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<<?>?GB?

dimZevghklv bkke ~h\Zgby

JughdbklZgpbhggh]l]h ahg”bjh\Zgbyij A kflZhe A Abjhd
ki_dljhf ihemqgZ fuo fZl_jbZeh\ jZaebqguo ih k\hbf k!
I_j_"Z\Z_fhc bfb bgnhjfZpbb GzZb[hevr__ jZkijhkljZg_c
hilbdwe _dljhgguo ktzfhqguo kbkl_f mklZgZ\eb\Z_fuo gZ
b dhkfbgokdlihzZjZIh\

FZl_jbZeu -Zwgh dhkfbqg_kdhc ktzfdb ij_"~klzZ\ey
hkgh\hiheZ]Zxsmx ijh"mdpbx “ey j r _gbyzjdladbeguo Qe
]_hijhkljZzgkl\_gghc bgnhjfZpbb g_ihkj_"~kI\_ggh ih bah]
p_e_\hc Ihih]jZnbghRdldpbb \ \bMh]jZiMbg_kdbo dzjl i
ljzof_jguo fh”_e_c f_klghkdp b[iki_qg_gby \hafh ' ghklb b
ijbf _g _gby fZIl _jbZdédudhkifbq kdhc ktzfdb “he " gu hl\_qgZlv
lj_[h\Zgbyf dZqg_kI\Z

lhgylb_ dzqg_kI\Z hi)_hleqgkl\_ gguo “mghzygufl-3]
ghjfZlb\guo "hdmKlhglleZkgHKL 79 dZqg_kI\h ijh”mdyplinb
khihdmighklv k\hckl\ ijh*mdpbb h[mkeh\eb\Zxsbo _z ijl
hij_~ _ezggu_ ihlj_[ghklb \ khhI\_Ikl\bbJimdh\&Z &b\ Ay kyb” .
hij_ ~ e gbfhfgh knhjfmebjh\ZIv ihgylb_ dZq_klI\zZ- f&Zl _
dhkfbq_kdhc nhlhktzfdb dZdkkihdknfigh&hweb\Zxsbo ijb]h
bo ijbf_g_gbghtayhih]jZznbqg_kdbt_kigthklb

AZ"ZqZ dhgljhey dzZq_klI\zZ fZl_jbZeh\ dhkfbqgikhc
hp_gd_ jZ[hlu p_e_\hc ZiiZjZImju dhkfbg_kdbo ZiizjzlIl
\Zeb”"Zpbhgguo bkiulZgpxzfigh \ wdkiemZZZpbbXaZqZ hp ¢
dZzq_kI\Z kgbfdh\ \hagbdzhég igbb IhhihjZnbq_kdhcb kt
f _ klghklb gZ wlzZi_ | _ogbg_kdh]h dhglhedhkZbqgjblZehd Kz
j_amevlzl_dhlhjh]lh ijbgbfZ _Iky j r _gb_ h ijb]h~ghklb
h[jZ[hldb b ihemqg_gby gZ _z hkgh\_ ]Jhlh\hc ijh*mdpbb

G_kfhljy gZ lhp_ogldhzhdZq_klbzZz dhiwgh kokgbfdhy\ey Iky
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g_hlt_fehczZkxvijhp_kkBIhlhih]jZznbqg_kdhc¢jiktkliddBZgbb p_¢
lhih]jZznbqg_kdhc ijh"miglpbbijbgpbiu b _~bgu_ ih”oh”u d
dhgljhedqdklI\Z "h dhgpZ g_.jZajZ[hlZgu
P e khh[jZaghklv ijh\_~ glblyggdbkk bhkkme ~h\Zgby hij
g_"hklzldzfb kms_kl\mxsbo f_Ih*"h\ dhgljhey bahl[jZz
fZI _jbZeh\- dwjhhkfbqg_kdhc ktzfdb 1ihemqgZ_fuo “ey nhl
ktzfdb f_klghklb b kha”rZgby p_e_\hc I|hih]jZnbg_kdh:
hkms &yxlkgZ hkgh\_ \bamzZevguogHhHkyh*km[b dib\guc o0z
\\b*m
Yahlkmlkl\by qzldhc ghjfZlb\ghc j_lezf_glZpbb ih hp_gd
Zw{b dhkfbg_kdhc nhlhktzfdb
Yahlkmlkl\by j _]JezZf _glbjh\Zgguo f_|Ih*bd hp_gdb ihdzZaZz
dzZgkl\z
YahlkmlklI\by j ]eZf _glbjh\Zgguo agZq_gbc ihdZaZl_e_c b
ihal\heyxsbo ~ZIlv h”ghagZggmx hp_gdm ijb]Jh*ghkklb
dhkfbg_kdhc ktzfdb ey j r _gby p_e \uo azZ”*Zq nhlhl
f _klghklb b kharZgby Ipljnblyc kdhc ijh"mdpbb

KI_i_gv jZajz[hlZdgtlklbfu

Kh\j f ggu_ kj_~kI\Z b f_Ih~u hp_gdb bah[jZabl_
Zwjhnhlhkgbfdh\

DZq_klI\h Zwjhnhlhkgbfdh\ hij mhléyjdkfy |jba kdbfk
bah[jZzabl_evgufb k\BckILZfhh*Zgby d dZdikkVriubthp _t¢d
gZklbggh aZzZdj_ie_gu \ ghjfZlb\ghc "dinf @ZppbliyZe v
klzg~Zjlhf =HKL J - j_lezZf _glbjh\Zlgu[h\Zgby
nhlih]jzff_ljbq_kdatrhhpjZznbq RdEfjm kI\m Zwjhnhlhkgbfdh

lhdZazl_ ewflh]jzff _Ijbg_kdh]h dZq_ Kk[IE y\eyxlky

\aZbfgu_ b Z[khexlgu_m]eu g;ZdehgZ kgbfdh\
lhgghklv \u”_j"b\Zgby \ukhlu nhlh]jZnbjh\Zgby hij_*_



11

nZdlbg_kdhc \ukhlu nhilh]jZnbjh\Zgby hl aZ*Zgghc
lhgghklv \u™ _j"b\Zgby ijh~hevgh]h b iihidjuglmh
hij » eywwW”ykyhldehg_fgbijh*hevgh]h b ihi_j_qggh]h i_
Zwjhnhlhkgbfdh\ hl ghfbgZevguo ijh_dlguo agZqgq_gbc
g_iZjZee _evghklv [ZabkZ nhlh]jZnbjh\Zgby klhjhg_;Zw
g_ijyfhebg_cghklv Zwjhktzfhqguo fZjrjsdnky Hiljdéhgyx
nZdlbqg_kdh]lh ihéajrjgd¥ hl ijh_dlgh]h iheh  _gby
| j_gbke_ggu_ ihddqBEkegblky imlzf &lgg@ ebgawzo b m]e
we f glh\ \g _rg_]h hjb_glbjh\Zgby kgbfdh\ j_ idreeng Zg
baf_j _gbc [hjlh\hc kbkl_fu hijh™ _gbghoy hje.glZpbb
Nhlh]jZznbg_kdh_ dZy§ekt\lglbjh\Zgh =HKL-20R21 ih
ke _"mxsbf ihdZ§lojt _eyf
gZebgthlkmlkl\lgpzZz kgbfwah[jZz gbc h[eZdh\ gbay[eb dth\
hj _heh\ b "ufh\ ij_iylkl\mxsbo \uiheg_gbx nhh{]igtfldlpt
b A _rbnjbjh\Zgbx
\ujZ _ggjizaebdgiah[jZz  _gbc h”"ghc b Ihc ~_ hlhjhZjibVr c
gZ khk_"gbo kighbbdZo]jZevghc yjdhklb dhgljZkim p\_Il
1jZ\bevghklv p\_lhi_j ~Zgb hij_ "~ eyxsZyky \bamZevgu
[ ehjh _1Z [ _a azZf_Igh]lh ij_h[eZz”~Zgby Ih]l]h beb bgh]h p
j_adhklv nhlh]jZnbg_kdh]h bah[jZz" _gby hp_gb\z_ fz:
aZf _lghc g_j adhialz? ©k&h[jZ _gby \hagbdZxs _]h
I _j_f s _gWwa”mrgh]lh;km~gZ
IjhkljZzgkl\Zgj@Zzaj d4xsZy Kkihkh[ghulv ™ &yagg ih]jZgbqgh
dijb\hgshkgh§yZklhidhgljZzklghc o0zZjzd|l _QIbkkygddd Z
ijZ\bevghklv wdkihgbjh\Zgby b i_j\bgghc h[jZ[hldb hij
ihdZazl _ey dhgljzklz
Ba i_j_gbke_gguo ihdZaZl_e_ kdm]jhh{jZablgl\Z Ihe
hrgh]lh batgbdZzazl ey dhgljZKKL J - ijb\_"zg kihkh][
gbke_gghc hp*bgddi abhhg mklbdagZgqcglmyZ hkgh\Zgbb dhlhju
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k" ezZlv \u\h” h ozZjzdl_jbklblhfi2Z\dd@\ZzhdZaZgu g_"h
ijbf_g_gby nhjfmeu ba ~Zggh]h gZpbhgZevgh]h klZg”"Z
hit _dlb\gZy b mgb\ _jkZevgZy nhjfmeZ hp_gdb dhgljZklZz
?sz h”gbf gbke_gguf ihdZazZl_e_ f nhlh]jZnbg_k
hij ~ ezgguf =HKL -J A"himklbfuf agZq _gb_ fOy\ey dhw
we_ f gl jZzaj_r_gby?2 | _ ijhyagkNsgy kihkh|gdhdkdqg gb
dhlhghg  ~“henig \urZlv ibd& _&yhljy gZ Itmitgfhhgmluc kih!
hp_gdb ijhkljZzgkl\_gghc jZaj rZxsg& kik®@Dgh kah[jZ ¢
themq_gghke]jhgbgghc djb\hc *hklZlhggh rbjhdh hibk6f,g \
\ "Zgghf gZpbhgzZevghfhkikggBjl f Ih*bdb hp_gdp ghhkn
N eZ | g \hafh ' guf ihemqg_gb_ _]h dhjj_dlguo hp_ghd
HklZevgu_ ihdZfd@zghebhlg klb d jZajy”m dZq_gl\
\ujZ"  _gguo \ gbke _gghf \bAr_ >ey hp_gdb I1Zdbo ihdZ
bkihevah\Zgb_ hj]J]Zghe _ilbgq_kdh]h Il hkms_kl\ey f
\hkijbylbc hjl]Zgh\ gm\kb @ Itkhz\k_fb ijbkmsbfb _fm g
HrghagZqgh hij_~ _eblanizidbfaffhFgh ebrv gZebgb_ beb I
kgbfdZo bah[jZ _gbc h[eZdh\ b “ufh\ | g c hl gbo [ebc
_ hklZevguo ihdZaZdebgby khk_"gbo kgbfdh\ ih bgl_]j-
dhgljZzklm p\_Ih\hfm Ihgm ijZ\bevghikljp dhkib p aygh
yley |ky azZz”~Zq_c \_kvfZz g_h~ghagZgghc \\b "m km]
hkh[_gghkl_c bg”"b\b"mZevgh]h \hkijbylby bkihegbl_e_c
< ] : K Dmagdhk\h_c¢c dg®Wwjhnhlh]jZnby Hkgh
f ljheh]byibkZe ©Iljh[e_fZ hlukdZgby gZb[he__ wnn_d
ihal\heyxsbo h[t_dlb\gh b ijhklh hp_gblv« bah[jZab
Zwjhnhlhbah[jZ _gby k mgzlhf gZagZq _gby kgbfdh\ Baz
ZgZebaZ khuyofbkldhqqghd2?l bghjfZlb\ghrcdmf_glZpbb ke Ar
j_r_gb_wlhc gZ™qgllh*gy*gbe 1Zd b g .gZc”™ _gh
lh~I\_j°~ gb_f ~Zggh]h nzZdlz kem bYbdghgnlkhoh»
| jfbgheh]lbb hij_~ eyxs_c¢ dZq_kl\h bah[jZ _gb3021<
bkihevam_Ilky | _jfbg ©nhlh]jzZhdg_Kidh_2 Zwjhnhlhkc
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aZbfkl\h\Zzggh_ ba [he__ jZgg_lh ghjfZlb\gh}te-3280 m f
©Hkgh\gu_iheh” _gby ih Zwjhnhlhkt _fd_ \uihegy_ fhc "e
lhih]jZnbg _kdbo dZjl b ieZzgh\?2 < mihfygmlhf Ijm”~_ : K

dZd&l\h hij_~ e gh dzd ©k\hckl\h dhlhjh_ oZjzdl_jb
yjdhklguo jZaebqgbc nhlh]jZnbjm_fhDhq_ kJjthdIDB&ah[jZ _
hij_ ~ e _gh khihdmighklvx ljZ"2@gdhgjgindog _kdbo

kljmdImjhf_Iljbg_kdbo o0zZj4dl_jkkkhok!|\ kgbhZdgZdl jbamxs
hlgzleb\mx i _j ~Zgm "~ _|Ze ¢ b j_ add@RIvibalijeh’ kgphyjZ=
bkihevah\Zjifbg ©bah[jZabl_evgh dAd& gh[kiMZxslgzZidhe
dhjj_dlgu

Kh\j f ggu_ kj _~kI\Z b f_Ih~u hp_gdb bah[jZabl
dhkfbqg_ k dgmof &h\

< - 11 ijbgylu ghjfZlb\gu_ ~"hdmf_glu | JeZ
dZq_kl\h "Zggtie HKALAJ -2021[6] b =HKL J -2021[7] :gZeba
wlbo klzZzg~zZjlh\ ihdZaZe qlh- =HKKh?™ j bl ebrv kZfu_ ¥
iheh” _gby ih hp _gd_ dZg>KWAN ["Agqdd aZeghbyhddddojb \
f IThAbd ihalheyxsbo mklZgh\blv \hafh ghklv bo p_e._
=HKUU - Ijb\h~blky i_j_q_gv ihdZaZl_e_c¢ dzZq_klI\
0ZjzZdl_jbklbdzf bah[jZabl_evgh]h dzZqg_kI\Z fh gh -hlg
gZklhlgu_ b jZz~*bhf_Iljbgq_kdb_ ihdZazZl_eb H~”gZdh ~Zgg!
g_ kh” _j bl gb f Ih~bd hp_gdb wlbo ihdZaZl _e_c¢c gb ag
hr"ghagZggmx hp_gdm ijb]h*ghklb fZI _jbZeh\ >AA "ey |

ljbgylb_ \ur_mdZaZggu\guwdjfBdmf glh\ 1Zd b g_ |
j_rblv azZz”~"Zgm khabdgpy ih"oh”Z d hp_gd_ dZg_klI\
dhkfbg_kdhc ktzégbwlbo p_eklcarzZgzZz kbkl_fzZ \Zeb"z
ih~“kimlgbdh\uo gZ[ex”_gbc =hkdhjihjZ gbklZk lddHkfhkb |
kK Iv I _klh\uo mgzZkldh\ "ey dhgljhey baf_jbldakghuegp kdj
kgbfdhG_kfhljy gZ ijh*"_eZggmx dhehkkZigfgmbZ j& phlgr
dzZq_kI\Z b ijb]lh~rghklb fzZl _jbzZeh\ dhkfbg_kdhc Kk
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nhlhhih]jZznbqg_kdhcb KtA&flgghkldp_ | _jyZldimZevghklb  Hkg
ijh[e_fhc \ ~Zgghf kemqZ_ yley |ky hlkmlkl\b_
j_lezf_glbjh\Zgguo f_Ih~bd

Hp_gdZ dzZg_kI\Z dhkfbgq_kdbo kgbfdh\ \ gzZklb b
khklhbl \ baf_j gbb dhgljhevguo |Ihg_d ih bah[jZ _gb
dhjitbgzl gz f_klghklb gdhwhkgbpb jgihbhgZevgh]lh ihel
(Rational Polynomial CoefficientsRPC) |Ihemqg_ggu_ j_amevliZlu kjZ!
dzZlZeh]hf dhhjr*bgzl dhgljhevguo Ilhg_d ihemqg_gguo \ j
ithe \uo ] h~ _abg_kdbo bafdZagbceyfh dzZq_KklI\Z
0ZjzZdl_jbklbdb IThgqghklb baf_j _gguo ih kgbfdm dhhj4bg
kj_~g__ Z[khexlgh_ hl&eBg kgbrg = d\zZz”jZlbqgq_kdh_ h
(KDH kbkl_fzZlbqgilkKldZyghkIvDhebg_ _klI\h b iehlghklv jZKki
dhghevguo |lhg_d Z IzZzd _ ihdZaZl _ev lhqghklb K:H be
j_lezf_glbjmxlky Ij_[h\Zgbyfb ghjfZIb\@&d51"hdmf_glh\

JZ[hlu ih kharZgbx f_Ih”"bd hp_gdb bah[jZabl_evgh
dhkfbg_kdhc ktzfdb ijh\h~ylky b ba\HRIghf mma_ |Zdbghijbf
klZeh kha”Zgb_ k_jbb ijh]jzff ©:g-Zeb%? ©Cylg e lFa
©:g&€ba 2@ N=MI| ©=hkp_glj ©I1j8j26)2ZP@> |jh]jzffZ iha\h
hij ~ _eylv 1zZdb_ ihdzZaZzZl_eb bah[jZabl_evglKjh ~gk&qg
jZaj_rZxsmx kihkw[gdjkirgbc jZzaf_j h[t_dlZ jZaebqZ_fh
kgbfd_ kj_~gbc yjdhklghc dhgljzkl dh”u yjdhklb ~b
kj_~g__ jZaj_r_gb_ gz27. DgdkibdZau\z_1| ijzdlbdz i_j_
0ZjZdl_jbklbdb g_ ihalheyxl ~"Zlv iheghhi bjakhkjlZzabl g
dZq_kI\_ kgbfdZ ihkdhevdm mqgblu\Zxl "Ze_dh g_ \k_ _
gzldhklv rmf ~ufdzZz b 7~j < wlhc k\yab ijh]jzffz g_
ijhba\h~kI\_ggh]h ijbf_g_gby

?sz h~rghc ihiuldhc kharzZgby kbkl_fu hphlhd Il Zoca hl|j
dhkfbg_kdbo kgbfdh\ gZ hkgh\_ gbke_gguo oZjZdl_ jbk
HHHOP glj bggh\Zpbhgguo | _ogheh]bc? \ jZfdZo ijh]j.
©,PDJH OHGLD 88&aHQMWHZ¥fZ ihalhey | hij_~_eylv ijhkl
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jZaj_rZxsmx kihkh[ghKkidhvZz kihdZazZl_eb mjhxgiyhjmphih _
hlghr _gb_ kb]JgZe rmf b KDH rmfZ kj_~g__ agZq_gb_
ihdZazl _ev dhgDZHdlZb ijh]jzZzffZz ©:gZeba? "Zggh
hf_ki_qgq_gb_ mqgblu\Z | NZe dh g_  \k_ izZjzZf_lju
bah[jZabdhevdZqg klI\h kgbfdZ b hdZau\Zxsb_\ebygb_ gZ
ih gbf ijhA"mdbjthld _ Th]h 2Z\lhjzfb g_\k_]"Z ijZ\bevgh []Z
ijhkljZgkl\_gghc jZaj rZxs_c¢ kihkh[ghklb ih” dhlhjh
nhlh]jZnbg_kdZy j _adhklv qgzldtklv LdBELhdZaZzgh gl
hij_~ _ezgghlh \b~Z h[jzZ[hld_ ih\urzZ_Iky jZaj_rZxsZy |
ljhkljZgkl\ _ggZy jZaj_rZxsZzZy Kigkdyghikkyv g hlt_fe.
0ZjZdl_jbklbdhc kdbfdjZzy bkoh”y ba _z hij_~_e_gby
aZ\bkbfhklb hl ijh\h~bfhc h[jXthzlfdimgZkelbbkl fZ azZj ]bk
hit_dlI bf xs_]h jzaf_ju gZ ij_~_e_ jZaj_r_gby Ih
hij_ ~ ey |ky jZaj_rZxsZy kihkh[ghklv kgbfdZevd crZd
ihklh[jz[hldZ kgbfdzZ g_ ijh\h"bezZkv gh\uo [he__ f_e
ihy\blvky g fhb\l *zggu 8@>j amevlZlu h[jZ[hldb ih i
ijhkljZgkl\ _ggh]h jZaj_r _gby ih kmlb y\leyxlky memq
\hkijbylby kgbfdZ imlzf ihlbrngbyjZnbg_kdhc j_adhklb
|Zdhc h[jZ[hldb bkdmkkI\ _ggh gZjmrZ |ky jZkij_"~ e gl
ih]jZgbqguo i_j_oh”"Zo bah[jZ  _gby ©j adbo djzz\2 df
hp_gd_ ijhkljZgkl\ _gghc jZaj_ rZxs_c¢ Kkihkh[ghklkZdhhe
bah[jZ gbx hp_gdb y\eyxlky bkdZ zggufb b g_ fh]lml ijZ
_ImZdlbg_kdmx ijhkljZgkl\ _ggmx jZaj_rZxsmx kihkh[ghlk
AZ"Z2qZ hp_gdb dZqg_klI\Z dhkfbg_kdbo kgbfdh\
jZkkfhlj gz \ jZ[hlZo < 9,3 fGAAFjzf Ijh\ dZg_klI\zZ \ A
bklhggbd _ ij_~klzZ\e g mjh\g f rmfz -qizZkkhjigmk |
0ZjzZdl_jbxktbdjZaj rzZxsZy kihkh[ghklv b ebg_cgh_ |
f _klghklb ih]j yfdoh&hhj*bgzZlghc ijbWHaglbdh dzZd ihd
bkke "h\Zgb_  ~Zgogdj&fgZjimy g_iha\hey | hljZablv \ ihe
\bru gZjmr_gbc bah[jZabl_evgh]l]h dzZqg_kI\Z kgbfdh\ (
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hij ~ e gbb \k_]Jhjg2&hjZggu20®>ZjzZf _Ijh\ hdhgqZl _evg
h] bah[jZabl_evghf dzZq_klI\_ kgbfdZ Itteafdhgith kKe* & B am.
hp_gdb hi_jZlhjhf

Ba\_klgu ih*oh”u d hp_gd_ dZq_kI\Z dhkfbqgq_kdbo
bah[jZ  _gby h[eZggjrkhd 31>\ dZqgq_ kI\_ h[t_dlilh\ahd&HBl e
dZq_kI\Z dhkfbgq_kdh]h kgbfdz ij_~eh” _g djbl_jbc \u
] _h ljbg_kdhc dhgp_gljZpbb ~_n_dlh\ bah[jZ _gby >
kemqgzZ_  y\leyxlky bah[jZ _gby h[eZdh\ gZ kgbfd_

Bkke_"h\Zgby ih kha”“Zgbx f_Ih”bddhifbgd Kk diza kiglh
\_"mlky b az jmqd _ jZHh[R2B3@ \ dZq_kI\_ ihdZazlleeegthdh
dzZq_kI\Z jzZzkkfzZljb\Zxlkydhgdkdklgdy ozZjzZdl_jbklbdZz
jZkk _ygby ebgbb ihdzZazZl_eb mjh\gy ke&m@Z@ghhtbfh
Il _j_gbke _gguo ihdzZaZl e _c¢ jZkkfZljb\Zxlky \ebygb
h[eZzqgghklv ~ufdZ g9gZ dzZfy KI\HZHgbfdhagbdgh\ gb __
nZdlhjh\  \uvuaulZxsbo ihy\le _gb_ Zjl _nzZdlh\ gZ bah]]
i _jbh*bg_kdb beb kemqgZcgh jZkiBegh jgkuociheh&iZzgghfr
\hijhkm ij_"~eh” _g \3pE[HAN_ 2\IhjzZfb ij_"eZ]Z _ |lky \uihec
dg _kI\zZz fzZl _jbZeh\ ihemqg_gwoaiodljhglmgdiib kbkl fZfb
ithfhsvx g_cjhk_Ib h[mqg_gghc ih kgbfdzf hldjulhc [k
(Tampere Image Databasg ZaZ bah[jZ  _gbc kha”ZggZy \ mgb\ _j
Nbgeyg”By-39]1> Jy® f_Ih~"h\ qgqbkehmgdhab dhkfbqg_kdbo
jZkkfhlj_40\43.

G_kfhljy gZ kms_klI\mxsb_ ih”oh”u hp_gdZ dZqg
\uiheg_gbb jz[hl ih nhlhlhih]jZnbg_kdhc ktzfdb f_ kI
dZjlh]jZnbg_kdhc b bghc Ihih]jZnbqg_kdhc ijjmmadipbibl Kyh
mkeh\byo hlkmlkl\by | _]JeZf _glbjh\Zgguo f_Ih”bd \ [h
hkgh\_  wdki_jlguo hp_ghd k g _ba[_"gh ijbkms_c¢ bf km[:

Kj_~“b mqzguo \gzkrbo \dezZ” \ jZa\blb_ gZijZ\e
dzZq_kI\Z - ZlWwjhdhkfbg_kdbo ndhHhkgké& ~m_| hif_Iblv
< =:g”jhgh\z ? = <hjhgbgZz < < ?2)_f_\Z E
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< DAeh[bd&Z: DZ*gbgZgkdh]®h DhfZjh\zZ< : Dhl _evgbdh!
. KDmgdh EhQGa _gz\Z BPZlebg_p ?: FZevp_ \Z <Y
K KG_obgZz D G ¥YXAbjb"hQb[mgbR DDQF %UpGLI - -
M. Cramer, M. Crespi, NErdenebaatar, YJ.DXIPDQ [/ [/HOMehiaht
H OHL% QHU < ®Rdik® HU Sabadzadegan, ®Bchickler, C.A. Shah,
T. Sieberth, G.SSrivastava, BVallet, L. Vendictis, RWackrowb jy*"Z ~jm]bo

Hp gd_ bah[jZabl _evgh]h dzZqg_kI\Z ihk\ys gh fgh"
hleZklb pbnjh\hc nhlh]jZnbb gZb[he__ \Z gufb ba dhll
> < FZI\_ _\Z X B Fhgbq . E ljbhjh\Z M ljwll
< <KlZjhthh\z < < Ojys_\Z % -C.$BadRi OOM. &hurchandi,
A.C.Bovik, D.M. Chandler, L. Cormack, J. Egiazarian, Istemeiev, V. Kamble,
K. Lukin, L. Ponomarenko, M.FSabir, H.R. Sheikh, E.P. Simoncelli.

FZl jbZeu ZWjdhkfbg _kdhc nhlhktzfptb ddZm[ ki_g_g
dzq_kI\Z

Khlezkghfbgheh]bHKL J -2013 ©=hkm~ZjklI\_ggZy
hf _ki_q_gby _"“bgkl\Z baf_j gbc =KB F _ljheh]bq_kdh_
iheh _gby2 OH[tljHéh]bq_kdh]h h[ HaxghcgbXl_jbZevguc h
bebkbkl ,fbeb bo khklzZ\eyxsb_ ijhp_kku y\e_gby Kk
hij_~ e _gby khklhygby dhlhjuo \uihegy_ |ky eh]bgq_kdb a
baf j gbc iha\lheyxsZy ihemqgZlv baf_jbl _evgmx bgnhjfz
\ujzZ[hldb j_r_gbc ih ijb\_~_ghx hdZ dhZz khklhygb_2 Bz
hij_~ e _&ly” m_| qgthb Zdhjkfbg_kdb_ kgbfdb fhlmt_ylNé&yl
hl_ki_q_diEy kMNZgZklb bah[jZabl_evguo k\hckIl\ “ey w
jZajalzlv kh\hdmighklv baf_jbl_evguo ijhp_"mj ihal\l
goke_ggu_ oZjzdl_jbklbdb gZ hkgh\_ dhlhjuo fh gh [r
bah[jZzabl fedghp_ kI\_ kdgbfdlh ijb]h*ghkib\uiheg_gby jZ[lI
nhlihhih]jZznbg_kdhc_ktxflghklbey h[_ki_qgq_gby bah[jZal
dZzq_KkI\Z kgbfdh\ g_h[oh*"bthfrhgbXker_ ghko ihdZazZl_e_c

bo hij_"_€45 by



18

Pbnjh\hc kgbfhd ij_~klz\ey | ba k_[y jZkljh\h_ bah]
baf _j gbc ih g_fm ~“hklmigu ebrv ibdk_iewvghf jdkhjgpy DI
ghf_j klhe[pZ b kzZfh agZqg_gb_ ibdk_ey \ ijbdikilizcepgdu|
hij_ ~ ey fu_ ih kgbfdm gbkeh\u_ o0Zjzdl_jbklibdb \ |
bah[jZabl_evgh]h dzZq_kI\Z y\eyxlki\ | gahwe v |Z ydfd

P _eb b az”"Zqb bkke "h\Zgby

P _evx bkke_ _"h\Zgby j¥Yeg¥[hkgZ f Ih~heh]bb h[_
dzZq_kI\Z fzZl _jbZeh\ Ihih]jZnbmg ddckfbgZwghc nhihktzfdb
bah[jZabl _evgua k\hckl\
lh~ ihgylb_f f_Ih~heh]b \ ~Zgghc jZ[hl_ ihgbfz _ I
ijbgpbih\ f_Ih~h\ ijeibdehdh\ ~ey hp_gdb dzZq_kI\Z Ihi
Zwjhb dhkfbgq_kdhc nhlhkgbfdh\ \ qZklb bah][jZalklihlehzg
f ITh~heh]bb \oh”bl | _hj Ibg_kdzZy [ZaZ f_Ih?*u b bgl
djbl _jbb hp_gdb Bkoh”y ba mdZaZggh]h &yrkikb\'Z gfb yh
ihklZz\e _gphelbkke ~h\Zghywoh”bifir _gbkh\hdmighklb qZk
azZ"Zq
1. Bkke _"h\Zgb_ kms_klI\mxsbo iml_c j_r_gby ijh[e_fu I
fZl _jbZeh\ lhih]jZnbq_ kdihc d&Zkfjhg kdhc nhlhktzfdb
bah[jZabl _evguo k\hckl\

2.:9gZebadhliZzjh\ \ebyxsbo gZ bah[jZzabl_evgh_ dzZqg-Kl\h
dhkfbg_kdhc nhlhktzfdb b hij_~_e _gb_ hkgh\guo *"_
\ke "kl\b_ \ebygby "Zgguo nZdlhjh\

3.JZajZ[hldZ kbkl_fu gbke_gguo ihdZaZl_e_c¢ kljmdIlm
Zw4itb dhkfbqgokidgbfdh\

4.JZajZ[hldZz f_Ih*Z hij_"~ e _gby agZq_gbc klIjmdIimjhf_
bah[jZabl_evgh]lh dZd¢g kRkfZgquikdbo kgbfdh\

5.JZajZ[hldZ kbkl _fu qbke _gguo ihdZaZzZl e c¢ ]jZ22pbl
dhkfbg_kdbo kgbfdh\

6.JZajZ[hldz f_Ih~Z Ibiy_"agZg_gbc ]jZ"Zpbhgguo |
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bah[jZabl_evgh]lh dZd¢g kKRkfZgquikdbo kgbfdh\
7.Hij_~ e _gb_ “"himklbfuo agZq_gbc ihdZaZl_e_c bah][jZ
8.JZajzZ[hldz f_lh~"bdb ZzZ\IhfZlbg_kdhc hp_bddhldfzdg kdd

kgbfdh\ \ gqzZklbabahgyfHHuo k\hckl\
9.JZajzZ[hldz kbkl_fu zZ\IhfZlbg_kdh]h ijbgylby j_r_gby

dzq_kI\ - Bwdiihkfbgq_kdbo kgbfdh\ gZ hkgh\_ jZajzZ[hlZg

Khlezkgh =HKL J BKH FWD kbkl _f#Zwlh dhf[bgZp

\aZbfh”_ckl\mxsbo we_f_gdh\Zglgjydagbey ~hklb  _gby h
g_kdhevdbo ihklZ\e _ggi{4d] pZeajL[hlZzggu_ gZ[hju qgb
ithdZazZl _e ¢ bah[jZabl_evgh]h dZg_klI\Z \ iheghc f_j_
hij_ ~ e _gbx qlh[u kgblZlvky kbkl_ fhc

H[t _dl b ij ~f_| bkke _~h\Zgby

H[t dlhbkke ~h\Zgby ylehixdky f Ih*u b | _ogheh]by
azZ”"Zq "bklZgpbhggh]h ahg”bjh\Zgby b nhlhlhih]jZnbc
hf _kg _gby bah[jZabl_evgh]hljdZghikIhKke "*h\Zg\eyxlky
fZl _jbzZeu -Zwjhdhkfbgq_kdhc nhlhktzfdlfu_ ihlemipZ ggu
kbkl fEf>AA

GZmqggZy gh\bagZz

<i_j\u_ J_r_gZ gZmqgZyzijhdpeZ[fidZgZ b wdki_jbf_
ih~ I\ _j°~ gz f _Ih*hek]doyggdqlt hp_gdb bah[jZabl_evg
fZl _jbzZeh\ -ZWwjldhkfbgq_kdhc kt _fdb nhjfbjmxszZy gh'
ih\ur_gby dzZq_kHEB dtwkhbg _kdbo bah[jZ gbc “ey kha
lhih]jZnbg_kdhc ijh”mdpbb

<i_j\u_ kha”ZgzZ gZmqggh h[hkgh\ZggZy kibkljbfy

ihdZaZl_e_c \dexqgqZxsb _ \aZbfh™hihegyxsb _ ]jm
kljmdImjhf_Ijbq_kdb _ ijhkljZgkl\_ggZy jZaj _rZxsZ
nhlh]jZnbqg_kdzZy j_adhklv b ]jZz"Zpbhggu_ jZ~bhf_|I

p\_Ih\hc jZza[ZeZgk kj _~g__ d\Z~jZlbgkemdbhZchhdbhgn
yjdhklv Aufdb ihl_jy bgnhjfZpbb \ h[eZklb | _gb b azZk\_
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ih\ur_gb_ dZq_ki\W dhkjitbg_kdbo bah[jZ  _gbc

< hlebgbb hl kms_kl\mxsbo ih*oh”~h\ kha”*ZggZy
h[_ki_qb\zZ | h[{t_dIb\bazZpbx ijhp _dykh\ b kiddhegdglZ x s
km[t _dlb\guc nZdlhj h[_ki_gb\Z | nhjfZebaZpbx hp_
ih\ur_gb_ Ihgghklb | _ogbg_kdbo j r_gbc qlh iha\hey
j_r_gby az”~"Zq “"bklZgpbhggh]lh ahg”®bjh\Zgby b nhlhlhi

Kha”rZggzZy f_Ih*heh]lhgyghy_ kiZqg_kI\Z \i_j\u_ il
Z\lhfZlbg_kdb \ _jbnbpbjh\ZIlv ijb]lhrghklv fZl jbZeh\
ijhba\h”klI\_ggu_ pbdeu 7~ey kha”Zgby b h[gh\e gt
wdheh]bg_kdbo a_fe_mkljhbl_&vfgzdbqgb ktljoroljbdozjl b ie
kharZgby pleihh@nbg_kdhc ijh"mdpbb

L _hj Ibg_kdZy agZqgbfhklv jZ[hlu

< jZa\blbb | _hj Ibg_kdbo iheh  _gbc hp_gdb dZbg_k
dhkfbq_kdhc ktzfdb \ qZklb bah[jkdabdZekqalojZa&hZ[htdDb
f Ilh*bq_kdh]h Zziizjzlz zZ\IhfZlbgq_kdhc hp_gdb bah[jZ
hkgh\_ kbkl f gbke_gguo ihdZazl e c¢ ij_~eh gz f_|I
bah[jZabl _evgh]h dZqg_klI\Z kgbfdh\ 7~ey kha”Zgby p._
ijh"mdphpezr"Zxs c |j_[m_fufb oZjzdl_jbklbdZfb

ljzdlbq_kdzZy agzqgbfhklv jZ[hlu

< jJj_amevlgh\ ~zgguo bkke_ "h\Zgbc jZajZ[hlZgZ
Z\IhfZlbg _kdh]h ZgZebaZ bah[jZabl_ evguwjRdhtkkfbfq | kd
ktzfdb bgl_J]jbjm_fZy \ ijhba\h”kl\_ggu_ pbdeu ijhnbe
dZq_kI\_ dexqg_\h]h we f _glZ kbkl_fu i_j\bggh]h I _oghel

J ZebaZpby "Zgghc f_Ih~heh]bb h[_ki_qgb\zZ |
Anhjfbjh\Zgb_ pbnjh\hc kbkl _fu hp_gdbj@nél\klgguo MiZiyk
Aklzg~rZjlbazpbx ijhp_kkh\ \_jbnbdZpbb ijb]lh*igh&tE gk

p_e \hc Ihih]jZnbg _kdhc ijh*mdpbb

AfbgbfbazZpbx km[t_dIlb\gh]lh nZdlhjZ ijb ijbgylbb | _oghe
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<g_"j_gb_jzZzajzZ[hldb \ghkbl agZgbfuc \dezZ”" \
Ah[_ki_q_ lgmgheh]bg_kdh]lh km\_j gbl _ 1Z IJN \ kn_j_ >A/
Akgb® _gb_ az\bkbfhklb hl aZzjm[_"guo j r_gbc \ h[eZklb
h[jZ[hldb
Aih\ur_gb_ dhgdmj_glhkihkh[ghklb hl _q_kI\_gguo ]
| ogheh]bc gZ Jeh[Zevghf jugd _
Aij_~hI\jzs_gb_ kljZl olbjpkkthd k\yaZgguo k hlklZ\Zgb_
eb” _jh\ \ h[eZklb pbnjh\hc ljZgknhjfZpbb ]_h”Zgguo
LZzdbf h[jzahf ij ~ez]z fzZy f_Ih~"heh]by kihkh[k
mdj_ie_gbx gZpbhgZevghc [_ahiZkghklb b "hklb™ _gbx I_
\ jZzfdZo bfihfllsagby djblbg_kdb \Z'guo hljZke_c wdhghf

=jZgbpu bkke "~h\Zgbc

FZI _jbzeZfb ~ey bkke ~h\Zgbylgyeykebk&ZgmhfZlbqg
jZkljh\u_ bah[jZz _gby k jZz*"bhf_Iljbqg_kdbf jZaj_r_gb_f g
P\ _ITh\Zy ko_fZ p\_lguo bah{ydlbyfeB).

F Ih~Aheh]by b f_Ih~u bkke _~h\Zgby

Bkke_"h\Zgb_ ijh\h*"behkv k bhkihehviainkdtbo f f Hh»
N "mdpby wfibjbjpflbg_kdbo fxlZ}higbgb&dgzZzefgd hkgh\
hrghf_jghlh b "\mf jjghjdahi\Zgby Nmjv_  ]b&lE]gZéfga
wfibjbg_kdbo fxfEA*hf\ZIbqg_klkdh_ebjh\ZdgbllhwZgZebaZzZ pbnjt
nhlh]jZnbq_kdbo bah[jZ _gbc

< dzZq_kI\_ fzZl _fZlbg_kdhc hkgh\u “ey j r_gby i
ijbf _g _gu f_Ih”u \uqbkebl_evghc f#1l fZaZblmdtkdh]h Zg
fzl fzgb kdhc klZlIbklbdb fzZl_fZlbg_kdh]h b nbabq_k
| _hjbb \_jhylghklb

Wfibjbg_kdhc hkgh\hc bkke_ "h\Zgby ihkem beb
bah[jZ _gby fZl _jbZeu ki_pbZebabjh\Zgguo hildj
nhlh]jZnbq_kdbo bah[JVE Dghbase [6-49@ b 7,' fZl _jbZeu
b dhkfbg_kdhc nhlhktzfdb 1ihemqg_ggu_ jZaebqgufb Kkt;
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lhih]jZznbg_kdbo p_eyo Z |1Zd _ j_ameviZlu wdki_jlgu
Ij_"klZ\bl_evguo ]jmii ki_pbZebklh\

GZmqggu_ iheh  _gby \ughkbfu_ gZ aZsblm

i JZajZ[hlZggu_ gbke _ggu_  f _Ih~u hp_gdb kljmd
liZz"b_glguo k\hckl\ Ihih]jZnblyg dibdkdbgZwpgibho nhlhkgbfdh)
gbke _ggh hp_gblv dZqg_klI\h i_j ~Zlhqguo k\hckl\ b \hk
jZaebqgbc WMtktufdb

i JZajzZ[hlzZzggzZy f_Ih~"bdZ ZzZ\IhfZlbg_kdhc hp_gdb bat
fZl _jbZeh\-Zwjdhkfbq_ _kdhc ktzfdb ihalhey | Z\IhfZlba
ijbgylby j_r_gby h ijb]h*ghklb kgbfdh\ "ey ~"Zevg_cr_c
h[jZ[hldb

i JZajzZ[hlZzggZyhwéhlby h[_ki_q_gby dZqg_kI\Z fZI _jbZeh'
Zw4b dhkfbqg_kdhc nhlhktzfdb hkgh\ZggZy gZ ij_“eh’ _gg
f_ Ih~"bdb Z\lhfZlbg_kdhc hp_gdb ithalhey | \uihec
ijhba\h”~kl\-lgghbqg_kdbc dhgljhev hij_"_e llgbikg bjfa]h\" gtx
kharZgby p_e _\hc Ihih]jZnbq_kdhc ijh*mdpbb

GZmqggu_ j_ameviZlu \ughkbfu_gZ aZsblm

i kbkl fZz qgbke _gguo ihdZaZl e _c¢c kljmdImjhf_ljbgbkd
dhkfbg_kdbo kgbfdh\

i f_Ih™ hij_~ e _gby agZq_gbc kljmdImjhf_Ijbg_kdbo ihdZ
dzq_kI\zZ Ewdjihkfbg_kdbo kgbfdh\

i kbkl fgbke gguo ihdzZaZl e c¢ ]jZ"Zpbhggh odkKhlxd ]k d:
kgbfdh\

i f_Ih~ hij_~ e gby agZq_gbc ]jZz"Zpbhgguo ihdzZaZl
dzq_kI\Z Ewdjihkfbg_kdbo kgbfdh\

i f_Ih*bd&XlhfzZlbg_kdhc hp_gdb dBqdkk¥BgZwpibo kgbfdh\
bah[jZabl _evguo k\hckl\

i kbkl_ #AlhfZlbq_kdh]h ijbgylby j r _gby h[ bah[jZablbev
dhkfbg_kdbo kgbfdh\ ih j_amevlIZI|Zf ZgZebaZ agZq_gb
jZajZ[hlZgghc f_Ih~bdb
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KhhiI\_IkI\b_ ~bkk_jlZpbb iZkihjlm gZmglgdhc ki_pbZe

>bkk_jlZpbhggZy jZ[hlZ khhI\_IklI\m _| ke_"mxsbf h]J

\dexq_gguf \ iZkihjl gZmqghc ki_pbZevghklb
bkke ~h\Zgby A_feb nhlh]jZff_Iljby jZajZ[hlZgguc wdk
Fbgh[jgZmdb Jhkkbb

L _hjby b f Ih”"qu gbgmbah[jZ gbc JZajzZ[hldZ b
| ogbg_kdbo kj_~klI\ b | _ogheh]bc nbdkbjmxsbo \ \b”™_
we_f _glu h[t_dlh\ bkke_~h\Zgbc F_Ih”u ih\ur_gby dzZqg
bah[jZ _gbc

L _hjby f Ih~u b | _ogheh]by | r |doypbhgdglr]
ahg”bjh\Zgby b nhlhlhih]jZnbg_kdbo kt_fhd k ijbf_g
e |Zl _evguo ZiiZjZIh\

F Ihau b | _ogheh]bb kha”Zgby b h[gh\le_gb"
wdheh]bg_kdbo a_fe_mkljhbl_evguo b *ym]bo | _fZlbq_|

>hklh\_jghklv lkghlfBEgghklv gZmgguo iheh”  _gbc
j_dhf_g~Zpbc

>hklh\_jghkliw[hkgh\ZgphkmhwevIZlh\ bkkeil®h\Zgbc gZ
kljhJhklvx ba\_klgh]h b ijh\_j ggh]h fzZI _fZlbq_kdh]h Z
eZ[hjZlhjguo Db ijhba\h”kl\ _gguo wdki_jbf ghib\evgido
Ij_"ijbylbc ki_pbZebabjmxsboky gZ kha”Zgbb Ihih]jZ
H©JhkdZjlh]jZnby? k_oc@XkkdldDzZklj? HHH ©Kb]fZ
HOMjZ&b[bjkdZy ] _hbgnhjfZpbhggZy dhfiZgby?2 \ jZ1
Jhkm~Zjkl\ _gguo dhgljZzdlh\ itbkhaWeghbddjA¢gghc dZjlh]jZ
hkgh\u Z 1Zd _ \uiheg_gby oha”h]h\hjguo jZ[hl :H
h[jZz[hld_ ~Zgguo [hjlh\uo \b”_hdzf_j kbkl _fu | _ogbqg_Kk
©EZklhqdz2OHHHJIMII? ijb jZajZ[hld_ pbnjh\uo j r _gbc
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ijh[Zpby jZ[hlu

Hkgh\gu_ iheh  _gby b j _amevlZlu bkke_ ~h\Zgby h
ijZdlbg_kdbo dhgn_j gpbyo9b RuktmdZjh”"gZyijgdbog hk d 2z
dhgn_j gpby ©:dlmZevgu_ \hijhku ] _h” _abb b ] hb@gnh
k_glyl[jy ] D¥aZdv "mgidh"gZmjggiibg_kdZy dhgn_
©=_h”~_aby FZjdr_c”_jby :wjhkt fdZ GZ pmjjZey\ dh\j
Fhkd\zZz,9 F_""mgZjh~rgZy \uklz\dZ b gZmgguc dhg]j_kk
Kb[bjv a Zij_ev ] Gh\hkb[bjkd <k _jhkkbckpdZy
©Ljzgkihjl Jhkkbb ;;, \_dzZ2& k_dpby ©Bggh\Zpbhggu_
| ogheh]bb 7ey | r _gby azZ”Zq |I|jZgkihjlz?2 hdly[Xv
F_""mgZjh"gZy -igZdgpgh kdZy dhgn_j gpby ©=_h”"_aby
wjhkt_fdZz & Ibx hljZzkeb =_h7ZjbdbpZbbd2 n_\jZey ]
Fhkd\Z ;9 F_""mgZjh~*rgZy \uklZ\dZ b gZmqguc dhg[bkk

a - Zij_ey ] Gh\hkb[bjkd F_""mgkjbdbogykd.
dhgn_j gpby ©Iljhkljzgkl\ _gghkgh¥kfygkijZl ]Jbqg_kdh]hbieZ
mijZ\e _gby b jZa\blby?2 ihkigsllpgZABB=:bD fZy ]
Fhkd\z ;. ki_pbZebabjh\ZggzZy DkRZWGY &*(Reh]hjZa
= h~_aby DZjlh]jZnby2 9,,, F_""migZ¢ghbgZikdgy¥ mpoggn
©:dimZevgu_ \hijhku ]_h™mhbbplbHgobg kbklkfagly[jy ]
DZaZgvy X[be_cgZy F_""mgZjh*¢4Zyglygnkgigty dhgn_j_g
kgbfdZ d pbnjh\hc | _Zevghklb "bklZgpbhggh_  ahg
nhlih]jzff_ljby? hdly[jy ] K-ymek jhkkbckdzZy hl
dhgn_j _gpby ©Kh\j_ f ggu_ ijh[e_fu ~bklZgpbhggh]h al
dhkfhkz2 Nbabqg_kdb_ hkgh\u f_Ih”u b | _ogheh]bb fh
kj_~u ihl_gpbZevgh hiZkguo y\e _gbcgh\Wfjy_dlh\] Fhkd\
F_""mgZjh*"gZy -gZdlypglZkd dhgn_j gpby ©=_h”_aby F

'wjhkt _fdZ2 n_\jZey ] Fhkd\z ,, F_""mgi{ztbdqykgZ
dhgn_j _gpby ©=_h”_aby dZjlh]jZnby b pbnjh\Zy j Zevg
©JhkdZjlh]ljZnbydhdly][jy ] Khgb ;,, fgZyYymgZjhqg

1jZdlbg_kdZy dhgn_j_gpby ©=_h”_aby FZjdr-c*njbyZew
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] Fhkd\z QGzdglgd_kdZy dhgn_j gpby ©Dhkfhgz\lbd
PGBBfZr - fZy ] F hAdVYih ISPRSCongress bxgy ]
j_"bf hgezZz@ghkljZzgkl\_ggu_ "Zggu_ gZmdZzZ b 1Zygheh]]hb
ISPRSPDA24 workshop07-  hdly[jy ]

Im[ebdZpithbl f_~bkk jlZpbb

Hkgh\gu_ | _hj Ibg_kdb_ iheh  _gby b j amevl
Ij_"klZ\e_gu \ im[ebdZpbyo ba dhlhjuo im[ebdZpbc
Il j_.g_gv Jhkkbckdbo j p_gabjm_fuo gZmqguo ba”Zgbc
him[ebdh\Zgu hkgh\gu_ gZmqgu__ jjlZohevpZukhbk&Zgb
AhdlhjZz gZmd im[ebdZpbb \ barZgbb \oh”ys f \ f_ "~n
[Zam “"Zgguo b kbkl _fm pblbjh\Zgby 6&2386 1Z1_gl

Bkihevah\Zgb_j_amevlZlh\ jZ[hlu

J _amevlZlu gZmqgghc jZ[hlu bkihevamxlky P_gljhf
©JhkdZjlh]jZnby? Kk c@ZikkdlaDzklj2 ijb \uiheg_gbb
| ogbg_kdhfm dhgljhex b ijbzfd_ fZl_jbZeh\ Zwjhnhlhk
ktzfdb ithemqgZ _fuo \ jZfdZo ]hkm~Zjkl\_gguo dhgljzdl
we _dljhgghc dZjlh]jZnbq_kdh© KhkpfZz\&r HBdHk2 H OMK=]
hp _gd_ fZl _jbZeh\ Zwjhnhlhktzfdb \ gZklb bah[jZabl_
hij_~ e _gby kl_i_gb bo ijb]Jh~rghklb ey ~Zevg_cr_c
h[jZz[hldb b ihemq_gby ijh*mdpbb Ij_[m_fh]lh dzZq_klI\Z
hp_gd Z\ipevghklb p\_|hi_j ~Zgb b dhjj_dpbb [ZeZgkZ p
\b”r hdZf_j kbkl_fu | _ogbqg_kdh]h aj _gby glEH-]WKm3h\®k
Z\IlhfzZlbaZpbb HHHJI®IFL ijb jZajzZ[hld_ pbnjh\uo j_r_ gl
ijhfure_ggh]lh bgl_jg_|IZ \_s_c

H[t f b kljm@fZ[hlu

>bkk jlZpbhggZy jzZ[hlzZz R0ekljZDgbpizo | dklZ Khk
\\ N gloy jZa” _ehaZdexq_gby kibkdzZ elR05]4labu ghdZgb
5ijbeh” gb<dexqgl20jbkmgdBAIE[ebp
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1HIJ?>?E?GB? HKGH<GUO G:JMR?GBC BAH;J:ABL?E
D:Q?KL<: :W-JBl DHKFBQ?KDBO KGBFDH< <EBYXSBO
D:Q?KL<RHR?E?<HC LHIH=J:NBQ?KDHC IJH>MDPBB

P _evx "~Zggh]h jZa”_eZ bkke_ _"h\Zgby y\ey Iky
gZjmr_gbc bah[jZabl_evgh]hbddgkkdgZ kZdbjdr kgbfdh\ \ek
dZqg_kl\h kharp\2a fihac |Ihih]jZznbqg_kdhc ijh"mdpbb

>ey "hklb"  _gby ihklZ\e _gghc p_eb g h[oh*"bdhaZ"Zqd

ZgZeba h[sbo ih"oh”h\ d hp_gd_ bah[jZabl _evgalkld®Z
om”™h” _klI\_gghc nhlhpkkrebB hhZlghs kl\mxsmbd c j r_gb
ijh[e_fu h[_ki_q_gby 2\ kIhKfbq_kdbo kgbfdh\
nhjfZebazpby 1j [h\Zgbc d fZI-_ jbZekfbgwkdhc ktz
themqgZ_fhenkhEhih]jZnbg_kdhc ktzfdb b _khghkdgby p e
lhih]jZnbqg_kdhc ijh"mdpbb

ZgZeba nzZdlhjh\ \ebyxsbo gZ bah[jZabl e vdghkfhbdZ &k dl
kgbfdh\ b hij ™ h&kgdqihgOon dlh\ \hagbdZxsbo \&bkby@k i\
NZgguo nZdlhjh\

1.1 Hp_gdZ bah[jZabl _evgh]l]h dZqg_kI\Z nhlh]jZnbaq
hfsb_ ih”"oh”u

< h[eZklb pbnjh\hc nhlh]jZnbb b h[jZ[hldb bah]]j
hp_gdb dZq_kI\Z ihemqZ_fuo kgthehk kiZle\wgh joZHytblk éohg
ba gZb[he__ bebihlkelguazZjm[_"ddahjh\ Ze]lhjblfh\ hp_gdb
nhih]jZznbg_kdbo kgbfdh\ ij5jklIE*&[gu\ >h[ahju b bkke
f ITh~h\ hp_gdb dzZqg_kI\Z bah[jZ"  _gbc k»_eZgu |Zd 37,b J
52].

< jZ[h|ZB8, H-54@ ijb\_~ gz thé¢gkkbnbdzZpby f_Ih~h\
dZq_kI\Z bah[jZz _gby kh]ezZzkgh dhlhjhc hgb jZa"te_
dhebqg_kI\ _ggu_ hkgh\Zggu_  gZ \ugbke_gbb hij_~»
bah[jZz _gby b km[t_dlb\gu_ hkgh\Zggu_ gZ hp_gdZo w
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< gZklhys__  \j_fy gZb]jke_dlb\gufb bgl_gkb\g
jZa\b\Zxsbfbky y\eyxlky dhebqg_kI\_ggu_ f _Ih~u Hgb il
dZIl_]h 85353
1.9Z hkgh\_ wlZhehgaph\ bah[jZz gbc ijbf _gyxsboky "ey
bo dZq_kI\Z kh kgbfdhf dzZq_ki\h dmipjhlglkhivg_h[oh”bfh
2.k gZklbgguf bkihevah\Zgb f wlZehgh\ hkgh\Zggu_gZ
wlZehggh]lh bah[jZz  _gby Z g _dhlhjhc \u[hjhgghc bgnh
3.g_ wlZehggu_ ©ke_iu_2 f |h”u hkgh\Zggu_gZ ZgZe
ebrv hp_gb\Z fh]lh beyh[j4d ag ijb\e_q _gbgb[dhZdym]b
bah[jZ  _gbc beb bgnhjfZpbb h gbo
ljb bkihevah\Zgbb i _j\uo “"\mo dZl_]hjbc f_Ih~h\ h[.
bkihevah\Zgby 1Zd gZau\l\Z _fuo [Za “Zgguo [b[ebhl_d
dhlhjuo [ueh hp_g_gh klZIbkk\dlkdbgihc kmiihc wdki_jlI
ijh\_~ gby ki _pbZebabjh\Zgguo bkke_ ~h\Zgbc LZdb_
hidjulhf “hkimi_ b h[_ki_qgb\Zxl bkke_ _"h\Zl e _c¢ \ Ihf gbl
| _ bah[jZz _gbyfb dZg_klI\h dhlhjuo fh d2Zq[uk&X g b glgnbh
Hgb rbjhdh bkihevamxlky ~ey ijh\_jdb jZ[hlu f_Ih~h\ b .
b memqgr_gbx dZq_KkI\Z nhlh]jZnbg_kdbo bah[jZ _gbc F
\dexqg_gu \ h[rbjguc i j_ g _gv fmevlbf “bcguo [Za *"Zgg
dhgkhjpbmfhf 48%/Eufopean Network on Quality of Experience in
Multimedia Systems and Servicas?\jhi_ckdZy k_Iv ih dZqg_kl\m hiu
fmevlibf_"~bcguo kbkl_fSh@mkkpahj >hkgh\guo [b[ebhl_d
gZb[he_ _ rbjhdh_ ijbf_g _gb_ ijd@1"s6h \ jZ[hl
Ba ijb\_~zgguo dzZIl_]hjbc f_Ih~h\ hp_gdb dzZq_klI\Z
bgl j_k ij_"klz\ey | ikke wdxeghggu_ f Ih~ u | d hgt
g_hkihjbfuf ij_bfms_klI\hf ih kjzZ\g_gbx k "\mfy ~jm]l
ithkdhevdm g_ Ij_[mx| gZebqgby wlZehgh\
;hevrhc gZmqguc b ijZdlbg_kdbc bgl_ j k d ijh[e_
pbnjh\hc nhlh]jZnbb \ Jhkkbb b azZ jm[_"hf h[mkeh\e
"Zgghc az”~Zgb Ijb \bamZevghcqghehgd\uikgbfldZzdZg_ k
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bah[jZ _gblyagbdzZml g ]JihZdlbg_kélgh\ _ggh NhjfZeHdaby
kh\ihdmighklb ikbohnbabqg_kdbo ijhp_kkh\ kem Zsbo hk
taZ”"ZqZ \_kvfZ g_h"tphdadpZmlgjid¥ebaZpby |Ij _[h\Zgbc d dz
ljbf_jhf fh | kem blv IZdh_ hq_\b~gh_ [|j_[h\Zgb_ d d
gzlkI\GZbkmgdijb\_~gujbf_ukgbfldparrotsompb PRQDU MK E
wlZehgghc \u[hjdb [h[vbdtaAse qzldhklv Widbdhjh*"bgZdh\z
\k_fm ihex dzZ”jZ h~"gzZdaHdgddam kfi\fh gh kqgblZlv ohjpirb
wlh ~Ze_dh g_ _"“bgkl\_gguc ijbf_j g_h”*ghagZqghkl
hij_ ~ e gbb Ij [h\Zgbc d dZg_klI\m nhlh]jZnbg_kdbo kg!

Jbknghidl jbf_pkgbflddba wlZzehgghc \u[hjdb [b[ebhl_db /,
gzldhiah[jZz _glbyhjuidh ihex dZdg‘jZh”~bgZdhkpatrots.omp,[ +
monarch.bmp

1.2 NhjfZebaZpby Ij [h\Zgbd dZkijgbkah[jZ" gbyf
ihemqZiffreynhlhhih]jZnbg _kdhc ktzfdb fbkkglakibgby p e
Ihih]jZnbg_kdhc ijhAmdpbb

:wjh b dhkfbq_kdb_ kgbfdb ihemZhhfil]jZnheyg kd
ktzfdb f_klighkllbharZgby p_e_\hc I|hih]jZnbq_kdgheyxjk?$
ki_pbZevguf \bAhf fZl_jbZeh\ [|j_[h\Zgby d dhlhjuf "he"”
lj _[h\Zgbyfb d dZq_kI\m kha~z\zZ fhc ih gbf ijh"mdpbl
bah[jZzabl_evgald\ K\ _\b~rgufb [Zah\ufb I|j_[h\Zgbyfb d
kgbfdZf y\eyxlky
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1.qzldh_ \hkijhba\_~ gb_f edbo ~ |IZe ¢ gZ bah[jZ _gb
2.1jZ\bevgZy p\_|hi_j_ "ZqZ
3.iheghlZ p_e _\hc bgehjfZplZb uc mqgzZklhd bah[jZ _gby
ithe _agmx bgnhjfZpbx

>ey [hdhggh]lh hij_~ e _gby Ij_[h\Zgbc d dZd wkHm
dhkfbg_kdhc ktzfdb g_h[oh”bfh ijh\_klb ZgZeba nzdll
bah[jZabl _evgh_  ®ZdghiklY\h e gb_ "~ n_dlh\ kgbfdh\ |
\ke_ ~klI\b_ \ebygby "Zgguo nZdlhjh\

1.3 :gZeba nZdlhjlblyx\ssbo gZ bah[jZabl _evgh_ da&q |
dhkfbq_kdbo kgbfdh\ b hij_~ e gb_ 2~ n_dlh\ \haghbd
\ebygby "Zgguo nZdlhjh\

Bah[jZabl_evgh_ dzZqgbkdhtkkfdwjhkdh]h nhlhkgbfdZ hi
ke "mxsbfb hkgh\gufb n&/%V|Bg)Zfb >
1. klI_kI\_ggufb ijbjhrgufb mkeh\byfb ktzfdb hkgh\
yleyxlky hk\_szgghklv b khklhygb_Zlfhkn _ju
2.1 _ogbg_kdbfb mkeh\bwyhb\keéexfutbyfb ghkbl _ey \h \j fy \
ktzfdb | _ogbqg_kdbfb hkh[_gghklyfb ktzfhgghc dzZf_ju
dhfi_gkZpbb kéb]EIZ[bebhZppbEZ _gby Ibi aZl\hjZ b ij
3.1 _ogbq_kdbfb izjzf_ljzfb ktzfdb 1Zdbfb dzd \j_fy \u”
k\_IThgm\klI\bl _evghklb fZljbpu b 7]
4.1 _ogheh]bqg_kdbfb iZjZf _1jZfb i _j\bgghc h[jZ[BAld]
jZ "bhf_ljbq_kdihdpllpiy h[jZah\Zgby Jbklh]jZffu b ij
<ebygb_i_j _gbke_gguo nzZdlhjh\ ijb | _kghc bo
ijb\h~"blv d mom”r_gbx bah[jZabl _evgh]hG8ZgZ kk¥h |k gdu
hkgh\gu_ " _n_dlu fZI|_jbly eln\k bvgj hkddfdb \ualZggu_ \eb
Il _j_gbke _gguo nZx66)jh\
1. G_j_adhklv kfza
ljbgbgebg cgu_b m]Jeh\u_ i _j f s gby ghkbl ey \h
ktzfdbhkh[_gghklb hilbg_kdhc kbkl_fu ktzfhgghc dzZf_ju
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ljhyle_gb_ gZ kdpddbpu dhglmjh\ h[t_dlh\ gZ
Ij_~klZ\eyx| kh[hc g_ qzldb_ dhgljZklgu_ ebgbb Z jZafL
[61-67].

