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:dimZevghklv I<fumevkdhf Jhkm~ZjkI\_gghf mgb\_jkbl_1_\
e | \_"mlky bkke_"h\Zgby k\yaZggu_j _kmijkkjghkd o*hgeddhf _qgh
| _ ogheh]bq_kdbo fZrbg ki_pbZevgh]h gZagZq_gby LFKG ljh
hldhkbebkv d ba”_ebyf \ dhlhjuo njbdpbhgguc gZ]j_\ bf
wdkiemZIlZpbb g_ bljZz_I ~hfbgbjmxs_c jheb < dZqg_KkI\_ |
bkihevah\Zebkv |_iehklhcdb_ klZeb Zj_Remykghturrigdph\ _qgh
ih\_joghklghc ahgu ijbf_gyghadpipfikkZImjghc gbljhp_f_glZpbb
gbdhljbjh\Zgby ;ueb hij_~ e _gu hilbfZevgu_ k Thgdb aj_gby
j_kmijkz ba”_ebc j_"bfu gbdhljbjh\Zgby bkke_"~h\Zgu f
gbdhljbjh\Zggh]h ih\_joghklgh]h kehy b *bnnmabhgghc ahgu
<f_k k |I_f ghf_gdeZlmjZz ba”_ebc \ dhlhjuo njbdpbhgg
hij " eyxsbf [he__ h[rbjgZz glh b ij_~hij_"_ ey | Zdlr
"bkk_jlZpbhgghc jZ[hlu
KI i _gv jZajZ[hlZgghklbd jZfblZo | B FZe _gdh bkke "~h\Zg
njbdpbhgghlh g4 \EljmdimgZgh\h_ khklhygb_ ih\_joghklghc
j_amevlzZl_mklzZzgh\e _gh qlh \ ih\_joghklghc ahg_ h[jZamxlky
nZah\uc khklzZ\ dhlihjjloo \Inlebgq_g hl nZah\h]h khklzZ\Z bkoh”*gL
\lhjuo baf_gy_Iky ih |IghfjZamgzZf ljb  wlhf baf_j_gby |[I_fi
ijhba\h"bebkv wdki_jbf_glZevguf iml_f nbdkbjh\ZgbyLh[t<fguc
j_amevlzl_baf_gyxlky | _ogheh]bq_kdb_ k\hckl\Z ih\_joghklg
Z™]_aby qlh ijb\h~bl d nmfkogvikghlex*he]l\_fgkkl "h\Zl_evgh j_
maeh\ <f_kl_ k |I_f baf_j_ggu_ h[t_folu, ebr¥i_hZhkjurh\Zggl
ih~rg_jdb\zx!| jhev |_fi_jZImjgh]lh nzdlhjzZz \ h[jZah\Zgbb <K [Z
jhev bljzxl ijhp_kku \hagbdZxsb_gZ fbdjhdhglZdIKyahygjw g rkk
njbdpbhgguf gzZ]j_\hf Wdki_jbf_glZevgh_ hij_~ e gb_ | _fi_jzZI
ij_"klz\ey Iky keh ghc azZz~Zq c¢c b ~zZ°_ _ j_ZebaZpby g_
dhjj_dlguo j_amevlZlh\ < wlhc k\lyab j_rZxsmx jhev b]jzZxIl f_
dzd fi_jzZlmjguo ijhp_kkh\ 1Zd b kljmdImjguo ij_\jZs_gbc \ ih\_
P_ev b azZz>2&gbj_ZebazZpbb p_elkljZghhe gb_ \ebygby w\hex
b Ij _sbg ijb njbdpbhgghf gZ]j \_ gZ j_kmjkgmx ~he]lh\ _gghklv
ihdjulb_fihklZ\e_glkie_"mxsb_ azZ”Zqb hkgh\Zggu_ 9Z -ZgZe
ke "kI\ _gguo k\lya ¢ f_""m nbabq_kdbfb ijhp_kkzZfb khimlkl\m
l[j_sbg \ ih\_joghklghc ahg_ Ij_gby hndjkdhgb9hle]h\_qghklb
Hkms_kl\blv \u[hj fZjdb | _iehklhcdhl\ klZebh\b j&glthklgh]
mijhgg_gby "ey aZ~Zgguo mkeh\bc wdkiemZIZpbb
Bkke_"h\ZIlv ijhp_kku -kZjahdumjgih_\jZs_gbc \ ih\_jogh
hlezZklb ih I _fi_jZImjguf ahgZzf
Bkke ~h\Zlv "bkehdZpbhggh_ mijhgg_gb_ \dexqZy ijhj
lj_sbg
MIZgh\blv f _oZgbafu jZajmr_gby ih\_joghklghc ahgu \ j_
ihj b Ij_sbg
ljh\_klb fh”_ebjh\zZgb_ | _fi_jzZlmjguo ijhp_kkh\ k mq
ih\_joghklb Ij_gby gZ hkgh\_ j r _gby dhjj_dlgh ihklZ\e _gghc |
LAL
JZkkjfhllv fh~ _evgu_ ij_"~klzZz\e _gby | _jfbg_kdh]h m~ZzZjZz
klZ"bb j_ r _gby aZz”~Zqb njbdpbhggh]h gZ]j_ \Z bkke_ _"~h\Zlv ijhy
\ ih\_joghklghc ahg_ \ \hkoh”?ysmx “"bnnmabx b "bkehdZpbhggh
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Hij "~ _eblv j_kmjkgmx “heéehh)jgghklghec h[eZklb ih | _fi_jZ
ahgzf k \urzZq_c ijZzdlbg_kdbo j_dhf_g~"Zpbc
GZmqgZy gh\bagZ ~“bkk_jlZpbhgghc jZ[hlu
1. IThdZazZgh i _kku aZe gb\Zgby ihjgE lgZgEgevghf wlZ
wdkiemzlzZpKGjhbkohtfhr ~ _ckl\b_f “bnnmabhgkgho ijhp_k
2. K mqg_Ihf \eblydgbyjZImjgh]lh nZdhbjgd ~ gZ hp_gdZ "bg.
"bkehdZpbhggh]h mijhqg_gby \ ihA\imesgbklyghcldbgc
Hij_~ e _gh \ebygb_ | _fi_jZImjgh]l]h nzZdlhjZz gzZ ijhp_Kk
lj_sbg
4. K bkihevah\zgb>fbamq_gaZf lju b f_ozZgbafu jZajmr_
ih\_joghklghc ahgu | _iehklhcdbo klZe_c¢ k ihdjulb_f b gZ wlhc
maeh\ LFKG ih | _fi_jZImjguf ahgZzZf
MklZgh\le _gh qlh nhjfbjh\zZgb_ | _fi_jZlmjgh]lh njhglZ ijb
f
b(
h

