@ìMèRK �xF¿\�F-VAíÁèR[�C+îE[@V�I¾CO?ZêBF-=�K�ð½FNCMF�F{K�HJ=�CQí0 !132�?WI¾CýéO=DV2=DèRè¾F-è�êA["VAF{K�ì _ F
êAçMF _ [�HJéMì�ê2=YêBI¾[@C+=Dè�êBI¾HJF@ñOæ�çMF4�GF�íQCM[�èLKM?�CQìMH��OF-V>IRC"êAçMF%éMVAF{?zF-C]êGé+=DéxF�VGIL?�"65/
7%&8Yó
�+=�?AF-KE[�CEêBçMF�ëÌVBF�F�?zêAVBF-=DHü\�F�èR[ _ I¾êZí�=�C+KEçMF�IRî�ç]êG[Dë0êAç+F�êAV2=DIRC)ñ+æ�çMF$�� !�!"�HJ[QKMF�è/=�C+K
êAçMF _ [�HJéMì�ê2=YêAIR[�CO=Dè)K�[@HJ=�I¾CEIL?G?zç+[Yð�C»IRC:9Oî�ìMVBF;
�ñ

a)

Leading car End car dummy

<

= >@?�A�B <

b)

C7D
EGF D

C7D F E7D

H7DSlip wall
IKJ

E
xit

Lateral wall

Lateral wall

LM

N3OQP µ�RQµ ÊÌboÍ0Ä¥`��0��qpgzb�mekJd�uD�@f2c º+Ê ��Í�`0u-d��]¹�qzb�qZmeu{k]b-cO�@u{d�b�mekOº