=D B G02-121- ©Jmdh\h~kI\h ih ~_rbnjbjh\Zgbx Zwijt
lhih]jZznbg_kdhc kt _fd_ b h[gh\e_gbb iezZgh\ fZkrlZ[h
ijbf_gbl_evgh d fzl_jbzezf Zwjhktzfdb hij_~_ey | h[sm
dhgimjh\ dzd j_adhklv Zwjhnhlhbah[jZ _gby = gZafulhEk
qg_ldhklv J adhklv b qg_Ildhklv bah[jZ _gby kgb Z>»
k\_Thgm\kl\bl_evghklb fZljbpu l&_"nkhl[_bghlv \ \b~"i
dimighfzZkrlZ[ghc Ihih]jZnbg_kdhc Zwjhkt_fd_ > @

< mihfygmlhf ghjfZlb\ghf YEdmfegbibgylby j_ adhkl
gzldhkld _hqg _\b~gh ihwlhEZrevg _cr_f [m”_f bkihleyfgz
©nhlh]jZnbg_kdZy j_adhklv bah[jZ  _gby? hij_~ eyxsb
liZzgbpu f_""m "\mfy mqzZkldZfb nhlh]jZznbg_kdh]h bah[j
khh[s _gu jZagu_ wdeBlhabpbb >

ljhje _fg j adhklb kgmbkdh\ggh ZdimZevgZ \ kl\yab
ZdIb\gujfbif_g _gb_f \ ijZzdlbd_ Zwjhnhlhktzfhqguo jZ[hl d
[ kibehlguo \ha”mrguo Kk[O]hy<K<K[ezZ~Zx| g [hevrhc fZ
g_ iha\hey | bf khojzZgylv klZ[bevghklv k\h_]h iheh"
Zwjhktzfhgguo jZ[hl Djhf_ Ih]h bdb[hegbf gykjsb __
Zwjhktzfhggu_ dhfie_dku h[hjm~h\Zgu g_Ilhih]jZnbqg_
dhlhjuo hlkmlkl\m _ | dhfi_gkZpby k”\b]Z bah[jZ _gby
gZ]ljmadb ;<K |1Zd _ g_ iha\heyxl mklzZzgzZ\eb\ZIv gZ [hjl
ieZlnhjfu

GZlbkmg@_ijb\_* gu ~\Z njzZ]f_glZ Zwjhkgbfdh\ ihel
= hkdZgdzf _jhc 6R@RX1R®2 G _ kfhljy gZ Ih qglh kgbfdb
ijb h~gbo b | _o ~_ mkeh\byo aZ h”bg \ue_ | ijb
nhlh]jZnbjh\Zgby hgb h[ez”"Zx] \bamzZeMbhjZnkadlzq
j _adhklvx

GZjmr_gb_ bah[jZabl_evgh]h dZq_klI\Z \ \b~" (
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k jvzaghc ijh[e_fhc b "ey fZI|l _jbZeh\ dh&kZbygb kKkd gt dkz a Zd
ijbf_j njz]f_glh\ dhkfbg_kdbo kgbfdh\ h[eZ”"Zxsbo \b
j_adhklvx

JbkgRdljbf_j njZ]f_glh\ Zwjhnhlhkgbfdhnhjlhjjednggh ckdt
j_adhkZkkgbfhd k \bamZevgh \ukhd[hick gbdtddkkvbdbamzZe
gbadhc j_adhklvx

JbkgBdNjZz]f_glu dhkfbg_kdbo kgbfdh\ h[eZ”"Zxsbo \be
nhlh]jZnbq_ jkdahdh kl¥ZxnjZ]f_ gl kgbfdZ ihemqg_ggu<c<D: [
jZaf_j ibdk _ey gz f, kiglkkibamZevgh \ukhdhgnj&dhkdV x
kgbfdZ ihemqg_gout D:jZaf_j ibdk_ey gZ f4ekiigkklb
\bamZevgh gbadhc j_adhklvx
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KgbfddpZ Jbkm@uwed ihemqg_gu jZaebqgufb kimlgbdh\u
>AADZghimkjzaf_j ibdk_ey gZ f_KkIgBbK2I®@ b fbkt jZaf |
ibdk_ey gz f_klghklb/3@ *ey> kjZ\gbl_evgh]h ZgZebaz
ijb\_~ gu d _"bghfm fzZkrlZ[m Ijb \bamXkevgh f IjZ\lgg of
ithemqg_ggu_ dhkfbqg_kdbf ZiiZjZIkhf \Dey™Mykl©aZfue ggu
kjZ\g_gbx kh kgbfdzZfb bs DZghnhkh]jZnbqg_kdZy j_adhk
\bamZevgh \ur_ g_ kehljgcgiZzaf j ibdk _ey gZ f_klghklb

KfZay\ey |Iky qgZklegufiZzk f g_j_adhkjibkmdg \ hkgh\g
Zwjhnhlhkgbfd@Zjaod!l _j g g_j_adhklvebfhdgdhjfZ\e gbb
ijZ\beh \ gZijZz\e_gbb ~\b _gB@dKkfZpu hij_~ ezg dZd ¢
nhlh]jZnbq_kdh]h bah[jZ _gby h[mkeh\e_ggZy Kk ”
baljz  _gby | _  jzZkklhygb_ f gZ dhlhjh_ i_j f_Kklblky
bah[jZz _dbyhdZevghc iehkdhklb dzf _ju \' | _gq _gbb nzdl
hikgblu\Z _fhc hl fhf_glZ hldjulZgby aZl\hjZ “h _]h iheg

ljbgbgu_j _f_s_gb_ dzf_ju \h \j_pphvdkihab

ljhyle _gb_ gZ kgWhfdgb_ ]jZgbp h[t_dlh\ ktzfdb
]_hf_ljbb gZijbf_j jzZkiheh _ggu_ jy~hf jZ\gu_ h[t
Z\Ihfh[beb [hjr*xjguc dZf_gv ~hjh gZy jzZzaf_IdZ b | i
jZaf_j b nhjfm gZ kgbfd_ hlh[jZzxlldyh\ JEAgh]h jZaf
ilehsz”b \ azZ\bkbfhklb hl hjb_glZpbb ~Zgguo h[t_dlIF
Zwjhktzfhgghlh fZjxhhizgihd

i

JbkgHddljbf_j "\h_gby bah[jZ _gbygHpghpgby ]_hf_Ijb
hit _dlh\ f_klghklb gZ ZwjhnhlhkgbkdZahf\ua\Zgg!
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2. GZebgb_ Mufdb

ljbgbguebygb_ijhajZqgghklb ZIfhkn _ju

ljhyl\e _gb_ gZ kighddZs gb_ bgl _j\ZeZ yjdhkl _c e.
\hafh ghkl _¢c g _Idh]h jZza” _evgh]h \hkijhba\_~ gby gZ k
hit _dlh\ ij_bfms_kl\_ gghb\kig®yo

Jbkghdljbf j \ebygby ZIlfhkn_jghc ~ufdb gZ » _rbnjh\h¢
ZxZwjhkgbfddhkfbg_kdh]h kgbfdZz

3. GZebgb_ kemgZcgh]lh rmfZz

ljbgbguy_"hklZlhd hk\_szgghklb kgbfzZ_ fimt\_ibbgjogl
\j_f_gb \u”~_j dtbabqg_kdbc jzZzaf_j ibdkiregb gzZkljh_d
k\_Thgm\kl\bl_evghklb IfZijg@umjZ k_gkhjZ b *]j

ljhyle_gb_ gZ KklgborhdjZcgh jZkiheh  _ggu_ ibdk_eb
hlebgZxsb_ky ih yjdhklb beb p\_Im hl kj_*gbo yjdhkl,
ibdk__e74c75 (Jb kn g i6d

JbkgldNjZ]f _glu kgbfdh\ k \bamZevgh aZf_lguf ijhy\e_
rmfzZzxgZ Zwjhkgb£fdZ dhkfbq_kdhf kgbfd _
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4. |hl_jy bgnhjfZpbb \ h[eZklb I_g_c b azk\_Idb
ljbgbgug _ijZ\bevguc ih”[hj wdkihabpbb h]jZgbq g
"bziZzak9gzZlhgm\kl\bl _evghc fZljbpu g_dhjj_dlgZy ihklh]
ljhy\e_gb_ gZ (kg kfd [ ds)
iheb]l]hgu ibdk_e ¢ k fZdkbfzZevghc yjdhklvx k\b™ I _
bgnhjfZpbb \ h[eZklb aZk\ _Idb
ijbkmlklI\b_ gZ kgbfdZo ]Jem[hdbo | _g_¢& _rilpnijpljkl\zngxs:
ihiZz\rbo \ gbo h[t_dlh\

JbrgHdENjZ]f _glu Zwjhnhlhkgithfldhj\ ¢ bgnhjfZpbtb[eZklb
aZk\_Idb ihl_jy | _dklnfj\ djedklb | _gb \ukhlgh]h a*

JbhgBA&ENjZ]f glu dhkfbqg_kdbd& kgbfdh\ bgnhjfzZzpbb
hlezklb azZzk\ _Idb \ke_ ~kl\b_ ijykh¢hy hdjgdro dthyje Zc*dbo
a_jdzZevguo ih\ _joghi[eZklb | _gb \ukhlgh]h a~Zg
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5. GZjmr_gb_ijZ\bevghklb p\_Ihi_j ~Zqb

ljbgbgwaf_g _gb_ oZjZdl_jbklibd fmevibki_dljZevgu
\ j_amevlizZl_ g_]lh hgb i_j_klzxl khhiI\_IkI\h\ZIv bf_
dZeb[jh\db g_ijZ\bevgu_ gZkljhcdb jzZz~bhf_Iljbq_kd
ihklh[jz[hld_ kgbfdh\

ljhyle _gb_ gZ kgikfdZ gb_ p\hlhlevguo h[t_d
hih[jZab\rboky gZ kgbfd_ beb ij_h¢®dZR Zgb p\dZh\hu]d | hc
\k_fm bah[jz{Jigkng 94

JbkgBdljbf_j gZjmr_gby ijZ\bevghklb p\_Ihi_j ~Z
ZwjhnhlhkgbZdZlodZ™ gb_ p\_Ih\ hI*_evgusbhlhsbcdih) dhi
p\ _1Z kgbfdZ \ h[ezZklv h*gh]h IhgZ

6. GZebgb_kemgZcguo Zjl_nzZdlh\

ljbgbgwk[hc dzZf_ju \h \j fy \uiheg_gby ktzfdb ijh]
Ijb ithklh[jZ[hld_ kgbfdh\ \ebygb_ bguo kemqgZcguo r
kil _deZ ktzfhggh]h gxdiZkjpeMkl\ _ggh h[t_dlb\Z dZf_ju [ju
d _jhkbgzZ J]jyab b ij

ljhy\e _gb_ gZ kygbddbdgh\_gb_ gZ kgbfdZo khhl
Zil _nzdthyl g ihehk ehdZevguo h[eZkl_ cJgkjghA@hK.Ilb b
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[
Jbkgha+ljbf ju ~ n_dwjhnhlhkgbfdh\ \ua\Zgguo \el

kemgZcguo nZa4#Ajh\nZdlu \hagbdrb_ \ke_ "kl\b_ ijh]jZ
ijb kbgl _a__“~bgh]h p\_Igh]h bah[jZ _gby ba hI® _evguc
[ +Zjl _nZaddl\ua\Zggph _f ijh]jzffgh]lh h[_ki_qg_gby ijb kt
~bghlh ZwjhnhlhkgbfdZ ba khklZ\gh]h dz*j.

Jbrkghd+ljbf_ju ~_n_dlh\ dhkfbg_kdbo kgbfdh\ \ua\lzZg
kemgZcguo nZda#hAjh\nZdYua\l\Zggu_ k[h_f \ jZ[hl_ ktzff
ZiiZjZIlmpu /DQGVDW 066 bah[jZ httgb//gikatkinid/pMlx, [ +
Zjl _nzZdlu \ualZggu_ k[h_f \ jZ[hl_ ktzfhqghc ZiiZjZImj
bah[jZ _gb_ k [KipsViekizh.esa.infr7])

GZebgb_ "~ nudalNZ\gguo \ebygb f kemqgZcguo nZdlhj
Ijhlghabjh\Zgbx b Z\IhfZlbg_kdhfm \uy\e _gbx ihkdhevd
b dZzdbf h[jZzahf hgb ijhy\ylky <uy\blv wib ~ _n_dlu iha\
hp _gdZ


https://gis-lab.info/
https://earth.esa.int/
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1.4 <u\h?uhjZa”™_em

< j_amevlZl_ ™dbhgZlhbkke ~h\Zgby [ue ijh\_~zg =2
ith*oh”h\ d hp_gd_ bah[jZabl_evgh]h dZq_kI\Z nhlh]jZnk
om”h” _kI\_gghc nhlh]jZnbb hij ~ e _gu h[sb_-1Ijb[h
dhkfbgbkkligbfdZihemaqZ “eywhlhhih]jZnbqg_kdhc ktzfodbf_k
kharZgby p_e_\hc I|hih]jZnbg_kdkaihjehg*ngd pbdZeba n:
\ebyxsbo gZ bah[jZabl _evgh_ -dZqgqdkRtbgZWwdibo kgbf
hij ~ e gu \uau\Z _fu_ bfb » n _dlu bah[jZabl _evgh]h d:

AZ bkdexq_gb_f kemgZcguo "~ _n_dlh\ gZjmr_gl
dZq_klI\Z hdZau\lZxsb _ \ebyghb __ gZ dzZqg_Rl\éd_\hkl
lhih]jZznbq_kdhc ijhymdplkly ke "mxgbfib adhklv kfZa
kemgZcguc rmf ihl_jy bgnhjfZpbbb\b haZkklbadjogr gb
IjZ\bevghklb p\_Ihi_j ~Zqb y\eyxlky gZb[he__ Ibibggufl
Wlh ihalhey | ij_"~iheh blv \hafh ghklkbllijfithdeZadbly e
bah[jZabl _evgh]h dZqg_kI\Z b kihkh[h\ bo gqbke_gghc hp

DZd [ueh hif g _gh \ur_ bah[4f4akl\lekgbfd&Z kdezZ"
ba _]Jh kljmdImjhf_Iljbg_kdbo b ]jZzZ*"Zpbhgguo k\hckl\
k\hcklI\Z kgbfdZ oZjZdl_jbamxl|l hlgzleb\mx i_j ~Zgm
bah[jZ _gby =jZ"Zpbhggu _ nhlhljZznbqg_kdb _ K\t
\hkijhba\_"~ gb gypdhkaebgbc h[t_dIaktBfiddhs»y ba hij_~
gZjmr_gby bah[jZabl_evgh]h- dzZgdhkKkidq Zindilno kgbfdh)\
jZza™_eblv gz ~\_ dzZImopptr gkkmdimjhf_ Iljbg_kdbo |
hlghkblky g j adhklv kfZa bah[jZ  _gby hghzévguklb*
gZjmr_glyZ*Zpbhglghakl\
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2KBKL?F QBKE?GGUO IHD:A:L?E?C
KLIMDLMJHF?LJBQ?KDBO K<HCKB<D:MNKIHBQ?KDBO
KGBFDHB F?LH> BO HP?GDB

P evx ~Zgghlh jZa” eZ bkke_ ~h)\Zajmhh2y kikk!l
gbke gguo ihdZazl e _c kljmdImjhf_ljbg-_kd bdh kK blyc Kid
kgbfdib\f Ih”"Z bo hp_gdb

21 IjhkljzgkI\_ggZy jZaj rZxsZy kihkh[ghklv

KhlezZkgh hij _~ e gbx kljmdImjhf _Ijbg_kdbédZz
\hkijhba\l\_* gb_f edbo ~ |IZe _c gZ ihjh]_jZajagZgby b z
ijhkljZzgkl\_gghc jZaj_rZxs_c WMHkhjgihglba \Z g _crbo ihc
dZq_kI\Z- Dwithkfbg_kdbo kgbfdh\ ihemhgahifulgzhéy kd
ktzfdf _klghkdbbkha~Zgby p_e _\hc |Ihih]jZnbq. kdhc ijh"md

D dhebqg_kI\ _gguf ihdZaZl_eyf jZaj_rZxs_c kihk
=HKIR23935#9 ©:wjhnhdiiZzjZImjzZz b Zwjhnhlh]jZnbjh\Zgb _
hij_ ~ e _gby?2 hlghkylky

ebg cguc we f gl jEajoZjghy jbklbdZ Zwjhnhll
hij ~ ey fzZy fbgbfZevghc rbjbghc Zwjhnhlhbah[jZ -gby
ijhly zggh]h h[t_dlIZ sz h[gZjm jih\nh|IhKdb[§e, Zw

ebg_cgh_  jZaj_r_gb_  ZwjiRnhthkadjfdl&l _jbklb
ZwjhnhlhkgbfdZz hij_ ~ ey fZy \_ebqgbghc h[jZlghc
jZaj_r_gby _keb ebg cguc we findujZajgr\ gbeebf IjZc
ebg _cgh_jZaj_r_gb_ij_"klzZ\ey | kh[hc gbkeh iZ] ebghb

S
t@ya

< ijZdlbd_ -ZWwjhdhkfbq_ _kdbo ktzfhd qzZklh \hagl
hij ~ eygmzZdlbqg_kdhc ijhkljZzgkljZagghZxs ¢ kihkh][g
ithemqg_gguo fZl_jbZeh\ “ey hp_gdb bo dzZq_kI\Z b ijt
ihklZ\e _gguo a&2q@gklmXjzd!l _jbklbdhc jZaj rZxs_c Ki

4 L

.S,
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kgbfdh\ kem bl jZaf_j ibdk_ey gz f-kighlklib gdzd Xdéloql
fh™ | kem blv ihdzZzazl _e f kihkh[ghklb bah[jZ  _gby \h
N 1Zeb gh ebrv dhk\_ggh ihkdhevdm wlZ \_ebqgbgZ o
fZdkbfZevgh Ahklib bfmx jZaj_rzZxsmx kihkh[ghkl
hfmkeh\e _ggmx |lhevdh Kigdhqglghtbkbkl fu nhdmkguf jZ
nbabq_kdbf jzaf_jhf kddkhem\kl\bl_evghc fDljBpuhlh
nhlhljZnbjh\Zgby gh g_ mqgblu\Z_kjzregbrZnZobhijkihkh[g
hit_dlb\Z gZebgb_ k”™\Db]Z bah[jZz  _gby VYebygb_ ZIlfhkn

K ijZzdlbkidhc IThgdb aj_gby [he__ eh]bggh hij_"-ey
beb dhkfbg_kdh]h nhlihkgbfdZ gz f_klghklb ebg _cgufb
h[t_dlZ jZaebqgbfh]h gZ kgbfd_ Ebg_cgbebjdakirbagqbko
nhlhkgbfdZ gz f _kidghkkgbfZevguc elkkgj£gt j h[t_dlZ fh
hij ~ eblv \ujZab\ ebg _cguc we flngl\ jZakrirZ[gby [t _d
ktzfdb | _ mfgh b\ _1h gZ hlghr_gb_ \ukhlu nhlh]jZnl
jZkklhygbx dZf _ju ”"ey ZgZeh]h\uo dZfagaflhgBAlgkrv_ fghkr
kgbfdz ijbf_gbl _evgh d pbnjh\uf ZwjhkgbfdzZf \ ebl_jZ
ihgylbdh@avnnbpb_gl ] _hf_Ijbg_kdh]R9m@\ _ ebpdngyyZkxr|Z[_
hit _dlZ ktzfdb ihemqgbf

*
£
- L Hua®g 't

]"Hn t\ukhlZ nhlh]jZnbjfo\Zgtbdmkgh _ jZkklhygb_ dZf_ju

AZNZqZ hpZagjdbZxs_c kihkh[ghklb fZI - jdb Addt¥ bzw jkd
ktzfhd khklhbl \ hij_ag&golddy AgZq_gb_ ebg_cgh]h
jZaj_r_ddnyoah[jZ _gby \ [hevrbgkl\_ kemqgZ_\ g_ba\_klg
fh gh wdki_jbf_glZevgh imlzf ktzfdb kh[tphldkV gl |

Fbjz+ wlih |-K[lt_dl ij_"~gZagZg_gguc "ey hij_"_ ¢
Ijhkljzgkl\_gghc jZaj_rZxs_c kihkh[ghklb kgbfdh\ Hp_c¢
jZaj_rzZxs_c kihkh[ghklb fh _| \uihegylvky ih rljboh\hc
bghc fb[B083] b hij_~_ey_Iky rbjbghclmwrljlb@ah[jZz Zxs_]hky
kgbfd_ jZza”_Jbwydh2):
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I-éUé t®] 'u1
I~ D £ ~bzf Ij djm dZ g_j_adhklb \ f_IjZo b
kgbfdhjlhnhlhiedggbkeh k_]Jf _glh\ jZ"bZevghc fbju

Z
JbkgH2tBah[jZ  _gb_ jZ"bZe Zggddtkfbqg fkidgbfd[ +gZ

Zwjhkgbfd

>7Zgguc f_|Ih” ijbf_gy _Iky ijb \uiheg_gbb bkiulZgtk
mklZgh\le_ggh]lh gZ [hjlm mKelhéltkyDPpb\Zevgh kha”Zgguo
p_e_c¢ iheb]JHpth\\uiheg_gbb ijhba\h”*klI\_gguo jZ[lébikl
dhkfbg_kdhc nhlhktzfd_f_Ih” hij_~ e _gby ijhkljZgkl\
kihkh[ghklb ih fbj_ g _ijbf_gbf ihkdhevdm Fkh[tmdIlZgg:i
kgbfz fhfkmhdiZglh ijZzdlbg_kdb g _\uihegbfh

>ey ZgZeh]lh\h]h bah[jZ _gby hp_gblv ebg _cgh_ jZ
fh'gh ZgZeblbg_kdb ih ih]jZgbygghkijdjbehagbx hilbqg_
iehlghklb \ nhlh]jZznbg_kdhf bah[jZ _gB% fibZlhbaghy
i _j_oh~Zbfl gbl _evgh d pbnjh\uf bah[jZ  _gbyf hilbg_kdZ
[ulv aZf_g_9Z agZq_gbyfb ibdk_e_c¢

Kmlv f |h”*Z hp_gdb ijhkljZzgkl\_gghc jZaj_rZxhxs
ih]jZgbgguf i_j_oh”Zf khklhblQDOBemagh[gbbZgbkgdh\_ ZgZ
jZkij_" e _@l¥Yqg_gbc ibdk_e_c¢c ih]jZgbqggHldghi\uy 6BEGGF
ith*oh~Z d hp_gd_ ijhkljZgkl\ _gghc jZaj_rZxs_c kihkh][g
M 1jwl[&, 85], ijhn_kkhjhf dZn_"ju ZwjhdhkfbgFR&kob btz
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B < :efZah\uf J[ue jZajZ[hlZzg khhlI\_lklI\mxsic[ebedpgb:
dhlhjh]l]h d kh Ze _gbx gZclb g_ m~Zehkv
Bf Iky [heghke g kI\ _gguo b azZji[hl igwkdyszggu
hp _gd_jZaj rZxs_c kihkh[ghklb gZ hkgh\_ ZgZ2&ba3B QD
86-971 h~gzZdh hibkzZgb_ Ze]lhjblfz ih doihgdinvfhZkiyz
hlidjuluo im[ebdZpbyo hlkmlkl\m _|I
P_evx "ghlZzidbkke_ "h\Zgby y%kdyaNRgb_ ijbdeZz"
ZelhjblfZ hp_gdb ijhkljZgkl\_gghc jZaj_rZxs_c kihkh[gh
QDO Zwjlhkfbgq _kdbo kgbfdh\ ihemqg_gghic jihoitjZZgbqc
>ey "hklb” _gby "Zgghc p_eb g_h[oh”bfh j_r_gb_ ki
hibkZgb_kihkih[Z e gby QDO bah[jZ _gby ih ih]jZgbqc
jZajz[hldz f_Ih~rzZ ZzZ\IhfZlbqg_kg&hbhihbdklgth]jZgbqggu«
i_j_oh”~h\ h[ezZ”"Zxsbo fZzdkbfZevguf ]jZz*"b_glhf
jZajz[hldz z\IhfZlbg_kdh]h ZelhjblfZz hij_~ e _gby
jZaj_rzZxs_c¢ kihkh[ghklb dhkjffoqg kdbo kgbfdh\ ih ih]
i _j_oh?MZf
hp _gdZ Ilhqghklb jZajz[hlZggh]h Ze]lhjblfz

211HibkZgb_ kihkh[Z hij_ ~_ e _gby QDO bah[jZ _gb)
djb\hc

Ih]jZgbgguc i_j_oh” ij_~klZ\ey_| kh[hc njZ]f_gl ki
fZljbpu pbnjh\h]h bah[jZz  _gby kh”~_j Zsbc j_adh_ baf_
ibdk_e ¢ hl k\_leh]h d lzfghfm gZ kjzZ\gbl _evgh g _[hevi
ibdk_e_c Jb@&fyhd_ihdZazd ijbh]jZgbgguo i_j*"ebhdhkb
ibdk_ 498

255 250 200 154 109 50 0 0

255 255 255 250 240 220 190 155 112 65 35 15 5 0 0 0

Jbkgh8xljbf j ih]jZgbgguo i_j*ehdg'mXx k\ jom Db kghb
ibdk_e ¢ pbnjzZfb ih*ibkZgbhdgZgl\gbydlk e c
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lh]ljZgbgguc i_j_oh” ih kmlb vy\ey_ I|klyciZ]jedopipag a
djbhc
&O0L B,¢T; 1V;
]*"x tihjy*dh\gbf_j ibdk_ey ih]jZgbqghDN iagsg”gb_ ibdl
X hl "LILWDO79XBlichd id).

X 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Spv(x) | 255 | 255 | 255 | 255 | 255 | 255 | 225 | 130 | 20 | 0 | 0 | O | O | O | O | ©
e

Jbkmghdljbf j I1Z[ebggh aZhjpghHdlegghc djb\hc

>ey bah[jZz  _gby j _adh]h djzZzy dhgljZkligh]Jh h]
fZdkbfZevgh_ baf_g _gb_ nhlhlhgZ gZ hlghkbl_evgh
hl]jZgbg_gghf "ebghc ih]jZgbqggh]lh i_jAdefZg_: by | mMal
bah[jZ " _gby \ dZ ~hc Ihgdghch]dzlgthc | [ulv hij_"_ e
jZaghklvx agZqg_gbc "\mo khk_"gbo ibhdkd e ¢ \ dZ ~“hc _

#LB:T; L &Q F &Qs5 SW,
<LZ[ep_ijb\_~ gu agZqg_gby ZtidBImha Ihgd_ih]jZgbggh
JbkngdZ

LZ[ebpZAgZq gby ZfieBlohZu*hc Ihgd_ih]jZgbqgghc d
JbkngdZ

X 0 1 2 3 4 5 6 7 8 9 | 10| 11 | 12 | 13 | 14 | 15
fon(X) | 255| 255 | 255 | 255| 255|255 225|130| 20 | O 0 0 0 0 0 0
fa(x) 0 0 0 0 0O | 30| 9 |110| 20 | O 0 0 0 0 0

GZJbkngd  ihdZaZgu ]jZnbdb ih]jZgbégkcbdziikblmAu
baf g _f@y\ dZ ~hc lhqd_
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250

Jown(x)
Ja(x)

200

150

[y
o
o

ul
o

3Ha4veHue nukcens fo,fx) / pasHOCTM 3Ha4YeHUiA f,(x)

o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Homep nukcens fp,(x) / Homep oTuéta f,(x)
JbrglB+=jZnbdb ih]jZgbqghfsx®@jb\BEEiebImru _z bddx)g_g
\'dZ ~hc lhgd_

>ey hij_~ e _gby fZdkbfZevghc gZklhlu thath[gZ gbgbs
dhlhjh_ fh™ | [ulv \hkijhba\_~ gh jZa”_evgh \ ij_~ e
bgl j\ZeZ g_h[oh”bfh hl gZAhjVaylfuebknmt) ~ ezgguf\rZ]
gZr_f kemqgzZ_ jzZ\guf ibdk_ex i_j clb d aZAhKbdEkIbIZ
baf g gby mhZhpgZ azZz”~Zgghf bgl j\Ze_ |1 _j oh”™ hl azZ\b
baf g _gby nhlhlhgZ bah[jZ _gby hl dhhj*bgZlu ghf_jZ
dib\hfa(x) d aZz\bkbfhklb Zfieblm”~u hl qZklhlu wlbo baf_g_
Zelhjblfm Jukljh]lh ij_h[jZah\Zghy Nmjv_ ;IN

B:T;\ «Z£kB:T;0\ #:0,; X

]*"N +tgbkeh i_jbh~h\ baf_g_gby nhilhihgsdgbghfjgez gblydk
gZ dhlhjhf hij_~_e_g#(hmgdpby

LZdbf h[jZahf \ j _amevlZl_ ;IN ihemqgZfilklyl eZub kb
gbkez i_jbh”~h\ bafhhdhlidhlgyZz bah[jaAN \gogl_ j\Ze_ gZ dhl
hij_~ e mgagdpkx) \ ibdk_eyo HI \Neflhgbbui_j_ clbhd_
ljZ"bpbhgghfm ihgwdbklhl_ dhlhjmx hlhagggb#ZgZeh]h
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bah[jZ _gbc qZklhlZ baf_g_gby nhlHI\ugZzZ &Zahkghle bghp yk I\
ebgbc gZ fbeebfff 1jZ "ey pbnjh\h]h bat\[jgbkegby jbh”~bqg._
baf g _gbc dhe_[Zgbc nhlhlhgZ bah[jZ _gby gZ ibdk_e
o ...
HL— >OEIOBIR Y

]*L £tbgl_j\Ze \ ibdk_eyo gZ dhlhjhf hijfak). e _gZ nmgdpk

< j_amevlzl_ fh gh ihemqgblv aZ\bkbfhklv Zfieblm~t
bah[jZ _Aly qZklhlu

0
#.0; L #1—pL #:H 1Z;

>ey \uiheg _gby ;IN *“ebg4d byl j\ZedbgZ j ZebaZpbl
azZ"Zgghc nm@dpbdbdk eyo "“he gZ khklzZ\eylv

. Lt@ {s
Hg \b~rgh qlh hl \nelagbgubl Ihqghklv hfsxkzgb
ihfhsvx ;IN |  lhgghklv ij_~klZ\e _gby “Zgghc nmg

]1Zjfhgbg _kdbo nmgdpbc dhe [Zgbc K m\ _ebq _gb_
jZaeh  _gby nmgdpbb gZ we f glZjgu_ khkky\élygghkl
hibkZgby "Zgghc nmgdpbb

Koh~bfhklv j_amevlZlih\ \ijgkk&gkb\c gjghag rZxs_c
kihkh[ghklb QBOk jhklhf ihdZaZzZl_ ey nkl[uegbijh\_j g
wdki_jbf _glZewgB[Ep 2 ijb\_~ gu j_ameviZlu wdkil jk
dhlhjhf agZq_gby ih]jZgbgguo djb\uo ihemqg _gguc
i_j_ohnrzf "eb®Bh& 9b 2 ibdk_e(Jbknghl®) fh” _ebjh\Zelt
jZaebqggufb 7“ebgzZfb | _ Z2Zeebhmihc aZ”Zgghc faphgdp bl
NZggufih]jZzgbgqguf djb\uf \ugbkeyebkv agZqg gby ij
jZaj _rZxs_c¢ kihkh[@hKlbjZzaghklb f_ "~m ihke_ _"~h\ZI
agZq_gbRfhdR) ihemqg _ggufb \ j amevlZl_ \ugbke gbc
"ebgzf j_ZebbZmphgdph®) hij_*_ey_fuo ih nhjfme_
p _ehgbke gguo amZ{; gdh.yo



X 0 1 2
fpn(x) | 255 | 128 | 1
T
X 0 1 2 3 4 5
fpy(x) | 255 | 204 | 153 | 102 | 51 | 1
T
X 0 1 2 3 4 5 6 7 8
Fpx(x)| 255 | 223 | 192 | 160 | 129 | 98 | 67 | 33 | 1
B
X 0 1 2 3 4 5 6 7 8 9 | 10 | 11
fpx(x) | 255 | 232 | 209 | 186 | 162 | 139 | 116 | 93 | 69 | 46 | 23 | 1
[T

Jbkghl@xlih]jZgbgqgu_i_j oh”u "ey fh™® _ebjh\Zgby jZa
j_ZebaZpbb nfRpgdpdgthf j ibdk _ey \ ih]jZgbqgghd(x) £ oh
agZq_gb_ibdk_ey

LZ[ebpZJ ameviZlu \ugbjih&klpbgkl\ gdla¢g rZxs _c
kihkh[ghkbjZaghkl ¢ f_""m bo ihke_ "a§Zlqg eyhjRfitb
ih]ljZgbqgguf i_j _oh”~Zf "ebghx "by jdbdhgghc "eb

j _ZebaZpbb nfRdgdpbb

>ebgZ ih]jZgbq
i j_oh~Z 3 6 9 12

gbkeilbdk e c
nebgZ j_ZebB&Ep| R a5 R | as R a5 R a5
m 2m gbkeh ibdk_e _c

4 16 1,0000 1,3333 4,0000 2,6667

5 32 1,0667| 0,0667| 2,6667| 1,3334| 4,0000| 0,0000| 5,3333| 2,6666
6 64 1,0667| 0,0000| 2,6667| 0,0000| 4,0000| 0,0000| 5,3333| 0,0000
7 128 1,0667| 0,0000| 2,6667| 0,0000| 4,2666| 0,2666| 5,8182| 0,4849
8 256 1,0667| 0,0000| 2,7234| 0,0567| 4,4138| 0,1472| 5,8182| 0,0000
9 512 1,0667| 0,0000| 2,7234| 0,0000| 4,4138| 0,0000| 5,9535| 0,1353
10 1024 1,0667| 0,0000| 2,7234| 0,0000| 4,4138| 0,0000| 5,9535| 0,0000
11 2048 1,0678| 0,0011| 2,7307| 0,0073| 4,4329| 0,0191| 5,9883| 0,0348
12 4096 1,0683| 0,0005| 2,7307| 0,0000| 4,4329| 0,0000| 6,0059| 0,0176
13 8192 1,0683| 0,0000| 2,7325| 0,0018| 4,4329| 0,0000| 6,0059| 0,0000
14 16384 1,0683| 0,0000| 2,7325| 0,0000| 4,4329| 0,0000| 6,0103| 0,0044
15 32768 1,0683| 0,0000| 2,7329| 0,0004| 4,4341| 0,0012| 6,0125| 0,0022

GZlIbkmgd7 ihdZazgu ihkljh_ggu_ ih LZdbrwlZjZibdb
baf _g _gby jZaghkl\lugbke gghc ijhkljZzgkl\_gghc jZ
kihkh[ghklb \ aZ\bkbfhklb hl "ebgu j_Z&paZphblZogbgdp
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I _j_oh"Zfkmgd&
0,5000
0,4500 JUIMHA [IOIPaHUIHOIO IIEPEX0/Ia
0,4000 — 3 [THKCEIII
’é 0,3500 —— 6 nuKcelnei
Q
z 0,3000 9 muKceneit
c N
0,2500 .
e [\ 12 mukceneit
$ 0,2000 .
T /
o
& 0,1500
0,1000

?
0,0500 \ /'\
0,0000 : I\
5 6 7 8 9

ONVHA peanusaunn dyHKLMK fr(x) 24m, NnoKasaTenb cTeNeHn m

10 11 12 13 14 15

Jbkghlhdx=jZnbdb baf g gby jRagdlkxkec gighc ijhkljZgkl\_
jZaj_rZxs_c kihkh[ghklb \ aZ\bkbfhklb hl *"ebgualk) leba
ih]jZgbqguf i_j oh”~Zf "ebghx b ibdk e

BaLZ[epu blJbkngdZ\b~ghglh k m\_ebidhdgmZfl ey kh_i_
[hevr beb jZ\ghfbaf_g gb_ \ugbkeyZgylgpbhnkljZgkl\ ggl
jZaj_rzZxs_c¢ kihkhRggklbj \ur2D,006 ibdk_eylfih " gh kgblZzZl
ij_g_ [j_"bfh fzduf_ imbe 3 ijhp_kk \ugbke_gby ijhkljZg
jZaj_rzZxs_c kihkhkohkRiblky d h*ghfm adgzipjlmbxh gh ijb
aZ bklbggh _

GZ ijzdlbd_ nNébgzZgbgghlh i_jlbohZgbqgdgh\hc)
ibdk _emoemq_gghdgah[jZz  _gby Z ke_~i\iZ[le £Zkiyhhij fA(X)e o
khklz\ey | \k_]1h g_kdhevdh ibdk_e_c ijbf_jgh hl ~h
nmgdpfax) hij_ "~ _eyxl gZ bglMj\Z2bihedyiyZ\g_"hklZxsb _
agZq_gby gmeyfb

ljbf_jImklv “ebgZ ih]jZzgbggh]h i_j_omhftZdkh&lZ\ey
fon(X) hij_~ e gd@Zbkdj_Igihdg!_j\Zxee [O;nt @ LHAR)Zhij_~_ e gdZ
"bkdj lIghf bgl ¥\Zdg0; n2] ibdk _e ¢ >ey \uiheg fgk)y ;



a7

g_h[oh”~bfh hij_" kedllvj\gxe [0;2"A] kh]eZkgh ke _fimxjZ\ben
&Qe-\F,&_Q>5C‘)C')EQTQ:JFt;
rOOBFt; 0OTQ:t? F s;
< j_amevlZl_;IN IZ[ebqgh azZ”"Zfghc eiymd4d p’bib]
agZq_gby gbkezZ i _jbh~h\ baf g gby nhNhdEglZgb al¥je&
= 2" ihemgzZ _f \ _ebgbgm maflhdhgBybah[jZ: Zfbgblm~m
hij ~ ey fmx fh*me _f ihemq_ggh]h dhfie xk{h2h#a§ b k
+ h[eZklv hij_* e _gby bkoh” gk nimgtpddkliv hij "
\uoh”?ghc nmégMNpbbhemqg_gghc \ j_amevliZIl_;IN [m”"_|
fZzdkbfZzetggbkehf i_jbh~h\ baf_g_gby nhlhlhgz \ ~Z
Nmax Ihkdhevdm fbgbfZevgZy “ebgZ i _jbh”Z dhe [Zghb'
bah[jZz _gby \ k\hzf ij_~ _evghf \ujZz _gbb khklZ\ey _
lzfguc h~"bg k\ leuc fZdkbfZevgh_ qgbkeh\Zejll'h"t
KhklZ\Mox=2m2 =2 |  h[eZklv hij_ "~ _e_ ogMN) emdudpb|
ij_ " eZdNhl "N=2" G ihkj_"~kI\_ggh ihemg_ggu_ \ j_:
ZfiebImAN) \ujZ" _gu \ "bgbpZo bkoh”~guo agZda(9bc
hlg kzgguo d “ebg_ g j\g2Zdhlhjhf jZkkfZljb\Z Iky
fax) >ey i_j_oh”Z d Z[khexlguf agZq AgVbykiZéinndlmgu
agZqg_AMyg h[oh”~bfh mfgh blv gZ “ebbm bgl_j\ZeZ

:T; L\ (10)

#:0:x4d . ®&:0; L t2 @&:0; 'S'S,
GZlbkgd_ ij ~klZ\e g ]jZnbd aZ\bkbfhklb agZq_
AN)zikhl gbkeZzZ i_jbh~h\ baf_g_gby nhlhlhg® gg8198gl

ibdk_eyihkljh_gguc ih ih]jZgbqglMa(x)djbabL[&pul Ih
]hjbahglZevghc hkb gbkeh i_jbh~h\ baf_g_gby n
bah[jZ _&by*ey ~Zggh]h ibe [1;4096] ih \_jlbdZevghkc |
agZq_gby ZfieANpxfu AZ\bkbfANNM«1Zd _ ijbgylh gZau
kKi_dlj
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[pacpukK amnnuTyabl U3MEHEHWA 3HAUYEHWN NMUKCenen

250 - -

200 ~

150 A »

Amnnutyna A(N)abs
s

50 L

—
—_—
il S R ——

0 256 512 768 1024 1280 1536 1792 2048 2304 2560 2816 3072 3328 3584 3840 4096
Y1cno nepuofoB M3MeHeHua GoToToHa N

JobkgH8+=jZnbd aZ\bkbfhklb agzZq_g¥N).Zhilehbkeéd i jbh-
baf_g_gby nhyidhbggd jLZe  ibdk xky dlj

Ghjfbjh\Zgb_ agZq_gbc AiNmgdgbbdljZih agZqg_ghb:?
fZdkbfZevghc ZfiedMayu bah[jZ &by jzZrbhf _Ijbg_ke
jZaj_r_gb _f [bl ibAdM)ne ¥+ 255 ihalhebl ihemqgblv ag
dhgljZzK(M) ey dZ "h]h gbkeZ i_jbh~h\ dhe_[Zgbc nhlh
gZ jZkkfZljb\z _fhf bgl_j\Ze _

#0602
-0, L—— 'St
#O,a()e
NmgdpbK(N) ij_~klzZ\ey | kh[hc QDO bah]

o0ZjZdl _jbamxsmx baf_g gb_dhgljZzklZ \ aZ\bkbfhklb
gbkeZ i_jbh~"h\ dhe _[Zgbc nhlhlhg\N glZahEjkKfZlhly\Z f
bgl j\Zeddbkmghd ?keb ijbgylv agZq_gbDuwdhgljZKklZzqg kI
fobgbfZzevg[®]B8] I|h IlhqdzZ i_j_ _k_q_glN)jKmkedZq_ gb _f
khhi\_lklI\m_| fzZdkbfZevghfm qgbkem i_jbh~h\ baf_¢
bgl j\z& dhlhjh_ fh™ | [ulv i_j ~Zgh ~Zgguf bah[jZ _
| K(Nmay = 0,1 (Jb kn g 18).
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MpacduK U3MEHEHUN 3HAUYEHUI KOHTpacTa

1.0 0.10100 A
0.10075 +
0.10050 4
0.8 1
0.10025 -
Npmax = 3689
0.10000 -
0.09975 +
5 0.6
I,
= 0.09950 -
5
> 0.09925
3686 3687 3688 3689 3690 3691
0.4 1 Yucno ne PUOOB M3MEHEHUS hOTOTOHa
0.2 1
Kmin = 0;1

0 256 512 768 1024 1280 1536 1792 2048 2304 2560 2816 3072 3328 3584 3840 4096
Y1Cno Nepuoaos M3MeHeHWa POTOTOHA

Jbkghld+t=jZnbd QDO IhqdZ iK{(NkfbggbdBgvgh]h agZq_
dhgljZkK.& thalhey | hij_~ _eblv fZdkbfZevgh_ gbk
baf_g_gby nhNRlklwgZzaz”rZgghf bgl_j\Ze_

>ey ij_"klzZ\e gghjimgyl ijbf jZ QDO fZdkbfZevgh

i_jbh~h\ baf_g_gby Mhlh3IGBPLHZ bgl_j\Ze_ ibldk _ EokZ\
k mgzlhf ithemqgbf nhjfmem ~ey hij_ "~ e _gby ebg_
jZaj_r _gbwjZ hld ibdk _eyo
s tél té?5
4 .S u

L L L

t&Hya t @368 0a0s
GZijbf_j 7"ey jzZkkfzljb\Z _fh]lh ih]jZgbgghgpui_jk]eZk(g
Jokmgd®agzZqg_ ghkljZgkl\_gghc jZaj_rZxs_c¢ kihkh[ghklb

1575
4 L

uxz{J\IséssC‘)El’C)ETé

ljb ba\_klghf nbabq_kdhf jZafpy kliblhkgneywklI\bl ey
fZljbpu nhdmkghf jZkklhygbhbfy hhNudkBf jumhlh]jZnbH\Zg
ithemqgbf nhjfmem ~ey hp_gdb el@ggZgh]gviiZdh h[t_dIZ f_
jZaebgbfh]l]h gZ lWkgb¥djZz _ggh]l]h \ |_o ~_ _~bgbpZo c
nhih]jZnbjh\gby



50

ta?5®&, & TH

L L )5&®&% 'SV,
0206 @B :
] GSD +tebg _cguc jZaf _j ijh_dpbb ibdk_ey k\ _Ihgm\kl\bl

f klghklv f

212JZajz[hl@E]hjblfZ\IhfZlbq_kdh]h igBEkdE[jZ" lyb

ith]jZgbgguo i_j oh”h\ h[eZ”"Zxsbo fZzdkbfZevguf ]jZ"b_
AZ"ZqZ hlukdZgby ih]jZgbqguo i_j_oh”h\ A& "¥yph]
\u™_e ywybhZgbp gZ bah[jzZihkebb‘gyy bf__ | fgh _klI\h ijl

wnn_dlb\guo j_ohghchibkZgguo \ ebl 79299 b j>Zebah\Zgi
\ rbjhdhf ki_dlj_ ijh]jzffguo xihd _JpAnbqg_kdbo j_ "ZHIh
ki pbZevguo [b[ebhl_d jEjaeélg\guoh]jZffbjh\ZQpeyCV

MATLAB, Python b 7j :\lIhfZlbg_kdbc ihbkd ih]jZgbgguo
hkeh gy KoghWflj [h\Zdgbd ih]jZgbgghc djbjhcg”"bdmeyjgh

ihl]jZgbgghlh i_j oh”"Z d ebgbb j adh]h djZy Ba "~Zggl
ke "“mlx_ mkeh\by \u[hjZ ih]jZgbgguo i_j oh”h\ gZ
(Jb kng RO):

fZdkbfZevgh_  baf g gb_agZg gbc ibdk_e c¢c gZ dj
gZijZ\e_gbb kljhdb beb klhe[pZ bah[jZ _gby
fbgbfZevgh_ baf g gb_ agZq_gbc ibdk_e _c¢c \ gZijZ\e.
ith]jZgbgghfm i_j oh”m

ADNx =

ADNy = min

JbkgRA+tMkeh\by \u[hjZ ih]jZgbqggh]h i j oh”"Z gZ b
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ljbf_f kbkl_fm dhhj*bgZl pbnjh\h]h bah[jZ _gbXx 12z
[ueZ iZjZee _evgZ kljhdZf bahMAziZgbge Ze\hkx klhe[pZf
kbkl_ fdhhj~*bdBdl | [ulv \u[jZgh ijhbal\hevgh AZ"~ZqZ \u[hj
i_j_oh”h\ k\h”~"blky d hlukdZgbx gZ bah[jZ _gbb njzZ]f_gl
bf xsbo fZdkbfZevguc ]jZ*"b_gl \ gXigZ\e _gbb hkb

ljbf_gbl_evgh d pbnjh\hfm bah[jZ _gbwlRj2A "Ellj
ithdZaul\Zxsbc gZijz\e _gb_  fZdkbfZevgh]h baf_g gby
nhlhlhgZz Hg oZjZdl_jbam _Iky "\mfy iZjzZf_1jZfb
\_ebgbghc

CN=I@8 ¢& Q° E ¢& @’ SW
b gzZijz\e _gb _f
. &G
PCU 'S X
& &
] tm]he o0ZjzZdl_jbamxsbc gZijZ\e_gb_ \ _dlhjZ ];Z"b_
X | _ kljhd bah[jZz  _gby

< ebgbgZ b gZdehg \_dlhjZz ]jZz~b_glZ jZkkgblu\Zx]I|
bah[jZ _gblyaifth g gbx agZq_gbc khk_"gbo k gbf ibdk_e __
18 Qi L & Qo5 B & Qs+

& Gy L 8 Qpsy E & Qpsyt

]™i,j tghf_j kljhdb b klhe[pZ bah[jZ _gby khhlI\_IkI\ _ggh

'Sy,

Mkeh\by \uflhifZljZgbgguo i_j _oh”~h\ ih ihex ,ba
h[ez"Zxsbo fZdkbfZevguf ]jZ*"badibkZik g&_"mxsbf h[jZ
1l)grad; =max btg.;=max xtih]jZgbqgguc i_j_oh” \“hev klhe[ph\

2)grad; = max btg.j=min £tih]jZgbqguc i_j_oh” \“hev kljhd

213JZajzZ[hldZ z\IhfZlbqg_kdh]h Zelhjblfz hij
ijhkljZgkl\_gghc jZaj_rZxs_c kihkh[glkklkfZojkhdbo kgbfd
ith]jZgbqgguf i_j oh~Zf

Gb  _ijb\ _~zghjiyhd \ugbke gbc ijb Z\IhfZlbg_ k
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ijhkljZzgklI\_gdl¢ rZxs_c kihkh[ghklb bah[jZz _gby

WIZi t\ugbke _gb_]jZ”"b_glZ ~ey dZ ~h]h ibdk_ey b

>ey dZ ~“h]lh ibdk_ey bah[jZ _gby hij_~ eyxlky
liZ"b_gtati; b 1Z2g]l_gkZ gZijZ\e_gby ]jZ"b_glZ XkgWlgb\_e
j_amevlZl_nhjfbjmxlky GRAOBKXb\Z

WIZi £hij_"~_e_gb_ wdklj_fZevguo agZq_ghbagrafl ’bme
1Zg]_gkZ gZijz\e_gby \_dlhjz ]jz~b k¢jlizdlalgh Kbl §&dgh

GZ "~ZgogwlfiZzi_ \uihegy |ky khjlbjh\dGRALZ kB3 hi\h
m[ulZgbxey bah[jZ _gby k jZ*bhf_ljbqg glbddf j4ZB] ibdk_
agZq_w@ady bWiJggZoh?ylky \ "bze2%hBa khjlbjh\Zgguo fZk
\u[bjZxlkhyfZdkbfZevguo agad; mmbfZdkbfZevgufddbfZevgut
agZq_obE. Qbkehh | [ulv aZz”Zgh ijhba\hevgh beb mkl:
hij ~ ezgghfm ijZ\bem | _dhf_g”m_hky_ afZgZ\ZIlwve§bjkZalyu
hl gbkeZ ibdk _e ¢ ZgZebabjm_fh]h bah[jZ _gby

Ba ihemqg_gguo fAkkDilkbfZevguo aggtagd;gbcWij.
\u[bjZxlky gZbf gwady. b Wik khhiI\ _TkI\ _ggh Ba rfZk
fbgbfZevguo agiy fyipc”_ey_ Iky gZbEnedr AgZaq gabyx
Wix bW, y\eyxlky bkdhfufb wdklj fZevgufb agZqg _gbyfb

WIZi tihbkpgZah\ulbdk _e c ih]jZgbqguo i_j oh”h\.gZ

;Zah\uifbodk _e _f ih]jZgbqgh]hDNyj[mh”"%Z gZau\Zlv ,ibd
Ney dhlhjujimegy_ Iky h”gh ba mkeh\bc

CNz@R CNs@QEPCMRPCY:.F ACNTBONTAUA
CNz%@R CN3@QEPCHQOPCUY.F ACNTROORNIE 57

ljb \uiheg_gbb "~Zgguo mkehDbg iijbdkz*ev bl ih]jZgbqg
I_j_oh”m h[eZ*"Zxs_fm gZb[hevrbf ]jZ*b_glhf ih bahl[jZ

WIZi t\u[hjdZ ih]jZgbqguo i_j_oh”h\

lh gZc” _gddh\uf ibdk_eyf ijhba\h”blky \u[hjdZ
i_j_oh~h\ k bah[jZz _gby >ey wlh]lh \ g_dklitjdic_BMj Kl
ZgZebabjmxlky jZaghklb khk_~gbo ibdk_e_c \*"hev kljkl
aZ\bkbfhikklbh]h dzZdh_ ba mkeh\bc \uihegy_Ilky
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& Ky L & Qxap E & Qyepos EOTENAEAOCAD OERMHAECARMOONIE
e& iy L & Qopy E & Quprsy EOTER £ O AD OEDEIAGR RO NTATK

<ul[bjzxlky g _ij_julgu_ njZ]f_glu kljhd b klhe[ph\ \
jZaghkIDNxGi; beb DB8ly i; g_ baf_gyxl k\h_]h agZdzZ WIE
ij_"klZ\eyxl kh[hc ih]jZgbqggu _ihi dhbthjad [m”_| \uiheg
hp _gdZ ijhkljZgklI\ _gghc jZaj_rZxs _c¢ kihkh[ghklb

WIZi t\uqbke _gb_baf g gby agZq _gbc khk _"~gbo i
ih]jZzgbgghfm i_jfa00h*mp £ wlh ihjy*dh\uc ghf_j ih]jZc
i_j_oh”Z \u[jZggh]lh k bah[jZ _gby

GZ "Zgghf wlZi_ farpgldipbd_eyxlky gZ bgFE2Vdenlzf
"h[Z\e _gby g_h[oh”bfh]h gbkeZ gme _ c kijZ\Z kh]JeZkgh
\ur_ agZgngyb[bjZ Iky IZdfe glh

WIZi £;IN nmgdpbgp b \ugbke kgbdIjA{N)z;r ih]jZgbgguc
djb\uo nhjfme _

WIZi t\ugbke_gb_ K@QPO nhjfme_

WIZi £thij_~ e gb_ fzdkbfZevgh]h gbkeZ i_jbh~h\ b
Nmax dhlhjh_ nzZdlbg_kdb fh™ I i_j ~ZIv bah[jZ _gb_ gZ &

>ey dZ “hc KWOhij_~_ey_Iky agNugogbb agZq_gt
fbgbfZevghl]h dhghjZk0A. >ey hij ~ e gby fZdkbfZevg
i _jbh”~h\ baf_ g _gby NRkhilng¥k fm bah[jZ _gbx [_jzlky
agZq_gb_ iNnk_f

a

S .

OaOé L—Ll Ok_VU Ar;
Va3

WIZi £ hp_gdghkljZgkl\_gghc jZaj_rZxs_c Khikh[g

nhjfme _
214Hp_gdZ lhqghklb jZajzZ[hlZzggh]h Ze]lhjblfZz

Lhgghklv f_Ih~"Z hp_gb\ZezZkv widklizfidh~ g leZejhyhgby
wlbo p_e ¢ [ueh kha”Zgh bkdmkkI\ _ggh_bah[jZ _gh_
gzjgh_ kh agZq_gbyfb ibdk_ey b [_eh_ kh agZq_gb)
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f_""m qzjguf b [_euf ihe_f hlkmlkihinZbbqggZy djb\Zy bf
kimigvddbkng 24).

250

200

150

100

50

1 2
JbkgRO+Ih]jZgbqguc i_jhojit'gbgguc i_j _oh”™ b _]h ]jz
JZKij_~ e _gby agZq_gbc ibdk_e_c

>ey hp_gdb Ilhgghklb f_Ih”~Z hij_~_e_gby ijhkljzZzgkl
kihkh[ghklb gZ hkgh\_ Zgih&«bgz g@gbiijlzgbqggiufj_oh/Zf
[ueZ knhjfbjh\ZgZ \mahj@dZ gbc dhlhjuf bkdmkkl\_lgf@ha [
hi “h ibdk _rezlhf kfzaZz ibdk_ey H[s__ qbkeh
\u[hjd_ khklzZ8.b&@Bbkngd_ijb\_"_gu ijbf_ju g_dhlhjuo bah
| _klh\h\w[hjdb>ey dZ ~h]h bah[jEij_dbeyyeidhkljZgkl\Zgg
jZaj_rzxsgkihkh[ghkheh _gguf \ur_ kihhfjhameviZlu Z
hp_gbhZgghklb ijb\_"LZJe bp _

cmas 0 nuKkcenen cmas 1,6 nuKcena cmas 3,2 nuKcena cmas 5,0 nukcenen

JbkmgRA+Ijbf_ju bah[jZ _gbc |_klh\hc \u[hjdb ey hp_¢
f Ih~rZ hij_~ e _gby ijhkljZgklI\ _gghc jZaj_rZxs_c kil
ih]jZgbqguf i_j oh"Zf
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LZ[ebpZ)J amevhdju”® e gby ijhkljZgkl\_gghc jZaj_ r.
kihkh[ghklb gZ hkgh\_ QDO ihkljhgqguwthc jhoilm}idglb klh
\u[hjdb bah[jZ  _gbc b hp_gdZ Ilhgghklb ihemqg_ggu

ljhkljZgkl\ _ggZy
AZ~"Zggu jZaj rzxszy kKihkh[g Iﬂp—ﬁglzb
Bah[jZ  _gb | kfza ibdk ev 99
ibdk_ev bkiIbggZy \ugbke _ggd
Rbkl R R/Rbkl
Edge0.tif 0,00 1,00 1,00 1,00
Edge0_02_BLUR:.tif 0,20 1,20 1,00 0,83
Edge0 04 BLUR.tif 0,40 1,40 1,00 0,71
Edge0 06 BLUR.tif 0,60 1,60 1,00 0,63
Edge0 08 BLUR.tif 0,80 1,80 1,00 0,56
Edge0 10 BLUR.tif 1,00 2,00 1,17 0,59
Edge0 12 BLUR.tif 1,20 2,20 1,37 0,62
Edge0 14 BLUR.tif 1,40 2,40 1,47 0,61
Edge0_16_ BLUR:.tif 1,60 2,60 1,59 0,61
Edge0_18 BLUR:.tif 1,80 2,80 1,68 0,60
Edge0 20 BLUR:.tif 2,00 3,00 1,79 0,60
Edge0_22 BLUR:.tif 2,20 3,20 1,91 0,60
Edge0_24 BLUR:.tif 2,40 3,40 2,02 0,59
Edge0_26_ BLUR:.tif 2,60 3,60 2,10 0,58
Edge0 28 BLUR.tif 2,80 3,80 2,20 0,58
Edge0_30_ BLUR.tif 3,00 4,00 2,27 0,57
Edge0 32 BLUR.tif 3,20 4,20 2,31 0,55
Edge0_34 BLUR.tif 3,40 4,40 2,00 0,45
Edge0 36 BLUR.tif 3,60 4,60 2,44 0,53
Edge0_38 BLUR.tif 3,80 4,80 2,50 0,52
Edge0_40_ BLUR:.tif 4,00 5,00 2,58 0,52
Edge0_42_ BLUR.tif 4,20 5,20 2,64 0,51
Edge0_44 BLUR.tif 4,40 5,40 2,70 0,50
Edge0_46_ BLUR:.tif 4,60 5,60 2,77 0,49
Edge0_48 BLUR:.tif 4,80 5,80 2,83 0,49
Edge0_50_ BLUR:.tif 5,00 6,00 2,89 0,48
FbgbfZevgh _ag 0,45
Kj_"g__ agZ 0,59
GZ Jbkngd _ ithdZaZg ]jZnbd iZ” _gby 1Ihqghklb

ijhkljZgkI\_gghc jZaj rZxs_c kihkh[ghklb gZ hkgh\_ ZgZ
ih ih]jZgbgguf i_j oh”AZf \ aZalykyf hikbFalzl
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ToyHOCTb ONpeaeneHus NPoCTPAHCTBEHHOM paspeluatowen cnocobHocTu
1,00

0,90

0,80

H
0,70 ey

pPe H 4
0,60 - '_\

0,40

R/Rucr

0,00

JbkgRB+t=jZnbd Ihgghklb hij _~ e gby ijhkljZgkl\_gghc
kihkh[ghklb ih ih]jZgbgguf i_j oh”Zf \agZgolgbh#akdb h

Ba LZ[epu \b~gh glh f_Ih™ hij_~ e _gby ijhkl
jZaj_rZxs _c¢ kihkh[ghklb gZ hkgh\_ZgZebaZ QDO ihklj
I _j_oh%tdha\hey | \uihegblv hp_gdmfkglhgghhklvBklibggh]
agZq _gbyblgdZ \brgh glh mom~r_gb_ lhgghklb hp_go
nZdlbg_kdh]h kfZazZ ijhbkoh”~bl ih aZzdhgm [ebadhfm d

lhemq_ggu_ j _ameviZlu ihdZigutZel gipkljZzgkl\_ggl
jZaj_rzZxs_c kihkh[ghklb ih hibkZgghfm f _Ih"m rbjhdh
1jZdlbdg_ ihalhey_ | themqgblv “hklh\_jgmx hp_gdm ijk
themqzZ _ |ky aZ\ur_gghc apdq[hgbZraz | = om _ bah[jZ
\hafh ghklb ijbf_g _gby ij_"~eh” _ggh]h f_Ih*Z gZ ijzZd
"hklh\_jghc hp_gdb hqg_\b*ghH g\dyolkybf\g k gb_ ihij
ithemqg_gguc j_amdbkdigdGZhdZaZgu ]JjaZhbdkbfhklb bklbi
5bkl “zeluf p\_Ihf b \ugbke_kgjhud p\_IhfhkljZgkl\_ggl
jZaj_rZxs_c kihkh[ghklb \ aZ¥gkdd hlbdaid



57

6,00

5,00
Rucm

R

4,00

3,00

2,00 \/
- _‘peﬂp\
HeV““b\V\

J’ nw
1,00 L

MpocTpaHCTBEHHan pa3peluatollas cnocobHOCTb,
MUKC

0,00

Cmas, nuKc.