ehdZevguo lhgdZo dhghAdlzo ih\_joghkl_c y\ey I|ky djZldh\j_
\hegh\mx ijbjhm \uaulZxsmx \hagbdgh\_gb_ | _jfhpbdebq_kd
kihkh[kI\mx] ihy\e_gbx b jZa\blbrZlkaljkudl nbjgth g_gbc b nhjfbj
kljmdImjguo ~_n_dlh\ ijb\h*ysboezZjbgghldx b mklZehklgh]h f_
jZajmr_gby
JZajzZ[hlZzgZz _"bgZy f_lh"bdZ jZkq_IZ njbdpbhgguo |
lhih]jZznbb ih\_joghklb gZ hkgh\_ dhjj_dlgh ihklZ\e_gghc L
iZzjzf_ljh\ LM dzd ke_"kl\by | _jfhpbdebjh\ZdbklypZ ikin[jroghkht
lj_gby
GZ hkgh\_ j amevlZlh\ hij_~ e _gby izZjzf_Ijh\ LM ihem

baf g _gby gZijy _gbc ih ]Jem[bg_ ih\_joghklghc ahgu ijb\h:
\hkoh”ys_c¢c “bnnmabb “bkehdZpbhgghfm mijhgg_gbx b jZa\blb

L hjblg _kdZy b ijZdlbqg_kdZy agZgbfhklv b j ZebaZpby j_
\ ijhba\h”~kI\_

L _hj_Ibg_kdzZy agZgbfhklv jZ[hlu khklhbl

+\ dhjj_dlghc ihklZzgh\d_ b j_ r_gbb LAL dhg_qguf blh]h
iZjZf_lju LM ih |I_fi_jZlmjguf ahgzf

+\ mkliZgh\eijgpkh\ IjZgknhjfZpbb LM ih Jem[bg_ ih\_joghk
j_amevlzl_q_]lh hij_" e gulgZijyaw@Zxsb_ ihy\le gb_ \hkoh
"bnnmabb b gZijly,kedpoAh”*ysb_d "bkehdZpbhgghfm mijhgg_gbx

+ \ jZkkfhlj_glg hkgh\_ ihemqg_gguo | ameandhi¥ghk fb
dhfivxl _jghlh fh~_ebjh\Zgby ijhp_kkzZ w\hexpbb ihj b Ij_s
njbdpbhgghl]h gZ]j_\Z b hij_~ e _gbb pbdebg_kdhc “he]h\_qghk
ihdjulb_f ih I _fi_jZImjguf ahgZzZf

lhemq_ggu_ j_ameviZlu ih hp_gd _kmjklgmgkdhbgphklb
| _iehklhcdbo klZe_c k ihdjulb_f \ \bA_ 3F_Ih”"bdZ hp_gdb ijhp
lj_sbg | _iehklhcdbo klzZze_c k ihdjulb_f ijb |j_gbb kdhev _
kfZaulZgb_f" ihwlzZigh \g_”"j _gu \ HHH 3Wdki_jl K<’ ey wdki_]j
maeh\ jb ]1Z]lh\ khkm~h\ ihA "Z\e _gb_f h[hjm~h\Zgby q_jghc f_1Z
ljZgkihjlguo f_ozZgbafh\ \ \bA_ S3F_lh”bdZ hp_gdb j_kmjk
| _iehklhcdbo klZe_c k ihdjulb_f ijb njbdpbhgghf gzZ]j_\_ \
kdhev'  _gby k j_kmjkguf kfihawdX4dgb \fg_"~j _gu \ :H 3LmeZlhqfZr’
kh\ _jr_gkl\h\Zgby f_Ih~bd 1ijh\_~ gby kl_g”h\uo bkiulZgbc
j_dhf_g~Zpbc ih wnn_dlb\ghc "bZ]Jghklbd_ j_kmjkghc “"he]h\_qc¢
njbdpbhgghlh gz]j \Zz Z 1zZzd"_ \g_"j_dunbgbkghé&viahmpxlkly dZn
NFF \ \b~r_ f_Ih~*bdb fh”~_ebjh\Zgby kljmdImjhh[jZah\Zgby
fhe _dmeyjghc “~bgZfbdb 3<ebygb_ bfimevkguo | _fi_jZImjg
kljmdImjhh[jZzah\Zgb_ \ | _iehklhcdbo klZeyo k ihdjulb_f’
SFZI_fzZlbg_kdh_ebhh\zZgb_ \ f_|Zeemjlbb™ 2ey fZ]bkljh\ h[n
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gZijZ\e_gbx SF_1Zeemj]by’ ijhnbev 3F _|Zeeh\_~_gb
h[jZz[hldZ f_IZeeh\ b kieZ\h\’

