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6 GHVLGHU ULQJ UD] LDU 3URI ,QJ * LRYDQQ $ GRUQ SH DYHUP GDW O
SR WLELOW G DYRUDU TX HVW UR J HW\R 0,QJ 6WID & DIQRQ SH
o) FRP SHWQW R ODER UD] LRQ OLQILQ LW SD] LHQ] GLP RVWDW
3 DUWFR @MU ULQJ UD] LDP HQW YD D 3URI ,QJ $ XUHOL 3 LD]] SH

SUH] LRV DLXW IRUQLWP L VRS UDWKWW GXUDQW O SULP IDV GH DYRUR
5 LQJ UD] LDP HQW DQFK D P HP EU GHOO FRPP LVVLRQ G  HVDP SH

ODWWOQ] LRQ S UHVVWDW OOHMER UDWR

LY



4 XHVW WHV GLVFXW VLVWH P G FRQ WUR OO H O QDYL D] LRQ DXWRQR P
GL X : KHHH 0 RELO 5 RERW URER P RE LO G X L UXRW

/ VF TX HOO G RWWQHU X URER DOMDP HQW SHU RUP DQW FDSD
G FRP SLHU P RYLP HQW UDSLG SUHFLV VHIJXHQGR QHOO VSR VWP HQW

G XQ SR VL] LRQ LQLl LDO D XQ ILQDCH O WWDLHWWUL SL RSSR UWQ F K

LQ WR G X DCGFXQ J uUbG G E HUW VS HQGLE SH P LJORUDU (0]
S LDQ LI LFD] LRQ GH P RWR 4 XHVW \Y WUD G X L P RYLP HQW FK
J DUDQW.VF ULVS HWW G GHWUP LQDW S URS ULHW JHRP HWLFK

FLQHP DWFKH

/ VWK G L DV QHOGDP ELW GH SURJHWW 5 RER& XS ,WabD
/ 5 RER : RUO & XS 5 RER & XS
X Q-LQL] LDWY S URSR VW L

DP ELW VFLHQWILF LQWHUQ D] LR

QDO FKH DWWDYHUV SDUDGLJ

P GH JLRF GH FDGFLR K [e]

VF G VWP RMU O ULFHUFD O
SURGX] LRQ H (0] G LI XVLRQ G ULVX OADW WHF QR (R J LF QH VHWW U
GHOO, QWHOOL HQ] $ UWI LFLDO GHOO 5 RER WF 0 RE LO $ XWRQR P D 6
WUWDWW G VILG DCF LVWF K WJ  WHD FRP SR VW G WJ  URER FDGFLDWR U SL
X URER SR UWHUH ' UHJ RMP HQW V VWE LOW O GLP HQVLRQ H

FRRU GH FDP SR O GLP HQVLRQ P DVVLP FRARU GH VLQJR URER W



,QWIRGX] LRQ H

URER GHY LDQLILFDU RR UGLQDU O U DWWY LW L P RG
FRP SCHWP HQW DXWRQR P VHQ] LQWHUYHQW XP DQL 5 LVX OAD TX LQG
YLHWW VLVWHP G YLVIRQ JRE D RP XQLFD] LRQ W URER VWD] LRQ
HVWHUQH F O VRO HFFH ] LRQ SH VHIQD G QL]L ILQ YRUR
$ Il LQFK URER VLD L JUDG G VYRQHU TX HVYW FRP SLW  QHFH VVDUL
FK SR VWD HUDU L WH P UHDO L X DP ELHQW GLQDP LF
LQWHUS UHWQG LPP DJLQ GDW VHQVR ULDOL

/ S DUWHF LS D] LRQ GHOOG8 QLYHUVLW G 3 DUP

DOO 5 RER & X VWOW SR VWLELO QHOGDP E LW

GH S URJ HWW 5 RER& XS ,wWwdab FK K

LQ WVHUHVVDW DQFK (e} 8 QLYHUVLW G 5 RP

/ 6 DS LHQ] D 0 LD 3 ROMHF QLFR

3 DCHUP R * HQRYD % UHVFLD 3 DGRYD

/ -8 QLYHUVLW G 3 DUP K I LQR U VHP S U

UHDOL] DWwW XQR GH GX SR UWHU GHOO $ 57 $ ] Xuu 5 RER 7 HDP )

S DUWFR DU \ VWOW S URJ HWWW R VWX LW G X URER FKLDP DW "7 L
= RII " * DADYURQ p FK KD DUWHF LS DW DOO RP S HW] LRQ GH
SULP R GH VHF RQ GR

WWWU L FRUV G UHDOL] D] LRQ X URER FK JILRFK FRP GLIHQVRU
H DWWFF DQ WH / GLYHUVLW G UX RO V. WIDGX L XQ QR WHYR O
QHFH VWDUL GLI HUHQ] GHOO VWX WWU GH QXRY URER ULVS HWW TX H

JL HVLVWHQW



,QWIRGX] LRQ H

25* %1 ,= $=,21 " $92 52

s DYRU \ VYRONV | RQ GDP HQWC HQW L GX IDVL GHGLFDW XQ oo

VWX G L WHR ULF GHOO JHQHUD] LRQ G WUD LHWW UL SH O QDY LJ D] LRQ

DX WRQR P G DJHQW URER WF JHQHUDO ODOW OO0 VS HULP HQWD] LRQ

GHOO VYDOIGLW GH ULVX OADW R WWQ LE DSS OIFDQG ODSS URFF L URSR VW

QHOO s ULP IDV  GH DYRU D URER SR UWHU * DY URQ

' XUDQW TX HVWX OALP I DV \ UFDW G DIl URQ WU O SURE GHP DWFK

UHDWY D I XQ] LRQ DP HQW GHJ DA R ULWP G J HQHUD] LRQ GHOO

WUD LHWW UL QH FDV UHDO H L DUWFR (D UH TX LQGL QH FRQ WHVW

5 RER & XS G SR UU L HYLGHQ] TX HJ DVS HWW FK P DJJLRUP HQW

GLSHQG GDOO SDUWFR U VWX W\ U URER WF XW.ol] Dw I LQ G

VWE LOU V VL P H FRQYHQLHQW XWOI[] DU X WO DSS URFF L H O

QDY LJ D] LRQ DX WRQR P GH QXRY URER DWW FF DQWH G LIHQVRU L

FRVWX] LRQ H

/ VS HULP HQWD] LRQH
s XQ S ULP IDV  GHOO VS HULP HQWD] LRQ \ YRXW VWELOU TX DO
S UHF LVLRQ URER IRVV L JUDG G VHJXLWW O WDLHWWUL JHQHUDWH
TX HVW VF \ RVVHUYDW FRP SR UWDP HQW GH VLVWHP DQHOO
DS HUW VHQ] FLR DSSR UWU QHVVX JHQHU G FRQ WWIR OO VX P RW
HFFH WWDWR RYY LDP HQWH ODQHOO G YHQRFLW GH P RWUL 6 Y DX WDW
o VFRVWP HQW WU [e] I RUP GHOO WJUDLHWW UL LGHDO TX HOO UHDO

P HGLDQW P LVXUD] LRQ VSHULP HQWOL



,QWIRGX] LRQ H

s XQ VHF RQ G IDV \Y VWK G LDW [e] SR VVLE LOW G EDVDU (0]

ULS LDQ LI LF D] LRQ GH P RW VXOO LQIRUP D] LRQ ULFDYDE GDOOGR GRP HWLD

6 VWOW YDOXWW GX DSS URFF GLYHUVL X FRQ WIR OO0 FK LQWHUYHQJ
GDQG O S ULR ULW UDJ JLXQJLP HQW G X GHWHUP LQDW WDUJH R VVL
FRUUHJ J o WUD LHWW UL VR O L I XQ] LRQ GH UDJ JLXQJLP HQW
G HOORE LHWWY ILQDCH ODOoOW FK LQWHUYHQJ LQY SH DVVLFXUDU FK
O IRUP GHOO WU DLHWW UL LGHDO YHQJ VHI X LW F O S UHF LVLRQ YR X WD

1 HOO VXFFH VVLY I DV GHOO VSHULP HQW] LRQ H \ VWOW VI UX WWlBW

S UHH VLVWHQ W ( VS HUW G Y LVLRQ SH LQWHJ UDU o LQIRUP D] LRQ
RGRP HWLFK TX HOO UHOMDWY DOO SR VL] LRQ GHOO SDOO ULVSHWW D
URER W , P DJJLR QXP HU G SURY V VWDW I HWW DW SDOO IHUP D

3 H RJQ GLYHUV SR OMLF G ULSLDQLILFD] LRQ H V UFDW G DQDOl] DU
OLQI X HQ] GH SDUDP HW G VVHJ QDU D JHQHUDWR U G WUD LHWW UL D

I LQ G VWE LOU TX D SR WHVVHU HVVHU (0] RQ GL] LRQ DJ HVWIHP SL

F ULWLF K SH O QDYLWD]LRQH , FRQ VLGHUD] LRQ GH FRQ WHVW 5 RER & X
GH UXRO ULFRS HUW G * DADYU DOOLQ WHU GHOO VTX DGUD V SR WK W
UHVWJLQJ HU OLQVLHP GHOO WUDLHWW UL SR VVLE DJJLXQJHU YLQFR FK

SR WHVVHU VHP SOLLFDU ORS HUD] LRQ G DVVHJQDP HQW GH SDUDP HWIL



,QWIRGX] LRQ H

FULWHU F FX V VWOW | LVVDW YDRU G DCGFXQ SDUDP HW GLSHQG
VWHWWP HQW GDOO SDUWFROMU VWXWWU GH URER FRQ VLGHUDW VDUD
VHQ] -DOAU G ULY DOX WD U RP S WP HQW S ULP G SR WH DSS OIFDU (e}

VVWHVV P HWRGR®RJL G QDYLW D] LRQ D QXRY URER RP QLGLUH] LRQ DO L

FRVWX] LRQ H

6 VWOW  LQI LQ J HWWW O EDV SH O VS HULP HQW] LRQ VX QXRY

URER DWWFF DQW G LIHQVRU O FX VWXWWUD SURJHWWW SH FRQ VHQWUJ

G VHJXLU XQ FaOVW SL DP SL G WDLHWWULH FRQ VHQWUHEE G RWWQHU

S UHVWD] LRQ DQFRU VXSHULRUL F VLP X D] LRQ DP ELHQW 0O DWDE

&2 1 7(187 (1 7(6,

1 H S ULP FDS LWR O YLHQ LO® VWDW ODSS URFF L LQ Y HUVLRQ GLQDP LFD
FRQ WUR OO LVWHUDWLY H (o) S LDQLILFD] LRQ GH P RW G DJHQW URER WFL

9 LHQ GHVFULWW X DA R ULWP FK RQ VHQW G JHQHUDU VHI QD G



,QWIRGX] LRQ H

FRQ WWIROO G FO®DVV SH SR UWU URER G XQ FRQ GL] LRQ LQL] LDO
D XQ I1LQDO VHF RQ G o WUD LHWW UL G HVLG HUDWD & RP VHP S L
HVS OIF DWY YLHQ DSS OFDW O P HWGR®RIJL G X GLI HUHQW VWX WW U
URER WFKH TX HOO FM®MVVLF TX HOO RP QLGLUH] LRQ DCH

1 H VHFRQ G FDSIWR O YLHQ EUHYHP HQW GHVFULWW O VWXWWU KDUGZ DU

VRIW DU GH URER SR UWHU * DODYU vX TX DO VWOW HIl HWW DW O

VS HULP HQWD] LRQ H

WH U] FDS LW\R R LQILQH LQWHUDP HQW GHGLFDW D LO®& VWUD UH H D

FRQ WHP Y DOX WD UH ULVX OADW GHOO VS HULP HQWD] LRQ H



/ S LDQL LFD] LRQ GH P RW H VLVWHP L URER L J J HWW L JHQHUDO

SH VLVWH P RRQRP L FRQ VLVW QHOO ULFH UF G HJ J G FRQ WUR OO

RSHQ (RRS FK S HUP HWW D VLVWHP FRQ WWIROOW G SR UWUV G X GDW

VVWDW LQL] LDO D X GDW VVWDW ILQDCH / VR X ] LRQ D S URE CHP

RWWQ X W VHI XHQG X DSS URFF L DVDW VX OOLQ YHUVLRQ GLQDP LFD

VI UX WWQ G O S URS ULHW G IODWQHVVGH VLVWHP FRQ VLGHUDW

6,67 (0 12 2/721 20 ,

8 VLVWHP RCRQRP R TX DQG e} TX D] LRQ FK (e} GHVFULYRQ R F K
SR VV HYHQWKDCP HQW RLQYRQ HU GHOO GHULYDW WHP SR UD GHOO
FRR UG LQDWH SR VV HVVHU RP XQTX WUDVIRUP DW L HTX D] LRQ FK
FRQ WHQJ VR O (e} RR UGLQDW VWHVVH 7 D HTX D] LRQ SR VWV X LQG
HVVHU LQWHJUDW 1 H FDV L FX TX HVW VVD HVVHU LQWHJ UDW
VLVWH P GHWW QRQ RQRQRP R 8 Q F DUDWW ULVWLF GH VLVWHP CRQR P

