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=VIJEGI

Ueb j^fk jlqfs^qflk fk mr_ifpefkd qefp `liib`qflk lc m^mbop fp ql mobpbkq
qeb jlpq ob`bkq obpriqp `lk`bokfkd ol_lq jlqflk ^ka `lkqoli ql qeb ol_lqf`p
`ljjrkfqv2 Utbkqv "sb lofdfk^i tlohp e^sb _bbk pbib`qba lrq lc 97 m^mbop
mobpbkqba ^q qeb Glroqe Jkqbok^qflk^i Xlohpelm lk Sl_lq Nlqflk ^ka Dlkqoli
-SlNlDl,48. tef`e t^p ebia fk Qrpw`wvhltl0 Qli^ka0 arofkd clro a^vp
colj Krkb 5; ql 640 64482 Uefp Xlohpelm t^p qeb clroqe fk ^ pbofbp lc
SlNlDl Xlohpelmp ebia pl c^o -qeb mobsflrp lkbp tbob ebia fk 5===0 64450
^ka 6446.2 Jq fp ^k fkqbok^qflk^iiv ob`ldkfwba bsbkq0 qb`ekf`^iiv `l1pmlkploba
_v qeb JFFF Sl_lqf`p ^ka Brqlj^qflk Tl`fbqv ^ka qeb Qlifpe Tb`qflk lc
qeb JFFF Sl_lqf`p ^ka Brqlj^qflk Tl`fbqv De^mqbo2 Jqp 6448 bafqflk t^p
^ipl qb`ekf`^iiv prmmloqba _v qeb qebj^qf` kbqtloh DMBXBS -Difj_fkd ^ka
X^ihfkd Sl_lqp.2 Ueb Xlohpelm t^p lod^kfwba _v qeb Jkpqfqrqb lc Dlkqoli
^ka Tvpqbjp Fkdfkbbofkd lc qeb Qlwk^%k Vkfsbopfqv lc Ub`eklildv fk Qli^ka2

Erofkd qeb Xlohpelm qeb jbj_bop lc qeb Jkqbok^qflk^i Qoldo^j Dljjfq1
qbb prddbpqba ql pbib`q qeb jlpq fkqbobpqfkd m^mbop mobpbkqba ^q SlNlDl,482
Ueb ^rqelop tbob ^phba ql mobm^ob buqbkaba sbopflkp lc qebfo m^mbop rpfkd
lkiv rm ql 69* lc qeb lofdfk^i `lkqbkq mr_ifpeba fk qeb IebVXXW\aZf bY g[X
?bheg[ BagXeaTg\baT_ Nbe^f[bc ba JbUbg Fbg\ba TaW <bageb_ mofkqba _v qeb
Qlwk^%k Vkfsbopfqv Qobpp ^ka afpqof_rqba arofkd SlNlDl,482 Ueb pbib`qba
m^mbop tbkq qeolrde ^ ofdlolrp obsfbt mol`barob ^ka jlpq lc qebj dlq qtl
obsfbtp2 C^pba lk qeb obsfbtbop, `ljjbkqp jlpq lc qeb m^mbop tbob `loob`qba
^ka "k^iiv ^``bmqba clo mr_if`^qflk fk qeb EXVgheX GbgXf \a <bageb_ TaW Ba-
Ybe`Tg\ba KV\XaVXf pbofbp2

Ueb fkqbobpq fk ol_lq jlqflk ^ka `lkqoli e^p obj^oh^_iv ^rdjbkqba lsbo
ob`bkq vb^op2 Olsbi plirqflkp lc `ljmibu jb`e^kf`^i pvpqbjp pr`e ^p fkarpqof^i
ol_lqp0 jl_fib ol_lq0 #vfkd ol_lqp ^ka qebfo ^mmif`^qflkp ^ob qeb bsfabk`b lc ^
pfdkf"`^kq moldobpp fk qeb ^ob^ lc ol_lqf`p2 Jq pelria ^ipl _b klqba qe^q ^jlkd
qeb l_gb`qfsbp lc orkkfkd qeb Xlohpelm t^p ql _rfia ^ _ofadb _bqtbbk mobsflrp
qeb F^pqbok Frolmb^k `lrkqofbp ^ka qeb Xbpqbok `lrkqofbp2 Jq fp lkb lc qeb
ob^plkp tev SlNlDl,48 qllh mi^`b fk Qli^ka2 Uebob fp ^ ilq lc ^mmob`f^qflk
lc qeb ol_lqf`p "bia fk Qli^ka klt ^ka j^kv obpb^o`ebop sfpfqfkd Qli^ka e^sb
klqf`ba qefp c^`q ob`bkqiv2

Ul lro _bpq hkltibadb qebob ^ob kl _llhp ^s^fi^_ib ^q mobpbkq tef`e obcbo
ql qeb jlpq ob`bkq ^as^k`bp fk ol_lq jlqflk ^ka `lkqoli ^ka qefp _llh "iip qeb



\O Vxklgik

d^m2 Uebob ^ob pq^ka^oa qbuq _llhp `lk`bokfkd qefp pr_gb`q tef`e ^ob ^s^fi^_ib
^q qeb j^ohbq tef`e ^ob clro vb^op lia2 Ueb avk^jf`^iiv absbilmfkd "bia lc
ol_lq `lkqoli0 fk m^oqf`ri^o `lkqoli lc klkelilkljf` pvpqbjp ^ka ibddba ol_lqp
^p tbii ^p qo^gb`qlov mi^kkfkd clo qebpb pvpqbjp fp klq `lsboba fk ^kv qbuq
_llh mr_ifpeba pl c^o2 Uebobclob tb pqolkdiv _bifbsb qe^q qefp molmlpfqflk fp
rkfnrb ^ka kl pfjfi^o `liib`qflk lc m^mbop e^p _bbk mr_ifpeba _bclob2 B `^obcri
obsfbt mol`barob obpriqba fk qeb pbib`qflk lc efde nr^ifqv m^mbop tofqqbk _v
fkqbok^qflk^iiv ob`ldkfwba p`fbkqfpqp ^p tbii ^p vlrkd q^ibkqba obpb^o`ebop
-pljb lc qebj Qe2E2 pqrabkqp. colj af!bobkq `lrkqofbp2 Pro dl^i t^p ql
bk`lro^db vlrkd p`fbkqfpqp ql `lkqof_rqb ql qefp _llh peltfkd qe^q j^kv
kbt obpb^o`e dolrmp ^ob _bfkd pbq rm qeolrdelrq qeb tloia2 Uefp _llh pelria
pqobkdqebk qeb obi^qflkpefm _bqtbbk qeb kbt ^ka lia jbj_bop lc qeb Frolmb^k
Dljjrkfqv2

Ueb jbj_bop lc qeb Jkqbok^qflk^i Qoldo^j Dljjfqqbb e^sb tlohba fk
qeb ^ob^ lc ol_lqf`p ^ka ^rqlj^qflk clo j^kv vb^op2 Uebv e^sb bumbofbk`b
fk s^oflrp "biap lc ol_lqf`p ^ka _^pf`^iiv e^sb tlohba lk `lkqoli qeblov tfqe
^mmif`^qflkp ql ol_lqf`p clo j^kv vb^op2 Uebv qllh ^`qfsb m^oq fk qeb obsfbtfkd
mol`barob arofkd i^pq jlkqep tebk qefp _llh t^p _bfkd _rfiq rm2

Uefp _llh `lkpfpqp lc "sb m^oqp2 Ueb "opq m^oq ab^ip tfqe `lkqoli ^ka
qo^gb`qlov mi^kkfkd lc klkelilkljf` pvpqbjp2 Jq fp qeb ilkdbpq lkb ^ka
`lkq^fkp "sb m^mbop2 Ueb pb`lka m^oq fp abslqba ql `lkqoli lc jb`e^kf`^i
pvpqbjp2 Ibob _v jb`e^kf`^i pvpqbjp tb jb^k fkarpqof^i ol_lqp0 #buf_ib ifkh
ol_lqp0 ^ka #vfkd ol_lqp2 Jk qefp m^oq pfu m^mbop tbob pbib`qba2 Ueb qefoa
m^oq ^aaobppbp `ifj_fkd ^ka t^ihfkd ol_lqp0 tef`e `^k ^ipl _b `lkpfaboba
jb`e^kf`^i pvpqbjp2 Iltbsbo0 `ifj_fkd ^ka t^ihfkd ^ob ^aaobppba bumif`fqiv0
tef`e fp ob#b`qba fk qeb m^oq,p qfqib2 Glro m^mbop `lkpqfqrqb qefp m^oq2 Q^oq
clro fp abaf`^qba ql fjmloq^kq fab^p lofdfk^qfkd fk qeb ^ob^ lc jl_fib ol_lq
obpb^o`e2 Pc qeb "sb m^mbop `lkq^fkba ebob0 qeobb ab^i tfqe jriqf^dbkq pvpqbjp
^ka qtl tfqe il`^ifw^qflk jbqelap2 Gfk^iiv0 qeb i^pq m^oq `lkpfpqfkd lc "sb
m^mbop fp abaf`^qba ql ^mmif`^qflk lc ol_lqf` pvpqbjp2

Ueb _llh fp ^aaobppba ql Qe2E2 pqrabkqp lc ol_lqf`p ^ka ^rqlj^qflk0
fkcloj^qf`p0 jb`e^qolkf`p ^ka molar`qflk bkdfkbbofkd pvpqbjp2 Jq tfii ^ipl
_b lc fkqbobpq ql p`fbkqfpqp ^ka obpb^o`ebop tlohfkd fk qeb ^_lsb "biap2

J tlria ifhb ql q^hb qefp lmmloqrkfqv ql qe^kh ^ii qeb obsfbtbop fkslisba
fk qeb obsfbtfkd mol`bpp2 J ^j sbov do^qbcri ql No L2 Slj^kltphf clo qefp
prddbpqflkp `lk`bokfkd fjmolsbjbkq lc Fkdifpe2 J ^j ^ipl do^qbcri ql Eo
X2 Xo%l_ibtphf clo efp ebim ^ka m^qfbk`b ^ka qvmbpbqqfkd lc qefp _llh2

No P2 K^`hplk ^ka No B2 Elvib0 lro bafqlop ^q Tmofkdbo0 ^ob do^qbcriiv
^`hkltibadba clo qebfo bk`lro^dbjbkq fk mroprfkd qefp molgb`q2

Qlwk^%k0 Qli^ka
K^kr^ov0 644: DemlfmgbY Dbm'_bjf^\
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CL]_ < 6ZY_]ZW LYO G]LUPN_Z]d CWLYYTYR ZQ AZYSZWZYZXTN Fd^_PX^

* G]LUPN_Z]d G]LNVTYR QZ] AZYSZWZYZXTN IPSTNWP^
ITfVT_ Fbe\a, <_ThWX KT`fba 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7
525 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7
526 Nlabifkd lc Wbef`ibp, Lfkbj^qf`p 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8

52625 Lfkbj^qf`p t2o2q2 ^k Jkboqf^i Go^jb 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8
52626 Lfkbj^qf`p t2o2q2 ^ Nlsfkd Go^jb 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :
52627 Uo^`hfkd Foolo Nlabip 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;
52628 Mfkb^ofwba Tvpqbjp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 =
52629 Uo^kpcloj^qflkp fkql De^fkba Tvpqbjp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 =

527 Bk Psbosfbt lc Uo^gb`qlov Uo^`hfkd Qol_ibjp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 54
52725 Prqmrq Gbba_^`h Dlkqoli 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 55
52726 Tq^_fifw^qflk lc Tmb`f"` Uo^gb`qlofbp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 57
52727 Qo^`qf`^i Tq^_fifw^qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5;

528 Dlk`irpflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 64
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 65

+ CZ^_`]P F_LMTWTeL_TZY ZQ L HYTNdNWP @ZMTWP EZMZ_ f GbZ
6ZY_]ZW 4[[]ZLNSP^
DemlfmgbY Dbm'_bjf^\, CTebf'_Tj FT]V[emT^, FTV\X] F\V[T'_X^,
=Te\hfm ITmWXef^\ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 69
625 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 69
626 Lfkbj^qf`p 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6:
627 Qlpqrob Tq^_fifw^qflk x Utl Dlkqoli Bmmol^`ebp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6;

62725 Pp`fii^qlov1_^pba Ufjb1s^ovfkd Dlkqoli M^t 2 2 2 2 2 2 2 2 2 2 2 2 6;
62726 Dlkqoli M^t C^pba lk Wb`qlo Gfbia Pofbkq^qflk Bmmol^`e 7;

628 Dlkqoli Mfjfq^qflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 88
629 Tfjri^qflk Sbpriqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 89

62925 UWP Tq^_fifwbo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 89
62926 WGP Dlkqoliibo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8=



\OOO Iutzktzy

62: Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 95
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 97

, G]LUPN_Z]d G]LNVTYR 6ZY_]ZW QZ] AZYSZWZYZXTN @ZMTWP
@LYT[`WL_Z]^
:_\V]T FTmhe, DemlfmgbY :eXag 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 99
725 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 99
726 Olkelilkljf` Dlkpqo^fkqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 9:

72625 Lfkbj^qf`p lc qeb Olkelilkljf` Nl_fib Qi^qcloj lc
-604. Di^pp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 9:

72626 Lfkbj^qf`p lc qeb Olkelilkljf` 71mbkarirj 2 2 2 2 2 2 2 2 2 2 2 9;
727 N^qebj^qf`^i Nlabi lc ^ Olkelilkljf` Nl_fib N^kfmri^qlo 2 2 2 2 2 9<

72725 Evk^jf`p lc ^ Nl_fib N^kfmri^qlo tfqe ^ Olkelilkljf`
Qi^qcloj 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 9<

72726 Evk^jf`p lc ^ Elr_iv Olkelilkljf` Nl_fib N^kfmri^qlo 9=
728 Dlkqoli Qol_ibj Tq^qbjbkq 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :4
729 Lfkbj^qf` Dlkqoli Bidlofqejp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :4

72925 Lfkbj^qf` Dlkqoliibo clo qeb Nl_fib Qi^qcloj x T^jplk
+ Bfq1B_aboo^efj ^idlofqej 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :4

72926 Lfkbj^qf` Dlkqoliibo clo qeb 71mbkarirj x Kf^kd +
Ofgjbfgbo Bidlofqej 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :6

72: Evk^jf` Dlkqoli Bidlofqejp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :8
72:25 Evk^jf` Dlkqoliibo clo ^ Nl_fib N^kfmri^qlo tfqe

^ Olkelilkljf` Qi^qcloj 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :8
72:26 Evk^jf` Dlkqoliibo clo ^ Elr_iv Olkelilkljf` Nl_fib

N^kfmri^qlo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ::
72; Tfjri^qflk Tqrav 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :;
72< Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :<
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;4

- 5L^P^ QZ] ?ZNLW AZYSZWZYZXTN @Z_TZY CWLYYTYR
BZaTVl =h_%XUT, ITjX'_ EhWj\^$bj 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ;7
825 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;7
826 Mfb Bidb_o^f` Dlk`bmqp ^ka qeb dDCIE Glojri^ clo Eofcqibpp

Olkelilkljf` Tvpqbjp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;8
827 Fs^ir^qflk lc C^pbp fk Tm^`b lc Dlkqolip 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;:
828 Fs^ir^qflk lc Wb`qlo Gfbiap Dlkpqo^fkba tfqe qeb K^`l_f Jabkqfqv 2 ;<
829 Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 <4
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 <6

. BY 7]TQ_ AP`_]LWTeL_TZY ZQ F_]L_T!PO Fd^_PX^
Bfgi$Ta ATe`Tg\, ;$T_\ag D\ff, >`XfX Km$TWXVm^l-DTeWbff 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 <9
925 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 <9
926 Ueb Sl_lqf` Slt_l^q Nlabi 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 <:
927 C^`hdolrka N^qbof^i 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 <;
928 Eofcq Obrqo^ifw^qflk fk Tqo^qf"ba Go^jbtloh 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 <=



Iutzktzy O^

92825 NQB tfqe Eofcq Obrqo^ifw^qflk clo Olkfkslirqfsb TLTp 2 2 2 <=
92826 Tfjri^qflk Sbpriqp lk ^ Sl_lqf` Slt_l^q 2 2 2 2 2 2 2 2 2 2 2 2 2 2 =6

929 Fu^`q Sb^`efkd ^ilkd Tjllqe Drosbp fk qeb uv Qi^kb 2 2 2 2 2 2 2 2 2 2 2 =7
92: Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 =9
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 =9

CL]_ << 6ZY_]ZW LYO @PNSLYTNLW Fd^_PX^

/ AZaPW 4OL[_TaP 6ZY_]ZW ZQ CL]_TLWWd @ZOPWPO 7dYLXTN
Fd^_PX^
C$bmfXY D. LTe, B`eX C. JhWTf, $:ZaXf KmXZ[XZl\, DemlfmgbY Dbm'_bjf^\ 4 4 4 4 ==
:25 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ==
:26 Glojri^qflk lc qeb Dlkqoli U^ph2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 545
:27 Ebp`ofmqflk lc qeb Tvpqbj ql Cb Dlkqoliiba 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 547
:28 Tfjri^qflk Sbpriqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 548
:29 Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 549
:2: B`hkltibadjbkq 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 54;
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 54=

0 8cLX[WP 4[[WTNL_TZY^ ZQ 9`eed EPL^ZYTYR LYO AP`]LW
AP_bZ]V^ TY EZMZ_ 6ZY_]ZW
NT_WX`Te Ne$bU_Xjf^\ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 557
;25 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 557
;26 N^qebj^qf`^i Nlabip lc qeb N^kfmri^qlo ^ka lc qeb Obro^i

Obqtloh P_pbosbo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 558
;2625 N^kfmri^qlo Evk^jf`p 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 558
;2626 Bmmolufj^qfkd Obro^i Obqtlohp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 558
;2627 Obro^i Obqtloh P_pbosbo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 559

;27 Dljm^ofplk lc Biqbok^qfsb Dlkqoliibop 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 55:
;2725 Obro^i Dlkqoliibop 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 55:
;2726 Tfjri^qflk Sbpriqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 55<

;28 Xebbiba Qi^qcloj ^ka fqp Dlkqoli T`ebjb 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 55=
;2825 Lfkbj^qf`p Nlabi lc qeb Nl_fib Sl_lq 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 55=
;2826 Dlkqoli T`ebjb 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 564

;29 Jjmibjbkq^qflk lc qeb Grwwv Dlkqoliibo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 565
;2925 Uo^gb`qlov Uo^`hfkd Dlkqoliibo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 566
;2926 Tfjri^qflk Sbpriqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 569

;2: Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 569
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 56;

1 4OL[_TaP 6ZY_]ZW ZQ >TYPXL_TNLWWd EPO`YOLY_ @LYT[`WL_Z]
LWZYR L C]P^N]TMPO :PZXP_]TN CL_S
F\ebf'_Tj @T_\V^\ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 56=
<25 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 56=
<26 Glojri^qflk lc qeb Dlkqoli Qol_ibj 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 574
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<27 Q^qe Dlkqoli lc qeb N^kfmri^qlo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 576
<28 B Orjbof`^i Fu^jmib 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 578
<29 Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 57:
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 57<

2 4OL[_TaP IT^`LW FP]aZ 6ZY_]ZW ZQ EZMZ_ @LYT[`WL_Z]^ aTL
6ZX[Z^T_P 6LXP]L <Y[`_^
Lphe^Xe K%T[\a, >e^Ta PXeZXeb&Z_h 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 585
=25 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 585
=26 Sl_lq1`^jbo^ Nlabi 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 586

=2625 Sl_lq Evk^jf`p 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 586
=2626 Dljmlpfqb D^jbo^ Nlabi Ebsbilmjbkq 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 587

=27 Dlkqoli Glojri^qflk ^ka Ebpfdk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 588
=28 Tfjri^qflk Sbpriqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 58<
=29 Dlk`irpflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 594
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 594

*) 9WPcTMWP EZMZ_ G]LUPN_Z]d G]LNVTYR 6ZY_]ZW
:ag[bal @eXXa, CheX^ P. KTf\TWX^ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 597
5425 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 597
5426 Gibuf_ib Evk^jf`p 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 598
5427 Dlkqoli Tqo^qbdfbp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 598

542725 MRH tfqe FLG lo GMBFLG Dlkqoli 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 598
542726 Fuqbkaba L^ij^k Gfiqbo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 599
542727 Grwwv Mldf` Ba^mqfsb FLG 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 59:
542728 GMT Ba^mqfsb Wf_o^qflk Trmmobppflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 59<

5428 Olkjfkfjrj Qe^pb Sbpmlkpb 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 59=
5429 Tfjri^qflk Sbpriqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5:4
542: Trjj^ov ^ka Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5:4
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5:5

** @ZOPWTYR& @Z_TZY CWLYYTYR LYO 6ZY_]ZW ZQ _SP 7]ZYP^
bT_S EPaZWaTYR 4P]ZQZTW^3 LY B`_WTYP ZQ _SP KF9 C]ZUPN_#
Ebg" ;X]\, :mZT_ :U\V[bh, GTbhYX_ :mbhm 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5:9
5525 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5:9
5526 Dlk"dro^qflk Ebp`ofmqflk ^ka Nlabifkd 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5::
5527 Bbolavk^jf` Glo`bp ^ka Ulonrbp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5:;
5528 Evk^jf`p lc Nlqflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5:=

552825 Evk^jf` Nlqflk lc qeb Dlksbkqflk^i Y8 Givbo 2 2 2 2 2 2 2 2 2 2 5;5
5529 Bas^k`ba Tqo^qbdfbp lc Dlkqoli 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5;5

552925 Dlksbkqflk^i Bbof^i Wbef`ib 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5;5
552926 Cfafob`qflk^i Y81#vbo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5;6

552: Nlqflk Qi^kkfkd ^ka Tfjri^qflk Sbpriqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5;8
552; Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5;:
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5;:



Iutzktzy ^O

CL]_ <<< 6WTXMTYR LYO JLWVTYR EZMZ_^

*+ 4M^ZW`_P B]TPY_L_TZY 8^_TXL_TZY QZ] BM^P]aP]'ML^PO
6ZY_]ZW ZQ L 9TaP'WTYV JLWVTYR 5T[PO EZMZ_
M\aVXag EXUTfgTeW, OTaa\V^ :bhfg\a, ?eTaV^ I_XfgTa 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5<5
5625 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<5
5626 Nlabi lc ^ Qi^k^o Gfsb1ifkh Cfmba Sl_lq 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<7

562625 Hbkbo^i ^ka Sbar`ba Evk^jf` Nlabip 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<7
562626 Q^ppfsb Jjm^`q Nlabi 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<8
562627 Olkifkb^o Nlabi Bii lsbo qeb Tqbm 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<9

5627 Ebpfdk lc qeb Dlkqoliibo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<9
562725 Tqo^qbdv 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<9
562726 Sbcbobk`b Nlqflk clo qeb Ttfkd Qe^pb 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<:

5628 P_pbosbo Ebpfdk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<:
562825 Bk^ivpfp lc P_pbos^_fifqv 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<:
562826 Ifde1d^fk P_pbosbo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<<
562827 Tqbm1_v1pqbm P_pbosbo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5<=
562828 Mlpp lc P_pbos^_fifqv ^ka P_pbos^qflk Bidlofqej 2 2 2 2 2 2 2 2 5=4

5629 Tfjri^qflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5=6
562: Dlk`irpflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5=7
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5=7

*, 5TZWZRTNLWWd <Y^[T]PO @Z_TZY CWLYYTYR TY EZMZ_TN^
LXeXfT P\X_\af^T, <[XX-FXaZ <[Xj 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 645
5725 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 645
5726 Ba^mqfsb Nlqflk Qi^kkfkd clo ^ Nriqf1ibddba Sl_lq 2 2 2 2 2 2 2 2 2 2 2 2 646

572625 C^pf` Sbi^qflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 646
572626 Nlqflk Qi^kkfkd 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 647
572627 Fu^jmib 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 648

5727 Cfmba H^fq Q^qqbok Hbkbo^qlo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 64=
572725 Nlabi lc Dlrmiba Pp`fii^qlop 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 654
572726 Sb`ropfsb Glojri^ lc H^fq Hbkbo^qflk Dlkpfabofkd Klfkq

Gbba_^`h 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 658
5728 Trjj^ov 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 659
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 65:

*- 6ZY_]ZW ZQ LY 4`_ZYZXZ`^ 6WTXMTYR EZMZ_
<TefgXa A\__XaUeTaW, CTa DbV[, CXaf NXggTV[, DTefgXa ;Xeaf 4 4 4 4 4 4 4 4 4 665
5825 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 665
5826 Dilpba1illm Dlkqoli lc qeb W^`rrj Tvpqbj 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 666

582625 Evk^jf` Nlabi lc qeb Baebpflk Tvpqbj2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 666
582626 Sb^ifw^qflk lc qeb Dlkqoli Tvpqbj 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 668

5827 Eofsb ^ka O^sfd^qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 669
582725 Lfkbj^qf` Nlabi lc qeb Pjkfafob`qflk^i Eofsb 2 2 2 2 2 2 2 2 2 2 66:
582726 Qlpb Nb^probjbkq clo O^sfd^qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 66<
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5828 Fumbofjbkqp ^ka Sbpriqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 674
582825 W^ifa^qflk lc qeb Dlkqoli Tvpqbj 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 674

5829 Trjj^ov ^ka Prqillh 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 675
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 676

*. 6ZX[`_L_TZY ZQ B[_TX`X 6ZY^`X[_TZY ZQ 8YP]Rd QZ]
4Y_S]Z[ZXZ][STN EZMZ_ 7]TaPY Md 8WPN_]TN @Z_Z]
Abhg`Ta I. K\eXZTe, Ohe\ @. FTeglaXa^b 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 677
5925 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 677
5926 Fnr^qflk lc Nlqflk clo Jksboqba Qbkarirj 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 678
5927 Fu^`q Tlirqflk clo W^of^qflk^i Qol_ibj2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 67;
5928 Fnr^qflk lc Nlqflk clo Nriqf1ifkh lc qeb X^ihfkd Sl_lq 2 2 2 2 2 2 2 2 2 67=
5929 Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 685
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 685

CL]_ <I @`W_T'LRPY_ Fd^_PX^ LYO ?ZNLWTeL_TZY @P_SZO^

*/ EPLW'GTXP @Z_TZY CWLYYTYR LYO 6ZY_]ZW TY _SP +)).
6Z]YPWW EZMZ6`[ Fd^_PX
F\V[TX_ K[XeUTV^, H_\iXe Ihej\a, JT!TX__b =):aWeXT 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 689
5:25 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 689
5:26 Eb`fpflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 68:
5:27 Ebp`ofmqflk lc qeb Wbef`ibp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 68:

5:2725 Lfkbj^qf`p 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 68;
5:2726 Tq^qb Tm^`b Nlabi 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 68<

5:28 Uo^kpi^qflk^i Tq^qb Fpqfj^qflk lo Qobaf`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 68<
5:2825 Dlk`bmqr^i C^pfp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 68=
5:2826 Dljmif`^qflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 68=
5:2827 C^ii P``irpflk Mldf` 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 694

5:29 Uo^gb`qlov Hbkbo^qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 694
5:2925 Tfjmif"`^qflk lc Evk^jf`p 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 694
5:2926 Bmmif`^qflk lc C^kd1_^kd Dlkqoli 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 696

5:2: P_pq^`ib Bslfa^k`b 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 696
5:2; Slq^qflk^i Fpqfj^qflk ^ka Dlkqoli 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 697

5:2;25 Slq^qflk^i Fpqfj^qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 697
5:2;26 Slq^qflk^i Dlkqoli 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 698

5:2< Ml`^i Dlkqoli 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 699
5:2<25 Sbcbobk`b Uo^`hfkd Qbocloj^k`b 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 69:
5:2<26 Dlkqoliibo C^katfaqe 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 69:
5:2<27 Gbbaclot^oa 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 69;

5:2= Biqbok^qfsbp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 69<
5:2=25 Uo^gb`qlov Hbkbo^qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 69<
5:2=26 Obro^i kbqtlohp ^mmifba ql pq^qb bpqfj^qflk 2 2 2 2 2 2 2 2 2 2 2 2 69<
5:2=27 NJNP ^mmol^`e ql il`^i `lkqoli 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 69<
5:2=28 Efpqof_rqba _be^sflo mofjfqfsbp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 69<



Iutzktzy ^OOO

5:254 Fumbofjbkqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 69=
5:25425 Dljmibqb Tvpqbj Mllm 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 69=
5:25426 Ml`^i Dlkqoli 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6:4
5:25427 P_pq^`ib Bslfa^k`b 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6:5
5:25428 Nlsfbp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6:5

5:255 Dlk`irpflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6:6
5:25525 B`hkltibadbjbkqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6:6

Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6:6

*0 G]LY^T_TZY'9`YN_TZY 5L^PO 4[[]ZLNS _Z F_]`N_`]TYR EZMZ_
6ZY_]ZW FZQ_bL]P
<XmTel P\X_\$af^\ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 6:9
5;25 Nlqfs^qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6:9
5;26 Bdbkqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6:;
5;27 Tq^qb lc ^ Tfkdib Bdbkq 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6:<
5;28 Cbe^sflro lc ^ Tfkdib Bdbkq 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6;6
5;29 Uvmbp lc Tvpqbjp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6;;

5;2925 Ebqbojfkfpqf` sboprp Jkabqbojfkfpqf` Tvpqbjp 2 2 2 2 2 2 2 2 2 2 2 6;;
5;2926 Dofpm sboprp Grwwv Tvpqbjp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6;<
5;2927 Cbe^sflro^i sboprp Ebif_bo^qfsb Tvpqbjp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6<5

5;2: Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6<7
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6<8

*1 F_P[^ GZbL]O 7P]LYOZXTeTYR EEG^
KgXc[Xa J. E\aWX`Taa, KgXiXa F. ETMT__X 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 6<;
5<25 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6<;
5<26 S^kaljfw^qflk fk SSUp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6<<
5<27 B Tmb`qorj lc SSU1ifhb Qi^kkbop 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6<=
5<28 Jjmibjbkq^qflk Ebq^fip ^ka Fumbofjbkq^i Sbpriqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6=5
5<29 Dlk`irpflkp ^ka Grqrob Xloh 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6=7
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6=7

*2 G]LNVTYR @P_SZO^ QZ] EPWL_TaP ?ZNLWT^L_TZY
?eTa^ >. KV[aX\WXe, :aWeXTf DepTh&_\aZ, =Xaa\f N\_WXe`hg[ 4 4 4 4 4 4 4 4 4 4 745
5=25 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 745
5=26 N^qebj^qf`^i C^`hdolrka 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 746

5=2625 Nlabi 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 746
5=2626 Ueb W^ifa^qflk H^qb 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 747
5=2627 Ueb Wfqbo_f1_^pba Bidlofqej 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 748
5=2628 Ueb L^ij^k Gfiqbo Bidlofqej 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 74:
5=2629 Dljm^ofplk lc LGB ^ka WCB 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 74:

5=27 Dolppfkd U^odbqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 74:
5=2725 Ueb Dirpqbo Tloqfkd Bidlofqej 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 74;
5=2726 B Ttfq`efkd Bidlofqej2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 74=
5=2727 Groqebo Fumbofjbkqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 74=



^O\ Iutzktzy

5=28 Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 755
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 756

+) EZMZ_ ?ZNLWT^L_TZY @P_SZO^ H^TYR _SP ?L^P] FNLYYP]^
EXfmX^ IbWf%XW^bjf^\, FTeX^ BWm\^bjf^\ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 759
6425 Jkqolar`qflk ql Sl_lq Ml`^ifp^qflk Nbqelap 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 759
6426 Ml`^ifp^qflk Nbqela Vpfkd Wb`qlo Ebp`ofmqflk lc Xlohpm^`b 2 2 2 2 2 75;

642625 Tbkplo x ^ Gi^q M^pbo T`^kkbo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 75;
642626 O^sfd^qflk Nlarib 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 75;
642627 Jabkqf"`^qflk lc qeb Xlohpm^`b 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 764
642628 M^_lo^qlov Ubpqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 764

6427 Ml`^ifp^qflk Nbqela Vpfkd qeb S^pqbo N^m lc qeb Xlohpm^`b 2 2 2 2 765
642725 Ueb 7E M^pbo S^kdb"kabo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 765
642726 Ebp`ofmqflk lc qeb QMJN Ml`^ifp^qflk Nbqela 2 2 2 2 2 2 2 2 2 2 2 767
642727 Tfjri^qflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 76:
642728 Tq^qflk^ov Fumbofjbkqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 76;
642729 Fumbofjbkqp tfqe Nl_fib Sl_lq 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 76;

6428 Pqebo Ml`^ifp^qflk Nbqelap 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 76=
6429 Trjj^ov ^ka Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 775
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 776

CL]_ I 4[[WTNL_TZY^ ZQ EZMZ_TN Fd^_PX^

+* 6ZX[WPc 6ZY_]ZW Fd^_PX^3 8cLX[WP 4[[WTNL_TZY^
I\bge =hg^\Xj\Vm 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 779
6525 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 779
6526 Nb`e^kf`^i Tvpqbjp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 77:
6527 Ebpfdk lc Tbkplo ^ka Dlkqoli Tvpqbj 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 785
6528 Wfpflk Tvpqbj fk Dljmibu Dlkqoli Tvpqbjp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 789
6529 Dlk`irafkd Sbj^ohp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 78=
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 78=

++ 8cLX[WP^ ZQ G]LY^TWW`XTYL_TZY GPNSYT\`P^ H^PO TY
@POTNLW @PL^`]PXPY_^ LYO <XLRTYR
:aaT J. <lfXjf^T-KbUhf\T^, @emXZbem N\Vml$af^\ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 795
6625 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 795
6626 Qofk`fmib lc Ufpprb M^vbop Uo^kpfiirjfk^qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 796
6627 Olkfks^pfsb Tbkpfkd Ub`ekfnrbp Vpba fk Uo^kpjfppflk W^of^kqp

lc Qelqlmibqevpjldo^mev ^ka Qripb Pufjbqov 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 798
6628 Qo^`qf`^i Vpbcrikbpp lc Ufpprb Jiirjfk^qflk ^ka Uo^kpfiirjfk^qflk 79:
6629 Fu^jmibp lc Uo^kpfiirjfk^qflk Vpba fk Gfkdbo Ufpprb Jj^dfkd 2 2 2 79<
662: Dlk`irafkd Sbj^ohp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7:6
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7:6



Iutzktzy ^\

+, GPWP]ZMZ_TN FTX`WL_Z] TY @TYTXLWWd <YaL^TaP F`]RP]d
I\bge KThXe, DemlfmgbY Dbm'_bjf^\, Nb]V\XV[ NT_\fmXjf^\ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7:9
6725 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7:9
6726 Ueb Qolmlpba Nlabi lc qeb U^ph 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7::
6727 Ueb Dlk`bmq lc qeb Nriqf1ibsbi Dlkqoli Tvpqbj 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7:<
6728 Qoldo^jp> Trodblk ^ka Pmbo^qlo 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7;4
6729 Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7;4
672: B`hkltibadbjbkqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7;6
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7;6

+- ;`XLY']ZMZ_ <Y_P]LN_TZY LYO EZMZ_ 6ZY_]ZW
CboTb KXdhX\eT, FTe\T BfTUX_ J\UX\eb 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7;9
6825 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7;9
6826 B Cofbc Tq^qb lc qeb Boq lk ISJ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7;:
6827 B Tbjflqf` Qbopmb`qfsb clo ISJ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7;;
6828 Bk Bo`efqb`qrob clo ISJ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7;=
6829 Fumbofjbkq^i Sbpriqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7<9

682925 Nfppflk 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7<9
682926 Nfppflk 6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7<:

682: Dlk`irpflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7<<
B Mfmp`efqw Tbq1s^irba N^mp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7<<
C Dlkqfkdbkq Dlkbp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7<<
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7<=

+. BY 8WPN_]TNLW 4YLWZR`P^ ZQ @PNSLYTNLW Fd^_PX^ LYO _SPT]
H^TYR TY 4YLWd^T^ ZQ EZMZ_ 7dYLXTN^
>WjTeW CXm\Xef^\ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7=5
6925 Jkqolar`qflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7=5
6926 Sbsfbt lc Wbil`fqv1Droobkq Bk^ildv 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7=5

692625 C^pf` Sbi^qflkpefmp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7=5
692626 Xb^h Qlfkqp lc Wbil`fqv1Droobkq Bk^ildv 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7=7

6927 Sbsfbt lc Wbil`fqv1Wliq^db Bk^ildv 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7=9
692725 C^pf` Bpprjmqflkp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7=9
692726 Fnrfs^ibk`b lc C^pf` Evk^jf` Fibjbkqp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7=:
692727 Q^o^iibi ^ka Tbof^i Dlkkb`qflk lc Fibjbkqp 2 2 2 2 2 2 2 2 2 2 2 2 2 7=:

6928 Jjmba^k`b lc Lfkbj^qf` De^fk lc qeb Sl_lq 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7=<
6929 Dlk`irpflk 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 847
Sbcbobk`bp 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 848



%

@VENIGXSV] @VEGOMRK JSV ;SRLSPSRSQMG BILMGPIW

Q^p`^i Nlofk ^ka Di^rab T^jplk

OTXOG5 ;99= Xu{zk jky R{iourky5 9?B9; Yuvnog6Gtzovuroy Ikjk~5 Lxgtik
<EWGEP&:SVMR/MRVME&JV$ 2PEYHI&?EQWSR/MRVME&JV

&$& 8SYWTIZHYNTS

Glo j^kv vb^op0 qeb `lkqoli lc klkelilkljf` sbef`ibp e^p _bbk ^ sbov
^`qfsb obpb^o`e "bia2 Bq ib^pq qtl ob^plkp ^``lrkq clo qefp c^`q2 Pk
lkb e^ka0 tebbiba1sbef`ibp `lkpqfqrqb ^ j^glo ^ka bsbo jlob r_fnrfqlrp
qo^kpmloq^qflk pvpqbj2 Qobsflrpiv obpqof`qba ql obpb^o`e i^_lo^qlofbp ^ka
c^`qlofbp0 ^rqlj^qba tebbiba1sbef`ibp ^ob klt bksfpflkba fk bsbova^v ifcb
-b2d2 qeolrde `^o1mi^qllkfkd ^mmif`^qflkp lo ro_^k qo^kpmloq^qflk pbosf`bp.0
klq ql jbkqflk qeb jfifq^ov alj^fk2 Uebpb klsbi ^mmif`^qflkp0 tef`e obnrfob
`lloafk^qflk _bqtbbk jriqfmib ^dbkqp0 dfsb ofpb ql kbt `lkqoli mol_ibjp2 Pk
qeb lqebo e^ka0 qeb hfkbj^qf` bnr^qflkp lc klkelilkljf` pvpqbjp ^ob efdeiv
klkifkb^o0 ^ka qerp lc m^oqf`ri^o fkqbobpq clo qeb absbilmjbkq lc klkifkb^o
`lkqoli qeblov ^ka mo^`qf`b2 Groqebojlob0 pljb lc qeb `lkqoli jbqelap
fkfqf^iiv absbilmba clo klkelilkljf` pvpqbjp e^sb molsbk ql _b ^mmif`^_ib
ql lqebo mevpf`^i pvpqbjp -b2d2 rkabo^`qr^qba jb`e^kf`^i pvpqbjp.0 ^p tbii ^p
ql jlob dbkbo^i `i^ppbp lc klkifkb^o pvpqbjp2

Ueb mobpbkq m^mbo ^aaobppbp cbba_^`h jlqflk `lkqoli lc klkelilkljf`
sbef`ibp0 ^ka jlob pmb`f"`^iiv geT]XVgbel geTV^\aZ0 _v tef`e tb jb^k qeb
mol_ibj lc pq^_fifwfkd qeb pq^qb0 lo ^k lrqmrq crk`qflk lc qeb pq^qb0 ql ^ abpfoba
obcbobk`b s^irb0 mlppf_iv qfjb1s^ovfkd2 Ueb qo^gb`qlov qo^`hfkd mol_ibj pl
ab"kba fk`lomlo^qbp jlpq lc qeb mol_ibjp ^aaobppba fk qeb `lkqoli ifqbo^qrob>
lrqmrq cbba_^`h obdri^qflk0 ^pvjmqlqf` pq^_fifw^qflk lc ^ "uba1mlfkq ^ka0 jlob
dbkbo^iiv0 lc ^ajfppf_ib klk1pq^qflk^ov qo^gb`qlofbp0 mo^`qf`^i pq^_fifw^qflk lc
dbkbo^i qo^gb`qlofbp2 B klq^_ib bu`bmqflk fp qeb cTg[ Yb__bj\aZ mol_ibj0 tef`e
tfii klq _b `lkpfaboba ebob _b`^rpb fq fp pifdeqiv af!bobkq fk k^qrob2 Uefp
mol_ibj fp klkbqebibpp fjmloq^kq clo ^mmif`^qflkp0 ^ka tb obcbo qeb ob^abo ql
b2d2 Z;0 6=\ clo obi^qba `lkqoli abpfdk obpriqp2

Ueb jbqelap obsfbtba fk qeb m^mbo `lsbo ^ i^odb o^kdb lc ^mmif`^qflkp>
mlpfqflk `lkqoli lc sbef`ibp -b2d2 `^o1mi^qllkfkd0 [`orfpfkd jlab) `lkqoli.0
mlpfqflk ^ka lofbkq^qflk `lkqoli -b2d2 m^ohfkd0 pq^_fifw^qflk lc mob1mi^kkba
obcbobk`b qo^gb`qlofbp0 qo^`hfkd lc jlsfkd q^odbqp.2 Glo `lkqolii^_ib ifkb^o
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pvpqbjp0 ifkb^o pq^qb cbba_^`hp molsfab pfjmib0 bÆ`fbkq0 ^ka ol_rpq `lkqoli
plirqflkp2 Cv `lkqo^pq0 clo klkelilkljf` pvpqbjp0 af!bobkq qvmbp lc cbba_^`h
i^tp e^sb _bbk molmlpba0 b^`e lkb `^oovfkd fqp pmb`f"` ^as^kq^dbp ^ka
ifjfq^qflkp2 Uefp afsbopfqv fp m^oqiv grpqf"ba _v pbsbo^i qeblobqf`^i obpriqp0
ob`^iiba croqebo fk qeb m^mbo0 tef`e ^``lrkq clo qeb afÆ`riqv3fjmlppf_fifqv lc
abofsfkd cbba_^`h i^tp bkaltba tfqe ^ii qeb dlla molmboqfbp lc ifkb^o cbba_^`hp
clo ifkb^o `lkqoli pvpqbjp2 Bp ^ `lkpbnrbk`b0 qeb `elf`b lc ^ `lkqoli ^mmol^`e
clo ^ dfsbk ^mmif`^qflk fp ^ j^qqbo lc `ljmoljfpb0 abmbkafkd lk qeb pvpqbj
`e^o^`qbofpqf`p ^ka qeb mbocloj^k`b obnrfobjbkqp2 Bq qefp mlfkq0 pfjri^qflkp
`^k molsfab rpbcri `ljmibjbkq^ov drfabifkbp clo qeb `elf`b lc qeb `lkqoli i^t2
Erb ql pm^`b ifjfq^qflkp0 tb ^ob klq ^_ib ql fk`irab pfjri^qflk obpriqp fk qefp
m^mbo0 _rq tb obcbo qeb fkqbobpqba ob^abo ql Z67\ tebob ^ abq^fiba pfjri^qflk
pqrav clo ^ `^o ifhb1sbef`ib0 _^pba lk qeb `lkqoli i^tp ebob molmlpba0 fp dfsbk2

Xefib qeb mobpbkq m^mbo obsfbtp jlpq lc qeb `i^ppf`^i qo^gb`qlov qo^`hfkd
mol_ibjp clo klkelilkljf` sbef`ibp0 fq fp _v kl jb^kp ^ `ljmibqb prosbv
lc bufpqfkd `lkqoli jbqelap2 Cbpfabp m^mbo pfwb `lkpfabo^qflkp0 qelpb ebob
afp`rppba ^ob mofj^ofiv _^pba lk lro ltk bumbofbk`b0 ^ka ob#b`q lro
mobcbobk`bp2 Glo prosbv1ifhb bumlpfqflkp0 tb obcbo qeb ob^abo ql b2d2 Z;056\2 Ueb
m^mbo,p p`lmb fp ^ipl ifjfqba ql [`i^ppf`^i) klkelilkljf` sbef`ibp0 clo tef`e
qeb [e^oa) klkifkb^ofqfbp ^ofpb bu`irpfsbiv colj qeb hfkbj^qf`p2 Nlob dbkbo^i
klkelilkljf` jb`e^kf`^i pvpqbjp0 fk qeb pbkpb lc b2d2 Z8\0 ^ob klq `lkpfaboba
ebob2

Ueb m^mbo fp lod^kfwba ^p cliiltp2 Tbsbo^i jlabip ^ob fkqolar`ba fk Tb`qflk
5260 tfqe pljb lc qebfo molmboqfbp _bfkd ob`^iiba2 Tb`qflk 527 fp qeb `lob lc
qeb m^mbo> qeb j^fk qo^gb`qlov qo^`hfkd mol_ibjp ^ob obsfbtba colj _lqe
qeb ^mmif`^qflk ^ka `lkqoli abpfdk sfbtmlfkqp2 Jk m^oqf`ri^o0 ^as^kq^dbp ^ka
ifjfq^qflkp fkebobkq ql pmb`f"` qvmbp lc cbba_^`h `lkqoliibop ^ob afp`rppba2
Gfk^iiv0 pljb `lk`irafkd obj^ohp ^ob molsfaba2

&$' <TIJQNSL TK DJMNHQJX" :NSJRFYNHX

Jk qefp pb`qflk0 pljb ^pmb`qp lc qeb jlabifkd lc klkelilkljf` sbef`ibp ^ob
ob`^iiba ^ka fiirpqo^qba fk qeb `^pb lc rkf`v`ib ^ka `^o1ifhb sbef`ibp2 Ueb
molmboqfbp obsfbtba fk qefp pb`qflk ^mmiv -lo buqbka. ql jlpq tebbiba sbef`ibp
rpba fk ob^i1ifcb ^mmif`^qflkp2

*(+(* >TYPXL_TN^ b(](_( LY <YP]_TLW 9]LXP

Xebbiba jb`e^kf`^i pvpqbjp ^ob `e^o^`qbofwba _v klk1`ljmibqbiv fkqbdo^_ib
sbil`fqv `lkpqo^fkqp C#B-a.5 ]aD @ 4 5 a 0 H0 tfqe H qeb jb`e^kf`^i
`lk"dro^qflk pm^`b -j^kfclia. ^ka qeb #B ,p abklqfkd pjllqe j^mmfkdp2
Uebpb `lkpqo^fkqp ^ob abofsba colj qeb rpr^i tebbi,p oliifkd1tfqelrq1pifmmfkd
^pprjmqflk2 Vkabo sbov jfia `lkafqflkp -p^qfp"ba clo jlpq pvpqbjp lc mo^`qf`^i
fkqbobpq.0 qebpb `lkpqo^fkqp ^ob bnrfs^ibkq ql
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]a @
DF
A/&

eANA-a.5 -525.

tebob qeb eA,p abklqb [cobb) s^of^_ibp0 qeb NA,p ^ob pjllqe sb`qlo "biap
-s2c2. loqeldlk^i ql qeb #B ,p0 ^ka ^ 6 afj-H.2 B pq^qb pm^`b obar`qflk ql
^ pr_j^kfclia F lc qeb jb`e^kf`^i `lk"dro^qflk pm^`b H -pbb b2d2 Z:\ clo
jlob abq^fip. vfbiap ^ `lkqoli jlabi fk qeb p^jb cloj0 tfqe qeb cliiltfkd
molmboqfbp tef`e tfii _b ^pprjba ql elia colj klt lk2

C]Z[P]_TP^3
C(* ^ 6 _ >@ afj-F.0
C(+ qeb NA,p ^ob ifkb^oiv fkabmbkabkq ^q ^kv a 0F 0
C(, qeb NA,p p^qfpcv qeb Mfb Bidb_o^ S^kh Dlkafqflk lkF 0 f2b2 clo ^kv a 0F 0

pm^kANA-a.5 ZNA5 NB \-a.5 ZNA5 ZNB 5 NC\\-a.5 4 4 4B @ <E 4
Sb`^ii qe^q Qolmboqv C(, bkprobp qe^q Tvpqbj -525. fp il`^iiv `lkqolii^_ib ^q
^kv mlfkq0 ^ka dil_^iiv `lkqolii^_ib fc F fp `lkkb`qba -pbb b2d2 Z690 Qolm2
7259\.2

B _^pf` bu^jmib fp qeb rkf`v`ib1ifhb ol_lq lc Gfd2 5250 telpb hfkbj^qf`
jlabi tfqe obpmb`q ql qeb fkboqf^i co^jb 7% @ -45 Z%5 [%. fp dfsbk _v>

]a @ e&

3
@`lp )
pfk )
4

4
A/ e'

3
@4
4
5

4
A -526.

tfqe a @ -h5 i5 ).%0 e& qeb pfdkba ilkdfqrafk^i sbil`fqv lc qeb sbef`ib,p _lav0
^ka e' fqp ^kdri^o sbil`fqv2

0 i0

j0

x0 i0

j0

P0
θ

y

x

P0

P1

θ
y

ϕ

@][. 0.0. Znk {toi�irk 2r3 gtj igx 2x36roqk |knoirky

B pb`lka bu^jmib fp qeb `^o1ifhb sbef`ib lc Gfd2 5252 B hfkbj^qf` jlabi clo
qefp pvpqbj fp

]a @ e&

3
BBB@

`lp )
pfk )
q^k3

Q
4

4
CCCA/ e'

3
BB@
4
4
4
5

4
CCA -527.



tfqe a @ -h5 i5 )5 3.%0 3 qeb pqbbofkd tebbi ^kdib0 ^ka Q qeb afpq^k`b _bqtbbk
G% ^ka G&2 Bk bnrfs^ibkq0 _rq pifdeqiv pfjmibo0 jlabi fp dfsbk _v

]a @ e&

3
BB@
`lp )
pfk )
'
4

4
CCA/ e'

3
BB@
4
4
4
5

4
CCA -528.

tfqe a @ -h5 i5 )5 '.% ^ka ' >@ -q^k3.7Q2 Olqb qe^q qeb `lkqoli s^of^_ib e' fk
-528. af!bop colj qeb lkb fk -527. _v ^ c^`qlo -5 / q^k' 3.7Q2

*(+(+ >TYPXL_TN^ b(](_( L @ZaTYR 9]LXP

B dbkbof` molmboqv lc sbef`ibp fp qeb fks^of^k`b -lo pvjjbqov. tfqe obpmb`q ql
qeb Mfb dolrm lc ofdfa jlqflkp fk qeb mi^kb2 Nlob mob`fpbiv0 cliiltfkd Z8\0 qeb
pq^qb pm^`b F `^k rpr^iiv _b ab`ljmlpba ^p ^ molar`q F @ @ # J0 tebob
@ @ <' # =& ) J>-6. fp ^ppl`f^qba tfqe qeb sbef`ib,p _lav `lk"dro^qflk
-mlpfqflk ^ka lofbkq^qflk. fk qeb mi^kb0 ^ka J fp ^ppl`f^qba tfqe [fkqbok^i)
pq^qb s^of^_ibp lc qeb sbef`ib2 Xfqe qefp ab`ljmlpfqflk0 lkb e^p

a @

)
X
c

*
5 X @ -h5 i5 ).% 0 @5 c 0 J -529.

^ka Tvpqbj -525. `^k _b tofqqbk ^p

]X @

DF
A/&

eAN
?
A -X5 c.5

]c @

DF
A/&

eAN
J
A -c.4

-52:.

Glo bu^jmib0 J @ 5 clo qeb rkf`v`ib1ifhb sbef`ib tebob^p0 fk qeb `^pb lc qeb
`^o1ifhb sbef`ib0 J @ =& tfqe c @ 3 clo Tvpqbj -527.0 ^ka J @ < tfqe c @ '
clo Tvpqbj -528.2

@ fp bkaltba tfqe qeb dolrm molar`q

X&X' >@

3
@
)
h&
i&

*
/I-)&.

)
h'
i'

*
)& / )'

4
A -52;.

tfqe XA @ -hA5 iA5 )A.
% 0 @ -Z @ 55 6.0 ^ka I-). qeb olq^qflk j^qofu lc ^kdib

)2 Glo ^kv "uba c qeb [sb`qlo "biap) N?
A -X5 c. ^ob ibcq1fks^of^kq t2o2q2 qefp

dolrm molar`q0 f2b2 clo ^kv "uba X% 0 @ ^ka ^kv plirqflk d 2!+ -X-d.5 c-d.. ql
-52:.0 d 2!+ -X%X-d.5 c-d.. fp ^ipl ^ plirqflk ql -52:.0 ^ppl`f^qba tfqe qeb p^jb
`lkqoli fkmrq2 Cv rpfkd qefp fks^of^k`b molmboqv0 fq fp pfjmib ql pelt qe^q qeb
hfkbj^qf`p t2o2q2 ^ jlsfkd co^jb 7I @ -4I5 ZI5 [I. -pbb Gfd2 526. fp dfsbk _v
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]X= @
DF
A/&

eAN
?
A -X=5 c.! 'I-X=5 XI. ]XI5

]c @

DF
A/&

eAN
J
A -c.

-52<.

tfqe

X= >@ X!&I X @

3
@I-!)I.

)
h! hI
i ! iI

*
) ! )I

4
A ^ka 'I-X=5 XI. >@

3
@I-!)I.

)!i=
h=

*
4 5

4
A 4

-52=.

0 x

xe

i0xr

j0

yr

y 0r

ye

θ

jr

θe ir

θr

@][. 0.1. Qotksgzoiy }7x7z7 g su|otm lxgsk

Olqb qe^q Tvpqbj -52<. `^k ^ipl _b tofqqbk ^p

]a= @
DF
A/&

eANA-a=. / G -a=5 d. -5254.

tfqe a= @ -X=5 c. ^ka G -a=5 d. @ -! 'I-X=5 XI. ]XI5 4.2
Tvpqbj -52<. fp ^ dbkbo^ifw^qflk lc Tvpqbj -52:.0 ^ka `loobpmlkap ql qeb

hfkbj^qf` jlabi t2o2q2 qeb jlsfkd co^jb 7I2 Mbq rp jbkqflk ^ cbt fjmloq^kq
molmboqfbp lc qefp pvpqbj2 Gfopq lc ^ii0 fq fp ab"kba clo ^kv `lk"dro^qflk lc qeb
sbef`ib2 Uebk0 ^p ^ `lkpbnrbk`b lc qeb fks^of^k`b molmboqv bslhba ^_lsb0 qeb
`lkqoli s2c2 lc qefp pvpqbj ^ob qeb p^jb ^p qelpb lc Tvpqbj -52:.2

*(+(, G]LNVTYR 8]]Z] @ZOPW^

B qo^gb`qlov qo^`hfkd mol_ibj qvmf`^iiv fkslisbp ^ obcbobk`b qo^gb`qlov aI >
d 2!+ aI-d. @ -XI5 cI.-d.0 tfqe d 0 <$ 2 Uebk0 lkb e^p ql ab"kb ^ prfq^_ib
obmobpbkq^qflk clo qeb qo^`hfkd boolo2 Uefp pqbm fp ^ii qeb jlob fjmloq^kq qe^q
^k ^abnr^qb `elf`b pfdkf"`^kqiv c^`fifq^qbp qeb `lkqoli abpfdk2 Bp mlfkqba lrq
b^oifbo0 X= dfsbk _v -52=. fp ^ k^qro^i `elf`b clo qeb qo^`hfkd boolo ^ppl`f^qba
tfqe X2 Vpr^iiv qeb pbq J fp ^ molar`q pr`e ^p =&#=&# " " " lo <#< # " " " 0 pl



qe^q fq fp ^ipl bkaltba tfqe ^ [k^qro^i) -^_bif^k. dolrm pqor`qrob2 B pfjmib
`elf`b clo qeb qo^`hfkd boolo ^ppl`f^qba tfqe c fp c= >@ c! cI2 Olqb0 eltbsbo0
qe^q abmbkafkd lk qeb `lkqoli s2c2,p pqor`qrob0 qefp fp klq ^it^vp qeb _bpq
`elf`b2 Olt0 tfqe qeb qo^`hfkd boolo ab"kba _v

a= >@

)
X=
c=

*
>@

)
X!&I X
c! cI

*

tb l_q^fk qeb cliiltfkd geTV^\aZ Xeebe `bWX_0 abar`ba colj -52<.0

]X= @

DF
A/&

eAN
?
A -X=5 c= / cI.! 'I-X=5 XI. ]XI5

]c= @

DF
A/&

eAN
J
A -c= / cI.! ]cI4

-5255.

Uefp jlabi `^k _b croqebo m^oqf`ri^ofwba fk qeb `^pb tebk qeb obcbobk`b
qo^gb`qlov fp [cb^pf_ib) -lo [^ajfppf_ib).0 f2b2 tebk qebob bufpq pjllqe qfjb
crk`qflkp eIA pr`e qe^q

3d5 ]aI-d. @

DF
A/&

eIA -d.NA-aI-d..4

Uebk0 -5255. _b`ljbp

]X= @

DF
A/&

e=AN
?
A -X=5 c= / cI. /

DF
A/&

eIA

'
N?
A -X=5 c= / cI.! y:-X=.N

?
A -45 cI.

(
5

]c= @

DF
A/&

e=AN
J
A -c= / cI. /

DF
A/&

eIA -N
J
A -c= / cI.!NJ

A -cI..

-5256.
tfqe e=A >@ eA ! eIA ^ka

y:-X=. >@

3
@B'

)!i=
h=

*
4 5

4
A 4

Ueb `elf`b c= @ c ! cI fp k^qro^i tebk qeb s2c2 NA ^ob ^Ækb fk c2 Uefp
molmboqv fp p^qfp"ba clo pbsbo^i sbef`ibp, jlabip0 rkabo ^k ^mmolmof^qb `elf`b
lc `lloafk^qbp0 ^ka fk m^oqf`ri^o _v qeb `^o,p jlabi -528.2 Jk qefp i^qqbo `^pb0
Fn2 -5256. fp dfsbk _v

]X= @ e=&

3
@ `lp )=

pfk )=
'= / 'I

4
A/ eI&

3
@`lp )= ! 5 / i='I

pfk )= ! h='I
'=

4
A 5

]'= @ e='4

-5257.
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*(+(- ?TYPL]TePO Fd^_PX^

B `i^ppf`^i t^v ql ^aaobpp qeb `lkqoli lc ^ klkifkb^o boolo jlabi ifhb -5256. fp
ql `lkpfabo fqp ifkb^ofw^qflk ^q qeb bnrfif_ofrj -X=5 c=5 e

=. @ 42 Jq fp dfsbk _v

]a= @

DF
A/&

eIA -d.:A-cI-d..a= /;-cI-d..e
= -5258.

tfqe ;-cI. @ -N&-45 cI. " " "ND-45 cI.. ^ka qeb :A,p pljb j^qof`bp b^pfiv
abqbojfkba colj -5256.2 B "opq l_pbos^qflk fp qe^q Tvpqbj -5258. fp
fkabmbkabkq lc XI2 Uefp fp ^d^fk ^ `lkpbnrbk`b lc qeb fks^of^k`b molmboqv
ob`^iiba fk Tb`qflk 526262 Bklqebo tbii hkltk molmboqv fp qe^q qefp ifkb^ofwba
pvpqbj fp kbfqebo `lkqolii^_ib klo pq^_fifw^_ib ^q "uba mlfkqp -f2b2 eI @ 4.0 pfk`b
fk qefp `^pb qeb pvpqbj obar`bp ql ]a= @ ;e= tfqe ; ^ _#^ `lkpq^kq j^qofu0
^ka colj Qolmboqv C(*0 ^ 6 _2 Iltbsbo0 ^ilkd klk1pq^qflk^ov obcbobk`b
qo^gb`qlofbp0 qeb ifkb^ofwba pvpqbj `^k _b `lkqolii^_ib2 Dlkpfabo clo fkpq^k`b
qeb `^o,p boolo jlabi -5257.2 Jk qefp `^pb0 qeb j^qof`bp :&0 :'0 ^ka ; fk -5258.
^ob dfsbk _v

:&-cI. @

3
BB@

4 'I 4 4
!'I 4 5 4
4 4 4 5
4 4 4 4

4
CCA 5 ;-cI. @

3
BB@
5 4
4 4
'I 4
4 5

4
CCA

^ka :'-cI. @ 42 Cv ^mmivfkd `i^ppf`^i obpriqp colj ifkb^o `lkqoli qeblov -pbb
b2d2 Z<0 Tb`2 927\.0 lkb `^k pelt clo bu^jmib qe^q fc0 lk ^ qfjb1fkqbos^i Zd%5 d&\0
'I ^ka eI& ^ob pjllqe crk`qflkp lc qfjb ^ka eI& fp klq fabkqf`^iiv wbol0 qebk
qeb ifkb^ofwba pvpqbj fp `lkqolii^_ib lk Zd%5 d&\2 Jk lqebo tloap0 qefp pvpqbj fp
`lkqolii^_ib clo [^ijlpq ^ii) obcbobk`b fkmrqp eI2 Bp peltk fk Z75\0 qefp fp ^
dbkbof` molmboqv clo ^k^ivqf` Tvpqbjp -525. p^qfpcvfkd Qolmboqv C(,2

*(+(. G]LY^QZ]XL_TZY^ TY_Z 6SLTYPO Fd^_PX^

Mbq rp `ilpb qefp pb`qflk tfqe ^ cbt obj^ohp lk il`^i jlabip2 Jq fp tbii hkltk0
colj Z68076\0 qe^q qeb hfkbj^qf` jlabip -525. lc pbsbo^i klkelilkljf` sbef`ibp0
ifhb rkf`v`ib ^ka `^o1ifhb sbef`ibp0 `^k _b il`^iiv qo^kpclojba fkql V[T\aXW
flfgX`f ab"kba _v 9=

;
]h& @ f&5
]h' @ f'5
]hC @ f&hC!& -\ @ 75 4 4 4 5 _.4

-5259.

Glo bu^jmib0 qeb `^o,p jlabi -528. `^k _b qo^kpclojba fkql Tvpqbj -5259. tfqe
_ @ 80 tfqe qeb `lloafk^qbp hA -Z @ 55 4 4 4 5 8. ^ka fkmrqp f&5 f' ab"kba _v

-h&5 h'5 h(5 h). @ -h5 '7-`lp( ).5 q^k )5 i.5
-f&5 f'. @ -e& `lp )5 -e' / 7e&'

' q^k ).7-`lp( )..4
-525:.



Cbpfab fqp -^mm^obkq. pfjmif`fqv0 ^k fjmloq^kq molmboqv lc Tvpqbj -5259. fp
qe^q fqp s2c2 ^ob ibcq1fks^of^kq0 fk qeb pbkpb lc Tb`qflk 526260 t2o2q ql qeb dolrm
lmbo^qflk lk <E ab"kba _v

hi @

3
B@

h& / i&
h' / i'

hC / iC /
DC!&

B/'
N@!?& M?
"C!B#! -\ @ 75 4 4 4 5 _.

4
CA

tfqe h5 i 0 <E 2 Jk qebpb kbt `lloafk^qbp0 qeb dolrm fks^of^k`b prddbpqp
ql ab"kb qeb qo^`hfkd boolo sb`qlo ^p h= >@ h!&I h -`ljm^ob tfqe -52=..2 B
afÆ`riqv0 eltbsbo0 `ljbp colj qe^q qeb `e^kdb lc `lloafk^qbp fp lkiv il`^iiv
ab"kba0 lk ^ alj^fk obi^qba ql qeb fkboqf^i co^jb 7%2 Xefib qefp fp klq
^ pqolkd ifjfq^qflk clo "uba1mlfkq pq^_fifw^qflk0 fq _b`ljbp ^ j^glo fpprb
tebk qeb obcbobk`b qo^gb`qlov fp klq `ljmbiiba ql pq^v tfqefk qeb alj^fk
lc ab"kfqflk lc qeb `e^kdb lc `lloafk^qbp2 B t^v ql e^kaib qefp afÆ`riqv
`lkpfpqp fk `lkpfabofkd ^ il`^i qo^kpcloj^qflk ^ppl`f^qba tfqe qeb qo^`hfkd
boolo jlabi -52<.2 Nlob mob`fpbiv0 tebkbsbo Tvpqbj -525. `^k _b qo^kpclojba
fkql ^ `e^fkba pvpqbj0 qebk fq cliiltp colj qeb clojri^qflk -5254. lc Tvpqbj
-52<. qe^q qeb i^qqbo `^k ^ipl _b qo^kpclojba fkql ^ `e^fkba pvpqbj tfqe ^k
^aaba mboqro_^qflk qboj G -h=5 d.2 Uefp kbt boolo jlabi fp qebk tbii ab"kba
tebkbsbo qeb sbef`ib,p `lk"dro^qflk X fp fk ^ -pbjf1dil_^i. kbfde_loella lc
qeb `lk"dro^qflk XI ^ppl`f^qba tfqe qeb obcbobk`b co^jb2

&$( 0S >[JW[NJ\ TK BWFOJHYTW^ BWFHPNSL ?WTGQJRX

Dlkpfabo ^ ifkb^o `lkqoli pvpqbj

]h @ :h/;e -525;.

tfqe qeb m^fo -:5;. `lkqolii^_ib0 ^ka ^ j^qofu D pr`e qe^q : / ;D fp
Irotfqw1pq^_ib2 Dlkpfabo ^ipl ^k ^ajfppf_ib obcbobk`b qo^gb`qlov d 2+ hI-d.0
tfqe ]hI @ :hI /;eI2 Uebk0 qeb cbba_^`h i^t

e-h5 hI5 e
I. >@ eI /D-h! hI. -525<.

^mmifba ql Tvpqbj -525;. vfbiap ]h= @ -: / ;D.h=0 tfqe h= >@ h ! hI2 Tfk`b
: / ;D fp Irotfqw1pq^_ib0 qeb cbba_^`h i^t -525<. ^pvjmqlqf`^iiv pq^_fifwbp
^kv ^ajfppf_ib obcbobk`b qo^gb`qlov2 Elbp qebob bufpq pfjfi^o [rkfsbop^i)
`lkqfkrlrp cbba_^`h `lkqolip e-h5 hI5 e

I. clo Tvpqbj -525.A Jq e^p _bbk hkltk
clo ^ ilkd qfjb -Col`hbqq Z9\. qe^q qeb ^kptbo ql qefp nrbpqflk fp kbd^qfsb0
_b`^rpb "uba1mlfkqp -clo tef`e eI @ 4. `^kklq _b ^pvjmqlqf`^iiv pq^_fifwba _v
`lkqfkrlrp mrob1pq^qb cbba_^`hp2 Iltbsbo0 qebv `^k ^it^vp _b ^pvjmqlqf`^iiv
pq^_fifwba _v -mboflaf`. g\`X-iTel\aZ `lkqfkrlrp pq^qb cbba_^`hp Z=\2 Uebk0 tb
j^v ^ph tebqebo qebob bufpq rkfsbop^i qfjb1s^ovfkd `lkqfkrlrp cbba_^`h i^tp
e-h5 hI5 e

I5 d. qe^q j^hb Tal ^ajfppf_ib obcbobk`b qo^gb`qlov ^pvjmqlqf`^iiv
pq^_ib2 B ob`bkq obpriq peltp qe^q qeb ^kptbo ql qefp nrbpqflk fp ^d^fk kbd^qfsb2

10 P. Morin and C. Samson



: Zxgpkizux� Zxgiqotm lux Tutnurutusoi \knoirky ::

GSPZ]PX *( Q02S <baf\WXe KlfgX` -525. j\g[ ^ @ 6, TaW Tffh`X IebcXeg\Xf
C(*'C(,. L[Xa, Z\iXa T Vbag\ahbhf YXXWUTV^ _Tj e-h5 hI5 e

I5 d., j\g[ 9e79d
TaW 9'e7-9eI9d. jX__ WX"aXW XiXelj[XeX TaW UbhaWXW ba A-h5 hI5 eI5 d. >
h @ hI 5 e

I @ 4B, g[XeX Xk\fg TW`\ff\U_X eXYXeXaVX geT]XVgbe\Xf j[\V[ TeX abg
Tfl`cgbg\VT__l fgTU\_\mXW Ul g[\f Vbageb_&.

Tfk`b rkfsbop^i ^pvjmqlqf` pq^_fifw^qflk lc ^ajfppf_ib obcbobk`b qo^gb`qlofbp
fp klq mlppf_ib0 te^q bipb `^k _b alkbA Ueobb j^glo mlppf_fifqfbp e^sb _bbk
bumiloba fk qeb abaf`^qba `lkqoli ifqbo^qrob2

52 Prqmrq cbba_^`h `lkqoli2 Uefp `lkpfpqp fk pq^_fifwfkd lkiv ^ m^oq lc
qeb pvpqbj,p pq^qb2 B qvmf`^i ^mmif`^qflk bu^jmib fp qeb `^o1mi^qllkfkd
mol_ibj fk qeb `orfpfkd jlab clo tef`e `lkqoliifkd qeb sbef`ib,p lofbkq^qflk
afob`qiv fp klq `ljmriplov -jlob abq^fip fk qeb kbuq pb`qflk.2

62 Bpvjmqlqf` pq^_fifw^qflk lc pmb`f"` qo^gb`qlofbp2 Cv obpqof`qfkd qeb pbq lc
^ajfppf_ib qo^gb`qlofbp0 sf^ qeb fjmlpfqflk lc ^abnr^qb buqo^ `lkafqflkp0
qeb mol_ibj lc ^pvjmqlqf` pq^_fifw^qflk `lkpfaboba b^oifbo _b`ljbp
^jbk^_ib2 Utl qvmbp lc qo^gb`qlofbp e^sb _bbk jlob pmb`f"`^iiv ^aaobppba>
qo^gb`qlofbp obar`ba ql "uba mlfkqp -eI @ 4.0 `loobpmlkafkd ql m^ohfkd1ifhb
^mmif`^qflkp0 ^ka qo^gb`qlofbp clo tef`e eI albp klq `lksbodb ql wbol2

72 Qo^`qf`^i pq^_fifw^qflk2 Ueb fab^ fp ql obi^u qeb ^pvjmqlqf` pq^_fifw^qflk l_1
gb`qfsb2 Glo j^kv ^mmif`^qflkp0 mo^`qf`^i pq^_fifw^qflk vfbiafkd riqfj^qbiv
_lrkaba ^ka pj^ii qo^`hfkd boolop fp prÆ`fbkq2 Olq lkiv qeb qeblobqf`^i
l_pqor`qflk obsb^iba _v Ueblobj 5 kl ilkdbo eliap fk qefp `^pb0 _rq ^ipl
^kv qo^gb`qlov0 klq kb`bpp^ofiv ^ajfppf_ib0 `^k _b pq^_fifwba fk qefp t^v2

Xb klt obsfbt fk jlob abq^fip qebpb af!bobkq qo^gb`qlov qo^`hfkd mol_ibjp
^ka pqo^qbdfbp2

*(,(* B`_[`_ 9PPOMLNV 6ZY_]ZW

Bp mlfkqba lrq fk Tb`qflk 526280 qeb ifkb^ofw^qflk lc ^ `lkqoli pvpqbj -525.
p^qfpcvfkd Qolmboqv C(*0 ^q ^kv bnrfif_ofrj -a5 e. @ -a%5 4.0 fp kbfqebo
`lkqolii^_ib klo ^pvjmqlqf`^iiv pq^_fifw^_ib2 Uefp ^``lrkqp clo qeb afÆ`riqv lc
`lkqoliifkd pr`e ^ pvpqbj2 Jk pljb ^mmif`^qflkp0 eltbsbo0 fq fp klq kb`bpp^ov
ql `lkqoli qeb crii pq^qb a0 _rq lkiv ^ sb`qlo crk`qflk Y >@ -Y&5 4 4 4 5 YG.

% lc a
^ka0 mlppf_iv0 d2 Jk m^oqf`ri^o0 fc ` * ^0 qebk qeb j^mmfkd

e 2!+ 9Y

9a
]a @

9Y

9a

DF
A/&

eANA-a. @
9Y

9a
N-a.e -525=.

tfqe N-a. @ -N&-a. " " "ND-a..0 j^v _b lkql0 ^p ^ obpriq lc qeb crii o^khbakbpp
lc qeb j^qofu 3@

3HN-a.2 Jc qefp fp qeb `^pb0 Y `^k _b b^pfiv `lkqoliiba sf^ fqp
qfjb1abofs^qfsb2 Ul fiirpqo^qb qefp c^`q0 `lkpfabo qeb `^o1mi^qllkfkd mol_ibj0

* G lk} 2}kgq3 {toluxsoz� gyy{svzouty }7x7z7 {f gxk gryu xkw{oxkj ot znk jk"tozout
ul gy�svzuzoi yzghoroz� 2ykk a:<c lux suxk jkzgory37



clo tef`e ^ sbef`ib fp `lkqoliiba pl ^p ql cliilt ^klqebo sbef`ib tef`e jlsbp
tfqe ^ mlpfqfsb ilkdfqrafk^i sbil`fqv2 Uefp mol_ibj `^k _b plisba sf^ qeb
^pvjmqlqf` pq^_fifw^qflk lc ^ mlfkq G ^qq^`eba ql qeb `lkqoliiba sbef`ib ql ^
mlfkq GI ^qq^`eba _befka qeb ib^afkd obcbobk`b sbef`ib -pbb Gfd2 527.2 Xfqe
qeb klq^qflk lc qefp "drob0 qeb crk`qflk Y ^_lsb `^k qebk _b ab"kba ^p
Y-a5 d. @ -h7 -a. ! hI-d.5 i7 -a. ! iI-d..

% lo0 fc lkiv obi^qfsb jb^probjbkqp ^ob
^s^fi^_ib0 _v

Y-a5 d. @ I-!)I.
)
h7 -a.! hI-d.
i7 -a.! iK-d.

*
4 -5264.

0

P1

P

x

y

xP

yP

θ

θr

Pr

ir

jr

Pa

xr i0

yr

j0

@][. 0.2. Igx6vrgzuutotm

Ueb `lkqoli l_gb`qfsb fp ql ^pvjmqlqf`^iiv pq^_fifwb Y ql wbol2 Xfqe qeb
lrqmrq crk`qflk Y ab"kba _v -5264. ^ka qeb `lkqoli jlabi -527.0 ^ afob`q
`^i`ri^qflk peltp qe^q qeb abqbojfk^kq lc qeb pnr^ob j^qofu 3@

3HN-a. fk -525=.

fp bnr^i ql U7-`lp3. tfqe U qeb afpq^k`b _bqtbbk G& ^ka G 2 Tfk`b

]Y @
9Y

9a
N-a.e/

9Y

9d
5

qeb cbba_^`h i^t

e @

)
9Y

9a
N-a.

*!&)
DY! 9Y

9d

*

tfqe D ^kv Irotfqw pq^_ib j^qofu0 fp tbii ab"kba tebk U 8 4 ^ka E3E 6 ,760
^ka vfbiap ]Y @ DY0 colj tef`e qeb ^pvjmqlqf` ^ka bumlkbkqf^i pq^_fifqv lc
Y @ 4 cliiltp2 Tr`e ^ `lkqoli pqo^qbdv0 tef`e _^pf`^iiv `lkpfpqp fk sfoqr^iiv
[ellhfkd) qeb `lkqoliiba sbef`ib ql qeb ib^abo _v qvfkd qeb mlfkqp G ^ka GI
qldbqebo0 fp pfjmib ^ka tlohp tbii ^p ilkd ^p qeb ilkdfqrafk^i sbil`fqv lc qeb
obcbobk`b sbef`ib obj^fkp mlpfqfsb2 Iltbsbo0 fq fp ^ipl fkqrfqfsbiv `ib^o qe^q fq
albp klq tloh tebk qeb obcbobk`b sbef`ib jlsbp _^`ht^oa -tfqe ^ kbd^qfsb
ilkdfqrafk^i sbil`fqv.0 _b`^rpb qeb lofbkq^qflk ^kdib af!bobk`b )! )I ^ka qeb
pqbbofkd tebbi ^kdib 3 qebk qbka ql dolt ^t^v colj wbol0 pl ^p ql bkqbo kbt
pq^_fifqv obdflkp kb^o ,2 Uefp fp pfjfi^o ql qeb g^`h1hkfcb b!b`q clo ^ qo^`qlo
qo^fibo2 Ul ^slfa qefp b!b`q0 ^k ^`qfsb lofbkq^qflk `lkqoli fp kbbaba2
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: Zxgpkizux� Zxgiqotm lux Tutnurutusoi \knoirky :<

*(,(+ F_LMTWTeL_TZY ZQ F[PNT!N G]LUPN_Z]TP^

Tq^_fifw^qflk lc _lqe qeb mlpfqflk ^ka qeb lofbkq^qflk fjmifbp `lkqoliifkd qeb
crii pq^qb a2 Bpvjmqlqf` pq^_fifw^qflk lc qo^gb`qlofbp e^p _bbk pr``bppcriiv
^aaobppba fk qtl j^glo `^pbp>

52 Ueb obcbobk`b qo^gb`qlov fp obar`ba ql ^ "uba mlfkq2 Uefp `loobpmlkap ql
^ m^ohfkd1ifhb mol_ibj2

62 Ueb obcbobk`b qo^gb`qlov fp ^ajfppf_ib -cb^pf_ib. ^ka qeb ilkdfqrafk^i
sbil`fqv ^ilkd qefp qo^gb`qlov albp klq qbka ql wbol2

9TcPO'[ZTY_ F_LMTWTeL_TZY

Uebob fp ^ of`e `lkqoli ifqbo^qrob lk qeb "uba mlfkq pq^_fifw^qflk mol_ibj clo
klkelilkljf` sbef`ibp2 Col`hbqq,p qeblobj Z9\0 -^ka fqp buqbkpflkp Z6;0 78\222.
e^p "opq obsb^iba qeb klk1bufpqbk`b lc pjllqe mrob1pq^qb cbba_^`h ^pvjmqlqf`
pq^_fifwbop2

GSPZ]PX +( Q4, 16S <baf\WXe T flfgX` -525. fTg\fYl\aZ g[X cebcXeg\Xf
C(*fC(+, TaW Ta Xdh\_\Ue\h` cb\ag a% bY g[\f flfgX`. L[Xa, g[XeX Xk\fgf ab
Vbag\ahbhf YXXWUTV^ e-a. g[Tg `T^Xf a% Tfl`cgbg\VT__l fgTU_X.

Gliiltfkd Z6<\0 fk tef`e qfjb1s^ovfkd `lkqfkrlrp cbba_^`h t^p rpba ql
^pvjmqlqf`^iiv pq^_fifwb ^ rkf`v`ib1ifhb ol_lq0 qeb dbkbof`fqv lc qefp qvmb lc
`lkqoli i^t e^p _bbk bpq^_ifpeba2

GSPZ]PX ,( Q8S <baf\WXe T flfgX` -525. fTg\fYl\aZ g[X cebcXegl C(,, TaW
Ta Xdh\_\Ue\h` cb\ag a% bY g[\f flfgX`. L[Xa, g[XeX Xk\fg f`bbg[ g\`X-iTel\aZ
YXXWUTV^f e-h5 d., cXe\bW\V j.e.g. d, g[Tg `T^X a% Tfl`cgbg\VT__l fgTU_X.

Tfk`b qebk0 j^kv pqrafbp e^sb _bbk abslqba ql qeb abpfdk lc cbba_^`h i^tp
bkaltba tfqe pfjfi^o pq^_fifwfkd molmboqfbp2 Ebpmfqb ^ ab`^ab lc obpb^o`e b!loq
fk qefp afob`qflk0 fq pbbjp qe^q qeb cliiltfkd afibjj^ `^kklq _b ^slfaba>

% Tjllqe -f2b2 af!bobkqf^_ib lo ^q ib^pq Mfmp`efqw1`lkqfkrlrp. ^pvjmqlqf`
pq^_fifwbop `^k _b bkaltba tfqe dlla ol_rpqkbpp' molmboqfbp ^ka ilt
klfpb pbkpfqfsfqv0 _rq qebv vfbia pilt -klq bumlkbkqf^i. `lksbodbk`b ql qeb
`lkpfaboba bnrfif_ofrj mlfkq -pbb b2d2 Z5:\.2

% Tq^_fifqv ^ka rkfcloj bumlkbkqf^i `lksbodbk`b `^k _b l_q^fkba tfqe
cbba_^`h i^tp tef`e ^ob lkiv `lkqfkrlrp0 _rq pr`e `lkqoliibop pr!bo colj
qebfo i^`h lc ol_rpqkbpp0 ^ka qebfo efde pbkpfqfsfqv ql klfpb2

+ Znk z�vk ul xuh{yztkyy }k gxk suxk yvkio"igrr� iutyojkxotm nkxk oy znk
vxuvkxz� ul vxkykx|otm znk iruykj6ruuv yzghoroz� ul znk jkyoxkj kw{orohxo{s gmgotyz
ysgrr yzx{iz{xkj sujkrotm kxxuxy5 iutzxur jkrg�y5 ygsvrotm ul znk iutzxur rg}5
#{iz{gzouty ul znk ygsvrotm vkxouj5 kzi777



Ul fiirpqo^qb qefp afibjj^0 tb molsfab ^ka afp`rpp _bilt af!bobkq qvmbp lc
^pvjmqlqf` pq^_fifwbop tef`e e^sb _bbk molmlpba fk qeb ifqbo^qrob2 Fumif`fq
`lkqoli i^tp ^ob dfsbk clo qeb `^o1ifhb sbef`ib2 Glo pfjmif`fqv0 qeb abpfoba
bnrfif_ofrj fp `elpbk ^p qeb lofdfk lc qeb co^jb 7%0 ^ka qeb `lloafk^qbp -525:.
^ppl`f^qba tfqe qeb `e^fkba pvpqbj -5259. ^ob rpba2 Mbq rp pq^oq tfqe pjllqe
qfjb1s^ovfkd cbba_^`hp0 ^p molmlpba b2d2 fk Z6:0 6<0 77\222

C]Z[Z^T_TZY *( Q18S <baf\WXe fb`X VbafgTagf \A 8 4 -Z @ 55 4 4 4 5 8. fhV[
g[Tg g[X cb_lab`\T_ `-c. >@ c( / \'c

' / \(c / \) \f Ahej\gm. L[Xa, Ybe Tal
E\cfV[\gm-Vbag\ahbhf `Tcc\aZ X > <( !+ < fhV[ g[Tg X-4. @ 4 TaW X-i. 8 4
Ybe i 1@ 4, g[X E\cfV[\gm-Vbag\ahbhf YXXWUTV^ _Tj-

f&-h5 d. @ !\&h& / X-h'5 h(5 h). pfk d5
f'-h5 d. @ !Ef&E\'h' ! f&\(h( ! Ef&E\)h) -5265.

`T^Xf h @ 4 Tfl`cgbg\VT__l fgTU_X Ybe g[X V[T\aXW flfgX` -5259. j\g[ _ @ 8.

Xefib Mfmp`efqw1`lkqfkrlrp cbba_^`hp ^ob ob^plk^_iv fkpbkpfqfsb ql jb^1
probjbkq klfpb0 ^ka j^v _b ol_rpq t2o2q2 jlabifkd boolop0 qebfo j^fk
ifjfq^qflk fp pilt `lksbodbk`b o^qb2 Jkabba0 jlpq qo^gb`qlofbp `lksbodb ql wbol
lkiv ifhb d!&1" -# , 5.2 Uefp e^p _bbk qeb j^fk jlqfs^qflk clo fksbpqfd^qfkd
cbba_^`hp tef`e ^ob lkiv `lkqfkrlrp2 Jk qefp `lkqbuq0 eljldbkblrp -mliv1
kljf^i. s2c2 e^sb mi^vba ^k fjmloq^kq olib0 bpmb`f^iiv qelpb lc abdobb wbol
tef`e vfbia bumlkbkqf^i `lksbodbk`b lk`b ^pvjmqlqf` pq^_fifqv fp bkproba2 Jq
fp _bvlka qeb p`lmb lc qefp m^mbo ql molsfab ^k fkqolar`qflk ql eljldbkblrp
pvpqbjp0 ^ka tb obcbo qeb ob^abo ql Z55\ clo jlob abq^fip2 Mbq rp lkiv jbk1
qflk qe^q qeb `lkqoli qeblov clo eljldbkblrp pvpqbjp fp ^k fjmloq^kq ^ka
rpbcri buqbkpflk lc qeb `i^ppf`^i qeblov clo ifkb^o pvpqbjp2 Ueb ^ppl`f^qflk lc
eljldbkbfqv molmboqfbp tfqe ^ qfjb1s^ovfkd cbba_^`h0 clo qeb ^pvjmqlqf` pq^1
_fifw^qflk lc klkelilkljf` sbef`ibp0 t^p "opq molmlpba fk Z59\2 Uefp ^mmol^`e
fp nrfqb dbkbo^i pfk`b fq ^mmifbp ql ^kv pvpqbj -525. tfqe qeb molmboqv C(, Z5;\2
Bk bu^jmib lc pr`e ^ `lkqoliibo fp molmlpba kbuq -pbb b2d2 Z5:\ clo `ljmibjbk1
q^ov obpriqp.2

C]Z[Z^T_TZY +( Q08S <baf\WXe fb`X VbafgTagf \A 8 4 -Z @ 55 4 4 4 5 9. fhV[ g[Tg
g[X cb_lab`\T_ `-c. >@ c( / \'c

' / \(c / \) \f Ahej\gm. ?be Tal `5 U 0 :# ,
WXabgX Ul -G/< g[X YhaVg\ba WX"aXW ba <( Ul

-G/H-'h'. >@
'
Eh'EG1I'"<# / Eh(EG1I("<# / Eh)EG1I)"<#

(&1G
j\g[ 'h' >@ -h'5 h(5 h)., b-U. >@ -55 U5 U / 55 U / 6.%. L[Xa, g[XeX Xk\fgf U% 8 4
fhV[ g[Tg, Ybe Tal U , U% TaW ` 8 U/ 6, g[X Vbag\ahbhf YXXWUTV^ _Tj9?=

?;
f&-h5 d. @ ! -\&-h& pfk d/ Eh&E. / \*-G/<-'h'.. pfk d5

f'-h5 d. @ !Ef&E\'h'
-G/<-'h'.

! f&\(h(
-'G/<-'h'.

! Ef&E\)h)
-(G/<-'h'.

-5266.

`T^Xf h @ 4 8-XkcbaXag\T__l fgTU_X Ybe g[X V[T\aXW flfgX` -5259. j\g[ _ @ 8.
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: Zxgpkizux� Zxgiqotm lux Tutnurutusoi \knoirky :>

Ueb molmboqv lc 81bumlkbkqf^i pq^_fifqv bslhba fk qeb ^_lsb molmlpfqflk jb^kp
qe^q ^ilkd ^kv plirqflk ql qeb `lkqoliiba pvpqbj0 Eh-d.E * \-Eh%E.V!$K0 tfqe
% 8 4 ^ka \ pljb `lkqfkrlrp0 mlpfqfsb0 pqof`qiv fk`ob^pfkd crk`qflk colj
<$ ql <$ 0 tfqe \-4. @ 42 Xefib qefp molmboqv bkprobp rkfcloj bumlkbkqf^i
`lksbodbk`b lc qeb qo^gb`qlofbp ql qeb lofdfk0 fq fp klq bnrfs^ibkq ql qeb `i^ppf`^i
ab"kfqflk lc rkfcloj bumlkbkqf^i pq^_fifqv _b`^rpb \ fp klq kb`bpp^ofiv pjllqe2
Jq fp ^ipl fkqbobpqfkd ql `ljm^ob qeb cbba_^`hp -5265. ^ka -5266.2 Jk m^oqf`ri^o0
qeb pb`lka `ljmlkbkq f' lc -5266. fp sbov pfjfi^o ql qeb `ljmlkbkq f' lc
-5265.0 bu`bmq qe^q qeb `lkpq^kq d^fkp \A ^ob obmi^`ba _v qeb pq^qb abmbkabkq
`lkqoli d^fkp \A7-

A!&
G/< -'h'.2 Ueb c^`q qe^q qebpb [d^fkp) qbka ql fk"kfqv tebk h

qbkap ql wbol -bsbk qelrde qeb lsbo^ii `lkqoli fp tbii ab"kba _v `lkqfkrfqv ^q
h @ 4.0 ^``lrkqp clo qeb i^`h lc ol_rpqkbpp ^ka efde klfpb pbkpfqfsfqv lc qefp
qvmb lc cbba_^`h2 B jlob pmb`f"` pq^qbjbkq `lk`bokfkd qeb ol_rpqkbpp fpprb
fp ^p cliiltp2

C]Z[Z^T_TZY ,( Q03S ?be Tal 2 8 4, g[XeX Xk\fg i.Y. O ,
& 5 O

,
' ba <) , j\g[

FO ,
A -h.F * 2 -Z @ 55 6?h 0 <) ., fhV[ g[Tg g[X be\Z\a bY g[X flfgX`

]h @ f&-h5 d.-N& / O ,
& . / f'-h5 d.-N' / O ,

' . -5267.

j\g[ N& TaW N' g[X i.Y. bY g[X V[T\aXW flfgX` bY W\`Xaf\ba 3, TaW f&5 f' Z\iXa
Ul -5266., \f abg fgTU_X.

Jk lqebo tloap0 tebob^p qeb lofdfk lc Tvpqbj -5267. fp ^pvjmqlqf`^iiv pq^_ib
tebk O ,

& @ O ,
' @ 40 qeb pifdeqbpq mboqro_^qflk lk qeb `lkqoli s2c2 j^v

fks^ifa^qb qefp obpriq2 Olqb qe^q ^ pj^ii fk^``ro^`v ^_lrq qeb ol_lq,p dbljbqov
j^v sbov tbii ^``lrkq clo pr`e ^ mboqro_^qflk fk qeb jlabifkd lc qeb pvpqbj2
Ueb mo^`qf`^i `lkpbnrbk`b fp qe^q0 fkpqb^a lc `lksbodfkd ql qeb lofdfk0 qeb
pq^qb tfii qvmf`^iiv `lksbodb ql ^ ifjfq `v`ib `lkq^fkba fk ^ kbfde_loella lc
qeb lofdfk2 Jq fp mlppf_ib ql dfsb ^k loabo lc j^dkfqrab clo qeb pfwb lc pr`e ^
ifjfq `v`ib0 ^p ^ crk`qflk lc 2 -^pprjba pj^ii.2 Jk qbojp lc lofdfk^i `lloafk^qbp
-h5 i5 )5 3. lc qeb `^o,p jlabi -527.0 tb l_q^fk clo qeb `lkqoli i^t -5266.

pfwb-h. J 2&1"<$&#5 pfwb-i. J 2"<$'#1"<$&#5 pfwb-). J 25 pfwb-3. J 2<1"<$&#

-5268.
tfqe pfwb-j. abklqfkd qeb loabo lc j^dkfqrab lc qeb ifjfq `v`ib fk qeb
j1afob`qflk2 Sbi^qflk -5268. peltp elt af!bobkqiv qeb pq^qb `ljmlkbkqp ^ob
^!b`qba0 ^ka ^ipl elt qeb jlabifkd boolop b!b`qp ^ob ^jmif"ba clo qeb
`ljmlkbkqp h ^ka 32 Olqb0 eltbsbo0 qe^q -5268. `loobpmlkap ql qeb tlopq `^pb
pl qe^q qebob ^ipl bufpq pqor`qroba rk`boq^fkqfbp tef`e mobpbosb qeb ^pvjmqlqf`
pq^_fifqv lc qeb lofdfk2 Bk ^k^ivpfp lc qeb pbkpfqfsfqv ql pq^qb jb^probjbkq klfpb
tlria vfbia pfjfi^o obpriqp0 tfqe 2 fkqbomobqba ^p qeb j^ufjrj ^jmifqrab lc
qeb klfpb2

Jk Z7\0 ^ `lkqoli ^mmol^`e _^pba lk qeb rpb lc ev_ofa cbba_^`hp e^p _bbk
molmlpba ql bkprob bumlkbkqf^i `lksbodbk`b ql qeb lofdfk0 tfqe qeb pq^_fifqv
lc qeb lofdfk _bfkd mobpbosba ^d^fkpq pj^ii mboqro_^qflkp lc qeb `lkqoli s2c20



ifhb qelpb `lkpfaboba fk -5267.2 Ueb ev_ofa `lkqfkrlrp3afp`obqb cbba_^`hp qebob
`lkpfaboba ^ob obi^qba ql qfjb1s^ovfkd `lkqfkrlrp cbba_^`h f-h5 d.0 bu`bmq qe^q
qeb abmbkabk`b lk qeb pq^qb h fp rma^qba lkiv mboflaf`^iiv2 Ueb obpriq dfsbk
fk Z7\0 abslqba ql qeb `i^pp lc `e^fkba pvpqbjp0 e^p _bbk buqbkaba fk Z5<\ ql
^kv ^k^ivqf` pvpqbj -525. p^qfpcvfkd Qolmboqv C(,2 Glo bu^jmib0 qeb cliiltfkd
obpriq fp peltk fk qeb i^qqbo obcbobk`b2

C]Z[Z^T_TZY -( Q07S EXg K5 \&5 4 4 4 5 \) UX fb`X VbafgTagf fhV[ g[Tg K 8 4 TaW
E\AE 6 5 3Z. L[Xa g[X [lUe\W-YXXWUTV^ f-h-\K .5 d.5 \ 0 : @ -d7K ! 55 d7K \ j\g[
f WX"aXW, \a g[X VbbeW\aTgXf hA bY g[X V[T\aXW flfgX` bY W\`Xaf\ba 3, Ul9??=

??;
f&-h5 d. @ --\& ! 5.h& / 6,--h. pfk-6,d7K .. 7K5

f'-h5 d. @
'
-\' ! 5.h' / 6-\( ! 5. M(

("M# `lp-6,d7K .

/<-\) ! 5. M)
('"M# `lp-8,d7K .

(
7K

-5269.

TaW --h. @ R(Eh(E&1( / R)Eh)E&1) -R(5 R) 8 4. \f T 8-K .-XkcbaXag\T_ fgTU\_\mXe
Ybe g[X VTe, ebUhfg j.e.g. ha`bWX_XW WlaT`\Vf.

Ueb molmboqv lc 8-K .1bumlkbkqf^i pq^_fifqv jb^kp qe^q0 clo pljb `lkpq^kqp
D5 ( 8 4 ^ka % 6 50 b^`e plirqflk h-d5 45 h%. lc qeb `lkqoliiba pvpqbj
tfqe fkfqf^i `lkafqflk h% ^q d @ 4 p^qfp"bp0 clo ^kv \ 0 : ^ka c 0 Z45 K .0
Eh--\ / 5.K5 45 h%.E * %Eh-\K5 45 h%.E ^ka Eh-\K / c5 45 h%.E * DEh-\K5 45 h%.E& 2
Xefib fq fjmifbp qeb bumlkbkqf^i `lksbodbk`b lc qeb plirqflkp ql qeb lofdfk0 fq
fp kbfqebo bnrfs^ibkq ql qeb `i^ppf`^i rkfcloj bumlkbkqf^i pq^_fifqv0 klo ql qeb
81bumlkbkqf^i pq^_fifqv2

Vkcloqrk^qbiv0 qeb ol_rpqkbpp ql rkjlabiba avk^jf`p bslhba fk Qolmlpf1
qflk 8 obifbp lk qeb mbocb`q qfjfkd lc qeb `lkqoli fjmibjbkq^qflk2 Ueb pifdeqbpq
`lkqoli abi^v0 lo #r`qr^qflk lc qeb p^jmifkd mbofla0 abpqolvp qefp molmboqv
tfqe qeb p^jb b!b`qp ^p qelpb afp`rppba mobsflrpiv clo `lkqfkrlrp eljldb1
kblrp cbba_^`hp ifhb -5266.2

Ul prjj^ofwb0 ^pvjmqlqf` "uba1mlfkq pq^_fifw^qflk fp qeblobqf`^iiv mlppf_ib
_rq0 fk mo^`qf`b0 kl `lkqoli plirqflk abpfdkba ql qefp dl^i fp bkqfobiv p^qfpc^`qlov
arb ql qeb afÆ`riqv0 fkebobkq ql qefp qvmb lc pvpqbj0 lc bkprofkd ol_rpq
pq^_fifqv ^ka c^pq `lksbodbk`b pfjriq^kblrpiv2

AZY'^_L_TZYL]d 4OXT^^TMWP G]LUPN_Z]TP^

Ueb afÆ`riqv lc pq^_fifwfkd "uba1mlfkqp `ljbp colj qeb c^`q qe^q qeb ifkb^ofwba
pvpqbj ^q pr`e bnrfif_of^ fp klq `lkqolii^_ib -^ka klq pq^_fifw^_ib bfqebo.2
Iltbsbo0 ^p peltk fk Tb`qflk 526280 qeb pvpqbj l_q^fkba _v ifkb^ofwfkd
qeb qo^`hfkd boolo bnr^qflkp ^olrka lqebo obcbobk`b qo^gb`qlofbp j^v _b
`lkqolii^_ib2 Glo ^ `^o1ifhb sbef`ib0 qefp fp qeb `^pb clo bu^jmib tebk qeb
ilkdfqrafk^i sbil`fqv eI& ^ppl`f^qba tfqe qeb obcbobk`b qo^gb`qlov fp af!bobkq
colj wbol2 Vkabo pljb buqo^ `lkafqflkp lk eI& -b2d2 fc EeI&E obj^fkp i^odbo
qe^k ^ mlpfqfsb `lkpq^kq.0 pr`e qo^gb`qlofbp `^k qebk _b _bVT__l ^pvjmqlqf`^iiv

16 P. Morin and C. Samson



: Zxgpkizux� Zxgiqotm lux Tutnurutusoi \knoirky :@

pq^_fifwba _v rpfkd cbba_^`hp `^i`ri^qba clo qeb ifkb^ofwba boolo pvpqbj2 Ueb
cliiltfkd molmlpfqflk molsfabp ^ klkifkb^o sbopflk lc pr`e ^ cbba_^`h clo qeb
`^o1ifhb sbef`ib0 tfqe ^ molsbk i^odb alj^fk lc pq^_fifqv2 Uefp obpriq `^k _b
clrka fk Z65\ -jlaril ^ pifdeq buqbkpflk lc qeb pq^_fifqv alj^fk.0 cliiltfkd ^
qb`ekfnrb ^iob^av rpba fk Z74\2

C]Z[Z^T_TZY .( Q10S <baf\WXe g[X geTV^\aZ Xeebe `bWX_ -5257. TffbV\TgXW
j\g[ g[X VTe `bWX_ -528., TaW Tffh`X g[Tg T_baZ g[X eXYXeXaVX geT]XVgbel 'I
\f UbhaWXW. L[Xa, g[X YXXWUTV^ _Tj9???=

???;
e=& @ !\&EeI&E

'
h= `lp )= / i= pfk )= /

%
C'

724
057( -

';
' .
(
5

e=' @ !\(eI& 724
057( -

';
' .! \)EeI&Ej / \'?M `lp

' ';
' pfk )= ! 6\'?N `lp

) ';
'

! \'?'
!
h=-

(
) pfk

' )= ! `lp) ';
' .! 6i= pfk )= `lp

' ';
'

"
-526:.

j\g[ \&5 4 4 4 5 \) 8 4, j >@ '= / 6\'-!h= pfk ';
' / i= `lp

';
' . `lp

( ';
' , TaW

?M @ e=& `lp )= / eI&-`lp )= ! 5 / i='I.5 ?N @ e=& pfk )= / eI&-pfk )= ! h='I.5
?' @ e=&' / eI&'=

`T^Xf g[X be\Z\a bY KlfgX` -5257. fgTU_X. ?heg[Xe`beX, \Y eI \f W\!XeXag\TU_X
j\g[ eI TaW ]eI UbhaWXW, TaW eI& WbXf abg gXaW gb mXeb Tf d gXaW gb \a"a\gl, g[Xa
g[X be\Z\a \f T_fb Z_bUT__l Tfl`cgbg\VT__l fgTU_X ba g[X fXg <' # -!,5 ,.# <.

Olqb qe^q qeb pfdk lc eI& fp klq obnrfoba ql _b `lkpq^kq0 pl qe^q obcbobk`b
qo^gb`qlofbp fkslisfkd _lqe clot^oa ^ka _^`ht^oa jlqflkp `^k _b pq^_fifwba
-`ljm^ob tfqe Tb`qflk 52725.2

B pfjmibo `lkqoliibo `^k _b l_q^fkba bfqebo _v tlohfkd lk ^ ifkb^ofwba
boolo pvpqbj0 lo _v ifkb^ofwfkd qeb bumobppflk -526:. t2o2q2 qeb pq^qb s^of^_ibp2
Uefp vfbiap qeb cbba_^`h `lkqoli-

e=& @ !\&EeI&E-h= / 'I)=7-6\'..5
e=' @ 6\'e

I
&'Ih= ! 6\'\)EeI&Ei= ! eI&-6\' / \(76.)= ! \)EeI&E'= -526;.

^ka lkb `^k pelt qe^q fq fp ^ _bVT_ ^pvjmqlqf` pq^_fifwbo clo Tvpqbj -5257. fc0
clo bu^jmib0 EeI&-d.E 8 Æ 8 4 3d2

Gfk^iiv0 ibq rp jbkqflk qe^q0 clo _lqe `lkqoliibop -526:. ^ka -526;.0 fc eI& fp
^ `lkpq^kq af!bobkq colj wbol0 qebk qeb `lksbodbk`b lc qeb qo^`hfkd boolo ql
wbol fp bumlkbkqf^i tfqe ^ o^qb molmloqflk^i ql EeI&E2

*(,(, C]LN_TNLW F_LMTWTeL_TZY

Bpvjmqlqf` pq^_fifqv fp `boq^fkiv ^ abpfo^_ib molmboqv clo ^ `lkqoliiba pvpqbj0
_rq pbsbo^i obpriqp ob`^iiba fk qeb mobsflrp pb`qflkp mlfkq lrq qe^q fq `^kklq
^it^vp _b l_q^fkba0 lo ol_rpqiv bkproba0 fk qeb `^pb lc klkelilkljf` pvpqbjp2



\+ Ueblobj 5 _^pf`^iiv qbiip rp qe^q kl `lkqfkrlrp cbba_^`h `^k ^pvjmqlqf1
`^iiv pq^_fifwb ^ii ^ajfppf_ib qo^gb`qlofbp2 Uefp ib^ap ql qeb afÆ`riq nrbpqflk
lc `ellpfkd ^ `lkqoliibo tebk qeb obcbobk`b qo^gb`qlov fp klq hkltk T ce\-
be\2

\\+ Ueb afÆ`riq `ljmoljfpb _bqtbbk pq^_fifqv ol_rpqkbpp ^ka c^pq `lksbo1
dbk`b0 ^ofpfkd tebk qovfkd ql ^pvjmqlqf`^iiv pq^_fifwb ^ abpfoba "uba
`lk"dro^qflk0 t^p mlfkqba lrq fk Tb`qflk 527262

\\\+Bpvjmqlqf` pq^_fifw^qflk lc klk1^ajfppf_ib qo^gb`qlofbp fp klq mlppf_ib0 _v
ab"kfqflk0 ^iqelrde fq j^v _b rpbcri0 clo pljb ^mmif`^qflkp0 ql ^`efbsb
pljb qvmb lc qo^`hfkd lc pr`e qo^gb`qlofbp2 Dlkpfabo clo bu^jmib ^ qtl1`^o
mi^qllkfkd pfqr^qflk tfqe qeb ib^afkd `^o bkd^dba fk ^ pbnrbk`b lc
j^kbrsbop2 B t^v lc ^aaobppfkd qefp mol_ibj `lkpfpqp fk qovfkd ql pq^_fifwb
^ sfoqr^i co^jb ^qq^`eba ql qeb ib^afkd `^o0 ^q ^ `boq^fk afpq^k`b _befka fq2
Uefp `loobpmlkap ql qeb pfqr^qflk lc Gfd2 527 tfqe -GI5 ZI5 [I. obmobpbkqfkd
qeb sfoqr^i co^jb2 Ueb obcbobk`b qo^gb`qlov fp qebk XI @ -hI5 iI5 )I. ^ka
cI @ 40 tfqe -hI5 iI. qeb `lloafk^qbp lc qeb mlfkq GI2 Jq fp pfjmib ql sbofcv
qe^q0 bu`bmq clo mrob ilkdfqrafk^i afpmi^`bjbkqp lc qeb ib^afkd `^o0 qeb
obpriqfkd qo^gb`qlov lc qeb sfoqr^i co^jb fp klq ^ajfppf_ib2

Xb mobpbkq fk qefp pb`qflk ^ `lkqoli ^mmol^`e qe^q tb e^sb _bbk absbilmfkd
clo ^ cbt vb^op0 ^ka tef`e ^iiltp ql ^aaobpp qeb qo^gb`qlov qo^`hfkd mol_ibj
fk ^ klsbi t^v2 Uefp jbqela fp mlqbkqf^iiv ^mmif`^_ib ql ^ii klkelilkljf`
sbef`ibp0 ^ka fq e^p ^iob^av _bbk qbpqba bumbofjbkq^iiv lk ^ rkf`v`ib1ifhb
ol_lq Z5\2 Xb fiirpqo^qb fq _bilt clo qeb mol_ibj lc qo^`hfkd ^klqebo sbef`ib
tfqe ^ `^o0 ^ka obcbo ql Z66\ clo qeb dbkbo^i pbqqfkd2 Bp fkaf`^qba fk Qlfkq
\\\+ ^_lsb0 qefp mol_ibj `^k _b ^aaobppba _v ab"kfkd ^ obcbobk`b qo^gb`qlov
-XI5 cI.0 tfqe cI @ 4 ^ka XI qeb `lk"dro^qflk lc ^ co^jb il`^qba _befka qeb
obcbobk`b sbef`ib -Gfd2 527.2 Ol ^pprjmqflk fp j^ab lk XI pl qe^q qeb ^ppl`f^qba
obcbobk`b qo^gb`qlov j^v0 lo j^v klq0 _b ^ajfppf_ib2 Jq j^v ^ipl _b obar`ba
ql ^ "uba1mlfkq2

Ueb `lkqoli ^mmol^`e fp _^pba lk qeb `lk`bmq lc qo^kpsbopb crk`qflk Z64\2

7P!YT_TZY *( EXg ` 0 : TaW > >@ <76,?. : f`bbg[ YhaVg\ba W > >G !+ F
\f T qo^kpsbopb crk`qflk Ybe KlfgX` -525. \Y,

3# 0 >G5 o^khA-#. @ _ -@ afj-F.. -526<.

j\g[

A-#. >@

)
N&-W-#.. " " "ND-W-#..

9W

9#&
-#. " " " 9W

9#G
-#.

*
4 -526=.

Uo^kpsbopb crk`qflkp ^iilt ql rpb ]#&5 4 4 4 5 ]#G ^p ^aafqflk^i -sfoqr^i. `lkqoli
fkmrqp2 Uefp fp obi^qba ql qeb fab^ lc `lkqoliiba lp`fii^qlo fk Z54\2 Glo qeb `^o
jlabi -528.0 qeb rpbcrikbpp lc qebpb `ljmibjbkq^ov fkmrqp fp bumif`fqba fk qeb
cliiltfkd ibjj^2
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?PXXL *( <baf\WXe g[X geTV^\aZ Xeebe `bWX_ -5254. TffbV\TgXW j\g[ g[X VTe
`bWX_ -528. TaW g[X eXYXeXaVX geT]XVgbel -XI5 cI @ 4.. EXg W > >G !+ <'#=&#<
WXabgX T f`bbg[ YhaVg\ba. =X"aX g[X RaX\Z[Ube( fgTgX j Ul

j >@

3
BB@
)
h=
i=

*
!I-)= ! W(.

)
W&
W'

*
)= ! W(
' ! W)

4
CCA -5274.

TaW g[X ThZ`XagXW Vbageb_ iXVgbe 'e >@ -e&5 e'5! ]#&5 4 4 4 4 4 4 5! ]#G.
%. L[Xa,

]j @ :-j5 W. -A-#.'e/;-j.G -a=5 d. / e&<-j.. -5275.

j\g[ A-#. g[X `Tge\k fcXV\"XW \a eX_Tg\ba -526=.,

:-j5 W. >@

/
I-j(.

'
I-j(.

'
>'
!>&

(
4
(

4 B'

0
5 ;-j. >@

)
I-!j(. 4

4 B'

*

TaW <-j. >@ -45 45 j)5 4.
%.

Jc W fk -5274. fp ^ qo^kpsbopb crk`qflk0 qebk :-j5 W.A-#. fp ^ crii1o^kh j^qofu
^ka fq fp pfjmib ql rpb -5275. fk loabo ql abofsb ^ `lkqoli tef`e ^pvjmqlqf`^iiv
pq^_fifwbp j @ 42 Tr`e ^ `lkqoli i^t fp mlfkqba lrq _v qeb cliiltfkd molmlpfqflk2

C]Z[Z^T_TZY /(N\g[ g[X abgTg\baf bY EX``T 0, Tffh`X g[Tg W \f T geTafiXefX
YhaVg\ba Ybe g[X VTe `bWX_ -528., TaW Vbaf\WXe g[X WlaT`\V YXXWUTV^ _Tj

'e >@ A6-#.
!!;-j.G -a=5 d.! -:-j5 W..!&P-j.

"
-5276.

j\g[ A6-#. T e\Z[g-\aiXefX bY A-#. TaW

P-j. >@ -\&j&5 \'j'5 6\( q^k-j(76.5 \)h).
% -\A 8 4.4

L[Xa, Ybe Tal eXYXeXaVX geT]XVgbel XI fhV[ g[Tg ]XI \f UbhaWXW,

0. j @ 4 \f XkcbaXag\T__l fgTU_X Ybe g[X Vbageb__XW flfgX` -5275.,
1. Tal geT]XVgbel a= bY g[X Vbageb__XW geTV^\aZ Xeebe `bWX_ -5254. VbaiXeZXf

gb W->G. TaW, j\g[ Ta TWXdhTgX V[b\VX bY #-4., g[\f fXg \f XkcbaXag\T__l
fgTU_X.

Uefp obpriq peltp qe^q fq fp mlppf_ib ql pq^_fifwb qeb qo^`hfkd boolo a= ql qeb
pbq W->G. clo Tal obcbobk`b qo^gb`qlov XI2 Tfk`b >G fp `ljm^`q ^ka W fp pjllqe0
W->G. fp _lrkaba2 Jk m^oqf`ri^o0 fc W->G. fp `lkq^fkba fk ^ pj^ii kbfde_loella
lc qeb lofdfk0 qebk qeb qo^`hfkd boolo a= fp riqfj^qbiv pj^ii0 j[TgXiXe qeb
qo^gb`qlov XI2 Uefp ib^sbp rp tfqe qeb mol_ibj lc abqbojfkfkd qo^kpsbopb
crk`qflkp2 Jk Z66\0 ^ dbkbo^i clojri^ fp molmlpba clo aofcqibpp pvpqbjp2 B c^jfiv
lc qo^kpsbopb crk`qflkp0 `ljmrqba fk m^oq colj qefp clojri^0 fp mlfkqba lrq
_bilt2 Uebpb crk`qflkp ^ob ab"kba lk >'0 f2b2 qebv abmbka lk qtl s^of^_ibp
#&5 #'2 Jq fp `ib^o qe^q clo qeb `^o jlabi0 qtl fp qeb pj^iibpq krj_bo lc s^of^_ibp
clo tef`e -526<. `^k _b p^qfp"ba2 Iltbsbo0 rpfkd jlob s^of^_ibp `^k ^ipl _b lc
fkqbobpq fk mo^`qf`b -pbb Z6\ clo `ljmibjbkq^ov obpriqp fk qefp afob`qflk.0 ^ka
pljb obpb^o`e b!loq `lria _b abslqba ql bumilob qefp fpprb croqebo2



?PXXL +( ?be Tal 2 8 4, TaW (&5 ('5 (( 8 4 fhV[ g[Tg :('(( 8 <(( / (&(',
g[X YhaVg\ba W WX"aXW Ul

W-#. @
!
'W&-#.5 'W)-#.5 ^o`q^k- 'W(-#..5 'W'-#. `lp

( W(-#.
"%

-5277.

j\g[ 'W > >' !+ <) WX"aXW Ul

'W&-#. @ 2-pfk#& / (' pfk#'.5
'W'-#. @ 2(& `lp#&5
'W(-#. @ 2'-&& 724 '"&) ! (( `lp#'.5
'W)-#. @ 2(

!
(&

724' "& 057"&
+ ! &'&( 724 '"'

) ! (( pfk#& `lp#'
"

\f T geTafiXefX YhaVg\ba Ybe g[X VTe `bWX_ -528..

&$) 2TSHQZXNTS

Uo^gb`qlov pq^_fifw^qflk clo klkelilkljf` pvpqbjp fp ^ jriqf1c^`bqba mol_ibj2
Jk qeb "opq mi^`b0 qeb `i^ppf`^i l_gb`qfsb lc Tfl`cgbg\V fgTU\_\mTg\ba -`lj_fkfkd
pq^_fifqv ^ka `lksbodbk`b ql qeb abpfoba qo^gb`qlov. `^k _b `lkpfaboba lkiv
tebk qeb obcbobk`b qo^gb`qlov fp hkltk ql _b TW`\ff\U_X2 Ueb afÆ`riqfbp0
fk qefp c^slo^_ib `^pb0 ^ob klkbqebibpp krjbolrp ^ka bmfqljfwba _v qeb
klk1bufpqbk`b lc rkfsbop^i pq^_fifwbop2 Glo pljb qo^gb`qlofbp0 bkaltba tfqe qeb
ofdeq molmboqfbp -obi^qba ql jlqflk mbopfpqbk`v0 ^ka cloqrk^qbiv lcqbk jbq fk
mo^`qf`b. qeb mol_ibj `^k _b plisba _v ^mmivfkd `i^ppf`^i `lkqoli qb`ekfnrbp2
Uefp qvmf`^iiv vfbiap ifkb^o `lkqoliibop abofsba colj ^ ifkb^o ^mmolufj^qflk lc
qeb qo^gb`qlov boolo pvpqbj0 lo pifdeqiv jlob fkslisba klkifkb^o sbopflkp fk
loabo ql bum^ka qeb alj^fk lc lmbo^qflk clo tef`e ^pvjmqlqf` pq^_fifw^qflk
`^k _b molsbk ^k^ivqf`^iiv2 Glo lqebo qo^gb`qlofbp0 pr`e ^p "uba `lk"dro^qflkp0
ibpp `i^ppf`^i `lkqoli p`ebjbp -qfjb1s^ovfkd lkbp0 clo fkpq^k`b. e^sb ql _b rpba0
tfqe jfqfd^qba mo^`qf`^i pr``bpp qelrde0 arb ql qeb fjmlppf_fifqv lc `ljmivfkd
tfqe qeb mbocloj^k`b3ol_rpqkbpp `ljmoljfpb ^p tbii ^p fk qeb ifkb^o `^pb2
C^pf`^iiv0 lkb e^p ql `ellpb _bqtbbk c^pq `lksbodbk`b0 ^``ljm^kfba tfqe efde
pbkpfqfsfqv ql jlabifkd boolop ^ka jb^probjbkq klfpb0 ^ka pilt `lksbodbk`b0
tfqe mlppf_iv jlob ol_rpqkbpp2 Jk qeb bka0 tebk qeb obcbobk`b qo^gb`qlov ^ka
fqp molmboqfbp ^ob klq hkltk fk ^as^k`b -bu`bmq clo fqp ^ajfppf_fifqv.0 pl qe^q
fq j^v klq _bilkd ql qeb qtl `^qbdlofbp bslhba ^_lsb0 qeb mo^`qfqflkbo e^p
kl lqebo `elf`b qe^k qovfkd ql drbpp tef`e `lkqoli pqo^qbdv tfii ^mmiv _bpq
ql fqp ^mmif`^qflk0 lo tloh lrq pljb bjmfof`^i ptfq`efkd pqo^qbdv0 tfqe kl
^_plirqb dr^o^kqbb lc pr``bpp fk ^ii pfqr^qflkp2 Uefp fp klq sbov p^qfpc^`qlov0
^ii qeb jlob pl _b`^rpb qebob ^ob ^mmif`^qflkp clo tef`e qeb `lkqoli l_gb`qfsb
fp jlob k^qro^iiv bumobppba fk qbojp lc qo^`hfkd ^ aba-TW`\ff\U_X qo^gb`qlov
-tb d^sb qeb bu^jmib lc qo^`hfkd ^ j^kbrsbofkd sbef`ib.2 Jk qeb i^qqbo `^pb0
klkb lc qeb `lkqoli qb`ekfnrbp buqbkpfsbiv pqrafba arofkd i^pq "cqbbk vb^op
qlt^oap qeb dl^i lc ^pvjmqlqf` pq^_fifw^qflk fp prfq^_ib2 Uebpb `lkpfabo^qflkp
iba rp ql molmlpb ^klqebo mlfkq lc sfbt ^``loafkd ql tef`e qeb obi^u^qflk lc
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qefp pqofkdbkq0 ^ka pljbqfjbp rktloh^_ib0 dl^i fkql ^ jlob mo^dj^qf` lkb
lc ceTVg\VT_ fgTU\_\mTg\ba0 tfqe riqfj^qb _lrkabakbpp lc qeb qo^`hfkd boolop
fkpqb^a lc `lksbodbk`b ql wbol0 `^k _b _bkb"`f^i ql bki^odb qeb pbq lc `lkqoli
mlppf_fifqfbp ^ka ^aaobpp qeb qo^gb`qlov qo^`hfkd mol_ibj fk ^ ob1rkf"ba t^v2
Ueb geTafiXefX YhaVg\ba ^mmol^`e abp`of_ba fk Tb`qflk 727 e^p _bbk absbilmba
tfqe qefp mlfkq lc sfbt2 Jq ^iiltp ql abofsb pjllqe cbba_^`h `lkqoliibop
tef`e rkfclojiv bkprob riqfj^qb _lrkabakbpp lc qeb qo^`hfkd boolop0 tfqe
^o_fqo^ov mob1pmb`f"ba qo^`hfkd mob`fpflk0 j[TgXiXe g[X eXYXeXaVX geT]XVgbel
-^ajfppf_fifqv fp kl ilkdbo ^ mobobnrfpfqb.2
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Lowvpwqlc Llw(iltphf0 K^olp(i^t N^g`eow^h0 N^`fbg Nf`e^(ibh0 ^ka
E^ofrpw Q^wabophf

Ingox ul Iutzxur gtj Y�yzksy Ktmotkkxotm5 Vu!tg&t [to|kxyoz� ul Zkinturum�
{r7 Vouzxu}u <g5 ?96B?> Vu!tg&t5 Vurgtj REQI&WYVREQI/TYX&TS^RER&TP

'$& 8SYWTIZHYNTS

Tq^qb cbba_^`h `lkqoli fpprbp clo klkelilkljf` pvpqbjp ^ob pqfii sbov
`e^iibkdfkd clo `lkqoli obpb^o`ebop2 Bjlkd qeb dolrm lc klkelilkljf` pvpqbjp
lkb `^k krj_bo tebbiba jl_fib sbef`ibp0 j^kfmri^qlop tfqe klkelilkljf`
db^op0 cobb1#l^qfkd ol_lqp0 rkabot^qbo sbppbip0 klkelilkljf` j^kfmri^qlo,p
dofmmbop0 avk^jf`^iiv _^i^k`ba elmmfkd ol_lqp ^ka lqebop Z80 540 59\2
EfÆ`riqfbp fk abpfdkfkd b!b`qfsb pq^_fifwbop ^ofpb colj klkfkqbdo^_ib hfkbj^qf`
`lkpqo^fkqp fjmlpba lk pvpqbj bslirqflk2 Uebpb `lkpqo^fkqp fjmlpb obpqof`qflk
lk ^ajfppf_ib sbil`fqfbp lc `lkqoliiba avk^jf` pvpqbjp0 mobpbosfkd eltbsbo
qebfo `lkqolii^_fifqv2 Nloblsbo0 iltbo afjbkpflk^ifqv lc qeb `lkqoli pm^`b
L * <D fk `ljm^ofplk ql qeb `lk"dro^qflk pm^`b ; * <E -_ 8 ^. `^rpbp
afÆ`riqfbp fk `lkqoli abpfdk0 bpmb`f^iiv clo pq^_fifw^qflk q^ph mol_ibjp Z9\2
Ebpmfqb qeb mol_ibjp jbkqflkba0 j^kv af!bobkq cbba_^`h `lkqoli pqo^qbdfbp
clo klkelilkljf` hfkbj^qf`p fk ^rqlj^qf`p ^ka ol_lqf`p ifqbo^qrob e^sb _bbk
molmlpba x pbb clo bu^jmib Z;\0 Z5<\ lo Z<\2 Tqfii0 pljb fjmloq^kq mol_ibjp0
ifhb ol_rpqkbpp ql `lkqoli pfdk^ip ifjfq^qflkp bufpq^k`b0 fkqrfqfsb `lkqliibo
m^o^jbqbo qrkkfkd ^ka dlla `lkqoli nr^ifqv arofkd qo^kpfbkq pq^db pbbj ql
obj^fk lmbk fpprbp ^ka fkslisb croqebo obpb^o`e2 Jk qefp m^mbo qtl af!bobkq
pq^_fifw^qflk ^mmol^`ebp ql qeb jbkqflkba mol_ibjp0 tfqe ^iqbok^qfsb plirqflk
fk `ljm^ofplk ql bufpqfkd pqo^qbdfbp0 ^ob abp`of_ba2 Ueb mobpbkqba ^mmol^`ebp
^ob ^mmifba ql abofsb qtl pq^_fifwbop ql plisb qeb pq^_fifw^qflk q^ph clo ^ rkf`v`ib
jl_fib ol_lq0 q^hfkd fkql ^``lrkq `lkqoli ifjfq^qflkp2 Ueb "opq `lkqoliibo0
tef`e j^v _b `i^ppf"ba ^p ^ Ufjb1W^ovfkd Pp`fii^qlov -UWP. pq^_fifwbo0
fp _^pba lk ^k fab^ lc pq^_fifw^qflk fkfqf^iiv molmlpba _v Efulk Xg T_. ^ka
kbuq dbkbo^ifwba _v Nlofk ^ka T^jplk Z5;\2 Ueb pb`lka ^mmol^`e obpriqp
colj ^ klsbi `lk`bmq `^iiba qeb Wb`qlo Gfbia Pofbkq^qflk -WGP. ^mmol^`e
fkqolar`ba clo qeb "opq qfjb fk Z56\2 Glo _lqe pq^_fifwbop0 `lkqoli pfdk^i
ifjfq^qflkp tfii _b `lkpfaboba ^q qeb hfkbj^qf` ibsbi ^p obpqof`qflkp fjmlpba
lk qeb j^ufj^i sbil`fqv lc qeb ol_lq tebbip2 Ueb b!b`qfsbkbpp lc qeb molmlpba
`lkqoli pqo^qbdfbp tfii _b `ljm^oba ^ka fiirpqo^qba _v pfjri^qflk obpriqp2

K. Kozłowski (Ed.): Robot Motion and Control, LNCIS 335, pp. 25–54, 2006.
© Springer-Verlag London Limited 2006



'$' :NSJRFYNHX

Uefp tloh `lkpfabop ^ rkf`v`ib jl_fib ol_lq0 tef`e `^k _b qob^qba ^p ^ obar`ba
qtl1tebbiba af!bobkqf^iiv aofsbk jl_fib sbef`ib tfqe ^kdri^o0 "0 ^ka ifkb^o0
M 0 sbil`fqfbp `elpbk ^p qeb fkmrq `lkqolip2 Bpprjfkd klkbufpqbk`b lc i^qbo^i
pifmm^db lc qeb ol_lq tebbip0 qeb hfkbj^qf` jlabi lc qeb rkf`v`ib jl_fib ol_lq
`^k _b abp`of_ba fk qeb cliiltfkd j^kkbo>5

7 ]3
]h
]i

6
8 @

5
7 54
4

6
8e& /

5
7 4
`lp3
pfk3

6
8e'5 -625.

tebob 7
!
@ Z3 h i\9 0 ; * <( abklqbp qeb pq^qb sb`qlo ^ka e& @ "5 e' @ M 0

< abp`of_b qeb `lkqoli fkmrqp -pbb Gfd2 625.2 Nlabi -625. _bilkdp ql ^ `i^pp lc

rkabo^`qr^qba klkelilkljf` aofcqibpp pvpqbjp tfqe qtl fkmrqp abp`of_ba fk
qeb cliiltfkd dbkbo^i cloj>

]7 @ 5&e& / 5'-7.e'5 -626.

tebob 5&5 5'-7. ^ob _^pf` sb`qlo "biap x dbkbo^qlop2 Golj qeb i^pq qtl
bnr^qflkp lc -625. lkb `^k abofsb qeb ^pprjba klkfqbdo^_ib sbil`fqv `lkpqo^fkq>

,-7. ]7 @ 45 ,-7. @ Z4 pfk3 ! `lp3\5 -627.

tebob ]7
!
@ Z ]3 ]h ]i\9 0 <( fp qeb dbkbo^ifwba pq^qb sbil`fqv ^ka , fp

`^iiba qeb `lkpqo^fkq j^qofu2 Jq fp tbii hkltk qe^q qeb pvpqbj -625. fp criiv
`lkqolii^_ib fk ;0 eltbsbo ^ii qeb dbkbo^ifwba pq^qb sbil`fqfbp ]7 ^``bppf_ib
arofkd qfjb bslirqflk bu`irab pljb pbq lc fkpq^kq^kblrpiv fk^ajfppf_ib
jlsbjbkq afob`qflkp2 Uefp `lkpqo^fkq qldbqebo tfqe ibpp krj_bo lc fkmrqp
fk obi^qflk ql qeb pq^qb sb`qlo afjbkpflk `^rpb afÆ`riqfbp fk plisfkd `lkqoli
q^php0 bpmb`f^iiv clo qeb mlfkq pq^_fifw^qflk q^ph Z9\2
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Jk qefp m^mbo mlpqrob pq^_fifw^qflk fk D^oqbpf^k pm^`b lc pvpqbj -625. fp
`lkpfaboba2 Jk loabo ql abqbojfkb qeb mlpqrob boolo qeb cliiltfkd sb`qlo
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tebob 7K ^ka 7-/. abqbojfkb qeb obcbobk`b -abpfoba. ^ka ^`qr^i pq^qb sb`qlop0
obpmb`qfsbiv0 ^ka qeb qfjb s^of^_ib fp abklqba _v / 2

Jk qeb pbnrbi qtl ^iqbok^qfsb `lkqoli ^mmol^`ebp0 tef`e ^iilt ql plisb
mo^`qf`^i lo ^pvjmqlqf` mlpqrob pq^_fifw^qflk clo klkelilkljf` hfkbj^qf`p
-625. ^ob abp`of_ba2

Ueb `lkqoli q^ph `lkpfaboba fk qefp m^mbo0 `^iiba ebob^cqbo ^ fgTU\_\mTg\ba
gTf^0 `^k _b ab"kba ^p cliiltp2

7P!YT_TZY * $F_LMTWTeL_TZY _L^V% ?\aW UbhaWXW Vbageb_f e&-/.5 e'-/. Ybe
^\aX`Tg\Vf *1.0+, fhV[ g[Tg Ybe \a\g\T_ VbaW\g\ba 3-4. 0 6 * <( g[X >hV_\WXTa
abe` bY g[X Xeebe 3-/. gXaWf gb fb`X VbafgTag 2 8 4 Tf / +/9

ifj
)$& F3-/.F @ 25 -629.

j[XeX 2 \f Ta Tffh`XW Xeebe XaiX_bcX, j[\V[ VTa UX `TWX TeU\geTe\_l f`T__.
?be 2 8 4 g[X TUbiX fgTgX`Xag WX"aXf g[X ceTVg\VT_ fgTU\_\mTg\ba gTf^, TaW Ybe
2 @ 4 n g[X Tfl`cgbg\V VbaiXeZXaVX gTf^.

+(,(* B^NTWWL_Z]d'ML^PO GTXP'aL]dTYR 6ZY_]ZW ?Lb

Ueb "opq `lkqoli jbqela -UWP. fp _^pba lk ^ qrkba lp`fii^qlo fab^ fkqolar`ba
_v Efulk Xg T_. Z=\2 Jq pelria _b klqba qe^q qefp ^mmol^`e `^k _b pbbk ^p ^
m^oqf`ri^o `^pb lc ^ jlob dbkbo^i qeblov absbilmba _v Nlofk ^ka T^jplk
Z5;\0 q^hfkd ^as^kq^db lc pl1`^iiba qo^kpsbopb crk`qflkp2 Ueb j^fk cb^qrob
`lk`bokfkd qebpb `lkqoli p`ebjbp ifbp fk sfoqr^i mboflaf` pfdk^ip qo^`hba _v
qeb pq^qb sb`qlo lc qeb pvpqbj2

@ZOPW G]LY^QZ]XL_TZY

Jk `lkqoli qeblov ^ob^ jr`e tloh e^p _bbk abslqba ql qeb pq^_fifw^qflk
mol_ibj lc ^_pqo^`q j^qebj^qf`^i l_gb`qp tef`e ^ob klq afob`qiv obi^qba
ql mevpf`^i pvpqbjp2 Tr`e ^mmol^`e ^iiltp ql dbkbo^ifwb `lkqoli plirqflkp
^mmif`^_ib ql pljb `i^pp lc pvpqbjp tef`e ^ob0 fk dbkbo^i0 jr`e pfjmibo qe^k
lofdfk^i lkbp2 Jk m^oqf`ri^o0 pl1`^iiba `e^fkba `^klkf`^i cloj tbob fksbpqfd^qba
arofkd qeb i^pq "cqbbk vb^op2 Bp mlfkqba lrq _v j^kv ^rqelop -pbb clo
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bu^jmib Z580 5;0 66\. j^qebj^qf`^i jlabip rpba ql abp`of_b af!bobkq mevpf`^i
pvpqbjp tef`e fk`irab0 clo bu^jmib0 hfkbj^qf`p lc jlpq qboo^fk sbef`ibp0 j^v
_b qo^kpclojba ql qeb `e^fkba cloj rpfkd molmboiv `elpbk qo^kpcloj^qflk2

Jk qefp pb`qflk tb mobpbkq ^ `lkqoli i^t q^hfkd ^as^kq^db lc j^qebj^qf`^i
molmboqfbp lc qeb pvpqbj hkltk ^p Col`hbqq,p klkelilkljf` fkqbdo^qlo Z:\2
Uefp fp ^ aofcqibpp kfimlqbkq pvpqbj clo tef`e `lkqolii^_fifqv fk ^ peloq qfjb fp
bkproba _v qeb "opq loabo Mfb _o^`hbq2 Ueb klkelilkljf` fkqbdo^qlo `^k _b
tofqqbk fk qeb cliiltfkd cloj -`c2 Z=\.>

];# @ :5 -62:.

]h( @ ;#9.:5 -62;.

tebob ; @
#
h& h' h(

$9
@
#
;#9 h(

$9 0 <( fp ^ pq^qb sb`qlo0 : @
#
f& f'

$9 0
<' abklqbp ^k fkmrq ^ka . @

+
4 !5
5 4

,
fp ^ phbt1pvjjbqof` j^qofu2

Jk loabo ql qo^kpcloj hfkbj^qf` bnr^qflk -628. ql qeb cloj lc qeb
klkelilkljf` fkqbdo^qlo qeb cliiltfkd klkifkb^o qo^kpcloj^qflk `lkpfaboba
_v Efulk Xg T_. Z=\ j^v _b rpba -clo abofs^qflk lc qeb qo^kpcloj^qflk pbb Z64\.>

;
!
@ !/ -75 3. 35 -62<.

tebob / ab"kbp ^ dil_^i af!bljlomefpj tfqe obpmb`q ql qeb lofdfk

/
'
)5 y)
(

!
@

5
7 5 4 4
4 `3 p3
4 V&`3/ 6p3 V&p3! 6`3

6
8 0 <("( 5 -62=.

tebob `3 & `lp3 ^ka p3 & pfk32
Obuq0 q^hfkd qeb qfjb abofs^qfsb lc ;# ^ka rpfkd -62<. lkb `^k l_q^fk ^

obi^qflk _bqtbbk qeb lofdfk^i0 90 ^ka ^rufif^ov0 :0 fkmrq pfdk^ip ^p cliiltp>

: @ 0 -75 3.95 -6254.

tebob 0 -75 3. 0 <'"' fp qeb `lkqoli qo^kpcloj^qflk j^qofu ab"kba ^p

0 -75 3. @

+
5 4

E -75 3. 5

,
5 -6255.

tfqe E -75 3. @ !V' pfk3/ V( `lp30 pr`e qe^q EE -75 3.E jb^kp ^ molgb`qflk lc
qeb afpq^k`b _bqtbbk qeb ^`qr^i ^ka abpfoba mlpfqflkp lc qeb ol_lq `^i`ri^qba
fk qeb afob`qflk mbombkaf`ri^o ql qeb ol_lq,p eb^afkd2

Tfk`b 0 fp dil_^iiv fksboqf_ib fq fp pqo^fdeqclot^oa ql dbq qeb cliiltfkd
fksbopb clojri^0 tef`e `^k _b afob`qiv rpba clo `lkqoli abpfdk>

9 @ 0!& -75 3.:4 -6256.

Trjj^ofwfkd0 ^p ^ obpriq lc qo^kpcloj^qflkp -62<. ^ka -6254. fq fp mlppf_ib
ql plisb qeb mlpqrob pq^_fifw^qflk q^ph clo hfkbj^qf`p -625. _v absbilmfkd
qeb `lkqoli i^t tef`e pq^_fifwbp qeb pvpqbj dfsbk _v -62;.2 Uefp ^mmol^`e
fp mobpbkqba fk qeb kbuq pr_pb`qflk2
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6ZY_]ZW ?Lb 7PaPWZ[XPY_

Ueb j^fk `lk`bmq lc UWP pq^_fifwbo0 ^p tbii ^p lqebo `lkqoliibop rpfkd
qo^kpsbopb crk`qflkp0 `lkpfpqp lc ab`ob^pfkd qeb obdri^qflk boolo0 ;0 fkafob`qiv
_v qo^`hfkd ^aafqflk^i sfoqr^i pfdk^ip ;<2

Ibk`b0 q^hfkd fkql ^``lrkq pvpqbj -62;. qeb cliiltfkd pfdk^i < 0 <( j^v
_b fkqolar`ba>

<
!
@

+
<#
j(

,
@ ;!

+
;<

!;9< .;#
,
5 -6257.

tebob <# @ Zj& j'\
9 0 <' ^ka ;< @ Zh<& h<'\

9 0 <' abklqb ^rufif^ov
qfjb1s^ovfkd _lrkaba pfdk^ip tef`e tfii _b ab"kba i^qbo2

Jq fp sbov fjmloq^kq ql klqb qe^q obi^qflk -6257. `^k _b bumi^fkba _v jb^kp
lc af!bobkqf^i dbljbqov0 pfk`b fq abqbojfkbp ^ ibcq1fks^of^kq dolrm lmbo^qflk
clo qeb `lkqoli pvpqbj -62;. -pbb Z5:0 5;\.2

Ueb ^rufif^ov q^ph lc `lkqoli `lkpfpqp lc ^pvjmqlqf` -bumlkbkqf^i.
pq^_fifw^qflk lc -6257. ab"kba ^p

3)2% F<F * % F< -4.F bum -!$/. 5 -6258.

tebob % ^ka $ 8 4 ^ob pljb mlpfqfsb `lkpq^kqp2
B``loafkd ql -6258. ^ka Eb"kfqflk -6257. lkb `^k `lk`irab qe^q

ifj
)$& <# @ ), ifj

)$&;# @ ;< -6259.

^ka
ifj
)$& j( @ 4, ifj

)$&h( @ 44 -625:.

Uebpb obi^qflkp pelt qe^q qeb ^``ro^`v lc obdri^qflk fk qeb pqb^av pq^qb
fp abqbojfkba _v pfdk^i ;<2 Nloblsbo0 ;< pfdkf"`^kqiv fk#rbk`bp qo^kpfbkq
_be^sflo arofkd qeb obdri^qflk mol`bpp pfk`b fq fp qo^`hba _v ;# ^``loafkd ql
-6259.2 Uefp mol_ibj tfii _b afp`rppba i^qbo2

Jk loabo ql absbilm qeb `lkqoli i^t ^pvjmqlqf`^iiv pq^_fifwfkd < qeb
cliiltfkd Mv^mrkls crk`qflk `^kafa^qb fp molmlpba>

M
!
@

5

6
<9 <4 -625;.

Obuq0 q^hfkd qeb qfjb abofs^qfsb lc M lkb `^k dbq

]M @ <9 ]< @ <#9 ]<# / j( ]j(4 -625<.

D^i`ri^qfkd qeb qfjb abofs^qfsb lc <# colj -6257. qeb cliiltfkd obi^qflk `^k _b
l_q^fkba>

]<# @ : ! ];<4 -625=.

Jq pelria _b klqba qe^q qeb obdri^qflk q^ph clo qeb pr_pvpqbj <# @ ;# ! ;<
fp obi^qfsbiv b^pv ^ka `^k _b plisba rpfkd qeb cliiltfkd `lkqoli pfdk^i>
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: @ !\&<# / ];<5 -6264.

tebob \& 8 4 fp ^ `lkpq^kq m^o^jbqbo2 Vpfkd -6264. ^ka -6257. fk -625<. vfbiap

]M @ !\&<#9 <# / j( ]j(4 -6265.

Obuq0 qboj ]j( `^k _b `^i`ri^qba ^``loafkd ql -6257. ^p cliiltp -pbb abq^fip fk
Bmmbkafu.>

]j( @ ;9< . ];< / 6\&;
#9.;<4 -6266.

Ibob pfdk^i ];< `^k _b fkqbomobqba ^p ^k ^aafqflk^i `lkqoli pfdk^i ^ka `^k _b
rpba clo ^pvjmqlqf` pq^_fifw^qflk lc `lloafk^qb j(2 Jk loabo ql `^i`ri^qb ];<
tb ^pprjb qe^q ;< fp lofdfk^qba _v ^ qrk^_ib lp`fii^qlo Z=\ ^``loafkd ql qeb
cliiltfkd bnr^qflk>

;< @ $&5 -6267.

tebob

$ @

+
0& 4
4 0'

,
-6268.

fp ^ d^fk j^qofu tfqe p`^i^o crk`qflkp 0& -/. ^ka 0' -/. 8 40 tef`e j^v
_b `e^kdba arofkd obdri^qflk mol`bpp0 ^ka & fp ^ plirqflk lc qeb cliiltfkd
af!bobkqf^i bnr^qflk>

]& @ e+.& -6269.

tfqe e+ abqbojfkfkd ^k fkpq^kq^kblrp cobnrbk`v lc & ^ka qeb fkfqf^i `lkafqflk

& -4.
9
& -4. @ 54 -626:.

Bp `^k _b pbbk0 -6269. abp`of_bp ^k rka^jmba ifkb^o lp`fii^qlo tfqe `lkpq^kq
^jmifqrab lc pfdk^i &0 pr`e qe^q 3)2% &

9 -/. & -/. @ 52 Tfjfi^oiv ql qeb `lkqoli
i^t dfsbk _v Nlofk ^ka T^jplk Z5;\ cobnrbk`v e+ `^k _b obd^oaba ^p qeb qefoa
`lkqoli pfdk^i -^m^oq colj f& ^ka f'. qe^q j^hbp qeb pvpqbj ql _b sfoqr^iiv
criiv ^`qr^qba2

Bk ^k^ivqf`^i clojri^ abp`of_fkd e+ `^k _b l_q^fkba rpfkd qeb qfjb
abofs^qfsb lc -6267.0 k^jbiv

];< @ ]$& / $ ]& -626;.

^ka obi^qflkp -6266. ^ka -6264.2 B ^ obpriq qeb cliiltfkd bnr^qflk `^k _b
tofqqbk

]j( @ &9$9. ]$& / 6\&;
#9.;< ! 0&0'e+4 -626<.

Olt0 fq fp pqo^fdeqclot^oa ql pelt qe^q ^mmivfkd e+ tofqqbk ^p

e+ @
!g / &9$9. ]$& / 6\&;

#9.;<
0&0'

-626=.

fk -626<. ib^ap ql ^ ab`lrmiba pr_pvpqbj0 k^jbiv
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]j( @ g5 -6274.

tebob g fp ^ p`^i^o crk`qflk tef`e fp ^ kbt fkmrq2 Jk loabo ql bkprob
bumlkbkqf^i pq^_fifw^qflk lc j( tb molmlpb ql pbq

g @ !\'j(5 -6275.

tebob \' 8 4 fp ^ `lkpq^kq `lkqoliibo m^o^jbqbo2 Dlkpbnrbkqiv0 q^hfkd fkql
^``lrkq -6275. ^ka -6274. ^iiltp ql obtofqb qeb qfjb abofs^qfsb lc M ^p

3)2%//6/'/%
]M @ !\&<#9<# ! \'j

'
( 6 44 -6276.

Uebk0 ^pprjfkd qe^q $ @ jfk A\&5 \'B0 qeb cliiltfkd rmmbo _lrka lc ]M `^k
_b l_q^fkba

]M * !$<9 < @ !6$M4 -6277.

Bp ^ `lkpbnrbk`b lkb `^k molsb qe^q M qbkap ql wbol bumlkbkqf^iiv0 k^jbiv

3)2% M -/. @ M -4. bum -!6$/. 4 -6278.

C]Z[Z^T_TZY * :ffh`\aZ g[Tg \&, \', 0&, TaW 0' 8 4, 0&, 0', ]0&, TaW
]0' 0 9&, g[X Vbageb__Xe Z\iXa Ul *1.1/+, *1.18+, *1.20+, *1.12+, *1.14+, TaW
*1.15+ fgTU\_\mXf flfgX` *1.02+ XkcbaXag\T__l \a gXe`f bY *1.03+.

IebbY. Ueb obpriq dfsbk _v Qolmlpfqflk 5 fp ^ afob`q `lkpbnrbk`b lc obi^qflk
-6278.2 Iltbsbo0 ql `ljmibqb qeb mollc fq fp kb`bpp^ov ql pelt qe^q ^ii pfdk^ip
fk qeb `lkqoliiba pvpqbj ^ob _lrkaba2 Gfopq0 tb bu^jfkb cobnrbk`v e+ q^hfkd
fkql ^``lrkq obi^qflk -626=. ^ka F&F @ 52 Uebk rpfkd qeb cliiltfkd obi^qflkp>%%%&9$9. ]$&

%%% * -&
!
@
%%% ]0&0' ! 0&

]0'

%%% 0 9& -6279.

^ka %%<#9.;<%% * -' F<#F 5 -627:.

tfqe
-'

!
@ j^u A0&5 0'B 0 9&4 -627;.

lkb `^k b^pfiv pelt qe^q

Ee+E * C'.O(.$'C&('/6"/$(&
*&*'

* -(
/6/$ &&

&(

*&*'
* -(

/6"%#/ 186"!#)#$ &&
&(

*&*'
5 -627<.

tebob -( @
H
6j^u A\&5 6\'-'B2 Bp ^ `lkpbnrbk`b0 e+ 0 9& fc lkiv 0& ^ka

0' p^qfpcv qeb ^pprjmqflkp dfsbk _v Qolmlpfqflk 52 Obuq0 `lkpfabofkd ];< fq fp

b^pv ql pelt -pbb -626;.. qe^q e+ 0 9& fjmifbp
&&& ]&&&& 0 9& ^ka `lkpbnrbkqiv

F ];<F 0 9&2 Gfk^iiv0 fq fp pqo^fdeqclot^oa ql `lk`irab qe^q F:F 0 9&2
"
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Dlkpfabofkd -626=. lkb `^k pbb qe^q cobnrbk`v lc lp`fii^qflk e+ fp pqof`qiv
obi^qba ql crk`qflkp 0& ^ka 0'0 tef`e abqbojfkb qeb ^jmifqrab lc ^rufif^ov
pfdk^i ;<2 Uebobclob0 qeb pbib`qflk lc qebpb crk`qflkp q^hfkd fkql ^``lrkq qeb
bslirqflk lc boolo < efdeiv ^!b`qp pvpqbj _be^sflo arofkd qo^kpfbkq pq^qbp2 Jk
loabo ql ifjfq lsbopellqp fq fp ob^plk^_ib ql `ellpb 0&0' ql _b efde bklrde ql
fjmiv klk1lp`fii^qlov _be^sflo lc qeb `ilpba1illm pvpqbj2 Pk qeb lqebo e^ka0
^``loafkd ql -6259. ^jmifqrab lc ;< abqbojfkbp qeb ^``ro^`v lc obdri^qflk fk
qeb pqb^av1pq^qb2 Bp ^ obpriq0 efde mob`fpflk lc obdri^qflk kbbap ql ^pprjb
ifj
)$&0A -/. @ 2A0 tebob 2A abklqbp ^ mlpfqfsb pj^ii `lkpq^kq -pj^ii bklrde clo

qeb abpfoba ^``ro^`v.2
Jk loabo ql al qe^q0 pfjfi^oiv ql Z=\0 qeb cliiltfkd d^fk crk`qflkp 0& -/. ^ka

0' -/. bumif`fqiv abmbkafkd lk qfjb ^ob molmlpba>

0A -/. @ 0A% bum -!#A/. / 2A5 clo Z @ 55 65 -627=.

tebob 0A% 8 40 #A 8 40 ^ka 2A 8 4 ^ob p`^i^o `lbÆ`fbkqp abqbojfkfkd qeb fkfqf^i
^ka ifjfq s^irbp lc qeb crk`qflk 0A ^ka fqp `lksbodbk`b o^qb0 obpmb`qfsbiv2 Jq
fp `ib^o qe^q0 pfk`b crk`qflkp -627=. p^qfpcv qeb ^pprjmqflkp lc Qolmlpfqflk 50
qeb mollc lc fq fp pqfii s^ifa2

Dlkpfabofkd qeb qrkfkd jbqelap fkqolar`ba _v crk`qflkp -627=. lkb `^k
molsb ^``loafkd ql -6259. ^ka -625:. qe^q

ifj
)$& Eh& -/.E * 2&5 ifj

)$& Eh' -/.E * 2'5 ifj
)$&h( -/. @ 44 -6284.

Gfk^iiv0 tb obqrok ql qeb pq^_fifw^qflk mol_ibj lc ^ klkelilkljf` ol_lq
-625. fk D^oqbpf^k pm^`b2 B``loafkd ql qeb boolo ab"kfqflk dfsbk _v -628.
^ka qo^kpcloj^qflk -62<. lkb `^k `lk`irab qe^q ifj

)$&; @ ) fjmifbp qe^q

ifj
)$& 3 @ )2 Ueb ^_lsb `lkpfabo^qflkp obpriq fk qeb cliiltfkd molmlpfqflk>

C]Z[Z^T_TZY + :ffh`\aZ g[Tg '& TaW '' TeX WX"aXW Ul *1.28+, g[X Vbageb__Xe
Z\iXa Ul *1.1/+, *1.18+, *1.12+, *1.14+, TaW *1.15+ j\g[ geTafYbe`Tg\baf *1.7+
TaW *1.0/+ XafheXf UbhaWaXff bY Xeebef 3 \a g[X fXafX g[Tg

ifj
)$& EV&-/.E * 2&5 ifj

)$& F3#-/.F * 2'

J
2'&
8
/ 55 -6285.

tebob 3# !
@ ZV' V(\

9
2

JX`Te^ 0. Ueb `lksbodbk`b o^qb abqbojfkba _v qeb #A `lbÆ`fbkq j^v _b
`ellpbk ^o_fqo^ov0 ^q ib^pq colj ^ qeblobqf`^i mlfkq lc sfbt2 Iltbsbo0 q^hfkd
fkql ^``lrkq -627<. ^ka `lkpfabofkd qeb qboj tofqqbk ^p

F< -4.F bum -!$/.
0&0'

-6286.

lkb `^k b^pfiv `lk`irab qe^q fq ab`ob^pbp clo ^ii qfjbp fc
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#& / #' 6 $4 -6287.

Ibk`b0 rpfkd qefp `lkafqflk clo pbib`qflk lc p`^ifkd crk`qflkp 0& ^ka 0' ^iiltp
ql mobsbkq colj fk`ob^pfkd Ee+E arofkd qeb obdri^qflk mol`bpp2

JX`Te^ 1. Fumlkbkqf^i `lksbodbk`b lc ^k ^rufif^ov boolo < -pbb -6258..
fjmifbp bumlkbkqf^i `lksbodbk`b lc qeb qo^kpclojba pq^qb sb`qlo ; ql ^
kbfde_loella lc qeb abpfoba mlfkq tfqe qeb o^afrp abqbojfkba _v )A -`c2 ^ipl
Z=\.2 Dlkpbnrbkqiv0 `lkpfabofkd fksbopb qo^kpcloj^qflk /!& lkb `^k abar`b ^
pfjfi^o `lk`irpflk dlsbokfkd `lksbodbk`b lc boolo 32 Nloblsbo0 qeb `lksbodbk`b
o^qb `^k _b abqbojfkba b^pfiv0 pfk`b fq fp afob`qiv obi^qba ql qeb pbib`qflk lc
\&5 \'0 ^p tbii ^p #A m^o^jbqbop -`ljm^ob -6278. ^ka -627=..2

JX`Te^ 2. Bpprjfkd qe^q 2A & 4 ^ka ]0&0' @ 0&
]0' tef`e vfbiap ql -& @ 40

qebk fq fp mlppf_ib ql l_q^fk ^k ^pvjmqlqf` `lksbodbk`b obpriq fk D^oqbpf^k
pm^`b2 Jq `^k _b b^pfiv molsba rpfkd -627<. qe^q Ee+E obj^fkp _lrkaba clo
^ii qfjbp fc lkiv `lkafqflk -6287. fp p^qfp"ba2 Iltbsbo0 qefp obpriq fp _^pba
lk qeb c^`q qe^q clo qeb fkfqf^i `lkafqflk F< -4.F 8 4 qeb `ilpba1illm pvpqbj
tfii kbsbo ob^`e qeb bnrfif_ofrj mlfkq fk "kfqb qfjb2 Ibk`b0 qeb `lkqoliibo
`lkpfaboba ebob albp klq ^pvjmqlqf`^iiv pq^_fifwb qeb pvpqbj ^q qeb lofdfk2 Jq
jb^kp qe^q fc F< -4.F 8 4 fq fp kb`bpp^ov ql pbib`q 0&0' 8 4 fk loabo ql ^slfa
pfkdri^ofqv2 Uebobclob0 fk qeb `^pb tebk 2A & 4 qeb `lkqoli i^t `lkpfaboba ebob
fp qfjb1af!bobkqf^_ib bsbovtebob bu`bmq qeb lofdfk2

FTX[WT!PO IP]^TZY ZQ _SP 6ZY_]ZWWP]

Bp lkb `^k pbb clo qeb UWP `lkqoliibo0 qeb qbojp `lk`bokfkd qeb
qfjb1abofs^qfsbp lc 0& ^ka 0' ^ob rpba bumif`fqiv2 Iltbsbo0 fq tlria _b pfjmibo
ql kbdib`q qebpb qbojp0 tef`e ^iiltp ql `e^kdb 0A arofkd obdri^qflk tfqelrq
`^i`ri^qfkd qebfo qfjb1abofs^qfsbp2 Nloblsbo0 fq e^p _bbk l_pbosba arofkd bu1
qbkpfsb pfjri^qflkp qe^q kbdib`qfkd ]0A fk qeb `lkqoli i^t j^v obpriq fk ibpp
lp`fii^qlov _be^sflo2 Uefp mebkljbk^ `^k _b bumi^fkba q^hfkd fkql ^``lrkq
qeb krjbo^qlo lc bumobppflk -626=.2 Tfk`b qeb cliiltfkd fkbnr^ifqv eliap>%%!g / 6\&;

#9.;<
%%/ %%%&9$9. ]$&

%%% , %%!g / 6\&;
#9.;<

%% -6288.

objlsfkd qeb qboj &9$9. ]$& pelria obpriq fk ^ iltbo rmmbo _lrka lc Ee+E2
Uefp pq^qbjbkq fp fiirpqo^qba fk Gfd2 626 clo bumlkbkqf^i p`^ifkd lc 0A2 Ueb

`lkqoliibo m^o^jbqbop tbob pbib`qba ^p \& @ \' @ 540 & -4. @
3
'
' Z5 5\

9
0

0& -4. @ 0' -4. @ 4490 #& @ #' @ 9 ^ka 2& @ 2' @ 44492 Bp `^k _b
pbbk0 `lksbodbk`b o^qb fk _lqe `^pbp fp nrfqb pfjfi^o0 _rq fc j^qofu ]$ fp rpba
bumif`fqiv0 qeb qo^kpfbkq _be^sflo ^mmb^op ql _b jlob lp`fii^qlov qe^k fk qeb
`^pb tebk ]$ fp aolmmba2 Olqb qe^q qeb pqb^av1pq^qb boolop fk _lqe `^pbp ^ob
ifjfqba ql qeb klkwbol s^irbp ^ka ^ob fk qeb p^jb ^pprjba kbfde_loella lc
qeb lofdfk fc lkiv ifj

)$&
]$ -/. @ ) 0 <'"' 2

Bp ^ `lkpbnrbk`b _^pba lk qeb mobpbkqba l_pbos^qflk qeb cliiltfkd
molmlpfqflk `^k _b grpqf"ba>
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@][. 1.1. Yzghoro!gzout kxxuxy lux znk Z\U iutzxurrkx uhzgotkj lux znk tutnurutusoi
otzkmxgzuxC {*2"35 {+26 63 gtj {,267637 RklzC znk uxomotgr iutzxurrkx5 xomnzC znk yosvro"kj
iutzxurrkx 2}oznu{z {yotm e# ot znk iutzxur rg}3

C]Z[Z^T_TZY , :ffh`\aZ g[Tg ZT\a VbXÆV\Xagf \&5 \' 8 449, 0A 8 4, TaW
]0A VTa UX _bjXe UbhaWXW Ul Ta XkcbaXag\T__l g\`X-iTel\aZ YhaVg\ba fhV[ g[Tg
ifj
)$&

]0A -/. @ 4, g[X `bW\"XW Vbageb_ _Tj je\ggXa Tf

: @ !\&<# / $ ]&5 -6289.

e+ @
\'j( / 6\&<

#9.;<
0&0'

-628:.

XafheXf XkcbaXag\T_ VbaiXeZXaVX bY <.

IebbY. Jk loabo ql pelt pq^_fifqv lc pvpqbj -6257. tb rpb qeb mlpfqfsb p`^i^o
crk`qflk ab"kba _v -625;.2 Uebk `^i`ri^qfkd fqp qfjb abofs^qfsb ^ka rpfkd
-6289.1-628:. lkb `^k dbq

]M @ !\&<#9<# ! \'j
'
( ! <#9 ]$& / j(&

9$9. ]$&4 -628;.

Pkb `^k b^pfiv `lk`irab qe^q qeb pfdkp lc qbojp <#9 ]$& ^ka &9$9. ]$& ^ob
klq abqbojfkba2 Ibk`b0 tb j^v "ka qeb rmmbo _lrka lc qebj rpfkd obi^qflk
-627:. ^ka

<#9 ]$& * -) F<#F 5 -628<.

tebob
-)

!
@ j^u

H%%% ]0&

%%% 5 %%% ]0'

%%%I 4 -628=.

Dlkpbnrbkqiv ]M p^qfp"bp

]M * !\& F<#F' ! \'j
'
( / -) F<#F/ -& Ej(E -6294.

tfqe -& ab"kba _v -6279.2
Jkqolar`fkd qeb rmmbo _lrka lc qeb i^pq qtl qbojp ^p

-) F<#F * &
'-

'
) /

&
' F<#F' 5 -& Ej(F * &

'-
'
& /

&
'j

'
( -6295.

fjmifbp qe^q

]M * -!\& / 449. F<#F' / -!\' / 449. j'( / 449
!
-') / -'&

"
4 -6296.
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Obuq0 obab"kfkd $ ^p

$
!
@ jfk A\& ! 4495 \' ! 449B -6297.

^ka ab"kfkd

-'*-/.
!
@ 449

!
-') / -'&

" * -'* -4. bum -!6#324/. 5 -6298.

tebob #324
!
@ jfkA#&5 #'B vfbiap

]M * !$ F<F' / 449-'* -4. bum -!6#324/. 4 -6299.

Uebk qfjb1abofs^qfsb lc M _b`ljbp

]M * !6$M / -'* -4. bum -!6#324/. 4 -629:.

Obuq `^i`ri^qfkd qeb plirqflk lc fkbnr^ifqv -629:. -pbb Bmmbkafu. lkb `^k
l_q^fk qe^q

M -/. * M -4. bum -!6$/. / 449-'* -4.

$ ! #324
Zbum -!6#324/.! bum -!6$/.\ 5 -629;.

tebob ^k ^pprjmqflk qe^q $ 1@ #324 e^p _bbk rpba2 Uefp obpriq ib^ap ql qeb
cliiltfkd rmmbo _lrka lc F< -/.F>

F< -/.F * F< -4.F bum -!$/. /
H
6

6
-* -4.

K
bum -!6#324/. ! bum -!6$/.

$ ! #324
4

-629<.
Golj -629<. lkb `^k `lk`irab qe^q qo^`hfkd boolo F< -/.F qbkap ql wbol ^p
qfjb dlbp ql fk"kfqv -^q qeb ifjfq afpqro_^k`b qboj rkabo qeb pnr^ob ollq
afp^mmb^op. abpmfqb qeb c^`q qe^q p`^i^o crk`qflk M fp klq dil_^iiv ab`ob^pfkd
clo ^ii fkfqf^i `lkafqflkp F< -4.F -klqb qe^q ]M j^v _b mlpfqfsb fk pljb qfjb
fkqbos^i.2

Obuq0 _^pba lk qeb pq^_fifqv obpriq dfsbk _v -629<. ^ka j^hfkd `^i`ri^qflkp
pfjfi^o ql qelpb mobpbkqba fk qeb mollc lc Qolmlpfqflk 5 fq fp `ib^o ql pbb qe^q
F:F 5 e+ 0 9& fc 0A5 ]0A 0 9&2 "
JX`Te^ 3. Bpprjfkd qe^q \& ^ka \' ^ob pbib`qba molmboiv fk loabo ql p^qfpcv
-6287.0 tefib $ fp ab"kba _v -6297.0 qeb rmmbo _lrka lc Ee+E ab`ob^pbp arofkd
qeb obdri^qflk mol`bpp2 Ibk`b0 qeb j^ufj^i s^irb Ee+E `^k _b bpqfj^qba _v
`^i`ri^qfkd Ee+ -4.E ^p cliiltp -clo pfjmif`fqv fq fp prmmlpba qe^q -( @ 6

H
6\&-'

^ka 2& @ 2' ) 4 ^ob kbdifdf_ib tfqe obpmb`q ql 0&% ^ka 0'%.>

Ee+D:ME * 6
H
6\& F< -4.F 0D:M%

0'
324%

5 -629=.

tebob 0324 %
!
@ jfk A0&%5 0'%B0 0D:M%

!
@ j^u A0&%5 0'%B2
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B``loafkd ql qefp obpriq lkb `^k `elpb 0&% ^ka 0'% efde bklrde fk loabo ql
ifjfq lp`fii^qlov _be^sflo arofkd qo^kpfbkq pq^qbp2 Pk qeb lqebo e^ka pbib`qflk
lc efde s^irbp lc 0&% lo 0'% j^v ib^a ql efde boolo ^q qeb _bdfkkfkd lc
qeb obdri^qflk mol`bpp ^``loafkd ql ^pprjmqflk -6257.2 Nloblsbo0 clo qvmf`^i
^mmif`^qflkp0 pfk`b 0& pe^mbp qeb lofbkq^qflk boolo -`ljm^ob -6257. ^ka -62<..0
fq fp ob^plk^_ib ql `ellpb 0&% * ,2

Jq pelria ^ipl _b jbkqflkba qe^q qo^kpfbkq pq^qbp ^ob abmbkabkq lk pbib`qflk
lc & -4.0 tef`e abqbojfkbp qeb fkfqf^i afob`qflk lc `lksbodbk`b lc sb`qlo ;# fk
^rufif^ov pq^qb pm^`b2 Bp ^ obpriq0 af!bobkq & -4. ib^ap ql af!bobkq m^qep lc qeb
ol_lq l_pbosba fk D^oqbpf^k pm^`b0 k^jbiv fq `^k jlsb clot^oa lo _^`ht^oa0
tfqe lkb qrok lo jlob0 bq`2

6ZY_]ZW FNLWTYR

Jk j^kv `lkqoli ^mmif`^qflkp p^qro^qflk lc fkmrq pfdk^ip l``rop2 Uebobclob0
absbilmfkd ^ `lkqoliibo tfqelrq q^hfkd fkql ^``lrkq qefp ifjfq^qflk j^v klq
dr^o^kqbb dlla obpriqp -pbb clo bu^jmib Z640 65\.2

Ibob tb `lkpfabo ^ jbqela ql obp`^ib qeb `lkqoli pfdk^i clo ^ UWP
`lkqoliibo rpba clo pq^_fifw^qflk lc ^k ^Ækb aofcqibpp pvpqbj2 Ueb mobpbkqba
^idlofqej `^k _b rpba ql ab`ob^pb lo fk`ob^pb qeb s^irb lc qeb `lkqoli pfdk^ip
-fk qefp `^pb ^jmifqrabp ^p tbii ^p cobnrbk`v. tfqelrq i^`h lc pq^_fifqv colj
^ qeblobqf`^i mlfkq lc sfbt2 Jq j^v _b rpbcri ql p`^ib qeb `lkqoli pfdk^i ql _b
tfqefk o^kdb lc mbojfppf_ib s^irbp2

Gfopq0 ibq rp ^pprjb qe^q qeb lofdfk^i `lkqoli pfdk^i : `^i`ri^qba ^``loafkd
ql -6289. fp obp`^iba _v pljb mlpfqfsb p`^i^o crk`qflk * -/. 0 9& ^p

: -/. @ * -/. Z!\&<# -/. / $ -/J..& -/J.e+ -/.\ -62:4.

tfqe

e+ -/. @
\'j( -/. / 6\&<

#9 -/..$ -/J. & -/J.

0& -/J.0' -/J.
5 -62:5.

tebob

/J
!
@ /J -/.

!
@

)G
%

* -.. U. -62:6.

abklqbp p`^iba qfjb2 Jq pelria _b klqba qe^q fkqolar`fkd qfjb p`^ifkd ^!b`qp
lkiv ^rufif^ov s^of^_ibp abmbkafkd bumif`fqiv lk qfjb0 k^jbiv obi^qba tfqe
pfdk^i ;<2 Uebobclob0 ^q fkpq^kq qfjb / 0 ;< ^ka `lkpbnrbkqiv & ^ka $ ^ob
`^i`ri^qba ^q /J2 B``loafkdiv0 fk qeb ab"kfqflk lc < -/. -pbb Fn2 -6257.. ;< -/.
fp obmi^`ba _v ;< -/J.2 Uefp molmlpfqflk fp ^ obpriq lc rpfkd cobnrbk`v lc &
^p ^ qefoa `lkqoli pfdk^i2 Ibk`b0 obp`^ifkd mevpf`^i fkmrq : jrpq obpriq fk
molmloqflk^i p`^ifkd ]&0 qe^q pfjmiv ib^ap ql fkqolar`qflk qeb sfoqr^i qfjb /J2

Bp `^k _b molsba0 fkqolar`fkd qfjb1p`^ifkd tfqe obpmb`q ql ;< vfbiap

]& -/J -/.. @ * -/. <
<)H

& -/J. 5 ]$ -/J -/.. @ * -/. <
<)H

$ -/J. 5 -62:7.
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tebob & -/J. abklqbp ^ plirqflk lc qeb lp`fii^qlo bnr^qflk abqbojfkba clo qfjb
/J0 k^jbiv

U

U/J
& @ e+ -/..& -/J. 4 -62:8.

Tr_pqfqrqfkd Fnp2 -62:4.1-62:5. ql -625=. ^ka -6266. ^iiltp ql pelt qe^q

qeb qfjb1abofs^qfsb lc < @
#
<#9 j(

$9
_b`ljbp

]<# -/. @ *

+
!\&<# -/. ! U

U/J
$ -/J. & -/J.

,
-62:9.

^ka

]j( @ *

+
!\'j( -/. / &9 -/J.$

9 -/J.
U

U/J
$ -/J. & -/J.

,
4 -62::.

Obuq0 fq fp pqo^fdeqclot^oa ql molsb qe^q

]M @ *

+
!\& F<# -/.F' ! \'j

'
( -/.! <#9 -/.

U

U/J
$ -/J. & -/J. / -62:;.

/j( -/J. &
9 -/J.$

9 -/J..
U

U/J
$ -/J. & -/J.

,
4

Tfjfi^oiv ql `^i`ri^qflk j^ab fk qeb mollc lc Qolmlpfqflk 7 lkb `^k molsb
qe^q

3)2% M -/. * M -4. bum -!6*$/. / 449-'* -4.

$ ! #324
Zbum -!6#324/J.! bum -!6$/J.\ 4

-62:<.
Gfk^iiv0 lkb `^k `lk`irab qe^q `lksbodbk`b lc crk`qflk M `^k _b `e^kdba

molmloqflk^iiv ql *2 Nloblsbo0 fk qeb p^jb t^v qeb qfjb bslirqflk lc & ^ka
$ fp obp`^iba -`ljm^ob -62:7..2 Ibk`b0 < j^v bslisb c^pqbo -clo * 8 5. lo
piltbo -clo 4 6 * 6 5. tfqe obpmb`q ql qeb lofdfk^i plirqflk -f2b2 tebk * @ 5.2
Jq fp sbov fjmloq^kq ql klqb qe^q qeb pe^mb lc qeb qo^gb`qlov abp`of_fkd qeb
bslirqflk lc < fk qeb pq^qb pm^`b fp fkabmbkabkq lk `ellpfkd * 8 42

JX`Te^ 4. Tfdk^i ^ka qfjb p`^ifkd mobpbkqba ebob pbbjp ql _b ^ sbov b!b`qfsb
plirqflk clo `lkqoliifkd ^ aofcqibpp pvpqbj2 Vpfkd molmboiv p`^ifkd crk`qflk *
lkb `^k b^pfiv j^hb obdri^qflk ql _b c^pqbo lo piltbo fk loabo ql ^slfa `lkqoli
pfdk^i p^qro^qflk ^ka ifjfq fqp cobnrbk`v2 Dlkpbnrbkqiv0 fq fp pfjmibo ql qrkb
qeb `lkqoliibo fk loabo ql l_q^fk klk1lp`fii^qlov obpriqp qeblobqf`^iiv ^ka kbuq
obp`^ib qeb `lkqoli pfdk^i q^hfkd fkql ^``lrkq `lkqoli ifjfq^qflkp tef`e ^!b`q
qeb mevpf`^i l_gb`q2

+(,(+ 6ZY_]ZW ?Lb 5L^PO ZY IPN_Z] 9TPWO B]TPY_L_TZY 4[[]ZLNS

Olt0 qeb mol_ibj lc ^pvjmqlqf` pq^_fifw^qflk -fk qeb pbkpb lc Eb"kfqflk 5.
tfii _b `lkpfaboba2 Xfqelrq i^`h lc dbkbo^ifqv tb ^pprjb0 qe^q qeb obcbobk`b
mlfkq fp ^q qeb lofdfk>
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7K
!
@ Z4 4 4\9 4 -62:=.

Jk qeb kbuq pb`qflk qeb Wb`qlo Gfbia Pofbkq^qflk -WGP. ^mmol^`e tfii _b
abp`of_ba2 Jq ^iiltp ql abofsb ^ pfjmib `lkqoliibo0 tef`e j^hbp qeb mlpqrob
boolo -628. ^pvjmqlqf`^iiv `lksbodb ql wbol2 Ueb WGP pqo^qbdv clo qeb rkf`v`ib
ol_lq t^p fkqolar`ba clo qeb "opq qfjb fk Z56\2

I9B 4[[]ZLNS

Ueb WGP `lk`bmq `ljbp afob`qiv colj ^k fkqrfqfsb dbljbqof`^i fkqbomobq^qflk
lc qeb pqor`qrob lc `lkqoliiba hfkbj^qf`p -625. ^ka fqp mlppf_ib qfjb bslirqflk
fk obpmlkpb ql pmb`f"` `lkqolip e&-". ^ka e'-".2 Ueb j^fk fab^ fkslisbp
ab`ljmlpfqflk lc Fn2 -625. fkql qtl pr_pvpqbjp !& ^ka !'>

!& > ]3 @ e&5 -62;4.

!' > ]7# @ 5#'-7.e'5 tebob ]7# !
@

+
]h
]i

,
5 5#'-7.

!
@

+
`lp3
pfk3

,
4 -62;5.

Ueb "opq 51E pr_pvpqbj fp ifkb^o2 Ueb pb`lka lkb -61E. fp efdeiv klkifkb^o2
Pkb `^k "ka qe^q qeb afob`qflk lc qfjb bslirqflk lc pq^qb s^of^_ibp h5 i fk <'
abmbkap lk qeb afob`qflk lc sb`qlo "bia 5#'-7.>

=ZbA ]7#B @ =ZbA5#'-7.B5 -62;6.

tebob ]7# !
@ Z ]h ]i\9 ^ka =ZbA%B abklqbp qeb afob`qflk lc % fk <6 -ebob fk

<' .2 Tfk`b _lqe `ljmlkbkqp lc 5#'-7. abmbka lk qeb "opq pq^qb s^of^_ib 30 qeb
`roobkq afob`qflk -^ka lofbkq^qflk&. lc 5#'-7. `^k _b `e^kdba _v `e^kdfkd qeb
^`qr^i s^irb lc 32 Golj -62;4. fq obpriqp qe^q qefp `e^kdb `^k _b ^``ljmifpeba
obi^qfsbiv b^pfiv tfqe qeb "opq fkmrq pfdk^i e&2 Erb ql qeb m^oqf`ri^o cloj lc
qeb sb`qlo "bia 5#'-7. fk -62;5.0 ^ii ^``bppf_ib afob`qflkp fk <' ^p crk`qflkp lc
3 s^of^_ib fk`irab ^ii mlppf_ib afob`qflkp lk qeb mi^kb2 Uebobclob0 lkb `^k p^v
qe^q 5#'-7. fp criiv lofbkq^_ib fk <' 2 Tfk`b 3 afob`qiv ^!b`qp qeb lofbkq^qflk lc
5#'-7.0 fq `^k _b `^iiba qeb be\Xag\aZ iTe\TU_X2 Tfk`b fkmrq e& afob`qiv aofsbp qeb
lofbkqfkd s^of^_ib 30 fq `^k _b `^iiba qeb be\Xag\aZ Vbageb_2 Jq fp b^pv ql "ka qe^q

qeb pb`lka fkmrq e' aofsbp qeb pr_1pq^qb 7
# !
@ Zh i\9 ^ilkd qeb `roobkq afob`qflk

lc 5#'-7.2 Pkb `^k p^v qe^q e' chf[Xf qeb pr_1pq^qb 7# ^ilkd qefp sb`qlo "bia2
Ibk`b e' tfii _b `^iiba qeb chf[\aZ Vbageb_2 Ueb molmlpba fkqbomobq^qflk ^ka
qbojfklildv ^iiltp ql abp`of_b qeb WGP `lkqoli jbqelalildv clo qeb pvpqbj
abp`of_ba _v -62;4. ^ka -62;5.2 Gfopq tb e^sb ql fkqolar`b ^k ^aafqflk^i sb`qlo
"bia

6-3-/..
!
@

5
7Y&-3-/..Y'-3-/..
Y(-3-/..

6
8 !
@

+
Y&-3-/..
6#-3-/..

,
0 <( 5 -62;7.

* Yzxoizr� yvkgqotm5 znk hkb^gmZmbhg ul yusk |kizux "krj % skgty ozy ]bk^\mbhg ot 0H

grutm }ozn ozy yktyk7
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tef`e tfii _b `^iiba qeb VbaiXeZXaVX iXVgbe "X_W2 Mbq rp ^pprjb qe^q qefp
sb`qlo abqbojfkbp ^k fkpq^kq^kblrp `lksbodbk`b afob`qflk -lofbkq^qflk. tef`e
pelria _b cliiltba _v qeb `lkqoliiba pvpqbj ql ob^`e qeb obcbobk`b dl^i mlfkq
7K2 Bq qeb jljbkq tb ^pprjb qe^q 6 fp dfsbk2 Ueb WGP `lkqoli pqo^qbdv `^k
_b bumi^fkba ^p cliiltp2

Tfk`b 6 ab"kbp qeb `lksbodbk`b afob`qflk -^ka lofbkq^qflk.0 fq fp abpfo^_ib
ql mrq qeb afob`qflk -lofbkq^qflk. lc qeb dbkbo^ifwba sbil`fqv sb`qlo "bia ]7 lc
qeb `lkqoliiba pvpqbj -625. lkql qeb afob`qflk lc 62 Bp tfii _b peltk0 lkb
`^k ^``ljmifpe qefp q^ph _v qeb "opq fkmrq e&2 Tfjriq^kblrpiv0 qeb pr_pvpqbj
-62;5. pelria _b mrpeba _v qeb pb`lka fkmrq e'0 ^ilkd qeb sb`qlo "bia ]7# _bfkd
lofbkqba2 Nloblsbo0 fq pbbjp ql _b ob^plk^_ib ql mrpe qeb pr_pvpqbj -62;5.

lkiv molmloqflk^iiv ql qeb `roobkq loqeldlk^i molgb`qflk lc 6# !
@ ZY' Y(\

9 lkql
qeb fkpq^kq^kblrp afob`qflk lc 5#'-7. -lo lc ]7# arb ql -62;6..2 Obuq0 qeb telib
sb`qlo "bia 6 pelria _b abpfdkba0 ql dr^o^kqbb qbkafkd lc 3 ql fqp obcbobk`b
s^irb ^q qeb ifjfq ^p h ^ka i ob^`e qebfo obcbobk`b s^irbp2 N^qebj^qf`^iiv0 qeb
WGP pqo^qbdv bumi^fkba ^_lsb `^k _b tofqqbk fk qeb cliiltfkd cloj>

"aW e& >
H

ifj
)$& ]7-/. E E6-3-/.. - ifj

)$& ]7-/. \-/. @ 6-3-/..
I
5

"aW e' > A F ]7#F . F6#F `lp#B 5
tebob \-/. 1@ 4 fp ^ p`^i^o crk`qflk0 #

!
@ /-5#'-7.56#.0 qeb bumobppflk

1 E E 2 abklqbp qe^q _lqe sb`qlo "biap 1 ^ka 2 ^ob m^o^iibi0 ^ka . fp ^
molmloqflk^ifqv lmbo^qlo2 B``loafkd ql qeb WGP pqo^qbdv0 qeb `lkafqflkp tef`e
bkprob j^q`efkd lc qeb afob`qflkp lc qeb qtl sb`qlo "biap 6 ^ka ]7 tfii _b
abofsba2 Gfopq lc ^_lsb obi^qflkp `^k _b obtofqqbk ^p cliiltp -clo pfjmif`fqv
pljb ^odrjbkqp ^ob ljfqqba.>

"aW e& >

9=
; ifj

)$&

5
7 ]3-/.
]h-/.
]i-/.

6
8 \-/.@

5
7Y&Y'
Y(

6
8 "'.&#, ifj

)$&

5
7 e&\-/.
`lp3-/.e'\-/.
pfk3-/.e'\-/.

6
8@

5
7Y&Y'
Y(

6
8
:>
< 4

Dlj_fkfkd qeb i^pq qtl obi^qflkp0 lkb l_q^fkp qtl pl1`^iiba M?H be\Xag\aZ
VbaW\g\baf >

"aW e& >

1
e& \-/. @ Y&

ifj
)$&3-/. @ Bq^k6 -fZa-\-/..Y(5 fZa-\-/..Y'.

2
5 -62;8.

tebob Bq^k6 -45 4. abklqbp qeb clro1nr^ao^kq fksbopb q^kdbkq crk`qflk ^ka>

fZa-R.
!
@

-
5 5 clo R , 45

!5 5 clo R 6 44
-62;9.

Dlkafqflkp -62;8. pelria _b jbq ql bkprob mi^`fkd qeb afob`qflk lc ]7 lkql qeb
afob`qflk lc 6 ^ka tfii _b afob`qiv rpba fk qeb pbnrbi clo abpfdk mromlpbp lc qeb
"opq `lkqoli pfdk^i e&2 Grk`qflk \-/.0 tef`e ^mmb^op fk qeb ^_lsb `lkafqflkp
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fp klq kbbaba ql _b hkltk bumif`fqiv'0 eltbsbo fqp pfdk fp ebimcri ql molmboiv
pe^mb qo^kpfbkq pq^qbp lc qeb telib `lkqoli pvpqbj2 Xb mlpqri^qb qeb cliiltfkd
bnr^ifqv>

fZa-\-/..
!
@ fZa-V'%.5 -62;:.

tebob V'% & V'-4. abklqbp qeb fkfqf^i s^irb lc qeb boolo V'-/.
"'.)#
@ hK ! h-/.2

I9B 6ZY_]ZWWP]

Cv ^k ^mmolmof^qb ab"kfqflk lc pfdk^i e&0 qeb "opq obi^qflk fk -62;8. `^k _b
cri"iiba fkpq^kq^kblrpiv2 Ueb pb`lka lkb0 eltbsbo0 `^k _b dbkbo^iiv jbq lkiv
^q qeb ifjfq ^p / +/2 Ibk`b tb fkqolar`b ^k Thk\_\Tel be\XagTg\ba iTe\TU_X>

3<
!
@ Bq^k6 -fZa-V'%.Y(5 fZa-V'%.Y'. -62;;.

^ka qeb Thk\_\Tel be\XagTg\ba Xeebe >

V&<
!
@ 3< ! 34 -62;<.

Olt0 ql jbbq qeb pb`lka `lkafqflk fk -62;8. fq prÆ`bp ql pelt qe^q boolo
V&< qbkap ql wbol2 Uebobclob0 tb molmlpb ql ab"kb qeb "opq `ljmlkbkq lc qeb
`lksbodbk`b sb`qlo ^p cliiltp>

Y&-3-/..
!
@ \-/.Z\&V&< / ]3<\5 -62;=.

tebob \& 8 4 fp ^ abpfdk `lbÆ`fbkq ^ka qeb cbbaclot^oa qboj `^k _b `ljmrqba
^p cliiltp

]3<
"'.,,#
@

]Y(Y' ! Y( ]Y'
Y'' / Y'(

5 Y'' / Y'( 1@ 45 -62<4.

tebob qeb qbojp ]Y' ^ka ]Y( ^ob abqbojfkba fk qeb Bmmbkafu2 Gfk^iiv0 ql jbbq
qeb "opq obi^qflk fk -62;8.0 fq prÆ`bp ql q^hb>

e&
!
@

Y&
\-/.

"'.,.#
@ \&V&< / ]3<4 -62<5.

Ueb abofsba `lkqoli i^t -62<5. pelria dr^o^kqbb qe^q ifj)$& V&< @ 4 -qefp
tfii _b molsba fk qeb pbnrbi.2

Olt qeb qtl i^pq `ljmlkbkqp Y' ^ka Y( lc qeb `lksbodbk`b sb`qlo "bia 6
tfii _b ab"kba2 Mbq rp fkqolar`b qeb cliiltfkd molmlpfqflk>

6#-3-/.. @
+
Y'-3-/..
Y(-3-/..

,
!
@ \G3

# / ]7#LK5 3# !
@

+
V'
V(

,
5 -62<6.

+ Gy }orr hk ynu}t5 l{tizout n2; 3 juky tuz gvvkgx ot znk "tgr jk"tozout ul znk
iutzxur yomtgry7
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tebob \G 8 4 fp ^ abpfdk `lbÆ`fbkq2 Ueb i^pq qboj ]7#LK fp `^iiba qeb i\eghT_
eXYXeXaVX iX_bV\gl ^ka fp ab"kba ^p cliiltp>

]7#LK
!
@ !( F3#F fZa-V'%. 5#'K5 4 6 ( 6 \G5 -62<7.

tebob

5#'K
!
@ 5#'-7K.

"'.,&#
@

+
`lp3K
pfk3K

,
"'.+.#
@

+
5
4

,
4 -62<8.

Jq tfii _b peltk0 qe^q qeb ^aafqflk^i `lbÆ`fbkq ( fk -62<7. fp ebimcri fk pe^mfkd
qo^kpfbkq pq^qbp -pbb Gfd2 627.2

@][. 1.2. Suhork xuhuz j{xotm znk \LU iutzxur vxuikyy lux nd E :5 6h E a9 9 9cN 5
gtj Æ E !1 S 1$S l`g2h+)3

B``loafkd ql qeb WGP pqo^qbdv fq obj^fkp ql ab"kb qeb mrpefkd `lkqoli
e'2 Sb`^iifkd qeb `lkpfabo^qflkp lc Tb`qflk 62726 tb molmlpb ql q^hb

e'
!
@ F6#F `lp#5 -62<9.

tebob #
!
@ /-5#'56#. ^ka ebk`b

`lp#
!
@

5#9' 6#

F5#'F F6#F clo F6#F 1@ 44 -62<:.

Tr_pqfqrqfkd -62<:. fkql -62<9. ^iiltp ql l_q^fk ^ pfjmibo cloj lc `lkqoli pfdk^i
e'>

e' @
5#9' 6#

F5#'F
"'.&#
@ Y' `lp3/ Y( pfk34 -62<;.

Olt0 tb `^k clojri^qb qeb cliiltfkd molmlpfqflk2

C]Z[Z^T_TZY - EXg g[XeX UX Z\iXa g[X eXYXeXaVX cb\ag *1.58+. :ffh`\aZ g[Tg
3#-4. 0 <' G ) TaW 3)0& F6#-3-/..F 1@ 4, g[X M?H Vbageb__Xe *1.70+ TaW
*1.76+ ZhTeTagXXf Tfl`cgbg\V VbaiXeZXaVX bY g[X cbfgheX Xeebe *1.3+ gb mXeb Tf
/ +/.
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IebbY2 Gfopq0 ibq rp `lkpfabo qeb be\Xag\aZ iTe\TU_X 3 _be^sflo2 Tr_pqfqrqfkd
-62<5. ql -625. vfbiap>

]V&< / \&V&< @ 44 -62<<.

Pkb `lk`irabp qe^q qeb lofbkqfkd s^of^_ib 3 bumlkbkqf^iiv qbkap ql qeb
^rufif^ov afob`qflk ^kdib 3<>

ifj
)$& V&<-/. @ 44 -62<=.

Olt tb tfii q^hb fkql ^``lrkq qeb mlpfqflk boolo 3#2 Glo qeb mlpqrob
pq^_fifw^qflk q^ph tb e^sb>

3# !
@ 7#K ! 7# , ]3# @ ! ]7#4 -62=4.

Vpfkd -62<6. lkb `^k obtofqb qeb ^_lsb ofdeq1e^ka1pfab bnr^qflk ^p cliiltp>
]3# @ ! ]7# / 6# ! \G3

# ! ]7#LK0 tef`e `^k _b loaboba fk qeb cliiltfkd t^v>

]3# / \G3
# @ 8 ! ]7#LK5 8

!
@ 6# ! ]7#4 -62=5.

N^hfkd pfjmib `^i`ri^qflkp -pbb qeb Bmmbkafu. lkb j^v abofsb qeb cliiltfkd
rpbcri obi^qflk>

F 8F' @ F6#F' -5! `lp' #.5 -62=6.

tebob `lp# fp ab"kba _v -62<:. ^ka -pbb qeb Bmmbkafu.

ifj
-$-:

-5! `lp' #. @ 44 -62=7.

Olt tb fkqolar`b qeb cliiltfkd mlpfqfsb1ab"kfqb Mv^mrkls crk`qflk `^kafa^qb>

M -3#. !
@ &

'3
#93#2 Ueb qfjb abofs^qfsb lc qefp crk`qflk `^k _b bpqfj^qba

^p cliiltp -ql pfjmifcv klq^qflk0 tb rpb % @
H
5! `lp' # 0 Z45 5\ ^ka

Æ @ !( F 3#F fZa-V'%..>

]M @ 3#9 ]3#
"'..&#
@ 3#9 -!\G3# / 8 ! ]7#LK.

"'.-(#
@ 3#9 -!\G3# / 8 ! Æ 5#'K. @

@ !\G F3#F' / 3#98 ! Æ3#95#'K * !\G F3#F' / F 3#F F 8F/ EÆE F3#F F5#'KF @
"'.-)#
@ !\G F3#F' / F3#F F8F/ EÆE F 3#F @

"'..'#
@ !\G F3#F' / F3#F F6#F % / EÆE F3#F @

"'.-'#
@ !\G F3#F' / F3#F Z F \G3# / ]7#LKF % / EÆE \ *
* !\G F3#F' / F3#F Z -\G F 3#F/ EÆE.% / EÆE \ @
@ !\G-5! %. F3#F' / EÆE -5 / %. F3#F @ !Z\G ! \G% ! ( ! (%\ F3#F' 4

Ueb ^_lsb qfjb abofs^qfsb fp kbd^qfsb1ab"kfqb0 fc qeb qboj fk qeb _o^`hbqp fp
mlpfqfsb2 Jq dfsbp qeb cliiltfkd `lksbodbk`b `lkafqflk>

% 6 -\G ! (.7-\G / (. , ifj
)$& F 3#-/.F + 44 -62=8.
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Tfk`b 4 6 ( 6 \G ^ka obi^qflkp -62=7. ^ka -62<=. elia0 lkb `lk`irabp>

4)"2% > 3)2)" % 6 -\G ! (.7-\G / (. -62=9.

^ka qeb kloj F 3#-/.F `lksbodbp ^pvjmqlqf`^iiv -bumlkbkqf^iiv clo / 8 /$. ql
wbol ^p / +/2

Jk qeb obpq lc qeb mollc tb `lkpfabo qeb `lksbodbk`b lc qeb ol_lq lofbkq^qflk

^kdib 3 -`^iiba qeb lofbkq^qflk s^of^_ib. ql qeb obcbobk`b ^kdib 3K
"'.+.#
@ 40 ^q

ib^pq ^q qeb ifjfq F3#F + 42 Erb ql -62<=.0 ql pelt qeb `lksbodbk`b lc 3 ql
wbol fq prÆ`bp ql pelt qeb `lksbodbk`b ql wbol clo 3< -Fn2 -62;;..2 B``loafkd
ql Eb"kfqflk -62;;. fq prÆ`bp ql pelt qe^q `ljmlkbkq Y( ^it^vp qbkap ql wbol
c^pqbo qe^k `ljmlkbkq Y' Z5=\2 Sb`^iifkd -62<6. ^ka -62<7. tb e^sb clo 3K @ 4>

Y'
!
@ \GV' ! ( F3#F fZa-V'%.5 Y(

!
@ \GV(4 -62=:.

Nloblsbo0 fq fp b^pv ql pelt qe^q -pbb qeb Bmmbkafu.

ifj
-$-:

-
]h @ Y'5
]i @ Y(5

"'..%#, ifj
-$-:

-
]V' @ !Y'5
]V( @ !Y(4 -62=;.

Tr_pqfqrqfkd -62=:. fkql qeb ^_lsb ofdeq1e^ka1pfab obi^qflkp lkb l_q^fkp>

ifj
-$-:

-
]V' / \GV' @ ( F3#F fZa-V'%.5
]V( / \GV( @ 44

Jq fp l_sflrp qe^q V( qbkap ql wbol c^pqbo qe^k V'2 U^hfkd fkql ^``lrkq -62=:. fq
fp ^ipl `ib^o qe^q ^q qeb ifjfq F 3#F + 4 qeb `ljmlkbkq Y( + 4 ^it^vp c^pqbo
qe^k Y'2 Gfk^iiv0 lkb `lk`irabp>

ifj
/ 1"/$%

3<-3
#.+ 4

"'.-.#, ifj
)$& 3-/. @ 4

"'.+.#, ifj
)$& V&-/. @ 44

Jc 3)0& F6#-/.F 1@ 40 qeb qboj ]3< 0 9&2 Olt0 pfk`b Y'5 Y(5 3 ^ka ]3 0 9&0
`lkqoli pfdk^ip -62<5. ^ka -62<;. ^ob _lrkaba ^ka ifj

)$&e&-/.5 e'-/. @ 42

"
JX`Te^ 5. Gri"iifkd F6#F 1@ 4 arofkd qo^kpfbkq pq^db abmbkap lk qeb
b!b`qfsbkbpp lc qeb lofbkqfkd mol`bpp x qeb peloqbo qfjb fkqbos^i /$ fk -62=9.0
qeb b^oifbo qeb `lksbodbk`b lc 3# _b`ljbp bumlkbkqf^i -qeb kloj F6#F tfii
klq `olpp wbol fk "kfqb qfjb.2 Ibk`b ql dr^o^kqbb qe^q 3)0& F6#F 1@ 40 qeb
cliiltfkd pbnrbkqf^i pqo^qbdv `^k _b ^mmifba> F*% rpb qeb lofbkqfkd `lkqoli
-62<5. qldbqebo tfqe e' & 4 ql cri"ii `lkafqflk -62=8.0 F+% rpb qeb `ljmibqb
WGP pq^_fifwbo dfsbk _v Fnp2 -62<5. ^ka -62<;. bkprofkd qeb bumlkbkqf^i
`lksbodbk`b lc F3#F ql wbol2

Erb ql -62<6.0 Eb"kfqflk -62;;. fp klq abqbojfkba tebk qeb `lkqoliiba
sbef`ib fp ^q qeb obcbobk`b mlfkq 7#K 0 tef`e jb^kp Y' @ Y( @ 4 , V' @ V( @ 42
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Ibk`b0 mlfkq 3 @ ) fp klq ^k bnrfif_ofrj lc qeb `ilpba illm pvpqbj0 ^ka qeb
molmlpba WGP `lkqoliibo `^k lkiv _b `^iiba qeb T_`bfg fgTU\_\mXe -^``loafkd ql
qeb qbojfklildv fkqolar`ba fk Z7\.2 Jq fp tloqe klqfkd qe^q qeb fkabqbojfk^`v
lc qeb qvmb 3< @ Bq^k6 -45 4. kbsbo l``rop fc qeb `lkafqflk -62=9. fp jbq0
_b`^rpb0 ^pprjfkd F 3#-4.F 1@ 40 fq tlria lkiv l``ro ^q qeb ifjfq / + /0
tef`e qeblobqf`^iiv jb^kp kbsbo Z50 7\2 Biqelrde colj ^ mo^`qf`^i mlfkq lc
sfbt ^ka fk qeb `^pb tebk F 3#-4.F @ 40 fq fp abpfo^_ib ql fkqolar`b ^aafqflk^i
ab"kfqflkp lc pfdk^ip 3< ^ka ]3< ^q qeb lofdfk2 Bp ^ `lkpbnrbk`b0 lkb fkqolar`bp
qeb cliiltfkd molmlpfqflk lc ^ afp`lkqfkrlrp -mfb`btfpb `lkqfkrlrp. ^pvjmqlqf`
pq^_fifwbo0 tbii1ab"kba fk qeb telib boolo pm^`b2

C]Z[Z^T_TZY . $I9B ^_LMTWTeP]% ?be g[X Z\iXa eXYXeXaVX cb\ag *1.58+, g[X
M?H Vbageb__Xe *1.70+ TaW *1.76+ Z_bUT__l Tfl`cgbg\VT__l fgTU\_\mXf g[X cb\ag
3 @ ) \Y

3<5 ]3<
!
@

-
-64;;.5 -64<4. Ybe 3# 1@ )5

3K5 ]3K Ybe 3# @ )4
-62=<.

