
!"#$% !&'()*+, !-#% .#/01$23.#4#.5"#36, 7 8 4 89 49 8: ; 8< - 8= >8!?7?58$2"
:@9@= = 8 !A'B('&3?*CDEF+' G@H $, G@H $, G@H $, G@H $, G@H $, ;(+*3!+F'&I3!+*D'+3/J)DK
9@:@= = 8 $DI+FF&''&3.(ICD*C+L'D H@M $, H@M $, H@M $, H@M $, H@M $, ;(+*3!+F'&I3/(CNOFFDK
:@9@= = 8 PNEND*D3Q3.DE(FNR+R3?*R(ICFN+' M@,6 $, M@,6 $, M@,6 $, M@,6 $, M@,6 $, #R(+FR&3S&&3!TAUDK
9@9@< < 8 SF&L+LN'NR+R3Q3#IC+RVICNB+ ,6@,, $, ,6@,, $, ,6@,, $, ,6@,, $, 8*RFOI37JWDK3-+'R&UN*&I
9@9@< < 8 #B&*&)V+3 ,,@,9 $, ,,@,9 $, ,,@,9 $, ,,@,9 $, #8
,@9@: : 8 8*A'NINI3RD3'+3"D+'NR+R31+BN&*+' ,9@,: $, ,9@,: $, ,9@,: $, 0LDFCN*&3/DF+FR&38'DX&3#IB(CN+
9@,@: : 8 ?*ED*NDFV+3RD3.NICD)+I ,9@,: $, ,6@,9 $, "+Y'3>'&FDI3/+FBV+

?*E'OI
5(C&FN+I

.#/01$23.#4#.5"#369
9@9@< < Z SF&L+LN'NR+R3Q3#IC+RVICNB+ G@H $9 G@H $9 G@H $9 G@H $9 8*RFOI37JWDK3-+'R&UN*&I
:@9@= = Z PNEND*D3Q3.DE(FNR+R3?*R(ICFN+' H@M $9 H@M $9 H@M $9 H@M $9 H@M $9 #R(+FR&3S&&3!TAUDK
9@:@= = Z $DI+FF&''&3.(ICD*C+L'D M@,6 $9 M@,6 $9 M@,6 $9 M@,6 $9 M@,6 $9 ;(+*3!+F'&I3/(CNOFFDK
9@9@< < Z #B&*&)V+3 ,6@,, $9 ,6@,, $9 ,6@,, $9 ,6@,, $9 #8
9@,@: : Z ?*ED*NDFV+3RD3.NICD)+I ,,@,9 $9 ,,@,9 $9 ,,@,9 $9 "+Y'3>'&FDI3/+FBV+
,@9@: : Z 8*A'NINI3RD3'+3"D+'NR+R31+BN&*+' ,,@,9 $9 ,6@,9 $9 0LDFCN*&3/DF+FR&38'DX&3#IB(CN+
:@9@= = !A'B('&3$N[DFD*BN+'333333" ,9@,: $9 ,9@,: $9 ,9@,: $9 ,9@,: $9 ,9@,: $9 ;%3$&'&FDI3/+FBV+3$+*ND'

?*E'OI
5(C&FN+I

!08"523.#4#.5"#36,
:@9@= = 8 #IC+RVICNB+3?*[DFD*BN+'3?? G@H $: G@H $: G@H $: G@H $: H@M $: 8'DX+*RF&3"+)VFDK38'U+F+R&
9@9@< < 8 SF&BDI&I3RD3>+LFNB+BNJ* H@M $: H@M $: H@M $: H@M $: "+Y'3>'&FDI3/+FBV+
:@9@= = 8 8'EDLF+37N*D+' M@,6 $: M@,6 $: M@,6 $: M@,6 $: M@,6 $: ;(+*3!+F'&I3!+*D'+3/J)DK
9@9@< < 8 >VINB+ ,6@,, $: ,6@,, $: ,6@,, $: ,6@,, $: ?E*+BN&32F&WDK+3.&C&
9@9@< < 8 ?*ED*NDFV+3#B&*J)NB+ ,,@,9 $: ,,@,9 $: ,,@,9 $: ,,@,9 $: 1DBDINR+R
<@9@\ \ 8 #IC(RN&3RD'35F+L+X&3?? ,9@,: $: ,9@,: $: ,9@,: $: ,9@,: $: ,6@,9 $: 4+FCV*3P(FC+R&38UN]+
9@,@: : 8 8R)N*NICF+BNJ*3RD3SF&QDBC&I ,:@,< $: ,:@,< $: ,:@,< $: ;(+*37(NI3PDF*A*RDK3/+FBV+