FK QXP HU GHOO YDULDE G VWW HFFH G QXP HU G JUDG G
OIE HUW GLUHWWP HQW P DQLSR DE GDJ QJUHVWL G X QXP HU bu D

QXP HU G HTX D] LRQ G YLQFRO LQWHJ UDE LOL



& DS LW O , 3 LDQLILFD] LRQ GH P RWR

/ VWK GL GH FRQ WWROO G VLVWHP CRQR P P RON UHFH QW o
P DJJLRU GLI LFRON VFDW ULVF GD IDWW FK V  ULHV L HVV X
P RG WIDVIRUP DUO L X URE CHP G FRQ WROO OIQHDUH 6 R VWUH WW
TX LQGL VHJXLU DSS URFF IRQ GDP HQWGCP HQW OIQ HD UL

6 LVWHP RQR PV VWW VWK GLDW VL QHOGDP ELW GHOO URER WF
P DQLSR CDWRUL URER P RE LOL URER WF VS D] LDCH HWF FK L TX HOO
GHOGDXWR P D] LRQ VRS UDWWWW H SURE GHP G FRQ WWR OO GHJDW  YHLFR
GRWW G UXRW ., SURE GHP GH P RWR SMQQLQJ SH VLVWH P

R CRQR P P RON L FRP SGHW G TX HOO H VLVWHP RCRQR P L YLVW
FKH P HQW SH X VLVWP R CRQR P X HVVHU WRYDW X LQVLHP G
FRR UGLQDW JHQHUDOL] DW LQGLSHQGHQW FK SHUP HWW G UHDOIN] DU
X VSR VWP HQW DUE LMUDULR SH VLVWH P RQR P FL

SR VVLE LO TX LQG V VVLE VR O P RW FK VRGG LVID LVWOQW SH
LVWDQW  YLQFR RQR P L

6,67 (0 )Y $7

6 SX GLU FK X VLVWH P JRG GHOO S URS ULHW G IODWQHVV V. DPP HwWW

X LQ VLHP G XVFLWH L QXP HU DU DJ QJ UHVVL WO FK WK WW J VWDW

J QJ UHVV SR VV HVVHU VS UHVV 1 XQ] LRQ G TX HVW X VFLW

GHOO (RU GHULYDWH

/ S URS ULHW G IODWQ HVV SDUWFR MUP HQW VIUXWWW QH FDV FX
ULFKLHVW O JHQHUD] LRQ G WUDLHWW ULH TX HVW FDVL LQIDWW HVVHQG
FRP SR UWDP HQW GH VLVWH P FRP SCGHWP HQW GHWHUP LQDW XQ YR ON
QR W OXVFLW 1[10DW V SX LDQLILFDU XQ WUD LHWW UL QHOO VSD]L GHOO

X VF LW SR L GLUHWWP HQW WJDVIRUP DUO L XQ I XQ] LRQ G QJ UHVVR



& DS LW O , 3 LDQLILFD] LRQ GH P RWR

,1 9 (56,21 ',1 %0 ,&8%

/ -LGH G |IRQ G GH FRQ WIROO RSHQ (RRS EDVDW VX OOLQYHUVLRQ GLQDP LF

TX HOO G P SR VWU VHJ QD GHVLGHUDW S HUF R UV FRP SLXW HOO

VS D] L G X VF LW TX LQ G ULFDYDUH O RQ G L] LRQ QL] LD o ™JJ G

LQJ UHVV FK GHWHUP LQL OXVFLW GHVLGHUDW

3H  VLVWHP FK JRG GHOO SURS ULHW GLI HUHQ] LDO G  IODWQHVV
S URE CHP G QY HUVLRQ VvV  ULGX TX HOO G  XQ LQYHUVLRQ
FLQHP DWFD DO HEULFD 4 XLQG V SX IDQLILFDU XQ WDLHWWUL QHOO
VSD] L GHOO XVFLW SR GLUHWWP HQW WNDVIRUP DUO L XQ IXQ]LRQ G
LQJ UHVVR
&2 1 7521/ 1 ,7(5%$7,92
VLVWH P CRQR P v FRQ WUR ODE LOL P VvV HVVHU

DVLQWRWFDP HQW VWELOJ] DW D SXQW G HTX LOE UL GHVLGHUDW P HGLDQW

X IHHGE DF FRQ WQXR WHP SR LQYDULDQWH

TX HVW FDV XWOl DELO XQ WHFQLF G VWELO]J D] LRQ URE XVW SH
VLVWH P OIQHDU QR W FRP LWHUD WY WHHULQJ 7 DO WHF QLF VD W
SUHVHQWW L DUWFRMU SH VLVWHP RQR P TX D "X QLFLFO

W WW  VLVWHP D HVV ULFRQ GXFLE LOL

6 VXSSRQ J G FRQR VFHU XQ CHJJ G FRQ WWR OO FK SR UW VLVWHP L

X WH P I LQ LW G XQ SR VL] LRQ LQL] LDO D XQ ILQDCH S UR VVLP

DOGHTX LOE UL GHVLGHUDWR



& DS LW O , 3 LDQLILFD] LRQ GH P RWR

$ SS OIFDQG WD O RQ WUR OO ULFR UVLYDP HQWH \% R WWHQ XQ VR UW G

IHHGE DF WHP SR YDULDQWH JUD]L D TX DO V RWWHQ XQ FRQYHUJ HQ]

HVSRQ HQ] LDO DOOHTX LOE UL GHVLGHUDWR JDUDQWHQG DOO VWHVV WH P

SURS ULHW G URE XVWH]] D

6 FRQ VLGHU VFK HP G FRQ WROO GH URER LOG VWDW L LI XUD

, QY HUVLRQ
GLQDP LFD

6 X SHUYLVRUH

T

52 %2 7 :

s VLVWHP G YLVLIRQ H VHQVRU I RUQLV L X VLVWHP G FRR UG LQDW
S @QDbU SR VL] LRQ GH URER G TX bQW O FLUFRQ GD , DUWFR DU
\% ULFK LHVW D VLVWHP G YLVLRQ CH SR VL] LRQ O JHRP HWL GHOO
FRVLGG HWW DU QEHUH DOOGLQ WHU GHOO TX DO DQGU LQGLYLGXDW SXQW
G DUULYR

TX HVW XQw VXS HUY LVR U UDFF RJ OL GDW. RS HU GHOO VFHON L
EDV FUMMHU VWIDWHIJ LF G RWWP L]] D] LRQ GHOO WUDLHWW ULH Y HULI LF \
WD VFH OV Vv FRP S DWE F P LW ILVLF GH VLWHP D URER W H LQILQ
DVVHIJ Q S DUDP HW G S DVVDU D JHQHUDWU G WDLHWW ULH
' DOO FRQR VFHQ] GHOO WJDLHWW UL G VHJ X LU GHOO RQ G L] LRQ DJ

HVWUHP YHQJ JHQHUDW VWQW SH LVWQW FRQ WJUR W w Frk




& DS LW O , 3 LDQLILFD] LRQ GH P RWR

S HUP HWW D URER G P XRYHUV XQJ O WDLHWWUL SILDQLILFDW F

WHF Q LF K G QY HUVLRQ GLQDP LF G FX V GLVFXWU VXFFH VVLYDP HQWH

/ UHWUR D] LRQ S X HVVHU RWWQ X W WWDY HUV XQ ULSLDQLILFD] LRQH GH
S HUF R UV G HVHJ X LUV DSS HQ URER Q DEE L S HUFRUV XQ FH UW
1 UD] LRQ SDUDGLIP LWHUD W.YH VWHHILQJ ) TX HVW FDV (0] P DJJLR
IUHTX HQ] G -LOQWHUYHQW GH VXSHUYLVRU RQ VHQW G P LWDU J HUUR U
GRYXW DJ HYHQWK D G LVWK UE LGHDOW GH P RGHO® H LQR OWU

UHQG VLVWH P SL UHDWWY H FRQIURQ W G X DP ELHQW FK YROY

GLQDP LFDP HQWH

/ SR OMLF K G ULSLDQLILFD] LRQ GH P RW \2% HVVHU VYDULDWH 8 Q
U WWW S X HVVHU TX HOO G YDXWU OHUURU W S HUF R UV GHVLGHUDW
TX HOO HIIl HWWY DP HQW RP SLXW ULS LDQ LI LFDU P RW DSS HQ

TX HVW VXSHU XQ GHWUP LQDW VRJOID

* (1 (5%=,21 " 758% ,(77 25, 1 3,81 2
& RP JL G HWW H S DUDJ UDI SH VLVWHP RQR P \%
SR VVLE VRO TX H P RW FK VR GG LVI D LVWDQW SH LVWD QW YLQFR
LQWHJ UDE GH P RGHO® $ SS DU TX LQG HYLGHQW RP O WSR RJL G
WUD LH WWR UL G JHQHUDU YHQJ GLSHQGHUH DCP H L DUWH GD

SDUWFR®MU P RGHOO FLQHP DWF GH URER FRQ VLGHUDWR

3 ULP G S DvvDU D LO®& VWUD U SURFHGLP HQW G J HQHUD] LRQ GHOO
WUD LHWW UL YHU S URS ULR TX LQGL ULVXON QHFH VVDUL GHWHUP LQDU o
HTX D] LRQ FK GHVF ULY VLVWH P FK GRYUD WH VHJ X LU WD O

DQGDP HQW GHOO X VFLWH



& DS LW O , 3 LDQLILFD] LRQ GH P RWR

6 WX WWU FLQHP DWF H URERW

& RQ VLGHUHUHP G X WS SR VVLE G URER W X URER " FADVVLFR G X

UXRW RQYHQ] LRQ DOL H X URER W WJ UXRW RP QLGLUH] LRQ DOL

0 X UXRW FRQYHQ] LRQDQ

. VLVWHP G P RYLP HQW)] LRQ G TX HVW uLP W G URER SUHYHG
O X WOl G G X UXRW RQYHQ] LRQ D FRDVVLD P RWRUL]] DW
IQGLSHQGHQWP HQWH 7 DO VLVWHP G P RYLP HQWD] LRQ VWW DGR WWW
L UHFH GHQ] SH URER SR UWHU UHDOO] DW GDOG8 QLYHUVLIW G 3 DUP D
7L = RI * DY URQ

& ULl HULP HQW DOO VFKHP DW]] D] LRQ G ) LIXU YLHQ ULFDYDW

P RGHOO FLQHP DWF G WO VLVWHP D

6 QGLFKL F V1 Vzo YHQRFLW OIQHDU GHOO GX UXRWH F X Y o
FRR UGLODW GH sxow rHowpo C cHoopw Fk RQJLXQJ O GX UXRW
F g obQiRrRO FK ODW X 1rur  E O GLUH] LRQ SHUSHQGLFR®U

WO DVVH



& DS LW O , 3 LDQLILFD] LRQ GH P RWR

/ vyH®RFwW ooHpbu V eH sxaow C g

1
V:§>(V1+V2)

FRP vV sX YHGHU GDOO ) LIXU

P RGHOO FLQHP DWF G WO VLVWHP S X HVVHU UDSS UHVHQWW GDOO

VHJ XHQW HTX D] LRQ L

i 1
: = §><Vl +V2)>COSC]
I
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IXQ] LRQ ” p(U]| =4 X2 (U)+ y2 (U) LQ WHJ UDE LOH

3 H LVR O¥ HU TX HVW URE CHP \% S X HUDU X FDP SLRQ DP HQW
UHJ R®MU GHOGLQWHUYDOO G QWHJ UD] LRQ SH FUHDU XQ RRN X WEM FK
DVVR F D RJQ FDP S LRQ FR UULVSRQ GHQW YDRU GHOOLQWHJ UDCH

FDGFR DWW H YL QXP HULF > @

W ILQH LQGLFDQG F Q QXP HU G FDP SLRQ V RWWHQ FK
ODP S LH]] G RJQ VIQJRO LQWUYDOOL Y DUUj D=—  uiwoHoe
V, :"p(kDM SH « QH DGRWWQGR XQ LQWIJUD]LRQ GLVFUHW
WUDS H] R LG SR WLELO LQGLYLGXDU O UHJRO ULFRUVLY

s(D)
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D
$=0 S.=5 +5(vi+1+vi)

6 QGLFK F

s*:[o,s()]® [0]]

O VX 1XQ]LRQ LQ YHUVD
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& DCFRO GHOO 1XQ] LRQ X W RX] LRQ D SUREGHP

GHOOLQYHUVLRQ GLQDP LFD

3 H LVR Or HU S URE CHP G QY HUVLRQ GLQDP LF F UHVW VR O G
P HWWU L UHD] LRQ FDP S LRQ GH S DUDP HWJ G S HUFRUUHQ] GHOO
FXUY X F FDP S LRQ G WHP W S UHV DOO IUHTX HQ] G

FDP SLRQ DP HQW GHVLGHUDW D HVHP S L JQ FHQWHVLP G VHFRQ GR

‘' DOO FRQR VFHQ] GHOO 1XQ] LRQ \% V SR WUHEE VS OIF LM\DU S DUDP HWJ
X
2 0
— 1A =
uft)=s"geylt )dt
0 (4]
/' -HVWUD] LRQ GH YDR U GDOO WDE HOO G [N S HU HIl HWW DW
DWWDY HUV XQ LQWHUSR ] LRQ OQHDU R DCP HQR XQ SS URVVLP D] LRQ
D QHDUHWYDOKH GDW FK YDCR U G V SUHVHQWW GHWW YDG
FDGHU QHOOLQVLHP {kD}
6 VFH ON G HIl HWW DU XQ-DSS URVVLP D] LRQ D QHDUHW YD OX H
SUHGLOU HQG (o) VHP S OIF LW GHOGDQ RULW R FRP XQTX SR VVLE LO
UDJ JLXQJ HU (o] S UHF LVLRQ GHVLGHUDW XP HQWQG (o] IUHTX HQ] G
FDP SLRQ DP HQW DOOGLQ WVHU GHOOGLQWUYDOO G Y DULD] LRQ GH S DUDP HWJ