F_Ih*heh]by b f_Ih”u bkke Whikigplef glZevgu_ bkke_ "I
fhjnheh]bb ih\_joghkybijljbgbh*bebkv k ihfhsvx ijhphrethdpZnlgz
DZeb[]j b Zlhfgheh\h]h fbdjhkdhiZz 'KF [hevrh]lh jZ e
F IZeeh]jZnbqg_kdbc ZgZeba \lhjbgguo klIjmdImj hkms_klteyeb

b we_dljhgghf fbdjhkdhi< ME<4jy _ggh_ bhklhygjzdl_jbklibd
km[kljmdImju b nZah\uc khklZ\ \lhjbgguo kljmdImj bkke "~h\Ze
f_ ITh~hf gz ~bnjzdlihf_}_ 2dH&Gij_~_ e _gby ] _hf _Iljbg_kdbo 0ZjZ
hit _fghc ~heb \lhjbgguo nZa \ ih\_joghklghc ahg_ bkih&vah\
dhebqg_klI\_gghc f 1Zeeh]jZnbb Wdki_jbf_glZevgu_ j_ame
kiZlbklbg_kdhc h[jZ[hld_ k bkihevah\zZgb_f j_]j_kkbhgghl]h
j_dhf_g~h\zZggufb klzg”z4Bf Jk ijbf_g_gb_f W<F b ]jZnhihkljht
:gZeblbg_kdb _ f Th uh\Zgkkee ~[Zabjh\Zebkv gZ hkgh\ _
A"bnn_j _gpbZevguo mjZ\g_gbc |_iehijh\h~*ghklb b |_iehi_j_ "z
klzpbhgZjguc j_"bf Ij_gby b ]bi_j[hebg_kdh]h i_j oh”guc j
Hij_~ e _gb_ izZjzZf_|jh\ \hkoh”ys ¢ “bnnmabb \Zg@kn KZfhdkdb
"Z\e _gby LM gZ hkgh\_ dhebqg_kI\_gguo f_Ih~*h\ | _hjbb ~bnn
Zlhfghf mjh\g_ ijhba\h”“bebkv gZ hkgh\_ FF> >ey wlbo p_e
dhjj_dlbjh\dz ijh]jzffu fh~_ebjh\Zgby ;0' k jZajZ[hldhc izZd_
ijhljzff F_IhA_jjh]ljZnbb bkihevah\Zeky “ey hij_"_e_gby
oZjZdl_jbklbd gZklbp baghkZz

lheh  _gby \ughkbfu_ gZ aZsblm \dexqZxl

+fh” _ebjh\Zgb_ k ihfhsvx FF> “bnnmabhgguo ijhp_kkh\
ahg_ djZz_\hc ~bkehdZpbb b ~bgzZfbdb _ Zpbhdggbk]hbwyijhdded
ijhp_kkh\ w\hexpbb ihj b Ij_sbg

+wdki_jbf_glZevgu_ bkke_ _~h\Zgby ijhp_kkZ h[jZah\Zgby
ahg_

+dhjj_dlgmx ihklZgh\dm LAL

thij_~_e_gb_ izjzf_ljh\ njbdpbhggh]hbgZpgihZz gZokk¥[lhkly
ih\_joghklb b_gb

+fh” _evgu_ ij_"klZ\e_gby LM \ dhglbgmZevghf b *“bkdj_Igh

t ljZgknhjfZpbx LM \ ih\_joghklghc ahg_ \ \hkoh”ysm
"bkehdZpbhggh_ mijhqg_gb _

+ mklZgh\e g&Zb hkgh\_ wg_]j
"beZlhggh]h bfafZZzd'ey ihj b mk
lj_sbg

thij_~ e _gb_ j kmjkghc “he]lh\_qghklb \ "bZiZahg_ D _ ki_jz
\urZqgq_c ijZdlbg_kdbo j_dhf_g~Zpbc

Kl _i_gv “hklh\_jghklb b Zijh[Zpby ph&ihdvighiklv j amevl.
ihMI\_j"~Z |Tky wdki_jbf_glZevgufb bkke_ _"~h\Zgbyfb ijbf_g_g
| ogbg_kdbo kj_"kI\ ijb ZgZeba_ ijb_fe _fhc koh”bfhklvx
wfibjbg_kdbo j_amevliZlh\ bkke ~h\Zgbc Z 1Zd _ j ZebaZpb_c
\ ijhfure_gghklb b \ mjd p[ gkkf_

Hkgh\gu_ iheh _gby b gZb[he__ \Z'gu_ gZmqgu_ b ijzd
A"bkk _jlZpbhgghc jZ[hlu "hdeZ”u\Zebkv b h[km "Zebkv |
\k_jhkkbckdbo -lgomhgghkdbo dhgn_j _gpbyo | ]Jbhighgbguadihd

