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I. #�������

	� �����
����� �������

1 . < jZfdZo lj_lv_c Dhgn_j_gpbb Hj]ZgbaZpbb

H[t_^bg_gguo GZpbc ih bkke_^h\Zgbx b bkihev-
ah\Zgbx dhkfbq_kdh]h ijhkljZgkl\Z \ fbjguo p_eyo

�XGBKI?CK– I I I )  b <_gkdhc ^_deZjZpbb h dhkfb-
q_kdhc ^_yl_evghklb b jZa\blbb q_eh\_q_kdh]h
h[s_kl\Z Ijh]jZff_ Hj]ZgbaZpbb H[t_^bg_gguo
GZpbc ih ijbf_g_gbx dhkfbq_kdhc l_ogbdb [ueh
j_dhf_g^h\Zgh ihhsjylv kh\f_klgh_ mqZklb_
]hkm^Zjkl\±qe_gh\ \ dhkfbq_kdhc ^_yl_evghklb dZd
gZ j_]bhgZevghf� lZd b gZ f_`^mgZjh^ghf mjh\g_�
^_eZy mihj gZ jZa\blb_ agZgbc b gZ\udh\ \
jZa\b\Zxsboky kljZgZo1 .

2 . GZ k\h_c khjhd \lhjhc k_kkbb \ ���� ]h^m
Dhfbl_l ih bkihevah\Zgbx dhkfbq_kdh]h ijhkljZg�
kl\Z \ fbjguo p_eyo h^h[jbe aZieZgbjh\Zggmx gZ
2 0 0 0 ]h^ ijh]jZffm ijZdlbdmfh\� mq_[guo dmjkh\�
kbfihabmfh\ b dhgn_j_gpbc2

� <ihke_^kl\bb =_g_�
jZevgZy :kkZf[e_y \ k\h_c j_ahexpbb ����� hl � ^_�
dZ[jy ���� ]h^Z h^h[jbeZ Ijh]jZffm Hj]ZgbaZpbb
H[t_^bg_gguo GZpbc ih ijbf_g_gbx dhkfbq_kdhc
l_ogbdb gZ ���� ]h^�

3 . <h bkiheg_gb_ j_ahexpbb ����� b \ khhl\_l-
kl\bb k j_dhf_g^Zpb_c XGBKI?CK- I I I Hj]Zgb-
aZpby H[t_^bg_gguo GZpbc� ?\jhi_ckdh_ dhkfb-
q_kdh_ Z]_glkl\h �?D:� b ijZ\bl_evkl\h NjZgpbb
hj]Zgbah\Zeb \ GZpbhgZevghf p_glj_ dhkfbq_kdbo
bkke_^h\Zgbc �DG?K� \ Lmema_� NjZgpby� k �� ih
3 0 bxgy ���� ]h^Z ^_\yluc IjZdlbdmf Hj]ZgbaZpbb
H[t_^bg_gguo GZpbc�?\jhi_ckdh]h dhkfbq_kdh]h
Z]_glkl\Z ih nmg^Zf_glZevghc dhkfbq_kdhc gZmd_�
kimlgbdb b k_lb l_e_kdhih\ dZd kj_^kl\h h[_ki_q_-
gby ]eh[Zevgh]h mqZklby \ bkke_^h\Zgbb <k_e_gghc�
< hj]ZgbaZpbb ijZdlbdmfZ ijbgyeb mqZklb_
:\kljbckdh_ dhkfbq_kdh_ Z]_glkl\h� DG?K� Dhfbl_l

ih bkke_^h\Zgbx dhkfbq_kdh]h ijhkljZgkl\Z� ?D:�
=_jfZgkdh_ dhkfbq_kdh_ Z]_glkl\h� F_`^mgZjh^guc
Zkljhghfbq_kdbc khxa� GZpbhgZevgh_ mijZ\e_gb_
ih ZwjhgZ\lbd_ b bkke_^h\Zgbx dhkfbq_kdh]h ijh-
kljZgkl\Z �G:K:� Kh_^bg_gguo RlZlh\ :f_jbdb b
Hj]ZgbaZpby H[t_^bg_gguo GZpbc� IjbgbfZxs_c
klhjhghc ijZdlbdmfZ hl bf_gb ijZ\bl_evkl\Z NjZg-
pbb \uklmiZe DG?K�

4 . Wlhl ijZdlbdmf ijh^he`be k_jbx ijZdlbdmfh\
Hj]ZgbaZpbb H[t_^bg_gguo GZpbc�?D: ih nmg^Z-
f_glZevghc dhkfbq_kdhc gZmd_� ijh\h^b\rboky \
bgl_j_kZo jZa\b\Zxsboky kljZg \ ���� ]h^m \ Bg^bb
b \ ���� ]h^m \ Rjb�EZgd_ ^ey :abb b jZchgZ
Lboh]h hd_ZgZ �kf� A / A C .1 0 5 /4 8 9  b :�:K���������� \
1 9 9 2 ]h^m \ Dhemf[bb b DhklZ�Jbd_ b \ ���� ]h^m \
=hg^mjZk_ ^ey EZlbgkdhc :f_jbdb b DZjb[kdh]h
[Zkk_cgZ �kf� A / A C .1 0 5 /5 3 0  b :�:K���������� \
1 9 9 3 ]h^m \ Gb]_jbb ^ey :njbdb �kf� :�:K���������
A d d .��� \ ���� ]h^m \ ?]bil_ b \ ���� ]h^m \
Bhj^Zgbb ^ey AZiZ^ghc :abb �kf� A / A C .1 0 5 /5 8 0  b
:�:K���������� b \ ���� ]h^m \ =_jfZgbb ^ey ?\jhiu
�kf� A / A C .1 0 5 /6 5 7 ) .

5 . =eZ\gZy p_ev ijZdlbdmfZ khklhyeZ \ lhf� qlh[u
hagZdhfblv mqZklgbdh\ k ihke_^gbfb j_amevlZlZfb
gZmqguo bkke_^h\Zgbc a\_a^ b ^Zevgbo ijhklhjh\
<k_e_gghc k ihfhsvx \u\_^_gguo \ dhkfhk
djmiguo h[k_j\Zlhjbc� LZdb_ kimlgbdh\u_ h[k_j\Z�
lhjbb ij_^hklZ\eyxl mq_guf rbjhdb_ \hafh`ghklb
^ey ijh\_^_gby bkke_^h\Zgbc ih \k_f Zki_dlZf
nmg^Zf_glZevghc dhkfbq_kdhc gZmdb ba dhkfhkZ \
^hiheg_gb_ d bkke_^h\Zgbyf� ijh\h^bfuf k A_feb�
H[km`^Zeky \hijhk h djmiguo fZkkb\Zo ^Zgguo�
ihemqZ_fuo \ oh^_ wlbo ihe_lh\� k mq_lhf baf_g_�
gbc klhysbo i_j_^ mq_gufb±bkke_^h\Zl_eyfb aZ^Zq�
Z lZd`_ \hafh`ghklv h[e_]q_gby ^hklmiZ d bf_�
xsbf \Z`gh_ agZq_gb_ [ZaZf ^Zgguo� dhlhjufb
jZkiheZ]Zxl djmigu_ dhkfbq_kdb_ Z]_glkl\Z�
=h\hjbehkv h \Z`ghklb bkke_^h\Zgbc gZ hkgh\_
bf_xsboky ^Zgguo b bkihevah\Zgby bgnhjfZpbb h
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dhkfbq_kdbo ihe_lZo \ kn_j_ h[jZah\Zgby� Z lZd`_
h[ m\yad_ aZ^Zq lZdbo ihe_lh\ k gm`^Zfb jZa\b\Z�
xsboky kljZg� klj_fysboky Zdlb\gh mqZkl\h\Zlv \
jZkdjulbb aZ]Z^hd <k_e_gghc� Hlf_qZeZkv \Z`ghklv
h[_ki_q_gby \ [m^ms_f ^hklmiZ d dhkfbq_kdbf
bkke_^h\Zgbyf� gZijbf_j� k ihfhsvx \k_fbjghc
dhkfbq_kdhc h[k_j\Zlhjbb� K lhqdb aj_gby ^he]h�
kjhqghc i_jki_dlb\u m`_ \ [eb`Zcr_f [m^ms_f
g_h[oh^bfh [m^_l aZgylvky ieZgbjh\Zgb_f b hij_^_�
e_gb_f \hafh`ghkl_c� k\yaZgguo k wdkiemZlZpb_c
lZdhc h[k_j\Zlhjbb�

6 . GZklhysbc ^hdeZ^ [ue ih^]hlh\e_g ^ey
ij_^klZ\e_gby Dhfbl_lm ih bkihevah\Zgbx dhkfb�
q_kdh]h ijhkljZgkl\Z \ fbjguo p_eyo gZ _]h khjhd
q_l\_jlhc k_kkbb b GZmqgh±l_ogbq_kdhfm ih^dhfb�
l_lm gZ _]h ljb^pZlv \hkvfhc k_kkbb�

#� ���������

7 . GZ hldjulbb ijZdlbdmfZ d mqZklgbdZf
h[jZlbebkv ij_^klZ\bl_eb DG?K� ?D: b Hj]Zgb-
aZpbb H[t_^bg_gguo GZpbc� JZ[hlZ ijZdlbdmfZ
ijhoh^beZ \ nhjf_ gZmqguo aZk_^Zgbc� dZ`^h_ ba
dhlhjuo [ueh ihk\ys_gh dhgdj_lghfm \hijhkm�
Ihke_ ^hdeZ^h\ ijb]eZr_gguo ki_pbZebklh\� \
dhlhjuo hgb ^_ebebkv k\hbfb fukeyfb ih
ijh[e_fZf bkke_^h\Zgbc b h[jZah\Zgby� mkljZb-
\Zebkv djZldb_ h[km`^_gby� ;ueh aZkemrZgh �� ^hd-
eZ^h\ ijb]eZr_gguo ki_pbZebklh\ dZd ba jZa\b-
\Zxsboky� lZd b ba ijhfure_ggh jZa\bluo kljZg�

8 . AZk_^Zgby ijZdlbdmfZ [ueb ihk\ys_gu
ke_^mxsbf l_fZf� Z� Zjob\u ^Zgguo dhkfbq_kdbo
ihe_lh\ b gh\uo gZ[ex^_gbc ba dhkfhkZ b
\hafh`ghklb ^hklmiZ d gbf� b ) kbkl_fu h[jZ[hldb
Zkljhnbabq_kdbo ^Zgguo b f_lh^u bo bkihevah\Z-
gby� k� g_ihkj_^kl\_ggh_ b ^bklZgpbhggh_ bkke_^h-
\Zgb_ Kheg_qghc kbkl_fu� d ) hiul b j_amevlZlu bk-
ihevah\Zgby b g_h[oh^bfhklv k_l_c hilbq_kdbo
Zkljhghfbq_kdbo l_e_kdhih\� b _� \u]h^u dhkfb-
q_kdhc gZmdb ^ey h[s_kl\Z� <uklZ\db ieZdZlh\
iha\hebeb ijb\e_qv \gbfZgb_ d dhgdj_lguf ijh[-
e_fZf b ijh_dlZf \ h[eZklb nmg^Zf_glZevghc
dhkfbq_kdhc gZmdb� GZdZgmg_ ijZdlbdmfZ �� bxgy
2 0 0 0 ]h^Z [ueh ijh\_^_gh BgnhjfZpbhggh_ kh\_sZ-
gb_ ih <k_fbjghc dhkfbq_kdhc h[k_j\Zlhjbb�
bkke_^h\Zgby \ mevljZnbhe_lh\hc h[eZklb ki_dljZ
( W S O /U V ) .

