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<\ _ " _gb

dimZevghklv |l fubkke "~h\Zgby

‘\IhfZlbaZpby mijZ\e _gby Z\lhfh[be f jZkkfZIjb\Z _
\j fy dZd h~bg ba dexq_\uo iml_c ih\ur_gby [_ahiZk
"\b®_gby b wnn_dlb\ghklb nmgdpbhgbjh\Zgby ljZgkih]j
"Zgguf Fbgbkl _jkI\Z Tjzgkihjlz KR: hdheh
"hjh gh ljZgkihjlguo ijhbkr_ _kl\bc h[mkeh\e _gu hrb[dZfL
Jhkkbckdhc N_"_jZpbb \ ]h*m hdheh >L1 ijhba
\h~*bl_e_c¢c qlh ih*gzjdb\Z_1| \ukhdmx agZqgbfhklv q_eh
hl_ki_qgq_gbb [_ahiZzkghklb "\b"_gby > @ :\lhghfgu_ Ijz
\ukhdhz\lhfZlbabjh\Zggu _ b [ kibehlgu_ Z\Ihfh[b
kms kI\ _ggh kgbablv \ebygb g _eh\ g _kdh]h nzZdlhjZ b
mf_gvr_gb_ Z\Zjbcghklb b qgbkez "~ _jI\ \ ~hjh gl
ijhbkr_kl\byo Bkke ~h\Zgbyfb \ KR: k" _eZg ijh]jgha h
\g_"j_gb_ Z\lhghfgh]h [IjzZgkihjlz d ]JhAm fh" |
wdhghfbg_kdhfm wnn_dIm ~h fej® "heezZjh\ KR: \ ]h™ a
gbkez Z\Zjbc khdjZs_gby azZlhjh\ bih\ur_gbyijhba\h”bl

GZjy*m k ih\ur_gb_f[_ahiZkghklb [_kibehlgu_ Z\Ihf
"hkimighklv ljZgkihjlguo mkem] “ey ebp h]jZgbqg_ggl
khklhygbx a®hjh\vy \ \hafh ' ghklb kZfhklhyl_evgh]h mijZz
glh ih\urZ | khpbZevgmx \hle g _gghklv b fh[bevghklv
1jZdIbdZz hjl]zgbaZpbb ~hjh gh]h “\b" _gby hjb_glbjh\Zz
wnn_dlb\ghklb bkihevah\Zgby mebqggh “hjh ghc k_Ib
Z\IhfZlbabjh\Zggu _ kbkl_ fu mijZ\e _gby "\b® gb
hilbfbabjh\zZlv j_ "bfu jZalhgZ b Ihjfh  _gby hilbfZev
kdhjhkl _c b "bklZgpbc \Ilhfgbke_ gZ ih\hjhlZo b ijb kh\
glh kihkh[klI\m _| kgb™ _gbx aZlhjh\ b ih\ur_gbx ijhimkd
"hjh ghc bgnjZkljmdImju

celhjblfbg_kdzy ]b[dhklv j_r_gbc ijbf_gy_fuo
Z\lhghfgh]h \h™* _gby h[mkeh\eb\Z | \hafh ghklv i_j ¢
f Ih~h\ \ kf_"gu_ h[eZklb Ih”oh”u d ieZgbjh\Zgbx
mijZ\e _gbx “\b" _gb_f hljZ[hlZggu_ gZ Z\lhfh[bevghf |



[ulv Z~Zilbjh\Zgu 7~ey fh[bevghc jh[hlhl_ogbdb eh]b
ohayckI\Z Jhjgh”h[u\Zxs ¢ ijhfure_gghklb b wdkiemz:
mkeh\byo hiZkguo ey q_eh\ dZ ebd\b”"Zpby ihke _
kblmzZpbc b 7j LZdbf h[jZahf bkke_"~h\Zgby \ hJe
ljZgkihjlz h[ez~Zx] f_"hljZzke \uf o0Zjzdl_jhf b bf_
1jZdlbg_kdmx agZqbfhklv

ljb wlhf ih\ur_gb_ mjh\gy Z\lIhfZlbaZpbb IljZgkihj
Ij_~ty\ley | "zkldb_|j [h\Zgby d dZq_klI\m \uiheg _gby Ij.
>ey h[_ki_q_gby [ _ahiZkghklb b dhfnhjlZ g _h[oh”bfh ql
"bgZfbq_kdb j_Zebam_fhc k Thqdb aj_gby fh™_eb Z\Ih
"himklbfu_agZq _gby djb\bagu ihi_j qgh]h mkdhj _gby |
lzd"_ ]1ZjZglbjh\ZeZ \u”™_j b\Zgb_ azZ”Zgguo ]jZgbp ih
[ ahiZkguo jZkklhygbc ~h ij_iylkl\bc Nhjfbjh\Zgb_1Z
ihfhsvx kbkl_f mijz\e_gby ~\b"_gb_f ljZgkihjlguo kj_*
\j_f_gb \ mkeh\byo keh ' ghc “hjh ghc h[klZgh\db y\ey_
gZmggh | _ogbg_kdhcaZ”Zqg_c

< "bkk_jlZzpbhgghc jZ[hl_ jZkkfzZljb\Z _Iky az”
leZgbjh\Zgby b bkiheg_gby |jZ_dlhjbb "\b" _gby [_kibel
mkeh\byo Jhjh~rkdhc “hjh ghc kj_~u GZ \oh” azZ”~Zqgb il
ihehku "\b" _gby iheh _gb_ b ]Z[Zjblu klZlbqgq_kdbo ij_
khklhygb Z\lhfh[bey b hihjgZy ebgby "\b" _gby Lj_[m
bkihegylv |jZ _dlhjbx dhlhjZzy h~gh\j_ f ggh g_ \uoh
A"himklbfh]lh dhjb”hjzZz 2~\b" _gby h[_ki_qgb\zZz_1 [_ahi.
ij_iylkl\bc m~h\e_I\hjy_ | h]jZzgbg_gbyfgZ djb\bagm b ko
\ugbkey Iky az \j_fy ~himklbfh_ ey jZ[hlu [hjlh\hc kbk
j_Zevghf\j_f _gb

DjzldZy oZjzZdl_jbklbdzZz jZa\blby kbkl_f Z\Ihf
mijZ\e _gby "\b" _gb _f

< Jhkkbb hkgh\zZl_e f bkke_"~h\Zgbc \ h[eZklb Z\Ih
mijZ\e _gby "\b" _gb_f Z\Ihfh[be_ ¢ :KM> y\ey I|ky ijhn
knhjfbjh\Z\rbc \ ]h*m gh\h_ gZijZz\e_gb_ \ I _hjb
k\yaZggh_ k \g_7j_gb_f \ Z\Ihfh[bev kbkl_f Z\IhfZlbqg
"\b _gb_f gZ hkgh\_ kj_~kI\ I _ogbg_kdh]h aj_gby >
agZqbfuc \dez”™ \ jZa\blb_ |_hjbb b ijZzdlbdb Z\IhfZlb:



"b' _gb_f Z\Ihfh[be_c \g_keb hl_qg_klI\_ggu_ ki_pbZebk
F < GZ]Zcp_\> @ K < ;Zofmlh\> @ < < ?\]jZnh\ > ¢
| : <Zkbg > @ D K Ydhle \ > @ :: :g”j_cqmd >
dhee _dlb\u N=MI ©OG:FB?2 NBP BM J:G \ "msbo
mgb\ _jkbl _Ih\ bijhfure _gguo dhfiZgbc

BN y khanrzZgby iheghklvx Z\lhghfgh]h Z\Ihfh[bey [ue
g _kdhevdh » _kylbe Ibc gZazZ” b ijhreZ imlv hl dhgp _ipb
nZglzZklbd_ ~h wdki_jbf _glZevguo b hiulgh ijhfure _ggt

+ _lhAu\ ?2\jhi_[uej _Zebah\Zgijh _dl (85(.$ 352
jzfdZo dhlhjhlh ih~ jmdh\hAkI\hf W  >bdfzZggkZ
wdki_jbf_glZevgu_ Z\lhfh[beb 9D03 b 9,7$ ijh~_fl

IjbgpbibZevgmx \hafh ghklv Z\lhghfgh]h ~\b" _gby ih
Z\lhkljz~rzf k \uiheg_gb_f i_j _kljh_gbc b h[]hgh)
kms_kI\_gguc \dez”™ \ jZa\blb_ Z\lhghfgh]lh I|jZgkihjl.
6WHYHQ O /D9DOOH &ODLUH - 7RPOLQ G6HEDVW
aZjm[_"guo bkke "h\Zl e ¢ azZgbfZ\rboky azZz~ZqZfb ie
\hkijbylby b mijZ\e_gby > 2 @

< gZklhys__ \j_fy \' fbjh\hc b hl_qg_klI\_gghc ijZdlbd_
ki_dlj kbkl _f gZklbgghc b \ukhdhc Z\IhfZlbaZpbb mijZz
ljZgkihjlguo kj_"~kI\ LK \dexqZy ijh"\bgmlu_ kbkl_ fu i
$GYDQFHG '"ULYHU $VVLVWDQFH 6\VWHPV $'$6 kb
ZN"Zilb\gh]l]h djmba dhgljhey m”~ _j"Zgby \ihehk_ jh[hlZc
dZzd Z\lhfh[bevgufb dhgp_jgZfb 1Zd b | _ogheh]bqg_k
Dhgdj_lgu_ZelhjblfuieZgbjh\Zgby b ] _g_jZpbbljZ_dlhj
kbkl_fZo \ [hevrbgkl\_kemqgzZ_\jZajZ[hlgbdZfb b ijhba\l
jZkdju\zZxlky b y\leyxlky bo dhff_jg_kdhclZcghc

<Z gh Izd _ hif_Iblv qglh ijZdlbdZ wdkiemZlZpbb
\h~bl _ex Kli< ihdZaul\Z_ | gqglh wnn_dlb\ghklv jZ[hlu
ijhba\h~bl_e_c¢c agZgbl_evgh hlebqz_Iky hl aZy\e_ggh
dhgkljmdlb\gu_ g _"hklzZldb azZjm[_"guo kbkl _fKI< g _[e
wdkiemZlZpbb hkh[_ggh \ Jhkkbckdhc N_~ jZpbb klZg
wnn_dlb\ghklb bo jZ[hlu qlh fh™ | ijb\h~blv d ~hjh gl
ijhbkr_klI\byf

ljh\_~ ggu_ bkiulZgby ihdZaZeb > @ qlh ijyfh_ ij



Zelhjblfh\ mijzZ\e _gby “"\b" _gb_f b ijh]jzffgh]h h[_ki_q_
KiI< g_ h[_ki_gb\Z_ | g_h[oh”bfhc \ukhdhc IThgghklb ih f.
Z\Ihfh[be_c¢c wnn_dlb\ghklb b gz~ "ghklb bojZ[hlu

< qZklghklb \ jzZ[hl_ > @ jZkkfzZljb\Zebkv Ibi
klhedgh\ _gbc ijb jZaebgguo kdhjhklguo j_"bfZo b \ mke
"ey wdkiemZIlZpbb \ Jhkkbckdhc N_"_jZpbb baghr_gg
jZaf_ldZ aZ]ljyag_gb_ eh[h\h]h kl_dezZ hkz~db Im:
hk\ s gghklv I1hdZaZgh qglh nZdlbg_kdZy wnn_dlb\gt
Zdlb\ghc [_ahiZkghklb \ mkeh\byo [ebadbo d b Zev
ihjyrdZz ij_"hI\j]Zs_gguo Ibih\uo klhedgh\_gbc Ih]*"Z
"ey itheghnmgdpbhgZevgh]h dhfie_dkZ \ khihklZ\bfuo n
Ahklblgmlh ~h Wlb "Zggu_ dhebq_kI\_ggh ih~I\_j ",
aZy\e _gghc b "hklb]Z _fhcgzZijzZdlbd_wnn_dlb\ghklvx b
mdZau\lzZxl gZ jbkdb ™ _1jZ*"Zpbb lhgghklb ke_~h\Zgby fZj

Baeh _ggh_ ih”qzjdb\Z_| ZdlmZevghklv ~Zevg_
ZdzZ™ fbq_kdbo bkke "~h\Zgbc gZijZ\e _gguo gZ jZajZ[h
\hkijhba\h~*bfuo f_Ih*h\] _g jZpbbljZ _dlhjbc

Kl i _gvijhjz[hlZgghklb | fubkke_ "~h\Zgby

AZN"ZqZ ieZgbjh\Zzgby b ]_g_jZpbb IjZ_dlhjbb ~\b
Z\Ihfh[bey dZd ijZ\beh j_rzZ_Iky k bkihevah\Zgb_f h~g
g _kdhevdbo deZkkh\f Ih"h\ ~bkdj Iguo j_rzlhgguo b ]
hkgh\ _ \u[hjdb VDPSOLQJ EDVHG hilbfbaZpbhgguo 1
hkgh\Zgguo gZ hfmg_gbb > @

F_Ih~u “bkdj_lgh]h ihbkdZ iml_c 1Zdb_ dzd Ze]hjt
fh*bnbdzZpbb \dexqgqzZy f_Ih® ieZgbjh\Zgby ih [_ahiz
bgl j\Zezf 6DIH ,QWHUYDO 3DWK 30DQQLQJ h
dhgnb]lmjZpbhggh]h ijhkljZzgkl\Z eb[h ijhkljZgklI\Z kh
MdZaZggu_ f_Ih”™u h[_ki_qb\zZxl gzZ”~z gh_ ihkljh_
bkdexqZxs_]h klhedgh\_gby \ Ihf gbke_ \ mkeh\byo ke
"bgZfbg_kdhc h[klZgh\db Bo ij_bfms_klI\hf y\ley Iky |
nhjfZebah\ZggZy | _hj _Ibq_kdZy [ZaZ Z 1Zd _ \hafh g
] hf ljbg_kdbo h]jZgbg_gbc gzZdezZ”u\Z_fuo ij_iylkl\
kj_"~u <f_kl_k I_f 1jZ_dlhjbb “"\b"_gby nhjfbjm_fu_ k
"bkdj_lguoihbkdh\uo Ze]lhjblfh\ dZdijZ\beh bf_xldmkl



dmkhqgh ]JeZrdbc oZjzdl_jblj_[mxlihke_~mxs_cijhp_~
h[ ki _q gbydbg fZlbg _kdhc b *bgZfbq_kdhcj Zebam_
gZ djb\bagm [jZ _dlhjbb ihi_j qgu_ mkdhj_gby b ih
"\b® _gby \ ihA*h[Jguo f_Ih*"Zo mqgblu\Zxlky g _y\gh et
ijb[eb zgghc nhjf_ ljb bkihevah\Zgbb j_r_lhgguo
ijhkljzgkl\Z khklhygbc mqgzl ]1Z[Zjblh\ ljZgkihjlgh]h K]
liZgbp thehku "\b" _gby aZqgZklmx j_Zebam _ |ky ihkj_ 2l
jZkrbj _gby ij_iylkl\bc qlh ijb\h~bl d ba[ulhgghfm
ithemqZ _fuo j_r _gbc b dzZd ke _"kl\b_ kgb  _gbx ijhim
ljZgkihjlgh]hihlhdZ

F _Ih~u ieZgbjh\Zgby “"\b" _gby hkgh\Zggu_gZ klho
dhgnb]lmjZpbc f_Ih?”u gZ hkgh\_ \u[hjdb lZzdb_ dzd
bkke "mxsbo kemqgZcguo ~ _j \v_\ ihemqgbeb rbjhdh_
j_r_gbb azZz”*Zq ihbkdZ |jZ_dlhjbc \ \ukhdhjZaf_jguo
ijhkljZzgklI\Zo b \kj _~Zo khkeh ghc]_hf _Ijb_cijhoh”bfhc
"Zgghc ]Jjmii_ hlghkylky \ gqZklghklb Ze]lhjblfu 557 ¢
fhrbnbdZpbb hjb_glbjh\Zggu_ gZ “"\mgZijZ\e _gguc ihl
"hklhbgkl\hf mdZaZgguof Ih*h\y\ey Iky h[_ki_qgq _gb_\_
lh _klv ]ZjZglbb gZoh » _gby "himklbfhc IjZ_dlhjbb ijb
\u[hjd_ijhkljZzgklI\Z khklhygbc > @ <f_ kl_ kIl _f"rZgq
1jZ\beh g_ h[_ki_gb\zZxl Ij_[m_fh]l]h mjh\gy ]JezZz”~dhklb
ithal\heyxl gZijyfmx mqgblu\Zlv h]jZgbg _gby k\yaZggu _
"bgZfbdhc Z\Ihfh[bey < j _amevlZl_ ihemqgz fu_1jzZz _dlIr
baehfzfb b j_adbfb baf_g_gbyfb djb\bagu glh
g_ihkj_~klI\_ggh_ bkihevah\Zgb_ \ kbkl_fZo mijZ\e_g|
"bgZfbg _kdbo h]jZgbg _gbc b | Zebklbg_kdhc dbg_
ljZgkihjlgh]lh kj_~kI\Z \ jZfdZo f_Ih~h\ gZ hkgh\_\u[h
mkeh gy | ihklZgh\dm azZz”~Zqb b dZd ijZz\beh ijb\h”bl d
\ugbkebl _evguo azljzl > @ |Ih wlhc ijbgbg_ [jZ _dlhj
lZdbfb ieZgbjh\sbdZfb \ [hevrbgkl\_ijZdlbgq_kdbo kb
\h™~ gby Ij_[mx|] “hihegbl_evghc i_j _jZ[hldb k bkihev
kleZ b\Zgby beb hilbfbaZpbb hjb_glbjh\Zgguo gZ ih\ur
j _Zebam_ fhklbbdzZq_ kI\Z mijZ\e_gby > @

HilbfbaZpbhggu_  f Ih?”u ieZgbjh\Zgby [|jZ _dlhj



ljZgkihjlgh]h kj_"kI\Z \dexqgqZy f Ih~ ufh”_evgh ij_~bdlb
ihklzgh\db az~Zq d\zZ”*jZlbqggh]h ijh]jZffbjh\Zgby iha\he
\'p_e \hcnmgdpbb b kbkl _f_ h]jZgbg _gbc |j [h\Zgby d
dijb\bag_1jZ_dlhjbb \_ebqgbg_ihi_j_ggh]h mkdhj_gby

k\hckl\Z Z\lhfh[bey > @ Ih~h[gu_ ih”oh”u ihem
jZkijhkljZg_gb_\kbkl fZo Z\IhfZlbg_kdh]h mijZ\e _gby 7
h[_ki_gb\Zxl nhjfZebazpbx |j_[h\Zgbc dhfnhjlZz mi

[ ahiZkghklb\\b”_ kljh]bo fZl _fZlbqgq_kdbo djbl_jb_\>
ijb wihf y\ey Iky ij _~klZ\e_gb_|jZ _dlhjbb "\b" _gby \ \b
ithebghfbZevgufb nmgdpbyfb eb[h kieZcgZfb \ Ihf gbke
hl_ki_qb\Z_ I \ukhdmx JezZz~dhklv IjZ_dlhjbb b g_ij_ju\gh
ih ijhkljZzgkl\_gghc dhhj*bgzl_ > @ MdZaZggu_ k\h
kdZau\lZxlky gZ dhfnhjl_ ~\b" _gby b mjh\g_ "bgZfbqg_Kk
we_f_glh\ oh”h\hc gzZklb zZ\Ilhfh[bey H”gZdh ijb bkihe
1ZjZf_ljbazZpbc dhgljhev djb\bagu IjZ_dlhjbb b jZkklhygl
"\b' _gby dzdijzZ\beh hkms_kl\ey |ky dhk\ _gguf h[jZah
dhgljhevguo lhg_d beb dhwnnbpb glu Ziijhdkbfbjmxsb
j_amevlzl_ \hafh gu ehdZevgu_ij \ur_gby “himklbfuo a
ihi_j_ggh]h mkdhj_gby Z 1Zd _ kgb _gb_ lhgghklb \u”_
ljZgkihjlgh]lh kj_~kI\Z hlghkbl _evgh "hjh ghc jZaf_Idb I
keh'ghc ]_hf_Iljbb ~hjh gh]h dhjb*hjZz beb gZet
ijhkljZgkl\ _gguo h]jZgbg _gbc
<ihke_ _"gb_]h?u Zdlb\gh jZza\b\Zxlky f _Ih~u hkgh\Zz
hfmg_gb_ k mgbl_e_f h[mq_gb_ k ih~Adj_ie_gb_f bfbl.
lZzd" _ ]b[jb~gu_ ih”oh”u khqg_IlZxsb_ deZkkbqg_kdb_ Z
hilbfbaZpbb k h[mqgZ_ fufb dhfihg glZfb <wlhfgZijzZ\e d
jZ[hluih Ze]lhjblfzf32/$03 3ROLF\2SWLPL]DWLRQ WK
SULPLWLYHYV > @ ))6WUHDPV )DVW 6HDUFK ZLWK
30DQQLQJ > @ Z |1zd _ bkke_"~h\Zgby D K Ydh\
dhgnebdlgh hjb_glbjh\Zgghfm b bgl j\Zevghfm 1ieZghb
]jmii fh[bevguo Z] _glh\ \ gzZklghklb f _Ih*u &RQIOLFYV
fh*bnbdZpbb h[ _ki_qb\Zxsb_ jZaj_r_gb_ ijhkljZgkl
dhgnebdlh\ijb dhhj*bgzZpbb fgh  _kI\Z Z]_glh\\ h[s_fjZ]Jl
> 2 @ >Zggu_ f Ih™ru ~ _fhgkljbjmxl \ukhdmx zZ”~Zilb\g!



"bgZfbqg_kdb baf_gyxs_cky h[klZgh\d_ h”gzZdh Ij_[mx] &
h[mgZxsbo "Zgguo keh gu ey nhjfZevghc \ _jbnbdZp
h[_ki_gb\zZxl kljh]l]bo ]ZjZglbc ih djb\bag_ 1jZ _dlhjbk
dhfnhjlghklb b kh[ex® _gbx ]Z[Z]jblguo h]jZgbqg_gbc \ h[s_

ljh\_"*zgguc ZgZeba ihdZau\Z_1| qlh kms_kl\mxsb_ il
ljZ_dlhjbb ~\b " _gby [_kibehlgh]h ZzZ\lIhfh[bey h[ezZ"Z
kms_kI\_ggufb g_7~hklzldZfb b h]jZzgbg_gbyfb \ d
jZkkfzljb\zZ _fuo\~bkk_jlZpbhgghc jZ[hl_

t g _~hklZlhggh kljh]bc mqgzl ] _hf _Ijbg_kdbo b ~bgZfk
Z\Ihfh[bey djb\bagz 1jZ_dlhjbb ~\b'_gby ihi_j c
1Z[Zjblu ijb]ZjZglbjh\Zgghfm~ j*Zgbb\]jZgbpZo ih

T g _h[oh~bfhklv fgh]hklmi_gqZlhc h[jZ[hldb ihbkd i
ihke ~“mxsZy ijh\_jdZz [ a _“bghc nhjfZebah\Zz
ihklZgh\db glh mkeh gy | ZgZebab gZkljhcdm Ze]hj

T h]jZzgbg_ggu_ \hafh ghklb ih y\ghfm mqgzIm k\h[h”g
klZlbgguo ij _iylkl\bc \ jZfdZo j_ r _gby “bghc azZ”~Z
ijb]h*"ghc "eyj_ZebazZpbb\j_"bf_ [ebadhfdj_Zevgh

¥ g_"hklzZlhggZy Zijh[Zpby Ze]lhjblfh\ \ mkeh\byo
j_Zevghc wdkiemZlZpbb \dexgZxsbo dzZd bfblZpbhg
"hjh gu_ bkiulZzgby gZ nbabq_kdhf Z\Ihfh[be _

MdZaZggu_ g_"hklzldb b h]jZzgbqg_gby kh\j_f_gguo
"b® _gb_f[_kibehlguo ljZgkihjlguo kj_~kI\ ;LK hij_~_e
ih dhlhjuf p_e_ khh[jZagh jZza\b\ZIlv f _Ih”u ] _g jZpbb Ij
e Zl\hkgh\_az”~Zq j_ rZ _fuo\gZklhys c*bkk _jlZpbhg

<u[hj\ihevam \uimdehc hilbfbaZpbb \ dhhj*bgZIlZo
| f glh "Zgguc ih?”oh” iha\hey | h[t_“bgblv \ h*ghc ihkl
dhlhju_\ ba\_klguo ko fZo qZklh j rZxlky jZajhag gt
hljZgbg_gby “hjh]b h]jZgbqg _gby gZ mijZ\ey fhklv b Ij_
ljZ_dlhjbb 1h kjz\g_gbx k "bkdj_Ilguf ihbkdhf b VDPSO
ij_"ezZ]Z_fuc ih"oh™ mf_gvrZ_| h[t_f ihklh[jZ[hldb b h[
ij_"kdZam_fh_ \j_fy jzZzkq_l1Z Ih kjzZ\g_gbx k h[sbfl
ithklZgh\dzZfb hg ~Z_| [he__ mklhcgb\mx \ugbkebl_ev



[hjlh\h]h ijbf g gby azZ kq | j r _gby az”~Zq d\Z~jZIbqggh]
43

<u[hj gZijZz\e _gby bkke_ "~h\Zgby IZd _ h[mkeh\e g |
\g_"j_gby ZelhjblfZz \ j Zevguc dhglmj :KM>GD\IOHYNY®
djblbggu h~gh\j f ggh [_ahizZkghklv \hkijhba\h”bf
ZelhjblfZz b h]jZzgbg _gguc \ugbkebl _evguc [x* _|I

ljb ijZdlbg_kdhc | ZebaZpbb kms_ klI\mxsbo ih~"
iIjhyleyxlky ke _"mxsb_ h]jZgbg_gby “ey ]jZnh\uo b j r_
aZ\bkbfhklv dzZq_kI\Z hl ~bkdj _IbaZpbb b g _h[oh”~bfh
kleZ b\Zgby 7~ey VDPSOLQJ EDVHG f_Ih~h\ 2 \ZjbZIb\
\j f gb b keh 'ghklv y\gh]l]h mq_1Z "bgZfbq_kdbo h]jZg
g ebg cguo hilbfbaZpbhgguof Ih*"h\2\ukhdZy \ugbkeb
gm\kl\bl _evghklvdgZgZevghfmijb[eb _gbx

lj_~rez]Z fuc \ jZ[hl_ih”~oh” 1Zd _ bf_ I h]jZgbqg_gb
1j_"~ithezZ]Z_lky “hklh\_jgZy ehdZebaZpby b dhjj_dlgZy
dhjb~hjz \ [Zah\hc ihklZgh\d_ mgblu\Zxlky ij_bfms_ k|
Ij _1ylkl\by bkihevam fZy ebg_ Zjbah\ZggZy fh™ _ev dhj
lj [mMmxsboy\gh]hmqg |Z kjul\Z kp _ite_gby b bgl _gkb\gh]h
ijb jZkrbj_gbb ]hjbahglZ b gqbkeZ h]jZgbq_gbc \hajZz
43 azZz”"Zqgb qlhlj_[m_I*hihegbl_evghc gZkljhcdb b hilbf

< jZ[hl_ jzZzkkfzZljb\Z _Iky ~“\b"_gb_ \ mkeh\byo g¢g_
N 1jZ2Zpbb \hkijbylby b kp_iguo k\hckl\ ihdjulby kmohc
ZknZevlh|[ _lhg Baf_g gb_ dhwnnbpb _glZ kp_ie_gby
k _gkhjh\' b bgu_nzZdlhju mom”~r_gby \bAbfhklb hlighkylk:
hl _ki_q_gby nmgdpbhgbjh\Zgby ih”"kbkl_ _fu \hkijbylb:
"bkk_jlZpbb g_bkke_ "mxlky



P_evx jZ[hly\ey |ky jZajzZ[hldZ b wdki_jbf _glZevgZ2Z)
ZelhjblfZz ehdZevgh]lh ieZgbjh\Zgby 1jZ_dlhjbb ~\b"
ljZgkihjlgh]lh kj_~kI\Z h[_ki_qb\Zxs_]h ihkljh_gb_]eZ
j_Zebam_fhc b [_ahizZzkghc IjZ_dlhjbb "\b"_gby \j_Zevg
hljZzgbg_gbc gzZdezZ~u\Z_fuo ]_hf_Iljb_c ijh_a _c¢ gqZkl
"\b' _gbybgZebgb_ fklZIbg_kdboij_iylkl\bc

lj _ "eZ]Z fuc Ze]lhjblf gZijZz\e g gZ h[_ki_g_gb_ ~\b
azZz”"Zgghc ihehku k \hafh'ghklvx fZg \jZ [_ahiZkgh]h
kgb™ gb_ baf _g _gbc djb\bagu 1jZ_dlhjbb b ih* _j Z
"bgzZfbq_kdbo iZjzf_Ijh\ "\b" _gby ;LK Ihkljh_gb_ |jZ_
hkms_ kl\ey |ky gZ hkgh\_ iZjZf_ljbah\Zgghc dbg_1
Z\Ihfh[bey b nhjfmebjm _Iky dZd aZ”~ZqZ \uimdehc hilbfh
wnn_dlb\gh_ gbke_ggh_ j_r_gb_ \ jZfdZo h]jZgbq_ggl
[x*" 1Z khhI\_Ikl\mxs_]h Ij_[h\Zgbyf d [hjlh\uf kbkl_f
JZajzZ[Zlu\Zz_fh_ j_r_gb_ ~he gh h[_ki_qgb\zZlv Z~ZilZpb
djb\hebg_cghc ] _hf_Ijbb ~hjh]b mqgblu\Zlv ]Z[Zjblu
baJulhqgh]h m\ _ebqg _gby \ugbkebl _evghc gZ]jmadb
"MbT_gb_fbA2 _fhgkljbjh\Zlv mklhcgb\hklv bijbf_gbfhklv
\ mkeh\byo Jhjhrkdhc “hjh ghc kj_~u >ey ~hklb _gby
g_h[oh”bfh j_rblv ke _&7ArXAdb_

ljh\_klb ZgZeba b dezZkkbnbdZpbx kms_kl\mx:
] _ g _jZpbb |jZz_dlhjbc "\b _gby \ukhdhz\lIhfZlbabjh\Zgg
ljZgkihjlguo kj_~kI\ \uy\blv bo h]jZgbg_gby b hij_
g_"hklzZlhggh]h mqg_I|Z ]_hf_Iljbb ljZgkihjlgh]h kj_"klI\Z
"bgZfbg_kdbo h]jZgbg_gbcgZ [ _ahiZkghklvbdZqg_ kl\h~“

JZajZ[hlZlv mkh\_jr_gkl\h\Zgguc Ze]hjblf \uiheg
"\b'_gby Z\lhfh[bey gZ hkgh\_ hilbfZevgh]h mijzZ\e_g
nmgdpbhgZe "ey hilbfbaZpbhb

JZajzZ[hlZlv mkh\_jr_gkl\h\Zgguc Ze]hjblf ]_g_j
ljZ_dlhjbb "\b"_gby Z\Ihfh[bey k mg_lhf*hjh guo h]jZgb
"\b _gby gZ hkgh\_ dhf[bgZpbb ]J]_hf_Ijbg_kdbo b hilbfb
thbkdZ imlb Knhjfbjh\ZlvnmgdpbhgZe *ey hilbfbaZpbb



JZajZ[hlZlv b Ijh\_klb wdki_jbf _glZevgmx
ijh]ljZffghlh h[_ki_q_gby | _Zebamxs_]h ] _g_ jZpbx |
mijZ\e _gb_1jZ _dlhjb_c *"\b"_gby Z\lhfh[bey m~h\e_ I\h
Zdlb\ghc [ _ahiZkghklb h]jZgbqg_gbyf j Zevgh]h \J_f gl
dhglmj :KM>

ljh\_klb wdki_jbf _glZevgu_bkiulZgby jZajZ[hlZgc
j_Zevghf Z\Ihfh[be_ "ey hp_gdb “bgZfbqg_kdhc j_Zebe
lhgghklb \hkijhba\_* gby aZz”"Zgguo |jZ _dlhjbc b ih”I\_|
Zelhjblfth\ b IH ~ey bkihevah\Zgby \ bgl ee _dimZev
kbkl _fZo

H[t_dlIhf bkke_"h\¥gdbyw |ky Z\lhfh[bev ©OEZ~Z <_klZz?®
wdki_jbf_glZevghc kbkl_fhc Z\IhfzZlbg_kdh]h mijZ\e
\dexqZxs_cjZajZ[hlZzggu_Ze]hjblfu h[t_a”Zij_iylkl\bc \
kmqg |Ihfl dms_c”*hjh ghc h[klZgh\db

F _Ih*u bkke ~h\Zgby

L hj Ibg_kdb_ bkke ~h\Zgby hkgh\Zgu gZ f Ih”*"Zo
| hjbb ZzZ\lhfZlbgq_kdh]h mijZ\e _gby | _hjbb hilbfZev
fZzl_fZlbq_kdh]h fh~_ebjh\Zgby | _hjbb hilbfbazZpbb |
fZl _fZlbdb Wdki_jbf _glZevgu_ bkke_ ~h\Zgby hkgh
ijh\_~ gby \uqbkebl _evguo wdki_jbf_glh\ b ~hjh ¢
Z\Ilhfh[be ¢ Z1Zd _gZf |Ih~Zo h[jZ[hldbj_amevIZIlh\ bk

GZmqggZy gh)Ealhyla

lj_~eh” _g gh\uc f_Ih® bkke_"h\Zgby b jzZajzZ[hl
ke ~h\Zgby 1jZ _dlhjbb gZ hkgh\_ ebg_cgh]h fh~_
mijZ\e _gby < f _Ih”_ bkihevam_|ky hjb]bgZevguc djb
h[ _ki_qb\Zxsbc kgb™ _gb_[hdh\uo mkdhj_gbc kgb  _gb_
[he__ lThggh_ ke_"h\Zgb_ 1jzZz_dlhjbb ijb khojZg_gb
wnn_dlb\ghklb

JZajZ[hlZzg b bkke_ _"h\Zg memqr_gguc Ze]hjl
ljZz_dlhjbb \ ~ _dZjlh\hc kbkl_f_ dhhjrbgzl kizjzf_ljbqg_I



ke _"h\Zgby j_n_j_gkm b mf_gvr_gby djb\bagu |IjZ_dIhjl
gZjZ[him\j Zevghf\j f gb

JZajz[hlZg b bkke _~h\Zg Ze]hjblf h[oh~Z k\h[hAgt
ihehk _~\b> _gby iml_f nhjfbjh\Zgby \uimdeh]h iheb]hgZ
i r_gby az~Zq hilbfbazZpbb 1jZ_dlhjbb k mqg_Ihf h]jZgb
ijhkljZgkI\h

JZajZ[hlZg b bkke_~h\zZg Ze]lhjblf ihkljh_gby |jZ
Z\Ihfh[bey hkgh\Zgguc gZ ijbf_g_gbb \uimdehc hilbfl
dhhj*bgZl Nj_g_ dhlhjuc iha\hey | mqgblu\Zlv ]_hf.
Z\Ihfh[bey h]jZgbq_gby gZ djb\bagm IjZ_dlhjbb b
ijb_fe_fhc\ugbkebl _evghc keh ' ghklb h[_ki_qb\Zxsbc k
jZkg_lZ gZ pbdeiezgbjh\Zgby gZ Ilbih\hc [hjlh\hc ZiizZjZI

JZajZ[hlzg f_Ihn Zz~ZilZpbb dbg_fZlbqg_kdhc fzZI_
Z\lhfh[bey 7"ey bkihevah\Zgby \ fh” _evgh ij_"bdlb\q
fhr _evgh ij_"bdlb\ghc] g jZpbbljZ _dlhjbb

JZajZ[hlZgZ J[ehd ko_fZ Ze]hjblfZz fgh]lhkimi_g
ljZ _dlhjbb 1jbf_g gb_ ~Zggh]h Ze]hjblfZ iha\lhey | jZk
hit_a”Zij_iylkl\bc k kh[ex® _gb_ffbgbfZevgh [ _ahiZkgh]
b h[_ki_gblv \ukhdbc ihdZzazl_ev dzZq_kI\Z ]_g_jbjm_fh
jZaebgqguo “hjh 'guo mkeh\bc

JZajZ[hlZgh ijh]jZffgh_ h[_ki_g_gb_ j Zebamxs
mijZ\e _gb_I1jZ _dlhjb_c "\b" _gby Z\Ihfh[bey k mqg_Ihf hd,
h[klZgh\db

L _hj Ibg_kdZy agzZgbfhklv jZ[hlu

< bkke_ "h\Zgbb jZkkfzZljb\Zxlky hkgh\gu_ | _hj_1IDb
k\yvaZggu_ k ihkljh_gb_f kbkl_ f ehdZevgh]h ieZghbj
\ukhdhz\lhfZlbabjh\Zggh]h b [ _kibehlgh]hljZgkihjlZ

ljzdlbq_kdZy agZgbfhklvjz[hlu

JZajz[hlzgZ Zelhjblfbq_kdZy ko fZ fghlhkimi_.
1jZ_dlhjbb dhlhjZy fh> I[ulvbkihevah\ZgZ\khklz\_



rZ[ehg bgl_]jZpbb ieZgbjh\sbdZ h[_ki_qb\Zy bo
gZkljhcdm |_klbjh\Zgb_bi_j ghkgZ bgu_ ZiizZjZlgu

JZajzZ[hlZgh ijh]jzffgh_  h[_ki_q _gb_ j] _Zebam
mijZ\e _gby 1jZ _dlhjb_c¢ "~\b" _gby \ukhdhzZ\IhfZIL
[ kibehlgh]h Z\Ihfh[bey "ey hlke_"b\Zgbyj n_j gkg

JZajZ[hlZgh ijh]jzZzffgh_ h[_ki_q_gb_ j_Zebamx:
kKihkh[ ] _g_jZpbb IjZ _dlhjbb ~\b" _gby \ukhdhZ\Ihfz
[ kibehlgh]h Z\Ihfh[bey k mg_Ilhfhdjm Zxs_c ~hjh gt

Ebqguc \dezZ” Z\khjKahbl\Ihf qlhij_~klZ\e_ggu_j_amevl
Z\Ihjhf b ijb _]h g_ihkj_"kI\_gghf mqgzZklbb :\lhjhf |
jZajZ[hlZgZ Ze]lhjblfbq_kdZy ko_fZ fghlhklmi_gqZlhc ]
jZajZ[hlZgu b hleZ  _gu Zelhjblfu ] _g_jZpbb b ke_ “~h
Hkms_kl\e_gZijh]jzZffgZy j_ZebaZpby jZajZ[hlZgguo Ze
h[jZ[hldZ b ZgZeba "Zgguo gZIlmjguo bkiulZgbc knhjfn
j_dhf_g~Zpbb ih memqgr_gbx kihkh[h\ ] g jZpbb |jZ o
klZlbgguo ij_iylkl\bc \ ihehk_ ~\b ' _gby \ukhdhZzZ\lIhfZz
[ _kibehlgh]h Z\Ihfh[bey

J ZebaZpbyj_ameviZlh\jZ[hlu

JZajzZ[hldb bkihevamxlky \h N=MI ©G:FB?2
©Bgl ee _dimZevgu_ kbkl _fu2ijbijh\_~ gbb bkke ~*
kbkl fzZ\IhfZlbg_kdh]h mijzZz\e _gby "\b" _gb_f Z\Ihfh]