'$) 2TSYWTQ ;NRNYFYNTSX

Jk mo^`qf`b0 ifjfq^qflkp lc `lkqoli pfdk^ip ^it^vp bufpq2 Ibk`b0 klq ^ii `lkqoli
s^irbp ^ob cb^pf_ib fk ^ ob^i pvpqbj2 Uebobclob0 fk qefp pb`qflk `lkqoli
pfdk^i p^qro^qflk tfii _b bumif`fqiv q^hbk fkql ^``lrkq ^ka ol_rpqkbpp lc qeb
`lkpfaboba pq^_fifw^qflk `lkqoliibop ql qefp p^qro^qflk tfii _b bu^jfkba2 Olt
tb ab"kb qeb ifjfq^qflkp fjmlpba lk qeb fkmrqp lc qeb `lkqoliiba hfkbj^qf`p
-625.2

Biqelrde fk Fn2 -625. fq fp ^pprjba qe^q qeb fkmrqp ql qeb pvpqbj ^ob0
obpmb`qfsbiv0 qeb ^kdri^o0 e& @ "0 ^ka ifkb^o0 e' @ M 0 sbil`fqfbp lc qeb ol_lq
mi^qcloj0 fk mo^`qf`b ^ka fk qeb `^pb lc af!bobkqf^iiv aofsbk sbef`ib0 lkb `^k
mevpf`^iiv ^!b`q lkiv qeb `lk"dro^qflk sbil`fqfbp0 tef`e ^ob qeb ibcq0 150 ^ka
ofdeq0 180 ol_lq ^kdri^o tebbi sbil`fqfbp2 Tfk`b _lqe tebbip pfjriq^kblrpiv
^!b`q pfdk^ip " ^ka M 0 lkb `^kklq fkabmbkabkqiv fjmlpb `lkpq^kq ifjfq^qflkp
"D:M ^ka MD:M lk qebpb fkmrqp -qebv ^ob obi^qba ^p "D:M @ W-MD:M..2
Uebobclob0 lkb e^p ql ab"kb qeb ifjfq^qflkp `lk`bokfkd `lk"dro^qflk sbil`fqfbp
15 ^ka 182 Mbq rp ^pprjb qe^q _lqe tebbip ^ka qebfo aofsbp ^ob fabkqf`^i0 tfqe
b abklqfkd qeb tebbi o^afrp ^ka S abklqfkd qeb ibkdqe lc qeb tebbi ^uib -pbb
Gfd2 625.2 Q^o^jbqbo 1D:M 8 4 fp qeb j^ufj^i cb^pf_ib ^kdri^o sbil`fqv lc
b^`e tebbi2 Ueb tbii1hkltk ifkb^o obi^qflk _bqtbbk qeb fkmrqp ^ka obpmb`qfsb
`lk"dro^qflk sbil`fqfbp fp ^p cliiltp>

9 @ #(5 -62==.

tebob

9
!
@

+
e&
e'

,
5 #

!
@

+
b7S !b7S
b76 b76

,
5 (

!
@

+
18
15

,
4
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Ebklqfkd _v 9; @ Ze&; e';\
9 qeb `lkqoli sb`qlo `ljmrqba -klk1p^qro^qba. _v

lkb lc qeb mobpbkqba pq^_fifwbop0 qeb `ljmrqba -klk1p^qro^qba. `lk"dro^qflk
sbil`fqfbp cliilt>

(; @ #!&9;5 -62544.

tebob (; @ Z18; 15;\
9 2 B``loafkd ql Z55\ -pbb ^ipl Z6\.0 tb molmlpb qeb

cliiltfkd p`^ifkd mol`barob0 tef`e dr^o^kqbbp cri"iifkd qeb `lk"dro^qflk
fkmrq ifjfq^qflkp> E18E 5 E15E* 1D:M ^ka mobpbosbp qeb p^jb afob`qflk lc qeb
`ljmrqba `lkqoli sb`qlo 9; ^ka qeb obp`^iba -^ka ifjfqba. `lkqoli sb`qlo( 9J>

9J @ #(J5 -62545.

tebob 9J @ Ze&J e'J\
9 0 (J @ Z18J 15J\

9 ^ka

c
!
@ j^u

- E18;E
1D:M

5
E15;E
1D:M

.
5 (J @

-
(; fc c * 55
&
J(; fc c 8 54

-62546.

Olt0 obp`^iba `lkqoli sb`qlo 9J jbbqp qeb `lkqoli ifjfq^qflk "D:M @ W-MD:M.
afob`qiv obpriqfkd colj qeb s^irb lc 1D:M ^ka `^k _b ^mmifba ql pvpqbj -625.2
Jk qeb kbuq pb`qflk qeb ^clobjbkqflkba `lkqoli ifjfq^qflkp tfii _b q^hbk fkql
^``lrkq fk pfjri^qflk qbpqp2 Ueb mbocloj^k`b lc qeb mobpbkqba `lkqoliibop clo
qeb `^pbp tfqe ^ka tfqelrq ifjfq^qflkp tfii _b bu^jfkba ^ka `ljm^oba2

'$* ANRZQFYNTS @JXZQYX

Ueb b!b`qfsbkbpp lc qeb qtl molmlpba `lkqoliibop tfii _b fiirpqo^qba _v
pfjri^qflk obpriqp2 Ueb obcbobk`b mlfkq fp il`^qba ^q qeb lofdfk> 7K @ Z4 4 4\9 2
Orjbof`^i pfjri^qflkp e^sb _bbk `lkar`qba tfqefk qeb qfjb elofwlk lc
/@ @ 54Zc\ ^ka clo qeb cliiltfkd fkfqf^i `lkafqflkp> 3-4. @ 40 h-4. @ 40 ^ka
i-4. @ !7 -m^o^iibi m^ohfkd.2 Ueb `lkqoliibop e^sb _bbk qbpqba clo qtl `^pbp>
-B. tfqelrq `lkqoli pfdk^i ifjfq^qflkp ^ka -C. tebk mo^`qf`^i ifjfq^qflkp lc
tebbi sbil`fqfbp e^sb _bbk fjmlpba2 Jk `^pb -C. qeb cliiltfkd m^o^jbqbo s^irbp
e^sb _bbk pbq)> tebbi o^afrp> b @ 4446:Z^\0 ^uib ibkdqe> S @ 444::Z^\0 ^ka
j^ufj^i tebbi sbil`fqv> 1D:M @ <5ZbRU7c\2

+(.(* GIB F_LMTWTeP]

Ueb m^o^jbqbop lc qeb `lkqoliibo mobpbkqba fk Tb`qflk 62725 e^sb _bbk pbib`qba
^p> \& @ \' @ :0 & -4. @ Z4 ! 5\9 0 0&% @ ,0 0'% @ 80 2& @ 2' @ 44450 #& @ 6
^ka #' @ 72

, Ot znk yktyk zngz 9g R R9W ux 9g E d9W5 }nkxk 9 F d - :7
- Znk xkgr vgxgskzkx |gr{ky ul znk k~vkxosktzgr suhork xuhuz JbgbQkZ\d^k 3
vxkyktzkj ot a:<c ng|k hkkt {ykj7
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@][. 1.7. Xuhuz1y vgzn ot znk zgyq yvgik " vgxgrrkr vgxqotm sgtk{|kxy5 Z\U
iutzxurrkx

6L^P 4

Jk Gfdp2 8-^.1<-^. qeb obpriqp lc pfjri^qflk `lk`bokfkd qeb UWP `lkqoliibo
tfqelrq `lkqoli p^qro^qflk ^ob mobpbkqba2 Golj Gfd2 8-^. fq `^k _b pbbk qe^q
qeb boolop fk D^oqbpf^k pm^`b `lksbodb bumlkbkqf^iiv ql qeb kbfde_loella lc
qeb lofdfk tfqelrq pfdkf"`^kq lsbopellqp2 Ueb i^`h lc lp`fii^qlov _be^sflo
fp bkproba _v j^hfkd qeb fkfqf^i s^irbp lc qeb p`^ifkd crk`qflkp 0& ^ka 0'

prÆ`fbkqiv efde 2 Jk Gfd2 9-^. qeb `lkqoli pfdk^ip> mevpf`^i0 90 ^ka sfoqr^i0
e+0 ^ob mobpbkqba2 Bp lkb `^k pbb0 ^iqelrde qeb fkfqf^i s^irbp lc e+ ^ob nrfqb
efde0 lp`fii^qflkp al klq l``ro pfk`b qeb boolop ab`ob^pb c^pq2 Jk Gfd2 ;-^. qeb
bslirqflk lc qeb ^rufif^ov pfdk^ip ; ^ka ;< fp abmf`qba2 Jq fp fkqbobpqfkd ql klqb
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qe^q sb`qlo ;# `lksbodbk`bp ql ;< tefib h( fp aofsbk ql wbol afob`qiv2 Uebobclob0
qeb `lksbodbk`b o^qb lc F;F fp0 fk m^oqf`ri^o0 obi^qba ql qeb `lksbodbk`b o^qb
lc 0& ^ka 0' -klqb qe^q qeb s^irbp lc d^fkp \& ^ka \' ^ob `elpbk ql _b dob^qbo
qe^k #& ^ka #'.2 Jq `^k _b pbbk qe^q qeb fkfqf^i `lkafqflk lc & -4. e^p _bbk
`elpbk pr`e qe^q h<& -4. @ 42 Bp ^ obpriq qeb qo^`hfkd boolo tfqe obpmb`q ql j& fp
nrfqb pj^ii pfk`b qeb _bdfkkfkd lc qeb obdri^qflk mol`bpp 1 klqb qe^q kl mbocb`q
qo^`hfkd fp obi^qba ql afpqro_^k`bp _v kbdib`qfkd qeb qboj ]$ fk qeb `lkqoli i^t
-`ljm^ob pq^_fifqv obpriq dfsbk _v -629<..2 Bq qeb bka lc qeb obdri^qflk0 boolop
V&5 V' ^ka V( ^ob _lrkaba ^ka p^qfpcv fkbnr^ifqv -6285.2 Ueb ol_lq,p m^qe fk
D^oqbpf^k pm^`b0 mobpbkqba fk Gfd2 <-^.0 ^iiltp ql `lk`irab qe^q fqp pe^mb fp
nrfqb k^qro^i tfqelrq j^kv e^oa qrokp tef`e pljbqfjbp ^mmb^o clo `lkqoli
i^tp rpfkd qfjb1s^ovfkd cbba_^`h Z7\2 Ueb mobpbkqba pqo^qbdv ^iiltp ql ^slfa
lp`fii^qlov _be^sflo _v molmbo qrkfkd lc qeb `lkqoliibo ^ka fp klq sbov afÆ`riq2

6L^P 5

Jk qeb pb`lka pfjri^qflk bumbofjbkq `lkqoli p^qro^qflkp ^ob fk`iraba2 Jk loabo
ql dr^o^kqbb pq^_fifqv qeb ^idlofqej rpfkd `lkqoli pfdk^i p`^ifkd fp qbpqba2 Ueb
p`^ifkd crk`qflk * fp `^i`ri^qba _^pba lk clojri^ -62546. ^p cliiltp>

* @

-
5 fc c * 55
&
J fc c 8 54

Obuq fq fp rpba ql l_q^fk p`^iba qfjb /J ^``loafkd ql -62:6.2 Uebpb s^of^_ibp ^ob
abmf`qba fk Gfd2 62=2 Bp lkb `^k pbb0 ^q qeb _bdfkkfkd lc qeb obdri^qflk mol`bpp
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@][. 1.8. K|ur{zout ul yigrotm l{tizout 5 2rklz3 gtj yigrkj zosk ;g 2xomnz35 Z\U
iutzxurrkx " =UfY <

qeb `lkqoli pfdk^ip ^ob p`^iba pfdkf"`^kqiv -^_lrq qbk qfjbp tfqe obpmb`q ql qeb
lofdfk^i s^irbp.2 Bcqbo qfjb 646Zc\ qeb pfdk^ip ^ob klq p`^iba ^kvtebob ^ka qeb
`lkqoliibo _be^sbp ^p qeb lofdfk^i lkb2 Dljm^ofkd ql qeb boolop l_q^fkba fk
qeb mobsflrp `^pb -pbb Gfdp2 8-^.0 8-_.0 ;-^. ^ka ;-_.. lkb `^k `lk`irab qe^q
qeb mobpbk`b lc p^qro^qflk j^hbp qeb fkfqf^i me^pb lc qeb obdri^qflk piltbo2
Iltbsbo0 fc qeb boolo s^irbp ab`ob^pb ^ka qeb `lkqoli pfdk^i molar`ba _v
kljfk^i `lkqoli i^t obj^fkp fk ^ mbojfppf_ib o^kdb qebk qeb `lksbodbk`b o^qb
fp qeb p^jb fk _lqe `^pbp2 Jq fp sbov fkqbobpqfkd ql `ljm^ob qeb m^qep lc qeb
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ol_lq2 B``loafkd ql Gfdp2 <-^. ^ka <-_. lkb `^k pbb qe^q qeb pe^mbp lc qeb
qo^gb`qlofbp ^ob qeb p^jb -fkabmbkabkq lk p^qro^qflk.0 tef`e fp abpfo^_ib colj
^ mo^`qf`^i mlfkq lc sfbt2

+(.(+ I9B 6ZY_]ZWWP]

Ueb pfjri^qflkp tfqe qeb WGP `lkqoliibo rpb qeb cliiltfkd pbq lc m^o^jbqbop>
\& @ 545 \G @ 90 ^ka ( @ 82 Tfk`b qeb `lkqfkrlrp pq^qb s^of^_ib 3 0 <
fp klq ifjfqba ql qeb o^kdb Z!,5 ,.0 ql ^slfa afp`lkqfkrfqv fk V&< obpriqfkd
colj Eb"kfqflk -62;;.0 qeb `lkqfkrlrp jbqela lc abqbojfkfkd qeb ^rufif^ov
s^of^_ib 3< fp ^mmifba2 Jk qeb `^pb lc rkifjfqba `lkqoli pfdk^ip -`^pb -B..0
qefp jbqela `^k _b qob^qba ^p bnrfs^ibkq ql qeb cliiltfkd clojri^> 3<-/. @
3<-4. /

E )
%

]3<-+.U+0 tebob 3<-4. fp `ljmrqba _v -62;;.0 ]3< fp q^hbk colj
-62<4.0 ^ka qeb fkqbdo^i fp `ljmrqba krjbof`^iiv2
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@][. 1.0/. Vuyz{xk kxxuxyC h* 2"35 h+ 26 635 h, 267635 \LU iutzxurrkx
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@][. 1.01. Iutzxur yomtgryC x* 2"3 gtj x+ 26 635 \LU iutzxurrkx
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@][. 1.02. Xuhuz1y }nkkr |kruiozokyC @L 2"3 gtj @F 26 635 \LU iutzxurrkx
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6L^P 4

Ueb `lkqoli mbocloj^k`b fk qeb `^pb tfqelrq `lkqoli pfdk^i ifjfq^qflkp fp
mobpbkqba fk Gfd2 54-^.158-^.2 B``loafkd ql qeb qfjb milqp fk Gfd2 54-^.
obi^qfsbiv c^pq boolo `lksbodbk`b `^k _b pbbk2 Ueb lofbkqfkd mol`bpp fp sbov
b!b`qfsb pfk`b `lp# ) /5 ^cqbo ^_lrq 449Zc\2 Jq pelria _b klqba qe^q `lkqoli
pfdk^ip e& ^ka e' ^p tbii ^p 18 ^ka 15 ^ob _lrkaba0 klk1lp`fii^qlov0 ^ka
`lksbodb ql wbol -sbil`fqfbp 18 ^ka 15 e^sb _bbk `ljmrqba rpfkd -62544.0
lkiv clo `ljm^ofplk tfqe qeb qfjb milqp clo `^pb C.2 Gfdrob 58-^. peltp qeb
obpriqba ol_lq m^qe fk q^ph pm^`b arofkd qeb `lkqoli mol`bpp -qeb pqo^fdeq peloq
ifkbp abklqb qeb fkpq^kq^kblrp sbef`ib lofbkq^qflk.2 Pkb `^k "ka qe^q qeb m^qe
fp nrfqb k^qro^i tfqe lkiv lkb ptfq`e_^`h arofkd qeb qo^kpfbkq pq^db2

6L^P 5

Jk qefp `^pb qeb `lkqoli pfdk^i ifjfq^qflk 1D:M @ <5ZbRU7c\ fp bumif`fqiv pmb`1
f"ba2 Ueb ab`\aT_ bnr^qflkp lc qeb WGP `lkqoliibo -62<5. ^ka -62<9. ^ob
cliiltba _v qeb p`^ifkd mol`barob -62544.1-62546. ql ifjfq qeb `ljmrqba fk1
mrqp*2 Ueb _be^sflo lc ^ii pfdk^ip fk qefp `^pb fp mobpbkqba fk Gfdp2 54-_.158-_.2
Foolo `lksbodbk`b fp piltbo qe^k fk `^pb B0 _rq ^ipl obi^qfsbiv c^pq2 Ueb lof1
bkqfkd mol`bpp fp ibpp b!b`qfsb _rq `lp# ) /5 ^cqbo ^_lrq 549Zc\2 Dljm^ofkd
Gfdp2 56-^. ^ka 56-_. fq fp `ib^o qe^q `lkqoli pfdk^ip e&J ^ka e'J ^ob ifjfqba ^ka
bumif`fq ifjfq^qflk obd^oafkd qeb s^irb lc 1D:M `^k _b l_pbosba fk Gfd2 57-_.2
Jq fp fkqbobpqfkd ql klqb qe^q qeb obpriqfkd m^qe pe^mb fk q^ph pm^`b fp mob1
pbosba fk `ljm^ofplk tfqe `^pb B2 Pkiv qeb sbef`ib sbil`fqfbp ^ilkd qeb m^qe
^ob obp`^iba -pbb qeb af!bobkq abkpfqfbp lc qeb peloq ifkbp abklqfkd qeb ol_lq
lofbkq^qflk fk Gfdp2 58-^. ^ka 58-_..2 Uefp cb^qrob pbbjp ql _b sbov abpfo^_ib
colj ^ mo^`qf`^i mlfkq lc sfbt2

'$+ 2TSHQZXNTSX

Jk qefp m^mbo qtl mlfkq1pq^_fifw^qflk pqo^qbdfbp clo ^ rkf`v`ib jl_fib ol_lq
e^sb _bbk mobpbkqba ^ka krjbof`^iiv qbpqba2 Ueb "opq `lkqoli pqo^qbdv `ljbp
colj qeb hfkbj^qf` lp`fii^qlo ^ka qo^kpsbopb crk`qflkp `lk`bmq0 tef`e ^pprobp
mo^`qf`^i pq^_fifqv clo qeb `^oq,p mlpqrob boolo2 Ueb pb`lka `lkqoli ^idlofqej
obpriqp colj qeb pfjmib dbljbqof`^i fkqbomobq^qflk ^ka ab`ljmlpfqflk lc
^ `lkqoli q^ph fkql lofbkqfkd ^ka mrpefkd pr_q^php2 Ueb i^qqbo pqo^qbdv
ib^ap ql qeb qfjb fks^of^kq afp`lkqfkrlrp WGP `lkqoliibo0 tef`e dr^o^kqbbp
^pvjmqlqf` mlpqrob boolo `lksbodbk`b ql wbol2 Ueb mo^`qf`^i ^pmb`q `lk`bokfkd
qeb `lkqoli pfdk^i ifjfq^qflkp fjmlpba afob`qiv lk qeb sbef`ib tebbi sbil`fqfbp
e^p _bbk `lkpfaboba2 Tfjri^qflkp e^sb _bbk `lkar`qba clo qtl `^pbp> tfqelrq
ifjfq^qflkp lc fkmrq pfdk^ip ^ka tfqe fjmlpba ifjfq^qflkp2 B `lkqoli pfdk^i

. Tuzk zngz zkxsy ek+ gtj ek, }noin gvvkgx ot Kw7 2;7:9@3 gxk jkzkxsotkj gryu ot
igyk H }ozn znk ghfbgZe iutzxur x+ ( x+W 2tuz }ozn znk xkyigrkj utk x+g37 Nktik5
ot igyk H5 znk lkkjlux}gxj zkxs ot Jk"tozout 2;7A:3 ynu{rj hk jktuzkj eCXW xgznkx
zngt eCX7 Tuzk gryu zngz ot igyk H eCXW E ! 2; 3 eCX5 gtj ! 2;3 ( : ol v - :7
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p`^ifkd mol`barob e^p _bbk molmlpba2 Ueb l_q^fkba mbocloj^k`b e^p _bbk
`ljm^oba clo qeb qtl `^pbp ^ka qtl `lkqoliibop2 Grqrob tloh tfii _b cl`rpba
lk bumbofjbkq^i s^ifa^qflk lc qeb mobpbkqba pqo^qbdfbp2

0UUJSIN]
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:7 S7 Goigxjo5 M7 Igygrotu5 G7 Hoiino5 gtj G7 Hgrkyzxotu7 Iruykj ruuv yzkkxotm ul
{toi�irk6roqk |knoirky |og R�gv{tu| zkintow{ky7 FBBB Oh[hmb\l Zg] >nmhfZmbhg
JZ`Zsbg^5 ;C;@"<>5 :BB>7

;7 M7 Gxz{y5 V7 Suxot5 gtj I7 Ygsyut7 Zxgiqotm ul gt ustojoxkizoutgr zgxmkz }ozn
g {toi�irk6roqk xuhuzC iutzxur jkyomt gtj k~vkxosktzgr xky{rzy7 Zkintoigr Xkvuxz
=A=B5 OTXOG5 Yuvnog Gtzovuroy5 Lxgtik5 ;99<7

<7 G7 Gyzur"7 >lrfimhmb\ lmZ[bebsZmbhg h_ ghgahehghfb\ lrlm^fl pbma ]bl\hgmbgnhnl
\hgmkhe7 VnJ znkyoy5 Y}oyy Lkjkxgr Otyzoz{zk ul Zkinturum�5 `{xoin5 :BB?7

=7 G7 S7 Hruin7 Khgahehghfb\ f^\aZgb\l Zg] \hgmkhe7 Y�yzksy gtj Iutzxur7
Yvxotmkx5 Tk} _uxq5 ;99<7

>7 X7 ]7 Hxuiqkzz7 Gy�svzuzoi yzghoroz� gtj lkkjhgiq yzghoro!gzout7 Ot X7 ]7
Hxuiqkzz5 X7 Y7 Sorrsgt5 gtj N7 N7 Y{yysgtt5 kjozuxy5 Ab!^k^gmbZe D^hf^mkb\
@hgmkhe Qa^hkr5 vgmky :A:":B:7 Hoxqn&g{ykx5 Huyzut5 :BA<7

?7 X7 ]7 Hxuiqkzz5 X7 Y7 Sorrsgt5 gtj N7 P7 Y{yysgtt7 Ab!^k^gmbZe D^hf^mkb\
@hgmkhe Qa^hkr7 Hoxqn&g{ykx5 Huyzut5 :BA;7
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@7 I7 Igt{jgy jk ]oz5 N7 Qnkttu{l5 I7 Ygsyut5 gtj U7P7 Y,xjgrkt7 Tutrotkgx
iutzxur jkyomt lux suhork xuhuzy7 Ot _7L7 `nktm5 kjozux5 O^\^gm Qk^g]l bg Jh[be^
Oh[hml5 |ur{sk ::5 ingvzkx >5 vgmky :;:":>?7 ]uxrj Yioktzo"i5 Yotmgvuxk5 :BB<7

A7 I7 Igt{jgy jk ]oz5 H7 Yoiorogtu5 gtj M7 Hgyzot7 Qa^hkr h_ Oh[hm @hgmkhe7
Yvxotmkx6\kxrgm5 Tk} _uxq5 :BB?7

B7 ]7 K7 Jo~ut5 J7 S7 Jg}yut5 K7 `kxmkxumr{5 gtj G7 Hkngr7 Khgebg^Zk \hgmkhe h_
pa^^e^] fh[be^ kh[hml7 Yvxotmkx5 Rutjut5 ;99:7

:97 O7 J{r*khg7 >e`hkbmafl h_ fhmbhg ieZggbg` _hk ghgahehghfb\ kh[hml7 ]xui-rg}
[to|kxyoz� ul Zkinturum� V{hroynotm Nu{yk5 ]xui-rg}5 :BBA7

::7 V7 J{zqok}oi!5 S7 Soingryqo5 gtj S7 Soing-rkq7 Xuh{yz zxgiqotm }ozn iutzxur
|kizux iutyzxgotzy7 Ot Mkh\^^]bg`l h_ ma^ P^\hg] Fgm^kgZmbhgZe Thkdlahi Lg
Oh[hm Jhmbhg Zg] @hgmkhe5 vgmky :?B":@=5 H{qu}� J}uxkq5 Vurgtj5 ;99:7

:;7 S7 Soing-rkq gtj Q7 Qu!-ru}yqo7 Iutzxur ul tutnurutusoi suhork xuhuz }ozn
|kizux "krj uxoktzgzout7 Ot Q7 Zinu&t5 kjozux5 >]oZg\^l h_ Oh[hmb\l5 ingvzkx =5
vgmky ;<>";=?7 Zxgtyvuxz gtj Iuss{toigzout V{hroynkxy5 ]gxyg}5 ;99> 2ot
Vuroyn37

:<7 Z7 Pkj}ght�5 S7 Qu}gryqo5 S7 Qok-ri!k}yqo5 S7 -Rg}toi!gq5 S7 Soingryqo5
S7 Soing-rkq5 J7 Vg!jkxyqo5 gtj Q7 Qu!-ru}yqo7 Tutnurutusoi suhork xuhuz
SotoZxgiqkx < lux xkykgxin gtj kj{igzoutgr v{xvuyky7 Ot 35ma Fgm^kgZmbhgZe
Prfihlbnf hg Oh[hmb\l5 ;99=7

:=7 O7 Qursgtu|yq� gtj T7 N7 SiIrgsxuin7 Jk|kruvsktzy ot tutnurutusoi iutzxur
vxuhrksy7 FBBB @hgmkhe Prlm^fl JZ`Zsbg^5 :>2?3C;9"<?5 :BB>7

:>7 G7 Jk R{ig gtj M7 Uxouru7 Sujkrotm gtj iutzxur ul tutnurutusoi skingtoigr
y�yzksy7 Ot P7 Gtmkrky gtj G7 Qkiyqksktzn�5 kjozuxy5 Hbg^fZmb\l Zg] ArgZfb\l
h_ Jnemb-?h]r Prlm^fl5 ingvzkx @5 vgmky ;@@"<=;7 Yvxotmkx6\kxrgm5 ]okt5 :BB>7

:?7 V7 Suxot gtj I7 Ygsyut7 Lokrj uxoktzkj iutzxur ul otj{izout suzuxy h�
gvvroigzout ul znk zxgty|kxyk l{tizout iutzxur gvvxugin7 Ot 42g] FBBB
@hg_^k^g\^ hg A^\blbhg Zg] @hgmkhe5 vgmky >B;:">B;?5 ;99<7

:@7 V7 Suxot gtj I7 Ygsyut7 Vxgizoigr yzghoro!gzout ul jxolzrkyy y�yzksy ut Rok
mxu{vyC znk zxgty|kxyk l{tizout gvvxugin7 FBBB QkZglZ\mbhgl hg >nmhfZmb\
@hgmkhe5 =A2B3C:=B?":>9A5 Ykvzkshkx ;99<7

:A7 V7 Suxot gtj I7 Ygsyut7 Zxgpkizux� zxgiqotm lux tut6nurutusoi |knoirkyC
u|kx|ok} gtj igyk yz{j�7 Ot Mkh\^^]bg`l h_ ma^ 4ma Fgm^kgZmbhgZe Thkdlahi
Lg Oh[hm Jhmbhg Zg] @hgmkhe5 vgmky :<B":><5 V{y!i!�qu}u5 ;99=7

:B7 M7 Uxouru5 G7 Jk R{ig5 gtj S7 \ktjozzkro7 ]SX iutzxur |og j�tgsoi
lkkjhgiq rotkgxo!gzoutC jkyomt5 osvrksktzgzout gtj k~vkxosktzgr |grojgzout7
FBBB QkZglZ\mbhgl hg @hgmkhe Prlm^f Q^\agheh`r5 vgmky A<>"A>;5 Tu|kshkx
;99;7

;97 Q7 Qu!-ru}yqo gtj J7 Vg!jkxyqo7 Sujkrrotm gtj iutzxur ul =6}nkkr yqoj6yzkkxotm
suhork xuhuz7 Fgm^kgZmbhgZe GhnkgZe h_ >iieb^] JZma^fZmb\l Zg] @hfinm^k
P\b^g\^l5 :=2=3C=@@"=B?5 ;99=7

;:7 J7 Vg!jkxyqo gtj Q7 Qu!-ru}yqo7 Vxgizoigr yzghoro!gzout ul z}u6}nkkr suhork xuhuz
}ozn |kruioz� rosozgzouty {yotm zosk6|gx�otm iutzxur rg}7 Ot Cbma Fgm^kgZmbhgZe
Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe5 vgmky ;9>";:;5 J�sgi!k}u5 Vurgtj5
;99>7

;;7 I7 Ygsyut7 Iutzxur ul ingotkj y�yzksy7 Gvvroigzout zu vgzn lurru}otm gtj
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@VENIGXSV] @VEGOMRK 1SRXVSP JSV ;SRLSPSRSQMG

:SFMPI :ERMTYPEXSVW

Groipg Sg!{x gtj Qx!�y!zul Gxktz

Otyzoz{zk ul Ktmotkkxotm I�hkxtkzoiy5 ]xui-rg} [to|kxyoz� ul Zkinturum�5
{r7 Pgtoy!k}yqokmu ::8:@5 >96<@; ]xui-rg}5 Vurgtj
NEPMGNE_EVIRXO/MGX&T[V&[VSG&TP

($& 8SYWTIZHYNTS

Ot znk vgvkx }k vxkyktz tk} iutzxur grmuxoznsy lux g yvkiogr irgyy ul suhork
sgtov{rgzuxy5 tgskr� lux tutnurutusoi suhork sgtov{rgzuxy7 G suhork sgtov{rgzux
oy jk"tkj gy g xuhuzoi y�yzks iusvuykj ul g suhork vrgzluxs gtj g sgtov{rgzux
su{tzkj ut znk vrgzluxs kw{ovvkj }ozn tut"jkluxsghrk }nkkry7 Y{in g iushotkj
y�yzks oy ghrk zu vkxluxs sgtov{rgzout zgyqy ot g s{in rgxmkx }uxqyvgik zngt
g "~kj6hgyk sgtov{rgzux7 Zgqotm otzu giiu{tz znk z�vk ul suhoroz� ul znkox
iusvutktzy5 znkxk gxk = vuyyohrk iut"m{xgzoutyC z�vk 2kE k3 " }ozn huzn znk
vrgzluxs gtj znk sgtov{rgzux nurutusoi5 z�vk 2kE qk3 " g nurutusoi vrgzluxs
}ozn g tutnurutusoi sgtov{rgzux5 z�vk 2qkE k3 " g tutnurutusoi vrgzluxs }ozn
g nurutusoi sgtov{rgzux5 gtj "tgrr� z�vk 2qkE qk3 " huzn znk vrgzluxs gtj
znk sgtov{rgzux tutnurutusoi7 Znk tuzout ]hn[er ghgahehghfb\ sgtov{rgzux }gy
otzxuj{ikj ot a:<c lux znk z�vk 2qkE qk37 Znk xomoj sgtov{rgzux igt hk g nurutusoi
ux g tutnurutusoi y�yzks jkvktjotm ut ozy iutyzx{izout7

Ot u{x iutyojkxgzouty }k lui{y ut znk rgzzkx z}u z�vky ul suhork sgtov{rgzuxy5
tgskr� znk suhork sgtov{rgzux }ozn tutnurutusoi vrgzluxs utr� 2qkE k3 gtj znk
ju{hr� tutnurutusoi suhork sgtov{rgzux7

Znk vxuhrks ul jkyomt ul g iutzxur rg} lux xomoj xuhuzoi sgtov{rgzuxy xkiko|kj
s{in gzzktzout ot rgzk komnzoky gtj totkzoky ul znk rgyz iktz{x�7 Znk grmuxoznsy
}kxk jo|ojkj otzu z}u irgyykyC znk iusv{zkj6zuxw{k grmuxoznsy5 }noin igsk lxus
znk znkux� ul rotkgxo!gzout5 ykk k7m7 aA5:=c gtj znk vgyyo|oz�6hgykj grmuxoznsy5 }noin
k~vruxkj znk vgyyo|oz� vxuvkxz� ul skingtoigr y�yzks5 ykk k7m7 a:95 ::c7 Yu lgx ot grr
iutyojkxgzouty g{znuxy gyy{skj zngz znk k|kx� jkmxkk ul lxkkjus ngj otjkvktjktz
rotkgx ktmotk " joxkiz jxo|k7

Xkiktzr�5 g tk} gvvxugin zu znk vxuhrks ul xuhuz jxo|k ngy hkkt vxuvuykj7
Ot a@c Tgqgs{xg5 In{tm gtj Y,xjgrkt vxkyktzkj g tk} tutnurutusoi skingtoigr
mkgx5 }noin oy ghrk zu zxgtysoz |kruiozoky lxus znk otv{zy zu sgt� vgyyo|k puotzy
2o7k7 }oznu{z giz{gzuxy37 Ot a@c znk vxuzuz�vk ul znk tutnurutusoi sgtov{rgzux
}gy otzxuj{ikj gtj joyi{yykj7 Znk tutnurutusoi iutyzxgotzy ul znk mkgx gvvkgx
j{k zu znk xurrotm iutzgiz }oznu{z yrovvotm hkz}kkt hgrry ul mkgx gtj yvkiogr
y{vvuxzotm }nkkry ot znk xuhuz puotzy7 Hkig{yk znk iutyzx{izout ul znk tutnurutusoi
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sgtov{rgzux oy tu|kr5 utr� g lk} vgvkxy jkgrotm }ozn iutzxur vxuhrks lux y{in gt
uhpkiz ng|k gvvkgxkj5 ykk k7m7 a=5 ?5 @c7

Znoy vgvkx oy jk|uzkj zu znk vxuhrks ul zxgpkizux� zxgiqotm ul tutnurutusoi
suhork sgtov{rgzuxy7 Lk} g{znuxy ng|k hxu{mnz znkox gzzktzout zu znk iutzxur
vxuhrks ul y{in uhpkizy a>5 :;5 :<c7 ]k vxkyktz z}u |kxyouty ul znk zxgiqotm iutzxur
grmuxozns " lux suhork sgtov{rgzux }ozn tutnurutusoi vrgzluxs utr� gtj lux ju{hr�
tutnurutusoi suhork sgtov{rgzux7 ]k }gtz zu iusvgxk znk iutzxur vxuikyy ul znks
{yotm yos{rgzout gtj sgqk yusk y{mmkyzout ghu{z g inuoik ul jxo|ky lux znk xuhuzoi
gxs7

($' =TSMTQTSTRNH 2TSXYWFNSYX

G suhork sgtov{rgzux iutyoyzy ul z}u y{hy�yzksyC g suhork vrgzluxs gtj g xomoj
sgtov{rgzux7 Znk suzout ul znk suhork vrgzluxs oy jkzkxsotkj h� tutnurutusoi
iutyzxgotzy }noin jkyixohk g xurrotm6}oznu{z6yrovvotm gyy{svzout5 }nork znk xomoj
sgtov{rgzux igt hk g nurutusoi ux tutnurutusoi y�yzks " oz jkvktjy ut znk
iutyzx{izout7

Ot l{xznkx iutyojkxgzouty }k lui{y ut g ykrkizkj suhork sgtov{rgzux5 tgskr� g
<6vktj{r{s su{tzkj gzuv g suhork vrgzluxs ul znk 2;593 irgyy5 igrrkj ngb\r\e^7
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@][. 2.0. Suhork sgtov{rgzuxC <6vktj{r{s ut g vrgzluxs ul 2;593 irgyy

]k }gtz zu iutyojkx znk ot#{ktik ul znk tutnurutusoi mkgxy jkyomtkj h�
Tgqgs{xg5 In{tm gtj Y,xjgrkt ut znk hkng|oux ul y{in g suhork sgtov{rgzux gtj
ut znk luxs{rgzout ul g iutzxur vxuhrks7

,(+(* >TYPXL_TN^ ZQ _SP AZYSZWZYZXTN @ZMTWP CWL_QZ]X ZQ $+&)%
6WL^^

Znk suzout ul g suhork vrgzluxs igt hk jkyixohkj {yotm mktkxgro!kj iuuxjotgzky
ta 7 [b gtj mktkxgro!kj |kruiozoky eta 7 [b7 Znk }nkkrkj suhork vrgzluxs ynu{rj
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< Zxgpkizux� Zxgiqotm Iutzxur lux Tutnurutusoi Suhork Sgtov{rgzuxy >@

su|k }oznu{z yrovvotm ul ozy }nkkry7 Znoy gyy{svzout osvroky znk k~oyzktik ul o
2o F q3 otjkvktjktz tutnurutusoi iutyzxgotzy ot znk yu6igrrkj Vlg! luxs

J*2ta3 eta E 9E 2<7:3

}nkxk J*2ta3 oy g l{rr xgtq sgzxo~ ul 2o # q3 yo!k7 J{k zu 2<7:35 yotik znk vrgzluxs
|kruioz� oy gr}g�y ot znk t{rr yvgik ul J*5 oz oy gr}g�y vuyyohrk zu "tj g |kizux ul
yvkiogr g{~orogx� |kruiozoky x 7 [aE p E q! o5 y{in zngz

eta E P*2ta3xE 2<7;3

}nkxk P*2ta3 oy gt q#p l{rr xgtq sgzxo~ ygzoyl�otm J*2ta3P*2ta3 E 97
Tu} }k xkyzxoiz u{x iutyojkxgzouty zu znk tutnurutusoi suhork vrgzluxs ul 2;593

irgyy vxkyktzkj ot Lom7 <7:7 Znk tutnurutusoi iutyzxgotzy lux y{in g vrgzluxs igt
hk k~vxkyykj gy lurru}y

e7 E

:I e{
e|
e2

;J E

:I y iuy 2
y yot 2
z

;J E

<> iuy 2 9
yot 2 9
9 :

=?- y
z

.
E 2<7<3

}nkxk 2{E |3 jktuzk Igxzkyogt iuuxjotgzky ul znk sgyy iktzkx ul znk suhork vrgzluxs
ot hgyoi lxgsk a)b)5 2 oy znk uxoktzgzout ul znk vrgzluxs " znk gtmrk hkz}kkt ruigr
lxgsk adbd gtj znk hgyoi lxgsk " gtj U oy g ngrl ul znk vrgzluxs }ojzn7 Y�shury y
gtj z jktuzk rotkgx gtj gtm{rgx |kruioz� ul znk vrgzluxs5 xkyvkizo|kr�7 ]k }orr igrr
7 znk ihlmnk^ \hhk]bgZm^l ul znk vrgzluxs7

,(+(+ >TYPXL_TN^ ZQ _SP AZYSZWZYZXTN ,'[PYO`W`X

Ot a@c g tk} gvvxugin zu znk vxuhrks ul xuhuz jxo|k ngy hkkt vxkyktzkj7 Znk
g{znuxy ng|k jkyomtkj g tk} tutnurutusoi skingtoigr mkgx }noin oy ghrk zu zxgtysoz
|kruiozoky zu sgt� vgyyo|k puotzy5 ykk Lom7 <7;7

α

ball

OW

IW

ρ

ω

@][. 2.1. Yinksgzoi ul tutnurutusoi mkgx ykkt lxus ghu|k

Znk hgyoi iusvutktzy ul znk mkgx gxk g hgrr gtj gz rkgyz z}u }nkkry " gt otv{z
}nkkr O] gtj gt u{zv{z }nkkr U]7 Znk otv{z }nkkr O] xuzgzky ghu{z g "~kj g~oy
}ozn g mo|kt gtm{rgx |kruioz� e9 E 1+ gtj sgqky znk hgrr xuzgzk7 Znk u{zv{z }nkkr
U] oy jxo|kt h� znk hgrr gtj5 {yotm skingtoigr zxgtysoyyouty 2k7m7 ynglzy gtj mkgxy



ux hkrzy gtj v{rrk�y3 zxgtysozy |kruiozoky zu znk tk~z puotzy ul znk sgtov{rgzux }noin
gxk tuz xkyzxoizkj zu hk vrgtgx7 Znk tutnurutusoi iutyzxgotzy lux znk mkgxy gvvkgx
j{k zu znk xurrotm suzout }oznu{z yrovvotm hkz}kkt znk hgrr gtj znk }nkkry ot gt�
mkgx ot znk xuhuz puotzy7

Znk xkrgzoutynov hkz}kkt znk puotz |kruiozoky gtj jxo|otm |kruiozoky ul znk mkgxy
lux znk tutnurutusoi <6vktj{r{s vxkyktzkj ot Lom7 <7: igt hk jkyixohkj h� znk
lurru}otm sgzxo~ kw{gzout

etf E P+2tf31E

ux ot suxk jkzgor

etf E

:I e2*
e2+
e2,

;J E

<> : 9
9 d+ yot 2*
9 d, yot 2+ iuy 2*

=?- 1*
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.
E 2<7=3

}nkxk 2] oy lzn puotz iuuxjotgzk ul znk <6vktj{r{s5 gtj iutyzgtzy d+ gtj d, jkyixohk
znk mkgx xgzou lux zxgtysoyyout lxus znk U] }nkkr ot lzn puotz zu znk O] }nkkr ot
mzn puotz7 Znk gtm{rgx |kruioz� ul znk "xyz puotz 1* gtj znk gtm{rgx |kruioz� ul znk
jxo|otm otv{z }nkkr O] 1+ vrg� znk xurk ul iutzxur otv{zy zu znk qotksgzoi kw{gzouty
2<7=37

($( <FYMJRFYNHFQ <TIJQ TK F =TSMTQTSTRNH <TGNQJ

<FSNUZQFYTW

,(,(* 7dYLXTN^ ZQ L @ZMTWP @LYT[`WL_Z] bT_S L AZYSZWZYZXTN
CWL_QZ]X

Rkz g |kizux ul mktkxgro!kj iuuxjotgzky ul znk suhork sgtov{rgzux hk jktuzkj
tN E 2tNaE t

N
f 35 }nkxk ta oy g |kizux ul suhork vrgzluxs iuuxjotgzky gtj tf jktuzky

g |kizux ul puotz iuuxjotgzky ul znk xomoj sgtov{rgzux5 o7k7 znk xomoj <6vktj{r{s

tf E 22*E 2+E 2,3
N D 2<7>3

Hkig{yk ul znk tutnurutus� ul iutyzxgotzy5 zu uhzgot znk j�tgsoi sujkr ul znk
suhork sgtov{rgzux znk j1Grkshkxz Vxotiovrk s{yz hk {ykj

Z2t3&t 4 L2tE et3 et 4M2t3 E J**2ta344K;E

}nkxkC
Z2t3 " otkxzog sgzxo~ ul znk suhork sgtov{rgzux5
L2tE et3 " sgzxo~ ul Iuxouroy gtj iktzxol{mgr luxiky lux znk suhork sgtov{rgzux5
M2t3 " |kizux ul mxg|oz�5
J**2ta3 " sgzxo~ jkyixohotm tutnurutusoi iutyzxgotzy5
4 " |kizux ul Rgmxgtmk s{rzovrokxy5
K " otv{z sgzxo~5
; " |kizux ul iutzxury7

Znoy sujkr ul j�tgsoiy igt hk k~vxkyykj ot suxk jkzgor gy/
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< Zxgpkizux� Zxgiqotm Iutzxur lux Tutnurutusoi Suhork Sgtov{rgzuxy >B

}nkxk J* oy znk Vlg! sgzxo~ lux znk suhork vrgzluxs jk"tkj h� 2<7<35 M+ oy g |kizux
ul mxg|oz� lux znk sgtov{rgzux utr�5 K** jkyixohk }noin |gxoghrky ul znk suhork
vrgzluxs gxk joxkizr� jxo|kt h� znk giz{gzuxy5 ;a gtj ;f gxk joxkiz jxo|ky ul znk
puotzy ul znk xomoj sgtov{rgzux7 Znk ghu|k sujkr ul j�tgsoiy }orr hk igrrkj g sujkr
ot mktkxgro!kj iuuxjotgzky7

Tu} }k }gtz zu k~vxkyy znk sujkr ul j�tgsoiy {yotm g{~orogx� |kruiozoky 2<7;3
lux znk suhork vrgzluxs7 ]k iusv{zk

&ta E P*2ta3 ex4 eP*2ta3xE

gtj krosotgzk ot znk sujkr ul j�tgsoiy znk |kizux ul Rgmxgtmk s{rzovrokxy 2{yotm
znk iutjozout PN

* J
N
* E 93 h� rklz6yojkj s{rzovr�otm znk suhork vrgzluxs kw{gzouty

h� PN
* sgzxo~7 Glzkx y{hyzoz{zotm lux eta gtj &ta }k mkz/
PN
* Z**P* PN

* Z*+

Z+*P* Z++

0-
ex
&tf

.
4

7
PN
*

+
L**P* 4Z**

eP*

,
PN
* L*+

L+*P* L++

8-
x
etf

.
4

4

-
9
M+

.
E

/
PN
* K** 9
9 R

0-
;a
;f

.
E 2<7?3

ux znk ygsk kw{gzouty ot g suxk iusvgiz luxs

Z$
-

ex
&tf

.
4 L$

-
x
etf

.
4M$ E K$

-
;a
;f

.
D 2<7@3

Znk sujkr 2<7@3 ul znk suhork sgtov{rgzux j�tgsoiy k~vxkyykj ot g{~orogx� |gxoghrky
}orr hk g vuotz ul jkvgxz{xk lux jkyomtotm g tk} j�tgsoi iutzxur grmuxozns7

,(,(+ 7dYLXTN^ ZQ L 7Z`MWd AZYSZWZYZXTN @ZMTWP @LYT[`WL_Z]

Znk iutyzxgotzy 2<7<3 gtj 2<7=3 gvvkgxotm ot znk ju{hr� tutnurutusoi suhork
sgtov{rgzux gxk tut6otzkmxghrkD znkxkluxk zu uhzgot g j�tgsoigr sujkr ul iutyojkxkj
iutzxur y�yzks5 }k {yk znk j1Grkshkxz Vxotiovrk

Z2t3&t 4 L2tE et3 et 4M2t3 E J**2ta34* 4J+*2tf34+ 4K;E 2<7A3

}nkxk J+*2tf3 oy znk sgzxo~ ul tutnurutusoi iutyzxgotzy lux znk sgtov{rgzux gtj K
oy g tk} otv{z sgzxo~ jk"tkj ot znk lurru}otm }g�

J+* E

-
JN
+ 2tf3
9

.
E K E

/
K** 9
9 K++

0
D

Znk y{hsgzxo~ K++ jkyixohky }noin iuuxjotgzky ul znk tutnurutusoi sgtov{rgzux
gxk joxkizr� jxo|kt h� znk mkgx7 Uznkx krksktzy ul znk sujkr gxk jk"tkj yosorgxr� zu
y�shury ot ykizout <7<7:7
]k k~vxkyy znk qotksgzoiy 2<7<3 gtj 2<7=3 ot utk sgzxo~ kw{gzout gy lurru}y

et E

-
eta
etf

.
E

/
P* 9
9 P+

0-
x
1

.
E P0 2<7B3

}ozn 0N E 2xN E 1N 37 Glzkx y{hyzoz{zotm 2<7B3 otzu 2<7A3 }k uhzgot

)Z e0 4 )L0 4 )M E )K;E 2<7:93

}nkxk

)Z E PNZPE )L E PN 2Z eP4 LP3E )M E PNME )K E PNKD

]k }orr xklkx zu 2<7:93 gy znk sujkr ul j�tgsoiy ot g{~orogx� iuuxjotgzky7



($) 2TSYWTQ ?WTGQJR AYFYJRJSY

Ot znk vgvkx5 u{x mugr oy zu "tj iutzxur rg}y m{gxgtzkkotm znk vxuvkx iuuvkxgzout
hkz}kkt znk suhork vrgzluxs gtj znk xomoj sgtov{rgzux su{tzkj gzuv ul oz7 ]k
}orr gyy{sk zngz znk jkyoxkj zgyq lux znk suhork sgtov{rgzux igt hk jkiusvuykj
otzu z}u otjkvktjktz vgxzyC znk xomoj sgtov{rgzux ngy zu lurru} g jkyoxkj gjsoyyohrk
zxgpkizux� tfX2w35 }noin jk"tky g zgyq ul znoy y{hy�yzks5 gtj znk zgyq ul znk vrgzluxs
oy zu lurru} g jkyoxkj gjsoyyohrk zxgpkizux� 7X2w37 U{x v{xvuyk }orr hk zu gjjxkyy znk
lurru}otm iutzxur vxuhrks lux suhork sgtov{rgzuxyC

Lotj iutzxur rg}y ;N E 2;NaE ;
N
f 3 y{in zngz g suhork sgtov{rgzux }ozn

l{rr� qtu}t j�tgsoiy giiusvroynky znk jkyoxkj zgyqy lux huzn y{hy�yzksy5
o7k7 zngz zxgpkizux� zxgiqotm kxxuxy iut|kxmk gy�svzuzoigrr� zu !kxu5 ot znk
vxkyktik ul znk tutnurutusoi iutyzxgotzy7

Gjjozoutgrr�5 }k gyy{sk zngz znk jkyoxkj zxgpkizuxoky tfX2w3E 7X2w3 gtj znkox "xyz gtj
ykiutj zosk jkxo|gzo|ky gxk hu{tjkj7

Ot uxjkx zu jkyomt znk zxgiqotm iutzxurrkx lux znk suhork sgtov{rgzux oz oy
tkikyygx� zu uhykx|k zngz znk iusvrkzk sgznksgzoigr sujkr ul znk tutnurutusoi
y�yzks oy g igyigjk iutyoyzotm ul z}u y{hy�yzksy7 Lux znoy xkgyut znk yzx{iz{xk ul
znk iutzxurrkx oy jo|ojkj otzu z}u vgxzyC

:7 qotksgzoi iutzxurrkx 0f " xkvxkyktzy znk kshkjjkj iutzxur otv{zy5 }noin kty{xk
xkgro!gzout ul znk zgyq lux znk qotksgzoiy ol znk j�tgsoiy }kxk tuz vxkyktz7 Y{in
znk iutzxurrkx mktkxgzky 1|kruioz� vxu"rky1 }noin igt hk k~ki{zkj ot vxgizoik zu
xkgro!k znk zxgiqotm zgyq lux tutnurutusoi y{hy�yzksy7

;7 j�tgsoi iutzxurrkx " gy g iutykw{ktik ul znk igyigjkj yzx{iz{xk ul znk y�yzks
sujkr5 znk y�yzks1y |kruiozoky igttuz hk iussgtjkj joxkizr�5 gy oz oy gyy{skj
ot znk jkyomt ul qotksgzoi iutzxur yomtgry5 gtj otyzkgj znk� s{yz hk xkgro!kj gy
znk u{zv{z ul znk j�tgsoiy jxo|kt h� ; 7

Hkig{yk znkxk k~oyzy g jo!kxktik hkz}kkt znk xkgr |kruiozoky ul znk tutnurutusoi
y{hy�yzks 0 gtj znk kshkjjkj iutzxur otv{z mktkxgzkj h� znk qotksgzoi iutzxurrkx
0f5 oz oy tkikyygx� zu zgqk otzu giiu{tz znk ot#{ktik ul znk kxxux h( E 0 ! 0f ut znk
hkng|ou{x ul znk }nurk tutnurutusoi suhork sgtov{rgzux7

($* :NSJRFYNH 2TSYWTQ 0QLTWNYMRX

,(.(* >TYPXL_TN 6ZY_]ZWWP] QZ] _SP @ZMTWP CWL_QZ]X f FLX^ZY
# 4T_'4MOP]]LSTX LWRZ]T_SX

Ot znoy }uxq }k {yk znk iutikvz ul znk zxgpkizux� zxgiqotm ot znk skgtotm ul znk
vuyz{xk zxgiqotm7

Znk jkyoxkj zxgpkizux� lux suhork vrgzluxs ngy zu ygzoyl� tutnurutusoi
iutyzxgotzy 2<7<3

e7X E

:I e{X
e|X
e2X

;J E

:I yX iuy 2X
yX yot 2X
zX

;J D 2<7::3
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]k gyy{sk zngz 7X2w3 oy zosk6|gxogtz 2 e7X 9E 93D uznkx}oyk znk zgyq oy xkj{ikj zu znk
vuotz yzghoro!gzout gtj oy iutyojkxkj gy g ykvgxgzk zgyq7 Tuzoik zngz tut6xkj{izout
ul znk vxuhrks skgty zngz koznkx yX ux zX s{yz xksgot jo!kxktz lxus !kxu7

U{x mugr oy zu ginok|k gy�svzuzoi iut|kxmktik ul yzgtjgxj zxgiqotm kxxuxy

hV E 72w3! 7X2w3 E

:I hl
hm
h*

;J E

:I{! {X
| ! |X
2 ! 2X

;J D 2<7:;3

Zu yosvrol� l{xznkx iutyojkxgzouty5 }k otzxuj{ik uznkx |gxoghrky5 yu6igrrkj xklkxktik
zxgiqotm kxxuxy ha jk"tkj gy

ha CE

:I{Y
|Y
2Y

;J E Xuz2}E!23
:I hl
hm
h*

;J E

<> iuy 2 yot 2 9
! yot 2 iuy 2 9

9 9 :

=?:I hl
hm
h*

;J D 2<7:<3

Oz oy uh|ou{y zngz j{k zu tut6yotm{rgxoz� ul znk xuzgzout sgzxo~5 gy�svzuzoi
iut|kxmktik ul xklkxktik zxgiqotm kxxuxy ha osvroky gy�svzuzoi iut|kxmktik ul
yzgtjgxj zxgiqotm kxxuxy hV7

Tu} }k k~vxkyy znk qotksgzoiy ul znk vrgzluxs {yotm ha kxxuxy

eha E

:I e{Y
e|Y
e2Y

;J E

:Iz|Y 4 y ! yX iuy 2Y
!z{Y 4 yX yot 2Y

z !zX

;J E 2<7:=3

}nkxk x E ayE @cN vrg�y znk xurk ul g iutzxur otv{z7 Gy znk otv{z yomtgry lux
znk qotksgzoiy 2<7:=3 }k {yk znk iutzxur rg} vxuvuykj ot a:c h� Ygsyut gtj
Goz6GhjkxxgnosC

xf E

-
yf
zf

.
E

:I !n*{Y 4 yX iuy 2Y

zX ! yX|Y
yot 2Y
2Y

! n+2Y

;J E 2<7:>3

}nkxk n*E n+ H 9 gxk yusk iutzxur iutyzgtzy7 Znoy skgty zngz x ( xf7
Zu vxu|k znk iut|kxmktik ul znk vxkyktzkj qotksgzoi iutzxur grmuxozns5 znk

lurru}otm R�gv{tu|6roqk l{tizout oy ykrkizkj

_*2ha3 E
:

;

!
{+Y 4 |+Y 4 2+Y

"
. 9 ; haD 2<7:?3

Glzkx igri{rgzotm znk zosk jkxo|gzo|k ul _* grutm yur{zouty ul znk iruykj6ruuv y�yzks
2<7:=362<7:>3 }k uhzgot

e_* E {Y e{Y 4 |Y e|Y 4 2Y e2Y E !n*{+Y ! n+2
+
Y - 9D 2<7:@3

Lxus 2<7:@3 }k jkj{ik zngz _* oy tut6otixkgyotm }ozn zosk " oz oy hu{tjkj7 [yotm
Hgxhgrgz1y rkssg5 oz oy kgy� zu ynu} zngz {Y gtj 2Y zktj zu !kxu7

Ut znk uznkx ngtj5 znk jkyoxkj |kruiozoky xkgro!otm 1vuyz{xk zxgiqotm1 lux znk
suhork vrgzluxs yX gtj zX gtj znkox zosk jkxo|gzo|ky gxk hu{tjkj h� gyy{svzout7
Znk sgot vxuhrks tu} oy zu vxu|k zngz |Y zktjy zu !kxu5 zuu7 Zu vxu|k znk
iut|kxmktik ul |Y zu !kxu5 }k {yk gxm{sktzy ul Hgxhgrgz1y rkssg gvvrokj zu utr�
utk |gxoghrk5 tgskr� zu e{Y7 ]k ng|k ynu}t zngz {Y oy hu{tjkj gtj &{Y oy hu{tjkj
hkig{yk oz oy g vxuj{iz ul utr� hu{tjkj l{tizouty7 Znoy osvroky zngz e{Y oy {toluxsr�



iutzot{u{y gtj lxus Hgxhgrgz1y rkssg }k igt iutir{jk zngz e{Y 2 9 gy w 2 67
\gxoghrk e{Y igt hk jkyixohkj h� kw{gzout

e{Y E !n*{Y 4 z|Y !2 9D

\gxoghrk {Y zktjy zu !kxu gtj z 2oz oy jk"tkj ot lgiz h� 2<7:>33 oy g hu{tjkj l{tizout
ul zosk7 Znoy osvroky zngz |Y ngy zu iut|kxmk gmgotyz !kxu7 Znoy iusvrkzky znk vxuul
ul znk iut|kxmktik ul znk qotksgzoi iutzxur grmuxozns lux zxgpkizux� zxgiqotm7

,(.(+ >TYPXL_TN 6ZY_]ZWWP] QZ] _SP ,'[PYO`W`X f =TLYR #
ATUXPTUP] 4WRZ]T_SX

Ot uxjkx zu iutzxur znk ju{hr� tutnurutusoi suhork sgtov{rgzux5 znk qotksgzoiy
2<7=3 ul znk <6vktj{r{s }orr hk iut|kxzkj otzu g ingotkj luxs7 Oz osvroky zngz
grr k~oyzotm iutzxur rg}y lux znk ingotkj luxs igt hk gvvrokj zu znk iutyojkxkj
y{hy�yzks7

6ZYaP]^TZY <Y_Z L 6SLTYPO 9Z]X

Gy znk qotksgzoiy ul tutnurutusoi <6vktj{r{s }k zxkgz znk k~zktjkj kw{gzouty
2<7=35 tgskr�

e2* E 1*E

e2+ E d+ yot 2*1+E

e2, E d, yot 2+ iuy 2*1+E 2<7:A3

e= E iuy 2* iuy 2+1+E

}nkxk = oy znk uxoktzgzout ul znk U] }nkkr su{tzkj gz znk ktj ul znk ykiutj puotz ot
znk <6vktj{r{s7 Ot a@c znk g{znuxy ng|k vxu|kt zngz oz }gy osvuyyohrk zu zxgtyluxs
znk qotksgzoiy ul znk tutnurutusoi sgtov{rgzux otzu g ingotkj luxs5 ol znk |gxoghrk
= }kxk tuz gjjkj zu znk yzgzk yvgik7 Znk iuuxjotgzk zxgtyluxsgzout } E k2=E tf3
gtj g yzgzk lkkjhgiq y E O 2=E tf31 vxuvuykj ot a@c ot mktkxgr luxs oy utr� ruigr 2oz
oy |groj utr� lux 2] 7 2!.

+
E .
+
3E l E :E ;35 gtj oz igt hk jk"tkj lux k~gsvrk gy

} E k2=E tf3 E

:KKI
}*
}+
},
}-

;LLJ E

:KKKKKI
=

d+d,
zgt 2*
iuy, 2+

d, zgt 2+
2,

;LLLLLJ E 2<7:B3

}ozn tk} jk"tkj otv{zy

y* E iuy 2* iuy 2+1+ E i*1+E 2<7;93

y+ E d+d,

-
1*

iuy, 2+ iuy+ 2*
4 <d+

yot+ 2* yot 2+1+
iuy 2* iuy- 2+

.
E i+*1* 4 i++1+D 2<7;:3

Ot znk tk} iuuxjotgzky znk qotksgzoiy ngy znk ingotkj luxs
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e}* E y*E

e}+ E y+E

e}, E }+y*E 2<7;;3

e}- E },y*D

>TYPXL_TN 6ZY_]ZWWP] f =TLYR # ATUXPTUP] 6ZY_]ZW 4WRZ]T_SX

Lux znk qotksgzoiy ot znk ingotkj luxs 2<7;;3 }k }orr gvvr� g iutzxur grmuxozns
vxuvuykj ot a<c h� Pogtm gtj Topskopkx7 Ot znk "xyz yzkv oz oy tkikyygx� zu jk"tk
hgyoi zxgiqotm kxxuxy

{]Y E }] ! }]XE l E :E D D D E =E

}ozn }]X mo|kt h�

}X E k2=XE tfX3 E

:KKKKKI
= E i21+XE 2*XE 2+X3

d+d,
zgt 2*X
iuy, 2+X

d, zgt 2+X
2,X

;LLLLLJ D 2<7;<3

Znk qotksgzoiy }orr zxgiq g jkyoxkj zxgpkizux�5 ol znk zxgiqotm kxxuxy {]Y iut|kxmk zu
97 Nu}k|kx5 ol }k }gtz zu gvvr� znk Pogtm 0 Topskopkx iutzxur grmuxozns5 }k ng|k
zu otzxuj{ik sujo"kj zxgiqotm kxxuxy gy lurru}y

h* E {-Y ! },{*YE

h+ E {,Y ! }+{*YE

h, E {+YE 2<7;=3

h- E {*YD

Oz oy uh|ou{y zngz gy�svzuzoi iut|kxmktik ul sujo"kj zxgiqotm kxxuxy h] osvroky
gy�svzuzoi iut|kxmktik ul hgyoi zxgiqotm kxxuxy {]Y7 Znkxkluxk ot l{xznkx iutyojkxg6
zouty }k }orr lui{y ut g vxuul ul iut|kxmktik ul znk sktzoutkj iutzxur grmuxozns5 ol
znk qotksgzoiy 2<7=3 oy k~vxkyykj ot h] kxxuxy

eh* E y*Xh+ ! }+h-2y* ! y*X3E

eh+ E y*Xh, ! h-y+E

eh, E y+ ! y+XE 2<7;>3

eh- E y* ! y*XE

}nkxk y E ay*E y+c
N vrg�y znk xurk ul g iutzxur otv{z gtj y*X gtj y+X l{r"r znk

tutnurutusoi iutyzxgotzy5 o7k7 y*X E e}*X gtj y+X E e}+X7 Gz znk qotksgzoi iutzxurrkx5
o7k7 y ( yf lux znk y�yzks 2<7;>3 }k zgqk j{k zu a<c znk lurru}otm iutzxur otv{zy

yf E

-
y*f
y+f

.
E

:I y*X 4
i

4! }+2;h* 4 h,3

y+X ! n,2h* 4 h,3! ;y*Xh+

;J E 2<7;?3

}nkxk



i E !n-h- 4 h+y+X ! n,h+2h* 4 h,3! ;y*Xh
+
+

gtj n,E n- H 9 gxk vuyozo|k xkm{rgzout vgxgskzkxy5 }nkxkgy 4 H 9 oy yusk jkyomt
vgxgskzkx }noin ruigrr� jk"tky g xkmout ul gzzxgizout lux znk vxkyktzkj iutzxur
grmuxozns7

Grutm yur{zouty ul znk iruykj6ruuv y�yzks 2<7;>362<7;?3 znk zosk jkxo|gzo|k ul znk
lurru}otm R�gv{tu|6roqk l{tizout5 }noin oy vxuvkx gtj vuyozo|k jk"tozk5

_+2h3 E
:

;
h+* 4

:

;
h++ 4

:

;
2h* 4 h,3

+ 4
4

;
h+- 2<7;@3

ygzoy"ky
e_+ E !n,2h* 4 h,3

+ ! n-h
+
- - 9D 2<7;A3

Zn{y znk iutyojkxkj R�gv{tu|6roqk l{tizout oy tut6otixkgyotm7 Znoy osvroky zngz grr
h] gxk hu{tjkj5 gtj _+2w3 iut|kxmky zu rosoz |gr{k _ +7 [yotm yusk |gxogzout ul
Hgxhgrgz1y rkssg5 oz igt hk ynu}t zngz h] 2 9E l E :E D D D E = gy�svzuzoigrr� 2ykk a<c
lux jkzgory37

($+ 3^SFRNH 2TSYWTQ 0QLTWNYMRX

,(/(* 7dYLXTN 6ZY_]ZWWP] QZ] L @ZMTWP @LYT[`WL_Z] bT_S
L AZYSZWZYZXTN CWL_QZ]X

]k iutyojkx znk j�tgsoiy ul g suhork sgtov{rgzux mo|kt h� 2<7@37 ]k gyy{sk
zngz }k qtu} znk yur{zout xf zu znk qotksgzoi kw{gzout 2<7<3 }noin vxkykx|ky
1vuyz{xk zxgpkizux� zxgiqotm15 tgskr� g iut|kxmktik ul xkgr iuuxjotgzky 7 ul znk
suhork vrgzluxs zu znk jkyoxkj zxgpkizux� 7X7 Znkt }k vxuvuyk g tk} iutzxur
grmuxozns m{gxgtzkkotm gy�svzuzoi zxgpkizux� zxgiqotm lux grr iuuxjotgzky ul znk
suhork sgtov{rgzux gy lurru}y-

;a
;f

.
E 2K$3!*

1
Z$

-
exf
&tfYZ

.
4 L$

-
xf
etfYZ

.
4M$!

-
T*hi
T+v

.
!LE

-
hi
v

.2
E 2<7;B3

}nkxk znk y�shury jktuzk-
hi
v

.
E

-
x! xf
etf ! etfYZ

.
E

-
x! xf
ehf 4 $hf

.
E hf E tf ! tfXE T*E T+E $ H 9D

\gxoghrk tfYZ oy g yvkiogr g{~orogx� xklkxktik zxgpkizux� jk"tkj gy lurru}y-
etfYZ
&tfYZ

.
E

-
etfX ! $hf
&tfX ! $ ehf

.
D

Oz oy kgy� zu uhykx|k zngz |gxoghrky tfYZ gtj v gxk jk"tkj yosorgx zu yrojotm sujk
iutzxur vxuvuykj h� Yruzotk gtj Ro ot a::c5 }nkxkgy T*E T+E $ gxk y�sskzxoi gtj
vuyozo|k jk"tozk jogmutgr sgzxoiky7 Sgzxo~ LE oy g iuxxkizout sgzxo~ a;c tkikyygx�
zu uhzgot g yqk}6y�sskzx� hkz}kkt otkxzog sgzxo~ Z$ gtj sgzxo~ L$ gy lurru}y

g

gw
Z$ E 2L$ 4 LE3 4 2L$ 4 LE3

N D 2<7<93
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Xkskshkx zngz lux suhork sgtov{rgzuxy znk yqk}6y�sskzx� juky tuz nurj gt�suxk7
Znk iruykj6ruuv y�yzks 2<7@362<7;B3 oy jkyixohkj h� kxxux kw{gzout

Z$
-
ehi
ev

.
E ! 2L$ 4 LE3

-
hi
v

.
!
/
T* 9
9 T+

0-
hi
v

.
D 2<7<:3

Znk {yk ul j�tgsoi iutzxur grmuxozns zu znk }nurk kw{gzouty ul suhork sgtov{rgzux
otzxuj{iky gjjozoutgr kxxuxy zu znk qotksgzoiy yu zngz x E xf 4 hi }ozn xf mo|kt h�
2<7:>3 -

x*
x+

.
E

:KI !n*{Y 4 yX iuy 2Y 4 hi*

zX ! yX|Y
yot 2Y
2Y

! n+2Y 4 hi+

;LJ D 2<7<;3

Zu vxu|k znk zxgpkizux� zxgiqotm lux grr iuuxjotgzky ul znk suhork sgtov{rgzux5
}k inuuyk znk lurru}otm R�gv{tu|6roqk l{tizout

_,2haE hiE vE t3 E _*2ha3 4
:

;

!
hi v

"N
Z$2t3

-
hi
v

.
2<7<<3

}ozn _* jk"tkj h� 2<7:?37 Tu} }k }gtz zu k|gr{gzk znk zosk jkxo|gzo|k ul
znk R�gv{tu|6roqk l{tizout _, grutm znk zxgpkizuxoky ul znk iruykj6ruuv y�yzks
2<7:=362<7<;3 gtj 2<7<:3

e_, E !n*{+Y ! n+2
+
Y 4 {Yhi* 4 2Yhi+ !T**h

+
i* !T*+h

+
i+ ! vNT+vD 2<7<=3

Znk ghu|k k~vxkyyout igt hk xk}xozzkt gy lurru}y

e_, E !
-
n* ! :

=

.
{+Y !

-
:

;
{Y ! hi*

.+

!
-
:

;
2Y ! hi+

.+

!
-
n+ ! :

=

.
2+Y

!vNT+v! 2T** ! :3 h+i* ! 2T*+ ! :3h+i+ - 9D 2<7<>3

Znk R�gv{tu|6roqk l{tizout _, oy jkixkgyotm grutm gt� zxgpkizux� ul g iruykj6ruuv
y�yzks ol znk iutzxur vgxgskzkxy gxk mxkgzkx zngt vxuvkxr� inuykt t{shkxy

n*E n+ H
:

=
E T**E T*+ H :E T++ H 9D

Lxus Hgxhgrgz1y rkssg5 e_, zktjy zu !kxu gtj5 iutykw{ktzr�5 {YE 2YE vE hi*E hi+ zktj zu
!kxu7 Hkig{yk _, jkixkgyky5 oz skgty zngz grr |gxoghrky5 tgskr� {YE |YE 2YE vE hi*E hi+5
gxk hu{tjkj7 Ut znk uznkx ngtj5 znk jkyoxkj |kruiozoky xkgro!otm 1vuyz{xk zxgiqotm1 lux
znk suhork vrgzluxs yX gtj zX gtj znkox zosk jkxo|gzo|ky gxk hu{tjkj h� gyy{svzout7
Znk sgot vxuhrks tu} oy zu vxu|k zngz |Y zktjy zu !kxu5 zuu7 Zu vxu|k iut|kxmktik
ul |Y zu !kxu5 }k ot|uqk gxm{sktzy yosorgx zu znkyk vxkyktzkj ot ykizout <7>7: zu ynu}
zngz e{Y 2 9 gy w267 \gxoghrk e{Y ot g y�yzks joyz{xhkj h� znk j�tgsoiy ul suhork
sgtov{rgzux igt hk jkyixohkj h� znk kw{gzout

e{Y E !n*{Y 4 hi* 4 2hi+ 4 zf3 |Y !2 9D

\gxoghrky {YE hi* gtj hi+ zktj zu !kxu gtj zf oy g hu{tjkj l{tizout ul zosk7 Znoy
osvroky zngz |Y ngy zu iut|kxmk zu !kxu7 Znoy iusvrkzky znk vxuul7



,(/(+ 7dYLXTN 6ZY_]ZWWP] QZ] L 7Z`MWd AZYSZWZYZXTN @ZMTWP
@LYT[`WL_Z]

Iutyojkx znk j�tgsoiy 2<7:93 ul znk ju{hr� tutnurutusoi suhork sgtov{rgzux7
Iuxxkyvutjotm zu znk zxgtyluxsgzout } E k2=E tf35 znk j�tgsoi sujkr 2<7:93 igt hk
iut|kxzkj zu znk luxs aBcC

Z*2}Y3

-
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.
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-
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.
4M*2}Y3 E K*2}Y3;E 2<7<?3

}nkxk

}Y E

-
7
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.
E

Z*2}Y3 E )Z2t3Re3-7\!&&n'E
L*2}YE e}Y3 E )L2t3Re3-7\!&&n'E

M*2}Y3 E )M2t3Re3-7\!&&n'E
K*2}Y3 E )K2t3Re3-7\!&&n'D

Znkt g j�tgsoi iutzxur grmuxozns m{gxgtzkkotm gy�svzuzoi zxgpkizux� zxgiqotm lux
grr iuuxjotgzky ul znk ju{hr� tutnurutusoi suhork sgtov{rgzux igt hk otzxuj{ikj
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:KKI
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;LLJ E
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9
9

4h- ! }+h-2;h* 4 h,3
h* 4 h, ! h+h-

;LLJ E

T E n " R-E n H :

gtj LE oy g iuxxkizout sgzxo~ jk"tkj h� 2<7<937
Zu vxu|k znk zxgpkizux� zxgiqotm lux znk ju{hr� tutnurutusoi suhork sgtov{rg6

zux5 }k inuuyk znk lurru}otm R�gv{tu|6roqk l{tizout

_-2haE hE hiE hjE }Y3 E _*2ha3 4 _+2h3 4
:

;

!
hi hj

"N
Z*2}Y3

-
hi
hj

.
E 2<7<A3

}nkxk _*2ha3 oy mo|kt h� 2<7:?3 gtj _+2h3 oy jk"tkj h� 2<7;@37 Hkluxk }k yzgxz
k|gr{gzotm znk zosk jkxo|gzo|k ul znk R�gv{tu|6roqk l{tizout _- grutm znk zxgpkizuxoky
ul znk kxxux kw{gzouty5 }k ng|k zu igri{rgzk kw{gzouty ul znk iruykj6ruuv y�yzks 2<7<?3
}ozn znk iutzxur rg} 2<7<@3
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Znk zosk jkxo|gzo|k ul znk R�gv{tu|6roqk l{tizout _- oy kw{gr zu
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hi hj

"N eZ*

-
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.
D 2<7=93

Hkluxk }k yzgxz k|gr{gzotm e_- grutm zxgpkizuxoky ul znk iruykj6ruuv y�yzks5 oz oy
tkikyygx� zu sktzout znk ot#{ktik ul gjjozoutgr kxxuxy iusotm lxus j�tgsoi iutzxur
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rk|kr gtj joyz{xhotm yur{zouty zu znk qotksgzoi kw{gzouty 2<7;>37 ]k }orr zxkgz xfE yf
gy qotksgzoi iutzxur yomtgry ot znk ojkgr igyk 2o7k7 }oznu{z j�tgsoiy35 gtj znkt5 gy g
qotksgzoi iutzxur lux znk xkgr igyk 2}ozn j�tgsoiy35 }k ynu{rj zgqk sujo"kj iutzxury
x E xf 4 hi gtj y E yf 4 hj gy lurru}y

x* E !n*{Y 4 yX iuy 2Y 4 hi*E 2<7=:3

x+ E zX ! yX|Y
yot 2Y
2Y

! n+2Y 4 hi+E 2<7=;3

y* E y*X 4
i

4! }+2;h* 4 h,3
4 hj*E 2<7=<3

y+ E y+X ! n,2h* 4 h,3! ;y*Xh+ 4 hj+D 2<7==3

Ng|otm y{hyzoz{zkj znk sujo"kj iutzxury 2<7=:3"2<7=;3 otzu 2<7:=35 2<7=<3"2<7==3
otzu 2<7;>35 gtj 2<7<B3 otzu 2<7=93 }k uhzgot

e_- E !n*{+Y ! n+2
+
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;
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! 2
{Y
;
! hi*3

+ ! n,2h* 4 h,3
+ ! n-h

+
- ! nh+j* ! nh+j+ - 9D 2<7=>3

[yotm gxm{sktzy yosorgx zu aBc 2yusk |gxogzout ul Hgxhgrgz1y rkssg35 }k iutir{jk
zngz h]E haE hi gtj hj zktj zu 95 ol znk iutzxur vgxgskzkxy gxk vxuvkxr� inuykt

n*E n+ H
:

=
E n,E n- H 9E n H :D

Zn{y znk gy�svzuzoi yzghoroz� ul znk vxkyktzkj iutzxur grmuxozns ngy hkkt vxu|kj7

($, ANRZQFYNTS AYZI^

Znk yos{rgzouty }kxk x{t }ozn znk Sgzrgh vgiqgmk gtj znk Yos{rotq zuurhu~*7 Gy
gt uhpkiz ul yos{rgzouty }k ng|k zgqkt znk <6vktj{r{s ut znk {toi�irk jkvoizkj
ot Lom7 <7:7 Znk mugr ul znk yos{rgzout yz{j� }gy zu iusvgxk hkng|oux ul z}u
z�vky ul tutnurutusoi suhork <6vktj{r{syC }ozn tutnurutusoi iutyzxgotzy utr�
ot znk suhork vrgzluxs 2utr� utk tutnurutusoi y{hy�yzks3 gtj }ozn tutnurutusoi
iutyzxgotzy ot znk suhork vrgzluxs gtj ot znk mkgxy jkyomtkj h� Tgqgs{xg5 In{tm
gtj Y,xjgrkt7

Znk jkyoxkj zxgpkizux� lux znk sgtov{rgzux oy kw{gr zu a2*X2w3E 2+XE 2,Xc E
E a!9D: iuy wE 9E 9D>c7 \gxoghrk = oy u{zyojk u{x otzkxkyz hkig{yk oz vrg�y utr� gt
g{~orogx� xurk ot znk zxgtyluxsgzout otzu znk ingotkj luxs7 Y{in jkyoxkj gjsoyyohrk
zxgpkizux� igt hk jk"tkj h� znk jkyoxkj |kruiozoky ot znk tutnurutusoi mkgxy
gy a1*X2w3E 1+X2w3c E a9D: yot wE 9c7 Znk jkyoxkj zxgpkizux� lux znk suhork vrgzluxs
oy g ioxirk a{X2w3E |X2w3E 2X2w3c E a:9 yot wE!:9 iuy wE wc7 Znk mgoty ul znk qotksgzoi

* Sgzrgh vgiqgmk gtj znk Yos{rotq zuurhu~ }kxk g|gorghrk zngtqy zu ]xui-rg}
Iktzkx ul Tkz}uxqotm gtj Y{vkxiusv{zotm7



iutzxurrkxy gxk kw{gr zu 4 E ;95 n, E : gtj n- E :9 lux znk Pogtm 0 Topskopkx
grmuxozns gtj n* E :99 gtj n+ E :9 lux znk Ygsyut grmuxozns7 Znk mgoty ul znk
j�tgsoi iutzxurrkxy gxk kw{gr zu

T E jogmNA9OE T* E T+ E jogmNA9OE $ E jogmN;9OD
Znk otozogr vuyozout ul znk sgtov{rgzux puotzy }gy kw{gr zu 22*293E 2+293E 2,2933 E
29D>E!9D>E 93 gtj otozogr vuyozout ul znk vrgzluxs 2{293E |293E 22933 E 29E 9E 9D:37 Znk
zxgpkizux� zxgiqotm kxxuxy lux puotzy ul znk <6vktj{r{s gxk jkvoizkj ot Lomy <7<6<7>7
Znk zxgiqotm ul znk jkyoxkj zxgpkizux� lux znk suhork vrgzluxs oy vxkyktzkj ot Lom7 <7?7
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@][. 2.2. Zxgiqotm kxxux 2*2w3! 2*X2w3 axgjc lux znk "xyz puotz ul znk <6vktj{r{sC
g3 }ozn joxkiz jxo|ky5 h3 }ozn tutnurutusoi mkgxy
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@][. 2.3. Zxgiqotm kxxux 2+2w3! 2+X2w3 axgjc lux znk ykiutj puotz ul znk <6vktj{r{sC
g3 }ozn joxkiz jxo|ky5 h3 }ozn tutnurutusoi mkgxy

($- 2TSHQZXNTSX

Ot znoy }uxq }k iutyojkxkj g vxuhrks ul zxgpkizux� zxgiqotm ul znk tutnurutusoi
suhork sgtov{rgzux7 Y{in g xuhuzoi y�yzks iutyoyzy ul znk suhork vrgzluxs }ozn
xkyzxoizkj suhoroz� gtj znk xomoj sgtov{rgzux su{tzkj gzuv ul oz7 Znk xomoj
sgtov{rgzux igt hk zxkgzkj gy g nurututusoi ux g tutnurutusoi y{hy�yzks
jkvktjotm ut ozy iutyzx{izout7 Tutnurutusoi jxo|ky gxk tutrotkgx gtj otzxuj{ik
zu znk jkyixovzout ul znk suzout gjjozoutgr iutyzxgotzy5 }noin iusk lxus
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znk xurrotm6}oznu{z6yrovvotm gyy{svzout5 yosorgx zu znk xurrotm6}oznu{z6yrovvotm
gyy{svzout lux }nkkry ul znk suhork vrgzluxs7 Y{in gyy{svzouty osvr� znk tkikyyoz�
ul yzkkxotm znk tutnurutusoi suhork sgtov{rgzux tuz utr� ut znk j�tgsoigr h{z ut
znk qotksgzoi rk|kr5 zuu7
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@][. 2.4. Zxgiqotm kxxux 2,2w3! 2,X2w3 axgjc lux znk znoxj puotz ul znk <6vktj{r{sC
g3 }ozn joxkiz jxo|ky5 h3 }ozn tutnurutusoi mkgxy
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@][. 2.5. Zxgpkizux� zxgiqotm lux znk sgyy iktzkx ul znk suhork vrgzluxs kw{ovvkjC
g3 }ozn znk nurutusoi <6vktj{r{s5 h3 }ozn znk tutnurutusoi <6vktj{r{s

Ol }k {yk g suhork sgtov{rgzux }ozn znk nurutusoi xuhuzoi gxs5 znk iutzxur
vxuhrks }orr hk tuz kgy�5 hkig{yk znk iutyzxgotzy gvvkgxotm ot utr� utk y{hy�yzks
gxk |groj lux znk }nurk uhpkiz grznu{mn g iu{vrkj nurutusoi y�yzks igt hk ykrkizkj
lxus znk sgznksgzoigr jkyixovzout ul znk sujkr7 J�tgsoi iutzxur grmuxozns lux y{in
y�yzksy vxkyktzkj ot znoy vgvkx oy mktkxgr gtj igt hk {ykj lux g suhork vrgzluxs
}ozn gt� xuhuz su{tzkj gzuv ul oz7

Ut znk uznkx ngtj5 ol }k {yk ju{hr� tutnurutusoi suhork sgtov{rgzux5
yomto"igtz joÆi{rzoky uii{x ot znk xkm{rgzout vxuikyy7 Loxyz ul znks oy znk lgiz
zngz tutnurutusoi iutyzxgotzy lux k|kx� y{hy�yzks ng|k g jo!kxktz luxs gtj
tkkj jo!kxktz qotksgzoi iutzxurrkxy7 Gtuznkx vxuhrks oy xkrgzkj zu znk ykrkizout
ul gjsoyyohrk zxgpkizuxoky lux znk xuhuz puotzy7 Hkig{yk znk qotksgzoi iutzxurrkx
xkgro!ky utr� zxgpkizuxoky }noin l{r"r tutnurutusoi iutyzxgotzy5 znk ykz ul vxuvkxr�
inuykt zxgpkizuxoky lux znk tutnurutusoi sgtov{rgzux oy suxk xkyzxoizkj zngt lux znk
nurutusoi utk 2tutnurutusoi iutyzx{izout ul g xuhuzoi gxs oy vuyyohrk utr� lux g



xuhuz }ozn xk|ur{zk puotzy37 Nu}k|kx5 znk tutnurutusoi sgtov{rgzux tkkjy utr� ;
ktmotky zu iutzxur ozy hkng|oux7

Znk qotksgzoi iutzxurrkxy mktkxgzk |kruiozoky5 }noin gxk tkikyygx� zu su|k znk
tutnurutusoi y{hy�yzks 2vrgzluxs ux sgtov{rgzux3 lxus ozy otozogr yzgzk zu znk
jkyoxkj zxgpkizux�7 Znk j�tgsoi iutzxurrkx mktkxgzky luxiky tkkjkj zu xkgro!k znk
|kruiozoky jkyomtkj ut znk qotksgzoi rk|kr7 Oz ykksy zu hk xgznkx yosvrk zu k~zktj
znk vxuvuykj j�tgsoi iutzxur grmuxozns zu znk gjgvzo|k igyk }ozn vgxgskzxoi
{tikxzgotz� ot znk j�tgsoiy7

Yzorr gtuznkx vxuhrks uii{xy }ozn znk otozogr iutjozouty lux znk j�tgsoi
iutzxur grmuxozns lux znk ju{hr� tutnurutusoi suhork sgtov{rgzux7 Tgskr�5 znk
zxgtyluxsgzout otzu znk ingotkj luxs oy utr� ruigr7 Oz osvroky znk tkikyyoz� zu {yk
rgxmk mgoty ot znk j�tgsoi iutzxurrkx hkig{yk y{in mgoty vxkykx|k lgyz iut|kxmktik
ul znk zxgiqotm kxxuxy zu !kxu }ozn |kx� ysgrr u|kxynuuz gtj5 iutykw{ktzr�5 znk
zxgiqotm kxxuxy yzg� }oznot znk xkmout ul gzzxgizout ul znk sktzoutkj j�tgsoi iutzxur
grmuxozns7

@JKJWJSHJX

:7 I7 Igt{jgy jk ]oz5 H7 Yoiorogtu5 M7 Hgyzot Qa^hkr h_ Oh[hm @hgmkhe7 Yvxotmkx
\kxrgm5 Rutjut :BB?7

;7 O7 J{r*khg7 Sujkrotm gtj iutzxur ul suhork sgtov{rgzuxy7 OtC Mkh\. 5ma FC>@
Prfi. PVOL@L(005 Vkxmgsut Vxkyy5 \okttg ;9995 vv7 ?A@"?B;7

<7 `7V7 Pogtm5 N7 Topskopkx7 G xki{xyo|k zkintow{k lux zxgiqotm iutzxur ul
tutnurutusoi y�yzksy ot ingotkj luxs7 FBBB QkZgl. >nmhfZmb\ @hgmkhe5
|ur7 ==5 tu7 ;5 :BBB5 vv7 ;?>";@B7

=7 G7 Sg!{x7 Sujkrotm gtj iutzxur ul xomoj sgtov{rgzuxy }ozn tutnurutusoi
mkgx7 OtC Zinu%t Q7 2Kjozux3 @r[^kg^mb\l h_ Oh[hmb\ Prlm^fl7 Zxgtyvuxz gtj
Iuss{toigzout V{hroynkxy5 ]gxyg} ;99=7

>7 G7 Sg!{x7 N�hxoj gjgvzo|k iutzxur rg}y yur|otm g vgzn lurru}otm vxuhrks lux
tut6nurutusoi suhork sgtov{rgzuxy7 Fgm. G. @hgmkhe5 |ur7 @@5 tu7 :>5 ;99=5
vv7 :;B@":<9?7

?7 S7 Soing-rkq5 Q7 Qu!-ru}yqo7 Zxgiqotm iutzxurrkx }ozn |kizux "krj uxoktzgzout lux
<6j tutnurutusoi sgtov{rgzux7 OtC Mkh\. Fgm. Thkdlahi hg Oh[hm Jhmbhg Zg]
@hgmkhe OhJh@h(045 V{y!i!�qu}u ;99=5 vv7 :A:":AB7

@7 _7 Tgqgs{xg5 ]7 In{tm ]5 U7P7 Y,xjgrkt7 Jkyomt gtj iutzxur ul znk
tutnurutusoi sgtov{rgzux7 FBBB QkZgl. Oh[hmb\l ' >nmhfZmbhg5 |ur7 :@5 tu7 :5
;99:5 vv7 =A">B7

A7 N7 Topskopkx5 G7P7 \gt jkx Yinglz7 Khgebg^Zk ArgZfb\Ze @hgmkhe Prlm^fl7
Yvxotmkx \kxrgm5 Tk} _uxq :BB:7

B7 S7 U�g5 I76_7 Y{5 X7 Qgzun7 Xuh{yz gjgvzo|k suzout8luxik zxgiqotm iutzxur
ul {tikxzgot tutnurutusoi skingtoigr y�yzksy7 FBBB QkZgl. Oh[hmb\l '
>nmhfZmbhg5 |ur7 :B5 tu7 :5 ;99<5 vv7 :@>":A:7

:97 T7 Ygjkmn5 X7 Nuxu}oz!7 Yzghoroz� gtj xuh{yztkyy gtgr�yoy ul g irgyy ul gjgvzo|k
iutzxurrkxy lux xuhuzoi sgtov{rgzuxy7 Fgm. G. Oh[hmb\l O^l^Zk\a5 |ur7 B5 tu7 <5
:BB95 vv7 @="B=7

::7 P7P7 Yruzotk5 ]7 Ro7 Gjgvzo|k sgtov{rgzux iutzxurC g igyk yz{j�7 FBBB QkZgl.
>nmhfZmb\ @hgmkhe |ur7 <<5 tu7 ::5 :BAA5 vv7 BB>":99<7
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< Zxgpkizux� Zxgiqotm Iutzxur lux Tutnurutusoi Suhork Sgtov{rgzuxy @:

:;7 Q7 Zinu&t5 P7 Pgq{hogq7 Giikrkxgzout6jxo|kt qotksgzoiy ul suhork sgtov{rgzuxyC
gt ktjumktu{y iut"m{xgzout yvgik gvvxugin7 OtC P7 Rktgx'io'i5 I7 Mgrrkzzo
2Kjy73 Lg >]oZg\^l bg Oh[hm Hbg^fZmb\l7 Qr{}kx Gigjksoi V{hroynkxy5 Znk
Tkznkxrgtjy ;99=7

:<7 Q7 Zinu&t5 P7 Pgq{hogq5 Q7 `gjgxtu}yqg7 Ju{hr� tutnurutusoi suhork
sgtov{rgzuxy7 OtC Mkh\. FBBB Fgm. @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5 Tk}
Uxrkgty ;99=5 vv7 =>B9"=>B>7

:=7 P7Z7 ]kt5 J7Y7 Hg�gxj7 Tk} irgyy ul iutzxur rg}y lux xuhuzoi sgtov{rgzuxyC Vgxz
: " tut6gjgvzo|k igyk7 Fgm. G. @hgmkhe5 |ur7 =>5 tu7 >5 :BAA5 vv7 :<?:":<A?7
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0EWIW JSV 9SGEP ;SRLSPSRSQMG :SXMSR

=PERRMRK

Omtgi� J{r*khg gtj Vg}k-r R{j}oq&u}

Otyzoz{zk ul Ktmotkkxotm I�hkxtkzoiy5 ]xui-rg} [to|kxyoz� ul Zkinturum�5
{r7 Pgtoy!k}yqokmu ::8:@5 >96<@; ]xui-rg}5 Vurgtj
NM[H_TPYH[MOSO/MGX&T[V&[VSG&TP

)$& 8SYWTIZHYNTS

Jxolzrkyy tutnurutusoi y�yzksy gxk jkyixohkj h� znk kw{gzout

ettt E
aR
]3*

jjj]2ttt3x] josttt E q H p E josxxxE 2=7:3

}nkxk ttt oy g iut"m{xgzout5 jjj]5 l E : D D D Ep gxk xkgr gtgr�zoigr |kizux "krjy5 igrrkj
mktkxgzuxy rgzkx ut5 gtj xxx oy g |kizux ul iutzxury7 Znk irgyy ul gjsoyyohrk iutzxury
yzkkxotm znk y�yzks 2=7:3 oy iusvuykj ul yw{gxk otzkmxghrk l{tizouty jk"tkj ut znk
otzkx|gr a9E ] c5 xxx2"3 7 U+

aa9E ] c5 }nkxk zosk nuxo!ut ] H 9 oy "~kj7 Y�yzksy 2=7:3
gxk ktiu{tzkxkj ot xuhuzoiy }nork sujkrotm5 gz znk qotksgzoi rk|kr5 {tjkxgiz{gzkj
sgtov{rgzuxy5 #ugzotm yvgik xuhuzy5 {tjkx}gzkx |knoirky ux suhork tutnurutusoi
xuhuzy7

Ruigr skznujy ul suzout vrgttotm hgykj ut g Rok6grmkhxgoi gvvxugin a?5 @c
vkxluxs g ykw{ktik ul znk lurru}otm yzkvy ot kgin ruigr 2gxu{tj g i{xxktz vuotz
ot znk yzgzk yvgik3 suzout vrgttotm y{h6zgyq7 Gz znk hkmottotm5 ot znk "xyz yzkv ul
znk vxuikj{xk5 g joxkizout zu znk mugr oy jkzkxsotkj5 znkt znoy joxkizout oy k~vxkyykj
gy g rotkgx iushotgzout ul hgyoy |kizuxy7 Znk hgyoy |kizuxy gxk k|gr{gzkj |kizux "krjy
xky{rzotm lxus gvvr�otm ozkxgzo|kr� znk Rok hxgiqkz zu znk mktkxgzuxy ul znk y�yzks7
Ot znk znoxj yzkv5 p{yz jkxo|kj iukÆioktzy ul znk rotkgx iushotgzout gxk zu hk sgjk
iutzxur jkvktjktz7 Zu znoy gos g mktkxgro!kj Igsvhkrr6Hgqkx6Ng{yjux!6J�tqot
luxs{rg 2mIHNJ3 oy {y{grr� gvvrokj7 Zu g|uoj ykgxinotm ot znk ot"tozk6josktyoutgr
l{tizoutgr yvgik ul iutzxury5 oz oy g iussut gvvxugin zu ykz g hgyoy ot znk yvgik
ul iutzxury5 zu k~vxkyy kgin iutzxur gy g ykxoky ul znk hgyoy l{tizouty gtj zu su|k
znk ykgxin otzu g vgxgskzxoi yvgik ul vgxgskzkxy ul znk ykxoky7 Lux iusv{zgzoutgr
xkgyuty znk ykxoky gxk iusvuykj ul g "tozk t{shkx ul krksktzy7 Lux yusk irgyyky ul
y�yzksy 2=7:3 2k7m7 torvuzktz y�yzksy a:c3 znoy t{shkx igt hk jkzkxsotkj7 Iutzxury1
vgxgskzkxo!otm oy {ykj h� uznkx zkintow{ky zuu a=5:9c7 Ot znk rgyz yzkv ul ruigr suzout
vrgttotm gt ot|kxyk vxuhrks oy yur|kj zu jkzkxsotk znk iukÆioktzy ul znk iutzxury
zngz yzkkx znk y�yzks ot znk xkw{oxkj joxkizout7 Ot ruigr suzout vrgttotm5 vxkyktzkj
ghu|k5 hgyky gxk k~vruozkj z}oik7 Znk "xyz hgyoy ykrkizy yusk |kizux "krjy }nork znk
ykiutj utk ykzy gjsoyyohrk yngvky ul iutzxury7 K|ojktzr�5 ykrkizout ul znk hgyky s{yz
ot#{ktik znk kÆiokti� ul ruigr suzout vrgttotm7

K. Kozłowski (Ed.): Robot Motion and Control, LNCIS 335, pp. 73–84, 2006.
© Springer-Verlag London Limited 2006



Znk u{zrotk ul znk vgvkx oy gy lurru}y7 Ykizout ; xkigrry yusk tkikyygx�
Rok6grmkhxgoi iutikvzy gtj vxkyktzy iutykw{ktiky ul znk mIHNJ luxs{rg7 Ot
Ykizout < znxkk hgyky ot znk yvgik ul iutzxury gxk jk"tkj gtj iusvgxkj }ozn kgin
uznkx5 tgskr� Lu{xokx5 Rkmktjxk gtj Nggx hgyky5 a;5:=c7 Ykizout = vxu|ojky k|gr{gzout
ul |kizux "krjy zngz ygzoyl� znk Pgiuho ojktzoz� iutjozout7 Ykizout > iutir{jky znk
vgvkx7

)$' ;NJ 0QLJGWFNH 2TSHJUYX FSI YMJ L2173 5TWRZQF KTW

3WNKYQJXX =TSMTQTSTRNH A^XYJRX

]k hkmot }ozn otzxuj{iotm yusk hgyoi iutikvzy7 Lux g vgox ul |kizux "krjy 2|ly3aaaEbbb
znkox Rok hxgiqkz 2gtuznkx |kizux "krj3 aaaaEbbb c igt hk jk"tkj7 Ot iuuxjotgzky

aaaaEbbb c E
Ibbb

Ittt
aaa ! Iaaa

Ittt
bbb E 2=7;3

}nkxk ttt oy znk yzgzk |kizux7 Zu kgin Rok hxgiqkz ozy jkmxkk igt hk gyyomtkj h� iu{tzotm
znk t{shkx ul mktkxgzuxy oz oy iusvuykj ul7 Lux k~gsvrk jkmxkk2ajjj+E jjj*c3 E ;5
jkmxkk2aajjj+E jjj*cE jjj+c3 E <5 jkmxkk2jjj+3 E :7

Znk y�yzks 2=7:3 oy l{rr� jkyixohkj h� ozy mktkxgzuxy jjj*E D D D E jjja7 Znk y�yzks ngy
ozy gyyuiogzkj Rok grmkhxg5 yvgttkj h� znk mktkxgzuxy7 Znk Rok grmkhxg oy jkzkxsotkj
h� ozy hgyoy7 Utk vuyyohrk iutyzx{izout ul znk hgyoy oy j{k zu Vn7 Ngrr a:;c gtj gt
k!kizo|k skznuj zu mktkxgzk znk hgyoy ot vxkyktzkj ot a>c7 Znk hgyoy igt hk {ykj
zu inkiq znk ysgrr zosk iutzxurrghoroz� iutjozout 2RGXI3 lux jxolzrkyy tutnurutusoi
y�yzksy 2=7:35 a<c7 Znk hgyoyQQQ ul g lxkk Rok grmkhxg oy gt uxjkxkj ykz ul Rok sutusogry
ygzoyl�otm znk lurru}otm iutjozouty a::cC

HB0 mktkxgzuxy hkrutm zu znk hgyoy5 aaa] 7QQQ R l E :E D D D Ep5

HB1 MJ jkmxkk2KKKC3 F jkmxkk2KKKD3 XLIR KKK]

CCC
F KKK^ 5

HB2 aKKK]EKKK^ c 7QQQ MJ ERH SRP] MJ

U* KKK]EKKK^ 7QQQ ERH KKK]

CCC
F KKK^ ERH

V* IMXLIV KKK^ E aaa_ lux yusk n SV KKK^ E aKKK`EKKKfc }ozn KKK`EKKKf 7 QQQ ERH

KKK`

CCC

-KKK]7

Ot lgiz5 VN; oy tuz g zx{k skshkxynov iutjozout5 h{z oz xgznkx otzxuj{iky g xkrgzout

ul vxkikjktik ul |ly ot znk Vn7 Ngrr hgyoy7 Irkgxr�5 KKK`

CCC

- KKK] oy ygzoy"kj }nkt koznkx

KKK`

CCC
F KKK] ux KKK` E KKK]7 Tuzk zngz znkxk oy tu yzuv iutjozout ot mktkxgzotm Vn7 Ngrr

hgyoy5 gy znk hgyoy oy ot"tozk7 Lux k~gsvrk5 Vn7 Ngrr hgyoy yvgttkj h� z}u mktkxgzuxy
jjj*E jjj+ oy iusvuykj ul Rok hxgiqkzy jjj*E jjj+E ajjj*E jjj+cE ajjj*E ajjj*E jjj+ccE ajjj+E ajjj*E jjj+cc D D D7 Vn7 Ngrr
hgyoy krksktzy igt hk uxjkxkj otzu rg�kxy iusvuykj ul Rok hxgiqkzy }ozn znk ygsk
jkmxkk7 Ot znk vxk|ou{y k~gsvrk znk ykiutj rg�kx oy iusvuykj ul utk Rok hxgiqkz
ajjj*E jjj+c }nork znk "xyz rg�kx iutzgoty z}u mktkxgzuxy jjj*E jjj+7

Vn7 Ngrr hgyoy igt hk |ok}kj gy g yuvnoyzoigzkj skznuj ul k~ir{jotm xkj{tjgti�
lxus g ykz ul grr Rok sutusogry vxuj{ikj lxus mktkxgzuxy h� {yotm znk Rok hxgiqkz
xki{xyo|kr�7 Z}u x{rky gxk gvvrokjC znk gtzoy�sskzx�

aaaaEbbb c E !abbb Eaaa cE 2=7<3
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= Hgyky lux Ruigr Tutnurutusoi Suzout Vrgttotm @>

gtj znk Pgiuho ojktzoz�

aaaaE abbb Eccccc 4 acccE aaaaEbbb cc 4 abbb E acccEaaacc E 999E 2=7=3

}nkxk aaaEbbb Eccc gxk gt� Rok sutusogry 2|ly37 Znk "xyz x{rk yg�y zngz ol aaaaEbbb c ktzkxkj
znk hgyoy znkt abbb Eaaac igttuz hk otir{jkj ot znk hgyoy7 Znk ykiutj x{rk k~ir{jky utk
Rok sutusogr lxus znk ykz aaaaE abbb EcccccE acccE aaaaEbbb ccE abbb E acccEaaa cc7

\kizux "krjy jkyixohk gjsoyyohrk joxkizouty ul suzout lux znk tutnurutusoi
y�yzks 2=7:37 Tu}5 oz }orr hk ynu}t nu} znk� igt hk vxuj{ikj }ozn iutzxury }ozn
znk {yk ul znk mIHNJ luxs{rg7 Znk luxs{rg jkyixohky 2ruigrr�3 g yur{zout zu g
tut6g{zutusu{y y�yzks ul jo!kxktzogr kw{gzouty }ozn g mo|kt otozogr iutjozout a:<c7
]nkt gvvrokj zu znk y�yzks 2=7:35 oz jkzkxsotky 2ruigrr�3 g zxgpkizux� ul znk y�yzks
otozogro!kj gz ttt293

ttt2w3 3 }}}2xxx2"332ttt2933 4 ttt293E xxx2"3 7 U+
aa9E wcD 2=7>3

Lux w2 95 znk |kizux "krj }}}2xxx2"33 zgqky g luxs ul Rok ykxoky aBc7 Ot ykw{kr5 znk ysgrr
zosk nuxo!ut w }orr hk "~kj gtj jktuzkj ] 7 Ot znk vgvkx aBc g vxk6iutzxur luxs ul
znk mIHNJ luxs{rg ngy hkkt jkxo|kj lux jxolzrkyy tutnurutusoi y�yzksy 2=7:37 Znk
yzgzk ynolz uvkxgzux }}}2w3 zgqky znk luxs ul g Rok ykxoky iusvuykj ul Vn7 Ngrr hgyoy
krksktzy vxks{rzovrokj h� iutzxur6jkvktjktz iukÆioktzy

}}}2xxx2"33 E
(R
]3*

$5CCC>? 9XY[fYY&CCC>?'3]6R
^3*

+]^2xxx2"33 "QQQ]^ E QQQ]^ 7QQQD 2=7?3

Ot Kw7 2=7?35 znk "xyz y{ssgzout oy u|kx rg�kxy }nork znk ykiutj utk oy u|kx
ozksy }oznot rg�kxy7 QQQ** E jjj*5 QQQ*+ E jjj+5 QQQ+* E ajjj*E jjj+c5 QQQ,* E ajjj*E ajjj*E jjj+cc5
QQQ,+ E ajjj+E ajjj*E jjj+cc7 K~vxkyyouty ul +]^ iutzxur jkvktjktz iukÆioktzy vxks{rzovr�otmmm
|kizux "krjy jjj*E jjj+E ajjj*E jjj+c5 ajjj*E ajjj*E jjj+cc5 ajjj+E ajjj*E jjj+cc gxk iurrkizkj hkru} aBc

+**2] 3 E

S
<<<&&N '

x* gvgvgv
*E +*+2] 3 E

S
<<<&&N '

x+ gvgvgv
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++*2] 3 E
:

;

S
<<<'&N '

2x*+ ! x+*3gvgvgv
+E +,*2] 3 E

:

?

S
<<<(&N '

2x**+ ! ;x*+* 4 x+**3gvgvgv
,E

+,+2] 3 E
:

?

S
<<<(&N '

2!x*++ 4 ;x+*+ ! x++*3gvgvgv
,E

2=7@3

}nkxk JJJf2] 3 oy znk u josktyoutgr yosvrk~5 JJJf2] 3 E Nv 7 [[[f C 9 F v* F

v+ F D D D F vf F ]O7 P
<<<G&N '

E
P N
gG3)

P gG
gG!&3)

D D D
P g'
g&3)

5 gtj j{ss� |gxoghrky

gvgvgvf E gv* gv+ D D D gvf7 Znk iutzxury ot Kw7 2=7@3 gxk vxkyktzkj ot ghhxk|ogzkj tuzgzout
k~vrgotkj h� znk lurru}otm k~gsvrkC x+*++ 2 x+2v*3 " x*2v+3 " x+2v,3 " x+2v-37 Tuzk
zngz mktkxoi 2xki{xyo|k3 luxs{rgy lux +]^ 2Kw7 2=7@33 igt tuz hk uhzgotkj gy znk� gxk
hgykj ut g hgyoy ul znk Rok grmkhxg gtj gt� hgyoy 2R�tjut5 Vn7 Ngrr3 oy jkzkxsotkj
grmuxoznsoigrr� utr� 2tu k~vroioz k~vxkyyouty lux znk hgyoy krksktzy gxk qtu}t37

Vn7 Ngrr ykxoky 2=7?3 }nkt k|gr{gzkj gz g mo|kt yzgzk ttt xky{rzy ot g |kizux
ul ot"tozkyosgr suzout }}}2w32ttt3 vgxgskzxo!kj }ozn iutzxury7 Oz ngy hkkt vxu|kj aBc



zngz5 jkyvozk ul g hgyoy ot znk yvgik ul iutzxury5 kgin iukÆioktz +TTT ot Kw7 2=7@3
vxks{rzovr�otm |kizux "krjccc jkvktjy ut znk zosk nuxo!ut ] giiuxjotm zu znk luxs{rg

+TTT , ] ?@BK@@&TTT'8+D 2=7A3

)$( 4[FQZFYNTS TK 1FXJX NS AUFHJ TK 2TSYWTQX

Znxkk hgyky ot znk yvgik ul iutzxury }orr hk iusvgxkj7 Znk� xkvxkyktz jo!kxktz irgyyky
ul iutzxur yomtgryC ngxsutoi5 vur�tusogr gtj vokik6}oyk iutyzgtz5 xkyvkizo|kr�7 Znkox
|kx� "xyz tuxsgro!kj krksktzy gxk vxkyktzkj hkru}C
znk Lu{xokx hgyoy 2@ E ;8G] 3

O)2w3 E

^
:

]
E

O*2w3 E

^
;

]
" yot2@w3E

O+2w3 E

^
;

]
" iuy2@w3E

O,2w3 E

^
;

]
" yot2; " @w3E

znk Rkmktjxk hgyoy

U)2w3 E
U
: " ]!*8+E

U*2w3 E
U
< " ]!,8+2;w! ] 3E

U+2w3 E
U
> " ]!.8+2?w+ ! ?w] 4 ] +3E

U,2w3 E
U
@ " ]!08+2;9w, ! <9w+] 4 :;w] + ! ] ,3E

gtj znk Nggx hgyoy

J)2w3 E

^
:

]
E w 7 a9E ] c J*2w3 E

^
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"
9
: w 7 a9E N

+
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E ] c

J+2w3 E

^
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J,2w3 E

^
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]
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: w 7 aN
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!: w 7 a ,N
-
E ] cE

}nkxk gz tut6jkzkxsotkj vuotzy ot znk otzkx|gr a9E ] c znk hgyoy l{tizouty zgqk znk
|gr{k ul 97

Zu "~ gzzktzout5 z}u6otv{z y�yzksy 2p E ;3 }orr hk iutyojkxkj gtj k|gr{gzout
}orr hk igxxokj u{z lux znk "xyz znxkk rg�kxy ul znk Vn7 Ngrr hgyoy7 Oz oy tgz{xgr zu
k~vkiz zngz hgyky gxk iusvgxghrk }nkt znk ygsk t{shkx ul znkox "xyz krksktzy gxk
iutyojkxkj7 Ot grr igyky znk "xyz lu{x krksktzy ul kgin hgyoy gxk zgqkt otzu giiu{tz7
]k hkmot u{x iutyojkxgzouty }ozn yusk xksgxqy ut znk iusv{zgzoutgr iusvrk~oz�
ul jkxo|otm iukÆioktzy 2=7@3 lux jo!kxktz hgyky7 Ot uxjkx zu uhzgot znk iukÆioktzy5
znk otzkmxgzout u|kx g s{rzo6josktyoutgr yosvrk~ ngy zu hk vkxluxskj7 ]ozn znk
{yk ul y�shuroi vgiqgmky5 iusv{zgzout ul znk iukÆioktzy oy g zosk iuty{sotm
zgyq7 Iusv{zgzoutgr zosk oy znk rutmkyz lux znk Lu{xokx hgyoy5 skjo{s lux znk
Rkmktjxk hgyoy gtj znk ynuxzkyz lux znk Nggx hgyoy7 Nu}k|kx5 jgzg vxkvgxgzout lux
znk otzkmxgzout ul Nggx hgyoy krksktzy oy znk ngxjkyz iusvgxkj zu znk uznkx z}u hgyky
2lux znk Nggx hgyoy znk otzkmxgzout vkxouj ynu{rj hk jkiusvuykj otzu y{h6otzkx|gry
}ozn iutyzgtz iutzxury37
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= Hgyky lux Ruigr Tutnurutusoi Suzout Vrgttotm @@

LUV_Y 3.0. IukÆioktzy ul Vn7 Ngrr ykxoky lux ykrkizkj vgoxy ul hgyoy krksktzy
2x]E x^3 E 2K]E K^3 ot znk yvgik ul iutzxury

znk vgox jjj* jjj+ ajjj*E jjj+c ajjj*E ajjj*E jjj+cc ajjj+E ajjj*E jjj+cc

znk Nggx hgyoy

2J)E J)3 : : 9 9 9
2J)E J*3 : 9 697;> 9 6979=;
2J)E J+3 : 9 6979AA 979;; 6979:
2J)E J,3 : 9 6979AA 6979;; 6979:
2J*E J+3 9 9 6979AA 6979;; 6979:
2J*E J,3 9 9 979AA 979;; 979:
2J+E J,3 9 9 9 9 9

znk Rkmktjxk hgyoy

2U)E U)3 : : 9 9 9
2U)E U*3 : 9 97;B 9 6979>
2U)E U+3 : 9 9 979<@ 6979:;
2U)E U,3 : 9 9 9 69799>?
2U*E U+3 9 9 97:< 6979< 9
2U*E U,3 9 9 9 9 9
2U+E U,3 9 9 979A> 9 9799::

znk Lu{xokx hgyoy

2O)E O)3 : : 9 9 9
2O)E O*3 : 9 697;? 9 6979<A
2O)E O+3 : 9 9 979<? 6979:;
2O)E O,3 : 9 697:: 9 69799B>
2O*E O+3 9 9 697:? 6979<? 9
2O*E O,3 9 9 9 9 9
2O+E O,3 9 9 9 9 9

Ot Kw7 2=7A3 znk vxklkxktik ul ru} jkmxkk Vn7 Ngrr hgyoy krksktzy u|kx nomn
jkmxkk utky oy irkgxr� |oyohrk gy ] oy ysgrr7 Ot Zghrk =7: znk iukÆioktzy ul Vn7
Ngrr ykxoky mktkxgzkj }ozn vgoxy ul iutzxury 2x*E x+3 zngz hkrutm zu znk Lu{xokx5
Rkmktjxk gtj Nggx hgyky gxk vxkyktzkj7 Oz igt hk jkj{ikj zngz5 jkyvozk g hgyoy
{ykj5 ghyur{zk |gr{ky ul iukÆioktzy ul ru} jkmxkk |kizux "krjy gxk rgxmkx zngt znuyk
ul nomnkx jkmxkky7 Oz oy {ykrkyy zu mktkxgzk "xyz jkmxkk |kizux "krjy }ozn ngxsutoiy
2J)E J]35 2U)E U]35 2O)E O]35 l E 9 ! <5 }nkt znk ygsk k!kiz igt hk uhzgotkj h�
gvvr�otm vokik6}oyk iutyzgtz iutzxury5 koznkx x* E :E x+ E 9 ux x* E 9E x+ E :7
Znkxkluxk5 }k iusvgxk znk hgyky }ozn xkyvkiz zu znkox ghoroz� zu mktkxgzk kyvkiogrr�
{ykl{r |kizuxy zngz luxs g tgz{xgr hgyoy ot znk yvgik ul joxkizouty5 tgskr� Vn7
Ngrr joxkizouty ul suzout7 Znk joxkizouty igt hk jk"tkj gy |kizuxy ng|otm utr� utk
tut6!kxu iusvutktz ot g mo|kt rg�kx gtj |gtoynotm iukÆioktzy lux grr ru}kx jkmxkk
rg�kxy7 \gr{ky ul iukÆioktzy lxus nomnkx jkmxkk rg�kxy gxk tuz yu osvuxzgtz5 gy znk�
igt hk xkj{ikj h� jkixkgyotm ] 5 il7 Kw7 2=7A37 K~gsvrky ul Vn7 Ngrr joxkizouty
lurru} jjj* 2 2:E 9E $E $E $E D D D35 jjj+ 2 29E :E $E $E $E D D D35 ajjj*E jjj+c 2 29E 9E :E $E $E D D D35
ajjj*E ajjj*E jjj+cc 2 29E 9E 9E :E 9E $E D D D35 ajjj+E ajjj*E jjj+cc 2 29E 9E 9E 9E :E $E D D D35 }nkxk $ yzgtjy
lux gt� |gr{k5 gtj : skgty gt� tut6!kxu |gr{k7 Ot iusvgxotm znk ghoroz� ul znk hgyky
zu mktkxgzk Vn7 Ngrr joxkizouty5 znk Lu{xokx hgyoy oy hkzzkx zngt znk Rkmktjxk hgyoy5
il7 Zghrk =7: gy znk ajjj*E jjj+c Vn7 Ngrr joxkizout oy mktkxgzkj h� 2O*E O+3 }ozn znk



gsvroz{jk 9D:? gtj h� 2U*E U+3 }ozn znk gsvroz{jk 9D:< 2}nork znk Nggx hgyoy igt
vxuj{ik znoy joxkizout }ozn gsvroz{jk 9D9AA37 Lotgrr�5 znk hgyky }orr hk iusvgxkj
}ozn xkyvkiz zu znk sg~osgr gsvroz{jk ul hgyoi iutzxury7 Znk Lu{xokx hgyoy krksktzy
O]5 l . : mo|k

\
;G] gtj

\
:G] lux O)7 Lux znk Nggx hgyoy5 J)E J* 2

\
:G] 5

gtj iutyki{zo|k vgiqy ul ;]5 l E :E D D D krksktzy xky{rz ot znk sg~osgr gsvroz{jkU
;] "\:G] 7 Lux znk Rkmktjxk hgyoy znk gsvroz{jk kw{gr zu U] 2

U
l4 :

\
:G] 7

Giiuxjotm zu znk ixozkxout5 znk Lu{xokx hgyoy oy znk hkyz }nork znk Rkmktjxk gtj znk
Nggx hgyky gxk kw{o|grktz gy znk sg~osgr gsvroz{jk ul znkox krksktzy otixkgyk }ozn
znk otjk~ ul znk hgyoy krksktz 2ot lgiz5 yromnzr� yru}kx lux znk Nggx hgyoy37 Ot aAc
yusk gtgr�zoi skgy{xky zu iusvgxk hgyky }kxk vxuvuykj hgykj ut k|gr{gzout ul
|kizux "krjy7

)$) 4[FQZFYNTS TK DJHYTW 5NJQIX 2TSXYWFNSJI \NYM YMJ

9FHTGN 8IJSYNY^

Ykrkizout ul |kizux "krjy zu znk Vn7 Ngrr hgyoy oy yusk}ngz gxhozxgx�7 Gsutm znxkk
|kizux "krjy y{huxjotgzkj zu znk Pgiuho ojktzoz� 2=7=35 utk oy k~ir{jkj giiuxjotm
zu x{rk VN<7 Gy oz ngy hkkt vxu|kj ot aBc5 grr |kizux "krjy zngz hkrutm zu znk ygsk
rg�kx igt hk mktkxgzkj }ozn znk ygsk gsu{tz ul ktkxm�7 Oz oy xkgyutghrk zu yzgzk
znk w{kyzout }noin |kizux "krj ynu{rj hk k~ir{jkj 2vuyyohr� |ourgzotm x{rk VN<3
zu sgqk znk uznkx z}u znk suyz ktkxm� kÆioktz ot vxuj{iotm g suzout7 Oz }orr hk
gyy{skj rgzkx ut zngz znk znxkk iu6vrgtgx |kizux "krjy gxk iutyojkxkj ruigrr�5 gz g
mo|kt yzgzk5 gtj z}u ul znks s{yz mktkxgzk g mo|kt |kizux ul suzout uvzoso!otm
ktkxm� k~vktjoz{xk7 Utk yosvro"igzout oy gyy{skj7 Lux |kizux k5 k~vxkyykj gy g
rotkgx iushotgzout ul kw{o6ktkxm� iuyzr� |kizuxy lE mC k E 7*l4 7+m5 ozy ktkxm� iuyz
oy kw{gr 7+* 4 7++ 2suzout grutm kgin |kizux lE m iuyzy utk {toz ul ktkxm�37

Rkz U5 V5 W hk tut6!kxu iu6vrgtgx |kizuxy 2|kizux "krjy k|gr{gzkj gz g mo|kt yzgzk3
zngz ygzoyl� znk Pgiuho ojktzoz� iutjozout

U4 V4 W E 9D 2=7B3

]oznu{z ruuyotm mktkxgroz�5 vuyyohr� {yotm xuzgzout gtj yigrotm5 znk |kizuxy igt hk
ruigzkj ut znk vrgtk {| gtj vgxgskzkxo!kj gy lurru}y

U E 2:E 93E V E 2o iuy 2E o yot 23E W E 2!:! o iuy 2E!o yot 23E 2=7:93

}nkxk 2 7 29E 837 Kw7 2=7B3 yzgzky zngz znk znxkk |kizuxy gxk irkgxr� xkj{tjgtz zu
yvgt g vrgtk7 Ot uxjkx zu luxs g hgyoy5 utk ul znk |kizuxy ngy zu hk xksu|kj7 Znkxk
gxk znxkk vuyyohrk hgyky iutyzoz{zkj h� znk vgoxy ul |kizuxy U0V5 U0W gtj V0W7 Kgin
gsutm znks grru}y zu k~vxkyy gt� vuotz sss E 2{E |3 2kw{o|grktzr� g |kizux iuttkizotm
znk uxomot }ozn znk vuotz3 gy g rotkgx iushotgzout ul znk hgyoy |kizuxy

sss E +*U4 ++V E ,*U4 ,+W E -*V4 -+WD 2=7::3

Kw7 2=7::3 grru}y zu k~vxkyy iukÆioktzy ul znk iushotgzouty gy l{tizouty ul
iuuxjotgzky ul sss gtj vgxgskzkxy oE 2

+* E {! | iuz 2E ++ E
|

o yot 2
E 2=7:;3
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= Hgyky lux Ruigr Tutnurutusoi Suzout Vrgttotm @B
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@][. 3.0. \kizuxy UEVE W ut g vrgtk
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E 2=7:<3

-* E !{4 |

-
iuz 2 4

:

o yot 2

.
E -+ E !{4 | iuz 2E 2=7:=3

}nork ktkxm� k~vktjoz{xk zu mktkxgzk c lux kgin hgyoy kw{gry

N$2{E |3 E
+R
]3*

++] E N%2{E |3 E
+R
]3*

,+] E N&2{E |3 E
+R
]3*

-+] D 2=7:>3

K~vxkyyotm c ot vurgx iuuxjotgzky5 { E u iuy?5 | E u yot?5 grru}y zu iutiktzxgzk ut
joxkizout ul suzout ? xgznkx zngt joyzgtik u

N$2uE ?3 E u+ "
/
yot+ ?

o+ yot+ 2
4 2iuy? ! iuz 2 yot?3+

0
E 2=7:?3

N%2uE ?3 E
u+

o+

7
yot+ ?

yot+ 2
4

-
!o iuy? 4 o iuz 2 yot? 4

yot?

yot 2

.+
8
E 2=7:@3

N&2uE ?3 E
u+

o+ yot+ 2

#
;o+ yot+22 ! ?3! ;o yot22 ! ?3 yot? 4 yot+ ?

$
D 2=7:A3

Xkmouty }nkxk vgoxy ul |kizuxy luxs znk uvzosgr hgyoy gxk jkzkxsotkj h� znk kw{gzout

sot2N$2?3E N%2?3E N&2?33 2=7:B3

zu hk yur|kj lux ? 7 a9E ;8c7 Yur{zout ul Kw7 2=7:B3 utr� jkvktjy ut utk |gxoghrk ?
2oE 2 gxk vgxgskzkxy gtj u juky tuz ot#{ktik znk yur{zout # oz xgznkx k~vgtjy oz
xgjogrr�37 Yos{rgzouty }kxk vkxluxskj lux gtmrky 2 E N=>ÆE B9ÆE :;9ÆO gtj rktmzny
o E N:G=E :E =O7 Ktkxm� k~vktjoz{xk lux kgin vgox ul znk hgyk |kizuxy gxk |oy{gro!kj
ot Lom7 =7;5 }nork znk hkyz ykrkizout ul znk hgyk |kizuxy oy jkvoizkj ot Lom7 =7<7

Zu yosvrol� jkzkxsototm znk xkmouty5 oz oy ktu{mn zu "tj ixozoigr |gr{ky ul gtmrk
? }nkxk y}ozinky hkz}kkt uvzosgr hgyky uii{x7 Lux k~gsvrk znk ixozoigr |gr{k ul ?
lux znk y}ozin lxus ykz U0V zu U0W 2il7 Kwty7 2=7:?3 2=7:@33 oy jkxo|kj lxus znk
kw{gzout

9 E N$2uE ?3!N%2uE ?3 E N$2?3!N%2?3D 2=7;93

Ot Lom7 =7= znk uvzosgr xgtmk lux |kizuxy UEVE W oy vxkyktzkj gy znk l{tizout ul 2 2o oy
znk vgxgskzkx35 }nork ot Lom7 =7> znk |gxoghrky gxk otzkxingtmkj gtj o ykx|ky gy znk
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@][. 3.1. Ktkxm� xkw{oxkj zu vxuj{ik g mo|kt joxkizout7 N$E N%E N& gxk jxg}t }ozn
yuroj8jgynkj8juzzkj rotk5 xkyvkizo|kr�

x{ttotm |gxoghrk gtj 2 oy znk vgxgskzkx7 Oz oy }uxzn tuzotm zngz znkyk |kizuxy gxk
roqkr� zu hk otir{jkj ot znk hgyoy }noin luxs znk gtmrk gy iruyk zu znk xomnz gtmrk
gy vuyyohrk7 Znk rktmzny ul znk |kizuxy5 grznu{mn znk� ot#{ktik znoy ingxgizkxoyzoiy5
gxk gy osvuxzgtz gy znk gtmrky7

Znk vxkyktzkj gvvxugin zu ykrkiz z}u gsutm znk znxkk |kizux "krjy y{huxjotgzkj
zu znk Pgiuho ojktzoz� igt hk k~zktjkj zu sgt� |kizux "krjy luxsotm g ykz ul
otjkvktjktz |kizuxy }nkt k|gr{gzkj gz znk i{xxktz yzgzk7 Ot znoy igyk suxk zngt
utk Pgiuho zxovrk sg� gvvkgx gtj znk uvzoso!gzout vxuhrks hkiusky iusvrk~ j{k
zu sgt� |gxoghrky ot|ur|kj ot zxomutuskzxoi k~vxkyyouty7 Nu}k|kx5 znk vxuhrks
sg� gxoyk xgxkr�7 Lux k~gsvrk5 znk "xyz ykrkizout j{k zu znk Pgiuho ojktzoz�
lux znk y�yzks 2=7:3 jkyixohkj h� znxkk mktkxgzuxy j*E j+E j, oy |groj lux n .
< jkmxkk |kizux "krjy7 Gy ru} jkmxkk |kizux "krjy lxus znk Vn7 Ngrr hgyoy
j*E j+E aj*E j+cE aj*E j,cE aj*E j,cE aj+E j,c gxk t{skxu{y 2oz oy gyy{skj zngz znk� gxk
otjkvktjktz gz znk i{xxktz yzgzk35 znk ykrkizout xkgrr� sgzzkxy lux q . ? josktyoutgr
yzgzk yvgiky7

)$* 2TSHQZXNTSX

Ot znoy vgvkx hgyky lux ruigr tutnurutusoi suzout vrgttotm hgykj ut Rok6grmkhxgoi
gvvxugin }kxk k|gr{gzkj gz znk i{xxktz yzgzk7 Znk hgyoy lux g Rok grmkhxg ul |kizux
"krjy gtj znk hgyoy lux g yvgik ul iutzxury }kxk k~gsotkj7 Gzzxoh{zo|k hgyky lux
|gxou{y irgyyky ul iutzxury }kxk iutyojkxkjC ngxsutoi l{tizouty xkvxkyktzkj h� znk
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= Hgyky lux Ruigr Tutnurutusoi Suzout Vrgttotm A:
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@][. 3.2. Znk uvzosgr inuoik ul hgyoy |kizuxy lux ykrkizkj |gr{ky ul vgxgskzkxy 2 gtj
o7 ]nozk8romnzmxg�8jgxqmxg� hgiqmxu{tj "rr gxkgy }nkxk znk uvzosgr vgox ul |kizuxy
gxk U0V8U0W8V0W5 xkyvkizo|kr�7 Hurj rotky otjoigzk znk ruigzouty gtj rktmzny ul znk
hgyk |kizuxy7 Yotmrk8ju{hrk8zxovrk gxiy ioxirk gxkgy }nkxk U5 V gtj W iutzxoh{zk zu
znk uvzosgr hgyoy5 xkyvkizo|kr�

Lu{xokx hgyoy5 vur�tusogry xkvxkyktzkj h� znk Rkmktjxk hgyoy gtj vokik6}oyk iutyzgtz
iutzxury xkvxkyktzkj h� znk Nggx hgyoy7 Lxus znk iutzxur vxgizoik vuotz ul |ok}5 oz
oy osvuxzgtz zu k|gr{gzk znk ot#{ktik ul hgyoy krksktzy ot znk yvgik ul iutzxury ut
xky{rzotm suzout7 Oz oy qtu}t zngz gt� suzout igt hk iusvuykj ul hgyoi vokiky gtj
znk vokiky igt hk iusv{zkj ot u!6rotk sujk 2hkluxk gt� iutzxur vxuikyy oy otozogro!kj37
Znk Lu{xokx hgyoy ykksy zu hk znk hkyz gsutm znk hgyky zkyzkj7 Znk hgyoy k!kizo|kr�
mktkxgzky v{xk suzouty grutm Vn7 Ngrr joxkizouty7 Oz juky tuz y{!kx gy s{in gy znk
uznkx z}u hgyky lxus lxkw{kti� hgtj6rosoz ut iutzxury 2znk Nggx hgyoy y{!kxy znk
suyz gy ozy Lu{xokx k~vgtyout oy iusvuykj ul sgt� nomn lxkw{kti� iusvutktzy37 Znk
sg~osgr gsvroz{jky ul znk Lu{xokx hgyoy krksktzy gxk ysgrrkx zngt znk gsvroz{jky
ul znk Nggx gtj Rkmktjxk hgyky7
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@][. 3.3. Znk uvzosgr xgtmk ul gtmrky lux |kizuxy UEVE W gy znk l{tizout ul 27
Vgxgskzkx o kw{gry : 2rklz35 = 2xomnz3

Ykrkizout ul Rok hxgiqkzy zngz hkrutm zu g hgyoy ul znk Rok grmkhxg ul znk
y�yzks 2=7:35 }nkt sotoso!otm znk ktkxm� ul suzout oy xkw{oxkj5 ngxjr� jkvktjy
ut g vgxzoi{rgx vuotz ot znk yzgzk yvgik7 Ol znk ktkxm� iuty{svzout oy tuz gt oyy{k5
znk Vn7 Ngrr hgyoy oy gj|oikj7 Uznkx}oyk5 znuyk |kizuxy 2|kizux "krjy k|gr{gzkj gz
znk i{xxktz yzgzk3 ynu{rj iusvuyk znk hgyoy }noin luxs gtmrky }ozn kgin uznkx gy
iruyk zu znk xomnz gtmrk gy vuyyohrk7 Znk hgyoy igt |gx� lxus utk vuotz ot znk yzgzk
yvgik zu gtuznkx7

@JKJWJSHJX

:7 X7]7 Hxuiqkzz7 @hgmkhe Qa^hkr Zg] Pbg`neZk Ob^fZggbZg D^hf^mkr7 Yvxotmkx
\kxrgm5 Tk} _uxq :BA:7

;7 M7Y7 Inoxoqopgt5 G7H7 Q�gzqot7 Bg`bg^^kbg` >iieb\Zmbhgl h_ Khg\hffnmZmbo^
EZkfhgb\ >gZerlbl7 IXI Vxkyy5 Huig Xgzut ;99:7

<7 ]7R7 Inu}7 &[hkx Y�yzksk |ut rotkgxkt vgxzokrrkt Jo!kxktzogrmrkoin{tmkt kxyzkx
Uxjt{tm7 JZma. >gg.5 |ur7 ::@5 tu7 :5 :B<B5 vv7 BA":9> 2ot Mkxsgt37

=7 G7]7 Jo|krhoyy5 P7Z7 ]kt7 Tutnurutusoi vgzn vrgttotm }ozn otkw{groz�
iutzxgotzy7 OtC Mkh\. FBBB @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5 :BB=5 vv7 >;">@7

>7 O7 J{r*khg7 Inkiqotm iutzxurrghoroz� ul tutnurutusoi y�yzksy |og uvzosgr
mktkxgzout ul Vn7 Ngrr hgyoy7 OtC Mkh\. FC>@ Prfi. hg Oh[hm @hgmkhe5 :BB@5
Tgtzky5 Lxgtik5 vv7 =A>"=B97

?7 O7 J{r*khg7 Ruigrr� uvzosgr suzout vrgttotm ul tutnurutusoi y�yzksy7 GhnkgZe
h_ Oh[hmb\ Prlm^fl5 :BB@5 vv7 @?@"@AA7

@7 O7 J{r*khg7 Tutnurutusoi suzout vrgttotm hgykj ut tutnurutusoi yvnkxky7 OtC
Mkh\. 10ma @hg_. hg >]oZg\^] Oh[hmb\l F@>O5 H{jgvkyz ;99:5 vv7 <;:"<;?7

A7 O7 J{r*khg7 Hgyky iusvgxoyut ot iutzxur yvgik ul tutnurutusoi y�yzksy7 OtC Mkh\.
4ma Thkdlahi hg Oh[hm, Jhmbhg Zg] @hgmkhe5 V{y!i!�qu}u ;99=5 vv7 :?:":??7

B7 O7 J{r*khg5 ]7 Qnk""7 Vxk6iutzxur luxs ul znk mktkxgro!kj Igsvhkrr6Hgqkx6Ng6
{yjux!6J�tqot luxs{rg lux gÆtk tutnurutusoi y�yzksy7 Prlm. @hgmk. I^mm.5
;99> 2ot vxotz37
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@][. 3.4. Znk uvzosgr xgtmk ul gtmrky lux |kizuxy UEVE W gy znk l{tizout ul o7
Vgxgskzkx 2 kw{gry =>Æ5 B9Æ5 :;9Æ



:97 L7 Ro!gxxgrjk5 P7Z7 ]kt7 Lkkjhgiq yzghoro!gzout ul tutnurutusoi y�yzksy
hgykj ut vgzn yvgik ozkxgzout7 OtC Mkh\. JJ>O @hg_.5 So*kj!�!jxupk :BB>5
vv7 =A>"=B97

::7 X7S7 S{xxg�5 Y7 Ygyzx�7 Tutnurutusoi suzout vrgttotmC yzkkxotm {yotm
yot{yuojy7 FBBB QkZgl. hg >nmhf. @hgmkhe5 |ur7 <A5 tu7 >5 :BB<5 vv7 @99"@:?7

:;7 P7V7 Ykxxk7 Ib^ >e`^[kZl Zg] Ib^ `khnil7 ]7P7 Hktpgsot5 Tk} _uxq :B?>7
:<7 X7Y7 Yzxoingxz!7 Znk Igsvhkrr6Hgqkx6Ng{yjux!6J�tqot luxs{rg gtj yur{zouty

ul jo!kxktzogr kw{gzouty7 Ghnkg. h_ Cng\m. >gZe.5 |ur7 @;5 :BA@5 vv7 <;9"<=>7
:=7 Q7 Zinu&t5 P7 Pgq{hogq7 Khg-Chnkb^k [Zg]-ebfbm^] GZ\h[bZg bgo^kl^ dbg^fZmb\l

Ze`hkbmafl _hk fh[be^ fZgbineZmhkl7 Vxkvxotzy :95 ]xui-rg} [to|7 ul Zkint7
Xkvuxzy5 ]xui-rg} ;99<7
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<R 2VMJX ;IYXVEPM^EXMSR SJ ?XVEXM!IH ?]WXIQW

Oyz|&gt Ngxsgzo5 H&grotz Qoyy5 gtj Kskyk Y!&gjki!q�6Qgxjuyy

Jkvgxzsktz ul Iutzxur Ktmotkkxotm gtj Otluxsgzout Zkinturum�
H{jgvkyz [to|kxyoz� ul Zkinturum� gtj Kiutusoiy5
Sgm�gx Z{j&uyuq qxz7 ;5 N6:::@ H{jgvkyz5 N{tmgx�
LEVQEXM/MMX&FQI&LY$ FOMWW/MMX&FQI&LY$ OEVHSWW/WIIKIV&MMX&FQI&LY

*$& 8SYWTIZHYNTS

Yk|kxgr skingtoigr y�yzksy vuyykyy yzxgzo"kj iut"m{xgzout yvgik a:c5 }noin skgty
zngz kgin iutzgiz iushotgzout osvroky g joyzotiz tutnurutusoi iutyzxgotz jo|ojotm
znk iut"m{xgzout yvgik otzu otzkxykizotm y{hsgtolurjy igrrkj yzxgzg7 Znk kw{gzouty
ul suzout sg� hk jo!kxktz ut kgin y{hsgtolurj gtj ingtmk joyiutzot{u{yr� }nkt
znk y�yzks yzkvy gixuyy zu gtuznkx y{hsgtolurj7 Znk y{hsgtolurj }ozn znk ru}kyz
josktyout 2nomnkyz t{shkx ul iutyzxgotzy3 oy igrrkj znk huzzus yzxgz{s gtj oz vrg�y g
joyzotm{oynkj xurk ot znk SVV5 hkig{yk znk y{hy�yzks jk"tkj ut oz oy tuz iutzxurrghrk
2ot znk yktyk zngz znk Rok Grmkhxg Xgtq Iutjozout oy tuz ygzoy"kj37 Znkxkluxk5 utk
ngy zu y}ozin zu uznkx yzxgzg zu "tj lkgyohrk vgzn hkz}kkt gt� z}u vuotzy ul znk
huzzus yzxgz{s7 Zu ginok|k znoy mugr5 y{iikyyo|k ux i�iroi y}ozinotm hkz}kkt yzxgzg
oy xkw{oxkj7 Y{in g yzxgzkm� y{vvuxzy rkmmkj xuhuzy ot znk mgozotm a;c7

Vuotz6zu6Vuotz 2VZV3 yzxgzo"kj suzout vrgttotm grmuxozns 2SVG3 ot a:c yzkkxy
znk jxolzrkyy y�yzks otzu g jkyoxkj iut"m{xgzout7 Znk vxuikj{xk k~vruozy znk xky{rzy
ul gt SVG {ykj lux ysuuzn y�yzksy5 xkvuxzkj ot a<c5 }noin "tjy g #u} ykw{ktik
ul iutzxur |kizux "krjy iuttkizotm znk otozogr gtj "tgr iut"m{xgzouty7 Znk vokik}oyk
iutyzgtz otv{zy vxu|ojkj ginok|k znk mugr }ozn k~giz vxkioyout ol znk Rok grmkhxg
mktkxgzkj h� znk iutzxur |kizux "krjy ul znk y�yzks oy torvuzktz5 uznkx}oyk znk
yur{zout oy g joyzgtik jkvktjktz gvvxu~osgzout7 Ot uxjkx zu yur|k znk uhyzgirk
g|uojgtik vxuhrks h� vgzn vrgttotm5 utk sg� gvvr� Rok hxgiqkz g|kxgmotm h� nomnr�
uyiorrgzux� ykw{ktik 2NUY3 ul otv{zy a=c lux ysuuzn jxolzrkyy y�yzks gtj ozy k~zktjkj
|kxyout zu jxolzrkyy YQY a;c7 Znoy vgvkx juky tuz lui{y ut zosk oyy{ky5 znkxkluxk znk
zkxs zxgpkizux� oy {ykj gy znk y�tut�s ul znk zkxs vgzn7

Vgzn vrgttotm 2gtj zxgiqotm3 igt hk kgyor� yur|kj lux g xkyzxoizkj irgyy ul ysuuzn
qotksgzoi y�yzksy }noin gxk igrrkj jo!kxktzogrr� #gz a>c7 Lux y{in y�yzksy5 znk SVV
oy xkj{ikj zu gt otzkxvurgzout vxuhrks ot znk yvgik ul znk #gz u{zv{z yotik znkxk oy g
utk6zu6utk iuxxkyvutjktik hkz}kkt y{Æioktzr� ysuuzn zxgpkizuxoky ul znk #gz u{zv{z
gtj lkgyohrk zxgpkizuxoky ul znk y�yzks7 Znk skznuj igt hk gvvrokj zu g y{hy�yzks
ul jxolzrkyy YQY a;c7

Znk SVGy vxkyktzkj ot znk vgvkx iutyojkx YQYy }ozn jxolz7 Znk ojkg oy zu
tk{zxgro!k jxolz lxus znk sujkr gtj zxgik hgiq znk vxuhrks zu xkiktzr� jk|kruvkj
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gvvxugin a?c7 Znk ojkg ul jxolz tk{zxgro!gzout kskxmky gryu ot #gz SVG7 Znk
yos{rgzout xky{rzy gxk orr{yzxgzkj ut g xuhuzoi xu}hugz sujkr7

Znk xksgototm vgxz ul znk vgvkx oy uxmgto!kj gy lurru}y7 Znk tk~z ykizout
jkyixohky znk xu}hugz sujkr 2}oznu{z jxolz37 Ykizout >7< mo|ky yusk hgiqmxu{tj
sgzkxogr lux YQYy7 Ykizouty >7= gtj >7> jkzgor znk SVGy lux znk xu}hugz sujkr }ozn
jxolz otir{jotm yos{rgzout xky{rzy7 Ykizout >7? mo|ky yusk iutir{jotm xksgxqy7

*$' BMJ @TGTYNH @T\GTFY <TIJQ

Znk xuhuzoi xu}hugz sujkr oy gjuvzkj lxus rkmmkj xuhuzoiy5 g z�voigr k~gsvrk ul
YQYy5 }nkxk g yo~6rkmmkj xuhuz iuxxkyvutjy zu g yo~6vgjjrkj xu}hugz7 Huzn vgjjrky
gtj rkmy gxk znk zuur ul sgqotm gtj hxkgqotm iutzgiz }ozn znk kt|oxutsktz 2zkxxgot ux
xo|kx3 gtj znk� ingtmk znk qotksgzoiy joyiutzot{u{yr� }nkt zxgtyozout oy vkxluxskj
hkz}kkt znk z}u yzgzky7 Rkz {5 | jktuzk znk vuyozout ul znk hugz5 gtj rkz 2 jktuzk
ozy uxoktzgzout7 Vgjjrky gxk jo|ojkj otzu z}u mxu{vy7 G vgjjrk mxu{v iutyoyzy ul
vgjjrky lxus znk ygsk yojk7 Vgjjrky lxus znk ygsk mxu{v su|k ot znk ygsk sgttkx
gtj vgjjrk gtmrky 2=*E =+3 hkrutmotm zu vgjjrk mxu{vy ju tuz rkg|k gt gjsoyyohrk
xgtmk mo|kt h� 2=a]bE =aUl37 Znk joyzgtiky ul znk z}u ykzy ul vgjjrky lxus znk }gzkx
y{xlgik gxk xkvxkyktzkj h� k* gtj k+5 xkyvkizo|kr�7

Rkz znk rktmzn ul znk vgjjrky hk o E :7 Znk |gr{ky ul k* gtj k+ jk"tk znk
lurru}otm yzxgzgC \) C 0

.#a=a]bE =aUlc+5 \* C k* F 9 2vgjjrk mxu{v : oy ot znk }gzkx35
\+ C k+ F 9 2vgjjrk mxu{v ; oy ot znk }gzkx35 gtj \*+ CE \*

Q
\+ C k* F 9E k+ F 9

2grr vgjjrky gxk ot znk }gzkx37 Tuzk zngz \*+ oy xklkxxkj zu gy znk huzzus yzxgz{s7
]k gyy{sk g z�voigr vgjjrotm suzout y{in zngz znk gtmrky =* gtj =+ ingtmk gr}g�y
gz iutyzgtz jkvzn k*5 k+ ot znk }gzkx }ozn vgjjrky p{yz osskxykj5 o7k7 vgjjrky gxk
gizo|k gz tkmgzo|k ysgrr |gr{ky ul k* gtj8ux k+7

Znk y�yzks ngy v E < yzxgzg5 }nuyk kw{gzouty ul suzout igt hk ykvgxgzkj
gy lurru}y7 Ut znk yzxgz{s \*+5 grr vgjjrky gxk ot znk }gzkx5 znk yzgzk |kizux oy

{W E
!
{E |E 2E =*E =+

"N
gtj znk kw{gzout ul suzout oy mo|kt h�

\*+ C e{W E
!
iuy 2E yot 2E :E :E 9

"N
x* 4

!
iuy 2E yot 2E !:E 9E : "N x+ E

E 2j*+7* j*+7+3 2x* x+3
N D 2>7:3

Ut znk yzxgz{s \*5 znk vgjjrk mxu{v : oy ot znk }gzkx5 znk yzgzk |kizux oy

{W E
!
{E |E 2E =*E =+E k+

"N
gtj znk kw{gzout ul suzout oy mo|kt h�

\* C e{W E
!
iuy 2E yot 2E :E :E 9E 9

"N
x* 4

!
9E 9E 9E 9E :E 9

"N
x+

4
!
9E 9E 9E 9E 9E :

"N
x- E

+
j*7* j*7+ j

cZZ
*7*

,
2x* x+ x-3

N D 2>7;3

Ut znk yzxgz{s \+5 znk vgjjrk mxu{v ; oy ot znk }gzkx5 znk yzgzk |kizux oy

{W E
!
{E |E 2E =*E =+E k*

"N
gtj znk kw{gzout ul suzout oy mo|kt h�

\+ C e{W E
!
iuy 2E yot 2E !:E 9E :E 9 "N x* 4 ! 9E 9E 9E :E 9E 9 "N x+

4
!
9E 9E 9E 9E 9E :

"N
x, E

+
j+7* j+7+ j

cZZ
+7*

,
2x* x+ x,3

N D 2>7<3

86 I. Harmati, B. Kiss, and E. Szádeczky-Kardoss



> Ut Jxolz Tk{zxgro!gzout ul Yzxgzo"kj Y�yzksy A@

Uhykx|k zngz jcZZ*7* gtj jcZZ+7* iutzxur utr� znk vgjjrk nkomnzy gtj nktik znk� gxk
utr� xkyvutyohrk lux znk iutzgizy gtj znk y}ozinky hkz}kkt yzxgzg7 Znk |kizux "krjy
kw{ovvkj }ozn znkyk vxuvkxzoky gxk igrrkj su|otm u! |kizux "krjy }nork xksgototm
|kizux "krjy gxk igrrkj su|otm ut |kizux "krjy7

*$( 1FHPLWTZSI <FYJWNFQ

U{x skznuj ot znk tk~z ykizout gvvroky otzktyo|kr� yusk vxk|ou{y skznujy yur|otm
znk ysuuzn gtj yzxgzo"kj SVV7 Ot znoy ykizout5 znk vnoruyuvn� ul znkyk grmuxoznsy
oy orr{yzxgzkj ut znk xuhuzoi xu}hugz7 Oz oy gyy{skj 2gtj znk xuhuzoi xu}hugz sujkr
giz{grr� ngy znk vxuvkxz�3 zngz znk joyzxoh{zouty jk"tkj }oznot znk yzxgzg gxk
tutyotm{rgx7 Lux suxk jkzgor j{k zu znk grmuxoznsy5 znk xkgjkx oy xklkxxkj zu a:c5
a<c5 a=c5 a;c7

Znk "xyz vxuhrks kskxmkj oy zngz znk huzzus y�yzks 2>7:3 oy tuz iutzxurrghrk5 o7k7
oz juky tuz ygzoyl� znk Rok Grmkhxg Xgtq Iutjozout 2RGXI3 C )"Rl E ]l\*+5 { 7 \*+5
" E yvgt Nj*+7*E j*+7+O5 }nkxk )" oy znk ot|ur{zo|k iruy{xk ul znk joyzxoh{zout "
gtj ]l\*+ jktuzky znk zgtmktz yvgik ul \*+ gz {7 Znk yzxgzo"kj SVG ul a:c irgosy
zngz utk sg� otykxz gt� |kizux "krj j] 7 \* ux j] 7 \+ otzu znk joyzxoh{zout "
ol oz iuss{zky }ozn su|otm u! |kizux "krjy jcZZ*7* gtj jcZZ+7* 7 Znoy joyzxoh{zout oy
jktuzkj h� "Y7 Iuss{zgzout ul z}u |kizux "krjy ot u{x iutzk~z skgty zngz znkox
Rok hxgiqkz oy !kxu7 Ot uznkx }uxjy5 g #u} grutm utk |kizux "krj lurru}kj h� g #u}
grutm gtuznkx utk oy kw{o|grktz zu znk ygsk #u} ykw{ktik ot znk xk|kxyk uxjkx7
Joyzxoh{zout "Y iutyzx{izkj h� znk iuss{zgzout vxuvkxz� vrg�y gt osvuxzgtz xurk
ot znk tk~z znkuxks7

L\YbeY` 0. F_ ma^ ^qm^g]^] ]blmkb[nmbhg "Y lZmbl"^l I>O@ ma^g ma^ lrlm^f bl
lmkZmb"^] \hgmkheeZ[e^.

Mkhh_: Znk vxuul igt hk lu{tj ot a:c7

Ol "Y yvgttkj h� znuyk su|otm ut |kizux "krjy zngz ygzoyl� iuss{zgzout vxuvkxz�5
kty{xky yzxgzo"kj iutzxurrghoroz�5 utk zxgiky hgiq znk yzxgzo"kj SVV zu g ysuuzn
SVV7 Tuzk gryu zngz znk su|otm u! |kizux "krjy vrg� tu xurk l{xznkxsuxk ot suzout
vrgttotm yotik znk� gxk xkyvutyohrk utr� lux yzxgzg y}ozinotm7 Znk }g� zu "tj gt
gvvxuvxogzk ykw{ktik ul #u}y grutm znk su|otm ut |kizux "krjy ul "Y oy xkvuxzkj
ot a<c7 Loxyz ul grr5 znk vxuikj{xk xkw{oxky q E glp2{3 otjkvktjktz |kizux "krjy grutm
}noin znk y�yzks igt su|k7 Grznu{mn znk skznuj otzktjy zu xkgin utr� znk jkyoxkj
"tgr iut"m{xgzout {Z }oznu{z gt� vgzn zxgiqotm5 jkzkxsotgzout ul yu6igrrkj V7 Ngrr
iuuxjotgzky oy xkw{oxkj7 Ot uxjkx zu yur|k znoy oyy{k5 g zxgpkizux� hkz}kkt znk otozogr
iut"m{xgzout {] gtj {Z oy zu hk jk"tkj7 Lux znoy5 rkz j*+7, hk znk Rok hxgiqkz ul
j*+7* gtj j*+7+5 o7k7 j*+7, E aj*+7*E j*+7+c }noin5 zumkznkx }ozn j*+7* gtj j*+7+5 yvgty
)"Y7 Znk Rok hxgiqkz j*+7, E aj*+7*E j*+7+c vrg�y gt osvuxzgtz xurk hkig{yk ol znkxk oy
g y�yzks }ozn iutzxur |kizux "krjy j*+7* gtj j*+7+ znkt gt� gjsoyyohrk zxgpkizux� ul
znk y�yzks k|ur|ky ut zngz sgtolurj }noin oy mktkxgzkj h� znk otzkmxgzout ul )"Y7
Rkz P E aj*+7*E j*+7+E j*+7,E j*7+E j+7+c7 Ol grr znk |kizux "krjy ul )"Y }kxk iutzxurrkj
h� gt otjkvktjktz iutzxur y] znkt znk kw{gzouty ul suzout ul znk xu}hugz }u{rj
hk e{2w3 E P2{3 2y*2w3E D D D E y.2w33

N E P2{3y2w3 gtj g yzxgomnz rotk zxgpkizux� hkz}kkt
{Z gtj {] }u{rj osvr� e{ E 2{Z ! {]3G] E 4 gtj g "izozou{y otv{z y E P!*2{347



Nu}k|kx5 j*+7, ngy tu xkgr otv{z5 znkxkluxk znk Vnorov Ngrr iuuxjotgzky gxk uhzgotkj
h� xki{xyo|k otzkmxgry

%k*2] 3 E

NS
)

y*2v3gv %k+2] 3 E

NS
)

y+2v3gv

%k,2] 3 E

NS
)

2!y*2v3%k+2v3 4 y,2v33gv 2>7=3

%k-2] 3 E

NS
)

y-2v3gv %k.2] 3 E

NS
)

y.2v3gv

}nkxk znk luxs ul %k,2] 3 oy jo!kxktz hkig{yk oz oy jk"tkj h� znk Rok hxgiqkz
j*+7, E aj*+7*E j*+7+c7 Inuuyotm ] E ;yki5 {Z E 2!9D<E 9D=E 9E 9E 93N 2{] oy znk uxomot35
znk ghyur{zk |gr{k ul V7 Ngrr iuuxjotgzky %k* E !9D:>5 %k+ E !9D:>5 %k, E 9D:AAA5
%k- E 9D:>5 %k. E 9D:> gxk zu hk gvvrokj gtj znk #u} ykw{ktik yur{zout oy

{g E )2j+7+E 9D:>3 Æ )2j*7+E 9D:>3 Æ )2!j*+7+E 9D=<3 Æ )2!j*+7*E 9D=<3
Æ)2j*+7+E 9D=<3 Æ )2j*+7*E 9D=<3 Æ )2j*+7+E 9D:>3 Æ )2j*+7*E 9D:>32{]3

E 2!9D<E 9D<BE 9E 9E 9E 3N - {Z E 2>7>3

}nkxk znk Igsvhkrr6Hgqkx6Ng{yjux! luxs{rg

)2aj]& E j]' cE /
+3 - )2!j]' E /3 Æ )2!j]& E /3 Æ )2j]' E /3 Æ )2j]& E /32{3 2>7?3

oy gvvrokj zu gvvxu~osgzk znk #u} grutm znk Rok hxgiqkz joxkizout7 Znk #u}
)2j+7+E 9D:>3 skgty zngz znk y�yzks su|ky ot znk joxkizout ul |kizux "krj j+7+ }ozn
zosk j{xgzout 9D:>7 Znk k~giz xkgin ul {Z oy tuz giiusvroynkj hkig{yk znk y�yzks oy
tuz torvuzktz 2o7k7 xki{xyo|k Rok hxgiqkzy ju tuz |gtoyn5 ykk a<c37 Gy g iutykw{ktik5

znk xu}hugz gxxo|ky zu {Z tuz gz ] h{z
O.

^3*

)))%k^ )))7 Ol znk gxxo|gr zosk ] E ;yki oy

xkw{oxkj zu ginok|k5 utk sg� ingtmk znk y�yzks otv{z lxus : zu
O.

^3*

)))%k^ ))) G] gtj

%k^ E
)))%k^ )))O.

^3*

)))%k^ ))) G] 7
Utk }g� zu osvxu|k iutyojkxghr� znk grmuxozns oy zu xkvrgik VZV ysuuzn SVG

h� ysuuzn vgzn vrgttotm7 Oz oy ynu}t ot a=c zngz g yotmrk Rok hxgiqkz joxkizout y{in
gy j*+7, E aj*+7*E j*+7+c ul znk xuhuzoi xu}hugz igt hk gvvxu~osgzkj h� iutzxur otv{z
x* 2ul j*+7*3 gtj iutzxur otv{z x+ 2ul j*+7+37 Suxk k~gizr�5 ol m 26 znkt

x^*2w3 E ;
\
m iuy2mw3 x^+2w3 E ;

\
m yot2mw3 2>7@3

osvroky g Rok hxgiqkz g|kxgmotm5 o7k7 g zxgpkizux� grutm znk #u} ul j*+7, E aj*+7*E j*+7+c7
[tluxz{tgzkr�5 znk skznuj igttuz hk gvvrokj joxkizr� ut yzxgzo"kj y�yzksy a?c gtj
znk iusvrk~oz� ul znk gvvxuvxogzk nomnr� uyiorrgzux� otv{z y{in gy 2>7@3 hkiusky
|kx� iusvroigzkj ol znk grmuxozns xkw{oxky xki{xyo|k Rok hxgiqkzy7
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> Ut Jxolz Tk{zxgro!gzout ul Yzxgzo"kj Y�yzksy AB

*$) 3WNKY =JZYWFQN_FYNTS NS AYWFYN!JI 5WFRJ\TWP

.(-(* @C4 bT_S 7]TQ_ AP`_]LWTeL_TZY QZ] AZYTYaZW`_TaP F>F^

Ot znoy y{hykizout5 }k vxu|ojk gt SVG zngz vkxluxsy vgzn vrgttotm }nork jxolz oy
vxkyktz7
Pm^i :7@k^Zm^ Z fnembie^ lmkZmb"^] lrlm^f. Gy znk "xyz yzkv5 kw{gzouty ul suzout ul
jxolzkj YQY gxk zu hk jkzkxsotkj j{k zu yzxgzg5 o7k7

\) C e{ E i) 4 j)7*x)7* 4 " " "4 j)7a%x)7a%

\* C e{ E i* 4 j*7*x*7* 4 " " "4 j*7a&x*7a&

777

\D C e{ E iD 4 jD7*xD7* 4 " " "4 jD7a/xD7a/ 2>7A3

}nkxk \) jktuzky znk huzzus yzxgz{s5 \*E D D D E \D gxk znk nomnkx yzxgzg 2}ozn rkyy
iutyzxgotzy37 Tuzk zngz lux znk ygqk ul kgyokx jkyixovzout5 yzxgzg gxk t{shkxkj h�
otzkmkx ot znk lurru}otm7 K~ikvz lux znk jxolz zkxsy i 5 2>7A3 oy yosorgx zu 2>7:362>7<37
Pm^i ;7@k^Zm^ Z ]kb_me^ll ^qm^g]^] [hmmhf lmkZmb"^] lrlm^f )AB?PP*7 Ot znk tk~z
iu{vrk ul yzkvy5 znk grmuxozns usozy jxolzy i)E D D D E iD lxus 2>7A3 gtj5 giiuxjotm zu
Ykizout >7<5 ixkgzky znk yu igrrkj jxolzrkyy huzzus yzxgzo"kj y�yzks h� skgty ul
mktkxgzotm |kizux "krjy ul )"YC

e{ E j)7*x)7* 4 " " "4 j)7a%x)7a% 4 a"E "cM%
4j*7* RM% x*7* 4 " " "4 j*7a& RM% x*7a& 4 a"E "cM&
777

4jD7* RM% xD7* 4 " " "4 jD7a/ RM% xD7a/ 4 a"E "cM/ 2>7B3

}nkxk znk tuzgzout RM% xklkxy zu |kizux "krjy xkyzxoizkj zu huzzus yzxgzo"kj y�yzks
h{z jk"tkj uxomotgrr� ot gtuznkx yzxgz{s7 Znk zkxs 1xkyzxoizkj1 oy j{k zu znk
uvkxgzout zngz vxupkizy |kizux "krjy otzu znk huzzus yzxgzo"kj y�yzks7 Ot znk sujkr
ul g xuhuzoi xu}hugz oz skgty zngz k~zxg josktyouty hk�utj znk >zn josktyout gxk
1i{z u!1 lxus znk |kizux "krjy7 Tuzgzout a"E "cM> jktuzky znuyk 2xki{xyo|k3 Rok hxgiqkzy
ul |kizux "krjy j]7^ 5 m E :E D D D Ep] }noin gxk otjkvktjktz lxus kgin uznkx gtj j]7^ 5
m E :E D D D Ep]7 Lxus tu} ut5 znk vrgttotm oy vkxluxskj ot znk huzzus yzxgz{s5 nktik
znk tuzgzout RM% oy usozzkj7 Xkigrr zngz h� jk"tozout5 znk mktkxgzotm |kizux "krjy ul
)"Y ygzoyl� znk iuss{zgzout iutjozout ul Znkuxks :7
Pm^i <7@hglmkn\mbhg h_ ma^ A^\hnie^] Khgbgohenmbo^ O^ik^l^gmZmbhg )AKFO* maZm
lZmbl"^l ma^ AI>O@ 2ykk luxzniusotm jk"tozouty37 Ot znk tk~z yzkvy5 }k gyy{sk
zngz JKHYY oy tutot|ur{zo|k gtj iutzxurrghrk7

>Y'a]g]ba 0. AB?PP bl ghgbgohenmbo^, b_ jos2"Y3 F jos2 )"Y3.

>Y'a]g]ba 1. AB?PP bl \hgmkheeZ[e^, b_ jos2 )"Y3 E q, pa^k^ q bl ma^ ]bf^glbhg h_
ma^ [hmmhf lmkZmnf.

Gt gvvxuvxogzk uxjkx ul |kizux "krjy sgtgmky zu ginok|k g hkzzkx vgzn zxgiqotm7
Nktik5 oz oy {ykl{r zu jk"tk g xkvxkyktzgzout ul JKHYY zngz xk#kizy znk uxjkx ul
inuykt |kizux "krjy7



>Y'a]g]ba 2. I^m %2"3 E n, n 7 N!:E 9E :E D D D E RO b_ ma^ o^\mhk "^e]l maZm `^g^kZm^
" [^ehg` mh nma lmkZmnf. F_ " bl `^g^kZm^] [r o^\mhk "^e]l _khf ]b!^k^gm lmkZmZ ma^g
%2"3 E !:.
>Y'a]g]ba 3. @hglb]^k Z AB?PP Zg] e^m q [^ ma^ ]bf^glbhg h_ bml [hmmhf lmkZmnf.
> l^jn^g\^ h_ bgohenmbo^ \ehlnk^l )"` E N )"*E D D D E )"`O, o - q bl lZb] mh [^ Z
A^\hnie^] Khgbgohenmbo^ O^ik^l^gmZmbhg )AKFO* h_ ma^ AB?PP b_ %2"]3 . 9 _hk
Zee l E :E D D D E o.

Ol %2"]3 E n znkt znk |kizux "krjy zngz yvgt "] }orr hk jktuzkj
%
j]*E D D D E j

]
b>

&
5

}nkxk q] jktuzky znk t{shkx ul |kizux "krjy zgqotm vgxz ot "] lxus znk nzn yzxgz{s7
Ol jd7e ul yzxgz{s \d ot 2>7A3 iuxxkyvutjy zu j]^ ul "] znkt xd7e ot \d oy kw{o|grktz
zu x]^ 7 Yosorgxr�5 ol %2 )"]3 E n znkt znk |kizux "krjy zngz yvgt )"] }orr hk jktuzkj%
j]*E D D D E j

]
\>

&
5 }nkxk k] jktuzky znk t{shkx ul |kizux "krjy zgqotm vgxz ot )"] lxus

znk nzn yzxgz{s ot znk JKHYY7 Ol jd7e ul yzxgz{s \d ot JKHYY iuxxkyvutjy zu j]^
ul "] ot JTOX znkt xd7e ot \d oy kw{o|grktz zu x

]
^ ot JTOX7

Znk suyz gj|gtzgmku{y JTOXy h{tjrk su|otm ut |kizux "krjy otzu znk ynuxzkyz
rktmzn ul ykw{ktik }noin ygzoy"ky yzxgzo"kj iutzxurrghoroz�7 Lux znk zkyz ul yzxgzo"kj
iutzxurrghoroz� utk sg� {yk JRGXI vxuvkxz�7

>Y'a]g]ba 4. @hglb]^k Z AKFO )"` E N )"*E D D D E )"`O o - q. > AKFO lZmbl"^l ma^
A^\hfihl^] Ib^ >e`^[kZ OZgd @hg]bmbhg )AI>O@* b_

O`
^3*

)"^ E ]lA), pa^k^ A) bl
ma^ [hmmhf lmkZmnf Zg] ]lA) bl ma^ mZg`^gm liZ\^ Zm { 7 A).
Znk lurru}otm xky{rz gyyoyzy zu "tj g JTOX zngz grru}y zu xkgin g "tgr vuotz7

L\YbeY` 1. AI>O@ bl Z lnÆ\b^gm \hg]bmbhg h_ lmkZmb"^] \hgmkheeZ[bebmr.

Mkhh_: Znk vxuul igt hk lu{tj ot a?c7

JRGXI oy g yzxutm iutjozout7 Oz oy vuyyohrk zngz JRGXI juky tuz nurj h{z znk
y�yzks oy yzxgzo"kj iutzxurrghrk7 Znoy iusky lxus znk lgiz zngz Znkuxks : grru}y
{yotm znk Rok hxgiqkzy ul z}u iutzxur |kizux "krjy lxus jo!kxktz yzxgzg }nork
Znkuxks ; juky tuz7 Ot iusvktygzout5 utk igt vxu|ojk gt SVG zu znoy xkyzxoizkj
irgyy ul jxolzrkyy yzxgzo"kj y�yzksy7
Pm^i =7A^m^kfbg^ [Zl^ ihbgml. Yzgxzotm lxus JKHYY gtj "Y5 g VZV yzxgzo"kj SVG
oy giiusvroynkj 2ykk Ykizout >7<37 Znk uxjkx ul mktkxgzotm |kizux "krjy ot znk #u}
ykw{ktik oy jk"tkj h� znk JTOX iutyzx{izkj ot znk vxk|ou{y yzkv7 Znk yur{zout
ul znk VZV 2ysuuzn3 SVG vxu|ojky g zxgpkizux� hkz}kkt {] gtj {Z 7 Tuzk gmgot
zngz znk #u} ykw{ktik zkxsotgzky k~gizr� gz {Z utr� ol znk y�yzks oy torvuzktz7 H�
inuuyotm {Z iruyk ktu{mn zu {]5 gxhozxgx� vxkioyout igt hk ginok|kj7

>Y'a]g]ba 5. Qa^ \hg"`nkZmbhgl e) E {], e* E )2j*\& E w
*
\&
3 Æ " " " Æ )2j** E w**3e),

e+ E )2j+\' E w
+
\'
3 Æ " " " Æ )2j+* E w+*3e*, D D D, e` E {2] 3 E )2j`\A E w

`
\A
3 Æ " " " Æ )2j`*E w`*3e`!*,

gZf^er ma^ ihbgml maZm l^iZkZm^ ma^ #hpl h_ ]b!^k^gm lmkZmZ bg ma^ lhenmbhg h_ ma^
MQM lmkZmb"^] JM> Zk^ \Zee^] [Zl^ ihbgml.

Tuzk zngz yusk |kizux "krjy ot znk jk"tozout ul hgyk vuotzy gxk uhzgotkj gy Rok
hxgiqkzy ul znk uxomotgr iutzxur |kizux "krjy7 Hgyk vuotzy gxk "~kj gtj k|kx� xklkxktik
zxgpkizux� ngy zu mu znxu{mn znks7
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> Ut Jxolz Tk{zxgro!gzout ul Yzxgzo"kj Y�yzksy B:

Pm^i >7@hfinm^ \hgmkhe bginml mh ]^\hfihl^] k^_^k^g\^ mkZc^\mhkr. K|kx� yzxgz{s
iutzgoty z}u tkomnhuxotm hgyk vuotzy }noin igt hk iutyojkxkj gy {]7_ otozogr gtj
{Z7_ "tgr yzgzk ul g ysuuzn SVV5 }nkxk m E :E D D D E o7 Oz oy vuyyohrk zu gvvxu~osgzk
gt� jkyoxkj vgzn hkz}kkt {]7_ gtj {Z7_ ut znk otzkmxgr sgtolurj ul )"_7 Rkz znk
mktkxgzotm su|otm ut |kizux "krjy ul )"_ jk"tk P_ E

#
j_* E D D D E j

_
\@

$
7 Znkt5 lux

gt� jkyoxkj zxgpkizux� ykmsktz {_X2w35 oz nurjy zngz {_X293 E {_] 5 w_ E
O\@

n3* w]@ 7n5
{X2w_3 E {_Z 5 e{_X2w3 7 )"_

!
{_X2w3

"
5 w F w_7 Y{in g zxgpkizux� oy igrrkj g jkiusvuykj

zxgpkizux�7 Znk k~zktjkj otv{z ul {_X2w3 oy iusv{zkj h� y2w3 E 2P_3!* e{_X2w37 Yotik
znk Rok hxgiqkz joxkizout igttuz hk xkgro!kj h� gt k~oyzotm iutzxur otv{z x_2w35 oz oy
gvvxu~osgzkj h� Rok hxgiqkz g|kxgmotm 2>7@37 Ot lgiz5 x_2w3 ngy zu hk ynolzkj ot zosk
hkig{yk zxgpkizux� ykmsktzy gxk ynolzkj ot zosk giiuxjotm zu znk uxjkx ul |kizux
"krjy ot znk JTOX7 Iuttkizotm znk iutzxur otv{zy ot zosk5 utk uhzgoty znk otv{z
}noin gvvxu~osgzky znk jkiusvuykj xklkxktik zxgpkizux�7
Pm^i ?7Akb_m g^nmkZebsZmbhg. Rkz x_2w3 hk znk iutzxur otv{z ot znk nzn vgzn ykmsktz7
2Ol n oy ot y{hyixovz znkt oz oy znk otv{z ot \#& #!@'

5 ol n oy ot y{vkxyixovz znkt oz oy znk
otv{z ot znk JTOX ul znk otzkmxgr sgtolurj ul )"_73 Znk y�yzks znkt su|ky ut znk
otzkmxgr sgtolurj ul )"_5 }nkxk )"_ oy znk nzn 2ot|ur{zo|k3 joyzxoh{zout ot znk JTOX
ul znk JKHYY7 Znk jxolz gvvkgxotm ot znk nzn ykmsktz oy i_2{3 lxus 2>7A35 }noin
ngy hkkt tkmrkizkj yu lgx ot znk vrgttotm grmuxozns7 Hgykj ut znk vxk|ou{y yzkvy5 }k
uhzgotkj znk otv{zy lux g jxolzrkyy y{hy�yzks ul \#& #!@'

ot 2>7A3 zngz gvvxu~osgzky znk
jkyoxkj jkiusvuykj vgzn ot znk nzn vgzn ykmsktz7 Ot uxjkx zu tk{zxgro!k znk k!kiz
ul znk jxolz5 iutyojkx "xyz znk y{hy�yzks mktkxgzkj h� )"_ ot znk nzn y{hykmsktz
}ozn ozy iuxxkyvutjotm jxolzC

e{ E i#& #!@'
4 j_*x

_
* 4 " " "4 j_\@x

_
\@

E i#& #!@'
4P_x_ 2>7:93

}ozn x_ E
!
x_* E D D D E x

_
\@

"N
5 }nkxk %2 )"_3 jk"tky znk yzxgz{s }nuyk jxolz oy |groj ot

znk nzn y{hykmsktz7 K~zktj tu} x_ }ozn x_Z E 2x_Z7*E D D D E x
_
Z7\@

3N 5 o7k7 x_ CE x_4x_Z 5

}nkxk x_Z7g E ! 'j_g E i#& #!@'

(
G
**j_g**5 v E :E D D D E k_7 Gy hkluxk5 znk otv{z hkrutmotm zu

gt� Rok hxgiqkz joxkizout igt hk gvvxu~osgzkj h� xkgr iutzxur otv{z iusvutktzy ol
utk gvvroky znk Rok hxgiqkz g|kxgmotm 2>7@37 Znk iusv{zgzout ul x_ oy igxxokj u{z
yosorgxr� lux k|kx� vgzn ykmsktz n E :E D D D E o7 Yotik znk nzn y{hykmsktz ojktzo"ky
ozy yzxgz{s |og znk l{tizout %2 )"_35 otv{z x

_ ot znk nzn y{hykmsktz jkzkxsotky znk
xkgr otv{z x_ gryu ot znk yzxgz{s \#& #!@'

7
Pm^i @7Fgl^kmbhg h_ fhobg` h! o^\mhk "^e]l Zm ma^ [Zl^ ihbgml. Znk iutzxur ul znk
jxolzkj YQY lux vgzn vrgttotm oy g|gorghrk7

Znk lurru}otm xky{rzy ojktzol� znk gvvroighoroz� ul znk grmuxozns7

Hebcbf]g]ba 0. I^m ma^k^ [^ `bo^g Z lmkZmb"^] lrlm^f pbma ]kb_m Zg] \hglb]^k ma^
Ze`hkbmaf ]^"g^] bg mabl ln[l^\mbhg. Qa^ ^kkhk h_ ma^ mkZc^\mhkr ieZggbg` \hbg\b]^l
pbma ma^ ^kkhk h_ ma^ Ib^ [kZ\d^m Zo^kZ`bg` b_

@1* m 26 bg Ib^ [kZ\d^m Zo^kZ`bg` 2>7@3
@2* ma^ k^_^k^g\^ mkZc^\mhkr bl ]^\hfihl^] ]n^ mh ma^ AKFO lmkn\mnk^ ]^"g^] bg ma^

Ze`hkbmaf
@3* ma^ ]kb_m bl bg]^i^g]^gm _khf ma^ lmkZmZ b.^. i* E i+ E " " " E iD EC i
@4* i 7 )"* M )"+ M " " " M )"`.

Mkhh_: Iutyojkx "xyz g y�yzks }oznu{z jxolz7 Oz oy qtu}t lxus Ykizout >7< gtj gryu
lxus a<c zngz VZV suzout vrgttotm juky tuz xkgin k~gizr� znk "tgr vuotz ol znk



y�yzks oy tuz torvuzktz7 Znoy kxxux juky tuz ng|k iutzxoh{zout zu zxgpkizux� vrgttotm
yotik znk jkiusvuykj zxgpkizux� ngy zu mu znxu{mn znk xkginkj "tgr vuotz gtj tuz znk
jkyoxkj "tgr vuotz7 Yotik h� iutjozout A;5 znk xklkxktik zxgpkizux� oy jkiusvuykj5 oz
k|ur|ky ut znk otzkmxgr sgtolurj ul znk giz{gr joyzxoh{zout )"_ ot znk nzn y{hykmsktz7
Gjjozoutgrr�5 znk Rok hxgiqkz g|kxgmotm ot znk nwn y{hykizout oy g ysuuzn zxgpkizux�
vrgttotm vxuhrks5 gtj yotik A: nurjy5 znk znkux� ul a=c 2ykk Ykizout >7<3 kty{xky zngz
znk zxgpkizux� mktkxgzkj h� x_ iut|kxmky zu znk jkiusvuykj xklkxktik zxgpkizux�7

]k ng|k zu ynu} utr� zngz znk gjjozoutgr jxolz zkxs juky tuz otj{ik gt�
gjjozoutgr kxxux k~ikvz znk utk iusotm lxus znk Rok hxgiqkz g|kxgmotm7 Iutyojkx gt�
vuotz ul znk jkyoxkj vgzn5 yg�5 ot znk nzn y{hykmsktz gtj joyxkmgxj lux g susktz
zngz x_ yzkkxotm znk jxolzrkyy y�yzks grutm znk jkiusvuykj xklkxktik zxgpkizux�
ngy grxkgj� hkkt iusv{zkj7 Ot uznkx }uxjy5 gyy{sk zngz x_ E x_Z7g y{hyzoz{zotm

x_Z7g E ! 'j_g E i#& #!@'

(
5 v E :E D D D E k_ otzu 2>7:93 �okrjy

e{ E i#& #!@'
!

\@R
g3*

j_g

M
j_gG

***j_g*** E i#& #!@'

N
D 2>7::3

Iutjozout A< kty{xky zngz t2{3 E
!'
j_*G
**j_***Ei#& #!@'

(
ED D DE

'
j_\@G

**j_\@**Ei#& #!@'

("N
iusvrkzky g vxupkizout ul jxolz ut znk hgyk |kizuxy o7k7

i#& #!@'
E

\@R
g3*

tgj
_
g E P_2{3t2{3 2>7:;3

ot znk nzn y{hykmsktz5 nktik 2>7::3 oy xkvrgikj h� e{ E 97 Ol iutjozout A= oy ygzoy"kj5
znoy gxm{sktz igt hk gvvrokj lux grr y{hykmsktzy5 }noin skgty zngz x_Z7g krosotgzky

jxolz i#& #!@'
7 Znk utr� gizo|k iusvutktz }noin xksgoty ot x_ yzkkxy znk jxolzrkyy

y�yzks grutm znk jkiusvuykj xklkxktik zxgpkizux�7 Utr� znk iut|kxyout ul x_ zu x_5
}noin gvvroky znk Rok hxgiqkz g|kxgmotm5 mktkxgzky kxxux7 Znoy iusvrkzky znk vxuul7

Hebcbf]g]ba 1. I^m ma^k^ [^ `bo^g Z lmkZmb"^] lrlm^f pbma ]kb_m Zg] \hglb]^k ma^
Ze`hkbmaf ]^"g^] bg mabl ln[l^\mbhg. Qa^ ^kkhk h_ ma^ mkZc^\mhkr mkZ\dbg` \hbg\b]^l
pbma ma^ ^kkhk h_ ma^ Ib^ [kZ\d^m Zo^kZ`bg` b_

@1* m 26 bg ma^ Ib^ [kZ\d^m Zo^kZ`bg` 2>7@3
@2* ma^ k^_^k^g\^ mkZc^\mhkr bl ]^\hfihl^] nlbg` ma^ AKFO lmkn\mnk^ ]^"g^] bg ma^

Ze`hkbmaf
@3* i#& #!@'

7 )"_, _hk ^o^kr n E :E D D D E o.

Mkhh_: Znk vxuul oy yosorgx zu zngz ul Vxuvuyozout :7 Znk utr� jo!kxktik oy zngz nkxk
znk jxolz oy tuz znk ygsk ot k|kx� yzxgz{s7 Grznu{mn znk jxolz sg� hk jo!kxktz ot
yzxgzg5 znk gxm{sktz ot znk vxuul ul Vxuvuyozout : zu znk |grojgzout ul 2>7::3 gtj
2>7:;3 igt hk gvvrokj gmgot7 Kw{gzouty 2>7::3 gtj 2>7:;3 gxk |groj s{zgzoy s{zgtjoy
ot k|kx� y{hykmsktz5 o7k7 tkmrkizotm znk kxxux ul znk Rok hxgiqkz g|kxgmotm5 znk jxolz
oy tk{zxgro!kj5 }noin iusvrkzky znk vxuul7

.(-(+ FTX`WL_TZY EP^`W_^ ZY L EZMZ_TN EZbMZL_

Gy hkluxk5 znk qotksgzoi sujkr ul g xuhuzoi xu}hugz oy {ykj gmgot lux yos6
{rgzout7 Znk SVV iutyoyzy ul lurru}otm yzxgomnz6rotk zxgpkizux� zu}gxjy {Z E
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> Ut Jxolz Tk{zxgro!gzout ul Yzxgzo"kj Y�yzksy B<

2!9D<E 9D=E 9E 9E 93N lxus znk uxomot ul znk xklkxktik lxgsk7 Znk xu}hugz zxoky zu
giiusvroyn ozy zgyq ot g xo|kx }ozn g iutyzgtz jxolz if E 29D<E 9D<E 9E 9E 93N 7 ]k
gyy{sk zngz znk jxolz gvvkgxy utr� }nkt vgjjrky gxk ot znk xo|kx7 Oz oy g muuj gv6
vxu~osgzout ol vgjjrky su|k lgyz ktu{mn ot znk gox }nkt znk� gxk rolzkj lxus znk
}gzkx7 Oz igt hk |kxo"kj zngz Iutjozout A< ul Vxuvuyozout ; oy l{r"rrkj7

Znk yos{rgzout xky{rzy ul znk xuhuzoi xu}hugz ot znk xo|kx }ozn jxolz gxk ynu}t ot
Lom{xk >7:7 Znk "m{xk ynu}y znk vgzn vxu|ojkj h� VZV yzxgzo"kj SVG5 gtj znk vgzn
vxu|ojkj h� znk vxk|ou{yr� vxuvuykj grmuxozns }ozn m E <=9995 yzkv yo!k > ":9!- yki
gtj yzkv yo!k :9!- yki {yotm g yzgtjgxj UJK yur|kx7 Oz igt hk uhykx|kj zngz ot yvozk
ul znk jxolz ot \*+5 huzn grmuxoznsy ginok|k znk "tgr vuotz 2!9D<E 9D<BE 9E 9E 9E 3N
mo|kt zu znk VZV yzxgzo"kj SVG7 Yzkv yo!k > ":9!- yki osvroky uhykx|ghrk uyiorrgzout
ot znk vgzn }nork :9!- yki juky tuz7 Ot mktkxgr5 utk iutir{jky zngz ysgrrkx yzkv
yo!k xkj{iky uyiorrgzout h{z xky{rzy ot rutmkx iusv{zgzout zosk7 Rutm iusv{zgzout
2gxu{tj utk nu{x ut g ;7AMN! V= iusv{zkx3 oy j{k zu znk nomn lxkw{kti� ot otv{zy5
}noin oy orr{yzxgzkj ot Lom{xk >7: gtj skgty nomnkx xkyur{zout otzkmxgzout ul znk
UJK }ozn Sgzrgh7 Oz oy gryu uhykx|kj zngz ysgrr m ot znk Rok hxgiqkz g|kxgmotm juky
tuz mktkxgzk g vgzn zu}gxjy znk jkyoxkj "tgr vuotz7 Suxku|kx5 znk giikvzghrk |gr{k
ul m jkvktjy gryu ut znk yzkv yo!k inuykt7

PTP stratified MPA

stratified MPA
with HOS

step=0.0005
step=0.0001

@][. 4.0. I^_m: Znk vgzny vxu|ojkj h� yzxgzo"kj SVG }ozn VZV gtj yzxgzo"kj
zxgpkizux� zxgiotm h� NUY otv{zy 2m E <=9995 yzkv yo!k oy > " :9!- yki auyiorrgzotm
vgznc gtj yzkv yo!k oy :9!- yki a1yzxgomnz6rotk1 vgznc37 Ob`am: Znk NUY otv{zy gz znk
hkmottotm ul yos{rgzout vkxouj7 2m E <=9995 yzkv yo!k oy :9!- yki3

*$* 4]FHY @JFHMNSL FQTSL ARTTYM 2ZW[JX NS YMJ ]^

?QFSJ

Iutyojkx tu} znk ygsk xu}hugz sujkr mo|kt h� 2>7:3 y{in zngz znk iut"m{xgzout
|gxoghrky =* gtj =+ gxk usozzkj7 Suxku|kx5 iutyojkx g jxolz ot znk huzzus yzxgz{s
y{in zngz oz jkvktjy ut znk hugz vuyozout 2{E |37 Znoy mo|ky znk lurru}otm j�tgsoigr
y�yzksC



e{ E il2{E |3 4 iuy 22x* 4 x+3 2>7:<3

e| E im2{E |3 4 yot 22x* 4 x+3 2>7:=3

e2 E i*2{E |E 23 4 x* ! x+E 2>7:>3

}nkxk il5 im5 gtj i* gxk ysuuzn l{tizouty ul znkox gxm{sktzy gtj sg� hk otzkxvxkzkj
gy znk vuyozout jkvktjktz jxolz gtj |uxzk~ ul znk xo|kx7 Znoy grru}y zu sujkr gt�
qotj ul #u} vxu"rk zu g mo|kt xo|kx ykizout7

Uhykx|k zngz znoy y�yzks }ozn jxolz oy y{in zngz znk qtu}rkjmk ul znk y{Æioktzr�
ysuuzn zxgpkizux� w 2 2{2w3E |2w33 grru}y zu jkzkxsotk znk zosk l{tizouty ul
znk xksgototm |gxoghrky5 tgskr� 22w35 x*2w35 gtj x+2w3 y{in zngz 2>7:<362>7:>3 gxk
ojktzoigrr� ygzoy"kj7 Tuzk "xyz zngz

2 E gxizgt ; 2 e| ! im2{E |33E 2 e{! il2{E |33 E 2>7:?3

}nkxk gxizgt ; mkzy ozy |gr{k ot znk 2!8E 8c otzkx|gr ot xgjogty7 Tk~z5 utk mkzy
x* 4 x+ E 2 e{ ! il2{E |33 iuy 2 4 2 e| ! im2{E |33 yot 25 }noin5 zumkznkx }ozn 2>7:>35
grru}y zu uhzgot x* gtj x+7 ]k ng|k p{yz ynu}t znk lurru}otm7

Hebcbf]g]ba 2. Qa^ lrlm^f 2>7:<3-2>7:>3 bl ]b!^k^gmbZeer #Zm. Qa^ #Zm hnminm bl
2{E |3.

