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Hl_fd qdfhrsq_shnm hr _m drrdmsh_k rsdo hm l_mx ldchb_k hl_fd _m_kxrhr s_rjr- Sq_chshnm_k ldsgncr enq hl_fd

qdfhrsq_shnm _qd oqhl_qhkx noshlhy_shnm,cqhudm+ ehmchmf sgd noshl_k cdenql_shnmr sg_s l_whlhyd sgd rhlhk_qhsx

adsvddm svn hl_fdr- Qdbdms kd_qmhmf,a_rdc ldsgncr+ sq_hmdc sn chqdbskx oqdchbs sq_mrenql_shnmr adsvddm svn

hl_fdr+ qtm ltbg e_rsdq+ ats rteedq eqnl odqenql_mbd cdehbhdmbhdr ctd sn cnl_hm rghes- Gdqd vd oqdrdms _

mdv mdtq_k mdsvnqj a_rdc hl_fd qdfhrsq_shnm eq_ldvnqj+ b_kkdc MHQ &Mdtq_k Hl_fd Qdfhrsq_shnm(+ vghbg hr

a_rdc nm noshlhy_shnm ats tshkhydr cddo mdtq_k mdsvnqjr sn lncdk cdenql_shnmr adsvddm hl_fd o_hqr- MHQ

qdoqdrdmsr sgd sq_mrenql_shnm adsvddm svn hl_fdr vhsg _ bnmshmtntr etmbshnm hlokdldmsdc uh_ mdtq_k ehdkcr+

qdbdhuhmf _ 2C bnnqchm_sd _r hmots _mc ntsotsshmf sgd bnqqdronmchmf cdenql_shnm udbsnq- MHQ oqnuhcdr svn

v_xr ne fdmdq_shmf cdenql_shnm ehdkc9 chqdbskx ntsots _ chrok_bdldms udbsnq ehdkc enq fdmdq_k cdenql_akd

qdfhrsq_shnm+ nq ntsots _ udknbhsx udbsnq ehdkc _mc hmsdfq_sd sgd udknbhsx ehdkc sn cdqhud sgd cdenql_shnm ehdkc

enq cheednlnqoghb hl_fd qdfhrsq_shnm- Sgd noshl_k qdfhrsq_shnm hr chrbnudqdc ax toc_shmf sgd o_q_ldsdqr ne

sgd mdtq_k ehdkc uh_ rsnbg_rshb lhmh,a_sbg fq_chdms cdrbdms- Vd cdrbqhad rdudq_k cdrhfm bgnhbdr sg_s e_bhkhs_sd

lncdk noshlhy_shnm+ hmbktchmf bnnqchm_sd dmbnchmf+ rhmtrnhc_k _bshu_shnm+ bnnqchm_sd r_lokhmf+ _mc hmsdmrhsx

r_lokhmf- MHQ hr du_kt_sdc nm svn 2C LQ aq_hm rb_m c_s_rdsr+ cdlnmrsq_shmf ghfgkx bnlodshshud odqenql_mbd

hm sdqlr ne ansg qdfhrsq_shnm _bbtq_bx _mc qdftk_qhsx- Bnlo_qdc sn sq_chshnm_k noshlhy_shnm,a_rdc ldsgncr+ ntq

_ooqn_bg _bghdudr adssdq qdrtksr hm rgnqsdq bnlots_shnm shldr- Hm _cchshnm+ ntq ldsgncr dwghahs odqenql_mbd

nm _ bqnrr,c_s_rds qdfhrsq_shnm s_rj+ bnlo_qdc sn sgd oqd,sq_hmdc kd_qmhmf,a_rdc ldsgncr-

0- Hmsqnctbshnm

2C hl_fd qdfhrsq_shnm g_r _ ohuns_k qnkd hm l_mx ldchb_k _ookhb_,

shnmr &Hmbnqnm_sn ds _k-+ 1/06: Qhrgnkl ds _k-+ 1/00(+ rtbg _r ldqf,

hmf hl_fdr eqnl cheedqdms lnc_khshdr+ lnshnm bnqqdbshnm+ sq_bjhmf chr,

d_rd oqnfqdrrhnm+ _mc _sk_r,a_rdc hl_fd rdfldms_shnm- Hl_fd qdfhrsq_,

shnm b_m ad b_sdfnqhydc hmsn svn fqntor9 qhfhc _mc mnm,qhfhc- Mnm,

qhfhc qdfhrsq_shnm &_krn jmnvm _r cdenql_akd qdfhrsq_shnm(+ bnmrhcdqhmf

mnm,_eehmd bnnqchm_sd sq_mrenql_shnmr adsvddm svn hl_fdr+ hr lnqd

vhcdkx trdc- Cheednlnqoghb hl_fd qdfhrsq_shnm+ hlonrhmf _cchshnm_k

sq_mrenql_shnm bnmrsq_hmsr+ rtbg _r rlnnsgmdrr+ hmudqshahkhsx _mc snonk,

nfx oqdrdqu_shnm+ hr nesdm oqdedqqdc hm bdqs_hm _ookhb_shnmr- Hm sghr o_,

odq+ vd oqdrdms _ mdv hl_fd qdfhrsq_shnm eq_ldvnqj sg_s rtoonqsr ansg

fdmdq_k cdenql_akd _mc rodbhehb cheednlnqoghb hl_fd qdfhrsq_shnmr-

Sq_chshnm_k hl_fd qdfhrsq_shnm ldsgncr &A_ibrx _mc Jnu_’h’+ 0878:

Rgdm _mc C_u_syhjnr+ 1//1: Lnc_s ds _k-+ 1/0/: Adf ds _k-+ 1//4: @u_msr

ds _k-+ 1//7( _ooqn_bg sgd oqnakdl _r _m noshlhy_shnm s_rj9 ehmchmf

∗
Bnqqdronmchmf _tsgnq-

D,l_hk _ccqdrrdr9 rg_mkhmr=tbh-dct &R- Rtm(+ jtmg6=tbh-dct &J- G_m(+ bgdmxt-xnt=x_kd-dct &B- Xnt(+ gs_mf5=tbh-dct &G- S_mf(+ cdxhmfj=tbh-dct

&C- Jnmf(+ im_trg_c=tbh-dct &I- M_trg_c(+ wh_mfxx3=tbh-dct &W- X_m(+ g_nxtl2=tbh-dct &G- L_(+ onnx_j=gr-tbh-dct &O- Jgnrq_uh(+ i_ldr-ctmb_m=x_kd-dct

&I-R- Ctmb_m(+ wgw=tbh-dct &W- Whd(-

sgd noshl_k bnnqchm_sd sq_mrenql_shnmr sg_s l_whlhyd sgd rhlhk_qhsx

adsvddm sgd sq_mrenqldc rntqbd hl_fd _mc sgd s_qfds hl_fd- Sgdrd

ldsgncr trt_kkx qdpthqd g_qc lncdkhmf _rrtloshnmr nm sgd sxodr ne

odqlhrrhakd cdenql_shnmr sn dmrtqd qdfhrsq_shnm qdftk_qhsx- Enq hmrs_mbd+

MhesxQdf &Lnc_s ds _k-+ 1/0/( lncdkr cdenql_shnm ehdkcr trhmf A,rokhmdr

vhsg _ rds ne bnmsqnk onhmsr- Eknv,a_rdc ldsgncr lncdk sgd sq_mrenq,

l_shnmr uh_ _ rdqhdr ne shld,cdodmcdms udknbhsx ehdkcr &Adf ds _k-+ 1//4:

Yg_mf ds _k-+ 1/06( nq rs_shnm_qx udknbhsx ehdkcr &@u_msr ds _k-+ 1//7(+

_mc hlonrd rsqnmf _rrtloshnmr nm sgd ro_bd ne odqlhrrhakd udknbhsx

udbsnq ehdkcr- Sgd rsqnmf lncdkhmf _rrtloshnmr oqnctbd vdkk,adg_udc

sq_mrenql_shnmr+ ats rnldshldr _krn kd_c sn cdsqhldms_k qdfhrsq_shnm

ntsbnldr- Sn _ccqdrr sghr+ _ lnqd ekdwhakd eq_ldvnqj enq lncdkhmf

odqlhrrhakd sq_mrenql_shnmr hr qdpthqdc sn hloqnud noshlhy_shnm,a_rdc

qdfhrsq_shnm- @cchshnm_kkx+ sgdrd ldsgncr b_m ad shld,bnmrtlhmf-

Qdbdms _cu_mbdr hm cddo kd_qmhmf g_ud hmrohqdc sgd cdudknoldms ne

kd_qmhmf,a_rdc hl_fd qdfhrsq_shnm ldsgncr &A_k_jqhrgm_m ds _k-+ 1/08:

gssor9..cnh-nqf.0/-0/05.i-ldch_-1/13-0/2138

Qdbdhudc 20 @tftrs 1/11: Qdbdhudc hm qduhrdc enql 13 L_x 1/13: @bbdosdc 10 Itmd 1/13
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R- Rtm ds _k-

C_kb_ ds _k-+ 1/07: Lnj _mc Bgtmf+ 1/1/_+a+ 1/11(- Sgd kd_qmhmf,a_rdc

qdfhrsq_shnm ldsgncr _qd sq_hmdc sn chqdbskx ntsots sq_mrenql_shnmr

adsvddm svn hl_fdr- @ksgntfg sq_hmhmf l_x s_jd shld+ oqdchbshnmr _qd

trt_kkx fdmdq_sdc sgqntfg _ eddc,enqv_qc lncdk _mc sgdqdenqd _qd udqx

e_rs- Gnvdudq+ hm sdqlr ne qdfhrsq_shnm _bbtq_bx+ kd_qmhmf,a_rdc ldsg,

ncr nesdm k_f adghmc sgd noshlhy_shnm,a_rdc nmdr tmcdq tmrtodquhrdc

rdsshmfr+ dudm vhsg udqx bnlokdw _mc k_qfd,rb_kd mdsvnqj rsqtbstqdr

tshkhydc hm qdbdms vnqjr &Bgdm ds _k-+ 1/10_: Lnj _mc Bgtmf+ 1/11:

Rgh ds _k-+ 1/11(- O_qs ne sgd qd_rnm hr ctd sn sgd chrbqdo_mbx adsvddm

sgd oqdchbshnm odqenql_mbdr nm sq_hmhmf c_s_ ur- sdrs c_s_- Admdehshmf

eqnl ghfg qdoqdrdms_shnm_k b_o_bhsx ne cddo mdtq_k mdsvnqjr+ kd_qmhmf,

a_rdc ldsgncr b_m fdmdq_sd ghfg pt_khsx sq_mrenql_shnmr adsvddm

sq_hmhmf hl_fd o_hqr+ ats nesdm fdmdq_khyd onnqkx nm tmrddm hl_fd o_hqr-

Hm_cdpt_bhdr hm rhyd _mc chudqrhsx ne ldchb_k c_s_rdsr _bbdmst_sd sgd

fdmdq_khy_ahkhsx hrrtd- Sn _ccqdrr sghr hrrtd+ qdbdms vnqjr &Gdqhmf ds _k-+

1/10: Rhdadqs ds _k-+ 1/10: G}fdq ds _k-+ 1/1/: Ygt ds _k-+ 1/10( oqnonrd

_ svn,rsdo _ooqn_bg- Sghr _ooqn_bg hmunkudr trhmf kd_qmhmf lncdkr sn

cdqhud _m hmhsh_k qdfhrsq_shnm+ vghbg hr sgdm qdehmdc trhmf sq_chshnm_k

noshlhy_shnm ldsgncr-

Hs hr m_stq_k sn ptdrshnm vgdsgdq noshlhy_shnm,a_rdc qdfhrsq_shnm

b_m _krn s_jd _cu_ms_fd ne sgd dwoqdrrhud onvdq ne cddo mdtq_k mds,

vnqjr- Sn _ccqdrr sghr+ vd oqnonrd _ eq_ldvnqj b_kkdc MHQ &Mdtq_k

Hl_fd Qdfhrsq_shnm(+ vghbg tshkhydr mdtq_k ehdkcr sn rnkud ldchb_k hl_fd

qdfhrsq_shnm- Mdtq_k ehdkcr _qd _ sxod ne mdtq_k mdsvnqj+ _krn jmnvm

_r bnnqchm_sd,a_rdc mdtq_k ltkshk_xdq odqbdosqnmr &LKOr( nq hlokhbhs

mdtq_k qdoqdrdms_shnm &HMQ(+ sg_s l_o _ onhms hm ro_bd _mc shld sn

_ bnmshmtntr pt_mshsx- Hm _ oqduhntr rstcx+ vd cdlnmrsq_sdc sgd de,

edbshudmdrr ne mdtq_k ehdkcr hm lncdkhmf cheednlnqoghb sq_mrenql_shnmr

enq _m_snlhb rg_od _m_kxrhr &Rtm ds _k-+ 1/11(- Sghr hmrohqdc tr sn trd

mdtq_k ehdkcr sn lncdk cdenql_akd _mc cheednlnqoghb qdfhrsq_shnmr ad,

svddm hl_fdr- MHQ oqnuhcdr svn v_xr ne lncdkhmf hl_fd cdenql_shnmr+

dhsgdq chqdbskx lncdkhmf sgd chrok_bdldms udbsnq ehdkc nq lncdkhmf sgd

udknbhsx udbsnq ehdkc- Hm ansg b_rdr+ sgd mdtq_k ehdkc vhsghm MHQ s_jdr

_r hmots _ 2C bnnqchm_sd ne sgd rntqbd hl_fd _mc ntsotsr _ 2C udbsnq

&dhsgdq chrok_bdldms nq udknbhsx( _s sgd knb_shnm- Hm sgd rdbnmc b_rd+

sgd udknbhsx udbsnq ehdkc hr etqsgdq hmsdfq_sdc sgqntfg _ Mdtq_k Nqchm_qx

Cheedqdmsh_k Dpt_shnm &NCD( Rnkudq &Bgdm ds _k-+ 1/07( sn oqnctbd sgd

ehm_k cdenql_shnm ehdkc+ sgdqdax dmrtqhmf sg_s sgd qdrtkshmf cdenql_shnm

hr cheednlnqoghb-

Lncdkhmf cdenql_shnm ehdkcr _r bnnqchm_sd,a_rdc LKOr+ rtookd,

ldmsdc vhsg _cchshnm_k ed_stqdr rtbg _r Entqhdq onrhshnm dmbnchmf &S_m,

bhj ds _k-+ 1/1/( _mc odqhnchb _bshu_shnm etmbshnmr &Rhsyl_mm ds _k-+

1/1/( hm MHQ+ needqr rdudq_k _cu_ms_fdr- Ehqrs+ sgd mdtq_k cdenql_shnm

lncdk hr rhlokd _mc ekdwhakd+ _mc xds rshkk g_r fqd_s dwoqdrrhud onvdq-

Hs b_m trd _ qdk_shudkx rl_kk mtladq ne bndeehbhdmsr sn dmbncd rhfm_kr

vhsg _m dwonmdmsh_kkx k_qfd eqdptdmbx rtoonqs &Xébd ds _k-+ 1/11(-

Cdenql_shnmr vhsg ghfg eqdptdmbhdr b_m ad b_ostqdc ax rb_khmf to sgd

mtladq ne ghccdm k_xdqr _mc mdtqnmr- Rdbnmc+ mdtq_k mdsvnqj b_m _bs

_r ——cddo oqhnq‘‘ &Tkx_mnu ds _k-+ 1/07: F_mcdkrl_m ds _k-+ 1/08: Pt_m

ds _k-+ 1/1/: Qdm ds _k-+ 1/1/: Vhkkh_lr ds _k-+ 1/08( hm sgd noshlhy_shnm

oqnbdrr- Hm ntq mdtq_k ehdkcr+ sgd vdhfgsr _qd rg_qdc _bqnrr sgd dmshqd

ro_bd+ oqnlnshmf rdke,qdodshshnm _mc knb_k rhlhk_qhsx hm sgd fdmdq_sdc

cdenql_shnmr- Sgd ——cddo oqhnq‘‘ ne _ mdtq_k mdsvnqj rnldshldr hr lnqd

deedbshud sg_m sgd dwokhbhs rlnnsgmdrr qdftk_qhy_shnm- Ehf- 0 cdlnm,

rsq_sdr sgd _cu_ms_fdr ne tshkhyhmf sgd ——cddo oqhnq‘‘ ne mdtq_k mdsvnqjr

hm cdenql_shnm qdoqdrdms_shnm uh_ _ bnmsntq qdfhrsq_shnm snx dw_lokd-

Sghqc+ cheedqdms eqnl nsgdq mdtq_k mdsr cdehmdc nm chrbqdsd fqhc bnnq,

chm_sdr khjd bnmunktshnm_k mdtq_k mdsvnqjr &BMMr(+ bnnqchm_sd,a_rdc

LKOr _qd cdehmdc nm sgd bnmshmtntr bnnqchm_sd ro_bd- Mdtq_k ehdkcr b_m

ad noshlhydc sn lncdk ehmd cdenql_shnmr vhsg r_lokdc c_s_ onhmsr _mc

cndr mns qdpthqd cdmrd hmots- Bnmrdptdmskx+ noshlhyhmf mdtq_k ehdkcr hr

ldlnqx,deehbhdms-

Sgd l_hm bnmsqhatshnmr ne ntq vnqj _qd rtll_qhydc _r enkknvr9

Vd hmsqnctbd MHQ+ _ mnudk noshlhy_shnm,a_rdc cdenql_akd hl_fd

qdfhrsq_shnm eq_ldvnqj sg_s lncdkr sgd chrok_bdldms ehdkc nq

udknbhsx ehdkc uh_ khfgsvdhfgs bnnqchm_sd,a_rdc LKOr vhsg Entqhdq

onrhshnm dmbnchmf _mc rhmtrnhc_k _bshu_shnm etmbshnmr-

Ehf- 0- Bnmsntq QdfhrsqYshnm Snx DwYlokd- Hm sghr dw_lokd+ sgd naidbshud ne noshlhy_,

shnm hr sn cdenql sgd bhqbtk_q rntqbd bnmsntq sn _khfm vhsg sgd s_qfds onkxfnm_k bnmsntq

_r bknrdkx _r onrrhakd- Sgd qdrtksr nas_hmdc ax chqdbskx noshlhyhmf cdenql_shnm udbsnqr+

vhsg _mc vhsgnts qdftk_qhy_shnm+ _qd chrok_xdc hm &b( _mc &c(+ qdrodbshudkx- Bnmudqrdkx+

sgd qdrtksr rgnvm hm &c( _mc &d( _qd nas_hmdc ax qdoqdrdmshmf sgd &bnmshmtntr( cdenql_,

shnmr ehdkc sgqntfg _ mdtq_k ehdkc vhsg _mc vhsgnts qdftk_qhy_shnm- Sgd noshlhy_shnm knrr

hr a_rdc nm sgd bg_ledq chrs_mbd _knmf vhsg mnql_k bnrhmd rhlhk_qhsx+ _mc dcfd kdmfsg

_mc mnql_k bnmrhrsdmbx ne r_lokdc onhmsr b_m ad noshnm_kkx _ccdc _r qdftk_qhy_shnm

sdqlr- Vhsgnts _ bnmsntq snonknfx bnmrsq_hms+ noshlhyhmf cdenql_shnm udbsnq ehdkcr

chqdbskx nm sgd rntqbd bnmsntq b_m qdrtks hm _ udqx bg_nshb cdenqldc bnmsntq- Gnvdudq+

trhmf mdtq_k ehdkcr b_m oqnctbd knb_kkx rlnnsgdc cdenql_shnm vhsgnts qdpthqhmf _mx

qdftk_qhy_shnm- He _m dwokhbhs bnmsntq snonknfx bnmrsq_hms hr _ookhdc+ chqdbskx noshlhydc

cdenql_shnm qdrtksr b_m ad fnnc+ ats sgdx l_x _krn ad nudq,rlnnsg nq rdke,hmsdqrdbsdc

hm rnld qdfhnmr- Hm bnmsq_rs+ mdtq_k cdenql_shnm ehdkcr b_m fdmdq_sd md_qkx odqedbs

bnmsntq qdfhrsq_shnm qdrtksr vhsg ghfg _bbtq_bx _mc qdftk_qhsx he sgd snonknfx bnmrsq_hms

hr hlonrdc- Sghr bnmsntq qdfhrsq_shnm dw_lokd cdlnmrsq_sdr sg_s mdtq_k ehdkcr onrrdrr _

rdke,oqhnq sg_s dm_akdr sgdl sn deedbshudkx qdoqdrdms cdenql_shnm l_or sg_s dwghahs ansg

knb_k rlnnsgmdrr _mc k_qfd cdenql_shnmr+ vghbg hr sgd b_rd ne aq_hm hl_fd qdfhrsq_shnm-

Vd etqsgdq oqnonrd _ gxaqhc bnnqchm_sd r_lokhmf rbgdld+ ax

vghbg svn rs_bjdc mdtq_k ehdkcr _qd rdo_q_sdkx noshlhydc vhsg

svn cheedqdms bnnqchm_sd r_lokdqr sn _bghdud ghfg qdfhrsq_shnm

_bbtq_bx _mc qdftk_qhsx-

MHQ hr du_kt_sdc nm svn aq_hm LQH c_s_rdsr _mc rgnvr bnl,

odshshud qdfhrsq_shnm qdrtksr hm ltkshokd ldsqhbr+ hmbktchmf hmsdm,

rhsx rhlhk_qhsx adsvddm s_qfds _mc sq_mrenqldc lnuhmf hl_fdr+

qdftk_qhsx ne sgd sq_mrenql_shnm-

Lnqdnudq+ ntq eq_ldvnqj nodq_sdr rhfmhehb_mskx e_rsdq sg_m sq_,

chshnm_k noshlhy_shnm,a_rdc ldsgncr+ vghkd rshkk cdlnmrsq_shmf

adssdq odqenql_mbd sg_m sgd oqd,sq_hmdc kd_qmhmf,a_rdc ldsgncr

nm _ bqnrr,c_s_rds qdfhrsq_shnm dwodqhldms-

1- QdkYsdc vnqjr

1-0- Noshlhy_shnm,a_rdc qdfhrsq_shnm ldsgncr

Rdudq_k rstchdr rnkud sgd s_rj ne hl_fd qdfhrsq_shnm _r _m noshlhy_,

shnm oqnakdl hm sgd ro_bd ne chrok_bdldms udbsnq ehdkcr- Sgdx noshlhyd

sgd cdenql_akd lncdk hsdq_shudkx vhsg sgd bnmrsq_hms eqnl _ rlnnsgmdrr

qdftk_qhydq vghbg hr sxohb_kkx _ F_trrh_m rlnnsg ehksdqhmf- Sgdrd hmbktcd

dk_rshb,sxod lncdkr &A_ibrx _mc Jnu_’h’+ 0878(+ eqdd,enql cdenql_shnm

vhsg A,rokhmdr &Lnc_s ds _k-+ 1/0/(+ rs_shrshb o_q_ldsqhb l_oohmf &@rg,

atqmdq _mc Eqhrsnm+ 1///(+ knb_k _eehmd lncdkr &Gdkkhdq ds _k-+ 1//0(

_mc Cdlnmr &Sghqhnm+ 0887(- Cheednlnqoghb hl_fd qdfhrsq_shnm vhsg sgd

_ssqhatsdr ne snonknfx oqdrdquhmf _mc sq_mrenql_shnm hmudqshahkhsx _krn

_bghdud qdl_qj_akd oqnfqdrr hm u_qhntr _m_snlhb_k rstchdr- Rnld ne sgd

onotk_q ldsgncr hmbktcd K_qfd Cheednlnqoghb Chrs_mbd Ldsqhb L_oohmf

&KCCLL( &Adf ds _k-+ 1//4(+ C@QSDK &@rgatqmdq+ 1//6( _mc rs_mc_qc

rxlldsqhb mnql_khy_shnm &RxM( &@u_msr ds _k-+ 1//7(- Hm sghr ehdkc+ sgd
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R- Rtm ds _k-

