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pw= CUO w O}OH ẁv |@ wNx@ Ci=} R=@ C=}rta R= Oa@ xm OvDUy |R=UR=@ ẁv R=
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|xv} Ry xJv=vJ xD@r= "CU= X}YND Cr=L R= QDW}@ xDiQ CUO R= VwQi Cr=L
|xrLQt QO xDiQ CUO R= VwQi |xv} Ry R= QDnQR@ Q=}U@ 1 |xrLQt QO Ow@tm
|UQQ@ Qw_vtx@ [17]"OW=@ QD|O=YDk= xDiQ CUO R= VwQi CU= umtt 'OW=@ 2
"OwW|t xO=iDU= |HwR C=Oy=Wt u}ov=}t uwtR; R= =yxv} Ry Cw=iD u}= |Q=O|vat
|=yxv} Ry (t0 95 = 1 66) OYQO 95 u=v}t]= K]U QO xm O=O u=Wv uwtR; u}=

"(t = 17 91) OvQ=O sy =@ |Q=O|vat Cw=iD Cr=L wO u}=
QDsm xDiQ CUO R= VwQi |xv} Ry 'u=Um} |=yQDt=Q=B |=R=x@ 5 w 4 pw=OH QO
"CU= QDsm |}xQwOQwQt sDU}U x@ C@Uv xv} Ry Cw=iD u}= |rw 'X}YND Cr=L R=
sy=@ |Q=O|vat Cw=iD =yxv} Ry =Hv}= QO xm O=O u=Wv OQwt u}= QO |Q=t; uwtR;

"(t = �12 71) OvQ=Ov

u=wvax@ |vOW |=y?=wH R= |}xawtHt CU= sRq xrLQt u}rw= u=wvax@ l}DvS
?=NDv= |iO=YD CQwYx@ ,qwtat xawtHt u}= |=[a= "OwW O=H}= x}rw= C}atH
'=[a= O=OaD `k=w QO "OQ=O |oDU@ xr�Ut ẁv x@ C}atH |=[a= O=OaD "OwW|t
wHwCUH |}=Qosy CaQU w =y?=wH CkO u=wD|t u; Q}}eD =@ xm CU= |QDt=Q=B

"O}WN@ Ow@y@ =Q
"OW=@ 160 =D 10 u}@ |OOa C}atH |=[a= O=OaD CU= QDy@ x@ QHD T=U=Q@
swRwtwQm Qy "Ov};QO swRwtwQm pmW x@ u; |=[a= CU= sRq 'C}atH ?=NDv= R= Oa@
p}O@D =yuS x@ =y?=wH '�10|Q=PoOm � p}O@D |xrLQt QO "CU= uS OvJ R= |W}=Q;
ẁv x@ xDU@=w VwQ ?=NDv= "OQ=O OwHw |Q=PoOm |=Q@ |irDNt |=yVwQ "OvwW|t

|Qv}=@ |Q=PoOm '|Q=PoOm ẁv u} QDsyt "OwW|t xDN=OQB u; x@ xm CU= |}xr�Ut
QO� VR=Q@ `@=D R= xO=iDU= =@ C}atH |=[a= R= s=Om Qy |=R=x@ ?U=vD VRQ= "CU=

"OwW|t |Q}oxR=Ov= �xv} Ry `@=D =Hv}=
"CU= ?=NDv= |=yOv}=Qi T=U=Q@ 'xat=H R= C}atH u}twO O=H}= |Oa@ s=o
l}DvS |=ysD} Qwor= |=Q@ u=NQJ ?=NDv= =} |v} Rox@Nv p}@k R= |irDNt |=yVwQ
=yswRwtwQm |Dkw "OQm xO=iDU= =yu; R= =yuS ?=NDv= |=Q@ u=wD|t xm OQ=O OwHw
pL x=Q wO "OvwW KqY= ?U=vD V}=Ri= |=Q@ |iO=YD Qw]x@ O}=@ 'OvOW ?=NDv=
'u; |] xm CU= �VyH� x=Q u} QDxO=U w u}rw= "OQ=O OwHw Q=m u}= |=Q@ |U=U=
�?}mQD� VwQ u}twO "OwW|t O=H}= C=}YwYN Om R= x]kv l} QO lJwm |Q}}eD
xOvR C=OwHwt QO pFt O}rwD pw] QO =yswRwtwQm ?}mQD Ov}=Qi T=U=Q@ xm OQ=O s=v
"s}UQ@ xrLQt u} QN; x@ =D OwW|t Q=QmD QOku; Ov}=Qi u}= "CU= xOW |R=Ux}@W

