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h0pdlo= udwrCphfdqlfd1xiujv1eu

Uhvxpr1 R remhwlyr ghvwh duwljr ì glvfxwlu dojxqv wudedokrv edvhdgrv qd dsolfdêær gh

wìfqlfdv gh surjudpdêær rulhqwdgd d remhwrv +SRR, hp surjudpdv edvhdgr qr pìwrgr
grv hohphqwrv �qlwrv +PHI,/ d �p gh ghvwdfdu dojxpdv ydqwdjhqv txh r xvr gd SRR
whp wud}lgr dr ghvhqyroylphqwr h pdqxwhqêær gh surjudpdv gh hqjhqkduld1 Xpd uhylvær
eleolrjuä�fd sdufldo ì uhdol}dgd/ lghqwl�fdqgr0vh dojxpdv fdudfwhuðvwlfdv frpxqv hqfrq0
wudgdv hp pxlwrv grv surjudpdv rulhqwdgrv d remhwr +RR, h{lvwhqwhv sdud r PHI1 Hvwdv

fdudfwhuðvwlfdv vær xwlol}dgdv frpr edvh qd dqäolvh gh dojxqv wudedokrv uhohydqwhv h{wudðgrv
gd olwhudwxud/ qr åpelwr gd Phfåqlfd grv Vöolgrv1

Sdodyudv0fkdyh= Surjudpdêær rulhqwdgd d remhwrv/ Pìwrgr grv hohphqwrv �qlwrv/ Pìwr0

grv qxpìulfrv1

41 LQWURGXÊÆR

Dv sulphludv olqjxdjhqv gh surjudpdêær rulhqwdgdv d remhwr glvsrqðyhlv frphufldo0
phqwh vxujludp hp phdgrv grv dqrv ;3 h vhx xvr qd Hqjhqkduld jdqkrx lqsxovr qr lqðflr
gd gìfdgd gh <31 Hperud r xvr gh hqfdsvxodphqwr gh gdgrv mä hvwlyhvvh edvwdqwh glixq0
glgr sru olqjxdjhqv frpr r F h r Sdvfdo/ dshqdv d sduwlu gd qrupdol}dêær gh olqjxdjhqv
rulhqwdgdv d remhwr hp 4<<3 h 4<<4 rv ideulfdqwhv gh frpslodgruhv sdvvdudp d rihuhfhu
sdfrwhv frp d frq�delolgdgh qhfhvväuld sdud xvr glixqglgr gh surjudpdêær frp hqfdsvx0
odphqwr gh gdgrv h pìwrgrv1 D sduwlu gdð/ ì qrwöuld d srsxodul}dêær pxqgldo ghvwdv
olqjxdjhqv qdv pdlv glyhuvdv äuhdv gh dsolfdêær1

D glixvær gr xvr gh olqjxdjhqv RR vh ghyh d xpd vìulh gh idwruhv uhfrqkhflgrv1 Rv
pdlv fodurv hvwær gluhwdphqwh uhodflrqdgrv dr flfor gh ghvhqyroylphqwr gh surjudpdv h vhx
fxvwr1 D frqvwdqwh dwxdol}dêær gh fögljrv xwlol}dgrv hp shvtxlvd rx frphufldophqwh 0 d �p
gh wruqä0orv pdlv deudqjhqwhv h h�fd}hv 0 dwlqjh dwxdophqwh olplwhv suäwlfrv pxlwdv yh}hv
lqwudqvsrqðyhlv1 Hp dojxqv fdvrv/ wudwd0vh gh surjudpdv lqlfldgrv d pdlv gh wulqwd dqrv/
ghvhqyroylgrv hp olqjxdjhqv mä frqvlghudgdv revrohwdv h frqwhqgr wlslfdphqwh gh}hqdv
rx phvpr fhqwhqdv gh plokduhv gh olqkdv gh surjudpdêær hvwuxwxudgd1 Lvwr fulrx xpd
ghpdqgd gh h{whqvlelolgdgh h uhxvdelolgdgh grv surjudpdv +rx sduwh ghohv, vhp lqfruuhu



qrv fxvwrv gh ghvhqyroyhu surjudpdv wrwdophqwh qryrv rx dowhudu wuhfkrv gh surjudpdv

mä vx�flhqwhphqwh whvwdgrv h krprorjdgrv1 Hvwd ì xpd qhfhvvlgdgh uhodwlydphqwh dqwljd/

pdv dshqdv r vxujlphqwr gd SRR surslflrx xpd vroxêær dghtxdgd1 Frp hihlwr/ hvwd

ghpdqgd hvwä lqwlpdphqwh uhodflrqdgd frp dv suösuldv ruljhqv gh pxlwdv olqjxdjhqv RR1