Lux suxk jkzgory ut #gztkyy5 znk xkgjkx sg� xklkx zu a>c gtj a@c7 Znk #gztkyy
vxuvkxz� osvroky zngz znk suzout vrgttotm lux znk hugz igt hk sgjk h� g yosvrk
otzkxvurgzout lux znk |gxoghrky ul znk #gz u{zv{z7

Y{vvuyk zngz znk otozogr iut"m{xgzout ul znk hugz oy mo|kt h� 2{D E |D E 2D 3 gtj znk
jkyoxkj "tgr iut"m{xgzout oy mo|kt h� 2{A E |A E 2A 37 2Tuzk zngz znk suzout vrgttotm
grmuxozns oy yosorgx ol otzkxskjogzk iut"m{xgzouty gxk gryu mo|kt37 Rkz ] hk znk
pu{xtk� zosk grutm znk zxgpkizux�7 Znkt utk sg� iutyzx{iz gt gz rkgyz znoxj6uxjkx
vur�tusogr lux {2w3 y{in zngz {293 E {D 5 e{293! il2{D E |D3 E iuy 2D 5 {2] 3 E {A 5 gtj
e{2] 3!il2{A E |A 3 E iuy 2A 7 Yosorgx iutjozouty gxk {ykj zu iutyzx{iz znk vur�tusogr
|2w37

[yotm znk #gztkyy vxuvkxz�5 utk sg� znkt jkzkxsotk znk zxgpkizux� lux 22w35 x*2w35
gtj x+2w3 gy jkyixohkj ghu|k7 Ol utk gryu }gtzy zu ng|k znk zxgpkizux� ul =* gtj =+5
utk ngy zu otzkmxgzk znk iuxxkyvutjotm kw{gzouty5 tgskr� e=* E x* gtj e=+ E x+7
Znoy grru}y jkzkizotm znk hgiq ux lux}gxj y}ozin vuotzy lux znk vgjjrky 2o7k7 vgjjrk
mgozy37 Kgin zosk }nkt utk vgjjrk gtmrk muky u{z ul xgtmk utk otykxzy g mgoz }noin
rolzy u! gtj xuzgzky hgiq znk iuxxkyvutjotm vgjjrk mxu{v7 Oz oy osvuxzgtz zu xkigrr
zngz znkyk mgozy gxk iutyojkxkj zu hk otyzgtzgtku{y7

Gt k~gsvrk zxgpkizux� ixkgzkj {yotm znk ghu|k jkyixohkj skznuj oy vxkyktzkj
ot Lom{xk >7;7Znk jxolz ul znk xo|kx jkvktjy ut znk joyzgtik lxus znk ynuxkrotk gtj
xkginky ozy sg~osgr |gr{k gz znk xo|kx iktzkxrotk7 Znk otozogr uxoktzgzout ul znk hugz
oy 8G; xgj5 ozy jkyoxkj "tgr uxoktzgzout oy !8G; xgj7 Znk pu{xtk� zosk grutm znk
zxgpkizux� oy >9 yki7 Tuzk zngz znk hugz g~oy oy tu rutmkx zgtmktz zu znk vgzn yotik
znkxk oy g jxolz7

Xkigrr zngz yosorgx vxuikj{xk sg� gvvr� zu uznkx y�yzksy y{in zngz znk iutzxur
ul znk xkyzxoizkj huzzus yzxgz{s oy ul otzkxkyz gtj znk iuxxkyvutjotm j�tgsoigr
y�yzks oy jo!kxktzogrr� #gz7
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@][. 4.1. Lrgztkyy hgykj suzout vrgttotm7 I^_m: vgzn ul znk hugz IUMD Ob`am: otv{z
yomtgry

*$+ 2TSHQZXNTSX

Z}u SVGy }kxk vxkyktzkj lux yzxgzo"kj y�yzksy }ozn jxolz7 Znk "xyz skznuj oy ghrk
zu iutyzx{iz g yu6igrrkj jkiusvuykj xklkxktik zxgpkizux� gtj tk{zxgro!k yvkiogr irgyy
ul jxolzy ot g yktyk zngz vgzn vrgttotm gtj jxolz tk{zxgro!gzout kxxux oy j{k utr� zu
znk Rok hxgiqkz g|kxgmotm7 Znk vxkioyout jkvktjy nomnr� ut znk vgxgskzkx inuoiky
gtj znk iusv{zgzoutgr igvgioz� g|gorghrk7 Znk skznuj oy tuz ghrk zu ngtjrk mktkxgr
jxolz h{z oz otyvoxky zu k~zktj znk xky{rzy7 Znk ykiutj skznuj vxkyktzkj oy yvkio"i
zu znk k~gsvrk y�yzks iutyojkxkj gtj vxu|ojky k~giz xkginotm {yotm znk #gztkyy
vxuvkxz� ul znk y�yzks7

0HPST\QJILRJSYX

Znk xkykgxin }gy vgxzr� y{vvuxzkj h� znk N{tmgxogt Yioktik Xkykgxin L{tj {tjkx
mxgtz UZQG Z 9=;?<= gtj h� znk P&gtuy Hur�go Xkykgxin Yinurgxynov ul znk
N{tmgxogt Gigjks� ul Yioktiky7

@JKJWJSHJX

:7 H7 Muuj}otk7 @hgmkhe h_ lmkZmb"^] lrlm^fl pbma kh[hmb\ Ziieb\Zmbhgl7 VnJ znkyoy5
Igroluxtog Otyzoz{zk ul Zkinturum�5 :BBA7

;7 O7 Ngxsgzo5 H7 Qoyy5 H7 Rgtzuy7 Z}u suzout vrgttotm gvvxuginky lux yo~6rkmmkj
xuhuzy7 OtC Mkh\. h_ Fgm. Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe OhJh@h5
H{qu}� J}uxkq ;99;5 vv7 A@6B;7

<7 M7 Rg!kxxokxk5 N7P7 Y{yysgtt7 Suzout vrgttotm lux iutzxurrghrk y�yzksy
}oznu{z jxolz7 OtC Mkh\. FBBB Fgm. @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5 :BB:5
vv7 ::=A"::><7



=7 N7P7 Y{yysgtt5 ]7 Ro{7 Rosozy ul nomnr� uyiorrgzux� iutzxury gtj znk
gvvxu~osgzout ul mktkxgr vgzny h� gjsoyyohrk zxgpkizuxoky7 OtC Mkh\. 30ma FBBB
@hg_. hg A^\blbhg Zg] @hgmkhe5 :BB:5 vv7 =<@"==;7

>7 S7 Lrokyy5 P7 R&k|otk5 Vn7 Sgxzot5 V7 Xu{inut7 Lrgztkyy gtj jklkiz ul tutrotkgx
y�yzksyC otzxuj{izux� k~gsvrky7 Fgm. GhnkgZe h_ @hgmkhe5 |ur7 ?:5 tu7 ?5 :BB>5
vv7 :<;@":<?:7

?7 O7 Ngxsgzo7 PmkZmb"^] fhmbhg Zg] fZgbineZmbhg Ze`hkbmafl bg kh[hmb\l7 VnJ
znkyoy5 H{jgvkyz [to|kxyoz� ul Zkinturum� gtj Kiutusoiy5 ;99=7

@7 S7 Lrokyy5 P7 R&k|otk5 Vn7 Sgxzot5 V7 Xu{inut7 G Rok6H&giqr{tj gvvxugin zu
kw{o|grktik gtj #gztkyy ul tutrotkgx y�yzksy7 FBBB QkZgl. hg >nmhfZmb\
@hgmkhe5 |ur7 <A5 :BBB5 vv7 @99"@:?7
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2]REQMG ?]WXIQW

P&u!ykl Q7 Zgx*5 Osxk P7 X{jgy*5 &Gmtky Y!kmnkm�o*5 gtj Qx!�y!zul Qu!-ru}yqo+

* H{jgvkyz Zkin Vur�zkintoigr Otyzoz{zout
N6:9<= H{jgvkyz5 H&kiyo &{z B?8h5 N{tmgx�
@EV&7S^WIJ/RMO&FQJ&LY$ >YHEW/FQJ&LY$ ?^IKLIK]M&0KRIW/OKO&FQJ&LY

+ Vu!tg&t [to|kxyoz� ul Zkinturum�5 {r7 Vouzxu}u <g5 ?96B?> Vu!tg&t5 Vurgtj
8V^]W^XSJ&8S^PS[WOM/TYX&TS^RER&TP

+$& 8SYWTIZHYNTS

Znk hgyoi iusvutktzy ul Yulz Iusv{zotm }kxk grsuyz iusvrkzkr� jk|kruvkj h�
znk yo~zoky7 Ot u{x jg�y YI skgty koznkx ykvgxgzk ux otzkmxgzkj gvvroigzout ul Tk{xgr
Tkz}uxqy 2TT3 gtj L{!!� Y�yzksy 2LY3 ktngtikj }ozn nomn vgxgrrkroys ul uvkxgzout
gtj y{vvuxzkj h� yk|kxgr jkzkxsotoyzoi5 yzuingyzoi ux iushotkj vgxgskzkx6z{totm
skznujy 2rkgxtotm37 Znk sgot gj|gtzgmk ul {yotm LY oy k|gjotm znk jk|kruvsktz ul
otzxoigzk gtgr�zoigr y�yzks sujkry7

Xkmgxjotm znk {yk ul TTy5 z�voigr vxuhrks irgyyky ng|k hkkt ojktzo"kj lux
znk yur{zout ul }noin z�voigr {toluxs gxinozkiz{xky 2k7m7 s{rzorg�kx vkxikvzxut5
Qunutkt6tkz}uxq5 Nuv"krj6tkz}uxq5 Ikrr{rgx Tk{xgr Tkz}uxqy5 ITT [to|kxygr
Sginotk5 kzi73 ng|k hkkt krghuxgzkj7 Lux otyzgtik5 g z�voigr gvvroigzout ul TTy
oy rotkgxo!gzout ul tutrotkgx yktyux yomtgry a:c7

L{!!� y�yzksy ng|k znk mxkgz gj|gtzgmk ul vxu|ojotm sgznksgzoigrr� xomuxu{y
gtj y�yzksgzoi xkvxkyktzgzout ul |gm{k ux osvxkioyk otluxsgzout ot g luxs yosorgx
zu n{sgt rgtm{gmky a;c7 Znk� {yk skshkxynov l{tizouty ul z�voigr yngvky 2k7m7
zxgvk!uojgr5 zxogtm{rgx ux yzkv6roqk5 kzi735 gtj znk l{!!� xkrgzouty igt gryu hk {zoro!kj
ot g yzgtjgxjo!kj }g� h� {yotm jo!kxktz irgyyky ul l{!!� uvkxgzuxy7

Znk "xyz vngyk ul gvvr�otm zxgjozoutgr YI5 zngz oy znk ojktzo"igzout ul znk
vxuhrks irgyy gtj "tjotm znk gvvxuvxogzk yzx{iz{xk lux jkgrotm }ozn oz5 oy {y{grr�
kgy�7 Znk tk~z vngyk5 o7k7 jkzkxsototm znk tkikyygx� yo!k ul znk yzx{iz{xk gtj "zzotm
ozy vgxgskzkxy |og sginotk rkgxtotm oy lgx rkyy kgy�7 Lux tk{xgr tkz}uxqy ikxzgot
yur{zouty yzgxz lxus w{ozk g rgxmk otozogr tkz}uxq gtj gvvr� j�tgsoi vx{totm lux
mkzzotm xoj ul znk jkgj tujky a<c7 Gt grzkxtgzo|k skznuj yzgxzy }ozn g ysgrr tkz}uxq5
gtj znk t{shkx ul tujky oy otixkgykj yzkv h� yzkv 2k7m7 a=5 >c37 J{k zu znk vuyyohrk
k~oyzktik ul ruigr uvzosg5 lux g v{xk hgiqvxuvgmgzout zxgototm5 otgjkw{gi� ul g mo|kt
t{shkx ul tk{xuty igttuz hk iutir{jkj yosvr�7 Zu k|gjk znoy joÆi{rz�5 rkgxtotm
skznujy iutyojkxghr� osvxu|kj ot znk rgyz jkigjk 2k7m7 a?c37 Otir{yout ul Mktkzoi
Grmuxoznsy 2MG3 a@c ux uznkx yzuingyzoi ux ykso6yzuingyzoi krksktzy aAc }kxk ul
mxkgz yomto"igtik7 Ot yvozk ul znoy jk|kruvsktz oz igt hk yzgzkj zngz lux yzxutmr�
iu{vrkj tut6rotkgx S{rzovrk Otv{z 6 S{rzovrk U{zv{z 2SOSU3 y�yzksy zxgjozoutgr
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YI yzorr ngy yk|kxgr jxg}hgiqy7 Znk t{shkx ul znk tkikyygx� l{!!� x{rky yzxutmr�
otixkgyky }ozn znk jkmxkk ul lxkkjus gtj znk otzxoigi� ul znk vxuhrks7 Zu xkj{ik
sujkrotm iusvrk~oz� l{!!� otzkxvurgzout skznujy }kxk jk|kruvkj gtj inkiqkj aBc7
Yosorgxoz� xkrgzouty igt gryu hk {zoro!kj ot znk jkyomt ul l{!!� jogmtuyzoi y�yzksy a:9c7
Nu}k|kx5 iut|ktzoutgr l{!!� sujkrotm zkintow{ky gryu tkkj l{xznkx ot|kyzomgzout gtj
jk|kruvsktz a::c7 Yosorgx vxuhrksy gxoyk xkmgxjotm znk tkikyygx� t{shkx ul tk{xuty
ot g tk{xgr tkz}uxq gvvxugin7 K~zkxtgr j�tgsoi otzkxgizouty ut }noin tuxsgrr� tu
ygzoylgizux� otluxsgzout oy g|gorghrk ot#{ktik znk y�yzks1y hkng|oux ot g j�tgsoi
sgttkx7 Huzn znk hom yo!k ul znk tkikyygx� yzx{iz{xky5 znk n{mk t{shkx ul vgxgskzkxy
zu hk z{tkj5 gy }krr gy znk mugr |gx�otm ot zosk gxk yzorr ykxou{y vxuhrksy7

Xkgro!otm zngz mktkxgroz� gtj {toluxsoz� ul znk zxgjozoutgr YI yzx{iz{xky k~ir{jk
znk gvvroigzout ul vrg{yohrk yosvro"igzouty mg|k xoyk zu znk ojkg zngz h� gjjxkyyotm
tgxxu}kx vxuhrks irgyyky g tu|kr hxgtin ul yulz iusv{zotm iu{rj hk jk|kruvkj h�
{yk ul lgx yosvrkx gtj lgx suxk r{ioj {toluxs yzx{iz{xky gtj vxuikj{xky zngt znk
irgyyoigr utky7

Znk "xyz yzkvy ot znoy joxkizout }kxk sgjk ot znk "krj ul Irgyyoigr Skingtoigr
Y�yzksy 2ISYy3 a:;c5 hgykj ut znk Ngsorzutogt luxsgroys jkzgorkj k7m7 ot a:<c7
Znoy gvvxugin {ykj znk otzkxtgr y�sskzx� ul ISYy5 znk Y�svrkizoi Mxu{v 2YM3
ul Y�svrkizoi Mkuskzx� ot znk zgtmktz yvgik ul znk vn�yoigr yzgzky ul znk y�yzks7
Znk xky{rz ul znk lbmnZmbhg-]^i^g]^gm lrlm^f b]^gmb"\Zmbhg }gy g y�svrkizoi sgzxo~
iusvktygzotm znk k!kizy ul znk otgii{xgi� ul znk xu{mn j�tgsoi sujkr otozogrr�
{ykj gy }krr gy znk k~zkxtgr j�tgsoi otzkxgizouty tuz sujkrkj h� znk iutzxurrkx7 H�
{yk ul vkxz{xhgzout igri{r{y oz }gy vxu|kj zngz {tjkx ikxzgot xkyzxoizouty znoy tk}
gvvxugin iu{rj hk y{iikyyl{r ot znk iutzxur ul znk }nurk irgyy ul irgyyoigr skingtoigr
y�yzksy a:=c7 Oz oy otzkxkyzotm zngz znk skznuj ul Zg�rux ykxoky k~zktyout iushotkj
}ozn znk Ngsorzutogt luxsgroys oy }ojkr� {ykj ot u{x jg�y lux vxuhrks yur{zout
2k7m7 a:>5 :?c37

Rgzkx znk vxuhrks }gy iutyojkxkj lxus g v{xkr� sgznksgzoigr vuotz ul |ok}7 Oz
hkigsk irkgx zngz grr znk kyyktzogr yzkvy {ykj ot znk iutzxur iu{rj hk xkgro!kj h� uznkx
sgznksgzoigr skgty zngt znk y�svrkizoi sgzxoiky xkrgzkj zu yusk vnktuskturumoigr
otzkxvxkzgzout7 Uznkx Rok mxu{vy gxk jk"tkj ot g yosorgx sgttkx h� yusk hgyoi
w{gjxgzoi k~vxkyyouty roqk ot znk igyk ul znk Mktkxgro!kj Ruxktz! Mxu{v a:@c5 znk
Yzxkzinkj gtj znk Vgxzogrr� Yzxkzinkj Uxznumutgr Sgzxoiky a:Ac5 ux Y�svrkizoi
Sgzxoiky ul Yvkiogr Yzx{iz{xk a:Bc7 Ot znkyk gvvxuginky znk Rok mxu{v {ykj ot znk
iutzxur juky tuz jkyixohk gt� otzkxtgr vn�yoigr y�sskzx� ul znk y�yzks zu hk
iutzxurrkj7

Znk tk~z kyyktzogr yzkv }gy zu z{xt lxus znk otgii{xgzk sujkrotm gtj tuz
sujkrkj k~zkxtgr vkxz{xhgzouty zu znk iutzxur ul vgxzogrr� sujkrkj vn�yoigr y�yzksy
iutzgototm otzkxtgr jkmxkky ul lxkkjus zngz }kxk tuz sujkrkj h� znk iutzxurrkx7 Znk
"xyz xky{rzy hkrutmkj zu g yvkiogr igyk ot }noin znk tuz sujkrkj vgxzy iuxxkyvutjkj
zu |kx� yzo! h{z #k~ohrk puotzy ot g xuhuz gxs a;9c7 Znk mxkgz yzo!tkyy ul znk tuz
sujkrkj puotzy sgjk znoy yoz{gzout yvkiogr ot znk yktyk zngz znk suzout hkrutmotm
zu znkyk jkmxkky ul lxkkjus }gy |kx� s{in xkyzxoizkj7

Znk \Zkm ienl bgo^km^] i^g]nenf ux znk \Zkm ienl ]hn[e^ bgo^km^] i^g]nenfl
y�yzksy gxk vuv{rgx vgxgjomsy ot iutzxur zkinturum� j{k zu znkox ikxzgot
ingxgizkxoyzoiy zngz sgqk znkox iutzxur joÆi{rz ux tut6zxo|ogr7 Ot a;:c yos{rgzout
gtj k~vkxosktzgr xky{rzy }kxk v{hroynkj ut znk gvvroigzout ul znk ktkxm� skznuj
lux znk yzghoro!gzout ul znk ot|kxzkj vktj{r{s gxu{tj ozy nusuirotoi uxhoz7 Ot a;;c
znk hgjr� iutjozoutkj otkxzog sgzxo~ ul znk igxz vr{y ju{hrk vktj{r{s y�yzks }gy
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? Tu|kr Gjgvzo|k Iutzxur ul Vgxzogrr� Sujkrkj J�tgsoi Y�yzksy :9:

iutyojkxkj7 Ot znk vxkyktz vgvkx znk ygsk y�yzks oy inuykt gy g vgxgjoms lxus
g w{ozk jo!kxktz vuotz ul |ok}7 Ozy rotkgx jkmxkk ul lxkkjus skgtotm znk nuxo!utzgr
zxgtyrgzout ul znk }nurk y�yzks gtj znk g~oy ul utk ul znk vktj{r{sy gxk jxo|kt utr�7
Znk uznkx vktj{r{s igt su|k lxkkr� giiuxjotm zu znk tutrotkgx iu{vrotm vxkyktz
ot znk y�yzks7 H� {yk ul t{skxoigr yos{rgzout oz oy ynu}t zngz znk tu|kr gjgvzo|k
gvvxugin oy ghrk zu iutzxur znoy y�yzks7

+$' 5TWRZQFYNTS TK YMJ 2TSYWTQ BFXP

Lxus g v{xkr� sgznksgzoigr vuotz ul |ok} znk iutzxur zgyq igt hk luxs{rgzkj gy
lurru}y7 Znkxk oy mo|kt yusk osvkxlkiz sujkr ul znk y�yzks ut znk hgyoy ul }noin
yusk k~iozgzout oy igri{rgzkj zu uhzgot g jkyoxkj y�yzks xkyvutyk ]X gy Y E C2]X37 Znk
y�yzks ngy ozy ot|kxyk j�tgsoiy jkyixohkj h� znk {tqtu}t l{tizout ]f E ?2C2]X33
zngz xky{rzy ot g xkgro!kj xkyvutyk ]f otyzkgj ul znk jkyoxkj utk5 ]X7 Tuxsgrr� utk igt
uhzgot otluxsgzout |og uhykx|gzout utr� ut znk l{tizout Z23 iutyojkxghr� |gx�otm ot
zosk5 gtj tu vuyyohoroz� k~oyzy zu joxkizr� sgtov{rgzk znk tgz{xk ul znoy l{tizoutC utr�
]X gy znk otv{z ul Z23 igt hk jkluxskj zu ]X$ zu ginok|k gtj sgotzgot znk ]X E Z2]X$3
yzgzk7 2Utr� znk sujkr l{tizout Z23 igt joxkizr� hk sgtov{rgzkj73 Ut znk hgyoy ul
znk sujo"igzout ul znk skznuj ul xktuxsgro!gzout }ojkr� gvvrokj ot vn�yoiy znk
lurru}otm l\Zebg` bm^kZmbhg }gy y{mmkyzkj lux "tjotm znk vxuvkx jkluxsgzoutC

?0Z2]b!*3 E ]) 2?7:3

ot }noin ]) jktuzky yusk otozogr zxogr5 gtj znk ?b sgzxoiky jkyixohk ikxzgot rotkgx
zxgtyluxsgzouty zu hk yvkio"kj rgzkx7 Oz oy k|ojktz zngz ol ?b 2 75 gtj ?0?0!' D D D ?' 2
? o7k7 znk ykxoky ul znk rotkgx zxgtyluxsgzouty yu iut|kxmk zu znk ojktzoz� uvkxgzux
zngz znk vxuj{izy ul znk sgzxoiky gryu iut|kxmky zu g "tozk sgzxo~5 p{yz znk vxuvkx
jkluxsgzout oy gvvxuginkj5 znkxkluxk znk iutzxurrkx .rkgxty. znk hkng|oux ul znk
uhykx|kj y�yzks |og yzkv6h�6yzkv gsktjsktz gtj sgotzktgtik ul znk otozogr sujkr7
Znk ygzoylgizux� iutjozout lux y{in iut|kxmktik oy u{zrotkj gtj k~vrgotkj ot Ykizout
Znkuxks :7 Oz oy }uxzn tuzotm zngz znkyk iutyojkxgzouty gxk otjkvktjktz ul znk
vgxzoi{rgx grmkhxgoi jkzgory zngz gxk joyi{yykj ot znk luxzniusotm vgxz ul znk vgvkx7

Yotik 2?7:3 gshom{u{yr� jkzkxsotky znk vuyyohrk gvvroighrk w{gjxgzoi sgzxoiky
}k ng|k gjjozoutgr lxkkjus ot inuuyotm znk gvvxuvxogzk utky7 Znk suyz osvuxzgtz
vuotzy ul |ok} gxk lgyz gtj kÆioktz iusv{zgzout5 gtj znk ghoroz� lux xksgototm gy
iruyk zu znk ojktzoz� uvkxgzux gy vuyyohrk7

Lux sgqotm znk vxuhrks sgznksgzoigrr� {tgshom{u{y 2?7:3 igt hk zxgtyluxskj
otzu g sgzxo~ kw{gzout h� vrgiotm znk |gr{ky ul Z gtj ] otzu }krr6jk"tkj hruiqy
ul hommkx sgzxoiky7 \og iusv{zotm znk ot|kxyk ul znk sgzxo~ iutzgototm Z ot 2?7:3
znk vxuhrks igt hk sgjk sgznksgzoigrr� }krr jk"tkj7 Yotik znk igri{rgzout ul znk
ot|kxyk ul utk ul znk sgzxoiky oy tkkjkj ot kgin iutzxur i�irk oz oy k~vkjoktz zu
inuuyk yvkiogr sgzxoiky ul lgyz gtj kgy� ot|kxzohoroz�7 ]oznot znk hruiq sgzxoiky znk
xkyvutyk gxxg�y sg� hk k~zktjkj h� gjjotm zu znks g .j{ss�.5 zngz oy vn�yoigrr�
tuz otzkxvxkzkj josktyout ul iutyzgtz |gr{k5 ot uxjkx zu k|gjk znk uii{xxktik ul
znk sgznksgzoigrr� j{hou{y 9295 92"tozk5 gtj "tozk29 zxgtyluxsgzouty7 Ot znk
vxkyktz vgvkx znk yvkiogr y�svrkizoi sgzxoiky gttu{tikj ot a:Bc }kxk gvvrokj lux
znoy v{xvuyk7 Ot mktkxgr5 znk Rok mxu{v ul znk Y�svrkizoi Sgzxoiky 2YS3 oy jk"tkj
h� znk kw{gzouty
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ot }noin jkz ? E :7 Znk ot|kxyk ul y{in sgzxoiky igt hk igri{rgzkj ot g
iusv{zgzoutgrr� |kx� iuyz6kÆioktz sgttkx gy ?!* E ?N ?N?7 Ol t* gtj t, gxk znk
iutzxurrkj gtj sujkrkj mktkxgro!kj iuuxjotgzky 2d E at*E t,c

N 35 gtj t+ oy znk tuz
sujkrkj8{tiutzxurrkj utk ul znk < Jkmxkk Ul Lxkkjus 2JUL3 skingtoigr y�yzks
{tjkx iutyojkxgzout znkt znk y�svrkizoi sgzxoiky gxk iutyzx{izkj lxus znk ]^lbk^]
gtj znk h[l^ko^] puotz iuuxjotgzk giikrkxgzouty hkotm znk xkyvutyk ul znk skingtoigr
y�yzks zu znk k~iozgzout ul zuxw{k gtj luxik7 Znk iur{sty ul znk sgzxo~ jk"tkj ot
2?7<3C

:2od3 ( aE' E( E) D D D c (
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igt hk {ykj lux iutyzx{izotm znk .igtjojgzk. y�svrkizoi sgzxo~
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7

/ / / D D D !2
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g
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g
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`&*' `&+' Y&,' D D D / / / D D D

8
E 2?7=3

ot }noin znk y�shury Y&,'5 Y&-' jktuzk z}u vgox}oykr� uxznumutgr {toz |kizuxy zngz
rok ot znk uxznumutgr y{hyvgik ul znk "xyz z}u iur{sty ul znk hruiq sgzxo~5 gtj ] oy
znk j{ss� vgxgskzkx {ykj lux g|uojotm yotm{rgx zxgtyluxsgzouty5 l{xznkxsuxk

M+ ( odNod4 g+E v E ;M+D 2?7>3

Kw{gzouty 2?7<3 gtj 2?7=3 igttuz hk .jkj{ikj.7 Znk� gxk skxk grmkhxgoi skgty
lux ixkgzotm yosvrk y�svrkizoi sgzxoiky znk yzx{iz{xk ul }noin oy y{mmkyzkj h� ?7
Znk� gxk {ykj ot 2?7:3 zu {tow{kr� jk"tk znk ?b sgzxoiky gy ?b?2Z2]b!*33 E ?2])37
Znoy iutyzx{izout ygzoy"ky 2?7:3 yotik znk "xyz z}u krksktzy ul znk ru}kx ngrl ul znk
"xyz iur{st ul ?2Z2]b!*33 gxk p{yz sgvvkj zu znuyk ul ]) hkotm ot yosorgx vuyozout
}oznot ?2])37 Znk {toz |kizuxy igt hk ixkgzkj k7m7 h� {yotm Kr Noto1y grmuxozns a:Ac5
}noin5 }nork xuzgzky |kizux V otzu znk joxkizout ul |kizux U5 rkg|ky znkox uxznumutgr
y{hyvgik ot|gxogtz7 Yu ol znk uvkxgzout yzgxzy }ozn gt uxznutuxsgr ykz NY&*'E D D D O zngz
oy xomojr� xuzgzkj {tzor Y&*' hkiusky vgxgrrkr }ozn znk "xyz iur{st ul :5 ozy ykiutj
iur{st }orr rok ot znk uxznumutgr y{hyvgik ul znk "xyz utk yvgttkj h� znk zxgtyluxskj
NY$&+'E D D D O ykz7 Ot znk tk~z yzkv znoy }nurk ykz igt hk xomojr� xuzgzkj {tzor znk tk}
Y$$&+' hkiusky vgxgrrkr }ozn znk ykiutj iur{st ul :7 2Znoy uvkxgzout rkg|ky znk
vxk|ou{y ykz Y$&*' ot|gxogtz hkig{yk oz oy uxznumutgr zu znk z}u |kizuxy jkzkxsototm
znoy yvkiogr xuzgzout73 ]ozn znk ghu|k iusvrkzout znk gvvxuvxogzk uvkxgzout ot 2?7:3
k|ojktzr� kw{gry zu znk ojktzoz� uvkxgzux ol znk jkyoxkj xkyvutyk oy kw{gr zu znk
uhykx|kj utk5 gtj xksgoty ot znk iruyk |oiotoz� ul znk {toz sgzxo~ ol znk tut6!kxu
jkyoxkj gtj xkgro!kj xkyvutyky gxk |kx� iruyk zu kgin uznkx7

Yotik gsutmyz znk iutjozouty lux }noin znk iut|kxmktik ul znk skznuj }gy
vxu|kj tkgx6ojktzoz� zxgtyluxsgzouty }kxk y{vvuykj ot znk vkxz{xhgzout znkux�5
g vgxgskzkx 7 skgy{xotm znk .k~zktz ul znk tkikyygx� zxgtyluxsgzout.5 g .yngvk
lgizux. :5 gtj g .xkm{rgzout lgizux. 4 igt hk otzxuj{ikj ot g rotkgx otzkxvurgzout
}ozn ysgrr vuyozo|k A* gtj A+ |gr{ky gy

7 ( SZ ! ]XS
sg~2SZS3 E 2S]XS3 E 4 ( : 4 A* 4 2A* ! : ! A+3

7:

: 4 7:
E 2?7?3
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Znoy otzkxvurgzout xkj{iky znk zgyq ul znk gjgvzo|k iutzxur ot znk suxk ixozoigr
ykyyouty gtj nkrvy zu qkkv znk tkikyygx� rotkgx zxgtyluxsgzout ot znk |oiotoz� ul
znk ojktzoz� uvkxgzux7 Lux iutyojkxghrk xkrgzo|k zxgtyluxsgzout 7 oy hom xky{rzotm ot
4 - A+5 }nork lux ysgrr 7 4 - : 4 A* zngz skgty g rozzrk .k~zxgvurgzout.7 Uznkx
osvuxzgtz lgiz iutikxtotm znk jkzgory ul znk t{skxoigr igri{rgzouty oy znk xgzou ul
SodS gtj ] ot 2?7<37 Znk iutzxurrkx ngy Z ikbhkb otluxsgzout utr� ut znk tusotgr
giikrkxgzouty5 h{z ot znk kxxux6xkrg~gzout vxuikyy s{in nomnkx jkyoxkj giikrkxgzouty
sg� uii{x7 Lux znoy5 g yru}r� luxmkzzotm otzkmxgzotm "rzkx }gy otzxuj{ikj zu ixkgzk g
}komnzotm lgizux lux 9F , F : gy

z2w]3 (
O(

^3) ,
^Sod(,6 2w]!^3 SO(
g3) ,

g
2?7A3

gtj ot 2?7<3 otyzkgj ul znk giz{gr |gr{ky ul od znk giz{gr }komnzkj utky }kxk zgqkt
otzu giiu{tz 2, jkzkxsotky znk zosk6iutyzgtz ul luxmkzzotm zngz ngy zu hk jkzkxsotkj
k~vkxosktzgrr� |og yos{rgzout37 Znk t{skxoigr xkgro!gzout ul y{in g "rzkx oy |kx� kgy�C
znk iutzktz ul g h{!kx ngy zu hk s{rzovrokj h� , ot kgin iutzxur i�irk5 gtj znk tk}
SoX?YgS |gr{k ngy zu hk gjjkj zu oz7 Oz oy gryu kgy� zu igri{rgzk znk y{s ul znk }komnzy
ot znk jktusotgzux ul 2?7A3C ' E :G2: ! ,37 Ol 2?7:3 oy tuz .yzgzoigrr�. otzkxvxkzkj
gtj ot znk 2q 4 :3h\ iutzxur i�irk g tk} ?b?b!* D D D \* sgzxo~ oy gvvrokj lux znk
jkyoxkj giikrkxgzouty yru}r� |gx�otm ot zosk5 znk iutzxur rg} oy uhzgotkj7

+$( 3JXHWNUYNTS TK YMJ A^XYJR YT 1J 2TSYWTQQJI

Znk igxz iutyojkxkj iutyoyzkj ul g huj� gtj }nkkry ul tkmromohrk susktz{s gtj
otkxzog ng|otm znk u|kxgrr sgyy ul V aqmc7 Znk vktj{r{sy }kxk gyykshrkj ut znk
igxz h� vgxgrrkr ynglzy gtj gxsy ul tkmromohrk sgyyky gtj rktmzny U* gtj U+asc5
xkyvkizo|kr�7 Gz znk ktj ul znk gxsy hgrry ul tkmromohrk yo!ky gtj iutyojkxghrk sgyyky
ul p* gtj p+ aqmc }kxk gzzginkj5 xkyvkizo|kr�7 Znk K{rkx6Rgmxgtmk kw{gzouty ul
suzout ul znoy y�yzks gxk mo|kt gy lurru}yC<>Z*

Z+

Z,

=? E

<> p*U
+
* 9 !p*U* yot t*

9 p+U
+
+ !p+U+ yot t+

!p*U* yot t* !p+U+ yot t+ 2V 4p* 4p+3

=?<> &t*
&t+
&t,

=?4 2?7B3

4

<> !p*U* iuy t* et* et, !p*j iuy t*
!p+U+ iuy t+ et+ et, !p+j iuy t+
!p*U* iuy t* et

+
* !p+U+ iuy t+ et

+
+

=?
ot }noin j jktuzky znk mxg|ozgzoutgr giikrkxgzout as8y+c5 Z* gtj Z+ 2W#p3 jktuzk
znk jxo|otm zuxw{k gz ynglz : gtj ;5 xkyvkizo|kr�5 gtj Z, aTc yzgtjy lux znk luxik
su|otm znk igxz ot znk nuxo!utzgr joxkizout7 Znk gvvxuvxogzk xuzgzoutgr gtmrky gxk
t* gtj t+ axgjc5 gtj znk rotkgx jkmxkk ul lxkkjus hkrutmy zu t, asc7 Ot u{x igyk Z+

}gy ykz zu hk !kxu hkig{yk oz vrg�kj znk xurk ul znk tuz sujkrkj jkmxkk ul lxkkjus
}oznu{z jxo|otm7 Znk vuyozo|k jk"tozk tgz{xk ul znk otkxzog sgzxo~: m{gxgtzkky zngz

b_
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9
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#
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:

<> &t*
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&t,

=? H 9E 2?7:93



znkxkluxk ol 2?7B3 oy yu xkgxxgtmkj zngz &t+ oy su|kj zu znk xomnz ngtj yojk ul znk
kw{gzout gtj znk kw{gzout lux Z+ E 9 oy jkgrz }ozn ykvgxgzkr� }k gmgot uhzgot g
vuyozo|k jk"tozk otkxzog sgzxo~ lux znk sujkrkj y{hy�yzks t* gtj t,5 znkxkluxk znk
iusvrkzk yzghoroz� ul znk iutzxur oy m{gxgtzkkj7 Znk luxzniusotm yos{rgzout iut"xsy
znoy yzgzksktz7
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@][. 5.0. Tutgjgvzo|k iutzxurC znk tusotgr gtj iusv{zkj vngyk zxgpkizuxoky ul znk
iutzxurrkj g~ky et* 2xgj8y3 |y7 t* axgjc 2yuroj rotky3 gtj et, as8yc |y7 t, asc 2jgyn6juz
rotky3

+$) ANRZQFYNTS @JXZQYX

]nork 2?7B3 jkyixohkj znk yzgzk vxuvgmgzout ul znk vn�yoigr y�yzks5 lux znk jkyoxkj
xkrg~gzout ul znk zxgpkizux� zxgiqotm kxxux ul znk z}u iutzxurrkj puotzy g yosvrk
VOJ6z�vk x{rk }gy vxkyixohkj h� znk {yk ul v{xkr� qotksgzoi zkxsy7 Znoy kxxux
xkrg~gzout iu{rj hk ginok|kj k~gizr� utr� ot znk vuyykyyout ul znk k~giz j�tgsoi
sujkr ul znk vn�yoigr y�yzks zu hk iutzxurrkj7 Otyzkgj ul znk k~giz giz{gr j�tgsoi
sujkr znk iutyzgtz :9 # 7 27 E {toz sgzxo~ ul znk josktyouty ; # ;3 }gy {ykj gy
znk otkxzog sgzxo~ hkrutmotm zu t* gtj t,5 gtj znk Iuxouroy gtj mxg|ozgzoutgr zkxsy
}kxk sujkrkj h� znk iutyzgtz |kizux a:9E :9cN 7 Znoy k|ojktzr� iuxxkyvutjy zu g |kx�
xu{mn gvvxu~osgzout ul znk xkgroz� ot }noin p* E p+ E :9 qm5 U* E U+ E ;s5
gtj lux znk igxz sgyy V E ;D> qm }kxk inuykt7 Ot znk luxzniusotm yos{rgzouty znk
lurru}otm t{skxoigr jgzg }kxk {ykjC g E A95 , E 9DB;5 : E 9D>5 A* E 9D;5 A+ E :9!.7

Lom{xk ?7: k~ksvro"ky znk otgjkw{gi� ul znk xu{mn otozogr sujkr j{xotm znk
}nurk iutzxur ykyyout |og joyvrg�otm znk vngyk zxgpkizuxoky ul znk iutzxurrkj g~ky ot
znk igyk ul znk tutgjgvzo|k iutzxur 2znk ojktzoigr .igtutoigr. i{x|ky hkrutm zu znk
tusotgr suzout37 Znk gjgvzo|k iu{tzkxvgxz ul znoy suzout igt hk ykkt ot Lom7 ?7;
zngz hkrutmy zu znk ygsk xu{mn otozogr sujkr {vjgzkj yzkv6h�6yzkv7 Lom{xk ?7< mo|ky
znk zxgpkizux� zxgiqotm kxxux lux znk iutzxurrkj g~ky7 Znk osvxu|ksktz ykksy zu hk
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@][. 5.1. Gjgvzo|k iutzxurC znk tusotgr gtj iusv{zkj vngyk zxgpkizuxoky ul znk
iutzxurrkj g~ky et* axgj8yc |y7 t* axgjc 2yuroj rotky3 gtj et, as8yc |y7 t, asc 2jgyn6juz
rotky3

kyyktzogr7 Znk ykyyouty ul otixkgykj vngyk zxgpkizux� kxxuxy sg� hk xkrgzkj zu znk
suzout ul znk iu{vrkj ykiutj vktj{r{s znk vngyk zxgpkizux� ul }noin oy jkyixohkj
ot Lom7 ?7=7 Ot znoy igyk znkxk oy tu vxkyixohkj .tusotgr. zxgpkizux�7 Znoy g~oy y{!kxy
|kx� nkizoi |gxogzout ot ozy xuzgzoutgr |kruioz� zngz oy iu{vrkj zu gtj joyz{xhy znk
suzouty ul znk iutzxurrkj g~ky7 Nu}k|kx5 j{k zu gjgvzo|oz�5 znk vngyk zxgpkizuxoky ul
znkyk rgzzkx utky xksgot grsuyz igtutoigr7

Zu xk|kgr yusk jkzgory ul znk uvkxgzout ul znk gjgvzo|k iutzxur znk k^`neZmbg`
_Z\mhk 4 gtj znk p^b`ambg` _Z\mhk p |y7 zosk gxk jkyixohkj ot Lomy7 ?7> gtj ?7?7
Znkox "tk yzx{iz{xk gryu otjoigzky zngz hkyojky znk osvxkioyout ul znk otozogr

sujkr ozy otiusvrkzktkyy o7k7 znk k!kiz ul znk iu{vrkj gtj tuz sujkrkj g~oy oy w{ozk
iutyojkxghrk7 Znoy k!kiz oy k|kt suxk ktngtikj ot znk jogmxgs joyvrg�otm znk tuxs
ul znk 2?673 sgzxo~ |y7 zosk 2Lom7 ?7@37 ]nork ot mktkxgr znoy tuxs oy xkrgzo|kr� |kx�
ysgrr ot iusvgxoyut }ozn zngz ul znk {toz sgzxo~ ul gvvxuvxogzk yo!k 2

U
A3 gy oz }gy

k~vkizkj ut znk hgyoy ul vkxz{xhgzout igri{r{y5 ozy ruigr vkgqy gxk ot iuotiojktik
}ozn zngz ul znk xkm{rgzotm gtj znk }komnzotm lgizuxy5 gtj znk� gxk yomto"igtz7

+$* 2TSHQZXNTSX

Ot znoy vgvkx znk uvkxgzout ul gt gjgvzo|k iutzxur hgykj ut g tu|kr hxgtin ul yulz
iusv{zotm }gy ot|kyzomgzkj |og yos{rgzout ot iutzxurrotm g y�yzks ul otiusvrkzk gtj
vgxzogr sujkr7 Znk puotz tuz sujkrkj h� znk iutzxurrkx }gy rklz lxkkr� }oznu{z gt�
giz{gzout gtj }gy ot yzxutm tutrotkgx iu{vrotm }ozn znk iutzxurrkj gtj giz{gzkj
utky7 Oz }gy lu{tj zngz znk tu|kr skznuj iu{rj y{iikyyl{rr� iusvktygzk lux znk
k!kiz ul znk k~iozgzout ul znk {tiutyzxgotkj puotz ul {thu{tjkj suzout5 ot yvozk ul
znk lgiz zngz oz igt uhzgot w{ozk iutyojkxghrk qotkzoi gtj vuzktzogr ktkxm�7 Oz ykksy
zu hk k~vkjoktz zu sgqk yosorgx ot|kyzomgzouty lux uznkx vn�yoigr y�yzksy ul tuz
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@][. 5.2. Gjgvzo|k iutzxurC znk zxgpkizux� zxgiqotm kxxux lux znk iutzxurrkj g~ky
t* axgjc 2yuroj rotk3 gtj t, asc 2jgyn6juz rotk3 |y7 zosk asyc
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@][. 5.3. Gjgvzo|k iutzxurC znk vngyk zxgpkizux� ul znk {tiutzxurrkj g~oy et+ axgj8yc
|y7 t+ axgjc 2jgynkj rotk3

sujkrkj gtj {tgiz{gzkj jkmxkky ul lxkkjus ot yzxutm tutrotkgx iu{vrotm }ozn znk
giz{gzkj gtj iutzxurrkj utky7
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@][. 5.4. Gjgvzo|k iutzxurC znk xkm{rgzotm lgizux 4 2josktyoutrkyy3 |y7 zosk asyc
2yuroj rotk3
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@][. 5.5. Gjgvzo|k iutzxurC znk }komnzotm lgizux p 2josktyoutrkyy3 |y7 zosk asyc
2yuroj rotk3

L\YbeY` 0. Qa^ _hkma\hfbg` \hglb]^kZmbhgl l^ko^ kZma^k Zl `^hf^mkb\Zeer bgm^k-
ik^m^] en\b] ^qieZgZmbhgl maZg lhf^ kb`hkhnl ikhh_l. Ehp^o^k, ma^r a^ei nl hnmebg^

ma^ ihllb[e^ l^ml h_ iarlb\Ze lrlm^fl _hk ma^ \hgmkhe h_ pab\a ma^ ik^l^gm^] f^mah]
\Zg phkd. Qa^ \hg\^im h_ -><?;4A4 /A238;8AC pZl bgo^gm^] _hk ^qm^kgZeer ]kbo^g
iarlb\Ze lrlm^fl Zl ^.`. @^eeneZk K^nkZe K^mphkdl ]^l\kb[^] [r ma^ lmZm^ ikhiZ`Zmbhg
^jnZmbhg ek E Z2kEh3. Qa^ lrlm^f bl \hfie^m^er lmZ[e^ b_ _hk \hglmZgm ^qm^kgZe ^q\b-
mZmbhg h ma^ lmZm^ oZkbZ[e^ k2 k, Zl w26, b.^. _hk \hglmZgm bginm ^q\bmZmbhg ma^
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@][. 5.6. Gjgvzo|k iutzxurC znk tuxs ul znk sgzxo~ 2?673 |y7 zosk asyc 2yuroj rotk3

lrlm^f(l k^lihgl^ Zlrfimhmb\Zeer \hgo^k`^l mh Z \hglmZgm hnminm. F_ ma^ oZkbZmbhg h_
ma^ bginm bl _Zk lehp^k maZg ma^ lrlm^f(l ]rgZfb\l bm ikhob]^l nl pbma Z \hgmbgnhnl
k^lihgl^ \hkk^lihg]bg` mh lhf^ fZiibg` h_ ma^ mbf^-oZkrbg` bginm X23Y. Qa^ lZf^
\hg\^im \Zg ^ob]^gmer [^ nl^] bg hnk \Zl^ _hk ma^ l^kb^l h_ ma^ ?0 fZmkb\^l Zm \hglmZgm
hk lehper oZkrbg` o^\mhk ]+.

Qa^ Z2?bDDD?*]
X3 2 ]X k^jnbk^f^gm \Zg [^ ^qik^ll^] bg Z fhk^ hk e^ll k^lmkb\m^]

_hkf. Chk bglmZg\^, Zllnf^, maZm ma^k^ ^qblml 9 F T F : _hk pab\a

SZ
+
?b D D D ?*]

X
,
! ]XS - TSZ

+
?b!* D D D ?*]

X
,
! ]XS - " " " - TbSZ2]X3! ]XSD 2?7::3

Qabl k^jnbk^f^gm mkbobZeer `nZkZgm^^l ma^ ]^lbk^] \hfie^m^ lmZ[bebmr pbma Z
\hgo^k`^g\^ mh ma^ ]^lbk^] oZen^. Pniihl^ maZm Z 2k3 bl bgo^kmb[e^ Zg] ]b!^k^gmbZ[e^,
Zg] ma^k^ ^qblml Zg bgo^kl^ h_ ]X Zl S] E Z!*2]X3 9E /. Cnkma^kfhk^, e^m ma^ GZ\h[bZg
h_ ] maZm bl IZGIk [^ ihlbmbo^ ]^"gbm^ Zg] h_ ghkf \hglb]^kZ[er lfZee^k maZg 1. I^m
nl lniihl^, mhh, maZm ma^ Z\mnZe ^lmbfZmbhg h_ ma^ ]^_hkf^] bginm ] bl jnbm^ \ehl^
mh Z!*2]X3. @hgl^jn^gmer ma^k^ fnlm ^qblm mph g^Zk-b]^gmbmr ebg^Zk mkZgl_hkfZmbhgl
@ Zg] ? bg ma^ \ahl^g Ib^ `khni _hk pab\a @S] E ], Zg] ?Z2]3 E ]X. Cheehpbg` ma^
\eZllb\ ?4@AB@32A8>= A74>@C, b_ oZkbZ[e^ 7 bl \ahl^g mh [^ ma^ &lfZee oZkbZ[e^& ma^g
ma^ Z[ho^ hi^kZmhkl \Zg [^ pkbmm^g Zl @ E 7 4 75, Zg] ? E 7 4 76 pa^k^ 5 Zg] 6
Zk^ \^kmZbg `^g^kZmhkl h_ ma^ `khni, b.^. ma^ ^e^f^gml h_ ma^ mZg`^gm liZ\^ Zm ma^ ngbm
^e^f^gm. QZdbg` bgmh Z\\hngm hger ma^ 9h\ Zg] ma^ :gh hk]^k m^kfl bg 7 ma^ _heehpbg`
^lmbfZmbhgl \Zg [^ h[mZbg^]:
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+
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,
- Z 2S]3 4 7

IZ
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5S]4X

!
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"
E ]X 4 7
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!
7+
"
E 2?7:;3
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? Tu|kr Gjgvzo|k Iutzxur ul Vgxzogrr� Sujkrkj J�tgsoi Y�yzksy :9B

Chk \hgo^k`^g\^ SZ 2?]3! ]XS - TSZ 2]3! ]XS bl k^jnbk^]:

R7R SIZ
I]

254 63S]S - TR7R SIZ
I]
5S]SD 2?7:>3

Tbma ma^ Z[ho^ ZiikhqbfZmbhg mabl f^Zgl maZm

SIZ
I]
6S]! 6]XS ( S6]X ! IZ

I]
6S]S - TS6]XSD 2?7:?3

Khp mZd^ bgmh Z\\hngm maZm bg ma^ \Zl^ h_ ma^ ihll^llbhg h_ Z i^k_^\m ]rgZfb\
fh]^e S] E ]X. Chk Zg ZiikhqbfZm^ hg^ S] - ]X, maZm bl [hma ma^ ]bk^\mbhgl Zg] ma^
ghkfl h_ ma^l^ o^\mhkl Zk^ ZiikhqbfZm^er ^jnZe mh ^Z\a hma^k. Qabl bfieb^l maZm
ma^ Zg`e^ [^mp^^g ma^l^ o^\mhkl bl Z\nm^. Pbg\^ fZmkbq fnembieb\Zmbhg bl \hgmbgnhnl
hi^kZmbhg, _hk Z "gbm^ `^g^kZmhk 6 6S] - 6]X, ma^k^_hk^ ma^ Zg`e^ [^mp^^g ma^l^ o^\mhkl
bl Z\nm^, mhh. An^ mh ma^ ihlbmbo^ ]^"gbm^ gZmnk^ h_ IZGI] fnembieb\Zmbhg pbma bm Zelh
\Zg k^lnem bg Zg Z\nm^ Zg`e^ [^mp^^g 6]X Zg] 2IZGI]36S]. @hfiZk^ mabl pbma ma^
k^jnbk^f^gm `bo^g bg )6.16*% Fg ma^ ^qik^llbhg Zm ma^ e^_m aZg] lb]^ 6]X h[mZbgl Z
\hkk^\mbhg ZiikhqbfZm^er bg ma^ ]bk^\mbhg hiihlbm^ mh bml hpg hg^. Qa^ lfZee ghkf
h_ ma^ GZ\h[bZg IZGI] mh`^ma^k pbma ma^ ZiikhqbfZm^er ^jnZe ghkfl h_ 6]X Zg] 6]X

`nZkZgm^^ maZm ma^ ghkf h_ ma^ \hkk^\m^] o^\mhk pbee [^ lfZee^k maZg maZm h_ ma^
hkb`bgZe hg^ Zg] pbee ghm ^q\^^] bm bg ma^ ZiikhqbfZm^er hiihlbm^ ]bk^\mbhg. Tbma mabl
h[l^koZmbhg ma^ ikhh_ bl \hfie^m^].
Fm bl ^qi^]b^gm mh h!^k Z _^p phk]l mh ma^ ikZ\mb\Ze lb`gb"\Zg\^ h_ ma^l^ k^jnbk^f^gml.
Chk bglmZg\^, bg ma^ pb]^ \eZll h_ @eZllb\Ze J^\aZgb\Ze Prlm^fl bg ma^ khe^ h_ mabl
GZ\h[bZg ma^ bg^kmbZ fZmkbq Zii^Zkl. Fm bl p^ee dghpg maZm mabl fZmkbq Zg] bml bgo^kl^
Zk^ ihlbmbo^ ]^"gbm^, [nm ma^bk ghkf bg `^g^kZe \Zg [^ Zk[bmkZkr. Ehp^o^k, bg ma^
@hfinm^] Qhkjn^ \hgmkhe [Zl^] hg Z o^kr ZiikhqbfZm^ fh]^e bg P^\mbhg 6.2 bg
]f<?2C2]X33 ma^ khn`a fh]^e h_ ma^ bg^kmbZ fZmkbq \Zg [^ Z lfZee ihlbmbo^ l\ZeZk
mbf^l ma^ ngbm fZmkbq 7 maZm ]^m^kfbg^l ma^ ^q^km^] mhkjn^. Fg ma^ chbgm \hhk]bgZm^
Z\\^e^kZmbhgl mabl l\ZeZk bl fnembieb^] pbma ma^ bgo^kl^ h_ ma^ bg^kmbZ fZmkbq ikhob]bg`
ma^ GZ\h[bZg. Fm bl ^ob]^gm maZm bg `^g^kZe mabl GZ\h[bZg pbee [^ ihlbmbo^ ]^"gbm^, Zg]
bml ghkf \Zg [^ fZ]^ Zk[bmkZkber lfZee [r ikhi^ker l^mmbg` ma^ l\ZeZk oZen^ bg ma^
khn`a fh]^e. Qabl bfieb^l maZm ma^ ikhihl^] f^mah] \Zg phkd bg ma^ \hgmkhe h_ ma^
jnbm^ pb]^ \eZll h_ @eZllb\Ze J^\aZgb\Ze Zg] hma^k iarlb\Ze lrlm^fl. Qa^ lbfneZmbhg
ik^l^gm^] bg mabl iZi^k p^ee ^q^fieb"^l mabl \ZiZ\bmr.

@JKJWJSHJX

:7 O7 Qu|&g'iu|&g5 R7 Sgjgx&gy!5 J7 Qu|&g'i5 P7 \upzqu7 Tk{xgr tkz}uxq rotkgxo!gzout
ul vxkyy{xk luxik yktyux zxgtylkx ingxgizkxoyzoi7 Mkh\. 8ma FBBB Fgm. @hg_. hg
Fgm^eeb`^gm Bg`bg^^kbg` Prlm^fl FKBP5 OYHT B@<6??;6:;9695 ;99=5 vv7 @B6A;7

+$+ 0HPST\QJILRJSY

Znk g{znuxy mxgzkl{rr� giqtu}rkjmk znk goj h� znk Vuroyn6N{tmgxogt Horgzkxgr
Zkinturum� Iu6uvkxgzout Vxupkiz lux VR6;89:5 gtj znk y{vvuxz h� znk N{tmgxogt
Tgzoutgr Xkykgxin L{tj UZQG Z 9<=?>: y{vvuxzotm znkox }uxq7



;7 P7 \g'y'i&gq5 R7 Sgjgx&gy!7 Znk jkyomt ul znk k|gr{gzkj rotm{oyzoi gvvxu~osgzout7
?nee^mbgl _hk >iieb^] JZma^fZmb\l5 Zkintoigr [to|kxyoz� ul H{jgvkyz gtj
Zkintoigr [to|kxyoz� ul Qu'yoik5 Uizuhkx :BB>5 vv7 ;=@6;>97

<7 X7 Xkkj7 Vx{totm grmuxoznsy " g y{x|k�7 FBBB QkZgl. hg K^nkZe K^mphkdl5
|ur7 =5 tu7 >5 :BB<5 vv7 @=9"@=@7

=7 Y7 Lgnrsgtt5 I7 Rkhokxk7 Znk igyigjk6iuxxkrgzout rkgxtotm gxinozkiz{xk7
>]oZg\^l bg K^nkZe Fg_hkfZmbhg Mkh\^llbg` Prlm^fl5 |ur7 ;5 :BB95 vv7 >;="><;7

>7 Z7 Tghngt5 G7 `usg�g7 Zu}gxj mktkxgzotm tk{xgr tkz}uxq yzx{iz{xky lux
l{tizout gvvxu~osgzout7 K^nkZe K^mphkdl5 |ur7 @5 :BB=5 vv7 AB"B:7

?7 M7 Sgmu{rgy5 T7 \xgngzoy5 M7 Gtjxu{rgqoy7 K!kizo|k hgiqvxuvgmgzout zxgototm
}ozn |gxoghrk yzkvyo!k7 K^nkZe K^mphkdl5 |ur7 :95 :BB@5 vv7 ?B6A;7

@7 ]7 Qottkthxuiq7 Giikrkxgzotm znk yzgtjgxj hgiqvxuvgmgzout skznuj {yotm g
mktkzoi gvvxugin7 K^nkh\hfinmbg`5 |ur7 ?5 :BB=5 vv7 >A<">AA7

A7 G7 Qgtgxginuy5 Q7 Mkxgsgtoy7 Ykso6yzuingyzoi iusvrk~ tk{xgr tkz}uxqy7 Mkh\.
h_ FC>@-@>B> (98 @hgmkhe >iieb\Zmbhgl Zg] Bk`hghfb\l bg >`kb\nemnk^5 :BBA5
vv7 =@">;7

B7 J7 Zoqq5 V7 Hgxgt�o5 Z7J7 Mkjkut5 R7 S{xkygt7 Mktkxgro!gzout ul znk
x{rk otzkxvurgzout skznuj xky{rzotm gr}g�y ot giikvzghrk iutir{yout7 QZmkZ
JhngmZbgl JZma. Mn[e.5 |ur7 ;:5 ;99:5 vv7 @<6B:7

:97 P7 \g'y'i&gq5 R7 Sgjgx&gy!7 Yosorgxoz� xkrgzouty ot jogmtuyoy l{!!� y�yzksy7 GhnkgZe
h_ >]oZg\^] @hfinmZmbhgZe Fgm^eeb`^g\^5 |ur7 =5 tu7 =5 ;9995 vv7 ;=?";>97

::7 J7 Zoqq5 M�7 Hox&u5 Z7J7 Mkjkut5 R7Z7 Q&ui!�5 P7J7 _gtm7 Osvxu|ksktzy gtj
ixozow{k ut Y{mktu1y gtj _gy{qg}g1y w{grozgzo|k sujkrotm7 FBBB QkZgl. hg
Cnssr Prlm^fl5 |ur7 :95 tu7 >5 ;99;5 vv7 >B?"?9?7

:;7 P7Q7 Zgx5 O7P7 X{jgy5 P7L7 Hoz&u7 Mxu{v znkuxkzoigr gvvxugin ot {yotm igtutoigr
zxgtyluxsgzouty gtj y�svrkizoi mkuskzx� ot znk iutzxur ul gvvxu~osgzkr� suj6
krkj skingtoigr y�yzksy otzkxgizotm }ozn {tsujkrrkj kt|oxutsktz7 Oh[hmb\Z5
|ur7 :>5 :BB@5 vv7 :?<":?B7

:<7 \7O7 Gxturj7 JZma^fZmb\Ze J^mah]l h_ @eZllb\Ze J^\aZgb\l7 S${y!gqo
Q&ut�|qogj&u5 H{jgvkyz :BA> 2ot N{tmgxogt37

:=7 P7Q7 Zgx5 O7P7 X{jgy5 P7L7 Hoz&u5 Q7X7 Qu!-ru}yqo7 G sujo"kj xktuxsgro!gzout
grmuxozns hgykj gjgvzo|k iutzxur m{gxgtzkkotm iusvrkzk yzghoroz� lux g }ojk
irgyy ul vn�yoigr Y�yzksy7 OtC Krsktxkoin ]75 Zktxkoxu Sgingju P7G75 X{jgy
O7P7 2Kjy73 Fgm^eeb`^gm Prlm^fl Zm ma^ P^kob\^ h_ JZgdbg]5 [HUUQY5 G{myh{xm
;99=7

:>7 K7 Sorkzoiy5 M7 Surt&gxqg7 Zg�rux ykxoky skznuj }ozn t{skxoigr jkxo|gzo|ky
lux otozogr |gr{k vxuhrksy7 GhnkgZe h_ @hfinmZmbhgZe J^mah]l bg P\b^g\^l Zg]
Bg`bg^^kbg`5 |ur7 <5 tu7 <5 ;99<5 vv7 <:B6<;B7

:?7 K7 Sorkzoiy7 Ktkxm� iutykx|gzo|k grmuxozns lux t{skxoigr yur{zout ul otozogr |gr{k
vxuhrksy ul ngsorzutogt y�yzksy7 Mkh\. FBBB Fgm. @hg_. hg @hfinmZmbhgZe
@r[^kg^mb\l F@@@5 OYHT B?< @:>= :A <5 ;99<5 vv7 :6=7

:@7 P7Q7 Zgx5 O7P7 X{jgy5 P7L7 Hoz&u5 Q7 Pk!kxtoq7 G mktkxgro!kj Ruxktz! mxu{v6hgykj
gjgvzo|k iutzxur lux JI jxo|ky jxo|otm skingtoigr iusvutktzy7 Mkh\. 10ma Fgm.
@hg_. hg >]oZg\^] Oh[hmb\l F@>O5 OYHT B?< @:>= 9> :5 ;99:5 vv7 ;BB6<9>7

:A7 _7 Kr Noto7 Iusvgxoyut ul zng gvvroigzout ul znk y�svrkzoi gtj znk vgxzogrr�
yzxkzinkj uxznumutgr zxgtyluxsgzouty ot g tk} hxgtin ul gjgvzo|k iutzxur lux
skingtoigr jk|oiky7 Mkh\. 10ma Fgm. @hg_. hg >]oZg\^] Oh[hmb\l F@>O5 OYHT
B?< @:>= 9> :5 ;99:5 vv7 @9:6@9?7
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? Tu|kr Gjgvzo|k Iutzxur ul Vgxzogrr� Sujkrkj J�tgsoi Y�yzksy :::

:B7 P7Q7 Zgx5 G7 Hktiyoq5 P7L7 Hoz&u5 Q7 Pk!kxtoq7 Gvvroigzout ul g tk} lgsor�
ul y�svrkizoi zxgtyluxsgzouty ot znk gjgvzo|k iutzxur ul skingtoigr y�yzksy5
Mkh\. 28ma >ggnZe @hg_. h_ ma^ FBBB Fg]nlmkbZe Be^\mkhgb\l Ph\b^mr5 OYHT
96@A9<6@=@=6?5 ;99;5 vv7 :=BB":>9=7

;97 P7Q7 Zgx5 O7P7 X{jgy5 R7 Nux|&gzn5 Q7 Qu!-ru}yqo7 Gtgr�yoy ul znk k!kiz ul
hgiqrgyn gtj puotz giikrkxgzout skgy{xksktz tuoyk ot znk gjgvzo|k iutzxur ul
krkizxu6skingtoigr y�yzksy7 Mkh\. FBBB Fgm. Prfi. hg Fg]nlmkbZe Be^\mkhgb\l
FPFB5 OYHT 96@A9<6@B:;6A 2IJ oyy{k35 "rk HL6999B?>7vjl5 ;99<7

;:7 X7 Ru!gtu5 O7 Lgtzuto5 J7P7 Hruiq7 Yzghoro!gzout ul znk ot|kxzkj vktj{r{s
gxu{tj ozy nusuirotoi uxhoz7 Prlm^fl ' @hgmkhe I^mm^kl5 |ur7 =95 tu7 <5 ;9995
vv7 :B@6;9=7

;;7 P7Q7 Zgx5 O7P7 X{jgy5 R7 Nux|&gzn5 Y7M7 Z!glkyzgy7 Gjgvzo|k iutzxur ul znk ju{hrk
ot|kxzkj vktj{r{s hgykj ut tu|kr vxotiovrky ul yulz iusv{zotm7 Mkh\. Fgm. @hg_.
bg J^fhkbZf Ghag ohg K^nfZgg5 OYHT B?< @:>=;:<5 ;99<5 vv7 ;>@";?A7

;<7 Z7 Xuyqg7 A^o^ehif^gm h_ dbeh k^Ze-mbf^ _kZf^ kZm^ Q^kZLMP \hfinmZmbhgZe
\ZiZ\bmr mhih`kZiab\ fb\khikh\^llhkl7 Vrktgx� Rkiz{xk gz :9zn Otz7 Iutl7 ut
Gj|gtikj Xuhuzoiy OIGX5 ;99:5 H{jgvkyz5 N{tmgx�5 G{m{yz ;;6;>5 ;99:7



+

3\EQTPI /TTPMGEXMSRW SJ 4Y^^] >IEWSRMRK

ERH ;IYVEP ;IX[SVOW MR >SFSX 1SRXVSP

]grjksgx ]x&uhrk}yqo

Ingox ul Iutzxur gtj Y�yzksy Ktmotkkxotm5 Vu!tg&t [to|kxyoz� ul Zkinturum�
{r7 Vouzxu}u <g5 ?96B?> Vu!tg&t5 Vurgtj [EPHIQEV&[VSFPI[WOM/TYX&TS^RER&TP

,$& 8SYWTIZHYNTS

Suyz z�voigr zgyqy skz ot znk gxkg ul xuhuzoiy " iutzxur ul xuhuz sgtov{rgzuxy gtj
suhork xuhuzy " gxk vkxluxskj }ozn {yk ul sgznksgzoigr sujkry ul znkyk jk|oiky gtj
znkox kt|oxutsktz7 Lux yusk zosk5 znkxk ng|k gvvkgxkj gzzksvzy ul osvrksktzgzout
ul gxzo"iogr otzkrromktik skznujy ot xuhuz iutzxur7 Znk vgvkx vxkyktzy z}u y{in
gvvroigzouty7

Loxyz5 gt osvrksktzgzout ul tk{xgr tkz}uxqy ot iutzxur ul g xuhuz sgtov{rgzux
oy vxkyktzkj7 Sgt� tk{xgr tkz}uxq iutzxurrkxy lux xuhuz gxsy ng|k hkkt vxuvuykj
ot rozkxgz{xk a;5 @5 B5 :9c7 [y{grr� znk� gxk hgykj ut l{rr yzgzk skgy{xksktzy5 }nkxk
puotz vuyozouty gtj |kruiozoky gxk xkw{oxkj7 Puotz vuyozout skgy{xksktzy }ozn {yk
ul ktiujkxy {y{grr� mo|k gii{xgzk xky{rzy5 }nork puotz |kruioz� skgy{xksktzy }ozn
{yk ul zginuskzkxy gxk joyz{xhkj h� tuoyk7 Znoy sg� xkj{ik znk vkxluxsgtik ul
znk sgtov{rgzux7 Znkxkluxk znk ojkg ul xkvrgiotm |kruioz� skgy{xksktzy h� puotz
|kruioz� kyzosgzout }ozn {yk ul gt uhykx|kx ngy hkkt jk|kruvkj ot yk|kxgr vgvkxy7
Nkxk5 znk k!kizo|ktkyy ul z}u grzkxtgzo|k tk{xgr iutzxurrkxy vxkyktzkj ot aBc gtj aAc
oy iusvgxkj7 Ot znk "xyz utk5 h� Qos gtj Rk}oy aBc5 znk tk{xgr tkz}uxq oy {ykj gy gt
uhykx|kx zu kyzosgzk znk puotz |kruioz�7 Znk uznkx lkkjlux}gxj tk{xgr tkz}uxq oy {ykj
gy g iutzxurrkx7 Znk }komnzy ul huzn tkz}uxqy gxk z{tkj ut6rotk7 Ut znk uznkx yojk5
P{tmhkiq gtj Sgjxoj ot aAc otzxuj{ikj gt uvzosgr iutzxurrkx5 gryu osvrksktzkj gy
g lkkjlux}gxj tk{xgr tkz}uxq7

Znk tk~z vgxz ul znk vgvkx oy jk|uzkj zu gt osvrksktzgzout ul l{!!� rumoi
xkgyutotm ot iutzxur ul suhork xuhuzy7 Znk ojkg ul {yotm l{!!� rumoi zu iutzxur
oy tuz tk} gtj iusky lxus gzzksvzy ul h{orjotm vyk{ju6otzkrromktz otlkxktik gtj
jkioyout y�yzksy7 L{!!� otlkxktik xkykshrky n{sgt jkioyout vxuikyy " otv{z yomtgry
gxk kyzosgzkj ot g l{!!�5 y{hpkizo|k }g�7 Znk xky{rzy g!kiz iutzxur yomtgry h� otlkxktik
x{rky5 }noin gxk gyy{skj zu hk g ykz ul yosvrk l{!!� x{rky xky{rzotm lxus n{sgt
k~vkxoktik ot yur|otm znk iutyojkxkj vxuhrks7

Suhork xuhuzy gxk mktkxgrr� tutnurutusoi y�yzksy j{k zu znk iutyzxgotzy
osvuykj ut znkox qotksgzoiy7 Tgskr�5 znk kw{gzouty jkyixohotm znk iutyzxgotzy
igttuz hk otzkmxgzkj y�shuroigrr� zu uhzgot k~vroioz xkrgzouty hkz}kkt xuhuz
vuyozouty ot ruigr gtj mruhgr iuuxjotgzk lxgsky7 Znkxk gxk sgt� grmuxoznsy lux
iutzxur ul suhork xuhuzy jkyixohkj ot rozkxgz{xk a:c7 Nu}k|kx5 iutzxur ul tutnurutusoi
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y�yzksy oy g joÆi{rz vxuhrks7 Ot zgyqy y{in gy zxgpkizux� zxgiqotm ux lurru}otm
g vxkjk"tkj zxgpkizux�5 oz oy tkikyygx� zu iutzxur yos{rzgtku{yr� znk vuyozout gtj
uxoktzgzout ul znk xuhuz5 gy }krr gy ozy |kruioz�7

Znk vgvkx oy uxmgto!kj gy lurru}y7 Ot Ykizout @7; znk kw{gzouty ul znk xuhuz
sgtov{rgzux j�tgsoiy gtj ul znk tk{xgr tkz}uxq uhykx|kx gxk u{zrotkj7 Znkt5 ot
Ykizout @7<5 huzn iutyojkxkj iutzxurrkxy gxk vxkyktzkj gtj k~gsvrk yos{rgzout xky{rzy
lux g ju{hrk vktj{r{s gxk vxkyktzkj7 Ykizout @7= vxkyktzy g qotksgzoiy sujkr ul
z�vk 2<593 suhork xuhuz a:c gtj znk yzx{iz{xk ul ozy iutzxur y�yzks7 Ot Ykizout @7>5 g
l{!!� iutzxurrkx lux znk zxgpkizux� zxgiqotm zgyq oy vxkyktzkj }ozn k~gsvrk yos{rgzout
xky{rzy lux znoy y�yzks iusvgxkj zu znuyk ul g irgyyoigr VJ iutzxurrkx a=5 >c7

,$' <FYMJRFYNHFQ <TIJQX TK YMJ <FSNUZQFYTW FSI TK YMJ

=JZWFQ =JY\TWP >GXJW[JW

0(+(* @LYT[`WL_Z] 7dYLXTN^

Znk sgznksgzoigr sujkr ul znk j�tgsoiy ul gt W 6rotq xuhuz sgtov{rgzux oy
jkyixohkj h� znk lurru}otm kw{gzout a=5 >cC

) EG263&6 4=26E e63 e6 4 3263 4 @j e6 4 2W2 e63 4 )XE 2@7:3

}nkxk G263 7 0H#H oy g y�sskzxoi vuyozo|k jk"tozk {toluxsr� hu{tjkj sgzxo~5
=26E e63 e6 7 0H#* oy znk |kizux ul Iuxouroy8iktzxol{mgr luxiky5 @j 7 0H#H oy znk
jogmutgr sgzxo~ ul |oyiu{y lxoizout iukÆioktzy5 2W263 7 0H#* oy znk |kizux ul
Iu{rush lxoizout luxiky5 gtj 3263 7 0H#* oy znk |kizux ul mxg|ozgzoutgr luxiky7
Znk 2W # :3 |kizuxy 65 e65 &6 jktuzk mktkxgro!kj vuyozout5 |kruioz�5 gtj giikrkxgzout5
xkyvkizo|kr�7 Znk |kizuxy ) 5 )X 7 0H#* jktuzk iutzxur otv{z zuxw{k gtj hu{tjkj
{tqtu}t joyz{xhgtik zuxw{k5 xkyvkizo|kr�7

0(+(+ 4[[]ZcTXL_TYR AP`]LW AP_bZ]V^

G z}u6rg�kx lkkjlux}gxj tk{xgr tkz}uxq a<c oy ynu}t ot Lom7 @7:7 Gizo|gzout l{tizouty
ul znk nojjkt rg�kx ng|k hkkt jktuzkj gy :]2"3 2znk� gxk iushotkj gy |kizux (35 }nork
znk u{zv{z rg�kx oy rotkgx7 Znkxk gxk W gtj Wc tk{xuty ot znk nojjkt gtj znk u{zv{z
rg�kx5 xkyvkizo|kr�7 Znk }komnz sgzxo~ ul znk u{zv{z rg�kx oy O 7 0&H(*'#HD " ozy
|kxzoigr yo!k ngy hkkt k~zktjkj h� : zu zgqk otzu giiu{tz znk hogy otv{z 1:17 Zn{y5

znk k~zktjkj |kizux ul znk otv{z rg�kx oy )( E
#
(N :

$N
7

p

(N×1)
✲

HIDDEN
LAYER

σ(·)

(N×1)

✲

1

✲

-W
((N + 1)×No)

✲

OUTPUT
LAYER

linear

(No×1)

y

(No×1)
✲

@][. 6.0. Z}u6rg�kx lkkjlux}gxj tk{xgr tkz}uxq
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Znoy tkz}uxq sg� hk {ykj gy gt gvvxu~osgzux a<c }nkt znk l{tizouty :]253 luxs
g hgyoy7 Oz gvvxu~osgzky g tutrotkgx l{tizout <253 7 0HD#*C

<253 EON ):253 4 A253 2@7;3

}ozn g xkiutyzx{izout kxxux A2537 Yu5 gt kyzosgzk d<253 ul <253 oy igri{rgzkj h� znk
tk{xgr tkz}uxqC

d<253 E UON
):253E 2@7<3

}nkxk UO oy gt kyzosgzk ul znk ojkgr tk{xgr tkz}uxq }komnz sgzxo~ O gtj igt hk
uhzgotkj u!6rotk ux ut6rotk h� rkgxtotm grmuxoznsy7

0(+(, AP`]LW AP_bZ]V BM^P]aP]

Ot znoy ykizout znk iutikvz gtj sujkr ul tk{xgr osvrksktzgzout ul znk uhykx|kx
otzxuj{ikj ot aA5 Bc oy hxok#� vxkyktzkj7 Znk rotq vuyozout gtj |kruioz� kyzosgzout
kxxuxy gxk jk"tkj gyC

%6 E 6 ! d6E e%6 E e6 ! ed6E 2@7=3

}nkxk d" jktuzky kyzosgzkj w{gtzozoky7 Gyy{sotm yzgzk |gxoghrk |kizuxy ;* E 65
;+ E e65 znk xuhuz j�tgsoiy kw{gzout 2@7:3 sg� hk xk}xozzkt gyC1

e;* E ;+E
e;+ E 4c2;*E;+3 4G!*2;*3) E

2@7>3

}nkxk 4c2;*E;+3 oy znk lurru}otm tutrotkgx l{tizoutC

4c2;*E;+3 E !G!*2;*3 a=2;*E;+3;+ 4 32;*3 4 @j e;* 4 2W2 e;*3 4 )Xc D 2@7?3

Oz oy gyy{skj ot aA5 Bc5 zngz znk otkxzog sgzxo~ G2;*3 oy qtu}t h{z5 j{k zu
{tikxzgotzoky ul Iuxouroy8iktzxol{mgr zkxsy gtj g iusvroigzkj luxs ul lxoizout
zkxsy5 4c2;*E;+3 oy xkvxkyktzkj h� znk tk{xgr tkz}uxq }noin ynu}y gvvxu~osgzout
vxuvkxzoky7 Znoy tkz}uxq oy jkyixohkj h� znk lurru}otm luxs{rgC

4c2;*E;+3 EON
c (c2;*E;+3 4 +)2;*E;+3E 2@7@3

}nkxk (c2;*E;+3 7 0H%#* oy znk otv{z |kizux ul znk tkz}uxq5 Wc oy znk t{shkx ul
otv{z hgyoi l{tizouty5 gtjOc 7 0HD#H oy znk }komnz sgzxo~ ul znk tk{xgr tkz}uxq7

Znk l{tizoutgr kyzosgzk ul 2@7@3 ot zkxsy ul d;*5 d;+ oy mo|kt h�

d4c2d;*E d;+3 E UON

c (c2d;*E d;+3 2@7A3

}ozn znk i{xxktz |gr{ky ul znk krksktzy ul znk }komnz sgzxo~ UOc igri{rgzkj h� znk
z{totm grmuxozns7

Znk vxuvuykj uhykx|kx ngy znk luxsC9
ed=* E d;+ 4 n? %;*E

ed=+ E UON

c (c2d;*E d;+3 4G!*2;*3) 4E%;*E
2@7B3

}nkxk %;* E ;*! d;*5 n? H 95 E E EN gtj grr tut6!kxu krksktzy ul E gxk H 97 Znk
kyzosgzky d;*5 d;+ ul znk y�yzks yzgzk 2@7>3 gxk aBcC
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1
d;* E d=*E
d;+ E d=+ 4 nJ %;*E

2@7:93

2tuz d=+ E d=+ 4 nJ %;* gy kxxutku{yr� }xozzkt ot aBc37
Znkxkluxk5 znk j�tgsoi kw{gzouty ul znk uhykx|kx sg� hk xk}xozzkt ot zkxsy ul

d;*5 d;+ gy lurru}yC9
ed;* E d;+ 4 n? %;*E

ed;+ E ed;+ 4 nJ e%;* E UON

c (c2d;*E d;+3 4G!*2d;*3) 4E%;* 4 nJ e%;*D
2@7::3

Znoy uhykx|kx oy tuz osvrksktzghrk gy oz xkw{oxky znk |gr{k ul znk kxxux e%;*5 }noin oy
tuz g|gorghrk7 Znk vxuvuykj uhykx|kx aBc osvroky vgxzoi{rgx yzx{iz{xk ul znk iutzxur
y�yzks }ozn g lkkjlux}gxj tk{xgr tkz}uxq otykxzkj ot znk lkkjhgiq vgzn7

Lotgrr�5 znk uhykx|kx j�tgsoiy sujkr k~vxkyykj ot zkxsy ul znk kyzosgzk kxxux oy
gy lurru}yC 9

e%;* E %;+ ! n? %;*E

e%;+ E !nJ %;+ ! 2E! nJn?M3%;* 4 UON

c (c2d;*E d;+3E
2@7:;3

}nkxkM 7 0H#H oy g {toz sgzxo~7 Znoy luxs oy {ykl{r lux jkxo|otm znk }komnz {vjgzk
x{rk ul znk tk{xgr tkz}uxq uhykx|kx ot zkxsy ul znk qtu}t vuyozout kyzosgzout kxxux7

Oz oy vxu|kt ot aBc zngz ol znk uhykx|kx ygzoy"ky znk lurru}otm iutjozoutyC

nJ H n+? !WcG;E 2@7:<3

4a2E3 H 2n+J 4Wcn
+
?3G2;n?3E 2@7:=3

}nkxk 4V2E3 oy znk ysgrrkyz komkt|gr{k ul E5 znkt znk }komnz z{totm

eUOc E !n?@c(c2d;*E d;+3%;
N
* ! >c@cS%;*SUOc ! >c@cUOcE 2@7:>3

}nkxk >c H 9 oy g y{Æioktzr� rgxmk vgxgskzkx5 @c E @Nc gtj grr tut6!kxu krksktzy
ul @c gxk H 95 rkgjy zu {toluxsr� {rzosgzkr� hu{tjkj yzgzk kyzosgzout kxxux %;*5 %;+5
gtj }komnz kyzosgzout kxxux WOc7

,$( 2TRUFWNXTS TK 0QYJWSFYN[J 2TSYWTQQJWX

0(,(* AP`]LW 6ZY_]ZWWP]^

Rkz {y gyy{sk zngz znk jkyoxkj zxgpkizux� 6X2w3 7 0H 2rotq vuyozout |kizux3 gtj
ozy zosk jkxo|gzo|ky gxk qtu}t7 Znk sgtov{rgzux rotq zxgiqotm kxxuxy 12w35 e12w3 gxk
jk"tkj gyC

12w3 E 6X2w3! 62w3 E 6X2w3! ;*2w3E 2@7:?3

e12w3 E e6X2w3! e62w3 E e6X2w3! e;*2w3E 2@7:@3

gtj znk so~kj zxgiqotm kxxuxC

d72w3 E ed12w3 4"12w3E 2@7:A3

}nkxk " oy g iutyzgtz vuyozo|k jk"tozk sgzxo~7 Znk sgtov{rgzux j�tgsoiy sujkr
igt hk }xozzkt ot zkxsy ul d72w3 gy lurru}yC
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G2;*3 ed72w3 E !=2;*E;+3d72w3! ) 2w3 4 4W2;*E;+3E 2@7:B3

}nkxk

4W2;*E;+3 EG2;*32&6X 4 e%;+ 4" e13 4=2;*E;+32 e6X 4 %;+ 4"134

4 32;*3 4 @j;+ 4 2W2;+3 4 )X 2@7;93

xkvxkyktzy znk {tqtu}t j�tgsoiy ul znk xuhuz gxs7
Qos gtj Rk}oy ot aBc iutyzx{iz znk u{zv{z lkkjhgiq tk{xgr iutzxurrkxC

) 2w3 E UON

W*(W*2d;*E d;+3 4Ej d72w3! nn
d72w3

Sd72w3S E 2@7;:3

}nkxk znk rgyz iusvutktz oy g xuh{yzol�otm zkxs5 }ozn znk }komnz z{totm x{rkC

eUOW* E @W*(W2d;*E d;+3d7
N ! >W*@W*Sd7SUOW*E 2@7;;3

}nkxk >W* H 95 @W* E @NW* gtj grr tut6!kxu krksktzy ul @W* gxk H 97 Oz ngy hkkt
ynu}t ot aBc zngz %;*5 %;+5 d72w35 gtj UOW* gxk {toluxsr� {rzosgzkr� hu{tjkj7

Grzkxtgzo|kr�5 P{tmhkiq gtj Sgjxoj ot aAc vxuvuyk gtuznkx tk{xgr iutzxurrkx
gyy{sotm zngz znk otv{z iutzxur zuxw{k oy

) 2w3 E 4W2;*E;+3! 92w3E 2@7;<3

}nkxk 92w3 7 0H#* oy g zksvuxgx� iutzxur otv{z zu hk uvzoso!kj7 Znk� uhzgot znk
lurru}otm y�yzksC

e%= E

/
ed1
ed7

0
E

/!" M
/ !G!*=

0/
1

d7

0
4

/
/

G!*

0
92w3 E ;2;*E;+3%= 4<2;*392w3 2@7;=3

}ozn ;2;*E;+3 7 0+H#+H 5 <2;*3 7 0+H#H 5 %=2w3 7 0+H#* 7 Zu uvzoso!k 92w35 znk
w{gjxgzoi otjk~ jk"tkj gy

S293 E
:

;

(S
h%

+
%=
NI%= 4 9

NJ9
,
gwE 2@7;>3

}noin oy y{hpkiz zu iutyzxgotzy 2@7;=35 ynu{rj hk sotoso!kj7 Lux znk uvzosgr iutzxur
9$2w3 znkxk k~oyzy g l{tizout

_ E
:

;
%=
NH2;*3%= E

:

;
%=
N

/
E+ /
/ G2;*3

0
%=E 2@7;?3

}nkxk " ot 2@7:A3 gtj /+ ot 2@7;?3 igt hk lu{tj h� yur|otm znk Xoiigzo jo!kxktzogr
kw{gzoutC

H;4;NH!H<J!*<NH4 eH4I E /D 2@7;@3

Znkt5 znk uvzosgr iutzxur 9$2w3 sotoso!otm 2@7;>3 y{hpkiz zu 2@7;=3 oy

9
$2w3 E !J!*<NH2;*3%= E !J!* d7D 2@7;A3
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e%= E2;4<J!*<NH3%= 4<

/WON

W+(W2w3 4 )X2w3 4 nn
d72w3

Sd72w3S
0
E 2@7;B3

}nkxk nn oy hu{tjkj gtj znk rgyz iusvutktz oy g xuh{yzol�otm zkxs7 Znk gjgvzo|k
rkgxtotm x{rk lux znk tk{xgr tkz}uxq }komnzyC

eUOW+ E @W+(W2 d532<
NH2;*3%=3

N ! >W+S%=SUOW+E 2@7<93

}nkxk >W+ H 95 @W+ E @NW+ gtj grr tut6!kxu krksktzy ul @W+ gxk H 95 rkgjy zu
{toluxsr� {rzosgzkr� hu{tjkj 12w35 d72w35 gtj UOW+7

0(,(+ FTX`WL_TZY EP^`W_^

Huzn u{zv{z lkkjhgiq iutzxurrkxy ng|k hkkt zkyzkj {yotm znk sgznksgzoigr sujkr ul
znk ju{hrk vktj{r{s5 }noin xkykshrky g ;6rotq vrgtgx sgtov{rgzux7 Oz oy gyy{skj
zngz znk rktmzny ul huzn rotqy gxk o* E o+ E :s gtj znk sgyyky gxk p* E :qm5
p+ E 9D<qm7 Znk Iuxouroy8iktzxol{mgr zkxsy gxk tuz zgqkt otzu giiu{tz7 Znk sgzxo~
ul |oyiu{y lxoizout iukÆioktzy oy @j E jogmN9DA> 9DA>OD Iu{rush lxoizout luxiky gxk
kw{gr zu !kxu7 Huzn puotzy ul znk sgtov{rgzux ng|k zu lurru} znk xklkxktik zxgpkizuxoky

tX* E : 4 9D> yot2>8w3E tX+ E : 4 9D> iuy2>8w3

ot ; ykiutjy gtj znk ygsvrotm zosk oy ]d E 9D99>y7
Grr tk{xuty ot nojjkt rg�kxy gxk yomsuojgr5 h{z znkox i{x|gz{xk igt hk gjp{yzkj

otjo|oj{grr�7 Znk tk{xgr uhykx|kx ngy :9 nojjkt tk{xuty gtj znk otv{z |kizux oyC

5c E
#
%6N d6N ed6N S%t*S S%t+S Sdt*S Sdt+S

$
D

Kgin tk{xgr iutzxurrkx ngy := nojjkt tk{xuty gtj znkox otv{z |kizux oyC

5W E
#
6N e6N 1N ed1N 7N 6NX e6NX

$
D

Znk rkgxtotm vxuikyy ul grr tkz}uxqy ngy hkkt iutj{izkj ut6rotk7
Znk yos{rgzout xky{rzy gxk ynu}t ot Lom7 @7;7 Znk zosk zxgtyoktzy ul znk gtm{rgx

vuyozouty lux znk "xyz gtj ykiutj 2uvzosgr3 iutzxurrkx gxk jxg}t gy yuroj gtj juzzkj
rotky5 xkyvkizo|kr�7 Znk xklkxktik zxgpkizuxoky gxk jxg}t gy jgynkj rotky7

Huzn iutzxurrkxy sgqk znk vktj{r{s lurru} znk xklkxktik zxgpkizuxoky7 Znk
rkgxtotm vxuikyy oy lgyzkx lux znk ykiutj rotq " glzkx yusk zosk znk i{xxktz zxgpkizux�
lurru}y vxkioykr� znk xklkxktik utk7 Oz oy otzkxkyzotm zngz5 glzkx znk otozogr vngyk ul
rkgxtotm5 znk xky{rzy lux huzn iutzxurrkx osvrksktzgzouty gxk vxgizoigrr� znk ygsk7
Znk "xyz iutzxurrkx5 znu{mn tut6uvzosgr5 }uxqy yosorgxr� zu znk uznkx utk7
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@][. 6.1. Yos{rgzout xky{rzy lux u{zv{z lkkjhgiq iutzxurrkxy

,$) EMJJQJI ?QFYKTWR FSI NYX 2TSYWTQ AHMJRJ

0(-(* >TYPXL_TN^ @ZOPW ZQ _SP @ZMTWP EZMZ_

Znk vuyozout gtj uxoktzgzout ul g suhork xuhuz su|otm ut g vrgtk5 k~vxkyykj ot znk
hgyk iuuxjotgzk lxgsk 9a)b) 2ykkC Lom7 @7<35 oy jkyixohkj h� znk |kizuxC

= E
#
{ | 2

$N
E 2@7<:3

}nkxk {5 | gxk znk iuuxjotgzky ul znk uxomot ul znk ruigr iuuxjotgzk lxgsk [afbf
gzzginkj zu znk xuhuz5 ruigzkj gz ozy iktzxk7 Znk gtmrk 2 k~vxkyyky uxoktzgzout ul znk
lxgsk [afbf }ozn xkyvkiz zu 9a)b)7 Znoy uxoktzgzout igt hk xkvxkyktzkj }ozn {yk
ul znk xuzgzout sgzxo~C

J223 E

<> iuy 2 yot 2 9
! yot 2 iuy 2 9

9 9 :

=? D 2@7<;3

0 x

y
R

X0

Xr

Y0 Yr

@][. 6.2. Vuyozout gtj uxoktzgzout ul g suhork xuhuz

Znk z�vk 2<593 suhork xuhuz5 ynu}t ot Lom7 =2g35 oy kw{ovvkj }ozn znxkk igyzux
}nkkry5 o7k7 u!6iktzkxkj uxoktzghrk }nkkry 2ykkC Lom7 =2h337 Ozy mkuskzxoi vgxgskzkxy
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YrR
L

L

1oc

2oc

3oc

Xr

2g3 suhork vrgzluxs

R

d

l
A

B

Yr

Xr

2h3 igyzux }nkkr

@][. 6.3. Qotksgzoi yzx{iz{xk ul znk 2<593 xuhuz

ng|k hkkt iurrkizkj ot Zghrk @7: a:c7 Znoy yzx{iz{xk igt su|k ot gt� joxkizout gz kgin
zosk otyzgtz5 }oznu{z luxskx xk6uxoktzgzout7 Oz ngy hkkt gyy{skj zngz znk vgxzoi{rgx
vgxzy ul znk xuhuz 2}nkkry5 vrgzluxs3 igttuz hk jkluxskj gtj znk }nkkry xurr ut g
vrgtk }oznu{z yrovvkx� k!kizy7

LUV_Y 6.0. Vgxgskzkxy ul znk z�vk 2<593 xuhuz

]nkkr + , o

:cW 9 |gx U

;cW 8 |gx U

<cW <8G; |gx U

0(-(+ 6ZY_]ZW FNSPXP

Znk iutzxurrkx yzx{iz{xk xky{rzy lxus qotksgzoiy kw{gzouty " oz ynu{rj hk z}u6rk|kr lux
suhork xuhuzy7 Znk sgyzkx iutzxurrkx mktkxgzky iutzxur yomtgry |kizux 9 zu sotoso!k
znk vuyozout8uxoktzgzout gtj |kruioz� kxxuxy7 Znk yrg|k iutzxurrkx ngy zu iut|kxz
iutzxur yomtgry5 o7k7 znk iuuxjotgzky ul znk |kizux 95 zu znk jxo|otm zuxw{ky ul suzuxy7
Zgqotm znoy otzu giiu{tz5 znk iutzxur y�yzks yinksk lux znk zxgpkizux� zxgiqotm zgyq
sg� hk gy vxkyktzkj ot Lom7 @7>7

Znk tuzgzout {ykj ot znoy yinksk oy gy lurru}yC yf oy znk xklkxktik rotkgx |kruioz�
ul znk xuhuz1y iktzkx5 @f " znk xklkxktik gtm{rgx |kruioz� ul znk xuhuz5 =f5 = " znk
jkyoxkj gtj giz{gr vuyozout8uxoktzgzout |kizuxy5 xkyvkizo|kr�5 jkyixohkj h� Kw7 2@7<:37
Znk xklkxktik |kruioz� |kizux ngy znk luxsC

e=f E

<> e{fe|f
e2f

=? E

<>yf iuy 2fyf yot 2f
@f

=? E 2@7<<3
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@][. 6.4. Suhork xuhuz iutzxur yinksk lux znk zxgpkizux� zxgiqotm zgyq

J223 oy znk xuzgzout sgzxo~ jk"tkj h� Kw7 2@7<;35 gtj 1 oy znk |kizux ul
vuyozout8uxoktzgzout kxxuxC

1 E

<>hlhm
h*

=? E J2232=f ! =3 E J223

<>{f ! {
|f ! |
2f ! 2

=? D 2@7<=3

Tk~z5 $ E
#
y @

$N
oy g z}u6krksktz |kruioz� |kizux ul znk xuhuz7 Oz oy xkrgzkj zu znk

|kizux e= ul giz{gr |kruiozoky h� znk lurru}otm kw{gzoutC

e= E K2=3$E 2@7<>3

}nkxk K2=3 oy znk qotksgzoiy sgzxo~ a:c ul znk suhork xuhuz7 Znk |kizux ) xkvxkyktzy
jxo|otm zuxw{ky7

Znk yrg|k iutzxurrkx sgqky {yk ul znk xuhuz j�tgsoiy sujkr gtj5 mktkxgrr�5 oy
otjkvktjktz lxus znk inuoik ul znk sgyzkx iutzxurrkx7

Vkxluxsgtik ul znk zxgpkizux� zxgiqotm l{!!� iutzxur grmuxozns }orr hk iusvgxkj
}ozn znk irgyyoigr VJ iutzxurrkx a=5 >c5 jkyixohkj h� znk lurru}otm kw{gzoutC

9 E

<>x*x+
x,

=? E

<>!nJlhl ! n?l ehl
!nJmhm ! n?m ehm
!nJ*h* ! n?* eh*

=? E 2@7<?3

}nkxk

ehl E yf iuy 2f ! ylE 2@7<@3

ehm E yf yot 2f ! ymE 2@7<A3

yl5 ym gxk iusvutktzy ul znk i{xxktz |kruioz� ot joxkizouty { gtj |7 Suxku|kx5 nJl5
nJm5 nJ* gxk mgoty ul znk vxuvuxzoutgr vgxz ul znk iutzxurrkx5 gtj n?l5 n?m5 n?* gxk
mgoty ul znk jo!kxktzogr vgxz ul znk iutzxurrkx7

,$* 8RUQJRJSYFYNTS TK YMJ 5Z__^ 2TSYWTQQJW

L{!!� iutzxur oy hgykj ut znk ojkg ul l{!!� rumoi5 }noin5 {troqk irgyyoigr z}u6|gr{k
Huurkgt rumoi5 uvkxgzky ut |gr{ky lxus znk xgtmk P9E :Q7 Znoy gvvxugin grru}y
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otzxuj{iotm zkxsy y{in gy l{!!� ykz5 skshkxynov l{tizout5 gtj rumoigr l{!!� uvkxgzux
a?c7 Skshkxynov zu g l{!!� ykz oy tuz vxkioyk5 h{z oy g sgzzkx ul jkmxkk7 Oz oy jkyixohkj
h� g skshkxynov l{tizout 5 ul |gr{ky lxus znk xgtmk P9E :Q7

G jkioyout y�yzks igt hk h{orz }ozn {yk ul l{!!� rumoi7 Znk sgot uvkxgzouty
vkxluxskj h� y{in otlkxktik y�yzks gxkC l{!!o"igzout ul otv{zy5 gvvr�otm l{!!� x{rky5
gtj osvroigzout a?c7

0(.(* G]LUPN_Z]d G]LNVTYR 6ZY_]ZWWP]

Znk iutikvz ul l{!!� rumoi ngy hkkt {ykj ot znk sgyzkx iutzxurrkx 2ykkC Lom7 @7>3 lux
znk zxgpkizux� zxgiqotm zgyq7 Znk l{!!� iutzxurrkx }ozn yo~ otv{zy gtj mktkxgzotm
znxkk iutzxur yomtgry ngy hkkt vxuvuykj lux znk iutyojkxkj xuhuz7

Znk otv{z yomtgry gxk gy lurru}yC

hl, hm n vuyozout kxxuxy ul Igxzkyogt iuuxjotgzky 2oz ngy hkkt gyy{skj zngz
hlE hm 7 P!:E :Q asc35 znk� gxk jk"tkj ojktzoigrr� gtj lux hl sg� gyy{sk
znk lurru}otm l{!!� |gr{kyC I\ YH 2tkmgzo|k rgxmk35 I\ YQ 2tkmgzo|k ysgrr35 I\ ^

2!kxu35 I\ HQ 2vuyozo|k ysgrr35 I\ HH 2vuyozo|k rgxmk3 jk"tkj h� skshkxynov
l{tizouty 5 ot Lom7 ?2g3D

h* n uxoktzgzout gtmrk kxxux 2oz ngy hkkt gyy{skj zngz h* 7 P!8E 8Q35 oz sg�
gyy{sk znk lurru}otm l{!!� |gr{kyC IXL YH 2tkmgzo|k rgxmk35 IXL YW 2tkmgzo|k
sojjrk35 IXL YQ 2tkmgzo|k ysgrr35 IXL ^ 2!kxu35 IXL HQ 2vuyozo|k ysgrr35 IXL HW

2vuyozo|k sojjrk35 IXL HH 2vuyozo|k rgxmk3 jk"tkj h� skshkxynov l{tizouty 5 ot
Lom7 ?2h3D

hjl, hjm n rotkgx |kruioz� iuuxjotgzky kxxuxy 2gyy{skj zu hk hjlE hjm 7 P!<E <Q
as8yc35 znk� gxk jk"tkj ojktzoigrr� gtj lux hjl sg� gyy{sk "|k l{!!� |gr{kyC
IZ\ YH5 IZ\ YQ5 IZ\ ^5 IZ HQ5 IZ\ HH jk"tkj h� skshkxynov l{tizouty 5
vxkyktzkj ot Lom7 ?2i3D

@ n xuzgzout5 o7k7 gtm{rgx |kruioz�5 2gyy{skj zu hk @ 7 P!;9E ;9Q axgj8yc3 gtj sg�
gyy{sk "|k l{!!� |gr{kyC VSX YH5 VSX YQ5 VSX ^5 VSX HQ5 VSX HHD znk skshkxynov
l{tizouty gxk vxkyktzkj ot Lom7 ?2j37

Iutzxur yomtgry gxk inuykt gy iuuxjotgzky ul znk iutzxur |kizux 9 E
#
xl xm x*

$
gtj

gxk gy lurru}yC

xl, xm n oz ngy hkkt gyy{skj zngz xlE xm 7 P!=9E =9Q5 znk� gxk jk"tkj ojktzoigrr�
gtj lux xl sg� gyy{sk znk lurru}otm l{!!� |gr{kyC Y\ YH 2tkmgzo|k rgxmk35
Y\ YQ 2tkmgzo|k ysgrr35 Y\ ^ 2!kxu35 Y\ HQ 2vuyozo|k ysgrr35 Y\ HH 2vuyozo|k rgxmk3
jk"tkj h� skshkxynov l{tizouty 5 ot Lom7 ?2k3D

x* n oz ngy hkkt gyy{skj zngz x* 7 P!?9E ?9Q gtj sg� gyy{sk "|k l{!!� |gr{kyC
YXL YH 2tkmgzo|k rgxmk35 YXL YQ 2tkmgzo|k ysgrr35 YXL ^ 2!kxu35 YXL HQ 2vuyozo|k
ysgrr35 YXL HH 2vuyozo|k rgxmk3D znk skshkxynov l{tizouty gxk vxkyktzkj ot Lom7
?2l37

Iutzxur x{rky gxk jkyixohkj otjkvktjktzr� lux uxoktzgzout gtj vuyozout ul znk
xuhuz7

Z}u otv{zy gxk {ykj ot igyk ul uxoktzgzoutC gtmrk kxxux h* gtj gtm{rgx |kruioz�
@7 [yotm znks5 znkxk ng|k hkkt jk"tkj :B x{rky jkyixohotm u{zv{z x* iutzxurrotm znk
gtm{rgx giikrkxgzout ul znk xuhuz7 Znk kxxux h* oy igri{rgzkj lxus Kw7 2@7<=37 Znk
x{rky gxk luxs{rgzkj ot uxjkx zu sotoso!k znk uxoktzgzout kxxux }ozn yos{rzgtku{y
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@][. 6.5. Skshkxynov l{tizouty ul otv{z gtj iutzxur yomtgry lux znk zxgpkizux�
zxgiqotm l{!!� iutzxurrkx
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u|kxynuuz jgsvotm7 Znoy k!kiz ngy hkkt uhzgotkj hk k~kxzotm znk u{zv{z h� h*
ot g vxuvuxzoutgr sgttkx5 }nork h� @ roqk g jo!kxktzogr iutzxurrkx7 Yu5 g l{!!� VJ
iutzxurrkx ngy hkkt iutyzx{izkj7 Y�tznkzoi luxs{rgzouty ul grr znk x{rky gxk iurrkizkj
ot Zghrk @7;5 }nork k~gsvrk luxs{rgzouty ul yusk ul znks gxk gy lurru}yC

x{rk:9 E 1]Z h* ]f IXL ^ UaX @ ]f VSX ^ g\Ya x* ]f YXL ^1E

x{rk:> E 1]Z h* ]f IXL ^ UaX @ ]f VSX HQ g\Ya x* ]f YXL YH1E

x{rk:B E 1]Z h* ]f IXL HQ UaX @ ]f VSX HH g\Ya x* ]f YXL YH1D

LUV_Y 6.1. X{rky ul uxoktzgzout iutzxur lux znk z�vk 2<593 suhork xuhuz

Iutzxur Gtm{rgx |kruioz� @
x* VSX YH VSX YQ VSX ^ VSX HQ VSX HH

IXL YH " " YXL HH " "

IXL YW " " YXL HW " "

Gtmrk IXL YQ YXL HH YXL HW YXL HQ YXL ^ YXL YQ

kxxux IXL ^ YXL HH YXL HH YXL ^ YXL YH YXL YH

h* IXL HQ YXL HQ YXL ^ YXL YQ YXL YW YXL YH

IXL HW " " YXL YW " "

IXL HH " " YXL YH " "

Vuyozout iutzxur x{rky gxk jkyixohkj otjkvktjktzr� lux { gtj | iuuxjotgzky7 Oz oy
j{k zu znk lgiz5 zngz znk z�vk 2<593 xuhuz ngy l{rr suhoroz�5 yu oz sg� hk iutzxurrkj
otjkvktjktzr� ot { gtj | joxkizouty7 Vuyozout iutzxur oy yosorgx zu uxoktzgzout iutzxur7
Yu oz oy g l{!!� VJ iutzxurrkx5 }nkxk5 lux znk { iuuxjotgzk5 vuyozout kxxux hl gtj
|kruioz� kxxux hjl gxk otv{zy5 gtj znk iutzxur u{zv{z oy znk giikrkxgzout ot znk {
joxkizout xkvxkyktzkj h� znk iutzxur yomtgr xl7 Lux znk | iuuxjotgzk znk� gxkC hm5
hjm gtj xm5 xkyvkizo|kr�7 Znk kxxuxy hl5 hm gxk igri{rgzkj lxus Kw7 2@7<=35 }nork znk
kxxuxy hjl5 hjm lxus Kwy7 2@7<@35 2@7<A37 Ot Zghrk @7<5 grr x{rky ul vuyozout iutzxur lux
znk { iuuxjotgzk gxk iurrkizkj5 znk x{rky lux znk | iuuxjotgzk gxk ojktzoigr7

LUV_Y 6.2. X{rky ul vuyozout iutzxur ul znk { iuuxjotgzk lux znk z�vk 2<593 suhork
xuhuz

Iutzxur \kruioz� kxxux hjl
xl IZ\ YH IZ\ YQ IZ\ ^ IZ\ HQ IZ\ HH

I\ YH " " Y\ HH " "

Vuyozout I\ YQ Y\ HH Y\ HH Y\ HQ Y\ ^ Y\ YQ

kxxux I\ ^ Y\ HH Y\ HH Y\ ^ Y\ YH Y\ YH

hl I\ HQ Y\ HQ Y\ ^ Y\ YQ Y\ YH Y\ YH

I\ HH " " Y\ YH " "
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Lux yk|kxgr otv{z iushotgzouty ul h* gtj @ gy }krr gy hl gtj hjl znk x{rky ng|k
tuz hkkt osvrksktzkj hkig{yk5 gy zkyzkj ot yos{rgzouty5 znk� ju tuz osvxu|k iutzxur
w{groz�5 h{z utr� otixkgyk iusv{zgzoutgr iuyzy7

0(.(+ FTX`WL_TZY EP^`W_^

Lux iusvgxoyut ul zxgpkizux� zxgiqotm grmuxoznsy5 g yot{yuojgr zxgpkizux� ngy hkkt
inuykt7 Znk xuhuz su|ky }ozn znk xklkxktik |kruioz� yf E 9E > s8y grutm znk
zxgpkizux� jkyixohkj h� utk vkxouj ul znk yot{yuojgr l{tizout gtj znk su|ksktz
rgyzkj :9 y7 Znk yos{rgzouty ng|k hkkt igxxokj u{z lux znk suhork xuhuz ul sgyy
p E 9D> qm5 joyzgtik U E 9D9; s 2ykk Lom7 =2g33 gtj grr ojktzoigr }nkkry ul xgjo{y
u E 9D9:> s7

Znk yos{rgzout xky{rzy ul l{!!� iutzxur ul znk iutyojkxkj suhork xuhuz gxk ynu}t
ot Lom7 @7@7 Su|ksktz vgzn oy ynu}t ot Lom7 @2g35 gtj xuhuz uxoktzgzout 2 ot Lom7 @2h37
Znk xklkxktik yomtgry gxk sgxqkj }ozn g juzzkj rotk5 gtj znk giz{gr zosk zxgtyoktzy
}ozn g yuroj utk7 Lom{xky @2i362k3 vxkyktz zosk zxgtyoktzy ul vuyozout kxxuxy hl5 hm5

uxoktzgzout kxxux h* gtj |kruioz� kxxux hj E
U
h+jl 4 h+jm5 xkyvkizo|kr�5 uhzgotkj ot

yos{rgzouty7 Znk zosk zxgtyoktzy ul iutzxur yomtgry xl5 xm5 x* gxk vxkyktzkj ot Lom7
@2l37 Znk vkxluxsgtik ul znk y�yzks }ozn l{!!� iutzxurrkx ngy hkkt iusvgxkj zu znk
irgyyoigr VJ iutzxurrkx jkyixohkj h� Kw7 2@7<?3 lux znk lurru}otm |gr{ky ul vgxgskzkxyC
nJl E nJm E =95 nJ* E ?95 n?l E n?m E n?* E >7

Znk |gr{ky ul vkxluxsgtik otzkmxgr otjoiky lux l{!!� gtj VJ iutzxur gxk iurrkizkj
ot Zghrk @7=7 Tuzoik zngz l{!!� iutzxur oy suxk kÆioktz zngt irgyyoigr iutzxur7 Utr�
ot igyk ul otjoiky lux znk uxoktzgzout kxxux h* znk VJ iutzxurrkx oy suxk kÆioktz5
suxku|kx5 ozy vxumxgs osvrksktzgzout tkkjy ysgrrkx iusv{zgzoutgr iuyzy7

LUV_Y 6.3. Iutzxur vkxluxsgtik otzkmxgr otjoiky

Irgyyoigr VJ L{!!�P Rhl2w3Rgw 97=;9@ 979>ABP Rhm2w3Rgw 97:A?= 979=?:P Rh*2w3Rgw 97@=<> :7;9A>P Rhj2w3Rgw 97=>?< 979?@<P
h+l2w3gw 979;>? 97999>P
h+m2w3gw 9799=B 97999>P
h+*2w3gw 97;=A? 97<B:>P
h+j2w3gw 97=<9< 9799<>

,$+ 2TSHQZXNTSX

Ot znk vgvkx5 z}u k~gsvrk osvrksktzgzouty ul gxzo"iogr otzkrromktik skznujy ng|k
hkkt vxkyktzkj7 Loxyz5 vkxluxsgtik ul z}u tk{xgr iutzxurrkxy ngy hkkt zkyzkj ot
yos{rgzouty lux g ju{hrk vktj{r{s7 ]ozn znk k~ikvzout ul znk otozogr vngyk ul
rkgxtotm5 znk xky{rzy gxk tkgxr� znk ygsk5 yu {ykl{rtkyy ul znk uvzosgr iutzxurrkx
ykksy ju{hzl{r7 Znk Xoiigzo kw{gzout gtj znk uvzosgr yur{zout hgykj ut oz gxk
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@][. 6.6. Yos{rgzout xky{rzy lux znk suhork xuhuz
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jk"tkj lux rotkgx y�yzksy5 yu znk sgznksgzoigr sujkr ul znk sgtov{rgzux ngy zu
hk rotkgxo!kj sgt� zosky j{xotm iutzxur7 Oz oy iusv{zgzoutgrr� zosk iuty{sotm gtj
joÆi{rz7 Iutzxgx� zu znoy5 xkrgzo|kr� yosvrk }komnz {vjgzky lux znk "xyz iutzxurrkx
rkgj zu yosorgx xky{rzy7

Znkt5 l{!!� otlkxktik skznujy ng|k hkkt osvrksktzkj ot iutyzx{izout ul
znk l{!!� iutzxurrkx lux g suhork xuhuz7 Lux znk iutyojkxkj iutzxur zgyqy l{!!�
grmuxoznsy rkgj zu iuxxkiz l{tizoutotm ul znk y�yzks7 Nu}k|kx5 znk inuoik ul
skshkxynov l{tizouty gtj z{totm znkox vgxgskzkxy ngy mxkgz ot#{ktik ut znk iutzxur
vkxluxsgtik7 Gryu k~zktjotm znk l{!!� x{rky ykz rkgjy zu rgxmkx iusv{zgzoutgr iuyzy7

@JKJWJSHJX

:7 Igt{jgy jk ]oz I5 Yoiorogtu H5 Hgyzot M 2Kjy73 2:BB?3 Znkux� ul xuhuz iutzxur7
Yvxotmkx5 Hkxrot Nkojkrhkxm Tk} _uxq

;7 Mk Y Y5 Rkk Z N5 Ngxxoy I P 2:BBA3 Gjgvzo|k tk{xgr tkz}uxq iutzxur ul xuhuzoi
sgtov{rgzuxy7 ]uxrj Yioktzo"i5 Rutjut

<7 Ng�qot Y 2:BBB3 Tk{xgr tkz}uxqyC g iusvxknktyo|k lu{tjgzout5 ;tj kjozout7
Vxktzoik6Ngrr5 [vvkx Ygjjrk Xo|kx5 TP

=7 Yiog|oiiu R5 Yoiorogtu H 2;9993 Sujkrotm gtj iutzxur ul xuhuz sgtov{rgzuxy5
;tj kjozout7 Yvxotmkx5 Hkxrot Nkojkrhkxm Tk} _uxq

>7 Yvutm S5 \oj�gygmgx S 2:BAB3 Xuhuz j�tgsoiy gtj iutzxur7 ]ork�5 Tk} _uxq
?7 _gmkx X X5 Lork| J V 2:BB=3 Kyyktzogry ul l{!!� sujkrrotm gtj iutzxur7 ]ork�5

Tk} _uxq
@7 N{ Y5 Gtm Px7 S N 5 Qxoyngt N 2;9993 Tk{xgr tkz}uxq iutzxurrkx lux iutyzxgotkj

xuhuz sgtov{rgzuxy7 OtC Vxui7 OKKK Otz7 Iutl7 ut Xuhuzoiy gtj G{zusgzout5
Ygt Lxgtioyiu5 IG :B9?":B::7

A7 P{tmhkiq S5 Sgjxoj S 2;99:3 Uvzosgr tk{xgr tkz}uxq u{zv{z lkkjhgiq iutzxur
lux xuhuz sgtov{rgzuxy7 OtC Vxui7 ;tj Otz7 ]uxqynuv ut Xuhuz Suzout gtj
Iutzxur5 H{qu}� J}uxkq5 Vurgtj A>"B9

B7 Qos _5 Rk}oy L 2:BBB3 Tk{xgr u{zv{z lkkjhgiq iutzxur ul xuhuz sgtov{rgzuxy7
OKKK Zxgty7 ut Xuhuzoiy gtj G{zusgzout :>2;3C<9:"<9B

:97 Rk}oy L5 Ro{ Q5 _kyorjoxkq G 2:BB>3 Tk{xgr tkz xuhuz iutzxurrkx }ozn m{gxgtzkkj
zxgiqotm vkxluxsgtik7 OKKK Zxgty7 ut Tk{xgr Tkz}uxqy ?2<3C@9<"@:>
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/HETXMZI 1SRXVSP SJ 8MRIQEXMGEPP] >IHYRHERX

:ERMTYPEXSV EPSRK E =VIWGVMFIH 5ISQIXVMG

=EXL

Soxuy-rg} Mgroiqo*7+

* Otyzoz{zk ul Skjoigr Yzgzoyzoiy5 Iusv{zkx Yioktik gtj Jui{sktzgzout
Lxokjxoin Yinorrkx [to|kxyoz� Pktg5 Pgntyzxgyyk <5 J"9@@=9 Pktg5 Mkxsgt�
KEPMGOM/MQWMH&YRM%NIRE&HI

+ Jkvgxzsktz ul Skingtoigr Ktmotkkxotm5 [to|kxyoz� ul `okrutg M&uxg5
Vujm&uxtg >95 ?>6;=? `okrutg M&uxg5 Vurgtj

-$& 8SYWTIZHYNTS

Xkiktzr� gt otzkxkyz ngy otixkgykj ot gvvr�otm xkj{tjgtz sgtov{rgzuxy ot {ykl{r
vxgizoigr zgyqy }noin gxk yvkio"kj ot zkxsy ul g mkuskzxoi vgzn zu hk lurru}kj h� znk
ktj6k!kizux7 Xkj{tjgtz jkmxkky ul lxkkjus sgqk oz vuyyohrk zu ginok|k yusk {ykl{r
uhpkizo|ky y{in gy iurroyout g|uojgtik ot znk }uxq yvgik }ozn uhyzgirky5 puotz rosoz
g|uojgtik gtj8ux g|uojotm znk yotm{rgx iut"m{xgzouty }nkt znk sgtov{rgzux su|ky7
Gvvroigzout ul xkj{tjgtz sgtov{rgzuxy zu y{in zgyqy iusvroigzky znkox vkxluxsgtik
yotik znkyk sgtov{rgzuxy vxu|ojk5 ot mktkxgr5 tuz {tow{k yur{zouty7 Iutykw{ktzr�5
yusk uhpkizo|k ixozkxog ynu{rj hk yvkio"kj zu yur|k znk xuhuz zgyqy {tow{kr�7
Sotoso!gzout ul znk vkxluxsgtik zosk oy suyzr� iutyojkxkj ot znk rozkxgz{xk7 Utk
sg� joyzotm{oyn yk|kxgr gvvxuginky ot znoy iutzk~z7 Znk zgyq ul zosk6uvzosgr iutzxur
ul tut6xkj{tjgtz sgtov{rgzuxy ngy hkkt yur|kj huzn znkuxkzoigrr� gtj vxgizoigrr�
h� xkj{iotm znk }nurk uvzoso!gzout vxuhrks zu vgzn iu6uxjotgzky a:c6 a>c7 Nu}k|kx5
znkyk grmuxoznsy gxk tuz gvvroighrk ot znk iurroyout g|uojgtik zgyqy7 [yotm znk
iutikvz ul g xkm{rgx zxgpkizux� gtj znk k~zktjkj yzgzk yvgik5 t{skxoigr vxuikj{xky
ng|k hkkt vxuvuykj ot a?c6 aBc zu "tj vgzn6iutyzxgotkj zosk6uvzosgr iutzxury lux
qotksgzoigrr� xkj{tjgtz sgtov{rgzuxy7 Grznu{mn grr znk gluxksktzoutkj grmuxoznsy
vxuj{ik uvzosgr yur{zouty5 znk� gxk tuz y{ozghrk zu xkgr6zosk iusv{zgzouty j{k zu
znkox iusv{zgzoutgr iusvrk~oz�7 Znkxkluxk5 oz oy tgz{xgr zu gzzksvz uznkx zkintow{ky
ot uxjkx zu iutzxur znk xuhuz ot xkgr zosk7 [yotm gt otzkmxghrk sgtolurj iutikvz gtj
znk ot|kxyk ul znk k~zktjkj Pgiuhogt sgzxo~5 gt grmuxozns ngy hkkt vxuvuykj ot a:9c
zu jkzkxsotk xuhuz suzouty ygzoyl�otm znk ktj6k!kizux vgzn iutyzxgotzy gtj uznkx
{ykl{r uhpkizo|ky7 G qotksgzoi yotm{rgx vgzn zxgiqotm gvvxugin ot gt uhyzgirk6lxkk
}uxq yvgik ngy hkkt vxkyktzkj ot a::c5 hgykj ut znk t{rr yvgik6hgykj skznuj7 [yotm
ut6rotk zxgpkizux� zosk yigrotm5 g j�tgsoi gtj iusv{zkj zuxw{k rg}y5 xkyvkizo|kr�5
g tkgxr� zosk6uvzosgr vgzn zxgiqotm iutzxur lux tut6xkj{tjgtz xuhuz sgtov{rgzuxy
ngy hkkt vxkyktzkj ot }uxqy a:;5 :<c7 Xkiktzr� g zkintow{k }noin g|uojy yur|otm gt
ot|kxyk ul xuhuz qotksgzoi kw{gzouty ngy hkkt u!kxkj ot a:=5 :>c lux jkzkxsototm g
iurroyout6lxkk zxgpkizux� ul xkj{tjgtz sgtov{rgzuxy7
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Ot znoy }uxq znk vxuhrks ul xkgr6zosk iutzxurrotm g qotksgzoigrr� xkj{tjgtz
sgtov{rgzux oy iutyojkxkj5 y{in zngz ozy ktj6k!kizux lurru}y znk vxkyixohkj mkuskzxoi
vgzn7 Vxu|ojkj zngz g yur{zout zu znk iutzxur vxuhrks ul g xkj{tjgtz sgtov{rgzux
k~oyzy5 znk R�gv{tu| yzghoroz� znkux� oy {ykj zu jkxo|k znk iutzxur yinksk mktkxgzotm
g iuxxkyvutjotm zxgpkizux� }nuyk kw{orohxo{s oy gy�svzuzoigrr� yzghrk7 Znk gvvxugin
u!kxkj juky tuz xkw{oxk gt� ot|kxyk ul xuhuz qotksgzoi kw{gzouty gtj znk k~giz
qtu}rkjmk ul xuhuz j�tgsoi kw{gzouty7 Otyzkgj5 g mktkxgro!kj zxgtyvuyk Pgiuhogt
iutzxurrkx }ozn gjgvzo|k iusvutktz kyzosgzotm znk mxg|oz� zkxs oy otzxuj{ikj zu
mktkxgzk xuhuz iutzxury7 Gy oy qtu}t5 znk irgyyoigr zxgtyvuyk Pgiuhogt iutzxur
yinksky }ozn mxg|oz� zkxs ng|k hkkt {ykj5 ot lgiz5 zu g ykz vuotz iutzxur vxuhrks
2g xkm{rgzout zgyq3 a:?c6 a;<c7 Znoy yz{j� gzzksvzy zu mktkxgro!k znk xky{rzy uhzgotkj
ot znk gluxksktzoutkj }uxqy lux g ykz vuotz iutzxur vxuhrks zu znk vgzn lurru}otm
zgyq }ozn gt {tikxzgot mxg|oz� zkxs ot znk xuhuz j�tgsoi kw{gzouty7 Yos{rzgtku{yr�5
}k gryu vxkyktz gt grzkxtgzo|k gvvxugin zu znk ot|kxyk qotksgzoi vxuhrks joyi{yykj
ot a;=c" a;?c5 }noin oy v{xkr� qotksgzoi7 Znk vgvkx oy uxmgto!kj gy lurru}y7 Ykizout
; luxs{rgzky znk xuhuzoi zgyq zu hk giiusvroynkj ot zkxsy ul g iutzxur vxuhrks7
Ykizout < jkyixohky nu} zu ksvru� znk R�gv{tu| yzghoroz� znkux� zu jkzkxsotk
iutzxury 2ol znk� k~oyz37 Ykizout = vxu|ojky g iusv{zkx k~gsvrk ul mktkxgzotm znk
xuhuz iutzxury ot g zgyq yvgik lux g vrgtgx xkj{tjgtz sgtov{rgzux iusvxoyotm znxkk
xk|ur{zk qotksgzoi vgoxy7 Lotgrr�5 yusk iutir{youty gxk jxg}t7

-$' 5TWRZQFYNTS TK YMJ 2TSYWTQ ?WTGQJR

Znk iutzxur yinksk jkyomtkj ot znk tk~z ykizout oy gvvroighrk zu nurutusoi
skingtoigr y�yzksy iusvxoyotm huzn tut6xkj{tjgtz gtj xkj{tjgtz sgtov{rgzuxy
iutyojkxkj nkxk }noin gxk jkyixohkj5 ot mktkxgr5 h� znk lurru}otm j�tgsoi kw{gzouty5
k~vxkyykj ot mktkxgro!kj iu6uxjotgzky 2puotz iu6uxjotgzky3 d E 2t*E D D D E tb3

N 7 0b

G2d3od4=2dE Td3 Td4 [2d3 E hE 2A7:3

}nkxkG2d3 jktuzky znk 2q#q3 vuyozo|k jk"tozk y�sskzxoi otkxzog sgzxo~D =2dE Td3 Td
oy znk q6josktyoutgr |kizux xkvxkyktzotm iktzxol{mgr gtj Iuxouroy luxikyD [2d3 E
2j*2d3E D D D E jb2d33

N yzgtjy lux znk q6josktyoutgr |kizux ul mxg|oz� luxikyD 0b 8 h E
2x*E D D D E xb3

N oy znk |kizux ul iutzxury 2zuxw{ky8luxiky3D q jktuzky znk t{shkx ul
qotksgzoi vgoxy ul znk \6zn irgyy7 Ot suyz gvvroigzouty ul xuhuzoi sgtov{rgzuxy5 g
jkyoxkj vgzn lux znk ktj6k!kizux oy yvkio"kj ot zgyq yvgik y{in gy |oy{gr yvgik ux
Igxzkyogt yvgik7 Znk gos oy zu lurru} h� znk ktj6k!kizux g vxkyixohkj mkuskzxoi vgzn
2mo|kt ot znk p"josktyoutgr zgyq yvgik5 }nkxk p + q33 jkyixohkj h� znk lurru}otm
kw{gzouty

c2d3! '2v3 E /E 2A7;3

}nkxk c C Jb !2 Ja jktuzky gt p6josktyoutgr5 tut6rotkgx 2}ozn xkyvkiz zu
|kizux d3 sgvvotm iutyzx{izkj lxus znk qotksgzoi kw{gzouty ul znk sgtov{rgzuxD
c2d3 E 2s*2d3E D D D E sa2d33

N D '2v3 E 22*2v3E D D D E 2a2v33
N yzgtjy lux znk mo|kt

mkuskzxoi vgznD v oy znk i{xxktz vgxgskzkx ul znk vgzn 2k7m7 ozy rktmzn3D v 7 a9E vaUlcD
vaUl oy znk sg~osgr vgzn rktmzn7 Znk sgvvotm ' oy gyy{skj tuz zu hk jkmktkxgzkj5
o7k7 Sg'GgvS H 97 Znk qotksgzoi kw{gzouty ul g sgtov{rgzux gxk otjkvktjktz
2xgtq 2IcGId3 E p37 Ot mktkxgr 2o7k7 }nkt xgtq 2IcGId3 - p35 }k ynu{rj xkw{oxk

zngz xgtq
+
;3
;4

,
E xgtq

+X
;3
;4

X'
Xg

Y,
ot uxjkx zu m{gxgtzkk znk iutyoyzkti� ul znk
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xuhuzoi zgyq 2A7;37 Lux iut|ktoktik ul l{xznkx iutyojkxgzouty5 znk gxm{sktzy ul G5
= gtj [ }orr hk usozzkj7 Znk vxuhrks oy zu jkzkxsotk iutzxur h }noin mktkxgzky
sgtov{rgzux zxgpkizux� d E d2w3 gtj vgzn vgxgskzkxo!gzout v E v2w3 ygzoyl�otm znk
kw{gzout 2A7;3 lux kgin w 7 a9E ] c5 }nkxk ] jktuzky gt 2{tqtu}t3 nuxo!ut ul zgyq
vkxluxsgtik7 Lux yosvroioz�5 }k iutyojkx y{in vgzn lurru}otm zgyqy zngz gz znk otozogr
susktz w E 95 lux }noin v293 E 95 g mo|kt 2h� jk"tozout3 otozogr iut"m{xgzout
d293 E d) ygzoy"ky 2A7;35 o7k7

c2d)3! '293 E /D 2A7<3

L{xznkxsuxk5 gz znk otozogr gtj znk "tgr zosk susktz znk sgtov{rgzux gtj vgzn
|kruiozoky kw{gr !kxu5 o7k7

Td293 E Td2] 3 E / 2A7=3

gtj
ev293 E ev2] 3 E 9D 2A7>3

Gy oy qtu}t5 znk zgyq yvgik |kruioz� Tc oy xkrgzkj zu puotz yvgik |kruioz� Td gy
lurru}y

Tc E D2d3 TdE 2A7?3

}nkxk D2d3 E IcGId oy znk 2p# q3 Pgiuhogt sgzxo~7
]oznu{z ruyy ul mktkxgroz�5 grr znk qotksgzoi vgoxy ul znk xuhuz gxk gyy{skj

zu hk xk|ur{zk7 Nktik5 znk zgyq yvgik oy hu{tjkj7 Rkz {y jk"tk kxxuxy Y5 ha(* ul
vgzn lurru}otm gy Y E 2h*E D D D E ha3

N E c2d3 ! '2v3 E 2s* ! 2*E D D D E sa ! 2a3
N gtj

ha(* E v ! vG<P7 Lux yosvroioz� ul l{xznkx iutyojkxgzouty5 vG<P oy gyy{skj zu hk
kw{gr zu :5 o7k7 vG<P E :7 Yk|kxgr osvuxzgtz vxuvkxzoky ul j�tgsoi gtj qotksgzoi
kw{gzouty 2A7:35 2A7;3 gxk mo|kt5 }noin }orr hk {zoro!kj h� jkyomtotm znk gjgvzo|k
iutzxurrkx7

;. Sgzxo~
:

;
eG2d3!=2dE Td3 oy yqk}6y�sskzxoi yu zngz

;dE Td 7 0b
3
TdE

-
:

;
eG2d3!=2dE Td3

.
Td

4
E /E 2A7@3

}nkxk P E Q oy znk yigrgx vxuj{iz ul |kizuxy7
<. Znk mxg|oz� zkxs mo|kt ot kw{gzout 2A7:3 oy rotkgx }ozn xkyvkiz zu gt uxjkxkj ykz

ul vn�yoigr vgxgskzkxy " E 2"*E D D D E "X3
N 5 o7k7

[2d3 E >2d3"E 2A7A3

}nkxk>2d3 oy igrrkj znk 2q#g3 mxg|oz� xkmxkyyux sgzxo~D g yzgtjy lux znk t{shkx
ul znk vn�yoigr vgxgskzkxy7

=. Znk hu{tjkjtkyy ul znk xuhuz zgyq yvgik osvroky zngz znkxk k~oyzy yusk iutyzgtz
f* H 9 y{in zngz

SYS - f*E 2A7B3

}nkxk S " S yzgtjy lux znk K{irojkgt tuxs7
>. Suxku|kx5 znk lurru}otm otkw{grozoky gxk gryu ygzoy"kj a;@cC

SGS - f+E S=S - f,S edSE 2A7:93

}nkxk znk sgzxo~ tuxs skgty znk yzgtjgxj K{irojkgt 2gryu igrrkj Lxuhkto{y3
tuxsD f+5 f, jktuzk yusk vuyozo|k iutyzgtzy7
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?. J{k zu znk xk|ur{zk qotksgzoi vgoxy }k gryu ng|k

SDS - f-E

****IDId
**** - f.E 2A7::3

}nkxk f-5 f. gxk vuyozo|k iutyzgtzy7

K~vxkyyouty 2A7:362A7?3 luxs{rgzk znk xuhuz zgyq gy g iutzxur vxuhrks7 Znk lgiz zngz
znkxk k~oyz yzgzk iutyzxgotzy sgqky znk yur{zout ul znoy vxuhrks joÆi{rz7 Znk tk~z
ykizout }orr vxkyktz gt gvvxugin zngz xktjkxy oz vuyyohrk zu yur|k znk iutzxur vxuhrks
2A7:362A7?3 sgqotm {yk ul znk y{ssgxo!kj vxuvkxzoky 2G362K3 gtj znk R�gv{tu|
yzghoroz� znkux�7

-$( ?FYM 2TSYWTQ TK YMJ <FSNUZQFYTW

U{x gos oy zu iutzxur znk sgtov{rgzux y{in zngz znk ktj6k!kizux l{r"ry 2A7;3"2A7>37
Hgykj ut 2A7;3 gtj 2A7A35 rkz {y vxuvuyk znk lurru}otm iusv{zgzoutgrr� yosvrk
gjgvzo|k iutzxur yinksk

h E !n? Td! nJD
N 2d3Y4>2d3 T"E 2A7:;3

}nkxk T" yzgtjy lux znk kyzosgzkj vn�yoigr vgxgskzkx |kizux jk"tkj hkru}D n? gtj
nJ gxk vuyozo|k yigrgxy }noin iu{rj hk xkvrgikj h� jogmutgr sgzxoiky ul vuyozo|k
iutyzgtzy }oznu{z g!kizotm znk yzghoroz� xky{rzy uhzgotkj l{xznkx ut 2znoy ynu{rj
rkgj zu osvxu|kj vkxluxsgtik37 Znk vgzn vgxgskzkxo!gzout v E v2w3 oy iusv{zkj h�
yur|otm znk lurru}otm yigrgx jo!kxktzogr kw{gzout

&v E !n? ev! 2nJ 4 n?3

-3
YE!g'2v3

gv

4
4 -ha(* 4

:

;

g-

gv
h+a(*

.
E 2A7:<3

}nkxk - oy gyy{skj zu hk g yzxoizr� vuyozo|k l{tizout ul v7
Znk kyzosgzkj vn�yoigr vgxgskzkxy T" ul znk j�tgsoi kw{gzouty gxk {vjgzkj h�

znk lurru}otm rg}
TT" E nD>

N 2d3
+
!DN Y! Td

,
E 2A7:=3

}nkxk nD oy g vuyozo|k yigrgx7 Znk iruykj ruuv kxxux j�tgsoiy oy uhzgotkj h�
y{hyzoz{zotm kw{gzouty 2A7:;36 2A7:=3 otzu kw{gzout 2A7:3

eY E D ed! g'

gv
evE

God4=Td4> V"4 n? Td4 nJD
N Y E /E

TV" E nD>
N 2d3

!
DN Y4 Td

"
E

E 2A7:>3

}nkxk V" E"! T"7 Znk inuoik ul l{tizout - oy ix{iogr lux iusv{zgzoutgr k!kizo|ktkyy
ul iutzxur yinksk 2A7:;37 Utk vuyyohoroz� oy - E -2v3 }ozn g-Ggv H 97 Gt grzkxtgzo|k
inuoik iu{rj hk - E -2Y+35 }nkxk - gzzgoty ozy sg~os{s lux Y E / gtj ysuuznr�
jkixkgyky gy SYS otixkgyky7 Ot l{xznkx gtgr�yoy }k zgqk5 lux yosvroioz�5 znk "xyz luxs
ul -7 Suxku|kx5 znxu{mnu{z znoy vgvkx5 }k gyy{sk zngz))))g-gv

)))) - f/ 2A7:?3

}nkxk f/ oy g vuyozo|k t{shkx7
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;ffh`cg]ba 0 Cng\mbhg - bl k^jnbk^] ghm mh lZmbl_r ]b!^k^gmbZe ^jnZmbhg
- 4 *

+
X&
Xg
ha(* E 9.

Gyy{svzout : xky{rzy ot gy�svzuzoi iut|kxmktik ul v zu :7 Gvvr�otm znk R�gv{tu|
yzghoroz� znkux�5 }k jkxo|k znk lurru}otm xky{rz7

L\YbeY` 0. F_ D bl ma^ _nee kZgd fZmkbq Zehg` ma^ `^hf^mkb\ iZma `bo^g [r ^jnZmbhg
)8.2*, bg^jnZebmr )8.16* Zg] >llnfimbhg 1 Zk^ lZmbl"^] ]nkbg` ma^ kh[hm fho^f^gm,
Zg]

nD H 9 2A7:@3

n? H f*f,f- 4 f*f+f. 4 f+2f-3
+ 2A7:A3

n?
!
n? !

!
f*f,f- 4 f*f+f. 4 f+2f-3

+""! 2f+f-f/3
+

=
H 9 2A7:B3

nJ 4 n? H ;f+2f-3
+E 2A7;93

ma^g ma^ ^jnbeb[kbnf 2 edE evE YE ha(*3 E / h_ lrlm^fl )8.13*, )8.15* bl Zlrfimhmb\Zeer
lmZ[e^.

Mkhh_. Iutyojkx znk lurru}otm R�gv{tu| l{tizout igtjojgzk

_ E
:

;

M
ed4 DN YE G

+
ed4 DNY

,N
4

:

;nD
V"N V"4

:

;
2nJ 4 n?3 -h

+
a(*4

4
:

;
ev+ 4

n?
;
YNY4

nJ
;
YN Y! :

;

M
DN YE GDN Y

N
D

2A7;:3

[yotm otkw{groz� 2A7;935 oz oy kgy� zu ykk zngz znk y{s ul znk rgyz znxkk zkxsy ul
l{tizout _ oy tut6tkmgzo|k7 Nktik _ oy gryu tut6tkmgzo|k7 Znk zosk jkxo|gzo|k ul _
grutm znk zxgpkizux� ul y�yzks 2A7:<35 2A7:>3 igt hk }xozzkt glzkx yusk yosvro"igzouty

gtj {yotm znk yqk}6y�sskzxoi vxuvkxz� ul sgzxo~
:

;
eG!= gy lurru}y

e_ E
M
edE=DNY

N
! nJ

M
DN YE DN Y

N
! n? edN ed4

M
edEG eD

N
Y
N
4
M
edEGDND ed

N
!

!
3
edEGDN

g'2v3

gv
ev

4
! n? ev+ !

3
2nJ 4 n?3 YE

g'2v3

gv
ev

4
D

Ut giiu{tz ul vxuvkxzoky 2A7;362A7::3 gtj 2A7:?35 }k ng|k

e_ - !
X!
n? !

!
f*f,f- 4 f*f+f. 4 f+2f-3

+
""

edN ed4 n? ev+ ! f+f-f/R evRS edS
Y
!

! nJ
M
DDN YE Y

N
D 2A7;;3

[tjkx znk iutjozout5 zngz iutzxurrkx mgoty nJ gtj n? l{r"r otkw{grozoky 2A7:A362A7;935
e_ oy tkmgzo|k lux grr ed 9E 95 ev 9E 9 gtj Y 9E 9 2sgzxo~ D oy h� gyy{svzout
tut6yotm{rgx37 Oz kw{gry !kxu utr� }nkt ed E 95 ev E 9 gtj Y E / }noin osvroky
2{yotm RgYgrrk6_uyno!g}g znkuxks a;Ac3 zngz edE evE Y zktj zu gvvxugin gy�svzuzoigrr�
!kxu5 o7k7 ed2] 3 2 /5 Y2] 3 2 / gtj ev2] 3 2 95 gy ] 2 67 Nktik &d2] 3 2 /
gtj &v2] 3 2 95 gy ] 2 65 zuu7 Iutykw{ktzr�5 hu{tjgx� iutjozouty 2A7<362A7>3 gxk
2gy�svzuzoigrr�3 l{r"rrkj7 Znk iut|kxmktik ul vgzn |kruioz� gtj giikrkxgzout �okrjy
znk lurru}otm kw{gzout 2lux - E -2v33

-ha(*263 4
:

;

g-

gv
h+a(*263 E 9D 2A7;<3
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Nktik ha(*263 E 9 ux - 4 *
+
X&
Xg
ha(*263 E 97 Ut giiu{tz ul Gyy{svzout :5 znk

ykiutj kw{groz� oy tuz l{r"rrkj7 Zn{y ha(*263 E 9 2ux kw{o|grktzr� v263 E :37
Lotgrr�5 yzghrk kw{orohxo{s vuotz 2 edE evE YE ha(*3 lux jo!kxktzogr kw{gzouty 2A7:<3
gtj 2A7:>3 kw{gry 2/E 9E /E 937 Rkz {y ksvngyo!k zngz R�gv{tu| l{tizout 2A7;:3

juky tuz m{gxgtzkk znk iut|kxmktik ul V" zu !kxu 2vgxgskzkx kyzosgzouty sg� jo!kx
lxus znkox tusotgr |gr{ky37

Ut giiu{tz ul 2A7<362A7>3 }k ng|k _h3) E
4!4
I+%
4!I+%

+"_/
4 &_2(_-'"&%

+
7 Lux y{Æioktzr�

rgxmk nD 5 znk "xyz zkxs ot znoy kw{groz� sg� hk usozzkj7 Nktik }k uhzgot _h3) 3
&_2(_-'"&%

+
7 Yotik e_ oy tuz vuyozo|k5 l{tizout _ l{r"ry znk otkw{groz� _ - &_2(_-'"&%

+
7

Suxku|kx5 ut giiu{tz ul 2A7;93 }k ng|k znk lurru}otm otkw{groz� _-
-
YN Y4 _2

-
YN Y!

*
+

'
DN YE GDN Y

(
H 97 Iutykw{ktzr�5 znk lurru}otm hu{tj ut SYS sg� kgyor� hk

uhzgotkj5 hgykj ut 2A7;:3 gtj znk rgyz jkvktjktik

SYS E Sc2d3! '2v3S -\
;-)D 2A7;=3

Gt osvuxzgtz xksgxq sg� hk jkxo|kj lxus znk vxuul7 Tgskr�5 otkw{groz� 2A7;=3
vxkyktzy gt {vvkx hu{tj 2vgzn otjkvktjktz3 ut znk gii{xgi� ul vgzn lurru}otm h�
znk ktj6k!kizux giiuxjotm zu znk iutzxur rg} 2A7:;37 Rkz {y tuzk zngz znk {vvkx
hu{tj ut vgzn lurru}otm kxxux 2A7;=3 oy |kx� iutykx|gzo|k7 Znoy juky tuz xkw{oxk
rgxmk |gr{ky lux nD zu ginok|k g muuj vgzn lurru}otm gii{xgi�5 gy znk t{skxoigr
yos{rgzouty 2mo|kt ot znk tk~z ykizout3 ynu}7 Suxku|kx5 yk|kxgr uhykx|gzouty igt hk
sgjk xkmgxjotm znk iutzxur yzxgzkm� 2A7:;37 Loxyz tuzk5 zngz znk vxuvuykj iutzxur rg}
oy |kx� yosvrk gtj xkw{oxky5 ot lgiz5 tu otluxsgzout iutikxtotm znk xuhuz j�tgsoi
kw{gzouty7 Ykiutj5 znk inuoik ul iutzxurrkx vgxgskzkxy nJ 5 n? gtj nD giiuxjotm
zu jkvktjktioky 2A7:@362A7;93 m{gxgtzkky gy�svzuzoi yzghoroz� ul znk iruykj6ruuv
kxxux j�tgsoiy 2A7:>3 j{xotm znk sgtov{rgzux su|ksktz7 Gy oy kgy� zu ykk5 lux g
yvkiogr igyk v E : gtj znk k~giz qtu}rkjmk ul mxg|oz� zkxs5 iutzxur yinksk 2A7:;3
oy xkj{ikj zu g irgyyoigr zxgtyvuyk Pgiuhogt iutzxurrkx }ozn mxg|oz� iusvktygzout7
Iutykw{ktzr�5 iutzxur yzxgzkm� 2A7:;3 mktkxgro!ky znuyk qtu}t lxus znk rozkxgz{xk7
Suxku|kx5 znk zxgtyvuyk ul D 2otyzkgj ul g vyk{juot|kxyk3 ot iutzxur yinksk 2A7:;3
juky tuz xky{rz ot t{skxoigr otyzghorozoky j{k zu 2vuyyohrk3 qotksgzoi yotm{rgxozoky skz
ut znk xuhuz zxgpkizux�7 Tk|kxznkrkyy5 2A7:;3 ngy hkkt jkxo|kj {tjkx znk gyy{svzout
ul g l{rr6xgtq Pgiuhogt sgzxo~ grutm znk vgzn7

-$) 0 =ZRJWNHFQ 4]FRUQJ

Znk gos ul znoy ykizout oy zu orr{yzxgzk znk vkxluxsgtik ul znk vxuvuykj xuhuz
iutzxurrkx5 mo|kt h� 2A7:<37 Lux znoy v{xvuyk5 g vrgtgx sgtov{rgzux yinksgzoigrr�
ynu}t ot Lom7 A7: oy iutyojkxkj5 iusvxoyotm znxkk6xk|ur{zk qotksgzoi vgoxy ul znk \6zn
irgyy 2q E <35 gtj uvkxgzotm ot z}u6josktyoutgr zgyq yvgik 2p E ;37 Ot grr t{skxoigr
yos{rgzouty5 znk YO {tozy gxk {ykj7 Znk qotksgzoi kw{gzouty ul znk sgtov{rgzux gxk

s*2d3 E

,R
]3*

o] yot2

]R
_3*

t_3 s+2d3 E

,R
]3*

o] iuy2

]R
_3*

t_3D

Znk iusvutktzy ul znk xuhuz j�tgsoi kw{gzouty zgqkt lux znk t{skxoigr yos{rgzouty
gxk gy lurru}yC
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@][. 7.0. G qotksgzoi yinksk ul znk sgtov{rgzux gtj znk zgyq zu hk giiusvroynkj

' rotq rktmzny o* E 9D=E o+ E 9D<?E o, E 9D<D
' rotq sgyyky p* E :>D;E p+ E :<D@E p, E ::D=D
' znk sgyy iktzkxy ul znk rotqy xkvxkyktzkj lux yosvroioz� h� znk ykizouty gxk ruigzkj

gz znkox sgyy iktzkxy7

Znk mxg|oz� xkmxkyyux sgzxo~ kw{gry

> E

<> yot2t*3 yot2t* 4 t+3 yot2t* 4 t+ 4 t,3
9 yot2t* 4 t+3 yot2t* 4 t+ 4 t,3
9 9 yot2t* 4 t+ 4 t,3

=? D

Znk tusotgr |gr{ky ul |kizux " gxk "* E !:<D9@5 "+ E !?D>@ gtj ", E !:D@7
Znk otozogr |gr{ky lux T"] ng|k hkkt inuykt gyC T"*293 E !:>D95 T"+293 E !@D>5 gtjT",293 E !;D:5 xkyvkizo|kr�7 Znk {vvkx hu{tj ut znk gii{xgi� ul znk vgzn lurru}otm
ot grr znk iusv{zkx yos{rgzouty5 oy gyy{skj zu hk kw{gr zu

U
; " -) 3 :9!*5 }nkxk

-2v3 E ;D= " :9!, 4 ;D= " :9!,h+60"g7 Znk inuoik ul iutzxur mgoty nJ 5 n? gtj nD hgykj
ut iukÆioktzy f]5 l E : C ? gtj xkrgzouty 2A7:@362A7;93 oy iutykx|gzo|k5 }noin sg�
xky{rz ot rgxmk iutzxury7 Iutykw{ktzr�5 znk� }kxk ykz k~vkxosktzgrr� gyC nJ E ;D>":9. 5
n? E :@ " 2: 4 :99 " h!*)"h3 4 <A>5 gtj nD E jogm29D;;E 9D9;E 9D9:37 Rkz {y tuzk zngz
ysgrr |gr{ky lux nD xky{rz gryu ot ysgrr |gr{ky ul iutzxury7 Znk zgyq ul znk xuhuz oy
zu zxgtylkx znk ktj6k!kizux grutm znk mkuskzxoi vgzn 2znk juzzkj rotk ot Lom7 A7:35
k~vxkyykj h� znk lurru}otm kw{gzouty

2*2v3 E 9D<? 4 9D;= " vE 2+2v3 E !9D@ 4 :D; " vE
}nkxk v 7 a9E :c7 Znk otozogr iut"m{xgzout d) kw{gry d) E 28E ,.

+
E 8G;3N 7 Rkz {y

otzxuj{ik vgzn lurru}otm kxxuxy

h*2w3 E s*2d2w33! 2*2v2w33E h+2w3 E s+2d2w33! 2+2v2w33E

xkyvkizo|kr�5 zu k|gr{gzk znk vkxluxsgtik ul znk xuhuz iutzxurrkx 2A7:;37 Znk xky{rzy
ul iusv{zkx yos{rgzouty gxk vxkyktzkj ot Lomy A7;6A7?7

Gy utk igt uhykx|k lxus Lomy A7;6A7?5 znk zosk jkvktjktz jgsvotm l{tizout n?
krosotgzky kxxuxy gtj zuxw{ky uyiorrgzouty gz znk |kx� hkmottotm ul zosk noyzuxoky7 Gy
somnz hk k~vkizkj5 znk vgzn lurru}otm kxxuxy lxus Lomy A7;6A7< gxk s{in ysgrrkx zngt
znuyk uhzgotkj lxus znk iutykx|gzo|k jkvktjktik 2A7;=37 Lom{xky A7@"A7B jkvoiz znk

zosk iu{xyky ul T"*5 T"+ gtj T",7 Gy oy ykkt lxus znkyk "m{xky5 vgxgskzkx kyzosgzoutyT"*5 T"+ gtj T", ju tuz iut|kxmk zu znkox tusotgr |gr{ky !:<D9@5 !?D>@ gtj !:D@7
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@][. 7.1. Vgzn lurru}otm kxxux h*
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@][. 7.2. Vgzn lurru}otm kxxux h+
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@][. 7.3. Otv{z zuxw{k x* ot znk vgzn lurru}otm zgyq
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@][. 7.4. Otv{z zuxw{k x+ ot znk vgzn lurru}otm zgyq

-$* 2TSHQZXNTSX

Znoy yz{j� ngy vxkyktzkj g yosvrk gjgvzo|k xuhuz iutzxurrkx lux znk vgzn lurru}otm
h� znk ktj6k!kizux7 Znk iutzxur mktkxgzout yinksk ngy hkkt jkxo|kj {yotm znk
R�gv{tu| yzghoroz� znkux�7 Gt gj|gtzgmk ul znk vxuvuykj iutzxur rg} 2A7:;3 oy zngz
oz xkw{oxky5 ot lgiz5 tu otluxsgzout xkmgxjotm znk vgxgskzkxy ul znk xuhuz j�tgsoi
kw{gzouty 2znk gjgvzo|k iusvutktz ot iutzxurrkx 2A7:;3 kyzosgzky znk mxg|oz� zkxs ot
znk j�tgsoi kw{gzouty37 Znk iutzxur yzxgzkm� 2A7:;3 oy ynu}t zu hk gy�svzuzoigrr�
yzghrk 2h� l{r"rsktz ul vxgizoigrr� xkgyutghrk gyy{svzouty37 Znk vxuvuykj xuhuz
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@][. 7.5. Otv{z zuxw{k x, ot znk vgzn lurru}otm zgyq
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@][. 7.6. Zosk iu{xyk ul gjgvzo|k kyzosgzk T"*

0 2 4 6 8 10 12 14
−7.6

−7.4

−7.2

−7

−6.8

−6.6

−6.4

−6.2

t [s]

Δ
2

@][. 7.7. Zosk iu{xyk ul gjgvzo|k kyzosgzk T"+

iutzxurrkx ngy hkkt gvvrokj zu g vrgtgx xkj{tjgtz sgtov{rgzux ul znxkk xk|ur{zk
qotksgzoi vgoxy7 T{skxoigr yos{rgzouty ng|k ynu}t zngz znk xky{rzy uhzgotkj gxk
ot giiuxjgtik }ozn znk znkuxkzoigr gtgr�yoy7 Znk tu|krz� ul znk yzxgzkm� vxuvuykj
roky ot ozy yosvroioz� ot jkyomt5 vxumxgs iujk gtj xkgr6zosk osvrksktzgzout7 Znk
gvvxugin vxkyktzkj nkxk sg� gryu hk joxkizr� gvvroighrk zu iuuvkxgzotm qotksgzoigrr�
xkj{tjgtz sgtov{rgzuxy7
>\dghpe^]`^f^gm7 Znoy }uxq }gy y{vvuxzkj h� znk JLM Mg ?>;8:":5;7
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@][. 7.8. Zosk iu{xyk ul gjgvzo|k kyzosgzk T",

@JKJWJSHJX

:7 `7 Ynorrkx5 Y7 J{hu}yq�7 Xuh{yz iusv{zgzout ul vgzn iutyzxgotkj zosk uvzosgr
suzouty7 OtC Mkh\. FBBB @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5 Iotiottgzo5 [YG
:BB97

;7 `7 Ynorrkx5 N7N7 R{7 Iusv{zgzout ul vgzn iutyzxgotkj zosk uvzosgr suzouty
}ozn j�tgsoi yotm{rgxozoky7 QkZgl. >PJB: G. ArgZfb\ Prlm., J^Zlnk^f^gm,
Zg] @hgmkhe5 |ur7 ::=5 tu7 ;5 :BB;5 vv7 <=6=97

<7 _7 Inkt5 G7G7 Jkyxuinkxy7 Yzx{iz{xk ul sotos{s6zosk iutzxur rg} lux xuhuzoi
sgtov{rgzuxy }ozn iutyzxgotkj vgzny7 OtC Mkh\. FBBB @hg_. hg Oh[hmb\l Zg]
>nmhfZmbhg5 Yiuzzyjgrk5 [YG :BAB7

=7 P7S7 SiIgxzn�5 P7K7 Huhxu}7 Znk t{shkx ul ygz{xgzkj giz{gzuxy gtj iutyzxgotz
luxiky j{xotm zosk6uvzosgr su|ksktz ul g mktkxgr xuhuzoi y�yzks7 FBBB QkZgl.
Oh[hmb\l Zg] >nmhfZmbhg7 |ur7 A5 tu7 <5 :BB;5 vv7 =9@6=9B7

>7 `7 Ynorrkx7 Ut yotm{rgx zosk uvzosgr iutzxur grutm yvkio"kj vgzny7 FBBB QkZgl.
hg Oh[hmb\l Zg] >nmhfZmbhg5 tu7 =5 :BB=5 vv7 >?:6>??7

?7 S7 Mgroiqo7 Znk yzx{iz{xk ul zosk uvzosgr iutzxury lux qotksgzoigrr� xkj{tjgtz
sgtov{rgzuxy }ozn ktj6k!kizux vgzn iutyzxgotzy7 OtC Mkh\. FBBB @hg_. hg
Oh[hmb\l Zg] >nmhfZmbhg5 Rk{|kt5 Hkrmo{s :BBA7

@7 S7 Mgroiqo7 Zosk6uvzosgr iutzxury ul qotksgzoigrr� xkj{tjgtz sgtov{rgzuxy
}ozn mkuskzxoi iutyzxgotzy7 FBBB QkZgl. hg Oh[hmb\l Zg] >nmhfZmbhg5 |ur7 :?5
tu7 :5 ;9995 vv7 AB6B<7

A7 S7 Mgroiqo7 Znk vrgttotm ul xuhuzoi uvzosgr suzouty ot znk vxkyktik ul
uhyzgirky7 Fgm. G. Oh[hmb\l O^l^Zk\a5 |ur7 :@5 tu7 <5 :BBA5 vv7 ;=A6;>B7

B7 S7 Mgroiqo5 O7 Vgp*gq7 Uvzosgr suzout ul xkj{tjgtz sgtov{rgzuxy }ozn yzgzk
kw{groz� iutyzxgotzy7 OtC Mkh\. FBBB Fgm. Prfi. hg >ll^f[er Zg] QZld
MeZggbg`5 Vuxzu5 Vuxz{mgr :BBB7

:97 O7 Vgp*gq5 S7 Mgroiqo7 Znk vrgttotm ul y{huvzosgr iurroyout6lxkk xuhuzoi suzouty7
OtC Mkh\. Cbklm Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe )OhJh@h*5 Qokqx!5
Vurgtj :BBB7

::7 Q7 Zinu&t7 G tuxsgr luxs gvvxgoygr ul znk t{rr yvgik6hgykj yotm{rgx vgzn
zxgiqotm7 OtC Mkh\. Cbklm Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe5 Qokqx!5
Vurgtj :BBB7

:;7 U7 Jgnr7 Vgzn6iutyzxgotkj xuhuz iutzxur }ozn rosozkj zuxw{ky " K~vkxosktzgr
k|gr{gzout7 FBBB QkZgl. hg Oh[hmb\l Zg] >nmhfZmbhg5 |ur7 :95 tu7 >5 :BB=5
vv7 ?>A6??B7
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:<7 P7 Qok!kx5 G7P7 Ignorr5 S7X7 Pgsky7 Xuh{yz gtj gii{xgzk zosk6uvzosgr
vgzn6zxgiqotm iutzxur lux xuhuz sgtov{rgzuxy7 FBBB QkZgl. hg Oh[hmb\l Zg]
>nmhfZmbhg5 |ur7 :<5 tu7 ?5 :BB@5 vv7 AA96AB97

:=7 S7 Mgroiqo7 Xkgr6zosk zxgpkizux� mktkxgzout lux xkj{tjgtz sgtov{rgzuxy }ozn
vgzn iutyzxgotzy7 Fgm. G. Oh[hmb\l O^l^Zk\a5 |ur7 ;95 tu7 @5 ;99:5 vv7 ?@<6?B97

:>7 S7 Mgroiqo7 Vgzn lurru}otm h� znk ktj6k!kizux ul g xkj{tjgtz sgtov{rgzux
uvkxgzotm ot g j�tgsoi kt|oxutsktz7 FBBB QkZgl. hg Oh[hmb\l5 |ur7 ;95 tu7 ?5
;99=5 vv7 :9:A6:9;>7

:?7 S7 Zgqkmgqo5 Y7 Gxosuzu7 G tk} lkkjhgiq skznuj lux j�tgsoi iutzxur ul
sgtov{rgzuxy7 QkZgl. >PJB: G. ArgZfb\ Prlm., J^Zlnk^f^gm, Zg] @hgmkhe5
|ur7 :9;5 :BA:5 vv7 ::B6:;>7

:@7 Y7 Gxosuzu7 @hgmkhe ma^hkr h_ ghg-ebg^Zk f^\aZgb\Ze lrlm^fl7 Irgxktjut5
U~luxj5 [7Q7 :BB?7

:A7 I7 Igt{jgy jk ]oz5 H7 Yoiorogtu5 M7 Hgyzot7 Qa^hkr h_ kh[hm \hgmkhe7 Yvxotmkx
\kxrgm5 Tk} _uxq :BB?7

:B7 R7 Yiog|oiiu5 H7 Yoiorogtu7 Jh]^ebg` Zg] \hgmkhe h_ kh[hm fZgbineZmhkl7
SiMxg}6Norr5 Tk} _uxq :BB?7

;97 Y7 Gxosuzu7 Jkyomt ul xuhuz iutzxur y�yzksy7 >]o. Oh[hm.5 |ur7 =5 tu7 :5 :BB95
vv7 @B6B@7

;:7 L7 So�g!gqo5 Y7 Gxosuzu7 Yktyux� lkkjhgiq lux xuhuz sgtov{rgzuxy7 G. Oh[hm.
Prlm.5 |ur7 ;5 tu7 :5 :BA>5 vv7 ><6@:7

;;7 _7 Sgy{zgto5 L7 So�g!gqo5 Y7 Gxosuzu7 Yktyux� lkkjhgiq iutzxur lux yvgik
sgtov{rgzuxy7 OtC Mkh\. FBBB @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5 Yiuzzyjgrk
:BAB7

;<7 X7 Qkrr�7 Xkm{rgzout ul sgtov{rgzuxy ot mktkxoi zgyq yvgikC gt ktkxm� yngvotm
vr{y jgsvotm otpkizout gvvxugin7 FBBB QkZgl. hg Oh[hmb\l Zg] >nmhfZmbhg5
|ur7 :>5 tu7 ;5 :BBB5 vv7 <@@6<A:7

;=7 M7 Gtzutkrro5 Y7 Inog|kxoto5 M7 L{yiu7 Qotksgzoi iutzxur ul xkj{tjgtz
sgtov{rgzuxy }ozn ut6rotk ktj6k!kizux vgzn zxgiqotm igvghoroz� {tjkx |kruioz�
gtj giikrkxgzout iutyzxgotzy7 OtC Mk^i. 6ma FC>@ Prfihlbnf hg Oh[hm @hgmkhe
)PVOL@L*5 ;9997

;>7 M7 Gtzutkrro5 Y7 Inog|kxoto5 M7 L{yiu7 Gt grmuxozns lux ut6rotk ot|kxyk
qotksgzoiy }ozn vgzn zxgiqotm igvghoroz� {tjkx |kruioz� gtj giikrkxgzout
iutyzxgotzy7 OtC Mkh\. FBBB @hg_. hg A^\blbhg Zg] @hgmkhe5 ;9997

;?7 M7 Gtzutkrro5 Y7 Inog|kxoto5 M7 L{yiu7 Xkgr6zosk ktj6k!kizux vgzn lurru}otm lux
xuhuz sgtov{rgzuxy y{hpkiz zu |kruioz�5 giikrkxgzout5 gtj pkxq puotz rosozy7 OtC
Mkh\. FBBB/>PJB Fgm^kgZmbhgZe @hg_. hg >]oZg\^] Fgm^eeb`^gm J^\aZmkhgb\l5
;99:7

;@7 S7 Yvutm5 S7 \oj�gygmgx7 Oh[hm ]rgZfb\l Zg] \hgmkhe7 ]ork�5 Tk} _uxq :BAB7
;A7 S7 Qxyzoi5 O7 Qgtkrrgquvu{ruy5 V7 Ququzu|oi7 Khgebg^Zk Zg] Z]Zimbo^ \hgmkhe

]^lb`g7 ]ork�5 Tk} _uxq :BB>7
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/HETXMZI BMWYEP ?IVZS 1SRXVSP SJ >SFSX

:ERMTYPEXSVW ZME 1SQTSWMXI 1EQIVE 7RTYXW

Z&{xqkx Y*gnot gtj Kxqgt `kxmkxu(mr{

Jkvgxzsktz ul Iusv{zkx Ktmotkkxotm5 Mkh!k Otyzoz{zk ul Zkinturum�5
VQ7 :=:5 =:=99 Mkh!k8Quigkro5 Z{xqk� I^IVKIV/FMPQYL&K]XI&IHY&XV

.$& 8SYWTIZHYNTS

Tut6iutzgiz yktyotm lux iutzxur ul xuhuzoi y�yzksy oy kyyktzogr lux zxgiqotm gtj
suzout ul sgtov{rgzuxy ot {tyzx{iz{xkj kt|oxutsktzy7 G vgxzoi{rgxr� osvuxzgtz
k~gsvrk zu znoy oy |oy{gr ykx|uotm5 }nkxk otluxsgzout lxus |oyout yktyuxy oy {ykj ot
znk lkkjhgiq ruuv zu uhzgot znk vuyozout otluxsgzout lux znk ru} rk|kr iutzxurrkxy7
Znoy }uxq oy hgykj ut g yosorgx gvvxugin7 Xkgjkxy gxk xklkxxkj zu a:5 ;c lux suxk
otluxsgzout ut iuti{xxktz |oy{gr ykx|uotm7

\oyout y�yzksy {ykj lux xuhuzoi gvvroigzouty gxk suyzr� irgyyo"kj giiuxjotm zu
znk t{shkx ul |oyout yktyuxy znk� {yk7 Znk� gxk koznkx sutui{rgx |oy{gr ykx|uotm5
ot }noin g yotmrk igskxg oy {zoro!kj5 ux s{rzo6igskxg |oyout y�yzksy5 }nkxk s{rzovrk
igskxgy ruigzkj ot znk }uxq6yvgik gxk {ykj zu iurrkiz znk zgyq yvkio"i otluxsgzout7
Znk sutui{rgx y�yzksy gxk iuyz k!kizo|k5 h{z ot tkgxr� grr <J gvvroigzouty znk
}uxq yvgik jkvzn otluxsgzout oy ruyz7 Ot lgiz oz oy yuskzosky k|kt tuz vuyyohrk lux
yusk s{rzo6igskxg iut"m{xgzouty zu igvz{xk znk yiktk jkvzn5 gtj nktik igxkl{r
igskxg igrohxgzout oy tkikyygx�7 Nu}k|kx5 oz oy {y{grr� joÆi{rz zu uhzgot znk otzxotyoi
igskxg vgxgskzkxy 2o7k7 znk osgmk iktzkx5 sgmto"igzout lgizuxy5 gtj igskxg yigrotm
lgizux3 gtj znk k~zxotyoi igskxg vgxgskzkxy 2znk vuyozout gtj uxoktzgzout ul znk
igskxg }oznot znk }uxq6yvgik3 k~gizr�7 Znkxkluxk g mxkgz jkgr ul xkykgxin ngy hkkt
gvvrokj zu znk igskxg igrohxgzout vxuhrks5 h{z suyz yur{zouty ju tuz zgqk znk xuhuz
j�tgsoiy otzu giiu{tz a<">c gtj gxk rosozkj zu znk qotksgzoi rk|kr7 Oz oy ix{iogr zu
otiuxvuxgzk znk sgtov{rgzux j�tgsoiy ot znk iutzxur ruuv lux muuj vkxluxsotm |oy{gr
ykx|uotm y�yzksy7 Nu}k|kx5 yu lgx y{in yur{zouty ng|k utr� hkkt gvvrokj ot sutui{rgx
igyky a?"Ac gtj {tluxz{tgzkr� suyz ul xkrgzkj }uxq iutyzxgotzy znk vxuhrks zu ;J
igyk gtj omtuxky jkvzn otluxsgzout7 Xkiktzr�5 znkxk ngy hkkt vxkyktzkj ot aBc gt
gy�svzuzoigrr� yzghrk vuyozout hgykj |oy{gr lkkjhgiq iutzxurrkx zngz igt iusvktygzk
znk {tikxzgotzoky ul znk nusumktu{y zxgtyluxsgzout sgzxo~ hkz}kkt znk zgyq6yvgik
gtj znk igskxg yvgik7 Nu}k|kx5 znk iutzxurrkx gyy{sky zngz znk otzxotyoi igskxg
vgxgskzkxy gxk vkxlkizr� igrohxgzkj7

Ot znoy vgvkx5 znk xky{rz mo|kt ot a@c ng|k hkkt k~zktjkj zu <J vuyozout
ykx|uotm igyk |og znk {yk ul s{rzovrk igskxgy7 Znk iutzxurrkx vxuvuykj {yky g
yosorgx zxgtyluxsgzout sgzxo~ gy ot a@c5 }noin vxks{rzovroky znk iusvuyozk igskxg
igrohxgzout sgzxo~ yu zngz znk xky{rzgtz sgzxo~ oy vuyozo|k jk"tozk gtj igt hk {ykj zu
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otiuxvuxgzk znk igskxg vgxgskzkxy ot znk xuhuz kw{gzout7 G hgiqyzkvvotm zkintow{k
oy znkt gvvrokj zu ginok|k gy�svzuzoi ktj k!kizux zxgiqotm7 Znk iutzxurrkx xkw{oxky
znk qtu}rkjmk ul vuyozout }ozn xkyvkiz zu znk hgyk ul znk xuhuzoiy sgtov{rgzux lux
znk igskxgy gtj yzorr ginok|ky gy�svzuzoi vuyozout zxgiqotm jkyvozk znk {tikxzgotzoky
ot znk otzxotyoi igskxg igrohxgzout vgxgskzkxy gtj znk xuhuz j�tgsoiy7

Znk xkyz ul znk sgt{yixovz oy uxmgto!kj ot znk lurru}otm sgttkx7 Ot Ykizout ;
znk sgtov{rgzux gtj znk igskxg sujkr {ykj gxk vxkyktzkj7 Ot Ykizout < znk iutzxur
uhpkizo|k5 iutzxurrkx jk|kruvsktz gtj yzghoroz� gtgr�yoy gxk vxkyktzkj5 }nork znk
yos{rgzout xky{rzy gxk ynu}t ot Ykizout =7 Iutir{jotm xksgxqy gxk y{ssgxo!kj ot
Ykizout >7

.$' @TGTY#HFRJWF <TIJQ

G yinksgzoi xkvxkyktzgzout ul znk xuhuz6igskxg y�yzks iut"m{xgzout iutyojkxkj ot
znoy }uxq oy mo|kt ot Lom{xk B7:7 ]k gyy{sk zngz znk igskxgy gxk ruigzkj gz "~kj
vuotzy u{zyojk5 h{z vuotzotm zu}gxjy znk xuhuz }uxq6yvgik y{in zngzC b* igskxg: gtj
igskxg;1y osgmk vrgtky gxk vgxgrrkr zu af ! bf gtj af !cf vrgtky ul suzout ul znk
xuhuz5 xkyvkizo|kr�5 gtj bb* huzn igskxgy igt igvz{xk osgmky znxu{mnu{z znk ktzoxk
xuhuz }uxq6yvgik7

@][. 8.0. Vrgiksktz ul znk igskxg y�yzks }ozn xkyvkiz zu xuhuz iuuxjotgzky

2(+(* EZMZ_ 7dYLXTN^

Znk puotz6yvgik sujkr lux g znxkk6rotq xk|ur{zk joxkiz6jxo|k xuhuz sgtov{rgzux oy
gyy{skj zu hk ul znk lurru}otm luxs a:9c

V2t3&t 4 _a2tE et3 et 4P2t3 4 O 2 et3 E ;E 2B7:3

}nkxk t2w35 et2w35 &t2w3 7 >, jktuzk znk rotq vuyozout5 |kruioz�5 gtj giikrkxgzout |kizuxy5
xkyvkizo|kr�5 V2t3 7 >,#, xkvxkyktzy znk rotq otkxzog sgzxo~5 _a2tE et3 7 >,#,

xkvxkyktzy iktzxovkzgr6Iuxouroy sgzxo~5 P2t3 7 >, xkvxkyktzy znk mxg|oz� k!kizy5
O 2 et3 7 >, xkvxkyktzy znk lxoizout k!kizy5 gtj ; 2w3 7 >, xkvxkyktzy znk zuxw{k otv{z
|kizux7
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JY`Ue^ 0 Qa^ Z[ho^ kh[hm fh]^e aZl [^^g ]^o^ehi^] _hk Z ghg-k^]ng]Zgm
fZgbineZmhk )b.^., p^ Zllnf^ q E <*; Zg] ma^ _hkfneZmbhg bl [Zl^] hg hger ^g]
^!^\mhk ihlbmbhg mkZ\dbg` ikh[e^f _hk lbfieb\bmr. Ehp^o^k, ma^ k^lneml ik^l^gm^] bg
mabl iZi^k \Zg [^ ^qm^g]^] mh ma^ k^]ng]Zgm \Zl^ pbma fbghk fh]b"\Zmbhgl )l^^ X7Y _hk
]^mZbel*, Zg] fb`am l^ko^ Zl Z lm^iibg` lmhg^ _hk ma^ _nee hk]^k ^g] ^!^\mhk ihlbmbhg
ienl hkb^gmZmbhg mkZ\dbg` bg @Zkm^lbZg liZ\^ )l^^ X11Y _hk ]^mZbel*.

2(+(+ 6ZX[Z^T_P 6LXP]L @ZOPW 7PaPWZ[XPY_

[yotm znk yzgtjgxj vot6nurk sujkr lux g igskxg y�yzks5 g vuotz af E
#
{f |f }f

$N
ot

g <6J }uxrj lxgsk igt hk xkvxkyktzkj ot zkxsy ul znk igskxg yvgik iuuxjotgzk lxgsk
gy a:;c /

{W
|W

0
E

i

}f

/
,* 9
9 ,+

0
[223

1/
{f
|f

0
!
/
r*
r+

02
4

/
f*
f+

0
E 2B7;3

}nkxk b E
#
{W |W

$N
jktuzky znk iuxxkyvutjotm vuyozout |kizux ot igskxg yvgik5

i oy znk luigr rktmzn ul znk rkty {ykj5 ,*E ,+ gxk znk sgmto"igzout lgizuxy ul znk
igskxg5[223 7 >+#+ oy znk xuzgzout sgzxo~ jk"tkj gy

[223 E

/
iuy 2 ! yot 2
yot 2 iuy 2

0
2B7<3

}ozn 2 hkotm znk xuzgzout gtmrk ul znk igskxg5 X E
#
r* r+

$N
oy znk vuyozout

ul znk uvzoigr iktzkx ul znk igskxg }ozn xkyvkiz zu znk }uxrj iuuxjotgzk lxgsk

gtj L E
#
f* f+

$N
jktuzky znk osgmk iktzkx }noin oy jk"tkj gy znk lxgsk h{!kx

iuuxjotgzky ul znk otzkxykizout ul znk uvzoigr g~oy }ozn znk osgmk vrgtk7 [yotm znk
igskxg zxgtyluxsgzout mo|kt ot 2B7;3 znk igskxg yvgik |gxoghrky lux znk igskxg : ul
znk y�yzks ynu}t ot Lom{xk : oy uhzgotkj lux gy lurru}y/

{W*
|W*

0
E

:

}f 4 4*
Q*[22*3

/
{f ! r**
|f ! r*+

0
4

/
s**
s*+

0
E 2B7=3

}nkxk Q* 7 >+#+ oy jk"tkj gy

Q* E

/
i*,** 9
9 i*,*+

0
D 2B7>3

Yosorgxr� igskxg ; |gxoghrky gxk/
{W+
}W+

0
E

:

|f 4 4+
Q+[22+3

/
{f ! r+*
}f ! r++

0
4

/
s+*
s++

0
E 2B7?3

}nkxk Q*E Q+E [22*3E [22+3 7 >+#+ gtj s* E
#
s** s*+

$N
E s+ E

#
s+* s++

$N 7
>+#* gxk iutyzgtz h{z {tqtu}t igskxg vgxgskzkxy5 4*54+5 r**5 r*+5 r+*5 r++ gxk
vuyozo|k iutyzgtzy xkvxkyktzotm znk vrgiksktz ul znk igskxg }ozn xkyvkiz zu znk
uxomot ul znk xuhuz }uxrj iuuxjotgzk lxgsk gtj gxk gyy{skj zu hk qtu}t7 U{x "xyz
mugr oy zu uhzgot g iusvuyozk igskxg otv{z lxus znk z}u igskxg otv{zy vrgikj ot znk
}uxq yvgik zngz igt rkgj {y zu uhzgot <6josktyoutgr vuyozout otluxsgzout 2{fE |fE }f3
ghu{z znk uhpkiz ot znk }uxq yvgik gy uvvuykj zu znk tuxsgr ;6J vxupkizout {yotm g
yzgtjgxj igskxg7 [yotm znk vxuvkxzoky ul znk xuzgzout sgzxo~ gtj znk lgiz zngz Q+

oy g jogmutgr sgzxo~5 }W+ jk"tkj ot 2B7?3 igt hk }xozzkt ot znk lurru}otm luxs
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}W+ E -*
}f ! r++
|f 4 4+

4 -+{W+ 4 -,E 2B7@3

}nkxk znk iutyzgtz vgxgskzkxy -*5 -+5 -, 7 > gxk k~vroiozr� jk"tkj gy

-* E
i+,++
iuy 2+

E -+ E
,++ yot 2+
,+* iuy 2+

E -, E s++ ! s+*
,++ yot 2+
,+* iuy 2+

D 2B7A3

Hgykj ut 2B7=3 gtj 2B7A3 }k "tj znk iusvuyozk igskxg otv{z xkvxkyktzgzout gy
lurru}y <>{W*|W*

}W+

=? E

%C"L_ ba `/
Q*[22*3 9+#*
9*#+ -*

0<@>
lG!c&&
nG(+&
mG!c&'
nG(+&
nG!c''
mG(+'

=A?4

<> s**
s*+

-+{W+ 4 -,

=? D 2B7B3

Lux yosvroioz� }k jk"tkj znk iusvuyozk igskxg otv{z |kizux aW E
#
{W* |W* }W+

$N
gtj znk u!6ykzzkj Igxzkyogt |kizux aL 7 >, gy

aL *

<>{f|f
}f

=? E

<>{f ! r**
|f ! r*+
}f ! r++

=? D 2B7:93

Tuzk zngz aL igt hk igri{rgzkj {yotm znk lux}gxj qotksgzoiy ul znk xuhuz gtj znk
igskxg vuyozoutotm |gr{ky r**E r*+E r++7 Zgqotm znk zosk jkxo|gzo|k ul 2B7B3 }k uhzgot
znk lurru}otm jo!kxktzogr xkrgzoutynov hkz}kkt aW gtj aL

eaW E Q[SW eaL 4

<> 9
9

-+ e{W+

=? E 2B7::3

}nkxk znk iusvuyozk igskxg osgmk Pgiuhogt5 SW 7 >,#,5 oy jk"tkj k~vroiozr� gy

SW E

<@>
*

&nG(+&(c'''
9 ! lG

&nG(+&(c'''
'

9 *
&nG(+&(c'''

! mG
&nG(+&(c'''

'

9 ! nG
&mG(+'(c&''

'
*

&mG(+'(c&''

=A? D 2B7:;3

Ot 2B7:;35 lux znk iusvuyozk osgmk Pgiuhogt sgzxo~5 SW5 zu hk ot|kxzohrk znk gtgr�yoy
xkw{oxky zngz jkz2SW3 k~oyzy gtj oy vuyozo|k7 Znoy oy y{vvrokj }nkt 4+ 4 r*+5 gtj
4* 4 r++ gxk huzn ykrkizkj zu hk vuyozo|k7 Tuzk zngz }k xkyzxoiz znk suzout ul znk
sgtov{rgzux zu utk w{gjxgtz zu vxu|ojk vuyozo|k |fE gtj }f |gr{ky7

.$( 2TSYWTQ 5TWRZQFYNTS FSI 3JXNLS

]k }orr gyy{sk zngz g ysuuzn zosk6|gx�otm jkyoxkj ktj k!kizux zxgpkizux� mktkxgzkj

ot znk igskxg yvgik5 jktuzkj h� aX2w3 E
#
{X2w3 |X2w3 }X2w3

$N
5 oy iutyzx{izkj yu

zngz aX2w3 7 L+7 Zu vxu|ojk g skgty ul w{gtzol�otm znk vuyozout zxgiqotm iutzxur
uhpkizo|k5 }k jk"tk znk vuyozout zxgiqotm kxxux yomtgr ot igskxg yvgik h2w3 7 >, gy

h E aX !aWD 2B7:<3

Zgqotm znk zosk jkxo|gzo|k ul 2B7:<3 gtj s{rzovr�otm znk xky{rzgtz kw{gzout h�
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J *

<>J* J+ 9
J, J- 9
9 9 J.

=? E 2Q [3!* E

<@>
>IL *&
Z&%&&

LCH *&
Z&%&'

9

! LCH *&
Z&%&&

>IL *&
Z&%&'

9

9 9 *
&&

=A? 2B7:=3

}k uhzgot

J eh E J

BFD eaX !
<> 9

9
-+ e{W+

=?CGE! SW S etD 2B7:>3

Tuzk zngz znk lux}gxj qotksgzoi xkrgzoutynov eaL E S et oy {ykj7 Suzo|gzkj h� znk
y{hykw{ktz yzghoroz� gtgr�yoy }k vxk6s{rzovr� huzn yojky ul 2B7:>3 h� znk lurru}otm
zxgtyluxsgzout sgzxo~

] E

<> *
<&<)!<(<'

<(
<)
! <'

<)&<&<)!<(<''
9

9 : 9
9 9 :

=? 2B7:?3

gtj uhzgot znk lurru}otm uvkt ruuv j�tgsoiy lux h2w3

c eh E c

BFD eaX !
<> 99
-+ e{W+

=?CGE! ]SW S etE 2B7:@3

}nkxk znk iutyzgtz sgzxo~ c 7 >,#, oy jk"tkj gy

c E

<@> *(<'
(

<)
J, 9

J, J- 9
9 9 J.

=A? 2B7:A3

gtj oy vuyozo|k jk"tozk }nkt znk xuzgzout gtmrky ul znk igskxgy ygzoyl� !8G; F
2*E 2+ F 8G;7 Lurru}otm g hgiqyzkvvotm6roqk jkyomt vxuikj{xk5 }k xk}xozk 2B7:@3 ot
znk lurru}otm luxsD

c eh E c

BFD eaX !
<> 99
-+ e{W+

=?CGE! ]y 4 ]SD 1 E 2B7:B3

}nkxk SD E SW S oy znk osgmk Pgiuhogt gtj znk g{~orogx� zxgiqotm6roqk yomtgr
12w3 7 >, oy jk"tkj gy

1 E x! et 2B7;93

}ozn x E S!*D y7 [yotm znk jk"tozouty ul 2B7:?3 gtj 2B7:A3 znk uvkt ruuv j�tgsoiy
ul 2B7:B3 igt hk }xozzkt ot znk lurru}otm gj|gtzgmku{y luxs

c eh E

<>=!*- 2`*=* ! y*3
`+=+ ! y+
`,=, ! y,

=?4 ]SD 1E 2B7;:3

}nkxk `*2D35 `+2D35 `,2D3 gxk qtu}t xkmxkyyout sgzxoiky jk"tkj k~vroiozr� gy

`* E
#
e{X e|X !y+

$
E`+ E

#
e{X e|X

$
E`, E

#
e}X e{W+

$
2B7;;3

gtj =*5 =+5 =,5 =- xkvxkyktz {tqtu}t iutyzgtz vgxgskzkx |kizuxy }ozn vxuvkx
josktyouty zngz gxk jk"tkj gy
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=* E
X
*(<'

(
<)

=- J,=-
<(2)!<'

<)

YN
E =+ E

#
J, J-

$N
E

=, E
#

*
&&
! &'
&&

$N
E =- E J*J- !J+J,D

2B7;<3

Hgykj ut znk uvkt6ruuv j�tgsoiy gtj znk y{hykw{ktz yzghoroz� gtgr�yoy znk
g{~orogx� otzkxtgr iutzxur otv{zy gxk jkyomtkj gy lurru}y

y* E`*
d=* 4 n*h*E y+ E`+

d=+ 4 n+h+E y, E`,
d=, 4 n,h,E 2B7;=3

}nkxk h]2w35 l E :E ;E < jktuzk znk krksktzy ul h2w35 n*5 n+5 n, gxk vuyozo|k yigrgx
iutzxur mgoty gtj d=*2w3 7 >,5 d=+2w3 7 >+5 d=,2w3 7 >+gxk j�tgsoi vgxgskzkx
kyzosgzky zngz gxk {vjgzkj giiuxjotm zu

ed=* E !*`
N
* h*5

ed=+ E !+`
N
+ h+5

ed=, E !,`
N
, h,E 2B7;>3

}nkxk !* 7 >,#,5 !+ 7 >+#+gtj !, 7 >+#+ gxk jogmutgr vuyozo|k6jk"tozk mgot
sgzxoiky7 Glzkx y{hyzoz{zotm 2B7;=3 otzu 2B7;:3 }k uhzgot znk iruykj ruuv j�tgsoiy
lux h2w3 gy

c eh E

<>=!*- 2`*
%=* ! n*h*3

`+
%=+ ! n+h+

`,
%=, ! n,h,

=?4 ]SD 1D 2B7;?3

Znk hgiqyzkvvotm z�vk iutzxur jkyomt gryu xkw{oxky znk j�tgsoiy lux znk g{~orogx�
yomtgr 12w37 Lux jkxo|otm znoy5 }k zgqk znk zosk jkxo|gzo|k ul 2B7;93 gtj vxk6s{rzovr�
znk xky{rzgtz kw{gzout h� znk otkxzog sgzxo~ zu uhzgot

V e1 E !_a1 ! SND ]
N h! ; 4 b 2E 2B7;@3

}nkxk b 2D3 oy g xkmxkyyout sgzxo~ iutzgototm znk qtu}t8skgy{xghrk zkxsy gtj
2 oy znk |kizux iutzgototm {tqtu}t h{z iutyzgtz y�yzks vgxgskzkx }ozn vxuvkx
josktyouty gtj jk"tkj gy

b 2 EV ex4 _ax4 O 2 et3 4P4 SND ]
N h D 2B7;A3

Tuzk zngz znk zkxs SND ]
N h oy otpkizkj zu znk j�tgsoiy zu igtikr znk iuxxkyvutjotm

zkxs ot yzghoroz� gtgr�yoy7

JY`Ue^ 1 ?Zl^] hg ma^ lmkn\mnk^ h_ )9.28* Zg] lmZg]Zk] Z]Zimbo^ \hgmkhee^k ]^lb`g
ikh\^]nk^l, bm bl _Zbker ^Zlr mh l^^ maZm pa^g ma^ \hgmkhe mhkjn^ bginm o^\mhk ;2w3 pbma
ma^ iZkZf^m^k ^lmbfZmbhg o^\mhk d22w3 Zk^ ]^lb`g^] mh aZo^ ma^ _heehpbg` _hkf

; E b d2 4T)1E
ed2 E !* b

N 1E 2B7;B3

pa^k^ T) 7 >b#b bl Z \hglmZgm ]bZ`hgZe ihlbmbo^-]^"gbm^ `Zbg fZmkbq Zg] !* bl
Z \hglmZgm ]bZ`hgZe ihlbmbo^-]^"gbm^ fZmkbq pbma ikhi^k ]bf^glbhg, ma^ mkZ\dbg`
^kkhk \Zg [^ ]kbo^g mh s^kh. Ehp^o^k, Zl \Zg [^ h[l^ko^] _khf )9.28* Zg] )9.29*,
mabl ZiikhZ\a k^jnbk^l \Ze\neZmbhg h_ ma^ mbf^ ]^kboZmbo^ h_ ma^ ZnqbebZkr \hgmkhe
bginm, x 2w3 E pab\a bg mnkg g^\^llbmZm^l hg-ebg^ \Ze\neZmbhgl h_ ma^ ]^kboZmbo^l h_ ma^
bginm y 2w3 Zg] ma^ bfZ`^ GZ\h[bZg SD . Qanl, ma^ bfie^f^gmZmbhg phne] k^jnbk^
fZllbo^ \hfinmZmbhgl Zg] abg]^kl ma^ ZgZerlbl, fZdbg` ma^ k^lnem ngg^\^llZkber
\hfieb\Zm^] _hk ikZ\mb\Ze inkihl^l. Fg mabl phkd, bglm^Z] h_ nlbg` ma^ Z_hk^f^gmbhg^]
lmZg]Zk] Z]Zimbo^ \hgmkhee^k ZiikhZ\a, p^ nmbebs^ Z ab`a-`Zbg \hgmkhee^k maZm mk^Zml
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ma^ k^`k^llbhg fZmkbq fnembieb^] [r ma^ ng\^kmZbg iZkZf^m^k o^\mhk _hkfneZmbhg Zl b_
bm p^k^ Z ]blmnk[Zg\^ m^kf Zg] nmbebs^ Z ghgebg^Zk ]Zfibg` Zk`nf^gm mh \hfi^glZm^
_hk ma^ ngpZgm^] ^!^\ml h_ bm. Qabl f^mah] ghm hger ^Zl^l ma^ bfie^f^gmZmbhg, [nm
Zelh ik^l^ko^l ma^ Zlrfimhmb\ lmZ[bebmr k^lnem, Zl bl lahpg bg ma^ ln[l^jn^gm ZgZerlbl.

[yotm znk lgiz zngz znk y�yzks j�tgsoiy b 2 oy hu{tjkj h� g l{tizout ul znk
luxs

Sb 2S - 92S{S3 S{S 2B7<93

}ozn { E
#
hN 1N

$
5 znk iutzxur zuxw{k otv{z |kizux oy jkyomtkj zu hkC

; E nb92S{S3+1 4T)1E 2B7<:3

}nkxk T) 7 >b#b oy g iutyzgtz jogmutgr vuyozo|k6jk"tozk mgot sgzxo~7 Glzkx
y{hyzoz{zotm 2B7<:3 ot 2B7;@3 }ozn znk j�tgsoiy hu{tjkj h� @L zkxs5 }k uhzgot
znk iruykj ruuv j�tgsoiy lux 12w3 gy

V e1 E !_a1 ! SND ]
N h!T)1 ! nb92S{S3+1 4 b 2D 2B7<;3

]k tu} yzgzk znk lurru}otm ZnkuxksC

L\YbeY` 0 Qa^ Z]Zimbo^ \hgmkhe eZp ikhihl^] [r )9.24* pbma ma^ ni]Zm^ eZpl )9.25*
Zg] ma^ \hgmkhe eZp h_ )9.31* ^glnk^ ma^ `eh[Ze Zlrfimhmb\ ^g] ^!^\mhk mkZ\dbg` bg
ma^ l^gl^ maZm

ros
h&(

h2w3 E 9E 2B7<<3

ikhob]^] maZm ma^ ]Zfibg` `Zbg h[^rl ma^ _heehpbg` bg^jnZebmr

nb .
:

sot24GCH NT)O Esot2=!*- n*E n+E n,33
2B7<=3

Zg] ma^ \Zf^kZ hkb^gmZmbhgl lZmbl_r ma^ _heehpbg` \hg]bmbhg

!8G; F 2] F 8G;E l E :E ; D 2B7<>3

HebbZ 0 T^ [^`bg hnk ikhh_ [r bgmkh]n\bg` ma^ _heehpbg` ghg-g^`Zmbo^ l\ZeZk
_ng\mbhg

_ E
:

;
hNch4

:

;
1NV1 4

:

;
=!*-

%=N* !
!*
*

%=* 4
:

;
%=N+ !

!*
+

%=+ 4
:

;
%=N, !

!*
,

%=,D 2B7<?3

QZdbg` ma^ mbf^ ]^kboZmbo^ h_ mabl ^qik^llbhg, ma^g bgl^kmbg` ma^ \ehl^] ehhi ]rgZfb\l
_khf )9.26* Zg] )9.32*, Zg] Ziierbg` ma^ iZkZf^m^k ni]Zm^ m^kfl bg )9.25*, p^ h[mZbg
ma^ _heehpbg` k^eZmbhglabi,

e_ E h*=
!*
- `*

%=* ! n*h
+
* 4 h+`+

%=+ ! n+h
+
+ 4 h,`,

%=, ! n,h
+
, 4 hN]SD1

4
:

;
1N

6

V1 4 1N 2!_a1 ! SND ]
N h!T)1 ! nb92S{S3+1 4 b 23 2B7<@3

!=!*-
%=N*`

N
* h* ! %=N+`

N
+ h+ ! %=N,`

N
, h,D

Ta^g p^ Ziier ma^ p^ee-dghpg ld^p lrff^mkb\ k^eZmbhglabi [^mp^^g ma^ bg^kmbZ
Zg] \^gmkbi^mZe-@hkbhebl fZmkb\^l h_ )9.1* mh )9.37* Zg] ^ebfbgZm^ ma^ \hkk^lihg]bg`
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iZkZf^m^k ^kkhk Zg] bfZ`^ cZ\h[bZg )SD* m^kfl, _heehp^] [r ln[lmbmnmbhg h_ )9.30*
_hk ma^ lrlm^f ]rgZfb\l, p^ h[mZbg

"
_ - !=!*- n*h

+
* ! n+h

+
+ ! n,h

+
, ! 1NT)1 2B7<A3

!a1Nnb92S{S3+13! 1N92S{S3 S{ScD

?r Z]]bg` Zg] ln[mkZ\mbg` :l:'
-_C

m^kfl mh ma^ kb`am-aZg] lb]^ h_ mabl ^jnZmbhg, p^
\Zg \hfie^m^ ma^ ljnZk^l h_ ma^ ghgebg^Zk ]Zfibg` `Zbg Zg] ma^ lrlm^f ]rgZfb\l
[hng]bg` _ng\mbhgl bg ma^ l^\hg] ebg^ h_ )9.38*, manl \Zg _nkma^k nii^k[hng] mabl
k^lnem mh aZo^ ma^ _heehpbg` _hkf:

"
_ - !=!*- n*h

+
* ! n+h

+
+ ! n,h

+
, ! 1NT)1 2B7<B3

!
/U

nb92S{S3 S1S ! S{S
;
U
nb

0+
4
S{S+
=nb

D

>l ma^ \hfie^m^] ljnZk^l m^kf bg )9.39* aZl Z g^`Zmbo^ oZen^ _hk Zee mbf^l, bml
ik^l^g\^ aZl gh ^!^\m hg ma^ oZeb]bmr h_ mabl bg^jnZebmr, a^g\^ ma^ k^lm h_ ma^ m^kf bg
)9.39* \Zg [^ ^qik^ll^] mh aZo^ ma^ _heehpbg` _hkf:

e_ - !, S{S+ E 2B7=93

pa^k^ , E sot
%
4GCH NT)O Esot2=!*- n*E n+E n,3

&! *
-_C

Zg] ma^ ]^"gbmbhg )9.30* aZl
[^^g Ziieb^] _hk {. Ckhf )9.36* Zg] )9.40*, ikhob]^] maZm )9.34* bl lZmbl"^], p^ \Zg
\hg\en]^ maZm _ 2w3 7 C(; a^g\^, Zee ma^ ^e^f^gml h_ _ 2w3E maZm bl h2w3, 12w3, %=*2w3,
%=+2w3, Zg] %=,2w3 7 C(. Cnkma^kfhk^, nlbg` ma^ [hng]^]g^ll h_ ma^ mkZ\dbg` ^kkhk
lb`gZe h2w3 Zg] ma^ ^lmbfZmbhg ^kkhk m^kfl %=]2w3E l E :E ;E <, ma^ ZnqbebZkr \hgmkhe
m^kfl y]2w3E l E :E ;E < _khf )9.24* Zk^ Zelh [hng]^]. An^ mh ma^ [hng]^]g^ll h_ 12w3
Zg] 92S{S3, _khf ^jnZmbhg )9.31*, ma^ \hgmkhe mhkjn^ bginm ; 2w3 bl Zelh [hng]^].

PbfbeZker _khf )9.25*, ma^ [hng]^]g^ll h_
"
d=]2w3E l E :E ;E < bl Z\ab^o^]. Ph p^

aZo^ ikho^g maZm Zee ma^ lb`gZel k^fZbg [hng]^] ]nkbg` ma^ \ehl^] ehhi hi^kZmbhg.
>m mabl lmZ`^ nlbg` ma^ [hng]^]g^ll h_ y]2w3 Zg] 12w3 m^kfl bg ^jnZmbhg )9.26* h_
\ehl^] ehhi ^kkhk ]rgZfb\l, p^ \Zg Zelh lahp maZm eh2w3 bl [hng]^]. An^ mh ma^
[hng]^]g^ll h_ eh2w3, p^ \Zg \hg\en]^ maZm h2w3 bl ngb_hkfer \hgmbgnhnl. Fg Z]]bmbhg,
bm bl lmkZb`am_hkpZk] mh nl^ )9.40* mh beenlmkZm^ maZm h2w3 7 C+D >m mabl ihbgm _khf
]bk^\m Ziieb\Zmbhg h_ ?Zk[ZeZm(l I^ffZ X13Y p^ \hg\en]^ )9.33*. $

.$) ANRZQFYNTS @JXZQYX

Zu orr{yzxgzk znk vkxluxsgtik ul znk vxuvuykj iutzxurrkx }k ykrkizkj g < jul xuhuz
sgtov{rgzux sujkr }ozn

V E

<>V** 9 9
9 V++ V+,

9 V,+ V,,

=? E _a E

<>_** 9 9
9 _++ _+,
9 _,+ 9

=? E P E

<> 9
P+

P,

=? E 2B7=:3

}nkxk znk ktzxoky gxk luxs{rgzkj gy
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V** E p,2o+ iuy2t+3 4 oW, iuy2t+ 4 t,33
+ 4p+o

+
W+ iuy

+2t+3 4J+ yot
+2t+3

4J, yot
+2t+ 4 t,3 4N* 4N, iuy

+2t+3 4N, iuy
+2t+ 4 t,3E

V++ E p+o
+
W+ yot

+2t+3 4 o+ 4 o, 4p,2o
+
+ 4 o+W, 4 ;o+oW, iuy2t,33E

V+, E V,+ E p,2o
+
W, 4 o+oW, iuy2t,33 4 o,E V,, E p,oW, 4 o,E

2B7=;3

_** E !p,o+oW,2
"
t+ 4

"
t,3 yot2t+ 4 t,3 iuy2t+3!p,o+oW,

"
t+ yot2t+3 iuy2t+ 4 t,3

!2p+o
+
W+ 4p,o

+
+ 4N,3

"
t+ yot2t+3 iuy2t+3

!N,2
"
t+ 4

"
t,3 yot2t+ 4 t,3 iuy2t+ 4 t,3

!p,o
+
W,2

"
t+ 4

"
t,3 yot2t+ 4 t,3 iuy2t+ 4 t,3 4J+

"
t+ yot2t+3 iuy2t+3

4J,2
"
t+ 4

"
t,3 yot2t+ 4 t,3 iuy2t+ 4 t,3E

_++ E !p,o+oW,
"
t, yot2t,3 4p+o

+
W+

"
t+ yot2t+3 iuy2t+3E

_+, E _,+ E !9D>p,o+oW,
"
t, yot2t,3E

2B7=<3

P+ E BDA2p+oW+ 4p,o+3 iuy2t+3 4 BDAp,oW, iuy2t+ 4 t,3E
P, E BDAp,oW, iuy2t+ 4 t,3D

2B7==3

Ot znkyk sgzxoiky znk iukÆioktzy ul znk ktzxoky gxk znk rktmzny ul znk sgtov{rgzux
rotqy o* E 9D>5 o+ E 9D=5 o, E 9D= ot skzxky5 znk sgyyky ul znk rotqy p* E =E p+ E <
gtj p+ E < ot qm5 joyzgtiky ul znk rotq puotzy oW+ E 9D;5 oW, E 9D; ot skzxky5
gtj znk i�rotjxoigr rotq xgjo{y [ E 9D9>D Znk zuxw{k rosozy gxk ;] E %>9 gtj znk
i�rotjxoigr rotq otkxzogr vgxgskzkxy gxk uhzgotkj h� N* E p*[

+G;5 N] E p][
+G:; 5

J] E p][
+G; gtj o] E p][

+G:;5 }nkxk l E ;E < lux znk xuhuz rotqy7
Znk ykrkizkj otzkxtgr iutzxurrkx mgot sgzxo~ oy

T * jogm
%
n* n+ n,

&
E jogm

%
< :D> ;

&
2B7=>3

}nork znk gvvrokj gjgvzgzout zkxs vgxgskzkxy gxk gy hkru}C

!* E jogm
%
9D> 9D999: 9D9:

&
E !+ E jogm

%
9D99: 9D99>

&
E

!, E jogm
%
9D9999> 9D9999:

&
D

2B7=?3

Yosorgxr�5 znk u{zkx ruuv iutzxur ngy znk iutzxur mgot sgzxo~ gtj znk jgsvotm mgot
iukÆioktz ykrkizkj gy

T) E jogm
%
>9 @> ;>

&
E nb E ;>D 2B7=@3

Lux yos{rgzout xky{rzy g ygsvrk jkyoxkj vuyozout zxgpkizux� ot znk iusvuyozk
igskxg yvgik oy ykrkizkj gy

aX2w3 E

<> =?> 4 ;9 yot2.
/
w4 .

*+
3

=B9 4 ;> yot2.
/
w4 ..

*+
3

=A9 4 ;9 yot2.
/
w4 ..