G SHUFRUUHQ] GHOO FXUY X X LQG GLP HQVLRQ GHOO WEHOO X V
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0 FR GX UXRW FRQYHQ] LRQDQ

FDGFRO G U(t) S HUP HWW G GHWUP LQDU k(t) G FRQ VHJIXHQ] VV(t)

. QI DWW

VV(t) OXQLF FRQ WUR OO FK GLSHQG GDOO WJUDLHWW ULD V(t) LQ I DWW

GLSHQG VR O GDOO RQ G L] LRQ DJ HVWUHP VX000 YH®RFLW OIQHDU GH

URER W

0 RP QLGLUH] LRQD

FDGFRO G U(t) S HUP HWW G GHWUP LQDU f(t) H G FRQ VHJXHQ]D X(t)

y(t)

, QI DWW
f (t)=argx(u(®) +iy(u))
x(t) = v(t)codf (t))
y(t)=v(t)sin(f t))
TX HVW XQW VRVWWKHQG o VS UHVVLRQ G X(t) y(t) LQ VLHP
TX HOO GLJ(t) FDOFROW L UHFH GHQ] D GHOO VX GHULYDWO QH P RGHOO
FLQHP DWF LQYHUV GH URER RWWQLDP R LQILQH WU RQ WUR RS HQ

RS G FOW Wl(t) Wz(t) H Wg(t) FH UF DWL
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&2 1 &/ 86,2 1,

s TX HVW ULP FDS LWR O VWD W LOG VWIDW ODSS URFF L LQ YHUVLRQ
GLQDP LFD FRQ WIROO LWHUDWY D O S LDQLILFD] LRQ GH P RW G DJHQW
URER WFL

/  FRQR VFHQ] GHOO SR VL] LRQ H GH URER W SURYHQLHQW GDOGHMER UD] LRQ
G GDW IRUQLW GDOO YLVLRQ G ULHYD] LRQ RGRP HWLFKH GHOO
JHRP HWL GHOO DU  QEHUH XWOl] DW GD VLVWP G VXSHUYLVLRQ SH
SLDQU LFDU  XQ WUDLHWW UL  GHVLGHUDW QH SILD L  1XQ]LRQ G X
SDUDP HW G S HUFR UUHQ] X 7 DO WUD LH W\ UL GHY VR GG LVI DU
GHWHUP LQDW YLQFR JHRP HWLF P SR VW SULRU GD P RGHOO FLQHP DWF

GH VLVWHP D , URER LQIDWW YLQFR MW P XRYHUV XQJ WO WUDLHWW UL
SH P H]] GH VHI QD G FRQ WUR OO W w GH P RWU ULFDYDE

DSS OIFDQG X Q-LQYHUVLRQ GLQDP LF GH P RGHOO FLQHP DWF GH URER W

8 Q YRON GHWUP LQDW O FO®OVV G WWDLHWWUL FK VR GG LVI WD YLQFR

SR VWLELO SURJHWWU VHSDUDWP HOW O WDLHWWUL S @mMQDU SURILO G
YHRFLW OIQHDU F X URER O S HUFR UUH FDXV GHOO LG HDOW
GH VLVWHP O WWDLHWWUL UHDO GHVFULWW GD URER HQG D DO®Q WQ DUV
G TX HOO VVHJ Q DWD 3 H TX HVW UDJ LRQ WD O WUD LHWW UL YLHQ

WHP S HVWYDP HQW DJJLRUQDW VXOO EDV GHOO VWW HVWHV UHDO GH

URER W

VVWDW GHVFULWW X DA R ULWP FK RQ VHQW G JHQHUDU VHI QD G
FRQ WWIROO G FO®DVV SH SR UWU URER G XQ FRQ GL] LRQ LQL] LDO
D XQ I1LQDO VHF RQ G (0] WUD LHWW UL GHVLG HUDWD & RP VHP S L
HVS OIF DWY VWD W SS OFDW O P HWGR®RIJL G X GLI HUHQW VWX WW U

URER WFKH TX HOO FMVVLF TX HOO RP QLGLUH] LRQ DCH 1 H S DUDJUDI
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\% VWOW | DWW DCGFXQ XW FRQ VLGHUD] LRQ VXOO0O VFHON GH SDUDP HW G

S DUw GH VX S HUY LVR U SH FLDVFXQ GHOO GX VWUX WW U URER WFK

FRQ VLGHUDWH

6 WDWW G X DSS URFF L WHQW SH VHP S OFF LW Y HUVDW.OW SH
TX HVW P RWY VWOW  ULMHQXW X XWO VWXP HQW V F X EDVDU (0]
VS HULP HQWD] LRQ GHOO S LDQLILFD] LRQ GH P RW H URER SR UWHU

* DY URQ
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6758 77 85 Y 52 %2 7
/ VWX WW U P HFF DQLF VWOW S URJ HWWW L I XQ] LRQ GH SDUWFROU
FRP SIW VYROV GD URER W 8 URER SR UWHUH LQIDWW GHY P XRYHUV
SULQFLSDC HQW WUD LHWW UL UHWWOIQ HD SDUDO®MP HQW DOO OIQH G
SR UWD
s P RYLP HQW GH URER DYY LHQ JUuD] L G X UXRW GH GLDP HW G
F GLVSR VW L DVV L VL] LRQ QWIDO ULVSHWW DOO FKDVVLV [/

VWE LOW GH VLVWHP Y LHQ UDJJLXQW JUD] L X DWW URE XVW VIHU G
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DFF LDLR F FDSDFLW G FDULF G FIDVFXQD GLVSR VW D VYHUWF GH
UHWWQJRO G EDVH / VFHON GHOO VIHU D SR VW GH SL FRP XQ UXRWQ
QHXW DXWRGLUH] LRQ D HY LW P RYLP HQW VSXU FK TX HVW S URYRFD
TX DQG V R ULHQWD L VHIXLW D X Q-LQYHUVLRQ GH VHQV G P DUFLD /
UX RW \% FDGHWWW VXJ DVV G GX P RWU 3 LWW DQ L FRUUHQW
FRQ WQ XD P RWU \% LR WOW P RG LQGLSHQGHQW RV G

FRQ VHQWU D URER G DYHU P RYLP HQW URW WDVDOWR UL

6 XO0O SDUW SR VWHULRU GH P RWU V FDGHWWW X DL G HQFRGHU + G
S DVV G X DQD , P LFURFRQWRO®UH 0 & + & ) 0 + SLRW
GULYH GH P RWU /0 °' SUHMHY GDW IRUQLW GDJ HQFRGHU
$ WWDY HUV VLVWH P RS HUDWY FK J RYHUQ P LFU 362 3 LRQHH
6 RIW DU 2 SHUDWQ 6\ VWP V. SR VWV YDX WU GDW SURGRWW GD VHQVRU
D LQ I UDUR VV JRYHUQDU VLVWH P G FDCF LR / VFEK HG GH
P LFURFRQ WWIR O®& U L FRP XQLFD] LRQ YL FDY F O SR UW VHULDO
56 GH 3 D ER UGR 4 XHVW FRQ VHQW D VRIW DU LQVWOOW VX 3

G VWELOU XQ VWDWJL G FRP SR UWDP HQW VXOO EDV GHOGHMER UD] LRQ

G GDW P XOA VHQVRULDOL , VR VMWDQ ] O VFKHG GH P LFURFRQ WWRR O®& U
Y LHQ XWOl] DW SH LQWUIDFF LDU YDU FRP SRQ HQW KDUGZ DU 3
G ER UGR

s URER GRWW G X VLVWH P G YLVLRQ ELQR FX DU FK S X HVVHU
FOVVLI LFDW FRP RP SRQ HQW VHQVRULDMH 6 EDV V GX WHCHF DP HU
FRRU G E DVV FRVW VW QHOO SDUW VXSHULRU GHOO FKDVVLV /
WHCHF DP HU \% GRWW G R WWF K & RP S XWD 7 ) & FK
S HUP HwWW G DYHU X DP SL FDP Y LVLY R & RQ VHQW LQI DWW G
DYHU X DQJRO G DS HUWK U RUL]] RQ WO SDUL f YHUWFDO f
GLDJ RQ DO f 61UXWWQG TX HVW FDUDWWULVWF GRWQG URER G
GX WHCHF DP HU GLVSR VW ULVS HWW DJ DVV GHOO R WWFK ULY R OW

Y HUV O SDUW [IURQ WDO GH URER \ R WWHQ X FDP Y LVLY G EH
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F XQ 1 RQ G VRYUDSSR VL] LRQ VWHUHR VFRS LF G FLUF QH

VHWW U IURQ WO GH URER W QHOO VWHVV GLUH] LRQ H FLRqg G HOOGDVV GHOO

UX R WH

/ WHCHF DP HU \% P RQ WDW \ VX SSR UW FK RQ VHQW (e}

UHJ R D] LRQ SDQ WON GHJ DVV RWWFL 8 Q FRUUHWW LQFOIQD] LRQ GHOO

R WWF K RQ VHQW G QTX DGUDU VR O o 1 RQ G QWHUHVVH LQR OAU
FRQ VHQW G SR VL] LRQ DU ODVV R WWF H SXQW GH SLD GHVLGHUDWR /
QHFH VVLW G UHJ R®DU OLQFOIQ D] LRQ G HULY GD | DWW FK (0] GHQw
LOWR GXF G LVWR UVLRQ QHOO LPP DJLQ FDWWUDW GD IUDP HJUDEEHU /

G LVWR UVLRQ P DVVLP P DUJ LQ G HOOLPP DJ LQ P LQLP FH Q WUR
' DW FK FH Q WU G HOOLPP DJ LQ RLQFLG FH Q WU WWFR EDVW

UHJ RMU OLQFOIQD] LRQ L P RG F K OoDVV R WWF FDG QHOO UHJ LRQ L

FX V YXRO O P LQR G LVWR UVLRQ H

/ G LVWR UVLRQ LQWRGRWW GDOO CHQW YLHQ RP SHQVDW YL VRIW DU

XQ RRN X WEM™ FK | FR UULVSRQ GHU D RJQ SL H GHOOLPP DJ LQ X
SXQW VX SLD G DYRUR RVVL FDP G JLRFR / SDU] LDO Lw
S UHVHQWW GD VLVWHP ELQR FX DU VWW FRP SHQVDW GRWQG URER

G GX VHQVRU D LQIUDURVV SR VL] LRQ DW VX UHWIR

/ -DSS DUDW G YLVLRQ OXQLF FRP XQLFDU G LUHWWP HQW 3
VHQ] (¢] P HGLD] LRQ GH 362 6 ) VHI QDO YLGH FRP SR VLW 3%
SURGRWW GDOO WHCHF DP HU YLHQ P HVV G LVSR VL] LRQ GH 3 F X

FDY FRDVVLDO VFKHUP DWR

/ LPP DJ LQ SURYHQLHQW GDOO WHCHF DP HU YHQJ FDWW UDW
GLI LMDOl] Dw GD IUDP H J UDEE H SH SR WH HVVHU S URFH VWDW GDJ
DA R ULWP G YLVLRQ H / -HOER UD] LRQ DYY LHQ L P RGDOW VWHUH P
Y LHQ IDWW XQ UDS LG FRP P XW] LRQ WU G X IUDP H JUDEE H TX DR U

Q HOOLPP DJ LQ S UR FH VWDW \% ULAHY -RJ J HWW G QWHUHVVH
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/ -DQA R ULWP G Y LVLRQ S UR FH VvV X LQ G XQ VRO LPP DJ LQ DOO YRON
F FRQ VHI XHQW LQFUHP HQW GHOO YH(RFLW G HOMER UD] LRQ H

G LVSR VLWY G FDCGFL R VWWK LW G WU NLFNHU LQGLSHQGHQW X
I URQ WO G X MDWHUDOL DWW DW G FLOQGU SQ HXP DWFL , NLFNH | URQ WO
vV P XRY G P RW WDVMDW UL P HQW TX H DWHUD KD X P RW G
UR WD] LRQ DWW U D SHU G VRVWHIJIQR

/I -$0 %,( 17 ' 69 ,/ 8 332

0 RON DSS OIFD] LRQ S UDWFK \% FRVWW LW G VLVWHP P XON URERW
TX HVW VLVWHP QHFH VVDUL LQWHJ UDU o DUDWW ULVWLF K G SHUFH] LRQ H
QDYLI D] LRQ H D] LRQ GH VLQJR URER F OLQWHU VLVWHP D 6 GHY
X LQG GRWU URER DQFK G FDS DF LW FRP XQLFDWY SH SR WH
FRR UGLQDU O DWwWwY LW SH SR WH HDOlO] DU X VLVWH P G VXS HUYLVLRQ
DWWDYHUV XQ VW] LRQ VWHUQ D
3 H TX HVW UDJ LRQ JuD] L D SURJUHVV WHFQR CRJLF QH FDP GHOO
FRP XQLFD] LRQ ULFH UFDWR U KD UHV L FRQ VLGHUD] LRQ FRQ FH wWw