Æ

� � à/ãQÛ>âZåMã

� _ [@HJéMì�êB=DêAIR[�C+=�è�î@VAILK�êAç+=Dê/ç+=@? �xF�F�C%HJ=@K�Fl=�VA[@ìMC+K�êAç+F¸HJ[�K�F�è _ [@C+?zIL?zêB?)[�ëK
 �GHJIRè¾èRI¾[@C
çMF
ôM=Dç+F-K�V2=Dè _ F-è¾èL?�ñoæ�çMIL?0H�F{?zç&IR?0ì+?AF-K�êA[ _ [�HJéMìMêAFlêAçMF½ú+[Yð�ñoæ�çMF�?zIRH%ìMèL=YêBI¾[@C�ç+=@? �xF�F-C
_ =DVBVBI¾F{K"[�ì�êW=Yê>êBçMF � éMêAF�VB[�C _ èRì+?ZêBF�VWP�=DVBF ��=YêW< 1  "@� ð�çMF-VAF+��: !1#2>?�ðlF-VAF%ì+?zF{K
ëÌ[�V�êAç+F _ [�HJéMìMêB=YêBI¾[@C+?GK�ì+VAIRCMî�êAçMVBF�FWHJ[�C]êBç+?�ñOæ�çMFWêAìMV �MìMèRF�C _ F�î�[Y\@F�VBCMIRCMî%F �@ìO=YêAIR[�CO?
=DVBFJKMIR? _ VBF
êBI¾ï-F-K�=DC+K�?A[�èR\�F{K ìO?zIRCMî�IRC�ÿtç+[�ì+?AF+9+CMI¾êAF¿\@[�èRìMHJF _ [�K�FJêAçO=Yê%ì+?AF-?�KM[�HN=DIRC
K�F _ [�HJéO[]?zI¾êAIR[�Cø=DC+K � 1*��ñjæ�ç+F»ú+[Yð 9+F�èLK IL? _ [@H�é+ì�êAF{KÃ=DêJF{= _ çýêBI¾HJF�?zêAF�éøð�çMI _ ç
VAF �@ì+I¾VBF-?l=��x[�ì�ê�&%&?zF _ [�COKM?�ëÌ[@V _ [�CQ\�F-VAî@F�C _ F�ñ�æ�ç+FGêAIRHJF�?ZêBF�é¿ð�=�?�
�� %$5 
 %�����?AF _ ñ 
7%
?zF _ [�COKM?)ð½F�VBF�CMF�F{K�F-K�êB[ _ [�HJéMì�êBF�êAçMF¸êAIRHJF
ÿp=o\�F�V2=Dî@F-KGú+[Yð�ñ
	0IRî�ìMVBF#"�?AçM[YðG?4êBçMFjêBI¾HJF
ÿ
=o\�F�V2=Dî@F-K�ú+[Yðõ?zêAVBì _ êBìMVBF-?�=DVB[�ìMCOK�êAçMF½êAV2=DIRC
�Qí�HJF-=�C+?/[�ëMú+[Yðõ?zêAVBF-=�H�èRIRCMF-?'î�F-CMF�V2=YêBF-K
ëÌVA[@H#êAçMF�\�[@VzêBF
ô _ [@VAF{?�=�C+KÁéMVBF-?B?AìMVAF%H�IRCMIRH%ìMH _ VBI·êBF�VBIR=+ñxæ�çMF&ú+[Yð:?AF�éO=DV2=YêAF{?�ëÌVB[�H
êAçMF�êA[@é�ÿ¥?AILK�F¿ëT= _ F�ëÌ[�VBH�IRCMî VAF _ IRV _ ìMèR=DêAIR[�CýVBF�î@I¾[@Cý[�CõêBçMFEð½=���FNú+[Yðþð�I¾êAçø=Á\@[�VAêAF
ô
_ [�VBF���
�DñQæ�ç+IR?�\@[�VAêAF
ôNIL?�?ZêBVAF�ê _ çMIRCMîJ=DèR[�CMî&HJ[@?zê�[�ë)êAç+F�èRF-=@K�IRCMî _ =DV�èRF�CMî�êAç���F�F-éMIRCMî
=Yêzê2= _ çMF{K�ú+[YðêB[JêAçMF%?AìMVAëT= _ F�ñ��¥êB? _ [@VAFWç+=@?�=+9Mô�F-K"éx[@?AI·êBI¾[@CEIRC�?zéO= _ F�ð�ç+I¾èRF�I·ê2?G?AI¾ï-F
IR?WIRC _ VBF-=@?zIRCMî�I¾C�êAç+FJKMI¾VBF _ êAIR[�C�[DëjêBçMFNè¾F-CMîDêBç [�ë¸êBçMF�êAV2=DIRC)ñ)æ�çMFJ\�[@VzêBF
ôÁ?zç+F�F
êWëÌVB[�H
êAçMF�ì+C+K�F�V �O[�K�í�ú+[Yð ?zçMF{KE\�[�VAêAF�ô _ [@CMF-?GI¾C"êBçMF�ð�=���F�ú+[Yð�=Yê�?Aì _-_ F-?B?AI¾\@F�éx[�IRC]êB?�[@C
êAçMF
�x[DêAêA[@H&ÿp?AIRK�F�ëT= _ F%ð�I·êBç�\�[�VAêAF�ô _ [@VAF{?�ó������ó�����Dó��� � =�C+K��� 8 ñOæ�çMF{?zF�\@[�VAêAI _ F{?=DVBF�ð½F-=��¿=DC+K�êBçMF�í»KM[NCM[Dê�ç+=o\@F�9+ôQF{K»éx[@?AI¾êAIR[�CEëÌ[�V�êBçMF�IRV _ [@VAF{?�ñ

b)

��� �

�������� ���� ����  ��� ! "�#
$

a)

���%�

��� &

��� ���� ���� � " #
$

c)

')(+*

,+-%.0/2143 165�5
78

')(+*
')(:9

,+-%.0/2143 ; <%=

')(+*
')(:9

,+-%.0/2143 >�?4;

' (+*
')(:9

,+-%.0/2143 ?%16@

,+-%.�/2143 ?�@�<

')(+A

,+-%.�/2143 =6B4;

')(+A

,+-%.�/2143 <�?�@

,+-%.�/2143 B4; <

N*O P µ
C+µ ~YqpgZf�b-d�cemek]f2h�|{f2k@fBgzb�qZf2�Áv¾gZu{d qZa@f�nou�gpqZfED"yBu-gZf2h2 ¸ÊÌboÍ>n�mefB��vRgZu{d,b-��u
nof{}jÊ �QÍGnDmefB�
v¾gZu{dÉ��f2ceu���qZa]f�qpgzb�mekOº�Ê y
Í)`'gZu-hph�hpf2yBqZmeu{k�yBu{ceu-gZf����Ys��@gZf2hphp¹�gZf¸hpa@u��jm·k@|>�@f2nofBc·u-�]d�f2kYq/u-v�qZa@f
��b-¼of�n{u-gpqZmey2f2h2º