JbhmgRe+t=jZnbdb JjZnbdb aZ\bkbfhiKdbklbk Noigdplkke Bghc
ijhkljZgkl\ _gghc jZaj_rZxs_c kihkh[ghklb \ aZ\bkbfhklb
ZiijhdkbfbjmxsZy Ryébg cguc |j_g”*

Hg \b”gh 5kibf_ | ebg_cgmx aZ\lblkbfbeblybgu IKFZa.
Jbkngd24 ihdZaZgh RglEd _ ohjhrh Ziijhdkbfbjm_Iky
aZ\bkbfhklBa jbkmgdZ \b~gh qglh “ey ih\ur_gby Ilhqg
hp _ghlRd Ziijhdkbfbjmxsmx ijyfmx gm gh kf_klblv ih h
ith\ _jgmlv

BaLZ[ebpu\b”rgh qlh ijsldklazZz*"ZzIlky mjZvyg«rgb+ 1 b
bf | gZdehg d hkb Z[kpbldhhjr*bgZlZf gZqZevghc b dhg
Ziijhdkbfbjmxs_c¢ ijyfhc ebg _cguc |Ij RhigZ*]j&gmftbdz gZ«c
hlighkbl evgh hkb LZ[[kedidkk

LZ[ebpZDhhj*bggldigZevghc b dhg_gghc Ihgdb Ziijhdkbfl
\ugbke _gghc ijhkljzgkl\_gghc jZaj rZx® _c¢ kihkh][

LhgqdZ X y
gZqgZevg,| 0,0 0,9
dhg qggZ] 5,0 3,0
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Imlzf we f _glZjguo fZl _fZlbg_kdbo \ugbkeZadlald
ZiijhdkbfbjmxsZy Rg#ZZyzIlky mjzZyg P2+ 09b bf__ | gZde
d hkb Z[kpBkk fE_]Jdh ihdZazMWbylth ikh\hjhl Ziijhdkbfbjn
ljyfh® \uihegy |ky kh]JeZkgh nhjfme _

OLJS LR A/
e & U®—-Ut Er&L U@B.T Er& NsZtwlJE r& 'ts;

Hq _\b~gh qlh ijb fZeuo agZq_gbyo kfZaZ nhjfmeZ
[hevimx ih]j_rghklv kjZ\idbbfm_ebgbg_ k kZfbf ag
IjhkljZgkl\_gghc jZaj_rZxs_c kihkh[ghklb >ey filhgjof\odanZ
p_e_khh[jZagh \ghkblvR\ ajgZXarfHbstmagZqg _gbyibdk_eyh
khhi\_lkl\emgZq_glfzaz [he_ _ ibdk_dhlhjuo dzZd \b’
LZ[epu3, ijhbkoh”bl kms_KkI\_ggh_ iZ~ _gb_ Ilhqgqghklb \1
h[fjZzahf ihijzZ\dm \ agZqg_gby ijhkljZgkl\ _gghc jZaj_r
ke “m _| \gklkld¥2kgh ke _"mxs_fm ijZ\bem

400£QsaOEIOETa
satwA Er&§OO£EPsavOEIOEIA

<LZ[bp_ ijb\_~ gu j_ameviZliubvagbgeghkljZgkl\ ggl
jZaj_rZxs_c¢ kihkhRhhklbijZ\bem hpbgdizo lhgghkIBa
Ijb\_"zgguo \ LZ[ebp_ j_amevlZlh\ \b~rgh qglh \g_k g
ith\ukblv Z[khexlgmx Ihqghklv hij_~ e _gby ijhkljZgklI\
kihkh[ghklb "h kj_~g_]h @02 chlgbklibggh]h agZq _gby

KE OO\ tt:

LZ[ebpZ)J amevhalgbkeygdgZq gbc ijhkljZgkl\ _gghc jZa
kihkh[ghKlh ijZ\bemb hp_ddZlhgghklb

lijhkljzZzgkl\ Zy jZaj_rZxg
. J Iiihgkh[ﬁﬁglvyjibd{(__ev Hp_gdZ lhag
panliz—oby bkibggRykl | \Udbke_dggzy R/&AEOD
9oRY bkijZ\e g@ED
Edge0.tif 1,00 1,00 1,00
Edge0_02 BLUR.f 1,20 1,00 0,83
Edge0_04_BLUR.tif 1,40 1,92 0,71
Edge0_06_BLUR.tif 1,60 1,92 0,83
Edge0_08_BLUR.tif 1,80 1,92 0,04
Edge0_10_BLUR.tif 2.00 2,23 0,89
Edge0_12_BLUR.tf 2,20 2,60 0,85
Edge0_14_BLUR.tf 2,40 2,78 0,86
Edge0_16_BLUR.tif 2.60 3,00 0,87
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LZ[ebpZ + J _amevlZlu \uqbke _gby agZq_gbc ij
jZaj _rZxs_c kihkhRghkjiZ\bem b hn@ Igdghklb ijh*he”

ljhkljZgkl\_ggZy jZaj_rZxg
. Kihkh[ghklv ibdk ev | HP-9dZ Ihag
Bah[jZ _gb | \ugbke _ggZy ‘e A
—-99£Y a
bkibggRykl | 1\ A R/IAEOOD
Edge0_18 BLUR.tif 2,80 3,17 0,88
Edge0 20 BLUR.tif 3,00 3,37 0,89
Edge0_22 BLUR.tif 3,20 3,59 0,89
Edge0 24 BLUR.tif 3,40 3,79 0,90
Edge0O 26 BLUR.tif 3,60 3,93 0,92
Edge0_28 BLUR.tif 3,80 411 0,92
Edge0 30 BLUR.tif 4,00 4,24 0,94
Edge0_32 BLUR:.tif 4,20 4,32 0,97
Edge0_34 BLUR.tif 4,40 3,75 0,85
Edge0 36 BLUR.tif 4,60 4,55 0,99
Edge0_38 BLUR.tif 4,80 4,66 0,97
Edge0 40 BLUR.tif 5,00 4,81 0,96
Edge0_42 BLUR.tif 5,20 4,92 0,95
Edge0_44 BLUR.tif 5,40 5,03 0,93
Edge0 46 BLUR.tif 5,60 5,15 0,92
Edge0_48 BLUR.tif 5,80 5,26 0,91
Edge0 50 BLUR:.tif 6,00 5,37 0,90
FbgbfZevgh_ a 0,71
Kj_"g__ ag4 0,90
GZ Jbkmgd _ ihdZazZgu ]jZnbSitbk bZEkOkhkabe ggh
ih ijZ\bem \ aZ\bkdgFh gl g thAa Z
6,00
5
5
% 5,00
% ' Rucm
2
S Rucr
S 4,00
=)
%
3 g
g Z 3,00
8 -
x
(301
I 2,00
Q
B
2 1,00
g
(-
0,00
Cmas, nukKc.

JbgRE+=jZnbdb aZ\bk5bkHiBHE O BkijZ\e gghc ih ijZ\bem
aZ\bkbfhklbgElh kbFaz



60

GZ Jbkmgd_ ithdZazg ijbjfhkljZmkddbgghc jZaj rZ
kihkh[ghklb kgbheémqg gguo D: b Zwjhnhlhktzfhqgufb
hkgh\_ ZgZebaz QDO

KA /133 Kanonyc-B (cencop IICC)

@okycHoe paccTosgHue f=1 797,5 MM
Pa3mep mukcens CBeTOUYBCTBUTETIBHOM
MaTpHIEI px/ = 7,4 MKM

Bricota ceéMkn Hp = 514,1 km

Vo OTKJIOHEHHS ONITHUECKOI OCH KaMepEl
OT Hajupa o = 3°

Pa3mep mukcend Ha MecTHOCTH GSD = 2,1 M

MHuHHEMAJIbHBIH pa3Mep 00beKTa
MECTHOCTH, PA3JTHYHMOI0 HA CHHMKe:

B mikceIax R = 1,56
BMeTpax Ly =331 M

DOoKyCHOe paccTosHHe f= 146 MM

Pa3mep mukcens CBeTOUYBCTBUTETBHOM
MaTpuisl px/ = 3,76 MKM

BricoTa ceéMkH Hp = 2500 M

VT01 OTKIOHEHHs ONTHYECKOI OCH KaMephl
oT Hajmupa o = 0°

Pa3Mmep mukcesns Ha MecTHOCTH GSD = 6 cM

MHEHHEMAJIbHBIH pa3Mep 00beKTa
MEeCTHOCTH, PA3THYHMOI0 HA CHHMKe:

B mukceIax R =122
B MeTpax Ly = 7.3 cM

DoKyCcHOe paccTosHue f= 92 MM

Pa3mep nmukcens CBeTOUYBCTBUTETBHOI
MaTpuIsl px/ = 3,9 MKM

BricoTta ceéMkn Hp = 6000 M

Vo1 OTKIOHEHHS ONITHYECKOIH OCH KaMepsl
oT Hajmpa o = 0°

Pa3mep mukcens Ha MeCTHOCTH GSD = 25 cm

MHuHHEMAJIbHBIH pa3Mep 00beKTa
MECTHOCTH, Pa3/IHYAMOI0 HA CHHMKe:

BIHKkcemax R =1,12
B MeTpax Ly = 28,5 cm

Jbkmghdljbf juhp _gdb ijhkljZgkl\ _gghc jZaj_rZxs_c k
Zw4{lb dhkfbg_kdbo kgbfdh\ gZ hkgh\_ ZgZebaZz
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22 Nhlh]jZnbq_KkdZghklv
221lhgylb_ nhlh]jZnbg_kdhc j_adhklb bah[jZ _gby

ljhkljZgkl\_ggZy jZaj_rZxsZy kihkh[ghklv \ jy® ke
f j_ kihkh[gZ hljz zZIv \hafh ghklv ~ _rbnjbjh\Zgby f_
bah[jZz  _gbb =jz~"Zpbhggu_ ihdZazZl_eb 1zZdbl_®@d l&ghdd.
g_ ihalheyxl ihemgblv ~hklh\ _jghc hp_gdb \bamZevgh
kgbfdZz

L f hp_gdb j_adhklb pbnjh\uo nhlhbah[jZ _gbc if
jZ[hl b im[ebdZpbc Bkke "“h\Zgby ihk\ys gu hp_gd_ b
h[ezZzklb om”h™ _kh\hldjhzobdd 103].

>ey Z-w | hb dhkfbdokdbah[jZ _gbcihemqgzZ_ fuo
nhlhhih]jZznbg_kdhcb ktkfdhkbb kharZgby p_e_\hc I|hih]j:
ijhA"mdpbbh[e fZ hp_gdb nhlh]jZnbg_kdhc j_adhklb
ZdimZevghklv ihkdhevdm hl bah[jZabl_evgh]lh dZqg_kl\z
dZqg_kl\h ijhba\l\ifhgdmdplb adhklv ihemqZ-fhodH#kfjlhg kd
kgbfdh\eby | gZ Ihgghklv ijhba\h~bfuoj_ipbgbfZ bladd" _
bah[jZabl _evgh_ dZq_ _kl\h ihemgzZ fhc ijh*mdpbb ij.
nhlhj Zebklbgguo bahzhjlgmtlhieZgu-fh™ eb f_klghk
| dklmjbjh\Zggu_ nhlhbah[jZ _gbwlhcb kiyab az”~zZqz |
ih\ur_gby nhlh]jZnbqg_kdbcbjahdh  gbc y\ey I|ky ij_~f Ih
bkke_ "h\Zgbc \ h[eBkdbkZtwgh kdh c[&t 2G4d113].

< k\yab k rbjhdbf ijbf_g gb_f \ ijZdlbd_ Zwjhk
dhfie _dkh\ gzZ [Za_ ;<K aZgZklmx h[hjm~h\Zgguo |
dzf_jzfb \ dhHkumolkl\m_ | dhfi_gkZpby k”*\b]Z bah[jZ _
[ul\Zzx] kemqZb ihemqg_gby kgbfdh\ gbadh]h bah[jZal
gZkhklb g _j adb_ beb kiZaBgAZ"ZqZ hp_gdb bah[jZa
dZq_kI\Z \hagbdiKiuliZgbwar"bfuo \ wdkibmadlZp ckl\mxs
hl _q_kI\_gguo-Wwidbdhhgguo kbkl f >AA [Zdbo dHEKI>DZ
(Jb kn g 2D.
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[
JbmgRdxljbf ju g j adbo kghkkdgyb\fhd i1hemqg_gguc

Zwjhktzfhqguf dhfie_dkhf gZ [Za_ ;<&dkkfiblgdkgibc kgb
ithemqg_gguc D: =bkl

ljhkljZgkl\ _ggZy jZaj _rZxsZy kihkh[ghklv g_
0ZjZdl _jbah\Zlv \bamZevgh_ \hkijbylb_ j adllkkbgdah]|
kgbfhth[eZ”Z | \bamZevgh [hevr_ckghthhd|tkljdgkl\_gg-
jZaj_rZxsZy kihkh[ghklvZ klgigfdZezgpgZZyhkgh\_ZgZeba.
ihkljh _gghc ih ih]jZgbgguf \“"heohklphdlhe[KkihklZ\beZ

ibdkykéhhI\_TklI\_ggh Z "¢y kgbbdz ibgkhal\_Ikl\_gg
ljb \bamzZevghf hleblgdbbmhlkhdhc j_adhklb Zywjhkbhgbdh\
ijhkljZzgkl\_gdl¢ rZxskihkh[ghgl hg _\b~gh

=jZ"Zpbhgghc 0Zjzdl_jbklbdhc iha\lheyxs_ ¢ hp_g
ih]l]jZgbgguo i_j _oh”~h\ kgbfdZ kem bl eblfZevguc dhgljz

&Q vF &Qqi,
-iRi L _)VFs 24 tu;

] DNmax bDNmin £h I\ _IkI\_ggh fZdkbfZevgh_ b fagBfZewbg ib
bah[jZz dbyfZdkbfZevgh \hafh 'gh_ gbkeh ]jZ*Zpbc p\.
bah[jZ  _gby k jZz"bhf_Iljbg_kdbf jEkjbdkd@e\H*56. [
AgZq_ehdZevgh]lh dhgljZzklz \hgbkgymaky~rey dZ ~h
ith]ljZgbgghlh i_j oh”Z gZc”™ _ggh]lh igZ hbbkEgghohb\t
Zelhjblfm >ey hij_ ~ &[gbhMgZg _gby ehdZevgh]hedh
\k]hbah[jZ ydbgbkey Iky kj "g = ba agZq _gbc ehdZe
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dZ "hfm ih]jZgbgghfm i_j oh"m LZdgzZMdygtglafgZzg gb
ehdZevgh]h dhgljzZzklZ khklzZ\ey | [ gZ0 b’kerygk 4 6,88.Z
Hg \b”rgh qlh "ZggZy hp_gdZ g _ w\regtehkyijbhdZadgdue
Jbkmgdbah[jZ  gbc ihkdhevdm \ugbke ggh_agZqg_gb_
hdZaZehkv [hevr_ m bah[jZ _gby dhlhjh_\u]ey”bl \ban
P_evx "Zgphklbkke ~h\Zgby y\ey I|klkyihihed@Zlged ggh

hp_todhlh]jZznbq_kdhc j_adhklb kgbfdz

< k\yab k wlbf g_h[oh”bfh j_ rbaZ’k®&q "mxsb _

hij ~ e githdZaZl _ekihkh[gh]l]h hozjzdl_jbah\Zlv nhlt
j_adhklv bah[jZ _gby

hij_~ e _gb_ kihkh[Z gbke_gghcithgpZagdlb éy gghl]h

222Hij_~ e _gibhdzZaZl_eyjzZdl _jbamxs_]h nhlh]jZnb
j_adhklv bah[jZ _gby

< ijZdlbd_ ZgZeh]lh\hc nhlhktzfdb kms_klI\h\Zeh
dhebqg_kI\ _gghc hp _gdb j adhklb nhlh]jZnbg_kdh]h ba
1Zg] _gkm mlJeZ 9gZdehgZ ijyfhebg_cgh]h mqgZkldZ
fZdkbfZevghfm ]jZ”*b_glm ih]jZgbqgghc djb\hc beb ih rt
fZdkbfZevghc hilbg_kdhc iehlghklb68h fbgbfZevghc >

< gZklhys_ _ \jJ _fy k jZa\blb_f pbnjh\uo | _ogheh
h[jZ[hldb pbnjh\uo bah[jZ _gbc \hagbdeb b jEgekldgggh
hp_gdb nhlh]jZnbg_kdhc j_adhklb gZ hkgh\_ZgZebaZz
ehdZevguo dhgljZzklh\ bam{iZBZ@gbyZ >hkgh\_ ki_dljZevgt
ij_h[jZzah\Zgb_ Nmjv-ij_h[pXahhZgby "bkdj_lgh]lh d
ij_h[jZah\Zgby[124133@ deZkkbnbdZpbb b jZkihagZ¥zZgb
135@ ba\_klgu f_Ih?u gZ hkgh\_ 43tjhgguo k_ | ¢ >

>Zggu_ f _Ih~u ithal\heyxl hp_gb\ZIlv j _adhklv bah]j
kKl i _gvx gZ”"z dbkIb37]> 1 jbf g ghb_j gbke _gguo Ze]hjbl
fZl _jbzZezZw{tb dhkfbqoktdbhd ihemqgzZ fudlheih]jZnbqg_ kd
ktzfdb f_klghklb bf__ | kms_kI\_ggujbfh]jizfighgmgby kgb:
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dhkfbg_kdZy kp_gZ themaqg-lgjizaf DhfJ _kmjk ibdk _e_ c

[he  Z lZzd" _ ZwjhnhlhkghefdgZ fuiheghnhjfdip
lhih]jZnbdfbkdzZf Zfb gZijbDMC lll: 25728114592 ibdk e ltd®I
UrbanMapper2 jZaf_jZfb 1 iIbdk _e 80 jZaf_g¢dindbq_kh\h

1000 kgbfdm\Zz h~bg \ue_ | )bhJpZgbgbl\Zbf_ g _gb_ g _dhlhju
ij_"ezZ]Z_fuo f_Ih~h\ hp_gdbag andhkfib beh guo \ugbketk
ijhp_~mj b gbadhc ijhba\h”"Bl_cZiglghllblb Zelhjblfh\ g
ki_dljZevgh]h ZgZebaZz

GZb[he__ ijhklufb \ j Zejhddapbdbl_evgufb fy\ldwiKyb
1iZz"b_glgu_ f_Ih”u hp_gdb nhlh]jZnbqg_kjbhc hg_gd}l
bah[jZabl _evguo k\hckl\ ZgZeh]h\uo Zwjhnhlhkgbfdh\
Ijbf _gyekyg!l ihdZazZl _ev ©qzldhklv® hkgh\Zgguc gZ \i
1iZz"b_glZ ih]jZgbqgghx@d jibh pfen e _

2 L caiygdo tv;

]~ C&kj_"gbc ]jz*"b_gl hij_~ ey fuc gZdehghf ijyfhc Kk
ih]jZgbgqghc dph\B&¥ekj ~gyy jZaghklv fZdkbfZevgh]h b
agZqg_gby ih]jZgbqgghc djb\hc

F _Ih*hkgh\Zgguc gZ ijbf_g _gbb nhjfmeu \ihe
ijbf _gzg b d pbnjh\uf bah[jZz _gbyf Djhf_ Ih]h hg
ij_bfms_kI\hf ih kjZ\g_gbx k mihfygnmlyglZlbdgufbet Ih":
hp_gdb nhlh]jZznbq_kdhc j_adhklb ihkdhevdm fh" | \uif
hp_gdhc ijhkljZgklI\_gghc jZaj_rZxs kb kk hrekviejigptizhlbgdb
| o ih]jZgbgguj oh® < ~Zgghf kemqZ_"ey hp_gdb nl
j_adhklb[h Iky fbgbfZzevgh_qgbkeh ~hihegbl_evguo \uqgb

=jZ"b_gl ih]jZgbqgqghc djb\hc hij_"* ey Iky ih nhjfme
L&Qi@éF&QiUéLU&O

J J
]* DN £jZaghklv fZdkbfZevgh]h b fbgbfZevgh]h agZq _,gh:
n+"ebgZ ih]jZzgbgghc djb\hc \ ibdk_eyo

C

tw
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lhjy*hd agZddDNybckbevgh hlebgZ |ky /DNKdfeggmlky
ij_ N eZo jZ"bhf_ljbg_kdh]h jZaj_r_gby bah[jZ _gby
bahlg" gby k jzZ~bhf_ljbg_kdbf jZaj r _gb_f [bl ibc
ih]jZzgbggh]lh i nkoktZ\ey | \k_]h g_kdhewdhdibjZRhbehc f_

lhwihfm agZq_gb_glyE~ "PrZglan”® | hklzZ\ZIlvky ~hklZlh
thjyrdz "ey f_klghklb kc\dkigtihjghc gZ]jmadhc o¥jZ
]Jhjh~r"kdbo gZk _ezgguo hjmgdhh\ ohayckl\ _gghc ~_ vyl
bgnjZkljmdImju g_ hljZz Zy bklbgguo ozZjzZdl_jbklibd j_
k\yab k wibf afRdngbyw[oh”*bfh ghjfbjh\ZIlv

JZkkfhljbf b" _&ekgmqZc ih]jZgbggh]h i_j oh”Z b
djb\hc @angd8 bah[jZz _gZ ]jZgbpz h[t_dlZ _~bgbggh
br Zevguc kemqgZc _z pbnjh\h]h bah[jZ  _gby [i38]jZgbqg

D
255

127

B

nuppoBoe n300pakeHue
B 5

a

06BEKT aGCOMOTHOTO KOHTPAcTa

JbkgR8 +=jZgbpZ h[t_dIZ Z[khexlgh]h dhgljZzklZ b b~ _.

pbnjh\h]lh bah[j&ih§jdgbqggh]lh i_jZohtZdl Z[khexlgh]h
dhgljZkllZb® _Zevguc kemqZc bah[jZ _gby ]jZgbpu ih]jZ
hit _dlZz Z[khexlgh]lh dRrdlaBkjlZz  _ghjZigbqggh]lh i_j oh~Z \
ith]jZgbqgghc djb\hc \ *"Zgghf kemqZ_ bf_xsbc \b” ijyfhc
(n) tghf_jZ ibdk_e_c \ ih]jZzgbqgghf i_j_oh”_DN) }lbgdZe vgty
ibdk _e ¢ fzZkrlZ[ ]hjbahglZevghc b \ _jlbdZevghc hkb i
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< N"Zgghf kemqgzZ_ "ebgZ ih]jZghdkdtlZ\ieyj _bh?ribdk _
I _j_i1Z™ agZq_gbc ibdk_e_c¢c \ _]Jh ij_~ eZo f_gy_Ilky
jZ"bhf _ljbg_kdbf jZaj _fbgbbdk _ev hl A h ljb\_~zf
\ jIbdZevghc b ]hjbahglZevghcilhdkk ce ghihjpZgbggh]h i_
bo agZq_gbc khhlI\_IkI\_ggh d _“bgbp_ \\_~y ghjfbjm

glhJu \ugbke gguc ih 1iZ~b _gl ih]jZgbgqghc djb\hc *
(Jbkmghd 1Zd"_ [ue jZ\_g “bgbp_ gZah\zf ]h “bgbgg
U& u
Gasal — @ ‘X,
]*L" tkj_~gyy “"ebgZ ih]jZgbqggh]h i_j oh”~Z ZgZebabjm _f
NhjfmeZ yley |ky [he__ m~h[ghc 7~ey hp_qgc
j_adhklb bah[jZz  _gby q_f ihkdhevdm ij_"klZ\ey _

ghjfbjh\Zggmx \_ebgbgm dhlhjZy baf_gy_Iky hl ~h
bah[jZz _gby 1_f agZq_gb_ ghjfbjglAgeliéw [jzdb_"bgbp
khhi\_TklI\ _ggh g _f hgh [eb " d gmex | _f [he__ g _j_ adl
[138].

<ugbkehggh nhjfme _ agigbjdbZgghlh ]jdnk 2z
kgbfdZlblkmgdZkhklZ\beh Z "¢ ywO3gblifdeZmqg_ _gguamevl!Z
khleZkm _ |ky k \bamZevguf \hkijbylb_f j adhklb wlbo 7\

Nhjfme 226 kijz\_"~eb\z 7"ey bah[jZz _gby k jzZ”"hb
jZaj_r_gb _f [bl ibdk _ev >ey hp_gdb j_adhklb ©be
jZ "bhf_ljbq_kdbf jZaj_ r_gb_f agZf_gZ]hedhwhjibphbxglZ
ke _~"m_1| azZf_gblv \Gébgbghbjfnk8@m AZf_ g6\ agZq_gb_
g4G-1) ihemgbf nhjfmem “ey \ugbke _gby j adhklb pbnjl
his_f \b"™_

U& u
QiaaaL_®)TS ‘ty;

GZJbkngd28 ihdZaZgu njZ]f_glu “\mo Zwjhnhlhkgbfdh\
j_amevlZIl_ jZaebqgguo j_"bfh\ ihklh[jZ[hldb Z HY k4d 89d Z
ijh\h*"bezZzkv k ijbf_g _gb_f Ze]lhjblfh\ ih\ur_gby qgzldr
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Jbkmd@91ZdZy h[jZ[hldZ g_ ijbf_gyedkv e gkigchbZd &k rd 9
khklZ\beh ney Kigkord@d 20,18.

JbmgRA+NjZ]f _glu Zwjhnhlhkgbfdh\ ihemqg _gguo \ j _an
j_"bfh\ ihklh[jZ[Zkkbijbf_ g _gb _f Ze]hjblfh\ ih\ur_gby gz
[ a ijbf_g _gby Ze]hjblfh\ ih\ur_gby gqzldhklb

ljb\_"*zgguc jZlKg2b _glghc hp_gdb nhlh]jZnbqg_kdh
nhjfméz b ih kgbfdlbfimgdZJbkm@gakh]l]eZzkm _Iky k \ban
\hkijbylb bfah[jZ _gblictgZddzZd b ijhdjz*b_glgihdZaZzZl_e\
nhlh]jZnbq_kdhc j_adhklb "Zggu_  nhjfmeu h[fez”
g_"hklzldhf dhlhjuc ijhy\ey |ky ijb hp_gd_ fZehdhglj
JZkkfhljbf ijbf_j ih]jZgbqggh]h i_j _oh”zZ lzdihkn dlad)]jZz"
"ebgZ i_j lokhEKlZ\ey | k_idyd Z i_boady” q_ gh=<40.

100 120 140
JbkgBAxIjbf _j ih]jZgbggh]lh i _j oh”Z fZehdhgljZkligh]h
\gbam ih?ibkZgu agZqg_©®Ny ibdk_e_c

< A"Zgghf kemqgZ_ hij_~ _ezggh_ ih nhgtmé _ | aa@Zaq @b
1iZ"b_glgh]lh ihdzZazl _ey g_ hljz Z 1 bklbgghc nhlh]jZnb
ithdZaul\Zy qlh kgbfhd y\ey Iky g _j _adbf
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Ba ijb\_"zgghJhknggZB0 ijbf_jZ ih]ljZgbggh]h i_j oh”Z

b ke ~m_| glh izjzf_ljhf kihkh[guf h
nhhljZnbg_kdmx j_adhklv bah[jZ _gby y\ey |ky "ebgZ
L' ihkdhevdm hgZ g_ aZ\bkbl hl dhgljMkedhy bdh[j4 kgly
ihdzZzazl e f kl_i_gb jZzaful&l68p JjgmZeh]bb k nhjfmézZ
(27) fh ' gh ihemqgblv nhjfmem ”"ey \uqbke gby ghjfbjh\
nhlh]jZnbq_kdhc § adhKlibZglgh]h d i _j iZ"m agZl_gbc

OL—U,, tz,

LZd ~ey ih]jZgbggh]hJbkpd@@®"&@gZq_glkhklZ\bl q
Khhi\_Tkl\m_| bklbgghfm agZqg_gbx nhlh]jZnbq_kdhc j_a

>ey kgbfdbhknd2 Zb [ hij_* ezggh_ih nhjfme _
ghjfbjh\Zggh]h ihdZazZl ey nhlh]jZntsgklkkliZd bjeradhkltb
KhRAIIkI\_gghey kgbfldkm®p8zZZzb [ + b kKhhi\_TKkI\_
ljb\_~zggu_ j_ameviZlu ihdZau\Zxl glh 1j_"eZpzZ f
hij ~ ey fuc [_a mqgqzlZ i_j_iZ"Z yjdhkl_c¢c ihg¥Xlgeyglcvil
[he gZ”~z gmx hp_gdm nhlh]jZnlbphdhc gbadbkib™qg |
jZaebqby f_ ""m bo \bamZevguf \hkijbylb f ih ~Zg
bah[jZabl_evgh]h dZq_klI\Z

GZbkngB8lijb\_"~ gu ijbf_ju dhkfbqg_kdbo bah[jZ _gb
D:DZghirm(@ b :bklI>().JZaf_j ibdgZefy klghklb kgbfdZ ihel
D: DZghiskkhklZ\ey If139@ kgbfdzq idemih D:-:b kl f
[73@ 1jb \bamZevghc hp_gd_ dZg_kI\Z bah[jZ>\ubeZklglk
[he_  jzZafuluf ih kjzZ\g_gbx kh kgbfdhd Dh Diza\hieyk
ij_~iheh blv qlhzgghf jzaf_ j_ ijh_dpbb ibdk_ey gzZ f_ k
kgbfdb h[ez”Zx| h~bgZdh\hc ijhkljZgkl\_gghc jZaj_rZx
k\yab k jZaebqgguf bah[jZabl _evguf dZq_klI\hf [(b4mqgZ _fi



JbkgBH+NjZ]f_glu dhkfbq_kdbo bah[jZ _gbZt ihemq
D:DZghimk+D::bkd >

>ey kjZ\g _gby [ueb \u[jZgublkygdf@lb ihemqg _ggu_
| _jjblhjbx Jhjh~kdhc azkljhcdb \ e_Igbc i_jbh” ijb
hk\_szgghklb hij_~_ ey fuo \j_f_dqukhkhzfdbhdgpZ ihw
hij_ ~ ezgghc "“he_c h[h[s_gby fh gh kgblZlv mkeh
hrbgzZdh\ufb Z kZfb bah[jZ _gby khihklZ\bLfb f_""m Kkl

< LZ[bp 6 ijb\_~ gjuameviZlu \ugbkgmgldpmjhf Ijbqg_k
ithdZaZl e _c¢ bah[jZabl_evgh]lh dZqg_kl\zZz Nk I{4Zglkldo glgd
jZaj_rzZxs_c kihkh[ghklb b nhlh]jZnbgAk&c gbadhXlibe
dhgljzklz ijb\_~ gu \ dzZq_kI\_ \kihfh]zZl_evguo kijz\
ZgZeblddzZzbhzZev h[s_]h dhgljZklZ \ugbkeyfly79h nhjfme _

o teac p
"RASYTE t{;
1" _od*xKDH agZq_gbc ibdk_e_c bah[jZ _gby
IhdZaZl _ev ehdZevghKhnghigkjgdklliAaZeky ih nhjfme _
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LZ[eb®ZAgZq_gbyZaZl_e_ _c dhlljjarkdZmhhf_ljbg_kdbo ihd
bah[jZabl _evgh]h dZq_kI\Z kgbfdh\ ihemqgb ggkle D: L

Dhgljzkl Jzaf_j| IjhkljzZgkl
ibdk_e \_ ggZy | Nhlh]jZnbqg_K
IhdZazZl | h[sbc | ehdZevg gZ jZaj _rZxsZ j_adhklv
f klghk| kihkh[ghk
Khp Kend GSD, f R, ibdk ey S
DZghimk 0,24 0,64 2,10 1,42 0,47
bkl > 0,31 0,71 1,46 1,60 0,30

ljb\_~zgguLZfbp6j ameviZliu ihdzkauhktZ\bfthkv ]h
dhgljzkl@Zebabjm_fuo bah[jZ _gbc bdbglgaldlZzeghphklv
Khhi\_IkI\mxsbfb agzZg lgbydb g__ Wlh kem bl ih”~\_]
dhjj_dlighWiphjZz kgbfdhkjZéyg gby

BaZ[ep6\brgh gllkfhljy gZ f_gvrbc jZaf_j ibdk_ey
kgbhd ihemqg cdgu:bkl> h[eZ*Z _bvr_rmhlh]jZnbqg_kdhc j_ ac
b dzZd ke _"klI\b_jZagvrZxs _c kihkh[ghklvx ih kjZ\g_gbx
ithemqg_gguf D: DZdghiimk_eb\ jZaf_ju fbgbfZevgh]h h[t_d
L hlh[jZab\r_]hky gZ kgbfd(14)h hrelmpighé "eydkgbf DZghin
<L: § f Z ~ey kgbfdZ s §8pB4 f

ljb\_~zgguc jZkqzl|l cHd@ZR@®Deb nhlh]jZnbg_kdikghfddl
ihemqg _ggh]h D: -BxZgithimkeyx!|l hlh[jZablv gZ gzf h[t_d
dhlhjuo gZ Ij_\urzZx!| jzZaf_j ibfdklgegkldZz Z ZgZeh]
iZjZf _lju kgbfdZ ihemqg_ggh}kg¥: :bkl

lhemq_gguc j_amevlZl ihalhey | k® _eZlv \u\h”™ ¢
f_klghklb g_ yl\e¥jZldy jbklbdhc hij_"* eyxs_c kljmdIm
k\hckl\Z kgbfdz < k\lyab k mifbfljblgljkdiindZzazd =
ijhkljZgkl\mg@gZaj rZxsxkihkh[ghkl nhlh]jZnbnxjkdadhkdt
p_e_khh[jZagh hij_~_eylv ijb \uiheg_gbb az\h”~kdhc
dhkfbq_kdbo nhlhktzfhqguo kbkl_f b aZghkblv \
dZeb[jh\hggufb izZjzf dydfb ozjzdl_jbklbdm dzZq_klI\Z
fZl _jbZeh\
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2.3 <u\h?uhjZa™_em

< j_amevlzl_ "Zgghlh wlZiyjzZekkéhd'hhKhdigbke ggu
ihdzZzazl_e_c klIjmdIimjhf_ljbqg_kdbo b k\drckfibh g Zkndjho kgt
\dexqZxsdpkljZzgkl\mgpgZzaj_rZxsxkihkh[ghklv b nhlh]pnb
j_adhkdZajz[hlZzg Ze]lhjblfbg_kdbc b f_Ih*bqg_kdbc ZiiZz
f Ih hp_gdb bo agZg_gbc
GZ hkgh\_ ZgZebazZ bklhggbdh\ b ghjfZlb\ghc
hij_~_e_gb_ ijHkljggkc jZaj_rZxs_c kihkh[ghklb pbmjh
dhkfbqg_kdbo kgbfdh\ ihe mhglbhiftulgZndyg kdh b fk tizlfglh kb b
kha”“Zgby p_e_\hc Ihih]jZznbqg_kdpx\_ih¢imdipibkEidgtk h[Z
hij_~ _e_gby QDO bah[jZ _gby ih ih]jggblylgdlkbZigblhh]t
[ueb j_r gu ke _"mxsb_ aZ”Zqgb
jZajzZ[hlzglhjblZ\IhfZlbg_kdh]h gZbk&FZjZ" bgilh]jZgbggu«
I _j_oh”h\ h[eZ”"Zxsbo fZdkbfZevguf ]jZ*"b_glhf
jZajzZ[hlZzg iheghklvx Z\IhfZlbg_kdbc Ze]lhjblf hij_~ e _
jZaj_rzZxs_c KkKihkh[fw¥hib dhkfbg_kdbo kgbfdh\ ih ih]
i j_ohnZf
\uiheg_gZ hp_gdZ lhgghklb ij_~ezZ]Z _fhlh Ze]lhjblfz
\g k _gu baf_g gby \ nhjfmem hij_~ e gby ijhkljZgkl
kihkh[ghklb ijb [hevrbo kiZx&dZo Megk_ _eph KkhHkI\m |
agZq_RgbZaZ [he )ibfkammev!IZl jZajZ[fhllhdgakthey |
hij "~ _eblv agRgkildlmghklvxZijikkhexigmagZq_gbx hi
bklbggh]h agRlgklgby
< oh”_ bkke_"h\Zgby ihdgekdphgklgZly jZaj rZxs:z
kihkh[ghklv g_ iha\hey | ~ZIlv iheghc odjladjlhfjblk blod kk
k\hckl\ kgbfdgzklghklb nhlh]jZnbq_kdhc j_adhklb H
jZaj_rzZxs_c kihkh[ghklb fh _|I [ulv hlh[jZ zg gZ kgt
N rbnjbjh\zZgb_ fh™_| Julv azZdam) g @l htkdb bah[jZ _gby
k\yab [ueh hij_~_e_gh ihgylb_ nhlh]jZnbg_kdhc j_ad
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pbnjh\uf ZWw ]l dhkfbqg_kdbf bah[jZ ihgmydZz fuf N
nhlhhih]jZnbg_kdhcbh ktkfdhkbb kharZgby p_e _\hc I|hih]j:
ijhA"mdpbhj_~ 29 khih_IklI\mxsbkdZaal e jZajZ[Kklih&gh[ ]h
gbke _gghc hp_gdb

J _amevlZl ijh\_"*zggh]h bkke_ "h\Zghgf ihdbaXeeyq
f_klghklb g_ yl\ey |Iky oZjzdl_jbklbdhc hij_"_eyxs_c
k\hcklI\Zz kgbfdZz < wlhc klyab kljmdimgZfadjbe k
ijhkljZgkl\mggZaj_rZxsexkihkh[ghlkbl nhlh]jZnbnxjkddhkt
p_e_khh[jzZeghgb\Zilj\pb \uiheg_gbb az\h”"kdhc dZzZebbjh\
dhkfbg_kdbo nhlhktzfhqguo kbkl_f b aZghkblv \
dZeb[jh\hggufb izZjzf_ ljzf®bzjAddldljpkm dzZq_kI\Z ihem
fZl _jbZeh\

ljbf_j ijh]jZffghc | _ZebdZpb¥YWhij_ "~ e gby agZc
kljmdImjhf _Ijbg_kdbo ihdZaZl e _c¢c bah[jZabl _evgh]h
dhkfbg _kdbo kgbfdhPythgn3vaijd~klzZz\e g \ Ijbeh  _gbb :

< "Zgghc ihklZgh\diZagzZ{Zlggd kbkl fu gbke _gguo i
kljmdImjhf_Ijbg_kdbo k\hckl\ pbnjh\uo Ihih]jZndqglzdb
f I1h~"Z bo hp_mgadblky \i_j\u_
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3KBKL?FQBKE?GGUO IHD:A:L?E2CG:PBHGGUO
K<HCKL< :WBHDHKFBQ?KDB®BFDHB F?LH> BO HP?GD

DZd ihdZaZgh \ur_ 1Zdb_ ~ n_dlu kgbfdh\ dZd
kemgZcguc rmf ihl_jy bgnhjfZpbb \ h[eZkllpgZjngh gdb_
IjZ\bevghklb p\_lhi_j ~Zqb hlghkylky d gZjmr_gkhk
nhih]ljZnbqg_kdbo k\hxldhKiwgh BdbpjZz  gb&Zggu_ gZjmr_
bah[jZabl_evgh]lh dZqg_kI\Z iha\heyxl hij_~_eblv gZ[hj
ithdZaZl e _c¢

P_evx "ZgghlheZz&%kke "h\Zgby pyleyZ[khdZ kbkl
gbke gguo ihdzZzpeZNMZepbchgkuockl\ Zwjhdhkfbg kdbo Kxgbf
f Ih~"Z bo hp_gdb

31 1 _j ~ZqZ bah[jZz' _gb_f yjdhklguo hkh[_gghkl_
h[t_d2

P_evx ”"~Zgghlh wlzZiZz bkke_~h\Zgby y\dhdlkaZlhej
kihkh[gh]lh hozjzdl _jbah\ZIlv iheghlm b dZq_klI\h i_j ~Zq
hkh[_gghkl _c kgbfzZz _fh]lh h[t_dIZ

Lhgghklv i_j ~Zgb yjdhklguo hkh[_gghkl_c¢ kgbfz_ fh
"bgZfbqg_kdbf "bZiZahghf b jZ*"bhf_Iljbq_kdldiZ j4d&jwirhfgb |
yleyxlky h~gbfb ba \Z g crbo ihdZaZl e ¢ bah[fZalll
liZz"Zpbhgguo k\hckl\ - >heydhkwhldp okidgbfdh\ihemqzZ fuo
nhlibhih]jZnbg_kdhcb ktkfidhkllh kha”Zgby p_e _\hc Ihih]j
ijh*mdpbbZggithdZaZl_eb bf_xI hkh[h_ agZq_gb_ ihkdhe
iheghlZz b dzg_klI\h i _j ~Z\Z fhc bgnhjfZpbb h[ h[t_dlZ
G_kfhljy gZ \Z ghklv ~Zgguo ihdZaZl_e_c hij " _e
bah[jZabl _evgh]h dZq_kI\Z m”_ey Ikyyg ~hklZlhggh \gbf.

>ey "hklb" _gby ihklZ\e _gghc p_eb g_h[oh”~bfh j r _gb_ |
hij_ ~ e gb_ ihgylbc "bgzZfbg_kdh]lh ~"bZiZzahgZ b jZ"bh
ijbf_gbl_evgh-d dWwkdbqg_ kdbf nhlhkgbfdzf
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hij_ ~ e gb_ kihkh[h\ hp_gdb ~Zgguo ihdZaZl e _c

hij ~ e ghBbgh]h ihdZaZl ey iha\lheyxs ]h h”ghagZqg
iheghlm b dzZq_kI\h i_j ~Zgb bah[jZ _gb_f yjdhklguo h
h{t_dlz

3.1.1Hij_~ e _gb_ihgylby "bgZfbqg_kdh]h ~"bziZahgZ
Zwitb dhkfbq_kdbf nhlhkpbdichkih[ _]h Ke.gdby

< | _hjbb pbnjh\hc nhlh]jZnbb aZqgZklmx \hagbdZ |
hij_~ e _gbb ihgylby ~bgZfbg_kdh]h ~bZizZzahgZz >b
k\_Thgm\kl\bl _evghc fZljbpu gZ hkgh\_ijb[hjZ k aZjy"lI
dhfie_f _glZjghc kljmdimjphdikf*dgdee ihemijh\h~gbdh\
hij_ ~ ey Iky \ ~ pb[_eZo dzd fzZdkbfmf hlghd4l-lg8y
ljbf _gbl _evgh d pbnjh\uf bah[jZz  _gbyf ihfbfh ijb\_~
\klj_gZ _Iky hij_~ e _gb_ "~bgZzZfbg_kdh]h ~bZzZiZzahgz d
kb]J]gZezZ \ [HbZb beb dZd ]jZgbgguo agZq _gbc yjdhklb ib
[146@ Djhf_ Ih]l]h ~"bgZfbq_kdbc ~bzZiZahg \ pbnjh\hc
hij ~ eylvky qgbkehf wdkihabpbhgguo klmi_g_c wd
khhl\_TklI\mxsbo baf _g gbx \ _ebgbgu widkidBlabpbb \*\h __

ljbgyluf hij_ ~ e gb_f "bgzfbg_kdh]h "bzizZatl
we dljhfZ]gblgh]l]h baemqg_gby \ Ihf gbke_ b k\_IThgn
yley |ky hlghr_gb_ mjh\gy fZdkbfZevghc fhsghklb \oh?”
ijhimkdzZgby ijb_fgbdZ dqihjk[¥Ybhcevghklb hij ~ eyxs_c
rmfZ ijbzfgbdZ b \uoh”~gh]hdn k43¢ b eyij>* ey Iky \ A pl

5
&4 cal 504,FLsr®-If8‘ Ce ur,

]* DRec bSNRg = "bgZfbqg_kdbc ~bZiZahg hij_~ ey fuc
kbl]gZe rm3], S tfZdkbfZewg&ydljbq_ fdsgghklv \oh”~gh]h kb]
ihehk_ ijhimkdZgby iMzfgmdZZjguc mjh\_gv rmfZ ijbz
\uoh”gh]h mkbebl ey

Nhjfmed kijzZ\_"eb\Z ey we _dljbg_kdhc fhsghkll
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hij_ ~ e _gbb higkb]Jgie rmf ey hilbg_kdhc fhsghklb kil
mqgblu\Zlv welhdljbg_kdZy fhsghklv ijhihjpbhgZevgZ d\z
fhsghk]13].

>bgZfbg_kdbc ~bZiZahg PRi[fH _gbwlv hij_"_ezg
hlghr_gb_ fZdkbfZevgh]h mjh\gy \uoh”gh]h kb]JgZeZ
kj _~g_d\zZ"jZlbg_kdhfm agZqg_gbx mjh\gy rmfZ Ijblhf
kb]l]gZzeZ b rmfz fhiml hij_~_eylvky dzZd gZijy _gb_f 1zd
8eo¢ .

E/E]

] Vsaa £ fZdkbfZevguc mjh\_gv \uoh”gh]h kb]JgZeZ dimjt
saturatio, Vngmg £ kj_"*g_d\Z*jZlbqgq_kdh_ agZqg_gb_ mjh\gy
gZijy _gby beb gbkeZ [448].dljhgh\

ljb hij_~ e _gbb ~"bgZfbq_kdh]h ~bZiZzahgZ pbnjl
dhg _gghfm ihevah\Zl _ex g \hafh gh hij_~ eblv agZq_ gl
\uoh”gh]h kbVg2dekj "~g_d\Z*jZlbg_kdh]h agZq_g¥%ykmijh)
HAgZdh “hkimigufb ”“ey hij_~ e _gby \ _ebgbgZfb y\
agZq_gb_ ibdk_ey b®NjiZb_ab¥qg_gb_ mjh\gy rmfzZ hi
"bki_jkb_c beNrKkDH*bgbpZo agZq_gby ibdkagedg @thh kg
kemqZcgh]h rmfzZ gzZ bNrhdkZ\ughbdhc Ihgghklvx hypa\bgleiw
f I1hr gZ hkgh\_ ]Zjfhgbgq_kdh]h ZgZebazZ EZir*agidh\gd !
>Zgguc f_Ih™ b Ze]lhjblf \ugbke _gbc ih"jigZdd5H40k Bglu \

AZf _gyyl\ agZq_gby fZdkbfZevgh]h mjh\gy Wpoh”"g
kj_"*g_d\Z~jZlbg_kdh]h agZq_gbyVagmyh'\d Ymikflzinigu _
g_ihkj_~kI\_gghlh hij_"~ e gbyxiHZdkb[ffZzevgh_ agzZq_gb
b agZqg_gb_mmtdbggmqbf

&Qoe

mrwgr—-g ;O OG: R s

&4aul o E:E' ut;
Otr®-l%o CesO0G: £0s

&4yl tr &H Ce ‘us

]» DNmax 2 fZdkbfZevgh  agZq _gb_ ibdk,MNrys faDH ZKemig¥Z c g
rmfZ \ "~bgbpZo agZq_gby ibdk_ey
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< nhjfme2 mkeh\by "ey aNr4f gFWeZ”u\Zxlky \h bal
g _hij_ ~ ezgghklb \hagbdZxs ¢ \ kemqgqZNrubEclkIbleyp
bkdzZ  gby j _amevlZIlZ ijb mjh\gyo rmfZ [ebadbo d

KhleZzkgh nhjfZnerbgzZfbg_kdbc ~bzZiZdhg hkWjg_ kdl
kgbfdlh gh hij_~_eblvghzad gb_ fZdkbfZevgh]h agZq_gby
kemqgZcgh]lh rmfzZ ijbkmlkl\mxs_]h gZ bah[jZ _gbb

GZbkgBd2ijb\_ "~ gu njZlfkgbfld\ ihemaqodPg DZghidnmk
Ke (4 ij_"klz\e_g njz]f_gl bah[jZz _gby h[ezZz”"Zxsbc kh]
rmfz kijZNZwlhl ~_ njz]f_gl d dhlhjhfm ~hihegbl_evg
kemgZcguc rmiNkusk DH\ agZqg_gbyo ibdk_ey

< LZ[eb/mpijb\_~ gu j_ameviZlu jZkqzlZ *"bgZfbq_k
"ey ijb\_"zgguo gZ 2mkAlgdglh\ kgbfdZ

V4 [
JbkmgB2A£tNjZ]f gl kgbfdZ ihemq_gghlk DthDeZhha mskb c

kKh[kI\_gguf kemqgZcgyftkmdfkhdmkkl\ _ggh "h[Z\e _gguf ke
rmfthcths=1O

LZ[ebpZJ ameviZlu jdkgyzlZzgr kdh]lh *"bZiZahgZ nja)_gl
hfeZ"Zlxakh[kI\ _ggufkbmkklI\ _ggh "h[Z\e _gguf kemqgZc¢

NjzZ]f_gl kgbfdZz z [

KDH kemqgZcgh]Nr¥gnf&ZgZq_ibldk ey 1,54 11,54
FZdkbfZevgh_agZq_gDNhbkdk ey 255 255
>bgZfbqg_kdbc "bZiZahRikg b¥,dz 44,4 26,9
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3.12Hij_~_e_gb_ ihgylby jZ~bhf Ijbg_kdh]lh jZ&j r
dhkfbg _kdbo nhihkgbfdh\ b kihkh[ _]h \ugbke _gby

?sz h”*ghc oZjzdl_jbhKkdddpbhgguo k\hckIl\ nhlhbal
yley |ky ]Jem[bgZ p\ _1Z \ [blZo ?z bgh]*Z imlZxl|l k "b
[145@ =em[bgZ p\_1Z hij_~ ey | dhebqg_kl\h mgbdZev
dhlhjh_ bkihevamxlky ~ey mdZaZgby dZ ~"h]h mjh\Zgv
lhqghklb k dhlhjuf bah[jZz  _gb_ fh I i_j_~Z\ZIv p\_IZ t
gzjgh eh]h bah[jZz _gby hij_~ ey | dhebqg_kl\h ~hkli
hil _gdh\ k_jh]lh *ey i_j ~Zqgb yjdhklguo ozZjzdl 145K48d h

< h[eZklb "bklZ@pbehhggtbjh\Zgby A feb “~ey h[hagZ
p\_1Z ijbgylh bkihevah\zlv | _jfbg ©jZ~bhf_Iljbqg_ki
JZ~bhf _Ijbq_kdh_ jZaj_r_gb_ hij_~ ey |ky dhg _qgu
"bkdj_IbaZpbb gZ dhlhju_ "~ _eblky kb]Jgpénjhjhf
ij_h[jZah\zghdh az\bkbl hl gm\kl\bl_evghklb k_gkhj
bgl _gkb\ghklb we dljhfZ]gblgi:hl®hemq_gby >

Ba ke "m_| qglh \hafh'guc ~bgZfbg_kdbc ~"bZi
hljZgbgb\zZ Iky _1h jz~bhf_Ijbq_kdbf jZaj_r_gb_f Fzd
"bgZfbg_kHdBcZahg bah[jBRnghlk jZ "bhf_Iljbq_kdbf jZaj_r.
[bAibdk _ev ijb hlkmlkl\bb kemgZcgh]lh rmfzZz khklzZ\bl

& Qs a A §
&4amoesl tr @@GL tr W wWvz@$

]” DNimgmax £fZdkbfZevgh_ agZq_gb_ ibdk_ey dbbBhhZ fhgb
"Zgghlh jz2bhf_Iljbg_kdh]h jZaj_r_gby

>7Zgguc j_amevlzIl ijb\_7zg 1zd _ \ IZ[ebp @ bl
ih~\_j"~Z | dhjj_dlghklv Bhjfmeu

Nhlh]jZznbg_kdh_ bah[jZz  _gb_ ~Ze_dh g_ \k_]"*"Z k
agZq_gbc IhgZz dhlihju_iiha\Bew laZ"Zggh_ jZ*"bhf_
jZaj_r_gb_  WIh fh _| [ulv k\yazZgh k oZzZjzdl_jhf k
ith*"klbeZxs_c ih\_joghklb k ijZ\bevghklvx \u[hjZ mkeh
mkeh\bc hk\_szgghklb wdkihabpbb b ij Z 1Zd _ k dh



78

h[jZ[hldb ih memqgr_gbx bah[jZabl _evgh]h dZqg_kI\Z kghb

GZbkng@3 ijb\_"zg ijbf_j kgbfdh\ b bo [akkoyjlhfh ijb
g_[eZ]hijbylguo ZIlfhkn_jguea gdledlgy dufldbilbbemqg_ggh]t
j_amevlZl_ h[jAZHbkdh]jzZzffgh]h ij_h[jZahVZegbymemqr ¢
bah[jZabl_evgh]h dZq_kI\Z

0.07 - =

0.035 1 gzol
| 0.06 - oic]

0.030 4

0.05 4 t
0.025 3% e > 50702 m— —— —— e

0 ! 0.04 - (i :o>:|-0 0 0
0.020 4
0.015 0o
0.010 4 SESRR | ! 0.02 4
0.005 - T 0.01 1
0.000 T T T T T 0.00 ' - T T T
0 50 100 150 200 250 0 50 100 150 200 250
—
() - HyJIeBbI€ 3HAYCHHSA F'HCTOIrPaMMbI

JbkgBNjZ]f _glu dhkfbg_kdbo kgbfdh\ ihemqg-<gbumoD
]bklih]jzffatkgbfhd ihemq _g ijb gZel{alkklybMhfdlbhke
h[jZ[hldb ih memqr_gbx bah[jZabl _evgh]h dZqg_kI\Z

Jbklh]jzffu

JbrgtB8 beexkljbjm _| ijbf_ju dh]~Z gZ kgbfd_ ijbkr
lhgZ Ahklimighl]h "bZiZahgZ dhlhju_ ithalhey |
jZz"bhf _ljbg_kdh_ jZajqgr\gbgh Hgqlh nzZdlbg_kdh_ jzZ~ Dbl
jZaj_r_gb_ kgbfdzZ g_ \k_]~Z kh\iz”*Z | k ghfbgZevguf
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IjbkmlklI\mxsb_ gZ kgbfd_ g _kml ihe_ag@@dk bldgnhpfdlpbe
baf g gb_IhgZ dhlhjuo \ual\Zgh kemqgZcguf rmdBjZidd b E

< k\yab k wlbf p_e_khh[jZagh jZgabgylevoihghlbgZdIlbqg_
ihe _agh]lh wnn_djdAghifhljbg_kdh]h jZ[&3r gby

ghfbgZevgh_ jzZz~bhf_Iljbq_kdh_RyjZ&jijr*gby |ky qbl
mgbdZevguo hll_gdh\ IfigZ Idalwihj ~Zgh bah[jZ _gb 1
nZdlbg_kdh_ jZ*bhf_IljZ@jkdhgRny hij_"*_ey_|ky qgbl

mgbdZevguo hill_gdhdibhggAdb ijbkmliklgExs®dh[jZ  _gbb
ihe _agh_ wnn_dlb\gh_ jZ”"bhf_IljbdRsktdih_"jZeayj Fkyglgbl
mgbdZevguo hlhggdhl | ~Z\Z fuo bah[jZ _gbilie\ aghy
bgnhjfZplbb bgnhjfZpbb bf xs ¢ »~ rbnjh\hqgh_ agZq
DZd [ueh kdZaZgh \ur_ nZdlbgq_kdh_ jZ*bhf_Iljbqg_|I
g_ kh\iz~rZlv k ghfbgZevguf b [ulv f _gvr_ _]h lhe_ ac
jZaj_r_gb_ \ k\hx hg_j_"~v fh  _ 1 g_ kh\izZz~Zlv b [ulv f_g¢
fh™ | Julv k\yvazZzgh k ozZjzd!l_jhf kgbfzgfh fthlkilgraklb kz
imkluggu_ beb kIl _igu_ | jjblhjbb k _evkdhohayckl\ gg
ilehsZ”b \h~gu_ ih\_bholglkRley i _j ~"Zqb yjdhklguo k\hckl\
lj _[m_Iky \k _]h "bZiZahgZ agZq_ghbc h[ _ki_gb\Z
jZ"bhf ljbg_kdbf jZaj r gb f < kemqzZ_ f _klghklb |
dhglmjghc gZ]pmlddhtkdbo b k _evkdbo gZk _ezgguo in
bgnjZkljmdIimju khqg_lZgb_f jZaghh[jZaguo Ibih\ ih”~klb
| i £nZdlbqgq_kdh_b ihe_agh_ jzZ~bhf _Ijbg_kdh_jZajfb g
bah[jZabl_evgh]l]h dzZq_kI\Z kgbfdzZz \ qzZklghklb _]h
yleylky djblyfbozZjzdl jbamxs$b¥bevghklv \u[hjZ mkeh\bc
ithke _~“mxs_c h[jZ[hldDb
GZbkng®& ihdZazg ijbf_j bah[jZ _gbc b bo ]Jbklh]jZ1
dmfmeylb\ghhiclh]jZffe ihdZazZgZ kbgbf pVWdnf kemqZy
hljZgbqg_gb_ nzZdlbg_kdh]h jZhbjifajljbggkghk\yazZzgh k o
ith"klbeZxs_c¢ ih\_joghklb bdk[kZevgilbhohayckI\ _ggu_ r
dh]*Z wlh k\yazZgh k g_ijZ\bevgufb njkieth\tb\dflu Ktz hd'tkd
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bgnjZkljmdlmja_"hklZlhgghc hk\_szgghklvx >ey kjZ\g
ba[jZ _gb_Ih]l]h °_ mqZkldzgfh kdgdhXxIbah[jZbadhpz _gb
ithemqg_ggh]h ijb hilbfZevguo mkeh\byo hk\_szgghklb

Z [ \
JbhgB4A+NjZ]f_glu dhkfbg_kdbo kgbfdh\ ihemg<ggbo D

Jbklh]jzffu kbgbf p\_Ihf hlh[jZ _gZ dmfmeylBxgZy ]bl
bah[jZz" _gb_k_evkdhohayckl\_gguo m]h”bc ihemqg_ggh_
hk\_szgghkibgbfhd h[t_dIh\ Jhjh*kdjhcdbmpyZkhemqg_ggu
mkeh\byo g_"hklZlhgghc hkkgbtigd MKitb dih\ Jhjh~*kdh«
bgnjZkljmdImju ihemqg_gguc ijb hilbfZevguo mkeh\by

NZdlbqg_kdh_ jzZ~"bhf_Iljbg_kdhRmgjdajj_*_g¥_Iky qbl
g_gme _\uo agZq_gbc Jbklh]jZffu
lhe agh _ wnn_dlb\gh_ jZ~"bhf_ljbg_kRh _fhjghj_
hij_~ eblv mjh\g _f kemqgZcgh]h rmfZ ijbkmlIkl\mMNsgs ]h
FZdkbfZevgmx b fbgbfZevdRak bRZ@h RMhI\_IkI\_ggh "bZi
ihe _agh]lh jz~bhf _Iljbg_kdh]h jZaj_r_gby hij_~_ ebf
doupoel & Mok Ce gl
dauual & QuaE Ce gl
] ™ DNmin bDNmax tfbgbfZevgh_ b fZdkbég&@wgglgb_ ibdk_ey bal
khhi\_IkI\. ggh

U]
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lhe &g wnn_dlb\gZ "bhf_Iljbg_kdh_ jZajmgbdb\38y [m~"_]I
hij_~ eylvky
vl YgusoeF dguaual &hoeF &QipaF 0 £) s

GZ ]bklh]jzdhkfbq_kdh]h kgbdgh3d hif _q_ g ~bZiZ
nZdlbqg_kdhdhb ihe_agRdhjz*bhf_Ijbg_kdh]h jZaj_r_gby
1jZ"Zpbeg >bZiZahg agZq_gRes hbpdk* eeyc Iky ih nhjfrie_
bkdexq _gb _f gme \uo agZq _gbc ]Jbklh]jZfffulkykelbdEZdh2
[Rett min Rettmay | _  k mqzlhf hij_~ e gby nZdlbg_kdh]h j.
jZaj_r_gby ihemqgbf

dgul 4duack tCe £ uy
. NRMS MTMCTOrPAMMA U3OBPAXEHUA NRMS
O T =T« =~
I |
0.8 -
Reff
0.6 / Rl'my

0.4

0.2 1

Il
Il
Il
Il
I
I
(7
Il
Il
I
H
Il
I
Il
L
I
I
Il
Ll

0.0

JbigRBa+tKgbfhd ihemqg_gguc D« DZdghipbklIh]jdhfdZaZgu
"bzZiZzamgzwlbg_kRiglhihe_a®k]Z "bhf_Iljbg_kdh]h jZaj_r

<LZ[bp8 ij _"klZ\e_gu j_amevlZlu jZkgqzlZ nZdlbqg_k
jZ"bhf _ljbq_kdh]h jZaj_r_gby ey bah[jZ _gbdbkng@klZ\
AgZq_tby ]h b ehdZevgh]lh dhgljzZklZ ijb\_~ gu \ dZq_
\kihfh]Zl_evghc bgnhjfZpbb iha\heyxs ¢ hij_~ _eblv
f klghklb

AgZq_gby h[s_]h b ehdZevgh]lh dhgliZ&Zau\axd[ed
gZbf _gvrbc ba \k_o Ij_o ZgZelbag|m fb&ZiZj@lg nZdlbqg_
ihe_agh]lh jZz~bhf_Ijbg_kdh]h jZajZdbdkbryg &l fdkze h\e g
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dZqg_kI\hf kgbfdZz Z 0ZjZdl_jhf ih"klbeZxs_¢&
k _evkdhohayckl\_ggu_ m]h”vy >ey dhgljZklghc f_klgh
gZ]jmadhc \ kagZg #he Keh ¢ >ey njZ]f_glzZKkgbfd:
Kendkms kI\ _ggh gb"  mdZaZgguo agZq _gb

LZ[eb®ZJ ameviZlu jZkqzlZ nZdlbqg_kdh]h b ihe_agh]h
jZaj_r_gby "ey bahpDpang@c

Shalizkl KDH kemqzZd >bzizahg jZ"bhf_ljbgq_kdh]h jZ
Kgbfhd gt rmfz gbkeh ]jZ*Zpbc lhgz
JbkmgHdd h[sbd ehdZevg| agZg_gb_ ib{ ghfbgZevgl nZdlbg kd| ihe agl

Kh Kehd Nrms Rbit Rimg Reft
Z 0,12 0,33 1,88 256 85 81
[ 0,11 0,68 1,96 256 205 201
\ 0,21 0,70 1,89 256 232 228

Mf_gvr_gbbZiZzahmzZdlbg_kdh]lh b ihjZ ddglilhjbg_kdl
jZaj_r_gdgypfdd\ey Iky ke ~kl\b_f g_ijZ\bevgh]h \u[hjZ
H[ wlhf k\b”_ | _evkli\m_I ihgb ' _gguc h[sbc dhiglhZkl
hih[jZ zg8gyZ kgbfd_ f «Idh&EZ~Z | \ukhdhc dhglmjghc
dhgljzklhf h qgzf k\b”_ | _evklWawdd lagZenfghgb ~bZiZa
jZ"bhf _ljbg_kdh]h jZaj_r _gby \ 2~Zgghf kemqgZ_ vy\
bah[jZabl _evgh]h dZq_kI\Z

AgZqg_gtlygljZklKyN; b Kena b ~bZiZahgh\ jZ~2bhf_Ijb
jZaj_r_&hybRs njZ]f_glZ kgbkida2 | _evkl\mxI| h[ hilbfZevgr
mkeh\bc ktzfdb ih hk\_szgghklb b wdkihabpbb \ gqZKkl
ithdZaZl _e_c¢ bah[jZabl _evgh]h dZg_klI\Z

Hg \b”"gh qlh ag¢BqZglby kdh]h ~bzZiZahgZ b jZ"bl
jZaj_r_gby kg\WhfashZgh bgl_jij_IBiwhevdhIhf kemqgzZ_ dh
ba\_klgu bo fzdkbfZevgh \hafh ' gu_ agZq_gby | _ |_ |
"he gu klj_fblvky \ b Zevghf kemqgZ_ bah[jZalhl edqdhy)]Z
"bgzZfbgh]htibziZza&ib@ah[jZ _gbc ij_"klZ\eJomgd2g/444 b
269 ~; £h[j_IZxl kfuke lhevdh ijb kjZ\g_gbb k fZdkbfZev
"bZiZahDRdg max = N, Ney azZ”Zgghlh jZz~bhf_Iljbg_kdh]h
"Zgghf kemqgZ/ibdk[bdv 'gZeh]lbgqgu_ jZkkm *_gby Kkij:
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jZ"bhf_ljbg_kdh]h jZajagZghbygby nZzdlbg_kdh]h b
jZ"bhf_ljbg_kdh]h jZaj_r_gby klZgh\ylky ihdZazZl _eyfb
kgbfdZ ebrv \ kemqgZ_ dh]~Z hgb kjz\gb\Zxlky k ghfbgZ
jZaj_r_gblf. agZq_gbdhlHph\ b® Zevghf kemqgZ_ balln[jZ
dZq_kI\Z hgb “he gu khhlI\_IklI\h\ZIv

Mqgblu\Zy \ur_baeh  _ggh_  eh]bggh ij_"~iheh blv
yley |ky bkihevah\Zgb_ hlghkbl _evguo \ _ebgbg \
liZz"Zpbhgguo kklgokKihZz bgZfbqg_kdbc ~bZiZahg b jZ~bh
jZaj_r_gbbh gh ghjfbjh\ZAl&dkbfZevgufb ij_~_evgh \haj
agZq_gbDRRAy max b Rei. Bkihevah\Zgb_ hlghkbl_evguo \_e
Z[khexlguo h[ez”*Z | jy*hf ij_bfms_kI\ < qZklghkhBbthkl
kjZ\gb\Zlv ihemq_ggu_ agZq_gby k wlZehggufb dhlhj
ithklhyggu b aZ\bkyl hl ghfbgZevgh]h jZ2bhf_Ijbgq_kdh]h
h~rgbf ij _bfms_kI\hf hlghkbl _evguo \_ebgbg y\ley |ky b«
ihkdhevdm wlhaf[jguy_ ghjfbjh\Zggu_ \ _ebqgbgu agZc
baf_gyxlky hl (bdhlzd”_ m~h[gh ij_"klZ\eylvh N\ wjlhZe hgg gk
agZq_ gy f [eb  agZq_gb_d | f \ur_ bah[jZabl _evg
lhc gZklb \ dhlhjhc o0ZjZdl_jbam_FEI| J&v*Zgguc ihdZa