G P XOM DIJHQWS H HDOlL] DU VLVWHP P XOAN URER W

/ -DP ELHQW G VY LX SSR DGR WWW G $ 57 $ ]] Xuu 5 RER 7 HDP SH

UHDOI] DU VLVWHP P XOAL DJHQW GH URER FDCFLDWR U (7+ 1 26 6

WDWW G X DP ELHQW G VYLX P XON WK UH SH DSS OIFD] LRQ UHDO WP H

VYLXSS DW UHVV 08 QLYHUVLW G * HQRY FK V DSSR JJL VX VLVWHP

RS HUDWY /,1 8
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(7+ 1 268

(7+ 1 2 X DP ELHQW G VY LX HQVDW H LVSRQ GHU DOO

VHJ XHQW HVLIHQ] H

" 6 HP SOLLFDU o VY LX L DUDO®IO G G LY HUV S URJ HWW
IRUQHQG X UHI LVWDW URWFROO G FRP XQLFD] LRQ H
) DFLOMDU (0] VY LX G VLVWHP UHDO WP JHVWHQG [e]

VFKHGX ] LRQ GH S URFHVVL

LVWULE X LU FDULF FRP SXW] LRQ DO V GLYHUV FDGFRMWRU VHQ]

GRYH JHVWU GLUHWWP HQW O FRP XQLFD] LRQ H

. VLVWHP VMWW VYLOXSS DW LQWHUDP HQW L $ 1 6 & VRWW / LQX
5 5H + D 5 HCGHDV . HUQH XWOl] DQG UP LWY SH O
JHVWRQ GH SURFHWL L DUWFR @MU TX HOO UHMWY D W UHDG SURFHVWV
CHJ J HUL

/ -DP ELHQW G VYLX RP SRVW G GX XQLW IRQ GDP HQWOL J
( VSHUW . HUQHO 8 (VS HUW XQ SR U LRQ G FRGL S UHSR VW
DVVR Of HUH X FRP SLW VSHFLLF FK YLHQ VHJ X LW ULS HWK WDP HQWH 6
SR VV GHILQLU W WS G ( VSHUW VHF RQ G GHOO P RGDOW G

DWWY D] LRQ H

" ( VS HUW SHULRGLFL FK VHJI X S URS UL FRP SLW VHFRQ G XQ

VEDGHQ] WHP SR UDO S UHILVVDW

" ( VS HUwW VS RUDG LFL FK VHJ X S URS UL FRP S LW

FRQ VHI XHQWP HQW D YHUL LFDUV G GHWUP LQDW HYHQW
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& DSLWR O
( VSHUW GL EDFNJURXQG FK VHJ X S URS UL FRP S LW VR O
TX DQG S URFH VVR U RFF XS DW HOOHVHF X ] LRQ G ( VSHuUw
G W HULR G LF VSR UDGLFR
s . HUQH X UR J UDPP FK \% QWHUIDFF L F (0] VEKHGX H GH
VLVWHP RS HUDWY H K FRP SLW G J HVW.U (0] RP X QLFD] LRQ (0]
VFKHGX ] LRQ GHJ ( VSHUW 3 H TX HVW P RWY HII HWW XQ-DQDOolwv G
VFKHGX (DE LOMW VHF RQ G ODQ R ULW 5 DWW 0 RQRWRQLF GHOOLQ VLHP G
( SHUW FK GHY JHVWUH / -DQDOV G VFKHGXOELOW HII HWWDW WLH Q

FRQW G HYHQWD UHD] LRQ DUP RQ LFK wJ SHULRG G DWWYD] LRQ GHJ
HVS HUW P SRQ RP RQ G L] LRQ FK | DWW U G XW.Ol] D] LRQ GH

S URFHVVRU VLD

G

n
[
—_— |
U=§ = <0.69
GRY Ci LQ GLFDW WH P G HVHF X] LRQ -I-I LQ GLFDW
S HULR G GHOO( VS HUW L HVLP R / FRQ GLl] LRQ VXIl LFLHQW P

QHFH VVDUL L P RG WO G UHQGHU SR VWLELO O VFKHGX D] LRQ G X

TX DO/LDV  QVLHP G ( VSHUW

8 Q YR ON HIl HWW DW obQDOoWV G VFKHGX DE LOW VLVWHP S DVV L
HVHF X] LRQ H L DUWFR DU YLHQ GDW FRQ WWIROO D VLQJR ( VS HUW
X D HVHJ X L P RG VHTX HQ] LDO FRGL VS HF LI LFDW H RU
FRUSR

3 H TX DQW ULJ X DUG (e} J HVWRQ GHOO FRP XQLFD] LRQ . HUQH \Y

RFF XS G J HVW.U L P RG DIl LGDE LO WUDVS DUHQ W [e] VFDP EL G
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P HVVDJJ WU J ( VSHUW HIl HWWDQG X YHU S URS UL EURDGFDVWQJ

GHOOLQ I RUP D] LRQ H

(7+ 1 2 FRQ VHQW  DQFK G UHDOI] DU X VLVWH P G LVWULE X LW

VHP SOIFHP HQW VWQ] LDQG GLYHUV . HUQH V GLI HUHQW HOMER UDWR UL

, . HUQHO

s . HUQH X JJHWW GHULYDW GDOO FM®DVV (7' LVYSDWK FK IRUQLV

O S ULP LWY QHFH VWVDUL SH O JHVWRQ GHJ ( VSHUW RVVL O [1XQ]LRQ

SH LQVHULU J ( VSHUW QH VLVWHP S HU OHVHF X] LRQ GHJ VWHVVL /
I XQ] LRQ ' R<RXU XW GH . HUQH XQ YR ON FKLDP DW FRQ VHJQ
FRQ WWIROO GH VLVWHP . HUQH VWHVV TX DO VHJ X (e} VHI XHQW

RS HUD] LRQ L

. ( Il HWW  XQ-DQDOWV DSS URVVLP DW GH WHP G HVHF X] LRQ G
RJQL (VS HUW DWWDY HUVR  ULS HWK W KLDP DW DOO IXQ] LRQ
(7 ( [ SHUW' R< RXU XW
, DV D WHP G HVHF X] LRQ D SHULRG GHJ (VS HUW
S HULR G LF RYY HU D WHP P LQLP FK LQWHUFRUU W GX
VX FFH VVLY VHF X ] LRQ G ( VSHUW VSR UDGLFL Y HULI LF o
SR WLELOW G VFKHGXMU OLQVLHP G ( VSHUW WIDP LW ODQ R ULW

5 DWH 0 RQR WRQ LF

" 6 (e} RQ G L] LRQ G VFKHGX ME LOW \% Y HULI LFDW P DQG

OLQVLHP G ( VSHUW HVHF X] LRQ  DOMLP HQW FRQ WIR 00 YLHQ

UHVWWK LW D VLVWHP RS HUDWY R
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8 Q YRON L HVHF X ] LRQ . HUQH V RFF XS QFK G JHVWU L P RG
HIl LFLHQW O VFDP EL G P HVWDJJL UHQGHQG WUDVS DUHQW DJ ( VS HUW
IDWW G WJRYDUV P H L X VLVWH P G LVWILE X LWR

/ FRP XQLFD] LRQ W J ( VS HUW G W URDGFDVW RJQ P HVVDJJL
LQYLDW D . HUQH YLHQ UHV DFFH VVLE LOH WK WW J ( VSHUW FK Q KD

I DWW ULFK LHVW JJILXQJHQGRO DOO RU OWVW ®RFDXH , UHDON SH HYLWU
LQ X W R FF XS D] LRQ G P HP RUL ( 7+ 1 2 X WOl XQ 1 RQ G P HP RUL
FRQ GLYLV S LX WWR VW FK I HWW DU QXP HURV RS L GHOO VVWHVV
P HVVDJ JLR 3 H TX HVW P RWY J ( VSHUW SR VV VR O CHJ J HU

P HVVDJJ DUULY D O SR VWLELOW G HII HWW DU DP ELDP HQW
VX GDW 6 X ( VSHUW YXRO DSSR UWU P RGLILFK D FRQ WHQXW G X
P HVVDJJL GHY REE OWU DWR ULDP HQW I DUVHQ XQ FRS L MDYRUDU \%

T XHVWD ( vLvw TX LQ G XQ owvw JRE DO FK VYR Q (0] 1 XQ] LRQ G

P HP RUL FRQ GLYLVD RJQ YR ON FK . HUQH ULFH Y X P HVVDJJL
SURGRWW G X ( VSHUW FRQ WROO V Y V ULFKLHVW SH TX H W G
P HVVDJ JLR ) FDV G VX FFH VvV [e] LQ VHULV QHOO owvw JCRE DX
DOMLP HQW P HVVDJJL Y LHQ DXWR P DWFDP HQW VF DUWDWR 1 HOO oOoWwvw
JCRE DO P HVVDJJ \ P HP RUL]] DW P RG RP RJHQHR RVVL

VHQ] WHQHU RQ W GH W DVVR FLDW D RJQ P HVVDJJLR / OovVW ®RFDO

G RJQ ( VSHUW G IDWW XQ OVW G S XQWWR UL

* O ( VSHUW

8 (VS HUW XQ SR U] LRQ G FRGL S UHSR VW DVWROrHU D X
FRP SLW VSHFLILFR , VLVWP FRQ VLGHU ( VSHUW X TX DOXQTX RJJHWW
DSS DUWHQHQW D XQ F@MVVY GHULYDW GDOO FOMVV DVWIDWW ( 7 ( [ SHUW /
FOOVW  JHQLWRU RQ WHQ W  1XQ] LRQ Y LUWK D , QLW " R<RXU XW
& CRVH FK GHY HVWHU GHILQLW GD SURJUDPP DWRU DOOGLQWHU GHOO

FDVV GHULYDW
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/' 1XQ]LRQ YLUWKDO ,QL FRQ WHQ O SURFHGXU G QL] Lbol] D] LRQ FK

V  GHVLGHU YHQJ HVHJ XLW XQ YRON VRO L XQ IDVH FK S UHFH G (e}

S ULP HVHF X ] LRQ GHOO( VS HUWR

FRQ WHQ X W GHOO ' R< RXU XW LQYHF H GHWHUP LQ
FRP SR UWDP HQW VS HF L LF GHOO( VS HUWR D VX LOQWHUQR TX LQGL FK
S URJ UDPP DWR U GHY LQ VHULU FRGL G HVHJ X LU D RJQ VX
DWWYD] LRQ H $ QFK v (7+ 12 VWOW VYLXSS DW L & QH FRU

GHOO ' R< RXU XW SR VWLELO XWOJ] DU O VWQGDU $ 1 6 &

, QILQ O 1XQ]LRQ & R VH FRQ WHQ O SURFHGXU FK V. GHVLGHU YHQJ

HVHI XLW XQ VR O YR ON L XQ I DV FK VHJI X O X ONLP HVHF X ] LRQ

GHOO( VS HUWR

., 62)7: %5 35 ( 6,67 (1 7

$ I LQ G XVWDU D P HJOL O EDV G SDUWQ] GHOO VS HULP HQWD] LRQ
HIl HWW DW S UHVHQWHUHP ub EUHYHP HQWH YDU HVS HUW F K \%
RFF XSDYD GHOO QDYLW D] LRQ GH URER SR UWHU * DODYU LQFOXGHQG
DCFXQ RQ VLGHUD] LRQ FK VDUD X W QH S URVHIJXR

( 7 3 LRQHHU

( 7 3 LRQ HH OHVS HUW FK \% QWHUI DFF L F O VFKHG G FRQ WWROO GH
P RWRUL , DUWFR DU I RUQLV XQ VHUL G FRP DQG HGHP HQWU SH

P RWRU HV 6 HW S HH G F K LP SR VW VHW SR LQ G YH®RFLW OIQHDU GHO
URER W 6 HWRJ FK LP SR VW VHW SR LQ G YH®R FLW QJ ROUH

I XQ] LRQ SH O Giwwu OLP SR VW] LRQ GHOOGR GRP HWIL HV <

6 HW8 RV « I XQ] LRQ SH o J HVWRQ GHOO CHWWR YDOYR O F K



& DSLWR O * DADY URQ

J RYHUQD NLFNHUV 6 QWK LV RP TX HVW ( VSHUW VYRQ X UXRO

IRQ GDP HQWO QH FRQ WROO GH URER W

WL G FRP XQLFD] LRQ W (73 LRQHH H UHVW GH VLVWHP G W
S ULY LOHJ LDWR 6 XWOol] D LQ | DWW S XQWW U XRJ GH P HVVDJJ
P RG G JDbubQwWU X VFDP EL G QIRUP D] LRQ VLF X U H LPP HGLDW
DQFK QH FDV G X I X VWV HOHY DW G GDW / VFDYDCGFDP HQW GH
SURWFROO G FRP XQLFD] LRQ RP SR UW FK TX HVW ( VSHUW VL G W
QHFH VVDULDP HQW S HULR GLFR s YDQWDJ JL FRQ VLVW QH GRYH
DWwWY DU ( 7 3 LRQ HH RJQ YRON FK V. YXRO CHJ J HU X GDWR 6 K

