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1RV 3UREOHPDV 3��±3��� QR ILQDO GHVWH FDStWXOR� YRFr DSOLFDUi DV LGHLDV GLVFXWLGDV
DTXL SDUD FULDU PRGHORV FRPSXWDFLRQDLV SDUD QDQRSDUWtFXODV ² SDUWtFXODV VyOLGDV
FRQWHQGR DWp DOJXPDV FHQWHQDV GH iWRPRV� 2V 3UREOHPDV 3��±3�� HQYROYHPPRGHODU
GXDV QDQRSDUWtFXODV HP FRQWDWR WpUPLFR�

$ SDUWH SULQFLSDO GH XP WDO SURJUDPD� UHIHUHQWH D GXDV QDQRSDUWtFXODV URWXODGDV
� H �� SRGHULD SDUHFHU FRP R VHJXLQWH�

1WRWDO  � � Q~PHUR WRWDO GH RVFLODGRUHV

1�  � � Q~PHUR GH RVFLODGRUHV QR REMHWR �

1�  1WRWDO�1� � Q~PHUR GH RVFLODGRUHV QR REMHWR �

TWRWDO  � � WRWDO GH TXDQWD GH HQHUJLD GLVSRQtYHLV

T�  � � LQLFLDOPHQWH � TXDQWD QR REMHWR �

ZKLOH T� � TWRWDO� � SDUD FDGD YDORU GH HQHUJLD HP �

T�  "" � Q~PHUR GH TXDQWD GH HQHUJLD HP �

� &DOFXOD R Q~PHUR GH IRUPDV GH DUUDQMDU T� TXDQWD HP ��

IRUPDV�  "

� &DOFXOD R Q~PHUR GH IRUPDV GH DUUDQMDU T� TXDQWD HP ��

IRUPDV�  "

� 7UDoD R QR� GH IRUPDV GH DUUDQMDU D HQHUJLD HP DPERV�

JUDILFRGDVIRUPDV�SORW� SRV �T��""� �

T�  T���

&RPR û6/û( ≈ �/7� SDUD FDOFXODU XPD WHPSHUDWXUD SUHFLVDPRV GH GRLV YDORUHV GH
6� 8P PRGR GH ID]HU LVVR QR LQWHULRU GH XP ODoR GH FiOFXOR p ³ROKDU DGLDQWH´� GD
VHJXLQWH IRUPD�

ZKLOH T� � TWRWDO�

� 3DUD FDGD GHOWDB6 YRFr SUHFLVD GH GRLV YDORUHV GH 6

� HQWmR XVH T� H T�D T���� HWF�
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IRUPDV�  "

IRUPDV�  "

IRUPDV�D  "

IRUPDV�D  "

� HWF�

1R 3UREOHPD 3��� YRFr PRGLILFDUi VHX PRGHOR SDUD FRQVLGHUDU XPD ~QLFD QDQR�
SDUWtFXOD H XWLOL]DUi DV GHILQLo}HV GH HQWURSLD� WHPSHUDWXUD H FDORU HVSHFtILFR SDUD
SUHYHU R FDORU HVSHFtILFR GH GXDV VXEVWkQFLDV UHDLV �DOXPtQLR H FKXPER� HP IXQomR GD
WHPSHUDWXUD� 9RFr FRPSDUDUi DV SUHYLV}HV GH VHX PRGHOR FRP GDGRV H[SHULPHQWDLV
SXEOLFDGRV SDUD HVVDV TXDQWLGDGHV�

���� " %*453*#6*±°0 %& #0-5;."//

&RPR D GHQVLGDGH GD DWPRVIHUD WHUUHVWUH YDULD FRP D HOHYDomR GD DOWLWXGH" &RPR D
GLVWULEXLomR GH YHORFLGDGHV PROHFXODUHV HP XP JiV YDULD TXDQGR D WHPSHUDWXUD GR
JiV DXPHQWD" $Wp DTXL QRV SUHRFXSDPRV FRP R HTXLOtEULR WpUPLFR GH GRLV EORFRV�



(QWURSLD� OLPLWHV GR SRVVtYHO ���

H FRPR R HTXLOtEULR WpUPLFR HVWi DVVRFLDGR jTXHOD SDUWLFXODU GLVWULEXLomR GH HQHUJLD
HQWUH RV GRLV EORFRV TXH FRUUHVSRQGH �GH ORQJH� DR PDLRU Q~PHUR GH IRUPDV GH DUUDQ�
MDU RV TXDQWD� 2 TXH SRGHPRV GL]HU VREUH D SUREDELOLGDGH GH REVHUYDU XPD SDUWLFXODU
TXDQWLGDGH GH HQHUJLD DVVRFLDGD D XP FHUWR iWRPR RX RVFLODGRU" $ERUGDU HVVD TXHVWmR
QRV OHYDUi j ³GLVWULEXLomR GH %ROW]PDQQ´� TXH IRUQHFH SLVWDV VREUH R FRPSRUWDPHQWR
GH XPD DPSOD YDULHGDGH GH IHQ{PHQRV ItVLFRV� TXtPLFRV H ELROyJLFRV�

6N SFTFSWBUØSJP B UFNQFSBUVSB DPOTUBOUF

Um grande “reservatório”

ΩR

Um sistema

pequeno

Ωs

)LJXUD ����� 8P VLVWHPD SHTXHQR HP
FRQWDWR FRP XP VLVWHPD PXLWR JUDQGH �XP
³UHVHUYDWyULR´��

&RQVLGHUH XP JUDQGH VLVWHPD HP FRQWDWR FRP XP VLVWHPD SHTXHQR� FRPR PRVWUDGR
QD )LJXUD ������ 2V GRLV VLVWHPDV HVWmR LVRODGRV GH VHX HQWRUQR H FRPSDUWLOKDP XPD
TXDQWLGDGH IL[D GH HQHUJLD (WRW� $ HQHUJLD H D WHPSHUDWXUD GR VLVWHPD JUDQGH QmR
SRGHP YDULDU PXLWR� GH PRGR TXH FKDPDPRV R VLVWHPD JUDQGH GH XP ³UHVHUYDWyULR´
D WHPSHUDWXUD TXDVH FRQVWDQWH� TXH VHPSUH PDQWpP R VLVWHPD SHTXHQR SUDWLFDPHQWH
j PHVPD WHPSHUDWXUD�

-i TXH HVSHUDPRV TXH D HQWURSLD WRWDO VHMD XP Pi[LPR� HVSHUDPRV TXH QD PDLRU
SDUWH GR WHPSR D PDLRU SDUWH GD HQHUJLD WRWDO (WRW VH HQFRQWUH QR UHVHUYDWyULR� FRP
SRXFD HQHUJLD QR VLVWHPD SHTXHQR� SRUTXH QR VLVWHPD JUDQGH D HQHUJLD SRGH VH GLV�
WULEXLU HQWUH XP Q~PHUR PXLWR PDLRU GH PLFURHVWDGRV GR TXH DTXHOHV GLVSRQtYHLV QR
VLVWHPD SHTXHQR� 0RVWUDUHPRV FRPR WRUQDU TXDQWLWDWLYD HVVD LGHLD�

6HMD UHV((UHV) R Q~PHUR GH PLFURHVWDGRV QR UHVHUYDWyULR TXDQGR D TXDQWLGDGH
GH HQHUJLD QR UHVHUYDWyULR p (UHV� 'H PRGR VHPHOKDQWH� VHMD (() R Q~PHUR GH PL�
FURHVWDGRV QR VLVWHPD SHTXHQR TXDQGR HVWH SRVVXL XPD TXDQWLGDGH GH HQHUJLD (� HP
TXH ( p PXLWR PHQRU TXH (UHV� XPD YH] TXH R UHVHUYDWyULR p PXLWR JUDQGH� $ HQHUJLD
WRWDO GR VLVWHPD FRPELQDGR p (WRW = (UHV+(� TXH p XP Q~PHUR IL[R� SRLV RV GRLV VLV�
WHPDV HVWmR LVRODGRV GR VHX HQWRUQR� 2 Q~PHUR WRWDO GH PLFURHVWDGRV SDUD R VLVWHPD
FRPELQDGR� FRUUHVSRQGHQWHV D (WRW� p WRW((WRW)� TXH WDPEpP p XP Q~PHUR IL[R�

1SPCBCJMJEBEF EF VNB EJWJTÍP QBSUJDVMBS EF FOFSHJB

2 Q~PHUR GH IRUPDV GH DUUDQMDU (UHV QR UHVHUYDWyULR H ( QR VLVWHPD SHTXHQR p
UHV((UHV)(()� HQTXDQWR R Q~PHUR GH IRUPDV GH DUUDQMDU (WRW QR VLVWHPD FRPELQDGR
p WRW((WRW)� 3RUWDQWR� D SUREDELOLGDGH 3(() GH HQFRQWUDU D HQHUJLD GLYLGLGD HQWUH R
UHVHUYDWyULR H R VLVWHPD SHTXHQR GH PRGR TXH KDMD HQHUJLD ( QR VLVWHPD SHTXHQR p�

3(() =
UHV((UHV)(()

WRW((WRW)

(VSHUDPRV TXH R YDORU PDLV SURYiYHO GD HQHUJLD ( D VHU HQFRQWUDGD QR VLVWHPD SH�
TXHQR VHMD XPD IUDomR PXLWR SHTXHQD GD HQHUJLD WRWDO� SRUTXH VH TXLVHUPRV UHWLUDU
XPD JUDQGH IUDomR GD HQHUJLD WRWDO GR VLVWHPD PDLRU SDUD FRORFi�OD QR VLVWHPD SH�
TXHQR KDYHUi PHQRV PLFURHVWDGRV QR VLVWHPD PDLRU �VHP XP DXPHQWR FRPSDUiYHO
QR VLVWHPD SHTXHQR�� R TXH VLJQLILFDULD XPD GLPLQXLomR QD HQWURSLD WRWDO�

(VWDPRV LQWHUHVVDGRV HP FRPR 3(() YDULD j PHGLGD TXH GHVORFDPRV PDLV H PDLV
GD HQHUJLD WRWDO SDUD R VLVWHPD SHTXHQR� 7RPDPRV ORJDULWPRV H PXOWLSOLFDPRV SRU
N% SDUD H[SUHVVDU WXGR HP WHUPRV GH HQWURSLD� H HQWmR YHPRV FRPR D H[SUHVVmR YDULD
FRP (�

N% OQ3(() = N% OQ(UHV((UHV)) + N% OQ((())− N% OQ(WRW((WRW))

&RQVLGHUH R WHUPR N% OQUHV((UHV)� TXH p D HQWURSLD 6UHV((UHV) GR UHVHUYDWyULR TXDQGR

Sres = kB ln (Ωres)

Escala expandida

Eres E = Etot – Eres

Eres

Sres = kB ln (Ωres)

E = Etot – Eres

)LJXUD ����� (QWURSLD �HP XQLGDGHV GH N%�
HP IXQomR GH (UHV� SDUD R REMHWR PDLRU�

D HQHUJLD QR UHVHUYDWyULR p (UHV = (WRW−(� SHOR IDWR GH TXH XPD HQHUJLD ( IOXLX SDUD
R VLVWHPD SHTXHQR� 1D )LJXUD ����� PRVWUDPRV R FiOFXOR XVXDO GD HQWURSLD GR UHVHU�
YDWyULR HP IXQomR GD HQHUJLD QR UHVHUYDWyULR� (P XPD HVFDOD H[SDQGLGD� PRVWUDPRV
XPD SRUomR GR JUiILFR GD HQWURSLD HP IXQomR GH (UHV SUy[LPR DR PDLRU YDORU SRVVtYHO
GH (UHV� TXH FRUUHVSRQGH j HQHUJLD WRWDO (WRW GR VLVWHPD FRPELQDGR�
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3UHFLVDPRV HVWLPDU D HQWURSLD GR UHVHUYDWyULR SDUD SHTXHQRV YDORUHV GH ( =
(WRW−(UHV� 3RGHPRV ID]HU LVVR SHOR VHJXLQWH DUJXPHQWR� $ OLQKD SUDWLFDPHQWH UHWD QR
JUiILFR WHP XPD LQFOLQDomR G6UHV/G(UHV H SDVVD SRU 6UHV((WRW)� SRQWR HP TXH D HQHUJLD
QR UHVHUYDWyULR p (WRW� /RJR� QHVVD UHJLmR 6UHV((UHV) SRGH VHU UHSUHVHQWDGD SRU