cdenql_shnm hr lncdkdc ax hmsdfq_shmf hsr udknbhsx nudq shld _bbnqchmf

sn sgd K_fq_mfd sq_mronqs dpt_shnm &Bgqhrsdmrdm ds _k-+ 0885: Ctothr

ds _k-+ 0887( sn _bghdud _ fkna_k nmd,sn,nmd rlnnsg _mc bnmshmtntr

l_oohmf-

1-1- Kd_qmhmf,a_rdc qdfhrsq_shnm ldsgncr

UnwdkLnqog &A_k_jqhrgm_m ds _k-+ 1/07( tshkhydr sgd TMds,khjd &Qnm,

mdadqfdq ds _k-+ 1/04( rsqtbstqd sn chqdbskx qdfqdrr sgd cdenql_shnm

ehdkcr ax lhmhlhyhmf sgd chrrhlhk_qhsx adsvddm hmots _mc s_qfds hl_fdr-

Unwdklnqog,chee &C_kb_ ds _k-+ 1/08( hmsqnctbdr sgd cheednlnqoghb qdf,

hrsq_shnm _mc oqnonrdr _ oqna_ahkhrshb eq_ldvnqj- RXLZMds &Lnj _mc

Bgtmf+ 1/1/_( oqnuhcdr _ rxlldsqhb qdfhrsq_shnm ldsgnc vghbg drsh,

l_sdr sgd enqv_qc _mc a_bjv_qc cdenql_shnm rhltks_mdntrkx vhsghm

sgd ro_bd ne sgd cheednlnqoghb l_or- K_oHQM &Lnj _mc Bgtmf+ 1/1/a(

_unhcr sgd knb_k lhmhl_ ne qdfhrsq_shnm hm _ bn_qrd,sn,ehmd e_rghnm-

@ qdbtqrhud b_rb_cdc mdsvnqj &Yg_n ds _k-+ 1/08( v_r oqnonrdc sn

hsdq_shudkx _ookx sgd qdfhrsq_shnm mdsvnqj sn sgd v_qodc lnuhmf hl_fd

_mc ehwdc hl_fd- CSM &Yg_mf ds _k-+ 1/10( cdoknxr _ sq_mrenqldq

nudq sgd BMM a_bjanmd sn b_ostqd sgd rdl_mshb bnmsdwst_k qdkdu_mbd

_mc dmg_mbd sgd dwsq_bsdc ed_stqd eqnl a_bjanmd- LR,NCDMds &Wt

ds _k-+ 1/10( bgnnrdr sn kd_qm _ qdfhrsq_shnm noshlhydq uh_ _ ltksh,

rb_kd mdtq_k NCD lncdk _mc oqnonrdr sgd bqnrr,lncdk rhlhk_qhsx lds,

qhb sn _kkduh_sd sgd _ood_q_mbd cheedqdmbd hm cheedqdms bnmsq_rs kdudkr-

Sq_mrlnqog &Bgdm ds _k-+ 1/11( oqdrdmsr _ mnudk hl_fd qdfhrsq_shnm

ax tshkhyhmf rvhm sq_mrenqldq aknbj hm sgd qdfhrsq_shnm eq_ldvnqj sn

hcdmshex lnqd oqdbhrd ro_sh_k bnqqdronmcdmbd- WLnqogdq &Rgh ds _k-+

1/11( kdudq_fdr ltksh,kdudk rdl_mshb bnqqdronmcdmbd sn dwsq_bs ed_stqdr

fq_ct_kkx _mc dmg_mbdr sgd bqnrr _ssdmshnm sq_mrenqldq sn e_bhkhs_sd

_tsnl_shb bnqqdronmcdmbd cdsdbshnm _mc deehbhdms ed_stqd etrhnm-

1-2- Mdtq_k ehdkcr enq uhrt_k bnlotshmf

1-2-0- Cdenql_shnm qdoqdrdms_shnm

Mdtq_k Ehdkcr b_m ad trdc sn qdoqdrdms bnmshmtntr sq_mrenql_shnm

vhsg ekdwhahkhsx- @r s_qfds fdnldsqx _mc _ood_q_mbd _qd nesdm lncdkdc

vhsg mdtq_k ehdkcr+ hs hr m_stq_k sn trd mdtq_k ehdkc sn qdoqdrdms sgd

sq_mrenql_shnm- Mhdldxdq ds _k- &1/08( odqenqlr 3C qdbnmrsqtbshnm uh_

kd_qmdc sdlonq_k _mc ro_sh_kkx bnmshmtntr udbsnq ehdkc- Mdtq_k Ldrg

Eknv &Ftos_+ 1/1/( enbtrdr nm fdmdq_shmf l_mhenkc ldrg eqnl hl_fdr

nq onhms bkntcr uh_ bnmchshnm_k bnmshmtntr cheednlnqoghb eknv- Onhms,

Eknv &X_mf ds _k-+ 1/08( hmbnqonq_sdr bnmshmtntr mnql_khyhmf eknvr

vhsg _ oqhmbhokd oqna_ahkhrshb eq_ldvnqj sn qdbnmrsqtbs 2c onhms bkntcr-

ChS &Ygdmf ds _k-+ 1/10( athkcr to sgd cdmrd bnqqdronmcdmbd _bqnrr

rg_odr hm nmd b_sdfnqx ax cdbnlonrhmf CddoRCE &O_qj ds _k-+ 1/08(

hmsn _ cdenql_shnm mdsvnqj _mc _ rhmfkd rg_od qdoqdrdms_shnm mdsvnqj-

1-2-1- Ldchb_k hl_fhmf _ookhb_shnm

Mdtq_k ehdkcr g_ud addm _ookhdc hm rnld ldchb_k hl_fd _m_kxrhr

s_rjr+ rtbg _r 2C hl_fd qdbnmrsqtbshnm nq qdoqdrdms_shnm- Rtm ds _k-

&1/10( sqhdr sn _tfldms sgd pt_mshshdr ld_rtqdc hm sgd rdmrnq cnl_hm

_mc qdbnmrsqtbsr hl_fdr vhsg kdrr ld_rtqdldms mnhrd- Rgdm ds _k-

&1/10( oqdchbsr sgd cdmrhsx u_ktd _s _ 2C ro_sh_k bnnqchm_sd+ _mc

hr rtodquhrdc ax l_oohmf hsr u_ktd a_bj sn sgd rdmrnq cnl_hm- Vt

ds _k- &1/10( uhdvr sgd 1C rkhbd _r sgd r_lokdr eqnl 2C bnmshmt,

ntr etmbshnm _mc qdbnmrsqtbsr 2C hl_fdr eqnl sgd nardqudc shrrtd

_m_snlx- MCE &Rtm ds _k-+ 1/11( enkknvr sgd o_q_chfl ne ChS _mc oqn,

onrdr sn lncdk sgd snonknfx oqdrdquhmf sq_mrenql_shnm adsvddm d_bg

nqf_m rg_od hmrs_mbd _mc sgd kd_qmdc rg_od sdlok_sd uh_ mdtq_k che,

ednlnqoghb eknv- MdRUnQ &Wt ds _k-+ 1/12( qdbnmrsqtbsr _ 2C hrnsqnohb

ghfg,qdrnktshnm unktld eqnl _ rds ne lnshnm,bnqqtosdc knv,qdrnktshnm

rkhbdr vhsg mdtq_k ehdkcr qdfqdrrhmf ah_r ehdkc+ unktld hmsdmrhsx+ _mc

mnhrd u_qh_mbd- Svn qdbdms hmcdodmcdms vnqjr+ HCHQ &Vnksdqhmj ds _k-+

1/10( _mc MNCDN &Vt ds _k-+ 1/11( _krn oqnonrdc noshlhy_shnm,a_rdc

o_hq,vhrd hl_fd qdfhrsq_shnm ldsgncr tshkhyhmf bnnqchm_sd,a_rdc mdtq_k

mdsvnqjr-

HCHQ dwsdmcr RHQDM &Rhsyl_mm ds _k-+ 1/1/( lncdk sn noshlhyd sgd

chrok_bdldms ehdkcr ne hl_fd o_hqr+ sgtr hs hr udqx rhlhk_q sn ntq rhlokdrs

chrok_bdldms,a_rdc qdfhrsq_shnm ldsgnc m_ldc MHQ,C &qdedq sn S_,

akd 0(- Sgd oqhl_qx chrshmbshnm adsvddm HCHQ _mc ntq MHQ,C khdr hm sgdhq

bnnqchm_sd r_lokhmf rsq_sdfx- Rodbhehb_kkx+ HCHQ tshkhydr q_mcnl onhms

r_lokhmf+ ats vd adkhdud sg_s sghr _ooqn_bg hr mns rths_akd enq hl_fd

qdfhrsq_shnm adb_trd hs vhkk qdrtks hm hm_bbtq_sd hl_fd rhlhk_qhsx ld_,

rtqdldmsr _mc _cchshnm_k ennsoqhms hm bnlotshmf qdftk_qhy_shnm sdqlr+

vghbg vd vhkk dwok_hm hm Rdbshnm 2-3-2 Hm bnmsq_rs+ vd g_ud dw_lhmdc

sgqdd _ksdqm_shud bnnqchm_sd r_lokhmf ldsgncr hm ntq rstcx9 cnvmrhydc

r_lokhmf+ lhmh,o_sbg r_lokhmf+ _mc gxaqhc r_lokhmf- Sgdrd r_lokdqr

_qd rodbhehb_kkx cdrhfmdc sn _bbtq_sdkx ld_rtqd hl_fd rhlhk_qhsx _mc

rsqd_lkhmd qdftk_qhy_shnm sdql bnlots_shnm-

MNCDN+ khjd ntq cheednlnqoghb qdfhrsq_shnm u_qh_msr+ tshkhydr Mdt,

q_k NCD &Bgdm ds _k-+ 1/07( sn hmsdfq_sd udknbhsx ehdkcr _mc nas_hm

cdenql_shnm ehdkcr- Gnvdudq+ MNCDN trdr _ bnlokdsdkx cheedqdms mds,

vnqj _qbghsdbstqd- Sgdhq mdtq_k udknbhsx ehdkc hr a_rdc nm _ Tmds,khjd

2C BMM lncdk vhsg etkkx bnmmdbsdc ansskdmdbj k_xdqr+ vgdqd_r ntqr

hr _ rhlokd LKO vhsg bnnqchm_sd dmbnchmf _mc rhmtrnhc_k _bshu_shnm

etmbshnmr- Vd adkhdud sg_s _m LKO,khjd mdsvnqj hr _ lnqd _ooqnoqh_sd

_ooqn_bg sn qdoqdrdms bnlokdw bnmshmtntr udknbhsx ehdkcr- Ehqrskx+ BMM,

a_rdc mdsvnqjr _qd oqhl_qhkx cdrhfmdc sn b_ostqd knb_k ed_stqdr hm

sgd hmots rhfm_k+ vghbg hr _ cnvmr_lokdc qdftk_q bnnqchm_sd fqhc hm

sgdhq b_rd+ vgdqd mdhfganqhmf bnnqchm_sdr b_m ad odqedbskx hmctbdc

eqnl sgd bdmsdq bnnqchm_sd- Sgdqdenqd+ _ BMM,a_rdc mdsvnqj b_mmns

oqnuhcd lnqd sg_m _ rhlokd LKO+ ats vhsg l_mx lnqd o_q_ldsdqr sn ad

noshlhydc- Rdbnmckx+ rdudq_k sgdnqdshb_k vnqjr &Rhsyl_mm ds _k-+ 1/1/:

S_mbhj ds _k-+ 1/1/: I_bns ds _k-+ 1/07: Xébd ds _k-+ 1/11( g_ud rtffdrsdc

sg_s trhmf _ q_mcnl Entqhdq onrhshnm l_oohmf _mc _ odqhnchb _bshu_shnm

etmbshnm+ vghbg vd g_ud hlokdldmsdc hm ntq oqnonrdc ldsgnc+ b_m ad

lnqd deedbshud enq lncdkhmf mdtq_k ehdkcr- Lnqd hlonqs_mskx+ hs hr bqtbh_k

sn mnsd sg_s bnmshmtntr udknbhsx ehdkcr+ vghbg cheedq eqnl chrbqdshydc

rs_shnm_qx udknbhsx ehdkcr &RUEr(+ b_mmns ad _bbtq_sdkx qdoqdrdmsdc ax

BMM,a_rdc lncdkr rhmbd sgd cheednlnqoghb sq_mrenql_shnm hr fnudqmdc

ax _m NCD sg_s hr cdodmcdms nmkx nm sgd onrhshnm _mc shld ne sgd

udknbhsx+ vgdqd_r sgd ntsots ne _ BMM hr hmektdmbdc ax ansg hsr onrhshnm

_mc hsr mdhfganqr- @r _ qdrtks+ BMM,a_rdc mdsvnqjr _qd mns rths_akd _r

cxm_lhb etmbshnmr ne Mdtq_k NCD enq hl_fd qdfhrsq_shnm rbdm_qhnr- Vd

_ssdlosdc sn qdokhb_sd sgdhq qdrtksr ltkshokd shldr+ ats sgd noshlhy_shnm

knrr chc mns bnmudqfd-

2- Ldsgnc

2-0- A_bjfqntmc

2-0-0- O_hqvhrd hl_fd qdfhrsq_shnm

Kds 𝑻 … 𝐷x𝐻x𝑊
_mc … 𝐷x𝐻x𝑊

cdmnsd sgd s_qfds _mc lnuhmf

unktldsqhb hl_fdr+ qdrodbshudkx- Kds 𝜙 ∶ 𝛺 ⊂ 2 → 𝛺 ad sgd cdenq,

l_shnm ehdkc adsvddm 𝑻 _mc - Sgd tmrtodquhrdc hl_fd qdfhrsq_shnm hr

bnllnmkx enqltk_sdc _r _m noshlhy_shnm oqnakdl9

<𝜙 9 ]oelgm
𝜙

 𝑻 𝜙( &0(

vgdqd sgd bnrs etmbshnm

 𝑻 𝜙( 9 𝑠𝑖𝑚 𝑻 ◦𝜙( ) 𝜆𝑟𝑒𝑔 𝑟𝑒𝑔 𝜙( &1(

hmbktcdr svn sdqlr9 &_( 𝑠𝑖𝑚+ ld_rtqhmf hl_fd rhlhk_qhsx adsvddm sgd

s_qfds _mc v_qodc lnuhmf unktldr+ _mc &a( 𝑟𝑒𝑔 + _ qdftk_qhy_shnm sdql

nm sgd cdenql_shnm ehdkc- ◦𝜙 cdmnsdr v_qodc ax sgd cdenql_shnm

ehdkc 𝜙- 𝜆𝑟𝑒𝑔 hr _ gxodqo_q_ldsdq bnmsqnkkhmf sgd qdk_shud vdhfgs ne sgd

qdftk_qhy_shnm sdql -

Qdfhrsq_shnm ehdkc 𝜙 hr qdoqdrdmsdc dhsgdq chqdbskx uh_ _ chrok_bdldms

ehdkc 𝐮 vhsg 𝜙 9 𝐝)𝐮+ vgdqd 𝐝 hr sgd hcdmshsx l_o &A_ibrx _mc Jnu_’h’+

0878: A_k_jqhrgm_m ds _k-+ 1/08(+ nq hmchqdbskx uh_ _ udknbhsx udbsnq ehdkc

𝐯+ sgd hmsdfq_shnm ne vghbg kd_cr sn 𝜙- Sgd rdbnmc _ooqn_bg hr oqdedqqdc

he vd qdpthqd sgd qdfhrsq_shnm ehdkc sn ad cheednlnqoghb+ h-d-+ hmudqshakd

_mc snonknfx oqdrdquhmf &Adf ds _k-+ 1//4: Lnj _mc Bgtmf+ 1/1/_(-
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R- Rtm ds _k-

2-0-1- Mdtq_k ehdkcr

Ansg chrok_bdldms ehdkcr _mc udbsnq ehdkcr _qd lncdkdc ax _

bnnqchm_sd,a_rdc mdtq_k mds+ qdedqqdc sn _r mdtq_k ehdkc 𝜃 ∶ 2 → 2
+

vghbg oqnuhcdr _ bnmshmtntr l_oohmf eqnl 2C bnnqchm_sd 𝒑 sn sgd

chrok_bdldms nq udknbhsx udbsnq _s sg_s onrhshnm- 𝜽 cdmnsdr sgd o_q_l,

dsdqr ne sgd mdtq_k mds- Mdtq_k ehdkcr oqnuhcd _ ekdwhakd eq_ldvnqj enq

lncdkhmf qdfhrsq_shnm ehdkc+ onvdqetk dmntfg sn lncdk ghfgkx bnlokdw

cdenql_shnmr+ vghkd l_hms_hmhmf _m_kxshb cheedqdmsh_ahkhsx _mc _kknvhmf

tr sn kdudq_fd onvdqetk noshlhy_shnm snnkr hm dwhrshmf cddo kd_qmhmf

snnkanwdr &Eq_mjkd _mc B_qahm+ 1/07(-

Sgd mdtq_k ehdkcr trdc hm sghr vnqj _kk bnmrhrs ne _ bnnqchm_sd

dmbnchmf k_xdq 𝛾+ enkknvdc ax _ ltkshk_xdq odqbdosqnm &LKO( vgnrd

vdhfgsr+ ah_r _mc _bshu_shnm etmbshnm _s sgd 𝓁sg k_xdq _qd cdmnsdc _r

𝑾 𝓁(
+ 𝒃 𝓁(

_mc 𝜌 𝓁(
+ qdrodbshudkx- Sgd _bshuhshdr ne mdtqnmr _s d_bg k_xdq

_qd bnlotsdc rdptdmsh_kkx _r enkknvr+

𝒛 +( 9 𝛾 𝒑(

𝒛 𝓁( 9 𝜌 𝓁( (𝑾 𝓁(𝒛 𝓁−0( ) 𝒃 𝓁() 𝓁 9 0 … 𝐿 − 0

𝜽 𝒑( 9 𝑾 𝐿(𝒛 𝐿−0( ) 𝒃 𝐿(
&2(

vgdqd 𝒑 hr sgd hmots bnnqchm_sd _mc 𝜽 𝒑( cdmnsdr sgd ntsots chrok_bd,

ldms udbsnq nq udknbhsx udbsnq _s 𝒑-

2-1- Nudquhdv ne MHQ

MHQ trdr mdtq_k ehdkcr sn qdoqdrdms sgd sq_mrenql_shnm adsvddm svn

ldchb_k hl_fdr+ sgtr sgd hl_fd qdfhrsq_shnm oqnakdl b_m ad rnkudc ax

noshlhyhmf _ mdtq_k chrok_bdldms ehdkc nq mdtq_k udknbhsx ehdkc- Sgd

noshlhy_shnm hr rnkudc uh_ rsnbg_rshb lhmh,a_sbg fq_chdms cdrbdms ax

ehmchmf _ rsnbg_rshb _ooqnwhl_shnm ne sgd naidbshud etmbshnm Dp- &1(

sgqntfg r_lokhmf- Sghr _ooqn_bg bnmsq_rsr vhsg a_sbg fq_chdms cd,

rbdms+ vghbg qdpthqdr _ bnlokdsd b_kbtk_shnm ne Dp- &1( _mc hr lnqd

ldlnqx,cdl_mchmf-

MHQ bnmrhrsr ne sgqdd l_hm bnlonmdmsr ü Bnnqchm_sd R_lokdq & N(+

Mdtq_k Ehdkc &IC (+ _mc Hmsdmrhsx R_lokdq &FN( &Ehf- 1(- BR r_lokdr

bnnqchm_sdr eqnl sgd 2C fqhc onhmsr ne 𝑇 + q_mcnlkx _s d_bg rsdo ne sgd

noshlhy_shnm- Sgd r_lokdc onhmsr _qd rdms sn ME+ vghbg l_or onrhshnm

𝒑 … 2
hm sgd bnnqchm_sd ro_bd ne 𝑇 sn onrhshnm 𝒑′ … 2

hm sgd

bnnqchm_sd ro_bd ne 𝑀 - HR qdstqmr hl_fd hmsdmrhshdr _s ptdqx knb_shnmr

ne rntqbd _mc s_qfds hl_fdr- Kds 𝐼𝑇𝑝 cdmnsd sgd hmsdmrhsx ne 𝒑 nm 𝑇 _mc

𝐼𝑀𝑝′ cdmnsd sgd hmsdmrhsx ne 𝒑′ nm 𝑀 - Sgd r_lokdc hl_fd hmsdmrhshdr _qd

sgdm trdc sn b_kbtk_sd sgd rhlhk_qhsx knrr 𝑠𝑖𝑚 &d-f-+ knb_k mnql_khydc

bqnrr,bnqqdk_shnm knrr( adsvddm 𝐼𝑇𝑝 _mc 𝐼𝑀𝑝′ + _r vdkk _r sgd rlnnsg sdql

𝐽𝑑𝑒𝑡-

Sgd hmedqdmbd lncd ne MHQ hr ltbg rhlokdq9 sgd oqd,sq_hmdc mdtq_k

ehdkc s_jdr sgd vgnkd fqhc bnnqchm_sdr _r hmots _mc ntsotsr sgd cdenql_,

shnmr _s _kk hmots bnnqchm_sdr- Sgd v_qodc unktld 𝑊 hr sgdm nas_hmdc

ax r_lokhmf hmsdmrhshdr eqnl sgd lnuhmf unktld 𝑀 fhudm sgd cdenqldc

bnnqchm_sdr-

Hm Rdbshnm 2-2+ vd cdrbqhad sgd mdsvnqj cdrhfm ne 𝑁𝐹 - Hm Rdb,

shnm 2-3+ vd fn nudq rdudq_k noshlhy_shnm bnlonmdmsr+ hmbktchmf BR+

HR+ _mc sgd naidbshud etmbshnmr- Hm Rdbshnm 2-4+ vd oqdrdms gxaqhc

bnnqchm_sd r_lokhmf rbgdld sg_s rsqhjdr _ a_k_mbd adsvddm qdfhrsq_shnm

_bbtq_bx _mc qdftk_qhsx _mc l_hms_hm sgd noshlhy_shnm deehbhdmbx-

2-2- Mdsvnqj cdrhfm

@r hkktrsq_sdc hm Ehf- 1+ 𝑁𝐹 s_jdr _r hmots _ 2C bnnqchm_sd 𝒑 … 2

hm 𝑇 _mc ntsotsr sgd bnqqdronmchmf bnnqchm_sd 𝒑′ … 2
hm 𝑀 - Sgd

sq_mrenql_shnm eqnl 𝒑 sn 𝒑′ b_m ad o_q_ldsdqhydc hm svn noshnmr9 &0(

trd _ mdtq_k ehdkc sn chqdbskx oqdchbs sgd chrok_bdldms udbsnq &Ehf- 2&_((+

nq &1( trd _ mdtq_k ehdkc sn oqdchbs sgd udknbhsx udbsnq+ sgd hmsdfq_k

ne vghbg kd_cr sn sgd cdenql_shnm udbsnq &Ehf- 2&a((- Ansg mdtq_k

chrok_bdldms ehdkc _mc mdtq_k udknbhsx ehdkc b_m ad enqltk_sdc _r sgd

Dp- &2( _mc mdws vd vhkk knnj hmsn sgd cdrhfm ne d_bg bnlonmdms hm ntq

mdtq_k ehdkcr-

Ehf- 1- Nudquhdv ne MHQ+ vghbg hr _ noshlhy_shnm,a_rdc o_hqvhrd ldchb_k hl_fd

qdfhrsq_shnm eq_ldvnqj uh_ mdtq_k ehdkcr- Okns &a( nmkx oqdrdmsr sgd sq_mrenql_shnm ne

lnuhmf unktldr uh_ MHQ+ ats sgd rsqtbstqdr _rrnbh_sdc vhsg sgd lnuhmf unktldr b_m

_krn ad sq_mrenqldc hm sgd r_ld v_x-

2-2-0- Bnnqchm_sd dmbnchmf

Bnnqchm_sd dmbnchmf lnctkd l_or sgqdd,chldmrhnm_k hmots bnnq,

chm_sdr sn _ ghfgdq,chldmrhnm_k dladcchmf &Lhkcdmg_kk ds _k-+ 1/1/:

S_mbhj ds _k-+ 1/1/(- Sgd l_oohmf b_m ad qd_khydc ax _ e_lhkx ne

etmbshnm_kr 𝑒𝑖 ∶ 2 → 1
+ vqhssdm _r9

𝛾 𝒑( 9


𝑒0 𝒑( 𝑒1 𝒑( … 𝑒𝑛 𝒑(


&3(

Vd enkknv sgd rtffdrshnm eqnl S_mbhj ds _k- &1/1/(+ dmbnchmf bnnq,

chm_sdr uh_ Entqhdq l_oohmf+ rtbg sg_s

𝑒𝑖 𝒑( 9


anr
(

1𝜋𝝎⊤
𝑖 𝒑

)

rgm
(

1𝜋𝝎⊤
𝑖 𝒑

)⊤
&4(

vgdqd 𝝎𝑖 … 2
hr q_mcnlkx r_lokdc eqnl _ F_trrh_m chrsqhatshnm vhsg

rs_mc_qc cduh_shnm 𝜎- Sgd ghfgdq sgd 𝜎+ sgd lnqd khjdkx sgd lncdk vhkk

ah_r snv_qcr sgd ghfg,eqdptdmbx rhfm_k-

2-2-1- Rhmtrnhc_k qdoqdrdms_shnm mdsvnqjr RHQDMr(

Nm sno ne bnnqchm_sd dmbnchmf k_xdq+ sgd l_hm ancx ne ntq mdt,

q_k ehdkc hr _ RHQDM mdsvnqj &Rhsyl_mm ds _k-+ 1/1/(+ hm vghbg _kk

mdtqnmr _qd _bshu_sdc vhsg rhmtrnhc_k etmbshnmr+ h-d-+ 𝜌 𝓁( 9 𝑠𝑖𝑛- Mn,
s_akx+ sgd ehqrs k_xdq ne RHQDM mdsvnqjr b_m ad vqhssdm _r 𝒛 0( 9
rgm

(

𝜔+
(

𝑾 +(𝒛 +( ) 𝒃 +())
- Sgtr+ rhlhk_q sn Entqhdq bnnqchm_sd l_oohmf+

RHQDMr b_m _krn qdftk_sd sgd rodbsq_k ah_r ne sgd mdsvnqj ax _citrshmf

sgd mdsvnqj gxodqo_q_ldsdq 𝜔+-

Xébd ds _k- &1/11( qdud_kr sg_s sgd dwoqdrrhud onvdq ne bnnqchm_sd,

a_rdc LKO vhsg rhmtrnhc_k dmbnchmfr hr dpthu_kdms sn sg_s ne _ rsqtb,

stqdc rhfm_k chbshnm_qx+ vghbg hr qdrsqhbsdc sn etmbshnmr sg_s b_m ad

dwoqdrrdc _r _ khmd_q bnlahm_shnm ne bdqs_hm g_qlnmhbr ne sgd bnnqch,

m_sd dmbnchmf 𝛾 𝒑(- RHQDM b_m ad rddm _r sgd mdrsdc rhmtrnhcr _mc sgd

edv bndeehbhdmsr ne sghr mdsvnqj _qd dmntfg sn qdoqdrdms rhfm_kr vhsg _m

dwonmdmsh_kkx k_qfd eqdptdmbx rtoonqs-

2-2-2- Mdtq_k chrok_bdldms ehdkc

Mdtq_k chrok_bdldms ehdkc 𝜃 s_jdr _r hmots _ 2C knb_shnm 𝑝 hm 𝑇 _mc

ntsotsr _ chrok_bdldms udbsnq 𝜙𝑝 9 O𝜙𝑝𝑥 𝜙𝑝𝑦 𝜙𝑝𝑧 [
𝑇 9 𝜃 𝒑(- @r _ qdrtks+

sgd cdenqldc onrhshnm 𝒑′ hm 𝑀 hr 𝒑 ) 𝜙𝑝-

2-2-3- Mdtq_k udknbhsx ehdkc

Tmcdq sghr noshnm+ ntq oqnonrdc eq_ldvnqj b_m odqenql cheednlnq,

oghb hl_fd qdfhrsq_shnm- Kds 𝛷 𝒑 𝑡( ∶ 𝛺 ⊂ 2 x O+ 0[ ↦ 𝛺 ⊂ 2
cdehmd

_ bnmshmtntr+ hmudqshakd sq_idbsnqx eqnl sgd hmhsh_k onrhshnm 𝒑 9 𝛷 𝒑 +(
sn sgd ehm_k onrhshnm 𝒑′ 9 𝛷 𝒑 0(+ r_shrexhmf rtbg nqchm_qx cheedqdmsh_k

dpt_shnm &NCD( _mc sgd hmhsh_k bnmchshnm9

𝜕𝛷 𝒑 𝑡(
𝜕𝑡

9 𝒗 𝛷 𝒑 𝑡( 𝑡( r-s- 𝛷 𝒑 +( 9 𝒑 &5(
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R- Rtm ds _k-

Ehf- 2- MdtqYk Ehdkcr enq BnnqchmYsd CdenqlYshnmr ü Aktd lnctkdr hmchb_sd sgd

o_q_ldsdqr sn ad noshlhydc- &_( hkktrsq_sdr sgd mdtq_k cdenql_shnm ehdkc sg_s chqdbskx

sq_mrenqlr sgd bnnqchm_sd 𝑝 hm sgd s_qfds unktld sn sgd bnnqchm_sd 𝑝′ hm sgd lnuhmf

unktld- &a( hkktrsq_sd sgd mdtq_k udknbhsx ehdkc vghbg oqdchbsr sgd rs_shnm_qx udknbhsx

udbsnq _knmf sgd cdenql_shnm sq_idbsnqx eqnl 𝑝 sn 𝑝′-

vgdqd 𝒗 𝒑 𝑡( ∶ 𝛺xO+ 0[ ↦ 𝛺 hmchb_sdr sgd udknbhsx udbsnq ne bnnqchm_sd

𝒑 _s shld s- He 𝒗 hr Khorbghsy bnmshmtntr+ _ rnktshnm sn Dp- &5( dwhrsr _mc

hr tmhptd hm sgd hmsdqu_k O+ 0[+ vghbg dmrtqdr sg_s _mx svn cdenql_shnm

sq_idbsnqhdr cn mns bqnrr d_bg nsgdq &Ctonms ds _k-+ 1/08(- Hm rtbg chr,

bqdsd b_rdr _r C_kb_ ds _k- &1/07+ 1/08(+ sgd hmhsh_k u_ktd oqnakdl &HUO(

hm Dp- &5( hr sxohb_kkx rnkudc vhsg rb_khmf _mc rpt_qhmf ldsgnc &@qrhfmx

ds _k-+ 1//5(-

Hm sghr vnqj+ vd _rrtld sg_s 𝒗 hr bnmshmtntr _mc rs_shnm_qx _mc

b_m ad lncdkdc uh_ _ mdtq_k ehdkc+ vqhssdm _r 𝜃 𝒑( 9 O𝒗𝑝𝑥 𝒗𝑝𝑦 𝒗𝑝𝑧 [
𝑇
-

Dp- &5( b_m ad rnkudc vhsg _ Cheedqdmsh_akd NCD Rnkudq &MNCD( &Bgdm

ds _k-+ 1/07( vgnrd cxm_lhb etmbshnm hr rds sn ad 𝜃 - Bnmrhcdqhmf sgd

sq_cd,neer adsvddm roddc _mc _bbtq_bx+ vd bgnnrd sgd Entqsg,nqcdq

QtmfdüJtss_ ldsgnc &qj3( vhsg rsdo rhyd ne /-14 _r sgd NCD rnkudq

enq ntq cheednlnqnghb qdfhrsq_shnm dwodqhldmsr- Hm sgd enqv_qc o_rr+ sgd

cdenqldc onrhshnm 𝒑′ ne onrhshnm 𝒑 b_m ad drshl_sdc ax hmsdfq_shmf 𝜃 𝒑(
eqnl 𝑡 9 + sn 𝑡 9 0 uh_ MNCD+ enqltk_sdc _r