FRP XQTX X ULWD UG WHP SR UDO LQWILQ VHF GRYXW D IDWW FKH QH

FDV G HWW U G X GDWR OLQIRUP D] LRQ DJ JLRUQDW OOX ONLP
DWWY D] LRQ GHOO( VS HUWR S URE CHP \% G P DJJLRU QWW SH J
( VSHUW FK YRJOL LP SR VWU X FRP DQG G YH®RFLW L TX DQW VRO

QH P LWORU GH FDV TX HVW YHUU HIIl HWWYDP HQW WDVP HVV DOO VFKHG

G FRQ WWIR OO GH P RWU DOO VXFFH VVLY WWY D] LRQ G ( 7 3 LRQ HHU

9 HGLDP G FDSLU SHUFKp

s P LW LQIHULR U SH S HULR G G DWWY D] LRQ G (7 3LRQHH

GHWUP LQDW GDOO YH®RFLW G WUDVP LVVLRQ GHOO SR UW VHULDO GHOO

VFKHG G FRQ WWIROO GH P RWRUL / SR UW VHULDO L TX HVWRQ K XQ
YH®RFLW G WUDVP LVVLRQ SDhU EDXG FK VLI QLI LF FK

ULHV VRVWHQHU SL G SDFFKHWW D VHF RQ GR ) S HULR G G
DWWY D] LRQ UHVW G FRQ VHJXHQ] | LVWDW P VHF

WLS G FRP DQG G WUDVP HWWU DOO VFKHG G FRQ WIROO GH P RWU

\% G X GH X D \% &2 0 B9 ( SH LP SR VWU (0] YHQR FLW
OlQHDU &2 0 B59 ( SH LP SR VWU TX HOO URW] LRQ DAH 6 LFFRP L
UHDON ( 7 3 LRQ HH X LQYLDU SL G X FRP DQG D RJQ
DWWY D] LRQ H SDFFKHWW G LQYLDU YHQJ P HP RUL]] DW X X1 H

GLP HQVLRQ DW JHVWW L P RG G FRQVWQHUQ D SL Q VRO LVWQ]
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SH RJQ MWMWSR 2 JQ QXRY FRP DQG DQGU VRYUDVFULYHU O YHUVLRQ

S UHFH GHQW. DQFRU LQHYDVH GH W FR UULVSRQ GHQWH

4 XHVW SR OMLF G J HVWRQ ULVX oW GH W WW  WUDVS DUHQW DJ D OoAU
( VSHUW FK D P RG G VDS HU \% RU FRP DQG VWD W
ULP S LD]] DW P HQR 1 HOO UDJLRQ HYRO LSR WHVL S HUz FK RP DQG G
X VVWHVV WL YHQJD LP SR VWOW G X X QLF ( VSHUW WO IL®RVRIL
DFFH WWE LOH TX HVW FDVR LQIDWW O( VSHUW O FH UWH]] FK O X ONLP

FRP DQG G (0,4 P SR VWDW YHQJ WUDVP HVV DOO VFKHG G FRQ WWROO GH

P RWU HQW X WHP S P DVVLP DU S HULR G G DWWY D] LRQ G
( 7 3 LRQ HH QH FDV VSHFLLFR TX LQGL HQW P H]] VHF RQ GR

6 X SSRQ LDP U G YR |ID VHJXLU D URER X GHWHUP LQDW URILO G
YHRFLW OIQHDUH TX HVW FDV LQGLVSHQVDELO FK OLQWUYDOO FK
LQ WVHUF R UU wWJ G X RP DQG G YHRFLW OIQHDU VLD FRVWQW Sbu D

S HULR G G FDP SLRQ DP HQW GH SURILO GHVLGHUDW Uw RSS XU YDULDELO

P QR WVR / X QLF VR X ] LRQ SR VVLE LO RQ VLVW QH IDU L P RG FK SH

WK WwW WH P L FX V YXRO ID VHJXLU D URER DO SURILO G YH®RFLW

VVD HVVHU LQVHULW QH EXIIl H FRP DQG G DOM WS R TX HVW
P RGR LQIDWW OLQWHUYDOO FK LQWHUFR UU WU G X RP DQG G YH®RFLW
OlQHDU FRVWQW S DU D S HULR G G DWWY D] LRQ G ( 7 3 LRQ HHU
& RQ WUR G TX HVW W DQGUD I DWW S HU SL DOW QYHOO L WHUP LQ

G FRR UGLQD] LRQ WU YDU ( VS HUW SULRULW GH FRP SLW G ID VYRQ HU

D URER W

( 79 LVIRQ

/ -( VSHUW ( 7 9 LVL FRP SLW G SURFHVVDU O LPP DJ LQ FR®RU
FDWW UDW GD IUDP H JUDEE HU ' DW FK L FR®RU GHOGDP ELHQW \%
GHILQLW J RJJHWW YHQJ ULAHYDW F X DA R ULWP DVDW VX FRQRUL

YDRU 5 * G RJQ SL H YHQJ FRQ | URQ WDW F X VH G VRJOL
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SUHGHILQLW 4 XHVW VRJOL GHY HVVHU DOEUDW RJQ YRON L DV

DOO RQ GLJLRQ G XFH

4 XDQG ORJJHWW YLHQ ULHYDW O( VS HUW UHVWWK LV (e} RR UGLQDW
VX S LD LPP DJ LQ GHOO FDP HU WWYD 4 XHVW YD®RU YLHQ TX LQG
WUDVIRUP DW L FRR UGLQDW VX SILD G JLRF XWOIl] DQG XQ WE HOO G
RR N XS * UD] L TX HVW WE HOO S RVVLE LO ULP XRYHU o UHJ LRQ
G HOOLPP DJ LQ FK \% G QWHUHVV O GLVWR UVLRQ LQ WUR G R WW
GDOO GHQW 3 H IDU TX HVYWR G IDWW QHOO WEHOO V | FRUULVSRQ GHU D
RJQ SL H G HOOLPP DJ LQ X XQW VX S LD G JLRFR / -( VSHUW Vv
RFF XS QFK G J HVW.U P HFF DQLVP G FRP P XW] LRQ GH |UDP H
J UDEE HU , DV DOO SR VL] LRQ G HOORE LHWWY FDGFRDOW HVV UR G X
GLI HUHQW WS G P HVVDJJ FK GHWUP LQD FRP SR UWDP HQW G WWWwW
VLVWH P D HVHP S L P HvwDJJL 0 6* B%$ / /9 ,6,%/ FK RQ WHQ

O SR VL] LRQ UHDOWY GHOO SDOO ULVS HWW D URER W

( 7' HFLVLR H ( 7 0 RWRQ

/ VFKHGX D] LRQ GH FRP SR UWDP HQW VVHQ] LDCP HQW JXLGDW GDOO
SR VL] LRQ GH SDO®Q VX S LD G JLRF GD SDUWFR®MU UXRO FK
URER FDCGFLDWR U ULY HVW  DOOGLQ WHU GHO® VTX DGU QH FDV VS HF LI LF

TX HOO G SR UWHUH

6 O SDOO YLHQ ULHYDW CRQ W V VW O®RQ WQDQG GD URER v
GHFLG G DWWYDU P DQRYU G ULSR VL] LRQ DP HQW DXWR CRFDOl] D] LRQ H
1 H FDV L FX SDOO V WRY QH SUHVW GH URER V GHFLG TX DO
VWDWHJL G P RYLP HQW DGRWWU DOOQHDP HQWR FRS HUWKUD HFF L
1XQ] LRQ GHOO SR VL] LRQ GHOO YHRFLW GHOO SDOO VWHVV ULVS HWW D
URER W

, FRP SLW G VHWWU O YH®RFLW OIQHDU URWD] LRQ DO GH URER VS HWW

D (70 RWRQ L DV DOO GHFLVLRQ SUHV G ( 7' HFLVLRQ
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1 DQDOI] HUHP H GHWWJ OL SUHFH GHQW IXQ] LRQ DP HQW G TX HVW
(VS HUW TX DQW O SLDQLLFD]LRQ GH P RW G CRU UHDOI DW HU
EDVDW VXOO JHQHUD] LRQ G WUDLHWW UL TX LQG ULY HVYW LQWHUHVV L
TX HYW VHGH , P RYLP HQW SUHYLVW HUD VWHWWP HQW @JDW D UXRO G

SR UWHU TX LQG HVVHQ] LDC®P HQW UHWWORQH S bubDo® DOO OIQH G SR UWD



5 ,68 [/ 7% 7 G
6 3 (5,0 (1 7% =,21 (
, 62 )7: $5 L0 3/ (0 (178%$72
& RP S ULP FRV VWW UHDOO] DW L & O FDW G EUHUL 63 3DW

FK RQ VHQW G JHQHUDU VHIQD G FRQ WIR 00 V(t) H W(t) S DUWU

GDOO RQ GL] LRQ DJ HVWJHP L

PO)=P,, PQ=Ps, F(O)=f,, FD=fg, k(0)=k,, k{@)=kq

VHF RQ G ODQ R ULW LO® VWUDW H S ULP FDSLIWRO G TX HVW HOER UDWR

6 YRXW TX LQ G GHILQLU X QXRY WL G P HVVDJ J LR
0O 6* B1L (: B7%$5* (7 FK S HUP HWWVV G XWLOol] DU X Q-LVWDQ] GHOO
FDOVV (70 HVVDJ SH LQYLDU SDUDP HW QHFH VVDU DOO JHQHUD] LRQ

GHOO WUWDLHWWUL G X ( VSHUW DOOGDOMNR

) DWW TX HVW \ S DVVDW ULGLVHJ QDU O( VSHUW G P RYLP HQW

(70 RW TX HOO G GHFLVLRQ ( 7" HFLVLRQ
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/ ys e (N 63 (5,0 (17%$=,21(
, FRP SRUWDP HOW QHOO DS HUWR
1 HOO S ULP I DV GHOO VS HULP HQWD] LRQ \% YRXW VWDE LOW TX DO
S UHF LVLRQ URER I RVV L J UDG G VHJXLU O WDLHWWUL JHQHUDW
TX HVW VF \% R VVHUY DW FRP SR UWDP HQW GH VLVWHP DQHOO
DS HUW VHQ] F LR DSSR UWU QHVVX JHQHU G FRQ WUR OO VX P RW

HFFH WWDWR RYY LDP HQWH ODQHOO G YH®RFLW GH P RWRUL

6 VWOW X WOl DW VHIJ XHQW ( VS HUW

(73 LRQHH F HULR G VHF RQ GL
& RP DEE LDP JL G HWW S HULR G G DWWY D] LRQ G ( 7 3 LRQ HH
I LVWDW SULRU GDOO YHRFLW G WDVP LVVLRQ GHOO VHULDO FK R O®J

3 DOO VFKHG G FRQ WROO GH P RW UL

( 7' HFLVLRQ F HULR G VHF RQ GL

$ RJQ VX WWY D] LRQ TX LQG DOOLQ WHU GH P HWRG

R< RXU XW Y LHQ LQFUHP HQWOW X FRQ WDWR UH s YDQR U G WD O
FRQ WOWR U Y LHQ XWol] bDw H VHOH] LRQ DU X WU GLYHUV VH G
SDUDP HW G JHQHUD] LRQ GHOO WWIDLHWWUL G VVHJ QDU D XQ LVMWDQ ]
G X P HVVDJJL G WL 1 (: B7%$5* (7BO0 (66 $ * ( , P HVVDJJL
YLHQ SR QY LDW DJ ( VSHUW FK Q K D I DWW ULFK LHVW WJIDP LW
LQYRFD] LRQ GH P HWRG (7' LVYSDWK 6KDUHO VJ

" (70 RWRQ F HULR G VHF RQ GL
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/I -( VSHUW ( 7 0 RWRQ FRQ WHQ XQ YDULDELO G FO®DVV SULYDWH G W
63 3 DWK H XQ G W X QWWR U ( 7 3 LRQ HH FK J Y LHQ S DVVDW

FRP S DUDP HW DOO FUHD] LRQ H

$ OGLQWHU GH P HWRG , QL Y LHQ IDWW ULFKLHVW G ULFHYHU P HVVDJJ

G W 1 (: B7$5* (7B0 6*

$ RJQ DWWYD] LRQ O( VS HUWR

" LQFUHP HQW O YDULDELO G FOVV WLP G RVVL GHOO GXUDW
GH VX HULR G G DWWY D] LRQ H

" FRQ WIR OO V O( VSHUW ( 7 3 LRQ HH S URQ W FRP XQLFDU
o VFKHG G FRQ WUR OO GH P RWRU QYRFDQG P HWR G

(7 3LRQ HHU & RQQ HF WHG

" FRQ WWR OO V \% P HVVDJJ G HJJ HU LQYRFDQG P HWR G

(7' LYSDWK 0 VJ7 R5 HDG

6 - X P HVVDJJL G WL 1 (: B7%$5* (7B0 6 G CHJ J HU (e}
SUHMHY GDOO VX OWvW RFDO P HVVDJJL YLHQ DQFH O®OW DQFK GDOO
owvw JRE DO L TX DQW TX HVW ( VS HUW HU OXQLF D DY HUQ | DWW
ULFKLHVW LQYRFDQG P HWRG * HWL H[ W VIJ