�pC+?Zê2=DC]êB=�CMF�[@ì+?�éMI _ êBìMVBF-?�[Dë�êAç+F%ð�=���F�ú+[YðþöÌCM[�ê�?AçM[Yð�CÁçMF-VAFoù�?zIRHJI¾èL=DV�êA[¿êAç+=Dê�IRC
9+î�ìMVBF "�?zçM[YðÑêAç+=DêNêAçMF�èR[YðlF-VJð½=���FE\�[�VAêAI _ F{?J=Yêzê2= _ ç =DC+KøK�F�êB= _ çÃëÌVB[�H êBçMFEêAV2=DIRC
?zìMVAëT= _ FWð�çMI¾èRF�êAçMF�ì+éMéOF-V�\�[@VzêBF
ô�ó��� � óMVAF-HN=DIRC+?�=Yêzê2= _ çMF{K¿êB[JH�[]?ZêG[�ë/êBçMF�?zì+VzëT= _ F�[Dë



�

êAçMF�è¾F{=�K�IRCMî _ =DV{ñ��¥êWK�F�êB= _ çMF-?>ëÌVA[@H,êAçMFJ?zì+VzëT= _ F&=Dê�������� % � ��=DC+K =DCM[�êAçMF-V>\@[�VAêAF
ô
IR? �x[�VBC)ñ�ò�F-=�� \�[�VAêAF�ô ?zç+F-KMK�IRCMî�IL?�ëÌ[�ìMC+KøIRC êBçMF"ú+[YðüëÌVA[@HûêAçMF�èR[YðlF-VJVAF _ IRV _ ìMèR=Dÿ
êAIR[�C \@[�VAêAI _ F{?�ñ0æ�çMF-?AF�é+VA[ _ F{?A?AF-?%[Dë�=Dêzê2= _ çMHJF�C]êJ=DC+KõKMF
êB= _ çMHJF�C]êJð�I·êBçõêAç+F�\@[�VAêAF
ô
?zçMF{KMK�IRCMîÁèRF-=o\@F¿K�IR?zêAì+V �+=�C _ F{?�[@C�êAçMFNêBVB=�I¾Cýé+VAF{?A?AìMVBF¿=DC+K�çMF-C _ F»êAçMF�=DF�VB[�K�íQC+=DHJI _
_ [QF�� _ IRF�C]ê2?�ñ 	0I¾î@ìMVBF;E?AçM[YðG?�êAçMF�êAIRHJFJçMIR?zêA[@VAIRF-?�[�ëjêAçMF¿=�F�VB[�K�íQC+=DHJI _ ?AIRK�FN=�C+KÁèRI·ë ê

a) 0 10 20 30 40 50 60
0.36

0.38

0.4

0.42

0.44

0.46

PSfrag replacements

	�


�������������� b) 0 10 20 30 40 50 60
0

0.05

0.1

0.15

0.2

PSfrag replacements

	��

��������������

c) 0 0.1 0.2 0.3 0.4 0.5 0.6
0

1

2

3

PSfrag replacements

 � 


!#"  � 
�$

d) 0 0.1 0.2 0.3 0.4 0.5 0.6
0

5

10

15

PSfrag replacements

 � �

!#"  � �%$

N*O P µ'&+µ ÊÌb{ÍOb�kQ�WÊ ��ÍMb�gZf)qZa]f)qZmed�f)a]meh¥qZu-gps½u-v�qZa]f)hpm·�@f'b-kQ��cemrvRqxvLu-gZyBf0y2uYf)(Wy2mef2kYqZh2}�gZf2hp��f2yBqZmenof2crsYº
Ê y�Í�b-kQ��ÊÌ�QÍ�b�gZf�qZa@f�y2u�gpgZf2hp��u{k]�@mek]|�b�¹@qZu{��u��0fBg¸hp��f2yBqpgzb�º

ëÌ[�V _ F _ [QF � _ I¾F-C]êB?-ó+*-,�=DC+K.*0/xêA[�î@F
êBçMF�Vjð�I¾êAçJêBçMF _ [�VBVAF{?zéx[�C+KMI¾CMî�=�ì�êA[@éO[Yð½F�Vj?AéOF _ êBVB=+ñ
æ�çMF�K�[�HJIRC+=YêBI¾CMî�ëÌVBF��]ìMF-C _ IRF-?0IRC&êBçMF�?zéxF _ êAV2=Dè�éMèR[Dê2?�=DVBF¸êBçMF½ëÌVAF �]ìMF�C _ I¾F{?�[DëOêAçMF�HJ[Y\�F�ÿ
H�F-C]êj[DëxêAçMF�ð�=��@Fl\@[�VAêAI _ F-?-ñDæ�çMF-VAF�=DVBF�=DèL?z[�=�CQìMH�xF�Vj[�ëxç+I¾î@ç%ëÌVBF��]ìMF-C _ IRF-?�ð�çMI _ çN=DVBF
_ [�VBVBF-?AéO[@C+K�IRCMîEêA["êAç+F»?zç+F-=DVAÿ¥èR=oí@F�V�I¾C+?zêB=��MIRè¾I¾êZíÁëÌVBF��]ìMF-C _ í@ñ/æ�çMF¿èL=YêBF�V�IL?�VBF-?AéO[@C+?zI �MèRF
ëÌ[�V�êAç+F�?zçMF{KMK�IRCMîJ[Dë0êAçMF�?AHN=DèRè�\�[@VzêBI _ F-?lëÌVA[@HÑêBçMF�VAF _ IRV _ ìMèL=YêAIR[�C�VAF-î�IR[�C)ñ