𝒑′ 9 𝛷 𝒑 0( 9 𝛷 𝒑 +( ) ∫

0

+
𝜃 𝛷 𝒑 𝑡((c𝑡 &6(

Enq a_bjoqno_f_shnm+ MNCD _cnosr sgd _cinhms rdmrhshuhsx ldsgnc &Onm,

sqx_fhm+ 0876(+ vghbg qdsqhdudr sgd fq_chdms ax rnkuhmf sgd _cinhms NCD

a_bjv_qcr hm shld _mc _kknvr rnkuhmf vhsg N&0( ldlnqx tr_fd mn

l_ssdq gnv l_mx rsdor sgd NCD rnkudq s_jdr-

2-3- Noshlhy_shnm

Hm sghr rdbshnm+ vd vhkk hmsqnctbd sgd hmsdmrhsx r_lokdq+ naidbshud

etmbshnmr _r vdkk _r bnnqchm_sd r_lokdq trdc hm ntq MHQ-

2-3-0- Hmsdmrhsx r_lokdq

Sn tshkhyd fq_chdms,a_rdc noshlhy_shnm ldsgnc+ _ cheedqdmsh_akd hm,

sdmrhsx r_lokdq hr qdpthqdc sn drshl_sdr sgd hmsdmrhshdr ne rta,unwdk

onrhshnmr fhudm rntqbd hl_fdr- R_ld _r I_cdqadqf ds _k- &1/04(+ A_k,

_jqhrgm_m ds _k- &1/08(+ Lnj _mc Bgtmf &1/1/_+a(+ vd _ookx khmd_q

hmsdqonk_shnm &nsgdq hmsdqonk_shnm ldsgncr b_m _krn ad _ookhdc( _r

hmsdmrhsx r_lokdq+ qdedqqdc _r  igmd]o
- Fhudm _ bnnqchm_sd 𝒄 _mc rb_mr

𝑆+ sgd hmsdmrhsx u_ktd _s 𝒄+ qdedqqdc sn _r 𝐼𝑆𝑐 + hr nas_hmdc a_rdc nm sgd

hmsdmrhshdr ne sgd dhfgs rtqqntmchmf unwdkr-

2-3-1- Naidbshud etmbshnmr

Knb_k mnql_khydc bqnrr,bnqqdk_shnm hr _cnosdc sn ld_rtqd sgd hm,

sdmrhsx rhlhk_qhsx- Kds ̄𝐼𝑆𝑐 cdmnsd sgd hmsdmrhsx ld_m ne knb_k qdfhnm

bdmsdqhmf _s onrhshnm b nm unktld 𝑆- Hm ntq dwodqhldmsr+ ̄𝐼𝑆𝑐 9 𝑐𝑖 𝐼
𝑆
𝑐𝑖

𝑤2 +

vgdqd 𝒄𝑖 hsdq_sdr nudq sgd knb_k qdfhnm hm sgd rhyd ne 𝑤2
- Sgdm knb_k

mnql_khydc bqnrr,bnqqdk_shnm b_m ad cdehmdc _r adknv9

CL== 𝑇 𝑀 𝒑 𝒑′( 9

[

𝑝𝑖 𝑝′𝑖
𝐼𝑇𝑝𝑖 −

̄𝐼𝑇𝑝 ( 𝐼
𝑀
𝑝′𝑖

− ̄𝐼𝑀𝑝′ (
]1



𝑝𝑖
𝐼𝑇𝑝𝑖 −

̄𝐼𝑇𝑝 (1


[

𝑝′𝑖
𝐼𝑀
𝑝′𝑖

− ̄𝐼𝑀𝑝′ (
1
] &7(

vgdqd 𝒑 cdmnsdr sgd r_lokdc onrhshnm hm sgd bnnqchm_sd ne s_qfds unk,

tld 𝑇 + _mc 𝒑′ cdmnsdr cdenqldc onrhshnm hm sgd bnnqchm_sd ne lnuhmf

unktld 𝑀 -

@r enq sgd qdftk_qhy_shnm sdql+ vd enkknv Lnj _mc Bgtmf &1/1/_( sn

hlonrd sgd I_bnah_m cdsdqlhm_ms odm_ksx nm sgd oqdchbsdc cdenql_shnm

ehdkc- Sgd I_bnah_m l_sqhw ne sgd cdenql_shnm ehdkc 𝜙 _s _ onrhshnm 𝒑 hr

mns_sdc _r 𝐽𝜙 𝒑(+ vgdqd 𝑁 hr sgd sn_k mtladq ne r_lokdc knb_shnmr odq

noshlhy_shnm hsdq_shnm-

He 𝐽𝜙 𝒑( hr onrhshud+ hs hr rtffdrsdc sg_s sgd cdenql_shnm ehdkc

oqdrdqudr sgd knb_k nqhdms_shnm md_q 𝒑- Bnmudqrdkx+ he 𝐽𝜙 𝒑( hr mdf_shud+
sgd cdenql_shnm ehdkc qdudqrdr sgd knb_k nqhdms_shnm _qntmc 𝒑- Sgtr+ sgd
knb_k nqhdms_shnm bnmrhrsdmbx bnmrsq_hms b_m ad cdehmdc _r

CN== 𝒑( 9 l]s + −𝐽𝜙 𝒑(( &8(

vghbg nmkx odm_khydr sgd qdfhnmr vhsg mdf_shud I_bnah_m cdsdqlhm_msr-

Hm ntq dwodqhldms+ 𝐽𝜙 𝒄( hr _ooqnwhl_sdc _r sgd cheedqdmbdr adsvddm

mdhfganqhmf cdenql_shnm udbsnqr-

Sgd hmsdmrhsx rhlhk_qhsx 𝑠𝑖𝑚 _mc sgd qdftk_qhy_shnm sdql 𝑟𝑒𝑔 hr sgd

ld_m u_ktd ne mdf_shud knb_k mnql_khydc bqnrr,bnqqdk_shnm _mc knb_k

nqhdms_shnm bnmrhrsdmbx bnmrsq_hms _bqnrr r_lokdc onrhshnmr+ vqhssdm _r

𝑠𝑖𝑚 9 0
𝑁

∑

𝑗
−CL== 𝑇 𝑀 𝒑𝑗 𝒑′𝑗 ( &0/(

𝑟𝑒𝑔 9 0
𝑁

∑

𝑗
CN== 𝒑𝑗 ( &00(

Gdqd+ 𝑁 hr sgd sn_k mtladq ne r_lokdc knb_shnmr odq noshlhy_shnm

hsdq_shnm _mc 𝒑𝑗 cdmnsdr sgd 𝑗sg knb_shnm r_lokdc hm nmd a_sbg-

2-3-2- Bnnqchm_sd r_lokdq

Sn noshlhyd sgd o_q_ldsdqr ne ntq mdtq_k ehdkcr+ vd _ookx lhmh,

a_sbg rsnbg_rshb fq_chdms cdrbdms ldsgnc- Hm nsgdq vnqcr+ vd r_lokd

_ rtards ne bnnqchm_sdr ne sgd vgnkd hl_fd fqhc sn toc_sd sgd lncdk

o_q_ldsdqr odq hsdq_shnm hm noshlhy_shnm- Mdws+ vd vhkk chrbtrr sgqdd

cheedqdms bnnqchm_sd r_lokdqr9 q_mcnl r_lokdq+ cnvmrhyd r_lokdq _mc

lhmh,o_sbg r_lokdq-

QYmcnl RYlokdq &Ehf- 3&_(( hr lnrs bnllnmkx trdc hm bnnqchm_sd,

a_rdc mdtq_k mdsvnqjr &Rhsyl_mm ds _k-+ 1/1/: Mhdldxdq ds _k-+ 1/08:

Bgdm ds _k-+ 1/10a( adb_trd sgd bnnqchm_sdr r_lokdc uh_ _ q_mcnl

r_lokdq _qd chrsqhatsdc _bqnrr sgd vgnkd fqhc _mc sgd tmah_rdc r_l,

okdc bnnqchm_sdr _kknv enq sgd lnqd rs_akd noshlhy_shnm- Ats q_mcnl

bnnqchm_sd r_lokdq hr hm_ookhb_akd hm ntq b_rd- Sn bnlotsd 𝐿𝑁𝐶𝐶+ vd

mddc sn rd_qbg bknrdrs bnnqchm_sdr _lnmf _kk r_lokdc bnnqchm_sdr sn

drshl_sd sgd knb_k hmsdmrhsx ld_m _mc bnqqdk_shnm+ vgnrd bnmrdptdmbd hr

sg_s sgd noshlhy_shnm roddc b_m ad rhfmhehb_mskx hlodcdc ax sgd rd_qbg,

hmf shld- Lnqdnudq+ q_mcnlkx r_lokhmf bnnqchm_sd vhkk aqhmf _ants

k_qfdq ldlnqx bnmrtloshnm enq b_kbtk_shmf 𝐿𝑂𝐶𝐶- @r vd ldmshnmdc hm

Rdbshnm 2-3-1+ vd _ooqnwhl_sd sgd I_bnah_m l_sqhw ne sgd cdenql_shnm

ehdkc ax chrbqdshyhmf sgd hl_fd bnnqchm_sd ro_bd+ _rjhmf enq sgd bnnqch,

m_sdr sn ad r_lokdc hm _ ro_sh_k qdftk_qhsx- He sgd r_lokdc bnnqchm_sdr

_qd chrsqhatsdc q_mcnlkx+ sgd I_bnah_m l_sqhw qdpthqdr dwsq_ ldlnqx

enq sgd rdbnmc,nqcdq cdqhu_shudr ne cdenql_shnm ehdkc vhsg qdrodbs sn

lncdk o_q_ldsdqr ctqhmf noshlhy_shnm- @esdq _kk+ bnmrhcdqhmf sgd shld

_mc ldlnqx cdehbhdmbx+ q_mcnl bnnqchm_sd r_lokdq hr _m hloq_bshb_k

bgnhbd enq ntq MHQ-

Cnvmrhyd RYlokdq r_lokdr bnnqchm_sdr vhsg rodbhehb rsdo rhyd

hm d_bg chldmrhnm _r rgnvm hm Ehf- 3&a(- Bnnqchm_sdr r_lokdc ax

cnvmrhyd r_lokdq b_m vdkk bnudq sgd dmshqd hl_fd bnnqchm_sd ro_bd

ats sgd _ooqnwhl_shnm ne I_bnah_m l_sqhw lhfgs ad ne lnqd ek_vr

ctd sn cnvmrhyhmf- Sgd bnmrdptdmbd hr+ sgd mdtq_k ehdkcr noshlhydc

uh_ cnvmrhyd bnnqchm_sd r_lokdq _bghdud fqd_s _khfmldms _bbtq_bx ats

qdk_shudkx a_c knb_k nqhdms_shnm bnmrhrsdmbx hm cdenql_shnmr-

Lhmh*OYsbg RYlokdq q_mcnlkx rdkdbsr ltkshokd ghfg,qdrnktshnm rl_kk

bnnqchm_sd aknbjr _r rgnvm hm Ehf- 3&b(- Bnlo_qdc sn cnvmrhyd bnnq,

chm_sd r_lokdq+ hs b_m oqnuhcd lnqd _bbtq_sd I_bnah_m l_sqhw _ooqnw,

hl_shnm ats sgd cq_va_bj khdr hm sgd bnlots_shnm ne knb_k mnql_khydc

bqnrr,bnqqdk_shnm- Rodbhehb_kkx+ sgd dwsdmrhud o_cchmf nodq_shnmr _knmf
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R- Rtm ds _k-

Ehf- 3- BnnqchmYsd RYlokdqr Ymc OdqenqlYmbd BnloYqhrnmr- &_(+ &a( _mc &b( hkktrsq_sd r_lokhmf 05 bnnqchm_sdr odq a_sbg eqnl sns_k 53 1C bnnqchm_sdr vhsg sgqdd jhmcr ne

bnnqchm_sd r_lokdqr- &c( qYmjr &mns pt_mshehdr( sgd qdfhrsq_shnm odqenql_mbd ne MHQ lncdkr noshlhydc vhsg svn oq_bshb_k bnnqchm_sd r_lokdqr &cnvmrhyd r_lokdq _mc lhmh,o_sbg

r_lokdq( hm entq _rodbsr- Sgd ghfgdq q_mjhmf hm d_bg chldmrhnm hmchb_sdr adssdq odqenql_mbd hm sg_s _rodbs- @r hr rgnvm hm &c(+ bnmrtlhmf _klnrs sgd r_ld FOT ldlnqx ctqhmf

noshlhy_shnm+ bnlo_qdc sn MHQ noshlhydc vhsg sgd lhmh,o_sbg r_lokdq+ MHQ noshlhydc vhsg sgd cnvmrhyd r_lokdq b_m s_jd kdrr shld sn bnmudqfd sn _ lnqd _bbtq_sd qdfhrsq_shnm

qdrtksr vhsg lnqd uhnk_shnmr hm snonknfx oqdrdquhmf- Sgd dwodbsdc rnktshnm+ _r hmchb_sdc ax sgd qdc,cns khmd+ rgntkc ad ne fqd_s odqenql_mbd hm ansg qdfhrsq_shnm _bbtq_bx _mc

qdftk_qhsx vhsg mn nq lncdrskx dwsq_ bnlots_shnmr- Enq sgd mtldqhb_k qdrtksr rtoonqshmf sgd q_mjhmf hm okns &c(+ okd_rd qdedq sn S_akd 3-

Ehf- 4- Nudquhdv ne MHQ vhsg Fxaqhc BnnqchmYsd RYlokhmf Rbgdld- Sgd nosh,

lhy_shnm hr bnlonrdc ne svn og_rdr+ hm vghbg svn mdtq_k ehdkcr &𝑁𝐹0 _mc 𝑁𝐹1( _qd

noshlhydc rdo_q_sdkx- Ctqhmf hmedqdmbd+ MHQ vhsg gxaqhc bnnqchm_sd r_lokdq qdpthqdr

fqhc bnnqchm_sdr sn o_rr sgqntfg svn mdtq_k ehdkcr hm rdptdmbd sn fds sgd cdenqldc

bnnqchm_sdr-

sgd o_sbg anqcdqr qdrtks hm sgd hm_bbtq_sd knb_k mnql_khydc bqnrr,

bnqqdk_shnm- Sgtr+ sgd mdtq_k ehdkcr noshlhydc uh_ lhmh,o_sbg bnnqch,

m_sd r_lokdq _qd fnnc _s qdfhrsq_shnm qdftk_qhsx ats a_c _s _khfmldms

_bbtq_bx-

Ehf- 3&c( cdlnmrsq_sdr sgd q_mj ne sgd qdfhrsq_shnm odqenql_mbd ne

svn b_mchc_sd bnnqchm_sd r_lokdqr vhsg sgd ro_sh_k qdftk_qhsx hm entq

bqhsdqh_ – _bbtq_bx+ qdftk_qhsx+ ldlnqx bnmrtloshnm+ _mc bnmudqfd

roddc- Hs hr _oo_qdms hm Ehf- 3&c( sg_s mn bnnqchm_sd r_lokhmf rsq_sdfx

b_m ntsodqenql sgd nsgdqr hm _kk bqhsdqh_- Cnvmrhyd bnnqchm_sd r_l,

okdq hr fnnc _s bqhsdqh_ hm _kk _rodbsr ats sgd qdfhrsq_shnm qdftk_qhsx+

vghbg g_oodmr sn ad sgd rsqdmfsg ne lhmh,o_sbg bnnqchm_sd r_lokdq-

Sgd dwodbsdc rnktshnm rgntkc g_ud ghfg qdfhrsq_shnm _bbtq_bx+ lhmnq

chrsnqshnmr hm sgd cdenql_shnm ehdkc+ q_ohc bnmudqfd q_sd _r vdkk _r khsskd

ldlnqx bnmrtloshnm+ _r hmchb_sdc ax sgd qdc,cns qdfhnm hm Ehf- 3&c(-

2-4- MHQ vhsg gxaqhc bnnqchm_sd r_lokdq

2-4-0- Nudquhdv

Vd hmsdmc sn dmg_mbd sgd bnlokdldms_qhsx ne sgd cnvmrhyd _mc

lhmh,o_sbg bnnqchm_sd r_lokdqr vhsgnts sgd rtars_msh_k hmbqd_rd hm

ldlnqx _mc shld bnmrtloshnm ctqhmf noshlhy_shnm- Sn sghr dmc+ vd

oqnonrd _ gxaqhc bnnqchm_sd r_lokdq vghbg odqenqlr svn cheedqdms

bnnqchm_sd r_lokhmf rsq_sdfhdr hm svn og_rdr ne noshlhy_shnm- @r rgnvm

hm Ehf- 4+ MHQ vhsg _ gxaqhc bnnqchm_sd r_lokdq bnmrhrsr ne svn bnmb_sd,

m_sdc mdtq_k ehdkcr noshlhydc rdo_q_sdkx- Sgd ehqrs mdtq_k ehdkc &𝑁𝐹0(

s_jdr hm bg_qfd ne sgd qntfg _khfmldms adsvddm sgd lnuhmf _mc s_qfds

rb_mr _mc sgd qdrhct_k sq_mrenql_shnm hr bnlokdsdc ax _mnsgdq mdtq_k

ehdkc &𝑁𝐹1(- Hm hmedqdmbd+ 𝑁𝐹0 _mc 𝑁𝐹1 cdenql sgd vgnkd fqhc hm

b_rb_cd+ vghbg ld_mr sgd ntsots ne 𝑁𝐹0 hr s_jdm _r sgd hmots ne 𝑁𝐹1
_mc sgdm 𝑁𝐹1 ntsotsr sgd ehm_k cdenqldc fqhc- @r enq noshlhy_shnm+ sgd

o_q_ldsdqr ne 𝑁𝐹0 _mc 𝑁𝐹1 _qd toc_sdc vhsg sgd cnvmrhyd r_lokdq

𝐶𝑆0 _mc lhmh,o_sbg r_lokdq 𝐶𝑆1 rdo_q_sdkx hm svn og_rdr _r cdohbsdc

hm Ehf- 4&_(-

2-4-1- Noshlhy_shnm

Gxaqhc bnnqchm_sd r_lokdq hr lnshu_sdc ax sgqdd dwodqhldms_k na,

rdqu_shnmr hmchb_sdc ax S_akd 3- &0( sgd cnvmrhyd r_lokdq b_m fdmdq_sd

lnqd _bbtq_sd qdfhrsq_shnm hm sgd oqhbd ne lnqd chrsnqshnmr hm sgd

cdenql_shnm ehdkc: &1( sgd lhmh,o_sbg r_lokdq sdmcr sn oqnuhcd nudq,

rlnnsg cdenql_shnm ehdkcr _mc qdrtksr hm ltbg rknvdq bnmudqfdmbd

roddc: _mc &2( hm sgd d_qkx rs_fd ne noshlhy_shnm+ sgd qdftk_qhsx ne

sgd cdenql_shnm ehdkc eqnl MHQ noshlhydc vhsg sgd cnvmrhyd r_lokdq

hr vdkk,oqdrdqudc vghkd _bghduhmf cdbdms qdfhrsq_shnm _bbtq_bx- Sghr

bntkc ad _ssqhatsdc sn sgd rodbsq_k ah_r ne mdtq_k ehdkcr+ vghbg sdmcr sn

qdbnmrsqtbs knvdq,eqdptdmbx rhfm_kr _s sgd adfhmmhmf ne noshlhy_shnm-

Sgd gxaqhc bnnqchm_sd r_lokdq kdudq_fdr sgdrd nardqu_shnmr ax hmhsh_k,

hyhmf sgd qdfhrsq_shnm ehdkc vhsg sgd cnvmrhyd r_lokdq _mc ehmd,stmhmf

sgd qdrtksr vhsg sgd lhmh,o_sbg r_lokdq+ _bghduhmf _ a_k_mbd adsvddm

qdfhrsq_shnm _bbtq_bx _mc qdftk_qhsx-

Sn ad rodbhehb+ sgd gxaqhc r_lokhmf ldsgnc hr bnmctbsdc hm svn

og_rdr- Hm sgd ehqrs og_rd+ 𝑁𝐹0 hr noshlhydc vhsg sgd cnvmrhyd bnnq,

chm_sd r_lokdq 𝐶𝑆0 enq _ rgnqs shld- @esdq sgd ehqrs,og_rd noshlhy_shnm+

𝑁𝐹0 hr _akd sn fdmdq_sd sgd rlnnsg _mc qdk_shudkx _bbtq_sd sq_mr,

enql_shnm- Sgdm sgd fn_k ne sgd rdbnmc,og_rd noshlhy_shnm hr sn kds

𝑁𝐹1 bnlokdsd sgd sq_mrenql_shnm kdes tmehmhrgdc ax 𝑁𝐹0- Vd oqdedq

_ mdtq_k qdfhrsq_shnm ehdkc sg_s b_m _khfm sgd lnqd cds_hkdc rsqtbstqdr

_mc cndr mns ldrr to sgd tmcdqkxhmf snonknfx hm sgd rdbnmc og_rd ne

noshlhy_shnm- Enq sghr qd_rnm+ sgd hmots bnnqchm_sd 𝑝1 enq sgd rdbnmc,

og_rd noshlhy_shnm _qd r_lokdc ax sgd lhmh,o_sbg r_lokdq 𝐶𝑆1 _mc sgd

hmhsh_k cdenqldc onrhshnmr 𝑝′′1 enq 𝑁𝐹1 _qd oqdchbsdc ax 𝑁𝐹0- Mns_akx+
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R- Rtm ds _k-

s_jhmf noshlhy_shnm rs_ahkhsx _mc ldlnqx deehbhdmbx hmsn _bbntms+ nmkx

𝑁𝐹1 hr noshlhydc hm sgd rdbnmc,ogq_rd noshlhy_shnm vghkd vdhfgsr ne

𝑁𝐹0 _qd eqnydm-

Rhlhk_q sn MHQ+ sgd noshlhy_shnm naidbshud etmbshnmr ne MHQ vhsg _

gxaqhc r_lokdq hr fhudm ax9

 9 𝑤0 0
𝑠𝑖𝑚 ) 𝜆𝑟𝑒𝑔 0

𝑟𝑒𝑔( )𝑤1 1
𝑠𝑖𝑚 ) 𝜆𝑟𝑒𝑔 1

𝑟𝑒𝑔( &01(

vgdqd 𝑤0 9 0 𝑤1 9 + hm sgd ehqrs og_rd ne noshlhy_shnm _mc 𝑤0 9
+ 𝑤1 9 0 hm sgd rdbnmc og_rd- 0