3.13Hij_ " e _gb__"bgh]h ihdZazZl ey iha\heyxs ]
ijhklh hp_gblv iheghlm b dzZg_klI\h i_j _~Zqb bah[jZ"
hkh[ _gghkl_c kgbfz_fh]lh h[t_dlZ

lh kmlb ihdZazl_eb "bgzZfbqgq_kdh]l]h “bzZiZahgZz
jZaj_r_gby y\leyxlky smmfiflebjjymy *jm]Z ijblhfDRnj\uxc\ey Ik
f_g__ bgnhjfZlb\guf ih kjzZ\g_gbxXkh Whjufifmkeh\e_gh
nZdlhjzfbi ghuokh]eZkghjfmé32 ~bgzZfbqg_kdbc "bZiZahg
fZdkbfZevgh]h agZq_gby ibdk_ey b KDH keqbdZ\cy ]h
©ijhimkdh\2 \gmljb "“bZiZahgZz ZgZeh]lhf y\leyxlky
]bklh]jzffu NzZdlbg_kdh_ b ihe_agh_ jzZ”~bhf_ljbq
hij ~ eyxlky k bkdexqg_gb f gme \uo agZq_<g\lljujbk
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ihdZaZIDRw hij_~_ey_ |ky gZ hkghlh_o ebZgguo dhlhju_
ithemqgblv ih kgbfdm [_a ijbl\eelg[hgbBbhid&dhbhic evghc bdonh
g_ g _kzl Ih]lh kfukezZ dhlhjuc \ g_]h ijbgylihgddeZ1haXh
0ZjZdl _jbah\zIlv "~bzZiZzahg yjdhkl_c kgbfzZz_fuo h[t_
bah[jZ _gH53%156]. WIlh hagzZqZ_ | qlh kgbfhd khZagtd ]lgdu
j_"bf_ ktzfdb ijb hrghf agZq_gbldbwddkis@abpb\b) " HDR
(High DynamicRangetrbjhdbc “bgZfbq_kdbc JUlbhkxmZghdg [m~" ml
bf_Iv h*bgZdh\uc *"bgZblyg Zlathlycbah[DRwgby

V4 [
JbkgBaltKgbfdb ihemqg_ggu_\ jZaebgguo j_ "bfZo ktzf

h*bgZdh\uc "bgZfbq_kdbc "bzZizBR.g bhahm[jjZz"_glhy k k_|j
hitps://ieeexplore.ieee.org/document/8418684/figures#fiquBs}): ZtklZg~Zjlguc
j_"bf ktzfdb ijb h~rghf agZq_gbH tjdkbH akdtz bdbDR

JZ bhf _Ijbq jKdh_r _gb_ y\ley |ky [he__ ijhkluf b bg
ithdZzazl e f iha\heyxsbf hp_gblv dZqg_klI\h b wnn_glb)
yjdhklguo hkh[_gghkl_c h[t_dlZ gqbkehf mgbdZev\gdiothd|
bah[jZ _gb Ghjfbjh\Zggu_ ihdZazZl _eb nzZdlbhgekdghhl


https://ieeexplore.ieee.org/document/8418684/figures#figures
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iZAbhf_ljbg_kdhlh jZaj_r_gby \ugbkeyxlky khhI\_IkI\_gg

4ya0
Yamaaal 5 — U X
OUg
4500 Uy

dpusasal 5 —

GZJbkngd7 ihdZazg njz]f_gl kgbfdZ ihemqg_glgh\h
LZ[ep 9 ijb\_~ gp amevliZlu jZkpreldZjzdl_jbklibd dhgl]
Zl[khexig b highkbl _evguo ihdZazfl_lgbqg_kdh]h jZaj_r_gb

JbkgRBd+NjZ]f gl kgbfdZ ihemqg_gghlh D: J_kmj

LZ[ebDZJ _amevlZlu jZkqzlZ ozZjzdl_jbklbd dhgljzZzklz
hlghkbl_evguo ihdZaZl_e_c jZz*"bhf_Iljbg_kdh]h jZaj_r_g
D: J_knmjkKblkngl3g

Dhalizkl KDH >bZiZahg jZz*"bhf_ljbq_kdh]h jZ
9') kemqgZcg gbkeh ]jZz"Zpbc |lhgZz
Kgbfhd D rmfz _
J_km|k h[sbc | ehdZevg z_ing_g ghfbgzZzevd nzZdlbg_kadg ihe_agh
(Jb kn g I8d) ibdk ey
K hl K ehd NRMS Rbit Rimg Rimg norm Reff Reff norm
0,34 0,69 2,20 256 181 0,71 | 177 | 0,69

libf_j ijh]jZffghc j_ZebahpbikkqzlZ 0oZjzdl_jbkibd d
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b Z[khexlguo b hlghkbl _evguo ihdZaZl e ¢ jZ*"bhf_I]
kgbfdgZz yaBython3.xij ~klzZ\e g \ Ijbeh” _gbb

32 Hp_gdZ mjh\gy kemqgZcgh]h rmfZ

KemqgZcguc rmf ijbkmlklI\mxsbc gZ kgbfdZgzZglbeg |
\Z'guohdZaZl e ¢ bah[jZabl_ _evgBlhJbdazgd3I\iZb\ ~ gu
njZ]f_glu kgbfdh\ themqg_g®Zaghibk b lhih]jZnbqg_k
Zwjhnhlhdzf_jhc '0& ,, GZ h[hbo kgbfdxaomigbkgHka\af _
kemqgZcguc rmf

yA [
JbikgRB&tNjZ]f _glu kgbfdh\ k \bamZevgh aZf _Iguf kem

themq_g@a®: DZghimlktlhih]jZnbq_kdhc ZwjhnhlhdzZf_jl

Kms_kl\mxl jZaebqggu_ kihkh[u hp_gdb mjh'
nhihbah[jZz _gWgpghfm \hijhkm ihk\ys _gh fgh _kl\h hl_
aZjm[_"guo jZ[hl \ dhlhjuo ijb\h”ylky hibkZgb_ Ze]lhjb
kjZ\gbl _evguc ZgZeba b j_amexd 249y 16316 @Ph1dy* im[ebd
ihk\yszg g_ihkj_~kI\_ggh |_f_ hij_"rmefZg @yl dh\ighb q_kd
bah[jZz gl 7% 92 164@ h~rgzZdh \ p_ehf ~Zgghc ijh[e_
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g_"hklZlhggh [hevrh_ \gbfZgb_ Z gZ ijZdlbd_ ihdZa-:
hp_gd_ dZq_kI\Z nhlhkgbfdh\ g_ hp_gb\Z _Iky \h\k_ g
\ebygb_ lg&h[jZabl_evgu_ k\hckl\Z >hklZlhggh_ qgbl
ihk\ys _gh \hijhkm m~Ze gby kemgZcgh]h rmfZ "ey men
[165,166 @ qlh g _ba[_"gh \eby | gZ bo ] _hf _Ijbg_kdb_ k\h
< jZ[h1zZ6, M9@ jhkkbckdbf mqgzguf ? F EZir_gdh\t
Zelhjblf hp_gdb mjh\gy kemqgZcgh]h rmfZ pbnjh\h]h bah
KDH gZ hkgh\_ ]Zjfhgbgq_kdh]l]h ZgzZebaz :\lhjhf ih
ij_"ezZ]Z_fhlh Ze]lhjblfZz ih kjz\g_gbx k Zevl_jgZlb\gu:
mjh\gy rmfz ijb\_~ gu j_&meé¢lwiZgdhwd\ dhlhjuo f_Ih”" g
]1Zjfhgbg_kdh]h ZgZebaZ ihal\hey | ihemqgblv gZb[he_
kemgZcgh]h rmfZ ihwlhfm \ *Zgghc jZ[hl_ hg [ue \u[jZg
b i jki_dlb\guc
P_evx ~Zggh]h wlZiZz bkke_"h\Zgby y\efh bkykllbjl
ijbf_g _gby f Hhj*2 e EBDH kemqgZcgh]h rmfZ gZ hkgh\_ ]
ZgZebazZ "ey hp_gdb daq dhkZbdokdybfdhlihemqzZ_fuo
nhlhhih]jZnbg_kdhcb ktkfdhkbb kharZgby p_e_\hc I|hih]j:
ijh~mdpbb
>ey "hklb ilgllZ\e gghc p_eb g _h[oh”~bfh j_ r gb_k
ijh\ _jdZ Ihqgghklb Ze]hjblfZ hp_gdb KDH kemqZcgh
]1Zjfhgbdghkh ZgZebaz ih fZd_lguf "Zgguf
ijh\_jdZ mklhcgb\hklb ZelhjblfZz d Ibim dhglmjghc gZ
ih\_joglokl
ZgZeba ihemqg_gguo j_amevlZlh\ b jAhphlgliZke htmhkh
Zelhjblfz
< dZq_kI\_f ju hp_gdb kl_ i _gb \ebygby rmfzZ gZ
Ijbf_gyx|l hlghr_gb_ kb]JgZe rmf < ebl_jZImj_ ijb\_"_¢
hp _gdb ~Zggh]h ihdfaZklgdkib<l : Rh\_g] P@Ziph\ " ¢
ke “mxsb_ kihkhJ[u
i \' dzq_kI\_ ©zfieblm”~ghc? hp_gdb hlghr_gby |
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bkihevah\zZlvky hlghr_gby dhgljZklh\ kb]JgZeZ b rmfZ b
dhgljZzklh\ dhlhjh_ iha\hey | ihemqgblv hp_gdm ©fhsghk

OEZEDPAI

S Ogiol — ‘Uz
0ol
.6
5 Ojgopl :5 Oaje® L o2& u{
uoli

1" _ Kibjgzeb Kmt £ agZq_gby dhgljZklh\ kb]JgZeZ b rmf:
khhi\_ITklI\ _ggh
i hlghr _gb_ KDH nkjh\ggZeZ b rmfz
5 0g g£iL e?AEEDm VT,
o}

beb hlghr _gb_~b#zZdkbdZaZzZl ev hlghr_ghy kb]JgZe rmf

&t EDAI
5 Oceoplo— V'S
CEO® &P

1™ kpjgRLImitagZq_gby KDH kb]JgZeZ b rmfZ bah[jZ _gby
QZklh \ dZg_kI\_ihdZaZl ey mjh\gy rmfZ \ » _pb[_e
highr_gby kb]gZe 76nv]. >
S Oc.LsreéHKS Ojgp@L tr ®HG O g5 VL
lhkdhevdm fgkhhkgh\_ ]Zjfhgbg_kdhia\Egyelbhi "~
KDH kemqgZcgh]h rmfzZ bah[jZ _gby "ey \udkibkeZgbryn:
p_e_khh[jZagh \hkihevah\ZIvky nhjfmeh& hij_ " KdyH I k]
ij_~iheh  _gby g _dhjj _ebjh\Zgghklb _]1h k rmfhf

5L 8&yalF Og el vy
] 1 sxtKDH agZqg_gbc ibdk_e_c \ugbke_ggh_ ih bah[jzZ"

321HibkZgb_f Ih~"Z hp_gdb KDH kemqgZcgh]h rmfZz
hkgh\_ ]Zjfhgbg_kdh]h ZgZebaZz

F IThhp_gdb KDH kemqZcglRidRk nmimhkglzfd |h hf
]Zjfhgbg_kdh]h ZgZebazZz hkgh\Zg 9Z ZgZeba_ ki_dl
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iehlghklb fhsghklb kb]JgZezZz hibku\Zxs_]h bah[jZ _gt
ithfhsvx "\mf_jgh]h ij_h[jZah\Zgby Nmjv_ Gb _ jjowlZig
[75, 149, 152].

<ugbke _gb_ ~\mf_jgh]h ;IN nhlhkgbfdZ j_amevlIZIh
dhfie_dkgu_IgbkeZ

<ugbke _gb_ Z[khexlguo agZg_gbc fh”"me _c ihe
A\mf_jghlh ;IN gQbk_e

+=3D8+RE +£ VOV

]"Ir £\ _s_kI\_ggZy qZklv dhfie_dikgfylhf fHp kgezklv dhfie _d
gbkeZzghf_j hlkqzlzZ j_amevlIZIZ ;IN
ljbf_gqZgblabss =+ gme_\hc hlkqgzl y\ey |ky dhwnnbpb _ g
khklZ\eyxs_c¢ _1h g_h[oh”bfh m~"asblv ba fZkkb\Z
Hij _~ e _gb_ jZ[hg_]h gbkeZ hlkgzlh\
| L timeAe VW
J L timeAl
]*mn xjZ[hggbkethkgzlh\ "\mf_jgh]h ;IN ilZébjlbahgjlbdz
kKhhi\_IkI\ lgdhtjZzaf_j nhlhkgbfdZ \ ibdk_eyo ih ]hjbahgl
khhi\_TkI\_ggh
<ugbke_gb_rz]Z d\Zglh\Zgby j_ameviZIh\ ;IN

-6

. J@ ;
ML L®WFS VX
|"p taz”rzZ\zZ _fuc izZjzZf_Ij hij_~ eyxsbc lhqghklv jZkqg_|
rmfz q_f f_gvr_ wilhl izjzf_1j |_f \ur_ Ilhgghklv \uc
mf_gvr_gb_ ~Zgghlh izZjzf_1jZ ijb\h”bl d m\_ebq_gb>
jZkgzlh\ h[t_fzZ iZfylb j_dhf_g"m_fh_lpi2002gb_ i1ZjZf
D\Zglh\zZgb_ j_ameviZlh\ ;IN *ey ihkljh_gby ]Jbklh]j
+M,L+K/I%O VY,

agZq_gby d\Zglh\Zgguo |_4dgnkedjaleyxIkKy “h p_eh]h
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<ugbke _gb_ jZ[hg_]JhdM\Zgilhahggduo agZg_gbc j_am
Ney ihkljh _gby Jbklh]jzffu
&LefSHMF ece:4M VZ
] maxlg) bmin(lg) £t fZdkbfZevgh_ b fbgbfZevgh_ agZqgq_gb
j_ameviZlih\g;kNhI\_ITkI\ _ggh
@Li& v
L
Ihkljh _gb_]JbklIhHIBTfd\N\Zglh\Zgguo agZq_gbc j_adgne\
gZ bgl_jZlke rz]hf d\Zglhp.Zgby
Hij ~ e gb_fZdkbfmfz Jbklh]jzffu
| LefS*+56 W
<uqbke _gb_ fh”u jZKkij_"~_ e _gby dzZd kj_"~g_\a\ _r
mjh\@yM:

Abgs*+5
IK@ALtﬁ ‘W S

] HIST« tagZq_gby JbkihimZhif\e I\hjyxsb_ nHkSFhibBxM, K +
gbkeh agZq_gbc Jbklh]jZzffu ij_\urZXsM. beb jZ\gh_
<uqbke gb_ KDH kemgZcgh]h rmfZz

e
Og £iL IK@@—t R &ay Wt
]*1,07£ihijZ\hqguc dhwnnbpb_ gl

3.221jh\_jdZ Ilhgghjdphlu Ze]lhjblfZ hp_gdb KDH kel
rmfZ gZ hkgh\_ ]1Zjfhgbqg_kdh]h ZgZebazZ ih fZd_lguf ~"Z

>ey [Zah\hc ijh\_jdb Ze]lhjblfZ hp_gdb KDH kemqZ
]Zjfthgbg_kdh]h ZgZebazZ [ueZ kha”ZgzZ \u[hjdZ |_
Bah[jZ _gby [ueb ihiemgfgth[Z\e gby d bkdmkkl\_ggh
bkohrghfm bah[jZ  _gbx ij_"klZ\eyxs_fm kh[hc gZ[hj
ihe ¢ hl kzZfh]h lzfgh]l]h kh agzZq DiNoyfb b dkiZféd]le k\_le!
DN= jZ"bhf_ljbg_kdh_ jZaj_r_gb_ [bl ibdk_eNgusbOgm
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kemgZcgh]h rmfzZ jZaebakhdhlmdjB Vg, 10, 20, 40, 80k kn g BY).

JbkgBY Bah[jZz _gby |I_klh\hc \u[hjdb ~ey ijh\_jdb Ze]lh
kemgZcgh]h rmfZ gZ hkgh\_]Zjfhgbqg kidhjdbZJdBeba:z
bah[jZ _gby mbaamqg gguc njzZ]f_gl ]JjZgbpu f_"~m k

fhghojhfgufb iheyfb

L _klh\Zy \u[hjdZ khklhbl ba bah[jZ _gbc
agZq _gbyfb KDHrusnhZKDH agZg _gbc ibdk_e ¢ \uqgl
bah[jZz _glxs >ey dZ ~h]lh bah[jZz _gby ih nhjfme_
\ugbke _gh KDH kbJgzrelghr _gb_ kb]g&BrwsnfAZI _f ih
dZ ~hfm bah[jZ  _gbx \uihegyeZkv hp_Heaws fKDH" hifm
]Zjfhgbg _kdh]h ZgZebaZz \ugbkeyehlISs bK DhHg hkrb JoglZ
kb]gZe 19N rys.

Hp_gdZ Ihqgghklb f Ih~"Z ]Zjfhgbqg_kdh]lh ZgZz
hij ~ e gbb ijhp _glZ ih]j_rghklb hl bkilbggh]h agZqg_

. O".. N
Wi, L BF “Ed&srr- TW U
) Ot £1
) 5" 0%k £
U canal BF———Ed&srr- TW Y
‘ S Og g1
<LzZ[&p_ ijb\_* gu j_amevliZlu hp_gdb Ihgghkll

KDH kemqgZcghlh rmfZ gZ hkgh\_ ]Zjfhgbg_kdh]h Z
kb]JgZe rmf | _klh\hc \u[hjdb bah[jZ _gbc

GZ Jbkmi§@dhdZazZgu ]jZnbdd dhy ijhp_glZ ih]j_ri
hij_ ~ e gby KDH kemqgZcgh]lh rmfz f_|Ih~hf ]Zjfhgb
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hlghr_gby kb]JgZe rmf
LZ[ebpZJ_ameviZlu hp_gdb Ihgghklb hij_~ e gby KDH

hkgh\_]Zjfhgbqg_kdh]h ZgZebazZ b hlighr_gby kb]gZe r
bah[jZ _gbc

1,s= 80,08 J amevlZlu ihemqg_ggu_
agZqg_gb_ ibdk ]Zjfhgbqg _kdh]h ZgZebi Hp_gdZ lhqgh
erDfI; Kb]JgZe rf KDH rmf{ kl;]DgHZe Kb]JgZe ri f_Ih"2z
Nrws S/Nrums N rvs S 6 dus Ya_,. Y% 7_,.
agZq_g ; agZq_g9| agZq_g ; % %
ibdk e ibdk ey ibdk e}
0 - 0,04 80,08 - 4,00 -
1 80,08 1,13 79,99 70,79 6,00 11,60
2 40,04 2,04 79,89 39,16 1,00 2,20
3 26,69 2,98 79,79 26,78 1,00 0,34
4 20,02 3,89 79,70 20,49 2,00 2,35
5 16,02 4,85 79,60 16,41 3,00 2,43
10 8,01 9,52 79,10 8,31 5,00 3,75
20 4,00 18,27 77,85 4,26 9,00 6,50
40 2,00 34,50 74,26 2,15 15,00 7,50
80 1,00 60,75 64,82 1,07 31,00 7,00
Kj_"~g__ agZ( 7,70 4,85

JbhmgHd+=jZnbdb baf_g_gby ijhp_glZ ih]j_rghklb hij_-
kemchgh]h(&AwAﬁ;IhAhf ]1Zjfhgbg_kdh]h ZgZebaZ b h

kblgZe find;,,
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Ba j _amevilZ]lapu blbkmgd@Zke "~mglH _Ih” JZjfhgbqg_ kc
ZgZebaZ iha\l\hey | hij_* eblv KDH kemqZcgh]h rmfZ ba
om _ Z hlghr_gb_ kbigZeomnf hl bo bklbggh]h
Lhqghklv hp_gdb KDH kemL'?gAz/Aglg_hj]\hzarthkgb‘Z_Iky Ijb m\
nZidkbq kdh]h mjh\gyfhrenfZ NHus= 80.

Lhgghklv hij_~ e gby hlghr_gby kb]JgZe rmf hklZ
aZ\bkbfh hl KDH rmfZ mom~rZykv el [gbaadBbgdgbyo

3.231jh\_jdZ mklhcqgb¥YhkhBzZz ]Zjfhgbg_kdh]h dZdBemba
dhglmjghc gZ]jmad_ ih”~klbeZxs _c¢ ih\_joghklb

>ey ijh\_jdb mklhcgb\hklb f Ih*Z hp_gdb kemqZc
]Zjfhgbg _kdh]h ZgZebazZ d Ibim dhglmjghc gZ]jmad_ i
[ueb\u[jZgujZ]f _gldhkfbg kdbo kgbfdh\ k jZaebqgguf |Ibih
i Jhjh~kdb _bllhjjbb fghl]hwlZ gZy aZkljhcdZz
i ohayckI\ _ggu_ h[t _dlu
i k_ evkdb_gZk _ezggu_ imgdlu
i k_ evkdhohayckl\_ggu_ m]h~vy
i we f gluj ev _nZ
H[jZapu bah[jZ igbmqg_ggu_ D:-B ZlydZma Kgdlb kn g d1.

JbkgHd+tH[jZapu bah[jZz _gbc iHeEmyZglyimk jZaebqguf
Ibihf ih"klbeZxs_c¢ ih\_joghklb
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GZ hkgh\_ dZ ~h]h ba ijb\_~zgguo bah[jZ _gbc J[u
ZgZeh]lbggZy fZd _Iguf "Zgdmflzf "h[Z\e_gby kemqgZcgh]
agZqg_gbyfbNdudH, 2, 3, 4,5, 10,2010, 80 LZdbf h[jZahf
\u[hjhd kgbfdh\ k jZaebqgguf Ibihf ih"klbeZxs_c¢ ih\_joc
rmfZ ijhba\h*"bezZkv k mqgzlhf kh[kI\_ggh]h rmfZ Nkrk®k"gU
<LZ[ep_ ij_"klzZ\e _gu j_ameviZlu hp_gdb KDH kemqgZc
]Zjfthgbg_kdh]h EgdbbwadZ \u[hjhd dhkfbq_kdbo kgbfdh\

ithemq

LZ[ebpZJ _ameviZliu hp_gdb KDH kemqgZcgh]h rmfzZ f_1Ih
ZgZebaklh\uo \u[hjhd dhkfkgb fkidh o

<u[hjdZ kgbfdh\| 7 [ \ ] A
KDH kh{kl\_gghlh | ;27 1,41 1,76 1,45 1,40
NRrMsbase ang_gb_ ibd
Hig hg/— gb_ kblgZe| 4594 | 1541 | 1434 | 1957 | 27,00
NRMSbase
KDH rmfzZ bkdmkk KDH rmfzZ ihemqf gdpehf ]Zjfhgbqg_Kk
"h[Z\e _gd\r}s Z g Z e b\eris,
agZqg_gb_ ibdk_ agZqg_gb_ ibdk ey
0 0 0 0 0 0
1 1,34 1,29 1,32 1,30 1,34
2 2,37 234 2,44 2,38 238
3 3,46 3,37 3,48 3,38 3,39
4 4,50 4,40 4,50 4,49 4,40
5 5,55 5,44 5,55 5,48 5,48
10 10,70/ _ 10,50] _ 10,80] _ 10,55| 10,55
20 20,72|  20,48|  20,95|  20,60| 20,42
40 38,44 39,40|  38,99]  39,37| 39,13
80 65,63 68,01  66,40|  66,80| 68,09

Ba jameWwhlZebpull ke _~m glh f _|Ih” ]Zjfhgbqg_kdh]h
ithd2idz klZ[bevguc j_amevlZl ijb hp_gd_ bah[jZ _gbc k
ihA"klbezZxsht joghkMWIh ih~I\_j°~Z | bg\ZjbZglghklv f_Ih
nZdlhjm b \hafh ghklv _]h ijbf_g gby ~e&wip dgdkif bahZ &k d
nhlhkgbfdh\

DZd \brgbZp&pu hghr _gb_ kb]JgZegrmv kbevgh azZ\l

dhglmjghc gZ]jmadb bahjbhzh g dh\hf mjh\g_ kemqZ
hlighr_ g®Nrvs ey bah[jZ JgkmgtilZ Jhjh~rkdb_ | _jjblhjQb
ohayckI\_ggu_ h[t _dlu kbkEwghkghlfahasL f glu j _ev _nZ
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0ZjZdl_jbamy \ "ZgghddKegmKklZ< wlhc K\ydbdbq_ klI\_ ihdzZa
bah[jZabl _evgh]h pZeg kh\Wjb&ghevah\Zlv KDH kemqgZc
Nrvs ihkdhevdm hg g aZ\bkbl hl oZjzdl_jZ kgbfzZz_fhc f_

3.24:9Zeba ithemqg_gguo j_amevliZlh\ b hp_gdZ Ihqg
Zelhjblfz

'gZeba j_amevlZlh\ aZdexqZeky \ hij_~ e gbb i
hrb[db KDH kemchgU&/S]Jint‘rmrﬁDjfme_ "ey bah[jZ _gbc |_
\u[hjhd\dus=1, 2, 3, 4,5, 10, 2010, 80(LZ [ b p 12).

LZ[ebpZJ amevhiju™ e gby ijigdkgexlighc hrb[db KD
kemqgZcgh]l]h rmfZz f_Ih~hf ]Zjfhgbqg_kdh]h ZgZ

<u[hjdZ kgbfdh\ z | [ | \ | ] | A
KDH rmfZ bkdmkk
"h[Z\e_gd\rhs :[khexlgZy hrb[dZ KDH kemqZé&gh]ho i

agZg _gb_ ibdk

0 - - - - -
1 34,00 29,00 32,00 30,00 34,00
2 18,50 17,00 22,00 19,00 19,00
3
4

15,33 12,33 16,00 12,67 13,00
12,50 10,00 12,50 12,25 10,00

5 11,00 8,80 11,00 9,60 9,60
10 7,00 5,00 8,00 5,50 5,50
20 3,60 2,40 4,75 3,00 2,10
40 3,90 1,50 2,53 1,58 217
80 17,96 14,99 17,00 16,50 14,89
Ki_"gag9Za_gbl 43761 1700l  1308| 1223 12,25
\u[hjd
Kj "g_ _agZq_ghb 12,69
ljb\_"~zgguc LZ[ep_ j_amevlZl ihdzZau\z_| ql

]Zjfthgbg_kdh]lh ZgZebazZ ihal\hey | hij_~_eblwb&H] H k egrix
kh kj_"~"g _c¢ Z[khexlghc ih]j_rghklvx ¢gh lmkibggh]ihlagZq_

>ey hp_gdb kemqZcgh]h rmfz \ ~Zgghf bkke_~h)
iZgojhfZlbg_kdb_ bah[jZz _gby 1Ijb hp_gd_ mjh\gy rmfZz
jZkg_l ke_"m_1 \uihegylv \ j_"bjffhjmhibedpdhl*kevgh ~ey
p\_Ih\h]h dZgZezZ \ kemqZ_"_IKeb ddugd/re blk y
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ljbf _j ijh]jZffghc j_ZebfaZlpddij ~ e gby agK®PHb
kemqgqZcgh]hZmyiZz dhkfbg _kdbo kgbfdWPytgoa3xapd klZ\e g
ljbeh™ gkb

33 Hp _gdiZ\bevghklb p\ _Ihi_j ~Zqgb

Hrgbf ba \Z g crbo ihdZaZl e ¢ bah[jZabl -ebgh
dhkfbg_kdh]h nhlhkgbfdZ y\ey Iky ijZ\bevghklv p\_lhi_]

P\ _Thi_j ~Zqz \ p\_lghc nhlhkjZnbdv ijZ\bevgtl
\hkijhba\_*_gby p\_Ih\ hhlk]Znjbdjh\Zgbb P\ _Ihi_j "Zq:
nhlh]ljZznbb kqblzZ _Iky ijZ\bevghc _keb hlkmlkl\mx]
nhlh]jZznbg_kdh]h bah[jZ  _gby ih kjZ\g_gbx k p\_I1Zfb
p\_1Z ijb nhlh]jZnbjh\Zgbb [u\ZxIl ke_"kl\b_f fgh]bo ijbo

\'ijhp_kk_ p\_Ih\hkijhba\ gblgby ]JeZ\guo nzZdlhjh\ bkdZz

fh gh hif _Iblv ke_"mxsb_

i g ijZ\bevgZy o0Zjzdl_jbklibdz ki_dljZzevghc k\_Ihgm\k
dZgZeh\ fZljbpu ibdk_e ¢ k jZagufbtkbglhfn ba véjzZZofibf
djZkguf

i g ijZ\bevghklv ]jz*"ZpbhgghhZajelpqckxy kl_ i gv dhglj
p\ _lguo dZgZeh\ bah[jZ _gby

ljZzdlbg_kdb p\_Ihi_j ~ZqZ ijb p\_Ilghf nhlh]jZnl
kgblZlvky ijZ\bevghc _keb nhlh]jZnbjm_fZy rdZeZ Zojh:
ijhly zgghklp 4Zzlky k_jufb nhlh]jZnbg_kdbfb ihl_fg _gb
aZf _lguo p\ _Ih\uo hélFfl.gdh\ >

lhdzZzazl e f ijZ\bevghklb p\_Ihi_j ~Zqgqb pbnjh\h]h
[ZeZgk p\_Igh]h bah[jZz  _gby beb p\_Ih\hc [ZeZgk

:ZeZgk p\_lgh]lh bahfj@zjgdly jbkidZgh]lh bah[jZ _
\ujZ ZxszZy khhl\_IklI\b_ k[ZeZgkbjh\Zgghklv ]jZ*"Zpb
ljzo p\_Ih” _ezgguo bah[jZ _gbc

P\ _Ih\hc [ZezZgk o0Zzjzdl_jbam_| kl_i_gv khhI\_ Ik
agZg_gbc ibdk_ey gZ mgzZkld_ p\ _Igh]h bah[yldb gphyllghj
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bah[jZ _gby kgblzZxlky k[ZeZgkbjh\Zggufb _keb jZ\g!
dhfihg gl bah[jZz  _gby h[t_dlb\gh k_jh]l]h mqzZkldZ hJ[t
p\ Ih” ezgguo agZq_gbc ibdk_e_ ¢ kem bl dhebqg_ KkI\
gZjmr_gby [ZeZgkZ [pEB@[Z&Bgkgd? ihdZaZg ijbf_j gZjmt
p\_lgh]h [ZeZgkZ gZ Zwjhnhlhkgbfd _

JbkgHd2a !l jbf_j gZjmr_gby p\ _Igh]h [ZeZgkZ jZa[ZeZg

JZg ijbf_gbl_evgh d ZgZeh]lh\hc Zwjhnhlhkt_fd_
hij " _eyeky imlzf i_qalibbk_jkdh]h de8pbgz >
G_kfhljy gZ ZdimZevghkdVv_ijhde|jfup®Bbs] \ Ihf gbke
b \ h[ezklb Ewljinkfbg_kdhc nhlhkmzfiddhteijZnbq kkdfdd
f _klghkbhbkha~Zgby p_e_\hc |lhih]jZnbq [1IK6]lh og Zj Fk® nplal‘pdpybr ¢
N gv ZajZlhlZzgh gb ihdZazl_ ey jZa[ZeZgkZ p\_Igh]h b
_]h hp_gdb ihwlhfm h[t_dlb\gh hp_gblv gZebqgb_ b kl_|
[ZeZgkZ g_ ij_"klzZ\ey Iky \hafh guf
P_evx "Zgghc qZklb bkke "h\Zgby y\eyeZkv jZajZ]
hpgdb jZa[ZeZgkZ p\_lgh]h bah[jZ _gby
>ey “hklb  _gby ihklZz\e_gghc p_eb g_h[oh”~bfh j_r_gb_
i jZajZ[hldZ djbl_jby hp_gdb p\_Ih\h]h jZa[ZeZgkZ bah
hij_"_e_;gby
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i wdki_jbf _glZevgZy ijh\_jdz f_Ih*Z imlzf dhijjZaddlbz
bah[jZ _gby

3.3.1JZajz[hldZ djbl_jby hp_gdb p\_Ih\h]h jZa[ZeZgk
kihkh[Z _]h hij_~_e_gby

Khl]ezkgh hij_~ e gbx [ZeZgkZ p\_Igh]lh bah[jZ _
0ZjZdl _jbklbdhc jZa[ZeZgkZ y\ey |ky jZagbpzZ p\_Ih\
bah[jZ yglojhfZlbg_kdbo hjajhdihlboq_ kdb_ h[t_dlu fh]r
[ eh]l]h k_jh]lh beb g _[Ll@ghlmphihljzz fZ khklhbl \ Ihf- logél Z
dhkfbg_kdb_ nhlhbah[jZz  _gby ~Ze_dh g_ \k_]"Z kh"_
hp_gdb k[ZeZgkbjh\Zgghklb im\_¢gb\Vfuoljzdbhfihg gl el
hij_~ e gby p\_Ih\h]h jZa[ZeZgkZ pbnjh\h]h bah[jZ _
j_"bf_ "~he g j_rzZlv ke "mis® 184Z2"Zqb
l.ihbkd ibdk _e c¢ ijbgzZz”®"e "Zsbo ahfiZlbgglkydfbo h[t _dlh
2.ih \u[jZgguf ibdk_eyf \unpegeibmgZg_gby p\_Ih\h]h jZa]:
3.dhgljhevdihyw "“mjzZ \hkklZgh\e _gby p\_IihehhZ[Zegdd k.

hkgh\ _ j amewlZglpb Ih\hjJha[ZeZgkZ

3311 :\IhfZlbg_kdbc ihbkd ibdk ighgZ”e “Zsb
bah[jZ"  xgBojhfzZlbg_kdbo h[t_dlh\

ljb b~ _Zevghf \hkijhba\_"_ glhhfg\blgZz kdhfjhdlZz g.
nhlhkgbfd_ djRkgZywyz@ZzZly kbgByp\ Hh\u dhfihg glu ibdk_
bah[jZ  _gby wlh]Jh h[t _dIZ jZ\gu f_"“mlhKhjwch[l Z*""bl]|
p\_Ih\hc fh”RebG = B. Ilhwlhfmz*&qZ ihbkdZ k_juo ibd
bah[jZ  _gbb k\hWWhyke dbxdk_e ¢ k fZdkbfZevgh [ebadbf]
djZzkghc a_ezghc b kbg_c¢ khdkdhedlbgbkdbo ibdk_ e
ij_"klzZz\e _g Ze]lhjblf \ugbke _gbc

>ey dZ "h]h ibdk_ey \ugbkey Iky agZq_gb_ _]h yj
\ p\_Ih\RGB ijhkljzgk[1\77]:
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el 84:° E)® E $° W W

]~ Z+\_dlhj \ p\_IRGBfijhkljZgkl\ozZjzdl_jbamxsbc p\Rd ib
Gp bBp tkhhl\_IklI\ _ggh agZq_gby djZkghc a_ezghc b Kk
ibdk _eghhj*bgzZlu \ BNmZ Ih\REB ijhkljzgkl\ _

ojhfZlbg_kdbdk_ev dhlhjuc bf__| jZ\gmx yjdhkl
ibdk_e f ozjaml fibf \_dIBhiizd>_ fh> _| [ulv ij_"klZ\e g
Y4#& p\_Ih\R&B ijhkljZzgkl\_ ijblhf "ebgZ4%Bjhjygz ~ebg

\_d1lhj#JbkngH3:
)4 # &L H
P\_Ih\u_ dhfihg_glu k_jh]h4%#&jAE)guf_~~m kh[hc
\ugbkeyxlky ih nhjfme _

darde §4:° E)® E $¢°
2 2

]~ _)4#&+\_dlhj \ p\_IIRGH ijhkljZgkl\_ 0Zjzdlbibarhxls

ZojhfZIbg_kdh]h RirgdGogay bBeray tkhhllkI\_ggh agZq_gby o

a_ezghc b kbg_c dhfihg_gl p\_IZ&hhip]hgidldk \ ey # i

p\_Ih\RGB ijhkljZgkI\_

4agool )agook Saeeol TW X

JobmgH+< dI& ozjzdl_jbamxsbc p\_| ibdk_ey bah[jzZ"
Y4#& bf _xsbc Im °_ "eb@mofjAdd _jbamxsbc p\_|
iZgojhfZlbg_kdh]lh ibdk_eRGB pj\n Kh\WhgkI\ _
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:gZebabjmy jZagbpm f_""m agZq_gbyfb p\_IHRuG dh
bBr b agZq _gbyfb p\ _lh\uo dhfihg_ gl Rgrdh EaratbidBcre Y
hp _gb\Z Iky kl_i _gv [ebahklb p\ _1Z ibdk_eywp ¢diphfiin
kem blv \ _ebgbgzZ / hij_ ~ ey:fZy ih nhjfme _

UL 4gF45e00E JeF)agooE $eF $acon WY

Hqg \b~gh glh qgq_f f _gvr_[ abodlg _ghp_ | _f p\lh[eb _d
ZojhfZlbqg_kdhfm. k_jhfm

P\ _Ih\hc jZa[ZeZgk bah[jZ _gby ijbkmlkl\m _ | \ ibdk
\ kemqZ_ bah[jZ _gby k jZ*"bhf_Iljbg_kdbf jZaj #rqlgkelf
jZajy™h\ khklz\ey | agZq_gby ibdk_e_c hl "hkdZz
ZojhfZlbq_kdbo ibdk_e_c¢c gZ bah[jZz _gbb k\h~blky d
jZajy”_ hlukdzZlv ibdk_eb h[ez"Zxsb_ gZbf_gvrbf
hldehg _gbc dhfihg_ gl klek whhhh/\k _ibdk_eb bah[jZ _gb
jZkkhjlbjh\zZlv ih jzajy*rzZf yGRfihdjkagy hij_~ ey lky ac
p\_Igh]lh dhfihg _glZ k_jh]lh ibdk_ey jZ\ghc k gbf yjdhklIk

K = Reray= Ggrav= Beray (58)

>ey dZ "h]h jRajlyjffBjm_Iky fXkkfd\hldehg_ _gbc p\ _Ih\uo d
hl k _jhlkh \ kemqgZ_ bah[jZz _gby k jzZ~bhf_Iljbq_kd
8 [bl ibdk_ev nhjfbjm _Iky |Zdbo fZkkb\h\ <gmljb «
\uihegy |ky khjlbjh\dZ we_ f_glh\ ih \hajZklZgbx beb
kemqZ_ g_ \Z gh b [_jzlkgpagtZhgbdZeagziq dghlkp gl

fbgbfZevguo agZq_gbc fh | [ulv azZz”Zgdkhepvath\gdZ esv ¢
imlzf mklZgh\e _gh qlh hilbfZevgufihwélyfmkhZgggZgbghb
[mMm~ | bkihevahi\jdlvKkievg crbugbkeoyyp DjZcg_ ~ gZbfhe\

agZq_db \oh”ys\ aZz”~Zgguc ijhp _gl fbgbfZevguo agZq_
kmin hgh [m”_1 b]jZlv jhev djbl_jby ijb \u[hj_ ibdk_e _c
p\_Ih\h]h jZa[ZeZgkZ Ibdk_eb “ey #&hbhjuoj_wagrZq |
hij_~ _ezggh]h fbghfhhflanl kqblZIvky k_jufb ey "Kggw]h
ibdk_eb b [m"ml bkihevah\Zlvkyatyey hgjbytheh]lhbyZalZeZ
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3312 Hp_gdZ agZq_gby p\_Ih\h]h jZa[ZeZgkZ

Ilh \k_fm bah[jZ _gbx \ dZ M Yuj[bapyxiky ibdik _ “edy
dhlhjuo kmffZ hldehg _gbc hl k_jh]h ih dZ "~hfm pl_1Ih
g_ij_\urZ_| hij_~ _ezgghlh agiZg_ dhiy

ki " Ilkmin (59)
>ey \u[jZgguo ibdk_e ¢ \ dzZ Rhfijjzajey lky kj_*
hldehg_gb_ p\_1Z bah[jZ _gby ZojhfzZlbg_kdh]h h[t_d
p\_lh\hc dhfihg gl _

Aé:%

U4 L L@5:4AUF' :

JA

al/
F-:
U L L@B)AU XTI
JA

A%“B:$A0F-;

JA
] Ji xdhebqg_klI\h ibdk_e K jZagphwt*&juo \uihegy_ Iky m]|
(59 tkmffZ hldehg _gbc dhfihg dd ol kj jbdhzZ | "himklb-

UL

Ikmin.

J amevlZlhf \ugbke gkem ZI Ijb h~ghf_jguo f
kj "gbo hldehg_gbc hl k_jhlh p\_IhlRjo/GdiihgebhZ
fZkkb\h\ jz\gZ pb&kjgmK\ "“epah[jZz _gby k jZ~bhf_Ijb
jZaj_r_gb f [b] ihaykz &klZ\ey |

GZ Jbkngd44 ihdzZazZgh ]jZnbg_kdh_ ij_"klZ\e ¢
hildehg gbc hl k_jhl]h p\ _Ih\uo/RdH&hiB dlah[jZ _gb;
Zojhfzlbg_kdh]lh h[t _dlz \ dzZ "hbddkZeajg”™ gZ ijbf
ZwjhnhlhkgbfdZz
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JbrghWd+t=jZnbqg_kdh_ ij_"~klZ\e_gb_ kj_"gbo hldehg_gbc
dhfihg BIG, Bbah[jZ _gby ZojhfzZlbgq_kdh]h h[t_dlZ \ dZ ~h

AgZqgq_dlbhs ]h p\ _Ih\h]h jZa[ZeZgkZ ih dZ ~"hc p\_|I
hij_ ~ ey |ky iehsZ”vx nb]jmju h[jZah\Zgghc ]jZnbdhf
p\_Ih\uo dhfihR_43, B bah[jZ _gby ZojhfZlbg_kdh]h h[t
Zlkpbkkzf ~_ ]jZnbd m~h[gh ij_"“klZ\bHe[dZ\b¢ " kE]jZf
ihkdhevdm hg hlh[jZz Z | gZ[hj "bkdj_lguo agZq_gbc k_
bf agZq_gbc hldehg_gbc hl k_jh]h p\GHAihbkogdh i hdyZ ag4 g
klhe[gAi"bz]jzZfhldehg _gby hl k_jhlh gZ ijbf_j_ djZk
dhfihg_glu ijbAggh]lBbdgxgd4d ZwjhnhlhkgbfdZz

JbkgHBtKihe[qZy'bZ]jZzZhldehg _gby hl k_jh]h gZ ijbf_j.
p\_Ih\hc dhfihg _glu ZwjhdbhkhggdifdZ
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Hq _\b~rgh qglh iehsZ’SR nb[|jZjmh\Zgghc klhe[qZlhc *
gZbkmgsakhkvx Z[kpjzhkgZ kmff_ ijhba\_~ gbc \ukhlu dzZ°
tagZq_gby hldehg_ghlyAdkghcidihfihgjZogdpy®gZ _1h hkgh\Z
dK th*bghf_j jZajy®*Z :gZeh]bqguf h[jZahf hij_"_ey®Sky
bSB h[jZah\Zgguo hkvx Z[kjmZkkfb #&blzdjzffZzfb hldehg_
k_jhlh a_ezghc b kbg_lkhdhh¥ihlgl\ daip h

54L 1 54 L1 Wy @-LI W,
5)LT B)Li Uy @-LiI W), ‘XS

5$L1T S5 LI By @-LI Uy
1" R, |[/Gk_ BBk £khhi\_Tkl\, glp'hmebldehgc b k_jh]lh djZkc
a_ezghc b kbg_c p\_Ih\uo dhfihg_gl bah[jZ _gby Zojh
jZajyR_
JZa™ _eb\ agZg_gb_i1ehnSRZBG SBImhj[sqbkgZajy i\
(Nk) ihemqgkjf ~g_ _ hldehg_gb bah[kZjhpby ZojhfZlbg_kdh]
Ney dZcpHPRh_Ih\hc dhfihg2glu
Axr, My 54

Aan

¢4 L Ox 0
AG LD 5)

) L —A@ A Alas Y A 9 Syt

(J) OA LOA xt;
Afe, Uy 59

. L— -

L0 "o

Ba nhjfme b ke “m_IlkjgMg__ ih \k_f jZajy""Zf e

hldehg gby hl k_jh]lh bah[jZ  _gby ZojhfZlbg_kdh]h h[t_
dhfihg _glimdg_ fh | kem blv ihgXalhl\hdhfjZza[ZeZgkZ il
hgh ijhihjpbhgZevgh iehsZ”~b aZgbfzZz_ fhc klhe[gZlhc "hb

H[s_cozjzdl_jbklbdhc p\_Ih\h]lh jZa[ZeZgkZ ih
dhfihg_glzZf kem bl "ebdg¥ p\ diihREB ijhkljZgklIb kn g H#6),
dhlhjZy \ugbkey _Iky ih nhjfme _
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&L (L Y445 E ¢) 6 E ¢$° (63)

Jbghelt< _dlihfihdzau\dgZq _bbgZijZ\e _gb_ p\_Ih\h]h jZ
bah[jZ  _gby

3.32Wdki_jbf_glZevgzy ijh\_jdZ f_IhAZ hij_* e g

jza[ZezZgkZ imlzf dhjj _dpbb p\_Ih\h]h [ZeZgkZ bah[jZ" _

DhgljhevgZy ijhp_"mjZz \hkklZgh\e _gby p\_|
bah[jZ gby \uihegy Iky \ p_eyo ijh\_jdb gzZ”~z ghk
ij_"eh  _gghfhlh~Zhij_~ e _gby p\_lh\h]h jZa[ZeZgl]
\hkklZzgh\e_gby p\_Ih\h]h [ZeZgkZ k\h”blky d dhfi_g
kK _jh]lh imlzf \\_~ gby \ agZq_gby p\_Ih\uo dhfihg_ gl
khhli\_lkl\mxsbo bo Kajy"zZf

Hkh[_gghklymrgdby p\_lh\h]h [@2&gkZ\beh y\ey
]ezrdbc oZjBAhigdpbb ih \k_fm ~bZiZahgm ]jzddipbe g
GZbkngd7ihdZazg ijbf_j bkdmkkI\_ggh]lh gZjmr_gby p
djzkghc p\_lh\hc dhfglZgijdblfu j_ |_klh\h]h bahHyjiEilm gb
(Fuji Test Image) [81] \ ]jZnbq_kdhf j_~Zdlhj_ k ihfhsvx b
©djb\u_2?2
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JbkgHddxtBkdmkkI\ _ggh_gZjmr_gby p\ djidkghc[ D& ZIgR kA
dhfihg_gdd ijbf_j_ | hdhhbvah[jZ _gby )XML 7HVW |,

GZ”z ghklv hp_gdb kj_~g_]h agZq_gby hldehg_ghby
ZojhfZlbg_kdh]h h&%t /&iZ/ % "ey ibdk j&agyXZhqg gv kbev
aZ\bkbl hl ij_~klzZ\bl_evghklb klzZlbklbq_kdhgz\{llepmb
[he_ _ ~hklbf_jon” _|j _amevlzZzlZk » e gb_ dhebqg_klI\Z
pbnjh\h]lh bah[jZz  _gby \ aB\NkdyigZim ghjin"g _ lggbfd _
Ijbkmlkli\ng h*"bgZdh\h _ ilmdbked c jZaghc yjdhklb <ke -
gZjmrZ |ky JeZz~dhklv djb\hc p\_Ih\h]h jZa[ZeZgkZ b ]z
\ul]ey?dlZohdZazZghbg i g8l

JbgH8it=jZnbdba[ZeZmkZh\uo dhfihmalgiZ" _gby )XML
Imagek 0ZjZdl_jgufb \u[jhkZfb \h agda@dZ tgftbjh~ghklb
jZkij_~ e _gby ibdk_e_c ih jzajy~rzZf
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<hkklZgh\e gb_[ZeZgkZ p\h NX Khkibbbbldhjj dlbjm:
ithijZ\hdgbke ggh jBEldebg _gbyf hl K jhih /% \ agZqg_ gk
ibdk _e ¢ khhi\ _lkh\jmxesjk "BE[jZIlguf agZdhf
Yiw  Aaw FUs,
N awnl N awnE -FU) 4- XV,
S iy $i FUR

1" Reij, Grij, Brij £\_dlhj p\_Ilh\uo dhfihg_ga,) kblikkl&yh\e_gg
[ZeZgkhf pR«ijl @kij,Bkij £\_dlhj bkoh”guo p\_Ih\uo dhfilhjg_g
ij £ghf_j kljhdb b klhe[pZ bah[jZ _gby khhI\_IklI\_ggh

BaaZz g_"hklzZlhgghc ij_"klZ\bl_evghklb klZlbkl
hij_ ~ ezggh]h jZajy*"Z \WhalgbhdZxhdZaZggu_ glokjgdd&Ed _
<hkklZglgve [ZeZgkZ p\_IZ ih nhyfrwébo jZajy™~Zo ijb\l
\hagbdgh\ _gbx gZ bah[jZz _gbb 2~ n_dlh\ \ \b~_ p)
(Jb kn g H9).

JbikgHed+t<hagbdgh\ _gb_ p\ _Ih\uo\Zjjlam2dlEkklZgh\e gt
[ZeZgkZ p\ _1Z ih klZIbklbg_kdb g_ij_"~klZ\bl_evguf \L
jZajy™"h\ ibdk_e_c

Hg \bArgh qlh “ey ijZ\bevgh]h \hkklZgh\e gby
g _h[oh”Abfh \uihegylv nbevljZpbx \u[jhkh\ b kleZ b\Zl
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hldehg_gbc hl k_jh]lh p\_Ih\uo dhfihg_gl bah[jZ _gby Z
I'%, 1%, | %

J _rblv ijhfe_fm ij_~klZ\bl_evghklb \u[hj8b/A4,b/ %p
ihal\hey | \ugbke _gb_ wlbo agZq_gbc g_ ~ey dZ ~h]h jZ
mkj_~g_gb_ gZelzgghf bgl_j\Ze_jZajy*h\ gZijbf_j imlz
"bzZiZahgzZ jZKjgZh\ beb ~“jm]h_ dhebq_klI\h jZ\g
Wdki_jbf_gl ihdZzaZe qlh ~ey [blgh]h bah[jZ _gby ¢
yley |ky » e gb_ "bZiZahgZ ba | jJAZpyZhkitnZ jZlagy”™h
dZ "hf bgl_ j\&&bkng&0 ihdZaZg ijbf_j mkj_"gzgghc hp _g
jZa[ZeZgkZ bah])jMlgBiHVW ,PDJH gZ bgl _j\ZeZo jZa

Jbkghdxt=jZnbdb jZa[ZeZgkZ p\_Ih\uo dhfihg_gl bah]j
,PDJH ihemqg_ggu_\ j amevlZl_ mkj _~g _gby hldehg ¢
ZojhfzZzlbq_kdh]h h[t_dlZ gZ bgl j\ZeZo jZajy”"h

ljb\_"zggu Jgkdaglto0 J1jZnbdbf xI [he_ _ k]JeZ _gguc \
]ljiZnbdb ihemg _ggu_ ih dZ "hfm jJdbjkyrmadBibdkgZdb gZ
1Zd" _ ijbkmlklI\mx| ehdZevgu_fZdkbfrmMiujb dp Hph/mi u %
gZ bgl j\ZeZo iha\hey | ba[_"ZIv ihy\le _gby p\ _1Ih
\hkklZgh\e_gbb [ZeZgkZ p\_1Z h”*gZdh \ iheghc f_j_
ithfhsvxhemq _gguo ihijz\hd glbimgBehk@bkng8lihdZazZgh
glh ihey k_jh]lh debgZ b k_jhc rdZeu ijb hij_~ _ezgghc
br Zevgh k_jufb \badmZelvgh azf\ lihhhboc hil WhdoZjzZzdl_j
"ey ibdk_e_c I_o bgl_j\ZehdzZnmjdhblju p\_Ih\h]hJpda fd&z

bf xIky \u[jhku
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Jbikghtd+J amevlZl \hkklZgh\e _gby p\_Ih\h]h [ZeZgkZ
agZq_gbyf ihijZ\hd gZ bgl j\ZeZo jZajy”™h\ ib

Ba[_"ZIlv \hagbdgh\ _gby ehdZevguo wdklj_fmfh\ g
jZa[ZeZgkZ iha\lhey | ijhp_"mjaV &keZji\ZddevgZy Zij
jZaebqgkpeZ b\Zxshbevh)\ ihdzZaZezZgZpllthe  mklhdogb'
gZ”z guj_amevlZl ihalhey | ihekddeiwayslht k[j182q183h
HilbfZevgZy rbjbgZ k]eZ b\Zxs_]h nbevljZ khklZ\be:
kleZz" _ggh_ agZg_gb_ hldehgpgbh\bb kdhhhhg gl bah]j.
ZojhfZlbg_kdh]h h[t_dIZ gZ bgl_j\Ze_ ib8k 3&\vgGe /fZajy
/% + hij_~ ey lky kj _"~gbf agZq gb f b& /*,kh% KHNdbo
bkihevah\Zgbb ~Zggh]h nbevljZ \hagbdZ_1| g_hij_~_ezg
|  dh]*Z y”*jh nbevljZ gZoh”blky \ algZqg_gbyd @8] 29\Ze¢

< wlhf kemuglky p j k]JeZ  _ggu_ agZq_gby
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GZJbkngd52 ihdZaZgu ]jZnbdb k]JeZ _gguo
p\ _lh\uo dhfiW®: [gfle /%b bah[jZ Fgjblestmage

XW

hldehg _

Jbhpg®2 +=jZnbdb jZa[ZeZgkZ p\ _Ih\uo dhfihg gl bahJj
,PDJH ihemqg_ggu_\ j amevlZl_ kl]JeZ b\ZgbwM[liZehgby
ZojhfzZlbq_kdh]h h[t_dlZ gZ bgl j\ZeZo jZajy”h

GZJbkngd3 bah[jZ _drbji Test Image ihemqg _ggh_\
\hkklZzgh\e _gby [ZeZgkZ p\_1Z k ihfhsvx k]l]eZ _gguo ag.

j_al
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Jbkghd3ltJ amevlZl \hkklZgh\e_gby p\_Ih\h]h [ZeZgk=
mkj _~gzgguf agZq_gbyf ihijZ\hd gZ bgl j\ZeZo jZ

GZJbkngds3 hlkmlkl\m_| \bamZevgh aZf_Igh_ gZjm
[ZeZgkZ qlh iha\lhey | k~_eZlv \u\h”® h dhjj_dlghkbdb
hp _gdb p\ _Ih\h]h jZa[ZeZgkZ k ijbf_g gb_f mdZaZggu
kleZ b\ZgblyzZ[bpl1l3 ijb\_~ gu j_ameviZlu gqbke_gghc hp_
jZa[ZeZgkZ bah[jZ  _gby )XML 7HVW ,PDJH k gZjmr
(JbkngH& 50,52 b \WMkklZgh\e gguf [ZeZgXtkh pib3)l Z

LZ[ebpZJ _ameviZlu hp_gdb p\_|Ih\h]h jZa[ZeZgkZ bat
,PDJH k gZjmr_gguf p\_Ih\uf [ZeZgkhf b k \hkklZgh\e _

Ki_~"g__ hidehg_gb_ hl k_jh]lh bah[jZ  _gby ZojhitZ Iip\q_| k&l
dhfihg _glzZf gbkeh ]jZz~"Zpbc Ilhgz
Jbkmg® 80, 52 Jbkmghd
djZkgZz a_ezgZ kbgyy djZkgz a_ezgZ kbgyy
R 1€ (B R G (B
8,9 -5,6 -4,4 1,0 -0,4 -0,9
H[sbc p\ _Ih\hc jZa[ZeZgk Q
11,4 | 1,3

Ilhemqg_ggulLZ[ep_ j_amevliZlu \ iheghc f_j_ kh]e
\bamzZevguf \hkijbylb_f p\_Ih\h]h [ZeZgkZ bah[jZ _gbc
\u\h” h ij_~klZ\bl_evghklb jZajz[hlZggh]lh djbl_jbyQdp\_
khklhyl _evghklb ij_"ez]zZ_fh]lh f_Ih~Z _bh \heifh”™g ekl
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Ijbf_g_gbdegy hp_gdb dZq_KkI\Z nhlh]jZnbg_kdbo kgbfdh\
p\_Ihi_j ~Zqb

3.33KjzZ\g_gb_ jzZajz[hlZggh]lh f_Ih~Z dhjj_dpbb p\_|
Zevl jgZlb\gufb f_IhAZfb

< h[eZklb pbnjh\hc h[jZ[hldb nhlhbah[jZ  _gbc kr
kihkh[u \hkklZgh\e _gby p\_Ih\IGBb[EeZgkBEa\_klgufb b
ijbf_gy_fufb yley®Kyjuc fbja ©*UD\ ZRUOG?2 ijhklhc
hkgh\Zgguc gZ ghjfZebaZpbb Jbklh]jZffu imlzf ij_h[jZal
[184] jh[Zklguc Z\IhfZlbqg_kdbeh[|ZBZgtkkp _gdZ dhjj_eypbb
hk\ s gghB6pl18¥], xij _h[jZah\Zgb_ojhfZlbq_kdh®&8ZzZ8%,lZ|

" eZ fuc wlZehgguc bklhggbd k\_190lhgadggy_ eh]hh™
rbjhdh hibkZgu \ ebl_jZImj_ b kiZehadbagpuh\Zgghf ijh]j:
h[_ki_qg_gbb ij_"gZagZqg_gghf ey h[jZ[hldbl nNibl[leddh [ jd&
hidjuluf dh~hf Ibiz 2SHQ&9 Kki_pbZebabjkPythgygMailabdy e b
ij “HjZnbqg_kdbo j h\Zdkhd b oAdbhe Photoshop, GIMPCorel Draw,
CaptureOne b " j

Ke “mxsbf wlzihf ijdihjjjddblghklb ij_~eh” _ggh]lh f_Ih
p\_Ih\h]h jZza[ZeZghk¥Zzf _]h mkeh\gh ©F |h”" ) yj\weo ilkd
kjZ\g_gb_j amékkildgh\e gby [ZeZgkZ p\ _|IZ k j_amevlZ
mihfygmlufb Z@Xlb\gufb f |h™>2&f\ wlbo p_e_ du[jzdb
bah[jZ _gbc jZaebgghc kx _lghc glbikna\e4.gghklb

Z [ \ ] A
JbkgbB4+<u[hjdZ bah[jZ  _gbc ~ey kjZ\g_gby jZ[hlu Ze]hjb

p\_|Ih\h]h [Z&AmkgH, [ Hmage, \ Hmage, | Hmagel, * Hmagd
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< LZ[bp_ ijb\_~ _gu j_amemdZgdb p\_Ih\h]h jZa|
hjb]bgZevguo bah[jZ _gbc b bah[jZ _gbc ihemqg_gguo
p\_Ih\h]h [ZeZgkZ jZajZ[IhlZhgfguf juo ibdk Zewl jgZlb\gtl
f _ Ih~Zfb

LZ[ebPZ£J ameviZliu hp_gdb p\_Ih\h]h jZa[ZdZlmigAdbka h [
bah[jZ _gbc ihemg _gguo ihke_ \hkklzZgh\e fgbg~m\¥f Ih
kK _juo ibdkbeZevl jgzZlb\gufb f_Ih"Zfb

P\ _Ih\hc jZa[ZeZgk
Bahljz"_g F_Ih® dhjj_dpbb djzkgu qab_keezhg JZkAloZgIObbcC Ihh[%ic
R G B a

Hjbl]bgZevgh_ bah[jZ _gb_ -1,63 1,89 -0,39 2,52

F IhA k_juo ibdk e c -0,57 0,54 -0,03 0,79

magel ©K juc fbja -3,2 -3,11 5,79 7,31
lihklhc [ZeZgk p\ _1Z -1,35 0,59 0,67 1,62
Jh[Zklguc Z\IhfZlbq kdbc [Z -0,83 -1,23 1,93 2,44

Dhjj eypby ~ZlgbdZ hk\ s g -9,37 2,24 10,16 14,01
HjblbgZevgh_ bah[jZ  _gb_ -3,12 3,1 -0,27 4,41

F Ih” k_juo ibdk_e_c iz 1,28 -0,18 1,77

Image2 ©OK _ juc fbj?2 -1,34 0,31 0,84 1,61
ljhklhc [ZeZgk p\_IZ -1,19 1,49 -0,46 1,96
Jh[Zklguc Z\IhfZlbq_ kdbc [Z 0,72 -1,68 0,83 2,01

Dhjj eypby ~ZlgbdZ hk\ s g -5,81 3,49 1,8 7,01
Hib]bgZevgh bah[jZ" gb_ 25,56 -0,89| -3525| 4355

F Ih” k_juo ibdk_e_c 2,07 0,1 -2,35 3,13

mages | -©K_iuc fbje 14,34 -1155 -5,2 19,13
ljhklhc [ZeZgk p\_|1Z 15,3 -6,06 -11,85 20,28
Jh[zZklguc Z\IhfZlbq kdbc [Z 3,66 -2,55 -1,98 4,88

Dhjj eypby ~ZlgbdZ hk\_s g 7,86 -9,88 0,62 12,64
HiblbgZevgh_ bah[jZ  _gb_ 8,22 -2,68 -8,02 11,79

F IhA k_juo ibdk e c 1,92 -0,97 1,72 2,76

Image4 ©OK_juc fbj@ 10,22 -9,73 -4,35 14,77
lihklhc [ZeZgk p\ 1Z 3 3,21 -8,94 9,96
Jh[Zklguc Z\IhfZlbq_kdbc [Z 1,16 0 -1,76 2,11
Dhjj_eypby ~ZlgbhdZ hk\_s_g 10,57 -12,41 -1,84 16,41
Hjbl]bgZevgh_ bah[jZ  _gb_ -2,81 0,32 1,8 3,35

F Ih” k_juo ibdk_e_c -0,9 0,06 0,66 1,11

Images ©K juc fbja -1,21 4,12 3,72 5,68
ljhklhc [ZeZgk p\_IZ -2,71 1,81 0,31 3,27
Jh[Zklguc Z\IhfZlbq kdbc [Z 5,16 -0,82 -5,22 7,38

Dhjj eypby ~ZlgbdZ hk\ s g -5,54 -4,4 8,14 10,79
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ljb\_~zggu LZ\[bp_ j _amevlZlu ihdZau\lZxl qglh b
ithemqg_ggu_ imlzf \hkklZgh\e_gby p\_Ih\h]h [ZeZgkZX f_
ljzokemqgZya iylb[ez?Zx] gZbf_gvrbf h[sbf p\_Ih\uf. jZ
Bkdexq _gb_ khklZ\eyxl balmpgg2 fblynaged ~ey dhlhjL
ij_~eh” _gguc f _Ih” ihdZaZe \lhjhc ih fbgbfZevghfmNlagz
ithalheyk” _eZlv \u\h® h ij_bfms_KI\jub Ib8iKilke k¢Z\g_ gbx
Zevl_jgZlb\dubb ~zggd¥[ep_ qbke_ggZy hp_gdZ \iheg_
k \bamZeiwlbhe g &H509.