80 ?}mQD O=ONQ p=tDL= '100 =@ Q@=Q@ C}atH |=[a= O=OaD Q=DWwv u}= QO
uDiQo Q_v QO =@ "CU= xOW xDiQo Q_v QO OYQO 20 VyH O=ONQ p=tDL= w 'OYQO

"OwW|t |UQQ@ pOt Q=yJ QO =yQDt=Q=B Q}}eD Q}F-=D 'Q} R Q}O=kt
� = 100; � = 1; 5; 10; � = 1; 2; 3
r = 0 1; 0 15; 0 2; 0 3; 0 5
A1 = 25; A2 = 100; A3 = 50; A4 = 25
h1 = 2; h2 = 1; h3 = 2; h4 = 0 5
p1 = 10; 20; p2 = 20; p3 = 15
l1 = 0 25; l2 = 0 5; l3 = 0 5
T w m 'n Q}O=kt 'OwW|t |UQQ@ =ypOt R= l} Qy |=R=x@ xm |r=Ft 60 s=tD |=Q@
|=ypOt QO Q}O=kt u}= |Q=Po}=H =@ TBU w O};|t CUO x@ |a]k pOt pL =@
|=Q@ "OwW|t x@U=Lt k3 w k2 'k1 Q}O=kt w xrO=at Qy |xv}tm |xv} Ry '|iO=YD
|=R=x@ =yQ}eDt Q=Okt p1 = 10 'r = 0 1 '� = 1 '� = 1 Q}O=kt |=R=x@ 'p=Ft

"�1 pwOH� CU= xOt; =ypOt R= l} Qy
|xv} Ry xm CiQo xH}Dv u=wD|t 4 w 3 |=ypmW u}vJty w 5 |r= 2 pw=OH R=
Q}O=kt |=R=x@ xm u}= x@ xHwD =@ u}vJty "O@=}|t Vy=m =y|DWoR=@ MQv V}=Ri= =@ pm
n Q=Okt 0 3 w 0 2 Q}O=kt |=Q@ w '2 Q@=Q@ n Q=Okt |DWoR=@ MQv |=Q@ 0 15 w 0 1
xH}Dv u=wD|t 'O};|t CUO x@ 4 Q@=Q@ n Q=Okt 0 5 |DWoR=@ MQv |=R=x@ w '3 Q@=Q@

"CU= xDi=} V}=Ri= R}v n Q=Okt |DWoR=@ MQv V}=Ri= =@ xm CiQo
xv} Ry u=R}t �V}=Ri= =@ xm OQm xOy=Wt u=wD|t 5|r= 2 pw=OH s=tD QO u}vJty
3 w 2 pw=OH QO xv} Ry R}v p1 Q=OktV}=Ri= =@ "�6 w 5 |=ypmW�CU= xDi=}V}=Ri=
QO "CU= xOWv O=H}= xv} Ry QO |v=OvJ Q}}eD 5 w 4 pwOH QO =:t= xDi=} V}=Ri=
"�8 w7 pmW� CU= xDi=} V}=Ri= R}v pm |xv} Ry � Q=Okt V}=Ri= =@ pw=OH |t=tD
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t"r; �; �; P1 Cw=iDt Q}O=kt |=R=x@ 1 pOt ETC Q=Okt "2 pwOH