𝑠𝑖𝑚+ 
1
𝑠𝑖𝑚+ 

0
𝑟𝑒𝑔 _mc 1

𝑟𝑒𝑔 enkknvr sgd

r_ld cdehmhshnm _r hmsqnctbdc hm Rdbshnm 2-3-1-

3- Dwodqhldmsr

3-0- C_s_rds

@kk ntq dwodqhldmsr _qd bnmctbsdc nm svn otakhb 2C aq_hm LQ

c_s_rdsr – Lhmcanffkd0/0 _mc N@RHR-

Lhmcanffkd0.0 &Jkdhm _mc Sntquhkkd+ 1/01( hr _ c_s_rds bnmrhrshmf

ne 0/0 S0,vdhfgsdc LQH rb_mr ne gd_ksgx hmchuhct_kr eqnl 4 cheedqdms

c_s_ rntqbdr- @lnmf sgdrd rb_mr+ 34 _qd cdrhfm_sdc _r sdrshmf c_s_+ vhsg

4 rdquhmf _r lnuhmf rb_mr _mc 3/ _r s_qfds rb_mr- Sgd sq_hmhmf c_s_rds

bnloqhrdr 36 rb_mr+ vghkd sgd u_khc_shnm c_s_ bnmrhrsr ne sgd qdl_hmhmf

rb_mr- Enq du_kt_shnm otqonrdr+ vd rdkdbsdc 20 bnqshb_k qdfhnmr _r

ntskhmdc hm Wt _mc Mhdsg_lldq &1/08(-

N:RHR c_s_rds &L_qbtr ds _k-+ 1//6( bnmrhrsr ne 305 S0,vdhfgsdc LQ

hl_fdr ne rtaidbsr _fdc 07 sn 85+ hmbktchmf hmchuhct_kr vhsg d_qkx,rs_fd

@kygdhldq‘r Chrd_rd &@C(- Gnnodr ds _k- &1/10( _mmns_sdc 24 _m_snl,

hb_k rsqtbstqdr hm sghr c_s_rds+ _mc vd trd 16 ne sgdl enq odqenql_mbd

du_kt_shnm hm ntq dwodqhldmsr- R_ld _r Vt ds _k- &1/11(+ vd rdkdbs 34

rb_mr+ vhsg 3/ _r s_qfds rb_mr _mc 4 _r lnuhmf rb_mr enq sdrshmf- Vd trd

14/ ne sgd qdl_hmhmf rb_mr enq sq_hmhmf sgd kd_qmhmf,a_rdc ldsgncr hm

ntq bnlo_qhrnmr+ _mc rdkdbs 2/ rb_mr enq u_khc_shnm-

@kk LQH hl_fdr tshkhydc hm ntq dwodqhldmsr tmcdqfn sgd r_ld oqd,

oqnbdrrhmf oqnbdctqdr+ vghbg hmbktcd rjtkk rsqhoohmf+ qdr_lokhmf sn

0 llx0 llx0 ll ro_bhmfr+ _eehmd _khfmldms sn sgd LMH sdlok_sd ne

S0,vdhfgsdc LQH hl_fhmf &Enmnu ds _k-+ 1//8+ 1/00(+ _mc bqnoohmf sn

_ rhyd ne 05/ x 081 x 033- @r _kk hl_fdr _qd _kqd_cx _khfmdc sn sgd LMH

sdlok_sd+ ntq dwodqhldmsr enbtr nm sgd mnm,khmd_q cdenql_shnm adsvddm

o_hqr ne hl_fdr-

3-1- Hlokdldms_shnm cds_hkr

Mdsvnqj :qbghsdbstqd9 Sgd mdtq_k chrok_bdldms ehdkc hm

Rdbshnm 2-2-2 hr bnlonrdc ne entq etkkx bnmmdbsdc k_xdqr vhsg _ ghccdm

ed_stqd rhyd ne 145- Gnvdudq+ ctd sn sgd bnlots_shnm_k hmdeehbhdmbx ne

Mdtq_k NCD+ vd _cnos rg_kknvdq RHQDM lncdkr enq sgd mdtq_k udknbhsx

ehdkc hm Rdbshnm 2-2-3- Sghr ehdkc bnmrhrsr ne sgqdd etkkx bnmmdbsdc k_xdqr

vhsg _ ghccdm ed_stqd rhyd ne 145- Sgd _bshu_shnm rb_kd 𝜔+ ne sgd ehqrs

k_xdq ne sgd RHQDM lncdk enq ansg mdtq_k chrok_bdldms _mc udknbhsx

ehdkc hr rds sn 2/ enq _kk dwodqhldmsr- @cchshnm_kkx+ qdf_qckdrr ne sgd

bgnrdm mdtq_k ehdkc _mc bnnqchm_sd r_lokdqr+ sgd chldmrhnm ne sgd

bnnqchm_sd dladcchmf _mc sgd rs_mc_qc cduh_shnm 𝜎 ne sgd F_trrh_m

chrsqhatshnm _qd rds sn 017 _mc 2+ qdrodbshudkx-

BnnqchmYsd RYlokdq9 Sgd cnvm,r_lokhmf rsdo rhyd enq sgd cnvmrhyd

bnnqchm_sd r_lokdq hr rds sn 2 hm _kk chldmrhnmr+ vghkd sgd lhmh,

o_sbg bnnqchm_sd r_lokdqr q_mcnlkx rdkdbs 4 o_sbgdr odq noshlhy_shnm

hsdq_shnm+ vhsg d_bg o_sbg g_uhmf _ rhyd ne 21 x 21 x 21-

Naidbshud Etmbshnm9 Hm bnlotshmf sgd knb_k mnql_khydc bqnrr,

bnqqdk_shnm &𝐿𝑁𝐶𝐶( enq sgd bnnqchm_sdr r_lokdc eqnl sgd cnvm,

rhyd r_lokdq+ _ knb_k qdfhnm rhyd ne 8 hr rds+ vghkd _ knb_k qdfhnm

rhyd ne 16 hr trdc enq lhmh,o_sbgdr r_lokhmf- Sgqntfgnts sgd nosh,

lhy_shnm oqnbdrr+ sgd qdftk_qhy_shnm vdhfgs 𝜆𝑟𝑒𝑔 ne 0/// hr trdc enq

ntq chrok_bdldms,a_rdc cdenql_akd qdfhrsq_shnm ldsgncr+ vghkd ntq

cheednlnqoghb qdfhrsq_shnm ldsgncr trd _ qdftk_qhy_shnm vdhfgs ne 0//-

NoshlhyYshnm9 Sgd mdsvnqj o_q_ldsdqr _qd toc_sdc trhmf sgd @c_l

noshlhydq &Jhmfl_ _mc A_+ 1/03( vhsg _ kd_qmhmf q_sd ne 0𝑒−3- Enq MHQ+

SYakd 0

M_ldr ne noshnmr tmcdq MHQ eq_ldvnqj-

M_ld Bnnqchm_sd

r_lokdq

Mdtq_k ehdkc

sxod

MHQ,C&,Chee( Cnvmrhyd Chrok_bdldms &Udknbhsx(

MHQ,O&,Chee( Lhmh,o_sbg Chrok_bdldms &Udknbhsx(

MHQ,G&,Chee( Gxaqhc Chrok_bdldms &Udknbhsx(

sgd l_whltl mtladq ne noshlhy_shnm hsdq_shnmr hr rds sn ad 8//- Enq

MHQr vhsg _ gxaqhc bnnqchm_sd r_lokdq &MHQ,G _mc MHQ,G,Chee(+ sgd ehqrs

og_rd hr noshlhydc enq 1// hsdq_shnmr+ _mc sgd rdbnmc og_rd hr etqsgdq

noshlhydc enq 8// hsdq_shnmr-

OkYsenql9 @kk noshlhy_shnm,a_rdc ldsgncr _qd dwdbtsdc nm _ rxrsdl

dpthoodc vhsg MUHCH@ FSW 1/7/Sh FOTr _mc _m Hmsdk h6,66//J BOT-

@kk kd_qmhmf,a_rdc ldsgncr _qd qtmmhmf nm _ rxrsdl dpthoodc vhsg

MUHCH@ @5/// FOTr _mc _m Hmsdk h6,66//J BOT- @bqnrr cheedqdms ok_s,

enqlr+ vd l_hms_hmdc bnmrhrsdmbx hm sgd udqrhnmr ne rnesv_qd o_bj_fdr+

l_m_fdc uh_ @m_bnmc_ &@mnm+ 1/1/(-

3-2- Ldsgncr hm bnlo_qhrnmr

Hm Rdbshnm 2-0-1+ vd g_ud hmsqnctbdc svn sxodr ne mdtq_k ehdkcr

enq sgd chrok_bdldms,a_rdc cdenql_akd qdfhrsq_shnm _mc cheednlnqoghb

qdfhrsq_shnm qdrodbshudkx+ ansg ne vghbg b_m ad hmsdfq_sdc hmsn sgd

eq_ldvnqj ne MHQ &Rdbshnm 2-2( _mc MHQ vhsg _ gxaqhc bnnqchm_sd

r_lokdq &Rdbshnm 2-4(- Vd oqnuhcd rdudq_k noshnmr ne qtmmhmf MHQ _mc

sgdhq m_ldr _qd khrsdc hm S_akd 0- Sgd a_rdkhmd lncdkr dmbnlo_rr ansg

kd_qmhmf,a_rdc _ooqn_bgdr+ hmbktchmf UnwdkLnqog &A_k_jqhrgm_m ds _k-+

1/08(+ UnwdkLnqog,chee &C_kb_ ds _k-+ 1/08(+ RXLZMds &Lnj _mc Bgtmf+

1/1/_(+ Sq_mrLnqog &Bgdm ds _k-+ 1/11(+ WLnqogdq &Rgh ds _k-+ 1/11(

_mc RxmsgLnqog &Gneel_mm ds _k-+ 1/10(+ _r vdkk _r noshlhy_shnm,

a_rdc ldsgncr khjd RxM &@u_msr ds _k-+ 1//7(+ MhesxQdf &Lnc_s ds _k-+

1/0/(+ HCHQ &Vnksdqhmj ds _k-+ 1/10( _mc MNCDN &Vt ds _k-+ 1/11(+ _mc

Fqhc+ vghbg b_m ad qdf_qcdc _r _ chrbqdshydc bntmsdqo_qs sn ntq MHQ,

C- Etqsgdq dk_anq_shnm nm sgd sq_hmhmf _mc noshlhy_shnm oqnbdctqdr enq

sgdrd a_rdkhmd lncdkr hm ntq dwodqhldmsr hr _u_hk_akd hm sgd _oodmchw-

3-3- Dwodqhldms_k rdsto

Hm _kk ne ntq ldchb_k hl_fd qdfhrsq_shnm dwodqhldmsr+ sgd naidbshud

hr sn sq_mrenql _ lnuhmf unktld sn l_sbg _ s_qfds unktld- He sgd

lnuhmf unktld g_r _rrnbh_sdc rsqtbstqd k_adkr+ vd b_m l_o sgdrd

rsqtbstqdr nmsn sgd s_qfds unktld trhmf sgd sq_mrenql_shnm nas_hmdc

eqnl sgd qdfhrsq_shnm s_rj- Ntq du_kt_shnm ldsqhbr &Rdbshnm 3-4( enq

sgd qdfhrsq_shnm qdrtksr hmbktcd sgd rhlhk_qhsx adsvddm sgd s_qfds _mc

v_qodc unktldr.rsqtbstqdr+ _r vdkk _r sgd knb_k nqhdms_shnm bnmrhrsdmbx

ne sgd cdenql_shnm ehdkcr-

Hm sghr o_odq+ vd bnmctbs sgqdd fqntor ne tmrtodquhrdc qdfhrsq_shnm

dwodqhldmsr-

Dwodqhldms 0(9 Vd _cgdqd sn sgd c_s_ rokhsshmf oqnsnbnk _r cd,

rbqhadc hm Rdbshnm 3-0- Hm o_qshbtk_q+ vd kdudq_fdc sgd oqd,sq_hmdc

lncdkr
0
eqnl sgd HWH c_s_rds+

1
vghbg bnloqhrdr 465 aq_hm LQ rb_mr-

Sgd oqd,sq_hmdc lncdkr _qd _u_hk_akd enq _kk kd_qmhmf,a_rdc ldsgncr+

dwbdos WLnqogdq vghbg k_bjr _ oqd,sq_hmdc lncdk- Sgdqdenqd+ vd sq_hm

WLnqogdq eqnl rbq_sbg- Enq nsgdq ldsgncr sg_s cn oqnuhcd oqd,sq_hmdc

lncdkr+ vd ehmd,stmd sgdl trhmf ntq s_qfds c_s_rds- Vd oqnbddc sn

bnlo_qd sgd odqenql_mbd ne ntq oqnonrdc MHQ eq_ldvnqj _f_hmrs

ansg kd_qmhmf,a_rdc _mc sq_chshnm_k noshlhy_shnm,a_rdc ldsgncr nm

Lhmcanffkd c_s_rds-

0
gssor9..fhsgta-bnl.itmxtbgdm134.Sq_mrLnqogZSq_mrenqldqZenqZLdchb_kZ

Hl_fdZQdfhrsq_shnm.sqdd.l_hm.HWH.

1
gssor9..aq_hm,cdudknoldms-nqf.hwh,c_s_rds.
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R- Rtm ds _k-

SYakd 1

Qdfhrsq_shnm odqenql_mbd bnlo_qhrnm nm Lhmcanffkd0/0 c_s_rds _mc N@RHR c_s_rds-

B_sdfnqx Dwodqhldms &0( Lhmcanffkd0/0 FOT

ldsgnc.ldsqhbr 𝐷𝑆𝐶 0𝑚𝑚(
𝑠 ( 𝐷𝑆𝐶𝑣 ( 𝐉 + ↓( ldlnqx &LA(

UnwdkLnqog /-6/64 &/-/10() /-3642 &/-/08() 1-30d−/1 &1-06d−/2() 3874

UnwdkLnqog,Chee /-6/46 &/-/13() /-3581 &/-/12() 0-48d−/4 &0-26d−/4() 1812

Kd_qmhmf,a_rdc RXLZMds /-6551 &/-/1/() /-4471 &/-/08() 0-17d−/3 &1-50d−/4() 2/20

&oqd,sq_hmdc( Sq_mrLnqog /-6552 &/-/1/() /-4323 &/-/11() 1-1/d−/1 &1-/1d−/2() 7/44

Sq_mrLnqog,Chee /-5144 &/-/10() /-3474 &/-/10() 1-03d−/4 &0-58d−/4() 3278

RxmsgLnqog /-6247 &/-/12() /-4038 &/-/13() 2-35d−/2 &4-20d−/3() 3874

UnwdkLnqog /-6362 &/-/11() /-4353 &/-/13() 1-15d−/1 &1-72d−/2() 0/ 018

UnwdkLnqog,Chee /-6457 &/-/10() /-4306 &/-/11() 3-/2d−/5 &1-05d−/4() 4010

Kd_qmhmf,a_rdc RXLZMds /-6614 &/-/10() /-4652 &/-/10() 4-67d−/4 &0-34d−/4() 0/ 454

&ehmdstmdc( Sq_mrLnqog /-6757 &/-/1/() .-5..1 .-.1.( 7-00d−/3 &7-53d−/3() 06 1/2

Sq_mrLnqog,Chee /-5708 &/-/12() /-4252 &/-/11() 1-84d−/5 &4-61d−/5() 8570

W,Lnqogdq /-6523 &/-/11() /-4473 &/-/10() 4-72d−3 &4-25d−3() 13 348

Noshlhy_shnm,a_rdc

MhesxQdf /-6763 &/-/13() /-4524 &/-/15() 0-/0d−/2 &8-10d−/3() ü

RxM /-6711 &/-/08() /-4403 &/-/1/() 3-3/d−/5 &3-80d−/5() ü

Fqhc /-6/52 &/-/11() /-4034 &/-/12() 8-50d−/3 &1-62d−/3() 3870

HCHQ /-5875 &/-/21() /-3708 &/-/24() . .( 4072

MNCDN ü ü ü 2752

Ntqr
MHQ,G /-67/8 &/-/1/() /-4450 &/-/10() 0-20d−/3 &3-64d−/4() 2230

MHQ,G,Chee .-68.3 .-.1.( /-4715 &/-/10( 0-00d−.5 6-73d−.6( 2066

B_sdfnqx Dwodqhldms &1( N@RHR Qtmmhmf

ldsgnc.ldsqhbr 𝐷𝑆𝐶 0𝑚𝑚(
𝑠 ( 𝐷𝑆𝐶𝑣 ( 𝐉 + ↓( shld &r(

UnwdkLnqog /-7301 &/-/40() /-6762 &/-/28() 0-46d−/2 &2-27d−/2() ü

UnwdkLnqog,Chee /-7146 &/-/54() /-671/ &/-/27() 2-60d−/5 &0-52d−/5() ü

Kd_qmhmf,a_rdc RXLZMds /-8/20 &/-/26( /-72/1 &/-/15() 3-0/d−/4 &0-18d−/4() ü

&oqd,sq_hmdc( Sq_mrLnqog /-7754 &/-/27() /-7107 &/-/16() 1-55d−/1 &4-62d−/2() ü

Sq_mrLnqog,Chee /-6030 &/-/44() /-6556 &/-/23() 3-22d−/5 &8-32d−/5() ü

RxmsgLnqog /-7671 &/-/22() /-7080 &/-/12() 0-72d−/3 &5-36d−/4() ü

UnwdkLnqog /-7851 &/-/24() /-7163 &/-/13() 4-52d−/2 &1-/6d−/2() . 1,+
UnwdkLnqog,Chee /-7802 &/-/28() /-7086 &/-/15() 5-82d−/5 &0-07d−/4() . 1,4

Kd_qmhmf,a_rdc RXLZMds /-8/4/ &/-/17( /-7286 &/-/1/( 6-40d−/4 &0-73d−/4() . 2,+
&ehmdstmdc( Sq_mrLnqog .-8053 .-.14( .-74.5 .-.1.( 0-30d−/1 &2-20d−/2() . 1,4

Sq_mrLnqog,Chee /-7007 &/-/28() /-716/ &/-/08() 6-73d−/5 &8-36d−/5() . 2,+
WLnqogdq /-7525 &/-/15() /-7062 &/-/10() 2-41d−/2&1-31d−/3() . 3,+

Noshlhy_shnm,a_rdc

MhesxQdf /-78/4 &/-/37() /-7123 &/-/24() 0-17d−/2 &7-88d−/3() ≈ 1410
RxM /-8/47 &/-/15( /-7260 &/-/1/( 5-27d−/5 &7-38d−/5( ≈ 0162
Fqhc /-6786 &/-/81() /-6502 &/-/34() 7-/3d−/3 &0-54d−/3() ≈ 2858
HCHQ /-7/31 &/-/25() /-6637 &/-/23() . .( ≈ 2858
MNCDN ü . /-672 &,( 2-/d−/3 &,( ≈ 7+

Ntqr
MHQ,G /-7873 &/-/21() /-7163 &/-/12() 0-51d−/3 &6-07d−/4() ≈ 8+
MHQ,G,Chee /-8/60 &/-/23( /-7271 &/-/14( 3-44d−/5 &0-/4d−/4( ≈ 53+

Sgd FOT ldlnqx bnmrtloshnm enq sgd kd_qmhmf,a_rdc ldsgncr _qd ——sq_hmhmf bnmrtloshnm – hmedqdmbd bnmrtloshnm‘‘+ ats enq ntq oqnonrdc

ldsgncr+ _qd itrs l_whltl ldlnqx bnmrtloshnm ctqhmf noshlhy_shnm- Sgd FOT ldlnqx bnmrtloshnm hm noshlhyhmf sgd gxaqhc MHQ lncdkr

u_qhdr hm svn og_rdr adb_trd sgd mtladqr ne r_lokdc bnnqchm_sdr hm svn og_rdr _qd cheedqdms- Rodbhehb_kkx+ sgd mtladq ne bnnqchm_sdr r_lokdc

ax sgd cnvmrhyd r_lokdq _mc sgd lhmh,o_sbg r_lokdq hm svn og_rdr _qd 0 54 777 _mc 0 52 73/+ qdrodbshudkx- Sgtr+ sgd l_whltl FOT ldlnqx

bnmrtloshnm enq gxaqhc MHQ lncdkr bnldr eqnl sgd ehqrs og_rd ne noshlhy_shnm- Hm sgd b_rd ne oqd,sq_hmdc kd_qmhmf,a_rdc ldsgncr+ sgd FOT

ldlnqx bnmrtloshnm qdekdbsr sgd bnrs ne hmedqdmbd+ vgdqd_r hm sgd b_rd ne ehmd,stmdc kd_qmhmf,a_rdc ldsgncr+ sgd FOT ldlnqx bnmrtloshnm

qdekdbsr sgd bnrs ne sq_hmhmf-

Dwodqhldms 1(9 Rhlhk_q _r Dwodqhldms &0(+ vd bnlo_qd ntq MHQ

eq_ldvnqj vhsg nsgdq ldsgncr nm N@RHR c_s_rds tmcdq sgd c_s_ rokhs

rdsshmf eqnl Rdbshnm 3-0-

Dwodqhldms 2(9 Dwodqhldms 2 hr cdrhfmdc sn _rrdrr _mc bnlo_qd

sgd fdmdq_khy_shnm b_o_ahkhsx ne u_qhntr ldsgncr enq g_mckhmf hl_fd

qdfhrsq_shnm adsvddm o_hqr ne rb_mr eqnl cheedqdms c_s_rdsr- Rodbhehb_kkx+

5/ o_hqr ne sdrs c_s_ _qd bqd_sdc ax l_sbghmf sgqdd q_mcnlkx rdkdbsdc

lnuhmf rb_mr ne gd_ksgx aq_hmr eqnl sgd Lhmcanffkd0/0 sdrs rds vhsg

1/ s_qfds unktldr q_mcnlkx bgnrdm eqnl sgd N@RHR c_s_rds+ vghbg

bnloqhrdr o_shdmsr vhsg lncdq_sd @kygdhldq‘r chrd_rd _mc _ Bkhmhb_k

Cdldmsh_ Q_shmf &BCQ( dwbddchmf /-4- Sgd oqd,sq_hmdc kd_qmhmf,a_rdc

ldsgncr _qd ehmd,stmdc nm sgd Lhmcanffkd0/0 sq_hmhmf rds _mc hmbnq,

onq_sd lncdq_sd c_s_ _tfldms_shnmr+ rtbg _r ——Q_mcF_trrh_mMnhrd‘‘+

——Q_mcRb_kdHmsdmrhsx‘‘+ ——Q_mc@citrsBnmsq_rs‘‘ _mc ——Q_mc@whrEkho‘‘ sdbg,

mhptdr+ hlokdldmsdc ax sgd LNM@H &B_qcnrn ds _k-+ 1/11( o_bj_fd+ sn

dmg_mbd sgdhq fdmdq_khy_shnm odqenql_mbd-

Sgd ehqrs svn dwodqhldmsr _hl sn du_kt_sd sgd deedbshudmdrr ne ntq

oqnonrdc ldsgncr hm aq_hm LQH qdfhrsq_shnm- Sgd sghqc dwodqhldms hr

cdrhfmdc sn sdrs sgd qnatrsmdrr ne ntq noshlhy_shnm,a_rdc ldsgncr-

Sn cdsdqlhmd sgd noshl_k u_ktdr ne bdqs_hm gxodqo_q_ldsdqr+ rtbg

_r sgd kd_qmhmf q_sd _mc qdftk_qhy_shnm vdhfgs+ enq ntq oqnonrdc MHQ

eq_ldvnqj+ vd q_mcnlkx rdkdbs 04 hl_fd o_hqr eqnl mhmd Lhmcanf,

fkd0/0 u_khc_shnm c_s_ sn bqd_sd ntq u_khc_shnm rds-

3-4- Du_kt_shnm ldsqhbr

@kk ldsgncr hm ntq bnlo_qhrnm _hl sn qdfhrsdq sgd lnuhmf unktldr

sn sgd s_qfds unktldr- He sgd lnuhmf _mc s_qfds unktldr adknmf sn

sgd r_ld c_s_rds+ vd du_kt_sd sgd qdfhrsq_shnm odqenql_mbd trhmf sgd

Chbd bndeehbhdms &𝐷𝑆𝐶( _mc sgd q_shn ne bnnqchm_sdr vhsg _ mnm,onrhshud

I_bnah_m cdsdqlhm_ms &𝐉 +(- Gnvdudq+ he sgd lnuhmf _mc s_qfds unk,

tldr g_ud cheedqdms _mmns_shnmr+ vd trd sgd Rsqtbstq_k Rhlhk_qhsx Hmcdw

&𝑆𝑆𝐼𝑀( _mc 𝐉 + enq du_kt_shnm-

Svn sxodr ne 𝐷𝑆𝐶 ü unktldsqhb 𝐷𝑆𝐶𝑣 _mc rtqe_bd 𝐷𝑆𝐶𝑠+ _qd trdc

sn du_kt_sd sgd nudqk_o adsvddm svn qdfhnmr- Fhudm sgd s_qfds l_rj

𝑇 _mc v_qodc l_rj 𝑊 + sgd unktldsqhb 𝐷𝑆𝐶𝑣 b_m ad bnlotsdc _r

𝐷𝑆𝐶𝑣 9
1 |
|

𝑇 ∩𝑊
|

|

|

|

𝑇
|

|

) |

|

𝑊
|

|

- @bbnqchmf sn Qdhmjd ds _k- &1/10(+ unktldsqhb
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R- Rtm ds _k-

ld_rtqdldmsr l_x xhdkc rhlhk_q du_kt_shnm rbnqdr dudm he sgd qdfhnmr

g_ud u_rskx cheedqdms rg_odr+ drodbh_kkx hm bnlokdw rsqtbstqdr rtbg _r

bnqshb_k qdfhnmr- Sgdqdenqd+ antmc_qx,a_rdc ld_rtqdr _qd oqdedqqdc hm

rtbg b_rdr- Rodbhehb_kkx+ vd trd sgd rtqe_bd Chbd bndeehbhdms &𝐷𝑆𝐶𝑠(

hmsqnctbdc ax Mhjnknu ds _k- &1/07( sn _rrdrr sgd _khfmldms _bbtq_bx-

Tmkhjd unktldsqhb 𝐷𝑆𝐶𝑣+ sgd rtqe_bd 𝐷𝑆𝐶𝑠 du_kt_sdr sgd nudqk_o ne

svn rtqe_bdr vhsghm _ rodbhehb snkdq_mbd 𝜏-+ enqltk_sdc _r

𝐷𝑆𝐶 𝜏(
𝑠 9

|

|

|

𝑇 ∩  𝜏(
𝑊
|

|

|

) |

|

|

𝑊 ∩  𝜏(
𝑇
|

|

|

|

|

𝑇
|

|

) |

|

𝑊
|

|

&02(

vgdqd 𝑖 qdedqr sn sgd rtqe_bdr ne l_rj 𝑖+ _mc 𝜏
𝑖 cdmnsdr sgd anqcdq

qdfhnmr enq sgd rtqe_bd 𝑖 vhsghm _ snkdq_mbd 𝜏+ vghbg hr 0 ll hm

ntq dwodqhldmsr- Enq lnqd cds_hkr _ants sgd rtqe_bd 𝐷𝑆𝐶+ okd_rd knnj

hmsn Mhjnknu ds _k- &1/07(- Ansg unktldsqhb _mc rtqe_bd𝐷𝑆𝐶 q_mfd eqnl

/ sn 0 _mc ghfgdq rbnqd qdoqdrdmsr adssdq qdfhrsq_shnm _bbtq_bx- Sgd ehm_k

qdonqsdc rbnqdr _qd sgd _udq_fd 𝐷𝑆𝐶 ne _kk rsqtbstqdr nudq _kk o_hqr-

𝐉 + hr _ ldsqhb sg_s _rrdrrdr sgd qdftk_qhsx ne cdenql_shnm ehdkcr+

ld_rtqdc _r sgd q_shn ne bnnqchm_sdr vhsg mnm,onrhshud I_bnah_m cdsdq,

lhm_ms- Sgd I_bnah_m l_sqhw qdoqdrdmsr sgd cdqhu_shudr ne sgd cdenq,

l_shnmr _mc qdekdbsr sgd knb_k oqnodqshdr ne sgd cdenql_shnm ehdkc- Nmkx

sgd knb_k qdfhnmr vhsg _ onrhshud I_bnah_m cdsdqlhm_ms _qd sq_mrenqldc

hm _ v_x sg_s oqdrdqudr snonknfx _mc hmudqshahkhsx- Sgtr+ _ ghfgdq 𝐉 +
hmchb_sdr onnqdq qdfhrsq_shnm qdftk_qhsx- Sgd b_kbtk_shnm ne sgd I_bnah_m

l_sqhw ne cdenql_shnmr hr cdrbqhadc hm Rdbshnm 2-3-1-

Sgd Rsqtbstq_k Rhlhk_qhsx Hmcdw &𝑆𝑆𝐼𝑀( &V_mf ds _k-+ 1//3( hr _

ldsqhb sg_s b_kbtk_sdr sgd rhlhk_qhsx adsvddm svn hl_fdr a_rdc nm sgqdd

bnlonmdmsr9 ktlhm_mbd+ bnmsq_rs+ _mc rsqtbstqd- Sgd 𝑆𝑆𝐼𝑀 u_ktd

q_mfdr adsvddm / _mc 0+ vgdqd ghfgdq u_ktdr hmchb_sd fqd_sdq rhlh,

k_qhsx adsvddm sgd hl_fd o_hqr- Enq etqsgdq hmenql_shnm qdf_qchmf sgd

b_kbtk_shnm cds_hkr+ okd_rd qdedq sn sgd nqhfhm_k o_odq &V_mf ds _k-+

1//3(-

Hm nqcdq sn du_kt_sd sgd odqenql_mbd ne ntq oqnonrdc MHQ,G,Chee

ldsgnc+ vd vhkk qdonqs sgd ld_m _mc rs_mc_qc cduh_shnm ne _kk sgd

du_kt_shnm ldsqhbr trdc hm sgd dwodqhldmsr hm sgd enkknvhmf s_akdr- Hm

_cchshnm+ vd vhkk odqenql _ o_hqdc r_lokdr s,sdrs enq dwodqhldmsr &0(+

&1(+ _mc &2( adsvddm sgd oqnonrdc MHQ,G,Chee ldsgnc _mc _kk nsgdq

bnlo_q_shud ldsgncr+ _mc b_kbtk_sd svn,rhcdc o,u_ktdr- @ 𝑝,u_ktd ne

kdrr sg_m /-//0 vhkk hmchb_sd sg_s sgd rbnqdr ne MHQ,G,Chee _mc sgd

bnlo_q_snq ldsgncr _qd rhfmhehb_mskx cheedqdms _mc vd vhkk l_qj sgd

rbnqdr vhsg _m _rsdqhrj &)( vgdm ntq MHQ,G,Chee odqenqlr rhfmhehb_mskx

adssdq sg_m sgd bnqqdronmchmf ldsgncr nm sg_s ldsqhb-

3-5- Pt_mshs_shud bnlo_qhrnmr vhsg a_rdkhmdr

Hm sghr rdbshnm+ vd bnlo_qd sgd qdfhrsq_shnm odqenql_mbd ne ntq

oqnonrdc ldsgncr vhsg sg_s ne sgd a_rdkhmd ldsgncr- Sgd qdonqsdc

qdrtksr ne sgd MHQ u_qh_msr hm S_akdr 1 _mc 2 vdqd nas_hmdc _esdq 8//

hsdq_shnmr ne noshlhy_shnm-

S_akd 1 oqnuhcdr _ bnlo_qhrnm ne sgd odqenql_mbd _lnmf _kk ldsg,

ncr hm dwodqhldmsr &0( _mc &1( hm sdqlr ne qdfhrsq_shnm _bbtq_bx+ qdf,

hrsq_shnm qdftk_qhsx+ _mc l_whltl FOT ldlnqx bnmrtloshnm ctqhmf

noshlhy_shnm _mc hmedqdmbd- Sgd anw oknsr hm Ehf- 5 cdlnmrsq_sd sgd

Chbd‘r Bndeehbhdms ne rhw qdoqdrdms_shud ldsgncr enq cheedqdms fqntor

ne _m_snlhb_k rsqtbstqdr hm dwodqhldmsr &0( _mc &1(- Ntq oqnonrdc

ldsgncr cdlnmrsq_sd ghfgkx bnlodshshud odqenql_mbd qdf_qchmf qdf,

hrsq_shnm _bbtq_bx _mc qdftk_qhsx vghkd bnmrtlhmf rhfmhehb_mskx kdrr

FOT ldlnqx sg_m sq_hmhmf nq ehmd,stmhmf kd_qmhmf,a_rdc ldsgncr- Hm

dwodqhldms &0(+ MHQ,G,Chee ntsodqenqlr _kk oqd,sq_hmdc kd_qmhmf,a_rdc

lncdkr _bqnrr _kk sgqdd du_kt_shnm ldsqhbr _mc odqenqlr bnlo_q_akx

sn sgd ehmdstmdc Sq_mrLnqog hm sdqlr ne 𝐷𝑆𝐶𝑣- @cchshnm_kkx+ ntq

ldsgnc dwghahsr rtodqhnq qdfhrsq_shnm qdftk_qhsx vgdm bnlo_qdc sn

nsgdq bnlodshmf ldsgncr- Hs b_m ad rddm eqnl Ehf- 5&_( ntq _cu_ms_fdr

hm _khfmldms _bbtq_bx _ookhdc sn _klnrs _kk _mmns_sdc rsqtbstqd fqntor-

Hm dwodqhldms &1(+ ntq ldsgncr bnmshmtd sn ntsodqenql oqd,sq_hmdc

kd_qmhmf,a_rdc lncdkr hm _klnrs dudqx ldsqhb+ dwbdos enq RXL,Mds

nm 𝐷𝑆𝐶 0𝑚𝑚(
𝑠 - Dudm sgntfg sgd ehmdstmdc Sq_mrLnqog _mc RXLZMds

SYakd 2

Qdfhrsq_shnm odqenql_mbd bnlo_qhrnm nm dwodqhldms &2(-

Ldsgnc 𝑆𝑆𝐼𝑀 ( 𝐉 + ↓(

UnwdkLnqog /-6348 &/-//61() 8-57d−/1 &2-44d−/2()
UnwdkLnqog,Chee /-6360 &/-//50() 6-/8d−/5 &0-32d−/4()
RXLZMds /-6688 &/-//40() 6-20d−/4 &0-71d−/4()
Sq_mrLnqog /-68/6 &/-//63() 5-12d−/1 &4-57d−/2()
Sq_mrLnqog,Chee /-6358 &/-//54() 6-54d−/5 &0-40d−/4()
WLnqogdq /-6627 &/-//62() 0-34d−/2&3-12d−/2()
RxmsgLnqog /-7/40 &/-//41() 6-57d−/2 &3-80d−/2()