] Ibg_kdh]lh ih~"oh”Z f _oZgbafl
|Zehklgh]l]h f _oZgbafz 7~ey dhijl

dhgn_j _gpbyo ©BgghHZppdbzelh\ ~ gbb2a ] Fhkd\Zz b

@ _o0Zgbg_kdb_ k\hcklI\Z kh\j_f gguo dhgkljmdpbHgguwddzfZIl jb:
] ONmg~rZf _glZevgu_ bkke ~h\Zgby b bggh\Zpbhggu_ | _ogh
] Fhkd\Zz ] OLjbfZebhphkljgbx2 ] Fhkd\Z b ]

©?\jZabckdbc Khxa Mqgq_guo? ] Fhkd\Z ] ©Gh\u_ fZzZI_
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fZrbghkljh_gbb?2 ] ;jygkd - B ] ONmg~"Zf_glZevgu_ b ijb
Zki_dlu gh\uo \ukhdhwnn_dlb\guo fZl_jbZeh\2 @GbhbWWaZ§xl jbZe
] Khqgb ] ©Fgh]hfzkrlZz[gh_ fh~_ebjh\Zgb_ klIjmdImj
gZghfzZl _jbZeu b gZghl _ogheh]bb?® ] LmeZ b | ©J_
I\ _jruo | _eZo? ] <hjhg_~ ] ©OF _oZJdEdEKibjlighpoh&bkdy ff
JhklhgdZ>hgm ] ©Bg _g_jby ih\_joghklb b j gh\Zpby ba~”
Db_\ - 11 ©lhebf_jgu_ dhfihablu b ljb[heh]by?2 ; eZjmkyv

b 11

Im[ebdZpklx_]h him[ebdh\Zgh ZdBmgmaughbo ih | _f_ ~bkk_]
him[ebdh\Zgh gZmgguo jZ[hl im[ebdZpbb \ \ _"msbo i_j
hij_~ e _gguo <ukr_c ZIl_klZpbhgghc dhfbkkb_c im[ebdZpbc
\' f_""mgZjh*gu_ j_n_jZlb\gu_ [Zau :HE RIjEFhIHQFH[e®dERS2g\Y!
\ khzZ\IhjklI\_ khbkdzl_e_ f \ “bkk_jlZpbb bkihevah\Zgu lhevdh
jZajZ[hlZgu bf ebqgh

H{t _f b kljmdImjzZ ~“bkk_jlZpbhggb&kjZ[&luby khklhbl ba \\_
g luj_o JeZXdexq_gby b kibkdZ ebl_jZlmgu gathekljZpdp
fZrbghibkgh]h | _dklZ 7Adekmd8 |Z[ebp ijbeh’ _gby eklbkaldnju
\dexgq290 bklhggbdh\
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—eZ\Z
Khklhygb_ \hijhkZ ebl_jZImjguc h[ahj

< kh\j_f gguo fZrbgZo b f_oZgbafZo rbjhdh bkihevamxlky
kfzadgb_f 1Ih _klv kfZaulzZzgb_f gZ hij_~_e_gguc pbde jZ[hlu
ih"rbigbdb kdhev _gby Fhgblhjbg] khklhygby ih\_joghklb 1j
ijhba\h”*blky ih dhebqg_kl\m ijh~mdlh\ baghkz \ kfzad_ <f_kl
lj_gby \ dhlhjuoIl\\ke hkh[_gghkl _¢c bo wdkiemzZlZpbb kfZa
ij_™\Zjbl_evghc gbkldb ijhba\h”~blky i_jbh”bqg_kdb Khjegdhkgh -=
bagzZrb\Zgb_ b kfzZadZz L jfbgu b hij_~ e _gby” 1Zdh_ kf
j_kmjkguf < wlhc k\yab j_kmjkgk_"kfZlay¥Xk&hzljk\Zlv dzZd h
kfZaulZgb_ [_a ihy\le _gby \ kfzZad_ ijh~mdlh\ baghkzZz GZe
kh_"~bg_gbyo « R f iha\hey | ml\_j>~Zlv qlh j_qv fh gh
ihem b~rdhklghf b ]jZgbqghf Ij_gbb Lbibqgguf ijbf_jhdllkeln 4l
ijbf_jm maeu Z\IhfZlbdb LFKG < ih“h[guo maeZo dhgljhev
l[j_gby i_jbh”bg_kdb ijhba\h~blky \bamzZevgh <f_Kkl_ k |I_f ijz
\ke_"kI\b_ " _kldbo mkeh\bc wdkiemzlZpbb [hevrbo gZ]jmahd
klj _ev[u \ ih\_joghklguo kehyo Ijmsboky ih\ _joghkl_c ijhbk
kljmdIimpgdah\u_ baf_g_gby ijb\h*ysb_d baghkm ko\Zlu\Zgbx
lh _klv hldzazf ij_~hI\jZIblv \hafh ghklv ihy\le_gby dhlhj
ij_"klzZ\ey k¥ \dwaff

< gZmd_ h I gbbheh]bb ~ IZevgh bkke_ "mxlky ih~h[gu
mklZgzZ\eb\Zxlky ijbgbgu bo ihy\le_gby hij_~ ey Iky bo k\yav
ih\_joghklguo keh_\ >ey hp_gdb j_kmjkzZ hI\_IklI\ _gguo ma
hkms_ kl\e_gh ntbabbg fKU fZlbg_kdh_ fh” _ebjh\Zgb_ Ijb[hijhp_k
ki_pbZevgh jzZajzZ[hlZgguo bg\Zjbzglh\ djbl_jb_\ > @ <f_Kk
mqgblu\Zxl bkoh”gh_ b dhg_qgh_ ihke_ bkiulZgbc gZ bac
ih\_joghklb |j_gby g_ jZkkfzZljb\gyoijkljmdHmAah\uo baf_g_gb
LZdbf h[jZzahf bkdexqZ_ Iky \hafh ghklv mijzZ\e _gby ijhp_kkhf b