*+
3

=? 2B7=A3

}ozn grr iusvutktzy ot vo~kry7 Zxgpkizuxoky ot yosorgx xgtmky ynu{rj hk vxklkxxkj gy
znkyk ju tuz luxik znk yotm{rgxozoky ul znk ksvru�kj sgtov{rgzux sujkr7

Znk iusvuyozk igskxg u{zv{z lux znoy zxgpkizux� oy ot Lom{xk B7;5 lxus }noin znk
otozogr y�yzks zxgtyoktzy igt hk uhykx|kj zu jkig� w{oiqr�7 Yosorgxr� znk Lom{xk B7<
jkvoizy znk w{oiq iut|kxmktik ul znk kxxux zkxsy zu !kxu5 |kxol�otm znk gy�svzuzoigrr�
yzghrk tgz{xk ul znk vxuvuykj y�yzks7 Znk gvvrokj iutzxurrkx zuxw{k u{zv{zy gxk ot
Lom{xk B7=5 }nork Lom{xk B7> ynu}y znk vgxgskzkx kyzosgzky lux znk ottkx ruuv5 }noin
gryu iut|kxmk ot ynuxz zosk vkxoujy7 Gy gt u|kxgrr xky{rz5 znkyk "m{xky jkvoiz znk
yzghrk gtj kÆioktz uvkxgzout ul znk vxkyktzkj |oy{gr ykx|u iut"m{xgzout gtj nktik
ynu{rj |kxol� znk |grojoz� ul znk iutzxurrkx y�yzks jk|kruvkj ot znoy vgvkx7
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.$* 2TSHQZXNTS

]k ng|k vxkyktzkj g tutrotkgx gjgvzo|k <6J ktj k!kizux vuyozout zxgiqotm iutzxurrkx
lux g |oyout6hgykj y�yzks iusvuykj ul ; "~kj igskxgy7 Znk vxuvuykj iutzxurrkx
ginok|ky gy�svzuzoi ktj k!kizux zxgiqotm jkyvozk znk vxkyktik ul {tikxzgotzoky ot
znk otzxotyoi igskxg vgxgskzkxy ul huzn |oyout yktyuxy gtj znk xuhuz j�tgsoiy7 Znoy
xky{rz }gy uhzgotkj h� gvvr�otm g tu|kr gvvxugin zu iusvuyk znk igskxg otv{zy gtj
luxs znk <6josktyoutgr ktj k!kizux vuyozout otluxsgzout ot igskxg yvgik gtj {yotm
g hgiqyzkvvotm jkyomt yinksk7 Iutyojkxotm znk yosorgxozoky hkz}kkt znk iutzxurrkx
jkyomt vxuikj{xky u{x iutzxurrkx somnz hk iutyojkxkj gy znk <6J k~zktyout ul a@c }ozn
znk {yk ul s{rzovrk igskxgy7 [tluxz{tgzkr� znk znkux� vxkyktzkj oy utr� y{vvuxzkj h�
yos{rgzout xky{rzy7 Ot znk i{xxktz yzgzk5 lux gt k~vkxosktzgr |kxo"igzout5 nomn6yvkkj
|oyout y�yzksy gxk xkw{oxkj7 L{z{xk }uxq }orr iutiktzxgzk ut xksu|otm znoy jxg}hgiq7

@JKJWJSHJX

:7 Y7 N{zinotyut5 M7J7 Ngmkx5 V7O7 Iuxqk7 G z{zuxogr ut |oy{gr ykx|u iutzxur7 OtC
FBBB QkZgl. hg Oh[hmb\l Zg] >nmhfZmbhg5 |ur7 :;5 tu7 >5 :BB?5 vv7 ?>:6?@97

;7 H7P7 Tkryut5 T7V7 Vgvgtoquruvu{ruy5 V7Q7 Qnuyrg7 Xuhuzoi |oy{gr ykx|uotm gtj
xuhuzoi gyykshr� zgyqy7 OtC FBBB Oh[hmb\l Zg] >nmhfZmbhg JZ`.5 |ur7 <5 tu7 ;5
:BB?5 vv7 ;<6<:7

<7 L7 So�g!gqo5 _7 Sgy{zgto7 Xuh{yztkyy ul yktyux� lkkjhgiq iutzxur hgykj ut
osvkxlkiz Pgiuhogt7 OtC So{xg N7 gtj Gxosuzu Y7 2Kjy73 Oh[hmb\l O^l^Zk\a: Qa^
Cb_ma Fgm. Prfi.5 SOZ Vxkyy5 Igshxojmk5 SG :BB95 vv7 ;9:";9A7

=7 M7J7 Ngmkx5 ]7I7 Ingtm5 G7Y7 Suxyk7 Xuhuz ngtj6k�k iuuxjotgzout hgykj ut
yzkxku |oyout7 OtC FBBB @hgmkhe Prlm^fl JZ`.5 |ur7 :>5 tu7 :5 :BB>5 vv7 <96<B7

>7 H7N7 _uynosg5 V7Q7 Grrkt7 Gizo|k5 {tigrohxgzkj |oy{gr ykx|uotm7 OtC Mkh\. FBBB
Fgm. @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5 :BB=5 vv7 :>?6:?:7

?7 X7 Qkrr�7 Xuh{yz gy�svzuzoigrr� yzghrk |oy{gr ykx|uotm ul vrgtgx xuhuzy7 OtC FBBB
QkZgl. hg Oh[hmb\l Zg] >nmhfZmbhg5 |ur7 :;5 tu7 >5 :BB?5 vv7 @>B6@??7

@7 K7 `kxmkxumr{5 J7 Jg}yut5 S7Y7 jk W{koxu!5 G7 Hkngr7 \oyout6hgykj tutrotkgx
zxgiqotm iutzxurrkxy }ozn {tikxzgot xuhuz6igskxg vgxgskzkxy7 OtC FBBB/>PJB
QkZgl. hg J^\aZmkhgb\l5 |ur7 ?5 tu7 <5 ;99:5 vv7 <;;6<<@7

A7 K7 `kxmkxumr{5 J7 Jg}yut5 S7Y7 jk W{koxu!5 V7 Ykzr{x7 Xuh{yz |oy{gr6ykx|u
iutzxur ul vrgtgx xuhuz sgtov{rgzuxy ot znk vxkyktik ul {tikxzgotz�7 OtC GhnkgZe
h_ Oh[hmb\ Prlm^fl5 |ur7 ;95 tu7 ;5 ;99<5 vv7 B<6:9?7

B7 _7 Ynkt5 J7 Y{t5 _7 R{o5 Q7 Ro7 Gy�svzuzoi zxgpkizux� zxgiqotm ul sgtov{rgzuxy
{yotm {tigrohxgzkj |oy{gr lkkjhgiq7 OtC FBBB/>PJB QkZgl. hg J^\aZmkhgb\l5
|ur7A 5 tu7 :5 ;99<5 vv7 A@6BA7

:97 S7]7 Yvutm5 S7 \oj�gygmgx7 Oh[hm ]rgZfb\l Zg] \hgmkhe7 ]ork�5 Tk} _uxq
:BAB7

::7 H7 ^ogt5 S7Y7 jk W{koxu!5 J7 Jg}yut5 O7 ]grqkx7 Zgyq6yvgik zxgiqotm iutzxur ul
xuhuz sgtov{rgzuxy |og w{gzkxtout lkkjhgiq7 OtC FBBB QkZgl. hg Oh[hmb\l Zg]
>nmhfZmbhg5 |ur7 ;95 tu7 :5 ;99=5 vv7 :?96:?@7

:;7 X7Q7 Rkt!5 X7_7 Zygo7 2:BAA3 Zkintow{ky lux igrohxgzout ul znk yigrk lgizux gtj
osgmk iktzkx lux nomn gii{xgi� <6J sginotk |oyout skzxurum�7 OtC FBBB QkZgl.
hg MZmm^kg >gZerlbl Zg] JZ\abg^ Fgm^eeb`^g\^5 |ur7 :95 tu7 >5 :BAA5 vv7 @:<6@;97

:<7 P7P7 Yruzotk5 ]7 Ro7 >iieb^] ghgebg^Zk \hgmkhe7 Vxktzoik Ngrr5 Ktmrk}uuj Iro!5
TP :BB:7
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@][. 8.1. Znk ktj k!kizux zxgpkizux� gy ykkt lxus znk iusvuyozk igskxg j{xotm
yos{rgzout
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@][. 8.2. Znk zxgiqotm kxxux zkxsy
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@][. 8.3. Otv{z iutzxur zuxw{ky
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@][. 8.4. Kyzosgzky lux znk {tikxzgot vgxgskzkxy ul znk igskxgy
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%$

4PI\MFPI >SFSX @VENIGXSV] @VEGOMRK 1SRXVSP

Gtznut� Mxkkt gtj P{xkq `7 Ygyogjkq

Jkvgxzsktz ul Skingtoigr gtj Gkxuyvgik Ktmotkkxotm
Igxrkzut [to|kxyoz�5 Uzzg}g5 Utzgxou5 Q:Y >H?5 Igtgjg
EKVIIR*/GSRRIGX&GEVPIXSR&GE5 NWEW/GGW&GEVPIXSR&GE

&%$& 8SYWTIZHYNTS

Uvkxgzoutgr vxuhrksy }ozn yvgik xuhuzy xkrgzk zu yk|kxgr lgizuxy5 utk suyz
osvuxzgtzr� hkotm yzx{iz{xgr #k~ohoroz� gtj y{hykw{ktzr� yomto"igtz joÆi{rzoky }ozn
vuyozout iutzxur7 Krgyzoi rotq |ohxgzouty }ozn otnkxktz tutsotos{s vngyk xkyvutyk
iu{vrkj }ozn rgxmk xuzgzouty ixkgzk g iusvrk~ tutrotkgx j�tgsoi y�yzks lux iutzxur7
Znk ghoroz� ul znk #k~ohrk xuhuz zu lurru} g vxkyixohk zxgpkizux� oy gt osvuxzgtz oyy{k7
Ot igyk ul suxk iusvrk~ uvkxgzout5 muuj zxgiqotm iutzxur iu{rj vuzktzogrr� yg|k
s{in zosk gtj sutk�7 Znoy vgvkx iusvgxky znk vkxluxsgtik ul iutzxur yzxgzkmoky
}ozn tuoyk "rzkxotm5 znkt iushotkj }ozn tutsotos{s vngyk gtj iuxxkizo|k iutzxur
gizout sujkrkj h� zosk jkrg�y lux g yzgzoutgx� yvgikixglz su{tzkj #k~ohrk xuhuz
zxgiqotm g :;7? s#:;7? s yw{gxk zxgpkizux�7 Lotgrr� g l{!!� rumoi y�yzks 2LRY3
|ohxgzout y{vvxkyyout yzxgzkm� jksutyzxgzky ozy k!kizo|ktkyy ot vxu|ojotm otzkrromktz
gtj g{zutusu{y vxkioyout iutzxur7 Znk otir{yout ul znoy l{!!� rumoi gvvxugin zu
|ohxgzout y{vvxkyyout oy suzo|gzkj h� znk vxuyvkiz ul y{hyzoz{zotm lux znk iutzxur
ul yvgik xuhuzoi y�yzksy z�voigrr� zkrkuvkxgzkj h� gyzxutg{zy7 Zxgiqotm xky{rzy gxk
uhzgotkj otozogrr� }oznu{z |ohxgzout y{vvxkyyout ux tuoyk "rzkxotm5 znkt }ozn KQL
gtj LRGKQL yzgzk kyzosgzuxy zu jkzkxsotk zxgiqotm gii{xgi� lux xuhuz vxuikyy
gtj skgy{xksktz tuoyk7 Zosk jkrg�y gxk otir{jkj ot znk lkkjhgiq gtj iutzxur
gizout ruuvy zu yos{rgzk tutsotos{s vngyk xkyvutyk gtj iuxxkizo|k iutzxur7 Lotgrr�5
g LRY oy {ykj zu gjgvz znk iutzxur rg} gtj y{vvxkyy xkyoj{gr |ohxgzouty7 Muuj
zxgiqotm xky{rzy }kxk vxk|ou{yr� ginok|kj {yotm gt otv{z yngvotm skznuj zu xkj{ik
xkyoj{gr |ohxgzouty iu{vrkj }ozn gt ot|kxyk qotksgzoiy iutzxur yzxgzkm� gtj xki{xyo|k
uxjkx6t grmuxozns zu sujkr g z}u6rotq #k~ohrk xuhuz zxgiqotm g yw{gxk zxgpkizux�
a:c7 Yz{joky }kxk iutj{izkj ut znk iutzxur ul g xomoj z}u6rotq xuhuz {yotm rotkgx
w{gjxgzoi Mg{yyogt 2RWM3 iutzxur }ozn Qgrsgt "rzkx5 KQL gtj LRGKQL a;c7
L{!!� Qgrsgt "rzkx kw{gzouty }kxk jkxo|kj ot a<c7 LRY gjgvzo|k iutzxur oy {ykj
lux |ohxgzout y{vvxkyyout ul g #k~ohrk xuhuz a=c7 Lrk~ohrk xuhuz yktyux ruigzout k!kizy
}kxk ot|kyzomgzkj a>c7 Lom{xk :97: ynu}y g #k~ohrk xuhuz }ozn vrgtgx suzout gtj
|ohxgzout sujky7 Mxg|oz� gtj lxoizout k!kizy gxk tkmrkizkj7 Znk xuhuz vgxgskzkxy
gxk zgqkt lxus Hgtkxpkk gtj Yotmnuyk a:c7

K. Kozłowski (Ed.): Robot Motion and Control, LNCIS 335, pp. 153–163, 2006.
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@][. 0/.0. Lrk~ohrk xuhuz

&%$' 5QJ]NGQJ 3^SFRNHX

Gyy{skj sujky ul |ohxgzout gxk {ykj zu sujkr znk #k~ohrk j�tgsoiy gtj
zosk jkrg�y sujkr tutsotos{s vngyk xkyvutyk7 Gyy{skj sujky ul |ohxgzout
lux gt K{rkx6Hkxtu{rro igtzork|kx hkgs gxk iushotkj }ozn xomoj6rotq j�tgsoiy
zu igvz{xk znk tutrotkgx #k~{xgr s{rzohuj� otzkxgizouty ul g z}u6rotq xuhuz
jkxo|kj ot K{rkx6Rgmxgtmk j�tgsoiy kw{gzout luxs7 Gyy{skj sujky giiussujgzk
iut"m{xgzout ingtmky j{xotm xuhuz uvkxgzout5 }nkxkgy5 tgz{xgr sujky s{yz hk
iutzot{grr� xkiusv{zkj7 Znk K{rkx6Rgmxgtmk #k~ohrk j�tgsoiy sgzxo~ kw{gzouty
gxk mo|kt h� a="@cC

) E :2d3od4 22d- Td3 Td4 9dD 2:97:3

: iutzgoty xomoj gtj #k~ohrk zkxsyD 2 {y{grr� iutzgoty iu{vrkj xomoj gtj krgyzoi
Iuxouroy gtj iktzxol{mgr k!kizy h{z znk krgyzoi zkxsy gxk tkmrkizkj hkig{yk ul
gyy{skj sujk uxznumutgroz� gtj ysgrr krgyzoi jkluxsgzout ykiutj6uxjkx zkxsyD
9 iutzgoty rotq yzo!tkyy zkxsy gtj d oy g mktkxgro!kj iuuxjotgzk |kizux ul puotz
gtmrky 2] gtj rotq jkluxsgzouty Æ]5 l E :E ;7 L{rr j�tgsoiy kw{gzouty lux g
s{rzo6jkmxkk6ul6lxkkjus 2s{rzo6jul3 sgtov{rgzux ng|k hkkt jkxo|kj vxk|ou{yr� aAc7
Znk iusvrk~ sgznksgzoigr sujkr aAc }gy |kxo"kj k~vkxosktzgrr� lux s{rzo6rotq
#k~ohrk sgtov{rgzux7 Znk iusvrk~ sgznksgzoigr sujkr }gy tuz y{ozghrk lux
xkgr6zosk iutzxur gtj ngj zu hk yosvro"kj ot iutzxur y�yzks jkyomt vxuikyy7 Znk
yosvrkx sujkr {ykj ot xkgr6zosk iutzxur }gy |kxo"kj }ozn k~vkxosktzgr jgzg gtj ozy
vkxluxsgtik iusvgxkj }ozn l{rr sujkr hgykj ut "tozk krksktzy7
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RWM iutzxur oy ynu}t ot Lom7 :97= }ozn koznkx KQL ux LRGKQL tuoyk "rzkxotm lux
}noin gt otz{ozo|k Pgiuhogt zxgtyvuyk iutzxur rg} oy mo|kt h� a;5 =cC
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Znk Pgiuhogt 8223 oy jkvktjktz yurkr� ut xomoj rotq gtm{rgx suzout utr� lux znk
jusotgtz |ohxgzout sujk igyk7 [yotm jgsvotm xgzou 0 E 9D@9@ gtj lux @W& E
:;D;A N!5 VJ mgoty 91 gtj 9, gxk mo|kt h�
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KQL yzgzk kyzosgzk5 kxxux iu|gxogtik gtj Qgrsgt mgot kw{gzouty gxk jkxo|kj lxus
rotkgxo!kj yzgzk6yvgik kw{gzouty lux g xomoj j�tgsoiy xuhuz sujkr a;5 BcC

Tk E 0k4 1h43jE 2:97>3

m E 4k4 5h 4 iE 2:97?3

}nkxk 0E1E3E4 gtj 5 gxk j�tgsoi iukÆioktz5 iutzxur otv{z iu{vrotm5 vxuikyy
tuoyk iu{vrotm5 skgy{xksktz yktyozo|oz� gtj u{zv{z iu{vrotm sgzxoiky7 Yzgzk5 yzgzk
jkxo|gzo|k5 iutzxur gtj skgy{xksktz5 vxuikyy gtj skgy{xksktz tuoyk |kizuxy gxk
mo|kt h� k- Tk- h- m-j-i xkyvkizo|kr�7 ]ozn gvvxuvxogzk zxgtyluxsgzout ul kw{gzouty
2:97>3 gtj 2:97?3 ot joyixkzk luxs sg� hk mo|kt h� a;5 BcC

k0#% E &/k0 4 !/h0 4"/j0E 2:97@3

m0#% E 2/k0 4 i0 2:97A3

lux zosk otixksktzy q . 9 gtj 3 E a9c5 }nkxkD &/E !/E"/ gtj 2/ gxk zosk6|gx�otm
sgzxoiky gtj h0 g jkzkxsotoyzoi otv{z |kizux7 j0 - T25EWE3 gtj i0 - T25EXE3
gxk !kxu6skgt {tiuxxkrgzkj Mg{yyogt vxuikyy gtj skgy{xksktz tuoyk sgzxoiky7
WE E Kaj0j

*
0 cEXE E Kai0i

*
0 c gtj TE E Kaj0i

*
0 c gxk vxuikyy gtj skgy{xksktz

tuoyk iu|gxogtik gtj ixuyy6iu|gxogtik sgzxoiky7 Znk Qgrsgt mgot lux znk KQL }ozn
iuxxkrgzkj vxuikyy gtj skgy{xksktz tuoyk oy mo|kt h� a;5 BcC

9/ E 2<!/ 2+/ 4 ;/322/<!/ 2+/ 4 >/ 4 2/;/ 4 ;+/ 2+/ 3!'D 2:97B3

Znk Z ihlm^kbhkb yzgzk kyzosgzk oy mo|kt ot zkxsy ul mhmZe skgy{xksktzy ut g
iuxxkizkj zxgpkizux� xgznkx zngt bg\k^f^gmZe skgy{xksktzy ut g ghfbgZe zxgpkizux�
z�voigr ul g Qgrsgt "rzkxC

Sk0 E Sk!0 4 9/)m0 ! Sm!0 *E 2:97:93

}nkxk Sm!0 gtj m0 ! Sm!0 gxk vxkjoizo|k skgy{xksktzy gtj skgy{xksktz xkyoj{gry7
Znk Z ihlm^kbhkb kxxux iu|gxogtik sgzxo~ oy mo|kt gy

</ E 27! 9/2/3<!/ ! 9/;+/ D 2:97::3

Vxupkizkj yzgzk kyzosgzk gtj kxxux iu|gxogtik sgzxoiky gxk

Sk!0#% E &/Sk0E 2:97:;3



<!/(' E &/</&+/ 4=/D 2:97:<3

Znk Z ikbhkb yzgzk kyzosgzky gtj kxxux iu|gxogtik gz zosk q E 9 gxk Sk!$ gtj <!& 7
9/5 <!/('5 <!/ gtj </ gxk Qgrsgt mgot5 vxupkizkj kxxux iu|gxogtik5 Z ikbhkb kxxux

iu|gxogtik5 Z ihlm^kbhkb kxxux iu|gxogtik sgzxoiky7 Sk!0#%E Sk
!
0 gtj Sk0 gxk vxupkizkj5 Z

ikbhkb gtj Z ihlm^kbhkb yzgzk kyzosgzky7 Skgy{xkj u{zv{zy d gtj tuoyk i0 otv{z
zu znk yzgzk kyzosgzux7 Vxuikyy gtj skgy{xksktz }nozk tuoyk otv{zy znk KQL
gy g Mg{yyogt joyzxoh{zout }ozn =/ gtj >/ tuoyk iu6|gxogtiky xkvxkyktzkj h� znk
joyzxoh{zout |gxogtik7
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Znk }komnzkj xki{xyo|k kw{gzouty lux znk LRGKQL }kxk vxkyktzkj ot vxk|ou{y
}uxq a<c7 Znk l{!!� rumoi gjgvzo|k k~zktjkj Qgrsgt "rzkx 2LRGKQL3 {zoro!ky znk
KQL xki{xyo|k kw{gzouty h{z }komnzkj }ozn vgxgskzkx + uvkxgzotm ut Qgrsgt mgot
gtj kxxux iu|gxogtik7 Tuoyk iu|gxogtik gtj ixuyy6iu|gxogtik gtj kxxux iu|gxogtik
sgzxoiky gxk mo|kt h� a<cC
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<$!/ E <!/ +(/E + . :D 2:97:@3

Znk LRGKQL hkng|ky gy gt KQL }nkt + E :7 Lux + . :5 gy q otixkgyky5 =/
gtj >/ jkixkgyk yu znk suyz xkiktz skgy{xksktz oy }komnzkj nomnkx7 Znk LRGKQL
gjgvzy znk |gr{k ul giiuxjotm zu znk sgmtoz{jk ul </ gtj tut6!kxu skgty y{in
zngz uvzosgroz� gtj g !kxu6skgt }nozk tuoyk iutjozout oy sgotzgotkj7 [yotm 2:97B35
2:97:>3 gtj 2:97:?35 znk Qgrsgt mgot 9/ lux znk LRGKQL }ozn iuxxkrgzkj vxuikyy
gtj skgy{xksktz tuoyk oy mo|kt h� a<cC
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Znk Z ikbhkb yzgzk kyzosgzk oy
Sk!0 E &/Sk0 2:97:B3

gtj kxxux iu|gxogtik sgzxo~ oy

<$!/(' E +(&/<$!/ &+/ 4=/D 2:97;93

Znk Z ihlm^kbhkb yzgzk kyzosgzk oy

Sk0 : Sk!0 4 9/)m0 ! Sm!0 *D 2:97;:3

Znk Z ihlm^kbhkb kxxux iu|gxogtik sgzxo~ oy
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lux otozogr iutjozoutC q E 95 <$!& E <&
Gyy{sotm Mg{yyogt yzgzoyzoiy gtj lxus g \hg]bmbhgZe ]^glbmr |ok}vuotz znk

skgt6yw{gxk kyzosgzout kxxux oy
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Sk0 E K)k0.m/0*D 2:97;<3

Znk skgt yzgzk kyzosgzk oy

(k0 : Sk!0 4:/)m0 ! Sm!0 *E 2:97;=3

}nkxk
:/ E <!/ 2+/ 22/<!/ 2+/ 3 4 >/ 2:97;>3

gtj znk kxxux iu|gxogtik ul znk xkyoj{gry oy
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L{!!� y�yzks |gxoghrky ng|k zxogtm{rgx skshkxynov l{tizouty gtj grr {to|kxyky ul
joyiu{xyk lgrr otzu znk vuyozo|k xomnz ngrl6vrgtk zu ygzoyl� znk iutjozout + . : a;5<5:9c7
Otv{z |gxoghrky gxk skgt yzgzk kyzosgzk gtj kxxux iu|gxogtik ul znk xkyoj{gry mo|kt
h� 2:97;=3 gtj 2:97;?37 \kxhgr jkyixovzuxy lux !kxu 2`KXU35 ysgrr 2Y35 skjo{s 2S35
gtj rgxmk 2R3 gxk {ykj lux skshkxynov l{tizouty ynu}t ot Lom7 :97; zu mktkxgzk l{!!�
x{rky ul znk luxsD OL <F oy Y GTJ Skgt oy Y ZNKT + oy S7
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@][. 0/.1. Skshkxynov l{tizouty lux +5 skgt gtj <F

Kgin l{!!� |gxoghrk ngy = skshkxynov l{tizouty xky{rzotm ot :? l{!!� x{rky
jkxo|kj ot Zghrk :97:7 Mg{yyogt xgtjus t{shkx joyzxoh{zouty xkvxkyktz }nozk
vxuikyy gtj skgy{xksktz tuoyk lux iu|gxogtiky =/ gtj >/7 Ixuyy iu|gxogtik5 ;/ E
KQj0i

*
0 R5 sujkry znk ixuyy6iuxxkrgzout ul iutzxur otv{zy gtj skgy{xksktz u{zv{zy

gtj iusv{zkj gy znk vxuj{iz ul yzgtjgxj jk|ogzouty ul =/ gtj >/ jogmutgr krksktzy5
o7k7 ;/ E KQj0i

*
0 R - :O9:N9 7 Ot znoy yz{j�j0 : i0 E T29E :3 gtj ;/ E ,7 Lux huzn

KQL gtj LRGKQL znk RWM j�tgsoi xkm{rgzux iutzxur rg} oy mo|kt h� a<5 BcC

)0 E !9Sk0E 2:97;@3

}nkxk 9 oy znk rotkgx w{gjxgzoi 2RW3 mgot sgzxo~ lux xomoj6rotq xuhuz j�tgsoiy7 Znk
RWM j�tgsoi xkm{rgzux iutzxur rg} oy lkj hgiq zu luxs g xky{rzgtz iutzxur rg} mo|kt
h� a:9c



LUV_Y 0/.0. LRGKQL x{rk sgzxo~

Skgt
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) : )5 + )0D 2:97;A3

]oznot znk l{!!� rumoi gjgvzo|k KQL y�yzks znkxk gxk z}u mxu{vy ul l{!!� rumoi
iutzxurrkxy7 Znk "xyz mxu{v5 }ozn u{zv{z +5 jkzkizy "rzkx jo|kxmktik gtj gjgvzy znk
KQL7 Mktkxgrr�5 }nkt znk iu|gxogtik oy hkiusotm rgxmk5 gtj skgt |gr{k oy su|otm
g}g� lxus !kxu5 znk Qgrsgt "rzkx hkiusky {tyzghrk7 Ot znoy igyk5 g rgxmk + oy gvvrokj7
]nkt + oy rgxmk5 vxuikyy tuoyky gxk gjjkj gtj oz igt kty{xk grr yzgzky ot znk sujkr
gxk y{Æioktzr� k~iozkj h� znk vxuikyy tuoyk7 ]nkt znk iu|gxogtik oy k~zxkskr� rgxmk5
iuxxkiz skgy{xksktzy gxk vxuhrksgzoi5 gtj znk "rzkx igttuz jkvktj ut znks7 Znkt
g ysgrrkx + oy gvvrokj7 H� ykrkizotm gt gvvxuvxogzk + |gr{k znk l{!!� rumoi iutzxurrkx
gjgvzy znk Qgrsgt "rzkx uvzosgrr� gtj yzxo|ky zu qkkv znk ottu|gzout ykw{ktik
gizotm gy !kxu6skgt }nozk tuoyk7 Znk l{!!� rumoi iutzxurrkx {yky B x{rky5 y{in gyC OL
znk iu|gxogtik ul xkyoj{gry oy rgxmk gtj znk skgt |gr{k oy !kxu ZNKT + oy !kxu7 OL
znk iu|gxogtik ul xkyoj{gry oy !kxu gtj znk skgt |gr{k oy rgxmk ZNKT + oy ysgrr7 Znk
ykiutj mxu{v5 ot }noin u{zv{z oy yigrk5 oy {ykj zu jkzkiz znk ingtmk ul skgy{xksktz
tuoyk iu|gxogtik >/5 xkrgzkj zu znk iu|gxogtik ul xkyoj{gr7 Gy znk iu|gxogtik ul znk
xkyoj{gry otixkgyky5 skgy{xksktz tuoyk otixkgyky7 ]nkt znk l{!!� rumoi iutzxurrkx
"tjy znk iu|gxogtik ul xkyoj{gr oy rgxmkx zngt k~vkizkj5 oz gvvroky g rgxmk yigrk zu
gjp{yz +7
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Gjgvzo|k |ohxgzout y{vvxkyyout oy ginok|kj }ozn znk LRY ynu}t ot Lom7 :97> }nkxk
gt u{zv{z |gxoghrk 4 jkzkxsotkj h� krgyzoi jkluxsgzout otv{zy Æ* gtj Æ+ lxus znk
#k~ohrk j�tgsoiy znkt s{rzovrokj h� yigrotm mgot QL zu uvkxgzk ut znk iutzxur rg}
ot 2:97;3 zu mo|k a=cC
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\kxhgr jkyixovzuxyD vuyozo|k 2V35 vuyozo|k sg~os{s 2VSG^35 vuyozo|k skjo{s
2VS35 !kxu 2`KXU3 gtj tkmgzo|k 2T3 gxk {ykj lux znk skshkxynov l{tizouty ynu}t
ot Lom7 :97< zu mktkxgzk B l{!!� x{rky ul znk luxsD OL Æ* oy T GTJ Æ+ oy V ZNKT 4 oy
VSG^ a=c7 Znk LRY oy jk|kruvkj otz{ozo|kr�5 y{in zngz5 rotq jkluxsgzout sgmtoz{jky
|gx� vuyozo|kr� ux tkmgzo|kr� zu iusvrksktz ux iu{tzkx jkluxsgzout ul znk uznkx rotq7

Znkt 4 |gxoky giiuxjotm zu znk xky{rzgtz jkluxsgzout gtj xgtmky lxus `KXU
lux !kxu jkluxsgzout zu VSG^ gz :79 znkxkh� luxsotm g y�sskzxoi l{!!� x{rk
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delta 1 and delta 2
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@][. 0/.2. Skshkxynov l{tizouty lux Æ*E Æ+ gtj 4

LUV_Y 0/.1. LRY X{rk sgzxo~

Æ+

4 T `KXU V

T VSG^ VS VSG^

Æ* `KXU VS `KXU VS

V VSG^ VS VSG^

sgzxo~ jkxo|kj ot Zghrk :97;7 G yigrotm mgot QL uvkxgzky ut znk 4 l{!!� skshkxynov
l{tizouty zu sujol� znkox hgyk }ojzny gtj osvxu|k zxgiqotm gii{xgi� gy QL otixkgyky
a=5 :9c7 QL E :> oy {ykj lux yos{rgzout7

&%$) =TSRNSNRZR ?MFXJ @JXUTSXJ

Tutsotos{s vngyk 2TSV3 xkyvutyk oy otnkxktz ot #k~ohrk xuhuzy gtj g vxuhrks lux
vxkioyout iutzxur7 Znk vnktusktut k~oyzy }nkt puotz giz{gzout jkrg�y uii{x uvvuyozk
ot yktyk zu zngz k~vkizkj ot xkgizout zu g iutzxur otv{z7 Puotz giz{gzout otj{iky
#k~otm gtj susktzgx� giikrkxgzout ul znk ktj k!kizux ot g joxkizout uvvuyozk zu
zngz iussgtjkj7 Gtgr�zoigr iutzxur znkux� jkyixohky znoy gy zxgtylkx l{tizout vurky
ux !kxuy uii{xxotm ot znk xomnz6ngrl y6vrgtk gtj zkxskj g vngyk ynolz ux5 zxgtyvuxz
rgm5 hkz}kkt znk giz{gzux gtj ktj k!kizux7 Lux iutzot{u{y y�yzksy znoy vngyk ynolz
ixkgzky g zosk jkrg� hkz}kkt giz{gr ktj k!kizux vuyozout gtj iuxxkizo|k iutzxur
gizout iuxxkyvutjotm zu znk zosk xkw{oxkj lux skingtoigr }g|ky zu vxuvgmgzk znxu{mn
znk rotq lxus puotz zu ktj6k!kizux7 Iruykr� gyyuiogzkj }ozn tutsotos{s vngyk oy
tutiurruigzout 2joyzgtik hkz}kkt yktyux gtj giz{gzux3 ig{yotm iutzxur gizout jkrg�
ot xkyvutyk zu yktykj vuyozout kxxuxy7 Iurruigzkj yktyuxy vxu|ojk puotz gtmrk jgzg
gtj z�voigrr� su{tzkj ut xomoj6rotq xuhuz puotzy }nkxk tutsotos{s vngyk oy tuz
ktiu{tzkxkj7 Lrk~ohrk6rotq xuhuzy k~nohoz yomto"igtz jkluxsgzout gz znk ktj k!kizux
xkw{oxotm gii{xgzk iutzxur h� gjp{yzotm lux znk vngyk ynolz hkz}kkt giz{gzux gtj
ktj k!kizux7 Gt uvkxgzoutgr yvgik iutzxur yzxgzkm�5 ynu}t ot Lom7 :97=5 oy y{ozghrk
lux tutiurruigzkj iutzxur gy puotz gtmrky gtj xgzky gxk zxgtyluxskj znxu{mn joxkiz
qotksgzoiy kw{gzouty otzu ktj k!kizux vuyozouty gtj |kruiozoky7 Tutsotos{s vngyk
xkyvutyk lux g tutiurruigzkj yktyux oy sujkrkj h� g zosk jkrg� ot znk lkkjhgiq
ruuv7 Zxgtyvuxz jkrg� hruiqy 2tuz ynu}t3 }ozn g ykiutj6uxjkx Vgj gvvxu~osgzout



gxk osvrksktzkj ot SgzrghGYos{rotq65 sujkry7 Tutsotos{s vngyk iuxxkizout oy
mo|kt h� g zosk jkrg� ot znk lux}gxj iutzxur ruuv7 Zosk jkrg�y gxk jkzkxsotkj {yotm
znk zxgty|kxyk hkgs |ohxgzout }g|k |kruioz� W mo|kt h� a::cC
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Zosk jkrg� lxus puotz : zu ktjvuotz lux z}u rotq rktmzny5 o7k7 B s5 oy mo|kt h�C
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Zosk jkrg� lxus puotz ; zu ktjvuotz lux utk rotq rktmzn ul =7> s oy mo|kt h�C
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G|kxgmk zxgpkizux� yos{rgzout zosk oy =9; y lux :?999 yos{rgzout yzkvy 2yy3 gz 9799:
yzkv yo!k5 o7k7 979;>; y vkx yzkv7

Znkxkluxk5 yos{rgzout zosk jkrg� lux puotz : oyC

j* E
9D9<:;

9D9;>;
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gtj yos{rgzout zosk jkrg� lux puotz ;C

j+ E
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Zosk jkrg� j* 2}uxyz igyk3 oy otir{jkj ot znk iutzxur yzxgzkm� vuyozout gtj |kruioz�
lkkjhgiq ruuvy7
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Lom{xky :97?2g3 gtj 2h3 ynu} iruiq}oyk zxgiqotm lux znk jusotgtz |ohxgzout sujk
yzgxzotm gz huzzus rklz7 LRGKQL vxuj{iky g yromnzr� hkzzkx xky{rz zngt KQL7 Lom{xky
:97?2i3 gtj 2k3 ynu} y{vkxvuykj zxgiqotm xky{rzy lux KQL5 LRGKQL 2iurruigzkj
yktyux35 TSV5 TSV iuxxkizout gtj LRY |ohxgzout y{vvxkyyout7 Lom{xky :97?2j3 gtj
2l3 ynu} !uuskj |ok}y ul zxgtyoktzy gz znk "xyz joxkizout y}ozin7 Zxgiqotm zosky
gxk : sot :A y lux KQL }ozn TSV iuxxkizout5 : sot ;: y lux LRGKQL }ozn TSV
iuxxkizout gtj : sot >9 y lux LRY7 SgzrghGYos{rotq655 Iutzxur Y�yzksy gtj L{!!�
Rumoi Zuurhu~ky }kxk {ykj lux yos{rgzout a:;c7

&%$+ AZRRFW^ FSI 2TSHQZXNTSX

Iusvrk~ j�tgsoiy gtj otgjkw{gioky ul irgyyoigr gtj sujkxt iutzxur y�yzksy gxk
u|kxiusk h� {yotm g L{!!� Rumoi Y�yzks gjgvzo|k |ohxgzout y{vvxkyyout iutzxur
yzxgzkm� lux g #k~ohrk xuhuz sgtov{rgzux7 Xky{rzy ynu} znk L{!!� Rumoi Y�yzks
gjgvzo|k |ohxgzout y{vvxkyyout yzxgzkm� ginok|ky iutzxur gii{xgi� y{vkxoux zu
Rotkgx W{gjxgzoi Mg{yyogt skznuj }ozn K~zktjkj Qgrsgt Lorzkx ux L{!!� Rumoi
Gjgvzo|k K~zktjkj Qgrsgt Lorzkx tuoyk "rzkxotm grmuxoznsy jkxo|kj lxus rotkgx
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:9 Lrk~ohrk Xuhuz Zxgpkizux� Zxgiqotm Iutzxur :?:

xomoj j�tgsoiy kw{gzouty gtj Tut6Sotos{s6Vngyk zosk6jkrg� iuxxkizo|k iutzxur
gizout7 Znk tutsotos{s vngyk xkyvutyk }gy gryu iutyojkxkj gtj hxok#� joyi{yykj7
Tutsotos{s vngyk 2TSV3 xkyvutyk oy otnkxktz ot #k~ohrk xuhuz sgtov{rgzuxy
gtj g vxuhrks lux vxkioyout iutzxur7 Zu iu{tzkx znoy vxuhrks g yvkio"i |gr{k ul
jkrg�5 jkzkxsotkj k~vkxosktzgrr�5 }gy otzxuj{ikj otzu znk iutzxur yzxgzkm�7 Znk
iutzxur yzxgzkm�5 hgykj ut Gjgvzo|k Qgrsgt Lorzkxotm5 otir{jky gt uxomotgr skznuj
ul Qgrsgt "rzkx mgot gjgvzgzout zngz kty{xky yzghoroz� }oznot g hxugj xgtmk ul
iutjozouty7 Znk sgot iutzxoh{zout ul znoy vgvkx oy znk tu|kr iutzxur yzxgzkm� lux
g #k~ohrk sgtov{rgzux7 Znk j�tgsoi sujkr ul g #k~ohrk sgtov{rgzux }gy zkyzkj
k~vkxosktzgrr� gtj gmgotyz g suxk iusvrk~ sujkr ot vxk|ou{y }uxqy7

@JKJWJSHJX

:7 Hgtkxpkk GQ5 Yotmnuyk ] 2:BBA3 Iussgtj yngvotm ot zxgiqotm iutzxur ul g
z}u6rotq #k~ohrk xuhuz7 P M{ojgtik5 Iutzxur gtj J�tgsoiy5 Ktmotkkxotm Tuzk5
;:C:9:;6:9:>

;7 Mxkkt G5 Ygyogjkq P` 2;99:3 Xkm{rgx gtj l{!!� k~zktjkj Qgrsgt "rzkxotm lux g
z}u6rotq #k~ohrk xuhuz sgtov{rgzux7 OtC Vxui GOGG M{ojgtik5 Tg|omgzout gtj
Iutzxur Iutl7 GOGG5 Xkyzut5 \oxmotog7

<7 Ygyogjkq P`5 ]gtm W 2:BBB3 Yktyux l{yout hgykj ut l{!!� Qgrsgt "rzkxotm
lux g{zutusu{y xuhuz |knoirk7 OtC Vxui OKKK Otz Iutl ut Xuhuzoiy gtj
G{zusgzout5 OKKK Vxkyy5 Voyigzg}g�5 Tk} Pkxyk� ;B@96;B@>7

=7 Mxkkt G5 Ygyogjkq P` 2;99>3 P M{ojgtik5 Iutzxur gtj J�tgsoiy5 ;AC<?6=;
>7 Mxkkt G5 Ygyogjkq P ` 2;99=3 Yktyux ruigzout k!kiz lux #k~ohrk xuhuz iutzxur7 OtC

Vxui =zn Otz ]uxqynuv ut Xuhuz Suzout gtj Iutzxur 2XuSuIu19=3 Kryk|okx5
U~luxj ;><6;>A7

?7 Jk R{ig G5 Yoiorogtu H 2:BB:3 Iruykj6luxs j�tgsoi sujkr ul vrgtgx s{rzorotq
romnz}komnz xuhuzy7 OKKK Zxgty7 Y�yzksy5 Sgt gtj I�hkxtkzoiy5 ;:CA;?6A<B

@7 Znusyut ]Z 2:BA:3 Znkux� ul |ohxgzout }ozn gvvroigzouty5 ;tj kjt7
Vxktzoik6Ngrr5 [vvkx Ygjjrk Xo|kx5 Tk} Pkxyk�7

A7 Hkxky ]5 Ygyogjkq P` 2:BB>3 Lotozk krksktz j�tgsoi sujkr ul s{rzorotq #k~ohrk
sgtov{rgzuxy7 Gvv Sgzn gtj Iusv Yio5 >C;<:6;?;

B7 Hxu}t XM5 N}gtm V_I 2:BB@3 Otzxuj{izout zu xgtjus yomtgry gtj gvvrokj
Qgrsgt "rzkxotm5 Punt ]ork� gtj Yuty5 Tk} _uxq7

:97 Vgyyotu QS5 _{xqu|oin Y 2:BB93 L{!!� iutzxur7 Gjjoyut6]kyrk�5 Sktru Vgxq5
Igroluxtog7

::7 Grk~gtjkx NR 2:BAA3 Iutzxur ul gxzoi{rgzkj gtj jkluxsghrk yvgik yzx{iz{xky7
OtC Nkkx K5 R{s N 2kjy3 Sginotk Otzkrromktik gtj G{zutus� lux Gkxuyvgik
Y�yzksy7 Vxumxkyy ot Gyzxutg{zoiy gtj Gkxutg{zoiy5 GOGG5 ]gynotmzut5
Joyzxoiz ul Iur{shog5 vv <;@6<=@

:;7 Sgzrgh ?5 Yos{rotq = 2;99:3 Iutzxur Y�yzksy gtj L{!!� Rumoi Zuurhu~ky5
Xkrkgyk :;5 Znk Sgzn}uxqy Oti5 Tgzoiq5 Sgyygin{ykzzy7
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gtj LRY5 2j3 KQL5 TSV5 TSV iuxxkizkj gtj LRY !uuskj gz :yz joxkizout y}ozin5
2k3 LRGKQL5 TSV5 TSV iuxxkizkj gtj LRY5 2l3 LRGKQL5 TSV5 TSV iuxxkizkj
gtj LRY !uuskj gz :yz joxkizout y}ozin



%%

:SHIPMRK" :SXMSR =PERRMRK ERH 1SRXVSP

SJ XLI 2VSRIW [MXL >IZSPZMRK /IVSJSMPW.

ER <YXPMRI SJ XLI D?4 =VSNIGX$

Ruz" Hkpo*5 G!mgr Ghoinu{+5 gtj Tgu{lkr G!u{!*

* RYI Rghuxgzux�5 ITXY6LXK;=B=5 [to|kxyoz&k j1K|x� \gr j1Kyyuttk7 =95 x{k j{
Vkr|u{~5 B:9;95 K|x� Ikjk~5 Lxgtik NFINM_E^SY^O/MYT&YRMZ%IZV]&JV

+ ROS Rghuxgzux�5 Kiurk Vur�zkintow{k jk Z{toyok5 HV @=<5 ;9@A Rg Sgxyg5
Z{toyog E^KEP&EFMGLSY/ITX&VRY&XR

&&$& 8SYWTIZHYNTS

Gkxogr xuhuzoiy ngy hkkt qtu}t lux yk|kxgr �kgxy gy g iutyojkxghrk vgyyout ul vxo|gzk
sgt{lgiz{xkxy gy }krr gy xkykgxin rghuxgzuxoky7 Znoy otzkxkyz oy p{yzo"kj h� znk
xkiktz zkinturumoigr vxupkizouty }noin sgqk vuyyohrk znk jkyomt ul vu}kxl{r y�yzksy
ktju}kj }ozn xkgr igvgiozoky ul g{zutusu{y tg|omgzout5 gz tut6vxunohozo|k iuyz7
Zujg�5 znk vxotiovgr rosozgzouty }noin znk xkykgxinkxy skkz gxk xkrgzkj ut utk
ngtj zu znk joÆi{rz� ul iutzxurrotm znk gvvgxgz{y ot znk vxkyktik ul gzsuyvnkxoi
z{xh{rktiky5 gtj ut znk uznkx ngtj zu znk iusvrk~oz� ul znk vxuhrks ul tg|omgzout
xkw{oxotm znk vkxikvzout ul ulzkt iutyzxgotkj gtj k|ur{zoutgx� kt|oxutsktz5 ot
vgxzoi{rgx ot znk igyk ul #omnzy gz ru} grzoz{jk7 Znk gvvroigzouty gxk t{skxu{y7
Znk� otozogrr� xkrgzk zu gxkgy ul yglkz� 2sutozuxotm znk goxyvgik5 {xhgt gtj
otzkx{xhgt zxgÆi35 tgz{xgr xoyq sgtgmksktz 2sutozuxotm znk gizo|oz� ul |urigtuky35
kt|oxutsktzgr vxuzkizout 2skgy{xksktz ul znk gox vurr{zout5 sutozuxotm znk luxkyzy35
otzkx|ktzout ot nuyzork yozky 2xgjougizo|k skjog5 sotk irkgxgtik ul znk mxu{tjy
}oznu{z n{sgt otzkx|ktzout35 sgtgmksktz ul rgxmk otlxgyzx{iz{xky 2yzuvvotmy5
nomn6|urzgmk rotky5 vovkrotky35 gmxoi{rz{xk 2jkzkizout gtj zxkgzsktz ul znk i{rz{xky3
gtj znk igzin ul gox yomnz ot znk vxuj{izout ul "rsy7 Grr znkyk soyyouty xkw{oxk
g vu}kxl{r iutzxur ul znk gvvgxgz{y gtj iutykw{ktzr� vxkioyk otluxsgzout ut ozy
ghyur{zk gtj8ux xkrgzo|k yzgzk }ozn xkyvkiz zu ozy kt|oxutsktz7 Iutzxgx� zu zkxxkyzxogr
suhork xuhuzy lux }noin oz oy ulzkt vuyyohrk zu hk rosozkj zu g qotksgzoi sujkr5
iutzxur ul gkxogr xuhuzy xkw{oxky znk qtu}rkjmk ul g j�tgsoi sujkr7 Znk k!kizy
ul mxg|oz� gtj znk gkxuj�tgsoi rugjy gxk znk vxotiovgr ig{yky7 Znkyk y�yzksy5 lux
}noin znk t{shkx ul iutzxur otv{zy oy ru}kx zngt znk t{shkx ul jkmxkky ul lxkkjus5
gxk qtu}t gy {tjkxgiz{gzkj7 Znk skingtoys ul iutzxur vxu|ojky mktkxgrr� utr�
utk ux z}u otv{zy lux znk zxgtyrgzoutgr j�tgsoiy gtj z}u ux znxkk otv{zy lux znk
xuzgzoutgr j�tgsoiy7 Gz znk hkmottotm ul znk totkzoky5 znk g{zusgzout iuss{toz�

: Znoy }uxq oy y{vvuxzkj h� znk soto6#�kx iusvkzozout vxumxgs uxmgto!kj h� znk
JMG 2Joxkizout M&kt&kxgrk jky Gxsksktzy3 gtj znk UTKXG 2UÆik Tgzoutgrk
j1Kz{jk kz jk Xkinkxink kt G&kxuyvgzogrk35 Lxgtik7
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ynu}kj g xktk}gr ul otzkxkyz ot iutzxur ul znkyk y�yzksy7 Gt u{zyzgtjotm k~gsvrk oy g
znuxu{mn yz{j� igxxokj u{z ut znk j�tgsoiy ul vrgtky roqk \ZUR 2\kxzoigr Zgqk6U!
gtj Rgtjotm3 }noin sgjk oz vuyyohrk zu iutyzoz{zk gt osvuxzgtz yu{xik ul qtu}rkjmk
gtj rkj zu gjjozoutgr jk|kruvsktzy ut znk #gz y�yzks znkux� gtj znk zkintow{ky ul
rotkgxo!gzout otv{z6u{zv{zy a:5 ;c7

Suxk xkiktzr�5 yk|kxgr xkykgxinkxy ykx|k ul znkox k~vkxosktz ut iutzxur suhork
xuhuzy su|otm ut znk mxu{tj5 ot iuuvkxgzout }ozn iutzxur ul #�otm sginotky7

Sujkrrotm gtj iutzxurrotm gkxogr |knoirky 2hrosvy5 soto xuzuxixglz3 gxk znk
vxotiovgr vxkuii{vgzout ul znk Il\5 Ibf6mxu{vy7 Iusvkzozout ul znk JMG6UTKXG
vxumxgs }ut znk ^YL vxupkiz }noin iutyoyzy ul g jxutk }ozn xk|ur|otm gkxuluory7
Oz oy kw{ovvkj }ozn lu{x xuzuxy }nkxk z}u gxk joxkizoutgry5 }ngz }k igrr ot znk
zk~z [b]bk^\mbhgZe ^=6#�kx7 Ot lgiz5 znk yz{j� ul w{gj6xuzux |knoirky oy tuz xkiktz7
Nu}k|kx5 iushotgzout ul xk|ur|otm gkxuluory gtj joxkizoutgr xuzuxy }kxk gzzxgizo|k
lux znk iutzkyz7 Ot znoy zuvoi5 g soto6[G\ }gy iutyzx{izkj h� znk Il\6mxu{v zgqotm
otzu giiu{tz otj{yzxogr iutyzxgotzy7 Znk gkxogr #�otm ktmotk iu{rjt1z k~ikkj ; qm
ot sgyy5 gtj @9 is ul yigrk }ozn gvvxu~osgzo|kr� <9 sot ul #�otm6zosk7 Iusvgxkj
zu nkroiuvzkxy5 tgskj w{gj6xuzux a<c5 znk lu{x6xuzux xuzuxixglz ngy yusk gj|gtzgmky
a=5 >cC mo|kt zngz z}u suzuxy xuzgzk iu{tzkx iruiq}oyk }nork znk uznkx z}u xuzgzk
iruiq}oyk5 m�xuyiuvoi k!kizy gtj gkxuj�tgsoi zuxw{ky zktj5 ot zxosskj #omnz5 zu
igtikr7 \kxzoigr suzout oy iutzxurrkj h� iurrkizo|kr� otixkgyotm ux jkixkgyotm znk
vu}kx lux grr suzuxy7

Ot g iut|ktzoutgr ^=6#�kx5 znk rutmoz{jotgr8rgzkxgr suzout ot {8| joxkizout oy
ginok|kj h� jo!kxktzogrr� iutzxurrotm znk suzuxy mktkxgzotm g vozinotm8xurrotm suzout
ul znk goxlxgsk zngz otirotky znk znx{yz 2vxuj{iotm nuxo!utzgr luxiky3 gtj rkgjy zu
rgzkxgr giikrkxgzouty7 Ot g hojoxkizoutgr ^= #�kx5 }oznu{z mktkxgzotm xuzgzout ul
znk ktmotk5 }k igt utr� xuzgzk z}u xuzuxy }ozn xkyvkiz zu znkox ruigr lxgsk gtj
ng|k rgzkxgr suzouty7 Znk suzout vrgtotm gtj iutzxur ul znkyk iut"m{xgzouty gxk
tk}7 ]ozn xkyvkiz zu znk rozkxgz{xk5 }k iozk znk \ZUR yzghoro!gzout h� Ngskr a>c5
}nkxk znk j�tgsoi suzux k!kizy gxk otiuxvuxgzkj7 Znk xuh{yz u{zv{z xkm{rgzout lux
g{zutusu{y |kxzoigr rgtjotm }gy yz{jokj h� Sgxiuto aAc7 Znk yzghoro!gzout xky{rzy
lux znk ^=6#�kx h� znk tkyzkj ygz{xgzout grmuxozns }kxk mo|kt h� Igyzorru a?c7 Zngz
}uxq }gy orr{yzxgzkj h� y{iikyyl{r zkyzy7 Ot znk igyk ul znk V\ZUR 2Vrgtgx35 znk
yzghoro!gzout }gy yur|kj }ozn znk otv{z8u{zv{z rotkgxo!gzout vxuikj{xk a@c gtj znk
znkux� ul #gz y�yzksy a:5 ;c7 Gy }k igt ykk5 znk iutzxur ul #�otm |knoirky oy rosozkj
zu znk yzghoro!gzout vxuhrks7 Ot znoy }uxq5 zxgiqotm xky{rzy gxk vxkyktzkj7

Znoy gxzoirk oy uxmgto!kj ot znk lurru}otm }g�C Ykizout ::7; jkyixohky znk }uxqkj
u{z zxgtyrgzoutgr gtj xuzgzoutgr suzouty7 Ykizout ::7< vxkyktzy znk jk|kruvkj ojkgy
ul iutzxur lux znk iut|ktzoutgr ^=6#�kx gtj znk hojoxkizoutgr utk7 G yzxgzkm� zu
yur|k znk zxgiqotm vxuhrks znxu{mn vuotz zu vuotz yzkkxotm oy ynu}t ot Ykizout ::7=7
Znk yos{rgzout zkyzy5 xky{rzy5 iussktzy gtj znk vxuyvkizy lux k|ur{zout ul xkykgxin
iutir{jk znk }uxq7

&&$' 2TS!LZWFYNTS 3JXHWNUYNTS FSI <TIJQNSL

Znk iut|ktzoutgr gtj znk hojoxkizoutgr ^YL gxk y�yzksy iutyoyzotm ul lu{x otjo|oj{gr
krkizxoigr lgty gzzginkj zu g xomoj ixuyy lxgsk7 ]k iutyojkx g ruigr xklkxktik
goxlxgsk >B E NPEN[

* E N
[
+ E N

[
,O gz P 2sgyy iktzkx35 }nork znk otkxzogr lxgsk oy

>c E NXENlE NmE NnO y{in zngz znk |kxzoigr joxkizout Nn oy {v}gxjy7 Rkz znk |kizux
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a E 2{E |E }3 jktuzk znk P vuyozout }ozn xkyvkiz zu >c7 Znk xuzgzout ul znk xomoj
huj� oy jk"tkj h� [27*73 C >c 2 >B5 }nkxk [27*73 7 \X2<3 oy gt uxznumutgr
xuzgzout sgzxo~ }noin oy jk"tkj h� znk K{rkx gtmrky5 22vozin35 =2xurr3 gtj ?2�g}35
xkmxu{vkj ot 1 E 2=E 2E ?37 G iutikvz{gr luxs oy yqkzinkj ot Lom7 ::7:7

Znk ^YL oy g w{gjxuzux ul ?A is # ?A is ul zuzgr yo!k7 Oz oy jkyomtkj
ot g ixuyy luxs gtj sgjk ul igxhut "hkx7 Kgin zov ul znk ixuyy ngy g xuzux
otir{jotm gt krkizxoi hx{ynrkyy suzux5 g yvkkj iutzxurrkx gtj g z}u6hrgjk j{izkj
vxuvkrrkx7 Ot znk sojjrk utk igt "tj g iktzxgr i�rotjkx ktiruyotm krkizxutoiy5 tgskr�
Otkxzogr Skgy{xksktz [toz5 ut6hugxj vxuikyyux5 MVY5 xgjou zxgtysozzkx5 igskxgy
gtj {rzxgyu{tj yktyuxy5 gy }krr gy znk RO6VUR_ hgzzkxoky7 Znk uvkxgzotm vxotiovrk
ul znk ^YL igt hk vxkyktzkj gy lurru}yC z}u xuzuxy z{xt iruiq}oyk5 gtj znk uznkx
z}u xuzuxy z{xt iu{tzkx6iruiq}oyk zu sgotzgot znk zuzgr kw{orohxo{s ot �g} suzout7
]ozn znk kw{orohxo{s ul znk gtm{rgx |kruiozoky ul grr znk xuzuxy sgotzgotkj5 znk ^YL oy
koznkx ot g "~kj vuyozout5 ux su|otm |kxzoigrr� 2ingtmotm grzoz{jk37 G ingxgizkxoyzoi
ul znk ^YL iusvgxkj zu uznkx w{gjxuzuxy oy znk y}o|krotm ul znk y{vvuxzy ul znk
suzuxy : gtj < gxu{tj znk vozinotm g~oy j{k zu z}u ysgrr ykx|usuzuxy 2Lom7 ::7;37
Znoy vkxsozy g suxk yzghoro!kj nuxo!utzgr #omnz gtj g y{ozghrk iuxtkxotm7

@][. 00.0. Iutikvz{gr luxs ul znk ^= Y{vkx6Lr�kx 2^YL3

&&$( 0JWTI^SFRNH 5TWHJX FSI BTWVZJX

Ot znoy vgxz }k }orr jk"tk znk ingxgizkxoyzoiy ul znk gkxuj�tgsoi luxiky gtj zuxw{ky
xky{rzotm lxus znk hrgjk znkux�7 Znk hrgjk hkng|ky gy g xuzgzotm }otm7 Kgin krksktz
ul znk hrgjk gu oy ot iutzgiz }ozn znk gox#u} }ozn g yvkkj _L gtj giiuxjotm zu gt
gtmrk ul gzzgiq +7 Utk igrr vgty znk g~oy�sskzxoi nuujotm ul znk n{h5 otzkxjkvktjktz
ul znk vxuvkrrkx ot xuzgzout7 Ot znk vrgt ul znk vxuvkrrkx5 znk vgt oy jk"tkj h� znk
xgjo{y [c7

Kgin krksktzgx� ykizout ul znk hrgjk ul }ojzn gu ixkgzky g rolz gU gtj g jxgm
gM aBc5 y{in gy

gU E
:

;
9LF_

+
Lg\E gM E

:

;
9L?_

+
Lg\E 2::7:3

}nkxk 9 oy znk gox jktyoz�5 LF gtj L? xkvxkyktz gjosktyoutgr iukÆioktzy ul rolz gtj
jxgm jkvktjotm sgotr� ut znk gtmrk ul gzzgiq + 2+ E -!)5 ykk Lom7 ::7<37 Giiuxjotm

11 Modeling, Motion Planning an Control of the Drones 167



@][. 00.1. Lxgsky gzzginkj zu znk ^= hojoxkizoutgr xuzuxy xuzuxixglz

@][. 00.2. Jkyixovzout ul luxiky gvvrokj zu znk hrgjk

zu znk lgiz zngz znk ^YL }orr nu|kx ux su|k gz ru} yvkkj5 }k sgjk znk gyy{svzout
zngz znk znx{yz i lux g K hrgjky vxuvkrrkx igt hk }xozzkt gyC

i E
K

;
9

LS
L%

_ +
Lf2u3LF2u3gu E

K

;
9@+

LS
L%

u+f2u3LF2u3guD 2::7;3

]k igt krosotgzk znoy yktzktik }noin ykksy zu hk {tirkgx ux tuz tkikyygx�7 Znkt
znk vgxgmxgvn hkiuskyC

i E TN@
+D 2::7<3
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Znk iusv{zgzout ul znk rolz iukÆioktz oy ulzkt iusvrk~7 Oz oy zn{y kyyktzogr
zu krghuxgzk gt k~vkxosktzgr vxuikyy5 }noin vkxsozy zu jkzkxsotk vxkioykr� znk
iukÆioktz TN gy }krr gy znk rosozy ul |grojoz� ul znk xkrgzout7

Znk jxgm zuxw{k oy jk"tkj yosorgxr� gy

V? E
K

;
9

LS
L%

_ +
Lf2u3L?2u3ugu E

K

;
9@+

LS
L%

f2u3L?2u3u
,gu 2::7=3

ux yosvr�
V? E TG@+D 2::7>3

Znk iusvktygzout ul znoy zuxw{k ot znk iktzkx ul mxg|oz� oy kyzghroynkj zngtqy
zu znk {yk ul iutzxgxuzgzotm xuzuxy :6< gtj ;6=7 Xkigrr zngz xuzuxy ; gtj = z{xt
iu{tzkxiruiq}oyk }nork xuzuxy : gtj < z{xt iruiq}oyk7

&&$) 3^SFRNHX TK <TYNTS

]k iutyojkx znk zxgtyrgzout suzout ul >B }ozn xkyvkiz zu 2pkm3 >c7 Znk vuyozout
ul znk sgyy iktzkx pkm >c oy jk"tkj h� XP E 2{ | }3N 5 ozy zosk jkxo|gzo|k mo|ky
znk |kruioz� pkm zu >c y{in zngz X #IB

Xh
E 2 e{ e| e}3N 5 }nork znk ykiutj zosk jkxo|gzo|k

vkxsozy zu mkz znk giikrkxgzoutC X' #IB
Xh'

E 2&{ &| &}3N C

p&{ E\3L*x+ ! \*x,E

p&| E2\*\3\=4 L3L=3x+ 4 L*\2x,E 2::7?3

p&} E2\*\3L=! L3\=3x+ 4 L*L2x, !pjE

}nkxk p oy znk zuzgr sgyy ul znk |knoirk7 Znk |kizux x]5 l E ;E < iushotky znk
vxotiovgr tut iutykx|gzo|k luxiky gvvrokj zu znk ^= hojoxkizoutgr #�kx goxlxgsk
otir{jotm luxiky mktkxgzkj h� znk suzuxy gtj jxgm zkxsy7 Xkigrr zngz znk
gkxuj�tgsoi jxgm luxik oy mo|kt h� znk irgyyoigr xkrgzout C O? E *

+
9U]f_

+\L?5 }nkxk
Y oy g xklkxktik gxkg5 L? oy znk jxgm iukÆioktz ul znk w{gjxuzux ot lux}gxj #omnz7
]k gyy{sk nkxk zngz znk gvvgxktz yvkkj _ ul znk ^YL oy ysgrr 2F = s8y35 zn{y }k
tkmrkiz luxik O? ot znk j�tgsoi sujkr7 M�xuyiuvoi zuxw{ky j{k zu suzuxy k!kizy
igt hk gryu tkmrkizkj7

Znk rolz 2iurrkizo|k3 luxik x, gtj znk joxkizoutgr luxik x+ gxk y{in zngz:I 9
x+
x,

;J E i*h
'
* 4 i,h

'
, 4 i+h+ 4 i-h- 2::7@3

}ozn i] E TN@
+
] 5 TN H 9 gtj iutyzgtz 2suxk jkzgory ghu{z TN gxk mo|kt ot Ykizout

::7<35 @] oy znk gtm{rgx yvkkj ul suzux l7 Ot znk ruigr lxgsk >B oz oy yzxgomnzlux}gxj
zu |kxol� zngz

h'* E

:I 9
\-*
L-*

;J
*.

E h', E

:I 9
\-,
L-,

;J
*.

E h+ E h- E

:I 9
9
:

;J
*.

D
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x+ Ei*\-* 4 i,\-,E

x, Ei*L-* 4 i,L-, 4 i+ 4 i-E
2::7A3

}nkxk 7* gtj 7, gxk znk z}u otzkxtgr jkmxkky ul lxkkjus ul xuzuxy : gtj <5 xkyvkizo|kr�7
Znkyk hu{tjkj |gxoghrky gxk iutzxurrkj h� JI ykx|u6suzuxy7 h+ gtj h- gxk znk
{toz |kizuxy grutm N[

, }noin osvr� zngz xuzuxy ; gtj = gxk ojktzoigr zu zngz ul znk
iut|ktzoutgr ^=6#�kx7 Giiuxjotm zu irgyyoigr skingtoiy5 znk xuzgzoutgr j�tgsoiy oy
gy lurru}yC

&2 E
:

RllL2
2;* 4 Rll\2 e= e23E

&= E
:

RmmL2L*
2;2 4 Rmm\2L* e=

+ 4 Rmm\*L2 e2 e=3E 2::7B3

&? E
:

Rnn
;3E

}nkxk znk otkxzog sgzxo~ RB E jogm2RllE RmmE Rnn35 gtj znk znxkk otv{zy ot zuxw{k

;2 E o2i+ ! i-3E

;* E o2i,L-, ! i*L-*3E 2::7:93

;3 E o2i,\-, ! i*\-*3 4
TG

TN
2i,L-, ! i*L-* 4 i- ! i+3E

}nkxk o oy znk joyzgtik lxus P zu znk xuzux l7 Tuzk zngz ;3 E E0
E4

2i,! i*4 i-! i+35

}noin oy znk igyk ul znk iut|ktzoutgr sginotk 27* E 7, E 937 Znkt }ozn znk
hojoxkizoutgr xuzuxy5 suxk sgtuk{|kx oy uhzgotkj ot �g} suzout7

Znk kw{groz� lxus 2::7B3 oy kty{xkj5 skgtotm zngz

&1 E &B213
!*2; ! e&B213 e13 2::7::3

}ozn ; E 2;* ;2 ;33
N gy gt g{~orogx� otv{z5 gtj

&B213 E

:I RllL2 9 9
9 RmmL2L* 9
9 9 Rnn

;J D 2::7:;3

Gy g "xyz yzkv5 znk sujkr mo|kt ghu|k igt hk otv{z8u{zv{z rotkgxo!kj h� znk
lurru}otm jkiu{vrotm lkkjhgiq rg}y

;* E !Rll\2 e= e2 4 RllL2%;*E

;2 E !Rmm\2L* e=+ ! Rmm\*L2 e2 e=4 RmmL2L*%;2E 2::7:<3

;3 E Rnn%;3

gtj znk jkiu{vrkj j�tgsoi sujkr ul xuzgzout igt hk }xozzkt gy

&1 E %; 2::7:=3

}ozn %; E 2%;* %;2 %;33
N 7 [yotm znk y�yzks ul Kw{gzouty 2::7?3 gtj 2::7:=35 znk

j�tgsoiy ul znk y�yzks oy jk"tkj h�

p&{ E \3L*x+ ! \*x,E

p&| E 2\*\3\2 4 L3L23x+ 4 L*\2x,E

p&} E 2\*\3L2 ! L3\23x+ 4 L*L2x, !pjE

&2 E %;*E &= E %;2E &? E %;3D

2::7:>3
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O^fZkd 1. Gy ynu}t ot 2::7:>35 znk kw{o|grktz y�yzks ul znk iutzxur6otv{zy vxkyktzy
"|k otv{zy ^ E2x+E x,E %;*E %;2E %;335 }nork znk xuzux luxik6otv{zy gxk ul yo~zn uxjkx 2ykk
xkrgzouty ::7@5::7:93 O E2i*E i+E i,E i-E 7*E 7,37 Znkt znk zxgtyluxsgzout ^ :2 O oy
tuz g jo!kusuxvnoys7

**(-(* 7dYLXTN @Z_TZY ZQ _SP 6ZYaPY_TZYLW K- 9WdP]

Utk jkj{iky znoy j�tgsoi glzkx y{hyzoz{zotm 7* E 7, E 9 ot Kwy7 2::7:>3 gtj 2::7A3C

p&{ E !\*x,E
p&| E L*\2x,E

p&} E L*L2x, !pjE

&2 E %;*E &= E %;2E &? E %;3D

2::7:?3

O^fZkd 2. Ot znk iut|ktzoutgr ^=6#�kx 2ykk Lom7 ::7=5 xomnz3 igyk5 }nkxk }k iutyojkx
7* E 7, E 95 znk �g} suzout oy mktkxgzkj h� ;3 E E0

E4
2i* ! i+ 4 i, ! i-37 Znk

iurrkizo|k otv{z ot 2::7:?3 oy mo|kt h� x, E i* 4 i, 4 i+ 4 i-7

@][. 00.3. Xuzux xuzgzoutyC hojoxkizoutgr 2rklz3 gtj iut|ktzoutgr 2xomnz3

&&$* 0I[FSHJI AYWFYJLNJX TK 2TSYWTQ

U{x gos ot znk ^YL vxupkiz oy zu zkyz znk igvghoroz� ul znk jxutk }nork vxumxkyyotm
ot gt gxkg }ozn gvvxu~osgzo|kr� zkt6skzkx h{orjotmy7 Ot znoy vgxz5 }k }orr vxkyktz
hxok#� znk vuotz6zu6vuotz hgykj zxgiqotm ul znk iut|ktzoutgr ^=6#�kx7 Znk xkgjkx igt
xklkx zu Hkpo a:9c lux suxk jkzgory7 Suxk gzzktzout }orr hk mo|kt zu znk hojoxkizoutgr
ktmotk }noin }gy gryu yz{jokj h� Hkpo a::c h{z tuz iusvgxkj zu znk iut|ktzoutgr
utk7

**(.(* 6ZYaPY_TZYLW 4P]TLW IPSTNWP

Znk zxgiqotm iutzxur vxuhrks }gy yur|kj {yotm znk vuotz6zu6vuotz yzkkxotm7 Lux znk
zxgiqotm vxuhrks5 kgin vuotz }orr hk yzghoro!kj gtj zxgiqkj gy g yzgxzotm utk7 Lrgztkyy
}gy vxu|kj }ozn xkyvkiz zu znk #gz u{zv{z 2{E |E }3 a:9c7 Xkigrr zngz g y�yzks oy #gz
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ol }k igt "tj g ykz ul u{zv{zy 2kw{gr ot t{shkx zu znk t{shkx ul otv{zy3 y{in zngz
grr yzgzky gtj otv{zy igt hk jkzkxsotkj lxus znkyk u{zv{zy }oznu{z otzkmxgzout a;c7

]k vxu|kj zngz znk yzgzk gtj znk iutzxur |kizux gxk l{tizout ul znk #gz u{zv{z
gtj znkox zosk jkxo|gzo|ky7 Lux g mo|kt ysuuzn zxgpkizux� 72w3E2{2w3E |2w3E }2w337 ]k
mkz 2x, H 93

x, E p
!
&{+ 4 &|+ 4 2&} 4 j3+

" &
' E

= E gxizgt

-
&|

&} 4 j

.
gtj 2 E ! gxizgt

-
f2&{

&} 4 j

.
D

2::7:@3

Otjkkj5 x,5 25 =5 ex,5 e25 gtj e= gxk l{tizouty ul &7E 7&,'7 Zn{y oz oy yzxgomnzlux}gxj zu
|kxol� zngz yzgzky gtj otv{zy gxk l{tizouty ul 27E e7E 7&+'E 7&,'37 Suxku|kx5 }k igt jkxo|k
22w35 =2w3 gtj vxu|k znk 76jkvktjkti� ul %;* gtj %;2 gy l{tizout ul 27&+'E 7&,'E 7&-'37

Lxus Kw7 2::7:?35 znk �g} suzout igt hk tgz{xgrr� yzghoro!kj zu g jkyoxkj |gr{k
2ykiutj uxjkx }ozn iutyzgtz iukÆioktzy3 gtj znk } grzoz{jk igt hk yzghoro!kj h� x,
2tutrotkgx jkiu{vrotm lkkjhgiq37 Znk xky{rzy gxk xkmxu{vkj ot znk lurru}otm znkuxks7

L\YbeY` 0. @hglb]^k ma^ ]rgZfb\l h_ ma^ \hgo^gmbhgZe Z^kbZe o^ab\e^ `bo^g [r
)11.16*. Qa^ _heehpbg` \hgmkhe bginml lmZ[bebs^ Zgr ]^lbk^] \hg"`nkZmbhg
2{XE |XE }XE ?XE 2XE =X3, pa^k^ ?X E q8, 2X 7 a2aX E 2

G
X c Zg] =X 7 a=aX E =

G
X c:

x, E pj 4p&}X !pnn*2 e} ! e}X3!pnn+2} ! }X3E

%;3 E &?X ! n3* 2
e? ! e?X3! n3+ 2? ! ?X3E

%;* E ! :

j 4 i2}E }X3
26l 4 &i2}E }X32 4 ; ei2}E }X3 e23E

%;2 E ! :

j 4 i2}E }X3
26m 4 &i 2}E }X3=4 ; ei2}E }X3 e=3E

6l E {
&-'
X ! nl* 2{

&,' ! {
&,'
X 3! nl+ 2&{! &{X3! nl, 2 e{! e{X3! nl- 2{! {X3E

6m E |
&-'
X ! nm* 2|

&,' ! |
&,'
X 3! nm+ 2&| ! &|X3! nm, 2 e| ! e|X3! nm-2| ! |X3D

2::7:A3

E^k^, ma^ _ng\mbhg i2}E }X3 E &}X ! nn*2 e} ! e}X3! nn+2} ! }X3 bl Zllnf^] mh [^ k^`neZk
pkm mh ma^bk Zk`nf^gml. Qa^ nn] , n

3
] , n

l
] Zg] nm] Zk^ ihlbmbo^ Zg] lmZ[e^ \h^Æ\b^gml.

(g( ]^ghm^l ma^ ]^lbk^] mkZc^\mhkr.

Mkhh_. Jkzgory ul znk vxuul gxk mo|kt ot a:9c7

**(.(+ 5TOT]PN_TZYLW K-'"dP]

Xkigrr zngz znk z}u xuzuxy :6< igt hk joxkizkj zumkznkx ux jo!kxktzr� rkgjotm zu g
rutmoz{jotgr8rgzkxgr luxik7 Znoy luxik iutzxoh{zky zu znk joyvrgiksktz ul znk |knoirk
grutm znk {8| g~oy5 gtj oy jktuzkj h� x+7 Zu hxotm znk ktmotk lxus utk g~oy zu gtuznkx
ux huzn ul znks5 utk mktkxgzky �g} suzouty "xyz7 Gy }k igt ykk ot znk lurru}otm5
znk yotm{rgxoz� uii{xy }nkt ? E %.

+
7 Ot uxjkx zu g|uoj znk yotm{rgxoz�5 x+ ynu{rj

ingtmk yzx{iz{xk7 Znk yzgzoi lkkjhgiq rotkgxo!gzout gtj lkkj6lux}gxj zkintow{ky gxk
iushotkj zu kty{xk zxgiqotm7

U{x "xyz otzkxkyz oy znk j�tgsoiy ul 2|5}35 }noin igt hk jkiu{vrkj h� g yzgzoi
lkkjhgiq rg} ol znk jkiu{vrotm sgzxo~ oy tuz yotm{rgx7 Znkt }k ng|k znk lurru}otm
vxuvuyozout7
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Hebcbf]g]ba 0. @hglb]^k 2?E 23 7c ! 8G;E 8G;a, pbma ma^ lmZmb\ _^^][Z\d eZpl

x+ E p6mL2L
!*
3 !p26n 4 j3\2L

!*
3 E

x, E p6m2\2L
!*
* ! L2wj3wj*3 4p26n 4 j32L2L

!*
* 4 \2wj3wj*3

2::7:B3

Zg]

6m E &|f ! n*m2 e| ! e|f3! n+m2| ! |f3E

6n E &}f ! n*n2 e} ! e}f3! n+n2} ! }f3D
2::7;93

Qa^ ]rgZfb\l h_ | Zg] } Zk^ ebg^Zker ]^\hnie^] Zg] ^qihg^gmbZeer lmZ[e^ pbma ma^
ZiikhikbZm^ \ahb\^ h_ ma^ `Zbg \hgmkhee^k n]m Zg] n]n.

Mkhh_. Lxus 2::7:>35 utk xkmxu{vy znk z}u j�tgsoiy gy-
&|
&}

.
E

:

p

-
\*\3\2 4 L3L2 L*\2
\*\3L2 ! L3\2 L*L2

.-
x+
x,

.
!
-
9
j

.
D 2::7;:3

]nkt otiuxvuxgzotm otv{zy 2::7:B3 ot y�yzks 2::7;:35 }k mkz

&| E 6mE &} E 6nD 2::7;;3

Zgqotm 2 iruyk zu !kxu5 g lkkj6lux}gxj luxs ul znk { j�tgsoi oy mo|kt h�

&{ E
:

p
2\3x+ ! 2x,3E &2 E %;* 2::7;<3

}nork x+ gtj x, }kxk grxkgj� jk"tkj ot Vxuvuyozout :7 Tuzk zngz znk j�tgsoiy ul {
ykksy zu hk g s^kh ]rgZfb\l5 h{z oz oy iuttkizkj zu 25 }noin oy ot ozy z{xt iuttkizkj
zu %;*7

Hebcbf]g]ba 1. Pniihl^ ma^k^ ^qblml Z mbf^ ] *
Z ln\a maZm ;w 7 a])E ]

*
Z c

x,2w3 H 9. Qa^g ma^ ]rgZfb\l h_ { bl ]^\hnie^] ng]^k ma^ _heehpbg` _^^][Z\d
\hgmkhee^k

%;* E
:

x,
2!p6l 4 &?L3x+ ! e?+\3x+ 4 ; e?L3 ex+ 4 \3&x+ ! ; e2 ex, ! 2&x,3 2::7;=3

e^Z]bg` mh {&-' E 6l pbma

6l E {
&-'
X ! n*l2{

&,' ! {
&,'
X 3! n+l2&{! &{X3! n,l2 e{! e{X3! n-l2{! {X3 2::7;>3

pab\a lmZ[bebs^l ma^ lrlm^f ^qihg^gmbZeer ){ E {XE 2 E 9*. n]l Zk^ lmZ[e^ \h^Æ\b^gml.

Znoy rgyz xky{rz oy yzxgomnzlux}gxj gtj igt hk ynu}t glzkx ng|otm jkxo|kj z}oik
znk j�tgsoiy ul {7 Tuzk zngz x, H 9 gtj x, E pj ;w H ] *

Z 5 znkt znk jxutk xkginky
znk jkyoxkj kw{orohxo{s 2{ 2 {XE 2 2 !Rl

[
2 937 Znk jxg}hgiq ul znk iutzxurrkx

2::7;=3 oy zngz oz xkw{oxky znk "xyz8ykiutj zosk jkxo|gzo|k ul x,7 Znkt g ysuuzn
xklkxktik zxgpkizux� oy xkw{oxkj7 Suxku|kx5 gtj ot uxjkx zu xkj{ik znk igri{rgzout
iusvrk~oz� ul znk iutzxurrkx5 }k igt xkvrgik ot 2::7;=3 ?E e?E &? h� znk xklkxktiky
?XE e?XE &?X7 Ot lgiz5 ? igt hk yzghoro!kj ykvgxgzkr� gtj xkginky ?X 7c ! 8G;E 8G;a7

O^fZkd 3. Znk otzkx|gr rosoz ul ?X 7c ! 8G;E 8G;a oy g ngtjoigv lux znk sginotk ol
utk }gtzy g joyvrgiksktz giiuxjotm zu { }ozn znk luxik otv{z x+7 Ot znoy igyk5 znk
joyvrgiksktz grutm { xkw{oxky gt uxoktzgzout ul ?X E 8G;5 }noin oy g yotm{rgxoz� lux
x+ 2ykk 2::7:B337 ]k mo|k g yur{zout zu znoy vxuhrks ot znk lurru}otm7
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U{x ykiutj otzkxkyz oy znk 2{E }3 j�tgsoiy5 }noin igt hk gryu jkiu{vrkj h� g
yzgzoi lkkjhgiq rg} gy ynu}t ot znk lurru}otm vxuvuyozout7 Znkxkluxk5 }k qkkv znk
otv{z x, lux znk grzoz{jk } yzghoro!gzout gtj x+ lux znk j�tgsoiy ul {7

Hebcbf]g]ba 2. Tbma ma^ g^p bginml

x+ E 2\3L2 ! \*L3\23
!*2p6lL2L* 4p26n 4 j3\*3E

x, E 2\3L2 ! \*L3\23
!*2!p6l2\3\*L2 ! L3\23 4p26n 4 j3\3L*3

2::7;?3

e^Z]bg` mh
&{ E 6lE &} E 6nE 2::7;@3

ma^ ]rgZfb\l h_ { Zg] } \Zg [^ ]^\hnie^] Zg] lmZ[bebs^] makhn`a 6l Zg] 6n Zl Z[ho^.

O^fZkd 4. Znk iutzxur otv{zy x+ gtj x, ot Vxuvuyozout < kty{xk znk zxgiqotm iutzxur
ot znk {! } vrgtk7 L{xznkx5 utk tkkjy zu yzghoro!k znk | suzout7 Znk vxuhrks igt hk
luxs{rgzkj gy ot 2::7;<35 }nkxk = igt hk inuykt gy gt otv{z |gxoghrk7 Znk j�tgsoiy
ul | iu{vrkj zu = oy ot igyigjk luxs7 Iutykw{ktzr� %;2 igt hk jkj{ikj }ozn znk ygsk
vxuikj{xk mo|kt ot 2::7;=37

O^fZkd 5. Zu y}ozin hkz}kkt znk z}u iutzxurrkxy 2::7:B3 gtj 2::7;?3 iutzot{oz� oy
xkiussktjkj }noin vkxsozy zu g|uoj znk vkgq vnktusktut7 Znoy igt hk gyykxzkj ol
}k osvuyk iutyzxgotzy zu znk xklkxktik zxgpkizuxoky7 Ot uxjkx zu kty{xk znoy5 }k zgqk
x+2? E 93 E x+2? E 8G;3 E 9 }ozn = E 2 E 97 Lux ? E 9 utk {yky 2::7:B3 gtj
lux ? E 8G;5 utk xklkxy zu k~vxkyyout 2::7;?37 Znkt lxus 2::7:B35 2::7;?3 }k jkj{ik
zngz 6m2]

+
Z 3 E 6l2]

+
Z 3 gtj &|X2]

+
Z 3 E &{X2]

+
Z 37 Zgqotm = E 2 E 95 }k osvuyk zngz

x,2? E 93 E pj ot Kw7 2::7:B3 gtj x,2? E 8G;3 E pj ot Kw7 2::7;?37 ] +
Z oy znk

tkikyygx� "tgr zosk zu xkgin {X2]
+
Z 37

&&$+ <TYNTS ?QFSSNSL FSI ANRZQFYNTS @JXZQYX

Ot uxjkx zu |grojgzk znk suzout vrgttotm grmuxozns }ozn znk vxuvuykj iutzxurrkx5
znk iut|ktzoutgr gtj hojoxkizoutgr ^=6#�kx gxk zkyzkj ot yos{rgzout7 Znk zuzgr sgyy
ul znk jxutk oy p E ; qm7 Znk zkintoigr ingxgizkxoyzoiy ul znoy #�otm |knoirk }kxk
vxkyktzkj ot a:9c7 ]k ng|k iutyojkxkj znk lurru}otm xklkxktik zxgpkizux�

}X2w3 E kX
w.

w. 4 2] *
Z ! w3.

E 2::7;A3

}nkxk kX oy znk jkyoxkj grzoz{jk gtj ] *
Z oy znk tkikyygx� "tgr zosk7 Znk ygsk

zxgpkizux� oy gjuvzkj lux {X2w3 gtj |X2w37 Znk iutyzxgotzy zu vkxluxs znkyk
zxgpkizuxoky gtj zu kty{xk iutzot{oz� ot znk vxuvuykj iutzxur yinksky gxk y{in zngz
}X293 E {X2]

*
Z 3 E |X2]

+
Z 3 E 95 }X2]

*
Z 3 E kX5 e}X293 E e{X2]

*
Z 3 E e|X2]

+
Z 3 E 95 e}X2]

*
Z 3 E

e{X2]
+
Z 3 E e|X2]

,
Z 3 E 95 &}X2]

*
Z 3 E &{X2]

+
Z 3 E &|X2]

,
Z 3 E 95 &}X293 E &{X2]

*
Z 3 E &|X2]

+
Z 3 E 97

] +
Z gtj ] ,

Z gxk znk "tgr zosky zu k~ki{zk suzout grutm { gtj |5 xkyvkizo|kr�7
Sotoso!otm znk zosk ul joyvrgiksktz nkxk osvroky zngz znk jxutk giikrkxgzky gz znk
hkmottotm gtj jkikrkxgzky gz znk gxxo|gr7

]k iuttkiz znk xklkxktik } ! { gy ot Lom7 ::7@5 iutyojkxotm

{X2w3 E !9 iuy2+2w33 4 9 gtj }X2w3 E 9 yot2+2w33 4 kX 2::7;B3
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gtj lux znk xklkxktik zxgtyozout {! |5 }k zgqk

{X2w3 E 9 yot2+2w33 4 {X2]
+
Z 3 gtj |X2w3 E !9 iuy2+2w33 4 9D 2::7<93

Zu kty{xk iutzot{oz� hkz}kkt {X2w3 gtj |X2w3 jkxo|gzo|ky5 }k zgqk

+2w3 E
+X2w! wZ 3

.

2w! wZ3. 4 2wU ! w3.
E 2::7<:3

}nkxk 9 E ; s5 +X E n$8G; 2n$ E :E ;35 wU E ? y5 wZ E A y5 {X2]
+
Z 3 E |X2]

,
Z 3 E

E kX 4 9 E :9 s7
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@][. 00.6. Hojoxkizoutgr {|}6#�otm vgzn xkgro!gzout

Lom{xky ::7>6::7? ynu} g #�otm vgzn }ozn yzxgomnz iuxtkxyC znk iut|ktzoutgr igyk
xky{rz oy yqkzinkj ot Lom7 ::7>5 gtj znk hojoxkizoutgr hkng|oux oy ynu}t ot Lom7 ::7?7
Znk ktmotk oy sgotzgotkj nuxo!utzgr 22 E = E 93 2Lom7 ::7>35 skgtotm zngz x+ oy
{ykj zu vkxluxs znk rutmoz{jotgr8rgzkxgr joyvrgiksktzy7 Znk jo!kxktik hkz}kkt znk
z}u xkgro!gzouty oy tuz tuzghrk7 Znk vkxluxsgtik ul znk vxuvuykj iutzxur rg}y }ozn
znk hojoxkizoutgr #�otm sginotk oy ynu}t ot Lom7 ::7@7

&&$, 2TSHQZXNTSX

]k ng|k iutyojkxkj ot znoy }uxq znk sujkrotm gtj yzghoro!otm8zxgiqotm iutzxur
vxuhrks lux znk znxkk jkiu{vrkj joyvrgiksktzy ul g iut|ktzoutgr gtj hojoxkizoutgr
^=6#�kx sginotk7 Znk uhpkizo|ky }kxk zu zkyz znk igvghoroz� ul ktmotky zu #� }ozn
xu{tjkj otzkxykizouty gtj ixuyyxugjy7 Znk z}u otzkxtgr jkmxkky ul lxkkjus rkgj zu
g rutmoz{jotgr8rgzkxgr luxik }noin vkxsozy zu yzkkx znk y�yzks }ozn xu{tjkj iuxtkx
#�otm vgzn7 Znk vxuvuykj iutzxur otv{zy vkxsoz zu vkxluxs znk zxgiqotm uhpkizo|kyC
#�otm vgzn }ozn yzxgomnz gtj xu{tj iuxtkxy roqk iuttkizout7

@JKJWJSHJX

:7 S7 Lrokyy5 P7 Rk|otk5 V7 Sgxzot5 V7 Xu{inut7 Lrgztkyy gtj jklkiz ul tutrotkgx
y�yzksyC otzxuj{izux� znkux� gtj k~gsvrky7 Fgm. G. h_ @hgmkhe5 |ur7 ?:5 tu7 ?5
:BB>5 vv7 :<;@6:<?:7

;7 V7 Sgxzot5 X7S7 S{xxg�5 V7 Xu{inut7 CeZm lrlm^fl, ^jnboZe^g\^ Zg] mkZc^\mhkr
`^g^kZmbhg7 Zkintoigr xkvuxz5 Kiurk jky Sotky jk Vgxoy5 Gvxor ;99<7

<7 K7 Grz{m5 P7 Uyzxu}yqo5 X7 Sgnut�7 Iutzxur ul g w{gjxuzux nkroiuvzkx
{yotm |oy{gr lkkjhgiq7 OtC Mkh\. FBBB @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5
]gynotmzut5 JI ;99;5 vv7 @;6@@7
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=7 V7 Vu{tj5 X7 Sgnut�5 V7 N�tky5 P7 Xuhkxzy7 Jkyomt ul g lu{x xuzux gkxogr xuhuz7
Mkh\. h_ ma^ >nlmkZeZlbZg @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5 G{iqrgtj ;99;7

>7 Z7 Ngskr5 X7 Sgnut�5 X7 Ru!gtu5 P7 Uyzxu}yqo7 J�tgsoi sujkrrotm gtj
iut"m{xgzout yzghoro!gzout lux gt ^=6#�kx7 OtC Mkh\. FC>@ 15ma Thke] @hg`k^ll
hg >nmhfZmb\ @hgmkhe5 Hgxikrutg ;99;7

?7 V7 Igyzorru5 G7 J!{r5 X7 Ru!gtu7 Xkgr6zosk yzghoro!gzout gtj zxgiqotm ul g lu{x
xuzux soto6xuzuxixglz7 FBBB QkZgl. hg @hgmkhe Prlm^fl Q^\agheh`r5 |ur7 :;5
tu7 =5 ;99=5 vv7 >:96>:?7

@7 P7 Ng{ykx5 Y7 Ygyzx�5 M7 Sk�kx7 Tutrotkgx iutzxur jkyomt lux yromnzr� tut
sotos{s vngyk y�yzksyC gvvroigzout zu \8YZUR goxixglz7 >nmhfZmb\Z5 |ur7 ;A5
tu7 =5 :BB;5 vv7 ??>6?@B7

A7 R7 Sgxiuto5 G7 Oyujuxo7 Xuh{yz u{zv{z xkm{rgzout lux g{zutusu{y |kxzoigr
rgtjotm7 OtC Mkh\. 39ma FBBB @hg_. hg A^\blbhg Zg] @hgmkhe5 Y�jtk� ;9997

B7 H7]7 SiIuxsoiq5 Px7 >^kh]rgZfb\l h_ S/PQLI #b`am7 Gigjksoi Vxkyy5 Tk}
_uxq :B?@7

:97 R7 Hkpo5 G7 Ghoinu{7 Yzxkgsrotkj xuzuxy soto xuzuxixglzC zxgpkizux� mktkxgzout
gtj zxgiqotm7 Fgm. G. h_ @hgmkhe, >nmhfZmbhg, Zg] Prlm^fl5 |ur7 <5 tu7 :5 ;99>5
vv7 A@6BB7

::7 R7 Hkpo5 G7 Ghoinu{5 S7Q7 `ksgrgink7 Ysuuzn iutzxur ul gt ^= hojoxkizoutgr
xuzuxy #�otm xuhuz7 OtC Mkh\. FBBB Fgm. Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe
)OhJh@h*5 J�sgi!k}u5 Vurgtj ;99>7
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Znk jkyomt ul iutzxur rg}y gtj xklkxktik zxgpkizuxoky lux hovkj xuhuzy oy joÆi{rz5 oy
yzorr g ingrrktmotm vxuhrks gtj }orr hk tuz vxuvkxr� yur|kj gy rutm gy znk j�tgsoiy ul
znk xuhuzy {tjkx otzkxkyz oy tuz znuxu{mnr� {tjkxyzuuj 2ykk lux k~gsvrk yusk xkiktz
vgvkxy y{in gy a:":9c37 L{xznkxsuxk5 znk osvxu|ksktz ul jkyoxkj vkxluxsgtik gtj
znk otixkgyotm yuvnoyzoigzout ul y{in skingtoigr y�yzksy otj{ik zngz znk iusvrk~oz�
ul znk iutzxur5 hgykj ut znk tutrotkgx sujkr ul znk hovkj xuhuzy gtj {yotm grr
yzgzk |gxoghrky5 otixkgyky7 Gii{xgzk yktyuxy gxk tkikyygx� zu skgy{xk znk puotz
|gxoghrky5 znk ghyur{zk uxoktzgzout ul znk xuhuz gtj znk mxu{tj xkgizouty7 Znk
jkzkxsotgzout ul znk ghyur{zk uxoktzgzout ul g hovkj xuhuz }ozn lkkz oy kgy� ol znk
yurk ul znk luuz ngy g #gz iutzgiz }ozn znk mxu{tj7 Nu}k|kx5 #{oj }grqotm mgozy
otj{ik vgxzogr iutzgiz ul znk yurky ul znk lkkz }ozn znk mxu{tjC ot znoy igyk5 znk
hovkj oy {tjkxgiz{gzkj gtj gt gii{xgzk skgy{xksktz ul ozy ghyur{zk uxoktzgzout
2}ozn gt {tyzghrk vuyz{xk3 oy5 lxus g zkintoigr vuotz6ul6|ok}5 joÆi{rz7 Tuzk zngz
oz oy kgyokx zu uhzgot gt gii{xgzk skgy{xksktz ul g puotz |gxoghrk kw{ovvkj }ozn
gt ktiujkx yktyux5 kyvkiogrr� ol znoy puotz oy giz{gzkj }ozn g suzux kw{ovvkj }ozn
g mkgxhu~ xkj{ikx7 Znkt5 znkxk oy g xkgr otzkxkyz zu jk|kruv uhykx|kxy ot uxjkx
zu kyzosgzk ghyur{zk gtm{rgx vuyozouty gtj |kruiozoky lxus utr� znk qtu}rkjmk ul
znk xkrgzo|k gtm{rgx |gxoghrky7 Ot uxjkx zu jk"tk znk yzxgzkm� ul uhykx|gzout5 znk
hovkj {tjkx otzkxkyz ngy vuotz lkkz gtj oy {tjkxgiz{gzkj ot yotmrk y{vvuxzC znkt5
ozy }grqotm mgoz oy j�tgsoigrr� yzghrk7 Zu u{x hkyz qtu}rkjmk5 rozzrk }uxq ngy hkkt
jutk lux znk jkyomt ul y{in uhykx|kxy7 Vxk|ou{y }uxq ut uhykx|kx jkyomt iutikxtkj
kyvkiogrr� znk kyzosgzout ul |kruiozoky 2lux tuoykrkyy jo!kxktzogzout3 h� y{vvuyotm
zngz grr znk gtm{rgx |gxoghrky gxk skgy{xkj a::c7 G "xyz gzzksvz gz znk jkyomt
ul uhykx|kx8iutzxurrkx {yotm utr� znk skgy{xksktz ul puotz rotq gtm{rgx |gxoghrky
2xkrgzo|k gtmrky3 lux g znxkk6rotq hovkj }ozn tu giz{gzux ot znk gtqrky5 ot huzn igyky ul
ozy yzghoro!gzout ot g |kxzoigr vuyozout gtj ozy }grqotm5 ngy hkkt sgjk h� znk g{znuxy
gtj oy hgykj ut nomn6mgot uhykx|kxy a:;c7 Znoy irgyy ul uhykx|kxy a:<c oy hgykj ut znk
iutikvz ul ngb_hkf h[l^koZ[bebmr a:=c ul tutrotkgx y�yzksy gtj znkox vxotiovrk iutyoyzy
ot xkj{iotm znk k!kizy ul znk tutrotkgx zkxsy ot znk kyzosgzout kxxux kw{gzout }ozn g
nomn6mgot iuxxkizout7 Znoy gvvxugin mo|ky gt gy�svzuzoi iut|kxmktik uhykx|kx7 J{k
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zu znk rgzzkx vxuvkxz�5 tu iutzxurrkx6uhykx|kx y{vkxvuyozout yzghoroz� vxuul ngy hkkt
vxuvuykjC znoy vxuul oy |kx� joÆi{rz zu kyzghroyn lux tutrotkgx y�yzksy lux }noin
znk {ykj uhykx|kxy gxk tuz "tozk6zosk iut|kxmktz7 Gt kyzosgzout ul znk ghyur{zk
uxoktzgzout ul g z}u6rotqy hovkj }oznu{z luuz5 }ozn g Qgrsgt "rzkx oy vxuvuykj ot a:>c7
Znk rgzzkx uhykx|kx a:?c oy jkyomtkj gy gt k~zktjkj yzuingyzoi "rzkx h� rotkgxo!otm
znk tutrotkgx y�yzks gxu{tj znk i{xxktz yzgzk kyzosgzk7 Nu}k|kx5 gy yzghoroz� vxuul
ul uhykx|kx6hgykj iutzxur oy irkgxr� kgyokx zu kyzghroyn }ozn "tozk6zosk iut|kxmktik
uhykx|kxy5 y{in g irgyy ul uhykx|kxy oy otzkxkyzotm7

Znk "tozk6zosk iut|kxmktik vxuvkxz� oy utk ul znk sgot ingxgizkxoyzoiy ul yrojotm
sujk uhykx|kxy 2}ozn xuh{yztkyy ul kyzosgzout8uhykx|gzout |kxy{y {tikxzgotzoky3 a:@c
}nuyk j�tgsoiy jkvktj ut joyiutzot{u{y u{zv{z zkxsy7 Nu}k|kx5 znoy irgyy ul
uhykx|kxy vxkyktzy znk sgot jxg}hgiq ul yrojotm sujk5 znk \aZmm^kbg` ^!^\m5 gy
znk kyzosgzout kxxux j�tgsoiy joxkizr� jkvktj ut g joyiutzot{u{y l{tizout7 Znoy
vnktusktut iu{rj mktkxgzk nomn6lxkw{kti� uyiorrgzouty ut uhykx|gzout5 }noin iu{rj
hk tkmgzo|k lux znk iutzxur gtj znk y�yzks7 Ot znk iutzxur iutzk~z5 ot uxjkx zu
rosoz znoy vxuhrks g yur{zout ngy hkkt mo|kt ot znk B91y {yotm znk nomnkx uxjkx
yrojotm sujk gvvxugin a:Ac5 }noin xksu|ky znk yrojotm sujk xkyzxoizouty 2ingzzkxotm3
}nork vxkykx|otm ozy lkgz{xky 2xuh{yztkyy5 "tozk6zosk iut|kxmktik3 gtj osvxu|otm znk
gii{xgi�C ot lgiz5 znk y�yzks j�tgsoiy juky tuz joxkizr� jkvktj ut g joyiutzot{u{y
l{tizout7 Gy yzgtjgxj yrojotm sujky5 nomnkx uxjkx yrojotm sujk gvvxugin ngy hkkt
{ykj zu jkyomt uhykx|kxy7 G ykiutj uxjkx yrojotm sujk uhykx|kx5 hgykj ut znk z}oyzotm
grmuxozns a:Ac5 ngy hkkt jkyomtkj lux gt krkizxoigr suzux a:BcC ozy xuh{yztkyy gtj ozy
"tozk6zosk iut|kxmktik ng|k hkkt vxu|kj7 G yzkv6h�6yzkv nomnkx uxjkx yrojotm sujk
uhykx|kx a;9c kty{xky5 yzkv6h�6yzkv5 znk "tozk6zosk iut|kxmktik ul znk kyzosgzout
kxxux zu !kxu7 Znkyk yur{zouty ng|k hkkt y{iikyyl{rr� k|gr{gzkj ut <6rotqy }grqotm
hovkj xuhuz a;:5 ;;c gtj grru} zu vxuvuyk g luxsgr vxuul ul }grqotm yzghoroz�7

Znk hovkj yz{jokj ot znoy vgvkx oy g "|k rotq hovkj }oznu{z lkkz7 Znkt znoy
hovkj oy {tjkxgiz{gzkj ot yotmrk y{vvuxz7 Znk v{xvuyk ul znoy vgvkx oy zu vxu|k5
{yotm yos{rgzout }uxq5 znk lkgyohoroz� ul kyzosgzotm ot g iruykj ruuv znk ghyur{zk
uxoktzgzout ul znk hovkj gtj ozy |kruioz� lux g }grqotm mgoz5 y{vvuyotm zngz utr�
znk puotz |gxoghrky gxk g|gorghrk7 Znk }grqotm mgoz oy iusvuykj ul yotmrk y{vvuxz
vngyky gtj osv{ryo|k osvgizy7 Xklkxktik zxgpkizuxoky ul znk giz{gzkj puotz |gxoghrk
gxk vur�tusogry hgykj ut znk ghyur{zk uxoktzgzout ul znk |oxz{gr yzgtik rkm 2ykk
aAc3 jkyomtkj }ozn g vgxgskzkxo!kj uvzoso!gzout grmuxozns7 Znk iutzxur rg} oy
hgykj ut znk k~giz rotkgxo!gzout ul znk puotz |gxoghrky7 Znkt znk mxkgz joÆi{rz�
ul znk vxuhrks }noin oy iutyojkxkj ot znoy vgvkx oy zngz znk kyzosgzkj uxoktzgzout
oy ghyur{zkr� tkikyygx� zu lkkj5 gz kgin ygsvrotm zosk5 znk iutzxur rg} gtj znk
xklkxktik zxgpkizuxoky7 Znk vn�yoigr vgxgskzkxy ul OZ[[bm a;<c gxk iutyojkxkj7 Znk
i{xxktz ingvzkx vxuvuyky gt k~zktyout ul huzn vxk|ou{y xklkxktiky znxu{mn z}u
uhykx|kx6hgykj iutzxurrkxy7 Znk ingvzkx oy uxmgto!kj gy lurru}yC znk sujkr ul znk
xuhuz oy vxkyktzkj ot Ykizout :;7;7 Znk iutzxur rg} oy vxkyktzkj ot Ykizout :;7<7
Ykizout :;7= oy jk|uzkj zu znk uhykx|gzout vxuhrks7 Znk jk"tozout ul uhykx|ghoroz�
oy mo|kt ot Y{hykizout :;7=7:7 Nomn6mgot gtj yzkv6h�6yzkv uhykx|kxy gxk jkzgorkj ot
Ykizouty :;7=7;6:;7=7<7 Yos{rgzout xky{rzy gxk ynu}t ot Ykizout :;7>7 U{x iutir{yout
gtj vkxyvkizo|ky gxk vxkyktzkj ot Ykizout :;7?7
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G vrgtgx "o^-ebgd [bi^] oy iutyojkxkj gtj iusvuykj ul g zuxyu5 novy5 z}u ojktzoigr
rkmy }ozn qtkky5 h{z }oznu{z gtqrky gtj lkkz 2ykk Lom{xk :;7:37 Znk mktkxgr j�tgsoi

sujkr igt hk jkzkxsotkj lxus Rgmxgtmk1y kw{gzouty gtj oy mo|kt h�

>,&d, 4B, ed, 4A, E <,!4>)J 2:;7:3

}ozn* d, E adN {h }hc
N 7 \kizux d oy iusvuykj ul znk puotz |gxoghrky gtj znk

ghyur{zk uxoktzgzout ul znk zuxyu5 d E at,* t-* t,+ t-+ t*c
N D 2{hE }h3 gxk znk Igxzkyogt

iuuxjotgzky ul znk iktzkx ul sgyy ul znk zuxyu 2ykk Lom{xk :;7:37 Znk gtmrky gxk jk"tkj
vuyozo|k lux iu{tzkx6iruiq}oyk suzout7 >,2d32@#@3 oy znk y�sskzxoi vuyozo|k otkxzog
sgzxo~7 Sgzxo~ B,2dE ed32@ # @3 oy znk Iuxouroy gtj iktzxol{mgr k!kizy sgzxo~ gtj
A,2d,32@# :3 oy znk mxg|oz� k!kizy |kizux7 <, oy g iutyzgtz @# =6sgzxo~ iusvuykj
ul : gtj 9 gtj >)2d,3 oy znk @# =6Pgiuhogt sgzxo~ iut|kxzotm znk k~zkxtgr luxiky
otzu znk iuxxkyvutjotm puotz zuxw{ky7 ! E a!* !+ !, !-c

N oy znk giz{gzuxy zuxw{ky
|kizux7 J E a[H* [N* [H+ [N+c

N xkvxkyktzy znk mxu{tj xkgizout gizotm ut znk
y}otm 8 yzgtik rkm zovy7 Gyy{sk zngz

B* J{xotm znk y}otm vngyk ul znk suzout5 znk yzgtik rkm oy gizotm gy g vo|uzD znk
iutzgiz ul znk y}otm rkm }ozn znk mxu{tj xky{rzy ot tu xkhu{tj gtj tu yrovvotm
ul znk y}otm rkm7

Znkt5 kw{gzout 2:;7:3 igt hk xkj{ikj zu

>&d4B ed4A E <!D 2:;7;3

* Tuzgzout N skgty zxgtyvuyozout7
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Gy znk qotkzoi ktkxm� ul znk hovkj oy ot|gxogtz {tjkx g xuzgzout ul znk }uxrj lxgsk
a;=c5 gtj |ok}kj zngz t. jk"tky znk uxoktzgzout ul znk hovkj5 znk > # >6y�sskzxoi
vuyozo|k otkxzog sgzxo~ oy otjkvktjktz ul znoy |gxoghrk5 b.^. > E >2t,* t-* t,+ t-+3D
B2dE ed32># >3 oy znk Iuxouroy gtj iktzxol{mgr k!kizy sgzxo~5 gtj A2d32># :3 oy znk
mxg|oz� k!kizy |kizux7 <2># =3 oy g iutyzgtz sgzxo~ iusvuykj ul : gtj 97 Kw{gzout
2:;7;3 igt hk }xozzkt gy

ek E

/
ed

>!*2!B ed!A 4<!3

0
E Z2k3 4 [2dfY`3 " !

2:;7<3

}ozn k E adN edN cN gtj dfY` E at,*E t,+E t-*E t-+c
N 5 znk puotz gtmrky |kizux7 Znk

yzgzk yvgik oy zgqkt y{in zngz k 7 I . R[*) E Nk E adN edN cN R ed 7 E E d 7 DO5
}nkxk E E N ed 7 R[. R R edR F edG F 6O gtj D E 2!8E 83.7 Lxus znkyk jk"tozouty5
tuzk zngz grr znk yzgzk |gxoghrky gxk hu{tjkj7

*+(+(+ CL^^TaP <X[LN_ @ZOPW

Znk osvgiz uii{xy gz znk ktj ul g yotmrk6y{vvuxz vngyk5 }nkt znk y}otm rkm zov
zu{inky znk mxu{tj7 Rkz ]D jktuzk osvgiz zosk7 Yzgzk znk y{hyixovzy ; lux znk y}otm
rkm gtj : lux znk yzgtik rkm j{xotm znk yotmrk6y{vvuxz vngyk7 Gt osvgiz uii{xy }nkt
znk y}otm rkm zov zu{inky znk mxu{tj5 b.^. k 7 G E Nk 7 I R }+2d3 E 9O }ozn }+2d3
znk grzoz{jk ul znk y}otm rkm zov7 Gyy{sk zngz

B+ Znk osvgiz oy vgyyo|k gtj ghyur{zkr� otkrgyzoi7

B, Znk y}otm rkm zu{inotm znk mxu{tj juky tuz yrov gtj znk vxk|ou{y yzgtik rkm
zgqky u! znk mxu{tj7

B- Gz znk osvgiz5 znk gtm{rgx vuyozouty gxk iutzot{u{y gtj znk gtm{rgx |kruiozoky
gxk joyiutzot{u{y7

Mo|kt znkyk n�vuznkyky5 znk mxu{tj xkgizouty gz znk otyzgtz ul znk osvgiz igt hk
iutyojkxkj osv{ryo|k luxiky gizotm ut utr� znk y}otm rkm 2rkm ;3 gtj jk"tkj h�
Joxgi jkrzg6l{tizouty J& E C))"2w ! ] 35 }ozn C)) E aRL'1 RL'4 c

N znk |kizux ul
sgmtoz{jky ul osv{ryo|k a;>c xkgizout lux rkm ;7 Osvgiz kw{gzouty igt hk uhzgotkj
znxu{mn znk otzkmxgzout ul 2:;7:3 lux znk ot"tozkyosgr zosk lxus ]!D 2p{yz hkluxk znk
osvgiz3 zu ](

D 2p{yz glzkx znk osvgiz37 Znk zuxw{ky y{vvrokj h� znk giz{gzuxy gz znk
puotzy gtj Iuxouroy gtj mxg|oz� luxiky ng|k "tozk |gr{kyC zn{y5 znk� ju tuz ot#{ktik
znk osvgiz7 Iutykw{ktzr�5 znk osvgiz kw{gzouty igt hk }xozzkt gy

>,2 ed,
( ! ed,

!3 E >)C)) E 2:;7=3

d, oy znk iut"m{xgzout ul znk hovkj gz w E ]D 2lxus B-5 znoy iut"m{xgzout juky tuz
ingtmk gz znk otyzgtz ul znk osvgiz35 ed,

! gtj ed,
( gxk5 xkyvkizo|kr�5 znk gtm{rgx

|kruiozoky p{yz hkluxk gtj p{yz glzkx znk osvgiz7 L{xznkxsuxk5 znk |kruioz� ul znk
yzgtik rkm zov hkluxk znk osvgiz kw{gry !kxu#

e{*2d,
!E ed,

!3 e}*2d,
!E ed,

!3
$N

E /+#* 2:;7>3

}ozn 2{*E }*3 znk Igxzkyogt iuuxjotgzky ul znk yzgtik rkm zov7 Znk y}otm rkm glzkx znk
osvgiz hkiusky znk y{vvuxzotm rkm7 Znkxkluxk5 ozy zov |kruioz� hkiusky !kxu glzkx
znk osvgiz
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#
e{+2d,

(E ed,
(3 e}+2d,

(E ed,
(3
$N

E / E+#* 2:;7?3

}ozn 2{+ }+3 znk Igxzkyogt iuuxjotgzky ul znk y}otm rkm zov7 Znk "tgr xky{rz oy
gt k~vxkyyout lux k( E ad(N ed(N cN 2yzgzk p{yz hkluxk znk osvgiz3 ot zkxsy ul
k! E ad!N ed!N cN 2yzgzk p{yz glzkx znk osvgiz35 }noin igt hk }xozzkt gy a;?c
k( E "2k!37

*+(+(, AZYWTYPL] @ZOPW 4WW ZaP] _SP F_P[

Znk u|kxgrr hovkj sujkr igt hk k~vxkyykj gy g y�yzks }ozn osv{ryk k!kizy gy

ek E Z2k3 4 [2dfY`3!E lux k! 97 GE
k( E "2k!3E lux k! 7 GE 2:;7@3

}nkxk G E Nk 7 I R }+2d3 E 9 O7

&'$( 3JXNLS TK YMJ 2TSYWTQQJW

*+(,(* F_]L_PRd

Znk iutzxur lux znk }grqotm mgoz a;?c iutyoyzy ot zxgiqotm znk lu{x puotzy xklkxktik
gtmrky t,*X5 t-*X5 t,+X gtj t-+X ul znk hovkj7 J{xotm znk yotmrk6y{vvuxz vngyk5 znk
jkmxkk ul {tjkx6giz{gzout kw{gry utk5 gy utr� lu{x u{zv{zy igt hk jxo|kt7 Znkt5 znk
xuhuz mkzy g }grqotm suzout ol znk iutzxurrkx jxo|ky zu !kxu znk u{zv{z |kizux \2k3
jk"tkj gy

\2k3 E at,* ! t,*X t,+ ! t,+X t-* ! t-*X t-+ ! t-+Xc
N D

Gy znk xkrgzo|k jkmxkk ul kgin u{zv{z iusvutktz kw{gry ;5 gtj {yotm yzgtjgxj Rok
jkxo|gzo|k tuzgzout a;@c5 utk mkzy &\ E F&- \2k3 4 F.F-\2k3!7 Znk iutzxur yzxgzkm�
iutyoyzy ot jkiu{vrotm znk y�yzks gtj ot luxiotm znk y�yzks zu k|ur|k h� gxhozxgxor�
yzgzkj j�tgsoiy7 Qtu}otm zngz5 lux k 7 I 5 znk jkiu{vrotm sgzxo~ F.F-\ tk|kx
kw{gry !kxu5 znk iutzxur rg} ! xkgjy gy

! E aF.F-\c
!*a!F&- \4 icD 2:;7A3

Utk mkzy g rotkgx otv{z6u{zv{z hkng|oux ul znk u{zv{z |kizux &\ E i7 Ot znk i{xxktz
}uxq5 znk iutzxur rg} i oy inuykt zu hk "gbm^ mbf^ \hgo^k`^gm7 Znk lkkjhgiq l{tizout
i iusky lxus a;Ac 2}ozn / H 93

i E $2\E e\3 E
:

/
"

<@@>
(*2k*E / " ek*3
(+2k+E / " ek+3
(,2k,E / " ek,3
(-2k-E / " ek-3

=AA? D 2:;7B3

Kgin l{tizout (]2k]E / " ek]3 oy jk"tkj gy

(] E !yomt2B]2k]E / " ek]33 " RB]2k]E / " ek]3R !
'!! ! yomt2/ " ek]3 " R/ " ek]R$ 2:;7:93

}ozn B]2"3 E k]4
*

+!$ yomt2/ " ek]3 " R/ " ek]R+!$ gtj 9 F + F :7 Znk xkgr vgxgskzkx / H 9
grru}y znk ykzzrotm zosk ul znk iutzxurrkxy zu hk gjp{yzkj7
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*+(,(+ EPQP]PYNP @Z_TZY QZ] _SP FbTYR CSL^P

Znk uhpkizo|k oy zu jkyixohk g i�iroi mgoz }ozn yotmrk y{vvuxzy gtj osvgizy7 Rkz
znk xklkxktik zxgpkizuxoky ul giz{gzkj puotzy t] 2l 7 N<:E <;E =:E =;O3 hk jk"tkj gy
vur�tusogr l{tizouty ul =h\ uxjkx ot 25 }noin oy znk gtmrk hkz}kkt znk |oxz{gr yzgtik
rkm 2hkz}kkt znk novy gtj znk yzgtik rkm zov3 gtj znk mxu{tj 2Lom{xk :;7:35

t]223 E d]) 4 d]*2 4 d]+2
+ 4 d],2

, 4 d]-2
-D 2:;7::3

Znk =h\ uxjkx vur�tusogry ng|k hkkt inuykt ot uxjkx zu vxkyixohk lux utk yzkv5 znk
otozogr vuyozout d22]b]3 gtj znk "tgr vuyozouty d22Z]bU`35 znk otozogr gtj "tgr |kruiozoky
gtj gt otzkxskjogzk iut"m{xgzout d]bh E d*>bh lux znk hovkj7 Znkt5 ol t]2231y gxk
k~gizr� zxgiqkj5 oz oy kty{xkj zu xkgin znk "tgr iut"m{xgzout lux znk "tgr |gr{k ul
27 Yotik znk hovkj oy {tjkx6giz{gzkj5 znk k|ur{zout ul 2 xky{rzy lxus 2:;7<3 }ozn znk
lkkjhgiq iutzxur rg} 2:;7A37 Znk vur�tusogr l{tizouty 2:;7::3 gxk jk"tkj }ozn ;9
iukÆioktzy7 H� zgqotm otzu giiu{tz znk grmkhxgoi kw{gzout ul osvgiz gtj zngz znk
suzout oy vkxoujoi gtj iutzot{u{y hkz}kkt kgin yotmrk y{vvuxz vngyk5 oz oy vuyyohrk
zu xkj{ik znk t{shkx ul vgxgskzkxy zu utr� :; a;Bc7 Znkt |kizux c ul vgxgskzkxy oy
"tgrr�

c Eag t*Z {\Z |\Z 2 et,*G e23Z 2 et-*G e23Z2 et,+G e23Z D D D

2 et-+G e23Z t,*22]bh3 t-*22]bh3 t,+22]bh3 t-+22]bh3cD

JY`Ue^f9

' Utr� znk lu{x otjkvktjktz |gxoghrkyC znk "tgr vuyozout ul znk novy {\Z E }\Z 5 znk
"tgr uxoktzgzout ul znk zx{tq t*Z 5 gtj znk "tgr rktmzn yzkv g gxk tkikyygx� zu
jk"tk znk otozogr gtj "tgr iut"m{xgzouty }noin gxk xkrgzkj h� yosvrk vkxs{zgzout
ul znk rkmy7

' {yotm osvgiz kw{gzout 2:;7=3 gtj vgxgskzkxy 2 et,*G e23Z 5 2 et-*G e23Z 5 2 et,+G e23Z 5
2 et-+G e23Z oz oy vuyyohrk zu igri{rgzk 2 et,*G e23]5 2 et-*G e23]5 2 et,+G e23]5 2 et-+G e23] gtj znk
xgzou + E e2ZG e2] }noin oy tkikyygx� zu "tj znk i�iroi mgoz7

Gy g iutir{yout5 gt uvzosgr zxgpkizux� igt hk jk"tkj h� {yotm utr� :; vgxgskzkxy7
Zu "tj znk i�iroi mgoz g |kizux s oy inuykt lxus gt uvzoso!gzout vxuikyy sotoso!otm
ktkxm� ixozkxout5 {tjkx vn�yoigr iutyzxgotzy y{in gy tu yrovvotm gtj tu zgqk u! ul znk
yzgtik rkm zov5 zuxw{k rosoz5 sotoso!gzout ul ktkxm� 2ykk lux suxk jkzgory a<9"<;c37

&'$) >GXJW[JW 3JXNLS

*+(-(* 4YLWd^T^ ZQ BM^P]aLMTWT_d

Iutyojkx znk j�tgsoigr y�yzks 2:;7<35 }ozn | znk |kizux iusvuykj ul znk skgy{xkj
|gxoghrky l E a|* |+ |, |-c

N E at,* t,+ t-* t-+c
N E d5,1

ek E Z2k3 4 [2l3!E

l E

<@@>
: 9 9 9 9 9 9 9 9 9
9 : 9 9 9 9 9 9 9 9
9 9 : 9 9 9 9 9 9 9
9 9 9 : 9 9 9 9 9 9

=AA?
a `_ b

'

k 2:;7:;3

186 V. Lebastard, Y. Aoustin, and F. Plestan



}ozn k 7 I 5 ! 7 R[- gtj l 7 R[-7 Ot znk hovkj iutzk~z5 znoy sujkr jkyixohky znk
y}otm suzout gtj oy yz{jokj u|kx utk yzkv5 b.^. lux w 7 a] ]D E ]

](*
D a5 }ozn ] ]D 2xkyv7

] ](*
D 3 znk otozogr 2xkyv7 "tgr3 osvgiz zosk ul znk yzkv l7 Gy [2l3!5 znk bginm-hnminm

bgc^\mbhg zkxs ul 2:;7:;35 oy l{rr� qtu}t5 gt uhykx|kx lux 2:;7:;3 igt hk jkyomtkj
h� znk lurru}otm }g�7 ]ozn gh{yk ul tuzgzout5 iutyojkx znk tk~z tutrotkgx y�yzks5
}noin oy znk vgxz ul 2:;7:;3 }oznu{z znk otv{z6u{zv{z otpkizout zkxs [2l3!5

ek E Z2k3E
l E =kD

2:;7:<3

Znk uhykx|kxy vxkyktzkj ot Y{hykizouty :;7=7; gtj :;7=7< gxk jkyomtkj lxus znoy
sujkr 2:;D:<37 Rkz F jktuzk znk mktkxoi uhykx|ghoroz� yvgik jk"tkj h�

F E %I M %JE 2:;7:=3

}ozn+ %I E Yvgt.NjkO gtj %J E Yvgt.Njl&^'E m . 9O7 L{tizout l&`' jktuzky znk oh\
zosk jkxo|gzo|k ul l7

>Y'a]g]ba 0 Prlm^f )12.13* bl `^g^kb\Zeer h[l^koZ[e^ b_ jos F E :9.

Znoy iutjozout oy igrrkj OZgd \hg]bmbhg h_ `^g^kb\ h[l^koZ[bebmr7 Ot lgiz5 znoy
jk"tozout ngy zu hk jkzgorkj5 hkig{yk znk uhykx|ghoroz� vxuvkxz� ul 2:;7:<3 jkvktjy
ut k7 Gy g sgzzkx ul lgiz5 znk josktyout ul F igt lgor ot I 7 Rkz H jktuzk gt uvkt
ykz ul I y{in zngz znk iutjozout ul znk lurru}otm jk"tozout oy l{r"rrkj7

>Y'a]g]ba 1 Prlm^f )12.13* bl h[l^koZ[e^ b_ ma^k^ ^qblm H . I Zg] = bgm^`^kl
Nn*E n+E n,E n-O, \Zee^] h[l^koZ[bebmr bg]b\^l, ln\a maZm

'
-R
]3*

n] E :9,

' Qa^ mkZgl_hkfZmbhgX
|* " " " |&_&!*'* " " " |- " " " |&_)!*'-

YN
E %2k3

bl Z ]b!^hfhkiablf _hk k 7 H , pab\a bl ^jnboZe^gm mh

Jkz
X
?"&7'
?7

Y
9E 9 lux k 7 H D 2:;7:>3

Hebcbf]g]ba 0. Qa^k^ ^qblm H . I Zg] h[l^koZ[bebmr bg]b\^l an* n+ n, n-c
N ln\a

maZm lrlm^f )12.13* bl h[l^koZ[e^ _hk k 7 H .
K^YgW\ bZ cebbZ J{xotm znk y}otm vngyk5 gtj grutm znk jkyoxkj zxgpkizuxoky5 lux
an* n+ n, n-c

N E a< < ; ;cN 5 znk jkzkxsotgtz ul ?"&7'
?7

ixuyyky !kxu 2ykk Lom{xk :;7;37 Gz
znoy yotm{rgx vuotz5 y�yzks 2:;7:<3 oy tuz uhykx|ghrk 2k 7 2IGH 35 znk {tout ul H gtj
I }oznu{z znkox otzkxykizout3D kryk}nkxk5 y�yzks 2:;7:<3 oy uhykx|ghrk 2k 7 H . I 37

+ Yvgt. oy g yvgik yvgttkj u|kx "krj B ul skxusuxvnoi l{tizouty ul k7
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JY`Ue^ 2 Qa^ ik^obhnl h[l^koZ[bebmr bg]b\^l \ahb\^ bl ghm ngbjn^ pab\a bg]n\^l
ma^ ^qblm^g\^ h_ l^o^kZe ln[l^ml H . Cnkma^kfhk^, ehll h_ h[l^koZ[bebmr )l^^ ikhh_ h_
Mkhihlbmbhg 1* bg]n\^l g^\^llbmr mh ikhihl^ lhenmbhgl bg hk]^k mh ^lmbfZm^ ma^ lmZm^
oZkbZ[e^ ho^k I , pab\a pbee [^ ]hg^ bg P^\mbhg 12.4.4.

Y{vvuyk zngz y�yzks 2:;7:<3 oy uhykx|ghrk }ozn an* n+ n, n-c
N ozy uhykx|ghoroz� otjoiky

gtj znk gyyuiogzkj yzgzk iuuxjotgzk zxgtyluxsgzout5

m E %2k3 E
X
|* " " " |&_&!*'* " " " |- " " " |&_)!*'-

YN
D 2:;7:?3

Lxus 2:;7:?35 y�yzks 2:;7:<3 xkgjy gy znk igtutoigr luxs

em E ;m4 C2m3E
l E =m

2:;7:@3

}ozn ; E jogm a;* " " " ;-c*)#*)5 = E a=* " " " =-c
N
-#*)5 C2m3 E aCN* " " " CN- cN 5 ;_> 5

=] gtj C] jk"tkj5 xkyvkizo|kr�5 gy

;_> E

<@@@@@@>

9 : 9 " " " 9
9 9 :

7 7 7
777

777
777
7 7 7

7 7 7
777

9 9 " " " 9 :
9 9 " " " 9 9

=AAAAAA?
_>#_>

E =] E
#
: 9 " " " 9 $

*#_>
E C] E

<@@@>
9
777
9

C]_>2}3

=AAA?
_>#*

D

L{tizout m E %2k3 oy g jo!kusuxvnoys lxus H utzu K E %2H 3 . R[*)7

*+(-(+ ;TRS'RLTY BM^P]aP]

Znoy ykizout joyvrg�y znk jkyomt ul g nomn6mgot uhykx|kx a:<c7 Rkz E jktuzk g sgzxo~
ul gvvxuvxogzk josktyouty7 Znkt5 znk y�yzks

edm E ;dm4 C2dm3 4#!*E2l!=dm3 2:;7:A3

}ozn dm 7 K5 oy gt gy�svzuzoi uhykx|kx lux 2:;7:@3 ol

' BA0. C2dm3 oy Rovyinoz!ogt }ozn xkyvkiz zu dm 7 K7 Znoy gyy{svzout skgty
zngz znk tutrotkgx zkxs C2dm3 gtj ozy jkxo|gzo|k gxk hu{tjkj7 Znkt5 oz oy gr}g�y
vuyyohrk zu jk"tk g iuxxkizout zkxs zu rosoz znkox k!kizy7

' BA1. Sgzxo~ 2;!E=3 ngy ozy komkt|gr{ky ot znk rklz ngrl6vrgtk5 znk inuoik ul
E gizotm ut znk j�tgsoiy ul znk kyzosgzout7

' BA2. #2L3 E jogma#* #+ " " " #dc
N }ozn #] E jogma]] ]

+
] " " " ] _>!*] c5 }ozn

9 F ]] F 97

L{xznkxsuxk5 znk j�tgsoiy ul znoy uhykx|kx igt hk sgjk gxhozxgxor� lgyz7 Znkt5 gt
uhykx|kx lux 2:;7<3 oy jkyomtkj gy

edk E Z2dk3 4 [2dk3!4
X
?"&:7'
?:7

Y!*
#!*E2l!=dk3D 2:;7:B3
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*+(-(, F_P['Md'^_P[ BM^P]aP]

Ot znoy ykizout5 znk uhykx|kx oy hgykj ut zxogtm{rgx luxs utk a;9c gtj ozy sgot
vxuvkxz� oy znk "tozk zosk iut|kxmktik zu !kxu ul znk kyzosgzout kxxux7 Y�yzks 2:;7:@3
oy yzorr ut 2vgxzoi{rgx3 zxogtm{rgx luxs7 Y{in gt uhykx|kx ul 2:;7:@3 igt hk }xozzkt
gy a;9c

edm E ;dm4 C2dm3 4?2w3>2"3 2:;7;93

}ozn dm 7 K znk kyzosgzkj |kizux ul m7 Qtu}otm zngz znk vxotiovrk ul znoy irgyy ul
uhykx|kxy iutyoyzy ot luxiotm5 kgin ot z{xt5 kyzosgzkj yzgzk |gxoghrky zu iuxxkyvutjotm
xkgr utky5 ot "tozk zosk5 znoy rgzzkx vxuvkxz� oy hgykj ut gt gjkw{gzk inuoik ul ?2w3
gtj >2"35 b.^. ?2w3 gtj > gxk jk"tkj y{in zngz znk kyzosgzout kxxux Y E dm ! m
iut|kxmky zu !kxu ot "tozk zosk7

9TYT_P GTXP 6ZYaP]RPYNP BM^P]aP]

Lux znk ygqk ul irgxoz�5 gtj }oznu{z ruyy ul mktkxgroz�5 utr� znk uhykx|kx jkyomt lux
g znoxj6uxjkx y�yzks oy l{rr� joyvrg�kj ot znk ykw{kr5 b.^. m 7 K 7 R[,7 Znkt5 ot znoy
igyk5 y�yzks 2:;7:@3 xkgjy gy

e}* E }+E e}+ E },E e}, E i,2}3E | E }* 2:;7;:3

}ozn m E a}* }+ },c
N 7 Znkt5 gt uhykx|kx lux 2:;7;:3 xkgjy gy

ed}* E d}+ 4N*2w3>*2"3E ed}+ E d}, 4N+2w3>+2"3E ed}, E i,2d}3 4N,2w3>,2"3 2:;7;;3

}ozn N]2w3 gtj >] 2: - l - <3 jk"tkj y{in zngz kgin kyzosgzout kxxux h] E d}] ! }]
iut|kxmky zu !kxu ot "tozk zosk7 Zu kty{xk g "tozk zosk iut|kxmktik5 znk l{tizout
>*2"3 oy hgykj ut znk mpblmbg` Ze`hkbmaf a:Ac gtj xkgjy gy

e>* E !$* yomt2d}* ! }*3 2:;7;<3

}ozn

$* E

9
4a ol h* eh* - 9E

4G ol h* eh* H 9E

4a H Sg~2Rh+R3E 4G H <4aE

2:;7;=3

znk uvkxgzux Sg~2"3 jktuzotm znk hu{tjgx� |gr{k ul znk i{xxktz |gxoghrk7 L{tizouty
>+2"3 gtj >,2"3 {yk znk yzgtjgxj yrojotm sujk gvvxugin gtj xkgj gy

>+ E !4+ yomt2%}+ ! d}+3E
>, E !4, yomt2%}, ! d},3

2:;7;>3

}ozn 4+ H 95 4, H 95
%}^ E d}^ 4N^!*2w3>^!* 2:;7;?3

lux m 7 N;E <O7
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7P_P]XTYL_TZY ZQ -2 LYO C]ZZQ ZQ 9TYT_P GTXP 6ZYaP]RPYNP

Lxus 2:;7;:362:;7;;35 znk kyzosgzout kxxux j�tgsoiy xkgjy gy

eh* E h+ 4N*2w3>*2"3E
eh+ E h, 4N+2w3>+2"3E
eh, E i,2d}3! i,2}3 4N,2w3>,2"3

2:;7;@3

}ozn h] E d}] ! }]7

' KgYc 0. Y{vvuyk zngz h*293 9E 95 gtj uhykx|kx 2:;7;;3 oy otozogro!kj y{in zngz
N* E : gtj N+ E N, E 97 Znk kxxux j�tgsoiy xkgjy gy

eh* E h+ 4 >*E

eh+ E h,E

eh, E i,2d}3! i,2}3D

2:;7;A3

Gy >* oy hgykj ut znk z}oyzotm grmuxozns }ozn gvvxuvxogzk z{totm ul $*5 h*
xkginky !kxu ot "tozk zosk gz w E w*7 Znkt5 ; w . w*5 h*2w3 E eh*2w3 E 95 b.^.

h* E 9E eh* E h+ 4 >* E d}+ ! }+ 4 >* E 9D 2:;7;B3

Lxus 2:;7;B35 utk mkzy d}+ 4 >* E }+ gtj lxus 2:;7;?35 }+ E %}+7
' KgYc 1. Lux w . w*5 utk yzgzky N* E N+ E : gtj N, E 97 Lxus 2:;7;>362:;7;B35

j�tgsoiy ul h+ gtj h, xkgj gy

eh+ E h, ! 4+ yomt2h+3E

eh, E i,2d}3! i,2}3D
2:;7<93

H� z{totm 4+ H Sg~2Rh,R35 g "tozk zosk iut|kxmktik zu h+ E 9 oy kty{xkj gz
w E w+7 Znkt5 ; w . w+5 h+2w3 E eh+2w3 E 95 b.^.

h* E 9E eh* E 9E
h+ E 9E eh+ E h, 4 >+ E 9D

2:;7<:3

Lxus znk ykiutj rotk ul 2:;7<:35 utk mkzy d},4>+ E }, gtj lxus 2:;7;?35 }, E %},7
' KgYc 2. Lux w . w+5 utk yzgzky N* E N+ E N, E :7 Lxus 2:;7;>362:;7<:35

j�tgsoiy ul h, xkgjy gy

eh, E i,2d}3! i,2}3! 4, yomt2d}, ! },3D 2:;7<;3

H� z{totm 4, H Sg~2Ri,2d}3 ! i,2}3R35 g "tozk zosk iut|kxmktik zu h, E 9 oy
kty{xkj5 }noin osvroky g "tozk zosk iut|kxmktik ul znk uhykx|kx7

*+(-(- ?Z^^ ZQ BM^P]aLMTWT_d LYO BM^P]aL_TZY 4WRZ]T_SX

Gy sktzoutkj vxk|ou{yr�5 j{xotm znk y}otm vngyk5 grutm znk ghfbgZe zxgpkizuxoky5
lux grr uhykx|ghoroz� otjoiky vuyyohorozoky5 znkxk oy ruyy ul uhykx|ghoroz� 2ykk Lom{xk

:;7; lux an* n+ n, n-c
N E a< < ; ;cN C jkzkxsotgtz ul ?"&7'

?7
oy ixuyyotm !kxu37

Ul iu{xyk5 znoy otj{iky g vxuhrks lux znk uhykx|kx jkyomt7 G yur{zout iutyoyzy ot
jkyomtotm uhykx|kxy lux yk|kxgr iushotgzouty ul uhykx|ghoroz� otjoiky5 lux }noin znk
uhykx|ghoroz� yotm{rgxoz� gvvkgxy lux jo!kxktz gxzoi{rgx vuyozouty7 Gy g sgzzkx ul lgiz5
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an* n+ n, n-c
N E a< ; ; <cN oy gryu kromohrkC znk |gxogzout ul jkzkxsotgtz ul ?"&7'

?7
oy

joyvrg�kj ot Lom{xk :;7< 2juzzkj rotk37 Znkt5 znkxk k~oyzy H ' . I y{in zngz5 ;k 7 H '5
znk l{tizout

m E %2k3 E
#
|* e|* &|* |+ e|+ |, e|, |- e|- &|-

$N
oy g yzgzk zxgtyluxsgzout7

BM^P]aL_TZY 4WRZ]T_SX

Rkz %*2k3 E
#
|* e|* &|* |+ e|+ &|+ |, e|, |- e|-

$N
2k 7 H gtj an* n+ n, n-c

N E

a< < ; ;cN 35 gtj %+2k3 E
#
|* e|* &|* |+ e|+ |, e|, |- e|- &|-

$N
2k 7 H ' gtj

an* n+ n, n-c
N E a< ; ; <cN 37 Rkz ]MQ E Sot2w3 y{in zngz w 7 a] ]D E ]

](*
D a gtj

Jkz
X
?"&&7'

?7

Y
2w3 E 9 2ykk Lom{xk :;7<37 Znkt5 utk ngy

' Lux w 7 a] ]D E ]MQ a5 znk uhykx|kx oy jkyomtkj }ozn an* n+ n, n-c
N E a< < ; ;cN 5

' Lxus w 7 a]MQ E ] ](*
D a5 znk uhykx|kx oy jkyomtkj }ozn an* n+ n, n-c

N E a< ; ; <cN 7

Hebcbf]g]ba 1. >g h[l^ko^k _hk lrlm^f )12.12* k^Z]l Zl

edk E Z2dk3 4 [2l3!4G@2dkEl3 2:;7<<3

pbma G E

BHFHD
X
?"&&:7'

?:7

Y!*
lux w 7 a] ]D E ]MQ aX

?"'&:7'
?:7

Y!*
lux w 7 a]MQ E ] ](*

D a

Zg] @2dkEl3 E

9
#!*E2%l!=dk3 _hk ab`a-`Zbg h[l^ko^k

?2w3>2"3 _hk lm^i-[r-lm^i h[l^ko^k

pbma #, E, ?2w3 Zg] >2"3 ZiikhikbZm^-]bf^glbhgZe fZmkb\^l k^li^\mbo^er ]^"g^]
makhn`a )12.18*-ED1-ED2-ED3-)12.22*.

C]LN_TNLW CZTY_'ZQ'aTPb

' Znk iuss{zgzout lxus znk "xyz uhykx|kx yzx{iz{xk zu znk ykiutj utk oy sgjk
znxu{mn znk iutjozout zngz ]MQ E Sot2w3 y{in zngz w 7 a] ]D E ]

](*
D a gtj)))Jkz X?"&&:7'

?:7

Y))) 2w3 E MMQ 5 }nkxk MMQ H 9 g xkgr "~kj h� znk {ykx 2ykk Lom{xk

:;7<37 Znk inuoik ul MMQ oy sgjk ot uxjkx zngz znk iutjozout t{shkx }ozn

xkyvkiz zu ot|kxyout ul
X
?"'&:7'

?:7

Y
oy tuz .zuu rgxmk.7

' Znk "tozk6zosk iut|kxmktik uhykx|kx vxk|ou{yr� k~vuykj kty{xky zngz znk
kyzosgzout kxxuxy ^qZ\mer iut|kxmk zu !kxu7 Ot vxgizoik5 znoy vxuvkxz� oy kty{xkj
lux g tkomnhuxnuuj ul !kxu a;9c }noin znk kyzosgzout kxxuxy gxk luxikj zu xkgin
gtj zu yzg� ot7
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JY`Ue^ 3 L[l^ko^k )12.33* bl ]^lb`g^] _hk ma^ lpbg` iaZl^. ?nm, Z lm^i bl
\hfihl^] h_ [hma lpbg` Zg] bfiZ\m iaZl^l. >m ma^ bfiZ\m ^o^gm, ma^ bfiZ\m fh]^e bl
Ziieb^] mh ma^ ^lmbfZm^] lmZm^ X33Y. Qa^g, ho^k hg^ lm^i, Zg h[l^ko^k h_ )12.7* k^Z]l
Zl

edk E Z2dk3 4 [2l3!4G@2dkEl3 dk!2w3 97 dG
dk( E "2dk!3 dk! 7 dG 2:;7<=3

pbma dG E Ndk 7 dI R d}+2dd3 E 9O.

&'$* ANRZQFYNTSX

Znk vgxgskzkxy ul znk "|k6rotq hovkj vxuzuz�vk OZ[[bm a;<c gxk {ykj zu jkyomt
znk "|k6rotqy hovkj vgxgskzkxy7 Znk sgyyky gtj rktmzny ul znk rotqy 2Otjoiky <:5
=:5 <;5 =;5 :C y}otm rkm 2lks{x5 zohog35 yzgtik rkm 2lks{x5 zohog35 zuxyu5 xkyv73 gxk
p,* E p,+ E <D; qm5 p-* E p-+ E ?DA qm5 p* E :@D9>;A qm5 o,* E o,+ E o-* E
o-+ E 9D= s5 o* E 9D?;> s7 Znk joyzgtiky hkz}kkt znk puotz gtj znk sgyy iktzkx
ul kgin rotq gxk v,* E v,+ E 9D:;@ s5 v-* E v-+ E 9D:?< s5 v* E 9D:=<= s7 Znk
otkxzog susktzy gxu{tj znk sgyy iktzkx ul kgin rotq gxk R,* E R,+ E 9D9=A= qm"s+5
R-* E R-+ E 9D9?B< qm"s+5 R* E :DA?B= qm"s+7 Znk otkxzog ul znk xuzux lux kgin JI
suzux oy R E <D<; :9!- qm"s+7 Znk xgzou W ul znk mkgxhu~ xkj{ikxy kw{gry >97 Znk
|gr{k ^ ul znk gvvrokj zuxw{ky kw{gry :>9 T"s7

Znk xklkxktik zxgpkizuxoky gxk uhzgotkj h� gt uvzoso!gzout grmuxozns {tjkx
iutyzxgotz 2lux k~gsvrk5 znk y}otm rkm zov s{yz hk ghu|k g vgxghurg35 znoy
uvzoso!gzout vxuhrks hkotm lu{tjkj ut znk sujkr5 znk vn�yoigr vgxgskzkxy gtj znk
yzgzoi8j�tgsoi vkxluxsgtiky ul OZ[[bm a;<c7 Tuzk zngz znk zx{tq suzout uhzgotkj
lxus znoy uvzoso!gzout vxuikyy ngy ysgrr gsvroz{jky7 Oz igt hk k~vrgotkj h� znk lgiz
zngz znk lu{x giz{gzuxy ul OZ[[bm gxk ruigzkj ot znk hgyk ul znk zx{tq7 Znk iutzxur rg}
jkyixohkj ot Ykizout :;7< oy gvvrokj }ozn vgxgskzkxy + E 9DB gtj / E <9 gtj oy {yotm
znk kyzosgzkj yzgzk |gxoghrky lxus nomn6mgot gtj yzkv6h�6yzkv uhykx|kxy 2:;7<<37 Znk
otozogr xkgr gtj kyzosgzkj yzgzk |gxoghrky ng|k hkkt5 xkyvkizo|kr�5 yzgzkj gy

dN 293 E a!;D=>9A ! <D:<;> ! 9D<>>; ! 9D:999 ! 9D<??>c E

edN 293 E a!:D>:=B 9D<;?< 9DB?@= ! ;D>A?< ! 9D=@9:c E

ddN 293 E a!;D=>9A ! <D:<;> ! 9D<>>; ! 9D:999 ! 9D;?:Ac E

eddN 293 E a!:D=:=B 9D=;?< :D9?@= ! ;D=A?< ! 9D<@9:c D

Vgxgskzkx Ma]b ngy hkkt yzgzkj zu =7 Znk nomn6mgot gtj yzkv6h�6yzkv uhykx|kx
vgxgskzkxy gxk z{tkj y{in zngz

' Znk nomn6mgot uhykx|kx vgxgskzkxy gxk "~kj y{in zngz znk komkt|gr{ky ul
2;!E=3 gxk ruigzkj gz !:95 gtj ] E 9D:7

' Znk yrojotm sujk uhykx|kx vgxgskzkxyC 4a E >5 4G E ;>5 4+ E >5 4, E @>7

Znk inuoik ul uhykx|kx gtj iutzxur rg} vgxgskzkxy ngy hkkt sgjk }ozn xkyvkiz zu
iruykj6ruuv j�tgsoiy gtj gjsoyyohrk sg~os{s |gr{k lux otv{z 2ygz{xgzout37

Lom{xky :;7=6:;7> ynu} znk ghyur{zk vuyozout gtj znk |kruioz� kyzosgzout kxxuxy7
Kgin kyzosgzout kxxux iut|kxmky zu !kxu hkluxk kgin osvgiz5 gy�svzuzoigrr� lux
nomn6mgot uhykx|kx 2ykk Lom{xk :;7=35 gtj ot "tozk zosk lux znk yrojotm sujk uhykx|kx
2ykk Lom{xk :;7>37 Znk iutzxur rg} ngy hkkt z{tkj y{in zngz znk iutzxur u{zv{z
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|kizux \2dk3 kw{gry !kxu hkluxk znk osvgiz 2ykk Lom{xk :;7? lux znk yzgzk kyzosgzkj
h� znk nomn6mgot uhykx|kx gtj Lom{xk :;7@ lux znk yzgzk kyzosgzkj h� znk yrojotm sujk
uhykx|kx37 Znkt5 znk hovkj xuhuz oy xkginotm g yzghrk vkxoujoi i�irk glzkx yk|kxgr yzkvy
2Lom{xk :;7A37 Znk kyzosgzout kxxux vxkyktzy g nomnkx zxgtyoktz }ozn znk nomn6mgot
uhykx|kx }ozn xkyvkiz zu znk yzkv6h�6yzkv utk7 Nu}k|kx5 znk sgot jxg}hgiq ul znk
yrojotm sujk5 nomn lxkw{kti� uyiorrgzout ul znk kyzosgzout kxxux5 irkgxr� gvvkgxy ot
Lom{xky :;7>6:;7@5 Znk kyzosgzkj |gxoghrky }ozn znk nomn6mgot uhykx|kx6hgykj iutzxur
gxk ysuuznkx7

&'$+ 2TSHQZXNTS

Ot l{z{xk5 ot uxjkx zu kiutuso!k ktkxm� ux zu uhzgot lgyz suzouty5 znk }grqotm mgozy
ul hovkj xuhuzy }orr hk iusvuykj ul {tjkxgiz{gzkj vngyky }ozn vgxzogr iutzgiz
hkz}kkt znk mxu{tj gtj znk yurk ul znk yzgtik luuz7 Znk qtu}rkjmk ul grr znk
iusvutktzy ul znk yzgzk |kizux }orr hk tkikyygx� zu jk"tk kÆioktz iutzxur rg}y7
Nu}k|kx5 lxus g zkinturumoigr vuotz6ul6|ok}5 g nomnr� gii{xgzk skgy{xksktz ul
znk ghyur{zk uxoktzgzout ul g rkmmkj xuhuz ot tut6kw{orohxo{s vuyz{xky oy g ngxj
zgyq7 Ot znoy vgvkx znk jkyomt ul uxoktzgzout uhykx|kxy ngy hkkt sgjk lux g hovkj
}ozn vuotz lkkz7 T{skxoigr yos{rgzouty5 hgykj ut znk OZ[[bm vxuzuz�vk5 ynu} zngz
znk kyzosgzout ul znk ghyur{zk uxoktzgzout lux znk i�iroi mgoz ul g "|k6rotq hovkj
xuhuz }oznu{z lkkz oy vuyyohrk7 Huzn jkyomtkj uhykx|kxy gxk tutrotkgx gtj hgykj
ut znk igtutoigr uhykx|ghoroz� luxs7 Znk "xyz uhykx|kx oy hgykj ut g nomn6mgot
gvvxugin 2}noin kty{xky gy�svzuzoi iut|kxmktik35 gtj ozy hkng|ou{x oy xkrgzo|kr�
ysuuzn5 }noin oy g ix{iogr vuotz lux l{z{xk xkgr gvvroigzouty7 Znk ykiutj uhykx|kx
oy hgykj ut yrojotm sujky7 Gy znk ingzzkxotm k!kiz oy znk sgot jxg}hgiq ul yrojotm
sujk yur{zouty5 g ykiutj6uxjkx yrojotm sujk gvvxugin oy {ykj5 }noin otj{iky ru}kx
ingzzkxotm5 xuh{yztkyy }ozn xkyvkiz zu vgxgskzkx |gxogzouty gtj joyz{xhgtiky5 gtj
"tozk zosk iut|kxmktik7 Gyyuiogzkj }ozn gt kÆioktz iutzxur rg}5 huzn uhykx|kxy rkgj
zu g i�iroi suzout iruyk zu znk tusotgr suzout7 Znk vkxyvkizo|ky gxk znk k~vkxosktzgr
k|gr{gzout ul znkyk zkintow{ky ut znk vxuzuz�vk OZ[[bm7

@JKJWJSHJX

:7 G7G7 Mxoynot5 G7S7 Luxsgr1yq�5 G7\7 Rktyq�5 gtj Y7\7 `nozusoxyq�7 J�tgsoi
}grqotm ul g |knoirk }ozn z}u zkrkyiuvoi rkmy iutzxurrkj h� z}u jxo|ky7 Fgm. G. h_
Oh[hmb\l O^l^Zk\a5 :<2;3C:<@":=@5 :BB=7

;7 P7 Vxgzz5 I7S7 Ink}5 G7 Zuxxky5 V7 Jor}uxzn5 gtj M7 Vxgzz7 \oxz{gr sujkr
iutzxurC gt otz{ozo|k gvvxugin lux hovkjgr ruiusuzout7 Fgm. G. h_ Oh[hmb\l
O^l^Zk\a5 ;92;3C:;B":=<5 ;99:7

<7 M7 Igvo5 Y7 Qgtkqu5 Q7 Sozuhk5 R7 Hgxurro5 gtj _7 Tgy{7 Uvzosgr zxgpkizux�
mktkxgzout lux g vxosgzoi puotz hovkj xuhuz {yotm mktkzoi grmuxoznsy7 Oh[hmb\l
Zg] Znmhghfhnl lrlm^fl5 <A2;3C::B":;A5 ;99;7

=7 L7 `utlxorro5 S7 Uxouru5 gtj Z7 Tgxjo7 G hovkj ruiusuzout yzxgzkm� lux znk
w{gjx{vkj xuhuz yut� kxy6;:97 Ot Mkh\. FBBB Fgm. @hg_. hg Oh[hmb\l Zg]
>nmhfZmbhg F@O>5 vgmky ;@?A";@@=5 ]gynotmzut5 J7I75 [YG5 ;99;7

>7 G7 Grhkxz gtj ]7 Mkxzn7 Tk} vgzn vrgttotm grmuxoznsy lux nomnkx mgoz yzghoroz�
ul g hovkjgr xuhuz7 Ot Mkh\. Fgm. @hg_. hg @ebf[bg` Zg] TZedbg` Oh[hml
@I>T>O5 vgmky >;:">;A5 Vgxoy5 Lxgtik5 ;99:7
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?7 M7 Ighujk|orrg5 T7 Ingorrkz5 gtj M7 Ghhg7 Ktkxm�6sotoso!kj mgoz lux g hovkj
xuhuz7 Ot >nmhghf^ fh[be^ lrlm^fl5 vgmky B9"BB5 Yvxotmkx6\kxrgm5 Hkxrot5
Mkxsgt�5 :BB>7

@7 _7 Gu{yzot gtj G7S7 Luxsgr1yq�7 Iutzxur jkyomt lux g hovkjC xklkxktik zxgpkizux�
hgykj ut jxo|kt gtmrky gy l{tizouty ul znk {tjxo|kt gtmrk7 Fgm. G. h_ @hfinm^k
Zg] Prlm^fl P\b^g\^l5 =;2=3C:>B":@?5 ;99<7

A7 L7 Vrkyzgt5 P7]7 Mxo!!rk5 K7X7 ]kyzkx|krz5 gtj M7 Ghhg7 Yzghrk }grqotm
ul g @6jul hovkj xuhuz7 FBBB QkZglZ\mbhgl hg Oh[hmb\l Zg] >nmhfZmbhg5
:B2=3C?><"??A5 ;99<7

B7 Q Qgtkqu5 L7 Qgtknoxu5 Y7 Qgpozg5 N7 Nox{qg}g5 Z7 Qg}gygqo5 S7 Noxgzg5
Q7Gqgino5 gtj Z7 Oyu!{so7 N{sgtuoj xuhuz nxv6;7 Ot Mkh\. FBBB Fgm. @hg_.
hg Oh[hmb\l Zg] >nmhfZmbhg F@O>5 vgmky :9A<":9B95 Tk}6Uxrkgty5 Ru{oyogtg5
[YG5 ;99=7

:97 S7 \{quhxgzu|oi gtj H7 Huxu|gi7 `kxu6susktz vuotz6znoxz� "|k �kgxy ul ozy rolk7
Fgm. G. h_ EnfZghb] Oh[hmb\l5 :2:3C:>@":@<5 ;99=7

::7 V7 Soinkg{5 S7G7 Xu{~5 gtj V7 Hu{xgyyg7 Ykrl6z{tkj zxgpkizux� iutzxur ul
g hovkj }grqotm xuhuz7 Ot Mkh\. Fgm. @hg_. hg @ebf[bg` Zg] TZedbg` Oh[hm
@I>T>O5 vgmky >;@"><=5 Igzgtog5 Ozgr�5 ;99<7

:;7 \7 Rkhgyzgxj5 _7 Gu{yzot5 gtj L7 Vrkyzgt7 Uhykx|kx6hgykj iutzxur ul g hovkj
xuhuz7 Ot Mkh\. Fgm. Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe OLJL@L5 vgmky
?@"@;5 V{y!i!�qu}u5 Vurgtj5 ;99=7

:<7 M7 Huxtgxj gtj N7 Ngssu{xo7 G nomn mgot uhykx|kx lux g irgyy ul {toluxsr�
uhykx|ghrk y�yzksy7 Ot Mkh\. FBBB @hg_. hg A^\blbhg Zg] @hgmkhe @A@5 vgmky
:=B=":=B?5 Hxomnzut5 Ktmrgtj5 :BB:7

:=7 P7 V7 Mg{znokx gtj M7 Huxtgxj7 Uhykx|ghroz� lux gt� x2w3 ul g irgyy ul tutrotkgx
y�yzksy7 FBBB QkZglZ\mbhgl hg >nmhfZmb\ @hgmkhe5 ;?2=3CB;;"B;?5 :BA:7

:>7 _7 Gu{yzot5 M7 Mgxiog5 gtj G7 Pgtuz7 Kyzosgzout ul znk ghyur{zk uxoktzgzout ul
g z}u6rotq hovkj {yotm joyixkzk uhykx|kxy7 Ot Mkh\. J^\aZmkhgb\l Zg] Oh[hmb\l
@hg_. JB@EOL?5 vgmky :<:>":<;95 Gginkt5 Mkxsgt�5 ;99=7

:?7 X7K7 Qgrsgt5 V7R7 Lgrh5 gtj S7G7 Gxhoh7 Qhib\l bg fZma^fZmb\Ze lrlm^f ma^hkr7
SiMxg}6Norr5 Tk} _uxq5 [YG5 :B?B7

:@7 P7P7K7 Yruzotk gtj ]7 Ro7 >iieb^] ghgebg^Zk \hgmkhe7 Vxktzoik Ngrr5 Tk}6_uxq5
[YG5 :BB:7

:A7 G7 Rk|gtz7 Yrojotm uxjkx gtj yrojotm gii{xgi� ot yrojotm sujk iutzxur7 Fgm. G.
h_ @hgmkhe5 >A2?3C:;=@":;?<5 :BB<7

:B7 Z7 Lruw{kz5 P7V7 Hgxhuz5 gtj ]7 Vkxx{w{kzzo7 G "tozk zosk uhykx|kx lux
#{~ kyzosgzout ot znk otj{izout sginotk7 Ot Mkh\. FBBB @hg_. hg @hgmkhe
>iieb\Zmbhgl @@>5 vgmky :<9<":<9A5 Mrgymu}5 Yiuzrgtj5 ;99;7

;97 Z7 Hu{qnuh!g gtj P7V7 Hgxhuz7 Nomn uxjkx yrojotm sujky uhykx|kx7 Ot Mkh\.
FBBB @hg_. hg A^\blbhg Zg] @hgmkhe @A@5 vgmky :B:;":B:@5 Zgsvg5 Lruxojg5
[YG5 :BBA7

;:7 \7 Rkhgyzgxj5 _7 Gu{yzot5 gtj L7 Vrkyzgt7 Ykiutj uxjkx yrojotm sujk uhykx|kx
lux yzghrk iutzxur ul g }grqotm hovkj xuhuz7 Ot Mkh\. FC>@ Thke] @hg`k^ll5
Vxgng5 I!kin Xkv{hroi5 ;99>7

;;7 \7 Rkhgyzgxj5 _7 Gu{yzot5 gtj L7 Vrkyzgt7 Yzkv6h�6yzkv yrojotm sujk uhykx|kx lux
iutzxur ul g }grqotm hovkj xuhuz h� {yotm utr� giz{gzkj |gxoghrky skgy{xksktz7
Ot Mkh\. FBBB Fgm. @hg_. hg Fgm^eeb`^gm Oh[hml Zg] Prlm^fl FOLP5 vgmky
<:9;"<:9@5 Kjsutzut5 Igtgjg5 ;99>7
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;<7 I7 Ink|grrkxkg{5 M7 Ghhg5 _7 Gu{yzot5 L7 Vrkyzgt5 K7X7 ]kyzkx|krz5 I7 Igt{jgy
jk ]oz5 gtj P7]7 Mxo!!rk7 XghhozC g zkyzhkj lux gj|gtikj iutzxur znkux�7 FBBB
@hgmkhe Prlm^fl JZ`Zsbg^5 ;<2>3C>@"@B5 ;99<7

;=7 S7]7 Yvutm gtj S7 \oj�gygmgx7 Oh[hm ]rgZfb\l Zg] \hgmkhe7 Punt ]ork�5
Tk}6_uxq5 [YG5 :BB:7

;>7 G7S7 Luxsgr1yq�7 Ih\hfhmbhg h_ >gmakhihfhkiab\ J^\aZgblfl7 aOt X{yyogtc5
Tg{qg5 Suyiu}5 X{yyog5 :BA;7

;?7 P7]7 Mxo!!rk5 M7 Ghhg5 gtj L7 Vrkyzgt7 Gy�svzuzoigrr� yzghrk }grqotm lux
hovkj xuhuzy C gtgr�yoy |og y�yzksy }ozn osv{ryk k!kizy7 FBBB QkZglZ\mbhgl
hg >nmhfZmb\ @hgmkhe5 =?2:3C>:"?=5 ;99:7

;@7 G7 Oyojuxo7 Khgebg^Zk @hgmkhe Prlm^fl7 Yvxotmkx6\kxrgm5 Rutjut5 Ktmrgtj5 :BB>7
;A7 Y7V7 Hngz gtj J7Y7 Hkxtyzkot7 Iutzot{u{y "tozk6zosk yzghoro!gzout ul

znk zxgtyrgzoutgr gtj xuzgzouttgr ju{hrk otzkmxgzux7 FBBB QkZglZ\mbhg hg
>nmhfZmb\ @hgmkhe5 =<2>3C?@A"?A;5 :BBA7

;B7 Y7 Souyyki gtj _7 Gu{yzot7 ]grqotm mgoz iusvuykj ul yotmrk gtj ju{hrk y{vvuxzy
lux g vrgtgx hovkj }oznu{z lkkz7 Ot Mkh\. Fgm. @hg_. hg @ebf[bg` Zg] TZedbg`
Oh[hml @I>T>O5 vgmky @?@"@@=5 Vgxoy5 Lxgtik5 ;99;7

<97 Y7 Souyyki gtj _7 Gu{yzot7 Su{|ksktz jk sgxink iusvuy&k jk yosvrk kz
ju{hrk y{vvuxzy vu{x {t xuhuz hov%kjk vrgtgoxk ygty vokjy7 Ot Mkh\. @hg_. Fgm.
CkZg\hiahg^ ](>nmhfZmbjn^ @FC>5 aot Lxktinc5 Tgtzky5 Lxgtik5 ;99<7

<:7 I7 Ink|grrkxkg{ gtj _7 Gu{yzot7 Uvzosgr xklkxktik zxgpkizuxoky lux }grqotm gtj
x{ttotm ul g hovkj7 Oh[hmb\Z5 :B2>3C>>@">?B5 ;99:7

<;7 J7 Jpu{jo5 I7 Ink|grrkxkg{5 gtj _7 Gu{yzot7 Uvzosgr xklkxktik suzouty lux
}grqotm ul g hovkj xuhuz7 Ot Mkh\. FBBB Fgm. @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg
F@O>5 vgmky ;9:=";9:B5 Hgxikrutg5 Yvgot5 ;99>7

<<7 Sktoto R7 gtj Zuxtgsh%k G7 \kruioz� uhykx|kxy lux rotkgx skingtoigr y�yzksy
y{hpkiz zu yotmrk tut6ysuuzn osvgizy7 Prlm^fl Zg] @hgmkhe I^mm^kl5 =<C:B<";9;5
;99:7
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@][. 01.7. Vruz ul }grqotm gy g ykw{ktik ul yzoiq "m{xky
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Zkxkyg `okrotyqg* gtj Inkk6Sktm Ink}+

*]gxyg} [to|kxyoz� ul Zkinturum�5 Otyzoz{zk ul Gkxutg{zoiy gtj Gvvrokj
Skingtoiy 2][Z"OGGS35 {r7 Tu}u}okpyqg ;=5 996??> ]gxyg}5 Vurgtj
XIVIWE^/QIMP&T[&IHY&TP
+Tgzoutgr [to|kxyoz� ul Yotmgvuxk ::B;?95 Jkvgxzsktz ul Skingtoigr Ktmotkkxotm5
2T[Y"SVK3 QTIGGQ/RYW&IHY&WK

&($& 8SYWTIZHYNTS

]grqotm sginotky gxk yvkiogr z�vky ul suhork xuhuzy xkgro!otm ]bl\k^m^ eh\hfhmbhg5
}nkxk znk suzout vgzn oy tuz iutzot{u{y h{z oy ykvgxgzkj zu znk luuzvxotzy7 Suyz
}grqotm sginotky ot znkox yzx{iz{xk zgqk yusk hourumoigr y�yzksy gy zksvrgzky5 }ozn
z}u5 lu{x ux yo~ rkmy7 Znk rk|kr ul g{zutus� ul sginotk gizouty 2bgm^eeb`^g\^3 oy
jkzkxsotkj h� znk vxuvkxzoky ul skingtoigr yzx{iz{xk gtj ghorozoky ul znk iutzxur
y�yzks7 Ot gtosgry znk iusvrk~oz� ul znk tkx|u{y y�yzks oy xkrgzkj zu znk iusvrk~oz�
ul znk huj� h{orj " znk suxk iusvrk~ oy znk huj� ot znk hourumoigr yktyk znk suxk
gj|gtikj iutzxur oz tkkjy7 H{z znoy juky tuz skgt zngz znk otixkgyk ot g{zutus�
ul }grqotm xuhuzy igt hk uhzgotkj utr� h� otixkgyotm znk iusvrk~oz� ul skingtoiy
gtj iutzxur7 Ot znk gtosgr }uxrj znk huj� yzx{iz{xk sgzinky znk ro|otm iutjozouty7
Yosvrk gtosgry5 }ozn vxosozo|k hujoky gtj \hgmkhe \^gm^kl igt y{x|o|k }krr j{k zu znk
vxuvkx yvutzgtku{y xkgizouty 2gxoyotm joxkizr� lxus gt osv{ryk5 }oznu{z xkgyutotm37
Zxgtylkxxotm znoy uhykx|gzout otzu zkintoigr }uxrj oz skgty zngz znk skingtoigr
yzx{iz{xk ul }grqotm jk|oiky s{yz hk vxuvkxr� inuykt zu znk gyy{skj }uxqotm
iutjozouty gtj znk iutzxur y�yzks }ozn yktyuxy gtj yulz}gxk s{yz hk jkjoigzkj
zu znk zgyq l{r"rrkj h� znk jk|oik7

Xkiktz xkykgxin lui{yky ut hourum� otyvoxkj xuhuzy7 Znk jkyomtkxy ul tk}
vxuzuz�vky 2housoskzoi xuhuzy3 zgqk gj|gtzgmky ul tk} sgzkxogry5 zkinturumoky5
giz{gzuxy5 yktyuxy5 iutzxur5 gtj suzout vrgttotm skznujy7 Xkykgxin xkw{oxky iruyk
iuuvkxgzout hkz}kkt hourumoyzy5 tk{xu6hourumoyzy gtj ktmotkkxy7 Housoskzoi }grqotm
sginotky gxk tuz |kx� jo!kxktz zngt zxgjozoutgr jk|oiky5 znk jkyomt zgxmkz oy zu
h{orj znks gmork5 xkrgzo|kr� inkgv5 gtj ghrk zu jkgr }krr }ozn xkgr kt|oxutsktz7 Znk
suzout vxotiovrky {yk tk{xurumoigr hgiqmxu{tjy 2k7m7 gtgrumoky zu tk{xgr iutzxur ul
otykiz rkmy37 Znk jkyomt ul znkyk xuhuzy xkw{oxky {tjkxyzgtjotm ul znk houskingtoiy
gtj tk{xurum� ul hourumoigr y�yzksy ut }noin znk� gxk hgykj a=?c7

Ot znoy v{hroigzout }k joyi{yy hourumoigrr� otyvoxkj skznujy ul mgoz mktkxgzout7
Znk skznujy }kxk krghuxgzkj lux s{rzo6rkmmkj sginotky gtj lux hovkjy7

: Znoy }uxq }gy y{vvuxzkj h� OGGS yzgz{zux� l{tjy gtj KKXYY T[Y vxumxgs

K. Kozłowski (Ed.): Robot Motion and Control, LNCIS 335, pp. 201–219, 2006.
© Springer-Verlag London Limited 2006
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Znk hxgot oy y{in g iusvrk~ y�yzks zngz yioktik oy |kx� lgx lxus l{rr qtu}rkjmk
gtj {tjkxyzgtjotm ul znk kyyktik ul ozy l{tizoutotm7 Tk|kxznkrkyy znkxk k~oyzy g
n�vuznkzoigr jkyixovzout ul ozy xurk ot vrgttotm rosh suzout a;95;Ac7 Giiuxjotm zu oz5
tk{xuty ot znk yktyotm gtj suzout xkmouty k~ki{zk yktyu6suzuxoi gyyuiogzouty5 o7k7
gyyuiogzk yomtgry lxus xkikvzuxy }ozn vuzktzogr krksktzgx� suzouty5 g yktyu6suzuxoi
sgvvotm oy luxskj7 Znk vxksuzuxoi hxgot yzks tkz}uxq xkrgzky xkikvzux yomtgry zu
znk suzout vxumxgsy mktkxgzkj h� znk ikxkhkrr{s7 Znk jk"tozout ul yktyu6suzuxoi
sgvvotm oy kw{gzkj5 h� znk xkykgxinkxy5 zu znk ixkgzout ul |kizux ul vxklkxxkj
suzout joxkizouty7 Giiuxjotm zu znk ghu|k n�vuznkyoy ikxkhkrr{s jk"tky znk suzout
zxgpkizux� 2gtj yu znk |kruioz� iusvutktzy gryu37 Suzout vrgttotm oy vkxluxskj
ot z}u y{hykw{ktz yzgmky7 Oz }gy uhykx|kj zngz znk hxgot ngy g pa^k^ y{hy�yzks
" k|gr{gzotm suzout joxkizout gtj yktyk " otjkvktjktz ul s{yirky5 gtj g pa^g
y{hy�yzks jkvktjktz ut s{yirky " zgqotm otzu giiu{tz znkox kÆiokti� gtj k|gr{gzotm
suzout j�tgsoiy7 J{xotm suzout vrgttotm "xyz oy znk gizout ul pa^k^ gtj znkt g
pa^k^ y{hy�yzks7

*,(+(* 5L^TN EPWL_TZY^

Ot u{x xkykgxin znk ghu|k otzxuj{ikj n�vuznkyoy gyy{sotm z}u6yzgmk suzout vrgttotm
h� znk hxgot }gy {zoro!kj7 Znkxk oy tu jo!kxktik ot suzout vrgttotm lux g lxkk
mgoz }ozn tu6vkxoujoi ykw{ktik ul rkm zxgtylkxy gtj lux xn�znsoi mgoz }ozn vkxoujoi
ykw{ktik ul rkm zxgtylkxy7 Znk vrgttotm oy vkxluxskj ut6rotk zgqotm otzu giiu{tz znk
otluxsgzout uhzgotkj lxus jo|kxyk yktyuxy7

Znk lurru}otm |gxoghrky }kxk jk"tkjC

5D " k^Zebs^] lmZm^ h_ ma^ pZedbg` fZ\abg^ ot znk otyzgtz w] 25D E 52w]33D znoy
yzgzk oy jk"tkj gy g ykz ul rkm6ktj iuuxjotgzky 2ot znk otyzgtz w]3 k~vxkyykj ot
iuuxjotgzk lxgsk 2ux lxgsky3 gÆ~kj zu znk sginotk huj�D k7m7 znoy yzgzk igt hk
jkyixohkj h� znk ykz ul rkm6ktj iuuxjotgzky k~vxkyykj ot Igxzkyogt iuuxjotgzk
lxgsky gÆ~kj zu znk novy5 o7k 2{]^ E |

]
^ E }

]
^3 " yzgzk ul znk m6zn rkm k~vxkyykj ot znk

m6zn iuuxjotgzk lxgsk ot znk l6zn otyzgtzD 5D E 22{]*E |
]
*E }

]
*3E D D D E 2{

]
_E |

]
_E }

]
_335 lux

g n6rkmmkj }grqotm sginotk5
vU " \nkk^gm l^glhk lmZm^D yzgzk vU jkyixohky znk yzgzk ul znk yu6igrrkj |oxz{gr

yktyux5 zngz oy g yktyux ixkgzkj gxzo"iogrr� h� znk iutzxur y�yzks h� gjkw{gzkr�
gmmxkmgzotm znk otluxsgzout mgznkxkj h� xkgr yktyuxy a=<c7 Znk yzgzk ul y{in
yktyuxy oy jk"tkj gy znk otluxsgzout ghu{z znk kt|oxutsktz ux znk sginotk
uhzgotkj lxus g ykz ul xkgr yktyuxy 2k7m7 joyzgtik lxus uhyzgirky35

vwgYbg " k^Ze yzgzoi 2rutmoz{jotgr3 ux j�tgsoi lmZ[bebmr fZk`bg iusv{zkj ut znk
hgyoy ul yktyux xkgjotmy 2yzgzk3D vwgYbg E vwgYbg2vU35

rgYbg " fhmbhg ebfbml jkzkxsotkj ut znk hgyoy ul yktyux yzgzk ot znk i{xxktz otyzgtz
ul zoskD rgYbg E rgYbg2vU35

r " dghpg fhmbhg ebfbml5 k7m7 znk sg~os{s vuyyohrk lux}gxj yzxkzin ul znk rkm5
pw " fhmbhg \hf_hkm \kbm^kbhg5 k7m7 qkkvotm znk sg~os{s giikrkxgzout hkru} g

ikxzgot rosoz ux qkkvotm znk |kruioz� ul suzout iutyzgtz5 kzi7
jZ " `eh[Ze fhmbhg `hZe 5 k7m7 suzout j{xgzout5 joyzgtik7
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:< Hourumoigrr� Otyvoxkj Suzout Vrgttotm ot Xuhuzoiy ;9<

Znk zkxs ul suzout iusluxz }gy otzxuj{ikj {yotm znk xklkxktik zu znk n{sgt
mgoz lkgz{xky qtu} ot houskingtoiy7 J{xotm g n{sgt suzout yk|kxgr iutjozouty
gxk l{r"rrkj gyy{xotm }grqotm iusluxz7 Hkz}kkt uznkxy n{sgt }grqy xkj{iotm
giikrkxgzouty ul noy sgyy iktzkx7 G muuj joyi{yyout ul n{sgt mgoz lkgz{xky igt hk
lu{tj o7k7 ot a=5<?c7 Lux k~vrgtgzout }k utr� sktzout zngz znuyk otjoiky ux iutjozouty
gxk tuz ghyur{zk gtj gr}g�y |groj vkxlkizr� uvzoso!kj ixozkxouty7

*,(+(+ @Z_TZY CWLYYTYR

Znk zkxsy ul \nkk^gm fhmbhg `hZe gtj fhmbhg bgm^gmbhg gxk otzxuj{ikj7 Znk i{xxktz
suzout mugr j] jkvktjy utC znk mruhgr mugr5 znk xkgro!kj sginotk yzgzk5 znk suzout
rosozy 2rgYbgE r35 znk yzghoroz� sgxmot vwgYbg gtj znk k^Zebs^] i{xxktz suzout mugr lux
znk vxk|ou{y zosk otyzgtz u2j]!*3C

j] E j] 2 jZ E 5
D!%E rgYbg E rE vwgYbg E u2 j

]!* 3 3D 2:<7:3

Znk vuyyohrk rosh joyvrgiksktzy gxk irgyyo"kj otzu znk mxu{vy " ykzy tgskj vxklkxxkj
suzout joxkizouty7 Znk zxgpkizux� yngvky j{xotm kgin suzout hkrutmotm zu znk
yvkio"i ykz igt jo!kx7 Znk ykzy gxk joyzotm{oynkj iutyojkxotm }ngz oy znk v{xvuyk ul
g su|ksktz 2lux }ngz oz oy vkxluxskj37

Znk jkzkxsotgzout ul znk \nkk^gm fhmbhg `hZe ot u{x skznuj oy kw{o|grktz zu
znk inuoik zu }ngz ykz ul vxklkxxkj suzout joxkizouty hkrutmy znk i{xxktzr� vrgttkj
su|ksktz7 Oz s{yz hk {tjkxyiuxkj zngz ot znoy "xyz vngyk ul vrgttotm utr� znk
tgsk ul znk ykz oy k|gr{gzkj h{z tuz znk xgtmk gtj k~giz joxkizout ul znk vrgttkj
suzout7 Znk ykrkizout ul znk i{xxktz mugr oy hgykj ut znk gtgr�yoy ul gt gjkw{gzk
jkioyout yinksk 2xk#kizotm xkr72:<7:337 Kgin yinksk jkyixohky znk ykrkizout ul g
tk} j] lux znk i{xxktzr� xkgro!kj suzout mugr u2j]!*37 Znk ykiutj yzgmk ul suzout
vrgttotm " jkzkxsotgzout ul fhmbhg bgm^gmbhg lq] oy kw{o|grktz zu znk k|gr{gzout ul
znk |kruioz� iusvutktzy lux znk vrgttkj su|ksktz hkrutmotm zu znk p{yz inuykt
ykz7 Lux kgin ykz jo!kxktz xkrgzouty gtj iutjozouty {ykj lux |kruioz� igri{rgzout gxk
luxs{rgzkj7 Oz oy k~vkizkj zngz znk suzout }ozn znk k|gr{gzkj |kruioz� iusvutktzy
}orr hk vkxluxskj {tzor znk tk~z jkioyout oy zgqkt iutikxtotm znk i{xxktz suzout
mugr gtj znk suzout otzktzout7 Znoy muky }ozn g mo|kt zosk vkxouj osozgzotm znk
n{sgt jkioyout rgzkti� zosk7 Znk rgzkti� zosk oy tuz qkvz ot k~zxksk yoz{gzouty
" gy uhyzgirk iurroyout5 xkginotm znk suzout rosozy5 znk tk} jkioyout }orr hk zgqkt
osskjogzkr�7 Ot mktkxgr5 }ozn znk zosk gtj |kruioz� znk tusotgr zxgpkizux� zngz znk
sginotk }u{rj xkvxuj{ik ot znk ghyktik ul uhyzgirky oy yvkio"kj7 Uhyzgirky ig{yk
sujo"igzout ul znoy zxgpkizux�5 nktik oz somnz tuz hk k~ki{zkj gy otzktjkj7

lq] E lq] 2 pw E vwdf2lq
]3E rdf2lq

]3E r E 5D!%E j] 3E 2:<7;3

}nkxkC

rdf " luxkigyzkj suzout rosozy lux znk vrgttkj suzout otzktzout lq]D znk tuzgzout
rdf E rdf2lq

]3 jkyixohky znk luxkigyz lux znk otzktzout lq]5
vwdf " luxkigyzkj |gr{k ul znk yzgzoi8j�tgsoi yzghoroz� sgxmotD tuzgzout vwdf E

vwdf2lq
]3 jkyixohky znk luxkigyz lux znk otzktzout lq]7
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Znk yosvrk k~gsvrk y{ssgxo!ky mgoz mktkxgzout }ozn znk otzxuj{ikj skznuj7 J{k zu
g rosozkj yo!k ul znoy v{hroigzout tuz k|kx� jkzgor oy iussktzkjD g }ojkx jkyixovzout
igt hk lu{tj ot znk huuq a<Bc5 gtj g y{ssgx� ul znk skznuj oy y{hsozzkj ot a=?c7
G w{gjx{vkj }grqotm sginotk oy iutyojkxkj7 Rkmy su|k ot utk vrgtk 2oz oy tuz yojk
suzout37 Znk sginotk su|ky }ozn yzgzoigrr� yzghrk mgoz 2znk mkuskzx� ul znk sginotk
oy inuykt ot y{in }g� zngz yzghoroz� oy qkvz }nkt znxkk ux lu{x rkmy xksgot ut znk
mxu{tj3 a=>c7 Znk nkomnz ul znk uhyzgirky oy tuz mxkgzkx zngt znk sg~os{s rolz ul
znk rkm5 gtj znkox rktmzn oy tuz mxkgzkx zngt ngrl znk sg~os{s yzkv rktmzn7 Utr�
yzxgomnz rotk suzout ut #gz zkxxgot oy iutyojkxkj7 Znk ghu|k gyy{svzouty gxk tuz
j{k zu znk rosozgzouty ul vxkyktzkj skznuj h{z lux ygqk ul yosvroioz� gtj irgxoz� ul
vxkyktzgzout7 Suzout vrgttotm oy vkxluxskj ut6rotk j{xotm }grqotm7 Vrgttotm iutyoyz
ul z}u ynuxz vngyky }noin gxk xkvkgzkj utk glzkx gtuznkx utk j{xotm znk suzout 2gy
vuyyohrk n{sgt oy juotm37 Znk i{xxktz suzout mugr oy "xyz jkzkxsotkj5 gtj lux oz znk
suzout otzktzout oy k|gr{gzkj7

]k k|gr{gzkj zngz rkm6ktj igt su|k {v}gxj 2}nkt rkm oy xoykt u|kx znk mxu{tj35
lux}gxj 2}nkt rkm6ktj su|ky lux}gxj ot xkrgzout zu znk nov puotz35 ju}t}gxj 2}nkt
rkm6ktj su|ky zu}gxj znk mxu{tj3 gtj hgiq}gxj 2}nkt rkm y{vvuxzy znk huj� gtj
v{ynky oz lux}gxj37 Ot znk iutyojkxkj k~gsvrk }ozn #gz zkxxgot 2gtj utr� uhyzgirky
vxuzx{jotm u{z ul oz3 j{xotm hgiq}gxj gtj lux}gxj suzout znk rkm6ktj juky tuz
ingtmk ozy |kxzoigr joyzgtik zu znk nov puotz5 gtj j{xotm ju}t}gxj suzout znoy
joyzgtik oy otixkgyotm }ozn uvvuyozk lux {v}gxj suzout7 Xklkxxotm zu oz5 znk tgsky ul
znk joxkizout ykzy 2o7k7 vuyyohrk i{xxktz suzout mugry3 lux kgin rkm gxk znk lurru}otmC

j] E NKJLT`J[ME OX[`J[ME ^Y`J[ME MX`W`J[MOD 2:<7<3

HGIQ]GXJ skgty zngz znk rkm6ktj s{yz xksgot ot znk y{vvuxz vngyk }nkt5 j{k
zu v{ynotm znk huj� lux}gxjy5 znk rkm6ktj su|ky hgiq}gxj xkrgzo|k zu znk zx{tq5
[V]GXJ skgty zngz znk rkm ynu{rj hk su|kj ghu|k znk mxu{tj gtj znk joyzgtik
hkz}kkt znk mxu{tj gtj znk rkm6ktj }orr otixkgyk5 LUX]GXJ skgty zxgtylkxxotm
znk rkm6ktj zu}gxjy znk lxutz ul znk huj� gtj JU]T]GXJ " znk rkm6ktj suzout
zu}gxjy znk mxu{tj 2Lom7 :<7:37 Znk zosk gtj |kruioz� iusvutktzy 2joyzgtik3 j{xotm
znoy suzout }ozn inuykt suzout mugr jkvktj ut rosozy joizgzkj h� jk|oik qotksgzoiy5
ut vuyz{xk yzghoroz� xkw{oxksktzy gtj ut uhyzgirky vxkyktik7

Lom{xk :<7; vxkyktzy znk iutyojkxkj suzout rosozy xklkxxkj zu g rkm6ktj7 Znk
lurru}otm iutyzxgotzy gxk iutyojkxkjC

rla]b " rgxmkyz vuyyohrk hgiq}gxj joyvrgiksktz ul g rkm y{vvuxzkj h� znk mxu{tj
2HGIQ]GXJ suzout rosoz35

rld " rgxmkyz vuyyohrk lux}gxj joyvrgiksktz ul gt {vxgoykj rkm 2LUX]GXJ5
[V]GXJ suzout rosoz35

rlaUl " rgxmkyz vuyyohrk lux}gxj joyvrgiksktz ul g rkm y{vvuxzkj h� znk mxu{tj
2LUX]GXJ5 [V]GXJ5 JU]T]GXJ suzout rosoz35

rmd " rkm iuuxjotgzk gz znk susktz ul g iutzgiz }ozn znk mxu{tj 2JU]T]GXJ
suzout rosoz35

rmaUl " rgxmkyz vuyyohrk rkm"ktj krk|gzout u|kx znk mxu{tj 2[V]GXJ suzout
rosoz35

rcX` " joyzgtik ul znk rkm"ktj lxus gt uhyzgirk skgy{xkj grutm znk joxkizout ul
suzout 2oz igt hk znk iutyzxgotz ul LUX]GXJ5 [V]GXJ5 JU]T]GXJ
suzout37
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@][. 02.0. Ykzy ul rkm6ktj su6
zout mugry @][. 02.1. Rkm6ktj zxgpkizux�D orr{yzxgzout

ul suzout rosozy

Znk i{xxktz mugr inuoik oy hgykj ut znk gtgr�yoy ul gt gjkw{gzk ]^\blbhg l\a^f^
xk#kizotm xkrgzoutynov 2:<7:37 Kgin yinksk jkyixohky znk ykrkizout ul j] lux znk
i{xxktzr� xkgro!kj suzout mugr u2j]!*37

Znk |gxoghrky {ykj ot znk xkrgzoutynov 2:<7:3 ng|k znk lurru}otm skgtotmC

0. Deh[Ze fhmbhg `hZe:

jZ E Nwudyhuvh wkh sdwk vhjphqwE dyrlg revwdfohvE
pryh zlwk yhorflw| yl_E vwdwlfdoo| vwdeoh prwlrqOD

1. O^Zebs^] lmZm^ h_ pZedbg` fZ\abg^: 2iuuxjotgzky k~vxkyykj ot znk lxgsky gÆ~kj
zu znk iktzkxy ul nov puotzy3

5D!% E 2 {]!** E |]!** E DDD E {]!*- E |]!*- 3D

2. PmZmb\ lmZ[bebmr fZk`bg:

vwgYbg E N wkuhh ohj ! hqgv rq wkh jurxqgOD
3. Jhmbhg ebfbml:

r E rgYbg 2vU 3 E Nrla]bE rldE rlaUlE rmaUlE rcX`OD
Znk jkzkxsotgzout ul fhmbhg bgm^gmbhg lq] 2xkr72:<7;33 oy kw{o|grktz zu znk

jk"tozout ul |kruioz� iusvutktzy ul kgin rkm6ktj7 Ot znoy igyk xkr72:<7;3 jkyixohky
znk skznuj ul k|gr{gzotm |kruioz� iusvutktzy ul rkm suzout lux znk ykrkizkj i{xxktz
suzout mugr7 Znk lurru}otm tuzgzout oy otzxuj{ikjC

U* {U_hE |U_h 6 i{xxktz rkm iuuxjotgzky5

V* ybUaY[
>

l E ybUaY[
>

m 6 iusvutktzy ul |kruioz�C
qdphj] E NKJLT`J[ME OX[`J[ME ^Y`J[ME MX`W`J[MO

W* {a]b&=<>EQ<L? 5 {a]b'=<>EQ<L? 6 iuuxjotgzky ul z}u rkmy tkgxkyz zu rla]b yzgtjotm
ut znk mxu{tj7

Z}u yoz{gzouty gxk joyzotm{oynkjC



@][. 02.2. Hruiq jogmxgs lux g inuoik ul i{xxktz suzout mugr lux xkgro!kj mugr "
HGIQ]GXJ

6 z}u rkmy y{vvuxzkj h� znk mxu{tj5 }ozn iuuxjotgzky {a]b&=<>EQ<L? gtj
{a]b'=<>EQ<L? tuz jo!kxotm s{in7 Znoy xky{rzy ot huzn rkmy gvvxuginotm znk rla]b
rosoz tkgxr� yos{rzgtku{yr�5 gtj yu huzn }u{rj ng|k zu hk rolzkj7 Y{in g yoz{gzout
oy igrrkj g [eh\dZ]^ " jkgj6ruiq 2j{k zu znk yzghoroz� xkw{oxksktz znk suzout ul
huzn rkmy }u{rj hk hruiqkj37 ]nkt g hruiqgjk oy jkzkizkj5 znk rlaUlE rld gxk
sujo"kj5

6 znkxk oy gh [eh\dZ]^7

Znk |gxoghrky {ykj ot xkrgzoutynov 2:<7;3 ng|k znk lurru}otm skgtotmC

0. Jhmbhg \hf_hkm \kbm^kbhg:

pw E Npryh zlwk frqvwdqw yhorflw|E erg| dw frqvwdqw khljkw OD
1. Chk^\Zlm lmZmb\ lmZ[bebmr 2lux znk vxumtuyoy ul yzgzoigrr� yzghrk vuyozout gz rkgyz

znxkk rkmy s{yz y{vvuxz znk huj� ot znk vrgttkj suzout3C

vwdf E Nvwdwlf vwdelolw| pdlqwdlqhg C wkuhh ohjv lq vxssruwOD
2. Chk^\Zlm^] fhmbhg ebfbml; sujo"kj5 gy joyi{yykj ghu|kC

rdf E Nprglilhg C rla]bE rldE rmdE rmaUlE rcX`E eorfndgh2|hvGqr3OD
Znk |kruioz� iusvutktzy ul znk rkmy xksgototm ut znk mxu{tj xky{rz lxus znk
gyy{skj |kruioz� ul znk sginotk7 Znk suzout otzktzout oy jkzkxsotkj ot kgin
iutzxur yzkv5 nktik ot kgin yzkv znk rkm6ktj |kruioz� iusvutktzy gxk igri{rgzkj7
Znk skznuj ul iusv{zotm znk |kruioz� ul znk zxgtylkxxkj rkm oy jo!kxktz ot znk
igyk }nkt znk rkm oy hruiqkj gtj }nkt oz oy lxkk7 Hkru} utr� znk skznuj ul
iusv{zotm znk |kruioz� ul g tuz hruiqkj rkm }orr hk y{ssgxo!kj7 Ol qdphj] E
NOX[`J[ME ^Y`J[ME MX`W`J[MO znkt znk zosk }noin krgvyky {tzor
znk tk~z rkm oy xgoykj oy iusv{zkjC
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Æw E
{a]b&=<>EQ<L? ! rla]b

yl_
D 2:<7=3

@][. 02.3. Xn�znsoi mgozD rkm zxgtylkx ykw{ktik oy tuz vxkjk"tkj

Ol qdphj] E NOX[`J[ME ^Y`J[MO5 znkt znk zosk zu znk otyzgtz ot }noin
znk ru}kxotm ul znk rkm iussktiky oy jkzkxsotkj 2znk otyzgtz ot }noin znk znxkynurj
vuotz rld oy gzzgotkj3C

Æwd E
rld ! {U_h

ybUaY[
>

l

D 2:<7>3

Znk rkm"ktj |kruioz� iusvutktzy gxk znk lurru}otmC

ybUaY[
>

l E
rlaUl ! {U_h

Æw
E 2:<7?3

ybUaY[
>

m E
|U_h ! rmaUl

Æwd
D 2:<7@3

Zu |grojgzk znk skznuj g yos{rgzout vxumxgs iutzxurrotm znk suzout ul g
w{gjx{vkj }grqotm sginotk }gy iujkj7 Znk rkmy ul znk sginotk ngj zu g|uoj
ysgrr uhyzgirky7 Oz ngj hkkt gyy{skj zngz kgin rkm }gy kw{ovvkj }ozn g joyzgtik
yktyux7 Znk sginotk su|ky ut g nuxo!utzgr y{xlgik5 u{z ul znk mxu{tj gxk vxuzx{jotm
uhyzgirky jkzkizghrk h� yktyuxy7 Znk sginotk igt vgyy znk rkmy u|kx5 h{z igt tuz
yzkv ut znk uhyzgirk7

Znk rktmzn ul zx{tq }gy U E 9D<>p 2{tozy gxk mo|kt utr� lux hkzzkx xklkxktik35
}ojzn " ` E 9D;>p5 rkm rktmzn 2y{s ul znomn gtj yngtq3 E 9D<p7 Znk huj� nkomnz
oy qkvz iutyzgtz gtj oy kw{gr zu Q E 9D;=p5 lux znoy nkomnz iuuxjotgzk ul y{vvuxz
oy rmd E 9D9p7 Znk rkm6ktj lux}gxj ynolz ot xkrgzout zu znk nov 2{6iuuxjotgzk3 }gy
rosozkj zu rlaUlE 9D9??p5 znk hgiq}gxj ynolz }gy y�sskzxoi 2rla]bE!9D9??p7
Znk sg~os{s {v}gxj ynolz }gy rmaUl E 9D9;p7 Znk sg~os{s lux}gxj ynolz ul gt
{vxgoykj rkm }gy rld E 9D9>p7 ]ozn znuyk rosozy kgin rkm }gy ghrk zu su|k u|kx g
xkizgtm{rgx uhyzgirk ul nkomnz ysgrrkx zngt 9D9;p gtj rktmzn ysgrrkx zngt 9D:9p7
]ozn znoy yo!k vxuvuxzouty lux znk yzghrk }grq znk huj� s{yz hk y{vvuxzkj ot k|kx�
susktz h� tuz rkyy zngt znxkk rkmy7 Jkyvozk znoy5 znk yos{rgzout yulz}gxk inkiqkj
znk yzgzoi yzghoroz� iutjozout gtj znk sotosgr giikvzghrk yzgzoi yzghoroz� sgxmot }gy
kw{gr zu `G:; 2znk joyzgtik hkz}kkt znk |kxzoigr vxupkizout ul sginotky iktzkx ul



@][. 02.4. Tut6xn�znsoi mgozD uhyzgirky g|uojotm

sgyy zu znk mxu{tj gtj hu{tjgx� ul y{vvuxz vur�mut skgy{xkj grutm znk suzout
joxkizout37

Lom{xk :<7< ynu}y znk gvvrokj jkioyout yinksk lux ykrkizout ul j] lux u2j]!*3 hkotm
HGIQ]GXJ7 Znk ingtmk ul znk i{xxktz suzout mugr zu HGIQ]GXJ lux znk rkm
hkotm ghu|k znk mxu{tj 2tuz lux znk rkm lux }noin znoy yinksk }orr hk gtgr�!kj3 skgty
zngz j{xotm k|gr{gzout ul znk suzout otzktzout lux znoy rkm znk |kruioz� iusvutktzy
}orr hk igri{rgzkj lux znk ynuxzkyz vuyyohrk rkm6ktj y{vvuxz7 Lom{xk :<7= orr{yzxgzky znk
noyzux� ul rkm zxgtylkxy }nkt znk uhyzgirky gxk tuz vxkyktz5 gtj Lom7 :<7> orr{yzxgzky
}grqotm ot znk vxkyktik ul uhyzgirky7 Lux hkzzkx iusvgxoyut znk uhyzgirky iutyojkxkj
ot Lom7 :<7> gxk sgxqkj ot Lom7 :<7= 2h{z gxk 55zxgtyvgxktz. zu znk sginotk37 Lxus
znuyk yzoiq jogmxgsy oy vuyyohrk zu tuzoik zngz }oznu{z uhyzgirky znk yzkv rktmzny
gxk kw{gr lux grr znk rkmy7 Znk rkmy }kxk zxgtylkxxkj ot g i�iroi ykw{ktikC 9E ;E <E :7
Znoy ykw{ktik ul rkm zxgtylkxy }gy tuz yvkio"kj h{z xky{rzkj utr� lxus znk otozogr
vuyozout5 gtj tu k~zkxtgr lgizux 2uhyzgirky3 ingtmkj znoy ykw{ktik7 Gy }k igt tuzoik
znk y{vvuxz vuotzy gxk vrgikj }nkxk rgzkx znk uhyzgirky }orr hk ruigzkj7 Ot znk |oiotoz�
ul uhyzgirky znk |kruiozoky ul znk xgoykj rkmy ingtmk iutyojkxghr�5 gtj znk rkmy gxk
zxgtylkxxkj ot y{in g }g� zngz uhyzgirky gxk g|uojkj7 Ot znk vxkyktik ul uhyzgirky znk
rkm zxgtylkx ykw{ktik }gy tuz i�iroi5 k7m7 9E ;E <E 9E ;E <E :E ;E 9E <E :E ;E :E 9E D D D
2tut6xn�znsoi mgoz3 gtj tuz vxkjk"tkj7 Znk zxgtylkx zosk jkvktjkj ut uhyzgirk
joyzxoh{zout5 suzout qotksgzoi rosozy gtj yzghoroz� iutjozouty gy oz }gy joyi{yykj
ghu|k7 Znk yzkv rktmzny gxk jo!kxktz 2Lom7 :<7>35 znk rkmy gxk vrgikj p{yz hkluxk
uhyzgirky }noin oy suxk 55iut|ktoktz. lux uhyzgirk g|uojotm 2znoy vxk|ktzy lxus muotm
u{z ul suzout rosozy rlaUl5rla]b j{k zu znk uhyzgirk37 Znk ynuxz yzkvy hkluxk gtj
glzkx uhyzgirky xky{rz lxus znk iuuxjotgzout ul znk xkrgzo|k vuyozouty lux grr znk rkmy7

Znk jogmxgsy ot Lom7 :<7? gxk lux rklz lxutz rkm ynu}t ut xomnz {vvkx vgxz ul
yzoiq jogmxgsy ot Lom7 :<7= gtj Lom7 :<7>7 Joyi{yykj hkru} lxgmsktz ul znoy rkm
suzout otir{jotm grsuyz z}u yzkvy }ozn utk y{vvuxz vngyk }gy v{z ot lxgsk ot
Lom7 :<7>7 Lom{xk :<7?g3 orr{yzxgzky znoy rkm6ktj1y |kruioz� iusvutktzy k~vxkyykj ot
xkrgzout zu znk iutzxur yzkv {ykj ot yos{rgzout7 Znk iutzxur yzkvy gxk sgxqotm #u} ul
yos{rgzout zosk5 znk� igt gryu hk joxkizr� xkrgzkj zu znk jkioyout rgzkti� gtj iutzxur
yzkvy iutyojkxkj ot xkgr6zosk iutzxur7 Znk "xyz vgxz ul znk jogmxgs orr{yzxgzky znk
yoz{gzout }nkt znk uhyzgirk }gy tuz jkzkizkj5 znk rkm "xyz su|ky {v}gxj5 ym oy
vuyozo|k 2!ym oy tkmgzo|k35 lxus znk yzkv tu7@ znk rkm yzgxzy zu su|k ju}t5 zorr
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@][. 02.5. Rkm6ktj |kruioz� yl5 ym " g35 rkm6ktj zxgpkizuxoky }ozn gtj }oznu{z
g|uojotm uhyzgirky " h3

yzkv ;; }nkt znk rkm oy y{vvuxzkj h� znk mxu{tj 2ym oy kw{gr zu !kxu3 gtj rkm6ktj
y{vvuxzotm znk huj� su|ky hgiq}gxj ot xkrgzout zu znk nov 2yl oy tkmgzo|k37 Lxus znk
yzkv @?6@@ yzgxzy znk rkm 55xkgizout. zu znk jkzkizkj uhyzgirk5 znk rkm oy su|kj |kx�
lgyz {v}gxj 2utr� j{xotm < yzkvy3 tk~z oy su|ky lgyz ju}t}gxj5 zu hk vrgikj ut znk
mxu{tj lux yzkv A:7 Lom{xk :<7?h3 ynu}y lxgmsktzy ul znk rkm6ktj zxgpkizux� }ozn gtj
}oznu{z g|uojotm uhyzgirky7 Znk "xyz zxgpkizux� }gy }oznu{z uhyzgirk g|uojotm gtj
znk rkm6ktj |kruioz� iusvutktzy grutm znoy zxgpkizux� }kxk xkiuxjkj lux iutzxur yzkvy
96@= ot Lom{xk :<7?h35 znk |kruioz� iusvutktzy lux g|uojotm uhyzgirk gxk lxus yzkv @=7
J{xotm znk suzout }ozn uhyzgirky5 znk rkm6ktj |kruioz� iusvutktzy ot zxgtylkx vngyk
otixkgyk mxkgzr� gz g ikxzgot otyzgtzy7 Zngz oy znk xky{rz ul suzout y�tinxuto!gzout
lux grr znk rkmy7 Znk yngvk ul znk rkm6ktj zxgtylkx zxgpkizux� lux znk iutyki{zo|k yzkvy
oy tuz yosorgx5 oz oy tuz vxk6vrgttkj gtj xky{rzy lxus znk uhyzgirk joyzxoh{zout7