JZajZ[hldb bkihevamxlky HHH ©Bggh\Zpbhgguc p
ZgZeba_ f _Ih~h\ klJeZ b\Zgby b ihkljh_gby 1jZ _c
\ukhdhz\lhfZlbabjh\Zggh]h dhe_kgh]h 1ljZgkihjlgh
jZajzZ[hld_ i_jki_dlb\guo kbkl_f ihfhsb \h~bl_ex \
pbnjh\hf fhr _ebjh\Zgbb gZ \bjimZevghf ihel
©Bggh\Zpbhgguc p_gljD:F:A2 Z1Zd _ijb fh™ _ebjh\
"\hcgbdh\ kbkl_fmijz\e _gby "\b"_gb_fb Zdlb\ghc [_



GZaZsbIim\ughkylky

-e]lhjblf ke _~h\Zgby 1jZ_dlhjbb ~\b _gby gZ h
Z\Ihfh[bey

:e]lhjblf k]lJeZz b\Zgby |jZz _dlhjbb ~“\b" _gby \ ~ dZ
dhhj*bgzIl k izZjzZf ljbg_kdhc [ZeZgkbjh\dhc ke "h\Z
mf _gvr_gby djb\bagu |jZ _dlhjbb hjb_glbjh\Zgguc gZ |
\j f _gb

elhjblfh[oh”"Z k\h[h~Agh]hijhkljZgkI\Z ey nhjfbjh\
iheb]lhgZijhoh~bfhklbreyaz~rZqhilbfbaZpbbljZz dlhjbb
gZ k\h[h~gh_ijhkljZgkl\h

e]lhjblf iezZgbjh\Zgby [_ahizkghc 1jZ_dlhjbl
\ukhdhz\IhfZlbabjh\Zggh]h b [_kibehlgh]h Z\Ihfh[bey k
Ahjh ghc h[klZgh\db gZ hkgh\_ fgh]lhdjbl_jbZevghc
d\Z~jZlbqghc hilbfbaZpbb b fZI_fZIbgq_kdhc fh”_eb A\b’
dhhjrbgzZlZo Nj_g_ J amevlZlu bkke ~h\Zgby jZ]
wnn_dlb\ghklb Zelhjblfz

Dbg fzlbgq_kdb_  fh~_eb Z\lhfh[bey  ZAZilbj
bkihevah\Zgby \ fh” _evgh ij_~bdlb\ghf mijZ\e _gbb b fhA
] g _jZpbbljz _dlhjbb

;ehd ko _fZ Ze]hjblfzZz fgh]lhklmi_gqZlhc ] g _jZ
"\b _gby

ljh]jzffgh_ _h[_ki_q_gb_j Zebamxs__ Z\lIhfZlbq
ljZ_dlhjb_c "\b " _gby \ukhdhz\IhfZlbabjh\Zggh]h b [_kib
kmqg_Ihfhdjm Zxs_c*hjh ghc h[klZgh\db

ljh]jzffgh_ h[_ki_g_gb_ j Zebamxs__ hilbfZ
] g_jZpbb 1jZ_dlhjbb ~\b"_gby \ukhdhZz\IhfZlbabjh\Zgg
Z\Ihfh[bey k mg_Ihfhdjm Zxs_c ~hjh ghc h[klZgh\db

J amevliZliu | _hj Ibg_kdbo b wdki_jbf glZevg
jZajZ[hlZgguo Ze]hjblfh\ Z\lhfZlbq_kdh]h mdehg_gt
klhedgh\ _gbc



KI_i_gv”hklh\_jghklbj_amevlZIlh\jZ[hlu

>hklh\_jghklv fZl_fZlbgq_kdh]h fh™ _ebjh\Zghby
\ukhdhz\lhfzZlbabjh\Zggh]h b [_kibehlgh]h Z\lhfh[be
bkke_"h\Zgby jZajZ[hlZgguo Zelhjblfh\ mijZ\e ¢
ithaI\_j"~Z 1ky gZmqghc h[hkgh\Zgghklvx bkihevah\Zgg
khihklZ\e _gb _f jZkg_lguo ~Zgguo k baf_j gbyfb ihe
"hjh guo bkiulZgbc Z\Ihfh[bey

>hklh\_jghklv j _amevliZlh\ bkke_ "h\Zgby jZajZ[hl
thaI\_j"~Z _1ky gZmqghc h[hkgh\Zgghklvx bkihevah\Zgg
\ugbke _gb _f hp_ghqguo iZjzZf _|jh\ dZg_kI\Z \uihe
Z\Ihfh[be f b khihklZ\e_gb_fihemqg_gguo iZjZf_Iljh\ k j_
bkke ~h\Zgbc

ijh[Zpby jZ[hlu

Hkgh\gu_j amevlZlu jZ[hlu “hdeZ”u\Zebkv gZ dh
f ""mgZjh*"gZy gZmqgh | _ogbq _kdZy dhgn_j gpby O©OK
I _jki_dIb\u jZa\blby gZa_ fguo I|jZgkihjlgh | _ogheh]b¢
dhfie_dkh\2 =+ kK _glyl[jy ]hrZ N=;HM <H ©KZgdl
Jhkm~AZjklI\_gguc Zjobl_dIimjgh kljhbl_evguc mgb\_jkbl _
kleZ b\Zgby 1jZ_dlhjbb ~\b"_gby [_kibehlgh]h ljZgkihj
hkgh\ d\Z~jZlbgghc hilbfbaZpbb™ F_""mgZjh”guc Z\Ilh
Nhjmf F:GN ©GZmggh | _ogheh]bq _kdh_ jZa\blb
ijhfure_gghklb Jhkkbckdhc N_~ jZpbb? + hdly[jy
“:e]lhjblf k]JeZz b\Zgby 1jZz _dlhjbb ~\b" _gby [_kibehlgh]
kj_"~"kI\Z gZ hkgh\_ d\zZ~jzZlbgghc hilbfbaZpbb k mq
k\h[h~rgh]lhijhkljzZzgkI\Z~

Im[ebdZpbb

lh | _f_ ~bkk_jlZpbb him[ebdh\Zgh i_qZlgu_ jZ[h
j_dhf_g”~h\Zgguo <:D JN ”"ey im[ebdZpbc fZl _jbZeh)\
khbkdZgb_ mq _guo kl _i_ g _c¢c ~hdlhjZ b dZg”b”~ZIlZ | _ogl
<:D [ZaZ 6FRSXV [ZaZ :HE RI 6FLHQFH b KklZlvy \ *j
k\bA | _evkI\h[hnbpbZevghc j_]bkljZpbbijh]jzffrey W<



KijmdImjZ b h[t_fjZ[hlu

>bkk jlZpby khklhbl ba \\_* gby ]leZz\ h[sbo j_am
kibkdZ ebl_jZImju b "\mo ijbeh” _gbc H[sbc h[t_f jZ[hI]i
kljZgbpm [ _a ijbeh” _gbc \dexgZy jbkmgdh\ b lZ[eb
jZ[hlu kh”™ _j bl gzZbf_gh\Zgbc



=E:<: H[ahjhl g kI\_gguobaZjm[_ "guojZa
f Ihr"Zf] g jZpbbljZ dlhjbb ~\b" gby [ _kib
Z\lhfh[bey

‘A\lhghfgu_ ljZgkihjlgu_ kj_"kI\Z klj_fbl_evgh jZ
ithke _"~gb_ ]1h?~u b ho\Zlu\Zxl jZaebqgu_ h[eZklb \dex
bgnhjfZlbdm b bg g jbx JZajzZ[hldZ Z\lhghfguo I|jZg
fh™ | agZgbl_evgh khdjZlblv dhebq_klI\h Z\Zjbc ih \bg_
mklZehklb \h*bl _ey Ke_m_1| hif _Iblv qlh hkh[h_agZt
"\b"_gby Z\Ihfh[bey bf__1gZebgb_gzZ~_"gh]lh b zZz”Zilbjm
hkh[_ggh \ mkeh\byo kf _rZggh]h ]Jhjh~*kdh]h ~\b" _gby
hAgh\j _f_ggh i_j_"\b]Zxlky Z\lhghfgu_ Z\lhfh[beb |
g _eh\ _dhf Ijbgylb_ djblbgq_kdb \Z guo j r _gbc 1Z¢
Ij_1ylkl\bc kf_gZ ihehku ijb kh[ex® _gbb ijZ\be I>> y\e
Z\lhghfghfm mijZ\e _gbx ljZgkihjlgufb kj_~klI\Zfb b j Zeb
Zelhjblfh\ ieZzgbjh\Zgby b ] _g_jZpbb |IjZz_dlhjbb ~"\b"_g
Ijh]ljZzffgh_ h[_ki_gq_gb_ fh*mey hl\_gqZxs_]h aZ gZ\b]Zz
kbimZpbb bijbgylb_ j r gbc Z\Ilhghfgh]h ljZgkihjlgh]h kj

leZzgbjh\zgb_ b ] _g_jZpby I|jZ_dlhjbb ~\b"_gby
lj _[mxsZy [hevrbo h[t_fh\ iZfylb b kms_klI\_gguo \t
j_kmjkh\ dhlhjzy "he ' gZ \uihegylvky gZ ljZgkihjlghf kj
j_bf_\j_f gb iZjZee _evgh k ~jm]bfb \ugbkebl _evgl
gZijbf_j hlke_"b\zZgb_ ij_iylkl\bc h[t_"bg_gb_ ~Zgg
k gkhjh\' b jZkg | fh*me_c ke_"h\Zgby IljZ _dlhjbb <oh”t
ieZgbjh\Zgby "\b" _gby dzZd ijZz\beh aZ\bkyl hl *Zgguo ]_
fh meyfb ihemqZxl\oh®*gu_ 7~Zggu_hlfh”me_c \hkijbyll
kuju_ "~Zggu_ k k_gkhjh\ b “hihegyxl bo "Zggufb ba pk
dZjl glhfugZ hkgh\Zgbb \k_oihlhdh\ bgnhjfZpbb knhjfb,
dZjlbgm fbjZ \dhlhjhfg_h[oh”bfhijh\h”*blvieZgbjh\Zgb

Ilhke ~h\Zl _evghklv ijyfuo b ~m] k ihklhygguf jZ
k] _g_jbjh\zZlvfbgbfZevgu_ih*ebg_|[|jZ_dlhjbb ey fZg_\
\ djb\bag_ fh]ml ijb\_klb d kdZgdhh[jZaghfm jZaju\lghf



ih\hjhlZ jmey glh ihlj_[m_|I | hj Ibg_kdb [ _kdh
mijZ\eyxs_]h \ha”_ckl\by LzZd _ wlh ijb\_~_| d Ihfm ¢
ke ~h\Zlv ih IZdbf ljZz _dlhjbyf > @ HIkx*"Z ke_"m_1| (¢l
Ijbf_g _gby g_h[oh”bfh bkihevah\ZIlv djb\u_ k g_ij_ju\gl
wlh]l]h qZklh bkihevamxl dehlhb”gu_ djb\u_ > @ hkgh\
>m[bgZ > 2 @ < jZ[hl_ > @ bkihevamxlky ZgZeblt
w\jbklbdb "ey ] _g_jZpbb]ez~rdhc |ljZ _dlhjbb

; _kibehlguf IljzZzgkihjlguf kj_~kI\Zf |j_[mxlky gZ
wnn_dlb\gu_ Ze]hjblfu ieZgbjh\Zgby |IjZ_dlhjbb ey gZ
mkeh\byo h[_ki_qgqb\Zy ijb wlhf [_ahiZzkghklv b khJe
hljZzgbg_gbc < gZklhys_c¢ jZ[hl_ fu ij_"klzZ\ey f ih
hilbfbaZpbb “ey nhjfbjh\Zgby IjZ_dlhjbb \ nj_cf_Nj_g_
kbkl f dhhj*bgzZl dhlhjZy mijhsZ | ieZgbjh\Zgb_Ij
khleZzkh\Zgby k ]_hf_Ijb_c “hjh]lb Ij_h[jZamy aZ”~Zgm
Nj_g_ fukgb Z_f\lugbkebl_evgmx keh ' ghklv khojZgy)
kIl _i_gv lhqghklb ij_"~klZ\e_gby "\b" _gby ljZgkihjlgh]h
"hjh] qg_ldh mqgblu\Zxlky k ithfhsvx h]jZgbg_gbc jZ\
1ZjZglbjmxl qlh aZieZgbjh\ZggZy |jZ_dlhjby hklZg_ Ik
[ _ ahiZzkgh]lh "\b"_gby LZdhc ih*oh” 1ZjZglbjm_1| \hafh"
j_"bf_j _Zevgh]lh \j _ f gb b [_ahiZzkghklv qlh ~ eZ | _
bkihevah\Zgby \ mkeh\byo “~bgzZfbggh]h ~\b  _gby
Ij_~eh  _ggh]hih®*oh”Z ih?I\_j°* gZj _amevlZIlZfb qbke ¢
dhlhju_ ihdZau\zxl qglh nhjfbjm_fu_ 1jZ_dlhjbb h[eZ
Jezrdhklvx m~h\e_I\hjyxl h]jZgbq_gbyf gZ djb\bagm b
gZklb zZ1Zd" _h[_ki_gb\zZxlI hlkmlkl\b_klhedgh\ _gbc

FZg _\jbjh\Zgb_ Z\lhghfgufb kbkl_fZfb \ mkeh\by
yley |Iky keh'ghc azZ”~Zq_c¢ dhlhjZy \hagbdzZ | \ jZae
ijbeh” _gbyo 1Zdbo dZd jh[hlu fZgbimeylhju b Z\lhghfg
dZd kzfhmijzZ\ey fu_ Z\Ilhfh[beb Nmg~Zf _glZevghc hkh
wlbo ijbeh” _gbc y\ey Iky kihkh[ghklv kbkl_fu ba[_]ZI
1j_iylklI\byfb LzZdbfb ij_iylkl\byfb fh]iml [ulv ex®*b Z\lhg
beb klZlbggu_ h[t_dlu 1Zdb_ dzZd kl_gu Hkgh\gZy
ljZ _dlhjbb Zz\lhghfgh]h IjZgkihjlgh]h kj_~kI\Z h[_Kki_qgb
[ _Kij_iylkI\_ggh_ ~\b" _gb_d f_kim gZagZq_gby G _F



g_kdhevdh \Z'guo nzdlhjh\ [Ij_"~_ \k_]lh g_h[oh”~bfh |
"hjh gh]h "\b" _gby 1Zdb_ dZd h]jZgbg_gby kdhjhklb b k
I _j_dj_kldZo Djhf_ Ih]h j_rZxs__  agZq_gb_ bf_
0ZjZdl_jbklibdb ljzgkihjlgh]lh kj_~kI\Z \dexqZy fzdkb
\hafh ghklb mkdhj_gby fbgbfZevguc jZ"bmk ih\hjhlZ
h]jZgbg_gghfijhkljZgkl\ _

<oh”gu_ b \uoh”gu_ "~Zggu_ ijhp_kkZ 1ieZgbjh\
ljZgkihjlgh]h kj_~kI\Z h[uqgh azZ\bkyl hl "Zgguo ] _g_
dhfihg_glZfb kbkl_fu WIb dhfihg_gluij_~hklzZ\eyxl \Z g
g_h[oh”"bfmx *ey ijZ\bevgh]h ieZgbjh\Zgby fZjrjmlZ b \i
j_"bf_j Zevgh]h \j_ f gb Kh[jZggu_ ~Zggu_ ihklmiZx
\hkijbylby dhlhju_ h[jZ[Zlu\Zx] g_h[jZ[hlZggu_ "Zg¢
hit _"bgyxl bo k bgnhjfZpb_c¢c ba pbnjh\uo dzZjl "ey kha”
Ij_"klZ\e_gby hdjm Zxs_c kj_~u gZ hkgh\_ \k_c ~hkln
dhlhjzy azl_fbkihevam_I|ky *eyp_e_cieZgbjh\Zgby

ljbihkljh_gbbljZz _dlhjbb [_kibehlgh]lhljZzgkihjlgh]h}
jZa™ _eylv wlihlijhp_kk gZ wlzZiZ ]jZnbq_kdbc ihbkd b
hilbfbaZpbx k h[oh~hfij_iylkl\bc

<uimdeZy hilbfbaZpby ba\_klgZy k\h_c¢ Kkihkh[q
]leh[Zevgh hilbfZevgu_ j_r_gby ijb hlghkbl_evgh gbad
aZljZzlZo ohjhrh ih*oh”bl "ey azZ”Zq ieZgbjh\Zgby Ij.
ljZgkihjlguo kj_"kI\ > @ H”"gZdh “ey h[_ki_qgq_gby [ _ah
ljZ_dlhjbb "\b" _gby ljZgkihjlgh]h kj_~klI\Z djZcg_\Z gh
“hjhlb dhlhju_ nhjfbjmxl dzZd ]_hf_Iljbg_kdb_ 1Zd
hl]jZgbg_gby > @ Bgl_]jZpby "Zgguo h]jZgbg_gbc \
\uimdehc hilbfbaZpbb iha\hey | kms_ klI\ _ggh ih\uk
ljZgkihjlgh]lh kj_~kI\Z nhjfbjh\Zlv [_ahiZkgu_ ]JezZ"db
j_Zebam_fu_1jZ_dlhjbb \j_"bf_j Zevgh]h\j_f_gb> @

<h fgh]bo IjZ*bpbhgguo ih*oh”"Zo d ieZgbjh\Zgbx f
nhjfmebjm_Ilky \* _dZjlh\hc kbkl_f_dhhj*bgZl \'dhlhjhc |
ljZgkihjlgh]lh kj_~kI\Z hibku\zZ_|ky g _ihkj_"kI\_ggh
Ijhkljzgkl\_ > @ G _kfhljygZ bglmblb\gmx gZ]ey~*ghklv
hgh ijb\h~bl d mkeh g_gbx hilbfbaZpbhgguo ihklZgh\
"\b"_gbb ih djb\hebg_cguf ~hjh]Zf b ijb gZebqgbb ijh



h]jZgbg _gbc 1Zdbo dZd ]jZgbpu ihehk "~\b" _gby b
"bgZfbq kdb_ ij_iylkl\by < dZq_kI\_ Zevl _jgZlb\u rb
djb\hebg cgZy kbkl _fZ dhhj~bgZl k\yaZggZy k hihjghc €
dhhj*bgZl Nj_g_ dhlhjZy iha\lhey | kms_klI\ _ggh
ileZgbjh\Zgby ~\b " _gby azZ kqzl kh]JezZzkh\Zgby Ijz_dlIl
kj "kI\Z k]_hf_Ijb_c”*hjh]lb> @ ;ezZ]h"ZjyjZa™ e _gbx
gZijh*hevgmx bihi_j ggmx khklZ\eyxsb_ hlghkbl _evgh
bkihevah\Zgb_kbkl _fu dhhj?bgZl Nj_g_ h[_ki_gb\zZ _ |
\ugbkebl _evgh wnn_dlb\gmx ihklZgh\dm azZ”~Zqb hill
ithalhey | kIl _kI\_gguf h[jZahf nhjfmebjh\ZIlv h]jZgbqg
] _hf_ljb_c”hjh]b b ]Z[ZjblZfb ljZgkihjlgh]h kj_"kI\Z > (@
D\Z~jZlbqggh_ ijh]jZffbjh\Zgb_ 43 y\ey Iky _kl_kl
Ney ihklZgh\db az*"Zgb iezZgbjh\Zgby imlb \ kbkl_f_dhhj
“hjhlhc kbkl_f_dhhj*bgZI Nj_g_ ijbbkihevah\Zgbb db
\_ehkbi_~Z <wlhcihklZgh\d_az”*Zqb funhjfmebjm_f d\
p_eb gZijbf_j fbgbfbaZpby hldehg_gby ljZ_dlhjbb baf
mkbebc mijZ\e _gby k ebg _cgufb h]jZgbg_gbyfb 1Zdbfl
djb\bagm kdhjhklv baf g gby djb\bagu ba[_]Zgb_
jZaf_jh\ Z\Ihfh[bey LZd dZd kbkl_fu dhhj*bgZl Nj_g_ |
"\b"_gb_ hlghkbl_evgh hihjghlh imlb h[uqgh £ p_gljZe:
fgh]l]b_ g _ebg cgu_ “"bgZfbq_kdb_mjZ\g _gby b ] hf _1Ij
fh gh Ziijhdkbfbjh\Zlv ebg _cqgufb jZaeh gbyfb \hdjm]
J amevlZlihf IZdhc ZiijhdkbfZpbb klZgh\blky \uimdeZ
az”r"z2zqzZ j_rzZ_fZy f_|h~hf 43 qlh ihalhey_ | ihemqgblv Jefl
j_r_gb_ijb \ukhdhc \ugbkebl_evghc wnn_dlb\ghklb DZ
bkke ~"h\Zgbc nhjfmebjh\dZ aZ”*Zqb ieZgbjh\Zgby |jZ d
43 iha\hey | h[oh”blvky [_a ©jZa"m\Zgby? ij_iylkl\bc
aZiZkzfb [_ahizZzkghklb qglh ~Z | \hafh ghklv fZdkbfZz
"hklimigh_ijhkljZzgkl\h*"Z" _\mkeh\byo agZgbl_evguo h]
AZ"ZqZ gZklhys c ]JeZ\u khklhbl \ kjZz\gbl _evghf ZgZ
f ITh h\] g _jZpbbljZz_dlhjbb b\ h[hkgh\Zgbb \u[hjZ ih”o
\ "bkk _jlZpbb "ey "Zevg _cr_c jZajZ[hldb >ey ijZdlbqg_
khklz\_ :KM> |j _ [m_Iky f_Ih® dhlhjuc h~gh\j_f ggh h[_
mq_I| “"hjh guo ]jZgbp b ij_iylkl\bc nhjfbjh\Zgb_ Jez"dl



j_ Zebam _fhcljZ _dlhjbb Z1zZd" _ij_~"kdZam_fh_\j fy \u
ZiiZjZlmj_

JZ[hgZy ]bihl_azZz JeZ\u azZdexqZ |lky \ I|Ihf
k[ZeZgkbjh\Zgguf k bg " _g_jghc Ihgdb aj_gby y\ey Iky
] hf ljbg_kdh_nhjfbjh\Zgb_~himklbfh]h dhjb~hjzZ *"\b"~ _
\uimdeZy hilbfbazZpby IjZ _dlhjbb \ dhhj*bgZlZo Nj_g_ 1
dZd hkgh\Z ~Zevg _cr_]h bkke ~h\Zgby 1ihkdhevdm hg
lj _[h\Zgbyfb j Zevgh]h Z\Ihfh[bey ih \hkijhba\h*bfhklb
g fiheghklvx "bkdj_Igu_bebiheghklvxg ebg _cgu_ihk

<u[hj ~Zgghc |_fZlbdb h[mkeh\e_g ijbdeZ”~ghc
jZajZ[hldb Ze]lhjblfZz dhlhjuc g_ Ihevdh ihdZau\Z
fhr _ebjh\Zgbb ghbfh _[[ulvbgl _ ]jbjh\Zg\dhgimjmijZ
k hl]jZgbq_ggufb \ugbkebl_evgufb j_kmjkZfb b kljh]bfl
[ ahiZkghklb

:Zah\u_azZ"Zgb ~\b" _gby [ _kibehlgh]h Z\Ihfh[bey

; _kibehlguc zZ\Ihfh[bev ij _~klZ\ey | kh[hc db[_jnbal
h[ _ki_gb\Zxsmx Z\lhghfgh_~\b" _gb_\mkeh\byo "bgZfb
"hjh ghc h[klZgh\db < khklz\_ zZ\lIhfZlbabjh\Zgghc ki
"Mb® _gb_f KM> fh'gh \u”_eblv \azZbfhk\yaZggu_
ih"kbkl _fu ihemqg_gb_ b ij_~\Zjbl _evgmx h[jZ[hldm ~
dhfie _dkZ ehdZebaZpbx b ihkljh_gb_ ij_~klZ\e _gby
leZgbjh\Zgb_"\b " _gby Z1Zd _ nhjfbjh\Zgb_ mijZ\eyxs|
j _ ZebazZpbb \u[jZgghc 1jZ _dlhjbb MdZaZggZy nmgdg
h[h[s_gghij ~klZ\e_gZ gZjbkmgd_



[naHnpoBaHue nyTu

Mogynu
BocnpusTus [
"
noKanusauumn

lMnaHupoBaHve
MaHeBpa

Jbkmghd + H[sZy ko_fZ mijZ\e _gby "\b" _gb_f[_Kki

K bg g _jghc Ihgdb aj _gby dexqg_\uf we f _glhf
[ ahiZzkghklv b dZg_kl\h "\b"_gby y\ey Iky wlZi ehdZe
l]_g_jZpbbljz_dlhjbb GzZ "ZgghfwlZi_ihl_dms_fm khkl
kj_~kI\Z iheh _gb_ kdhjhklv hjb_glZpby bgnhjfZpl
ijh_a"_c¢c qZklb ]jZgbpu ihehku “hjh]b hihjgZy ebgl
ij_iylklI\byo nhjfbjm _Iky IjZ_dlhjby "\b"_gby \ [eb Zcr
Z\Ihfh[bey >Ze__ ih”kbkl_fZ mijzZ\e_gby h[_ki_qb\Z
knhjfbjh\Zgghc [|jZ_dlhjbb k mqgzlhf nbabdh "bgZft
ljZgkihjlgh]h kj_~klI\Z

>ey [hjlh\hc j_ZebaZpbb Ze]lhjblfh\ ] g _jZpbb IjZ_
lj _[m_Ilky h*gh\j_f_ggh_\uiheg_gb_ke_"mxsbo mkeh\b

T ]_hf_ljbg_kdZy ~himklbfhklv gZoh ~_gb_ I|jZ_d
jZaj_rzgghc h[eZklb "\b" _gby ]jZgbpuihehku b *hjh]b
ljZgkihjlgh]lh kj_"~kI\Z

t [_ahizkghklv hlkmlkiI\b_ i _j k_gq_gbc k h[eZ
klZIbgq_kdbfbij iylklI\byfb b bebbo[_ahiZkgufb Ziijhdk

T dbg_fZlbg_kdZy b "“bgZfbqg_kdZy | Zebam f
h]jZgbg_gbc gZ djb\bagm 1[jZ_dlhjbb b kdhjhklv baf
hfmkeh\e _gguo \hafh ghklyfb jme_\h]h mijZ\e _gby [
ihi_j_ggufmkdhj_gbyf dhfnhjlm ~\b" _gby



T \ugbkebl_evgZy wnn_dlb\ghklv h[_ki_q_gb_ jZ
mkeh\byo h]jZgbq _gguo \ugbkebl _evguo \hafh ghkl _c b
j _Zevghf\j f gb

gZeba kms_kl\mxsbo ih?”oh”h\ d ieZgbjh\Zgbx i
kms kI\ _ggZy qgZklv f_IhAh\ eb[h g_ h[_ki_gb\Z | m
Il _j_gbke _gguo h]jZgbg _gbc \' ~“bgmx kljh]jmx ihklZgh
g_"hklZlhgghcij_"kdZam_fhklvx\ugbkebl _evguo aZljZl
\j_ f _ gb> @ <k\yabkwlbfi_jki_dlb\gufgZzZijz\e_gb_fy\
hilbfbaZpbhgguo f ITh*h\ ihal\heyxsbo nhjfZebah\ZIlv dj
hljZgbg_gby ~\b" _gby \ Ihf gbke_\ kbkl_f_ dhhj*bg:
"hjhlhc qgqlh mijhsZ | mqzl “hjh guo ]jZgbp b ] _hf _Ijb
kj ~"kI\Zz GZzZklhysZy jzZz[hlZ khkj_~“hlhq_gZ gZ wlZi_ ] _c
ithke_"mxsbo jZa”_eZo ijb\_~zg h[ahj hkgh\guo f_Ih"}l
h[hkgh\ZgZ p_e _khh[jZaghklv hilbfbaZpbhgguo ihkl
d\z~jzZlbqggh]lhijh]jZffbjh\Zgby

leZgbjh\Zgb_IjZ _dlhjbb

leZzgbjh\zgb_ ~\b" ' _gby [_kibehlgh]h Z\lhfh[bey
jZkkfZljb\zZzlv dZd kh\hdmighklv aZ~Zq jZaebqgh]h mjl
mjh\g_ fZjrimlZ nhjfbjm_Ilky ihke_"h\Zl _evghklv mqgZk
leh[Zevguc imlv lh]~Z dZd gZ ehdZevghf mjh\g_k
"b® _gby \ [eb Zcr_c¢c hdj_klghklb ljZzgkihjlgh]lh kj_"Kk
IjhkljZgkI\ _ggufjZaj r _gb f <~Zevg cr_fih~ieZgbjh\.
ihgbfZ |ky ehdZevgh_ ihkljh_gb_ ~\b" _gby gZ h]jZg!
hibjzxs _kygzZij "klzZ\e_gb_hdjm Zxs_ckj_~ubijh_a

KijZdlbg_kdhc Ilhgdb aj_gby \u[hj Ze]hjblfZ ehdZev
hij ~ ey |ky | f \ dzZdhf \b®»_ azZ”~"ZgZ kj_"~Z 1lhq_qgqgu._
azZgylhklb ihe_klhbfhklb ijhkljZgkl\h dhgnb]mjZpbc b
nhjfbjm_Iky gZ \uoh”_ ] hf _ljbg_kdZy djb\Zy ihke_ 7h
lhg_d ]jZn ~_j_\h ~hklb bfhklb dhjb”hj ijhoh”bfhklb
f ITh*uieZgbjh\Zgby m*"h[gh jZa” eylvgZ ke ~“mxsb_]jm

t f_ Ih~"u hkgh\Zggu_gZ ] _hf_ljbg_kdbo ihkljh_gby
ijhkljZzgkI\Z \ qgqzZklghklb ~bZz]jZffu <hjhgh]h nhjfbj



fzdkbfbazpb_cazZahjh\~hij_iylkl\bc

T f Ih*u gZ hkgh\_ihl_gpbZevguo ihe_c b ihe_c klIh
gZijZ\e_gb_ "\b _gby gqg_j_a ]jZ”b_gl Z3ijbly _gbyz#l
bkihevam_ fu_”"eyihkljh_gby w\jbklbd h[oh”*Z ij_iylkl\bc

£ f Ih~u gZ hkgh\_ ~bkdj IbaZpbb ijhkljZgkI\Z k.
ihke ~mxsbfihbkdhfih ]jZznm j_rzld_ nhjfbjmxsb_ bk
ihke ~h\Zl_evghklvmaeh\ yq__dk\h[hAghlhijhkljZgkI\:

T f Ih~u gZ hkgh\_\u[hjdb 557 b fh*bnbdZpbb K
Ahklb bfhklb \ ijhkljZzgkl\_ dhgnb]lmjZpbc b ihalhey
A"himklbfu_j_ r_gby\keh guoijhkljZgkl\Zo

Ke m_| hif _Iblv qglhi_j gbke _ggu_ ih”oh”u qZklh
] hf Iljbg_kdh_j r_gb_ imlv gZ[hjlhg_d dhjb”hj ijb]h
NZevg_cr_c h[jZ[hldb lhemqg_gb_  ~_ [|jZ _dlhjbb
lj [h\Zgbyfd]ezZz”rdhklb b mijzZ\ey fhklb dzZdijZ\beh \ui
wlZihf k]JeZz b\Zgby b hilbfbaZpbb |Ih wlhc ijbgbg_ ~Ze
jZkkfhlj_gu Ilbih\u_f _Ih?u ihkljh_gby hihjgh]lhj_r_gby
jZa™ _eZo leZ\u ijb\_~ gh h[hkgh\Zgb_hilbfbazZpbhggu
gbke_ \ nhjf_ az~zZq d\Z~jZlbggh]h ijh]jZffbjh\Zgby
themqg_gby mijZ\ey fhc ljZ_dlhjbb \ mkeh\byo h]jZgbq _
\hafh ghkl _c

>bZ]jzffZ <hjhghlh

Kms_kl\mxsb_f Ih*uieZgbjh\Zgby bkihevamx| dhf[Lk
Zelhjblfh\ 2ey ihkljh_gby [_ahiZzkgh]h fZjrjmlZ H~"gbf b
yley |ky "bZz]jzffZ <hjhgh]l]h > @ >bZzZ]jzffZ <hjhgh]h d
lhg_d 6 gZ iehkdhklb ij_"klzZ\ey | 1Zdh_ jZa[b_gb_ ieh
dzZz ~"Zy h[eZklv wlh]h jZa[b_gby h[jZam | fgh  _kl\h Ihg
hrghfm ba we _f_glh\ fgh _kI\Z 6 q_fdex[hfm ~jm]hfm v
iehkdhklb jbkmghd hkms_kl\ey_ |ky hlj_adZfb
gZoh”ylky gZ fZdkbfZevgh \hafh ' ghf m~"Ze_gbb hl [el
fgh  _kI\Z 6 ?keb we_ f_glu fgh _kI\Z 6 = wlh ij_iylkl\b}
gZb[he_ _ m~Ze ggu_ hl ij_iylkl\bc Ihgdb GZ jbkmgd _
fZjrimlZ ihkljh_ggh]h k bkihevah\zZgb_f *"bZ]jZffu <hjh



\"hev j [_j~bZ]jzffu <hjhghlh gqlh h[_ki_qb\Z | fZdkbf:
hilhg_dihkljh_gghlhfZjrjmIiZ ~hij_iylkl\bc\dZ ~uc fhf_

\/\/\/\/

Jbkmghd + lhkljh _gguc fZjryml k bkihevah\Zgb _f~bZ
> @

Bkoh”y ba jbkmgdZz \brgh dzZd *"ZggZy "bZz]jzZ{ffzZ il
fZdkbfbabjmxsbc jZkklhygb_ ~hij_iylkl\bc H~gZdh ihe
g_ h[yazZl_evgh ijhoh”bl ih ijh_a _c¢c qZklb “hjh]b beb i
"b® _gby \ p_ehf g_ ]ZjZglbjh\ZgzZ ijhoh”bfhklv ~Z
Z\Ihfh[be_f b hgZ g_ y\ey_Ilky hilbfZevghc 1Zd dzd g
j_adb_baehfu Bf_ggh ihwlhfm ~bZ]jzZffZ <hjhgh]h bkih
\kihfh]Zl_evghc kljmdImju ~Zgguo gZijbf_j ijb dhf[b
f_ Ih~hf ihl_gpbZeh\ ey ihemqg_gby ihey <hjhgh]h ih;
] g jbjh\zZlvIljZz _dlhjbb "\b" _gby ey h[oh”Z ij_iylkl\bc

GZ hkgh\Zgbb jbkmgdz fh gh aZdexgblv qglh ijb\_
Ij_"hklZ\ey_| \hafh ghklv gZclb IjZ_dlhjbx fZdkbfbabji
"h hdjm Zxsbo ij_iylkl\bc H~gZdh 1ZdZy |jZz_dlhjby
gZoh”blky \ ij_ ~ eZo ijh_a _c¢c qZklb beb h~ghc iheh
aZljm~gy | __ ijZdlbg_kdh_ bkihevah\Zgb_ ;he__ Ih]h
fh™ | kh” _j°Zlv j_adb_ m]eh\u_ baehfu qglh kgb Z | _
fZg_\j_gghklv 7~ey Z\lhfh[bey < k\yab k wlIbf ~bZ]
ijbf_gy _Iky\dzZq_kI\_\kihfh]Zl_evghc kljmdImju ~*Zgguc



dhf[bgbjmxl k f _Ih~hf bkdmkklI\ _gguo ihl_gpbZeh\
nhjfbjh\zZlv 1Zd gZau\Z _fh_ihe_<hjhgh]l]h > @ WIh ihe
wnn_dlb\gmx ] g jZpbx |jZ _dlhjbc ey h[oh”Z ij _iylk
ileZ\ghklvfZjrimlh\ mqgblu\Zy | Zevgu_mkeh\by "\b"~_gb
Ke ~m_| hif _Iblv qglh ~"bZ]jzffZ <hjhgh]h y\ey Iky
bgkljmf _glhfihbkdZ imlb k fZdkbfZevguf azZahjhf hij_ iy
g_ h[_KkKi_gb\Z | \uiheg _gby h]jZgbg _gbc djblbqgguo
Z\Ilhfh[bey kh[ex™ gby ]jZgbp ihehku "\b" _gby h]jZgbg
_zbaf_g _gb_ Zlzd _~ | _jfbgbjh\Zggh]h dZq_KkI\Z IjZ _
kleZ b\Zgby Ih wlhc ijbgbg_gZ ijzdlbd_ ~bZ]jZffZ <hjl
ij_bfms_kI\_ggh dzZd \kihfh]zZl_evgZy kljmdImjZ gZijbf
w\jbklbd beb ihe_c klhbfhklb lh]*"Z dzZd nhjfbjh\Zq
ljZ _dlhjbb \uihegy |ky hl* _evgufwlZihfhilbfbaZpbb

F Ih~ihl_gpbZeh\

>Zgguc f_Ih” hibkZgguc \ jZ[hl_: D leZlhgh\Zz
F : Dhe]l]Zgh\Z > @ hlghkblky d deZkkm ©f _|h”Ah\ ihl_¢
azZ”"zZqb \u[hjZ imlb fh[bevgh]h jh[hlZ Kmlv f_Ih"Z
fhr _ebjh\Zgbb "\b" _gby jh[hlZ \ \bjlmZevghf ihe_ ©bgn
I p_e_\Zy lhgdzZz kha”Z_| wnn_dl ijbly _gby Z ij_i\
hlilZedb\Zgby LZdhc ih*oh” ihal\hey_ | nhjfZebah\ZIlv g
"b® _gb_ihM\b'ghc lhgdb dhlhjzZy klj_fblky d p_eb h”g
klhedgh\ _gbc

Hkgh\gZy b”_y khklhblI\Ihf qglhp_evbij_ iylkl\by jZk
bklhggbdb we_dljbg_kdbo azjy*h\ p_ev 2 k iheh'b
ij_iylkl\by 2 Kk hljbpzl_evguf [Ih”"\b gZy IhgdZ jhJ[l
hljbpzZl _evguc aZzZjy® b ihf_sZ |Iky \ bkoh”gmx ihabp!
\aZbfh” _ckl\by kbe ijbly  gby b hllZedb\Zgby wlZ lhqdZ
\ebygb_  ©ijbly]b\Zxsbo2 b ©hllZedb\Zxsbo2 kbe A
ih"\b ghc IThgdb fhlml az~zZ\zZlvky ih jZaghfm qlh iha
ljZ_dlhjbb k jZaebqghc kl_i_gvx [ebahklb d ij_iylkI\l
[ ahiZkguo ~h [he__ jbkdh\Zgguo h[oh”h\ Ijb hij_" _e
h]jZgbg_gbyo gZ kljmdImjm f_klghklb b ijZ\beZ "\b" _g
kfh™ I "hklib]Jgmlvp_eb



< jZ[hl_ kjZ\gb\Zxlky jZaebqgu_ kihkh[u ihkljh_gb
ithe_c¢ gZijbf_j k bkihevah\zZgb_f *"bZz]jZff <hjhgh]h dI
ihl_gpbzZevgh_ ihe_ k ohjhrbfb k\hcklI\Zfb ~ey gZ\b]Zp!
f_Ih~ihl_gpbZeh\\az~Zq_\u[hjZimlIb2wlhfhsguc b bglr
ith*oh” hkgh\Zgguc gZ nbabdh fZI_fZIbg_kdhc fh”"_
\bjlmZevguo kbe gZijZ\eyxsbo jh[hlZ d p_eb b h[_Kki

ij_iylkl\bc GZ jbk Z ihdZaZgh ihe_ <hjhgh]
ihl_gpbzZevgufihe_f ihkljh_gguf k ihfhsvx "bZ]jZffu <h
[ 272bZ]jZffZ <hjhgh]h gZ jbk \ 2ihl_gpbZevgh_