� = 10 � = 5 � = 1
P1 R

� = 3 � = 2 � = 1 � = 3 � = 2 � = 1 � = 3 � = 2 � = 1
406 528 401 335 401 328 357 405 351 602 347 788 329 998 318 716 308 474 10 0 1
413 894 410 300 408 160 361 491 355 292 351 262 332 359 320 335 309 487 20
398 567 395 157 393 098 352 623 346 539 342 565 327 536 316 150 305 783 10 0 15
405 432 401 753 399 525 356 651 350 084 345 849 329 784 317 779 306 766 20
392 324 388 551 386 306 348 409 341 916 337 590 325 008 313 250 302 459 10 0 2
397 939 393 936 391 563 351 701 344 829 340 307 327 032 314 707 303 297 20
374 070 369 940 367 312 336 777 329 613 324 755 317 804 305 885 294 733 10 0 3
379 188 374 798 372 079 339 884 332 293 327 209 319 890 307 286 295 576 20
338 922 333 268 329 637 314 448 305 522 299 007 303 420 290 968 278 941 10 0 5
342 643 336 664 332 836 316 879 307 483 300 685 305 360 292 250 279 654 20

"r; �; �; P1 Cw=iDt Q}O=kt |=R=x@ 2 pOt ETC Q=Okt "3 pwOH
� = 10 � = 5 � = 1

P1 R
� = 3 � = 2 � = 1 � = 3 � = 2 � = 1 � = 3 � = 2 � = 1

351 666 349 969 349 012 326 115 323 102 321 118 311 870 305 997 300 689 10 0 1
357 585 356 145 354 615 329 543 326 197 324 067 313 833 307 458 301 533 20
346 378 344 616 343 530 322 527 319 369 317 296 309 483 303 580 298 194 10 0 15
352 027 350 106 348 904 325 793 322 318 320 045 311 467 304 935 299 007 20
342 861 340 890 339 680 319 532 316 074 313 765 307 064 300 808 295 062 10 0 2
347 828 345 749 344 371 322 435 318 659 316 159 308 869 302 078 295 805 20
329 445 327 250 325 860 309 827 305 858 303 285 299 604 293 277 287 367 10 0 3
334 334 331 473 329 965 312 340 308 199 305 409 301 393 294 525 288 076 20
304 392 301 351 299 419 291 268 286 478 283 029 285 387 278 721 272 294 10 0 5
307 727 304 445 302 331 293 511 288 330 284 554 287 130 279 943 272 933 20

"r; �; �; P1 Cw=iDt Q}O=kt |=R=x@ 3 pOt ETC Q=Okt "4 pwOH
� = 10 � = 5 � = 1

P1 R
� = 3 � = 2 � = 1 � = 3 � = 2 � = 1 � = 3 � = 2 � = 1

321 881 321 046 320 534 309 150 307 640 306 658 302 045 299 115 296 468 10 0 1321 881 321 046 320 534 309 150 307 640 306 658 302 045 299 115 296 468 20
318 104 317 225 316 683 306 207 304 630 303 590 299 702 296 752 294 066 10 0 15318 104 317 225 316 683 306 207 304 630 303 590 299 702 296 752 294 066 20
313 751 312 822 312 248 302 689 301 042 299 952 296 774 293 806 291 080 10 0 2313 751 312 822 312 248 302 689 301 042 299 952 296 774 293 806 291 080 20
303 354 302 306 301 654 293 971 292 165 290 945 289 198 286 197 283 393 10 0 3303 354 302 306 301 654 293 971 292 165 290 945 289 198 286 197 283 393 20
282 876 281 485 280 592 276 865 274 669 273 080 274 169 271 111 268 166 10 0 5282 876 281 485 280 592 276 865 274 669 273 080 274 169 271 111 268 166 20
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OW=Q "r; �; �; P1 Cw=iDt Q}O=kt |=R=x@ 4 pOt ETC Q=Okt "5 pwOH
� = 10 � = 5 � = 1