FRQ WVHQXW GH P HVVDJJL YLHQ TX LQG HWW F 0 VJ5 HDG' DW ,
YDRU GH S DUDP HWUJ HVV FRQ WVHQXW YLHQ S DVVDW D P HWR G
63 3 DW & UHDWH1 HZ 3 DWK FK R VWX LV O WIDLHWW UL JHQHU VHW

SR LQ GHVLGHUDW / YDULDELO G FODVV WP YLHQ D]] HUDWD

$ RJQ VX FFH VVLY WWY D] LRQ O( VSHUW UHCHYHU VHW SR LQ G

YH®R F LW OIQHDU DQJ R U GHOO WJUDLHWW UL JHQHUDW LQOYRFDQG
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P HWR G

VHW SR LQ

HVSR VW

63 3 DW *

HW6 S HHG WLP H
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6 R VVHUY DW
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5 LVXOADW GHOO VS HULP HQW] LRQ H

H 63 3 DWK

DOO VWHVV
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S DUWHQ] XJXDO TX HOO G DUULYR TX HVW FDVR LQIDWW O FRQ GL] LRQ

VXO0O0DQJRO G DUULY HU VR GG LVI DWW

( YLGHQWP HQW V WDWWY G X URE HP ULJ XDUGDQW VHW SR LQ G

YH®RFLW QJ RMUH 6 1 UXWWQG P HWR G (73 LRQHHU * HW SHHG H

(73 LRQHHU * HWRJ FK UHVWWK LVF XQ VWP GHOO YH®RFLW UHD

GH URER EDVDW VXOO HWwWU GHJ HQFRGHU VWOW  LQIDWW YHULI LFDW

FRP SURILO G YH®R F LW QJR®U VHJI X LW IRVVH XQ Y HUVLRQ

TX DQWRP H DWWQXDW G TX HOO LGHDM™

3 H DVVLF X UDUF FK X Wb O RP SR UWP HQW I RVV DX VDW

XQLFDP HQW GD IDWW  FK OD] LRQ DP HQW GH P RWU ULX VF LY

VHJ X LU VHWSR LQ G YHRFLW GHVLGHUDW QRQR VWQW S URI G YH®RFLW

LP SR VWOW DYHVVHU X DQGDP HQW P ROV GROGFH V TX HVW XQw
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VWK G LDW FRP SR UWDP HQW GH URER L ULVSR VW S URI FRVWbQW G
YH®RFLW 1 XP HURV SURY \% VWDW I HWW DW VL F YHRFLW OIQHDU
QX 00 URER UXRW V V. VWHVVR FK YH®RFLW OIQHDU P DJJLRU G
1 HU URER G HVF ULY GHOO LUFRQ HUHQ] H $ QFK VDX ULW

WUDQ VLWR UL LQL] LDO L F X URER V. WIRY L I DV G DFFH CHUD] LRQ L
WWW O SURY URER SDUW G IHUP R FRP SR UWDP HQW HU
TX HOO GHVLGHUDWR VWOW WJRYDW VS HULP HQWC HQW X IDWRU G “~ SUH
DP SOLLFD] LRQ H GH VHW SR LQ G YH®RFLW QJRO®OU G F LUF FK

FRQ VHQW D FRP SR UWDP HQW UHDO G DYY LFLQ DUV VXIl LFLHQWHP HQW

TX HOO LGHDO DCP H H FDV G SURI FRVWOQW / FRVWQ] G TX HVW

YDARUH LQGX VR VS HWW U O S UHVHQ] G X HUUR U VLVWHP DWF H

FDGFRO GHOO YHRFLW GH VLQJR P RWU GDW YDARU G YH®RFLW OIQHDU

H DQJRMU GH URER W / VR X ] LRQ WUR Y DW RVVL OXWOIl] D] LRQ G X
IDWRU G SUH DP SOLLFD] LRQ H OXQLF SR VVLELO TX HVW QYHO®

8 Q YRON VLVWHP DW TX HVW URE CHP \% WR UQ DW I D HVHJ X LU D
URER UDLHWW UL SL FRP S HVV UR | G YHORFLW YDULDE LOL ,

FRP SR UWDP HQW HU GHF LVDP HQW P LJORUDW ULVSHWW DOO S ULP SURY

P QFRU SXQW 1LQDO Q HU TX HOO GHVLGHUDW 2 U S HU FK
YDRU UHVWWK LW GDOO FKLDP DW GHOO |1XQ] LRQ (73 LRQHHU * HW SHHG H
(73 LRQHHU * HWRJ V DYY LFLQDYD P ROV G SL TX H P SR VWDW
VVWDW VVLE LO DFF RUJ HUV FK VHP S U VHW SR LQ HUD LQ VHJI X LW

GD URER QHOOGRUGLQ JLXVWR

/ FDXV GH S URE HP VWW LQGLYLGXDW QH IDWW FK FRP DQG G

YHRFLW OIQHDU G YHRFLW QJROMU YHQLYD JHVWW FRP G X Q Ww

FRP S WP HQW LQFRUUHOW P HQW LQY QHFH VVDUL FK YHQJD

J HVWW FRSS LH s DCGFXQ FDV FRP DQG YHQLYD ULP SLD]] DW QH

EXIl H GHOO( 7 3 LRQ HH S ULP G HVVHU VWW HYDVL P RWU V WRYDYD

X LQG GRYH LQ VHJ X LU YH®RFLW FDCGFR ®DW XWoOol] DQG YDR U G
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YHRFLW QJRDU G YHRFLW OIQHDU UHMWY D LVWQW G WP
G LY HUVL VVDW HFH VVDUL DSSR UWU GHOO P RGLILFK DOO FmDW
(7 3LRQ HHU DUWFR U V VWDW VRVWWKLW O 1XQ]LRQ 6HW SHHG

6 HWRJ F XQ-XQLF 1XQ] LRQ 6 HW SHHGS$ QG-RJ 1 H FDV V YRJOL
P RGLLFDU VRO XQ GHOO GX YHRFLW RFFRUUH FRP XQTX LQ VHULU
DQFK X FRP DQG G P RGULF GHOGDOW QH EXIl HU / J HVWRQ G
TX HVWX OALP VWW P RGLILFDW L P RG G WDWWU G X RP DQG
&2 0 B9 ( &2 0 B59 ( FRP X XQLF FRP DQG G GLP HQVLRQ

GRSS L ULVS HWW DJ DOMUL 1 HVVX FRP DQG G YHRFLW OIQHDU SR WJ

HVVHU LQVHULW V F- SR VW DQFK SH FRUULVSRQ GHQW RP DQG

G YH®RFLW QJR®U QHOO SR VL] LRQ LPP HGLDWP HQW VXFFH VWLYD $ OO

VVWHVV P RG G X RP DQG SR WJD HVVHU ULP S LD]] DW G oW SL

UHFH QW S ULP G HVVHU VWW HYDVL VRO VLP XOMDQHDP HQW

3 H P LI OR UDU X OMHULRUP HQW O S UHVWD] LRQ \% ULFRUV D FRQ WUR OO

LM\HUDWLY R

/' UHWRD] LRQ LQWHUQD

1 HOO VHFRQ G IDV  GHOO VS HULP HQWD] LRQ \% VW GLDW O SR VVLELOW G

EDVDU [e] ULS LDQ LI LF D] LRQ GH P RW VX 00 LQI RUP D] LRQ ULFDYDE

GDOOGR GRP HWLD

6 VWW YDXXWW GX DSS URFF GLYHUVL X FRQ WIR OO0 FK LQWHUYHQJ
GDQG O S ULR ULW UDJ JLXQJLP HQW G X GHWHUP LQDW WDUJH R VVL
FRUUHJ J [e] WUD LHWW UL VR O L I XQ] LRQ GH UDJ JLXQJLP HQW
G HOORE LHWWY ILQDH OoDOoW FK LQWHUYHQJ LQY SH DVVLFXUDU FK

O IRUP GHOO WU DLHWW UL LGHDO YHQJ VHI X LW F O S UHF LVLRQ YR X WD
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1 H SULP FDV VMWW FRQ VLGHUDW FRP WDUJ H UDJ JIXQJLP HQWR F
YHQRFLW 1LQDO QXO0D G X XQW I LW H SLD o< SRVL LRQ G
WO SXQW WUHEE  UDSS UHVHQWUH D HVHP SLR O SR VL] LRQ GHOO SDOO
VX FDP G JLRFR ., IXQ]LRQ DP HQW GHOO( VSHUW ( 7 0 RWRQ

VVWDW P RGL LFDW L P RG G FRQ VHQ WU XQ ULS LDQ LI LF D] LRQ GHOO

WDLHWW UL RJQ TX DQW G WHP G GXUDW SUHILVWDW QH FDV L FX

HUYHQJ D QXRY P HWDJJ G W 0 6* B1 ( : B7 % 5* ( G
SDUW G ( 7' HFLVLRQ / QXRY WDLHWWUL YLHQ JHQHUDW L DV
DOO VWW FRUUHQW GH URER DOGLVWOQW G  ULS LDQLILFD] LRQ DOO

SR VL] LRQ GH WUJH G SDUWQ]D 3H FRQR VFH U XQ VWLP GHOO VWW

FRUUHQW GH URER \ VWOW XWOl] DW VHI XHQW P HWG G ( 7 3 LRQ HHU
" 9 LUWK DQ 9 LUWK D& 9 LUWK DO+ FK UHVWWX LVF (e}
FRR UGLQDW GH URER O VX R ULHQWD] LRQ QH S LD ULVS HWW
DOO SR VL] LRQ G SDUWQ] D FDOGFRODOW L DV D GDW SURYHQLHQW

GDOO GHWWU GHJ HQFRGHU

O JL FLWW * HWSHHG * HWRJ
& RP G LUH] LRQ G DuuULY \ VFHON TX HOO GHOO UHWW FRQ JLXQJHQW
FH Q WU GH URER F WD UJ HW VWOW LQR OW LQVHULW X FRQ WUR OO H
IHUP DU RP XQTX URER TX DQG TX HVW V. WJRY VX1l LFLHQWHP HQW
YLFL D EHUVDJOL TX LQG DQFK \Y \Y VWOW DQFRU HVDX ULW VHW

SR LQ JHQHUDW SH O WDLHWWUL FRUUHQWH

6 VVWDW I HWW DW QXP HURYV SURY GLYHUV YDRU G GXUDW GH

TX DQWR G WHP SR 6 SR WKW VVHUYDU FKH
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SH YDRU W LFF R GH TX DQW G WHP GXUDW LQIHULRU

D P H]] VHF RQ GR P RYLP HQW GH URER ULVX oW

HFFH VVLYDP HQW UDO® QW WR

UHDON O GXUDW GHOOGLQWHUYDOO G ULSLDQLILFD] LRQ X VFH QGHU
D G VRWW G VHFRQ GL ,QIDWW SH GXUDW LQIHULRU WUD LHWW UL
Y HUUHEE ULFDGFR (MDW S ULP G HVVHU ULX VFLW D LQYLDU DOO VFKHG G
FRQ WWIROO GH P RWU DC H G X RSS L G VHWSR LQ G YH®RFLW OIQHDU
H DQJR@MUH 2 VVHUYDQG DWWQWP HQW O ) LIXU F V DFFRUJ FK
FRP SR UWDP HQW TX HOO GHVLGHUDW VR O DOOLQ L] L GHOO WJUDLHWW UL
GRY O YH®RFLW GH URE R S UDWFDP HQW QXOO ) URER V I HUP

JuD] L D FRQ WWROO LQVHULW VX UDJJLXQJLP HQW GH WDUJHW L DVVHQ]

GH TX DO ROAMMHS DVVHUHEE E HUVDJ OR / VS LHJ D] LRQ ULVLHG QH | DWW



& DSLWRO ,, 5 LVXOADW GHOO VS HULP HQW] LRQ H

FK O YH®RFLW QJR®U LGHDO G FRQ VHJI XHQ] O FXUYDWUD QHOO
S Duw QWDO GHOO WJDLHWW UL RVW QW QXOD® 6LFFRP O GHULYDW
GHOO FXUYDWU GHY VVHU XQ I XQ] LRQ RQ WQXD DQFK S ULP VHW

SR LQ GHOO WUDLHWWUL ULFDGFRMW DYU VYH®RFLW QJROU QXODd $ sSs DU

RU HYLGHQW S HUFK URER G X FH UW XQW L ULHVF SL
FXUY DUH
" SH YDCRU W JuUbQG GH X DQW G WHP O WIDLHWW UL
GHVFULWW GD URER S UHVHQ WD X DQGDP HQW HFFH VVLYDP HQW

RQ GHJJ LDQWH



& DSLWO ,, 5 LVXOMDW GHOO VS HULP HQWD] LRQ H

8 YDQR U G FRP SURP HVV G VHFRQ G V ULYHODW HVVHU O VFH OV

P LJORU SH WDLHWWUL XQJKH 1 H FDV G WDLHWW UL RUW V ULY HDOW

S X U\WJ LQGLVSHQVDELO GLP LQXLU O YH®RFLW P HGL G S HUFRUUHQ]