G _dhlhjh_ bkdexq_gb_ khklZ\eyxl bkke_ ~h\Zgby E F Ju[Z
jZ[hl_ > @ < ~“Zgghc jZ[hl_\ dZqg_kI\_djbl_jby hljEnBdZ pldx ok
[jb[hih\_joghklb f Ih"hf kdhevays_ ]h imqdZ j _gl]_gh\kdbo emq_
kljmdIimpghjy  _ggh]lh fh2bnbpbjh\Zgby ih\_joghklb Ij _gby

kK, — (1.1)

] n tagZq_gb_ nbabqg_kdhc rbjbgu j_gl]_gh\kdbo emqg_c |
ih”"\ _j]ZezZkv baf_g _gbx \ j_amevliZly tHlalg[hgjhgb kkndbabqg_ _kdhc rl
j_gl]_gh\kdbo ebgbc gz fbgbfZevghc bkke_ _~h\Zgghc Jem[bg_
lj_~iheZ]Z _ Iky glhh’ igguc bgl ]jZevguc f _ITh» ]1iZ"E
j_gl]l]_ghkdhibb ijbf_gbf dzd ”"ey b”_glbnbdZpbb kljmdIimjgu:
baf g gbc ehdZebamxsboky \ hq_gv Ihgdbo ih\_joghklguo
fbdjhf_Ijh\ 1Zd b "ey [he__ " |IZevgh]h ZgZebR@m)\kdeidqgeguwugulol
iZjzf_ljh\ \ ij_~_eZo h~ghc djbklZeeh]jZnbqg_kdhc fhr"bnbdzZph
bkihevah\Zgby Ijb[hfh®_ebjh\Zgby \ ijhljghabjh\Zgbb baghkh\ b
\ jZ[hl_ > @ i%kjA¥_N_g \ dZzq_KkI\_ bg\ZjbZglz >Zggh&Zdg Jdh= b
Yeur_\uf \ jZ[hl_ > @ \ dhlhjhc bkke_"h\ZezZkv kljmdImjZz
gbljhp_f _glh\Zgghc klZeb IhdZaZgh qlh \ ijhp_kk_ Ij_gb
Zmkl_gblzZz b \u™_e _.gb_ipZepuf k m\_ebq_gb_f Jem[bgu dhebq_
m\_ebqglk& ljZdlbg_kdb nbdkbjm _Iky ihebfhjnghFe:.iFe\jZs
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Mgblu\Zy i_jki_dlb\ghklv ij_~eh  _gghlh f_Ih*Z \ jZ[hl_ > @
gZmqggh _ gZijZ\e _gb _ jZa\blby f I1Zeeh\_~ gby gZa\Zg
f 1Zeeh\_~ gb_f° >Zggh_ gZipk\le kdb_ jHafbdb_\ ihke_~mxsbo
> @ <hijhku ih\ur_gby j_kmjkzZ ba”_ebc Ibiz “Ijm[Z" ih
aZsblguo ihdjulbc ih*jh[gh ZgZebabjh\Zebkv D G <hcgh\uf > ¢
hif _Iblv qglh ih*h[gu_ bkke_"h\Zgby g_ imklblu\Zaxdkikkh]|Hp
| _iehklhcdbo klZe_c¢ k ihdjulb_f Lj_[mxlky [he__ nmg”"Zf_gl
dZkZxsb_ky f_oZgbq_k-cblhbdbonbkadbdh ijhp_kkh\ ijb\h”*ysbo d hJ[
\lhjbgqguo kljmdImj \ ih\_joghklguo kehyo

<j_fy h[jZzah\Zgby \lhjbggudhjkdamdlmjgvr_j kmjkZ maeh\
<ke_"klI\b_ wlh]lh [hevrZy qZzZklv j_kmjkzZ hij_~_ ey Iky Ij_gb_
Ke_ ~h\ZIl _evgh g _h[oh”~bfu ZgZeblbg_kdb_ wdki_jbf_glZe\
fh~r_evgu_ ij_"klZ\e_gby dZkizXsbo ky g_imkj_~kI\ jgghkkh\
h[jZah\Zgby \lhjbqguo KljmdImj bkke "hAZ phdyg b dookdbobal
l[jb[heh]bg_kdbo k\Atkjldo \rhij_~_e_gby gZ wlhc hkghRmjdghtlc jt
"helh\_qgghklb

1.10Zzjzd!l_jgu_ hkh[_gghklb khklhygby ih\_joghklguo keh \

ljb Ij_gbb \ h[s_f kemqgZ_ kljmdImjgh_ khklhygb_ ih\_jogh
hl g_kdhevdh nzZdlhjh\ ijbeh _gguo gZ]jmahd 1*5\ekddlhkpz
[j_ g bWij fhjnheh]bb dhglzZzdlbjmxsbo ih\_joghkl ¢ gZebgby kfz
dhlhjuc hij_~_e¥fl Ij_gby b \hafh ' guo ljZgknhjfZpbc j_"bfh\ |
mf_gvr_gbb Iheaslkdznahqgh]h kehy bkoh”~ghjZaHh)mjhmigklhygl
ih\_joghklgh]h kehy \dexqZy b baghkhklhcdb_ ihdjulby