6UHV((UHV) = 6UHV((WRW)−
G6UHV

G(UHV
(

$ HQWURSLD GR UHVHUYDWyULR GLPLQXL j PHGLGD TXH PDLV HQHUJLD ( p GHVORFDGD SDUD R
VLVWHPD SHTXHQR�

(QWUHWDQWR� G6UHV/G(UHV = �/7� HP TXH 7 p D WHPSHUDWXUD GR UHVHUYDWyULR� H
R IDWR GH TXH D LQFOLQDomR p SUDWLFDPHQWH FRQVWDQWH QHVVD UHJLmR UHIOHWH R IDWR GH
TXH UHPRYHU XPD SHTXHQD TXDQWLGDGH GH HQHUJLD GHVVH JUDQGH REMHWR PDO DOWHUD
VXD WHPSHUDWXUD� 2 REMHWR JUDQGH p XP UHVHUYDWyULR D XPD WHPSHUDWXUD SUDWLFDPHQWH
FRQVWDQWH� TXH PDQWpP R VLVWHPD SHTXHQR jTXHOD WHPSHUDWXUD�

)D]HQGR D VXEVWLWXLomR G6UHV/G(UHV = �/7� WHPRV

6UHV((UHV) = N% OQ(UHV((UHV)) = 6UHV((WRW)−
(

7

6XEVWLWXD LVVR QD HTXDomR SDUD N% OQ3 (() H HP VHJXLGD GLYLGD SRU N%�

OQ3(() =
6UHV((WRW)

N%
−

(

N%7
+ OQ((())− OQ(WRW((WRW))

1RWH TXH RV WHUPRV TXH QmR HQYROYHP ( VmR WRGRV FRQVWDQWHV SRUTXH (WRW p FRQVWDQWH�
7RPH D H[SRQHQFLDO GHVVD HTXDomR ² LVWR p� HOHYH DPERV RV ODGRV GD HTXDomR D H�

HOQ 3(() = HFRQVWDQWHHOQ((())H−(/N%7

&RPR H HOHYDGR DR ORJDULWPR QDWXUDO GH DOJXPD TXDQWLGDGH p LJXDO D HVVD TXDQWLGDGH�
REWHPRV R VHJXLQWH UHVXOWDGR� HP TXH $ p DOJXPD FRQVWDQWH�

3(() = $(()H−(/N%7

&DOFXODPRV D SUREDELOLGDGH GH HQFRQWUDU XPD SHTXHQD TXDQWLGDGH GH HQHUJLD ( HP
XP VLVWHPD SHTXHQR HP FRQWDWR FRP XP JUDQGH UHVHUYDWyULR� (VVD SUREDELOLGDGH
WHP R QRPH GH GLVWULEXLomR GH %ROW]PDQQ� HP KRPHQDJHP DR ItVLFR DXVWUtDFR TXH
GHVHQYROYHX D PHFkQLFD HVWDWtVWLFD QR VpFXOR ;,;�

$ ',675,%8,d2 '( %2/7=0$11

$ SUREDELOLGDGH GH HQFRQWUDU XPD HQHUJLD ( HP XP VLVWHPD SHTXHQR HP
FRQWDWR FRP XP JUDQGH UHVHUYDWyULR p SURSRUFLRQDO D

(()H−(/N%7

$ SDUWH H[SRQHQFLDO� H−(/N%7� p FKDPDGD GH ³IDWRU GH %ROW]PDQQ´� H (() p R
Q~PHUR GH PLFURHVWDGRV FRUUHVSRQGHQWHV j HQHUJLD (�

(VVH UHVXOWDGR p PXLWR JHUDO H DSOLFD�VH D XPD DPSOD YDULHGDGH GH IHQ{PHQRV� (P
PXLWDV VLWXDo}HV R Q~PHUR GH PLFURHVWDGRV (() PXGD PXLWR PDLV OHQWDPHQWH FRP
D HQHUJLD GR TXH R IDWRU GH %ROW]PDQQ� FDVR HP TXH R FRPSRUWDPHQWR TXDOLWDWLYR GR
VLVWHPD SRGH VHU GHWHUPLQDGR VLPSOHVPHQWH D SDUWLU GD H[SRQHQFLDO�

48(672 2 Q~PHUR GH PLFURHVWDGRV (()� DR FRQWUiULR GR IDWRU GH
%ROW]PDQQ� p LQGHSHQGHQWH GD WHPSHUDWXUD� (P WHPSHUDWXUDV PXLWR EDL�
[DV� R IDWRU GH %ROW]PDQQ YDULD PXLWR PDLV UDSLGDPHQWH FRP D HQHUJLD
GR TXH R Q~PHUR GH PLFURHVWDGRV (()� 1HVVH FDVR� TXDO p R YDORU PDLV
SURYiYHO GH (� D HQHUJLD D VHU HQFRQWUDGD HP XP VLVWHPD PLFURVFySLFR
HP HTXLOtEULR WpUPLFR FRP XP VLVWHPD JUDQGH"
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&RPR R H[SRHQWH p QHJDWLYR� R IDWRU H[SRQHQFLDO p Pi[LPR SDUD ( = �� GH PRGR
TXH HVWH p R YDORU PDLV SURYiYHO SDUD D HQHUJLD GR VLVWHPD SHTXHQR HP WHPSHUDWXUDV
PXLWR EDL[DV� ¬ PHGLGD TXH D WHPSHUDWXUD DXPHQWD� R IDWRU GH %ROW]PDQQ SDVVD D
YDULDU PDLV OHQWDPHQWH FRP D HQHUJLD� H SDUD GHWHUPLQDU R HVWDGR PDLV SURYiYHO GH
HQHUJLD p LPSRUWDQWH WDPEpP OHYDU HP FRQWD D YDULDomR GR Q~PHUR GH PLFURHVWDGRV
(()�

(P WRGR FDVR� VH D WHPSHUDWXUD p WmR EDL[D TXH N%7 p SHTXHQR FRPSDUDGR j
HQHUJLD (� GR SULPHLUR HVWDGR H[FLWDGR� p LPSURYiYHO TXH YRFr DOJXPD YH] HQFRQWUH
R VLVWHPD HP XP GH VHXV HVWDGRV H[FLWDGRV� 2 VLVWHPD p WHUPLFDPHQWH LQHUWH� SRUTXH D
SUREDELOLGDGH GH TXH HOH UHFHED TXDOTXHU TXDQWLGDGH GH HQHUJLD p PXLWR EDL[D� &RPR
H−� p �,��� D SUREDELOLGDGH GH D HQHUJLD VHU PXLWR PDLRU GR TXH N%7 p EDVWDQWH EDL[D�

(P FRQWUDVWH� VH D WHPSHUDWXUD IRU DOWD R VXILFLHQWH SDUD TXH N%7 > (�� YRFr
HQFRQWUDUi GLYHUVDV YH]HV R VLVWHPD HP XP GH VHXV HVWDGRV H[FLWDGRV �)LJXUD �������
2V HVWDGRV H[FLWDGRV VmR YLVLWDGRV FRP IUHTXrQFLD FUHVFHQWH j PHGLGD TXH VH HOHYD D
WHPSHUDWXUD� DXPHQWDQGR R YDORU GD HQHUJLD PDLV SURYiYHO SDUD R VLVWHPD SHTXHQR�

kBT << E1

Improvável ser

encontrado no

estado excitado

Baixa temperatura

kBT kBT > E1

Pode ser

encontrado no

estado excitado

Alta temperatura

E1

E1

kBT

)LJXUD ����� (P EDL[DV WHPSHUDWXUDV p
LPSURYiYHO HQFRQWUDU R VLVWHPD HP XP HVWDGR
H[FLWDGR� PDV D SUREDELOLGDGH DXPHQWD HP
DOWDV WHPSHUDWXUDV�

$ GLVWULEXLomR GH %ROW]PDQQ WHP FRQVHTXrQFLDV GH ODUJR DOFDQFH� 3RU H[HPSOR�
WD[DV GH UHDo}HV TXtPLFDV H ELRTXtPLFDV WLSLFDPHQWH GHSHQGHP IRUWHPHQWH GD WHP�
SHUDWXUD SRUTXH HP DOWDV WHPSHUDWXUDV RV UHDJHQWHV PRYHP�VH PDLV UDSLGDPHQWH H
SRGHP VHU HQFRQWUDGRV HP HVWDGRV H[FLWDGRV� 7D[DV GH UHDo}HV ItVLFDV WDPEpP VmR
DIHWDGDV� (P WHPSHUDWXUDV PXLWR DOWDV� FRPR DTXHODV HQFRQWUDGDV QR LQWHULRU GR 6RO�
DV HQHUJLDV FLQpWLFDV VmR VXILFLHQWHPHQWH DOWDV SDUD YHQFHU D UHSXOVmR HOpWULFD HQWUH
Q~FOHRV H SHUPLWLU TXH RV Q~FOHRV HQWUHP HP FRQWDWR H SRVVDP HQYROYHU�VH HP UHD�
o}HV WHUPRQXFOHDUHV GH IXVmR� 8P JiV WRUQD�VH XP SODVPD VH D WHPSHUDWXUD p WmR DOWD
TXH N%7 VH WRUQD FRPSDUiYHO j HQHUJLD GH LRQL]DomR�

3RQWR GH YHULILFDomR � 0RVWUH TXH j WHPSHUDWXUD DPELHQWH N%7 ≈
�
�� H9� e

~WLO PHPRUL]DU HVVH UHVXOWDGR� TXH QRV GL] PXLWR VREUH TXDLV IHQ{PHQRV VmR
SURYiYHLV GH RFRUUHU j WHPSHUDWXUD DPELHQWH�

.VJUBT PCTFSWBÎÜFT WFSTVTNVJUPT TJTUFNBT

6H XP VLVWHPD PLFURVFySLFR �FRPR XP ~QLFR RVFLODGRU� HVWi HP FRQWDWR FRP XP
VLVWHPD JUDQGH� D SUREDELOLGDGH GH HQFRQWUDU FHUWD TXDQWLGDGH GH HQHUJLD QR VLVWHPD
PLFURVFySLFR p JRYHUQDGD SHOD GLVWULEXLomR GH %ROW]PDQQ�

3RGH�VH SHQVDU QLVVR GH GXDV PDQHLUDV� $ SULPHLUD p LPDJLQDU PHGLU D HQHUJLD
UHSHWLGDV YH]HV QHVVH VLVWHPD SDUWLFXODU� DR ORQJR GR WHPSR� H UHJLVWUDU RV UHVXOWDGRV�
$ IUDomR GRV UHVXOWDGRV TXH LQGLFDP XPD GDGD HQHUJLD p SUHYLVWD SHOD GLVWULEXLomR GH
%ROW]PDQQ�

8PD VHJXQGD PDQHLUD GH SHQVDU VREUH LVVR p LPDJLQDU PRQWDU XP JUDQGH Q~�
PHUR GH VLVWHPDV LGrQWLFRV� FDGD XP HP FRQWDWR FRP XP VLVWHPD PDLRU� H WLUDU XPD
³IRWRJUDILD´ HP TXH D HQHUJLD GH FDGD VLVWHPD p UHJLVWUDGD VLPXOWDQHDPHQWH� $ IUDomR
GH VLVWHPDV FRP XPD GDGD HQHUJLD p SUHYLVWD SHOD GLVWULEXLomR GH %ROW]PDQQ�

$ VHJXQGD DERUGDJHP WDPEpP QRV IRUQHFH XPD PDQHLUD GH SUHYHU D GLVWULEXL�
omR GH HQHUJLD SDUD XP ~QLFR JUDQGH VLVWHPD� 3RU H[HPSOR� FRQVLGHUH XP VLVWHPD TXH
FRQVLVWH HP WRGDV DV PROpFXODV GH DU HP XPD VDOD� ,PDJLQH TXH FDGD PROpFXOD VHMD
LGHQWLILFDGD SRU XPD OHWUD� $� %� & . . . 3RGHUtDPRV FRQVLGHUDU D PROpFXOD $ FRPR XP
VLVWHPD PLFURVFySLFR HP FRQWDWR FRP R VLVWHPD JUDQGH IRUPDGR SRU WRGDV DV RXWUDV
PROpFXODV �%� &� . . .�� (QWUHWDQWR� SRGHUtDPRV WDPEpP FRQVLGHUDU D PROpFXOD % FRPR
R VLVWHPD PLFURVFySLFR� HP FRQWDWR FRP WRGDV DV RXWUDV PROpFXODV �$� &� . . .�� 3RGH�
PRV XWLOL]DU D GLVWULEXLomR GH %ROW]PDQQ SDUD SUHYHU D IUDomR GH WRGDV DV PROpFXODV
QD VDOD TXH SRVVXHP XPD FHUWD HQHUJLD�

(VVHV GRLV SRQWRV GH YLVWD VREUH D GLVWULEXLomR GH %ROW]PDQQ� XP VLVWHPDPLFURV�
FySLFR REVHUYDGR UHSHWLGDPHQWH RX XP JUDQGH Q~PHUR GH VLVWHPDV PLFURVFySLFRV
REVHUYDGRV DSHQDV XPD YH]� FRPSOHPHQWDP�VH� $OJXPDV YH]HV XP SRQWR GH YLVWD p
PDLV ~WLO� DOJXPDV YH]HV R RXWUR�


