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S5HVXPHQ

( VW WDEDRR WHH FRP R 11Q *DSUHQEHUSDUD SUHGHAU \BOFRP R HORUW FX® GDED D ®&V JUHIRV GH O
DQWM « HEDG XD IGD GHOXWUR VH EXVFD XWd) DUD EIRQRWP i D FRP R KHUDP [HQWM SUHARWYD HQ
EIR®ItD

( CBUMVHQM SUR HAR SUMMQGH SREHUHQFRMDUUHDFIRGHY HQWH @ VHRXHQAD IXQAY Q HVWKPMUD \
|Gf IEIGEDG SURMED DO FRP EIQDU @ IQRWP DFyQ HWIKRMWDO GH SIRMQDV GVSRQIEBN FRQ ©

IQRWP DAyQGAQ P IFD REWMQGD P HADQM VIP XOFRQHV GHAQ P IFD P RBFXOU ' 0

6H SXGR HABEGFHU TXH B YDBUAV GH 50 6'  UHVSHAR D XQD HAKFMD GH UHHHQAD \  HQWH
\REDV OV HAKPMUIDV REMQGDV GH ©@ VP XOFyQ @' YDRUHV GH DGR GH JILR © FDQIEDG GH
JXSRV FOMMY IGHQMEDGRY \ @ GWIEXFYQ GH IDPRU % HQMH @V DP IQR FIGRV GH @ FDGHD
SIRMED QRV GDQ FXHQWU D SDWMW GH XQ HAWECR CDWR @ H MMQFD GH RARV HABGRY ( WRV
UHVXEBERY QRV SHP WM IGHQMEDU V. OV SIRMQDV VRQ WIIGDV R PyYIBN FRQ SRVEIGEDG CH
QVFUP IQDU FRQ P D\ RU SHAMYQ @ VHSDUDFly Q GH @V ~@P DV HQ SDUFID® HQM GHVRBHQDCDV \
P DBDEGN ( \AM WDEDIR GHP XHWID @ UHDFly Q HQWMH FRQIRWP DRlyQ\ GQ P IFD OV VP XOFRGHV GH
' 0 GHVSOHIDQ @V SRVEBN FRIRIP DARGHY GH XQD SIRMQD P RAMDQGR VX |G IEIEEDG D~Q FXDQGR
VH FRQR FD XQ VRR FRQyWP HIR GH @ PIWP D 6L EIHQ QR SRGHP RV DVHIXWDUTXH @ IQRWP DAY Q
QQ P IFD GH XQD SURMQD HV FRGLIEDED HQ VX VHEXHGAD HWRY UHVXEBIGRY VXJ LHHQ TXH HV XD
SRVIEIGEDG

3RU~G@PR ® HQUIXHFHGERU GH HAM WDEDR HV TXH VXVFMD QXHYDV SUHIXQIV \ SHP W ©
JHQHDAY Q GH QXHYDV KISyWMY FX\ D BAVROFYQ QRV SHUWP MW [UXQ SDVR DGHDQM HQ HOFDP IGR
IQILQWR GHOFRQRAP HOR
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,QWURGXFFLYQ

* IDQ SDWM GH OV P RPFXOV EIRYJIFDV VRQ P DFURP RPFXOV SREP HIRV FRQIRWP DGRV D SDWWCH
SUHFXWRIHV UHDWYDP HQM VP SBV FRQRAGRY FRPR PRQY/PHIRV > @/ DV SIRMQDV @V | AGRV
QXFRIERV\ ® SRDVDA UGRV VRQ DOXQRV HYP SBY

/ DV SRMQDV VRQ SREP HIRV GH DP IQR AIGRV GH GV BQING VL QR IQFOIP RV HODIXD VRQ HO
PD RU FRP SRHOM GH @ FpG@V / DV SIRMQDV FXP SBRQ GAHHOMY IXQARQHV SRU HYP S®
WDQVSRWM FDWQAY HAWKPMUD GHHQD FRP XQEDAyQ\ DB DFHQDP LHOR > @

([MMQ  DPIQR AGRV GLHHQMY TXH VH QI XHQ HORH \t SRUDV SURSIHGDGHV IIMERTXP IEDV
TXH GV FRQLHH @ FDGHD OWMIDO5 )XW D > @

/ RV DP IQR FIGRV VH XQHQ HQMH \t P HADQWM HQDFHV FRYDBIQMY TXH VH JHQHIDQ GH @ XQy QGH XQ
FDUER] L& FRQ HQJ KSR DP IR GHODP IQR FIGR VI XIHQWM FRQ SpUEGD GH XQD P RPFX® GHDIXD ( WM
QXHYR HQDFH JHQHIDGR GHOIBR DP ICD VH GHQRP IQD HQDFH SHSWAFR \ HY SRUH@R TXH VH QRP EWD
D OV SIRMQDV FRP R SRISpSWERY ) UXWD E > @

a } Grupo ainlno Grupa acida
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YJUXWD D ( WKRMWD JHGHIDOGH XQ DPICR AGR (W HAKPMUD HV FRP ~Q D \RGRV P HQRV XQR GH &V
DP IQR AGRV @ SUIRED DP ICR AGR RFEFR HV @ H FHSAYQ ( QJWXSR 5 R @ FDGHD GWADOURVD VH XQH DO
FDERR .\ HV GIHHQM SDUD FDGD DPIQR AGR ,P DIHQ HWIXGD \ P RALIFDA GH > @E 5 HDFAyQ CH
IRUP DFly Q GHCHQDFH SHSWAEER ,P DIHQH WIXGD\ DEDSWMED GH > @
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/DV SIRMCDV FRPR \RGD PDRRP RPFX® FRQ DAICDG EIRYJIFD WHQHQ XQD HRKPMWD
\WEP HOVRQDO HVSHRIIED TXH GHSHQGH GH VX FRP SRVIFlyQ DPICRDRGEFD \ GH FyPR GFKRV
DP IQR FIGRV VH DVRADQ HQ HKFMUDV REHCDADV (B RUDQ] DAY Q VH GHVRUEH HQ GMIDRY
QYHBN HWIKPMUDBN GHQRP ICDGRV HWIKRXWD SUP DUD  VHRXQEDUD \MUFIDUD \  FXDWACDUD / D
HKPMUD SUP DUD ) UXWD D HV @ Pi VE VED\ FROUMM HQ @ GHVRUSFlY Q GH\RGRY &Y HQDFHV
FRYDBIQMY TXH XQHQ D ®V DP IQR AGRV GH XD FDGHD SRISHSWAFD HY GHAU © VHRXHGAD
REHDED CGH DPIQR AGRV /D HWIKPMWD VHRXQEDUD )XW E WVH WHIHH D GVSRVFIRGHY
SDUFXOUP HQM HBEGN GH ® DP IQR1 FIGRY TXH GDQ GLJ DUD SDWRGHY HIRKFUMUDGN UBHSHIMYRY / RV
GRV\IBRV P i V FRP XQHV GH HAKPMUDV VHRXQGDUDV VRQ @V Kp@FHY DID \ @V KRBV EHBV ( AV
HAKPMUDY VH FROHABIQ XQDV D RADV D WDYpV GH @RSV \ VH HBELD) DQ D WDYpV GH SXHQMV CH
KIGYJHQR / D HAKPMUD \WUFDUD GHOSRISpSWER SBUDGR HY @ GVSRVIFY Q HQ HOHVSDFR GH @V
HBP HQRY GH HAKPMWD VHRXQEDUD ) UXWD F 3RU~GP R @ HAKFMD FXDMIDUD ) UXWD G
VH IRWP D P HADQM @ XQyQ GH YDUDV FDGHQDV FRQ HRKFMUD WUFDUD SDUD IR DUXQ FRP SGIR
SIRMER HQ RADV SDOEWDV VH UH IHH D © GVSRVIFly Q HQ HAHVSDRIR FXDQER XQD SURMQD SRVHH GRV
RP i V FDGHQDV SRISHSWAFDV > @

( V [P SRUBQM GHVIBFDUTXH @ VHRXHQRD GH XQD SURMGD GHMUP 1GD VX HRKFMUD WGP HOMRQDO @
FXDO D VX YH GHWP ICD VX IXQFlyQ /D HAKRMUD \WAEP HOURCDOHQ FRQAFIRGHY IIMRQJIEDV
GRQCH @ SIRMQ VH HIPXHOWD Pi V HABEB! \ IXGARD® HQM DRIYD HV ® TXH VH GHQRP LD
SHAWIKPXWD QDWD' 8 QD IRWP D GH GHVFUEIUD @ HRKFUMUD HVSDRIDCHY IQAFDQER B DP IQR FIGRV CGH
© HWIKPXUD SUP DUD TXH VH HOFXHQADQ HQ FRQBAR ' IFKRV FRQBFRY VRQ BV UHVSRQVDEBN CH @
HVKPMUD WGP HQVIRQDO & DEH DFOUWDUTXH FRQBAR VH FROVGHID FXDQER GRV DP IQR FIGRV WHQHQ
i \VRP RV TXH VH HQFXHQRDQ D GMBIQRID P HQRUGH Qc UWY P ¢ 6 LEIHQHOQ-P HUR Q SXHGH YDUDU
VHI~QHOHWNGR TXH VH BHDQ D HQ JHQHIDOVXHB HFRMDUHHMH \ > @
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YUXWD 1 LYHBV GH HKPMWD GH SIRMQDV ( MKHP RIGEIQDKXPDQD SGE 1 1 D / D HRKRXWD SUP DUD
FROVIMIM HQ XQD VHEXHGHRID GH DP IQRi FIGRV XQIGRV HOWH Wt SRUHQDFHV SHSWAEFRY E ( CBRIBpSUER UHVXABIQM
SXHGH DGTXIUU XQGDGHY GH HKFMWWD VHRXQEDUDY . Kp@FH \ KRV BHSUMVHQIFlyQ GH AIQIV  F /D
HAKFMD \MADUD GH XD GH @V FDGHQDV GH @ KHP RIGEIQD FRQ HOJWXSR KHPR HQ HOVMR DRIR
UHSUMVHOBFYQ HQ WIFNY G /D QVSRVIFlyQ HVSDFIDOGH GRV R Pi V FDGHIDV FRQ HWKFMD WAFDUD
FRP SROHQ @ HWIKPXWD FXDMEDUD GH @ SIRMQD HQ HAM FDVR @ KHP RIGEIQD KXP DQD ,Pi JHQHV
JHHDEDV FRQ&KIP HD > @

8D SIRMQD SXHCH DGRSWU GQVSRVIFIRGHV HVSDADBN @HDP HQM GULHHQMY GHQRP IQDGRV
FRQyW HRV (VMR VH G-EH D ® WRIBFyQ CH ® HQDFHV P SBV HQ HOHVSDFR 8 Q P RGHR GH
HKPMUD HY XQ FRQY WP HIR GHMP IQDGR ) UXWD /D BAVROFly Q GH @ HWWKFMWWD GH @ P VP D
SURMCD  HQ GLIHHAMY FRQAFIRGHY HV ® TXH QR GD IQRWP DFly Q GH BV GLHHQMY FRQy P HIRV
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YUXWD  6XSHSRVFlYQHAKPMIDAEH — FRQly WP HIRV GH XQD SUIRMCD TXICDVD ( QWY RVFXUR VH P XHD @
SRM@30 SE 1 ,PDIHQWPDDEH>@

6H KD GPRMDER TXH @ HAKFMD \ O IXQFyQ GH OV SIRMQ@DV HAVQ HAWHRKDP HQM

UHDARQDADV & XDOXIHUFDP EIR R DEMDAY Q HQ ® FRQRWP DFly Q QDWD GH XQD SURMQD SXHGH GDU
FRP R UMVXEBIGR TXH XQD IXQFly Q IIMR.J LED QRUP DAGHUYH HQ XQ SURFHVR SDRQJIER

/ DV SIRMQDV HQ VX HORUR EIRYJIFR CDXMDOGR VRQ REMMRY WJIGRV VH SHIP WM\ HV GHFHVDUD
AHWY | B[ [EIQEDG HAKPXUDO> @3 RUR BQR SDUD FDGD SIRMQD HOHAEIGR QDWYR QR VH @ MY D XD
FRQRWP DAyQ ~QFD MIQR TXH YDURV FRQy WP HRV FRH IMMQ HQ HTXIZEUR 8 QD JUDQ YDUHGEDG CH
HQHWP HEDGHV KXPDQDV' FRPR HO A QFHU  HQHWP HGDGHV FDERYDVEXDUWY © DP IRIGRAY
HQHWP HEDGHY  QHXURGHIHQHIDWDV  GDEHMV SRUJGMIP D © HQHWP HADG GH 3DINQIRQ @
GHIFIHQAD GH DQMISVID HCB PKHP HU\ @V HQFH DESDWDV HVSRQIIIRWP HV VH GHEHQ HQ SDUW D
HURAY HQ HOS®UDP IHQR GHOFROMQR GH HKPMUDV R GHVHTXIEEURY GH ®V FRQy WP HIRV GHO
HABGR QDR SRUR BQR SXHGHQ FROUGHIDWH HJIHWP HGDGHV FRURP DARDBNV > @@ @ @ @

(V PX P SRMIQM FRORFHU @ HWIKPXWD WGP HMRQDOGH @V SIRMQV GH P RGR GH SRGHU
HQFROMDU HDARGHY HOWH @ HWIKPMD \ @ IXQAYQ $PXMDP HOM KD\ GIHHQMY P p\RGRY
X\) DGRV SDUD GHWUP [QDU @ HARKPMUD GH XQD SIRMCD 1RO HQGR @ FUMBEI WDItD GH DRV ;
. D AYWB@RIWDSK. @ HVSHAMRVRSID GH UHVRCQDGAD P DIQWFD QXFODU QXFBDU P DI QHIF
UVRQDGFH VSHAMRARS. 105 VSHAMRFRS. |\ @ FURP IFRVFRSID HBPWQED FUR HBIPWRQ
P IFIRVFRS\  &DGD XQR GH @V P p\RGRV IHCH YHOEDV \ GHVWHQEND \  X\M) DQ GLHHQMY HBP HORY
GHIQRUP DFly Q SDUD FUHDUHCP RGHR DP LFR 11QDO
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/ D FIMBEIWDID GHDRV; ) LUXWD D HVXQD WFQEFD SDUD GHWP LGDUD HRKFUMUD WGP HOURQDO
GH OV P RPFXOV IQFOIGDV P DRURP RPFXOV EIRPJIFDV FRP SBIV FRP R OV SIRMCDV\ ®Vi AGRY
QFRIFRY ( V XQD KHUDP HQM SRGHIRVD HQ @ HIFIGDAY Q GH @ HKFUMUD WGP HOURGDOGH XQD
P RPFX® HQ UHAVROFlY Q DWP IED / RV GDVRY VH UHFRBIPIIQ DOGUDABUWD\ RV ; D XQ VR® FUMBOTXH
WHQH XQD GVSRVIFlyQ REHQDAD \ BUXOUGH i PRV 6REUIH @ EDVH GHOSDWQ GH GLUIDFAYQ

REWQGR D SDMUCH @ QVSHWWYQ CGH DRV ;  VH SXHGH UHFRQMKIUD GHMGDG HEIRFW QFD\ D SDMY
GH pI VH SXHEH IQHWUO SRRy QDWP IFD> @

/ D HVSHAWRVFRSID GH UMVRQDGQFID P DIQWFD QXFBDU ) UIXWD  E HV XQD WFQED TXH \WHCH FRP R
HBP HQRY SUGFISDBN XQ [P i Q XQWDQVP IVRU XQD DQMCD\ XQD FRP SXWIGRWD ( AP i Q SURGXFH XQ
FDPSR PDUQWR HAWWFR HWBEG! FDP SR PDIQWR SUQASDO TXH VH XW)D SDID JHQHDU
P DJQHMY DAy Q P DFURVFy SIFD HQ XQD P XHWID GH UAVRCDQAD P DIQOWED ' H HAB P DQHID \H ®IWD
RUHQBU\RGRY BV Q-FBRV HQ XD P IMP D AUHAYQ / XHIR HOWDQVP IVRUSURSRUFARQD SXORV CH
WAR WHFXHGAD SDWD IWDGEDUD @ P XHD FRQ XQD 1UHRXHQAD GHWMUP IQDGD JHQHIDQER DCBROU), DU
VXV i \RP RV XQD GHWYIDAlY Q GH BV Q-FBRV GHOFDP SR P DI QoWER SUGFISDO) 1GD@ DED @ HP My QCH
QFKRV SXORV @V i PRV GH @ P XHWID \WHQGHQ D RUHQBH QXHYDP HQM VHI~Q @ GLHFFAQ
JHQHDED SRUHOP | Q HP MHQER GXUDQM HOSURFHVR GH GHVSRDU DRy Q @ VHx DOGH UHVRQDGFID
P DIQXWD e HV GHMPBIGD SRUXQD DQMCD DP SOIFDGRD\ P HADQM XQ FRQYHMERUDQD®JIFR D
QMO $' & \H QIMIQD SDWD VX SRWMIRU SURFHVDP IHQR \  YIVXD@ DFlyQ GH GDRV HQ XD
FRP SX\UGRD> @

&RPRVH PHARY @ GIWDFFYQ CGH \RV; SXHEH CDUHKPMUDV GH EIRP RPFX@V GH P X\
UVROFQ 3HR SDUD REWMCHUXQD HKRXUD P HADQM HM P p\RGR HV GHPHVDUR SRGHUFUMIB) DU
© PRPFX® 0 XFKDV SURMQDV QR \H FUMBIO DQ\  HQ DOXQRV FDVRV HOSURFHVR GH FUMIBI[) DALy Q
DAMD @ HAKPMWD SRUR TXH QR HY BHSUMVHQBAYR GH Fy P R VH YH @ P RPFX® HQ @ YIGD UHDO&RQ
© HVSHAWRP WD GH UHVRQDGAD P DIQOWD \IP ElpQ VH SXHEH REWQHU HARKFMUDV GH EXHQD
UMVROFQ DXQTXH \WHQH XQ @ MIQM VXHB! X\ DWH SDUD SURMQDY UHDMYDP HOM SHTXHKDV
SDUAMV GH SURMQDV R SURMQDV LOADFHOOUHY VRIEBN VH VXHB! HYMIUSIRMQDV GH © P HP EIDQD
FHOOU 6L VH G-VHD HAXGADUSIRMCDV JUDQGHY  BHFHSWRUAY XQGRY D © P HP EUDQD FRP SBIRV CH
YDUDV EIRP RPFXOV MQBV R HYMIU® FUMBE) DRy Q VH SXHEH UHFXWUD @ P IFURVFRSID HBRY QED
FURIpQED )UXD F > @



ITBA

Resolution L = S . Reselution
before 2013 o i 2 at present

Bwdvivn e i T B S A sciere, ol e,

)UXWD D 8QSDWQCH GIDFAYQGH RV ; GHXQDHJ P D FUMBQ DD ( CBDWYQGCH SXQRV WH®[ IRQHV
\ @ IXHJD WHDWD GH FDED SXQR  IQMOVCDGHY VH SXHGHQ X\M) DU SDUD GHMUP ICDU @ HRKFMD CGH @
HJIPD ,PDIHQWP DD GH> @E ( VSHAMRVFRSID GH 5 HVRQDGAD 0 DI Qo\IFD 1 XFODU 8 Q HWP S GHOSDW Q
FRP SBIR REWQICR GH @ HVSHAMRFRSID GH105 [} TXHED TXH FRUHDARCD @V i \RP RV GH QUYJHQR HY
YHWFDO GH ®V JIXSRV DP IGD FRQ ®V i VRP RV GH KIGYJHQR HW KRU} RQIO HQ XQD SIRMCD 8 QD VHUH
FRP SBID GH P HAFIRGHY TXH FRUHDFIRQDQ RARY Q-FBRV FDUERGR KIGY JHR KIQYJHQR KIQYJHR  Fi BXBV
\ GHGXFARQHV SHWP MWQ GHIYDU @ HKPMD GH ©@ SIRMQD GHHFKD ,PDIHQ \RPDAD GH > @F
0 IFIRVFRSID HBIPWY QED FURIpQIFD 8 Q KD GH HBIFWRGHY VH GQVSDUD D XQD VROFlY Q GH SIRMCD FRQIHDAD
/ RV HBPWRGHY GVSHYRY HP HJHQMV SDVDQ D WDYpV GH XQD BIQM SDUD FUHDUXQD [P DIHQ DP SIDAD HQ HO
GHMARU D SDIMYGH @ FXDOH SXHGH GHWMUP IQDUVX HRKFUMD P DIHQWRP DEDGH> @G / D SIRIMYQGH @
UHVROFlY Q GH FURP IFIRVFRSID HBIFW QFD IG0VIDGD SRUXQD UHSUHVHQUDFy Q GH J G\BP DR GHVKIGURI HIDVD FRQ
XQ QYHOGH GHWB®! FUHFHQM GH [} TXIHWED D GHHKD 3DWD XQD SIRMQD GH HVM \IP DxR N D XD
HVROFYQGH ¢ OPXDOHSXGRB®IDUGHSXpVGO > @

/D FURP IFIRVFRSID HBFWQEFD HV XQD WFQED GHIYDED GH @ P IFRVFRSID HBPWQED / RV
P IFIRVFRSIRV HBFWQFRY GH WDQWP MyQ 7( 0 XW) DQ XQ KD] GH HBFWRQHV SDUD H DP IQDUDV
HAKPMUDV GH @V P RPFXOV\ @ P DMIDBN D HVFDD DP IED $ P HAGD TXH HOKD] SDVD DWDYpV
GH XD PXHD PX\ GHODGD IQMDFWD FRQ OV P RPFXOV TXH SUR HABQ XQD P DIHQ GH @
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P XHWD HQ HOGHWIRRU 61Q HP EDUR DOXQRV P DWUDGBN HVSHAD® HQM OV EIRP RPFXOV QR VRQ
FRP SDWEGN FRQ @V FRQAFIRGHY GH DAR YDRR \ @V KDFHV GH HBIPWRGHV IQMQVRY X\E) DGRV HQ &V
7(0 WDAHARDGN ( ODIXD TXH URGHD @V P RPFXOV VH HYDSRD \ @ HBIPARGHY GH DAB HQHUItD
TXHPDQ \ GHWK\HQ @V PRPFXOV (Q FDPER @ P IFRVFRSID HBRWQEFD FURIpQED X\M) D
P XHWIDV FRQJHDGDV KDFHV GH HBPMRGHV PiV WDYHV \ XQ SURFHVDP IHQR GH IPi JHQHV
VRIMIFDGR SDUD VXSHIDU MRV SUREBP DV / D P IFIRVFRSID HBFWQED FURIpQED QR UHTXIHM
FUMIGBN \ \BP ElpQ SHWP M YHUFyP R OV EIRP RPFXOV \H P XHYHQ H IQMIDRADQ D P HAGD TXH
WD DQ VXV IXGARHV @ TXH HV QUFIOFRQ @ FIMBRIWDItD ( WD \WFQED HV ~QFD \D TXH R
UHTXIHUH FUMEBQ DAY Q X\D) D SRFR P DWAUDO! UHVXHIH SDWFXOV GHOP DxR GH @ KHP RI@EICD

N D KDWY JUDQGHV SDMFXOV HQ HORGHQ GH ®/ PHID ' DIRQ / D HYRGFYQ HQ @ P HRWD CH @
UHVROFlY Q GH A WFQED VH YH LHEMED HQ @) UXWD G / D P SRUUGAD GH HAD WFQED\ GH @
LOYHMI DFly Q HQ HWWM FDP SR GVAIS@DUVH YIR UH GIGD HQ HOSUHP IR 1 REHOGH 4 XtP [FD RRUDGR D
BV LQYHM DERUHV - ROFKIP ) IDQN 5 KDL + HQGHWRQ\ - DFTXHV' XERFKHWHQ HODXR > @ @

&XDIXIHD GH & WHY P p\RGRV P HQFIRQDGRY \WHCHQ FRP R UHVXEBIGR XQ DUKIYR SGE 3URMQ' D
YDN > @( VM HV XQ DUKIYR GH \M\WR ) UXWD  TXH SUHVHQE © IQRWP DFlyQ HVSDFIDOGH @
SIRMCD HY GHAU @V FRREHQDEDV HVSDADBN ; < \ = FRUHVSRQAHQMY D O SRVFlyQ GH FDGD
XQRCGH®Vi \RP RV GH ®VDP IQR FAIGRY DGHP i V CH IGFOIUAHWY IQIRWP DAY QFRP SBP HQBUD > @

QRP EUH GH @ SIRMQD
IHFKD GH J HGHUDFly Q GHODUFKIYR

FYQJRGHOBGE  FDUDRMUHY DIDQXP pUERV

O FDQIZEDG GH FDGHIDV\ GH UMIGKRY SUAVHQMY

© WFQED H SHUP HQIBOKI) DED SDUD @ GHMUP IGDFly Q GH @ HWKRMUD
®V DXVRUHY GHODUFKIYR

O IXHQM EIRJIFD GH @ P DFURP RPFX® GH HQMDGED

© UHVRAHy Q REWQCD

OV DV QDAIRGHV GH HARKFUMUDV VHEXQEDUDY

O FRCHAMGDG DwP IFD
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O FRQHAYIGDG HQWH BMGXRV
®V @DQERY HQFDVR GH TXH SUHVHOAMQ

OV P RPFX@QV GH DIXDV TXH IRP DQ SDUM GH @ VRAHYQ SXHGH GRUMUYH WL DOXCQDV WH
HCGPXHQRDQ FRRGICDADV FRQO SIRMQD \ R

O SHWHHD CGH i WP RV R UWMGKRV IDBBOQMV | WP RV R BWMGXRV TXH (R VH SXAHRQ
GHWMUP ICDUSRUHCP p\RGR XM} DGR
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REMARK 2

YUXWD  &DSWUD CGH SDQE@M CGHDWKIYR ) 9 SCGE SDUD HWP SQIFDUD IQRWP DHy Q GH XQ DUFKLYR 3 SGE

( OYDQFR GH ' DRV GH 3IRMQDV 3URMQ' DB %DQN 3' % HV HO-QEFR DURKLYR P XQGDOGH CDRV
HAKPMDGBN GH P DFURP RPFXOV EIRQJIIFDV (V XQ BHFXUR JE@EDO @GHU GH CDRV GILDGNV
SIRYHQHQM GH GDRY H SHIP HQBGN GH DFFHVR DEIHWR HQ HO UHD GH @ EIRBItD\ @ P HAFICD \
HV XQ UHFXWR FHQADCSDUD HOEWH XVR FHOMER > @

0 XFKDV IXHQMV VHRXQEDUDV CGH IQRWP DRy Q VH GHUYDQ GH GDWRY GH 3" % ( V HOSXQR GH SDMED
SDWD HVXARY HQ EIRQRWP i WD HWKRMUDO 3" % HV XQ UHSRVVRUR GH FRRUGHQDCGDV DWP IFDV\ RAD
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IQIRWP DAy Q DQH D SDUD GHVFUEIUP DRURP RPFX@V CH [P SRUIGHD EIRYJIED / RV GDWRY GHSRVMBGRY
IXHIRQ REWQGRY P HADOM OV WFQFDV DOMV GHVAUSWYY FUMBRIWDItD GH DRV ; 501 \
FURP IFIRVFRSID HBRWYQED  VRQ DQRIBGRY \ IRWP DQ SDIW GH XQ DUKLYR TXH HWV GVSRQE®! GH
PDHD S-EGD> @

( O3URMQ ' DI ¥DQN VH HABEGFY HQ HOY DERUIDRUR 1 DFRQDOVARRNKDYHQ %4/ > @HQ
FRPR XQ WHSRWRUR GH DUKIYRV GH HKRMIV FUMBEDV P DFURP REBFXOUHV EIRYJIIFDV
5 HSUAVHQW XQD GH @V SUP HIV FRBFAIRCHY GH GDRYV GH EIRBRID P RBFXOUIP SXODADV SRUD
FRP XQIGDG AHQMED > @$0QGD GH KR HQ HO3' % VH HQFXHQRDQ GHWMUP IQDGDV \ GHSRMBIGDV
SDUD VHU XWM) DAV S~ETFDP HQM HAKPXMIDV (Q @ )UXWD  \H SXHGH DSUHFDU @
HKPMUD GH @ SRUIFly Q H WDFHODUGH @ SURMQD KXP DQD ] XP R GH HVSHUP D] RGH GHSRVABGD
FRQHORYGJRSGE ) 9 (B SIRAMQD GH P HP EUDQD GHOHVSHUP DIR] RGH MQR FRQ VX FROADSDUM
812 SURMQD GH P HP EUIDCD GHOKXHYR SDIMASDQHQ @ IXMy Q GH @V JDP HBV

~ AAAAAANANAAN P

ite Record
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YUXD  ( VWKPXUD HVSDFIDOGH @ SIRMQD ] XPR HOMDGD GHSGE ) 9 D 3RGHP RV DSUHADUDOV DID
Kp@HY KRBV EHB \ GRSV TXH @V FRGHABQ E 6H SUAVHQD @ VHREXHQAD SUP DUD GH DP IQR AIGRV GH @
SIRMQD \  VREWH HBD © VHEXHGAD VHRXQGDUD @V DID Kp@FHY HVTXHP DWYDGDV FRP R UVRUMYV \ @V KRBV
EHVY HVTXHP DY DEDV FRP RIGFKDV P i JHQHV REWQICD GHKWBY 777 UFVE RU VKR ) 9

$OH SRIDU® EDVH GH GDRV 3' % \H SXHGH HQFRQIDU DUFKLYRV GH FRRUGHQDGDV SDUD @ 3XQEDG
ERPJIFD \ SDID @ XQGDG DVP pWED 0 XFKDV HQADGDV GH 3' % VRQLIXDBV > @6 1Q HP EDUR
SDUD DOXQDV SURMQDV  SUGASD® HQM DTXHMV UHVXHIBV SRUPIMBEIWDItD GHU RV HV SRVE®!
TXH DP EDV XQGDGH QR FRGAGDQ > @ ( ODUKLYR GH FRRUBHQDGEDV SUP DUR GH XQD HRKPMUD
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FUMBEED QRUP DB HQM FRQMH VRB XQD XQGDG DVIP pWED GH FUMBO. SXHEH R QR VHUHOP WP R
TXH HOGHOD XQCDGEIRQJIED > @

/ D XQGDG DVP pWED HV @ SRIAYQ P i V SHTXHXD GH XQD HRKFMUD GH FUMIBICD @ TXH VH SXHGHQ
DSTFDU RSHIDFRQHY GH VP WD SDUD JHQHIDU @ FHOD GH @ XQGDG FRP SBWF @ XQADG CH
UHSHWFYQ GH FUMBO > @/ DV RSHIDARGHY GH VP HWD PiV FRP XCHV SDID ® FUMBGN CH
P DFURP RPFX@V EIRPJIIFDV VRQ IRIFIRGHY WDVDFIRGHY \ VXV FRP EIQDAIRGHY  / D DSTFDAly Q GH
RSHDARQHYV GH VP HWD FUMBRIU IIFD D XQD XQGDG DVIP pWED SURGXFH XQD FHGD ~QED TXH
SHIP W UHFRQAMKIUHOFUMBICFRP SBAR ) UXDD > @

8 QD XQGDG DVIP p\MED GH FUMBICSXHGH FROMCHU> @

XQD XQEDG EIRPJIIFD XQGDG DVP pWED\ EIRYJIED FRIGFIGHQ

XQD SRFyQ GH XQ FROMQR EIRQJIFR HV HOFDVR GRQGH SXHGH BHFRQAMKIYH @ XQGDG
EIR®.JLED D SDUMYGH @ XQGDG DVIP p\MED

P ~@B6N XQGDGHV EIRPJIEDV

9 DP RV D KDFHUXQ UHVXP HQ GH BV HYP SB TXH P HGAIRQDQ BV DX\RUHV GHIDWFX®
8 QGDGDVIP pWED 8 QGDGEIRPJIED + HP RIGEIQD FRQVXV FXDWR FDGHQDV ) UXWD D

8 QCDG DVP pWED 3 DWW GH @ XQADG EIRYJIFD +HP RIBELCD FRQ VRR GRV FDGHIDV D
SDWY GH @V FXDBV DSEFDQER IXQARGHY GH LRIBFy Q\ WDVDFly Q \ VXV FRP EICDFIRGHV \H
SXHGH UHFRQMKIUHOMU P HUR EIRYJ IFDP HQM IXQARQDOGH @ SUIRMCD ) UXWD  E

8QEDG DVPpWED 0 XFKDV XQGDGHV EIRQJIEDV +HPRIGEIQD HQ FX\R FUMBO \H
HOPXHOADQ GRV W P HIRV CR H DRIP HQM IpQIFRV GRQGH FDAD XQR HV XQD XQEDG
EIR@JIFDP HQM IXQARQDO) UXWD  F

) IOD® HOM @ XQCDG EIRYJIED HV @ HRKPXD P DFURP RBFXOUTXH VH KD GHP RAMIDGR TXH HV R
TXH VH SUHVXP H TXH HV @ IRP D EIR9.JIFDP HQM IXQFIRDOGH @ P RPFXD > @



YUXWD ' UHHQOMY FDVRV GH GH XQIGDG DVP p\WED HWP SR KHP RIGEICD D 8 QGDG DVMP pWED 8 QDG
ERQJIED 3' % ++% E 8QGDG DVPpWED 3RFyQ GH @ XQGDG EIRYJIFD 3' % 287 F 8QADG
DVP pWED ' RV YHFHV O XQGDGEIRQJIFD 3' % ,P DIHQDESWED GH> @ HCQHDAD FRQI0 '

3RURIR OCR VLEIHQ @V SIRMCDV HQ VX HAWEIGR QDWYR VRQ XQ FRUMQR GH HWKPMUDV @ HIDP HQM
QAHHOMY HQ HTXIEUR HV GHAU FRQyWP HRV ¢FXi OHV @ QP HQVyQ GH HBV GIHIHQADV' / DV
QUHHGADY HOMH HAKFMUIDV GH ®V FRQy WP HIRV GH FDAD SIRMQD HY P HAGD SRUD GHWIDF Q
P HAD FXDGJ WD 5 RRW HDQ 6 TXDUH' HYIDWRQ 50 6'  GH @V SRVFIRQHV DWP IFDV DO/XSHSRQHU
® GQVWIDRY FRQY WP HRV (VM SDU P R UHLHUH D @ VIP LOXG R GLHHQRIDY HWH GRV HARKPMUDV D
WDYpV GH XQD VXSHSRVIFly Q GH B FROMQRY GH FRRUEHCDGDV DWP IFDV ( G50 6'  GH HARKPMUIDV
DEHDGEDV GD XQD IG-D GH @ QYHUHQAD YDRUHY EDRV GH50 6'  LQAFDQ TXH @V HARKPMUDY VH
VXSHSRGHQ P HRU SRUR \BQR OV HWKFMUDV VRQ UHDMYDP HQM VP IOV 0 LHQADV TXH YDBUHY
DARY IQAFDQ GIHHQFADV P D\RAV HOMH HAWKPMUIV ( Q JHHDO ® YDRUWHV CGH 506' W
HPXHOMDQDOHHRU ¢

&RP R GHVFUEHQ 0 DUFKHWA FRO> @D @V SURMQDV FRQ GIHHQADY HQMH GV FRQy WP HIRV P X\
FKIFD R QX® VH OV GHQRP IQDQWIIGDV  3RURMR DGR FXDQGR @V GIHHGADY HMH FRQy WP HIRV
VRQ PDRHV OV SIRMQDV VH OV GHQRPICD :PyYIBN 3RU ~@PR HQ OV SURMQDV
SIQMQVHDP HQM GHVHKPMDEDY ' 3 @ VXSHBRVIFly Q HQ HOHVSDAIR GH ®V FRQy WP HRV HV
IPSRVEGI /D )LIXD P XHMD XQ HHP SR GH FDAD XCR GH HARV FRIMQRY $ @ ] TXHED WH
PXHAWMD XQ HWP SR GH XD SIRMQD JEEXOU REHDED ( WV SIRMQV P XHADQ JWDQGH
SURSRUFIRGHV GH HVIRKFUMUD VHEXQEDUD / D P D RUFDQIZEDG GH IQMIDFFIRGHY HQMH UMGXRY GH GHO
Q-FOR KIGRY EIFR GH HM MBR GH SURMQDV SUHYIHCH GH VWMMYFly Q GH ® DP IQR FIGRV D ® OUR
GH @ HYROFlyQ TXH HYROFRDQ Pi V BIQR HQ FRP SDIDFlyQ FRQ & UMGXRV H SXHVRY ( Q HO
FHQAR VH P XHID XQD SIRMQD FRQ UHJIRGHY REBHDADV R JBEXOUHY SHIR \BP ElpQ FRQ UHIIRGHY
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PX\ 1G] [EGV TXH ® RRUD XQ FRP SRUWIP IHQR AQ P IFR $ @V GHHKD VH P XHWID XQD SIRMCD
! 3 FRQ YDURV FRQYWP HIRV TXH SUHVHQEQ JWDQGHY GIHHGADY HAWKFMWUDBN 6 RQ FRQY WP HIRV
TXH P XHWDQ FDGHQDV DABP HQM G IEGV \ VHIP HQRV HYHQMD® HQM SHTXHXRV \ \WDQUWRURY GH
HWKPMUD VHRXQGDUD RWMUFDUD > @

YUXWD ' ULHHQOMY FROMQRY CGH SIRMQDV HQ IXQFly Q GHOIGFUHP HOR GH @ 18 IEIEDG ( OSDQHOVXSHURU
PXHWMD XQ FRQyWP HR GHMP IQDGR GH @ SIRMQD P IHQADV TXH HOSDGHOIQHIRU P XHWD \RGRV BV
FRQy WP HIRV QVSRQEGN VXSHEXHWRY $ O [} TXHED @ P DWRGH WD IRMRUDVD FyQJRV3' %  $+3B$

$+3B% [/ 9B% 6H PXHWD FRPR XQ@D SIRMCD WICD FRQ XQ GH GVMREQ\ WH WPy FRPR
UHSUHVHQDOM GH SIRMQDV REGHQDEV / D FDP R&X@D FyAJRV3' % )27B% /,1BS 1, B( * B$
%W B & /B *3 BS / B% &/ /B$ PXHVDXQ GHGAVREHQ / D IRMRSUIRM QD VRAE®! CH

MDFRIGH GHHVSICDFD ' 3" %)) 7B$ HV XQ FROMQRWAIFR GH,' 3 FRQHO GH GIVRUEHQ HWIP DGR
/ RV SRIFHQEMY GH GHVRIGHQ VH HAIP DUIRQFRQ( 6 SV ,P DIHQWP DD CH> @

&RP R @ IXQAyQ EIRPJIIED GH XD SURMGD HAV IQMQVHFDP HQM UHDFRQDED FRQ VX GQ P IFD WH
SXHEH DQDO DUP HADQM HOHVXGR GH GLHUHQMY HVKRMUDV GH @ P IVP D SURMQD GHMUIP LQDGDV

H SHUP HQB® HQM \  GHSRMIGDV HQ HO3' % 8 QD P IMP D SIRMQD SXGR KDEHUMGR GHSRVMGD
YDUDV YHFHV HQ HO3' % GHEIGR D TXH @V GMIDBV HAKPMUIDV IXHIRQ REWQICDY HQ GLHUHQMY
FRQGFIRGHY H SHUP HQBBN S+ \MP SHIDWMWD SUAVHQAID GH XQ MDQER HW 7RGV HIV VRQ XD
P XHWD GH @V SRVEGN HWIKPMUIDV TXH HVD SIRMCD SXHGH \RP DU @P DAV FRQyWP HRV \ GD
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FXHQW GH ©@ GYHWIGDG HWIKPMUDAFRQ RUP DAIRGDO GLIHUHGFIDY HARKFMUDGN HQWH B FRQly WP HIRV
3RUR BOR @ WHGXQEDGAD GH HAWKPMUV HQ HO3' % YDUDV FRQRWP DFIRGHV SDWD @ P VP D
SIRMQD  HV XQ GDVR HVHQADOTXH FRQMEX\ H D @& HAXGRY EDVDGRY HQH SHUP HQRV GHAQ P IFD
GH SIRMQDV\  SURSRUIARCD IQRWP DAy QVREWH VX IXQFy Q> @

/ D AYHYAGDG FRURWP DARCDOHY XQ FROFHS\WR FOYH HQ @ FRP SUHQVy Q GH GLIHIHQMY SUREGP DV
UHDFIRQDGRY FRQ @ IXQFly Q GH @V SIRMQDV FRP R HOHVWGIR GH SURFHVRY FDWONFRY HQ HQ 1P DV
HOUHFRQRAP IHQR GH SIRMCDV © HYRGFy Q GH OV P VP DV\ BV RUJHGHY GH @V QXHYDV IXQARGHY
ERQJIFDV 3D GDU FXHQD GH KAV GIHHQADV VH GAVDUR® @ EDVH GH DRV &R 106
' LYHWAGDG &RQRWP DARGDOGHO( WBGR 1 DWR  &RQRWP DIRCDO LYHWW R 1 DWYH 6\ TXH HV
XQD EDVH GH GDWRY GH SIRMQDV FRQ GLHIHQMY J DGRV GH AYHWIGDG FRQRP DARDO) UXWD > @
( V XQD *FROFFly Q UHGXQEDQM | HV DTXt GRQCH UHMIGH O [P SRWIIGAD GH HB EDVH GH HWIKPMUDY
WGP HOVMRQDBNV SDID @ P VP D SIRMGD \RP DD GHO3' % $\Wt @V HRKRMUDV SDD @ P VP D
SIRMQD REWMQGDV HQ GLHHQMY FRQAFARCHY FUMBRIU IIFDV VH DVRADQ SDUD GDU FXHQB GH @
QQ P IED GH OV SIRMQV (VP X\ [P SRUUQM GAMBFDUTXH &R 1 D6 XWM) D FDGHQDV IQAYIGXDBN
SDUD KDFHU®Y Fi BX® DXQTXH @V FDGHQDV SHWMCH| FDQ D XQD P VP D SIRMQD P XGP pUFD 3 DD
SREHUUHDFRQDUQXHRY GDVRY FRQ &V GH HWIB EDVH DD DP RV FDGD FDGHCD GH IRUP D IQALYIGXDO

&R 106 SHP M H SRIDUGV GIHHGADY HAKPMUDBN JEEDBN \ GFDGN HOH B FRQy WP HIRV HQ
IXyQ CGH QIHHOMY SDUPHWRY FRPR ® SUIMWHED GH ODQERV OV P RAUFDFRGHV
SRWDGXFARQDBNY @' FDP EIRV HQ ® HWIGRV RDRPpUFRV \ OV GIHHGFADV HQ HOS+ \ @
\WP SHDXMWD &R 106 SUMVHQW \DP ElpQ IQRWP DFlyQ VREWH @ \B[RQRPID \ @ IXQFlyQ GH OV
SIRMQDV /D FOMIUFDAYQ HWKPMDO RIMFH IQRWP DAyQ ~WD SDID H SBWDU HO P HFDQWP R
VXE\ DFHQM GH @ QYHWIGDG FRIRWP DARGDO\ VX HAWHAKD HDFY Q FRQ @ IXQFlyQ SIRMED > @
$PMDE HQM &R 1 D6 WHQH XQ \RBOCH FRQRWP DFAIRGHV SURYHQHQMY CH FDGHDV
SURMEDV



ITBA

CoDNaS  #Home  QbSearch ™ pBrowse & Download  l# Stats i About 1 Tutorial [ Contact

NEWS! May 11th - CoDNaS has been updated. New proteins have been added according to the PDB last version

Example 1 | Example 2 | Example 3

a database of Conformational Diversity of Native
State in proteins

Un iver: slcl ad
Nacional
de Quilmes

Structural Bisinformatics Group

YUXWD &DSWUWD CGHSDQRMM CHOZHECGH&R 1D6 > @

0 HADQM HODQ MY GH B FRQY WP HIRV 0 RJ yQ\ FROKDQ GHIQGR HQ IXQAYQ GH VX AYHWIGDG
FRQRWP DARQDOWHV JIXSRV GH SIRMQDV ) UXDD > @

" 3URMCDV WIGDV HOP D\RUGH HRY VXEFRQMQRY GH SIRMQDV a 3 UHVHQIQ XQ
506' SWRPHAR CH c R WHHQ WIIRQHV GHVRBHDAV P XHWDQ XD EDD
QYHWIGDG FRQYIRIP DARGDOMHCHQ WGQHBN JUDQGHV\ FDYIGDGHV SHTXHX DV HQMUDGDV

" 3URMGQDV SDUFD® HQM GAVRIBHDADV WHHQHQSIRPHARHO  GH VXV FRQy P HIRV FRQ
BUIRQHV GHVREHQDADV XQ506' SIRPHARGH ¢ HOPD\RUQ-PHIR GH EMIWV R
KIQIHV \ UHJIRQHV GHVREHCDGDV P i V DUIDV

" 3URMCDV P DBDEGN WAHQHQSWRP HARVRRHO  GH @V FRQy WP HIRV GHVRUBHQDGRY XQ
506' SRRPHARGH ¢ FDYIGDGHV IG[ [EGN DIHABGDY HQ \BP DxR SRUD SUAVHQAD CH
UHJ IRQHV GHVRBHQDAEDV\ P XHWIDQ @ P D\ RUGYHWIGDG GH @ DQERV DIGHV

/ RV RV ~AP RV VXEJXSRV VH ®V SXHGH XQU\ FROVMGHDUFRP R SURMCQDV P y 1BV
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Proteins

/\
Ordéred Disordered

Rigid Partially Malleable Conformational mechanisms
disordered
O Mean Conformer clusters
@) Maximum RMSD [A] (loops/coils)
O Maximum tunnel length variation
O Maximum pocket volume
Max. pocket volume variation (with/without IDRs)

Mean maximum disorder region lengths

Mean maximum disorder per protein

o 0 000000

Disordered conformers

OOO00000

0 1 2 .
Maximum RMSD [A]

JUXD  &RP SDUDFyQ YIVXDOGH @V SUGASDBN FDUDRMMMIFDV HVWIKRPMDGN HQ FDAD XQR GH &V WHV
FROMQRY CH SIRMQV GHVAMRY ( Oi D GH FDAD RUX® HV SIRSRIARDOD @ P HAGD FXDQMAMYD
FRUMVSRQAHQM SURP HAR ,P DIHQ\WWP DADGH> @

3 DUD DSRUBUD @ FOUCDG GH HRV FRFHSWRY HQ @) UXWD  VH P XHD @ VXSHSRVEY Q GH B
FRQy WP HIRV GH XQD SURMQD GHOVXEFRQWQR WIIGR\ XQD GHOXEFRQWQR GH SIRMQDV P DBDEGV
YUXWD D\ )UXWD EUNVSHANDP HOM
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YUXWD  3URMQDV GHSRMIGDV HQ ® EDVH GH GDRV &R 1D6 WP DQGR FRP R EDVH ®V Fy@JRV 1+4 \
&9) D 1+4 SIRMQ WICD VXSHSRVEYQ GH FRQyWPHRY E &9) SWRMQD P DBDEG!

VXSHSRVEYQ GH  FRQyW HIRV  / DV HAKPMUDV HANQ UHSUHVHQEIDV SRUFIQBV / D UHSUMVHQEBFY Q IXH
KHPKD FRQ&KIP HD > @

6 LEIHQ @ I®f [ELGEDG SURMED VH SXHGH HYDODUFRP SDUIDQER BV P ~GIBBN FRQy WP HIRV GH XQD VRD
SIRMCD UFRSIDGRY HQ &R 106 (R WAV OV SIRMQDV HQHQ XQ Q-PHR DGHFXDGR CH
FRQyWP HRV $GPi V HIRY VRQ UHSUHVHQEFIRGHY HAMIFDV GH OV HARKPMWDY

$QFARD® HOM D SHVDUGH ® TXH VH KD DYDJ DGR HQ HWM i UD VLIXH MIQ FRQRFHWH GyQGH WH
DO DFHQD @ IQRP DAyQ TXH IQAFD VL XD SIRMQD WQAJ XQD SHTXHXD R JWDQ QYHWGDG
FRQRUP DARQDO/ RV HAXGARY EDVDGRV HQ VHRXHGADV QR GHUIRQ HA BAVSXHD

3RURMR OCR @ AQ PIEDPRBFXOU' 0 0 RBFXOU \ QDP IEV HV XQD KHUDP IHQM TXH SHIP W @
VIP XOFly Q FRP SXWFIRQDO. HOHWXGIR GHOP RYIP HQR H IQMDFFIRGHY GH i VRP RV\ P RPFXOV> @
( AM P p\RGR TXH VH GHVDUR® RUWICD® HQM HQ HOFDP SR GH @ ItVIFD \My UFD D IIGHV GH @ GoFDED
H KR \H DSTD SUGASD® HQM HQ ItMED TXtP IFD HVWGR GH P DWAIDGBNV \ P RGHDGR CH
EIRP RPFXOV > @ DVMP XOFRGHVGH' 0 SHIP WQ FRP SUHQGHUDV EDVHV ItVIEDV GH @ HRKFUMUD
\ @ IXGAyQ GH OV P DFURP RPFXOV EIRYJIFDV P HADQM HOP RYIP IHQR P RBFXOU / D YMy Q IQFIDO
GH OV SIRMQDV FRP R WKWDY UHDMYDP HQM WJIGDV KD MIGR UHHP SOJ DD SRU XQ P RGHR
QQ PIFR HQ HOTXH ® PRYPHQRV IQMORV \ ®' FDOPEIRV FRQURWP DARDBN UHVXEBQMY
GHVHP SHXDQ XQ SDSHOHVHGADOHQ VX IXQAYQ / DV VP XOFRQHY SXHGHQ SURSRUARGDU GHB
UAVSHAR D ®V P RYIP IHQRV GH SDWFXDV IQAYIGXDBN HQ HOWHP SR JHGHIDQER XQD WD\ HARUD GH
FRRUEHQDGDV DWP IFDV HQ IXQAYQ GHOWP SR ( WV P XOFIRGHY SHUP MWQ DERWEDU SUHIXQBV



ITBA

HVSHRHIFDV VREUH @V SURSIHEDGHV GH XQVIMAMP D P RGHR GG P IFR DYHFHVP i Vi A® HQM TXH BV
H SHUP HQRV HQ HOWMAMP D UHDO D XGDQGR D GHVADWBUH, SHUP HQRY TXH SRUVXY FRARY QR \IHCH
VHQIZR UDQ DURY RUIHQBQGR GH HM P RGR D SURJWDP DUH SHUP HQRY SHUR WIQHQGR HQ FXHOM
®V DRV REWQGRY SUHYIDP HQM 1Q IGFR / RV GDRY REMQGRY HQ ® HVFDD GH GG P IFD P RBFXOU
VRQ PX\ IPSRMIQMV \D TXH PXFKDV YHHV @ IXQFyQ GH OV EIRP RPFXOV GHSHQGH CH
IOMDFARGHY D QYHOQDQRVFY SIFR UHYHDIQER GHB@N TXH VRQ GH VXP R IQMpY D QYHOHVRKFMUDO
HVD®GRQGH' 0 D\ XCGD D EUQEDUUAVSXHAY > @

(Q' 0 SDW HADU®Y P RYIP IHORV IIMERV GH ®V i \WP RV \ @OV P RPFX@QV WH SHP MW TXH &V

P VP RV IQMDPWHQ GXUDQM XQ SHURGR GH P SR IR GDQGER XQD YMly Q GH @ HYROFlyQ GG P IFD
GHOMMP D ( Q@ IRP D P i V VHAM GH VP XOFlyQ OV WD\ HARIDV GH BV \RP RV\ OV P RPFXOV
VH GHMUP IQDQ UHVROLHQER QXP pUEDP HQM @V HRXDARGHY GH P RYIP IHOR GH 1 HZ\RQ SDID XQ
VIMMP D GH SDIMFXOV HQ IQMDFAYQ GRQGH OV IXHJDV HOWH @V SDWFXDV \ VXV HQHJDV
SRMQFADBN D PHQXGR VH FDBXOQ X\WM) DQGR SRMJADBN IQMDWP IFRV GHVRUS\WRY P HADOM
PHA QED FOMED ' HEIGR D TXH ® VIMMP DV P RBFXOUH FROAMYQ HQ XQ JUDQ Q-P HIR CH
SDWFXOV SDUD GHMUP ICDU DQDONDP HQM @V SURSIHEDGHY GH \BBNV VIMMP DV FRP SBIRV OV

VP XOFIRGHVGH' 0 X\i) DP p\WRGRV QXP pUFRV> @

(Q' 0 VH UAVXHOHQ @V HRXDARGHY GH P RYIP IHQR GH 1 HZ \RQ SDID XQWAMP D GH 1 i \RP RV TXH
IOMDPADQ> @

P )L L 1
/ DV IXH] DV VRQ @V GHUYDEDV CHI DWYDV GH XD IXQHy QSRMQAD® U U y > @
Joo =y

' H HAD P DQHD D SDMWCH @ HGHUD SRWMQADO. P HADQM @V HEXDAIRQHY GH 1 HZ \RQ VH SXHGH
HAIP DU @ SRVIFlyQ HQ FDGD SDVR GH WP SR $\Mt BV SURIWDP DV FRP SXWBFIRQDBN TXH KDFHQ
VP XOFyQ SRU' 0 UHVXHOHQ @V HRXDFIRGHV GH 1 HZVRQ HQ SDVRV GH WP SR SUHGHWMUP IQDGRV
P DQMQHQER HOVIMAP D FRQ @ WP SHIDWMWD \ @ SUHVy Q FROARDAD \ HVRUEHQ @V FRRUGHQDADV

DWP LFDV HQ XQ DUKLYR GH VDIED D IQMYDBY UHIXOUHY / DV FRREBHQDADV HQ IXQRly Q GHOMP SR
VRQ @ WD\ HARUD GHOVMMP D ' DGR TXH @ HRKPMXWD GH @ TXH VH SDUM HV HMIMIFD KD\ YDURV

SDVRV D UHD@ DUSDWD TXH SXHED DQD@ DWH XQD HMIKRMUD HQP RYIP IHOR * HHWM P RGR GHIR CH
YDURV SDVRV SIHYIRV FXDQEGR HOMMMMP D HAWV QAR SDUD VP XOU XQ H SHIP HQR \ WH IQHAD ©@
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VP XOFlyQ DOFDER GH XQ \W4P SR VH DBDQJ DU XQ HBIGR GH HTXITEUR \ HV HQ B FRQAFly Q GH
HTXITEUR HQ @ WD\ HARUD GRQGH VH SXHGHQ H WDHUSURSIHGDGHY P DRIRVFY SIFEDV GHOMMAMP D> @

5 HVROHU OV HRXDARQHY GH 1 HZ\RQ [P STFD TXH ' 0 XWD) D P HA QFD FOMFD SDUD GHVRUEIU HO
PRYIP IHQR GH ® i WP RV (Q' 0 \H XVD FDP SRV GH IXHJ D FRQUMWYDGRUHV TXH VRQ HQ IXQRY Q
VRDPHQM GH OV SRMARGHV GH ®& i\WWPRV (WR VJQUED XW)DU ©® DSWR [P DAYQ GH
%R 2 SSHAKHP HUTXH FROVGHD TXH & HBPWRGHY VH DMBQ I(QABQIVGHDP HQM DOP RYIP IHQR
GH®Vi \RP RV GH HWM P RGR VH P SQIFD HOWWP D \ D TXH QR VH GHEH FDBXOUHQ FDED SDVR HO
P RYIP IHQR GH B HBPIRGHY >  @( QRGFHV BV P p\RGRV TXH XVDQ FDP SRV GH IXHJ D FDBX0Q @
HQHUD VROP HQM D SDMWGH @V SRVIFIRGHV GH ®V Q-FBRV / D P HAi QFD P RBFXOUVH EDVD HQXQ
P RGH® VIP S®! GH IQMDFFIRQHY GRQGH FROUEX\ HQ HOHVIMDP IHQR GH XQRQHY @ DSHWUD R AHUH
CH®Vi QXRV\ O RIBFYQ DOHGHERUGH ® HQDFHV VP SBV / RV FDP SRV GHIXHJDVP i V VHGAMRY
SXHGHQ GHVRUELLYH P HADQWM FIGFR FRP SRCHQMV TXH GHVFUEHQ @V 1XHJ DV IQAD H LOMP RBFXOUHY
HQ HOVMMP D TXH VH GHVHD VIP XOU $Wt SDUD HOFi BX® GH @ HQHUtD SRIMQAIDOHQ IXQFy Q GH @V
SRVFIRGHV (S U VH VXP DQ @V HGHUIDV GH XQyQ\ @V HQHJDV GH QR XQyQ / DV HQHUDV GH
XQyQWHPRGHDQP HADQM  XQSRMGADMWP yQFR SDID ® HHJtD GHHQDFH  XQ\WWP IQR TXH
P RGHD P HADQM XQ SRMQFDODWP y QFR @ HQHUD GH 18] lyQDQIXOU  XQWWP ICR TXH P RGHD @
HQHUD GH URIBAY Q DOHGHARUGH XQ HQDFH P HADQM XQD IXQAYQ FRVHGR HQHUtD \RWRQDO ' H
HAD P DQHD SRUHWP S® VH DSTFDQ SHQDTEDGHY HQ HOF BX® GH @ HHUtD FXDQER OV XQRGHVR
® | QX VH DBIBQ GH VXV SRUFIRGHV GH HTXIEUR R GH WHHHGAD / XHIR OV HQHJDV GH QR
XQyQ VH P RGHDQ X\M) DQGR XQ SRMJADOGH &RX®P E SDID OV IQMIDFARCHY HBFRRAMFDV \ XQ
SRWMGQFDOGH / HQQDUE - RQHV SDUD @V IQMDFARGHY GH 9 DQGHU: DDV

(3U (XQyQ (QQXQ;/Q

(3U (I—Q:DFH (DQchDU (\mAyQ (I—KBFW (9DQG—U:DD<V
+D YDURV SDVRV D VHI XIUSDUD KDFHUQQ P IFD GH SURMCDV

2 BEMCHU © HAKRMUD WGP HOVMIRCDOGH O P RPFX® TXH WH GAMHD VP XU XQ UHFXWR
IXQEP HONAHQ HMM SDVRHVH3B' %

8 D YH REWQGD @ HVWKRXUD HY CHAHVDUR HYDDUD FDEEDGGH O P IWP D
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/ XHIR YHWFDUML®& TXH \WQHP RV HQ HODUFKLYR CH FRRUGHCDGEDV HY @ XQGDGEIRQJIFDR

O XQGDG DVP pWED 6L QR KD\ FRQAGHQFD HQM DPEDV KD\ TXH REWQHU @ XQADG
EIRYJIED

9 HULIFDUVLKD\ UHMGXRV SHEGRV\ \RP DUXCD GHAMy Q DAHVSHAR SRUHWP SB VLVRQHO
1 WP \ HOS \MP \ QRVRQLP SRUBQAMY SDUD @ SUHI XQ TXH VH GAVHD FROMABU VH SXHCGH

GHAGUQR IQFOLEY GHRIR P RGR KD\ TXH UHFRQANKILBY

" HAQUWLVH GH?Q R QR \REDV R DCP HQRV DOXQDV GH @V DIXDV TXH SXHEHQ YHQUCH @

HAWWKFD FUMBED \ D TXH SXHEHQ VHULP SRUBQAY SDUD FHWRY SIRFHVRY R IQMIDFFIRGHV
IGHQMEDUD SUVHQAD\ @ [P SRUBIGAD GH IRQHV\ @ DQERY

8D YH TXH VH GHGH FXi OHV ©® HKPMD TXH VH GHVHD VP XOU KD\ TXH DI UHIDURYV
KIGY JHQRV TXH QR VIHP SUH HMIVQ SUHVHQMY HQ @V HWKPXUDV \WEP HVRCDBN

/ XHIR VH FRBFD @ SUIRMCD HQ XQD 3FDIW & VXIIFHQMP HQM JWDQCH \ \H @ FRP SOMY
FRQ P RPFX@V GH DIXD \ [RGHV / RV IRGHV VH DJUHIDQ SDUD QHXWDX) DUHOVIMMP D R SDUD
®JWDUXCD FRFHUDFl Q HVSHRIIED GH BV P IVP RV UHTXHUGD SDUD XQ H SHUP HQR / D FDID
HBUIGD HQ JHQHDO HV XQ FXER DXQTXH H MMQ RADV IRWP DV JHRP pWEDV TXH \BP ElpQ
@IDQ HOHVSDAR  HOGRGHFDHAR P EIFR R HORABHAR WKGFDGR VRQ DOXQRV HYP SBY
4 XH @ IRWP D GH @ FDID @IH HOHVSDAR HV [P SRUBQM SRITXH SDUD P IQP [} DUBY HHARY GH
ERGH VH DSGDUQ D ©® FDWP GH DIXDVIRGHV FRQ @ SIRMQD @DQ DAD HQ HOFHQAR
FRQAFRCHY SHlyGFDV GH FRORUR 3%& > @3 DD HWR © FDD GHOAMMP D VH UHSTED HQ
OV WH GP HMRGHV FRMGHDQERR @ BQIWG GH @ P VWP D\ @ ARV GH FRUM SDUD OV
IXQARQHV GH A GX® GH HQHUD GH P RGR TXH GXUDQM HWM Fi BX® XQD P RPFX® CR VH YHD
DIHABGED SRUVX IP DJHQ SHUy GFD

8CD YH REWQCD © FDID\ DSTFDEDV OV 3%& VH SURFHGH D @ IQABGAID GH P IQIP [] DAY Q
GH @ HQHUD (WM SURFHVR SHUP Wl UHDIBU® HAKPMUD TXH SURYIHQH SRUHWP S® GH XQ
FUMIBIO GRQGH KD\ [QMDFFIRGHY SURMQD SURMQD TXH HAWVQ GDEDV HQ HOFIMBICSHIR TXH QR
VRQ UDBNV VLHVD SIRMQD HY XQD SIRMCD HQ VRAF Q / D VXSHULFH GH HQHUD SRWQADO
GH XQ VIMMP D FRP R HOGH @V SIRMQDV HV FRP SBID 7IHQH XQ P tQP R JBEDO. XQ Q-P HR
PX JWQGH GH PtQP RV @FDBN GRQGH \RADV OV GHUIYDADV GH @ IXQAYQ GH HQHUID
SRMQFIDOFRQ UHVSHAR D OV FRRUEHCDEDV VRQ FHIR \ \RGDV @V VHIXQEDV GHUIYDADV VRQ QR
QHIDYDV ' HVDIRWCDGDP HQM @ QP HOMRQDEEDG GHOHVSDAR GH FRQUWUXWDFYQ \ HO
Q-PHR GH PtQP RV ®DBV HV P X\ JUWQGH GH PRGR TXH QR H MM QQI~Q P p\RGR CH
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P IQP [} DFlyQ TXH JDDQIFH @ GAMP LDF Q GHOP tQP R JBEDOHQ XQ SHURGR GH WP SR
FRP SXIFIRCD® HQM SRVEBI> @

+D YDURV Pp\RGRV GH PIQPIIDAYQ ®V PiV XW)DGERV VRQ HOGHOGHMVAHOR PiV
SIRXQADGR  WMHSHWGHVFHQW\ - HOGHO=J IDAHQM FRQMIDGR  FROMIDW JWDGAHQW ( Q
DP ERV FDVRV VH YDQ P RALIFDQGER @V FRRUEHQDGDV GH BV \RP RV HQIXQFy Q GH @ GUHFFY Q
GHOJWDAHQM QHIDIYR 3 DUD WWHSHWEHVFHQWHOBP Dx R GHCSDVR VH DMV GH P DGHUD TXH
© E-VTXHGD WHD U SIGD HOP RYIP IHQR VIHP SUH HY FXHWE DEDR \ QR \IHCH HQ FXHQOD @
KIMRUD GH @ SDVRV DQMIRIHV  ( AM HV XQP pVRGR VP SBI\ IREXWR SHUR VX FRQYHU HQAID
SXHCGH VHUEDWBQM G HVSHAD® HQM HQ @V SR [P LGDGHV GHOP tQP R BFDO( OP p\RGR
GH JWDAHQM FRQMIDGR GH FRHUIHGQAD Pi V U SIGD XD IQRWP DAy Q GH JWDAHQM GH BV
SDVRV DQMIRIAV ( QJHGHIDO®Y GHVFHQVRY P i V SIRXGAIDGRY ® DFHUFDU Q DCP tQIP R ®FDO
PiV FHIFDQR PX\ U SIGDP HQM P IHQADV TXH @&V JUWDAHQMY FROWIDGRY ® DFHIDU Q DO
P tQP R @FDOSHR VH GHVHP SHkDQ SHRUBIRV GHIP tQP R> @

/ XHIR GH @ P IQIP [} DFly Q VH UHD® DQ SDVRV GH HTXIZEWDFl Q @& TXH SHUP I IGFRSRUDUDO
VWP D \MP SHIDMD\ SUMyQ

) 1QD@ DED @ HTXITEWDAY Q VH SURFHGH D FRP HJ DUFRQ @ VP XOFly Q GH SUIRGXFFly Q

(QD)UXD  WH PXHMD XQ HVIXHP D GH IGIR JBEDOSDID ' 0 > @&DCED HAFXFyQ GH ' 0
BTXIHH FRPR HOMDGD XQ FROMQR CGH FRRBHDAV IQFDBN \  RSARQD® HOM  YHBAGDGHV
IQFIDBN GH \RCDV @V SDUMFXOV IQYRFDGDY / DV YHBRAGDGH GH QR HABUSUHVHQMY VH DMIQDQ
P HADQM XQD GMUIEXFly Q GH YHRFIGDGHV GH 0 D Z HOYREVP DQQ JHGHIDED D SDMWGH Q-P HIRV DO
D] DU
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ALGORTIMO GLOBAL DE DINAMICA MOLECULAR

1. Ingreso de condiciones iniciales
Energia Potencial V en funcidn de las posiciones atomicas
Posicion r para todos los atomos del sistema

Velocidades v para todos los atomos del sistema

(repetir 2, 3 y 4 segun la cantidad de pasos establecidos)

2. Computo de fuerzas

La fuerza en cada atomo se obtiene calculando la fuerza entre los pares de atomos no unidos,

adicionandole las interacciones de unidn, las fuerzas por restriccian y/o las fuerzas externas.
Luego, se calcula la energia cinética, la energia potencial y el tensor de presiones
3. Actualizacién
Los movimientos de los atomos se obtienen resolviendo las ecuaciones de movimiento de Newton
4. Archivos de salida (si son requeridos)
Se escriben las posiciones, las velocidades, las energias, las temperaturas,

las presiones, etc.

) UXWD ( @ORW RIJGEDOH' 0 ,PDIHQPRALFDEDGH> @

( [ MRKQ WHY MBRY GH DSTFDFIRQHY GH P p\RGRY GH VP XOFly Q HQ HQ U-D P DFURP RBFX@U / D SUP HID
XW) D @ VP XOFlyQ VIP SBP HQM FRP R P HAR SDUD P XHWHDUHOHVSDAR GH FRQLIXWDAYQ ( AR
HAV IQYRIFUDGR HQ @ X\M) DAy Q GH @ AQ P IFD P RBFXGUSDUD GHWAP ICDUR UH ICDUHVIRKPMUDY FRQ
RV REMQAGRY GH H SHUP HQRY / D VHIXQED X\d) D VIP XOFRQHV SDUD REMCHUXQD GHVFUSAY Q
GHOVIMMP D HQ HTXIZEUR IQFOIGDV @V SURSIHEDGHY HWIKPMUDBN \ GH P RYIP [HQR \ @V YDBUHV CH
®V SDU P HRV WP RAQ P IFRV / D \WMUFHID XVD VP XOFRQHY SDUD H DP IQDU @ GQ P IED DO
UHSUHVHQUBU FRUMHABP HQM HOGHVDURTR GHOVIMMP D D ® U R GHOMP SR ( V GHAU P HADQM HAD
\WFQED VH SXHEH HYDODU® HYRGFYQ GG P IFD GH XQ VIMMP D HQ XQ SHURGR GH WP SR HQ XCD
HVFDD QDQRP pWED > @' 0 \ D VH KD X\M) DGR SDUD DQD@ DU 1B LELEEDG GH @V SIRMQDV HQ
QLHHOMY FRQGERGHY FRP R @ 1G] [EIGEDG WWP IFD P XWARHY HOMHRIRV> @ @
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6 H HIPXHQADQ QVSRQEGN GLIHHQMY SURIUDP DV TXH SHUP WQ HOGHVDURGR GH @V VIP XOFIRGHY CH
'0 (QMH HBV *520%$&6 0iTXID CH * URJQIHQ SDWD @ VP XOFlyQ TXIPIED  * IRQAQIHQ
0 $FKICH IRU&KHP IFDO6 IP XOMRQ / D KHUDP IHQI GH VIP XOFlyQ * 52 0 $&6 VH GHVDUR® HQ @
8 QYHWIGDG GH * IRQQIHQ 3DiVHV %DIRV D SUCASIRY GH ® DxRV QRYHQW ( OVRE DUH IXH HVFUAR
HQ$16, & *520$&6 HV FROMGHIDGR HOSIRIWDP D Pi V U SIGR SDUD ® VP XOFyQ GH GG P IFD
P RBFX@U 6L EIHQ QR WWHCH XQ FDP SR GH IXHJ D SUIRSIR HV FRP SDUMEGI FRQ ®V FDP SRV GH IXHJ D
*52026 23/6 $0% 5 \ (1&$' DEPiV GH TXH SXHEH P DQHBUP RGHBY GH UANEFIRGHY
IG[ [EBN ( OSURIWP D HV YHW WD \ D TXH @ FDP SRV GH IXHJ D SXHGHQ VHU DIUHIDGRY SRUHO
XWDUR @OV IXQFIRGHY \BEXOGDV VH SXHGHQ HVSHALIFDU\ &V DQJ @V VH SXHGHQ SHYRQDQ DU
li A® HOM 6H IFRSRIDQ GG P IFDV GH HTXMEUR \ GHMUP ICDARGHY GH HQHUID @EWH * 52 0 $&6
HAV HQ HOGRP IQR S~EGFR\ VH GMUEX\H FRQ FyGIR IXHQM \ GRFXP HQIFlyQ EDIR @ / IFHQAD
3~E@D * HHDOGH * 18 6H HQFXHQAD P DQMQJGR SRU XQ JIXSR GH GHVDURMGRMV CH OV
8 QYHWGDGHY GH * IRQQIHQ 8 SSVDD\ ( VRFRE R \ HOQAMAR 0 O 3 @QFN SDUD @ , QYHM DALy Q
GH3REP HRVHQO DIXQAD> @6 X VMRZHE HVKWB 777 JURP DFVRU

( OSUHVHQM \WDEDIR WHQH FRP R 11Q 3DSUHQGHUSDUD SUHGHAU  WBIOFRP R HORU FX® GDED XD IGHD GHO
IXUMUR D BV JUHI RV GH @ DQM'» HEDG VH EXVFD X\ld) DUD EIRBID FRP SXBFIRQDOFRP R KHUDP [HQW
SHARYD 3D HAR HY QHFHVDUR FRP SIHQGHU @ IQRP DAYQ TXH RRUDQ &' SIRIWDP DV
IQRWP i WERV \ DSUHQGHUVREUH B GDRY DURBGRY SRUBY P VP RV SDUD SRGHUREWQHUFRGFOMRGHY
/ D 1GHD FHQADOGH HWM SUR HAR HV IQYHWM DU® SRVEITEDG GH TXH @ IQRWP DRy Q GH @ P RYIGEDG
CH @V SURMQDV HAY FRALIFDED HQ VX HARKFMUD WUADUD HY GHAU VL FRQRAHQER DOP HQRV XQD
HVWKPMUD GH @ SIRMQD  SRAHP RV SUHGHAIUMLSHWMCQHRH DQJLXSR GH SIRMQDV 1B [EGV R WIIGDV

¢&Xi OHV HODBDQFH GH HVB LQYHWWI DFly @' XQ SRFR GH Q~P HIRV

/D EDH GH DRV GH WHRXHFDV GH SIRMQDV 8QSIRW 8 QYHYDO 3URMQ 5 HVRXUH
KWBY 777 XQSIRARJ  FXHQE FRQ SIRMQDV ( V GHAUVH FRQRAH @ VHRXHQAD GH
HH Q-PHR GH SIRMCDV UHSDWEDY HQ \RGRV BV HCRV GH ©@ YID HMBGWFD GH 8 QSIRW
KWBY ZZZ XQSIRARU VBAMIFV 7Y 0% ' H HAV \R® WCHQ HKPMD FRQRAICD
FRRUGHQDGDV GHSRVMBADV HQ HOSGE GH OV FXDBV SRHHQ Pi V GH XQ FRQyW HR
GHMP (DGR HABGWFD GH&R 1D6 > @ @
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3RUR \BOQR KD\ HVWKPWUDV HQ HOSGE SDUD @V TXH VH FRQRAH XQVR® FRQy WP HIR SDUD OV
FXDBN VHUD GH XWIEDG LQIHIU FRQRAHQER XQD VRO HAKPMD D TXp JIXSR UAVSHAR D © P RYIEEDG
SHWMQHFHQ VDV SIRMQDV

6LD ©® YH SHQVDP RV HQ OV UMBQMY VHRXHGADV SDUD @V TXH QR VH FRQRFH QQIXQD HRKPMD
VL VH GHWUP IQDUD XQD HRKPUMUD GH FDGD XQD  KDEWD HVD FDQIEDG GH SURMQDV
SDUD @V TXH VHUD ~WBRGHUSUHGHAUVX JIXSR HVWKFMUDO
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2EMHWLYRYV

3 DUD HQFRQADUUHVSXHWEV DFHUFD GH @ IXQAIRQDIEDG GH SIRMQDV\ VX BHDAY Q FRQ @ GYHWAGDG
HAKPMUDO KD\ XQD YD FDQIEDG CGH UHFXWRY FRP SXYBFIRQDBN GVSRQEGN EDVHV GH CDRV
SIRIWDP DV GH VP XOFYQ KHUDP HQBV GH YMXDODAYQ \ PRGHDAR \ VHYIGRWV ZHE FRQ
DSTFDFy Q GH DORWY RV HVSHHRILFRY ( OFROMQR GH ®V IHFXURY FIHQMERY QVSRQEGN VXP DAR D
VX FRP EIQDAY Q H IQMSUADFY Q GH BV UHVXEBGRY SHUP MY Q EXVFDUUHDFRGHY HOMH @ HVRKFUMD \
© IXQFAyQ SIRMED GHVGH GMIDRY HQRTXHV (WM \WDEDR  SUMWQGH  SRGHU HFRQWDU GIEKDV
UHDFIRQHV DOFRP EIQDU @ IQRWP DAy Q HKPMUDO GVSRQEG! GH SIRMQDV FRQ @ IQRWP DAYQ
QQ PIED REWMQCD P HADQM VP XOFRQHV GH GQ PIED PRBFXOU ' H HAB PDQHD SRGHU
UHDFRQDU @ HARKRMD VX [Gf IEIGEDG \ VX GQ P IED SDUD FRP SIHQGHU @ IXQFlyQ VREUH \RGR
FXDQGER HIV DABP HQAM UHDFIRQDGD D @ FRYRWP DAY Q

3DWP RV GH @V SUHP VDV GH TXH H MM XQD UHDFly Q HOMH @ VHEXHQFID @ HAKPMD @ GYHWIGDG
FRQRWP DARQDO. @ IXQFy Q HQ @V SUIRMQDV TXH P XFKDV SIRMCDV QR \BHCHQ XQD HARKFMUD ~QEFD
HQ VX HVIBIGR QDWYR\ TXH GIFKR HQUVDP E®! GH HWKPMUDV SXHGH VHUHYDGDGR P HADQM ©® GG P IFD
GH ® FRQy WP HRRV QDIYRY ' DGR HAR @ KISyWMY HV TXH FRQRAHQER XCR GH HVRV HVIBGRY \H
SRA SUHGHAU @ H MMQAD GH RURV QHFHVDURY SDID TXH @ SIRMQD VHD IXQARCDO P HADQM
VP XODFRQHV GH GQ P IFD PRBFXOU (R HY GH VXPD XWIEDG \D TXH FRPR \H P HQFRY
DQMIRWP HQAM SDUD @ P D\ RUD GH @V SIRMQDV QR VH FRQRFHQ BV FRQy WP HRV QR SRIXH QR ®Y
\MQID MR SRIXH HOBURFHVR GH REWMGAY Q HY DABP HOM FRARVR\ OUR

6 H VHBIFFIRQDU Q HQRGQFHV JIXSRY GH SIRMQDV QR WIIGDV FRP R P y YIBN D SDMWGH @ EDVH GH
DRV &R 1D6 \ \H FRPSDUU QFKD IQRWP DFlyQ FRQ @ IQRWP DAYQ GQ P IFD REWQICGD SRU
VP XOFIRQHV GH' 0 FRQ HOREMMYR GH KDIDUXQD UHDFly Q HOAH FRQRWP DAyQ\ GG PIED ' HHWD
PDQHD WL VH REWHCHQ UHVXEBIGRV TXH GHQ FXHQE GH GEKD WHDFyQ VH SRGUD GHVDURMU XQ
SUHARRU TXH SHWP \B GDU FXHQE GH @ |6 IEIAEDG GH XQD SURMQD DXQ FXDQER p\B \MQID P X\
SRFRV R XQW® FRQy WP HIR GHMP ICDGR\ GHSRVMIGR HQHCB' %
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ODWHULDOHV \ OpWRGRYV

6 HWWGH SIRMCQDV 3" %\ &R 106

3 DUD REWCHU@V HWKFUUDY VH X\iT) DURQ @V VI XIHQMY EDVHV GH GDWRV 3' % 3IRMQ' DV %DQN
KWBY 777 VERJ |\ &R 1D6 &RURPDIRDO ' IYHYW R 1DIYH 6\BM 1Q SURMQY
KWB XIT XQT HGX DUFRGDV (WD ~GP D FRQIMCH IQRWP DAy Q GH FRQy WP HIRV SRUR TXH QRV
SHUP W HBULUSWIRMCDV P yYIBN \ WIIGDV 7 HQAHQGR GFKD FOMLIEDFlyQ VH SURFHGlY D © GHVFDUID
GHOVP WP DV

3D QR IQRGXAUQQI~Q VHVIR D SURW HOJWXSR GH SIRMQDV HBUIGDV HV IQGHSHQAHQM CH @
FOWH \BPDxR R HAKFMD GH OV SIRMQDV 6H HIJIHRQ WQIHQGR HQ FXHQ ~QFDP HQM @
QHHFD FRYRWP DARYO PHAG HQ $PWIRQV HQMH ® GRV FRQYWP HRV PiV DBNGRY
QAHHED Pi[lIPD ©® PHAD HMH \RGRV @ FRQyWPHRV \ TXH SRHHD XQ Q-PHR CH
FRQyWPHRY PDIRUD (VWM Q-P HIR GH FRQy WP HIRV VH KD GHP RAMDGR TXH HV VXIIFIHQM SDUD
DVHIXUDU XQD EXHQD P XHWID GHOHVSDAR HWIKPMUDOGH XQD SIRMQD > @( OVHWEH SUIRMQDV

XWM) DEDV 1XH HOWI XIHQM

511DV

$  SRMQ 3BRD $' 3 5FRMH SRIPHDW CH * DBV JDOV JDMR
FRQyPHRY 0RYPHR 506' PtQ Pi[ SURP HAR 0 p\RCR CH
REWQAYQ ' WDFAYQ GH 5DRV ; 6H G TXMRQ OV DIXDV |\ HO WDQER
FDUED QFRIZDP IGD DGHQGD GIQXFB \IER

$ 7 SIRMQ 36WSK @RFFDO 1XFEDVH GH 6\USK\ @FRFFXV  DXUHXV

FRQyWPHRY 0 RYPHR 506' PtQ Pi[ SWRP HAR 0 p\RGR CH
REWQAYQ ' UWWDFAYQ GH 5D\RV ;  6H KD PRALFDGR HODPICR AGR ~ AMMQD
PRALFDED &0 (  SRUXQD FMMQD VIQP RALIFDU 6 H TXMIRQ @V DIXDV\ XQR GH @V

ODQERV WIAD  GIRMDR HIRQ&D VH KD FRQMHYDER

$ * SIRMQD® $0,12 DAG DP IGRUDQMHIDVH GH YDAGV VS  FRQyW HRV

"tPHR 506' PtQ Pi[ SWRP HAR 0 p\RGR CH REWQAYQ

"IWDFAYQ CGH 5DRV ;  6H ®f TXMRQ OV DIXDV \  HO @DQR
GQRL DPICRSWGR DO IRVDR
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1+*  SWRMQ@D *HR CORO FUIHU WHERDWH GH 3OWRGXP  IDBISDXP
3OW RAXP TXH FDXVD P DOUD HQ KXP DRV FRQyWP HRV 7THWPHR 506’

PtQ Pil SURP HGR 0 pWCR GH REMAYQ ' LWWDFAYQGH5 DRV ;
6H TXMARQ OV DUXDV \ ®& @DQERV QFRWDP IGD DEHAQD AQKFERIED \
WEGVDR

0 y VIV

) 9 SIRMQD3]XPRVSHP HIJ IXMRQSIRMQ ~ GH+RP R 6DSIHQY KXP DQD
FRQyWP HRY 0 RYPHR 506' PtQ Pi SURP HAR 0 pVRCR CGH
REWMQFYQ ' WDFAyQGH5D\RV; ' HEIGR D @ H MMGAD GHP MQJ DIRP V \VH X\ y
HOVR\®DUH &KIP HID SDUD SRGHUIGFRBRIDWBY > @6H ®f TXMIURQ OV DIXDV\ HO
ODQER 1 DFHID  JOFRVDP ICD

&9) SWRM * 1$ UHSDIUDQG UHFRP EICDIRQ SIRMQ 3% GH 7KHWP RFRFFXV
NRCDNDUHOWY  FRQYWPHRY O RYPHR 506' PtQ Pi SURP HAR
0 PWCR GHREWMGAYQ ' WDFAYQGH5D\RV;  6H TXMBURQ @V DIXDV

6 2 SIRMQPD XFIRHSKRSKDIVH CH 6\QHKRAWY VS FRQyW HRV
ORYPHR 506' PtQ Pi[ SIRP HAR 0 P\RCR CH REWQAYQ
' IWWDFAYQ GH 5DIRV ; 6H ®f TXW OV DIXDV FRQ H FHSFyQ GH DTXH®V WAV
P RPFXOV TXH FRREGDQ FRQ @ SIRMQD Q-P HIRV HQ HOSGE \
> @6HP DQXYR HIRQO J

9 6 SURMQD 3P MRFKRQAUDOIP SRWHFHSWRUVXEXQWZ2 0 KRP R®J” GH 5 DWRY
QRYHIIEXY DWW FRQyWPHRY 506' PtQ Pi SURP HAR

0 pWRCR GH REWMQAYQ ' UWWDFFlyQ GH 5D\RV ; 6L EIHQ HOFUMBOFXHQW FRQ
FDGHQDV \H KD HWWADER @ XQCDG EIRPJIED VHQGR ® FDGHD $ © SUCASDO
P IHQMDV TXH ©® FDGHD + VHU FRMGHIDED FRP R VROHQM 1 R VH DI WHIDURQ &V
UHMGXRV SHEGRV GHEIGR D TXH VH HOFROADEDQ HQ & H WHP RV GH @ FDGHD'$ 6H
KDQ TXMWIGR @V DIXDV\ HCBpSWER GHXQQ / FMMQD

SIRMCD ¢ GHR\ P DQQR RA¥GVRDWM P\ \IB OGDMHIDVH GH ( VFKHUEKID
FRO FRQyWPHRY ' tPHR 506' PtQ Pi SWRP HAR 0 PR
GH REWQAYQ ' WDFFlyQ GH5D\RV;  6H TXMBURQ @V DIXDV 3 DUD SRGHUX\M) DUHO
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SGE HQ *520$&6 \H PRAUEy HOQ-PHR GH i WPR GHOVHIXQER 0J  \WHCH
SUVHQM GRV IRQHV \ D TXH FRIQAGD FRQ GHCBUP HRR

1,, SWRMQ FDPRXA GH 5DV CRYHJIIEXV DWW FRQy WP HRV
ORYPHR 506' PtQ Pil SURP HGR 0 pWCR GH REWQAY Q
' LWDAAYQGH5D\RV; 6HTXMW OV DIXDV 6H P DQMYIHIRQ BV IRQHV &D

0 yYICH WHP D SURMQD GHVFUSWE FRP R LQMQVHFDP HQM GHVHKFMUDGD ' 3

)) 7 SURMCD 3\ ONRIG VRIE®! SKRVSKRSURMG CGH 6 SIGDAD RBIDAHD  HVSICDFD

FRQyWP HRV 0 RYPHR 506' PtQ Pi SURP HAR 0 p\RCR
H REMFlYQ 5HVRQDQFID 0 DIQPWED 6H TXMBURQ OV DIXDV 6H IQFO\ H HAD
SURMQD FRP RXQHWP SR GHP i [ [P D P RYIIEDG

3DWD UWHDQ DUDV VIP XOFRGHY \VH KD X\M) DER © XQGDG EIRYJIIED GH OV SIRMCDV P HARQDAV
( VAR P STFD TXH HQ DOXQRV FDVRV 1XH QHFHVDUR HIP IQDUR DU UHI DUFDGHQDV SXHWR TXH @& TXH
SUNVHQIBED HOFUMBOGR VIHP SUH FRGAGH FRQ @ XQGDG EIRPJIIED HV GHAU TXH IXH QHFHVDUR
UHFRQOMKIUD XQCDG EIRQJLFD

&RPR VH P HARY HQ @ IQMRGXFFlyQ &R 1D6 X\M) D SDWD BDOQ DUBY F BX® FDGHIDV\ R
HWIKPMUDV FRP SBMIV ( V SRUHR TXH VLEIHQ @V VIP XOFIRQHY VH UHDQ DQ X\d) DQER @ HRKPMXUD

SIRMED TXH VH FRUHVSRQEH FRQ @ XQEDG EIRJIED HQ XQD FDID GH DIXDV FRQ IRQHV  SDUD SRGHU
FRP SDUDU FRQ ® UHVXGBIGRV GH GFKD EDVH GH GDWRV VH FRVMGHD @V FDGHDV GH XD P VP D
SIRMQD HQ XQD P IVP D VIP XOFly Q FRP R HBP HQRV GH HVWGAR LQAYIGXDBNV

/ DV VP IOXGHV \  GLHIHQADV HWH HARKFMUIDV GH © P IVP D SURMGQD HAMQ UHSUMVHQEIGDY FRQ XQ
GHQERIWDP D 8Q GHQGRIWP D HY @ WHSUAVHOBFY Q GH OV GLHHQFDV HOMH REMRY GRQCH @
GG GH OV 6Q-DV R WP DV HY SUIRSRIARGDOD VX GMBGAD  HQ HM FDVR @ GIIHWHQAD HOMH
HAKPMDV  / DV HARKRMUIDV P i V VP IOUHY VH HQRXHQRDQ P i V FHIFDQDV HQ @V KRBV GHO LERO
YHU) UXWD ' IFKDV UWHSUAVHQIFIRGHY P XHWIDQ @V GMBGADV P HAGDV HQ ¢ GHIR GH XQD
VXSHSRVIFly Q HWKFWUDOGH D SDUAV HQMH @ FRQy WP HRV ' RV FRQy WP HIRV SHWQHAHQ D XQ
P IVP R JIXSR R FOMMUMLVXY HAKPMUIDV QR GLIHHQP i VGH ¢ HQVX VXSHLSRVIFly Q HVWIKRMUDO
HMQ UHSUMVHQEIGRY GHORR GHOP VP R FXDAR IRR HQ OV IUXUV YHU) UXWD 3 RUHOFRQMDUR
HAKPMIV Pi V GIHHOMY GMBGAD! ¢ VH YHQ HQ GVIDRY FXDARY LRRY HQ OV ILIXIDV ( Q
$QHR  VH SUIHVHQBQ BV GHQGRIWDP D GH \RGDV OV SURMQDV HAMADEDV 6 H SXHEH REVHLYDUTXH
HQ @V SIRMQDV PyYIBN @V HAKFMIDV VH GYIGHQ HQ P XFKRV JIXSRV P IHQADV TXH SDID @V
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WICDV @ FDQIEDG GH JUKSRY HV P HQRU HV GHAU ®V FRQY WP HIRV VH GLIHUHQAIDQ SRFR HQWH Wt
QHHFADIQHIRUD ¢

Dendrograma

0.00

33.33

Similitud
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Observaciones

YUXWD  ( MP S® GH GHQGRIWP D +DFAD OV KRBV GHO EERO @V HAWKFMUIDV VRQ P i V VP LOUHV HORH \t
( MOV WRDV VRQ Pi V VIP LOUHV HOMH Mt TXH FRQ OV D] XBV YHEHV R YIRBMV < HQ FRQMQR OV LRDV \RQ
Pi VVP (DU D OV YIRBMV TXH D D] XBV

5FAV_A

25

RMSD [A]
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| W

) UXWD " HQARIWP D GH @ SIRMD FROQFYAQJR 3" % ) 9 / XHIR GH @ VXSHBRVIFY Q HQ HOHVSDHR CGH
&V AWDRY FRQy W HRRV GH O P WP D SIRMQD \WERV &Y TXH VH AIHWHCADQ P HCRV GH ¢ TXHEQHQHO
P IMP RIXSR HGRXDADCRY HQURR P DIHQ REWQCD GHKWEB  XIT XQT HGX DUFRGDV IOGH SKS
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' 1Q P 1IEFD 0 RBEXQU

3 DUD @IYDUD FDER OV P XOARCHV GH' 0 CH Qv VH KD XWd) DGR HOKHUDP [HQWM GH VP XORy Q
*520%$&6

(Q$HR WH SXHGHQ REVHYDU®Y SDU P HWiIRV HMAIREBHGRV SDUD FDGD P RP HQR GH O VP XOFy Q

> @

$Q DAV GHMUP XOFRHYV

8D YH UD@ DDV OV VP XOFRQHV XW) DQGER HOSLIRIWP D * 52 0 $&6 VH REWYR SDUD FDED XQD
GHH®V O VIXHQM IQRWP DAY Q

506' GHOEDFNERQH JP[ WPV FRP SDUD GRV HAKPMUDV DOFDBXOUD GHVYIDFlY Q FXDGU \IFD
PHAD 5RRW HDQ6TXDUH ' HYIDIRQ > @& DED HWIKPMUD GH XQD WD\ HRRUD \VH FRP SDID
FRQ @ HWIKFMWD IQFDO\ FRQ @ HWWKFMWD GH Qv GRQGH VH FRQUGHWD TXH \RDV OV

SURMQDV HANQ HAWDELD) DADV

ODWM 506' JP[ WPV \IPEpQ SHP M REMGHUXCD P DM GH FRP SDUDFlyQ HQMH XQD
D\ HARUD FROWRPIWPD > @ HHAB IRP D VH SXHEH YHUD VHP HIBG D GLHHQAD HORH
OV HAKPMUIDV REMQCDV GXUDQM ©@ VIP XOFlyQ GH' 0 8QD YH REWQICD ® PDM, VH @
QRPDOYy HOMH \  SDWD REMHUD P IVP D GVEXFly Q GH FRBUHV HQ \RGRV B FDVRV
1RPDODED JP[ [SP SVFHD ® PDW D FRBU 6H JHQHDURQ P DWEHV D SDMYUCH @
HAKPMD GHOMP SR~ QV

5DAR GH JILR ( QDGR GH JILR GH XQD SIRMGD VH GHICH FRP R ©@ GMIBIQALD FXDGU WD P HAD
GH FDD i WP R GH ©® SIRMQD D VX FHOARGH JP[ J\ UDW FDBX® HOWDGER GH JILR GH XQD
P RPFX® HQIXQRY Q GHOMP SR

* IXSRV JP[ FOMMU SXHEH DJULXSDU HWKPMUDV XVDQER YDURY P p\RGRV / DV GMBGQRDV
HQWH HRKPMUDV VH GHWMUP IQDURQ D SDWWGH @V P DWFHY REMQGDV 6H XUy HOP p\RGR
JURP RV HOFXDOXVD HODORUR R GHVFUMR SRU' DXUD\ FRO> @e WM FXHQW HOQ-P HIR GH
YHAQRV TXH VH HOEXHQRDQ D AHWY GMBGAD SXQR GH FRUM R PRI 6H VP X® FRQ
QULHHQMY SXQRV GH FRUM \ QP / RV DUFKLYRV GH VDEED REMQGRY IQRWP DQ
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VREWH @ FDQWAEDG GH JWXSRV SDWD FDGED SXQR GH FRUM 7 DP ElpQ VH FRP SDUD FRQAD @
HWIKRPXUWD GHOMP SR FHR\ FRQHOMP SR Qv

(WD IXQRyQ JHQHWD \IP ElpQ XQ DUFKLYR GH FRRUGHQDGDV FRQ P ~WBGN P RGHRY GRQGH
FDGD P RGHBY HV XQ UHSUMVHOEIQM GH XQ JWXSR 6H VHBFFIRGDURQ @V SURMCDV Py YIBN
) 9 96 1, \ &9) SDD WHSUHHQBU YIVXDP HOM FRQ 90' > @BV P RGHBRV
REWQGRV D SDMUGH QVFROXQSXQRGHFRUIMGH QP 3DWD HWR VH Xy HOVFUSW
VSOF X@MDP HSGE \ROSDWD 90" TXH \RP D HODUKIYR GH FRRUGHQDADV FRQ BV GMIDRY
P RGHBV\ BV WHSUVHQD YIVXD® HQM > @

) DARU% ( OIDARUGH \MP SHIDXWWD \BP ElpQ @P DGR YDRUGH WP SHIDWMWD IDRRU% YDBRU%
RIDARUGH ' HE\H: DU EWHYHP HOM HV XQ IDARUTXH SXHGH DSTFDWH DOWWP IGR CH
QVSHWyQ GH U\ RV ; SDUD FDEDi \RP R R SDWD JWXSRV GHi \RP RV TXH GHVRUEH HOJ UDGR CH
QVSHWYQ GH @ GHIEDG HBPWQED 0 HQADV TXH @ WRUD HY TXH HOIDRRU% IQAFD @
YHEDGHD P RYIGEDG HAMED R GG P IFD GH XQi \RP R WBP ElpQ SXHCH IQAFDUGYQEH KD\
HURUAY HQ @ FROAMKFFlY Q GHOP RGHR R UHJ IRQHV 1B LEGN GH @ SURMQD

(OIDARU% VH GD SRU % (E8, GRQEH 8, HV HOGHVSM] DP IHQR FXDADGR P HAR GHO
iVRPRL $ PHAGD TXH 8 DXP HQN HOIDRRU% DXP HQ \ @ FROMEXFQ GHO \RPR D @
QVSHWyQ AW IQX\ H 6LE@V i \RP RV HANQ SRVIFIRCDGRY IGFRUHABP HQM HQ HCP RGHR VXV
IDARUHV % \MQGHU Q D VHUP i V DIRV TXH HOGH ®V i \RP RV XEIFDGRV FRUHABP HOM / RV
IDPRUAV % SXHGHQ WP DUH FRPR IQEFDGRIV GHOPRYIP IHQR YEWDRUIR WHDWR CH
GLHHQMY SDWV GH @ HAKFMD / RV i \RP RV FRQ EDIRV | DPRUHV % SHWWQHEHQ D XQD SDUM
GH ©@ HAKPMUD TXH HAV EIHQ REBHQDED / RV i \RP RV FRQJWDQGHY IDRRUAV % J HQHID® HOM
SHWMQHFHQ D XCD SDUW GH @ HKPXWD TXH HV P X\ 1B IEGI &DCD BWIMIR$720  IRP DR
GH DUKLYR 3' % GH XQD HVRKPMUD FUMIBAED GHSRVMIGD HQ HOEDGQAR GH GDWRY GH SIRMQDV
FROMQH XQIDRRUY% SDUD HVH i VRP R 6 H P 1GH HQ XQIGDGHV GH ¢

JP[ WPV FDBXD @ URRAP HDQ VTXDUH IGFMDMRQ 50 6)  GXUDQM @ WD\ HARUD SDUD FDGD
i \RP R REMQHQGR YDBUHV UHVSHAR GH @ | FWDFly Q DOHGHGRUGH XCD SRVFly QSURP HAR $
VX YH \DPEpPQ SHP M FROHMY HARV YDRUHV GH 506) HQ IDPRUV % TXH VRQ
FRP SDIDEGN DO IDPRU % R IDRARU GH \MP SHIDWMWD FUMBBJIU IIER / DV Pi JHQHV TXH

UHSUAVHQEIQ BV I DRRUHV % IXHIRQ DO DADVFRQ3\PRO70 > @
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> UIFRY

/ RV JU IIERV SUAWVHQIBGRY HQ HWAM WWDEDIR [XHURQ HDERUDGRY FRQ 4 W WDFH YHWy Q GH * UDFH SDWD
- IQERZV 2 SHQ 6RXUFH 3\PROSDWD @] 9LVXDOO RBFXOU' \QDPIEV 90" SDWD @X YHWyQ

\ FRQO$7/$% YHMyQ5 D
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S5HVXOWDGRV \ 'LVFXVLyYQ

/ DAQ P IFD GH OV HAKPMUDV HQ IXQFly Q GHOMP SR SHUP W HYDODUGMIDRY SDU P HRY

506’

(Q EIRQRPi WD ©® GHWIDAyQ FXDGU WD PHAD 506' GH @V SRUEIRCHV D@P IFDV GH XQD
P DFURP RPFX@ HV @ P HAGD GH ® GQMBICAD SURP HAR HQMH @V i \RP RV JHQHD® HOM BV i \RP RV
GHEDANERCH GH @V P RPFX@V VXSHBXHAV HQHM FDVR SIRMCDV> @

(Q OV FRP SDIDARHV GH FRQRP DARGHY HWKPMIDV HQ JHQHDO GH SIRMQDV \H PICH
KDEAXD® HQM @ VP LOXG HQ @ HWIKPMUD \MAEP HOVMRQDCSRUHGS 0 6" GH @V FRRUBHQDCDV DP IFDV
GHB®V&. GVSXpV GH @ VXSHSRVFY Qy SWP D GH FXHBR WIIGR> @ QHOFDVRGHX®B 0 6' HQ' 0
VH DQD@ D ©@ GLHHQAD HOM OV SIRMQDV CH BV GLHHQMY IQATQMY GH WP SR FRQ UAVSHRAR D XQ
HABGR GH UHHUHQFD GHIQIGR SRUHOXVXDUR FRP R SRUHWP SB @ VWD Q LQFIDO® SIRMGD HQHO
IOABQM DQMIRUR @ HWIKFMUD GHOIQABIQM HQ TXH VH FROUGHD TXH HAV HTXIEDED  TXH HAV
HTXITEWDGD XCD HKFMUD SURP HAR / RV IQABIQMY R XQGDGHV GH WP SR P tQP DV GH P XHAWHR
VRQ GHAGIGRY SRUHOXVXDUR DQMY GH @ VIP XOFly Q

6 H HVSHUD TXH DOVXSHSRQHUHKRMUDY GH SURMQDV WJ LGDV RP DEDV D GMIDRY SXQRY GH WP SR
GH O WD HARUD GR VH YHDQ JWDQGHY GLIHHGADV \ D TXH XQD SURMQD \ D FOMLIEDGD FRP R WIGD QR
KD P RADGR GILHWHGADY HQM @V HARKFMUDY GH BV GMIDRY FRQy WP HIRV TXH HAMQ GHSRVMBGRY
HQHCB' %

3RU HOFRQADUR VH HVSHID TXH @V HWKPXWDV \RP DAV D GMIDRY SXQRV GHOWP SR GH @
WD HARUD GH SIRMCDV P yYIBN \WQIDQ P D\ RUAV GIHHQADY HQ VX 50 6' \ D TXH & VDRV
FRQy WP HIRV GHSRMIGRY HQHCB' % GDQP XHWWIDV GH @ P D\ RUHV GLHHGADV HORH HDV

(QD)UXWD D\  E VHSXHEHQ YIVXDD DUDV FXWYDV GH50 6'  UHVSHRR D @ HRKFMUD IQFIDO
GH @ VP XOFly Q HQ IXQRly Q GH @V HARKRMUDY REMQGDV HQ @ WD\ HARUD D ® OUR GHOWP SR CGH
VIP XOFlyQ SDUD @V SURMQDV WIIGDV \ SDUD @V SIRMCDV P yYIBN UHVSHRIYDP HQM ( Q@) LIXWD

FVHIQFRSRD @ SIRMQ ))7 ' 3 O FXDO DOMHUYDERUHV \BQ DBNIGRY UHVSHAR DOHR CH
OV SIRMQDV Py YIBV [QMUIIHH HQ O SUVHOBFY Q GH BV UNVXGBICRV CH @) UXWD  E 1P SIGHQGR
SRGHU@IYDUD FDER XQD FRPSDDFYQ FRQ @ )UXWD D (Q@)WUXWD D\ E VHSXHAQ
YIVXDO DU@V FXYDV GH 50 6' UHVSHAR D @ HAKPMWD GH Qv FROMGHIDGD HTXIEDED HQ
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IXFyQ GHOWP SR GH VPXOFAyQ GH OV SIRMQDV WIEV \ GH OV SIRMQV PyYIBNV
UAVSHAYDP HQM

/ DVFXUDV GH50 6" VH SUHVHQBQ GAVGH HHODQRMHIXQER  IQABIQM GH WHP SR GRQGH VH SXHCH
FROVGHDUTXH & VIMMP DV VH HOFXHQADQ HTXITEWDGRY  XQ FXDWR GHOMP SR \RBGGH VIP XOFly Q

( QDP EDV ILIXWDV VH SXHGH REVHYDUXQD DP SMXG P D\ RUGH OV RVAIDFRGHY TXH VRQ @ GIHHGAD
HQ GVBIGAD GHOEDFNERGH DOVXSHBRGHUGRY HARKPMUDV GH @V SURMCQDV P y YIGN UAVSHAR D OV
WICDV (VR VIQUED TXH ® FRQy W HIRV VH GIHHQFADQ Pi V HQWH Wt HQ HOSUP HUJWXSR GH
SIRMQDV (Q OV WIGDV ® EDANERGH SHWPDQHHQ PiV IPyVIBN ® TXH VH WDGXFH HQ
RVADARGHY SHTXHKDV GHOB0 6 )LUXWD D\ )XW D /D DAD HQ TXH VH HOFXHQADQ OV
FXOYDV QR HV UHBIYDQM \ D TXH VRB GD FXHQI GH @V GLIHHQRDV GH HVDV HKFMUDV UHVSHRAR D @
HKPMUD GH UHHWHQAID @P DED HWKPXWD VHP [ R 3VHHG  ( OCDVR UHBIVDQM HY @ RVFIMAl Q GH
O FXUYDXQD YH TXH HOMKMP D HIV HTXITEUDGR

a ) RMSD b ) RMSD
Backbone after lsq fit to Backbone Backbone after lsq fit to Backbone
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a) RMSD b) RMSD
Backbone after lsq fit to Backbone Backbone after lsq fit to Backbone
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YJUXD 506" HQIXQFyQ GHOWP SR GH VIP XOFlyQ GH @V SIRMQDV UAVSHAR D ©@ HWIKFMUD GH WP SR
Qv D 3WIRMQDVUWIEV E 3IRMQDVPYYIBNMQ ))7 ;' 3 F 3IRMQVPYYIBVFRQ ))7 ' 3

2D PDQHD GH USUMHQIFYQ GH @ 506' VRQ ®& JUIIFRV GH YIRED YIRI) SBW TXH WH

REVHYDQ HQ @V) UXWV  \  /RVJIU IIERV GH YIRBQ VRQ XCD FRP EIQDFly Q HQMH @ GDJWDP DV
GH FDV\ EURMV ER SBW \ ®V JU IIFRV CGH GHOMADG GHOUW SBW 1RV @DQ XD IGD Pi V

FHWMUD DFHUD GH ® GVEXAYQ GH B YDBUWHWV GHOMEDG FRQ HOHQUDQFKDP IHQR GH © FDID
$GHP i V SHIP LWMQ YIVXDD) DUMLO AMNEXF Q HV KRP RIpQHD EIP RGDCR P X RGDO

IDVIUXDV  \ P XHDQ ® GWEEXFYQ GH 506' V D ® OUR CH @ FRUCD UNVSHAR D @
HWWKFMWD IQFIDO\ D @ HBEIQDED D &  QV  UHVSHRWDP HQM 6H SXHGHQ REVHLYDU YDUDV
QLHWHGADV HOMH ®V JIXSRV GH SIRMQDV @V SIRMQ@V WIIGDV ) UXWD D\ D RFADQHQXQ



1ITBA

WQR PX\ DFRIEGR HQWH \ P HV GHAU @ GIHHFD HMH ® YDBUV Pi [P RV \
PIQP RV IQFON HQGR BV RMHY HVPHQRUD QP 7DP ElpQ VH REVHYD TXH @ GMUEXFly Q GH
YDBUHY HY EDABQM VP [DUD XQD GMUEXF Q QRUP DO IRP D GHYIRED 3 RUHIFRMDUR HQ @) LIXWD

E\ )UXD E VH SXHGH REVHYDUTXH @ YDUDFlyQ GH ® YDRUHV GH50 6'  GH @V SIRMQDV
PyYIBV HV HQ XQ DQJIR PDIRUHMMH |\ QP \ TXH ® GVWEXAYQ GH YDBUAV QR HV \IQ
KRP RIpGHD P RADQER DOXQDV GMUEXFIRGHV P i V LWHI XDUHV

RMZD RSO

=M b} =——Mpn

== ==ndian
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RMED
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! o 1530 ED IED A VIS 1R 2 A}

JUXD  5HSUAVHOBFYQ HQ %R 3BWCH YIRBD GH BV YDRUHV GH50 6' REWMQGRY UHVSHAR D HAKFMUD
IQFIDOD 3 RMQDV WIGDV E 3IRMQDVPYYIBVMQ ))7 ' 3 F 3IRMQDVPYYIBVFRQ ))7 ' 3
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a:]._ RMSD b} AMSD
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YUXWD  5HSUHVHQBFyQ HQ %R 3 BWEH YIRED GH B YDBUHVGH50 6' REWQGRY UHVSHAR D @ HRKRXUD
D& QD 3UIRMQVWIEV E 3IRMQDVPYYIBNVFRQ ))7 ' 3

" HOAR GHOMHWEH SLRMQDV P yYIBNV  VH SXHGEH AIHUHQADUGRY VXEJ XSRV

" SIRMQV FX\RV YDRIWV GH50 6' \WHWQHQRWFDARHVPDRMWWD QP \RPDQCRFRPR
YDBUHV IQFIDBV\ DBV OVSXQBGHOMREY ) 9 96 1. \ ))7
SIRMCDV FX\ RV YDRUHV GH50 6" IHQHQ RVAIDARGHY DIHGHGRUGH P &9) 62

FDGHQD %\ &

( VAM ~@P R VXEJWXSR P XHD XQ FRP SRUIP IHQR VP IMUDOCH OV SIRMCDV WIIGDV ) UXWD D\

D 3DUD HQMQGHUHM FRP SRUWIP [HQR P LDP RV HQ GHBE @V HWIKFWUDV HQ FDGD XQR GH BV
FOVRY / DV REVHYDFRGHV  TXH VH DO DQ HQ HAB VHFAYQ \ OV KISyWMV DFHFD GH ®V
P HFDQWP RV TXH JHQHIDQ HARY FRP SRUIP IHQRY VHU DSTFDEG! D BV UHVXEBIGRY REWMQGRY SRUBY

QWDRY P p\RGRV

/DSIRMQ 6 2 VHIQFONy HQHOMHWEH SIRMQDV Py YIGN GDGR TXHWHCH  FRQy WP HRRV\ TXH BV
506' PtQPR\ Pi[lPRVRQ CH \ ¢ UVSHAIYDP HQM 6LEIHQ SRHH  FRQyWP HRV \H
DIXSDQHQ  JWXSRV XQR FRQ XQD ~QFD HAKPMD \ RUR FRQ @V UMABIQMY 0 LLDQGR @ \WED CH
506" GHD SDUHV GH\RGRV ® FRQy WP HIRVFRQWGRV YHPRVTXH 6 2B$ FRQUyW HRW® HQXQ
JSR  \WHQH GIHHQFIDV VXSHIRV D ¢ FRQRGDV OV GHP i V HRKPMUDV P LHQRDV TXH OV RADV
HOMH Vt WHQHQ GUHHQADV PHQRUMV D ¢ (AR VXJIHH TXH SUREDEGP HQM 6 2 \VHD XQD
SURMCD WJIICD\ TXH XQD GH @V HAKPMUD VH KD GIHHQFIDGR GH @V GHP i V GHEIGR D DO~QHURUR
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FRQGEFlY Q H SHUP HQECSDWEXDU 2 WD SRVIE®! KISy\WMY HV TXH HABP RV 1UHQM D XQD SURMQD TXH

\BHOH VR® GRV SRVIFIRGHV SRVEBN \ TXH QR FRQBP RV FRQ VXIIFIHQMY FRQy WP HIRV GH XQD GH OV
SRVIFIRQHV SDUD DVHIXUDUR 3 HIR HQ & GRV HVFHQDURY VH WDVBUD GH XQD SURMCD W ICD

SRVHH FRQYWPHRY FRQ 506' PIQ PO \ SWRPHAR CH \ c
UAVSHANDP HOM SRU® TXH VIHQGR FHIR D RARV GCDRY  HV IQFGEED HQ HOJWXKSR GH SURMQDV
PyYI®V 61QHP EDUR XQDQ @AY HQ GBI QRV SHIP W YHUTXH DOXSHSRGHURY  FRQY WP HIRV
VH WDW GH XD SIRMCD TXH W® WHQH ~ FRQRWP DAIRGHV SRMEGN YHU) LIXWD 7IHH XQ
VXEGRP IQR IR \ HORWR VH P XHYH HQ IRWP D GH EIVDI WD FRP R FXHSR WJIGR HQWH GRV SRVFIRGHY
$OXQRV FRQY P HRV HANQHOXQD\ &V GHP i VHQ @ RUD SHUR GHOWR GH FDED SRVIFly Q VRQ UWJ IGRV
\RGRY  IQEHSHQAHQM GHO3' % TXH YHQIDQ WVH VXSHBRGHQ PX\ EIHQ ' HSHQAHQGR CH @
HAWWKFMD TXH VH KD\ D XVDGR SDWD IQFDU® GG P IED VH TXHEDU HQ VX HRKPMUD SRVIE®! VIQ
P RYHWH GHH® ( Q HVM FDVR SRGHP RV DVHIXUDUTXH VH MDD GH XQD SURMCD FRQ SRVIFIRGHV [NV
VIQ SRVEIGEDG GH P RYHWH @EWHP HOM HQ XQ HVSDAR FRQIXR & DGD FRQy WP HIR HY WIIGR HQ VX

SRVEYQ

YUXWD  3DQHFHOMDOVXSHSRVFYQGH®Y  FRQUyWP HRVSIRYHQHQMGH®V3' % 1+ . '\ . (

TXH VRQ\RCDV OV HARKFMUDV SRUEBN GH @ SIRMQD  GHR{\ P DQCR RAMEVRQDW P\ B OGDQMHIVH 3 DQHO
TXHER FRQyWP HRV HQ SRVFYQ  3DQHOGHHKR FRQYWP HRV HQ SRUFlyQ  ( ORtUFX® P XHWID HO
VXEGRP IQR TXH VH P DQIACH IR HQ ®/  FRQyW HIRV / DV IGFKDV IQAFDQ HOP RYIP IHQR HQ IRWP D GH
EIVDIUD GHCRAR VXEGRP IQR |, P DI HQ WD DAD FRQ&KIP HD > @
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$QD0 DQCR O SRMD  &9) O VXSHSRVEY Q GH VXV FRQy P HIRV UHYHD TXH DXQTXH HV WJLGD HQ
VX PDRUD SRHH @RSV GHJIWQP RVIGEDG YHU) UXWD /D P RYIEDG GHOBRS DIHAL HOYDBU
@GH506'

YJUXWD  6XSHSRVFYQGH B FRQyW HRV SIRYHQHQOMV GH BV 3' %/ &9) \ &9+ ,P DIHQ WDQ DD
FRQ&KIP HD > @

6 R® SRUFRP SDIDAYQ @ IUXWD P XHD XQ HWP S® GH SIRMQD WIIED\ XQR GH SIRMCD P y YIO
(Q@ WICD SDQHO] TXHER D SHVDUGH SRHHUBRSV P X\ H \WQURV B GMIDRY FRQy P HIRV GH
© SIRMQD VH VXSHBRH HQ VX \RBIEDG ( Q HOSDQHOGHHAKR VH SXHEH REVHYDU TXH HQ OV
SIRMQDV TXH @P DP RV P yYIBN © VXSHSRVIFly Q GH &V FRQy WP HIRV QR HV SHUHRD VIQR TXH BV
FRQy WP HIRV UHFRUHQ HOHVSDAR GH P DQHUD FRQIXD GHQAR GH XQUDQIR GH $ P VWRQIV
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YUXWD  3DQHA] TXIHER HWP S® GH SIRMQD WIED VXSHSRVEYQGH  FRQY WP HIRV SIRYHQHQMY GH BV

3' %/ $8* 51=\ 52 3DQHOGHWFKR HYP SR GH SIRMQD Py YIO VXSHSRVFl Q GH &Y FRIRWP HIRV
SIRYHQHOMGH®VFIMBBY ) 9 ) ( M -. & -.' \ -.( ,PDIHQUDD DG FRQ&KIP HD> @
0DW GH506"

2 \WD UHSUHVHQIBFlY Q GH @V GIHIHQAIDV HQ YDRUHV GH50 6' HV @30 DW 50 6' ~ XQD P DQHID CH
YHU @V GIHHGFD HQWH \RGDV OV HWKFMWUDV GH XQD' 0 HQ GUJDUGH FRP SDIDUMEHP SUH FRQ @
HAKPMWD GH HHHQAD  HV VXSHBRGHU @V HARKPMUDV SUAVHQMY HQ FDGD PRPHOR GH @ ' 0

$TXt FDCD HKFMUD VH FRP SDUD FRQ @V HARKPMUDV REWQIGDV SDUD FDGD WP SR Dvt &V HWV; H
<VHUSHHOEQGH D Q/ &H D SVHQOIUXWD ( QO GDJRQDAFDGD HWIKPMWD CGH
FDGD WP SR VH FRP SDUD FRQ \t P VP D SRUR \BIQR HOFRRUGH @ GDJRQDCHV D] XCDXQTXH SRUHO
\DP DxR GHOJU IIFR D YHFHV QR @UXH D QMIQIXIH HQ @V SIRMQDV P X\ PyYIBN &RPR HV GH
HVSHDU @ [P DIHQ HV VIP pWED HV GHAUTXH @ IQRWP DAlyQ TXH VH HGFXHQAD SRUDUWED GH @
QADIRQDOHY @ P VP D TXH @ TXH VH HOFXHQRD SRUGHEDIR ( Q FDGD SXQR HOFRBUUHSUAVHOD OV
QUHHGADY HQAH @V HARKPMUDV GH FDGD WP SR / D) LUIXUD  SHUP W REVHLYDUGV P DMEHV5 0 6'

CRP DO DAV \  UHSUMVHQECDY D FRRUGH OV SIRMQDV WIGDV )XW D \ SIRMQV PyYIBV
JUXD E (QHOHW; H< HAV UHSUHVHQEGR HOMP SRGHOWD HARUDGH' 0 SV ( GFRBUGH
O IQMYHFYQ GH GRV SXQRV GH WP SR HV XQ IQAFDGRU GH @ GMBGFD HQ $ WP VWRQIV DO
VXSHBRGHUDV HWIKPMUDV SUHVHQMY HQ HVH WP SR GH VIP XOFly Q
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&RQ HB FRP SDIDFyQ RWD YH YHP RV TXH @V GLHHQFDV HQMH BV FRQY WP HIRV GH @V SIRMCDV
P yYI®N HV P D\ RUD @ GH OV WJICDV

( VIRV UHVXGBGRY VRQ @P DIYRV \ D TXH HQ @V VIP XDFRGHV GH ' 0 QR WH IQFG\ H IQRWP DAY Q
DFHUD GH @V GLIHHQADY HOAH FRQY WP HIRV TXH VH KDQ KD@GR DOFUMBE) DUD SIRMQD Pi V GH
XQD YH  ( WR GHD YHUTXH DOSDMWGH XQD ~QED HAWKPMUD @V SURMQDV GHQRP ICDGDV 3UJ IGDV
SRUD GHMP ICDFly Q HVIKPXUDCH, SHUP HQBIO BHFRUHQ XQ HVSDFIR FRQIRUWP DFIRQDCAP HQRUDO/P XOU
XQD WD\ HARUD P HADQM GQ PIFD P RBFXOU 0 IHOMDV TXH @V SIRMQDV TXH FROUGHDP RV
PyYIBN GHP XHADQ YMBUFRQRUP DARCHY P i V GLHHQMY ( RV VRQ BV SUP HIRV IQAFIRV GH TXH
VH SRGUD SUHGHAUMAY UEDP HQM  SDUMHQER GH XQD HWKPMUD D TXp JIKSR SHWQHRH HVD SUIRMQD

$AIXDOTXH HQ HCDSDURGR DQMURU VH SXHGH AW XIURY P VP RV VXEJ XSRV HOH @V SIRM DV

PYY®BV SDD ) 9 96 1, \ ))7 HQVXVP DMEHY SHGRP IQDQ B FRRUHV GH YHEH D IRR
YDBBH GH 506" VXSHIRMV D QP PHOWVTXHSDD &9) 62\ . ' DPEDV
FDGHIV @V FRBUAV GH OV P DEHV VH HFXHQADQ  SUGAISDE HOM HQWH @V D] XBV \  FHEMMY
YDBWH GH 506' IQHIRHV D P 61Q HPEDUR KD\ FHW GIHHQAD CRRUD FRQ OV

SIRMCDV WIIEDV TXH GHEHY  VHURMXADGED FRQP D RUSUIRIXQAGDG  SHUR TXH HVFDSD DADGDAH GHO
SUHVHOM WDEDR

( V IP SRMIQM GHMIFDUTXHOPDWM, CH 6 2 )UXWD EE HV HQJWQSURSRIFYQ GHFRBUD] XO
FRP R REXUH FRQ OV WIICDV YDBWWV GH506' IQHIRMVD QP ( \AM FRP SRUDP LHQR Pi V
VIP (OUD @V SIRMQDV WIIGDV TXH D OV P yYI®BN VH SXHEH H SGFDU FRP R VH P HOFIRQy DOMYV FRQ
HOKHPKR TXH FRP R VH YH HQ VX GHQARIWDP D GHJWXSRV $QHR  DXQTXHHB06' Pi[IPRHV
JIDQGH ® TXH KD KHKR TXH VH FRQUGHIH GHQAR GHOJUXSR GH 3P yYIBV  HOJWXSR P D\ RIMUR
FRQIACH \RGDV OV HAKPMUDV H FHS\R XQD (B ~@P D SRAUD VHUHAHVXEBIGR GH FRQAFIRGHV P X\
DBV D OV EIRQJIFDV R TXH GDGER XQD FIUFXQABIGFID SDMEXBUGHCH SHUP HQR TXH VH K1} R SDUD
VX FUMB® DFly Q HVD HVRKPMUD KD\ D DERSWBIGR XQD FRQUIRWP DRy QP X\ GLIHWHQM D @V QDYDY
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al 1A26 1A2T 1A0G cadena A d) 1A0G cadena B

Bachbone RMSD malrix Backbone RMSD matrix Backbone RMSD matrix Backbene RMSC matrix

Time (ps)
Time (ps)
Time (pz)

Time (ps)

Time (ps) Tima (ps) Time (ps) Time {ps)
0 RMSD (nm) 0315 0 RMSD (nm)  0.336 ] RMSD (nm)  0.203 0 RMSD (nm)  0.263
[ — [ im—] [ ie—] | ii—
e) 1NHG cadena A f) 1NHG cadena B g) INHG cadena C h) 1NHG cadena D
Backbone RMSD matrix Backbone RMSD malrix Backbone RMSD matrix Backbone AMSD matrix

Time (ps)
Time (ps)
Time (ps)
Time (ps)

Time (ps) Time (ps} Time (ps) Time {ps)
0 RMSD (nm)  0.257 0 RMSD (nm)  0.274 0 RMSD (nm)  0.264 0 RMSD (nm} 0.314
[ is— L — [ iiss—| [ i—

b)

b e d
2CVF 1520 3K8D cadena B . 3K8D cadena C

Backbone RMSD matrix Backbone RMSD matrix Backbone RMSD malrix Backbone AMSD matrix

Time ipe)
Time (pe)
Time (pe)
Time (ps)

Time (ps) Time (ps) Time (ps}) Time (ps)
0 RMSD (nm) 0.332 a RMSD (nm)  0.345 0 RMSD (hm)  0.251 0 RMSD (nm)  0.302
| — - — | —
e) SF4V ) 2V1S g) INIW h) 2FFT
Backbone RMSD matrix Backbone RMSD malix Backbone AMSD matrix Backbona AMSD matrix
L g ‘ R
N e
i
g N z
o " E
£ T E F
. d
r—__—_——— " —
Time (ps} Time (ps) Time (ps) Time (ps}
a RMSD (nm)  1.24 0 RMSD (nm] 0.8 Q RMSD (nm)  1.04 0 RMSD (nm} 1.67

) UXWD ODNMFHV506' (RPDODCDV DFRBRUDSDMUGH QY D 3WRMQ@DVUWICDVE 3 RMQ@DV P yNeV
)) 7HVXQD," 3
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SDARCGHJIUR 5J

( QAR GH JILR HV XQD P DQHUD GH P HAU® FRP SDRABFly Q GH @ HWIKFMWUD GH @ SIRMCD XQ YDBU
EDR GH 5 VXJIHH XQD SRMQD Pi V FRP SDAB\ GH P DQHUD RSXHWY XQ YDBUDAR GH 5 J VXJIHH
XQ FRP SDAIP HQR Pi V LHDIBGR > @8 Q YDBUFRQABQM GH5J D ® OUR GH OV WD\ HARUDV CGH
"0 PXHWD TXH @ HKFMD HVSDFDOGH @ SURMGQD HY HABEGI D ® DUR GH @' 0 SRUHO
FRMDUR SIRMQDV HQP RYIP IHQR GDUDQ XQ YDRUFDP EIDQM GH5 J D ® GUR GH @ WD\ HARUD

6 H UHSUAVHQW HODAR GH JILR GH OV SIRMDV WIICDV\ P yYIBV HQOV) LUXUIDV |\

( ODAR GH JILR GH OV MDDV SIRMQDV YDHOH \ QP ( VWRVH GHEH D TXHHGB J GHSHQGH GHO
\BP DxR GH @ SIRMQD DOGR HBU GRIP DO DGR SRUHOQ-P HR GH DP IGR AGRV  SIRMQDV Pi V
JWDQEHV WHQHQ5J Pi VIWDQEHY $AIXDOTXH HCB0 6' & GHMIBIFDE®! SDUD DQDE) DUV @ DP SONG
GH ®V FDP EIRV BHSUAVHQEBGRY FRP RWD\ HARUDY ) UXWD  \ JU IIFRV GH YIRED ) LIXWD

a ; ; b . g
) Radius of gyration ) Radius of gyration
35 T T | T 3.5
i 7 [= 1a2 — smav
= — |- 1A2T 3 — 2CVF
1A0G_A — 1820
r 7 |— 1A0G_B — 2VIS
250 = INHG_A 25 3K8D_B
— INHG_B — 3K8D_C
L 1 |~ INHG C = })NTW
i, CA{EEER = INHG_D -~ 2 T 1 ey i
g E p 111 1112 0 T e
fuad = = — e b s Lty a1 (A * I T POy
éﬂ o0
L S i M
= - = -
0.5 — = 0.5 -
0 1 ‘ 1 | 1 0 1 ‘ | 1
50 100 150 200 50 100 150 200
Time (ns) Time (ns)

)UXWD  5DAR GH IR HQIXQRY Q GHOMP SR GH @V SIRMCQDV HAXGDAEDV D 3 IRMQDV WIGDV E 3 URMQDV
P yYIBNV
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d } s Radio da Gire b} -. Radio de Gire

—Mean =R
m— hedian —Madian

Rg {rm
Ry (nem}
Fa
b

) UXWD 5 HSUHVHQIFlY Q HQ %N 3 ®WCH YIRED CH ®&V YDRWHV CGH 5DGR GH* LR REWMQGRY D 3 UIRMQDV
WiV E 3URMCQDV P yYeV

( Q@V ILIXUDV VH SXHEH REVHLYDUTXH @V SIRMGDV P y YIBN WHQHQ XQD P D\ RUIGFWDFly Q GH BV 5 J
TXH OV WICDV ( OWDQIR CH ®V 5J GH\RADV OV WIAV )UXWD D HV IQHIRUD P (Q
FOPER UASHAR D OV PyYIBN )UXWD E RIWD YH FROMMOM HQM FRQ BV UHVXGBIGRY
DQMIRIHV VH GIHHQADQ & PIMWP RV GRV VXEJIXSRV FXDMR SIRMQDV  &9) 6 2 \

FDGHQD %\ & \WHQHQ YDBUHV GH 5 J FRQ RVAIMFIRGHY GHCP VP R WDQIR TXH @V WILGDV P

$ JXSDP HOR GH MIKPMUIDV

( ODIWXSDP IHQR GH SIRMCDV VH X\W)D SDUD DVRADU DTXH@V SIRMQDV VP OB > @/ DV
SIRMQDV TXH GUHHQ HQ XQD GWBGHAD P HQRU DO YDBU GH SXQR GH FROM HWBEGFIGR DO
VXSHSROHDV HAKPMD® HOM VHI Q FROUGHIDGDV GHOP VP R JIXSR HVRKPMUDV YHAQDV 6 LSRU
HOFROADUR GUHHQ HQPi V' \VH XEIFDU Q HQ JUXSRV GLIHIHOMY ( Q' 0 HVAM DI LXSDP HQR SHUP WM

UHGXFIU @ FDQIEDG GH UHSUAVHQIFIRGHY GH @ SIRMQD VP XOGD HQ @&V GLHHQOMY IOABQMY GH
WP SR SHUP MHQGER REVHYDURXi QR YDUD GIFKD P RPFX® D ® OUR GH @ HAFXFly QGH @ GG P IED

&XDQR P D\ RUVHD @ FDQUEDG GH JIXSRY HFRQADGRY HQ XQD VIP XOFly Q P D\ RUP RYIGEDG \IHQH @
SURMQD D ® OUR GHOMP SR DERSWY GLHHQMY QVSRVIFIRGHY HVSDFIDBN 8 QD SURMCD WIIED FRQ

SRFD P RVIGEDG FRQ@IYD D TXH OV GLHHQMY SQABQNQHDY GH @ VIP XOFy Q VHDQ P X\ VIP [DUHV
HQMH V  REWQp QGRVH SRFD FDQUEDG GH J KSRV
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3 DD SUHVHQBU®Y UHVXGBICRY GH XQD P DQHD FOWD HQ @ 7DED®  VH GHVB@® @ FDQIEDG GH J KSRV
REWQIGRY SDUD FDED SXQR GH FRUA \ QP SRUFDE SIRMQD SDUD HOWP SR GH
WHHFD 7DE® D\ Q/ 7DED E

7DE®  &DQIEDG GH JIXSRY HOFRORDGRY SRUSURWECD VHI~Q HOSXQR GH FRUW X\M) DGR D 7RP DQGRFRP R
UHHWHQFD HOMP SR QV E 7RP DQGRFRP RIHHHQAD HOMP SRCGH QY

&RP R VH HVSHIDED @V SIRMQDV WIIGDV SUIMVHQOEBQ XQR R GRV JIXSRV  VHI~Q HOSXQR GH FRUM
XU} DGR FDUDPMIMIFD GH VX EDID P RYIGEDG GXUDQM VXV VIP XOFIRGHV GH' 0 \BQIR SDUD HOP SR
HWHHHFD QVFRPRSDID QV 3RURIR DGR UHVSHAR D @V SIRMQDV Py YIBN QXHYDP HQM
VH SXHEHQ VW XIUGRY JIXSRY FXDIAR SIRMCDV FRQ XCD FDQUEDG GH JIXSRV P X\ VP LOUD @V
WIICDV \ FXDWR SIRMQDV FRQ YDURV JIXSRV

(QD)UXWD  VHP XHWDQ ®Y P RCHRY REWQGRY SDWD FDAD JIXSR SXQRGHFRWGH QP
HQ QWIDRY FRBUAV GH OVSIRMQDV ) 9 9 6 1, \ &9) /DVSUP HDV WV SHIMCHHQ DO
VHIP HOR GH SIRMQDV PyYIBN FRQP i V GHXQJWSR P IHOADV TXH @ SIRMQD &9) UHSUHVHOD
DOVHIP HQR GH SIRIMCQDV DMIQDAV D P yYIBNV SHIR FRQ XQ VRR JIXSR VP IDUD @V WGV / D
SIRMCD )) 7 VHH FO\ H GH HWE LI XUD SRUHCH FHVR GH P RGHBY TXH SUIAVHOD
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( VM UVXEBIGR DOIXDOTXH @ P DA GH506' QR GHID GH VRUSUHQGHU\ D TXH DODIWXSDUP IGBRQHY
GH HAKPMUIDV SIRGAR GHXQD' 0 GH Qv VH REWHQHQ SRFRV JXSRY FRQ @V SURMQDV WJ lGDV
\ XQ Q-P HR VWQUEFDWDP HQM P D\ RUFRQ OV SIRMCDV Py YIGN MQ KDEHUDI UHI DGR IQIRWP DAY Q
GAQ P IFD Q. HAKRMDOGH @ SIRMCQD Pi V TXH OV FRREHDAV GH XQ VRR FRQYWP HR ( MR
UHSURGXFH \My UFDP HQM HOHVXEBIGR H SHUP HQBO

YUXWD 5 HSUHVHQBFY Q YIWXDOGHOEDFNERGH &V GMIDRY P RGHBRY REWQGRY SDUD FDAD JIXSR REWQIGR
SDODOVSIRMQVD ) 9 PRGHBY E 96 PRHR/ F 1, PRHR/\G &9) PREHB

WP DQCR HODAR GH FRW HQ P\ WP SRGHHHHCFD Qv ,Pi JHOHY RBMQCDV FRQ90
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) DRRUY%

( OIDARUY% UHSUMVHO XQ YDBRUGH @ P RYIEEDG GH &V BMGXRY SUVHOMY HQ XQD SIRMQD &RP R
P HOARQDP RV ®V IDRRUAV % SXHGHQ \RP DWH FRP R IQAIFDGRUAV GHOP RYIP IHQR CGH BV i RP RV HQ
O HAKPXWD\  SRUFRQUIXIHQM FRQVX 18] IELGEDG

3D OV SURMCDV HWXGADGDY HOIDRRU % GH \MP SHIDMUD GH VXV FDUERGRY DIDV VH HQFXHQRD
GHQAR GHOWDQIR ' HEICR D PR VH FRQUXY  FRPR @P WM IQHIRU\ FRP R @P WM
VXSHIRU $ FRQIOXDFL Q VH LQAFD HOR-P HUR GH DP ICR FIGRV GH @V SIRMQDV FRQ YDBUHV SRUIXHID
GHOWQIR SDUD VXV FDUERQRV DID TXH JHHD® HQM FRGAGHQ FRQ VXV H \WHP RV DP ICR R
FDUER] L& \MUP IGDO

) 9 PyYO  DPICR AGRY WAH DPIQR AGRY  SRUIXHD GHODQIR

9 6 PyYO DPIQR AGRV WQH DPIQR AGRY  SRUIXHWD GHODQIR

1, PyYO DPIQR AGRY WH DPICR AGRV  SRUIXHD GHADQIR

&9) PyYI0O  DPICR AGRV WHH DPIQR AGRV  SRUIXHWD GHODQIR

))7 )3 DPICR AGRV WHQH  DP ICR AGRV SRUIXHD GHODQIR  HM
FDVR HVSHADOVH LQFG\ H SDUD YHUXQ FRP SRWIP HQR H \WHP R GH P RYIGEDG

(QOVIUXUV D  6H UBHSUVHOBQ GV KMRIWDP DV GH BV IDRRUHV %\ @ UWHSUVHQEFY Q HQ
FQD FDURRQ GH @ HKPXUD FRUMVSRQEHQOM

(QD)UXWD  VHUHSUHVHO HOKMRI WP D REWMQGR SDD )) 7 ,' 3 SURMQD FRQ DB P RYIGEDG
6 H SXHGH REVHYDUTXH ) ) 7 \BAQH XQFRP SRWIP HQR H WP RGRQGHHO  GHVXVDP IQR AGRY
HVIVQ SRUIXHUD GHODQI R HBU IGR SDUD \RGDV OV RADV SURMQDV

(QD) XD  VHP XHWD HOKIMRI UDP D REWQCR SDID @ SIRMQD PyYIO ) 9 (D SIRMQD L

EIHQ FRP SDUM HOWQIR HOUMR GH @V SIRMQV IFOVR FRQ OV SIRMQDV WIGV O

P D\ RUD GH VXV DP ICR AIGRV HANQ SRUHQAP D GHOYDBRUGH ~ / RV YDBUHV EDIRV HQ HODQIR CH

®V FRP SDUM FRQ RADV SIRMQDV PyYIBN FRPR 9 6 yUXm  \ 1

JUXWD  /DVIUXUV D PXHADQ G KIMRIWDP DV REWMQIGRY SDUD OV SIRMCDV WIICDV HQ

\RGRV B FDVRV HOSRUFHQEM GH DP IQR FIGRV FRQ IDRRUAV % GHQOAR GHODQIR YD GH
1+*B$ D $ *BS\ $ *B% P RMDQER TXHVRQ\REDV SIRMCDV WIGDV ( QFDP EIR OV

ILIXUDV \ PXHADQ ® KIMRIWDP DV REMQGRY SDID @V SIRMQV 6 2 &9)
' B%\ . ' B& UVSHRANDP HQM TXH VH HVSHDED IXHIDQ Py YIBN VQ HP EDUR VXV IDRRUAV %
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VH HFXHQRDQ DOLI XDOTXH HQ @V WIIGDV P D\ RIABUDP HQM HQ HOUDQIR aH &9) D
' B$ 5 HVXABGRY TXH FRQLLP DQ B CDRY REWQGRY SUHYIDP HOM

-XQR D ® JUIIFRV GH KMRIWP DV VH SUHVHOBQ WHSUMVHQIFIRQHY GH FIQI GH OV SIRMQDV
FRBUDGDV SRUVX IDRRU% GRQGH @ HVFDD GH FRBUHV UHSUMVHQID HOIDRRU% FDBXOGR SDUD FDAD
DP IR FIGR GH @ FDGHQD SIRMED GH D] XOD IRR VHI~Q YDBUHV FUHAHQMY

YJUXD  3WRMD ))7 '3 ] TXHED KMRIWPD % ' HHKD UHSUAVHQBFly Q FIQI R FDURRQ GH OV
SIRMQDV FRERUHDEDV SRUVX IDRRU%

) UXWD SUIRMCD ) 9 PyYIO || TXIHED KMRIWP D % ' HHFKD UHSUHVHQEFY Q FIQ R FDURRQ GH OV
SURM DV FRRUHDCGDV SRUVX |IDRRUY%
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YUXD  3URMD 9 6 PyYIO ,| TXHED KMRIWDP D % ' HIHFKD UHSUAVHQBFY Q FIQI R FDURRQ GH OV
SIRMQDV FRERUHDEDV SRUVX IDRRUY%

YJUXWD  )UXWD$ 3WRMPD 1,; PyvO ] TXHED KMRIWDP D% ' HHKD WHSUHVHQBFY QFIQI R
FDUWRRQ GH OV SIRMQDV FRBUHDGDV SRUVX IDRRUY%
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) LUIXWD 3RMQD 6 2 WI SRMEBPHQM PDBDEGN JTXHED KMRIWDPD % ' HMHFKD
UHSUAVHQEFlY Q FIQB R FDUWRRQ GH OV SURMQDV FRBUHDGEDV SRUVX IDRRU%

) LIXWD 3IRMQD &9) WIED SRUEGPHQM PDBDEGN | TXHED KMRIWPD % ' HHFKD
UHSUAVHQEAY Q FIQB R FDUWRRQ GH OV SURMQDV FRBUHDGEDV SRUVX IDRRU%
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YUXWD  3RMQ . ' FDGHD % WIGD SRVEGP HQM P DBDEGN ] TXHED KMRIWP D % ' HHFKD
UHSUAVHQEFlY Q FIQB R FDUWRRQ GH OV SURMQDV FRBUHDGEDV SRUVX IDRRU%

YUXWD  3WRMQD . ' FDEHD & WIIED SRVEGP HQM P DBDEBN ] TXIHED KMRIWP D % ' HIHFKD
UHSUAVHQEAY Q FIQB R FDUWRRQ GH OV SURMQDV FRBUHDGEDV SRUVX IDRRU%
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YUXWD  3RMQD $ 7 WICD ] TXHED KMRIWP D % ' HHFKD UHSUAVHQIFY Q QI R FDURRQ GH OV
SURMQDV FRRUHDGDV SRUVX [DRRUY%

) UXWD SRRMCD $ * FDGHD $ WICD ] TXHED KMRIWPD % ' HHKD UHSUAVHQBHFY Q HOM R
FDURRQ GH @V SURMQDV FRRUHDEDV SRUVX | DRRUY%
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) UXWD SRRMQD $ * FDGHD $ WICD ] TAHED KMRIWPD % ' HBHFKD UWHSUHVHQDRFY Q FIOW R
FDURRQ GH OV SURMQDV FRRUHDEDV SRUVX | DRRUY%

YUXWD  3RMQD $ WIED JTXHED KMRIWPD % ' HHKD UHSUVHQIFY Q AIQI R FDURRQ GH OV
SURMQDV FRRUHDGDV SRUVX IDRRUY%
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YUXWD  3RMQD 1+* FDEHD $ WIED | TXHED KMRIWPD % ' HHKD UHSUAVHQEFYQ FIQN R
FDUWRRQ GH OV SIRMCDV FREUHDAEDV SRUVX | DRRUY%

YJUXD  3WRMQD 1+* FDGHD % WIED | TXHED KMRIWPD % ' HHKD UHSUMVHOBFYQ FQE R
FDURRQ GH OV SIRMQDV FRBUHDGDV SRUVX IDRRUY%
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YUXWD  3RMQ 1+* FDEGHD & WIED ] TXHED KMRIWP D% ' HHKD UHSUHAVHQEFY Q3FDUWRRQY GH
OV SIRMQDV FRRUHDGDV SRUVX I DRRUE

YUXD  3RMQD 1+* FDGHD ' WICD JTXHED KMRIWPD % ' HHFKD WHSUHVHQBFYQ FIQE R
FDURRQ GH OV SIRMQDV FRBUHDGDV SRUVX IDRRUY%
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'LVFXVLYQ

/ DV SIRMQDV QR VRQ FXHSBRY WIIGRY MICR TXH SRVHHQ XQD AIHWY P RVIGEDG TXH HV IQAVSHQVDE®!
SDWD VX FRUMAR IXQAIRQDP IHQR 61Q HP EDUR @ P DI QWG GH HVRY P RYIP HQRY QR HV XQYHWDO
DOXCDV SURMQDV VH P XHYHQ P i V\ RUDV P DQIAQHQ VX FDGHQD FDVLIGP v YICD ® O R GHOWP SR
3 DD UHVSRQGHU® SIHIXQW GH GyQGH HVIV DB DFHQDED @ IQRWP DFly Q D FHUFD GH @ P RYIGEDG CGH
XQD SIRMQD KHP RV UHDQ DGR VP XOFIRGHV SRU' 0 D QMIDRY JIXSRY GH SIRMCDV FOMLUEDGDV
VHI~Q VX P RVIGEDG FRP SIREDAD SRUS;  ( QHOADEDIR GHO R yQ\ FRO> @ OMLEFDQ OV SUIRMQDV
HQ WHV FOVHV VHI~Q @ P RVIGEDG GH @ HAWKPMWD \ JUDGR GH GHVRBHQ / DV FOVHV VRQ OV TXH
@PDRQ WIGV 506' SWRPHAR HMH ®& FRQYWP HRV c R WH WIRQV
GHVRBHDEV P XHWID XD EDD QYHYAGDG FRQRUWP DARQDO / RV GRV VXEFRQMQRY DAFIRCDBN
FROMGHQ WHIIRGHV GHVRIBHDAV SHR FRQ XD FRP SRVFyQ \  FRP SRWIP [HQR HWIKFMWUDO
QHHGADO / DV SIRMCDV SDUAD® HQM GHVREHQDGDY WHOHQ HQ SUIRPHAR HO &H WV

FRQy WP HIRV FRQ UHJIRGHV GHVRWBHQDGDV\ 50 6' SURP HGR HQMH FRQYWPHRVGH ¢ PDRU
Q-PHR GH EMIUV \ WJIRGHV GHVRGHQDGDV Pi V OUDV / DV SURMQDV @P DCDV 3P DBDEGN
WHQ HQ SRPHAR VRR HO  GH BV FRQy WP HIRV GHVRBHQDGRV\ 506' SIRPHARGH ¢
( VAM ~GP R JIXSR P XHWWD DGHP i V FDYIGDGHV 18] [EBV DIHABGDV HQ \BP DxR SRUD SUHVHQAD GH

UHI IRQHV GAVREHDEDV\ P D\ RUGYHWAGDG GH @ DQGRV DIICHV

( Q HOSUAVHQM WDEDIR KHP RV KHFKR XQD MIP SOIEDAYQ\ VR® KHP RV FROMGHIDGRY D OV SIRMQDV
HQ GRV JDDQEHV FOVHV FRP R 2WJIGDV \ 3P yYIBN FRQ HOREMMWR GH FRP SUREDUVL XQ FRQY WP HR
SDWFXOUHY FDSD] GH BHSURGXAILVRGRY @ FRQly P HIRV FRGRAGRV H| SHUP HQB® HQM

/ RV GMIDRY HVFHQDURY VHUDQ TXH GDER XQR VRR GH BV FRQy P HIRV SDWD IQFADUD GG P IFD (R
VH REVHYHQ \RGRV ® GHPi V SRVEBV HQ @ WD HARUD TXH QR DSDUH FDQ DOXQDV GH OV
HRKFMDV YMBV 2 WD SRVIELIEDG VHUD TXH GDER XQ FRQY WP HIR SDWD IQFIDU® GG P IFD WH
REVHYHQ RURV TXH QR VH KDQ REVHYDGR HQ @V HAKPMUDV GVSRQUEGN TXH DSDUH| FDQ HKRMUDV
QR YMBV 3 RU~@P R FDEH @ SRVIEIGEDG GH TXH GDAR XQ FRQy WP HIR IQIFIDO VH UHSURGX] FDQ\RGRY
®Y FRQRAGRY

/ D KISyWMV HV TXH VL@ IQRWP DFlyQ GH @ P RYIGEDG GH @ SURMCD HAV HQ VX HWIKFMUID FDGD
HKPMUD GH SDUED GH @ P IVP D SURMQD SRAUD \WGHUIQIRWP DAy Q GIHHOM SRUR \BOR XD
HAKRMD QR VHUD VXIFIHQM SDUD FRQRFHU HOHVSDAIR FRQUIRWP DAIRQDOGH HVD SIRMQD 6L @
LQIRWP DFly Q DFHUFD GH @ P RYIGEDG HWV FRGLIEDGD HQ @ VHRXHQAD FXDIXIHID GH ®Y FRQy WP HIRV
DEDQ DUID SDUD FRGRFHUHCHVSDAR FRQRUWP DARQDAFRP SBMR GH XQD SIRMQD
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3D ® A GXGV UHDQ DGRV HQ HIM WDEDIR W& VH XU y @ HAKPMUD GH XQR GH &V FRQy P HIRV
FRP R GDR IQFIDO IQRWP DRy Q

3DW QXHWIR DVRP ELR UHVX@Y TXH OV SIRIMCDV VH FRP SRUIBQ HQ OV AQ P IFDV IHSURGXAHQER @
\WMQGHCHD TXH VH REVHYD HQ OV 3IRRV GH &Y FIMBBNV

/ DV SURMCDV FROMGHIDAEDV 3UWJICDV  KDQ IGFMDGR DOHGHGRUCH QP UHVSHAR D @ HAKPMUD
GH BHHHQFD “ P\ P UVSHRR D @V HAKPMUIDV GH FDGD IQABQM GH @
D\ HARUD “ P P DOMQHQER XQWAR GH IR FRQRADARGHV IQHIRMVD QP

P (OWER GH JIWR FOVLFROQABQM GHQRI HOKHKR TXH @ SURMCD VH P DQIHH
FRP SDAN D ® OUR GH @ WD\ HARUD (WM GDWR HWV HQ FRIGAIGHGQAID FRQ ® FDQUEDG GH JUIXSRY
HQFRQADGRY DOVXSHBRGHUDV HAKPXUDY GH B GMIQRY IQABQMY GH P SR TXH VLVH HABEGFHQ
SXQRV GH FROWM HOMH \ QP VH SXHEH DIILP DUTXH HOQ-P HR Pi [ [P R QR VXSHD D
2 EVHYDQER VXV YDBRUHV GH) DRRUHV % XQSRUFHQEM VXSHIRUDO  GH @V DP IQR FIGRV SUWVHQ
YDBUHV P HQRUHV D

' HQAR GH @V SIRMCDV3P yYIBNV  VH SXHGHQ DSUHADUGRY VXEJ IXSRV ( GBUP HUR VH FDUDRWA D SRU
WQHU | GRWDARGHY UHVSHAR D @ HWKPMUD GH UHHWHQAD YDBRUHV Pi [ IP RV HQFRQIDGRV SDID @V
| GRWDARGHY UHVSHAR D @V HARKRMUDV HQ FDAD IQABQIM GH @ VIP XOFy Q DP SOXG GH UDAR GHJILR
\ SRIFHQmIY GH DP IQR FIGRV FRQ YDBUHV GH ) DRRU% IQHURWY D LIXDBNV TXH @V SIRMQDV
VillenY] “ P “ 02 “ P\ ! GH DP IR AGRV
UHVSHAYDP HQM  GLIHUHGHL QGRVH GIVHP HQM HQ @ FDQIEDG GH JXSSRV REWQGRY ' DAR TXH
SDUD @ HBFFyQ GH @V SIRMQDV HQ FDAD FDWMIRWD VRR KHP RV \WQGR HQ FXHQM ®V 50 6'
PtQPR Pi[IPR\ SURPHAR MQ H DP IQDU\ FROMGHIDU® SREQFly Q GH FRQy P HIRV QVSRQUEBN
FUHHP RV TXH HAV SIRMQDV KDQ MGR FROUGHIDEDV HUYy CGHDP HQM GHQRR GHOJWXSR GH P y 1BV
&UHHP RV TXH VRQ SIRMQDV WIIGDV TXH SRUDO~Q HURUH SHUP HQEOR FRQAAYQ HWHP D GH @
FUMBQ DFlyQ XQD R XQDV SRFDV HAKAMWDV VH GIHIHQAIDQ GH @ SRE@Fly Q JHQHIDO. GDQ HVRV
YDRWHV GH506' &RQUGHDP RV TXH HVDV SRFDV HWKRMUDV ALIHIHQMY GH @ SREOFlyQ VRQ XQ
DUMDPAR \ HODQJ @V HQ GAB@®I GH RV FDVRV QRV DSWR IPD D FRQIWP DU @ KISyWMV (V
UHP DUFDE®I TXH @ WFQED QRV SHUP W UHFRQRFHUHMRY FDVRV / R TXH VHUID VRUSUHQGHQM HV TXH @
WFQEFD QRV SHP I GMIQI XIU HQWH SURMQDV SDUFID® HQM GAVRGHQDGDV \ P DBDEBN ®& GRV
JXSRV TXH KHP RV FRP SDRABIGR HQ QXHVD FDWIRUD GH P y IRV SDUD VIP SOIFDU ( WR MQ GXGAD

VHU XQWMP D SDUD FRQIXDUFRQ @ LOYHM DFly Q

3 DD HOMHIXQER VXEJWXSR @ P RYIGEDG GH @ HWIKPMUD VH KDFH HYLGHQM HQ\RGRV B YDBUHV / RV
YDBUHV GH50 6’ UAVSHAR D HAKPMWD GH HHHGADVRQP D RIWWD QP ! “ P HO
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Pi[IPRYDBU50 6' HQWH HAKFMWUDV HQ FDGD PRPHQRGH®' 0 HVVXSHIRID QP |

P OVPDWFHV GH506' HOWH HAKRXUIDV GH GMIDR SXQR GH WP SR P XHWIDQ TXH OV
GUHHADV VRQ P DRIV TXH @ REVHYDED SDUWD @OV SIRMCDV WIIGDV FRBUAV KDFID HOWRR  ( O
QIR GH YDBUAV GH 5J VXSHD B P ! “ P\ VH®IWQ AIHHFDUP i V CH
JUXSRV DOVXSHSRQHU OV HAKFMUIDV GH GMIDRY P RPHQRV GH @' 0 FROUGHIDQGR SXQRV GH
FROWM HQWH \ P 3D B YDRH CH ) DARU% O GMUEXFly Q GH SRUFHQEMV CR VH
FRCFHD HQ YDRUHV IQHIRWV D

7 HIHQER HQ FXHQW @V FRP SRUBP IHQRY P HOAIRQDGRY REVHYDP RV TXH VH SXHGHQ FRUMHDFRCDU
OV WD HARUDV REWQIGDV SRU' 0 HQMQECGD FRP R OV MV HARKPMUDV TXH YD DCRSWQER O
SIRMCD D ® GUR GHOWP SR FRQ @ FOMLFDAl Q GH SIRMQDV GHVRUSW SRUO RJyQ\ FRO> @
EDVi QGRVH HQ @V HRKPMUDY HMIFDV 3IRRY GVSRQEGN HQHCB' %

® $ $7 $* FDEHOVS\ % 1+* FDEHOVS % &\ ' \ 6 2 VRQSIRMQDV
WV
® &9) \ . ' FDEHIV %\ & VRQ SIRMQV WIEV SRVEGP HQM P DBDEGN HAD

FOMLEDAY Q QR KD VIGR \RP DD HQ FXHQW HQ HVIM WDEDIR
® )9 96 1, \ ))7 VROSIRMPDVPYyYIBV
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&RQFOXVLYQ

' DGR BV UHVXEBIGRY H SXHWRY VH SXHGH HAREGFHUOV VLI XIHQMY FDUDRMINIFEDY SDUD FOMLIFDUD
OV SRMQDV VHI~QVX B[ [ELEEDG

& 3 URMCDV 5 tJICDV
| SDQIRGHYDBRMHVCGH506" UHVSHRAR D HVWKRXUWD GH LHHWHCHAD “ (03

| Oi[IPRYDBU506' HQWH HAKFMDV HQ FDGD P RP HQR GH @ WD\ HARUD

q:)
| $P SOXGGHODQIR GH YDRUHV GH5 J “ P
|  &DQIEDGPi [P D GH JUKSRV HFROADGRY SDID SXQR GH FRWW HOM — \ P

| )DRRU% Pi VGO GHDP IR HGRV FRQ YDAV IQHURUHV D
& 3URMCDV 0 yYIBNV
| S5DQIRGHYDBRMHVCEH506" UWHVSHARD @ HWKRXUWD GH UHHHWHCHD ! “ &

| Oi[IPRYDBU506" HAMHHMKRMDV HQ FDGD P RP HQR GH @ WD\ HARUD ! “

QD
| $P SOXGGHODQIR GH YDBUV GH5J ! “ P
|  &DQIEDGPI [P D GH JWXSRY HFROWDGRY SDUD SXQR GH FRUM HOMH ~— \ P

| ) DRRUY% GVWIEXAYQGH ®VDP IR AHGRVHQWH &V YDRHY D

e 3WRMQDV 5tIIGV SRUEGP HQM P DBDEBN ( \ABV SURMQDV WHQHQ XQ FRP SRWDP (HQR TXH
QR HV DMEXIE®I QLD OV \RIBE HQM P y YIBN QLD OV \RBE HQM WJIGDV 6 LEIHQ HV DSUHVXUDGR
HABEGFHU XQD FOMLUEDAYQ \ UHTXIHH HODQ @YV GH XQ PDIRUQ-P HR GH SURMQDV
SRVEGP HQM HMP RV DQM HOFRP SRUDP [HQR GH @V SURMQDV P DBDEGNV

| SDQRGHYDBRWHVGEH506" UHVSHAR D HVKRMUD GH UHHUHCQAD “ P
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| 0i[IPRYDBUSO06' HQWHHWMKPMIVHQFDGDPRPHQRGHD' 0 @@
| $P SOXGGHODQR GH YDBUHV GH5 J “ o
|  &DQIEDGPI [P D GH JWXSRY HFRWDGRY SDUD SXQR GH FRUM HOMH ~ \ P

| )DRARU% PiVGO GHDP QR HGRV FRQ YD&WHV IQHURUHV D

'H HAB IRPD VH SXHGH HABEGFHU TXH OV VP XOFRQHV GH GQ P IED P RBFXOU SHIP MWQ
FRORAHQER XQR GH BV HABGRY QDWRV GH SIRMQDV  SIHGHAU @ H IMMGAD GH RIRV HABGRY
X\) DQGR @ IQRWP DAy Q GH B YDRUHV GH50 6'  UVSHRAR D XQD HWKPMWD GH LHHIHQAD \ HOMA
\RGDV OV HAKPXUDV REWQIGDY GH @ VIP XOFlyQ WDGR GH JWR  FDQUEDG GH J IXSRV DOVXSHSRQHU
OV HAKPMUDV GH B GVIDRY SXQRY GH WP SR\ @ GVIEXFly Q GH ) DRRU% HQMH &V DP IGR FIGRV
GH @ FDGHQD SIRMED ( BV SURSIHEDGHY VH SXHEHQ REWMQHUFRQ HCBURIUDP D GH VP XOFly QFRP R
HOX\WM) DGR HQ HOSUMVHQM WDEDIR * 520 $&6 &RQ HWR TXHED QOFACDED @ WHDFyQ HOMH
FRQRWP DAyQ\ GG P IFD XQD SIRMQD P y YIOGD FRQY WP HIRV D ® OUR GHOMP SR VXIIFIHQMP HQM