SH SR W DXP HQWU O S UHFLVLRQ H



& DSLWRO ,, 5 LVXOADW GHOO VS HULP HQW] LRQ H

/' VLWK D] LRQ P LJORUDW XWO[ DQG X W G FRQ WROO FK UF DVV
G P DQWIQHU URER VX 00 WDLHWWUL LGHDO G SDUWQ]D $ RJQ
DWWYD]LRQ G ( 7 0 RWRQ LHQ RQ | URQ WDW O SR VL] LRQ RUUHQW GH
URER F TX HOO FK GRY UHEE DYHU V  VWHW  VHIXHQG HQ o)
WUD LH W\R ULD YDQRRU GHD G < FRUULVSRQ GHQW D X FHUW LVWQW G
VH P YHQJ UHVWWK LW GD P HWR G 63 3DWK * HW WLP H

633DWK * HW WLP H /  WDLHWWUL YLHQ ULFDCFRMW TX DQG V VXSHU O
WR OBIUDQ] YRXXW SH H < 3H IDU L P RG FK O QXRY WDLHWWR UL

V GLVFRVW W G TX HOO RULILQDO ODQJRO G DUULY Y LHQ

P RGLILFDW P YLHQ P DQWQXW FRVWQW D RJQ ULSLDQLILFD] LRQ H



& DSLWRO ,, 5 LVXOADW GHOO VS HULP HQW] LRQ H

6 VVWDW I HWW DW QXP HURV SURY SH GLYHUV YDRU G WRO®GUDQ]

v RWWQXW XQ FRP SR UWDP HQW DFFH WWE LO VR OGIUDQ] F xXQJ

H F XQJ <

/ -DQGDP HQW DQFRU TX HOO GHVLGHUDWR P SH YDQR U G
WR OGIUDQ ] LQI HULR U P RYLP HQW GH URER ULVX OADY D HFFH VVLYDP HQW
UDOGIQWW. FRP QH FDV G ULS LDQ LI LF D] LRQ TX DQW G WH P

wJ LFF R R

,  FRQWILEXW GHOO YLVLRQH

1 HOO VXFFH VVLY I DV GHOO VS HULP HQWD] LRQ \% VWOW VI UX WWBW

S UHH VLVWHQ W ( VS HUW G Y LVLRQ SH LOQWHJ UDU o LQIRUP D] LRQ



& DS LW\R O

RGRP HWLFK

URER W , P DJJLR QXP HU G SURY V VWDW Il HWW DW SDOO IHUP D
VWDW  XWO[ DW O( VSHUW ( 7 9 LVL H LHYDU RJQ GHFLP G
VHFRQ G O SRVL LRQ UHDWY GHOO SDOO ULVSHWW D URER W ( 7 9 LVL
SURGX W WS G P HVDJJL
. 0 6* B%S /I 1279 ,6,%/ QH FDV L FX YHQJ ULHYDW
O SDOO OOLQWHU G QHVWXQ GHOO GX LPP DJLQL
0 6* B%S /I 9 ,6,%/ FRQ WHQHQW O RR UGLQDW UHMWY GHOO
SDO® VX SLD G JLRF ULVSHWW D URER W
0 6* B%S /I 9 ,6,%/ ( %8 7,1 9% / , QH FDV L FX SDOO VL
VWDW ULGHYDW P ULVX OV XQ SR VL] LRQ YDOIG VX SLD G
JLRFR
FRP SR UWP HQW G ( 7' HFLVLRQ VMWW P RGLILFDW L P RG G
SR Wi JHQHUDU P HWDJJ G W 0 6* B1 ( B7$ 5 * ( L L
P RG VWWF P VX00 EDV GHOO LQIRUP D] LRQ VXO0O SR VL] LRQ GHOO
SDOO  FRQ WHQXW QH P HVVDJJ 0 6* B%S$ / /9 ,6,%/ LQYLDW G
(7 9 LVLRQ
$ OOLQWHU GH P HWG ( 7' HFLVLRQ ,QLW TX LQGL YLHQ DYDQ]DW O
ULFKLHVW G ULFHYHU P HVWDJJ G W 0 6* B%S$ / /9 ,6,%/ (
$ RJQ DWWYD] LRQ O( VSHUW CHJJ J HY HQ WX D P HVVDJJ fo
GHVWQDW VFRUUHQG O SURS UL OWW CRFDO SH SUHGHYDU SL UHFH QWH
FDGFRO O SURS UL GLVWQ] GDOO S DOO O FRQIURQW F 0O GLVWQ]
FDCFRMW 00 SUHFH GHQW DWWYD]LRQH 6 WO GLVWGQ] DX P HQWW
ULP DVW O VWHW P VXSHULRU DOO GLVWQ] P DVVLP FK URER S X

TX HOO UHOMDWY

5 LVXOADW GHOO VS HULP HQW] LRQ H

DOO SR VL] LRQ

GHOO SDOO ULVSHWW D



& DSLWRO ,, 5 LVXOADW GHOO VS HULP HQW] LRQ H

DYHU GD E HUVDJ OL H SR WHUV I|HUP DUH Y LHQ JHQHUDW X QXRY

P HVWDJJL 0 6* B1 ( : B78%$5* (7

4 XHVW FRQ WJR OO VWWR LQ VHULW HOOGLSR WHV G SDOO IHUP D 0 HQW

URER V. P XRY L GLUH] LRQ GHOO SDO® LQIDWW O VX GLVWQ] G HVV

GLP LQXLV DY UHEE VHQV L TX HVW FDV P EDUGDU O( VSHUW

(70 RWRQ G P HVVDJJ FK O FRVWLQJD UIFDGFRMU O WIDHWW ULD

, YDQWJJL G XWOl DU O YLVLRQ QH FDV G WUJH ILVW FRQ VLW QHOO

SR VVLELOW G D]] HUDU J HUURU DFF XP XMW QHOOGRGRP HWIID 2 JQ YRON

F K O( VS HUW (70 RW ULFH Y X P HVVDJJL G WL
0 6* B1 (: B78% 5* ( VHWW O SR VL] LRQ GH URER VX S LD G JLRF
QHOOR ULJ LQ LQYRFDQG P HWRG (73 LRQHHU 6 HW RV * HW

/ -DQJRO G R ULHQWD] LRQ YLHQ LQY P DQWQXW XW.0ol] DWwW H

GHWUP LQDU FRUUHWW DQJRO G DUULYR



& DSLWRO ,, 5 LVXOADW GHOO VS HULP HQW] LRQ H

s DVVHQ] G QXRY P HVVDJJ VX 0O SR VL] LRQ GH E HUVDJ OL URER
Y LHQ P DQWQXW VX 00 WUD LHWWR UL JL S LDQLI LFDW RS HU GHOO
UHWUR D] LRQ LQ WHUQ UHDOl] DW GDOO( VS HUW (70 RWRQ VHF RQ G [e]

P RGDOW HVSR VW QH S UHFH GHQW SDUDJUDIR

s UHDON HVVHQG * DADYU X URER SR UWHUH ODQJRO G DUULY VX
EHUVDJOL DQGUHEE DGFRMW DQFK VX 00 EDV GHOO SR VL] LRQ DVVR X W
GH URER DOOLQ WHU GH FDP L P RG G I DUJ GDU O VSDOO DOO
SR UWD JDUDQWHQG D WHP VVWHVV FK E HUVDJ OL HVF GD FDP

Y LVLY URS UL DOO ILQ GHOO WJUDLHWW UL TX DQG VDUHEE WQw L
QHFH VVDUL FRQR VFH UQ OHVDWW SR VL] LRQ H / FRQR VFH Q] GHOO
SR VL] LRQ DVVR X WD LQR OAUH LQGLVS HQVDE LO TX DR U \ YRJOL I D
LQ WHUFH W\B U D URER XQ SDOO L P RYLP HQWR 1 H FDV G SDOO L
P RYLP HQWR LQIDWW VXII LFLHQW RQ WUR ODU FK O GLVWQ] GDOO
S DOO VL XP HQWW ULVS HWW DOO S UHFH GHQW GHWWU SH GHFLGHU G
ULS LDQ LI LFDU P RW P RFF RUU DQFK RQ WUIROOU FK E HUVDJ OL

DEE L FDP ELDW O VX SR VL] LRQ DVWRXW QH FDP SR TX HVW VF

QHFH VVDUL DVDUV VX 00 VWP GHOO SR VL] LRQ GH URER ULF R VWX LW

JUD] L DOGRGRP HWL SH LSR UWMDU O SR VL] LRQ GHOO SDOO L FRR UGLQDW

DVWRXW VX S LD G JLRF RQ I URQ WODUO F O S UHFH GHQW GHWW UD
, QR ONU O SR VL] LRQ DWW DO GHOO SDOO X L HVVHU XVDW SH
LGHQW.I LFDU E HUVDJ ORR 6 UHQG QHFH VVDUL UR J HWWU DA R ULWP G
G HF LVLRQ F K VLD L J UDG G JHQHUDU o WUD LHWW UL GH URER

SUHGLFH QG O SR VL] LRQ IXWU GHOO SDOO WHQHQG FRQ W GH WHP

G S HUFRUUHQ] ULF K LHVWR 3 H OlP WU ODFF XP XO G HUUR U S URS UL
GHOOGR GR P HWIL OLGHDO VDUHEE TX LQG SR WH SHULRGLFDP HQW
ULR FDOL] DU URER DOOLQ WHU GH FDP VIUXWWQGR D HVHP S LR J

DA R ULWP G ULFRQR VFLP HQW GHOO oO0lQ G SR UWD 3 H P DQFDQ] G

WHP O VS HULP HQW] LRQ \ OlP LWOW FDV G SDOO IHUP D



& DSLWRO ,, 5 LVXOADW GHOO VS HULP HQW] LRQ H

& RQVLGHUD] LRQ VXOO VFHON H SDUDP HW G JHQHUD] LRQ GHOO

WJD LHWWULH
3 H RJQ GLYHUV SR OMLF G ULSLDQLILFD] LRQ H V UFDW G DQDOl] DU
OLQI X HQ] GH SDUDP HW G VVHJ QDU D JHQHUDWU G WUD LHWW UL D

1LQ G VWE LOU TX D SR WHVVHU HVVHU (e} RQ G L] LRQ DJ HVWUHP SL

F ULWLF K SH O QDYWD]LRQH , FRQ VLGHUD] LRQ GH FRQ WHVW 5 RER & X
GH UXRO ULFRS HUW G * DADYU DOOLQ WHU GHOO VTX DGUD V UFDW
UHVWILQJ HU OLQVLHP GHOO WU DLHWW UL SR VVLE DJJLXQJHU YLQFR F K

SR WHVVHU VHP SOLLFDU ORS HUD] LRQ G DVVHJQDP HQW GH SDUDP HWL

* HQHUDCP HQW o SR VL] LRQ G S DUWHQ] G * DADYU TX HOO

UDSS UHVHQWW L ) LIXU L FX URER V. WJRY FH QWU GHOODUHD

GLVSR VW DUDO®ICHP HQW DOO OIQH G SR UWD O WHMHFDP HU F K

LQ TX DG UD FDP SR

8 Q F DUHWW ULVW.F GHVLGHUDELO SH VXR P RYLP HQW D HVHP S L FK
0 RW 0 RW

%$ & : $5° ) 2 5: $5°'



& DSLWRO ,, 5 LVXOADW GHOO VS HULP HQW] LRQ H

J S HUP HWW P DQWHQHU LQTX DGUDW O ] RQ G FDP GDYDQW DOO

SURS UL SR UWD 3 H TX HVW P RWY O WDLHWWUL G SLDQLI LFDU DY UDQQ R

QH FDV G PRW )2 5: $5 O YH®RFLW GH P RWU KD VHJ
SR VLWY H URER V P XRY YHUY GHVWD DQJRO G SDUWQ]
DQJRO G DUULY UHIHUHQ] LDO f P HQW QH FDV G P RW
%$ & . : $ 5 O YH®RFLW GH P RWU KD VHJ HJ DWY H URER
V P XRY YHUV VIQLYWD DQJRO G SDUWQ] H DQJRO G DUULY
S UHIHUHQ] LDO f ., JHQHUDWU G WDLHWWUL JHQHU SURILO GH

P RGXAR GHOO YHRFLW OIQHDUH 3H I D HDOl] DU D URER O WUDLHWW UL

%$ & . : $ 5 R FF R UU DP ELDU VHJ GH VHW SR LQ G YHOR FLW
OQHDU JHQHUDW 6 SHQVDW DO®U G ULFRUUHU D X LFF RO DUWILFL
SH IDU L P RG F K ODQJRO G S DUWHQ] EE L VHP SUH O VWHVV
YDR U G f 3 DVWDQG D JHQHUDWU G WUD LHWW UL YDQR U DVVR X W
GHOO FRR UGLQDW GH EHUVDJOR ODQJRO G DUULY FDP ELDW G VHJQR
V. JHQHUD VHW SR LQ GHOO WJUDLHWW UL GHVLGHUDW ULEDOADW  ULVS HWW
DOGDVV H TX HVW XQWw DVW FDP ELDU VHJ GH VHWSR LQ G
YH®RFLW QJR®U R OWU TX HOO GH VHWSR LQ G YHRFLW OIQHDU SH
RWWQHU P RYLP HQW GHVLGHUDWR
3 ULP G DVVHJI QDU S DUDP HW D JHQHUDW U G WUD LHWW UL R FF R UU
TX LQG VMWDE LOU WL G P RW GHVLG HUDWR \% )2 5: $5
%$ & . : $5° 6 EHUVDJOL V WRY OO0 VLQLVW GH URER FRQYLHQ
FK P RW VL G W %$ & . : $ 5" DOMWLP HQW G W ) 2 5: $5°
6 O YHRFLW OIQHDU GH URER QX 00 P RP HQW GHOO S LDQLILFD] LRQ
V. SsX LP SR VWU LQG LI HUHQWHP HQW OX OoDOW WL G P RWR 6
S HU URER I HUP P V VW P XRYHQG HOO GLUH] LRQ RSSR VW
TX HOO L FX V. WIRY E HUVDJ ORR S ULP G P SR VWU XQ QXRY
WUDLHWW UL R FF RUU F K URER V. ITHUP L 3H HDOl] DU TX HVW W G