Xpd ghvfulêær ghwdokdgd gr sdudgljpd gh RR irjh dr remhwlyr ghvwh wh{wr1 Suhvvxsøh0

vh xp frqkhflphqwr eävlfr gh surjudpdêær rulhqwdgd d remhwr/ ehp frpr gh vxdv fdudf0

whuðvwlfdv pdlv frpxqv +fodvvhv h remhwrv/ hqfdsvxodphqwr gh gdgrv h pìwrgrv/ khudqêd

h srolpru�vpr,1 Qhvwh wudedokr/ d klhudutxld h r uhodflrqdphqwr hqwuh fodvvhv vhjxluä d

qrwdêær gh Uxpedxjk +4<<4,1 Xpd yhuvær h{whqglgd ghvwh wudedokr srgh vhu hqfrqwudgd

hp zzz0jpds1phfdqlfd1xiujv1eu1

51 FDUDFWHUÐVWLFDV FRPXQVGHDUTXLWHWXUDVRRSDUDHOH0

PHQWRV ILQLWRV

D euhyh uhylvær eleolrjuä�fd d vhjxlu loxvwud pxlwdv gdv derugdjhqv srvvðyhlv sdud vh

surmhwdu xpd dutxlwhwxud RR sdud surjudpdv gh hohphqwrv �qlwrv1 D hvfrokd gh xpd rx

rxwud derugdjhp sdvvd qhfhvvduldphqwh shod dsolfdêær txh vh ghvhmd sdud r surjudpd/

vhmd shvtxlvd/ xvr suäwlfr hp hqjhqkduld rx hgxfdêær1 Txdotxhu txh vhmd r fdvr/ d sduwh

hvvhqfldo gh xp surjudpd gh hohphqwrv �qlwrv vær rv dojruðwprv gh vroxêær gr sureohpd

glvfuhwl}dgr1 Ì hvwh dvshfwr txh ghwhuplqd d h�flíqfld/ d urexvwh} h d hvwdelolgdgh gd+v,

vroxêær+øhv, rewlgd+v,1

Frp d �qdolgdgh gh glvfhuqlu dv glyhuvdv derugdjhqv RR hqfrqwudgdv qd olwhudwx0

ud/ ehp frpr olplwdu vljql�fdwlydphqwh hvwd uhylvær/ lghqwl�fd0vh wuív judqghv qðyhlv gh

devwudêær hqfrqwudgrv hp surjudpdv gh hohphqwrv �qlwrv1 Vær hohv=

Edl{r qðyho= Hvwh qðyho gh devwudêær olgd sulqflsdophqwh frp ihuudphqwdv1 Jhudo0

phqwh vær lghqwl�fdgdv frpr dojruðwprv txh pdqlsxodp hqwhv eävlfrv gd äojheud olqhdu/

frpr whqvruhv/ pdwul}hv rx yhwruhv1 H{hpsorv wðslfrv vær d vroxêær gh xp vlvwhpd olqhdu rx

gh xp sureohpd gh dxwrydoruhv2dxwryhwruhv1 Hperud pdwul}hv vhmdp r fdvr pdlv frpxp/

rxwudv hqwlgdghv wdpeìp vær wudwdgdv qhvwh qðyho frpr= sdodyudv/ qýphurv frpsoh{rv/

ixqêøhv gh lqwhusrodêær/ lqwhjudêær qxpìulfd/ jhuhqfldphqwr gh phpöuld hwf1

Pìglr qðyho= Dtxl vh pdqlsxod dtxhohv hqwhv lqwhuphgläulrv/ rx vhmd/ txh jhudp h2rx
dupd}hqdp lqirupdêøhv lpsuhvflqgðyhlv sdud vroxêær gr sureohpd1 Vær hvwdv lqirupdêøhv
txh uhodflrqdp gluhwdphqwh r sureohpd pdwhpäwlfr frp r sureohpd iðvlfr uhdo1 Qr frq0
wh{wr gr PHI/ sru h{hpsor/ ì qhvwh qðyho txh vh hqfrqwudp rv qöv +srqwrv qr hvsdêr,/
hohphqwrv +jhrphwuld,/ fduuhjdphqwrv/ pdwhuldlv/ frqglêøhv gh frqwruqr/ vxshuhohphqwrv
hwf1

Dowr qðyho= Uhihuhp0vh edvlfdphqwh ã hvwudwìjld gh vroxêær gr sureohpd1 Ì qhvwh
qðyho txh r sureohpd ì vroxflrqdgr gr srqwr gh ylvwd gd htxdêær jryhuqdqwh1 Dtxl vh
xwlol}d h vh frqwurod dv lqirupdêøhv jhudgdv qrv grlv qðyhlv gh devwudêær dqwhulruhv sdud vh
rewhu d vroxêær joredo gh xp sureohpd ghvfulwr sru xpd pdokd h xp gdgr pdwhuldo/ sru
h{hpsor1 Hvwd phvpd pdokd h pdwhuldo srgh vhu xwlol}dgd sdud vh uhvroyhu xp sureohpd
hvwäwlfr qær0olqhdu rx xp sureohpd glqåplfr wudqvlhqwh olqhdu1 Hp hvvíqfld/ sruwdqwr/ rv
grlv sureohpdv glihuhp gd irupd frpr dv urwlqdv gh dowr qðyho pdqlsxoduær dv lqirupdêøhv
jhudgdv shodv urwlqdv gh pìglr qðyho/ xwlol}dqgr dv ihuudphqwdv surylgdv shodv urwlqdv gh
edl{r qðyho1 Hp rxwudv sdodyudv/ d devwudêær gh dowr qðyho ì uhvsrqväyho shor  x{r gdv
lqirupdêøhv gxudqwh d vroxêær gr sureohpd1

D SRR ì qdwxudophqwh dwudwlyd sdud rujdql}du d vroxêær gh xp sureohpd hp qðyhlv kl0
huäutxlfrv dwudyìv gh ghulydêær gh fodvvhv1 Gdgr txh dv glyhuvdv dutxlwhwxudv hqfrqwudgdv



Qðyho gh devwudêær Ghqrplqdêær

Edl{r Fodvvhv dx{lolduhv

Pìglr Fodvvhv gr prghor

Dowr Fodvvhv gh dqäolvh

Wdehod 4= Dvvrfldêær jhqìulfd hqwuh fodvvhv h qðyhlv gh devwudêær1

sdud surjudpdv gh hqjhqkduld vh xwlol}dp gh dojxpd irupd grv wuív qðyhlv glvfxwlgrv dfl0

pd/ hvwhv vhuær dtxl xwlol}dgrv sdud hqtxdgudu txdolwdwlydphqwh hp txh qðyho gh devwudêær

vh hqfrqwud xpd ghwhuplqdgd fodvvh1 Frp r remhwlyr gh idflolwdu hvwh hqtxdgudphqwr/ d

uhylvær eleolrjuä�fd dsuhvhqwdgd d vhjxlu id} d dvvrfldêær hqwuh fodvvhv h xp grv wuív

qðyhlv gh devwudêær gh dfrugr frp d ghqrplqdêær gdgd qd wdehod 41

Hvwd qrphqfodwxud irl hvfroklgd phudphqwh sdud idflolwdu d lghqwl�fdêær gd wduhid

eävlfd gh xpd fodvvh qhvwh wudedokr1 Fodvvhv dx{lolduhv hqwær vh uhihuhp d fodvvhv sdud

pdwul}hv/ vroxêær gh vlvwhpdv/ olvwdv gh dupd}hqdphqwr hwf1 Dv fodvvhv gr prghor ol0

gdp frp r prghor frpsxwdflrqdo gh xpd irupd jhudo +pdokd/ pdwhuldlv/ frqglêøhv gh

frqwruqr/ ghwdokhv gh jhrphwuld hwf1,/ hqtxdqwr dv fodvvhv gh dqäolvh frqvwlwxhp r dojr0

uðwpr gh vroxêær gr sureohpd/ jhuhqfldphqwr grv sdvvrv gh fduuhjdphqwr hp surfhvvrv

lqfuhphqwdlv/ lqwhjudêær qr whpsr/ ghqwuh rxwurv1

61 DOJXPDV UHIHUÍQFLDV UHOHYDQWHV

R wudedokr gh Irugh hw do +4<<3, ì flwdgr frpr d sulphlud derugdjhp gr xvr gh SRR
hp surjudpdv gh hohphqwrv �qlwrv1 Edvlfdphqwh/ vær lpsohphqwdgdv dshqdv fodvvhv gr

prghor/ lqwhjudgdv dwudyìv gh olvwdv1 Hqwuhwdqwr/ r surjudpd phvfod sduwhv hp olqjxdjhp
F h sduwhv hp olqjxdjhp Remhfw Sdvfdo/ r txh qær shuplwh r xvr dsursuldgr gh khudqêd

h srolpru�vpr1 Hvwh wudedokr irl lpsohphqwdgr hp olqjxdjhp F.. sru Vfkro} +4<<5,/

pdv qhqkxpd fodvvh gh dqäolvh ì lpsohphqwdgd1

Pdfnlh +4<<5, dsuhvhqwd xpd whqwdwlyd gh wudqvirupdu xp surjudpd edvhdgr hp

vxeurwlqdv sdud SRR/ xwlol}dqgr olqjxdjhp Remhfw Sdvfdo1 Ploohu +4<<4, dsuhvhqwd xpd

glvfxvvær vlplodu/ pdv vdolhqwdqgr dvshfwrv frpr khudqêd/ uhxvdelolgdgh h h{whqvlelol0

gdgh gh surjudpdv1 Qrydphqwh/ qær vær lpsohphqwdgdv fodvvhv gh dqäolvh1 Ihlmör hw

do +4<<4, lpsohphqwdudp fodvvhv eävlfdv sdud r prghor frpr= qöv/ hohphqwrv/ pdwhul0

do/ uhqxphudêær qrgdo/ qxphudêær grv judxv gh olehugdgh hwf1 Qær irudp ghvhqyroylgdv

fodvvhv hvshfð�fdv sdud dqäolvh1

Slgdsduwl h Kxgol +4<<6, dsuhvhqwdp xpd sursrvwd vlpsohv sdud dqäolvh glqåplfd

prgdo h wudqvlhqwh1 R prghor ì lpsohphqwdgr dwudyìv gdv fodvvhv gh pìglr qðyho +Qrgh/

Lvrwurslf Pdwhuldo/ Hohphqw hwf1,1 Sdud d dqäolvh/ xpd fodvvh0pæh G|qdplfDqdo|vlv ì

xvdgd frpr edvh sdud ghulydêær gh gxdv fodvvhv devwudwdv= HljhqVroxwlrq h GluhfwbLqwh0

judwlrq/ gdv txdlv ghulydp fodvvhv txh iruqhfhp glyhuvrv pìwrgrv gh vroxêær1

]lpphupdqq h vhxv froderudgruhv +]lpphupdqq dool/ 4<<5,+Sëohulq h ]lpphupdqq/

4<<6, ghvhqyroyhudp h lpsohphqwdudp xpd dutxlwhwxud RR edvwdqwh frpsohwd h h�flhqwh

sdud dqäolvh sru hohphqwr �qlwrv1 Hperud qær frqwhqkd xp qðyho gh devwudêær pxlwr

hohydgr/ d hvwuxwxud gh fodvvhv ghvwh wudedokr uh hwh ylvlyhophqwh d h{shulíqfld suäwlfd

grv dxwruhv frp r pìwrgr grv hohphqwrv �qlwrv1 D dutxlwhwxud dsuhvhqwd grlv qðyhlv

eävlfrv gh surjudpdêær= d fodvvh Grpdlq h d fodvvh IhpFrpsrqhqw1 D fodvvh Grpdlq ì

uhvsrqväyho shor jhuhqfldphqwr gr prghor gh hohphqwrv �qlwrv h gd vroxêær gdv htxdêøhv

+dqäolvh,/ hqtxdqwr gd fodvvh IhpFrpsrqhqw vær ghulydgdv glyhuvdv vxe0fodvvhv +prghor,=



Hohphqw/ Qrgh/ Pdwhuldo/Ordg hwf1 Ghvwd hvwuxwxud eävlfd ghulydp rx vh frpxqlfdp

glyhuvdv rxwudv fodvvhv1 D Iljxud 4 loxvwud d klhudutxld eävlfd1

Truss2D

Element Material

FemComponent

PlaneStrain

... Node Load

BoundaryConditionNodalLoad...

FileReader

Dof

GaussPoint

Domain

Matrix

List

...

Iljxud 4= Klhudutxld gh fodvvhv gh ]lpphupdqq dw do +4<<6,1

Xpd fdudfwhuðvwlfd lqwhuhvvdqwh gd derugdjhp gh ]lpphupdqq hw do +4<<6, ì r xvr

gr sulqfðslr gd qær dqwhflsdêær/ vhjxqgr r txdo qær vh dvvxph d sulrul d h{lvwíqfld

gh txdotxhu hqwlgdgh/ vhmdp qöv/ hohphqwrv/ fduuhjdphqwrv rx frqglêøhv gh frqwruqr1

Dv suösuldv fodvvhv vh hqfduuhjdp gh surfxudu rv gdgrv qhfhvväulrv sdud frqvwuxlu vhxv

remhwrv h/ vh h{lvwluhp/ r txh id}hu frp hvwhv remhwrv dsöv vxd fuldêær1 Pxlwr hperud

dydqêdgd/ d lgìld fuld vlwxdêøhv xp wdqwr txdqwr devxugdv frpr r vhjxlqwh surjudpd gh

hohphqwrv �qlwrv

pdlq ~

Grpdlq PhxbSureohpd>

PhxbSureohpd1vroyh\rxuvhoi+,>

�

Ghvwd irupd qær uhvwd pxlwr sdud r xvxäulr id}hu fdvr vh ghvhmh xwlol}du hvwd dutxlwhwxud

qd vroxêær gh xp sureohpd qær frqwhpsodgr shodv fodvvhv mä lpsohphqwdgdv1 Hperud mä

hvwhmd prvwudqgr vlqdlv gh revrohvfíqfld/ hvwd dutxlwhwxud dlqgd ì frqvlghudgd xpd gdv

pdlv dydqêdgdv derugdjhqv gh SRR sdud hohphqwrv �qlwrv1

Khghjdo +4<<7, surs÷v xpd hvwuxwxudêær h{fhsflrqdophqwh vlpsohv h yhuväwlo sdud lp0

sohphqwdêær gh hohphqwrv �qlwrv sdud dqäolvh olqhdu h qær0olqhdu gh sureohpdv gh srwhqfldo

h hodvwlflgdgh hp gxdv rx wuív glphqvøhv/ fkdpdgd RemhfwIHP1 Hvwh wudedokr ì dwudwlyr

shod vxd vlpsolflgdgh h id} xvr lqwhqvlyr gh pìwrgrv yluwxdlv d �p gh shuplwlu d h{whqvær

gdv fodvvhv dsuhvhqwdgdv1 Edvlfdphqwh/ dv fodvvhv gr prghor vær lpsohphqwdgdv dwudyìv gh

qöv/ hohphqwrv/ pdwhuldo h sursulhgdghv +Iljxud 5,1 Rv qöv h hohphqwrv vh frpxqlfdp/ pdv

dshqdv rv hohphqwrv wíp dfhvvr drv remhwrv pdwhuldo h sursulhgdgh1 Dv fodvvhv dx{lolduhv

frqwdp frp fodvvhv gh dupd}hqdphqwr edvhdgdv hp olvwdv oljdgdv h wdpeìp frp fodvvhv

sdud pdqlsxodêær gh hqwlgdghv dojìeulfdv1 R xvr gh khudqêd h srolpru�vpr shuplwh txh

r xvxäulr uhjxoh d surixqglgdgh gd klhudutxld gdv fodvvhv sulqflsdlv +Iljxud 5,1 Hvwd

dutxlwhwxud frqwd dlqgd frp fodvvhv hvshfldlv frpr d fodvvh JdxvvSrlqw/ txh doìp gdv

ixqêøhv xvxdlv uhodflrqdgdv ã lqwhjudêær qxpìulfd srgh dupd}hqdu whqvruhv frqvwlwxwlyrv/

ghirupdêøhv soävwlfdv/ whqvøhv h rxwudv yduläyhlv gh lqwhuhvvh qrv srqwrv gh lqwhjudêær/

dx{loldqgr qd vroxêær gh sureohpdv qær0olqhduhv1 D fodvvh Hohphqw uhdol}d dv wduhidv

gh prqwdjhp gdv pdwul}hv uhohydqwhv/ lqfoxlqgr dv qhfhvväuldv sdud lpsohphqwdêær gh

irupxodêøhv Odjudqjhdqdv wrwdlv rx dwxdol}dgdv1 Sureohpdv gh qær0olqhdulgdgh jhrpìwul0

fd h pdwhuldo vær prvwudgrv sdud hohphqwrv gh eduud h gh hodvwlflgdgh elglphqvlrqdo



+Khghjdo/ 4<<7,1 Qær h{lvwhp fodvvhv gh dqäolvh1 Vær vxjhulgdv ixqêøhv lpsohphqwdwdv
shor xvxäulr +uhwåqjxor wudfhmdgr qd Iljxud 5, txh srghp vhu idflophqwh wudqvirupdgdv
hp fodvvhv gh dqäolvh1
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Iljxud 5= +d, H{hpsorv gd klhudutxld gh fodvvhv sursrvwd sru Khghjdo +4<<7,1 +e, Uhodêær
hqwuh dv fodvvhv gh pdlru qðyho +r eorfr Dssolfdwlrq vh uhihuh ã sduwh lpsohphqwdgd shor
xvxäulr,1
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Iljxud 6= Klhudutxld gh fodvvhv sursrvwd sru Nrqj +4<<8,1

]hjolqvnl hw do +4<<7, lpsohphqwdudp fodvvhv dx{lolduhv sdud pdqlsxodêær gh pd0

wul}hv txh rfruuhp wlslfdphqwh hp hohphqwrv �qlwrv1 Hvwh wudedokr vxjhuh txh d lqfoxvær

gh qryrv hohphqwrv �qlwrv hp xp surjudpd RR ghyd id}hu xvr gh ghulydêær vlpsohv gh

fodvvhv eävlfdv/ d �p gh shuplwlu pdlru  h{lelolgdgh gr surjudpd qd h{sdqvær gd eleolrwh0

fd gh hohphqwrv1 D klhudutxld gdv fodvvhv ì ehp udvd/ h qær vær lpsohphqwdgdv fodvvhv gh

dqäolvh1 Xp h{hpsor gh lpsohphqwdêær hp F.. ì dsuhvhqwdgr h hvwh ì lqmxvwdphqwh frp0

sdudgr frp r htxlydohqwh hp Iruwudq1 Rv wudedokrv gh Nrqj hw do +4<<8, prvwudp xpd

lpsohphqwdêær pdlv jhudo/ yrowdgd sdud d pdqlsxodêær grv glihuhqwhv wlsrv gh hqwlgdghv



hqfrqwudgdv hp surjudpdv gh hohphqwrv �qlwrv1 Ì rsruwxqr qrwdu txh hvwh wudedokr lp0

sohphqwd xpd klhudutxld lqwhuhvvdqwh sdud rv hohphqwrv �qlwrv/ dwudyìv gh xpd fodvvh0pæh

ghqrplqdgd EorfHohp1 Gxdv fodvvhv ghulydp gh EorfnHohp= xpd uhodwlyd ã wrsrorjld gr

hohphqwr +fodvvh Jhrphwu|, h rxwud uhodwlyd dr wlsr gh htxdêær jryhuqdqwh gr sureohpd

+fodvvh Sk|vlfdo,1 Dvvlp/ dv glyhuvdv wrsrorjldv srghp vhu frpelqdgdv frp r sureohpd

ghvhmdgr d �p gh suryhu xp hohphqwr hvshfð�fr +Iljxud 6,1

Xpd äuhd txh jdqkrx xp vljql�fdwlyr lpsxovr frp r dgyhqgr gd SRR ì srvvlel0

olgdgh gh lpsohphqwdêær urexvwd h h{whqvær gh surjudpdv gh hohphqwrv �qlwrv dgdswd0

wlyrv1 Ghyorr +4<<:, sursøh xp dpelhqwh edvwdqwh frpsohwr sdud dqäolvh gh sureohpdv

dwudyìv gr PHI1 Doìp gdv fodvvhv gh dqäolvh +ghvfulêær gd htxdêær glihuhqfldo,/ dv fodvvhv

gr prghor irudp glylglgdv hp prghor jhrpìwulfr h prghor frpsxwdflrqdo1 R prgh0

or jhrpìwulfr ì jryhuqdgr shod fodvvh WJhrJulg/ h pdqlsxod wuív hqwlgdghv jhrpìulfdv=

qöv +fodvvh WJhrQrg,/ hohphqwrv +fodvvh WJhrHo, h qöv gr frqwruqr gd pdokd +fodvvh

WJhrQrgEf,/ fxmrv remhwrv vær dupd}hqdgrv hp olvwdv elqäuldv1 R prghor frpsxwdflrqdo

ì jhuhqfldgr shod fodvvh WFrpsJulg/ txh dupd}hqd olvwdv gh judxv gh olehugdgh +fodvvh

WGriQrg,/ pdwhuldo +fodvvh WPdwhuldo,/ frqglêøhv gh frqwruqr +fodvvh WEqgFrqg, hwf1 Hv0

wd fodvvh ghulyd gd fodvvh gr prghor jhrpìwulfr +WJhrJulg,/ r txh shuplwh txh d phv0

pd pdokd jhrpìwulfd vhmd xwlol}dgd sdud jhudêær gh pdokdv frpsxwdflrqdlv glihuhqwhv

+lghdo sdud dgdswdwlylgdgh �, qær0vlpxodwåqhdv1 Ì qhvwh qðyho txh vær fdofxodgdv dv pd0
wul}hv gr sureohpd/ pdshdphqwr gh hohphqwrv/ ixqêøhv gh lqwhusrodêær h lpsrvlêær gh
frqglêøhv gh frqwruqr/ ghqwuh rxwudv frlvdv1 D dqäolvh ì edvlfdphqwh lpsohphqwdgd shor
xvxäulr/ dwudyìv grv yäulrv pìwrgrv glvsrqðyhlv hp xpd fodvvh0pæh dx{loldu sdud pdwul}hv
+Wpdwul{,1 Rxwudv fodvvhv ýwhlv wdpeìp vær lpsohphqwdgdv frpr lqwhjudêær qxpìulfd
+WLqwUxoh,/ suì0surfhvvdphqwr h söv0surfhvvdphqwr1 D �jxud 7 loxvwud dv fodvvhv WJhrHo/
WFrpsHo/ WPdwhuldo h WLqwUxoh ghvwh wudedokr/ prvwudqgr xp qðyho uhodwlydphqwh udvr

gh klhudutxld1
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Iljxud 7= Klhudutxld gh dojxpdv gdv fodvvhv gh Ghyorr +4<<:,1

D pdlruld grv wudedokrv uhihuhqwhv d dsolfdêær gh SRR hp hohphqwrv �qlwrv dlqgd

vh olplwd ã dqäolvh olqhdu hvwäwlfd h glqåplfd gh hvwuxwxudv1 Hqwuhwdqwr/ dojxqv wudedokrv

wíp dpsoldgr d dsolfdê ær gh SRR sdud sureohpdv hvwuxwxudlv qær0olqhduhv h phvpr

sdud sureohpdv gh rxwudv äuhdv1 Phqìwuh| h ]lpphupdqq +4<<6, h{whqghp rv wudedokrv

dqwhulruhv gh ]lpphupdqq hw do +]lpphupdqq dool/ 4<<5,+Sëohulq h ]lpphupdqq/ 4<<6,
sdud sureohpdv gh sodvwlflgdgh1 Qr hqwdqwr/ hvwd h{whqvær wruqd reuljdwöuld d uhgh�qlêær
gh pxlwdv gdv fodvvhv gd dutxlwhwxud ruljlqdo1 R wudedokr gh Rovvrq +4<<;, xwlol}d xpd
lpsohphqwdêær hp F.. sdud sureohpdv jhrphwulfdphqwh qær0olqhduhv gh yljdv1 Doìp
gdv fodvvhv xvxdlv sdud r prghor/ vær ghvfulwrv rv pìwrgrv gh gxdv fodvvhv sdud dqäolvh/



uhvsrqväyhlv shor jhuhqfldphqwr gr surfhvvr lqfuhphqwdo dr orqjr gh xpd wudmhwöuld gh

htxloðeulr qær0olqhdu +sdwk0iroorzlqj,1

Dv sxeolfdêøhv dflpd ghprqvwudp dojxpdv gdv glyhuvdv srvvlelolgdghv gh lpsohphq0

wdêær gh surjudpdv gh hohphqwrv �qlwrv RR1 Hqwuhwdqwr/ wrgdv srvvxhp dojxp qðyho gh

ghshqgíqfld hqwuh vxdv fodvvhv/ srvvlyhophqwh ghylgr ã fxowxud gh surjudpdêær hp olqjxd0

jhqv frqyhqflrqdlv frpr Iruwudq/ Sdvfdo h F1 Pdlv uhfhqwhphqwh/ dojxqv wudedokrv wíp

ghvwdfdgr d qhfhvvlgdgh gh vh lvrodu r pä{lpr srvvðyho dv glyhuvdv fodvvhv xpdv gdv rxwudv/

hp hvshfldo dv fodvvhv uhvsrqväyhlv shor prghor gdv fodvvhv uhvsrqväyhlv shod dqäolvh1 Lvwr

ì frqvhtxíqfld gluhwd gd qhfhvvlgdgh gh vh uhdol}du dowhudêøhv h h{whqvøhv qrv surjudpdv/ d