'� )!�
�����

9 . >ey mqZklby \ jZ[hl_ ijZdlbdmfZ Hj]ZgbaZpb_c
H[t_^bg_gguo GZpbc b ?D: [ueb ijb]eZr_gu
mq_gu_ b ij_ih^Z\Zl_eb ba jZa\b\Zxsboky b
ijhfure_ggh jZa\bluo kljZg \k_o wdhghfbq_kdbo
j_]bhgh\ b \ i_j\mx hq_j_^v ba AZiZ^ghc :abb b
:njbdb� Wlh [ueb khljm^gbdb mgb\_jkbl_lh\�
gZmqgh�bkke_^h\Zl_evkdbo bgklblmlh\� h[k_j\Zlh-
jbc� gZpbhgZevguo dhkfbq_kdbo Z]_glkl\� f_`^m-
gZjh^guo hj]ZgbaZpbc b qZklguo ijhfure_gguo
ij_^ijbylbc� aZgbfZxsb_ky \k_fb l_fb Zki_dlZfb
nmg^Zf_glZevghc dhkfbq_kdhc gZmdb� dhlhjuf
ihk\ys_g ijZdlbdmf� KhklZ\ mqZklgbdh\ ih^[bjZeky
gZ hkgh\_ bo gZmqghc ki_pbZebaZpbb b hiulZ jZ[hlu
\ ijh]jZffZo b ijh_dlZo� \ dhlhjuo \_^msZy jhev
hl\h^blky nmg^Zf_glZevghc dhkfbq_kdhc gZmd_�

1 0 . Kj_^kl\Z� \u^_e_ggu_ Hj]ZgbaZpb_c H[t_^b-
g_gguo GZpbc� ?D: b DG?K� [ueb bkihevah\Zgu gZ
ihdjulb_ iml_\uo jZkoh^h\ b aZljZl gZ ij_[u\Zgb_
mqZklgbdh\ ba jZa\b\Zxsboky kljZg� < jZ[hl_ ijZd-
lbdmfZ ijbgyeb mqZklb_ hdheh �� ki_pbZebklh\ \
h[eZklb nmg^Zf_glZevghc dhkfbq_kdhc gZmdb�

11 . GZ ijZdlbdmf_ [ueb ij_^klZ\e_gu ke_^mxsb_
�� ]hkm^Zjkl\Z–qe_gZ� :\kljby� :e`bj� <v_lgZf�
=_jfZgby� >Zgby� BajZbev� Bg^by� Bhj^Zgby� BkiZ-
gby� C_f_g� Dm\_cl� Eb\Zg� FZ\jbdbc� FZeZcaby�
IZdbklZg� IZjZ]\Zc� I_jm� IhevrZ� JhkkbckdZy
N_^_jZpby� Jmfugby� KZm^h\kdZy :jZ\by� KbjbckdZy
:jZ[kdZy J_kim[ebdZ� Kh_^bg_ggh_ Dhjhe_\kl\h
<_ebdh[jblZgbb b K_\_jghc BjeZg^bb� Kh_^bg_g-
gu_ RlZlu :f_jbdb� Km^Zg� LZ^`bdbklZg� Lh]h� Lm-
gbk� M]Zg^Z� MdjZbgZ� NjZgpby� Wnbhiby� X`gZy
:njbdZ b Yihgby�

II. *���!�������������������

1 2 . Mqblu\Zy \ukhdbc mjh\_gv jZa\blby kj_^kl\
k\yab b [ukljh_ jZkrbj_gb_ khhl\_lkl\mxsbo
\hafh`guo \u]h^ [eZ]h^Zjy jZkrbj_gbx ij_^h-
lZ\ey_fuo mkem]� \Z`gh khojZgblv ^bgZfbdm
jZa\b\Zxsboky kljZg \ h[eZklb nmg^Zf_glZevghc
dhkfbq_kdhc gZmdb \ ihke_^g__ ^_kylbe_lb_ iml_f
jZkrbj_gby \hafh`ghkl_c \ kn_j_ k\yab� k l_f
qlh[u g_ mimklblv \u]h^m bkihevah\Zgby mkem]�
ij_^hklZ\ey_fuo fbjm \_^msbfb dhkfbq_kdbfb
Z]_glkl\Zfb�
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1 3 . ;eZ]h^Zjy memqr_gbx dhgkljmdpbb l_e_kdhih\
b ^jm]hc ZiiZjZlmju \ ihke_^gb_ ^_kylv e_l b jhklm
\ ]_hf_ljbq_kdhc ijh]j_kkbb \hafh`ghkl_c dhfivx-
_jh\ b l_ogbdb k\yab oZjZdl_j Zkljhghfbq_kdbo bk�
ke_^h\Zgbc kms_kl\_ggh baf_gbeky� < gZklhys__
\j_fy djmighfZkrlZ[gu_ kt_fdb a\_a^gh]h g_[Z ba
dhkfhkZ b k A_feb \_^mlky \ ^bZiZahg_ hl jZ^bh ^h
j_gl]_gh\kdbo \heg� qlh iha\hey_l \i_j\u_ ihemqZlv
iZgojhfZlbq_kdmx dZjlbgm <k_e_gghc� Wlb gh\u_
\hafh`ghklb hldju\Zxl l_i_jv imlv j_ZebaZpbb
dhgp_ipbb �\bjlmZevghc h[k_j\Zlhjbb� ^ey hk\h_�
gby fZkkb\h\ Zkljhghfbq_kdbo ^Zgguo� Ih wlhc
dhgp_ipbb Zkljhghfu g_ lhevdh ihemqZl ^hklmi d
h[t_fZf ^Zgguo� bkqbkey_fuo l_jZ[ZclZfb b
i_glZ[ZclZfb� gh b kfh]ml bkihevah\Zlv wlb ^Zggu_
[eZ]h^Zjy p_ehfm gZ[hjm bgkljmf_glh\� >ey
kha^Zgby lZdh]h jh^Z \bjlmZevghc h[k_j\Zlhjbb
ihlj_[m_lky dZq_kl\_ggh gh\h_ khljm^gbq_kl\h
f_`^m mq_gufb \ h[eZklb Zkljhghfbb b \ h[eZklb
bgnhjfZlbdb� Wlh jZkrbjbl lZd`_ \hafh`ghklb
khljm^gbq_kl\Z k ij_^klZ\bl_eyfb ^jm]bo ^bkpbi�
ebg� i_j_^ dhlhjufb klhyl ZgZeh]bqgu_ aZ^Zqb� b
klZg_l hkgh\hc ^ey ^_yl_evghklb \ h[eZklb h[jZah�
\Zgby� <bjlmZevgZy h[k_j\Zlhjby ^he`gZ [ulv ]eh�
[Zevgh hjb_glbjh\Zgghc dZd \ kfuke_ ^hklmiZ d
Zjob\Zf� lZd b \ ieZg_ \aZbfh^_ckl\by bkke_^h\Z�
l_e_c�

1 4 . >ey j_ZebaZpbb dhgp_ipbc� dZkZxsboky k_lb
l_e_kdhih\� jZkiheh`_gguo \ jZa\b\Zxsboky
kljZgZo� g_h[oh^bfh m^_eylv [hevr_ \gbfZgby
f_`^mgZjh^ghfm b j_]bhgZevghfm khljm^gbq_kl\m�
;_a ^Zevg_cr_]h jZkrbj_gby lZdh]h khljm^gbq_kl\Z
\ ^_e_ mdj_ie_gby nmg^Zf_glZevghc dhkfbq_kdhc
gZmdb [m^_l djZcg_ ljm^gh ij_h^he_lv jZaebqby \
mjh\gyo j_]bhgZevgh]h jZa\blby� dhlhju_ fh]ml
aZljm^gblv ijhp_kk mklhcqb\h]h jZa\blby fgh]bo
jZa\b\Zxsboky kljZg�

1 5 . MqZklgbdb ijZdlbdmfZ k m^h\e_l\hj_gb_f
hlf_lbeb� qlh \ jZfdZo XGBKI?CK±I I I [ueh
ijbagZgh klbfmebjmxs__ \ha^_ckl\b_ wlhc k_jbb
ijZdlbdmfh\ gZ jZa\blb_ nmg^Zf_glZevghc
dhkfbq_kdhc gZmdb b iheh`bl_evgh hp_g_gZ jhev
nmg^Zf_glZevghc dhkfbq_kdhc gZmdb \ kha^Zgbb
ijhqghc hkgh\u ^ey ^Zevg_cr_]h mklhcqb\h]h b
mkdhj_ggh]h jZa\blby�

1 6 . MqZklgbdb hlf_lbeb lZd`_ ijh]j_kk \ h[_k�
i_q_gbb [he__ Zdlb\gh]h ijbh[s_gby jZa\b\Z�
xsboky kljZg d i_j_^h\hc dhkfbq_kdhc gZmd_� qlh

[ueh hkh[h ih^q_jdgmlh \ hp_gd_ dhgp_ipbb \k_�
fbjghc dhkfbq_kdhc h[k_j\Zlhjbb� ijh\_^_gghc \
hlghr_gbb W S O /U V .

1 7 . MqZklgbdb kh]eZkbebkv k l_f� qlh W S O / U V
iha\hebl k^_eZlv k_jv_aguc rZ] \i_j_^� qlh fh`_l
klZlv gh\uf klbfmehf ^ey mklhcqb\h]h jZa\blby
nmg^Zf_glZevghc dhkfbq_kdhc gZmdb \h \k_fbjghf
fZkrlZ[_� Z lZd`_ hldjh_l gh\u_ mgbdZevgu_
i_jki_dlb\u ^ey \k_fbjgh]h khljm^gbq_kl\Z� Wlb
i_jki_dlb\u fh]ml g_ aZ\bk_lv hl mjh\gy bg^mkljbZ�
ebaZpbb mqZkl\mxsbo kljZg� mqblu\Zy hkh[_gghklb
kh\j_f_ggh]h fbjZ�

1 8 . MqZklgbdb j_dhf_g^h\Zeb \hkihevah\Zlvky
hldju\Zxs_cky \hafh`ghklvx kha^Zgby mkeh\bc
^ey bgl_ee_dlmZevgh]h jZa\blby iZjZee_evgh k h[_k�
i_q_gb_f mklhcqb\h]h wdhghfbq_kdh]h jZa\blby�

1 9 . <Z`g_cr__ agZq_gb_ bf__l kha^Zgb_
ex[bl_evkdbo Zkljhghfbq_kdbo h[s_kl\ \ l_o
kljZgZo� ]^_ hgb ihdZ hlkmlkl\mxl� ijbq_f gZ
\Z`ghklv wlhc aZ^Zqb ke_^m_l h[jZlblv \gbfZgb_ l_o
hj]Zgh\� dhlhju_ kihkh[gu ihfhqv __ j_r_gbx�

2 0 . MqZklgbdb k m^h\e_l\hj_gb_f \hkijbgyeb
j_r_gby� dhlhju_ [ueb ijbgylu F_`^mgZjh^guf
khxahf we_dljhk\yab �FKW� gZ ijh\_^_gghc \
KlZf[me_ \ ���� ]h^m <k_fbjghc dhgn_j_gpbb ih
jZ^bhk\yab� hlghkbl_evgh jZkrbj_gby ^bZiZahgh\
qZklhl \ bgl_j_kZo f_`^mgZjh^gh]h Zkljhghfbq_k�
dh]h khh[s_kl\Z3 .