&($( 1NUJI 6FNY ?FYYJWS 6JSJWFYTW

Znk qotksgzoi yzx{iz{xky ul hovkj }grqotm sginotky {y{grr� osozgzk znk yzx{iz{xk
ul g n{sgt yqkrkzut7 Huzn znk mgoz ul hovkj sginotky gtj znk n{sgt mgoz gxk
j�tgsoigrr� yzghrk a<:5 <>c7 Znk yioktzoyzy krghuxgzotm skznujy ul iutzxurrotm znk
suzout ul hovkj }grqotm sginotky {yk jo|kxyk sujkry gtj lurru} jo!kxktz }g�y ul
yur|otm j�tgsoiy vxuhrksy 2gt otzkxkyzotm u|kx|ok} oy vxkyktzkj ot a<;c7 Mktkxgrr�
yvkgqotm5 znk yur{zout zu znk j�tgsoiy vxuhrks y{vvroky znk otluxsgzout ghu{z znk
luxik gtj zuxw{k zxgtyoktzy5 }noin ynu{rj gyy{xk znk vxuvkx vuyz{xk 2o7k7 |kxzoigr3
gtj znk lux}gxj suzout ul znk sginotk7 Znk jkyoxkj ingtmky ul rkm iuuxjotgzk
zxgpkizuxoky xky{rz lxus mkuskzxoigr iutyojkxgzouty5 k7m7 jkzkxsotgzout ul puotz gtmrk
ingtmky hgykj ut gt gyy{skj suzout ul znk jk|oik1y iktzxk ul mxg|oz� a::c ux znk
gyy{svzout zngz znk suzout ul rkm rotqy xkykshrky znk uyiorrgzouty ul gt ot|kxzkj
vktj{r{s a;:5<:c5 yu znk sginotk suzout 2mgoz vgzzkxt3 jo!kxy lxus znk n{sgt mgoz
vgzzkxt7 Znk ghu|k sktzoutkj yoz{gzout otj{ikj znk g{znux zu ot|kyzomgzk hovkj



sginotk mgoz mktkxgzuxy7 Znk g{znux jkiojkj zu ruuq iruykr� gz hourumoigr vgzzkxty
gtj zu {zoro!k znk ojkg ul Iktzxgr Vgzzkxt Mktkxgzux 2IVM37

K~vkxosktzgr ot|kyzomgzouty ul ro|otm uxmgtoys ruiusuzout iutzxur y�yzksy rkj zu
znk luxs{rgzout ul znk tuzout ul Iktzxgr Vgzzkxt Mktkxgzux mktkxgzotm znk uyiorrgzux�
suzout xn�zns a@5:<5:=5:?5;?5<@c7 Oz oy hkrok|kj zngz znk ojkg ul iu{vrkj uyiorrgzuxy
uxomotgzkj }ozn Inxoyzogt N{�mkty 2:?;B6B>37 Znk uhykx|kj xn�zns ul ro|otm ixkgz{xk
suzout oy gt k!kiz ul IVM gizo|oz� a:<c7

Xkykgxin ul hourumoigr suzout vxotiovrky rkj zu znk ojkg ul Iktzxgr Vgzzkxt
Mktkxgzux5 }noin iutyoyzy ul mxu{vy ul tk{xuty 2{y{grr� ot znk yvotgr iuxj35 }noin
iurrkizo|kr� xkgro!k ykw{ktiky ul i�iroi s{yirk k~iozgzouty a:<c7 Znkyk tk{xuty igt
ig{yk k~iozgzout }oznu{z lkkjhgiq lxus znk s{yiu6yqkrkzgr y�yzks gtj }oznu{z
iutzxur yomtgry mktkxgzkj h� znk hxgot a;<5 ;=c7 Znk rgyz yzgzksktz ngy hkkt |kxo"kj
h� k~vkxosktzy }ozn gtosgry ng|otm znkox iuxzoigr yzks i{z7 Vgzzkxt mktkxgzout
igt hk vkxoujoigrr� otozogzkj5 zkxsotgzkj ux suj{rgzkj h� k~zkxtgr iutzxur otv{zy7
Otluxsgzout jkxo|kj lxus yktyux� otv{zy sg� sujol� znk u{zv{z ul znk vgzzkxt
mktkxgzux yu gy zu gjgvz ruiusuzout zu znk kt|oxutsktz a;c7 Oz oy tuz iut"xskj
}nkznkx znk rkm su|ksktzy ot grr gtosgry gxk jxo|kt h� iu{vrkj iktzxgro!kj hourumoigr
uyiorrgzuxy7 I{xxktz sujkry ul |kxzkhxgzk ruiusuzout gxk vxkjusotgtzr� hgykj ut
znk iutikvz ul joyzxoh{zkj ykrl6uxmgto!kj mktkxgzuxy a:@5 :A5 ;>c7 Znk ot|kyzomgzouty
ul IVM ktiusvgyyC

g3 sujkrotm ul vuyyohrk hourumoigr yzx{iz{xky ul IVMC k7m7 a:>5 <@c5
h3 sgznksgzoigr sujkry jkyixohotm znk yvkio"i uvkxgzout ul IVM 2iu{vrotm hkz}kkt

uyiorrgzuxy5 k~oyzktik ul yzghrk yzgzky5 kzi735 a:>5 :A5 <9c5
i3 xkykgxin otzu vxuvkxzoky ul xkgr tk{xgr yzx{iz{xky5 k7m7 a@c5
j3 iutyzx{izout ul uyiorrgzux sujkry mktkxgzotm znk mgoz xn�zns gtj sujkrotm

ingtmky ot zngz xn�znsC a@5 :=5 ;B5 <<c7
Xkykgxinkxy sgotr� ruuq lux jo!kxktz gtgr�zoigr sujkry5 }noin }u{rj mktkxgzk
utr� ykw{ktiky ul rkm zxgtylkxy 2vgik sgxqkxy3 a@c7 Suyz ul znk ot|kyzomgzouty
jkgr }ozn znk mktkxgzout ul otykiz mgozyC a@5 :=c7 W{gjx{vkj a:?5 ;>c gtj n{sgt
mgoz a:B5<<5=:c gxk gryu mktkxgzkj7 Znk sgpuxoz� ul ot|kyzomgzouty rosoz znksykr|ky
zu znk mktkxgzout ul xn�zns lux rkm6ktj suzouty7

Znk vxkyktzkj skznuj ul mgoz mktkxgzout vxuj{iky g mgoz vgzzkxt yosorgx zu znk
n{sgt mgoz7 Oz {yky znk ojkg ul g mgoz mktkxgzux zngz mktkxgzky gt u{zv{z yosorgx zu
znk u{zv{z ul g hourumoigr mktkxgzux5 h{z juky tuz osozgzk znk otzkxtgr yzx{iz{xk ul
znk hourumoigr mktkxgzux7

*,(,(* @ZOPW ZQ 6Z`[WPO B^NTWWL_Z]^

U{z ul znk mxu{v ul znk suyz }ojkyvxkgj uyiorrgzux sujkry5 |gt jkx Vur iu{vrkj
uyiorrgzuxy gxk ot|kyzomgzkj gy znk n{sgt ruiusuzout xn�zns mktkxgzuxy aA5:B5=:5=?c7

Znk kw{gzouty jkyixohotm znk j�tgsoigr vxuvkxzoky ul uyiorrgzuxy ng|k znk
lurru}otm mktkxgr luxsC

&{! 5 " 2s+ ! {+3 " e{ 4 j+ " { E tD 2:<7A3

Znk |gxoghrky 5E s+E j+E t ot#{ktik znk vxuvkxzoky ul uyiorrgzuxy7

210 T. Zielinska and C.-M. Chew



:< Hourumoigrr� Otyvoxkj Suzout Vrgttotm ot Xuhuzoiy ;::

@][. 02.6. Jktuzgzout ul gtmrky {ykj h� znk mgoz mktkxgzux gtj iu{vrotm lgizuxy
hkz}kkt znks

@][. 02.7. Yzoiq jogmxgs ul n{sgt mgoz 6 g35 mgoz mktkxgzkj h� iu{vrkj uyiorrgzuxy
6 h3

I�iroi yur{zouty ul znuyk uyiorrgzux kw{gzouty igt hk otzkxvxkzkj gy znk |gr{ky
sgxqotm znk ingtmk ul znomn ux yngtq gtmrky j{xotm }grqotm7 Znk ingtmky ot gtmrky
j{xotm suzout gxk jkyixohkj h� znk lurru}otm kw{gzoutyC

&{* ! 5* " 2s+* ! {+U3 " e{* 4 j+* " {U E t*E 2:<7B3

&{+ ! 5+ " 2s++ ! {+V3 " e{+ 4 j++ " {V E t+E

&{, ! 5, " 2s+, ! {+W3 " e{, 4 j+, " {W E t,E

&{- ! 5- " 2s+- ! {+X3 " e{- 4 j+- " {X E t-E

}nkxk
{U E {* ! 4+* " {+ ! 4,* " {,E {V E {+ ! 4*+ " {* ! 4-+ " {-E
{W E {, ! 4*, " {* ! 4-, " {-E {X E {- ! 4+- " {+ ! 4,- " {,D

Znkyk kw{gzouty ng|k ;= vgxgskzkxyC 5*E 5+E 5,E 5-5 s
+
*E s

+
+5 s

+
,E s+-E j

+
* E j

+
+ E

j+, E j
+
- E t*E t+E t,E t-E 4*,E 4,*E 4*+E 4+*E 4+-E 4-+E 4-,E 4,-7 Znk ot#{ktik ul znkyk

vgxgskzkxy ut znk vxuvkxzoky ul znk uyiorrgzuxy oy |kx� iusvrk~5 hkig{yk ul t{skxu{y
iu{vrotmy hkz}kkt znks7

Znk k~giz gtgr�zoigr yur{zout jkyixohotm znk hkng|ou{x ul znk ghu|k y�yzksy
ul iu{vrkj uyiorrgzuxy oy tuz qtu}t7 Gvvxu~osgzk yur{zouty igt hk lu{tj 2k7m7 lux
iu{vrkj inksoigr uyiorrgzuxy37 Gvvxu~osgzk skznujy "xyz gyy{sk znk z�vk ul yur{zout
gtj rgzkx5 h� y{hyzoz{zout5 znk vgxgskzkx |gr{ky ul znk gyy{skj yur{zout gxk lu{tj7
Gvvxu~osgzk yur{zouty gxk {ykl{r ot znk gtgr�yoy ul znk mktkxgr lkgz{xky ul kw{gzouty5



y{in gy znk rosoz i�irk ux znk uyiorrgzout mktkxgzout iutjozout7 [tluxz{tgzkr� znuyk
yur{zouty ju tuz voiz{xk znk mktkxgzkj uyiorrgzouty l{rr�7 J{k zu zngz5 ot znk
mktkxgzout ul mgoz xn�zns5 t{skxoigr skznujy ul yur|otm kw{gzouty }kxk {ykj7

]k yur|kj znk kw{gzouty t{skxoigrr� gvvr�otm X{tmk6Q{zzg skznuj ul ykiutj
uxjkx7 Hkyojky znk vxuhrksy gxoyotm lxus {yotm t{skxoigr skznujy 2otzkmxgzout
yinksk5 t{skxoigr yzghoroz�35 znk l{tjgsktzgr iutjozout lux vxuvkxr� voiz{xotm
uyiorrgzouty oy zu jkzkxsotk kw{gzout vgxgskzkxy ot y{in g }g� zngz yzghrk uyiorrgzouty
2rosoz i�irk3 xky{rz a=:c7 Iu{vrkj uyiorrgzuxy gxk ingxgizkxo!kj h� sgt� ruigrr� yzghrk
i�irky5 znk gos ul u{x z{totm oy zu uhzgot y{in i�irk }noin xkykshrky n{sgt mgoz7

Znk yigrkj |gr{ky ul {] gy g l{tizout ul zosk5 xkyur|otm znk iu{vrkj kw{gzouty
ul znkyk uyiorrgzuxy jkyixohk znk ingtmky ul gtmrky ot znk nov gtj qtkk puotzy7 Znk
gtmrky a*5 a+5 a,5 a- 2ykk Lom7 :<7@3 iuxxkyvutj zu znk gjkw{gzkr� yigrkj {*5 {+5
{,5 {-7 Oz oy gyy{skj zngz znk gtmrky a] ng|k vuyozo|k |gr{ky ol znk znomn ux yngtq
gxk ot lxutz ul znkox xkyvkizo|k g~ky gtj tkmgzo|k ot znk uvvuyozk joxkizout7 Ot znk
vxkyktzkj ot|kyzomgzouty ul uyiorrgzuxy oz ngy hkkt gyy{skj zngz znk |gxoghrky {] gtj
a] xkvxkyktz znk |gr{ky k~vxkyykj ot jkmxkky7

Lxus znk jgzg uhzgotkj lxus u|kx g ju!kt xkiuxjotmy ul yru} n{sgt }grq 2jgzg
lxus znk rozkxgz{xk5 k7m7 a:;5<Ac3 oz }gy lu{tj zngz znk gtmrky ot znk qtkk puotz ingtmk
2ut g|kxgmk3 ot znk xgtmk 2!<9cE :>c3 gtj ot znk nov puotz ot znk xgtmk 2!:9cE ;>c37
Zu uhzgot znk yur{zouty ul kw{gzouty ot znk ghu|k xgtmky znk lurru}otm yigrotm ngy
hkkt jutkC

a* E {* $ :9D9 ! ;;D9 E a+ E {+ $ >D9 4 <9D9 E 2:<7:93

a, E {, $ :9D9 ! ;;D9 E a- E {- $ >D9 4 <9D9 D

@][. 02.8. Mgoz mktkxgzkj lux g ysuuzn y{xlgik " g35 mgoz }ozn g|uojotm uhyzgirk "
h3

Znk otozogr iutjozouty ng|k hkkt jkzkxsotkj h� {yotm znk yzoiq jogmxgsy 2yojk
|ok} ul znk osgmk ul rkm suzout xkiuxjkj gz joyixkzk zosk otyzgtzy3 gtj znk zghrky
iutzgototm znk puotz gtmrk |gr{ky xkiuxjkj j{xotm gt k~vkxosktz }ozn g }grqotm
n{sgt a<Ac7 Znk lurru}otm ng|k hkkt gyy{skjC
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:< Hourumoigrr� Otyvoxkj Suzout Vrgttotm ot Xuhuzoiy ;:<

a* E ADAÆE a+ E ;;DBÆE 2:<7::3

a, E !;@D9ÆE a- E :@D9ÆD

Lux yur{zout ul 2:<7B3 h� t{skxoigr skznujy otozogr gtm{rgx |kruiozoky }kxk
gvvxu~osgzkj h� jo!kxktik w{uzoktzy ul znk "xyz uxjkx5 zgqotm otzu giiu{tz znk
gtmrky gz z}u iutyki{zo|k otyzgtzy7 Ot znk yzoiq jogmxgs 2gtj zghrk3 lxus }noin znk
jgzg }gy xkgj znk rosh vuyozouty ngj hkkt xkiuxjkj k|kx� *

*+)
v 29D99Av37 Uyiorrgzux

kw{gzout otzkmxgzout yzkv }gy ykz gz 9D9:7 ]nkt ykzzotm znk otozogr gtm{rgx |kruiozoky5
oz }gy gyy{skj zngz znoy otzkmxgzout yzkv }gy kw{o|grktz zu 9D99Av zosk otzkx|gr7

Znk otozogr gtm{rgx |kruiozoky }kxk kw{gr zuC

ea* E !:D9ÆGvE ea+ E :D9ÆGvE 2:<7:;3

ea, E !<:D9ÆGvE ea- E =<D9ÆGvD

Znk uyiorrgzuxy iu{vrotm vgxgskzkxy jkzkxsotk znk z�vk ul mgoz " znk� gxk znk
suzout iuuxjotgzuxy hkz}kkt znk puotzy lux huzn roshy7 Znk� ot#{ktik znk vngyk
ynolz hkz}kkt puotz zxgpkizuxoky giiuxjotm zu znk iu{vrotm orr{yzxgzkj ot Lom{xk :<7@7
Glzkx znk otozogr ykrkizout ul iu{vrotm vgxgskzkxy xky{rzotm ot yzghrk uyiorrgzouty gtj
ot ygzoylgizux� iuuxjotgzout ul puotz suzout5 znk xksgototm vgxgskzkxy }kxk z{tkj
ot y{in g }g� zngz znk xkw{oxkj mgoz }gy uhzgotkj " znk ingxgizkx ul |gxoghoroz� ul {]
}gy yosorgx zu znk ingtmky ul qtkk gtj nov puotz gtmrky a=:c7 G ygzoylgizux� gii{xgi�
ul n{sgt mgoz kyzosgzout }gy uhzgotkj7 Znk puotz zxgpkizuxoky gtj vngyk jogmxgsy
lux n{sgt gtj lux |gr{ky mktkxgzkj h� znk mktkxgzuxy }kxk iusvgxkj zu |grojgzk
znk vgxgskzkxy z{totm7 Gz zngz vuotz oy s{yz hk tuzkj zngz znk sgznksgzoigr
k|gr{gzout ul kyzosgzout gii{xgi� oy nkxk tuz g xomnz gvvxugin7 Ot znk }grq ul g
nkgrzn� vkxyut znk puotz zxgpkizuxoky lxus yzkv zu yzkv igt jo!kx >Æ ux k|kt suxk
{tjkx iutyzgtz iutjozouty7 Znk gos ul jkyomtotm znk mgoz mktkxgzux oy tuz zu mkz
g vkxlkiz gii{xgi�5 }noin oy tuz vuyyohrk7 Jkyvozk ul {yotm yusk xklkxktik jgzg5
znk zgxmkz oy tuz zu osozgzk ojkgrr� g }grq ul znoy vkxyut7 Ot znk xkykgxin ut mgoz
mktkxgzuxy oz oy k~vkizkj zngz znk y�tkxm� nojjkt ot znk ingtmky ul puotz vuyozouty
}orr hk 55rkgxtkj.7 Znoy5 hkz}kkt uznkxy5 oy u!kxkj h� iu{vrkj uyiorrgzuxy7 Utik znoy
qotj ul y�tkxm� oy jkzkizkj5 znk mgoz ingtmky yosorgx zu xkgr igt hk uhzgotkj7 Znk
"tgr iut"xsgzout ul znk iuxxkiztkyy ul uyiorrgzux vgxgskzkxy k|gr{gzout }gy5 ot
u{x igyk5 znk gvvroigzout ul mktkxgzkj puotz zxgpkizuxoky zu znk suzout gtosgzout
ul hovkj vrgtgx sujkr7 Znk uhykx|kj mgoz otir{jkj ynuxz ju{hrk y{vvuxz vngyk5
gtj kgin rkm yotmrk y{vvuxz vngyky }ozn kw{gr ux grsuyz kw{gr rktmzn7 Znk }grq
}gy }ozn iutyzgtz yvkkj gjkw{gzk zu n{sgt }grqotm yvkkj5 znk suzout gtosgzout
xkykshrkj }krr n{sgt mgoz7 Znoy grr vuyozo|kr� |grojgzkj znk vgxgskzkxy z{totm7
Lom{xk :<7Ag3 vxkyktzy yzoiq jogmxgs ul n{sgt mgoz 2giiuxjotm zu znk jgzg lxus a<Ac
gtj Lom{xk :<7Ah3 joyvrg�y mgoz mktkxgzkj h� znk joyi{yykj iu{vrkj uyiorrgzuxy a<Bc7

Znk xkrgzoutynov hkz}kkt iu{vrotm vgxgskzkxy 24]_3 gtj znk mgoz vgzzkxt }gy
gtgr�!kj ot jkzgory7 Znoy xkrgzout oy iusvrk~ " oz oy tuz g rotkgx jkvktjktik hkz}kkt
znk |gr{k gtj znk vngyk ynolz5 h{z ot mktkxgr znk ingtmky ot iu{vrotm vgxgskzkxy
ig{yk ingtmky ot znk vngyky ul |gxoghrky {*E {+E {,E {- }noin xky{rz ot ingtmky ul
mgoz z�vk 2zxgtylkx lxus yru} mgoz zu x{t5 p{svy5 kzi737 Znk ingtmky ul vngyk vruzy
gtj puotz zxgpkizuxoky jkvktjotm ut uznkx uyiorrgzux vgxgskzkxy }kxk ojktzo"kj7 Znk
grzkxgzout ul s+] 5 j

+
] 5 5] ot#{ktiky znk yngvk ul znk zxgpkizux� a]5 gtj otzxuj{iky g

vngyk ynolz5 yu oz oy k~zxkskr� {ykl{r ot mgoz mktkxgzout7 Znk vgxgskzkxy s+] 5 j
+
] 5 t]5 5]5

"xyz ul grr5 jkzkxsotk znk yngvk ul znk zxgpkizux� ul g yotmrk rosh7 Zu g rkyykx k~zktz



znk� ot#{ktik znk z�vk ul mgoz 2p{svotm5 vgznurumoigr mgoz37 J{xotm mgoz xn�zns
mktkxgzout znkyk vgxgskzkxy igt hk grzkxkj zu iuxxkiz znk rosh zxgpkizux� z{totm oz
zu uhyzgirky ux otixkgyotm znk mgoz |kruioz�7

H� ingtmotm uyiorrgzux vgxgskzkxy znk |kruioz� gtj z�vk ul suzout }gy ingtmkj ot
u{x zkyzy " k7m7 g zxgtyozout lxus yru} }grqotm zu x{ttotm ux p{svotm }gy ig{ykj a<Bc7
Lom{xk :<7B iutzgoty yzoiq jogmxgsy lux xn�znsoi mgoz gtj g mgoz }nkt utk rkm g|uojy
uhyzgirky7 Znk ingtmk ul rkm zxgpkizux� }gy uhzgotkj h� zksvuxgx� ingtmk ul 4,-5
gtj 4-, lxus 9D;E 9D; ju 9D?E 9D?5 znk j{xgzout ul y{in ingtmk }gy :G:> ul mgoz
vkxouj gtj znoy ingtmk }gy yzgxzkj p{yz glzkx znk gvvxuvxogzk rkm jkzginkj lxus znk
mxu{tj7

@][. 02.0/. Yzx{iz{xk ul xki{x6
yo|k hgiq6vxuvgmgzout tk{xgr tkz6
}uxq mktkxgzotm znk mgoz

@][. 02.00. Xkgr mgozC ingtmky ul puotz gtmrky

Gtuznkx mgoz vgzzkxt mktkxgzux }gy jk|kruvkj {yotm znk xki{xyo|k hgiq
vxuvgmgzout gxzo"iogr tk{xgr tkz}uxq }ozn yzx{iz{xk ynu}t ot Lom7 :<7:97 Gy znk
zkginotm k~gsvrky }kxk {ykj znk n{sgt mgoz jgzg xkiuxjkj ot qtu}t zosk otyzgtzy7
Glzkx znk rkgxtotm vxuikyy 2oz oy g ykrl6rkgxtotm tkz}uxq3 znk tkz}uxq }gy yzos{rgzkj
zu }uxq h� gvvr�otm zosk zu znk otv{z gtj u{zv{zy }kxk iruykj zu znk otv{zy7 Znk
mktkxgzkj mgoz }gy iruyk zu n{sgt7 H� znk ingtmk ul ykrkizkj vgxgskzkx ul znxkynurj
l{tizouty ot nojjkt rg�kx znk n{sgt roqk mgoz ingtmky }kxk uhzgotkj7 Lom{xky :<7::
gtj :<7:; orr{yzxgzk znk z�voigr zosk iu{xyk ul puotz gtmrky j{xotm n{sgt }grq a<Ac
gtj gtmrky mktkxgzkj h� g tk{xgr tkz}uxq7

*,(,(+ EPN`]^TaP 9Z]X`WL ZQ :LT_ :PYP]L_TZY 6ZY^TOP]TYR =ZTY_
9PPOMLNV

Mgoz Xn�zns Mktkxgzux vxuj{iky g vgzzkxt ul suzout 2xklkxktik zxgpkizux�37 Znk
|gt jkx Vur kw{gzouty ot jo!kxktzogr luxs igt hk {ykj }nkt osvrksktzotm znk iutzxur
rg}7 Znoy luxs{rg igt hk {ykj zu vxuj{ik gjjozoutgr lkkjhgiq ut mgoz mktkxgzout
rk|kr7 Ot n{sgtuojgr hovkjy znk iutzxur yomtgry gjp{yzotm znk xuhuz vuyz{xk gxk
mktkxgzkj {yotm znk yktyux� lkkjhgiqy lxus rkm luxik yktyuxy7 Znk v{xk sujkr hgykj
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:< Hourumoigrr� Otyvoxkj Suzout Vrgttotm ot Xuhuzoiy ;:>

@][. 02.01. Puotz gtmrky mktkxgzkj h�
gxzo"iogr tk{xgr tkz}uxq

@][. 02.02. Vxuzuz�vk ul T[YHOV6OO

iutzxur oy tuz vuyyohrk j{k zu znk k~oyzktik ul iruykj qotksgzoi ingot iruykj h� mxu{tj
ot ju{hrk y{vvuxz vngyk7 Znk yu6igrrkj 55!kxu susktz vuotz. skznuj a<>c {zoro!otm
znk skgy{xksktz ul xkgizout luxiky oy }ojkyvxkgj ot xkgr gvvroigzouty7 Znk gj|gtzgmk
ul {zoro!gzout ul uyiorrgzux hgykj iutzxur ruuv oy znk xki{xyout ul igri{rgzouty gtj
vuyyohrk xklkxktik zu znk xkgr 2grxkgj� xkgro!kj3 vuyozouty gtj |kruiozoky5 znoy }orr
hxotm znk vuyyohoroz� ul joyz{xhkj zxgpkizuxoky iuxxkizout ot g yosorgx }g� gy g n{sgt
juky7 Znk uyiorrgzux hgykj mgoz mktkxgzout xki{xyo|k luxs{rg oyC

](*{[^ E
] {^ 4

] y^ a"w4"w+ ]5^2
]s^ !] {+Wcb3c 4"w+2]t^ !] j^{Wcb3E 2:<7:<3

](*{[^ oy znk gtm{rgx vuyozout ul m6zn puotz5 mktkxgzkj h� IVM ot otyzgtz l 4 :5]{^

oy znk xkgr 2skgy{xkj3 vuyozout ul m6zn puotz ot otyzgtz l5 ]y^ E 2]{^ !]!* {^3G"w
oy znk gtm{rgx |kruioz� ul m6zn puotz5 "w oy znk iutzxur yzkv 2w](* E w] 4 "w35 gtj
]{Wcb E] {^ !] 4]_^{_ !] 4]`^{`5 }nkxk frq E dE eE fE g 2ykk xkr7 2:<7B337

Znk luxs{rg yosorgxr� zu znk uxomotgr 2:<7B3 qkkvy znk y�tkxm� ul puotz gtmrk
ingtmky7 ]k zkyzkj ozD znk zxgpkizuxoky uhzgotkj }kxk gy znuyk mktkxgzkj {yotm
X{tmk6Q{zzg otzkmxgzotm yinksk7 Tk~z5 }k yos{rgzkj znk joyz{xhgtiky ot puotzy h�
gjjotm g }nozk tuoyk zu ](*{[^ 5 gtj {yotm oz gy ]{^ 2skgy{xkj |gr{k37 Znk mktkxgzkj
zxgpkizuxoky }kxk xkz{xtotm vxuvkxr� 2n{sgt roqk }grqotm vuyz{xk }gy qkvz3 otzu g
xkm{rgx xn�znsoi yngvk7 Znoy }gy zkyzkj lux joyz{xhgtiky ig{yotm znk ingtmk {v
;9/ ul znk k~vkizkj k~giz |gr{k gtj gizotm utr� gz utk zosk otyzgtz 2utk mktkxgzout
yzkv35 ux lux g zosk xgtmk tuz rutmkx zngt :9/ ul znk mgoz vkxouj7

&($) AZRRFW^

Ot rkmmkj ruiusuzout oz oy |kx� osvuxzgtz zu uhzgot znk puotz zxgpkizuxoky xky{rzotm ot
}krr6iuuxjotgzkj joyvrgiksktzy ul huj� vgxzy }nkt vuyz{xgr yzghoroz� oy vxkykx|kj7
Ot s{rzo6rkmmkj lxkk mgoz mktkxgzout 2ot lxkk mgoz znk rkm zxgtylkxy gxk tuz vkxoujoi3



jo|kxyk skznujy gxk {ykj lux ykgxinotm znk mxgvny ul vuyyohrk rkm su|ksktzy5 ux
vuyyohrk ykw{ktiky ul rkm zxgtylkxy 2k7m7 a>5?c3 lux znk suzouty vxkykx|otm yzghoroz� gtj
gyy{xotm uhyzgirk g|uojgtik7 Xkykgxinkxy gyy{sk nkxk zngz znk zkxxgot sgv oy qtu}t
g vxouxo5 gtj mgoz oy vxk6vrgttkj xgznkx zngt vrgttkj ut6rotk 2j{xotm suzout37 Znk
z}u6yzgmk skznuj ul mgoz mktkxgzout otzxuj{ikj ot znoy v{hroigzout igt hk {ykj ot xkgr
zosk iutyojkxotm znk giz{gr yzgzk ul kt|oxutsktz7 Znk suzout vrgttotm lux grr znk rkmy
oy vkxluxskj yos{rzgtku{yr�7 Znkxkluxk znk skznuj oy iut|ktoktz lux osvrksktzgzout
{yotm xkgr6zosk hgykj vgxgrrkr iusv{zotm7 [tzor tu} utr� utk lkgz{xk ul znoy skznuj "
znk |gxoghrk rkm6ktj y{vvuxz zosk " }gy {ykj h� znk g{znuxy ot xkgr }grqotm sginotky
lux iuuxjotgzout ul rkmy suzout ot znk vxkyktik ul uhyzgirky7 Znk� }kxk nk~gvujy
MXU\KT lurru}otm "xyzr� h{orj w{gjx{vkjy a=;5 ==c7 Grr sginotky }kxk su|kj h�
yzgzoigrr� yzghrk mgozy7 Iutyojkxotm g suxk iusvrkzk gvvroigzout ul znk skznuj oz
s{yz hk tuzoikj zngz znk xkgr giz{gzuxy ng|k giikrkxgzout gtj |kruioz� rosozy5 }noin
iusvroigzky znk xkgyutotm lux rkm6ktj |kruioz� k|gr{gzout7 Ot znk joyi{yykj yos{rgzout
k~gsvrk utr� |kruioz� rosozy }kxk iutyojkxkj7

Iutir{jotm znk iutyojkxgzouty jkjoigzkj zu znk n{sgtuojgr mgoz mktkxgzout oz
s{yz hk {tjkxyiuxkj zngz znk mgoz yosorgx zu n{sgt mgoz }orr xky{rz ot vuyz{xgr
yzghoroz� }nkt hkotm gvvrokj zu znk xuhuz }ozn qotksgzoiy gtj sgyy joyzxoh{zout
yosorgx zu n{sgt7 H{z oz juky tuz skgt zngz vkxlkiz yosorgxoz� zu znk n{sgt huj�5
n{sgt suzout giz{gzout5 gtj iutzxur oy xkw{oxkj7 ]ozn vxuvkx rosh iuuxjotgzout5
g }ojk xgtmk ul suzouty oy vuyyohrk }nkt vuyz{xgr yzghoroz� oy qkvz " znoy oy zx{k
xklkxxotm tuz utr� zu n{sgty h{z zu xuhuzy " sgt� ul znks y{iikyyl{rr� }grq
}ozn xklkxktik zxgpkizuxoky jo!kxktzr� vxuj{ikj7 Znk yktyk ul {yotm n{sgt xklkxktik
}gy vxu|kj "xyz h� NUTJG xuhuzy {yotm znk xkiuxjkj n{sgt suzout jgzg7 Znoy
gryu iut"xsy zngz u{x gvvxugin ngy gvvroighrk vuzktzogr7 Oz oy uh|ou{y zngz zx{k
|grojgzout ul u{x skznuj oy tuz vuyyohrk }oznu{z xkgr jk|oik7 ]k vkxluxskj xu{mn
w{gyo6j�tgsoi yos{rgzouty {yotm mktkxgzkj zxgpkizuxoky gvvrokj zu g yosvro"kj sujkr
ul znk n{sgt huj� " }ozn z}u vrgtgx rkmy gtj g vuotz sgyy gy znk xksgototm huj�D
znk sgyyky gtj yo!k ul rosh vgxzy5 gy }krr gy znk sgyy ul znk huj�5 }kxk zgqkt lxus
znk vkxyut }nuyk xkiuxjkj mgoz }gy {ykj gy g vgzzkxt ot u{x xkykgxin7 Iutyojkxotm
ngxj y{xlgik5 znk ingtmky ul igri{rgzkj rkm6ktj xkgizout luxiky }kxk yosorgx zu znuyk
ul g n{sgt5 }noin iut"xsy zngz }ozn mktkxgzkj mgoz znk vuyz{xgr yzghoroz� }orr
hk vxkykx|kj7 Znk iu{vrkj uyiorrgzuxy igt hk {ykj ot znk iutzxur y�yzksy gy znk
mktkxgzuxy ul suzout vgzzkxty yosorgx zu znk xkgr mgoz7 Znk mktkxgzkj rosh vuyozout
vxoux zu k~ki{zout ynu{rj hk gjkw{gzkr� iuxxkizkj zgqotm otzu giiu{tz znk giz{gr
yzghoroz� xkw{oxksktzy 2k7m7 skgy{xkj rkm6ktj xkgizout luxiky35 gtj uznkx otluxsgzout
mgznkxkj h� yktyuxy7 Oz oy k~vkizkj zngz znk vxkyktzkj nkxk skznujy ul z}u6rkmmkj
mgoz mktkxgzout }orr hk gvvrokj ot n{sgtuojgr hovkj7 Znk xuhuz vxuzuz�vk T[YHOV6OO
sujkrkj glzkx g :96�kgxy urj inorj oy i{xxktzr� {tjkx jk|kruvsktz gz T[Y"SVK
2Lom7 :<7:<37

@JKJWJSHJX

:7 Grrksgtj Y5 Hrgti L5 H{xtuj _5 J{luyyk S5 Rg|g�yyokxk R7 > Hbg^fZmb\
Zg] ArgZfb\ Oh[hmb\ @hgmkhe Prlm^f ?Zl^] Lg @^k^[kh-@^k^[^eeZk Fgm^kZ\mbhg
Jh]^eebg`7 Ot K k{xgr Tkz}uxqy ot Xuhuzoiy7 Kj7 M7G7Hkqk�5 Q7_7Murjhkxm7
Qr{}kx Gigjksoi V{hroynkxy5 [YG :BB<7
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:< Hourumoigrr� Otyvoxkj Suzout Vrgttotm ot Xuhuzoiy ;:@

;7 Gxktg V7 Qa^ @^gmkZe MZmm^kg D^g^kZmhk: Z MZkZ]b`f _hk >kmb\"\bZe Ih\hfh-
mbhg7 Ph_m @hfinmbg` =5 vv7;>:6;?>5 ;9997

<7 G�kxy P5 `g|xgiq� V5 SiMx{kx T5 Sgyyg J5 \ux{y \5 S{qnkxpkk X5 I{xxok
Y7 > Jh]neZk ?^aZobhkZe-?Zl^] >k\abm^\mnk^ _hk ?bhfbf^mb\ >nmhghfhnl
Rg]^kpZm^k Oh[hml7 Mxui7 ul znk G{zutusu{y \knoirky ot Sotk Iu{tzkxskgy{xky
Y�svuyo{s7 [YG5 :BBA7

=7 /F?"<68865 12<;:>8 2ot X{yyogt35 Suyiu|5 Yioktik5 :AA=
>7 Ynguvotm Hgo5 Ru} Q7N75 `okrotyqg Z7C-E25BE@65 7B66 82:D 86>6B2D:?> 32C65 ?>

D96 @B:=2BG$C64?>52BG 82:D7 XUHUZOIG Pu{xtgr5 |ur7:@5 :BBB5 vv7=9>6=:;
?7 Ynguvotm Hgo5 Q7N7Ru}5 Z7`okrotyqgC -E25BE@65 7B66 82:D 86>6B2D:?> 7?B

CDB2:89D"<:>6 2>5 4:B4E<2B =?D:?>7 Gj|gtikj Xuhuzoiy Pu{xtgr7 |ur7:<5 tu7>5
vv7>:<6><A5 :BBB

@7 Hgyyrkx [7 Qa^ TZedbg`- )Zg] P^Zk\abg`* MZmm^kg D^g^kZmhk h_ Pmb\d Fgl^\ml,
Z Jh]neZk Prlm^f @hfihl^] h_ O^#^q @aZbgl Zg] Bg]h`^g^ghnl Ll\beeZmhkl7
? ourumoigr I�hkxtkzoiy5 |ur7?B5 vv7<9>6<:@5 :BB<7

A7 Hg� P7Y5 Nksgso N7 Jh]^eebg` h_ Z K^nkZe MZmm^kg D^g^kZmhk pbma @hnie^]
Khgebg^Zk Ll\beeZmhkl7 FBBB QkZgl. hg ?bhf^]b\Ze Bg`bg^^kbg`5 \ur7 HSK6<=5
Tu7=5 vv7;B@6<9?5:BA@7

B7 Hxuuqy X7G5 Lr�tt G7S7 CZlm, @a^Zi Zg] Lnm h_ @hgmkhe: > Oh[hm FgoZlbhg h_
ma^ PheZk Prlm^f7 G. h_ ma^ ?kbmbla Fgm^kieZg^mZkr Ph\b^mr5 |ur7=;5 vv7=@A6=A>5
:BAB7

:97 Hxuuqy X7G7 gtj Yzkot R7G7 ?nbe]bg` ?kZbgl _hk ?h]b^l5 >nmhghfhnl Oh[hml7
|ur7:5 vv7@";>5 :BB=7

::7 H{jgtu| \7S5 Rg|xu}yq� K7Q7 A^lb`g h_ ma^ Mkh`kZf O^`bf^ _hk ?bi^]
TZedbg` >gmkhihfhkiab\ >iiZkZmnl7 Znkux� gtj Vxgizoik ul Xuhuzy gtj
Sgtov{rgzuxy7 Mkh\. h_ Oh.JZg.PV(107 Kj7 Suxkiqo G75 Hogtino M75 Pg}uxkq
Q75 vv7<@B6<A?7 Yvxotmkx \kxrgm :BB>7

:;7 Igvu!!u G75 Sgxinkzzo S75 Zuyo \7 kjy7 ?bheh\hfhmbhg: > @^gmnkr h_ O^l^Zk\a
Rlbg` Jhobg` Mb\mnk^l7 Otz7 Yuiokz� ul Houskingtoiy Ykxoky 6 |ur7:5 Vxusumxgvn5
Xusk5 Ozgr� :BB;7

:<7 Iunkt G7N75 Xuyyomtur Y75 Mxorrkx Y7 K^nkZe @hgmkhe h_ Oarmafb\ Jho^f^gml
bg S^km^[kZm^l7 Punt ]ork� gtj Yuty5 Tk} _uxq5 Inoinkyzkx5 Hxoyhgtk5 Zuxutzu5
Yotmgvuxk :BAA7

:=7 Iurroty P7P5 Yzk}gxj O7 E^qZih]Ze DZbml Zg] @hnie^] Khgebg^Zk Ll\beeZmhk
Jh]^el7 ?bheh`b\Ze @r[^kg^mb\l5 |ur7?A5 vv7;A@6;BA5 :BB<7

:>7 Iurroty P7P5 Yzk}gxz O7 > Dkhni-Qa^hk^mb\ >iikhZ\a mh Obg`l h_ @hnie^]
?bheh`b\Ze Ll\beeZmhkl7 ?bheh`b\Ze @r[^kg^mb\l5 |ur7@:5 vv7B>6:9<5 :BB=7

:?7 Iurroty P7P5 Xoinsutj Y7G7 EZk]-pbk^] @^gmkZe MZmm^kg D^g^kZmhkl _hk
NnZ]kni^]Ze Ih\hfhmbhg7 ?bheh`b\Ze @r[^kg^mb\l5 |ur7@:5 <@>6<A>5 :BB=7

:@7 Ix{yk N5 Qotjkxsgtt Zn5 Yin{sgs S5 Jkgt P5 Yinsoz! P7 TZedg^m t Z
?bheh`b\Zeer Fglibk^] K^mphkd mh @hgmkhe Pbq-e^``^] TZedbg`7 K^nkZe K^mphkd
::5 vv7:=<>6:==@5 :BBA7

:A7 Ix{yk N7 Qa^ Cng\mbhgZe P^gl^ h_ @^gmkZe Ll\beeZmbhgl bg TZedbg`7 ?bheh`b\Ze
@r[^kg^mb\l5 A?5 vv7;@:6;A95 ;99;7

:B7 J{zxg S7Y5 jk Votg Lornu G7I5 Xusgtu \7L7 Jh]^eebg` h_ Z ?bi^]Ze Ih\hfhmhk
Rlbg` @hnie^] Khgebg^Zk Ll\beeZmhkl h_ SZg ]^k Mhe7 Horumoigr I�hkxtkzoiy5 AA5
vv7;A?6;B;7 ;99<7

;97 Lgmm G7N7 A^o^ehif^gmZe Oh[hmb\l: > K^p >iikhZ\a mh ma^ Pi^\b"\Z-
mbhg h_ Oh[hm Mkh`kZfl7 Ot K^nkZe K^mphkdl bg Oh[hmb\l7 Kj7 M7G7Hkqk�5
Q7_7Murjhkxm7 Qr{}kx Gigjksoi V{hroynkxy5 [YG :BB<7



;:7 Luxsgryq� G7S7 Ffinelbo^ @hgmkhe _hk >gmkhihfhkiab\ ?bi^]7 Znkux� gtj
Vxgizoik ul Xuhuzy gtj Sgtov{rgzuxy7 Mkh\. h_ OhJZgPr(107 Kj7 Suxkiqo G75
Hogtino M75 Pg}uxkq Q5 vv7<A@6<B=7 Yvxotmkx \kxrgm :BB>7

;;7 Mgu ^7I5 Yutm Y7S5 `nktm I7W7 > D^g^kZebs^] Pmb!g^l JZmkbq J^mah] _hk Chk\^
Ablmkb[nmbhg h_ Oh[hmb\l Prlm^f pbma Fg]^m^kfbgZg\r7 GhnkgZe h_ J^\aZgb\Ze
A^lb`g5 |ur7::>5 tu7<5 vv7>A>6>B:5 :BB<7

;<7 Mxorrtkx Y7 @hgmkhe h_ Ih\hfhmbhg bg ?bi^]l, Q^mkZih]l Zg] Cbla7 EZg[hhd
h_ Marlbheh`r7 Kj7 h� Hxuuqngz P7S75 Su{tzigyzrk \7H75 ::@B6:;<?5 Gskxoigt
Vn�yourumoigr Yuiokz�5 :BA:7

;=7 Qgtjkr K7X5 Yin}gxz! P7N5 Pkyykr Z7S7 Mkbg\bie^l h_ K^nkZe P\b^g\^7 Kryk|okx5
Tk} _uxq :BB:7

;>7 Qgyqk G5 ]othkxm M5 Iuyzkx P7 Bf^k`^g\^ h_ @ha^k^gm QkZo^ebg` TZo^l
@hgmkheehg` NnZ]kni^] DZbml bg Z Qph-]bf^glbhgZe PibgZe @hk] Jh]^e7
?bheh`b\Ze @r[^kg^mb\l5 AA5 vv7;96<;5 ;99<7

;?7 Qos{xg Y5 _gtu S5 Ynoso!{ N7 > P^e_ Lk`Zgbsbg` Jh]^e h_ TZedbg` MZmm^kgl
h_ Fgl^\ml7 ?bheh`b\Ze @r[^kg^mb\l5 |ur7?B5 vv7:A<6:B<5 :BB<7

;@7 Quuop N5 Pgiuhy X5 Quuvsgt H5 Nkrs L7 >g >em^kgZmbo^ >iikhZ\a mh
Prgma^lbsbg` ?bi^]Ze TZedbg`7 ?bheh`b\Ze @r[^kg^mb\l5 AA5 vv7=?6>B5 ;99<7

;A7 Sgyyutk R7R7K7 > ?bheeh`b\Zeer-Fglibk^] >k\abm^\mnk^ _hk O^Z\mbo^ Jhmhk
@hgmkhe7 Ot K^nkZe K^mphkdl bg Oh[hmb\l7 Kj7 M7G7Hkqk�5 Q7_7Murjhkxm7 Qr{}kx
Gigjksoi V{hroynkxy5 [YG :BB<7

;B7 S{rrkx6]ors [7 > K^nkhg-Ibd^ K^mphkd pbma ma^ >[bebmr mh I^Zkg @hhk]bgZm^]
Jho^f^gm MZmm^kgl7 ?bheh`b\Ze @r[^kg^mb\l5 |ur7?A5 >:B6>;?5 :BB<7

<97 Toynoo P75 [tu _5 Y{!{qo X7 JZma^fZmb\Ze Jh]^el _hk ma^ Ppbffbg` MZmm^kg
h_ Z IZfik^r. MZkm F: >gZerlbl h_ @hee^\mbo^ Ll\beeZmhkl pbma Qbf^ A^eZr^]
Fgm^kZ\mbhg Zg] Jnembie^ @hniebg`. MZkm FF: @hgmkhe h_ ma^ @^gmkZe MZmm^kg
D^g^kZmhk [r ma^ ?kZbglm^f7 ?bheh`b\Ze @r[^kg^mb\l5 |ur7@;5 vv7:6B5 vv7::6:A5
:BB=7

<:7 Xgohkxz S7N5 Hxu}t N7H5 S{xzn� Y7Y7 3-A ?ZeZg\^ Rlbg` 2-A >e`hkbmafl=
Qa^ Fgm. GhnkgZe h_ Oh[hmb\l O^l^Zk\a5 tu7:5 SOZ Vxkyy5 vv7;:>6;;=5 :BA=7

<;7 Yn{{po Qgpozg5 Zusou _gsg{xg5 Gqoxg Quhg�gyno ArgZfb\ TZedbg` @hgmkhe
h_ Z ?bi^] Oh[hm >ehg` Z Mhm^gmbZe Bg^k`r @hgl^kobg` Lk[bm7 FBBB QkZgl. hg
Oh[hmb\l Zg] >nmhfZmbhg5 |ur7A5 tu7=5 vv7=<:6=<A5 :BB;7

<<7 Zgmg M5 _gsgm{ino _5 Ynoso!{ N7 P^e_-Lk`Zgbs^] @hgmkhe h_ ?bi^]Ze
Ih\hfhmbhg [r K^nkZe Ll\beeZmhkl bg Rgik^]b\mZ[e^ Bgobkhgf^gm7 ?bheh`b\Ze
@r[^kg^mb\l5 |ur7?>5 vv7:=@6:>B5 :BB:7

<=7 Zujj J7P7 TZedbg` JZ\abg^l: >g Fgmkh]n\mbhg mh I^``^] Oh[hml7 Qumgt Vgmk5
:BA>7

<>7 \{quhxgzu|oi P7 I^``^] Ih\hfhmbhg Zg] >gmakhihfhkiab\ J^\aZgblf7 Soingoru
V{vot Otyzoz{zk7 Hkumxgj :B@>7

<?7 \g{mngt In7R75 Jg|oy H7R75 U1Iuttux P7 &G>2=:4C ?7 *E=2> )2:D7 N{sgt
Qotkzoiy V{hroynkxy5 [YG :BB;

<@7 ]orrkx H7K5 Soxgtqkx ]7R7 K^nkZe Lk`ZgbsZmbhg h_ ma^ Ih\hfhmbo^ Ll\beeZmhk7
?bheh`b\Ze @r[^kg^mb\l5 |ur7?A5 vv7<9@6<;95 :BB<7

<A7 ]otzkx J7G7 ?bhf^\aZgb\l h_ EnfZg Jho^f^gm7 Punt ]ork�5 Tk} _uxq :B@B7
<B7 `okro&tyqg Z7 RmbebsZmbhg h_ EnfZg Zg] >gbfZe DZbm Mkhi^kmb^l bg ma^ Prgma^lbl

h_ TZedbg` JZ\abg^l Jhmbhg 2ot Vuroyn37 Vuroyn Gigjks� ul Yioktiky5 tu7=95
:BB>7
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Igxyzkt Norrkthxgtj5 Pgt Quin5 Pkty ]kzzgin5 gtj Qgxyzkt Hkxty

Xuhuzoiy Xkykgxin Rgh5 [to|kxyoz� ul Qgoykxyrg{zkxt5 Mkxsgt�

&)$& 8SYWTIZHYNTS

Iroshotm xuhuzy {yotm y{izout i{vy gy znk gjnkyout skingtoys gxk k~gsotkj ot
yk|kxgr vxupkizy }uxrj}ojk7 K~gsvrky ul znkox gvvroigzout gxk }otju} irkgtotm5
vgotzotm5 otyvkizout ul rgxmk iutixkzk }grry ux yzkkr zgtqy 2ykk lux k~gsvrk a:5=5>5@5Bc37
Znk }nkkr6jxo|kt ux rkmmkj sginotky zngz gxk jk|kruvkj ot znkyk vxupkizy gxk ghrk
zu su|k ut |kxzoigr }grry ux u|kxgxs ot tuxsgr yoz{gzouty5 h{z znkox xkroghoroz� oy lgx
lxus xkginotm :99/7 Lux5 ot suyz igyky5 znk xkgyuty }n� znk xuhuz igt su|k u|kx
g yvkio"i y{xlgik gtj }n� oz lgrry ju}t ot tkgxr� yosorgx yoz{gzouty gxk tuz uh|ou{y7
Ykkqotm lux gt uvzosgr iroshotm yzxgzkm� utk ngy zu gty}kx znk lurru}otm w{kyzoutyC

' Nu} igt znk iruykj6ruuv iutzxur mktkxgzk ktu{mn luxiky zu nurj znk sginotk ut
znk }grr }oznu{z vxk|ktzotm znk yrojotm su|ksktzy ul znk y{izout i{vy u|kx znk
y{xlgikF

' Ot igyk ul iusvrkzk ruyy ul |gi{{s5 nu} rutm }orr oz zgqk zu mktkxgzk znk tkkjkj
tkmgzo|k vxkyy{xk gmgot 2hgykj ut znk ingxgizkxoyzoi ul znk |gi{{s ktmotk3F

' Nu} }orr g y{xlgik ixgiq ul g yvkiogr yo!k ingtmk znk tkmgzo|k vxkyy{xk ul g y{izout
i{vF

Znk yvkio"i y{hpkiz nkxk oy g iroshotm xuhuz lux znk g{zutusu{y otyvkizout ul
iutixkzk }grry ul hxojmky gtj jgsy7 Oz oy }nkkr6jxo|kt hkig{yk ul znk xkw{oxksktzy
ul znk otyvkizout yktyux y�yzks 2ykk aAc3 gtj ozy |gi{{s y�yzks iutyoyzy ul yk|kt
ingshkxy gy g xky{rz ul znkuxkzoigr vxkrosotgx� k~gsotgzouty7 Hkyojky znk gjnkyout
skingtoys5 gryu znk jxo|otm gtj tg|omgzout y�yzks ng|k zu hk jk|kruvkj }ozn xkmgxj
zu g{zutusu{yr� otyvkizotm rgxmk iutixkzk y{xlgiky7

Ot Ykizout :=7;5 znk znkxsuj�tgsoigr l{tjgsktzgry gxk vxkyktzkj zngz jkyixohk
znk ingtmky ul znk tkmgzo|k vxkyy{xk {tjkx yvkio"i y{xlgik iutjozouty7 Znoy sujkr
ykx|ky gy hgyoy lux g yos{rgzout zuur ul znk yk|kt ingshkx gjnkyout y�yzks5 }noin
igri{rgzky znk giz{gr vxkyy{xk yoz{gzout jkvktjotm ut znk rkgqgmky ul znk ykgrotm
gtj znk uvktotm ul |gr|ky iuttkizotm znk ingshkxy zu znk y{izout ktmotk 2jkzgorkj
jkyixovzout igt hk lu{tj ot a;c gtj ot aBc37 Glzkx}gxjy5 znk iutzxurrkx lux znk |gi{{s
ingshkxy oy otzxuj{ikj7 Ykizout :=7< yzgxzy }ozn g jkyixovzout ul znk ustojoxkizoutgr
}nkkr5 zngz oy {ykj lux znk znxkk }nkkr zxogtm{rgx jxo|k ul znk xuhuz7 Znkt znk otkxzogr
yktyux y�yzks lux yur|otm znk tg|omgzout zgyq oy otzxuj{ikj7 Znk vgvkx ktjy }ozn
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yusk zkyzy ul g utk6ingshkx vxuzuz�vk5 {ykj lux vxkyy{xk skgy{xksktzy }nork su|otm
ut |kxzoigr }grry gtj u|kx jo!kxktz y{xlgiky7

&)$' 2QTXJI#QTTU 2TSYWTQ TK YMJ DFHZZR A^XYJR

Ot znk lurru}otm znk znkxsuj�tgsoigr sujkr ul znk gjnkyout y�yzks gtj znk iutzxur
yzxgzkm� lux jkvktjghr� mktkxgzotm g y{ozghrk |gi{{s yoz{gzout gxk jk|kruvkj7

*-(+(* 7dYLXTN @ZOPW ZQ _SP 4OSP^TZY Fd^_PX

Lux k~gsototm znk vxkyy{xo!gzout vxuikyyky ot znk |gi{{s ingshkxy5 znk vxkyy{xk
ingtmk j{k zu gox #u}y lxus ux zu znk u{zyojk 2gtuznkx ingshkx ux znk kt|oxutsktz3
gtj znk uvktotm gxkgy 2|gr|ky gtj rkgqgmky3 ng|k zu hk sujkrrkj7 Znkt znk xky{rzotm
vxkyy{xk luxik zngz qkkvy znk xuhuz ut znk }grr igt hk jkxo|kj7

F_L_P 6SLYRP ZQ :L^P^ LYO @ZOPWWTYR ZQ C]P^^`]P 6SLYRP^
TY L ILN``X 6SLXMP]

Znk "xyz l{tjgsktzgr znkuxks ul znkxsuj�tgsoiy oyC

g

gw
2^ 4NaYW\63a `_ b

ingtmk ot znk y�yzks
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a `_ b

ktkxmoky u|kx znk y�yzks rosozy

E

}nkxk ^ oy znk otzkxtgr ktkxm� ul znk mgy5 NaYW\ oy znk skingtoigr ktkxm� ul znk
mgy |ur{sk 2o7k7 vuyozout5 |kruioz�5 7 7 7 35 è

] oy znk vu}kx ul |ur{sk }uxq o5 eZ^ oy

znk nkgz igvgioz� p5 ep_ skgty sgyy #u} q5 k_ oy znk yvkio"i ktzngrv� ul ep_5
W'@
+

oy
znk yvkio"i qotkzoi ktkxm� ul ep_ gtj j}_ oy znk yvkio"i vuzktzogr ktkxm� ul ep_7 Ot
znoy gvvroigzout5 znk y�yzks oy g |gi{{s ingshkx "rrkj }ozn gox }noin oy ot iutzgiz
}ozn uznkx ingshkxy ux znk kt|oxutsktz h� ykgrotmy gtj ingshkx }grry 2o7k7 y�yzks
rosozy37 Lxus nkxk ut5 znk lurru}otm yosvro"igzouty gtj gvvxu~osgzouty gxk gyy{skjC
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k~vutktz3 znk lurru}otm nurjyC
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3[]

_
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_

ep_D 2:=7:3

Kw{gzout 2:=7:3 jkyixohky znk ingtmk ul vxkyy{xk ot utk ingshkx ul |ur{sk _ 5 "rrkj
}ozn gox ul zksvkxgz{xk ] 5 gjoghgzoi k~vutktz 3U]f gtj mgy iutyzgtz [U]f ig{ykj
h� n sgyy #u}y ep_ u|kx znk ingshkx rosozy7
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4T]"Zb GS]Z`RS L 6ZY_]ZW 4]PL

Rkgqgmky ot znk ingshkx ykgrotm gtj uvktotm ul znk k|gi{gzout |gr|k ig{yk sgyy #u}y
lxus ux zu znk ingshkx7 Znkyk gox #u}y igt hk sujkrrkj h� gt gox z{hk iuttkizotm
znk iutzxur |ur{sky 2lux k~gsvrk znk ingshkx gtj znk kt|oxutsktz37 Lom{xk :=7:
2g3 orr{yzxgzky znoy sujkrC nkxk f oy znk |kruioz� ul znk gox5 J oy znk iutzxur gxkg5 s oy
znk gox vxkyy{xk ot J gtj w oy znk zosk yzgsv gz }noin utk gox vgxzoirk oy ot J7

]ozn (,412500-1y kw{gzout gtj tkmrkizotm znk mxg|oz� vxkyy{xk znk #u} ul g
skjo{s }ozn jktyoz� 9 hkz}kkt J) gtj J* oy

:

;

!
f+* ! f+)

"
4

d&S
d%

:

9
gs4

*S
)

If 2wE v3

Iw
gv E 9E 2:=7;3

}nkxk s)E s* gtj f) gxk qtu}t gtj f* ngy zu hk lu{tj7 Gyy{sotm g yzgzoutgx� #u}
znk otkxzogr zkxs

P *
)

;W&h7g'

;h
gv igt hk tkmrkizkj7 Hkyojky5 znk kxxux otzxuj{ikj h�

gyy{sotm 9 E frqvw oy ghu{z ?/ lux znk xkrk|gtz vxkyy{xk jo!kxktiky hkz}kkt J)

gtj J*7 Gy ot kgin iutzxur |ur{sk znkxk uh|ou{yr� k~oyzy g vrgik }nkxk znk gox #u}
oy 9 2fU]f E 935 oz igt gryu hk gyy{skj zngz f) E 95 }noin rkgjy zu

f* E ymt2s) ! s*3 "
^
;
"s

9
E 2:=7<3

}nkxk znk yomt ul znk jo!kxktik 2l`g6l{tizout3 mo|ky znk joxkizout ul znk gox #u} gtj
znk gxm{sktz ul znk yw{gxk xuuz utr� zgqky znk ghyur{zk |gr{k "s E Rs) ! s*R7

]ozn ep E 9 " f, " J lux g sgyy #u} ul |kruioz� f vkxvktjoi{rgx zu iutzxur gxkg
J ul g skjo{s }ozn jktyoz� 9 gtj Kw7 2:=7<3 " gyy{sotm f* E f, " znk lurru}otm
nurjyC

ep]bWcadfYgg]V`Y E ymt2s) ! s*3 "J]b

\
;9"sD 2:=7=3

Kw{gzout 2:=7=3 jkyixohky znk sgyy #u} znxu{mn g iutzxur gxkg J]b ig{ykj h� g
vxkyy{xk jo!kxktik "s E Rs) ! s*R hkz}kkt znk iutzxur |ur{sky iuttkizkj h� J]b7

Iushotkj }ozn Kw7 2:=7:3 znoy �okrjy

es E
3[]

_

R
_

+
ymt2s_% ! s_&3 "J_>C

\
;9"s_

,
E 2:=7>3

}noin jkyixohky znk ingtmk ul vxkyy{xk ot utk |gi{{s ingshkx j{k zu grr otiusotm
gtj u{zmuotm sgyy #u}y7

@ZOPWWTYR ZQ ?PLVLRP 4]PL^ TY _SP FPLWTYR

Gox#u} hkz}kkt g |gi{{s ingshkx gtj znk kt|oxutsktz oy ig{ykj h� rkgqgmky ot
znk ingshkx1y ykgrotm7 Iutikxtotm znk xuhuz1y gvvroigzout gxkg 2iutixkzk }grry ul
h{orjotmy5 hxojmky5 gtj jgsy3 znk ig{yky ul rkgqgmky gxk mxuu|ky5 nurky5 vuxky5 ixgiqy5
yzkvy hkz}kkt z}u iutixkzk yrghy gtj vxuzx{youty ig{ykj h� u{z6vu{xotm ul iutixkzk
hkz}kkt vgrotm6hugxjy7

Grr znkyk vnktusktg gxk y{ssgxo!kj ot znk sujkr gy g ixgiq ul g ikxzgot }ojzn
gtj jkvzn5 }noin oy ul ot"tozk rktmzn gtj hu{tjkj h� z}u vgxgrrkr rotky7

Gy znk xu{mntkyy ul iutixkzk gtj ykgrotm y{xlgik ig{yky g rgzktz rkgqgmk5 znkyk
.hgyoi rkgqgmky. gxk gvvxu~osgzkj h� g ixgiq grutm znk ingshkx kjmk ul jkvzn 97:



0(

.(
#3+ 4$(

.'
#3+ 4$'

0'
I

2g3

!!!!!!
!!!!!!
!!!!!!

""""""
""""""
""""""#

$!" +3; !8@

<>;0+-/ @3=2 + 1;88?/

-87=;85 ?85>6/

2h3

@][. 03.0. Sujkrrotm ul gox#u} h� gt Zbk mn[^ 2g3 gtj utk vuyyohrk rkgqgmk yoz{gzout
gtj iuxxkyvutjotm #u} vgzny 2h37 J oy znk k!kizo|k rkgqgmk gxkg5 s oy znk vxkyy{xk
ot J

ss 2xky{rzotm ot g rkgqgmk gxkg ul oYX[Y " 9D: ss37 Znk rkgqgmk gxkg ig{ykj h� gt
gxhozxgx� ixgiq jkvktjy ut znk mkuskzx� ul znk ixgiq gtj znk hgyk gxkg ul znk
ingshkx }noin ngy iutzgiz }ozn znk ixgiq7 Gy ykkt hkluxk5 znk k!kizo|k rkgqgmk gxkg
2lux igri{rgzotm znk vxkyy{xk ingtmky ot znk ingshkx giiuxjotm zu Kw7 2:=7>33 s{yz
hk vkxvktjoi{rgx zu znk |kruioz� ul znk gox gtj znkxkluxk zu znk #u} vgzny7 Utk
.vuyyohrk. rkgqgmk gxkg J5 }noin oy vkxvktjoi{rgx zu znk #u} vgzn gtj vgxgrrkr zu
znk ingshkx }grr oy ynu}t ot Lom7 :=7: 2h37 Lux grr lurru}otm k~vkxosktzy znoy rkgqgmk
gxkg sujkr oy {ykj7

Tu} grr vgxgskzkxy ot Kw7 2:=7>3 gxk qtu}t yotik grr rkgqgmk gxkgy J_>C igt hk
igri{rgzkj5 znk |gr|k gxkgy gxk gizo|kr� iutzxurrkj gtj znk vxkyy{xky igt hk skgy{xkj
h� yktyuxy7

*-(+(+ EPLWTeL_TZY ZQ _SP 6ZY_]ZW Fd^_PX

Znk yzx{iz{xk ul znk osvrksktzkj iutzxur y�yzks5 iutyoyzotm ul z}u iutzxur rk|kry5
oy ynu}t ot Lom7 :=7;7 Znk zuv rk|kr iutzxur suj{rk oy igrrkj ik^llnk^ _hk\^
]^m^kfbgZmbhg ' ]kbobg` lmkZm^`r gtj mkzy znk u|kxgrr luxiky gtj zuxw{k susktzy
zngz g!kiz znk xuhuz 2o7k7 mxg|oz� luxik5 rugj ul znk sgtov{rgzux3 gtj ozy |kruioz�
gy otv{zy7 Lxus znkyk otv{zy znk tkikyygx� |gr{k gtj }uxqotm vuotz ul znk zuzgr
vxkyy{xk luxik gxk igri{rgzkj ot uxjkx zu iusvktygzk znk luxiky gtj zuxw{k susktzy
lux qkkvotm znk xuhuz jkvktjghr� ut znk iutixkzk y{xlgik7 Ol znk zuzgr vxkyy{xk luxik
oy tuz gy nomn gy xkw{oxkj znk jxo|otm zuxw{ky lux znk }nkkry s{yz hk xkj{ikj gtj
k|ktz{grr� znk su|otm vgzn ul znk xuhuz s{yz hk gjgvzkj7 Lux znk |grojgzout ul
znk yos{rgzout y�yzks5 g yosvrk luxik sujkr oy {ykj7 Znoy sujkr }orr hk xk"tkj
}ozn xkyvkiz zu jo!kxktz kt|oxutsktzgr iutjozouty gy znk tk~z yzkv5 h{z znoy zgyq
oy jkiu{vrkj lxus znk gyykyysktz ul znk gjnkyout y�yzks7 Ut znk tk~z rk|kr znk
ohdndjh hvwlpdwlrq suj{rk igri{rgzky znk rkgqgmk gxkg ul kgin |gi{{s ingshkx
hgykj ut znk giz{gr ingshkx vxkyy{xky gtj |gr|k gxkgy7 Lux znoy xkgyut5 Kw7 2:=7>3 oy
zxgtyluxskj ot uxjkx zu igri{rgzk znk uvktotm gxkg ul g ingshkx zu znk kt|oxutsktz
hgykj ut znk ingtmk ul vxkyy{xk es j{xotm znk rgyz iutzxur i�irk gtj znk vxkyy{xk
jo!kxktik "s hkz}kkt znk otyojk gtj znk u{zyojk ul znk ingshkx7

224 C. Hillenbrand et al.



:= Iutzxur ul gt G{zutusu{y Iroshotm Xuhuz ;;>

5/+4+1/ /<=36+=8; -2+6,/; +-=3?+=8;

=8=+5 9;/<<>;/ 08;-/ -+5->5+=387

9;/<<>;/ 08;-/ ./=/;637+=387 "
.;3?371 <=;+=/1A

-2+6,/; 9;/<<>;/ *)( -87=;855/;

-2+6,/; 9;/<<>;/ <=+=/ -87=;855/;

?+5?/ +-=>+=8;

;/0/;/7-/ 9;/<<>;/ ./=/;637+=387

!

?+5?/ 6+739>5+=371 =36/&#$$$#'#;

./<3;/. ?+5?/ +;/+&#$$$#'#;

+-=>+5 ?+5?/ +;/+&#$$$#'#;

+-=>+5 -2+6,/; 9;/<<>;/&#$$$#'#;

;/0/;/7-/ 9;/<<>;/ 08; -2+6,/; =/<=&#$$$#'#;

/<=36+=/. 5/+4+1/ +;/+&#$$$#'

./<3;/. ?+5?/ 98<3=387&#$$$#'#;

!!!!!%
?/58-3=A;8,8=

!!!!!!%
=8=+5 08;-/%

!!!!!!!%
=8=+5 =8;:>/;8,8= ;/0/;/7-/ ?+5>/%@8;4371 9837==8=+5 9;/<<>;/ 08;-/

-/7=/; 80 +;/+@8;4371 -2+6,/;<

-87=;85 /;;8;

<36>5+=387 <A<=/6

;/0/;/7-/ -2+6,/; 9;/<<>;/&#$$$#'#;

-2+6,/; +-=3?/&#$$$#'

@][. 03.1. Nokxgxinoigr yzx{iz{xk ul znk iutzxur y�yzks

Znk ghwhuplqdwlrq ri dfwlyh fkdpehuv suj{rk iusv{zky }noin ingshkxy igt6
tuz hk k|gi{gzkj gt� suxk j{k zu g zuu hom kyzosgzout |gr{k lux znkox rkgqgmk gxkg7
Lotgrr� znk wrwdo suhvvxuh irufh fdofxodwlrq prgxoh jkzkxsotky lxus znk ingshkx
vxkyy{xky znk giz{gr |gr{k gtj }uxqotm vuotz ul znk zuzgr vxkyy{xk luxik zngz g!kizy
znk xuhuz7 Lxus grr znkyk otv{zy znk uhihuhqfh suhvvxuh ghwhuplqdwlrq suj{rk
igri{rgzky znk xklkxktik vxkyy{xky lux kgin }uxqotm ingshkx5 }nkxk tut6gizo|k ings6
hkxy mkz znk u{zyojk vxkyy{xk gy znk zgxmkz7 Tgz{xgrr�5 znk .ruyz. ingshkxy vxk|ktz
znk iutzxur y�yzks lxus mktkxgzotm znk jkyoxkj vxkyy{xk luxik7 Ut znk huzzus rk|kr
g VOJ hgykj iutzxur ruuv igri{rgzky znk xklkxktik |gr|k gxkgy lux kgin |gi{{s
ingshkx lxus znk jo!kxktik hkz}kkt znk jkyoxkj gtj znk giz{gr ingshkx vxkyy{xky7
Znk ydoyh dfwxdwru suj{rk zxgtyrgzky kgin |gr|k gxkg ot g |gr|k vuyozout gy znk
otv{z lux znk sodqw vlpxodwlrq5 }nkxk znk ydoyh vlpxodwlrq suj{rk iusv{zky znk
tk} |gr|k vuyozout gtj znk iuxxkyvutjotm |gr|k gxkg hgykj ut znk xklkxktik otv{z
gtj znk krgvykj zosk 2hkig{yk g |gr|k igttuz hk uvktkj ot .!kxu zosk.37 Znk
ydfxxp v|vwhp vlpxodwlrq suj{rk igri{rgzky znk tk} ingshkx vxkyy{xky hgykj ut
Kw7 2:=7>3 lxus znk giz{gr |gr|k gxkgy7 Znkyk |gr{ky gxk znk u{zv{zy ul znk vrgtz
yos{rgzout gtj iusk lxus g vxkyy{xk yktyux ot kgin ingshkx ot igyk ul znk xkgr xuhuz7

&)$( 3WN[J FSI =F[NLFYNTS

Ot znoy ykizout "xyz znk ot|kxyk qotksgzoiy ul znk ustojoxkizoutgr jxo|otm }nkkr gxk
jk|kruvkj7 Glzkx}gxjy znk otkxzogr tg|omgzout y�yzks oy otzxuj{ikjC oz oy {ykj lux znk
iuxxkizout ul vuyk skgy{xksktzy jkxo|kj lxus ujuskzxoi jgzg7



*-(,(* >TYPXL_TN @ZOPW ZQ _SP BXYTOT]PN_TZYLW 7]TaP

Hkyojk znk |gi{{s y�yzks znkxk ngy zu hk g jxo|k zu l{r"rr znk otyvkizout zgyq7
Hkig{yk oz oy joÆi{rz zu mktkxgzk znk luxik zu vxkyy znk }nkkry zu znk }grr5 oz sgqky
tu yktyk zu jk|kruv g jxo|k y�yzks }ozn vgyyo|k }nkkry7 Znkxkluxk znk iutikvz lux
znk iroshotm xuhuz iutyoyzy ul znxkk ustojoxkizoutgr jxo|kt }nkkry7 Znk joygj|gtzgmk
ul znoy jxo|k oy znk otixkgykj k!uxz lux znk iutzxur yulz}gxk7 Znkxkluxk g qotksgzoiy
suj{rk s{yz hk iusvuykj7

2g3 2h3

@][. 03.2. Mkuskzx� jkyixovzout ul znk }nkkry 2g3 gtj znk suzout vgzn ul znk xuhuz
gy g ioxirk 2h3

Znk otv{zy gxk znk |kruioz� |kizux if gtj znk xuzgzout |kruioz� @f ul znk xuhuz
2u37 Znk mo|kt vgxgskzkxy gxk znk xgjo{y [k gtj znk gtmrk )kl ul znk vuyozout ul
kgin 2~ E:5;5<3 ustojoxkizoutgr }nkkr 2z37 Znk zgyq ul znk ot|kxyk qotksgzoiy oy
znk igri{rgzout ul znk |kruioz� yk*7+7, l gtj znk uxoktzgzout Ck*7+7, ul kgin }nkkr
gy g l{tizout ul znk otv{zy i2ifE @f37 Znk vgzn }noin znk xuhuz }orr jxo|k igt hk
jkyixohkj gy g ioxirk vgzn }ozn g vo|uzgr vuotz Y 7 Znoy vuotz s{yz hk ut znk rotk zngz
oy vkxvktjoi{rgx zu znk joxkizout ul znk |kruioz� |kizux if 2ykk Lom7 :=7< 35 hkig{yk
znk mo|kt |kruioz� xkvxkyktzy znk zgtmktzogr joxkizout ul znk ioxirk gz znk qotksgzoi
vuotz T7

Znk vuyyohrk vgzny gxk juzzkjD znk xomnz utk oy jk"tkj h� znk xuzgzout |kruioz�
@f7 Ol znk xuhuz jxo|ky lux g ikxzgot zosk "w5 znk jxo|kt joyzgtik oy va E "w " RifR gtj
znk gtmrk ul znk ykmsktz ul znk ioxirk oy Ca E "w " @f5 hkig{yk znk gtm{rgx |kruioz�
ul znk xuhuz ozykrl oy znk ygsk gy znk xuzgzout |kruioz� gxu{tj znk xuzgzotm vuotz Y 7
Znk xgjo{y lux znk vgzn igt hk igri{rgzkj h�

ud E
va

Ca "
!
.
*1)

" E
"w " RifR
"w " @f " :A9

Æ

8
E
RifR
@f

" :A9
Æ

8
2:=7?3
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gtj znk gtmrk zu znk iktzkx vuotz Y h�

Cd E gxizgt

-
yf m
yf l

.
4 B9ÆD 2:=7@3

@][. 03.3. Igri{rgzout ul znk }nkkr uxoktzgzout

]ozn znk igri{rgzkj vo|uzgr vuotz znk |kruioz� gtj znk uxoktzgzout ul kgin }nkkr
igt hk igri{rgzkj {yotm znk mkuskzxoigr luxs{rgy 2:=7A35 2:=7B3 gtj 2:=7:93 2ykk Lom7
:=7=3C

yk*7+7, l E RifR " uk*7+7,
ud

E
RifR
RifR " uk*7+7, " @f "

8

:A9Æ
E uk*7+7, " @f " 8

:A9Æ
E 2:=7A3

uk*7+7, E
]
[+
k 4 u+d ! ;[kud iuy 2R)k*7+7, ! CdR3E 2:=7B3

Ck*7+7, E gxiyot

-
ud

uk*7+7,
" yot 2R)k*7+7, ! CdR3

.
4 )k*7+7, 4 B9ÆD 2:=7:93

[tluxz{tgzkr� znkxk gxk z}u yvkiogr igyky lux znoy igri{rgzout7 Ot utk igyk znk
xuhuz oy jxo|otm yzxgomnz gnkgj }oznu{z gt� xuzgzout 2@L E 937 Znk }nkkry gxk
vuotzotm gz znk ygsk joxkizout gtj ng|k znk ygsk |kruioz�5 h{z znk xky{rz lux ud lxus
Kw7 2:=7?3 oy ot"tozk gtj znkxkluxk tuz xkgyutghrk7 H� k~gsototm znk kw{gzouty oz
igt hk ykkt zngz znkxk k~oyzy znk yur{zout

@f E 9 5 uk*7+7,
ud

E : 5 yk*7+7, l E RifR D Ck*7+7, E Cd 4 B9ÆD 2:=7::3

Ot znk uznkx igyk znk xuhuz oy utr� xuzgzotm gxu{tj ozykrl gtj znkxk k~oyzy tu |kruioz�
2RiLR E 937 Znoy skgty zngz znk }nkkry gxk zgtmktzogr zu g ioxirk }ozn ozy uxomot ot
znk sojjrk ul znk xuhuz 2Y gtj T gxk gz znk ygsk vuyozout37 Gryu ot znoy igyk g
yur{zout ul znk kw{gzouty igt hk lu{tjC

RifR E 9 5 ud E 9 D uk*7+7, E [k D
ud

uk*7+7,
E 9 D



5 yk*7+7, l E [k " @f " :A9
Æ

8
D Ck*7+7, E )k*7+7, 4 B9ÆD 2:=7:;3

]ozn znk vxkyktzkj kw{gzouty znk ot|kxyk qotksgzoiy igt hk igri{rgzkj7 Lux
ujuskzxoi otluxsgzout znk y�yzks tkkjy gjjozoutgrr� znk joxkiz qotksgzoiy zu
igri{rgzk znk joxkizout gtj |kruioz� ul znk xuhuz lxus znk k~oyzotm uxoktzgzouty gtj
|kruiozoky ul znk }nkkr7 Gy znoy vxuhrks oy u|kx6jkzkxsotkj5 oz ngy zu hk yur|kj h�
gt uvzoso!gzout yzxgzkm�7 Znoy oy vgxz ul i{xxktz xkykgxin7

*-(,(+ CZ^P @PL^`]PXPY_ QZ] ALaTRL_TZY

Iroshotm xuhuzy igt ruigro!k znksykr|ky ut z}u yu{xiky7 Mruhgr jgzg igt hk uhzgotkj
h� rgtjsgxqy5 sgv sgzinotm ux MVY otluxsgzout7 Jkgj6xkiqutotm jgzg oy giw{oxkj
h� skgy{xotm gtj igri{rgzotm znk su|ksktz ul znk xuhuz ozykrl7

<YP]_TLW 9Z]NP^

Zu osvxu|k zxgpkizux� otluxsgzout lxus znk ujuskzx� gt otkxzogr skgy{xksktz
y�yzks oy {ykj5 ykk Lom7 :=7>7 Giikrkxgzout luxiky gtj gtm{rgx |kruioz� otluxsgzout
igt nkrv zu jkzkxsotk znk zxgpkizux� ul g y�yzks }ozn g qtu}t otozogr yzgzk ul suzout5
ot znkux�7 ]k inuyk znk soixu6skingtoigr yktyuxy GJ^XY:>9 gtj GJ^R;9< lux
gtm{rgx xgzk gtj giikrkxgzout7 Glzkx gtgrum jomozgr iut|kxyout ul znk yktyux jgzg znk
otkxzogr igri{rgzouty gxk jutk ut g Suzuxurg >?LA9<7 Xky{rzy gxk yktz |og g IGT
h{y7

@][. 03.4. Otkxzogr skgy{xksktz {toz

4WRZ]T_SX

U{x ngxj}gxk vxu|ojky joyixkzk otluxsgzout ut gtm{rgx |kruioz� gtj giikrkxgzout
luxiky7 Znk gtm{rgx |kruioz� otluxsgzout oy sgtjgzux� zu igri{rgzk znk gzzoz{jk
ul znk xuhuz7 Znk gzzoz{jk oy xkw{oxkj zu jkzkxsotk znk joxkizout ul znk skgy{xkj
giikrkxgzouty U gy }krr gy znk joxkizout ul znk yvkkj lxus znk ujuskzx�5 ykk Lom7 :=7?7
Znk sgzxo~ Kk iutzgoty znk gzzoz{jk otluxsgzout ul znk y�yzks ot znk luxs ul znk
{toz |kizuxy ul znk huj� lxgsk lxus znk |ok} ul znk }uxrj lxgsk7 Znk iussutr� {ykj
yzxgv6ju}t gvvxugin5 jkyixohkj ot a?c5 oy sujo"kj ot znoy vuotz7 [yotm znk {toz sgzxo~
ul znk huj� lxgsk ynu}y znk gj|gtzgmk zngz znk igri{rgzout ul znk K{rkx gtmrky ngy
utr� zu hk jutk }nkt tkkjkj a<c7 Znk gtmrk ingtmk ( ot zosk yzkv n oy jkj{ikj
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h� zxgvk!uoj otzkmxgzout ul znk i{xxktz gtj rgyz gtm{rgx |kruioz� skgy{xksktz *7
Glzkx}gxjy znk gtmrk ( oy zxgtyluxskj zu znk }uxrj lxgskC

(
_
V E w_

+
*
_
V 4*

_!*
,
G;E 2:=7:<3

(
_
k E K_

k(
_
V D 2:=7:=3

Znk gzzoz{jk otluxsgzout ot Kk oy {vjgzkj h� s{rzovroigzout }ozn g xuzgzout zktyux
] 7 Znk xuzgzout g~oy xkvxkyktzkj h� znoy zktyux oy kw{gr zu *7 Znk xuzgzout gtmrk
ozykrl oy jkxo|kj gy znk rktmzn ul *C

K_(*
k E ])@79)@9 " K_

kD 2:=7:>3

Kk zxgtyluxsy lxus znk huj� iuuxjotgzk lxgsk zu znk }uxrj lxgsk7
S{rzovr�otm znk skgy{xkj giikrkxgzout |kizux }ozn znk sgzxo~ Kk zxgtyrgzky oz

zu znk }uxrj lxgsk7 Iutzot{u{y otzkmxgzout rkgjy zu |kruioz� gtj gmgot zu vuyozout7
H{z "xyz znk luxik ul mxg|oz� ngy zu hk xksu|kjC

[k E

:I 9
9

BE A9??>sGy+

;J E 2:=7:?3

Uk E KkUV ! [kE 2:=7:@3

i_k E i_!*k 4 w_
+
U_k 4 U_!*k

,
G;E 2:=7:A3

f_k E f_!*k 4 w_
+
i_k 4 i_!*k

,
G;D 2:=7:B3

Nkxk }k ng|k g nkg|� yu{xik ul kxxuxy gy g }xutm gzzoz{jk ig{yky gt otiuxxkiz
giikrkxgzout |kizux7

@][. 03.5. Yzkvy ul znk otkxzogr igri{rgzouty

Tg|omgzoutgr gvvroigzouty z�voigrr� tkkj znk uxoktzgzout gy znxkk ykw{ktzogr
xuzgzouty h� znk gtmrky =5 2 gtj ? gxu{tj znk }uxrj g~ky ~5 �5 gtj !5 ux znk huj�
g~ky ot uvvuyozk uxjkx 2iC iuy5 yC yot3C



M E

:Ii?i2 !y?i=4 i?y2y= y?y=4 i?y2i=
y?i2 i?i=4 y?y2y= !i?y=4 y?y2i=
!y2 i2y= i2i=

;J D 2:=7;93

H� iusvgxotm iukÆioktzy ot Kk znkyk gtmrky igt hk jkzkxsotkjC

= E gxizgt

-
e,+
e,,

.
E 2:=7;:3

2 E gxiyot 2!e,*3E 2:=7;;3

? E gxizgt

-
e+*
e**

.
D 2:=7;<3

[yotm yk|kxgr nk{xoyzoiy roqk iuxxkizotm znk gzzoz{jk h� iusvgxotm znk skgy{xkj
gtj k~vkizkj mxg|ozgzout rkgjy zu xkj{ikj vuyozoutotm kxxuxy7

&)$) 4]UJWNRJSYX FSI @JXZQYX

Ot znoy ykizout znk k~vkxosktzy vkxluxskj }ozn g utk6ingshkx vxuzuz�vk xuhuz gxk
jkyixohkj gtj gtgr�!kj7 Znoy xuhuz5 ynu}t ot Lom7 :=7@5 ngy hkkt h{orz lux znk
|grojgzout ul znk znkxsuj�tgsoigr sujkr gtj znk iuxxkyvutjotm yos{rgzout xky{rzy
gtj ot uxjkx zu zkyz znk iutzxur yzxgzkm� }nork su|otm ut g |kxzoigr }grr7 Gy znk
vxuzuz�vk gtj znk |grojgzout zkyzy gxk jkyixohkj ot jkzgor ot aBc5 ot znk lurru}otm utr�
znk }grr jxo|otm zkyzy gxk ynu}t7

@][. 03.6. Xuhuz vxuzuz�vk jxo|otm ut g |kxzoigr iutixkzk }grr

*-(-(* ILWTOL_TZY ZQ _SP 6ZY_]ZW Fd^_PX

Loxyz }grr6jxo|otm k~vkxosktzy ng|k hkkt vkxluxskj ot znk rgh }ozn znk xuhuz v{z
ut g |kxzoigrr� uxoktzkj ysuuzn iutixkzk vrgzk7 Gy iu{rj hk gtzoiovgzkj lxus znk
xky{rzy ul vxkyy{xk skgy{xksktzy ut jo!kxktz y{xlgik iutjozouty 2ykk aBc3 znk y{iqotm
oy tu vxuhrks5 h{z znk ykgrotm lxoizout vxk|ktzy znk xuhuz lxus su|otm xkgyutghr�7
]xgvvotm }ozn ykrruzgvk xkj{iky znk lxoizout y{Æioktzr� gtj znk xuhuz su|ky w{ozk
}krr ut znk vrgzk 2ykgrotm nuyk vxkyy{xkC :@999 Vg5 ingshkx vxkyy{xkC =999 Vg37

Znk iutzxur yzxgzkm� ngy hkkt zkyzkj u{zyojk ut g iussut iutixkzk }grr ul g
h{orjotm 2ykk Lom7 :=7@37 Lom{xk :=7A ynu}y znk xkiuxjkj vxkyy{xk j{xotm znoy zkyz7
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@][. 03.7. Vxkyy{xk yoz{gzout ot }uxqotm gtj xkykx|uox ingshkx ul znk vxuzuz�vk
jxo|otm ut g |kxzoigr iutixkzk }grr 2otjk~ E zosk ul skgy{xksktz3

Gz vuotz :73 znk y{izout ktmotk oy y}ozinkj ut gtj g y{ozghrk xklkxktik |gr{k lux znk
zuzgr vxkyy{xk luxik oy mo|kt gy otv{z zu znk iutzxur y�yzks7 Giiuxjotm zu znk iutzxur
yzxgzkm� jkyixohkj ot Ykizout :=7;7; znk |gr|ky ul znk |gi{{s ingshkxy gxk uvktkj
gtj znk ingshkx vxkyy{xky gxk gjp{yzkj7 Gz vuotz ;73 znk vxkyy{xk yoz{gzout oy gy
jkyoxkj gtj znk xuhuz oy ghrk zu yzgxz su|otm7 J{xotm znk x{t znk ingshkx vxkyy{xky
ingtmk j{k zu znk j�tgsoi rkgqgmk ig{ykj h� znk oxxkm{rgx iutixkzk y{xlgik5 gtj znk
|gr|ky gxk gjp{yzkj giiuxjotmr�7 Gz vuotz <73 znk xuhuz xkginky g nuxo!utzgr ixgiq ul
ghu{z :is nkomnz gtj jkvzn }noin ig{yky g rkgqgmk zngz igttuz hk iusvktygzkj
}ozn znk yotmrk |gi{{s ingshkxC znk iutzxur y�yzks oy tu rutmkx igvghrk zu vxu|ojk
znk tkkjkj vxkyy{xk luxik5 yu znk xuhuz igttuz irkgx znk ixgiq7 Gz rkgyz znk vxuj{ikj
tkmgzo|k vxkyy{xk oy y{Æioktz lux qkkvotm znk xuhuz ut znk }grr5 nktik oz juky tuz
lgrr ju}t5 h{z utr� yrojky ju}t}gxjy {tzor znk vxkyy{xo!gzout oy y{ozghrk gmgot7

Znk zkyz x{t ynu}y zngz znk vxkyy{xk yoz{gzout igt hk iutzxurrkj }ozn znk
jkyixohkj yzxgzkm� {tjkx tuxsgr y{xlgik iutjozouty w{ozk }krr7 Znk vxkyy{xk ruyyky
j{k zu ixgiqy gtj mxuu|ky gxk g ingrrktmk lux znk s{rzo6ingshkx y�yzks5 }noin oy
i{xxktzr� {tjkx iutyzx{izout7

&)$* AZRRFW^ FSI >ZYQTTP

Ot znoy vgvkx g iroshotm xuhuz lux g{zutusu{y otyvkizouty ul rgxmk |kxzoigr iutixkzk
y{xlgiky ngy hkkt vxkyktzkj gtj ozy sgot iusvutktzy 6 znk gjnkyout skingtoys5
znk jxo|otm y�yzks gtj znk otkxzogr tg|omgzout {toz 6 ng|k hkkt otzxuj{ikj7 Lux
qkkvotm znk xuhuz jkvktjghr� ut znk }grr5 g yk|kt6ingshkx |gi{{s y�yzks ngy hkkt
jk|kruvkj gtj gtgr�!kj h� g yu{tj znkxsuj�tgsoigr sujkr7 Znk sgot gj|gtzgmk
ul ng|otm s{rzovrk ingshkxy gxk znk igvghoroz� zu xkgiz zu j�tgsoigrr� ingtmotm
rkgqgmk yoz{gzouty h� 2jk63gizo|gzotm znk g!kizkj ingshkxy7 Znk iutzxur yzxgzkm�
zngz k~vruozy znoy lgiz ngy hkkt otzxuj{ikj gtj |grojgzkj j{xotm zkyz x{ty }ozn g
vxuzuz�vk iroshkx7

Hkyojky5 znk qotksgzoiy lux znk zxogtm{rgx jxo|k5 iutyoyzotm ul znxkk ustojoxki6
zoutgr }nkkry5 ng|k hkkt jk|kruvkj7 Znk skingtoigr ykz{v ul znoy y�yzks gy }krr gy
g y{ozghrk iutzxur grmuxozns gxk i{xxktz xkykgxin zgyqy7

Lotgrr�5 znk otkxzogr y�yzks lux yur|otm znk tg|omgzout gtj vuyk kyzosgzout
vxuhrks ngy hkkt vxkyktzkj7 Oz }orr hk otzkmxgzkj ot znk xuhuz gy yuut gy oz oy



iusvrkzkr� h{orz7 Znkt grr znk yulz}gxk iusvutktzy }orr hk otzkmxgzkj gtj |grojgzkj
}ozn zkyz x{ty ut jo!kxktz iutixkzk }grry7

@JKJWJSHJX

:7 Q7 Hkxty gtj I7 Norrkthxgtj7 Xuhuyktyk 6 kot qrkzzkxxuhuzkx !{x otyvkqzout |ut
hx&{iqkt {tj yzg{j&gsskt7 Ot Fg_hkfZmbd Zdmn^ee, >nmhghf^ Jh[be^ Prlm^f^,
Pikbg`^k S^keZ`5 ;9997

;7 I7 Norrkthxgtj5 P7 ]kzzgin5 gtj Q7 Hkxty7 Yos{rgzout ul iroshotm xuhuzy {yotm
{tjkxvxkyy{xk lux gjnkyout7 Ot 7ma Fgm^kgZmbhgZe @hg_^k^g\^ hg @ebf[bg` Zg]
TZedbg` Oh[hml )@I>T>O*5 Sgjxoj5 Yvgot5 Ykvzkshkx ;;6;= ;99=7

<7 P7 Quin5 I7 Norrkthxgtj5 gtj Q7 Hkxty7 Otkxzogr tg|omgzout lux }nkkrkj xuhuzy ot
u{zjuux zkxxgot7 Ot 5ma FBBB Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe )OhJh@h*5
J�sgi!k}u5 Vurgtj5 P{tk ;<6;> ;99>7

=7 J7 Rutmu gtj M7 S{yigzu7 Jkyomt ul g yotmrk yrojotm y{izout i{v xuhuz
lux otyvkizout ul tut vuxu{y |kxzoigr }grr7 Ot FPO 2004: 35ma Fgm^kgZmbhgZe
Prfihlbnf hg Oh[hmb\l. Mkh\^^]bg`l.5 Vgxoy5 Lxgtik5 Sgxin ;99=7 Otzkxtgzoutgr
Lkjkxgzout ul Xuhuzoiy7

>7 X7 J7 Yinxglz gtj L7 Yosuty7 Iutikvz ul g sotogz{xk }otju} irkgtotm xuhuz 6
jk|kruvsktz vuzktzogrozoky lux g sgyy vxuj{iz7 Ot FPO 2004: 35ma Fgm^kgZmbhgZe
Prfihlbnf hg Oh[hmb\l. Mkh\^^]bg`l.5 Vgxoy5 Lxgtik5 Sgxin ;99=7 Otzkxtgzoutgr
Lkjkxgzout ul Xuhuzoiy7

?7 J7 N7 Zozzkxzut gtj P7 R7 ]kyzut7 PmkZi]hpg bg^kmbZe gZob`Zmbhg m^\agheh`r7 Vkzkx
Vkxkmxot{y Rzj7 Rutjut5 :BB@7

@7 Y7 Q7 Zyu5 P7 `n{5 gtj H7 R7 R{q7 Vxuzuz�vk jkyomt ul g romnz6}komnz iroshotm
xuhuz igvghrk ul iutzot{u{y suzout7 Ot 8ma FBBB @hg_^k^g\^ hg J^\aZmkbgb\l
Zg] JZ\abg^ Sblbhg bg MkZ\mb\^5 vgmky ;<> " ;<A5 Nutm Qutm5 ;99:7

A7 L7 ]koyk5 P7 Q&untkt5 N7 ]ommktng{ykx5 I7 Norrkthxgtj5 gtj Q7Hkxty7
Tut6jkyzx{izo|k yktyuxy lux otyvkizout ul iutixkzk yzx{iz{xky }ozn g iroshotm
xuhuz7 Ot @I>T>O 2001, HZkelkna^, D^kfZgr, P^im^f[^k 20015 ;99:7

B7 P7 ]kzzgin5 I7 Norrkthxgtj5 gtj Q7 Hkxty7 Znkxsuj�tgsoigr sujkrrotm gtj
iutzxur ul gt gjnkyout y�yzks lux g iroshotm xuhuz7 Ot 20ma FBBB Fgm^kgZmbhgZe
@hg_^k^g\^ hg Oh[hmb\l Zg] >nmhfZmbhg )F@O>*5 Hgxikrutg5 Yvgot5 Gvxor :A6;;
;99>7
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1SQTYXEXMSR SJ <TXMQYQ 1SRWYQTXMSR

SJ 3RIVK] JSV /RXLVSTSQSVTLMG >SFSX

2VMZIR F] 3PIGXVMG :SXSV

Nu{zsgt V7 Yoxkmgx* gtj _{xo M7 Sgxz�tktqu+

* Skingtoigr Ktmotkkxotm Jkvgxzsktz5 Lgi{rz� ul Otj{yzxogr Zkinturum�
Otjutkyog Otyzoz{zk ul Zkinturum�5 Pr7 Xg�g V{yvovzkq6Ykxvutm6Zgtmkxgtm :><;95
Otjutkyog5 vnutk8lg~ 29;:3@>?:9B: 0WTMVERXWMV/]ELSS&GSQ

+ Jkvgxzsktz ul Znkuxkzoigr Skingtoiy5 Suyiu} Vu}kx Ktmotkkxotm Otyzoz{zk
[r7 Qxgytuqg!gxskttg�g5 ::;>9 Suyiu}5 X{yyog CYVMQ/XIVQIGL&QTIM&EG&VY

&*$& 8SYWTIZHYNTS

Znk uvzoso!gzout vxuhrks lux xuhuz ktmotkkxotm y�yzksy giiuxjotm zu znk ixozkxout
ul sotos{s iuty{skj }uxq oy utk ul znk osvuxzgtz gtj iusvroigzkj vxuhrksy
ot xuhuzoiy7 JoÆi{rzoky ul znoy vxuhrks gxk ig{ykj h� s{rzo6vgxgskzxo!gzout5 rgxmk
t{shkx ul jkmxkky ul lxkkjus ul znk y�yzks5 nomn uxjkx gtj h{rqotkyy ul jo!kxktzogr
kw{gzouty y�yzksy5 tut6ysuuzntkyy l{tizoutgr ul ktkxm� iuty{svzout5 kzi7

Ot yvozk ul g rgxmk t{shkx ul }uxqy5 }noin jkgr }ozn znoy vxuhrks5 znkxk yzorr
gxoyk sgt� osvuxzgtz w{kyzouty ot jkyomt ul y�yzksy }ozn vxgizoigrr� osvuxzgtz
z�vky ul jxo|ky7 Znkyk jksgtjy yzos{rgzk tk} gvvxuginky gtj yur{zouty7 Lxus znk
vuotz ul |ok} ul iuty{skj ktkxm�5 }grqotm xuhuzy tkkj suxk ktkxm� zngt }nkkrkj
vrgzluxsy7 Iutykw{ktzr�5 }grqotm xuhuzy xkw{oxk rgxmkx krkizxoi suzuxy gtj rgxmkx
yu{xiky ul ktkxm�7 Suyz ul }grqotm xuhuzy gxk g{zutusu{y jk|oiky5 ot }noin j{xgzout
ul l{tizoutotm oy jkzkxsotkj huzn h� znk igvgioz� ul znk uthugxj vu}kx y{vvr� gtj
znk yvkkj ul iuty{svzout ul ktkxm�7 Znkxkluxk5 ykgxin ul znkuxkzoigrr� ginok|ghrk
kyzosgzouty ul ktkxm� iuty{svzout lxus znk vuotz ul |ok} ul inuoik ul uvzos{s rg}y
ul iutzxur gtj jk|kruvsktz ul gvvxuvxogzk sgznksgzoigr sujkry gtj yulz}gxk gxk
|kx� {xmktz7

Ot znk vgvkx5 znk skznuj ul t{skxoigr vgxgskzxoigr uvzoso!gzout vxuhrks lux
hovkj }grqotm oy vxuvuykj7 Gy gt uhpkiz ul znk xkykgxin5 znk sujkr ul znk ot|kxzkj
sgznksgzoigr vktj{r{s5 zu }noin znk susktz oy gvvrokj h� znk krkizxoi suzux5 gtj
znk sujkr ul g s{rzo6rotq vrgtgx }grqotm xuhuz 2hovkj }grqotm xuhuz3 iutyoyzotm ul g
nkg|� zx{tq gtj g vgox ul }komnzrkyy ojktzoigr rkmy gxk iutyojkxkj7 Tuzoik5 zngz }ozn
znk nkrv ul znoy sujkr ot sutumxgvny a:5=c5 kyzosgzout ul g yotmrk y{vvuxz vngyk ul g
hovkj }grqotm xuhuz su|ksktz }gy xkiko|kj5 }nkt utr� utk rkm oy y{vvuxzotm ut znk
y{xlgik5 }nork znk uznkx rkm oy ot vngyk ul su|otm7 Ot iusvgxoyut zu a:5 =c5 }grqotm
2mgoz3 vxuikyy oy gtgr�!kj zgqotm otzu giiu{tz vxuikyyky zgqotm vrgik ot ioxi{ozy ul
krkizxoi suzuxy ot znk vxkyktzkj vgvkx7 Znk v{xvuyk ul znoy }uxq oy zu jk|kruv gtj
osvxu|k skznujy ul kyzosgzout ul vu}kx iuty{svzout lux }grqotm xuhuzy gtj zu
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ixkgzk znk gvvxuvxogzk yulz}gxk }ozn yos{rgzout ul iusv{zkx |oy{gro!gzout ul znk
yz{jokj vxuikyy ul }grqotm 2mgoz37 Znk vgvkx oy g iutzot{gzout ul a>c7

Lux xkykgxin ul vu}kx iuty{svzout ot xuhuz }grqotm5 skznujy ul znkuxkzoigr
skingtoiy5 znk znkux� ul uvzoso!gzout5 znk znkux� ul uxjotgx� jo!kxktzogr kw{gzouty5
t{skxoigr skznujy gtj yos{rgzout ul iusv{zkx |oy{gro!gzout gxk {ykj7

&*$' 4VZFYNTS TK <TYNTS KTW 8S[JWYJI ?JSIZQZR

Znk krkizxuskingtoigr y�yzks iutyoyzotm ul znk vrgtgx ot|kxzkj vktj{r{s gtj znk
joxkiz i{xxktz krkizxoi suzux5 }noin gvvroky g susktz zu znk vktj{r{s znxu{mn
xkj{ikx 2Lom7 :>7:35 oy iutyojkxkj ot znk vgvkx7 Oz oy znk sujkr ul znk susktz5 }noin
oy vxuj{ikj ot znk luuz ul znk }grqotm xuhuz7

Vuotz X oy znk vuotz ul y{vvuxz ul znk }grqotm xuhuz7 Znk vuyozout ul znk
vktj{r{s oy jkzkxsotkj h� znk gtmrk ul z{xt C5 }noin oy iu{tzkj iu{tzkx6iruiq}oyk
lxus znk "~kj nuxo!utzgr a g~oy ul znk iuuxjotgzk y�yzks X{|7 Rkz znk }komnz ul
vktj{r{s hk kw{gr zu p5 znk joyzgtik hkz}kkt vuotz X gtj znk iktzkx ul }komnz hk
k5 znk susktz ul otkxzog ul znk vktj{r{s }ozn xkyvkiz zu znk y{yvktyout g~oy hk
S)5 gtj znk susktz ul otkxzog ul znk suzux gtinux hk Sa7 Znk k!kizo|k susktz ul
otkxzog oy S 7 Znk |gr{ky ul S) gtj Sa gxk otir{jkj ot S 2S E S)4Saq

+37 Rgmxgtmk1y
l{tizout U gtj Xg�rkomn1y l{tizout ) lux znk iutyojkxkj krkizxuskingtoigr y�yzks
gxk ykz ot znk luxsC

U E
:

;
S eC+ 4

:

;
U)l

+ 4 f*qCl!pjk yotCE ) E
:

;
, eC+ 4

:

;
[l+D 2:>7:3

Nkxk U)5 [ " mktkxgro!kj otj{izgtik gtj xkyoyzgtik ul znk xuzux }otjotmy5 l " i{xxktz
ot znk k~zkxtgr ioxi{oz ul znk xuzux5 f* " lgizux ul znk krkizxuskingtoigr otzkxgizout5
q " mkgx xgzou ul znk xkj{ikx5 , " lgizux ul znk |oyiu{y lxoizout7

Znk kw{gzout ul znk vktj{r{s su|ksktz }ozn znk joxkiz i{xxktz krkizxoi suzux
sg� hk }xozzkt ot znk luxs ul Rgmxgtmk6Sg~}krr kw{gzoutC

g

gw

-
IU

I eC
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E 9E

g
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-
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4
I)
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E ^D

2:>7;3

Nkxk ^ " |urzgmk5 }noin oy y{vvrokj zu znk suzux7 Y{hyzoz{zout 2:>7:3 otzu 2:>7;3
rkgjy zu g y�yzks ul z}u tutrotkgx jo!kxktzogr kw{gzouty gy lurru}yCBFDS &C 4 , eC4pjk iuyC 4 f*ql E 9E

U)
gl

gw
4 f*q eC4[l E ^D

2:>7<3

Glzkx ykvgxgzotm znk i{xxktz l lxus znk "xyz vgxz ul kw{gzout 2:>7<3 gtj y{hyzoz{zotm
otzu ykiutj vgxz5 znk kw{gzout rkgjy zu utk tutrotkgx jo!kxktzogr kw{gzout ul znk
znoxj uxjkx gy lurru}yC

SU)
g,C

gw,
4 2S[4 U),3

g+C

gw+
4 2f+*q

+ 4[, !pjkU) yotC3
gC

gw
4

4pjk[ iuyC E f*q^D 2:>7=3
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@][. 04.0. Vrgtgx ot|kxzkj vktj{r{s

Znk rktmzn ul znk yzkv oy yvkio"kj gy Ug5 znk zosk ul znk yzkv oy w_5 gtj znkt }k ng|k
z}u hu{tjgx�6|gr{k iutjozouty lux znk gtmrk CC

C
))
h3)

E C)E C
))
h3h@

E C_D 2:>7>3

Lux yosvroioz�5 znk otozogr gtj "tgr vuyozouty ul znk vktj{r{s }ozn xkyvkiz zu znk
|kxzoigr gxk y{vvuykj y�sskzxoi5 yu kw{gzouty 2:>7>3 hkiuskC C_ E 8G;! gxiyot FH

+\
5

C) E 8G; 4 gxiyot FH
+\
7

Lux iutyzx{izout ul vkxoujoi su|ksktz ul znk }grqotm xuhuz5 }k ng|k zu sgqk
kw{gr znk gtm{rgx yvkkj ul znk iktzkx ul }komnz ul znk vktj{r{s gz znk hkmottotm
gtj gz znk ktj ul g yotmrk y{vvuxz vngykC

eC
))
h3)

E eC
))
h3h@

D 2:>7?3

Znk vxumxgsskj su|ksktz5 }noin ygzoy"ky iutjozout 2:>7>3 oy luxs{rgzkj ot znk
luxs ul znk znoxj6uxjkx Rgmxgtmk otzkxvurgzout vur�tusogrC

C E C)
2w* ! w32w+ ! w32w_ ! w3

2w* ! w)32w+ ! w)32w_ ! w)3
4 +*

2w! w)32w+ ! w32w_ ! w3

2w* ! w)32w+ ! w*32w_ ! w*3
4

4 ++
2w! w)32w! w*32w_ ! w3

2w+ ! w)32w+ ! w*32w_ ! w+3
4 C_

2w! w)32w! w*32w! w+3

2w_ ! w)32w_ ! w*32w_ ! w+3
D 2:>7@3

Nkxk5 +*5 ++ gxk gxhozxgx� iutyzgtz |gr{ky7 Znk� gxk l{tizouty ul C2w3 gtj rok hkz}kkt
vuotzy w*5 w+7 Rkz {y gyy{sk lux yosvroioz� w* E w_G<5 w+ E ;w_G<5 C) E 8G; 4 "5
C_ E 8G; ! "5 gtj " E gxiyot FH

+\
7 Zgqotm otzu giiu{tz hu{tjgx�6|gr{k iutjozout

2:>7>3 }k "tj zngz ++ E 8 ! +*7 Yu5 lux znk vxumxgsskj su|ksktz 2:>7@35 }k
uhzgotC
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C2wE +*3 E
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=w+_
w+4

4
2>=+* ! ;?" ! ;@83

=w_
w4
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;
4"D 2:>7A3

Ikxzgotr�5 oz oy skgtotml{r zu iutyojkx utr� znuyk vxumxgsskj su|ksktzy5 gz }noin
gtmrk Csutuzutu{yr� jkixkgyky5 o7k7 gz 9 - w - w_ znk gtm{rgx yvkkj ul znk vktj{r{s
oy tkmgzo|kC

@2wE +*3 E
;@2?+* ! ;"! <83

;w,_
w+ ! ;@2?+* ! ;"! <83

;w+_
w4

4
2>=+* ! ;?" ! ;@83

=w_
F 9D 2:>7B3

Znk otkw{groz� 2:>7B3 oy igxxokj u{z lux grr 9 F w F w_5 }nkt vgxgskzkx +* oy
otyojk znk otzkx|gr .

+
4 *

+0
" F +* F .

+
4 *,

+0
"7 Gz Ug E 9DA s5 k E :D; s5

" E gxiyot FH
+\
- 9D<= - :BD>Æ gtj znk otkw{groz� 2:>7B3 hkiusky :D>A= F +* F :D@<=7

Znk ktkxm� iuty{svzout lux znk iutyojkxkj sujkr oy jkzkxsotkj }ozn znk nkrv
ul znk l{tizoutgr

` E

h@S
h%

^2w3l2w3gwD 2:>7:93

Znk y{hotzkmxgr k~vxkyyout ot 2:>7:93 oy jkzkxsotkj }ozn {yk ul kw{gzout 2:>7<3 gtj
2:>7=3 gtj ngy znk lurru}otm luxsC

^2w3l2w3 E

:KKKKI
-
SU)

g,C

gw,
4 2S[ 4 U),3

g+C

gw+
4

42f+*q
+ 4[, !pjkU) yotC3

gC

gw
4

4 pjk[ iuyC3 2S &C4 , eC4pjk iuyC3

;LLLLJ
2f+*q

+3
D 2:>7::3

Znk ktkxm� iuty{svzout lux znk }grqotm xuhuz ot utk yzkv5 giiuxjotm zu luxs{rgk
2:>7:93 gtj 2:>7::3 lux znk vxumxgsskj su|ksktz 2:>7@3 oy g l{tizout ul utk
vgxgskzkx +*C

` E` 2+*3D 2:>7:;3

Zn{y5 znk vxuhrks ul ktkxm� uvzoso!gzout lux su|ksktz ul znk ot|kxzkj vktj{r{s
oy xkj{ikj zu znk ykgxin ul znk sotos{s ul znk l{tizout 2:>7:;37 Znk xky{rz ul
igri{rgzout giiuxjotm zu luxs{rg 2:>7:;3 oy vruzzkj ot Lom7 :>7;5 gtj ot znoy igyk znk
luxs ul zxgtyoktzy ul uvzos{s gtmrk C E C2w3 gtj @ E @2w3 oy iruyk zu su|ksktz ul
lxkk vktj{r{s S &C 4pjk iuyC E 97

Ot znoy igyk5 znk lurru}otm t{skxoigr jgzg a<5=c gxk {ykj lux igri{rgzotm znk ktkxm�
iuty{svzoutC p E @>qm5 S E :99DAqm"s+5 k E :D;s5 j E BDAs8yki+5 Ug E 9DAs5
U) E 9D9<N5 [ E 9DA *5 f* E 9D9>N"s8|urz5 q E <995 , E :>9qm"s+8yki5 zosk ul
yzkv w_ E ;G<yki7 Znk tujgr vuotzy ul znk vur�tusogr otzkxvurgzout gxk w* E ;GByki
gtj w+ E =GByki7 Ot gjjozout5 znk skgt |kruioz� ul suzout ul znk iktzkx ul sgyy ot
utk yzkv oy _g E :D;s8yki7 ]ozn znk mo|kt t{skxoigr jgzg }k ng|k" E 9D<= - :BD>Æ5
gtj znk skgt gtm{rgx |kruioz� ul znk vktj{r{s oy @2wE +*3 - !:D9;8yki7
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@][. 04.1. Jkvktjktik ul ktkxm� iuty{svzout ut +

&*$( 4]FHY ATQZYNTS KTW DFWNFYNTSFQ ?WTGQJR

Ot znoy igyk5 znk zxgtyoktz ot znk ioxi{oz ul znk krkizxoi suzux oy tkmrkizkj gtj oz
oy gyy{skj zngz ot 2:>7=3 U) E 97 Znkt lux znk igyk ul g ysgrr jk|ogzout ul znk
vktj{r{s lxus znk |kxzoigr5 znk vxuhrks sotoso!gzout ul znk yigrgx ktkxm� ixozkxout
hkiusky
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Znk |gxoghrky ul znk l{tizoutgr 2:>7:<3 ygzoyl� xkyzxoizouty ot znk luxs ul g jo!kxktzogr
kw{gzoutC
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Lux ykgxinotm znk uvzosgr iutzxur x2; 35 }noin sotoso!ky l{tizoutgr 2:>7:<35
g skznuj ul irgyyoigr igri{r{y ul |gxogzout ul K{rkx6Rgmxgtmk a;c oy {ykj7 Gy g
vxkrosotgx�5 znk kw{gzout 2:>7:=3 oy }xozzkt ju}t ot znk tuxsgr luxs ul Ig{in�

{' E |E |' E *+{! ,*| 4 xE 2:>7:>3

}nkxk znk giiktz yomt jktuzky znk jkxo|gzo|k }ozn xkyvkiz zu ; 7
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Rkz1y }xozk ju}t znk Ngsorzut l{tizout gtj znkt znk y�yzks kw{gzouty lux znk
iutp{mgzkj |gxoghrk osv{ryky

Q E sl| 4 sm2*
+{! ,*| 4 x3 4

n

;
x+ ! ex|E 2:>7:?3

s'l E
IQ

I|
E s'm E !IQ

I{
D 2:>7:@3

Lxus znk sotos{s iutjozout ;C
;i

E 9 ul Ngsorzut l{tizout Q

x E
:

n
2e| ! sm3D 2:>7:A3
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Znk l{tjgsktzgr sgzxo~ 2:>7;:3 grru}y zu }xozk ju}t znk yur{zout ul Kw7 2:>7:B3
lux znk susktz ul zosk ; E :C
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P2:3 E KD k~v2"3DK!*P293D 2:>7;;3

Nkxk P293 E
#
" @) s)l s)m

$N
5 P2:3 E

#!" @) sl2:3 sm2:3
$N

gtj5 nktik5 znk
"xyz zkxs ul Kw7 2:>7;;3 xkvxkyktzy g y�yzks ul z}u rotkgx grmkhxgoi kw{gzouty lux
otozogr |gr{ky ul osv{ryky s)l5 s

)
m7 Znk yur{zout ul znk otjoigzkj kw{gzouty jkzkxsotky

iusvrkzkr� znk hkng|oux ul znk zxgpkizuxoky ul y�yzks 2:>7:B35 gtj y{hyzoz{zotm
luxs{rg 2:>7:B3 otzu 2:>7:A3 mo|ky uvzosgr iutzxur ul ktkxm� lux znk krkizxoi suzux7

&*$) 4VZFYNTS TK <TYNTS KTW <ZQYN#QNSP TK YMJ EFQPNSL

@TGTY

Znk vxuvuykj skznuj ul vgxgskzxoi uvzoso!gzout ul |gxogzoutgr vxuhrks lux
ykgxinotm lux znk sotos{s ul g l{tizout ul yk|kxgr |gxoghrky ot znk "xyz ykizout
oy {ykj ot uvzoso!otm znk vxuhrks ul }grqotm lux gt krkizxuskingtoigr hovkj }grqotm
xuhuz7 Znk sujkr ul znk vrgtgx gtznxuvusuxvnoi }grqotm xuhuz iutyoyzy ul g nkg|�
zx{tq gtj g vgox ul }komnzrkyy ojktzoigr rkmy oy iutyojkxkj7 Znk su|ksktz ul znk
}grqotm xuhuz oy vxu|ojkj }ozn joxkiz i{xxktz krkizxoi suzuxy5 }noin ixkgzk susktzy
ot znk notmky ul znk xuhuz7

@][. 04.2. Sujkr ul g "|k6rotq vrgtgx }grqotm xuhuz

Ot znk mo|kt vgvkx znk }grqotm vxuikyy oy gtgr�!kj zgqotm otzu giiu{tz znk
vxuikyyky zngz x{t ot znk ioxi{oz ul znk krkizxoi suzuxy7 Ot g yotmrk y{vvuxz vngyk znk
iutyojkxkj krkizxuskingtoigr y�yzks ul znk }grqotm xuhuz ngy yo~ jkmxkky ul lxkkjusC

znxkk gtmrky C E
#
C* C+ C,

$N
5 }noin yvkiol� znk vuyozout ul rotqy XJ5 XK5 KL

gtj znxkk i{xxktzy ] E
#
l* l+ l,

$N
5 }noin #u} ot znk ioxi{ozy otv{z ul joxkiz i{xxktz

krkizxoi suzuxy5 }noin ixkgzk znk susktzy ot znk notmky X5 J5 K 2Lom7 :>7<37
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Znk kw{gzouty ul suzout lux znk vxuvuykj krkizxuskingtoigr y�yzks ot g yotmrk
y{vvuxz vngyk xkvxkyktz g y�yzks ul ykiutj uxjkx tutrotkgx jo!kxktzogr kw{gzouty
lux g |kizux ul gtm{rgx |gxoghrky gtj g |kizux ul i{xxktzy

; &C4< eC+ !H E EDGE

F
g]

gw
4[]4= eC E ME

2:>7;<3

}nkxk

; E p

<>!o* yotC* !o+ yotC+ !o, yotC,
o* iuyC* o+ iuyC+ o, iuyC,

9 9 9+

=? E
< E p

<>!o* iuyC* !o+ iuyC+ !o, iuyC,
o* yotC* o+ yotC+ o, yotC,

9 9 9

=? E
E E

:

v+*

<>o+ iuyC+ !o* iuyC* ! o+ iuyC+ o* iuyC*
o+ yotC+ !o* yotC* ! o+ yotC+ o* yotC*
v,+ !v,+ ! v,* v,* 4 v+*

=? E
v+* E o*o+ yot2C+ ! C*3E v,+ E o+o, yot2C, ! C+3E v,* E o*o, yot2C, ! C*3E

&C E
#
&C* &C+ &C,

$N
E eC+ E

#
eC+* eC++ eC+,

$N
E

H E
#
9 pj 9

$N
E G E

#
V* V+ V,

$N
D

Znk su|ksktz rg} lux kgin rotq ul }grqotm xuhuz C* E C*2w35 C+ E C+2w35 C, E C,2w3
gy }krr gy ot igyk ul znk ot|kxzkj vktj{r{s oy ykz ot znk luxs ul vur�tusogr Rgmxgtmk
otzkxvurgzout gy ot 2:>7@37

Ot jkzkxsototm znk vxumxgsskj |gr{ky ul znk suzux susktzy gz }noin znk
vxumxgsskj su|ksktz oy xkgro!kj5 oz oy gyy{skj zngz ot znoy su|ksktz znkxk oy tu
yzxgomnzktotm ul znk rkmy ul znk }grqotm xuhuz5 o7k7 C*2w3 9E C+2w37 Znkt sgzxo~ E
xkvxkyktzy g rosozkj l{tizout ul zosk5 gtj lxus Kw7 2:>7;<3 oz oy vuyyohrk zu jkzkxsotk
znk iutzxurrotm susktzy lux krkizxoi suzuxy gy lurru}y

G E E!* !; &C4< eC+ !H
"
D 2:>7;=3

Ot znoy igyk glzkx y{hyzoz{zotm znk vxumxgsskj su|ksktz otzu 2:>7;=3 oz oy tkikyygx�
zu inkiq {v xkgro!gzout ul znk iutjozouty

RG_R -G:
_E 2:>7;>3

}nkxk G:
_ " sg~osgr |gr{k ul znk susktzy5 }noin gxk vxuj{ikj h� znk krkizxoi

jxo|ky ul znk }grqotm xuhuz7
Znk l{tizoutgr5 }noin jkzkxsotky iuty{svzout ul ktkxm�

` E

h@S
h%

MN ]gw 2:>7;?3

oy g l{tizout ul g "tozk t{shkx ul |gxoghrky " gtmrky ul xuzgzout ul znk rotqy ul znk
}grqotm xuhuz gz znk tujgr vuotzy7
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&*$* 2TSHQZXNTSX

:7 Iusv{zkx yos{rgzout lux su|ksktz ul znk iutyojkxkj }grqotm xuhuz ynu}y zngz
znk u!kxkj zkintow{k grru}y zu igxx� u{z g v{xvuykl{r inuoik ul jkyomt vgxgskzkxy
ul znk }grqotm xuhuz5 }noin {yk krkizxoi jxo|ky gtj vxumxgsskj su|ksktz gz
}grqotm7

;7 Xky{rzy ul t{skxoigr k~vkxosktzy }ozn xkyvkiz zu znk vxuvuykj yinksg
jksutyzxgzk znk vuyyohoroz� ul gt kyyktzogr xkj{izout ul ktkxm� iuty{svzout
h� znk }grqotm xuhuz7

@JKJWJSHJX

:7 Hkrkzyq� \ \ 2:BA=3 Hovkj }grqotm7 Sujkrotm vxuhrksy ul j�tgsoiy gtj
iutzxur7 Tg{qg5 Suyiu}

;7 Hx�yut G K5 Nu _ I 2:B?B3 Gvvrokj uvzosgr iutzxurC uvzoso!gzout5 kyzosgzout5
gtj iutzxur7 Hrgoyjkrr5 ]grzngs5 SG

<7 Inkxtu{yqu L R5 Huruztoq T T5 Mxgjkzyq� \ M 2:BAB3 Sgtov{rgzout xuhuzy7
J�tgsoiy5 iutzxur5 gtj uvzoso!gzout7 Tg{qg5 Suyiu}

=7 Luxsgryq� G S 2:BA;3 Su|otm ul znk gtznxuvusuxvnoigr skingtoysy7 Tg{qg5
Suyiu}

>7 Yoxkmgx N V5 Sgxz�tktqu _{ M 2;99;3 Ktkxm� iuty{svzout lux gtznxuvusux6
vnoi xuhuzy jxo|kt h� krkizxusuzux7 OtC Vxui7 Azn Otz7 Iutl7 lux Ktmotkkxotm
YioktikyC Ghyzxgiz ul znkyoy5 |ur7 :5 Suyiu} <@9"<@:
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>IEP#@MQI :SXMSR =PERRMRK ERH 1SRXVSP

MR XLI &$$) 1SVRIPP >SFS1YT ?]WXIQ

Soingkr Ynkxhgiq5 Uro|kx V{x}ot5 gtj Xg!gkrru J1Gtjxkg

Yohrk� Yinuur ul Skingtoigr gtj Gkxuyvgik Ktmotkkxotm5 Iuxtkrr [to|kxyoz�
Ozngig T_ :=A>< [YG NQEW,)_ST*+_VH*-O/GSVRIPP&IHY

&+$& 8SYWTIZHYNTS

Yotik :BBB Iuxtkrr ngy iusvkzkj ot znk XuhuI{v Ysgrr Yo!k Rkgm{k7 XuhuI{v
oy gt gtt{gr otzkxtgzoutgr mgznkxotm lkgz{xotm xuhuz yuiikx iusvkzozouty goskj gz
luyzkxotm xkykgxin gtj kj{igzout ot xuhuzoiy5 g{zutusu{y y�yzksy5 gtj gxzo"iogr
otzkrromktik7 Ot znk ysgrr yo!k rkgm{k5 g{zutusu{y zkgsy ul "|k igtzgru{vk yo!kj
xuhuzy vrg� ut g =7B # <7= s "krj }ozn u|kxnkgj mruhgr |oyout igskxgy7 Zkgsy gxk
z�voigrr� sgjk {v ul g so~z{xk ul mxgj{gzk gtj {tjkxmxgj{gzk yz{jktzy7

\oxz{grr� grr zkgsy ng|k gjuvzkj g yosorgx y�yzks gxinozkiz{xk7 Znk mruhgr |oyout
igskxg igvz{xky gt osgmk gtj hruh gtgr�yoy oy {ykj zu ruigzk znk xuhuzy gtj hgrr7
Znoy jgzg oy yktz zu g n{h iusv{zkx zngz sgqky jkioyouty gtj jkzkxsotky zxgpkizuxoky7
Otluxsgzout ut jkyoxkj |kruiozoky gtj hgrr iutzxur l{tizouty oy iuss{toigzkj |og
}oxkrkyy iuss{toigzout zu znk xuhuzy5 }nu osvrksktz znk suzout gtj zn{y iruyk
znk ruuv7

Iuxtkrr1y gxinozkiz{xk h{orjy ut znoy h� ng|otm l{rr j{vrk~ }oxkrkyy zu ktghrk hgrr
vuyykyyout otluxsgzout zu hk yngxkj5 gtj h� ng|otm ~A? hgykj VI:9= iusv{zkxy ut
kgin xuhuz zu grru} jkioyout sgqotm l{tizouty zu hk joyzxoh{zkj7 Lom{xk :?7: ynu{rj
nkrv xkgjkxy {tjkxyzgtj u{x y�yzks gtj hk g nkrvl{r xklkxktik lux {tjkxyzgtjotm
kgin ykizout ul znoy vgvkx7

Znoy vgvkx oy uxmgto!kj ot znk lurru}otm }g�C Ykizout :?7; k~vrgoty nu} u{x
suzout6xkrgzkj skznujy gtj grmuxoznsy gxk {ykj h� znk jkioyout6sgqotm vgxz
ul znk y�yzks7 G jkzgorkj jkyixovzout ul znk |knoirky gtj znkox j�tgsoiy oy ot
Ykizout :?7<7 Ykizout :?7= jkyixohky nu} znk i{xxktz yzgzk ul znk y�yzks oy kyzosgzkj
ot znk vxkyktik ul tuoyk5 rgzkti�5 gtj |oyout vxuhrksy7 Ykizout :?7> oy gt u|kx|ok}
ul znk zxgpkizux� mktkxgzout skznuj7 Ykizout :?7? jkyixohky nu} zxgpkizuxoky gxk
sujo"kj ot znk vxkyktik ul uhyzgirky7 Ykizout :?7@ vxkyktzy u{x skznuj ul {yotm gt
uthugxj m�xu zu osvxu|k zxgpkizux� k~ki{zout7 Ykizout :?7A jkyixohky znk iutikvzy
{ykj ot u{x uthugxj suzux iutzxur gtj znkox osvrksktzgzout7 Ykizout :?7B hxok#�
otzxuj{iky yk|kxgr grzkxtgzo|ky zu u{x skznujy7 K~vkxosktzgr xky{rzy gxk vxkyktzkj
ot Ykizout :?7:97
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@][. 05.0. Y�yzks ruuv7 Gtmrk |kruioz� iutzxur gyy{skj7 :8y jktuzky otzkmxgzout

&+$' 3JHNXNTS

Znk jkioyout grmuxoznsy 2gryu qtu}t gy gxzo"iogr otzkrromktik ux GO3 {rzosgzkr�
jkzkxsotk }ngz yuxz ul zxgpkizuxoky }orr hk mktkxgzkj7 Gz znoy rk|kr znk lurru}otm
inuoiky gxk sgjkC

' QkZc^\mhkr D^g^kZmbhg hk JZgnZe S^eh\bmb^l: Koznkx ykz g jkyoxkj "tgr yzgzk gtj
ksvru� u{x zxgpkizux� mktkxgzout grmuxoznsy zu "tj gt uvzosgr i{xxktz |kruioz�5
ux joxkizr� iussgtj znk i{xxktz |kruioz�7

' L[lmZ\e^ >ohb]Zg\^ Lo^kkb]^: [tjkx yusk iutjozouty5 y{in gy vrg�otm mugrok5 }k
inuuyk zu zurkxgzk iurroyouty ot zxgpkizuxoky7

' >g`e^ @hgmkhe hk >g`neZk OZm^ @hgmkhe: Mo|k znk xuhuz koznkx g jkyoxkj "tgr
gtmrk5 ux g jkyoxkj i{xxktz gtm{rgx |kruioz�7

Znk jkioyout grmuxoznsy gxk tuz znk lui{y ul znoy vgvkxD ykk a@c7 Znk� igt hk hxok#�
jkyixohkj gy g nokxgxinoigr yzgzk sginotk5 }ozn huzn otzkxtgr yzgzky gtj vn�yoigr
yzgzky 2xuhuz gtj hgrr vuyozouty gtj |kruiozoky37

&+$( 3JXHWNUYNTS TK YMJ DJMNHQJX

U{x y�yzks {yky lu{x6}nkkrkj ustojoxkizoutgr |knoirky 2Lom7 :?7;37 Znk }nkkry ng|k
xurrkxy gz znkox kjmky zngz grru} {tiutyzxgotkj |knoirk suzout ot znk joxkizout
ul znk g~rk ul znk }nkkr7 Kgin vuotz ul iutzgiz zn{y vxu|ojky utk zxgtyrgzoutgr
iutyzxgotz gtj tkmromohrk xuzgzoutgr iutyzxgotz7 Znxkk y{in }nkkry5 gxxgtmkj zu g|uoj
yotm{rgxozoky5 gxk y{Æioktz lux ustojoxkizoutgr nurutusoi iutzxur ul znk |knoirk5 gy
jkyixohkj ot a>c7 Yotik ;99< }k ng|k gjjkj g lu{xzn }nkkr zu goj iutzxur }nkt
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giikrkxgzouty ig{yk }komnz ynolz zngz xkj{iky lxoizout gz znk }nkkry a?c7 Znk kw{gzouty
jkyixohotm znoy }komnz ynolz gtj ozy k!kizy ut znk giikrkxgzout vkxluxsgtik kt|kruvk
gxk lu{tj ot aAc7

@][. 05.1. ;99> Iuxtkrr XuhuI{v xuhuz @][. 05.2. Xuhuz qotksgzoiy7 Vrgt |ok}7

*/(,(* >TYPXL_TN^

Znk qotksgzoiy ul u{x ustojoxkizoutgr jxo|k gxk yzxgomnzlux}gxj5 gtj znkox nurutusoi
vxuvkxzoky mxkgzr� yosvrol� u{x suzout vgttotm7 \gxoghrky {ykj ot znoy ykizout gxk
jk"tkj ot Lom{xk :?7<7 ]k jk"tk znk mruhgr iuuxjotgzk y�yzks h� {[ gtj |[7 Znk
ruigr lxgsk ul xklkxktik oy jk"tkj h� {F gtj |F }nkxk oz oy gyy{skj zngz znk |knoirk
xksgoty ot znk vrgtk gtj juky tuz vozin ux xurr7 Znk gtmrk 2 oy znk �g} xuzgzout zu
{F lxus {[5 jk"tkj gy vuyozo|k grutm {[ # |[5 yuskzosky xklkxxkj zu gy znk bxuhuz
gtmrk.7 Znk vuyozouty ul znk }nkkry }ozn xkyvkiz zu znk IS ot znk ruigr lxgsk ul
xklkxktik gxk jk"tkj h� znk |kizuxy e]5 gtj {toz |kizuxy ot znkox jxo|kt joxkizouty h�
f]7 U{x iut|ktzout oy zngz znk }nkkry1 jxo|kt joxkizout oy tkmgzo|k ot znk joxkizout
zngz iuxxkyvutjy zu vuyozo|k znkzg suzout7

Mruhgr |kruioz� |kizuxy gxk zxgtyluxskj zu ruigr iuuxjotgzky {yotm znk yzgtjgxj
xuzgzout sgzxo~C <> e{F

e|F
e2

=? E

<> iuy 2 ! yot 2 9
yot 2 iuy 2 9
9 9 :

=?<> e{[
e|[
e2

=? D 2:?7:3

Mo|kt g jkyoxkj |kruioz� |kizux ot znk ruigr xuhuz lxgsk 2 e{F5 e|F5 e2F35 znk |kruioz� x
ul gt� vuotz l ut znk xuhuz ot znk ruigr lxgsk igt hk igri{rgzkjC<> xlx�

x*

=?
]

E

<> : 9 Ru] # {FR
9 : Ru] # |FR
9 9 :

=?<> e{F
e|F
e2

=? D 2:?7;3

Lux iutzxur v{xvuyky }k gxk otzkxkyzkj ot znk yigrgx }nkkr |kruiozoky z] uhzgotkj
}ozn znk zxgtyluxsgzout ]3C
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<> z*

D D D
zb

=? E

<> iuy=* yot=* Ru*R iuy 0*
D D D D D D D D D

iuy=b yot=b RubR iuy 0b

=?<> e{F
e|F
e2

=? D 2:?7<3

*/(,(+ F_L_P F[LNP @ZOPW

Znk rotkgx zosk ot|gxogtz SOSU yzgzk yvgik y�yzks sujkr lux znk xuhuz }ozn g yo~
krksktz yzgzk |kizux oy mo|kt nkxk5 }nkxk e} E J}4Kix4KkzE | E L}4Mx5 otv{z
suzux |urzgmky gxk x5 gtj joyz{xhgtik luxiky gtj zuxw{ky gxk zC

} E 2{FE |FE 2E e{FE e|FE e23E 2:?7=3

J E

/!/R,#, R,#,
9,l, V!*2Kj 4V@GA3

0
E 2:?7>3

Ki E

/
9,#,

TMNV
!*] N3

0
E 2:?7?3

Kk E

/
9,#-

V!*] N3

0
E 2:?7@3

L E

7
9-#,

HhH>JL
.XLN)

9.#* TBQKI

8
E 2:?7A3

M E 9E 2:?7B3

}nkxk / igt hk {ykj ot J zu g|uoj {tuhykx|ghrk sujky 2j{k zu znk ghyktik ul gt
uthugxj ghyur{zk vuyozout xklkxktik3 j{xotm kyzosgzux jkyomt5 W oy znk mkgx xgzou
hkz}kkt znk suzuxy gtj }nkkry5 gk oy znk }nkkr jogskzkx5 LY[ oy znk ktiujkx
iu{tzy vkx xk|ur{zout5 wg oy ygsvrk zosk5 gtj

V!* E jogm2:GV@!7l :GV@!7m :GV@!7*3E 2:?7:93

L@GA E
=,-W+

gk*
E 2:?7::3

V@GA E L@GA]
N
3 ]3E 2:?7:;3

TMN E
;,W

gk*
E 2:?7:<3

}nkxk - oy znk hgiq6KSL otj{ikj ruyy ul zuxw{k vkx |kruioz�5 gtj znk zuxw{k iutyzgtz
gz yzgrr oy ,7 K!kizo|k sgyyky V@!7e gxk jkyixohkj ot Ykizout :?7A7 Vxuikyy tuoyk
iu|gxogtik s{yz ot znoy igyk giiu{tz lux joyz{xhgtik zuxw{ky gtj luxiky gyyuiogzkj
}ozn jxgm gtj yrovvotm }nkkry7 Znoy l{rr |knoirk sujkr oy otir{jkj lux iusvrkzktkyy
k|kt znu{mn YOYU ruuvy gxk {ykj ot vxgizoik7

&+$) BWFSXQFYNTSFQ AYFYJ 4XYNRFYNTS TW ?WJINHYNTS

Znk vxotiovgr yzgzk kyzosgzout vxuhrks ot znk ;99> y�yzks iutyoyzy ul zgqotm igskxg
skgy{xksktzy }ozn g |gxoghrk rgzkti�5 gz g |gxoghrk xgzk5 gtj iutyzx{izotm gt
kyzosgzk ul znk yzgzk ul znk mgsk gz znk zosk }nkt iussgtjy hgykj ut znoy jgzg }orr
xkgin znk xuhuz7 Oz oy i{yzusgx� gz Iuxtkrr zu znotq ul utkykrl gy juotm igri{rgzouty
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gz znk otyzgtz ul lxgsk mxghhotm5 gtj yu znk vxuhrks oy xklkxxkj zu gy fvxkjoizout71
Znkyk igri{rgzouty gxk giz{grr� hkotm jutk ghu{z ngrl}g� znxu{mn znk zuzgr rgzkti�5
glzkx znk |oyout jgzg oy zxgtylkxxkj gtj vxuikyykj5 gtj hkluxk znk }oxkrkyy vgiqkz
oy zxgtysozzkj7 Znoy juky tuz g!kiz znk igri{rgzouty7 ]k ng|k tu joxkiz skgy{xk ul
rgzkti� j{xotm tuxsgr uvkxgzout7 Ozy |gr{k oy jkzkxsotkj u! rotk {yotm gt RKJ |oyohrk
zu znk igskxg yu zngz znkxk oy tu otjkzkxsotgzk xkz{xt vgzn rgzkti� zu kyzosgzk7

Znkxk gxk znxkk #g|uxy ul znoy vxuhrksC kyzosgzout ul znk hgrr yzgzk5 uvvutktz
yzgzk5 gtj zkgssgzk yzgzk7 Znk xuzgzoutgr jkmxkk ul lxkkjus ul znk hgrr gtj
uvvutktzy oy tkmrkizkj5 gtj zngz ul znk zkgssgzky oy ngtjrkj h� g ykvgxgzk skznuj
jkyixohkj ot Ykizout :?7@ j{k zu znk g|gorghoroz� ul xkroghrk ru}6rgzkti� uthugxj m�xu
jgzg7

*/(-(* 6ZYNP[_`LW 5L^T^

Znk hgrr yzgzk kyzosgzux iutyoyzy ul z}u Qgrsgt "rzkxy5 lgyz gtj yru}7 ]nkt znkox
|kruioz� kyzosgzky gmxkk }oznot g znxkynurj5 znk yru} "rzkx oy {ykj7 Znk yru} "rzkxy1
gj|gtzgmk oy xkpkizout ul nomn lxkw{kti� tuoyk7 Znk lgyz "rzkx oy {ykj }nkt znk
znxkynurj oy k~ikkjkj7 Znoy oy suyz osvuxzgtz }nkt znk hgrr oy qoiqkj5 ux g ruyz
hgrr oy lu{tj gmgot7

Znk zkgssgzk yzgzk kyzosgzux iutyoyzy ul z}u ykw{ktzogr "rzkxy ot uxjkx zu sgqk
{yk ul u{x qtu}rkjmk ul znk iussgtjy zngz ng|k hkkt oyy{kj yotik znk |oyout lxgsk
}gy igvz{xkj7 G Qgrsgt "rzkx oy "xyz gvvrokj zu znk |oyout jgzg zu mktkxgzk gt
kyzosgzk ul znk xuhuz yzgzk gz znk zosk ul znk suyz xkiktz lxgsk7 Znoy "rzkx sgqky {yk
ul tkoznkx znk j�tgsoiy ul znk xuhuzy tux znkox vgyz iussgtjy h{z xgznkx gyy{sky
zngz znk xuhuz oy g sgyy jxo|kt h� }nozk tuoyk luxik joyz{xhgtiky7 Lurru}otm znoy
"rzkx5 znk rgzkti� oy iusvktygzkj lux h� gyy{sotm zngz znk |kruioz� iussgtjy zngz
ngj hkkt oyy{kj }kxk lurru}kj7 Znoy oy ot znk yvoxoz ul g Ysozn Vxkjoizux aBc7 Znkxk
oy g l{xznkx iuxxkizout }nkxk znk vngyk rgm ot znk xklkxktik zxgiqotm ul znk xuhuz oy
xkvxkyktzkj gy gjjozoutgr rgzkti� 2ykk Ykizout :?7A37

Znk uvvutktz yzgzk kyzosgzux oy znk ygsk gy znk zkgssgzk yzgzk kyzosgzux k~ikvz
zngz oz oy gyy{skj zngz znk |kruioz� kyzosgzk lxus znk "xyz "rzkx oy znk iussgtjkj
|kruioz� lux grr y{hykw{ktz lxgsky7

*/(-(+ 6ZX[WTNL_TZY^

Tut6ojkgr |oyout hkng|oux oy znk yu{xik ul suyz ul znk iusvrk~oz� ul u{x gvvxugin7
\gxoghrk |oyout lxgsk xgzk oy j{k zu rgiq ul y{Æioktz iusv{zgzoutgr vu}kx7
Yvkio"igrr�5 }nkt g yu{mnz ktzoz� 2z�voigrr� znk hgrr3 oy tuz hkotm lu{tj h� |oyout
}nkt oz ruuqy }nkxk znk ktzoz� }gy rgyz lu{tj5 znk grmuxoznsy xkw{oxk giikyyotm znk
yzuxkj osgmk ul znk ktzoxk "krj7 Ut u{x y�yzks znoy hxotmy znk lxgsk xgzk ju}t lxus
?9 N! zu gy ru} gy <9 N!7 ]k znkxkluxk xk6joyixkzo!k znk "rzkxy lux kgin tk} xkgjotm7
Znoy |gxoghrk jkrg� joxkizr� grzkxy znk zuzgr rgzkti� zngz s{yz hk iusvktygzkj lux7
Znoy oy ngtjrkj h� v{zzotm zosk yzgsvy ut |oyout jgzg7 J{xotm osvrksktzgzout }k
lu{tj otgii{xgioky ot u{x zosk yzgsv jgzg zngz }k }kxk tuz ghrk zu krosotgzk7

Znkxk oy gryu g jkrg� gyyuiogzkj }ozn znk k~ki{zout zosk ul znk nomn rk|kr jkioyout
gtj iutzxur5 kyvkiogrr� uhyzgirk g|uojgtik7 Znoy oy g finoiqkt gtj kmm1 vxuhrks5
}nkxk znk yzgzk kyzosgzk oy xkw{oxkj zu hkmot znk jkioyout gtj iutzxur5 h{z }nkxk
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znk jkioyout gtj iutzxur k~ki{zout zosk grzkxy znk rgzkti� gtj znkxkluxk znk iuxxkiz
yzgzk kyzosgzk7 ]k tkmrkiz znoy ysgrr |gxogtik7

Ol |oyout lgory zu "tj uhpkizy }oznot g zosk rosoz5 znk uhpkiz oy sgxqkj fruyz1 ot
znk |oyout jgzg7 Lux g ysgrr t{shkx ul lxgsky znoy oy jkgrz }ozn gy g yosvrk igyk ul
otixkgykj rgzkti�7 Lux g rgxmkx t{shkx ul lxgsky5 jo!kxktz ngtj z{tkj rumoi oy {ykj
jkvktjotm ut znk ruyz uhpkiz7 Ruyz zkgssgzk xuhuzy gxk iussgtjkj zu k~ki{zk g
yru} gxiotm suzout jkyomtkj zu k~oz gt� xkmouty ul vuux |oyout vkxluxsgtik7

*/(-(, 5LWW BNNW`^TZY ?ZRTN

Hgrr yzgzk kyzosgzout oy iusvroigzkj h� znk lgiz zngz znk hgrr igt hk iusvrkzkr�
nojjkt ux fuiir{jkj1 j{xotm tuxsgr mgsk vrg� lux gt gxhozxgx� j{xgzout j{k zu znk
mkuskzx� ul znk u|kxnkgj igskxgy gtj zgrr xuhuzy7 Znoy oy jkgrz }ozn ot z}u }g�y7
Ol znk OX yktyux ut znk lxutz ul u{x xuhuzy oy hxuqkt5 vuyykyyout oy gyyomtkj5 gtj znk
"rzkxy gxk u|kxxojjkt zu ruigzk znk hgrr gz zngz xuhuz7 Grzkxtgzkr�5 ol znk hgrr oy tuz
lu{tj gtj znkxk gxk tu hxuqkt OX yktyuxy5 }k yos{rzgtku{yr� gyyomt z}u ruigzouty
lux znk hgrr5 gzzginkj zu zkgssgzk gtj uvvutktz xuhuzy tkgx znk rgyz lu{tj hgrr5
gtj l{tizouty {yk }noink|kx oy gvvxuvxogzk jkvktjotm ut }nkznkx znk� gxk lui{ykj
ut u!ktyo|k ux jklktyo|k hkng|oux7

&+$* BWFOJHYTW^ 6JSJWFYNTS

U{x y�yzks mktkxgzky zxgpkizuxoky {yotm g tkgx uvzosgr hgtm6hgtm skznuj jkyixohkj
ot aAc7 Gz kgin GO lxgsk5 zxgpkizuxoky gxk xkiusv{zkj hgykj ut znk i{xxktz yzgzk
kyzosgzk7 U{x gvvroigzout xkw{oxky xkgr6zosk igri{rgzout lux g vuzktzogrr� rgxmk
t{shkx ul zxgpkizuxoky lux {yk h� uhyzgirk g|uojgtik7 Znk skznuj k~ikry h� ng|otm
hu{tjkj gtj ru} k~ki{zout zosky gvvxu~osgzkr� lu{x uxjkxy ul sgmtoz{jk ynuxzkx
zngt znk l{rr tutrotkgx uvzosgr skznuj gy osvrksktzkj ot XOUZY ot SGZRGH5
}nork �okrjotm zxgpkizuxoky }ozn suxk zngt A>/ ul k~ki{zout zosky hkotm rkyy zngt
:A/ y{huvzosgr7

*/(.(* FTX[WT!NL_TZY ZQ 7dYLXTN^

U{x |knoirky ng|k y{Æioktz zuxw{k zngz oz oy g ygzoylgizux� gyy{svzout zngz znkox
giikrkxgzout oy rosozkj h� koznkx lxoizout ux sg~os{ssuzux yvkkj lux grr zxgpkizuxoky
zngz igt hk ginok|kj }oznot znk yvgik ul u{x "krj7 Gt� jkyoxkj giikrkxgzout igt hk
znu{mnz ul gy g |kizux ot >,5 2&{F5&|F5&2F37 Lurru}otm aAc }k gyy{sk Iu{rush lxoizout
gtj tkmrkiz znk j�tgsoi k!kizy ot|ur|otm zovvotm ul znk |knoirk ut g iusvrogtz
y{xlgik j{k zu pkxq5 h{z xkzgot w{gyo6yzgzoi }komnz ynolz j{k zu giikrkxgzout7 Suxk
yuvnoyzoigzkj lxoizout sujkry gy jkyixohkj ot a::c }u{rj xkw{oxk g suxk iusvroigzkj
grmuxozns7 H� gyy{sotm Iu{rush lxoizout znk ginok|ghrk giikrkxgzout ot znk znxkk
josktyoutgr giikrkxgzout yvgik oy sgjk ot|gxogtz }ozn xkyvkiz zu znk yzgzk ul znk
|knoirk y{hpkiz zu znk iutyzxgotz

y2w3 E
\

e{+2w3 4 e|+2w3 - yG<PE ; wD 2:?7:=3

Znoy iutyzxgotz xky{rzy lxus znk ruyy ul suzux zuxw{k gz nomn yvkkj }ozn "~kj |urzgmk7
Znk ykrkizout ul znk iutyzgtz yG<P oy rklz lux znk ktj ul znoy y{hykizout7
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@][. 05.3. Gtgr�zoigr vkxluxsgtik kt|kruvk

@][. 05.4. Yosvro"kj vkxluxsgtik kt|kruvk

[tjkx znkyk gyy{svzouty gtj znk iutyzxgotz ul Kw7 2:?7:=3 znk giikrkxgzout
iutyzxgotz igt hk k~vxkyykj gy g iutyzgtz hu{tjotm y{xlgik ghu{z znk uxomot ot znk
znxkk josktyoutgr giikrkxgzout yvgik gy ynu}t ot Lom7 :?7= lxus aAc7 Gy�sskzxoky
xky{rz lxus }komnz ynolz otzkxgizotm }ozn }nkkr ruigzout gtj gtmrk7 Yosvro"igzouty
gxk xkw{oxkj zu �okrj g lgyz grmuxozns5 gy znk hu{tjgx� oy tutrotkgx7 Mkuskzxoigrr�
yvkgqotm5 yosvrkx y{xlgiky }oznot znk uxomotgr hu{tjotm y{xlgik gxk lu{tj7 Loxyz oz oy
iut|ktoktz zu sgqk znk hu{tjotm y{xlgik xuzgzoutgrr� y�sskzxoi {yotm znk iutyzxgotz\

&{+2w3 4 &|+2w3 - dG<PE ; wD 2:?7:>3

Tk~z oz oy iut|ktoktz zu sgqk znk hu{tjotm y{xlgik ot|gxogtz }ozn xkyvkiz zu &2F5
}noin ig{yky tkmromohrk ruyy ul vkxluxsgtik j{k zu znk ysgrr iutzxur k!uxzy xkw{oxkj
lux znk &2F jkyoxkj ot u{x gvvroigzout7 Znk xky{rzotm y{xlgik oy ynu}t ot Lom7 :?7>7 Ol
hgtm6hgtm oy {ykj ot 2 gy }krr5 znk uvkxgzotm yvgik }u{rj hk |oy{gro!kj gy znxkk znot
yzgiqkj joyiy7

Yosorgx yosvro"igzouty gxk xkw{oxkj lux grru}ghrk |kruiozoky7 Znk sg~os{s
|kruioz� yG<P ot Kw7 2:?7:=3 lux }noin znk gyy{svzout ul lxoizout rosozkj giikrkxgzout
nurjy oy g l{tizout ul znk joxkizout ul zxg|kr j{k zu qotksgzoiy gtj suzux vxuvkxzoky5
h{z oz oy k~vkjoktz gtj xkgyutghrk zu ykz znk iutyzxgotz gy g iutyzgtz xgznkx zngt
gy g l{tizout ul grr |kruiozoky gtj giikrkxgzouty7 Znoy yosvro"igzout oy gtgrumu{y zu
znk utk zngz �okrjkj Kw7 2:?7:>37 Ot znoy igyk znk hu{tj oy znk ykz ul |kruiozoky lux
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}noin znk xky{rzotm suzux yvkkj juky tuz jkixkgyk zuxw{k y{Æioktzr� zu |ourgzk znk
gyy{svzout ul lxoizout rosozkj giikrkxgzout7 Ot vxgizoik yG<P tuz jkxo|kj gtgr�zoigrr�5
h{z oy z{tkj ut znk xkgr y�yzks7

Xkl7 a:9c jkyixohky g yosorgx skznuj lux hgtm6hgtm iutzxur ul g |knoirk }ozn
iutyzxgotzy j{k zu suzux hgiq6KSL xgznkx zngt lxoizout7

*/(.(+ 4[[WTNL_TZY ZQ 5LYR'MLYR 6ZY_]ZW

Ng|otm iusvrkzkr� jkiu{vrkj znk 2 iutzxur vxuhrks }k ykkq sotos{s zosk
zxgpkizuxoky lxus mo|kt otozogr iutjozouty zu g "tgr yzgzk5 z�voigrr� }ozn !kxu "tgr
|kruioz�5 ot sotosgr zosk7 Gz gt� zosk ot gt uvzosgr yotmrk6JUL hgtm6hgtm
zxgpkizux� znk |knoirk oy koznkx giikrkxgzotm gz ozy rosoz5 ux ix{oyotm gz yG<P }ozn
tu giikrkxgzout5 ux yzuvvkj7 Ot u{x igyk5 }k uhzgot z}u6JUL hgtm6hgtm zxgpkizuxoky
}ozn g hotgx� ykgxin ot znk lurru}otm }g�C "xyz }k mktkxgzk jkiu{vrkj ~ gtj �
hgtm6hgtm zxgpkizuxoky }ozn joyzotiz wZ7l5 wZ7m5 }ozn kgin {yotm ngrl ul znk zuzgr iutzxur
k!uxz7 Ykiutj5 }k y�tinxuto!k znk yur{zout h� gjp{yzotm znk sg~os{s grru}kj
iutzxur k!uxz gtj |kruioz� lux huzn JULy |og g vgxgskzkx + 7 29E 8G;3C

&{G<P E dG<P iuy+E &|G<P E dG<P yot+E 2:?7:?3

e{G<P E yG<P iuy+E e|G<P E yG<P yot+D 2:?7:@3

Kw{gzouty 2:?7:?3 gtj 2:?7:@3 ygzoyl� znk iutyzxgotzy 2:?7:=3 gtj 2:?7:>37 Znk
k~ki{zout zosky wZ7l gtj wZ7m gxk iutzot{u{y gtj sutuzutoi l{tizouty ul + 2lux g
luxsgr vxuul5 ykk a:Bc35 znkxkluxk oz oy vuyyohrk zu {yk g hotgx� ykgxin grmuxozns zu
"tj gt + }noin xktjkxy znk jo!kxktik hkz}kkt wZ7l gtj wZ7m gxhozxgxor� ysgrr7 Ot znoy
sgttkx znk lkgyohrk tkgx6uvzosgr z}u6JUL zxgpkizux� oy lu{tj7

J{xotm jkikrkxgzout znoy grmuxozns oy yktyozo|k zu gt� otozogr lgor{xk zu lurru}
znk jkyoxkj jkikrkxgzout7 Znoy xky{rzy ot u|kxynuuz zngz }orr tuz hk u|kxiusk {trkyy
jkikrkxgzout oy ot k~ikyy ul zngz {ykj zu igri{rgzk znk joyzgtik gz }noin jkikrkxgzout
}gy zu hkmot7 J{xotm jkikrkxgzout }k znkxkluxk igri{rgzk znk xkw{oxkj jkikrkxgzout
{yotm qtu}t joyzgtik zu zgxmkz gtj i{xxktz |kruioz�5 �okrjotm &t E yomt2M3y+G;M7

&+$+ >GXYFHQJ 0[TNIFSHJ

Oz oy kyyktzogr lux suzout vrgttotm zu otir{jk uhyzgirk g|uojgtik hkig{yk ul znk tkkj
zu ot"rzxgzk jklktyky gtj hkig{yk znk XuhuI{v x{rky vktgro!k iurroyouty hkz}kkt
xuhuzy7 Znkxk oy gt ktuxsu{y gtj mxu}otm rozkxgz{xk ut uhyzgirk g|uojgtik7 G :BB:
huuq }ozn otluxsgzout ut znk y{hpkiz oy a:Ac7 Znk iutyzxgotzy ul u{x gvvroigzout
joizgzk zngz znk skznuj s{yz }uxq ot g |kx� j�tgsoi kt|oxutsktz5 gtj s{yz xkz{xt
g xky{rz ot/ : sy yu zngz oz igt hk k~ki{zkj lux grr xuhuzy h� znk iktzxgr iusv{zkx7
]k gryu xkw{oxk zngz oz hk iusvgzohrk }ozn u{x zxgpkizux� mktkxgzout grmuxozns7
Znkyk xkw{oxksktzy rkgj {y zu g |kx� yosvrk skznuj7

Gt� jkyoxkj suzout oy irgyyo"kj h� znk jkioyout grmuxoznsy gy xkw{oxotm uhyzgirk
g|uojgtik ux tuz7 Ol uhyzgirk g|uojgtik oy jkyoxkj5 znk jkioyout grmuxozns igrry g
l{tizout zngz ykkqy gt uhyzgirk lxkk vgzn zu znk i{xxktz jkyoxkj ruigzout gz kgin
lxgsk7 Znoy l{tizout igri{rgzky g zxgpkizux� gy jkyixohkj ot Ykizout :?7> gtj yzkvy
znxu{mn kgin vuotz ykkqotm iurroyouty }ozn znk vxkjoizkj ruigzouty ul zkgssgzky gtj
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uvvutktzy7 Znk l{z{xk vuyozout ul znk uhpkizy oy lu{tj h� vxuvgmgzotm i{xxktz yzgzk
kyzosgzky gyy{sotm tu ingtmk ot |kruioz�7 Ol g iurroyout oy jkzkizkj5 znk jkyoxkj "tgr
vuyozout oy grzkxkj {tzor koznkx znk l{tizout igt xkz{xt gt uhyzgirk lxkk vgzn5 ux oz
xkz{xty g lgor{xk |gr{k7 Znk grzkxtgzk "tgr ruigzouty gxk jkzkxsotkj h� iutyzx{izotm
g rotk vkxvktjoi{rgx zu zngz hkz}kkt znk xuhuz gtj ozy jkyzotgzout5 gtj voiqotm
otixkgyotmr� joyzgtz vuotzy lxus grzkxtgzotm yojky7 Lom7 :?7? jkvoizy znoy vxuikyy5 h{z
lux znk ygqk ul irgxoz� juky tuz gzzksvz zu jkvoiz znk lgiz zngz znk uhyzgirk sg� hk
ot jo!kxktz ruigzouty jkvktjotm ut nu} lgx grutm znk zxgpkizux� znk iurroyout uii{xy7
Znk xu{zotk zkxsotgzky ot lgor{xk ol znoy juky tuz mktkxgzk gt uhyzgirk lxkk vgzn ot g
ikxzgot t{shkx ul ozkxgzouty7 Znk grzkxgzout ul znk jkyoxkj "tgr ruigzout oy zurkxghrk
j{k zu znk lgiz zngz urj zxgpkizux� yur{zouty gxk tuz xkzgotkj5 gtj yu znk iurroyout
lxkk vgzn oy xkiusv{zkj gz k|kx� lxgsk {tzor znk fiuxtkx oy z{xtkj1 gtj grzkxgzouty
gxk tu rutmkx xkw{oxkj7

@][. 05.5. Yosvro"kj uhyzgirk g|uojgtik jogmxgs

&+$, @TYFYNTSFQ 4XYNRFYNTS FSI 2TSYWTQ

Znk xuzgzoutgr jkmxkk ul lxkkjus ul zkgssgzk xuhuzy oy kyzosgzkj gtj iutzxurrkj
ot jo!kxktz }g� lxus znk zxgtyrgzoutgr7 Kyzosgzout oy jo!kxktz hkig{yk ul znk
g|gorghoroz� ul ru}6rgzkti� m�xu jgzg ut hugxj znk xuhuzy7 Iutzxur oy jo!kxktz
hkig{yk ul mxkgzkx iutzxur g{znuxoz� j{k zu znk xkrgzo|kr� ru} gvvgxktz sgyy ykkt
h� znk suzuxy j{xotm xuzgzout5 gy }krr gy znk g|gorghoroz� ul y{vkxoux kyzosgzky7
Yosorgx skznujy iu{rj hk gvvrokj zu znk zxgtyrgzoutgr yzgzk kyzosgzout jkyixohkj
ot Ykizout :?7= ol utk lu{tj gtgrumu{y ruigr zxgtyrgzout yktyuxy7 ]k ng|k tuz lu{tj
znksD ot u{x k~vkxoktik5 giikrkxuskzkxy ig{yk vxuhrksy j{k zu {tyktykj zorz iu{vrotm
ot mxg|oz�5 su{yk6z�vk yktyuxy i{xxktzr� rgiq znk xkw{oxkj yvkkj5 gtj znk suzux
xuzgzout yktyuxy gxk {txkroghrk lux kyzosgzky ul znk xuhuz yzgzk j{k zu yrov j{xotm znk
gmmxkyyo|k sgtk{|kxy zngz suzo|gzk znk vxuhrks7

*/(0(* EZ_L_TZYLW 8^_TXL_TZY

Znk gii{xgi� ul znk xuzgzoutgr yzgzk kyzosgzk oy ix{iogr lux xuhuz iutzxur j{k zu
znk gvvkgxgtik ul znk xuzgzout gtmrk 2 ot Kw7 2:37 H� zxgtysozzotm mruhgr |kruiozoky
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2 e{[5 e|[3 zu znk xuhuz gtj {yotm ot znk mruhgr zu ruigr zxgtyluxsgzout gt kyzosgzk d2
zngz sgqky {yk ul uthugxj jgzg5 xklkxktik zxgiqotm oy osvxu|kj iusvgxkj zu vgyz
y�yzksy7

Znk d2 kyzosgzout oy hxuqkt otzu znxkk iusvutktzyC vxosgx�5 igzin{v5 gtj qkkv{v7
]nkt kgin }oxkrkyy vgiqkz oy xkiko|kj 2gz <9 zu ?9 N! ol tutk gxk jxuvvkj35 g vxosgx�
kyzosgzux �okrjy d2j gz znk zosk ul |oyout lxgsk igvz{xk5 gtj g igzin{v kyzosgzux
sgxinky zngz lux}gxj ot zosk zu iusvktygzk lux rgzkti�5 �okrjotm d2W7 Znk vxosgx�
kyzosgzux oy g yosvrk lkkjznxu{mn ul xg} |oyout jgzg }nkt oz oy g|gorghrk5 hkig{yk
ul znk ru} tuoyk ot znoy skgy{xksktz7 Znk igzin{v kyzosgzux {yky g ioxi{rgx m�xu
noyzux� h{!kx5 otzkmxgzotm gy sgt� m�xu xkgjotmy gy igrrkj lux h� g yzgzoi rgzkti�
kyzosgzk7 Gz kgin ruigr iutzxur lxgsk 2g iutyoyzktz <99 N!5 ykk Ykizout :?7A3 znk
suyz xkiktz m�xu jgzg oy sgxinkj lux}gxj }ozn g qkkv{v l{tizout zu �okrj znk d2
{ykj h� znk xuzgzoutgr iutzxur gtj h� znk mruhgr zu ruigr zxgtyluxsgzout7

Ol g vgiqkz oy xkiko|kj ot }noin znk xuhuz oy ruyz5 znk rgyz qtu}t |oyout jgzg
oy sgxinkj lux}gxj ot zosk {yotm znk m�xu noyzux� zu qkkv d2j i{xxktz7 Lux g rgxmk
t{shkx ul ruyz lxgsky znk ktzoxk xuzgzoutgr iutzxur grmuxozns oy joyghrkj7

*/(0(+ EZ_L_TZYLW 6ZY_]ZW

Znk jkioyout grmuxoznsy igt yvkiol� koznkx g jkyoxkj gtmrk ux |kruioz�7 Z�voigrr�
znk jkyoxkj gtmrk oy yvkio"kj5 h{z }nkt sgtk{|kxotm }ozn znk hgrr5 oz oy {ykl{r zu
iussgtj |kruiozoky7

Jkyoxkj |kruiozoky gxk ngtjrkj h� yosvr� lkkjotm znks znxu{mn zu znk ruigr
iutzxur grmuxozns7 Znk gtm{rgx xgzk kxxux yktykj h� znk m�xu j{xotm gt� ruigr iutzxur
lxgsk oy iuxxkizkj h� yosvr� y{hzxgizotm oz lxus znk iussgtjkj gtm{rgx xgzk ul znk
tk~z lxgsk7

Jkyoxkj gtmrky gxk ngtjrkj h� g hgtm6jkgj6hgtm skznuj yosorgx zu zngz {ykj ot
zxgpkizux� mktkxgzout7 Lux g mo|kt gtm{rgx kxxux gtj gtm{rgx |kruioz�5 oz oy jkzkxsotkj
}nkznkx znk xuhuz ynu{rj hk giikrkxgzotm ux jkikrkxgzotm7 Zu g|uoj jk|ogzotm otzu g
yzgzk lxus }noin znk hgtm6hgtm giikrkxgzout igt tuz jxo|k znk gtmrk sutuzutoigrr�
zu znk jkyoxkj5 g yglkz� lgizux oy otzxuj{ikj otzu znk jkioyout zngz ig{yky y{huvzosgr
vxksgz{xk jkikrkxgzout7 Znoy oy jutk h� {yotm g tusotgr hgtm6hgtm giikrkxgzout
&2== rkyy zngt }ngz znk xuhuz oy giz{grr� igvghrk ul7 Tuzoik zngz jkikrkxgzout oy gz
}ngzk|kx xgzk oy tkikyygx� zu jxo|k znk gtm{rgx xgzk zu !kxu gz !kxu gtm{rgx kxxux5
gy ot zxgtyrgzoutgr zxgpkizux� mktkxgzout7 Znoy skgty zngz }k mktkxgrr� jkikrkxgzk
}ozn g jkikrkxgzout mxkgzkx zngt &2==7 Zu g|uoj pozzkx j{k zu yktyux tuoyk5 g jkgj !utk
oy otzxuj{ikj7 G l{tizout fTuxsgro!kGtmrk1 zngz tuxsgro!ky gtm{rgx kxxuxy otzu znk
xgtmk 2!8E 83 oy {ykj7 Vyk{juiujk lux znk hgtm6jkgj6hgtm xuzgzout iutzxur lurru}y7

:7 2@KK E Tuxsgro!kGtmrk2d2 ! 2?@L3

;7 &2K@J E
2de23+

;2@KK

<7 ]Z 2R&2K@JR H &2==3

&2?@L E yomt22@KK3 $ &2K@J 2igykC jkikr73
Y_fY
&2?@L E !yomt22@KK3 $ &2== 2igykC gii73
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=7 ]Z 2R2@KKR H 2?@<?7IH@3

e2?@L E e2?@L 4 wg&2?@L
Y_fY
e2?@L E 9

Znk giikrkxgzout oy gvvrokj xkrgzo|k zu znk vxk|ou{y iussgtjkj |kruioz�7 ]nkt
znkxk oy g zxgtyozout lxus jkyoxkj |kruioz� iutzxur zu jkyoxkj gtmrk iutzxur5 znk i{xxktz
m�xu xkgjotm kyzghroynky znk |kruioz� lxus }noin znk grmuxozns vxuikkjy7

G rosozotm |kruioz� oy ykz zu A xgj8y zu g|uoj znk sg~os{s m�xu xkgjotm ul
:9 xgj8y5 gtj znk rosozotm giikrkxgzout oy ykz zu :> xgj8y8y gy g iusvxusoyk hkz}kkt
yvkkj gtj pkxq5 }noin ngxsy hgrr iutzxur7

&+$- ;THFQ 2TSYWTQ

Ruigr iutzxur oy u{x tgsk lux znk grmuxoznsy zngz gzzksvz zu k~ki{zk znk suzouty
joizgzkj h� zxgpkizux� mktkxgzout gtj xuzgzoutgr iutzxur7 Ozy hgyoi iusvutktzy gxk
YOYU VO ruuvy ut kgin }nkkr 2Lom7 :?7@3 zngz zxgiq znk xklkxktiky zXYg mktkxgzkj h�
znk qotksgzoi igri{rgzouty lxus Ykizout :?7<7 Znk ruuvy k~ki{zk gz <99 N! ut znk
VI:9=7 Gz kgin yzkv n5 }k iut|kxz ktiujkx yomtgry zu |kruioz� gtj "rzkx {yotm g "xyz
uxjkx ru} vgyy "rzkx vgxgskzkx ?5 iusv{zk |kruioz� kxxux5 gtj {vjgzk otzkmxgzkj
|kruioz� kxxux }ozn g ru} lxkw{kti� xurru! zosk iutyzgtz (

zK<O7]7_ E
8gk

wgLY[
frxqwv_E 2:?7:A3

z"FM7]7_ E ?z"FM7]7_!* 4 2:! ?3zK<O7]7_E 2:?7:B3

z@KK7]7_ E z"FM7]7_ ! z?@L7]7_E 2:?7;93

z@KK4HM7]7_ E 2:! wg( 3z@KK4HM7]7_ 4 z@KK7]7_wgD 2:?7;:3

Otzkmxgzkj |kruioz� kxxux oy igvvkj gz zngz iuxxkyvutjotm zu sg~os{s g|gorghrk
zuxw{k mo|kt znk iutzxur mgoty7 ]k igri{rgzk jkyoxkj zuxw{ky ;]7_C

;]7_ E Tdz@KK7]7_ 4T]z@KK4HM7]7_D 2:?7;;3

Zuxw{ky gxk iut|kxzkj otzu suzux |urzgmky {yotm znk suzux vxuvkxzoky lxus znk
sgt{lgiz{xkx5 }nkkr |kruioz� jgzg5 gtj iutzot{u{yr� sutozuxkj hgzzkx� |urzgmk _WW7
Znk hgiq6KSL otj{ikj ruyy ul zuxw{k vkx |kruioz� oy -5 gtj znk zuxw{k iutyzgtz gz
yzgrr oy ,7 Znk jkyoxkj |urzgmk _]7_ oy znkt

_]7_ E
;]

_ ff_, ! -z"FM7]7_
D 2:?7;<3

]k v{ryk }ojzn suj{rgzk 2V]S3 h� mxu{tjotm utk vngyk gtj grzkxtgzkr�
iuttkizotm znk gvvxuvxogzk uznkx vngyk zu _WW gtj mxu{tj7 V]S oy jutk gz ;9 qN!
zu grru} XRI "rzkxotm ul znk v{ryky ot znk suzuxy zu xky{rz ot gt g|kxgmk |urzgmk gz
suzux l ul _]7_5 gtj lux otg{johoroz� zu n{sgty7
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@][. 05.6. YOYU ruuv ut kgin }nkkr

*/(1(* EPQP]PYNP G]LNVTYR CP]QZ]XLYNP

Xklkxktik zxgiqotm vkxluxsgtik oy rosozkj h� vxuikyy tuoyk ot znk luxs ul yrov5 gtj
rosozkj hgtj}ojzn7 Znk xuhuzy ng|k y{Æioktzr� vu}kxl{r suzuxy gtj nomn iktzkx ul
sgyy zngz }komnz zxgtylkx k!kizy gy jkyixohkj ot aAc rosoz giikrkxgzout h� ig{yotm
yusk }nkkry zu yrov7 Yrov ot|grojgzky znk qotksgzoi zxgtyluxsgzout ]3 ot Kw7 2:?7<35
gtj z�voigrr� znk xuhuz huzn lgory zu lurru} znk zxgtyrgzoutgr xklkxktik gtj xuzgzky
kxxgzoigrr� ol tu iuxxkizout oy zgqkt7 Xuzgzoutgr iutzxur y{vkxvuyky iuxxkizo|k jkyoxkj
xuzgzoutgr |kruiozoky ut znk YOYU ruuvy zu iu{tzkxgiz znoy k!kiz7 Znk zxgtyrgzoutgr
k!kizy ul yqojjotm gxk tuz iuxxkizkj ruigrr�5 h{z utr� znxu{mn zxgpkizux� mktkxgzout7

*/(1(+ 6ZY_]ZWWP] 5LYObTO_S

Znk }nkkry1 YOYU hgtj}ojzn oy rosozkj h� xotmotm ul znk }nkkry gz nomn mgot j{k
zu ru} ktiujkx xkyur{zout7 Znoy oy suyz gvvgxktz }nkt znk xuhuz oy ut znk igxvkzkj
vrg�otm y{xlgik5 }nkxk ysgrr }nkkr suzouty gxk utr� }kgqr� iu{vrkj zu znk xuhuz
znxu{mn znk iusvrogtik gtj hgiqrgyn ot znk igxvkz5 }nkkr skingtoys5 gtj mkgx
skyn7

Znk k!kizo|k SOSU hgtj}ojzn ul znk YOYU VO iutzxurrkxy igt hk iusv{zkj ol
}k gyy{sk ojkgr qotksgzoiy ot v{xk {E |E ux 2 suzout gtj tkmrkiz otzkmxgzux rkgqgmk7
Loxyz5 znk iutzxoh{zout ul kgin ul q ruuvy zu yzo!tkyy gtj jgsvotm ot kgin joxkizout
oy mo|kt h�

Tl E

bR
]3*

T]Rfrv2=]3RE 2:?7;=3

Tm E

bR
]3*

T]Rvlq2=]3RE 2:?7;>3

T* E
bR
]3*

T]Ru]Rfrv2?]3E 2:?7;?3

Kl E
bR
]3*

TdRfrv2=]3RE 2:?7;@3

Km E
bR
]3*

TdRvlq2=]3RE 2:?7;A3

K* E

bR
]3*

TdRu]Rfrv2?]3D 2:?7;B3
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Znk utr� k~zkxtgr luxik ut znk xuhuz oy jxgm7 Jxgm oy giz{grr� yzxutmr� tutrotkgx
}ozn g yzgzoi iusvutktz5 iusvroigzotm z{totm gtj tkikyyozgzotm lkkjlux}gxj iutzxur
gy jkyixohkj ot znk tk~z y{hykizout7 Lux znoy rotkgx gtgr�yoy vn�yoigr jgsvotm L oy
gyy{skj zu hk |oyiu{y5 gtj znk kw{gzout ul suzout gtj zxgtylkx l{tizout ot kgin
JUL t gxk

V@J&t E Oe E !Ke2 et ! et?@L3! Le et !Te2t ! t?@L3E 2:?7<93

ZGZ?@L E

=F
G5=g

4
EF

G5=

v+ 4
=F(>F
G5=

v4
EF

G5=

E 2:?7<:3

}nkxk V@J oy gt k!kizo|k sgyy xky{rzotm lxus huzn znk xuhuz huj� V gtj znk
susktz ul otkxzog ul znk suzuxy Sa gy gsvro"kj h� znk mkgx xgzou W 7 Znk xuhuz
huj� iutzxoh{zout oy yosvr� sgyy lux {E | gtj xuhuz susktz ul otkxzog lux 2C

V@J7l EV 4
bR
]3*

;W+SGIMIK

gk
R iuy2=]3RE 2:?7<;3

V@J7m EV 4
bR
]3*

;W+SGIMIK

gk
R yot2=]3RE 2:?7<<3

S@J7* E SKI=IM 4

bR
]3*

;W+SGIMIK

gk
Ru]RD 2:?7<=3

Znoy gtgr�yoy vxkjoizy g hgtj}ojzn ul =@ xgj8y7 K~vkxosktzgr xky{rzy lux znoy gxk ot
Ykizout :?7:97

Znk sgpux osvgiz ul rosozkj hgtj}ojzn ut znk y�yzks oy gvvgxktz fskingtoigr
rgzkti�1 zngz oy giz{grr� znk vngyk rgm ul znk k!kizo|k SOSU ruuv7 Skingtoigr rgzkti�
ot xuzgzout oy tkmromohrk5 h{z oz oy yomto"igtz ot zxgtyrgzout7 Lux iut|ktoktik5 znk
yzgzk kyzosgzuxy jkyixohkj ot Ykizout :?7= zxkgz znkyk gy v{xk jkrg�y gjjkj zu znk
|oyout8n{h8}oxkrkyy jkrg�7

*/(1(, 9PPOQZ]bL]O

Lkkjlux}gxj oy {ykj zu osvxu|k xklkxktik zxgiqotm h� iusvktygzotm lux {tsujkrkj
zxgtyrgzoutgr lxoizout7 Znk zuxw{k xkw{oxkj zu su|k znk xuhuz gz g yzkgj� xgzk igt
hk ojkgro!kj gy ng|otm g yzgzoi lxoizout iusvutktz5 g |oyiu{y lxoizout iusvutktz5
gtj xkyoj{gr {tsujkrkj iusvutktzy7 Znk iusvutktz gtgrumu{y zu |oyiu{y lxoizout
gvvkgxy ot znk iruykj ruuv zxgtylkx l{tizout gtj vxu|ojky jgsvotm5 yu }k ju tuz
gzzksvz zu igtikr oz7 Znk yzgzoi iusvutktz oy tuz gy hktomt5 gtj rkgjy zu g fr{xinotm1
hkng|oux gz ru} |kruiozoky gy znk otzkmxgr kxxux s{yz f}otj {v1 zu vxu|ojk znk xkw{oxkj
yzgxzotm zuxw{k7 Zu grrk|ogzk znoy }k gjj g iuxxkizo|k zuxw{k gz kgin }nkkr7 Znk
iukÆioktz Tg oy g ngtj z{tkj vgxgskzkx7

;gAA7] E
Tg

e{+F 4 e|+F
2 e{F iuy2=]3 4 e|F yot2=]33 2:?7<>3

Giikrkxgzout lkkjlux}gxj }gy zxokj zu osvxu|k zxgtyoktz vkxluxsgtik h{z xky{rzkj
ot nomn lxkw{kti� xuhuz suzouty zngz zktjkj zu ig{yk znk hgrr zu ruyk iutzgiz }ozn
znk xuhuz7
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\gxou{y grzkxtgzo|k skznujy ng|k hkkt jksutyzxgzkj ot XuhuI{v ux vxuvuykj ot
znk rozkxgz{xk7

*/(2(* G]LUPN_Z]d :PYP]L_TZY

Znk suyz {tow{k lkgz{xk ul u{x y�yzks oy ozy j�tgsoiy hgykj zxgpkizux� mktkxgzout
grmuxozns7 Grzkxtgzo|k vgzn vrgttotm skznujy lux ustojoxkizoutgr |knoirky jkyixohkj
ot a:=c gtj a:>c {zoro!k iushotgzouty ul yosvrk yngvky zu vxuj{ik j�tgsoigrr� lkgyohrk
zxgpkizuxoky7

Xgznkx zngt xkiusv{zotm zxgpkizuxoky gz k|kx� iutzxur lxgsk5 utk iu{rj xkzgot
zxgpkizuxoky {tzor koznkx znkox jkyzotgzouty s{yz ingtmk5 ux g iurroyout oy jkzkizkj5 gy
ot a:?c7 Znk yzgzk6hgykj skznuj vxkyktzkj nkxk oy uvzosgr lux xkgyuty lu{tj ot aAc7
Znk xkzgotkj zxgpkizuxoky gryu xkvxkyktz gt g{msktzgzout zu znk otzkxtgr yzgzk ul znk
y�yzks5 iusvroigzotm znk gxinozkiz{xk7

*/(2(+ AP`]LW YP_bZ]V^ L[[WTPO _Z ^_L_P P^_TXL_TZY

Znk L[6Hkxrot zkgs {yky g tk{xgr tkz}uxq hgykj tutrotkgx Ysozn Vxkjoizux lux yzgzk
kyzosgzout ul ozy u}t xuhuzy gy jkyixohkj ot a:<c7 Ozy tutrotkgx krksktzy osvxu|k
y�yzks vkxluxsgtik ot znk vxkyktik ul yrov7 Znoy oy ynu}t zu xky{rz ot ru}kx z�voigr
kxxuxy zngt znkox rotkgx vxkjoizux7 Tu g vxouxo qtu}rkjmk ul xuhuz j�tgsoiy oy {ykj5
gtj znk y�yzks iukÆioktzy gxk rkgxtkj h� hgiq6vxuvgmgzout7

*/(2(, @<@B L[[]ZLNS _Z WZNLW NZY_]ZW

Mo|kt zngz znk xuhuz gy g }nurk oy g SOSU y�yzks5 gtj zngz uvzosgr SOSU
iutzxur oy }krr {tjkxyzuuj5 oz oy }uxzn ot|kyzomgzotm7 Rotkgx w{gjxgzoi mg{yyogt 2RWM3
iutzxurrkxy }kxk y�tznkyo!kj {yotm vxuikyy tuoyk kyzosgzky gtj vkxluxsgtik ixozkxog7
Znk mrgxotm usoyyout ot znoy SOSU iusvktygzux oy yrov7 ]nkt }k osvrksktzkj
SOSU skznujy5 }k uhykx|kj zngz znk lxutz }nkkry yrovvkj gz |kx� ru} giikrkxgzouty7
Znk YOYU gvvxugin osvroiozr� juky g luxs ul zxgizout iutzxur h� grruigzotm zuxw{k
zu }nkkry zngz gxk tuz yrovvotm7

Gjjotm lu{x yzgzky zu jkyixohk }nkkr |kruiozoky gtj iu{vrotm znk zuxw{k otv{z
znxu{mn znk }nkkr yzgzky zu znk xuhuz oy gzzxgizo|k7 Irkgxr� znk YOYU gvvxugin oy
vuyyohrk }oznot znoy sujkr ol znk }nkkr |kruiozoky gxk znk yurk vkxluxsgtik skgy{xk7
Lux osvxu|ksktzy u|kx YOYU zu hk sgjk5 znoy iu{vrotm s{yz hk sujkrrkj }krr7
[rzosgzkr� }k jkiojkj zu xkzgot YOYU ruuvy lux znkox iushotgzout ul zxgizout iutzxur5
yosvroioz�5 gtj xuh{yztkyy7

*/(2(- 7T^_]TM`_PO MPSLaTZ] []TXT_TaP^

]k uhykx|kj gz znk iusvkzozout zngz uvvutktzy ngj vxu|ojkj lux yktjotm
otyzx{izouty zu znkox xuhuzy zu igxx� u{z g hkng|oux zngz xkw{oxkj yk|kxgr jkioyout
lxgsky zu k~ki{zk5 kyyktzogrr� joyzxoh{zotm jkioyout sgqotm g{znuxoz� zu znk xuhuz zu
ioxi{s|ktz mgsk yzgzk qtu}rkjmk rgzkti�7 Lux k~gsvrk5 znk xuhuz iu{rj hk oyy{kj

258 M. Sherback, O. Purwin, and R. D'Andrea



gt otyzx{izout zu z{xt zu g ikxzgot gtmrk gtj znkt ynuuz7 Ot u{x y�yzks }k s{yz
ktghrk znk qoiq sgt{grr�5 gtj yu s{yz koznkx }goz lux znk iktzxgr n{h iusv{zkx zu
|kxol� zngz znk xuhuz ngy z{xtkj zu znk vxuvkx gtmrk5 ux s{yz gtzoiovgzk znk hkng|oux
gtj ktghrk znk qoiqkx }oznu{z |kxo"igzout zngz znk xuzgzout oy iusvrkzk7 Irkgxr� ot
znoy igyk oz oy jkyoxghrk zu joyzxoh{zk hkng|oux5 gtj }k grxkgj� ng|k gt uthugxj
xuzgzoutgr kyzosgzk gvvxuvxogzk lux znoy7 ]nkznkx gt� mo|kt jkioyout ux hkng|oux
ynu{rj hk joyzxoh{zkj oy gt otzkxkyzotm w{kyzout5 gtj utk zngz mxu}y xoinkx gy znk
yktyux kt|oxutsktz gtj iuss{toigzout iutyzxgotzy hkiusk suxk iusvrk~7

&+$&% 4]UJWNRJSYX

Znk ngxj}gxk k~vkxosktzy vxkyktzkj nkxk jksutyzxgzk znk vkxluxsgtik ul znk
iusvrkzk y�yzks gtj znk vkxluxsgtik ul znk ruigr iutzxur ruuvy7

*/(*)(* 6ZX[WP_P Fd^_PX ?ZZ[

Lom{xky :?7A gtj :?7B ynu} nu} znk giz{gr |kruioz� noyzux� j{xotm g yzxgomnz rotk
suzout }ozn tu xuzgzout |gxoky lxus zngz iusv{zkj gz znk hkmottotm ul znk suzout7
Xkigrr zngz zxgpkizuxoky gxk xkiusv{zkj ot xkgr zosk hgykj ut i{xxktz yzgzk5 yu zngz
znkxk oy tu gzzksvz zu fzxgiq1 znk tusotgr zxgpkizux� igri{rgzkj gz znk hkmottotm7
\kruioz� jgzg oy yosvr� jo!kxktzogzkj vuyozout jgzg }ozn ysuuznotm5 }noin oy tuoyokx
zngt znk kyzosgzkj |kruioz� h{z k~ir{jky j�tgsoi k!kizy lxus znk Qgrsgt "rzkx7
Znkxk gxk z}u igyky5 utk }ozn ru} giikrkxgzouty gtj |kruiozoky zngz iuxxkyvutjy zu
|kx� ru} yrov5 gtj znk uznkx }ozn znk nomn giikrkxgzouty gtj |kruiozoky zngz }k {yk
ot iusvkzozout7

Znk ix{iogr tut6ojkgr hkng|ouxy gxk |oyohrk ot znk suxk gmmxkyyo|k igyk ul Lom7
:?7B7 ]k gxk }orrotm zu zurkxgzk tut6ojkgr hkng|oux ot k~ingtmk lux yvkkj ot znk
iusvkzozo|k XuhuI{v kt|oxutsktz7 Znk xuhuz oy utr� otzkxsozzktzr� ghrk zu y{yzgot
znk l{rr giikrkxgzout5 znu{mn oz oy igvghrk ul jkikrkxgzout gz mxkgzkx zngt znk yvkio"kj
giikrkxgzout7 Znoy oy hkig{yk j{xotm znk jkikrkxgzout znk xuhuz giz{grr� zovy {tzor
utr� z}u }nkkry gtj g t�rut yqoj zu{in znk "krj5 gtj ot zngz igyk znk yqoj1y lxoizout oy
nkrvl{r xgznkx zngt g notjxgtik7 Giikrkxgzout gryu ykksy zu hk g l{tizout ul |kruioz�D
znk xkj{izout ot giikrkxgzout gvvgxktz gz y . :7> s8y oy tuz g xky{rz ul iutzxurrkx
j�tgsoiy7 Gryu5 znk xuhuz lgory zu y{yzgot l{rr yvkkj7 Znoy oy vxuhghr� j{k zu yrov5
mo|kt znk vxkyktik ul otzkmxgr iutzxur7 Znk otzkmxgr rkgq zosk iutyzgtz ul > ykiutjy
oy zuu yru} zu k~vrgot znoy k!kiz7 Znk u|kxynuuz igt gryu hk zxgikj zu yrovD yrov
ot|grojgzky znk gyy{svzout ot zxgtyrgzoutgr yzgzk kyzosgzout zngz iussgtjy gxk
k~ki{zkj5 yu zngz znk igri{rgzkj zxgpkizuxoky gyy{sk znk xuhuz oy lgxznkx lxus znk
yzuvvotm vuotz zngt oz giz{grr� oy7

Gtm{rgx zxgiqotm j{xotm huzn zxgpkizuxoky oy ynu}t ot Lom7 :?7:97 Gtm{rgx
zxgiqotm oy |kx� muuj j{xotm znk yru} zxgpkizux�5 h{z hkiusky vuux j{xotm yqojjotm5
kyvkiogrr� }nkt }nkkry rolz u! znk mxu{tj j{xotm jkikrkxgzout7

Lom{xk :?7:: oy g vuyozout noyzux� vruz mktkxgzkj h� iussgtjotm znk xuhuz zu
su|k ot g yw{gxk :7> skzkxy ut g yojk5 {yotm huzn yru} gtj lgyz zxgpkizux� vgxgskzkxy
gy hkluxk7 Znk xkgyut lux znk kxxgzoi vkxluxsgtik oy zngz xuhuz k~ki{zky g ngrl
xuzgzout ut kgin rkm7 Znk xuhuz gr}g�y yzgxzy lgiotm 6~ gtj "toynky lgiotm 4~7 Znoy
oy ingrrktmotm hkig{yk znk xuhuz oy xuzgzotm gz nomn yvkkj }nork zxgtyrgzotm gz nomn
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Smoothed differentiated position data
Trajectory calculated at time t=.12, unrevised
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Trajectory calculated at time t=.12, unrevised
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@][. 05.0/. Gtm{rgx zxgiqotm5 huzn zxgpkizuxoky5 }ozn |kr7 noyz7 lux zosk xkl7

yvkkj7 Znk mruhgr zu ruigr iuuxjotgzk zxgtyluxsgzout oy hgykj ut znk xuzgzoutgr
kyzosgzk5 yu zngz gz nomn yvkkj5 ysgrr gtm{rgx vuyozout kyzosgzk kxxuxy ixkgzk rgxmk
rgzkxgr jk|ogzouty7 J{k zu u{x yzgzk6hgykj zxgpkizux� skznujy5 znk xkgjkx oy gmgot
ig{zoutkj gmgotyz otzkxvxkzotm znk k~vkxosktz gy gt gzzksvz zu zxgiq g hu~ xklkxktik
vgzn7 Yk|kxk }nkkr yrov oy uhykx|kj j{xotm znk lgyz zxgpkizuxoky h{z tuz xk#kizkj ot
znk "m{xk k~ikvz ot xky{rzotm vuyozout noyzux� jk|ogzouty7

*/(*)(+ ?ZNLW 6ZY_]ZW

Lom{xk :?7:; ynu}y znk gsvroz{jk mgot ul znk ruigr iutzxur ruuv ot xklkxktik zxgiqotm
ot zxgtyrgzout7 Znk xklkxktik yomtgr mktkxgzkj iutyoyzkj ul yot{yuojgr suzouty }ozn
vkgq gsvroz{jky ul > s8y+7 Znk k~vkxosktzgr zxgtyrgzoutgr hgtj}ojzn ul ;> xgj8y oy
yomto"igtzr� ru}kx zngt znk hgtj}ojzn ul =@ xgj8y osvrokj h� y{ssotm znk k!kizy ul
znk YOYU ruuvy7 Hkig{yk znoy giikrkxgzout juky ig{yk yrov5 }k iu{rj n�vuznkyo!k zngz
znk z}u {t}komnzkj }nkkry gxk yrovvotm gtj zn{y ju tuz iutzxoh{zk zu znk zxgtylkx
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@][. 05.00. Vuyozout noyzuxoky lux rotkgx zxgtyrgzouty }ozn ngrl xuzgzouty

l{tizout7 Znoy gtgr�zoigr iuxxkizout xky{rzy ot ;@7> xgj8y7 Gtuznkx oyy{k }ozn znk
jgzg oy znk ghyktik ul znk xkyutgtz vkgq vxkjoizkj h� gtgr�yoy5 k|kt }ozn g yzgzoi
lkkjlux}gxj iuxxkizout7 Otixkgyotm znk |oyiu{y lxoizout Le igt iuxxkiz lux znoy5 h{z
znk t{shkx {ykj ot znk gtgr�yoy igt hk |kxo"kj ot oyurgzout h� v{rrotm znk xuhuz }ozn
g yigrk7 Znoy y{mmkyzy znk k~oyzktik ul gt {tsujkrkj joyyovgzo|k vxuikyy5 vuyyohr� ot
znk jxo|k zxgot7

Znk ;> xgj8y k~vkxosktzgr hgtj}ojzn gmxkky }ozn znk skingtoigr rgzkti�
vgxgskzkx zngz }uxqy }krr ot u{x y�yzks5 }noin iuxxkyvutjy zu g <;sy jkrg�7 Znk
ysgrr jkgj zosk gvvxu~osgzout

h!Ng E
:

]v4 :
2:?7<?3

lxus a:@c y{mmkyzy zngz u{x iusvktygzout oy gvvxuvxogzk zu g y�yzks }ozn g
hgtj}ojzn ul :G] E <: xgj8y7 Gtuznkx }g� zu yg� znoy oy zngz ol }k ngj ykz u{x
skingtoigr rgzkti� vgxgskzkx hgykj ut zxgtylkx l{tizout jgzg xgznkx zngt ngtj
z{totm5 }k }u{rj ng|k uhzgotkj znk ygsk xky{rz7 Hkzzkx gmxkksktz oy osvuyyohrk
mo|kt zngz skingtoigr rgzkti� oy utr� gjp{yzkj ot :?sy 2: lxgsk3 otixksktzy7

*/(*)(, BM^_LNWP 4aZTOLYNP

Znk suzo|gzotm igyk ul g j�tgsoi kt|oxutsktz igt tuz hk iut|k�kj nkxk7 ]k igt
utr� yg� zngz }k }kxk tk|kx vktgro!kj lux iurroyouty ot u{x yk|kt mgsky gz znk
iusvkzozout7

*/(*)(- @ZaTP^

Su|ok "rky ul u{x y�yzks ot iusvkzozout igt hk lu{tj gz
nzzvC88xuhui{v7sgk7iuxtkrr7kj{7
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@][. 05.01. Zxgtyrgzoutgr Xklkxktik Zxgiqotm Zxgtylkx L{tizout Mgot

&+$&& 2TSHQZXNTS

Znk iusvrkzk ykz ul grmuxoznsy {ykj h� znk ;99> Iuxtkrr XuhuI{v zkgs oy vxkyktzkj7
Znk lkgyohoroz� gtj w{groz� ul znk grmuxoznsy oy jksutyzxgzkj h� huzn iusvkzozo|k
k~vkxoktik gtj k~vkxosktz7

L{z{xk }uxq otir{jky g{zusgzkj vgxgskzkx z{totm ot huzn znk jkioyout
grmuxoznsy gtj znk iutzxur grmuxoznsy7 ]k gxk gryu otzkxkyzkj ot grru}otm n{sgt
y{vkx|oyout ul znk jkioyout grmuxoznsy7 ]k ju tuz otzktj zu iusvkzk ot XuhuI{v
iusvkzozouty ot znk tkgx l{z{xk ot uxjkx zu lui{y ut znkyk mugry7

*/(**(* 4NVYZbWPORPXPY_^

Znoy }uxq }gy y{vvuxzkj h� mxgtzy lxus TGYG5 yvutyuxynov lxus Gvvrokj Sgzkxogry5
Soixuyulz5 Ruiqnkkj5 Punt Y}gtyut5 gtj [ZI5 gtj kw{ovsktz jutgzouty gtj
joyiu{tzy lxus Qkoznrk�5 Sg~ut5 SoixuSu5 gtj uznkxy7 U|kx znk vgyz yk|kt �kgxy
u|kx utk n{tjxkj gtj "lz� {tjkxmxgj{gzky gtj S7Ktm7 yz{jktzy ng|k h{orz g tk}
y�yzks k|kx� �kgx gy vgxz ul gt otzkxjoyiovrotgx� vxupkiz zkgs irgyy5 gtj }oznu{z
znkox }uxq tutk ul znoy }u{rj k~oyz7

@JKJWJSHJX

:7 Qovvngt N 2;9993 Ngtjhuuq ul vxotzskjog7 Yvxotmkx5 Hkxrot Nkojkrhkxm Tk}
_uxq

;7 Hxgtjz P5 Nkot ] 2;99:3 Vur�skx sgzkxogry ot puotz y{xmkx�7 OtC Mxkrrsgtt ]5
Ykojrkx Y 2kjy3 Jkluxsgzout gtj lxgiz{xk hkng|oux ul vur�skxy7 Ktmotkkxotm
sgzkxogry7 Yvxotmkx5 Hkxrot Nkojkrhkxm Tk} _uxq

<7 Ink S5 Mxkrrsgtt ]5 Ykojrkx Y 2:BB@3 Gvvr Vur�s Yio ?=C:9@B":9B9
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=7 Xuyy J] 2:B@@3 R�yuyusky gtj yzuxgmk joykgyky7 SG Znkyoy5 Iur{shog
[to|kxyoz�5 Tk} _uxq

>7 J1Gtjxkg X75 Qgrs&gx6Tgm� Z75 Mgtm{r� V75 Hghoyn S7C bZnk Iuxtkrr XuhuI{v
Zkgs.5 otC Yzutk V75 Hgrin Z75 Qxgkz!yinsgx 2Kjy35 Oh[h\ni 2000: Oh[hm Ph\\^k
Thke] @ni FS5 Yvxotmkx5 Hkxrot5 ;99:

?7 V{x}ot U75 J1Gtjxkg X7C bIuxtkrr Hom Xkj ;99<.5 otC Vurgto J75 Hutgxoto G75
Hxu}totm H75 _uynojg Q7 2Kjy35 Oh[h\ni 2003: Oh[hm Ph\\^k Thke] @ni SFF,
I^\mnk^ Khm^l bg >kmb"\bZe Fgm^eeb`^g\^5 Yvxotmkx5 Hkxrot5 ;99<

@7 J1Gtjxkg kz gr7 Iuxtkrr ;99> Zkgs Jkyixovzout7 Zu hk v{hroynkj ot Oh[h@ni
2005: Oh[hm Ph\\^k Thke] @ni SFFF, I^\mnk^ Khm^l bg >kmb"\bZe Fgm^eeb`^g\^7
Yvxotmkx5 Hkxrot5 ZHG7

A7 V{x}ot U75 J1Gtjxkg X7C bZxgpkizux� Mktkxgzout lux Lu{x ]nkkrkj Ustojo6
xkizoutgr \knoirky.5 Mkh\^^]bg`l h_ ma^ >f^kb\Zg @hgmkhe @hg_^k^g\^ 20055 A6:9
P{tk ;99>5 vv7 =B@B6=BA=

B7 U7 P7 S7 YsoznC bIruykx iutzxur ul ruuvy }ozn jkgj zosk.5 Inks7 Ktm7 Vxumxkyy5
><2>3C;:@;:B5 :B>@7

:97 Qgrs&gx6Tgm� Z75 J1Gtjxkg X75 Mgtm{r� V7C bTkgx6Uvzosgr J�tgsoi Zxg6
pkizux� Mktkxgzout gtj Iutzxur ul gt Ustojoxkizoutgr \knoirk.5 Pu{xtgr ul
Xuhuzoiy gtj G{zutusu{y Y�yzksy5 \ur7 =?5 ;99=5 vv7 =@6?=

::7 Uryyut N75 Gyzx&us Q7P75 Igt{jgy jk ]oz I75 M&gl|kxz S75 Royinotyq� V7C
bLxoizout Sujkry gtj Lxoizout Iusvktygzout.