!08"523.#4#.5"#369
<@9@\ \ Z #IC(RN&3RD'35F+L+X&3?? G@H $< G@H $< G@H $< G@H $< H@,6 $< 4+FCV*3P(FC+R&38UN]+
:@9@= = Z #IC+RVICNB+3?*[DFD*BN+'3?? H@M $< H@M $< H@M $< H@M $< ,,@,9 $< 8*RFOI37JWDK3-+'R&UN*&I
9@9@< < Z ?*ED*NDFV+3#B&*J)NB+ M@,6 $< M@,6 $< M@,6 $< M@,6 $< 1DBDINR+R
<@9@\ \ Z 8'EDLF+37N*D+' ,6@,, $< ,6@,, $< ,6@,, $< ,6@,, $< ,6@,, $< ZAINB+I
9@9@< < Z >VINB+ ,,@,9 $< ,,@,9 $< ,,@,9 $< ,,@,9 $< ?E*+BN&32F&WDK+3.&C&
9@,@: : Z 8R)N*NICF+BNJ*3RD3SF&QDBC&I ,9@,: $< ,9@,: $< ,9@,: $< ;(+*37(NI3PDF*A*RDK3/+FBV+
9@9@< < Z SF&BDI&I3RD3>+LFNB+BNJ* ,:@,< $< ,:@,< $< ,:@,< $< ,9@,: $< "+Y'3>'&FDI3/+FBV+

!08"5233.#4#.5"#36:
9@9@< < ! SF&BDI&I3RD3>+LFNB+BNJ* G@H $H G@H $H G@H $H G@H $H "+Y'3>'&FDI3/+FBV+
<@9@\ \ ! #IC(RN&3RD'35F+L+X&3?? H@,6 $H H@,6 $H H@M $H H@M $H 4+FCV*3P(FC+R&38UN]+
9@,@: : ! 8R)N*NICF+BNJ*3RD3SF&QDBC&I M@,6 $H M@,6 $H M@,6 $H ;(+*37(NI3PDF*A*RDK3/+FBV+
9@9@< < ! ?*ED*NDFV+3#B&*J)NB+ ,6@,, $H ,6@,, $H ,6@,, $H ,6@,, $H 1DBDINR+R
<@9@\ \ ! 8'EDLF+37N*D+' ,,@,9 $H ,,@,9 $H ,,@,9 $H ,,@,9 $H ,,@,9 $H ZAINB+I
9@9@< < ! >VINB+ ,9@,: $H ,9@,: $H ,9@,: $H ,9@,: $H ?E*+BN&32F&WDK+3.&C&