�øà21Bà/ÙMà/Ü>Ö4à'ã

�-ºG`lº 3@º@Ò�b�¼ofBg�º4~�u{d�f¸y2u-d��]cefED�b��]�@c·mey�b
qZmeu{k]h�u�vOqZa@f¸�jmek]�%ceuob-�@mek]|>yzaQb-mek+º5476'879;:=<?>�6�@BADCE:GF
H :7I'CE:=JKJL9LCE:�IM<':GFON;:GF'87P;QR9;CS<?>=T0JL9�6�F'U':G<'VWCRX)Pz}Q���- ·��Y-�D�LZQ�\[��-�{}4�-Ç{Ç-Æ�º

�Yº ¶ º�~�¹^]B¹]¼Dm }�_WºEw4b-k@f2d�u-qZu�}�b�kQ�#w½º ¶ b-f��@b�º `¸fBgZuD��s�k]b-d�mey yzaQb�gzb�yBqZfBgZmeh¥qZmey2h�u�v
qpgzb�m·kGa�nofBa]mey2cef2h/¹]kQ��fBg)yBgZu-hph/�jmekQ��h2º�476'879;:=<?>G6�@bABCE:GF H :7I'Cc:�JKJL9LCc:7IW<':GFdN;:GF'87P;QR9;CS<?>�T0JL9�6?e
F'Uf:=<fVWCSX)PZ}��D�{  �-Ç-�gZD�D��[D}x�-Ç{Ç-Æ�º

ÆDºd3@º ¶ ºM`0u{�]cefBsYºlw�a@f>qZa�gZf2fB�§�@med�f2k@hpm·u-kQb�cOÂQu�� b�gZu{¹@kQ��gzb�m·cr��b�sNqpgzb�mek]h2ºh476'879L:G<?>26�@.ADCE:GF
H :7I'CE:=JKJL9LCE:�IM<':GFON;:GF'87P;QR9;CS<?>=T0JL9�6�F'U':G<'VWCRX)Pz}��-�D  �Y�LZ7i{�D}��2�?[?YDº

��º�Òlºkj�mef��DgZm·yza]h2ºbl½k"`nm�j d�uD��f2cemek]|Ju�v�yBgZu-hph¥�jm·k]�"f)oMf2yBqZh�vRu-g>a]me|-a@�Thp��f2f��¿gZu{cecem·k@|Jh¥qZuYyz¼Mº
��Ç{Ço�Yºn`¸y2y2f2��qZf��%vRu-gl�]¹@�]cemey�b�qZmeu{k�m·k�476'879L:G<?>�6�@0p�<'CR>k<':=FWp�<LqGCSF.r^9�<':^PKCEQ º

iYº-s>º5slf2d�m·�]b�}�~Mºt_�gzb�Å¥k]u
nDm;uy{}�b�kQ� Ë/ºnj�b
nDm·�@hpu-kOºÃËxb
gZ|{fB�Tf��@��s hpmed�¹]c·b
qZm·u-k]h�u-v�qZa@fJÂQu��
b
gZu{¹]k]�"b&hpmed��@c·mwv]f���a@m·|-a"hp��f2f��¿qpgzb-mek"¹@kQ�@fAg�qZa]fWmek@Â]¹]f2k@y2fWu�vjb�yBgZu-hph¥�T�jmek]�+º%Ätkyx�zgQc{
T|N}T0T�~26'V0qG87Q�<'QRCS6':G<?>��5> 87CSF��dUf:=<'V�CSX)P#~26':�@�JL9}JL:=X;JA}Dwxu�gZu{kYqZu@}7l½kDqzb
gZmeu@}D`n`|�-`|j�`��
�§�
3{¹@kO}Q�-Ç-Ç�iDº