:;7 Hxu}totm5 H7D Hu}rotm5 S7D \kruyu5 S7S7C bOsvxuhghoroz� Lorzkxotm lux Xkpkiz6
otm Lgryk Vuyozo|ky.7 Mkh\^^]bg`l h_ F@O>-02, ma^ 2002 FBBB Fgm^kgZmbhgZe
@hg_^k^g\^ hg Oh[hmb\l Zg] >nmhfZmbhg5 ;99;7

:<7 Y|kt Hkntqk5 Gttg Kmuxu|g5 Grk~gtjkx Mru�k5 Xg{r Xupgy5 gtj Sgxq YosutC
bVxkjoizotm g}g� Xuhuz Iutzxur Rgzkti�7. Oh[h@ni-2003: Oh[hm Ph\\^k Thke]
@ni SFF5 RTIY5 Yvxotmkx5 ;99=7

:=7 Lgo! T75 Gmxg}gr Y7Q7C bZxgpkizux� Vrgttotm ul Xuhuzy }ozn J�tgsoiy gtj
Otkw{grozoky.5 Mkh\^^]bg`l h_ ma^ 2000 FBBB Fgm^kgZmbhgZe @hg_^k^g\^ hg
Oh[hmb\l Zg] >nmhfZmbhg5 \ur7 =5 ;9995 vv7 <B@?6<BA;

:>7 Suuxk Q7R75 Lrgtt T7Y7C bG Yo~6]nkkrkj Ustojoxkizoutgr G{zutusu{y Suhork
Xuhuz.5 Iutzxur Y�yzksy Sgmg!otk5 OKKK5 \ur7 ;95 Oyy{k ?5 Jki ;9995 vv7 ><6??

:?7 ]gzgtghk Q75 Ynoxgoyno _75 Z!glkyzgy Y7M75 Zgtm P75 L{q{jg Z7C bLkkjhgiq
Iutzxur ul gt Ustojoxkizoutgr G{zutusu{y Vrgzluxs lux Suhork Ykx|oik
Xuhuzy.5 Pu{xtgr ul Otzkrromktz gtj Xuhuzoi Y�yzksy5 \ur7 ;;5 Oyy{k <6=5 :BBA5
vv7 <:>6<<9

:@7 Umgzg5 Qgzy{noqu7Jh]^kg @hgmkhe Bg`bg^^kbg`7 Vxktzoik6Ngrr5 Oti75 Ktmrk}uuj
Iro!y TP5 :B@97

:A7 P7I7 Rgzushk7 Oh[hm Jhmbhg MeZggbg`7 Qr{}kx Gigjksoi V{hroynkxy5 :BB:7
:B7 nzzvC88iutzxur7sgk7iuxtkrr7kj{8V{x}ot8VnJ]uxq7nzs
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@VERWMXMSR#4YRGXMSR 0EWIH /TTVSEGL XS

?XVYGXYVMRK >SFSX 1SRXVSP ?SJX[EVI+

Ik!gx� `okro&tyqo

]gxyg} [to|kxyoz� ul Zkinturum�5 Lgi{rz� ul Krkizxutoiy gtj Otluxsgzout
Zkinturum�5 Otyzoz{zk ul Iutzxur gtj Iusv{zgzout Ktmotkkxotm
{r7 Tu}u}okpyqg :>8:B5 996??> ]gxyg}5 Vurgtj 2&DMIPMRWOM/ME&T[&IHY&TP

&,$& <TYN[FYNTS

]nktk|kx iutzxur yulz}gxk oy zu hk iujkj lux g tk} vokik ul kw{ovsktz ux lux g tk}
zgyq zngz oz ngy zu k~ki{zk5 }k tuzoik zngz znkxk oy iutyojkxghrk yosorgxoz� }ozn znk
iujk zngz ngy hkkt vxuj{ikj vxk|ou{yr� lux groqk jk|oiky gtj zgyqy7 Nu}k|kx5 ol znk
vxk|ou{yr� vxuj{ikj yulz}gxk juky tuz ng|k g yzx{iz{xk lgiorozgzotm ozy xk{yk oz oy
{y{grr� |kx� joÆi{rz zu k~zxgiz znk {ykl{r vuxzouty7 Suxku|kx5 gt� sujo"igzout ux
k~zktyout ul znk urj yulz}gxk somnz hk notjkxkj h� ozy otgjkw{gzk yzx{iz{xk7 Znoy oy
kyvkiogrr� zx{k lux xuhuz iutzxur yulz}gxk7 Oz oy xkrgzo|kr� kgy� zu vxuj{ik iujk lux
g yvkio"i jk|oik gtj g yvkio"i zgyq5 h{z }nkt znuyk ingtmk5 oz oy yuskzosky kgyokx
zu yzgxz iujotm lxus yixgzin zngt zx� zu xk{yk znk urj vokiky7 Znk vxuhrks zngz }k
}gtz zu zgiqrk ot znoy vgvkx oyC }nkznkx }k igt mo|k yusk otyomnz otzu yzx{iz{xotm
znk xuhuz y�yzks iutzxur yulz}gxk }oznu{z g vxouxo qtu}rkjmk ulC

' znk k~giz z�vk ul ngxj}gxk 2xuhuz5 yktyuxy3 zngz }orr hk {ykj5
' znk t{shkx ul iutzxurrkj jk|oiky5
' znk zgyq zngz }orr hk k~ki{zkj h� znk y�yzks5
' znk iutzxur vgxgjoms ksvru�kj 2k7m75 hkng|ou{xgr5 jkrohkxgzo|k37

Znk ghu|k yzgzkj vxuhrks xkw{oxky gjkw{gzk zuury lux ozy yur{zout7 Gy }k yngrr
joyi{yy mktkxgr yulz}gxk yzx{iz{xky5 otyzkgj ul yvkio"i yur{zouty5 g zuur lux jkyixohotm
znk mktkxgr y�yzks gxinozkiz{xk oy tkkjkj7 Suxku|kx5 znoy zuur s{yz ktghrk rumoigr
jkxo|gzout ul jo|kxyk y�yzks yzx{iz{xky7 Utr� luxsgr skznujy ng|k znoy vxuvkxz�7
Luxsgro!gzout osvuyky xomux gtj vxkioyout ut znk joyi{yyout7 Oz vxu|ojky g jkkvkx
{tjkxyzgtjotm ul znk joyi{yykj zuvoi gtj {y{grr� joyiruyky uznkx}oyk nojjkt
vxuvkxzoky ul znk vxuvuykj yur{zouty7 Zn{y znoy vgvkx }orr vxuvuyk g luxsgroys lux
jkyixohotm jo|kxyk xuhuz iutzxur y�yzksy7

U{x gyvoxgzout oy tuz utr� zu vxu|ojk g zuur lux znk joyi{yyout ul jo|kxyk yulz}gxk
yzx{iz{xky ul znk iutzxurrkxy5 h{z gryu zu vxu|ojk g yvkio"igzout zuur lgiorozgzotm znk
osvrksktzgzout ul znuyk yzx{iz{xky7 Zn{y znk luxsgroys }orr {yk vyk{juiujk zngz5
ut znk utk ngtj5 igt kgyor� hk zxgtyrgzkj zu gt� osvkxgzo|k vxumxgssotm rgtm{gmk5
gtj ut znk uznkx ngtj5 }orr hk osvrksktzgzout otjkvktjktz7

: Znoy }uxq }gy y{vvuxzkj h� Vuroyn Sotoyzx� ul Yioktik gtj Otluxsgzout
Zkinturum� mxgtzC = Z::G 99< ;>7

K. Kozłowski (Ed.): Robot Motion and Control, LNCIS 335, pp. 265–286, 2006.
© Springer-Verlag London Limited 2006



Znk vxgizoigr xky{rz ul znk znkuxkzoigr joyi{yyout }orr hk znk zuur lux yvkiol�otm
xuhuz vxumxgssotm lxgsk}uxqy7 Heb[eU``]a[ ZeU`Yjbe^f a:>c gxk gvvroigzout
mktkxgzuxy }ozn znk lurru}otm iusvutktzyC g rohxgx� ul yulz}gxk suj{rky 2h{orjotm
hruiqy u{z ul }noin znk y�yzks oy iutyzx{izkj35 g vgzzkxt giiuxjotm zu }noin xkgj�
suj{rky igt hk gyykshrkj otzu g iusvrkzk y�yzks5 gtj g skznuj lux jkyomtotm
tk} suj{rky zngz igt hk otir{jkj ot znk rohxgx�7 Oz ynu{rj hk {tjkxyiuxkj zngz5
ol znk l{tizoutgroz� ul znk vxumxgssotm lxgsk}uxq oy tuz gjkw{gzk5 oz somnz tuz
hk vuyyohrk zu osvrksktz yusk iutzxur y�yzksy gtj zu k~ki{zk yusk zgyqy7 Znk
vxuvuykj luxsgroys otzxuj{iky g {to"kj tuzgzout 2y�shuroi jktuzgzouty3 gtj g
zxgtyozout6l{tizout6hgykj gvvxugin zu jkyixohotm znk yzgzk gtj iutzxur xkmgxjrkyy ul
znk iutzxur vgxgjoms ksvru�kj 2k7m75 jkrohkxgzo|k a;;c5 hkng|ouxgr a;5>5?c5 l{!!� aAc37

Znoy xkykgxin }gy suzo|gzkj h� znk tkikyyoz� ul w{oiqr� vxuj{iotm yk|kxgr
iutzxurrkxy lux jo|kxyk xuhuzy k~ki{zotm yomto"igtzr� jo!kxotm zgyqy7 Iutzxurrkxy lux
znk lurru}otm y�yzksy }kxk jkyomtkj {yotm znk skznujurum� jkyixohkj ot znoy vgvkxC

' g ykxogr6vgxgrrkr xuhuz k~nohozotm nomn yzo!tkyy gtj ng|otm g rgxmk }uxq6yvgik
a:A5 <<c5 zn{y }krr y{ozkj zu sorrotm gtj vuroynotm zgyqy a:?c5

' g joxkiz6jxo|k xuhuz }oznu{z puotz rosozy a:Bc5 nktik gvvroighrk zu lgyz zxgtylkx ul
uhpkizy5

' g y�yzks ul z}u OXv6? xuhuzy gizotm gy g z}u6ngtjkj sgtov{rgzout y�yzks a;>c7

Znk yvkkj }ozn }noin }k igt vxuj{ik g tk} iutzxurrkx yzxutmr� jkvktjy ut znk
w{gtzoz� ul xkgjor� g|gorghrk yulz}gxk zngz igt hk xk{ykj lxus luxskx vxupkizy gtj
znk k~zktz zu }noin znoy yulz}gxk igt hk sujo"kj7 Vxumxgssotm lxgsk}uxqy gxk
skgtz zu lgiorozgzk w{oiq jkyomt gtj xk{yk ul yulz}gxk7

Sgt� xuhuz vxumxgssotm lxgsk}uxqy ng|k hkkt ixkgzkjC >229 a::c5 8096 a:9c5
<0?>; a<c5 :>>;2## a;A5 ;Bc5 MktuS a:c5 320 a;9c5 @20 a;=c5 @39 a;<c5 5IRIVMW a:@c5
zu sktzout utr� yusk ul znks7 Jkvktjotm ut znk osvrksktzgzout rgtm{gmk 2k7m75
2 ux 2##35 vxuikj{xgr ux uhpkiz uxoktzkj gvvxugin zu vxumxgssotm oy luyzkxkj
h� znuyk lxgsk}uxqy7 Iusvutktz hgykj gvvxugin oy gryu hkotm iutyojkxkj 2k7m75
32;: ux 2;>10 a;:c35 h{z ot znoy igyk znk u|kxnkgj ul iuss{toigzout hkz}kkt
joyzxoh{zkj uhpkizy 2ruigro!gzout gtj vxu|ojotm ul ykx|oiky3 {y{grr� oy gt uhyzgirk
zu znk osvrksktzgzout ul znk ngxj xkgr6zosk vuxzout ul znk yulz}gxk5 zn{y znuyk
vxuhrksy ng|k zu hk yur|kj }oznot g iusvutktz7 Nu}k|kx5 iusvutktz hgykj yulz}gxk
oy g |oghrk grzkxtgzo|k lux osvrksktzotm y�yzksy iusvuykj ul iuuvkxgzotm kshujokj
gmktzy tkkjotm iuuxjotgzout ux lux osvrksktzotm yulz xkgr6zosk vuxzout ul znk
yulz}gxk }oznot gt gmktz7 I{xxktzr� k!uxzy gxk hkotm sgjk zu vxuj{ik v{hroi jusgot
mktkxoi xuhuz iutzxur yulz}gxk 2k7m75 znk UXUIUY vxupkiz a@c ux znk Vrg�kx8Yzgmk
y{ozk ul yulz}gxk aB5 ;?c37

Grznu{mn sgt� xuhuz vxumxgssotm lxgsk}uxqy ng|k hkkt osvrksktzkj5 tu
luxsgr zuur lux znkox yvkio"igzout ngy hkkt jk|oykj7 Znkox w{groz�5 zu g rgxmk k~zktz5
jkvktjy ut znk otmkt{oz� gtj k~vkxoktik ul znkox jkyomtkxy5 xgznkx zngt ut y�yzksgzoi
jkxo|gzout gtj znk joyi{yyout ul sgt� jkyomt vuyyohorozoky7 Hkig{yk ul znk rgiq ul g
luxsgr skznuj ul znkox yvkio"igzout5 oz oy ngxj zu iusvgxk znk vxuvkxzoky ul znuyk
lxgsk}uxqy ux zu gyikxzgot zngz osvrksktzgzout ul g y�yzks k~ki{zotm g vxkjk"tkj
zgyq oy vuyyohrk7 Znoy vgvkx vxuvuyky g luxsgr zuur zngz igt yur|k znk ghu|k vxuhrksy7
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Znk vgvkx }orr zxkgz xuhuzy gy kshujokj gmktzy5 h{z gryu |oxz{gr gmktzy }orr
hk joyi{yykj7 G hxugj jk"tozout ul gt gmktz oy gyy{skj nkxk7 Gt U[Yag oy
gt�znotm zngz igt hk |ok}kj gy vkxiko|otm ozy kt|oxutsktz gtj gizotm {vut zngz
kt|oxutsktz7 Nu}k|kx5 }k yngrr hk iutyojkxotm znk vn�yoigr kt|oxutsktz5 gtj tuz
|oxz{gr kt|oxutsktzy 2k7m75 znk Otzkxtkz37 Zn{y5 Y`VbX]YX U[Yagf5 o7k7 ktzozoky zngz
igt hk |ok}kj gy vkxiko|otm znk vn�yoigr kt|oxutsktz znxu{mn yktyuxy gtj gizotm
{vut zngz kt|oxutsktz znxu{mn k!kizuxy5 }orr hk gz znk lui{y ul u{x gzzktzout7
Znk joyzotizout hkz}kkt znk z}u z�vky ul gmktzy oy hgykj ut }nkznkx znk� vuyyky
gt k!kizux7 Kshujokj gmktzy ng|k sgzkxogr hujoky 2o7k75 k!kizuxy3 gtj zn{y igt
ot#{ktik znk kt|oxutsktz joxkizr�7 N]eghU_ U[Yagf ju tuz ng|k sgzkxogr hujoky
gtj zn{y igttuz ot#{ktik znk kt|oxutsktz joxkizr� " znk� ng|k zu ju znoy otjoxkizr�
znxu{mn kshujokj gmktzy7 Nu}k|kx5 huzn qotjy ul gmktzy ng|k znkox u}t yktyotm
igvghorozoky7

Ot mktkxgr g s{rzo6gmktz y�yzks iusvuykj ul gmktzy d^ }orr hk iutyojkxkjC

J E Nd)E d*E D D D E db7OE 2:@7:3

}nkxk m E 9E D D D E qU7 Znk yzgzk ul znk gmktzy5 lux g "~kj yzx{iz{xk y�yzks5 }orr hk
xkvxkyktzkj h�C

v E Pv)E v*E D D D E vb7QE 2:@7;3

}nkxk v^ oy znk yzgzk ul gmktz d^ 7 Nu}k|kx5 ol znk yzx{iz{xk ul znk y�yzks ingtmky ot
zosk5 j{k zu iuss{toigzout rotqy hkz}kkt gmktzy gvvkgxotm gtj joygvvkgxotm5 znk
yzgzk 2:@7;3 juky tuz xkvxkyktz znk yzgzk ul znk s{rzo6gmktz y�yzks gy g }nurk7 Ot zngz
igyk znk xkvxkyktzgzout ul znk i{xxktz yzx{iz{xk ul znk y�yzks s{yz hk otir{jkj ot
znk joyi{yyout5 zn{y g joxkizkj6mxgvn xkvxkyktzotm znk iuttkizouty s{yz hk jk"tkj7
Rkz znk ykz ul joxkizkj gxiy ul g mxgvn hkC

U E J#JD 2:@7<3

Nktik znk iuss{toigzout rotqy hkz}kkt znk gmktzy5 gz g ikxzgot otyzgtz ul zosk l
2}k gyy{sk joyixkzk zosk35 }orr hk xkvxkyktzkj h�C

U]U . UD 2:@7=3

Znk yzx{iz{xk ul znk iuss{toigzout tkz}uxq hkz}kkt znk gmktzy5 gz gt otyzgtz l5 oy
g joxkizkj mxgvnC

P] E PJEU]UQD 2:@7>3

Zn{y znk yzgzk ul g s{rzo6gmktz y�yzks }ozn g ingtmotm yzx{iz{xk oyC

v]g E Pv]E P]QD 2:@7?3

Znoy xkvxkyktzy gt Z] ah\ tkz}uxq ul iuss{toigzotm gmktzy 2k7m75 a:;c37 Znoy oy g
yzgtjgxj xkvxkyktzgzout {ykj ot zkrkiuss{toigzouty5 gtj zn{y skznujy jk|kruvkj
}oznot zngz "krj ul qtu}rkjmk igt hk {ykj lux znk gtgr�yoy ul y{in tkz}uxqy ul gmktzy7
L{xznkx ut }k yngrr iutiktzxgzk ut znk hkng|ou{x ul g yotmrk gmktz7
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G y�yzks iutyoyzotm ul qY kshujokj gmktzy oy iutyojkxkj7 Znk yzgzk ul gt kshujokj
gmktz d^ 5 m E :E D D D E qY oy iusvuykj ulC

v^ E Pf^ E h^ E _^ E ]^Q 2:@7@3

f^ " yzgzk ul znk Wbageb_ fhVflfgY` 2k7m75 otzkxtgr jgzg yzx{iz{xky35
h^ " yzgzk ul znk Y&YWgbe5
_^ " h{tjrk ul i]eghU_ fYafbe xkgjotmy5
]^ " otluxsgzout zxgtysozzkj zu8lxus znk uznkx gmktzy7
Zu hk hxokl5 gtj hkig{yk ul iutzk~z{gr uh|ou{ytkyy5 znk jktuzgzouty gyyomtkj zu znk
y{hiusvutktzy ul znk iutyojkxkj y�yzks gtj znkox yzgzk gxk tuz joyzotm{oynkj7

Suxku|kx5 znk y�yzks sg� iutzgot !kxu ux suxk |oxz{gr gmktzy d^ 5 m E 9 ux
m E qY 4 :E D D D E qU7 Znkox yzgzk oy xkvxkyktzkj h�C

v^ E Pf^ E _^ E ]^QD 2:@7A3

W{ozk ulzkt znk y�yzks iutzgoty utr� g yotmrk |oxz{gr gmktz5 znk iuuxjotgzux7 Zu
{tjkxyiuxk ozy xurk ot znk y�yzks oz oy gvvktjkj zu znk royz ul gmktzy gz ozy hkmottotm
xgznkx zngt gz ozy ktj5 gtj oz oy joyzotm{oynkj h� znk y{hyixovz m E 97 Grr znk
uznkx |oxz{gr gmktzy gxk gvvktjkj zu znk ktj ul znk royz ul kshujokj gmktzy
2m E qY 4 :E D D D E qU37 Ot znoy vgvkx }k yngrr iutyojkx utr� g yotmrk |oxz{gr gmktz
d) 2zn{y qY E qU35 }noin }orr vkxluxs koznkx iuuxjotgzotm gizo|ozoky lux yk|kxgr
kshujokj gmktzy ux jkrohkxgzouty lux utk ux suxk ul znuyk gmktzy7

Gy ot ro|otm ixkgz{xky5 eYWYcgbef ot zkintoigr y�yzksy igt hk jo|ojkj otzu znxkk
igzkmuxoky5 jkvktjotm ut znk yu{xik ul yzos{ro zngz znk� xkyvutj zu7

' ?kgYebWYcgbef " xkikvzuxy zngz jkzkiz yzos{r{y k~zkxtgr zu znk huj� 2k7m75
|oyout5 yskrr5 zu{in37

' Hebce]bWYcgbef " xkikvzuxy zngz jkzkiz yzos{r{y lxus otyojk ul znk roshy7 Znk�
ktghrk vkxikvzout ul vuyozout ul znk roshy gtj huj�7

' CagYebWYcgbef " xkikvzuxy zngz jkzkiz znk yzos{r{y lxus znk otzkxtgr uxmgty
ul znk huj� " znk� gxk otyzx{sktzgr ot sgotzgototm nuskuyzgyoy7 Ot zkintoigr
y�yzksy otzkxuikvzuxy y{vvr� otluxsgzout ghu{z znk otzkxtgr iutjozout ul znk
iutzxur y{hy�yzks 2k7m75 kxxux jkzkizout " kxxuxy gy g yu{xik ul vgot37

Huzn ot gtosgry gtj zkintoigr y�yzksy xkikvzuxy igt k~nohoz j{groz�7 Znk ygsk yktyux
igt hk yktyozo|k zu yzos{ro iusotm lxus jo!kxktz yu{xiky 2k7m75 g luxik yktyux igt
jkzkiz iurroyouty5 gtj zn{y oz oy gt k~zkxuikvzux5 ux otzkxtgr luxiky gizotm ot znk
}xoyz5 nktik oz oy g vxuvxouikvzux a<>c37

G h{tjrk ul i]eghU_ fYafbe xkgjotmy5 gyyuiogzkj }ozn znk gmktz d^ 5 iutzgoty qj?
otjo|oj{gr |oxz{gr yktyux xkgjotmyC

_^ E Py^& E D D D E y^CK? QD 2:@7B3

Kgin |oxz{gr yktyux y^@ 5 n E :E D D D E qj? 5 vxuj{iky gt gmmxkmgzk xkgjotm lxus utk ux
suxk ngxj}gxk yktyuxy " k~zkxuikvzuxy7 Znk jgzg uhzgotkj lxus znk k~zkxuikvzuxy
{y{grr� igttuz hk {ykj joxkizr� ot suzout iutzxur5 k7m75 iutzxur ul gxs suzout
xkw{oxky znk mxgyvotm ruigzout ul znk uhpkiz gtj tuz znk hoz6sgv jkro|kxkj h� g
igskxg7 Ot uznkx igyky g yosvrk yktyux }u{rj tuz y{Æik zu iutzxur znk suzout 2k7m75
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g yotmrk zu{in yktyux35 h{z yk|kxgr y{in yktyuxy jkro|kx skgtotml{r jgzg7 Znk vxuikyy
ul k~zxgizotm skgtotml{r otluxsgzout lux znk v{xvuyk ul suzout iutzxur oy tgskj
XUgU U[[eY[Ug]ba gtj oy vkxluxskj h� |oxz{gr yktyuxy7 Zn{y znk nzn |oxz{gr yktyux
xkgjotm uhzgotkj h� znk gmktz d^ oy luxskj gyC

y^@ E ij
?@
2f^ E [^@ 3E 2:@7:93

}nkxk [^@ oy g h{tjrk ul k~zkxuikvzux xkgjotmy {ykj lux znk ixkgzout ul znk nzn
|oxz{gr yktyux xkgjotmC

[^@ E Pu^
@&
E D D D E u^@CG QD 2:@7::3

}nkxk qf oy znk t{shkx ul k~zkxuikvzux xkgjotmy u^
@A
5 o E : D D D E qf5 zgqkt otzu

giiu{tz ot znk vxuikyy ul luxsotm znk xkgjotm ul znk nzn |oxz{gr yktyux ul znk gmktz
d^ 7 Oz ynu{rj hk tuzkj zngz 2:@7:93 osvroky zngz znk xkgjotm ul znk |oxz{gr yktyux
jkvktjy gryu ut f^ 7 Ot znoy }g� znk gmktz ngy znk igvghoroz� ul iut"m{xotm znk
yktyux gy }krr gy jkro|kxotm zu znk |oxz{gr yktyux znk xkrk|gtz otluxsgzout ghu{z znk
i{xxktz yzgzk ul znk gmktz 2otir{jotm ozy k!kizux37 Znoy somnz hk tkikyygx� ot znk
igyk ul iusv{zotm znk xkgjotm ul g |oxz{gr yktyux ng|otm ozy gyyuiogzkj k~zkxuikvzuxy
su{tzkj ut znk k!kizux 2k7m7 gxzo"iogr yqot37

Znkxk gxk jo|kxyk skznujy ul k~vxkyyotm k!kizux yzgzk h^ 7 Nu} }k k~vxkyy h^
jkvktjy huzn ut znk z�vk ul znk kshujokj gmktz gtj znk zgyq zngz oz ngy zu k~ki{zk7
Sgtov{rgzuxy5 }grqotm sginotky ux {tjkx}gzkx |knoirky ng|k jo!kxktz k!kizuxy5 zn{y
vuyozouty 2gtj8ux |kruiozoky3 ul jo!kxktz jk|oiky }orr ng|k zu hk otir{jkj ot h^ 7
Suxku|kx5 jo|kxyk |ok}y ul znuyk jk|oiky somnz hk {ykj h� znk jkyomtkxy 2k7m75 puotz
|kxy{y ktj6k!kizux yvgik xkvxkyktzgzout ul sgtov{rgzux vuyozout37 Ol znk zgyq zngz oy
zu hk k~ki{zkj xkw{oxky utr� znk ingtmk ul vuyozout gtj uxoktzgzout ul znk jk|oik5
znkt h^ }orr iutzgot utr� vuyk otluxsgzout5 h{z ol znk jk|oik ngy zu k~kxz luxiky ut
znk kt|oxutsktz5 znkt znoy otluxsgzout }orr ng|k zu hk otir{jkj zuu7

Znk xkyvutyohoroz� ul znk kshujokj gmktz1y d^ iutzxur y{hy�yzks f^ oy zuC

' mgznkx otluxsgzout ghu{z znk kt|oxutsktz znxu{mn znk gyyuiogzkj |oxz{gr yktyux
h{tjrk _^ 5

' uhzgot znk otluxsgzout lxus znk uznkx gmktzy d^* 2m
' 9E m35

' sutozux znk yzgzk ul ozy u}t k!kizux h^ 5

gtj zu vxuikyy grr ul znoy otluxsgzout zu vxuj{ikC

' g tk} yzgzk ul znk k!kizux h^ 5
' ot#{ktik znk l{z{xk l{tizoutotm ul znk |oxz{gr yktyuxy _^ 5
' iuss{toigzk }ozn znk uznkx gmktzy d^* 7

Gy g yojk k!kiz5 znk otzkxtgr yzgzk ul znk iutzxur y{hy�yzks f^ ingtmky7 Zn{y znxkk
z�vky ul iusvutktzy ul znk iutzxur y{hy�yzks s{yz hk joyzotm{oynkjC

' otv{z iusvutktzy vxu|ojotm znk otluxsgzout ghu{zC znk yzgzk ul znk k!kizux5
|oxz{gr yktyux xkgjotmy gtj znk skyygmky uhzgotkj lxus znk uznkx gmktzy 2znk�
gxk joyzotm{oynkj h� g rkgjotm y{hyixovz {35

' u{zv{z iusvutktzy k~kxzotm ot#{ktik u|kxC znk yzgzk ul znk k!kizux5 iut"m{xgzout
ul |oxz{gr yktyuxy gtj znk skyygmky zu hk zxgtysozzkj zu znk uznkx gmktzy 2znk�
gxk joyzotm{oynkj h� g rkgjotm y{hyixovz |35

' uznkx xkyu{xiky tkkjkj lux jgzg vxuikyyotm }oznot znk iutzxur y{hy�yzks 2}oznu{z
g rkgjotm y{hyixovz37
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Nktik5 znk lurru}otm y{hjo|oyout xky{rzy 2Lom7:@7:3C

lfY? " otv{z osgmk ul znk k!kizux 2g ykz ul jgzg iutluxsotm zu znk gyy{skj otv{z
sujkr ul znk k!kizux ot znk iutzxur y{hy�yzks " oz oy vxuj{ikj h� vxuikyyotm
znk otv{z yomtgry zxgtysozzkj lxus znk k!kizux zu znk iutzxur y{hy�yzks5
k7m75 suzux ynglz vuyozouty5 puotz gtmrky5 ktj6k!kizux ruigzout " znk� luxs
jo|kxyk utzurumoky35

lfP? " otv{z osgmky ul znk |oxz{gr yktyuxy 2i{xxktz |oxz{gr yktyux xkgjotmy "

iutzxur y{hy�yzks1y vkxikvzout ul znk yktyuxy gtj znxu{mn znks ul znk
kt|oxutsktz35

lfN? " otv{z ul znk otzkx6gmktz zxgtysoyyout 2otluxsgzout uhzgotkj lxus uznkx
gmktzy35

mfY? " u{zv{z osgmk ul znk k!kizux 2g ykz ul jgzg iutluxsotm zu znk gyy{skj u{zv{z
sujkr ul znk k!kizux ot znk iutzxur y{hy�yzks " k7m75 V]S xgzouy y{vvrokj
zu znk suzux jxo|kxyD zn{y znk otv{z gtj u{zv{z sujkry ul znk k!kizux tkkj
tuz hk znk ygsk35

mfP? " u{zv{z osgmky ul znk |oxz{gr yktyuxy 2i{xxktz iut"m{xgzout gtj iussgtjy
iutzxurrotm znk |oxz{gr yktyuxy35

mfN? " u{zv{z ul znk otzkx6gmktz zxgtysoyyout 2otluxsgzout zxgtysozzkj zu uznkx
gmktzy35

fW? " grr znk uznkx xkrk|gtz |gxoghrky zgqotm vgxz ot jgzg vxuikyyotm }oznot znk
gmktz1y iutzxur y{hy�yzks7

Lxus znk vuotz ul |ok} ul znk y�yzks jkyomtkx znk yzgzk ul znk iutzxur y{hy�yzks
ingtmky gz g ykx|u ygsvrotm xgzk ux g ru} s{rzovrk ul zngz7 Ol l jktuzky znk i{xxktz
otyzgtz5 znk tk~z iutyojkxkj otyzgtz oy jktuzkj h� l4:7 Znoy }orr hk igrrkj g`bg]ba
fgYc7 Znk iutzxur y{hy�yzks {ykyC

lf
]
^ E Pf]W? E lf]Y? E lf]P? E lf]N? Q 2:@7:;3

zu vxuj{ikC

mf
](*
^ E Pf](*

W? E mf
](*
Y? E mf

](*
P?

E mf
](*
N?
QD 2:@7:<3

Lux zngz v{xvuyk oz {yky geUaf]g]ba ZhaWg]bafCBHHHHHFHHHHHD
f](*
W? E iW9? 2f

]
W? E lf

]
Y? E lf

]
P?
E lf

]
N?
3E

mf
](*
Y? E iW;? 2f

]
W? E lf

]
Y? E lf

]
P?
E lf

]
N?
3E

mf
](*
P?

E iW5? 2f
]
W? E lf

]
Y? E lf

]
P?
E lf

]
N?
3E

mf
](*
N?

E iW4? 2f
]
W? E lf

]
Y? E lf

]
P?
E lf

]
N?
3D

2:@7:=3

Znoy igt hk }xozzkt ju}t suxk iusvgizr�C

mf
](*
^ E iW? 2lf

]
^3D 2:@7:>3

Luxs{rg 2:@7:>3 oy g vxkyixovzout lux k|ur|otm znk yzgzk ul znk y�yzks5 zn{y oz ngy
zu hk zxkgzkj gy g vxumxgs ul znk gmktz1y hkng|oux7 Lux gt� gmktz k~nohozotm {ykl{r
hkng|ouxy znoy l{tizout }u{rj hk |kx� iusvrk~5 hkig{yk oz jkyixohky znk gizouty
ul znk y�yzks znxu{mnu{z ozy k~oyzktik7 Znk iusvrk~oz� ul znoy l{tizout xktjkxy
osvxgizoigr znk xkvxkyktzgzout ul znk vxumxgs ul gmktz1y gizouty gy g yotmrk l{tizout7
Znk l{tizout 2:@7:>3 ngy zu hk jkiusvuykj zu sgqk znk yvkio"igzout ul znk gmktz1y
vxumxgs ul gizouty iusvxknktyohrk gtj {tiusvroigzkj7
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@][. 06.0. G yotmrk kshujokj gmktz d^ 5 m E :E D D D E qY 2znoiq gxxu}y xkvxkyktz znk
iuttkizout zu sgt� ktzozoky5 k7m75 |oxz{gr yktyuxy ux uznkx gmktzy5 }nork znot gxxu}y
zu g yotmrk ktzoz�5 k7m75 znk k!kizux3

Ot znk vxuikyy ul vxuj{iotm znk u{zv{z |gr{ky mf
](*
^ znk |gr{ky ul otv{zy lf

]
^ gtj

otzkxtgr |gxoghrky f]W? gxk {ykj7 Znk otzkxtgr |gxoghrky ingtmk znkox |gr{ky5 zn{y f
](*
W?

oy ixkgzkj " znuyk }orr hk znk |gr{ky ul otzkxtgr |gxoghrky gz znk utykz ul suzout yzkv
l 4 :7 Grr ul znk sktzoutkj w{gtzozoky gxk yzuxkj ot znk gmktz1y sksux�5 zn{y znkox
|gr{ky luxs znk zuzgr yzgzk ul znk gmktz1y iutzxur y{hy�yzks7 Uh|ou{yr� znk vxuikyy
ul iusv{zotm znk u{zv{z |gr{ky lxus znk |gr{ky ul znk otv{z gtj otzkxtgr gmktz1y
|gxoghrky zgqky zosk5 yu znk |groj zuzgr yzgzk oy uhzgotkj glzkx znk xky{rz ul znuyk
iusv{zgzouty oy xkgj�7 Znoy xky{rz oy zxgtylkxxkj zu znk uznkx iusvutktzy ul znk
y�yzks7 Nktik5 znk iutzxur y{hy�yzks zuzgr yzgzk nurjy znk jgzg uhzgotkj lxus znk
uznkx iusvutktzy ul znk y�yzks gtj |gr{ky ul ozy u}t otzkxtgr |gxoghrky5 huzn |groj
gz znk yzgxz ul yzkv l5 gtj znk u{zv{z |gr{ky iusv{zkj j{xotm znk otozogr vgxz ul znk
suzout yzkv l 2znuyk }orr hk zxgtysozzkj zu znk uznkx iusvutktzy ul znk y�yzks gz
znk ktj ul suzout yzkv l5 zn{y iutzxurrotm znk y�yzks ot suzout yzkv l 4 :37 Grr ul
znuyk |gr{ky gxk sksuxo!kj }oznot znk gmktz j{xotm znk rgzkx vgxz ul suzout yzkv l5
zn{y znk� iusvuyk znk zuzgr otzkxtgr yzgzk ul znk iutzxur y{hy�yzksC

f]^ E Pf]8](*
W? E lf

]
Y? E mf

](*
Y? E lf

]
P? E mf

](*
P?

E lf
]
N? E mf

](*
N?
QD 2:@7:?3

Znk gbgU_ fgUgY iutzgoty znk otv{z |gr{ky5 znk otzkxtgr |gxoghrky5 gtj znk vxuj{ikj
u{zv{z 2iutzxur37 Grr ul znuyk gxk |groj glzkx znk iusv{zgzouty ul 2:@7:=3 gxk
iusvrkzkj7 Znk lui{y ul u{x gzzktzout oy znk ixkgzout ul mf

](*
^ lxus lf

]
^ 5 o7k75 znk
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luxs ul zxgtyozout l{tizouty 2:@7:=37 Znk y�shur f
]8](*
W? {tjkxyiuxky znk ingtmk ul

yzgzk ul znk otzkxtgr |gxoghrky j{k zu iusv{zgzouty ul 2:@7:=3 }oznot yzkv l7

&,$) 1JMF[NTZW TK F ANSLQJ 0LJSY

Otzkxtgr l{tizoutotm ul gt gmktz oy jk"tkj h� znk zxgtyozout l{tizout 2:@7:>37 Znk
#k~ohoroz� ul g vxumxgssotm lxgsk}uxq oy gzzxoh{zkj zu znk ghoroz� ul k~vxkyyotm
jo|kxyk gvvxuginky zu vxumxgssotm znk gizouty ul kgin gmktz5 gtj yu znk vxuvuykj
luxsgr jkyixovzout ynu{rj ktghrk kgy� luxs{rgzout ul jo|kxyk iutzxur yzxgzkmoky7 Ot
znk igyk ul g xuhuz vxumxgssotm lxgsk}uxq utk ynu{rj iutiktzxgzk ut znk jk"tozout
ul suzout iussgtjy7 Utk lkgyohrk gvvxugin oyC otyzkgj ul vxu|ojotm g yotmrk l{tizout
2:@7:>35 jkyixohotm znk suzout ul gt gmktz znxu{mnu{z ozy rolk5 sgt� yosvrkx l{tizouty
gxk yvkio"kj5 jk"totm ysgrr suzout ykmsktzy5 gtj znk "tgr xky{rz oy uhzgotkj h� znkox
iusvuyozout7 Zn{y otyzkgj ul g yotmrk l{tizout iW? 5 qZ vgxzogr l{tizouty gxk jk"tkjC

mf
](*
^ E aiW? 2lf

]
^3E p E :E D D D E qZ D 2:@7:@3

\gxoghoroz� ul gmktzy oy j{k zu znk jo|kxyoz� ul znuyk l{tizouty7 Znk suxk l{tizouty
ul znoy z�vk gxk vxu|ojkj h� g vxumxgssotm lxgsk}uxq 2ozy rohxgx�35 ux igt hk
k~vxkyykj h� znk vxumxgsskx {yotm znk mktkxgr lgiorozoky 2k7m75 vgzzkxty3 vxu|ojkj
h� znk lxgsk}uxq5 znk suxk z�vky ul gmktzy igt hk iutyzx{izkj7 Hkyojky zngz znk
skgty ul ykrkizout gtj iusvuyozout ul znuyk l{tizouty s{yz hk vxu|ojkj h� znk
lxgsk}uxq7 Znk gizouty hxu{mnz ghu{z h� znk ykrkizkj l{tizouty igt hk iusvuykj
koznkx ykw{ktzogrr� 2iutigzktgzkj zosk yroiky3 ux y{vkxvuykj 2iusvuykj }oznot g
yotmrk zosk yroik37 Uh|ou{yr� g so~z{xk ul znk z}u oy vuyyohrk7 Znk s{rzovroioz� ul
l{tizouty 2:@7:@3 xkw{oxky yusk skgty ul znkox ykrkizout7 Lux zngz v{xvuyk vxkjoigzky
esW? 5 t E :E D D D E qd5 }orr hk {ykj7 Vxkjoigzky5 gy jk"tkj ot "xyz6uxjkx vxkjoigzk
igri{r{y 2k7m75 a;;c35 gxk xkrgzouty hkz}kkt uhpkizy ul znk jusgot ul joyiu{xyk5 zngz
igt hk k|gr{gzkj zu zx{k5 }nkt znk� nurj5 ux lgryk5 ol tuz7 Ot uznkx }uxjy5 znoy gxk
k~vxkyyouty 2iutjozouty3 }noin gxk koznkx zx{k ux lgryk jkvktjotm ut znk i{xxktz
|gr{ky ul znkox gxm{sktzy7 G |kx� mktkxgr luxs ul ykrkizout hgykj ut lf

]
^ 2o7k75 ut

2:@7:;33 oy gyy{skj nkxk7 Vxkjoigzk6hgykj ykrkizout otyzx{izouty ul znk lurru}otm luxs
}orr hk {ykjC

MJ
esW? 2lf

]
^3 XLIR mf

](*
^ CE aiW? 2lf

]
^3 IRHMJ 2:@7:A3

Ot giz{gr y�yzksy gt ktjrkyy ruuv iutzgototm znk iutjozoutgr otyzx{izout 2:@7:A3 s{yz
hk iutyzx{izkj7 Gy sgt� y{in otyzx{izouty }orr gvvkgx }oznot y{in g ruuv5 z}u igyky
igt hk iutyojkxkjC ykw{ktzogr ux vgxgrrkr5 o7k7C

' yotmrk vxkjoigzk esW? 2lf
]
^3 igt hk zx{k gz g zosk " o7k75 ykw{ktzogr iusvuyozout5

' yk|kxgr vxkjoigzky esW? 2lf
]
^3 igt hk zx{k yos{rzgtku{yr� " o7k75 vgxgrrkr iusvuyo6

zout7

Ol yk|kxgr vxkjoigzky gxk zx{k yos{rzgtku{yr�5 }k igt iusvuyk znk u{ziusk h�C

' iusvkzozo|k skznujy 2ykrkizout ul znk hkyz35 k7m7C

mf
](*
^ E sg~

a
NaiW? 2lf]^3OE 2:@7:B3
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' iuuvkxgzo|k skznujy 2y{vkxvuyozout ul grr35 k7m7C

mf
](*
^ E

b<R
a3*

za
z

aiW? 2lf
]
^3E z E

b<R
a3*

zaE 2:@7;93

}nkxk za gxk znk }komnzy7

Ot mktkxgr5 iusvuyozout ul xky{rzy lux yk|kxgr zx{k vxkjoigzky koznkx vkxzgoty zu utk
ux yk|kxgr iusvutktzy ul mf

](*
^ 5 }nkxk

mf
](*
^ E P *mf](*

^ E +mf
](*
^ E D D D E b9m f

](*
^ Q 2:@7;:3

gtj qW oy znk t{shkx ul iusvutktzy7 Nkxk }k gyy{sk zngz kgin ul znk lu{x
iusvutktzy ul 2:@7:<3 igt hk y{hjo|ojkj otzu yk|kxgr y{hiusvutktzy5 zn{y }k ktj
{v }ozn g zuzgr ul qW y{hiusvutktzy }oznu{z gt� vgxzoi{rgx l{tizoutgr jkyomtgzout
2o7k75 tuz k~vroiozr� vkxzgototm zu k!kizuxy5 |oxz{gr yktyuxy ux zxgtysoyyout h{!kxy37
Nktik5 znk lurru}otm yoz{gzouty igt hk joyzotm{oynkjC

' gyykshr� ul joypuotz igri{rgzouty ul iusvutktzy ul mf
](*
^ 5 }nkxk kgin iusvutktz

oy igri{rgzkj ykvgxgzkr�C

a
m f

](*
^ E aiW? 2lf

]
^3E p E :E D D D E qWE 2:@7;;3

' y{vkxvuyozout ul vgxzogr xky{rzy lux znk |kizux mf
](*
^ 2:@7;:3 zxkgzkj gy g yotmrk

ktzoz�C

mf
](*
^ E i 'W? 2lf

]
^3 4 i ''W? 2lf

]
^3 4 D D D4 i '666'W? 2lf

]
^3E 2:@7;<3

' y{vkxvuyozout lux kgin iusvutktz gtj gyykshr� ul iusvutktzy 2iushotgzout ul
znk ghu|k z}u skznujy3C

a
m f

](*
^ E ai 'W? 2lf

]
^3 4

ai ''W? 2lf
]
^3 4 D D D4 ai '666'W? 2lf

]
^3E p E :E D D D E qWE 2:@7;=3

}nkxk znk 4 uvkxgzux ot 2:@7;<3 gtj 2:@7;=3 yzgtjy lux gt� luxs ul iusvuyozout5
k7m7 gjjozout ux }komnzkj y{vkxvuyozout 2:@7;937 Ot znk luxs{rgy 2:@7:B":@7;=3 oz oy
gyy{skj zngz grr ul znk vgxzogr l{tizouty vxuj{ik iusvgzohrk |gr{ky5 yu zngz znk
vxuvuykj sgznksgzoigr uvkxgzouty igt hk vkxluxskj7

Lux y�yzksy5 }nkxk utr� utk vxkjoigzk igt hk zx{k 2o7k75 ot znk igyk ul ykw{ktzogr
iusvuyozout35 znk vyk{juiujk }orr gyy{sk znk lurru}otm luxsC

PSST

88 Jkzkxsotk znk i{xxktz yzgzk ul znk gmktz
h^ ( lf

]
Y? D _^ ( lf

]
P?
D fN?* ( lf

]
N?
D

88 Iusv{zk znk tk~z yzgzk ul znk gmktz

MJ *sW? 2lf
]
^3 XLIR mf

](*
^ CE *iW? 2lf

]
^3 IRHMJ

MJ +sW? 2lf
]
^3 XLIR mf

](*
^ CE +iW? 2lf

]
^3 IRHMJ

" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " "
MJ bEsW? 2lf

]
^3 XLIR mf

](*
^ CE bEiW? 2lf

]
^3 IRHMJ

88 Zxgtysoz znk xky{rzy ul iusv{zgzouty

mf
](*
Y? ( h^ D mf

](*
P?

( _^ D mf
](*
N?

( fN?* D

l CE l4 :D
IRHPSST

2:@7;>3
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}nkxk qd oy znk t{shkx ul vxkjoigzky {ykj5 gtj zn{y znk t{shkx ul znk MJ

otyzx{izouty ksvru�kj7 Znk ju{hrk yrgyn vxkikjky znk iussktzy gtj znk y�shur
b(. jktuzky zxgtysoyyout ul jgzg hkz}kkt iusvutktzy ul znk y�yzks7 Znuyk
zxgtysoyyouty xky{rz ot jgzg otv{z5 k~ki{zout ul suzout h� znk k!kizuxy5 iut"m{xgzout
ul |oxz{gr yktyuxy5 gtj zxgtysoyyout ul skyygmky zu znk uznkx gmktzy7 Znk otyzx{izout
l CE l 4 : y�tinxuto!ky znk ruuv ozkxgzouty }ozn znk gmktz1y suzout yzkvy 2o7k75
osvrksktzy znk gmktz1y nkgxzhkgz37

Grru}otm yk|kxgr vxkjoigzky zu hk zx{k yos{rzgtku{yr�5 }k tkkj zu sujol� 2:@7;>3
zu ktghrk iusvuyozout ul znk uhzgotkj vgxzogr xky{rzyC

PSST

88 Jkzkxsotk znk i{xxktz yzgzk ul znk gmktz
h^ ( lf

]
Y? D _^ ( lf

]
P?
D fN?* ( lf

]
N?
D

JSV t E :E D D D E qd C irkgx2emf
](*
^ 3D

88 Iusv{zk znk tk~z iutzxur y{hy�yzks yzgzk

MJ *sW? 2lf
]
^3 XLIR *

mf
](*
^ CE *iW? 2lf

]
^3 IRHMJ

MJ +sW? 2lf
]
^3 XLIR +

mf
](*
^ CE +iW? 2lf

]
^3 IRHMJ

" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " "
MJ bEsW? 2lf

]
^3 XLIR

bE
m f](*

^ CE bEiW? 2lf
]
^3 IRHMJ

88 Iusv{zk znk gmmxkmgzk iutzxur

mf
](*
^ CE iusvuyozout2emf

](*
^ 3D GG lux t E :E D D D E qd

88 Zxgtysoz znk xky{rzy ul iusv{zgzouty

mf
](*
Y?

( h^ D mf
](*
P?

( _^ D mf
](*
N?

( fN?* D

l CE l4 :D
IRHPSST

2:@7;?3

Znoy vyk{juiujk gyy{sky ykw{ktzogr k~ki{zout ul ozy otyzx{izouty7 Znk ot|ur|kj
iusv{zgzouty ynu{rj zgqk yomto"igtzr� rkyy zosk zngt utk suzout yzkv7 Nu}k|kx5 g
iuti{xxktz |kxyout ul znoy vyk{juiujk oy gryu vuyyohrk 2ykk l{xznkx utC 2:@7<<3 gtj
2:@7<=337

Huzn znk vyk{juiujk 2:@7;>3 gtj 2:@7;?3 vxuj{ik lxkw{ktzr� y}ozinkj y�yzksy5
gy znk zxgtyozout l{tizouty gxk inuykt lux p{yz utk suzout yzkv l7 Znk ykrkizout ul
g l{tizout aiW? 2'3 igt hk sgjk utik lux g ikxzgot t{shkx ul suzout yzkvy5 grr znk
suxk yu gy l{tizouty aiW? 2'3 ng|k znk igvghoroz� ul zkyzotm grr znk iusvutktzy ul

lf
]
^ ot kgin suzout yzkv7 Zn{y k|gr{gzout ul znk vxkjoigzky asW? ot kgin suzout yzkv

{y{grr� oy zuu lxkw{ktz7 Ng|otm ygoj zngz5 }k tkkj zu jkiojk }nkznkx znk t{shkx ul
suzout yzkvy5 lux }noin g zxgtyozout l{tizout oy inuykt5 ynu{rj hk "~kj ux |gxoghrk5
gtj }ngz ynu{rj hk znk ixozkxout jkzkxsototm znk t{shkx ul yzkvy lux }noin znoy
zxgtyozout l{tizout oy |groj7

Loxyz rkz {y iutyojkx hkng|ou{xy }ozn g "~kj t{shkx ul suzout yzkvy5 o7k75 "~kj
j{xgzout hkng|ou{xyC

a*e]^ E Nf](*
^ E f](+

^ E D D D E f](bH^ OE p' E :E D D D E qVE 2:@7;@3

}nkxk qV oy znk t{shkx ul hkng|ou{xy5 gtj qg oy znk t{shkx ul suzout yzkvy }oznot
g hkng|ou{x7 ]oznot a*e]^2 lf

]
^3 zxgtyozouty f]('^ 2 f]('(*

^ 5 / E 9E D D D E qg ! :5 gxk
iusv{zkj {yotm utk ul znk zxgtyozout l{tizouty aiW? 2'35 o7k75 znk hkng|ou{x jk"totm
l{tizout7 Suxku|kx5 ot kgin yzkv ul znk hkng|ou{x lf

]('
^ s{yz hk jkzkxsotkj gtj znk

xky{rz ul iusv{zgzouty mf
]('(*
^ s{yz hk zxgtysozzkj lux k~ki{zout7
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Gy a*e]^ oy s{rzo6yzkv5 l ot znk jk"tozout ul znk hkng|ou{x ruuyky yomto"igtik5

nktik a*e]^ E
a*e^ 7 Znk sujo"kj luxs ul znk vxkjoigzk hgykj ykrkizout otyzx{izout

gyy{sky znk luxsC
MJ

esW? 2 lf
]
^3 XLIR

a*e^2 lf
]
^3 IRHMJ 2:@7;A3

Ot znk ykw{kr5 vyk{juiujk lux g yosvrk hkng|ou{xgr y�yzks }ozn 'kYX XheUg]ba
VY\Ui]bhef gtj g yotmrk vxkjoigzk hkotm zx{k ngy znk lurru}otm luxsC

PSST

88 Ykrkiz gtj k~ki{zk znk tk~z hkng|oux
MJ *sW? 2lf

]
^3 XLIR *e^2lf

]
^3D GSRXMRYI. IRHMJ

MJ +sW? 2lf
]
^3 XLIR +e^2lf

]
^3D GSRXMRYI. IRHMJ

" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " "
MJ b8sW? 2lf

]
^3 XLIR b8e^2lf

]
^3D GSRXMRYI. IRHMJ

GGl CE l4 qgD
IRHPSST

2:@7;B3

Znk iussktz iutzgototm znk otyzx{izout l CE l 4 qg yomtgry zngz kgin ozkxgzout ul
znk ruuv iutyoyzy ul znk k~ki{zout ul qg yzkvy5 h{z znk giz{gr otixksktzgzout ul znk
iu{tzkx l zgqky vrgik }oznot znk iujk ul hkng|ou{xy a

*
e^ 7 Ot znk lurru}otm vokiky ul

vyk{juiujk znoy xksgotjotm iussktz }orr hk usozzkj7 Oz oy gyy{skj5 zngz nkxk gtj
ot y{hykw{ktz vyk{juiujky5 vxoux zu ktzkxotm znk ruuv lf

]
^ ngy hkkt jkzkxsotkj7 Ot

znk rozkxgz{xk 2k7m75 a;c3 znk hkng|ou{xy a*e^2'3 {yk yvkio"i tgsky5 y{in gyC ykgxin5
g|uoj5 xugs ^m\7

Znk vyk{juiujk 2:@7;B3 igt xkvxkyktz g yotmrk Wb`c_Yk VY\Ui]bhe a
**
e'^ 7 Zn{y5

hkng|ou{xy igt hk iusvuykj xki{xyo|kr�5 vxuj{iotm g iusvrk~ y�yzksC

PSST

88 Ykrkiz gtj k~ki{zk znk tk~z hkng|oux
MJ *sW? 2lf

]
^3 XLIR *e'^2lf

]
^3D GSRXMRYI. IRHMJ

MJ +sW? 2lf
]
^3 XLIR +e'^2lf

]
^3D GSRXMRYI. IRHMJ

" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " "
MJ b8sW? 2lf

]
^3 XLIR b8e'^2lf

]
^3D GSRXMRYI. IRHMJ

IRHPSST

2:@7<93

}nkxk a** e'^2lf
]
^35 p'' E :E D D D E q'V5 gxk koznkx yosvrk ux iusvrk~ hkng|ou{xy7

G nokxgxin� ul xkgizouty }ozn g |gxoghrk mxgt{rgxoz� xky{rzy7 Znk yzx{iz{xky ul
vyk{juiujky 2:@7;B3 gtj 2:@7<93 gxk znk ygsk5 vxu|otm zngz xki{xyo|k iusvuyozout
ul iusvrk~ hkng|ou{xy lxus yosvrkx utky juky tuz xkw{oxk gjjozoutgr iujotm7

[y{grr� "~kj j{xgzout hkng|ou{xy gxk u|kx6iutyzxgototm7 \gxoghrk j{xgzout
hkng|ou{xy xkr� ut znk lgiz zngz znk zxgtyozout l{tizouty 2:@7:@3 ng|k giikyy zu
grr ul znk iusvutktzy ul lf

]
^ 5 hkig{yk ul 2:@7:;37 Zn{y5 }oznot znuyk l{tizouty g

zkxsotgr iutjozout igt hk zkyzkj7 Znk gYe`]aU_ WbaX]g]baf }orr hk xkvxkyktzkj h�
Huurkgt l{tizouty ai0? 5 p E :E D D D E q0 5 }nkxk q0 oy znk t{shkx ul znuyk l{tizouty7
Znk vyk{juiujk lux g yosvrk iUe]UV_Y XheUg]ba VY\Ui]bhe oyC

17 Transition-Function Based Approach 275



PSST

88 Inkiq znk zkxsotgr iutjozout
MJ ai0? 2 lf

]
^ 3 E XVYI

XLIR FVIEO '' =YMX XLI PSST

IRHMJ

88 Iusv{zk znk tk~z iutzxur y{hy�yzks yzgzk

mf
](*
^ CE aiW? 2 lf

]
^ 3D

88 Zxgtysoz znk xky{rzy

mf
](*
Y? ( h^ D mf

](*
P?

( _^ D mf
](*
N?

( fN?* D

l CE l4 :D
88 Jkzkxsotk znk i{xxktz yzgzk ul znk gmktz
h^ ( lf

]
Y? D _^ ( lf

]
P?
D fN?* ( lf

]
N?
D

IRHPSST

2:@7<:3

Znoy igt hk zxkgzkj gy g yotmrk znxkgj |gxoghrk j{xgzout hkng|ou{x7 Oz oy g yosvro"kj
|kxyout ul znk :SZI otyzx{izout zngz :>>;2## {yky a;A"<9c7 Zxkgzotm 2:@7<:3 gy znk
vyk{juiujk ul znk :SZI otyzx{izout5 iusvrk~ |gxoghrk j{xgzout hkng|ou{x gyy{sky
znk lurru}otm luxsC

GGJkzkxsotk znk otozogr yzgzk ul znk gmktz
h^ ( lf

]
Y? D _^ ( lf

]
P?
D fN?* ( lf

]
N?
D

PSST

88 Ykrkiz gtj k~ki{zk znk tk~z hkng|oux
MJ *sW? 2lf

]
^3 XLIR :SZI! *iW? E

*i0? 3D D D D IRHMJ
MJ +sW? 2lf

]
^3 XLIR :SZI! +iW? E

+i0? 3D D D D IRHMJ
" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " "
MJ bEsW? 2lf

]
^3 XLIR :SZI!aiW? E

ai0? 3D D D D IRHMJ
IRHPSST

2:@7<;3

Huzn znk "~kj gtj |gxoghrk j{xgzout hkng|ou{x vyk{juiujky5 2:@7;B3 gtj
2:@7<;35 gyy{sk zngz utr� g yotmrk vxkjoigzk }oznot znk ruuv oy zx{k7 Nu}k|kx5 }k
igt gryu gyy{sk zngz yk|kxgr vxkjoigzky gxk zx{k5 h{z zngz xkw{oxky s{rzo6znxkgj
osvrksktzgzout7 Znk vyk{juiujk lux g s{rzo6znxkgj |gxoghrk j{xgzout hkng|ou{x
xkw{oxky znk lurru}otm luxs ul znk :SZI otyzx{izout iusvutktzyC

PSST

88 Inkiq znk zkxsotgr iutjozout
MJ ei0? 2 lf

]
^ 3 E XVYI

XLIR e
mf
](*
^ CE t{rrD hxkgq 88 W{oz znk ruuv

IRHMJ

88 Iusv{zk znk vgxzogr iutzxur y{hy�yzks yzgzk
e
mf
](*
^ CE eiW? 2 lf

]
^ 3D 88 Znoy vgxzogr yzgzk oy {ykj

88 h� znk iusvuyozout znxkgj
?MKREP!2@"D 88 zngz znk vgxzogr xky{rz oy xkgj�
BEMX!2@"D 88 lux znk iusvuyozout znxkgj 2IZ3

88 zu k~ki{zk ozy ozkxgzout
IRHPSST

2:@7<<3

Kgin ul znuyk iusvutktzy vxuj{iky g vgxzogr |gr{k5 zngz ngy zu hk joyvgzinkj zu
g Wb`cbf]g]ba g\eYUX 2IZ3 zu hk gyykshrkj otzu g iusvrkzk iutzxur |gr{k5 zngz
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}orr hk zxgtylkxxkj zu znk uznkx y{hy�yzksy ul znk gmktz7

PSST

BEMX !EPP :SZI"D 88 lux grr vgxzogr xky{rzy zu hk xkgj�
88 Iusvuyk znk tk~z iutzxur y{hy�yzks yzgzk

mf
](*
^ CE iusvuyozout2emf

](*
^ 3D 88 lux t E :E D D D E qd

88 Zxgtysoz znk xky{rzy

mf
](*
Y? ( h^ D mf

](*
P?

( _^ D mf
](*
N?

( fN?* D

l CE l 4 :D
88 Jkzkxsotk znk i{xxktz yzgzk ul znk gmktz
h^ ( lf

]
Y? D _^ ( lf

]
P?
D fN?* ( lf

]
N?
D

?MKREP !EPP :SZI"D 88 zngz znk iusvuyozout znxkgj
88 ozkxgzout oy iusvrkzk

IRHPSST

2:@7<=3

Znk iusvuyozout znxkgj gtj znk :SZI otyzx{izout iusvutktzy tkkj zu hk
y�tinxuto!kj }ozn kgin uznkx7 Znk BEMX gtj ?MKREP otyzx{izouty gxk xkyvutyohrk lux
zngz7 Znk l CE l 4 : otyzx{izout oy xkyvutyohrk lux y�tinxuto!gzout }ozn znk gmktz1y
nkgxzhkgz7 G iusvrk~ hkng|ou{x igt hk luxskj h� 2:@7<;35 ol znk iusvuyozout ul
2:@7<<3 gtj 2:@7<=3 oy zxkgzkj puotzr� gy znk iujk ul znk :SZI otyzx{izout7

Gz znk rk|kr ul hkng|ouxy znk y�yzks mxgj{grr� ingtmky ozy osgmk lxus
y�tinxutu{y 2zosk6jxo|kt3 otzu gy�tinxutu{y 2k|ktz6jxo|kt35 zn{y znk otjk~ l ngy
hkkt joyigxjkj ot 2:@7;A35 2:@7;B3 gtj 2:@7<937 Znoy oy j{k zu znk lgiz zngz utr� gz
x{tzosk znk |gr{k ul vxkjoigzky oy qtu}t 2gt k|ktz oy jkzkizkj h� znk lgiz zngz znk
vxkjoigzk oy zx{k3 gtj yu utr� znkt }k qtu} }noin ul znk "~kj j{xgzout hkng|ou{xy
}orr hk inuykt lux k~ki{zout5 gtj zn{y utr� znkt znk t{shkx ul yzkvy tkkjkj zu
iusvrkzk oz hkiusky qtu}t 2kgin "~kj j{xgzout hkng|ou{x somnz tkkj g jo!kxktz
t{shkx ul suzout yzkvy zu iusvrkzk37 Ot znk igyk ul |gxoghrk j{xgzout hkng|ou{xy
2:@7<:3 ux 2:@7<;3 oz oy k|kt ngxjkx zu vxkjoiz znk t{shkx ul yzkvy zngz gxk tkikyygx�
lux znkox iusvrkzout7 Znk l{tizout ai0? oy zxkgzkj gy gt k|ktz jkzkizux5 yu g l{rr�
k|ktz6jxo|kt y�yzks xky{rzy7 Znoy ynu}y nu} g l{rr� y�tinxutu{y |ok} ul znk y�yzks
2:@7;>3 mxgj{grr� ingtmky zu g iusvrkzkr� gy�tinxutu{y5 k|ktz6jxo|kt5 utk 2:@7<;37

&,$* B^UJX TK A^XYJRX

*0(.(* 7P_P]XTYT^_TN aP]^`^ <YOP_P]XTYT^_TN Fd^_PX^

G XYgYe`]a]fg]W flfgY`5 hkotm ot g ikxzgot yzgzk5 {tjkx g yvkio"i k~zkxtgr ot#{6
ktik5 gr}g�y vxuj{iky znk ygsk hkng|ou{x7 Ut znk iutzxgx�5 gt ]aXYgYe`]a]fg]W
flfgY`5 hkotm ot g ikxzgot yzgzk5 {tjkx znk ygsk k~zkxtgr ot#{ktik5 sg� vxuj{ik
jo!kxktz hkng|ou{xy gz jo!kxktz otyzgtiky7 Lux jkzkxsotoyzoi y�yzksy tkoznkx znk
vxkjoigzky tux znk zxgtyozout l{tizouty iutzgot xgtjus |gr{ky7 Lux otjkzkxsotoyzoi
y�yzks koznkx znk vxkjoigzky ux zxgtyozout l{tizouty iutzgot xgtjus |gr{ky7 Nkxk }k
yngrr iutyojkx utr� vxkjoigzky }ozn xgtjus |gr{ky7 Otzxuj{izout ul otjkzkxsotoys5
y{vvrksktzkj h� gjjozout ul g ixozow{k5 oy otzkxkyzotm zu {y5 hkig{yk oz ktghrky znk
ixkgzout ul rkgxtotm y�yzksy7 Nu}k|kx5 znoy vxuhrks }orr tuz hk joyi{yykj ot znoy
vgvkx7
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Rkz {y joyzotm{oyn g ikxzgot xgtjus iusvutktz ul fW? h� znk y{vkxyixovz C7

Iusvgxoyut ul g xgtjus t{shkx 5fW? 7 a9E :c zu znk znxkynurj vxuhghoroz� *Y luxsy
g vxkjoigzkC

5fW? -
*YD 2:@7<>3

Ot znk igyk ul jkzkxsotoyzoi gmktzy kgin hkng|oux a*e^2lf
]
^35 p

' E :E D D D E qV5 oy
k~ki{zkj utr� }nkt gt gyyuiogzkj vxkjoigzk oy wuxh7 Roqk}oyk5 }ozn otjkzkxsotoyzoi
y�yzksy5 ol g xgtjusr� inuykt t{shkx 5fW? lxus znk xgtmk a9E :c oy hkru} g znxkynurj

|gr{k *Y 5 znk gyyuiogzkj hkng|ou{x oy k~ki{zkj7 Znk nomnkx znk znxkynurj |gr{k *Y 5 znk
nomnkx znk vxuhghoroz� ul k~ki{zotm znk gyyuiogzkj hkng|ou{x7 ]ozn y{in vxkjoigzky
gt� ul znk grmuxoznsy 2:@7;>35 2:@7;?35 2:@7;B35 2:@7<93 ux 2:@7<;3 igt hk {ykj zu
iutyzx{iz gt otjkzkxsotoyzoi y�yzks7

G y�yzks {yotm 2:@7<>3 ngy g "~kj znxkynurj7 G suxk xkgroyzoi y�yzks igt hk
vxuj{ikj ol znk vxuhghoroz� ul vkxluxsotm g ikxzgot gizout oy gyyuiogzkj }ozn znk rk|kr
ul yzos{r{y7 Y}gxs otzkrromktik y�yzksy a=c sosoiqotm znk hkng|oux ul gtzy ux hkky
lxkw{ktzr� xkr� ut y{in gt gvvxugin7 Znk yzos{r{y igt iusk lxus znk kt|oxutsktz
2ot znoy igyk lf

]
P?

oy {ykj3 ux lxus znk uznkx gmktzy 2znkt lf
]
N?

oy {zoro!kj37 Rkz {y

gyy{sk zngz utk ul znk znk iusvutktzy ul lf
]
P?

ux lf
]
N?

oy {ykj5 yu rkz : jktuzk _ ux

] 5 gtj rkz zngz iusvutktz hk yotmrkj u{z h� znk y�shur C5 gy ot 2:@7<>35 yu 5
l f

]
/?

oy
hkotm iutyojkxkj7 Znk vxuhghoroz� ot 2:@7<>3 ul k~ki{zotm g ikxzgot hkng|oux igt hk
k~vxkyykj gy a=cC

*Y E
25lf

]
/? 3

b#

25lf]/? 3
b# 4 22d3b#

E q* 7 E E 2:@7<?3

}nkxk 2d oy znk yzos{r{y znxkynurj gtj q* oy gt gvvxuvxogzkr� inuykt vuyozo|k otzkmkx
" znk yos{rgzout k~vkxosktzy ot a=c }kxk igxxokj u{z }ozn q* E ;7 Ot y{in g y�yzks5
}nkt znk yzos{r{y oy ru} 2o7k75 5l f

]
/? / 2d3 znk vxuhghoroz� ul k~ki{zotm gt gyyuiogzkj

gizout oy tk~z zu tor5 h{z ol znk yzos{r{y oy nomn 2o7k75 5
l f

]
/?

0 2d3 znk gizout oy
k~ki{zkj grsuyz ikxzgotr�7 Yuskzosky gizouty gxk vkxluxskj utr� }nkt yzos{r{y oy
}oznot g ikxzgot xgtmk7 Zu k~vxkyy znoy lgiz znk Mg{yy l{tizout igt hk {ykjC

*Y E h
!83&*MW

>
'?
!*E'9'

E 2:@7<@3

}nkxk 2d oy znk soj |gr{k ot znk xgtmk gtj ? mu|kxty znk yzkkvtkyy ul znk xoyk gtj
lgrr ul vxuhghoroz� Y* gtj znk yo!k ul znk xgtmk7

*0(.(+ 6]T^[ aP]^`^ 9`eed Fd^_PX^

Hkyojky znk vuyyohoroz� ul vxuj{iotm jkzkxsotoyzoi ux otjkzkxsotoyzoi y�yzksy5 utk
igt jkyomt koznkx ixoyv ux l{!!� y�yzksy7 Znk y�yzksy joyi{yykj yu lgx gxk We]fc
flfgY`f " grr znk iutyojkxkj |gr{ky gxk ixoyv7 Znk yzx{iz{xk ul znk Zhmml flfgY`f
jo!kxy ot zngz znk jkioyout vxuikyy oy tuz hotgx�5 o7k75 oz juky tuz xkr� ut vxkjoigzky7
Znk jkioyout vxuikyy ot znk l{!!� igyk zgqky otzu giiu{tz znk l{!!� x{rk hgyk5
gtj zxgtyluxsy znk ixoyv otv{z |gr{ky otzu l{!!� utky gtj znxu{mn gmmxkmgzout5
gii{s{rgzout gtj jkl{!!�"igzout luxsy znk ixoyv u{zv{z |gr{ky7 Zn{y znk jkioyout
vxuikyy 2o7k75 znk inuoik ul gvvxuvxogzk zxgtyozout l{tizouty3 gtj znk k|gr{gzout ul
znuyk zxgtyozout l{tizouty5 }noin ot znk igyk ul ixoyv y�yzksy }kxk joypuotz5 gxk
iushotkj ot znk igyk ul l{!!� y�yzksy7 Znoy ot#{ktiky znk yzx{iz{xk ul znk yulz}gxk7
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L{!!� iusv{zgzouty gxk hgykj ut znk lurru}otm vxuikj{xk7 Loxyz5 znk skgy{xk6
sktzy gxk l{!!o"kj5 o7k75 g ixoyv |gr{k oy iut|kxzkj otzu g jkmxkk ul skshkxynov ot
k|kx� l{!!� ykz }oznot znk jusgot ul zngz |gr{k7 Tk~z5 gmmxkmgzout oy vkxluxskj5
}nkxk znk "xotm yzxktmzn ul kgin iutjozout ot znk x{rk hgyk oy iusv{zkj7 Znk xkyvki6
zo|k "xotm yzxktmzny gxk znkt {ykj zu yigrk ux zxos znk iutir{youty ul kgin x{rk7 Znoy
oy igrrkj znk gizo|gzout ul znk x{rky5 o7k75 jkj{izout ul znk iutir{yout xkj{ikj h� znk
"xotm yzxktmzn ul znk gyyuiogzkj iutjozout7 Znk yigrkj u{zv{z l{!!� ykzy gxk znkt
gii{s{rgzkj zu vxuj{ik znk xky{rzotm u{zv{z l{!!� ykz7 Lotgrr� znoy ykz oy y{hpkiz zu
znk jkl{!o"igzout vxuikyy ot }noin g ixoyv u{zv{z |gr{k oy uhzgotkj7 Lux zngz v{x6
vuyk5 k7m75 znk ghyioyyg ul znk iktzxk ul mxg|oz� ul znk iusvuyozout ul u{zv{z l{!!�
ykzy igt hk {ykj7 Lux kgin ul znk kt{skxgzkj yzkvy jo|kxyk iusv{zgzoutgr skznujy
ng|k hkkt krghuxgzkj aA5:<c7 Znk ghu|k vxuikj{xk oy vxkyktzkj suxk luxsgrr� hkru}7

Rkz znk i{xxktz yktyux xkgjotmy lf
]
P?

iutzgot ldf
]
P?

" yusk ul znk xkgjotmy zngz

gxk ul otzkxkyz zu {y7 Suxku|kx5 rkz ldf
]
P?

hkrutm zu g yktyux xkgjotm y{hyvgik l
dLP? "

g vgxz ul znk yktyux xkgjotm yvgik lLP? 7 Kgin josktyout ul znk yvgik l
dLP? luxsy g

{to|kxyk i
l
dLP? 5 x E :E D D D E <5 }nkxk < oy znk t{shkx ul znuyk josktyouty 2{to|kxyky37

Kgin {to|kxyk i
l
dLP? igt hk l{xznkx y{hjo|ojkj otzu 9i xkmouty i=l dLP? 5 k E :E D D D E 9i7

Kgin ul znuyk xkmouty luxsy g y{vvuxz lux g l{!!� ykz
i=
l O 7 Zu ixkgzk g l{!!� ykz

i=
l O

gt gjkw{gzk skshkxynov l{tizout
i=
l 5 s{yz hk vxu|ojkj7 Znk l{tizouty

i=
l 5 sgv

i
l
dLP? utzu a9E :c7 Lom{xk :@7; vxkyktzy gt k~gsvrk ynu}otm znk xkrgzoutynovy hkz}kkt

znk ghu|k jk"tkj ktzozoky7

@][. 06.1. Gt k~gsvrk ul l{!!� ykzy5 }nkxkC *l dLP? " {to|kxyk :D
*
ldf
]
P?

" skgy{xksktz

gz otyzgtz l 2ixoyv |gr{k3D 9* " t{shkx ul l{!!� ykzy *=
l O ot {to|kxyk : 2nkxk 9* E

<3D *=
l O " l{!!� ykz k5 k E :E D D D E 9*D

*=
l 5 " jkmxkk ul skshkxynovD *=l 5

]
" jkmxkk ul

skshkxynov ul g ixoyv |gr{k 2skgy{xksktz *
ldf
]
P?
3 ot znk l{!!� ykz

*=
l O

Suxku|kx5 rkz koznkx f](*
W? ux mf

](*
Y? iutzgot znk yu6igrrkj u{zv{z |gr{k mdf

](*
^ 7 Hkyojk

zngz rkz zngz |gr{k hkrutm zu g yvgik m
dL^ 7 Nkxk g utk josktyoutgr yvgik oy gyy{skj7

Znk yvgik m
dL^ }orr luxs gt u{zv{z {to|kxyk7 Oz s{yz hk jo|ojkj otzu xkmouty [

m
dL^ 5

j E :E D D D E 9m5 }noin }orr luxs znk y{vvuxzy lux znk u{zv{z l{!!� ykzy [
mO 5 }nkxk 9m

oy znk t{shkx ul znuyk xkmouty gtj zn{y znk t{shkx ul znk u{zv{z l{!!� ykzy7 Gmgot5
zu ixkgzk znk l{!!� ykzy [

mO gjkw{gzk skshkxynov l{tizouty [
m5 s{yz hk vxu|ojkj7

Znk� sgv m
dL^ utzu a9E :c7
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@][. 06.2. Znk mktkxgr yinksk ul l{!!� iusv{zgzouty ul g yotmrk u{zv{z |gr{k

Lux znk ygqk ul hxk|oz� znk l{!!� ykzy gtj znk |gr{ky ul rotm{oyzoi |gxoghrky
xkvxkyktzotm znks gxk tuz joyzotm{oynkj nkxk7 Znk x{rk hgyk oy ixkgzkj h� {yotm
sgt� otyzx{izouty ul znk z�vkC

MJ sursrvlwlrq XLIR ix}}| frqfoxvlrq IRHMJ 2:@7<A3

}nkxk ikhihlbmbhg iutyoyzy ul g iutp{tizout ul vxosozo|k iutjozouty 2gzusoi
k~vxkyyoutyD l{!!� vxkjoigzky3 ot znk luxsC ebg`nblmb\ oZkbZ[e^ MW m^kf5 o7k75 }ozn
znk ghu|k tuzgzoutgr yosvro"igzoutC oZen^ MW _nssr l^m7

Tu} znk x{rk hgyk igt hk iutyzx{izkj u{z ul iutjozouty luxskj h� {yotm znk
JWM iuttkizo|k hkz}kkt znk < l{!!� vxkjoigzky 2gmgot rotm{oyzoi |gxoghrky gxk tuz
{ykj3C

MJ 2*ldf
]
P?

oy
*$&
l O 3 JWM 2+ldf

]
P?

oy
+$'
l O 3 JWM D D D JWM 21ldf

]
P?

oy
bJ$(
l O 3

XLIR 2mdf
](*
^ oy (mO 3

2:@7<B3

}nkxkC
3* E :E D D D E 9*E
3+ E :E D D D E 9+E

D D D
31 E :E D D D E 91E
0 E :E D D D E 6fD
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Znk x{rk hgyk iutyoyzy ul 6f x{rky ul znk luxs 2:@7<B37 Znk l{!!o"igzout vxuikyy

iut|kxzy kgin ixoyv |gr{k i
ldf

]
P?

otzu g jkmxkk ul skshkxynov ot
i$%
l O 7 Gy g xky{rz }k

uhzgotC
i$%
l 5] E

i$%
l 52ildf

]
P? 3E 2:@7=93

}nkxk 7 E :E D D D E <7 Gmmxkmgzout iutyoyzy ot iusv{zgzout ul znk "xotm yzxktmzn ul znk
iutjozout ul kgin x{rk7 Ot znk igyk ul znk JWM iuttkizo|k {ykj ot 2:@7<B3 znk "xotm
yzxktmzn ul znk x{rk 0 }orr hk5 k7m7C

+( E
1

sot
i3*

Ni$%5]OE 0 E :E D D D E 6fE 2:@7=:3

}nkxk ot kgin igyk znk gjkw{gzk 3- lux znk x{rk 0 gxk {ykj7 Znk "xotm yzxktmzny +(

gxk {ykj zu yigrk ux zxos znk u{zv{z skshkxynov l{tizouty (
m5 gyyuiogzkj }ozn znk

iuxxkyvutjotm x{rky7 Znuyk yigrkj skshkxynov l{tizouty luxs znk iutir{youty 2l{!!�
ykzy3 )( 7 Znk xky{rzotm l{!!� ykz oy uhzgotkj znxu{mn gii{s{rgzout5 k7m75 vkxluxsotm
g sg~ uvkxgzout ut g skshkx h� skshkx hgyoy ut znk l{!!� ykzy )( C

) E N ,G
sg~
(3*

)(OD 2:@7=;3

Znk jkl{!!�"kj ixoyv |gr{k ul mdf
](*
^ oy "tgrr� uhzgotkj h�5 k7m75 "tjotm znk ghyioyyg

ul znk iktzxk ul mxg|oz� ul znk ykz )7 Znk zn{y iusv{zkj |gr{k mdf
](*
^ oy gt krksktz ul

koznkx mf
](*
W? ux mf

](*
Y? 7 Znk vxuikj{xk jkyixohkj ghu|k igt hk vxkyktzkj mxgvnoigrr�

2Lom7:@7<37 Znk xky{rzotm vyk{juiujk oy gy lurru}yC

PSST

88 Jkzkxsotk znk i{xxktz yzgzk ul znk gmktz

h^ ( lf
]
Y? D _^ ( lf

]
P?
D fN?* ( lf

]
N?
D

88 Iusv{zk znk tk~z yzgzk ul znk gmktz

df'W? CE l{!!�l�2ldf
]
P?
3D

df''W? CE gii{s{rgzk2df'W? 3D

df'''W? CE gmmxkmgzk2df''W? 3D

mdf
](*
^ CE jkl{!!�l�2df'''W? 3D

88 Zxgtysoz znk xky{rzy ul iusv{zgzouty

mf
](*
Y? ( h^ D mf

](*
P?

( _^ D mf
](*
N?

( fN?* D

l CE l4 :D

IRHPSST

2:@7=<3

*0(.(, 5PSLaTZ`]LW aP]^`^ 7PWTMP]L_TaP Fd^_PX^

Noyzuxoigrr� z}u jo!kxktz gvvxuginky zu otzkrromktz hkng|ou{x ul xuhuzy ng|k
hkkt lurru}kj7 Znk XY_]VYeUg]iY gvvxugin5 yzkssotm lxus zxgjozoutgr gxzo"iogr
otzkrromktik a;;c5 gyy{skj zngz znxkk iusvutktzy gxk tkikyygx�C yktyotm znk
kt|oxutsktz5 vrgttotm znk gizouty zgqotm otzu giiu{tz znk otluxsgzout uhzgotkj lxus
znk yktyuxy5 gtj gizotm5 o7k75 k~ki{zotm znk vrgt7 Gy vrgttotm oy g iusv{zgzoutgrr�
otzktyo|k gizo|oz�5 h� znk zosk znk xomnz vrgt oy jkj{ikj5 znk yzgzk ul znk kt|oxutsktz
somnz ingtmk zu y{in gt k~zktz zngz znk vrgt oy ot|groj7 Znkxkluxk5 gt grzkxtgzo|k

17 Transition-Function Based Approach 281



gvvxugin ngy hkkt vxuvuykj5 znk VY\Ui]bheU_ gvvxugin rotqotm joxkizr� yktyotm
gtj gizotm a;5 >5 ?c7 H� otir{jotm g s{rzoz{jk ul xkgizouty zu jo|kxyk yzos{ro5
otzkrromktz hkng|ou{x ynu{rj kskxmk7 Nu}k|kx5 grznu{mn kskxmktz hkng|ou{x ngy
hkkt vxkyktzkj5 oz xgxkr� gzzgotkj g yomto"igtz rk|kr ul otzkrromktik7 Zn{y5 i{xxktzr�
znkxk gxk sgt� gj|uigzky lux g n�hxoj gvvxugin a;c otzkmxgzotm vrgttotm gtj
xkgizo|oz�7 Lurru}otm znk hourumoigr otyvoxgzout vxu|ojkj h� znk k|ur{zout ul gtosgr
hxgot oz oy xkgyutghrk zu joyzxoh{zk znk xkgizo|k gtj jkrohkxgzo|k iusvutktzy hkz}kkt
z}u y�yzks vgxzy7 Ot sgssgry znk iuxzk~ oy joyzotiz lxus znk k|ur{zoutgxor� urjkx
vgxzy ul znk hxgot7 Zn{y5 znk hkng|ou{xgr iusvutktz igt hk ruigzkj ot znk kshujokj
gmktz 2k7m75 d^3 gtj znk jkrohkxgzo|k utk ot g |oxz{gr gmktz 2k7m75 d)37 Znk yzx{iz{xk
ul znk y�yzks gy oz oy osvrksktzkj ot :>>;2## xuhuz vxumxgssotm lxgsk}uxq oy
vxkyktzkj ot Lom7 :@7=7 Znk otzkxtgr yzx{iz{xk ul kgin ul znk gmktzy igt hk jk"tkj h�

@][. 06.3. N�hxoj jkrohkxgzo|k6hkng|ou{xgr y�yzks iusvuykj ul g |oxz{gr gmktz d)
gtj gt kshujokj gmktz d^ osvrksktzkj ot :>>;2## xuhuz vxumxgssotm lxgsk}uxq

gt� ul znk grxkgj� jkyixohkj skgty7 Ol vxkjoigzky esW? 2'3 gtj zxgtyozout l{tizouty
aiW? 2'3 {yk utr� lf

]
P?
5 g v{xkr� xkgizo|k y�yzks xky{rzy5 gtj ol utr� f]W? oy {ykj5

g v{xkr� jkrohkxgzo|k y�yzks xky{rzy7 Ol huzn gxk {ykj g n�hxoj y�yzks xky{rzy7 Ot
znk vxuvuykj yur{zout k~ingtmk ul otluxsgzout znxu{mn zxgtysoyyout ingttkry oy
ksvru�kj5 zn{y znk |oxz{gr gmktz d) {yky f]W% gtj f]N% 5 gtj znk |oxz{gr gmktz sgotr�
xkroky ut f]P? gtj f]N? 7 Znk |oxz{gr gmktz d) }oznot f]W% iutzgoty znk sujkr 2o7k75 znk
xkvxkyktzgzout ul znk vxuhrks yur{zout yzgzk3 gtj znk uvkxgzuxy 2o7k75 znk zxgtyozout
l{tizouty zxgtyluxsotm utk vxuhrks yur{zout yzgzk otzu gtuznkx37 Znk mktkxgzkj vrgt
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oy zxgtysozzkj h� znk |oxz{gr gmktz d) zu znk kshujokj gmktz d^ znxu{mn lf
]
N?

gtj

yzuxkj ot f
]8](*
W? 5 nktik fW? giw{oxky znk k!kiz ul jkrohkxgzout ul g |oxz{gr gmktz d)7

Znk vrgt yzuxkj ot znk kshujokj gmktz luxsy g mugr v{xy{otm hkng|ou{x7
Jkrohkxgzout gyy{sky znk {yk ul gxzo"iogr otzkrromktik zkintow{ky a:=c zu "tj

g vrgt 2o7k75 g ykw{ktik3 ul gizouty rkgjotm zu znk k~ki{zout ul g zgyq 2mugr3 ykz
luxzn hkluxk znk y�yzks7 Znoy oy osvrksktzkj }oznot znk |oxz{gr gmktz d) h� ykgxin
zkintow{ky7 G ykgxin xkw{oxky znk lurru}otm ktzozokyC

' g ykgxin yvgik 2o7k75 g vxuhrks jusgot3 iusvuykj ul ykgxin yvgik yzgzky " tuz
zu hk soyzgqkt }ozn znk yzgzk ul znk kt|oxutsktz ux znk gmktz ozykrl5

' gt otozogr yzgzk5 hkrutmotm zu znk ykgxin yvgik " lxus znoy yzgzk znk ykgxin
iussktiky5

' uvkxgzuxy5 }noin zxgtyluxs znk i{xxktz ykgxin yvgik yzgzk otzu znk tk~z yzgzky
2znuyk uvkxgzuxy sg� xky{rz koznkx lxus vxuj{izout x{rky ux hk znk yojk6k!kiz ul
gvvroigzout ul vxkjoigzk rumoi a:=c35

' g jgzg yzx{iz{xk gii{s{rgzotm znk mktkxgzkj yzgzky 2o7k75 znk ykgxin zxkk ux
mxgvn35

' g mugr zkyz jkiojotm }nkznkx znk mktkxgzkj yzgzk oy znk mugr yzgzk
' g vgzn iuyz l{tizout5 }noin k|gr{gzky znk w{groz� ul znk uhzgotkj ykgxin yvgik

yzgzk " {y{grr� oz zgqky otzu iutyojkxgzout znk iuyz ul huzn znk vgzn zxg|kxykj yu
lgx gtj znk xksgototm vgzn zu znk mugr yzgzk 2k7m75 J$ grmuxozns ux ozy jkxo|gzo|ky37

Ot znk igyk ul jkrohkxgzo|k y�yzksy fW% s{yz iutzgot znk jgzg yzx{iz{xky gii{s{rgzotm
znk mktkxgzkj yzgzky 2o7k75 znk vxuhrks yur{zout37 Jkrohkxgzout oy g ykgxin vxuikyy
yzgxzotm ot znk otozogr yzgzk ul znk vxuhrks yur{zout7 Znoy yzgzk otir{jky g vgxzogr
jkyixovzout ul znk i{xxktz yzgzk ul znk gmktz5 h{z gryu uznkx ykgxin xkrgzkj
otluxsgzout7 Gy znk uvkxgzuxy gxk gvvrokj5 tk} vxuhrks yur{zout yzgzky gxk mktkxgzkj7
Znk uvkxgzuxy gxk kw{o|grktz zu zxgtyozout l{tizouty zxgtyluxsotm utk vxuhrks
yur{zout yzgzk otzu gtuznkx7 Nk{xoyzoiy gxk otir{jkj ot znk vgzn iuyz l{tizout gtj
nkrv ot joyigxjotm znk vxuj{ikj yzgzky zngz koznkx ju tuz rkgj zu g yur{zout ux gxk
grutm g lgx lxus uvzosgr ykgxin vgzn5 zn{y g|uojotm g iushotgzuxogr k~vruyout ot znk
ykgxin vxuikyy7 Znk vgzn rkgjotm lxus znk otozogr yzgzk gtj ktjotm ot g mugr yzgzk
jkyixohky g vrgt ul gizouty zngz znk |oxz{gr gmktz d) yktjy zu znk kshujokj gmktz d^
lux k~ki{zout7

&,$+ 2TSHQZXNTSX

G zxgtyozout l{tizout hgykj luxsgroys {ykj zu jkyixohk znk l{tizoutotm ul
gmktzy igvz{xky grr ul znk {y{grr� iutyojkxkj y�yzks yzx{iz{xkyC jkzkxsotoyzoi gtj
otjkzkxsotoyzoi5 ixoyv gtj l{!!�5 hkng|ou{xgr gtj jkrohkxgzo|k7 Suxku|kx5 oz igt hk
{ykj lux huzn yotmrk ux s{rzo6gmktz y�yzksy iusvuykj ul kshujokj gtj |oxz{gr
gmktzy7 Oz oy kyvkiogrr� }krr y{ozkj zu znk yvkio"igzout ul hkng|ou{xgr y�yzksy5 }nkxk
"~kj gtj |gxoghrk j{xgzout gizout ykw{ktiky igt hk luxs{rgzkj5 ykw{ktzogr ux vgxgrrkr
luxsy ul hkng|ou{x iusvuyozout igt hk jk"tkj5 gtj y�yzksy }ozn jo|kxyk lxkw{kti� ul
hkng|ou{x ykrkizout hgykj ut vxkjoigzky igt hk osvrksktzkj7 Xki{xyo|k iusvuyozout
ul yosvrk hkng|ou{xy otzu iusvrk~ utky oy gryu vuyyohrk7

Znk vxuvuykj otzkxtgr yzx{iz{xk ul znk gmktz oy y{in zngz znk zxgtyozout l{tizouty
2:@7:=3 ng|k giikyy zu grr ul znk otv{z gtj otzkxtgr jgzg yzx{iz{xky7 Suxku|kx5 znkxk
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gxk gy sgt� zxgtyozout l{tizouty }oznot 2:@7:=3 gy znkxk gxk u{zv{z gtj otzkxtgr jgzg
yzx{iz{xky7 Nktik5 znkxk oy tu yzx{iz{xgr xkgyut5 lxus znk vuotz ul |ok} ul znk jgzg
#u}5 lux yzuvvotm znk osvrksktzgzout ul gt� iutzxur yzx{iz{xk7 Znk l{tizouty 2:@7:=3
ng|k giikyy zu grr znk g|gorghrk otluxsgzout gtj igt ot#{ktik k|kx� iusvutktz ul
znk y�yzks7

Grznu{mn znk luxsgroys oy osvrksktzgzout otjkvktjktz5 ozy zxgtyluxsgzout otzu
iujk oy yzxgomnzlux}gxj5 hkig{yk oz oy k~vxkyykj ot vyk{juiujk7 Rgyz5 h{z tuz rkgyz5
oz ktghrky rumoigr xkgyutotm ghu{z yzx{iz{xky ul gmktzy1 yulz}gxk7 :>>;2## xuhuz
vxumxgssotm lxgsk}uxq oy gt k~gsvrk ul ozy {zoro!gzout7

[y{grr� :>>;2## hgykj iutzxurrkxy gxk iusvuykj ul gz rkgyz g yotmrk kshujokj
gmktz d^ gtj utk |oxz{gr gmktz d) 2Lom7 :@7=37 Kgin kshujokj gmktz iutzxury g yotmrk
k!kizux7 Ot znk igyk ul s{rzo6k!kizux y�yzksy znk |oxz{gr gmktz oy xkyvutyohrk lux znk
iuuxjotgzout ul yk|kxgr kshujokj gmktzy7 Znk iuuxjotgzout sg� hk iutzot{u{y 2k7m75
yos{rzgtku{y zxgtylkx ul g xomoj uhpkiz h� z}u xuhuzy35 yvuxgjoi 2k7m75 ngtjotm ul gt
uhpkiz h� g xuhuz zu gtuznkx utk3 ux ghyktz 2o7k75 xuhuzy giz iusvrkzkr� otjkvktjktzr�
ul kgin uznkx37 Ot znk igyk ul yotmrk k!kizux y�yzksy znk |oxz{gr gmktz oy koznkx
juxsgtz ux oy xkyvutyohrk lux vkxluxsotm jkrohkxgzout 2k7m75 vrgttotm l{z{xk gizouty5
}noin {y{grr� zgqky iutyojkxghrk zosk }ozn xkyvkiz zu ykx|u ygsvrotm xgzk37 Kgin
kshujokj gmktz oy iusvuykj ul z}u vxuikyyky iutzxurrotm ozy k!kizuxC K!kizux Iutzxur
Vxuikyy '%, gtj K!kizux Jxo|kx Vxuikyy '&,7 Znk luxskx oy gmktz zgyq jkvktjktz
gtj znk rgzzkx oy k!kizux ngxj}gxk jkvktjktz7 Suxku|kx5 !kxu ux suxk \oxz{gr Yktyux
Vxuikyyky 0.,y sg� hk {ykj h� gt kshujokj gmktz7 Znk |oxz{gr gmktz oy iusvuykj
ul znk Sgyzkx Vxuikyy +, gtj !kxu ux suxk 0.,y7

Huzn '%,y gtj +, iutzgot vxumxgs uhpkizy jkxo|kj lxus gt ghyzxgiz irgyy
igrrkj znk suzout mktkxgzux a<9c7 Znk� gxk {ykj h� znk :SZI otyzx{izouty }noin
ktiujk5 }oznot znk hujoky ul +, gtj '%,y5 znk hkng|oux ul znk k!kizuxy7 Ot :>>;2##

kgin l{tizout aiW? oy jkiusvuykj otzu z}u l{tizouty a;A"<95<;cC ai 'W? gtj
ai ''W? 5 znk

luxskx jkzkxsototm znk hkng|oux ul znk gmktz ot znk "xyz yzkv ul znk k~ki{zout ul znk
:SZI otyzx{izout5 gtj znk rgzzkx ot grr znk lurru}otm yzkvy7 Znk z}u l{tizout vgoxy
2ai 'W? 5

ai0? 3 gtj 2
ai ''W? 5

ai0? 3 gxk kshkjjkj }oznot znk z}u skznujy ul znoy irgyy7 Znk
vxumxgsskx jkxo|ky jkyiktjgtz irgyyky lxus znoy irgyy gtj yos{rzgtku{yr� jk"tky znk
iujk ul znuyk l{tizout vgoxy7 Znk iujk ul znk :SZI vxuikj{xk ot|uqky znuyk skznujy
ig{yotm znk gmktz zu k~ki{zk g vgxz ul ozy zgyq7 Ykw{ktiky ul :SZI otyzx{izouty ot
iutp{tizout }ozn znk yzgtjgxj 2## ruuvy gtj iutjozoutgr yzgzksktzy ktghrk znk
jk"tozout ul znk }nurk zgyq7 Lux znoy v{xvuyk znk vxumxgs zksvrgzky jkyixohkj ot
znoy vgvkx gxk {ykj 2k7m75 2:@7<;337 Zn{y znk vxumxgsskx iutiktzxgzky utr� ut z}u
gyvkizy ul iutzxurC znk suzout mktkxgzux ul kgin :SZI otyzx{izout5 gtj znk otykxzout
ul znk :SZI otyzx{izouty otzu g vxumxgs zksvrgzk k~ki{zotm znk jksgtjkj zgyq7
Uznkx gyvkizy ul vxumxgs osvrksktzgzout gxk vxu|ojkj h� znk lxgsk}uxq7 Jkzgory
ul jo!kxktz gyvkizy ul :>>;2## igt hk lu{tj ot a;@5 ;A5 <95 <:5 <=c7 :>>;2## ngy hkkt
{ykj ot jo|kxyk gvvroigzouty a<>c7

@JKJWJSHJX

:7 X7 Grgso5 X7 Ingzorg5 Y7 Lrk{x�5 S7 Mngrrgh S75 gtj Otmxgtj L7 Gt gxinozkiz{xk
lux g{zutus�7 Fgm. G. h_ Oh[hmb\l O^l^Zk\a5 :@2=3C<:>"<<@5 :BBA7

;7 X7 I7 Gxqot7 ?^aZobhk-?Zl^] Oh[hmb\l7 SOZ Vxkyy5 Igshxojmk5 Sgyy75 :BBA7
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<7 I7 Hr{sk gtj ]7 Pgquh7 Mkh`kZffbg` IZg`nZ`^l _hk Fg]nlmkbZe Oh[hml7
Yvxotmkx6\kxrgm5 Hkxrot5 :BA?7

=7 K7 Hutghkg{5 S7 Juxomu5 gtj M7 Znkxg{rg!7 PpZkf Fgm^eeb`^g\^: Ckhf KZmnkZe
mh >kmb"\bZe Prlm^fl7 U~luxj [to|kxyoz� Vxkyy5 Tk} _uxq5 U~luxj5 :BBB7

>7 X7 G7 Hxuuqy7 G xuh{yz rg�kxkj iutzxur y�yzks lux g suhork xuhuz7 FBBB GhnkgZe
h_ Oh[hmb\l Zg] >nmhfZmbhg5 XG6;2:3C:=";<5 Sgxin :BA?7

?7 X7 G7 Hxuuqy7 Otzkrromktik }oznu{z xkvxkyktzgzout7 >kmb"\bZe Fgm^eeb`^g\^5
2=@3C:<B":>B5 :BB:7

@7 N7 Hx{�totiq~5 V7 Yukzkty5 gtj H7 Qutotiq~7 Znk xkgr6zosk iutzxur iuxk ul
znk UXUIUY vxupkiz7 Ot Mkh\^^]bg`l h_ ma^ FBBB Fgm^kgZmbhgZe @hg_^k^g\^ hg
Oh[hmb\l Zg] >nmhfZmbhg, QZbi^b, QZbpZg5 vgmky ;@??";@@:7 Ykvzkshkx5 :=":B
;99<7

A7 J7 Jxogtqu|5 N7 Nkrrktjuuxt5 gtj S7 Xkotlxgtq7 >g Fgmkh]n\mbhg mh Cnssr
@hgmkhe7 Yvxotmkx6\kxrgm5 Hkxrot5 Nkojkrhkxm5 :BB<7

B7 H7V7 Mkxqk�5 X7Z7 \g{mngt5 gtj G7 Nu}gxj7 Znk Vrg�kx8Yzgmk vxupkizC Zuury lux
s{rzo6xuhuz gtj joyzxoh{zkj yktyux y�yzksy7 Ot Mkh\^^]bg`l h_ ma^ Fgm^kgZmbhgZe
@hg_^k^g\^ hg >]oZg\^] Oh[hmb\l, F@>O(03, @hbf[kZ, Mhkmn`Ze5 vgmky <:@"<;<7
P{tk <9 " P{r� < ;99<7

:97 \7 Ng�}gxj5 R7 Jgtkynsktj5 gtj Y7 Ng�gzo7 Gt u|kx|ok} ul QGROC G y�yzks zu
vxumxgs gtj iutzxur iuuvkxgzo|k sgtov{rgzuxy7 Ot Q7 ]grjxut5 kjozux5 >]oZg\^]
Oh[hmb\l5 vgmky >=@">>A7 Yvxotmkx6\kxrgm5 Hkxrot5 :BAB7

::7 \7 Ng�}gxj gtj X7 V7 Vg{r7 Xuhuz sgtov{rgzux iutzxur {tjkx {to~ XIIRC G
xuhuz iutzxur I rohxgx�7 Fgm. G. Oh[hmb\l O^l^Zk\a5 >2=3CB=":::5 ]otzkx :BA?7

:;7 ^7 Nutm5 Q7 ^{5 gtj S7 Mkxrg7 Yigrghrk xu{zotm vxuzuiury lux suhork gj nui
tkz}uxqy7 FBBB K^mphkd5 vgmky ::";:5 P{r�8G{m{yz ;99;7

:<7 P7 Pgtz!kt7 Jkyomt ul l{!!� iutzxurkxy7 Zkintoigr [to|kxyoz� ul Jktsgxq5
Jkvgxzsktz ul G{zusgzout5 Ykvzkshkx <9 :BBB7

:=7 M7 L7 R{mkx gtj ]7 G7 Yz{hhrk"krj7 >kmb"\bZe Fgm^eeb`^g\^ Zg] ma^ A^lb`g h_
Bqi^km Prlm^fl7 Hktpgsot6I{ssotmy5 Xkj}uuj5 :BAB7

:>7 S7 K7 Sgxqok}oi! gtj I7 P7 V7 R{iktg7 Uhpkiz uxoktzkj lxgsk}uxq jk|kruvsktz7
>@J @khllkhZ]l5 @2=35 ;99:7
GryuC nzzvC88}}}7gis7uxm8ixuyyxugjy8~xjy@6=8lxgsk}uxqy7nzsr7

:?7 Q7 Sogtu}yqo5 Q7 Tg!gxi!{q5 S7 ]upz�xg5 gtj Y7 `ozgxyqo7 Gvvroigzout ul znk
[TOMXGVNOIY y�yzks lux sorrotm gtj vuroynotm }ozn znk {yk ul xtz xuhuz7 Ot
Mkh\^^]bg`l h_ ma^ Thkdlahi _hk ma^ nl^kl h_ RKFDO>MEF@P lrlm^f, CkZgd_nkm,
Kho^f[^k5 vgmky BA":9=7 :BBB7

:@7 K7 X7 Suxgrky7 MktkxoyC Znk KI6PXI mktkxgroykj yulz}gxk iutzxur y�yzks lux
otj{yzxogr xuhuzy7 Fg]nlmkbZe Oh[hm5 ;?2:3C;?"<;5 :BBB7
GryuC nzzvC88}}}7kx~g7oz8Ktm8MKTKXOY8jkyixovzout7nzsr7

:A7 Q7 Tg!gxi!{q5 Q7 Sogtu}yqo5 G7 Ur*kj!qo G75 gtj I7 X!�squ}yqo7 K~vkxosktzgr
ot|kyzomgzout ul znk xuhuz gxs }ozn ykxogr6vgxgrrkr yzx{iz{xk7 Ot Mkh\^^]bg`l h_
ma^ 9-ma Thke] @hg`k^ll hg ma^ Qa^hkr h_ JZ\abg^l Zg] J^\aZgblfl, JbeZg,
FmZer5 vgmky ;::;";::?7 :BB>7

:B7 Q7 Tg!gxi!{q5 Q7 Sogtu}yqo5 gtj Y7 -R{y!i!gq7 Jk|kruvsktz ul znk jkyomt
ul VUR_IXGTQ sgtov{rgzux }oznu{z puotz rosozy7 Ot Mkh\^^]bg`l h_ ma^ 13-ma
@FPJ-FCQhJJ Prfihlbnf hg Qa^hkr Zg] MkZ\mb\^ h_ Oh[hml Zg] JZgbineZmhkl
Oh.JZg.Pr 13, WZdhiZg^, MheZg], 3t6 Gner5 vgmky ;A>";B;7 ;9997

;97 R7 Vkzkxyyut5 J7 G{yzot5 gtj N7 Inxoyzktykt7 JIGC g joyzxoh{zkj iutzxur
gxinozkiz{xk lux xuhuzoiy7 Ot Mkh\. Fgm. @hg_^k^g\^ hg Fgm^eeb`^gm Oh[hml Zg]
Prlm^fl FOLP(017 ;99:7
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;:7 P7 Vxozingxj7 @LJ Zg] @L?O> Pb]^ [r Pb]^: >k\abm^\mnk^l, PmkZm^`b^l, Zg]
Ffie^f^gmZmbhgl7 Gjjoyut6]kyrk�5 Xkgjotm5 :BBB7

;;7 Y7 X{yykrr gtj V7 Tux|om7 >kmb"\bZe Fgm^eeb`^g\^: > Jh]^kg >iikhZ\a7 Vxktzoik
Ngrr5 [vvkx Ygjjrk Xo|kx5 T7P75 :BB>7

;<7 X7 Yossuty gtj J7 Gvlkrhg{s7 G zgyq jkyixovzout rgtm{gmklux xuhuz iutzxur7 Ot
Fgm^kgZmbhgZe @hg_^k^g\^ hg Fm^eeb`^gm Oh[hml Zg] Prlm^fl FOLP(98. Sb\mhkbZ,
@ZgZ]Z7 Uizuhkx :BBA7 GryuC nzzvC88}}}6;7iy7is{7kj{8 zjr87

;=7 X7 Yossuty5 X7 Muuj}ot5 I7 Lkjux P75 gtj Hgyoyzg7 Zgyq iutzxur gx6
inozkiz{xkC Vxumxgsskx1y m{ojk zu |kxyout A797 Igxtkmok Skrrut [to|kx6
yoz�5 Yinuur ul Iusv{zkx Yioktik5 Xuhuzoiy Otyzoz{zk5 Sg� :BB@7 GryuC
nzzvC88}}}6;7iy7is{7kj{8gly8iy7is{7kj{8vxupkiz8ZIG8}}}8zig7uxom7nzsr7

;>7 ]7 Y!�tqok}oi!7 Suzout vrgttotm lux s{rzo6xuhuz y�yzksy }ozn iruykj qotksgzoi
ingoty7 Ot Mkh\^^]bg`l h_ ma^ 9ma FBBB Fgm^kgZmbhgZe @hg_^k^g\^ hg J^mah]l Zg]
Jh]^el bg >nmhfZmbhg Zg] Oh[hmb\l JJ>O(2003, Jb]srs]khc^5 vgmky @@B"@A?7
G{m{yz ;>6;A ;99<7

;?7 X7Z7 \g{mngt5 H7V7 Mkxqk�5 gtj G7 Nu}gxj7 Ut jk|oik ghyzxgizouty lux
vuxzghrk5 xk{yghrk xuhuz iujk7 Ot Mkh\^^]bg`l h_ ma^ FBBB/OPG Fgm^kgZmbhgZe
@hg_^k^g\^ hg Fgm^eeb`^gm Oh[hml Zg] Prlm^fl, FOLP(03, IZl S^`Zl, K^oZ]Z5
vgmky ;:;:";=;@7 Uizuhkx ;99<7

;@7 Z7 ]otogxyqo gtj I7 `okro&tyqo7 Osvrksktzgzout ul vuyozout"luxik iutzxur ot
SXXUI447 Ot Mkh\^^]bg`l h_ ma^ 5ma Fgm^kgZmbhgZe Thkdlahi hg Oh[hm Jhmbhg
Zg] @hgmkhe, OhJh@h(05, ArfZ\s^ph, MheZg]5 vgmky ;>B";?=7 P{tk5 ;<";>
;99>7

;A7 I7 `okro&tyqo7 Znk SXXUI44 y�yzks7 Ot 1lm Thkdlahi hg Oh[hm Jhmbhg Zg]
@hgmkhe, OhJh@h(99, Hb^dks, MheZg]5 vgmky :=@":>;7 P{tk ;A";B :BBB7

;B7 I7 `okro&tyqo7 H� nu} s{in ynu{rj g mktkxgr v{xvuyk vxumxgssotm rgtm{gmk hk
k~zktjkj zu hkiusk g s{rzo6xuhuz y�yzks vxumxgssotm rgtm{gmkF >]oZg\^]
Oh[hmb\l5 :>2:3C@:"B>5 ;99:7

<97 I7 `okro&tyqo7 Suzout mktkxgzuxy ot SXXUI44 hgykj xuhuz iutzxurrkx7 Ot
M7 Hogtino5 P6V7 M{otuz5 gtj I7 X!�squ}yqo5 kjozuxy5 14ma @FPJtFCQhJJ
Prfihlbnf hg Oh[hmb\l, Oh.JZg.Pr(02, R]bg^, FmZer, @FPJ @hnkl^l Zg]
I^\mnk^l gh.4385 vgmky ;BB"<9?7 Yvxotmkx5 ]okt5 Tk} _uxq5 P{r� :"= ;99;7

<:7 I7 `okro&tyqo7 Xkgizout zu kxxuxy ot xuhuz y�yzksy7 Ot Qabk] Fgm^kgZmbhgZe
Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe, OhJh@h(02, ?ndhpr Aphk^d, MheZg]5
vgmky ;9:";9A7 Tu|kshkx B":: ;99;7

<;7 I7 `okro&tyqo7 Luxsgr gvvxugin zu znk jkyomt ul xuhuz vxumxgssotm lxgsk}uxqyC
znk hkng|ou{xgr iutzxur igyk7 ?nee^mbg h_ ma^ Mhebla >\Z]^fr h_ P\b^g\^l t
Q^\agb\Ze P\b^g\^l5 ><2:3C>@"?@5 Sgxin ;99>7

<<7 I7 `okro&tyqo5 Q7 Sogtu}yqo5 Q7 Tg!gxi!{q5 gtj ]7 Y!�tqok}oi!7 G vxuzuz�vk
xuhuz lux vuroynotm gtj sorrotm rgxmk uhpkizy7 Fg]nlmkbZe Oh[hm5 <92:3C?@"@?5
Pgt{gx� ;99<7

<=7 I7 `okro&tyqo5 G7 X�j!k}yqo5 gtj ]7 Y!�tqok}oi!7 S{rzo6xuhuz y�yzks iutzxurrkxy7
Ot Mkh\. h_ ma^ 5ma Fgm^kgZmbhgZe Prfihlbnf hg J^mah]l Zg] Jh]^el bg
>nmhfZmbhg Zg] Oh[hmb\l JJ>O(98, Jb]srs]khc^, MheZg]5 |ur{sk <5 vgmky
@B>"A997 G{m{yz ;>";B :BBA7

<>7 I7 `okro&tyqo5 ]7 Y!�tqok}oi!5 gtj Z7 ]otogxyqo7 Gvvroigzouty ul SXXUI44
xuhuz vxumxgssotm lxgsk}uxq7 Ot Mkh\^^]bg`l h_ ma^ 5ma Fgm^kgZmbhgZe
Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe, OhJh@h(05, ArfZ\s^ph, MheZg]5
vgmky ;>:";>@7 P{tk5 ;<";> ;99>7
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?XITW @S[EVH 2IVERHSQM^MRK >>@W

Yzkvnkt X7 Rotjksgtt gtj Yzk|kt S7 Rg\grrk

Jkvz7 ul Iusv{zkx Yioktik5 [to|kxyoz� ul Orrotuoy5 [xhgtg5 OR ?:A9: [YG
NWPMRHIQE_PEZEPPIO/YMYG&IHY

&-$& 8SYWTIZHYNTS

Lux u|kx g jkigjk5 xgtjuso!kj grmuxoznsy y{in gy znk Xgtjuso!kj Vuzktzogr Lokrj
Vrgttkx 2XVV3 a<c5 znk Vxuhghoroyzoi Xugjsgv 2VXS3 lgsor� a:5 B5 ;:5 ;=5 ;>c5
Xgvojr�6K~vruxotm Xgtjus Zxkky 2XXZy3 a:95 :;5 :<c5 gtj uznkxy a=5 A5 :@c5 ng|k
jusotgzkj znk "krj ul suzout vrgttotm7 Xkiktzr�5 g mxkgz jkgr ul gzzktzout ngy
hkkt mo|kt zu iusvgxotm xgtjus |kxy{y jkzkxsotoyzoi ygsvrotm ot znk iutzk~z ul
VXSy a?5::c7 G xkiktz y{x|k� ul znoy "krj5 zkxskj lZfiebg`-[Zl^] fhmbhg ieZggbg`5
oy mo|kt ot a:>c7 Ot znoy vgvkx5 }k joyi{yy znk xurk ul xgtjuso!gzout ot XXZy5 gtj
otzxuj{ik z}u tk} vrgttkxy }noin su|k zu}gxj znkox jkxgtjuso!gzout7

Xgtjuso!gzout oy g iussut grmuxoznsoi zkintow{k5 gtj oz oy ul mxkgz |gr{k
ot sgt� iutzk~zy7 Yuskzosky5 oz oy {ykj zu jklkgz gt gj|kxygx� }nu somnz
mgot gt gj|gtzgmk lxus rkgxtotm utk1y jkzkxsotoyzoi yzxgzkm� 2k7m75 ix�vzumxgvnoi
ux yuxzotm grmuxoznsy37 Xgtjuso!gzout oy gryu {ykl{r lux gvvxu~osgzout ux ot
iutp{tizout }ozn gsvro"igzout zkintow{ky 2k7m75 znk xgtjuso!kj sot i{z grmuxozns37
Oz gryu grru}y lux vxuhghoroyzoi vkxluxsgtik gtgr�yoy5 }noin igt hk |kx� {ykl{r7 Lux
vxuhrksy ul t{skxoigr otzkmxgzout5 xgtjuso!gzout igt yuskzosky jklkgz znk bi{xyk
ul josktyoutgroz�. a;;c7

Ot znk iutzk~z ul znk uxomotgr VXS5 znk vxosgx� {yk ul xgtjuso!gzout oy zu
{toluxsr� ygsvrk znk iut"m{xgzout yvgik7 Xkiktzr�5 znk {ykl{rtkyy ul xgtjuso!gzout
lux znoy v{xvuyk ngy hkkt ingrrktmkjD vxuvutktzy ul jkzkxsotoyzoi ygsvrotm gxm{k
zngz znkxk gxk jkzkxsotoyzoi ykw{ktiky ygzoyl�otm uznkx {toluxsoz� skgy{xky 2k7m75
joyixkvgti� gtj joyvkxyout3 }noin vkxluxs gz rkgyz gy }krr gy xgtjus ygsvrotm7
L{xznkxsuxk5 znkyk skznujy mo|k jkzkxsotoyzoi m{gxgtzkky ul iut|kxmktik 2y{in
gy xkyur{zout iusvrkzktkyy37 I{xxktzr�5 }uxq oy hkotm jutk huzn zu yz{j� znk
vkxluxsgtik ul |gxou{y xgtjus gtj jkzkxsotoyzoi ygsvrotm ykw{ktiky ot znk VXS
a::c5 gtj zu iutyzx{iz tk} jkzkxsotoyzoi {toluxs ykw{ktiky }ozn uznkx vxuvkxzoky
zngz gxk {ykl{r lux suzout vrgttotm a:=c7

Oz igttuz hk jktokj zngz iutzksvuxgx� suzout vrgttotm grmuxoznsy5 sgt� ul
}noin {yk xgtjuso!gzout5 gxk |kx� kÆioktz gtj ghrk zu yur|k sgt� ingrrktmotm
vxuhrksy7 Znoy somnz rkgj utk zu iutir{jk zngz xgtjuso!gzout oy znk qk� zu
znkox k!kizo|ktkyyD nu}k|kx5 znoy oy tuz tkikyygxor� znk igyk7 Ut znk iutzxgx�5
xgtjuso!gzout igt kgyor� hkiusk g bhrgiq hu~. }noin uhyi{xky znk xkgyuty lux
gt grmuxozns1y y{iikyy7 Nktik5 gzzksvzy zu jkxgtjuso!k vuv{rgx suzout vrgttotm
grmuxoznsy ju tuz xk#kiz gtzovgzn� zu}gxj xgtjuso!gzout5 h{z xgznkx znk jkyoxk
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H[ORJ XXZ2{]b]h3
: PgiV7otoz2{]b]h3D
; Zbe n E : gb pd{Rwhudwlrqv Xb
< {fUbX 1 XGTJUS YZGZK23D
= {bYUf 1 TKGXKYZ TKOMNHUX2{fUbXE PgiV3D
> xVYghE {bYkE vxffhvv1 IUTZXUR2{bYUfE {fUbXE PgiV3D
? ]Z y{iikyy
@ PgiV7gjj |kxzk~2{bYk3D
A PgiV7gjj kjmk2{bYUfE {bYkE xVYgh3D
B Xkz{xt PgiV

@][. 07.0. Znk hgyoi XXZ iutyzx{izout grmuxozns

zu {tjkxyzgtj znk l{tjgsktzgr otyomnzy ul znkyk grmuxoznsy7 Glzkx yz{j�otm gt
grmuxozns ot huzn ozy xgtjuso!kj gtj jkxgtjuso!kj luxsy5 oz }orr hk vuyyohrk zu
otzkrromktzr� jkiojk }noin zu {yk5 ux }nkznkx yusk so~z{xk ul znk z}u oy gvvxuvxogzk7
Znoy gvvxugin somnz k|kt xky{rz ot grmuxoznsy zngz iushotk jkzkxsotoyzoi gtj
xgtjuso!kj yzxgzkmoky ot g }g� zngz ginok|ky znk hktk"zy ul huzn7 Lux k~gsvrk5
a;9c {yky g iushotkj ygsvrotm yzxgzkm� lux iutyzx{izotm g \oyohoroz� VXSD znk�
xki{xyo|kr� jo|ojk znk yvgik otzu w{gjxgtzy 2g jkzkxsotoyzoi yzxgzkm�3 gtj inuuyk g
xgtjus ygsvrk }oznot kgin w{gjxgtz7 Ot znk gxkg ul ru}6joyixkvgti� ygsvrotm5 ]gtm
gtj Noiqkxtkrr ng|k iutyzx{izkj gtj gtgr�!kj xgtjuso!kj Ngrzut ykw{ktiky a;<c7
Mkxgkxzy gtj U|kxsgxy ng|k gryu ot|kyzomgzkj xgtjuso!otm Ngrzut vuotzy a?c7

]k hkrok|k zngz g mxkgz jkgr ul }uxq xksgoty zu ot|kyzomgzk jkzkxsotoyzoi |gxogtzy
ul iutzksvuxgx� suzout vrgttotm grmuxoznsy7 ]k ng|k grxkgj� sktzoutkj k!uxzy
zu jkxgtjuso!k VXSyD tgskr�5 znuyk }noin gzzksvz zu {yk jkzkxsotoyzoi {toluxs
ygsvrotm skznujy7 Oz oy gryu otzkxkyzotm zu iutyojkx jkxgtjuso!otm XXZyD znoy oy g
|kx� ingrrktmotm zgyq5 j{k zu znk }g� zngz xgtjuso!gzout oy {ykj ot XXZy7

&-$' @FSITRN_FYNTS NS @@BX

Ot znk igyk ul XXZy5 jkxgtjuso!gzout oy suxk joÆi{rz zngt }ozn VXSy7 Ot
znk uxomotgr VXS5 znk vxosgx� {yk ul xgtjuso!gzout oy zu vxuj{ik g {toluxsr�
joyzxoh{zkj ygsvrk ykw{ktik ot uxjkx zu iu|kx znk yvgikD lux XXZy5 znk {yk ul
xgtjuso!gzout oy suxk y{hzrk7 Gy uvvuykj zu znk luxskx igyk5 yosvr� xkvrgiotm
xgtjus ygsvrky }ozn jkzkxsotoyzoi utky }orr tuz igvz{xk znk kyyktik ul znk
k~vruxgzout yzxgzkm� ul XXZy7 Ot uxjkx zu {tjkxyzgtj znk hkyz }g� zu jkxgtjuso!k
XXZy5 }k }orr u{zrotk znk xurk ul xgtjus ygsvrotm ot znk hgyoi XXZ grmuxozns7

Znk hgyoi XXZ grmuxozns uvkxgzky |kx� yosvr�D znk u|kxgrr yzxgzkm� oy zu
otixksktzgrr� mxu} g zxkk lxus znk otozogr yzgzk zu znk mugr yzgzk7 Znk xuuz ul znk
zxkk oy znk otozogr yzgzkD gz kgin ozkxgzout5 g xgtjus ygsvrk oy zgqkt gtj ozy tkgxkyz
tkomnhux ot znk zxkk iusv{zkj7 G tk} tujk oy znkt ixkgzkj h� mxu}otm znk tkgxkyz
tkomnhux zu}gxj znk xgtjus ygsvrk7 Vyk{juiujk lux hgyoi XXZ iutyzx{izout igt
hk lu{tj ot Lom{xk :A7:D lux ot6jkvzn jkyixovzout gtj gtgr�yoy ul XXZy5 ykk a:<c7

Ot a:<c5 oz oy gxm{kj zngz XXZy k~vruxk xgvojr� hkig{yk ygsvrky bv{rr. znk ykgxin
zxkk zu}gxj {tk~vruxkj gxkgy ul znk yzgzk yvgik7 Znoy uii{xy hkig{yk znk vxuhghoroz�
zngz g |kxzk~ oy ykrkizkj lux k~vgtyout oy vxuvuxzoutgr zu znk gxkg ul ozy \uxutuo
xkmout7 Nktik5 g tujk gz znk lxutzokx ul znk zxkk oy roqkr� zu hk inuykt zu mxu} otzu
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vxk|ou{yr� {tk~vruxkj zkxxozux�7 Znoy gxm{sktz igt hk sgjk hkig{yk znk ygsvrky gxk
otjkvktjktz gtj zgqkt lxus g {toluxs xgtjus joyzxoh{zout7 XXZy gxk iutykw{ktzr�
ghrk zu k~vruxk ot g \uxutuo6hogykj sgttkx5 }ozn |kx� ru} iuyz 2mktkxgzotm xgtjus
ygsvrky oy otk~vktyo|k37 Znoy gvvkgxy zu hk znk vxosgx� {yk ul xgtjuso!gzout ot
XXZy7 Ot znoy romnz5 oz sg� tuz hk hktk"iogr zu yosvr� xkvrgik xgtjus ygsvrky }ozn
jkzkxsotoyzoi utky ot XXZ vrgttkxy7 Ot g {toluxs jkzkxsotoyzoi ykw{ktik5 ygsvrky
gxk tuz otjkvktjktz lxus kgin uznkxD iutykw{ktzr�5 utk igttuz gxm{k ghu{z znk
vxuhghoroz� ul g |kxzk~ hkotm ykrkizkj ot znk ygsk }g� gy utk igt }nkt {yotm xgtjus
ygsvrky7 Oz oy gryu irkgx zngz ot znk iutzk~z ul XXZy5 znk iutikvzy ul Shkhghb [bZl
gtj ]^m^kfbgblmb\ lZfiebg` gxk tuz tkikyygxor� xkrgzkj7 Ot znk igyk ghu|k5 utk iu{rj
{yk jkzkxsotoyzoi ygsvrotm gtj ng|k rozzrk ux tu \uxutuo hogyD gy }k }orr ykk rgzkx5
utk sg� lxkkr� |gx� znk gsu{tz ul \uxutuo hogy {yotm xgtjus ygsvrotm7

Oz ynu{rj hk tuzkj zngz lux XXZy5 \uxutuo hogy juky tuz vrg� znk ygsk xurk gy
ot yusk uznkx xkiktz suzout vrgttotm grmuxoznsy a>5 :Bc7 Znkyk grmuxoznsy iusv{zk
znk joyixkzo!kj M\J 2mktkxgro!kj \uxutuo jogmxgs3 ul znk kt|oxutsktz gtj {yk
znoy otluxsgzout zu ygsvrk tkgx znk skjogr g~oy ul lxkk yvgik 2lux gtuznkx skjogr
g~oy6hgykj gvvxugin5 ykk a;=c37 Ot znoy igyk5 znk \uxutuo jogmxgs oy hgykj ut znk
kt|oxutsktz7 Ot XXZy5 nu}k|kx5 znk \uxutuo hogy uii{xy }ozn xkyvkiz zu znk \uxutuo
jogmxgs ul znk tujky ot znk ykgxin zxkkD zngz oy5 znk tujky ot znk ykgxin zxkk }ozn
znk rgxmkyz \uxutuo xkmouty zktj zu hk ykrkizkj lux k~vruxgzout7

Utk sg� {yk znk iutikvz ul \uxutuo hogy zu iutyzx{iz g jkzkxsotoyzoi XXZ7
Yosvr� iutyzx{iz znk g6josktyoutgr \uxutuo jogmxgs ul znk tujky ot znk zxkk gtj
{yk znoy otluxsgzout 2grutm }ozn g jkioyout x{rk3 zu otixksktzgrr� mxu} znk ykgxin
zxkk7 Z}u vuyyohrk jkioyout x{rky gxkC mxu} zu}gxj znk iktzxuoj ul znk rgxmkyz \uxutuo
xkmout 2znoy xkw{oxky igri{rgzout ul znk |ur{sky ul znk \uxutuo xkmouty3D ux5 gzzksvz
zu xkj{ik znk yo!k ul znk rgxmkyz ksvz� hgrr 2znk iktzkx ul znk rgxmkyz ksvz� hgrr
oy g \uxutuo |kxzk~37 Koznkx ul znkyk gvvxuginky oy znkuxkzoigrr� lkgyohrk5 yotik oz oy
}krr6qtu}t nu} zu iutyzx{iz \uxutuo jogmxgsy ot gxhozxgx� josktyouty7 Vxgizoigrr�5
nu}k|kx5 oz oy tu yosvrk zgyq zu xuh{yzr� iusv{zk \uxutuo jogmxgsy ot g josktyouty5
gtj osvrksktzotm grmuxoznsy zngz ju yu oy w{ozk joÆi{rz7 Ot gjjozout zu znoy5 suyz
iutyzx{izout skznujy {yk gt U+ 2K{irojkgt3 skzxoi ot K{irojkgt yvgikD znoy oy suxk
xkyzxoizo|k zngt oy gvvxuvxogzk lux mktkxgr suzout vrgttotm vxuhrksy5 }noin sg�
ng|k jo!kxktz skzxoiy gtj }nuyk zuvurumoky gxk gxk ulzkt suxk iusvroigzkj7 Lotgrr�5
znk iuyz ul k~vroiozr� iusv{zotm znoy otluxsgzout sg� hk vxunohozo|k lxus g vxgizoigr
vuotz ul |ok}7

]nork znkyk \uxutuo hogy6sg~oso!otm gvvxuginky gxk }uxzn k~vruxotm5 }k ju tuz
ykkq zu ju yu ot znoy vgvkx7 Otyzkgj5 }k vxuvuyk z}u grmuxoznsy }noin rok hkz}kkt
znk uxomotgr XXZ gtj znk l{rr� \uxutuo6hogykj gvvxuginky7 Znkyk grmuxoznsy gxk
suxk \uxutuo6hogykj zngt znk uxomotgr XXZ5 h{z tuz gy s{in yu gy znuyk hgykj
ut k~vroiozr�6iutyzx{izkj \uxutuo jogmxgsy7 Ot xkrgzkj }uxq5 }k otzxuj{ik gtuznkx
jkxgtjuso!kj XXZ |gxogtz5 }noin oy hgykj ut otixksktzgr joyvkxyout xkj{izout a:?cD
nu}k|kx5 zngz gvvxugin }orr tuz hk joyi{yykj ot znoy vgvkx7

&-$( 0 AUJHYWZR TK @@B#QNPJ ?QFSSJWX

]k }oyn zu iutyzx{iz vrgttkxy zngz zgqk znk ojkg ul \uxutuo hogy gtj ksvngyo!k
oz suxk yzxutmr� zngt ot znk uxomotgr XXZ grmuxozns7 Nu}k|kx5 zu g|uoj znk
joÆi{rzoky }ozn k~vroiozr� iutyzx{izotm \uxutuo jogmxgsy5 }k jkyoxk gt gvvxu~osgzk5



ygsvrotm6hgykj gvvxugin7 Nktik5 u{x tk} grmuxoznsy }orr rok ot znk sojjrk ul
g yvkizx{s ul XXZ6roqk vrgttkxy5 }ozn znk uxomotgr XXZ ut utk yojk gtj g
jkzkxsotoyzoi \uxutuo jogmxgs6hgykj skznuj ut znk uznkx7

]k ng|k ykkt zngz znk XXZy mxu} ot g \uxutuo6hogykj sgttkx j{k zu znk }g�
znk� vxuikyy znk xgtjus ygsvrky jxg}t lxus znk iut"m{xgzout yvgik7 ]ngz }u{rj
ngvvkt5 znkt5 ol otyzkgj ul zgqotm g yotmrk ygsvrk5 utk zuuq n ygsvrkyF Utk igt
yuxz znk tujky ot znk zxkk giiuxjotm zu nu} sgt� ygsvrky znk� }kxk znk tkgxkyz
tkomnhux lux5 gtj mxu} lxus znk tujky }noin iurrkizkj znk suyz ygsvrky7 ]k igrr
znoy grmuxozns znk S{rzo6Ygsvrk XXZ 2SY6XXZg35 gtj vyk{ju6iujk lux znk hgyoi
grmuxozns oy mo|kt ot Lom{xk :A7;7 Tuzk zngz j{xotm g vgxzoi{rgx ozkxgzout5 g tujk
mxu}y zu}gxj znk g|kxgmk ul znk ygsvrky oz iurrkizkjD znoy sg� hk |ok}kj gy gt
kyzosgzk ul znk iktzxuoj ul zngz tujk1y \uxutuo xkmout 2irkgxr�5 oz oy m{gxgtzkkj zu hk
}oznot znk tujk1y \uxutuo xkmout37 Gryu5 gy n gvvxuginky ot"toz�5 }k vxuhghoroyzoigrr�
uhzgot znk k~giz \uxutuo |ur{sky gtj \uxutuo xkmout iktzxuojy7 Znoy skgty zngz utk
sg� |ok} n gy g qtuh }noin ingtmky znk hkng|oux ul znk grmuxozns lxus xgtjuso!kj
zu jkzkxsotoyzoi 2nktik }k xklkx zu oz gy vgxzogrr� xgtjuso!kj37 ]k gryu ykk zngz
znk iuyz ul x{ttotm znoy grmuxozns mxu}y rotkgxr� }ozn n5 yotik gz kgin ozkxgzout n
tkgxkyz6tkomnhux w{kxoky s{yz hk vkxluxskj7 Vxky{sghr�5 ng|otm suxk \uxutuo hogy
}orr xky{rz ot hkzzkx k~vruxgzout gtj iutykw{ktzr� lk}kx tujky ot znk ykgxin zxkkD
nu}k|kx5 znk iuyz ul kgin tujk mxu}y gy znk \uxutuo hogy oy otixkgykj7 Nktik5 znk
hkyz vkxluxsgtik oy ginok|kj h� "tjotm znk hkyz |gr{k ul znk vgxgskzkx n5 }noin oy
tuz tkikyygxor� g yosvrk zgyq7

H[ORJ SY6XXZG2{]b]h3
: PgiV7otoz2{]b]h3D
; Zbe { E : gb pd{Rwhudwlrqv Xb
< Zbe l E : gb n Xb
= {fUbX 1 XGTJUS YZGZK23D
> {bYUf 1 TKGXKYZ TKOMNHUX2{fUbXE PgiV3D
? {bYUfDvdpsohLrxqw 4E :D
@ {bYUfDvdpsohJyhudjh4E {fUbXD
A {VYgh 1 sg~2{DvdpsohLrxqwE { 7 PgiV3D
B {bYlh 1 {VYghDvdpsohJyhudjhG{VYghDvdpsohLrxqwD
:9 xVYghE {bYkE vxffhvv1 IUTZXUR2{VYghE {bYlhE PgiV3D
:: ]Z y{iikyy
:; PgiV7gjj |kxzk~2{bYk3D
:< PgiV7gjj kjmk2{bYUfE {bYkE xVYgh3D
:= IRKGX YGSVRK OTLU2PgiV3D
:> Xkz{xt PgiVD

@][. 07.1. Znk hgyoi SY6XXZg iutyzx{izout grmuxozns

U{x ykiutj grmuxozns oy yosorgx zu znk "xyz S{rzo6Ygsvrk XXZ7 Ozy jo!kxktiky
gxk hgykj ut z}u qk� uhykx|gzouty7 Loxyz5 ol utk igt uhzgot gvvxu~osgzk \uxutuo
otluxsgzout lxus g ykz ul n {toluxsr� joyzxoh{zkj xgtjus ygsvrky5 utk sg�
gryu uhzgot oz lxus n {toluxsr� joyzxoh{zkj jkzkxsotoyzoi ygsvrky 2znk \uxutuo
otluxsgzout jkvktjy utr� ut {toluxsoz�5 tuz xgtjustkyy37 Nktik5 gy rutm gy utk
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ngy g ykw{ktik }ozn muuj otixksktzgr w{groz� 2o7k75 znk ykz ul ygsvrky Nv]E D D D E v](_O
lxus znk ykw{ktik oy {toluxsr� joyzxoh{zkj lux grr lE n35 utk sg� zgqk n ygsvrky
lxus zngz jkzkxsotoyzoi ykw{ktik gtj k~vkiz znk grmuxozns zu }uxq gy }krr gy }ozn
xgtjus ygsvrky 2ot u{x k~vkxosktzy yu lgx5 }k ng|k {ykj Ngrzut vuotzy a@c37 Ykiutj5
ol yusk ykz ul n ygsvrky mo|ky g muuj gvvxu~osgzout5 znkt znkxk oy tu tkkj zu voiq n
tk} ygsvrky j{xotm znk tk~z ozkxgzout7 Otyzkgj5 znk urj ygsvrky sg� hk {ykj gmgot5
yg|otm znk iuyz ul juotm n tkgxkyz6tkomnhux w{kxoky gz kgin ozkxgzout7 Gz suyz5 utk
s{yz ju n skzxoi k|gr{gzouty vkx tk} tujk5 }noin igt �okrj yomto"igtz yg|otmy7 Zu
joyzotm{oyn znk grmuxozns xky{rzotm lxus znkyk uhykx|gzouty lxus znk vxk|ou{y utk5
}k jktuzk znoy utk gy SY6XXZhD vyk{ju6iujk oy mo|kt ot Lom{xk :A7<7 Ot huzn ul
znkyk grmuxoznsy5 utk sg� xkgin g vuotz }nkxk znk n ygsvrky tu rutmkx vxu|ojk
ktu{mn xkyur{zout zu sgqk g muuj inuoik ghu{z }nkxk zu k~zktj znk zxkkD ot znk igyk
ul znk SY6XXZg5 utk sg� jkiojk zu zgqk n 4 n+ ygsvrky kgin ozkxgzout otyzkgj ul
n7 Ot znk igyk ul SY6XXZh5 utk igt gjj n+ tk} ygsvrky zu znk vxk|ou{y ykz gtj
iutzot{k gy hkluxk7

H[ORJ SY6XXZH2{]b]h3
: PgiV7otoz2{]b]h3D
; Zbe n E : gb T Xb
< GJJ TK] YGSVRK2vdpsohE vdpsohUlvw3D
= Zbe { E : gb pd{Rwhudwlrqv Xb
> {VYgh E sg~2{DvdpsohLrxqwE { 7 PgiV3D
? {bYlh 1 {VYghDvdpsohJyhudjhG{VYghDvdpsohLrxqwD
@ xVYghE {bYkE vxffhvv1 IUTZXUR2{VYghE {bYlhE PgiV3D
A ]Z y{iikyy
B PgiV7gjj |kxzk~2{bYk3D
:9 PgiV7gjj kjmk2{bYUfE {bYkE xVYgh3D
:: XKJOYZXOH[ZK YGSVRKY2vdpsohUlvwEPgiV3D
:; Xkz{xt PgiV

@][. 07.2. Znk hgyoi SY6XXZh iutyzx{izout grmuxozns

Kgin ul znkyk grmuxoznsy zgqky znk qk� lkgz{xk ul XXZy5 \uxutuo hogy5 gtj {yky
ygsvrotm zkintow{ky zu otixkgyk zngz hogy7 Gtuznkx gvvxugin5 hgykj ut joyvkxyout
xkj{izout5 oy mo|kt ot a:?c7 Ot znk tk~z ykizout5 }k joyi{yy g lk} osvrksktzgzout
jkzgory ul u{x grmuxoznsy5 gtj yusk k~vkxosktzgr xky{rzy7

&-$) 8RUQJRJSYFYNTS 3JYFNQX FSI 4]UJWNRJSYFQ @JXZQYX

[tjkx ikxzgot yoz{gzouty5 znk vkxluxsgtik ul XXZ grmuxoznsy igt hk jkmxgjkj h�
ruigr sotosg7 Lux k~gsvrk5 osgmotk znk yiktgxou }nkxk g tujk ngy g rgxmk \uxutuo
xkmout h{z oy vxk|ktzkj lxus mxu}otm j{k zu vxu~osoz� zu gt uhyzgirk7 Ot sgt� igyky5
znoy ig{yky rozzrk zxu{hrk hkig{yk k|ktz{grr� gtuznkx tujk }orr hk inuykt zu k~vgtj7
Nu}k|kx5 huzn ul znk SY6XXZ grmuxoznsy k~nohoz mxkkj�5 \uxutuo6hogykj hkng|oux7
Znoy ig{yky vxuhrksy }ozn ruigr sotosg zu hk sgmto"kj7 Zu gjjxkyy znoy vxuhrks5
huzn ul u{x vrgttkxy otir{jk h[lmZ\e^ gh]^l5 }noin gxk tujky ot znk ykgxin zxkk



xkvxkyktzotm iut"m{xgzouty ot znk uhyzgirk xkmout ul I6yvgik7 Znk� gxk mktkxgzkj
}nkt gt uhyzgirk oy ktiu{tzkxkj j{xotm g iuttkizout gzzksvz7 Znkyk tujky gxk
tuz igtjojgzky lux k~vgtyout 2o7k75 znk� gxk grr rkg|ky ot znk zxkk35 h{z znk� gxk
grru}kj zu bu}t. ygsvrky7 Gy g xky{rz5 tujky }noin gxk ykrkizkj lux k~vgtyout ju
tuz xkvkgzkjr� mxu} zu}gxj g ruigr sotos{s7 [tluxz{tgzkr�5 uhyzgirk tujky igt
ng|k vxuhrksy ul znkox u}t7 Lux ikxzgot joÆi{rz vxuhrksy 2k7m75 znuyk }ozn tgxxu}
iuxxojuxy35 sgt� uhyzgirk tujky igt hk ixkgzkj5 }noin igt yomto"igtzr� jkmxgjk
vkxluxsgtik hkig{yk suxk ygsvrky gxk xkw{oxkj zu jkiojk nu} zu mxu} znk zxkk7
Iutykw{ktzr�5 }k gxk i{xxktzr� ot|kyzomgzotm grzkxtgzo|k gvvxuginky }noin iushotk
znk ruigr sotos{s6g|uojotm k!kizy ul uhyzgirk tujky }oznu{z znkox joygj|gtzgmky7

Kgin ul u{x tk} grmuxoznsy ngy huzzrktkiqy zngz ju tuz gvvkgx ot yzgtjgxj
XXZ vrgttkxy7 Gy ykkt lxus Ykizout :A7<5 SY6XXZg juky g rgxmk t{shkx ul
tkgxkyz6tkomnhux w{kxokyD iutykw{ktzr�5 znk vkxluxsgtik ul znoy grmuxozns jkvktjy
huzn ut znk t{shkx ul ygsvrky zgqkt vkx ozkxgzout gtj ut znk kÆiokti� ul znk
tkgxkyz6tkomnhux igri{rgzout7 Juotm sgt� tkgxkyz6tkomnhux w{kxoky oy {tg|uojghrk
lux znoy skznuj5 h{z oz oy vuyyohrk zu xkj{ik znk iuyz ul znkyk w{kxoky zu g sgtgmkghrk
rk|kr7 ]k ju znoy h� {yotm g tkgxkyz tkomnhux vgiqgmk hgykj ut Qj6zxkky a;5 :Ac7
Roqk}oyk5 SY6XXZh ngy g huzzrktkiq gy }krrC {vjgzotm znk tkgxkyz tkomnhux lux kgin
ygsvrk glzkx gjjotm tk} tujky zu znk zxkk7 I{xxktzr�5 }k {yk znk tgo|k gvvxugin
}noin igrry znk skzxoi l{tizout lux kgin tk} tujk gtj kgin ygsvrk5 {vjgzotm znk
tkgxkyz tkomnhux }nkxk gvvxuvxogzk7 Oz ynu{rj hk vuyyohrk zu giikrkxgzk znoy h� {yotm
gt gvvxuvxogzk jgzg yzx{iz{xk 2suyz roqkr�5 yusk luxs ul g Qj6zxkk3D jk|kruvotm
g }g� zu ju znoy oy tuz zxo|ogr5 nu}k|kx5 gtj }k ng|k tuz �kz jutk yu7 Utik znoy
oy giiusvroynkj5 nu}k|kx5 SY6XXZh ynu{rj yvkkj {v yomto"igtzr�5 vgxzoi{rgxr� lux
joÆi{rz vxuhrksy }noin xkw{oxk rgxmk t{shkxy ul ygsvrky7

G lk} uznkx osvrksktzgzout jkzgory }orr y{Æik zu otzxuj{ik yusk k~vkxosktzy7
Loxyz5 utk ul znk hkyz XXZ vrgttkxy oy XXZIutIut5 g |gxogtz }noin {yky z}u zxkky
2utk yzgxzotm gz znk otozogr yzgzk5 znk uznkx gz znk mugr yzgzk3 gtj oy suxk mxkkj�
zngt znk hgyoi XXZ 2ykk a:<c lux jkzgory37 Nktik5 u{x k~vkxosktzy {yk iuxxkyvutjotm
|kxyouty ul znk SY6XXZ vrgttkxy 2k~ikvz }nkxk uznkx}oyk tuzkj37 Gryu5 SY6XXZg
jklg{rzy zu xgtjus ygsvrotm lux g vgxzoi{rgx ozkxgzout ol oz oy {tghrk zu mxu} znk zxkk
ot znk gzzksvzkj \uxutuo6hogykj sgttkx7 Ot k~vkxosktzy {yotm znk hgyoi grmuxoznsy5
}k {yk znk hgyoi XXZ }noin ngy hkkt sujo"kj zu gzzksvz zu iuttkiz zu znk mugr
glzkx kgin ozkxgzout 2}k jktuzk znoy |gxogtz gy SujXXZ37 Lotgrr�5 u{x k~vkxosktzy
hkru} gxk grr nurutusoi7 Znoy oy g jkvgxz{xk lxus z�voigr XXZ gvvroigzouty5 yotik
XXZy igt kgyor� hk gvvrokj zu y�yzksy }ozn j�tgsoiy7 Nu}k|kx5 u{x tk} grmuxoznsy
gxk yusk}ngz skzxoi6yktyozo|k 2}noin oy zu hk k~vkizkj5 yotik znk� gxk yzxutmr�
\uxutuo6hogykj5 gtj znk \uxutuo jogmxgs jkvktjy ut znk skzxoi35 gtj lux y�yzksy
}ozn j�tgsoiy "tjotm gt gvvxuvxogzk skzxoi oy joÆi{rz7 ]k gxk i{xxktzr� iutyojkxotm
}g�y zu xkyur|k znoy joÆi{rz�7

Loxyz5 }k vxkyktz z}u z}u6josktyoutgr k~gsvrky zu orr{yzxgzk nu} ksvngyo!otm
\uxutuo hogy g!kizy znk mxu}zn ul znk ykgxin zxkk7 Znk "xyz k~gsvrk iutyoyzy ul g
yosvrk ruigr sotos{s ykvgxgzotm znk otozogr gtj mugr yzgzky 2ykk Lom{xk :A7=37 Huzn
SY6XXZ vrgttkxy otozogrr� mxu} otzu znk ruigr sotos{s gtj ixkgzk gt uhyzgirk tujk
{vut ktiu{tzkxotm znk uhyzgirkD znk� znkt mxu} znk uznkx joxkizout gtj gxu{tj
znk ruigr sotos{s7 Uhykx|k znk k!kizy ul xgtjuso!gzout ot SY6XXZgC }nork znk
jkzkxsotoyzoi SY6XXZh gr}g�y inuuyky g yotmrk joxkizout zu mxu}5 xgtjuso!gzout ot
znk SY6XXZg yuskzosky ig{yky oz zu mxu} ot huzn joxkizouty 2yuskzosky5 oz mxu}y
ot g yotmrk joxkizout roqk SY6XXZh37 Gryu5 znk sujo"kj XXZ vrgttkx 2SujXXZ3
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xkw{oxky yomto"igtzr� suxk vrgttotm ozkxgzouty zu yur|k znk vxuhrks zngt koznkx
SY6XXZ grmuxozns7 Znoy oy vxosgxor� j{k zu znk k!kiz ul uhyzgirk tujky5 }noin ig{yk
SY6XXZy zu g|uoj uhyzgirky suxk zngt gt uxjotgx� XXZ7 U{x ykiutj k~gsvrk oy
ynu}t ot Lom{xk :A7>7 Znk grmuxoznsy hkng|k ot g sgttkx yosorgx zu znk vxk|ou{y
k~gsvrk7 Znoxj5 ot u{x jkyixovzout ul znk SY6XXZg grmuxozns5 }k sktzoutkj zngz
utk iu{rj |ok} znk t{shkx ul ygsvrky zgqkt vkx ozkxgzout gy g qtuh }noin ingtmky
hkng|oux lxus g ysgrr jkmxkk ul \uxutuo hogy 2gy ot znk hgyoi XXZ3 zu g rgxmk jkmxkk
ul \uxutuo hogy7 Ot Lom{xky :A7? gtj :A7@5 }k ynu} nu} |gx�otm znk |gr{k ul n g!kizy
znk mxu}zn vgzzkxty7

Lotgrr�5 }k mo|k z}u yo~6josktyoutgr vxuhrksy zu orr{yzxgzk u{x grmuxoznsy1
vkxluxsgtik lux znkyk vxuhrksy7 Znk grmuxoznsy vxkyktzkj gxk tuz igvghrk ul
u{zvkxluxsotm XXZIutIut }ozn xkyvkiz zu yur{zout zoskD nu}k|kx5 znk� ju
xkvxkyktz xkgyutghrk gvvxuginky zu vrgttotm7 Gt grzkxtgzo|k XXZ6hgykj gvvxugin5
}noin oy hgykj ut otixksktzgr joyvkxyout xkj{izout5 gtj {yky sgt� ul znk ojkgy lxus
znoy vgvkx5 ngy rkj zu osvxu|kj vkxluxsgtik u|kx XXZIutIut5 hgykj ut u{x xkiktz
k~vkxosktzy a:?c7

&-$* 2TSHQZXNTSX FSI 5ZYZWJ ETWP

Ot iutir{yout5 }k ng|k joyi{yykj znk xurk ul xgtjuso!gzout ot XXZy gtj otzxuj{ikj
z}u tk} grmuxoznsy }noin otixkgyk \uxutuo hogy7 H� yz{j�otm znkyk grmuxoznsy5
otyomnz sg� hk mgotkj otzu znk xkgyuty lux XXZ grmuxoznsy1 k!kizo|ktkyy gz yur|otm
suzout vrgttotm vxuhrksy7 Jkixkgyotm znk k!kiz ul xgtjuso!gzout grru}y {y zu oyurgzk
ikxzgot gyvkizy ul znk grmuxoznsy1 hkng|oux5 }oznu{z znk otnkxktz byruvvotkyy. zngz
xky{rzy lxus xgtjuso!gzout7 [tjkxyzgtjotm znk qk� xkgyuty lux XXZy1 k!kizo|ktkyy
oy znk "xyz yzkv zu}gxj sgqotm suxk kÆioktz vrgttkxy5 }noin sg� ux sg� tuz {zoro!k
xgtjuso!gzout7

U{x rutm6zkxs mugry otir{jk jk|kruvotm kÆioktz vrgttkxy hgykj ut otyomnzy
mgotkj lxus yz{j�otm znk grmuxoznsy vxkyktzkj ot znoy vgvkx5 gy }krr gy uznkx
grmuxoznsy lxus znk yvkizx{s ul XXZ6roqk vrgttkxy7 Ot znk tkgx l{z{xk5 }k vrgt
zu osvrksktz gtj yz{j� uznkx XXZ6roqk vrgttkxy yosorgx zu znuyk vxkyktzkj nkxkD
}k nuvk zu k~gsotk huzn ygsvrotm6hgykj gvvxuginky gtj znuyk hgykj ut k~vroioz
\uxutuo iusv{zgzouty7 ]k gryu }u{rj roqk zu yz{j� znk vkxluxsgtik ul jo!kxktz
ygsvrotm zkintow{ky 2xgtjuso!kj gtj jkzkxsotoyzoi3 ot znkyk jo!kxktz vrgttkxyD
znoy }orr ynu} }nkznkx ux tuz xgtjuso!gzout oy ul |gr{k ot XXZ grmuxoznsy7 ]k
hkrok|k zngz yz{joky ul znoy z�vk }orr mxkgzr� otixkgyk u{x {tjkxyzgtjotm ul kÆioktz
suzout vrgttotm gtj iut"m{xgzout yvgik k~vruxgzout5 gtj }orr ktghrk {y zu jk|kruv
hkzzkx6vkxluxsotm grmuxoznsy7

:V^abj_XWZ`Xagf

Znoy }uxq }gy l{tjkj ot vgxz h� TYL G}gxjy BA@><9=5 9::A:=?5 gtj 9;9AAB:7

@JKJWJSHJX

:7 T7 S7 Gsgzu gtj _7 ]{7 G xgtjuso!kj xugjsgv skznuj lux vgzn gtj
sgtov{rgzout vrgttotm7 Ot FBBB Fgm. @hg_. Oh[hm. ' >nmhf.5 vgmky ::<":;95
:BB?7



;7 G7 Gzxgsktzu| gtj Y7 S7 Rg\grrk7 KÆioktz tkgxkyz tkomnhux ykgxinotm lux
suzout vrgttotm7 Ot Mkh\. FBBB Fgm(e @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5 vgmky
?<;"?<@5 ;99;7

<7 P7 Hgxxgw{gtj gtj P76I7 Rgzushk7 Xuhuz suzout vrgttotmC G joyzxoh{zkj
xkvxkyktzgzout gvvxugin7 Fgm. G. Oh[hm. O^l.5 :92?3C?;A"?=B5 Jkikshkx :BB:7

=7 J7 Ingrru{5 J7 Hurk�5 S7 Moto5 gtj \7 Q{sgx7 G vgxgrrkr luxs{rgzout ul otluxskj
xgtjuso!kj ykgxin lux xuhuz suzout vrgttotm vxuhrksy7 Ot FBBB Fgm. @hg_.
Oh[hm. ' >nmhf.5 vgmky @9B"@:=5 :BB>7

>7 S7 Mgxhkx gtj S7 I7 Rot7 Iutyzxgotz6hgykj suzout vrgttotm {yotm |uxutuo
jogmxgsy7 Ot Mkh\. Thkdlahi hg >e`hkbmafb\ Chng]Zmbhg h_ Oh[hmb\l5 ;99;7

?7 X7 Mkxgkxzy gtj S7 N7 U|kxsgxy7 G iusvgxgzo|k yz{j� ul vxuhghoroyzoi xugjsgv
vrgttkxy7 Ot Mkh\. Thkdlahi hg ma^ >e`hkbmafb\ Chng]Zmbhgl h_ Oh[hmb\l5
Jkikshkx ;99;7

@7 P7 N7 Ngrzut7 Ut znk kÆiokti� ul ikxzgot w{gyo6xgtjus ykw{ktiky ul vuotzy ot
k|gr{gzotm s{rzo6josktyoutgr otzkmxgry7 Knf^k. JZma.5 ;CA="B95 :B?97

A7 J7 Ny{5 P76I7 Rgzushk5 gtj X7 Suz}gto7 Vgzn vrgttotm ot k~vgtyo|k
iut"m{xgzout yvgiky7 Fgm. G. @hfinm. D^hf. ' >iie.5 =C=B>">:;5 :BBB7

B7 R7 K7 Qg|xgqo5 V7 Y|kyzqg5 P76I7 Rgzushk5 gtj S7 N7 U|kxsgxy7 Vxuhghoroyzoi
xugjsgvy lux vgzn vrgttotm ot nomn6josktyoutgr iut"m{xgzout yvgiky7 FBBB
QkZgl. Oh[hm. ' >nmhf.5 :;2=3C>??">A95 P{tk :BB?7

:97 P7 P7 Q{!tkx gtj Y7 S7 Rg\grrk7 XXZ6iuttkizC Gt kÆioktz gvvxugin zu
yotmrk6w{kx� vgzn vrgttotm7 Ot Mkh\. FBBB Fgm(e @hg_. hg Oh[hmb\l Zg]
>nmhfZmbhg5 vgmky BB>":99:5 ;9997

::7 Y7 S7 Rg\grrk gtj S7 Y7 Hxgtoiq�7 Ut znk xkrgzoutynov hkz}kkt irgyyoigr mxoj
ykgxin gtj vxuhghoroyzoi xugjsgvy7 Ot Mkh\. Thkdlahi hg ma^ >e`hkbmafb\
Chng]Zmbhgl h_ Oh[hmb\l5 Jkikshkx ;99;7

:;7 Y7 S7 Rg\grrk gtj P7 P7 Q{!tkx7 Xgtjuso!kj qotuj�tgsoi vrgttotm7
Fgm^kgZmbhgZe GhnkgZe h_ Oh[hmb\l O^l^Zk\a5 ;92>3C<@A"=995 Sg� ;99:7

:<7 Y7 S7 Rg\grrk gtj P7 P7 Q{!tkx7 Xgvojr�6k~vruxotm xgtjus zxkkyC Vxumxkyy gtj
vxuyvkizy7 Ot H7 X7 Jutgrj5 Q7 S7 R�tin5 gtj J7 X{y5 kjozuxy5 >e`hkbmafb\ Zg]
@hfinmZmbhgZe Oh[hmb\l: K^p Abk^\mbhgl5 vgmky ;B<"<9A7 G Q Vkzkxy5 ]krrkyrk�5
SG5 ;99:7

:=7 Y7 X7 Rotjksgtt gtj Y7 S7 Rg\grrk7 Otixksktzgr ru}6joyixkvgti� rgzzoik
skznujy lux suzout vrgttotm7 Ot Mkh\. FBBB Fgm^kgZmbhgZe @hg_^k^g\^ hg
Oh[hmb\l Zg] >nmhfZmbhg5 ;99<7

:>7 Y7 X7 Rotjksgtt gtj Y7 S7 Rg\grrk7 I{xxktz oyy{ky ot ygsvrotm6hgykj suzout
vrgttotm7 Ot V7 Jgxou gtj X7 Ingzorg5 kjozuxy5 Mkh\. Bb`ama Fgm(e Prfi. hg
Oh[hmb\l O^l^Zk\a7 Yvxotmkx6\kxrgm5 Hkxrot5 ;99=7 Zu gvvkgx7

:?7 Y7 X7 Rotjksgtt gtj Y7 S7 Rg\grrk7 Otixksktzgrr� xkj{iotm joyvkxyout h�
otixkgyotm |uxutuo hogyot XXZy7 Ot FBBB FBBB Fgm^kgZmbhgZe @hg_^k^g\^ hg
Oh[hmb\l Zg] >nmhfZmbhg5 ;99=7 [tjkx xk|ok}7

:@7 K7 Sg!kx5 P7 S7 Gn{giz!ot5 gtj V7 Hkyyo%kxk7 Znk Gxogjtk1y irk} grmuxozns7 G.
>kmb"\bZe Fgm^ee. O^l.5 BC;B>"<:?5 Tu|kshkx :BBA7

:A7 J7 S7 Su{tz7 GTT vxumxgssotm sgt{gr7 Zkintoigr xkvuxz5 Jkvz7 ul Iusv{zkx
Yioktik5 [7 ul Sgx�rgtj5 :BBA7

:B7 I7 Voy{rg5 Q7 Nu!5 S7 Rot5 gtj J7 Sgtuing7 Xgtjuso!kj vgzn vrgttotm lux g
xomoj huj� hgykj ut ngxj}gxk giikrkxgzkj |uxutuo ygsvrotm7 Ot Mkh\. Thkdlahi
hg >e`hkbmafb\ Chng]Zmbhg h_ Oh[hmb\l5 ;9997
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;97 H7 Ygrusut5 Sg~os Mgxhkx5 Sotm7 I7 Rot5 gtj Jotkyn Sgtuing7 Otzkxgizo|k
tg|omgzout ot iusvrk~ kt|oxutsktzy {yotm vgzn vrgttotm7 Ot Mkh\^^]bg`l h_ ma^
>@J PFDDO>ME 2003 Prfihlbnf hg Fgm^kZ\mbo^ 3A DkZiab\l5 ;99<7

;:7 Z7 Yoskut5 P76V7 Rg{sutj75 gtj I7 Toyyu{~7 \oyohoroz� hgykj vxuhghoroyzoi
xugjsgvy lux suzout vrgttotm7 >]oZg\^] Oh[hmb\l GhnkgZe5 :=2?35 ;9997

;;7 P7 L7 Zxg{h5 M7 ]7 ]gyorqu}yqo5 gtj N7 ]u!togqu}yqo7 Fg_hkfZmbhg-?Zl^]
@hfie^qbmr7 Gigjksoi Vxkyy Vxulkyyoutgr5 Oti75 Ygt Jokmu5 :BAA7

;<7 ^7 ]gtm gtj L7 P7 Noiqkxtkrr7 Xgtjuso!kj ngrzut ykw{ktiky7 JZma^fZmb\Ze Zg]
@hfinm^k Jh]^eebg`5 <;CAA@"ABB5 ;9997

;=7 Y7 G7 ]orsgxzn5 T7 S7 Gsgzu5 gtj V7 L7 Yzorrkx7 SgvxsC G vxuhghoroyzoi
xugjsgv vrgttkx }ozn ygsvrotm ut znk skjogr g~oy ul znk lxkk yvgik7 Ot FBBB
Fgm. @hg_. Oh[hm. ' >nmhf.5 vgmky :9;=":9<:5 :BBB7

;>7 _7 _{ gtj Q7 M{vzg7 Ut yktyux6hgykj xugjsgvC G lxgsk}uxq lux suzout
vrgttotm lux g sgtov{rgzux gxs ot {tqtu}t kt|oxutsktzy7 Ot FBBB/OPG Fgm.
@hg_. hg Fgm^eeb`^gm Oh[hml ' Prlm^fl5 vgmky :B:B":B;=5 :BBA7



@][. 07.3. G yosvrk ;6j k~gsvrk7 Zuv xu}5 lxus rklz zu xomnzC SY6XXZg glzkx
A: ozkxgzouty 2A: tujky5 : uhyzgirk tujk35 SY6XXZg gz iusvrkzout 2::= ozkxgzouty5
::= tujky5 : uhyzgirk tujk37 Ykiutj xu}C SY6XXZh glzkx =: ozkxgzouty 2=: tujky5 :
uhyzgirk tujk35 SY6XXZh gz iusvrkzout 2A: ozkxgzouty5 A: tujky5 : uhyzgirk tujk37
Znoxj xu}C SujXXZ glzkx B; ozkxgzouty 2A: tujky35 SujXXZ gz iusvrkzout 2;=B
tujky5 <A= ozkxgzouty37
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@][. 07.4. G ;6j sg!k7 Zuv xu}5 lxus rklz zu xomnzC SY6XXZg glzkx =99
ozkxgzouty 2=99 tujky5 := uhyzgirk tujky35 SY6XXZg gz iusvrkzout 2BAB ozkxgzouty5
BAB tujky5 <B uhyzgirk tujky37 Ykiutj xu}C SY6XXZh glzkx =99 ozkxgzouty 2=99
tujky5 := uhyzgirk tujky35 SY6XXZh gz iusvrkzout 2@?; ozkxgzouty5 @?; tujky5 ;>
uhyzgirk tujky37 Znoxj xu}C SujXXZ glzkx A>A ozkxgzouty 2=99 tujky35 SujXXZ gz
iusvrkzout 2=A?B ozkxgzouty5 ;AB? tujky37



@][. 07.5. Zuv xu}5 lxus rklz zu xomnzC SY6XXZg }ozn n E :9E n E :997 Huzzus
xu}5 SY6XXZg }ozn n E :999E n E :99997
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@][. 07.6. Lxus rklz zu xomnzC SY6XXZh }ozn n E :999E n E :9999

@][. 07.7. Znk "xyz z}u lxgsky gxk znk otozogr gtj mugr iut"m{xgzouty ul g <j xomoj
huj� k~gsvrk7 Znk znoxj oy g z}u6josktyoutgr xkvxkyktzgzout ul g ?6j hktz iuxxojux
vxuhrks7

Vxuh7 Jos XXZIutIut SY6XXZg SY6XXZh

RS ; 979: 979: 979:

Sg!k ; 97:B 97;: 97:@

Yvxotm ? 97@?>; A7<@ ?79:

Iuxx7 ? :9:7:A ::@9 ===7?

@][. 07.8. Iusvgxoyuty ul znk vrgttotm zosky xkw{oxkj lux u{x k~vkxosktzy7
XXZIutIut gtj SY6XXZg xky{rzy gxk g|kxgmkj u|kx :99 zxogry7 Osvrksktzgzouty
}kxk jutk ot Mt{ I44 ut g ;79 MN! VI x{ttotm Rot{~7



Vxuh7 Jos XXZIutIut SY6XXZg SY6XXZh

RS ; ::<7= B:7: 2;7:3 AA 2;3

Sg!k ; =>?7=B <AB7< 2;A7@3 =>9 2<:3

Yvxotm ? ;;@;7> <<B; 2@?7<<3 :A@> 2<:3

Iuxx7 ? :=9A> :AB@> 2@@<3 ;B;;< 2::@<3

@][. 07.0/. Iusvgxoyuty ul znk t{shkx ul tujky iuxxkyvutjotm zu znk xky{rzy
ul znk vxk|ou{y "m{xk7 ]nkxk gvvroighrk5 znk t{shkx ul uhyzgirk tujky oy mo|kt ot
vgxktznkyky7

Vxuh7 Jos XXZIutIut SY6XXZg SY6XXZh

RS ; <;97; ;@=7?@ ;>>

Sg!k ; :=::7=: :;@B7? :<?>

Yvxotm ? ?@B<7:@ ::A>9 ?=9>

Iuxx7 ? =;=B= >>?A? A9@>9

@][. 07.00. Iusvgxoyuty ul znk t{shkx ul iurroyout inkiqy iuxxkyvutjotm zu znk
xky{rzy ul znk vxk|ou{y "m{xk
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@VEGOMRK :IXLSHW JSV >IPEXMZI 9SGEPMWEXMSR

Lxgtq K7 Yintkojkx5 Gtjxkgy Qx&g{+rotm5 gtj Jkttoy ]orjkxs{zn

Xkykgxin Otyzoz{zk lux Gvvrokj Yioktiky 2LMGT3
Tk{ktgnxkxyzxgyyk ;95 ><<=< ]ginzhkxm5 Mkxsgt�
NJVERO&WGLRIMHIV_E&OVEIYWWPMRK_HIRRMWO/JKER&HI

&.$& 8SYWTIZHYNTS

Znk s{rzo6xuhuz xkrgzo|k ruigroygzout vxuhrks gyqy }nkznkx oz oy vuyyohrk lux gt
g{zutusu{y |knoirk zu yzgxz gz gt {tqtu}t ruigzout gtj otixksktzgrr� kyzosgzk
ozy u}t vuyozout }ozn xklkxktik zu znk xkrgzo|k ruigzouty ul znk uznkx xuhuzy hgykj
utr� ut ruigr yktyux otluxsgzout7 Gy ynu}t ot u{x vxk|ou{y vgvkxy a:<c gtj a:=c
znk zuvoi ul xkrgzo|k ruigroygzout 2XR3 lux nkzkxumktu{y s{rzo6xuhuz y�yzksy ot
{tqtu}t kt|oxutsktzy oy g ingrrktmotm zgyq7 ]k {ykj znk otluxsgzout ul YOIQ
rgykx yigttkx y�yzksy zu kyzosgzk znk xkrgzo|k vuyozouty hkz}kkt znk xuhuzy7 Gt
K~zktjkj Qgrsgt Lorzkx }gy {ykj zu iushotk znoy otluxsgzout otzu iutzot{u{yr�
{vjgzkj vuyozout kyzosgzouty7 Grr xuhuzy ul g mxu{v {zoro!kj znoy jgzg zu mktkxgzk utk
iussut iu6uxjotgzk y�yzks7 Ot znoy vgvkx }k }u{rj roqk zu gjjxkyy znk y{h6vxuhrks
ul zxgiqotm }noin oy otnkxktz zu XR7

Zxgiqotm jktuzky znk kyzosgzout ul znk vuyozout ul g su|otm uhpkiz hgykj
ut iutyki{zo|k yktyux skgy{xksktzy7 Ot znk gxkg ul xuhuzoiy zxgiqotm oy g }krr
kyzghroynkj xkykgxin zuvoi a=5 :>c7 [y{grr� rgykx xgtmk yigttkxy gxk znk vxklkxxkj
yktyux jk|oiky7 G YOIQ rgykx xgtmk yigttkx lux k~gsvrk igt skgy{xk znk joyzgtik
zu znk tk~z xk#kizotm uhpkiz }ozn nomn xkyur{zout7

Znk vxuhrks ul zxgiqotm su|otm xuhuzy ot jktykr� vuv{rgzkj kt|oxutsktzy }ozn
g xuhuz su{tzkj rgykx yigttkx ynu}y ikxzgot vki{rogxozoky7 Suyz ul znk xkgjotmy
gxk lxus uhyzgirky roqk }grry ux uznkx yzgzoi uhpkizy gtj utr� g lk} skgy{xksktzy
uxomotgzk lxus znk zxgiqkj xuhuzy znksykr|ky7 Znoy lgiz oy orr{yzxgzkj ot Lom{xk :B7:7
Oz ynu}y znk skgy{xksktzy ul g <?96jkmxkk rgykx yigt ot u{x zkyzotm kt|oxutsktz7
Znk uhykx|otm xuhuz oy ruigzkj ot znk iktzxk gtj ngy z}u YOIQ rgykxy5 kgin }ozn g
vrgtgx :A96jkmxkk "krj ul |ok}7 Yotik znk rgykx yigttkxy gxk su{tzkj hgiq zu hgiq
gtj ng|k g :6jkmxkk xkyur{zout5 znk yigt xky{rzy ot <?9 xkgjotmy7 Znkxk gxk z}u uznkx
xuhuzy gtj gryu z}u }grr6roqk uhyzgirky ot znk "krj ul |ok} ul znk uhykx|kx7 Suyz
ul znk skgy{xksktzy uxomotgzk lxus znk }grry ul znk rghuxgzux�7 Znk vxuhrks ul
grruigzout ul jgzg uhzgotkj lxus znk vxkyktzr� giiu{tzkj zgxmkz oy igrrkj znk jgzg
gyyuiogzout vxuhrks a:c7 Gy g yur{zout zu znoy vxuhrks5 g zxgiqotm grmuxozns somnz
{yk g |grojgzout mgzk }noin ykvgxgzky znk yomtgry hkrutmotm zu znk i{xxktz zgxmkz lxus
uznkx yomtgry7 G ykiutj ingxgizkxoyzoi ul zxgiqotm xuhuzy }ozn rgykx xgtmk yigttkxy
oy znk uii{xxktik ul yk|kxgr skgy{xksktzy lxus znk ygsk uhpkiz7 Ot iutzxgyz zu
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@][. 08.0. Skgy{xksktzy ul g <?96jkmxkk yigt

iussut xgjgx hgykj zxgiqotm5 xuhuzoi yktyuxy roqk znk YOIQ rgykx yigttkx ng|k
g s{in nomnkx xkyur{zout gtj xklxkyn xgzk7 Znoy rkgjy zu znk lgiz zngz znk zxgiqkj
uhpkiz mktkxgzky yk|kxgr skgy{xksktzy7 Znkxkluxk5 }k ng|k zu jkgr }ozn }ngz }k igrr
k~zktjkj uhpkizy otyzkgj ul v{tizoluxs uhpkizy roqk ot znk iussut xgjgx zxgiqotm
rozkxgz{xk7 Znkxkh�5 v{tizoluxs zgxmkzy gxk znk utky5 }noin gxk p{yz znk uxomot ul utk
skgy{xksktz7 G znoxj ingxgizkxoyzoi ul zxgiqotm ot znk "krj ul s{rzo6xuhuz y�yzksy
gtj kyvkiogrr� ot znk igyk ul xkrgzo|k ruigroygzout oy znk uii{xxktik ul ixuyyotm zgxmkzy7
Znoy yoz{gzout uii{xy }nkt z}u zgxmkzy mkz |kx� iruyk zu kgin uznkx5 yu zngz znk�
igttuz hk ykvgxgzkj h� iussut zxgiqotm grmuxoznsy a<c5 aAc7 Znoy yoz{gzout oy |kx�
iussut ot su|otm s{rzo6xuhuz y�yzksy gtj oy utk ul znk otzkxkyzotm vxuhrksy ot
xkrgzo|k ruigroygzout7

Ot ykizout z}u znk {tjkxr�otm sujkry lux znk j�tgsoiy gtj znk uhykx|gzout
vxuikyy ul znk xuhuz gxk vxuvuykj gtj znk jkzgory ul znk |grojgzout mgzk gxk mo|kt7 ]k
znkt otzxuj{ik z}u grmuxoznsy }noin igt jkgr }ozn zxgiqotm k~zktjkj uhpkizy gy rutm
gy znk� gxk tuz ixuyyotm7 Znk "xyz grmuxozns oy hgykj ut znk \ozkxho grmuxozns a:Ac5
}nkxkgy znk ykiutj sgqky {yk ul znk }krr qtu}t Qgrsgt "rzkx a?c7 G hxokl iusvgxoyut
ul znk gii{xgi� gtj znk iusv{zgzout iusvrk~oz� ul znk grmuxoznsy oy mo|kt7

Ot ykizout znxkk znk vkxluxsgtik ul znk grmuxoznsy {tjkx znk iutjozout ul
ixuyyotm zgxmkzy oy yz{jokj gtj oz oy ynu}t5 zngz tutk ul znk grmuxoznsy igt ngtjrk
znoy yoz{gzout y{Æioktzr�7 G tk} n�hxoj y}ozinotm grmuxozns5 }noin oy znk sgot
iutzxoh{zout ul znoy }uxq5 oy vxuvuykj7 Oz {yky gt osvxu|kj \ozkxho grmuxozns utr�
}nkt g ixuyyotm uii{xy gtj uznkx}oyk oz p{yz {yky znk Qgrsgt "rzkx7 Znk vkxluxsgtik
ul znk y}ozinotm grmuxozns oy zkyzkj ut xkgr jgzg7

Lotgrr�5 ot ykizout = znk y{ssgx� gtj gt u{zruuq ut l{z{xk }uxq gxk mo|kt7

&.$' <FYMJRFYNHFQ 1FHPLWTZSI

*2(+(* @ZOPW

Znk j�tgsoiy ul znk uhpkiz zu hk uhykx|kj gtj znk uhykx|gzout vxuikyy ozykrl gxk
sujkrkj h� g nojjkt Mg{+"Sgxqu| ingot }ozn znk kw{gzouty

{_ E J{_!* 4 z_!* gtj }_ E K{_ 4 y_E 2:B7:3
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:B Zxgiqotm Skznujy lux Xkrgzo|k Ruigroygzout <9<

}nkxk {_ oy znk uhpkiz yzgzk |kizux gz zosk n5 J oy znk yzgzk zxgtyozout sgzxo~5 }_
oy znk uhykx|gzout |kizux gz zosk n gtj K oy znk uhykx|gzout sgzxo~7 L{xznkxsuxk5
z_ gtj y_ gxk y{vvuykj zu hk {tiuxxkrgzkj !kxu skgt }nozk Mg{yyogt tuoyky }ozn
iu|gxogtiky Z gtj [5 o7k7 oz oy N2z]z

+
^ 3 E ZÆ]^ 5 N2y]y

+
^ 3 E [Æ]^ gtj N2z]y

+
^ 3 E 97

Yotik znk suzout ul g zgxmkz ot znk vrgtk ngy zu hk jkyixohkj5 g z}u josktyoutgr
qotksgzoi sujkr oy {ykj7 Znkxkluxk5 oz oy

{_ E
!
{_* {_+ e{_* e{_+

"+
2:B7;3

}ozn {_* gtj {_+ znk Igxzkyogt iuuxjotgzky ul znk zgxmkz gtj e{_* gtj e{_+ znk
iuxxkyvutjotm |kruiozoky7 Znoy gvvxugin ngy znk gj|gtzgmk zngz znk uxoktzgzout # ul
znk uhykx|kj xuhuz igt hk igri{rgzkj {yotm znk luxs{rg

zgt 2#3 E
e{_+
e{_*

D 2:B7<3

\kizux }_ mo|ky p{yz znk Igxzkyogt iuuxjotgzky ul znk zgxmkz7 Lux znk iuuxjotgzky znk
kw{gzouty ul g su|ksktz }ozn iutyzgtz |kruioz� nurj5 o7k7

{_(*7^ E {_^ 4"] e{_^D 2:B7=3

Lux znk vxumxkyyout ul znk |kruiozoky }k {yk znk kw{gzout

e{_(*7^ E h!!N8" e{_^ 4'
\
:! h!+!N8"x2n3 2:B7>3

lxus a:@c }ozn znk !kxu skgt }nozk Mg{yyogt tuoyk x2n3 }ozn Nax2p3x2q3+c E Æab7
Zn{y znk |kruioz� oy y{vvuykj zu jkirotk k~vutktzogrr�7 Znk zkxs

'
\
:! h!+!N8"x2n3 2:B7?3

sujkry znk vxuikyy tuoyk gtj znk giikrkxgzouty7 Znkxkh� znk vgxgskzkxy ' gtj #
sujkr znk j�tgsoiy ul znk uhykx|kj xuhuzy7 Lux znkyk vgxgskzkxy }k {yk znk |gr{ky
# E ;9 gtj ' E ?97 Lux znk jkzgory ul znk xky{rzotm sgzxoiky }k xklkx zu a:@c7

Ot znk nkxkh� vxuvuykj sujkr znk uhpkiz oy y{vvuykj zu hk v{tizoluxs gtj zu
vxuj{ik utr� utk skgy{xksktz gz zosk n7 Tk|kxznkrkyy znoy sujkr5 gz rkgyz }ozn
znk k~zktyout mo|kt ot znk tk~z ykizout5 }orr gryu hk nkrvl{r lux znk jkyixovzout ul
gt k~zktjkj zgxmkz7 Ot znoy igyk {_ }orr mkz znk yzgzk |kizux ul g ykrkizkj vuotz
ul znk zgxmkz gtj }_ }orr mkz g vxkyzomou{y skgy{xksktz mktkxgzkj lxus grr znk
skgy{xksktzy lxus znk zgxmkz7 Jkzgory }orr hk mo|kt hkru}7

*2(+(+ GSP ILWTOL_TZY :L_P

Znk |grojgzout mgzk oy xkgroykj {yotm znk Qgrsgt "rzkx a?c7 Znk Qgrsgt "rzkx
igri{rgzky g vxkjoizout |2n 4 :Rn3 lux znk skgy{xksktzy }_(*7` lxus znk giz{grr�
ngtjrkj zgxmkz gz zosk yzkv n 4 : |og znk luxs{rgk

{2n 4 :Rn3 E J " {2nRn3 gtj |2n 4 :Rn3 E K " {2n 4 :Rn3D 2:B7@3

Nkxk {2nRn3 oy znk kyzosgzk lux znk vuyozout ul znk zgxmkz gz zosk yzkv n7 Lux k|kx�
yktyux xkgjotm }_(*7` ul znk zosk yzkv n4: 2o E :E D D D <?935 znk Sgngrgtuhoy joyzgtik
4 a:9c



4 E 2}_(*7` ! |2n 4 :Rn33+ " a\2n 4 :3c!* " 2}_(*7` ! |2n4 :Rn33 2:B7A3

oy iusv{zkj7 Sgzxo~ \2n 4 :3 oy znk ottu|gzouty iu|gxogtik lxus znk Qgrsgt "rzkx
a:c7 Ot iussut "rzkx gvvroigzouty znoy sgzxo~ oy igri{rgzkj lxus znk vxkjoizouty
iu|gxogtik Y 2n 4 :Rn3 }ozn znk kw{gzout

\2n 4 :3 E KY 2n4 :Rn3K+ 4[ 2:B7B3

}ozn znk mo|kt iu|gxogtik sgzxo~ [ ul znk skgy{xksktz tuoyk7 Znk vxkjoizouty
iu|gxogtik oy jkxo|kj lxus znk kw{gzout

Y 2n 4 :Rn3 E JY 2nRn3J+ 4ZD 2:B7:93

Ot zxgiqotm k~zktjkj uhpkizy znoy gvvxugin oy tuz y{Æioktz5 yotik znkxk oy gt
gjjozoutgr ot#{ktik ul znk k~zktjkjtkyy ul znk uhpkiz ut znk jk|ogzout ul znk
skgy{xksktzy lxus znk vxkjoizout |2n4:Rn37 Zu zgqk igxk ul znoy lkgz{xk gt giikyyux�
vuyozo|k jk"tozk sgzxo~ N ynu{rj hk gjjkj ot Kw7 2:B7B37 Hkig{yk znk rgzkxgr
josktyout ul vxkyktz6jg� ykx|oik xuhuzy {y{grr� ynu}y g xgjo{y ul gt gvvxu~osgzk
xgtmk ul <9 fp5 znk ktzxoky ul N ynu{rj hk ot znk xgtmk ul B997 Zn{y5 glzkx yusk
uvzoso!gzout vxuikyy 2lux jkzgory ykk aBc3 }k {yk

N E

-
@A9 9
9 @A9

.
2:B7::3

gtj
\2n 4 :3 E KY 2n 4 :Rn3K+ 4[4ND 2:B7:;3

Znkxkh� znk |gr{ky ul znk ktzxoky ul sgzxo~ N |gyzr� k~ikkj znk |gr{ky ul znk ktzxoky
ul sgzxo~ [5 yu zngz znk sgot iutzxoh{zout ot Kw7 2:B7:;3 iusky lxus sgzxo~ N7

Znk vuotzy }ozn znk ygsk Sgngrgtuhoy joyzgtik rok ut znk y{xlgik ul gt
krrovyk }ozn znk ykso"sgpux g~oy ot znk joxkizout ul znk mxkgzkx {tikxzgotz�7 Znk
Sgngrgtuhoy joyzgtik 4 oy >+"joyzxoh{zkj }ozn z}u jkmxkky ul lxkkjus a:c7 Zn{y g
>+"zkyz oy vkxluxskj zu ykrkiz znk skgy{xksktzy lxus znk zgxmkzC grr skgy{xksktzy
}ozn 4 H 4G<P }ozn g mo|kt hu{tj 4G<P gxk k~ir{jkj7

Utk ingxgizkxoyzoi ul znk sujkr vxuvuykj ot znoy vgvkx oy znk lgiz zngz znk
ykw{ktik NT_O(_3* ul znk Qgrsgt mgoty 2ykk Kw7 2:B7;;3 lux g jk"tozout3 iut|kxmky
|kx� xgvojr� zu g rosoz7 Zn{y znk igri{rgzouty ul znk sgzxoiky T_ igt hk usozzkj gtj
otyzkgj oz oy y{Æioktz zu igri{rgzk gtj {yk znk rosoz T E ros_&(T_7 Znoy rosoz igt
hk igri{rgzkj |kx� kgyor�5 yosorgx zu znk igyk ul znk +",""rzkx jkyixohkj ot a:c7

*2(+(, GSP IT_P]MT'ML^PO 4WRZ]T_SX

Znk \ozkxho grmuxozns ngy hkkt otzxuj{ikj ot a:Ac7 G muuj jkyixovzout oy mo|kt ot a;c7
Oz ngy hkkt xkiussktjkj lux zxgiqotm v{tizoluxs zgxmkzy ot ir{zzkx ot a::c gtj lux
zxgiqotm k~zktjkj zgxmkzy ot a@c7

]nkxkgy znk glzkx}gxj otzxuj{ikj Qgrsgt "rzkx grmuxozns 2QLG3 {yky grr
skgy{xksktzy ot znk |grojgzout mgzk gy gt {t}komnzkj skgt5 znk \ozkxho hgykj
grmuxozns 2\HG3 igri{rgzky g ykvgxgzk kyzosgzk {2n 4 :Rn 4 :3] lux k|kx� ykrkizkj
skgy{xksktz }_(*7] }ozn l E :E D D D Ep_(*5 }nkxk p_(* oy znk t{shkx ul ykrkizkj
skgy{xksktzy gz zosk yzkv n 4 :7 Znk ykrkizkj skgy{xksktzy }orr hk jk"tkj rgzkx7
Lux znk igri{rgzout ul znk kyzosgzky {2n4 :Rn 4 :3] znk \HG {yky g joxkizkj mxgvn7
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:B Zxgiqotm Skznujy lux Xkrgzo|k Ruigroygzout <9>

Znk tujky ul znoy mxgvn gxk znk skgy{xksktzy ot znk |grojgzout mgzky ux znk ykrkizkj
skgy{xksktzy7 Mo|kt znk ykrkizkj skgy{xksktzy %c_ E N}_7^Oa@

^3* gz zosk yzkv n
znk ykrkizkj skgy{xksktzy lux znk zosk yzkv n 4 : gxk jkzkxsotkj gy lurru}yC lux
k|kx� ykrkizkj skgy{xksktz }_7^ znk vxkjoizout |2n 4 :Rn3^ oy igri{rgzkj hgykj ut
znk kyzosgzk {2nRn3^ 7 Znkt znk iuxxkyvutjotm |grojgzout mgzk oy gvvrokj zu znk
skgy{xksktzy ul zosk n 4 :7 Znoy xky{rzy ot g ykz %c_(*7^ ul skgy{xksktzy }noin
ng|k vgyykj znk vgxzoi{rgx |grojgzout mgzk lux znk skgy{xksktz }_7^ y{iikyyl{rr�7
Znk ykz %c_(* ul ykrkizkj skgy{xksktzy gz zosk n4: oy znkt p{yz znk {tout ul znkyk
ykzy5 o7k7

%c_(* E L^ %c_(*7^ D 2:B7:<3

Znk joyzgtik d_(*7^7] hkz}kkt tujky }_7^ gtj }_(*7] oy igri{rgzkj {yotm znk luxs{rg

d_(*7^7] E
:

;
6+_(*7^7] a\_(*c

!* 6_(*7^7] 4 rt
+\

R;8\_(*R
,
E 2:B7:=3

}nkxk 6_(*7^7] oy znk ottu|gzout jk"tkj gy

6_(*7^7] E }_(*7] ! |2n 4 :Rn3^ D 2:B7:>3

\_(* gtj |2n4:Rn3^ gxk5 xkyvkizo|kr�5 znk ottu|gzout iu|gxogtik gtj znk vxk|ou{yr�
jk"tkj vxkjoizout k|gr{gzkj h� znk Qgrsgt "rzkx5 hgykj ut znk tujky c_7^ E
N}`7]&`7^'O_`3* hkrutmotm zu znk vgzn ktjotm ot }_7^ 7 Ykz c_7^ oy igrrkj znk zxgiqotm
noyzux� hkrutmotm zu tujk }_7^ 7 Znk otjoiky l2oE m3 gxk jk"tkj rgzkx ut7 Znoy vxuikj{xk
mo|ky

s2}_(*7]Rc_7^3 E k~v2!d_(*7^7]3 2:B7:?3

gtj znkxkluxk }ozn Hg�ky1 x{rk gtj

g_7^ E
_R
`3+

d`7]&`!*7^'7]&`7^' 2:B7:@3

gy }krr
s2c_7^3 E k~v2!g_7^3D 2:B7:A3

Lotjotm znk zxgiqotm noyzuxoky }ozn znk sotosgr joyzgtik iuxxkyvutjy znkxklxus
yzxoizr� zu jkzkxsototm znk zxgiqotm noyzux� }ozn znk sg~osgr roqkronuuj7

Tu} znk vxkjkikyyux ul znk tujk }_(*7] ot znk mxgvn oy znk tujk }_7^ }noin
sotosoyky znk rktmzn g_7^ 4 d_(*7^7] ul znk iuxxkyvutjotm vgzn ot znk mxgvn7 Znk
iuxxkyvutjotm otjk~ oy xklkxxkj zu gy m2nE l37 Zn{y h� g xki{xyo|k grmuxozns lux k|kx�
ykrkizkj skgy{xksktz gz zosk n4: znk zxgiqotm noyzux� c_(*7] oy jkzkxsotkj7 Tk~z5 g
Qgrsgt "rzkx oy gvvrokj zu igri{rgzk gt kyzosgzk {2n4:Rn4:3] lux znk skgy{xksktz
}_(*7] {yotm znk vxkjoizout |2n4 :Rn3^&_7]' gy znk otv{z ot znk lurru}otm kw{gzout

{2n 4 :Rn 4 :3] E {2n4 :Rn3^&_7]' 4T_(*2}_(*7] ! |2n 4 :Rn3^&_7]'3 2:B7:B3

}ozn znk vxkjoizouty
{2n 4 :Rn3^&_7]' E J{2nRn3^&_7]' 2:B7;93

gtj
|2n 4 :Rn3^&_7]' E K{2n4 :Rn3^&_7]' 2:B7;:3

gtj znk Qgrsgt mgot T_(* jkxo|kj lxus znk kw{gzout

T_(* E Y 2n 4 :Rn3K+a\2n 4 :3c!*D 2:B7;;3



L{xznkxsuxk znk yzgzk iu|gxogtik oy {vjgzkj |og znk luxs{rg

Y 2n 4 :Rn 4 :3 E Y 2n 4 :Rn3!T_(*\2n 4 :3aT_(*c
+D 2:B7;<3

Oz ynu{rj hk sktzoutkj zngz znk iu|gxogtiky gtj znk Qgrsgt mgot ju tuz jkvktj ut
znk skgy{xksktzy gtj zn{y gxk otjkvktjktz ul otjk~ l7

]k {yk znk xky{rzy ul znk \ozkxho grmuxozns lux znk zxgiqotm vxuikyy gy lurru}y7
Znk zxgiqotm noyzux� }ozn znk ynuxzkyz rktmzn ul znk vgzn oy ykrkizkj5 }nkt znk rgyz
yigt oy xkginkj7 Znk iuxxkyvutjotm kyzosgzky gxk {ykj gy znk kyzosgzky lux znk yzgzk
gtj znk vuyozout ul znk uhpkiz7 Znkyk kyzosgzky gxk l{xznkx osvxu|kj h� {yk ul znk
Qgrsgt ysuuznkx a:?c7

*2(+(- GSP >LWXLY 9TW_P] 4WRZ]T_SX

Znk zxgiqotm grmuxozns gvvroky }krr qtu}t Qgrsgt "rzkx a?c7 Gz "xyz oz igri{rgzky
gt {t}komnzkj skgt }_(* ul znk p_(* skgy{xksktzy N}_(*7`Oa@#&

`3* zngz ng|k hkkt
ykrkizkj h� znk mgzk5 o7k7

}_(* E
:

p_(*

a@#&R
`3*

}_(*7`D 2:B7;=3

Znoy skgt oy znkt {ykj gy znk otv{z ot {vjgzotm znk Kw{gzout 2:B7:B3 ul znk Qgrsgt
"rzkx7 Lux l{xznkx jkzgory ul znoy xgznkx yosvrk grmuxozns }k xklkx zu aBc7

*2(+(. 6ZX[L]T^ZY ZQ >94 LYO I54

Ot znoy ykizout }k xklkx zu z}u ixozkxouty zngz ynu{rj hk iutyojkxkj lux znk k|gr{gzout
ul znk vxuvuykj grmuxoznsy7 Utk oy gii{xgi�5 }noin skgy{xky znk jk|ogzout ul
znk kyzosgzky ul znk vuyozout ul znk zxgiqkj uhpkiz lxus znk zx{k vuyozout7 Znk
uznkx oy iusv{zgzoutgr iusvrk~oz�5 }noin oy skgy{xkj h� znk zosk tkkjkj lux znk
vkxluxsgtik ul znk igri{rgzouty lux znk xki{xyout yzkv lxus zosk n zu zosk n4:7 Znk
lurru}otm zghrky mo|k znk xky{rzy lux znk iusvgxoyut ul znk z}u grmuxoznsy }ozn xkyvkiz
zu gii{xgi� gtj iusv{zgzoutgr iusvrk~oz�7 Lux znk iusvgxoyut ul znk grmuxoznsy }k
{yk yos{rgzkj jgzg7 G ioxi{rgx uhpkiz }ozn xgjo{y ;@ fp su|ky ut g ioxirk }ozn xgjo{y
g gxu{tj znk uhykx|otm xuhuz7 Znk xgjo{y g ngy hkkt |gxokj lxus :p zu Ap gtj znk
yzgtjgxj jk|ogzout ul znk rgykx skgy{xksktzy ngy hkkt |gxokj lxus : fp zu :9 fp7
Yos{rgzkj jgzg ng|k hkkt {ykj5 hkig{yk }k tkkjkj zu qtu} znk zx{k vuyozout ul
znk zgxmkz |kx� gii{xgzkr�5 g mugr }noin oy ngxj zu ginok|k {yotm jgzg lxus g xkgr
k~vkxosktz7 Znoy igyk ngy grxkgj� hkkt sktzoutkj h� uznkx g{znuxy a:Bc7 Znk |gr{ky
{ykj lux znk joyzgtik gtj znk yzgtjgxj jk|ogzout ul znk skgy{xksktz tuoyk gxk z�voigr
lux xkgr uhpkizy uhykx|kj }ozn g YOIQ rgykx7 Ot znoy gtj grr l{xznkx k~vkxosktzy znk
xuhuzy ngj |kruiozoky hkru} >9fpGv7 Zghrky :B7: gtj :B7; mo|k znk joyzgtiky ul znk
h� znk grmuxozns kyzosgzkj vuyozout lxus znk zx{k vuyozout ot is7 Zghrky :B7< gtj
:B7= mo|k znk iusv{zgzout zosk tkkjkj lux utk zosk yzkv ot ykiutjy7 Oz oy uh|ou{y
lxus znk zghrky zngz znk QLG u{zvkxluxsy znk \HG }ozn xkyvkiz zu huzn ixozkxouty7

&.$( 2WTXXNSL BFWLJYX

Ot znoy ykizout }k yz{j� gtuznkx vkxluxsgtik lkgz{xk zngz ynu{rj hk iutyojkxkj
}nkt k|gr{gzotm grmuxoznsy lux xkrgzo|k ruigro!gzout7 Znoy lkgz{xk oy w{grozgzo|k xgznkx
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:B Zxgiqotm Skznujy lux Xkrgzo|k Ruigroygzout <9@

LUV_Y 08.0
Joyzgtik lux znk QLG

gGp : ; = ? A

: E 9fp 9DB? 9D<? 9D;: 9D>> 9D;=

: E :fp 9DB? 9D<? 9D;; 9D>? 9D;>

: E <fp 9DB@ 9D<A 9D;B 9D>@ 9D<=

: E >fp 9DBA 9D=; 9D=: 9D?> 9D><

: E @D>fp :D9= 9D>? 9D>? 9D@A 9D@A

: E :9fp :D:9 9D?< 9D@= 9DB? :D9:

LUV_Y 08.1
Joyzgtik lux znk \HG

gGp : ; = ? A

: E 9 fp BD9B >DA@ :?D:; :=D:B ::D?A

: E : fp :;DA= AD?9 ?D?@ :=D<= ::D@?