1j_"klzZ\e_gh kjzZ\g_gb_"Zgguoihe_c

B)

Jbkmghd + Z lhe_<hjhgh]h ihkljh_ggh_"eyi
[ KhhI\_lklI\mxsZy "bZ]jzffZz <hjhgh]h ihdhlhjhc kljl
\ Ihl _gpbZevgh_ ihe_ > @

Jbkmghd \ ithdZau\Z |ihl _gpbZevgh_ 1ihe_ ihen
iml_f bf_| aZl _fg _gby \ madbo ijhoh”"Zo ihf_q_gh d
ihf_rzlv Ze]lhjblfmieZgbjh\Zgby "\b"_gbyijheh blvimlv
ohly nbabqg_kdb Z\Ihfh[bev fh | Julv kihkh[_glZfijhclb
|Zdhcijh[e_fug_\hagbdzZ | kf jbkmghd Z \Ihf _ma

Kihfhsvx ihey <hjhgh]h \hafh gh h[_ki_qblv hilbfzZe
I _j_f s gb_Z\Ihfh[bey hlghkbl _evgh"ym]bo mqgZklgbdh'

H]jZgbqgq_gb_f f IhAh\ ihl _gpbZevguo ihe_c¢c y\ey



\hagbdgh\ _gby ehdZevguo fbgbfmfh\ b \ukhdZy gm\klI\
1ZjZf _lIjh\ ihl _gpbZeh\ qlh aZljm~gy | ihemqg _gb_ mklh
"hjh guo kp_gZjbyo k madbfb ijh_a~Zfb b keh ghc ]_hf
\dexq_gb__ |j _[h\Zgbc d “\b" _gbx \ ij_ " eZo ihehku b
dijb\bagm IjZ _dlhjbb \ jZfdZo ihl _gpbZeh\ dZd ijZ\beh
oZjzdl_j Ihwlhfm f _Ih”u ihl _gpbZeh\ p_e_ _khh[jZagh
kj _"~klI\h ihkljh_gby ihey klhbfhklb gZijZz\e_gby I|h]
ljZ_dlhjby "he ' gZ nhjfbjh\Zlvky k bkihevah\zZgb_ fihklZc
yl\guc mqgzl h]jZgbg_gbc b djbl_jb_\]JezZz~dhklb

K 1dZazgylhklb

cevl_jgZlb\guf f_Ih~hf iezZgbjh\Zgby fZjrimlZz
ljZgkihjlgh]lh kj_"klI\Z y\ey_ |ky bkihevah\Zgb_ k_Idb
>Zgguc f_Ih~iha\hey_| ~bkdj_Ilbabjh\ZlvijhkljZgkl\h \ k_
"Zgghc k_Ildb ijbk\Zb\Z_|ky agZq_gb_ hij_"_eyxs_ _

gZebgbyij_iylkl\bc \*Zgghcyq_cd_ AgZq_gby fh]lml [t

ij iylkI\b_ hlkmlkI\m I + yq_cdZ azgylz ij_iylkI\b
\_jhylghklguc 0zjzdl _jlhlh Ihyq _cdZ aZgylZ Ih _klv 0]
\_jhylghklb hI  ~h ]~ +tyq_cdZ k\h[h~gZ £y

+ khklhygb_yq_cdb g_ ba\_klgh fh _| [ulv b aZgyl
jbkmgd_ ijb\_~_gijbf_jij_~klzZ\e_gby fbjZ\\b"_k_IdEk



|

1
é\-m

Jbkmghd  +1j _~klZ\e _gb_fbjZ\\b”A"_k_ldbazgylhkl

gZeh  _ggZy gZ hjh gh_ijhkljZgkl\h KijzZ\Z +jzkdjZr_

hijz ZxIkl_i_gvazgylhklbde Idb ]jZ"b_gliha\hey
iZkklhygbb hlij_iylkl\bc > @

<ij_"klz\e_gbyo \\b"_k_Idb hdjm ZxsZy kj_"~Z az"
ieZgbjh\Zgb_imlb k\h”blky d ihbkdm ihke_ ~h\Zl _evgh
liZnzZz ijbgzZ”~e_"Zsbo k\h[h~Aghfm ijhkljZgkl\m k fbgbfb
nmgdpbhgZeZ klhbfhklb >hklhbgkl\hf ih*oh”Z y\ey Ik
mqgzlzZij_iylkl\bc b\hafh ghklvihkljh_gby dhjb*hjZ ijhot
dZjlu aZgylhklb beb ijhba\h?*guo hl g_z dZzZjl g
jZkklhygbc klhbfhklb <f kI _ k| _f2bkdj_lgZy ijbjh*Z j
ehfZzghfmozZjzdl _jmimlb b 3kImi_gqZluf" mqgzkldzf qlh |
kleZ b\Zgby bijb\_~ gbyljZ _dlhjbbd\b”m m~h\e_I\hjy:
gZ djb\bagmb zbaf g gb_ Zl1zZd _h]jZgbqg _gbyf *\b
ithehku "hjh]b LZdbf h[jZahf k_|1dZ aZgylhklb p_e_ kh
] hf ljbg_kdbo h]jZgbg _gbc b h[eZklb “himklIbfh]h 2\
nhjfbjh\zgb_ ]JezZz”~dhc 1jZ_dlhjbb ke_~m_1| \uihegylv I
f Ihr"Zfb k y\guf mgzlhf mdZaZgguo h]jZgbqg _gbc

F_ITh*kemqZcguo *_j_ \v_\

lib bkihevah\Zgbb f_IhAh\ gZ hkgh\_ [ukljh bkke Ar
A j \v_\ UDSLGO\ H[SORULQJUDQGRP WUHHV 557
ijhkljZgkl\_dhgnb]mjZpbc khklhygbc dhlhjZy bl _jZlb\g



"h[Z\e _gby kemqgZcgh kwfiebjh\Zgguo dhgnb]mjZpbc b
ijhkljzgkl\Zz > @ ;Zah\uc Ze]lhjblf 557 jbkmghd
gZoh ~ _gb_ ~himklbfhc |jZ_dlhjbb b h[ezZ~Z | k\hckl
theghlu ijb \uiheg _gbb hij_ ~ ezgguo mkeh\bc h”"gZc
hilbfZevghklb Zkbfilhlbg_kdZy hilbfZevghklv *hklb]Z_
Ibiz 557

i=n

e o° Qd’
®eo o
O

Z goal

Jbkmghd + Ko_fZjZ[hlu 557> @

>Zgguc f_|Ih” y\ey Iky \_jhylghklguf b fh | [ulv
ijhp_kk_ "\b" _gby \ j Zevghf \j f gb g _kfhljy gZ Ih ¢
"bgZfbqgq_kdhc kbkl _fhc mdhlhjhc\dZ ~uc fhf_gl\j_f gt
"Zggu_ H”gZdh g_"hklZldhf *Zggh]h f_Ih*Z y\ey |ky g_
dheebabc "ey dZ ~“h]h jZkrbj_ggh]h maeZ Dheebabb \ha
1j_iylkl\bc b mqgzZklgbdh\ ~“\b" _gby < ~Zgghf dhgl_dk
thgbfz |ky ijh[e fZ h[gZjm  _gby i _j _k _g_gbc f_ ""m kh]
iml_c

Dexq_\uf h]jZgbq_gb_f f Ih"h\ kemqgZcguo ~ _j_\
"\b' _gby Z\lhfh[bey yley Iky keZ[uc dhgljhev ]JezZ”"dh
hlkmlkl\b_ ~ | _jfbgbjh\Zggh]h \j_ f gb \ugbke_ _gby d:
azZljzZlu\j_f_gb az\bkyl hl gbkezZ \u[hjhd b w\jbklbd jZkrk
dbg fZlbg_kdbo b *bgZfbg_kdbo h]jZgbg_gbc fbgbfZe\

hl]jZgbg_gby gZ djb\bagm mkdhj_gby lj_[m_1 mke



mijZ\e_gby jme_f qlh ih\urZ_ 1 \ugbkebl_evgu_ aZljZlu
ljZ_dlhjbb ithemqg_ggu_ f Ih*Zfb 557 b bo fh*bnbdZpby
kbkl fZo qgzZklh bkihevamxlky dzZd ij_"\Zjbl_evgh_j_
ihke _"mxs_c¢ hilbfbaZpbb b k]JezZz b\Zgby k y\guf mi
hl]jZgbg_gbc b h]jZgbq_gbc mijZ\ey_fhklb

EhdZebaZpby bdZjlh]jZnby

:\lThghfgh_ ~\b" _gb_ [_kibehlgh]h Z\Ihfh[bey I|j_[r
A"hklh\_jghc hp_gdb | _dms_]Jh khklhygby |IjZgkihjlg
nhjfbjh\Zzgby ij_"~klZ\e _gby h ~hjh'ghc Kkj_"_ Ahk
ithke_"mxs_]h ieZgbjh\Zgby |jZ_dlhjbb < dhglmj_ Z\Ilh;
j_ameviZlu ih"kbkl_f ehdZebazZpbb b dZjlh]jZnbb bkihe
"Zggu_ "ey ieZgbjh\sbdZ hp _gdZ ihau iheh  _gby b hjb
Z\Ilhfh[bey aZ”"Zz|l gZqZevgu_ mkeh\by Z ij ~klZ\e _gb_
hij_ ~ ey | h[eZklv “himklbfh]h "\b"~ _gby b h]jZgbqg_gby
nhjfbjm_fmx [jZ _dlhjbx

Ihr ehdZebaZpb_c¢c ~Ze__ ihgbfZ_|Iky azZ”~ZqZ hp
hijb_glZpbb Z\lhfh[bey \ ijhkljZgkl\_ b ijb g_h[oh”~bfh
"b® _gby GZijzdlbd_ijbf_gyxlky

T Jeh[ZevgZy ehdZebaZpby kimlgbdh\u_ gZ\b]Zr
bg jpbZevgu_ baf _jbl _evgu_ mkljhckl\Z h[ _ki_qb\:
leh[Zevghc kbkl_f_ dhhj*bgZl h”gZdh hgZ ih?\_j  _gZ 7
mkeh\byoiehlghc Jhjh*kdhc azZkljhcdb Ihgg_e _c b fgh]h

T ehdZevgZy ehdZebaZpby \bamZevgZy h»
hjb_glbjh\ZggZy gZ mlhgg_gb_ihau\ keh guo mkeh\byo
gZ[ex™ _gbc k ehdZevghc Jeh[Zevghc dZjlhc ijb wlhf
hrgh\j f ggh mlhggylviheh  gb_ b kljhblvdZjlm hdjm Z

T k_gkhjgZy nbevljZpby b h[t_~bg_gb_ ~Zgguo
DZefZgZ b gZklbpguc nbevlj] i1h\urZxsb_lhqghklv b mkll
kgzl bgl_]jZpbb bgnhjfZpbb hljZaebgguo k_gkhjh\

Ih~ dZjlh]jZnbqg_kdbf h[_ki_qgq_gb_f ihgbfZ Iky n
bkihevah\Zgb_ ij ~klZ\e_gby "hjh 'ghc kj_~u \dexqgZxs_



bkihevam_ fhc Zjobl _dlmju iZjzZf _lju “hjh ghc bgnjzZklj
ijh_a ¢ qZklb ]jZgbpu ihehk hihjgu_ebgbb b ehdZe
ij_iylkl\bc gZijbf_j \ \b~_ dZjlu aZgylhklb beb [eba
kljmdIim; > @ >ey aZ”*"Zq |J]_g_jZpbb IjZ _dlhjbb ijbgp
bf ggh dZjlh]jZznbq_kdh_ ij_~klZ\e_gb_ azZz”Zzl ]_hf_Ij
"\b® _gby J]jZgbpu “hjh]b ihehk b h]jZgbqg _gby ih ij_ iyl
NZevg _cr_f~rhe guf[ulvmqgl _guijbnhjfbjh\Zgbb mijZ\ey_

< jZfdZo gZklhys ¢ jZ[hlu ih*kbkl fu ehdZebaZpb
jZkkfZljb\zZxlky dZd bklhggbdb \oh"guo ~Zgguo h[_Ki
| dms_]h khklhygby ljZgkihjlgh]lh kj_~kI\Z b hibkzZgb |
"\b' gby Hkgh\gh_ \gbfzZgb_ ~Ze _m~_ey lky f Ih"Zfi
k y\guf mgzlhf *hjh guo h]jZgbqg_gbc b ij_iylkl\bc Z 1Zd
Jezrdhklb b j_Zebam_fhklb IjZ_dlhjbb qglh khhI\_Tkl\i
hkgh\_hilbfbazZpbb jzZkkfzZljb\Zz_ fuf\ihke_"mxsbojZa”"

MijZ\e _gb_"~\b" _gb _f

Ih~ "kbkl fZz mijzZ\e _gby [ _kibehlgh]h Z\lIhfh[bey
\uitheg _gb_ aZ”~Zgghc hihjghc ljZ _dlhjbb knhjfbjl
leZgbjh\Zgby k mgzlhf ~bgZfbg_kdbo k\hckl\ ljZgki
hl]jZgbg_gbc bkihegbl _evguo f_oZgbafh\ b lj [h\Zgbc d
mijZ\e_gby \Ibih\hcihklZgh\d_ k\h~blky d fbgbfbazZphbhb
iheh” _gbx b hjb_glZpbb highkbl_evgh hihjghc 1jZ_dl
nhjfbjh\Zgbx mijZ\eyxsbo \ha” _ckl\bc m]he ih\hjhlZ m
lyl]h\h b lhjfhagh_\ha”_ckl\b_  h[_ki_gb\Zxsbo *\b" g
azZ"Zgghflhjbahgl _

K ijZdlbg_kdhc lhgdb aj_gby \u”_eyxl ijh*hevgh
mijZ\e_gb_ Ijh*hevgh_ mijzZ\e_gb_ h[_ki_qb\Z_| ih*”
kdhjhklb mkdhj_gby ihi_j gqgh_ 2 dhfi_gkZpbx hldeh
ljZ _dlhjbb ih [hdh\hfm kf_s gbx b dmjkh\hfm m
jZkijhkljZgzggu_ih?oh”ud mijZ\e_gbx |jZ_dlhjb_c \dex¢

T = hf _Ijbg_kdb_ j ]Imeylhju gZijbf_j 3XUH 3XUV
nhjfbjmxl mijZ\eyxs__ \ha”_ckl\b_ba]_hf_Ijbg_kdbo hr
hihjgh]h imlb > @ WIb f_Ih™*u hlebqgzZxlky ijhklh
\ugbkebl_evgufb azljzlzfb h~gzZdh gm\kl\bl_evgu d \u[Fh



1jZ\beh g_ h[_ki_gb\zZxl y\gh]h mqzlZ h]jZgbg_gbc
\ha”_ckl\b_b *"bgZfbdm

T Ebg_cgh d\zZ*jZlbggu_ f_Ih~u /45 hkgh\Zggu _
fh _eb \ hdj_klghklb IjZ_dlhjbb b fbgbfbazZpbb d\Z”*jZIDb
hrb[db b mijzZ\e_gby > @ /45 h[_ki_gqb\Z_1| \ugbkebl_
aZdhg mijZ\e_gby b rbjhdh bkihevam_lky dZd [Zah\uc
kjZ\g _gby

T Ij_"bdlb\gh_ mijZ\e_gb_ 03& \ dhlhjhf gZ dZ ~h
hilbfbaZpbhggzZy azZz”~ZqZ gZ dhg _gghf ]Jhjbahgl_ Kk mqg
khklhygb b mijZ\eyxsb_ \ha”_ckl\by 03& iha\hey |
gZkus _gby b h]jZgbg_gby h[_ki_qgb\Zy ih\ur_ggmx Ih
mkeh\byo keh ' ghcljZz _dlhjbb b\hafms _gbc> @

Ke ~m_| hif _Iblv glh  wnn_dlb\ghklv ih*"kbkl _1
kms_ kI\ _ggh aZ\bkbl hl k\hckl\ hihjghc 1jZ_dlhjbb ¢
djb\bagu | _adbo baf_ g gbc gZijZ\e _gby beb g _"“hk

Ij_iylkl\bc ijb\h~Abl d jhklm hrb[hd ke_~ _gby b d \hagbdc¢
gZkus_gby me_\h]h mijZ\e _gby Ilhwlhfm \ ijZdlb«
Z\lhghfgh]h \h"~ gby Ij_[h\Zgby d mijZ\ey fhklb i_j_
ieZgbjh\Zgby b k]lJezZ b\Zgby [jZ_dlhjbb ]~_ h[_Kki_qb\:
Jezrdhc ]_hf_ljbg_kdb *"himklbfhc b "bgZfbq_kdb j_Ze
ijb]h*ghc "ey bkiheg _gby \dhglmj_ mijZ\e _gby > @

< jZfdZo gZklhys c¢ jZ[hlu »_|IZevguc ZgZeba b kjZ)\
mijZ\e_gby ljZ_dlhjb_c \dexqZy /45 b 03& ijb\h*blky ~.
wdki_jbf_glZevguo bkke_~h\Zgbc \u[jZg ih”oh” gZ
h[_ki_qb\Zxsbc [he__\ukhdmx Ilhqghklv ke_~h\Zgby hih
gZebgbb h]jZgbqg _gbc

lj _bfms_ kI\Z bkihevah\Zgby d\zZ”*jZlbqgh]h ijh]jZ
Ney|j_ _Zevghlh\j f gb

AZ"Zqb d\Z”*jZlibggh]lh ijh]jzffbjh\Zgby 43 ijb \uim
AhimkdZxl| ijbf_g_gb_ ki_pbZebabjh\Zgguo gbke
h[] _ki_qb\Zxsboijb_fe fmx\ugbkebl _evgmx keh ghklv ?
Z\lhghfgh]h mijzZ\e _gby 1jZdlbg_kdb \Z guf y\ey Ik



jZaj_~ _gghc kljmdImju fZljbp b ih\lhjy fhklb ihl
ihke ~h\Zl _evguo |ZdlZo ieZgbjh\Zgby glh thal\l
bgbpbZebaZpbx ij_~u“msbf j r gb f ZDUP VWDUW
kj_~g__\j _fyjzZkqgzlZijbjz[hl_gZ nbdkbjh\Zgghf]hjbah
>ey \uimdehc 43 h[_ki_qgb\Z Iky ]Jeh[ZevgZy hilbfz
hilghkbl _evgh aZz*Zggh]h nmgdpbhgZeZ b h]jZgbg_gbc i
hlezklb WIlh ih\urzZz_ | gZz~z ghklv\ugbkebl_evgh]h ijhp_
h[sbfb g ebg cgufb ihklZgh\dzZfb ]~ _ \hafh gu ehdZe\
kms kI\ _ggZy \ZjbZlb\ghklv \j f gb koh~bfhklb < Kkl
\j_f_gb ~"Zggh_ k\hckl\h y\ey Iky dexq_\uf ihkdhevdm i
ih\lhjy fhklvih\_~ gby ZelhjblfZgZihke_"~h\Zl_evguor
43 m"h[gZ ~ey y\gh]h aZ~Zgby h]jZgbg _gbc \ \b”_ el
glh khhiI\_ITklI\m_lijZdlbg_kdhc g _h[oh”bfhklb mgblu\Zlv

t ]JjZgbpu ihehku ~\b" _gby ~hjh]b \ I g qgq_j_a
"himklbfhc h[eZklb\uimdeufb fgh bl _eyfb

T aZij_lgu_ h[eZklb k\yaZggu_ kh klZlbg_kdbfb ij
ithkljh _gb_h]jZzgbq_gbc ih k\h[hArghfm ijhkljZgkl\m

T h]jZgbqg_gby mijzZ\ey fhklb az”~zZ\z_ _fu_ ~himklb
djb\bagub ijbg_h[oh”bfhklb kdhjhklb baf_g_gby djb\b

>7Z299Zy nhjfZ h]ljZgbg _gbc h[_ki_qgb\Z _Tijyfmx bgl_]
[ _ ahiZkghklb bj Zebam_fhklb\h”Agm hilbfbaZpbhggmx |

D\Z~jZlbggZy nmgdpby p_eb iha\hey I nhjfZebah\ZlI
g_kdhevdbfb djbl_jbyfb dZgq_kI\Z hldehg_gb_ hl hihjg
kleZ b\Zgb_ nhjfuljZ _dlhjbb \dexqZyrljZnu gZ djb\bag
Z |zd_ j_]meyjbaZpbx mijZ\eyxsbo ijhba\l\h®*guo \_ebc
f_ITh*h\ nhjfbjmxsbo ~bkdj_lguc beb ehfZguc imlv ]j
kwfiebjh\zZzgb_ hilbfbazZpbhggZy ihklZgh\dZ iha\hey |
dZd ~bgh_kh]JezZkh\Zggh_ j r gb_kaZ”Zggufb k\hckl\z

LZdbf h[jZahf d\z~jZlbqgh_  ijh]jZffbjh\Zgb _
\ugbkebl _evgh wnn _dlb\guc b nhjfZebam_ fuc ZiiZjZI
mijZ\ey_fuoljZ _dlhjbc\j_"bf_j Zevgh]lh\j_f gbijbgZe
"hjh ghc kj_~u >Ze__ijb\_"~blky h[sZy ihklZgh\dZ aZ"Zq
hkh[ _gghklb zj r gby\u[jZggufgbke ggufj rzZl e f



Kiz\g_gb_k ~jm]bfb ihAoh~Zfb

>ey hp_gdb ijbf_gbfhklb f_IhAh\ ieZgbjh\Zgby b
ljZ _dlhjbb \ azZz”~"ZqZo Z\lhghfgh]h \h " _gby p_e_ khh]
ke "mxsb_ djbl _jbb ij_~kdZam_fhklv \ugbkebl _evguo
\j_f_gb \hafh ghklv y\gh]h mqg_I|Z h]jZgbg_gbc “hjh gh
Ij_iylkl\bc h[_ki_gq_gb_JlJez”dhklb b mijZ\ey_fhklb nhjfb
mklhcgb\hklvdbaf g gbyfkp gubgZebqgb_ ]ZjZglbcih

< kjZ\g_gbb k “bkdj_lgufb f_Ih”*Zfb ]iZnh\
j_rzlhggu_ ODWWLFH ieZgbjh\sbdb b f_Ih*Zfb kwfiel
mdZaZggu_ ih?*oh”u wnn_dlb\gh j_rzZxl aZ*Zgqm ihbkdZ
keh guo kp_gZjbyo b m~h[gu ey ihkljh_gby dhjb”*hjZ ij
themgzZ fh_j r _gb_ g _j ~dh bf_ | "bkdj _lIguc ehfZguc
ijh\_~ gby hI® _evgh]hwlZiZ k]l]eZ b\Zgby Djhf_ITh]h \uc
dZg_klI\h j_ r _gby fhlml kms_kI\_ggh aZ\bk _Iv hl jZaj_ r_
w\jbklbd ihbkdz kwfiebjh\Zgby < 43 ih"oh”_ h]jZgb
Jlezrdhklb az*Zxlky \ jZzfdZo _~bghc ihklZgh\db qlh n
ljZ _dlhjbb ijb]h”*ghc *"ey bkiheg _gby \dhglmj_ mijZ\e g

G _ebg_cgu_ ihklZgh\db hilbfZevgh]h mijZ\e _gby
mqgblu\Zlv "bgZfbdm b g ebg _cgu_ h]jZgbg_gby h~gZd
[hevrbo \ugbkebl _evguo azZljzZl b fhiml ~_fhgkljbjh\Zlv c
gZqZevghfm ijb[eb  _gbx Z 1Zd _ \ZjbZlb\ghklv \j _f_ gl
azZ"Zq j_Zevgh]lh \j _ f gb p_e_khh[jZa_g dhfijhfbkkguc
bkihevam_|ky \uimdeZy ZiijhdkbfZpby b j rZ Iky 43 aZ-’
ijb_fe_fmx\ugbkebl _evgmx keh ghklvbij_ ~"kdZam_fhkl

J_Zdlb\gu_ f_Ih”u b kbkl_fu gZ hkgh\_ ijZ\be hJe
kdhjhklvx ijbgylbyj r _gbc gh dzZdijZz\beh g_h[_ki_qgb
b nhjfZebam_ fuc [ZeZgk f_""m djbl_jbyfb dZqg_kI\Z e
hldehg gb_hlj n_j gkZ ijb h~gh\j_f gghf kljh]hf mqgzl
fh™ _ I ijb\h”*blv dZd d baebrg_ dhgk_j\Zlb\ghfm ih\_~
mom”~r_gbx dZq_kI\Z nhjfbjh\Zgby IjZ_dlhjbb \ mkeh\by
HilbfbazZpbhgguc 43 ih"oh” iha\hey | |lhqgh az”"ZzZ\.
hljzgbg_gby h[_ki_gqb\Zy \hkijhba\h®*bfh_ dzZqg_klI\h Ij
kp_gZjbyo “\b" _gby

Ke_"m_1I| hif_Iblv qglh \ ijzdlbg_kdbo kbkl_fZo ieZc¢



ijbf_gy Iky "\mowlZigZy ko _fZ ihbkd imlb ] hf Ijbq._
klhedgh\ _gbc b ihke "mxsZy ] g jZpby k]JeZ b\Zgb _I]
ithbkdZ ]jZnh\u_ gZ hkgh\_\u[hjdb b *] fh]lml|l wnn_dl
[ aklhedgh\ _gbc h*gZdhlZdb_j r _gbyqZklhlj [mxlih
Ney h[_ki_q_gby g_1ij_julghklb b h]jZgbqg_ghbc

1ZjZf _ljbg_kdb_ djb\u_ ihebghfu kieZcgu djb\u_ ; a
g_ij_julghklv 1jZ _dlhjbb gh [ _a “hihegbl_evguo ijhp_~
m~h\e I\hj gby h]jZgbg _gbyf dbg fZlbg_kdhc b *bgZfbi
< wlhf dhgl_dkl_ f_Ih?”u \uimdehc hilbfbaZpbb 43
jZkkfZljb\Zlv dZd \ugbkebl_evghj Zebam_fmx hkgh\m #

b klezZz b\zZghb
|Z[ebp _

y 1jZz_dlhjbb

ijb gZebgbb h]jZgbqg_gbc 7l

ij "klz\e _gZ k\h~AdZihdezZkkZff IhAh\ nhjfb]

LZ[ebpZ +KjzZ\g_gb_dezkkh\f_IhA"h\nhjfbjh\Zgby ljZ
DezZkk f_Ih~"h\ Mgzl h]jZgbqg _|gbc =ezZ~dhklv lj_~"kdZam_fhklv
[jZ _dlhjbb \j_f_gb
=jZnh\u_ j_rzlhgakhdbc ~bkdj _IghGbadzZy [ _a AZ\bkblhljZaj|r_g
ghlj_[m_I kleZ b\Zghby bw\jbklbd
ihklh[jZ[hldDb
F_Ih*ugZ hkglhWMf_j gguc azZ)\bkblGbadzy |[_a <Zjvbjm_lky g_
\u[hjdb 557 hlijhp_"mju ihklh[jz[hldb ~_ I _jfbgbjh\Zgh
ehdZevghlh
kh_~bg_gby/b
ijh\_jdb gz
klhedgh\_ghy
1/3 hilbfbaZpbyukhdbc \Ihfgqbke_<ukhdZzZy QZklh\ukhdZy
g_ebg_cgu | \ugbkebl_evgZy
hl]jZgbqg_gby klhbfhklv
\ZjbZlb\gZy
koh~ bfhklv
43 \uimdeZy <ukhdbc ey <ukhdzZy aZ kqzlukhdZy ijb]lh"rgZ
ebg _cguo \uimdewdzZ”™jZlbggulo "ey azZ"Zqj_Zevghl
ZiijhdkbfZpblc rljZnh\ \j_f_gb

H]jZgbg_gby kms_klI\mxsbo b ij_"*eZ]Z_fh]l]hih”oh”h
ehdZevghcljZ _dlhjbb "\b " _gby Z\Ihfh[bey

K\h~guc

ZgZeba ihdZz

aul\z |

[hjlhimx kbkl_fm mijZ\e _gby dexq_\u_

dZq_kI\hf 1]

Z dlhjbb g

h b K

bgl jij Ibjm_fhklvx h]jZgbq_gbc

glh gZ wlZi_

\g_

/\j_'

hljZgbqg_gby k)

\ugbkebl _evghc

K



t=jZnh\u_ j_r _lhggu_ f mAhdgu "ey ihbkdZ “himklbfl
gh gm\kl\bl _evgu d rZ]m ~bkdj _IbaZpbb b h[fuggh Ij_[m
kleZ b\Zgby "ey kh[ex™ _gby h]jZgbg _gbcih djb\bag_ bmn

16DPSOLQJ EDVHGjfhdhtd[hlZxlI\ keh ghc ]_hf_Iljbk
NZxl\NZjbZlb\gh_ \j_fy jZkq_IlZ b aZljm~gyxl ijyfh_azZ"Zq
"bgzZfbq_kdb_iZjzf_Iju”\b  _gby

tG _ebg_cgZyhilbfbazZpby h[$][]Kkib§gB\Z I\ukhdbc m
N IZebaZpbb fh® _eb ghfh  _I[ulv\iugbkebl _evghly _eh
gZgqZevghfmijb[eb  _gbx glhmkeh gy lijbf_ g gb_\ "kl
\j_f_gb

t1j ~ezZ]Z fuc 43 ih"oh”™ \ dhhj*bgZlZbd[ Ngi_agb\Z_
nhjfZebam_fuc mqg_|I| h]jZgbqgq _gbc b ij_~"kdZam _fh_\j fy
dhjj_dlghc ehdZebaZpbb ~hklh\_jghc ]_hf_Ijbb “hjh
kh[ex™ gby h[eZklb ijbf _gbfhklb ebg Zjbah\Zgghc fh”
bgl _gkb\gh]Jh [hdh\h]h kdhev  _gby b kjul\Z kp_ie_gby

Ke ~h\ZIl _evgh Ij_~eZ]Z fuc ih”oh™ g_  mkljZc
bg g jgu_ jbkdb gh h[_ki_gb\Z | [he__ mijZ\ey fuc
dZqg_kI\hf IjZz _dlhjbb [_ahiZkghklvx b \ugbkebl _evghc
p_e_\hc ZiiZjZImj_

LZdbf h[jZahf ijbf_g_gb_ \uimdehc d\Z”~jZlbqggh
p_e_ _khh[jZagh jZkkfZljb\Zlv dZd \ugbkebl _evgh | Zeba
nhjfbjh\Zgby b k]JeZ b\Zgby IjZ _dlhjbb ijb gZebqgbb h]jZz
kj "u GZ ke_"mxsbo wlZiZo jZajZ[hldb |jZ_dlhjby b
ijb\h~*blvky d _""bghc dZghgbqg_kdhc ihklZgh\d _
ijh]ljzffbjh\Zgby \ dhlhjhc Ij_[h\Zgby d dZqg_kI\m ~\b"
[ebahklv d j_ n_j gkm h]jZgbg _gby ih mijZ\e _gbx aZzZ
p_e \hcnmgdpb_c¢c Zh]jZgbq _gby k) "ubj Zebam_ fhkl
hl]jZgbg_gbc >Ze i ijb\_~ gZ h[szZy fZl_fZlbqg_kc
bkihevam_ fzy \jzZ[hl_



Nhjfmebjh\dZ az~zqb d\Z”jZIbgghlh ijh]jZffbjh\Z,
\bA

< ~Zgghc jZ[hl_ azZ”~Zgqb nhjfbjh\Zgby k]leZ b\Z
Ijb\h”*ylky d \uimdehc azZ~Zq_ d\zZ”*jZlbqgh]h ijh]jzZffl
dZghgbqg_kdhc nhjf_ m~h[ghc "ey gqbke_ggh]h j r _gby\
his_f\b~_ jzZkkfzZljb\Z |ky az*ZqZ

1
PL Qéx "Px + qPx,

x!' Rn

VvV W" Ax" u,

]*x ' R" 2\ dlhj hilbfbabjm_fuo i_j_P_dgWR§" 2
kbff _ljbggZy fZljbpZ d\Z”jZlbgguo dRw®Plod bR"gAh\dlhj
ebg _cguo dhwnnbpb!gIRY" 2 fZljbpZ ebg _cguo h]jZgb
Lu ' (RS$ {%&,+&})™ 2 gb ' gb_ b \ _jogb_]jZgbpu gZ e _\I
h]jZgbg_gbc

IhklZgh\dZz yley |lky \uimdehP {j0miheth\'lbh _evgtl
ithemhij_ ~ e gghklb glh bkdexqZ | ehdZevgu_ fbghb
leh[Zevgh]h JZ\ gklI\Z b g_jz\ _gkl\Z az*Zxlky _“bghh
jZ\ _gkl\h khhiI\_lkl\=s _& h”ghklhjhgg__ g _jZ\_gkl\h j_
mklZgh\dhc h*ghc ba ]JjZg&p | ZdAdywaZibkv m*h[gZ ey dI
ij_"klZ\e_gby hljZzgbq_gbc ~hjh gh]lh dhjb~hjz ij_~
mijZ\eyxsbo \ha” ckl\bc Z 1Zd"_ ebg_cguo Ziijhdkbf
hljZgbqg _gbc

>ey j_r_gby az”*Zq \b™Z \ jZ[hl_ bkihevam_ |k
2SHUDWRU 6SOLWWLQJ 4XDGUDWLF 3URJUDP > C(
[hevrb_ jZaj "~ _ggu_ 43 aZ”Zgb k ebg_cgufb h]jZgbg_
wnn_dlb\gh_ h[gh\e_gb_ izZjzf_Ijh\ ihklzZgdq\db ij\b dl
nbdkbjh\Zgghc kijmdImp_biXljgpkh y\ey |ky ijbgpbibZevg
Ijbf_g_gby\azZ”~ZqZoj_Zevghlh\j_f _gb

>Ze i jZkkfzljb\z 1ky izZjzf ljbazpby IjZ_dIh
Nj g_ ihalheyxsZy kI _kI\_gguf h[jZahf knhjfbjh\ZIv p_
hljZzgbq_gby az~zqb k mg_lhf ] _hf_ljbb ~hjh]b b ]

dhjbrhjz



Bkihevah\Zgb_dhhj*bgZI Nj_g_

>ey nhjfZebaZpbb azZz”~Zgb ieZgbjh\Zgby 1jZ_dlhjbb
p_e _khh[jZagh bkihevah\zZlv kbkl fm dhhj*bgzZl N
hlghkbl _evgh]JeZ”~dhc hihjghc j_n_j gkghc [jZ _dlhjbb

C:s(O x(3), Vi (9),! (s

1ZjZf _ljbah\Zgghc "ebghcZtm@ybiZjZf ljbaZpby ihalhey |
theh™ _gb_IjZgkihjlgh]hkj_~kI\Zg_\Z[khexlghcXydZZ K\
dhhj*bgzZlZohjh]b glhmijhsZ lihklZgh\dm h]jZgbq_gb

< kbkl_f Nj g _ khklhygb ij_~klzZ\ey |Iky g_j_aijh?
s ijhc”_ggh_jzZkklhygb_\~hev hihjghc ljZ_dlhjbb b ihi
d 2 agZdh\h_ jZzkklhygb _hl hihjghc [jZ_dlhjbb ih ghjfZe
khlezZr _gbx 0 khhI\_ITklI\m_1| kf_s_gbd *e0\h\ijZ\h >ey
hibkzZgby hjb_glZpbb \\h~blky méehhZy hrbydZZy dzZd jZ
f_ ""m | _dmsbf dmjkhf Z\Ihfh[bey b gZijZ\e_gb_f dZkZI

jz_dlhjbb \ 1lhqd_ ijh_dpbb = _hf _ljby ~\b' _gby
0Zjzdl_jbam_Iky djbj\badthgbb h[t_dIZ
GZjbkmgd_  ijb\_~_gh khihklZ\e _gb_~_dZjlh\hc k

kbkl fu dhhj*bgzZl Nj_g_ < ~ _dZjlh\uo dhhj*bgZlZo
djb\hebg cghc “hjh]lb Ij _[m _I kh\f_kkdgth Jthy)i b kiZl@¢ Eyd Zd
kbkl f dhhj2bgZI Nj g "bgzZfbdzZ\hdj_klghklb hihjghc
d mijZ\e _gbx fZeufb hlded{(g bglftyfb



Jbkmghd  +Kjz\g_gb_~ _dZjlh\ZijhkljZgkI\Z b kbkl_fu

K\yav f_Am ~_dZjlh\ufb dhhj"bgZ VX ftb ilhj@dbljbazphb
Nj os,de,") az~rzzlkyq_ j_a] _hf_ljbx hihjghcljZ_dlhjbb

X = Xr(s) %d V L Q@s),
y = ¥i(s)+ d FRMs),
L =1,(s)+ e,
_ (9 +@ld
1%",(s)d’

I*"i(s) 2djb\bagZ hihjghc IjZ_(alhj]d'bba\h"gZy ih\j_f_
Ba ke "m_1| qlh dhjj_dlghklvij_h[jZah\Zgby lj [m I
["r(s)d] < 1 dhlhjh_ gZ ijzdlbd_ h[_ki_gb\zZ _Iky ~\b" gl
"hjh gh]l]h dhjb~hjzZz \hdj_klghklb hk_\hc ebgbb

<Z gh_ij_bfms_klI\h nj_cfZ Nj_g_ “"ey azZ”™Zqgq Z\lhg



khklhbl \ Ihf qlh h]jZgbgq_gby ~hjh ghc bgnjzZkljmdIn
h[jZzahf\ujz Zxlky dZd h]jZgbgq_gby gZihi_j_qgh_iheh _

dei(§) " d(s)" dpp(s),

Z lj [h\Zgby d ieZ\ghklb b mijz\ey fhklb |jZ_dlhjbb 2 d
hljZgbqg_gbd @zb" L _f kZfuf \\h» dhhj*bgZl Nj_g_ h[_
I_j_oh” hl ] _hf _Ijbg_kdb keh 'guo h]{Xgbgdghbakluf
ebg cguf d\Zabebg cguf mkeh\byf \ ©dhhj*bgZlZ
g_ihkj_~klI\_ggh khleZzkm_lky k ihklZgh\dhc az”Zq \
ijh]ljzffbjh\Zgby \\_~zgghc\i

LZdbf h[jZzahf i_j_oh” \ dhhj*bgZlu Nj_g_ itha\hey
"\b® _gby \"hev ijhba\hevghc djb\hebg cghc “hjh]b
hldehg gbyfb Z\Ihfh[bey hlghkbl _evgh hihjghc ljZ dlhjk
azZ"Zgb_ "hjh guo h]jZzgbqg_gbc ]jZgbpu ihehku ~\b"
dhjb”~hj |1Zzd b ihkljh_gb_ hilbfbaZpbhgguo ihklZgl
I _j_f _ggu_ hl[ez~Zxl| g_ihkj_~kI\_gghc ]_hf_Iljbg_kdh
1ZjZf _ljbaZpby \ dhhj*bgZlZo Nj_g_ rbjhdh ijbf_gy_
leZgbjh\Zgby I|jZ_dlhjbb b mijZ\e_gby Z\lhghfgufb
kj ~kI\Zfb ihkdhevdm h[_ki_gb\zZ | kl_kI\_ggmx nhjfz
bdjbl _jb_\hilbfZevghklb \ kbkl f dhhj*bgZIl "hjh]b >
hkgh\_ \\h~blky bkihevam_fzZy \ jZ[hl_ fh™_ev “"\b" _gby
Ijb\h~blky _z nhjfZ ijb]lh*gZy "~ey ijbf_g _gby \ Ze]hjt
ljZ _dlhjbb