2 1 . H]jZgbq_gby ih rbjbg_ ihehku qZklhl k_jv�
_agh km`Zxl \hafh`ghklb ^ey rbjhdh]h jZkijhkljZ�
g_gby dZq_kl\_gguo mq_[gh�ijhk\_lbl_evkdbo fZl_�
jbZeh\ \ h[eZklb nmg^Zf_glZevghc dhkfbq_kdhc
gZmdb b bo j_]meyjgh]h h[gh\e_gby�

2 2 . Ih fg_gbx mqZklgbdh\� j_ZebaZpby ijh_dlZ ih
h[t_^bg_gbx [Za Zkljhghfbq_kdbo ^Zgguo b h[_ki_�
q_gb_ ^hklmiZ d lZdhc bgnhjfZpbb ^ey bkke_^h\Z�
l_e_c�Zkljhghfh\ b ij_ih^Z\Zl_e_c \h \k_f fbj_
kha^Zkl p_gg_crbc j_kmjk ^ey f_`^mgZjh^gh]h kh�
h[s_kl\Z�

2 3 . F_`^mgZjh^ghfm khh[s_kl\m Zkljhghfh\
ke_^m_l j_dhf_g^h\Zlv jZkkfhlj_lv \hijhk h \dex�
q_gbb \ ijh]jZffu [m^ms_c \bjlmZevghc h[k_j�
\Zlhjbb bgnhjfZpbb� kh^_j`Zs_cky \ Zjob\Zo
nhlhieZklbg� iml_f __ kdZgbjh\Zgby b dZeb[jh\db�
Wlh jZkrbjbl bklhjbq_kdb_ jZfdb agZgbc ^ey
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ihevah\Zl_e_c lZdhc kbkl_fu� ihkdhevdm kms_kl\m_l
bgnhjfZpby� ihemq_ggZy [he__ \_dZ gZaZ^�

2 4 . MqZklgbdb ijbagZeb \Z`ghklv f_jhijbylbc�
hj]Zgbam_fuo JZ[hq_c ]jmiihc ih dhkfbq_kdhc
gZmd_ \ :njbd_ k ���� ]h^Z �kf� :�:K���������
imgdl ���� mdZaZeb gZ g_h[oh^bfhklv jZkrbj_gby
wlbo f_jhijbylbc b gZklhyl_evgh j_dhf_g^h\Zeb b
^Ze__ hdZau\Zlv ih^^_j`dm jZ[hl_ =jmiiu�

2 5 . MqZklgbdb k m^h\e_l\hj_gb_f hlf_lbeb
ijh]j_kk� ^hklb]gmluc \ hkms_kl\e_gbb ijh_dlZ ih
kha^Zgbx K_lb jh[hlbabjh\Zgguo l_e_kdhih\ \
kljZgZo <hklhdZ �GHJL��

2 6 . MqZklgbdb k m^h\e_l\hj_gb_f hlf_lbeb jy^
ijh_dlh\ ih kha^Zgbx gZpbhgZevguo h[k_j\Zlhjbc�
dhlhju_ k\b^_l_evkl\mxl h jZklms_f bgl_j_k_ d
wlhc h[eZklb agZgbc \ kljZgZo AZiZ^ghc :abb� Bo
\dexq_gb_ \ [m^ms_f \ ijh_dl GHJL y\ey_lky
\_kvfZ `_eZl_evguf� ihkdhevdm wlh [m^_l kihkh[�
kl\h\Zlv memqr_gbx h[jZah\Zgby b bkke_^h\Zgbc \
h[eZklb Zkljhghfbb \ wlhf j_]bhg_ b ih\ur_gbx
bgl_j_kZ d Zkljhghfbb \h \k_o kehyo h[s_kl\Z�

2 7 . MqZklgbdb ijbagZeb \Z`ghklv ^_yl_evghklb
:jZ[kdh]h khxaZ ih Zkljhghfbb b dhkfbq_kdbf
gZmdZf �:M:KK�� dhlhjZy iha\hey_l m^h\e_l\hjylv
qZklgu_ b ]jmiih\u_ bgl_j_ku \h \k_f j_]bhg_
AZiZ^ghc :abb�

III. +��&�����������

	� ,�
��!�
�����
��������������-��

 ��������� ������������������

�����������
����&-�����
�!������

2 8 . Dhkfbq_kdZy Zkljhghfby k^_eZeZ ^hklmighc
lZdb_ ^bZiZahgu \heg� dhlhju_ g_ fh]ml
bkihevah\Zlvky gZa_fgufb h[k_j\Zlhjbyfb� Q_luj_
�\_ebdb_ h[k_j\Zlhjbb� G:K:� ijba\Zggu_
\uy\eylv b ZgZebabjh\Zlv \ua\Zggh_ jZaebqgufb
y\e_gbyfb baemq_gb_ \ jZfdZo \k_]h we_dljh�
fZ]gblgh]h ki_dljZ� [m^ml ijh\h^blv Zkljhgh�
fbq_kdb_ bkke_^h\Zgby \ jZaebqguo ^bZiZahgZo
\heg� dhlhju_ [m^ml kh\iZ^Zlv ih \j_f_gb� l�_� [m^_l
h[_ki_qb\Zlvky h^gh\j_f_gghklv gZ[ex^_gbc�
<u\_^_ggZy \ dhkfhk \ bxe_ ���� ]h^Z
j_gl]_gh\kdZy h[k_j\Zlhjby C h a n d r a [m^_l gZ[ex�
^Zlv j_gl]_gh\kdb_ bah[jZ`_gby b ki_dlju Zdlb\�

guo \ukhdhl_fi_jZlmjguo y\e_gbc b h[t_dlh\� qlh
[m^_l kihkh[kl\h\Zlv ihgbfZgbx ijbjh^u q_jguo
^uj� d\ZaZjh\ b \ukhdhl_fi_jZlmjguo ]Zah\� < ^_�
dZ[j_ ���� ]h^Z ieZgbjm_lky hkms_kl\blv aZimkd
dhkfbq_kdh]h bgnjZdjZkgh]h l_e_kdhiZ �S I R T F ) ,
kihkh[gh]h \_klb gZ[ex^_gby \ [eb`g_c BD±
h[eZklb ki_dljZ \ ^bZiZahg_ \heg ^ebghc �±��� fbd�
jhg� dhlhjuc [m^_l hkms_kl\eylv kt_fdm� Z lZd`_
nhlhf_ljbq_kdb_ b ki_dljhkdhibq_kdb_ bkke_^h�
\Zgby� Hkgh\gufb gZmqgufb aZ^ZqZfb ijh]jZffu
ihe_lZ wlh]h l_e_kdhiZ y\eyxlky h[gZjm`_gb_ b
bkke_^h\Zgb_ dhjbqg_\uo dZjebdh\ b k\_joieZg_l�
^bkdh\ ba ijhlhieZg_lZjguo b ieZg_lZjguo
hkdhedh\� mevljZk\_lysboky ]ZeZdlbd b y^_j Zdlb\�
guo ]ZeZdlbd� Z lZd`_ m]em[e_ggh_ bkke_^h\Zgb_
jZgg_c <k_e_gghc� Ijbf_g_gb_ ^_l_dlhjguo fZljbp
iha\hebeh gZ g_kdhevdh ihjy^dh\ memqrblv oZjZdl_�
jbklbdb ih kjZ\g_gbx k ij_`gbfb bgnjZdjZkgufb
^_l_dlhjZfb�

2 9 . JZa\blb_ kh\j_f_gghc l_ogheh]bb iha\hey_l
ieZgbjh\Zlv aZimkd Zkljhghfbq_kdbo ZiiZjZlh\ gZ
2 0 0 5 ]h^ b ihke_^mxsbc i_jbh^� GZ dhkfbq_kdhf
ZiiZjZl_ ^ey bgl_jn_jhf_ljbq_kdbo bkke_^h\Zgbc
( S I M � [m^_l bkihevah\Zlvky l_ogheh]by hilbq_kdhc
bgl_jn_jhf_ljbb� Z dhkfbq_kdbc l_e_kdhi gh\h]h
ihdhe_gby �N G S T � [m^_l hkgZs_g [hevrbf k\_jo�
e_]dbf kdeZ^guf a_jdZehf b hq_gv qm\kl\bl_evghc
ZiiZjZlmjhc� Dhkfbq_kdbc ZiiZjZl S I M iha\hebl
hij_^_eylv iheh`_gb_ b m^Ze_gghklv a\_a^ \
g_kdhevdh khl_g jZa lhqg__� q_f \ jZfdZo ex[hc ba
ij_^u^msbo ijh]jZff� qlh ^Zkl \hafh`ghklv
bkke_^h\Zlv [eb`gb_ a\_a^u gZ gZebqb_ m gbo
ieZg_l� khihklZ\bfuo ih jZaf_jm k A_fe_c� Dhkfb�
q_kdbc ZiiZjZl S I M hijh[m_l lZd`_ l_ogbdm aZl_g_�
gby hl k\_lZ yjdbo a\_a^ ^ey ihemq_gby bah[jZ`_gbc
[ebadbo d wlbf a\_a^Zf jZchgh\� < jZfdZo ihe_lZ
dhkfbq_kdh]h l_e_kdhiZ N G S T � dhlhjuc [m^_l
aZims_g \ ���� ]h^m� [m^_l bkke_^h\Zlvky ijhp_kk
w\hexpbb ]ZeZdlbd� ijhp_kk nhjfbjh\Zgby b
w\hexpbb a\_a^ b ieZg_lZjguo kbkl_f� Z lZd`_ pbde
`bagb \_s_kl\Z \h <k_e_gghc� Ijh_dlu S I R T F,  S I M
b 1*67 y\eyxlky qZklvx ijh]jZffu �Bklhdb�
( O r ig in s ) G:K:� Z ihe_l dhkfbq_kdhc h[k_j\Zlh�
jbb C h a n d r a y\ey_lky qZklvx ijh]jZffu �KljmdlmjZ
b w\hexpby <k_e_gghc� G:K:�
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B . ���  ������������� ��
 ��������
 �������

3 0 . EZ[hjZlhjby Zdlb\gh]h ^\b`_gby �EJ>� G:K:
hijh[h\ZeZ dhgp_ipbx iZjZee_evgh]h ijh_dlbjh\Z�
gby� kha^Z\ \ Zij_e_ ���� ]h^Z =jmiim jZajZ[hldb
i_jki_dlb\guo ijh_dlh\ �=jmiiZ O��

3 1 . I_j_^ =jmiihc O klhyl ke_^mxsb_ aZ^Zqb�

Z� ih\ur_gb_ l_fih\ b dZq_kl\Z jZajZ[hldb
dhgp_ipbc ijh_dlh\ EJ> b h[_ki_q_gb_ g_ij_ju\�
gh]h bkke_^h\Zl_evkdh]h ijhp_kkZ gZ hkgh\_ bkihev�
ah\Zgby ki_pbZebabjh\Zgguo mklZgh\hd� h[hjm^h\Z�
gby� ijhp_^mj b l_ogbq_kdbo kj_^kl\ ^ey \ujZ[hldb
gZbemqrbo ij_^eh`_gbc�

b ) kha^Zgb_ bkoh^ghc [Zau ^Zgguo
hlghkbl_evgh ij_^ty\ey_fuo d ijh_dlZf lj_[h\Z�
gbc� dhlhjmx fh`gh ihklhyggh h[gh\eylv b bkihev�
ah\Zlv gZ [m^msbo wlZiZo hkms_kl\e_gby ijh_dlh\�

k� ih^]hlh\dZ ba hiulguo bg`_g_jh\
mgb\_jkZevguo ki_pbZebklh\ ih ijh_dlZf�

3 2 . ;eZ]h^Zjy =jmii_ O ]eZ\gu_ bkke_^h\Zl_eb ih
ijh_dlZf b ijb^Zggu_ bf ]jmiiu jZajZ[hlqbdh\
fh]ml wnn_dlb\gh jZ[hlZlv gZ^ ij_^eh`_gbyfb ih
gh\uf ijh_dlZf�

3 3 . < =jmiim O \oh^yl �� jZajZ[hlqbdh\ ijh]jZff�
jmdh\h^bl_ev ]jmiiu b khljm^gbd ih ^hdmf_glZpbb�
DZ`^uc ba gZagZq_gguo \ ]jmiim bg`_g_jh\
y\ey_lky ki_pbZebklhf \ k\h_c h[eZklb b hlklZb\Z_l
__ bgl_j_ku� Jmdh\h^bl_ev ]jmiiu dhhj^bgbjm_l b
gZijZ\ey_l oh^ bkke_^h\Zgby b y\ey_lky ]eZ\guf
ihkj_^gbdhf aZdZaqbdZ ^h gZqZeZ� \ oh^_ b ihke_
aZ\_jr_gby bkke_^h\Zl_evkdhc jZ[hlu� Khljm^gbd
ih ^hdmf_glZpbb khklZ\ey_l we_dljhggmx dZjlhl_dm�
aZibku\Z_l gZb[he__ \Z`gu_ h[km`^_gby l_ogb�
q_kdbo \hijhkh\ b h[_ki_qb\Z_l gZ^e_`Zs__ ^hdm�
f_glbjh\Zgb_ j_amevlZlh\ bkke_^h\Zgby�

3 4 . =jmiiZ O ]hlh\bl l_ogbdh±wdhghfbq_kdb_
h[hkgh\Zgby b h[ahju ijh_dlh\� Ih j_amevlZlZf
bkke_^h\Zgby� ^eys_]hky h^gm±^\_ g_^_eb�
khklZ\ey_lky ������kljZgbqguc ^hdeZ^� \dexqZ�
xsbc i_j_qgb h[hjm^h\Zgby� [ZeZgku fZkku b fhs�

ghklb� hibkZgby kbkl_f b ih^kbkl_f b hjb_glb�
jh\hqgmx kf_lgmx klhbfhklv ijh_dlZ� H[ahju
ij_^klZ\eyxl kh[hc h^gh�^\mo^g_\gh_ h[km`^_gb_
ij_^eh`_gbc� aZijhkh\ gZ ihemq_gb_ bgnhjfZpbb�
aZijhkh\ gZ ihemq_gb_ ij_^eh`_gbc beb

ZgZeh]bqghc ^_yl_evghklb� AZ\_jrZy h[km`^_gb_�
dZ`^uc qe_g ]jmiiu ih^ulh`b\Z_l k\h_ fg_gb_ b
aZl_f khklZ\ey_lky djZldbc ^hdeZ^�

3 5 . < oh^_ ijZdlbdmfZ [ueZ ijh\_^_gZ ijyfZy
\b^_hdhgn_j_gpby ijh^he`bl_evghklvx ^\Z k iheh�
\bghc qZkZ k =jmiihc O \ IZkZ^_g_ ih \hijhkZf jZa�
jZ[hldb ijh]jZffu aZimkdZ ahg^h\ d FZjkm�

'� .

