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( ) ( )( , )l
s

l l

s s J
J V E=

( )1 2{ , , ... , }
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L L
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11 1,1 1,2 1, 1,{ } { , , ... , , ... , }k KC C C C C∗ = = ( )

( ) ( ){ ( , )}.L
s

L L

s s J
J V E=

ó&	�&��
�$� 1,L l kC − + ���� 1{ }L lC∗
− + =

11,1 1,2 1, 1,{ , , ... , , ... , }
L lL l L l L l k L l KC C C C

− +− + − + − + − + ��

, 1, ... , 2,1l L L= − �� �	"
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sJ

k K= ���
��� ( 1)l

k sC J −∈ ��������������
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���&�
��
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��
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� 2{ }L lC∗
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���
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��
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��
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������
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− + ����
����$��
�$���	����
����&�

11,L l kC − + ��
21,L l kC − + ��� e ������
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������������

#
�

� ��#�
11,L l kC − + ���

21,L l kC − + ��
������
���#��
	���

e �������

#��

� ����������$�#���
�
���������
��
�� 1{ }L lC∗
− + ��ð���
�
�
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��

� { }LC
∗
�� �������$�

1 2{ , ,..., ,..., }k KC C C C �� ÷�����
���
� ����
��
�� �	����
�� ����
�#�� ��������

( , )L JJ V E= ��
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��������$�#������� ( , )L L LG V E= ����#
�
��'�( , )n L ���������
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��'������'�

� �������
!�
��'� n �

� ���#���

�����
������������
�����
�
���

ú
��
��� ��� è�������� 2β � ������� ��� ��
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���� ( , )H W Q= �� W n= �� �
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ú
��
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METHODS OF ORGANIZATION AND 
PLANNING OF MAXIMUM SHORTEST 
ROUTES IN LARGE-SCALE TRANSPORT 
NETWORKS TAKING INTO ACCOUNT A 
MULTI-CRITERIA APPROACH