< aZ\bkbfhklb hl ijbeh” _gguo gZ]jmahd iZju |j_dbedh gtz m
gZ]ljm  _ggu_ -kh ™y -@lZ]jm  _ggu_ < ~bkk_jlZpbhgghc jZ[hl_
maeu Z\IhfZlbdb LFKG ke_"m_I hlg_klb d KjkdtghdgkZdjnj_ gow
baf_gyxlky \ ij_VjeZ« f k ~Z\elgb « FIZ Hij_~_eyxs__
\gbfZgb_ \ke bkkZI _eb h[jZszZxl gZ imevkbjmxsbc oZjzdl_j
kdhjhklV,e b *"Z\e_dlbcH”gZdh ijbgbgu imevkZpbc g_ jZkkfzZljb
bkke "mxlky Ih gzZr_fm fg_gbx ih~h[guc ih?"oh” fh gh h[tykg
h[ezklv bkke_"h\zZgbc kdhj___hldigbbhZiggppy lKb[heh]h\ B ~_ckl\b!
Ilhgdb aj_gby Ijb[heh]bb [hevrh_ \ebygb_ hdzZau\zZ | fhjnheh]b
\br_ kmm[fbdjhr_jhoh\Zlhkl_c 1Zd dzZd dhglzZzdl Ijmsboky ih\_jogl
bo \_jrbgzf b ghkbl ~bkdj_lguc oghzZdEZeb@gBb_kfZahqghl]lh fzZI_
bf_ggh ~Zggh_ h[klhyl_evklI\h y\ey |ky ijbgbghc imevkZpbb gl
kfZahqggh]hkeihlp dhlhjhc \ebygb_fhjnheh]bb azZf _Igh k\_" _gbc

< ljb[heh]lbb h[h[s_gguf iZjzf_ljhf dhlhj\edbygyplb\Z_I
yley |ky | _fi_jZImjguc nZdlhj jZkkfZljb\Zxsbcky \ jZfdZo LAL
| fi_jZImjm |j_gby jZza”_eyxl gZ | _fi_jZImjulgZi fpdljmdri g\Kidilrdb
Lki ih\_joghklgmx |_fiLjZImjtmfgmk,(b I_fi_jZImjm hdjm Kx3$u
Lk FZdkbfzZevgzy | _fi_jzZIlmjzZz gZ dhglzdl_ ijbjz\gb\Z Iky kmff
I _fi_jZIlmj > @

Lmax  Ti - (1.2)

P———
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l[jb\_~ _gby azZ\bkbfhklv hkgh\ZgZ4zdEBlibhghdkdhc@ H"gZdh
ih~"h[guc ih"oh”™ ke_~m_1| kqblZlv hrb[hgguf 1Zd dZd hg ijhlb\}
| _jfh~rbgzZfbdb Gz kzfhf ~_e_bf__| f_klh ljZgknhjfZpby |_fi_jZzI
Lnax Lks: L kmil kit L inv L onp Lok (1.3)
]’\_ Ly s Lkm[L\k,' Liny Lh[ ij + khh|\_|k|\_ggh |_fi_jZ|ij kfZab g
fbdjhr_jhoh\Zlhklb ih\_joghklb \ h[t_f_ b kj_"gyy |_fi_jZImjZz
>h[Z\e_gb_ |_fi_jZImju gZ km[r_Lhp\h\ZH pfkd g o \ua\Z
hkh[_gghklyfb LAd&_ggunb ijb jZ[hl_ gz~ ~bkk_jlZpb_c LZdbf
ijhZzgZebabjh\Zgguo bklhggbdh\ ebl_jZImju fh ' gh k~_eZlv \u\

ihklZzgh\db LAL :gZeba azZ\bkbfhklb ihdZzau\z_| qlh f
[_fi_jZImj hij_"_ey_Ilky I_fiLjglmihLfb>Zgguc nzZdl [ue mklZg
;hm”_ghf b L_c[hjhf wdki_jbf_glZevgh _s_ \ ] > @ h”"gZc

m”~_eyeb “he gh]h \gbfzZgby

< j_amevlzl_ dhglzdlbjh\Zgby fgdjhkmphoh\Zlhc ih\_jogh
\hagbdzxl \ukhdhqzZklhlgu_ | fi_j4bkgjogu _ Ilhe klv ijhp_
| jfhpbdebjh\Zgby ghkysbc g _klZpbhgZjguc oZjzZdl_|j kh
3gZ]j _\Zgbez '~ &1 1jZz~ k ljhp_kk | _jfhpbdebjh\zZgby jZkijhkl
| ieh\u_ dhe_ _[Zgby ZlIhfh\ \ djbklZeebq_kdhc j_ r_Id_ bbleby_
"bkehdZpbhggu_ ijhp_kku < p_ehf ijhp_kk | _jfhpbdebjh\Zghb
deZkkm imevkbjmxsbo ijhp_kkh\ bkihevam_ fuo \ | _ogbd_