: E < fp :<D?? BDB9 AD=? :;D@< ::D<>

: E > fp :<DB: :9D<@ :9DA: ::DB< ::D>@

: E @D> fp :>D:> :<D;; ::D:; ::D=< ::D:;

: E :9 fp :@D;A :;D@> ::D@@ ::D;= ::D9?

LUV_Y 08.2
Iusv{zotm zosk lux znk QLG

gGp : ; = ? A

: E 9fp 9D9; 9D9; 9D9; 9D9; 9D9;

: E :fp 9D9; 9D9; 9D9; 9D9; 9D9;

: E <fp 9D9; 9D9; 9D9; 9D9; 9D9;

: E >fp 9D9; 9D9; 9D9; 9D9; 9D9;

: E @D>fp 9D9; 9D9; 9D9; 9D9; 9D9;

: E :9fp 9D9; 9D9; 9D9; 9D9; 9D9;

LUV_Y 08.3
Iusv{zotm zosk lux znk \HG

gGp : ; = ? A

: E 9fp :D=> 9D=: 9D:@ 9D:9 9D9A

: E :fp :D=? 9D=: 9D:@ 9D:9 9D9A

: E <fp :D=? 9D=; 9D:@ 9D:9 9D9A

: E >fp :D=@ 9D=: 9D:? 9D:9 9D9A

: E @D>fp :D=@ 9D=: 9D:@ 9D:9 9D9A

: E :9fp :D=A 9D=; 9D:@ 9D:9 9D9A

zngt w{gtzozgzo|k7 Oz ot|kyzomgzky znk w{kyzout }nkznkx gt grmuxozns igt jkgr }ozn
znk iusvrk~ yoz{gzout ul ixuyyotm zgxmkzy7 Ixuyyotm ul z}u zgxmkzy skgty zngz znk
|grojgzout mgzky ul znk z}u zgxmkzy otzkxykiz5 o7k7 yusk skgy{xksktzy gxk r�otm ot znk
|grojgzout mgzky ul huzn zgxmkzy7 Lom{xk :B7; ynu}y g z�voigr yoz{gzout7

Lux znk k|gr{gzout ul znk grmuxoznsy }ozn xkyvkiz zu znk vxuhrks ul ixuyyotm
zgxmkzy xkgr jgzg ng|k hkkt gvvrokj7 Lom{xk :B7< ynu}y znk hkng|ou{x ul znk \HG
}nkt gvvrokj zu znk vxuhrks ul ixuyyotm zgxmkzy {yotm xkgr jgzg uxomotgzotm lxus
gt k~vkxosktz }ozn z}u xuhuzy ot u{x rghuxgzux�7 Oz ynu}y znk kyzosgzky lux znk
vuyozout ul znk uhpkizy igri{rgzkj h� znk grmuxozns h� {yk ul krrovyky7 Znk kyzosgzkj
vuyozout oy znk iktzxk ul znk krrovyk5 }nkxkgy znk yngvk ul znk krrovyk xkvxkyktzy znk
giz{gr mkuskzx� ul znk zxgiqkj uhpkiz7 Znk uhpkizy yzgxz ot znk rklz gtj su|k zu znk
xomnz gy otjoigzkj ot Lom7 :B7;7 Znk hkng|ou{x ul znk QLG oy |kx� yosorgx gtj zn{y
gt gjjozoutgr mxgvnoiy oy usozzkj7

Uh|ou{yr� tutk ul znk grmuxoznsy igt jkgr }ozn znk vxuhrks ul ixuyyotm zgxmkzy7
Znk� grr ruigzk huzn uhpkizy gz znk ygsk vuyozout glzkx znk ixuyyotm7 Znoy hkng|ou{x
oy iussut zu uznkx grmuxoznsy lux zxgiqotm k~zktjkj zgxmkzy5 lux otyzgtik g
tkgxkyz"tkomnhu{x"hgykj grmuxozns7

*2(,(* GSP 6W`^_P] FZ]_TYR 4WRZ]T_SX

Yotik znk tgzo|k \ozkxho gvvxugin gtj znk QLG igttuz jkgr }ozn znk vxuhrks ul
ixuyyotm zgxmkzy5 gt osvxu|kj grmuxozns ngy hkkt jk|kruvkj5 }noin igt ngtjrk znoy
yoz{gzout7 U{x gvvxugin zu jkgr }ozn z}u ixuyyotm k~vgtjkj zgxmkzy xkroky ut g
yvkio"i lkgz{xk ul znk \ozkxho grmuxozns7 Znk \ozkxho grmuxozns oy ghrk zu iuvk
}ozn hosujgr ux k|kt s{rzosujgr vxuhghoroz� jktyozoky zu yusk jkmxkk7 Oz yngxky
znoy lkgz{xk }ozn k7m7 Yin{r!1 YPVJGL grmuxozns vxuvuykj ot a:>c7 H{z }nork Yin{r!1



@][. 08.1. Z}u ixuyyotm uhpkizy @][. 08.2. Gvvroigzout ul znk \HG
zu ixuyyotm zgxmkzy5 xkgr jgzg

grmuxozns {yky vgxzoirk "rzkxotm gtj zn{y ngy zu jkgr }ozn yk|kxgr n{tjxkjy ul vuotzy5
znk \ozkxho grmuxozns ot u{x gvvroigzout utr� ngtjrky g lk} vuotzy7 Gjjozoutgrr�5
znkyk vuotzy iutzgot yusk otluxsgzout ghu{z znk y{xlgik ul znk zxgiqkj uhpkizy gy
vxuvuykj ot aAc7 Ol g ixuyyotm hkz}kkt znk z}u zgxmkzy uii{xy5 znk \ozkxho grmuxozns
ynu}y znk lurru}otm hkng|ou{x7 Gy yuut gy znk ixuyyotm uii{xy5 znk grmuxozns
zxgiqy grr vuotzy uxomotgzkj lxus huzn uhpkizy yos{rzgtku{yr�7 ]nkt znk ixuyyotm
oy u|kx5 znkyk vuotzy gxk gmgot ykvgxgzkj otzu z}u joyzotiz iru{jy ul skgy{xksktzy
iuxxkyvutjotm zu znk z}u zgxmkzy7 Znk z}u iru{jy ux ir{yzkxy ul vuotzy gxk yzorr
zxgiqkj yos{rzgtku{yr�7 U{x tk} gvvxugin oy hgykj ut znkyk uhykx|gzouty lxus u{x
k~vkxosktzy gtj iutyoyzy ul znxkk jo!kxktz yzkvyC

:7 Gz "xyz oz oy ot|kyzomgzkj }nkznkx g ixuyyotm hkz}kkt znk z}u uhpkizy ngy
uii{xxkj5 o7k7 gz rkgyz utk skgy{xksktz roky ot znk mgzky ul kgin uhpkiz7

;7 Ol g ixuyyotm hkz}kkt znk z}u zgxmkzy ngy hkkt jkzkizkj5 oz oy k~gsotkj }nkznkx
znk ixuyyotm ngy "toynkj5 o7k7 znk skgy{xksktzy ng|k joyvkxykj otzu z}u joyzotiz
iru{jy7

<7 Gy yuut gy znk ktj ul znk ixuyyotm ngy hkkt uhykx|kj5 znk z}u iuxxkyvutjotm
iru{jy ux ir{yzkxy gxk gyyomtkj zu znk z}u uhpkizy7 H� znoy vxuikj{xk znk z}u
uhpkizy somnz hk otzkxingtmkj glzkx znk ixuyyotm7

Znk znxkk yzkvy gxk igxxokj u{z hgykj ut mkuskzxoigr iutyojkxgzouty gtj igt hk
|ok}kj {tjkx znk y{vkxuxjotgzk iutikvz ul jgzg sototm a>c7 Lotgrr�5 roqk lux znk \HG
gz znk ktj ul znk zxgiqotm vxuikyy lux kgin uhpkiz znk vgzn }ozn znk sotos{s rktmzn
oy jkzkxsotkj gtj g Qgrsgt ysuuznkx oy gvvrokj7 Yotik znk otzxuj{ikj grmuxozns
gyyuiogzky ir{yzkxy ul skgy{xksktzy }ozn uhpkizy5 znk osvxu|kj grmuxozns oy igrrkj
Ir{yzkx Yuxzotm Grmuxozns 2IYG37

Oz iu{rj hk gxm{kj zngz znkxk gxk grxkgj� }krr kyzghroynkj grmuxoznsy lux zxgiqotm
ixuyyotm zgxmkzy roqk znk PVJGL a<c ux znk S{rzovrk N�vuznkyoy Lorzkx a:;c7 Nu}k|kx5
znkyk grmuxoznsy ng|k hkkt jk|kruvkj lux zxgiqotm v{tizoluxs zgxmkzy ot ir{zzkx
gtj }u{rj vxuhghr� lgor }nkt zxgiqotm k~zktjkj zgxmkzy7 Znkxk somnz hk yk|kxgr
skgy{xksktzy lxus znk ygsk k~zktjkj zgxmkz7 Zn{y z}u jo!kxktz skgy{xksktzy
lxus znk ygsk zgxmkz igt hk gyyuiogzkj }ozn znk z}u zgxmkzy7 H{z znk k~ir{yout ul
znk gyyuiogzout ul skgy{xksktzy lxus znk ygsk zgxmkz zu huzn uhpkizy oy znk kyyktzogr
iuxk ul znkyk z}u grmuxoznsy7 Zn{y znk� }orr lgor zu ykvgxgzk znk z}u zgxmkzy glzkx znk
ixuyyotm ot suyz ul znk igyky5 kyvkiogrr� }nkt gt gjjozoutgr uiir{yout zgqky vrgik7
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:B Zxgiqotm Skznujy lux Xkrgzo|k Ruigroygzout <9B

@][. 08.3. Lru}ingxz ul znk tk} y}ozinotm grmuxozns

@][. 08.4. Ixuyyotm zgxmkzy5 ngt6
jrkj h� znk IYG5 xkgr jgzg

@][. 08.5. Xkgr jgzg5 zxgiqkj }ozn
znk Ir{yzkx Yuxzotm grmuxozns

Ot suyz ul znk igyky znk z}u zxgiqy }orr iuotiojk glzkx znk ixuyyotm roqk lux znk \HG
ot "m{xk :B7<7 Suxku|kx5 znk iusv{zgzoutgr h{xjkt ul gvvr�otm znkyk grmuxoznsy zu
k~zktjkj zgxmkzy oy |kx� nomn7

*2(,(+ 4 FbT_NSTYR 4WRZ]T_SX

Yotik znk IYG oy ghrk zu jkgr }ozn ixuyyotm zgxmkzy5 oz iu{rj hk {ykj lux znk }nurk
zxgiqotm vxuikyy7 Nu}k|kx5 yotik znoy grmuxozns oy hgykj ut znk \HG grmuxozns oz oy
tuz gy gii{xgzk gy znk QLG gy rutm gy tu ixuyyotm zgqky vrgik gtj tkkjy s{in suxk
iusv{zgzout zosk gy }orr hk ynu}t ot znk tk~z ykizout7 Znkxkluxk5 }k jk|kruvkj g
tk} y}ozinotm ux n�hxoj grmuxozns 2YG35 }noin {yky znk IYG utr� }nkt g ixuyyotm
zgqky vrgik7 Lux znk xkyz ul znk zosk oz {yky znk |kx� gii{xgzk gtj lgyz QLG7 Znk
inuoik ul znk QLG oy l{xznkxsuxk suzo|gzkj h� znk lgiz5 zngz oz oy suxk gii{xgzk gtj
lgyzkx zngt grr uznkx grmuxoznsy }k ng|k zkyzkj lux zxgiqotm k~zktjkj uhpkizy aBc7
Ixuyyotmy gxk jkzkizkj gy ot znk igyk ul znk IYG7 Lom{xk :B7= ynu}y znk #u}ingxz
ul znk YG7

*2(,(, 9`]_SP] 8c[P]TXPY_^

Lom{xk :B7> ynu}y znk gvvroigzout ul znk IYG zu znk vxk|ou{yr� {ykj jgzg7 Ot znk



@][. 08.6. Ixuyyotm zgxmkzy5 ngt6
jrkj h� znk y}ozinotm grmuxozns5
xkgr jgzg

@][. 08.7. Ixuyyotm zgxmkzy5 xkgr
jgzg ul yiktgxou :5 ngtjrkj h� znk
tk} YG

LUV_Y 08.4
Ngtjrotm ul Ixuyyotm Zgxmkzy

yiktgxou : ; < = >

QLG tu tu tu tu tu

\HG tu tu tu tu tu

IYG �ky �ky �ky �ky �ky

YG �ky �ky �ky �ky �ky

LUV_Y 08.5
G|kxgmk Iusv{zotm Zosk

yiktgxou : ; < = >

QLG >=D: ><DA >=D? ><DB >=D=

\HG <@BD9 <>>D@ =@AD? <??D< =?BD<

IYG ;B=D< ;>AD? <;BD> ;?9D@ <;9D<

YG :@:D< :;<D@ ::BD; ::9DA B:D>

ykiutj k~gsvrk mo|kt ot Lom7 :B7?5 }noin {yky xkgr jgzg ul z}u su|otm xuhuzy5 znk
gyyomtsktz glzkx znk ixuyyotm oy }xutm7 H{z gmgot5 znk z}u uhpkizy gxk ykvgxgzkj }krr
glzkx znk ixuyyotm ngy "toynkj7

Lom{xk :B7@ ynu}y zngz znk YG igt jkgr }ozn ixuyyotm zgxmkzy gy }krr gy znk IYG
{yotm znk ygsk jgzg lxus g xkgr k~vkxosktz gy ghu|k7

Zu orr{yzxgzk znk vu}kx ul znk YG l{xznkx k~vkxosktzy }ozn xkgr jgzg }kxk
igxxokj u{z5 ot }noin z}u xuhuzy su|kj gxu{tj ot u{x rghuxgzux�7 Znk skgy{xksktzy
}kxk xkiuxjkj }ozn YOIQ rgykxy su{tzkj ut g suhork xuhuz7 Znk k|gr{gzout ul znk
grmuxoznsy }gy vkxluxskj h� skgty ul "|k yosorgx yiktgxouy7 Ot kgin yiktgxou znk z}u
xuhuzy su|kj ykvgxgzkr� lux yusk zosk otzkx|gr w* gz znk hkmottotm ul znk k~vkxosktz7
Znkt znk xuhuzy skz gtj su|kj zumkznkx lux yusk zosk otzkx|gr w+5 yu zngz g ixuyyotm
zuuq vrgik7 Lotgrr�5 znk xuhuzy yvroz gmgot gtj su|kj grutk lux zosk otzkx|gr w,7 Zosk
otzkx|gr w+ }gy gvvxu~osgzkr� <9 ykiutjy lux kgin yiktgxou7 Zosk otzkx|gry w* gtj w,
}kxk ul znk ygsk rktmzn5 |gx�otm lxus <9 ykiutjy zu :>9 ykiutjy7 Lom{xk :B7A ynu}y
gt k~gsvrk ul znk xky{rzy lux znk kyzosgzkj vgzny {yotm znk YG7

Roqk ot znk k~vkxosktz k~gsotkj ghu|k5 QLG gtj \HG gr}g�y lgorkj5 }nkxkgy
IYG gtj YG }uxqkj }krr lux grr znk "|k yiktgxouy7

Zghrk :B7? ynu}y znk xkw{oxkj iusv{zotm zosk7 Oz iutzgoty znk g|kxgmk zosk
wU tkkjkj lux znk igri{rgzout ul utk zosk yzkv ot sorroykiutjy7 Znk zghrk ynu}y
osvxu|ksktz zngz igt hk ginok|kj {yotm znk YG ot iusvgxoyut zu znk IYG7 Suxku|kx5
}ozn mxu}otm otzkx|gry w* gtj w, znk mgot otixkgyky xgvojr�7
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&.$) 2TSHQZXNTSX

Ot znoy vgvkx }k ng|k gjjxkyykj znk vxuhrks ul zxgiqotm xuhuzy ot z�voigr XR
yoz{gzouty7 Z}u hgyoi grmuxoznsy lux znk zxgiqotm vxuikyy ng|k hkkt otzxuj{ikjC
znk� gxk koznkx {yotm znk Qgrsgt "rzkx 2QLG3 ux znk \ozkxho grmuxozns 2\HG37 Znk
iusvgxoyut ul znk grmuxoznsy ngy ynu}t zngz znk QLG oy lgyzkx gtj suxk gii{xgzk
zngt znk \HG7 Znkxkglzkx5 znk vxuhrks ul ixuyyotm zgxmkzy ngy hkkt otzxuj{ikj7
Oz ngy hkkt ynu}t zngz huzn grmuxoznsy vxuj{ik oty{Æioktz xky{rzy {tjkx znk
iutyzxgotzy ul ixuyyotm zgxmkzy7 Zn{y gt ktngtiksktz ul znk \HG ot znk luxs ul
znk IYG ngy hkkt vxuvuykj5 }noin igt jkgr }ozn ixuyyotm zgxmkzy7 Yotik znk IYG
oy hgykj ut znk \HG gtj zn{y oy osvxkioyk gtj yru}5 }k "tgrr� jk|kruvkj znk YG5
}noin sgqky {yk ul znk IYG utr� }nkt g ixuyyotm ngy hkkt jkzkizkj gtj uznkx}oyk
{yky znk QLG7 Znk vu}kx ul znk YG ngy hkkt jksutyzxgzkj ut xkgr jgzg7 Oz ngy hkkt
ynu}t zngz znk YG igt ngtjrk ixuyyotm zgxmkzy gy }krr gy znk IYG h{z tkkjy s{in
rkyy iusv{zotm zosk7 Znk vxuvuykj grmuxoznsy gxk igvghrk ul iuvotm }ozn uiir{youty
zu g ikxzgot rosoz7

Ot znk l{z{xk }k }orr zx� zu mktkxgroyk u{x skznuj lux zxgiqotm ixuyyotm uhpkizy
lxus znk igyk ul z}u uhpkizy zu q uhpkizy 2s{rzo zgxmkz zxgiqotm37 L{xznkxsuxk5 znk
YG ynu{rj hk iusvgxkj zu grmuxoznsy roqk znk YPVJGL a:>c7

Lotgrr�5 l{xznkx k!uxzy ng|k hkkt sgjk zu osvxu|k znk YG lux xkgr zosk
gvvroigzouty7 Znk k!uxz muky sgotr� ot z}u joxkizouty7 Loxyz5 znk igri{rgzout ul znk
Qgrsgt mgot ot Kw7 2:B7;;3 gtj znk ot|kxyk ul znk ottu|gzouty iu|gxogtik tkkjkj
lux znk igri{rgzout lux znk Sgngrgtuhoy joyzgtik ot Kw7 2:B7A3 gxk y{hyzoz{zkj h�
znk igri{rgzout ul znk iuxxkyvutjotm rosozy gy sktzoutkj ot Ykizout ;7;7 Znkyk rosozy
igt hk igri{rgzkj hkluxk znk otzxotyoi zxgiqotm vxuikyy oy yzgxzkj7 Znoy xkj{iky znk
iusv{zotm k!uxz5 hkig{yk sgzxo~ s{rzovroigzout gtj ot|kxyout gxk usozzkj7

Gtuznkx osvxu|ksktz oy znk otzxuj{izout ul "rzkxotm ul znk jgzg hkluxk znk
gvvroigzout ul znk |grojgzout mgzk7 Znoy vxuikj{xk oy suzo|gzkj h� znk lgiz zngz
{y{grr� }nkt gvvr�otm znk IYG znk Sgngrgtuhoy joyzgtik ngy zu hk igri{rgzkj lux
g lk} znu{ygtj skgy{xksktzy7 Znoy xky{rzy lxus znk lgiz zngz lux k|kx� ykrkizkj
skgy{xksktz ul znk rgyz zosk yzkv kgin ul znk <?9 tk} skgy{xksktzy ngy zu hk
zkyzkj ot znk |grojgzout mgzk7 Znoy xkw{oxky znk |gyz sgpuxoz� ul znk iusv{zgzout
zosk }nkt {yotm znoy grmuxozns7 Ot uxjkx zu osvxu|k znoy5 }k ng|k jk|kruvkj gt
k~zxg "rzkx yzkv5 }noin krosotgzky suyz ul znk tk} skgy{xksktzy hkluxk gvvr�otm
znk |grojgzout mgzk7 Znk tk} "rzkx yzkv {yky znk lurru}otm yuvnoyzoigzkj mkuskzxoigr
iutyojkxgzouty7

Utk lkgz{xk zngz znk xuhuzy ng|k ot iussut oy zngz znk� gxk ruigzkj ot yusk
joyzgtik ot lxutz g }grr7 ]nkt ot|kyzomgzotm znk skgy{xksktzy lxus znk rgykx yigt
znkxk ynu{rj hk z}u p{svy ot znk yigt rotk ul znk uhykx|otm xuhuz }nkt znkxk oy gt
uhpkiz ot lxutz ul g }grr7 Utk p{sv xky{rzy ot gt kjmk }nkxk znk joyzgtik jkixkgyky5
}nork znk uznkx p{sv rkgjy zu gt kjmk }nkxk znk joyzgtik otixkgyky7 Lom{xk :B7B
ynu}y g z�voigr yoz{gzout7

Gtuznkx lkgz{xk iusky lxus znk lgiz zngz znk t{shkx ul skgy{xksktzy mktkxgzkj
h� znk xuhuz oy |kx� rosozkj7 Znk rosoz jkvktjy ut znk k~zktyout }noin oy k7m7
ghu{z >9is lux xuhuzy5 gtj znk joyzgtik zu znk xuhuz7 [yotm znk iushotgzout ul
znkyk z}u lkgz{xky ot suyz igyky tkgxr� grr skgy{xksktzy uxomotgzotm lxus znk }grry
igt hk krosotgzkj7 Znkyk skgy{xksktzy gxk h� lgx znk sgpux lxgizout ul znk <?9
skgy{xksktzy lxus znk yigt7



@][. 08.8. G xuhuz ot lxutz ul g }grr

Loxyz vxkrosotgx� xky{rzy ynu} zngz h� znkyk z}u sujo"igzouty znk YG tkkjy utr�
ghu{z <9sy lux znk iusv{zgzout ul utk zosk yzkv ut g V= }ozn <7>MN!7 Yotik u{x
YOIQ rgykxy ng|k g lxkw{kti� ul ?N! znoy skgty5 zngz znk YG oy igvghrk lux xkgr zosk
gvvroigzouty glzkx znkyk sujo"igzouty7

@JKJWJSHJX

:7 Hgx6Yngrus5 _7 gtj Luxzsgtt5 Z7 2:BAA37 QkZ\dbg` Zg] AZmZ >llh\bZmbhg7
Gigjksoi Vxkyy7

;7 Luxtk� Px75 M76J7 2:B@<37 Znk \ozkxho grmuxozns7 Mkh\^^]bg`l h_ ma^ FBBB5
?:2<3C;?A";@A7

<7 Luxzsgtt5 Z7 K75 Hgx6Yngrus5 _75 gtj Yink!k5 S7 2:BA<37 Yutgx zxgiqotm ul
s{rzovrk zgxmkzy {yotm puotz vxuhghoroyzoi jgzg gyyuiogzout7 FBBB GhnkgZe h_
L\^Zgb\ Bg`bg^^kbg`5 UK"A2<37

=7 L{kxyzkthkxm5 Q7 I75 Rot!skokx5 J7 Z75 gtj Jokzsg�kx5 Q7 I7 P7 2;99;37
Vkjkyzxogt xkiumtozout gtj zxgiqotm ul |knoirky {yotm g |knoirk hgykj s{rzorg�kx
rgykxyigttkx7 Ot Mkh\^^]bg`l h_ FS 2002, Fgm^eeb`^gm S^ab\e^l Prfihlbnf5
|ur{sk :5 vgmky <:"<>7

>7 Ngt5 P7 gtj Qgshkx5 S7 2;99:37 AZmZ Jbgbg`7 Gigjksoi Vxkyy5 Rutjut7
?7 Qgrsgt5 X7 K7 2:B?937 G tk} gvvxugin zu rotkgx "rzkxotm gtj vxkjoizout

vxuhrksy7 QkZgl. >PJB, G. ?Zlb\ Bg`bg^^kbg`5 A;C<="=>7
@7 Qx&g{+rotm5 G75 Yintkojkx5 L7 K75 gtj ]orjkxs{zn5 J7 2;99=g37 Zxgiqotm

k~vgtjkj uhpkizy {yotm znk \ozkxho grmuxozns7 Ot Mkh\^^]bg`l h_ ma^ FBBB
@hg_^k^g\^ hg Fgm^eeb`^gm lrlm^fl, SZkgZ, ?ne`ZkbZ7

A7 Qx&g{+rotm5 G75 Yintkojkx5 L7 K75 gtj ]orjkxs{zn5 J7 2;99=h37 Zxgiqotm ul
k~zktjkj ixuyyotm uhpkizy {yotm znk |ozkxho grmuxozns7 Ot Mkh\^^]bg`l h_ ma^ 1lm
Fgm^kgZmbhgZe @hg_^k^g\^ hg Fg_hkfZmb\l bg @hgmkhe, >nmhfZmbhg Zg] Oh[hmb\l
)F@FK@L*7

B7 Qx&g{+rotm5 G75 Yintkojkx5 L7 K75 gtj ]orjkxs{zn5 J7 2;99>37 `{x \kxlurm{tm
g{ymkjkntzkx `okrk # kotk &[hkxyoinz &{hkx g{ymk}&gnrzk Grmuxoznskt {tj kot
\kxmrkoin jkxkt M&{zk7 Zkintoigr xkvuxz5 LQOK8LMGT5 ]ginzhkxm5 Mkxsgt�
2ot Mkxsgt37

:97 Sgngrgtuhoy5 V7 I7 2:B<?37 Ut znk mktkxgro!kj joyzgtik ot yzgzoyzoiy7 Mkh\^^]bg`l
h_ ma^ KZmbhgZe Fglmbmnm^ h_ P\b^g\^5 :;C=B">>7
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:B Zxgiqotm Skznujy lux Xkrgzo|k Ruigroygzout <:<

::7 W{gin5 Z7 gtj Lgxuuw5 S7 2:BB=37 Sg~os{s roqkronnuj zxgiq luxsgzout }ozn
znk |ozkxho grmuxozns7 Ot Mkh\^^]bg`l h_ ma^ 33k] @hg_^k^g\^ hg A^\blbhg Zg]
@hgmkhe, IZd^ ?n^gZ SblmZ, Cehkb]Z7

:;7 Xkoj5 J7 H7 2:B@B37 Gt grmuxozns lux zxgiqotm s{rzovrk zgxmkzy7 FBBB
QkZglZ\mbhgl hg >nmhfZmb\ @hgmkhe5 GI";=CA=<"A>=7

:<7 Yintkojkx5 L7 K75 Suuxy5 S75 ]orjkxs{zn5 J75 gtj Qx&g{+rotm5 G7 2;99<37 Xkrgzo|k
vuyozout kyzosgzout ot g mxu{v ul xuhuzy7 Ot FBBB Fgm^kgZmbhgZe @hg_^k^g\^ hg
J^mah]l Zg] Jh]^el bg >nmhfZmbhg Zg] Oh[hmb\l7

:=7 Yintkojkx5 L7 K7 gtj ]orjkxs{zn5 J7 2;99=37 [yotm gt k~zktjkj qgrsgt "rzkx lux
xkrgzo|k ruigroygzout ot g su|otm xuhuz luxsgzout7 Ot 4ma Fgm^kgZmbhgZe Thkdlahi
hg Oh[hm Jhmbhg Zg] @hgmkhe )OhJh@h 2004*7

:>7 Yin{r!5 J75 H{xmgxj5 ]75 Lu~5 J75 gtj Ixkskxy5 G7 H7 2;99:37 Zxgiqotm s{rzovrk
su|otm uhpkizy }ozn g suhork xuhuz7 Ot Mkh\^^]bg`l h_ ma^ 2001 FBBB @hfinm^k
Ph\b^mr @hg_^k^g\^ hg @hfinm^k Sblbhg Zg] MZmm^kg O^\h`gbmbhg7

:?7 Yn{s}g�5 X7 N7 gtj Yzu!kx5 J7 Y7 2;99937 Qbf^ P^kb^l >gZerlbl Zg] Fml
>iieb\Zmbhgl7 Yvxotmkx7

:@7 |gt Qk{q5 M7 2:B@:37 `okr|kxlurm{tm tgin Qgrsgt"gt}ktj{tm g{l krkqzxutoyinky
Xgjgx7 Zkintoigr Xkvuxz :@<5 Luxyin{tmyotyzoz{z l&{x L{tq {tj Sgznksgzoq5
]ginzhkxm"]kxznnu|kt5 Mkxsgt� 2ot Mkxsgt37

:A7 \ozkxho5 G7 P7 2:B?@37 Kxxux hu{tjy lux iut|ur{zoutgr iujky gtj gt gy�svzuzo6
igrr� uvzos{s jkiujotm grmuxozns7 FBBB QkZglZ\mbhgl Lg Fg_hkfZmbhg Qa^hkr5
OZ":<2;37

:B7 `ngu5 N7 gtj Ynohgygqo5 X7 2;99>37 G tu|kr y�yzks lux zxgiqotm vkjkyzxogty
{yotm s{rzovrk yotmrk"xu} rgykx"xgtmk yigttkxy7 FBBB QkZglZ\mbhgl hg Prlm^fl,
JZg Zg] @r[^kg^mb\luMZkm >: Prlm^fl Zg] EnfZgl5 <>2;3C;A<";B:7



&$

>SFSX 9SGEPMWEXMSR :IXLSHW AWMRK XLI 9EWIV
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Rky!kq Vujy*kjqu}yqo gtj Sgxkq Oj!oqu}yqo

Otyzoz{zk ul Sginotk Zuury gtj Vxuj{izout Ktmotkkxotm
Zkintoigr [to|kxyoz� ul -R&uj&!5 {r7 Yzklgtu}yqokmu :8:> B96B;= -R&uj&!5 Vurgtj
NPTSHWIHO_MH^MOO/T&PSH^&TP

'%$& 8SYWTIZHYNTS YT @TGTY ;THFQNXFYNTS <JYMTIX

Utk ul znk sgpux vxuhrksy ul znk tg|omgzout ul g suhork xuhuz oy "tjotm ozy vuyozout
gtj uxoktzgzout7 Znk vxuikyy ynu{rj hk lgyz gtj xkroghrk yu zngz znk iutzxur {toz
oy ghrk zu yzkkx znk xuhuz grutm g xkw{oxkj zxgpkizux�7 Znkxk gxk yk|kxgr }g�y zu
jkzkxsotk znk ruigroygzout ul g suhork xuhuz5 tgskr�C

' jkgj6xkiqutotm " g skznuj zngz juky tuz {yk gt� k~zkxtgr xklkxktik vuotzy7 Znk
suyz vuv{rgx utk oy ujuskzx� " giw{oxotm otluxsgzout lxus }nkkr ktiujkxy a>c5
a@cD

' rgtjsgxq vuyozoutotm " "tjotm znk k~giz vuyozout h� skgy{xotm znk joyzgtiky zu
ingxgizkxoyzoi uhyzgirky ot znk kt|oxutsktz a<cD

' yktyux6hgykj tg|omgzout " skznuj {zoroyotm g |gxokz� ul xgtmk yigttkxy zu h{orj
g sgv ul g |oyohrk gxkg7 Znkt oz oy iusvgxkj }ozn znk mruhgr sgv zu "tj znk
i{xxktz vuyozout a:c5 a;c5 a?cD

' uznkx skznujy " lux k~gsvrk5 znk gvvroigzout ul MVY ux |oyout y�yzksy a=c5 a>c7

Iusvgxotm znk sgv yzuxkj ot znk xuhuz1y sksux� }ozn znk utk yktykj h� znk
xuhuz oy znk zkintow{k ul ruigroygzout igrrkj yktyux6hgykj tg|omgzout7 Jo!kxktz z�vky
ul yktyuxy {ykj zu ixkgzk znk sgv gxk jkyixohkj rgzkx ut7 Znoy skznuj oy suxk
iusvroigzkj zngt "tjotm rgtjsgxqy h{z mo|ky suxk xkroghrk xky{rzy7 Ul iu{xyk5 znk
xuhuz s{yz uvkxgzk ot gz rkgyz vgxzogrr� qtu}t zkxxgot7 Ot suyz gvvroigzouty oz oy gt
giikvzghrk xkyzxoizout " znk }grry ul h{orjotmy ju tuz ingtmk k|kx� jg�7 Sgvy igt
hk yzuxkj ot z}u skznujy7 Ot znk "xyz utk jkzkizkj kjmky gxk iut|kxzkj zu |kizuxy7
Oz oy kgy� zu iusvgxk znks5 h{z znoy vxuikj{xk ngy utk xkyzxoizout " oz oy gyy{skj
zngz znk kt|oxutsktz iutyoyzy ul yusk qotj ul uhpkizy a::":<5:>c7 Znk yngvk ul znuyk
uhyzgirky igt hk jkyixohkj h� mkuskzxoi vxosozo|ky roqk rotk ux gxi7 Ot sgt� igyky znoy
gyy{svzout }uxqy }krr5 lux k~gsvrk ot uÆik6roqk }uxqyvgiky7 Ot u{x xkykgxin a::c5
y{in g y�yzks }gy gryu jk|kruvkj7 Ot znk ykiutj skznuj znk jgzg xkiko|kj lxus
xgtmk yktyuxy gxk zxgtyluxskj otzu g hozsgv7

[y{grr�5 suyz iussut yktyuxy gxk xgtmk yigttkxy5 }noin {yk sgt� jo!kxktz
vn�yoigr vnktusktg7 Suyz vuv{rgx gxk rgykx5 yutgx gtj xgjgx xgtmk"tjkxy7 Gy g
xky{rz ul skgy{xksktz }k mkz g ykz ul jgzg iutzgototm hkgxotm gtj joyzgtik zu
znk uhyzgirk7 Kgin qotj ngy ozy u}t qk� lkgz{xky7 Yutgx yigttkxy gxk qtu}t zu hk
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otgii{xgzk gtj uvkxgzk gz g ru} ygsvrotm xgzk7 Otluxsgzout vgyykj h� yutgx oy tuoy�
gtj joÆi{rz zu vxuikyy j{k zu sgt� xk#kizouty7 Znk xkz{xtkj yomtgr oy }ojk5 gtj g
ruz ul k!uxz oy tkkjkj zu xkiumtoyk yosvrk uhpkizy y{in gy #gz }grry ux kjmky7 Grznu{mn
yusk xky{rzy ng|k hkkt otzxuj{ikj5 yutgx y�yzksy gxk tuz igvghrk ul tg|omgzotm gt
otjuux suhork xuhuz vxkioykr� j{k zu znk ru} ygsvrotm xgzk7 Gryu z}u otjkvktjktz
y�yzksy sg� otzkxlkxk }ozn kgin uznkx7 Rgykx xgtmk"tjkxy gxk }krr y{ozkj lux otjuux
gvvroigzouty7 Znk� uvkxgzk gz nomn ygsvrotm xgzky hkig{yk ul znk romnz yvkkj7 Znk
romnz hkgs oy |kx� znot gtj xkz{xty zu znk xkiko|kx {tjoyz{xhkj7 Znkxk gxk z}u hgyoi
z�vky ul rgykx xgtmk"tjkxy7 Znk "xyz utky uvkxgzk ot utk vrgtk5 {y{grr� vgxgrrkr zu znk
#uux7 Znk� ksoz g xgjogtz h{tjrk ul hkgsy }ozn nomn gtm{rgx xkyur{zout7 Znk uznkx
utky igt yigt znxkk6josktyoutgrr�7 Znk� gxk suxk xkroghrk h{z uvkxgzk }ozn ysgrrkx
ygsvrotm xgzk gtj xkw{oxk suxk jgzg vxuikyyotm7 Gtuznkx vxuhrks ul tg|omgzout oy
znk ruigroygzout ul znk uhyzgirky ot znk }uxqyvgik ot }noin znk suhork xuhuz uvkxgzky7
Skznujy hgykj ut gizo|k yktyuxy igt hk {ykj zu jkzkiz uhyzgirky7 Yutgxy gxk {ykl{r
gz iruyk xgtmk gy znk� gxk tuz gii{xgzk h{z igt jkzkiz uhyzgirky ot g }ojk gxkg7 Znk�
igt hk {ykj ot gt kskxmkti� yzuv vxuikj{xk7 Tu}gjg�y5 rgykx jk|oiky gxk gvvrokj
|kx� ulzkt lux znk v{xvuyk ul uhyzgirk jkzkizout ot suhork xuhuzy7 Ot :BBA5 ot znk
Otyzoz{zk ul Sginotk Zuury gtj Vxuj{iz Ktmotkkxotm g igx6roqk xuhuz }gy h{orz5 }noin
oy ynu}t ot Lom7 ;97:7 Oz oy g znxkk6}nkkr xuhuz }ozn josktyouty 9DA# :D< s7 Ot lxutz
ul znk xuhuz znkxk oy g rgykx yigttkx vxuzkizkj h� g yuroj h{svkx gtj gt kskxmkti�
y}ozin yzuvvotm znk xuhuz ut iusotm otzu iutzgiz }ozn gt uhyzgirk7

@][. 1/.0. Znk T[XZ Suhork Xuhuz

Znk xuhuz }gy h{orz }ozn znk hgyoi gos ul zkyzotm znk skznujy ul xuhuz1y
zxgpkizux� vrgttotm }ozn tutnurutusoi rosozgzouty aAc5 nktik znk tgsk ul znk xuhuzC
znk T[XZ Tutnurutusoi [to|kxygr Xuhuz lux Zkyzy7 Zu giiusvroyn znk hgyoi gos
oz }gy tkikyygx� zu kw{ov znk xuhuz }ozn g y�yzks ul jk"totm ozy ruigzout gy }krr gy
jkzkizotm uhyzgirky5 yu z}u |kxyouty ul znk y�yzks }kxk ixkgzkj gtj otyzgrrkj ut znk
xuhuz7 Znk hgyoy ul znk "xyz utk oy g #gz YOIQ yigttkx gtj g |kizux jkyixovzout ul
znk }uxqyvgik {ykj lux ruigroygzout7 Znk uznkx |kxyout {yky g yvgzogr rgykx yigttkx
ul u{x u}t iutyzx{izout gtj g xgyzkx jkyixovzout ul znk uhyzgirky7 Znk znkuxkzoigr
hgyky gtj znk xky{rzy ul znk k~vkxosktzy ul huzn skznujy gxk joyi{yykj hkru}7
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;9 Xuhuz Ruigroygzout Skznujy [yotm znk Rgykx Yigttkxy <:@

'%$' ;THFQNXFYNTS <JYMTI CXNSL DJHYTW 3JXHWNUYNTS TK

ETWPXUFHJ

+)(+(* FPY^Z] f L 9WL_ ?L^P] FNLYYP]

Rgykx yigttkxy gxk i{xxktzr� utk ul znk suyz vxkioyk yktyuxy }noin igt hk {ykj ot
yktyux6hgykj xuhuz1y tg|omgzout skznujy7 G |kx� vuv{rgx irgyy ul znkyk yigttkxy gxk
#gz yigttkxy7 Lom{xk ;97; vxkyktzy z}u yigttkxy ul znoy z�vkC vxuj{ikj h� znk YOIQ
Iusvgt� gtj h� znk Gii{Xgtmk7 Huzn gxk kw{ovvkj }ozn znk rgykx xgtmk"tjkx gtj
g xuzgzotm soxxux7 Znk "xyz xuhuz tg|omgzout y�yzks osvrksktzkj ut T[XZ oy hgykj
ut g YOIQ RY;99 rgykx yigttkx vxkyktzkj ot Lom7 ;97;g7 Znk yigttkx ngy gt A9 s
joyzgtik xgtmk gtj g :A9Æ gtm{rgx xgtmk7 Oz skgy{xky znk joyzgtik lxus znk uhyzgirky
}ozn znk gtm{rgx xkyur{zout ul 9D>Æ gtj znk gii{xgi� ul %:> ss7 Znk skgy{xksktz
oy vkxluxskj ut znk nkomnz ul 9D;> s lxus znk #uux7 Znk yigttotm lxkw{kti� oy ;> N!7

@][. 1/.1. g3 RY;99 rgykx xgtmk"tjkx7 h3 Gii{Xgtmk =999 }ozn g xuzgzotm soxxux

Gtuznkx vxgizoighrk yktyux oy znk Gii{Xgtmk =999 rgykx xgtmk"tjkx vxkyktzkj
ot Lom7 ;97;h7 Znk skgy{xksktz ul znk joyzgtik igt hk jutk utr� ot znk uvzoigr g~oy
ul znk jk|oik7 G xuzgzotm soxxux }gy {ykj zu jk#kiz znk rgykx hkgs5 }noin mo|ky
znk vuyyohoroz� ul g }ojk xgtmk yigttotm7 J{k zu znk lgiz zngz g jxo|otm suzux }gy
otyzgrrkj ut g tgxxu} hxgiqkz zu jxo|k znk soxxux5 znk yigttkx ngy g iusvgxgzo|kr�
}ojk gtmrk ul yomnz5 ghu{z <99Æ7 Znk jk|oik oy ingxgizkxoykj h� nomn vgxgskzkxy
}ozn znk xgtmk ul ghu{z :>D> s 2>; lz3 gtj znk skgy{xksktz gii{xgi� ul ;D>= ss
29D: otin37 Znk xgtmk"tjkx uvkxgzky }ozn znk sg~os{s lxkw{kti� ul >9 qN!5 }noin
ktghrky znk y�yzks zu }uxq }ozn nomn xklxkyn xgzk sgotzgototm znk nomn gtm{rgx
xkyur{zout7

+)(+(+ ALaTRL_TZY @ZO`WP

Ot znk skznuj vxkyktzkj nkxk5 jk"totm znk ruigroygzout ul znk xuhuz oy hgykj ut znk
gyy{svzout zngz znkxk k~oyz #gz 2yzxgomnz3 lxgmsktzy ul }grry7 Znk }grr ykmsktz oy
jkyixohkj h� g vgox ul uxoktzkj vuotzy7 Znk hkmottotm ul znk }grr ykmsktz oy jk"tkj h�
znk vuotz zngz oy uhykx|kj "xyz7 Gjjozoutgrr�5 lk} uznkx vgxgskzkxy gxk igri{rgzkj5
tgskr�C rktmzn ul znk ykmsktz5 vgxgskzkxy ul znk rotk iu|kxotm znk ykmsktz5 kzi7



@][. 1/.2. Uvkxgzout jogmxgs ul znk tg|omgzout suj{rk

Znk suj{rk uvkxgzout jogmxgs oy vxkyktzkj ot Lom7 ;97<7 Znk otluxsgzout ghu{z znk
kt|oxutsktz oy yzuxkj ot z}u sgvy7 Utk oy znk xgyzkx sgv {ykj h� znk zxgpkizux�
vrgttotm suj{rk7 Znk uznkx utk5 }noin oy znk |kizux sgv5 sgqky oz vuyyohrk zu jk"tk
znk ruigroygzout gtj uxoktzgzout ul znk suhork xuhuz7 Znk ujuskzxoi skgy{xksktzy
otluxs {y ghu{z znk xkruigzout ul znk xuhuz ot iusvgxoyut }ozn znk vxk|ou{y i�irk7
Tk~z5 znk i{xxktz ruigzout gtj uxoktzgzout ul znk xuhuz igt hk igri{rgzkj7 ]k gyy{sk
zngz znk igri{rgzouty iutzgot yusk kxxux }noin igttuz k~ikkj ikxzgot |gr{ky7 Gy znkxk
gxk znxkk iuuxjotgzky {ykj zu jkyixohk znk ruigzout ul znk xuhuz5 grr znk vuyyohrk
iushotgzouty ul ^5 _ gtj # kxxuxy ixkgzk g <J6yvgik }noin oy igrrkj znk kxxux yvgik7
Znk otluxsgzout lxus znk kt|oxutsktz |kizux sgv 2.}grr6ut6sgv.3 gtj znk jgzg
lxus znk i{xxktz yigttotm gxk {ykj zu igri{rgzk znk iuxxkizout ul znk ruigroygzout7
Ut znk hgyoy ul znk jgzg iurrkizkj lxus znk yigttkx g ykxoky ul skgy{xksktz vuotzy
}noin luxs rotk ykmsktzy gxk ojktzo"kj7 Znk� gxk igrrkj .znk ykmsktzy uhykx|kj.7
Znkt5 ut znk hgyoy ul gt gvvxu~osgzk ruigroygzout ul znk xuhuz5 }grry6ut6sgv gtj
znk6ykmsktzy6uhykx|kj gxk vgoxkj {yotm znk lurru}otm x{rkC kgin ykmsktz oy vgoxkj
}ozn grr znk }grry }noin ng|k znk ygsk uxoktzgzout 2}ozn znk gii{xgi� kw{gr zu
znk sg~os{s gtm{rgx kxxux3 gtj }noin oy iurrotkgx }ozn znk gii{xgi� kw{gr zu znk
sg~os{s ykmsktz vuyozout kxxux7 Sg~os{s ykmsktz vuyozout kxxux oy kw{gr zu znk
vxuj{iz ul sg~os{s xgtmk gtj sg~os{s gtm{rgx kxxux otixkgykj h� sg~os{s
xuhuz vuyozout kxxux7 Kgin vgox ngy ozy }komnz jkvktjktz ut znk }grr }komnz gtj znk
rktmzn ul znk ykmsktz uhykx|kj gy }krr gy ut znk t{shkx ul }grry }ozn }noin g mo|kt
ykmsktz luxsy vgoxy7 Ol znk ykmsktz ngy suxk zngt utk vgox znk }komnz oy xkj{ikj7

Ut znk hgyoy ul utk vgox oz oy vuyyohrk zu jk"tk utr� znk iuxxkizout vkxvktjoi{rgxr�
zu znk joxkizout ul znk ykmsktz uhykx|kj7 Znk mxgvnoi xkvxkyktzgzout oy g yzxgomnz
rotk ot znk kxxux yvgik 2Lom7 ;97=35 }noin oy igrrkj gt kxxux rotk7 Zu igri{rgzk znk |gr{k
ul znk kxxux vxkioykr�5 znk kxxux yvgik oy jo|ojkj otzu y{h6xgtmky zngz ixkgzk g <6J
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@][. 1/.3. Znk .ykmsktz6uhykx|kj. 2UY3 " .}grr6ut6sgv. 2]3 vgoxy zngz ng|k hkkt
lu{tj gtj znk kxxux yvgik

sgzxo~7 Znkt5 znk }komnzy iuxxkyvutjotm zu kgin ul znk y{h6xgtmky gxk otixkgykj h�
znk }komnzy ul znk vgoxy }nuyk kxxux rotky ixuyy znk mo|kt y{h6xgtmk7 Znk y{hykizout
}ozn znk nomnkyz }komnz oy gyy{skj zu iutyzoz{zk znk gvvxu~osgzk iuxxkizout ul znk
xuhuz1y ruigroygzout7 Zu igri{rgzk znk iuxxkizout vxkioykr� }k zgqk otzu giiu{tz utr�
znk .ykmsktz6uhykx|kj " }grr6ut6sgv. vgoxy }nuyk }komnzy iutyzoz{zk znk }komnz ul
znk inuykt y{h6xgtmk7 Jo!kxktiky ul gtmrky ot znk .ykmsktz6uhykx|kj " }grr6ut6sgv.
vgoxy gxk znk hgyoy lux znk igri{rgzout ul znk "tgr xuhuz1y uxoktzgzout iuxxkizout7
Znkt5 znk k~giz |gr{k ul znk xkruigzout iuxxkizout oy igri{rgzkj7 Znk |gr{k ul znk
iuxxkizout oy uhzgotkj {yotm znk rkgyz yw{gxk skznuj gy znk vuotz r�otm iruykyz zu
grr znk rotky xkvxkyktzotm znk jo!kxktik ul znk ruigroygzout ul znk krksktzy ot vgoxy7
Glzkx igri{rgzotm znk xuhuz1y vuyozout znk y�yzks {vjgzky znk sgvy7 Znk vxuikj{xk
iutyoyzy ul yk|kxgr vngykyC

' Sujo"igzout ul }grr jgzg5 }noin ng|k hkkt zgqkt otzu iutyojkxgzout ot znk
.ykmsktz6uhykx|kj. " .}grr6ut6sgv. vgoxy7 Znk vgxgskzkxy ul znk ykmsktzy
zu }noin utr� utk }grr iuxxkyvutjkj gxk {ykj lux znk iuxxkizout ul znk }grry1
vgxgskzkxy }ozn znk k~ikvzout ul znk utky jk"tkj gy ot|gxoghrk7 Tk} }grr oy g
rotkgx }komnzkj gvvxu~osgzout ul znk urj }grr gtj znk ykmsktz7

-R
]3*
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}nkxk d5 e gtj f gxk znk tk} rotk vgxgskzkxy gyy{sotm d+ 4 e+ E 95 {]5 |] gxk
znk ykmstkzy1 ktjvuotzy iuuxjotgzky gtj z] gxk znk }grr gtj ykmsktz }komnzy7
Znk ysgrrkx znk lgizux ul znk }grr1y ikxzgotz� gtj znk mxkgzkx znk rktmzn ul znk
ykmsktz5 znk mxkgzkx znk ot#{ktik ul znk ykmsktz uhykx|kj7 Znk rktmzn ul tk}
}grr iu|kxy urj }grr gtj znk ykmsktz7 Grr lu{x ktj vuotzy gxk vxupkizkj utzu znk
tk} rotk gtj znk z}u u{zkx gxk ykrkizkj lux znk hkmot gtj znk ktj ul znk tk}
ykmsktz7 Glzkx sujo"igzout ul znk }grr ozy ikxzgotz� oy otixkgykj7

' Ixkgzout ul tk} }grry7 Ol znk ykmsktz uhykx|kj joj tuz ng|k ozy kw{o|grktz ut
znk }grry1 sgv5 znkt g tk} }grr oy ixkgzkj7 Ozy vgxgskzkxy 2ruigzout gtj rktmzn3
gxk ojktzoigr }ozn znk vgxgskzkxy ul znk ykmsktz uhykx|kj7 Znk jkmxkk ul znk
ikxzgotz� ul y{in g }grr oy kyzghroynkj ut g ru} rk|kr7



' Jk"totm znk gxkg jk|uoj ul uhyzgirky7 Ut znk hgyoy ul znk ruigzout gtj rktmzn ul
znk ykmsktzy g yigttotm gxkg oy jk"tkj }noin oy lxkk ul uhyzgirky7

' Xksu|otm y{vkx#{u{y }grry7 Ol znk }grr oy iutzgotkj }oznot znk gxkg yigttkj
gtj znkxk oy tu iut"xsgzout ot znk luxs ul znk ykmsktz uhykx|kj5 ozy jkmxkk ul
ikxzgotz� oy ru}kxkj7 Ol oz lgrry hkru} znk znxkynurj |gr{k5 znk }grr oy xksu|kj7

Znkt5 znk sgv ul znk uhyzgirky oy {vjgzkj7 Znk ikrry1 ikxzgotz� rk|kr oy otixkgykj ol
znk uhyzgirky ng|k hkkt uhykx|kj7 Ol znk� gxk uhykx|kj lux znk "xyz zosk5 znk y�yzks
vrgiky znks ut znk sgv ul znk uhyzgirky7 Ol znk ikrr ut znk sgv ul znk uhyzgirky oy
jk"tkj gy .uii{vokj. gtj oz oy ruigzkj ot znk gxkg lxkk ul uhyzgirky5 znkt ozy ikxzgotz�
rk|kr oy ru}kxkj gtj }nkt oz lgrry hkru} znk znxkynurj |gr{k5 znkt znk ikrr oy jk"tkj
gy lxkk7 Glzkx {vjgzotm znk xuhuz1y vuyozout gtj znk sgvy5 znk tg|omgzout suj{rk oy
xkgj� zu vxuikyy znk jgzg lxus znk tk~z i�irk7

+)(+(, <OPY_T!NL_TZY ZQ _SP JZ]V^[LNP

Gy ot grr qotjy ul yktyux tg|omgzout oz oy tkikyygx� zu jk"tk g sujkr sgv 2znk mruhgr
sujkr3 zu sgqk oz vuyyohrk zu jk"tk znk xuhuz1y ruigroygzout7 Oz igt hk jutk ot yk|kxgr
}g�y7 Znk jgzg iutikxtotm znk suyz osvuxzgtz uhyzgirky5 y{in gy " lux k~gsvrk " znk
}grry ul xuusy5 igt hk otzxuj{ikj lxus znk jui{sktzgzout7 Znk }grry ut znk }grry1
sgv zngz gxk jk"tkj ot znoy }g� ynu{rj ng|k znk sg~os{s gtj ot|gxoghrk ikxzgotz�
rk|kr7 Znkt5 znk y�yzks ixkgzky g hoz sgv ul uhyzgirky ut znoy hgyoy7 Znoy skznuj
mo|ky znk hkyz gii{xgi� ul znk sgv zngz oy hkotm ixkgzkj5 }ozn znk gyy{svzout zngz
znk h{orjotm }gy iutyzx{izkj giiuxjotm zu vrgt7 Gtuznkx skznuj ot|ur|ky znk xuhuz
ixkgzotm znk sgv ul }grry gtj uhyzgirky ut ozy u}t7 Ot znk otozogr vuyozout }noin oy
ykrkizkj yu zngz znk hommkyz t{shkx ul #gz lxgmsktzy ul }grry oy |oyohrk5 znk xuhuz oy
sgqotm g ykxoky ul skgy{xksktzy7 Znkt5 oz ingtmky ozy vuyozout h� g ynuxz joyzgtik5
yzuvy gtj zgqky gtuznkx ykxoky ul skgy{xksktzy7 Y{in vxuikj{xk ktghrky znk ixkgzout
ul g |kx� vxkioyk sgv ul }grry5 gtj ut znk hgyoy ul zngz sgv oz igt ixkgzk znk sgv ul
uhyzgirky7 Znk rgyz skznuj oy yosorgx zu znk vxk|ou{y utk7 Znk xuhuz su|ky lxus ozy
otozogr vuyozout gtj zgqky skgy{xksktzy }oznu{z yzuvvotm7 Znk sgv }noin oy ixkgzkj
ot y{in g }g� oy rkyy vxkioyk zngt ot znk skznuj }ozn znk xuhuz yzuvvotm7 Ot u{x
rghuxgzux� }k ng|k {ykj gtj zkyzkj znk ykiutj skznuj7 J{xotm znk tg|omgzout }ozn
znk sgv ul znk }grry luxskj ot y{in g }g�5 znk skgy{xksktzy ul znk xuhuz1y vuyozout
}kxk yzghrk5 gtj znk gii{xgi� ul znk ruigroygzout joj tuz k~ikkj :9pp7

+)(+(- ?LMZ]L_Z]d GP^_^

Znk y�yzks jkyixohkj ghu|k ngy hkkt zkyzkj ut g suhork xuhuz iutyzx{izkj ot u{x
Otyzoz{zk7 Lom{xk ;97> ynu}y znk mktkxgr |ok} ul znk rghuxgzux� }nkxk �u{ igt ykk znk
vxuzkizo|k ynokrjy }noin sgqk oz vuyyohrk lux znk xuhuz zu su|k {tjoyz{xhkj5 }ozn
znk ojktzo"igzout y�yzks ul uhyzgirky hkotm #gz7 Lom{xk ;97? vxkyktzy znk }uxqyvgik
ot znk luxs ul znk uhyzgirk sgv gtj znk }grr sgv7 Ot znoy iusvrk~ kt|oxutsktz znk
xuhuz su|kj ysuuznr�5 }noin iut"xsy znk yzghoroz� ul ruigroygzout skgy{xksktzy7
Znk gii{xgi� ul jk"totm znk vuyozout joj tuz k~ikkj :9pp7 Zgqotm otzu giiu{tz
znk lgiz zngz oz oy znk xky{rz ul znk uvkxgzout ul znk }nurk yzkkxotm y�yzks gtj znk
:99 ss#:99 ss ikrr yo!k ul znk xgyzkx sgv5 oz ynu{rj hk iutyojkxkj nomn7
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@][. 1/.4. Znk mktkxgr |ok} ul znk rghuxgzux� }uxqyvgik

@][. 1/.5. Znk |kizux sgv ul }grry gtj znk xgyzkx sgv ul uhyzgirky

'%$( ;THFQNXFYNTS <JYMTI CXNSL YMJ @FXYJW <FU

TK YMJ ETWPXUFHJ

Ot znk xkykgxin }k ng|k iutj{izkj5 znk tg|omgzout y�yzks {yotm znk |kizux sgv ngy
utk sgpux xkyzxoizout7 Lux znk vxuvkx }uxq znkxk ng|k zu k~oyz #gz }grry rutm ktu{mn
2sot7 <99 ss37 Suxku|kx5 znk y�yzks {yky g ju{hrk 2xgyzkx gtj |kizux3 jkyixovzout ul
znk kt|oxutsktz7 Lux znk v{xvuyk ul znk suhork xuhuz ruigroygzout }k ng|k jk|kruvkj
g tk} skznuj igrrkj VROS7 Znoy ykizout vxkyktzy znkuxkzoigr hgyky gtj k~vkxosktzy
ul znoy skznuj7

+)(,(* GSP ,7 ?L^P] ELYRP!YOP]

J{xotm znk k~vkxosktzy }ozn znk YOIQ #gz rgykx yigttkx5 z}u otiut|ktoktiky ul y{in
g yur{zout ng|k hkkt ojktzo"kj5 tgskr� znk }uxqyvgik oy hkotm yigttkj

' utr� ut utk rk|kr ul 97;> s5
' }oznot znk xgtmk ul utr� :A9Æ7



Lux znk vxuikj{xky ot|ur|otm znk jk"tozout ul znk xuhuz1y vuyozout oz oy ktzoxkr�
y{Æioktz h{z ol znk otluxsgzout iutikxtotm znk }uxqyvgik ot znk vxuikj{xky ul
jk"totm znk ruigroygzout oy tuz iusvrkzk5 oz sg� rkgj zu iurroyouty7 Znk suyz iussut
kxxuxy ot|ur|k znk xuhuz zx�otm zu su|k lux}gxj hkz}kkt znk rkmy ul znk zghrky 2}ozn
znk zghrk zuv hkotm ghu|k znk yigttotm rk|kr3 gtj qtuiqotm gmgotyz tk} uhyzgirky
}nork znk xuhuz oy su|otm hgiq7 Znkyk }kxk znk xkgyuty }n� }k ng|k jkiojkj zu
iutyzx{iz g yvgzogr 2<6josktyoutgr3 rgykx yigttkx }oznu{z y{in lg{rz� lkgz{xky7 Suyz
ul znk yvgzogr yigttkxy {ykj }uxrj}ojk ng|k g xuzgzotm soxxux }ozn znk ingtmotm
gtmrk ul otirotgzout7 Y{in iutyzx{izouty {y{grr� ng|k g rgykx xgtmk"tjkx vrgikj gz
znk huzzus gtj znk soxxux jxo|otm suzux ut znk zuv su{tzkj ut znk hxgiqkz7 Znoy
qotj ul iutyzx{izout xky{rzy ot vgxz ul znk }uxqyvgik hkotm uhyzx{izkj h� znk hxgiqkz7
Znk iutyzx{izout zngz ngy hkkt jkyomtkj5 h{orz gtj vgzktzkj ot OUoZHS 2Lom7 ;97@3
oy lxkk ul znoy jxg}hgiq7

@][. 1/.6. Znk <J rgykx xgtmk"tjkx

Oz iutzgoty g |kxzoigrr� vrgikj rotkgx rgykx xgtmk"tjkx 2;3 gtj g skingtoys lux
jk#kizout ul znk rgykx hkgs ot z}u vkxvktjoi{rgx vrgtky7 Znk skingtoys iutyoyzy
ul g xuzgzotm soxxux 2:<3 gtj g vxoys 2@3 vrgikj ot g yrkk|k5 }noin igt xk|ur|k7 Znk
soxxux oy xkyvutyohrk lux nuxo!utzgr yigttotm5 gtj znk vxoys lux |kxzoigr jk#kizout ul
znk rgykx hkgs7 Huzn vgxzy igt hk jxo|kt h� otjkvktjktz suzuxy 2<3 gtj 2=3 ux h�
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g yotmrk utk 2<3 gy ynu}t ot znk voiz{xk5 {yotm zuuznkj }nkkr 2:@37 Znk zxgtysoyyout
xgzouy gxk sgzinkj ot y{in g }g� zngz znk vxoys xk|ur|ky grutm znk soxxux7 Jxo|ky
gxk su{tzkj zu znk hgyk 2:37 Znk <J rgykx xgtmk"tjkx ngy g <?9Æ nuxo!utzgr "krj ul
|ok} }ozn tu jkgj !utky5 gtj g <9Æ |kxzoigr utk7

+)(,(+ 7P^N]T[_TZY ZQ _SP C?<@ ?ZNLWT^L_TZY @P_SZO

Znk jkzgorkj k~vrgtgzout ul znk ruigroygzout skznuj igt hk lu{tj ot aBc gtj a:9c7
Nkxk5 utr� znk qk� gyy{svzouty gtj g hxokl jkyixovzout ul znk skznuj }orr hk
vxkyktzkj7 Ot znk ruigroygzout skznuj vxkyktzkj nkxk oz oy gyy{skj zngzC

' G suhork xuhuz su|ky ut znk vrgtgx y{xlgik gtj znk sgot g~ky ul znk rgykx
xgtmk"tjkx gxk vkxvktjoi{rgx zu znk mxu{tj}uxq7

' Znk <J rgykx xgtmk"tjkx oy vrgikj ut znk iutyzgtz nkomnz5 zn{y g suhork xuhuz
vuyozout oy jkyixohkj h� < iuuxjotgzkyC {5 | gtj #7

' G mxu{v ul skgy{xksktzy5 igrrkj ykxoky5 zgqkt otzu iutyojkxgzout ynu{rj iutzgot
skgy{xksktzy ul znk l{rr gtmrk ot znk nuxo!utzgr xgtmk7

' Znk rgykx hkgs su|ky grutm g yvoxgr rotk }ozn g xkrgzo|kr� ysgrr gtmrk ul
otirotgzout7 Znkxk oy tu xkrgzoutynov hkz}kkt znk } iuuxjotgzk ul znk uhyzgirk
gtj znk vuyozout ul znk suhork xuhuz5 zn{y g <J vxuhrks igt hk jo|ojkj otzu q
;J vxuhrksy7

' Znk otozogr vuyozout 2}noin igt hk znk gvvxu~osgzout ul znk xkgr utk3 ul g suhork
xuhuz oy qtu}t7

' Znk yigttotm lxkw{kti� oy nomn ktu{mn zu gyy{sk zngz znk xuhuz1y vuyozout oy
iutyzgtz j{xotm skgy{xksktz7

Znk suhork xuhuz ruigroygzout skznuj oy hgykj ut sgzinotm znk i{xxktz yigt zu znk
sgv ul znk kt|oxutsktz vxotiovrk7 Skgy{xksktzy [] gxk zgqkt ot znk vuyozout }noin
oy {tqtu}t zu znk tg|omgzout y�yzks5 ykk Lom7 ;97A7 .Uhyzgirk. ot Lom7 ;97A oy vgxz ul
g xkgr uhpkiz zngz ngy znk ygsk joyixkzk } iuuxjotgzk7 Utr� znk gvvxu~osgzk vuyozout5
lux k~gsvrk utk igri{rgzkj ot znk vxk|ou{y zosk yzkv5 oy qtu}t7 Loxyz5 g zksvuxgx�
sgv lxus znk suyz xkiktz yigt oy h{orz7 Tk~z5 g vgox ul vuotzy5 }noin xkvxkyktz znk
ygsk ruigzout ot znk }uxqyvgik5 oy zgqkt otzu iutyojkxgzout7 Znk "xyz a vuotz oy znk
vuotz }nkxk znk rgykx hkgs nozy znk uhyzgirk7 Znk ykiutj a ' vuotz oy znk osgmk ul
znk "xyz utk5 ixkgzkj lxus znk kyzosgzkj vuyozout ul znk suhork xuhuz7

Oz igt hk tuzoikj zngz utk vuotz igt hk zxgtyluxskj otzu znk ykiutj utk5 gy
ynu}t ot Kw7 2;97;35

a E a ' 4K 4T #[]E 2;97;3

}nkxk K oy znk zxgtyrgzout |kizux ul znk suhork xuhuz5 gtj T # [] oy znk |kizux
vxuj{iz ul znk uxoktzgzout jo!kxktik ul znk suhork xuhuz gtj znk mo|kt joyzgtik
zu znk uhyzgirk7 Znkt5 |kizux Y]5 }noin oy vkxvktjoi{rgx zu znk rotk zgtmktz zu znk
jkzkizkj uhyzgirk1y kjmk igt hk lu{tj7 \kizux Y] rkgjy lxus znk a ' vuotz zu znk
tkgxkyz a '' vuotz ot znk kt|oxutsktz sgv7 J{k zu znk lgiz zngz znk joxkizout ot
}noin znk uhyzgirky ut znk sgv gxk hkotm yu{mnz oy qtu}t5 znk zosk tkkjkj lux
znk ykgxin oy ynuxz7 Gy znk yu{mnz uhyzgirk ut znk hozsgv {y{grr� ngy kjmky }nuyk
znoiqtkyy oy ul g lk} ikrry5 zn{y oz oy znk joyzgtik zu znk sojjrk ul znk kjmk1y ykizout
}noin oy yu{mnz7 Gt grzkxtgzo|k yur{zout ot|ur|ky ruuqotm lux znk joyzgtik zu znk
tkgxkyz uhyzgirkD nu}k|kx }ozn xkmoyzkxotm znk uhyzgirky ot znk luxs ul g hozsgv5
oz }u{rj xky{rz ot {tjkxkyzosgzkj |gr{ky7 Znk sg~os{s rktmzn ul znk Y |kizux



@][. 1/.7. Znk vxotiovrk ul znk ruigroygzout skznuj

oy rosozkj7 Ol gt uhyzgirk igttuz hk lu{tj ot g ikxzgot xgtmk5 znkt znoy vgxzoi{rgx
xgtmk skgy{xksktz oy jxuvvkj7 Znoy igt ngvvkt tkgx znk uhyzgirky1 kjmky7 Tk~z5
znk joyvrgiksktz |kizux T#[]4K oy vxupkizkj utzu znk joxkizout ul znk Y] |kizux7
Znk VJ> vxupkizout |kizux oy kw{gr zu znk Y] |kizux }ozn znk gii{xgi� ul N]7 Ot znoy
}g� g xkrgzoutynov hkz}kkt znk sgv5 i{xxktz jgzg gtj znk xkw{oxkj vgxgskzkxy ul
znk suhork xuhuz1y ruigroygzout kxxux K gtj T igt hk lu{tj7 Znkxk gxk hgyoi lgizuxy
}noin ig{yk N] kxxuxC

:7 Znk joyzgtik skgy{xksktzy iutzgot g ikxzgot kxxux5 }noin xky{rzy ot g lg{rz�
jkzkxsotgzout ul znk joxkizout ul znk Y] |kizux7

;7 Gtuznkx lgizux }noin ot#{ktiky znk |gr{k ul znk kxxux |kizux oy gtm{rgx xkruigzout
ul znk suhork xuhuz7 Oz oy znk xkgyut }n� znk rotk zgtmktz zu znk uhyzgirk1y osgmk
ot znk vuotz hkotm iutyojkxkj oy tuz vgxgrrkr zu znk rotk zgtmktz zu znk uhyzgirk
ot vuotz7

<7 Tk~z lgizux oy znk tut6rotkgx yngvk ul znk uhyzgirk7

Oz ngy hkkt gyy{skj zngz znk joyzxoh{zout ul znk N] kxxux |kizuxy oy xgtjus7
Oz lurru}y lxus znoy gyy{svzout zngz lux znk iuxxkizouty jkzkxsotkj lux znk xuhuz1y
vuyozout jo!kxktz lxus znk xkgr utky znk g|kxgmk |gr{k ul znk N] kxxux |kizuxy }orr
hk otixkgyotm7 Zn{y5 oz oy tkikyygx� zu ruuq lux y{in g vuyozout ul znk suhork xuhuz
ot }noin znk y{s ul yw{gxky ul znk N] kxxux |kizux rktmzny oy znk ysgrrkyz gtj oz oy
gyy{skj zngz znoy vuyozout oy gy iruyk zu znk xkgr vuyozout ul znk xuhuz zngz huzn igt
hk iutyojkxkj ojktzoigr7 Zu jkzkxsotk znk |gr{k ul xkruigzout iuxxkizouty znkxk ngy
hkkt gvvrokj znk rkgyz yw{gxky skznuj7 Znk y{s ul yw{gxky ul znk N] |kizux rktmzny
oy zuzgrrkj lux znk joyzgtik skgy{xksktzy zgqkt otzu giiu{tz ot g mo|kt skgy{xksktz
ykxoky 2q yomto"ky znk t{shkx ul znkyk skgy{xksktzy3C
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yu }k uhzgot
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Gvvr�otm znk mktkxgr jkvktjktik lux znk skgy{xk ul znk |kizux vxupkizout ut gt�
joxkizout5 }k uhzgotC
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Znk y{s \ }orr xkgin sotos{s |gr{k }nkt ozy vgxzogr jkxo|gzo|ky }ozn xkyvkiz zu
Kl5 Km gtj T }noin gxk hkotm ykgxinkj gxk kw{gr zu !kxuC
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H� yur|otm znk y�yzks ul kw{gzouty 2;97:93 znk iuxxkizout Kl5 Km ul znk rotkgx
vuyozout gtj znk iuxxkizout T ul znk gtm{rgx vuyozout igt hk jkzkxsotkj7



+)(,(, FTX`WL_TZY^

Hkluxk znk tk} ruigroygzout skznuj }gy osvrksktzkj ot znk xkgr y�yzks5 znk iutikvz
ngj hkkt zkyzkj ot g yos{rgzux7 Ot znk yos{rgzouty5 z}u yosvro"igzouty }kxk sgjk7
Loxyz5 g z}u josktyoutgr rgykx xgtmk"tjkx }gy yos{rgzkj7 Ykiutj5 znk sgv ul znk
kt|oxutsktz }gy y�shuro!kj h� |kizuxy7 Yos{rgzouty }kxk x{t zu zkyz znk ot#{ktik ul
yusk lgizuxy ut znk ruigroygzout gii{xgi�7 Znk gii{xgi� ul znk rgykx skgy{xksktz5 znk
xkruigzout ul znk suhork xuhuz gtj znk xuzgzout ul znk suhork xuhuz }kxk iutyojkxkj7
Znk yos{rgzouty }kxk ykz {v yu zngz grr znk lgizuxy }kxk zkyzkj otjkvktjktzr�7
Yos{rgzouty }kxk x{t ot jo!kxktz z�vky ul kt|oxutsktz7 Znk ygsvrk sgv oy vxkyktzkj
ot Lom7 ;97B7 G rgxmk t{shkx ul k~vkxosktzy }kxk iutj{izkj7 Z�voigrr�5 znkxk }kxk
z}ktz� x{ty }ozn utk ykz ul vgxgskzkxy "~kj ot kgin zkyz vuotz7 Znk |gxogzouty ul
vgxgskzkxy }kxk gy lurru}yC znk gii{xgi� ul xgtmk skgy{xksktz }gy 9 ! %:;D> is
}ozn yzkv ul 9D> is5 znk xuhuz1y xuzgzout }gy 9 ! %>Æ }ozn yzkv ul 9D;Æ gtj znk
xuhuz1y zxgtyrgzout }gy 9!>9 is }ozn yzkv ul : is7 Znk xky{rzy uhzgotkj }kxk "zzkj
}ozn vur�tusogr i{x|ky7 Znk k~ksvrgx� jkvktjktik oy ynu}t ot Lom7 ;97:97 Znk

@][. 1/.8. Znk ygsvrk sgv

k~vkxosktzy ng|k ynu}t zngzC

' Znk NFLA rgykx xgtmk"tjkx gii{xgi� ngy rotkgx ot#{ktik ut kxxux ul uxoktzgzout
N< igri{rgzout gtj yw{gxk ot#{ktik ut kxxux ul vuyozout NF igri{rgzout7

' Znk rktmzn ul suhork xuhuz zxgtyrgzout VF ngy rotkgx osvgiz ut kxxux ul
uxoktzgzout N< gtj vuyozout NF igri{rgzouty7

' Znk yo!k ul suhork xuhuz xuzgzoutV< ngy yw{gxk ot#{ktik ut kxxux ul uxoktzgzout
N< gtj vuyozout NF igri{rgzouty7

Giiuxjotm zu znk y{vkxvuyozout x{rk5 znk gii{s{rgzkj kxxux ul vuyozout igri{rgzout
NF ot znk yos{rgzkj kt|oxutsktz igt hk vxkyktzkj h� Kw7 2;97::3C

NF E 9E :@>? " NFLA 4 9E 9: "N+
FLA 4 9E 9<:@ "V< 4 9E 99A; "V+

<4

4 9E 99@? "VF aisc D
2;97::3

Yosorgxr�5 znk kxxux ul uxoktzgzout igri{rgzout N< oy ynu}t ot Kw7 2;97:;3C

N< E 9E 9;=? "NFLA 4 9E 9:<< "V< 4 9E 99<: "V+
< 4 9E 99=@ "VF a
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@][. 1/.0/. Znk kxxux ul znk jkzkxsotgzout ul znk xuhuz1y vuyozoutotm gtj uxoktzgzout
jkvktjotm ut rgykx gii{xgi�

+)(,(- F_L_TZYL]d 8c[P]TXPY_^

Gy znk "xyz yzkv ul k|gr{gzotm znk tk} tg|omgzout y�yzks yk|kxgr yzgzoutgx�
k~vkxosktzy }kxk igxxokj u{z7 Ot znk tg|omgzout suj{rk ul znk suhork xuhuz1y iutzxur
y�yzks5 g <J "tk mxgotkj mxoj hgykj sgv ul znk kt|oxutsktz }gy {ykj7 Znk ikrr yo!k
}gy ykz zu 2:E :E :93 is a{E |E }c7 Lux v{xvuyky ul znk yzgzoutgx� zkyzy5 znk <J rgykx
xgtmk"tjkx }gy vrgikj ot znk {y{gr }uxqxuus7 J{xotm znk k~vkxosktz oz xksgotkj
xuuzkj ot utk vrgik7 Znk |oy{gro!gzout ul znoy }uxqyvgik oy vxkyktzkj ot Lom7 ;97::7
Znk yzgzoutgx� zkyzy grru}kj {y zu krosotgzk .grsuyz. grr znk kxxuxy gtj h{my ot znk
iujk5 gy }krr gy zu jkzkxsotk znk ingxgizkxoyzoiy ul znk ruigroygzout skznuj ot znk
xkgr kt|oxutsktz7 J{xotm znoy vngyk ul xkykgxin yk|kxgr ynuxz6zkxs gtj rutm6zkxs
k~vkxosktzy }kxk igxxokj u{z7 Znk yzgtjgxj jk|ogzout ul vuyozout kyzosgzout }gy
:D:9 gtj :D<; is5 xkyvkizo|kr�7 Znk yzgtjgxj jk|ogzout ul uxoktzgzout igri{rgzout }gy
9D<BÆ gtj 9D=;Æ7 Znk ynuxz6zkxs k~vkxosktzy 2g lk} sot{zky rutm3 grru} zu jkzkxsotk
znk gii{xgi� ul znk xuhuz1y vuyozout gtj uxoktzgzout kyzosgzout7 Znk sgv }gy tuz
{vjgzkj j{xotm znk k~vkxosktzy7 Znk rutm6zkxs yzgzoutgx� k~vkxosktzy5 kgin ul
}noin rgyzkj u|kx B9 sot5 ng|k hkkt iutj{izkj }ozn sgv {vjgzotm vxuikj{xk7 Oz
vxu|kj zngz znk ruigroygzout skznuj oy |kx� yzghrk gtj oy lxkk lxus znk jxolz ul znk
sgv ul kt|oxutsktz7

+)(,(. 8c[P]TXPY_^ bT_S @ZMTWP EZMZ_

Znk "tgr |kxo"igzout ul znk tk} suhork xuhuz ruigroygzout skznuj }gy iusvrkzkj
j{k zu znk k~vkxosktzy ot otj{yzx� roqk kt|oxutsktz }ozn znk T[XZ xuhuz7 Znk "xyz
znotm zngz }gy jutk }gy znk ixkgzout ul znk sgv ul znk kt|oxutsktz7 Znk vxuikyy
ul sgv ixkgzout }gy gy lurru}yC



@][. 1/.00. Znk |oy{gro!gzout ul znk <J mxoj hgykj sgv ul uÆik6roqk kt|oxutsktz

@][. 1/.01. J�tgsoi kt|oxutsktz zkyzC g3 vrgttkj vgzn h3 k~ki{zkj vgzn

@][. 1/.02. J�tgsoi kt|oxutsktz zkyzC g3 vrgttkj vgzn h3 k~ki{zkj vgzn
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:7 Znk otozogr xuhuz vuyozout }gy ykz {v7
;7 Znk }uxqyvgik }gy yigttkj lux g vkxouj ul zosk7
<7 Iurrkizkj otluxsgzout }gy v{z otzu znk sgv7
=7 Znk suhork xuhuz }gy su|kj zu znk tk~z ruigzout xkrgzo|kr� iruyk zu znk i{xxktz

utk7

Yzkvy ;"= gxk xkvkgzkj {tzor znk }nurk gxkg oy sgvvkj7 Tk~z5 znk k~vkxosktzy ot g
j�tgsoi kt|oxutsktz }kxk igxxokj u{z7 Glzkx y{iikyyl{r ruigroygzout5 znk ygsk jgzg
gxk {ykj zu {vjgzk znk <6J uii{vgti� mxoj sgv7 Znk {vjgzk vxuikyy {yky znk xg�
zxgiotm zkintow{k zu {vjgzk znk yzgzk ul grr znk ikrry ul znk sgv znk rgykx hkgs
.zxg|krrkj. znxu{mn7 Znk ygsvrk x{ty gxk vxkyktzkj ot Lom7 ;97:; gtj Lom7 ;97:<7
Znk vxkyktzkj sgvy }kxk zgqkt lxus znk vgzn vrgttotm suj{rk ul znk tg|omgzout
y�yzks5 }noin {yky g z}u6josktyoutgr mxoj hgykj sgv }ozn ikrr yo!k ul :9 # :9 is7
Znk ojkg ul znuyk zkyzy }gy zu k|gr{gzk znk hkng|ou{x ul znk tg|omgzout y�yzks ot znk
igyky ul jkzkizotm tk} uhyzgirky ot znk vgzn5 ux jkzkizotm tk} giikyyohrk vgyygmky7
Utk igt ykk 2Lom7 ;97:;g3 zngz znk vrgttkj vgzn xgt lux}gxj ot g yzxgomnz rotk7 Glzkx
znk xuhuz yzgxzkj su|otm5 g igxzut }gy znxu}t otzu znk vrgttkj zxgpkizux�7 Znk tk}
uhyzgirk }gy jkzkizkj gtj otluxsgzout }gy yzuxkj ot znk sgv7 Tk~z5 znk {vjgzkj
z}u6josktyoutgr sgv }gy yktz zu znk vgzn vrgttkx suj{rk7 Znk Vgzn Vrgttkx ngy
vrgttkj g tk} vgzn zu g|uoj znk uhyzgirk7 Znk k~ki{zkj vgzn gy }krr gy znk {vjgzkj
sgv gxk ynu}t ot Lom7 ;97:;h7 Xu{tjkj sgxqkxy grutm znk xuhuz1y vgzn ynu} znk
y{iikyyo|k vuotzy ot }noin znk tg|omgzout suj{rk jkzkxsotkj znk xuhuz1y vuyozout7
Yosorgxr� ot g yoz{gzout }nkt znk uhyzgirk 2g igxjhugxj hu~3 }gy xksu|kj lxus
znk }uxqyvgik 2Lom7 ;97:<37 Znk vgzn grutm }noin znk xuhuz su|kj iutyojkxy znk
ingtmk ot znk kt|oxutsktz7 J{xotm znk k~vkxosktzy }ozn xksu|otm znk uhyzgirk
znk xuhuz1y yvkkj }gy xkj{ikj7 J{xotm znk xuhuz1y su|ksktz znk ruigroygzout gtj
znk sgv {vjgzotm }kxk jutk ot xkgr zosk7 Ot iusvgxoyut zu a:=c znk ruigroygzout
oy vkxluxskj s{in lgyzkx zngt znk iusvrkzk <J yigt oy jutk7 Ot znk k~vkxosktzy
znk ruigroygzout lxkw{kti� }gy :9D> N!7 Oz oy vuyyohrk sgotr� hkig{yk ul yigttotm
zkintow{k jo!kxktz lxus a:=c7 Znk rgykx hkgs y}kkvy grutm znk nkroigr vgzn }ozn g
xkrgzo|kr� ysgrr gtmrk ul otirotgzout7 J{k zu znk iutyojkxghr� otixkgykj yo!k ul znk
sgv5 znk vxuikyy ul xklxkynotm znk otluxsgzout ghu{z znk uhyzgirky x{ty s{in suxk
yru}r�7 Znk zosk oz zgqky znk xuhuz zu xkgiz zu g tk} uhyzgirk oy xkrgzo|kr� ynuxz
2ghu{z : y35 h{z znk zosk tkkjkj zu xksu|k znk uhyzgirky lxus znk sgv oy s{in
rutmkx 2ghu{z > y37 Oz xky{rzy lxus znk lgiz zngz gz kgin xuzgzout ul znk yigttkx
znk rgykx hkgs ngy g jo!kxktz gtmrk ul otirotgzout5 yu znk y�yzks xkw{oxky g s{in
rutmkx zosk zu inkiq ol grr znk ikrry zngz ngj vxk|ou{yr� hkkt sgxqkj gy uii{vokj gxk
tu} lxkk7 Znk suhork xuhuz yzg�kj ruigroykj ot znk }nurk vxk|ou{yr� sgvvkj gxkg7
Nu}k|kx5 znk ruigroygzout gii{xgi� ng|k tuz hkkt jkzkxsotkj hkig{yk ul znk rgiq ul
znk k~zkxtgr xklkxktik y�yzks7

'%$) >YMJW ;THFQNXFYNTS <JYMTIX

Ot vgvkx a:?c znkxk oy vxkyktzkj znk skznuj ul suhork xuhuzy ruigroygzout ot znk uÆik
ux uÆik6otj{yzx� kt|oxutsktz7 Znk }uxqyvgik ul znoy z�vk igt hk kgyor� vxkyktzkj
ot znk luxs ul g iurrkizout ul rotky7 Zn{y5 znk g{znuxy ng|k inuykt znk |kizux sgv7
G #gz rgykx yigttkx ul <?9 jkmxkky }uxq xgtmk }gy {ykj zu iurrkiz jgzg ghu{z znk
kt|oxutsktz7 Mktkxgrr�5 ruigroygzout ot|ur|ky iusvgxotm znk i{xxktz skgy{xksktz
2osgmk3 }ozn znk kt|oxutsktz sgv7 Znk g{znuxy gyy{sk5 gy sgt� uznkxy5 zngz znk



xuhuz1y xkruigzout gy }krr gy ozy xuzgzout hkz}kkt y{hykw{ktz iusv{zgzout i�irky
gxk tuz hom7 Znk xuhuz1y otozogr vuyozout5 }noin igt hk gvvxu~osgzk5 oy gryu qtu}t7
Znk xuhuz1y ruigroygzout vxuikj{xk hkmoty }ozn "tjotm znk tkgxkyz rotkgx ykmsktz
ut znk sgv lux kgin vuotz ul znk osgmk7 Znkt5 znk iutmx{ktik oy hkotm yu{mnz
}noin sotosoyky znk y{s ul yw{gxkj joyzgtiky hkz}kkt znk osgmk vuotzy gtj znkox
iuxxkyvutjotm rotkgx ykmsktzy7 Oz igt hk vxkyktzkj ot znk luxs ul znk kw{gzoutC

\ E
R
]

+
a[ 2#3 2y] ! f3 4 2f4 w3c

*
x] ! u]

,+
E sotE 2;97:<3

}nkxk # skgty znk xuhuz1y xuzgzout5 w " xuhuz1y xkruigzout5 y] " osgmk vuotzy5 x] "
iuxxkyvutjotm rotkgx ykmsktzy ut znk sgv5 i " iktzxk ul mxg|oz� ul znk osgmk vuotzy
gtj '

" sgzxo~ zxgtyvuyozout7 Znk # gtj w |gr{ky lu{tj iutyzoz{zk xuzgzout gtj
xkruigzout ul znk xuhuz }ozn xkyvkiz zu znk rgyz qtu}t ruigzout7 J{k zu iusv{zgzout
vu}kx }noin }gy znkt gz znk g{znuxy1 joyvuygr5 |gxou{y yosvro"igzouty gtj rosozgzouty
}kxk {ykj5 gsutm uznkxy " suxk zngt A9/ ul znk osgmk vuotzy }kxk xkpkizkj7 Znk
hgyoi jo!kxktiky hkz}kkt znk ruigroygzout skznuj vxkyktzkj ot a:?c gtj znk VROS
skznuj joyi{yykj ot Ykizout ;97< gxk znk xky{rz ul znk gyy{svzout ul gt {tyzx{iz{xkj
kt|oxutsktz jkyixohkj h� znk xgyzkx sgv gy znk sgot z�vk ul }uxqyvgik7 Ot znk
VROS skznuj znkxk oy sotoso!kj znk joyzgtik ul znk osgmk vuotzy zu uhyzgirky
}oznu{z g jk"tozk joxkizout gy ot znk igyk ul znk |kizux sgv7 Yu znkxk ngy hkkt
jk|kruvkj gt grmuxozns ykkqotm znk joyzgtik zu znk .hr{xxkj. kjmk ul znk uhyzgirk
ot znk joxkizout vkxvktjoi{rgx zu znk zksvuxgx� joxkizout ul znk uhyzgirk1y osgmk7
Suxku|kx5 ot iusvgxoyut zu a:?c znk gvvxu~osgzouty ul znk xuzgzout sgzxo~ gxk tuz
{ykj gy }krr gy grr znk skgy{xksktzy gxk otir{jkj ot znk iusv{zgzouty7 Znk g{znuxy
ul a:>c vxkyktz znk skznuj ul znk ruigroygzout ul suhork xuhuzy gtj znk skznuj ul
ixkgzotm znk sgv {yotm znk otluxsgzout lxus g #gz YOIQ RSY;99 rgykx yigttkx7
Rotkgx ykmsktzy ng|k hkkt {ykj zu h{orj znk sgv7 Nu}k|kx5 sujo"igzout ul g
z�voigr yur{zout ngy hkkt otzxuj{ikj7 Znk� ng|k ixkgzkj g sgv igrrkj g Iruykj
Rotk Ykmsktz5 iutyoyzotm k~ir{yo|kr� ul rotkgx ykmsktzy }noin luxs g iruykj xkmout7
Znk rotky yotmrkj u{z lxus znk rgykx yigttkx skgy{xksktz gxk puotkj }ozn znk nkrv ul
znk yu6igrrkj |oxz{gr rotky7 Znk skznuj ngy hkkt zkyzkj ut znk TUSGJOI ^X=999
suhork vrgzluxs ot znk uÆik6roqk kt|oxutsktz ul =>s+7 Znk xuhuz }gy kw{ovvkj
}ozn znk iusv{zkx hgykj ut g <99 SN! Vktzo{s OO7 Ot znkyk iutjozouty znk zosky
ul ruigr gtj mruhgr ruigroygzouty }kxk :D? gtj :@ sy5 xkyvkizo|kr�7 Znk zosk tkkjkj
lux {vjgzotm znk sgv }gy :@9 sy7 Znk gii{xgi� ul znk ruigroygzout }gy :9 ss gtj
9D>Æ5 giiuxjotm zu znk g{znuxy7 Znk g{znuxy ul a:=c vxkyktz znk skznuj ul suhork
xuhuz ruigroygzout }ozn znk yvgzogr rgykx yigttkx gtj #gz sgvy iutyoyzotm ul rotkgx
ykmsktzy7 Znk yvgzogr yigttkx zngz }gy {ykj oy znk g{znuxy1 iutyzx{izout7 Oz iutyoyzy
ul g YOIQ #gz yigttkx su{tzkj ut g xuzgzotm nkgj7 Znk zosk ul yigttotm jkvktjy
ut znk }uxq vgxgskzkxy gtj oy iutzgotkj hkz}kkt :D; y zu =DA y7 Znk }uxqyvgik
sgv 2otyojk h{orjotmy3 oy ixkgzkj h� xksu|otm znk otluxsgzout ghu{z znk } nkomnz
lxus znk iru{j ul q vuotzy ul znxkk iuuxjotgzky5 {5 |5 gtj }7 Ot znoy }g� znkxk oy
luxskj znk yu6igrrkj ;6J |oxz{gr osgmk ul znk }uxqyvgik }noin {tjkxmuky l{xznkx
vxuikyyotm7 Znkt5 rotkgx ykmsktzy gxk oyurgzkj }noin jkyixohk sgotr� znk }grry ul
znk h{orjotm {ykj lux znk ruigroygzout ul znk xuhuz7 Znk skznuj ngy hkkt zkyzkj }ozn
znk {yk ul znk Xuhuz GZX\ suhork vrgzluxs kw{ovvkj }ozn znk ut6hugxj iusv{zkx
gtj yigrghrk vxuikyyotm hu~ lux vxuikyyotm znk yomtgry lxus znk yvgzogr yigttkx7 Znk
|knoirk }gy xgjou6iutzxurrkj h� gt gjjozoutgr iusv{zkx7 Znk zkyzy }kxk igxxokj u{z
ot gt otj{yzxogr kt|oxutsktz ul ghu{z :>99 s+7 Znk zxg|krrotm yvkkj }gy 9D: s8y7
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;9 Xuhuz Ruigroygzout Skznujy [yotm znk Rgykx Yigttkxy <<:

'%$* AZRRFW^ FSI 2TSHQZXNTSX

Ot znk vxkyktz gxzoirk z}u zkintow{ky ul suhork xuhuzy ruigroygzout ng|k hkkt
vxkyktzkjC

:7 {yotm g #gz yigttkx gtj g |kizux sgv ul uhyzgirky
;7 {yotm g <6J rgykx yigttkx gtj g xgyzkx sgv

Znk zghrk hkru} vxkyktzy znk hgyoi yosorgxozoky gtj jo!kxktiky ul huzn skznujy
ot iusvgxoyut }ozn znk skznujy zgqkt lxus rozkxgz{xk a:=c5 a:>c7 Hkig{yk ul znk
iutyojkxghrk jo!kxktiky ot znk iusv{zkx yvkkjy5 znk zghrk juky tuz otir{jk gt�
iusvgxoyut }ozn a:?c7

LUV_Y 1/.0. Iusvgxoyut ul znk suhork xuhuz ruigroygzout skznujy

;J Yigttkx
gtj |kizux
}uxqyvgik

sgv

;J Yoiq
yigttkx a:>c

<J yigttkx
gtj mxoj sgv

<J Yoiq hgykj
yigttkx "
|oxz{gr
;J a:=c

otluxsgzout
ghu{z uhyzgirky
ot }uxqyvgik

vgxzogr vgxzogr l{rr
l{rr 2<J

vuotz6iru{j3

gii{xgi� :9 ss :9 ss5 9D>Æ :: ss F

lxkw{kti� ul
ruigroygzout

;> N! F >! :9 N! :D;! =DA y

yzx{iz{xk ul znk
}uxqyvgik

}ozn #gz }grry }ozn #gz }grry {tyzx{iz{xkj
{tyzx{iz{xkj
4 #gz }grry

zosk ul gjjotm
tk} uhyzgirk

9D: y 9D:@ y : y F

zosk ul xksu|otm
uhyzgirk

9D; y 9D:@ y <! :9 y F

sksux� lux
:99 s+ :9 qH F :9 SH F

sgv ixkgzout
zosk

ynuxz ynuxz rutm rutm

iusv{zgzoutgr
k!uxz

ru} 2V :<<
SN!3

skjo{s 2VOO
<99 SN!3

nomn 2;# VOOO
:7;> MN!3

nomn 2;
uthugxj {tozy
4 : xksuzk

{toz3

Huzn skznujy }uxq }krr ot z�voigr uÆik ux otj{yzx� }uxqyvgiky7 Nu}k|kx5 znk
ykiutj skznuj oy suxk {to|kxygr h{z xkw{oxky g s{in mxkgzkx iusv{zgzout k!uxz
gtj oy yru}kx7 Gtgr�yotm znk hkng|ou{x ul huzn yigttkxy gtj ruigroygzout skznujy5 oz
igt hk k~vkizkj zngz gvvr�otm g n�hxoj y�yzks }orr hk g muuj yur{zoutC {yotm g ;6J
yigttkx lux ruigroygzout h{z }ozn znk ruigroygzout skznuj hgykj ut znk xgyzkx sgv
2jkyixohkj ot Ykizout ;97<37 Znk <6J yigttkx iu{rj hk {ykj zu iurrkiz znk otluxsgzout
ghu{z znk ruigroygzout ul uhyzgirky7 Yu znk Vgzn Vrgttkx Suj{rk }u{rj xkiko|k znk
iushotkj otluxsgzout iusotm lxus huzn yigttkxy7 Znoy yur{zout }orr hk zkyzkj j{xotm
znk l{xznkx vngyk ul xkykgxin7



@JKJWJSHJX

:7 Vurozoy `5 Vxuhkxz V 2:BBA3 Vkxikvzout ul gt Otjuux Xuhuz ]uxqyvgik h� [yotm
IZLS Yutgx Osgmotm7 OtC Vxuikkjotmy ul OKKK Otzkxtgzoutgr Iutlkxktik ut
Xuhuzoiy gtj G{zusgzout7 Rk{|kt5 Hkrmo{s

;7 Huknsqk Y Q5 Hgxky P5 S{zyinrkx K5 Rg� T Q 2:BBA3 G Nomn Yvkkj <J Xgjgx
Yigttkx lux G{zusgzout7 OtC Vxuikkjotmy ul OKKK Otzkxtgzoutgr Iutlkxktik ut
Xuhuzoiy gtj G{zusgzout7 Rk{|kt5 Hkrmo{s

<7 Gxsotmur P S5 Suxktu R5 jk rg Kyigrkxg G5 Ygroiny S G 2:BBA3 Rgtjsgxq
Vkxikvzout Vrgttotm lux Suhork Xuhuz Ruigroygzout7 OtC Vxuikkjotmy ul OKKK
Otzkxtgzoutgr Iutlkxktik ut Xuhuzoiy gtj G{zusgzout7 Rk{|kt5 Hkrmo{s

=7 Y{qqgxokn Y5 Tkhuz K S5 J{xxgtz6]n�zk N L 2:BBA3 Ginok|otm Otzkmxoz� ot
gt OTY8MVY Tg|omgzout Ruuv lux G{zutusu{y Rgtj \knoirk Gvvroigzouty7 OtC
Vxuikkjotmy ul OKKK Otzkxtgzoutgr Iutlkxktik ut Xuhuzoiy gtj G{zusgzout7
Rk{|kt5 Hkrmo{s

>7 Gutu Z5 L{poo Q5 Ngzy{suzu Y5 Qgso�g Z 2:BBA3 Vuyozoutotm ul \knoirk ut
[tj{rgzotm Mxu{tj [yotm MVY gtj Jkgj Xkiqutotm7 OtC Vxuikkjotmy ul OKKK
Otzkxtgzoutgr Iutlkxktik ut Xuhuzoiy gtj G{zusgzout7 Rk{|kt5 Hkrmo{s

?7 Ixu}rk� P R5 ]grrtkx L5 Yinokrk H 2:BBA3 Vuyozout Kyzosgzout [yotm Vxotiovgr
Iusvutktzy ul Xgtmk Jgzg7 OtC Vxuikkjotmy ul OKKK Otzkxtgzoutgr Iutlkxktik
ut Xuhuzoiy gtj G{zusgzout7 Rk{|kt5 Hkrmo{s

@7 Huxktyzkot P 2:BBA3 K~vkxosktzgr K|gr{gzout ul g Lohxk Uvzoiy M�xuyiuvk
lux Osvxu|otm Jkgj6Xkiqutotm Gii{xgi� ot Suhork Xuhuzy7 OtC Vxuikkjotmy ul
OKKK Otzkxtgzoutgr Iutlkxktik ut Xuhuzoiy gtj G{zusgzout7 Rk{|kt5 Hkrmo{s

A7 Vujy*kjqu}yqo R 2:BBA3 Vgzn Vrgttkx lux Tutnurutusoi Suhork Xuhuz }ozn
Lgyz Xkvrgtotm Vxuikj{xk7 OtC Vxuikkjotmy ul OKKK Otzkxtgzoutgr Iutlkxktik
ut Xuhuzoiy gtj G{zusgzout7 Rk{|kt5 Hkrmo{s

B7 Oj!oqu}yqo S 2;99>3 [to|kxygr tg|omgzout y�yzks lux suhork xuhuzy hgykj ut
g yvgzogr rgykx yigtkx7 VnJ znkyoy5 Zkintoigr [to|kxyoz� ul -R&uj&!7 -R&uj&!5 Vurgtj
2ot Vuroyn3

:97 Oj!oqu}yqo S5 Vujy*kjqu}yqo R 2;99<3 Znkuxkzoigr hgyoy ul znk VROS skznuj ul
znk suhork xuhuz ruigroygzout7 OtC Vxuikkjotmy ul Y_XUIU19<7 ]xui-rg}5 Vurgtj

::7 Oj!oqu}yqo S5 Tu}gqu}yqo P5 Vujy*kjqu}yqo R5 \oy|gx� O 2:BBB3 Ut6rotk
tg|omgzout ul suhork xuhuzy {yotm rgykx yigttkx7 OtC Vxuikkjotmy ul XuSuIu1BB7
Qokqx!5 Vurgtj

:;7 Qrkksgt R5 Q{i X 2:BB>3 Suhork Xuhuz Yutgx lux Zgxmkz Ruigroygzout gtj
Irgyyo"igzout7 Otzkxtgzoutgr Pu{xtgr ul Xuhuzoi Xkykgxin5 \ur{sk :=

:<7 Yqx!�vi!�&tyqo V5 Jxgvoqu}yqo V 2:BBB3 Kt|oxutsktz sujkrrotm ot g s{rzo6gmktz
suhork y�yzks7 OtC Vxuikkjotmy ul K[XUHUZ1BB7 `{xoin5 Y}oz!kxrgtj

:=7 ]{rl U5 Gxxgy Q5 Inxoyzktykt N5 ]gmtkx H 2;99=3 ;J Sgvvotm ul Ir{zzkxkj
Otjuux Kt|oxutsktzy h� Skgty ul <J Vkxikvzout7 OtC Vxuikkjotmy ul OKKK
Otzkxtgzoutgr Iutlkxktik ut Xuhuzoiy gtj G{zusgzout7 Tk} Uxrkgty5 [YG

:>7 `ngtm R5 Mnuyn H Q 2;9993 Rotk ykmsktz hgykj sgv h{orjotm gtj ruigroygzout
{yotm ;J rgykx xgtmk"tjkx7 OtC Vxuikkjotmy ul OKKK Otzkxtgzoutgr Iutlkxktik
ut Xuhuzoiy gtj G{zusgzout7 Ygt Lxgtioyiu5 [YG

:?7 Iu~ O5 2:BB93 HrgtinkC Vuyozout Kyzosgzout lux gt G{zutusu{y Xuhuz \knoirk7
OtC Iu~ O5 ]orlutm M 2kjy3 G{zutusu{y Xuhuz \knoirky7 Yvxotmkx6\kxrgm5 Hkxrot
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Vouzx J{zqok}oi!

Ingox ul Iutzxur gtj Y�yzksy Ktmotkkxotm5 Vu!tg&t [to|kxyoz� ul Zkinturum�
{r7 Vouzxu}u <g5 ?96B?> Vu!tg&t5 Vurgtj TMSXV&HYXOMI[MG^/TYX&TS^RER&TP

'&$& 8SYWTIZHYNTS

Xkiktzr�5 znkxk jk|kruv otzktyo|kr� gvvroigzouty ul iutzxur gtj xuhuzoiy y�yzksy7
Yvkiogr iutzxur y�yzksy5 o7k7 xuhuzy5 gxk jkyomtkj lux {yk ot kt|oxutsktzy {tlxoktjr�
ux ngxsl{r zu n{sgt hkotmy7 Vuyyohrk gxkgy ul gvvroigzout ul xuhuzy gxk iutzot{u{yr�
xkvkgzkj zgyqy ux puhy xkw{oxotm rgxmk vn�yoigr vu}kx7 G xuhuz sg� gryu hk {ykj gy gt
gyyoyzgtz ul g n{sgt 2k7m7 g xuhuz gyyoyzgtz lux g y{xmkut3 ux ot yu6igrrkj zkrkxuhuzoi
y�yzksy5 }noin .k~zktj. n{sgt ngtjy7 Suyz j�tgsoigr jk|kruvsktz zgqky vrgik ot
suhork xuhuzoiy7 Ot yusk zgyqy5 xuhuzy ynu{rj su|k ot g sgttkx xkykshrotm n{sgty
ux gtosgry " znk� gxk igrrkj }grqotm xuhuzy7

Ot znk vgvkx5 k~gsvrk gvvroigzouty ul yvkiogr xuhuzy gxk jkyixohkj7 Kgin y{in
xuhuz ngy g iusvrk~ iutzxur y�yzks7 Znk xuhuz iutyoyzy ul znxkk sgot y�yzksyC
skingtoigr5 iutzxur5 gtj yktyux7 Znk skingtoigr vgxz ngy zu vxu|ojk ruiusuzout gtj
sgtov{rgzout l{tizouty7 Znk iutzxur y�yzks }ozn ozy skgy{xksktz krksktzy igxxoky
u{z jkyoxkj zgyqy7 Suxku|kx5 ot sgt� gvvroigzouty g mktkxgr v{xvuyk skgy{xksktz
y�yzks lux otyvkizout ul znk kt|oxutsktz oy gjjozoutgrr� xkw{oxkj7 Znk vgvkx
joyi{yyky vxuhrksy ul jk|kruvsktz ul znk yvkiogr xuhuzy7

Gt k~gsvrk xuhuz YGLGXO grru}y zu jkyixohk vxuhrksy ul jkyomt ul skingtoigr
gtj iutzxur yzx{iz{xky7 Iroshotm xuhuzy ixkgzk g yvkio"i y{hirgyy ul }grqotm xuhuzy7
Uxmgto!gzout ul znk yulz}gxk gtj ngxj}gxk y�yzks ul g iroshotm xuhuz oy u{zrotkj7
Znk qotksgzoiy ul y{in xuhuzy5 yosorgxr� zu uznkx suhork xuhuzy5 hkrutmy zu znk irgyy
ul tutnurutusoi y�yzksy5 }noin xky{rzy lxus |kruioz� iutyzxgotzy7 Znoy osvroky jkyomt
ul yvkio"i iutzxur ul skingtoigr y�yzksy7 Gy g iutykw{ktik5 iuss{toigzout gtj
iusv{zgzoutgr xkw{oxksktzy iutikxtotm vgxzoi{rgx krksktzy ul znk iutzxur y�yzks gxk
luxs{rgzkj7 K~oyzotm joyzxoh{zkj yulz}gxk yur{zouty gxk hxok#� vxkyktzkj }ozn yvkiogr
gzzktzout zu znk otj{yzxogr yzgtjgxj 1Iuxhg17 Ozy vxuvkxzoky gtj yvkio"i lkgz{xky ul
znk iroshotm xuhuzy gryu g!kiz gxinozkiz{xk ul znk iutzxur y�yzks7

Ot Ykizout ;:7;5 skingtoigr y�yzksy ul y{in iutyzx{izout gxk jkyixohkj7 Jkyomt
ul iutzxur gtj yktyux y�yzksy oy joyi{yykj ot Ykizout ;:7<7 Yvkio"i lkgz{xky ul
skgy{xksktz gtj iutzxur y�yzks ul znk YGLGXO iroshotm xuhuz gxk jkyixohkj7
Xkw{oxksktzy iutikxtotm yulz}gxk ul znk skgy{xksktz8jogmtuyoy y�yzks lux y{in
g xuhuz gxk joyi{yykj7 Znkt5 gxinozkiz{xk ul znk iutzxur8jogmtuyoy y�yzks ul znk
YGLGXO xuhuz oy jkyixohkj7
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Ykvgxgzkr�5 |oyout lkkjhgiq8skgy{xksktz ot iusvrk~ iutzxur y�yzksy oy jkyixohkj
ot Ykizout ;:7=7 G iutikvz ul |oyout lkkjhgiq ot iutzxur ul vuyozout ul y{xmoigr
zuury lux Sotosgr Ot|gyo|k Y{xmkx� 2SOY3 oy vxkyktzkj7 Xksgxqy iutikxtotm |oyout
skgy{xksktz ul vuyozout gtj uxoktzgzout ul g suhork yuiikx xuhuz mxu{v gxk w{uzkj7
Iutir{jotm xksgxqy gxk vxkyktzkj ot Ykizout ;:7>7

'&$' <JHMFSNHFQ A^XYJRX

Znk suyz j�tgsoigrr� jk|kruvotm gxkg ot xuhuzoiy ykksy zu hk suhork xuhuzoiy7
Znkxk sg� hk |gxou{y z�vky ul ruiusuzout ul suhork xuhuzy7 Suyz ulzkt suhork
xuhuzy su|k ut }nkkry ux igzkxvorrgxy7 Znkxk gxk gryu }grqotm5 #�otm ux y}ossotm
z�vky7 Znk sgttkx ul ruiusuzout yosvr� jkvktjy ut znk yvkio"i kt|oxutsktz ul znk
suhork xuhuz7 Znk qotksgzoiy ul }grqotm gtj uznkx suhork xuhuzy ig{yky znks zu
hk tutnurutusoi y�yzksy5 }noin xky{rzy lxus |kruioz� iutyzxgotzy7 Znoy osvroky znk
tkikyyoz� ul jkyomt ul yvkio"i iutzxur y�yzksy7 G suhork sginotk mo|ky znk vuyyohoroz�
zu uhykx|k gtj k~gsotk znk yzgzk ul znk kt|oxutsktz ot }noin znk sginotk su|ky7
Hkig{yk ul znoy5 znk otyvkizout sginotk ynu{rj hk g{zutusu{y7

EPaTPb ZQ 6WTXMTYR EZMZ_^ Gd[P^

Iroshotm xuhuzy xkvxkyktz g yvkio"i qotj ul }grqotm xuhuzy7 Znk� gxk yvkiogrr�
jkyomtkj lux su|otm ut |kxzoigr y{xlgiky7 Znkxk gxk z}u z�vky ul iroshotm xuhuzy
jkvktjotm ut znk skznuj ul gzzginsktz zu znk y{xlgikC xuhuzy }ozn skingtoigr
iuttkizout hkz}kkt ozy mxovvkxy gtj znk kt|oxutsktz gtj xuhuzy sgqotm {yk ul
gjnkyo|k luxiky7

@][. 10.0. Su|ksktz ul znk Qrkzzkxsg~ xuhuz

Ot rozkxgz{xk5 sgt� iutyzx{izouty a>5 :95 :@5 ;9c ul iroshotm xuhuzy gxk jkyixohkj7
Znk k~gsvrky orr{yzxgzk znk }g�y ul gjgvzotm znks zu jkyoxkj zgyqy7 Ot suyz igyky
g iroshotm xuhuz su|ky yosorgxr� zu g n{sgt iroshkx7 Oz ynu{rj ng|k g y{vvuxz gz
znxkk vuotzy ut znk y{xlgik7 Znoy igt hk ykkt ot Lom7 ;:7: vxkyktzotm znk lu{x6rkm
xuhuz Qrkzzkxsg~7 Ozy su|ksktz xky{rzy lxus g ykw{ktik ul su|ksktzy ul ozy rkmy7
Znk Qrkzzkxsg~ a>5 ;9c ngy lu{x rkmy 2ul z}u puotzy kgin3 gtj oy |kx� romnz }nkt
vtk{sgzoi giz{gzuxy gxk ksvru�kj7

Gtuznkx iroshotm xuhuz Totpg O a:=5 :Ac ngy hkkt jkyomtkj lux y{in zgyqy gy
iroshotm h{orjotmy5 hxojmky5 gtj uznkx iutyzx{izouty7 Oz oy vxkyktzkj ot Lom7 ;:7;7 Znk
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;: Iusvrk~ Iutzxur Y�yzksyC K~gsvrk Gvvroigzouty <<@

@][. 10.1. Iroshotm xuhuz Totpg O

rkmy ul znk xuhuz gxk jxo|kt }ozn vxoysgzoi giz{gzuxy5 }uxqotm ot vgxgrrkr 2yu6igrrkj
iu{vrkj jxo|k35 }noin gxk |kxzoigrr� uxoktzkj7 Znk sgyy ul znk rkm igt hk sotoso!kj
gtj znk sgyy ul znk xuhuz oy joyzxoh{zkj k|ktr� hkz}kkt grr krksktzy ul ozy skingtoigr
iutyzx{izout7 Gt k~zxg vgyyo|k jkmxkk ul lxkkjus ig{yky znk lkkz ul znk xuhuz zu hk
gr}g�y uxoktzkj vgxgrrkr zu znk mxu{tj7 Znk Totpg O xuhuzy gxk kw{ovvkj }ozn yvkiogr
mxovvkxy " vtk{sgzoi \S6z�vk 2|gr|k6xkm{rgzkj s{rzovrk3 y{izout i{vy7 Sgt� ysgrr
ikrry ul y{izout i{vy gxk iutzxurrkj otjkvktjktzr�7 Znoy xkj{iky {tjkxvxkyy{xk ruyyky
ut vuxu{y ux ixgiqkj mxu{tj7

@][. 10.2. Znk Xkyz yo~6rkmmkj xuhuz

Znk Xkyz xuhuz a:Bc ynu}t ot Lom7 ;:7< oy gt k~gsvrk ul g yo~6rkmmkj xuhuz5
}noin oy jkyzotkj lux su|otm ut lkxxusgmtkzoi y{xlgiky7 Znk rkmy su|k lux}gxj
otjkvktjktzr�7 Znk huj� oy su|kj lux}gxj }nkt grr znk rkmy gxk ruigzkj ot g "tgr
vuyozout7 Ot sgt� }grqotm xuhuz gvvroigzouty yrojotm lxgsk iutyzx{izouty gxk {ykj7
Znk� tkkj yvkiogr iutzxur yzxgzkmoky5 h{z y{in iutyzx{izouty gxk kyvkiogrr� }krr y{ozkj
lux iroshotm gvvroigzouty7 Gt k~gsvrk oy znk ]grr� xuhuz a:@c5 vxkyktzkj ot Lom7
;:7=7 Znk ]grr� {yky z}u vtk{sgzoi giz{gzuxy7 Y{izout i{vy gxk su{tzkj gz ktjy ul
kgin giz{gzux7 Ozy su|ksktz oy kty{xkj h� y�tinxutu{y iutzxur ul y{izout i{vy gtj
giz{gzux su|ksktz7
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actuators

@][. 10.3. Znk ]grr� xuhuz }ozn ozy qotksgzoi yzx{iz{xk

F494E< EZMZ_

Znk vxupkiz 1YGLGXO1 a:9c ngy hkkt y{vvuxzkj h� znk Vuroyn Yzgzk Iussozzkk lux
Yioktzo"i Xkykgxin {tjkx mxgtz tu7 A Z::G 9:9 :@ 1Gt otyvkizout iroshotm xuhuz lux
nomn6}grr h{orjotmy17 Znk sgot gos ul znk YGLGXO xuhuz oy otyvkizout ul iutixkzk ul
nomn6}grr h{orjotmy }grry7 Znk YGLGXO hkrutmy zu g mxu{v ul iroshotm xuhuzy }ozn
yu6igrrkj yrojotm lxgsk jxo|k7 Y{in skingtoigr iutyzx{izout grru}y osvrksktzotm g
`bXh_Ue fgehWgheY5 iutyoyzotm ul yvkiogr suj{rgx hruiqy ul jk"tkj su|ksktz
l{tizouty7 Znk YGLGXO iutyoyzy ul znk lurru}otm suj{rkyC

' Ua UffY`V_l `bXh_Y " rotqotm rkm suj{rky }ozn znk xuhuz zx{tq5
' U f_]X]a[ c_UgZbe` `bXh_Y " znk zx{tq ul znk xuhuz5
' U _Y[ `bXh_Y5 }noin oy kw{ovvkj }ozn mxovvkxy 2lu{x rkmy35
' UX\Yf]iY `bXh_Yf " lux iuttkizout }ozn znk }uxqotm y{xlgik7

Suxku|kx5 znk xuhuz oy kw{ovvkj }ozn g y{vvr� {toz gtj skgy{xksktz8iutzxur jk|oiky
lux vkxluxsotm vgxzoi{rgx zgyqy su{tzkj ut znk yrojotm vrgzluxs suj{rk7

@][. 10.4. Skingtoigr yzx{iz{xk ul znk YGLGXO

Znk skingtoigr yzx{iz{xk ul znk YGLGXO oy vxkyktzkj ot Lom7 ;:7>C znk zuv |ok}
ut znk rklz yojk gtj utk rkm ut znk xomnz7 Znk yrojotm lxgsk }ozn puotzy vrgikj gz
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ozy |kxzoiky oy ul w{gjxorgzkxgr yngvk a<5 B5 :9c gtj otir{jky k~zxg jk|oikyC |gi{{s
v{svy5 krksktzy ul znk skgy{xksktz y�yzks gtj gt ut6hugxj sgtov{rgzux7 Znk
xuhuz gy g }nurk iutyoyzy ul komnz ojktzoigr i�rotjkxy luxsotm znk yrojotm lxgsk gtj
lu{x rkmy7 J{xotm ozy su|ksktz znk i�rotjkxy 2vxoysgzoi puotzy3 ingtmk znkox rktmzny7
Znk i�rotjkxy gxk sgjk ul yzkkr vovky7 G v{rrotm yixk} vrgikj otyojk kgin voyzut oy
xuzgzkj gtj ingtmky znk rktmzn ul znk i�rotjkx7

Kgin ul znk i�rotjkxy ul znk xuhuz oy otjkvktjktzr� jxo|kt h� g JI suzux7
Znk zuxw{k oy zxgtysozzkj lxus znk suzux |og g ium6hkrz mkgx zu g yixk}7 Znk
rotkgx jxo|ky ul znk yrojotm lxgsk gxk iuttkizkj }ozn lu{x X6z�vk vgyyo|k jkmxkky ul
lxkkjus7 Y{in yur{zout krosotgzky znk tkikyyoz� ul zgqotm tutnurutusoi iutyzxgotzy
otzu iutyojkxgzout ot znk iutzxur grmuxozns7 Znk qotksgzoi yzx{iz{xk lux iuxxkiz }uxq
ul znoy xuhuz xkw{oxky gjnkyo|k lgyzktotm ul znxkk lkkz zu znk y{xlgik7 Zngz skgty
zngz utr� utk y{izout i{v sg� hk su|kj gz g zosk7

G rkm oy iuttkizkj zu z}u yojky ul znk yrojotm lxgsk gtj oz igt hk rolzkj h� su|otm
utk ul znuyk z}u rotkgx jxo|ky 2yojky ul lxgsk37 J{xotm lkkz xkvuyozoutotm5 utr� utk
rkm oy rolzkj {v gtj ju}t7 Znk uznkx znxkk rkmy s{yz nurj znk iutyzx{izout ut znk
|kxzoigr }uxqotm y{xlgik7 Znoy ykw{ktik iutyoyzy ul lurru}otm yzkvy aBcC

:7 Xkrkgyk znk "~otm luxik h� i{zzotm u{z gt gox#u}5
;7 Su|k {v znoy rkm }ozn y{izout i{vy5
<7 Su|k znk rkm zu znk zgxmkz vuyozout 2{yotm z}u rotkgx jxo|ky ul yrojotm lxgsk

gzzginkj zu znoy rkm35
=7 Su|k ju}t znk rkm5
>7 Zx� zu ykgr znk y{izout i{vy ut znk tk} vuyozout h� gvvr�otm {tjkxvxkyy{xk zu

znks5
?7 Ol oz oy tuz vuyyohrk zu uhzgot yomto"igtz gjnkxotm luxik ot znk tk} ruigzout5 zx�

zu vrgik znk rkm ot gtuznkx vuyozout 2xkz{xt zu :35
@7 Ol znoy oy y{iikyyl{rr� iusvrkzkj5 znk xuhuz rolzy {v gtuznkx rkm gtj su|ky oz zu

g tk} vuyozout7

@][. 10.5. Joyvrgiksktz ul znk "xyz rkm G



Iroshotm ul znk xuhuz xky{rzy lxus ykw{ktzogr su|ksktzy ul znk rkmy 2kgin
ykvgxgzkr�3 a>5 A5 :9c7 Znk qotksgzoi sujkr oy jkyixohkj ot jkzgor ot a:9c7 Nkxk }k
iutyojkx utr� qotksgzoiy ul su|ksktz ul utk rkm 2lxus yzgxz vuotz G37 Rkz G1 hk
znk zgxmkz vuotz ul su|otm znoy rkm7 ]k ng|k zu qtu} yur{zouty ul z}u qotksgzoi
vxuhrksyC joxkiz gtj ot|kxyk a:>c7 Yur|otm znk joxkiz qotksgzoiy vxuhrks iutyoyzy ot
"tjotm znk vuyozout8uxoktzgzout ul znk xuhuz mo|kt ozy puotz iuuxjotgzky7 Ut znk uznkx
yojk5 znk ot|kxyk qotksgzoiy vxuhrks xkw{oxky igri{rgzotm puotz iuuxjotgzky tkikyygx�
lux znk xuhuz zu xkgin znk jkyoxkj vuyozout8uxoktzgzout7

Znk joyvrgiksktz ul znk "xyz rkm lxus G zu G1 oy ynu}t ot Lom7 ;:7?7 Oz oy gyy{skj
zngz C) F 97 Znk ot|kxyk qotksgzoiy kw{gzouty ng|k znk lurru}otm luxs aAcC

p E
\
"{+ 4"|+E 2;:7:3

- E gzgt;2"|E"{3E 2;:7;3

d' E
\
p+ 4 d+ ! ;pd iuy2- ! C)3E 2;:7<3

g' E
\
g+ 4p+ ! ;pg iuy2- ! C) 4 +3E 2;:7=3

}nkxk p oy znk rktmzn ul znk rkm joyvrgiksktz lxus G zu G15 "{ gtj "| gxk znk
iuuxjotgzky ul p skgy{xkj ot znk {)|) iuuxjotgzk lxgsk5 - oy znk gtmrk hkz}kkt
znk GG1 gtj znk {) g~oy 2igri{rgzkj }ozn g ;6gxm{sktz |kxyout ul znk 1gxizgt1
zxomutuskzxoi l{tizout37 Suxku|kx5 d5 g5 d' gtj g' gxk znk rktmzny ul ykizouty GH5
GJ5 G1H gtj G1J5 xkyvkizo|kr�7 Hgykj ut Lom7 ;:7?5 luxs{rgk 2;:7:362;:7=3 igt hk
kgyor� vxuikyykj zu uhzgot znk joxkiz qotksgzoiy kw{gzouty5 }noin gxk gy lurru}yC

p E
\
d'+ 4 d+ ! ;d'd iuy2Æ'+ ! Æ+3E 2;:7>3

yot2- ! C)3 E
d' yot2Æ'+ ! Æ+3

p
E 2;:7?3

iuy2- ! C)3 E
p+ 4 d+ ! d'+

;pd
E 2;:7@3

- E gzgt; 2yot2- ! C)3E iuy2- ! C)33 4 C)E 2;:7A3

"{ E p iuy -E 2;:7B3

"| E p yot -E 2;:7:93

"C E !2Æ'+ ! Æ+3D 2;:7::3

Oz oy }uxzn tuzotm zngz gt� joyvrgiksktz ul znk "xyz rkm ingtmky znk xuhuz uxoktzgzout
gtj znk u!ykz ul znk ruigr iuuxjotgzk y�yzks7 Nktik5 }nkt igri{rgzotm znk qotksgzoiy
lux znk ykiutj rkm5 oz oy tkikyygx� zu zgqk otzu giiu{tz znk {vjgzkj |gr{k ul znk jkyoxkj
ingtmk ul uxoktzgzout7

G jkyixovzout ul znk su|ksktz ul znk ykiutj gtj uznkx rkmy igt hk lu{tj
ot a:9c7 Ozy vuyozouty gxk k~vxkyykj ot znk iuuxjotgzk lxgsk gzzginkj zu znk "xyz
rkm7 Znkxkluxk5 znk otixksktzy "{ gtj "| lux znk "xyz rkm gxk {ykj5 gy ot luxs{rgk
2;:7B3 gtj 2;:7:937 Znk uznkx rkm iuuxjotgzky gxk jk"tkj ot znk xklkxktik lxgsk ul
znk "xyz rkm7

Znk igri{rgzouty ul znk joxkiz gtj ot|kxyk qotksgzoiy sgqk {yk ul znk skgy{xk6
sktz xky{rzy uhzgotkj lxus znk yktyuxy ul znk xuhuzC znk otixksktzgr ktiujkxy ul znk
suzux ynglzy gtj znk vuzktzouskzkxy lux skgy{xksktz ul iut"m{xgzout gtmrky ul znk
yojky ul znk yrojotm lxgsk7 Znk iutzxur y�yzks xkiko|ky gryu otluxsgzout ghu{z znk
xuhuz uxoktzgzout ot mruhgr iuuxjotgzky uhzgotkj lxus znk giikrkxgzout yktyux7 Znk
lurru}otm w{gtzozoky gxk skgy{xkj ot znk skingtoigr y�yzksC
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' znk rktmzny ul znk yojky ul znk yrojotm lxgsk5
' znk gtmrky hkz}kkt znkyk yojky5
' znk rktmzny ul znk rkmy5
' znk luxik lgyzktotm znk y{izout i{v zu znk mxu{tj7

Znk vuyozouty ul znk y{izout i{vy xkrgzo|k zu znk xklkxktik lxgsk5 gzzginkj zu znk
"xyz luuz 2G35 gxk igri{rgzkj zgqotm otzu giiu{tz znk i{xxktz |gr{ky ul znk skgy{xkj
w{gtzozoky7 Znk vuyozout ul znoy lxgsk oy yvkio"kj xkrgzo|k zu znk hgyk iuuxjotgzk
lxgsk gzzginkj zu znk }grr ul znk h{orjotm7

Ot igyk ul znk ot|kxyk qotksgzoiy vxuhrks5 znk tk} vuyozout ul znk "xyz luuz
oy jk"tkj }ozn {yk ul znk otixksktzy "{ gtj "|7 Lux znk uznkx rkmy5 znk zgxmkz
vuyozout ot znk xklkxktik lxgsk gzzginkj zu znk "xyz luuz oy qtu}t7 Znk ykw{ktik
ul rkm su|ksktzy oy jk"tkj h� g yvkiogr grmuxozns aAc7 Znk su|ksktz vgzn lux
znk xuhuz oy jo|ojkj otzu g ykz ul xkvuyozoutotm joyvrgiksktzy7 Yotmrk xkvuyozoutotm
otixksktzy lux rkm G iutyzoz{zk znk jkyoxkj |gr{ky ul g yotmrk yzkv ul znk }nurk xuhuz7
Znoy grmuxozns inkiqy grr znk vuyyohrk ykw{ktiky gtj inuuyky znk "xyz }noin grru}y
iuxxkiz xuhuz su|ksktz7 ]nkt znk xuhuz igttuz uhzgot yomto"igtz gjnkxotm luxik
ot znk tk} ruigzout ul znk rkm5 oz zxoky zu vrgik znk rkm ot gtuznkx vuyozout uhzgotkj
lxus znoy grmuxozns7

'&$( 3JXNLS TK AJSXTW FSI 2TSYWTQ A^XYJR

Znk iutzxur y�yzks ul znk iroshotm xuhuz oy g xkgr6zosk y�yzks7 Ozy uhykx|gzout
y�yzks ynu{rj hk #k~ohrk gtj kgy� zu k~zktj j{k zu g rgxmk yvkizx{s ul skgy{xksktz
y�yzksy g|gorghrk7 Znoy iutikxty gt gjjozoutgr skgy{xksktz y�yzks jkjoigzkj lux
k~vkxz zgyqy gy }krr7 Gy g xky{rz5 znk y�yzks ynu{rj hk joyzxoh{zkj7 Ot u{x yvkio"i
igyk5 znk ngxj}gxk osvrksktzgzout ul znk iutzxur8yktyux y�yzks aBc ul znk iroshotm
xuhuz5 vxkyktzkj ot Lom7 ;:7@5 oy gy lurru}yC

' g nuyz iusv{zkx 2gt otj{yzxogr VI iusv{zkx35
' g iutzxur y�yzks lux giz{gzotm {tozy 2soixuiutzxurrkxy35
' g skgy{xksktz y�yzks ul znk xuhuz 2vuyozout5 vxkyy{xk5 zksvkxgz{xk5 joyzgtik

yktyuxy5 kzi735
' gt otyvkizout y�yzks 2igskxgy5 {rzxgyutoi jk|oiky5 yvkiogr jk|oiky lux vgxzoi{rgx

zgyqy35
' g sgot iutzxur8giw{oyozout iutyurk 2g VI iusv{zkx3 lux gt uvkxgzux y{vkx|oyotm

znk y�yzks7

Iuss{toigzout hkz}kkt znk iutyurk gtj znk iroshotm xuhuz oy osvrksktzkj
|og g ]o6Lo tkz}uxq7 Grr jk|oiky }uxqotm ot znk ruigr tkz}uxq ul znk xuhuz gxk
iuttkizkj zu g tujk5 }noin oy iuttkizkj zu znk giikyy vuotz7 Znk ruigr tkz}uxq
ul znk xuhuz iutyoyzy ul gt otj{yzxogr sotogz{xk iutzxur iusv{zkx 2VI irgyy35 g
soxxuxotm iusv{zkx5 gtj g |oyout ykx|kx7 Znk otj{yzxogr iusv{zkx oy iuttkizkj zu
otzkrromktz giz{gzotm8sky{xksktz jk|oiky |og g ykxogr h{y 2[to|kxygr Ykxogr H{y ux
XY6=A>37 Znk soixuiutzxurrkxy gxk iuttkizkj zu znk tkz}uxq }ozn osvrksktzgzout
ul ruigr otj{yzxogr tkz}uxqy7 Zu sgqk znk y�yzks yki{xk gtj xkroghrk5 ot igyk ul
lgor{xk ul znk otj{yzxogr iusv{zkx5 oz oy g{zusgzoigrr� xkvrgikj h� g soixuvxuikyyux
{toz }noin mo|ky znk iutyurk giikyy zu giz{gzotm jk|oiky7 Znk iutzxur iutyurk5 vrgikj
ut znk mxu{tj5 oy gryu kw{ovvkj }ozn znk giikyy vuotz7 Suxku|kx5 oz ktghrky znk
iutyurk"xuhuz iuss{toigzout gtj oy iuttkizkj zu znk }ojk6gxkg tkz}uxq 2]GT37
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@][. 10.6. Ngxj}gxk ul iutzxur8yktyux y�yzks ul znk xuhuz

Znk xuhuz oy iutyzx{izkj lux su|otm ut |kxzoigr y{xlgiky7 Zu igri{rgzk znk
otyzgtzgtku{y |gr{k ul znk luxik "~otm znk xuhuz zu znk y{xlgik5 oz oy tkikyygx� zu
qtu} znk |gr{k ul {tjkxvxkyy{xk ot kgin ul znk y{izout i{vy7 Nkxk }k vxuvuyk zu
{yk xkrgzo|k vxkyy{xk yktyuxy 2znk u{zv{z |urzgmk oy vxuvuxzoutgr zu znk vxkyy{xk
jo!kxktik37 Kgin ul znk vxkyy{xk yktyuxy iutyoyzy ul lu{x vok!uxkyoyzgtz krksktzy5
luxsotm g hxojmk7 Znk l{rr6yigrk xgtmk ul znk vxkyy{xk yktyuxy oy %: hgx5 }ozn g
zxgtyoktz u|kxrugj ul %; hgx grru}kj7 Znk xuhuz ngy zu qtu} znk giz{gr joyzgtik
lxus znk ktj ul znk rkm zu znk y{xlgik7 Zu vkxluxs y{in skgy{xksktz5 g ru} iuyz
uvzoigr yktyux oy gzzginkj zu kgin rkm7 Ot uxjkx zu |kxol� }nkznkx znk rkm ngy yzghrk
iutzgiz }ozn oz5 {v zu komnz soixuy}ozinky 2ux uznkx uvkt6iruyk yktyuxy3 gxk otyzgrrkj
gxu{tj znk ykz ul y{izout i{vy ul kgin rkm7

Znk YGLGXO xuhuz xkw{oxky g mxkgz jkgr ul yktyux jgzg zu hk iurrkizkj7 Yktyotm
krksktzy gxk suyzr� ul gtgrum z�vk gtj5 yotik iutzxur grmuxoznsy gxk osvrksktzkj ut
jomozgr sginotky5 oz oy tkikyygx� zu jomozo!k gtgrum |gr{ky7 Hkyojky zngz5 yusk yktyuxy
xkw{oxk tut6rotkgxoz� iuxxkizout gtj zksvkxgz{xk jxolz iusvktygzout5 }noin gxk
{y{grr� kgyokx zu osvrksktz ot g jomozgr y�yzks7 Znkyk gxk znk xkgyuty }n� grr yktyuxy
2k~ikvz znk |oyout y�yzks3 gxk iuttkizkj zu jomozgr soixuiutzxurrkxy5 kw{ovvkj }ozn
gvvxuvxogzk gtgrum lxutz6ktjy7 Tk~z5 znk soixuiutzxurrkxy gxk iuttkizkj zumkznkx5
luxsotm g nomnkx rk|kr ul znk yktyux y�yzks 2znk ru}kyz rk|kr hkotm iusvuykj ul
znk yktyuxy znksykr|ky37 Kgin soixuiutzxurrkx oy kw{ovvkj }ozn g [GXZ 2[to|kxygr
Gy�tinxutu{y Xkiko|kx8Zxgtysozzkx35 yu znk kgyokyz iuttkizout hkz}kkt grr znk
soixuiutzxurrkxy oy kyzghroynkj h� znk ykxogr h{y7 Kgin ul znk lu{x xuhuz rkmy oy
kw{ovvkj }ozn znk lurru}otm ykz ul yktyuxyC

' znxkk vok!uxkyoyzgtz {tjkxvxkyy{xk yktyuxy5
' {v zu komnz soixuy}ozinky5
' gt otlxgxkj uvzoigr joyzgtik yktyux5
' gt gjjozoutgr zksvkxgz{xk yktyux lux znkxsgr iusvktygzout ul yktyuxy7
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Gtuznkx osvuxzgtz lkgz{xk oy zu ng|k znk uvvuxz{toz� zu iutzxur znk uxoktzgzout
ul znk suhork vrgzluxs xkrgzo|k zu znk |kxzoigr y{xlgik7 Lux znoy v{xvuyk5 yzgzoi
giikrkxuskzkxy sg� hk {ykj zu jkzkxsotk znk gtmrk hkz}kkt znk xuhuz1y vrgzluxs
gtj znk su|ksktz y{xlgik7 Gjjozoutgrr�5 g jomozgr otirotuskzkx yktyux oy {ykj
ot znk YGLGXO xuhuz y�yzks7 Nkxk }k {yk z}u GJ^R;9; ju{hrk6g~ky jomozgr
giikrkxuskzkxy7 Znuyk jk|oiky5 g|gorghrk ot znk luxs ul ysgrr otzkmxgzkj ioxi{ozy5
gxk h{orz gy krkizxutoi soixusginotky5 iutzgototm ysgrr yoroiut otkxzogr krksktzy5
jk#kizotm {tjkx gvvrokj giikrkxgzout7 Znoy jk#kizout oy xkvxkyktzkj h� g |urzgmk
jo!kxktik5 jk|kruvkj otyojk znk ioxi{oz gtj iusvgxkj }ozn gt otzkxtgr |urzgmk
xklkxktik yu{xik7 Znk |urzgmk jo!kxktik oy znkt iut|kxzkj otzu g V]S yw{gxk }g|k5
gvvkgxotm ut znk inov1y zkxsotgry gtj skgy{xkj h� g soixuiutzxurrkx5 y{vkx|oyotm znk
giikrkxuskzkx1y }uxq7 G yotmrk GJ^R;9; inov mo|ky otluxsgzout ghu{z giikrkxgzouty
gizotm grutm z}u vkxvktjoi{rgx g~ky a gtj b 7 Znk |gr{ky ul znk giikrkxgzout
gxk vxuvuxzoutgr zu znk j{z� i�irk ul znk u{zv{z yomtgry 2V]S37 H� vrgiotm z}u
GJ^R;9; ioxi{ozy y{in zngz znkox a ux b g~ky gxk vgxgrrkr }nork znk xksgototm z}u
g~ky gxk vkxvktjoi{rgx zu kgin uznkx5 }k ng|k znk uvvuxz{toz� zu skgy{xk a5 b gtj
c iusvutktzy ul giikrkxgzout gizotm ot <6J yvgik7

Zu iutzxur znk vuyozout ul znk xuhuz oz oy tkikyygx� zu qtu} nu} lgx kgin rkm
oy v{rrkj u{z grutm znk g~oy vkxvktjoi{rgx zu znk vrgtk ut }noin znk xuhuz su|ky7
Otluxsgzout ghu{z znk rktmzny ul znk rotkgx jxo|ky5 {ykj lux vuyozoutotm znk rkmy5 oy
gryu kyyktzogr7 Ot u{x xuhuz5 rotkgx su|ksktz oy ginok|kj h� {ygmk ul rotkgx jxo|ky }ozn
hgrr yixk}y7 Znk yixk}y gxk jxo|kt h� JI suzuxy gtj zosotm hkrzy5 yu znk kgyokyz
uvzout lux jkzkxsototm znk rotkgx jxo|k v{rr u{z oy zu {yk otixksktzgr ktiujkxy5
otyzgrrkj ut znk suzux ynglzy7

Znk iutzxur yulz}gxk ul znoy xuhuz oy y{vkx|oykj h� znk XZRot{~ |kx7 <7:
xkgr6zosk uvkxgzotm y�yzks hgykj ut Sgtjxgqk ;7=7=7 Ozy otyvkizout5 skgy{xksktz
gtj y{vkx|oyux8giw{oyozout y�yzksy a=5 :?c gxk joyzxoh{zkj5 #k~ohrk gtj kgy� zu
k~zktj7 Znk yulz}gxk y�yzks osvrksktzgzout ul znk iutzxur8giw{oyozout y�yzks ul
znk iroshotm YGLGXO xuhuz oy vxkyktzkj ot Lom7 ;:7A gtj iutyoyzy ul znk lurru}otm
krksktzyC

' yulz}gxk ul znk nuyz otj{yzxogr iusv{zkx5 vrgikj gz znk xuhuz1y huj�5
' g iutzxur y�yzks lux znk giz{gzotm {tozy 2soixuiutzxurrkxy3 " sgtov{rgzout gtj

ruiusuzout ul znk xuhuz5
' yulz}gxk ul znk skgy{xksktz y�yzksy ul znk xuhuz 2skgy{xotm vuyozout5 vxkyy{xk5

zksvkxgz{xk5 joyzgtik5 kzi735
' zgyqy ul y�yzks otyvkizout 2igskxgy iuttkizkj |og znk |ojku ykx|kx5 {rzxgyutoi

jk|oiky5 yvkiogr jk|oiky lux vgxzoi{rgx zgyqy35
' yulz}gxk ul znk yvgxk iutzxur y�yzks ul znk iroshotm xuhuz soxxuxotm znk nuyz

iusv{zkx zu osvxu|k ozy xkroghoroz�5
' yulz}gxk ul znk sgot iutzxur8giw{oyozout iutyurk7

Znk yulz}gxk uxmgto!gzout gyy{xky {yotm s{rzovrk ingttkry ul jgzg otzkxingtmk
hkz}kkt uhpkizy xkyvutyohrk lux vgxzoi{rgx zgyqy7 Ingttkry gxk krksktzy ul jgzg
yzxkgsy5 }noin gxk mktkxgrr� ul z}u z�vkyC znk yzxkgs ul iutzxur otluxsgzout gtj znk
yzxkgs ul skgy{xksktz jgzg7 Kgin krksktz ul znk yulz}gxk y�yzks oy osvrksktzkj
gy gt Z`^gm " gt h[c^\m kw{ovvkj }ozn ien`-bgl5 }noin igt vgyy yomtgry lxus u{zyojk
ig{yotm k~ki{zout ul yusk uvkxgzouty otyojk znk uhpkiz7 Znk uhpkiz mo|ky giikyy
zu g vxkjk"tkj ykz ul vr{m6oty7 Znk yomtgr oy jkyixohkj h� g ikhmh\he iutyoyzotm
ul znk tgsk ul znk gizout gtj vgxgskzkxy7 Grr uhpkizy igt vgyy skyygmky zu uznkx
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@][. 10.7. Yulz}gxk uxmgto!gzout

uhpkizy gtj xkiko|k g xkyvutyk7 Uhpkizy qtu} utr� znk bgm^k_Z\^l5 o7k7 vr{m6ot ykzy }ozn
vxuzuiury a;5=c7 Vgxzoi{rgx uhpkiz osvrksktzgzouty igt hk jutk ot gt� vxumxgssotm
rgtm{gmk gtj gt� yulz}gxk8ngxj}gxk vrgzluxs5 }noin ktghrky {yotm znk )24+*
yzgtjgxj7 Znk yulz}gxk y�yzks ngy uvkt gxinozkiz{xk sgjk ul yk|kxgr suj{rky5 }ozn
}krr6jk"tkj iuss{toigzout hkz}kkt znks7 Oz igt hk kgyor� k~zktjkj h� gjjotm k~zxg
suj{rky }noin }orr hk tkikyygx� zu otiuxvuxgzk yusk yvkio"i skgy{xksktz lux znk
v{xvuyk ul jogmtuyoy7

Lom7 ;:7B vxkyktzy znk yinksk ul yktyux gtj iutzxur y�yzks uxmgto!gzout7 Znk rklz
vgxz ul zngz "m{xk ynu}y yktyux gxxgtmksktzy7 Znk xomnz vgxz xkvxkyktzy otluxsgzout
#u} hkz}kkt znk krksktzy iutzxurrotm znk giz{gzuxy7 Znk nokxgxinoigr y�yzks oy
g hoz suxk iusvroigzkj yotik oz oy g s{rzovrk sgyzkxy6s{rzovrk yrg|ky otlxgyzx{iz{xk7
Lux k~gsvrk5 giz{gzux sgyzkxy sg� hk xkyvutyohrk lux jkiusvuyozout ul iusvrk~
joxkizo|ky5 xkiko|kj lxus znk ut6hugxj iusv{zkx 2roqk .su|k rkm :9is gnkgj.3 gtj
gyyomtotm zgyqy lux kgin ul znk {tjkxr�otm yrg|ky5 joxkizr� iutzxurrotm znk giz{gzuxy1
hkng|oux7 Ot y{in g iushotgzout5 iusvrk~oz� ul zgyqy5 vkxluxskj h� kgin krksktz ul
znk y�yzks5 sg� hk kgyor� sgzinkj }ozn vxuikyyotm ghoroz� ul zngz krksktz 2k7m7 }ozn
iusv{zgzout yvkkj ul g soixuiutzxurrkx37 Zgyqy xkw{oxotm iusvrk~ iusv{zgzouty gtj
rgxmk gsu{tz ul jgzg zu hk vxuikyykj5 y{in gy mktkxgr iutzxur grmuxoznsy lux znk xuhuz
gy g }nurk5 gxk jutk gz g nomnkx rk|kr ul znk yzx{iz{xk vxkyktzkj ot Lom7 ;:7::5 }nork
yosvrkx zgyqy gxk k~ki{zkj gz g ru}kx rk|kr7

Znkxk gxk yvkio"i xkw{oxksktzy ul znk skgy{xksktz y�yzks5 xky{rzotm lxus
otyvkizout l{tizouty ul znk yvkiogr xuhuz7 Gjjozoutgrr�5 znk otyvkizout xuhuz ynu{rj
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On-board Computer
Embedded PC

Actuators
Control

Actuator #1
Master

Actuator #1
Slave #1

Actuator #1
Slave #2

Actuator #1
Slave #i

EZ-USB
(Sensor Master)

ADuC812
Leg #4

ADuC812
Leg #3

ADuC812
Leg #2

ADuC812
Leg #1

Actuator #2
Slave #1

Actuator #1
Slave #2

Actuator #2
Slave #j

Actuator #2
Master

Actuator #n
Slave #1

Actuator #n
Slave #2

Actuator #n
Slave #k

Actuator #n
Master

Underpressure

Temperature

Distance

Position

Stand-alone
Sensors

Digital
Inclinometer

Force
Measurement

(...)
(...)

@][. 10.8. Iutzxur gtj yktyux y�yzks

hk kw{ovvkj }ozn g y�yzks ktghrotm uhykx|gzout ul znk kt|oxutsktz7 Znk mgznkxkj
yomtgry gxk {ykj5 mktkxgrr�5 lux uxoktzgzout gtj tg|omgzout ul znk xuhuz7 Suxku|kx5
vgxzoi{rgx otluxsgzout ut znk yzgzk ul }grry 2iutixkzk iuxxuyout35 iutyzx{izout
iuxxuyout5 xkotluxiksktz5 kzi75 ynu{rj hk uhzgotkj lxus skgy{xksktzy7 Grr sktzoutkj
zgyqy ynu{rj hk vkxluxskj ot vgxgrrkr ut6rotk gtj5 gjjozoutgrr�5 }ozn jgzg giw{oyozout7
Znoy osvroky yvkiogr ngxj}gxk gtj yulz}gxk uxmgto!gzout7

Iutyojkxotm znk zgyqy lux znk YGLGXO xuhuz5 g |oyout y{hy�yzks oy gt osvuxzgtz
krksktz ul znk skgy{xksktz y�yzks7 Oz oy {ykj lux uhykx|gzout ul znk kt|oxutsktz ul
znk xuhuz7 Znk sgot krksktz ul znk |oyout y�yzks oy g Iut|oyout \?99 |ojkuykx|kx7
Znoy |ojkuykx|kx ktghrky giw{oyozout ul osgmk lxgsky5 iusotm lxus znk igskxgy
su{tzkj ut znk xuhuz1y vrgzluxs7 Znkt oz iut|kxzy znk gtgrum VGR |ojku yomtgr otzu
jomozgr lxgsky5 iusvxkyyky znk lxgsky {yotm znk PVKM luxsgz gtj yktjy jomozo!kj
lxgsky |og gt Kznkxtkz RGT zu |oy{gro!gzout yzgzouty7 Jgzg k~ingtmk hkz}kkt znk
|ojkuykx|kx gtj znk xksgototm vgxzy ul znk Kznkxtkz tkz}uxq oy igxxokj u{z |og
ZIV8OV }ozn [ZV 2[tynokrjkj Z}oyzkj Vgox3 ighrk {ykj gy g zxgtysoyyout skjo{s7
Znk |ojkuykx|kx grru}y zu iuttkiz {v zu yo~ |ojku yu{xiky7 Lu{x igskxgy gxk su{tzkj
ut znk suhork vrgzluxs gtj sg� hk {ykj h� znk xuhuz ozykrl5 k7m7 lux jkzkizout ul
uhyzgirky aBc7

'&$) DNXNTS A^XYJR NS 2TRUQJ] 2TSYWTQ A^XYJRX

Ot znoy ingvzkx }k iutyojkx gt osvrksktzgzout ul znk |oyout y�yzks gy znk |oyout
lkkjhgiq8skgy{xksktz y�yzks7 Hkru} }k vxkyktz z}u k~gsvrkyC |oyout lkkjhgiq lux
iutzxur ul g suhork xuhuz mxu{v gtj |oy{gr zxgiqotm ul y{xmoigr zuury7



IT^TZY 9PPOMLNV QZ] @ZMTWP EZMZ_^ :]Z`[

Ot xkiktz �kgxy5 znkxk gxuyk g iutikvz zu |kxol� k~vkxosktzgrr� vxuhrksy k~oyzotm
ot iusvrk~ y�yzksy ut g yosvrk k~vkxosktzgr ykz{v " yuiikx iusvkzozout hkz}kkt
suhork xuhuz zkgsy a::c7 Y{in zxgototm mxu{tj mo|ky mxkgz uvvuxz{toz� zu vxkyktz
iusvrk~ vxuhrksy ot g yosvrk }g�5 y{in gy xkiumtozout ul {tqtu}t kt|oxutsktz5
gizout vrgttotm5 gtj iutzxur ul g suhork xuhuz y�yzks a?c7

@][. 10.0/. \oyout y�yzks

@][. 10.00. Vgzin sgxqkx ul znk xuhuz

Znk osvuxzgtz iusvutktz oy g |oyout y�yzks5 }noin sg� hk {ykj lux uhpkiz
xkiumtozout gtj skgy{xksktz ul vuyozout gtj uxoktzgzout ul suhork xuhuzy ut znk
vrg�mxu{tj7 Ot znoy iusvkzozout5 znkxk gxk znxkk suhork xuhuzy ul utk zkgs5 znxkk
xuhuzy ul znk uvvutktz zkgs gtj znk hgrr7 Skgy{xksktz jgzg5 iusotm lxus |oyout
lkkjhgiq5 gxk {ykj gy otv{z zu iutzxur grmuxoznsy ul znoy xuhuz7 Znk osvrksktzgzout
ul gt k~zxgizout grmuxozns ul yvkio"i lkgz{xky ynu{rj ygzoyl� ixozkxout ul yvkkj5
nomn xkroghoroz� ul uvkxgzout gtj kgy� ingxgizkxo!gzout ul lkgz{xky lux uhpkizy hkotm
xkiumto!kj7 Znk vxkyktzkj grmuxozns lux uhpkiz xkiumtozout oy hgykj ut g iusvxusoyk
hkz}kkt }ojkr� qtu}t skznujy ul "rzkxotm gtj osgmk vxuikyyotm a:;c5 gtj g tkikyyoz�
ul xkgr6zosk vxuikyyotm a:c7 G |oyout y�yzks {y{grr� iutyoyzy ul g IIJ igskxg5 g
lxgskmxghhkx gtj g iusv{zkx gy ynu}t ot Lom7 ;:7:97
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G xuhuz ngy g A#Ais sgxqkx }ozn z}u iurux vgzinky gy ot Lom7 ;:7::7 Utk vgzin
otjoigzky zkgs iurux 2iussut lux utk zkgs35 }nork znk uznkx vgzin oy gt otjo|oj{gr
xuhuz iurux5 }noin ojktzo"ky kgin xuhuz otyojk znk zkgs7 Znk zkgs vgzin oy g {toluxs
yvuz yw{gxk }ozn sotos{s josktyouty ul <D> # <D>is5 ul �krru} ux hr{k iurux7 Znk
mugr ul znk |oyout y�yzks oy znk xkiumtozout ul xuhuzy gtj znkt skgy{xksktz ul znkox
uxoktzgzout gtj vuyozout ut vrg�mxu{tj7

@][. 10.01. Vgzn ul znk suhork xuhuz

Znk grmuxozns ul xkiumtozout ul xuhuzy }uxqy gy lurru}y7 Jkzkizout ul vo~kry
xkvxkyktzotm uhpkizy oy hgykj ut iuruxy7 J{k zu gt osgmk tuoyk gtj zu sgqk kgyokx
yvkio"igzout gtj grruigzout ul iuruxy zu uhpkizy5 ykmsktzgzout ul g|gorghrk iurux yvgik
oy vkxluxskj gz znk hkmottotm7 Iurux ykmsktzgzout lxus ;=6hoz iurux vgrkzzk 2XCMCH
iusvutktzy ng|k xkyvkizo|kr� ACACA hozy3 oy jutk h� gt otjoxkiz gjjxkyyotm grmuxozns7
Gy g xky{rz ul zngz5 g znxkk6josktyoutgr |kxyout ul g ruuq6{v6zghrk zkintow{k oy
uhzgotkj7 J{xotm osgmk ykgxinotm lux g vo~kr ul iurux zngz oy gyyomtkj zu uhpkizy5 z}u
osgmk vxkvxuikyyotm skznujy gxk {ykjC g iutzk~zrkyy skznuj gtj rumoigr iutzk~z
"rzkxotm7 Glzkx zngz5 znk }nurk kjmk ul znk xuhuz1y vgzin oy lurru}kj ot uxjkx zu
"tj z}u yngxv iuxtkxy7 Lux kjmk jkzkizotm gtj lurru}otm5 g jkzkizux hgykj ut znk
Rgvrgik uvkxgzux oy ksvru�kj7 Yngxv iuxtkxy gxk {ykj zu jkzkxsotk znk vuyozout gtj
uxoktzgzout ul znk xuhuz7

Znk skznujy ul kjmk lurru}otm gtj "tjotm yngxv iuxtkxy ul xnush{y gxk ykrkizkj5
zu ktghrk xkgr6zosk osgmk vxuikyyotm7 Znoy iutjozout oy tkikyygx� zu iutzxur iuxxkiz
uhpkizy5 }noin gxk suhork xuhuzy7 Znk yosvrk kjmk jkzkizout iusvgxky znk r{sotgtik
ul vo~kry }ozn gt gvvxuvxogzk znxkynurj7 [yk ul mktkxgrr� qtu}t kjmk jkzkizuxy lux
kjmk lurru}otm5 hgykj ut sgyqy ul k7m7 <# < vo~kry5 roqk otozogrr� {ykj Rgvrgik "rzkx5
}orr otixkgyk znk t{shkx ul inkiqkj vo~kry grsuyz komnzlurj7

Znk j�tgsoi skgy{xksktzy }kxk igxxokj u{z ut znk zxgpkizux� ul znk ioxi{rgx
vgzn z�vk }ozn iutyzgtz gtm{rgx |kruioz�7 G vgzn ul znk xuhuz }ozn xkgr gtj skgy{xkj
vuyozout ul znk sgxqkx oy ynu}t ot Lom7 ;:7:;7 J{xotm k~vkxosktzy g yoz{gzout }gy
uhykx|k }nkt znk sgxqkx }gy tuz lu{tj7 Ot y{in g igyk5 znk skgy{xksktz y�yzks



mo|ky znk rgyz iuxxkiz xky{rz ul znk skgy{xkj sgxqkx vuyozout gtj gjjozoutgrr� otluxsy
zngz znk sgxqkx oy tuz lu{tj7

IT^`LW G]LNVTYR ZQ F`]RTNLW GZZW^

Skjoiotk5 gtj kyvkiogrr� y{xmkx�5 ykksy zu hk utk ul znk suyz vxusoyotm gxkgy
lux gvvroigzouty ul xuhuzoiy7 Znkxk gxk sgt� vgvkxy jk|uzkj zu osvrksktzgzout
ul xuhuzoiy zkinturumoky ot yur|otm znk xuhuzoi gyyoyzgtz vxuhrks5 k7m7 a:<c7 Znoy
gyyoyzgtz5 kw{ovvkj }ozn g rgvgxuyiuvoi igskxg ynu{rj g{zusgzoigrr� iuuvkxgzk }ozn
znk y{xmkut j{xotm uvkxgzouty }oznu{z gt� iutzxur gizouty ul znk y{xmkut1y ngtj7
Znk rgvgxuyiuvk ynu{rj xkiumto!k zuury gtj lurru} znks7

@][. 10.02. Grmuxozns ul |oyout zxgiqotm ul y{xmoigr zuury

Znk grmuxozns ul |oyout zxgiqotm ul y{xmoigr zuury jkyixohkj ot a@c iutyoyzy ul z}u
vgxzyC iurux gtgr�yoy gtj yngvk gtgr�yoy7 Ozy hruiq jogmxgs oy ynu}t ot Lom7 ;:7:<7
Ozy "xyz vgxz oy g vxkvxuikyyotm ul osgmky iusotm lxus znk rgvgxuyiuvoi igskxgC
lxkw{kti� "rzxgzout5 yvgik "rzxgzout5 gtj iurux "rzxgzout7 Gjjozoutgrr�5 zgqotm otzu
giiu{tz vxuvkxzoky ul znk ro|otm zoyy{k5 g xkj{tjgtz iusvutktz ul iurux oy xksu|kj
" ot u{x igyk znk X 2xkj3 iuuxjotgzk oy xksu|kj7 Znkt ot znk lkgz{xk k~zxgizout
vxuikyy5 znk vrgiky }nkxk znk zuur sg� hk vuzktzogrr� vrgikj gxk jkzkxsotkj7 Znoy
vxuikyy x{ty yos{rzgtku{yr� lux iurux gtj yngvk gtgr�yoy7 Suxku|kx5 otluxsgzout ut
yvkio"i romnz joyzxoh{zout ot y{xmoigr zuury oy zgqkt otzu giiu{tz7 \kx� {ykl{r oy gryu
znk lgiz zngz zk~z{xky ul n{sgt zoyy{ky gtj ul znk zuur gxk jo!kxktz7 Gz znk ktj ul
vxuikyyotm5 gy znk xky{rz ul jgzg l{yout5 znk vuyozout gtj uxoktzgzout ul znk y{xmoigr
zuur gxk igri{rgzkj7

Lom{xk ;:7:= vxkyktzy znk rghuxgzux� ykz{v5 }noin iutyoyzy ul gt otj{yzxogr
sgtov{rgzux Yz&g{hro X^?9 kw{ovvkj }ozn g rgvgxuyiuvk5 g n{sgt huj� sujkr5 g
rgvgxuyiuvoi igskxg5 g VI iusv{zkx }ozn g lxgskmxghhkx igxj gtj g iuss{toigzout
rotq zu zxgtysoz jgzg lxus znk |oyout y�yzks zu znk xuhuz iutzxur {toz7 Znk Yz&g{hro
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@][. 10.03. K~vkxosktzgr ykz{v gtj xky{rzy ul znk zxgiqotm grmuxozns

X^?9 sgtov{rgzux oy {ykj gy znk xuhuz gyyoyzgtz7 Oz oy g ?jul sgtov{rgzux jxo|kt h�
vkxsgtktz sgmtkz y�tinxutu{y suzuxy7

Znk ygsk "m{xk vxkyktzy xky{rzy ul u{x zxgiqotm grmuxozns7 Znk |oyout y�yzks
jkzkizy gt otiuxxkiz vuyozout ul znk zuur5 }noin ngy zu hk ot znk iktzkx ul znk osgmk7
Znkt5 oz jkzkxsotky znk i{xxktz vuyozout ul znk zuur gtj znk iuxxkizouty ul uxoktzgzout
ul znk rgvgxuyiuvk7 Glzkx zxgtysoyyout ul znkyk jgzg zu znk xuhuz iutzxur y�yzks5 znk
sgtov{rgzux su|ky znk rgvgxuyiuvk7 Znk su|ksktz ul znk sgtov{rgzux ig{yky znk
|ok} ul znk 2ossuhork3 zuur zu hk su|kj zu}gxjy znk iktzkx ul znk osgmk7 Znoy
su|ksktz rgyzy {tzor znk |ok} ul znk zuur oy ruigzkj ot znk sojjrk xkmout ul znk
osgmk jk"tkj gy g yw{gxk ul yo!k :9#:9 vo~kry7 Znk xomnz yojk ul Lom7 ;:7:= vxkyktzy
znk "tgr lxgsk7 Znk otzkxskjogzk vuyozouty ul znk y{xmoigr zuur gxk jkvoizkj gy g ykz
ul hrgiq uhpkizy7

'&$* 2TSHQZINSL @JRFWPX

Ot znk vgvkx5 k~gsvrky ul iusvrk~ y�yzksy5 }noin iutyoyz ul sgt� vgxzy 2skingtoiy5
iutzxur5 gtj yktyux ngxj}gxk3 gtj sgt� rk|kry ul jgzg vxuikyyotm ng|k hkkt
vxkyktzkj7 Iutzxoh{zouty ul skingtoigr5 iutzxur5 gtj yktyux jkyomt ot y{in y�yzksy
gxk joyi{yykj sgotr� {yotm znk k~gsvrk ul znk otyvkizout xuhuz YGLGXO7 Znk
skingtoigr gtj iutzxur yzx{iz{xky ng|k hkkt u{zrotkj7 Jkyixovzout ul znk yktyux
gtj skgy{xksktz y�yzksy ngy gryu hkkt otir{jkj7 G |kx� osvuxzgtz yu{xik ul
otluxsgzout ghu{z znk xuhuz kt|oxutsktz ykksy zu hk znk |oyout y�yzks7 Znoy ngy
hkkt joyi{yykj {yotm z}u k~gsvrky " |oyout lkkjhgiq lux g suhork xuhuzy mxu{v gtj
|oy{gr zxgiqotm ul y{xmoigr zuury7 Gtgr�!otm grr k~gsvrky ul iusvrk~ y�yzksy oz igt hk
tuzoikj zngz jkyoxghrk sgttkx ul znkox jkyomt rkgjy zu y�yzks suj{rgxoz�7 Suxku|kx5
sujkxt vxuzuz�votm zuury gtj gj|gtikj qtu}rkjmk lxus znk gxkgy ul krkizxutoiy
gtj vxumxgssotm zkinturum� ynu{rj hk {ykj ot jkyomt7 Ot l{z{xk5 }k vrgt zu jkyomt
yosorgx iutyzx{izouty lux uznkx gvvroigzouty7

@JKJWJSHJX

:7 Y7 N{zinotyut5 M7J7 Ngmkx5 V7O7 Iuxqk5 G z{zuxogr ut |oy{gr ykx|u iutzxur5 FBBB
QkZgl. hg Oh[hmb\l Zg] >nmhfZmbhg5 |ur7 :;5 tu7 >5 vv7 ?>:6?@95 :BB?7
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M7 To}i!�qC Jh[be^ kh[hm lh\\^k5 Mkh\. h_ ma^ 6ma Fgm. Prfi. hg J^mah]l Zg]
Jh]^el bg >nmhfZmbhg Zg] Oh[hmb\l5 vv7 >BB6?9=5 2;99937

@7 V7 J{zqok}oi!5 S7 Qoki!k}yqo5 S7 Qu}gryqo5 \oy{gr Zxgiqotm ul Y{xmoigr Zuury
lux Rgvgxuyiuvoi Y{xmkx�5 Mkh\. h_ ma^ 4ma Fgm. Thkdlahi hg Oh[hm Jhmbhg Zg]
@hgmkhe5 ;<6;A5 2;99=37

A7 V7 J{zqok}oi!5 S7 Qu}gryqo5 S7 -Rg}toi!gq5 S7 Soingryqo5 YGLGXO otyvkizout
xuhuz suzout yzxgzkm�5 Mkh\. h_ ma^ 3k] Fgm. Thkdlahi hg Oh[hm Jhmbhg Zg]
@hgmkhe5 H{qu}� J}uxkq5 Vurgtj5 B<6:99 2;99;37

B7 V7 J{zqok}oi!5 S7 -Rg}toi!gq5 Yktyux y�yzks lux YGLGXO }grr6iroshotm xuhuz5
>k\abo^l h_ @hgmkhe P\b^g\^l5 :;2:6;35 :9<6:;< 2;99;37

:97 V7 J{zqok}oi!5 Q7 Qu!u}yqo5 ]x&uhrk}yqo5 Otyvkizout xuhuz YGLGXO " iutyzx{i6
zout gtj iutzxur5 ?nee^mbg h_ ma^ Mhebla >\Z]^fr h_ P\b^g\^l Q^\agb\Ze P\b^g\^l5
|ur7 >;5 tu7 ;5 :;B6:<B 2;99=37

::7 NZSR vgmkC [[[&JMVE&RIX. JMVE&GUY&IHY&EY'V[G*((('QVYPIW&LXQ
:;7 X7 Mut!grky5 X7 ]uujyC Ab`bmZe FfZ`^ Mkh\^llbg`5 Gjjoyut6]kyrk� V{hroigzout

Iusvgt�5 SG5 2:BB<37
:<7 X7 N{xzkg{5 Y7 JkYgtzoy5 K7 Hkmot5 S7 Mgmtkx5 Rgvgxuyiuvoi Y{xmkx� Gyyoyzkj

h� g Xuhuzoi IgskxgsgtC Iutikvz gtj K~vkxosktzgr Xky{rzy5 Mkh\. h_ ma^
FBBB Fgm. @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5 ;;A?6;;AB5 2:BB=37

:=7 Y7 Noxuyk5 Q7 Qg}ghk5 Ikorotm }grq ul w{gjx{vkj }grr iroshotm xuhuz Totpg5
Vxui7 ul znk :yz Otz7 Y�svuyo{s 1IRG]GX15 :=<6:=@ 2:BBA37

:>7 Q7 Qu!-ru}yqo5 V7 J{zqok}oi!5 ]7 ]x&uhrk}yqo5 Oh[hm fh]^eebg` Zg] \hgmkhe5
Vuroyn Yioktzo"i V{hroynkxy V]T5 ]gxyg} ;99<5 2ot Vuroyn37

:?7 Q7 Qu!-ru}yqo5 V7 J{zqok}oi!5 S7 -Rg}toi!gq5 S7 Soingryqo5 S7 Soing-rkq5
Skgy{xksktz gtj iutzxur y�yzks ul znk iroshotm xuhuz YGLGXO5 Mkh\. h_ ma^
5ma Fgm. @hg_. hg @ebf[bg` Zg] TZedbg` Oh[hml Zg] ma^ Pniihkm Q^\agheh`b^l
_hk Jh[be^ JZ\abg^l5 Vgxoy5 :99<6:9:; 2;99;37

:@7 M7 S{yigzu5 M7 Zxu|gzu5 Suzout iutzxur ul g vtk{sgzoi iroshotm xuhuz h�
skgty ul g l{!!� vxuikyyux5 Mkh\. h_ ma^ 1lm Fgm. Prfihlbnf (@I>T>O(5 ::<6::A
2:BBA37

:A7 G7 Tgmgq{hu5 Y7 Noxuyk5 ]grqotm gtj x{ttotm ul znk w{gjx{vkj }grr6iroshotm
xuhuz5 Mkh\. h_ ma^ FBBB Fgm. @hg_. hg Oh[hmb\l Zg] >nmhfZmbhg5 :99>6:9:;
2:BB=37

:B7 S7 Vxokzu5 S7 Gxsgjg5 P7I7 Mxokiu5 K~vkxosktzgr oyy{ky ut }grr iroshotm mgoz
mktkxgzout lux g yo~6rkmmkj xuhuz5 Mkh\. h_ ma^ 2g] Fgm. Prfihlbnf (@I>T>O(5
:;>6:<9 2:BBB37

;97 Z7 Y!�vo-ru5 @hgmkhe Ze`hkbmafl h_ pZedbg` kh[hml5 S7Yi7 Znkyoy5 Vu!tg&t
[to|kxyoz� ul Zkinturum�5 Vu!tg&t ;999 2ot Vuroyn37
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Gttg X7 I�yk}yqg6Yuh{yogq gtj Mx!kmux! ]oi!�&tyqo

Otyzoz{zk ul Krkizxutoiy gtj Zkrkiuss{toigzouty5 Jo|oyout ul Skzxurum�
Vu!tg&t [to|kxyoz� ul Zkinturum�5 {r7 Vouzxu}u <g5 ?96B?> Vu!tg&t5 Vurgtj
0RRE&2]WI[WOE/TYX&TS^RER&TP$ K[MG^/IX&TYX&TS^RER&TP

''$& 8SYWTIZHYNTS

Zxgtyorr{sotgzout oy {tjkxyzuuj gy znk vnktusktut ul zxgtysozzotm uvzoigr xgjogzout
}ozn jk"tkj vgxgskzkxy h� gt uhpkiz5 }noin hkiusky znk igxxokx ul otluxsgzout ut
znk ingxgizkxoyzoi yo!k ul znk uhpkiz a:"@c7 Ot igyk ul hourumoigr uhpkizy znk uvzoigr
vxuvkxzoky ul y�yzksoi row{ojy gtj uznkx zoyy{ky gxk {zoro!kj7 Zxgtyorr{sotgzout gy g
skznuj ul k~gsotgzout h� vgyygmk ul romnz znxu{mn zoyy{ky ux g huj� ig|oz� oy g
jogmtuyzoi zkintow{k ot znk iu{xyk ul otzktyo|k jk|kruvsktz gz znk susktz7

Gy lgx hgiq gy :A@? Qgxr |gt \okxuxjz uhykx|kj ingtmky ot znk yurgx yvkizx{s
zxgtysozzkj h� znk "tmkx zoyy{ky ul noy u}t ngtj7 Nk joyiu|kxkj zngz glzkx vxkyy{xk
ig{yotm oyinksog5 g ingtmk uii{xxkj ot znk yvkizx{s iusvuyozout uhzgotkj5 }noin nk
xkrgzkj zu znk ingtmotm vgxzoiovgzout ul u~�mktgzkj gtj xkj{ikj nksumruhot ot znk
zoyy{ky7 Otluxsgzout ut znk "xyz gzzksvzy ul zxgtyorr{sotgzout }ozn uvzoigr xgjogzout
gvvkgxkj ot :B;B a:c7 Lgyz jk|kruvsktz ul y{in zkintow{ky5 nu}k|kx5 uii{xxkj ot
:BA9y7 Znoy }gy xkrgzkj zu znk jk|kruvsktz ul uvzukrkizxutoi krksktzy gtj znk gxxo|gr
ul tk} vuyyohorozoky ul t{skxoigr zxgtyluxsgzout7 Osgmky ul zxgtyorr{sotgzkj uhpkizy5
nu}k|kx5 }kxk tuz y{Æioktzr� irkgx7 Yos{rzgtku{yr� yusk zkyzy }kxk sgjk ot xkrgzout
zu zxgtyorr{sotgzout lux v{xvuyky uznkx zngt osgmotm7 Znk suyz iussut k~gsvrk
ul y{in zxgtyorr{sotgzout oy znk uhykx|gzout ul gxzkxogr hruuj v{rygzout grru}otm zu
skgy{xk znk hruuj v{ryk gtj hruuj u~�mktgzout aA":9c7 Ot :B@@5 g n{tjxkj �kgxy
glzkx |gt \okxujz1y uhykx|gzouty5 Soturzg h{orz znk "xyz u~oskzkx hgykj ut znk
zxgtyorr{sotgzout ul znk kgx ruhk7 Ot :BA> Tkrriux6:99 }gy ixkgzkj ot znk [YG " g
sujkr zngz hkigsk g y�tut�s ul znk zkxs v{ryk u~oskzkx otzxuj{ikj gz zngz zosk7
V{ryk u~oskzx� ngy hkkt xkiussktjkj zu hk {ykj ot irotoigr ixozoigr yoz{gzouty5 }nkt
znkxk oy g xoyq ul n�vu~og7

T{skxu{y zxgtyorr{sotgzout gzzksvzy ng|k hkkt sgjk yotik znkt rkgjotm zu
uhpkiz osgmotm7 Gz znk hkmottotm g zkintow{k igrrkj jogvngtumxgvn� }gy {ykj5 }noin
iutyoyzkj ot orr{sotgzotm znk uhpkiz ut utk yojk gtj uhykx|gzout ul znk ygsk }ozn g
igskxg ut znk uznkx7 Znk {yk ul g igskxg otyzkgj ul g tgqkj k�k sgjk orr{sotgzout
}ozn otlxgxkj xgjogzout vuyyohrk7 Znoy zkintow{k }gy suyz lxkw{ktzr� {ykj ot jk|oiky
igrrkj sgssuyiuvky a::5 :;c7 Znk v{xvuyk ul y{in vxuikyyotm oy znk iut|kxyout ul
uvzoi "m{xky otzu otluxsgzout ut znk gtgzusoi gtj l{tizoutgr vxuvkxzoky ul znk zkyzkj
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uhpkiz ot vuyyohr� znk ynuxzkyz zosk7 Ot jk|oiky igrrkj zusumxgvny 2mhfhl " jo|ojotm5
`kZiahl " xkiuxj3 znk <J yvgik oy xkvxkyktzkj h� skgty ul g ykw{ktik ul ;J osgmky7

Ot :AB> ]ornkrs Iutxgj Xuktzmkt sgjk znk "xyz xgjoumxgs ul g ngtj5 yzgxzotm
znk jk|kruvsktz ul tutot|gyo|k osgmk jogmtuyzoiy skznujy7 Uznkx osgmotm skznujy
gvvkgxkj utr� glzkx yk|kxgr ju!kt �kgxy7 Zngtqy zu znk ykrkizo|k uvzoigr vxuvkxzoky
ul zoyy{k ikrry5 uvzukrkizxutoi skgy{xotm skznujy igt hk {ykj lux jkzkxsotgzout ul
kyyktzogr lkgz{xky ul zoyy{k ykzy5 vgxzoi{rgxr� {ykl{r ot tutot|gyo|k jogmtuyzoiy a:;":@c7
]ozn znk {yk ul uvzoigr xgjogzout5 ngxsrkyy zu n{sgty5 2}oznot tkgx otlxgxkj gtj
|oyohrk romnz xgtmk35 oz oy vuyyohrk zu jkzkxsotk znk vgxgskzkxy ul zoyy{ky grru}otm lux
znk xkvxuj{izout ul gtgzusoi gtj l{tizoutgr vxuvkxzoky7 Znk otzkxgizouty uii{xxotm
hkz}kkt romnz gtj zoyy{ky xky{rz ot yigzzkxotm5 ghyuxvzout gtj #{uxkyiktik5 vxu|ojotm
otluxsgzout ut znk yzx{iz{xk5 vn�yourum�5 houinksoyzx� gtj surki{rgx l{tizouty7
Uvzoigr osgmotm oy {ykj lux jkyixovzout ul y{xlgik gtj |ur{sk yzx{iz{xky7

Gsutm znk gvvrokj skznujy ul zoyy{k vgxgskzkx skgy{xksktz5 g zktjkti� zu
jk|kruv skznujy hgykj ut jkzkizout gtj gtgr�yoy ul tgz{xgr gtj luxikj houuvzoigr
vnktusktg oy yomto"igtz7 [tjkx znk tutot|gyo|k zxgtyorr{sotgzout gtj orr{sotgzout
lxus {tjkxtkgzn5 oz oy vuyyohrk zu jogmtuyk gtj sutozux znk vgxgskzkxy ul zoyy{ky
gtj uxmgty k~gsotkj7 Znoy vgvkx otir{jky joyi{yyout ul ykrkizkj oyy{ky xkrgzkj
zu znk houvn�yoigr gtj uvzoigr vnktusktg {ykj gtj k~gsvrky ul sujkxt skjoigr
gvvroigzouty ul zoyy{k zxgtyorr{sotgzout7 Znk zxgtyorr{sotgzout osgmk xkyur{zout oy
ru}kx zngt zngz ul ^6xg� osgmky7 Nu}k|kx5 oz ktghrky zu joyiruyk otluxsgzout ut
znk l{tizoutgr iutjozout5 {tg|gorghrk ot znk ^6xg� zkintow{k7 Znk yigttotm zosky ul
sujkxt uvzoigr zusumxgvny gxk g lk} sot{zky7 J{xotm zngz zosk znk zkyz uhpkiz 2o7k7
g ykrkizkj n{sgt huj� vgxz3 ynu{rj xksgot ossuhoro!kj ot xkrgzout zu znk yigttotm
y�yzks7 J{xotm znk yigttotm vxuikyy znk k~gsotkj uhpkiz oy orr{sotgzkj }ozn uvzoigr
xgjogzout ul yk|kxgr }g|krktmzny7 Znk xgjogzout oy suj{rgzkj }ozn g ngxsutoi yomtgr
ul @96:99 SN! lxkw{ktioky ux ixkgzky g ykw{ktik ul osv{ryky7 Suj{rgzout }ozn |kx�
ynuxz osv{ryky rgyzotm 97=ty ux ig7 : 5y igt hk joyzotm{oynkj7 \kx� ynuxz osv{ryky
gxk {ykj ot skgy{xotm vnuzut #omnz zosky7

Znk zkintow{ky jk|kruvkj gz vxkyktz gxk znuyk ul kÆioktz zxgtyorr{sotgzout
ul znoiq rg�kxy ul zoyy{ky gtj k!kizo|k vxuikyyotm ul jgzg uhzgotkj zngz }g�7
J{k zu yzxutm yigzzkxotm ul znk romnz5 znk vxgizoigr osvrksktzgzout ul uvzoigr
zxgtyorr{sotgzout oy gt ossktykr� joÆi{rz zgyq7 Znk sgpux mugr ul znk vgvkx oy
zu vxkyktz ykrkizkj k~gsvrky ul i{xxktz sujkxt gvvroigzout ul zxgtyorr{sotgzout
zkintow{k ot skjoigr jogmtuyzoiy7 Gj|gtzgmky gtj rosozgzouty ul znoy zkintow{k gxk
joyi{yykj7

''$' ?WNSHNUQJ TK BNXXZJ ;F^JWX BWFSXNQQZRNSFYNTS

Znk y�yzksy lux zxgtyorr{sotgzout ul rg�kxy ul zoyy{ky jkyixohkj ot rozkxgz{xk5 h{orz
giiuxjotm zu znk mktkxgr hruiq jogmxgs lxus Lom7 ;;7:5 jo!kx ot znk skznuj ul uvzoigr
otv{z l{tizout mktkxgzout gtj znkox jkzkizout7 Z}u hgyoi mxu{vy ul y�yzksy igt hk
jo!kxktzogzkjC

' skgy{xotm znk gsvroz{jk gtj vngyk ul znk zxgtyorr{sotgzkj uvzoigr xgjogzoutD
' {yotm znk vnuzut zosk6ul6#omnz gtgr�yoy7

Znk "xyz mxu{v otir{jky y�yzksy }ozn vxuikyyotm znk lxkw{kti� gxkg grru}otm zu
skgy{xk ul znk gsvroz{jk gtj uvzoigr u{zv{z yomtgr vngyk |gr{ky xkrgzkj zu znk otv{z
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@][. 11.0. Hgyoi iut"m{xgzout ul g y�yzks lux zoyy{k zxgtyorr{sotgzout

yomtgr7 Znk y�yzksy }ozn osv{ryk suj{rgzout }ozn znk gsvroz{jk |gr{k ul znk uvzoigr
u{zv{z yomtgr skgy{xkj iutyzoz{zk g y{hmxu{v7 G ykvgxgzk gtj yvkio"i mxu{v otir{jky
y�yzksy ot }noin znk vnuzut zosky ul #omnz znxu{mn znk zxgtyorr{sotgzkj rg�kx ul
zoyy{ky gxk skgy{xkj gtj gtgr�!kj7 Znkox yvkio"i ingxgizkxoyzoiy oy znk tkikyyoz� zu
skgy{xk zosk hkru} :ty7

Znk hgyoi oyy{ky xkrgzkj zu znk zxgtyorr{sotgzout ul uvzoigrr� znoiq rg�kxy ul
zoyy{ky gxk yzxutm yigzzkxotm gtj ghyuxvzout a:A";:c7 J{xotm zxgtyorr{sotgzout znk
xgjogzout yu{xik orr{sotgzky znk k~gsotkj uhpkiz lxus utk yojk7 Znk jkzkizux vrgikj
ut znk uvvuyozk yojk 2ot xkrgzout zu znk yu{xik3 iurrkizy vgxz ul znk xgjogzout iusotm
u{z ul znk uhpkizy7 Znk hgyoi gvvroigzout joÆi{rz� ot k!kizo|k zxgtyorr{sotgzout ul
znoiq zoyy{k rg�kxy oy znk ru} vu}kx ul xgjogzout y{hpkiz zu jkzkizout7 Znkxkluxk5
oz oy tkikyygx� zu luxik znk uvzoigr vu}kx ul znk yu{xik gtj zu gvvr� yktyozo|k
vnuzujkzkizuxy7 Znk vu}kx otixkgyk oy xkyzxoizkj h� znk vkxsozzkj ktkxm� jktyoz� ul
<;B sP8is+7 Znk vnuzujkzkizuxy gxk suyz lxkw{ktzr� vnuzus{rzovrokxy ux " ykrjus
" g|grgtink vnuzujoujky7

J{xotm zxgtyorr{sotgzout ul yulz zoyy{ky ux }nkt znk zxgtyorr{sotgzout vxuikyy
oy rutm ktu{mn5 oz oy gvvxuvxogzk zu vuyozout znk uhpkiz ot xkrgzout zu znk skgy{xotm
y�yzks7 Znk ossuhoro!gzout sg� tuz ot#{ktik znk uhpkiz1y l{tizoutgr iutjozout
sgotzgototm znk k~gsotkj vkxyut1y iusluxz gz znk ygsk zosk7 Znk skznujy {ykj
ot vuyozoutotm uhpkizy ot xkrgzout zu znk yu{xiky gtj uvzoigr xgjogzout yu{xiky gxk
vxkyktzkj ot Lom7 ;;7;7

@][. 11.1. Skznujy ul vuyozoutotm gt uhpkiz ot xkrgzout zu uvzoigr xgjogzout yu{xiky
Y gtj jkzkizuxy J a:<c
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''$( =TSNS[FXN[J AJSXNSL BJHMSNVZJX CXJI NS

BWFSXRNXXNTS DFWNFSYX TK ?MTYTUQJYM^XRTLWFUM^ FSI

?ZQXJ >]NRJYW^

Vnuzuvrkzn�ysumxgvn� 2VVM3 oy h� jk"tozout gt uvzukrkizxutoi skznuj lux
skgy{xotm gtj xkiuxjotm ingtmky ot |ur{sk ul g huj� vgxz aB5 ;;c7 Znk yngvk gtj
yzghoroz� ul znk VVM }g|kluxs igt hk {ykj gy gt otjoigzout ul vuyyohrk suzout
gxzolgizy ux ru} vkxl{yout iutjozouty7 V{ryk u~oskzx� ysgxzr� puoty x{rky ul huzn
ot |o|u yvkizxuvnuzuskzx� gtj zxgtysoyyout ux xk#kizout vnuzuvrkzn�ysumxgvn� zu
sutozux znk gxzkxogr hruuj u~�mkt ygz{xgzout7 Houvn�yoigr gtj uvzoigr vxotiovrky
ul tutot|gyo|k yktyotm gtj skgy{xksktz vxuikj{xky gxk orr{yzxgzkj ot Lomy ;;7<
gtj ;;7=7

Znk tutot|gyo|k uvzukrkizxutoi yktyux igt mo|k gt krkizxoigr yomtgr zngz oy
vxuvuxzoutgr zu znk zxgtysozzkj romnz otzktyoz�5 xkvxkyktzotm v{rygzork ingtmky ot
znk gxzkxogr hruuj |ur{sk7 I�iroigr ingtmky ot romnz otzktyoz� gvvkgx giiuxjotm zu
ykrkizo|k ingtmky ot znk uhpkiz zxgtysozzgtik7 Vkgq gtj huzzus |gr{ky ul v{ryk
iusvutktzy5 gz z}u }g|krktmzny ??9 ts gtj B=9 ts zngz gxk tkkjkj zu jkzkiz
z}u ghyuxhkxy Qe gtj QeX+5 gxk {ykj zu kyzosgzk znk u~�mkt ygz{xgzout \dX+7
Zxgtysozzgtik yktyuxy ul v{ryk u~oskzkxy ksvru� g romnz ksozzkx iutzgototm z}u
grzkxtgzkr� vu}kxkj RKJy5 gtj znk vnuzujoujk gy znk vnuzujkzkizux }noin oy vrgikj
ot rotk }ozn znk ksozzkx zu jkzkiz znk sg~os{s gsu{tz ul znk zxgtysozzkj romnz7
]ngz oy {tow{k ot v{ryk u~oskzx� oy znk vuyyohoroz� zu yktyk znk mruhgr u~�mkt
ygz{xgzout ul n{sgt huj� gxzkxogr hruuj h� tutot|gyo|k zxgtyorr{sotgzout ul utr�
g vkxovnkxgr zoyy{k ykz5 }noin grru}y {y zu ykk g .xkvxkyktzgzo|k. gxzkxogr hruuj ot
uznkx zoyy{k iusvutktzy7 Znk vxotiovrk oy yosvrk gy hgykj ut yvkizxuvnuzuskzx�
x{rky5 xklkxxotm zu ojkgro!kj hruuj iutyoyzotm ul utr� z}u ghyuxhkxy zu hk jkzkizkj7
Ot vxgizoik5 znk skgy{xksktzy gxk giiusvroynkj }ozn uvzukrkizxutoi yktyuxy vrgikj
ut .ro|otm i{|kzzky.5 }noin igt yzxutmr� g!kiz znk xkroghoroz� ul "tgr xky{rzy7

Yk|kxgr ruigzouty ut znk huj� y{in gy znk "tmkx6zov5 zuk5 kgx6ruhk5 zutm{k5 rov5
inkkq }grr5 tgygr6hxojmk gtj }otm ul znk tuyzxor ot gj{rzy5 gtj znk luuz5 vgrs5 ux
k|kt gxs ot otlgtzy5 gxk znk {ykl{r yozky zu vrgik znk uvzukrkizxutoi yktyuxy }noin gxk
gvvrokj joxkizr� gtj |kx� ulzkt ot vxurutmkj j{xgzout7 ]nkt znk xk#kizout |gxogtz
ul romnz6zoyy{k otzkxgizout oy {ykj5 znk luxknkgj5 inkyz5 hgiq5 ux uznkx vrgiky5 suxk
iktzxgrr� ruigzkj5 igt hk iutyojkxkj gy znk uhpkiz zu hk skgy{xkj7 Oz ngy hkkt tuzkj
zngz znk vkxiktzgmk ul \sX+ xkgjotm igt jo!kx lxus yozk zu yozk7 Znk zxgtysoyyout
|gxogtz oy ulzkt suxk iut|ktoktz gtj yktyozo|k aB5 :95 ;<5 ;=c7 Znk znoiqtkyy ul znk
uhpkiz |gxoky }ozn kgin v{ryk5 ingtmotm znk romnz vgzn rktmzn5 znk k!kizy ul }noin
gxk krosotgzkj ot kyzosgzotm znk u~�mkt ygz{xgzout7 Gryu5 znk otv{z romnz otzktyoz�
oy tkmromohrk gy g |gxoghrk j{xotm skgy{xksktzy7 Nu}k|kx5 znkxk gxk gr}g�y yusk
gxzolgizy5 tuoyky gtj otzkxlkxktiky zngz igt ig{yk ingtmky ot znk uhpkiz vgxgskzkxy7
Znk xg} yomtgry giw{oxkj lxus g yktyux tkkj zu hk ktngtikj h� vxuvkx iutjozoutotm
a:95;>5;?c7 Znk v{ryk }g|k6luxs oy utr� g ysgrr5 yru}r� zosk6|gx�otm iusvutktz ul g
mo|kt yomtgr gtj xkw{oxky vxuikyyotm ul nomn vkxluxsgtik zu kyzosgzk ozy vgxgskzkxy7

Znk sgpuxoz� ul znk sgt{lgiz{xkj iusskxiogr v{ryk u~oskzkxy5 }noin gxk
vuxzghrk sujkry ux vuiqkz6yo!k {tozy5 joyvrg� |gr{ky ul u~�mkt ygz{xgzout gtj v{ryk
xgzk5 }nork uznkxy igt joyvrg� v{ryk yzxktmzn5 vxkyktz znk zxktj lxus g vgyz vkxouj
ul zosk5 gtj joyvrg� yvkio"i }g|kluxsy7 Znk sujkry }noin gxk utr� yromnzr� rgxmkx
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@][. 11.2. Orr{yzxgzout ul VVM gtj v{ryk u~oskzx� skgy{xksktz yomtgry gtj
gxxgtmksktz ul g zxgtysoyyout tutot|gyo|k uvzukrkizxutoi yktyux vrgikj ut g "tmkxzov
" g v{ryk u~oskzkx otjoigzout \sX+% kyzosgzky znk zx{k |gr{k \dX+% }ozn znk
{tikxzgotz� "%

zngt suyz xk{yghrk "tmkx yktyuxy ng|k hkkt jkyomtkj kyvkiogrr� lux k|gi{gzout
yoz{gzouty7 Znk grgxsy skgt znk ixozoigr l{tizouty ot g v{ryk u~oskzkx5 grkxzotm ul
g vuzktzogrr� jgtmkxu{y yoz{gzout zngz {y{grr� otir{jk nomn u~�mkt ygz{xgzout5 ru}
u~�mkt ygz{xgzout5 nomn v{ryk xgzk5 gtj ru} v{ryk xgzk7 Lom{xk ;;7> ynu}y gt k~gsvrk
ul znk suyz sujkxt jk|oiky7
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@][. 11.3. Yinksk ul g zkyzotm jk|oik hgykj ut g tu|kr {yk ul znk v{ryk u~oskzx�
iutikvz a;=c

@][. 11.4. Sujkxt v{ryk u~oskzkx {ykj lux iutzot{u{y tutot|gyo|k sutozuxotm ul
ingtmky ot VVM }g|kluxs gtj znk gxzkxogr hruuj u~�mkt ygz{xgzout

''$) ?WFHYNHFQ CXJKZQSJXX TK BNXXZJ 8QQZRNSFYNTS

FSI BWFSXNQQZRNSFYNTS

G hourumoigr uhpkiz k~gsotkj oy g nusumktku{y ux iusvrk~ so~z{xk ul yurojy5
row{ojy gtj mgyky7 Hkotm gt otzkmxgr vgxz ul znk skgy{xotm rotq5 oz vrg�y g j{gr
xurk j{xotm uvzoi }g|k vxuvgmgzoutC znk otv{z yojk ul znk uhpkiz xkiko|ky znk yomtgr
ksozzkj lxus znk yu{xik gtj znk u{zv{z yojk oy g ykiutjgx� zxgtysozzotm y{xlgik ul
znk zxgtysozzkj xgjogzout7 Znk xgjogzout oy y{hpkiz zu ghyuxvzout gtj yigzzkxotm
ul otzktyoz� jkvktjotm ut znk uhpkiz znoiqtkyy5 k~zktz ul tut6nusumktkoz� gtj
otjo|oj{gr uvzoigr vxuvkxzoky7 Ot znk vgxzoi{rgx krksktzy ul znk skgy{xotm zxgiq yusk
jkzkxsotkj lxgizouty ul znk vnuzut pkz gxk ghyuxhkj7 Jkvktjotm ut znk z�vk ul
otzkxgizouty5 znk ktkxm� ul znk vnuzuty ghyuxhkj sg� hk zxgtyluxskj otzu gtuznkx
z�vk ul ktkxm�5 }ozn ux }oznu{z outo!gzout ul gzusy7
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Jo!kxktz osgmotm skznujy grru} znk jkzkizout ul jo!kxktz vxuvkxzoky ul zoyy{ky
znxu{mn g |gxokz� ul {zoro!kj vnktusktg7 Lux k~gsvrk5 |ojkuktjuyiuv� sgqky
vuyyohrk k|gr{gzotm gzzxoh{zky ul g vgznurumoigr uhpkiz utr� }nkt g jkzkizkj zoyy{k
ingtmk mxu}y {v otzu znk huxk ul znk ot|kyzomgzkj jomkyzo|k zxgiz7 Nu}k|kx5 oz oy
osvuyyohrk zu mkz otluxsgzout ghu{z znk jkmxkk zu }noin znoy ghtuxsgr vxuikyy ngy
yvxkgj hk�utj znk zxgiz }grr7 Ut znk iutzxgx�5 gt {rzxgyu{tj vxuhk otiuxvuxgzkj
gz znk |ojkuktjuyiuvk zov ux otjkvktjktz {rzxgyu{tj vxuhk otykxzkj znxu{mn znk
ktjuyiuvoi uvkxgzotm ingttkr grru} k|gr{gzotm znoy vxuikyy " znk jkvzn ul znk z{sux
ot|gyout sg� hk kyzosgzkj a;@c7

Zxgtyorr{sotgzout grru}y y{vvuxzotm jkzkizout ul vgznurumoigr luxsgzouty ot yusk
zoyy{k iurrkizouty5 vgxzoi{rgxr� znuyk ruigzkj ut huj� vkxoskzkx7 G lxkw{ktzr� {ykj
yu{xik ul romnz oy znk ngrumkt rgsv ul ykz xgjogzout otzktyoz� |gr{k7 [ykl{r gvvroigzouty
ul zxgtyorr{sotgzout gtj orr{sotgzout lxus {tjkxtkgzn ul zoyy{k iurrkizouty otir{jk5
lux k~gsvrkC

' n�jxuikvngr{y jogmtuyzoiy ot otlgtzy " zxgtyr{iktik ul nkgjy ul otlgtzy }ozn
ykiutjgx� skmgruikvngr� j{k zu k~ikyyo|k i{s{rgzotm ul ikxkhxuyvotgr #{oj ot
znk ikxkhxgr |ktzxoirky oy uhykx|kjD

' y{vvuxzotm jktzgr vxuikj{xky y{in gy k7m7 jktzgr xuuz igtgr zxkgzsktz iutzxur ux
kgxr� igxoky osgmotm 2znk igxoky gxkg oy ingxgizkxo!kj }ozn ju{hrk xklxgizout a;c3D
znk vurgxo!gzout uxomotgzotm lxus ju{hrk xklxgizout iushotkj }ozn vurgxo!gzout
"rzkxy grru}y xkj{iotm znk ot#{ktik ul znk jkzkizux1y u|kxrugjy ut znk zkkzn kjmky7
Znk yomtgr lxus znk uhpkiz oy vxuikyykj ot znk luigr vrgtk gxxg� 2LVG3 sgzxo~
OtMgGy ul <:A#;>; vo~kr yo!k7 G :<:9 ts hgtj zxgtylkx "rzkx ul >9 ts hgtj}ojzn
"rzkxy znk xgjogzout vxuikyykj ot znk LVG sgzxo~7 Ot uxjkx zu uhzgot znk hkyz
vuyyohrk iutzxgyz hkz}kkt znk gxkg ul vgznurumoigr rkyouty gtj y{xxu{tjotm
ktgskr }oznu{z ygz{xgzotm znk LVG sgzxo~5 znk romnz otzktyoz�5 znk joyzgtik
hkz}kkt znk yu{xik gtj znk uhpkiz gtj znk yn{zzkx jogskzkx gxk ykrkizkj kgin
zoskD