����������'�����

3 6 . < bkke_^h\Zgbb KhegpZ \Z`gmx jhev b]jZxl
ijb[hju� mklZgZ\eb\Z_fu_ gZ [hjlm dhkfbq_kdbo
ZiiZjZlh\� ihkdhevdm hgb iha\heyxl bamqZlv
we_dljhfZ]gblgh_ baemq_gb_� qlh g_\hafh`gh ^ey
gZa_fguo h[k_j\Zlhjbc ba�aZ [ehdbjmxs_]h \ha�
^_ckl\by Zlfhkn_ju� Ihlhdb baemqZ_fuo Khegp_f
qZklbp� \ qZklghklb kheg_qguc \_l_j� fh`gh
gZ[ex^Zlv ebrv k dhkfbq_kdbo ZiiZjZlh\� gZoh^y�
sboky \g_ ij_^_eh\ fZ]gblhkn_ju� H[sb_ oZjZdl_�
jbklbdb kheg_qghc Zlfhkn_ju \ur_ nhlhkn_ju b
h[sb_ oZjZdl_jbklbdb kheg_qgh]h \_ljZ [ueb \
hkgh\ghf hij_^_e_gu \ gZqZe_ ���o ]h^h\ k ihfh�
svx g_kdhevdbo bkke_^h\Zl_evkdbo dhkfbq_kdbo
ZiiZjZlh\ �j_rZxsmx jhev \ ihemq_gbb bg�
nhjfZpbb h kheg_qghc dhjhg_ b __ k\yab k
kheg_qguf \_ljhf ku]jZeb kimlgbdb k_jbb O S O
�hj[blZevgZy kheg_qgZy h[k_j\Zlhjby� b
h[hjm^h\ZggZy l_e_kdhiZfb �:iheehg� hj[blZevgZy
klZgpby �KdZcew[� G:K:� Z lZd`_ dhkfbq_kdb_
ZiiZjZlu ^ey h[gZjm`_gby ieZafu b qZklbp�
aZims_ggu_ ^jm]bfb dhkfbq_kdbfb Z]_glkl\Zfb��

3 7 . K l_o ihj \_^_lky ih^]hlh\dZ dhkfbq_kdbo
ihe_lh\ ^ey bamq_gby nbabdb y\e_gbc� dhlhju_
gZ[ex^Zebkv \ gZqZevguc i_jbh^ bkke_^h\Zgbc� <
���o b ���o ]h^Zo \ j_amevlZl_ bkke_^h\Zgby kheg_q�
guo \kiur_d kh kimlgbdZ �KheZj fZdkbfmf� �S M M )
[ueh mklZgh\e_gh� qlh kmffZjgh_ kheg_qgh_ baemq_�
gb_ ih^\_j`_gh \ZjbZpbyf�

3 8 . K ���� ]h^Z bamq_gb_f jZkdZe_gghc kheg_qghc
Zlfhkn_ju aZgbfZ_lky kimlgbd Yo h k o h ,  dhlhjuc
h[_ki_qb\Z_l ihemq_gb_ bah[jZ`_gbc KhegpZ \
j_gl]_gh\kdhf b ]ZffZ�^bZiZahgZo ki_dljZ� K
ihfhsvx kimlgbdZ Yo h k o h m`_ m^Zehkv gZ[ex^Zlv b
ijhba\_klb kt_fdb \k_]h kheg_qgh]h pbdeZ�

3 9 . K ���� ]h^Z gZb[he__ ihegh_ bkke_^h\Zgb_
KhegpZ ba dhkfhkZ hkms_kl\ey_l kh\f_klgZy
Kheg_qgZy b ]_ebhkn_jgZy h[k_j\Zlhjby �62+2�
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?D:�G:K:� dhlhjZy hkgZs_gZ dhfie_dlhf
ZiiZjZlmju ^ey bamq_gby \gmlj_gg_c kljmdlmju b
^bgZfbdb KhegpZ f_lh^Zfb ]_ebhk_ckfheh]bb
�kheg_qgu_ hkpbeeypbb�� kheg_qgh]h baemq_gby�
nbabq_kdbo y\e_gbc \ kheg_qghc Zlfhkn_j_� \ke_^�
kl\b_ dhlhjuo jZkdZey_lky dhjhgZ b aZjh`^Z_lky
kheg_qguc \_l_j �ihemq_gb_ bah[jZ`_gbc \ djZcg_c
MN±h[eZklb ki_dljZ�� khklZ\Z jZkdZe_gghc kheg_q�
ghc Zlfhkn_ju b kheg_qgh]h \_ljZ �fZkk±ki_dljh�
kdhiby b aZjy^gZy ki_dljhkdhiby�� Z lZd`_ nhjfbjh�
\Zgby ]_ebhkn_ju \ j_amevlZl_ jZkl_dZgby kheg_q�
gh]h \_ljZ �dZjlbjh\Zgb_ a\_a^gh]h g_[Z \ ebgbb
\h^hjh^ghc EZcfZg±ZevnZ�� < ���� ]h^m [ue
aZims_g dhkfbq_kdbc ZiiZjZl k_jbb �Wdkiehj_j�
^ey bkke_^h\Zgby i_j_oh^ghc h[eZklb b dhjhgu
KhegpZ �75$&(�� dhlhjuc ^hihegy_l ijh\h^bfu_
62+2 gZ[ex^_gby kheg_qghc Zlfhkn_ju \ djZcg_c
MN±h[eZklb ki_dljZ b h[_ki_qb\Z_l ihemq_gb_
q_ldbo kgbfdh\ \ hl^_evguo ^bZiZahgZo \heg�

D . ��������/��


4 0 . < ghy[j_ ���� ]h^Z d FZjkm [ue aZims_g
hj[blZevguc ahg^ M a r s  G lo b a l  S u r v e y o r  ( M G S )
G:K:� dhlhjuc \ k_gly[j_ ���� ]h^Z ^hklb] p_eb� <
l_q_gb_ ke_^mxsbo �� f_kyp_\ ijhbkoh^beh
q_j_^h\Zgb_ i_jbh^h\ Zwjh^bgZfbq_kdh]h lhjfh`_�
gby b k[hjZ gZmqguo ^Zgguo� ihkdhevdm ahg^ \u\h�
^beky gZ g_h[oh^bfmx ^ey dZjlbjh\Zgby ijb[eb�
abl_evgh djm]h\mx hdhehiheyjgmx hj[blm k i_jb�
h^hf h[jZs_gby ^\Z qZkZ� < gZklhys__ \j_fy kj_^�
gyy \ukhlZ hj[blu ahg^Z gZ^ ih\_joghklvx FZjkZ
khklZ\ey_l hdheh ��� df� < fZjl_ ���� ]h^Z F*6

ijbklmibe d kbkl_fZlbq_kdhfm dZjlbjh\Zgbx
ieZg_lu k ihfhsvx dhfie_dlZ gZmqghc ZiiZjZlmju�
\dexqZy fZ]gblhf_lj�we_dljhgguc j_ne_dlhf_lj
�0$*�� l_jfhwfbkkbhgguc ki_dljhf_lj �7(6��

eZa_jguc \ukhlhf_j fZjkbZgkdh]h hj[blZevgh]h
ahg^Z �FH/$� b dZf_jm fZjkbZgkdh]h hj[blZevgh]h
ahg^Z �FHK�� Ijhreh [he__ ]h^Z ihke_ gZqZeZ
dZjlbjh\Zgby� gh wlb ijb[hju ih±ij_`g_fm ihfh�
]Zxl ^_eZlv m^b\bl_evgu_ hldjulby hlghkbl_evgh
w\hexpbb FZjkZ dZd ieZg_lu�

4 1 . LZd� k ihfhsvx 0$* [ueb \uy\e_gu jZchgu�
^ey dhlhjuo oZjZdl_jgu ihehku dhgljZklghc
iheyjghklb� bgl_gkb\ghklv dhlhjuo f_klZfb ij_\u�
rZ_l � 5 0 0 gZghl_keZ� < jZchg_ 6LUHQXP ijhly`_g�
ghklv wlbo ebg_cguo ZghfZebc ^hklb]Z_l � 0 0 0 df�

ijbf_gbl_evgh d bklhjbb FZjkZ wlh ih^l\_j`^Z_l
\_kvfZ jZgg__ hldexq_gb_ �\gmlj_gg_]h ]_g_jZlhjZ�
ieZg_lu� K ihfhsvx 7(6 baf_jy_lky baemqZ_fZy
FZjkhf wg_j]by \ kj_^g_c l_ieh\hc bgnjZdjZkghc
h[eZklb we_dljhfZ]gblgh]h ki_dljZ� ;eZ]h^Zjy 7(6

kh[jZgh [he__ �� fbeebhgh\ h[jZaph\ ki_dljZ
FZjkZ k ijhkljZgkl\_gguf jZaj_r_gb_f ^h � dbeh�
f_ljh\� :gZeba wlbo h[jZaph\ mdZau\Z_l gZ gZebqb_
hl^_evguo aZe_]Zgbc djmigha_jgbklh]h ]_fZlblZ�
dhlhju_� \hafh`gh� knhjfbjh\Zebkv \ klhyq_c \h^_�
Djhf_ lh]h� k ihfhsvx 7(6 \uy\e_gu kms_�
kl\_ggu_ jZaebqby f_`^m khklZ\Zfb \medZgbq_kdhc
ihjh^u gZ k_\_jguo jZ\gbgZo �Zg^_ablgu_� b x`�
guo ieZlh �[ZaZevlh\u_�� qlh ^Z_l ^hihegbl_evgu_
dexqb d jZa]Z^d_ w\hexpbb ieZg_lu�

4 2 . < l_q_gb_ i_j\h]h ]h^Z dZjlbjh\Zgby k
ihfhsvx ijb[hjZ 02/$ [ueh ihemq_gh [he__
3 3 0 fbeebhgh\ lhih]jZnbq_kdbo baf_j_gbc FZjkZ�
Wlh iha\hebeh bamqblv j_]bhgZevguc mdehg \ gZ�
ijZ\e_gbb k_\_jguo ^hebg� \ukhqZcrbc \medZg
�2O\PSXV 0RQV� \ Kheg_qghc kbkl_f_ \ukhlhc �� df
b h^bg ba djmig_crbo ba\_klguo djZl_jh\ �+HOODV�

jZaf_jhf � 1 0 0 df \ ihi_j_qgbd_ b ]em[bghc
9 dbehf_ljh\� Wlb lhih]jZnbq_kdb_ ^Zggu_ b]jZxl
\Z`gmx jhev \ ]jZ\blheh]bq_kdbo bkke_^h\Zgbyo�
ih^l\_j`^Zxsbo gZebqb_ [he__ lhgdh]h b iehlgh]h
ih\_joghklgh]h kehy \ K_\_jghf ihemrZjbb� ]em�
[bgZ dhlhjh]h \ X`ghf ihemrZjbb g_ kh\k_f
dhjj_ebjm_l k lhih]jZnbq_kdhc ^bohlhfb_c ieZ�
g_lu� Djhf_ lh]h� ]jZ\blZpbhggu_ oZjZdl_jbklbdb�
ijbkmsb_ \uimdehklb 7KDUVLV� g_ jZkijhkljZgyxlky
gZ \medZg 2O\PSXV 0RQV� qlh ih^l\_j`^Z_l _]h
hlghkbl_evgh fheh^hc \hajZkl� B gZdhg_p� oZjZd�
l_jbklbdb� ijbkmsb_ jZchgm &KU\VH mdZau\Zxl gZ
lh� qlh ih]j_[_ggu_ mqZkldb djmiguo dZgZeh\
aZoh^yl ^hklZlhqgh ^Ze_dh gZ l_jjblhjbx jZ\gbg
K_\_jgh]h ihemrZjby� K ihfhsvx 02& ihemq_gh
fgh`_kl\h bah[jZ`_gbc mqZkldh\ ih\_joghklb
FZjkZ k jZaj_r_gb_f �±� f�ibdk_ev� D gZklhys_fm
\j_f_gb \gbfZgbx h[s_kl\_gghklb ij_^klZ\e_gh
[he__ �� ��� lZdbo kgbfdh\� dhlhju_ k\b^_�
l_evkl\mxl h[ m^b\bl_evghf fgh]hh[jZabb j_ev_nZ�
\dexqZy ijbqm^eb\u_ iheyjgu_ eZg^rZnlu�
h[rbjgu_ l_jjblhjbb� h[ebd dhlhjuo knhjfbjh�
\Zeky ih^ \ha^_ckl\b_f \_ljZ� b kbevgh \b^h�
baf_g_ggu_ ^hebgu ^j_\gbo \h^h_fh\� nhjfbjh\Z\�
rb_ky \ l_q_gb_ ^ebl_evgh]h i_jbh^Z \j_f_gb�
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4 3 . IeZgbjm_lky� qlh l_dmsZy ijh]jZffZ
dZjlbjh\Zgby k ihfhsvx 0*6 ijh^eblky ^h
n_\jZey ���� ]h^Z b qlh ihemq_ggu_ ^Zggu_ \ blh]_
iha\heyl emqr_ ihgylv ijhp_kk w\hexpbb FZjkZ�
Jmdh\h^kl\h hi_jZpbyfb fZjkbZgkdh]h ahg^Z gZ
ijhly`_gbb \k_c ijh]jZffu ihe_lZ hkms_kl\ey_l
EJ>�

�� ,���� ���������������

��
���������

4 4 . ;eZ]h^Zjy memqr_gbx dhgkljmdpbb l_e_kdhih\
b ^jm]hc ZiiZjZlmju \ ihke_^g__ ^_kylbe_lb_ b
jhklm \ ]_hf_ljbq_kdhc ijh]j_kkbb \hafh`ghkl_c
dhfivxl_jh\ b l_ogbdb k\yab oZjZdl_j Zkljhghfb�
q_kdbo bkke_^h\Zgbc kms_kl\_ggh baf_gbeky� <
gZklhys__ \j_fy djmighfZkrlZ[gu_ kt_fdb a\_a^�
gh]h g_[Z ba dhkfhkZ b k A_feb \_^mlky \ ^bZiZahg_
hl jZ^bh ^h j_gl]_gh\kdbo \heg� qlh iha\hey_l
\i_j\u_ ihemqZlv iZgojhfZlbq_kdmx dZjlbgm <k_�
e_gghc� Wlb gh\u_ \hafh`ghklb hldju\Zxl imlv
j_ZebaZpbb dhgp_ipbb �\bjlmZevghc h[k_j\Zlhjbb�
^ey hk\h_gby fZkkb\h\ Zkljhghfbq_kdbo ^Zgguo b
kha^Zgby gh\h]h kj_^kl\Z ^ey kh\_jr_gby hldjulbc
\ Zkljhghfbb�

4 5 . Kh]eZkgh wlhc dhgp_ipbb Zkljhghfu g_ lhevdh
ihemqZl ^hklmi d h[t_fZf ^Zgguo� bkqbkey_fuo
l_jZ[ZclZfb b i_glZ[ZclZfb� gh b kfh]ml bkihev�
ah\Zlv wlb ^Zggu_ [eZ]h^Zjy p_ehfm gZ[hjm bgkljm�
f_glh\�

4 6 . >ey kha^Zgby lZdh]h jh^Z \bjlmZevghc
h[k_j\Zlhjbb ihlj_[m_lky dZq_kl\_ggh gh\h_ khljm^�
gbq_kl\h f_`^m mq_gufb \ h[eZklb Zkljhghfbb b \
h[eZklb bgnhjfZlbdb� Wlh jZkrbjbl lZd`_ \hafh`�
ghklb khljm^gbq_kl\Z k ij_^klZ\bl_eyfb ^jm]bo
^bkpbiebg� i_j_^ dhlhjufb klhyl ZgZeh]bqgu_
aZ^Zqb� b klZg_l hkgh\hc ^ey ^_yl_evghklb \ h[eZklb
h[jZah\Zgby� <bjlmZevgZy h[k_j\Zlhjby ^he`gZ
[ulv ]eh[Zevgh hjb_glbjh\Zgghc dZd \ kfuke_
^hklmiZ d Zjob\Zf� lZd b \ ieZg_ \aZbfh^_ckl\by
bkke_^h\Zl_e_c�

F. 	���������������
��!�
���

 ������

4 7 . K[hjhf b jZkijhkljZg_gb_f ih \k_fm fbjm
Zkljhghfbq_kdbo ^Zgguo b kf_`ghc bgnhjfZpbb

aZgbfZ_lky P_glj Zkljhghfbq_kdbo ^Zgguo �&'6� \
KljZk[mj]_� Hg jZkiheh`_g \ KljZk[mj]kdhc
Zkljhghfbq_kdhc h[k_j\Zlhjbb \h NjZgpbb�

4 8 . &'6 \_^_l Zkljhghfbq_kdmx [Zam ^Zgguo ih^
gZa\Zgb_f �Kbkl_fZ h[hagZq_gbc� baf_j_gbc b
[b[ebh]jZnbb ih Zkljhghfbq_kdbf ^Zgguf�
�6,0%$'�� dhlhjZy y\ey_lky \k_fbjghc wlZehgghc
[Zahc ^Zgguo� dZkZxsboky h[hagZq_gby Zkljhgh�
fbq_kdbo h[t_dlh\�

4 9 . &'6 j_rZ_l ke_^mxsb_ aZ^Zqb�

Z� k[hj \k_c bf_xs_cky \ dhfivxl_jbah\Zg�
ghc nhjf_ ihe_aghc bgnhjfZpbb hlghkbl_evgh
Zkljhghfbq_kdbo h[t_dlh\� ^Zggu_ gZ[ex^_gbc k
gZa_fguo beb dhkfbq_kdbo h[k_j\Zlhjbc \k_o kljZg
fbjZ�

b ) h[h[s_gb_ wlbo ^Zgguo iml_f
djblbq_kdhc hp_gdb b khihklZ\e_gby�

k� ^h\_^_gb_ ihemq_gguo j_amevlZlh\ ^h
k\_^_gby mq_guo±Zkljhghfh\�

d ) ijh\_^_gb_ bkke_^h\Zgbc gZ hkgh\_ wlbo
^Zgguo�

5 0 . &'6 bf__l f_`^mgZjh^gu_ kh]eZr_gby h[
h[f_g_ k P_gljhf Zkljhnbabq_kdbo ^Zgguo G:K:�
GZpbhgZevghc Zkljhghfbq_kdhc h[k_j\Zlhjb_c
Yihgbb \ Lhdbh� Jhkkbckdhc ZdZ^_fb_c gZmd� k_lvx
�KlZjebgd� GZmqgh]h kh\_lZ ih nbabd_ we_f_g�
lZjguo qZklbp b Zkljhghfbb Kh_^bg_ggh]h Dhjhe_\�
kl\Z� I_dbgkdhc h[k_j\Zlhjb_c� Ihjlm±Ze_]jbgkdbf
mgb\_jkbl_lhf ;jZabebb� EZieZlkdbf mgb\_j�
kbl_lhf :j]_glbgu� b F_`mgb\_jkbl_lkdbf p_gl�
jhf ih Zkljhghfbb b Zkljhnbabd_ Bg^bb�

5 1 . &'6 ijbgbfZe beb ijbgbfZ_l mqZklb_ \
[hevrbgkl\_ djmiguo dhkfbq_kdbo ijh]jZff \
h[eZklb Zkljhghfbb� \dexqZy khklZ\e_gb_ kijZ\hq�
guo dZlZeh]h\ a\_a^ �(;26$7 �_\jhi_ckdZy kimlgb�
dh\Zy j_gl]_gh\kdZy h[k_j\Zlhjby�� ,5$6 �BD±Zkljh�
ghfbq_kdbc kimlgbd�� +LSSDUFRV �Zkljhf_ljbq_kdbc
kimlgbd�� +67 �dhkfbq_kdbc l_e_kdhi OZ[[eZ�� I S O
�dhkfbq_kdZy h[k_j\Zlhjby ^ey bkke_^h\Zgbc \ BD±
h[eZklb ki_dljZ� b 6$; �j_gl]_ghZkljhghfbq_kdbc
kimlgbd�� kh^_ckl\b_ \ b^_glbnbdZpbb gZ[ex^Z�
_fuo bklhqgbdh\ �H ip p a rc o s � 7\FKR b 526$7 �j_gl�
]_gh\kdbc kimlgbd��� h[_ki_q_gb_ ^hklmiZ d Zjob\Zf
,8( �f_`^mgZjh^guc kimlgbd �Wdkiehj_j� ^ey bk�
ke_^h\Zgbc \ MN±h[eZklb ki_dljZ� b l�^� Kh\f_klgh
k ]jmiihc ih nbabd_ \ukhdbo wg_j]bc KljZk[mj]kdhc
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Zkljhghfbq_kdhc h[k_j\Zlhjbb &'6 \ghkbl \deZ^ \
jZ[hlm GZmqgh]h p_gljZ ih gZ[ex^_gbyf k ihfhsvx
j_gl]_gh\kdhc h[k_j\Zlhjbb ;00�

G . '�
������
���"���!�
����������

5 2 . Kbkl_fZ Zkljhnbabq_kdbo ^Zgguo �A D S � G:K:
h[_ki_qb\Z_l ^hklmi d j_n_jZlZf b ijhkdZgb�
jh\Zgguf klZlvyf im[ebdZpbc� dZkZxsboky Zkljh�
ghfbb� ;eZ]h^Zjy wlhfm ijh_dlm� dhlhjuc nbgZg�
kbjm_l G:K:� ex[hc bf_xsbc ^hklmi \ Bgl_jg_l
fh`_l k\h[h^gh hagZdhfblvky k wlbfb j_n_jZlZfb� <
jZfdZo A D S bf_xlky ljb [Zau ^Zgguo� Z� [ZaZ
^Zgguo \ h[eZklb nbabdb� kh^_j`ZsZy ihqlb ��� 0 0 0
kijZ\hd� b ) [ZaZ ^Zgguo \ h[eZklb Zkljhghfbb�
kh^_j`ZsZy ihqlb �5 0  0 0 0 kijZ\hd� b k� [ZaZ ^Zgguo
h ijb[hjZo� kh^_j`ZsZy ihqlb ��� 0 0 0 kijZ\hd� >ey
ihbkdZ j_n_jZlh\ bkihevam_lky kh\j_f_ggZy ihbk�
dh\Zy kbkl_fZ�

5 3 . :job\ ijhkdZgbjh\Zgguo klZl_c \ A D S
ihklhyggh ihihegy_lky� D gZklhys_fm \j_f_gb A D S
jZkiheZ]Z_l ihqlb � fbeebhghf ijhkdZgbjh\Zgguo
kljZgbp� <k_ \uimkdb hkgh\guo `mjgZeh\ b [hev�
rbgkl\Z f_g__ djmiguo `mjgZeh\ [ueb iheghklvx
ijhkdZgbjh\Zgu \iehlv ^h bo i_j\h]h \uimkdZ� <
gZklhys__ \j_fy ijh\h^blky kdZgbjh\Zgb_ \k_o
ij_`gbo \uimkdh\ `mjgZeZ M o n th ly  N o t ic e s  o f  th e
R o y a l A s tro n o m ic a l  S o c ie ty � Wlh ihke_^gbc djmiguc
`mjgZe� dhlhjuc [m^_l iheghklvx kdZgbjh\Zg b d
dhlhjhfm [m^_l h[_ki_q_g g_ihkj_^kl\_gguc ^hklmi�
< khljm^gbq_kl\_ k [b[ebhl_dZfb =Zj\Zj^kdh]h
mgb\_jkbl_lZ� hkms_kl\eyxsbfb ijh_dl ih
khojZg_gbx dmevlmjgh]h gZke_^by� A D S \ gZklhys__
\j_fy ijh\h^bl kdZgbjh\Zgb_ fbdjhnbevfh\
bklhjbq_kdbo im[ebdZpbc� ihk\ys_gguo h[k_j\Zlh�
jbyf� Wlh h[_ki_qbl ^hklmi d agZqbl_evghc qZklb
bklhjbq_kdbo im[ebdZpbc�

H . '����� ��!�
�����
�������!�
���
����
�� ��

5 4 . L_g^_gpby d kha^Zgbx \k_ [he__ djmiguo
l_e_kdhih\ ihjh^beZ ^bkdmkkbb hlghkbl_evgh
i_jki_dlb\ fgh`_kl\Z fZeuo l_e_kdhih\� GZmqgu_
bkke_^h\Zgby g_evay k\h^blv ebrv d g_kdhevdbf
ghqguf gZ[ex^_gbyf k ihfhsvx ]b]Zglkdh]h
l_e_kdhiZ� Ijh]j_kk \ h[eZklb Z\lhfZlbaZpbb b k\yab
hldju\Z_l \hafh`ghklb ^ey ijbf_g_gby [he__

wnn_dlb\guo b k[_j_]Zxsbo \j_fy ko_f
gZ[ex^_gby� iha\heyxsbo ihemqZlv b h[jZ[Zlu\Zlv
\_kvfZ djmigu_ fZkkb\u ^Zgguo� Ijb wlhf ]hjZa^h
[he__ rbjhdbc djm] ex^_c fh`_l mqZkl\h\Zlv b
\ghkblv j_Zevguc \deZ^ \ gZmdm� Ex[bl_eb b
mqZsb_ky klZgh\ylky qZklvx gZmqgh]h khh[s_kl\Z b
kihkh[gu \ghkblv agZqbl_evguc \deZ^ \ jZa\blb_
g_dhlhjuo h[eZkl_c Zkljhnbabdb� Wlhl nZdlhj bf__l
hkh[_ggh \Z`gh_ agZq_gb_ ^ey kh\j_f_gguo bk�
ke_^h\Zgbc i_j_f_gguo a\_a^ b ^ey gZ[ex^_gby gZ
a\_a^ghf g_[_ hdheha_fguo h[t_dlh\ b ^jm]bo hkh�
[uo y\e_gbc�

5 5 . < jZfdZo hkms_kl\ey_fh]h ih^ w]b^hc :M:KK
ijh_dlZ GHJL \ dZq_kl\_ i_j\h]h rZ]Z ij_^eZ]Z_lky
\ ^hiheg_gb_ d mgb\_jkbl_lkdbf dmjkZf ih
Zkljhnbabd_ b dhkfbq_kdbf gZmdZf hj]Zgbah\Zlv
h[mq_gb_ jZ[hl_ k l_e_kdhiZfb gZ [Za_ gZpbh�
gZevguo h[k_j\Zlhjbc� h[hjm^h\Zgguo l_e_kdhiZfb
^bZf_ljhf �� kf –  1 f_lj� < dZq_kl\_ \lhjh]h rZ]Z
ij_^eZ]Z_lky bkihevah\Zlv k_lv jh[hlbabjh\Zgguo
l_e_kdhih\ ^bZf_ljhf � f_ljZ ^ey nhlhf_ljbq_kdbo�
ki_dljh]jZnbq_kdbo b iheyjbf_ljbq_kdbo bkke_^h�
\Zgbc ij_bfms_kl\_ggh i_j_f_gguo a\_a^ b hdheh�
a_fguo h[t_dlh\�

5 6 . Ijh_dl GHJL ]hlh\ d khljm^gbq_kl\m k
ZgZeh]bqgufb k_lyfb l_e_kdhih\ \ ^jm]bo j_]bhgZo�
< jZfdZo ijZdlbdmfZ bgnhjfZpbx h ijh_dlZo
kha^Zgby b j_amevlZlZo jZ[hlu hilbq_kdbo Zkljhgh�
fbq_kdbo h[k_j\Zlhjbc ij_^klZ\beb ke_^mxsb_
kljZgu� :e`bj� Bg^by� Bhj^Zgby� Eb\Zg� FZ\jbdbc�
FZeZcaby� IZdbklZg� IZjZ]\Zc� I_jm� KZm^h\kdZy
:jZ\by� KbjbckdZy :jZ[kdZy J_kim[ebdZ� Lh]h�
Lmgbk� Wnbhiby b X`gZy :njbdZ�

I . ������!�
�����
���"�����

5 7 . GZ hkgh\_ mgbdZevghc [Zau ^Zgguo h
i_j_f_gguo a\_a^Zo :f_jbdZgkdhc ZkkhpbZpbb
Zkljhghfh\� gZ[ex^Zxsbo i_j_f_ggu_ a\_a^u
�$$962�� ih^]hlh\e_gu fZl_jbZeu ih ijZdlbq_kdhc

Zkljhnbabd_� HgZ ij_^klZ\ey_l kh[hc mq_[guc dmjk�

dhlhjuc fh`_l [ulv \dexq_g \ bgklblmlkdb_ b

mgb\_jkbl_lkdb_ ijh]jZffu ih _kl_kl\_gguf

gZmdZf� fZl_fZlbd_ b bgnhjfZlbd_ b dhlhjuc

h[_ki_qb\Z_l g_ihkj_^kl\_ggh_ \h\e_q_gb_ klm^_g�

lh\ b ij_ih^Z\Zl_e_c \ gZmqgmx ^_yl_evghklv�
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5 8 . IjZdlbq_kdZy ZkljhnbabdZ ihfh]Z_l mqZsbfky

ijbh[j_klb hkgh\hiheZ]Zxsb_ gZ\udb gZmqghc

jZ[hlu b mk\hblv hkgh\gu_ dhgp_ipbb \ h[eZklb

Zkljhghfbb� hgZ hibjZ_lky gZ f_`^bkpbiebgZjguc

ih^oh^ b h[_ki_qb\Z_l hagZdhfe_gb_ mqZsboky�

dhlhju_ jZ[hlZxl k j_Zevgufb ^Zggufb� kh \k_fb

Zki_dlZfb gZmqgh]h ijhp_kkZ� Djhf_ lh]h� \ jZfdZo

wlh]h dmjkZ mqZsb_ky magZxl h i_j_f_gguo a\_a^Zo

b h[ bo agZq_gbb ^ey mq_guo±Zkljhghfh\ b ijbh[�

j_lZxl g_h[oh^bfmx bgnhjfZpbx b gZ\udb ^ey bam�

q_gby ih\_^_gby i_j_f_gguo a\_a^ beb ^ey ijh\_�

^_gby ex[bl_evkdbo gZ[ex^_gbc aZ gbfb�

5 9 . MqZsb_ky ijbh[j_lZxl gZ\udb� g_h[oh^bfu_

^ey ijh\_^_gby gZ[ex^_gbc� ZgZebaZ ihemq_gguo

^Zgguo k bkihevah\Zgb_f ]jZnh\ b klZlbklbq_kdbo

f_lh^h\� ijh]ghabjh\Zgby b khihklZ\e_gby

ijh]ghah\ k ^Zggufb gZ[ex^_gbc� Z lZd`_ ^ey

jZajZ[hldb keh`guo fZl_fZlbq_kdbo fh^_e_c�

MqZsb_ky magZxl h i_j_f_gguo a\_a^Zo� bkihevamy

mijZ`g_gby� ijh]jZffgh_ h[_ki_q_gb_� ^bZ]jZffu�

gZ[hju keZc^h\ b \b^_hnbevfu� dhlhju_ ijbeZ]Z�

xlky d mq_[gbdm ^ey ij_ih^Z\Zl_e_c b mqZsboky�

MqZsb_ky ihemqZxl ^hklmi d [Za_ ^Zgguo $$962 b

h[f_gb\Zxlky bgnhjfZpb_c h k\hbo bkke_^h\Zgbyo

b gZ[ex^_gbyo k ^jm]bfb mqZsbfbky q_j_a ki_�

pbZevgh kha^Zgguc ^ey wlh]h ijh_dlZ kZcl \

Bgl_jg_l_�

6 0 . Bkke_^h\Zgb_ i_j_f_gguo a\_a^ hkh[_ggh

ih^oh^bl ^ey ijh]jZff h[mq_gby \ h[eZklb

_kl_kl\_gguo gZmd� fZl_fZlbdb b bgnhjfZlbdb�

MqZsb_ky fh]ml gZ[ex^Zlv i_j_f_ggu_ a\_a^u b

ZgZebabjh\Zlv baf_g_gb_ yjdhklb gZ[ex^Z_fuo

a\_a^� bkihevamy ij_^hklZ\ey_fmx [Zam ^Zgguo

6 0 0  0 0 0  gZ[ex^_gbc b dhfivxl_jgmx ijh]jZffm�

;eZ]h^Zjy agZqbl_evghfm h[t_fm ^Zgguo b

fZl_fZlbq_kdbf f_lh^Zf mlhqg_gby m^Z_lky

ihemqZlv ^h\hevgh lhqgu_ j_amevlZlu� Wlh m[_`^Z_l

mqZsboky \ ^hklh\_jghklb bo gZ[ex^_gbc b \ lhf�

qlh ihemq_ggu_ bfb ^Zggu_ fh]ml [ulv ^hklZlhqgh

ihe_agu \ jZ[hl_ ijhn_kkbhgZevguo Zkljhghfh\�

6 1 . < ���� ]h^m $$962 ij_^hklZ\beZ fZl_jbZe ih

ijZdlbq_kdhc Zkljhnbabd_ jy^m h[hjm^h\Zgguo

l_e_kdhiZfb p_gljh\� dhlhju_ [ueb hldjulu ih^

w]b^hc beb ijb ih^^_j`d_ kh klhjhgu ijZdlbdmfh\

Hj]ZgbaZpbb H[t_^bg_gguo GZpbc�?D: ih nmg^Z�

f_glZevghc dhkfbq_kdhc gZmd_� \ p_eyo _]h bkihev�

ah\Zgby \f_kl_ k hilbq_kdbfb gZ[ex^_gbyfb k ih�

fhsvx l_e_kdhih\ b \ jZfdZo mq_[guo ijh]jZff

�=hg^mjZk� Bhj^Zgby� FZjhddh� IZjZ]\Zc� Nbebi�

ibgu b Rjb±EZgdZ��

J . 	
���"����������������
����
���
���
��� ��"��������!������ �������

���������������������� ����������

������������������������

���������� ��
�������
��!�
����

�����
���� ��"��������������

��
��!�
���������

6 2 . >ey ijZdlbdmfh\ Hj]ZgbaZpbb H[t_^bg_gguo

GZpbc�?D: ih nmg^Zf_glZevghc dhkfbq_kdhc gZmd_

[ueZ jZajZ[hlZgZ mq_[gZy ijh]jZffZ gZ hkgh\_

[ehdh\ Zkljhnbabq_kdbo aZ^Zq� ba dhlhjuo fh`gh

hl[bjZlv h^bg beb g_kdhevdh b \dexqZlv \ kms_�

kl\mxsb_ dmjku ih lZdbf jZa^_eZf nbabdb� dZd

we_f_glZjgZy f_oZgbdZ� l_iehlZ b baemq_gb_�

dbg_lbq_kdZy l_hjby� we_dljhlhdb� Z lZd`_ g_dhlh�

ju_ [he__ keh`gu_ dmjku� GZebqb_ lZdhc ijh]jZf�

fu kgbfZ_l aZljm^g_gby k \g_^j_gb_f Zkljhnbabdb

\ mgb\_jkbl_lkdb_ dmjku ih nbabd_� hkh[_ggh \ jZa�

\b\Zxsboky kljZgZo�

6 3 . LZdb_ aZ^Zqb ih Zkljhnbabd_ ijba\Zgu

jZaghh[jZablv b ^hihegblv kms_kl\mxsb_ dmjku ih

nbabd_� kihkh[kl\h\Zlv m]em[e_gbx ihgbfZgby

klm^_glZfb nbabdb iml_f hagZdhfe_gby k __ gh\ufb

h[eZklyfb b jZa\blbx m gbo [he__ [h]Zlh]h

\hh[jZ`_gby� >ey dZ`^hc aZ^Zqb ih Zkljhnbabd_

ij_^hklZ\ey_lky djZldh_ mq_[gh_ ihkh[b_� k l_f

qlh[u ij_ih^Z\Zl_ev fh] hk\_lblv aZ^Zqm \

Zm^blhjbb� Baeh`_gb_ aZ^Zq [he__ keh`gh]h mjh\gy

gZqbgZ_lky k djZldh]h \\_^_gby \ khhl\_lkl\mxsbc

jZa^_e nbabdb�

6 4 . Mq_[gZy ijh]jZffZ jZa[blZ gZ ke_^mxsb_

hkgh\gu_ jZa^_eu� hj[blu b lj_lbc aZdhg D_ie_jZ�

Kheg_qgZy kbkl_fZ� g_cljhggu_ a\_a^u b kdhie_gby

]ZeZdlbd� l_ieh\h_ baemq_gb_� `bagv a\_a^� dhkfb�

q_kdb_ fZ]gblgu_ ihey� b ZkljhnbabdZ \ukhdbo

wg_j]bc�

6 5 . >ey \k_o aZ^Zq lj_[mxlky k`Zlu_ Ze]_[jZbq_k�

db_ b pbnjh\u_ j_r_gby� dhlhju_ fh]ml [ulv e_]dh

bkihevah\Zgu \ nbabd_� >ey fgh]bo aZ^Zq j_r_gb_

y\ey_lky [he__ dhjhldbf� q_f kZfZ ihklZgh\dZ

aZ^Zqb�
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6 6 . Ijb\e_dZl_evghklv Zkljhnbabdb g_ lhevdh \