G_h[oh”~bfh hif _Iblv qglh khhl\_IklI\mxs__ hibkZgb_ fhjnh
[j_gby \ \bM~ bkfbdjhr_jhoh\ZlIhkl_ZebdélyqZgdh]h hibkZgby dhe [z
| _fi_jZImjgh]lh ijhp_kkZ ijb 1j_gbb hlkmlkl\m dHKBkih-8¥ah\Z
3R_jhoh\Zlhklv ih\_joghklb iZjzZf_lju 0ZjZdl_gblgllby®Z b h
\hafh ghklv o0zZjzdl_jbah\zZlv lhevdh 1Zd gZau\zZ_fu_ _"“bgbqggl
ihkj_~kI\hf hij_~ e _gby iRZb Rh\Fgh _kl\h _“bgbqgguo dhgl
hij_~ ey fuo dzZd kh\hdmighklb dhglzdlh\ fh ' gh o0ZzZjzdl_jba
kemqgZcguebdbg lh  _klv ihkj_~klI\hf | _hjbb \_jhylghkl_c I
ebl_jZImj_ f_Ih~u \dexqZy b f_Ih®u I_hjbb \_jhylghkl_c ijb\l
hibkZgbb kh\hdmighklb dhglzdlZz <f kl_k |I_f ZgZeblbqg_kdh
dhglzdlzLoAyhiijb\Hbl d dhjj_dlghc ihklZgh\d_ b j_r_gbx LAL

Kms_ kl\h\Zgb_kfZahqgh]h fZl _jbzZeZ \eby | gZ khklhygb _
khhi\_IklI\bb k j_"bfhf Ij_gby IhesbgzZz kfzZzadb baf_gy_Iky
Z\IhfZlbdb LFKG \ j_"bf_ j_kmjkgh]h kfZaujZghyphijfZpby jKklhbfh\
lj_gby hl ihem b~rdhklgh]h ~h ]jZgbqggh]lh 1Ijb wlhf ijhbkoh”bl b:
dhglzZzdlgh]h *"Z\elL gi8% hlihfbgZevgZy iehsZ "B,gthdEdd¥ Lk aZ

1
kg_| mf_gvr_gby iehsZ”b nZd|qu_n|26||QSnzdl|Z)Sgh LZd dzd "e

aZihjguo Z]j_ 3ZlhkFl1Z 1Ih dhglzZdl [m~_|I mijm]bf ijb ihem b~dhkl
lh™ _ \j_fy ijb ]jZgbqgghf Ij_gbb dhglzdl [m”_I| \yvadhmijm]hieZklk
< ahgZo dh8llZd12 _nhjfzpby fh  _lvgikekbklbg_kdbc ozZjzdl_j ijb [l
agZg_gbyb ahgZo k gZebgkknfikhZladBakhm~Zj gby fbdjh\ukImi
bo \azbfghf i_j_f_s_gbb \ ih\_joghklguo kehyo bf_xI| f_klIh
N nhjfZpbb > @



- J/_k vrp

N - N\

‘_F- ’ - :—#:—.
4
S; Sin

Cmazka

JbkmghdtKo fZ JjZgbqggh]hH lfjZgb¥ ih f IZeem

h)

——
——
—

LiZgknhjfzpby j_"bfh\ |j _gby y\ey Iky bklhggbdhf \uau\:
nbabg_kdbo f_oZgbq_kdbo b obfbq_kdbo ijhp_kkh\ gZ dhglZzZ
jZaebqgu_ f_oZgbafu bagZrb\Zgby < mkeh\byo ieZklbqg_k
fbdjhg_phkl _c¢c b ih\_joghklguo keh_\ ij_~ihqglbl_evguf y\ey Ik
f oZgbaf bagZrb\Zgby < mkeh\byo ~_ \yadhmijm]h]h khklhyg
Abnnmabhggufb ijhp_kkZfb b khhiI\_Ikl\mx&kafto\ kflhmdd m jghgbyfb
ko\Zlu\Zgb _f ij \ZeBprhklgmklbaghk

ljhp_kk kljmdImpREgE® gbdhljbjh\Zgguo ihdjulbc
gZ | _iehklhcdbo klZeyo

< Lmevkdhf ]Jhkm~ZjklI\_gghf mgb\ _jkbl I _\ I-Ig_e@bl it
ijh\hrylky jZ[hlu dZkZxsb_ky jZajzZ[hldb | _ogheh]bb gZg_ Kk
gbdpljh\Zgguo ihdjulbc gZ | _iehklhcdb_ klZeb bkke AF

kljmdImjhh[jZah\Zgby b f_Ih~"h\kingkgdo dle]h\ g hiklbmev!Z1Z1
bkke_~h\Zgbc \ :D 3LmeZzZfZraz\h~" [ueh hjl]Zgbah\Zgh hiul
ijhba\_~ _gu iheb]Jhggu _ bkbuZlgbyh\Zgguo N 1Ze ¢ ihdz
iheh bl_evgu_ j_ameviZlu > @ Gb _ ijb\h”"blky ZgZeba ijh\_"_

L_ogheh]by b kljmdImjhh[jZah\Zgb_ gbdhljbjh\Zgguo i

Ih~r gbdhljbjh\Zgb_f h[uqgh ih*jZamf_\gbdldnl ifhgZkkjgh
gbljhp _f _glZpmmbjZ\ey fufb 1ZjZf_ldaflhjh]lhy\eyxlky ijhp_glgh
kh~ j°Zgb_ zZffbzZdZ b wg”h]zZaz \ kf_kb |_déiLhAlmigurZkgs 0By