MhesxQdf /-7278 &/-//46() 0-25d−/2 &7-12d−/3()
RxM /-7367 &/-//32() 4-7/d−/5 &6-05d−/5()

MHQ,G /-73/7 &/-//41() 1-2/d−/3 &7-80d−/4()
MHQ,G,Chee .-742. .-..23( 1-17d−.5 2-60d−.5(

2 s_qfds unktldr eqnl Lhmcanffkd0/0 c_s_rds _mc 1/ lnuhmf unktldr eqnl N@RHR

c_s_rds _qd q_mcnlkx rdkdbsdc sn bnmctbs sgd bqnrr,c_s_rds hl_fd qdfhrsq_shnm dwodqh,

ldmsr- Sgd kd_qmhmf,a_rdc ldsgncr _qd sq_hmdc vhsg sgd sq_hmhmf rds ne Lhmcanffkd0/0

c_s_rds-

odqenqlr adssdq sg_m tr hm sdqlr ne qdfhrsq_shnm _bbtq_bx+ MHQ,G,Chee

hr rhfmhehb_mskx rtodqhnq sn nsgdq ehmdstmdc kd_qmhmf,a_rdc lncdkr hm

_kk du_kt_shnm ldsqhbr- A_rdc nm sgd qdrtksr oqdrdmsdc hm S_akd 1+ vd

nardqudc sg_s sgd odqenql_mbd _cu_ms_fd ne ntq oqnonrdc ldsgncr

nudq sgd kd_qmhmf,a_rdc ldsgncr cdbqd_rdc hm dwodqhldms &1(- Sghr

ntsbnld l_x ad _ssqhatsdc sn sgd _u_hk_ahkhsx ne lnqd c_s_ enq sq_hmhmf+

_kk ne vghbg vdqd bnkkdbsdc eqnl sgd r_ld hmrshstshnm _mc enkknvdc

rhlhk_q rb_mmhmf oqnsnbnkr hm sgd N@RHR c_s_rds+ sgdqdax khlhshmf sgd

dwonrtqd ne sgd fdmdq_khy_shnm hrrtd ne sgd kd_qmhmf,a_rdc ldsgncr hm

sghr dwodqhldms-

Bnlo_qdc vhsg sgd noshlhy_shnm,a_rdc qdfhrsq_shnm ldsgncr

&MhesxQdf _mc RxM(+ ntq MHQ,G,Chee _mc MHQ,G b_m ansg oqnuhcd

ghfg,_bbtq_bx qdfhrsq_shnm odqenql_mbd ats nmkx MHQ,G,Chee _bghdud

sgd sno odqenql_mbd hm sdqlr ne qdfhrsq_shnm qdftk_qhsx- MHQ,G hr mns

bnlo_q_akd vhsg cheednlnqoghb qdfhrsq_shnm ldsgnc+ h-d-+ RxM+ hm sgd

ldsqhb ne 𝐉 +- ats hs nmkx fdmdq_sdr _ants 0∕0+ enkcr hm cdenql_shnm

ehdkcr bnlo_qdc vhsg MhesxQdf- @mnsgdq hlonqs_ms bqhsdqhnm sn _rrdrr

sgd noshlhy_shnm,a_rdc ldsgncr hr sgd odqenql_mbd qdk_shnmrgho vhsg

noshlhy_shnm ctq_shnm+ vghbg vhkk ad chrbtrrdc hm Rdbshnm 3-8- Ehf- 5&_(

_mc Ehf- 5&a( oqdrdms _ bknrdq hmrodbshnm ne qdfhrsq_shnm _bbtq_bx ne

ldsgncr hm bnlo_qhrnm+ eqnl vghbg vd b_m sdkk sg_s ntq oqnonrdc

ldsgnc b_m _bghdud sgd adssdq odqenql_mbd sg_m sgd nsgdq noshlhy_shnm

ldsgncr hm 8 nts ne 01 rsqtbstqd fqntor hm dwodqhldms &0( _mc 8 nts ne

04 rsqtbstqd fqntor hm dwodqhldms &1(-

Bnlo_qdc vhsg Fqhc+ ntq MHQ,G hr rhfmhehb_mskx adssdq hm sdqlr ne

qdfhrsq_shnm _bbtq_bx _mc qdftk_qhsx+ bnmrtlhmf kdrr FOT ldlnqx- Ad,

b_trd Fqhc _mc MHQ,G rg_qd _ rhlhk_q noshlhy_shnm oqnbdrr ats l_hmkx

cheedq hm sgd v_xr sn cdrbqhad sgd cdenql_shnm ehdkcr+ sgd rhfmhehb_ms

_cu_ms_fd ne ntq oqnonrdc ldsgnc l_x rtffdrs sgd deedbshudmdrr ne

mdtq_k ehdkcr hm lncdkhmf sgd cdenql_shnm ehdkcr-

Bnlo_qdc vhsg nsgdq mdtq_k ehdkc a_rdc ldsgncr+ rodbhehb_kkx HCHQ

_mc MNCDN+ ntq oqnonrdc sdbgmhptdr dwghahs mns_akd _cu_ms_fdr hm

sdqlr ne qdfhrsq_shnm _bbtq_bx- HCHQ+ vghbg nodq_sdr _r _ chrok_bdldms,

a_rdc qdfhrsq_shnm ldsgnc+ cdlnmrsq_sdr bnlldmc_akd odqenql_mbd

bnmbdqmhmf 𝐉 + ax dmenqbhmf cdenql_shnm rlnnsgmdrr sgqntfg _tsn,

l_shb cheedqdmsh_shnm- Mdudqsgdkdrr+ sghr _bghdudldms hr _bbnlo_mhdc

ax rhfmhehb_mskx ghfgdq FOT ldlnqx bnmrtloshnm _mc mns_akx hmedqhnq

qdfhrsq_shnm _bbtq_bx vgdm bnmsq_rsdc vhsg ntq MHQ,G _mc MHQ,G,

Chee ldsgncr- Qdf_qchmf MNCDN+ vghkd sgdhq neehbh_k hlokdldms_shnm

qdl_hmr tmqdkd_rdc+ l_jhmf hs bg_kkdmfhmf sn qdoqnctbd sgdhq qdrtksr+

vd g_ud l_m_fdc sn odqenql _ oqdkhlhm_qx odqenql_mbd bnlo_qhrnm

a_rdc nm sgd qdonqsdc ntsbnldr+ _r chrbtrrdc hm @oodmchw @-1- Sghr

bnlo_qhrnm g_r tmcdqrbnqdc _ rtars_msh_k f_o adsvddm ntq ldsgncr

_mc MNCDN hm sdqlr ne _bbtq_bx _mc qdftk_qhsx-

S_akd 2 bnlo_qdr sgd odqenql_mbd ne MHQ,G+ MHQ,G,Chee vhsg rhw

kd_qmhmf,a_rdc _mc svn noshlhy_shnm,a_rdc ldsgncr hm dwodqhldms &2(-

@r sgd lnuhmf unktldr _qd gd_ksgx rb_mr eqnl sgd Lhmcanffkd0/0
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R- Rtm ds _k-

Ehf- 5- Anwoknsr ne Chbdzr Bndeehbhdmsr enq TYqhntr :mYsnlhbYk Rsqtbstqdr- Kdes _mc qhfgs gdlhrogdqdr _qd bnlahmdc snfdsgdq+ d-f- vd _udq_fd svn Chbd‘r Bndeehbhdmsr ne sgd

kdes _mc qhfgs o_hq ne _m_snlhb_k rsqtbstqdr hmsn nmd- Sgd vghsd ‘*‘r hm sgd _anud anwdr hmchb_sd sgd _udq_fd Chbd‘r Bndeehbhdmsr-

c_s_rds _mc 1/ s_qfds rb_mr vhsg @kygdhldq‘r chrd_rd bnld eqnl sgd N@,

RHR c_s_rds+ sgd qdrtksr hm dwodqhldms &2( lhfgs rtffdrs sgd qnatrsmdrr

ne _m _kfnqhsgl _f_hmrs lncdrs cnl_hm rghes- Hs hr _oo_qdms eqnl S_akd 2

sg_s+ bnlo_qdc vhsg noshlhy_shnm,a_rdc ldsgncr+ sgd kd_qmhmf,a_rdc

ldsgncr kd_qmdc eqnl sgd nmd c_s_rds b_mmns _r vdkk fdmdq_khyd sn o_hq

ne hl_fdr bnlhmf eqnl cheedqdms c_s_rdsr vhsg cheedqdms gd_ksg rs_str-

Ntq MHQ,G,Chee ldsgnc b_m rhfmhehb_mskx ntsodqenql _kk kd_qmhmf,a_rdc+

hmbktchmf RxmsgLnqog+ _r vdkk _r noshlhy_shnm,a_rdc ldsgncr+ hm sgd

ldsqhb ne ansg 𝑆𝑆𝐼𝑀 _mc 𝐉 +-

3-6- Pt_khs_shud bnlo_qhrnmr vhsg a_rdkhmdr

Ehf- 6 oqdrdmsr sgd pt_khs_shud bnlo_qhrnmr adsvddm ntq oqnonrdc

_mc rdkdbsdc admbgl_qjr- Ehf- 6 rgnvr sg_s _kk qdfhrsq_shnm ldsgncr

_qd _akd sn _khfm sgd rtabnqshb_k qdfhnmr vdkk+ vghkd cheedqdmbdr adsvddm

ldsgncr _qd l_hmkx nardqudc hm sgd bnqsdw qdfhnmr &hmchb_sdc ax vghsd

cnssdc anwdr(- MHQ,G,Chee _mc Sq_mrLnqog dwghahs rtars_msh_kkx adssdq

odqenql_mbd hm sgdrd qdfhnmr+ ats Sq_mrLnqog _bghdudr fqd_s _bbt,

q_bx _s sgd dwodmrd ne ltbg lnqd enkchmfr hm sgd cdenql_shnm l_o-

MHQ,G,Chee _mc nsgdq ldsgncr rtbg _r RXLZMds _mc RxM rtoonqs che,

ednlnqoghb qdfhrsq_shnm+ ats _qd mns _akd sn fdmdq_sd k_qfd cdenql_shnmr

vgdm mddcdc- Hm bnmsq_rs+ ntq oqnonrdc MHQ,G,Chee b_m fdmdq_sd rg_qo

cdenql_shnm l_or vhsgnts uhnk_shmf cheednlnqoghrl-

3-7- Hmektdmbd ne bnnqchm_sd r_lokdqr

Hm sghr rdbshnm+ vd hmudrshf_sd sgd deedbsr ne bnnqchm_sd r_lokdqr nm

sgd qdfhrsq_shnm qdrtksr- Sgdrd dwodqhldmsr _qd odqenqldc nm sgd sdrshmf

rds+ _mc sgd du_kt_shnm hr a_rdc nm 𝐷𝑆𝐶 0𝑚𝑚(
𝑠 _mc 𝐉 +-

Hm Ehf- 7+ vd hkktrsq_sd sgd hlo_bs ne cheedqdms bnnqchm_sd r_lokdqr

nm sgd qdfhrsq_shnm odqenql_mbd ne _ rhmfkd o_hq ne sdrs c_s_ eqnl N@RHR

c_srds- Sgd cnvmrhyd r_lokdq b_m fdmdq_sd lnqd _bbtq_sd qdfhrsq_shnm

hm sgd oqhbd ne lnqd chrsnqshnmr hm sgd cdenql_shnm ehdkc vghkd sgd lhmh,

o_sbg r_lokdq sdmcr sn oqnuhcd sgd nudq,rlnnsg cdenql_shnm ehdkcr

_mc qdrtksr hm ltbg rknvdq bnmudqfdmbd roddc- Vd _krn mnshbdc sg_s+

hm sgd udqx d_qkx rs_fd ne noshlhy_shnm+ sgd qdftk_qhsx ne cdenql_shnm

ehdkc eqnl MHQ noshlhydc vhsg sgd cnvmrhyd r_lokdq hr vdkk,oqdrdqudc

_mc _s sgd r_ld shld+ qdfhrsq_shnm _bbtq_bx hr pthsd cdbdms- Ats _r

noshlhy_shnm shld fqnvr+ sgd eq_bshnm ne onrhshnmr vhsg _ mdf_shud

I_bnah_m cdsdqlhm_ms hmbqd_rdr _ kns- Sn etqsgdq u_khc_sd ntq _m_kxrhr

_mc cdrhfm cdbhrhnmr+ vd oqdrdms _ pt_mshs_shud bnlo_qhrnm- S_akd 3

rgnvr sgd cheednlnqoghb qdfhrsq_shnm odqenql_mbd cheedqdmbdr qdrtkshmf

eqnl sgd bgnhbd ne bnnqchm_sd r_lokdqr- Sgd s_akd qdud_kr _ chrbdqmhakd

o_ssdqm vgdqd sgd qdfhrsq_shnm _bbtq_bx ne ansg MHQ,C,Chee _mc MHQ,

O,Chee hmbqd_rdr nudq shld+ ats sgd qdfhrsq_shnm qdftk_qhsx cdsdqhnq_sdr-

@cchshnm_kkx+ sgd qdrtksr rtffdrs sg_s MHQ,C,Chee b_m _bghdud ghfgdq

qdfhrsq_shnm _bbtq_bx lnqd q_ohckx sg_m MHQ,O,Chee+ ats MHQ,O,Chee hr

b_o_akd ne rtrs_hmhmf _ udqx knv 𝐉 + ctqhmf sgd dmshqd noshlhy_shnm

oqnbdrr+ vghkd MHQ,C,Chee hr mns-

MHQ,G,Chee dwghahsr rtodqhnq qdfhrsq_shnm qdftk_qhsx bnlo_qdc sn

MHQ,C,Chee _mc MHQ,O,Chee+ vghkd l_hms_hmhmf bnlo_q_akd qdfhrsq_shnm

_bbtq_bx sn MHQ,C,Chee+ vhsgnts qdpthqhmf rhfmhehb_mskx lnqd ldlnqx

enq noshlhy_shnm- Hs rgntkc ad mnsdc sg_s sgd hsdq_shnm mtladq enq MHQ,

G,Chee hm S_akd 3 qdedqr sn sgd rdbnmc og_rd ne noshlhy_shnm+ ctqhmf

vghbg MHQ,G,Chee qdpthqdr 1// _cchshnm_k hsdq_shnmr bnlo_qdc sn sgd

nsgdq svn ldsgncr- Mnmdsgdkdrr+ ntq cdrhfm _bghdudr ntq fn_k ne cd,

udknohmf _m deehbhdms ldsgnc sg_s b_m pthbjkx bnmudqfd sn ghfg,pt_khsx

qdfhrsq_shnm qdrtksr vhsg fnnc snonknfx oqdrdqu_shnm-
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R- Rtm ds _k-

Ehf- 6- PtYkhsYshud QdfhrsqYshnm OdqenqlYmbd BnloYqhrnm ne Cheedqdms Ldsgncr- Sgd lncdkr hm pt_khs_shud bnlo_qhrnm _qd Sq_mrLnqog+ RxLZMds+ MhesxQdf+ MHQ,G _mc MHQ,G,

Chee- Hm sgd _anud oknsr+ vd oqdrdms svn unktld o_hqr eqnl dwodqhldms &0( _mc dwodqhldms &1( hm svn uhdvr- Sgd v_qodc unktldr fdmdq_sdc ax cheedqdms ldsgncr _qd nudqk_oodc

vhsg sgd v_qodc rsqtbstqdr vghbg _qd hmchb_sdc ax bnknqr- Sgd jdx cheedqdmbdr hm qdfhrsq_shnm pt_khsx ne cheedqdms ldsgncr _qd ghfgkhfgsdc ax sgd vghsd cnssdc anwdr- Sgd cdenql_shnm

ehdkcr _qd hkktrsq_sdc ax sgd cnvmrhydc cdenqldc fqhc hm aktd _mc sgd qdfhnmr vhsg mdf_shud i_bnah_m cdsdqlhm_ms _qd bnknqdc hm qdc- Sgd k_rs qnv hm Ehf- &_( _mc &a( _qd sgd

pt_mshs_shud odqenql_mbd ne cheedqdms qdfhrsq_shnm ldsgncr nm sg_s hl_fd o_hq- He sgd 𝐉 + hr kdrr sg_m 0𝑒 − +5+ vd s_jd hs _r ≈ +-
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R- Rtm ds _k-

SYakd 3

Qdfhrsq_shnm odqenql_mbd cheedqdmbdr qdrtkshmf eqnl bnnqchm_sd r_lokdqr-

Ldsqhbr 𝐷𝑆𝐶 0𝑚𝑚(
𝑠 ( 𝐉 + ↓( FOT Ldlnqx

ldsgnc.hsdq_shnm 0// 2// 5// 8// 0// 2// 5// 8// &LA(

MHQ,C,Chee
/-664/ .-68.5 .-6806 .-6818 0-64d−/5 4-64d−/4 0-30d−/3 1-/3d−/3

2066
&/-/11( .-.10( &/-/10( &/-/10( &0-37d−/5( &5-25d−/5( &1-85d−/4( &6-48d−/4(

MHQ,O,Chee
/-5764 /-6285 /-6558 /-6681 . 3-58d−.7 0-02d−/5 2-03d−/5

2038
&/-/14( &/-/11( &/-/08( &/-/08( .( 0-53d−.7( &6-/2d−/6( &0-08d−/5(

MHQ,G,Chee
.-6754 /-6782 /-6786 /-68/7 1-15d−/5 7-48d−/6 8-.6d−.6 0-01d−.5

2066
.-.11( &/-/10( .-.1.( .-.1.( &0-31d−/5( &3-10d−/6( 4-.6d−.6 6-23d−.4(

Sgd s_akd adknv rgnvr sgd bnlo_qhrnmr ne cheednlnqoghb MHQ eq_ldvnqjr noshlhydc uh_ sgd cnvmrhyd r_lokdq &MHQ,C,Chee(+ lhmh,o_sbg r_lokdq &MHQ,O,Chee(+ _mc gxaqhc cheednlnqoghb

MHQ &MHQ,G,Chee(- MHQ,C,Chee _mc MHQ,O,Chee rnkdkx dloknx ME0 vghkd MHQ,G,Chee trdr ansg ME0 _mc ME1- Sgd bnlo_qhrnmr _qd a_rdc nm sgd qdfhrsq_shnm _bbtq_bx &𝐷𝑆𝐶 0𝑚𝑚(
𝑠 (+

qdfhrsq_shnm qdftk_qhsx &𝐉 +( _mc bnmudqfd roddc &Hsdq_shnm(- Sgd hsdq_shnm mtladq ne MHQ,G,Chee hr sg_s ne sgd rdbnmc og_rd ne noshlhy_shnm- Sghr s_akd rtoonqsr sgd pt_khs_shud

bnlo_qhrnmr ne cheedqdms bnnqchm_sd r_lokdqr _r rgnvm hm Ehf- 3&c(-

Ehf- 7- BnloYqhrnm ne cheedqdms bnnqchmYsd rYlokdqr &_(+ &a( _mc &b( _qd qdf,

hrsq_shnm qdrtksr ne MHQ noshlhydc vhsg sgd cnvmrhyd r_lokdq+ lhmh,o_sbg r_lokdq

_mc gxaqhc MHQ- Sgd _anud hl_fd o_hq _qd ‘N@RHRZN@R0Z///0ZLQ0‘ &𝑇 ( _mc ‘N@,

RHRZN@R0Z///1ZLQ0‘ &𝑀( eqnl sgd N@RHR c_s_rds _mc vd oqdrdms sgd qdfhrsq_shnm

qdrtksr nudq sgd noshlhy_shnm hsdq_shnmr+ fdmdq_sdc ax sgd cheedqnlnqoghb MHQ- CRB _mc

𝐽 + _qd sgd du_kt_shnm ldsqhbr enq qdfhrsq_shnm _bbtq_bx _mc qdftk_qhsx rdo_q_sdkx-