Z [ \ ] " _
Jbmghda+tBah[jZ bpagel b j amevlZlu \hkklZgh\e gby
[ZeZgkZhfhsvx jZaebqguo ZedhahbbibgZevgh bah[[jZ _g
f Ih™ k_juo ibdkz@kcjuc fhjfijhklhc [ZeZgk™x\hl[Zklguc
Z\IhfZlbq_kdbc [ZeZgkdhjehdhpby "ZlgbdZ hk\_s ggd

z [ \ ] " -
Jbkigh@ltBah[jZ bage2 b j _amevlIZlu \hkklZgh\e _gby
[ZeZgkZhfhsvx jZaebqguo ZedhhbbfibgZevgh bah[[jZ g
f Ih~ k_juo ibdkz@kcjuc fhjfijhklhc [ZeZgk”p\hl[Zklguc
Z\IhfZlbq_kdbc [ZeZgkdhjehdhpby ~ZIgbdZ hk\_ s gg
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z [ \ ] " -
Jbkgbhd+tBah[jZ bage3 b j amevlIZlu \hkklZgh\e _gby

[ZeZgkZhfhsvx jZaebqguo ZedhhbbibgZevgh bah[jZ _g
f_ Ih™ k_juo ibdkz@kcjuc fhjfijhklhc [ZeZgk™@\hl[Zklguc
Z\IhfZlbq_kdbc [ZeZgkdhjehdhpby "ZIgbdZ hk\_s_gg

Z [ \ ] " _
Jbkgh8ltBah[jZ baged b j _amevlIZlu \hkklZgh\e _gby

[ZeZgkZhfhsvx jZaebgguo ZedhhbbfibgZevgh bah[[jZ g
f_ Ih~ k_juo ibdkz@kcjuc fhjfijhklhc [ZeZgk™@\hl[Zklguc
Z\IhfZlbq_kdbc [ZeZgkdhjehdhpby "ZlgbdZ hk\_s ggd

Z [ \ ] " _
Jbkghe+tBah[jZ bage5 b j _amevlIZlu \hkklZgh\e _gby

[ZeZgkZhfhsvx jZaebqguo ZedhhbbibgZevgh bah[[jZ g
f ITh™ k_juo ibdkzt@kcjuc fhjfijhklhc [ZeZgk™@x\h[ZklIguc
Z\IhfZlbq_kdbc [ZeZgkdhjehdhpby "ZlgbdZ hk\_s gg

<bamzZevguc Jdigkhghads559 ihdZaZe hqg_\b~rgh_ ij_ bf
Ijbf_g _gby f IhAZ k_juo ibdk_e_c¢ ih kjZ\g_gbx k Zevl_
\hkklZgh\e _gby [ZeZgkZ p\ _1Z khklhys_ _ \ Ihf qglh ijb
Zelhjblfhf g_ ijhbkoh”bl mom~r_gby dZq_KkI\Z bah[jlky g
ijb bkihevah\Zgbb ~"jm]bo jZkkfhljljbgutokklZlghhe gbb [z
p\ _1Z bah[jZImgde8(Jbknghdd bmaged4(Jbknghs8 f [h” k_ju
iIbdk_e _c ihdZaZe gZbemqrbc j_amevlZl
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ljbf_j ijh]jzffghc j_Zebakhp¥Ap _ _gdb p\_Ih\h]h jZa[Z
\hkklZgh\e[fdZgkZ @w{lb dhkfbqg_kdbo kgbfdhRytgah3ya uc
ij_"~klZ\e_g \ Ijbek" _gbb

3.4 Hp_gdZ yjdhklb Aufdb

Ifhkn_jgzZy "ufdZ ij_"klZ\ey | jZ\ghf_jgmx k\
gZb[he_ _ yjdh ijhy\leyxsmxky gZ "Zezdbo mqZkldZo
\hagbdgh\_gby ZIfhkn_jghc ~ufdb y\ey Iky jZkk_ygb_
\ \ha”mo_ f_evgZcrbo qZklbpZo \eZ]b \h”ygZy ~ufd
ilueb b "ufZ beb gZ fhe _dmeZo \ha"moZ fhe _dmey
\ha”mo_ dhjhldh\hegh\u_ emqgb mbmbhZakKhbtZxIklggkbe\
g f "ebggh\hegh\u_  “zelu_ b djZkgflihkn ilhgakfmufd:
\f _kl_ k g_c b lzfgu_ hi*"Zezggu_ ij_"f_lu ijbh[]j_1z
hdjzkdm < aZ\bkbfhklb hl gZebgby \ \ha"mo_ jZkk_
iueb \eZ]b b | “"kn_Zd¥Zy ~ufdzZ ijbh[j_1Z_ | p\_| wlb
[mjuc \ aZ”ufezgghf \hamo_ [ _euc \h \eZ ghf \h
mlj_ggb_ b ij_"\_qg_jgb_ gZku :lIfhkn_jgZy ~ufdZ k]e
yjdhklb b p\_ I m~"Zezgguo h[t_dlh\ b wlbf mom~rZ |
"h megh]h _z bkqg_&G8h\_gby

lehlghklv ZlIfhkn_jghc ~ufdb azZ\bkbl dzZd hl
jZkk _b\Zxsbo qZkl_c¢c \ \ha”mo_ \h”yguo dZi_ev /i
lhesbgu \ha”“mrgh]Mkkehypy hk\ _szgghklb 1Zd _ \ebyx
Zlfhkn _jghc ~ufdb <degigiz\d]h k\ 1Z hgzZ \u]ey”bl
iehlghc dl \ "Zgghf kemqgZ_ \a\_r_ggu_ \ \ha”“mo _
fghl]hgbke ggu [68b@BIJbkngd0 ijb\_~ gu ijbf_ju kgbfc
ihemqg_gguo gZdehggufb dzZf_jzZfb Zwjhktzfhllgam]h
Mapper \uihegy\rbfb ktzfdm \ gZijZ\e _gbb dhgljh\h]h
GZogkbtl i1hemghfgZdehgghc dZf _jhc \ gZijZ\e _gbb dh
(Jbknghe®d, Z \ebygb_ ~ufdb [he__ aZf_Igh ih kjZ\g_g
ihemqg_gguf dzZf_jhc \ gZijzZ\e_gbb Jjkfind BAKN_IKgbfhd
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gZ Jbkm@dbf_ | y\guc kbg _\Zluc hil_ghd

Z [
Jbkm@&bdKgbfdb ihemqg_ggu_gZdehggufb dzf_jZfb Z

dhfie dkkaAnMapper2: Z£\ gZijZ\e _gbb dhgljh\hh gXijZ\e gb
ijyfhlh k\_1Z

Ifhkn_jgzZy ~uyd&y_ Ilkyghhf ba gZb[he__ jZkijhklj
nZdlhjhg _]ZIb\gh \ebyxslha@h[gZabl _evgh_ dZqg_kl\h b ij
ihl _j_  bgnhjfZpbb gZHiggzbf\d Ihf gbke_ kem bl ijbgbghc
dZq_kI\Z j_amevlZlh\ nhlh]jzff_ljbg_kdhc h[jZ[hédb glaZ
dzd \ jmqghf j_"bf_ 1Zd b ijb\h*y d gZjmr_gbx jZJ}
Ze]lhjblfha1].

Kms_kl\mx| jZaebqgu_ Ze]hjblla2-0B],j hdpblbkgh\Zgu
I _j_jZkij_™ e _gbb agZqg _gbc ibdk_e c AhddkEiym2higrbdl
\bamZeWwgkijbyltbah[jZ .gHYygZdhZggu_ Ze]hjblfuhalheyx
\hkklZgh\blv bgnhjfZpbx dhlhjZzy J[ueZ ihl_jygZ I h
aZj_lbkljbjh\Z@zZ Myggby Zlfhkn_jghc ~ufdb Ihwlhfm_ 22
bah[jZabl_evgh]lh dZq_kI\Z ke_~m_| kqHlZlv g_dhjj_dlb]j

GZebgb_ ~ufdb gZ kgbfd_ fh gh \uy\blv ih Jbklh]jZz
hgZ bf_ | kbkl fZlbg_kdbc k™Mérb&klaglZgmglbc ibdk _e ¢
oZjZdl _jbam_Ilky ih*jy®» b"msbfb gme_ \ufb agZq_gbyfb
iIbdk _e ¢ fZehc y¢pdhk2b« b I ~ Ihke_"~g__ gme_\h_ ag
ithke_ _~h\Zl_evghklb Ij_~r_kl\mxs_ I _j\hfm g_gme
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Jbklh]jzffdh™ | kem blv gbke _gghc hp_gdhc oZzZjzdl_|j
Aufdbz(Jb kngied 62).

JbhglBd+Njz]f_gl iZgojhfzlbg_kdh]h dhkfbg_kdh]h kgb
aZf_lghc ~“ufdh¢blklh]hzffZz kh ko_fZlbggh ihdZazZgghc h]
agZq_gbc -kdbfghf ihdZaZgZ dmfmeylb\gZy Jbklh]j

JbkgBAd+:wjhnhlhkgbfhd k kbevguf \ebpgb]idkthfpzffZz kt

ko fZlbggh ihdZaZgghc h[eZklvx gmpe lgudbagbgbgblx ihd

]bklh]jzffZz ih dZ ~“hc ba p\_Ih\adj@kbihg aglezghc b kbg_
kbgbf ihdZaZzgZ dmfmeylb\gZy Jbklh]jzffz

ljbf_j ijh]jZffghc j_Zebalhppgtkqzqbke gghchygdbHl
"ufdikgbfdgz yabBython3.x ij ~klZ\e g \ ljbeh.” gbb
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35 Hp_gdZ ihl_jb bgnhjfZpbb \ h[eZklb |_gb b azZk\

Ihl_jy bgnhjfZpbb \ h[eZklb azZk\ _|Idb oZjzdl_jba
bah[jZ _gbb ibdk_e ¢ k fZdkbfzZevgh \fiafhhidhyh ad&Za\ hy
ghfbgZevgh_ jZ~bhf _Ijbq_kdh_ jZaj_r_gb_ >ey kgb
jZ"bhf_ljbg_kdbf jZaj r_gb _f [bl ibdk _ev d h[eZklb
ibdk _eb kh agZg_gb _f

lhl_jy bgnhjfZpbb \ h[eZklb azk\_Idb b |_gb
Jbklih]jzff _ dhlhjzy \ ~Zgghf kemqZ_ bf__| oig4pzdl
fZdkbfZevghf b fbgb&g&vgglgfbb ibdkinegyd 64).

lhl_jy bgnhjfZpbb \ h[eZklb azZk\_Idb b | _gb 1Z
g _ld_ "“bZiZzahgZ ghfbgZevghlh jZz~bhf_Iljbgq_kdh]h jZ
j_amevlZl_ g_dhjj_dlgh]lh ih~[hjZz izjzf_ljh\ ktzfdb be
ih~"Thj_ jZz~bhf_ljbgq_kdh]h ijhnbs&y Jbkmghd

Jbkige8ltNjZ]f gl dhkfbg_kdh]h kgbfdZ k ihl_j ¢ bgnhj
aZk\ _Idb b ozZjzdl _jguc \u[jhk Jbklh]jZffu ijb fZzdkbfZ
ibdk ey
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Jbkigetl t:wjhnhlhkgbfhd k ihl_j ¢ bgnhjfZpbb \ h[eZklb
b oZjzdl_jgu_ \u[jhku ]Jbklh]j&fdtzgbgiifdagZq_gbb ibd
fbgbfZzevghf "ey "Zggh]h bah[jZ _gby

JbgBs+Njz]f gl dhkfbgq_kdh]h kgbfdZ k ihl_j ¢ bgnh]
aZk\ _Idb b1 _gb b _]1h ]bklh]jZffZ \ mkeh\byo g_o\
iZ"bhf_ljbgq_kdhlh jZzaj r_gby

Dhebq_kl\_gghc jiljdic ihl_jb bgnhjfZpbb \ h[e
yley |ky gbkeh ibdk_e_c¢ bah[jZ _gby k fbgbfZevguf
jZ2bhf_ljbgq_kdh]h jZaj_r_gby agZq_gb_f Ihl_jy bgnhjfZz
hij_~ ey |ky qgqbkehf ibdk_e_c¢c k fzdkbfZevgh \hahhhg
jZ"bhf_ljbg_kdh]h jZaj_r_gby Qdbk2Z2ggghffihdzZazl_e_ f
bgnhjfZpbb \ h[ezklb |_gbho _dzZikamidjw _gl khhl\_IklI\mx
ibdk_e_c hl h[s_]h gbkeZ ibdk_e_c bah[jZ _gby
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JMill bshdxijhp _gl ihl_jb bgnhjfZpbbaZk\eldklb | _gb khhI\_|
i bnsg T qbkeh ibdk _e ¢ k fZdkbfZevguf “ey ghfbgZevgh
jZaj_r_gby agZq_gb f b fbgbfZevguf ”“ey nzZdlbqg_kdr
jZajr_gby agZq_gb_f khhNywy BHijsgghgbkeh ibdk_e_c bah[j:

ljbf_j ijh]jzZffghc j_ZedabpYihpzkgzlithl _jb bgnhjfZpbl
h[eZklb azk\ Idibgb fldgZby abBython3.x ij "klZ\e g \ Ijbeh _gbtk

3.6 <u\h”™udhjZa”_em

< j_amevlZl_ "~Zggh]h wlZijZekkéhd"bhKphbiybke ggu
ihdzZazl J¢Z¢ZpbhgkWhackl\ Zwjhdhkfbg_ _kdbo ,k\gefxdXxsZy
"bZiZahg jZ*bhf_Ijbg_kdh]h jZaj_ r gby KDH kemqZcgh]t
yjdhklv ~ufdb b ijhp_gl ihlZptbhdnh[jéZklb | gb bZafXlhldl
Zelhjblfbg_kdbc b f Ih”"bg_kdbc ZiizZzjZzl nhjfbjmxsbc
agZq_ghbc

<oh™Zggh]h wlZiZ bkke_"h\Zgby j r _gu ke_"mxsb _

JZajzZkhgl ihdZaZliheaYhepxsp gblv iheghlm b dZq_kI\
bah[jZz" _gb_f yjdhklguo hkh[_gghkl_c¢c kgb#z *MhZhZalj{
jZ "bhf _ljbg_kdh]h jZaj r_gby < oh”_ bkke "h¥Xfidhh¥gZ
p_e _khh[jZaghklv jZa”~_e _gby ihgylbc ghfbgZevgh]h n
"bZiZahgZ jZz"bhf_Ijbg_kdh]h jZaj_ r _gby jZajZ[hlZg kihk

<i_j\u_ ijbf_gzg f_Ih® KPpHydbkemqZcgh]h rmfz g.
]Zjfhgbgq_kdh]lh ZgZebbzdkifbgiwkidbf nhlhkgbfdzZf ihemq
nhlhlhih]jZznbg_kdhc ktzfdb bf KhghKigby p_e \hc Ihih]j
ijh*mdpbdbuiheg _gZ hp_gdZ lhgghklb f_Ih~Z ih ki_pbZevg
fzd_Iguf ~Zgguf b ih fzZl_jbzZezf dhkfbqg_kdhc ktzfdb ~
ih"klbeZxs ¢ ih\ _joghklb < ijhp_kk_ bkke_~h\Zgby m
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]Zjthgbg_kdh]h ZgZebaZ iha\lKeyHIkeimdZedbhyh rmfZ gZ b
kh kj_~g_c¢ Z[khexlghc ih]j_rghklvx g_ om  _ hl h]lh bkl

JZajZ[hlZg kihkh[ qgbke_gghc hp_gdb ijZ\bevghklh
djbl_jbe p\_Ih\hc jZa[ZeZgkZeKhjgNZYhfZlbq_kdh]h hij_»
agZgby p\_Ih\h]h jZa[ZeZgkZ ijb\_* gu j_ameviZlu
ijh\_jdb imlzf \hkklZgh\e_gby p\_Ih\h]h [ZeZgkZ bah]
ih~\_j°~ _gh b ihdZazZgh ij_bfms_klI\h jZajZ[hlZggh]h f_Ih
[ZeZgkZ ih kjZ\g_gbx kgZzélvlIf jh2 Db

JZajzZ[hlzg kihkh[ gbke_gghc hp_gdb yjdhdhikfbgfdkd
nhlihkgbfdZajzZ[hlZgu dhebq_klI\_ggu_ ihdZaZl_eb ihl_jb |
| _gb b azk\_Idb

ljbf_j ijh]jZffghc | ZebdZpb¥Yhij " e gby agZc
liZ"ZpbhgghdZaZl _e ¢ bah[jZabl_evgh]h dZdghkif\¥Zg X9
kgbfdh\ gz gthdn 3.x ij_"~klZ\e_g \ Iljbeh; _gbekeh _gbd
ljbeh™ gkb

< n"Zgghc ihklzgh\d_ azZ”~zZqZ jZajzZ[hldb kbkl_fu ¢
liz*"Zpbhgkglhackl\ pbnjh\uo Ihih]jZnbqg_kdZolEdbfdh\lh”"z
hp_gdbrZ Iky \i_j\u_
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4 HIJ?>?E?GB? J?DHF?G>M?FUO B >HIMKLBFUO AG:(
IHD:A:L?E?C BAH;J:ABL?EVGH=H Lx:QWJ-HB
DHKFBQ?KDBO KGBFH¥KHA>:GBY P?E?<HC
LHIH=J:NBQ?KDHC IJH>MDPBB

KA _eZlv \u\h® h dZg_kEb d&mwjtbq_kdh]h\ kgdKkdhfh
ijb]h~ghklb jZdhl ih nhlhlhih]jZznbg_kdhc ktzfb khfa”kdgh
p_e \hc lhih]jZnbigh’kmdpWafh gllhevdh ijb kjZ\g_gbb at
khhl\_Ikl\mxsbo ihdZazZl e ¢ k g _dbfb agZq gbyfb ijl
P_evx ~Zggh]lh wlZiZ bkke_"h\Zgby y\gydhdy ghim_%ue
"himklbfuo agZq _gbc ihdZaZl e c¢c bah[jZabb énghgh &d
kgbfdh\

>ey “hklb™ _gby ihklz\e _gghc p_eb g_h[oh”bfh j_r_
il _hj Ibg_kdh_ hijjrdéfgd"m_ fuo b "himklbfuo agZq_ gl

ba[jZzabl_evgh]h dZq_kI\Z kgbfdh\
i hij_~ e gb_ agZqg_gbc ihdzZaZl e ¢ bah[jZabl _evg
wlZghbhc \u[hjdb hldjuluo [b[ebhl_d
i hp_gdzZ j _dhf_g”m_fuo b "himklbfuo agZq_gbc ihdZa.
dZq _kI\Z ih fZl jbZeZf ihemq_ggdiwjizaehbhyuffbqgguf
dhkfbg_kdbfb ktzfhqgufb kbkinhZliitbihPj&ynbqg_kdhcb kt
f_klghklb

DZd ihdZazgh \ur_ klIjmdImjhf_Ijbgq_kdb_ ihdzZaZzZl
dZq_kI\Z o0zZjzdl_jbamxlky ijhkljZgkl\_gghc jZaj_rZx:
nhlih]jZnbqg_kd h cvjx196e-hd8].



123
41 L_hj_Ibg_kdh_ hij_"~_e_gb_ j_dhf_g"m_fuo |
agZq_gbc ihdZaZl_e _c¢c bah[jZabl _evgh]h dZq_kI\Z kghbf

4.1.1 Hij_~ e _gb_ 1 _hj_Ibjgdddbg"m_fuo b ~himkl
agZq_gbc kljmdImjhf _Ijbg_kdbo ihdZaZl_e _c bah[jZabl

4111 Hij_~ _e_gb_|_hj Apy _&kdf_g~tm]b ~himkhdh
agZqg ygkhlh]jZnbqg _kdhc j_adhklb

DZd ihdZazZgh \ijjed" Zevghf kemqZ_ktzfdb ~ebgZ
i_j_oh~Z ih dhlhjhfm hij_~_eyxlky i_j_~Zlhggu_ Kk\t
fzdkbfZevghf ]jZz*"blgley klhk ibdk ewlhf kembdZaZzZl_ e

nhlih]jZnbg _kdhc jsadhkld ezgguc ih nhjfme _ 1Z
m\ _ebqg _gbb 7"ebgu ih]jZgbgghlh™hi_j obdK e ¢ agZq.
mf _gvrZ |ky gZ b khkl&Z\eX[dpl5 bgZ blmgd#6 ihdZaZg]l

mf _gvr_gb_ agZqijgbyn\ _ebg _gbb 7“ebgu ih]jZgbggh]h
j_amevlZlu \ugbke _gby kdhjhklb( JiIit. mf_gvr_gby

LZ[ebpZJ amevliZlu \ugbke gby agZq_gby nhlh$jidbhbqg _
m\ _ebqg _gbb "ebgu ih]jZgbglgh]kdihjjhlolv @ f g®rii'gby

L' qgbkeh ibdk S s/ A
3 1,00 -
4 0,75 0,25
5 0,60 0,15
6 0,50 0,10
7 0,43 0,07
8 0,38 0,05
9 0,33 0,04
10 0,30 0,03
11 0,27 0,03
12 0,25 0,02
13 0,23 0,02
14 0,21 0,02
15 0,20 0,01
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Jbkmgbd=jZnbdb kgb' _gby nhlh]jZnbq skdkdHjredb
6 &'\ aZ\bkbfhkMethdu ih]jZgbqgh]hli j oh~Z

BaLZ[bpu blbkngd&Z\b”gh qglh gZb[he_ _ bgl _gkb\g
nhlih]jZznbg _kdhc j adhklb gZ[ex”Z |Iky k m\ _ebqg_gb_
i_j_oh~Z ~h ibdidexgdl _evgh glh khhi\_lkl\sn= 0,6agZ
>Zggh _ agZq_gb _ ij_"eZ]lZ |lky ijbgylv \ dZq_k
j_dhg”h\Zggh]h agZq_gby nhlh]jZnbq_kdhc j_adhklb

GZ Jbkgd67 ihdzZaiZzgjbf_up ih]jZzgbgguo i_j_oh”~h
Zwjhnkphfld\ h[jezZz"DdxsbamZevgh \ukhdhc (@ aldik]pMa ghbc
dhlhju_ \bamZevgh hp_gb\ZxIkly dZd g_j_adb_

Hij _~ eblv fbgbfZrivghlbfh_agZq _gb_ nhlh]jZnbqg_
gZ ~"Zgghf wlzi_ g_ ij_"klz\ey_Iky \hafh 'guf hgh [m~*
NZevg _crbo bkke_ _"h\Zghbc
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VA [
JbkglBAzljbf_j ih]jZgbgghlh i_j ohAZ Zwj2din\tulkhtkdytbd d Z

nhlh]jZznbq _kdhc jkpdYgkip “"ebgZ ih]jZgbggh'lg i [heoh”Z
ibdk & [ctijb kgb™ gbb j _adhRkRbyy “ebgZ ih]jZgbggh]lh i
[he_  ibdk_e_c

41.1.2 Hij_~ e _gb_ | _hj_ Ibg &hth]d*m _ fh]Jh b “himk
agZq_gby ijhkljZgkl\ _gghc jZaj rZxs _c¢ kihkh[ghklb

Hij ~ eblv |_hj Ibjgdkdhg~h\Zgghq_ gjthkljZgkl\_ggt
iZaj rZxs_c kihkh[ghklb fh gh gZ hk@bOIhFAZAbhgh]

I _j_oh~"Z khhi\_lkl\mxs_]h |_hj_Ibg_kdhfm j_dhf_g
nhlih]jZnbg_kdhc jsadh&klbey wlh]h g _h[oh”bfh \u[jZI\
ih]jZgbggh]h i _j oh”~"Z gZ kgbfd_ hfezZz”~Zxs _f \b

nhih]jZnbg_kdhc j, aehghxx ibdk_elbén g68).

Jbkglg8i£1jbf_j ih]jZgbgghjhoh” &bghx ibdk_e c
ihemq_gguc kh\kgbfA&vgh \ukhdhc nhlh]jZnbg_kdhc

GZ]jZnbdlbkngdd ihdZazZ@DO ~Zgghlh ih]jZighgghlMz
khlezkgh dHihdkbfZevgh qgbkeh i _jbhAh\ baf_g _gby nhl
L=23 khkIZ\eNmat=3338 qlh khhi\_IkI\m_| jZkkgblZgghfm it
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agZq_gbx ijhkljZgkl\ _gghc jZa]_rZxR & kihkhfdkhlehb

Jbhgle® +=jZnb@DO ih]jZgbggh]h Ubjmg®&zZ*ebgZ j ZebaZ
nmgdpbb ih]jZgbqgh) djéoy h;¢ N= 213

Mgblu\Zy \ur_baeh  _ggh_ | _hj Ibg_kdh_ j _dhf ¢
ijhkljZgklI\_gghc jZaj_rZxs_c kimhlgh[ ghtkdiRl 8 ibdk e
DZd b \ kemqgZ_ nhlh]jZnbg_kdhc j_adhklb hij_~ eblv
agZq RBZ "Zgghf wlzi_ g _ ij MkédZhegufkyhgh [m~ | mklZ

\ ohr ~Zevg crbo bkke_ "~h\Zgbc

4.1.2 Hij_~ e _gb_ | _hj Ibjg dhdbg"m_fuo b ~“himkl
agZq_gbc ]jZz*"Zpbhgguo ihdZaZl _e ¢ bah[jZabl _evgh]h

4121 Hij_~ e _gb_|I_hj Ibg &hfh]d*m_ fh]lh b “himk
agZq yghb Ih\h]Ea[ZeZgkZ bah[jZ _gby

Hgq \bAgh qlh djbl_jb_f ijZ\bevghklb p\_lhi_j ~Zqb
\hkijbylb_ bah[jZ  _gby q_eh\ _dhf gZkdhevdh p\_lh\hc
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aZf | g ]JeZam ?keb gZ kgbfd_ijbkmlklI\m _ | jZa[ZeZgk
aZfl_g fh gh kgblHl g _kms_klI\ _gguf

Hkgh\ghc ijh[e_fhc ijb hp_gd_ ijZ\bevghklb p\_1Ih
| h glh\bamzZevgh_ \hkijbylb_ \k_]"Z kmJ[t_dlb\gh
ikbohnbabg_kdbo hkh[_gghkl_ ¢ dZ ~h]h q_eh\ _dzZ <
"Zggh]lh whhkKk2 ~h\Zgby \oh”beh hfifdkbéZgbgh \h&hh"
hit _dib\[dhhagZq_dgbdhf g~ m_fhlhirmklbfh]h gZjmr_gby |
p\_Ih\ dhlhjZy [u ihdZau\ZeZ ijZ\bevghklv p\_Ihi_j_~
g_h[oh~bfhklv _]h p\_lhdhjj_dpbb

MklZgh\abvwZqg_gbdf g m_fhthilmklbfh]h jZa[ZeZgkZ
fh gh wfibjbg_kdb dZd mkj_"~gzgogug¢_ idhrdgalldlzfyjh\Zgb
klZlbklbgq_kdb ij_~klZ\B]jmemghex” c ij_"eZl]Zy bf |
ijZ\bevghklv p\ _Ihi_j ~Zqb bah[jZ  _gbc bf _xsbo jZ
jZa[Zgk< wlbo p_eyokphgdjh\Zgz |_klh\Zy ]jmiizZ 1|_
ki_pbZebklh\ jzZ[hlZxsbo \ h[eZklb Ilhih-jZndhckfhdb &d.
ktzfhd Z 1Zd _ \ h[eZklb ijhn_kkbhgZevghc pbnjh\h¢
mqgZklgbdh\ | _klh\hc ]jmiiu khklZ\beh vy ijh\eh)\ gd
wdki_jbf_glljueZ jZajZ[hlZgki_pbZevgZy | klh\Zy |
ij_~klzZz\eyxsZy ba Kk_[y gZ[h]j Zwjhnhlhkgbfdh\ jZa
gZijZ\e _gghklbklkh\h_ bah[jZz  _gb_ )XMLNTHNWI,6 DI
| _klh\hc |1Z[ebpu ijb\ JvA&kggdd. JZ"bhf_Iljbg_kdh_ jZaj.
bah[jZ _gbc [bl ibdk_ByZcghbe \ubah[jZ _gby dZ ~h]h
|Z[ebpu ijb\_d gme_ \hfm jZa[ZeZKohhglvIE*ghc ba p\_
dhfihg (RIG bB) dZ "h]h ihke_"mxs_]h bah{jZ2bgjbyeZkyv
liZz"ZpbbhgZz LZdbf h[jZzahf dzZ ~uf ihke_"mxsbf ba
bkdmkklI\ _ggh ijb”rZ\Zeky p\_Ih\hjbljpdafZeZgk ihke A r
bah[jZz  _gb_ hlebqgzZ _ I|ky hl ij_~u"ms_]h gZ 11Z2Zph
p\_Ih\uo dhfihg_gl dzZd LEp&mlsgh \
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LZ[ebpZ jjbk dbkd\ _ggh]h gZjmr_gby [ZeZlyW]hbah[jZ _
| _klh\hc |Z][edpkumga)d

Bah[jZ _¢Bah[jZ _¢Bah[jZ _¢Bah[jZ _¢ « Bah[jZ _¢
R +2 (R +4 (R +6 (R R
Bah[jZz _dBah[jZz _¢Bah[jZz _g¢Bah[jZ _¢ « Bah[jZ _¢
(B +20G +40G + 6 0G (B
Bah[jZz _dBah[jZz _¢Bah[jZz _g¢Bah[jZ _¢ « Bah[jZ _¢
B +2(0B +4 0B +6 0B B
Bah[jZz _d¢Bah[jZz _¢Bah[jZz _g¢Bah[jZ _¢ « Bah[jZ _¢
R +2 (R +4 (R +6 (R R
Bah[jZz _d¢Bah[jZz _¢Bah[jZz _g¢Bah[jZ _¢ « Bah[jZ _¢
+ G +20G +40G +6 0G (B
Bah[jZz _dBah[jZz _¢Bah[jZz _g¢Bah[jZ _¢ « Bah[jZ _¢
B +20B +4 B +6 (B B
« « « « « «

JbhgRA+NjZ]f gl | _klh\hc IBpéipd _dley hij ~ e _gby
Ahimklbfh]h p\_Ih\h]h jZa[ZeZgkZ

Baij_"eh”  _gghc | _klh\ha dZ[ébpmgZklghwddki_ jbf gl
ij_"eZ]lZehkv \u[jZlv bphfjZz ™" kljhd_ JHg _igbx p\_Ih\
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jZa[ZeZgk kéZyghblamzZevgh azf | g GdhbdZBahéjyZ Yb
p\_lh\hc jZa[ZeZgk \ djZkghf dZgXeebaZfgh bgw phjkhllwl Z g Z
gZ liZz"Zpbc lhgzZzkgbfhd ©Bah[jZ (BB _h[eZ”"Ze \bam:
aZf_lguf p\_Ih\uf jZalzZéZgkeW|ZIu nbdkbjh\Zebkv "e
bah[jZ _gby ih d&A thzxzo p\ _|h\uo dhtibhg igémq_ggu_ "Z¢
mkj_~gyebkv f_""m \k_fb gZ[ex"Z¢péyfFhbEtihhtiBg gl _ [Zc
h[jZahf [ueZ ihekjgq”rg¥y hp_gdZ]jgbkeBbg "ey dZ "h]
bah[jZ _gbjy "h[Z\e_gbb dhlhjh]lh \ kimhp\_IkhiN\mx sthfihg _
\bamZevgh nbdkbjh\Zeky p\ _Ih\hc jZa[ZeZgk Ihemqg_gg
liZz "Zpbecg\\h*bebkw\\lh\u_ dhfihdghdlld ITklI\mxisdoh[jZ cgb
b ih nhjfn68 hp_ghkZagzZq_ &l _p\_Ih\h]h jZalZze&XfhlkZA \k
agZqg_dgbmkj ~gyebkv ith \k_ f p\ _Ih\uf dZgZdhenbq kgl
wdki_jbf_glZevguf imlzf mkj_"*gzggh_ agZq_gb 0 p8B Ih
fh gh ijbgylv \ dZq_kI\_ j_dhFZg’kmhfZepgh ~Htinalgldd gb
p\_lh\h]h jZa[ZeZgkZ [m/Mh\Iohi}_ ~"2Zewg crbo bkke "h\Z

4122 Hij_~ e _gb_|I_hj_Ibg &hdfh]d*m_fh]h b "himk
agZq_dogbiH kemqgZcgh]h rmfZz

G _]Zlb\gh_ \ebygb_ kemqgZcgh]h rmfZ gZ bah]j
Zwjhnhlhkgbfdz fh™ _| ijb\h”~blv d g _\hafh ghklb ~ rbnjk
fZehdhgljZklguo h[t_dlh\ b ke_"~h\Zl_evgh ijb\h”*bl ¢
bah[jZz _gilif ~ eblv \ebygb_ kemqgZcgh]l]h rmfZ gZ ™~ _rbt
bah[jZ  _gby ihal\hebe ~\mowlZiguc wdki_jbf_ gl hkg
j_amevlZlih\ wdki_jlguo hp_ghdlb kiljZNkK\dpl kevghc ]
ki_pbZebklh\

P_evx i_j\h]l]h wlziz wdki_jbf _glZ J[ueh hij_" _e_
agZq_gby fbgbfZevgh]h \bamZevgh jZaebqgbfh]h[uelgl
kha”“zZgu gZ[hju bah[jZ _gbc jZaebqgghc yjdhklb jbkméha
bazZojfizlbq_lodihe ¢ \ \b”_ rzZofZlgh(cIbkindlldi Ibdk_eb
ijbgz~e_ _"Zsb_ h”ghfm ihex bf_ x| h”bglNdhJlZagdgpzzq fgl
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agZq_gbyfb ibdk_e_c¢ khkDNd&h&kliheyeZ hl ~Ah liz~z
JZ~bhf _Ijbq_kdh_jZaj_r_gb_ bah[jZz _gbc [bl ibdk_ev

Ba ij_"eh _gguo gZ[hjh\ bah[jZ _gbc mqgZklghbc
Ij_~eZ]lZehkv \u[jZlv IZdb_ ]~_ ih bo fg_gbx jZaebqgb_
klZgh\behkv \baaZZdeVgutey wlbo bah[jZh gblkcjfme
\ugbkeyehkv agZq_gb_ ehdZewgh{h< dhhNjZkrZgghl]h
wdki_jbf_glZmukehgh\le _gh qglh \bamZe vglndjZeavegouoch tilhgg ||
aZ\bkbfhklb hl yjdhklb bah[jZz  _gby g_ h”"bgZdhl\ fgey
lhgZolh agZg _gb_ hdZaZghkvey bahg¢j\Zk\ gleuo IlhgZo G
70 ijb\_~ gu ijbf_ju bah[jZz _gbc k fbgbfZevgh jZaebqgb
| fguo kj_"gbo b k\ leuidmellngZggu_ ih j_amevlZIZf w
mkj _"gzggu_ ihdZAdkbébevigNax b fbgbfZevd\Nayy, agZq _gb
ibdk_e ¢ jZaghklv wlko_ agiZg|dbkDN b agZqg_gb_ ehdZ
dhgljZKLZq

Z [ \
JbkghRtdxBah[jZ _gby k fbgbfZevgh jZaebqb#z#h d higgpodkl
[\ kj_~gbc\k\ _leuo IhigZoizyjdhkIDN=DNmax 2DNmn b
agZgq_gb_ehdZevghKkhndhgljzZklZz
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Ba ijb\_" gguoJdbigZgd7l j amevIZke\ "m_| glh
bah[jZz gbc kj _~gbo b k\ leuo Ihgh\ fbgbfZevguc \b:
i _j_izZ™ |Ih@R \ kj_~g_f khklzdey dlh khhilI\_IklI\m_1| ag
fbgbfZevgh jZaebgbfh]h Kdh@®ljZklZ >ey |_fgh]h bah[jZ
khklhys ]h ba ibdk _eq cglkhfbagiebadbfb d gmex fb
\bamZevgh jZaebgbfuc i_j_ izZ” yjdhklb f_""m khk_"gb-
\ kj_"*g_fljz*"Zpbc Hwgh khhiI\_IklI\m_| agZq_gKx,80,04.j Zk

Mkj_~g_ggh_ ih Ij_f ij_~klZ\e_gguf \ZjbzZglzf yjdl
agZq _gbhdZevgdhhlgljZkkBklZ\ bk g Z 1_j_1Z"N agZc
ibdk _e ¢ gZ ]jZgbp_ h[t_dlZ ~ey \hafh ghklb _]Jh \b:
hi~ evgh hlDBNgZ ]jZ"Zpbc lhgZz

P_evx \lhjh]h wlzZiZz wdki_jbf_glZz yleyehk\

j_dhf_g”m_fhhhnbklbfh]h mjh\gy kemqgZcgh]h rmfZ>g¥ «
wlh]h[ueh kha”Zgh kbgl_abjh\Zggh_ bah[jZ _gb_
mklZgh\e _g@dhljh "u”*ms_f fWblgbfZevgh]h dh#&LpdklZ k
fZdkbfZevguf b fbgbfZevguf agZqg D\Naxfb ibddNyey 123
kKhhi\_ITkI\_ggh §_j iZ™ agZq_gbc (ONdk 5e (Jb kn g h7p).
L _klh\h_ bah[jZbf g gme _\hc mjh\_gv kemMNsgsegh]hDrr
"Zgghfm bah[jZ° _gbx ijh]jzffguf iml_f Jue ~h[Z\e g
jZaebqgh]h mNduwsgvyl, 2, 3,4, 5,6, 7, 89. GZJbkngdi2 ihdZaZg.
ihemqg_ggZy | _klh\Zy \u[hjdZ ba MdpakigadZdbwdki_ jb
Ij_"eZ]ZehkpMZIv bah[jZz" _gb_  ]*_ i1h kkenfgZgbuc ri
klZgh\beky \bamZevghvalhf algzfNggbijbgbfZehkv \ dZqg_
j_dhf_gm_fh]h Ke_"mxsbf rZ]hf mqgzklgbdzfb hij_"_
gZ dhhhjpb-aaZ \ebygby rmfZ hgb bkiulu\ZelgbaBIljm™ ge gdt
iheh” _gby JjZgbpu f_""m khKf~rgbZBbwlh agZqNgib
ijbgbfZehkv \ dZgdkibhfZfevgh ~himklbfh]h
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Jbkgh2ltKbgl _abjh\Zggh_ bah[jZ _gb_ fbgbfZevgh]l
(DNmaX:128,DNmin:123, GDNZS,Kehd k JzaequUf Nhl/lb\g_f
kemgZcgh]h rmfz

Ih mkj _"gzgguf j _amevIZbXiuhp_ ¢§lgimiihc ki_pbZebl
mklZgh\e _gh qglh \bamZevgh aZf _Iguf gZ bah[jZ _gbb k
I JbNrus = 2 £ Z iNkvs = gZqbgZ | \ebylv gZ ~ _rbnjh\hqc
bah[jZ _aby¥gbpzZ fZehdhgljZklgh]h h[t_dlIZ \bamZevgh |
mJehl\_ fghl]h b k\ _leh]h k(Jdknglh#®) ~ rbnjbjm _|ky dhk\
ljb\_~ gguc j_amevlZl ihdZaZe qglh kemgZcguc rmf g_
\ebygby gZ ~ rbnjh\hggu_ k\hcklI\Z BNa[gZij _gbyZ keb <
k\yab k wlbf ij _"ezZ]zZ Ikyl mklZigd\kjdddhf g *m_ fuc mjh
kemaqZcgh ] MNgis iZ Z "himkI|tN:usni=7.

4123 Hij_"~_e_gb_|I_hj_Ibg _&ith]d*m_fh]lh b "himk
agZq_oMfeghklb ~ufdb

<ebygBufdb gZ bah[jZabl_evgh_dzZqg_kl\h b ~ rbnj
kgbfd\ 1Zzd"_  hij_~ eyehkv ih j _amevlzZIZf hp_ghc
Ij_"klZ\bl_evghc Jjmiiu ki_pbZebklh\ \ oh”_  wdki_jbf_
[ueZkharZgu[hjd Zwjhb dhkfbqg_kdbo kighizdadbqggufb Ibi.
ih~"klbezZxs_c¢ ih\_joghkkeb\gh jZa”_ezggufb @24 h]jhdekalkk
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| _jjblhjbb fgh]l]hwlZ gZy adklghcklldA_ggpt dluk_evkdb
gZk _ezggu_ ikmgaeMkdhohayckm]lgogmwe f glu j_ewk n]h ih
Zwjhkgbfdz njz]f_glZz dhkfbq_kdbo kgbfdh\ \ d.
ih*"klbezZxs_c¢ ih\ _joghklb LZdbf h[jZahf h[sbc h[t_f
bah[jZ  _gbc khklZ\be >&kgb@Wdkl _jbf glZ bkihevah\Zeb
jZ "bhf_ljbq_kdbf jZaj_r_gb_f [bl ibdk_ev Kgbadh
y kg mx [ ah[eZgqgmxX ih]h”m \ hikmlkl\bb Zlfhl
Kbkl _fZlbg_kdbc k~\b] ]Jbklh]jzffu \ j_amevIiZIl_ i_j\bc
h[jZ[hldb ih ih~A[hjm jZz~bhf_Ijbq_kdh]h ijhnbey hlkmlk
D vyjdhklb ~Zgguo bah[jZz _gbc J[ue bkdmkkl
kbkl zZflbg_kdbc k~\b] bfblbjmxsbc gZebgb_ ZIKri]j¢
"h[Z\eydldy ~B k rZ]hf \ liZ"Zpbda dthgzZ hkgh\_ bkc
\u[hjdb kgbfdh\ [ueh ihemqg_gh \ db[hjad \oh”beh
bah[jZ gbc k jZaebqgguf agZqg_gb_ f vyjdlokkhbg d73iflol b
Jbkmgd4 ihdZaZigbf u \u[hhd kha*dg@gZ hkgEwjhkgbbdZ
dhkfbg_kdh]h kgbfdAufijlueZz bkdmkklI\_ggh ~h[Z\e_ g
bfblbjmxsZy \ebygb_  "wddéah@§jZzabl _evgh_ dzZqg_klI\h I
kgbfdhf ih”ibkZgh agZq_gb_ dhikl KZVIibjZ kyjdhklb \
liZ"Zpbc IhgZ ibdk_ey

Jbhg@£ljbf_j \u[hjdb kha”Zgghc gZ hkgh\_ dZw pHhjh hrk
[ueZ bkdmkklI\_ggh “h[Z\e_gZ yjdhklv bfblbjmxsZy \e
bah[jZabl_evgh_ dZq_kl\h
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JbkgR4 £1jbf_j \u[hjdb kha~Zgghc gZ hkgh\_dhlkfbqg_
dhihjhfm [ueZ bkdmkkI\_ggh ~h[Z\e gZ yjdhklv bfblbjm
_]1h bah[jZabl_evgh_dzq_kl\h

MgZklgbdzf wdki_jbf_glzZ ij_"eZ]Zehkv \u[jdkv "ba
\u[hjd _gZ dhlhYebygb_ ~ufdb ih bo fg _gbx klZgh\be
aZf_lgudzd ijhy\le_gb_ h[s_]Jh k\ _leh]h nhgzZ ih \k_fm
agZqgq_gby yjdhklb ~ufdb [ueb ijbgylu \ dZqg_klI\_j dhf
ijh\h*"beky » IZevguc ZgZeba kgbfdh\ ijb dhwegnldpg gl _
jZ[hgbc dhwnnbpb_gl m\_ebqg _gby ijb ijhba\h”~kl\_ nhlh
b hp_gb\ZeZkv ihl_jy bgraffZ\pedbygbyg ZIfhkn_jghc ~»
kjZ\g_gbx k bkoh”guf bah[jZdbkgbd3 ijGX ~zg ijbf_j ihl_
| dklmju djurb gz ZzZghhdhlhkKIBkngd76 ihdzZazgzZ ihl
fZehdhgljZklguo h[t_dlh\ gZ dhkfbg_kdhf kgbfd _

Jbkghdt<bamZevgh azf_IgZy ihl_jy I _dklmju djurb \
pbnjZfio[hagZgaghq ypdhkhtrufdlx b gbkeh ]jZ*Zpbc
ibdk e c
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Jbkmghal £Ijbf_j ihl_jb fZehdhgljZklguo h[t_dlh\ gZ dhkfb
pbnjzZfb h[hagZg _gh agZqg_gb xypdhklgbX%efljZz*Zpbc
ibdk e _c

Ih mkj_"*gzgguf hp_gdzZf \k_o mqgZklgbdh\ wdki
aZf_lghc MufdZ klZgh\bezkv ijb Izl yjyhlgbhjfZgbib gZ k.

bkg agh\ _gb_ | _dklmju khhjm ™ _gbc ihl_jy f edbo b fz
gZ[ex"ZeZkv ijb agZg _gbb yjdhklb ~ufdb hl b \ur_
wdki_jbf _glz fhlml [ulv ijbgylu \ dZqg_kI\_ | _hj_ Ihlabkd

fZdkbfZevgh ~him&dEih ypyhkib ~ufdb khhi\_IkI\_ggh

4124 Hij_~ e _gb_|I_hj_Ibg &hdfh]d*m_fh]h b "himk
agZq_gby jb bgnhjfZpbb \ h[eZklyo | _gb b aZk\ _Idb

wjh b dhkfbg_kdb_ ggbfdle gu bf Iv ihl_jb bgnhj
hlezZzklyo | _glk\bldb ihwlahfhzgghf wlzZi_ bkkle fhlEgbld
j_dhf m”~fuagZq _gby ~"Zgguo ihthZaZlijbgylv jZ\@0d Bo.
ljZdlbq_kdb_ j _dhf_g"m_fu_ b “~himklbfu_ agZq_gby
bgnhjfZpbb \ h[eZklyo | _gb[rh @mZkhijldb wlkgujbf _glZev
iml_f hp_gdb bo nzZdlbqg_kdbo algAddkdbq_ikdb®d & f
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4125 Hij_~_e_gb_|I_hj dojgdbhd g m_fh]l]h b “himk
agZq_ghvzZzazl e c jZz"bhf_Ijbg_kdh]h jZaj_r_gby

GhfbgZevgh_ jZ~bhf ljbg_kdhRsjgegyrligp | ogbq._
0ZjZdl_jbklbdhc pbnjh\h]h bah[jZz  _gby >ey jZ~bhf_Ij
8 [bl ibdk_ev gbkeh ]jZz2Zpbc IhgZ khklZ\ey | wlbf @
"bZiZahg ghfbgZevgh]h jZz*"bhf_Iljbg_kdh]h jZaj r_gby

>bZiZahg nzZdlbg_kdh]hqgixthlh_Jfjbaj Rndbg”_ Zevgh
kemqZ_ ~he g kh\iz*"Zlv kRghdbglZledgxud gb_ f fZdkbfZz
gme _\uo agZdhlgihkysboky d h[jeZklb I:gb b azZk\_Idb

Rimg = Roit £2 (68)

Khlezkgh * _exaqiZdlbqg_kdh]h jZz*"bhf_Ijbg_kdh]h-jZa
b dhkfbg_kdh]h Kghfdzigakdy | gZebgb_ ~ufdb K mq_lI
j_dhf_g”m_fuomkIbdbiuo caggbc yjdhklb Rigfdbebfhj Ibqg_kd!
j_dhf_g m_fh_ b fbgbfZevgh madhblgbklE~ bhf Ijbq_kd
jZaj_r_gb_

Rmgj & Roit £2 thz; #7256 +2 £20=234 1 hIRu)

Rimg ~hi= Roit 2 thz~p =256 +2 + &  hIR)
1" hz; g bhzwywi 21 _hj_Ibg_kdb_ j_dhf_g*"m_fh_ b fZdkbfZe
agZqg_gby yjdhklb ~ufdb khhlI\_IkI\ _ggh
lhe _agh_  jZ*bhf_Iljbg_kdh_ jZaj_r_gb_ hij_"~_e
nZdlbg_kdh]lh jz~bhf_Ijbg_kdh]h jZaj_r_gby aZzZ Jhkd
agZqg_«&«eywqgzZcgh]lh rmfzhf Knhmguéu hij_~ ebf | _hj_
j_dhf_ g m_fh_ b fbgbfZevhydghgmdéblyf
Rettj & Rmgj d*2Nrusj &234 = 1 8 Rbi)
Reff ahi= Rmg ~ni #2Nrms~ni= 214 = 1 8 Rbi)

4126 J_ameviZlu hij_" lehgbhhqg kdbo j dhf_g~m._
"himklbfuo agZq_gbc ihdZazZl_e _c¢ bah[jZabl_evgh]h dZ

< j_amevihZaggh]lh wbkikze "h\Zhihyr e ¢uhj_ Ibqg_kd
j_dhf_g"m_fu_ b “himklbfu_ agZq_gby ihdZaZl_e_c be
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(LZ[bp A7) ljhg_jdhf \ ]jZnZo |Z[ebpu hlf_g _gu ihdZaz
dhlhjuo g_\hafh gh h[hkgh\Zggh hij_~ eblv gZ ~Zgghf w

LZ[ebpZL _ hj _Ibg_kdbhf g~h\Zggu_b “himklbfu_ gbke _
ihdZaZl _e _c¢ bah[jZabl_evgh]h dZqg_kI\Z Zwjhnh

IhdZzdZeb bah[jZabl_evgh]h dZ AgZqg_gb_
_"bgbpZ baf_j gby j_ dhf g"m_ Ahimklbfh
JZaj rZxsZy kihkhRghlkdk ev *123 +
Nhlh]jZnbq kdZy jsadhklv . +
P\ Ih\hc [Zelzghkeh ]jZ"Zpbc +
KDH kemqgZcgh]RNru¥gn f@gbkeh , 70
ljZ"Zpbc lhgZz '
Yjdhklv "ufidb gbkeh ]jZ*"Zpbc " 20 40
lhl_jy bgnhjfZpbb hl h[s_]h gbkeZ ibdk_e _c¢
\ h[eZklb | 0,00 +
\ h[eZklb aZk 0,00 +
JZ"bhf ljbqg _kdh_jZaj r _gb_ gbkeh ]jZR&pbc lhgZ hi
NnZdlbq_ kRlnty | o 4(91) 214 (81
ihe ad] . ) 200 (78)

GZ ke_"mxsbo wlZiZo bkke_ "h\Zgby [m”_| ijh\_~ ¢
ithemqg_gguo |_hj _Ibg_kdbo j_dhf_g"m_fuo b “himklbfu«
bah[jZabl _evgh]h dZq_kI\Z

42 Hij_~ e _gb_ agZg _gbc ihWW&Za[dZadblcevgh]h dZc
kgbfdh\ wlZebgghjhdhldjuluo [b[ebhl_d

P _evx "~Zggh]lh wlZiZ bkke "h\Zgby y\ey I|ky ijl
| hj Ibgq_kdbo j_dhf_g™"m_fuo b Ahimklbfuo agZc
bah[jZabl_evgh]h dzZq_klI\Z tZd_dhEKE&thg_ ZXwdfpdtcb ktihemqgz _f
"eynhlbhhih]jZznbq_kdhdfktklfglhkib fZI _jbzZezf hlidjuluo [b[
nhlh]jZnbq_kdbo.kgbfdh\

>ey "hklb" _gby ihklZ\e_gghc p_eb g _h[oh”~bfh j_ r_
[199]:

i \ugbke _gb_ agZq_gbc ihdzZaZl e ¢ bah[j2akdebyggh
bah[jZz  _gbc h”ghc ba hldjuluo [b[ebhl_d kgbfdh\
i klZlIbklbg_kdbc ZgZeba ihdzZaZzZl e _c¢ bah[jZabl_evg
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wlZehipgu[hhdb[ebhl_db /,9( 'DOMDZIBV H

icjZ\g_gb_ j_dhf_g"m_fuo b "himklbfuo agZq._ ¢
bah[jZabl_ewgdghkl\Z kgbfdh\uwhaé¢hjgdg[b[ebhl YE
DatabasebTID2013 k bb hj Ibqg_kalgidg gbyfb

i kh\f _kigZgZebaj Ibg KdmwidZehgguo ihdZal4Eablc ebvaghn
dZq_kI\Z kgbidhgd_gb_ bo j_dhf_g” m_fuo b "himklbfu

42.1<uqbke_gdgZq_gbc ihdZaZl_e ¢ bah[jZabl_evc
wlZehgguo bah[jZ _gbweohldjabhl_d kgbfdh\

< dZqg_kI\_ \u[hjdb wlZehgguo bah[jZ _gbc [ueb b
[b[ebhl_db /,9( ,PDJH 4XDMa¥\"Dggb& pHgdb dzZq_kl\Z
tLIVE Databas eZ[hjZlhjbb mAb™_hjZajzZ[hlhd LmgbRkdkdh |z
Hklbg_ K[R648] bTID2013 HJ[t_f wlZehgghc \u[hjdb khklZ\ey_
JZaf_j bah[jZzxgbdhe_ _ i ibdk_e_c p\_HAZ4bfbYg2
(RGB k jZz™"bhf_IljbqgZkdbf _gb_f [bl ibdk_ev gZ dzZgZe

<LZ[bpZo b ijb\_~ gu j_amevlZliu hij_~ e _gby kljmd|
b ]jZ*"Zpbhgguo ihdZaZl _e ¢ bah[jZabl _evgh]h dZqg_klI\Z
LIVE DatabasebTID2013.

ljb hp_gd_ klZlbklbqg_kdboztikiddadh eagZq_gby b Kk
d\Z~jZlbg_kdh]h hldéabohedwezZkv hl[jZdh\dZ agZq_gbc |
dibl_jbyf hij_~_e _gguf gZ ij_~u"ms_f wlZi_ bkke_"h\Zi

fZdkbfZevgh ~himKIDHu omNgs ” yjdhklv harfdb nZdlbqg_kd
jZ"bhf_ljbg_kdh_ jZRyj er_gbihe_agh_ wnn_dlb\gh_ jZ”Db
jZaj_r_ofg e agZqg_gby i_j_gbke _gguo ihdzZaZl _e_c

liZz*Zpbc lhgZz Bkdexq_gb_ khklZ\eyxl|l |Zdb_ ihdZaZzZl_eb
ihl_jy bgnhjfidiptdhd\ h[eZklyo azZk\_Idb b I_gb khhiI\_IkI\
kemqgZ_ hl[jZdh\u\Zebkv agZq_gby G ! dZzd bf_xsb_ hqg
hij_~_ezggh]lh p\_Ih\h]h hll_gdZ bkdzZ Zxs_]h bgnhjbzZp!
kgbfz_fuo h[t_dkimghd \h \lhijhf bhd>1.
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LZ[eb@BZ&J _ameviZlu jZkq_|Z ijhkljZgkl\_gghc jZaj_rZx
(R b nhlh]jZznbq_kdhc(9 valddedigghc \u[hjdb bah[jZ _gbc |
LIVE DatabasebTID2013

R ibdk_ev ih DhgljZkl :
Bah[jZ  _gb) X, Y h[sbcgejhdZevg S Th hkygy
Rx Ry Kh Kehd Sx Sy

bikes.bmp 1,10 1,09 0,38 0,86 0,77 0,80
building2.bmp 1,07 1,06 0,53 0,67 0,88 1,00
buildings.bmp 1,07 1,06 0,49 0,81 0,84 0,82
caps.bmp 1,19 1,17 0,31 0,57 0,76 0,78
carnivaldolls.bmp 1,16 1,19 0,54 0,30 1,00 1,00
cemetry.bmp 1,06 1,06 0,38 0,81 0,84 0,99
churchandcapitol.omj 1,07 1,07 0,49 0,49 1,00 1,00
coinsinfountain.bmp 1,16 1,12 0,55 0,55 0,90 0,90
dancers.bmp 1,07 1,07 0,57 0,56 1,00 1,00
flowersonih35.bmp 1,07 1,08 0,52 0,42 1,00 1,00
house.bmp 1,17 1,13 0,32 0,66 0,80 0,80
lighthouse.bmp 1,09 1,12 0,37 0,77 0,91 0,86
lighthouse2.bmp 1,11 1,10 0,33 0,76 0,79 0,72
manfishing.bmp 1,13 1,10 0,59 0,49 1,00 1,00
monarch.bmp 1,09 1,08 0,32 0,79 0,73 0,73
ocean.bmp 1,20 1,14 0,34 0,64 0,90 0,87
paintedhouse.bmp 1,09 1,09 0,42 0,71 0,79 0,70
parrots.bmp 1,20 1,18 0,36 0,65 0,66 0,58
plane.bmp 1,15 1,10 0,68 0,55 0,26 0,81
rapids.bmp 1,12 1,10 0,37 0,81 0,79 0,88
sailingl.bmp 1,12 1,09 0,47 0,65 0,93 0,89
sailing2.bmp 1,13 1,14 0,30 0,80 0,70 0,72
sailing3.bmp 1,13 1,19 0,31 0,67 0,40 0,77
sailing4.bmp 1,10 1,11 0,33 0,81 0,87 0,83
statue.bmp 1,11 1,16 0,38 0,82 0,90 0,89
stream.bmp 1,08 1,06 0,41 0,80 0,87 0,82
studentsculpture.omyg 1,10 1,09 0,49 0,41 1,00 1,00
woman.bmp 1,08 1,11 0,30 0,76 0,81 0,70
womanhat.bmp 1,15 1,23 0,30 0,55 0,91 0,65
Kj_~g_ _ agZq 1,11 0,42 0,66 0,84
Kji_"a_
d\z~jZlbg_kdHh 0,04 0,11 0,15 0,15
hldehg gb_ K
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LZ[ebpzZJ ameviZlu jKbdkémqgZcgh]HNrwdfZp\ _ITh\h]h
jZa[ZeZdgk¥jdhklb ~uligbnzZdlbq_k@®hg)h ihe_adhdh
jZ"bhf_Iljbg_kdh]lh jZaj_r_gby ihl_jb bgnhjfZghdbb\ h[e
aZk\_lilbwlZehgywhhdah[jZ  _gbc [b[ebhl_dtabas® ( '

bTID2013
Nrwms a hz Rimg Reff ill shd
Bah[jz" o gbke gbke gbke
anfjz _gb | jZn hi|ljz» hl jZ"24 % hl
'hg ]:)bC 'hg Ruit ]:)bC Ruit ]:)bC Ruit % %
lhg4 lhg4 lhgZ
bikes.bmp 572 | 4,02 0 0,00 | 256 | 100,00| 245 | 95,70| 0,04 | 0,01
building2.bmp 6,88 | 0,17 0 0,00 | 256 | 100,00 243 |94,92| 0,54 | 0,69
buildings.bmp 592 | 1,48 0 0,00 | 255 | 99,61 244 | 95,69| 1,92 | 0,00
caps.bmp 153 | 6,13 | 13 | 544 | 239 | 93,36 236 | 98,74| 0,00 | 0,00
carnivaldolls.bmp 3,66 | 1,75 0 0,00 | 256 | 100,00f 249 |97,27| 0,27 | 0,73
cemetry.bmp 2,99 | 2,07 0 0,00 | 256 | 100,00f 251 | 98,05| 0,09 | 0,72
churchandcapitol.bmg 4,64 | 1,23 0 0,00 | 256 | 100,00 247 |96,48| 0,01 | 0,70
coinsinfountain.omp | 3,54 | 0,26 0 0,00 | 256 | 100,00| 249 |97,27| 0,02 | 0,53
dancers.bmp 7,40 | 0,82 0 0,00 | 256 | 100,00 242 |94,53| 0,42 | 0,62
flowersonih35.omp | 10,00| 2,09 0 0,00 | 256 | 100,00| 236 |92,19| 0,10 | 0,64
house.bmp 3,65 | 9,21 5 2,00 | 250 | 97,66 244 | 97,60| 0,10 | 0,00
lighthouse.bmp 5,97 | 13,13 1 0,39 | 254 | 99,22 243 | 95,67| 0,00 | 0,00
lighthouse2.bmp 554 | 6,65 3 1,19 | 252 | 98,44 241 | 95,63| 0,04 | 0,00
manfishing.bmp 3,14 | 2,13 0 0,00 | 256 | 100,00f 250 |97,66| 0,18 | 0,75
monarch.bmp 3,46 | 23,80| 17 7,49 | 227 | 88,67 221 | 97,36| 0,00 | 0,00
ocean.bmp 3,66 | 11,32| 14 | 5,86 | 239 | 93,36 232 | 97,07| 0,00 | 0,00
paintedhouse.bmp 3,36 | 6,61 | 17 7,14 | 238 | 92,97 232 | 97,48| 5,00 | 0,00
parrots.bmp 1,78 | 251 | 15 | 6,25 | 240 | 93,75 237 |98,75| 0,30 | 0,00
plane.bmp 4,16 | 6,22 0 0,00 | 255 | 99,61 247 | 96,86| 15,64| 0,00
rapids.bmp 6,18 | 5,02 0 0,00 | 255 | 99,61 243 | 95,29| 0,03 | 0,00
sailingl.bmp 3,89 | 15.83| 5 2,01 | 249 | 97,27 242 | 97,19| 0,04 | 0,00
sailing2.bmp 454 | 401 | 10 | 4,08 | 245 | 95,70 236 | 96,33| 0,01 | 0,00
sailing3.bmp 411 | 465 | 11 | 451 | 244 | 9531 236 | 96,72| 0,32 | 0,00
sailing4.bmp 5,58 | 9,09 0 0,00 | 255 | 99,61 244 | 95,69| 0,00 | 0,00
statue.bmp 3,75 | 4,18 0 0,00 | 256 | 100,00f 249 |97,27| 0,01 | 0,01
stream.bmp 12,08 | 8,08 2 0,79 | 253 | 98,83 229 |90,51| 0,72 | 0,00
studentsculpture.omp| 4,65 | 0,38 0 0,00 | 256 | 100,00 247 |96,48| 0,06 | 0,68
woman.bmp 8,76 | 13,40| 1 0,39 | 254 | 99,22 237 |93,31| 0,38 | 0,00
womanhat.bmp 3,03 | 7,52 5 2,00 | 250 | 97,66 244 | 97,60| 0,01 | 0,00
Ki_~“g__ agZq] 421 4,01 FZdkbfZe ,5; 97,93 | 241 | 96,25| 0,14 | 0,21
: agzq_g

Ki_"a_
d\z~jZlbg_kdh| 1,35 | 2,88 | 17 6,64 8 2,96 7 184 | 0,19 | 0,32
hldehg_gb_ K
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HI[jZdh\Zggu_ agZ4[&d@ \u” e gu djZkguf p\_Ihf (
Aufdb gZ kgbfd_ h[mkeh\e_gh \ebygb f \g_rgbo nZdlhj
khklhygb_ ZIfhkn_ju ihwlhfm mkj_"~g_gb_ ~Zggh]lh ihd:
yjdhc ~ufdhc b kgbfdZfb gZ dhlhjuo "ufdZ hlkmlid\grufl
ith*oh”~hf ijb hij_~ e _gbb h[h[s_ggh]h agZq_gby ih \u[hj
dZq_kI\_ h[s_]h ihdzZzazl_ey yjdhklb ~ufdb ijbgylh fzdlk
\k_c¢c \u[hjd_ wlZehgguo bah[jZ _gbc

Z [ \ ] "
Jbkghld+xBah[jZ _gby wlZehgghc \u hhapasebTID2013 k
p\ _lh\uf jZa[ZeZgkhf O ! \ _ jogbc jy® b j_amevlZl

p\_Ih\h]h [ZeZgkZ f_Ih~Ahf k_juo ibdk_ztighthgusedmp, jy

[ £#monarch.bmp,\ rocean.bmp,] £sailingl.bmp,” twoman.bmp

lhfbfh i_j _gbke_gguojbkdpfid! kifZ[épmM9 \ dzqg_kl
\kihfh]zZl_evghc bgnhjfZpbb ijb\_”" sgUhafZehdybeyvghlh dt
"ey wlZehgghc \u[hjdb kgbfdh\ >Zggu_ihdZaZl _eb o.
dhglmjgmx gZ]jmadm bah[jZ  _gbc b ih [hevr_c qZKkl
ithdZaZl _eb yjdhklguo hkh[_gghkl_c kgbfzZ_fhc f_klghklt

Khlezkigh[ép 19 b Jbkngd/7 kgbfdb wlZehgghc \u[hj
Database b TID2013 g_ \k_]*Z hI\_qgzZxI|l 1j_[h\Zgbyf 1j_~t
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bah[jZabl_evghfm dzZq_klI\m {bl djipkidly\ Khhflb ihemqgZ_
"eynhlbhhih]jZznbq_kdhd ktkfghkNoqZklbZz}gpbhgguo k\hckl
Jbkngd@Bob 9 ijb\_~ gu ijbf_ju g_khhlI\_Ikl\by bah[jZabl _¢
kgbfdh\ wlZehgghc \u[hjdb dhlhju_ [ueb bkdexqg_gu b;:
agZq_gba kikhkmxsbo ihdZaZl_e_c

JbkghA@ltBah[jZz" _gb_ SDLQWHGKRXVH EPS wlZehggh
LIVE Database ihl_jy bgnhjfZpbb \ h[eZklb aZk\_Idb khk

z [
Jbkgh@+P\ _Ih\hc jZa[ZeZgk bah[jZz" _gby PRQDUFK EP

[b[ebhl_db /atabaseZ+p\_|h\hc jZza[ZeZgk[&bah[jZz _gb_ |
\hkklZgh\e _gguf p\ _Ih\uf [ZeZgkhf hklZlhgguc p\. lh\h

422KIZIbklbg_kdbc ZgZeba ihdedhdyzdabl cevgh]h dZc
kgbfdh\ wlZebgghjhd [b[ebhUlVA Database b 7,

KIZIbklbg_kdbc ZgZeba j_amevlZlh\ \ugbke _



143

bah[jZabl_evgh]lh dZqg_klI\Z kgdfdijhjphfehlylg d /,&4base

bTID2013 aZdexqZeky \ hp_gd_ kj_~g_]h agZg_gby b KI
ihdzazl_e_c ih \u[hjd_ fh gh ijbgylv \ dZq_kI\_ j_dhf_g
[mMA mIl hij_ "~ eylvky ]jZgbpZfb ~h\_jbl _evgh]h bgl_j\Ze

IjZ\bem ©""\mold3pqd@262@ | mkeh\ghc \ _jhylghklvx é
ihdZaZzZl ey bah[jZabl _evgh]h dZg_kI\Z “e KIZH \h h &jj] Kig_
agZq_gby

J amevlZlu klZlbklbg_kdh]h ZgZebaZzZ ihdZaZzl _
dZqg_kI\zZLApb8 b19 ijb\_~_ glizjbp20.