<u\h”u

<j_amevlZl \uiheg gby h[ahjgh]h ZgZebaZ \ ]JeZ\_
\u\h”u

<uiheg_g ZgZeba hl_q_kl\_gguo b aZjm[_"gu
ithk\yszgguo f_|h*"Zf ehdZevgh]h ieZgbjh\Zgby b ] g
"b® _gby \ukhdhz\lIhfzZlbabjh\Zgguo b [_kibehlgu:
kj _~kI\' \ mkeh\byo ]Jhjh*"kdhc ~hjh ghc kj_~u Z |Z
nmgdpbhgZevgu_ azZ”Zgb hij_ "~ eyxsb_ Ij_[h\Zghb
ljZ_dlhjbb ijb gZebqgbb h]jZgbg _gbc ~hjh'ghc bg
hdjm Zxs_c¢ h[klZgh\db IhdZazZzgh qglh ijZdlbqg_
jZkkfzljb\Zz _fhc az”~Zqgb hij_~ ey Iky \ukhdhc “he _«
g eh\ g kdbf nzdlhj®4 kdjemguo >LI1 \ KR: b B&8 heh
>LI \ Jhkkbckdhc N_"~ jZpbb h[mkeh\e _gu hrb[d
>hihegbl_evgh mklZgh\e_gh glh ' mkeh\byo
wdkiemZlZpbb \ Jhkkbckdhc N_~ jZpbb nZdlbqg_
k jbcguo kbkl_f Zdlb\ghc [_ahiZkghklb khkl5BYey |
ij_"hl\jZszgguo Ibih\uo klhedgh\ _gbc ijb ihl_gpbZe
mjh\g_ ihjyYdZqlh mdZau\Z_| gZ gZebgb_ kms_klI\_
f ""mlj_[m_fhc b~ hklb]Z _fhcwnn_dlb\ghklvx

ljh\_~ gZ deZkkbnbdZpby hkgh\guo ih”oh”h\
ljZ_dlhjbb ~bkdj_Igh JjZnh\u_ f _h~u f_Ih~u ihl_qg|
\_jhylghklgu_ f Ih”u \u[hjdb ih”oh”u hilbfZevgh]t
hilbfbaZpbhggu_ ihklZgh\db lhdZazZgh glh ijl
ijbf _g _gbb kms_klI\ _ggZy gqgZklv ba\_klguo | r ¢
hl]jZgbqg_gby ijb h~rgh\j _f gghf h[_ki_q_gbb Ij_[h\
\j f gb y\gh]h mqzlZ ]jZgbp ihehku "\b~_gby b ij_i
lj [h\Zgbc d Jez*dhklb IjZz _dlhjbb \dexqgZy h]jZgbqg.
kdhjhklb baf _g _gby djb\bagu >ey ]jZnh\uo b j_rz
dhgdj Igufb g _"hklzldZfb y\eyxlky aZ\bkbfhklv dZ«
rZ]l]Z "~bkdj_IbaZpbb dmkhggh ebg cguc o0ZjZdl
g_h[oh”Abfhklv ihke_~mxs_]h kleZ b\Zgby "ey ih
kieZcgh\uo 1ZjZf ljbaZpbc 2 dhk\_gguc dhgljhe\y
jZkklhygby ~h ]jZgbp ihehku qglh fh™ _| ijb\h”blv



ij_\ur_gbyfh]jZgbg _gbc

MklZgh\e_gh qlh f_Ih”u ~“bkdj_Igh]h ihbkdZ b \_jhy
dZd ijZ\beh oZjzdl_jbamxlky \ZjbZlb\ghklvx \ugbkt
lj [mxl ~hihegbl _evguo ijhp_"mj kl]JeZ b\Zgby |
"bgZfbq_kdhc j_Zebam_fhklb IjZ_dlhjbb F_Ih”u ih]
hfez”*Zxl h]ljZgbg_gghc mklhcgb\hklvx d ehdZevg
gm\kI\bl_evgu d izjzf_1jzf gZkljhcdb Ih”oh”u gZ |
ij_"klZ\e_gbcbdZjlazgylhklb mA*h[gu *ey hibkZgby
lj [mxl ihke “mxs_]Jh ihkljh_gby ]JeZz*dhc b mijZ\ey_
mqgzlhf *hjh guo ]jZgbp b k\h[h~*gh]h ijhkljZgkI\Z >e¢
f_ ITh~h\ dhgdj_Igufb g_"hklzldZfb y\eyxlky g_"_|I
\j _fyjzZkgzlZ b keh ghklvijyfhlh mqzlZ "bgZfbq_kdb
h[sbo g ebg cguo hilbfbaZpbhgguo ihklZgh\ho
\ugbkebl _evgZy klhbfhklv b gm\kl\bl _evghklv
ijb[eb _gbx "ey f_Ih~h\ hkgh\Zgguo gZ h[mqg_gbb
agZqbl_evguo h[tzfh\ h[mgZxsbo ~Zgguo keh gl
\_jbnbdZpbb b hlkmlkl\b_ kljh]bo ]ZjZglbc ih djb\bac
kh[ex® gbx]Z[Zjblguo h]jZgbg _gbc\ h[s _f\b" _

IhdZazZgh glh ihklZgh\db k\h~"bfu_ d azZ”*"ZgZf\uimi«
gZklghklb d\zZ~jZlbggh]h ijh]jzZffbjh\Zgby yl\eyxlk:
hkgh\hc "ey Ze]hjblfh\ ehdZevgh]lhieZgbjh\Zgby ih
y\ghf \b*_ mqgblu\Zlv h]jZgbqg_gby gZdeZ”u\Z_fu_
liZgbpzZfb ihehk 2~\b " _gby b ij_iylkl\byfb b h
nhjfbjh\zZlv IjZ _dlhjbx k az~Zggufb |Ij _[h\Zgbyfb ih
ijb_fe _fhc \ugbkebl _evghc keh ghklb b ij_~kdZar
jZkgzlZz

HIf _q_gh qglh bkihevah\Zgb_ dhhj*bgzl ~hjh]b \ Ih
Nj_g_ h[_ki_gb\Z_| m*h[gmx iZjZf_ljbaZpbx ~\b" _
hihjghc |jZ_dlhjbb b iha\hey_ | _kl_klI\_gguf hJj
A"hjh'gu_ h]jZgbg_gby b djbl_jbb dZqg_kI\Z \'i_j f g
ijyfhc ]1_hf_Iljbg_kdhc bgl_jij_lZpb_c L _f kZfuf
j_amevliZlu ijh\_~ ggh]h ZgZebazZ iha\lheyxl hJ
hilbfbaZpbhggh]h ZiizjZlZz \uimdehc hilbfbazZpbb



ihkljh _gbx fzl fzZlbg_kdbo fh~ e ¢ b Zelhjblfh
1jZ_dlhjbb ~\b>_gby Z\Ihfh[bey

P evbazZ”r"Zgb bkke ~h\Zgby

ljh\_~zgguc \ JeZ\_ ZgZeba hl_g_klI\_gguo b aZjm]
ehdZevghfm 1ieZgbjh\Zgbx b nhjfbjh\Zgbx [|jZ_dlhjb
kms kI\ _ggZy gqZklv j_ r _gbc eb[h aZljm~gy | kh\f_klgtL
"hjh ghc bgnjZkljmdIimju b ] _hf _Ijbb IljZgkihjlgh]h kj_
_"bghc kljh]lhc ihklzZgh\db eb[h o0zZjzdl_jbam_lk
ij_"kdZam_ fhklvx \ugbkebl _evguo azZljzl \ j_ "bf_ | Ze
mqgzlhf baeh” _ggh]h Z 1Zd _ k mqg_I|hf p_e khh[jZagdg
dhhj*bgZl Nj _g_ "ey y\gh]h azZ~Zgby ~hjh 'guo ]jZgbr
bgl_jij_Ibjm_fuo h]jZgbqg_ghbc nhjifmebjmxlky p_€
"bkk _jlZzpbhgghc jZ[hlu

P_ev bkke_ "~h\Kgbpmebjh\ZgZ \h <\_~ gbb b aZzd
jZajzZ[hld_ b wdki_jbf_glZevghc \_jbnbdZpbb Ze]h
ileZgbjh\Zgby 1jZ _dlhjbb ~\b" _gby Z\lhghfgh]h I|jZgkil
h[_ki_gb\Zxs_]h ihkljh_gb_lJezZz~dhc ~bgZfbq_kdb j_Ze
ljZz _dlhjbb \ j Zevghf \j f gb k mqgzlhf h]jZgbq_gbc
] _hf _ljb_cijh_a  _cqZklb ]jZgbpZfbihehk "\b " _gby b gZ
1j_iylkl\bc

>ey ~“hklb” _gby ihklZ\e _gghc p_eb g_h[oh”bfh j_
azZ™"Zqb

ljh\ _klb ZgZeba b deZkkbnbdZpbx kms_ kl\mxs
]_g_jZpbb |jZz_dlhjbc "\b _gby \ukhdhz\lhfZlbabjh\Zgg
ljZgkihjlguo kj_~kI\ \uy\blv bo h]jZgbg_gby b hij_:
g_"hklzZzlhggh]l]h mqg_IZ ]_hf_Ijbb IjZgkihjlgh]h kj_~klI\Z
"bgZfbgq_kdbo h]jZgbg _gbcgZ|[_ahiZkghklv b dzZq_klI\h "~

JZajZ[hlZlv mkh\ _jr_gkl\h\Zgguc Ze]hjblf \uiheg
"\b® _gby Z\Ihfh[bey gZ hkgh\_ hilbfZevgh]h mijzZ\e g
nmgdpbhgZe *"ey hilbfbaZpbb

JZajZ[hlZlv mkh\_jr_gkl\h\Zgguc Zelhjblf ]_g_j
ljZ_dlhjbb "\b"_gby Z\Ihfh[bey k mqg_Ihf~ hjh guo h]jZgb



"\b'_gby gZ hkgh\_ dhf[bgZpbb ] _hf_Ijbg_kdbo b hilbfb
ithbkdZ imlb Knhjfbjh\ZIvnmgdpbhgZe “ey hilbfbaZpbb

JZajZ[hlZlv b ijh\_klb wdki_jbf_glZevgmx
ijh]ljZzffghlh h[_ki_q_gby j Zebamxs_]h ] g jZpbx |
mijZ\e _gb_1jZ _dlhjb_c "\b"_gby Z\Ilhfh[bey m”h\e I\h
Zdlb\ghc [_ahiZzkghklb h]jZzgbqg _gbyfj Zevgh]h \j f gl
dhglmj :KM>

ljh\ _klb wdki_jbf _glZevgu_ bkiulZgby jZajZ[hlZgc
j _Zevghf Z\Ihfh[be_ "ey hp_gdb "bgZfbqg_kdhc j Zebe
lhgghklb \hkijhba\_* gby aZz”*Zgguo |jZ_dlhjbc b ih”I\_j
Zelhjblfh\ b IH ey bkihevah\Zgby \ bgl ee _dimZev
kbkl_fzZo



—E:<: FZl fZlbgq_kdZyfh” _ev Z\Ihfh[bey b Z
ke ~h\ZgbyljZz dlhjbb

>7Z9ggZy leZ\Zihk\ys gZgb g fmmjh\gx dhglmjZ mij-.
fZzl _fZlbq_kdhc fh® _eb Z\Ihfh[bey ihkljh_gbx hrb[hd ke
Zelhjblfh\ mijzZ\e _gby ljZ _dlhjb_c¢ Ze]lhjblfZz ] _hf _Iljbqg_}
3XUH 3XUVXLW 33 ebg _cgh d\Z~jZlbggh]h ] _
fhr _evgh ij_"bdlb\gh]h mijZ\e _gby ORGHO 3UHGLFWL.
Ney jZkkfzZljb\Zz _fuo \ ]JeZ\_ Ze]hjblfh\ y\ey Iky hihj
knhjfbjh\ZggZy fh”"me_f ieZgbjh\Zgby Z \uoh”hf 2
\ha” _ckl\bygZ jme _\hcbijh*hevgucijb\h”u

NmgdpbhgZevgZy ko _fZkmdZazZgb ff _klZjZkkfZljk
Zjobl dimj_ :KM>ihdZaZgZgZ jbkmgd __

hihjgzy
1jz_dlhjby # a

<hkijbylb EhdZebazZpb EhdZevg Ke_"h\Zg Bkihegbl_evgu_
bdzjlz khklhygb_JL ljZ_dlhjb ljZz_dlhjb f_ozZgbafu

A
[

h[jZlgZy kl\yav ih khklhygbx LK

Jbkmghd + F_klhaz”"ZqleZ\u \nmgdpbhgZevghc Z
\ur_e_gudhglmju jZkkfZljb\Z_fu_\]eZ\_

<jzZfdZo ]JeZ\uihke "h\Zl _evgh jZkkfzZljb\zZxIky ij_*"
\ijhkljZzgkl\_khklhygbc ebg_ ZjbaZpby nhjfbjh\Zgb_ fh
hrb[hd kbgl _a b kjzZ\g_gb_ Ze]hjblfh\ ke ~h\Zgby Ij.
\hkijhba\h~bfuc \uqbkebl_evguc wdki_jbf_gl "ey \i
j _]meylhjz



Fh~_ev Z\Ihfh[bey \ijhkljZgkI\_khklhygbc

< azZ™"ZqZo mijzZ\e_gby "\b"_gb_f [_kibehlgh]h IjZgl
lj [m_Iky hibkzZgb_~bgzZfbdb h[t _dlIZ mijZ\e _gby \ nt
fgh]hf_jgu_ \oh”u b \uoh”u y\guc mqgzl h]jZgbq_gbc

mijZ\eyxsb_ \ha” _ckl\by Z 1Zd _ ihke_~mxs__ ijbf
hilbfZzevgh]l]h b fh”_evgh ij_"bdlb\gh]h mijzZ\e_gby Md
_klI_kI\_gguf h[jZzahf h[_ki_gb\zZxlky ij_"~klZ\e gb_1

ijhkljZgkl\_ khklhy\gkbbolhjhf kbkl fZ azZz”~ZzIlky mjZ\g_ gt
ithjy*dZ hlghkbl_evgh\_dlhjZ\gmlj_ggboi_j_f_gguo i_]
bZe] [jZbg_kdbfb khhlghr_gbyfb ey \uoh”guoi_j f gg
lhgylb_ khklhygby “bgzZfbg_kdhc kbkl_fu hlghkblk
gZ[hjm i_j f g@guo = 1,....,.n agZgb_ dhlhjuo \ gZgZevgu
\j f _gth kh\f_klgh k az*Zgb_f \oh”guo \ha”_ckltbt Z b
"hklZlhggh *ey ijh]lJghabjh\Zgby [mMm"ms_]h khklhygby b\
kbkl_fuigbt, Qbkehij_~_ ey lihjy*hd kbkl_fu> 2 @
< klzg~Zjlghc nhjf_ fzl _fZlbqgq_kdh_ hibkZgb_ kbk
gZ[hjhfm&\yaZgguo hfudgh\ _gguo “bnn_j gpbZevguo i
thjy*dZ mjzZ\g_gbc khklhygby \ dhlhjuo ijhba\h”*gZy
i _j_f gghc khklhygby \ujzZz " Z Iky g _j_a i_j_f ggu_ khl
\ha”_cklybty j =1,....r < h[s_f kemqZ_ kbkl_fZ mjZ\g_gb
bf _I\b~
Xu(t) = fa(x, u,t),
Xp(t) = fo(x,u,t),

Xh(t) = fr(x,u,t),
"X = G/® ZdzZ "Zy nmfg(,upby (i = 1,...,n) \ h[s_f kemq:
yley Ikyg ebg cghcbfh lazZz\bk _Ivhl\j f gb

MjZ\g _gby m~h[gh ij_"~klZ\eylv \ \ _dlhjghc

khklhygby hij 7~ ewx(t)ky[gh@dd xa(t),...,xa(1)]" Z \_dlhj\oh”h\
u(t) = [ug(t),ux(t),...,u,()]" Lh]*Z kbkl _fZ mjz\g_gbc khklhygby
\\b~™_

Xi= f(x,u,t),

I"f(x,u,t) 2\_dlhj nmgdphbyhkihg_glZfb



>ey ebg_cghc klZpbhgZjghc kbkl kfu\ohpyZibzmjz\g

kKhklhygby iib\h~ylky d ebg _cghcnhijf_ kihklihyggufb
#N H
X (t) = aj X (t) + b uk(t), i=1,...,n,
j=1 k=1

th\fZIjbqghc aZibkb wd\b\Ze glgh

$ $ '$ $ '
Xh(t) a11 ain 1() bu bio ... by, ui(t)

w)_%mz()i §21 s E z(t)E sz s . f z(t)f

Xh(t) an1 @2 ... ann  Xn(t) he b2 ... b U(t)

oo &

%
S8

H[h[szggZy aZibkv bf |\b~
Xi1= Ax + Bu,

]*x! R"u! R" Al R¥n B | RM™r

<uoh”gufbi_j f ggufb kbkl_fu kgblZxlky \ _ebqgbgu
bgl j _k\dhgl dkl_jzZkkfzljb\Z fhc az”"Zqgb mijZ\e _gby
kbkl full_jfbgZo gZ[hjZi_j f gguo khklhygby g_ hl[yaZ
\_ ebgbgu ij_"klzZ\eyxsb_ g _ihkj_"~kI\_gguc bg g _jg
ebg _cghc kbkl_fu ijhba\hevgZy \uoh”gZy i_j_f_gg
Ij_~"klZz\e _gZ ebg _cghc dhf[bgZpb_ ¢ i _j f gguo khkl
\ha” _ckl\bc " "

YO = gxi®+  deut),
j=1 k=1

]"g bd 2ihklhyggu_dhwnnbpb_glu fkleumaZgdgh_j_f_gg
lh mjZ\g_gby \uoh”h\ aZibku\Zxlky \\b”™ _

$ ' $ ''$ $ '$
8/yl(t) 0011 C12 ... Cin ?/xl(t) Odn d12 ol1r 8/u1(t)
g?,yz(t)f %cn & ... f %Xz(t)f f’d f %M)E

Ym(t) Cni Cm2 -.- Gmnn  Xn(t) Ont Om2 ... Ome  U(1)



<dhfizdlghc nhjf_ aZibku\z_ |ky dzd
y = Cx+ Du,

J*y! R C! R™"N DI R™' >eyfgh]bonbabqgq_kdbo kbl f"
yley Ikygme \hc blh]rZ mijhsZ |ky *h

y = Cx.

IlhegZy fh” _ev ebg _cghc klZpbhgZjghc kbkl_fu azZ”
khklhygby bmjzZ\g _gbyfb\uoh”h\

XiI= Ax + Bu,

y = Cx+ Du.

FZljbpulA b B hij_~ eyxlky kljmdImjhc h[t_dIZ mijZ\e
iZjzf _1jzZfb 1h]rZ dzd ZIpbphij_ ~ eyxlky \u[hjhf \uoh
i _j_f gguo \ khhI\_Ikl\bb k ihklZgh\dhc az”~"Zgb < ~Z
"NZggh i) _"klZ\e _gb_ bkihevam_I|ky ijb \u\h®_ b ebg
"\b" _gby Z\Ihfh[bey bijb kbgl_a_Zelhjblfh\ ke _"~h\Zgby

Ebg ZjbaZpby kihfhsvxjy*"Z L _cehjZz

Ebg ZjbazZpby ijbf gy |Iky ”"ey ihemqgq_gby eh
ijb[eb” _gby g ebg cghc fh™ _eb \ hdj_klghklb \u[jZgghc
hihjghc ljZ_dlhjbb LZdhci_j oh” bkihevam_ Iky *"ey mijl
ijbf_g _gby f _Ih*h\ ebg _cghc | _hjbb mijZ\e _gby Z |IzZd
ehdZevguo fh*_e_c\az”*ZqZo fh®_evgh ij_"bdlb\gh]h m

JZkkfhljbfg ebg _cgmx *bgZfbg_kdmx kbkl_fm azZ”"z
khklhygbc

Xi= f(x,u,t),

J* x(t) ' R™ 2\ _dlhj khklhyg®)yy R" 2\ _dlhj mijZ\e fd®
\_dlhj nmgdpby \ h[s_f kemqZ_ g _ebg _cgZy b aZ\bky



g_h[oh~bfhklb ~hihegbl_evgh\\hAblky \uoh?*gh_mjZ\g_c

y = g(x,u,t),
*y(t)! R"m 2\ dlhj\uoh”~guo \ _ebgbg
Imklv aZz”~"ZgZ jZ[hqZy IhgdZ IhqrZuj)Z akehl\gbkyl\mxs
nbdkbjh\Zgghfm j_ "bfm ~\b" _gby eb[h hih(xuZty, djg)dlh
azZNZxsZylj [m_fh_~\b" _gb_ <\ _7~zfhldehg _gby
#X = X %X, #u = u%u’,
beb \kemqgZ_ hihjghcljZ _dlhjbb

#X = X %X y(t), #Hu=u%uy().

JZaeh  _gb_ ijZ\hc qzZklb \ jyA L_cehjzxih)ikj_
m~A _j~Zgb_fqge_gh\i_j\h]hihjy~rdZijb\h~bldehdZevghfm

f(x,u,t), f(x",u"t)+ A(t)# + B(t)#u,

]~ fZljbpa@) bB(@) hij ~ eyxlky ydh[bZgZfb

o * o ¢
A(t):$_*_, _1, B(t):$_*_, .

:gZeh]bggh ey \uoh®”gh]h mjZ\g _gby

g(x,u,t), g(x*,u*,t)+ C(t)#x + D(t) #u,

]/\_ * *
_ $g} _ 39
C(t) - $ *X:X!,uzu! ) D(t) - $ *x:x!,u:u!

< y\ghf \bA_ fZljbpZ Ydh[b ih khklhygbx %ey \_



f=[fq,....f,]7 bf__I\b~

$_1 “fa “fa
B 1 i
B e
$x é
"fn "fy "
"Xp "X2 T "Xp
Ih~rklZgh\dZ \ "NZzl Znnbggmx ehdZevgh et

| jfbgZo hldehg_gbc hgz fh  _|JulvazZzibkzZzgzZz dzd
#, A(t)# + B(t)#u+ w(t),

1" _

w(t) = f (x*,u’,t) %X
?ketx*,u’) khhI\_IkI\m | jZ\gh\ Xkbx 0lhZ ijb \u[hj_ hihjgt
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br Zevguf "~ey mijZ\e _gby keh ' ghc "bgZfbdhc |jZgki
gZijbf_j ijbieZgbjh\Zgbb fZjrimlZ b h[t_a”_ij_iylkl\bc
hkgh\ZgzZz gz ~bgZfbq_kdhc ebg_cghc fh*_eb ijhp_k
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/45 ebg _cguc d\Z"jZlbgguc j _]meylhj wlh f_|h~
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ljbgpbi jZ[hlu ebg_cgh d\Z*jZlbggh]h j_]ImeylhjZ
ljZ _dlhjbb

AZ"ZqZ ihi_j_qgqgh]lh mijzZ\e_gby ijb ke_"h\Zgbb hi
k\hAblky d nhjfbjh\Zgbx 1Zdh]h m]eZ ih\hjhlZ mijZ\ey
dhlhjhf fbgbfbabjmxlky ihi_j_qgh_ hldehg_gb_ Z\Ilhfh
ljZ_dlhjbb hrb[dZ hjb_glZpbb highkbl_evgh dzZkZIl_ev
l1Zzd"_ kdhjhklb baf_g gby mdZaZgguo hrb[hd >ey ihl
bkihevah\ZgZ ebg_Zjbah\ZggzZy fh”_ev [hdh\h]h ~\b"
dhhj*bgZlZo hrb[hd ihemq_ggZyjZg__\ih*jZa”_e _

<_dlhjkhklhygby [ueijbgyl\\b”"_
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djb\bagu hihjghcljZ _dlhjbb gZ *bgZfbdm hrb[hd

Lzdbf h[jZahf ijb kbgl_a_mijZ\e _gby djb\bagZ hi
jZkkfZljb\Z |ky dZd aZz"Zxs__ \ha”_ckl\b_ Z azZ~ZqZ j_
Ith"Z\e _gbx hldehg _ gbcxkinlkdimyegbyw]h agZg _gby

>ey j _ZebaZpbbj ]ImeylhjZ\ pbnjh\hf\ugbkebl e g
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mf _gvrZ 1 bgl _gkb\ghklv jme \h]Jh \ha” _ckl\by b kihkh[k
mijZ\e _gbx

FbgbfbaZpby nmgdpbdyZleikd] Ighc ebg cghc kbkl fi
dazZdhgm mijZ\e _gby k h[jZlghc k\yavx ih khklhygbx
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nhjfbjm_fh_ihl_dmsbf hrb[dZf khklhygby

K mqzlhf h]jZgbg_gbc jme_\h]h ijb\h”Z blh]h\h
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Z1Zd _khl]jzgbqg_gb_fih kdhjhklb baf_g_gby m]eZ ih\hjl
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Ihkljh _gb_j _]ImeylhjZ \ gZklhys _c jZ[hl_\dexqgZeh
ihemqg_gb_ ebg_Zjbah\Zgghc fh”_eb hrb[hd [hdh\h]h ~
\u[hj \_dlhjZz khklhygby 0ZjZdl_jbamxs_]h hldehg_
ljZ _dlhjbb ~"bkdj_IbaZpbx fh® _eb k adifZgg0ZglZ]hfZlj
\_kh\uo dhwnnbp®_ &R j r gb_ “bkdj_Igh]h Ze] [jZ
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dhjj_dlbjmxs__ jme_\h_\ha”_ckl\b_ >Ze__dg_fm *"h|[Z
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LZdbf h[jZahf ebg _cgh d\Z”*jZlbgguc |j_]Jmeylhj [t
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libgpbi jZ[hlu ZelhjblfZ fh~_evgh ij_~bdlb\gh]lh r
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Fh” _evgh ij_~bdlb\gh_ mijZ\e _gb_  03& hlghkb
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lZzdl_ mijzZ\e _gby j rZ |Iky azZ”~"ZqZ hilbfbaZpbb gZ c
ijhljghabjh\Zgby nhjfbjm_Iky ihke_ "~h\Zl _evghklv mijZ\
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< gZklhys ¢ jZ[hl_ 03& bkihevam_ |ky dZd j_]me
ke "~ gby azZ azZjZg__ k]_g_jbjh\Zgghc hihjghc |jZ _dlh
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]leZ\m Lzdbf h[jZzahf \ ihklZgh\d_ 03& ij_~iheZ]Z_
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jme _\h]hijb\h*Z b lj _[h\Zgbcih"bgZfbd_[hdh\h]h *"\b"

Baf _jy fh_ khklhygb_ [IjZgkihjlgh]lh kj _~kI\Z az~Z.
kbkl_f_dhhjXkgZLv) h”gzZdh \_dlhj khklhygby 03& nhijf
\b”_ hrb[hd hlghkbl_evgh hihjghc 1jZ_dlhjbb azZ”Zgg
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>bkdj IbaZpby ih \J_ f gb \uihegy Ikybk]hZdhhglh
ijh]lJghabjh\Rgby j_Zebah\Zgghc ko_f_ blkihévam, +k3p
glh khhiI\_IklI\m_1 *ebl_evghklb ijAjghMfdihxaudby]hjbahg
ijh]ghabjh\Rgb85 h[mkeh\e_g g_h[oh?bfhklvx h[_ki_qblv
Jem[bgm ij "kdZaZgby ijb khojZg _gbb \ugbkebl _ev
Zelhjblfz \ j_"bf_j_Zevgh]h \j_f _gb 1jb ijbgylhf rzZ]_
Ts=0.1k *"ebl_evghklv ]hjbahglZkhKjEL\e35Sk LZdhc Jhjbal
thal\hey | mgblu\Zlv g_ lhevdh | _dms__ khklhygb_ h[t_



1j_"klhysb_ baf_g_gby ]J_hf_Ijbb hihjghc [|jZ_dlhjbb
ijhly” _gghf mqgZkld _ imlb >ey bkke "~“h\Zggu
vud) {3, 5 10, 1388 f k wlh khhI\ _IklI\m _TijhkljZgkl\_gghfm
thjyr &gy Ih _klvijb[ebabl0®1gh 350 b486 f khhl\_Ilkl\_gg
Ke_"h\Zl_evgh j_]meylhjihemqgZ_| \hafh ghklv azZ[eZ]h
mijZ\eyxs__ \ha”_ckl\b_ ijb \oh™®_ gZ djb\hebg_cgu_ m.
Ijbijhoh™ ™ gbbi_j oh”guo ahg

K Ajm]hc klhjhgu m\Nghgb\d#bl d jhklim jZaf_jghklb
d\z*jZlbqgh]lh ijh]jZffbjh\Zgby ihkdhevdm ~ebgZ \_dlh
mijZ\e_gbc jRYWZZ jZaf_jghklv kl_dZ ijh]Jghabjm_fuo
KhklZ\edNyl 1jbNp =35 mdZaZggu_jZaf_jghklb hklZxlky mf_
h[ _ki_qgb\z | \ugbkebl _evgmx wnn_dlb\ghklv | r_
\ugbkebl _evgh]h wdki_jbf_glZ ihdZau\zZxl qlh ijb IZdh¢
\j_fyjZkqg_lZ mijzZ\eyxs_]Jh\ha”_ckl\by "ey 03242 KIfAK\ey
Z d\Zglbev g_ ij_\64Zfk qlh agZqgbl_evgh f_gvr_
"bkdj_lbaZpbl0O0 fk LZdbf h[jZahf adldeg_3Ipb\u[jZgh dZc
jZpbhgZevgh _ hgh h[_ki_gb\Z | 2hklZlhggmx Jem]
dZqg_kI\ _ggh]h ihi_j _qgh]h ke_~ _gby b h~gh\j_f ggh kh
aZiZkih\j_f_gb”eyj_ZebaZpbb Ze]lhjblfZz\j_Zevghf\j_-

>pkdj_lgZy fh _evaZibku\z_lky dzd
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fbgbfbabjmxsbc hrb[db ke "~ gby \ _ebgbgm m]eZ ih\l
IjbjZs _gby
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gZkljhcdzfb j_[meylhjZ ihi_j _qghlh ke " _gby ijb! wihf



h[] _ki_qb\Z |l k]JeZ b\Zgb_mijZ\eyxs_]Jh\ha”_ckl\by

ljb ihklZgh\d_azZ”Zgb 03& bkihevamxlky h]jZgbg_ gt
nbabg _kdmxj Zebam fhklvmijZ\e _gby jme \ufijb\h”hf
th\hjhlZ mijZ\ey fuo dhe_k bf__I\b”"
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ih\hjh1Z dhe _k aZzZ\bkysbc hl kdhjhklb
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>Zggh_ h]jZgbq_gb_ bkihevam_ |ky kh\f_klgh k
nhjfbjm_ | kdhjhklv aZ\bkbfmx “himklb#fmgZ hl@Zikahngl
ijhljghabjh\Zgby

K mq_|hf fh™ _eb nmgdpbhgZeZ b h]jZghbc
azZ”"ZqZ 03& ijb\h”blky d az”~Zq_ d\Z”~jZlbggh]h ijh]jZ1
ebg cgufb h]jZgbq _gbyfb WIh h[_ki_qb\Z | \hafh ghkl
j _Zevghf\j f gb kijbf_g gb_f ki_pbZebabjh\Zgguo gbl
glh bkihevam |ky*"Ze_ _\ih~jZa™_ e _
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ijh]ljZffbjh\Zgby 43
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d\Z~jZlbqgh]hijh]jzZzffbjh\Zgby 43 kebg cgufb h]jZgbq



i _j_f _gghc hilbfbazZpbb jZzkkfZljb\Z Iky ihke ~h\Zl _evg
mijZ\ey_fuo dhe_k gZ ]Jhjbahgl_ijNJghabjh\Zgby
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03& 13767 ijb3 f k 18431 ijb5 f k :g9gZeh]bggZy aZdhgh
gZlex"Z |ky b ih f_lji# &Z'\k_o kdhjhklyo gZbf_gvrb
mijZ\eyxs_]Jh \ha” _ckl\by khhI\_IklI\m _| 33 Ih]*Z dZd /4F¢
[he _\ZjbZIlb\gh_mijZ\e/yg#b 10 Ifjlkk 03& h[_ki_gb\Z | aZ



f_ gvrb_ agZqg_gpty PB[(# q_f /45 qlh kh]eZkm_Ilky k
lhgghklvx ke "~ _gby\wlhfj_ "bf_

Ih \ugbkebl _evguf azljzlzf \k_ 1ljb Ze]hjblfZz m
lj_[h\Zgbyfj_ Zevgh]lh \j_f gbijbrzZ]_7TbhkdjlkhalZgmeyll
331j_[m_I\VkjO00R1fk gZrZ] j_]lmeylhj /4®02110.052 fk gZ
rZ] >ey 03& kj_"*g__ \j_fy \ugbke_ gby2BB& I'N2&§3 tkhlZ

d\Zglbev gZoh”blky \ M530HK.838gfk Ke "~h\Zl _evgh |_
azZ”"Zqb d\Z”~jZlbggh]h ijh]jZfftbjh\Zgby ijb\h~Dbl d
\ugbkebl _evghc gZ]jmadb ijbf_jgh gZ "\Z ihjy~dZ ih kjZ'
hrgZdh ihemqg_gguc aZiZk ih \j_f_gb hklZzlky “"hklZIhq¢
j ZebazZpbb\j Zevghf\j f gbgZ\u[jZgghcieZlnhjf_

>ey khihklZ\e _gby Ze]lhjblfh\ih djbl_jbyf agZqgbfuf
\u[hjZz [Zah\h]h j _]JmeylhjZz p_e _khh[jZagh Dbkihe
dZq_klI\_ggmx hp_gdm ijb\_"*zggmx \ |Z[ebpm Klhe]|
mqzl h]jZgbg_gbc b h]jZgbq_gby ih ihi_j _gghfm mkdhj
kljmdImjguf k\hcklI\Zf Ze]hjblfh\ ihkdhevdm \ ~Zgghc k_
wdki_jbf _glh\ijyfu_ qgbke _ggu_ f Ijbdbihihi_j gghfm m
g _\u™ _eyebkyv

LZ[ebpZ + KhihklZ\e_gb_j ]meylhjh\ih hkgh\gufdjbl

;elhjblfLhqghklv ke_~ _gby Mgzl h]jZgbq Hidb£gbqg agb_
03& ljb_fe fZygZ\k_o kdhjHRIfyk eimbgqr_ /45 y\guc ylguc
/145 GZbemqrZy 5bl3.88f k mom”"r_gho fijk dhk\_gguc¢ g_|
33 <ukhdzZylQil388f k emqrbc j_amelZlkijb g_| g_lI

Ba ij_~klZ\e_gguo j_ameviZlh\ ke_"m_I qlh \

\ugbkebl _evghf wdki_jbf _gl_j_ ]meylhj /45 h[_Kki_qgb
lhgghklv ihi_j ggh]lh ke_ "~ _gby \ [hevrbgkl\_bkke Al
J ]Jmeylhj 33 nhjfbjm _| gZb[he _ fy]Jdh_mijZ\eyxs__ \h
fobgbfZevguo \ugbkebl evguo aZljzl J ]Jmeylhj] 03&
\ub]jurZih lhgghklb gZ nbdkbjh\Zgghc 6+th[jZaghc |jZ_d
ijb_fe _fh_dzZg_kl\h ke_~ _gby b \ugbkebl _evgmx j Zeb
\j _f _gb

<u[hj[Zah\h]h Ze]hjblfZ "ey "Zevg_cr_c jZ[hlu hij_*»
fbgbfbazZpb_c ihi_j_qghc hrb[db gZ qZklghc kbgl_Ibqg._
kKhhi\_TklI\b_fj ]ImeylhjZihklZzgh\d_aZ”~Zgb "\b" _gby \ m



K wlhc 1Ihgdb aj_gby fh” _evgh ij_~bdlb\gh_ mijz'
IjbgpbibZevguf ij_bfms_klI\hf ihkdhevdm “himkdZzZ_ |
hl]jZgbg_gbc gZ m]he ih\hjhlZ jme_\h]h dhe_ _kZ kdhj
thi_j_qgh_ mkdhj_gb_ b ~ym]b_ ~bgZfbqg_kdb_ h]jZ¢
hilbfbaZpbhggmx ihklZgh\dm >ey 33 b /45 |Zdhc mqz
hlkmlkl\m I bj Zebam_ I|kylhevdh dhk\ _ggh

/45 ke_"m_| jZkkfZljb\Zlv dZd j_]meylhj h[_Kki_qgb\z
lhgghklv ke "~ gby \ *Zgghf qZklghf \ugbkebl _evghf w
ke "m_|jzZkkfzljb\zZlv dZd j_]Jmeylhj \ gZb[hevr_c kI _i_
Zjobl _dlimj_ihke_ ~mxs_c kbkl _fu mijZz\e _gby *“\b" _gb _
gZ y\guc mqgzl h]jZgbq_gbc Ih wlhc ijbgbg_\ *"Zevg_ cr_
[Zah\h]h Zelhjblfz ke "~"h\Zgby ljZ_dlhjbb
fhr _evgh ij_~bdlb\gh_mijZ\e_gb_

<u\h”?u

< JezZ\ _ knhjfbjh\Zzgz fh~_evgZy b Ze]lhjblfbqg_k
ithke_"mxs_c¢c jZajZ[hldb b wdki_jbf_glZevghc Zijl
ieZgbjh\Zgby b mijZz\e_gby "\b" _gb_f[_kibehlgh]h Z\Ihf
ij_"~klzZ\e _gb_ fh”_eb Z\lhfh[bey \ ijhkljZgkl\_ khklhy
ebg ZjbazZpby g ebg cguo mjz\g _gbc ~\b" _gby qlh
ebg cgu_ fh™® _eb hrb[hd ke_ "~ _gby ijb]Jh”*gu_ "“ey kbg
j_]Imeylhjh\ < p_eyo h[_ki_qgq_gby ]JeZz*dhklb b “bnn_j_ ¢
ljZ_dlhjbb \uiheg_gZ _z ZiijhdkbfZpby dm[bqg_kd
h[ _ki_gqb\ZxsZy \ugbkebl evgh mklhcgb\h_ ithemqg_og
0ZjZdl_jbklibdljz_dlhjbb \dexgqZy dmjk b djb\bagm ijb*