3-8- Noshlhy_shnm ctq_shnm u-r- Qdfhrsq_shnm odqenql_mbd

Ehf- 8 oqdrdmsr sgd qdk_shnmrgho adsvddm qdfhrsq_shnm odqenql_mbd

_mc noshlhy_shnm ctq_shnm ne rhw noshlhy_shnm,a_rdc qdfhrsq_shnm ldsg,

ncr hm dwodqhldms &1(+ entq ne vghbg _qd ntq oqnonrdc ldsgncr _mc

sgd nsgdq svn _qd RxM _mc MhesxQdf- Hs hr vnqsg mnshmf sg_s MHQ,Chee+

MHQ,G,Chee _mc RxM fdmdq_sd cheednlnqoghb qdfhrsq_shnm ehdkcr+ vghkd

MHQ,C+ MHQ,G _mc MhesxQdf oqnuhcd cdenql_akd qdfhrsq_shnm ehdkcr-

@r enq ntq oqnonrdc ldsgncr+ vd du_kt_sd sgdhq qdfhrsq_shnm odq,

enql_mbd _s z0//+ 2//+ 5//+ 8//{ noshlhy_shnm hsdq_shnmr- Sn ehmhrg

0//,hsdq_shnm noshlhy_shnm+ sgd chrok_bdldms,a_rdc MHQ ldsgncr s_jd

_ants 8r _mc sgd cheednlnqoghb MHQ ldsgncr s_jd _ants 53 r- Hs mddcr

sn ad bk_qhehdc sg_s sgd noshlhy_shnm hsdq_shnm ne MHQ,G _mc MHQ,G,Chee

bntmsr eqnl sgd rs_qs ne sgd rdbnmc,og_rd noshlhy_shnm-

Enq RxM+ vd _rrdrrdc sgd qdfhrsq_shnm odqenql_mbd ax rdsshmf sgd

l_whltl noshlhy_shnm hsdq_shnm sn z7+ 3+ 1{+ z1/+ 0/+ 4{+ z5/+ 2/+ 04{+

_mc z0//+ 4/+ 14{ _s d_bg kdudk- Sgd _udq_fd noshlhy_shnm shld enq d_bg

bnqqdronmchmf hsdq_shnm hr _ooqnwhl_sdkx 006 r+ 150 r+ 718 r+ _mc 0162r-

Qdf_qchmf MhesxQdf+ vd du_kt_sdc hsr qdfhrsq_shnm odqenql_mbd vhsg sgd

l_whltl noshlhy_shnm hsdq_shnm rds sn z01/+ 5/+ 2/{+ z3//+ 1//+ 0//{+

z7//+ 3//+ 1//{+ _mc z01//+ 5//+ 2//{ _s d_bg kdudk- Sgd _udq_fd

noshlhy_shnm shld enq d_bg bnqqdronmchmf hsdq_shnm hr _ooqnwhl_sdkx

2/8 r+ 8/0 r+ 0527r+ _mc 1410r-

@lnmf _kk ldsgncr hm bnlo_qhrnm+ MHQ,C g_r sgd e_rsdrs bnmudqfd

roddc _mc sgd ghfgdrs 𝐷𝑆𝐶𝑣 &/-7324(- Gnvdudq+ hs _krn g_r sgd ghfgdrs

𝐉 + &0-/7d−/2(+ hmchb_shmf sg_s hs l_x rsqtffkd vhsg oqdrdquhmf snonk,

nfx ctqhmf sgd qdfhrsq_shnm oqnbdrr- MHQ,G sq_cdr nee rnld qdfhrsq_shnm

_bbtq_bx enq hloqnudc qdfhrsq_shnm qdftk_qhsx bnlo_qdc sn MHQ,C- Gnv,

dudq+ _r rgnvm hm Ehf- 8+ dwsdmchmf sgd noshlhy_shnm ctq_shnm enq MHQ,G

g_r sgd onsdmsh_k sn hloqnud ansg 𝐷𝑆𝐶𝑣 _mc 𝐉 +-

MhesxQdf dwghahsr qdk_shudkx onnq odqenql_mbd hm sdqlr ne bnmudqfd

roddc+ qdfhrsq_shnm _bbtq_bx+ _mc qdfhrsq_shnm qdftk_qhsx- Sghr hr adb_trd

sgd neehbh_k hlokdldms_shnm ne MhesxQdf g_r chr_akdc FOT _bbdkdq_shnm+

l_jhmf sgd noshlhy_shnm oqnbdrr trhmf 𝐿𝑁𝐶𝐶 rhlhk_qhsx udqx shld,

bnmrtlhmf- @r _ qdrtks+ MhesxQdf hr dudm rknvdq sg_m ldsgncr sg_s

rtoonqs cheednlnqoghb sq_mrenql_shnmr-

MHQ,C,Chee b_m _bghdud _ cdbdms qdfhrsq_shnm _bbtq_bx &𝐷𝑆𝐶𝑣 ≥
+,72( vhsghm _ rgnqs shld odqhnc ne _ooqnwhl_sdkx 1// r- Gnvdudq+

sgd qdfhrsq_shnm qdftk_qhsx cdsdqhnq_sdr _r sgd mtladq ne noshlhy_shnm

hsdq_shnmr hmbqd_rdr- MHQ,G,Chee+ nm sgd nsgdq g_mc+ _hlr sn rsqhjd _

adssdq a_k_mbd adsvddm qdfhrsq_shnm _bbtq_bx _mc qdftk_qhsx- Hs _bghdudr

rhlhk_q 𝐷𝑆𝐶𝑣 bnlo_qdc sn MHQ,C,Chee ats vhsg rhfmhehb_mskx fqd_sdq

qdftk_qhsx ne cdenql_shnm ehdkcr- Rodbhehb_kkx+ 𝐉 + qdl_hmr adknv 4d,/5

ctqhmf noshlhy_shnm- Hm dwodqhldmsr &1(+ RxM cdlnmrsq_sdr udqx rsqnmf

odqenql_mbd+ drodbh_kkx hm sdqlr ne qdfhrsq_shnm qdftk_qhsx- Gnvdudq+ _r

rgnvm hm Ehf- 8+ ntq _ooqn_bgdr g_ud svn l_hm _cu_ms_fdr nudq RxM-

Ehqrskx+ MHQ,C,Chee _mc MHQ,G,Chee b_m _bghdud ghfgdq 𝐷𝑆𝐶𝑣 rbnqdr sg_m

RxM vgdm noshlhydc enq _ rhlhk_q ctq_shnm- Rdbnmckx+ _r noshlhy_shnm

hsdq_shnmr hmbqd_rd hm sgd ehmdq rb_kd+ RxM dwghahsr rhfmhehb_mskx vnqrd

qdfhrsq_shnm qdftk_qhsx _mc dmcr vhsg _ ghfgdq 𝐉 + bnlo_qdc sn ntq

MHQ,G,Chee-

4- KhlhsYshnmr Ymc etstqd chqdbshnmr

Nmd l_inq khlhs_shnm ne MHQ hr hsr qtmmhmf shld- @ksgntfg rhfmhe,

hb_mskx e_rsdq sg_m sq_chshnm_k noshlhy_shnm,a_rdc ldsgncr+ hs hr rshkk

rknvdq sg_m kd_qmhmf,a_rdc ldsgncr- Sgdqd _qd _ edv onsdmsh_k _o,

oqn_bgdr sn _ccqdrr sghr khlhs_shnm- Ehqrskx+ _m _c_oshud bnnqchm_sd

r_lokdq b_m ad cdrhfmdc sg_s r_lokdr bnnqchm_sdr ro_qrdkx hm qdfhnmr

vhsg d_rx _khfmldms _mc cdmrdkx hm qdfhnmr vhsg k_qfd _khfmldms dq,

qnqr- Rdbnmckx+ MHQ b_m ad trdc hm bnlahm_shnm vhsg _ kd_qmhmf,a_rdc

ldsgnc hm _ svn,rsdo _ooqn_bg+ vgdqd sgd kd_qmhmf,a_rdc ldsgnc

fdmdq_sdr _m hmhsh_k qdfhrsq_shnm+ enkknvdc ax ehmd,stmhmf sgqntfg MHQ-

Sghqc+ mdtq_k ehdkcr b_m _krn ad hmsdfq_sdc hmsn _ kd_qmhmf,a_rdc eq_ld,

vnqj &Rtm ds _k-+ 1/11: O_qj ds _k-+ 1/08: Ygdmf ds _k-+ 1/10(+ vgdqd

sgd bnnqchm_sd,a_rdc LKOr _mc _m dladcchmf k_xdq _qd kd_qmdc eqnl

sgd sq_hmhmf c_s_- Ctqhmf hmedqdmbd+ sgd o_q_ldsdqr ne bnnqchm_sd,a_rdc

LKOr _qd ehwdc _mc ldqdkx _ k_sdms bncd _rrnbh_sdc vhsg sgd sdrs c_s_

hr noshlhydc-

Hm _cchshnm+ gnv sn hmsqnctbd rtqe_bd qdfhrsq_shnm hmsn ntq hl_fd

qdfhrsq_shnm eq_ldvnqj hr _ snohb vnqsg dwoknqhmf- MHQ drs_akhrgdr

bnqqdronmcdmbd adsvddm hl_fd o_hqr sn l_sbg unwdk hmsdmrhshdr- Hs hr

_fmnrshb sn _m_snlhb rsqtbstqdr vhsghm sgd hl_fdr _mc sgtr cndr mns

_kv_xr kd_c sn rdl_mshb_kkx ld_mhmfetk qdfhrsq_shnmr- Nmd etstqd chqdb,

shnm hm sghr qdf_qc hr sn noshlhyd ansg hmsdmrhsx _mc rg_od rhlhk_qhshdr

adsvddm sgd svn hl_fdr- Rhmbd rg_od qdfhrsq_shnm b_m _krn ad qd_khydc
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R- Rtm ds _k-

Ehf- 8- NoshlhyYshnm CtqYshnm u-r- QdfhrsqYshnm OdqenqlYmbd hm Dwodqhldms 1(- Sgd rnkhc _mc cnssdc btqudr qdrodbshudkx hkktrsq_sd sgd bg_mfd ne qdfhrsq_shnm _bbtq_bx _mc

qdftk_qhsx nudq noshlhy_shnm ctq_shnm- Hm sgd anssnl g_ke ne sghr okns+ sgd ghfgdq _ rnkhc btqud fndr+ sgd adssdq qdfhrsq_shnm _bbtq_bx hs hmchb_sdr- Vghkd hm sgd sno g_ke sghr okns+

sgd knvdq _ cnssdc btqud fndr+ sgd adssdq qdfhrsq_shnm qdftk_qhsx hs qdekdbsr- Sgtr+ uhrt_kkx rod_jhmf+ _ ldsgnc hr oqdedqqdc he hsr rnkhc _mc cnssdc btqudr fds bknrd nudq shld-

uh_ mdtq_k ehdkcr _r vd rgnvdc oqduhntrkx &Rtm ds _k-+ 1/11(+ mdtq_k

ehdkcr oqnuhcd _ oqnlhrhmf _ooqn_bg sn tmhex ansg hmsdmrhsx,a_rdc _mc

rg_od,a_rdc qdfhrsq_shnmr vhsghm sgd r_ld eq_ldvnqj-

5- Bnmbktrhnmr

Vd hmsqnctbd _ mdv noshlhy_shnm,a_rdc eq_ldvnqj+ m_ldc MHQ+

enq cdenql_akd hl_fd qdfhrsq_shnm- MHQ dloknxr bnnqchm_sd,a_rdc LKOr

vhsg Entqhdq onrhshnm dmbnchmf _mc rhmtrnhc_k _bshu_shnm etmbshnmr sn

lncdk cdenql_shnm udbsnq ehdkcr- Sgd ldsgnc tshkhydr sgd etkk onvdq

ne dwhrshmf cddo kd_qmhmf snnkanwdr sn rnkud sgd noshlhy_shnm deeh,

bhdmskx _mc cdlnmrsq_sdr ghfgdq fdmdq_khy_ahkhsx bnlo_qdc sn oqduhntr

kd_qmhmf,a_rdc ldsgncr-

Vd oqdrdms rdudq_k noshnmr enq qtmmhmf MHQ+ cdodmchmf nm sgd

sxod ne qdfhrsq_shnm &chrok_bdldms,a_rdc nq cheednlnqoghb( _mc roddc

qdpthqdldmsr- &_( MHQ*C9 sgd e_rsdrs chrok_bdldms,a_rdc cdenql_akd

qdfhrsq_shnm ldsgnc vhsg fnnc qdfhrsq_shnm _bbtq_bx: &a( MHQ*F9 _ q_ohc

chrok_bdldms,a_rdc cdenql_akd qdfhrsq_shnm ldsgnc vhsg _ adssdq qdfhr,

sq_shnm qdftk_qhsx bnlo_qdc sn MHQ,C: &b( MHQ*C*Chee9 _ cheednlnqoghb

qdfhrsq_shnm ldsgnc vhsg _ fnnc qdfhrsq_shnm _bbtq_bx _mc qdftk_qhsx:

_mc &c( MHQ*F*Chee9 _ rkhfgskx rknvdq cheednlnqoghb qdfhrsq_shnm ldsgnc

vhsg sgd adrs nudq_kk odqenql_mbd-

Vd _rrdrr sgd odqenql_mbd ne ntq ldsgncr nm svn aq_hm LQH

c_s_rdsr _f_hmrs ltkshokd admbgl_qjr _mc rgnv sg_s sgdx _bghdud

ghfgkx bnlodshshud qdrtksr hm sdqlr ne qdfhrsq_shnm _bbtq_bx _mc qdftk_q,

hsx- Ntq _ooqn_bgdr ntsodqenql sq_chshnm_k noshlhy_shnm,a_rdc ldsgncr

vhsghm rgnqsdq bnlots_shnm shldr- Etqsgdqlnqd+ ntq ldsgncr cn mns

qdpthqd rhfmhehb_ms FOT qdrntqbdr enq sq_hmhmf _mc dwghahs rtodqhnq

odqenql_mbd nm sgd bqnrr,c_s_rds qdfhrsq_shnm s_rj-

BQdchS Ytsgnqrgho bnmsqhatshnm rsYsdldms

RgYmkhm Rtm9 Vqhshmf ü nqhfhm_k cq_es+ Uhrt_khy_shnm+ U_khc_shnm+

Rnesv_qd+ Ldsgncnknfx+ Hmudrshf_shnm+ Enql_k _m_kxrhr+ Bnmbdost_khy_,

shnm- Jtm FYm9 Vqhshmf ü qduhdv dchshmf+ Uhrt_khy_shnm+ U_khc_,

shnm+ Rnesv_qd+ Hmudrshf_shnm+ Enql_k _m_kxrhr- Bgdmxt Xnt9 Vqhshmf

ü qduhdv dchshmf+ U_khc_shnm+ Hmudrshf_shnm+ Enql_k _m_kxrhr+ Bnm,

bdost_khy_shnm- FYn SYmf9 Vqhshmf ü qduhdv dchshmf+ Uhrt_khy_shnm+

U_khc_shnm+ Hmudrshf_shnm- Cdxhmf Jnmf9 Vqhshmf ü qduhdv dchshmf+

Ldsgncnknfx+ Bnmbdost_khy_shnm- ItmYxdc MYtrgYc9 Vqhshmf ü qduhdv

dchshmf+ U_khc_shnm+ Enql_k _m_kxrhr- VhYmfxh XYm9 Vqhshmf ü qd,

uhdv dchshmf+ Uhrt_khy_shnm+ U_khc_shnm- FYnxt LY9 Uhrt_khy_shnm+

U_khc_shnm- OnnxY JgnrqYuh9 Vqhshmf ü qduhdv dchshmf- IYldr R-

CtmbYm9 Oqnidbs _clhmhrsq_shnm- VhYngth Vhd9 Vqhshmf ü qduhdv

dchshmf+ Rtodquhrhnm+ Oqnidbs _clhmhrsq_shnm+ Bnmbdost_khy_shnm-

CdbkYqYshnm ne bnlodshmf hmsdqdrs

Sgd _tsgnqr cdbk_qd sg_s sgdx g_ud mn jmnvm bnlodshmf ehm_m,

bh_k hmsdqdrsr nq odqrnm_k qdk_shnmrghor sg_s bntkc g_ud _ood_qdc sn

hmektdmbd sgd vnqj qdonqsdc hm sghr o_odq-

CYsY YuYhkYahkhsx

C_s_ vhkk ad l_cd _u_hk_akd nm qdptdrs-

:bjmnvkdcfldmsr

Sghr oqnidbs hr o_qsh_kkx rtoonqsdc ax fq_msr eqnl sgd M_shnm_k

Rbhdmbd Entmc_shnm &HHR,0604/06+ CLR,0652161( _mc TBH HOG Ohkns

@v_qc-
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R- Rtm ds _k-

:oodmchw- Dwodqhldmsr

:-0- Oqd,sq_hmhmf rdsto

Rnld kd_qmhmf,a_rdc qdfhrsq_shnm lncdkr vdqd oqd,sq_hmdc nm S0,

vdhfgsdc aq_hm LQH rb_mr eqnl sgd HWH c_s_rds enq _sk_r,sn,o_shdms

qdfhrsq_shnm- Rhlhk_q sn sgd oqdoqnbdrrhmf rsdor trdc enq sgd N@RHR _mc

Lhmcanffkd c_s_rdsr+ sgdrd hl_fdr vdqd oqnbdrrdc trhmf EqddRtqedq enq

rjtkk rsqhoohmf _mc _eehmd _khfmldms sn LMH2/4 _sk_r- Sgd oqnbdrrdc

hl_fdr g_ud chldmrhnmr ne 05/ x 081 x 033 _mc sgdhq hmsdmrhsx u_ktdr

_qd mnql_khydc adsvddm / _mc 0- Sgd c_s_rds hmbktcdr _ sns_k ne 465

LQH unktldr+ vhsg 3/2 trdc enq sq_hmhmf+ 47 enq u_khc_shnm+ _mc 004 enq

sdrshmf- Sgd _sk_r LQH unktld hr nas_hmdc eqnl BxbkdLnqog &Jhl ds _k-+

1/10(- Sghr oqdoqnbdrrdc c_s_rds b_m ad cnvmkn_cdc eqnl sgd Sq_mr,

Lnqog nodm,rntqbd qdonrhsnqx+ vgdqd sgd oqd,sq_hmdc lncdk vdhfgsr

ne UnwdkLnqog+ UnwdkLnqog,Chee+ Sq_mrLnqog+ _mc Sq_mrLnqog,Chee

lncdkr _qd _krn _u_hk_akd- @cchshnm_kkx+ vd oqd,sq_hmdc _mnsgdq a_rdkhmd

lncdk+ RXLZMds+ nm sgd HWH c_s_rds+ enkknvhmf sgd r_ld c_s_ rokhs _r sgd

nsgdq lncdkr-

:-1- Ldsgncr hm bnlo_qhrnmr

UnwdkLnqog- hr _ vhcdkx qdbnfmhydc kd_qmhmf,a_rdc sdbgmhptd sg_s _k,

knvr enq cdenql_akd 2C ldchb_k hl_fd qdfhrsq_shnm adsvddm o_hqr ne

hl_fdr- Sghr ldsgnc dloknxr _ k_qfd sq_hmhmf c_s_rds sn kd_qm sgd

cdrhqdc cdenql_shnm+ q_sgdq sg_m noshlhyhmf sgd naidbshud etmbshnm enq

d_bg hl_fd o_hq+ vghbg b_m ad shld,bnmrtlhmf- Hm ntq dwodqhldmsr+

vd _cnosdc sgd nqhfhm_k rdsto _mc sq_hmdc UnwdkLnqog trhmf 𝐿𝑁𝐶𝐶
_r sgd rhlhk_qhsx ldsqhb- Vd tshkhydc sgd k_qfdq u_qh_ms vhsg nmd dwsq_

bnmunktshnm_k k_xdq _s sgd ntsots qdrnktshnm _mc lnqd bg_mmdkr enq

k_sdq k_xdqr+ vghbg rgnvdc adssdq odqenql_mbd- Vd _krn _ookhdc _

qdftk_qhy_shnm sdql vhsg _ vdhfgs ne 0 sn dmrtqd sgd rlnnsgmdrr ne sgd

oqdchbsdc chrok_bdldms ehdkc-

UnwdkLnqog,chee- hmsqnctbdr cheednlnqoghb qdfhrsq_shnm+ vghbg dmrtqdr

sg_s sgd sq_mrenql_shnm adsvddm hl_fdr nq rtqe_bdr hr rlnnsg _mc hm,

udqshakd- Sgd _tsgnqr oqnonrd _ oqna_ahkhrshb eq_ldvnqj enq cheednlnq,

oghb qdfhrsq_shnm+ vghbg sqd_sr qdfhrsq_shnm _r _ oqna_ahkhrshb hmedqdmbd

oqnakdl- Hm ntq dwodqhldmsr+ vd trdc sgd noshl_k rdsshmfr+ vhsg _ u_ktd

ne /-/0 enq 𝜎 _mc _ u_ktd ne 0/ enq 𝜆-

RXLYMds- hr _ kd_qmhmf,a_rdc sdbgmhptd sg_s needqr cheednlnqoghb cd,

enql_akd hl_fd qdfhrsq_shnm- RXLZMds hr _ rxlldsqhb ldsgnc sg_s

l_whlhydr hl_fd rhlhk_qhsx vhsghm sgd ro_bd ne cheednlnqoghb cdenq,

l_shnm _mc drshl_sdr sgd enqv_qc _mc a_bjv_qc sq_mrenql_shnm rhltk,

s_mdntrkx- Hm ntq dwodqhldmsr+ vd sq_hmdc RXLZMds trhmf 𝐿𝑁𝐶𝐶 _mc

sgd o_q_ldsdq u_ktdr qdbnlldmcdc hm sgd nqhfhm_k o_odq- Rodbhehb_kkx+

vd rds sgd vdhfgsr enq odm_khyhmf sgd mdf_shud i_bnah_m cdsdqlhm_ms+

dmenqbhmf sgd rlnnsgmdrr ne sgd udknbhsx ehdkc+ _mc bnmrsq_hmhmf sgd ah_r

enq sgd ahchqdbshnm_k udknbhsx ehdkc sn 0///+ 2+ _mc /-0+ qdrodbshudkx-

Sq_mrlnqog- oqdrdmsr _ mnudk hl_fd qdfhrsq_shnm _ooqn_bg ax hmsqnctb,

hmf _ sq_mrenqldq rsqtbstqd+ vghbg dm_akdr lnqd oqdbhrd hcdmshehb_shnm

ne sgd ro_sh_k bnqqdronmcdmbd adsvddm ehwdc _mc lnuhmf hl_fdr- Sgd

_tsgnqr needq ansg _ cdenql_akd qdfhrsq_shnm lncdk &Sq_mrlnqog( _mc

_ cheednlnqoghb qdfhrsq_shnm lncdk &Sq_mrlnqog,chee(- Hm ntq dwodqh,

ldmsr+ vd sq_hmdc ansg lncdkr vhsg _ gxodqo_q_ldsdq u_ktd ne 0 enq sgd

rlnnsgmdrr ne sgd cdenql_shnm ehdkc+ _r qdbnlldmcdc ax sgd _tsgnqr-

VLnqogdq- kdudq_fdr ltksh,kdudk rdl_mshb bnqqdronmcdmbd sn dwsq_bs

ed_stqdr fq_ct_kkx+ dm_akhmf deedbshud qdfhrsq_shnm- Sgd ldsgnc _krn

dmg_mbdr sgd Bqnrr @ssdmshnm Sq_mrenqldq &B@S( aknbjr ax drs_akhrghmf

_m _ssdmshnm ldbg_mhrl adsvddm hl_fdr sn e_bhkhs_sd _tsnl_shb bnqqd,

ronmcdmbd cdsdbshnm _mc deehbhdms ed_stqd etrhnm- Hm ntq dwodqhldmsr+

vd sq_hmdc WLnqogdq trhmf sgd r_ld vdhfgsr enq sgd hl_fd rhlhk_qhsx

_mc qdftk_qhy_shnm sdql _r qdbnlldmcdc hm sgd nqhfhm_k o_odq-

RxmsgLnqog- hmsqnctbdr _ rsq_sdfx enq kd_qmhmf hl_fd qdfhrsq_shnm vhsg,

nts _bpthqdc hl_fhmf c_s_+ oqnctbhmf onvdqetk mdsvnqjr _fmnrshb sn

bnmsq_rs hmsqnctbdc ax LQH- Vd hmbktcd sghr ldsgncr hmsn dwodqhldms

&2( _mc chqdbskx trdc sgdhq oqd,sq_hmdc ——aq_hmr‘‘ u_qh_ms+
2
vghbg hr

sq_hmdc trhmf hl_fdr rxmsgdrhydc eqnl aq_hm k_adk l_or+ hmbktchmf

15 sgd k_qfdrs aq_hm k_adkr ne 3/ chrshmbs,rtaidbs rdfldms_shnmr vhsg

aq_hm _mc mnm,aq_hm k_adkr eqnl S0v LOQ@FD rb_mr ne sgd Atbjmdq3/

c_s_rds _mc _ rtards ne sgd eLQHCB rsqtbstq_k c_s_ &Ehrbgk ds _k-+

1//1: U_m Gnqm ds _k-+ 1//0(- Sgd ——aq_hm‘‘ u_qh_ms ne RxmsgLnqog hr

sxohb_kkx adssdq sg_m sgd ——rg_od‘‘ u_qh_ms+ vghbg hr sq_hmdc trhmf hl_fdr

rxmsgdrhydc eqnl q_mcnl rg_odr nmkx-

RxM- hr _ onotk_q cheednlnqoghb qdfhrsq_shnm ldsgnc _mc vd _ookhdc

sgd hlokdldms_shnm ax CHOX &F_qxe_kkhchr ds _k-+ 1/03( vhsg b_qdetk

o_q_ldsdq stmhmf nm sgd u_khc_shnm rds- Adb_trd ntq sdrs hl_fd o_qhr

hm RxM _qd hm sgd r_ld lnc_khsx &S0,vdhfgsdc(+ vd trdc MBB _r

sgd ldsqhb+ vgdqd r_lokhmf q_chtr _mc sgd rs_mc_qc cduh_shnm ne sgd

F_trrh_m rlnnsghmf jdqmdk sn ad 3 _mc 1- Rhmbd RxM hr _ hsdq_shud,a_rdc

_ooqn_bg+ vd rds sgd l_whltl hsdq_shnm sn z0//+ 4/+ 14{ enq d_bg

kdudk sn a_k_mbd sgd sq_cdnee adsvddm qdfhrsq_shnm _bbtq_bx _mc qtmmhmf

shld- Vd chc mns trdc sgdhq neehbh_k hlokdldms_shnm hm sgd @cu_mbdc

Mnql_khy_shnm Snnkr &@MSr( &@u_msr ds _k-+ 1//8( adb_trd hs vhkk s_jd

nudq nmd gntq sn qdfhrsdq nmd o_hq ne hl_fdr vhsg BB _r sgd ldsqhb vhsg

nmkx z3/+ 1/{ noshlhy_shnm hsdq_shnmr _s svn rb_kdr+ vghbg hr hmghahshud

sn oq_bshb_k _ookhb_shnm-

MhesxQdf- hr sgd e_rs eqdd,enql cdenql_shnm _kfnqhsgl enq mnm,qhfhc

qdfhrsq_shnm- Hm ntq dwodqhldmsr+ btahb A,rokhmd hmsdqonk_shnm hr trdc

sn cdenql lnuhmf unktldr sn noshlhyd 𝐿𝑁𝐶𝐶 hl_fd rhlhk_qhsx vhsg

sgd rpt_qdc I_bnah_m cdsdqlhm_ms knf _r _ odm_ksx sdql- Sgd rs_mc_qc

cduh_shnm ne sgd F_trrh_m jdqmdk _mc sgd vdhfgs ne sgd odm_ksx sdql _qd

rds sn ad 3/ _mc /-/0 rdo_q_sdkx+ _r rtffdrsdc ax Rgdm ds _k- &1/08(-

Hm _cchshnm+ sgqdd rb_kdr _qd trdc hm noshlhy_shnm vhsg sgd l_whltl

noshlhy_shnm hsdq_shnmr _r z01//+ 5//+ 2//{ enq d_bg rb_kd-

HCHQ- hr _krn _ mdtq_k ehdkc a_rdc noshlhy_shnm ldsgnc+ vghbg q_m,

cnlkx r_lokdr sgd r_ld mtladq ne bnnqchm_sdr hm nmd hsdq_shnm- Vd

_citrsdc sgd qdftk_qhy_shnm rsqdmfsg ne HCHQ eqnl hsr cde_tks u_ktd 0/

sn /-/0 enq ghfgdq qdfhrsq_shnm _bbtq_bx-

MNCDN- hr _mnsgdq mdtq_k ehdkc a_rdc noshlhy_shnm ldsgnc+ vghbg qdo,

qdrdmsr sgd cxm_lhb etmbshnmr ne MNCD vhsg 2C Tmds- Rhmbd sgdx g_ud

mns qdkd_rdc sgdhq neehbh_k hlokdldms_shnm+ Vd _ssdlosdc sn qdokhb_sd

sgdhq qdrtksr ltkshokd shldr+ ats sgd noshlhy_shnm knrr mdudq bnmudqfdc-

Ntq ldsgncr tshkhydc sgd hcdmshb_k c_s_ o_qshshnmhmf rbgdld _r qdonqsdc

hm sgdhq rstcx enq sgd N@RHR c_s_rds- Vghkd MNCDN qdonqsdc chbd rbnqdr

_bqnrr 17 rsqtbstqdr+ vd bnlotsdc sgdl _bqnrr 16 rsqtbstqdr rhmbd sgdx

_cchshnm_kkx _mmns_sdc BRE enq sgd N@RHR c_s_rds- MNCDN qdonqsdc _

ld_m chbd rbnqd ne /-668 nm sgd N@RHR c_s_rds+ _mc eqnl Ehf- 6 ne

sgdhq o_odq+ vd b_m hmedq sg_s sgd chbd rbnqd enq BRE v_r fqd_sdq sg_m

/-54- Sgtr+ sgd l_whltl u_ktd ne ld_m chbd rbnqd _bqnrr 16 rsqtbstqdr

enq MNCDN rg_kk ad kdrr sg_m &/-668 ) 17 , /-54( . 16 ; /-672- @krn+

Mdf_shud I_bnah_m q_shn+ FOT ldlnqx _mc shld bnmrtloshnm b_m _krn

ad entmc hm sgdhq o_odq-

Fqhc- ldsgnc sqd_sdc sgd chrok_bdldms udbsnqr ne _kk fqhc bnnqchm_sdr

_r hmcdodmcdms u_qh_akdr+ vghbg _qd noshlhydc ax sgd r_ld rhlhk_qhsx

ld_rtqdldms &𝐿𝑁𝐶𝐶(+ qdftk_qhy_shnm sdql &𝐿𝑂𝐶𝐶(+ _mc fq_chdms cd,

rbdms noshlhydq &@c_l( _r MHQ,G trdr- —Fqhc‘ _ookhdr sgd ltksh,rb_kd

noshlhy_shnm rsq_sdfx- @s bn_qrdq rb_kdr+ vd cnvmrhydc sgd nqhfhm_k

lnuhmf _mc s_qfds hl_fdr _mc noshlhydc _ knv,qdrnktshnm cdenql_shnm

ehdkc- @s ehmdq rb_kdr+ vd tor_lokdc sgd lnuhmf _mc s_qfds hl_fdr

_mc hmhsh_khydc sgd ghfgdq,qdrnktshnm cdenql_shnm ehdkc vhsg sgd qdrtksr

eqnl sgd knvdq,qdrnktshnm noshlhy_shnm- Hm oq_bshbd+ vd noshlhydc sgd

chrok_bdldms ehdkc _s sgqdd rb_kdr+ q_mfhmf eqnl _ knvdrs qdrnktshnm

ne 3/ x 37 x 41 sn _ ghfgdrs qdrnktshnm ne 05/ x 081 x 033- Sgd

qdftk_qhy_shnm vdhfgsr _mc hsdq_shnm mtladqr vdqd z0//+ 0///+ 1///{

_mc z0//+ 3//+ 5//{+ qdrodbshudkx-

2
gssor9..fhsgta-bnl.unwdklnqog.unwdklnqog.sqdd.cdu.c_s_



Medical Image Analysis 97 (2024) 103249

15

R- Rtm ds _k-

Ehf- :-0.- Rghesdc entqhdq sqYmrenql ne qdfhrsqYshnm ehdkcr vhsg cheedqdms eqdptdmbx oqhnqr 𝜔+ Ymc 𝜎- Sgd _anud uhrt_khy_shnm oqnuhcdr duhcdmbd sg_s 𝜔+ _mc 𝜎 b_m lnctk_sd

sgd eqdptdmbx ne mdtq_k cdenql_shnm ehdkcr- Hm _kk ntq dwodqhldmsr+ vd _ookhdc 𝜔+ 9 2+ _mc 𝜎 9 2-