LZ[eb30ZJ ameviIZlu klZlbklbgq_kdh]h ZgZebaZzZ kljmdlIr
liZz"Zpbhgguo ihdbakh[j£falel evgh]h dZqg_kI\Z wlZehggh
DatabasebTID2013

Ki g | KD >bZiZahg agZ<_ _%A
‘hdzazl ey | 289Zd_¢ ihd: fb.gbfm fz.dkbfr IQQI]ZZqug >himkibf
- j_dhf_| azl] kj_"g_| kj_"g | wIZeh_g agZq_gkh
"m_fh|] ey | £+ KDH KDH \u[hjdb

R, ibdk_ev 1,11 0,04 1,03 1,19 98

K 0,42 0,11 0,20 0,64 97 .

Kend 0,66 0,15 0,36 0,96 97 .

S 0,84 0,15 0,54 1* 97 .

Nrvs 1hg 4,21 1,35 1,52 6,91 100 ”

G qgqbkeh ]jz~rzZpl 4,01 2,88 O** 9,77 100

hz, Ihg 17%%* - - - -

hz, hlRui 6,6

Rim1

qt?keh 1jZ~Zpbec 251 8 236 255* 97 .

Rimg, thbit 98 °

Ret, ) 241 7 227 255* 97 .
gbkeh ]jZz"Zpbc

Rer, hlRuit 94

ill, % 0,14 0,19 O+ 0,52 83

shd, % 0,21 0,32 O+ 0,85 100 "
<ugqbke_ggh_ agZq_gb_ ijZz\hc ]jZgbpu “bZiZahgZ h]jZgbq_gt

agZq_gb_fihdzZaZl ey
<ugbke _ggh_ agZq_gb_ e W“hZidphgpup\ Ih\h]h jZa[ZeZgkZ

agZq_dgb _f
Yjdhklv ~ufdb \aylzZ ih fZzdkbfZevghfm agZq_gbx ihdZazZl_ey "e
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423KjZ\g_gb_ j _dhf_g"m_fuo b “himklbfuo agZq_g
bah[jZabl_evgh]h dzZq_klI\Z kgbdidRu[WwjhZddb§gbhl LWE
Databaseb 7,' k bol _hj Ibg_kdbfb agZq_gbyfb

JZkg_dgZq_gbc ihdzZaZzZl_e_c bah[jZablilk vghhzddZz
wlZehgguo bah[jZ _gbc [b[ebhl_& /7,9( 'DiVEDhEed VHIijh\ |t
| _hj_Ibqg_kadZqg _gby b \ugbkeblv j_dhfhgrmhibffuagzqg gb
ihdZazl _edblhjuuehg \hafh 'gh mklZgH&\biljv. *u"ms_f wl
bkke ~h\Zgbc .i< LZ[bp 21 ij_"klZ\e _gu j_amevlZlu Kk
| hj Ibg _kdbavlZehgguo ihemq_gguo ih \u[hjd_ wlZe
ihdZazl_e_c bah[jZzaBg _e&vgh]h d

LZ[eb1ztJ ameviZlu kjZ\g _gby ZgZeblbqg_kdbo b wlZe
bah[jZabl_evgh]h dZq_klI\Z

L _hj Ibg_lkdjZg_ gl WlZehggh_agZq

‘hdZaZl_ev = s Gam[ Ahimkibfl] _dhf g m| Ahimkibf
R ibdk ev 1,23 _ " 12
S . - *0,8 0,5
Nrvs Ihg " 7,0 ” 6,9
G qbkeh ]jZAZpbc ; i ; 9,8
hz, Ihg " 40 "17 -
hz, hlRbi "8 15,6 "6,6 -
Rms, qbkeh ]jZ~AZphbc . 214 . 236
Rimg, h|Rbit e 1 84 o 92
Ret, gbkeh ]jZ~Zpbc . 200 « 241 227
Ret, h | Rt . 78 . 89
ill, % 0,00 - K 0,5
shd % 0,00 - " 0,8

424 Kh\f_klguc ZgZeba |_hj_Ibg_kdbo b wlZehgg!
bah[jZzabl_evgh]h dZq_klI\Z kgbfdh\ b mlhqg_gb_ bo
"himklIbfuo agZg_gbc

gZeba ijb\_"_ggurgdep 21 j_ameviZlh\ ihakhéagglblyv
agZq_gby kljmdImjhf_Iljbg_kdbo b ]jZ"Zpbhgguo ihdZa
dZzq_klhzZdhf_g"m_fh_ b “himklbfh_ agZq_gby ijhkljzZzgkl
kihkh[ghklb kh]JezZkgh j_amevlzlzZf jZzkq_Ilh\ dlcheufhgd.
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bah[jZz  _gbc [b[ebhl_db /,9( 'DWDEDIVH d&_ ij_Vbdk _
kKhhi\_TkI\_gghh kms_klI\_ggh f _gvr_ j_dhf_g”m_fh]h
agZq _.goy*Zgghf kemqZ_p_e_khh[jZagh m\ _ebqblv w
mklZgh\blv \_ebgbgm j_dhf_gfihdKhtZevigh Ahimk|
ijhkljZgklI\_gghc jZaj_rZxs_c kihkh[ghklb b khhi\_

L hj Ibg _KdbwlZehggu_ agZq_gby j _dhf_g”m_fhc
j_adhkilhs kI\ _ggh jZaebqgZxlky <I*"Aggltbfgkdam@d gb _ [h
ijb[eb” _gh d j_ZekgwhAbyf kt _fdb ihwlhfm _]Jh p_e_khh]

dZg_kI\_ j_amevlibjmxs_]h Lzd mlhqg_ggh_ j_dhf_
agZq_gby nhlh]jZnbq_kdg£ {ZgahKklbyvlzZieZ]Z 1ky ijggyl
f g__ b khhi\_IklI\_ggh

L hj Ibg_kdZgdZ b &uglyh_ih wiZehgghc \u[hjd_ k
kemqZcgh]l]h rmfZ ihdZaZeb ijb[ebabl _evgh h”bgZdh\u
dZzq_kI\_ j _dhf_g"m_fh]h ijbgylh ihemq_ggh_ ih j_ Ze
bah[jZz _gbyf wlZehggh_ agZq _gb_  ijb[ebabl_evgh j.
A"hmklbfuc mjh\ _gv kemgZcgh]h rmfZ khklZ\be

< dzZg_Kl\amevibjmxysdhf g"m_fh]h b fZdkbfZevgh
p\_lh\h]h jZa[ZeZgkZ p_e_khh[jZagh ijbgylv ithemqg_ggt
\u[hjdb agZq_gby b ithemqg_gh imlzf hdjml2[&mal) ag.
khhi\_IkI\_ggh

L hj Ibg_kadhZg gb_ j dhf_g"m_fhc yjdhklb ~ufd
kh\iz~rz | k wlZehgguf ihwlhfm _]Jh p_e_khh[jZagh
j_amevlibjmxs_]h LZdbf h[jZahf j_dhf_g"m_fh_ agZq.
"he gh ij_ \ueBlvidkbfZevgh “himklbfh_ khklzZ\ey |

JZ~"bhf _Ijbg_kdh_ jZaj_r_gb_ jZkkgblZggh_ih
bah[jZ _gbc Ij_\urZ_1 mklzghie lgqukdgZq_gby dzd
j_dhf_g"m_fuo 1Zd b ey fbgbfZevgh “himklbfuo ihdZaZ
ih™\_jr"bekhklhyl_evghklv ij_"eh  _gguo hp_ghd Blh
j_dhf_g m_fh]h b fbgbfZevgh ~himklbfh]h nZdlbg_kdh
jZaj_r_gby khklzZ\eyxl b khhi\_IkI\_ggh ihe_agh]
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jZaj_r_giby b khhi\_TklI\_ggh HIghlkdZa&vgaeb \ ijhp_g
ghfbgZevgh]lh jZz~2bhf_Iljbg_kdh]h jZaj_dtzZdbp2lb\ ~ gu \

Hkh[h]h \gbfZgby aZkem b\Zxl ihemq_ggu_ hp_gd
bah[jZz  _gbc \ h[eZklyo | _gb b azZk\ Idb <ugbke gguc
ijhp_gl ihl_jb bgnhjfBEptbdovgh \ _ebd qlh h[mkeh\e_gh
jZaf_jzZfb bah[jzx_ghy ibdk_e_c \k_]h ibdk_e_c lhl
bgnhjfZpbb \ h[eZklb | _gb "ey ~"Zggh]lh bahfpz _
ibdk_e ¢ H”*"gZdh ey kgbfdZ ihemqg_ggh]h rbjhd&khimicjf
dzf_jhc gZzZijMCJjll k jZzaf_jhf bah[jZz  _dby ibdk_ey \k_
375422 ibdk_e_c¢ ihl_jy bgnhjfZpbb 003 khkbdkbley < w
k\yab ijb mklZgh\d_ j _dhf_g"m_fh]l]h b fZdkbfZevgh ~hin
bgnhjfZpbb”ke | jmdh\h~klI\h\ZIvky wd\b\Ze glghklvx b
ithdZzazl _e ¢ | _ "himklbfu_ agZq_gby ihl_jb bgnhjf.
aZk\ _|Idb g_ ~he gu ij_\urZlv ~jm] ~jm]Z b "~he gu [l
lhwlihfm \ dZq_kI\_ j_ amegvZlyhgxeibfo mikZigh\e gu ke “m:
agZq_gby j_dhf_g”m_fuc ijhp_gl ihl_jb bgnhjfZpbb \ h]

g_ ~he g ij_\urZlv Z fZdkbfZevgh "himklbfuc "h
[he hl h[s _]h gbkeZ ibdk_e ¢ bah[jZ _gby >e\
dzf_jrbMmMC Il wlh agZqg_gb_ jZ\ghbdk ey 8@7 ibdk e

kKhhi\_TkI\ _gdiZ[ep22 ijb\_~ gu j_amevlZlu jZzkqg_I|1Z j_dh
fZdkbfZevgh ~himklbfhc ihl_jb bgnhjfZpbb ~ey jZaebqg
dzf_jDMCIII.

LZ[eb22Z£J _ameviZlu jZkq_I1Z j_dhf_g"m_fhc b fZdkbfz
ithl_jb bgnhjfZpbb "ey kemqgZzZ_ \ BNMICidlk dZ&aejthqgguf jZaf _
ibdk_ey gZ f_klghklb

Jzaf | lehsz”v Ihl_jy bgnhjfZpbb \ h[eZdkbyo
. — ihdju\z_fzy bazk\ Idb f
ibdk_ey ¢ 7 ihnhinkghbf
f klghklb e i _dhf_g~"m_fZ Ahimklbfzy
0,14 7.4 7 § f1 f | 36 § f1_ f
0,20 15,0 § f1_ f | 75 § f1 f
0,35 46,0 45 § f1 f |229 § f1  f
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MklZgh\e _ggu_ agZq_gby j _dhf _gm_fhc b fzZdk
ihl _jb bgnhjfZpbb \ h[eZklyo | [gb ik kbfdlglZevgh ijh\
ih fZI_jbzZzezflvwhkfbq kdhfd®dzZz ke "mxs_f weZih\ Dkiky

< LzZ[ep_23 ijb\_" gu j _amevibjmxsb_ agZq_gby
bah[jZabl_evgh]h dZq_klI\Z ithemqg_gagah\f_ \kIghrem ez
| hj _Ibg_kdbo adZquglbh&ke gbc ih wlZehgghc \u[hjd_
[b[ebhl_db /,9( 'DWDEDVH

LZ[eb38ZMIhgg _ggu_ agZq_gby ihdZaZl _e_c¢c bah[jZab

IlhdZazl_ev J dhf_g”m_fh_ aq >himklbfh_ agZq
R, ibdk ev " 20 1,30
S *0,6 0,5
Nrvs |hg " 7,0
0 qbkeh ]jZz"Zpbc ? 10,0
hz, Ihg " 20 40
hz, h|Rupit "7,8 15,6
Rmg, qbkeh ]jZ*Zpb . 4 214
Rimg, h IRt e 1 84
Ret, gbkeh ]jZ"Zpba . 28 200
Refr, hlRuit *389 78
ill, % ” 0,5
shd, % ” 0,5
< j_amevlzl_ijh\_~ ggh]h bkke_ "~h\Zgby ihemq_

"himklbfu_ agZq_gby ibhdBEpZlakel evghlh dZq_klI\Z k bl
"Zgguo hldgpd[ebhlkgbfdh\ /,9( 'DWIIR2M8 H< oh”_ bkke_~h
hij ~ e gu agZq _gby ihdZaZl e ¢ bah[jZabl _evgh]h xdZq
ijhkljZgkl\_ggZy jZaj_rZxsZy kihkh[ghklv nhlh]pXnlhghk:
jZa[ZeZWBRHkemqgZcgh]lh rmfzZz vyjdhklv ~ufdb jZ~bhf_Iljbqg
ijhp_gl ihl_jb bgnhjfZpbb \ h[eZklyo | _gb b azZk\_Ildb

KIZIbklbqg_kdbc ZgZeba \uihegyekyhevribldjAdpj\diic)
aZdexqZeky \ hp_gd_ kj ~gbo agZg_gbc b KDH ihdZaZzZl e
Kj_~gb_ agZq_gby ihdZazZl_e_c¢ ih \u[hjd_ ijbgylu \ dZ
Ahimklbfu_ hij_~_eyebkv ]jZgbpzZfb ~h\_jbl_evgh]h bgl_j
IjZ\bem ©*\mo kb]f@

KjZ\g_gb_ agZg_gbc ihdZaZl e ¢ bah[jZabl_evgl
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wlZehgghc \u[hjdb [b[ebh|_dbbTIDZ01DKW i DWW ¢k dbadbheb et
\uihegblv bo \azZbfgmx ijh\_jdm b \ugbkeblv agZq_ gby
g \hafh ' gh mkiZzghh\Zeblbg_kdb Kh\f IklgjZyblyp kba@whzehgg!
agZq_gbc ihal\hebeZ h[hkgh\Zlv b mlhggblv bo j_dhf_g”™m

43 Hp _gdzZz j dhf_g"m_fuo b “himklbfuo agZq_gl
bah[jZabl_evgh]h dZq_klI\Z ih fZl _jbZeZf ithemqg_g¢
Zwjhnhlhkt fhqgufb kbkl fZKba™~Zgmppy e \hc I|hih]jZnbqg _
ijh*mdpbb

P_ev "Zggh]lh wlZiZ bkke_ ~h\Zgbki ybéyglKevnZydZj
hij ~ e ggpdijo “u"msboZ2mdgdiZzq _gbc ihdZaZl _e c bah[jZabl_
ith fZl _jbZeZWwjhnhlhktzfdK ithemg_gguf khagZgpye \hc
lhih]jZnbq_kdhc ijh*mdpbb

< azZ”"Zqb "Zggh]h wlZizZ \oh2t8h ke "mxs__

\ugbké @agZgcghdzZazl e ¢ bah[jZabl _evgh]h dzZq_klI\Z
ihemqg_gguo jZaebqgqgufb Zwjhkt _fhqgufb kbkl_ fZfb

mlhgd g dhf_g*nobfihimklbdwZgcghdZazZl e ¢ bah[jZab
dZqg_kI\Z k mq_Ihf j_ameviZlh\ wdki_jbf_glZevghc ij
ithemqg_gguf jZaebggufb Zwjhnhlhkt _fhqgufb dhfie_ dkZfl

431 <ugbke_gb_ agZq _gbc ihdZaZl e _c¢c bah[jZabl
Zwjhnhlhkgbfdh\

JZkq_| ihdzZaZzZl_eabl beatglhiZzh dzZg_klI\Z \uihegyeky
kgbfdh\ ihemq_gguo jZaebqggufb Zwjhnhlhkt _fhqgguf
nhlihlhih]jZznbg_kdhc ktzfdb fkkbgtZidby bp_e_\hc Ihih]jZz
ijh~"mdgbd[bp24).

L_klh\u_ \u[hjdb Zwjhkgbfdh\ ij_"~kpA\dgunb dgoah]jiz " _
ithemqg_ggu_ hl*_evgh \aylhc dZf_jhc k ZAKODbflb&R§BE p
jZ"bhf_ljbg_kdh_ jZaj_r_gb_ [bl ibdk_ev Qbkeh kgt
khklZ\eyeh hl b [he__
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0zjzdl_jbklb

AgZqg_gby oZjZdl_jbklbd dZf_j

. UltraCamX Phase One iXU SONY DSC- Canon EOS 5D

dzf_j DMC 11250 DMC Il i ADS 100 RCD30 51900 BYIR M
Ih jZaf_jm dZ|RbjhdhnhjfZ| RbjhdhnhjfZ| RbjhdhnhjfZ| RbjhdhnhjfZ| Kj_~g _nhjfz| Kj_~g nhjfz| Kj_~g _nhjfz| FZehnhjfzIq
Ih gZagZq_gb| Lhih]jZznbg_| Lhih]jZnbq_| Lhih]jZnbq_| Lhih]jZznbq_| Lhih]jZnbq_| Lhih]jZnbq |G _Ihih]jZnbq G_Ihih]jZnbq
'h kihkh[m
nhjfbjh\zZgby DZAjh\Zy DZzAjh\Zy DZAjh\Zy KdZgbjmxs DZAjh\Zyl DZ~jh\Zy DZAjh\Zyl DZAjh\Zy
bah[jZ  gby
Ih Kihkh[m K hfbghqg K hébghqg K hébghqg K hfbghqg
nhjfbjh\Zgby | K dhfihabl{ Kdhfihablg| K dhfihabl{ 1jb_fgbdp Zlibagufy fZljbqguf) fZljbggufi fZljbguf
p\_lghlh ijb_fgbdh| ijb_fgbdh{ ijb_fgbdh| ebg cghlh| '0-fabdhj ijb_fgbdh} ijb_fgbdhj ijb_fgbdh
Dahliz: gb - - - - [Zc_jh\kd [zc_jh\kd [zc_jh\kd [zc_jh\kd

J< _9gby fZ1jbpz fZ1jbpz fZ1jbpz fZIjbpz
NhjfZl dZ~jZ
ihi j d fzjrim 16768 25728 17310 20 000 10320 16470 6024 5 760
ibdk_ev
Nhjfzl dZ~jZ \
fZivimlz ibdk 14016 14592 11310 + 7752 11540 4024 3240
Nhdmkgh _
iZkkihyabt i 112 92 100,5 62,5 80 90 35 24
Mlhe ihey aj_ 455 617 55,0 77,0 35,9 45,7 54,4 73,5
ihi_j_qguc f
Mlhe ihey aj_ 38,6 48,2 37,0 55,0 27,4 33,0 37,9 45,6
ijh"hevguc f
]:]dzfaf—‘ ibdk_e 5,6 39 6,0 5,0 5,2 4,6 5,97 6,22
Ki_dljZevgu_| p B NR | RG,B,NR R,G.B,NR | R GBNR | RGBNR | GBNR R, G, B R, G, B
dZgZeu hipbhgZey
JZ bhf_ljbq_K
jzaj r_gb_ 14 14 14 16 14 14 14 14
[bl ibdk_ev
Dhfi_gkzZpby § We _dljhgg We dljhgqg We _dljhgdg F_oZgbq_ |
bah[jZ' gby | <AB 7', | "=°Z9ba_b "_x®5 7771 <AB 7'.| ih A\mf hk G_| G_| G_|
< Kk d] 65 63 61 120 4(+6 2383 0,5 0,95

dhgljhee |

GZebgb_ ]bjh >7 >Z7 >Z7 >7 G _| >7 G _| G _|
ieZlnhjfu - - -

>ey dZf_j k dhfihablguf ijb_fgbdhf b ijb_fgbdZfb ebg _cghlh [Zikkimggbu\ZZgayhhhlbgkgthlh dZgZeZ

>ey dzf_j k dhfihablguf ijb_fgbdhf b ijb_fgbdZfb ebg_cgh]h IbiZ mdZau\Z _Iky jZaf_j ibdk_ey iZgojhfZlbgq_kdh]h dZ

<AB 7'x\j_fy az~_j db bgl_]jtimedempedintegration).
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Hrgbf ba gZb[he_ _ i _jki_dlb\guo b bgl _gkb\gl
gZijZ\e _gbc yl\ey Iky i_jki_dlb\gZy ZwjhnhlhktzfdzZ \
kha~Zdlpzyof jguo fh” e ¢ f _klghkidpho b I f r fh™r e c
(Jbkn g BO.

JbkgBAxIjbf ju ljzof _jguo fh~ _e ¢ f_klghklb kha”Zggu
i _jki_dlb\ghc ktzfdbxfk\r fom_ev kighjamdigu_fh”~ _eb

GZIJbkngdBl ihdzZzazZg ijbf_j fzZIl_jbZeh\ ihemqgZ_fuo
ktzfdbh~gh\j f ggZy wdkihabpby i _jki_dlb\gkokKdwitKtzyl
gZijZ\e _gbyo \ gZ”bj \i_jz™» gZaz”™ \ijZ\h \e _\h

JbkgBH+Ijbf j fZI _jbZeh\ ihemqgZ fuo aZ h~"bg pbc
i _jki_dlb\ghc ZwjhktzfhqgleicaCiyMapper2H \ iylb gZijZ\e gt
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>ey hij_~ e _gby agZq_gbc ihdZaZl e _c¢ bah[jZabl
lzd" knhjfbjh\Zgu \u[hjdb kgbfdh\ ihemqg _gguo
Zwjhktzfhggufb kbkdicdCityMapper2H b ,*, SUEDQODBSHII\Z\
fhr _ev kgbfdhtblb\RGB jZ bhf_ljbgjzkedhr gb_  [bl ibd
L ogbq_kdb_ oZjzdlijbkibdilbb\guo Zwjhnhlhkt_fhqgguc
ijb\_"_ guwA[bp25.

LZ[ebpZL _ogbg_kdb_ 0Zjzdl_jbklbdb Zwjhnhlhkt_ fF
AgZq gby ozjzdl jbklibd dzf |

0Zjzdl_jbklbdb dzf

IGI UrbanMapper -2 Leica CityMapper-2H
thigeb(%r?ezi—jki—d'b\g 9Z~bjgli_jki_dlb\g
Dzt_jz iXMRS150F | Fhaseone | brqeh’ | T MEC1S0
3 iXM -100
M]he gZdehgZ dzZf_
highkbl evgh gZAb] 0 42 0 45
lh jZaf_jm dzZ"jZ Kj_"g_nhjfZlgZy Kj_ g _nhjfzlgZz
Lhih]jZnbq_kdZ Lhih]jZznbq_kdZ
Ih gZagZq_gbx i jki_dib\gZy i jki_dib\gZy
Ih kKihkh[m nhjfbjh\ DZAih\Zy DZAimzZy

bah[jZ gby

Ih kihkh[m nhjfbjh\
p\_Ighlh bah[jZz _gt

K h"bghgguf fZljb| K h”bghgguf fZljb
ijb_fgbdhf [Zc_jh| ijb_fgbdhf [A&djh

fZ1jbpZ fZ1jbpZ
Nhjfzl dZ~jZ ihi_]_«
2 imiz ik ey 31580 11 664 14 192 14 192
Nhjfzl dZ~jZ \"hev
2z bk oy 13 904 8 750 10 640 10 640
Mlhe ihey aj_gby 77.1 33.4 40,2 31,5
ihi_ j qguc f
Mlhe ihey aj_gby 38,7 25,4 30,6 23,9
ijh*hevguc f
Nhdmkgh jZkklhyg| 149 146 146 189
JZaf_j ibdk_ey fdf| 376 3,76 3,76 3,76
Ki_dljZevgu_dZgZ¢ RGB, NIR RGB, NIR
JZAbhf _Ijbg _kdh_
iZaj r gb_ bl ibdl 4 14 14 14
Dhfi_gkZpby kK "\b]Z F 0Zgb|
bah[jZ" gby g_| g_| Zy F_oZgbqg_
< k d] 775 132
GZebgb_ JbjhieZlInHh nNZ NZ

K hij_~ e _gghc ~“he_c h[h[s_gby fh gh kgblZlv |
kgbfdh\ khklZ\eyxsbo \u[hjdb ey bkke_"hMZ§bykthfdi
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ijhba\h”*"bezZkv \ e_Igbc i_jbh” ijb \ukhl_ KhegpZ gZ”™ ]h
[eZ]hijbylguo f | hmkehhbymlkl\b_  h[eZqghklb Auf
]hjbahglZevghc "Zevghklb \b~bfhklb g_ f _g_ df Kg
| _jjblhjbb ]Jhjh*"kdbo gZk_e _gguo imgdlh\ 7~ey h[_Kki
dhglmjghc gZ]jmadb b \ukhdh]h dhxygsjZkliZh\iho6klbke

(Jb kn g 182).

JbkgB2Axljbf_j dhglmjghc gZ]jmadb kgbfdZ |I_klh\uo \u|[
bah[jZabl _evgh]lh dZq_klI\Z

43.11 IhdZaZl _eb bah[jZabl _evgh]h dzZqg_klI\Z€b _oZ
| ogbg_kdb_ mkeh\by kt_fdb

ljhkljzgkl\_ggZy jZaj_rZxsZy Rilmdkhhghxkhbqg_kdZy j_
s b mjh\ klkevmqZcgh]h rmfZ hij_~ eWBHaky oZ]jZdl _jbam
| _ogbqg_kdb_ mkeh\by b iZjZfLA[&g&6 ifibh < gZ hp_gdz ~
ithdZzazl_e_c ih fZl_jbzeZzf Ivelmch lgguffhggdiZlh jBf
LZ[epZ4,25 |IhdZaZl_eb Kb dhdZeKghdiingljZklZZgghf kem
hij_~ _eyxlky oZjzdl_jhf 1ih”*klbezZxs_c¢ ih\_joghklb b
ith™\_j"~ _gby \ukhdhc dhgljZzklghklb kgbfZ_fhc f_klghkl
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LZ[eb®zJ_ameviZlu hp_gdb ijhkljZgkl\_gghkidhkbhfghkd k<
nhlh]jZznbqg_kdhc j_adhklZbgKPhHrimddh ckgbfdh\ ihemq
jZaebqgufibjhkt fhqgufb dzZf_jZfb

AgZq gby
DzZf jZ R, NRwms,
- ibdk e Khnp Kend S Ihg
DMC 11250 1,06 0,33 0,86 0,60 2,52
DMC 1l 1,09 0,36 0,90 0,59 2,40
UltraCamX Prime 1,13 0,21 0.72 0,62 2,73
ADS 100 1,19 0,23 0,74 0,36 2,63
RCD30 1,11 0,28 0,82 0,43 2,32
Phase One iXtRS1900 1,11 0,26 0,72 0,55 1,64
SONY DSGRXIR 1,17 0,34 0,78 0,43 1,99
Canon EOS 5D Mark I 1,21 0,39 0,80 0,56 1,71
IGI UrbanMapper2 1,20 0,38 0,60 0,69 1,67
(gZdehggu_
Leica CityMappe2H 1,19 0,34 0,62 0,76 1,73
(gZdehggu_
FbgbfZzevgh_agZq_| 1,06 0,21 0,60 0,36 1,64
FZdkbfZevgh_agZd 121 0,39 0,90 0,76 2,73
Ki_ "g__ agzq _gb_ | L1 0.3l 0,76 0,56 213

ljbf_qZgb P\ _|Ihf \u”_e a@wZq_gby g_h[oh”~bfu_ "ey hij_"_e
khhi\_Ikl\mxsbo ihdZaZl_e_c

KhleZzkgh[bp 26 ijb h”"bgZdh\uo mkeh\byo kt_fdb
ihemqgz_fu_ jZagufb Zwjhnhlhkt fhqgufb dzf_jzfb jzZ
agZq _gbyf ihdZaZl e ¢ bah[jZabl_ ewghhtkljdd)\ kdg\gt
jZaj_rZxs_c¢ kihkh[ghklb nhlh]jZnbg_kdhc j_adhklb b
rmfZ

RbjhdhnhjfZlgu_ I|hih]jZnbqgq_kdb_ dzZf ju '0& ,,
8OWUD&DP; 3ULPH Z 1zd°_  kj_~g_nhjfzlgzy Ih
PhaseOneiXU-RS1900ih mdZazZgguf djbl_jbyf ihdZaZeb gZkem
agZq_gby jZaj_rZxs_c kihkh[ghklb g_ 1j_\urzxl
nhlh]jZnbq_kdhc | fajdteklb Emqgrbc j_amevlZl ih
iZjzZf |jzf ihdZaZezZ dzZf_jZ 3REWO+2QH L;8Zd b gZ
gbadbc mjh\_gv kemqgZcgh]h rmfZ ba \k_o Zd{§Zpthmais)m |
GzZbf_g__  [eZ]hijbylgu_ ihdZaZl _eb bah[jZabl_evgh
Zwjhnhlhkgbfdb ihemq_ggu_ rbjhdhnhjfZlghc Ihih]jz
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kdZgbjmxs_]h 1bizZz $'6 Hgb hlfedaZxgzbligd gt
ithdZaZzZl _e _c¢ ijhkljzgkl\_gghc jZaj_rzZxs_c¢c kihkh[ghKkl
g_lhih]ljZnbg_kdhc dZf_ju &DQRQ (26 "' ODUN ,,, b \uk
rmfZ \ur_ Ilhevdh m dzZf_ju 8O0OWUD&DP; 3ULPH Z
ithdZazZl _e f nhihgEaoahga&hklb ba \k_0 ZgZebabjuA[épo d

26 Ijb\_~ ggu_ j_amevlZlu ihdZau\Zxl glh agZq_gb_ K
kgbfdZo agZgbl_evgh gb _ ngklZghMMe®mgghfwbdhif g "m_fh
agZq_NHuy” \ k\yab k g_f p_e_khdjjZawlh mighzgg_gb_ k

ithemqgq_gguo wdki_jbf_glZevguo ~Zgguo b hij_~ _eblv |,
Nrws 9 _ [he_ _

Kjz\g_gb_ |j_o ijb\_"~ gguo ihdZaZl e ¢ bah[jZe
fZl_jbZeh\ :NK ihemqg_gguo ijb h*bgZdh\uo Kk hij_")e_
mkeh\byo jZaebqggufb Zwjhnhlhkt_fhqgufb dzZf_jZfb iha'
bo dhgkljmdlib\guo hkh[_gghklyo < qzZklghklb hilbq_
\ebyxsb_ dhgkljmdIib\gu_ hkh[ _gghklb dzZf_ j '0& ,, b
ihemqgZlv bah[jZz _gby glizdHbgZaj\uZxs_c¢ kihkh[ghklb ih
k hklzevgufb dzf_jzfb b gZb[he__ \ukhdhc qg_Ildhklb
fZljbpzZ dZf _ju 3KDVHH62QHhLe&Z™Z | gZbf_gvrbf mjh\g _f
rmfZ IlhdZaZggluc[by 26 j amevlZl iha\hey | ij_"~iheh
ithdZaZl_eb bah[jZabl_evghdhijhdkdpZ kkl¥Z ggmx jZaj rZ
kihkh[ghklv nhlh]jZnbg_kdmx j_adhklv b KtpHeke&mblZa
hij "~ eylv ijb \uiheg_gbb azZ\h”"kdhc dZeb[jh\db Zwjhn
aZghkblv \ iZkihjl gZjy"m k dZeb[jh\hqgufb izZjzf 1jZfl
dZg_kI\Z ihemqZ_fuo Zwjhnhlhkgbfdh\

4312 IhdzZazZl_eb bah[jZabl_evgh]h dZq_kl\Z o0Z
| _ogbq_kdb_ iZjZf_lju kt_fdb b |_ogZehfiblgukdbj\bqgght
h[jZ[hldb

L ogbq_ kdEZf ipu kt_fdb b | _ogheh]bg_kdb_ iZjzZf_
h[jz[hldb 0Zjzdl _jbamxl ijZ\bevghklvipeghizjbtntpibpt
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gZebqgb_ hlkmlkI\b_ ihl_jb bgnhjfZpbb \ h[eZklyo |_gl
jZ"bhf _ljbg_kdh_ jZaj_r_gb_

P\ _Thi_j ~ZgqzZ hij_"gdKkelkygghc o0ZzZjzdl_jbklibdhc
p\_Ih\h]h [ZetZdkZh\uf jZa[ZeZgkhf O |Ijb \uiheg _gbb i
h[jZ[hldb fZl _jbZeh\ :NK ijZ\bevghklv p\_Ihi_j ~Zqgqb aZz
ijZ\bevghklb ih~"[hjz jz~"bhf_ljbg_kdh]h ijtoikdbggtil jzlh
ghkbl km[t_dIb\guc MXkjZdh\le _ggu_ gZ ij_*ums_f wlZi_
agZq_gby j_dhf_g”m_fh]h Ip\"HhKk]it #Fg&Egkkizk IE& b b \
gbke ]jZ"Zpbc |hgZ ibdk_ey khhi\_TklI\ _ggh Kms_
ihal\heyxl \hkklZgh\bly [@2eZmg\h kgbfdh\ ~h j _dhf_g”mid fh’
< k\yab k wibf hp_gdzZ p\_Ih\h]h jZa[ZeZgkZ ~ey \u[hjhd
bkke ~h\Zgbb g_ \uihegyeZkv

< LzZ[ep_27 ijb\_* gu j_amevliZlu hp_gdb ihdZaz
bgnhjfZpbb \ h[eZklshd bl _a@gbk\ _ildbzZz 1Zd" _ nZdlbRBykidh]
ihe _aghRx jZ"bhf_Iljbg_kdh]h jZaj_r_gby kgbfdh\
Zwjhnhtlhfhgguo kbkl_LfZ [lefp 84, 25).

Ba LZ[ebpke_"m_| qlh kZfuf [hevrbf ijhp_glhf ihl_j
\ h[eZklb azZk\_|Idb hfgdZMMzxduf ihemqg_ggu RCDBZf jdih
ij_"~iheh bl _evgh k\yazgh k dzZqg_kI\hf jZz2bhf_Ijbg_kdhc
i_j\bgghc ihke _ihe _Ighc h[jZ[hldb \ j_amevlZl_dhlhjh
\hagbdeb h[ezZklb azZzk\ _Idb H”gZdh h[sbc ijhp\ dl[eEKIH
aZk\_ldb fh gh kqblzZlv g _agZqgbl _evguf Z kgbfdb ijb]h
gbfp_e \hc Ihih]jZnbg_kdhc hpftmhkihibzZgh\ IThih]jZnb
dzZjlljzof_jguo fh™_e _c fbkKighklb

ljb\_~ ggu_ \ LZ[ebp_ j_ameviZliu j@dkqqd fi hghZrd
jZ"bhf _ljbg_kdbf jZzaj_r_gb_f nZdlbg_kdbf b ihe_ aguf
ithemq _ggu_ dzZf_jzZzfb 8OWUDRDP; JULPIEdb_ h[mkeh
ijhp_kkhf ihke_ihe_Ighc jZz*bhf_Ijbg_kdhc dhjj_dpbb
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LZ[eb3¥z) _ameviZlu hp_gdb ihdZmdlgrehjdZpbbj \ h[eZkly
b azk\_Idb Zz 1zd'_ jZ~bhf_ljbg_kdh]h jZaj r_gby kg
jZaebggZijhnhlhkt fhqgufb kbkl_fZfb

AgZq_gb_
il | shd Rimg Reft
. % hl hls_]
bzf_jz gbkeZ ].quAkZeh % hi ].quAkZEh % h
ibdk_e_d T 2P Re [P R
bah[jZ g 9 9

DMC 11250 0,00 | 000 | 255 | 99.61| 251 | 98,05
DMC Ili 0,00 | 002 | 255 | 99.61| 250 | 97.66
UltraCamX Prime 0,00 | 0,00 | 232 | 90.63| 227 | 88,67
ADS 100 0,00 | 0,09 | 253 | 98.67| 248 | 96,88
RCD30 0,00 | 058 | 234 | 9141| 229 | 89.45
Phase One IXtRS1900 0,00 | 0,06 | 255 | 99.61| 235 | 91,80
SONY DSGRXIR 0,00 | 0,04 | 250 | 97.66| 247 | 9548
Canon EOS 5D Mark Ili 0,00 | 012 | 254 | 99.22| 251 | 98,05
IGI UrbanMapper2 001 | 000 | 250 | 97.66| 243 | 94,92
(gZdehggu_
Leica CityMapper2H 0,00 | 000 | 254 | 9922| 245 | 9570
(gZdehggu_
FbgbfZeva®zq gb | 000 | 0,00 | 232 | 90.63| 227 | 88.67
FZdkbfZewaglzq gb| 0,01 0,58 255 99,61 251 98,05
Ki "gagZq gb_ 0.0 | 009 | 249 | 97.07| 243 | 9492

ljbf _qZgb P\ _|Ihf \u”_e gu agZqg_gby g_h[oh”~bfu_ "ey d\ij_
khhi\_Ikl\mxsbo ihdZazZl_e_c

43.1.3 IhdZaZl _eb bah[jZabl _evgh]h dzZqg_klI\Z€b_oZ
_klI_kI\_ggu_ mkeh\by kt_fdb

Khklhygb_ ZIfhkn_ju oZjZdl_jbam_| gZebqgqb_ gZ k
nhgZ ~ufdlhz J _amevlZlu hp_gdb yjdhklb ~ufdb gZu&kgt
Zwjhkt_fhqgufb kbkl_fzfb liz[éklZ\e_dd[¥e p28.

DzZd ke_"m_| ba LZ[ebpu fZzdkbfZevgh_ agZq_
\u[hjd_ Zwjhnhlhkgbfdh\ 1ihemqg_gguo jZaebqgufb dZf
8 hl ghfbgZevghlh jZ2bhf _ljbq_kdB]h PZajgh gdyZc

g_ij \urz_ | fzZdkbfZevgh "himklbfh]l]h agZq_gby yjdhk
ithA\_j"~Z | khklhyl_evghklv mklZzgh\le_ggh]lh "himkdZz
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LZ[eb3BZJ ameviZlu hp_gdb yjdhklb ~ufdb gZ kgbfdZ
jZaebqgguibjhkt fhqgufb kbkl _fZfb

AgZq_gb_
Dzf_jz hz
lhg h | Ryt
DMC 11250 2 0,78
DMC lI 0 0,00
UltraCamX Prime 34 13,28
ADS 100 8 3,13
RCD30 35 13,67
Phase One iXtRS1900 33 12,89
SONY DSCGRX1R 20 7,81
Canon EOS 5D Mark Il 9 3,52
IGl UrbanMapper2(gZdehggu 12 4,69
LeicaCityMapper2H (gZdehggu 6 2,34
FZdkbfZevgh 35 13,67

432Mlhgg_gb_ j_dhf_g"m_fuo b "himklIbfuo agZq_
bah[jZabl_evgh]h dZqg_klI\Z

J amevlZlu wdki_jbf_glZevghtZi[j@gpapdib kd kjZ\g_g
j_dhf _g™"m_fufb agZighgbyfdkl\ gghc jZaj rZxs _c Rilbkh|
nhlh]ljZznbqg_kdhc p_aithkekdig ggufb ih wlZehgghc \u[hjd_
Database b TID2013 ihdZau\Zxl qglh hij_~ e _gb_ ~b\ddgog udh
ithdZazl ey fzZl jbZeh\ :NMKazZ”ZqZ \_kvfZ aZljm~gbl
g_h”ghagZqgZy <k_ Zwjhnhlhkgbfdb ih dhlhjuyhriabhe
ijhba\h”~kl\ _gguc | _ogbg _kdbc dhgljhev b [ueb ijbgylu
dhg”bpbhggh]h fZl jbzZzezZz "ey ~Zevg_cr_c nhlh]jzff_I
HrgZdh _keb ~ey dZf_ju $'6 hlhdgZmbgbkdhc j_adhklb

lh ~ey dzf_j '0& ,, '‘0& ,,, 8OWUD&DP; 3ULPH IZ
k\b~ | _evklI\h\zZIv h iz~ _gbb j_adhklb kgbfdZ ijb[ebal
kjZ\g_gbx kh agZq_gb _f § yleyxsbfky ghjfhc *ey w

>ey j_r_ @y Zqb hij_~ e _gby “himklbfuo agZq_gbc
jZaj_rZxs_c¢ kihkh[ghklb b nhlh]jZnbq_kdhc j_adhklb 1
\uiheg_g bo jZzkqg_l "“ey \u[hjdb kgbfdh\ dzZq_klI\h d
| ogbg_kdh]h dhgljhey ijbagZgh g_m”h\e Jhhgk_geifjhulf |
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ihnhlhhih]jZnbq_kdhd ktkifghkbbkha”rZgby p_e _\hc lhih]j:
ijhAmdpithbijbgqbg_ g _j_adhklBblngi@RZ

Jbligl%liljbf_ju g_ijb]h’\gun[h’1bryih]janq_kdhdafI<_tI~zIfgjthb

bkha~Zgby p_e _\hc |hih]jZnbq_ Kdjbnihthhkngdpfldin\ \ k\y

g m~h\e I\hjbl _evguf bah[jZabl _evguf dZdxgl\jhfaidhKkjllp
[ tkfZaZ

Kj_"g__ agZdgjhlljZgkl\ _ggldaj rZxs_c kihkh[ghk
nhih]jZznbg_kdhc j_adhklb “ey Abphjddg wo digbfdh\ khi
R= ibdk &y b OZjzdl _jgZy hkh[_gghklv g #jg maldloc
mjh\_gv kemqgZcgh]l]h rmfZz dZd ijZ\beh f_g__ >ey
agZq_Nghs=0,81.

< LZ[ep_29 h[h[s_gu j_ameviZlu hp_gdb ijhkl
jZaj_rzZxs _c¢ kihkh[ghklb b nhlh]jZnbg_kdhc j _adhklb
bah[jZ _gbc /,fgbaseb TID2013 kj _~gbo b kZfuo gbadbo
ihdZaZl _e c¢ bah[jZabl_evgh]h dZg_klI\Z "y [[&€pa®b2pgy uo
Z |Zd _ agZq_gbc "Zgguo ihdzZaZl e _c¢c ey \u[hjdb g_
Khi_klgucZgZeba ihemqg_gguo | _ameviZlh\ iha\hebe
h[h[s_ggu_ j_dhf_g"m_fu_ agZq_gby jZkkfZljb\Z_fuo
mlhqgblv bo “himklbfu_ agZqg_gby
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LZ[eb3®ZJ ameviZlu hp_gdb ijhkljZgkl\_gghc jZaj_rZxs
nhlh]jZznbqg_kdhc j_adhhktbhuphiZeoladdjZ gbc /atdljaseb
TID2013 agZq_gbc ihemg_gguo “ey jZaebgguo Zwjhkt_
\u[hjdb g _dhg”bpbhgguo kgbfdh\

IhdZazl tesh[jZabl _ev | AgZq_gb_

dzq_kI\Z R ibdk ev S

- i dhf g”"m] ~himklbfj dhf g”m| "himklbf

<u[hjdZ wlZehgguo
bah[jZ _BplWE Database "1.2 13 "0,6 0,5
TID2013
g;;_}bZeu 'NK jZaebd "115 121 055 0.36
<u[hjdgZ dhg~"bpbhggu
kgbfdh\ 1,34 0,24
H[{h[s_ggu_ j_dhf_g”"n .
"himklbfu agZq _gby 1,30 0.35

ljbf _qZgb P\ _|Ihf \u”_e gu agZqgq_gby g _h[oh”~bfu_ "ey hij_
khhi\_lkiXsbo ihdZaZl_e_c

>ey mlhgg _gby agZq gbc ihdZaAnlkjfZpiheghlyjdl
Aufdb [ue \uiheg_g jZkq_Il ith \u[hjdZf kgbfdh\ dzZqg_KklI\
g _m~h\e I\hjbl _evguf I . kgbfdb g _ijblh”~gu
nhih]jzff _ljbg_kdhc h[jZ[hldbn blerbs Kkfl\xggu_ azZf_qZ
kKhhi\_ITklI\mxsbf ihdZzZdZhn gig4, 85).

>ey ijh\_jdb “himklbfh]h agZqg_gbhz=a4@ hkikz¢bfdbgg
ZgZeblbq |kdeb \uiheg gu jZkg lu “ey \u[hjhd kgbfdh\
[ueh ijbagZgh g_m”h\e_I\hjbl_evguf ih *"Zgglhtmgidtd Za Z

JbkgB4+ljbf _ju kgbfdh\ g_mAh\e I\hjbl_evghlh \ébgghbh
Aufdb
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Yjdhklv ~ufdb ijb\_" Jpdoug84 Kgbfdh\ khkiIEbEbénR
glh fh™ I kem ™blv ih”I\_j "~ gb_f khklhyl _evghklb jZ¢
"himklbfh]l]h agZq_gby Hg_\bltbggbolihmZEjhfto\ iyjdhklv
hdZau\Z | \ebygb_ gZ rbjbgm ~bZiZahgzZ jZ*"bhf_Ijbq_
mdZazgghc \u[hjdb kgbfdh\ nzZdlbg_kdh_ jZ*"bhfRdjbq
gZoh”~behkv \ "thAliZamy gbkeh ]jZ*Zpbc lhgZ qglh \ hl
_"bgbpZo hl ghfbgzZevgh]lh jZz*bhf I|jbdgRikkilhfhZ\Bah hlgb

lhe_agh_ jZ*"bhf_ljbg_kdhRsjZAgguogkgbfdh\ khKlZ'
115 ~h gbkeh ]jZ"Zp bleUbhgz hRyit kKhhI\_1TkI\ _ggh

Ilhemqg_ggu_ agZqgq_gby nZdlbgq_kdh]h jZ~*bhf_Iljbqg_
ij_\urZxImklZgh\e_ggh]hfbjglgfZevgh ~himkRRfHF]R14 <
g_dhlhjuo kemqgZyo 1ihe_agh_ jZ*bhf_Iljbg_kdh_ jZaj
Ij_\urZ_| mklZgh\ejZggud imkds = gh ih [hevr_c (
kms_ kI\_ggh f _gvr_ ~Zggh]h agZq_gby Ijb\_~ ggu_ |
thalheyxl k*_eZlv \u\h™ h p_e _khh[jZaghklb mlhqg_gb
ihe _agh]h jZ"bhf _ljbg_kdh]h jZaj_r_gby Kk mq _
wdki_jbf glZzévZgyaubZ[ebpZ

LZ[eb3ZJ _ameviZliu hp_gdb jZ*bhf_Iljbg_kdh]hh&aj_r
\u[hgbbah[jZ _gbc /atalasebTID2013 kgbfdh\ ihemqg_ggu
jZaebqggutbjhnhlhkt_fhqgufb dzZf_jZfb b \u[hjdb g_dhg”b

IhdZaZl_eb bah[jZabl AgZq_gb_ gbkeh ]jZ%Zpbc Ih

dzq_kI\Z Rim Ret

- i dhf g”"m] "himklbf[j dhf g”"m|[ himklbf

<u[hjdZ wlZehgguo
bah[jZ _plWE Database 239 214 233 200
TID2013
g;l:_}bZeu 'NK jZaebq 249 o om 597
<u[hjdZ g _dhg”bpbhg{
kgbfdh\ 205 203
H[h[s_ggu_ j _dhf_g"m . .
"himklbfu_ agZq_gb) 220 210

ljbf _gqZgb P\ _|Ihf \u”_e _gu agZqg_gby g_h[oh”~bfu_ "ey d\j_
khhi\_Ikl\mxsbo ihdZazZl_e_c
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< LZ[ebp_ h[h[s_gu j_amevlZlu hp_gdb jZ*"bhf_1j
wlZehgghc \u[hjdb bah[jZ atpba&seb, BD ' kj "gbo b kZ
gbadbhgZq _ghbl\ _Ikl\mxsbo ihdZaZl _e ¢ ~ey jZaebqgguo
Z 1Zd ' agZqg_gbc "EZgguwo "NdyAaXhjdb g _dhg”k
kgbfdh\ Kh\f_klguc ZgZeba j_ameviZlh\ ihal\hebe m
j_dhf_g"m_fu_ agZq _gby jZ"bhf_Ijbg_kdh]h jZaj_r_gby
GZJbknd_85 ijb\_~ g njz]f_gl kgbfdzZ dhlhjuc \
ijhba\h~kl\_ggh]h | _ogbq_kdh]h dhgljhey J[ueguifjbagy
NZevg_cr_c h[jZ[hk#hardgpbxe \hc |hih]jZnbqg_ kdhc bighZ m
ihl _jb bgnhjfzphlb jy | _dkimju khhjm™ _gbc \ h[eZklb aZk

JbkglBe8 +tNjZ]f_gl kgbfdZz g_ijb]J]h*gh]h ey "Zevitp_cr_
kharZgbx \hc lhih]jZnbg_kdhdaaZ"nhdpjpdb bgnhjfZpbb \ h
aZk\_Idb

AgZq_gb_ihdzZazl_ey ihl_jb bgnhjfZpbb \ h[eZklb
kgbfdh\ bkdexqg_ggdevdacr _c h[jZ[hldb ih ~Zgghfm
khklZ\beh lhl _jb bgnhjfZpbb \ h[eZklb | _gb ~Zggu

< LZ[ep31 ij_"klZ\e_gu j_ameviZlu hp_gdb ihl_jb
hlezklb | _gb b azk\_ldd wWwlh¢hbdpd[jZ _gbc [/, 8gbaseb
TID2013 kj_"gbo b kZfuo gbadbo agZqg_gbc khhiI\_ITklI\m>
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jZaebqguo dZfLZ[&p@¥, 25 b ~ey \u[hjdb g _dhg*bpbhggt
Djhf_ |Ihl]h ih j_amevlzZzIzZf kh\f_klgh]h ZgZebazZ hij
j_dhf_g”m_fu_ b “himklbfu_ adagmhgbZpithd _jb

LZ[eb3ZJ ameviZliu hp_gdb ihdZaZzZl _e _c ihl_jb bgnhjfZz
b azk\_Idb wlZehgghc \u[hjdb b ahtgbhaseb@lb20139 kgbfdh\
ithemq _ gjdeoebqguibjhnhlhkt fhqgufb dZf_jZfb b \u[l

g dhg”bpbhgguo kgbfdh\

AgZq_gb_
IhdZaZzZl_eb bah[jzabl_| shd ill
dza_kiz j_dhf_g~m|~himkib{j_dhf_g~m| ~himklbf
<u[hjdZ wlZehgguo ba
LIVE DatabaseTID2013 0.1 0,5 0,1 05
FZI_jbZeu :NK jZaebqg 0.0 01 01 06
dzf_j
<u[hjdZ g_dhg”bpbhgg
H[h[s_ggu_ j_dhf_g”"m " ”
"himklbfu_ agZg_gby 01 0,5 0,5

ljbf_qZgb P\ _|Ihf \u”_e a@wZq_gby g_h[oh”~bfu_ "ey hij_dhl\e_
khhi\_Ikl\mxsbo ihdZazZl_e_c

< oh”™Zggh]h wlkZk& ~"h\Zgby \uiheg_gZ wdki_jbf_glz
agZqg_gbc i1hdZaZl e ¢ bah[jZabl_evgh]h dZg_kI\Z ih
nhlibhih]jZznbg_kdhcb ktxkfighklb kharZgmye \hc I|hih]jZnbqg
ijhmdpbbemqg_gguf jZalkbhggjhinhlhkt_fhqgufb kbuglbKEZflyb:
ijh\h~"bebkv dzd ih \u[hjdzf kgbfdh\ dzqg_klI\h dhll
ijhba\h”~klI\_ggh]h |I_ogbq_kdh]h dhgljhey ijbagZgh m~h\
hi[jzdh\Zgguf ih khhI\_IlklI\mxsbf ihdZazl| *ey8ZZIg |bZedt
kfZa b g_ijb]h~Mgtiey kharZgby phegblict*mdpbb < j_am
kh\f _klgh]h ZgZebazZ "Zgguo wdki_jbf_glZevghc ijh\_jdb
ihdZaZl _e ¢ bah[jZabl _evgh]h dZg_klI\4 ~uhemfogguld
bkke ~h\Zdbg¢b hij_~ e gu bo mlhgg_gduw I difinmgNimf
agzZq_gby
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AZ"ZqZ hp_gdb bah[jZabl_evgh]h dZq_kI\Z \hagbd.
k jZ"bhf_ljbg_kdbf jZaj_r_gb _f [bl ibdk _ev < ~Zggh
baf_jyxsb_ky \ gbke_ ]jZMNEwb dR:Qd%) beb agZg_gbb ib
mkeh\gh _]Jh ypdhkjb” eyx!| \ ijhjx_md¥Zm]e _gb_f "h p_eh
hl ghfbgZevgh]h jZz~2bhf_ljbqgq_kdhbZ@agby ghdRagil b c
shd ZdimZevgu ”"ey ex[h]h jZ~bhf_ljbq_kdd]bZ[mB2r ¢
Ijb\_~ gu h[h[szggu_ j_dhf_g”m_fu_ b ~“himktdxfaZl ag
bah[jZabl_evgh]lh d2g_kkgbfdh\ k jZaebqguf jZ~bhf
jZaj_r_gb_f >ey kgbfdh\ k jzZ~bhf_Iljbg_kdbf jZaj_r_
Ijb\_ A ghgdj Igu_ qgbkeh\u_ agZagogithyhgadhlbjc

LZ[eb3ZJ dhf _g"m_fu_ b “himklbfu_ agZqg_gby ih
bah[jZabl _evgh]h dZqg_kI\Z fZ1_jbZeh\ Zwjhnhll

AgZq_gb_
IhdZazl_ev i dnf g°"m | Ahimkibfh

R ibdk_ev ” 1,3
S 0,5 0,3%
Nrmvs % h IRuit "1 3
Nrws lhg i 7,0
0 % h IRuit ” 4
0 gbkeh Jjz*"Zpbc Ihg ” 10,0
hz IHg "20 40
hz, % h IRyt " 8 16
Rmg qbkeh ]jZ~Zphbc |Ihg . 220
Rimg, % h IRt ° 86
Re, qbkeh ]1jZ~Zpbc lhg . 210
Refr, %0 h IRyt . 82
ill, % ” 0,5
shd % K 0,5

>ey jZ*bhf_ljbg_kdh]h Rgaj_r[tdbippdk ev

44 Hp_gdZ agZqg_gbc ihdZaZl_e_c¢c bah[jZabl_e
fZl_jbZeh\ dhkfbg_kdhc ktzfdb

A "Zq qbke _gghc hp_gdb bah[jZabl_evgh]h dZz
dhkfbg_kdhc ktzfdb bf_ | k\hx Kki_pbnkdrmkhk\ggh§hb,
ihemqg_gby kgpHédkkhc ho\ZI | _jjblhjbb a_fghc\igbyghghkl
Zlfhkn_ju \ukhdzZy kdhjhklv m]Jeh\uo b ebg_cguo i_j_ f_
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kdZg _jguo ktzfhgguo kbkl?keb fjey fZl _jbZeh\ Zwjhnl
\hafh gh hij ~ e @b dbo mkj_~gzgguo agZq_ghbc
bah[jZabl_evgh]lh dzq_kI\Z khhiI\_Ikl\b_ dhlhjuf iha\h
Ijb]h~ghklb ihemg _gguo kglkhdf'\Zgpge \hc I|hih]jZnbqg
ijh"mdpblh ~ey dhkfbq_kdbo kgbfdh\ |Zdhc ih/BoAhd_Kkl\h
Zwjhnhlhkgbfdh\ fh 'gh memqrblv imlzf \uiheg _gby i_
ktzfdb ijb [he__ [eZ]hijbylguo ih]h£§ugpvnZke kdbhybklv \
hikmlkl\b_ \ _jog_c h[eZqghklb ~ufdb b ~j FZIl_jbZeu d
ijZ\beh h[ez~Zx| kh[KkI\ Zpg wftbyfdg ihdZaZl_e_c bah][j:
dZq_kI\Z ZgZeba dhlhjuo iha\hey_ | hij_~ _eblv bo ijb
p_e \hc ijh®*mdpbb h[eZ"Zxs c aZ”"Zggufl[oZpddkyjh kil
fh gh gZ ijbf_j_  kjzZ\g_gby dhkfbqg_kdbo kgbfdh\ kkelng
:bkd > <LZ[bp_ ijb\_~ gu bobdjZldgbg_kdb_ oZjzZ#)7lbkl]

P _evxX*Zggh]lh jzadklkez "h\Zgby y\eyeky kjZ\gbl e
fZl _jbZeh\ dhkfbg_kdhc ktzfdb ihemqgZ<fum :BkbDZgh
hij_ ~ e gb_ \hafh ghklb bo *tgyf gZglEgkha”Zgbxe \hc
lhih]jZnbq_kdhc ijh>eg¢gpwbh]h [ueZ \uiheg_gZ hp_gdZ b
dzZzq_kI\z \ qgZklb hij_~ e_gby kljmdImjhf_ljbqg_%xdb
ijhkljZzgklI\_gghc jZaj_rZxs_c kihkh[ghklb b nhlh]jZn
bah[jZ  _gbondhgguo ~Zggufb D:

< dhfie_dk p_e_\hc ZiiZjZImju mklZgh\e _gghe& ¢®Z
:bkd > \oh”bl fmevibki_dljZewg&ydhjilgd&Ey ZiiZjZImjzZz
\bArbfh]h *"bZiZahgZ Z m DZibKIZImjZ gZ[ex™ by 2\aBd
LZ[ebpZ h]jZgbg_gZ ebrv o0ZjzZdl_jbklbdZfb iZgojhfZz
ihkdhevdm h[t_dlhf bkke_ _~h\Zgby y\eyebkv iZgojhfzZ
ithemqg_ggu_ mdZaZggufb *"ZlgbdZfb

Ba LZ[ebpu ke “m_| qglh HW: :\hayZbh[e&d & Klg
jZkklhygb f h[t_dlb\Z b fZgWrippdtb ibdk_ey k\ _lhgm\kl
fZljbpu ih kjZz\g_gbx k iZgojhfZlbg_kdhc ktzfhgghc kbk!
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D: :bkl> g_kdhevdh gb _ hj[blu Bx: RZghhmkl evgh ij
ibdk_ey gZ f_klghklv m bah[jZ _gbc ihemdd fdof Dgvrk
jZaf _j g_f m bah[jZ _gbc ihemqZ-<ud®dDd be gYkilmik — k
ithemqgqzZz _fu_ D: >bkthe gu h[ez”"ZIv [he__ \ukhdbf ijhk
jZaj_r_gb _f ih kjzZ\g_gbx k bah[jZ _gbyfb ihemqgZ_ fufk

LZ[ebpZL _ogbg_kdb_oZjZdimpbidkbu& ktzfhgguo kbkl
DZghimk :bkb

AgZg_gby ihdZaZl e _c "e)
'hdzazl_eb DZghimk ‘bki >

=hkm~"Zjkl\_g| :H ©JDP ©ljh]j

dhjihjZpby Kzfzjkdbc
AZdZaqgbd N_" jZevgh] Jhkm~Zjkl\_gd
dhkfbg_kdh_ Z] Zwjhdhkfbq_Kk

©Jhkdhkfhks3 mgb\ jkbl |

- H:H ©Dhjihjzg . D
l[jhba\h”bl_ev ©<GBBWESa ‘H ©JDP ©ljh]j

0Zjzdl jbklibdb D:

Lbi hj[blu | hdhehdjm]h\Zy kihbecgo jpgly Zy
<ukhlZ hj[blu df

Zihp _glj 516,2 493,9

i _jbp_glj 512,0 477,2
GZdehg_gb_iehkdhklb h
iz~ mk 97,4 97,272
| jbh”™ h[jZs _gby fbg 94,8 94,243
FZkkZ dhkfbg_kdh]lh ZiiZ
ihe aghc gZ]jmadhc d] 465 534
FZkkZ p_e_\hc b gZmqgl
ZiizjZImju d] 106 149

OZjzd!l jbklihdibdhve dljhgghc p e \hc ZiiZjZImju

GZbf_gh\Zgb_ ktzfhgghc e N
ZiizjZimju KK \jhjz j_"bf 10
. . . IZgojhfzZlbqgq _k IZgojhfZlbq_k
Ki_dljZevguc "bZiZahg K 0,529 85 0.589.80
Nhdmkgh jZkklhygb hJ 1797,5 2000
Highkbl evgh_ hh[tjkdbb\ 1:10,3 :
JZaf j fZljbpu_ ebdk [ [
Dhebqg_ klI\h fZljbp 6 18
JZaf jibdk ey fdf 7,4 6,0
RbjbgZ ihehku aZo\ZlZz 23,3 39,5
JZaf j ibdk_ey gZ f_ klgh 2,1 1,46
JZ"bhf_ljbg_kdh_ jZaj_r
[bl ibdk_ev 12 10
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GZbkng86ij "klZ\engZ]f glu dhkfbg_kdbo kgbfdh\

D: DZghikmk :bkb

Z [

JbikgB@NjZ]f _glu dhkfbg_kdbo kgbfdh\Z4be ndd ghgink
[£D: :bkl>

>ey h[_ki_q_gby dhjj_dlghklb bkke_~h\Zgby
ithemqg_ggu_ \ e _Igbc i_jbh” ijb koh*guo mkeh\byo hk\ _
\j f g f ktzfdb b \ukhlh tZKetbgga).Z

LZ[ebpZMkeh\by ihemq_gby bkke_"m_fuo dhkfbqg_kdbo

ktzfdb b hk\_szgghklb

AgZg_gby izZjzf_Ifldb ktey D:

Mkeh\by ktzfdb DZghimk

bkl >

<] fy ktzf@B &

<ukhlZ KhegpZ

>ey ijh\_~ gby ~ |Zevgh]lh ZgZebaZ \u[jZgu h[jZapu
mkeh\gh jZa”_ezgguo gZ iylv Ibih\ ih*klbEebkxsgBdrh\ joc

i Jhjh~kdb_ | _jjblhjbb fghlhwlZ gZy aZkljhcdZ

i ohayckI\ _ggu_ h[t _dlu

i k_ evkdb_gZk _ezggu_ imgdlu
i k_ evkdhohayckIl\_ggu_ m]h~”vy

i we f gluj_ev_nZ

[ue
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JbkgRBd+tH[jZapu mqZkIdBA\ bgdbhc[j ihemqg_gguo bs DZgl
b :bkl> iylb Ibih\ ih~*klbeidhiXsjaghklb

< LZ[bp_ ijb\_~ gu j_amevlZlu hp_gdb kljmdln
ithdZaZl e ¢ bah[jZabl_evghlhjh&gggkl\Z gghc jZaj rZ
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kihkh[ghklb b nhlh]jZznbg_kdhc j _adhklb 1hdzZaZl eb
dzq_ klI\_ kijZ\hgguo “ey ih"lihWklIZ\kgfluy kihkeh\bc ktzfdb
dhglmjghc gZ]jmadb f_klghklb b dhjj_dlghklb \uihegy f|

LZ[ebpZJ_ameviZlu hp_gdb kljmdImjhf_Ijbgq_kdbo
bah[jZabl _evgh]hxpklkZgklI\ _gghc jZaj_rZxs_c Rilhkh]
nhlh]jZnbq_kddhklb

Lbi ih"kibezxs | 229NHRK - bkd >
ih\_joghklb ib’dk Kni | Kend S ib1dk Knhi | Kend S
hjh~kdb_ I_jjbihj

. 1,38 | 022 | 061 | 051 | 1,66 | 0,28 | 0,62 | 0,34
fghlhwlZ gZy aZ
OhayckI\_ggu_ h[] 161 | 0,17 | 0,59 | 0,44 | 151 | 0,27 | 0,58 | 0,35

K_evkdb_ gzk_ez| 47| g0 | 056 | 054 | 1,54 | 024 | 0,63 | 0,40
imgdlu

rﬁ_]?\\’/\i\(/?/ hohayckl\l 459 | 022 | 044 | 055 | 1,94 | 02 | 051 | 037
We f gluj_ev._nzZ| 159 | 030 | 046 | 0,47 | 1,77 | 039 | 0,61 | 0,33

Ki "g__ agZq gb| 151 ] 022 | 053 | 050 | 1,68 | 0,29 | 0,59 | 0,36

ljb ijZzdlbg_kdb h~rbgaddBiuagbdiogljzklz ih*klbeZ:
ih\_joghklmamevIiZAppbpu ihdZaZeb qglh kgbfdb ihemqg_ g
> hl[ezZz*"Zxim”pb_c nhlh]jZnbq_kdhc j_adhklvx b ijh
jZaj_rzZxs_c¢ kihkh[ghklvx ih kjzZ\g_gbx kh d¢&gbflZDo:
DZghimxmom”~r _gb_dzZqg_kI\Z "th| ghbbgZevgh]h jZaf jZ
khhi\_IkI\_l§ghezWghhbép_ b jzZaf_j gzZbf_gvr_]h ebg_cgh]
f klghklb hlh[jZab\r_]hky ghekghfgly: DZghimikhklZ\b
ihjyrdz f Z D: :bkt f

< B 204@ ihdZazZgh glh ~hklb bfZy Ilhgqghklv K
ieZgh\uo dhhj~*bgzl ih fzZl jbzezf ktzfdb ipbp MmDEgh\L
bkihevah\Zgby hihjguo |Ihq_d khklZ\ey | hi Ah
Ahimklbfhfm jZkohil® hghkguf b dhgljhevguf lhqdzZf gZ hj
fZkrlZ[Z25000 P3].