< jZfdZo _“bghc f_Ih~"bdb khihklzZ\e_gby bkke_"h\.
ke ~h\Zgbx ljZ_dlhjbb ] _hf _ljbg_kdbc j_]lmeylhj
ebg _cgh d\zZ*jZlbqguc j_]meylhj b fh™_evgh ij_"bdlb\g
bkdexq gby f Ih"bg_kdhc g _h”ghagZqgghklb \ y\ghf \b:
hit_dlZ mijZ\e_gby bkihevam_fZy \ kbfmeypbb *ey hJg
\gmlj_ggyy fh*_ev | _|meylhjZ ijbf_gy_fZy ijb kbgl_a_ m
glh IzdzZzy ihklzgh\dZ dhjj_dlgh hibku\Z_| Ibibggmx kb
jZkkhlezZzkh\Zgby b iha\hey | bgl_jij_Ibjh\ZIlv j_amevl
j_]lmeylhjh\ ijb nbdkbjh\Zgghf h[t_dl_ mijZ\e_gby b



ijhp_~mj_\uqbke _gby hrb[hd

J amevlZlu fh™ _ebjh\Zgby gZ 6fh[jZaghc [jZ _dlhj
vuul {3,5101388 f k ihdZaZeb qlh ijb \u[jZgguo gZkljhcdz
lhgghklv ihi_j_gqgh]lh ke_"_gby ih f(lgpd "h&DLZ_Ik
j_]meylhjhf /45 |Ih]*"Z dZd 3XUH 3XUVXLW h[_ki_qb\Z _|
fbgbfZevghc \ugbkebl _evghc keh ' ghklb b fh™ | jZkkfZljb
Zelhjblf "~ey azZ”"Zq g_ |lj_ [mxsbo y\gh]h mqg_Iz
Fh™ _evgh ij_~bdlb\gh_ mijZ\e _gb_  ijb\_7~zggh_ d aZz
ijh]ljZzffbjh\Zgby khojZgy_ | \ugbkebl _evgmx j Zebam
\j_f_gb ijb ijbgylhf rZ]_ "~bkdj_IlbazZpbb h~gzZdh \
dhgnb]ImjZpbb mkimiz | ih lhqghklb ihi_j qgh]lh ke "~ gl
\ugbkebl _evgh]h \j f gb gZ IzZdl \ke_"kI\b_ j_r_gby a.
G _kfhljygZlh qlh\jZkkfhlj_gghc k _jbb\ugbkebl _evguc
\u[jZgguo gZkljhcdZo j_]meylhj /45 ijh™_fhgkljbjh\Ze f
ithi_j_qghc hrb[db ke_"_gby ih f_Ilj@deXf b5p%H(e) \
NZevg_cr_c jZ[hl_ \ dZg_kI\_ [Zah\h]h Ze]hjblfZ ke ‘
\u[jZg ih”oh”™ fh”_evgh ij_"bdlb\gh]h mijZ\e_gby >
hfmkeh\e _gh | _f qlh djbl_jb_f \u[hjZ j_]meylhjZ \ a.
[ _kibehlguf Z\Ihfh[be_f y\ey_ Iky g_ lhevdh kj_"g_d\Z"j
ke " gby gZ nbdkbjh\Zgghc | _klh\hc IjZkk_ gh b \hafr
hl]jZgbg_gbc b Ij_[h\Zgbc [_ahiZkghklb \ rbjhdhf ~bZ
kp _gZjb_\ \dexgZy j_"bfu [ebadb_d gZkus gbx
f oZgbafh\ b ]jZgbpzZf mklhcgb\hklb *\b" gby



=E:<: JZajz[hldZ Ze]hjblfZieZgbjh\Zgby ljZ
mqg _lhfAhjh ghc h[klZgh\db

< "Zgghc Jez\_ jZkkfZljb\Z |ky thke ~h\Z|l _evgZy jz
ehdZevghlhiezZgbjh\Zgby ljZ_dlhjbb “\b"_gby Z\Ihfh[be
h[klZzgh\db G2Z i_j\hf wlZi_ bkke_ _"m_I|ky azZ”~"ZqZ K]
ljZ _dlhjbb [ _a mg_1Z h]jZgbq_gbc gZdeZ”u\Z_ fuo k\hJ[l
glhiha\hey |\u® _eblv\iebygb p_e \hcnmgdpbbbizjzf
ieZ\ghklv IjZ _dlhjbb GZ \lhjhf wlZi_ \ ihklZgh\dm \\h~
h[mkeh\e_ggu_ ]jZgbpzZfb ijh_a _c gZklb [eZ]h™Zjy o0
ihkljh _gb_1jZ _dlhjbb \ "himklbfhf dhjb~hj_ ~\b" _gby
nhjfmebjm _ |ky aZ~"ZqZ \uimdehc hilbfbaZpbb \ kbkl _ f_
mq_|hf]Z[Zjblh\ Z\Ihfh[bey ] hf _Ijbb *hjh]b b klZIbqg_ko

J rZ fZy \ gZklhys ¢ ]JeZ\_ azZ”ZqZ khklhbl \ ihkljl
dhlhjZzy h~rgh\j_f _ggh m~h\e _I\hjy | |Ij_f hkgh\guf Ij_[h\
ij_ "~ eZo "himklbfhc h[eZklb “\b" _gby yl\ey |ky ]JeZ"(
j_Zebam_fhc "ey Z\Ihfh[bey Z 1Zd _ fh  _| Julv \ugbke _
\j _ fy ~himklbfh_ 7~ey jZ[hlu [hjlh\hc kbkl_fu mijZ\e _
dZ "h]h wlZiZz hp_gb\Zxlky g_ lhevdh k Ihgdb aj_g
dhjj_dlghklb ljZ_dlhjbb gh b klhgdb aj_gbyihgylguoijb
mf _gvr_gby j adbo baf _g gbc gZijZ\e _gby "\b" _gby Kk
h]jZgbg_gbc b \hafh ghklb ijbf_g _gby Ze]lhjblfz \ j_~
j_Zevghfm \j f gb < gZklhys ¢ JezZ\_ jzZkkfzZljb\zZ |
ehdZevghc 1jZ_dlhjbb ~\b" _gby [_kibehlgh]h IljZgkihj
hkgh\_ f IhAh\ \uimdehc hilbfbaZpbb k mqg_Ihf “hjh gt
we f glh\ “hjh ghc h[klZgh\db G _h[oh”bfhklv mdZaZgc
| f qglh bkoh”gZy hihjgZy ebgby p _gljZevgZy ebghby
ithemqgzZ _ fZy ba pbnjh\hc dZjlu eb[h j_amevIZIh\ \hkijb
azZz”~"Z2gZ "bkdj_Ilgh b ozZjzdl_jbam_Iky jZaju\Zfb beb
dhe [Zgbyfb djb\bagu WIhijb\h*bl d mom”r_gbx bkiheg
dhglmj_ mijZ\e _gby b m\ _ebqgq _gbx mijZ\eyxsbo \ha” _ck
"bgZfbg _kdboihdzZaZl e ¢ k\yaZgguo kdhfnhjlhf " \b" _

< dZqg_kI\_ fzl _fZIlbq_kdhc hkgh\u bkihevamxlky fl



ij_h[jZah\Zgby d az”*Zqzf d\zZ*jZIbggh]h ijh]jZffbjh\Z
lez\ _ \dexqZy ij_"~klzZ\e_gb_ I1jZ_dlhjbb b hrb[h
djb\hebg_cghc kbkl_f_dhhj*bgZI Nj_g_ Z1Zd _ 43 ihkl
"ey j_r _gby az”"Zq k]leZ b\Zgby bieZgbjh\Zgby \j_ "bf_
WIlh h[_ki_gb\Z_| ~bghh[jZab_ bkihevam_fuo h[hagZq._
ijbgyluo ~“hims_gbc ijb i_j_oh”_ hl wlzZiZ fh”_ebjh\z
j_]lmeylhjh\dwlZim]_g_jZpbbljZz_dlhjbb

;ehd ko_fZ Ze]hjblfz 1 _g_jZpbb ehdZevghc IjZ_
Z\Ihfh[bey k mqg_Ilhf ~hjh 'guo h]jZgbqg_gbc ih fZjrj
1j_"klZ\e_gZgZijbkmgd_

BxoaHasi TpaekTopusi

Annpokcumauus
B-cnnaiiHom

Moaynm
BOCMPUATUA U

noKanmsaLmm »

Moy nu

BepXHeypoBHEBOro dOopMUpOBaHME MOIMTOHA NMPOXOANMOCTM
nnaHnpoBaHna

IMouck rpy6oii TpaekTopun a/iroputMom A*
B (hpeiime dpeHe

Mogy/b AUHaMUYEeCcKoro
" ynpasneHusi
CrnaxvBaHue rpy6oii TpaekTopum 6e3

= aBTOMO6UMIEM
yueTa orpaHuyeHuii Ha cBo6oaHoe
NpOCTPaHCTBO

OnTumMu3auus Tpaektopun B ppelime
®peHe C yYeTOM MUHUMU3ALUN KPUBU3HBI,
yyeTa orpaHuueHuii Ha ceoboaHoe
npocTpaHcTBa 1 rabapuTbl aBToMo6UNs

Jbkmghd + ;ehd ko _fZ Ze]lhjblfZ ] g jZpbb ehd
"\b'_gby Z\Ihfh[bey k mq_Ihf *hjh guo h]jZgbg_gbc ih f.
Ij_"klZ\e_gZ

>Ze_ _\jZa"_e_ nhjfmebjm_Ilky [Zah\Zy aZz~"ZqZ
ljZ_dlhjbb \~_dZjlh\hc kbkl_f_dhhj*bgZl[_a mqzlZ k\h]
< jZa™_e JZkkfZljb\Z Iky jZkrbj_gb_ mdZaZgghc
\\_ ~ gby h]jZgbg_gbc gZ ]jZgbpu ~hjh]b < jzZa™ _ e _
wnn_dlb\gh]lh ieZgbjh\zgby |IjZ_dlhjbb \ kbkl_f_ dhhj”b
mqzlhf ]jZgbp “~hjh]b b ] _hf _Ijbb IjZgkihjlgh]lh kj_*
hibku\Zxlky ijbzfu mkdhj_gby j_r_gby 43 b fh*bnbdZphbb
mqzl klZlbqg_kdbo ij_iylkl\bc

ljb bale _gq_gbb p_gljZevghc ebgbb bkihevam_ fhc \



ijb[eb  _gbyijb]_g_jZpbbljZz_dlhjbb "\b"_gby [_kibehlg
kj_"kI\Z hihjgZy djb\Zy dzZd ijZ\beh az”~Zzlky "bkdj_|I
0ZjZdl _jbam |ky g ~hklZlhgghc ]JeZ~dhklvx WIh ijhy!'
baf g gbb djb\bagu z ijhba\h”*ghc ih “m]h\hc dhhj”I
ihl _gpbZevgh ijb\h~bl dj _adbf baf_g _gbyflj [m_fh]h jn
Ijbihke _"mxs_fbkiheg _gbbljZ dlhjbb

HihjgZy j_n_j_gkgZy ljZ_dlhjby NZe |
ihke ~h\zZl _evghklvx 1lhg_d k 2~ _dZjlh\ufb(x,ghhj)>kyZ
\ugbke gby djb\bagu [|jZ_dlhjby izZjzZf_ljbam _Iky ”~sn]h
"ebghc "m]b djb\hc dhlhjzZzy y\ey Iky _kl_KklI\_gguf iZ
\*hev ebgbb imlb bg_azZ\bkbl hl\j f gb <h[s_fkemqgZ_
r(t) bgl _]jZevgh \ujZ" _gb_7~ey "ebgu "m|btg®] bdl j\kke"

| .
r(t) = x(t),y(t),z(t) , t! [tota],

? ?g—

i1 t1 #n
s(ty) = [r(]dt= 1 (t)2 dt.

to o k=1
lhkdhevdm \ jZkkfzZljb\Z fhc az”~Zqg_ |jZz _dlhjby a
gZ[hjhf lhg_d ~“m]h\Zy dhhj*bgZlZ hp_gb\Z |ky gbke g
\ugbkeyxlkyijbjZs gby
L X = Xj+1 %X,
Ly = Yiv %0V,
C
bsi= (I xi)2+ (! y)?,

ihke_ _qgq_]h\uihegy_lky gZdhie_gb_"ebgu”m]b\*hevIjZ

So=0, S+ =5+!s5.

L fkZfuf nhjfmeZ azZ™"Z lijhp_"mjm \ugbke _gby ~
"eydZ “hc "bkdj_Ilghclhqdb

Djb\bagZ 1|jZz _dlhjbb izZjzf _ljbah\Zgghc ”“m]hshc
\ugbkey Ikyih khhlghr_gbx

_ X(8)y(5) %y-(9)x(5).
x(s)2+ y(s)2

" ()




ljhba\h~gxi(s) bx(s) ZgZeh]lbggk(sehpy(s) hp_gb\Zxlky
"bkdj_ lguf”rZggufk bkihevah\Zgb _fjZaghklguo Ziijhdkb

Xi+1 Y0 Xjom
Si+1 Y0Sjou

X'(Si) )

Xi+1 YXi gz Xi %Ki~ 1
N Si+1 Y6S; S %0Si- 1 E

%V(Siﬂ %si) + (S %0Siosa)

Ihkljh _ggu_ih mdZaZgghcijhp_"mj_aZ\bkbfhklbihdZa
bale _qgzggZy ba dZjlu khijh\h"~Z |ky kdZgdhh[jZaguf
dijb\bagu kf jbkmghd

X"(Si) ’

PecepeHcHasa TpaekTopus

T T T T T T
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x [m]

KprBU3Ha TpaekTopun

0.00 -
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—0.10 A

—0.12 A

T T y T T T T
0 10 20 30 40 50 60
s[m]

1 [1/m2]

CKOpOCTb U3MEHEHUNS KPUBU3HbI
0.015 A

0

I

I 0.0101

3

S 0.005 A

Q

X

2 0.000 - ——-—n_l—‘_

ool | [ | |
Jbkmghd + Bale _gq_ggZyj n_j gkgZyljZz dlhjby b ]j

kdhjhklb baf_g_gby djb\baguihkljh_ggu_hlghkbl_evg!



KdZgdhh[jZaguc oZjzZdl_j"bsxafbg (®9bygZ[exrZ_fuc ~
ljZ _dlhjbb bale _gzgghc ba dZjlu jbkmghd mdZau'
lezrdhklv bkoh*guo "Zgguo b dZd ke "kl\b_ gZ ihl_
bkihegbfhklb |IjZ_dlhjbb \ dhglmj_ mijzZ\e_gby < qZk!
\ukhdhqgqzZklhlgu_ dhe_[Zgby djb\bagu ijb\h*yl d |_&
lj _[m_fh]lh jme_\h]Jh\ha”_ckl\by b fhiml kgb ZIv mklhcqgb

>ey nhjfbjh\Zgby hihjghc |jZ_dlhjbb ijb]l]h*ghc ~ey
hilbfbaZpbhggh]h k]JeZz b\Zgby b bkiheg _gby \ gZklhys _
"\mowlZigZy ijhp_"mjzZ ij_~\Zjbl _evghc h[jZ[hldb (
\uihegy_ Iky ZiijhdkbfZpby ~"bkdj_Ighc hihjghc &ebg
B kieZcghf qglh h[_ki_gb\Z | ith\ur_ggmx J]JeZ”~dhklv |
dib\bagu \iehl@?~d_ij_ju\ghklb b iha\hey | Yubbki¢lyly
g_h[oh~bfhklb _z ijhba\h*gmx GZ \lhjhf wlZi_ ihem
"hihegbl_evgh dhjj_dibjm_Iky imlzf j_r_gby azZ”Zc
ijh]jZffbjh\Zgby \ p_e_\hc nmgdpbb dhlhjhc y\gh
hldehg gb_hlhihjghc ebgbb \ ebgbgmdjb\bagu b kdhjt

e]lhjblf k]Jez b\Zgby 1jZ_dlhjbb ~\b _gby [_k
liZzgkihjlghlh kj_~kI\Z gZ hkgh\_ d\Z”~jZlbgghc hil
mqg_1Z k\h[hAghlhijhkljZgklI\Z

IhklZgh\dZ az~zZqgb kleZ'b\zgby 1jZ_dlhjbb [_a mc
ijhkljZgkI\Z

< gZklhys f jZa”_e_ jZkkfzZljb\Z _|Iky azZ~ZqZ Kk]e.
j_n_j _gkghc [1jZz _dlhjbb ~\b " _gby [_kibehlgh]lh ljZgk
LK [_a mqg_IlZ k\h[h~gh]h ijhkljZgkI\Z Ih _klv [_a y\
"hjh ghc ihehku b ij_iylkl\bc P_evx k]l]eZ b\Zgby y\ey
] _hf_lIjbg_kdb [he__ ieZ\ghc I|jZ_dlhjbb o0zZjzdl_jban
agZq_gbyfb djb\bagu b kdhjhklb baf_g_gby djb\baguijb
d bkoh”ghc hihjghc ebgbb

<oh”gufb "Zggufb y\eyxlky *"bkdj _IgZy hihjgzZy |jZ_
ihke_"h\Zl_evghk{sed e e Z 1Z2d _ k\yazZggu_k g_c
agZq_gby hjb_'gtZmb8jb\balgd; ijb gZebgbb \ugbkey_;
ijhp_~mj_ izZjzZf_ljbazZpbb IjZ_dlhjbb ~m]h\hc dhhj*bg



ZiijhdkbfZpbbijhba\l\h*guo ijb\_~ gghc\h\\h*ghc qZklb
yley_lky k]ez _ggZy ~bkdj_lg&ywjZ kdLifibyi_~gZagzq_g
Ney "Zevg_ cr_]h bkihevah\Zgby \ ihke ~“mxsbo ihklZgl
“hjh gu_h]jZgbqg_gby > @

Nhjfzl ij_"~klzZz\e_gby IjZ_dlhjbb \ »_dZjlh\hc kbkl_f_
"bkdj_lIgZy fh™ _ev

LiZ _dlhjby \ 2~ _dZjlh\hc kbkl_f_ dhhj*bgZl i
ihke ~h\Zl _evghklvx khklhygbc \dexqgqZxsbo iheh gl

djb\bagm 5 6,

[(s) = x(s) y(s) '(s) k(s) .
|*"s2ijh*hevgZy “m]h\Zy dhhj*bgzlZ\"hevljZ dlhjbb
>bkdj_IlgZy 1jZ_dlhjby az*Z{s\K¥'glZ iz ]ldis = sis; %
glh khhi\_IklI\m _| jZ\ghf_jghc "bkdj_IbaZpbb \"hev iml
"bkdj_lgh_ij_"klzZz\e_gb_1jZ _dlhjbbijb\_~ ghgZjbkmgi

Jbkmghd + >bkdj_lgh_ij ~klz\e _gb_1jz_dIl

<dZq_kI\_dbg fZIbg_kdhcfh” _eb\ijhkljZgkl\_khkl
aZ\bkbfhklvijhba\hAguoih ~m]h\hc dhhj*bgZIl_

{RIR 3

] u = k 2 mijZ\eyxs__ \ha~_ckI\b_ bgl_jij Ibjm_fh_
baf g _gby djb\bagu\~hev |jZ_ ddhilibaglZg@ |ijhba\ts*gm



lj_M\Zjbl_evgZy ZiijhdkbfZpby hihjghc1jZ_dlhjbb %

Ihkdhevdm bkoh”gZy hihjgZy |jZ_dlhjby dzZd ijZ\bet
b fh™ | h[ez”"Zlv g_"hklZlhgghc JezZ~dhklvx i_j_ ™ |
d\z~jzlbqgh]lhijh]jzffbjh\Zgby \uihegy |kyij "\Zjbl_ev
hihjghc ebgbb dm[bB _ kikkZfcghf MdZaZgguc wlZi h[_
ih\ur_gb_ ]Jez”~dhklb ]_hf _Iljbg_kdbo ozZjzdl _jbklbd IjZ _
g_ij_julghklv djb\bagub ___ijhba\h*ghc qglh kgb Z I\ _j
j_adbo baf_g gbc Ij_ [m_fh]h jme_\h]h \ha”_ckl\by
bkiheg_gbbljz _dlhjbb jbkmghd
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DzZd \b”rgh bajbkmgdz ihke RBiijhedkddEpdDbH\bkbfl
k b k- ijbh[j_IZx]l g _ij_jul\guc oZjZdl _j lhemq _ggZ\
jZkkfzZljb\z |ky ~"Ze  dZd hihjgZy ey ihke_ "mxs_]h
kleZ b\Zgby

P e \Zynmgdpby az”®Zgb d\zZ*jZIbggh]hijh]jZffbjh\:

AZ"ZqZ kl]eZ b\zgby nhjfZebam_I|Iky dZd azZ"Z
ijh]ljZffbjh\Zgby \ dhlhjhc fbgbfbabjm_Iky hldehg_g
ljZ _dlhjbb Z1zZd _rljZnmxlky\ _ebgbgZ djb\bagub _ be

<jZfdZoijbgylh]hij_ ~klZ\e _gby p_e \Zynmgdpby a
%61~ _
J = Wi (X %Xref,i)2+ Wa (Vi Y0Yref,i )2+ WCki2
i=0
;,h_lrL%Z

+ Wer (ki+1 %ki)z,
i=0
]I* Wyg 2\ _kh\hc dhwnnbpb_gl hij_~ eyxsbc kl_i_gv ke
ljZ_dlhjWb 2\_kh\hc dhwnnbpb_gl rljZnmxsbc \_eb@hgm
2\ _kh\hc dhwnnbpb gl rljZnmxsbc baf_g _gby djb\bagu
maeZfb "bkdj IbaZpbb “bkdj lguc ZgZeh]ijhba\h”ghc c

H]jZgbg_gby bebg_ ZjbaZpby "bgZfbdb
>ey ijb\_~ gby az”~"Zqb d d\Z*jZlbgghfm ijh]jZffbjh\:
khhlghr _gby “bgZfbdb ebg Zjbamxlky \ hdj_klgh
Ebg ZjbazZpby \uihegy Iky ihnhjfme_ L _cehjZi_j\h]hih

< j_amevlZl_ "ey ~bkdj_Ighc fh~rdebihlemgpxilky ebg ¢
khhighr_gby\b~Z

Xi+1 = Xj+ dsaF R W) %'iadsaVv L i),
Viser = Y+ dsaV IR )+ "iadsaF R Vi),

lezgbjh\Zgb_gZgqbgZ_Ilky ba i0 jhhilejdigct |l hdkdb [jZ _dll
>ey h[_Kki_q_gby khl]eZkh\Zgghklb gZqZeZ kleZ _gghc



klZjlh\hcihabpb_ c\\h*ylky gZqZevgu_mkeh\by
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Yo = Yref, 0-

J amevlZlufh™ _ebjh\Zgby b h[km ™~ _gb_\ebygby\ k

GZjbkmgd_
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ijb\_~ gijbf_jj amevlzZlZ k]leZ b\Zgt

ij MZjbl _evgZy ZiBjtkkdeEkyhiyp ihke ~“mxs__j
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DZd \b”gh ba jbkmgdZ hilbfbaZpbhggh_ kl]eZ' b
ih\ur_gb_ iezZ\ghklb [jZ _dlhjbb ih kjZ\g_gbx k \ZjbZgl
lhevdh ihke ZiijhdkBfKpdabcghf qlh \ujzZz Z Iky \ kg
Zfieblm”®u dhe [Zgbc djb\bagu b  baf g gby\*"hevimlt

LZ[ebpZ +KjzZ\g _gb_1jz dlhjbcih ~"PMgg0pskV,=1.0

IlhdZazl _ev J n_j gk |% VSOLQHK]eZ  _ggZy
>ebgZih "gpj f 65 65 65
FbgbfZevgZy djtkbhagZ %0.125 %0.155 %0.110

lheh _gb_ fbgbddd f 32 33 34
FZdkbfZevgZy djkpr\hagz +0.002 +0.003 +0.002
FZdkbfZevgZy kdhjhklv baf djb\ba

P DIHk d) A -9 %B¥s9) bib23 0.012
OzZjzdbkl/i[ds dZg_kI\_ggh kimi_gqZldbe [ZI|_ev&kideZ _gguc

ljb gme _\uo agZq_gbyo \_kh\ hl\_gZxsbo aZ fbgbfb
baf _g _gbc djb\Wagu0 W, = 0 j r_gb_azZ”Zqb \ujh "Z
ke _~h\zZgb_hihjghc ljZz_dlhjbb Ih _klv hilbfbaZpby g_ \
dhjj_dpbc\]_hf_Iljbx1jZ_dlhjbb

LZdbf h[jZahf Ij_"“eh” _ggZy 1ihklZgh\dZ 1iha\he
dhfijhfbkkhf f_"~m JIhgghklvx ke _~h\Zgby hihjghc
lj_[h\Zgbyfb diezZ\ghklb aZ kq_I| baf_g_gby \_kW)uWg dhw
Wy <f kI k | _f jzkkfzljb\Zz _fZy ihklZzgh\dZ g_ kh”™_j°
k\yaZgguo k ]jZgbpZfb *hjh ' ghc ihehku b gZebqgb fij_ iy
wlh]lh k]lezZz" ggZy ljZ _dlhjby fh™ I \uoh”blvazZzij ~ euih
I _j_k_dzZlv ij_iylkl\by qlh h]jZzgbqgb\Z | ijbf_gbfhklv Ze
[ _ ahiZzkgh]hieZgbjh\Zgby

>ey mkljZzg_gby mdZaZggh]h g_~hklzZldZz "Ze__ jZkk
\'dhlhjhc k]eZ b\Zgb_\uihegy Iky k mq_Ihfh]jZgbqg_gbc
Ahklimigh _ijhkljZgkl\h “\b" _gby



celhjblf k]JezZz b\zgby [IjZz_dlhjbb 2~\b" _gby [_Kk
ljZgkihjlgh]h kj_~kI\Z gZ hkgh\_ d\Z~jZlbqgqghc hi
mq_|hfh]jZgbg_gbcgZ]jZgbpu ~hjh]b

< jZa™_e_ [ueZ jZzkkfhlj_gZ azZz”~"ZqZ k]leZ b\Zgby |
[ a mq_I|Z k\h[h~gh]h ijhkljZgklI\Z GZ ijZdlbd_ IZdhc i
ihkdhevdm j _amevibjmxsZy |jZ _dlhjby fh™ | \uoh”blv ¢
"\b® _gby eb[h i _j k _dZlv h[eZklb aZzZgylu_ ij_iylkl\by
g_ijb]lh*ghc "eyihke_"mxs_]h bkiheg_gby\dhglmj_mijz

GZklhysbc jZa™ _e gZijZ\e_g gZ jZkrbj_gb_ihklZgh
mq_|Z ] _hf _Ijbg_kdbo h]jZgbg_gbc \ ~_dZjlh\hc kbkl_f_
wlhf jZkkfZljb\Z Iky mijhs _ggZy fh® _ev \ dhlhjhc IjZg
Ziijhdkbfbjm_Iky fZl _jbZevghc Ihgdhc Z h]jZgbq_gby g.
Mb'_gbyaz”rZxlky \\b”_dhjb"hjZz

Nhjfmebjh\dZ az~Zqb k]eZ b\Zgby IjZ_dlhjbb k mq_|II

Imklv azZz”~ZgZ hihjgZy 1jZ_dlhjby \ \b~_ ~bkdj_Igh
{(Xretis Yreti )}to" ihemq_ggZy gZijbf_j f_lh~Zfb ~bkdj_lgh]
ihbkd gZ ]jZnZo b 7 L _ [m_Iky ihkljhblv k]JeZ g
h[_ki_gqb\Zxsmx fZeh_ hldehg_gb_hlhihjghc ebgbb h]j.
hljZzgbg_gb_ kdhjhklb baf_g_gby djb\bagu Z 1zZd _
hl]jZgbg _gbyfgZ "himklbfmx h[eZklv *\b" _gby

< hlebqb_ hl jZa™_eZ "hihegbl _evgh \\h~*yl
azZz”"Zxsb_dhjb~hj "\b" _gby \dZ ~hc "bkdj_Ighc Ihqd_ I}
"Zgghc ihklZgh\db ij _~ihez]Z Iky gqglh dhjb~hj fh" |
bgl _j\Zevgu_h]jZgbg_gby ik gibhybdgBjh\Zgghc beb fhg
\hajZklzZxs ¢ dhhpbeZlggh ~hims_gb_ \\h~blky "ey
ebg _cguo h]jZgbg_gbc b | _f kzZfuf \hafh ' ghklb j_r_gb:
d\z~jzlbqgh]lhijh]jzffbjh\Zgby \j_ "bf_j Zevgh]h\j_ f gl

lj_~klZ\e _gb_1jz _dlhjbb b nhjfbjh\Zgb_h]jZgbq_gb
ijhkljZzgkI\h

Fh~ _ev IjZ _dlhjbb \' ~_dZjlh\hc kbkl_f_ dhhj*bgZl ijt
HrgZdh \ h[s_f kemqgZ_ ]jZgbpu ijh_a ¢ qZklb \ 7
dhhj*bgZl bf_xlg _ebg_cgucoZjZdl_j gzijbf_j ijbjgala\h



bebijb kZfhi_j k _gq_gbbhihjghc ebgbb jbkmghd

Jbkmghd + Ijbf_jkZfhi_j_k_gq_gbbhihjghcljZ_

>eyi_j _oh”"Z debg _cgufh]jZgbg _gbyf bkihevam Ik
dhhj*bg¥Xl jbkmghd ijb dhlhdk&fZljb\Z Iky dZd aZz
bgr _dkbjm_fzZy \_ebgbgzZ Z hilbfbabjm _fufbi_y' fbkggu
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KijZ\Z az~"Zg bg”_dkhf



$y $VC§ 0
%’5 =?§ k S+%b§u,
k- 0 1

J*u2mijz\eyxsZy\ _ebgbgZ khhl\_Ikl\mxsZy kdhjhklb ba
ul k

Bkdexq _gb_ dhhjXxbgzdumjzZ\g gbc ~bgZfbdb wd\l
\\_ A gbx "hims_gby h fhghlhgghf ijh*\b" _xbbh\ lkéw [hk
mqgZkldh\ "\b" _gby Ij_ [mxsboxnf gyvdfdgby *Zggh]h *"him
liZgbpu “himklbfhc h[eZklb "\b" _gby fhlml [ulv aZ"Zg
bgl j\Zevguo h]jZgby\ dbBc £ *bkdj _Ighc lhgd _

|bi" yi" Ub, iZO,...,N%l,

]™ I bub 2 khhI\_IkI\_ggh gb gyy b\ _jogyy ]ljZgbpu dhjb”
azZ”"Zggu_ih"*r"ZggufdZjlub ijbgZebqgbb klZIbg_kdboij_

GZ jbkmgd_ ijb\_~ gZ beexkljZpby nhjfbjh\;
ijhoh”"bfhklb "ey kemqgZy dh]*"Z bkoh”gZy hihjgZy ebgt
gZklbggh aZgylu_ klzlbg_kdbfb ij_iylkl\byfb b Ij_[m_I
khojZg_gby "*himklbfuo aZahjh\



\ BEpPXHSAA rpaHnLa

, HWKHAA rpaHnLa

x O @ VicxopHas TpaekTopus n-1
Jbkmghd *t <bamZebaZpby h]jZgbgq_gbc \b”*Z nh
GZ jbkmgd _ ihdZaZg oZjZdl _j ehdZevghc dhjj_
ijhoh”bfhklb ijb gZebqgbb klZIbg_kdh]h ij_iylkl\by gZ |

ebgbb < h[eZklb dhgnebdlZ kij_ iylkl\b_f]jZgbpu dhjb”"
kf sZxlky IZdbf h[jZahf qlh[u khojZgyeky aZ”~Zgguc [,
"himklbfZy h[eZklv hklz\ZeZkv k\yaghc >ey dZ ~h]
ljZ _dlhjibb0, «,nil nhjfbjmxlky \ _jogyy b gb gyy ]jZgbpu *|
ithi_j_qgh]h hldehg _gby dhlhju_"*Ze_ _ bkihevamxlky \ \
L fkzZfuf h[_ki_gb\Z Iky bkdexqg_gb_i_j k _g_gbc kaZg
khojZg_gbb bkoh~gh]h dhjb*hjZ gZ mqzZkldZo k\h[h”"g
kha”Zxlky dhjj_dlgu_h]jZgbqg _gby "eyihke _“mxs_c hilb

P e \Zynmgdpby aZz~Zgb d\Z~jZlbgghlhijh]jZffbjh\:

>ey aZ”"Zgb k]Jez b\zgby k mq_Ihf h]jZzgbg_ghbc
d\Z~jZIlbgqguc nmgdpbhgZe dZq_klI\Z

%%1— .
J = Wq (i %VYrer,i )2+ Wck?
i=0
#%2
+ Wer (Kir1 %ki)?,
i=0

I Wyqg 2\ _k hldehg _gby hl hihjghc INgd. dh\hjlblh ]meyjbaZy
dijb\badw, 2\_kj_]JmeyjbazZpbb kdhjhklb baf_g_gby djb\b:



H]jZgbqg _gby b ebg ZjbaZpby "bgZfbdb

K ihfhsvx jy*Z L_cehjZz mjZ\g_gby ebg
hdj_klghklb hihjguo agZq_gbc

Vier = Vit dsaV &)+ 'iadsaF R Vi),
“iv1 = " Yds ks + dsak;,

] ds 2 rZ] ~bkdj_IbaZpbb kh]JeZkh\Zgguc k “~bkdj_Ib
ljZ _dlhjbb

GZqZevgZy lhgqdZ nbdkbjm Iky\dZqg_kI\_gZgZevgh]

Xo = Xref, 0

Yo = Yref, 0

Qbke gguc wdki_jbf _glb h[km ~ _gb_

< jZkkfzljb\z _fhf ijbf_j_ hljZgbq_gby nhjfmeZz
hilbfbazlhj hldehgylvky hl hihjghc ebgbb \'| _o0o mqgzZkldZz
ijb\h~Abl d gZjmr_gbx ]jZgbp dhjb”hjZ beb di_j k _qgq_gbx
ij _iylkl\byfb jbkmghd L f kzZfuf h[_ki_qgb\zZ Il
\uiheg _gb_ Ij_[h\Zgbc d iezZ\ghklb b ] _hf Ijbg_kdh
ljZ _dlhjbbijbazZz®"Zgghc kljmdImj_h]jZgbqg _gbc

npendarcTeue BEPXHAA rpaHnLUa
v/HI/I)KHﬂﬂ rpaHnua

x @ VicxogHasa TpaekTopus
CrnaxeHHasn TpaekTopusi C y4eTOM OrpaHnyeHuin

Jbkmghd + Ijbf_jdhjj _dlbjh\db1jZ_dlhjbbijb az"Z
AMb* _gby izjzf ljbazZpbyihxdhhj*bgZzl_



Hkgh\gZy k\hAdZ ihj r_gbx aZz~Zgb hilbfbazZpbb ij_»

LZ[ebpZ + Hkgh\gZy k\h*dZ ihj r _gbxazZ”"Zgghc aZ”".

Qbkehi_j f gguo
Qbkeh h]jZzgbqg gbc
Bkihevam_ fuc | rZl_ evIKEOG O
<j _fy\uiheg _gby fk

lhemqgq_ggZy hp_gdz \j_f gb j_r_gby ih?™I\_j~"Z_
Ijbf_g _gby ihklZgh\db \ aZz*ZgqZo 1ij_"ty\leyxsbo I|j_[h)
j_"bf_j Zevgh]h\j_f gb

<f_kl_kIl _fij_~eh _ggZyizjZf_ljbaZpby hljjdgbgbgzZz
h[eZklv ijbf _gbfhklb dhjb”hj "he” g [ulv h*ghagZqgh |
bgl j\Zevguo h]jZgbgygheyinrdZ "h bkdexqZxlky ker
jZa\hjhlh\ kZfhi_j k_g_gbc b bguo dhgnb]JmjZpbc ijb d
yley |ky fhghlhgguf]ibhf Ijby ljZgkihjlgh]h kj_~kI\Z ]Z
NZgghc ihklZgh\d_ g mqgblu\Z _Iky MdZaZggu_ h]j
fhib\bjmxsbfb ij ~ihkuedZfb ”“ey i _j oh”Z d ihklZgh
dhhj*bgZl Nj_g_  ]J*_ h]jZgbqg_gby ih ]jZgbpZf ~hjh]
_kl_kI\_gguf h[jZzahf hlghkbl _evgh hihjghc ebgbb b
1Z[Zjblh\ljZzgkihjlgh]h kj_~klI\Z

Wnn_dlb\gh_  ieZgbjh\Zgb_  [|jZ_dlhjbb "ey
ljZgkihjlguo kj_~kI\ k bkihevah\Zgb_f\uimdehc hi
kbkl_f_ dhhj*bgZINj_g_kmqg_Ilhf]jZgbp ~hjh]b

1ZzjZf _ljbaZpby I|jZz_dlhjbb ih h~ghc ba 7~_dZjlh\
jZkkfhlj _ggZy \ jZa™_e _ dhjj_dlgZ Ihevdh ijb fhghll
\u[jZgghc hkb b dzd ke_"kl\b_ h]jZzgbgb\Z_1| hleZz
ihklzgh\db ijb fZzg_\jZo gZ mqgzZkldZo kh keh ghc ]_h
jZa\hjhlu mqzZkldb k h[jZlguf oh~hf ih dhhj*bgzZl_
mdZaZgghlh h]jZgbg _gby "Ze__ bkihevam |ky djb\hebg
Nj g k\yaZggZy k hihjghcebgb_c¢c”*\b" _gby



lj_~klZ\e _gb_\kbkl f_ dhhjrbgZINj_g_

| j_oh” d dhhj*bgzIlZf Nj_g_ b ijbgylu_ ~Ze__ hl[ha
dhhj*bg«Zlihi_j gqgh_ hldehgmpdbh\Zy hreg[dhZhjgu_\_ebqgb
Kret () bKigs(s) \\_~_gu \ JezZ\_ ijb \u\h”_ ihi_j_qghc dbg
fh” _eb \djb\hebg_cguo dhhj*bgZlZo < qZklghklb \]eZ
\j_ f gghc b ijhkljZzgkl\ _gghc izZjzZf ljbaZpblhigkfi a \ _eb
aZibkZgZ g _ebg_cgZ@g fhkf_ev b ihemq_gZ z ebg_Z
hdj _klghklb hihjghc IjZ_dlhjbb kf < gZklhys fj
khhlighr_gby bkihevamxlky dZd bkoh”gu_ijbihkljh_gbb
d\z~jZlbqggh]lh ijh]jZffbjh\Zgby ihal\heyxs_c¢c mqgblu\Zlv
gZklb b ]zZ[ZjbluljZzgkihjlgh]h kj_~kI\Z\\b”_ ebg_cguo h

< dlhjkhklhygby \ kbkl f dhhj*bgZINj_g_ aZibku\Zz

[d, eg, k]"

=N"d 2 ihi_j_ggh_ hldehg _gb_ hlghkbl _evgh hihjgh
ghjfZeb d hihjghc |jZ_a&lhpbleh\Zy hrb[dZ jZaghklv dmjk
gZijZ\e_gb_f "\b _gby b dZkZl_evghc d hitkighdjb )b adbkh
leZgbjm _fhcljZ_dlhjbb

< dZq_KkI\_i_j f gghc mijZ\e_gby [m”_k bklkiéaylakl\
baf g _gby djb\bagu

>Ze_ _ dZd b\ ]Jez\_(d HfjbhagZqZ_1| ijhba\h*gmx ih
dhhj*bgzl_ijb g_h[oh”Abfhklb i_j oh” d \j_f _gghc i
hkms kl\ey |Ikyihnhpgmk bkihevah\Zgb fkhhlghr_gby

Ihi_j ggZy dbg_fZlbq_kdZy fh® _evIjZgkihjlgh]h kj_“
Nj_g_ihemqg_gz\]Jez\_  kf b r"eyiheghlu baeh
> @

$ ' $ '
d (1 %kret d) W(B

of
k- u

Ebg ZjbaZpby\uihegy Iky\hdj kighklb hihjghcljz_
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Ilhemq _ggZy ebg _cgZy fh”_ev wd\b\Ze glgZ \i
Ijb\_"zgghfm\]ezZ\ _

AZf gyyijhba\h*gmx ih *m]Jh\hc dhhj*bgZl_jZaghklt
ithrZ]ds= si+1 %s; b\\h*y \_dlhjhldehg_gbc

5 6,
V'zi= d eg ki %Keri b ui = K %K,

themqgz_ f*bkdj_Igmx fh?_ev\\b”" _
l zisa = (1 + dsA)! z + dsB! u;,

" fZljbpubB hij "~ eyxlky \ujZ " _gb _f lez\z </
hljZgbg _gbyfb b nmgdpbhgZehf dzZzq_kI\Z aZ”"zZ »lky |j 4]
Z[khexlgu_agZq_gbydjb\bagu \hkklEgZke%kx)*¥keZd
>Ze_ _ \\h”ylky h]jZzgbq_gby gZ djb\bagm b gZ k
dijb\bagu qlh[u]ZjzZglbjh\ZIvijhoh”bfhklvIjZ_dlhjbb gZz
GZ gbadbo kdhyhklyd k h]jZgbqg_gb_djb\bagu azZ”"z
fZdkbfZevguc m]Jhe ih\hjhlZ jmey bale _qgqzgguc ba\ _ehk

k! [% W@ER)/ L, + WE) L]

=N ax 2 fZdkbfZevgh ~himklbfuc m]lhe ih\hjhlZ mijz\e
2dhezkgZy [ZzaZ

>ey [hevrbo kdhjwkI 5f k \\h~blky aZ\bkbfhklv djb\
kdhjhklb Z\Ihfh[bey Z 1zd _ fzdkbfZevgh Ahimklbfh]h [|



aZ"Zgguo mkeh\byo

A
Kmax = )\/7; .