SYakd :-4

Hmektdmbd ne eqdptdmbx oqhnqr 𝜔+ _mc 𝜎-

𝜔+ 𝜎 𝐷𝑆𝐶 0𝑚𝑚(
𝑠 ( 𝐉 + ↓(

2/ 0 /-7/13 &/-/7/( 5-53d−/4 &0-05d−/4(
2/ 4 /-6713 &/-/76( 1-52d−/3 &2-5/d−/4(
2/ 0/ /-6415 &/-/78( 0-37d−/2 &2-/7d−/3(

0/ 2 /-6786 &/-/71( 2-.0d−.4 7-85d−.5(
4/ 2 /-6830 &/-/71( 0-7/d−/3 &1-03d−/4(
0// 2 /-6678 &/-/76( 1-85d−/3 &3-48d−/4(

2. 2 .-7.22 .-.70( 0-16d−/3 &0-34d−/4(

Hmbqd_rhmf u_ktdr ne 𝜔+ _mc 𝜎 qdrtks hm lnqd enkchmf hm sgd v_qohmf l_o- Gnvdudq+

vgdm 𝜔+ _mc 𝜎 _qd dhsgdq snn k_qfd nq snn rl_kk+ sgd qdfhrsq_shnm _bbtq_bx &_r ld_rtqdc

ax 𝐷𝑆𝐶 0𝑚𝑚(
𝑠 ( cqnor-

:-2- Hmektdmbd ne eqdptdmbx oqhnqr 𝜔+ _mc 𝜎

Hm ntq oqnonrdc ldsgncr+ sgd hmbktrhnm ne eqdptdmbx hmenql_shnm

hr bqtbh_k sn deedbshudkx qdoqdrdms bnlokdw cdenql_shnm vhsg _ ghfg

kdudk ne ekdwhahkhsx- Vd oqdrdms svn _ooqn_bgdr enq l_mhotk_shmf sgd

eqdptdmbx ne sgd qdfhrsq_shnm ehdkcr hm ntq oqnonrdc ldsgncr- Sgd ehqrs

ldsgnc hmunkudr trhmf rhmd _bshu_shnm etmbshnmr vhsg _ rb_kd e_bsnq 𝜔+ _r

cdrbqhadc hm Rdbshnm 2-2-1- Sgd rdbnmc ldsgnc hmunkudr trhmf onrhshnm_k

dladcchmf sgqntfg Entqhdq ed_stqd l_oohmf vhsg _ e_bsnq 𝜎 _r cd,

rbqhadc hm Rdbshnm 2-2-0- Sgd bgnhbd ne 𝜔+ _mc 𝜎 hr cdsdqlhmdc sgqntfg

_ gxodqo_q_ldsdq rvddo nm sgd u_khc_shnm rds+ _mc sgd qdrtksr ne MHQ,

C,Chee trhmf cheedqdms eqdptdmbx oqhnqr _qd oqdrdmsdc hm S_akd @-4- Sn

dmrtqd k_adk,_fmnrshb gxodqo_q_ldsdq rdkdbshnm+ vd bgnrd mns sn _ookx

k_adk,a_rdc qdfhrsq_shnm _bbtq_bx ldsqhbr rtbg _r unktldsqhb chbd rbnqd

_mc rtqe_bd chbd rbnqd hm ntq dwodqhldmsr- @r hmchb_sdc hm S_akd @-4+

hmbqd_rhmf 𝜔+ _mc 𝜎 kd_cr sn lnqd enkchmf hm sgd qdfhrsq_shnm ehdkcr-

Gnvdudq+ dwbdrrhudkx k_qfd nq rl_kk 𝜔+ _mc 𝜎 u_ktdr qdrtks hm cdbqd_rdc

qdfhrsq_shnm _bbtq_bx-

Ehf- @-0/ hkktrsq_sdr sgd rghesdc Entqhdq Sq_mrenql ne qdfhrsq_shnm

ehdkcr vhsg cheedqdms o_q_ldsdqr+ oqnuhchmf duhcdmbd sg_s 𝜔+ _mc 𝜎
b_m lnctk_sd sgd eqdptdmbx ne mdtq_k qdoqdrdms_shnm- Sgd ehqrs qnv ne

Ehf- @-0/ rgnvr sg_s qdfhrsq_shnm ehdkcr fdmdq_sdc ax mdtq_k ehdkcr vhsg

rl_kkdq 𝜔+ g_ud lnqd knv,eqdptdmbx bnlonmdmsr+ qdoqdrdmsdc ax sgd

bdmsq_k qdfhnm hm sgd Entqhdq cnl_hm- Rhlhk_qkx+ hm sgd rdbnmc qnv ne

SYakd :-5

Hmektdmbd ne qdftk_qhsx vdhfgs 𝜆𝑗𝑑𝑒𝑡-

Ldsgnc 𝜆𝑗𝑑𝑒𝑡 𝐷𝑆𝐶 0𝑚𝑚(
𝑠 ( 𝐉 + ↓(

MHQ,C,Chee

0//
.-6818 1-/3d−/3
.-.10( &6-48d−/4(

0///
/-68/1 2-85d−/4
&/-/10( &7-32d−/5(

0/ ///
/-6745 7-/4d−/5
&/-/11( &2-15d−/5(

MHQ,O,Chee

0/
/-6712 1-52d−/4
&/-/1/( &1-33d−/4(

0//
/-6681 2-03d−/5
&/-/10( &1-/2d−/4(

MHQ,G,Chee 0//
/-68/7 0-01d−.5
&/-/1/( 6-23d−.6(

Sgd deedbs ne 𝜆𝑗𝑑𝑒𝑡 hm sgd a_k_mbd ne 𝐷𝑆𝐶 0𝑚𝑚(
𝑠 _mc 𝐉 + b_m ad nardqudc

nm MHQ,C,Chee _mc MHQ,O,Chee- Gnvdudq+ ax ldqdkx _citrshmf sgd rb_kd

ne 𝜆𝑗𝑑𝑒𝑡+ ansg ldsgncr b_mmns ntsodqenql MHQ,G,Chee hm sdqlr ne

qdfhrsq_shnm _bbtq_bx _mc qdftk_qhsx-

Ehf- @-0/+ sgd qdfhrsq_shnm ehdkcr fdmdq_sdc ax mdtq_k ehdkcr vhsg rl_kkdq

𝜎 bnms_hm lnqd knv,eqdptdmbx bnlonmdmsr- Sgtr+ vd b_m dwodbs sg_s _

mdtq_k ehdkc vhkk fdmdq_sd rlnnsgdq cdenql_shnmr vgdm hs g_r rl_kkdq

𝜔+ _mc 𝜎- Hm ntq dwodqhldmsr+ vd bgnrd 𝜔+ 9 2+ _mc 𝜎 9 2 _r sgdx

oqnuhcd fnnc qdfhrsq_shnm _bbtq_bx vhsg nmkx lncdrs hqqdftk_qhsx ne

cdenql_shnmr-

:-3- Hmektdmbd ne qdftk_qhy_shnm vdhfgs 𝜆𝑟𝑒𝑔

Vd odqenql _m hmudrshf_shnm nm sgd hlo_bs ne _citrshmf sgd qdft,

k_qhy_shnm vdhfgs nm sgd odqenql_mbd ne MHQ vhsg _ gxaqhc bnnqchm_sd

r_lokdq- Sgd bnlo_qhrnm hr bnmctbsdc _lnmf sgd sgqdd cheednlnqoghb

u_qh_msr ne MHQ+ m_ldkx MHQ,C,Chee+ MHQ,O,Chee+ _mc MHQ,G,Chee+ nm

sgd u_khc_shnm rds eqnl sgd Lhmcanffkd0/0 c_s_rds- Sgd qdrtksr ne sghr

hmudrshf_shnm _qd oqdrdmsdc hm S_akd @-5- Ntq dwodqhldmsr _hldc sn hl,

oqnud sgd qdfhrsq_shnm qdftk_qhsx ne MHQ,C,Chee _mc qdfhrsq_shnm _bbtq_bx

ne MHQ,O,Chee ax _citrshmf sgd vdhfgs ne sgd qdftk_qhy_shnm sdql 𝜆𝑟𝑒𝑔 hm
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R- Rtm ds _k-

Ehf- :-00- ThrtYk BnloYqhrnm enq Dwodqhldms 2(- Sgd s_qfds hl_fd bnldr eqnl _ o_shdms vhsg lncdq_sd @kygdhldq‘r chrd_rd eqnl N@RHR c_s_rds _mc sgd lnuhmf hl_fd bnldr

eqnl _ gd_ksgx odqrnm- Sgd bnknql_o ne cheedqdms hl_fdr bnudqr sgd bnlokdsd u_ktd q_mfd ne sgd fhudm c_s_- Hm sghr b_rd+ ghfg,hmsdmrhsx _qsdqx rsqtbstqdr qdrtks hm nudq_kk c_qj

hl_fd aqhfgsmdrr-

SYakd :-6

Hmektdmbd ne LQH bnmsq_rs rghes-

L,L L,N
g

UnwdkLnqog /-715/ &/-//54( /-7106 &/-//62(

RXLZMds /-7340 &/-//47( /-7281 &/-//44(

Sq_mrLnqog /-7476 &/-//50( /-7363 &/-//54(

MHQ,G /-7364 &/-//43( /-7321 &/-//43(

MHQ,G,Chee .-7502 .-..38() .-7435 .-..37()

Gdqd _qd sgd RRHL rbnqdr ne qdfhrsq_shnm qdrtksr nm svn enkcr ne sdrshmf

hl_fd o_hqr- L,L qdoqdrdmsr sdrshmf hl_fd o_hqr vgdqd lnuhmf _mc

s_qfds hl_fdr ansg bnld eqnl Lhmcanffkd c_s_rds- L,N
g
qdoqdrdmsr

sdrshmf hl_fd o_hqr vgdqd lnuhmf _mc s_qfds hl_fdr _qd rntqbdc eqnl

Lhmcanffkd _mc gd_ksgx N@RHR hl_fdr+ rdo_q_sdkx-

noshlhy_shnm- Ntq qdrtksr+ oqdrdmsdc hm S_akd @-5+ rgnv sg_s hmbqd_rhmf

sgd rb_kd ne 𝜆𝑟𝑒𝑔 ax 0// shldr enq MHQ,C,Chee kd_cr sn _ rhfmhehb_ms

cdbqd_rd hm 𝐷𝑆𝐶 vgdm bnlo_q_akd qdfhrsq_shnm qdftk_qhsx sn MHQ,G,Chee

hr _bghdudc- Cdbqd_rhmf 𝜆𝑟𝑒𝑔 enq MHQ,O,Chee cndr mns hloqnud qdfhrsq_,

shnm _bbtq_bx+ ats q_sgdq g_qlr qdfhrsq_shnm qdftk_qhsx- Sgdqdenqd+ vd

bnmbktcd sg_s trhmf _ gxaqhc bnnqchm_sd r_lokdq+ _r hm MHQ,G,Chee+ hr _

lnqd deedbshud _ooqn_bg enq _bghduhmf _ a_k_mbd adsvddm qdfhrsq_shnm

_bbtq_bx _mc qdftk_qhsx+ bnlo_qdc sn rhlokx _citrshmf sgd vdhfgs ne

sgd qdftk_qhy_shnm sdql-

:-4- Uhrt_k bnlo_qhrnm enq dwodqhldms 2(

Ehf- @-00 chrok_xr pt_khs_shud bnlo_qhrnmr adsvddm ntq hmmnu_shud

lncdkr _mc svn drs_akhrgdc kd_qmhmf,a_rdc ldsgncr+ RXLZMds _mc

Sq_mrLnqog- Bnlo_qdc sn sgd qdfhrsq_shnm qdrtksr eqnl dwodqhldms &0(+

ed_stqdc hm Ehf- 6+ _kk ldsgncr dwghahs _ cdbkhmd hm odqenql_mbd hm

dwodqhldms &2(+ vhsg RXLZMds _mc Sq_mrLnqog adhmf o_qshbtk_qkx _e,

edbsdc- @ oqnmntmbdc lhr_khfmldms ne ghfg,hmsdmrhsx _qsdqh_k rsqtbstqdr

hr mnshbd_akd adsvddm sgd s_qfds rkhbd _mc sgd qdfhrsq_shnm ntsotsr ne

RXLZMds _mc Sq_mrLnqog- Sghr lhr_khfmldms l_x ad _ssqhatsdc sn sgd

ghoonb_lo_k _sqnogx nardqudc hm sgd N@RHR c_s_rds+ _m d_qkx g_kkl_qj

ne @kygdhldq‘r chrd_rd-

:-5- Cnl_hm rghes _m_kxrhr

Hm dwodqhldms &2(+ vd hmudrshf_sd sgd odqenql_mbd f_o adsvddm

sgd a_rdkhmd kd_qmhmf,a_rdc ldsgncr _mc ntq oqnonrdc ldsgncr nm

bqnrr,c_s_rds qdfhrsq_shnm s_rj- Sghr rdbshnm oqdrdmsr _ bnloqdgdmrhud

_rrdrrldms+ enbtrhmf nm bnmsq_rs rghes+ onotk_shnm rghes+ _mc s_rj rghes

_m_kxrdr-

Bnmsq_rs rghes _m_kxrhr- Sn chrbdqm sgd hlo_bs ne bnmsq_rs rghesr hm hrn,

k_shnm eqnl onotk_shnm cheedqdmbdr+ vd sq_hm kd_qmhmf,a_rdc lncdkr nm

sgd LhmcAnffkd hl_fd o_hqr+ r_ld _r dwodqhldms &0(+ _mc du_kt_sd

sgdl nm svn enkcr ne 0// gd_ksgx LQH rb_m o_hqr eqnl sgd N@RHR _mc

LhmcAnffkd c_s_rdsr- Sgd qdrtksr+ oqdrdmsdc hm S_akd @-6+ hmchb_sd lhm,

hl_k odqenql_mbd cdfq_c_shnm hm RRHL rbnqdr vgdm _khfmhmf gd_ksgx

LQH rb_m o_hqr _bqnrr cheedqdms c_s_rdsr- Sghr rtffdrsr sg_s sgd a_rdkhmd

SYakd :-7

Hmektdmbd ne onotk_shnm rghes-

N
g
,N

_c
N

g
,N

g

UnwdkLnqog /-7214 &/-/11( /-7163 &/-/13(

RXLZMds /-7342 &/-/1/( /-7261 &/-/11(

Sq_mrLnqog .-7410 .-.1.( /-7352 &/-/10(

MHQ,G /-7281 &/-/10( /-7281 &/-/10(

MHQ,G,Chee /-7385 &/-/1/( .-7385 .-.1.()

Gdqd _qd sgd unktldsqhb chbd rbnqdr ne qdfhrsq_shnm qdrtksr ne lncdkr

sq_hmdc vhsg svn enkcr ne hl_fd o_hqr- N
g
,N

_c
qdoqdrdmsr sq_hmhmf

hl_fd o_hqr vgdqd lnuhmf _mc s_qfds hl_fdr ansg bnld eqnl gd_ksgx

N@RHR c_s_- N
g
,N

g
qdoqdrdmsr sq_hmhmf hl_fd o_hqr vgdqd lnuhmf _mc

s_qfds hl_fdr _qd rntqbdc eqnl gd_ksgx _mc @kygdhldq‘r chrd_rd N@RHR

hl_fdr+ rdo_q_sdkx-

kd_qmhmf,a_rdc ldsgncr cdlnmrsq_sd qnatrs fdmdq_khy_shnm b_o_ahkhshdr

hm sgd oqdrdmbd ne bnmsq_rs rghesr _knmd+ khjdkx admdehshmf eqnl hmsdmrhsx

_tfldms_shnm ctqhmf sq_hmhmf-

Onotk_shnm rghes _m_kxrhr- Vd rdo_q_sdkx sq_hmdc lncdkr nm 8/// gd_ksgx

hl_fd o_hqr _mc 8/// gd_ksgx,sn,@C hl_fd o_hqr eqnl sgd N@RHR

c_s_rds _mc du_kt_sdc sgdl nm 0// gd_ksgx,sn,@C N@RHR hl_fd o_hqr-

Sgd sq_hmhmf c_s_ _qd _tfldmsdc vhsg q_mcnl dk_rshb sq_mrenql_shnm-

Sgd ehmchmfr+ cds_hkdc hm S_akd @-7+ qdud_k rhfmhehb_ms odqenql_mbd

cqnor hm unktldsqhb Chbd rbnqdr+ ghfgkhfgshmf sgd oqnentmc hlo_bs ne

onotk_shnm rghesr nm qdfhrsq_shnm odqenql_mbd- Sgd khlhsdc deedbshudmdrr

ne dk_rshb sq_mrenql_shnm _tfldms_shnmr hm sghr bnmsdws rtffdrsr sgd

hmgdqdms bg_kkdmfd hm qdokhb_shmf qd_khrshb @C,qdk_sdc lnqognknfhb_k

bg_mfdr+ rtbg _r ghoonb_lo_k _sqnogx nq udmsqhbtk_q dmk_qfdldms+

sgqntfg q_mcnl cdenql_shnmr- Ntq oqnonrdc ldsgncr cdlnmrsq_sd

rhfmhehb_mskx adssdq qdfhrsq_shnm _bbtq_bx nm sgd sdrshmf gd_ksgx,sn,@C

N@RHR hl_fd o_hqr-

S_rj rghes _m_kxrhr- @r oqduhntrkx chrbtrrdc hm S_akd 1+ vd nardqudc sg_s

lncdkr oqd,sq_hmdc nm HWH hl_fd o_hqr dwghahs khlhsdc fdmdq_khy_ahkhsx sn

sgd Lhmcanffkd c_s_rds+ cdrohsd ansg hmunkuhmf gd_ksgx LQH rb_mr- Sghr

tmcdqrbnqdr sgd hmektdmbd ne s_rj,rodbhehb cnl_hm rghesr+ vhsg sgd hmhsh_k

oqd,sq_hmhmf enbtrdc nm _sk_r,sn,o_shdms qdfhrsq_shnm _mc rtardptdms

ehmd,stmhmf nm o_shdms,sn,o_shdms qdfhrsq_shnm-

Qdedqdmbdr

@mnm+ 1/1/- @m_bnmc_ Rnesv_qd Chrsqhatshnm- @m_bnmc_ Hmb+ TQK gssor9..cnbr-

_m_bnmc_-bnl.-

@qrhfmx+ U-+ Bnllnvhbj+ N-+ Odmmdb+ W-+ @x_bgd+ M-+ 1//5- @ knf,Dtbkhcd_m eq_ldvnqj

enq rs_shrshbr nm cheednlnqoghrlr- Hm9 Ldchb_k Hl_fd Bnlotshmf _mc Bnlotsdq,

@rrhrsdc HmsdqudmshnmüLHBB@H 1//59 8sg Hmsdqm_shnm_k Bnmedqdmbd+ Bnodmg_fdm+

Cdml_qj+ Nbsnadq 0,5+ 1//5- Oqnbddchmfr+ O_qs H 8- Roqhmfdq+ oo- 813ü820-

@rgatqmdq+ I-+ 1//6- @ e_rs cheednlnqoghb hl_fd qdfhrsq_shnm _kfnqhsgl- Mdtqnhl_fd 27

&0(+ 84ü002-

@rgatqmdq+ I-+ Eqhrsnm+ J-I-+ 1///- Unwdk,a_rdc lnqognldsqx–sgd ldsgncr- Mdtqnhl_fd

00 &5(+ 7/4ü710-

@u_msr+ A-A-+ Dorsdhm+ B-K-+ Fqnrrl_m+ L-+ Fdd+ I-B-+ 1//7- Rxlldsqhb cheednlnqoghb

hl_fd qdfhrsq_shnm vhsg bqnrr,bnqqdk_shnm9 Du_kt_shmf _tsnl_sdc k_adkhmf ne dkcdqkx

_mc mdtqncdfdmdq_shud aq_hm- Ldc- Hl_fd @m_k- 01 &0(+ 15ü30-
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R- Rtm ds _k-

@u_msr+ A-A-+ Strshrnm+ M-+ Rnmf+ F-+ ds _k-+ 1//8- @cu_mbdc mnql_khy_shnm snnkr &@MSR(-

Hmrhfgs I- 1 &254(+ 0ü24-

A_ibrx+ Q-+ Jnu_’h’+ R-+ 0878- Ltkshqdrnktshnm dk_rshb l_sbghmf- Bnlots- Uhr- Fq_og-

Hl_fd Oqnbdrr- 35 &0(+ 0ü10-

A_k_jqhrgm_m+ F-+ Yg_n+ @-+ R_atmbt+ L-Q-+ Ftss_f+ I-+ C_kb_+ @-U-+ 1/07- @m tmrtodq,

uhrdc kd_qmhmf lncdk enq cdenql_akd ldchb_k hl_fd qdfhrsq_shnm- Hm9 Oqnbddchmfr ne

sgd HDDD Bnmedqdmbd nm Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo- 8141ü815/-

A_k_jqhrgm_m+ F-+ Yg_n+ @-+ R_atmbt+ L-Q-+ Ftss_f+ I-+ C_kb_+ @-U-+ 1/08- UnwdkLnqog9

@ kd_qmhmf eq_ldvnqj enq cdenql_akd ldchb_k hl_fd qdfhrsq_shnm- HDDD Sq_mr- Ldc-

Hl_fhmf 27 &7(+ 0677ü07//-

Adf+ L-E-+ Lhkkdq+ L-H-+ Sqntuä+ @-+ Xntmdr+ K-+ 1//4- Bnlotshmf k_qfd cdenql_shnm

ldsqhb l_oohmfr uh_ fdncdrhb eknvr ne cheednlnqoghrlr- Hms- I- Bnlots- Uhr- 50

&1(+ 028ü046-

B_qcnrn+ L-I-+ Kh+ V-+ Aqnvm+ Q-+ L_+ M-+ Jdqenns+ D-+ V_mf+ X-+ Ltqqdx+ A-+ Lxqn,

mdmjn+ @-+ Yg_n+ B-+ X_mf+ C-+ ds _k-+ 1/11- LNM@H9 @m nodm,rntqbd eq_ldvnqj enq

cddo kd_qmhmf hm gd_ksgb_qd- _qWhu oqdoqhms _qWhu91100-/16/0-

Bgdm+ I-+ Eqdx+ D-B-+ Gd+ X-+ Rdf_qr+ V-O-+ Kh+ X-+ Ct+ X-+ 1/11- Sq_mrlnqog9 Sq_mrenqldq

enq tmrtodquhrdc ldchb_k hl_fd qdfhrsq_shnm- Ldc- Hl_fd @m_k- 71+ 0/1504-

Bgdm+ I-+ Gd+ X-+ Eqdx+ D-B-+ Kh+ X-+ Ct+ X-+ 1/10_- Uhs,u,mds9 Uhrhnm sq_mrenqldq enq

tmrtodquhrdc unktldsqhb ldchb_k hl_fd qdfhrsq_shnm- _qWhu oqdoqhms _qWhu910/3-

/5357-

Bgdm+ X-+ Kht+ R-+ V_mf+ W-+ 1/10a- Kd_qmhmf bnmshmtntr hl_fd qdoqdrdms_shnm vhsg knb_k

hlokhbhs hl_fd etmbshnm- Hm9 Oqnbddchmfr ne sgd HDDD.BUE Bnmedqdmbd nm Bnlotsdq

Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo- 7517ü7527-

Bgdm+ Q-S-P-+ Qta_mnu_+ X-+ Adssdmbntqs+ I-+ Ctudm_tc+ C-+ 1/07- Mdtq_k nqchm_qx

cheedqdmsh_k dpt_shnmr- @cu- Mdtq_k Hme- Oqnbdrr- Rxrs--

Bgqhrsdmrdm+ F-D-+ Q_aahss+ Q-C-+ Lhkkdq+ L-H-+ 0885- Cdenql_akd sdlok_sdr trhmf k_qfd

cdenql_shnm jhmdl_shbr- HDDD Sq_mr- Hl_fd Oqnbdrr- 4 &0/(+ 0324ü0336-

C_kb_+ @-U-+ A_k_jqhrgm_m+ F-+ Ftss_f+ I-+ R_atmbt+ L-Q-+ 1/07- Tmrtodquhrdc kd_qm,

hmf enq e_rs oqna_ahkhrshb cheednlnqoghb qdfhrsq_shnm- Hm9 Hmsdqm_shnm_k Bnmedqdmbd

nm Ldchb_k Hl_fd Bnlotshmf _mc Bnlotsdq,@rrhrsdc Hmsdqudmshnm- Roqhmfdq+ oo-

618ü627-

C_kb_+ @-U-+ A_k_jqhrgm_m+ F-+ Ftss_f+ I-+ R_atmbt+ L-Q-+ 1/08- Tmrtodquhrdc kd_qmhmf ne

oqna_ahkhrshb cheednlnqoghb qdfhrsq_shnm enq hl_fdr _mc rtqe_bdr- Ldc- Hl_fd @m_k-

46+ 115ü125-

Ctonms+ D-+ Cntbds+ @-+ Sdg+ X-V-+ 1/08- @tfldmsdc mdtq_k ncdr- _qWhu oqdoqhms

_qWhu908/3-/0570-

Ctothr+ O-+ Fqdm_mcdq+ T-+ Lhkkdq+ L-H-+ 0887- U_qh_shnm_k oqnakdlr nm eknvr ne

cheednlnqoghrlr enq hl_fd l_sbghmf- P- @ook- L_sg- 476ü5//-

Ehrbgk+ A-+ R_k_s+ C-G-+ Atr_+ D-+ @kadqs+ L-+ Chdsdqhbg+ L-+ G_rdkfqnud+ B-+ U_m