P1 R
� = 3 � = 2 � = 1 � = 3 � = 2 � = 1 � = 3 � = 2 � = 1

325 353 324 421 323 848 311 130 309 442 308 345 303 192 299 917 296 961 10 0 1
325 353 324 421 323 848 311 130 309 442 308 345 303 192 299 917 296 961 20
321 863 320 880 320 275 308 570 306 809 305 654 301 302 298 007 295 005 10 0 15
321 863 320 880 320 275 308 570 306 809 305 654 301 302 298 007 295 005 20
315 389 314 387 313 768 303 462 301 686 300 511 297 085 293 885 290 946 10 0 2
315 389 314 387 313 768 303 462 301 686 300 511 297 085 293 885 290 946 20
305 212 304 083 303 379 295 096 293 149 291 833 289 950 286 714 283 691 10 0 3
305 212 304 083 303 379 295 096 293 149 291 833 289 950 286 714 283 691 20
283 943 282 470 281 525 277 580 275 255 273 573 274 726 271 488 268 370 10 0 5
283 943 282 470 281 525 277 580 275 255 273 573 274 726 271 488 268 370 20

"|Q=Oxov |xv} Ry Q}}eD =@ |}xQwO w s�=O QwQt sDU}U |xv} Ry xU}=kt "6 pwOH
100; 50; 100; 25 20; 10; 20; 5 2; 1; 2; 0 5 h1; h2; h3; h4 Q}O=kt

7057 75 1559 26 308 474 1 pOt
6971 26 1532 41 300 689 2 pOt
7099 71 1546 22 296 468 3 pOt
7184 41 1551 14 296 468 4 pOt

"O} Q@D |R=Ux}@W w l}DvS sD} Qwor= G}=Dv xU}=kt "7 pwOH
4 pOt 3 pOt 2 pOt 1 pOt

296 961 296 468 300 689 308 474 l}DvS sD} Qwor=
297 160 296 677 300 744 308 551 O} Q@D |R=Ux}@W
0 199 0 209 0 055 0 077 Ow@y@ u=R}t

xm CU= u}= OwW|t xOy=Wt xm |Qo}O xDmv 5 |r= 2 pw=OH xU}=kt =@
"CU= |}xQwO QwQt sDU}U R= QDsm u=Um} |=yQDt=Q=B =@ s�=OQwQt sDU}U |xv} Ry
95 u=v}t]= K]U QO u}ov=}t uwtR; R= 'Cw=iD u}= |Q=O|vat |UQQ@ Qw_vtx@
wO Qy QO xm OyO|t u=Wv G}=Dv "OwW|t xO=iDU= (t0 95 = 1 66) OYQO
Cw=iD (t = 17 93) X}YND w (t = 17 96) xDiQ CUO R= VwQi Cr=L
V}=Ri= |Q=Oxov |=yxv} Ry xm |DQwY QO =t= "OQ=O OwHw =yxv} Ry u}@ |Q=O|vat
OW Oy=wN |}xQwO QwQt sDU}U |xv} Ry R= QDnQR@ s�=OQwQt sDU}U |xv} Ry 'O@=}

"�6 pwOH�
sD} Qwor= Q=R@=x@aH R= xO=iDU= =@ k3 w 'k2 'k1 Q}O=kt w hOy `@=D Q=Okt u}vJty
'7 pwOH QO u; |HwQN w xOt; CUO x@ ?rDt Q=Ri=sQv QO 11O} Q@D |R=Ux}@W
xOy=Wt xm u=vJ "CU= xOW xOQw; 'l}DvS sD} Qwor= |HwQN =@ xU}=kt Qw_vtx@
x@ =Q |QDy@ Q=Okt O} Q@D |R=Ux}@W sD} Qwor= x@ C@Uv l}DvS sD} Qwor= 'OwW|t