AIHHQMV SDWD (R FRQAQUD P HQRV GH ¢ DOVXSHBRCHWH P IHQADV TXH SRURMR DGR XQD
SIRMCD WIED SHWP DHAH FRP R \IAD & OU R GH \RGD O WD\ HARUD

6 LEIHQ QR SRGHP RV DVHIXWDUTXH @ LQRWP DAy Q AQ P IFD GH XQD SURMCD HWV FRALIFDAD HQ VX
VHRXHQAD HRY UBHVXEBIGRY VXJ IHUHQ TXH HVD HV XQD SRVIEITEDG

/ D FRQFOMy Q JHHIDOHV TXH VHUD SRVEGH WQHQER XQ VRR FRQly P HIR GHSRVMIGR HQ @V EDVHV
CH DRV CDURXHQID GH @ | ®f LEIGEDG GH XQD SURMQD / RV UAVXEBIGRY GHOBUAVHQM WDEDIR VXJ HHQ
TXH SRGUDP RV VHUFDSDFHV GH SUHGHAU® GG P IFD GH XQD SURMQD FRQRAHQER XQD HWIKFMUD

FRQ @V [P STIFDGADV IXQARQDBN GH HVH FRQRAIP IHQR (AR VXS@ID @ IQFRP SBAMYG GG P IFD GHO
3' % 0DUCRIVM\ FRO> @\ VXJIHH HQRFDUBY HMXHJ RV HQ FROVMHIXIUXCD HRKFMUD SRU
SUIRMCD

/ DV SIRMCDV DGHP i V GH SRGHUDGRSWUFRQRWP DARGHV P tQP DP HQM GIHHOMY  SHWQHRHQ D
XQD IDP lID GH SIRMQDV KRP y®IDV GRQGH B GVMIDRY P IHP EIRV HAUFHQ © P VP D IXQAYQ R
VIP (DU HQ GMIQIV HVSHAHY / DV 1DP LDV GH SURMQDV SXHGHQVHUP X\ H \MQUDV\ BV KRP yRIRV
\MQHUXQ UDQIR DP STR GH VP IMXG GH VHEXHGAD + DEIHQER KRP y &I RV DABP HOM LG QIFRV HMI

RPiV RPDJICDE HOM (QFRV HM  RPHQRV 8Q SDVR SRWMIRUGH DQJ @AYV VHID FRUHU
QQ P IFDV P RBFXOWHV IQFE QGRVH FRQ HAKPMUDV GH GMIDIV SIRMQDV GH @ IDP LMD HVIFRQ
KRP y®IRV \ FRQ HOREMMR GH FRQRFHUML® IQIRWP DFly Q GG P LD HV IQKHHQM D
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XQD IDP [GD GH SIRMQDV R HV SDUMEXOU GH FDGD SIRMQD 6L @V KRP y®JRV \BP ElpQ WHQHQ HO
PIVPRSDWQGAQ P IFR ¢ KDWY GyQGH VH P DQIHCH HYRGMYDP HOM' ¢ \MQG QHCP IVP R SDWY QB
KRP y®IRV WY ICOQIFRY" / D IQRIP DAY Q IQMIFRGHANED GH @ HYROFYQ VHEXHGAD

HAWKPMUD IXQAyQ\ GG P IFD GH @V SIRMCDV D~Q SDQMD P XFKRV IQMURI DQAMY SRUHVROHU
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%LEOLRJUDItD

>@ / 1HORQ O 0 &R 3 HKQQIHU 3UQASBNV R YURFKHP M : + ) UHHP DQDQG&RP SDQ
1HZ <RWN &XDWI ( GRyQ &DSIW®

> @ KDWDSUWRMQ' ™ 3' % ( GXFDWRQDCB RUICRI 3" % KWBV SCE UVE RUJ

>@6 $SEHW $ -RKQRQ - /HZIV 0 5D . SREHW 3 : DAMU 30 RBFXOU%RBI\ R \KH FHO
* DUDQG6 AHQFH 1 HZ <RWN 4 XIQW ( QR Q & DSIN®

> @% $CKNDU - &KHQY 23 URMOQ 5 HVIGXH & RQBFW DQG 3 UHAFIRQ 0 HXRGY 0 HKRGY 0 RORO

S@ ) 3HWVHQ 7 ' *REDG & & +XDQ* 6 &RXFK ' 0 * UBHQEDW/( & OHQ 7 (
) HU 38&6) &KIPHD $ YIVXDO DIRQ Vi VWP [RUH SRUIDRY  UAVHDUFK DQG DQDOMY - &RP SXW
&KHP

>@ - =HD $ 0 ORJyQ * 3DUM & O DUCR %XV 3+ RZ 1V AKPYUDOGYHU HQFH UHDWG \R
HYROMRQDY [QRWP DURY ~ 0 RCBK\ ®JHQHW YRO

>@ 0 ORJRQ O 6 )REDWW ' - =HD * 3D 3([SBUQ 3WRMQ &RJIRP DIRQDO
' LYHWMW 0 HWRGY 0 ROARO

> @ 6DOKXEEQ 33 RMQ) RUIQJ IQWH &HD - YRFKHP 0 ROARGS HV

>@ & /1Q + / /IX 33RMQFRIRP DIRDOGVHDVHY ILRP P HFKDQWP V\R GXJ GAMIQV & XW
'K MARY 7HRKQRO

> @ 0 (WGRQ 6 3 YRMP G\ 37KHUWRBIR SIRMQ P MRCIQJ 1Q WH SDKRIHGHMY R KXP DQ
QvrDwv 8% %/ LH

> @ 6ZHHQH + 3DIN 0 9DXPDQQ - ' XQBS - )UGPDQ 5 . RSMX $ 0 F&DP SEHD*
/HEOQF $ 9HQ\DMVZDIDQ $ 1XWPL 5 +REAVRQ 33IRMQ PIMRTQ) Q QHXURGHIHOHIDWH
QVHDVHV [P STFDVRQY DQG VDMI IHY 7 UDQVAL HXURGHI HQHU

> @ 5H QDXG *3WRMQ0 MRTIQ) DQG' HIHGHDWH' MDVHY 1 DMUH ( GXFDIRQ

> @ 0 3IENQHWE 94HQQHU3; 5D &UWMB@IWDSK\ ™ ( QA FBSHAD R * HHWEV
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> @6 +DEQJHU 3* XIGH W 8 QCGHWAWRQAQ ; WD\ &UWMB@RIWSK ™ ' HSDUWW HOMR &KHP M
UWRFKHP M 8 QYHWW R & DORWID 7 X\RUDO

> @ 7HQY EWKPNMWDOARRI\ 3WRAWDOL0 5 $SSTFDMRYY 6 SUQIHUG FIHQRH 9%XMCHW 0 HAD

> @ 3IHWK 33 RMQIRTIQ) WFKQREJ\ " 1 DXUH 3 XEQKIQ) * URXS
> @ YRDEZIW 3( [ SOIQHU: KDWY YR HBPRRQP IFIRVFRS\© &KHP MUY : R

> @ %JH QN 36 FAHQME %DRNI URXQG RQ \WH 1 REHOB Ul H 1Q & KHP MW 7KH GHYHBSP HQW
R FUR HBFWRQP IFIRVFRS\© 7KH5 R\ D36 Z HAVK $FDGHP\ R 6 FHQFHV

> @ &UWWH ( &DW®ZD  &URHBAWRQ PIFRFRS\ ZIQV FKHPMW 1REHO 1 DU
, QMIDMRQDCY HHND RXUDAR VAHGRH

> @3' %) IB) RP DV &ROMON* XIGHOHWMRY  * : RWB: IGH3WRMQ' D Y%DWN

> @ 0 %HPDQ . +HQUEN + 1DNDPXWD 3% QQRXQAQ) WH Z RWY ICH 3UIRMQ' DI 9%DQN 1 DW
6 WKFVPARO

> @ & YHOMOQ 7 ) .RAMBI * - : I@PV ( ) -UOHHUO ' 9%IFH - 5 5RGIHY 2
. HQODG 7 6KIPDQRXFKL 0 7DVXPL 37KH 3IRMQ' D\ DN D FRP SXWMUEDVHG DURKLYDOILGI IRU
P DFURP RBFXOUWKPMUHY - 0 ROARO

> @ 0 YHPDQ 7 YDA 7 1 9KDW ) %OKP 3 ( YRXUH . YXUNKDBA= ) HQY * /
*I@DQG / \SH6 -DQ3 )IDQ - 0DYIQ' 3DAM 9 5DYIFKDQADQ % 6 FKQHGHU 1 7KDQ\L
+ 0 HWJ - ' HAERRND & =DUEHANL 37KH 3URMQ' DI %DQN  %REJ IFDO& W ABIE@R] UDSK)

> @ ' XWI 5 . DPHU* BHHQ & / / DZVRQ 2, QMRGXAIRQ \R YUREI IFDOS WHP EQHV DQG \WH 3" %
$ URKLYH ( GXFDIRCDO SRUEO 3' %
KWBV SGE  UPVE RU GDWDJIXICH \R XQEHWABQAQ) SGE CDWI EIRBJ IEDCDWHP EQHV

> @ ODUKHW S$ 0 ORJYQ 6 & ( 7RDWR * 3DIM. O 6 )REDVDU 3( QHP EGV IRP
2 IGHHG DQG ' IVREHHG 3 IRMQV 5 HYHDOS (P LOU 6 WKRMUDO& ROMBDIQN GXUQ) ( YROMRG - 0 RO
94RO
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> @ ODURYXVM $ 0 ORJyQ' - =HD 0 6 )REDVDWL * 3DUM 32 Q WH G QDP IFDO
IQFRP SBAMQHW R \WH 3 IRMQ' DWW 9DQN %IH %4RIQRP

> @ 0 ORJYQ ( -XUV 0 6 )RUDVDW * 3DUM &R 1D6 D GDWEDVH R FRQYRWP DIRDO
QYHWAW 1Q WH QDWYH WM R SIRMQV  Y4RIQIRWP DUFEV

> @ 0 ORQyQ & 2 5RRUO0 6 )RUDVWWL * 3DUM 3&R 106 D FRP SUHKHMYH
CDWEDWH R SUIRMQ FRQRUP DMRQDOGYHWAW 1Q \WH QDWYH WM+ DIWEDVH 2 [ IRG  SIL EDZ

> @ 0 ORJyQ' - =HD 0 6 )RUDWDW 7 ( 6DTDXR 6 )HIDQH $EHW 6 & (
7ROWR * 3DUM. *&RQRWP DIRQDO AYHWMW DQDOMY UHYHDY WUHH IXQPMRQDO P HFKDQWP V 1Q
SIRMQV 3/26 &RPSXWARO  H

> @ .DSAV - $ 0R&DPPRQ 30 RBFXQUG (DP IFV MP XOMRQV R EIRP RBFX®NV 1 DW6 WKFW
%RO

> @ YDVB . * KDVHP] DAHK 3&XUWHQAT BHQGY DQG ) XUUH ' HYHBSP HOV RQ %R 0 HP EWDQHV
610FD 0 HP EIDQHV  3UHSDUDIRQ 0 RGHEY $SSTFDMRQ DQG &RP P HIADO DMRY  ( OHYIHU ( G

> @ S$EUKDP % +HW ' YDQ GHUGSRHO( /IQEDKO* 520$&6 * IRQQIHQ 0 DFKICH IRU
&KHP IFDGB IP XOMRQV 8 VHUO DQXDO® HWRQ

> @& : '"RQJ O/ /DR; / OHQY * 1 6RPHR 36\WKRMUDAE] [EIMV DQG SURMCOQ DCDSVIMRQ
\R \MP SHIDMUH 0 REBFXQUG (DR IFV DDOMVY R P DOW GHK\ GRRIHQDVHY R P DUWCH P RV 3 URF
1DWBFDG6H86%

> @ 5 &3HHWD $ 1 5 'D6IOD 6 6 ' RIDWPHQAR - ) ' HO HVIX\W 3,QMIFR DQDOWY

DQG P REBFXQUG DR IFV VP XOMRQ R KXP DQVXSHIR IGH QW XWWH 62"  JHQHU¥F YDUDQW -
& HOARFKHP

> @ 9DQ' HUBSRHO ( /IQEKO % +HW * *WRHXR $ ( ODWN + - & YHHOWHQ
% 520$&6 ) DWWG[ LEGI DQGIUHH - RXUDAR &RP SXWBMRCDCR KHP MU

> @ ) 3HWHQ 7 ' *RADG & & +XDQ * 6 &RXFK ' 0 * UHEOW( & OHQY 7 (
) HU 38&6) &KIPHID D YIVXD(D DIRQ Vi VWP [RUH SRUIDRY  UAVHDUFK DQG DQDOMY - &RP SXW
&KHP
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> @6 )HXOICH - ( /XQ ) YRHO - / )HUHU 37KH 6WKFMWH R D &\ DQREDPMIDO
6 XFURVH 3 KRVSKDUBVH 5 HYHD® \KH 6 XJ DU7 RQIV 7 KDV HBDVH ) UHH 6 XFURVH IQ \WH & HO 3 DN HO

> @ * $ .DPIONL 5 $ )UMIU - 7UDGRSIYHV : / -RIHOHQ ( YDODIRQ DQG
5 HSDUDP HW DMRQ R \WH2 3/ 6 $$ ) RUFH) HG IRU3 URMOQV YID & RP SDUVRQ Z W $ FFXUDM 4 XDQMP
&KHP IFDCR DEXOMRQV RQ3 HSMEHV - 3K\ VE&KHP %

> @ 1 ODRRY * 0 &USSHQ 36 [ H'IQGHSHQGHQOAFRP SDUVRQ R SIRMQ \WUHH' GP HMRQDO
VWIKPXUHY 3 IRMQV 6 \WKPMUH ) XQRIRQ Y4RQRWP DIFV

> @ 'DX\D . *DEPDXQ % -DXQ ' 6HHEDFK : ) YDQ* XQAMMHQ $ ( O DN 33HSWEH
) ROIQ) : KHQGB P XOMRQO HHW ( [ SHUP HON $ QIHZ DQGM

> @ +XPSKUH $ 'DOH . 6FKXGMQ 90' 9LVXDA REBFXOU \QDPIFV - 0 RBF * WDSKIFV
9RO SS

> @ - 6 \R(CH SVRUSW VSQN XGMDP HSGE \WO SDUD 90"
KWBV ZZZ NV XIXF HGX 5 HVHDUFK YP G VRUS\BGEWDY VRUSW VSO XAMIDP HSCE

> @SHQ6RXUH3\0 2/ IV&RS\WKW& 6 FKWIRAQIHU/ /& 3\0 2/ IVDWDGHP DINR 6 FKURAQIHU
[1& KWBV JIMXE FRP VRKURAQIHUS\ P RCRSHQ VRXUFH EGE P DWMUJ/ ,&( 1 6 (

> @, .XDHYD 5 $EDI\DQ 30 HKRGY R SUIRMQ VWKRXUH FRP SDUMRJ 0 HKRGY 0 RO%RO

+

> @ ' DWNDBKL 0 +DP]HKO LYHKURXG % 6RNRXW 30 HWRGY DQG $ ORWKP V IRUO RBFXQU

' RANQ) 9DVHG' X' PMJQDQG! IVFRYHY  $ GYDQFHV 1Q & KHP IFDADQG 0 DWAIDY ( QIIQHHUQ) ~ *
* @EDO( G

> @ =DVDYW 6 &IXIR % ) HGRRY 7 7DMWVRYD 3&CGMMIQY DDOMY R SIRMQV [URP P IFUREIDO
JHQRP HV DWP XUs®! GIiYHY R LHVROMRG %0 & YRIQRWP DWFV

> @ ODUWCRIXNVM $ 0 ORJyQ ' - =HD 0 6 )REDVDW * 3DUM. 32 Q\WH G QDP IFDO
IQFRP SBAMCHW R \WH 3UIRMQ' DBYDQN  %4IH %RQRP 9RO SS  +

> @ - & HHQGWHQ - 5 *WHDDQG7 3 6WDDWP D 7KH P IWIQI WP 1Q HIHRAH SDIU
SRMQAIDY - RXUDCR 3 K\ IFDC& KHP MY
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> @b +HW + UHN\HU+ + - & YHHQGHQ - * ( 0 ) WDDIM /,1&6 D CHDUFRQAMDIQAVRIHU
IRUP RBFXOUMVIP XOMRQY - &RP SXW&KHP

> @ - & YHHOBMHQ - 3 0 3RWD : ) YDQ* XOMUHQ: ) - +HPDY/ - ,QMDRIRQ
P RGHY IRUZ DMUIQ UHDMRQ R SIRMQ K\ GIDIRY ,Q 3X® DQ% HG ,QMP RBFXOUIRFHY 5 HGHO
' RBLHKWSS
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$COHR

$ FROMXDFAYQ VH SUMHOEQ ® GHQRRIWP DV GH OV SIRMQDV HWMADEV REWQGRV CH
KWB  XIT XQT HGX DUFRGCDVIQGH. SKS / XHIR GH @ VXSHBRVIFY Q HQ HOHVSDAR GH B GMIDRY
FRQyW HRV GH @ P VP D SIRMCD \RGRV & TXH VH AIHHQADQ PHRV GH ¢ TXHEDQ HQ HO

PIMP RIXXSR HFXDADGRY HQ URR

SFAV_A

25

20

15

RMSD [A]

|

0.0

5JK9_F
SF4V_A
SFA4T_A
SF4E_A
SJKE_C
5JKD_A
5JKC_A
SJKE_A
5JK9_B
5JKO_E
5JK9_D
5JKI_A
5JK9_C

Distance: RMSD from Mammoth, clusters at 1 f\ngstrﬁms
helust (*, "complete”)
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) LIXWD$ " HQGARIWP DGHSIRMCD  &9)
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) LIXWD$ " HQQRIWP DGHSIRMCD 6 2
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) LIXWD$ " HQQRIWP DGHSWRMD 9 6
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) LIXWD$ " HQQRIWP DGHSIRMCD .
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) LIXWD$ " HQQRIWP DGHSIRMCD 1,:
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YUXDS$ ' HQGRIWP DGHSIRMQD )) 7
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) LIXWD$ " H.QRIWP DCHSIRMQD $
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) LIXWD$ " HORIWDPDCHSIRMQD $ 7
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) LIXWD$ " HGRIDPDCHSIRMQ®D $ *
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) LIXWD$ " HQQRIWP DGHSUIRMQD 1+*
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$AHR
/ RV SDU P HWRV HMIREGFIGRY VRQ &Y VLI XIHQMV

6H X\M) D DODWP 23/ 6 IRFH IIHG\ VSFHFRP RP RGHRGHDIXDV>  @3DWD P IQP [ DAy QWH
XW) D HODORUK R VWWMHSHW\GHVFHQW1 7 Pi [ IP R GH SDVRV ) XHJDPi [IPD N PRO
P HP\RO SDV\R GH P IQP [] DFlyQ URX®P E 9DQGHU: DDV W&Z
SEF [\] 3DUWD @ SUP HID SDWM GH @ HTXITEWDFly Q VH XWD) y XQ HQVDP EGI 197 R FDQYQFR Q¥ CH
SDMFXOV YROP HQ \ \WP SHIDMWD FROADQMY 6H DSIFDQ YHBACDGHY \VH XVD XQ QM) UDGRU
®DS IRJ \WP SR SV SDRGHWP SR IV URXBPE 9DQGHU: DDV WY& SEF
[\] /,1&6 > @FRXBPEWSH 30 ( 3DWFGI0HK (ZDG 7 . \BXBW P p\RCR
YHBAW UAVADIY \WHP RABW> @3DWD ©@ VHIXQED SDUW VH Xy XQ HQDPE®I 137 @ CH
SDMFXOV SUHMyQ \ WP SHIDWMWD FROABOMY GRQGH QR VH JHCHIDQ QXHYDV YHBAIGDGHY \ WM
DIUID @ SWMyQ FRQ BV WIXIHQMY SDU P IRV Pp\WRGR  3DUWICHMR 5DKP DQ WBR  VRW SIFR
\BXBS WHBS FRPSUHWEIN  H 3D @ VIP XOFlyQ GH @ WD\ HARUD VH XVD XQ
LOMI IDGRUBDS IIR] WP SR SV SDRGHWP SR IV URXBPE 9DQGHU: DDV Y&Z
SEF [\] /,1&6 FRXBPEWSH 30( 3DWE® 0HWK (ZDG 7 . \DXBW
Pp\RGR  YHBFW UAMVFDEY WHP RADW 6H XUy XQ HQDPE®I 137 QR VH JHQHIDQ QXHYDV
YHBAGDGHV PpWGR  3DUKCHM5DKPDQ WBR MRWYSIFR \BXBS WHBS
FRPSHWEEIV  H  71HP SRGH VP XOFyQ oY}