3DYORY�'PLWU\�$OHNVHHYLFK��&DQG��6F���3K\V��0DWK����$VVRF��3URI��

/R\NR�9DOHU\�,YDQRYLFK��'U��6F���7HKQ����)XOO�3URI�

.XEDQ�6WDWH�$JUDULDQ�8QLYHUVLW\�QDPHG�DIWHU�,�7��7UXELOLQ��.DOLQLQD�VW�����"�.UDVQRGDU��

5XVVLD����������H�PDLO��GS�ORJLF#JPDLO�FRP

3XUSRVH�� WKH� DXWKRUV� DLP� WR� GHYHORS� WKH� HI¿FLHQW� DOJRULWKP� IRU� WKH�

DOORFDWLRQ�RI� WKH�VKRUWHVW�SRVVLEOH� URXWHV� IRU� WKH� WDVN�RI�RUJDQL]LQJ�DQG�

SODQQLQJ�WUDQVSRUWDWLRQ�LQ�D�ODUJH�VFDOH�WUDQVSRUW�QHWZRUN��'LVFXVVLRQ��WKH�

DUWLFOH�GHDOV�ZLWK�WKH�LQYHVWLJDWLRQ�RI�WKH�PHWKRGV�RI�VROYLQJ�WKH�SUREOHP�

UHODWHG� WR� WKH� RSWLPL]DWLRQ� RI� SDVVHQJHU� DQG� IUHLJKW� WUDI¿F� LQ� WUDQVSRUW�

DQG�ORJLVWLFV�V\VWHPV��:KHQ�VROYLQJ�VXFK�SUREOHPV��DV�D�UXOH��RQH�KDV�WR�

WDNH�LQWR�DFFRXQW�WKH�YDULRXV�UHTXLUHPHQWV�LPSRVHG�RQ�WKH�V\VWHP��ZKLFK�

RIWHQ�FRQWUDGLFW�HDFK�RWKHU��ZKLFK� OHDGV�WR�WKH�SUREOHP�RI�FKRLFH�XQGHU�

FRQGLWLRQV�RI�PXOWL�FULWHULD��7KH�DUWLFOH�SURSRVHV�D�PDWKHPDWLFDO�PRGHO�RI�

WKH�SUREOHP�XQGHU�VWXG\�LQ�D�PXOWL�FULWHULD�IRUPXODWLRQ��$V�D�QHWZRUN�PRGHO�

RI�WKH�WUDQVSRUW�QHWZRUN��WKH�DUWLFOH�SURSRVHV�WR�XVH�SUHIUDFWDO�JUDSKV�WKDW�

KDYH�VHYHUDO�DGYDQWDJHV�RYHU�WKH�©FODVVLFDOª�JUDSKV��3UHIUDFWDO�JUDSKV�KDV�

WKH��FRQGLWLRQV�WKDW�DOORZ�XV�WR�GLVWLQJXLVK�DQ�DGPLVVLEOH�VHW�RI�VROXWLRQV�

RQ�ZKLFK�D�YHFWRU�REMHFWLYH�IXQFWLRQ�LV�EXLOW�ZLWK�JLYHQ�FULWHULD��LW�RSWLPL]HV�

WKH�SUREOHP��7KH�DXWKRUV�VHDUFK� IRU�D�VROXWLRQ�WR� WKH�SUREOHP�ZLWK� WKH�

XVH�RI�VSHFLDOO\�FRQVWUXFWHG�DOJRULWKPV��7KH�DXWKRUV�SUHVHQW�DQG� MXVWLI\�

WKH�DOJRULWKP�IRU�VROYLQJ�WKH�SUREOHP��,W�PDNHV�LW�SRVVLEOH�WR�RSWLPL]H�WKH�

FULWHULRQ�DLPHG�DW�LGHQWLI\LQJ�URXWHV�FRYHULQJ�DV�PDQ\�WUDQVSRUW�KXEV�DV�

SRVVLEOH� RQ� \RXU�ZD\� RU� LGHQWLI\LQJ� WKH� VKRUWHVW� �E\� LQFOXVLRQ�� VKRUWHVW�

URXWHV�� 7KH� VWXG\� JLYHV� WKH� HVWLPDWHV� IRU� WKH� UHPDLQLQJ� FULWHULD�� 7KH�

TXDOLW\�RI�WKH�DOJRULWKP�LV�HVWLPDWHG�E\�LWV�FRPSXWDWLRQDO�FRPSOH[LW\��7KH�

DUWLFOH� SUHVHQWV� WKH� FRPSDULVRQ� RI� WKH� UHGXFHG� DOJRULWKP�RI� ©FODVVLFDOª�

JUDSKV�DQG�SUHIUDFWDO�JUDSKV���5HVXOWV��WKH�DXWKRUV�FRQVWUXFWHG�DQ�HI¿FLHQW�

DOJRULWKP�IRU�RUJDQL]LQJ�DQG�SODQQLQJ�RI�IUHLJKW�WUDQVSRUWDWLRQ��ZKLFK�JLYHV�

WKH�PD[LPXP�URXWHV�IRU�LQFOXVLRQ�LQ�ODUJH�VFDOH�WUDQVSRUWDWLRQ�QHWZRUNV�

.H\ZRUGV�� ODUJH�VFDOH� WUDQVSRUWDWLRQ� QHWZRUN�� SUHIUDFWDO� DQG� IUDFWDO�

JUDSKV��PXOWL�FULWHULD�GLVFUHWH�RSWLPL]DWLRQ��JUDSK�FRYHUDJH�
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��� %HOO� 0�*�+��� <DVXQRUL� ,LGD�� 7UDQV�
SRUWDWLRQ�QHWZRUN�DQDO\VLV��:LOH\�������

��� 7KDL� 0�7��� 3DUGDORV� 3�0�� �HGV����

+DQGERRN�RI�2SWLPL]DWLRQ�LQ�&RPSOH[�1HW�
ZRUNV�� 7KHRU\� DQG� $SSOLFDWLRQV�� 6SULQJHU��
�����

��� (PHOLFKHY� 9�$�� DQG� RWKHUV�� /HNFLL� SR�
WHRULL� JUDIRY�� XFKHE�� SRVRELH� >/HFWXUHV�
RQ� WKH� WKHRU\� RI� JUDSKV�� VWXG\� JXLGH@��

0RVFRZ��1DXND���������,Q�5XVV��

��� .RFKNDURY� $�0�� 5DVSR]QDYDQLH� IUDN�
WDO
Q\NK� JUDIRY�� $OJRULWPLFKHVNLM� SRGKRG 
>)UDFWDO� JUDSK� UHFRJQLWLRQ�� $OJRULWKPLF�

DSSURDFK@�� 1L]KQLM� $UK\]�� 3XEO�� FHQWUH�

©&<*186ª����������,Q�5XVV��

��� .RFKNDURY� 5�$�� 0QRJR]YHVKHQQ\H�
SUHGIUDNWDO
Q\H� JUDI\� V� QH�GH�WHU�PL�QL�UR�YDQ�
Q\PL� YHVDPL�� 3ULOR]KHQLH� Y� HNRQRPLNH��
VWUR�¿]LNH� L� VHWHY\K�NRPPXQLNDFL\DK� >0XO�
WL�ZHLJKWHG� SUH�IUDFWDO� JUDSKV� ZLWK� QRQ�

GHWHUPLQLVWLF� ZHLJKWV�� $SSOLFDWLRQ� LQ� WKH�

HFRQRP\�� DVWURSK\VLFV� DQG� QHWZRUN� FRP�

PXQLFDWLRQV@��0RVFRZ��/(1$1'���������,Q�

5XVV��

��� 3DYORY� '�$�� 0RGHOLURYDQLH� NUXS�QR�

PDVVKWDEQRM� WUDQVSRUWQRM� VHWL� SUHG�IUDN�

WDO
Q\PL� JUDIDPL� >0RGHOLQJ� ODUJH�VFDOH�

WUDQ�VSRUWDWLRQ� QHWZRUN� ZLWK� WKH� XVH� RI�

SUH�IUDFWDO� JUDSKV@�� 3RO\WKHPDWLF� RQOLQH�
VFLHQWL¿F� MRXUQDO� RI� .XEDQ� 6WDWH� $JUDULDQ�

8QLYHUVLW\�� .UDVQRGDU�� .XE*$8�� ������ QR��
����������SS��������������,Q�5XVV��

��� 3DYORY� '�$�� <DNKRQWRYD� ,�0��

0DWHPDWLFKHVND\D� PRGHO
� ]D�GD�FKL� RU�

JD�QL]DFLL� PDUVKUXWRY� Y� NUXS�QR�PDV�VKWD�

EQ\K� WUDQVSRUWQ\K� VHW\DK� V� SUL�PH�QHQLHP�

PHWRGRY� PQRJRNULWHULDO
QRM� RS�WL�PL]DFLL�

>0DWKHPDWLFDO� PRGHO� RI� WKH� SUREOHP�

RI� RUJDQL]DWLRQ� RI� URXWHV� LQ� ODUJH�VFDOH�

WUDQVSRUW� QHWZRUNV� XVLQJ� PXOWL�FULWHULD�

RSWLPL]DWLRQ�PHWKRGV@��3RO\WKHPDWLF�RQOLQH�
VFLHQWL¿F� MRXUQDO� RI� .XEDQ� 6WDWH� $JUDULDQ�
8QLYHUVLW\�� .UDVQRGDU�� .XE*$8�� ������ QR��

����������SS��������������,Q�5XVV��

��� 3HUHSHOLWVD� 9�$�� 0QRJRNULWHULDO
Q\H�
PR�GHOL�L�PHWRG\�GO\D�]DGDFK�RSWLPL]DWVLL�QD�
JUD�IDNK�>0XOWLFULWHULD�PRGHOV�DQG�PHWKRGV�
IRU�RSWLPL]DWLRQ�SUREOHPV�RQ�JUDSKV@��/$3�

/$0%(57�$FDGHPLF�3XEOLFDWLRQ���������,Q�

5XVV��

��� � (�� 0DLQLND��$OJRULWP\� RSWLPL]DFLL� QD�
VHW\DNK�L�JUDIDNK�>2SWLPL]DWLRQ�DOJRULWKPV�
RQ� QHWZRUNV� DQG� JUDSKV@�� 0RVFRZ�� 0LU��

�������,Q�5XVV��

�����(NRQRPLND�SDVVD]KLUVNRJR�WUDQVSRUWD��

XFKHE�� SRVRELH� >(FRQRP\� RI� SDVVHQJHU�

WUDQVSRUW��VWXG\�JXLGH@��8QGHU�HG��RI�SURI��

9�$�� 3HUVLDQRY�� 0RVFRZ�� .12586�� ������

�,Q�5XVV��

5HIHUHQFHV