"CU= xOQw; CUO

|=]N OQ=Ov=DU= h=QLv= C=Q}}eD x@ C@Uv pm |xv} Ry C=Q}}eD Q=Owtv "5 pmW
"�|}xQwO QwQt� |iO=YD

|=]N OQ=Ov=DU= h=QLv= C=Q}}eD x@ C@Uv pm |xv} Ry C=Q}}eD Q=Owtv "6 pmW
"�s}=O QwQt� |iO=YD
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|Q}oxH}Dv "5
wO QO |OwHwt sDU}U l} |=Q@ =Q |iO=YD w |a]k |=ypOt Q=DWwv u}= QO
|xQ}HvR =@ =y|DWoR=@ |oJQ=Bm} "s}OQm |UQQ@ |}xQwOQwQt w s�=OQwQt Cr=L
xH}DvQO "OR=U|t xO}J}B QDnQR@ |=ysDU}U |=Q@ =Q u; p}rLD 'xDU@xkrL u}t-=D
"OQm pL =Q pOt u=wD@ =D s}DiQo Q_v QO =Q |}=yZQi xr=kt u}= QO 'CrwyU Qw_vtx@

%R= Ov=CQ=@a =ypOt |=QH= R= pY=L G}=Dv
Cr=L xm O=O u=Wv X}YND w xDiQ CUO R= VwQi Cr=L |xv} Ry |xU}=kt "1
sDU}U QO |QDsm |xv} Ry �� xDiQCUO R= VwQiCr=L x@C@Uv ��X}YND

"OQ=O |}xQwO QwQt
s�=O QwQt sDU}U wO |xv} Ry '|R=UxO=t; w |Q=Oxov |=yxv} Ry u=R}t x@ xDU@ "2

"OW=@ |Qo}O R= QDW}@ =} QDsm CU= umtt |}xQwO QwQt w
QDW}@ |DWoR=@ w =[=kD u}@ |oDU@ty 'O@=}|t V}=Ri= |DWoR=@ MQv xm |Dkw "3
=@ p=L Qy QO "O@=}|t Vy=m Xr=N |=[=kD |Q}PB Q}}eD xH}DvQO w OwW|t
|oDU@ty u}= V}=Ri= xm CiQo xH}Dv u=wD|tv Q=PoQ}F-=D |=yQDt=Q=B Q}=U x@ xHwD

"Q}N =} OwW|t =yxv} Ry u=R}t Vy=m Ea=@
p}rLD x@ COWx@ O}=@ =y|DWoR=@ =@ |OwHwt sDU}U uDiQo Q_v QO s=ovy u=Q}Ot
"OvQ}o@ s}tYD sDU}U w |OwHwt u=R}t OQwtQO w xDN=OQB OwN |=yxv} Ry w =yQDt=Q=B
=y|DWoR=@ MQv V}=Ri= =@ xm CiQo xH}Dv `]k Qw]x@ u=wD|tv CU= QmP x@ sRq

"Ov@=} Vy=m =} V}=Ri= R}v =yxv} Ry
QO 'CU= xOW xDiQo Q_v QO p=tQv =[=kD `} RwD Q=DWwv u}= QO xm u}= x@ xHwD =@
w =t=o `} RwD p}@k R= |Qo}O |=y`} RwD 'pOt |xaUwD Qw_vtx@ u=wD|t |D; C=k}kLD
Cw=iDt |=yxQwO QO =y|DWoR=@ w =[=kD |iQ] R= "O=O Q=Qk |UQQ@ OQwt =Q uwU=wB

"OQm ZQi xDU@ty =Q =yv; hrDNt |=yxQwO QO u=wD|t =t= Ov=pkDUt

QwQt� OQ=Ov=DU= h=QLv= C=Q}}eD x@ C@Uv pm |xv} Ry C=Q}}eD Q=Owtv "7 pmW
"�|}xQwO

QwQt� OQ=Ov=DU= h=QLv= C=Q}}eD x@ C@Uv pm |xv} Ry C=Q}}eD Q=Owtv "8 pmW
"�s}=O

=yCWwv=B
1. repair
2. refurbishing
3. remanufacturing
4. cannibalization
5. recycling
6. safety factor
7. order up to level
8. emergency shipment
9. allocation
10. encoding
11. simulated annealing
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