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Introduction	�
c�UL@MLFOIa�APgFaLIEF�AB�UaIFYLIBIa�LFalYIaMJ�RAJIaZ�IY�LlF�BIFJ[�AB�L@MYURA@LMLIAY�UZULF]�AB�LlF�ULMLF�IU�

MalIFEIYO� LlF� kA@J[� JFEFJ� IY� LF@]U� AB� LFalYIaMJ� RM@M]FLF@U� MY[� UF@EIaFU� ´GMJILZ� LlML� M@F� I]RJF]FYLF[� IY�
L@MYURA@L	� 9Y� LlIU� aAYYFaLIAY+� LlF� LAR� R@IA@ILZ� BA@� LlF� L@MYURA@L� UFaLA@� IU� LA� F¤RMY[� UaIFYLIBIa� @FUFM@al� IYLA�
a@FMLIAY� AB� R@AO@FUUIEF� LFalYAJAOIFU� BA@� LlF� @MLIAYMJ� A@OMYIjMLIAY� AB� aM@OA� L@MYURA@LMLIAYU+� BA@]MLIAY� MY[�
BGYaLIAYIYO� AB� FBBIaIFYL� L@MYURA@LMLIAY� UZULF]+� [FEFJAR]FYL� AB� BGY[M]FYLMJJZ� YFk� ]MYMOF]FYL� UZULF]U�
GUIYO�]A[F@Y�IYBA@]MLIAY�LFalYAJAOIFU��
+���	�

cL�R@FUFYL+�XS@MIYF�IU�PFYFBIaIMJJZ�[IBBF@FYL�B@A]�ALlF@�aAGYL@IFU�PZ�LlF�BMaL�LlML�M�UIOYIBIaMYL�YG]PF@�
AB�ILU�aILIFU�M@F�JAaMLF[�MJAYO�L@M[ILIAYMJ�L@MYURA@LMLIAY�MY[�aA]]GYIaMLIAY�@AGLFU�AB�LlF�`G@MUIMY�aAYLIYFYL	�
�lF� IUUGF� AB� LlF� [FEFJAR]FYL� AB� IYLF@YMLIAYMJ� L@MYURA@L� aA@@I[A@U� PZ� XS@MIYF� kIJJ� MaaFJF@MLF� YAL� AYJZ�
MalIFEIYO� LlF� UL@MLFOIa� OAMJU� AB� IYLFO@MLIAY� IYLA� LlF� `G@ARFMY� �A]]GYILZ+� PGL� MJUA� UAJEIYO� UGal� LMUSU� MU�
M[[ILIAYMJ�IYEFUL]FYLU�IYLA�[FEFJAR]FYL�AB�LlF�L@MYURA@LMLIAY�IYB@MUL@GaLG@F�AB�LlF�ULMLF+�MU�kFJJ�MU�IYa@FMUIYO�
EAJG]FU�AB�R@A[GaLU�BA@�F¤RA@L��
�	�

�@MYURA@L�IY�XS@MIYF�IU�M�RAkF@BGJ�aA]]GYIaMLIAY�UZULF]+�klIal�IYaJG[FU�MJJ�ILU�LZRFU�=kMLF@+�@AM[+�
@MIJkMZ+�RIRFJIYF+�MI@>	��lF�]MIY�R@A[GaLIAY�BGY[U�AB�L@MYURA@L�aAYULILGLF�MPAGL��<�Ó�AB�LlF�R@A[GaLIAY�BGY[U�
AB� LlF� aAGYL@Z� �
�	� �@FMLIYO� GYILF[� IYLF@YMLIAYMJ� L@MYURA@L,JAOIULIa� UZULF]+� OFAO@MRlIaMJ� RAUILIAY� AB� LlF�
L@MYURA@LMLIAY� URMaF� AB� XS@MIYF+� MU� kFJJ� MU� F¤IULFYaF� AB� ]MYZ� IYLF@YMLIAYMJ� L@MYURA@L� aA@@I[A@U� @F´GI@F� LlF�
BAJJAkIYO��
+���s�UFRM@MLF�MYMJZUIU�AB�L@MYURA@L�lGPU�]MYMOF]FYL��R@AEIUIAY�AB�aAA@[IYMLIAY�MY[�IYLF@MaLIAY�
AB�MJJ�SIY[U�AB�L@MYURA@L��I]RJF]FYLMLIAY�AB�]A[F@Y�MalIFEF]FYLU�IY�UaIFYLIBIa�MY[�LFalYIaMJ�R@AO@FUU�IY�LlF�
L@MYURA@LMLIAY�ARF@MLIAY	�

CFUIOYIYO�FBBIaIFYL�[FJIEF@Z�AB�aM@OAU�kILl�LlF�MJIOY]FYL�AB�MJJ�LlF�JIYSU�AB�LlF�L@MYURA@LMLIAY�R@AaFUU�
YFaFUUILMLF[� M� JM@OF� YG]PF@� AB� LlFA@FLIaMJ� MY[� F¤RF@I]FYLMJ� ULG[IFU� AY� EM@IAGU� IUUGFU� AB� [FEFJAR]FYL� AB�
L@MYURA@L�UZULF]U��
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QFJFEMYaF�AB� LlF� @FUFM@al� IU� [FLF@]IYF[�PZ� LlF�YFF[� LA� I]R@AEF�FBBIaIFYaZ�AB� LlF� L@MYURA@LMLIAY�AB�
OAA[U�IY�IYLF@YMLIAYMJ�L@MBBIa�Ll@AGOl�LlF�[FEFJAR]FYL�MY[�I]RJF]FYLMLIAY�AB�]A[FJU+�]FLlA[U�MY[�UABLkM@F�
BA@�LlF�@MLIAYMJ�A@OMYIjMLIAY�AB�IYLF@YMLIAYMJ�B@FIOlL�L@MBBIa	�

Literature review and problem statement. 
fMYZ�UaIFYLIBIa�RMRF@U�IY�LlF�BIFJ[�AB�L@MYURA@LMLIAY�UZULF]U+�JAOIULIaU�MY[�ARF@MLIAYU�ULG[IFU�M[[@FUU�

LlF� UAJGLIAY� AB� R@APJF]U� LA� IYa@FMUF� FBBIaIFYaZ� AB� aM@OA� L@MYURA@LMLIAY� IY� IYLF@YMLIAYMJ� L@MBBIa	� �lF� ]MIY�
alM@MaLF@IULIaU�AB�LlF�L@MYURA@L�YFLkA@SU���;��IYaJG[Fs�]M¤I]G]�BJAk�IY�LlF��;�MY[�LlF�UlA@LFUL�[IULMYaFU�IY�
LlF��;	��A�UAJEF�LlF�R@APJF]�AB�ARLI]IjMLIAY�AB�LlF��;+�IL�IU�YFaFUUM@Z�LA�@F[GaF�M�YFLkA@S�@FR@FUFYLMLIAY�AB�
LlF�L@MYURA@L�R@APJF]�LA�LlF�]ML@I¤�BA@]+�BA@�klIal�LlF@F�IU�R@MaLIaMJ�]MLlF]MLIaMJ�MRRM@MLGU	�cY�MYMJZUIU�AB�
LlF�JILF@MLG@F�[MLM�LlML�kF�aAY[GaLF[�@FEFMJF[�LlF�BAJJAkIYO	�

�lF�F¤IULIYO�]FLlA[U�BA@�UAJEIYO�LlF�R@APJF]�AB�]M¤I]G]�BJAk�IY�LlF��;�M@F�aAYEFYIFYL�LA�GUF�AYJZ�
BA@�M�BJML�YFLkA@S����	�c�YFk�R@FUFYLF[�MJOA@ILl]�BA@�LlF�]M¤I]G]�BJAk�MJJAkU�LlF�ARLI]IjMLIAY�AB�UAJGLIAY�
LA� LlF� R@APJF]+� PGL� IL� [AFU� YAL� LMSF� IYLA� MaaAGYL� LlF� RFaGJIM@ILIFU� AB� L@MYURA@L� YFLkA@SU� ���	� �A� UAJEF� LlF�
R@APJF]+� IL� IU� YFaFUUM@Z� LA� F¤LFY[� LlF� ]FLlA[� BA@� UAJEIYO� LlF� R@APJF]U� AY� LlF� ARLI]IjMLIAY� AB� L@MYURA@L�
YFLkA@SU�kILl�MY[�kILlAGL�@FUL@IaLIAYU�AB�LlF�Ll@AGOlRGL�aMRMaILZ	�

�lF�MJOA@ILl]U�AB�]MLlF]MLIaMJ�R@AO@M]]IYO�BA@�[FUIOYIYO�M��;�M@F�[FEFJARF[+�klIal�MJJAk�BIY[IYO�
LlF�ARLI]MJ�kMZU��
�	�bGL�UGal�MJOA@ILl]U�[A�YAL�LMSF�IYLA�MaaAGYL�LlF�JM@OF�YG]PF@�AB�IYLF@]F[IMLF�RAIYLU�IY�
LlF��;	��lF�R@ARAUF[�alM@MaLF@IULIaU�AB�L@MYURA@L�IY�LlF�]GJLIRJF¤�UZULF]�FYMPJF�LlF�ARLI]IjMLIAY+�PGL�[A�YAL�
MJJAk�LlF�aMJaGJMLIAY�AB�LlF�UlA@LFUL�[IULMYaFU�IY�LlF�aMUF�AB�M�JM@OF�YG]PF@�AB�IYLF@]F[IMLF�RAIYLU����	�

�lF�L@MYURA@LMLIAY�R@APJF]�IY�LlF�]ML@I¤�MY[�YFLkA@S�BA@]U�IU�R@FUFYLF[�PZ�[FBIYILIAY�IY�F´GIEMJFYLU�
���	�TAkFEF@+�UA]FLI]FU�IL�IU�]A@F�aAYEFYIFYL�LA�UAJEF�M�YFLkA@S�R@APJF]�IY�]ML@I¤�BA@]����	�bGL�kF�YFF[�
LA� I]R@AEF� LlFUF� ]FLlA[U� LA� UAJEF� aA]RJF¤� YFLkA@S� L@MYURA@LMLIAY� R@APJF]U� GUIYO� [I@FaLF[� O@MRlU� IY� LlF�
`¤aFJ�FYEI@AY]FYL	�

9Y�OFYF@MJ+�LlF�R@APJF]�AB�FBBFaLIEF�aAYL@AJ�AEF@�LlF�IYLF@YMLIAYMJ�B@FIOlL�L@MYURA@LMLIAY�R@AaFUU�IU�IY�
LlF� BMaL� LlML� LlF� F¤IULIYO� ]FLlA[U� [A� YAL� BGJJZ� LMSF� IYLA� MaaAGYL� URFaIBIa� BFMLG@FU� AB� LlFI@� BGJBIJJ]FYL� MY[+�
aAYUF´GFYLJZ+� LlF@F� IU� YA� M� GYIBIF[� MRR@AMal� LA� [FLF@]IYIYO� LlF�]FLlA[U� BA@� LlF� [FLF@]IYMLIAY� AB� ARLI]MJ�
alM@MaLF@IULIaU�AB��;	�
�

Improvement of the methods for reducing network representation of the transport problem to the 
matrix form. 

�lF�L@MYURA@L�R@APJF]�IY�LlF�]ML@I¤�MY[�YFLkA@S�BA@]U�AB�@FR@FUFYLMLIAY�M@F�F´GIEMJFYL�PZ�[FBIYILIAY	�
TAkFEF@+�UA]FLI]FU�IL�IU�]A@F�aAYEFYIFYL�LA�UAJEF�LlF�YFLkA@S�R@APJF]�IY�LlF�]ML@I¤�BA@]	��lF@F�M@F�LkA�
]MIY�kMZU�LA�@F[GaF�M�YFLkA@S�R@APJF]�LA�LlF�]ML@I¤�BA@]���+���	�

µF�R@ARAUF� LA�UAJEF� LlF�YFLkA@S� L@MYURA@L�R@APJF]U� IY� LlF�`¤aFJ�FYEI@AY]FYL	�c�[I@FaLF[�O@MRl� IU�
aMJJF[�M�YFLkA@S+�klF@F�LlF�BAJJAkIYO�M@F�[FLF@]IYF[s�

��YA[F,UAG@aF�LlML�lMU�AYJZ�LlF�AGLRGL�M@aU�=[FYALF[�PZ�JFLLF@�s�B@A]�«UAG@aF«>��
��YA[F,@GYABB�LlML�lMU�AYJZ�LlF�IYRGL�M@aU�=[FYALF[�PZ�JFLLF@�t+�B@A]�«LF@]IYMJ«���BIYMJ�[FULIYMLIAY>��
��MJJ�ALlF@�YA[FU���IYLF@]F[IMLF�=L@MYUIL>+�IYLF@aAYYFaLF[�PZ�M@aU+�klIal�IYaJG[F�LlF�IYRGL�MY[�AGLRGL�

M@aU	�
CI@FaLF[�M@aU� IY� LlF�YFLkA@S�M@F�]M@SF[�kILl�M@@AkU+�YAY�[I@FaLF[�M@a� IU�@FRJMaF[�kILl� LkA�M@@AkU�

BMaIYO� FMal� ALlF@	� c@a� kILl� M@@Ak� MY[� M� aF@LMIY� EMJGF� AB� LlF� MRR@AR@IMLF� RM@M]FLF@� URFaIBIFU� GYIEF@UMJ�
aAYaFRL���BJAk�LlML�]AEFU�B@A]�LlF�IYILIMJ�YA[F�AB�LlF�M@a�LA�LlF�BIYMJ�YA[F	��lF�APgFaLU�AB�BJAkU�IY�R@MaLIaMJ�
R@APJF]U�M@F�LlF�aM@OAU+�OMU+�RMUUFYOF@U+�EFlIaJFU+�aA]]GYIaMLIAY�UIOYMJU+�BJGI[U+�FLa	�

fAUL�AB�LlF�ARLI]IjIYO�R@APJF]U�IY�YFLkA@SU�M@F�LlF�R@APJF]U�AY�BJAkU�IY�LlF�YFLkA@SU�=network flow 
problems>� ��+� ��	� �A@� LlF� YFLkA@S� ARLI]IjMLIAY� R@APJF]U+� M� BGY[M]FYLMJ� R@IYaIRJF� IU� LlF� principle of 
maintaining the flow�ML�MYZ�YA[F+�RM@LIaGJM@JZ+�LlF�LALMJ�AB�BJAkU�����=�>�ML�LlF�YA[F�AGLRGL�IU�F´GMJ�LA�LlF�LALMJ�
AB�BJAkU�ML�ILU�IYRGL����=�>�t�RALFYLIMJ�R=¤>�AB�YA[F�=t�R@ARAUMJ���[F]MY[>+�BA@�F¤M]RJFs�

�� YA[F�UAG@aF� Us� ����=U>�<t�=U>�W+� klF@F� ?� IU� LlF� ]MOYILG[F� AB� LALMJ� BJAk� MJAYO� LlF� YFLkA@S��
RALFYLIMJ�R=U>�t?��

��YA[F�@GYABB�Ls�����=L>�Wt�=L>�<�PFaMGUF�RALFYLIMJ��=L>��W��
��IYLF@]F[IMLF�YA[F�¤s�����=�>������=�>�â��=�>	�
c�BJAk�IY�FMal�YA[F�AB�LlF�YFLkA@S�IU�BGYaLIAY�LlML�UMLIUBIFU�JIYFM@�F´GMLIAYU�MY[�IYF´GMJILIFU+�klF@F�

FMal�M@a�=�I+��g>�AB�LlF�YFLkA@S�IU�IY�JIYF�kILl�AYF�A@�]A@F�RAUILIEF�YG]PF@U	��A@�F¤M]RJF+�]MOYILG[F�[=�I+��g>�
IY�LlF�R@APJF]�AY�]M¤I]G]�BJAk�IU�LlF�Ll@AGOlRGL�aMRMaILZ�AB�LlF�M@a�=]M¤I]G]�M]AGYL�AB�R@A[GaL�LlML�aMY�
PF� [FJIEF@F[� kILl� YA[F� �I� LA� YA[F� �g� MJAYO� LlIU� M@a� RF@� GYIL� AB� LI]F>�� IY� LlF� L@MYURA@L� R@APJF]+� LlIU� IU� LlF�
[IULMYaF� A@� LlF� aAUL� AB� L@MYURA@LMLIAY	� TFYaF� LlF� ]MOYILG[F� AB� BJAk� MJAYO� M@a� =�I+� �g>� [AFU� YAL� F¤aFF[�
Ll@AGOlRGL�aMRMaILZ�AB�LlIU�M@a�[=�I+��g>�IB�IL�IU�UFL	�
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�lF�RG@RAUF�AB� LlF�ULG[Z� IU� LlF� @F[GaLIAY�AB�YFLkA@S� @FR@FUFYLMLIAY�AB� LlF� L@MYURA@L�R@APJF]�LA� LlF�
]ML@I¤� BA@]� LlML�kIJJ� MJJAk�GU� IY� BGLG@F� LA� UAJEF� LlF�R@APJF]U�AB�aM@OA� L@MYURA@LMLIAY�ARLI]IjMLIAY	��IO	�
�
[IURJMZU� �;� kILlAGL� JI]ILMLIAY� BA@� LlF� Ll@AGOlRGL� aMRMaILZ�� �IO	� �� R@FUFYLU� �;� kILl� JI]ILMLIAYU� BA@� LlF�
Ll@AGOlRGL�aMRMaILZ	�
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� JIYSU	� ;F¤L� LA� LlF� aA@@FURAY[IYO� EF@LF¤� IY�
RM@FYLlFUFU� IU� LlF� YG]PF@� kILl� M� RJGU� UIOY� LlML� IY[IaMLFU� LlF� EAJG]F� AB� R@A[GaLIAY� klIJF� LlF� EAJG]F� AB�
aAYUG]RLIAY�IU+�@FURFaLIEFJZ+�[FYALF[�PZ�LlF�YG]PF@�kILl�M�]IYGU�UIOY	��lF�aAUL�AB�aM@OA�L@MYURA@LMLIAY�IU�
k@ILLFY�[AkY�IY�FMal�M@a+�klF@F� LlF�[FYA]IYMLA@�AB� B@MaLIAY�[F]AYUL@MLFU� Ll@AGOlRGL�aMRMaILZ�AB�UFRM@MLF�
JIYSU�IY�LlF�YFLkA@S	��IO	�
+���R@FUFYLU�[IUL@IPGLIAYU�AB�aM@OA�BJAkU�MY[�RALFYLIMJU	�
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