=na,  fzdkbfZevgh ~himklbfh_ [hdh\h_ nkiddhhkd¥
Z\lhfh[bey

FzdkbfZevgh ~himklbfh_ [hdh\h_ mkdhj_gb_ k mqzl
Ahjh gufihdjulb _fijbgbfZ Ikyih khhighr_gbx

aymax = I"lg

=N U dhwnnbpb_gl kp_ie_gbygk “mkdijc gb_ k\h[h’
I1ZN _gby

>ey hljZgbg_gby [hdh\h]h mkdhj_gby k mgzlhf kp_ie_
ithdjulb_f ijbgbfZ_Iky dhwnnbplp \gtbgiglayhg_hl Ah
kmoh]h ZknZevlZ b hl Ah "ey\eZ gh]h ]hjh~kdh]h il
MdZaZggu_ agZq_gby khhl\_IklI\mxl| hljzke \uf klZg”~Zjl
wdki_jbf_glZevgufb bkke ~h\Zgbyfb

< ke_"mxs_c k_dpbb ij_"klZ\e_g f_Ih® nhjfbjh\Zgb\
] _hf_ljbx Z\Ihfh[bey *"ey d\Z”*jZIlbgghcijh[e_fu

Mg I]_hf Ijbb Z\Ilhfh[bey

>ey mq_|Z ]jZgbp ijh_a  _c qgZklb b klZlbg_kdbo ij_i
f ITh™ nhjfbjh\Zgby iheb]l]hgZ ijhoh”bfhklb \ kbkl_ f_ dhl
ZiijhdkbfZpb _c¢ ]Z[Zjblh\ ljzZzgkihjlgh]h kj_~kI\Z gZ[hjt
hdim ghkl_c Ij_"eZ]Z _fucih”oh”™ h[_ki_qb\Z _| kh]eZkh'
h]jZgbg_gbc k ihklZgh\dhc az”~Zgb d\Z~jZlbggh]h ijh]j.
1j_"™"\Zjbl _evgh]h\ugqbke_ _gby *himklbfuo ]jZgbp dhjb”~hjz
\dexq_gby\\b® ebg _cguog_jZ\_ gkl\

< gZklhys fih~jZza” e baeZzZ]Z |lky f Ih*mq_|Z2]Z[Z
kj _~kI\Z ijb nhjfbjh\Zgbb “himklbfh]h dhjb*hjZ ~\b" _
dhhj*bgZl Nj_ g_ F_Ih” \dexgZ_| ZiijhdkbfZpbx 1Z[Z
gZ[hjhf ihdjul\Zxsbo hdjm ghkl_c ijh\_jdm ~“himklbfhKkl|
hilghkbl _evgh ]jZgbpijh_a cqZklb b klZlbgq_kdbo ij_ iyl
fgh™ _kI\Z "himklIbfuo iheh  _gbc ihkljh_gb_ih wihfm fgt



gb g _c ]jZgbp dhjb”hjzZz "\b" _gby \dexg_gb_ihemqg_gg
ebg cguo h]jZgbq _gbcazZ”rZgb d\Z*jZlbggh]hijh]jZffbjh
Hij ~ e gb_fh~_eb]Z[Zjblh\ bijh\_jdZ dheebabc

Nhjfbjh\Zgb_iheb]hgZijhoh”*bfhklb\uihegy_ Ikyih ko
gZ jbkmgd_

= Cepblii — nonoca ABMKEHNS.

e CUHVE TOYKN — peddepeHcHas TpaekTopus.

® KpacHble TOYKM — MOJIUTOH MPOXOANMOCTU, BHYTPU
KOTOpPOro Ao/MKEH HaxoAuTbCA LEHTp 3adHeli ocu
aBTomo6buns

Jbkmghd + Nhjfbjh\Zgb_ iheb]lhgZ ijhoh?bfhklb k m
Z\Ihfh[bey
GZ jbkmgd _ ithdZaZgZ ihke_ _~h\Zl _evghklv nhjf

ijhoh~bfhklb bkoh”rgh_ ij_"klZ\e_gb_ aZgyluo h[eZk
ljZgkihjlgh]lh kj_~kI\Z ihdju\Zxsbfb hdjm ghklyfb ijh\_j
itheh™ _gby hdjm ghkl_c nhjfbjh\zgb_ fgh _kI\Z ~hi
ihkljh _gb_\ jog _cbgb g c]jZgbp *himklbfh]h dhjb”~hjZ

= hf_ljby IjZgkihjlgh]h kj_~kI\Zz Ziijhdkbfbjm |
i _j_djulZxsbfbky hdjm ghklyfb p_glju dhlhjuo jZkih
ijh~hevghc hkb Z\lhfh[bey jbkmghd MdZaZgg
h[_ki_qgb\Z I \ugqbkebl _evgh wnn_dlb\gmx ijh\_jdm ~hin
ljZgkihjlgh]lh kj_"~kI\Z hlghkbl_evghij_iylkl\bc b ]jZgbp i



Jbkmghd + Bah[jZ _gb_ljZgkihjlghlh kj_~kI\Z\ qg_

AN _lkv2 "ebgZ Z\Ihfh[Wey rbjbgzZ Z\Ihfh[ldgy..,d; 2
ijhrhevgu_ kf_s_gby p_gljh\ ©dhgljhevguo?2 hdjm ghkl_
az”"gbo dhezk JZ"bmk hdjm ghkl_c\ugbkey_I|ky ihnhjfn

C
Reirce = (L/8)2+ (W/2)2

ljh\ _jdZ gZ klhedgh\_gb_\uihegy |ky iml_f khihklZ
hl p_gljh\ hdjm ghkl_c ~h [eb Zcrbo ]jZgbp "himklbf
\_ebqgbghc jZRhw kB Z hkgh\_dZjlu ij_iylkl\bc b *hjh gh
nhjfbjm_Ilky k_1dZ ~“bkdj_Iguo Ihg_d(s,dihkrjegpgzZlZ2dnc Ihq
k_lIdb \uihegy_Ilky ijh\_jdZ dheebabc k mqg_Ilhf \k
ZiijhdkbfZpbb Ihgdb “ey dhlhjuo ohly [u h*gZ hdjm gt
1j_iylkl\b_f eb[h \uoh”~bl aZ ]jZgbpu *hjh]b bkdexqgZxlk
fgh _klI\Zz

=jZgbpZ ihemq _ggh]h fgh  _kI\Z “himklbfuo Ihg_d n
ijhoh~bfhklb dhlhjuc aZ”~Z_| \_jogxx b gb gxx ]jZgbp
ithi_j_ggh]h kf_s_gby dZd nmgdpbb ijh*hesgivddah gy
liZgbpu ~Ze__ bkihevamxlky ijb nhjfbjh\Zgbb h]jZgbqg._
azZz™"Zq_d\z"*jZlbqghc hilbfbaZpbbljZz_dlhjbb

>eydZ "hlh~bkdj_Igh]h khklhygbkchghpdhd th djprhb g h k|
... \ugqbkeyxlky dZd Ilhgdb gZ ijh*hevghc hkb dmah\zZ k

G=(x+d FRW+d VLQ



lj_h[jZah\Zgb ] hf |Ijbb\ebg cgu_h]jZgbg _gby 43

< khhI\_IklI\bb k jZajz[hlZgguf f_Ih~hf 43 ihklzZgl
I _j_f gguo hilbfbaZpbb kf nhjfmem \dexqZxs
hldehg d@gbm]Jeh\mx hré[bdmdjb\bakgmey mq_|Z ]Z[Zjblh\ a.
khhi\_ITklI\b_ ihi_j_qggh]h iheh  _gby dZ ~“hc dhgljhevg
I _j_f _ggufbeg

>ey fZeuo agZq_gbc mlehkhivihrib[gddh  kf_s _gbi g_gd
hdjm ghklb Ziijhdkbfbjm_Iky ebg_cguflujZz _gb _f

Yeircle » d+ dieg

<"hev hklkhhl\_IklI\mxsZy ijh*hevgZy ihabpby p_glj
\ujz Zz_Ilkydzd
Scircle,i » Sk +

Imklv “ey dZ ~h]k maeim ghikip_~\Zjbl _evgh \ugbk
Ahimkibfu_ 1jZgbpu dikboRjZz f_Ih~ bo ihemqg_gby ijb\_
ith imgdl Lh]j~Z ] _hf _ljbg_kdb_ h]jZgbq _gby a
bgl j\Zevgh]h g jZ\ _gkl\Zz

de, ! [dg;, diil

ljb wlhf ijh"hevguc #&~gb] \\h~blky \ 43 y\gh H]jZg
dhjb”hjzZz aZjZg__ \ugbkeyxlky ey dZ "hc hdjm ghklb
ijh*hevghc ihahpbdh ihwlhfm \gmljb h~gh]h rZ]Z 43 bk
lhevdh ihi_j_qgZy ebg _dgZyk\demv< j_amevlZl_h]jZgbq.
1Z[zZjblZf khojZgyxl ebg_cguc \b” highkbl_evbbg i glhf_
h[_ki_gb\Z_ | khojZg_gb_  \uimdehklb 43 ihklzZgh\d
g_h[oh~bfhklv \dexq_gby \ h]jZgbg _gby g ebg_c@ub n
FR Ijb g_h[oh”bfhklb "himkdZ_Iky fy]J]dh_ kh[ex®_gb_ |
\W\_ "~ gby i_j_f _gguo keZ[bgu kh rljZnh\Zgb_f \ p_e_\
jZa™_e

lhemq _gb_JjZgbp dhjb*hjZq_j adZjlm ~bklZgpbc

=jZgbpu dhjbhjd& ] \ nhjfme_ hij ~ eyxlky gZ
dZjlu "bklZzgpbc ihalheyxs ¢ \ dZ “hc yq_cd_ ~bkdj_



o0jZgblv jZkklhygb_ ~h [eb Zcr_c aZgylhc h[eZklb

g _"himklbfhc ahgu azZ ]jZgbpZfb *hjh]b DZjlZ "bklZgpk

"bklZgpbhggh]h ij _h[jZah\Zgby [bgZjghc dZjlu aZgylh

I _j_kq_1Z jZkklhygbc \ f_Ijbg_kdb_ \_ebgbgu k mq_Ihf

jZaj_r_gby k_Idb
<h[s_f\b”~_jZkklhygb_\lhqp@fhyyh leid_" eblvdzd

D(p= RLO%q,
" "occ 2 fgh _klI\h aZgyluo yg__d DN\pZdpkghevam_ Iky
\ugbke _gby ~“himklbfuo [hdh\uo aZahjh\ ke _\Z b Kkij
ehdZevghc ghjfZeb d hihjghc ebghley\ dZzaéhc dhgljhe
hdjm ghklb L _f kzZfuf h[_ki_qgqb\Z Iky ihemg_gb_ “\mo
kf s gby aZ”Zxsbo “himklbfuc bgl_j\Ze i _j f s gby
i _j_k_q_gbykazZgylufb h[eZklyfb

BeexkljZpby ijbgpbiZ nhjfbjh\Zgby dZjlu *"bklZgphb
jbkmgd _ Z ijbf_jdZjlu*"bklZgpbc knhjfbjh\Zgghc ~
Zelhjblfz ij_"klZ\e_ggZ jbkmgd_ [

Binary image Distance transform

)

Jbkmghd + Z BeexkljZpby dZjlu "bklZgpbc aZgylh

kjZ\g_gbb k h[ugghc dZjlhc aZgylhklb ; eu_de_Idb 2 k)

azZgylh [ BeexkljZpby dZjlu"bklZgpbc aZgylh]hijhkljZz
hfugghc dZjlhc azgylhklb




>ey p_e_c¢ dhgljhey dhjj_dlghklb ihkljh_gby dh
"himklbfhc h[eZklb "\b" _gby "hihegbl _evgh \bamZebal
kbkl f dhhj~bgzZl \ \b*_ gZ[hjZ ]jZgbgguo Ihg_d nhj
Ahimklbfh]h ijhkljZzgklI\Z jbkmghd MdZazZggZy \
beexkljZlb\guc o0zZjzdl_j b g_ baf_ gy | ihklZgh\di
knhjfmebjh\Zggmx \dhhj*bgZlZo Nj_g_

Jbkmghd + <bamZebaZpby fgh]l]hm]hevgbdZ "himk]l
hih[jZz _ggh]lh\~_dZjlh\hfijhkljzgkI\_ djZkgu_ Il

=jZgbqggu_ lhqdb fghlhm]hevgbdZ Ahimklbfh]h
hij ~ eyxlky ih dzZjl_ "~bklZgpbc gZ hkgh\_\ugbke g
[eb " Zcrbo aZgyluo h[eZkl _c bihke "mxs_]hihkljh _gby
dhjb~hjz :e]lhjblf ihkljh_gby fgh]l]hm]hevgbdZ ij "klZ\e_
<bamZebaZpby ij_"gZagZq_gZ ”"ey dhgljhey dhjj_dl¢
hl]jZgbg _gbc b g_ baf gy |ihklZgh\dm hilbfbaZpbhgghc
Nj_g_

Nhjfbjh\Zgb_nmgdpbhgZeZ dZq_klI\Z

Nhjfbjh\Zgb_ nmgdpbhgZeZ dZq_kI\Z ijhba\h?blky i
h[it _~"bgyxs_clj _[h\Zgby d lhgghklb ke _~h\Zgby hihjghc
dijb\bagu b kdhjhklb z baf_g gby Z1zZd _dfy]dhfm khJe



[ _ahiZzkghklb < bkihevam_fhcihklZgh\d_p_e_\Zy nmgd
aZ"Zzlky \ke_"mxs_f\b" _

oL | no MR ;k- ‘Vk-<2
J = dei2+ chi2+ Wsafe(gafe,i + Wer I+T - .
i=0 i=0 + S
1" Wyg 2\_kh\hc dhwnnbpb_gl aZz*Zxsbc kl_i_gvrljZn.

hldehg gb_hl hihjghcljZz _dlhjbd W.j2 ¥ kig\y dhwnnbpb
azZ"Zxsbc kl_i_gv rljZnZ azZ \ _ebqgbgmWgdjB\badit\hc
dhwnnbpb gl azZ”Zxsbc kl_i_gv rljZzZnZ aZ kdhjhklwk baf
Wsate 2\ _kh\hc dhwnnbpb_glgzZi_j_f_dgud; b&Ziibgam_ fu_
fylJdh]h kh[ex” _gby h]jZgbg_gbc \[ebabij_ iylkl\bc b ]jZg
LZdbf h[jZahf knhjfbjh\Zgguc nmgdpbhgZe az"Zzl
lhgghklvx ke _"h\Zgby iez\ghklvx IjZ_dlhjbb b Ij_[h\Zg
>Ze _ \ ihnjZa™ e _ ijb\h”~ylky j _amevliZlu fh™_eb
\ebygby\u[jZgguo \ _kh\uodhwnnbpb glh\

J amevlZlufh”™ _ebjh\Zgby

< ~"Zgghf ih”jZza”_e_  ijb\_* gu j_amevliZlu f
th™M\_j"2"Zxsb_ jZ[hlhkihkh[ghklv ihklZgh\db k]JeZ b\Zc
kbkl f dhhj*bgzZl Nj_ g ijb gZebgbb ebg _cguo h]jZgb
ijhkljzgkl\h ]jZgbpu ijh_a ¢ qZklb b dbg_fZlbg_Kk
ljZgkihjlgh]lh kj_"klI\Z

Mkeh\by \uqgbkebl _evgh]h wdhikihjgEZygl&bgby "\b _
azZ”"Zzlky "bkdj_lguf gZ[hjhf lhq_d b ij_"\Zjbl_evgh Zii]
ijbgyluc nhjfZl hihjghc 1jZ_dlhjbb b khhlI\_Ikl\mxsb _
Ij_~“u”“msbo ih®*jZza” _eZo HilbfbaZpby \uihegy I|ky \ dh
]hjbahgINHlamaeh\ijb "bkdj_IbazZpbbih “m]h\hc dhlhg~bg
bkihevam_ fu_ a@g\¥gsjgbwfbjZxlky ba mkeh\by ijbf g gby\
\j f gb b kh]lJeZzkmxlky k hp _gdhc \ugbkebl evguo a:
ithk\yszgghf mkdhj_gbx j_ r _gby 43 =jZgbpuijh_a _cqZl
bgl_j\Zevguo h]jZdghigi_89bd " dnai knhjfbjh\Zgguo ih d
"bklZgpbc Z mqzl ]Z[Zjblh\ IjZgkihjlgh]h kj_~kI\Z \u
I _j_ghkZzZ ]jZgbp d ihdjul\Zxsbf hdjm ghklyf kf ih"jZ



] hf ljbb zZ\Ihfh[bey >ey h[_ki_q _gby \uihegbfhklb ijl
A"himkdZ _|ky fyl]dh_kh[ex” _gb_h]ljZgbq_gbcihkj_~klI\hf
(safei \Ooh”ysbo\nmgdpbhgZe dzZqg_klI\Z kf ih*jZa”"_e
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% CKOPOCTb U3MEHEHWNSA KPUBU3HBbI
— o
g 0 10 20 . 30 40 50
Jbkmghd + KleZz b\Zgb _[|jZ _dlhjbb\oh  _gby \ih\hjl
"b® gy =0.1;W.=10.0;W, = 200.0
GZ jbkmgd __ ihdZazg j _amevlZIl k]l]eZ b\Zgby I]j

mqzlhf]jZzgbp ihehku "\b" _gby < kjZ\g _gbb k\ZjbzZglhf
k\h[h*ghfm ijhkljZgkl\m gZ[ex*Z |ky m\_ebqg_gb_ibdh\L
k| b ijhba\h~ghc djbllbjJagih “m]h\hc dhhj*bgZl _ glh
h brz fuf ke _~kl\b_f h]jZzgbq_gghklb "himklbfh]h dhjb"



dexq_\uf j_ameviliZlhf y\ey Iky \uiheg_gb_ ] _hf_Iljbqg_k
ljZ_dlhjby nhjfbjm_Ilky k azZahjhf ~h [hj~AXjZ ]jZgbp
g_"himklbfu_h[eZklb

HAgZdh \ j_"bf_ j_adh]h ih\hjhlzZz 1jZ_dlhjby gZ
jZkihezZ]Z |ky [ebadh d \gmlj_gg_c ]jZgbp_ >ey ih\ur
hrb[dZf bkiheg_gby ih]j_rghklb ke_"~_gby b ehdZe
fh bnbdZpby nmgdpbhgZeZ h[_ki_gqb\ZxsZy ij_"ihql
\g _rg kdhjhg_ih\hjhlZ

Fh*bnbdZpby nmgdpbhgZeZ “"ey kf_s _gby d \g_rg_«
Bkoh?*guc nmgdpbhgZfLgguc \ihrjZzar_e _ "hihegy Il

qe_ghf ot

Jwumn = Wa,turn ) i (di %0 0w, )2,
i=0
1" Wagwum 2 \_kh\hc dhwnnbpb_gl kf_s_gby ijb wlhf "he’ g
Wiwm > Wg Z bg”bdZlhj \dexg_gby kf_s_gby hij_"_ey_
djb\bag_hihjghc ebgbb
F
G0 [Kei | * K

=
H O, |kref,i | < kturn .

P_e _\h_ ihi_j_qggh_ ihdghi _aB~Zzlky dzd kf_s_gb_ hl |
dhjb”hj¥gd rg JgZgbp_ih\hjhlZ

Amini + Omax i
Curn,i = (1 %l ) dei + lturn dout,is de,i = - 2 - ,

F
|y dmini, ket * kum (ih\hjhl\e_\h \g_rgyy1jZghpZ ki]
dOUt,i: dmax,i, kref,i "%kturn (ih\hjhl\ijZ\h \g_rgyy]ng)prk

de, |Kref,i | < Kturn s

I~ izjzfldgy ! [0,1] azZz~ZzI| kl_i_gv kf_s _gby d \g_rg_c ]
lum = 0 p_e_\h_iheh  _gb_ kh\iz*"Z | k k_j_"bdf{e dhljb"i
p_e \h_iheh gb_ kh\iz~Z | k \g_rg_c ]jZgbp_c k
ljZgkihjlgh]lh kj_"~klI\Z _keb ]jZgbpu i_j_g_k_gu d
hdjm ghklyf



Blh]h\uc nmgdpbhgZe ijbgBfz= 10AB"Jum b khojZgy_
d\Z~jZIlbggmx kljmdIimjm qlh iha\hey | j rZlv aZ”~Zqgn
baf_g_gby deZkkZ hilbfbazpbb Ijbf_jljZ_dlhjbb k]_g_]j
nmgdpbhgZehfij_"klZ\e_ggZ jbkmgd_
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—— B - spline
0.02 1 smoothed
—— uHan
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Jbkmghd + Klez b\zgb_1jZ_dlhjbb\oh ~_gby \ih\h
klhjhg_k mqgzlhfihehku \b  _gby

Wd = ().:I.,WC= l0.0;Wcr = ZO0.0;Wd,turn = O.8;|turn =O.8;kturn =0.09

CKOPOCTb U3MEHEHNE KPUBU3HHbI [1/m?]

Ba jbkmgdZ ke “m_| qllm\\h{ _kib gb\Z | kf_s_
ljZ_dlhjbb d\g_rg_c klhjhg_ih\hjhlZ |Ih _klvm\_ebqg_gb
Ijb khojZg _gbb kh[ex® _gby ]JjZgbp ihehku ljb w



"hihegbl _evguc jhkl ihdZaZl e ¢ o0ZjZdl_jbamxsbo j_ ¢
gZklghHKkth qglh jZzkkfzljb\Z _Iky dZd “himklbfuc dhfijhf
aZiZkzZ [ _ahizkghklb hlghkbl _evgh [hj~*xjZijb gZebqgbb h
>Ze Zelhjblfijhl _klbjh\ZggZijZaebqguo]_ hf _ljby
GZjbkmgd_ ij_"klZ\e_ghijhoh ™ _gb_6 h[jZaghc

PecdhepeHcHasa TpaekTopus

—— B - spline
12 A CrnakeHHas
—— duHan
10 | ® cTapT
— rpaHvua NoJsocChbl
8 —— rpaHuLa nosaockl
E 6
>
4 -
2 -
O -
-2 T T T T
0 10 20 30 40 50
x [m]
KpunBun3Ha TpaekTopun
0.100 -
—— B - spline
0.075 A smoothed
— uHan
. 0.0501 @
S
~ 0.0254
X~
0.000 A - —
—0.025 A
—0.050 A
0 10 20 30 40 50
s [m]

CKOpOCTb N3MEeHEHUA KPUBU3HbI

0.04 A
—— B - spline
0.02 1 smoothed
—— uHan

0.00 A
—0.02 A

—0.04

CKOPOCTb U3MEHEHNE KPUBU3HHbLI [1/m?]

(') 1'0 2'0 o) 3'0 4'0 5'0

Jbkmghd + Klez b\Zgb_1jZ _dlhjbbk mqgzlhfihehk
6 h[jzaghc]_hf_Ijbb

Wd = 0'11WC= l0.0;Wcr = ZO0.0;Wd,turn = O.8;|turn =O.8;kturn =0.09



GZ jbkmgd_

ij_~klz\e _gh ijhoh ~ _gb_ 1jZ_dlhjb

ih\hjhlZfb baf gyxs_ _kygzZijZ\e _gb_djb\bagu

y [m]
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Jbkmghd

10 20 30 40 50

s [m]

+ Klez b\Zgb_1jZ _dlhjbb k mgzlhfihehk

1jZ_dlhjbb kg _kdhevdbfbih\hjhlZfb
Wd = Ol;WC = 1OO;WCI' = ZO0.0;Wd’turn = O.8;Iturn = O.8;kturn = 009

Ihj amevlZIlzf ij_~klZ\e _ggufgZijbkmgdZo b
ij_~eh” _ggZy ihklZgh\dZ nhjfbjm_11jZ _dlhjbb m”~ _j"Zgb\
\'jZaebgguo *hjh'guo mkeh\byo ijb kh[ex® _gbb h]jZgbq.

ijhkljZgkl\m

< dzq_kI\_

f Iljbd bkihevamxlky fbgbfZevgu_ aZz



dhjb”h}Zy,

b!R

min

ibdh\u_

agzq_glkly bP B DK |
bkihevah\Zgby fy]ldbo h]jZ ¢kgbdghe R Mlaeh\ \ digthjx 6

ihdZazl e

kf |Z[ebpZ
LZ[ebpZ + K\h~rgu_f_Iljbdb k]JeZz b\Zgby ljZ_dlhjbb\d
Kp_gZjtdhgnb]mjZghy [ R [fPDIkl 1§ PDK| | PD(ate
Jbk [_ dum , 025|, 180| , 0.125 , 0.019 , 0
Jbk kJturn , 0.80 |, 090| , 0135 , 0.028 , O
Jbk kdturn , 060 |, 060| , 0.110 , 0.026 , 0
Jbk kJturn , 050, 060| , 0.120 , 0.030 0
Ih "Zgguf [Z[ebpu mklZgh\e _gh qglh \\_~ gb_
K\h[h*ghfm ijhkljZgkl\m h[_ki_gb\Z | kh[ex™ _gb_]jZgby

bnhjfbjm_liheh bl_evguc fbgbfZevguc aZatj Rh 1hz\kb o
jZkkfhlj_gguo kp_gZjbyo Ijb wihf fh*bnbdZpby nmgdpb
ge _gdn ijb\h bl di_j jZkij_~ e _gbx aZahjh\ \ihevam \¢
th\hjhlZ m\ _ebqg _gb_fbgbfZevgh]h aZahjZ kh klhjhgu !
glh ih\urZ | jh[Zklghklv d hrb[dZf bkiheg _gby |jZ_dlhjk
gZ[ex"Z |ky jhklibdh\uo agdld BBKE|P®Ih hljZz Z | dhfijhfl
f ""mieZ\ghklvx |ljZ _dlhjbb b h[_ki_g_gb_f] hf Iljbg_k
hljZgbg_gghf dhjb~hj_ < jZkkfzZljb\Z _fuo kp_gZjibeyo
[ebadb d gmex glh k\b” | evkl\m_| h \uiheg _gbb
kms_ KkI\ _ggh]haz” ckl\h\Zgby fy]Jdboi_j f gguo

AZf qZgb_  h kdhjhklb "M\k _glZklhys f ih”jZa’
jZkkfzljb\zZ _Iky ] _hf_Iljbg_kdh_ iezZgbjh\zZgb_ 1jZ_dlh
hljZgbg_gby ih kdhjhklb gZijyfmx \ ihklZgh\dm g_ \dex
ke "h\zZgby ljZ _dlhjbb "himklbfZy djb\bagZ h]jZgbqgb\Z_
ij_~_evguf m]ehf ih\hjhlZ mijZ\ey_fuo dhezk b ]_hf_
H[ _ki_g_gb_7~bgzZfbg_kdhcj Zebam_ fhklb ih [hdh\uf ml
"hklb]Z Iky gZ ke_"mxs_f wlZi_ aZ kqzl nhjfbjh\Zgby k
kgb Zxs Jh kdhjhklvgZ mgZkldZo ih\ur_gghc djb\bagu

FhAbnbdZpby Ze]hjblfZ ey mq_1Z klZIbg_kdboij iyl

>ey mq_IlZ klzZlbgq_kdbo ij_iylkl\bc \ ihklZgh\dm
leZgbjh\Zgby \\_* gZ fh” "bnbdZpby aZdexqZxsZyky \
aZsblguo aZahjh\ hlghkbl _evgh ]JjZgbp “hjh]b ]jZgbp



klZlbg_ _kdbo ij_iylkl\bc gZzZijbf_j ijbiZzjdh\Zgguo ljZgKki
MdZazZggh_ jZa” e _gb_ h[mkeh\le _gh I _f qlh Ij _[h\Zghb
hlghkbl _evgh ij _iylkl\bc dZd ijZ\beh y\eyxlky [he _
lj _ [h\Zgby d aZiZkm hlghkbl _evgh ] _hf_Ijbg_kdbo ]jZ
hkh[_ggh\mkeh\byo h]jZgbq_gghcrbjbguihehku *\b" _g
Imklv\ kbkl f dhhj?*bgZI Nj_g_ ”"eydZ “"hc "bkdj_Igl
si ith "Zgguf dZjlu jZzaf_Idb knhjfbjh\Zg "himklbfuc bgl_j
kf_s_gby hij_~_ey_fuc lhevdh ]_hf[dEiR8caHiB]lih ~Zggu
ith "kbkl _fu \hkijbylby knhjfbjh\Zgu h]jZgbqg_gby
klZlbg_kdbfb ij_iylk[di)f)gfdﬁgiﬁ jZkkgblZggu_ k mq_Ihf ]z
ljZgkihjlgh]lh kj_~kI\Z <\h~ylky ~\Z g_aZ\bkbfuo iZjz

aZahjZyrpdey ]ljZgbp ~hjhH]JReW ey ij_iylkl\bc ijbg_f h[u
\u[bjZ _llkyey ! urpBlh]lh\u_ ]JjZgbpu dhjb”hjzZ "\b" _gby e
\ugbkeyxlky dzd i_j_k_q_gb_ mdZaZgguo h]jZghb

khhi\_lkl\mxsbo aZahjh\baz”Zxlky ebg_cgufbg_jZ\_gk

, "
dpLicm P[?'[jg[ﬁg&u ROE E | REV
dppj = Pl—.@pm[%! UrROdD Li6! REV
glh h[_ki_qgb\Z _| jZaebggmx 3" _kldhklv”™ Ij_[h\Zgbc
liZgbp “hjh]lb b *hij_iylkl\bc ijb khojZzg_gbb _~bgh]h nh
dpiio " d " dppy < kemqZ_ dh]*Z ij_iylkI\by nhjfbjmx
A"himklIbfuo bgl_j\ZdhAeih hrghc b lhec "~ _sihddibhklZgh\d
\u[bjzZz Iky bgl _j\Ze kh]JezZkh\Zgguc k hihjguf iheh _
kh™ _j Zsdg eb[h fbgbfbabjmxsbc hideWdaygb_qglh kgb Z_
\ jhylghklv kdZgdhh[jZagh]h baf_g gby j r _gby gZ
"bkdj_IbazZpbhb
L klbjh\Zgb_ Ze]hjblfZ\uiheg _gh k\bamZebaZpb_c
jbkmgd _ ijb\_ "~ gZ ihke_ _"~h\zZl _evghklv khklhygbc
klZzlbg_kdh]lh ij_iylkl\by gZ ijyfhebg_cghf mqgzZkld_ (
ij_iylklI\by hlkmlklI\mxl b |jZ_dlhjby nhjfbjm_Iky \ ij
"\b® _gby hlghkbl _evgh hihjghc ebgbb GZ ih”*jbkm
\bamZebazZpby k\h[h*gh]h ijhkljZgkI\Z \ ij_ ~ eZo iheh
liZzgbpzf “hjh]b b *Zgguf h ij_iylkl\byo k mq_Ihf ]Z[Z]bl
kj_"kI\Z GZ ih~jbkmgd_ \ ihdZazZg j_amevlZli_j _kq_l



aZ”Zgqb 43 1jZz_dlhjby h[t_a”Z hklZ Iky \ ij ~ _eZo ihe
jZa” _evgu_ aZahp® ! revrh ]1jZgbp ~hjhlb b ~h ij_ iyl
khhi\_IkI\_ggh Ke_Am_| hif_Iblv gqglh \ jzZfdZo ~Zc
jZkkfzljb\Z 1ky ]_hf_ljbgq_kdh_ ieZgbjh\Zgb_ ~bgZfb¢
aZ\bkysb_ hl ijhnbey kdhjhklb gzijbf_j ih [hdh\uf
g ihkj_~kI\_ggh \ ihklZgh\dm g_ \dexqZxlky b h[_
ihke "mxs_fwlZi_azZkqg_lInhjfbjh\Zgby kdhjhkligh]hijhn

Jbkmghd + H[t_a”ij iylkI\by gZijyfhc Z 1j_iylki\b_
[ \bamZebabjm_Iky k\h[h~gh_ijhkljZgki\h gZihehk_~
ij iylkl\by gZihehk_~\b"_gby

Ilh j_amevlZIlzZf 1] _"~klZ\e _gguf gZ jbkmgd_
\hafh ghklv nhjfbjh\Zgby iezZ\ghc |jZz_dlhjbb h[t_a”Z \
"\b® _gby ijb ihyle _gbb klZlbg_kdh]h ij_iylkl\by IThemt
yley Iky *himklbfhc hilghkbl _evgh knhjfbjh\Zggh]h dhjb
jZa™ _evgu_aZsblgu_aZahju ~h ]jZgbp “hjh]lb b ~h ij_1)
1 ZjZf_1jZfhrdd rekkhhI\_TkI\ _ggh

Jbkmghd beexkljbjm_| kp_gZjbc \ dhlhjhf
] hf Iljbg_kdh]h iezZgbjh\Zgby \ h]jZgbg_gghf ijhk
nhjfbjh\zlvky 1jZ _dlhjby k kzZfhi_j k _g_gb_f \ A~ dZjlh
>Zgguc wnn _dl jZkkfZljb\Z Iky dZd “"himklbfuc ey fZ¢
kf gu gZijzZ\e_gby ~\b"_gby ijb mkeh\bb qlh IjZ_dlhj



hljZgbq_gbyf "himklbfhc h[eZklb ~\b" _gby b g_ i_j k_
h[eZklb knhjfbjh\Zggu_ih]jZgbpzZf~hjh]lb b klZlbg_kdb

Jbkmghd +1jbf _j] g _jZpbb kZfhi_j k_dZxsbcky

<f _klhlh]h qglh[u kha”rzZ\ZIvijh[e fu kZfhi_j k_dZx
dZd ihdZaZgh gZ jbkmgd _ \ "Zgghf kemqgzZ_ y\ey |l
ljZgkihjlghfm kj_~kl\m wnn_dlb\gh jZa\hjZgb\ZIvky beb
"b® _gby\h]jZgbg_gghfijhkljZgkl\_

Mkdhj gb_jzZkqzlh\azZ kqzl nbdkbjh\Zggh]h]hjbahgl
f IhA"hf2643

< j_Zebam _ fhf Ze]hjblf gzZ dzZ ~hf 1Zdl_mijZ\e _gb
d\zZz~jZlbqggh]lh ijh]jZffbjh\Zgby 43 nhjfbjm_fZy il
"bkdj_Ibazpbb fh”_eb ~\b _gby b az~zZgby d\zZ*jZlb
dzq_kI\z Lj_[h\zgb_ jZ[hlu \ j_"bf_ j_Zevgh]h \j_f_
hljZgbg_gby gZ "himklbfmx \ugbkebl_evgmx keh ghklv j
hir _evgh jZkkfZljb\ZxlIky ijbzfu khdjZs_gby \j_f gbjZkq

JZaf_jghklvaz~Zgb 43 hij_~_ ey Iky Nebjghad | hg b & hyg
\_dlhjZ khklhygBydlhjZ mijZ\,_gblyd _rZ]hf *bkdj_dibaz
ljb \dexqg_gbb \ \ _dlhj hilbfbabjm_fuo z \K fo gkgukdhygb



mijZ\e _gbcgZ ]hjbahgl_bf__If_klhebg_cgh_fZkrlZ[bjkF
GLUBH 2 (N +1)n,+ Nny,

ijb wlihf gbkeh h]jZgbq_gbc 1Zd" _ jZkIM| &lkgbcghjhip k
jZ[hlu ]hjbahglhf mijzZ\eyx| "bgZfbg_kdb gZijbf_j \ az\l
"hkimigh]lh k_]f_glzZz I1jZ_dlhjbb Ilh baf_gyxzakyglhkah
hl]jZgbg_gbc b dzZd ke "kl\b_  kljmdImjZ jZajb A dgu
dZghgbqg_kdhc ihklZgh\d_ 2643 >Zggh_ h[klhyl e\
g_h[oh”bfhklb ith\lhjghc bgbpbZebaZpbb azZ™"Zqb
ithAlhlh\bl_evguo hi_jZpbc hdZaulZxsbo kms_klI\_ggh_
\j_fyj_r_gby

< jZajZ[hlZgghc j_ZebaZpbb klZlbg_kdb_ ij_iylklI\
azZ"Zgm 43 \\b”* gZ[hjZ hl®» _evguo ebg _cguo g_jZ\_ gkl\
[uk m\ _ebg_gb_fdhebq_ kI\Z h[t_dlIh\ <f_klh wlh]h gZ k
h[jZ[hldb kp_gu ~ey dZ ~hc ~bkdj_lghc Id qmtpjflhjb alkhkg
A"himklbfuc bgl_j\Zeihi_j qggh]h kf_s _gby

D
UREY qREY

dhlhjuc azl fi_ j k_dZ lkyk~hjh gufbgl_j\Zehf
URD URIJJ:'G

PL,@ PD|

k mgzlhfaZsblguoaZahjh\ kh]JeZkgh
<j_amevlzZl_ h]jZgbq_gby k\h[h*gh]h ijhkljZgkI\Z\ 4

dpLig" d " dppj; 1 =0,...,N,

b ke _"h\Zl _evgh dhebq_kl\h khhlI\_Ikl\mxsbo kdZeyjgu
jZ\guZ(N +1) b hij_ ~ ey |lkylhevdh ]KMjbahglhf

ljb baf_g _gbb gbkeZ ij_iylkl\bc \ pbde_ mijZ\e ¢
Ij_bfms_kI\_ggh gbke_ggu_ agZu)gbly lJijbggph[oh”*bfhl
ebg cguc qe I®]*"Z dZd jZaj_~ _ggZy kljmR ol ZKHA]| gy |k
g baf _gghc qglh ihal\hey | i _j bkihevah\Zlv nZdlhjbaZz
h[_ki_gb\zZ_1 ij_~kdZam_fh_ \j _fy j_r_gby ijN nKdKkbehX



bkdexq gby mdZaZgguo gZdeZ”~guo jZkoh”h\ \ ihkl.
1ZjZf _1j§N,ng,ny,dt} glh h[_ki_gqb\Z _ | ihklhyggmx jZaf_
ljZdlbg_kdb wlh j_ Zebam_I|ky nhjfbjh\Zgb_f gZ 81 hf
hihjguo lhg_d khklhygbc \ ieZgh\hf hdg_ ijb ~hklb"
ihke_*gb_ IThqdb hihjghc ihke_"h\Zl_evghklb ~“m[ebjn
khojZgyxlky g_baf_ggufb jZaf_jghklv hilbfbaZpbb b jZa
fZljbp azZ”™"Zqgb

>ey gbke _ggh]lh j r _gby bkihevam |ky j rZl _ev 26
f Ihr g _j _"mxsboky gZijz\e _gbc fgh bl _e ¢ $OWHUQI
OXOWLSOLHUV $'00 <bl_jZpbhgghfijhp_kk_ 2643 hk
hi_ jZpb _c yley Iky fghlhdjZlgh _ j_r_gb_ ebg
kKhhi\_ITkl\mxs_ ¢ mkeh\byf hilbfZevghklb az~Zqgb ..7 k
kbkl fZ bf_ | [ehggmx nhjfm nhjfbjm_frPxbA fZIjH@Zfih
1 ZjZf_1jzZf j_]ImeyjbaZpbb $'00 "ey beexkljZpbb fh™ _I |

\b/\_ +1 + ] + ]
« 2 - N | K = P+ + Alh |
* ro A CV%I
I** 2\ _dlhj fgh bl _e o, 2izZjZf _ljuf_|Ih*Z GZ ijZdlbd_
ijbf _gy | ijyfhc jzZaj_~_gguc f Ih™ j r _gby ~"Zgghc

ij_ "\Zjbl _evghc nzZdlhjbazZpb ¢tDLgZijtNfZdlhjbaZpby y\e
gZb[he = aZljzZlghc klIZ”"b_c¢ ihkdhevdm ih \ugbkeb
kms_ kI\ _gghij_\hkoh”blihke ~"mxsb_hi_jZpbb h[jZlgh]
gZdZ “hcbl_jZpbb

Ke ~h\Zl _evgh mkdhj gb_~hklb]Z Iky aZ kqzl h[_k
©ly zehc? qZklb ihklZzgh\db 1jb g_baf PgbAonZzdlljphadp!
fZljbpK fh | [ulv \uiheg _gZ h”bg jZa b "Ze_ i _j bk
ihke_"mxsbolZdlZo mijZ\e_gby ?keb " _gZdzZ Phé¢Bdl_
gZijbf_j \ke_"kl\b_ baf_g_gby kljmdImju h]jZgbg_gt
jZaf_jghklb az”~zZqgb lj _[m_Ilky ih\lhjgZy nZdlhjbazZpt
j_adhfmjhkim\j f gbj r _gby <k\yab kwlbfihklZgh\dZz
|Zdbf h[jZahf glh[u\ pbde_ mijZ\e _gby h[gh\eyebkvdhe
bljZgbpu h]jZzgbhag_diblc*Z dZd fZHpukhojZgyebkv ihklhyc
\f _kl_k bo jZaj_~_gghc kljmdImjhc 1jb [Zdhf ih~"oh”_
kilhbfhklv h”rgh]lh 1zZdlZ k\h~"blky d h[gh\e_gbx g_kdh



\uiheg_gbx bl _jZpbc $'00k m _ih”]hlh\e_gghc nZdlhjba

>hihegbl _evgh \ aZz~ZgqZo 03& fh™ | bkihevah\ZIlvky
dhlhjhf j r gb_ ij_ ~u™"ms_c 43 azZ”Zgb ih*"Zzlky \ 264
ijb[eb” _gb_ "ey ke_"mxs_]h IZdlZ H~”"gZdh \ jZfdZo gZ|
dhebq_kI\ _ggh hp_gb\Z Iky bf ggh wnn_dl hl nbdkbjh
g _baf _gghklb kijmdlimjw® fZAbpihal\heyxsbo i _j bkihev
nZdlhjbaZpbx ..7 fZljbpu

LZdbf h[jZahf mkdhj_gb_ jZkqgzlh\ ijb j_r_gbb 43 f
jZkkfZljb\Z _fhc ihklZgh\d_ h[_ki_gb\Z _Iky aZ kqzl nbdk
hilbfbaZpbb b k\yvaZgghc k gbf g_baf_gghklb jZaf_jghkl
fZljbp

Hkgh\gZy k\h*dZihj_ r gbxaz”ZgghcazZ”Zgb hilbfbasa
|Z[ebp

LZ[ebpZ + Hkgh\gZy k\h*dZ ihj r _gbxazZ”"Zgghc aZ”.