FRQ WUR OO VVWDW LP S CHP HQWW P HWR G G (70 RWRQ



& DSLWRO ,, 5 LVXOADW GHOO VS HULP HQW] LRQ H

& UHDWH9 DOIG 3 DWK 6 D P RP HQW GHOO ULSLDQLILFD] LRQ VHJ GHOO
YH®R F LW GH URER UHVWWK LW G (73 LRQHHU * HW SHHG

LQFRP SDWELO VHJ GHOO FRR UGLQDW GH EHUVDJOL YHQJ
LQYLDW D P RWRUL VHW SR LQ QX H P HWR G UHVWWK LV X YDRU
LQ WHU VLWY FK LQ G LF I DOOR HQW GHOORS HUD] LRQ G FUHD] LRQ
GHOO WUD LHWW ULD 4 XHVW RS HUD] LRQ YHQJ ULS HWK W D RJQ
VX FFH VVLY WWY D] LRQ GHOO( VSHUW ILQFK XQ Y DOIG WUD LHWW UL

VWOW JHQHUDW G G FK IXQ] LRQ DP HQW GHOQO( VSHUW HV GDOO

P RGDOW "~ P DQRYUD SH WUQDU D IXQ]LRQ DP HQW DELWD

, IDWW FK SH ID VHJXLU L P DQLHU FFH WWE LO O WDLHWWUL D URER

VL QHFH VVDUL ULS LDQ LI LFDU VS HVV P RWR FRP S OIF QR WVHYR P HQW
ORS HUD] LRQ G VFHON GH S DUDP HW G JHQHUD] LRQ H 4 XHVW WL G
FRQ WUR O® LQI DWW S X Uuwb U D X FRP SR UWDP HQW LQVWE LO GH
URER TX DQG TX HVW \ WUR Y D HVVHU S UDWFDP HQW DOOQ HDW D
EHUVDJOIR H E UHY GLVWQ] G HVVR

& RQ VLGHULDP O VLW D] LRQ UDSS UHVHQWW L I LJ X UD s URER YHG (0]

SDOO S HU HWWP HQW G I URQ W \ CHJ J HUP HQW DOO VX GHVWD

VHJ GHOO VX YHORFLW OIQHDU RP SDWELOH TX LQG JHQHUDW U G



& DSLWRO ,,

5 LVXOADW GHOO VS HULP HQW] LRQ H

WUDLHWW UL S LDQLILF O W DLHWWUL LQGLFDW GDOO OIQH 1 XuUu WUDWWJ JLDW
o WUD LHWW UL UDSS UHVHQWOW GDOO OIQH JLDOO WUDWWJ J LDW G
FRQ VLGHUDUV HUUDW L TX DQW UWHUHEE URER GDU O VSDOO DOO

S URS UL SR UW

3 HUFR UVDQ XQ S LFF RO 1 UD] LRQ H S HUz URER \ ULWUR Y F
EHUVDJOL DOO SURS UL VLQLVWID / S ULP YRON FK YHQJ LQ FRQ WUDW
FULWHU G ULS LDQ LI LF D] LRQ SHUFKp D HVHP S LR URER VW
VHI XHQG O WWDLHWWUL F O S UHF LVLRQ GHVLG HUDWD HUF K YHG (0]
SDOO SL CRQ WQ ULVS HWW SULP D FRQ WUR GO VX 00 SR VL] LRQ GH
EHUVDJOL O | IHUP DU LQY HUWU O GLUH] LRQ G P RW / VVWHVV
FDS LW GDOGDON SDUWH 6 JLXQJ D X FRP SR UWDP HQW LQVWELO GH
URER FK RQ WQ X P XRYHUV DYDQW H LQ G LHWJ LOQWR U DOO VWHVV

S X QWR



& DSLWRO ,, 5 LVXOADW GHOO VS HULP HQW] LRQ H

s DV DOO VWIDWHJ L G JLRF vDU TX LQ G QHFH VVDUL VX GG LY LGHU
FRP SR UWDP HQW GH URER L FDWHJ R ULH H DGR WWU ULWH U G
DVVHJ QDP HQW GH SDUDP HW G JHQHUD] LRQ G FRQ WWIR OO0 VX P RW

GLYHUVL VHFRQ G GHOO VLW D] LRQ H

( VWVHQVLRQ D FDV G URERWRP QLGLUH LRQD 6 LP X@M] LRQL

/ P DJJLR SDUW GH SURE HP G QDYL D] LRQ FK \% VWOW IL TX
HGHQFDW SH URER SR UWHU * DODYU GLSHQGHYD VWHWWP HQW GDOO
OIP LWDWH]] GH VX FDP Y LVLY GHOO VX P RE LOMWY $ SS OIFDQG (0]
VWH VV P HWARGR®RIJL URER RP QLGLUH] LRQ DO O S UHVW] LRQ R WWQ LE

GRYUHEE HU HVVHU G JUD XQJ VX S HULR UL



& DSLWRO ,, 5 LVXOADW GHOO VS HULP HQW] LRQ H

& RP VSR VW H SuLP FDSLMRCR LQIDWW OLQQ RYDWY VLVWHP G
P RYLP HQWD] LRQ J FRQ VHQW G SDUWU G IHUP L XQ TX DOAXQTX
GLUH] LRQ H VHQ] ELVRJ G ULRULHQWP HQWR 3 H HYLWU XQ TX DXXQTX
VLWK D] LRQ UMMLFD GH W G TX HOO GHVFULWW QH SDUDJUDI S UHFH GHQWH
EDVWU FK URER V |HUP SR SDUW L GLUH]LRQ GHOO SDO® & RP
YDQWDJJL DJJLXQWY S URWR W VDU GRWW G X VLVVWH P Y LVLRQ
DQFK -HWV P QLGLUH] LRQ DO  FK J FRQ VHQ WU G WHQHU VHP S U

LQTX DGUDW O ] RQ G QWUHVV GXUDQW L P RYLP HQWR

& RP X OALP I DV GHOO VS HULP HQWD] LRQ VWDW UHDOI] DWwW (e}
VLP X D] LRQ D FDGFRMOWU GHOO JHQHUD] LRQ GH VHJQD G FRQ WIROO GH
URER RP QLGLUH] LRQ DO L DP ELHQW 0 DWDE VHI X LW V ULSR UWDWL

WWO HVHP SOLLFDWYR SDUDP HW ULVX ONDW G DCGFXQ GHOO VLP X @] LRQ

HIIl HWW DW VR WW | RUP G JUDILFL

& RP XQ WWW O VLP X D] LRQ \% SDUDP HW FDUDWWULVWF GH URER

/" H L P HWIL

raggio_robot=0.15
raggio_ruote=0.05

QRQ FK S DUDP HWJ G S UHF LVLRQ

parti=500;
periodo=(1/100);

F partl V.  QWQG QXP HU G VXGG LYLVLRQ GHOGLQWHUYDOO G
Y DULD] LRQ G X P HQW HULR G OLQYHUV  GHOO IUHTX HQ] G

FDP SLRQ DP HQW WHP SR UDO GHOO (HJJ G P RW



& DSLWO ,, 5 LVXOMDW GHOO VS HULP HQWD] LRQ H

6 LP X(D] LRQ Qf

XA =0;
yA=0;

xB =4;
yB=3;
phiA = pi/2;
phiB = 0;
kA =0;

kB =0;

%(pseudo - ottime se etal=eta2, eta3=
traiettoria simmetrica)

etal = 2;

eta2 = 2;

eta3 =5;
etad= -5
VA = 0.25;

vB =0.5;

vAp = 0.01;
vBp= -0.01,
thetaA = pi/2;

thetaB = 0;

-eta4 condizione di



& DSLWO ,, 5 LVXOMDW GHOO VS HULP HQWD] LRQ H

WA =0;
wB = 0;

/ HJJ G FRQ WWROO RSHQ (RRS RWWQ X WH



& DSLWO ,, 5 LVXOMDW GHOO VS HULP HQWD] LRQ H

6 LP XD] LRQ Qf

XA =1,

YA =2;

xB= -4

yB= -3;

phiA = pi;

phiB = pi;

kA = 0;

kB = 0;

%(pseudo - ottime  se etal=eta2, eta3= - etad
condizione di traiettoria simmetrica)
etal = 2;

eta2 = 2;

eta3 = 5;

eta4 = -5;

VA = 0.25;

vB =0.01;
vAp = 0.01;
vBp= -0.01;



& DS LWR O 5 LVXOMDW GHOO VS HULP HQWD] LRQ H

thetaA = pi/2;
thetaB = 0;
WA =0;

wB =0;

/ HJJ G FRQ WWROO RSHQ (RRS RWWQ X WH



5,68/ 7%7 69 ,/ 8 33 |,

TX HVW  WHV V G LVF X VW VLVWH P G FRQ WUR OO H O QDYLID] LRQ
DX WRQR P G X : KHHH 0 RELO 5 RERW URER P RE LO G X L UXRW
6 VWOW DIl URQ WDW O S URE CHP DWFK UHDWY D IXQ] LRQ DP HQW GHJ
DQ) R ULWP G J HQHUD] LRQ GHOO WUD LHWWR UL QH FDV UHDO H L

SDUWFR®MUH TX LQGL QH FRQ WHVW 5 RER & XS DSS OFDQG O P HWRGR®RIJL

FRQWJROO LWHUDWYR LQYHUVLRQ GLQDP LFD D URER SR UWHU * DAY URQ 6

VWW DQDOl] DW GLYHUV SR OMLF K G ULSLDQLI LFD]LRQH 8 QD YRON WRYDW

TX HOO FK RQ VHQ WY URER G VHJ X LU O WUDLHWW UL LP SR VWOW L

P DQLHU VRGG LVIDFHQW V VWW LQGLYLGXDW O RQ G L] LRQ DJ HVWJHP

SL FULMWFK SH O QDYLID]LRQH

9 LVW O ERQ W GH ULVXOMDW RWWQXW V VWW JHWWW O EDVL SH (0]

VS HULP HQWD] LRQ \% QXRY URER DWWFF DQW G LIHQVRU (e} F X

VWXWWUD SURJHWWW SH FRQ VHQWUJ G VHJXLU XQ FAOVVW SL DP SL G

WUDLHWW ULH FRQ VHQWUHEE G RWWQHU S UHVW] LRQ DQFRU VXSHULRUL F

VLP X D] LRQ DP ELHQW 0 DWDE
$ QFK FRGL UHDOl] DW H * DADYU UHVHQW QR WHYR P DUWLQ G
P LJORRUDP HQWR $ HVHP S L \Y SR VWV VLFX UDP HQW ULG LVHJ QDU J

DQ) R ULWP G G HF LVLRQ GH S DUDP HW G J HQHUD] LRQ GHOO WJUDLHWW ULH

VS HF LDOl] DQGR DV D SDUWFR U UXRO VYRON GD URER H DOO

YDUL VWDWJIL G JLRFR



% ,%/ ,2 * 5 %) ,9%
0 0 DQDUD ~$ UFKLWWWU LWHP P RYLP HQW] LRQ G UROCQ
UBRERWI 7 HV G DXUH L LQJHJQHUL P HFF DQLF 8 QLYHUIW G
3DUP D , WO
* & DP SLRQ * %DVW DQ % $ QGUpD1 RYHO ~ 6 WXFXUD
3 URSHML DQ & MVMILFDWR R IQP DW DQ ' \QDPL 0 RGHO R
KHHM 0 RELO 5 RERWQ 7 UDQVDFWRQ 5 RER WF DQ

$ XVWVRP DWRQ YRO 1 ) HE UX DU

% & DUWHU H DO 3 * DOOQRD ~0 HKDQLFD ' HW DQ 0 RGHAQ R D
2 P QL GLUHAWRQD 5 RERFX 3 M\ HUp HSDUW HQ R 0 HFKDQLFD
( QJLQHHULQ 2 KL 8 QLY HUVLW 8 6% " HSDUW HQ R
,QQR YDW L 0 HFKDQLF DQ 0 DQDJHP HQ 8 QLYHWLW R
3 DGRYD ,Wa

0 5 RP DQR & RQWROO LWAUDWY LQYHWMRQ  GLQDP LF H O
QDYLID] LRQ  DXVRQRP WRER P RELMp 7 HV G DXUH L
[QJHJQHUL LQIRUP DWF 8 QLYHUVIW G 3 DUP D , WO

$ XUHOL 31ID]] L & * XDUL / %LDQFR 0 %HUWRI] L $ ) DVFLROL

$ %URJ L ~ 4 XLQW *

VS aQ IR W ,WUDWY 6WHIQ R 9 LVIRQ



EDVH $ XVKRQRP RX 9 HKLFOWL 7 UDQVDFW. , QWHUQ DWRQ D
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