lhf� qlh hgZ h[h]ZsZ_l \hh[jZ`_gb_� gh b \ lhf� qlh

hgZ k\yaZgZ kh fgh`_kl\hf ^jm]bo ^bkpbiebg�

:kljhnbabdZ khq_lZ_l \ k_[_ Zlhfgmx nbabdm�

y^_jgmx nbabdm� ]Zah]b^jh^bgZfbdm� nbabdm

ieZafu� nbabdm l\_j^uo l_e� l_hjbx g_mihjy^hq_g�

ghklb� hj]Zgbq_kdmx obfbx� ki_pbZevgmx b h[smx

l_hjbx hlghkbl_evghklb b fgh]h_ ^jm]h_� H^gZdh

klm^_glu mqZlky gZ j_r_gbb dhgdj_lguo aZ^Zq�

ijbq_f [eZ]h^Zjy fgh]hh[jZabx j_rZ_fuo aZ^Zq m

gbo \ujZ[Zlu\Z_lky rbjhdbc gZmqguc djm]hahj�

LZdbf h[jZahf� \dexq_ggu_ \ wlm mq_[gmx ijh]jZf�

fm aZ^Zqb iha\heyxl klm^_glZf hjb_glbjh\Zlvky \

k\yaZgguo k gbfb [he__ rbjhdbo ijh[e_fZo Zkljh�

nbabdb� ;hevrbgkl\h khijh\h`^Zxsbo dZ`^mx

aZ^Zqm l_dklh\ gZijZ\e_gh gZ hk\_s_gb_ [he__ rb�

jhdbo \hijhkh\ b ijh[e_f� dhlhju_ aZl_f hljZ�

`Zxlky \ dhgdj_lguo aZ^ZqZo� dhlhju_ ij_^eZ]Z_lky

j_rZlv klm^_glZf�

:kljhnbabdZ dZd gh\Zy h[eZklv gZmdb

6 7 . >Z`_ klm^_glu fh]ml klZ\blv bgl_j_kgu_

\hijhku� i_jki_dlb\gu_ k lhqdb aj_gby

bkke_^h\Zgbc� G_dhlhju_ gZ[ex^_gby k ihfhsvx

dhkfbq_kdh]h l_e_kdhiZ OZ[[eZ [ueb ijh\_^_gu ih

ijhkv[_ mqZsboky klZjrbo deZkkh\ k p_evx bo

ZgZebaZ� <f_kl_ k l_f i_j\hijhoh^q_kdbc oZjZdl_j

Zkljhnbabdb aZljm^gy_l ij_ih^Z\Zgb_ wlhc gZmdb�

>Z`_ ki_pbZebkl±Zkljhnbabd kdhjh ijb\udZ_l

ijbagZ\Zlv \ k\yab k g_dhlhjufb \hijhkZfb

mqZsboky� qlh hg g_ agZ_l hl\_lZ� b� \ hilbfZevghf

\ZjbZgl_� ij_^eZ]Zlv bf \f_kl_ jZah[jZlvky k

ijh[e_fhc� H[mqZlv j_r_gbx aZ^Zq \ jZfdZo

mq_[ghc ijh]jZffu [m^_l ^_ckl\bl_evgh g_ijhklh�

ihkdhevdm mqZsb_ky g_ba[_`gh [m^ml aZ^Z\Zlv

\hijhku� \uoh^ysb_ ^Ze_dh aZ jZfdb dhgdj_lghc

aZ^Zqb b ij_^hklZ\e_ggh]h mq_[gh]h ihkh[by ih

Zkljhnbabd_� Ij_ih^Z\Zl_eyf [m^_l aZljm^gbl_evgh

ijbagZ\Zlv� qlh hgb q_]h�lh g_ agZxl� gh h[j_l_gb_

klm^_glZfb gZ\udh\ nhjfmebjh\Zlv \hijhku

y\ey_lky ]hjZa^h [he__ \Z`guf� Fgh]b_ klm^_glu�

bamqZxsb_ nbabdm� ebrv aZihfbgZxl ij_^eZ]Z_fuc

fZl_jbZe� :kljhnbabdZ aZklZ\ey_l bo hlhclb hl wlhc

ijb\uqdb b gZqZlv ^mfZlv kZfhklhyl_evgh�

AZ^Z\Z_fu_ klm^_glZfb \hijhku k\b^_l_evkl\mxl h[

bo ijh]j_kk_�

>b^ZdlbdZ

6 8 . IjbklmiZy d l_hj_lbq_kdhfm ZgZebam gh\uo

gZ[ex^Z_fuo y\e_gbc� ke_^m_l gZqbgZlv g_ k

dhfivxl_jZ� Z k hij_^_e_gby lh]h� dZdhc jZa^_e

nbabdb y\ey_lky ijbf_gbfuf� G_h[oh^bfh \u[jZlv

g_kdhevdh nbabq_kdbo iZjZf_ljh\ b khklZ\blv

fbgbfZevgh_ dhebq_kl\h ZgZeblbq_kdbo mjZ\g_gbc�

hljZ`Zxsbo kmlv nbabq_kdbo y\e_gbc� Wlb mjZ\�

g_gby hlghkylky d qbkem g_ lj_[mxsbo keh`guo

jZkq_lh\� < Zkljhnbabd_ ij_`^_ \k_]h mqblu\Zxlky

khhl\_lkl\mxsb_ nhjfu wg_j]bb� ijbq_f \gZqZe_ g_

m^_ey_lky \gbfZgb_ lhfm� dZdb_ bf_ggh kbeu e_`Zl

\ hkgh\_ wlhc wg_j]bb� G_h[oh^bfh mklZgh\blv� k

dZdh]h jh^Z wg_j]b_c – ]jZ\blZpbhgghc� y^_jghc�

dbg_lbq_kdhc� we_dljhfZ]gblghc beb khq_lZgb_f

^\mo ba gbo – ijboh^blky bf_lv ^_eh b dZdh\u

hkgh\gu_ iZjZf_lju� gZijbf_j jZaf_j beb fZkkZ

h[t_dlZ� \ebyxsb_ gZ wlb \b^u wg_j]bb� Hl\_lu

bgh]^Z ihfh]Z_l ihemqblv ijbf_g_gb_ ZgZebaZ

jZaf_jghkl_c� <hafh`gZy hrb[dZ \ ^\Z�ljb jZaZ

hlghkbl_evgh qbkeh\uo dhwnnbpb_glh\ \ lZdbo

ij_^\Zjbl_evguo jZkq_lZo y\ey_lky g_kms_kl\_g�

ghc� < g_kdhevdbo aZ^ZqZo� \dexq_gguo \ mq_[gmx

ijh]jZffm� hkh[h_ \gbfZgb_ m^_ey_lky ihjy^dm

\_ebqbg ijb fZl_fZlbq_kdhf ZgZeba_ b ZgZeba_

jZaf_jghkl_c� < g_dhlhjuo aZ^ZqZo klm^_glZf

ij_^eZ]Z_lky� \ qZklghklb� j_rblv ^bnn_j_gpbZev�

gu_ mjZ\g_gby� qlh iha\hey_l gZ]ey^gh \uy\blv

hkgh\gu_ nbabq_kdb_ iZjZf_lju�

Kh\f_klgh_ h[mq_gb_ \ ]jmiiZo

6 9 . Gh\Zy h[eZklv gZmdb lj_[m_l ijbeh`_gby

kh\f_klguo mkbebc� G_hlt_fe_fuf we_f_glhf

bamq_gby Zkljhnbabdb b ijh\_^_gby bkke_^h\Zgbc \

wlhc h[eZklb y\ey_lky h[km`^_gb_� <dexq_ggu_ \

mq_[gmx ijh]jZffm aZ^Zqb ijb g_h[oh^bfhklb

fh`gh baeZ]Zlv b j_rZlv \ jZfdZo e_dpbb� h^gZdh

hgb hlh[jZgu b gZibkZgu lZdbf h[jZahf� qlh[u bo

fh]eb h[km`^Zlv b j_rZlv g_[hevrb_ ]jmiiu

klm^_glh\� ijbq_f ij_^ihqlbl_evgh \ oh^_ aZgylby�

Wnn_dlb\gh jZ[hlZxl ]jmiiu \ khklZ\_ ^\mo� lj_o

beb q_luj_o klm^_glh\� qlh qZklbqgh aZ\bkbl hl

\hafh`ghkl_c jZaf_s_gby bo \ Zm^blhjbb�

7 0 . JZ[hlZ klm^_glh\ \ ]jmiiZo aZgbfZ_l fgh]h

\j_f_gb� AZ \j_fy� g_h[oh^bfh_ ]jmiiZf klm^_glh\

^ey h[km`^_gby h^ghc aZ^Zqb� ij_ih^Z\Zl_ev fh`_l

baeh`blv fZl_jbZe ih lj_f aZ^ZqZf� Ih kjZ\g_gbx k

qbklh e_dpbhggufb dmjkZfb \ wlhf kemqZ_ ba�aZ
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g_^hklZldZ \j_f_gb ijboh^blky himkdZlv g_dhlhju_

l_fu dmjkZ� H^gZdh fh`gh [ulv m\_j_gguf� qlh

klm^_glu ihcfml aZ^Zqm� dhlhjmx hgb j_rbeb� b qlh

ij_ih^Z\Zl_ev ihemqbl ^hdZaZl_evkl\Z lhfm� Wlh \

dhg_qghf kq_l_ ]hjZa^h [he__ ihe_agh ^ey klm^_glZ�

q_f hlju\hqgh aZihfbgZ_fuc bf g_dhlhjuc

^hihegbl_evguc fZl_jbZe�

7 1 . < gZklhys__ \j_fy mq_[gZy ijh]jZffZ

jZkkfZljb\Z_lky \ h[k_j\Zlhjbyo� dhlhju_ [ueb

hldjulu ih^ w]b^hc beb ijb ih^^_j`d_ kh klhjhgu

ijZdlbdmfh\ Hj]ZgbaZpbb H[t_^bg_gguo GZ�

pbc�?D: ih nmg^Zf_glZevghc dhkfbq_kdhc gZmd_ b

ijbgbfZ\rbo bo kljZg �=_jfZgby� =hg^mjZk� ?]bi_l�

Bg^by� Bhj^Zgby� Dhemf[by� DhklZ�JbdZ� FZ\jbdbc�

Gb]_jby� IZjZ]\Zc� Nbebiibgu� NjZgpby b Rjb�

EZgdZ��

IV. #
����������
��!�
���
��
���������

7 2 . Hj]ZgbaZpby H[t_^bg_gguo GZpbc �q_j_a k\h_

MijZ\e_gb_ ih \hijhkZf dhkfbq_kdh]h ijhkljZg�

kl\Z� b ?D: gZqbgZy k ���� ]h^Z kh\f_klgh hj]Zgb�

amxl k_jbx ijZdlbdmfh\ ih nmg^Zf_glZevghc dhk�

fbq_kdhc gZmd_ �kf� imgdl ��� Hkms_kl\e_gb_ j_dh�

f_g^Zpbc wlbo ijZdlbdmfh\ kihkh[kl\m_l mdj_i�

e_gbx gZmqghc bgnjZkljmdlmju \ jZa\b\Zxsboky

kljZgZo� MqZklgbdZfb ijZdlbdmfh\ [ueZ ij_^eh�

`_gZ� \ qZklghklb� dhgp_ipby \k_fbjghc dhkfb�

q_kdhc h[k_j\Zlhjbb� dhlhjZy ij_^mkfZljb\Z_l kh�

a^Zgb_ gZ hkgh\_ f_`^mgZjh^gh]h mqZklby� \ lhf

qbke_ jZa\b\Zxsboky kljZg� kimlgbdh\hc h[k_j�

\Zlhjbb ^ey bkke_^h\Zgbc \ mevljZnbhe_lh\hc

h[eZklb we_dljhfZ]gblgh]h ki_dljZ
4 .