Qbkehlhq_dljZz_dlhjbb
<j_fyl\uiheg_gby fk| fk
<j_fy\uiheg_gby nbdkbjh\ZggZy "ebgZ |jZkdIhkbb

lhemqg_gguc wnn_dl ihMI\_j°~Z Iky wdki_jbf_glZevg
\j f gb \uiheg _gby I|Z[ebpZ 1" ijb bkihevah\Zgl
"ebguljZz_dlhjbb \]j _fy jZkqzlzZ k2d}RAIZIK |IgFk ~ey kemqZ
300lhg_d Bk fk gaD “ey keml§@hhq_d



<u\h”u

< =eZ\_ jZajzZ[hlZg b h[hkgh\Zg Ze]lhjblfbq_Kk
nhjfbjh\Zgbx ehdZevghc IjZ _dlhjbb “\b" _gby [_kibehlg
kj ~"kI\Zz gZ hkgh\_f ITh~h\ \uimdehc hilbfbaZpbb
themqg_gb_IjZ _dlhjbb ijb]J]h*ghc *ey bkiheg _gby dhgln
gZebgbb] hf Ijbg_kdbo h]jZgbg _gbc *hjh ghc bgnjZklj

Knhjfmebjh\ZgzZ [Zah\Zy ihklZgh\dZ k]l]eZ b\Zgby |
\ ~_dZjlh\hc kbkl_f_ dhhj*bgzl \ \b"~_ azZ”~Zqgb
ijh]ljZffbjh\Zgby \ dhlhjhc p_e_ \Zy nmgdpby az~Zzl
lhgghklvx ke ~h\Zgby hihjghc ebgbb b |Ij [h\Zgbyfb d
rljZnh\ gZ djb\bagm b kdhjhklv _z baf_g gby IhdZaz
\_kh\uo dhwnnbpb_glh\ iha\hey | p_e_gZijZ\e_ggh
ljZz_dlhjbb h~gZdh hlkmlkl\b_ h]jZgbg_gbc gZ k\hJ[t
hljZgbgb\zZ _lijbf_gbfhklvihklZgh\db\az”rZqZo[_ahiZk

lj_"~eh _gh jZkrbj_gb_ 43 ihklzgh\db \ ~_dzjl
dhhj*bgZl imlzf \\_* gby dhjb”hjguo h]jZgbqg_gbc gz *
"\b'_gby MklZgh\e_gh qlh izZjzf_ljbazZpby dhjb~hjz \
hljZgbg_gbc ih dhhj*bgZl_ ijb nbdkbjh\Zgghc fhghlhg
hl]jZgbg_gghc h[ezZklvx ijbf_gbfhklb b g_ h[_ki_qb)\
h[jZz[hldm fZgz\jh\ kh keh " ghc ]_hf_Ijb_c Z 1Zd _ g_ m
ljZgkihjlgh]lh kj_"~kI\Z \ y\ghf\b”"_

>ey mkljZg_gby mdZaZgguo h]jZgbg_gbc jZaj:
ileZgbjh\Zgby ljZ_dlhjbb \djb\hebg_cghc kbkl_f_dhhj”*b
"hjh gu_ ]jZgbpu _kl_KkI\_gguf h[jZahf azZ”~Zxlky h]j
ithi_j _qgh_kf_s gb_hlghkbl _evgh hihjghc ebgbb Zi_ j_
bf xlg_ ihkj ~klI\_ggmx]_hf Ijbg_kdmx bgl _jij 1Zpbx

J Zebah\Zg f_IhA mqzIlZ ]Z[Zjblh\ 1jZgkihjlgh]
nhjfbjh\Zgbb h]jZgbq _gbc ijhoh~bfhklb gZ hkgh\_ Ziij
gZ[hjhf ihdju\Zxsbo hdjm ghkl _c b ihkljh_gby ~himklb
dhhj*"bgZlZo Nj_g_k ihke _~mxsbf\dexq_gb_f ]jZgbp ijl
ebg _cguog jZ\_gkl\az~rzgb d\Z~jZlbqghlhijh]jZffbjh\z

<\ " guijzdlibg_kdb_fh~AbnbdZpbbihklZgh\db ~e:



ij_iylkl\bc b ih\ur_gby jh[Zklghklb ieZgbjm_fhc IjZ _dlh
jZa™ _evgh_ azZz”"Zgb_ aZsblguo aZahjh\ hlghkbl _evg
highkbl _evgh ij_iylkl\bc qlh h[_ki_gb\Z_ | kh]eZkh
[ ahiZkghklb k h]jZgbg_gghc rbjbghc “hjh gh]h dhjb”"
j_adh]h ih\hjhlZ ihdZazZzgh qglh fh*bnbdZpby nmagpbh
m\ _ebqgb\Z | fbgbfZevguc aZahj kh klhjhgu \gmIig2%9¢h c
, 0,80 f

IlhdZaZgh qlh ijb gZebqgbb h]jZgbq _gbc ijhoh”bf
nhjfbjh\zgb_ 1jZ_dlhjbc k kZfhi_j _k_qg_gb_f\~ dZjlh\hc
glh fh™ | Julv bkihevah\Zgh "ey j ZebaZpbb fZgz\jh\ j
gZijZ\e _gby "\b" _gby ijb khojZg _gbb *himklbfhklb IjZ o
] hf Ijbg_kdbo h]jZgbqg _gbc

>ey h[ _Kki_g_gby \ugbkebl _evghc j Zebam fhklb
\j f _gbh[hkgh\Zgh mkdhj_gb_jZkqzlh\ijbj r gbb 43 f_
nbdkbjh\Zggh]h JhjbahglZ hilbfbaZpbb h[_ki_gb\Zx:
jZaf_jghklb az~Zgqb b klIjmdIimju jZaj_~_gguo fZljbp
| _j_bkihevah\Zgby nzZdlhjbaZpbc Wdki_jbf _glZevgh i
\j f gbjZkq2%22H7 fk g "ey kem3pdihq d b kR fk gZ
60 "ey keml§@hhqg d



=E:<: Wdki_jbf _glZevgu_ bkke "h\ZgbyjZa
Zelhjblfh\ "\b" gby gZ nbabg_kdhf Z\Ihfh][

< gZklhys ¢ ]Jez\_ ijb\_* gu j_amevlZlu wdk
\ jbnbdZpbbjZajZ[hlZgguo Ze]hjblfh\ieZgbjh\Zgby b ]_
\uiheg _gghc gZ [_kibehlghf ZDIG Dh 9blev WDWVRI'I6I _jbf _glZey
Ijh\_jdZ hjl]Zzgbah\zZgz \ \b”_ ihke_~h\Zl_evghklb wlZi
thwlzZigh_ kgb™ _gb_ jbkdh\ b ih\ur_gb_ \hkijhba\h”~bf
1j_"™"\Zjbl _evgZy \ jbnbdZpby \ kbfmeypbhgghec k
jZ[hlhkihkh[ghklb\]Jhjh*"kdhc kj_~ ijbj_Zevghfhjh ghi
bkiulZgbc y\ey Iky ih”~I\_j°~ gb_\ugbkebl _evghc|j Zeb
\'j_"bf_j Zevgh]lh\j_f gb Z1Zd _hp_gdzZ dzZq_kI\Z *\b
[ ahiZkghklb iezZ\ghklb blhgghklb bkiheg gby

BkiulZl _evgzZyieZlnhjfZb Zjobl_dImjZ kbkl_fu

H[t _dlIhf bkiulZgbc y\ey Iky e _]Jdh\hc Z\Ihfh[bev /D!

hkgZs _gguc [hjlh\uf\ugbkebl _evguf dhfie_ dkhf gz
bkihegbl _evgufb bgl _jn_ckZfb h[_ki_gb\Zxsbfb Z\lhghf
mijZ\eyxsbo \ha” _ckl\bc NmgdpbhgZevgZy Zjobl _dlmj
526 b\dexqZ I dhglmju\hkijbylby ehdZebaZpbb ieZghbj
h[f gk bkihegbl _evgufb f _oZgbafZfb\uihegy |ky g _ | _ a
[ ahiZzkgh]h ijh\_~ gby wdki_jbf_glh\ ij "mkfZljb\Z
\h~bl_ey bkiulZl_ey Jhlh\h]Jh \uihegblv i_j oh” d  jmqggh
\hagbdgh\ _gbbg rlZlguo kblmZpbc
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S Cucmema
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&hklZ\ baf_jbl_evgh \ugbkebl_evgh]h dhfie_dkZijb!

LZ[ebpZ + KhklzZ\'bizjzf_ljubaf_jbl_evgh \ugbkebl_
aZihegy_Ilkyihnzdlbg_kdhc dhgnb]mjZpbb

lhr"kbkl_fz Dhfihg _gl 1Zjzf _lju

<ugbke _gby ;hjlh\hc\ugbkebl_ev ijhfure_gguc dhfivxl_j ,QV
HRQ ( =; 5%$0 [*38
19,',$57;

EhdZebazZpby|*166 57. ,08 h~hf_Ijby"\moZgl_gguc 57, *16

ijb_fghd 7ULPEOH| %;
kh\f _klgh k dhe|kgu

wgdh” _jZfb
<hkijbylb _ Eb"Zj ebr"Zj+HVDL3DQGDU

=p ~Zevghklv f
Bkihegbl_eb Jme_\h_mijzZ\e_gb_ ly]&elhgfihijb\h" jme _\h

mijZ\e_gby




lihihdhe bkiulZgbc b mkeh\by ijh\_~ gby
Lj [h\Zgby d mkeh\byfijh\_~ gby

BkiulZgby \uihegyebkvijbf | _hjheh]bq_kdbob ~hjh
ijb\h~ysbo d ~_]jz*"Zpbb \b~Abfhklb b kp_iguo k\hcklI\
g _h[oh~bfhklb ~himkdZ IkyjZkrbj _gb_~bZiZahgZ mkeh

LZ[ebpZ + Lj [h\Zgby d mkeh\byfijh\_~ gby bkiulZgkt

VAVARRY Li [h\Zgb_

Hkz~db hikmlkl\b_ eb[h keZ[u_ hkzZ"db ijb kh:
\brbfhklb

<b”rbfhklv g_f_o__ f

L fi_jZlmjZ\ha"moZ « f

Hk\_s _gghklv Ag_\ghc k\_|

Ihdjulb _ kmoh_ZknZevlih[_lhggh_

<bjlmZevgZy\ jbnbdZpby \kbfmeylhj 3DQRVLP

< oh”_ bkke_"h\Zgbc \ kbfmeypbhgghc kj_~_3DQF
gZkljzb\z_fzy fh~_ev Z\lhghfgh]h IjZgkihjlgh]lh kj_~kl
bgnjZkljmdImju GZ wlZi_ azZ~Zgby l|hiheh]bb ~hjh gt
aZ]ljm Z |ky dzjlz f_klghklb '\ dhlhjhc azZ”~Zxlky ]_
i _j_k_qgq_gbc Z 1zd _ izZjzf _lju ihdjulby jZaf _Idb [
j ]mebjh\Zgby

>Ze _ \uihegy_ Iky k[hjdZ \bjlmZevgh]h Z\lhfh[be
\u[bjzZxlky rZkkb dhe_kgu_ iZju ihA\_kdZ b ijb\r
dhgnb]mjbjmxlky ~Zlqbdb b bkihegbl evgu_ f _oZgbafi
\hkijhba\_~ gb_ Zjobl _dimju l_klbjm _fhc ieZlnhjfu Ihk
"bgzZfbq_kdb_ oZzZjzdl_jbklbdb ZzZ\lhfh[bey jbkmghd
bg jpbb dhwnnbpb _glu kp _ie _gby rbg iZjZf lju Z
khijhlb\e _gby b fh®_eb kbeh\uo Z]j_]ZIh\



<= [PanoCar] Vehicle: Assembly; { PanoCar-A0 } AD-Car — X

LNIE JMBEAIRE K 2 N - W= =28l a
Back Forward Home Previous Next Uink Save  Copy Delete Refresh  Help  Unlock
Vehicle: Assembly

Vehicle Body

M-(;;r: Body |~ //

A0-Car, Aero B
Systems Front Suspension Rear Suspension
F - ependent v ependent -
75 kW, 5-spd., 4.1 Ratio v A0-Car, Front Suspension v ‘ AQ-Car, Rear Suspension b
R . Springs, Dampers, and Compliance Springs, Dampers, and Compliance
AO-Car, M/C Press, No ABS - AO-Car, Front Suspension v l AO-Car, Rear Suspension v
- Tire
’ y -
AO-Car, Manual Steer, R&P |~
Al
e - = =
175/65 R14 |~

Jbkmghd + AZ~AZgb_ Z\lhfh[bey\ kbfmeylhj_ 3

<= [PanoCar] Vehicle: Sprung Mass; { A-Car } A0-Car, Body - X
€2~ &0 BB 2 B a
Back  F Home Previous Net  Lnk  Save Copy Delete Refresh  Help  Unlock

Vehicle: Sprung Mass

>
»

0 Lateral coordinate of sprung mass center, unladen

<« 1, —bi = 1
Bodyref. height | 1240
T . Mass center of sprung mass, unladen

Left Right 538 Left Right A v
N 2 N T 286 _
y v v
X« Wheelba
eelbase
Sprung mass o
coordinate system L= | R
Body ref. width 1800
2352
Al and are in mill
The inertia properties below are all for the sprung mass, unladen
Sprung mass: 751 kg
Roll inertia (bxx): 270 kg-m2 Rx: 06 m
Pitch inertia (lyy): 750 kg-m2 Ry: 1 m
Yaw inertia (1z2): 750 kg-m2 Rz 1 m
Product (ixy): 0 kg-m2  |nertia and radius of gyration are related by the equation: | =
Product (xz): 0 kg-m2 ~ MRR
Product (lyz): 0 kg-m2

Radii must be specified with numbers; formulas are not
supported

Jbkmghd + AZA"Zgb_~bgZfbdb Z\Ihfh[bey \ kbfme



ibk

kiIh\hlh kp_gZjby

lky dzjlz |

AZ]jim Zz

femibriouey
““INOW W¥DD DV dVDON3

6330783V dVONT

WnL Y18 @3V dVONT o

vepesTery

Snzioues
OVNEY 83V dVONI
wnzioums

VNE) 83V dVONT

wwarouey
V182 83V dVON3

wmosouey
QYD MD4-83Y dVONI S

vepessse[3

uncsouey
9430 MD4-83V d¥ONI =

epesmes>
famibriovey
sseykemybiy owag

) ) s
v S o o o u & ) J v v
; - - -

foovey
My owag

3

1esejeq uawwadxy )
diay vegpIng

X (=} -

[

peqlelq

doxg

sorenjeny

#

(8500€1'91'08E) ©

e —
wosl 6 1

Wby 103063

<] B

0 |wxuawuadxa 1SITINYN. B

voenus [5)
A3qioRNRAT NYN
1openien3 B ~
nduljonuoY INYN W
loauodx
dINOSIOSUISTINYN I
1PPOW PRUYIP-1350) D ~
R @
by B ~
asTesaA |
13063 5 ~
RPOW [F
RO W
uelsapag ¥
PA e
QdueqImsig ¥ ~
INVN
PHOM @ ~
1SICTINVN I~
asueqimsig puom Wwawuadxg

2 @ | g

dxgouey [

dZjlu\ kbfmeylhj 3DQ

AZ~Zgb

*

Jbkmghd



>ey \bamZevghc hp_gdb jZ[hlu Ze]hjblfh\ \hkijbylb
khanrzZ 1ky \b” hl ©Ij _Iv_]h ebpzZ2 hlh[jZ Zxsbc ihey &
we f glu ehdZevghc dZjlu hdjm™  _gby GZ jbk
ljZ _dlhjbb h[t_a~Z klZlbggh]hij_ iylkl\by \ihehk_ ~\b" g

PanoSim-3DR - 3D Rendering - O X

a

Jbkmghd + H[t_a”klZlbgghlhij_iylklI\by \ihehk_~\b’
3DQRVLP \b”"ba 3DQRVLP
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<oh”_ijh\_"*_ggh]h wdki_jbf_glZ [ueb ihemqg_qgu hp_
0ZjZdl_jbklibdb knhjfbjh\Zgghc ljZ_dlhjbb ij_"klZ\e_gg

LZ[ebpZ + Hp _ghgqgu_oZjZdl _jbklbdb ljZz_dlhjbb ihe
wdki_jbf_glZz

IlhdZaZl _ev AgZq_gb | ljbf_gqZgb_

Kdhjhklv Z\Ihfta[bey 43 df qu194f k| \fhf_glihkljh_gby ljZ _dlhjb
FZdkbfZevgZy djbbbagZz , 0,022f1 khhi\_lkl\m _[fZg _\jm mdehg
FbgbfZevguc jZ"bmk djb\bagu455 f RpLg 1/ " pp;

RprLo

FbgbfZevgh_jZkklhygb |~h , 045f \gZb[he__ kl_kg_gghc ahg_
liZgbpu k\h[h~rgh]hijhkljzgkl\z

'pLO

FZdkbfZevgh_ihi_j qgh|_ , 314f K a, = v

mkdhj_abp;

lhi_j qgh_mkdhj_gb_gzijyd®K f K \g_Zdlb\gh]h fzg \jz

mq Zkdd _

ljb kdhjhklb ~\b " _gby Z\IA3hdbey fZdkbfZevgZy djb
1jZ_dlhjbb khklZ\beZ ijb[ebab)_@0gh* qlh khhI\_lkI\r
fobgbfZevghfm jZ"bmkm djb\ba4phb ithjywdZaZggu_ agZ
k\b” | _evkl\mxI|l h iez\ghf ozZjzZdl_j_ nhjfbjm_fh]h fZg
baf_g_gbc ]_hf_Iljbb 1jZ_dlhjbb FbgbfZevgh_ jZkklh
kK\h[h~gh]lh ijhkljZgkI\Z khklIB4¥6éhlhifh£2kdZd k ijhib\hihetl
klhjhgu khojZgyeky aZiZ& ihwrtdmdzZaulZ | gZ Ih qglh [j
[ueZ ihkljh_gzZ \ ij_~ _eZo “himklbfh]h dhjb”~hjZ “\b" _g
g _h[oh~bfh]h aZahjz ~h _]h ]jZgbp FZdkbfZevgh _ ih
"hkib]Zeh ijb[ebaB/l4defvgh glh khhiI\_IkI\m_| ~himklbfhfn
"bgZfbg _kdhc gZ]jmadb b ih?I\_j°~Z I nbabg_kdmxj Ze
ljZ_dlhjbb GZ mqgZkldZo [ebadbo d ijyfhebg _cghfm
ihi_j _ggh]h mkdhj _gby g OF5f\kir@lehz*hihegbl _evgh ih”I\_
hlkmlkl\b_ baJulhgqguo dhe [Zgbc b mklhcgb\uc oZjZdl_j

>ey nhjfZebaZpbb j amevlZlh\ wlZiZ ijh\_jdZz
djbl_jbyf ] _hf Ijbg_kdhc ~himklbfhklb ~bgZfbq_kdhc
dZqg_kI\Z1jZ _dlhjbb I1Z[ebpZ



LZ[ebpZ +J amevliZliu\ _jbnbdZpbb Ze]hjblfZ gZ kbfn

ljh\ _jy_fh_1j_[h\Zgb_ Djbl_jbc J _amevlZzl
Khliex®_gb_]_hf_Iljbg_kdbag! p.g0 g_Ili_j_k_q_dbpig 045f
hljZgbqg_gbc dhjb™hjz "\b" |dp4dgbp "himklbfhc h[eZklb
>bgZfbq_kdZy j_Zebam_fhkdvwgg 049 ijb[e ayppp 314f K
fZzgz\j_h[t_anrZz 392 f k

leZ\ghklv]_hf_ljbbljZz_dlhjbdjZgbq_ggu_agZq" gy 0022f"?
dib\bagu b hlkmIkI\bRp, @ 455 f
i _adbo kdzgdh\

LZdbf h[jZahf kbfmeypbhgguc wlZi bkihevam_lky c
\_jbnbdZpby dhjj_dlghklb nhjfbjh\Zgby h]jZgbg_gbc ml
az™"Zq hilbfbazZpbb b khhlI\_Ikl\by [|jZ_dlhjbc [Zah)
j _Zebam fhklb ™ "hi_ j oh*ZdgZlmjgufbkiulZgbyf

ljh\_~ gb_1_klh\uo bkiulZgbc\]hjhrkdhc kj_~_

ce]lhjblf ijhl_klbjh\Zg \ Jhjh*kdhc kj_~ gZ fZjrimlZo
jZaebggu_ Ibiu "hjh ghc bgnjZkljmdImju j_ Jmebjm_fu_
i _j_dj_kldb ~hjh]lb k jZaebqgguf gqbkehf ihehk mqgZkldb
Z\Ihfh[beyfb b i_r_oh”gu_1i_j oh”~u < oh”_bkiulzZgbc k
j_bf_ Z\lhghfgh]h mijzZ\e _gby ijb ijbkmlkli\bb \h~bl
Hkgh\ghc p_evx wlZiZ y\eyeZkv ijh\_jdZ jZ[hlhkihkh[gl
N _ckl\bb nzdlhjh\ g_hij_~_e_gghklb Jhjh*kdhc kj_"~u \Z]
baf_g_gby “hklmigh]h ijhkljZzgklI\Z h]jZgbq_ggZy gZ]Je
hit_dlh\

>ey | _klbjh\Zgby \u[jZg fZjriml gZ ~hjh]Zo h[s_]h
g_ihkj_~klI\_gghc [ebahklb hl G:FB GZ jbk 1j_"KlIZ\e
fZjrimlZgZ dZjlh]jZnbq_kdhcih”eh'd_ gZjbk 2fZjrj
ith\ukhdhlhgghc dZjl_ ZgZjbk 2ijbf_j\bamZebaZphb
j _Zevghf\j f gb
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Jbkmghd t <bamZebaZpby jZ[hlu kbkl_fulj_ Zey

GZ jbk ij_~"klZ\e _gul_e f |Ijbg_kdb_azZ\bkbfhk
\j fy azfdgmlh]h ]Jhjh~kdh]h ijh[_]Z ijhly z84thldlifvx <hd
1Z[e ijb\_ " gu dexqg_\u_ o0ZjzZdl _jbklbdb ieZgh

kdhjhklgh]h ijhnbey b mkdhj_gbc Ibehh[jZagZy nhjfz
kKhhi\_TkI\m_1 Jhjh*kdhfm j_"bfm Ibd ijh*hevgh]lh &Bf_ -’
f RkhhI\_lkl\m_lwibah”m bgl_gkb\gh]lh Ihjfh  _gby
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LZ[ebpZ + K\hAgu_o0zZjzdl _jbklbdbiezZgh\hcljZz_dlhjt
i “bfzbmkdhj_gbc

Mkeh\gh_h[hagZq_gb_ HibkZgb _ | AgZq_gb |

1ZjZf_ljuieZgh\hcljZ_dlhjbb

6 & Kbkl_fZ dhhjrbgZl (18 f

XUDQJH >bZ|ZahQ(hkb [%1000,+250]f

YUDQJH >bZiZahgyhkb [%6600; +600] f

L orRS >ebgZi_leb i_jbf_Ij , 346 df

RpiLag FbgbfZevguc jZ*bmk ih\hjhliZ I 80 f
1ZjZf_lju kdhjhklgh]hj_"bfz

VppJ FZdkbfZevgZy kdhjhklv , 15f k df g

v Kj_"gyy kdhjhklv , 911 k

Tv=0 >hey \j_f_gbgZhklZgh\dZo , 29

a#ORQJ Ki_ ~g__mkdhj_gb_ijbjzalhg_, 086f kK
1ZjZzf_ljuijh~hevgh]lh mkdhj_gby

agRY FbgbfZevgh_ ijh~"hevgh_ |mkd¥§ fgh _
lhjfh™ _gb_

agBly; FZdkbfZevgh_ ijh*hevgh_| mkd8jf §b_
jZa]hg
1ZjZf_ljuihi_j_qghlh mkdhj_gby

abhR, FbgbfZevgh_ihi_j_ggh_mkdhj %38 f k

abBl, FZdkbfZevgh_ihi_j qgh_ mkdhp3gbf K

JFRPIRUW lhjh] dhfnhjlghlh ihi_j| @4d]h392f k
mkdhj_gby ih djbl_jbx (XUR 1&$3
&RPIRUW

fieblm”~dopwy _ 1j_\urz0f35g kf [Z[ebpZ I h

m~h\e_I\hjy_| ihjh]h\hfm @4gZqgblgiblevam_fhfm \ jZfdZo
dhfnhjlghklb Ibdb ihi_j_ggh]l]h mkdhj_gby dhjj_ebjm
ih\ur _gghc djb\bagu ijb kgb ™ _gghc kdhjhklb “\b" _gby
ijbgpbim kh]l]eZzkh\Zgby ©\ukhdZy djb\bagZ 2fZeZy kdhjh

Kdhjhklv\iazZz a” h]jZgbgb\ZeZkv *"bZiZahghf ™h C
df gghkbldjzldh\j_f_ggucozZjzdl_jbg_\eby_ I gZ\u\h”™
dZzq_kI\Z \uihegyeky ih klZIbklbdzZf b \u®_e_gguf wibah
mkdhj gbc \uoh”?ysb aZlbih\hc "bZiZzahg Z\lhghfgh]h j
bgl j\Zezf\f _rzZl _evkI\Z\h~bl ey bkiulZl ey i _j _o\ZIlm

>ey dhebq_kI\_gghc \_jbnbdZpbb Ze]lhjblfzZz ihkljf
ljZ_dlhjbb “hihegbl_evgh [ueb \u®_e_gu wibah”u Z\lhgl
kh~ _j"Zsb_ i_j_o\zZlZz mijzZ\e_gby kh klhjhgu \h”bl_e
mdZaZgguf wibah”?Zf jZkkgblu\Zebkv ihdZazZl_eb fbgbf.



liZgbp ~“himklbfh]h dhjb~hjz fbgbfZevgh]h jZkklhygt
ij_iylkl\bc \j_f _gb ]_g _jZpbb I1jZz_dlhjbb b ihi_j_qg
J amevlZluk\_~ gu\lZ[ebp_

LZ[ebpZ + Dhebqg_klI\_ggu_ihdZaZl_eb jZ[hlu Ze]lhjbl
ileZgbjh\Zgby ljZ_dlhjbbihj_amevlZlZf]hjh*kdbo bkiulZz

Ilhdzazl_ev AgZqg_gbjbf_gZgb_
FbgbfZevgh_ jZkklhygb_ "h ]jZgbpgu03jth | au”~cj b\Zgb _
gZklb "himklbfh]h
"hjh gh]h dhjb*hjz
FbgbfZzevgh_ jZkklhygb _ A h kFZz0Bd |k[dheihiZkguc h[t_a”
ij_iylkl\by \'ihehk_~\b" _gby ij_iylkl\by
Ki_*g__\j_fy] g _jZpbbljZ _dlhjbb] , 50fk | \ugbkebl_evgZy
j_Zebam_ fhkl \
j_Zevghf\j_f _gb
FZdkbfZevgh_ihfh mexihi_j _qgh|"n2bdthk| by \u”_e_gguo
wibah”h\
Z\lhghfgh]lh h[t_a"Zz

Ba "Zgguo IZ[ebpu ke_"m_1| qlhjZajZ[hlZgguc Z
ieZgbjh\Zgby \ oh”_]hjh~kdbo bkiulZzgbc h[_ki_qgb\Ze ih
m~h\le _I\hjyxs_c hAgh\j_f_ggh ] _hf_ljbg_kdbf b
\ugbkebl _evgufh]jZzgbq _gbyf <h\k_ojzZkkfhlj _gguo wil
jZkklhygb_~h]jZgbpijh_a _cqZklb khojZgyeh(3d/fgZ mhh
klzlbg_kdboij_iylkl\bc jZkiheh  _gguo\ihehk_~0b'f gb
Ki_~g__\j_fy]l_g_jZpbbljZz_dlhjbb k30kfliz\gEhkhdhé&hlkl\i
gZklhl_ihjg@¢dg b ih~I\_j " ~Z | \hafh ' ghklvijbf_g_gby |jZe
Zelhjblfz\dhglmj_ mijZ\e _gbyj Zevgh]lh\j_ f gb Ijb wl
fh mex thi_j ggh_mkdhj _gb_"ey \u®_e _gguo wibah”h\
g_ij_ \urzas f € qlh k\b”_| _evkl\m_| h *"bgZfbg_kdhc
nhjfbjm_fuoljZ_dlhjbc b bo khhI\_IklI\bb Ilj_[h\ZgbyfieZ)\

>Ze _ ijb\_"zg ijbf_j ZgZebaZz |jZ_dlhjbb ijb \uihe
hjt arZ ©af _cdb?2 GZ jbkmgd_ ihdZaZgZ \bam.
mijZ\e_gbc b *"bgzZfbgq_kdbo izjzf_|jh\gZ bgl_j\Ze_fZgz



Jbkmghd + <bamZebazZpbyiZjZf Ijh\A\b">_gbyijb ij
Jhjh~kdhc kj_~_

lj_~"klZ\e_ggu_ gZ jbk aZ\bkbfhklb beexkljbjmx
g_ij_julguoijhnbe_c mijZ\e_gbc b mkdhj_gbc[_al\ujzZ



LZ[ebpZ + K\h~Agu_f_Iljbdb fzZgz\jZ ©af_cdzZ2aih"Zggu
ehlh\wibah”z
IlhdzZazl_ev H[hag Hp_gdZz

>ebl_evghklvwibah"Z T , 30k
Kdhjhklv kj_~gyy v , 100 f k
Kdhjhklv fbgbfZevgZy VPLQ , 85 f k
Kdhjhklv fzdkbfzZzevgzZy Vpp| , 115 f k
ljhrhevgh_mkdhj_gb_ fbgbfmf ay, PLQ ,% 09 f K
ljhrhevgh_mkdhj_gb_ fZdkbfmf ay, pD[ , +12f Kk
lhi_j_qgh_mkdhj_gb_ fbgbfmf 8y, PLQ ,% 25 f R
lhi_j_qgh_mkdhj_gb_ fZdkbfmf Ay, PDJ , +25f K
D\Zgloe9b ih fh mex ihi_j_qggh]lh mkdhj_gby | a.gs(lay]) , 22 f Kk
Jme_\hcmlhe fbgbfmf #pLoQ ,% 110]jz~
Jme_\hc m]he fZdkbfmf #pp] , +105 ]jz~»
Kdhjhklvbaf_g _gbyjme_\hlhm]ezZ fZdkbfmfPibB|fh mex |, 100]jZ" k

lhi_j _qgqgu_

mkdhj_gby gZ bgl_j\Ze_ fZg_\jZ gZoh’

ihjyrd#25 f B Z ijh hevgzZy kdhjhklv khojzZgy lky \[eb

mjh\gy

ihjyadzf k

glh khhi\_Ikl\m_|

ihklzgh\d_

fZg_

Ij_1ylkl\bcijb h]jZgbg_gbyogZ dhfnhjlbj_ Zebam_ fhklv

LZ[ebpZ £ lh?\_j°~ gb_p_e \uolj [h\Zgbc *bkk jlZ
Jhjh~kdbo bkiulZgbec

Lj_[h\Zgb_ Djbl_jbc NZdlbg_kdbc j_ajnkdZlmk
M~ jZgb_  1jZ_dlhjdbLdstyr3s0,3 f PLd®t yrps® 03 f|l\uiheg_gh
] _hf_ljbg_kdbo liZgbpZo [Z[e

ijh_a _cqgzklb

;_ahiZkguc hi[P LdBt g% 0,5 f PLdptrey * 05 f|{\uiheg _gh
klZlbg_kdboij_iylkl\bc 1Z[e

<ugbkebl_evgZy tyno 100 fk tijho 50fk hdheh |ipiheg_gh
j_Zebam_fhklv \ | Zevghf

\j_f_gb

>bgzZfbq_kdzZy j_ZepBBDpihKAyf K P D|py| 25 f k| \uiheg _gh
ljZ_dlhjbb \  Z\lhghfguo 1Z[e

wibah”Zo




KiZ\g_gb_ k Zevl_jgZlb\gufb ih*"oh”"Zfb b \dezZ”" |Z
Zelhjblfz

KiZ\g_gb_ Ze]lhjblfZ \uiheg_gh ih djbl_jbyf \g_"j_d
Z\Ilhfh[be_ k bkihevah\zZgb f j amevlZlh\ h[ahjgh]h Z
wdki_jbf _glZevguo "Zgguo ]JeZ\ = kf |Z[ebpZ

LZ[ebpZ + KjZ\g_gb_jZajZ[hlZggh]hf_ Ih*Z k Zevl_jg

Djbl_jbc =jZn j_rzl |6DPSOLQJ |1/3 JZajzZ[hlZgguc f| Ih”"
?"bgZy ihklZgh\dZ k mfklihdgh h[|wdkhbqggh qZ%Zh k NZ \ _"~bghc
liZgbpihehku ]Z[ZjbkhhkK[jZ[hlldih&lh[jZ[hldhc 43 ihklZgh\d_

bklZlbg_kdboij iylki\bc

lj_~"kdZam_fhklv \j_fagbbkbl hl \ZjbzZIb\gZ |\ZjbZlb\gZ |\ukhdZy azZ kqzl
iZkqzlZz "bkdj_lbazZpllmh b_I_jfbgbjhkdgZbfhklv | nbdkbjh\Zgghlh
w\jbklbd azZ\bkbl hl kl|apjdahglZ b g_baf_gc
kljmdImju fZljbp
ljh\_jdZ gZ nbabqg_kljdhZd ijZ\beh |dZd ijZ\beh |h]ljZzgbg_gZ |ih*I\_j"~_gZ
Z\Ihfh[be_ihf_ljbdZtj_[m_I hI*_eljghmo_I| h1*_eVvgdltkebl_evdhadpt yr 0,3 f
[_ahiZzkghklbbj_"bfizZz”~"ZilZpbhb Z~ZilZpbb klhbfhklvx | PLdgtgrefy 05 f
j_Zevghlh\j_f_gb tino 50 fk

>ey dhebq_kI\ _gghc bgl _jij_ IZpbb jZaebgbc k |
j_amevlzlZfb \uiheg_gh khihklZ\e_gb_ ih \j_f_gb j-
ljZ _dlhjbb 1Z[ebpZ < dZqg_kI\_ agZq _gby "ey jZ:
bkihevah\zZgj_amevlZl]lhjh~ kg B&ik|ZHled p Z