>ey hdhgqzl_evgh]h \u\h”Z h \hafh ghklb g_\hafh"
fZl _jbZeh¥Ykhhhkkdhc ktzfdb ihemd®ZgfuicnB®::bkd > "ejZ[hl
ihnhlhhih]jZznbq_kdhc fktkifglhikb kha”rZgbxe \hc Ihih]jZnbqg
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ijh~"mdpbbzkrlZ[_: 25 \ dZg_kI\_ hkgh\gh]h bklhggbdZz
lj [mxlky [he__ ~ |IZevgu_ bkke_"h\Zgby hilghkbl_evg!
\ukhlu h[t_dIlh\ f_klghklb IThgghklb ihkljh_gby pbnjh\h
A rbnjh\hgguo k\hcklI\ *Zgguo fZl_jbZeh\

45 <u\h?dhjZa”_em

P_evx "Zggh]hkklZiZh\¥gdwehkv hij_~ e _gb_ j _dhf_
"himklbfuo agZq_gbc ihdZaZl_e_c bah[jZabl_evgh}h dZ
dhkfbg_kdhc ktzfdb gZ hkgh\Zghbk®hélZjlwo\dhhgd h ijb]h
NZgguo fzZl _jbZeh\ "ey njiziihlihihznbq_ kkakéd f_klghklkb
kharZgbx \hc lhih]jZnbq_kdhc 3gyv*wilpleb ki_pbZevgh kh
gZ[hju fZd _Ilguo ~Zgguo b hij_~ e gu | _hj Ibg_kdb_ a
hkgh\j ameviZlh\ | _klbjh\Zgby klZlbklbg_kdb ij ~klZ
ki_pbZebklh\ \ oh”_ jy~rZ wdki_jbf_glh\

GZ ke_"mxs_f wlzZi_ \ bdZhggddh¥iZggubkihevah\Zeb
fZl _jbZeu hldjuluo [b[ebhl_d nhlh]jZznbg_kdbo kgbfdh\
wlZehipdu|[hhdIVE DatabasebTID2013 1jbf_g _gb_ ih”h[guo [b]
yley Iky h[s _fbjh\hc ijzZzdlbdhc ijb ijh\_jd_ jZ[hlu Ze]h
memqr_gbx daophliZZ gbc \ h[eZklb pbnjh\hc nhlh]jZnbl

ljh\ _jdZ b mlhqg_gb_ mklZgh\le _gguo gZ ij_~u”“mshb
j_dhf_g"m_fuo b “himklbfuo agZq_gbc ihdZaZl e _c ba
\uihegyeZkv ih fZl _jbzZeZf ihemqg_gguf jZaebqggufb
kikl _fzfb \ Ihf gbke_ kh\j_ f ggufb i_jki_dlb\gufb dzZf_
ljzof _jguo fh™ _e c f_GIgjilykimw k \u[hjdZfb dhg*bpbhgegyuo
bkke_~h\Zgby ijb\e_dZeblkW[\&[hjglttq kI\h dhlhjuo \ j_a
| ogbg_kdh]h dhgljhey ifdadgZbhjlgl rmvguf b g_ijb]lh”¢
kharZgby p_e _\hc ijh"maglipdb glZjmb _gby bah[jZabl_evq
g_j_adhklb kfzaz ~ufdb ihl_jb bgnhjfZpbb \ h[eZklb

IhdZaZgh qlh ih*oh” hij_~ e _gby _“bguo j_dhf_g-
agZgbc ihdZaZl e ¢ bah[jZabl _evgh]h dZq kI\Z d fZ
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ktzfdb g_ ijbf_gbf \\b m Kkizpbpbodbhh~klI\Z < ~Zgghf
\ugbke _gb_ b ZgZeba kh[klI\ _gguo agZg_gbc ihdZaz
dZq_kINZa\hey | hij_"~_eblv ijbHobgdhZxey ihemq_gby p_
ijh*mdpbb hfezZz"Zxs_c¢ azZ”~Zggufb oZDpZhkf_ jblklphdZfb
hdhgqzZl _evgh]h \u\h~Z h \hafh ghklb g _\hafh ghklb bki
dhkfbg_kdhc ktzfdb ithemqg_gguo dhgdj _Ilgufb Kkimlgkt
kbkl fzfb nekelbhih]jZagbkdhc khizZfdklghkkb kha”rZgbx \hc
Ilhih]jZnbq_kdhc ijhW"nhdpbb ezgghf fzZkrlZ[_ \ dZqg_KklI\_
bklhggbdZ bgnhjfZpbb g _h[oh”bfu “hihegbl _evgu_ Y [
gZklghklbgghklb hij_~ e _gby \ukhlu h[t_dIbhAkIfhK lpkhy
pbnjh\hc fh” _eb j_ev_nZ b ~ rbnjh\hqguo k\hckl\ ~Zggu

< "Zgghc ihklZzgh\dijaZ~~Zpgbw j dhf_g"m_fuo b ~
agZq_gbc ihdZaZl_e_c¢c bah[jZabl_evighdhkdiZg_ Kkdbho XKwf
ihemqgz_fudahaeyZgby p_e |NEablgihkdhc ijhymdpbilky \i_j\u
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SF?LH>BD:<LHF:LBQ?KDHC HP?GDB D:Q?KL<B:WJH
DHKFBQ?KDBO KGBFDH< < Q:KLB BAH;J:ABL?EVGUO

P_evx "~Zggh]lh jzZa”_eZ bkke_ _~hW¥agByhId\&n”kdy
Z\IhfZlbq_kdhc hp_gdb dZgo kihZzkfEeujkdbo kgbfdh\
bah[jZabl _evguo k\hcklu B\lkbXIb§ kdh]h ijbgylby j_r
bah[jZabl_eddglgf kI\_ gZ hkgh\_ jZajZ[hlZgdha\Hheyhksb
k" eZlv h”ghagZqgucijbdhhMyghklb kgb¥Yenw\ kha*Zgley \hc
lhih]jZnbqg_kdhc ijh"mdpbb

>ey “hklb" _gby ihklZ\e _gghc p_eb g _h[oh”bfh j r gb_
i jZajz[hldZ h[sbo iheh  _gbc b Ij [h\Zgbc d f_Ih*bd_ hp
dZq_kI\Z fZI| _jbzZéehdiZkvfphg kdhc kt_ _fdb

jZajZ[hldz & [slbgpbih\ hp_gdb bah[jZabl_evgh]h dZq
Zw4ilb dhkfbq_ kdhc kt _fdb

jZajzZ[hldZ hkgh\guo wlzZih\ f_Ih~bdb hp_gdb bah[jZab
b dhkfbq_kdbo;kgbfdh\

1jZdlbg_kdZy | ZebaZpby jZajZ[hlZgghZfdZdthbkb dfu
Z\IhfZlbq_kdh]h ijbgylby j r _gby h[ bah[jZabl-elvgh
dhkfbqg_kdbo kgbfdh\

51 JZajz[hldZ h[sbo iheh' _gbc b Ij [h\Zgbc d f_|I
bah[jZabl _evgh]lh dZq_kI\Z fZ} bjbdhekiib g vkjidhhc kt_fdb

Hp gdZ dZqg_kkZb Zdhkfbg_ _kdbo kywbifdedy Iky ij
nhlhhih]jZznbg_ kdhetdf klghkbb kha”“Zgbb p_e \hc Ilhih]j:
ijh mdpdb wlzZi_ | _ogbg_kdh]h dhgljhey \ j _amevlZIl_
j_r_gb_ hijblh*rghklb fZl _jbZeh\ ~ey "Zevg _cr_c h[jZ[h
hkgh\_ JhlhWanidpbb

H[{sb_ Ij_[h\Zgby d f _Ih~"bd_ hp_gdb bah[jZab
fZl _jbzZeh\-Dwdhkfbg_kdhc ktzfdb khklhyl \ ke_"mxs_f

f ITh~"bdzZ ~he gz ij_"klz\eylv kh[hc kh\hdmighklv hi
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hij_ ~ e gb_ agZg _gbc ihdZaZl e ¢ dZd&k kkZZgHh\lehld:
i_j_qgg_f b kjzZ\g_gb_ bo k [Zah\a&Zagdgufdbyjfb[h\dgb
dZq_KklI\m

f IlhA"bdZ "he gZ [ulv hkgh\ZgZ gZ kbkl_f_zikhdB d ili ge ke
dhebq_kI\_gguo o0zZjzdl_jbklbd hibku\Zxsbo bah[jZatl
dhlhjuooZ\bkbl dZq_klI\h ihenkga\fhkgdZdih\ p_e \hc ijh”
hp gdZ bah[jZabl_evgh]h dZqg_klI\Z ”"“he gZ \uiheg
mgbnbpbjh\Zggh]h I _j_qgy ghf _gdeZlmju ihdZaz:
bkihevah\Zgb f ~bguo hjjZdgdhaBgbkdhbd ih*oh” g\ ddy
_"bgklI\Z hp_gdb dzZq_klI\Zz

52 JZajzZ[hldZ h[sbo ijbgpbih\ hp _gdb bah[jZabl _e
fZzl _jbZeh\ Zwjhhkfbqg kdhc kt_ fdb

Hij_ " e gb_ agZq_gbc ihdZazZl e ¢ bah[jZab
"he gh \uihegylvky ih ~bghc f_Ih”"bqgq_kdhc hkgdhy |
khhi\_Tkl\by dZq_kI\Z fzZI -jlb Aentk\f lZzgv jlhdhc ktzfdb 1) _[F
h[ _ki_gb\zZxsbf \hafh ghklv \uiheg_ agbhyhhZHhjlZzntb g kd
ktzfd_ f _klghklb gZ bo hkgh\ _

Hp gdZ bah[jZabl _evgh]h-dZz g hkli\tzg Zkvjbho nhlhkcg
"he gZ \uihekgyyh\vgZklb kijmdImjhf IjJp4d"Xdbbglg\tha k I\
D kljmdImjhf _Ijbq_kdbf ihdZaZadbéyévigdhih dZg_ kI\Z h
ijhkljZzdk ggZy jZaj _rZxsZy kihkmHbmhlkEwnibg kdZy jDad
liz"Zpbhgguf ihdZzazljzyhlbahgh]h dzZqg_klIkZphl gh\khy
jZaZeZgKDHkemqgZcgh]lh ypiftzklv ~ufidhd _jy bgnhjfZpbtk
h[fezklb | _gb b agkAbhdbljbq_kdh_ jZaj_r_gb_

BgnhjfZpby ih hp_gd_ bah[jZabl_evgh]h bdZ
dhkfbqg_kdbo nhlhkgbfdh\ "he ' gZ "hdmf_glbjh\ZIvky
ihke _~“mxs_]h bkihevah\Zgby ZgZebaZz b khkl
"hdmf_glZpbb
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53 JZajz[hldZ hkgh\guo wlZih\ f_Ih~bdb hp_gdb b
dzZq_kI\Z -Zovithkfbgq_kdbo kgbfdh\

< khhlI\_IklI\bb kh knhjfmebjh\Zggufb h[sbfb il
lj_[h\Zgbyfb [ueZ jZA|Z[IM7ZydZ hp_gdb bah[jZabl_evgh]
b dhkfbg_kdbo kgbfdh\ ihekwlma@a*4dgby”*pye \hc Ihih]jZ
ijhAmdpbb_|h*"bdZ khklhbl ba Ijzo hip8\guo wlZih\

i wlZil xjZkqzl ihdZzaZ bah[jZabl _evgh]h dZq_klI\Z

i wlzi2 = kjZ\g_gb goke gguo ih kgbfdm gZ wlZi_
khhi\_ITklI\mxsbfb j_dhf_g” m_fufb b “himklIpfufb agZq_

i wlzZB zijbk\h_gb_ kgbfdm klZImk&hjhZdq_ klbhiZ*h\e I\hjbl
g_m~h\e I\hjbl _evgh_

DzZd ke_"m_| ba nhjfmebjh\amewlZiZhp jgdblbalv[gk]
dZqg_klIYg "mkfzljb\z_1 Ijb dzZt_ phmjbr _ m~Ah\le _I\hjbl_
g_m~h\e_I\hjbl _evgh_ DZI_]Jhjby dZq_klI\Z i_jAwghpuo
dhkfbq_kdbo kgthiffdh\ ey | dZq_kl\h ihemqgZ_fhc ihzxghb
ohjhr_ (I _ijh"mdpbljfZevdghhI\_Iki\m_| Ij _[h\Zgbyf ghj;
Ahdmf_glapom@Zdibg hkdB~Z | \ukhdbf dzg mihhé I\hjbl _e
— ijh mdpby nhjfZevgjhlb\hj dpl[h\Zgbyf ghjfZlb\
Ahdmf_glZpd]A¥b *m hlkmlklI\by beb g_qzldhc gaffglz\mth
hij ~ ezgguo k\G&kdikngd_ ihdZaZgu ijbf_ju Zw|dkZgb fidihk
dhlhjuoh j_amevlzIzf ijhba\h~klI\_ggh]h | _ogbqg_kdh]h
ohjhrbf m~h\e I\hjbl _evguf b g m”h\e I\hjbl _evguf

Z [ \
JbkgB81jbf_ju Zwjhkgbfdh\ ljzo dZl_]hprojhg_kI\Z

[ £fm~h\e I\hjbl _evgh_ kgbfhd ihemqg_g ih” kiehrghc
nhjfZevgh ijhlb\hj Igb[lh\Zgbyf ghjfZlb\ghc "hdmf_glZz
\tg_m~h\e _I\hjbl_evgh_
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531WZil +jzkqzl ihdZazl e _c bangjgdabdzq kI\Z

<oh”gufb ~Zggufb “ey hp_gdb bah[jZabl_evgh]h d.
beb dhkfbq_kdbc nhlhkgbfhd ih dhlhjhfm k ihfhsvx
Zelhjblfh\ \ugbkeyxlky
i ijhkljZzgkl\_ggZy jZaj_rZxsZyRihkh[ghklv
i nhlh]ljZznbg_kdZy g _adhklv
i ehdZevguc diKgtiZkl
i p\_Ih\hc jZa[ZeZgk p\_1Z (

i KDH kemqgZcghNkusrmfzZ

i yjdhklv ~ihizd b

i jZ"bhf_ljbq_kdh_ jZ&jng, ReI b _

i ihl_jy bgnhjfZpbb \ h[eshdkbbalZlg\illl.db

GZbkngd_ ihdZazZgZkpehdlZiz

JbkgBd+;ehko fZ wlzijZkqzl ihdZaZl_e _c¢ bah[jZabl_ev

532WZi2 £tkjZ\g_gb gbke gguo ih kgbfdm gZ wlZi_
khhi\_lklI\mxsbfb j_dhf_g” m_fufb b "himklbfufb agZqg_gt

KjZ\g_gb_\ugbke _gguo ih kgbfdm agBghplZabhd&\ag
dZq_kI\Z k j_dhf_g"m_fufb b “himklbfufb agZq_gbyfb ij
ithdZazZl _ex hl®_evgh Ilh  j_amevlzZIlZf kjZ\g_gby ¢
ijbk\Zb\Z Iky klZImk ©ohjhrh2 ©m~h\e_ I\hjbl _evgh?&
KIZImk ©ohjhrh? iZbkk¥bhdzZazl _ex _keb _]Jh agZq_gb_
g_ f_g__ \ azZ\bkbfhklb hl ihdzZaZzl ]J&éyagZqdyfkdZ im k
©m~h\e_I\hjbl_evgh?2 ijbk\Zb\zZ_Iky ihdzZzazZl_ex _keb _
j_dhf_g"m_fmx beb f_gvr_ _z gh g_ ih_agz4g_ Igihédlbmd |
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f_gvr_ _z KIZImk ©g_m~h\e_I\hjbl_evgh? ijbk\Zb\z Il
agZq_qgjb\uirZz_| beb f_gvr_ “himklbfh]h agZq_gby

GZJbkngd_ ihdZaZgZkpehd wlZKé = mkeh\gh_ agZc
ehdZevgh]h dhgljzklZz gZqgbgZy k dhlhjh]lh fh gh kqgb
jZkiheh  _gu dhgljzklgu_ h[t Kidw0bbf f

JbkgRA+;ehko fZ wlaiKfZ\g gb_ agZq _gbc ihdzaZzl
bah[jZabl _evgh]lh dZq_kI\Z kgbfdZ k khhlI\_IklI\mxsbfb
A"himklbfufb agZq _gbyfb

5321Hp_gdZz dzZzq_klI\Z i h ithdzZzazl _ex ©ijhkl
jZaj_rZxsZy kihkh[gRhklv?a

<uqbke _gguc ih kgbfdm ihdzZazl_ev ©ijhkljZgkl\.
kihkh[ghRIkpZ\gb\Z Iky k j_dhf_g"m_fRfcagZq_gb_f
ke HiZjzZf _IRMjbk\Zb\Z Iky klZImk ©ohjhrh?
_keB>Rec 1ZjZf_R kjzZ\gb\Z |ky k fZdkbfZevgh ~“himklbf
Rmax:
ke BaxiZjZf _IRMjbk\Zb\Ky klZImk ©m~h\e_I\hjbl_e\
_ked>Rnax ZgZebabjm_|ky ehdZevguc dhgdjd&E &k Hdpld Z
kjZ\gb\zZ Iky k j_dhf_g~m_fKicagZq_gb_f
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_keWend” Kec 1ZjZFf_IjRnijbk\Zb\Z _|ky klIZImk ©m~h\e_|
kgb™ _gb_ ijhkljZgkl\ _gghc jZaj_rZxs_c¢ kihkh[gh
hkh[_gghklyfb ih"klbeZxs c¢ ihY¥ZohhtkdgbjZzklgzZy F
NeZ 1ky khhiI\_lklI\mxsZy ihf_IldZ

_kene Kec 1IZjZT_IRMjbk\Zb\Z _Tky klZImk ©g_m~h\e _
kgb™ _gb_ ijhkljZgkl\_gghc jZaj_rZxs_c kihkh]
dhgljZklghc ih*"klbeZxs ¢ ih\_joghklb y\ey Iky ~ n
GZJbkngd_ ihdZaZgZzZkpehHd@ hij_~ e _gby klZImkZz

dZq_kI\Z ©ijhkljgzogky\jZaj rZxsZy kihkh[ghklv?2

JbkgBU+;eh-ko fZ hij_ ~ e gby klZImkZ ihdZaZl e\
©ijhkljZgkl\_ggZy jZaj_rZxsZy kihkh[ghklv?2

53.22Hp_gdZ dZq_kI\Z ih ih@BhmH]j@nbq_kdZy jsadh

<ugbke_gguc ih kgbfdm ihdzZaZl _ev ©nhlh]jZnb
kjz\gb\Z_1ky k j_dhf_g"m_fsd agZq_gb_f
_kebeseciZzjzf _Igmjbk\Zb\Z _Iky klZImk ©ohjhrh?
_keksecizZjzf _s$jkjz\gb\Z _Iky k *himklbfuf fbgbfZewguf a
_kebsnniZzjzf_Ipmjbk\Zb\Ky klZImk ©m~h\e_I\hjbl_evc
_ked< spin ZgZebabjm_|Iky ehdZevguc ddhegdjZREZ ddpibd Z
kjz\gb\Z_Iky k j_dhf_g m_fKfcagZqg_gb_f
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_kelend” Kec 1ZjZF_ljaijbk\Zb\Z _Iky klZImk ©m~h\e |
kgb™ _gb_  nhlh]jZznbq_kdhc | _adhklb h[mkeh\e._
ih"klbeZxsht joghkifehdhgljZklgZy

_keene Kec 1ZjZF_Ipmjbk\Zb\Z _|ky kIZImk ©g_m”~h\e _
kgb  _gb_ nhlh]jZnbqg_kdhgbjfdZdidkibdljKklighc ih”~klb
ih\_joghklb y\ey Iky » n_dlhf bah[jZ _gby
GZJbkngd_ ihdZaZgZzZkpehHd@ hij_~ e _gby klZImkZz

dZq_k®&Zhlh]ljZznbg_kdZy j_adhklv?a

JbgWB2+;eh-ko _fZ hij_ ~ e gby klZImkZ ihdZaZl e\
@ hlh]ljZznbg_kdzZy 3 adhklv

5323Hp_gdZ dzZq_klI\Z ih ihdZaZl_ex ©KDH K&mqZc

<ugbke_gguc ih kgbfdm ihdZazZl _ev ©KDHNHuem:c
kjZ\gb\Z _likydkf_g*"m_fuf agRgusgh f

_keNgms "Nrmgec iZjZT _INamsijbk\Zb\Z |ky klZImk ©ohjhrh?

_keNrvs> Nrmgec 1Z]ZF_Nrus kKjZ\gb\Z _|ky k fZdkbfZevgh *

agZq_ Nryshax

_kebNgms 7 Nrwmsnax 1ZjZf _ljmNrus i1jbk\Zb\Ky KklZIn

©m~h\e _I\hjbl _evgh?
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_kebNgms > Ngrwmsnax 1ZJZf _ljmNrus i1jbk\Zb\Z _ITky  Kklz

©g_m~h\e _I\hjbl _evgh?2 \ukhdbc mjh\_gv kemqgZ«

A n_dlhf bah[jZ _gby

GZJbkngd_ ihdZaZgzZ kpehd@ hij_~_ e _gby klZImkzZz
dZq_klI\Z ©KDH kemqgZcgh]h rmfz?2

JbkgR8x+;ehko _fZ hij_ " e gby kliZImkZ ihdZaZl _ey ¢
kemgZcgh]h rmfza

5324 Hp _gdZ dZq_kI\Z ih ihdAali\lex [@a[2&Zgk

<ugbke _gguc ih kgbfdm ihdZazl_ev ©p\kjlh\pb\gZdk
k j_dhf_g"m_fuf agleg_gb_f
_ kel GeciZjZf _ljimjbk\Zb\Z Iky klZImk ©ohjhrh?
_kebld > (e iZjzf _I|j0 kjzZ\gb\Z |ky k fzdkbfzZevgh A
agZq_ glmaxf
_keld” Ohax I1ZjZf_ljimjbk\Zb\Ky klZImk ©m~h\e I\hjbl_ e\
_kebh> Gnax \uihegy |ky dhjj dpby [ZeZgkZZp)Z[BIKgli
f IThMh k_juo ibdk_e_c¢c beb bguf Zevl jgZlb\guf f_Ih”h
[ZeZgkZ p\Gdjanr_gb_ p\_Ih\h]h [ZeZgkZ kgbfdZ y\ey.
N n_dlhf [_a baf_g_gby _]1h ]J_hf_Ij®#dbhkddpd khhiZkdXgZ [e
ko _fZ hij_~_e_gby klZImkZ ihdzZzazl_ey dzZq_kI\Z ©p\_1Ih
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JbkgR4+;ehko fZ hij ~ e gby klZImkZ ihdZaZl ey dZ
jZa[ZeZgk?

53.25Hp _gdZ dZq_kihdZi&aZl egxd@klv ~ufdb?a

<ugqbke_gguc ih kgbfdm idhakd “ewidddjZz\gb\Z _|ky
j_dhf_g"m_fuf agB&mg: gb _f
_kela"hze iZjZf _Ihmijbk\Zb\Z |ky klZImk ©ohjhrh?@
_kea>hze i1ZjZf_hgkjz\gb\Z _Iky k fZdkbfZevgh ~himklbf
NZmax
_kea"hznax i ZjZT_Ihmijbk\Zb\KiKIZImk ©m~h\e I\hjbl _ev
_kela> hzna 1ZjZTf_Ihmijbk\Zb\Z _1ky klZImk ©g_m~h\e I\l
GZJbkngd_ ihdZaZgZzZkpehHd& hij_~ e gby klZImkZz
dZg_klI\Z ©yjdhklv "ufdb?

Jbkmghd;ehko fZ hij ~ e gby klZImkZ ihdZaZl ey d:
Aufdba
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5326 Hp_gdZ dZg_klI\Z ih ihdzazrbbyfljba kdl
jZaj_r_gRmd Ref

| _j\uf wlzZihf ijb hp_gd_ iZjzf_ljz ©jZz*"bhf_ljbdRpkdh
Rt y\ey |ky ZgZeba ihdZazZl_e_c RywdhkD/H kédbdZcghl]h
Nrms
_keb hrgh\j hHzbiNgle bf_xI klZImk ©g_m~h\e_I\hjbl_evgh
Rmg bRett Z\1hfZIbqg_kdb ijbk\ZdgVg Igp_ ©g_m~hle_I\hjbl_e
_keb ~"Zggh_ mkeh\b_ _bky \luoggye ggu_ ih kgbfdm
©jZ"bhf_Iljbg_kdh_ jZRjg DR KPZ\gb\Zxlky k j_dhf_g"r
agZq_g Rk, Rerrec
_KeRing * Rmgrec DRett * Rerrec 1ZJZT _1jRMg bRt ijok\Zb\Z _1ky KklI:
©ohjhrh?
_ k&g < Rmgrec PRt < Refirec 1Z2]Zf_Rmg bRt KjZ\gb\Z _Iky k fbgbf
"himklbfuf agZ gl bRefmin:
_kefng * Rmgmin PRet ® Retrmin 1ZjZf_IRRg bR ijbk\Zb\Ky KlZIn
©m~h\e _I\hjbl _evgh?
_keRmg < Rmngmin bRt < Retrmin 1ZJZT_IRRg bR ijbk\Zb\Z _Tky KkiI:
©g_m~h\e _I\hjbl _evgh?
GZJbkmgd_  ihdZaZgzZ-kpeHd@ hij_~ e gby klZImkZz
dZq_kI\Zz ©jz*bhf_Iljbg_kdh_ jZaj_r_gb_2

JbkgBE +;eh-ko_fZ hij_~ e _gby klZImkZ ihdZaZzZl_ e\
©jZ"bhf_ljbqgjXxah r gb_2
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5327 Hp_gdZ dzZq_kI\Z ih ihdZeZjyehg®hjfZpbb
hlezklb | shda

<ugbke _gguc ih kgbfdm ihdZazl_ev ©ihl_jy bgnhjf
shdkjz\gb\Z _Iky k j_dhf_g”m_fshideagZqg_gb _f
_keshd”shdec iZjZf _Ighdijbk\Zb\Z Iky klZImk ©ohjhrh?
_kebhd > shdec 1ZjZf _I$hd kjZ\gb\Z Iky k fZdkbfZevgh ~
agZq_ oshdndx
_keshd"shdmax i ZjZf_Ishdijbk\Zb\Kky klZImk ©m~h\e_I\hjb
_kehd>shdnax i ZjZf _Ishdijbk\Zb\Z Iky klZImk ©g_m”~h\e
GZJbkmgd_  ihdZaZzZgZzZkpeHd@ hij_~ e gby klZImkZz
dZzq_kI\Z ©ihl_jy bgnhjfZpbb \ h[eZklb | _gb?

JbkgRd+;ehko fZ hij_ ~ e gby klZImkZ ihdZazZl ey d
bgnhjfZpbb \ h[eZklb | _gb?

5328 Hp_gdZ dzZq_kI\Z ih ihdZeZjyebg®hjfZpbb
hlezklb azk\illdba

<ugbke_gguc ih kgbfdm ihdzZzazZl _ev ©ihl_jy bgn
aZk\_Idlbkjz\gb\Z Iky k j_dhf_g"m_fllgcagZq _gb _f
_kalb"illec iZjZf_ljlmijbk\Zb\Z _Iky klZImk ©ohjhrh?@
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_kelll > illec iZjZzf_Ijl kjzZ\gb\Z_Iky k fZdkbfzZevgh ~
agZq _glbmaf
_kdlb "illpax i ZjZf_ljlmijbk\Zb\Ky klZImk ©m~h\e I\hjbl _e
_kdb>illgpax i ZjZf_ljlmijbk\Zb\Z Iky klZImk ©g_m”~h\e _I\h
GZJbkgd98 ihdZazZgZ-Kehfd hij ~ e gby klZImkZ
dZq_klI\Z ©ihl_jy bgnhjfZpaBk\ hicelz kb

JbkgR8+;ehko fZ hij ~ e gby klZImkZ ihdZazl ey d
bgnhjfZpbb \ h[eZklb aZk\_Idb?

533WZi 3 £ ijbk\h_gb_ kgbfdm klzZImkZ dzZqg_ KkI\.
m~h\e I\hjbl _evgh_ g _m~h\e I\hjbl _evgh _

lh j_amevlzZIZf kjZ\g_gby ihdZaZl_e_c bah[jZabk e
bo j_dhf_g"m_fufb b ~himklbfufb agZq_gbyfb klZImkm
Ijbk\Zb\Z 1ky agZqg_gb_ ©ohjhr__ 2 ©m~"h
©g_m~h\e_I\hjbl_evgh_2 DZqg_kl\h kgbfdzZ fh'gh kqgblZz

ihdzZzazl_e_c bf_xlI klZImk ©ohjhrh®fdDb Zdkgll\a_|

m”~h\e I\hjbl _evguf _keb [he ithdZazZl _e_c
©m~h\e_I\hjbl_evgh? DZzZqg_klI\h kgbfdZ ijbagZzlky g_m
ohly [u h*bg ba ihdZaZl_e_c bf__I klZImk ©g_m”~h\e_I\

klZImkZ hklZevguodhdZaZl_ e _
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GZlbkngd ihdzazZgZkpeH@ wlziZibk\h_gb_ kgbfdm k
dzq_kI\Z

JbkgRA+;ehko_ fZ wlziZbk\h_gb_ kgbfdm klZImkiZdrZq |
m~h\e I\hjbl _evgh_ g_m”h\e_I\hjbl_evgh_

534<ugbke_gb_ ihdZaZl e ¢ bah[jZabl_epyhllduod.:
Zwitb dhkfbg_kdbo kgbfdh\

<ugbke _gb_ kljmdImjhf _Ijbgq_kdbo b 1iZ"Zpbh
bah[jZabl _evgh]h dZqg_klI\Z aZ bkdexqg_gb_ f p\_Ih\h]
kgbfdh\ ijhba\h”yl \ j "bf_ ©]jZz*"Zpbb k_jh]lh2 imlzf t
ij_h[jZzah\ZgHBEgdut j_ "bf

ljbg_h[oh”bfhklZevgh]h ZgZebaZ bah[jZabl_evgh]h
kgbfdh\ jZkhlglzl\ _Ikl\mxsbo ihdZazZl e _c ijhba\h~blky hl
p\_lhthfihg _gdjZkgha eegkbg._

54 JZajzZ[hldZ kbkl_fu 2zZ\lhfZlbg_kdh]h_rnjlgdwylbi]
bah[jZzabl_evghf dzZqg_kl\b dwkhbgq_kdbo kgbfdh\ gz
jZajZ[hlZgghc f_Ih”*bdb

5411jbgpbi jZ[hlkbkl_fu Z\IhfZlbg_kdh]h ijbgylby j_
bah[jZabl_evghf dZq-tbiI\dhEibjtp kdbo kgbfdh\

libgpbi jZ[hlkbkl_fu Z\lhfZlbgq_kdh]ty ijbrgyjby h
bah[jZabl _evghf dZgbkthkZwghkdbo lgbhkigfdajz[hlZggl



184

f Ihabdb® | [ulv ij_~klZ\e_gZ \-kb" flaps} db kn g H@O)

Jbkghao +:ehdko fidbgptgjZ[hlkbkl fu Z\IhfZlbg_kdh]h ij
i r_gbythdh[jZabl_evghf dZgbkd\hkZvgihkdbo kgbhdkigh\ _
jZajz[hlZgghc f_Ih~bdb
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ljbgpbi jZ[hlkibkl_fu 2zZ\lIhfZlbqgq_kdh]h ijbgylby |
bah[jZabl _evghf &kfHghpfdM\ZdexqZ Iky \ ke \"iehsd fojZg ¢
NZgguo aZljm Z _|ky kgbfhd ~Ze__ hg ihklmiz_|
IjhkljZgkl\ _gghc jZaj rZxs_c¢c kiRkh|[[egehkdb \ugbke _
nhih]jZnbg_kdhc $§ ddhkIb \ugbke gby ehdZevkh{H aehdl]
\ugbke _gby p\_Ih\h]hZjAda[ZelZdgk \ugbke_gby KDH kem
Nrvs [ehd  \ugbke_gby yjdizki[lerdfdbugbke gby jZ bhf_|
jZaj_r_oRny, Re b [ehd\ugbke _gby ihdZaZl_e_c ihl_jb b
hlezZklb blshd b azk\ ildbey \ugbkeklgbW IklI\mxsbo ihdZa.
>Ze  dZ ~uc \ugbke _gguc ih kgbfdkyZ\glbdZa Ay e
j_dhf_g"m_fufb b ~himklbfufb agZq_gbyfb 181k]Z\\gg hy b\y
IjhkljZzgkl\ _gghc jZaj rZxs_c¢ kiRkh[ehidihil kjZ\g gb\
nhlih]jZnbg_kdhc $§_deh®llkjZ\g gby ehd@dgdj ZKLhg [ehd _
13 kjZ\g _gby p\ _Ih\h]h jZa[ZeXgkjZ\iy §dlydKDH kemqgZcg
Nrus [ehXb kjZ\g _gby yjdhklite "Lgddb kjZ\g_gby jZ~bhf_Ijbq
jZaj_r_ oy Re b [ehd7 kjzZ\g_gby ihdZazZl_e_c ihl_jb bg
hlezZklbblshgb azk\ill&bhlI\_ IklI\. gwh_amevlzZlzZf kjZ\g_gby
ihdZazZl_ ex ijblk\Z bANEYKk|Z I mk ©ohjh@m~h\e I\hjbl_e\
©g_m~h\e_I\hjbh_letvigih2 IkI\bb k hibkZmg kulikh[Zfb

>hihegbl_evgh 7“ey ijbk\h_gby klZImkZzZ ijhkljZgkl\
kihkh[ghkbbonhlh]jZnbqg_ kdhcsj\ fadlié&bil ba [eAAKjZ\g_ gb)
ehdzéVgWhgljZKkhdhkImxZ j amevliZlu kjZ\g_gby ehdZevg
kgbfdz k j_dhf_ g~ m_fuf abZd gvey ijbk\h_gby Kklz
jZ "bhf_Iljbg_kdh]lh jZRjg Rsdblehld kjz\g_gby jZz*"bhf_Iljbqg
jZaj_r_gby ihklimizxl ijbk\h_ggu_ klZImku KBxis & eyniakZiz g
Aufdbzba [ehdZA5 khhI\_TklI\ _ggh

>Ze  \ [#&hdZ hkgh\_ ijbk\h_gguo klIZImkk\ Zillmokzny
dzq_klI\Z kgphdd¥Zb\Zagzq_gb_ ©oh@fm~ hi®e I\hjbl_evgh_
©g_m~h\e _I\hjbl _evgh_2

< LZ[bp_ b ihdZzazgz ijhp_"mjzZ ijbk\h_gby k



kbkl_fhc Z\Ihfz
Jb kn gdo b
[bl ibdk._ev

Jbkmghdl +:wjhnhlhkgbfhd

Ibg_kdh]h

186

ijbgylbygbidZfigtyZzazgguf
khhi\_I1kINJZythhf_ljbg_kdh_ jZaj_r_g#8_

PhaseéOneiXU-RS1900

|

K

Bihewilgl gguc dZf_jh

LZ[ebpzZ) amevlZlu jZkqzlZ ihdZaZl e _c¢ bah[jZab

kgbfdZ B WLI ihemq_ggh]h dZf-RH180BKDVH
IhdZaZzZl_eb <ugbke_ggy J_dhf_g” m_| >himklbf( KIZImk
bah[jZabl evgh]h d ihdzazl el g4 gby agf gby| ihdzazl
ljhkljZgkI\_ggZy X 1,10 |12 g_ ij_\urZ1;3 - ohjhrh
jZaj_rZxsZy kihkh[g — :
R ibdk ev Y 1,10 |1,2| g_ ij_\urZ413 ohjhrh
) h[sbc | 0,36 kijZ\hqguc iZjZf_Ilj[ f kighkl
EhdZevgdicgljZ K —
gaeg 1 & R end I dZev| 080 |0B] 1] \urz I dhgljzkl|
_ _ X 0,76 [0,5( ij_\urz_ 10,35 ohjhrh
Nhlh]jZnbqg_kdZadhls — _
Y 0,76 10,5 ij_\urzZ_ 10,35 ohjhrh
KDH kemqgZcgh]Rrwsr lhg 2,16 |25 g_ ij \ur 7 ohjhrh
lhg 0 |20| 9_ ij_\urZ 40 _
>ufdaz — ohjhrh
% 0,00 [ 7| 9_ij_\urgie
lhl_jy \ h[eZklb aZlk % 0,07 [0, g_ ij_\urZ0,5 ohjhrh
lhl_jy \ h[eZklbshdg % 0,00 {01 g_ ij \urZ405 ohjhrh
= kKijz\hqguc iZjZf_1]
_ . G 1,69 kijZ\hgguc izZjzf_lj
P\ _Ih\hc jZza[zZzkZgk = 0.46 KijZ\hqguc iZjZf 1]
h[sbc | 222 | 4| g_ij_\urZ10 ohjhrh
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<u\h”u ih j_amehZps g B6:
h[s_ _ gbkeh iZjz£7:1jh\
KIZImk ©ohiAiE3Zf 1jh\
kIZImk ©m~h\e I\hibliZzéZ§hlgh\
kIZImk ©g_mAh\e I\BQHEZj@§ghh\
H[sb&lZImk dZq_kI\Z «k@bhdErh?a

Jbkghlo2 +:wjhnhlhkgbfhd J Bl B WLI ihemg_gg
SonyDSCGRX1RM2

LZ[ebpZJ _amevlZlu jZkqzlZ ihdZaZl _e _c¢c bah[jZabl_ev
g201 297 037.tif ihemqg_ggh]h SoAy DHERX1IRM2

) IlhdZzazl_eb <ugbke _gg| J_dhf_g”m [ >himklbfu| KIZImA
bah[jZzabl evgh]h d| ihdzazl_e agd gby gl _gby |[ihdzZzazl
ljhkljZzgkI\_ggZy X 149|22| ij_\urz_[13] ij_\urZ_|, man\e

1|jzaj_rzxsZy kihkh] — — o= :
R ibdk ev Y 1,5612,2| ij \urz [1,3] ij \urZ_ —evg

h[sbc | 0,29 kijZ\hgqguc iZjZf_Ilj| ¢ klghk

2 |[EhdZevgdicgljZKI —

daeg e R ene I hdZev| 05108 ij \urz | - - dhgljzkl
X 0,481 0,5 ij_\ur)o,39 ij _\urz A
3 [Nhih]jznbg_kdaghlke 9- - PALLLE o melaie]
Y 0,2910,5|g_ ij_\ur]0,39 g ij \urZ] —€vg
4 [KDH kemqZcgh]NrugT] lhg 0,78 3 [g_ ij_\ur) 7 g‘bTA:\\,Z'
Ih 43 [15( ij_\urZ_[40]| ij_\urZ_ A
5 |>ufdaz 2 — _ g_m?hie
% 20,28 7 ij_ \urz _[16]| ij_\urz_| bl_evg
lhl _jy \ h[eZklb aZlk % 0,00{0,2|g_ ij_\ur]0,5 - ohjhrh
lhl_jy \ h[ezZklbshdg % 0,00{0,4|g_ ij_\ur]05 - ohjhrh
0,00 kijzZ\hgguc izZzjzf_Ij
. A G -0,03 kijz\hgguc izZjzf_|Ij
8 [P\ _Ih\hc jZa[Z®&Zgk = 0.02 KijZ\hqguc 1Z]Zf 1]
hisbc |004] 4 |g_ij \urfi0| - ohjhrh
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<u\h”u ih j_amelvZZ¢BPT
h[s__ qbkeh iZjZ7, ljh\
KIZImk ©ohjhriidjzf_1jz
KIZImk ©m~Afphe_dvighaizjzf ljh\
KIZImk edemihjbl_exgh2jzf_1jz
H[sbc klZImk dZq_kI\ZckgbidB\e I\hjbl_evghe

542 1jh]jzffgZy j_ZebaZplhy'bdb kbkl_ fu Z\lIhfZlbqg_kc
ijbgylby j_ r_gihyhp gdiZzq_klI\Z -Zwjshhkfbqg_kdbo kdbddklb
bah[jZabl _evguo k\hckl\

HArghc ba j_Zdbalzpbitbkbkl fu Z\IhfZlbq_kdh]h ijbgyl
ih hp_gd_ dzZq_-kb\4d hkwihly _kdbo kgbfdh\ \ qglZlkhogbahijEal
yley liklg]jZffguc dhfiEdIknageQualityEstimatio) kha”Zgguc kh\f
k jZajZ[hlgbdHb ©Kb]fZz F_.IjbjdRpzffzZz ij_~klZ\ey | K
bgl _jn_ckgh_ ijbeh” _gb_ ihalheyxs_ _ aZ]jm Zlv kgbfd
ihdZaZl bahdjZabl _evgh]h dZqg_ki\Apb ddimegoyldZzqg_kI\Z |
ihal\hey | hp_gb\Zlv kgbfdb jZaebqgh]h jzZ~bhf _ljbq_
ki_dljZevgh]h khkEf\ighfzZlbgq_kdb_ b lAbkg@yb nmgdpb
ijh]jZffIQE ij _"~klZ\e _gh \ ljbeh  _gbb

55 <u\h?u ijza”™_em

< oh”_ "~Zggh]lh wlziz bkke_~h\Zgby jzZajz[hlZgu
lj_[h\Zgby d f_Ih~bd_ hp_gdb bah[jZabl_evgh]h d2q_I
dhkfbg_kdhc kt_fdb knhjfmebjh\Zgu _z h[sb_ ijbgpbiu

F_Ih~"bdZ hp_gdb bah[jZabl_evjdhbh dhXdb ¢ |\kZd lZov kg
khklhbl ba ljzo hkgh\ga&Z wiZVhf wlZi_ \uihegy_Iky jZkqz
bah[jZabl _evgh]h dZqg_kI\Z GZ KeohhmXggdewadZi j ame
\ugbke_gbc dz ~hfm ihdZazl_ex bah[jZzabl_evgh]h dZq_
@hjhrh@n~h\e_I\hjbl2 @ gm~h\kjdl e¥glGZ aZdexqgbl_evgh
ZgZebabjm_Iky kh\hdmighklv klZImkh\ ihdzZazl_e_c _ki
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©ohjhrhZzqdkl\h kgbfdzZz fh gh kqblzZlvkehjhmbf _ ihdZe
bf x| klZImk ©m~h\evbiZig dkli\h kgbfdZ kqgblZ_Iky m~h\e _
_keb ohly [u h*bg ba ihdZaZl _e_c bf__| klZImk ©g_m~h\e
klZImkZ hklZevguo iZdiZ&Z\lh kgbfddlZ ijbagZzlky g_m~h\e |

< j_amevlzZl_ ~"Zgghlh wlZi&khakKkooRhXZdbryfZ1bq_kdh
Ijbgylby j_r_glhyah[jZzabl _evghf dZq bkidhkZwjyhkdbo kgbf
hkgh\_jZajzZ[hlZgghc Iibfh{bfdbjh]jZffghc j_ZebaZpbb f_
kbkl_fu zZ\IhfZlbgq_kdh]h ijbgylby j_r_gby ih-tbpdbé&fbdZigd
kgbfdh\ \ gqZklb bah[jZabl_evguo Kkji]gKIF¥gw\e ydHKkidQEH k
ljh]jZzftZ iha\hey | \uihegylv h[jZ[hldm ibl hevghh k]
kgbfdh\ jZaebggh]h jZ2"bhf_Iljbqg_kdhdkhlhiZzdpg_ lgdblyf j_ "bf_
ihalhey | k®_ezZlv \u\h” h[ bo ijb]h"glhkhiiAEY nBphlkichhc kt
f _klghkdikha”~Zgbx p_e_\hc Ihih]jZnbg_kdhc ijh*mdpbb

< N"Zgghc ihklzgi\gZz jZajdfhld~"bdb Z\IhfZlbg_kdhc
dZq_kI\Z BEwvdjthkfbg_kdbo kgbfdh\ \ qZklb bah[jZabl_evgt
Z\IhfZlbq_kdh]h ijbgylby j_ r _gby h[ bah[jZabl_evghf
jZajZ[hlZgghc f_Ih~"bdb iha\lheyxs_c¢ k*®_eZlv h*ghadZq
kgbfdh\ “ey jZ[hl ih nhlhlhih]jZnbg_kdhchkkbadZdbklghlk
lhih]jZnbq_kdhc ijhj* mAphkky \i_ j\u _
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A:DEXQ?GB?
Hkgh\gu_ blh]b bkkeaZOexglEw\ ke "mxshemqg_ggu

j_amevlzZlZo

1.JZajZiPgXk bkl Zfgbke _gguo ihdZazZl e _c¢ klIjmdImjhf_Ijb
Zwilb dhkfbqg_kdbo kgh&dh&éyxsZy nhjfZebah\Zlvj dZig k
N 1Ze ¢ b j_adhklv hah[jZz _gby

2. JZajZggf _Ih™ hij_~ e _gby agZq_gbc kljmdImjhf_ljbq._
bah[jZabl_evgh]h dzq bkldhkEZwjhkdbo kglhpfdkhZ\eyxst
kh[hc gZ[hj Ze]hjblfh\ ihal\heyxsbo h*ghagZqgh bo \u

3.JZajZgdXk bkl Zfgbke gguo ihdZaZl_ e _c¢ ]jZ"Zpbhggho
dhkfbg_kdbo kghbfatheyxsZy nhjfZalZah\N\Wkijhba\l_§ g
yjdhklguo jZaebgbc nhlbbpghbghth f

4. JZajZipg f _Ih~ hij_~ e gby agZq_gbc ]jZ"Zpbhgg
bah[jZabl _evgh]h d@ghbklihkfbg_ kdbo kghpfdhhZ\eyxsh
kh[hc gZ[hj Ze]lhjblfh\ dhlhjuc ihal\hey | h”~ghagZqgh

5.JZajz[hlzgz f_Ih~"bdZ Z\IhfZlbg_kdhc hpbgdbkéZg kd
kgbfdh\ \ qZklb bah[jZabl_evguo k\hcklI\ |j ~ez]z 1Zy
kh[hc kbkl_fZlbabjh\Zgguc Ze]hjblfbabjh\Zgguc ih”~oft
ijbf_g_gbb kh\j_ f gguo | _ogheh]bc pbnjh\hc h[jZ[hl
\dexqZxsbc \ k_[y jZajz[hldm fzZIl_fZlbq_kdh]h ZiizZjzZlz
ZgZebaZz b kha”Zgb _ Z\IhfZlbabjhMjgguojbniphlgZ
bah[jZabl_evgh]h dZq_klI\Z

6. < jZfdZo j_ZebazZpbb f_Ih*heh]bq_kdh]h ih*oh”zZ d zZ\I
dZqg_kI\Z fZl _jbzZé¢héZ>kKkAa"ZgZ b mki_rgh Zijh[bjh\Zg
kbkl _fz z\IhfzZlbqg_kdh]h ijbgylby j r _gbc hkms_KkI\
\_jbnbdZpbx bah[jZabl_evguo oZjbddhjlbfibldp dkdiwghk gb f
hkgh\Zgbb nhjfZebah\Zgguo djbl_jb_\ jZajzZ[hlZgghc f

7.1hklzZ_ggZy gZmqgZy ijh[e _fzZ jZajzZ[hldb gh\uo b fh~
ihroh”~h\ f_Ih~h\ kbkl_f f_Ih~bd h[_ki_gb\Zxsbo c

Ihih]jZnbq_kdhcb Zavjkfbg _kdhc nhlhktzfdb \ gqZklb ba
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k\hckI\ | r gZ

Kbkl _fzZlbazZpby b \k_Kklhjhigd¥pblyg”*hklb]j]gmluo gZ
ijZdlbg_kdbo j _amevlZlh\ h*ghagZggh ih™MRhkjb¥Zxglb mki_
"bkk_jlZpbhggh]h bkke_ _~h\Zgby aZdexqZ\r_cky \ |z
hlf _ki_q_gby dzq_kI\Zz fZl _jbZeh\ I|hih]jbdbnbdh kfbge kd
nhlhktzfdlgZklb bah[jZabl_evguo k\hckl\

JZajzZ[hlZggZy f_Ih*"bdZ ijhrezZ ijhba\h”kl\_ggh_
ijhnbevguo ij_"ijbylbc |Zdbd @dtkdZjlh]ljZnkhytqZk
11D @hkdz" "ZkljijZ\hh[eZ"Z|_ev RIRY7THBBCL ~zZIzZ j _]bkljz
02.08.2022 HHH ©KbHRf4djbdkZdl \g_"j_dbyWMK=BEZdl \g_"j),gb
\uihegyxsbo jZ[hlu ih kha”zZgbx Ilhih]jZnbq_kdhc ijh’
fZl _jbZeh\ -Zwjhdhkfbg_kdhc nhlhktzfdb b ijbgylZz
ijhba\h”~kl\_ggh]h pbdeZ gZ wlZi_ | _ogbqg_kdh]h dhg
ijbl]h~rghklb kgbfdh\ 2ey ~zZeMip]jaffcljbg_kdh&[hldb
'H ©GBB:K%Zdl \g_"j) gjy h[jZz[hld_ ~Zgguo [hjlh\uo \b
kbkl _fu | _ogbq_kdh]h aj_gby WHKI-3hompKidhygdZdhfzlba
HHHO:FLE=JMII13Zdl \g_"j) gjtoy j ZebaZpbb ijh_dlh\ ih |
kbkl _fu fhgblhjbg]Z bgnjZkljmdlimju ~_e_agh”hjh gh
bkihevah\Zgb fr"eyKhp _gdb dZg_klI\Z \b™ hbgnhjfZpbt
ZgZeblbq _kdbo "Zgguo gZ z hkgh\ _

<hklj_[h\Zgghklv j_amevIZIlh\ ijh\_"zouhh\&KkEKy*
ke _~"mxsbo dexq_\uo Zki_dlZo ijzdlbg_kdh]h ijbf_g_gby

Bgl_]jZpby \ ijhba\h”*klI\_ggulJZghfphkRggZy f_Ih~heh]l
k\hz ijbf_g gb_\ dzZqg_kI\_ g _hlt _fe fh]l]h we f glZ |_
dhgljhey dzZq_kI\Z fZ| -jibzeéhk§Zwpghc ktzfdb bkihevan
kharZgby p_e_\hc lhih]jZnbqg_kdhc ijh*mdpbb

Kh\_jr_gkl\h\Zgb_ f _Ijheh]bg_kdh]h Fhlhkhed]lgpy fh"
bkihevah\Zlvky \ | _ogheh]byo dZeb[jh\db f_Ijbqg_kdb
dzf_j h[_ki_gb\Zy ih\ur_gb_ lhgghkiklb tthé&kmqgzZ_ fuo ~
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<Zeb”"Zpby ZiiZjZImju J_akAkviZlu bkke ~h\Zgby
klzg”~Zjlbah\Zlv ijhp_"mju hp_gdb wdkiemZlZpbhggt
bkiulZgbyo hiwbddljhgguo kbkl_f >AA
Bggh\Zpbhggu_ jZajZ[hldb <K [ elhklbeh]by \hklj [h\Z¢
bkke_ ~h\zZl _evkdbo bkiulZgbyo Zwjhnhlhktzfhqgguo k
hkgZszgguo g_f ljbg_kdbfb dzf_jzfb thalheyy hJt
dZq_klI\h ithemqZ _fuo fZl_jbZeh\
H[_ki_g_gb_ dzZq_kI\Z Ihih]jZnbq_ klhaj Zi[jinlZng dipodh »
mKki_rgh ijbf_gy Iky ijb hp_gd_dZq_kI\Z fZI _jbZeh\ nh
gZijZ\e _gguo gZ kha”Zgb_ Ihih]jZnbqg_kdbofhdZjé ci
f klghklb
J ZebazZpby b ijZdlbg_kdZy Zijh[Zpby | _amevlZ
bkke ~h\Zgby ihdZaZe\whiklpki2rdebvyg _cr_]h jZal\blby f_|
|Zdbo ijbdeZ?*guo h[eZlogbetiZwlg kdb_j ]JeZf _glu dhglj
Zwihb dhkfbqg_kdbo kgbfdh\ ihemqgZ fuo ”"ey kha”Z¢
ijh*mdpbb ijb k_jlbnbdZpbb gh\uo ktzfhgguo kbklidb .
NZgguo IZdbo k_gkhjh\ dZd ]bi_jki_dljZevgu_ b | _ieh\u
< dzZq_kI\_ j dhfigAgpbBg gbx j_amevlZlh\ bk&ke rfih!
hif Iblv ke _"mxsb_ hkgh\gu_gZijZ\e _gby
1. Bgl _1ljZpby \ ijhba\h”klI\_ggu_ ijhp_kkuw RIZgZKljddk
ijhp_"mju dhgtjhgeykl\Z- Bwighkfbq_ kdbo kgbfdh\ ~ey i
wnn_dlb\ghklb nhlhlhih]jZnbg_kdbo jZ[hl
2. JZa\blb_ f_Ijheh]bgq_kdh]h ihb_ldiZgb[ghyd_ gh\uo ihd
Zwjhnhlhktzfhqguo kbkl_f \ Ihf gbke_gZ [Za_ ;<K
3. Kh\_jr_gkl\h\Zgb_ klzZg”Zjlh\ >hMAp ¥ &kahklghkgh \de
jZajzZ[hlZggu_ djbl_jbb \ ghjfZlb\gmx [Zam "ey
we_dljhgguo kbkl_f >AA
4. :~ZilZpby ih” i_jki_dlb\gu_ | _ogheh]bb \ qgZklg
f ITh*heh]ely hp_gdb dZg_klI\Z "Zgguo ihemqgZ_ fuo ]b
| _ieh\Wf ktzfhggufb kbkl_fzfb
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J ZebaZpby "Zgguo gZijZ\e _gbc g_ lhevdh iha\he
klZzg~Zjlbazpbx ijhp_kkh\ h[jZ[hldb ]_hijhkljZgkl\_gguo
gh\u_ ]_hkljzl_]bq_kdb_ i_jki_dlb\u ey hl_q_kI\_gghc
jZajZ[hldbhkh[klI\m _| mdj_ie_gbx | _ogheh]bg_kdh]h km
h[ezZklb pbnjh\hc dZjlh]jZnbb kgb Zy aZ\bkbfhklv hl a
kharz\Zy ij_"~ihkuedb ey \uoh”Z gz f_""mgZjh”gu_ jugi
| ogheh]bZgguc \deZ” \uoh”bl aBdeZfdgpuadj aZ~"Zq ijbl
agZq_gb_"ey gZpbhgZevghc [_ahiZkghklb b pbnjh\hc |
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KIBKHD 1JBGYLUO < J:;HL? L?JFBGHK<

=jZgbqggZy qgZkthiphkljZzgkl\_ggZy qZklhlZz khhil\
ihjhlh\hfm dhgljZklm hgZ hij_~ ey | ij_"_e ijhkljZgkl\_

=jZ"Zpbhggmuhlh]jZznbg_kdb_ k\hckl\ZkkygdifldZ kgbfc
0ZjZdl _jbamxsb_\hkijhba\_* gb_yjdhklguo jZaebgbc h

Bah[jZabl_evgh_ dzZqg_kl¥wkgkfd\hdmighklv ]jZ*Zpl
kljmdImjhf_Iljbg_kdbo o0Zjzdl_jbklbd bah[jZ _gby h
ijb]h~*ghklv “ey \uiheg_gby dZjlh]jZnbqg_kdbo jZ[hl b jZ]
ktzfd_ f_klghklb

GhfbgZevgh_ jz"bhf_ljbg_kdh_ jZaj #dgh_ qglgdbfdd
mjh\g_c¢ “bkdj_Ibazpbb dhlhjuf fhlml [ulv i_j ~Zgu Yyj
h[t_dlZ ktzfdb

lh]ljZgbggui_j olr™MjZ]f_gl pbnjh\h]h bah[jZ  _gby r
hA"bg ibdk_ev kh” j"Zsbc g_ij_julgh_ bah[jZ _gb_ j_
| fghc "h kzZfhc k\_lehc _]h gZklb

Ih]jZgbggZy djb\ZyjZkij_~ e _gb_ agZqg_gbc b
nhlhljZznbg_kdhf bah[jZ  _gbb j _adh]h djZy

IhdZaZl _ev bah[jZabl_evghddhedg_ kIN\Z ggZy oZjZdl
h~rgh]h ba bah[jZabl _evguo k\hckl\ kgbfdZz

Ilhe _agh_  wnn_dIlb\gh_  jZ*bhf_Ijbg_kdh_ jZaj r
dhg_qgh_ gbkeh mjh\g_c “bkdj_Ibazpbb i_j ~Z\Z_fh_
the _aglgojfZpbb. HgnhjfZpbb bf _xs_c¢ ~ _rbnjh\hqgh_ ac

lhjh]l]h\uc dhgljZzklifbgbfZevguc dhgljZkl ”*ey \ha
\hkijbylby b ~ _rbnjbjh\zZgby \ dZqg_kI\_ \_ebgbgu ihjh
hit _dlZ kj_~g_c yjdhklb k [hevrbf dhebq_klAgZ§g_bde c i

ljhkljZgkl\_ggZy jZaj_rZxsZy kikkbfdEklAjZdl_jbklb
kgbfdz hij_ "~ ey fZy fbgbfZevghc rbjbghc-hjiitlyezgghih
hit_dlZ \ ibdk_eyo _sz h[gZjm b\Z_fh]lh gZ kgbfd_
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ljhkljZgkl\ _ggZy qZkgiblkzeh jZa” evgh fiug _ebygbc ¢
_"bgbpm iehsZ”~b bah[jZ _gby

KM\b] hilbg_kdh]h bah[{4Zkgblyygb_ gZ dhlhjh_ i_j
lhqdZ hilbg_kdh]h bah[jZ  _gby \ nhdZevghc iehkdhk
nZdlbg_kdhc \u”_j db hlkgblu\Zz _fhc hl fhf_glZ hldju\
ihegh]h aZdjulby

KemqgZcguc rmf bah[jAa2 kgygZcgh jZkiheh _gdu_
agZqbl_evgh hlebqgqZxsb_ky ih yjdhklb beb p\_Im hl kj_
khk ~gbo ibdk _e c

KfZag j _adhklv nhlh]jZznbg_kdh]h bah[jZ _gby h[n
hilbg_kdh]h bah[jZ _gby

KijmdIimjhf _Ijbg_kdb_  k\hckl\Z + kgbHdKI\Z kgbf
0ZjZdl _jbamxsb_ hlgzleb\mx i_j *"Zgm ~_|1Ze_c¢c b j_adhl

NZdlbg_kdh_ jZz~bhf_ljbg_kdh_ jZaj_#dgb_qlgdbfdd
mjh\g_c¢ "bkdj_IbaZpbb nZdlbg_kdb ijbkmlkl\mxs__ gZ

Nhlh]jZnbq_kdZy j_adhklv bahiNiEh gbyi gv jZldful
liZzgbpu f_"m "\mfy mqzZkldZfb nhlh]jZznbg_kdh]h bah[j
khh[s_gu jZagu_ wdkihabpbb

P\ _Ih\hc [ZeZgXkjzZdIl_jbklbdZ p\_Igh]lh bah[jZ _gby
khhi\_Tkl\b_  k[ZeZgkbjh\Zgghklv ]jZ"Zpbhgguo 0ZjZd
dhfihg _chlhjZz" gby

P\ _Ih\hc jZza[ZejZalgbpZ p\ _Ih\uo dhfihg_gl p\_Igh]h
ZojhfZlbqg_kdbo h[t_dlh\
ljbf_qgZgth ZojhfZlbg_kdb_ h[t_dlu fh]lmh [klyh]h edelb q_
p\ 4

QZklhtgihgljzklgZy oZjzZdl_jbeyddl jbklbdZ bah[jZ
\ujZ ZxszZy i_j_"~Zgm khhlghr_gby bgl_gkb\ghkl ¢ dhglj
ijhkljZzgklI\_gguo gqZklhl kh”_j"Zsboky \ bah[jZdzk\fhdghh
hl jzaf_jh\ b nhjfu ihke_"g_]h



196

KIBKHD KHDJ:S?GBC B MKEH<GUO H;HAG:Q?GB

"N K tZwjhnhlhktzfdZ
;<K +[ _kibehlgh_\ha“mrgh_ km”~gh

1N t[ukljh_ ij_h[jZah\Zgb_ Nmjv_

<K t\ha“mrgh_ km”~gh

>AA +t"bklZgpbhggh_ahg”bjh\Zgb_a_feb
D: +tdhkfbg_kdbc ZiizZjzZl

DFHI zdhfie f _glZjgZy kljmdInhjdk#HinlZrmgh\h”~gbd
HW: thilbdWwe _dljhggZy ZiiZjZImjZz

| AK tijb[hj k aZjy*h\hc k\yavx

| KK tiZgojhfzZlbd kkadfhqgkbkl Zf

K:H tkj _~g__ Z[khexlgh_hldehg _gb_

KDH xkj_~g__ d\zZ™jZlbg_kdh_ hldehg_gb _
QDO +tgZzZklhidhgljZzklgZy oZjbBdE jbkl
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KIBKHD EBL?J:LMJU

1. =HKL - MijZ\e_gb_ dZq_klI\hf ijh~mdpbb Hkgl
L _jfbgu b hij_~. eFgbklZg”~Zjlbgnhjft Kk

2. =HKL J BKH-2001 Kbkl _fu f_g_~'f_glzZz dzZq_klI\Z
itheh™ _gby b kedRZjBIBa~Zl_evkl\h klZg"ZH6\k

3. =HKL J BKH - Kbkl _fu f_g ~'f_glz dzq_klI\Z
iheh™ _gby b kedRZjKKl1Zg”~Zjlbgnh|ft48 k

4, =D B G09-32- Hkgh\gu_ iheh  _gby ih Zwjhnhlhkt_ fd_

"ey kha”Zgby b h[gh\e_Bpfgykihdb]jdn!| b 4&ZgB_"jZ
+18 k

5. Dmqgdh : K :wjhnhlh]jZnby Hkgh\wt b f Gihegl]bw

272 k

6. =HKL J - >Zggu_ "“bklZgpbhggh]h ahg®bjh\Zgby A
DZg_kl\h "Zgguo “"bklZgpbhggh]h ahg”bjh\Zgby A _feb
dZq_kI\Z "Zgguo “"bklZgpbhggh]h ahg”bjh\Zgby A_feb
bo h[jZ[hldb H[sb_ ihekh  _gbXgjlbgnhjf =+ Kk

7. =HKL J - >Zggu_ “bklZgpbhggh]h ahg”bjh\Zgby /
DZqg_kl\h “"Zgguo ~bklZgpbhggh]h ahg”®bjh\Zgby A _ fe
ihdZaZzZl e ¢ dZq_kI\Z "Zgguo "bklZgpbhggh]h ahg”bj
ihemqgzZ_ fudhkfbq_kdbo ZiiZjZlhwehidbjdhlygh]h gZ[ex”_
\b~rbfhf b [eb g f bgnjZdjZzkghftfbzZiKlZggZjlbgnhjfzt
12 k

8. =D B G02-121- Jmdh\h”~klI\h ih " _rbnjbjh\Zgbx Zwjhl
lhih]jZznbg_kdhc kt _fd_ b h[gh\e _gbb iezZgt\ fZkriZF[h\
PGBB=:bD + k

9. =DBGI HGI12274 Jmdh\h”klI\h ih hp_gd_dzZq_Kkl
fZl _jbZeh\ Zwjhdhkfbqg_kdbo kt fhd b ijhba\h”*ghc ijh’
ZgZeh]lh\hc.mhjf PGBB=:bD * Kk

10. =HKL J - wjhnhlhkt_fttzh]jZnbq_kdZy L_og
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24. =DBGI =G02036 Bgkljmdpby ih nhlh]jzkdblfibj@[hlZ
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+ k

25. =HKL 5%95622021 KtzfdZ Zwjhnhlhlhih]jZnbg_kdZy

lj _[h\Zgk¥ KlZg~rZjlbgnhjft Kk

26. Dhfzjh\ : B Dhl_evgbdh\Z < : Da\jihXgbyjmlhdhibqg _
ebg cgh]h jZaj_r _gby gz f _klghklb ijb jZajZ[hld - i_
we_ dljhgguo dhkfbgq_kdbo ZiizZzjZIh\ = h#20@80%<b dZjlh

K #6.
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kljmdImjhf_Iljbg_kdbo ihdZazZl_e_c bah[jZabl_ewgh]h
dhkfbqg_kdbo kgdpZdyha Rython 3.x

AL, ] <8 -#A |W

#XRest4 '/ 8 -1 A, , 9 @: A -*(-( &(+/=#HAB (- X~*( -/, (' % (, &
#Y Rest 4 !/ 8 -1 A, 9 @: A -*(-( &(-/#AB (-Y~*( -I(#6 % (, &
#Global Kt ( : &/, -1 -& %!