7 3 . MqZklgbdZf ijZdlbdmfZ [ueb ij_^klZ\e_gu

j_amevlZlu hp_gdb mkeh\gh]h aZimkdZ <k_fbjghc

dhkfbq_kdhc h[k_j\Zlhjbb �W S O /U V )  (C D F -0 5 ( A ) ) ,
dhlhjZy [ueZ ijh\_^_gZ \ jZfdZo Ijh]jZffu h[sbo

bkke_^h\Zgbc �^he]hkjhqgh_ ieZgbjh\Zgb_� ?D:�

Kh]eZkgh wlbf j_amevlZlZf ijh_dl W S O /U V fh`_l

[ulv hkms_kl\e_g ijb[ebabl_evgh q_j_a r_klv e_l�

B^_y ijh]jZffu ihe_lZ� ij_^klZ\eyxs_]h bgl_j_k

dZd ^ey jZa\b\Zxsboky� lZd b ^ey [he__ jZa\bluo

kljZg� g_khfg_ggh� y\ey_lky [he__ ijh^mdlb\ghc�

q_f b^_y ijh]jZffu ihe_lZ \ bgl_j_kZo ebrv

jZa\b\Zxsboky kljZg� LZdZy ij_^mkfZljb\ZxsZy

[he__ rbjhdbc ho\Zl ijh]jZffZ ihe_lZ j_Zevgh

h[_ki_qbl ihe_agh_ \aZbfh^_ckl\b_ ki_pbZebklh\ \

h[eZklb nmg^Zf_glZevghc dhkfbq_kdhc gZmdb \h

\k_f fbj_� qlh y\blky ^hihegbl_evguf wnn_d�

lb\guf klbfmehf ^ey __ j_ZebaZpbb� Fh^_ev h[k_j�

\Zlhjbb W S O /U V � dhlhjmx ieZgbjm_lky \u\_klb \

lhqdm EZ]jZg`Z L .�� \dexqZ_l \ k_[y l_e_kdhi ^bZ�

f_ljhf 1 ,7  f_ljZ� ki_dljh]jZnu b nhjfbjh\Zl_eb

bah[jZ`_gbc� Kh]eZkgh j_amevlZlZf bkke_^h\Zgby \

gZklhys__ \j_fy bf__lky j_ZevgZy \hafh`ghklv

ih^]hlh\blv lZdmx ijh]jZffm k \hafh`guf aZimk�

dhf ZiiZjZlZ \ ���� ]h^m� >ey lh]h qlh[u bkihev�

ah\Zlv wlm \hafh`ghklv� g_h[oh^bfh [_ahleZ]Zl_evgh

ijh^he`blv ihbkd iml_c ^ey kdhj_cr_c fh[beb�

aZpbb rbjhdh]h mqZklby� ijh^he`blv jZ[hlm gZ^

ih^jh[guf ieZghf j_ZebaZpbb ijh_dlZ� Z lZd`_

ijh^he`blv ihbkd khhl\_lkl\mxsbo bklhqgbdh\

nbgZgkbjh\Zgby� ;m^msb_ ijZdlbdmfu fh]ml \g_klb

\Z`guc \deZ^ \ ^Zevg_cr__ bamq_gb_ ijZdlbq_kdbo

Zki_dlh\� k\yaZgguo k h[_ki_q_gb_f rbjhdh]h

mqZklby jZaebqguo kljZg� hkh[_ggh jZa\b\Zxsboky

kljZg� dZd gZ wlZi_ jZajZ[hldb ijh_dlZ� lZd b gZ

wlZiZo ijZdlbq_kdh]h bkihevah\Zgby h[k_j\Zlh�

jbb W S O /U V.

Ijbf_qZgby

1
Kf� >hdeZ^ lj_lv_c Dhgn_j_gpbb Hj]ZgbaZpbb

H[t_^bg_gguo GZpbc ih bkke_^h\Zgbx b

bkihevah\Zgbx dhkfbq_kdh]h ijhkljZgkl\Z \ fbjguo

p_eyo� <_gZ� ����� bxey ���� ]h^Z �ba^Zgb_

Hj]ZgbaZpbb H[t_^bg_gguo GZpbc� \ ijh^Z`_ ih^

� R .0 0 .I .3 ) ,  ]eZ\Z I ,  j_ahexpby �� imgdl ��_��i i ) � b
]eZ\Z I I ,  imgdl 4 0 9 (d ) ( i ) .

2
HnbpbZevgu_ hlq_lu =_g_jZevghc :kkZf[e_b�

iylv^_kyl q_l\_jlZy k_kkby� >hiheg_gb_ � 2 0 � b

bkijZ\e_gb_ �$������ b C o r r.1 ) , imgdl 5 2 .

3 Cf� 6HH -� $QGHUVHQ� ³$VWURQRP\ DQG WKH GHJUDGLQJ

e n v i ro n m e n t” ,  S c ien c e ,  v o l.  2 8 8 , 2 1  A p r i l  2 0 0 0 ,  p p . 4 4 3
a n d  4 4 4 .

4
Kf� >hdeZ^ lj_lv_c Dhgn_j_gpbb Hj]ZgbaZpbb

H[t_^bg_gguo GZpbc ih bkke_^h\Zgbx b

bkihevah\Zgbx dhkfbq_kdh]h ijhkljZgkl\Z \ fbjguo

p_eyo� <_gZ� ����� bxey 1 9 9 9 ]h^Z �ba^Zgb_

Hj]ZgbaZpbb H[t_^bg_gguo GZpbc� \ ijh^Z`_ ih^

� 5����,���� ]eZ\Z I I ,  imgdl 2 0 7 .
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;b[ebh]jZnby

1 . >hdmf_glu Dhfbl_lZ ih bkihevah\Zgbx dhk�

fbq_kdh]h ijhkljZgkl\Z \ fbjguo p_eyo

>hdeZ^ h jZ[hl_ i_j\h]h IjZdlbdmfZ Hj]ZgbaZpbb

H[t_^bg_gguo GZpbc�?\jhi_ckdh]h dhkfbq_�

kdh]h Z]_glkl\Z ih nmg^Zf_glZevghc dhkfbq_�

kdhc gZmd_� ;Zg]Zehj� Bg^by� �� Zij_ey –  3 fZy

1 9 9 1 ]h^Z �A / A C .1 0 5 /4 8 9 )

>hdeZ^ h jZ[hl_ \lhjh]h IjZdlbdmfZ Hj]ZgbaZpbb

H[t_^bg_gguo GZpbc�?\jhi_ckdh]h dhkfbq_�

kdh]h Z]_glkl\Z ih nmg^Zf_glZevghc dhkfb�

q_kdhc gZmd_� KZg�Ohk_ b ;h]hlZ� �±�� ghy[jy

1 9 9 2 ]h^Z �A / A C .1 0 5 /5 3 0 )

>hdeZ^ h jZ[hl_ lj_lv_]h IjZdlbdmfZ Hj]ZgbaZpbb

H[t_^bg_gguo GZpbc�?\jhi_ckdh]h dhkfbq_�

kdh]h Z]_glkl\Z ih nmg^Zf_glZevghc dhkfbq_�

kdhc gZmd_� EZ]hk� ��±�� hdly[jy ���� ]h^Z

( A / A C .1 0 5 /5 6 0 /A d d .1 )

>hdeZ^ h jZ[hl_ q_l\_jlh]h IjZdlbdmfZ Hj]Zgb�

aZpbb H[t_^bg_gguo GZpbc�?\jhi_ckdh]h dhk�

fbq_kdh]h Z]_glkl\Z ih nmg^Zf_glZevghc dhk�

fbq_kdhc gZmd_� DZbj� �� bxgy –  1 bxey

1 9 9 4 ]h^Z �A / A C .1 0 5 /  5 8 0 )

>hdeZ^ h jZ[hl_ iylh]h IjZdlbdmfZ Hj]ZgbaZpbb

H[t_^bg_gguo GZpbc�?\jhi_ckdh]h dhkfbq_�

kdh]h Z]_glkl\Z ih nmg^Zf_glZevghc dhkfbq_�

kdhc gZmd_� hl fZeuo l_e_kdhih\ d dhkfbq_kdbf

ihe_lZf� Dhehf[h� ��±�� yg\Zjy ���� ]h^Z

( A / A C .1 0 5 /6 4 0 )

>hdeZ^ h jZ[hl_ r_klh]h IjZdlbdmfZ Hj]ZgbaZpbb

H[t_^bg_gguo GZpbc�?\jhi_ckdh]h dhkfbq_�

kdh]h Z]_glkl\Z ih nmg^Zf_glZevghc dhkfbq_�

kdhc gZmd_� Zkljhghfbq_kdb_ bkke_^h\Zgby k

bkihevah\Zgb_f gZa_fghc b dhkfbq_kdhc ZiiZ�

jZlmju� ;hgg� �±�� k_gly[jy ���� ]h^Z

( A / A C .1 0 5 /6 5 7 )

>hdeZ^ h jZ[hl_ k_^vfh]h IjZdlbdmfZ Hj]ZgbaZpbb

H[t_^bg_gguo GZpbc�?\jhi_ckdh]h dhkfbq_�

kdh]h Z]_glkl\Z ih nmg^Zf_glZevghc dhkfbq_�

kdhc gZmd_� fZeu_ Zkljhghfbq_kdb_ l_e_kdhiu b

kimlgbdb \ kn_j_ h[jZah\Zgby b gZmqguo

bkke_^h\Zgbc� L_]mkb]ZeviZ� ��±�� bxgy

1 9 9 7 ]h^Z �A / A C .1 0 5 /6 8 2 )

>hdeZ^ h jZ[hl_ \hkvfh]h IjZdlbdmfZ Hj]ZgbaZpbb

H[t_^bg_gguo GZpbc�?\jhi_ckdh]h dhkfbq_�

kdh]h Z]_glkl\Z ih nmg^Zf_glZevghc dhkfbq_�

kdhc gZmd_� gZmqgu_ bkke_^h\Zgby ba dhkfhkZ�

FZnjZd� Bhj^Zgby� ��±�� fZjlZ ���� ]h^Z

( A / A C .1 0 5 /7 2 3 )

>hdeZ^ lj_lv_c Dhgn_j_gpbb Hj]ZgbaZpbb H[t�

_^bg_gguo GZpbc ih bkke_^h\Zgbx b bkihevah�

\Zgbx dhkfbq_kdh]h ijhkljZgkl\Z \ fbjguo

p_eyo� <_gZ� ��±�� bxey ���� ]h^Z �A / A C .1 8 4 /6 )
�ba^Zgb_ Hj]ZgbaZpbb H[t_^bg_gguo GZpbc� \

ijh^Z`_ ih^ � R .0 0 . I .3 )

2 . >hdmf_glu� ij_^klZ\e_ggu_ gZ ^_\ylhf IjZd�

lbdmf_ Hj]ZgbaZpbb H[t_^bg_gguo GZpbc�

?\jhi_ckdh]h dhkfbq_kdh]h Z]_glkl\Z ih

nmg^Zf_glZevghc dhkfbq_kdhc gZmd_� kimlgbdb

b k_lb l_e_kdhih\ dZd kj_^kl\Z ^ey h[_ki_�

q_gby \k_h[s_]h mqZklby \ bkke_^h\Zgbyo

<k_e_gghc
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ijb ih^^_j`d_ kh klhjhgu ijZdlbdmfh\

Hj]ZgbaZpbb H[t_^bg_gguo GZpbc�?\jhi_c�

kdh]h dhkfbq_kdh]h Z]_glkl\Z ih nmg^Zf_g�

lZevghc dhkfbq_kdhc gZmd_
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