LZ[ebpZ + Dhebq_kI\ _ggh_khihklZ\e _gb_khim[ebdl

Bklhgghbd KhihklzZ\ey fuc | AgZq_gb|  GXr Hlebqgb _
ihdZazZl _ev kl1Zlv _ j_amevlZ|
/ILHW DO *30 »<j@fy jZkqDl3B2 k 0,050 k [uklj__ lgZ
ljZ _dlhjbb maeh\ 87,2
bgl _jiheypbb
/ILHW DO *30 »<j@fy jZkqDJgae k 0,050 k [uklj__ gz
ljZ_dlhjbb ma_e 94,1
bgl _jiheypbb
'ROJRY HW DO lheg&EdLG p bh@@500,300 k| 0,050 k gZ mjh\g_
$ > @ i _j_ieZgbjh\Zghby gb'g_c
ihbkd klezZ b\Zgb_ liZgbpu
bgl jiheypby "h 833
[uklj_
ith \_jog|_c
liZghp_
LZ[ebpZ ihdzau\z | qlh ih f_Ijbd_ \j f gb jZk

jZajz[hlZgguc f _Ih® h[_ki_gb\Z | \ujZ  _gguc \ub]jur



him[ebdh\Zggh]h j r gby gZ hkgh\_ ]Zmkkh\Z ik _\"hki_
872 ~h941 \ijb\_~zgguo dhgnb]mjZpbyo >ey p+\EULG $
ke "m_1l1ljZzdlh\ZlvdZd hjb_glbjh\hggh_ \jZ[hl_ 'ROJRY
ithegh]h pbdeZ i _j ieZgbjh\Zgby \dexqgZxs_]Jh ihbkd
bgl jiheypbx [Ih]*Z dzZd \ ~Zgghc jZ[hl_ bkihevam _ Ik
\j f gb ] g _jZpbb ehdZevghc 1jZ_dlhjbb L_f g_ f_gd
ithklZgh\d _ jZajZ[hlZgguc Ze]hjblf gZoh”blky gZ mjh\¢
him[ebdh\Zggh]h "bZiZahgZ p+\EULG $833 hZgh kb ] janrg
_]h\_jog_cljZgbpu KjzZ\g_gb_dhjj_dlghlhevdhijb khih
kdhjhklv "\b" _gby iehlghklvij_iylkl\bc b ]_hf_Ijby dhjb
[ebadbfb Z1Zd _*"he gu kh\iz*Zlv ]hjbahgl b *bkdj_Ibaz

Khihdmighklv j _amevlZlh\ \bjimZevghc \_jbnbdZz
bkiulZzgbc ihdZau\zZ | qglh jZajZ[hlZgguc Ze]hjbIf h[_ki
[ _ ahizkghc |jZz_dlhjbb ~\b" _gby \ j_Zevghf \j_f _gb k 1
ijh_a"_c qZklb ]jZzgbp ihehk "\b" _gby b klZIbg_kdbo ij_
bfblZpbhggh]l]h fh~ _ebjh\Zgby ih”~I\_j "~ _gZ dhjj_dlghlk
hl]jZgbg_gbc b mklhcqgb\hklv hilbfbaZpbhgghc ihklZc
"hjh guo bkiulZgbc 2 khojZg_gb_ fbgbfZevguo [_ahiZ
liZgbp ijh_a ¢ qZklb b ij_iylkl\bc \ugbkebl_evgZy
oZjZdl_jguf \j_f g _f ] _g_jZpbid ifkjyp*dhZkmlkli\b_ \uoh”
thi_j_gghfm mkdhj_gbx aZ ij_~ _eu ijbgylh]h dhfnhjlgh
Z\lhghfgh]h j_"bfzZ h[t_arZ L_f kZfuf wdki_jbf _glZev
jZ[hlhkihkh[ghklv jZajZ[hlZggh]h Ze]hjblfZ ehdZevgh
khklz\_zZ\IhfZlbabjh\Zgghc kbkl_fu mijZ\e_gby "\b"_gb_



<u\h”u

< Jez\_ \uiheg_gZ wdki_jbf _glZevgZy ijh\_jdZ
Zelhjblfth\ gZ nbabqg_kdhc ieZlnhjf_k ihwlZighc ko 1
kbfmeypby 2 Jhjh*rkdZy kj_*"Z Kbfmeypbhgguc wlZi ih™l
\hkijhba\_~ gby nbabdh bgnhjfZpbhgguo ijhp_kkh\
Zelhjblfh\ "ey hlezZz”*db kp_gZjb_\ k h]jZgbqg_gbyfb ~hjh
klZlbqg _kdbfb ij iylklI\byfb < ]hjh~kdhc kj_~_ ihdZaZgZ
kbkl fugZ fZjriml_gZ “hjh]Zo h[s_]Jh ihevah\Zgby k 0Z]
VWRS JiRb\_~ gu k\h”gu_ o0Zjzdl_jbklbdb ieZgh\hc
"bgzZfbgq_kdboizZjzf Ijh\"\b " _gby ZI1zZd _ijbf_jwibah?”.
ZgZebahf ijhnbe _c¢c mijZ\e _gbc b mkdhj_gbc >ey Z\I
mklZgh\e _gh qglh fbgbfZevgh jZkklhygb ~h]jZgbpijh_
g_f g03f ~h klZlbg_kdbo ij_iylkl\bc 20 ffkg ~g _ \j_f
] g jZpbb ljZz _dihjbb3H&h&hfZzdkbfZevgh ih fh mex ih
mkdhj _gb_ g ij 26rfZBh< kh\hdmighklb k j amevlZIlZfb
ithalhey |l aZnbdkbjh\Zlv b dhebg_ _klI\_ggu_memqr_gby
kp _gZjbbj adh]hih\hjhlZ fbgbfZevguc aZahj kh klhjhgu
m\ ebqg,g®5 ~h, 080 f Z ijb j r gbb 43 f Ih~"hf 2643 a
nbdkbjh\Zggh]h JhjbahglZ \] fy jZkq2%2HAdkZgZ) h key
300lhg_d b4k fk g&@© "ey00lhg_d Ijb khihklZ\bfuo kp_ gz
\ f gbjZkqzlZehdZevghcljZ _dlhjbbjZajZ[hlZgguc f_Il
him[ebdh\Zgguc ]Zmkkh\ ik _\"hki_dlj&8e®mic bhgdsbh"goad k
gZ mjh\g_ gb g _c ]jZgbpu #bEUALLhHHAB00 fk h[_ki_qb\.
\ub]jur *"833 hlghkbl _evgh ]Jh\ jog c]jZgbpu lhemqg ¢
ithaI\_j " ~Zxl \ugbkebl_evgmx j_Zebam_fhklv Ze]hjblfz \
\j f gb b _]h kihkh[ghklv nhjfbjh\ZIv [_ahiZkgu_
j_Zebam_fu_ |jZz_dlhjbb ~\b " _gby Z\Ihfh[bey \ ]hjh~
g_ihkj _~kI\_ggh khh!I\_IklI\m_|Ip_eb *"bkk _jlZpbhgghc jZ]



HKGH<GU? J?AMEVL:LUB <U<H>UIH J:;HL"

ljh\_~ gu ZgZeba b deZkkbnbdzZpby kms_ kl\m:
l]_g_jZpbb |jZz_dlhjbc "\b _gby \ukhdhz\lhfZlbabjh\Zgg
ljZgkihjlguo kj_~kI\ \uy\le _gu bo h]jZgbg_gby b \ebyg
mqg _|1Z] _hf _ljbb Z\Ilhfh[bey ~“hjh 'guo ]jZgbp b *bgZfbq |
[ ahiZkghklv "\b" _gby IhdZaZgh qlhijbdezZ”~gZy agZqt
\ukhdhc “he_c >LI1 ih ijbgbg_q _eh\ _g_ kdh34 «ZdgVvh jaZg ukc
SLIVKR: b hdB8h>LI\Jhkkbckdhc N_~_jZpbb h[mkeh\e_
\h~*bl e ¢ >eymkeh\bcwdkiemZlZpbb\Jhkkbckdhc N_~*
nZdlbg_kdZy wnn_dlb\ghklv k_jbcguo kbkl_f Zdlb\
khklZ\ey | hé&hehij "hl\jZs _gguo Ibih\uo klhedgh\_ g
ithl _gpbZevghf mjh\g_ 9hjy~*dZy\e _gu hkgh\gu_ g_"h
kms_ kl\mxsbo ihfoh”h\ m ]JjZnh\uo b j_r_lhqguo f_Ih~t
dZqg_kI\Z hl “"bkdj_IbazZpbb b g h[oh”bfhklv k]eZ b\Zg
f_ Ih~h\2\ZjbzZlb\gh_\j_fy jZkqg_IZ b keh ghklv y\gh]h m¢
hl]jZgbg _gbc m kieZcgh\uo b ihebghfbZevguo iZjZf _1jb
dhgljhev djb\bagu b aZahjh\ m g _ebg _cghc hilbfbze
\ugbkebl_evgZy klhbfhklv b gm\kl\bl_evghklv d gZqZev
f Th*h\ h[mqg _gby 2ihlj [ghklv\[hevrbo\u[hjdZo b keh g
\_ jbnbdZpbb H[hkgh\Zg \u[h]j dhhj*bgZl *hjh]b \dexqZ)
b ZiiZjZlZ \uimdehc hilbfbaZpbb dZd hkgh\u ~ey ihkljh
bgl_jij_Ibjm_fufb ]_hf_Iljbgq_kdbfb h]jZgbq_gbyfb b
\ugbkebl_evghc keh ghklvx lh  j_amevlzlzf ijh\_~»
knhjfmebjh\Zgup_evbazZz”®Zgb *"bkk _jlZpbhggh]h bkke “

JZajZ[hlZg mkh\ _jr _gkl\h\Zgguc Ze]hjblf \uiheg
"\b® _gby Z\lhfh[bey gZ hkgh\_ fh~ _evgh ij_"~bdlb\gh]

dZqg_kI\_ jZkq _lghc fh™ _eb bkihevah\ZgZ ebg
"bkdj Ibabjh\ZzggZy fh_ev [hdh\h]h "\b"_gby Z\Ihfh[be
hibku\ZxsZy thi_j ggmx hrb[dm hrb[dm dmjkZ b kdhjhk

mijZ\eyxsbf \ha”_ckl\b_f y\ley Iky m]he ih\hjhlZ mij
NmgdpbhgZe dZqg_ klI\Z fbgbfbabjm | hrb[db ke ~ gby
\ha” _ckl\by bj _adhklv Jh baf_ g gby \ihklZgh\dm g _ih



h]jZgbg _gby gZ m]Jhe ih\hjhlZ kdhjhklv _]Jh baf_g _gbyb
ljb JThjbahgl_ijh]ghabjh\Zgby rZlh\' b rz]_ "~bkdj_lbaZg
h[ _ki_gb\Z |jzZzkg_|I mijzZ\e _gby \j Zevghf\j f gb Kkj_"i
fk Z iIjhp_glguc d\Zglbev 2 + fk <\uqg
wdki_jbf gl _gZ 6 h[jZzaghcljZ _dlhjbbijb kdhjhklyo
jy*_ j_"bfh\ mkimizZze /45 ih kj_~g_d\Z~jZlbq_kdhc ihi
hrgzdhijb f kh[_ki_qgbe fijhlb\ fm/45 G_kfh
gZ nbdkbjh\Zgghc | _klh\hc IjZkk 03& g_\k _J*"Z [ue emq
\u[jZg dZd [Zah\uc Ze]hjblf ihkdhevdm mqgblu\Z | *"bgZf
g_ihkj _~klI\_ggh\hilbfbaZpbhgghcihklZgh\d _

JZajZ[hlZg mkh\_jr_gkl\h\Zgguc f_Ih® ] _g_jZ
ljZ _dlhjbb "\b" _gby j Zebah\Zgguc \\b”~_ fgh]hkimi_gqg

+ jZajZ[hlZg Ze]lhjblf k]JezZz b\Zgby I|jZz_dlhjbb \ ~ _d
dhhj?*bgZl gZ hkgh\_ d\Z”jZlbgghc hilbfbaZpbb
dhfijhfbkk f_""m ke ~h\Zgb f j_ n_j gkm b mf_gvr
djb\bagu ijb khojZg _gbb ] hf Iljbg_kdhc “~himklbfh
dhjb”~hj_ ihdZaZgh qglh k]JezZ b\Zgb_ [_a y\gh]h
IjhkljZgkl\Z g _~hklZlhggh "ey aZ”*"Zq[_ahiZkgh]hieZg
jZajzZ[hlzg Ze]lhjblf ihkljh_gby “himklbfh]h k\h[h~g
"b® gby\ihehk gZ hkgh\_ dZjlu “bklZgpbc k nhjfbjh
itheb]l]hgZ ijhoh~bfhklb b mqg_Ihf klZlbg_kdbo ij_iylkl\
nhjfbjh\Zlv h]jZgbg_gby ”~ey ihke_"mxs_c hilbfbaZz
mijhs _ggZy iZjzZf_ljbazZpby dhjb~hjz \ ~_dZjlh\hc k
hl]jZgbg_gZ kemqzZyfb fhghlhggh]h “\b" _gby b g_ m
ljZgkihjlgh]lh kj_~kI\Z\y\ghf\b”" _

jZajZ[hlzgZ ihklzgh\dZ \uimdehc hilbfbaZpbb \ dhhj
leZgbjh\Zgby 1jZ_dlhjbb gZ djb\hebg _cguo mqgzZkldz
mq_|hf ]jZgbp ijh_a ¢ qgZklb ]JzZ[Zjblh\ ljZgkihjlgh]h
hl]jZgbg _gbc gZ djb\bagm b _  ijhbal\h"gmx < nmg
dhfihg _glu gZijZ\e _ggu_gZ kgb _gb_kmffZjghc \Zj
h[ _ki_q_gb_iez\ghklbljZ dlhjbb ey kp_gZjby j_adr
fh*bnbpbjh\Zggh]h nmgdpbhgZeZ ihal\hebeh m\_ebqgb
kh klhjhgu \gmlj_gg_c ]jZgbpu k ijbf_jgh A h fi
\uihegbfhklb h]jZgbg_gbc

I+

I+

I+



MdZazZggZy ~_dhfihabpby ihal\hey | h[_ki_qgblv dhjj_dl
Ijb gZebgbb h]jZgbg_gbc k\h[h”gh]h ijhkljZzgklI\Z
\ugbkebl _evgmx j Zebam fhklv azZ kg | j_ r _gby ihke.
d\z~jZlbqghlh ijh]jzffbjh\Zgby Ijb j_r_gbb azZ”~Zqgb 43 f
kqg_| nbdkbjh\Zggh]h JhjbahglZ \J _fy jZkg_I|Z khdjZs_gl
kemqZy lhg_d b k Ah fk "ey kemqZy lhg_d
\hafh ghklvijbf_g _gbyjzZzajZ[hlZggh]hih?*oh”*Z \ | "bf_ |

JZajZ[hlZgu b\ _jbnbpbjh\Zgu Ze]hjblf ehdZevgh
Ijh]jZffgh_ h[_ki_qgq_gb_j Zebamxsb_ ] g _jZpbx Db
mijZ\e _gb_1jZz_dlhjb_c "\b" _gby Z\lhfh[bey b ijb]Jh*gu_
dhglmj zZ\IhfzZlbabjh\Zgghc kbkl_fu mijZ\e_gby "\b"_gb
j ZebaZpbb h[_ki_q_gu nhjfbjh\Zgb_h]jZgbq _gbc ih ~
ij _1ylkl\byf j r _gb_ hilbfbaZpbhgguo ih*azZ~Zq ijb
Jhjbahgl_ ieZgbjh\Zgby b ij_"kdZam_fhklb \j_ f gb jZ}
\uiheg_gZihihwlZighc ko f ©kbfmeypby2]hjhrkdZy kj_

ljh\_~ gu wdki_jbf _glZevgu_ bkiulZgby jZajZ[hlZ
gZ j_Zevghf Z\Ihfh[be_ \ mkeh\byo ]Jhjh*"kdhc bgnjZKklj
"bgzZfbq_kdhc j Zebam_ fhklb 1jZ _dlhjbc b ih~I\_j "
Zelhjblfh\ b ijh]jZzffgh]h h[_ki_q_gby “ey Dbkihi
bgl_ee_dimZevguo IljZgkihjlguo kbkl_fZo lh j_ame
ithAI\_j"~ _gu ]_hf_Ijbg_kdZy b "bgZfbqgq_kdZy j_Zebam_
ljZz_dlhjbc b z~_d\Zlghklv hldebdZ bkihegbl_evguo f
mijZ\e _gby < oh” \uiheg _gby Z\lhghfgh]h h[t_a”Z h[_k
jZkklhygb_ ~h ]jZgbp ijh_a ¢ gqzZkd® §_"h &lZlbg_ kd
Ij_iylkl\bc 2 g_f @ f kj_"*g__ \j_fy ]l _g_jZpbb ljZz_dlhjt
50 fk fZzdkbfZevgh_ ih fh mex ihi_j _qgh_mka&jf gb_ 3
ijh~"hevgh_ mkdhj _gb_ 2\ ~"bZiZahg%0jdb¥h+tigh fhk Ijb
khihklZ\bfuo kp_gZjbyo ih \J f gb jZkg_ 1Z ehdZevghc
\ub]jur hilghkbl _evgh him[ebdh\Zggh]h ]Zmkkh\Z ik_\~hk
gZ 872941 ih kjz\g_gbx k "“bzizavgWEG 508800 fk
jZajZ[hlZzgguc f _Ih"gZoh”blky gZ mjh\g_ _]Jhgb g _c]jZc
A"B833 hlghkbl _evgh\ jog c]jZgbpu

LZdbf h[jZzahf \ ~bkk_jlZpbhgghc jZ[hl_~hklb]gmlZ



aZdexqZxsZyky \ jZajZ[hld_ b wdki_jbf_glZevghc \_jk
ehdZevgh]lh ieZgbjh\zgby 1jZ_dlhjbb ~\b" _gby Z\lhghf
kj ~kI\Z h[_ki_qb\Zxs_]h ihkljh_gb_]ez~dhc ~bgZfbo
[ _ ahizkghc ljZz_dlhjbb\j_Zevghf\j_f_gbkmq_Ilhf]_hf_I
liZgbp ihehk ~\b " _gby b gZebqgby klZlbg_kdbo ij_iy
ithklZ\e_gguo azZ”™Zq ih~I\_j"~ _gh j_amevlzZlZfb ft
wdki_jbf _glZevguo bkiulZgbc

J dhf _g~Zpbbihijbf dgZ@ahZ[hlZggu_ Ze]hjblfup e _
bkihevah\Zlv ijb gZebgbb “~hklh\ _jghc ehdZebaZpbb
"hjh ghc bgnjzZzkljmdImju b mkeh\bc "\b " _gby khhI\_Ik
A"hims_gbyf h kp_iguo k\hcklI\Zo ihdjulby b \b~bfhklb
"bzZiZahgZ wdkiemZlZpbb g _h[oh”bfh nbdkbjh\ZIv\g _rgl
boijbbgl _jij I1Zpbbf Ijbd[_ahiZkghklb biezZz\ghklb <g_
Aimlmx ZiiZjZlgmx ieZlnhjfm “he gh khijh\h " ~ZIvky ih\Il
\_kh\uodhwnnbpb_glh\nmgdpbhgZeZ ijh\_jdhc h]jZgbo
b dhgljhevgufb bkiulZgbyfb gZ kp_gZjbyo h[t_a”Z klZlbc
dhgljhebjm _fhc b Jhjh*kdhc kj_*_ k hdmf_glbjh\Zgb_f b
mkeh\bcijh\_~ gbyaZ a”h\bdjbl_jb_\ijb_fdbih mklZg

| jki_dlb\u NZevg_crbo bkke "~h\Zgkicdlb\gufb
gZijZ\e_gbyfb yleyxlky kh\f_klgZy hilbfbazpby ]_hf_I
Ijh*hevgh]h ijhnbey kdhjhklb jZkrbj_gb_ fh”_eb ~\Db
ijhkdZevaulZgby b hp _gb\Zgby kp _iguo k\hckl\ ihdjulby
"bgZfbg_kdbo ij_iylkl\bc b jh[Zklguo h]jZgbqg _gbc
ileZgbjh\Zgby
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KIBKHD EBL?J:LMJU

6LQJRELWLFDO5HDVRQV IRU &UDVKHV ,QYHVWL
&UDVK &DXVDWLRQ 6XUYH\ | _o higq 1DWLR
$GPLQLVWUDWLRQ 2 2 '27 +6 2iiTB 85
ff+ b?bi ibXM?ib X/QiX;Qpf TBfSm#HB+fSm#H
$FFHVVHG

JhkkbckdZy ]Zlaglld >L1 o\ ]h~m ijhbahreh ih
\h~bl _e ¢ 2 285iiTh,ff ; X mfkyk9fyefkRfTQ+
NT@p@kykj@;Q/m@T QBxQb?HQ @ TQ @ BN @upf(
GZmqghlhp _gljZ ;>>F<>JN $FFHVVHG

6HFXULQJ $PHULFDTV )YXWX$®MHHUQHDIV RYNIRU
6HOI "ULYLQJ )XW XUH 6RFLHW\ 2
2iiTh,ff prQ F7Q +2Xb2+m ' 22M2 ;vXRURMBADFBHG
EHQHILWV RI $9V $FFHVVHG

< lebgkdbHkbih\:\IhfZlbgq_kdb_kbkl_fumijZ\e gby
Z\Ihl1jZgkihjlZ 2" FZrbghkljh_gb_ "~ E_gbg]jZz~kdh_ h

?2g2"2Zq_\ > DBmebdh\ B GZ]Zcp_\ F FZI_{Zlbqg_kd
fhr _ebjh\Zgb_ ~\b" _gby Z\lhfh[bey k bgl ee dimZ:
Zdlb\ghc [_ahizZkghklb Lim*u N=MI ©G:FB?2 2 Fh
K 2

GZ]Zcp_\ FBgl_ee_dimZevgu_ ljZgkihjlgu_ kbkl_fu
I _jki_dIb\u jZa\blby \lhfh[bevgZy ijhfure_gghklx
< 2K 2

; _kibehlgu_ljZgkihjlgu_kj_~klI\Z | _ogheh]bb ghjfz
ihrj ~ F < GZ]Zcp_\ 2Fhkd\Z G:FB

;Zofmlh\ KL<hjby Z\lhfh[bey b ZdIb\gu_ kbkl_fu [_al
Fhkd\Z FZrbghkljh_gb_

?\]jZnh\ < Kljmdh\ < :ld]hjblfu Z\IhfZlbg_kdh]h mijz
Mb® _gb_f Z\Ilhfh[bey \ djblbg_kdbo j_"bfZo Ba\
mqg_[guo aZ\_~ gbc FZrbghkljh_gb_ 2 2 ¢ 2 K



Dmebdh\ BKh\ _jr_gkl\h\Zgb_ kj_"kI\ kha”Zgby b
Z\Ihfh[be_c¢c k dhf[bgbjh\Zggufb wg_jlhmklZgh\dZz
| ogheh]bc \bjlmZevgh nbabg_kdbo bkiulZgbc >
gZmd Dmebdh\Bevy:e _dkZg”jh\bg 2 Fhkd\Z

. XOLNRY8OBKHQNRUDMHFWRU\ 30DQQLQJ DQG &
$XWRQRPRXV OHKLFOHYV | _o hlg 6%$(,QWHUQD\

<Zkbg | Kh\_jr_gkl\h\Zgb_ Ze]hjblfh\ Z\IhfzZlbq_kdh
Mb_gb_f zZ\Ihfh[bey ihkj_~kI\hf g_cjhk_1_\uo j_r_
"hjh ghc h[klZgh\db > bk k «dzZg”

gZmd <ZkbglzZ\_e:e_dkZg”*jh\bg 2Fhkd\Z N=MI O

<DNRYOH%DVINLQ$Q\6DQJOH SDWK SODQQLQJ IR
YHKLFOHV -RXUQDO RI $UWLILFLDO ,QWHOOL.
K 2

ghj_cgmd Dmebdh\ B_th*uieZgbjh\Zgby ljZ _dlhjbb
[ _kibehlgh]h Z\Ihfh[bey Lim~u F_""mgZjh~gh]h
gZmqggh]h nhjmfZ 2 Fhkd\Z 2 K 2

/IDO9DOORBODRQRQLQRI $OIJRULWKPV 2&DPEULGJH &

7TRPOLQ AJHURWYWDVWY\*®PH 7TKHRUHWLF $SSURD
'HVLJQ IRU +\EULG 6\VWHPV SURFHHGLQJV RI
< 2 K 2

6WDQOH\ 7KH 5RERW 7KDW :RQ WKH '$53% *UL
0 ORQWHPHUOR + 'DKONDPS >b "j @ -RXUQDO
L < 2 K 2

$ SBHUFHSWLRQ '"ULYHQ $XWRQRPRXV 8UEDQ 9HK
7THOOHU >b "] @ -RXUQDO RI)LHOG 5RERWLFV L

2SHUDWLQJ HIILFLHQF\ RI DFWLYH VDIHW\ V\V\
JHGHUDWLRQ $ 6DLNLQ >b"j @ ,QWHUQDWLR
7THFKQRORJ\ 2 2L« 2K 2



. _eydh\ N X\]jznh\ < :gZeba b f_Ih~u \u[hjZ hilbfZ
f IThAZ ] g _jzZpbb 1jZ_dlhjbb ~\b> _gby \ aZ\bkbfhl

"hjh ghc h[klZgh\db ~ey ih\ur_gby [ _ahiZkghklb dh
‘\Ihfh[bevgZy ijhfure _gghklv 2 2 ¢ 2 K 2

+DUW 31LOVVRQS5IDSKDH® JRUPDO %DVLV IRU W
'HWHUPLQDWLRQRIOLQLPXP &RVW 3DWKV , (((:
DQG &\EHUQHWLEV 2 2L <« 2K 2

BWHQWKKB ' $OJRULWKP IRU 5HDO 7LPH 30DQQ
3URFHHGLQJV RI WKH ,((( ,OQOWHUQDWLRQDO
$XWRPDWLRQ 2 2 K 2

3KLOOLSBSIMNBEDFKHY38 6DIH ,QWHUYDO 3DWK 30
(QOYLURQPHQWY 3URFHHGLQJV RIWKH ,(((,QW]
DQG $XWRPDWLRQ 2 2 K 2

'DQJ6WDWH /DWWLFH EDVHG ORWLRQ 30DQQLQJ
Apbk «dZg”r :DQJBKXL\LQJ 2)UHLH 8QLYHUVLWI\

/IDODOOKBDBSAGO\ ([SORULQJS5DQGRP 7UHHV $1H
THFKQLFDO 5SHSRUW 2

SULQFLSOHVRISRERWORWLRQ 7KHRU\ $OJRUL)
>b M) @ 0,73UHVV 2

.DUDPDQ) WBD]]ROGDPSOLQJ EDVHG $OJRULWKPYV
30DQQLQJ 7KH ,QWHUQDWLRQDO -RXUQDO RI !
< 2 K 2

$ VXUYH\ Rl PRWLRQ SODQQLQJ DQG FRQWURO
YHKLFOHV % 3DGHQ >b *j @ ,((( TUDQVDFWL
2|_ < ZK 2

2SWLPDO 7ZUDMHFWRU\ *HQHUDWLRQ IRU "\QDPL
0 :HUOLQJ >b "j @ 3URFHHGLQJV RI WKH ,(((
SRERWLFVDQG $XWRPDWLRQ ,&5% 2 2 K 2

. HOO\1IDI\ ®HDFWLYH QRQKRORQRPLF WUDMHFW
RSWLPDO FRQWURO 7TKH , QWHUQDWLRQDO -RX
L < 2 K 2



+\EULG 7UDMHFWRU\ 30DQQLQJ IRU $XWRQRPR
(QYLURQPHQWY < =KDQJ >b *j @ ((( $SFFHV
K 2

$QIJXORDORY<PNRYBHRYOLF\ RSWLPL]DWLRQ WR O
SULPLWLYHVY LQ SDWK SODQQLQJ ZLWK G\QDPL
$XWRPDWLRQ /HWWHUV 2 2L o« 2K 2

-DPDO PDQRY))6WUHDPV )DVW 6HDUFK :LWK 6W!
ODQHXYHU 30DQQLQJ ,(((5RERWLFVDQG $XWR
< 2 K 2

<DNRYO#QG.UH\FERNBQJOH SDWKILQGLQJ IRU PX
6,33 DOJRULWKP 3URFHHGLQJV RI WKH LQWH
SODQQLQJDQG VFKHGXOLQJ L 2 2 K 2

<DNRYOH&KSBOPDQXOWL $JHQW 3DWKILQGLQJ Z
DQG6DIH,QWHUYDOV 3URFHGLD &RPSXWHU 6F

SFQGUH\FKXN<BNRBYOHY,PSBRYLQJ &RQIOLFW %CLC
,QFUHDVLQJ &DUGLQDO &RQIOLFWYV SURFHE
&RQIHUHQFH RQ $SUWLILFLDO ,QWHOOLJHQFH ,-¢
RQ $UWLILFLDO ,QWHOOLJHQFH 2UJDQL]DWLRQ

Dmij _gdh B \ O FFHhoZcebqg gdh\khghhfgu_ kbkl f
\h™* gby\k _evkdhfohayckl\. BGGH<:PBBBL?0G
IJHJU< < :ID 2 2 K 2

'XELQV2Q FXUYHV RIPLQLPDO OHQJIJWK ZLWK D FF
DOQGZLWKSUHVFULEHGLQLWLDODQGWHUPLQDC
RIPDWKHPDWLFV 2 2 L « 2K 2

BFKHXHYUPLFKDIGDWQLQJ FRQWLQXRXV FXUYD
URERWV  3URFHHGLQJV RI ,((( 56- ,QWHUQDW
SRERWV DQG 6\WWHPV ,5269 L 2, ((( 2 K

ORELOH URERWY ZLWK WZR LQGHSHQGHQW FRD
VFKHPHV RI FRQWURO 9 ( 3DYORYVNLL >b *j @
%XOOHWLQ 2 2 | 2K 2



BFKHXHYUPLFKDEBQWLQXRXV FXUYDWXUH SDW
YHKLFOHV  3URFHHGLQJV RI WKH ((( 56-
,QWHOOLJHQW 5RERW DQG 6\WWHPV ,QQRYI
$SSOLFDWLRQV ,5267 L 2, ((( 2 K 2

JUDLFKBBEG&HXHIRP 5SHHGVDQG 6KHSSTVWRFRQW
,(((7TUDQVDFWLRQV RQ5RERWLFV 2 2 | <

%DNRODBVLRWEZRWXH JHQHUDWLRQ RI QHDUO\ |
ERXQGHG FXUYDWXUH DQG ERXQGHG FXUYDWX|
&RQIHUHQFH 2, ((( 2 K 2

SLD]IU8H.DQFR &S RPDQROG6SOLQHVIRUWKHGB6PRRYV

RI:KHHOHG ORELOH5RERWY ,(((7TUDQVDFWLRC

< 2 K 2

%R\GHE QGHQERRIXHH[ 2SWLPL]DWLRQ 2&DPEUL
2 k

ILX & KDQ 7RPL]XNDE&RQYH[ )HDVLEOH 6HW $0JRL

ORWLRQ 30DQQLQJ ,((( &RQWURO 6\VWHPV /HV

K 2

2ZHQVDZd bkihevah\zZlv "bz]jzffu <hjhgh]lh *ey mij.:

2 >ZI1Z h{]
?2i1iTbh,ff? # X+QKf mf "iB+H2bf9ey3Rjf

SUDFWLFDO VHDUFK WHFKQLTXHV LQ SDWK SOD((

>b"j @ DQQDUERU 2 2 | ¢ 2K 2
(OIHB$LQJ 2FFXSDQF\*ULGV IRUORELOH 5RERW
&RPSXWHU 2 2 | « 2K 2

TKUXQ@QWXUIJDUR[' SUREDELOLVWLF SRERWLFV 2
k

SHDO WLPH PRWLRQ SODQQLQJ PHWKRGYV IRU D
WKH DUW DQG IXWXUH UHVHDUFK GLUHFWLRQV
SHVHDUFK 3DUW & (PHUJLQJ 7THFKQRORJLHV 2

'L\DWQRBRERWLN (S ,QWUR WR ORWLRQ 30DC
5DQGRP 7UHH 557 2 2 $FFHVVHG
2iiTh,ff rBv iMX;Bi?m#XBQf#HQ:f " Q#QiBFfkykyfy:?



Hkgh\gu_ijbgpbiu ijbf_g _gby dhf[bgbjh\Zgguo pbn
\ukhdhz\lhfZlbabjh\Zgguo IljZgkihjlguo kj_"kI\ <
>hb M) @ Fhkdh\kdbc ljZgkihjl GZmdZ b ijh_dlbjh
< 2 K 2

&RXOWHBSOHPHQWDWLRQ RIWKH 3XUH 3XUVXLYV
hlg &DUQHJIJLHOHOORQS8QLYHUVLW\ 2

$QGHUVRQ B0RR2H 23WLPDO &RQWURO /LQHDU 4
SUHQWLFH +DOO 2 k

2643 $QRSHUDWRU VSOLWWLQJVROYHUIRU TX|
ODWKHPDWLFDO 3URJUDPPLQJ &RPSXWDWLRQ 2

6FKXOWIBWDWH IXQFWLRQV DQG OLQHDU FRQWL
&RPSDQ\ 2

IXHQEHUJHWDPLF 6\VWHPV 2

6NHOWR®®DRARLF VI\VWHPVY FRQWURO OLQHDU V\V'
-RKQ :LOH\ 6RQV ,QF

&RQVWUDLQHG PRGHO SUHGLFWLYH FRQWURO
4LQ 6 DGIZHO®Q7/TR¥HUYLHZ RI LQGXVWULDO P!

WHFKQRORJ\ $,FKH V\PSRVLXP VHULHV L
, QVWLWXWH RI &KHPLFDO (QJLQHHUYV F

.KDOLO®UL]]J]OHILRQOLQHDU VA\VWHPV L 23UHQ\
S5LYHU 1-

*UHZDO GQGUHZWS$SSHQGL[$ 6RIWZDUH .DOPD
DQG 3UDFWLFH ZLWK 0$7/$% 2 2 K 2

.LQHPDWLFDQG G\QDPLF YHKLFOH PRGHOV IRU
- .RQJ >b "j @ ((( ,QWHOOLJHQW 9HKLFOH\
6RXWK . .RUHD -XQH - X0\ 2 ((( 2 K
20iTh,ff/QBXQ ;fRYXRRyYyNfAoaXkyR8Xdkk83jy

5DMDPDE¥HKEFOH '\QDPLFV DQG &RQWURO 2 b
6SULQJHU 2 k 2 OHFKDQLFDO (QJLQHHULQC



*LOOHVS)LKQGDPHQWDOV RI 9HKLFOH '"\QDPLFV

(QJLQHHUV 63%( 2 K

$)XVLRQ (VWLPDWLRQOHWKRGIRU7LUH 5RDG)L
DQG 5RDG ,PDJHV - +XDQJ>b"j@ /XEULFDQW
K

;. eydh\ N XR\]jZnh\ < =<e]hjblf k]JeZ b\Zgby IjZz_d
"Mb' _gby [_kibehlgh]lh IjZzgkihjlgh]h kj_~kI\Z gZ hkg
hilbfbaZpbb Ljm”~u G:FB 2 2 2 K 2

;_eydh\' N AljZnh\ <:e&]hjblfk]ezZz b\Zgby ljZ_dlhjbb ~

[ _kibehlgh]hljzgkihjlgh]lh kj_~kI\ZgZ hkgh\_d\z"jZI

k mgzlhf h]jZgbg_gbc gZ ]JjZgbpu “hjh]b Ba\_klby |
2 | < 2 K 2

7UDMHFWRU\ SODQQLQJ XQGHU YHKLFOH GLPHC
SURJUDPPLQJ 0 * 30HVVHQ >b"j @ (W
RQ ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\WVWHPV

,625RDG YHKLFOHV 2 7HVW WUDFN IRUD VHYHUH
2EVWDFOHDYRLGDQFH 6WDQGDUG ,QWHUQDW

SDFHMRNIDUWH DQG YHKLFOH G\QDPLFV 2 (OVHYLHU

50L] D WRRONLW IRU UHDO GRPDLQ GDWD YL
THOHFRPPXQLFDWLRQ 6\VWHPV 2 2HdIl 2L

2EVWDFOH $YRLGDQFH 7TUDMHFWRU\ 30DQQLQJ
5RDGYV %DVHG RQ *DXVVLDQ 3VHXGR 6SHFWUDC
(OHFWULF 9HKLFOH -RXUQDO <2 2 L <
200Th,ff/QBXQ ;fRyXjjNyfr2pDR8yRyyyd

3DWK 30DQQLQJ IRU $XWRQRPRXV 9HKLFOHYV
(QYLURQPHQWYV ' 'ROJRY >b "] @ 7KH ,QWH!
SHVHDUFK 2 2 | ¢ 2 K 2 2 g
2iiTh,ff/QBXQ ;fRyXRRddfykd3je9NyNj8NkRYy



IJIBEH@?GB?: IJH=J:FFG:Y J?:EBA:PBY
E=HJBLF: IHKLJH?GBY H=J:GBQ?GBC >EY

LQFOXBHWRU!

LQFORBBIWK!

LQFORGBRULWKP!
QDPHVSDFH

JZ~bragmljb dhihjh]h fu kdhzhdjm ghklv klZedb\Z Ik
ij iylkI\b_f
FRQVVEIRPSEIRROOLVLRQ5DGLXV

DimigucrZ]]jm[h]hihbkdZ \*"hev ghjfZeb f
FRQVVVGRPSERRDUVHG6WHS

>ebgZlhgdh]hrZ]Z mlhggyxs_]JhihbkdZ f
FRQVVBRPSEWPIHYHE6WHS

Kdhevdh ]jm[uo rZ]h\ fZdkbfmffur_&Z frz]h\
FRQVWH[SU VWG VL]HBWNDW [E B D VWENBS!V

QDPHVSDFH
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FRQVW GRXEWBIDQJOH FRQVWUDLQ$QJOH VWDWFE

lhabpby Ihgdhlhjhc gZgqbgZ fihbkd

FRQWWGBPDS 3RVLWLRQ VWDUWBSRY VWDWH [ \

?keb gzZqZevgay lkghbZdhf [ebadh dij_iylklI\bx 2 1jZ |dIF
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LIPDS JHW2EVWDFOH'LVWDQFH VWDUWBSRYV
UHWXUQ

/////////////////////////////

Frrrrrrrrrrrrerrrrrrrrrrrrnrtd
<ha\jZsZ | keb lhqdZ gZ jZkkWigighifZeb k\h[h~gZ

N &

beb hljbpZl _evgh_ agZq_gb_hagZgzZ | klhedgh\ |gb
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GRXBOHKWBRIIVHWh bl _evgha' _ k~ _eZ fhljbpzl_e

IRWWG VL]HBWL L NOD[&RDUVHG6WHSV L
ULIKWBRIIVHW N&RDUVHG6WHS
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LIGLVWDQFH7R)UHH6SDFH ULJKWBRIIVHW ULJK'
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