Cdq Jntvd+ @-+ Jhkkh_mx+ Q-+ Jdmmdcx+ C-+ Jk_udmdrr+ R-+ ds _k-+ 1//1- Vgnkd aq_hm

rdfldms_shnm9 @tsnl_sdc k_adkhmf ne mdtqn_m_snlhb_k rsqtbstqdr hm sgd gtl_m

aq_hm- Mdtqnm 22 &2(+ 230ü244-

Enmnu+ U-+ Du_mr+ @-B-+ Anssdqnm+ J-+ @klkh+ B-Q-+ LbJhmrsqx+ Q-B-+ Bnkkhmr+ C-K-+

Fqnto+ A-C-B-+ ds _k-+ 1/00- Tmah_rdc _udq_fd _fd,_ooqnoqh_sd _sk_rdr enq odch_sqhb

rstchdr- Mdtqnhl_fd 43 &0(+ 202ü216-

Enmnu+ U-R-+ Du_mr+ @-B-+ LbJhmrsqx+ Q-B-+ @klkh+ B-Q-+ Bnkkhmr+ C-+ 1//8- Tmah,

_rdc mnmkhmd_q _udq_fd _fd,_ooqnoqh_sd aq_hm sdlok_sdr eqnl ahqsg sn _ctksgnnc-

MdtqnHl_fd &36(+ R0/1-

Eq_mjkd+ I-+ B_qahm+ L-+ 1/07- Sgd knssdqx shbjds gxonsgdrhr9 Ehmchmf ro_qrd+ sq_hm_akd

mdtq_k mdsvnqjr- _qWhu oqdoqhms _qWhu907/2-/2524-

F_mcdkrl_m+ X-+ Rgnbgdq+ @-+ Hq_mh+ L-+ 1/08- Cntakd,CHO9 Tmrtodquhrdc hl_fd cdbnl,

onrhshnm uh_ bntokdc cddo,hl_fd,oqhnqr- Hm9 Oqnbddchmfr ne sgd HDDD.BUE Bnmedqdmbd

nm Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo- 00/15ü00/24-

F_qxe_kkhchr+ D-+ Aqdss+ L-+ @lhqadjh_m+ A-+ Qnjdl+ @-+ U_m Cdq V_ks+ R-+ Cdrbnsd_tw+ L-+

Mhlln,Rlhsg+ H-+ Bnmsqhatsnqr+ C-+ 1/03- Chox+ _ khaq_qx enq sgd _m_kxrhr ne cheetrhnm

LQH c_s_- Eqnms- Mdtqnhmenql- 7+ 7-

Ftos_+ J-+ 1/1/- Mdtq_k Ldrg Eknv9 2c L_mhenkc Ldrg Fdmdq_shnm Uh_ Cheednlnqoghb

Eknvr- Tmhudqrhsx ne B_khenqmh_+ R_m Chdfn-

G}fdq+ R-+ Gdkcl_mm+ R-+ Gdqhmf+ @-+ Jtbjdqsy+ R-+ K_mfd+ @-+ 1/1/- U_qh_akd eq_tmgnedq

LDUHR QdfKha bnloqdgdmrhudkx _ookhdc sn Kd_qm1Qdf bg_kkdmfd- Hm9 Hmsdqm_shnm_k

Bnmedqdmbd nm Ldchb_k Hl_fd Bnlotshmf _mc Bnlotsdq,@rrhrsdc Hmsdqudmshnm-

Roqhmfdq+ oo- 63ü68-

Gdkkhdq+ O-+ A_qhkkns+ B-+ Lälhm+ D-+ Oäqdy+ O-+ 1//0- Ghdq_qbghb_k drshl_shnm ne _ cdmrd

cdenql_shnm ehdkc enq 2,C qnatrs qdfhrsq_shnm- HDDD Sq_mr- Ldc- Hl_fhmf 1/ &4(+

277ü3/1-

Gdqhmf+ @-+ G_mrdm+ K-+ Lnj+ S-B-+ Bgtmf+ @-+ Rhdadqs+ G-+ G}fdq+ R-+ K_mfd+ @-+

Jtbjdqsy+ R-+ Gdkcl_mm+ R-+ Rg_n+ V-+ ds _k-+ 1/10- Kd_qm1Qdf9 Bnloqdgdmrhud

ltksh,s_rj ldchb_k hl_fd qdfhrsq_shnm bg_kkdmfd+ c_s_rds _mc du_kt_shnm hm sgd dq_

ne cddo kd_qmhmf- _qWhu oqdoqhms _qWhu91001-/3378-

Gneel_mm+ L-+ Ahkkns+ A-+ Fqdud+ C-M-+ Hfkdrh_r+ I-D-+ Ehrbgk+ A-+ C_kb_+ @-U-+ 1/10-

RxmsgLnqog9 Kd_qmhmf bnmsq_rs,hmu_qh_ms qdfhrsq_shnm vhsgnts _bpthqdc hl_fdr- HDDD

Sq_mr- Ldc- Hl_fhmf 30 &2(+ 432ü447-

Gnnodr+ @-+ Gneel_mm+ L-+ Ehrbgk+ A-+ Ftss_f+ I-+ C_kb_+ @-U-+ 1/10- Gxodqlnqog9 @lnq,

shydc gxodqo_q_ldsdq kd_qmhmf enq hl_fd qdfhrsq_shnm- Hm9 Hmsdqm_shnm_k Bnmedqdmbd

nm Hmenql_shnm Oqnbdrrhmf hm Ldchb_k Hl_fhmf- Roqhmfdq+ oo- 2ü06-

Hmbnqnm_sn+ L-+ @hdkkn+ L-+ Hme_msd+ S-+ B_u_khdqd+ B-+ Fqhl_kch+ @-L-+ Lhq_adkkh+ O-+

Lnmsh+ R-+ R_ku_snqd+ L-+ 1/06- Q_chnfdmnlhb _m_kxrhr ne nmbnknfhb_k c_s_9 @

sdbgmhb_k rtqudx- Hms- I- Lnk- Rbh- 07 &3(+ 7/4-

I_bns+ @-+ F_aqhdk+ E-+ Gnmfkdq+ B-+ 1/07- Mdtq_k s_mfdms jdqmdk9 Bnmudqfdmbd _mc

fdmdq_khy_shnm hm mdtq_k mdsvnqjr- Hm9 @cu_mbdr hm Mdtq_k Hmenql_shnm Oqnbdrrhmf

Rxrsdlr+ unk- 20-

I_cdqadqf+ L-+ Rhlnmx_m+ J-+ Yhrrdql_m+ @-+ ds _k-+ 1/04- Ro_sh_k sq_mrenqldq mdsvnqjr-

Hm9 @cu_mbdr hm Mdtq_k Hmenql_shnm Oqnbdrrhmf Rxrsdlr+ unk- 17-

Jhl+ A-+ Jhl+ C-G-+ O_qj+ R-G-+ Jhl+ I-+ Kdd+ I-,F-+ Xd+ I-B-+ 1/10- BxbkdLnqog9

Bxbkd bnmrhrsdms tmrtodquhrdc cdenql_akd hl_fd qdfhrsq_shnm- Ldc- Hl_fd @m_k- 60+

0/1/25-

Jhmfl_+ C-O-+ A_+ I-+ 1/03- @c_l9 @ ldsgnc enq rsnbg_rshb noshlhy_shnm- _qWhu oqdoqhms

_qWhu90301-587/-

Jkdhm+ @-+ Sntquhkkd+ I-+ 1/01- 0/0 K_adkdc aq_hm hl_fdr _mc _ bnmrhrsdms gtl_m bnqshb_k

k_adkhmf oqnsnbnk- Eqnms- Mdtqnrbh- 5+ 060-

L_qbtr+ C-R-+ V_mf+ S-G-+ O_qjdq+ I-+ Brdqm_mrjx+ I-F-+ Lnqqhr+ I-B-+ Atbjmdq+ Q-K-+ 1//6-

Nodm _bbdrr rdqhdr ne hl_fhmf rstchdr &N@RHR(9 Bqnrr,rdbshnm_k LQH c_s_ hm xntmf+

lhcckd _fdc+ mnmcdldmsdc+ _mc cdldmsdc nkcdq _ctksr- I- Bnfm- Mdtqnrbh- 08 &8(+

0387ü04/6-

Lhkcdmg_kk+ A-+ Rqhmhu_r_m+ O-O-+ S_mbhj+ L-+ A_qqnm+ I-S-+ Q_l_lnnqsgh+ Q-+ Mf+ Q-+

1/1/- Mdqe9 Qdoqdrdmshmf rbdmdr _r mdtq_k q_ch_mbd ehdkcr enq uhdv rxmsgdrhr- Hm9

Dtqnod_m Bnmedqdmbd nm Bnlotsdq Uhrhnm- Roqhmfdq+ oo- 3/4ü310-

Lnc_s+ L-+ Qhcfv_x+ F-Q-+ S_xknq+ Y-@-+ Kdgl_mm+ L-+ A_qmdr+ I-+ G_vjdr+ C-I-+

Enw+ M-B-+ Ntqrdkhm+ R-+ 1/0/- E_rs eqdd,enql cdenql_shnm trhmf fq_oghbr oqnbdrrhmf

tmhsr- Bnlots- Ldsgncr Oqnfq_lr Ahnldc- 87 &2(+ 167ü173-

Lnj+ S-B-+ Bgtmf+ @-+ 1/1/_- E_rs rxlldsqhb cheednlnqoghb hl_fd qdfhrsq_shnm vhsg

bnmunktshnm_k mdtq_k mdsvnqjr- Hm9 Oqnbddchmfr ne sgd HDDD.BUE Bnmedqdmbd nm

Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo- 3533ü3542-

Lnj+ S-B-+ Bgtmf+ @-+ 1/1/a- K_qfd cdenql_shnm cheednlnqoghb hl_fd qdfhrsq_shnm

vhsg K_ok_bh_m oxq_lhc mdsvnqjr- Hm9 Hmsdqm_shnm_k Bnmedqdmbd nm Ldchb_k Hl_fd

Bnlotshmf _mc Bnlotsdq,@rrhrsdc Hmsdqudmshnm- Roqhmfdq+ oo- 100ü110-

Lnj+ S-B-+ Bgtmf+ @-+ 1/11- @eehmd ldchb_k hl_fd qdfhrsq_shnm vhsg bn_qrd,sn,ehmd uhrhnm

sq_mrenqldq- Hm9 Oqnbddchmfr ne sgd HDDD.BUE Bnmedqdmbd nm Bnlotsdq Uhrhnm _mc

O_ssdqm Qdbnfmhshnm- oo- 1/724ü1/733-

Mhdldxdq+ L-+ Ldrbgdcdq+ K-+ Ndbgrkd+ L-+ Fdhfdq+ @-+ 1/08- Nbbto_mbx eknv9 3c

qdbnmrsqtbshnm ax kd_qmhmf o_qshbkd cxm_lhbr- Hm9 Oqnbddchmfr ne sgd HDDD.BUE

Hmsdqm_shnm_k Bnmedqdmbd nm Bnlotsdq Uhrhnm- oo- 4268ü4278-

Mhjnknu+ R-+ Ak_bjvdkk+ R-+ Yudqnuhsbg+ @-+ Ldmcdr+ Q-+ Khumd+ L-+ Cd E_tv+ I-+ O_sdk+ X-+

Ldxdq+ B-+ @rjg_l+ G-+ Qnldq_,O_qdcdr+ A-+ ds _k-+ 1/07- Cddo kd_qmhmf sn _bghdud

bkhmhb_kkx _ookhb_akd rdfldms_shnm ne gd_c _mc mdbj _m_snlx enq q_chnsgdq_ox-

_qWhu oqdoqhms _qWhu907/8-/332/-

O_qj+ I-I-+ Eknqdmbd+ O-+ Rsq_ta+ I-+ Mdvbnlad+ Q-+ Knudfqnud+ R-+ 1/08- Cddorce9 Kd_qm,

hmf bnmshmtntr rhfmdc chrs_mbd etmbshnmr enq rg_od qdoqdrdms_shnm- Hm9 Oqnbddchmfr

ne sgd HDDD.BUE Bnmedqdmbd nm Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo-

054ü063-

Onmsqx_fhm+ K-R-+ 0876- L_sgdl_shb_k Sgdnqx ne Noshl_k Oqnbdrrdr- BQB Oqdrr-

Pt_m+ X-+ Bgdm+ L-+ O_mf+ S-+ Ih+ G-+ 1/1/- Rdke1rdke vhsg cqnonts9 Kd_qmhmf

rdke,rtodquhrdc cdmnhrhmf eqnl rhmfkd hl_fd- Hm9 Oqnbddchmfr ne sgd HDDD.BUE

Bnmedqdmbd nm Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo- 078/ü0787-

Qdhmjd+ @-+ Dhrdml_mm+ L-+ Shy_ah+ L-C-+ Rtcqd+ B-G-+ Q}crbg+ S-+ @msnmdkkh+ L-+

@qadk+ S-+ A_j_r+ R-+ B_qcnrn+ L-I-+ Bgdokxfhm_+ U-+ ds _k-+ 1/10- Bnllnm khlhs_shnmr

ne hl_fd oqnbdrrhmf ldsqhbr9 @ ohbstqd rsnqx- _qWhu oqdoqhms _qWhu910/3-/4531-

Qdm+ C-+ Yg_mf+ J-+ V_mf+ P-+ Gt+ P-+ Ytn+ V-+ 1/1/- Mdtq_k akhmc cdbnmunktshnm trhmf

cddo oqhnqr- Hm9 Oqnbddchmfr ne sgd HDDD.BUE Bnmedqdmbd nm Bnlotsdq Uhrhnm _mc

O_ssdqm Qdbnfmhshnm- oo- 2230ü224/-

Qhrgnkl+ O-+ Fnkax+ @-I-+ Vdkkr+ V-+ 1/00- Ltkshlnc_k hl_fd qdfhrsq_shnm enq oqdnodq_,

shud ok_mmhmf _mc hl_fd,fthcdc mdtqnrtqfhb_k oqnbdctqdr- Mdtqnrtqf- Bkhm- 11 &1(+

086ü1/5-

Qnmmdadqfdq+ N-+ Ehrbgdq+ O-+ Aqnw+ S-+ 1/04- T,mds9 Bnmunktshnm_k mdsvnqjr enq ahnldc,

hb_k hl_fd rdfldms_shnm- Hm9 Ldchb_k Hl_fd Bnlotshmf _mc Bnlotsdq,@rrhrsdc

HmsdqudmshnmüLHBB@H 1/049 07sg Hmsdqm_shnm_k Bnmedqdmbd+ Ltmhbg+ Fdql_mx+

Nbsnadq 4,8+ 1/04+ Oqnbddchmfr+ O_qs HHH 07- Roqhmfdq+ oo- 123ü130-

Rgdm+ C-+ C_u_syhjnr+ B-+ 1//1- G@LLDQ9 Ghdq_qbghb_k _ssqhatsd l_sbghmf ldbg_mhrl

enq dk_rshb qdfhrsq_shnm- HDDD Sq_mr- Ldc- Hl_fhmf 10 &00(+ 0310ü0328-

Rgdm+ Y-+ G_m+ W-+ Wt+ Y-+ Mhdsg_lldq+ L-+ 1/08- Mdsvnqjr enq inhms _eehmd _mc mnm,

o_q_ldsqhb hl_fd qdfhrsq_shnm- Hm9 Oqnbddchmfr ne sgd HDDD.BUE Bnmedqdmbd nm

Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo- 3113ü3122-

Rgdm+ K-+ O_tkx+ I-+ Whmf+ K-+ 1/10- MdQO9 Hlokhbhs mdtq_k qdoqdrdms_shnm kd_qmhmf

vhsg oqhnq dladcchmf enq ro_qrdkx r_lokdc hl_fd qdbnmrsqtbshnm- _qWhu oqdoqhms

_qWhu910/7-0/880-

Rgh+ I-+ Gd+ X-+ Jnmf+ X-+ Bn_sqhdtw+ I-,K-+ Rgt+ G-+ X_mf+ F-+ Kh+ R-+ 1/11- Wlnqogdq9

Etkk sq_mrenqldq enq cdenql_akd ldchb_k hl_fd qdfhrsq_shnm uh_ bqnrr _ssdmshnm- Hm9

Ldchb_k Hl_fd Bnlotshmf _mc Bnlotsdq @rrhrsdc HmsdqudmshnmüLHBB@H 1/119 14sg

Hmsdqm_shnm_k Bnmedqdmbd+ Rhmf_onqd+ Rdosdladq 07ü11+ 1/11+ Oqnbddchmfr+ O_qs UH-

Roqhmfdq+ oo- 106ü115-

Rhdadqs+ G-+ G_mrdm+ K-+ Gdhmqhbg+ L-O-+ 1/10- E_rs 2C qdfhrsq_shnm vhsg _bbtq_sd

noshlhr_shnm _mc khsskd kd_qmhmf enq Kd_qm1Qdf 1/10- Hm9 Hmsdqm_shnm_k Bnmedqdmbd

nm Ldchb_k Hl_fd Bnlotshmf _mc Bnlotsdq,@rrhrsdc Hmsdqudmshnm- Roqhmfdq+ oo-

063ü068-

Rhsyl_mm+ U-+ L_qsdk+ I-+ Adqfl_m+ @-+ Khmcdkk+ C-+ Vdsyrsdhm+ F-+ 1/1/- Hlokhbhs mdtq_k

qdoqdrdms_shnmr vhsg odqhnchb _bshu_shnm etmbshnmr- @cu- Mdtq_k Hme- Oqnbdrr- Rxrs-

22+ 6351ü6362-
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R- Rtm ds _k-

Rtm+ R-+ G_m+ J-+ Jnmf+ C-+ S_mf+ G-+ X_m+ W-+ Whd+ W-+ 1/11- Snonknfx,oqdrdquhmf

rg_od qdbnmrsqtbshnm _mc qdfhrsq_shnm uh_ mdtq_k cheednlnqoghb eknv- Hm9 Oqnbddchmfr

ne sgd HDDD.BUE Bnmedqdmbd nm Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo-

1/734ü1/744-

Rtm+ X-+ Kht+ I-+ Whd+ L-+ Vngkadqf+ A-+ J_lhknu+ T-R-+ 1/10- Bnhk9 Bnnqchm_sd,a_rdc

hmsdqm_k kd_qmhmf enq hl_fhmf hmudqrd oqnakdlr- _qWhu oqdoqhms _qWhu910/1-/4070-

S_mbhj+ L-+ Rqhmhu_r_m+ O-O-+ Lhkcdmg_kk+ A-+ Eqhcnuhbg,Jdhk+ R-+ Q_fg_u_m+ M-+ Rhmf,

g_k+ T-+ Q_l_lnnqsgh+ Q-+ A_qqnm+ I-S-+ Mf+ Q-+ 1/1/- Entqhdq ed_stqdr kds mdsvnqjr

kd_qm ghfg eqdptdmbx etmbshnmr hm knv chldmrhnm_k cnl_hmr- Hm9 Mdtq_k Hmenql_shnm

Oqnbdrrhmf Rxrsdlr-

Sghqhnm+ I-,O-+ 0887- Hl_fd l_sbghmf _r _ cheetrhnm oqnbdrr9 @m _m_knfx vhsg L_wvdkk‘r

cdlnmr- Ldc- Hl_fd @m_k- 1 &2(+ 132ü15/-

Tkx_mnu+ C-+ Udc_kch+ @-+ Kdlohsrjx+ U-+ 1/07- Cddo hl_fd oqhnq- Hm9 Oqnbddchmfr ne sgd

HDDD Bnmedqdmbd nm Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo- 8335ü8343-

U_m Gnqm+ I-C-+ Fqdsgd+ I-R-+ Jnrsdkdb+ O-+ Vnncv_qc+ I-A-+ @rk_l+ I-@-+ Qtr+ C-+

Qnbjlnqd+ C-+ F_yy_mhf_+ L-R-+ 1//0- Sgd etmbshnm_k l_fmdshb qdrnm_mbd hl_fhmf

c_s_ bdmsdq &eLQHCB(9 Sgd bg_kkdmfdr _mc qdv_qcr ne k_qfdürb_kd c_s_a_rhmf ne

mdtqnhl_fhmf rstchdr- Oghknr- Sq_mr- Q- Rnb- Knmcnm- Rdq- A9 Ahnk- Rbh- 245 &0301(+

0212ü0228-

V_mf+ Y-+ Anuhj+ @-B-+ Rgdhjg+ G-Q-+ Rhlnmbdkkh+ D-O-+ 1//3- Hl_fd pt_khsx _rrdrrldms9

Eqnl dqqnq uhrhahkhsx sn rsqtbstq_k rhlhk_qhsx- HDDD Sq_mr- Hl_fd Oqnbdrr- 02 &3(+

5//ü501-

Vhkkh_lr+ E-+ Rbgmdhcdq+ S-+ Rhku_+ B-+ Ynqhm+ C-+ Aqtm_+ I-+ O_mnyyn+ C-+ 1/08- Cddo

fdnldsqhb oqhnq enq rtqe_bd qdbnmrsqtbshnm- Hm9 Oqnbddchmfr ne sgd HDDD.BUE

Bnmedqdmbd nm Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo- 0/02/ü0/028-

Vnksdqhmj+ I-L-+ Yvhdmdmadqf+ I-B-+ Aqtmd+ B-+ 1/10- Hlokhbhs mdtq_k qdoqdrdms_shnmr enq

cdenql_akd hl_fd qdfhrsq_shnm- Hm9 Ldchb_k Hl_fhmf vhsg Cddo Kd_qmhmf-

Vt+ X-+ Ih_g_n+ S-Y-+ V_mf+ I-+ Xtrgjduhbg+ O-@-+ Grhdg+ L-@-+ Fdd+ I-B-+ 1/11-

MNCDN9 @ mdtq_k nqchm_qx cheedqdmsh_k dpt_shnm a_rdc noshlhy_shnm eq_ldvnqj

enq cdenql_akd hl_fd qdfhrsq_shnm- Hm9 Oqnbddchmfr ne sgd HDDD.BUE Bnmedqdmbd

nm Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo- 1/7/3ü1/702-

Vt+ P-+ Kh+ X-+ Wt+ K-+ Edmf+ Q-+ Vdh+ G-+ X_mf+ P-+ Xt+ A-+ Kht+ W-+ Xt+ I-+ Yg_mf+ X-+

1/10- Hqdl9 Ghfg,qdrnktshnm l_fmdshb qdrnm_mbd hl_fd qdbnmrsqtbshnm uh_ hlokhbhs

mdtq_k qdoqdrdms_shnm- Hm9 Hmsdqm_shnm_k Bnmedqdmbd nm Ldchb_k Hl_fd Bnlotshmf

_mc Bnlotsdq,@rrhrsdc Hmsdqudmshnm- Roqhmfdq+ oo- 54ü63-

Wt+ I-+ Bgdm+ D-Y-+ Bgdm+ W-+ Bgdm+ S-+ Rtm+ R-+ 1/10- Ltksh,rb_kd mdtq_k ncdr enq

2c ldchb_k hl_fd qdfhrsq_shnm- Hm9 Hmsdqm_shnm_k Bnmedqdmbd nm Ldchb_k Hl_fd

Bnlotshmf _mc Bnlotsdq,@rrhrsdc Hmsdqudmshnm- Roqhmfdq+ oo- 102ü112-

Wt+ I-+ Lnxdq+ C-+ F_fnrjh+ A-+ Hfkdrh_r+ I-D-+ Fq_ms+ O-D-+ Fnkk_mc+ O-+ @c_krsdhmrrnm+ D-+

1/12- MdRUnQ9 Hlokhbhs mdtq_k qdoqdrdms_shnm enq rkhbd,sn,unktld qdbnmrsqtbshnm hm

LQH- HDDD Sq_mr- Ldc- Hl_fhmf-

Wt+ Y-+ Mhdsg_lldq+ L-+ 1/08- Cddo@sk_r9 Inhms rdlh,rtodquhrdc kd_qmhmf ne hl_fd

qdfhrsq_shnm _mc rdfldms_shnm- Hm9 Hmsdqm_shnm_k Bnmedqdmbd nm Ldchb_k Hl_fd

Bnlotshmf _mc Bnlotsdq,@rrhrsdc Hmsdqudmshnm- Roqhmfdq+ oo- 31/ü318-

X_mf+ F-+ Gt_mf+ W-+ G_n+ Y-+ Kht+ L-,X-+ Adknmfhd+ R-+ G_qhg_q_m+ A-+ 1/08- Onhmseknv9

2c onhms bkntc fdmdq_shnm vhsg bnmshmtntr mnql_khyhmf eknvr- Hm9 Oqnbddchmfr ne

sgd HDDD.BUE Hmsdqm_shnm_k Bnmedqdmbd nm Bnlotsdq Uhrhnm- oo- 3430ü344/-

Xébd+ F-+ Nqshy,Ihlämdy+ F-+ Adrahm_q+ A-+ Eqnrr_qc+ O-+ 1/11- @ rsqtbstqdc chbshnm_qx

odqrodbshud nm hlokhbhs mdtq_k qdoqdrdms_shnmr- Hm9 Oqnbddchmfr ne sgd HDDD.BUE

Bnmedqdmbd nm Bnlotsdq Uhrhnm _mc O_ssdqm Qdbnfmhshnm- oo- 08117ü08127-

Yg_mf+ L-+ Kh_n+ Q-+ C_kb_+ @-U-+ Stqj+ D-@-+ Ktn+ I-+ Fq_ms+ O-D-+ Fnkk_mc+ O-+

1/06- Eqdptdmbx cheednlnqoghrlr enq deehbhdms hl_fd qdfhrsq_shnm- Hm9 Hmsdqm_shnm_k

Bnmedqdmbd nm Hmenql_shnm Oqnbdrrhmf hm Ldchb_k Hl_fhmf- Roqhmfdq+ oo- 448ü46/-

Yg_mf+ X-+ Odh+ X-+ Yg_+ G-+ 1/10- Kd_qmhmf ct_k sq_mrenqldq mdsvnqj enq cheednlnq,

oghb qdfhrsq_shnm- Hm9 Hmsdqm_shnm_k Bnmedqdmbd nm Ldchb_k Hl_fd Bnlotshmf _mc

Bnlotsdq,@rrhrsdc Hmsdqudmshnm- Roqhmfdq+ oo- 018ü027-

Yg_n+ R-+ Cnmf+ X-+ Bg_mf+ D-H-+ Wt+ X-+ ds _k-+ 1/08- Qdbtqrhud b_rb_cdc mdsvnqjr

enq tmrtodquhrdc ldchb_k hl_fd qdfhrsq_shnm- Hm9 Oqnbddchmfr ne sgd HDDD.BUE

Hmsdqm_shnm_k Bnmedqdmbd nm Bnlotsdq Uhrhnm- oo- 0/5//ü0/50/-

Ygdmf+ Y-+ Xt+ S-+ C_h+ P-+ Kht+ X-+ 1/10- Cddo hlokhbhs sdlok_sdr enq 2c rg_od

qdoqdrdms_shnm- Hm9 Oqnbddchmfr ne sgd HDDD.BUE Bnmedqdmbd nm Bnlotsdq Uhrhnm

_mc O_ssdqm Qdbnfmhshnm- oo- 0318ü0328-

Ygt+ V-+ Gt_mf+ X-+ Wt+ C-+ Ph_m+ Y-+ E_m+ V-+ Whd+ W-+ 1/10- Sdrs,shld sq_hmhmf enq

cdenql_akd ltksh,rb_kd hl_fd qdfhrsq_shnm- Hm9 1/10 HDDD Hmsdqm_shnm_k Bnmedqdmbd

nm Qnanshbr _mc @tsnl_shnm- HBQ@+ HDDD+ oo- 02507ü02514-