!A'B('&3-DBC&FN+'333" ,:@,< $H ,:@,< $H ,:@,< $H ,:@,< $H ,9@,: $H ?F)+3S+FCNR+3!DFU+*CDI
.#^523.#4#.5"#36,

9@9@< < 8 8R)N*NICF+BNJ*3RD3'+I32WDF+BN&*DI3?? G@H #, G@H #, G@H #, G@H #, ;(+*3!+F'&I3Z+FF+EA*3Z+F+X+I
6@<@< < 8 5+''DF3RD3?*UDICNE+BNJ*3? H@M #, H@M #, H@M #, H@M #, 8FC(F&3/(K)+*3"(NK
9@9@< < 8 ?*UDICNE+BNJ*3RD32WDF+BN&*DI3?? M@,6 #, M@,6 #, M@,6 #, M@,6 #, -NBD*CD3!+)W&I3!&*CFDF+I
9@9@< < 8 S'+*D+BNJ*3>N*+*BNDF+ ,6@,, #, ,6@,, #, ,6@,, #, ,6@,, #, 8'[FDR&32F&WDK+3.&C&
<@9@\ \ 8 5JWNB&I3RD3!+'NR+R ,,@,9 #, ,,@,9 #, ,,@,9 #, ,,@,9 #, ,6@,9 #, ;(+*3!+F'&I3/(CNOFFDK
9@9@< < 8 /DICNJ*3RD3'&I3.NICD)+I3RD3!+'NR+R ,9@,: #, ,9@,: #, ,9@,: #, M@,6 #, "+Y'3>'&FDI3/+FBV+
9@9@< < 8 "D'+BN&*DI3?*R(ICFN+'DI ,:@,< #, ,:@,< #, ,:@,< #, ,:@,< #, ;(+*3!+F'&I3Z+FF+EA*3Z+F+X+I
<@9@\ \ 8 SF&WNDR+R3?*CD'DBC(+'3 ,G@,H #9 ,G@,H #9 ,G@,H #9 ,G@,H #9 ,9@,< #< #IWDBN+'NR+R3B&*3/DICNJ*3
:@9@= = 8 1DE&BN&I38EF&WDB(+FN&I ,M@96 #, ,M@96 #, ,M@96 #, ,M@96 #, #IWDBN+'NR+R3B&*3/DICNJ*3

INGENIERIA INDUSTRIAL

ENERO-JUNIO 2022



.#^523.#4#.5"#369
9@9@< < Z S'+*D+BNJ*3>N*+*BNDF+ G@H #9 G@H #9 G@H #9 G@H #9 8'[FDR&32F&WDK+3.&C&
9@9@< < Z 8R)N*NICF+BNJ*3RD3'+I32WDF+BN&*DI3?? H@M #9 H@M #9 H@M #9 H@M #9 ;(+*3!+F'&I3Z+FF+EA*3Z+F+X+I
9@9@< < Z /DICNJ*3RD3'&I3.NICD)+I3RD3!+'NR+R M@,6 #9 M@,6 #9 M@,6 #9 M@,6 #9 1DBDINR+R3:
9@9@< < Z ?*UDICNE+BNJ*3RD32WDF+BN&*DI3?? ,6@,, #9 ,6@,, #9 ,6@,, #9 ,6@,, #9 -NBD*CD3!+)W&I3!&*CFDF+I
6@<@< < Z 5+''DF3RD3?*UDICNE+BNJ*3? ,,@,9 #9 ,,@,9 #9 ,,@,9 #9 ,,@,9 #9 8FC(F&3/(K)+*3"(NK
9@9@< < Z "D'+BN&*DI3?*R(ICFN+'DI ,9@,: #9 ,9@,: #9 ,9@,: #9 ,9@,: #9 ;(+*3!+F'&I3Z+FF+EA*3Z+F+X+I
<@9@\ \ Z 5JWNB&I3RD3!+'NR+R ,:@,< #9 ,:@,< #9 ,:@,< #9 ,:@,< #9 ,9@,< #9 ;(+*3!+F'&I3/(CNOFFDK

.#^523.#4#.5"#36:
6@<@< < ! 5+''DF3RD3?*UDICNE+BNJ*3? G@H #: G@H #: G@H #: G@H #: 8FC(F&3/(K)+*3"(NK
9@9@< < ! ?*UDICNE+BNJ*3RD32WDF+BN&*DI3?? H@M #: H@M #: H@M #: H@M #: -NBD*CD3!+)W&I3!&*CFDF+I
9@9@< < ! S'+*D+BNJ*3>N*+*BNDF+ M@,6 #: M@,6 #: M@,6 #: M@,6 #: 8'[FDR&32F&WDK+3.&C&
9@9@< < ! /DICNJ*3RD3'&I3.NICD)+I3RD3!+'NR+R ,6@,, #: ,6@,, #: ,6@,, #: ,6@,, #: 1DBDINR+R3:
9@9@< < ! 8R)N*NICF+BNJ*3RD3'+I32WDF+BN&*DI3?? ,,@,9 #: ,,@,9 #: ,,@,9 #: ,,@,9 #: 1DBDINR+R3:
9@9@< < ! "D'+BN&*DI3?*R(ICFN+'DI ,9@,: #: ,9@,: #: ,9@,: #: ,9@,: #: 1DBDINR+R3:
<@9@\ \ ! 5JWNB&I3RD3!+'NR+R ,:@,< #: ,:@,< #: ,:@,< #: ,:@,< #: ,6@,9 #: #R(+FR&3S&&3!TAUDK