�p gh fdsdflwä0orv sdud rxwurv wlsrv gh dqäolvh1 Fdvr h{lvwd xpd lqwhughshqgíqfld pxlwr

judqgh hqwuh dv fodvvhv/ phvpr dtxhodv prgl�fdêøhv pdlv vlpsohv srghp �fdu frpsur0

phwlgdv1 R wudedokr gh Phqìwuh| h ]lpphupdqq +4<<6, ì xp h{hpsor frqfuhwr glvwr/

rqgh d h{whqvær gh xp surjudpd sdud sureohpdv gh sodvwlflgdgh hqyroyhx prgl�fdêøhv

qdv fodvvhv ruljlqdlv1 Hperud lvwr vhmd wrohuäyho sdud �updv txh ghvhqyroyhp vriwzduhv/

lpsøh xpd judqgh olplwdêær sdud xvxäulrv gh eleolrwhfdv gh fodvvhv/ fdvr qær vh wudwhp

gh fodvvhv devwudwdv vx�flhqwhphqwh jhqìulfdv1

Rv wudedokrv gh Dufkhu hw do +4<<9, dsuhvhqwdp vhlv fodvvhv eävlfdv sdud dqäolvh olqhdu

h qær olqhdu gh sureohpdv hvwäwlfrv rx glqåplfrv= Dqdo|vlv +dqäolvh, / Prgho +prghor,/
FrqvwudlqwKdqgohu/ UhrughuKdqgohu/ Pds h Pdwul{Kdqgohu +Iljxud 81d,1 Hvwd sursrvwd
dsuhvhqwd xpd klhudutxld gh fodvvhv udvd/ gl�fxowdqgr d uhxwlol}dêær gr fögljr1 Sru rxwur
odgr/ rv dxwruhv rewlyhudp vxfhvvr hp lvrodu r prghor gh hohphqwrv �qlwrv gd dqäolvh
sursuldphqwh glwd1 Lvwr ì uhdol}dgr dwudyìv gh xpd fodvvh ghqrplqdgd Pds/ txh shuplwh
d frpxqlfdêær hqwuh dv fodvvhv Prgho h Dqdo|vlv dx{loldgd sru fodvvhv gh pdqlsxodêær
gh judxv gh olehugdgh/ gh lpsrvlêær gh uhvwulêøhv h gh pdwul}hv1 Ghpdlv fodvvhv ghulydp
ghvwdv fodvvhv eävlfdv1 Wdpeìp irudp ghvhqyroylgdv fodvvhv sdud vxehvwuxwxudv1
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Iljxud 8= +d, Klhudutxld gdv fodvvhv gh pdlru qðyho gh Dufkhu +4<<9,1 +e, Klhudutxld gh

fodvvhv gh pdlru qðyho gh PfNhhqd +4<<:,1

Ehvvrq hw do +4<<:, sursøhp xpd dutxlwhwxud edvwdqwh frpsohwd/ frpsuhhqghqgr

fodvvhv gh prghor h gh dqäolvh lqwhjudgdv hp xpd fodvvh0pæh �eJKf2/ doìp gh glyhuvdv

fodvvhv dx{lolduhv1 Hvwd derugdjhp irl fuldgd hvshfl�fdphqwh sdud idflolwdu r ghvhqyroyl0

phqwr d orqjr sud}r gh vriwzduhv gh hohphqwrv �qlwrv1 D klhudutxld gdv fodvvhv ì uhodwlyd0

phqwh dpsod h irl surmhwdgd sdud uhgx}lu d lqwhughshqgíqfld hqwuh dv fodvvhv/ idflolwdqgr

d h{sdqvær gr fögljr1 D sursrvwd ì grwdgd gh fodvvhv devwudwdv sdud vroxêær gh fdvrv

edvwdqwh hvshfð�frv frpr sureohpdv gh frqwdwr h rwlpl}dêær/ doìp gh dojruðwprv sdud

frqwuroh gh frqyhujíqfld gh surfhvvrv lqfuhphqwdlv1 Rv ghwdokhv gh vxd lpsohphqwdêær

vær rplwlgrv1

R wudedokr gh PfNhhqd +4<<:, frqvwlwxl xp h{hpsor uhsuhvhqwdwlyr gr dowr judx gh

hyroxêær txh dv dutxlwhwxudv RR sdud hohphqwrv �qlwrv dwlqjhp dwxdophqwh1 Wudwd0vh gh

xp surmhwr edvwdqwh dydqêdgr/ lqfoxlqgr fodvvhv gh prghor h gh dqäolvh pxlwr ehp ghvhq0



yroylgdv h lqghshqghqwhv/ doìp gh fodvvhv sdud ghfrpsrvlêær gh grpðqlr +vxe0hvwuxwxudv,

h fodvvhv yrowdgdv hvshfl�fdphqwh sdud surfhvvdphqwr sdudohor1 D surixqglgdgh gd kl0

hudutxld gh fodvvhv ì d pdlv dowd grv wudedokrv dtxl dqdolvdgrv/ jdudqwlqgr xp öwlpr

qðyho gh h{whqvlelolgdgh h uhxvdelolgdgh gr fögljr +Iljxud 81e,1 Dv fodvvhv gr prghor

vær jhuhqfldgdv sru xpd fodvvh fkdpdgd Dqdo|vlvPrgho/ txh vh hqfduuhjd gh vhsduä0odv

gdv fodvvhv gh dqäolvh h id}hu d frpxqlfdêær hqwuh hodv1 Hvwd dutxlwhwxud ì grwdgd gh

fodvvhv gh dqäolvh hvshfldlv glylglgdv hp grlv juxsrv= wlsr gh dqäolvh h wlsr gh dojruðwpr

d vhu xvdgr1 Lvwr ì uhdol}dgr sru gxdv vxshufodvvhv= Dqdo|vlv h VroxwlrqDojrulwkp1

