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5HYLHZ�RI�(GXFDWLRQDO�7KHRU�

KWWSV���RMV�ELOSXEOLVKLQJ�FRP�LQGH[�SKS�UHW

$57,&/(�,1)2 $%675$&7

�UWLFOH�KLVWRU�

5HFHLYHG����$SULO�����

5HYLVHG�����0D������

$FFHSWHG�����-XQH�����

3XEOLVKHG�2QOLQH�����-XO��������

$W�SUHVHQW�� UDLO�WUDQVLW�LV�GHYHORSLQJ�UDSLGO��LQ�WKH�ZRUOG��DQG�WKLV�PHDQV�

QHZ�DQG�FKDQJLQJ� UHTXLUHPHQWV� IRU� WKH� WUDLQLQJ�RI� WDOHQWV� LQ� UDLOZD��

HQJLQHHULQJ�H[SHULPHQWV��*LYHQ�WKH�FXUUHQW�SUREOHPV�RI�OLPLWHG�ODERUDWRU��

ILHOG� LQVWUXPHQWV� IRU� UDLOZD��HQJLQHHULQJ�H[SHULPHQWVDQG� WKH� VDIHW��

administrative�dif�culties�of�going�to�the�frontline�of�railway�lines�to�teach�

railway�engineering�experiemnts� in�the��eld,�the�Department�of�Railway�

(QJLQHHULQJ�RI�&HQWUDO�6RXWK�8QLYHUVLW��WULHG�WR� LQWURGXFH�YLUWXDO�UHDOLW��

�95�� WHFKQRORJ�� WR� WHDFK�VWXGHQWV�H[SHULPHQWV� LQ� WKH� ILHOG�RI� UDLOZD��
HQJLQHHULQJ��7KURXJK� WKH�YLUWXDOL]HG�H[SHULPHQWDO�PHWKRGV�� VWXGHQWV�

FDQ�FDUU��RXW�UDLOZD��HQJLQHHULQJ�H[SHULPHQWV� VXFK�DV��YHKLFOH�ZKHHO�

SDLU�RII�D[LV�H[SHULPHQWV��WUDFN�JHRPHWU��DQG�SRVLWLRQ�GHWHFWLRQ��HWF��E��

LPPHUVLYH�PHDQV��,W�ZDV�REVHUYHG�WKDW�DIWHU�SHUIRUPLQJ�YLUWXDO�VLPXODWLRQ�

experiments,�students�appeared�conversant�in�subsequent��eld�experiments.�

Thus,�VR�greatly�improves�the�teaching�ef�ciency�of�railway�engineering�

H[SHULPHQWV�

.H�ZRUGV�

7HDFKLQJ�5HVHDUFK�

5DLOZD��HQJLQHHULQJ�H[SHULPHQW�

95�WHFKQRORJ�

�57,��(��

5DLOZD��(QJLQHHULQJ�(�SHULPHQWDO�7HDFKLQJ�5HVHDUFK��DVHG� RQ�

WKH��RPELQDWLRQ�RI�)LHOG�(�SHULPHQW�DQG��LUWXDO�5HDOLW�� ��5��

7HFKQRORJ���7DNLQJ��HQWUDO�6RXWK�8QLYHUVLW��DV�DQ�(�DPSOH��

�KLSLQJ��HQJ�����KLKXL��KX���:HLGRQJ�:DQJ���3LQJ��RX���:HL��L����LQ��DQ���+X�-L

6FKRRO�RI�&LYLO�(QJLQHHULQJ��&HQWUDO�6RXWK�8QLYHUVLW���&KDQJVKD��+XQDQ����������&KLQD��

���,QWURGXFWLRQ

7
KH�)LHOG�ODERUDWRU��H[SHULPHQW� LV� DQ� LPSRUWDQW�

SURFHVV� IRU� VWXGHQWV� WR� UHDOL]H� WKH� WKHRUHWLFDO�

NQRZOHGJH � � DQG� HQDE OH � V WXGHQW V � WR� IX O O��

XQGHUVWDQG� WKH� VSHFLILF� FRQWHQW�WKDW�WKH��FDQQRW�PDVWHU�

LQ�WKH�FODVVURRP��7KH�5DLOZD��(QJLQHHULQJ�H[SHULPHQWV�

FRXUVH�IRU� VWXGHQWV�RI�5DLOZD��(QJLQHHULQJ� LQ�&HQWUDO�

6RXWK�8QLYHUVLW���&68���&KLQD�LV�DUUDQJHG�DIWHU�WKH�WKLUG�

JUDGH��6LQFH�WKH�SURIHVVLRQDO�FRXUVHV� VXFK�DV��5DLOZD��

(QJLQHHULQJ��KDYH� EHHQ�FRPSOHWHG�DW� WKLV� VWDJH�� WKH�

VWXGHQWV��DUH�SUHVXPHG�WR�KDYH�DQ�RYHUDOO�XQGHUVWDQGLQJ�

RI� UDLOZD��HQJLQHHULQJ�NQRZOHGJH�DQG�KDYH� IRUPHG�WKH�

SURIHVVLRQDO�WKLQNLQJ�RI�UDLOZD��HQJLQHHULQJ�V�VWHP��WKXV��

LW� LV�QHFHVVDU��WR�FDUU��RXW�UDLOZD��HQJLQHHULQJ�UHODWHG�

H[SHULPHQWV�DW�WKLV�WLPH�� WR�DFKLHYH�WKH�FRQVROLGDWLRQ�RI�

NQRZOHGJH�>���

7KURXJK�UDLOZD��HQJLQHHULQJ�H[SHULPHQWV��VWXGHQWV�FDQ�

LQWHJUDWH� WKHRU��ZLWK�SUDFWLFH��FRPELQH�ERRN�NQRZOHGJH�

ZLWK� SUDFWLFDO� DSSOLFDWLRQ� RQ� WKH� ILHOG� � GLOLJHQWO��

investigate�and�carry�out��eld�studies�as�well�as,�cultivate�

VWXGHQWV��DELOLW��WR�DQDO�]H�DQG�VROYH�SUREOHPV��KDYH�WKH�

EDVLF�TXDOLWLHV�RI�HQJLQHHULQJ�DQG�WHFKQLFDO�SHUVRQQHO� >����

$W�WKH�VDPH�WLPH��EHFDXVH� WKH�VWXGHQWV�� ILUVW� LPSUHVVLRQ�

��RUUHVSRQGLQJ��XWKRU�

�KLSLQJ��HQJ�

�RUUHVSRQGHQFH�DGGUHVV��6FKRRO�RI��LYLO�(QJLQHHULQJ���HQWUDO�6RXWK�8QLYHUVLW����KDQJVKD���XQDQ�����������KLQD�

(�PDLO�������������TT�FRP�

)XQG�3URMHFW�

(GXFDWLRQ�DQG�7HDFKLQJ�5HIRUP�3URMHFW�RI��HQWUDO�6RXWK�8QLYHUVLW�������M������
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ZLOO�SOD��D�GHFLVLYH�UROH�LQ�WKH� ODWHU�XQGHUVWDQGLQJ�DQG�

OHDUQLQJ�SURFHVV��D�JRRG�UDLOZD��HQJLQHHULQJ�H[SHULPHQW�

SURFHVV� FDQ� DOVR� IXUWKHU� LPSURYH� WKH� HQWKXVLDVP�RI�

UDLOZD��HQJLQHHULQJ�VWXGHQWV�WR�OHDUQ�

$W�SUHVHQW��95�WHFKQRORJ��LV�ZLGHO��XVHG�LQ� WHDFKLQJ�

DQG� WUDLQLQJ� LQ� YDULRXV� W�SHV� RI� UDLO� WUDQVSRUWDWLRQ�

QHWZRUN�

,Q�RUGHU�WR�FRSH�ZLWK�WKH�ODFN�RI�ZRUN�H[SHULHQFH�DQG�

SUDFWLFDO�VNLOOV�RI�QHZO�� UHFUXLWHG� UDLOZD��HPSOR�HHV� LQ�

WKH�1DQMLQJ�(DVW�'HSRW�RI�WKH�6KDQJKDL�5DLOZD��%XUHDX��

YLUWXDO� UHDOLW�� WHFKQRORJ��ZDV�SURSRVHG� IRU� LQWHJUDWLRQ�

LQWR�UHOHYDQW�RQ�WKH�MRE�WUDLQLQJ�� VR�WKDW�WKH�PDLQWHQDQFH�

ZRUN�RI�UHODWHG�UROOLQJ� VWRFN�FDQ�EH�LPPHUVHG�LQ�YLUWXDO�

UHDOLW���7KH� VXFFHVVIXO� DSSOLFDWLRQ� LQ� WKH� GLVWULEXWHG�

HQYLURQPHQW� VROYHG� WKH� WLPH� DQG�VSDFH� OLPLWDWLRQV�RI�

WKH�QHZ�HPSOR�HH� WUDLQLQJ�DQG�DFKLHYHG�JRRG� UHVXOWV��

7KH�SUDFWLFDO�RSHUDWLRQ�DELOLW��RI� WKH�HPSOR�HHV�ZKR�

KDYH�EHHQ� WUDLQHG� LQ�YLUWXDO� UHDOLW�� VKRZHG�VLJQLILFDQW�

LPSURYHPHQW�

'XULQJ� WKH�FRQVWUXFWLRQ�RI�WKH�6KDQJKDL�0HWUR�/LQH��

WKH�SURMHFW�YLUWXDO�VLPXODWLRQ�V�VWHP�GHYHORSHG�E��7RQJML�

8QLYHUVLW��SOD�HG�DQ� LPSRUWDQW� UROH� LQ� WKH� WUDLQLQJ�RI�

FRQVWUXFWLRQ�ZRUNHUV��,W�ZDV�IRXQG�WKDW�WKH�WHFKQLFDO�OHYHO�

RI�UHODWHG�RSHUDWRUV�GRHV�QRW�RQO��JUHDWO��LPSURYHG��EXW�

DOVR�� HIIHFWLYH�FRRSHUDWLRQ�ZLWK� WKH�GDLO��PDQDJHPHQW�

VWDII�ZDV�DFKLHYHG��

=KDQJ� -LDOL��'HSDUWPHQW� RI�(OHFWULFDO�(QJLQHHULQJ��

7RQJML� 8QLYHUVLW�� DOVR� LQWURGXFHG�95� VLPXODWLRQ�

WHFKQRORJ��LQWR�WKH�WUDLQLQJ�RI�VXEZD��WUDLQ�PDLQWHQDQFH�

IRFXVLQJ�RQ�YLUWXDO�UHDOLW��VLPXODWLRQ�RI�WUDLQ�HTXLSPHQW�

IDLOXUH�PDLQWHQDQFH��7KH� DLP�ZDV� WR�HTXLS� UHOHYDQW�

SHUVRQQHO� ZLWK � NQRZOHGJH � RI � WUDLQ� IDLOXUHV� DQG�

FRUUHVSRQGLQJ�VROXWLRQV�

-LDQJVX�1RUPDO�8QLYHUVLW��KDV�HVWDEOLVKHG�D�YLUWXDO�

VLPXODWLRQ� FHQWHU� IRU� UDLO� WUDIILF� VLJQDO� DQG� FRQWURO�

ZKLFK�LV�PDLQO��DLPHG�DW�FRPSXWHU�LQWHUORFNLQJ��HOHFWULF�

PXOWLSOH�XQLWV�VLPXODWLRQ�GULYLQJ��IDXOW�GLDJQRVLV��YHKLFOH�

RYHUKDXO�� WUDFWLRQ�SRZHU�VXSSO��G�QDPLF�VLPXODWLRQ�DQG�

IDXOW�DQDO�VLV��KLJK�VSHHG�UDLO�FRPSUHKHQVLYH�VFKHGXOLQJ��

9LUWXDO� VLPXODWLRQ� H[SHULPHQWV� DQG� VSHFLDO� SUDFWLFH�

7UDLQLQJ�

+XQDQ�+LJK�6SHHG�5DLOZD��7LPHV�'LJLWDO�7HFKQRORJ��

&R���/WG��KDV�FDUULHG�RXW�YLUWXDO� VLPXODWLRQ�UHVHDUFK�RQ�

UDLO�WUDQVLW�SDVVHQJHUV��VLJQDOV��YHKLFOHV��SRZHU�VXSSO��DQG�

RWKHU�DVSHFWV�

7R�HQKDQFH� VWXGHQWV�XQGHUVWDQGLQJ�RI� WKH� UDLOZD��

HQJLQHHULQJ� V�VWHP� DQG� FRQVLGHU� WKH�FRPSUHKHQVLYH�

FRQGLWLRQV�RI�YDULRXV�DVSHFWV��ZH�FKRVH�D�YLUWXDO�UDLOZD��

HQJLQHHULQJ�H[SHULPHQW�DV�WKH�H[SHULPHQWDO�EDFNJURXQG��

7KH�H[SHULPHQWDO�EDFNJURXQG� LQYROYHV� WKH�NQRZOHGJH�

RI� UDLOZD��WUDFNV��IDVWHQHUV�DQG�WXQQHO� VWUXFWXUHV��7KHVH�

H[SHULPHQWV�ZLOO�HQDEOH�VWXGHQWV�WR� IXOO��XQGHUVWDQG� WKH�

RSHUDWLRQ�SURFHVV�RI� UDLOZD��HQJLQHHULQJ�H[SHULPHQWV��

WKH�FRPSRVLWLRQ�RI� WUDFN�VWUXFWXUHV�DQG�GLVHDVH�GHWHFWLRQ�

PHWKRGV�� DQG� WKH� SURFHVV� RI� UDLOZD�� DQG� UDLO� WUDIILF�

YLEUDWLRQ� WHVW� H[SHULPHQWV��+RZHYHU�� WKH� WHDFKLQJ� WKH�

H[SHULPHQWV�LQ�VLWX�RQ�WKH�UDLOZD��OLQH�LV�YHU��IHDVELOH�GXH�

to�dif�culties�in�obtaining�administrative�approvals.�At�the�

VDPH�WLPH��LI�WKH�H[SHULPHQWV�DUH�RQO��FDUULHG�RXW�WKURXJK�

WKH� WHDFKHU�V�H[SODQDWLRQ�� WKH�HQWLUH�H[SHULPHQW�ZLOO�EH�

UHODWLYHO�� VLPSOH� DQG�ERULQJ�� UHVXOWLQJ� LQ� ORZ�VWXGHQW�

HQWKXVLDVP�>����7KHUHIRUH��95��9LUWXDO�5HDOLW���WHFKQRORJ��

FDQ� EH� LQWURGXFHG� WR� DOORZ� VWXGHQWV� WR� LQWXLWLYHO��

XQGHUVWDQG�WKH�FRPSRVLWLRQ�RI�HDFK�VWUXFWXUH��+HUHLQ�ZH�

GLVFXVV�WKH�IHDVLELOLW��RI�XVLQJ�95�WHFKQRORJ��LQ�WHDFKLQJ�

UDLOZD�� HQJLQHHULQJ� H[SHULPHQWV� E�� GHVFULELQJ� WKH�

DGYDQWDJHV�DQG�GHYHORSPHQW�SURFHVV�RI�95�WHFKQRORJ���

LQ�DGGLWLRQ� WR� WKH�FKDUDFWHULVWLFV�RI� WKH�RSHUDWLRQ�DQG�

LPSOHPHQWDWLRQ�RI�UDLOZD��HQJLQHHULQJ�H[SHULPHQWV�

���7KH��GYDQWDJHV�DQG��HYHORSPHQW�3URFHVV�
RI��5�7HFKQRORJ�

95�WHFKQRORJ��LV�DQ�DGYDQFHG�VLPXODWLRQ�WHFKQRORJ��WKDW�

VHUYHV�DV�DQ�LQWHUIDFH�GHYLFH�WR�FRQQHFW�WKH�UHDO�ZRUOG�DQG�

WKH�YLUWXDO�ZRUOG��,W�PDLQO��XVHV�WKH�FRPSXWHU�V�JUDSKLFV�

V�VWHP� WR�PDNH� WKH� XVHUV� RI�95�GHYLFHV� LPPHUVLYH��

WKHUHE���SURYLGLQJ�XVHUV�ZLWK�YLVXDO��DXGLWRU���DQG�HYHQ�

WDFWLOH�VHQVRU��VLPXODWLRQ�>���

����7KH��GYDQWDJHV�RI��5�7HFKQRORJ�

,QWHUDFWLYLW��� LPPHUVLRQ�DQG� LPDJLQDWLRQ�DUH� WKH� WKUHH�

PDMRU�FKDUDFWHULVWLFV�RI�95�WHFKQRORJ���DV�ZHOO�DV�LWV�WKUHH�

PDMRU�DGYDQWDJHV��7KH� LQWHUDFWLYLW��RI�95� WHFKQRORJ��

LV�DFKLHYHG� WKURXJK� VHQVRU�GHYLFHV��7KURXJK� VHQVRU�

GHYLFHV��XVHUV�FDQ�H[SHULHQFH� VHQVRU�� VLPXODWLRQ� LQ�D�

YLUWXDO�HQYLURQPHQW��)RU�H[DPSOH��ZKHQ�D�XVHU�WRXFKHV�

DQ�REMHFW�LQ�WKH�YLUWXDO�HQYLURQPHQW�� WKHUH�ZLOO�EH�D�UHDO�

WDFWLOH�VHQVDWLRQ��DQG�HYHQ�D�IHHO�RI�WKH�VSHFLILF�RXWOLQH�

RI� WKH� LWHP��%HFDXVH�95� WHFKQRORJ��FUHDWHV�D� YLUWXDO�

HQYLURQPHQW� IRU�XVHUV� WKURXJK� WKH�FRPSXWHU�V� WKUHH�

GLPHQVLRQDO�JUDSKLFV� V�VWHP��XVHUV�ZLOO� H[SHULHQFH�

95�SURGXFWV�DV�LI� WKH��DUH� LQ� WKH� UHDO�REMHFWLYH�ZRUOG��

ZKLFK�LV� WKH� LPPHUVLYH�HPERGLPHQW�RI�95�WHFKQRORJ���

7KH� LPDJLQDWLRQ�RI�95� WHFKQRORJ�� LV� WKDW�ZKHQ�XVHUV�

H[SHULHQFH�95�SURGXFWV��WKH��FDQ�QRW�RQO��LPSURYH�WKHLU�

UDWLRQDO�NQRZOHGJH�EXW�DOVR� HQKDQFH� WKHLU�SHUFHSWXDO�

NQRZOHGJH��ZKLFK�FDQ� VWLPXODWH�XVHUV� �QHZ�DVVRFLDWLRQV�

DQG�H[HUFLVH�RI�FUHDWLYH�PLQG�>���

����7KH��HYHORSPHQW�RI��5�7HFKQRORJ�

7KH�GHYHORSPHQW�SURFHVV�RI�95� WHFKQRORJ�� LV�PDLQO��

'2,��KWWSV���GRL�RUJ����������UHW�Y�L������
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GLYLGHG� LQWR� WKUHH� VWDJHV� � QDPHO�� WKH� LQLWLDO� VWDJH��

WHFKQRORJ��DFFXPXODWLRQ�VWDJH�DQG�WHFKQRORJ��SURPRWLRQ�

stage.�VR�technology��rst�originated�in�1960.�Due�to�the�

OLPLWDWLRQ�RI� WHFKQRORJLFDO� OHYHO�DQG�WHFKQRORJ���PRVW�

RI�WKH�95�HTXLSPHQW�DW�WKH�LQLWLDO� VWDJH�ZDV�KXJH��7KH�

WHFKQRORJ��DFFXPXODWLRQ�VWDJH�RI�95�WHFKQRORJ��ZDV�

IURP������WR������DQG�DW�WKLV�WLPH��FRPSXWHU�WHFKQRORJ��

KDV� PDGH� JUHDW� S URJUHVV� � &RQVHTXHQWO��� GLVSOD��

WHFKQRORJ��ZDV� LPSURYHG�� WKDW�SURPRWHG� WKH�SURGXFWLRQ�

RI�95�JODVVHV�DQG�95�KHOPHWV� DQG�RWKHU� FRQYHQLHQW�

GHYLFHV�WR�LPSURYH� WKH�XVHU�V�H[SHULHQFH��)URP������ WR�

WKH�SUHVHQW�VWDJH�RI�WKH�SURPRWLRQ�RI�95�WHFKQRORJ���GXH�

WR�WKH�LPSURYHPHQW�RI�FRPSXWHU��'�PRGHOLQJ�FDSDELOLWLHV��

DGYDQFHV�LQ�YDULRXV�DVSHFWV�RI�WHFKQRORJ��VXFK�DV�GLVSOD��

UHVROXWLRQ�LPSURYHPHQWV�KDYH�JUDGXDOO��PDGH�95�GHYLFHV�

PRUH� FRQYHQLHQW�� UHILQHG��DQG� OLJKWZHLJKW�� WKXV��95�

WHFKQRORJ��KDV�EHHQ�ZLGHO��XVHG�LQ�YDULRXV�LQGXVWULHV�

����5��SSOLFDWLRQ�)HDVLELOLW���QDO�VLV� RI�
5DLOZD��(QJLQHHULQJ�(�SHULPHQWV

5DL OZD� � HQJ LQHHU LQJ � L V � D � PDMRU � ZL WK � FRPSOH[�

FRPSRVLWLRQ�� LQYROYLQJ�PXOWLSOH�PDMRUV� DQG� VWURQJ�

WHFKQLFDO� UHTXLUHPHQWV��'XH� WR� WKH� UHODWLYHO��ZHDN�

SURIHVVLRQDO�NQRZOHGJH�EDVH�RI�VWXGHQWV�SDUWLFLSDWLQJ�LQ�

UDLOZD��HQJLQHHULQJ�H[SHULPHQWV�DQG�GLIIHUHQW� OHYHOV�RI�

NQRZOHGJH��VWXGHQWV��LQWHUHVW� LQ�EDVLF�UDLOZD��NQRZOHGJH�

LV�QRW�VXIILFLHQW�� DQG�WKLV� UHVXOWV� LQ�D�GLIIHUHQFH�LQ� WKH�

GHJUHH�RI�PDVWHU��RI�FRXUVH� >����7R�VROYH�WKLV�SUREOHP�E��

PHDQV�RI�LQFUHDVLQJ�VWXGHQWV��SDUWLFLSDWLRQ�DQG�HQWKXVLDVP�

LQ� WKH�H[SHULPHQW�� WKH� LQWURGXFWLRQ�RI�95� WHFKQRORJ�� LV�

XQGRXEWHGO��D�JRRG�FKRLFH�

)LUVW�RI�DOO��WKH�FORVHG�GLVSOD��PRGH�RI�95�WHFKQRORJ��

FDQ�UHGXFH� WKH�LPSDFW�RI�WKH�H[WHUQDO�HQYLURQPHQW� VXFK�

DV��WKH�HIIHFWV�RI�H[WHUQDO�OLJKW��QRLV��VRXQGV��HWF���RQ�WKH�

YLHZLQJ�H[SHULHQFHVR� WKDW�95�SURGXFW�XVHUV�FDQ�EHWWHU�

VXEVWLWXWH�IRU�WKH�YLUWXDO�HQYLURQPHQW�WR�FUHDWH�D�GHHSHU�

LPPHUVLYH�H[SHULHQFH��6HFRQGO���95� WHFKQRORJ��KDV�D�

PXFK�KLJKHU�GHJUHH�RI� VLPXODWLRQ�WKDQ�RWKHU�PXOWLPHGLD�

WHFKQRORJLHV�� DQG� �'� VXUURXQG� VWHUHRVFRSLF� LPDJHV�

SURYLGH�XVHUV�ZLWK�D�PRUH� UHDOLVWLF�H[SHULHQFH��$JDLQ��

ZKHQ�95�WHFKQRORJ��LV�XVHG� LQ� WHDFKLQJ�� LW� FDQ�SURYLGH�

XVHUV�ZLWK�PRUH�REVHUYDWLRQ�DQJOHV��DQG�FDQ�DOVR�DGG�

VRPH� LQWHUHVWLQJ� LWHPV� WR� WKH�95�SURGXFW� WR� LQFUHDVH�

WKH�IXQ�RI�WKH� WHDFKLQJ�SURFHVV��)LQDOO���95� WHFKQRORJ��

LV�DOVR�WDUJHWHG�DQG�RSHUDEOH�� ,Q�H[SHULPHQWDO� WHDFKLQJ��

&RUUHVSRQGLQJ�RSHUDWLRQ�LWHPV�FDQ�EH�VHW�DFFRUGLQJ�WR�WKH�

NQRZOHGJH�SRLQWV�WKDW�WKH�VWXGHQWV�ZDQW�WR�PDVWHU�VR�WKDW�

WKH�VWXGHQWV�FDQ�FDUU��RXW�WDUJHWHG�OHDUQLQJ��$OVR��EHFDXVH�

WKH�RSHUDWLRQ� LV� UHODWLYHO�� VLPSOH�ZKHQ�DSSO�LQJ�95�

SURGXFWV��VWXGHQWV�FDQ�HDVLO��SHUIRUP�RSHUDWLRQV� WKDW�DUH�

YHU��GLIILFXOW� LQ� UHDO� OLIH��6R��95�WHFKQRORJ��KDV� VWURQJ�

RSHUDELOLW���)LJXUH���VKRZV�D�YLUWXDO�VLPXODWLRQ�ODERUDWRU��

VFHQH�RI�RXU�XQLYHUVLW��V�UDLO�WUDQVSRUWDWLRQ�

)LJXUH����9LUWXDO�VLPXODWLRQ�H[SHULPHQW�RI�UDLO�YHKLFOH�

FROOLVLRQ�DQG�FUDVKZRUWKLQHVV�RI�&HQWUDO�6RXWK�8QLYHUVLW�

,Q� VXPPDU��� WKH�DSSOLFDWLRQ� RI�95� WHFKQRORJ�� LQ�

UDLOZD�� HQJLQHHULQJ� H[SHULPHQWV� ZLOO� UHVXOW� LQ� WKH�

IROORZLQJ�� ILUVWO��� WKLV� LQQRYDWLYH� WHDFKLQJ�PHWKRG�ZLOO�

DURXVH�VWXGHQWV��LQWHUHVW�LQ�OHDUQLQJ�DQG�HQKDQFH�VWXGHQWV��

HQWKXVLDVP� IRU� OHDUQLQJ�� 6HFRQGO���ZLWK�95� VWXGHQW�

H[SHULHQFH�����GHJUHH�SDQRUDPLF� LPDJHV�� DQG�FDQ�EH�

LPPHUVLYH� LQ�WKH�SURFHVV� WKURXJK�WKH�VRXQG��DQG�RYHUDOO�

LPSDFW�IHHOLQJ�DWPRVSKHUH��VR�WKDW�WKH�VWXGHQWV��VHQVH�RI�

VXEVWLWXWLRQ�DQG�SDUWLFLSDWLRQ�DUH�VWURQJHU��)LQDOO��� WKH�

KLJK�GLPHQVLRQDO�SHUIRUPDQFH�RI�95� WHFKQRORJ��ZLOO�

DOORZ�VWXGHQWV� WR� UHFHLYH�PRUH� LQIRUPDWLRQ�DQG�PDNH�

WKHP�PDVWHU�NQRZOHGJH��$OVR�� VWXGHQWV�RI� GHILFLHQF��

LQ�NQRZOHGJH�FDQ�TXLFNO��EULGJH� WKH�NQRZOHGJH�JDS��

$IWHU� WKH� FRPSOHWLRQ� RI� WKH� YLUWXDO� H[SHULPHQWV�� WKH�

VWXGHQWV�DUH�EURXJKW�LQWR� WKH�UHDO�H[SHULPHQWDO� VFHQH�DV�

VKRZQ�LQ�)LJXUH����ZKLFK�FDQ�PDNH� WKH�VWXGHQWV�GHHSHQ�

WKHLU�XQGHUVWDQGLQJ�RI�EDVLF�NQRZOHGJH��)LJXUH���LV� WKH�

GURS�ZHLJKW� LPSDFW� WHVW�VLWH�RI�RXU�XQLYHUVLW��V� UDLOZD��

HQJLQHHULQJ�ODERUDWRU��

)LJXUH����7KH�VLWH�RI�WKH�GURS�KDPPHU�LPSDFW�WHVW�DW�

WKH�5DLOZD��(QJLQHHULQJ�/DERUDWRU��RI�&HQWUDO�6RXWK�
8QLYHUVLW�

'2,��KWWSV���GRL�RUJ����������UHW�Y�L������
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����HVLJQ� RI��5�7HFKQRORJ���SSOLFDWLRQ�
6FKHPH�IRU�5DLOZD��(QJLQHHULQJ�(�SHULPHQW