2!58-23.#4#.5"#36,
:@9@= = 8 4+*([+BC(F+38U+*K+R+ H@M #< H@M #< H@M #< H@M #< H@M #< 1DBDINR+R3,
:@9@= = 8 .NICD)+I3RD3/DICNJ*3?*CDEF+' M@,6 #< M@,6 #< M@,6 #< M@,6 #< M@,6 #< 0LDFCN*&3/DF+FR&38'DX&3#IB(CN+
9@:@= = 8 >&F)('+BNJ*33Q3#%3RD3SF&QDBC&I ,6@,, #< ,6@,, #< ,6@,, #< ,6@,, #< ,6@,, #< ;&D'3/(DFF+3SNK+*&
<@,@= = 8 .N_3.NE)+ ,,@,9 #< ,,@,9 #< ,,@,9 #< ,,@,9 #< ,,@,9 #< ;(+*37(NI3PDF*A*RDK3/+FBV+
,@:@< < 8 7&EVICNB+3`3!+R%3$D3.()N*NICF& ,9@,: #< ,9@,: #< ,9@,: #< ,9@,: #< #R(+FR&3S&&3!TAUDK
:@9@= = 8 "DE'+I3RD32WDF+BNJ* ,<@,= #< ,<@,= #< ,<@,= #< ,<@,= #< ,:@,= ;= #IWDBN+'NR+R3B&*3/DICNJ*3
:@9@= = 8 ?*E%3>N*+*BNDF+ ,=@,\ #< ,=@,\ #< ,=@,\ #< ,=@,\ #< ,=@,\ #< #IWDBN+'NR+R3B&*3/DICNJ*3
<@9@\ \ 8 4DFB+R&CDB*N+3?*CDF*+BN&*+' ,G@,H #: ,G@,H #: ,G@,H #: ,G@,H #: ,G@,H #: #IWDBN+'NR+R3B&*3/DICNJ*3

2!58-23.#4#.5"#369
:@9@= = Z .NICD)+I3RD3/DICNJ*3?*CDEF+' H@M ;= H@M ;= H@M ;= H@M ;= H@M ;= 0LDFCN*&3/DF+FR&38'DX&3#IB(CN+
:@9@= = Z 4+*([+BC(F+38U+*K+R+ M@,6 ;= M@,6 ;= M@,6 ;= M@,6 ;= M@,6 ;= 1DBDINR+R3,
<@,@= = Z .N_3.NE)+ ,6@,, ;= ,6@,, ;= ,6@,, ;= ,6@,, ;= ,6@,, ;= ;(+*37(NI3PDF*A*RDK3/+FBV+
,@:@< < Z 7&EVICNB+3`3!+R%3$D3.()N*NICF& ,,@,9 ;= ,,@,9 ;= ,,@,9 ;= ,,@,9 ;= #R(+FR&3S&&3!TAUDK
9@:@= = Z >&F)('+BNJ*33Q3#%3RD3SF&QDBC&I ,9@,: ;= ,9@,: ;= ,9@,: ;= ,9@,: ;= ,,@,9 ;= ;&D'3/(DFF+3SNK+*&
6@6@,6 ,6 .DFU%3.&BN+' @@@@@@@@@@@
6@6@,6 ,6 "DINRD*BN+I3SF&[DIN&*+'DI @@@@@@@@@@@