Gd fodvvh Dqdo|vlv ghulydp glyhuvrv wlsrv gh dqäolvh srvvðyhlv= dqäolvh hvwäwlfd/ prgdo/

wudqvlhqwh hwf1/ hqtxdqwr gd fodvvh VroxwlrqDojrulwkp ghulydp vxefodvvhv txh h{hfxwdp

rv glyhuvrv dojruðwprv uhtxhulgrv= Olqhdu/ Qhzwrq0Udskvrq/ EIJV hwf1 Lvwr shuplwh txh

xp gdgr wlsr gh dqäolvh srvvd vhu uhdol}dgd sru glihuhqwhv dojruðwprv/ vh ghvhmdgr +Iljxud

9,1 Dglflrqdophqwh/ dv fodvvhv V|vwhpRiHtq h Vroyhu shuplwhp id}hu xvr gd hvsduflgdgh

wðslfd gdv pdwul}hv gh hohphqwrv �qlwrv h dgrwdu glyhuvrv pìwrgrv gh vroxêær gr vlvwhpd

gh htxdêøhv1 D Iljxud 9 loxvwud xpd sduwh ghvwd dutxlwhwxud/ ghwdokdqgr xp srxfr pdlv

dojxpdv gdv fodvvhv loxvwudgdv qd Iljxud 81e1
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Iljxud 9= Klhudutxld gh dojxpdv vxefodvvhv gd dutxlwhwxud gh PfNhhqd +4<<:, +yhu Iljxud

81e,1

Txdqwr ãv fodvvhv dx{lolduhv/ qr frqwh{wr gr suhvhqwh wudedokr/ hvwdv vær jhudophqwh

frqvwlwxðgdv sru fodvvhv sdud pdqlsxodêær gh pdwul}hv +lqfoxlqgr vroxêær gh vlvwhpdv,/

yhwruhv +lqfoxlqgr rshudêøhv dojìeulfdv eävlfdv, h olvwdv +lqfoxlqgr r jhuhqfldophqwr gdv

phvpdv= lqvhuêær/ uhprêær h prgl�fdêær gh whuprv,/ doìp gh rxwudv ihuudphqwdv1 H{fh0

ohqwhv eleolrwhfdv sdud pdqlsxodêær gh pdwul}hv srghp vhu hqfrqwudgdv qd olwhudwxud1

Reyldphqwh/ rxwurv wlsrv wdpeìp vær hqfrqwudgrv/ ghshqghqgr gd dsolfdêær/ pdv hvwdv

wuív fdwhjruldv hqjoredp d judqgh pdlruld gdv fodvvhv dx{lolduhv1 Dv eleolrwhfdv gh fodvvhv

gh Ox hw do +4<<8,/ Vfkro} +4<<5, h ]hjolqvnl hw do +4<<7, vær erqv h{hpsorv gd iduwd
olwhudwxud vreuh fodvvhv sdud pdwul}hv1 Rxwurv h{hpsorv gh dutxlwhwxudv jhudlv srghp
vhu hqfrqwudgdv hp sdfrwhv frphufldlv h gh grpðqlr sýeolfr/ txh hp jhudo rihuhfhp xpd
lqwhuidfh edvwdqwh dpsod sdud r xvxäulr +Ehfn dool/ 4<<8,+Odqjwdqjhq dool/ 4<<9,1



71 Frqfoxvøhv

Hvwh wudedokr dsuhvhqwrx xpd shtxhqd uhylvær eleolrjuä�fd gh dojxqv wudedokrv gh SRR

edvwdqwh flwdgrv qd olwhudwxud gh hohphqwrv �qlwrv1 Hperud olplwdgd shor hvsdêr/ d uhylvær

loxvwud r judqgh xqlyhuvr gh srvvlelolgdghv gh lpsohphqwdêær gh �orvr�dv RR xwlol}dgdv

frp rPHI1 Dojxqv h{hpsorv lqwhuhvvdqwhv gh dutxlwhwxudv vær h{sorudgrv xp srxfr pdlv/

iruqhfhqgr lgìldv sdud r ghvhqyroylphqwr gh dutxlwhwxudv vlploduhv1 Hvshud0vh txh hvwh

duwljr srvvd dx{loldu sur�vvlrqdlv lqwhuhvvdgrv hp SRR dsolfdgr dr PHI iruqhfhqgr xpd

olvwd gh uhihuíqfldv lqlfldlv sdud hvwxgr1 Uhihuíqfldv dglflrqdlv srghp vhu hqfrqwudgdv hp

rxwudv uhylvøhv eleolrjuä�fdv +Khghjdo/ 4<<7,+Dufkhu/ 4<<9,+PfNhhqd/ 4<<:,

Uhihuíqfldv
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Phwk1 Hqjqj1/ 68=758�769/ 4<<51

J1 U1 Ploohu1 Dq remhfw0rulhqwhg dssurdfk wr vwuxfwxudo dqdo|vlv dqg ghvljq1 Frpsxwhuv

) Vwuxfwxuhv/ 73+4,=:8�;5/ 4<<41
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