
�����������������
Ý­Ø�FÓ�C°½Ó��ÓB#Ó­dÔùÓPª%Þ

ZyIÚØ �ÚsÚØ

��������	�
	���
���	�������	
��	������
���	���
��
	��������
Ý7DWVX\D +LUDQR � 7DNDKLUR:DGD � �:DNDZDWVX +LGHIXPL � 6KLQLFKL +LUDL� DQG 6DGDR .DZDPXUD

5LWVXPHLNDQ 8QLYHUVLW\ � � 2VDND 8QLYHUVLW\

$EVWUDFW �$EVWUDFW � $ PHWKRG WR SUHGLFW FRQWDFW SUHVVXUH RI IDEULFV ZLOO EH SUHVHQWHG� )LUVW� ZH GHYHORS D PDWKHPDWLFDO

PRGHO WR SUHGLFW FRQWDFW SUHVVXUH� 6HFRQG � GHIRUPDWLRQ RI D IDEULF DQG FRQWDFW SUHVVXUH DFWLQJ RQ WKH IDEULF DUH

FRPSXWHG XVLQJ WKH GHYHORSHG PRGHO� 7KH FRPSXWDWLRQ UHVXOWV DUH WKHQ FRPSDUHG ZLWK H[SHULPHQWDO UHVXOWV LQ

RUGHU WR YHULW\ KRZ WKH GHYHORSHG PRGHO LV YDOLG�

.H\ZRUGV �.H\ZRUGV � GHIRUPDEOH REMHFWV� FRQWDFW SUHVVXUH� PRGHOLQJ� WH[WLOH IDEULFV� RUWKRVLV

`Ôt]�p

«®Ó�s2P���^�ÂWpV^�y�QDTo

hkI�ÔXs�KoÂWswmip�FQ
W���Ô

�MuÓõ¹qptÓ�W��Åp^��FQÓ�W<

�pOIktÓÕÁ���W��FQ¿ymZ�kI�Ô

 /FptÓ�	1»p�°lR�Ô�	�W /	!Qõ

IXmQ����Ô�Fs�m\kÓ�B�$Q
W�

��Ô

�H`ltÓ�B�$one!Ù�ÿêp�hkiW

Z�� /FpiIko7^�ÔXs�Ko /FtÓ

�saisÂ	��hkI�moM���Ô`i�t�

Ws2]oIÒ��}���ÓÂ!p�hkALsÁ�

sV���SpÈKÂ	lG�Ôai�tÓÆ�Oon

�Ws2]�Gü�}���ÓÂ!p�hkGüöû�

õ��Â	lG�Ô

«�s�Kp�ê�}����FtÓÂ!QÂ	p×

yo���èd\kI�Ô hkÓe!Ù�ÿêm�ê

s>pó;^�]±Â!pG^��&Q¿ylG�Ô]

±Â!�ZðpWï^�XmtÓ�B�$onsÝ¼s

�!�� 	m^�ÔZ�pÓy%m^�Â	��³^

�d�sÝ¼�}sÈ;Q��lR�Ô

bXlÓ�H`ltÓ�_e!Ù�ÿêsN·G,P

�i�\Ó]±Â!�Wï^�Ô�pvÇ�V�m^�

�±�ÈIÓG,Ps/`û�óì^�Ô

aÔÂ!»vs¼â

aÔ` G,OX�

�H`ltÓvÇP��V�!�¼â^�d�sG,

P�i�^�ÔvÇ7ê� )LJ�� pv^�KoZÂ!s

52lG,P�^�ÔXsvÇsG,PltÓ*>Ó�

Á 2~[\] �Ýþ\ÓÿêsY~�çMm^�Ô/ZÂ

Mls*>Ó����G,PpOV�ÅNmþ5^�Ô

�d� S [ \ ]L M L M L M L M� � � �> � � @≡ 7 �L ��]]]�P� M ��]]]�Q�

�ZÂMsä�>�-Pm^�Ô�dÓ)LJ�� t¨�I�J	

rysZÂM�#$m\d52sG,P�v\kI�Ô

ZÂs»äyætÓ�¨s52mÓV©c�
{l��

<s52��iWZ�kI�Ô

�H`ltÓZÂM�I�J	p�;�<}-`oÅä��

MÓbsZÂMpÛT!n�º��¼â�ÈKÔXsÁÓ

[isl�52s52þNt´\Im^�ÔÍ�!Ñl

s52s�o*�b�c�� &/
�
� :/

�
� 6/

�m^�Ô

¨52sB+X�HP
2P�� 8FÓ�52sB+

X�HP
2P�� 8ZÓZÂM�I�J	m�I���J��	�


{l�52sB+X�HP
2P��8V�Ó��sl�

)LJ��0RGHO RI WH[WLOH IDEULF

�I�J	 �I�J��	

�I���J��	�I���J	

)LJ�� 6SULQJ PRGHO DW ODWWLFH SRLQW �L�M�

52sB+X�HP
2P��8V�m^�ÔvÇ7ês

B+X�HP
2P�8tÓ8  8F � 8Z � 8V� �8V�

mÜZ��ÔZÂM�I�J	pOV�/52sB+X�H

P
2P�t���l�M���Ô

( )L M
&

& L M L M &8 . /� � �
= ⋅ ⋅ − −+
�

�
�

� �

3 3

( )L M
:

: L M L M :8 . /� � �
= ⋅ ⋅ − −+
�

�
�

� �

3 3

( )L M
6

6 L M L M 68 . /� � �

�
� �

� ��

�
= ⋅ ⋅ − −+ +3 3

( )L M
6

6 L M L M 68 . /� � �

�
� �

� ��

�
= ⋅ ⋅ − −+ −3 3

vÇ7êsB+X�HP
2P�}�og�^�Xm

p��ÓvsÅoo!�¼â^�ÔÅä��MdZÂM

pó;^�!tÓbsZÂMpioQhkI�52pó

;^�!�&M3�`�Xmp��Óº����Ô

�L�M�

3
L M�

�P�Q�

�����

\

[
]



aÔa ¼â�

�ültÓyf\dG,Ps¼â��v^Ô�Ó¨Ó

l�s52þNtÓb�c�.F§���Ó.Z§���Ó.V§

���lG�ÔG,PsÚRZ�� ����PP�q¨ ���PP�

m\ÓP �ÓQ �lG�Ôè¸Mt� � � � �Ó� � � � �Ó� � �

� �Ó� � � � �Ó� � � � �sdMlG�ÔXsæsè¸MpO

V�!n�¼â\dÔÅoo!m!s¼â
è�b�c

�Ó)LJ���D)LJ���D��Ó�E�E��pv^Ô)LJ���D)LJ���D��tÓÅä� ��>PP@

m\dæs¼â
èlG�Ôbs¼â
è��`� >

\dÔ

�D� 'HIRUPHG VKDSH

� � �� ��
�

���

���

>PP@

>J
I@

&RPSXWDWLRQDO UHVXOW

�E� )RUFH

)LJ�� &RPSXWDWLRQDO UHVXOW

bÔG,Psö%

bÔ` �±��

�H`ltÓ�ÁpvÇpÅä��MdÁs!n�¼

ï^�d�Ó)LJ�)LJ��� s�Ko�±���i�\dÔ�!

w»pe;!� X�����VÓ�!w»pó;^�

!�¼ï\dÔ X�s»®	t ���;GF=lG�Ô

aÔaül¾~dG,PsZÂMm7ä�l�±�È

hdÔ X��;IkvÇP�s�!�ïþ\Ó�dÓ


X��%p�hkÅä�ïþ\dÔÅätb�c�Ó

���>PP@� ���>PP@� ���>PP@� ���>PP@� ����>PP@�

����>PP@lG�Ô

����

�����
��

���

����	
�

)LJ�� ([SHULPHQWDO V\VWHP

bÔa �±
èmbsö%

bÔ`ül¾~dÅä�vÇp�MdmRsb�c�

s!s¼ï�� )LJ�)LJ���pv^Ô�dÓbÔaül¾~d

Åäm7rsÅä�G,Pp�Mk¤��d
èms

�B� )LJ�)LJ��� pv^Ô)LJ�)LJ��� P�Ó�±�Q��co%

o~&�\kI�spV\Ó¼â�ltÓacoo~&

�\kIdÔbsd�ÓG,Pm�ÁsvÇms>pÅ

äm!sG0sù�Q���oPhdÔ

� � �� ��
�

��

��

��

��

��

��

>PP@

>J
I@ .F  ������� .Z  ����� .V  �����

([SHULPDQWDO UHVXOWV

&RPSXWLQJ UHVXOWV

)LJ�� &RPSDULVRQ EHWZHHQ FRPSXWDWLRQDO UHVXOW

DQG H[SHULPHQWDO UHVXOW

cÔO��p

�H`ltÓvÇsùMp!�&MdÁsvÇsÅo

o!�N·G,P�;Ik¼â\dÔ�dÓÅoo!P

�vÇp2]��!�G,P�;Ik¼â\dÔ�±�

ÈIÓ�±�m¼â�ms�B�ÈhdÔbs
èÓ�

±�m¼â�ms>p��Q2]kI�XmQ»Ph

dÔ��ÓG,Ppaco52´�&MkÓG,Ps/

`û�=P��Ô

�dÓ��tÓ»vÂp��ÅopiIko7^�W

þlG�Ô

(QFRGHU

6HQVRU

7H[WLOH IDEULF