����)HDWXUHV�RI�5DLOZD��(QJLQHHULQJ�(�SHULPHQW

7KH� UDLOZD�� HQJLQHHULQJ� PDMRU� LV�PDLQO�� IRFXVHG�

RQ� WUDLQLQJ� KLJK�TXDOLW�� WDOHQWV� HQJDJHG� LQ� UDLOZD��

HQJLQHHULQJ� GHVLJQ�� FRQVWUXFWLRQ��PDQDJHPHQW� DQG�

VFLHQWLILF� UHVHDUFK�� ,Q� UHFHQW� �HDUV�� &KLQD�V� UDLOZD��

FRQVWUXFWLRQ�KDV�EHHQ�SURJUHVVLQJ�UDSLGO���DQG�WKH�GHPDQG�

IRU�UDLOZD��HQJLQHHULQJ�SURIHVVLRQDOV�E��UDLOZD��XQLWV�LV�

DOVR� UHODWLYHO��KLJK��7KH� MRE�PDUNHW�UHTXLUHV�JUDGXDWHV�

WR�KDYH�HQJLQHHULQJ�H[SHULPHQW�DSSOLFDWLRQ�FDSDELOLWLHV�

DQG�FRUUHVSRQGLQJ�HQJLQHHULQJ�TXDOLWLHV� LQ� WKH� UDLOZD��

HQJLQHHULQJ�LQGXVWU��>���

5HO�LQJ�RQ� YLUWXDO� VLPXODWLRQ� WHFKQRORJ���FDUU�LQJ�

RXW�LQQRYDWLYH�H[SHULPHQWV�FDQ�HQDEOH� VWXGHQWV�WR� IXOO��

H[SHULHQFH� DQG� XQGHUVWDQG� WKH� HQJLQHHULQJ�UHODWHG�

SUREOHP�VROYLQJ�SURFHVV��ZKLFK�LV�FRQGXFLYH�WR�LQVSLULQJ�

students’�ability�to��nd�and�solve�problems.�It�also�helps�

WR� IXOO�� UHDOL]H� WKH� LQQRYDWLYH�DELOLW��DQG�SHUVRQDOL]HG�

WUDLQLQJ�JRDOV�

7KH�UDLOZD��HQJLQHHULQJ�PDMRU�LV�RQH�RI�WKH�EDFNERQH�

PDMRUV� LQ� WKH� WUDQVSRUWDWLRQ� HQJLQHHULQJ�GLVFLSOLQH��

5DLOZD��HQJLQHHULQJ�H[SHULPHQWV�KDYH� WKH�IROORZLQJ�

FKDUDFWHULVWLFV�

������:LGH�5DQJH�RI�.QRZOHGJH

*HQHUDOO�� VSHDNLQJ�� UDLOZD��HQJLQHHULQJ�PDLQO�� UHIHUV�

WR�YDULRXV�FLYLO�HQJLQHHULQJ�IDFLOLWLHV�RQ�WKH� UDLOZD���DQG�

DOVR�UHIHUV�WR� WKH�WHFKQRORJ��XVHG�LQ�WKH�FRQVWUXFWLRQ�RI�

WKH�UDLOZD��DW�YDULRXV�VWDJHV��VXUYH��GHVLJQ��FRQVWUXFWLRQ��

PDLQWHQDQFH�� DQG�UHFRQVWUXFWLRQ���5DLOZD��HQJLQHHULQJ�

LQLWLDOO�� LQFOXGHG�FLYLO� HQJLQHHULQJ� �WUDFNV��VXEJUDGHV��

EULGJHV�� WXQQHOV�� DQG�VWDWLRQV���PDFKLQHU���ORFRPRWLYHV��

YHKLFOHV�� DQG� VLJQDOV� UHODWHG� WR� UDLOZD�V��:LWK� WKH�

GHYHORSPHQW�RI�FRQVWUXFWLRQ�DQG� WKH�IXUWKHU�GLYLVLRQ�RI�

WHFKQRORJ���VRPH�RI�WKHVH�SURMHFWV�KDYH�JUDGXDOO��EHFRPH�

LQGHSHQGHQW�GLVFLSOLQHV��VXFK�DV�ORFRPRWLYH�HQJLQHHULQJ��

YHKLFOH�HQJLQHHULQJ��DQG�VLJQDO�HQJLQHHULQJ��2WKHU�SURMHFWV�

DUH�JUDGXDOO�� LQFOXGHG� LQ� WKHLU� UHVSHFWLYH�GLVFLSOLQHV��

VXFK�DV�EULGJH�HQJLQHHULQJ�DQG�WXQQHO�HQJLQHHULQJ��7KH�

WHUP�UDLOZD��HQJLQHHULQJ�QDUURZO��UHIHUV�WR�UDLOZD��URXWH�

VHOHFWLRQ�� UDLOZD��WUDFNV��VXEJUDGHV�DQG�UDLOZD��VWDWLRQV�

DQG�KXEV�

������+LJK��HJUHH�RI�,QWHJUDWLRQ�ZLWK�(QJLQHHULQJ�
(�SHULPHQWV

7KH�FRQVWUXFWLRQ��RSHUDWLRQ�DQG�PDQDJHPHQW�RI�KLJK�

VSHHG� UDLOZD���KHDY��GXW��WUDQVSRUWDWLRQ�DQG�XUEDQ�UDLO�

WUDQVLW� HQJLQHHULQJ�DUH� DOO� FORVHO�� UHODWHG� WR� UDLOZD��

HQJLQHHULQJ�� VR�HQJLQHHULQJ�RULHQWHG�H[SHULPHQW� LV� WKH�

WUDLQLQJ�JRDO�RI� UDLOZD��HQJLQHHULQJ��7KH� VHOHFWLRQ�RI�

UDLOZD��HQJLQHHULQJ�H[SHULPHQW�ZDV�VRUWHG�RXW�EDVHG�RQ�

WKH�FRPELQHG�FRQVLGHUDWLRQV�RI�WKH�FXUUHQW�EDFNJURXQG�

RI�&KLQD�V� UDLOZD��GHYHORSPHQW�� DQG� UHDO� OLIH�DFWXDO�

SURMHFWV���� ,Q� UHFHQW� �HDUV�� WKH� UDLOZD�� HQJLQHHULQJ�

H[SHULPHQWDO� SURMHFWV � VSRQVRUV� RI�&HQWUDO� 6RXWK�

8QLYHUVLW��DUH�VXEZD��GHVLJQ�LQVWLWXWHV��VXEZD��RSHUDWLQJ�

FRPSDQLHV��&KLQD�5DLOZD��(QJLQHHULQJ�%XUHDX��IDVWHQHU�

PDQXIDFWXUHUV�DQG�RWKHU� ILUVW�OLQH� UDLOZD��GHSDUWPHQWV��

6WXGHQWV�FDQ�SDUWLFLSDWH�LQ�WKH�DQDO�VLV�DQG�H[SHULPHQW�WR�

understand�speci�c�engineering�problems,�which�deepens�

VWXGHQWV� �SURIHVVLRQDO� UHFRJQLWLRQ�� FXOWLYDWH� VWXGHQWV�

�FRPSUHKHQVLYH�FRRUGLQDWLRQ�DELOLW���H[SHULPHQWDO�DELOLW��

DQG�NQRZOHGJH��FRPSUHKHQVLYH�DSSOLFDWLRQ�DELOLW��� DQG�

HQJLQHHULQJ�WKLQNLQJ�

������ 1HZ�6WUXFWXUHV� DQG�7HFKQRORJLHV��UH�
8SGDWHG�4XLFNO�

6LQFH� WKH�IRXQGLQJ�RI�1HZ�&KLQD��&KLQD�KDV�DWWDFKHG�

JUHDW� LPSRUWDQFH� WR� WKH� GHYHORSPHQW� RI� UDLOZD��

FRQVWUXFWLRQ�� HVSHFLDOO�� VLQFH� WKH� EHJLQQLQJ�RI� WKLV�

FHQWXU��PDNLQJ�&KLQD�V� UDLOZD��KDYH�DFKLHYH�OHDSIURJ�

GHYHORSPHQW� � 5DLOZD�� HQJLQHHULQJ� WHFKQRORJ�� LV�

FRQVWDQWO�� XSGDWHG�ZLWK� WKH� GHYHORSPHQW�RI� UDLOZD��

FRQVWUXFWLRQ��)URP� WKH�SHUVSHFWLYH�RI�GHVLJQ�PHWKRGV��

VLQFH� WKH�����V��PDMRU�GHVLJQ�XQLWV�KDYH� VXFFHVVLYHO��

LPSOHPHQWHG� FRPSXWHU�DLGHG� GHVLJQ��$IWHU��HDUV� RI�

GHYHORSPHQW��ZH�KDYH�GHYHORSHG�XQLTXH�GHVLJQ�VRIWZDUH�

V�VWHPV��DQG� WKH� GHJUHH� RI� DXWRPDWLRQ� RI� WKH�GHVLJQ�

SURFHVV�LV�EHFRPLQJ�PRUH�DQG�PRUH�SUHFLVH��$W�WKH�VDPH�

WLPH�� IRUHLJQ� DGYDQFHG�VXUYH��DQG�GHVLJQ� LQWHJUDWLRQ�

V�VWHPV�KDYH�DOVR�EHHQ�FRQWLQXRXVO��DSSOLHG�� DQG� WKH�

GHVLJQ�PHWKRGV�KDYH�EHFRPH�PRUH�DEXQGDQW��&XUUHQWO���

WKH� GHVLJQ� V�VWHP� LV� GHYHORSLQJ� LQ� WKH�GLUHFWLRQ� RI�

LQWHOOLJHQFH�DQG�QHWZRUNLQJ�

)URP� WKH� SHUVSHFWLYH� RI� HQJLQHHULQJ� VWUXFWXUH�� WR�

PHHW� WKH� WUDQVSRUWDWLRQ�QHHGV�RI�KLJK�VSHHG�DQG�KHDY��

ORDG�UDLOZD�V�� WKH�VHUYLFH�SHUIRUPDQFH�RI�OLQH�VWUXFWXUDO�

FRPSRQHQWV�KDV�EHHQ�FRQWLQXRXVO�� LPSURYHG� >����)URP�

WKH�SHUVSHFWLYH�RI�WUDFN�VWUXFWXUH��LQ�UHFHQW��HDUV��&KLQD�

KDV�FRQWLQXRXVO��GHYHORSHG�&576� ��&576� ��DQG�

&576� �VODE�EDOODVWOHVV�WUDFNV�WR�PHHW�WKH�QHHGV�RI�KLJK�

VSHHG� UDLOZD�V��7R�PHHW� WKH� UHTXLUHPHQWV�RI�YLEUDWLRQ�

DQG�QRLVH� UHGXFWLRQ�RI�XUEDQ�UDLO�WUDQVLW��QHZ� W�SHV�RI�

vibration�damping�rails�such�as�steel�spring��oating�slab�

rails,�vibration�damping��oating�slab�rails,�and�trapezoidal�

VOHHSHUV�KDYH�EHHQ�ZLGHO��DGRSWHG��:LWK�WKH�FRQWLQXRXV�

GHYHORSPHQW�RI�UDLOZD��WHFKQRORJ���ZH�FDQ� IRUHVHH�WKDW�

HQJLQHHULQJ� VWUXFWXUHV�ZLWK� VXSHULRU�SHUIRUPDQFH�ZLOO�

FRQWLQXH� WR�HPHUJH��5DLOZD��HQJLQHHULQJ�H[SHULPHQWV�

'2,��KWWSV���GRL�RUJ����������UHW�Y�L������
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VKRXOG�IRFXV�RQ�WKH�LQWHJUDWLRQ�RI�QHZ�VWUXFWXUHV�DQG�QHZ�

WHFKQRORJLHV�LQ�WKH�FXUUHQW�SURMHFW��VWULYH�WR�DGYDQFH�ZLWK�

WKH�WLPHV��DQG�LPSURYH�WKH�FRPSHWLWLYHQHVV�RI�VWXGHQWV�LQ�

IXWXUH�ZRUN�RU�UHVHDUFK�ZRUN�>���

���� ,PSOHPHQWDWLRQ� 3URFHVV� RI� WKH�5DLOZD��
�LUWXDOL�DWLRQ�(�SHULPHQW

&RPELQLQJ� WKH� H[SHUWLVH� RI� UDLOZD��HQJLQHHULQJ�DQG�

WKH�FKDUDFWHULVWLFV�RI� UDLOZD��HQJLQHHULQJ�H[SHULPHQWV��

WKURXJK� WKH�GDWD�DFTXLVLWLRQ���'�YLUWXDO� HQYLURQPHQW�

PRGHOLQJ��UHDO�WLPH��'�JUDSKLFV�JHQHUDWLRQ� WHFKQRORJ��

DQG� VWHUHRVFRSLF� GLVSOD�� DQG� VHQVRU� WHFKQRORJ��� D�

VFLHQWLILF�DQG� LQWHUHVWLQJ�95�SURGXFW�ZDV�SURGXFHG��

5DLOZD��HQJLQHHULQJ�H[SHULPHQW�95�SURGXFWV�PDLQO��

UHDOL]H�WKH�IROORZLQJ�SURFHVVHV�

����8VH�RI�UDLOZD��WUDFN�JHRPHWU��GHWHFWLRQ�HTXLSPHQW��

7KH�LQVWUXPHQWV�LQFOXGH�UDLO�UXOHUV��VTXDUH�UXOHUV��UDLO�ZHDU�

WHVWHUV��HOHFWURQLF�VWUDLJKWQHVV�PHWHUV�DQG�RWKHU�FRPPRQO��

XVHG� LQVWUXPHQWV� LQ� UDLOZD��PDLQWHQDQFH� DQG� UHSDLU��

6WXGHQWV�QHHG�WR�KDYH�D�EHWWHU�JUDVS�RI� WKHLU�RSHUDWLQJ�

VWHSV�DQG�GHWDLOV��7KURXJK�95� WHFKQRORJ��� VWXGHQWV�FDQ�

REVHUYH�WKH�UDLOZD��WUDFN�JHRPHWU��DQG�SRVLWLRQ�GHWHFWLRQ�

LQVWUXPHQWV� IURP�PXOWLSOH�DQJOHV�DQG�XVH�SUHFDXWLRQV��

VR�WKDW� WKH��FDQ�KDYH�D�PRUH�YLYLG�XQGHUVWDQGLQJ�RI�WKH�

UDLOZD��WUDFN�JHRPHWU��DQG�SRVLWLRQ�GHWHFWLRQ�LQVWUXPHQWV�

����'HPRQVWUDWLRQ�RI� WKH�H[SHULPHQW�SURFHVV�RI�WUDFN�

FUDZOLQJ��IDOOLQJ�D[LV�DQG�IDOOLQJ�KDPPHU�LPSDFW��,Q� WKH�

YLUWXDO�H[SHULPHQW��VWXGHQWV�QHHG�WR�SDVWH�FRQFUHWH�VWUDLQ�

JDXJHV�DQG�LQVWDOO�GLVSODFHPHQW�VHQVRUV�DV�VKRZQ� LQ� WKH�

OD�RXW�RI�WKH�PHDVXULQJ�SRLQWV�DFFRUGLQJ� WR�WKH� V�VWHP�

SURPSW��DQG�FRQQHFW� WKHP� WR� WKH�G�QDPLF� DFTXLVLWLRQ�

V�VWHP��7R� ILQLVK� WKH�PLVVLRQ� LQ� WKH�95�DWPRVSKHUH��

WKH�� VKRXOG� LQVWDOO� MDFNV�DQG� IRUFH� VHQVRUV�DFFRUGLQJ�

WR� WKH� OD�RXW�RI� WKH� ORDGLQJ�GHYLFH��7KH� VWUDLQ�JDXJHV��

GLVSODFHPHQW� VHQVRU� DQG� IRUFH�VHQVRU�VKRXOG�EH�FOHDUHG�

DIWHU�WKH�ORDG�LV�DSSOLHG�WR�DFKLHYH�SUHORDG�VR�WKDW�DOO�SDUWV�

RI� WKH� LQVWUXPHQW�DUH�FORVHO�� ILWWHG��$OVR�� WKH��QHHG� WR�

GHEXJ�WKH�LQVWUXPHQW�DQG�FKHFN�ZKHWKHU�WKH�VWUDLQ�JDXJH�

LV�LQ�JRRG�FRQGLWLRQ��EHIRUH�XVLQJ�WKH�FDOLEUDWLRQ�GHYLFH�WR�

FDOLEUDWH�WKH�YHUWLFDO�IRUFH�RI�WKH�ZKHHO�UDLO��DQG�WKHQ�FOHDU�

WKH�VWUDLQ�JDXJH��GLVSODFHPHQW�VHQVRU�DQG�WKH�IRUFH�VHQVRU�

EHIRUH�WKH�IRUPDO�ORDGLQJ�WHVW�EHJLQV�DV�VKRZQ�LQ�)LJXUH�

���'XULQJ� ORDGLQJ�� WKH�GRXEOH� VWLIIHQLQJ�EHDP� LV�XVHG�

IRU�VWDWLF�VWLIIQHVV�WHVW�� DQG� WKHQ� WKH�DFFHOHUDWLRQ�VHQVRU�

LV�DUUDQJHG�DV�VKRZQ�LQ�WKH�DUUDQJHPHQW�GLDJUDP�RI�WKH�

DFFHOHUDWLRQ�PHDVXULQJ�SRLQW��:LWK� WKH�95� WHFKQRORJ���

VWXGHQWV�FDQ� XVH� WKH� LPSDFW� SHUIRUPDQFH� WHVW� RI� WKH�

WUDFN�VODE�RU�WKH�IDVWHQHU�WR�FDUU��RXW�WKH�RII�D[LV�WHVWLQJ��

VLPXODWH� WKH�PDQXDO� VZLWFK�DQG� REVHUYH� WKH�ZRUNLQJ�

SURFHVV�RI� WKH� VZLWFK� LQ� WKH�95� YLGHR��$GGLWLRQDOO���

FDOFXODWH�WKH�YDULRXV�PHFKDQLFDO�SHUIRUPDQFH� LQGLFDWRUV�

RI�WKH�UDLOV��VOHHSHUV��DQG�JURXQG�XQGHU�GLIIHUHQW�IDVWHQHUV�

DV� VKRZQ� LQ�7DEOH� ��� 6WXGHQWV� QHHG� WR�XVH� WKH�GDWD�

REWDLQHG�E��WKH�95�SODWIRUP�WR�HYDOXDWH�WKH�H[SHULPHQWDO�

results,�and�the�speci�c�values�are�generated�by�random�

QXPEHUV�

)LJXUH����'HPRQVWUDWLRQ�RI�WKH�H[SHULPHQW�SURFHVV�RI�

FUDZOLQJ�DQG�RII�D[LV�LPSDFW�RI�ODUJH�VFDOH�WXUQRXWV�LQ�

VXEZD�

7DEOH����'URSSLQJ�KDPPHU�LPSDFW�WHVW�DQG�DQDO�VLV�UHVXOWV�RI�RUGLQDU��VSOLW�IDVWHQHUV�DQG�YLEUDWLRQ�DEVRUELQJ�IDVWHQHUV

6DPSOH�VHULDO�QXPEHU 5DLO�DFFHOHUDWLRQ（J）
6OHHSHU�DFFHOHUDWLRQ

（J）
*URXQG�DFFHOHUDWLRQ

（J）
*URXQG�YHUWLFDO�YLEUDWLRQ�
=�YLEUDWLRQ�OHYHO�9��（G%）

'DPSLQJ�HIIHFW
（G%）

2UGLQDU��IDVWHQHU�� ������ ����� ���� ������
�����

'DPSLQJ�IDVWHQHU�� ������ ���� ���� ������

2UGLQDU��IDVWHQHU�� ������ ����� ����� ������
�����

'DPSLQJ�IDVWHQHU�� ������ ���� ���� ������

2UGLQDU��IDVWHQHU�� ������ �� ����� �����
�����

'DPSLQJ�IDVWHQHU�� ����� ���� ����� ������

=�YLEUDWLRQ�OHYHO�9/=�DYHUDJH�YDOXH�RI�YLEUDWLRQ�UHGXFWLRQ�HIIHFW（G%） �����

'2,��KWWSV���GRL�RUJ����������UHW�Y�L������
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����7KH� VFHQH�RI� WKH� YLEUDWLRQ� WHVW� H[SHULPHQW� LQ�

VXEZD�� VKLHOG� WXQQHO��%HFDXVH� WKH� YLEUDWLRQ� WHVW� RI�

VXEZD��VKLHOG�WXQQHOV� LV�RIWHQ� LQ�WKH�HDUO��KRXUV�RI�WKH�

QLJKW�� WKH�FRUUHVSRQGLQJ�H[SHULPHQWDO�VFHQDULRV�FDQQRW�

EH�SURYLGHG�GXULQJ�WKH�QRUPDO� WHDFKLQJ�SURFHVV�� ,Q� WKH�

95�YLGHR��VWXGHQWV�FDQ�FKRRVH�WKH�OD�RXW�RI� WKH�VHQVRUV�

DQG�YLVLW� LQ�WKH� VKLHOG� WXQQHO��7KH�YLGHR�ZLOO� VLPXODWH�

WKH� OD�RXW�RI� WKH�GLVSODFHPHQW� VHQVRUV�DQG�DFFHOHUDWLRQ�

VHQVRUV�RI�WKH�UDLOV��WUDFN�VODEV��WXQQHO�ZDOOV��$W�WKH�VDPH�

WLPH�� VWXGHQWV�FDQ�VHW� WKH�YLEUDWLRQ�GDWD�ZKHQ�WKH�WUDLQ�

SDVVHV��DQG�FKRRVH�WR�UHGR�RU�H[SRUW� WKH�GDWD�� WR�HQDEOH�

WKHP�XQGHUVWDQG� WKH� WKH�YLEUDWLRQ� WHVW� H[SHULPHQW� LQ�

VXEZD��VKLHOG�WXQQHO�PRUH�YLVXDOO��

�����GYDQWDJHV�RI��SSO�LQJ��5�7HFKQRORJ�

����0DNH� XS� IRU� WKH� ODFN� RI� H[SHULPHQWDO� WHDFKLQJ�

FRQGLWLRQV��95�WHFKQRORJ��FDQ�VLPXODWH�WKH�H[SHULPHQWDO�

HQYLURQPHQW�� 7R� DFKLHYH� WKH� VLPXODWLRQ� HIIHFW�� RQH�

RQO�� QHHG� WR�EXLOG� D�YLUWXDO� LQVWUXPHQW� DQG�D�YLUWXDO�

H[SHULPHQWDO�SODWIRUP�RQ� WKH�FRPSXWHU��7KH� WHDFKLQJ�

FRVW�RI�XVLQJ�95�WHFKQRORJ��WR�VLPXODWH�WKH�H[SHULPHQWDO�

SURFHVVHV�LV� ORZ�DQG�FDQ�DFKLHYH�JRRG�WHDFKLQJ�RXSXWV�

RXWFRPHV��,Q�WKH�YLUWXDO�ZRUOG�� WKH�VDPH�HIIHFW�DV�WKRVH�

LQ� UHDO�DFWXDO� OLIH�FDQ�EH�REWDLQHG��DQG�QHWZRUN� OHYHO�

WHDFKLQJ�FDQ�DOVR�EH�DFKLHYHG�

����7HDFKLQJ�H[SHULPHQW�ZLWK�FRPSOH[�RSHUDWLRQ��KLJK�

ULVN�RU�KLJK�FRVW�FDQ�EH�FRQGXFWHG��7KHUH�PD��EH� VRPH�

SURMHFWV�ZLWK�FRPSOLFDWHG�RSHUDWLRQV��KLJK�ULVNV��RU�KLJK�

FRVWV�LQ�UDLOZD��HQJLQHHULQJ�H[SHULPHQWDO�WHDFKLQJ��7KHVH�

projects�are�dif�cult�to�meet�the�teaching�requirements�of�
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