#HlocalKt # (! #=&< ! (&/, -/ -& %!
#SharpXt4(/( , 4 8 -1 A P(-/= -& %X ~*( €¢4/,(! % (, & A-

#SharpYt4(/( , 4 8 -1 A, I(-/= -& Y~*( ¢/(# 6 % (, & A-

#!/usr/local/bin/python
#-*- coding: utf8 -*-

import os, datetime
import cv2 as cv
import numpy as np
import io

import sys, getopt

global m
m =13

app_version ='1.1'
SS=]]

def overall_contrast(arr):
oc=2*npstdarr) /255 A -8 ( : (!(&/, -*( (, & @
return oc

def saveK(k):
global SS
SS.append(k)
return

A ( ’ ( & C 1 y =
def fur(a):
xlen = 2**m
spk = abs(np.fft.rfft(a, xlen))
k = spk/255
dif = np.diff(k)
if np.all(dif <= 0) == False:
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return O

saveK(k)
if list(k)[4095] < 0.1:

return np.where(k<=0.1)[0][0]
else:

return O

def look(arr, logname):
width = arr.shape[l] #2*, #A @0, &1
Z 1PZS A EEX*Z % €is - Y%*,  #A % <-(/1X
# : %dx
arrl = arr[:, 42]
arr2 = arr[:, 2:]
dx = abs(arrt arr2)
# . %dy
arrl = arr[:2, ‘]
arr2 = arr[2:, ‘]
dy = abs(arrt arr2)
- (, % *( -/(# 61 -*, -#
dx = dx[1:1, ]
dy = dy[:, 1]

grad = (dx * dx + dy * dy) ** 0.5
tga=dy/(dx + 1)

coor =]
kol = int(width * height / 100)

gradz = np.sort(grad.ravel()}ti[kol]
tgaz = np.sort(tga.ravel(){x][kol]

AZlo o v~ }}EDITW - (# &( </= (/i1
D% !1((, & /< 6 &/, #=&<5 * - # *(, & 8&( ( *, 5¢(
for i in range(height 2):
for j in range(width- 2):
if grad][i, j]>= gradz and tga]i, j] >= tgaz:
coor.append([i + 1, j + 1])
kol+=500

N % % /, 61 Ti-& 'N(# & [/
per = np.zeros((31, len(coor)))
k=1
foriin coor:

k-=1

per[15, k] = arr[i[0],[L]]

for j in range(15):

if (if0]-j-1) >0 and arr[i[0}] - 1, i[1]] <= arr[i[O}j, i[1]]:
per[15-j-1, K] = arr[i[O} - 1, i[1]]
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else:
break
for j in range(15):
if (if0] +j + 1) < height and arr[i[0] + j + 1, i[1]] >= arr[i[O] + j, i[1]]:
per[15+j+ 1, K] = arr[i[0] + + 1, i[1]]
else:
break
for j in range(15):
if (if0]-j-21) >0 and arr[@] -j - 1, i[1]] >= arr[i[O}j, i[1]]:
per[15-j-1, K] = arr[i[0} - 1, i[1]]
else:
break
for j in range(15):
if (if0] +j + 1) < height and arr[i[0] + j + 1, i[1]] <= arr[i[O] FL]]:i
per[15+ )+ 1, k] =arr[i[0] +] + 1, i[1]]
else:
break

peri =]
for i in range(31):
if np.sum(perli, :]) = 0:
peri = np.hstack((peri, perfi, :]))

peri = peri.reshapeifft(len(peri) / len(coor)), len(coor)))

columns=[]
for i in range(peri.shape[1]):
matr=[]
for j in range(len(peri[:,i])):
if peri[j,i]'=0:
matr.append(peri[j,i])
if matr = sorted(matr) and matdsorted(matr, reverse = True):
columns.append(i)
for i in sorted(columns, reverse=True):
peri=np.delete(peri, i, 1)

0]*S< A €« - #A -, & 0ibo0

0]*S EdZ A €« - *1-/( -* -(! #A #(' #=&( ( "(&/, -/
listL_lenA €« -*1-/( -* -(! #A # & *(, & 8&<5 * , 5( (
peri_trsns = peri.transpose()

for u in range(peri_trsns.shape[0]):
peri_tr_without_null = list(filter(lambda x: x I= 0, peri_trsns[u])) # A # & &< , & 8&<
, 5( < &1#
list_peri = list(peri_tr_without_null)
if max(peri_tr_without_null) == 255:
continue
if len(list_peri) > 2:



min(peri_tr_without_null))/max(peri_tr_without_null) # --8 #(! #=&%&/, -/(
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loc_contrast = (max(peri_tr_without_nul)

listCNTR.append(loc_contrast)
listL_len.append(len(peri_tr_without_null))

peri_tr_without_null_minus = np.roll(peri_tr_without_nuHl, 0)
listzero =abs(peri_tr_without_nullperi_tr_without_null_minus)[:1].copy()

vozvrat_furie=fur(listzero)
if vozvrat_furie!=0:
listk.append(vozvrat_furie)

global local _contrast# -8 £, & @(!' #=&0(&/, -/*(

global local_sharpness #-8 / -, & ( *(! [ #A 8 [!(-/

local_contrast = np.mean(np.array(listCNTR))

meanL_len = np.mean(listL_len)

local_sharpness = 3/meanL_len ,# -8 [, / , 8 /(-1
print(‘local_contrast =", local_contrast)
print(local_sharpness =", local_sharpness)

listk = np.array(listK)
if len(listK) > O:

nmax = int(np.mean(listK))

cis=2**m

out = np.round(cis / (2 * nmax), 2)
else:

out=0

print('linear size of smallesibject ', out, 'px’)

return out, local_contrast, local_sharpness

def main(argv):
#print 'Number of arguments:’, len(sys.argv), ‘arguments.’

#inputfile = '2019_09_15_G201_SonyRX1 g201b20366_f003_341.tif

#,

1#=/ /< <8 -# & A *,(, %<

outputfile = LOG resolutiontxt’

#*

1/£* *1 -(-& %! %

basedir = 'ddPYTHONWROG_TEST

try:
opts, args = getopt.getopt(argv,”hi:o:b:",["ifile=","ofile=","bdir="])

except getopt.GetoptError:
print (‘'<appname>.pyi <inputfile>-o0 <outputfile>-b <basedir>")
sys.exit(2)

for

opt, arg in opts:

if opt ==:h"

print (‘<appname>.pyi <inputfile>-0 <outputfile>-b <basedir>")
sys.exit()

elif opt in (4", "--ifile"):

inputfile = arg

elif opt in (0", "--ofile"):

&@

*(

(.

& @
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outputfile = arg
elif opt in (“b", "--bdir"):
basedir = arg

with io.open(outputfile, 'w', encoding='utf8') as outfile:
outfile.write('Image '+ 'X_Res'+'Y_Res'+'Global K"+
'‘Local_K'+ 'Sharp_ X'+ 'Shafm')Y
A % - (, & A% * x|
for i in os.listdir(basedir):
if i.find(".jpg") > 0 or i.find(".JPG") > 0 or i.find(".tif") > O or i.find(".bmp") > O:
inputfile = i
print (‘Input file is', inputfile)

timel = datetime.datetime.now()
image = cv.imread(inputfile, 0)
time2 = datetime.datetime.now()
deltal = time2 timel

print(Reading time:', deltal.seconds, e
arr = np.asarray(image, dtype='int’)

print('Checking X direction’) #print(, ( , A %(X")
out_x, loc_contrast_x, loc_sharpness_x = look(arr, outputfile)

print('Checking Y direction’) #print(, ( , A %(Y")
out_y, loc_contrast_y, loc_sharpness_y = look(arr.transpose(), outputfile)

}JAz }JVEE +8 A }A E 00z }JVEE 3~ EE- ‘A -8/ (: (1(&/, -/

#res_img = (out_x + out_y) * 0.5

loc_contrast_img = (lo_contrast_x + loc_contrast_y) * 0.5

print(Local image contrast: ', loc_contrast_img) #prin{(! #=&<4(&/, -/ (, & A
loc_contrast_img)

time2 = datetime.datetime.now()

deltal = time2 timel

print('Processing time: ', deltal.seconds, 'sec’) # print(% A , (/! (, & A
deltal.seconds,- )

with io.open(outputfile, 'a’, encoding="'utf8') as outfile:
outfile.write((inputfile + ' ' + str(np.round(out_x, 2)) ++ str(np.round(out_y, 2)) +
"'+ str(np.round(ov_contrast, 2)) + ' ' + str(np.round(loc_contrast_img, 2)) +
"'+ str(np.round(loc_sharpness_x, 2)) +'' + str(np.round(loc_sharpness_¥n3)) +'
if _name__ =="_ main__"
main(sys.argv[1:])
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IJIBEH@ ? G B;?

ljh]jZzffgZy j_ZebaZdbhyh\ jZkqzlZ oZjzdl _jbklbd dhglj
Z[khexlguo b hlghkbl _evguo ihdZazZl e _c¢ jZ*"bhf_Iljbqg_|
Zwilbh dhkfbg_kdbo kgHlEfgh\WRython 3.x

AV, ] <8 -#A W

#hazehazeot A,!(-/= <%! -(HAT&(- 1 #=&( # 8 &

#ActualRR ActualRRo t 4 !/ 8 -1 o (% 1, 8 -1 , ., 9 & -(HO@ /.

(/&(- | #=&( # 8 &

#EffectiveRR EffectiveRBRo t *(# &( , (% /, 8 - ., 9 & -(#@/

(/&(- | #=&( # 8 &

#Lightloss, lightloss% *(/ ,A &4(,% 6 (# -/ - HH@/&( (/&(- | #=
# 8 &

#Shadeloss, shadeloss%o*(/ ,A &4(,% 6 ( # &/ -(F@/&( (/&(- 1 #=
# 8 &

#!/usr/local/bin/python
#-*- coding: utf8 -*-

import sys, getopt

import io

import os, datetime

import numpy as np

import cv2 as cv

from matplotlib import pyplot as plt
import matplotlib.ticker

app_version ='1.0'

2 & % 8 - * (&
global DR
DR = 256

def HIST(img, inputfile):

timel = datetime.datetime.now()

#e(-1,(& -1(, %%, &A

gray = cv.cvtColor(img, cv.COLOR_BGR2GRAY)

hist = cv.calcHist([gray], [0], None, [256], [0, 256])

Z]1*3zVv}EU A V%X EE C~Z]*3XE A o~ce | ~u Ee~Z]*8e - »(,% ,
~% 1- % #=&<% & 8 & %~

cumpo S]A A V% X Huspu~Z]ede - T1%1#A/ & A -/(, %% (,

Hupo S]A zv}@Eu A pupo S]A | ~u Ee~ pupo 3JA o« - »(,% ,( &:¢
-1, %% (, &A ~%!'- % #=&<% & 8 & %=

width = gray.shape[1]
height = gray.shape[0]
N =width*height
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<8 -# & A, (-] <%!
nullhist = np.where(hist == 0)[0]
delta = nullhist[1:} nullhist[-1]
notone = np.where(delta > 1)[0]

if notone.size > 0 and nullhist.size > 0O:
haze = notone[0] + 1
if notone.ske == 0 and nullhist.size > 0:
haze = nullhistfl]
if notone.size == 0 and nullhist.size > 0 and nullhist[0] > O:

haze =0
if notone.size == 0 and nullhist.size == 0:
haze =0
7 # & 41/ 8 -1( (, (% /, 8 -1( (, ,9 &A
FactDR = np.count_nonzero(hist)
- Yr # & >44 V] &( (, (% /, 8 -1((, ,9 &A
. , M, (- (% (# & *, -1/-1 (/1= 4 # —>K'zv}]e XSAES-
-#18 &(91% U -!', */ #A (, -8 [ *, & ¢, #( & !
with open('LOG_noise.txt', 'r', encoding="¢# as file:
for line in file:
| = line.find(inputfile)
if | ==-1:
continue
else:

Nrms = float(line.split(" )])
print(Nrms', Nrms)

EffDR = FactDRnt(2 * Nrms)

0]PZSe A Z]eS€TRRe -» # 8 *(/,
oZ Al -»#8 *( ,= | &A5
if haze == 0:

shade = hist[haze]
if haze = 0:

shade = hist[haze + 1]

(# -1 - I

print(‘hist: ', hist)

print('shade: ', shade)

print('Histogram zeros: ', nullhist)

print('haze: ', haze)

print('Actual radiometric resolution: ', FactDR)
print('Effective radiometric resolution:', EffDR)

(-1, ( & I, W%<*( ! & # % ZU 'U
histr = cv.calcHist([img], [2], None, [256], [0, 256])

histg = cv.calcHist([img], [1], None, [256], [0, 256])

histb = cv.calcHist([img], [0], None, [35[®, 256])
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norm = max((max)(histr), (max)(histg), (max)(histb))
histr_norm = np.array(histr.ravel()) / norm
histg_norm = np.array(histg.ravel()) / norm
histb_norm = np.array(histb.ravel()) / norm

time2 = datetime.datetime.now()
deltal = time2 timel
print('Histogram creating: ', deltal.seconds, ' sec.)

return hist_norm, cumulative_norm, haze, FactDR, EffDR, histr_norm, histg_norm, histb_norm,
lights, shade, N

def HISTPLOT (hist_norm, cumulative_norm, histr_norm, mstgn, histb_norm, out):
time3 = datetime.datetime.now()
#A1--19, 4/
matplotlib.rc(‘font', family="Verdana')

bins = np.array(np.arange(256), dtype=int)

matplotlib.rc(‘font', family="Verdana')

plt.bar(bins, hist_norm, align="céer', width=0.8, label=§ -/( , % %( , & A
color='silver’)

plt.plot(bins, cumulative_norm;", linewidth=3, label=1 1% 1 #A/ &/A , %'%
color="#00008B")

plt.plot(bins, histr_norm,-, linewidth=1, label="RED’, color="red’)

plt.plot(bins, histg_norm;", linewidth=1, label="GREEN', color='green’)

plt.plot(bins, histb_norm,-, linewidth=1, label="BLUE', color="blue")

% 0SXEO0 O0~— & 8 & -—-

% 03XCo o0~-E -#( & 8 & ~—-

% 03X3]50 ~—8§°AA%LEAR%n ° LHLYA®«»°O—-

plt.legend(loc="best’, fontsize=8, frameon=False)

plt.grid(True)

plt.xIim([0, 256])

plt.ylim([O, 1])

time4 = datetime.datetime.now()

delta2 = time4 time3

print('Histogram plot: ', delta2.seconds, ' sec.")

return plt.savefigout + ' _hist' + ".png’, format="png', dpi=600)

def main(argy):
#, 1#=/ /< <8 -# & A *,(, %<
outputfile = LOG hist.txt’
g*rl/=1**l -(-& %! %
basedir= \PYTHONPROGTEST
plotfile A —— - ¢ * % [/, < ( , 4 1% <~(t6, & #=&(*

try:
opts, args = getopt.getopt(argv, "hi:o:p:b:", ["ifile=", "ofile=", "pfile=", "bdir="])
except getopt.GetoptError:
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print('<appname>.pyi <inputfile>-o <outputfile>-p <plotfile>-b <basedir>")
sys.exi(2)
for opt, arg in opts:
if opt ==:h"
print('<appname>.pyi <inputfile>-o <outputfile>-p <plotfile>-b <basedir>")
sys.exit()
elif opt in (4", "--ifile"):
inputfile = arg
elif opt in (-0", "--ofile"):
outputfile = arg
elif opt in ("“p", "--pfile"):

plotfile = arg
elif opt in ("“b", "--bdir"):
basedir = arg

with io.open(outputfile,'w', encoding='utf8') as outfile:
outfile.write('Filename' +'' + 'haze ' + ' ' + 'haze% ' + 'ActualRbit ' + 'ActualRbit% ' +
‘EffectiveRbit ' + 'EffectiveRbit% ' + 'lightloss ' + 'lightloss% ' + 'shadeloss ' +
'shadeloss%n’)

for i in os.listdir(basedir):
if i.find(.jpg’) > 0 or i.find(".JPG") > 0 or i.find(".tif") > 0 or i.find(".bmp") > O:
inputfile =i
print('Input file is', inputfile)

time5 = datetime.datetime.now()

img = cv.imread(inputfile)

time6 = datetime.datetime.now()

delta3 = time6- time5

print('Reading time:', delta3.seconds, 'sec’)

hist_norm, cumulative_norm, haze, FactDR, EffDR, histr_norm, histg_norm, histb_norm, light
shade, N = HIST(imigputfile)

haze percent = haze * 100 / DR

FactDR_percent = FactDR * 100 / DR

EffDR_percent = EffDR * 100 / DR

lights_percent = lights * 100 / N

shade_percent = shade * 100/ N

with io.open(outputfile, 'a’, encoding='utf8") as outfile:
outfile.write(inputfile + ' * + str(haze) + ' ' + str(np.round(haze_percent, 2)) + "'
+ str(FactDR) + ' ' + str(np.round(FactDR_percent, 2)) + "'
+ str(EffDR) + ' ' + str(np.round(EffDR_percent, 2)) + "'
+ str(int(lights)) + ' ' + str(np.round(float(lights_percent), 7)) + '
+ str(int(shade)) + ' * + str(np.round@gshade_percent), 7)) + ' "%n’)

#HISTPLOT (hist_norm, cumulative_norm, histr_norm, histg_norm, histb_norm, plotfile)

if _name__ =="_main__"
main(sys.argv[1:])
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IJBEH@ ? GB<®

ljh]jZffgZy j_ZebaZdh9yZ hij_~ e _gby agZq_gby KDH k
rmfZZwitb dhkfbqg_kdbo kgB&fghWRython 3.x

Al ¥ <8 -#A IW
#Nrmst Af% -#18 &( ( 91% ~ & 8 & * |- #A-«

#!/usr/local/bin/python
#-*- coding: utf8 -*-

import os, datetime
import cv2 as cv
import numpy as np
import io

import sys, getopt
app_version ='1.0'

global FactDR

def NIOSE(img, rows, cols, outputfile):

n=2* (hplog2(rowses - , (8 8 -#( (/-8 /( *( ,FFT # #A
m=2** (hp.log2(colses - , (8 8 -#( (/-8 /( *( (, RRI/ # #A
| =np.fit fft2(mge - 2 1% ,&( *, (, ( & C1,= (, &A
|=abqle - |<8 -# & -(#@/&<5 & & CI1,7 & A

1€1U i« AT - A # & 1(>44 6 &+(-1(-#PA@R&(

i< (, 9 &I & A

p =0.02

g=p *np.sqgrt(((n *m) **2)/ (m*nl))

-1 &I( & , 1#=]1( ¥¢C
I =np.round(l/ g, 0)

i< (,, (8 ( * (& #A  -I(, %< *(-1,( & -1, %%<
max_| =np.ceil(np.max(l))

min_| = np.floor(np.min(l))

d=max |-min_I

d=int(d/ p)

o (-1,( & -1, %<

bins = np.array(np.arange(d), dtype=int)
| = np.array(l.ravel())

HIST = np.histogram(l, bins)[0]
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e -V % - %19%(, %<
HISTmax np.maxHIS)

<8 -# & (<!, & ( -((( (/HISTm&A 1X67Z
index = np.where(HIST >= 0.7 * HISTmax)[0]
hist=0
hist w=0
for i in range(len(index)):
k = index]i]
hst = HIST[K]

hstw = k * HIST[k]

hist = hist + hst

hist_w = hist_w + hstw
mode_w = hist_w / hist

EGue A u} zZA Z V%o Xe<ESE~V%h X%] | T¢ Z % Z iXi6 -1<8 -# & ZI
print(‘'Noise ', Nrms)
return Nrms

def main(argy):
#, 1#/ /< <8 -# & A *,(, %<
outputfile = LOG noisetxt’
#rXL/IE* ¥ -(-& %! %
basedir = '\PYTHONPROG_TEST'
try:
opts, args = getopt.getopt(argv,hi:o:b:",["ifile=","ofile=","bdir="1])
except getopt.GetoptError:
print('<appname>.pyi <inputfile>-0 <outputfile>-b <basedir>")
sys.exit(2)
for opt, arg in opts:
if opt ==:h":
print('<appname>.pyi <inputfile>-0 <outputfile>-b <basedir>")
sys.exit()
elif opt in ("-i", "--ifile"):
inputfile = arg
elif opt in ("-0", "--ofile"):
outputfile = arg
elif optin ("b", "--bdir"):
basedir = arg

with io.open(outputfile, 'w', encoding="'utf8") as outfile:
outfile.write('Image ' + 'Nrms")
for i in os.listdir(basedir):
if i.find(".jpg’) > 0 or i.find(".JPG") > 0 or i.find(".tif'") > O or i.find(".bmp") > O:
inputfile =i
print('Input file is', inputfile)
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timel = datetime.datetime.now()

image = cv.imread(inputfile, 0)

time2 = datetime.datetime.now()

deltal = time2timel

print(‘'Reading time:’, deltal.seconds, 'sec’)

rows = image.shape[0]
cols = image.shape[1]

<1 4, % &1 (, & A #A (6 &! 1,( &A -#18 &( ( 91%
hA ol - <-(/ 4, % &I
WA 8il -9, & 4, % &/

X = int(cols / 2)

y = int(rows / 2)

crop_img=imagdy-h:y+h, x-w:x+we - ( , ! 'y & A (, % ,( ioiibiil
* 1-X

rows = crop_img.shape[0]

cols = crop_img.shape[1]

noise = NIOSE(crop_img, rows, cols, outputfile)

#niose_norm= noise/FactDR

% EJvE~—/u P v}]e W —U v}]e ¢ - AT% 91% (, &A

% EJvE~—/u P v]}e VIEUW —-U v]}e zv}Eus - A% 91% (,

time2 = datetime.datetime.now()
deltal = time2 timel
print('Processing time: ', deltal.seconds, 'sec’)

with i0.open(outputfile, 'a’, encoding='utf8’) as outfile:
outfile.write(inputfile + ' * + str(np.round(noise, 2))\f")
if _name__ =="_ main__"
main(sys.argv[1:])
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IJBEH@ ? G B=2
ljh]jZffgZy j_ZebaZdh9yBp _gdb p\ _Ih\h]h jZa[ZeZgk.
\hkklZgh\e gby [ZeZdkwZip\dhkfbg kdbo kgHEfghud
Python 3.x

AL Y <8 -#A | & I(& A, L(-] 1% 1- #As

6 5

#HIMB Rt & ,19 & 6 /( ( ( # &- *( !, &&(W6 /&( ( (, & A
#HMB Gt & ,19 & 6 [/( (( # &- *( # &(%W1!' & #16 /&(( (, & A
#HMB Bt& ,19 & 6 /( (( # &- *( - & %1 ! & #16 /&(( (, & A
#IMBALANCE ( :© 6 /( ( # &-

L*6 (& #=&( *I <*(#&A | *(-&,( , 4! 6 /( (( , # &- U

(% /8 -V I(,, "/, 1/ # &-6 |/ (, & A
#!/usr/local/bin/python

#-*- coding: utf8 -*-

import sys, getopt
import io

#import pylab

#from pylab import *
#import matplotlib.ticker
import numpy as np
import cv2 as cv

import os, datetime

app_version ='1.0'

global R
Z A (0} S§~iil* - 9 % &% #=&<5 & 8 &

global INT
INT =int(32) #& -#(&/ , #(

global span
span = int(256/INT) ¥ , & &/ , #

#%6 &6 1( ( ( # &-
def IMBALANCE(r, g, b, height, width, outputfile):
timel = datetime.datetime.now()
pix = int(0.5 * width * height)
E A V%Xl E}e~~/EdeU 3C% A]Jvse - E -#(*1-# ' ((, ,A
S A V%XI| E}e~€%]AU /Edee - TA°AcA°+8]] (A& -(H@/&E
#A ZU 'U #A Y ((, LA
SZ A V% Xl E}e~€% AU /Edee - %/I#(& & 1(%*(& &I< Z * 1- #,

A
S" A V% X1 E}e~€%]AU /Edee - %/1#(& & 1(%*(& &I< ' * 1- #A
) ’A
S A V%Xl E}e~€%]AEU [Edes - Y%/I#(& & (%*(& &/< * 1- #A
A
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for i in range(height):

for j in range(width):
gray = ((rfi, j] ™ 2 + g[i, j] *™* 2 + b[i, ] ** 2) / 3) ** 0.5
k = int(gray span)
N[k] = N[k] + 1
DEVR[N[K], k] = r[i, {lgray
DEVGINIK], K] = g[i,{pray
DEVBI[NIK], K] = b[i, {lgray
DEVI[NIK], k] = abs(DEVR[NIK], k]) + abs(DEVG[NI[K], K]) + abs(DEVB|[NI[K], K])

MIN_DEV = np.zeros((INT), dtype=int)
DEVcopy = DEV.copy()
for k in range(INT):
arr = np.zeros((N[K]), dtype=int)
n = int(N[K] * R / 100)
arr = DEVcopy[:N[K], K]
arr.sort()
if sum(arr) != 0:
MIN_DEVIK] = arr[n]
if sum(arr) == 0:
MIN_DEV[k] =0

print(MIN_DEV ="', MIN_DEV)

Eul]v A v% X1 E}e~/Ede - E -#( *!-# - % & % #=&<% & 8 & %
. LA
SUM_DEVRmin = np.zeros(INTA#% % % & % #=&<5 (/'#(& & !(%*(& &/<
- 1( ( #A ! ( ( ) A
"hDz s'u]v A v% Xl E}s~/Ede - A1%% % & % #=&<5 (/1#(& &
- 1( ( #A ! ( ( ) A
"Dz s u]lv A V% Xl E}e~/Ede - A1%% & &' MoHB&E&B<(/!#(1& #A
- 1( ( #A ! ( ( ) A
for k in range(INT):
for m in range(N[K]):
if DEV[m, k] < MIN_DEVIK]:
Nmin[k] = Nmin[k] + 1
SUM_DEVRmIn[k] = SUM_DEVRmin[k] + DEVR[m, K]
SUM_DEVGmMmin[k] = SUM_DEVGmin[k] + DEVG[m, K]
SUM_DEVBmiIn[k] = SUM_DEVBmIn[k] + DEVB[m, k]
else:
continue

D Ez SZ A V%Xl E}e~/Ede - A, & & 8 & (I'#(& & A 1 (%*(&
Lo (, LA

D Ez s' A V%Xl E}e~/Ede - A, & & 8 & (/I'#(& & A '(%*(&
L (, A

D Ez s A V%Xl E}e~/Ede - A, & & 8 & (I'#(& & A '(%*(&
O

for k in range(INT):
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if Nminfk] !=0:
MEAN_DEVR[K] = SUM_DEVRmin[k] / Nmin[K]
MEAN_DEVGIK] = SUM_DEVGmiIn[k] / Nmin[K]
MEAN_DEVBI[K] = SUM_DEVBmin[k] / Nmin[K]
else:
MEAN_DEVRI[k] =0
MEAN_DEVGIK] =0
MEAN_[EVB[K] =0

print’MEAN_DEVR ="', MEAN_DEVR)
print’MEAN_DEVG = ', MEAN_DEVG)
print’MEAN_DEVB ="', MEAN_DEVB)

- A # & 41 -, &5 (I'#(& &
I -1% % -(

WT1 = (1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0)

UMl = sum(WT1)

MDR1 = np.zeros((INT), dtype=float)
MDG1 = np.zeros((INT), dtype=float)
MDB1 = np.zeros((INT), dtype=float)

for i in range(INT):
ifi <4:
MDR1[i] = MEAN_DEVRYi]
MDGL1[i] = MEAN_DEVG]i]
MDBL1[i] = MEAN_DEVB]i]
ifi>3and i< INT4:
for k in range(9):
fr = MEAN_DEVRI[# + k] * WT1[K] / Sum1
fg = MEAN_DEVGH# + k] * WT1[k] / Sum1
fo = MEAN_DEVBI[# + k] * WT1[k] / Sum1
MDR1]i] = fr + MDRL1]i]
MDG1[i] = fg + MDGL1]i]
MDBL1[i] = fb + MDB1][i]
if i > INT-5:
MDR1[i] = MEAN_DEVRY]i]
MDGL1[i] = MEAN_DEVG]i]
MDBL1[i]= MEAN_DEVBJi]

time2 = datetime.datetime.now()
deltal = time2 timel
print('Imbalance estimation: ', deltal.seconds, ' sec.")

with io.open(outputfile, 'a’, encoding='utf8') as oultfile:
outfile.write('Imbalance R ="' + str(MDRA)n' +
'Imbalance G ="' + str(MDR1)\a' '+
‘Imbalance B ="' + str(MDR1)\ ')
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return MDR1, MDG1, MDB1

-9¢,, '6 A (, &A

#o,(, %% -( 1 /'l *xl 4 # - - # &&<WL( &(% &K&W 4 # -
( # & %! & S&CORAU  >/1 *x11 x99/ 416 [(((, # &-
png( & & 4 # V! 4 # (, & AU - (_imbalénceo h

def IMG_CORR(MDR1, MDG1, MDB1, height, width, r, g, b, out):
time3 =datetime.datetime.now()
& - & (r, (U (., &
r_corr = np.zeros([height, width])
g_corr = np.zeros([height, width])
b_corr = np.zeros([height, width])
for i in range(height):
for j in range(width):
gray =((rfi, j1 ** 2+ g[i, ] ™ 2 + bi, j] ** 2) / 3) ** 0.5
k = int(gray / span)
r_cortli, j] = int(r[i, j]- MDR1[K])
g_corr[i, j] = int(qg[i, j} MDG1[K])
b_corr[i, j] = int(b[i, j} MDB1[K])
if r_corrli, j] <0:
r_corr]i,j]=0
if r_corrli, j] > 255:
r_cortr]i, j] = 255

else:
r_cort]i, j]

if g_corr]i, j] < 0O:
g_corrfi,j]=0

if g_corfi, j] > 255:
g_corr[i, j] = 255
else:
g_corrli, j]
if b_corrfi, j] <O:
b_corr[i,j]=0
if b_corrli, j] > 255:
b_corrf[i, j] = 255
else:
b_corrfi, j]

r_corr = np.array(r_corr, dtype=int)
g_corr = np.array(g_corr, dtype=int)
b_corr = np.array(b_corr, dtype=int)

time4 = datetime.datetime.now()
delta2 = time4 time3
print('lmage correction: ', deltaeconds, ' sec.")

output_correct = str(out[0]) + '_CORR." + str(eliff
print ('output_correct’, output_correct)
rgb_img = cv.merge((b_corr, g_corr, r_corr))
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return cv.imwrite(output_correct, rgb_img)
-1 ¢ YAAAY«»°« §AaCTo0%AR, hoAk%BY 2 0 ZU ' °  foxo %!
def PLOT(MDR1, MDG1, MDB1, out):

#A1--19, 4/

matplotlib.rc(‘font', family="Verdana’)

- TiXi o g,410 -, &5 (/I"#(& & *( &I, # %

Intervals = np.array(range(INT))

plt.plot(Intervals, MDR1,-, label='"RED Channel’, linewidth=2, markersize=8, color="red’)
plt.plot(Intervals, MDG1,-, label="GREEN Channel’, linewidth=2, markersize=8, color="green’)
plt.plot(Intervals, MDB1,-, label="BLUE Channel’, linewidth=2, markersize=8, colaejbl

(- (G & 1&<5 (- & & A , 4
plt.xlabel('Intervals")

plt.ylabel('Deviation from gray, shade")

plt.title(COLOR BALANCE')

OXlabel = range(0, INT, 1)

pylab.xticks(OXlabel)

plt.grid(True)

#A( & # & <

plt.legend(loc="best’, fontsize="medium’, frameon=False)

return plt.savefig(str(out[0]) + '_imbalance.png’, format="png', dpi=600)

def main(argy):
# & & -& %! ~ [ 11: , M (, Pythén!/
inputfile = '170540220269859jpg
#, 1#=/ /< <8 -# & A *,(, %%<
outputfile = 'LOG imbalance.txt'
plotfile = inputfile.split(.")

try:
opts, args = getopt.getopt(argv, "hi:o:c:p:", ["ifile=", "ofile=", "pfile="])
except getopt.GetoptError:
print('<appname>.pyi <inputfile>-o0 <outputfile>-p <plotfile>")
sys.exit(2)
for opt, arg in opts:
if opt ==:h":
print('<appname>.pyi <inputfile>-0 <outputfile>-p <plotfile>")
sys.exit()
elif optin (5", "--ifile"):
inputfile = arg
elif opt in ("-0", "--ofile"):
outputfile = arg
elif opt in ("“p", "--pfile"):
plotfile = arg
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print(Input file is ", inputfile)
print('Outputfile file is ™, outputfile)
print(‘'Plot file is ™, plotfile)

with io.open(outputfile,'w', encoding='utf8') as outfile:
outfile.write('Color balance v' + app_versiofnt)
outfile.write('Input file: * + inputfile 4n")

time5 = datetime.datetime.now()

image = cv.imread(inputfile)

b, g, r = cv.split(image)

width = r.shape[1]

height = r.shape|[0]

time6 = datetime.datetime.now()

delta3 = time6- time5

print('Reading time:', delta3.seconds, 'sec’)

with io.open(outputfile, 'a’, encoding="utf8') as oultfile:
outfile.write('Reading time: ' + str(delta3.seconds) + \s8c

MDR1, MDG1, MDB1 = IMBALANCE(r, g, b, height, width, outputfile)

MEAN_IMB_R = np.mean(MDR1)

MEAN_IMB_G = np.meaiDG1)

MEAN_IMB_B = np.mean(MDB1)

TOTAL_IMB = (MEAN_IMB_R*MEAN_IMB_R + MEAN_IMB_G*MEAN_IMB_G +
MEAN_IMB_B*MEAN_IMB_B)**0.5

print('Mean imbalance RED ', MEAN_IMB_R)
print('Mean imbalance GREEN ', MEAN_IMB_G)
print(Mean imbalance BLUE ', MEAN_IMB_B)
print('Mean imbalance TOTAL ', TOTAL_IMB)

with io.open(outputfile, 'a’, encoding="utf8') as oultfile:
outfile.write('Reading time: ' + str(delta3) + ' $89
with io.open(outputfile, 'a’, encoding=tt8") as outfile:
outfile.write('Filename' +''+'IMB R'+''+'IMB_G '+ 'IMB_B ' + 'IMBALANCE
outfile.write(inputfile + ' * + str(np.round(MEAN_IMB_R, 2)) + "' + str(np.round(MEAN_IMB_G, -
o
+ str(npround(MEAN_IMB_B, 2)) +'' + str(np.round(TOTAL_IMB,\2)) +'

IMG_CORR(MDR1, MDG1, MDB1, height, width, r, g, b, plotfile)
#PLOT(MDR1, MDG1, MDB1, plotfile)

if _name__=="_main__"
main(sys.argv[1:])
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IJIBEH@ ? G B>

HibkZgb_nmgdpbhgZeZ ijh]jZzffu ,PDJH 4}QEDLW\ (

ljh]jZzffZ IQE ij_"klzZ\ey | kh[hc bgl_jn_ckgh_
(Jbkmghd> \ hdg_ fh gh m\b” _Iv aZ]jm _ggu_ ~ey hp_gd
(Queued £ ihklZ\e _gu \ hg_j v < e _\hf gb'g f m]em
bgnhjfZpby h[ h[sbf gbke_ aZ]jm _gguo kgbfdh\ dhebc¢
gbke _ hrbTbtdlCompletedErrors LZzd _ ihdZaZgh \j_fy aZzlj
h[jZ][h|dEmlpsedime).

JbkghAd>xtHdgh ijh]jZiQE ey hp_gdb bah[jZabl_evghih d
b dhkfbg_kdbo kgbfdh\

ljh]jZzffZz h[ez”~Z | ]b[dhc kbkl_fhc gZkljh_d \ az\
ihevah\zl_ey Hkgh\gu_ gZkljhcdb ijh]jzffu &&torigsylk
IQE settings«  Jb kng Rd>.
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Jbkyh?d >xr<uah\ f_gx hkgh\guo gZkljh IQEijh]jZffu

< hdg_ hkgh\guo d3dbhjh iddZazZg jZaf_ j eh]nZceZ
ijhljzffz ibr_| ey \hafh ghklb dhgljhey _z jZ[hlu b n
kemqZ_ \hagbdgh\ _gby ijh[kogkettmg$d JHtolkum g =i

JbkmghdtHdgh hkgh\guo ¢gdobkajh d

>ey j_]mebjh\Zgby kdhjhklb h[jZ[hldb b jZ[hlu iZjZ
ij_~mkfhlj_gZ \hafh ghklv mklZgh\db dhebq_klI\Zhrehds d}
numbey.

ljhljzffz 1zZd"_ h[ez~Z_|1 \hafh 'ghklvx h[jZ[hldb
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mdZaZgghc iZidb \dexqZy bf_xsb_ky ih?iZidb 7ey wlh
]Zehgdm \ khhiI\_ITkl\mxs _ioclgdeklpfotdrs.

<de Z"fgpatial resolution iha\hey | \uihegblv gZkljhcdb \
kljmdImjhf_Ijbg_kdbo ozZjzdIl_jbklidd krmahphlz _gby

JbkmghdatHdgh gZkljh_d \ugbke_gby kljmdImjhf_Ijbqg_kt
bah[jZ _§pmtialresolution

G Zk|jh crddplution by X axis resolutionby Y axis b overall resolution
thalheyxl \uqgbkeylv ijhkljZgkl\_ggmx jZaj_rZxsmx Kk
klhe[ph\ \“hev kljhd bah[jZz  _gby b h[s__ agZq_g
jZaj_rzZxs_c kihkh[ghklb khhiI\_IklI\_glgdal cantZast jthglokal
contrast g_h[ohtbffey \uqgbke gby kijZ\hqguot ehidZeMph]h
h[s _]h dhgljZzklZ :gZeh]bqgh ijhkljZgkl\_gghc jZaj_r
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fh gh gZzZkljhblv \ugbke_gby nhlh]jZnbshatpdésey|X aadig kb
sharpnesby Y axis boverallsharpness”“hev klhe[ph\ \*"hev kljhd b h[s
nhlh]ljZnbg_kdhc j_adhklb bah[jZ _gby khhI\_IklI\_ggh

< dzZq_kI\_ hipbb \ ijh]jzff_ ij_~mkfhlj_gZ \hafh g
ithdZaZl_e_c¢ bah[jZabl_evgh]h dZq_kI\Z g_ ih \k_fm
hir_evghfm bdtbegdlsf _Jh njz]f_glzf >ey wlh]h g_h[oh”
nmgdp$phtimage < hdhrE@&wsnumber bColumnsnumbermklZgZ\eb\Z _
gbkeh qzZkl_c¢c gZ dhlhju_ g_h[oh”~bfh jZa[blv bah[jZ"
\_ jIlbdZeb khhlI\_IklI\ _ggh Sealectiondf thdighageareato process[m~* |
hih[jZ ZIvky ko fZ jZa[b_gby \ j Zevghf \j f gb < wlhf
fh gh \u[jZlv mgzZkldkiglnbdhz ~ey dhlhjuo g_h[oh”~bfh \
hp_gdm

< jZa”™_e_ NoisexZdlb\bjm |ky nmgdpby \uqbkeZagiy] K
rmfZ bah[jZ Jdbkyngh3

JbkmghdtHdgh Zdlb\Zpbb nmgdpbb \ugbke gby KNbideke!

< jZa”™_e_ Histpgram \uihegy |ky gZkljhcdZ ]jmiiu ih
bah[jZabl _evgh]lh dZqg_kI\Z \uqgbkey_ fwy¢dimk b KNinfjgzBf f
nZdlbg_kdh_ b ihe_agh_ jZz~bhf_Ijb qctkakhdiomBtajresoligion
b effective radiometricresolution kh h I\ _|klI\ _ggh ithl _jx bgnhjfZpbhb
aZk\ _llgbtloss b | _ghmaddosy (Jbkm&h3
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JbkmghdtHdgh gZkHistogtam]jmiiu ihdZaZl e ¢ bah[jZab
dZq_kI\Z \uqgbkey_ fuo ih ]Jbklh]jzff_
>Zggu_ gZkljhcdb iha\heyxI| \u[jZlv _~bgbpu ij_"kI
Z[khexlgugbkeh JjZz2"Zpbc IhgZ ~ey jZ"bhf_Iljbg_kdh]h jZ
ibdk _ey ey yjdhklb "ufdb gbkeh ibdk _e _c bah[jZ _gby
\ h[ezZklb azk\_Idb b [|_gkbl bevgthlghl ghfbgZevgh]h
nZdlbg_kdh]lh b ihe_agh]lh jZz~bhf_Ijbg_kdh]h jZaj_r_gb
h[s _]h qbkeZ ibdk_e_c¢ bah[jZ _gby “ey ihl_jb bgnhjfZp
| gb

< dzZq_kI\_ hipbb ijh]jzffz ij_~mkfzZljb\Z_| kha”"\Zg
jZkljh\hf nhjfzl_ Jbklh]jzffu kgbfdzZz 7~ey wlh]h g_h[ol
j _ b fCreatehistogram < h ddytputfolderpath mdzZau\Z _|Iky p_e \Zy i
[mMAml khojZg_gu nZceu Hlekufiixjdfd\hey | aZ”*Zlv kmnnb
nZzceZ =bklh]jzffmd khojzZgylvky \ IJRBGIEPNG k gZkljhcdr
Kl _i_gb k Qudliyy (%).

JZa”_e fCotpximbalanceiha\hey | gZkljhblv \u\h” j_amev
p\_Ih\h]lh jZa[ZeZgkzZz J_amevlzl fh  _| [ulv ij_"klz\e
djZzkgh]h a_ezgh]h b Xtedchhnnéiigalamcegreenchanneimbalance
blue channelimbalancek hhl\_|kl\ _ggh 1Zd b \ dZq_kI\_ hp_gdb
jZal[Ze Ztgtaldmbalancé (Jb kmg h3
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JbkmghetHdgh gZkddlormnbalance\u\h”*Z j amevIZlh\ hp _
p\ _lh\h]h jZa[ZeZgkZ

HipbhgZevgh ~"Zgguc jZa”_e f_gx ij_"mkfzZljb\Z | k
]liZnbdh\ p\ _ITh\h]h jZa[ZeZgkZ "ey wlh]h g _h[oh”bfh
Create the deviation chart from gray for the red, green and béumels.lh ZgZeh]bb
khanrZgb _f ]Jbklh]jZfOuiputfdiger path mdZau\Z _|ky p_e \Zy iz
[mM"ml khojZg_gu nZceu ]jZnbdh\ p\_IFlehduffixj ZlagXeeyg Kl
azZ"Zlv kmnnbdk bf _gb nZcezZ =jZnbdb fh]mIPEGOPRG KI Vv k
gXljhcdhc kl_i_gbQkaliy@4s).

< dZq_kI\_ sz h”ghc ~hihegbl_evghc nmgdpbb
g_h[oh”~bfhklb fh I \uihegylv dhjj_dpbx [ZeZgkZ p\_I|Z
ibdk_e ¢ >ey wlh]h g_h[oh”bfh ZdIKob¢btinZalpecalar igatiamdex
if necessary mdZaZlv p_e_\mx iZidm dm”Z [m"ml| khojZg ¢
Outputfolderpathb kmnnbdk bo difessuHig.bc

JZa” Result interpretation ihal\hey | mklZgh\blv j _dhf_g
A"himklbfu_ agZq_gby ihdZaZl e _c¢ bah[jZabl_evgh]h
ijhljZzffZ [m~_1 kjZ\gb\Zlv ithemqg_ggu_ ih kgbfdZf j_am
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dZqg_kl\m kgbfdZz h”bg ba I|jzo klZImkh\ ohjhrh
g_m~ hi\édjbl evdgbkmgh3

JbkmghdtHdgh gZkHRdsultinterpretation*ey mklZgh\db j_dhf_g~*
AhimklIbfuo agZg _gbc ihdZaZl e ¢ bah[jZabl _evg

GZkljhcdb ijh]jzftkmghd \uiheg_gu \ khhI\_[IklI\
agZq_ ghyflbe p 32.

JZa”e f _dxportihal\hey | \uihegblv gZkljhcdb wdkihj
hp _gdb dzZq_ klI\Z kgbfdh\ K ihDefimetegtZlkexidelicheterfh gh
\u[jZlv agZd jZa”_ebl ey f ""m agZq_gbyfb ihdzaZzZl
\ur_e_gby I _dklzZ khhiI\_IkI\_ggk \ldzmftkegZgBa”_ebl e
mklZgh\le _gZ aZiylZy Z agZddidZ2\vegqdyby | _dklZz

ljb Zdlb\ghc nmBxpprbdata automatically wdkihjl j_ amevl
\uihegy |ky Z\IhfZlbg_kdb \ OutppZfidegpatk \bj dlhjbx >Zgc
wdkihjlbjmxlky \ €8z _

Lzd _ \ wlihf hdg_ fh 'gh \dexqgblv beb hldexqgblv g_
ihey \ j_amevlZI|l woknhglz

include statusand note columns £ iha\hey | \dexgblv \ | amevlZ
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dhehgdb klZImkZ Hlgdddhpmbessingcomplete error £\ hq_j_ "~b ¢
h[jZ[hldm \ ijhp_kk_ h[jZ[hl&Z\ hjfjZd&ldZrb[dZ b ijbf_
includechartspath t\dexqZ | ihe_k imlyfb d ~bj_dlhjbb khoj.
JbKi]jzffu b p\_Ih\h]h jZa[ZeZgkZ

includecorrectedmagespath t\dexqZ | ihenlykb d "bj _dlhjbb khoj
bah[jZz  _gbc ihke_ p\_Ihdhjj_dpbb

include resultsinterpretation + \dexqZ | ihe_k j_amevIZIZfb b
j_amevlZlh\ hp_gdb #AdZkh\iZ dzZq_kl\zZ iegthjfdrZ
@~ h\e_I\hjbl 2e@ggm”~h\e_I\hjbPR evgh _
includeimageprocessindgime t\dexqZ | ithe_ k \j_f g f h[jZ[hldDb

JbkmghdtHdgh gZkB{portwdkihjlZ j amevIZIZ hp_gdb dZc

H d g hNotifications (Jbkmghd > iha\hey | Zdlb\bjh\ZIv
m\_"hfe _gbc h[ hdhggZgbb ijhp_kkZ h[jZ[hldb kgbfdh\
j _ b fEnablenotificationsgZ mdZaZgguc \ hdg_ Z”"j_k wRecigigtigg
mail addressZ\IhfZlbqg_kdb hlijz\ey Iky m\_"~hfe_ _gb_phkkZ
h[jZ[hldb 1Ijb ZdIb\ZpbbiIndudeg drpdebsingresults as attachment d
m\_"~hfe_gbx ZzZ\lIhfzZlbg_kdb ijbdj_iey |Iky nZce Kk j_
bah[jZabl _evgh]l]h dZq_kI\Z kgbfdh\
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JbkmghdtHdgh gZkNdtifichtionsiha\hey | ZdIib\bjhWZIv hi
m\_~hfe_gbc h[ hdhgqZgbb ijhp_kkz h[jz[hldb |

Hip b Wotifications hqg_gv ihe_agZ ijb jZ[hl_ih m~Zezg
ihkdhevdm iha\l\hey | themqgblv m\_~hfe _gb_ h[ hdhgqZ
j_Zevgh]lh \j _f gb qglh ihalhey | ihevah\Zevaph ggBpthgh).
k\hx jZ[hIm [_a g_h[oh”~bfhklb ihklhyggh]h nbabqg_kdh]h

?sz h~ghc ]Jjmiihc gZkljh Cdloyfileeys Jl&¥\gh]h fSeftixgs
(Jbkmdh &.

Jbkmghot=jmiiZ gZkQdiortiters |eZ\gh]h {Setfings

>Zgguc jZa”_e f_gx iha\hey_ | ih\ukblv m~h[kl\
j_amevlZlh\ imlzf bgl_jn_ckguo gZkljh_d b \u”~_eblyv
bah[jZzabl_evgh]h dzZq_klI\Z agZq_gb_ dhlhjuo khhl\_
kKlIZImkh®ohjhrha@m”~h\e _I\hjbl2evxghm~h\ejblNhevgh P\ _I
kKhhi\_IklI\mxsbc hij_~_ezgghfm klZImkm ihdzZazZl_ey \u]
=jmiiZ gZKklgpatidlresolution(Jbkmghd> iha\hey | \uihet
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gZkljhcdb p\_IZ \ azZ\bkbfhklb hl klZImkZ kljmdImjhf_
bah[jZabl _evghki\dZb dhgljZklZ

Jbkmghdt=jmiiZ gZkBpgatiaresolution®*ey p\_Ih\h]h h[hagZq
kKlIZImkZ kljmdImjhf_Iljbg_kdbo ihdZaZl _e_c bah[jZab
dhgljzklz

>ey 1hdZaZl_e _c bf xskohjhlhimkiue \u[jZg a_ezguc
@m~h\e _I\hjblaevgelup\ 1@ _m~h\le_ I\hjb3dtdyglhguc
>Zggu_ bgl_jn_ckgu_ gZkljhcdb fh gh \uihegblv "
bah[jZabl _evgh]h &ZJbkitgl3 >ihdZazZg jZa”_ bdloife gdey
gZkljhcdb p\_Ih\h]h h[hagZq_gby klZImkZ KDH kemqgZcc¢

Jbkmghdt=ymiiZ gZkNdisep\ |Ih\h]h h[hagZq_gby klZImk.
KDH kemgZcgh]h rmfZz
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< jZa”Histogram\uihegyxlky gZkljhcdb ihdZaZl _e _c¢ ba
dZq_kI\Z \ufibckeyh ]bklh]jZi¥fbkmghd> + yjdhklv ~ufdl
nZdlbg_kdh_ b ihe_agh_ jzZ~bhf_ljbqgq_kdh_ jZaj_r_gb_
h[eZzklb azk\_Idb b |I_gb

Jbkmghde+t=jmiiZ gZkHietogtamp\ |Ih\h]h h[hagZq _gby ki
ihdZzazl e _c¢ hij_~ ey fjudfih Jbklh]

ljh]jZfTfE ihal\hey | \uihegblv gZkljhcdm agZq_ghbc
ith Z[khexlguf bo agZq_gbyf qgbkeh ]jZ2"Zpbc |IhgZ ag
hlghkbl_evguf lhke _"*gbc \ZjbzZgl gZkljh_d y\ey_ Ilky
mgb\ _jkZevgdf \I*Zgghf kemgzZh[oh?bfhklb jZkqzlzZ Z[k
agZg_gbc ijb hp_gd_ dzZqg_kI\Z kgbfdh\ k jZ~bhf_Ijb
hlebgguf hl [bl ibdk_ev

< jZa”™_e_ gZG&dlphimbalance \uihegyxlky gZkljhcdb p\
h[hagZq_gby klZImkZ p\_Ilh\h]JbkpZaideZgkZ hcdm fh'g
\uihegbthZdhdZgZevgh "ey reddlagrietimbalance a ez green

channelimbalance b kb gblue channelimbalance p\ _Ih\uo dhfihg gl ki
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1Zd b ey h[s_]h agZq_gby p\_[|htotghmhadanfZe k2 ~gb
\ZjbZgl\ey |Iky gZb[he__ m~h[guf _keb g_ Ij_[m_Iky
NZgghfm ihdZaZl _ex

Jbkmghdet=jmiiZ gZkQdloronbalancep\ _Ih\h]h h[hagZq_gby
p\ _lh\h]h jZa[ZeZgkZ

< ihke_"*g_c ]jmii_ Besultytiergretation\uihegy Iky gZkljl
p\_ITh\h]h h[hagZq_gby klZImkZ dZqg_klI\Z kgbfdzZ \ gzZkl
(Jbkmghd.

Jbkmghdoe+t=jmiiZ gZkHRdsultinterpretationp\_Ih\h]h h[hagZq_c
klZlmkzZ dzq_klI\Z kgbfdZ \ qZklb bah[jZabl_evg

>\Z p2r _eZ fSgtingsihal\heyxl khojZgblv gZkljhcdb \h
nhjfzl ijh]jzffu nZ4soe Savepreset Z 1Zd _ aZ]jmablv kho
gZkljhddddpresef(Jbkmgh d.
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Jbkmghd+tKhojZg _gb_ b aZ]jmadZ gZkIQE _d ijh]jZ:

GZbkmgd >ihdZaZgh hdgh ijiIgZHke hdhgqgZgby hJj
kgbfdh\ ih hp_gd_ bo dzZq_kI\Z =ezZ\gh_ hdgh ijh]jzf
|Z[ebpm kh ke_"mxsbf gZ[hjhf ihe_c

Imagepathximiv b gZa\Zgb_nZceZ bah[jZ _gby
Status + kl1ZImk khklhygby hdyelgld judcessing complete error + \
hg_j_"~b gZ h[jZ[hldm \ ijhpb Kk[jA[[hkdBldZ\_jr_gZ hrl
Resolutionby X axis, Resolutionby Y axis, Overallresolution+ijhkljZgkl\_gg.
jZaj_rzZxsZy kihkh[ghklv \*hev klhe[ph\ \“hev k& hd |
agZq_gb_ijhkljZgkl\_ggbcgZahkhfghklb khhI\_IklI\ _gg
Local contrast Global contrast + agZq_gb_ ehdZevgh]h b h[s ]
khhi\_lkl\nh gg

Sharpnessby X axis Sharpnessby Y axis b Overall sharpnesst agZq_gb
nhlh]jZznbg_kdhc j_adhklb \*hev klhe[ph\ \“hev Kkljl
nhlh]jZznbg_kdh&lp &8dh[jZ" _gby khhl\_IkI\ _ggh
NoisetKDH kemqgZcgh]h rmfZz

Haze Haze (%) =+ Z[khexlgh_ b hlghkblZevgh idgZazZl_ey
Aufdb

Actual radionetric resolution Actual radiometricresolution(%) £ Z[khexlgh _
hlghkbl evgh_ agZqg _gb_nZdlbg_kdhJjizaZ bhgbyjbqg_ k¢
Effectiveradiometricresolution Effectiveradiometricresolution(%) £Z[khexlgh _
hlghkbl _evgh_ agZqg_gb_ hieljbghKdiEA}br gby

Light loss Light loss (%) = Z[khexlgh_ b hlghkbl _evgh_ &gZz
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bgnhjfZpbb \ h[ezZklb azZzk\_Idb

Shadeloss Shadeloss (%) + Z[khexlgh_ b hlghkbl_evghhl _algZ
bgnhjfZpbb \ h[eZklb | _gb

Histogram file path £ imlv b gZa\Zgb_ nZcezZ k klZdflZgg
]bklih]jzffhc bah[jZ _gby

Red channelimbalance Greenchannelimbalance Blue channelimbalance Total
imbalance £ agZq_gb_ p\_Ih\h]h jZa[ZeZgkZ "ey djZkg
dhfihg_glu b h[s__ agZnhg jZLe[deZgkZ khhI\_IklI\_gg
Deviation chart file path + imlv b gZa\lZgb_ nZceZ k kha”Zgg
lizZntbhf p\_Ih\h]h jZa[ZeZgkZ kgbfdZ

Correctedimagefile path £ imlv b gZa\Zgb_nZceZ k kha”Zgg
hidhjj dlbjh\Zgguf bah[jZ _gbZf \ klkedm@agZg _gb_
jZa[ZeZgkZ g_ ij_\urZ_| “himklbfh]h \ ih&olokd¢andetiry h
notrequirec?

Imagequality zkl1ZImk dZq_kl\Zodod adod@tableunacceptablecohjhr
m~h\e I\hjbl _evghe Idhjbthevgh_ khgo\h IkI\_
Processingime £\ _fy h[jZ[hldb bah[jZ _gby

Note £ijbf_qZgb

Jbkmghd+tHdgh ijh]jziQB ihke _ hdhgqZgby h[jZ[hldb kg
hp_gd_bo dzZg_klI\ZzZ