' jkzkizout ul ysgrr |koty ot ngtjy gtj sutozuxotm uhrozkxgzotm znkxgv� ul |gxoiuyk
|koty a>cD

' orr{sotgzout lxus {tjkxtkgzn ul vgznurumoigr rkyouty y{in gy rovusgy5 i�yzy5
tkuvrgysy5 ngksgzusgy5 igrio"igzouty5 k~uyzuyky5 mu{z� tuj{rky5 ot uxjkx zu
joyzotm{oyn znks gsutm y{xxu{tjotm nkgrzn� zoyy{ky5 vgxzoi{rgxr� ot ngtj a>c7
Ot igyk ul g rovusg tu iutyvoi{u{y ingtmky ot zxgtyvgxkti� }kxk uhykx|kj5 i�yzy
"rrkj }ozn #{oj gxk suxk zxgtyr{iktz zngt nkgrzn� zoyy{ky5 znk tkuvrgys gxkg
ynu}y tuz zuu iutyvoi{u{y yngju}otm5 ot uznkx igyky znk rkyy zxgtyvgxktz gxkgy
}kxk iutyvoi{u{y iusvgxkj zu znkox y{xxu{tjotm7

Tk} gj|gtikj orr{sotgzout5 orr{sotgzout lxus {tjkxtkgzn gtj zxgtyorr{sotgzout
zkintow{ky sg� hk {ykl{r tuz utr� ot uhrozkxgzotm znkxgv� ul |gxoiuyk |koty ruigzkj
tuz zuu jkkvr�5 h{z gryu ot y{xmkx� ul |koty ot u{zvgzoktz irotoiy5 lgiorozgzout ul giikyy
zu |koty ot vkjogzxoiy5 tkutgzurum�5 jkxsgzurum�5 gtj skjoigr xkyi{k vxuikj{xky7
Yusk ykrkizkj zxgtyorr{sotgzout xky{rzy vkxluxskj }ozn gt uvzukrkizxutoi6krkizxutoi
skgy{xotm y�yzks {ykj ot n{sgt "tmkxy osgmotm gxk vxkyktzkj hkru}7
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''$* 4]FRUQJX TK BWFSXNQQZRNSFYNTS CXJI NS 5NSLJW

BNXXZJ 8RFLNSL

J{k zu znk kgyk ul ykzzotm znk ruigzout ot xkrgzout zu znk skgy{xotm y�yzks gtj j{k zu
znk |gxoghoroz� ul znk uvzoigr vxuvkxzoky5 g iut|ktoktz uhpkiz ot znk zxgtyorr{sotgzout
zkyzy oy g "tmkx7 Znk ykrkizout ul "tmkxy sgjk oz vuyyohrk zu igxx� u{z zkyzy }ozn
znk {yk ul g yosvrk gy }krr gy kÆioktz uvzukrkizxutoi6krkizxutoi skgy{xotm y�yzks7
Znk skingtoigr yzx{iz{xk ul znk skgy{xotm y�yzks oy iutyzx{izkj ot znk luxs ul
znk rkzzkx I "~kj zu znk xuhuz1y gxs 2Lomy ;;7? gtj ;;7@3 zngz iutyoyzy ul ykmsktzy
otzkxiuttkizkj h� puotzy a;Ac7 Znk xuhuz gxs gyykshr� oy #k~ohrk gtj iutzgoty znk
suzuxo!gzout5 hxgqky5 suzout zxgtysoyyout skingtoysy5 ighrk h{tjrk5 vtk{sgzoi
gtj krkizxoigr ioxi{ozy lux znk {ykx7 G yigttotm y�yzks oy puotkj }ozn znk xuhuz gxs7

@][. 11.5. Orr{yzxgzout ul qotksgzoiy ul g yigttkx iutyoyzotm ul gt gxs xuhuz gtj gt
gvvxuvxogzk yigttotm y�yzks

@][. 11.6. Yzx{iz{xk ul g zxgtyorr{sotgzotm yigttotm y�yzks sgjk lux "tmkx zoyy{k
osgmotm
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J{xotm znk yigttotm zosk znk zkyz uhpkiz 2o7k7 ykrkizkj n{sgt ngtj "tmkxy3
ynu{rj xksgot ossuhoro!kj ot xkrgzout zu znk yigttotm y�yzks7 Znk ossuhoro!gzout
sg� tuz joyz{xh znk uhpkiz1y l{tizout5 sgotzgototm yos{rzgtku{yr� znk k~gsotkj
vkxyut1y iusluxz7 Znk ngtj k~gsotkj oy rgoj ut g zxgtyvgxktz vrgyzoi vgtkr
yzghoro!otm ozy vuyozout7 Znk yigttotm y�yzks oy su|kj ot giiuxjgtik }ozn znk
zxgpkizux� vxkyktzkj ot Lom7 ;;7A7 Giiuxjotm zu znk xuhuz yulz}gxk5 yigttotm
vxuikj{xk ul znk uhpkiz oy giiusvroynkj ot znk Igxzkyogt iuuxjotgzk y�yzks
2} E iutyz5 { E |gx5 | E |gx37 G romnz ksozzotm joujk 2RKJ3 gtj vnuzujoujk 2VJ3

@][. 11.7. Zxgpkizux� ul yigttotm znk uhpkiz 2} E iutyz5 { E |gx5 | E |gx3

" }oznu{z znk gjjozoutgr y�yzksy lui{yotm znk uvzoigr h{tjrk " gxk otiuxvuxgzkj gz
znk yzx{iz{xk ktjy ot uvzoigr ingttkry ul < ss jogskzkx gtj ig7 ;9 ss rktmzn7

\gxou{y nomn vu}kx RKJ joujky gxk {ykj ot znk zkyzy7 Znk xky{rzy vxkyktzkj ng|k
hkkt uhzgotkj lux gt KRP6AA96;;AH zxgtysozzkx }ozn 4 E AA9 ts lkj }ozn i{xxktz
osv{ryky Ra E @ G5 ]] E : 5y5 ]fYd E : sy7 Znk xkiko|kx oy znk VOT HV];=X
vnuzujoujk7 Znk zxgty|kxyk suzout ul znk yigttotm y�yzks ot xkrgzout zu znk "tmkxy
ngy hkkt otv{z7

Lom{xk ;;7B vxkyktzy znk yzgtjgxjo!kj \ION |gr{ky ul znk iut|kxyk ul znk
iut|kxzkj u{zv{z yomtgr lxus znk vnuzujoujk lux yk|kxgr { |gr{ky7 Znk xky{rzy
uhzgotkj gy zxgtyorr{sotgzout osgmky gxk ynu}t ot Lom7 ;;7:97 Znk mxg�tkyy otzktyoz�
oy xkvxkyktzkj h� znk u{zv{z yomtgr \ION |gr{ky ul znk "tmkxy k~gsotkj 2L:5 L;5
L<5 L=37

Znk zxgtyorr{sotgzout osgmk xkyur{zout oy ru}kx zngt zngz ul ^6xg� osgmky7
Nu}k|kx5 oz ktghrky zu joyiruyk otluxsgzout ut znk l{tizoutgr iutjozout5 {tg|gorghrk
ot znk ^6xg� zkintow{k7 ]ozn znk {yk ul uvzoigr xgjogzout 2}oznot tkgx otlxgxkj gtj
|oyohrk romnz xgtmk ngxsrkyy zu n{sgty35 oz oy vuyyohrk zu jkzkxsotk znk vgxgskzkxy
ul zoyy{ky grru}otm znk xkvxuj{izout ul gtgzusoi gtj l{tizoutgr vxuvkxzoky7 Znk
k~vkxosktzgr zxgtyorr{sotgzout ul g huj� vkxovnkxgr oy vuyyohrk ot g yosvrk ktu{mn
yktjotm6xkiko|otm y�yzks vxkyktzkj ot Lom7 ;;7:;7

Znk uvzoigr vgxz ul znk zxgtysozzotm6xkiko|otm y�yzks oy gt RKJ vrgikj uvvuyozk
znk VOT vnuzujoujk VJ7 Yk|kxgr xgjogzout rktmzny ng|k hkkt {ykj lux znk zkyzy5
h{z znk hkyz k!kizy ng|k hkkt lu{tj lux znk A@9 ts gtj ??9 ts xgjogzout7
Znk RKJ joujky ng|k hkkt lkj }ozn i{xxktz osv{ryky ul ig7 : 5y j{xgzout gtj
xkvkzozout lxkw{kti� : qN!7 Gy znk uvzoigr zxgtysoyyout skgy{xk5 znk gsvroz{jk
ul |urzgmk osv{ryky ngy hkkt gyy{skj7 Jkyvozk znk yosvroioz� ul znk skgy{xotm
y�yzks znk osgmotm uhzgotkj }gy gy gtzoiovgzkj7 Jo!kxktiky hkz}kkt znk ^D2w3
gsvroz{jk |gxoghoroz� lux "tmkxy }oznu{z gtj }ozn puotz jkmktkxgzouty }kxk uhykx|kj7
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@][. 11.8. \ok} ul g vkxluxskj zxgtyorr{sotgzout y�yzks puotkj }ozn znk xuhuz gxs

@][. 11.0/. Yvkio"igzout ul znk \ION yomtgr jkvktjkti� ut znk | ruigzout lux
ykrkizkj ixuyy6ykizouty }ozn { iuuxjotgzk

Zu zxgtyorr{sotgzk yusk uvzoigrr� znoiqkx huj� vgxzy oz oy tkikyygx� zu otixkgyk
znk y�yzks1y yktyozo|oz�5 hkzzkx iutiktzxgzout ul znk uvzoigr h{tjrk gtj vuyyohoroz�
zu ykrkiz znk jkzkizghrk vnuzuty7 Tk|kxznkrkyy5 znk uvzoigr xgjogzout suj{rgzout
skznuj {ykj oy gt grzkxtgzo|k lux yur{zouty }ozn suj{rgzout h� skgty ul g ngxsutoi
}g|kluxs7
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@][. 11.00. Zxgtyorr{sotgzout osgmky uhzgotkj lux ngtj "tmkxy

@][. 11.01. Osv{ryk zxgtyorr{sotgzout y�yzks ul g "tmkx

Znk vxgizoigr vkxluxsgtik ul zxgtyorr{sotgzout oy vuyyohrk zngtqy zu zxgtysoyyout
y{vvuxzkj h� lux}gxj yigzzkxotm7 Nu}k|kx5 znk hgiq}gxj yigzzkxotm y{vvuxzy
orr{sotgzout ul znk uhpkiz lxus {tjkxtkgzn5 {ykl{r ot znk jogmtuyzoi6znkxgvk{zoi
v{xvuyky sktzoutkj ghu|k7 Ot igyky ul vkxovnkxgr huj� gxkgy5 oz oy vuyyohrk zu gvvr�
zxgtyorr{sotgzout gy g yosvrk ru}6iuyz skznuj zu gyyoyz ot joyzotm{oynotm vgznurumoigr
rkyouty zngz gvvkgx k7m7 ot "tmkxy5 ngtjy5 lkkz gtj zkkzn7

Zxgtyorr{sotgzout grru}y y{vvuxzotm jkzkizout ul vgznurumoigr luxsgzouty ot yusk
zoyy{k iurrkizouty5 vgxzoi{rgxr� znuyk ruigzkj ut huj� vkxovnkxgr yozky7 Znk "tmkx
zxgtyorr{sotgzout zkyz xky{rzy ynu} zngz k!kizo|k zxgtyorr{sotgzout oy vuyyohrk k|kt
ot g yosvrk y�yzks gtj otjoigzk zngz l{xznkx jk|kruvsktz ul znk skgy{xotm y�yzks
oy xkgyutghrk7 [vut znk zkyz xky{rz gtgr�yoy znk tkikyyoz� gxoyky zu iut"m{xk znk
uvzoigr vgxz yu zngz g hkzzkx xkyur{zout igt hk uhzgotkj }ozn igvgioz� ul k!kizo|k
zxgtyorr{sotgzout ul uvzoigrr� znoiqkx uhpkizy7 Znk hgyoi gvvroigzout joÆi{rz� ot gt
k!kizo|k zxgtyorr{sotgzout ul znoiq zoyy{k rg�kxy oy znk ru} vu}kx ul xgjogzout y{hpkiz
zu jkzkizout7 Znkxkluxk5 oz oy tkikyygx� zu luxik znk uvzoigr vu}kx ul znk yu{xik gtj
zu gvvr� yktyozo|k vnuzujkzkizuxy7
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''$+ 2TSHQZINSL @JRFWPX

Sujkxt zkinturum� qtu}rkjmk jkzkxsotky joxkizouty ot jk|kruvsktz ul i{xxktz
skjoiotk5 sgqotm vuyyohrk zu yvxkgj otzu gxkgy zngz ng|k hkkt otgiikyyohrk {v zu
tu}7 Jo!kxktz osgmotm skznujy grru} znk jkzkizout ul jo!kxktz vxuvkxzoky ul zoyy{ky
znxu{mn g |gxokz� ul {zoro!kj vnktusktg7 Ot irotoigr zkyzy skjoigr osgmotm hgykj ut
^6xg� 2^6xg� osgmotm35 {rzxgyutoi }g|ky 2[YM osgmotm35 sgmtkzoi xkyutgtik 2SXO
osgmotm35 otlxgxkj xgjogzout 2znkxsumxgvn�3 jusotgzk7 Grr znkyk skznujy jo!kx lxus
znk vuotz ul |ok} ul gj|gtzgmky gtj joygj|gtzgmky5 xgtmk ul gvvroigzouty5 jkmxkk ul
ot|gyo|k ux tutot|gyo|k otzkxgizout5 vgzoktz hgrrgyz5 gtj vxuikj{xgr iusvroigzout7
Znk otzkxkyz ot jk|kruvsktz ul uvzoigr zkintow{ky ot houskjoiotk zu uhzgot osgmky
ul zoyy{ky gtj uxmgty oy mxkgz gtj yzorr mxu}otm7 Znk gyyuiogzkj gvvroigzout ul
|gxou{y skznujy oy vxkyktzr� jk|kruvkj5 grru}otm zu uhzgot g suxk iusvrkzk ykz
ul otluxsgzout ut znk uhpkiz5 iusvgxkj zu zkyzy sgjk ot utk jogmtuyzoi zkintow{k
utr�7 Ot znk zxgtysoyyout |gxogtz ul znk romnz6uhpkiz otzkxgizout znk uhpkizo|k
otluxsgzout ut znk w{gtzoz� skgy{xkj oy uhzgotkj h� skgty ul uvzukrkizxutoi
yktyux iutzgototm g yu{xik ul znk xgjogzout vktkzxgzotm znk uhpkiz gtj xkiko|kx ul
znk xgjogzout zxgtysozzkj znxu{mn7 Xkvxkyktzgzo|k k~gsvrky ul y{in k~gsotgzouty
gxk k7m7 jkzkizout ul y�yzksoi #{ojy iusvutktzy 2yvkizxuvnuzuskzx�5 u~oskzx� ot
|o|u35 ruigro!gzout h� skgty ul zxgtyorr{sotgzout ux orr{sotgzout ul |koty5 i�yzy5 gtj
tkuvrgysy lxus {tjkxtkgzn5 zxgtyorr{sotgzout }ozn }nozk romnz 2otyzkgj ul ^6xg�otm35
osgmotm gtj sutozuxotm ul v{ryk }g|k 2vnuzuvrkzn�ysumxgvn�35 zxgtysoyyout |gxogtz
ul v{ryk u~oskzx�7 V{ryk u~oskzx� oy iutyojkxkj utk ul znk suyz ksotktz ginok|ksktzy
sgjk ot skjoigr ktmotkkxotm yotik krkizxuigxjoumxgvn�7 Gt osgmotm zkintow{k {yotm
znk uvzoigr vxuvkxzoky ul zxgtyorr{sotgzkj zoyy{ky oy gryu uvzoigr zusumxgvn�7 J{k
zu yzxutm romnz yigzzkxotm5 osvrksktzgzout ul znk uvzoigr zusumxgvny ot vxgizoik oy
joÆi{rz7 Znk xkyur{zout ul znk osgmk uhzgotkj oy ru}kx zngt zngz ul ^6xg� osgmky5 h{z
sg� vxu|ojk otluxsgzout ut znk l{tizoutgr iutjozout {tg|gorghrk ot ^6xg� zkintow{ky7

Gz vxkyktz uvzoigr zxgtyorr{sotgzout oy {ykj ot sutozuxotm hruuj u~�mktgzout5
nksuxxngmk jkzkizout5 hxgot osgmotm5 Gr!nkoskx joykgyk jogmtuyzoiy5 sgssumxgvn�5
gtj xnk{sgzoys gtj puotz ot#gssghrk iutjozout sutozuxotm7 Znoy jogmtuyzoi
zkintow{k oy {tjkx otzktyo|k xkykgxin7 Oz iutiktzxgzky ut jk|kruvsktz ul k!kizo|k
zxgtyorr{sotgzout ul znoiq rg�kxy ul zoyy{ky gtj ut h{orjotm kÆioktz gtj yzghrk
grmuxoznsy xkvxkyktzotm gtgzusoi gtj l{tizoutgr vxuvkxzoky7 T{skxu{y oyy{ky xkrgzkj
zu znk skgy{xksktz xky{rz otzkxvxkzgzout yzorr xksgot {tyur|kj7 Tk} gj|gtikj
orr{sotgzout5 orr{sotgzout lxus {tjkxtkgzn gtj zxgtyorr{sotgzout zkintow{k sg�
hk {ykl{r tuz utr� ot uhrozkxgzotm znkxgv� ul |gxoiuyk |koty ruigzkj tuz zuu jkkvr�5
h{z gryu ot y{xmkx� ul |koty ot u{zvgzoktz irotoiy5 lgiorozgzout ul giikyy zu |koty ot
vkjogzxoiy5 tkutgzurum�5 jkxsgzurum�5 gtj skjoigr xkyi{k vxuikj{xky7

@JKJWJSHJX

:7 I{zrkx5 S7C QkZglbeenfbgZmbhg h_ ma^ [k^Zlm5 Y{xm7 M�tkiur7 Uhyzkz7 =A5 :B;B5
vv7 @;:6@;@7

;7 Putky X7Y75 N{�tn M7J75 Putky M7I75 Lxokj J7C K^Zk-bg_kZk^] mkZglbeenfbgZmbhg
Zm 1310gf _hk ma^ bfZ`bg` h_ ^Zker ]^gmZe ]^\Zr5 Uvzoiy K~vxkyy ::5 ;99<7

362 A.R. Cysewska-Sobusiak and G. Wiczyński



<7 I�yk}yqg6Yuh{yogq G7C Lg^-]bf^glbhgZe k^ik^l^gmZmbhg h_ eb`am-mblln^ bgm^kZ\-
mbhg _hk Ziieb\Zmbhg bg ghgbgoZlbo^ hqbf^mkr5 Uvzoigr Ktmotkkxotm <?5 :BB@5
vv7:;;>6:;<<7

=7 Ngtyvg{r Y7S75 Lxokjkt O7P7C QkZglbeenfbgZmbhg h_ Z \rlmb\ erfiaZmb\ fZe_hkfZ-
mbhg5 Znk Tk} Ktmrgtj Pu{xtgr ul Skjoiotk5 |ur7 <=B5 ;99<7

>7 Kgzut In7C @ebgb\Ze ^qZfie^ #Zlaeb`am mkZglbeenfbgZmbhg _hk mnfhk ]bZ`ghlbl.5
OtC Znk krkizxutoi zk~zhuuq ul ngtj y{xmkx�5 }}}7kgzut7ngtj7ius7

?7 I�yk}yqg6Yuh{yogq G75 ]oi!�&tyqo M7C J^]b\Ze Ziieb\Zmbhgl h_ anfZg mblln^
mkZglbeenfbgZmbhg.5 Vxui7 ul znk Lolzn Otzkxtgzoutgr ]uxqynuv ut Xuhuz Suzout
gtj Iutzxur XuSuIu19>5 Vu!tg&t5 Vurgtj5 ;99>5 vv7 ?B6@;7

@7 Hg{kx P75 Hukxtkx K7 Vujhokryqg N75 Y{in}grqu G7C MZmm^kg k^\h`gbmbhg f^mah]l
h_ mkZglbeenfbgZmbhg bfZ`^ _hk ]bZ`ghlbl h_ ka^nfZmhb] Zkmakbmbl5 Vxui7 YVOK
|ur7 >B>B5 ;99> 2ot vxkyy37

A7 I�yk}yqg6Yuh{yogq G7C Jh]^ebg` Zg] lbfneZmbhg h_ Z mblln^ k^lihgl^ mh eb`am
mkZglfbllbhg5 Skj7 Hour7 Ktm7 Iusv{z7 <@5 y{vvr7 :5 :BBB5 vv7 ;:?6;:@7

B7 Ktjkxrk P75 Hrgtingxj Y75 Hxut!otu P7C Fgmkh]n\mbhg mh ?bhf^]b\Ze Bg`bg^^kbg`5
Gigjksoi Vxkyy5 Ygt Jokmu5 ;9997

:97 I�yk}yqg6Yuh{yogq G7C Mhp^kl Zg] ebfbmZmbhgl h_ ghgbgoZlbo^ f^Zlnk^f^gml
bfie^f^gm^] bg inel^ hqbf^mkr5 Houi�hkxtkzoiy gtj Houskjoigr Ktmotkkxotm
|ur7 ;;5 ;99;5 vv7 @B6B?7

::7 Qrotmkthkiq Q75 Yin{z� U7G75 Uvvkrz G7C JZffh`kZiar pbma eb`am5 Gqz{krrk
Xgjour7 |ur7 >5 :BB>5 vv7 ::>6::B7

:;7 Y}gxzrotm P75 Gtjkxyyut6Ktmkry Y7C Limb\Ze fZffh`kZiar - Z g^p f^mah] _hk
[k^Zlm \Zg\^k ]^m^\mbhg nlbg` nemkZ-lahkm eZl^k inel^l5 JVUY6T_Z =6;99:5 ;99:5
vv7 :B6;:7

:<7 Vum{k H7]75 SiHxojk Z7U75 Uyzkxhkxm [7R75 Vg{rykt Q7J7C @hfiZkblhg h_
bfZ`bg` `^hf^mkb^l _hk ]b!nl^ himb\Ze mhfh`kZiar h_ mblln^5 Uvzoiy K~vxkyy =8A5
:BBB5 vv7 ;@96;A?7

:=7 Z{ Qngtn Zxotn S7C Mnlabg` ma^ ebfbml h_ himb\Ze mhfh`kZiar nlbg` Z lbeb\hg
fb\khfZ\abg^] \heebfZmhk ZkkZr5 Yosut Lxgykx [to|kxyoz�5 ;99;5 vv7 :7:6;7?7

:>7 Hkiqkx ]75 ]ghtoz! N7C Limb\Ze mhfh`kZiar: Q@PM@ bfZ`bg` h_ _^fZe^ [k^Zlm5
Hkiqkx 0 Noiqr MshN5 :BBB7

:?7 _nu{ P75 Hgo P7C PiZmbZe eh\Zmbhg p^b`am^] himbfbsZmbhg l\a^f^ _hk A@ himb\Ze
mhfh`kZiar5 Uvzoiy K~vxkyy |ur7 ::5 ;99<5 vv7 :=:6:>97

:@7 Gxxojmk Y7X7C Limb\Ze mhfh`kZiar bg f^]b\Ze bfZ`bg`5 Ot|kxyk Vxuhrksy :>5 :BBB5
vv7 X=:6XB<7

:A7 Hk{zngt P7 kz7 gr7C Ib`am l\Zmm^kbg` lmn]r h_ ka^nfZmhb] Zkmakbmbl5 W{gtz{s
Krkizxutoiy |ur7 <;5 ;99;5 vv7 B=>6B>;7

:B7 Gxxojmk Y7X75 Noxguqg S75 Yin}komkx S7C PmZmblmb\Ze [Zlbl _hk ma^ ]^m^kfbgZmbhg
h_ himb\Ze iZmae^g`mal bg mblln^5 Vn�yoiy ot Skjoiotk gtj Hourum� |ur7 =95 :BB>5
vv7 :><B6:>>A7

;97 Inkutm ]7L75 Vxgnr Y7G75 ]krin G7P7C > k^ob^p h_ ma^ himb\Ze ikhi^kmb^l h_
[bheh`b\Ze mblln^l5 OKKK P7 W7 Krkizxut7 |ur7 ;?5 :BB95 vv7 ;:??6;:A>7

;:7 Z{inot \7\7C EZg][hhd h_ himb\Ze [bhf^]b\Ze ]bZ`ghlbl5 YVOK Vxkyy5 Hkrrotmngs5
;99;7

;;7 Hu-rzx{qok}oi! S75 I�yk}yqg6Yuh{yogq G7C > gho^e ZiikhZ\a mh ikh\^llbg` h_ ma^
"g`^k iahmhie^marlfh`kZiab\ lb`gZel5 Skj7 Hour7 Ktm7 Iusv{z7 |u7 <@5 y{vvr7 ;5
:BBB5 vv7 >;;6>;<7

22 Examples of Transillumination Techniques 363



;<7 I�yk}yqg6Yuh{yogq G7C KhgbgoZlbo^ himh^e^\mkhgb\ fhgbmhkbg` h_ ma^ ebobg`
mblln^l obmZebmr5 Vxui7 ul znk Znoxj Otzkxtgzoutgr ]uxqynuv ut Xuhuz Suzout
gtj Iutzxur XuSuIu19;5 Vu!tg&t5 Vurgtj5 ;99;5 vv7 :<6:B7

;=7 I�yk}yqg6Yuh{yogq G75 ]oi!�&tyqo M75 Pkj}ght� Z7C Pi^\b"\bmr h_ lh_mpZk^
\h-hi^kZmbg` pbma Zg himh^e^\mkhgb\ l^glhk bg Z inel^ hqbf^m^k lrlm^f5 Vxui7
YVOK |ur7 ;?<=5 :BB>5 vv7 :@;6:@A7

;>7 Qotmyzut X7N7C Limb\Ze lhnk\^l, ]^m^\mhkl, Zg] lrlm^fl. Cng]Zf^gmZel Zg]
Ziieb\Zmbhgl5 Gigjksoi Vxkyy Rutjut5 :BB>7

;?7 Ingrroy X7K75 Qoztk� X7O7C ?bhf^]b\Ze lb`gZe ikh\^llbg` )bg _hnk iZkml*5 Skj7
Hour7 Ktm7 Iusv{z7 |ur7 ;A6;B5 :BB96:BB:7

;@7 I�yk}yqg6Yuh{yogq G75 Yqx!�}gtkq V75 Yu}okx G7C RmbebsZmbhg h_ fbgb-ikh[^l bg
fh]^kg ^g]hl\hib\ nemkZlhgh`kZiar5 OKKK Yktyuxy Pu{xtgr5 ;99> 2ot vxkyy37

;A7 >kf OU60? CZfber @aZkZ\m^kblmb\l5 Yz&g{hro Lg|kxmky5 ;99:7
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@IPIVSFSXMG ?MQYPEXSV MR :MRMQEPP] 7RZEWMZI

?YVKIV]

Vouzx Yg{kx*5 Qx!�y!zul Qu!-ru}yqo*5 gtj ]upiokin ]groy!k}yqo+

* Ingox ul Iutzxur gtj Y�yzksy Ktmotkkxotm5 Vu!tg&t [to|kxyoz� ul Zkinturum�
{r7 Vouzxu}u <g5 ?96B?> Vu!tg&t5 Vurgtj
TMSXV&WEYIV/TYX&TS^RER&TP$ OV^]W^XSJ&OS^PS[WOM/TYX&TS^RER&TP

+ Jkvgxzsktz ul Mktkxgr gtj Rgvgxuyiuvoi Y{xmkx�5 Nuyvozgr P7 Yzx{yog5 Vu!tg&t5
Vurgtj

'($& 8SYWTIZHYNTS

Sotosgrr� Ot|gyo|k Y{xmkx� 2SOY3 oy g zkintow{k }noin }gy kyzghroynkj ot znk :BA9y7
Znk gj|gtzgmky lux vgzoktz zxkgzkj h� znk SOY iusvgxkj zu uvkt 2irgyyoi3 y{xmkx�
gxk znk lurru}otmC ysgrr otioyouty xkj{ik vgot gtj zxg{sg5 ynuxzkx xkyojktik gz
nuyvozgr gtj ynuxzkx xknghorozgzout zosk5 iuyskzoigr gj|gtzgmk j{k zu ysgrr otioyouty7
Gz znk ygsk zosk znk Sotosgrr� Ot|gyo|k Y{xmkx� ngy yk|kxgr joygj|gtzgmky lux
znk y{xmkutyC xkj{ikj yomnz5 xk|kxyk suzout 2inuv6yzoiq k!kiz35 xkyzxoizkj suzout
hkig{yk ul vo|uz vuotz 2zxuigx qotksgzoi35 xkj{ik zgizork gtj luxik"lkkjhgiq hkig{yk
ul rutm otyzx{sktzy5 gsvro"igzout ul znk zxksux j{k zu rutm otyzx{sktzy7 Znk
ghu|k sktzoutkj joygj|gtzgmky gxk znk sgot xkgyuty }n� SOY oy xkyzxoizkj zu g
ysgrr t{shkx ul gvvroigzouty7 Ot Sotosgrr� Ot|gyo|k Y{xmkx�5 znk y{xmkut |ok}y
znk gtgzus� lxus otyojk7 Znk igskxg oy iutzxurrkj h� g y{xmoigr gyyoyzgtz7 Znk
rgvgxuyiuvk ozykrl iutyoyzy ul g ingot ul rkty uvzoiy zu zxgtysoz znk osgmk ul znk
uvkxgzout yozk zu znk IIJ igskxg iuttkizkj zu ozy u{zkx ktj5 gtj uvzoigr "hkxy
zu igxx� romnz zu orr{sotgzk otyojk7 Gt osgmk ul znk uvkxgzout yozk oy joyvrg�kj
ut g nomn xkyur{zout IXZ yixkkt7 Znk rgvgxuyiuvk gtj otyzx{sktzy {ykj lux znk
uvkxgzout gxk otykxzkj znxu{mn zxuigxy vrgikj gz znk otioyouty ul znk ghjuskt7
Iutykw{ktzr�5 znk y{xmkut ngy tu joxkiz iutzxur u|kx noy8nkx |ok}otm joxkizout5 gtj
znk rgvgxuyiuvoi osgmk ulzkt oy {tyzghrk hkig{yk ul zxksux gtj y{jjkt su|ksktzy
ul znk y{xmoigr gyyoyzgtz7 Zu u|kxiusk znuyk jxg}hgiqy xuhuz y{xmkx� vrg�y gt
osvuxzgtz vgxz5 hkig{yk Sotosgrr� Ot|gyo|k Y{xmkx� oy jkjoigzkj zu zkrkvxkyktik7
Znk y{xmoigr zkrkvxkyktik y�yzks nkrvy znk y{xmkut u|kxiusk hgxxokxy5 y{in gy
znk vgzoktz1y inkyz ux joyzgtiky5 ol znk y{xmkut gtj znk vgzoktz gxk ruigzkj ot
jo!kxktz xuusy ux k|kt nuyvozgry7 Sotosgrr� Ot|gyo|k Y{xmkx� oy utk ul znk "krjy
}nkxk zkrkxuhuzoiy ktrgxmky n{sgt vuyyohorozoky7 Y{xmoigr xuhuzy grru} suxk vxkioyk
su|ksktzy ul y{xmoigr otyzx{sktzy7 Ot xuhuzoi zkrky{xmkx�5 znk xuhuzoi zuury gxk tuz
g{zusgzkj xuhuzy h{z zkrkuvkxgzkj y�yzksy {tjkx joxkiz iutzxur ul y{xmkut7 Vxk|ou{y
xkykgxin ut skjoigr xuhuzoiy iu|kxkj znk jk|kruvsktz ul gt ktjuyiuvoi sgtov{rgzux
a::c7 Znk zkrkxuhuzoi gyyoyzgtz lux rgvgxuyiuvoi y{xmkx� }gy jk|kruvkj h� Zg�rux kz
gr7 aBc7 Lux k~gsvrk5 znk zkrky{xmkx� k~vkxosktzy }kxk vkxluxskj gz Pkz Vxuv{ryout
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Rghuxgzux�5 Igroluxtog Otyzoz{zk ul Zkinturum� gtj Vur�zkintoi [to|kxyoz� ul Sorgt5
Ozgr� a?c7 Ot Ykvzkshkx ;99:5 Sgxkyig{~ kz gr7 y{iikyyl{rr� igxxokj u{z g xksuzk
rgvgxuyiuvoi inurki�yzkizus� ut g ?A6�kgx urj lksgrk7 Znk� {ykj zkrkxuhuzoi y�yzks
tgskj `K[Y7 Znk y{xmkut }gy ot Tk} _uxq }nork znk vgzoktz }gy ot Yzxgyhu{xm a>c7

Ot znk vgvkx5 }k vxkyktz znk "xyz xky{rzy ul u{x vxupkiz .S{rzo6rk|kr Iutzxur
Y�yzks ul g Sgtov{rgzux lux Rgvgxuyiuv� ot Y{xmkx�.7 Znoy vxupkiz }gy "tgtikj
h� znk Sotoyzx� ul Yioktik gtj Otluxsgzoiy7 Znk s{rzo6rk|kr iutzxur y�yzks oy g
xky{rz ul iuuvkxgzout hkz}kkt znk Ingox ul Iutzxur gtj Y�yzksy Ktmotkkxotm5 Vu!tg&t
[to|kxyoz� ul Zkinturum�5 gtj znk Jkvgxzsktz ul Mktkxgr gtj Rgvgxuyiuvoi Y{xmkx�5
Nuyvozgr P7 Yzx{yog ot Vu!tg&t7 Ot mktkxgr5 znk vxuvuykj iutzxur y�yzks iutyoyzy ul
znxkk vgxzyC

' yrg|k y�yzks 2zkrkuvkxgzux yojk35
' sgyzkx y�yzks 2uvkxgzux yojk35
' iuss{toigzout y�yzks7

Znk mugr ul znoy vxupkiz oy zu jk|kruv xuhuzoi zuury zu xkvrgik sgt{gr
iutzxur ul znk rgvgxuyiuvk ot y{xmkx�7 Ot znoy vxupkiz }k sgqk {yk ul g Yz&g{hro
xuhuz7 Znk vxkyktzkj y�yzks xkvrgiky znk y{xmoigr gyyoyzgtz j{xotm rgvgxuyiuvk
inurki�yzkizusoky7 Znk sgtov{rgzux vkxluxsy yusk zgyq jutk h� znk y{xmoigr
gyyoyzgtz5 xkz{xty igskxg iutzxur zu znk y{xmkut5 gtj yzghoro!ky znk rgvgxuyiuvoi
osgmk7 Znk s{rzo6rk|kr iutzxur y�yzks ngy hkkt tgskj GY_YZGTZ7 Znoy y{hpkiz oy
ot mktkxgr tuz tk} ot zkrky{xmkx�5 h{z oy tk} ot Vurgtj7

Znoy }uxq iutyoyzy ul "|k ykizouty7 Ykizout ;<7; jkyixohky g sgznksgzoigr sujkr
ul znk rgvgxuyiuvk suzout vrgttotm7 Ykizout ;<7< vxkyktzy jkzgory ul znk yzx{iz{xk
ul znk vxuvuykj s{rzo6rk|kr iutzxur y�yzks lux znk sgtov{rgzux }noin ngy hkkt {ykj
gy g xuhuzoi gyyoyzgtz j{xotm rgvgxuyiuvoi inurki�yzkizus�7 Ykizout ;<7= jkyixohky
yos{rgzout vxumxgsy ul g rgvgxuyiuvk suzout iutzxurrkx7 Lotgrr�5 Ykizout ;<7> oy
jk|uzkj zu iutir{youty7

'($' BMJ ?WTUTXJI <TIJQ TK YMJ BFXP

Znk vxuvuykj y�yzks uvkxgzky {tjkx znk y{xmkut1y joxkiz zkrkuvkxgzout ul znk
vxkioyout su|ksktzy tkkjkj zu sgtuk{|xk znk rgvgxuyiuvk }oznot znk vgzoktz1y
huj�7 Znk otv{z jk|oik y�yzks zxgtyrgzky znk pu�yzoiq su|ksktzy zu xuhuz Igxzkyogt
iuuxjotgzky7 Lux znoy gizout znk zkrkxuhuzoi y�yzks ngy zu qtu} znk sujkr ul znk
zgyq7 Znk sgtov{rgzux oy vrgikj tkgxh� znk yzxkzinkx }ozn znk vgzoktz gtj ngy ozy
ktj k!kizux kw{ovvkj }ozn g rgvgxuyiuvk7 Znk sujkr ul znk zkrkuvkxgzkj zgyq oy {ykj
zu igri{rgzk znk vxkioyk xkrgzoutynov hkz}kkt znk hgyk ul znk sgtov{rgzux gtj znk
otykxzout vuotz }nkxk znk y{xmkx� zuur 2rgvgxuyiuvk3 muky otzu znk vgzoktz1y huj�7
Znoy xkrgzoutynov jkvktjy ut znk lurru}otm vxuhrksyC

' znk ot|kxyk gtj lux}gxj qotksgzoiy ul znk xuhuz gyyoyzgtz5
' znk skgy{xksktz ul joyzgtik grutm znk uvzoi g~oy hkz}kkt znk igskxg gtj znk

otykxzout vuotz7

Znk zkrkuvkxgzkj sujkr oy jkzkxsotkj h� znk nusumktku{y zxgtyluxsgzout =]I
}noin oy jk"tkj gyC

=]I E= ]@ #@ ]C #C ]I 2;<7:3

}nkxk
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;< Zkrkxuhuzoi Yos{rgzux ot Sotosgrr� Ot|gyo|k Y{xmkx� <?@

' =]@ C xuhuz lux}gxj qotksgzoi sujkr }noin jk"tky znk xkrgzoutynov hkz}kkt znk
hgyk lxgsk K gtj znk ktj k!kizux lxgsk N gÆ~kj zu znk xuhuz rgyz rotq5

' @]C C znk xkrgzoutynov hkz}kkt znk ktj k!kizux lxgsk N gtj znk nurjkx lxgsk
Q5

' C]IC znk xkrgzo|k ruigzout ul znk otykxzout vuotz lxgsk X }ozn xkyvkiz zu znk
nurjkx lxgsk Q7

Znk rgyz nusumktku{y zxgtyluxsgzout oy {tqtu}t yotik znk joyzgtik U lxus
znk nurjkx lxgsk Q zu znk otykxzout vuotz lxgsk X grutm znk uvzoi g~oy s{yz hk
igri{rgzkj7 Znk lxgsky Q gtj X ng|k znk ygsk uxoktzgzout7 Znk yinksk ul znk
sujkr ul znk zgyq oy vxkyktzkj ot Lom7 ;<7;7 Znk sujkr ul znk zgyq 2;<7:3 oy xkgro!kj
{tjkx znk gyy{svzout zngz znk rgvgxuyiuvk oy grxkgj� ot znk vgzoktz1y huj�7 Zu otykxz
znk rgvgxuyiuvk otzu znk vgzoktz1y huj� }k {yk luxik iutzxur grmuxozns7 Ot znk "xyz
yzkv5 znk xuhuz oy vrgikj gz gt otozogr vuotz ghu|k znk vgzoktz7 Tk~z5 znk y{xmkut
su|ky znk ktj ul znk sgtov{rgzux gtj v{zy vxkyy{xk ut oz7 ]nkt znk luxik k~ikkjy
znk luxik znxkynurj5 znk rgvgxuyiuvk su|ky ot znk joxkizout ul znk luxik gizout aAc7

@][. 12.0. Yinksk ul znk zkrkuvkxgzout zgyq

Znk lux}gxj qotksgzoiy vxuhrks igri{rgzky znk vuyozout gtj uxoktzgzout ul znk
ktj k!kizux {yotm g |ojku igskxg7 Znoy qotksgzoiy vxuhrks oy iusv{zkj {yotm
znk Jktg|oz6Ngxzkthkxm tuzgzout7 Znk lux}gxj qotksgzoiy ul znk sgtov{rgzux oy
gryu tkikyygx� lux iusv{zotm vuyozout kxxuxy hgykj ut luxik lkkjhgiq7 Znk ot|kxyk
qotksgzoiy ul znk xuhuz gyyoyzgtz ngy zu jkzkxsotk znk puotz gtmrky ul znk giz{gzkj
puotzy ul znk sgtov{rgzux mo|kt znk jkyoxkj su|ksktz ul znk ktj k!kizux7 Ozy jkyoxkj
su|ksktz oy uhzgotkj h� gvvxuvxogzk su|ksktz ul znk pu�yzoiq7 Ot uxjkx zu iutzxur
znk y�yzks5 znk ot|kxyk gtj lux}gxj qotksgzoiy ul znk Yz&g{hro xuhuz ng|k zu hk
yur|kj a=c7



'($( BMJ 2TSHJUY TK YMJ <ZQYN#QJ[JQ 2TSYWTQ A^XYJR

Znk i{xxktz jkyomt oy g zkrkxuhuzoi y�yzks 2Lom7 ;<7<35 }noin iutyoyzy ul znk lurru}otm
vgxzyC

@][. 12.1. Yinksgzoi u|kx|ok} ul znk zkrky{xmkx� y�yzks

' yrg|k y�yzks 2zkrkuvkxgzux yojk3
" znk xuhuzC g iusskxiogr Yz&g{hro X^?9 sgtov{rgzux5 }noin oy kw{ovvkj }ozn

g luxik gtj susktz yktyux5
" iutzxurC luxik iutzxur5 lgor yglk 2vxumxgs UVKXGZUX35
" znk otyzx{sktzC g rgvgxuyiuvk5

' sgyzkx y�yzks 2uvkxgzux yojk3
" znk otv{z jk|oikC g pu�yzoiq ux g yvkkin xkiumtozout y�yzks5
" znk |oyout y�yzks5
" znk zxgpkizux� mktkxgzux 2vxumxgs Y[XMKUT3

' iuss{toigzout y�yzks
" #k~ohrkC jo!kxktz sgyzkx8yrg|k yzgzouty5
" gt otjkvktjktz tkz}uxq7

Znk u|kxgrr yzx{iz{xk ul znk vxuvuykj iutzxurrkx lux zkrky{xmkx� oy ynu}t ot Lom7
;<7<7

Znk zkrkuvkxgzout {toz k~ki{zky grr znk vxuikyyky grru}otm iuss{toigzout }ozn
znk y{xmkut gy }krr gy jgzg zxgtysoyyout }ozn znk xuhuz y�yzks suj{rk7 Znk
zxgpkizux� mktkxgzux grru}y znk y{xmkut zu gvvr� z}u iussgtj sujky lux iutzxurrotm
znk xuhuzoi gyyoyzgtz su|ksktzy ut znk hgyk ul znk zgyq sujkr jkyixohkj ot Ykizout
;<7;7 Znoy suj{rk ngy zu jk"tk iusvrk~ rgvgxuyiuvk zxgpkizuxoky7 Znk mxgvnoiy
vxuikyyotm suj{rky gxk {ykj lux yktjotm znk y�yzks yzgz{y zu znk |oy{gr joyvrg�
{toz7 Znk suzout iutzxur suj{rk zxgtyrgzky znk iussgtj zxgtysozzkj zu oz h� znk
zxgpkizux� mktkxgzux otzu skingtoigr joyvrgiksktzy ul znk gxs zu }noin rgvgxuyiuvk
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;< Zkrkxuhuzoi Yos{rgzux ot Sotosgrr� Ot|gyo|k Y{xmkx� <?B

@][. 12.2. Yzx{iz{xk ul znk vxuvuykj iutzxurrkx lux zkrky{xmkx�

oy gzzginkj7 Znk suj{rk ul n�hxoj iutzxur oy {ykj gy luxik lkkjhgiq iutzxur rg} }ozn
kyzosgzout ul znk kt|oxutsktz yzo!tkyy7 Luxik lkkjhgiq oy xkgro!kj hgykj ut jgzg
lxus g luxik gtj zuxw{k yktyux PX<5 }noin oy su{tzkj hkz}kkt znk Yz&g{hro X^?9
xuhuz gtj znk rgvgxuyiuvk7 Znk iutzxur grmuxozns iutyoyzy ul z}u grmuxoznsyC

' g luxik iutzxur grmuxozns5
' g iutzxur grmuxozns }ozn luxik vxuzkizout aAc7

]k ng|k h{orj suj{rk ul n�hxoj iutzxur ut znk hgyoy ul k~vkxosktzgr xky{rzy
ut ro|kx1y vom7 J{xotm znoy xkykgxin }k skgy{xkj vxuvkxzoky ul yulz zoyy{ky a@c7 Znk
iutzxur grmuxozns }ozn luxik vxuzkizout vrg�y znk xurk ul vxuzkizout7 Oz iutzxury |gr{ky
ul luxik gtj zuxw{ky j{xotm xuhuz su|ksktzy7 Znk y�yzks skgy{xky luxiky5 }noin
giz gz znk ktj ul znk rgvgxuyiuvk7 ]nkt znk |gr{ky ul luxik k~ikkj znkox znxkynurj
znk y�yzks oy yzuvvkj7

Znk yvkkin xkiumtozout y�yzks oy {ykj zu iutzxur znk xuhuz su|ksktz7 Znoy
{toz oy gt osvuxzgtz otzkxlgik hkz}kkt znk y{xmkut gtj znk xuhuz hkig{yk oz grru}y
znk y{xmkut zu iuss{toigzk }ozn znk zkrkxuhuzoi y�yzks {yotm tgz{xgr iussgtjy7
Znkyk iussgtjy gxk w{ozk yosorgx zu znuyk {ykj j{xotm tuxsgr rgvgxuyiuvoi y{xmkx�
}oznu{z g xuhuzoi y�yzks7 ]k vxuvuyk znk lurru}otm ykz ul iussgtjyC .xuhuz rklz.5
.xuhuz xomnz.5 .xuhuz {v.5 .xuhuz ju}t.5 .xuhuz iruykx.5 gtj .xuhuz l{xznkx.7 Ot
uxjkx zu xkiumto!k znk iussgtjy }k {yk g skznuj hgykj ut vgzzkxt sgzinotm qtu}t
gy J�tgsoi Zosk ]gxvotm 2JZ]3 aAc7

Znk |oyout y�yzks xkiumto!ky znk y{xmoigr zuur gtj yktjy hgiq otluxsgzout ghu{z
znk vuyozout ul znk zuur1y zov zu znk sgot {toz ul znk y�yzks7 Oz zxoky zu sgtov{rgzk
znk xuhuz }ozn znk rgvgxuyiuvk zu qkkv znk zuur ot znk iktzkx vgxz ul znk igskxg
osgmk a<c7



'($) ?WTLWFRX/ AZWLJTS FSI >UJWFYTW

Znk s{rzo6rk|kr iutzxur y�yzks lux zkrky{xmkx� ngy hkkt jk|kruvkj ut g VI
iusvgzohrk iusv{zkx {tjkx Soixuyulz ]otju}y B>5 BA5 ;999 ux ^V7 ]k ng|k sgjk
z}u yos{rgzout gvvroigzoutyC Y{xmkut gtj Uvkxgzux7 ]k sg� zkyz huzn gvvroigzouty
ot g |oxz{gr kt|oxutsktz7 Znkyk vxumxgsy iu{rj hk {ykj ot xkgr uvkxgzout zu iutzxur
znk xuhuz gyyoyzgtz7 Znk vxumxgsy Y{xmkut gtj Uvkxgzux ng|k znk lurru}otm lkgz{xkyC

' iutzxur |og g pu�yzoiq }noin oy iuttkizkj zu znk VI h� g [YH otzkxlgik5
' vuyyohoroz� zu iutzxur }ozn znk nkrv ul g qk�hugxj5
' vxumxgs Y{xmkut igt hk iuttkizkj }ozn vxumxgs Uvkxgzux |og znk Otzkxtkz ot

g iroktz6ykx|kx y�yzks5
' znk qotksgzoiy ul Yz&g{hro xuhuz oy gvvrokj5
' sutozuxotm ul znk zxgpkizux� mktkxgzux5
' iutzxur vgxgskzkxy igt hk sutozuxkj7

Znk yulz}gxk oy }xozzkt ot I44 H{orjkx >79 gtj Jkrvno >797 Znkyk vxumxgsy igt
hk x{t ot z}u sujkyC zxgototm gtj yos{rgzout7 Ot zxgototm sujk vxumxgsy Y{xmkut
gtj Uvkxgzux x{t ykvgxgzkr�7 Vxumxgs Y{xmkut oy jkyomtkj lux y{xmkut zxgototm7
Nk8ynk igt vxgizoik iutzxur ul znk rgvgxuyiuvk7 Znk vxumxgs sgqky {yk ul voiz{xk
lxus otyojk huj� ot g PVM "rk7 Znk y{xmkut igt su|k znk voiz{xk 2rgvgxuyiuvk3 }ozn
znk nkrv ul g pu�yzoiq7 Znk yzgzk ul znk pu�yzoiq oy }xozzkt ot yzx{iz{xk chrbg_h mZ`7
Znoy yzx{iz{xk oy jkirgxkj ot znk lurru}otm luxsC
mri^]^_ lmkn\m chrbg_h mZ` N
RFKQ pUihl; /+ q ihlbmbhg +/
RFKQ qVihl; /+ r ihlbmbhg +/
RFKQ pWihl; /+ s ihlbmbhg +/
RFKQ p?nmmhgl; /+ [nmmhf lmZm^l +/
O GLVFKCL, +MGLVFKCL, KB>O +KMGLVFKCL, C>O +IMGLVFKCL.

]k {yk l{tizout GhrD^mMhl)RFKQ nGhrFA, IMGLVFKCL icb* zu xkgj znk yzgzk
ul znk pu�yzoiq7 \gxoghrk nGhrFA sgqky vuyyohrk znk inuoik ul znk pu�yzoiq 2"xyz
ux ykiutj37 IMGLVFKCL oy znk vuotzkx ul yzx{iz{xk chrbg_h mZ`5 }nkxk pu�yzoiq
vgxgskzkxy gxk }xozzkt7 Znk vxumxgs Y{xmkut oy vxkyktzkj ot Lom7 ;<7=7 Znk vxumxgs
Uvkxgzux oy jkyomtkj lux |kxo"igzout ul xuhuz su|ksktz h� znk uvkxgzux7 Znk
uvkxgzux igt iutzxur xuhuz h� znk pu�yzoiq7 Znoy vxumxgs {yky znk ygsk yzx{iz{xk gy
vxumxgs Y{xmkut7 Znk vxumxgs Uvkxgzux oy vxkyktzkj ot Lom7 ;<7=7 Ot znoy vxumxgs
znk uvkxgzux igt igxx� u{z igrohxgzout ul znk xuhuz7 Znoy gvvroigzout vxkyktzy
iuuxjotgzky ul yzgxz gtj i{xxktz vuyozouty7 Znkyk jgzg gxk {ykj zu |kxo"igzout ul
znk y�yzks7

Ot yos{rgzout sujk5 znkyk vxumxgsy x{t ut z}u iusv{zkxy gz znk ygsk zosk7
Vxumxgsy Y{xmkut gtj Uvkxgzux uvkxgzk |og znk Otzkxtkz7 Znkyk vxumxgsy {yk
ZIV8OV vxuzuiur gtj tkz}uxq iusvutktzy ul Jkrvno7

'($* 2TSHQZXNTSX

G xuhuzoi gyyoyzgtz ngy hkkt vxuvuykj gy g nkrv goj zu y{xmkuty ot rgvgxuyiuvoi
inurki�yzkizus�7 U{x y�yzks juky tuz xkw{oxk gt� sujo"igzout ul g yzgtjgxj
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;< Zkrkxuhuzoi Yos{rgzux ot Sotosgrr� Ot|gyo|k Y{xmkx� <@:

@][. 12.3. Y{xmkut " yos{rgzout vxumxgs lux iutzxur ul znk Yz&g{hro X^?9 xuhuz

uvkxgzout sujkC l{xtoz{xk ux y{xmkx� zuury7 Znk xuhuzoi gyyoyzgtz oy ingxgizkxo!kj
h� znk vxkioyout lux vuyozoutotm znk rgvgxuyiuvk }oznot znk ghjuskt7

Znk y{xmkut igt iutzxur znk y�yzks }ozn znk nkrv ul g pu�yzoiq5 |uoik iussgtjy
gtj iussgtjy lxus znk |oyout y�yzks7 ]k ng|k h{orz yos{rgzout vxumxgsy ot uxjkx
zu zkyz znk iutzxur y�yzks7 Ot l{z{xk }k }orr h{orj g y{xmoigr yos{rgzux zu yos{rgzk znk
xkgizout ul znk n{sgt huj� j{xotm y{xmoigr vxuikj{xky7 Utk ul znk sgot vxuhrksy ul
znk y{xmoigr yos{rgzux oy znk jk|kruvsktz ul xkgroyzoi vn�yoigr sujkry ul uxmgty gtj
yulz zoyy{k7 U{x xkykgxin ot znk gxkg ul y{xmoigr yos{rgzout }orr hk sgotr� lui{ykj ut
jk|kruvotm <J mkuskzxoigr sujkry ul znk huj� lxus ;J skjoigr osgmky5 |oy{gro!gzout
ul otzkxtgr yzx{iz{xky5 gtj mxgvnoigr joyvrg� ul yulz zoyy{k hkng|ou{x ot xkgr zosk7
Znkxk gxk kyyktzogrr� znxkk jo!kxktz gvvxuginky vxkyktzkj ot rozkxgz{xk zu igxx�
jkluxsghrk zoyy{k sujkrotmC

' r{svkj krksktz sujkry a:9c5
' rotkgx "tozk krksktz sujkry a:c5
' tutrotkgx iutzot{{s sujkry a:;c7

]k vrgt zu {yk rotkgx krgyzoioz� gy g }g� zu uhzgot g muuj gvvxu~osgzout ul
znk hkng|ou{x ul g jkluxsghrk huj�7 Znk yzxkyy6yzxgot xkrgzouty gxk osvuxzgtz ot
znoy vxupkiz hkig{yk znk� mo|k g vn�yoigr rotq hkz}kkt znk jkluxsgzout ul znk huj�
gtj znk luxik otj{ikj ot znk luxik lkkjhgiq y�yzks7 ]k }orr zkyz ngvzoi xktjkxotm
grmuxoznsy lux yos{rgzotm rgvgxuyiuvoi otyzx{sktzy " yulz zoyy{k otzkxgizouty7 Ot
y{xmkx� yos{rgzout }k }orr {yk g lgyz grmuxozns zu joyvrg� zoyy{k i{zzotm ot |oxz{gr
kt|oxutsktzy }ozn gvvroigzouty zu rgvgxuyiuvoi y{xmkx�5 }noin oy jkyixohkj ot }uxq



@][. 12.4. Uvkxgzux " yos{rgzout vxumxgs lux iutzxur ul znk Yz&g{hro X^?9 xuhuz

a;c7 ]k }gtz zu tkz}uxq otjkvktjktz iuss{toigzout hkz}kkt xuhuzy gtj otv{z
jk|oiky 2ux z}u iusv{zkxy " vxumxgsy3 xkgro!kj }ozn IUXHG7

'($+ 0HPST\QJILJRJSYX

Znoy xkykgxin }gy y{vvuxzkj h� znk Sotoyzx� ul Yioktik gtj Otluxsgzoiy mxgtz5 Tu
=Z::G 9;? ;; zozrkj .S{rzo6rk|kr Iutzxur Y�yzks ul g Sgtov{rgzux lux Rgvgxuyiuv�
ot Y{xmkx�.7

@JKJWJSHJX

:7 S7Hxu6Tokrykt5 Lotozk Krksktz Sujkrotm ot Y{xmkx� Yos{rgzout5 Mkh\^^]bg`l h_
ma^ FBBB5 A?2<35 vv7 =B96>9<5 Sgxin :BBA

;7 Igmgzg� Hgyjumgt5 Inon6Ngu Nu5 Sgtjg�gs G7 Yxoto|gygt5 Yos{rgzout
ul Zoyy{k I{zzotm gtj Hrkkjotm lux Rgvgxuyiuvoi Y{xmkx� [yotm G{~orogx�
Y{xlgiky5 J^]b\bg^ J^^ml SbkmnZe O^Zebmr5 vv7 <A6==5 :BBB7

<7 V7J{zqok}oi!5 S7Qok-ri!k}yqo5 S7Qu}gryqo5 ]7]x&uhrk}yqo5 K~vkxosktzgr \kxo"6
igzout ul \oy{gr Zxgiqotm ul Y{xmoigr Zuury5 Mkh\^^]bg`l h_ ma^ >h\ Fgm^kgZmbhgZe
Thkdlahi hg kh[hm fhmbhg Zg] \hgmkhe OhJh@h(055 J�sgi!k}u5 Vurgtj5 vv7
;<@";=;5 ;99>7
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;< Zkrkxuhuzoi Yos{rgzux ot Sotosgrr� Ot|gyo|k Y{xmkx� <@<

=7 ]7Qu}gri!�q5 S7-Rg}toi!gq5 Yz{j� ut uvvuxz{toz� zu {yk otj{yzxogr sgtov6
{rgzux ot y{xmoigr"rgvgxuyiuvoi gvvroigzout5 Mkh\^^]bg`l h_ >h\ Fgm^kgZmbhgZe
Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe OhJh@h(055 J�sgi!k}u5 Vurgtj5 vv7
?<"?A5 ;99>7

>7 P7Sgxkyig{~5 kz gr75 Zxgtygzrgtzoi Xuhuz6Gyyoyzkj Zkrky{xmkx�7 KZmnk^5 \ur7 =:<5
vv7 <@B6<A95 ;@ Ykvz7 ;99:7

?7 G7Xu|kzzg5 X7Ygrg5 ^7]kt G7Zumtu5 Xksuzk Iutzxur ot Zkrkxuhuzoi Y{xmkx�5
FBBB QkZglZ\mbhgl hg Prlm^fl, JZg Zg] @r[^kg^mb\l - MZkm >: Prlm^fl Zg]
EnfZgl5 ;?2=3C vv7 =<A6==<5 P{r� :BB?7

@7 V7Yg{kx5 Q7Qu!-ru}yqo5 P7Sgpinx!gq5 ]7]groy!k}yqo5 Skgy{xksktz Y�yzks
ul Luxik Xkyvutyk lux Sotosgr Ot|gyo|k Y{xmkx�5 @hfinm^kt>b]^] J^]b\Ze
Fgm^koZgmbhgl: mhhel Zg] Ziieb\Zmbhgl PRODBQF@>(20055 Ingshkx�5 Lxgtik5
vv7 :<B":=@5 Pgt{gx� ;99>7

A7 V7Yg{kx5 Q7Qu!-ru}yqo5 J7Vg!jkxyqo5 ]7]groy!k}yqo5 V7 Pk!ouxkq5 Znk Xuhuz
gyyoyzgtz y�yzks lux Y{xmkut ot Rgvgxuyiuvoi Otzkx|ktzouty5 Mkh\^^]bg`l h_
ma^ >h\ Fgm^kgZmbhgZe Thkdlahi hg kh[hm fhmbhg Zg] \hgmkhe OhJh@h(055
J�sgi!k}u5 Vurgtj5 vv7 >>"?;5 ;99>7

B7 X7N7Zg�rux5 P7L{tjg5 H7Krjxomk5 Y7Musux�5 Q7Mx{hkt5 J7Rgxuyk5 S7Zgrgsoto5
R7Qg|u{yyo5 P7Gtjkxyut5 G Zkrkxuhuzoiy Gyyoyzgtz lux Rgvgxuyiuvoi Y{xmkx�7
FBBB Bg`bg^^kbg` bg J^]b\bg^ Zg] ?bheh`r JZ`Zsbg^5 :=2<3C vv7 ;@B6;AA5
Sg�6P{tk :BB>7

:97 J7Zkx!uvu{ruy5 P7Vrgzz5 G7Hgxx5 Q7Lrkoyinkx5 Krgyzoigrr� Jkluxsghrk Sujkry5
Mkh\\^]bg`l h_ PFDDO>ME 87: 14ma >ggnZe @hg_^k^g\^ hg @hfinm^k DkZiab\l5
vv7 ;9>6;:=5 GIS5 P{r� :BA@7

::7 P7]ktjrgtjz5 Y7Y7Ygyzx�5 Jkyomt gtj Iutzxur ul g Yosvro"kj Yzk}gxj Vrgzluxs
lux Ktjuyiuv�5 Mkh\\^]bg`l h_ ma^ FBBB @hg_^k^g\^ hg A^\blbhg Zg] @hgmkhe5
|ur{sk :5 vv7 <>@6<?;5 :BB=7

:;7 _7`n{gtm5 P7Igtt�5 Ngvzoi Otzkxgizout }ozn Mruhgr Jkluxsgzouty5 Mkh\^^]bg`l
h_ ma^ FBBB Fgm^kgZmbhgZe @hg_^k^g\^ hg Oh[hmb\l Zg] >nmhfZmbhg )F@O>
2000*5 vv7 ;=;A6;=<<5 ;9997



&(

6YQER#VSFSX 7RXIVEGXMSR ERH >SFSX 1SRXVSP

Pu%gu Ykw{koxg gtj Sgxog Oyghkr Xohkoxu

Otyzoz{zk lux Y�yzksy gtj Xuhuzoiy 8 Otyzoz{zu Y{vkxoux Z&kitoiu
G|7 Xu|oyiu Vgoy :5 :9=B699: Royhut5 Vuxz{mgr NNWIU_QMVO/MWV&MWX&YXP&TX

')$& 8SYWTIZHYNTS

Znk k|kx otixkgyotm jkyoxk lux l{rr� g{zutusu{y xuhuzoiy zxommkxkj ot xkiktz �kgxy znk
otzkxkyz ot znk yz{j� ul znk otzkxgizouty hkz}kkt xuhuzy gtj hkz}kkt n{sgty gtj
xuhuzy7 Znk rutm zkxs mugr ul znoy xkykgxin "krj oy znk uvkxgzout ul nkzkxumktku{y
zkgsy ul xuhuzy gtj n{sgty {yotm iussut otzkxgizout vxotiovrky5 y{in gy g iussut
luxs ul tgz{xgr rgtm{gmk7

Znk vgvkx k~vruxky znk l{tjgsktzgry ul g xuhuz iutzxur gxinozkiz{xk zgoruxkj zu
yosvrol� znk otzkxgizouty hkz}kkt g xuhuz gtj znk k~zkxtgr kt|oxutsktz5 iutzgototm
n{sgty gtj uznkx xuhuzy7 Znk gvvxugin lurru}kj jk"tky 2o3 g ykz ul uhpkizy zngz
igvz{xk qk� lkgz{xky ot n{sgt6xuhuz gtj xuhuz6xuhuz otzkxgizouty gtj 2oo3 gt
grmkhxgoi yzx{iz{xk }ozn uvkxgzuxy zu }uxq ut znoy yvgik ul znk uhpkizy7

Ot g hxugj irgyy ul xuhuzoiy vxuhrksy5 y{in gy y{x|korrgtik ot }ojk uvkt gxkgy
gtj xkyi{k soyyouty ot igzgyzxuvnk yiktgxouy5 znk otzkxgizouty gsutm xuhuzy gtj
n{sgty gxk g qk� oyy{k7 Ot y{in xkgr soyyouty iutzotmkti� yoz{gzouty ulzkt gxoyk
}noin sg� luxik xuhuzy zu xkw{kyz nkrv lxus gt k~zkxtgr gmktz5 ot suyz igyky g
n{sgt uvkxgzux7 Znk {yk ul NXO zngz sosoiy n{sgt6n{sgt otzkxgizouty oy roqkr�
zu osvxu|k znk vkxluxsgtik ul znk xuhuzy ot y{in yiktgxouy7

Otzkxgizouty gsutm n{sgty gtj xuhuzy ot ykso6g{zutusu{y y�yzksy gxk ulzkt
ingxgizkxo!kj h� znk ruuyk yvkio"igzout ul uhpkizo|ky7 Znoy oy gryu g iussut
lkgz{xk ot tgz{xgr rgtm{gmky {ykj ot n{sgt6n{sgt otzkxgizouty gtj giiu{tzy huzn
lux gshom{oz� gtj yksgtzoiy*7 Znk lxgsk}uxq jkyixohkj ot znk vgvkx ngtjrky
xuhuz6xuhuz gtj n{sgt6xuhuz otzkxgizouty ot g {to"kj }g� zn{y g|uojotm znk tkkj
lux jo!kxktz yqorry lux kgin ul znks7

Znk vgvkx oy uxmgtoykj gy lurru}y7 Ykizout ;=7; hxok#� jkyixohky nu} n{sgt6xuhuz
otzkxgizout ngy hkkt giiu{tzkj h� xkrk|gtz vgxgjomsy ot znk rozkxgz{xk7 Ykizout
;=7< vxkyktzy qk� iutikvzy lxus yksouzoiy zu sujkr n{sgt6n{sgt otzkxgizouty gtj
suzo|gzky znkox {yk zu sujkr n{sgt6xuhuz otzkxgizouty7 Znkyk iutikvzy gxk znkt {ykj
ot Ykizout ;=7= zu vxuvuyk gt gxinozkiz{xk "xyz ot zkxsy ul lxkk sgznksgzoigr uhpkizy

* Gshom{oz� oy xkrgzkj zu kxxuxy ot znk skgtotm gyyuiogzkj }ozn gt uhpkiz5 k7m75 znk
vxkioyk skgtotm ul znk uhpkiz oy tuz gii{xgzkr� qtu}t7 Yksgtzoiy k~vxkyyky znk
ghoroz� ul g iutikvz zu ng|k jo!kxktz iuxxkiz skgtotmy7
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gtj tk~z ot zkxsy ul iutixkzk uhpkizy7 Ykizout ;=7> vxkyktzy g ykz ul k~vkxosktzy
zngz orr{yzxgzk znk sgot ojkgy jk|kruvkj grutm znk vgvkx7 Ykizout ;=7? vxkyktzy znk
iutir{youty gtj yusk xkykgxin joxkizouty7

')$' 0 1WNJK AYFYJ TK YMJ 0WY TS 7@8

NXO ngy gr}g�y hkkt vxkyktz ot xuhuzoiy koznkx k~vroiozr�5 znxu{mn otzkxlgiky zu
ngtjrk k~zkxtgr iussgtjy5 gy ot a:<c5 ux osvroiozr�5 znxu{mn zgyq jkiusvuyozout
yinksky zngz sgv nomn rk|kr soyyout mugry otzu suzout iussgtjy5 gy ot a;;c7

Hkng|ouxgr zkintow{ky ng|k hkkt {ykj ot a;@c zu otv{z soyyout yvkio"igzouty
lux g xuhuz5 ot a;<c zu ng|k g xuhuz igvghrk ul k~vxkyyotm ksuzouty gtj ot a;c zu
sgqk g xuhuz puot g mxu{v ul vkxyuty hkng|otm gy utk ul znks7 Ot a;9c xuhuzy gxk
kw{ovvkj }ozn hkng|ouxy zngz iut|k� otluxsgzout ut znkox otzktzouty zu znk u{zyojk
kt|oxutsktz7 Znk IGSVU[Z gxinozkiz{xk lux mxu{vy ul nkzkxumktku{y xuhuzy5 a::c5
oy gryu y{vvuxzkj ut g nokxgxin� ul hkng|ouxy7 Znkyk gxk iutyzx{izkj {yotm hkng|oux
iusvuyozout5 iuuxjotgzout gtj otzkxlgiotm y{hy�yzksy7 Znk otzkxgizout gsutm znk
xuhuzy oy ginok|kj }ozn znk k~ingtmk ul huzn k~vroioz jgzg5 y{in gy yzgzk5 gtj osvroioz5
h� ng|otm hkng|ouxy ot ingxmk ul uhykx|otm znk kt|oxutsktz lux ingtmky ig{ykj h�
znk zkgssgzky7 Znk SGIZG gxinozkiz{xk5 a<c5 oy gryu hkng|oux hgykj5 }ozn znk NXO
ngtjrkj h� g xk#kizo|k gmktz zngz otzkxlgiky znk xuhuz gtj znk kt|oxutsktz7 Znoy
gmktz jkiusvuyky g nomn rk|kr mugr otzu vrgttotm vxosozo|ky gtj znk iuxxkyvutjotm
k~ki{zout yinkj{rk7 Znk SG[\ gxinozkiz{xk5 a:c5 {yky g yktyk6vxuikyy6giz ruuv5
hgykj ut gxzo"iogr otzkrromktik zkintow{ky5 zu vkxluxs zgyq jkiusvuyozout lxus
nomn rk|kr mugry zu ru} rk|kr gizouty7 G n�hxoj5 jkrohkxgzo|k8xkgizo|k gxinozkiz{xk
oy vxkyktzkj ot a:>c5 hgykj ut g l{tizoutgr nokxgxin� }ozn vrgttotm5 ykw{ktiotm
gtj yqorr sgtgmotm rg�kxy7 Znk NXO oy osvrksktzkj znxu{mn yzgtjgxj |ok}otm gtj
zkrkuvkxgzout otzkxlgiky7

Ulzkt5 n{sgty gxk xkw{oxkj zu ng|k yvkio"i yqorry zu vxuvkxr� otzkxgiz }ozn
xuhuzy5 k7m75 hk g}gxk ul gt� suzout iutyzxgotzy osvuykj h� znk qotksgzoiy7 Nomn
rk|kr vxosozo|ky igt hk {ykj zu ktigvy{rgzk y{in gyvkizy gtj xkj{ik znk xkw{oxkj
yqorry7 G xuhuz lux joyghrkj vkxyuty5 }uxqotm }ozn g xkj{ikj ykz ul nomn rk|kr suzout
vxosozo|ky5 ngy hkkt vxkyktzkj ot a;;c7

Nomn6rk|kr iussgtjy ng|k hkkt {ykj gy g ix{jk tgz{xgr rgtm{gmk lux NXO7
N{sgt lgizuxy5 y{in gy znk gtznxuvusuxvnoi ingxgizkxoyzoiy ul g xuhuz5 gxk g
qk� y{hpkiz ot NXO gy n{sgty zktj zu otzkxgiz hkzzkx }ozn xuhuzy }ozn n{sgt
ingxgizkxoyzoiy5 a:=c7 Znkyk hkng|ouxy grru} g luxs ul osvroioz iuss{toigzout
hkz}kkt gmktzy y{in gy znk xuhuz lurru}otm g n{sgt }oznu{z ng|otm hkkt zurj
k~vroiozr� zu ju yu7 Tgz{xgr rgtm{gmk igvghoroz� oy {tju{hzkjr� utk ul y{in
ingxgizkxoyzoiy5 znoy hkotm gt oyy{k i{xxktzr� hkotm zgiqrkj h� s{rzovrk xkykgxinkxy7
Ot a=c g yvgzogr xklkxktiotm rgtm{gmk oy {ykj h� g n{sgt zu oyy{k iussgtjy zu
tg|omgzk g xuhuz ot gt kt|oxutsktz }ozn uhyzgirky7 Znk hgyoi luxs ul rgtm{gmk
jk|kruvkj ot a:;c iut|kxzy yktyux jgzg mgznkxkj h� s{rzovrk xuhuzy otzu g zk~z{gr
xkvxkyktzgzout ul znk yoz{gzout zngz igt hk {tjkxyzuuj h� g n{sgt7

Ol znk n{sgty gxk gyy{skj zu ng|k ktu{mn qtu}rkjmk ut znk xuhuzy gtj znk
kt|oxutsktz5 yzgtjgxj 2osvkxgzo|k3 iusv{zkx rgtm{gmky igt hk {ykj lux NXO7 Znoy
kgyor� rkgjy zu iusvrk~ iuss{toigzout yinksky xkr�otm ut vxuzuiury }ozn s{rzovrk
ghyzxgizout rg�kxy7 Gy gt grzkxtgzo|k5 jkirgxgzo|k iutzk~z6jkvktjktz rgtm{gmky5 roqk
Ngyqkrr a;:c gtj LXUH aB5 :9c5 ng|k hkkt vxuvuykj zu yos{rgzk xuhuz y�yzksy gtj
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gryu gy g skgty zu otzkxgiz }ozn znks7 HUHP }gy {ykj ot aAc zu orr{yzxgzk k~gsvrky
ut n{sgt6iusv{zkx otzkxlgiotm7 XuhuSR5 a:?c5 y{vvuxzkj ut ^SR5 oy gt k~gsvrk ul
g rgtm{gmk k~vroiozr� jkyomtkj lux NXO5 giiu{tzotm lux ru} iusvrk~oz� vxumxgssotm5
iuss{toigzouty gtj qtu}rkjmk xkvxkyktzgzout7

')$( 0 AJRNTYNH ?JWXUJHYN[J KTW 7@8

Ot mktkxgr5 xuhuzy gtj n{sgty }uxq gz |kx� jo!kxktz rk|kry ul ghyzxgizout7 N{sgty
}uxq vxosgxor� gz nomn rk|kry ul ghyzxgizout }nkxkgy xuhuzy gxk {y{grr� vxumxgsskj
zu lurru} zxgpkizuxoky5 nktik uvkxgzotm gz g ru} rk|kr ul ghyzxgizout7 Iussut
gxinozkiz{xky osvrksktz znk sgvvotm hkz}kkt ghyzxgizout rk|kry {yotm g l{tizoutgr
gvvxugin h� }noin g ykz ul otzkxiuttkizkj h{orjotm hruiqy k~ingtmk otluxsgzout7
Znk iusvuyozout ul znkyk hruiqy sgvy znk yktyuxogr jgzg otzu znk giz{gzuxy7 [yotm
igzkmux� znkux� 2IZ3 zkxsoturum�5+ gt gxinozkiz{xk rolzy znk otluxsgzout lxus znk
kt|oxutsktz zu znk xuhuz5 gy ot znk lurru}otm jogmxgs5
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gtj yos{rzgtku{yr� xkzxgizy znk otluxsgzout lxus znk kt|oxutsktz zu znk xuhuz5
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Znk ghu|k igzkmux� jogmxgsy ynu} z}u jo!kxktz vkxyvkizo|ky ul znk }krr6qtu}t
yktyk6vxuikyy6giz ruuv7 Jogmxgs 2;=7:3 xkvxkyktzy znk }g� znk kt|oxutsktz, ykky znk
xuhuz }nkxkgy jogmxgs 2;=7;3 xkvxkyktzy znk ygsk lux znk xuhuz7 Znk sgvy iUWhiUh]cb
gtj jdYfWYdh]cb xkvxkyktz znk sgvy osvrksktzkj h� znk gxinozkiz{xk7 Znk k!kiz ul
znk kt|oxutsktz ut znk xuhuz5 xkvxkyktzkj h� znk sgvy idYfWYdh]cb gtj jUWhiUh]cb5
ngy zu hk qtu}t lux znk ghu|k jogmxgsy zu iuss{zk7 Zn{y5 znk gxinozkiz{xk jkyomt
iuxxkyvutjy zu znk irgyyoigr IZ vxuhrks ul5 mo|kt gt gxinozkiz{xk vxuvuygr jk"tkj
znxu{mn iUWhiUh]cb gtj jdYfWYdh]cb5 yur|otm znk iuxxkyvutjotm jkzkxsotgzout gtj
inuoik vxuhrksy7

Ot g yktyk5 jogmxgsy 2;=7:3 gtj 2;=7;3 kyzghroyn g yuxz ul hu{tjy ut znk jkyomt
ul xuhuz iutzxur gxinozkiz{xky7 Tgskr�5 idYfWYdh]cb xkvxkyktzy znk rosozy5 ykz h� znk
kt|oxutsktz5 ut znk vkxikvzout ul znk kt|oxutsktz h� znk xuhuz7 Yosorgxr�5 jUWhiUh]cb
xkvxkyktzy znk iutyzxgotzy5 osvuykj h� znk xuhuz5 ut znk vkxikvzout ul znk xuhuz h�
znk kt|oxutsktz7

+ Znxu{mnu{z znk vgvkx IZ oy {ykj gy znk {tjkxr�otm zuur y{vvuxzotm znk vxuvuykj
gxinozkiz{xk5 gtj irgxol�otm znk xkrgzouty gsutm znk uhpkizy znkxkot7

, Znk kt|oxutsktz iutzgoty gt� xkrk|gtz ktzoz� k~zkxtgr zu znk xuhuz5 k7m75 uznkx
xuhuzy gtj n{sgty7



Yksouzoiy oy g hxgtin ul mktkxgr vnoruyuvn� zngz yz{joky znk otzkxgizouty gsutm
n{sgty5 y{in gy znk rotm{oyzoi utky5 2ykk lux otyzgtik a@c lux gt otzxuj{izout
zu yksouzoiy37 Grutm znk rgyz jkigjky yksouzoiy ngy hkkt hxu{mnz zu otzkrromktz
iutzxur gtj tgz{xgrr� yvxkgj zu xuhuzoiy 2ykk lux otyzgtik a:Ac37 Jo!kxktz vgxgjomsy
suzo|gzkj h� yksouzoiy ng|k hkkt vxkyktzkj zu sujkr y{in otzkxgizouty7 Ykk5 lux
otyzgtik a:@c ut grmkhxgoi yksouzoiy gtj ozy {yk ot otzkxlgik jkyomt5 a:Bc ut znk
gvvroigzout ul n�vkxzk~z znkux� zu ]uxrj ]ojk ]kh5 ux a?c ut sginotk6sginotk
gtj n{sgt6n{sgt otzkxgizouty u|kx krkizxutoi skjog 2y{in gy znk ]kh37

Znk ojkg {tjkxr�otm yksouzoiy oy zngz n{sgty iuss{toigzk }ozn utk gtuznkx
2gtj }ozn znk kt|oxutsktz3 znxu{mn yomty7 Yromnzr� jo!kxktz jk"tozouty ul yomt
ng|k hkkt vxkyktzkj ot znk rozkxgz{xk ut yksouzoiy7 Xu{mnr�5 g yomt ktigvy{rgzky
g skgtotm5 gt uhpkiz5 g rghkr gtj znk xkrgzouty hkz}kkt znks7 Yomt y�yzksy gxk
luxskj h� yomty gtj znk suxvnoysy jk"tkj gsutm znks 2ykk lux otyzgtik a:@c lux
g jk"tozout ul znk yomt y�yzks3 gtj nktik5 {tjkx xkgyutghrk gyy{svzouty ut znk
k~oyzktik ul ojktzoz� sgvy5 sgv iusvuyozout5 gtj iusvuyozout gyyuiogzout5 igt gryu
hk sujkrkj h� IZ7 Znk lurru}otm jogmxgs5 y{mmkyzkj h� znk byksouzoi zxogtmrk.
jogmxgs iussut ot znk rozkxgz{xk ut yksouzoiy 2ykk lux otyzgtik a>c35 k~vxkyyky znk
xkrgzouty hkz}kkt znk znxkk iusvutktzy ul g yomt7
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Rghkry5 2R35 xkvxkyktz znk |knoirk znxu{mn }noin znk yomt oy {ykj5 lux otyzgtik gt
grmuxozns7 Skgtotmy5 2S35 yzgtj lux }ngz znk {ykxy {tjkxyzgtj }nkt xklkxxotm zu
znk yomt7 Znk Uhpkizy5 2U35 yzgtj lux znk xkgr uhpkizy yomty xklkx zu7

Znk suxvnoysy ot jogmxgs 2;=7<3 xkvxkyktz znk jo!kxktz vkxyvkizo|ky {ykj ot znk
yz{j� ul yomty7 Yksouzoiy i{xxktzr� iutyojkxy znxkk jo!kxktz vkxyvkizo|kyC yksgtzoiy5
vxgmsgzoiy gtj y�tzgizoiy5 a:Bc7 Yksgtzoiy jkgry }ozn znk mktkxgr xkrgzouty gsutm
znk yomty7 Lux otyzgtik5 oz jk"tky }nkznkx ux tuz g yomt igt ng|k s{rzovrk skgtotmy7
Vxgmsgzoiy ngtjrky znk nojjkt skgtotmy zngz xkw{oxk znk gmktzy zu vkxluxs yusk
otlkxktik ut znk yomty hkluxk k~zxgizotm znkox xkgr skgtotm7 Y�tzgizoiy jk"tky znk
yzx{iz{xgr x{rky zngz z{xt znk rghkr otzu znk uhpkiz znk yomt yzgtjy lux7 Znk yzgxxkj
suxvnoysy gxk vxu|ojkj utr� zu iruyk znk jogmxgsy 2znk byksouzoi zxogtmrk. oy {y{grr�
xkvxkyktzkj gy gt {tjoxkizkj mxgvn37

Lurru}otm I7Y7 Vokxik5 yomty igt hk ul znxkk irgyyky a?5:@cC 2o3 y�shury5 k~vxkyyotm
gxhozxgx� xkrgzoutynovy5 y{in gy iut|ktzouty5 2oo3 oiuty5 y{in gy osgmky5 2ooo3 otjoiky5
y{in gy otjoigzuxy ul lgizy ux iutjozouty7 Y�shury gxk vxuhghr� znk suyz iussut
luxs ul yomty ot xuhuzoiy7 Lux otyzgtik5 yzgzk otluxsgzout k~ingtmkj gsutm xuhuzy
ot g zkgs oy iusvuykj ul y�shur yomty7 Oiuty gxk ulzkt {ykj h� n{sgty ot znkox
otzkxgizouty5 2k7m75 gt gxzoyzoi vgotzotm igt hk {ykj zu iut|k� gt ojkg3 gtj gxk gryu
ulzkt lu{tj ot xuhuzoiy7 Lux k~gsvrk5 zuvurumoigr lkgz{xky igt hk k~zxgizkj lxus gt
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osgmk gtj {ykj lux ykrl6ruigroygzout7 Otjoiky gxk gryu ulzkt {ykj gsutm n{sgty5 k7m75
ot rozkxgx� zk~zy gtj }nkt otlkxxotm g lgiz lxus g yktzktik7 Gy g z�voigr k~gsvrk5
bznk xuhuz ngy tu hgzzkxoky. igt hk otlkxxkj lxus znk uhykx|gzout bznk xuhuz oy tuz
su|otm.7 Yosorgxr�5 bznk xuhuz oy su|otm g}g� lxus znk vxkjk"tkj vgzn. igt rkgj
zu znk jkj{izout zngz bznkxk s{yz hk gt uhyzgirk ot znk vgzn.7

Znk NXO sujkr iutyojkxkj ot znoy vgvkx {yky vxosgxor� y�shury gy hgyoi jgzg
{tozy lux iuss{toigzout hkz}kkt g xuhuz gtj ozy kt|oxutsktz7 Oiutoi otluxsgzout
2osgmky3 }orr gryu hk {ykj5 znu{mn suxvnkj otzu y�shury7

')$) 0S 0WHMNYJHYZWJ KTW 7@8

Znoy ykizout otzxuj{iky znk gxinozkiz{xk h� "xyz jk"totm g ykz ul iutzk~z lxkk uhpkizy
gtj uvkxgzuxy ut znoy ykz7 Tk~z5 znk iuxxkyvutjotm xkgro!gzouty lux znk lxkk uhpkizy
gxk jkyixohkj7

Jogmxgs 2;=7<3 vxu|ojky g xugjsgv lux znk jkyomt ul g iutzxur gxinozkiz{xk gtj
g zuur lux znk |kxo"igzout zngz znk yomt y�yzks jk|kruvkj ot znk vgvkx oy iunkxktz
}ozn znk yksouzoi sujkr ul n{sgt6n{sgt otzkxgizouty7

Znk vxuvuykj gxinozkiz{xk otir{jky znxkk irgyyky ul uhpkizyC suzout vxosozo|ky5
uvkxgzuxy ut znk ykz ul suzout vxosozo|ky gtj jkioyout sgqotm y�yzksy 2ut znk ykz
ul suzout vxosozo|ky37 Znk yomt sujkr 2;=7<3 oy {ykj zu jkyomt znk suzout vxosozo|ky
uhpkizy7

Znk gshom{ozoky iussut ot n{sgt6n{sgt otzkxgizouty gsu{tz zu yg� zngz
jo!kxktz rgtm{gmk iutyzx{izy igt hk otzkxvxkzkj kw{o|grktzr�5 zngz oy gy y�tut�sy7
Yksgtzoiy ulzkt vkxluxsy g yuxz ul ysuuznotm ul znk iussgtjy5 h� xksu|otm lkgz{xky
zngz sg� hk tuz xkrk|gtz5 hkluxk znk� gxk yktz zu znk xuhuz suzout iutzxurrkx7 Znk
ghoroz� zu iuvk }ozn yksgtzoiy oy zn{y g qk� lkgz{xk ul gt NXO rgtm{gmk gtj znk
sgot lui{y ul znk lxgsk}uxq jkyixohkj ot znoy ykizout7 Yzgtjgxj iusv{zkx rgtm{gmky
zgiqrk znoy oyy{k {yotm yk|kxgr iutyzx{izy zu jk"tk mktkxgr kw{o|grktik irgyyky gsutm
y�shury7

Znk "xyz lxkk uhpkiz5 tgskj Z\mbhg5 jk"tky vxosozo|k suzouty {yotm yosvrk
iutikvzy zngz igt hk kgyor� {ykj ot gt NXO rgtm{gmk7 Znk gizouty xkvxkyktz suzout
zxktjy5 o7k75 gt gizout xkvxkyktzy yos{rzgtku{yr� g ykz ul vgzny zngz yvgt znk ygsk
hu{tjkj xkmout ul znk }uxqyvgik7 Znkyk vgzny gxk kw{o|grktz ot znk yktyk zngz znk�
jxo|k znk xuhuz znxu{mn znk ygsk xkmout ul znk }uxqyvgik7

>Y'a]g]ba 0 )@eYY UWg]ba*. I^m n [^ Z mbf^ bg]^q, t) ma^ \hg"`nkZmbhg h_ Z kh[hm
pa^k^ ma^ Z\mbhg lmZkml mh [^ Ziieb^] Zg] d2t)3R_ ma^ \hg"`nkZmbhg Zm mbf^ n h_ Z
iZma `^g^kZm^] [r Z\mbhg d.

> _k^^ Z\mbhg bl ]^"g^] [r Z mkbie^ J ( 2t)E dE KU3, pa^k^ KU bl Z \hfiZ\m l^m
Zg] ma^ bgbmbZe \hg]bmbhg h_ ma^ Z\mbhg, t), o^kb"^l,

d2t)3R) E t)E 2;=7=3
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Jk"tozout : ixkgzky gt uhpkiz # znk gizout # ghrk zu ktiruyk jo!kxktz vgzny }ozn
yosorgx 2ot g }ojk yktyk3 uhpkizo|ky7 Vgzny zngz igt hk iutyojkxkj yksgtzoigrr�
kw{o|grktz5 lux otyzgtik hkig{yk znk� rkgj zu g y{iikyyl{r k~ki{zout ul g soyyout5
sg� hk ktiruykj }oznot g yotmrk gizout7

Xkvxkyktzotm znk uhpkizy ot Jk"tozout : ot znk luxs ul g jogmxgs oz oy vuyyohrk
zu kyzghroyn g iuxxkyvutjktik hkz}kkt lxkk gizouty gtj znk yomt sujkr 2;=7<35
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Znk d rghkr xkvxkyktzy znk grmuxons zngz mktkxgzky znk vgzny lux znk xuhuz zu
lurru}7 Znk vxupkizout sgvy vhpdqwlfv= gtj vhpdqwlfvK k~vxkyy znk lgiz zngz
s{rzovrk vgzny yzgxzotm ot g tkomnhuxnuuj ul t) gtj r�otm otyojk KU sg� rkgj zu
ojktzoigr xky{rzy7 Znk sudjpdwlfv= sgv k~vxkyyky znk lgiz zngz mo|kt znk gizout
hkotm k~ki{zkj oz sg� hk vuyyohrk zu otlkx znk iuxxkyvutjotm hu{tjotm xkmout7
Yosorgxr�5 sudjpdwlfvK xkvxkyktzy znk sgvy zngz otlkx znk otozogr iutjozout t) mo|kt
znk gizout hkotm k~ki{zkj7 Znk v|qfwdwlfv sgv yosvr� k~vxkyyky znk iutyzx{izout ul
gt gizout znxu{mn Jk"tozout :7

Lurru}otm sujkr 2;=7<35 jo!kxktz gizouty 2}ozn jo!kxktz d rghkry3 igt �okrj znk
ygsk skgtotm5 zngz oy5 z}u gizouty igt vxuj{ik znk ygsk tkz k!kiz ot g soyyout7
Znoy gsu{tzy zu xkw{oxk zngz znk lurru}otm jogmxgs iuss{zky5
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}nkxk 0G yzgtjy lux znk ojktzoz� sgv ot znk yvgik ul skgtotmy5 V 7
Jogmxgs 2;=7>3 vxu|ojky g xugjsgv zu jk"tk gizout kw{groz� gy g qk� iutikvz

zu k|gr{gzk yomt yksgtzoiy7

>Y'a]g]ba 1 )@eYY UWg]ba YdhU_]gl*.
Qph Z\mbhgl 2d*E KU& E t)& 3 Zg] 2d+E KU' E t)' 3 Zk^ ^jnZe, ma^ k^eZmbhg [^bg`

k^ik^l^gm^] [r d*2t)&3 E d+2t)'3, b_ Zg] hger b_ ma^ _heehpbg` \hg]bmbhgl ahe]

d*2t)& 3E d+2t)' 3 . KU& MKU' E 2;=7?3

;_'*)E <_&*)E <' C d*2t)& 3R_& 7 @2d+2t)' 3R_' E /3 . KU& MKU' D 2;=7?h3

$

Znk xkgro!gzout lux znk lxkk gizout ul Jk"tozout : oy mo|kt h� znk lurru}otm
vxuvuyozout7
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Hebcbf]g]ba 0 );Wg]ba*.
I^m d2t)3 [^ Z _k^^ Z\mbhg. Qa^ iZmal `^g^kZm^] [r d2t)3 Zk^ lhenmbhgl h_ Z lrlm^f

bg ma^ _heehpbg` _hkf,

et 7 OU2t3E 2;=7@3

pa^k^ OU bl Z Ibil\abmsbZg l^m-oZen^] fZi )l^^ >ii^g]bq >* pbma \ehl^] \hgo^q oZen^l
o^kb_rbg`,

OU2t3 ) ]=72t3E 2;=7@h3

pa^k^ ]=72t3 bl ma^ \hgmbg`^gm \hg^ mh KU Zm t )l^^ >ii^g]bq ? _hk ma^ ]^"gbmbhg
h_ mabl \hg^*.

$

Znk jksutyzxgzout ul znoy vxuvuyozout oy p{yz g xk6yzgzksktz5 ot znk iutzk~z
ul znoy vgvkx5 ul Znkuxks >7? ot a;?c ut znk k~oyzktik ul ot|gxogtz ykzy lux znk
otir{yout 2;=7@37

%

Znk iut|k~oz� ul znk |gr{ky ul znk OU sgv s{yz hk giiu{tzkj lux }nkt yvkiol�otm
gt gizout7 Znk Rovyinoz! iutjozout osvuyky hu{tjy ut znk mxu}otm ul znk |gr{ky ul
znk OU sgv7 Ot vxgizoigr gvvroigzouty znoy gyy{svzout igt gr}g�y hk |kxo"kj h�
vxuvkx inuoik ul znk sgv7 Znoy iutjozout oy xkrgzkj zu znk k~oyzktik ul yur{zouty zu
2;=7@35 tgskr� oz osvroky {vvkx ykso6iutzot{oz� 2ykk a;?c5 Vxuvuyozout ;7=37

Hebcbf]g]ba 1 );Wg]ba ]XYag]gl*. Qph Z\mbhgl d* Zg] d+, bfie^f^gm^] Zl bg
Mkhihlbmbhg 1, Zk^ ^jnZe b_,

KU& E KU' E 2;=7A3

<_% C ;_9_% E OU&2t2n33 E OU'2t2n33D 2;=7Ah3

$

Znk jksutyzxgzout lurru}y h� joxkiz |kxo"igzout ul znk vxuvkxzoky ot Jk"tozout
;7

H� gyy{svzout5 huzn gizouty |kxol� znk iutjozouty ot Vxuvuyozout : gtj nktik
znkox mktkxgzkj vgzny gxk iutzgotkj otyojk KU& M KU' 5 }noin osvroky zngz 2;=7?3 oy
|kxo"kj7

Iutjozout 2;=7Ah3 yzgzky zngz znkxk gxk gr}g�y suzout joxkizouty zngz gxk
iussut zu huzn gizouty7 Lux k~gsvrk5 ol gt� ul znk gizouty d*E d+ mktkxgzky vgzny
xkyzxoizkj zu OU& M OU' znkt iutjozout 2;=7?h3 oy |kxo"kj7 ]nkt gt� ul znk gizouty
mktkxgzky vgzny {yotm suzout joxkizouty u{zyojk OU& M OU' znkt iutjozout 2;=7Ah3
otjoigzky zngz glzkx zosk n) znk� }orr hk mktkxgzkj glzkx znk ygsk ykz ul suzout
joxkizouty7 Huzn gizouty mktkxgzk vgzny iutzgotkj otyojk znkox iussut hu{tjotm
xkmout gtj nktik znk mktkxgzkj vgzny |kxol� 2;=7?h37

%



G yomt y�yzks oy jk"tkj h� znk yomty gtj znk suxvnoysy gsutm znks7 Znk
gizout kw{groz� otj{iky gt kw{groz� suxvnoys7 Z}u gjjozoutgr suxvnoysy iusvrkzk
znk grmkhxgoi yzx{iz{xkC gizout iusvuyozout gtj gizout k~vgtyout7

>Y'a]g]ba 2 )@eYY UWg]ba Wb`cbf]g]ba*. I^m d]2t)> 3 Zg] d^2t)? 3 [^ mph _k^^
Z\mbhgl. Dbo^g Z \hfiZ\m l^mV , ma^ \hfihlbmbhg d^Æ]2t)>3 E d^2t)? 3Æd]2t)>3 o^kb"^l,

b_ KU> MKU? 9E =
d^Æ]2t)> 3 . KU> LKU? 2;=7B3

KU> MKU? *V 2;=7Bh3

hma^kpbl^, ma^ \hfihlbmbhg bl ng]^"g^].

$

Gizout d^Æ]2t)>3 xkykshrky gizout d]2t)>3 {v zu znk k|ktz sgxqotm znk ktzxgtik
ul znk vgzny otzu znk xkmout V ) KU> M KU? 7 ]nkt znk vgzny rkg|k znk iussut
xkmout V znk iusvuykj gizout xkykshrky d^2t)? 37 ]nork ot V znk iusvuykj gizout
mktkxgzky g rotq vgzn zngz iuttkizy znk z}u vgxzy7

]nktk|kx znk iusvuyozout oy {tjk"tkj znk lurru}otm uvkxgzux igt hk {ykj zu
vxu|ojk gjjozoutgr yvgik zu utk ul znk gizouty y{in zngz znk u|kxrgvvotm xkmout oy
tut ksvz�7

>Y'a]g]ba 3 )@eYY UWg]ba YkcUaf]ba*. I^m d]2t)>3 Zg] d^2t)? 3 [^ mph Z\mbhgl
pbma bgbmbZe \hg]bmbhgl Zm t)> Zg] t)? k^li^\mbo^er. Qa^ ^qiZglbhg h_ Z\mbhg d] [r
Z\mbhg d^ , ]^ghm^] [r d^2t)? 3# d]2t)>3, o^kb"^l ma^ _heehpbg` ikhi^kmb^l,

K^"] E K^ LV LK]E pbma V * K] MK^ E 2;=7:93

pa^k^ V bl Z \hfiZ\m l^m k^ik^l^gmbg` ma^ ^qiZglbhg Zk^Z Zg] ln\a maZm ma^ _heehpbg`
ikhi^kmr ahe]l

<e%@)=? C d]2t)>3 E d^2t)@ 3 2;=7:9h3

f^Zgbg` maZm Z_m^k aZobg` k^Z\a^] Z g^b`a[hkahh] h_ t)@ , d]2t]3 [^aZo^l ebd^ d^2t^3.

$

Znk {yk ul V ksvngyo!ky znk tgz{xk ul znk k~vgtyout xkmout 2grzkxtgzo|kr�5 oz
igt hk otir{jkj joxkizr� ot KU? 37V igt hk jk"tkj gy znk sotos{s gsu{tz ul yvgik
zngz oy xkw{oxkj lux znk xuhuz zu vkxluxs gt� sgtk{|kx7

Hebcbf]g]ba 2 );Wg]ba Wb`cbf]g]ba*. I^m d] Zg] d^ [^ mph Z\mbhgl ]^"g^] [r
ma^ bg\enlbhgl

et] 7 O]2t]3 Zg] et^ 7 O^2t^3

pbma bgbmbZe \hg]bmbhgl t)> Zg] t)? , k^li^\mbo^er. Qa^ Z\mbhg d^Æ]2t)>3 bl `^g^kZm^] [r
et 7 O^Æ]2t3, pbma ma^ fZi O^Æ] `bo^g [r
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O^Æ] E

BHHHFHHHD
O]2t]3 b_ t 8 K]TVE )3*

O]2t]3 M O^2t^3 b_ t 7VE )3[*

O^2t^3 b_ t 7 K^TVE )3\*

= b_ K] MK^ E = )3]*
_hk lhf^ V . K^ MK].

Lnmlb]^ V ma^ oZen^l h_ O] Zg] O^ o^kb_r ma^ \hg]bmbhgl bg Mkhihlbmbhg 1.
Ta^g^o^k t 7V ma^g O]2t]3 M O^2t^3 . ]=? 2t3.

$

Znk "xyz zx{tq ul znk xky{rzotm vgzn5 mo|kt h� 2<35 iuxxkyvutjy zu znk vgzn
mktkxgzkj h� gizout d]2t)>3 vxoux zu znk k|ktz zngz jkzkxsotky znk iusvuyozout7 Znk
ykiutj zx{tq5 mo|kt h� 2<h35 rotqy znk vgzny mktkxgzkj h� kgin ul znk gizouty7 Tuzk
zngz h� osvuyotm zngz O]2t]3M O^2t^3 . ]=? 2t^3 znk rotq vgzny igt su|k u{z ul znk
xkmout V 7 Znk znoxj zx{tq5 mo|kt h� 2<i35 iuxxkyvutjy zu znk vgzn mktkxgzkj h�
gizout d^2t)? 37

H� Vxuvuyozout :5 kgin ul znk zx{tqy oy m{gxgtzkkj zu mktkxgzk g vgzn otyojk znk
xkyvkizo|k hu{tjotm xkmout gtj nktik znk u|kxgrr vgzn |kxo"ky 2;=7B37

%

Znk gizout iusvuyozout ot Vxuvuyozout < mktkxgzky gizouty zngz xkykshrk kgin
otjo|oj{gr gizout u{zyojk znk u|kxrgvvotm xkmout7 Otyojk znk u|kxrgvvotm gxkg znk rotq
vgzn oy h{orz lxus suzout joxkizouty iussut zu huzn gizouty hkotm iusvuykj7 Znk
ixuyyotm ul znk hu{tjgx� ul V jk"tky znk k|ktzy sgxqotm znk zxgtyozout hkz}kkt
znk zx{tqy7

]nktk|kx O]2t]3MO^2t^3 E = oz oy yzorr vuyyohrk zu mktkxgzk g rotq vgzn5 vxu|ojkj
zngzV ngy ktu{mn yvgik lux sgtk{|kxotm7 Znk hgyoi ojkg5 vxkyktzkj ot znk lurru}otm
vxuvuyozout5 oy zu ruigrr� ktrgxmk koznkx O]2t]3 ux O^2t^37 Ozkxgzo|k vxuikj{xky igt hk
{ykj lux znoy v{xvuyk 2ykk a;>c lux jkzgory37

Hebcbf]g]ba 3 );Wg]ba YkcUaf]ba*.
I^m d] Zg] d^ [^ mph Z\mbhgl ]^"g^] Z_m^k ma^ bg\enlbhgl

et] 7 O]2t]3 Zg] et^ 7 O^2t^3D

Qa^ ^qiZglbhg d^"]2t)>3 o^kb"^l ma^ _heehpbg` ikhi^kmb^l

O]"^ E
9

O] b_ t 8 K]TVE 2;=7::3

O^ L O] b_ t 7 K] MK^ LVE 2;=7::h3

pa^k^ V * K]MK^ bl ma^ ^qiZglbhg l^m \ahl^g eZk`^ ^ghn`a ln\a maZm O^LO] o^kb"^l
)24.7[*.

$

Iutjozout 2;=7::3 mktkxgzky vgzny iuxxkyvutjotm zu znk gizout d]2t)>37 Znkyk
vgzny rgyz {tzor gt k|ktz5 zxommkxkj h� znk ixuyyotm ul znk hu{tjgx� ulV 5 oy jkzkizkj7
Znoy ixuyyotm jkzkxsotky gt k|ktz zngz k~vgtjy znk u|kxgrr hu{tjotm xkmout h� V
gtj znk ykz ul vgzny5 h� O^ 5 gy k~vxkyykj h� 2;=7::h37

Gyy{sotm zngz O^LO] . ]=>1=?0G 5 zngz oy5 oz |kxo"ky 2;=7@h35 znk iusvrkzk vgzn
oy ktzoxkr� iutzgotkj otyojk znk k~vgtjkj hu{tjotm xkmout7 Glzkx su|otm u{zyojk V
vgzny hkng|k gy ol mktkxgzkj h� gizout d]5 gy xkw{oxkj h� 2;=7:9h37

%



Otyzkgj ul iusv{zotm g vxouxo V 5 znk k~vgtyout uvkxgzux igt hk jk"tkj gy g
vxuikyy h� }noin gizout d] iut|kxmky zu gizout d^ ot znk yktyk zngz O]2t]32 O^2t^3
gtj V oy znk yvgik yvgttkj h� znoy vxuikyy7

Gjjozoutgr uvkxgzuxy sg� hk jk"tkj ot znk yvgik ul gizouty7 Lux znk v{xvuyk
ul znk vgvkx5 o7k75 jk"totm znk vxuvkxzoky ul g ykz ul gizouty y{Æioktz zu jkyomt
y{iikyyl{r soyyouty5 gizout iusvuyozout gtj k~vgtyout gxk znk tkikyygx� gtj
y{Æioktz uvkxgzuxy7

Znk u|kxgrr gxinozkiz{xk igt hk xkvxkyktzkj gy ynu}t ot Lom{xk ;=7:7 Znoy
gxinozkiz{xk tgz{xgrr� �okrjy g y�yzks ul yomty znk xuhuzy igt {yk zu otzkxgiz }ozn
kgin uznkx s{in roqk g hgyoi tgz{xgr rgtm{gmk7 Znk iusvutktzy ul znoy ix{jk
rgtm{gmk gxk znk krksktzy luxsotm znk gizouty7 Znk xurk ul znk y{vkx|oyux oy 2o3 zu
zxommkx znk gvvroigzout ul znk iusvuyozout gtj k~vgtyout uvkxgzuxy }nktk|kx yvkio"i
k|ktzy gxk jkzkizkj gtj5 2oo3 zu sgtgmk znk otzkxgizout }ozn znk k~zkxtgr kt|oxutsktz
{yotm znoy rgtm{gmk5 tgskr� ykrkizotm hu{tjotm xkmouty gtj otozogr iutjozouty lux znk
gizouty7
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Environment
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x

Action 1

Action n

Robot
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x
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=

HRI language
interface
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Abstractions

@][. 13.0. Znk gxinozkiz{xk lux NXO

Lux znk igyk ul znk iusvuyozout uvkxgzux znk zxommkxotm k|ktzy igt hk znk ixuyyotm
ul yusk g vxouxo jk"tkj xkmout7 Znk k~vgtyout uvkxgzux oy zxommkxkj }nkt gt k|ktz
otjoigzotm zngz oz oy tuz vuyyohrk zu rotq znk i{xxktz gizout }ozn znk tk~z inuykt utk
oy jkzkizkj7

Znk y{vkx|oyux hruiq igt hk osvrksktzkj gy g "tozk yzgzk g{zusgzut7 Znk
yzgzky yngvk znk gizouty hu{tjotm xkmouty7 Znk zxgtyozouty igt hk ojktzo"kj }ozn
ykw{ktiky ul iusvuyozout gtj k~vgtyout uvkxgzouty7 Lux yotmrk xuhuz soyyouty kgin
yzgzk hgyoigrr� ykzy g mugr xkmout lux znk xuhuz zu xkgin gtj yngvky oz zu giiu{tz
lux znk k~zkxtgr kt|oxutsktz gtj soyyout7 Lux zkgs soyyouty kgin yzgzk yngvky
znk hu{tjotm xkmouty {yotm gryu znk otluxsgzout lxus znk uznkx xuhuzy7 Jo!kxktz
g{zusgzg �okrj jo!kxktz xurky lux znk xuhuz5 kgin ksvngyo!otm yvkio"i yqorry5 k7m75
zxgiqotm su|otm vkuvrk {yotm yktyux jgzg5 }gtjkxotm5 gtj y�yzksgzoigrr� k~vruxotm
znk kt|oxutsktz7
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')$* 4]UJWNRJSYFQ @JXZQYX

Znoy ykizout vxkyktzy z}u hgyoi yos{rgzout k~vkxosktzy ut NXO7 Huzn k~vkxosktzy
orr{yzxgzk znk hkng|oux ul znk y�yzks }nkt znk xuhuzy gxk su|otm zu}gxjy g mugr
xkmout7 Znk k~vkxosktzy gxk k~zxkskr� yosvrk gy znk ksvngyoy ul znk vgvkx oy tuz ut
nomn rk|kr hkng|oux jkyomt5 }noin oy xkrgzkj zu znk y{vkx|oyux jkyomt7 Znk k~vkxosktzy
ksvngyo!k znk |oy{gr w{groz� 2ghyktik ul iusvrk~ sgtk{|kxotm3 ul znk zxgpkizuxoky
uhzgotkj gtj znk ghoroz� ul znk xuhuzy zu su|k giiuxjotm suzout zxktjy otyzkgj ul
yvkio"i vgzny7 Znk hgyoi ojkg hknotj znk k~vkxosktzy oy zngz yusk k~zkxtgr gmktz5
n{sgt ux xuhuz5 oyy{ky rotm{oyzoi iussgtjy zngz rkgj znk xuhuz zu}gxjy g mugr
xkmout7

Znk ykz{v iutyojkxkj igt hk iusvgxkj zu uznkxy jkyixohkj ot znk rozkxgz{xk lux
NXO k~vkxosktzy7 Lux otyzgtik5 ot a;;c g xuhuz oy yosvr� sgjk zu tg|omgzk gxu{tj
g yzgtjgxj kt|oxutsktz5 }ozn yzgzoi uhyzgirky7 Ot a;c g xuhuz yosvr� gvvxuginky g
mxu{v ul vkuvrk }gtjkxotm ot znk tkomnhuxnuuj gy ol puototm znks zu zgqk vgxz
ot g iut|kxygzout7 Ot a:;c xuhuzy gxk sgjk zu }gtjkx gxu{tj ot gt k~nohozout
yiktk5 iurrkizotm gtj otzkxvxkzotm znk yktyux jgzg zu g n{sgt6iusvxknktyohrk zk~z{gr
jkyixovzout7 Ot a=c g xuhuz oy iutzxurrkj {yotm yvgzogr xklkxktiky 2k7m75 mu hknotj znk
zghrk3 zu mktkxgzk znk gjkw{gzk suzout zxktj7

[toi�irk xuhuzy5 su|otm ot g y�tznkzoi yiktgxou5 gxk iutyojkxkj ot huzn
k~vkxosktzy7 Znk xuhuzy {yk g yotmrk gizout jk"tkj gy

O 2t3 E 2P! t3 MQ2t3E 2;=7::3

K2t3 E NsRs E t 4 +P2t3E + 7 a9E :cO E 2;=7:;3

}nkxk t oy znk iut"m{xgzout ul znk xuhuz5 P yzgtjy lux znk mugr ykz5 gtj Q2t3 yzgtjy
lux znk ykz ul gjsoyyohrk suzout joxkizouty gz iut"m{xgzout t 2kgyor� uhzgotkj lxus
znk }krr6qtu}t qotksgzoiy sujkr ul znk {toi�irk37 Znoy gizout yosvr� �okrjy g suzout
joxkizout vuotzotm yzxgomnz zu znk mugr ykz lxus znk i{xxktz xuhuz iut"m{xgzout7
Ulzkt5 znk ykz ul gjsoyyohrk suzout joxkizouty zngz rkgj yzxgomnz zu znk mugr xkmout oy
ksvz�5 O 2t3 E =5 xky{rzotm ot g yotmrkzut hu{tjotm xkmout 2znk i{xxktz iut"m{xgzout
t3 gtj tu gjsoyyohrk iutzxur7 Ot y{in igyky znk hu{tjotm xkmout s{yz hk k~vgtjkj
{yotm uvkxgzux =7 Znk k~vgtyout gizout oy yosvr� mo|kt h�

O]"^ E
BFDQ]2t3 L

Z
ykz ul suzout
joxkizouty

R g2Q]E P! t32 9
[

ol t 8 K]TVE

O]2t3 uznkx}oyk7

}nkxk g2E 3 yzgtjy lux g joyzgtik hkz}kkt znk ykzy ot znk gxm{sktzy7 Znoy gizout
iuxxkyvutjy zu ng|otm Q2t3 iut|kxmotm zu P! t7 Lux znk vxkyktzkj k~vkxosktzy znk
grmuxozns inuykt oy jkyixohkj ot a;=c7 Znk ygsk ykz ul gizouty gtj znk y{vkx|oyuxy oy
{ykj h� huzn xuhuzy7

Znk yos{rgzout kt|oxutsktz oy osvrksktzkj gy g s{rzo6znxkgj y�yzks7 Kgin
xuhuz yos{rgzux znxkgj x{ty gz :9 N! }nkxkgy znk gxinozkiz{xk znxkgj x{ty gz : N!7
Jgzg oy xkiuxjkj h� gt otjkvktjktz znxkgj gz :9 N!7

+-(.(* @T^^TZY *

Znk "xyz k~vkxosktz jksutyzxgzky znk uvkxgzout ul z}u xuhuzy uvkxgzotm otjkvkt6
jktzr�5 zx�otm zu xkgin znk ygsk mugr xkmout7 Tu otluxsgzout oy k~ingtmkj hkz}kkt
znk xuhuzy gtj tu uhyzgirk g|uojgtik hkng|oux oy iutyojkxkj7



Lom{xk ;=7; ynu}y znk zxgpkizuxoky lurru}kj h� znk xuhuzy y{vkxosvuykj ut znk
y�tznkzoi osgmk xkvxkyktzotm znk zkyz kt|oxutsktz7 Znk oxxkm{rgx yngvky ot znk {vvkx
vgxz ul znk osgmky xkvxkyktz znk xkmout zu hk xkginkj h� znk xuhuzy7 Znk mugr xkmout
oy jk"tkj gy g ioxirk iktzkxkj gz znk iktzxuoj ul znk iut|k~ n{rr ul znk iu{tzu{x
ul znkyk yngvky 2hgyoi osgmk vxuikyyotm zkintow{ky }kxk {ykj37 Znoy ioxirk oy ynu}t
ot romnz iuru{x y{vkxosvuykj ut znk iuxxkyvutjotm yngvk7 Znk y�shur Æ sgxqy znk
vuyozout ul kgin xuhuz grutm znk soyyout7 Sgxqy iuttkizkj h� g jgynkj rotk }kxk
xkiuxjkj gz znk ygsk zosk7

Huzn xuhuzy yzgxz gz znk ru}kx vgxz ul znk osgmk5 }ozn 9 xgj uxoktzgzout7 Znoy
osskjogzkrr� luxiky znk {yk ul znk k~vgtyout uvkxgzux gy znk gjsoyyohrk suzout
joxkizouty rok u{zyojk znk iutk jk"tkj h� P ! t)7 Tk|kxznkrkyy5 znk zxgpkizuxoky
uhzgotkj ynu} g lgoxr� giikvzghrk hkng|oux tgskr� ot znk otozogr yzgmk }nkxk znk
hgyoi ykw{ktik k~vgtyout6iusvuyozout oy iutyzgtzr� hkotm zxommkxkj7
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@][. 13.1. Otjkvktjktz xuhuzy " z}u x{ty

+-(.(+ @T^^TZY +

Znk vxuvuykj soyyout oy irgyyoigr ot znk iutzk~z ul xuhuzoiy k~vkxosktzy7 Z}u xuhuzy
ng|k zu su|k ot g ruuyk luxsgzout zu}gxjy g iussut mugr xkmout }nork g|uojotm
joxkiz iutzgiz }noin kgin uznkx7 Sgotzgototm y{in g luxsgzout xkw{oxky znk ruuyk
luxs ul otzkxgizout hkz}kkt znk xuhuzy zngz oy kgyor� sujkrkj }ozn znk lxgsk}uxq
jk|kruvkj7

Lom{xk ;=7< orr{yzxgzky z}u x{ty ul znoy soyyout7 Znk y{vkx|oyux gz kgin xuhuz
yngvky znk gizout hu{tjotm xkmouty zu g|uoj iutzgiz hkz}kkt znk xuhuzy7 G hgyoi
yngvotm vxuikj{xk oy iutyojkxkj7 Znk gizout hu{tjotm xkmout ul kgin xuhuz oy
uhzgotkj h� xksu|otm gt� vuotzy hkrutmotm gryu zu zngz ul znk zkgssgzk7 Znoy xky{rzy
ot g s{in ysgrrkx hu{tjotm xkmout zngz iutyzxgoty yomto"igtzr� znk zxgpkizuxoky znk
gizout mktkxgzky7

]nork otzkxgizotm }ozn znk zkgssgzk5 kgin xuhuz xkvrgiky znk uxomotgr soyyout
mugr h� otzkxskjogzk mugr xkmouty vrgikj otyojk znk yngvkj hu{tjotm xkmouty7 Utik
gt otzkxskjogzk mugr oy xkginkj znk xuhuz yzuvy }nkxkgy znk zkgssgzk iutzot{ky
zu}gxjy znk uxomotgr soyyout mugr 2gy oz juky tuz tkkj zu yngvk ozy u}t gizout
hu{tjotm xkmout37
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@][. 13.2. Otzkxgizotm xuhuzy " z}u x{ty

Lom{xk ;=7= orr{yzxgzky gt grzkxtgzo|k yngvotm ul znk gizout hu{tjotm xkmout {ykj
}nkt gt uhyzgirk oy vxkyktz ot znk kt|oxutsktz7 Ot znoy igyk gt otzkxskjogzk mugr
xkmout oy inuykt lgx lxus znk uhyzgirk y{in zngz znk tk} gizout hu{tjotm xkmout
grru}y znk xuhuzy zu su|k gxu{tj znk uhyzgirk7 Znoy yzxgzkm� ngy iruyk iuttkizouty
zu }krr6qtu}t vgzn vrgttotm yinksky }ojkr� {ykj ot xuhuzoiy7

Xuhuz 9 oy znk "xyz zu xkgin znk otzkxskjogzk mugr gtj vxuikkjy zu znk "tgr
mugr7 Ot znk rklzsuyz vruz znk otzkxgizout hkz}kkt znk xuhuzy rkgjy zu zxgpkizuxoky
vgyyotm lgx lxus znk uhyzgirk7 Ot znk xomnsuyz vruz5 znk hu{tjotm xkmouty ul xuhuz
9 gxk tuz ot#{ktikj h� znk uhyzgirk gz znk hkmottotm ul znk soyyout gtj nktik znk
xuhuz zktjy zu gvvxugin znk uhyzgirk 2}oznu{z iurrojotm " xuhuzy }nkxk tuz mo|kt
vn�yoigr josktyouty37 Skgt}nork5 znk otzkxgizout }ozn xuhuz : oy irkgxr� |oyohrk gy
znk zxgpkizux� vgyyky lgx lxus znk uhyzgirk gtj xuhuz 97 Znk yromnz uyiorgzouty ot
znk otozogr yzgmk5 irkgxr� |oyhohrk ot xuhuz :5 gxk j{k zu znk otzkxgizout hkz}kkt znk
xuhuzy znxu{mn znk yngvotm ul znk gizout hu{tjotm xkmouty7
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@][. 13.3. Otzkxgizotm xuhuzy ot znk vxkyktik ul g yzgzoi uhyzgirk



')$+ 2TSHQZXNTSX

Znk vgvkx vxkyktzkj gt grmkhxgoi yzx{iz{xk zu sujkr NXO y{vvuxzkj ut yksouzoiy
vxotiovrky7 Znk qk� lkgz{xk ul znoy }uxq oy zngz oy ngtjrky ot g {to"kj }g� gt�
otzkxgizout hkz}kkt g xuhuz gtj ozy k~zkxtgr kt|oxutsktz7 L{xznkxsuxk5 znk hgyoi
jgzg {tozy k~ingtmkj gsutm znk xuhuzy ng|k yzxgomnlux}gxj skgtotmy7

Grznu{mn k~zxkskr� yosvrk5 znk yos{rgzout k~vkxosktzy vxkyktzkj igvz{xk g
qk� lkgz{xk ul rotm{oyzoi otzkxgizouty5 huzn gsutm xuhuzy gtj hkz}kkt xuhuzy gtj
n{sgty7 Tgskr�5 znk suzout oy yvkio"kj giiuxjotm zu g suzout zxktj5 otyzkgj
ul g xomoj vgzn7 Znk xky{rzy orr{yzxgzk giikvzghrk zxgpkizuxoky huzn lux yotmrk gtj
zkgs soyyouty7 Znk otozogr iut"m{xgzouty ju tuz vxusuzk yzxgomnz rotk suzout7
Tk|kxznkrkyy5 tu ngxyn sgtk{|kxotm oy uhykx|kj7

L{z{xk }uxq otir{jky 2o3 gtgr�zoigr yz{j� ul iutzxurrghoroz� vxuvkxzoky ot znk
lxgsk}uxq ul n�hxoj y�yzksy }ozn znk iutzot{u{y yzgzk j�tgsoiy mo|kt h� jo!kxktzogr
otir{youty gtj5 2oo3 yz{j� ul znk otzxotyoi vxuvkxzoky lux znk y{vkx|oyux h{orjotm
hruiq5 i{xxktzr� osvrksktzkj gy g "tozk yzgzk g{zusgzg5 zngz sg� yosvrol� jkyomt
vxuikj{xky7

4NVYZbWPORXPY_^

Znoy }uxq }gy y{vvuxzkj h� znk LIZ vxupkiz VUYO8YXO8=9BBB8;99: " YGIUX gtj
Vxumxgsg Uvkxgioutgr Yuiokjgjk jk Otluxsg*i%gu 2VUYO3 ot znk lxgsk ul WIG OOO7

0 ;NUXHMNY_ AJY#[FQZJI <FUX

G ykz6|gr{kj sgv O oy ygoj zu hk Rovyinoz! ol oz |kxo"ky7

<'*) C ;l&7l')R E O 2{*3 . O 2{+3 4 /R{* ! {+RR@S E 2;=7:<3

}nkxk

@S E N| 7 b C R|R - :O E 2;=7:=3

}nkxk R " RR yzgtjy lux g tuxs ot a7

1 2TSYNSLJSY 2TSJX

Tutysuuzn gtgr�yoy {yky zgtmkti� iutikvzy lux }noin g |gxokz� ul iutzotmktz iutky
oy jk"tkj 2ykk lux otyzgtik a;?c37

Znk iutzotmktz iutk {ykj ot znk vgvkx oy jk"tkj gy

]=2t3 E

1
y C ros

\&)(
otl

g=2t 4 ky3

k
E 9

2
E 2;=7:>3

}nkxk

g=2t3 E otl
d)=

Rs! tRKD 2;=7:?3
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@JKJWJSHJX

:7 P7 Grh{y7 G iutzxur y�yzks gxinozkiz{xk lux otzkrromktz y�yzksy7 Ot Mkh\l. h_ ma^
1987 FBBB Fgme. @hg_. hg Prlm^fl, JZg Zg] @r[^kg^mb\l5 Uizuhkx5 ;96;< :BA@7
Grk~gtjxog5 \G7

;7 V7 Grzng{y5 N7 Oynom{xu5 Z7 Qgtjg5 Z7 So�gynozg5 gtj N7 Inxoyzktykt7 Tg|omgzout
lux n{sgt6xuhuz otzkxgizout zgyqy7 Ot Mkh\l. h_ ma^ 2004 FBBB Fgm. @hg_. hg
Oh[hmb\l Zg] >nmhfZmbhg, F@O>(045 ;99=7 Tk} Uxrkgty5 [YG5 Gvxor7

<7 X7 G�rkzz gtj J7 Hgxtky7 G s{rzo6xuhuz gxinozkiz{xk lux vrgtkzgx� xu|kxy7
Ot Mkh\l. h_ ma^ 5ma Bnkhi^Zg PiZ\^ >`^g\r Thkdlahi hg >]oZg\^] PiZ\^
Q^\agheh`b^l _hk Oh[hmb\l ' >nmhfZmbhg5 Jkikshkx :BBA7 KYZKI5 Znk
Tkznkxrgtjy7

=7 Y7 Hroygxj gtj S7 Yq{hoi7 Sujkrotm yvgzogr xklkxktiotm rgtm{gmk lux
n{sgt6xuhuz otzkxgizout7 Ot Mkh\l. h_ ma^ 14ma FBBB Fgm. Thkdlahi hg Oh[hm
Zg] EnfZg Fgm^kZ\mbo^ @hffngb\Zmbhg, OL-J>K 20055 ;99>7 Tgyn|orrk5 [YG5
G{m{yz :<6:>7

>7 J7 Ingtjrkx7 P^fbhmb\l, Qa^ [Zlb\l7 X{zrkjmk5 ;99<7
?7 V7 Iujumtkz7 Znk yksouzoiy ul znk }kh7 Ot I^hgZk]h5 |ur{sk <>2:37 Znk SOZ

Vxkyy5 ;99;7
@7 [7 Kiu7 P^fbhmb\l Zg] Qa^ Mabehlhiar h_ IZg`nZ`^7 Otjogtg [to|kxyoz� Vxkyy5

Hruusotmzut5 :BA=7
A7 P7 Mum{kt7 Yksouzoi suxvnoysy5 xkvxkyktzgzouty gtj hrktjotm lux otzkxlgik

jkyomt7 Ot Mkh\l h_ ma^ >J>PQ Thkdlahi hg >e`^[kZb\ J^mah]l bg IZg`nZ`^
Mkh\^llbg`5 ;99<7 \kxutg5 Ozgr�5 G{m{yz ;>6;@7

B7 M7 J7 Ngmkx gtj P7 Vkzkxyut7 LxuhC G zxgtyluxsgzoutgr gvvxugin zu znk jkyomt
ul xuhuz yulz}gxk7 Ot Mkh\l. h_ ma^ 9ma Fgm. Prfi. h_ Oh[hmb\l O^l^Zk\a, FPOO(995
:BBB7 Ytu}hoxj5 [zgn5 [YG5 Uizuhkx B6:;7

:97 Vg{r N{jgq7 Suj{rgx jusgot yvkio"i rgtm{gmky gtj zuury7 Ot Mkh\^^]bg`l h_
Cb_ma Fgm^kgZmbhgZe @hg_^k^g\^ hg Ph_mpZk^ O^nl^5 vgmky :<=":=;5 P{tk :BBA7

::7 Z7 N{tzyhkxmkx5 V7 Voxpgtogt5 G7 Zxkho6Urrktt{5 N7J7 Tg�gx5 N7 Gmng!gxogt5
G7 Mgtotu5 S7 Mgxxkzz5 Y7Y7 Puyno5 gtj V7Y7 Yinktqkx7 Igsvu{zC G iutzxur
gxinozkiz{xk lux zomnzr� iu{vrkj iuuxjotgzout ul s{rzo6xuhuz y�yzksy lux
vrgtkzgx� y{xlgik k~vruxgzout7 FBBB QkZgl. Prlm^fl, JZg ' @r[^kg^mb\l, MZkm
>: Prlm^fl Zg] EnfZgl5 <<2>3C>>9">>B5 ;99<7 Yvkiogr Oyy{k ut Iurrkizo|k
Otzkrromktik7

:;7 H7 Pktykt5 X7 Vnorovvykt5 gtj X7 Yokm}gxz7 Tgxxgzo|k yoz{gzout gyykyysktz lux
n{sgt6xuhuz otzkxgizout7 Ot Mkh\l. h_ ma^ FBBB Fgm. @hg_. hg Oh[hmb\l Zg]
>nmhfZmbhg, F@O>(035 ;99<7 Zgovko5 Zgo}gt5 Ykvz7 :=6:B7

:<7 Q7 Qg!{noqu5 T7 Vnutmingo5 S7 Qg!{noqo5 P7 Gjgsy5 gtj I7 `nu{7 Gt
gmktz6hgykj gxinozkiz{xk lux gtj gjgvzo|k n{sgt6xuhuz otzkxlgik7 Ot Mkh\l.
h_ ma^ 36ma EZpZbb Fgm. @hg_. hg Prlm^f P\b^g\^l, EF@PP(035 ;99<7

:=7 Y7 Qokyrkx gtj V7 Notjy7 Otzxuj{izout zu znk yvkiogr oyy{k ut n{sgt6xuhuz
otzkxgizout7 EnfZg-@hfinm^k Fgm^kZ\mbhg5 :B2:6;35 ;99=7

:>7 J7 Quxzktqgsv5 X7 H{xxojmk5 X7V7 Hutgyyu5 J7 Yinxkqktmnuyz5 gtj S7H7
N{jyut7 Gt otzkrromktz yulz}gxk gxinozkiz{xk lux ykso6g{zutusu{y xuhuz iutzxur7
Ot Mkh\l. 3k] Fgm. @hg_. hg >nmhghfhnl >`^gml - Thkdlahi hg >nmhghfr
@hgmkhe Ph_mpZk^5 Sg� :BBB7



Oh[hm Zg] EnfZg Fgm^kZ\mbo^ @hffngb\Zmbhg5 ;9997 Uygqg5 Pgvgt5 Ykvzkshkx
;@6;B7

:@7 M7 Sgriurs gtj P7G7 Mum{kt7 Yomty gtj xkvxkyktzgzoutyC Yksouzoiy lux {ykx
otzkxlgik jkyomt7 Ot Mkh\l. Thkdlahi bg @hfinmbg`5 vgmky :?<":@;7 Yvxotmkx5
:BBA7 Ro|kxvuur5 [Q7

:A7 G7 Sk�yzkr gtj P7 Grh{y7 Fgm^eeb`^gm Prlm^fl: >k\abm^\mnk^, A^lb`g, Zg] @hgmkhe7
]ork� Ykxoky ut Otzkrromktz Y�yzksy7 P7 ]ork� gtj Yuty5 ;99;7

:B7 S7 Tk{s&{rrkx7 Gvvr�otm iusv{zkx yksouzoiy zu n�vkxzk~z znkux� gtj znk }uxrj
}ojk }kh7 Ot Y7 Xkoin gtj Q7S7 Gtjkxyut5 kjozuxy5 Mkh\l. h_ ma^ 6ma Fgm.
Thkdlahi Zg] ma^ 6ma Fgm. Thkdlahi hg Li^g Eri^km^qm Prlm^fl Zg] Pmkn\mnkZe
@hfinmbg`5 Rkiz{xk Tuzky ot Iusv{zkx Yioktik5 vgmky >@"?>7 Yvxotmkx6\kxrgm5
;9997

;97 S7 Toiurkyi{ gtj S7 Sgzgxo&i7 Rkgxtotm gtj otzkxgizotm ot n{sgt6xuhuz
jusgoty7 FBBB QkZglZ\mbhgl hg Prlm^fl, JZg, Zg] @r[^kg^mb\l, MZkm >:
Prlm^fl Zg] EnfZgl5 <:2>3C=:B"=<95 Ykvzkshkx ;99:7

;:7 Punt Vkzkxyut5 Vg{r N{jgq5 gtj Iutgr Krrouzz7 Rgshjg ot suzoutC Iutzxurrotm
xuhuzy }ozn ngyqkrr7 Ot Cbklm Fgm^kgZmbhgZe Thkdlahi hg MkZ\mb\Ze >li^\ml h_
A^\eZkZmbo^ IZg`nZ`^l )M>AI*5 Pgt{gx� :BBB7

;;7 T7 Vnutmingo5 V7 Xgto5 gtj T Ygxqgx7 Gt ottu|gzo|k nomn6rk|kr n{sgt6xuhuz
otzkxgizout lux joyghrkj vkxyuty7 Ot Mkh\l h_ ma^ FBBB Fgm. @Lg_. hg Oh[hmb\l
Zg] >nmhfZmbhg, F@O>(045 ;99=7 Tk} Uxrkgty5 [YG5 Gvxor7

;<7 V7 Xgto gtj T7 Ygxqgx7 Ksuzout6yktyozo|k xuhuzy 6 g tk} vgxgjoms lux
n{sgt6xuhuz otzkxgizout7 Ot Mkh\l. h_ ma^ FBBB-O>P/OPG Fgm. @hg_. hg
EnfZghb] Oh[hml )EnfZghb]l 2004*5 ;99=7 Tu|7 :96:;5 Ygtzg Sutoig5 Ruy
Gtmkrky5 IG5 [YG7

;=7 P Ykw{koxg gtj S7O7 Xohkoxu7 N�hxoj iutzxur ul g igx6roqk xuhuz7 Ot Mkh\l h_ ma^
4ma Fgm. Thkdlahi hg Oh[hm Jhmbhg Zg] @hgmkhe5 P{tk :@6;9 ;99=7 V{y!i!�qu}u5
Vurgtj7

;>7 P7 Ykw{koxg gtj S7O7 Xohkoxu7 N�hxoj iutzxur ul ykso6g{zutusu{y xuhuzy7 Ot
Mkh\l. h_ ma^ 2004 FBBB/OPG Fgm. @hg_. hg Fgm^eeb`^gm Oh[hml Zg] Prlm^fl5
Ykvzkshkx ;A 6 Uizuhkx ; ;99=7 Yktjgo5 Pgvgt7

;?7 M7 Ysoxtu|7 Fgmkh]n\mbhg mh ma^ Qa^hkr h_ Ab!^k^gmbZe Fg\enlbhgl5 |ur{sk =: ul
DkZ]nZm^ Pmn]b^l bg JZma^fZmb\l7 Gskxoigt Sgznksgzoigr Yuiokz�5 ;99;7

;@7 Mkuxmog Zkin7 Xkgr6zosk iuuvkxgzo|k hkng|oux lux zgizoigr suhork xuhuz zkgsy
" y{hy�yzksy yvkio"igzout7 Zkintoigr Xkvuxz G99;5 Mkuxmog Zkin Iurrkmk ul
Iusv{zotm gtj Mkuxmog Zkin Xkykgxin Otyzoz{zk5 Uizuhkx :BA=7
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:?7 S7 Sgqgzink| gtj Y7Q7 Zyu7 N{sgt6xuhuz otzkxlgik {yotm gmktzy iuss{toigz6
otm ot gt ~sr6hgykj sgxq{v rgtm{gmk7 Ot Mkh\l. h_ ma^ FBBB Fgm. Thkdlahi hg
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Kj}gxj Pk!okxyqo

Otyzoz{zk ul G{zusgzoi Iutzxur5 Zkintoigr [to|kxyoz� ul -R&uj&!
{r7 Yzklgtu}yqokmu :A8;;5 B96;=? -R&uj&!5 Vurgtj ZVIGIHY/WMV&T&PSH^&TP

'*$& 8SYWTIZHYNTS

]grqotm gtosgry gtj n{sgt hkotmy gxk ingxgizkxo!kj h� ysuuzntkyy ul grr
su|ksktzy gy znk� k~vruoz znk tgz{xgr j�tgsoiy ul znk huj�5 kyvkiogrr� znk roshy
a:=5 :?c7 Znoy tgz{xgr j�tgsoiy oy iruykr� xkrgzkj zu uyiorrgzouty zngz gxk }krr qtu}t
lxus krkizxoigr ktmotkkxotm7 Znkxk gxk }krr }uxqkj u{z znkuxkzoigr lu{tjgzouty ul
ngxsutoi uyiorrgzouty ot rotkgx y�yzksy5 gy }krr gy znk znkux� ul mktkxgr tut6rotkgx
uyiorrgzouty7 G muuj k~gsvrk ul {yotm znoy znkux� oy mktkxgzout ul mgoz xn�zns ul g
}grqotm sginotk a:@c7

Znkxk gxk g lk} kÆioktz yulz}gxk vgiqgmky jk|uzkj lux gtgr�yoy5 yos{rgzout gtj
y�tznkyoy ul krkizxoigr gtj krkizxutoi y�yzksy7 Zn{y5 znk zktjkti� ul k~vruozotm grr
znoy vuzktzogr ot skingtoigr5 ux suxk mktkxgr ot skingzxutoi y�yzksy5 ykksy zu hk g
tgz{xgr k~zktyout5 gtj iu{rj hk gt kÆioktz zuur lux zkyzotm tk} iutzxur grmuxoznsy7
Lux g rotkgx j�tgsoi y�yzks znk iutikvz ul osvkjgtik ux gjsozzgtik iu{rj hk {ykj5
}noin grru}y zu gtgr�!k znk lkgz{xky ul znk y�yzks huzn ot y6jusgot gtj @6jusgot7
Zn{y }krr qtu}t skznujy lxus krkizxoigr ktmotkkxotm iu{rj hk kgyor� zxgtyluxskj
otzu skingzxutoi y�yzksy7 G muuj k~gsvrk oy gvvroigzout ul Znk|ktot ux Tuxzut
znkuxksy zu xuhuzoi y�yzksy zngz rkgjy joxkizr� zu znk uxomot ul znk zkxs 55osvkjgtik
iutzxur. a?5@c7 Oz mo|ky g tk} ruuq ut znk iutzxur ul xuhuzoi sgtov{rgzuxy ot iutzgiz
}ozn znk kt|oxutsktz a:c7 Xkiktzr� znk osvkjgtik iutzxur ngy hkkt gvvrokj }ozn muuj
xky{rzy zu sgtov{rgzuxy }ozn krgyzoi puotzy aBc gy }krr gy zu hovkj suhork xuhuzy a:<c7
Gtuznkx k~gsvrk oy {yotm znk znkux� ul uvkxgzoutgr gsvro"kxy zu xkiko|k g iutzxurrkj
yzo!tkyy ul g xuhuzoi giz{gzux a:95 :;c7

'*$' @J[NJ\ TK DJQTHNY^#2ZWWJSY 0SFQTL^

+.(+(* 5L^TN EPWL_TZY^ST[^

Ot krkizxoigr ktmotkkxotm znkxk gxk z}u z�vky ul krksktzy zngz iu{rj yzuxk ktkxm�C
igvgiozuxy gtj otj{izuxy7 Znk hgyoi kw{o|grktzy ul znkyk krksktzy ot skingtoiy gxk
otkxzogr krksktzy gtj yvxotmy7
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Rkz {y yzgxz }ozn iutyojkxgzout ul z}u yosvrk rotkgx y�yzksy }oznu{z joyyovgzo|k
krksktzy5 gy vxkyktzkj ot Lom7 ;>7:7 Kgin ul znks oy ingxgizkxo!kj h� g vgox ul
vgxgskzkxyC sgyy p gtj yzo!tkyy n5 ux igvgiozgtik L gtj otj{izgtik U7 Oz oy kgy�
zu ynu} zngz grr |gxoghrky ot huzn y�yzksy roqk vuyozout5 |kruioz� ux giikrkxgzout ot
znk skingtoigr y�yzks5 gtj |urzgmk ux i{xxktz ot znk krkizxoigr y�yzks5 l{r"rr znk
ykiutj uxjkx rotkgx jo!kxktzogr kw{gzout ul znk luxs

g+}

gw+
4 @+}2w3 E 9E 2;>7:3

}nkxk }2w3 jktuzky utk ul znk ghu|k |gxoghrky7 Znk tgz{xgr lxkw{kti� ul ngxsutoi
uyiorrgzouty uhykx|kj ot znkyk y�yzksy jkvktjy ut znk ghu|k6sktzoutkj vgxgskzkxy
ot znk lurru}otm }g�

@a E

^
n

p
E @Y E

:U
UL

D 2;>7;3

Lxus znoy uhykx|gzout5 }krr6qtu}t lux jkigjky5 xkykgxinky ng|k zxokj zu "tj yusk
gtgrum{ky hkz}kkt skingtoigr gtj krkizxoigr y�yzksy7 Gjjozoutgrr�5 zgqotm otzu
giiu{tz znk k~vxkyyouty lux otyzgtzgtku{y vu}kx jkro|kxkj ot skingtoigr y�yzksy
sa2w3 E i2w3y2w3 gtj otyzgtzgtku{y vu}kx jkro|kxkj ot krkizxoigr y�yzksy sY2w3 E
y2w3l2w3 }k igt ykk zngz znoy gtgrum� oy k|ojktz7

Znk "xyz gzzksvz zu yvkiol� znoy gtgrum� oy hgykj ut yosorgxozoky hkz}kkt znk
luxs{rgk y2w3 E g{Ggw lux skingtoigr y�yzksy gtj l2w3 E gtGgw lux krkizxoigr
y�yzksy5 gtj oz iu{rj hk lu{tj ot znk irgyyoigr zk~z6huuqy ot vn�yoiy5 k7m7 a>c7 Nkxk
znk iutyki{zo|k y�shury jktuzk |kruioz�5 vuyozout5 i{xxktz gtj ingxmk7 Gjjozoutgrr�5
zgqotm otzu giiu{tz w{ozk yosorgx k~vxkyyouty lux ktkxm� yzuxkj ot g su|otm sgyy

Na E aj'

+
5 gtj ktkxm� yzuxkj ot gt otj{izux NF E F]'

+
5 oz oy iutir{jkj zngz |kruioz�

y2w3 gtj i{xxktz l2w3 gxk kw{o|grktz |gxoghrky5 gtj suxku|kx5 sgyy p gtj otj{izgtik
U gxk kw{o|grktz vgxgskzkxy ul huzn y�yzksy7

Znkyk kw{o|grktiky iu{rj hk k~zktjkj h� otzxuj{iotm znk jk"tozout ul z}u
iutp{mgzk |gxoghrkyC Z #hp 2rotkgx |kruioz�5 gtm{rgx |kruioz� ux i{xxktz35 gtj Zg ^!hkm
2luxik5 zuxw{k ux |urzgmk37 Grutm kgin jkmxkk ul lxkkjus5 znk otyzgtzgtku{y vu}kx
zngz oy zxgtysozzkj hkz}kkt vn�yoigr y�yzksy igt gr}g�y hk jk"tkj gy znk vxuj{iz
ul znkyk iutp{mgzk |gxoghrky7 [v zu jgzk suyz ul xkykgxinky }uxqotm ot znk "krj ul
vuyozout8luxik ux osvkjgtik iutzxur ul sgtov{rgzuxy ng|k {ykj znoy gtgrum� aAc7

Zu iusvrkzk znk iusvgxoyut ul huzn y�yzksy vxkyktzkj ot Lom7 ;>7:5 oz oy ktu{mn

zu xkigrr znk k~vxkyyout lux ktkxm� yzuxkj ot g yvxotm Ng E
_l'

+
5 gtj znk k~vxkyyout
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lux ktkxm� yzuxkj ot g igvgiozux N> E e'

+>
7 Zu y�yzkso!k ma^ o^eh\bmr-\nkk^gm ZgZeh`r

znk ykz ul kw{o|grktz |gxoghrky gtj vgxgskzkxy gxk iusvorkj ot Zghrk ;>7:7

LUV_Y 14.0. Hgyoi xkrgzoutynovy hkz}kkt skingtoigr gtj krkizxoigr |gr{ky ot |kruio6
z�6i{xxktz gtgrum�

Skingtoigr |gxoghrk ux vgxgskzkx Krkizxoigr |gxoghrk ux vgxgskzkx

\kruioz� y2w3 I{xxktz l2w3
Luxik i2w3 \urzgmk x2w3
Sgyy p Otj{izgtik U
Yzo!tkyy iukÆioktz n Ot|kxyk ul igvgiozgtik *

>

Ut znk hgyoy ul kw{o|grktzy vxkyktzkj ot znk ghu|k zghrk oz oy vuyyohrk zu iusvgxk
yusk suxk iusvroigzkj skingtoigr y�yzksy gtj krkizxoigr ioxi{ozy5 gy ynu}t ot Zghrk
;>7;7

LUV_Y 14.1. Iusvgxoyut ul vgxgrrkr8ykxogr iuttkizouty ul krksktzy ot |kruioz�6i{x6
xktz gtgrum�

Hgyoi skingtoigr y�yzksy Krkizxoigr kw{o|grktzy

Yzx{iz{xk Jkyixovzout Yzx{iz{xk Jkyixovzout

f
W

\&

\'

i E i* 4 i+
"{ E "{* E "{+
n E n* 4 n+

e

Z
<& <'

x E x* 4 x+
l E l* E l+
*
>
E *

>&
4 *

>'

f
W

\& \' i E i* E i+
"{ E "{* 4"{+
*
_
E *

_&
4 *

_'

e

Z

<& <' x E x* E x+
l E l* 4 l+
L E L* 4L+

f

W

^&

^'
i E i* 4 i+
y E y* E y+
p E p* 4p+

e

Z E& E'

x E x* 4 x+
l E l* E l+
U E U* 4 U+

Lom{xk ;>7; ynu}y nu} g s{in suxk iusvroigzkj skingtoigr y�yzks oy zxgty6
luxskj otzu ozy krkizxoigr kw{o|grktz7

+.(+(+ JPLV CZTY_^ ZQ IPWZNT_d'6`]]PY_ 4YLWZRd

Znk |kruioz�6i{xxktz gtgrum� oy tuz znk utr� inuoik ul kw{o|grktz |gr{ky ot skingtoigr
gtj krkizxoigr y�yzksy5 hkig{yk iutir{youty ghu{z znk xkrgzouty hkz}kkt yusk yigrgx
lgizuxy ot znk hgyk kw{groz� ul znkox vxuj{izy d "e E f "g gxk tuz {tow{k7 Zn{y gtuznkx
gtgrum� iu{rj hk otzxuj{ikj5 tgskr� o^eh\bmr-ohemZ`^ ZgZeh`r7
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@][. 14.1. Kw{o|grktz y�yzksy ot |kruioz�6i{xxktz gtgrum�

Y{in g iusvgxoyut oy gryu qtu}t lxus znk rozkxgz{xk5 gtj vxuhghr� lux
znk "xyz zosk }gy vxkyktzkj ot a=c7 Oz oy hgykj ut znk gyy{svzout zngz znk
hgyoi |gxoghrky ot vn�yoigr y�yzksy iu{rj hk irgyyo"kj otzu utk ul znk mxu{vyC
ma^ makhn`a-oZkbZ[e^ roqk luxik5 zuxw{k5 i{xxktz5 #{oj |ur{skzxoi #u} xgzk5 nkgz
#u} xgzk5 gtj Z\khll-oZkbZ[e^ roqk zxgtyrgzoutgr |kruioz�5 gtm{rgx |kruioz�5 |urzgmk5
jo!kxktik ul vxkyy{xky5 jo!kxktik ul zksvkxgz{xky a<c7 Nu}k|kx5 znk |kruioz�6|urzgmk
gtgrum� oy tkgxr� tuz tuzoikj ot znk i{xxktz rozkxgz{xk7 Zu k~gsotk znk {zoroz� ul huzn
z�vky ul skingtoigr6krkizxoigr gtgrumoky rkz {y yzgxz }ozn royzotm z}u l{tjgsktzgr
ju{hzy ul {yotm znk |kruioz�6i{xxktz gtgrum�7

Znk "xyz ju{hz oy iuttkizkj }ozn zxgtyluxsgzout ul vgxgrrkr8ykxogr iuttkizout
ul hgyoi skingtoigr krksktzy otzu krkizxoigr kw{o|grktzy7 Lxus Zghrk ;>7; utk igt
iutir{jk zngz vgxgrrkr iuttkizout ul skingtoigr j�tgsoi krksktzy oy kw{o|grktz zu
ykxogr iuttkizout ul znk iut|ktoktz krkizxoigr krksktzy5 gtj |oik |kxyg7 Znoy lkgz{xk
sgqky suxk joÆi{rz znk zxgtyluxsgzout ul suxk iusvroigzkj y�yzksy5 gy vxkyktzkj
ot Lom7 ;>7;7

Znk ykiutj ju{hz yzksy lxus znk utk6zu6utk xkrgzout hkz}kkt znk sgyy
2ux otkxzog ot znk igyk ul xuzgzoutgr su|ksktz3 gtj znk krkizxoigr otj{izux7 Oz oy }uxzn
xkigrrotm znk lurru}otm uhykx|gzout7 Znk sgyy 2otkxzog3 oy tuz ruuyotm ozy gii{s{rgzkj
ktkxm� }nkt oz oy tuz ot iutzgiz }ozn gt kt|oxutsktz7 Ot g yosorgx }g� utk igt yzgzkC
gt ojkgr otj{izux oy tuz ruuyotm ozy gii{s{rgzkj ktkxm� utr� }nkt oz oy iruykj h� znk
ojkgr y}ozin7 Zgqotm otzu giiu{tz znkyk z}u yzgzksktzy5 g iusvgxoyut ul zxgtyoktz
yzgzky ot znk z}u yosvrk gtgrum{k y�yzksy iu{rj hk jutk5 }noin oy vxkyktzkj ot Lom7
;>7<7 Lux w F 9 znk #�}nkkr gtj znk yvoxgr yvxotm gxk joyiuttkizkj lxus kgin uznkx5

C

1

J b

d @ 4 \
Z

E

d @ 4

< e

R. S.

@][. 14.2. Iusvgxoyut ul kw{o|grktz skingtoigr gtj krkizxoigr y�yzksy j{xotm
zxgtyoktz yzgzk

gtj lux w . 9 znk iu{vrotm rotqy huzn krksktzy7 Gz w E 9 g zxgtyoktz yzgzk hkmoty zngz
iutyoyzy ul ingtmky ul znk gii{s{rgzkj qotkzoi ktkxm� ul znk #�}nkkr otzu znk krgyzoi
yzxgot ktkxm� ul znk yvxotm7 Znk krkizxoigr kw{o|grktz ul znoy y�yzks oy vxkyktzkj ot
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Lom7 ;>7<h7 Nu}k|kx5 ot znoy igyk znk y}ozin oy iruykj lux w F 95 gtj uvkt lux w . 97 Oz
oy k|ojktz zngz zu uhzgot yosorgx hkng|ouxy ul huzn y�yzksy5 znk iu{vrotm ot Lom7 ;>7<g
gtj znk y}ozin ot Lom7 ;>7<h ng|k zu hk ot uvvuyozk yzgzky7 Znoy lgiz gjjozoutgrr�
iusvroigzky znk gtgr�yoy7

'*$( @J[NJ\ TK DJQTHNY^#DTQYFLJ 0SFQTL^

+.(,(* 5L^TN 4^^`X[_TZY^

Zghrk ;>7: oy h{orz ut znk hgyoi gyy{svzout ul iuxxkyvutjktiky hkz}kkt znk
skingtoigr |kruioz� gtj znk krkizxoigr i{xxktz5 gtj iutykw{ktzr� hkz}kkt znk luxik
gtj znk |urzgmk7 Uznkx gtgrumoky5 roqk kw{o|grktzy ul j�tgsoi krksktzy5 gxk yosvrk
iutykw{ktiky ul znk sgot gyy{svzout7 Nu}k|kx5 znoy gyy{svzout igttuz hk zxkgzkj
gy g {tow{k lu{tjgzout5 gtj ot znk ykw{kr oz }orr hk ynu}t zngz w{ozk uvvuyozk
gyyomtsktz oy gryu vuyyohrk5 gtj ngy yusk gj|gtzgmku{y lkgz{xky7

Gy suyz giz{gzuxy {ykj ot xuhuzoiy5 ux mktkxgrr� ot skingzxutoiy5 gxk hgykj
ut zxgtyluxsgzout ul krkizxoigr ktkxm� otzu skingtoigr ktkxm�5 oz }u{rj hk }uxzn
xkigrrotm z}u osvuxzgtz rg}y ul krkizxusgmtkzoys zngz gxk l{tjgsktzgry ul grr
krkizxoigr mktkxgzuxy gtj suzuxy7

Lxus znk Lgxgjg�1y rg}

h2w3 E
g)

gw
E 2;>7<3

znk "xyz hgyoi luxs{rg lurru}y
h2w3 E Koy2w3D 2;>7=3

Znoy luxs{rg jkyixohky znk |urzgmk otj{ikj hkz}kkt huzn ktjy ul g iutj{izotm
hgx ul rktmzn o5 vrgikj ot g sgmtkzoi "krj ng|otm iutyzgtz gtj {toluxs #{~ jktyoz�
K5 }nork znk hgx oy su|otm }ozn |kruioz� y2w37 Oz oy gyy{skj zngz |kizuxy K gtj
y2w35 gy }krr gy znk joxkizout ul znk su|otm hgx5 gxk vkxvktjoi{rgx zu kgin uznkx7
Znoy luxs{rg5 qtu}t gy 55?eo eZp.5 oy g l{tjgsktzgr xkrgzout k~vruozkj ot grr z�vky ul
krkizxoigr sginotky7 Gy znk iutykw{ktik5 znk |urzgmk mktkxgzkj ot g iuor ul g xuzgzotm
sginotk oy vxuvuxzoutgr zu znk gtm{rgx |kruioz�7

Ut znk uznkx ngtj5 lxus Ruxktz! luxik kw{gzout

i2w3 E ty2w3#KE 2;>7>3

zngz jkyixohky znk luxik gizotm ut ingxmk t su|otm ot g sgmtkzoi "krj5 znk ykiutj
hgyoi luxs{rg lurru}y ot znk luxs

i2w3 E Kol2w3D 2;>7?3

Nkxk i oy znk luxik gizotm ut g su|otm hgx ot g yosorgx k~vkxosktz zu znk vxk|ou{yr�
jkyixohkj utk }nkt znk i{xxktz6ruuv oy iruykj7 Znoy luxs{rg5 qtu}t gy 55?eb eZp.5
grru}y zu igri{rgzk znk luxik mktkxgzkj h� grr z�vky ul krkizxoigr suzuxy7

Lxus znk ghu|k iutyojkxgzouty oz lurru}y zngz znk lu{tjgzout ul o^eh\bmr-ohemZ`^
ZgZeh`r oy znk gyy{svzout ghu{z s{z{gr kw{o|grktik ul skingtoigr gtj krkizxoigr
|gxoghrky gy hkru}

Znoy gtgrum� iu{rj hk gryu igrrkj tgz{xgr gtgrum�7

|kruioz� y2w3 45 |urzgmk x2w3D luxik i2w3 45 i{xxktz l2w37
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Tu} }k gxk ot g vuyozout zu kgyor� "tj znk kw{o|grktzy lux hgyoi j�tgsoi krksktzy7
Y{in g iusvgxoyut oy vxkyktzkj ot Zghrk ;>7<7 Znk tk} y�shury jktuzkC S " otkxzog
ot xuzgzoutgr su|ksktz5 @ " gtm{rgx |kruioz�5 ; " zuxw{k5 f E :Gn " iusvrogtik
iukÆioktz ul znk yvxotm7

LUV_Y 14.2. Hgyoi xkrgzoutynovy hkz}kkt skingtoigr gtj krkizxoigr |gr{ky ot |kru6
ioz�6|urzgmk gtgrum�

Skingtoigr |gr{k ux luxs{rg Krkizxoigr |gr{k ux luxs{rg

Otkxzog Igvgiozgtik

i2w3 E p Xj
Xh

N E *
+
py+ ;2w3 E S X4

Xh
N E *

+
S@+ l2w3 E L Xi

Xh
N E *

+
Lx+

Krgyzoioz� Otj{izgtik

y2w3 E f XZ
Xh

N E *
+
fi+ @2w3 E f X0

Xh
N E *

+
f; + x2w3 E U X]

Xh
N E *

+
Ul+

Suyz ul znk luxs{rgk ynu}t ot znk zghrk gxk k|ojktz5 h{z znk luxs{rg
ingxgizkxo!otm znk k!kiz ul krgyzoioz� ynu{rj hk k~vrgotkj7 Znk jkyixovzout ul g
zktyoutgr yvxotm gtj g zuxyoutgr yvxotm ng|k yosorgx yzgtjgxj luxsy

i E n ""{ ux ; E n ""#E 2;>7@3

}nkxk n jktuzky znk yzo!tkyy iukÆioktz7 Znoy jkyixovzout iu{rj hk zxgtyluxskj zu
zosk jkvktjktz luxsy gy

i2w3 E n

hS
)

y2)w3g)w4 i293 ux ; E n

hS
)

@2)w3g)w4 ;293E 2;>7A3

gtj glzkx jo!kxktzogzout zu znk "tgr luxsy

y2w3 E
:

n

gi

gw
E f

gi

gw
ux @ E

:

n

g;

gw
E f

g;

gw
D 2;>7B3

+.(,(, CL]LWWPW LYO FP]TLW 6ZYYPN_TZY ZQ 8WPXPY_^

Zgqotm otzu giiu{tz znk xky{rzy ul znk vxk|ou{y y{hykizout oz oy kgy� zu "tj znk
iut|ktoktz jkyixovzout ul jo!kxktz iuttkizouty ul hgyoi j�tgsoi y�yzksy {yotm znk
tgz{xgr gtgrum�7 Znoy oy y{ssgxo!kj ot Zghrk ;>7=7 Znk yzx{iz{xky ul skingtoigr
y�yzksy vxkyktzkj ut znk rklz ngtj yojk ul znk zghrk gxk znk ygsk gy znuyk vxkyktzkj
ot Zghrk ;>7;7 Nu}k|kx5 znk krkizxoigr kw{o|grktzy gxk w{ozk jo!kxktz lxus znuyk
vxkyktzkj ot Zghrk ;>7;7

H� iusvgxoyut ul skingtoigr gtj krkizxoigr y�yzksy vxkyktzkj ot Zghrk ;>7= utk
igt uhykx|k zngz znk hommkyz gj|gtzgmk ul znk tgz{xgr gtgrum� oy znk vxkykx|gzout ul
znk yzx{iz{xk }nkt skingtoigr y�yzksy gxk zxgtyluxskj otzu krkizxoigr kw{o|grktzy

396 E. Jezierski



LUV_Y 14.3. Iusvgxoyut ul vgxgrrkr8ykxogr iuttkizouty ul krksktzy ot |kruioz�6|ur6
zgmk gtgrum�

Hgyoi skingtoigr y�yzksy Krkizxoigr kw{o|grktzy

Yzx{iz{xk Jkyixovzout Yzx{iz{xk Jkyixovzout

f
W

T&

T'

i E i* 4 i+
"{ E "{* E "{+
*
W
E *

W&
4 *

W'

e

Z
E&

E' x E x* E x+
l E l* 4 l+
*
F
E *

F&
4 *

F'

f
W

T& T' i E i* E i+
"{ E "{* 4"{+
f E f* 4 f+

e

Z E& E'

x E x* 4 x+
l E l* E l+
U E U* 4 U+

f
W

^&

^'
i E i* 4 i+
y E y* E y+
p E p* 4p+

e

Z

<& <' x E x* E x+
l E l* 4 l+
L E L* 4L+

gtj |oik |kxyg7 Ot vgxzoi{rgx5 oz skgty zngz g vgxgrrkr iuttkizout ul yvxotmy 2ux
sgyyky3 oy zxgtyluxskj otzu g vgxgrrkr iuttkizout ul otj{izuxy 2ux igvgiozuxy37 Ut
znk uznkx ngtj5 g ykxogr iuttkizout ul yvxomy oy zxgtyluxskj otzu g ykxogr iuttkizout ul
otj{izuxy7 Znoy lkgz{xk grru}y zu kgyor� h{orz kw{o|grktz ioxi{ozy ul suxk iusvroigzkj
y�yzksy5 gy ynu}t lux otyzgtik ot Lom7 ;>7=7 Gy ynu}t ot Lom7 ;>7<5 }nkt {yotm znk

\& \'

\(

^

E& E'

E(

Z

e <

R. S.

W

f

@][. 14.3. Kw{o|grktz y�yzksy ot |kruioz�6|urzgmk gtgrum�

|kruioz�6i{xxktz gtgrum� znk uvkt skingtoigr iu{vrotm rotqkj ot ykxoky }ozn uznkx
skingtoigr krksktzy ngy zu hk zxgtyluxskj otzu g iruykj krkizxoigr y}ozin5 iuttkizkj
ot vgxgrrkr }ozn znk krkizxoigr kw{o|grktzy7 W{ozk jo!kxktz yoz{gzout uii{xy }nkt znk
tgz{xgr gtgrum� oy {ykj7 Ot Lom7 ;>7> gt krkizxoigr gtgrum{k ioxi{oz ul znk vxk|ou{y
y�yzks oy vxkyktzkj7

Ot krkizxutoi ktmotkkxotm znkxk gxk qtu}t g lk} krksktzy zngz gxk {ykj gy
iutzxurrkj ux {tiutzxurrkj y}ozinky7 Znk yosvrkyz utk oy g yksoiutj{izux joujk5
zngz oy {y{grr� {ykj zu rotq z}u vgxzy ul gt krkizxoi ioxi{oz7 Znk joujk grru}y lux
g tgz{xgr iuss{zgzout ul znk i{xxktz {tjkx iutjozout zngz znk |urzgmk grutm znk
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@][. 14.4. Iusvgxoyut ul kw{o|grktz y�yzksy j{xotm zxgtyoktz yzgzk ot |kruioz�6|ur6
zgmk gtgrum�

joujk oy vuyozo|k5 gtj joyiuttkizy huzn vgxzy ul znk y�yzks }nkt znk vurgxo!gzout ul
znk joujk oy uvvuyozk7 G yosorgx xurk vrg�y g xgzinkz iu{vrotm qtu}t ot skingtoigr
ktmotkkxotm7 Oz zxgtylkxy znk otv{z luxik }nork oz oy su|otm ot utk joxkizout5 gtj
joyiuttkizy huzn vgxzy ul znk y�yzks }nork oz oy su|otm ot znk uvvuyozk joxkizout7

Znk hgyoi joyyovgzo|k krkizxoigr krksktz oy g xkyoyzux jkyixohkj h� g yosvrk
xkrgzoutynov x2w3 E [l2w3 ux l2w3 E Px2w37 Ot tutrotkgx y�yzksy g s{in suxk
iusvroigzkj yoz{gzout iu{rj gxoyk gtj ot y{in igyky iutikvzy ul jo!kxktzogr xkyoyzgtik
ux iutj{izgtik gz znk uvkxgzotm vuotz ng|k zu hk {ykj7 Ot znoy igyk znk sujkr ul znk
joyyovgzo|k krksktz iutyoyzy ul g xkyoyzux 2ux g iutj{izux3 gtj g |urzgmk 2ux i{xxktz3
yu{xik7 W{ozk yosorgx yoz{gzout uii{xy ot skingtoiy5 }nkxk joyyovgzout ul ktkxm� oy
ig{ykj h� lxoizout7 Ot xkmouty ul }uxq }nkxk znoy k!kiz iu{rj hk zxkgzkj gy rotkgx5 znk
sujkr ul |oyiu{y lxoizout oy {ykj5 {y{grr� ot znk luxs i2w3 E ey2w37 ]k ykk zngz znk
lxoizout iukÆioktz e vrg�y g yosorgx xurk gy znk iutj{izgtik P ot krkizxoigr ioxi{ozy7

'*$) 8RUJIFSHJ TK :NSJRFYNH 2MFNS TK YMJ @TGTY

Znk zkxs bfi^]Zg\^ oy }ojkr� {ykj ot krkizxoigr ktmotkkxotm zu jkyixohk znk lkgz{xky
ul g rotkgx z}u6vuxz y�yzks {tjkx yot{yuojgr otv{z yomtgry7 Y{in g yomtgr 2|urzgmk ux
i{xxktz3 oy jkyixohkj gy

{2w3 E aa yot2@w4 +3E 2;>7:93

gtj oz iu{rj hk zxkgzkj gy gt osgmotgx� vgxz ul znk iusvrk~ l{tizout

aa k~v2m2=l 4 @w33 E aa2iuy2=l 4 @w3 4 m yot2=l 4 @w33D 2;>7::3

Zn{y5 znk y�shuroi xkvxkyktzgzout ul znk yot{yuojgr yomtgr 2;>7:93 oy g lurru}otm
iusvrk~ |gr{k

{2@3 E
aaU
;
k~v2m=l3D 2;>7:;3

Znoy iusvrk~ |gr{k iutzgoty z}u iusvutktzyC utk ul znks oy g xuuz6skgt6|gr{k ul
vkxoujoi l{tizout {2w35 gtj znk ykiutj oy g vngyk gtmrk =l7

Znk osvkjgtik ul g z}u6vuxz y�yzks oy g iusvrk~ t{shkx c2@3 zngz jkyixohky
gz g w{gyo yzkgj�6yzgzk znk xkrgzoutynov hkz}kkt znk y�shuroi xkvxkyktzgzouty ul znk
i{xxktz zngz #u}y |og znk y�yzks gtj znk |urzgmk hkz}kkt huzn vuxzy ul znk y�yzks

x2@3 E c2@3l2@3D 2;>7:<3

Znk osvkjgtik jkvktjy ot mktkxgr ut gtm{rgx lxkw{kti� @ gtj oz iu{rj hk vxkyktzkj
ot koznkx gt grmkhxgoi ux gt k~vutktzogr luxs
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c2@3 E [4 ma2@3 E Rc2@3Rh^2&4'E 2;>7:=3

}nkxk [ oy znk xkyoyzgtik ul znk z}u6vuxz gtj a2@3 oy znk xkgizgtik ul znk z}u6vuxz7
Znk osvkjgtik iu{rj hk zxkgzkj gy gt k~zktyout ul znk zkxs xkyoyzgtik ot igyky

ul yot{yuojgr otv{z l{tizouty gvvrokj zu znk y�yzks7 Nu}k|kx5 oz gryu ngy g }ojkx
gvvroigzout7 Lux k~gsvrk5 oz gryu grru}y zu joyi{yy y{in zkxsy gy xkyutgtik lxkw{ktioky
ul znk y�yzks gtj jgsvotm xgzouy7 Ot znoy yktyk oz iu{rj hk {ykj ot xuhuzoiy zu gtgr�yk
j�tgsoi hkng|ou{x ul znk qotksgzoiy ingot ul g xuhuz7

[tluxz{tgzkr�5 znk xuhuz oy g s{rzo6otv{z s{rzo6u{zv{z y�yzks5 gtj ozy j�tgsoiy
oy jkyixohkj h� g ykz ul tutrotkgx kw{gzouty7 Zn{y znk osvkjgtik ul znk xuhuz ngy
zu hk iutyojkxkj utr� ot g tkomnhu{xnuuj ul g yzgzoi vuotz ul }uxq7

Ot g mktkxgr igyk5 znk su|ksktzy ul znk ktj6k!kizux gxk jkyixohkj h� g |kruioz�
|kizux y2"3 7 [/5 gtj yosorgxr� znk luxiky hkz}kkt znk ktj6k!kizux gtj znk k~zkxtgr
kt|oxutsktz gxk jkyixohkj h� znk |kizux i2"3 7 [/7 Zn{y ot znk tkomnhu{xnuuj ul
znk yzgzoi vuotz ul }uxq znk lurru}otm xkrgzoutynov nurjy

y2@3 E c2@3i2@3E 2;>7:>3

}nkxk c2@3 oy g ? # ? sgzxo~ zngz jkyixohky znk osvkjgtik lkgz{xky ul znk
qotksgzoiy ingot7 H� iusvgxoyut ul znk rgyz kw{gzout }ozn 2:<3 utk igt ykk zngz
znk |kruioz�6|urzgmk gtgrum� ngy hkkt gvvrokj7

Znk krksktzy ul znk osvkjgtik sgzxo~ iu{rj hk jkxo|kj lxus g sgznksgzoigr
sujkr ul znk xuhuz5 ux znk� iu{rj hk uhzgotkj lxus gt k~vkxosktz ut g xkgr xuhuzoi
yzgtj7 Oz }u{rj hk }uxzn ynu}otm g yosvrk k~gsvrk zngz orr{yzxgzky znk uxomoty ul
znk osvkjgtik lkgz{xky ul znk xuhuz7

Rkz {y iutyojkx g ;6JUL vrgtgx sgtov{rgzux vxkyktzkj ot Lom7 ;>7?7 [tjkx znk

O

N)&

]&

)'

]'

GF-hF5 iF.

@][. 14.5. Vrgtgx ;JUL sgtov{rgzux

gyy{svzout zngz huzn rotqy gxk ojkgrr� xomoj hujoky5 znk j�tgsoiy ul znk qotksgzoiy
ingot oy jkyixohkj h� znk kw{gzout

K2t3&t 4 L2tE et3 et 4 k2t3 E ;E 2;>7:?3

}nkxk t 7 [+7
Zu yosvrol� l{xznkx iutyojkxgzouty oz oy gjjozoutgrr� gyy{skj zngz znk otkxzog ul

kgin rotq oy xkvxkyktzkj h� g vuotz sgyy 2p* gtj p+5 xkyvkizo|kr�3 vrgikj gz znk
ktj ul znk rotq7 Ot znoy igyk znk sgznksgzoigr sujkr ul znk sgtov{rgzux zgqky znk
luxs
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Znk zuxw{k mktkxgzkj h� znk l6zn jxo|k oy mo|kt h� znk luxs{rg

;] E n]

-
fg]lU] ! Sf]

g@f]
gw

.
! ;]Zf]Wh]cbE l E :E ;E 2;>7:A3

}nkxk n] oy znk mkgx xgzou5 fg] oy znk zuxw{k iutyzgtz ul znk suzux5 lU] jktuzky znk
gxsgz{xk i{xxktz5 Sf] jkyixohky znk otkxzog ul znk xuzux5 gtj "tgrr� @f] oy znk gtm{rgx
|kruioz� ul znk xuzux7 Zgqotm gjjozoutgrr� znk xkrgzout @f] E n] e2]5 znk jkyixovzout ul
znk sgtov{rgzux j�tgsoiy iu{rj hk vxkyktzkj gy lurru}y/

p*o
+
* 4p+2o

+
* 4 ;o*o+ iuy22+3 4 o++3 4 n+*Sf* p+o+2o* iuy22+3 4 o+3
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Znk j�tgsoiy ul znk l6zn suzux y{vvrokj h� znk |urzgmk )xU]2w3 lxus g V]S iut|kxzkx
oy jkyixohkj h�

[U]lU]2w3 4 UU]
glU]2w3

gw
4 hU]2w3 E )xU]2w3D 2;>7;93

Ot znoy luxs{rg [U] gtj UU] jktuzk znk xkyoyzgtik gtj otj{izgtik ul znk gxsgz{xk
}otjotm5 gtj hU2w3 oy znk krkizxusuzo|k luxik5 }noin oy vxuvuxzoutgr zu znk gtm{rgx
|kruioz� ul znk xuzux hU]2w3 E fg]@f]2w37 Znk yzx{iz{xk ul znk j�tgsoiy ul znk xuhuz
iutyoyzy ul z}u vgxzyC znk j�tgsoiy ul znk qotksgzoiy ingot5 gtj znk j�tgsoiy ul
znk jxo|ky5 gy vxkyktzkj ot Lom7 ;>7@7

Lux g y{Æioktzr� ysgrr tkomnhu{xnuuj ul g yzkgj� yzgzk vuotz5 utk igt {yk tk}
|gxoghrky %2*2w3 gtj %2+2w35 jk"tkj gy

%2*2w3 E 2*2w3! 2*cE gtj %2+2w3 E 2+2w3! 2+cD 2;>7;:3

Znk tk~z yzkv iu{rj hk g rotkgxo!gzout ul znk jkyixovzout ul znk sgtov{rgzux
j�tgsoiy7 Ot znk igyk }nkt 2+c E 95 znk rotkgx sujkr zgqky znk luxs/
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+
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0
E
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0
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@][. 14.6. Hruiq jogmxgs ul znk }nurk j�tgsoiy ul znk xuhuz

Znk rotkgxo!kj sujkr ul znk sgtov{rgzux iu{rj hk zxgtyluxskj otzu gt krkizxoigr
kw{o|grktz {yotm znk |kruioz�6|urzgmk gtgrum�7 Huzn vgxzy ul znk xuhuz sujkr iu{rj hk
vxkyktzkj mxgvnoigrr� gy ot Lom7 ;>7A7 Znk sujkr oy jkyixohkj h� znk ykz ul vgxgskzkxyC
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@][. 14.7. Kw{o|grktz sujkr ul znk xuhuz j�tgsoiy ot g tkomnhuxnuuj ul g yzkgj�
yzgzk

L** E p*o
+
* 4p+2o* 4 o+3

+ 4 n+*Sf*E L++ E p+o
+
+ 4 n++Sf+E

U** E
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2p*o* 4p+2o* 4 o+33j yot22*c3
E U++ E

!:
p+o+j yot22*c3

E

+* E
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p+o++ 4 n++Sf+
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p+o+2o* 4 o+3
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,* E :E ,+ E
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P* E e*E P+ E e+E
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;*c E 2p*o* 4p+2o* 4 o+33j iuy22*c3E ;+c E p+o+j iuy22*c3D

Znk }nurk sujkr mo|ky g jkkv otyomnz otzu znk zxgtylkx gtj gii{s{rgzout ul ktkxm�
ot grr vgxzy ul znk y�yzks7

Zu "tj znk osvkjgtik ul znk }nurk xuhuz oy oz vuyyohrk zu vkxluxs gt k~vkxosktz
vxkyktzkj ot Lom7 ;>7B7 Znk k~zkxtgr luxiky gxk gizotm ut znk ktj6k!kizux ul znk xuhuz7

%O

%N)&

)'

%WN %WM

@][. 14.8. K~zkxtgr luxiky gizotm ut znk ktj6k!kizux ul znk xuhuz

Gy znk y�yzks oy iusvrogtz znk vuyozout ul znk ktj6k!kizux oy ingtmotm lxus ozy yzkgj�
yzgzk 2{cE |c37 Ol znk yngvk ul znk luxik oy yot{yuojgr }ozn xkyvkiz zu zosk5 jkyixohkj
h� gtm{rgx lxkw{kti� @5 znkt znk |kruiozoky ul znk ktj6k!kizux ot joxkizout a gtj
b ng|k gryu znk yot{yuojgr yngvk ul znk ygsk gtm{rgx lxkw{kti�7 H� skgy{xotm znk
gsvroz{jk gtj vngyk ul znkyk |kruiozoky oz oy vuyyohrk zu "tj grr krksktzy ul znk
osvkjgtik sgzxo~ c2@35 giiuxjotm zu k~zktjkj luxs ul xkrgzoutynov 2;>7:>3/

yl2@3
ym2@3

0
E c

/
il2@3
im2@3

0
D 2;>7;<3

L{xznkx znk osvkjgtik sgzxo~ iu{rj hk vxkyktzkj ot gt k~vutktzogr luxs5 gy
lurru}y

c2@3 E

/
cll2@3 clm2@3
cml2@3 cmm2@3

0
E

/ RcllR k~v2m=ll3 RclmR k~v2m=lm3
RcmlR k~v2m=ml3 RcmmR k~v2m=mm3

0
D 2;>7;=3

Gy gt k~gsvrk5 g rghuxgzux� sujkr ul g ;JUL xuhuz5 kw{ovvkj }ozn JI jxo|ky5
ngy hkkt zkyzkj {yotm Sgzrgh yulz}gxk7 Znk hgyoi vgxgskzkxy ul znk xuhuz gxk gy
lurru}yC o* E 9DA s5 o+ E 9D? s5 p* E >D9 qm5 p+ E ;D9 qm5 [U* E [U+ E :D;;*5
UU* E UU+ E ;D> sN5 n* E n+ E :?95 gtj Sf* E Sf+ E ;D@: " :9!- qms+7 Ot Zghrk
;>7> znk |gr{ky ul grr znk krksktzy ul znk osvkjgtik sgzxo~ lux znk tkomnhuxnuuj ul
g yzgzoi vuotz ul }uxq 2*c E !<9 jkm gtj 2+c E !=> jkm gxk iusvorkj7

Lotgrr� oz }u{rj hk }uxzn ynu}otm nu} zu zgqk otzu giiu{tz znk lkgz{xky ul
ngxsutoi mkgxy zngz gxk |kx� vuv{rgx ot xuhuzy7 Giiuxjotm zu a;5 :>c znk sgot
jo!kxktik hkz}kkt znoy z�vk ul mkgx hu~ ot iusvgxoyut zu uznkxy 2lux otyzgtik g
vrgtkzgx� mkgx3 oy xkrgzo|kr� ru} yzo!tkyy7 Zn{y znk j�tgsoi lkgz{xky ul y{in g mkgx
ng|k zu hk sujkrrkj {yotm gt gjjozoutgr otj{izux 2U\[3 gtj igvgiozux 2L\[35 gy
ynu}t ot Lom7 ;>7:97
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LUV_Y 14.4. Krksktzy ul znk osvkjgtik sgzxo~ ul g ;JUL xuhuz

il E 9E > yot2@w3 aTc

im E 9 aTc

im E 9 aTc
im E 9E > yot2@w3 aTc

@ RcllRa agH c =llaghjc RcmlRa agH c =mlaghjc RclmRa agH c =lmaghjc RcmmRa agH c =mmaghjc

: <7BB<K69; 6@7A ;7:B;K69; 6A7A ;7:>>K69; 6:<5@ ;7<<;K69; 6:=7>

; >7B@?K69; 6<>7? =7::;K69; 6=@7= <7A::K69; 6>@7: =79;<K69; 6>A7@

> ;7BA<K69; 6:;@7; @7>?9K69< 6:@B7@ =7A=;K69< 6:@=7@ =7BB<K69< 6:?=7=
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@][. 14.0/. Kw{o|grktz sujkr ul ;JUL xuhuz kw{ovvkj }ozn ngxsutoi mkgxy

'*$* 2TSHQZXNTS

Ot znk vgvkx znk skznuj ul h{orjotm znk krkizxoigr gtgrum{ky ul g skingtoigr y�yzks
}gy k~gsotkj7 Oz grru}y zu kgyor� rotq y{in gtgrum{k krksktzy }ozn znk uznkx vgxzy
ul znk skingzxutoi y�yzks7 Znk sgot mugr ul znk vgvkx }gy zu ynu} zngz znk skznuj
hgykj ut tgz{xgr gtgrum� hkz}kkt skingtoigr |kruioz� gtj krkizxoigr |urzgmk5 gtj5
gy g iutykw{ktik5 gtgrum� hkz}kkt luxik gtj i{xxktz oy znk hkyz inuoik lxus znk z}u
vuyyohorozoky7 H� iusvgxoyut ul znk x{rky gtj iut|ktoktz k~gsvrky znk y{vkxouxoz�
ul znk tgz{xgr gtgrum� u|kx znk |kruioz�6i{xxktz gtgrum� ot xuhuzoiy gvvroigzout
}gy vxu|kj7 Iutyojkxgzouty }kxk sgotr� xkyzxoizkj zu rotkgx ux rotkgxo!kj y�yzksy7
Nu}k|kx5 oz }gy ynu}t nu} yusk z�vky ul tut6rotkgx iu{vrotmy5 yu ingxgizkxoyzoi lux
sgtov{rgzuxy5 igt hk sujkrrkj h� {yotm znk iutzxurrkj i{xxktz yu{xiky7

Gryu g vuzktzogr k~oyzy ot k~vruozotm znk lkgz{xky ul znk tgz{xgr gtgrum� ot
vxuhrksy ul osvkjgtik iutzxur ul sgtov{rgzuxy7
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@JKJWJSHJX

:7 Gtjkxyut X7P7 gtj Yvutm S7]7 2:BAA3 N�hxoj osvkjgtik iutzxur ul xuhuzoi
sgtov{rgzuxy5 OKKK Pu{xtgr ul Xuhuzoiy gtj G{zusgzout5 |ur7 =5 :BAA5 vv7
>=B">>?7

;7 Jk R{ig G7 gtj Zusko V7C Krgyzoi puotzy7 Ot Znkux� ul Xuhuz Iutzxur5 Igt{jgy
jk ]oz I75 Yoiorogtu H75 Hgyzot K7 2Kjy3 2:BB?3 Yvxotmkx \kxrgm5 Rutjut5 vv7
:@B";:@7

<7 Juxl X7I7 2:BAB3 Sujkxt Iutzxur Y�yzksy5 Gjjoyut ]kyrk� V{hr7 Iusv75
Xkgjotm5 SG7

=7 Loxkyzutk L7G7 2:B<<3 G tk} gtgrum� hkz}kkt skingtoigr gtj krkizxoigr y�yzks
krksktzy7 P7 ul znk Giu{yzoi Yuiokz� ul Gskxoig7 |ur7 <5 vv7 ;=B";?@7

>7 Ngrrojg� J7 gtj Xkytoiq X7 2:B?<3 Vn�yoiy lux Yz{jktzy ul Yioktik gtj
Ktmotkkxotm5 Punt ]ork� gtj Yuty5 Oti75 Tk} _uxq7

?7 Numgt T7 2:BA=3 Gjgvzo|k iutzxur ul skingtoigr osvkjgtik h� iugizo|gzout
ul gtzgmutoyz s{yirky5 OKKK Zxgty7 ut G{zusgzoi Iutzxur5 |ur7 GI6;B5 vv7
?A:"?B97

@7 Numgt T7 2:BA>3 Osvkjgtik iutzxurC Gt gvvxugin zu sgtov{rgzout5 GYSK
Pu{xtgr ul J�tgsoi Y�yzksy5 Skgy{xksktzy5 gtj Iutzxur5 |ur7 :9@5 vv7 :";<7

A7 Numgt T75 Hxkkj|krj V7 2:BBB3 Znk vn�yoigr hgyoy ul gtgrumoky ot tkz}uxq sujkry
ul vn�yoigr y�yzks j�tgsoiy7 Vxui7 :BBB Otz7 Iutl7 ut Hutj Mxgvn Sujkrotm
gtj Yos{rgzout7 ]kyzkxt S{rzoiutlkxktik Yos{r{rgzout Ykxoky5 Ygt Lxgtioyiu5
|ur7 <:5 Tu :5 vv7 B?":9=5

B7 Lkxxkzzo M75 Sgmtgto M7 G75 Xuiiu V7 2;99=3 Osvkjgtik iutzxur lux krgyzoi puotzy
otj{yzxogr sgtov{rgzuxy7 OKKK Zxgty7 ut Xuhuzoiy gtj G{zusgzout5 |ur7 ;95 vv7
=AA"=BA7

:97 Mxgtuyoq M7 gtj Pk!okxyqo K7 2:BBB3 Gvvroigzout ul g sg~os{s yzo!tkyy x{rk lux
vtk{sgzoigrr� jxo|kt rkmy ul g }grqotm xuhuz5 Vxui7 ul znk ;tj Otz7 Iutlkxktik
ut Iroshotm gtj ]grqotm Xuhuzy5 IRG]GX BB5 vv7 ;:<";:A5 Vuxzysu{zn7

::7 Pk!okxyqo K7 gtj Mxgtuyoq M7 2:BB@3 Sutozuxotm ul iutzgiz luxiky ot g
vtk{sgzoigrr� jxo|kt sgtov{rgzux5 Vxui7 ul ^O\ OSKQU ]uxrj Iutmxkyy5
Zgsvkxk5 :BB@5 |ur7 O^H5 vv7 ;@;";@@7

:;7 Pk!okxyqo K7 2;9993 Lkgz{xky gtj iutzxur ul suhork xuhuz jxo|k y�yzksy5
Vxuikkjotmy ul G\Z Lgrr ;999 Y�svuyo{s ut [tsgttkj \knoirky lux Gkxogr5
Mxu{tj gtj Tg|gr Sorozgx� Uvkxgzout5 Gtqgxg5 2ot IJ37

:<7 Vgxq P7N7 2;99:3 Osvkjgtik iutzxur lux hovkj xuhuz ruiusuzout7 OKKK Zxgty7
ut Xuhuzoiy gtj G{zusgzout5 |ur7 :@5 vv7 A@9"AA;7

:=7 Vxgzz P7K7 gtj Vxgzz M7G7 2:BBB3 K~vruozotm tgz{xgr j�tgsoiy ot znk iutzxur ul
g znxkk6josktyoutgr hovkjgr }grqotm yos{rgzout5 Vxui7 ul znk ;tj Otzkxtgzoutgr
Iutlkxktik ut Iroshotm gtj ]grqotm Xuhuzy IRG]GX BB5 Vuxzysu{zn5 vv7
@B@"A9@7

:>7 Z{zzrk J7Z75 Ykkxotm ]7V7 2:BB?3 G tutrotkgx sujkr ul g ngxsutoi jxo|k mkgx
zxgtysoyyout7 OKKK Zxgty7 ut Xuhuzoiy gtj G{zusgzout5 |ur7 :;5 vv7 <?A"<@=7

:?7 ]ozzk N75 Ngiqkxz X75 ^m Ze 2;99:3 Zxgtylkx ul hourumoigr vxotiovrky otzu znk
iutyzx{izout ul w{gjx{vkj }grqotm sginotky7 Vxui7 ul znk Ykiutj ]uxqynuv
ut Xuhuz Suzout gtj Iutzxur5 H{qu}� J}uxkq5 vv7 ;=>";=B7

:@7 `okro&tyqg Z7 2:BB?3 Iu{vrkj uyiorrgzuxy {zoro!kj gy mgoz xn�zns mktkxgzuxy ul g
z}u6rkmmkj }grqotm sginotk7 Hourumoigr I�hkxtkzoiy5 |ur7 ?5 vv7 ;?<";@<7

404 E. Jezierski



Lecture Notes in Control and Information Sciences

Edited by M. Thoma and M. Morari

Further volumes of this series can be found on our homepage:
springer.com

Vol. 334: Edwards, C.; Fossas Colet, E.;
Fridman, L. (Eds.)
Advances in Variable Structure and Sliding Mode
Control
504 p. 2006 [3-540-32800-9]

Vol. 333: Banavar, R.N.; Sankaranarayanan, V.
Switched Finite Time Control of a Class of
Underactuated Systems
99 p. 2006 [3-540-32799-1]

Vol. 332: Xu, S.; Lam, J.
Robust Control and Filtering of Singular Systems
234 p. 2006 [3-540-32797-5]

Vol. 331: Antsaklis, P.J.; Tabuada, P. (Eds.)
Networked Embedded Sensing and Control
367 p. 2006 [3-540-32794-0]

Vol. 330: Koumoutsakos, P.; Mezic, I. (Eds.)
Control of Fluid Flow
200 p. 2006 [3-540-25140-5]

Vol. 329: Francis, B.A.; Smith, M.C.; Willems, J.C. (Eds.)
Control of Uncertain Systems: Modelling,
Approximation, and Design
429 p. 2006 [3-540-31754-6]

Vol. 328: Lor a, A.; Lamnabhi-Lagarrigue, F.;
Panteley, E. (Eds.)
Advanced Topics in Control Systems Theory
305 p. 2006 [1-84628-313-2]

Vol. 327: Fournier, J.-D.; Grimm, J.; Leblond, J.;
Partington, J.R. (Eds.)
Harmonic Analysis and Rational Approximation
301 p. 2006 [3-540-30922-5]

Vol. 326: Wang, H.-S.; Yung, C.-F.; Chang, F.-R.
H∞ Control for Nonlinear Descriptor Systems
164 p. 2006 [1-84628-289-6]

Vol. 325: Amato, F.
Robust Control of Linear Systems Subject to Uncertain
Time-Varying Parameters
180 p. 2006 [3-540-23950-2]

Vol. 324: Christoˇdes, P.; El-Farra, N.
Control of Nonlinear and Hybrid Process Systems
446 p. 2005 [3-540-28456-7]

Vol. 323: Bandyopadhyay, B.; Janardhanan, S.
Discrete-time Sliding Mode Control
147 p. 2005 [3-540-28140-1]

Vol. 322: Meurer, T.; Graichen, K.; Gilles, E.D. (Eds.)
Control and Observer Design for Nonlinear Finite
and Inˇnite Dimensional Systems
422 p. 2005 [3-540-27938-5]

Vol. 321: Dayawansa, W.P.; Lindquist, A.;
Zhou, Y. (Eds.)
New Directions and Applications in Control Theory
400 p. 2005 [3-540-23953-7]

Vol. 320: Steffen, T.
Control Reconˇguration of Dynamical Systems
290 p. 2005 [3-540-25730-6]

Vol. 319: Hofbaur, M.W.
Hybrid Estimation of Complex Systems
148 p. 2005 [3-540-25727-6]

Vol. 318: Gershon, E.; Shaked, U.; Yaesh, I.
H∞ Control and Estimation of State-muliplicative
Linear Systems
256 p. 2005 [1-85233-997-7]

Vol. 317: Ma, C.; Wonham, M.
Nonblocking Supervisory Control of State Tree
Structures
208 p. 2005 [3-540-25069-7]

Vol. 316: Patel, R.V.; Shadpey, F.
Control of Redundant Robot Manipulators
224 p. 2005 [3-540-25071-9]

Vol. 315: Herbordt, W.
Sound Capture for Human/Machine Interfaces:
Practical Aspects of Microphone Array Signal Processing
286 p. 2005 [3-540-23954-5]

Vol. 314: Gil', M.I.
Explicit Stability Conditions for Continuous Systems
193 p. 2005 [3-540-23984-7]

Vol. 313: Li, Z.; Soh, Y.; Wen, C.
Switched and Impulsive Systems
277 p. 2005 [3-540-23952-9]

Vol. 312: Henrion, D.; Garulli, A. (Eds.)
Positive Polynomials in Control
313 p. 2005 [3-540-23948-0]

Vol. 311: Lamnabhi-Lagarrigue, F.; Lor a, A.;
Panteley, E. (Eds.)
Advanced Topics in Control Systems Theory
294 p. 2005 [1-85233-923-3]



Vol. 310: Janczak, A.
Identiˇcation of Nonlinear Systems Using Neural
Networks and Polynomial Models
197 p. 2005 [3-540-23185-4]

Vol. 309: Kumar, V.; Leonard, N.; Morse, A.S. (Eds.)
Cooperative Control
301 p. 2005 [3-540-22861-6]

Vol. 308: Tarbouriech, S.; Abdallah, C.T.; Chiasson, J. (Eds.)
Advances in Communication Control Networks
358 p. 2005 [3-540-22819-5]

Vol. 307: Kwon, S.J.; Chung, W.K.
Perturbation Compensator based Robust Tracking
Control and State Estimation of Mechanical Systems
158 p. 2004 [3-540-22077-1]

Vol. 306: Bien, Z.Z.; Stefanov, D. (Eds.)
Advances in Rehabilitation
472 p. 2004 [3-540-21986-2]

Vol. 305: Nebylov, A.
Ensuring Control Accuracy
256 p. 2004 [3-540-21876-9]

Vol. 304: Margaris, N.I.
Theory of the Non-linear Analog Phase Locked Loop
303 p. 2004 [3-540-21339-2]

Vol. 303: Mahmoud, M.S.
Resilient Control of Uncertain Dynamical Systems
278 p. 2004 [3-540-21351-1]

Vol. 302: Filatov, N.M.; Unbehauen, H.
Adaptive Dual Control: Theory and Applications
237 p. 2004 [3-540-21373-2]

Vol. 301: de Queiroz, M.; Malisoff, M.; Wolenski, P. (Eds.)
Optimal Control, Stabilization and Nonsmooth Analysis
373 p. 2004 [3-540-21330-9]

Vol. 300: Nakamura, M.; Goto, S.; Kyura, N.; Zhang, T.
Mechatronic Servo System Control
Problems in Industries and their Theoretical Solutions
212 p. 2004 [3-540-21096-2]

Vol. 299: Tarn, T.-J.; Chen, S.-B.; Zhou, C. (Eds.)
Robotic Welding, Intelligence and Automation
214 p. 2004 [3-540-20804-6]

Vol. 298: Choi, Y.; Chung, W.K.
PID Trajectory Tracking Control for Mechanical Systems
127 p. 2004 [3-540-20567-5]

Vol. 297: Damm, T.
Rational Matrix Equations in Stochastic Control
219 p. 2004 [3-540-20516-0]

Vol. 296: Matsuo, T.; Hasegawa, Y.
Realization Theory of Discrete-Time Dynamical Systems
235 p. 2003 [3-540-40675-1]

Vol. 295: Kang, W.; Xiao, M.; Borges, C. (Eds)
New Trends in Nonlinear Dynamics and Control,
and their Applications
365 p. 2003 [3-540-10474-0]

Vol. 294: Benvenuti, L.; De Santis, A.; Farina, L. (Eds)
Positive Systems: Theory and Applications (POSTA 2003)
414 p. 2003 [3-540-40342-6]

Vol. 293: Chen, G. and Hill, D.J.
Bifurcation Control
320 p. 2003 [3-540-40341-8]

Vol. 292: Chen, G. and Yu, X.
Chaos Control
380 p. 2003 [3-540-40405-8]

Vol. 291: Xu, J.-X. and Tan, Y.
Linear and Nonlinear Iterative Learning Control
189 p. 2003 [3-540-40173-3]

Vol. 290: Borrelli, F.
Constrained Optimal Control
of Linear and Hybrid Systems
237 p. 2003 [3-540-00257-X]

Vol. 289: Giarre, L. and Bamieh, B.
Multidisciplinary Research in Control
237 p. 2003 [3-540-00917-5]

Vol. 288: Taware, A. and Tao, G.
Control of Sandwich Nonlinear Systems
393 p. 2003 [3-540-44115-8]

Vol. 287: Mahmoud, M.M.; Jiang, J.; Zhang, Y.
Active Fault Tolerant Control Systems
239 p. 2003 [3-540-00318-5]

Vol. 286: Rantzer, A. and Byrnes C.I. (Eds)
Directions in Mathematical Systems
Theory and Optimization
399 p. 2003 [3-540-00065-8]

Vol. 285: Wang, Q.-G.
Decoupling Control
373 p. 2003 [3-540-44128-X]

Vol. 284: Johansson, M.
Piecewise Linear Control Systems
216 p. 2003 [3-540-44124-7]

Vol. 283: Fielding, Ch. et al. (Eds)
Advanced Techniques for Clearance of
Flight Control Laws
480 p. 2003 [3-540-44054-2]

Vol. 282: Schroder, J.
Modelling, State Observation and
Diagnosis of Quantised Systems
368 p. 2003 [3-540-44075-5]

Vol. 281: Zinober A.; Owens D. (Eds)
Nonlinear and Adaptive Control
416 p. 2002 [3-540-43240-X]

Vol. 280: Pasik-Duncan, B. (Ed)
Stochastic Theory and Control
564 p. 2002 [3-540-43777-0]

Vol. 279: Engell, S.; Frehse, G.; Schnieder, E. (Eds)
Modelling, Analysis, and Design of Hybrid Systems
516 p. 2002 [3-540-43812-2]