2 Kh’\_j‘Zgb_ Zffbzdz \ kf_kb hij_~_ey_ | __ Zahlguc ihl_
khhlighr_ ]Zah\ hjukyghbdkbjh\Zgguf Ghdhljbjh\Zghb_
hkms kI\ey lky \ | _fi_jzZImjghf ~"bzZiz%hg< dZq_kI\_ i_jki_dlb\
jZkku|jb\Zeka | iehklhcdb_ klZeb > @

th]hqbke_ggu_ wdki_jbf_glZevgu_ bkke "h\Zgby igphZaZe
ihdjulb_ ij_"~klz\ey | kh[hc fgh]hkehcdgrkhksjmdIllmgnmdZj[hgbljb’
ahgu \ \b~_ 3[ ehc” g_ljZ\ys _cky ihehku b "bnnmabhggh]h ih"
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kehy khklZhey I« fdf b khklhbhbghnzZagu)p*\monZagem,
FesN, FeN, FesC, Fes(CN) ih”"keh_\ kljh_gb_ dhlhjuo y\ey |ky keh'g
khhlighr_gby gbljbrguo dZj[b”guo b dZj[hgbljb”rguo nZa > @
> @ 3[_euc” kehc ij_"klzZ\ey |ky [he__ kljmdImjbjh\Zgguf Ih
nZau jZkihelkly gZ ih\_joghklb \ ke_"mxs_c ihkKkesN*hF&N ewghkl
j_amevlz|l_ ZgZebaZzZ wdki_jbf _glZevguo ~Zgguo \ jZ[hl_ > @ "~
fZjhd klzZze_c hilbfZevghc k Ihqdb aj_gby wdkiemZlZpbhgguo
O F G;P: < jzZ[t6] gZ hkgh\Zgbb wdki_jbf_glZevguo bkke_"h)
\hh[s_ ]h\hjy kihjguc \u\h” RK[llketucqglkehc hdzZau\Z_1| ij_\Zeb
\ebygb j gdmjkgmx ~“he]h\ghagtikbyh\Zggh]h ihdjulby \ p_ehf
< jZ[hPk. @ bkke_~mxlky ijhp_kku kliZghymjHib[jEZm@abhgghc
hag fdf b __ wdkiemZlZpbhggu_ k\hcklI\Z 1hdZazZgh qlh kljm
gbljb~gufleN, FesN, b FeN dzZj[hgbljb"def®GN) b dZj[b"g &)
nZazZfb h[t_fgZy ~hey dhlhjuo mf_gvrZ |ky ih ]dkyblgZd ahgw
gZebgb_ dZj[brgudveZa |IbiZ
Hkgh\gh_\gbfzZgb_\ jZ[hl_ m”_eyehkv hij_~ e _gbx o0ZjzZd
"bnnmabhgghc ahgu iehlghklbb *jkaefhgZz\plhpelhdhdZjZdl_jbamxshb
] I _jh]_gghklv ahgu b Ij_sbghh[jZah\ggiblh BZ\gh\ e&vgh]lh Zg
j_kmjkguo bkiulzgbc ba”_ebc Ijm[ 2~ _eZxlky \u\h”u h ij_k¢t
gbdhljbjh\Zgby gzZ” ijbf_gyxsbfky gzZ ij_"ijbylbb ijhp_kkhf o
ij_ \Zebjmxs_f \ebygbb "bnnmabhgghc ahgu gZ j_kmjk ba”_eby
< jghl > @ bkke_ _"h\Zehkv \ebygb_ij_"\Zjbl _evgh]h oheh”
azZlhlh\db gZ dzZq_kl\h nhjfbjh\Zgby ihdjulby MklZg&Xdlmd kgl
A nhjfbjh\zZgb_ Zdlb\bjm_| nZahh[jZah\Zgb_ \ ihdjulbb b ijk

lhesbgu :he__ \kkhidbgb jhlZpbhgghlh h[ ZIby hl Ah
kdhjhklv gzjzklzgby dzj[hgbljbAghlh kehy hkh[_ggh ijb
gbdhljbjh\Zgby ~h g < Ih °_ \j_fy m\_ebg_gb_ ~heb Zffb

ijb\h~"bl d fhghlhgghfm m\_ebq_gbx Jermgbghguwnnmabhgg
LZ[ebpZ+tJZkqg _lgu_ b wdki_jbf glZevgu_ "~Zggu_ih j kmjkm Kl

<b” ihdjulby gZ | IhdZaZl eb j kmjkZ pbdeu
nNey Ney h[sbc| j_kmjkg
ihdjulb| “bnnmabhg j_kmj| bkiulZgh
ahgu (h~8
fdf
Gbdhljbjh\Zggh ~1100 ~7100 8200 ~8000
Ojhfbjh\Zggh _ ~330 ~5000 5030 ~6000
< jZ[hl> @ \ hij_"~_ e _gghc kl_i_gb mqgl_gu hljbpzZIl_
k\hcklI\_ggu_ |I_ogheh]bg_kdbf hi_jZpbyf ihemq_gby ~_IZe_c b
gbdhljbjh\Zgguf ihdjulb_f >ey wlbo p_e_c¢ hij\Z2geuguj hidbdb:
| _ ogheh]bq_kdbo hi_jZpbc < qgqZklghklb \ | _ogheh]bqg_k

"hihegbl _evgZy hi_jZpby gbadhl _fi_jZImjgh]h hlimkdZ k jZpbh
kljmdImjhh[jZah\Zgby |j_"bfzZfb mkljZgyxsbfb ~ nhjfZpbx a
ihemq_gguoh~ghe jhlZpbhgguf h[ ZIb _f Khimlkl\mxs__ ~Zgg
dhjh[e_gb_ mkljzgy_Iky nbgbrguf rebnh\Zgb_f Ijhba\_~ _gh
"hihegbl_evghlh izjzf_1jzZ ijhp_kkZ fgbjhh gjp jhahgdlylh ihl_gpbzZe
b kl _i_gb "bkkhpbzZpbb zZffbkAd@dxs kihkmhjfbjh\Zgbx gZbJ!
dhjjhabhgghklhcdhc kljmdImju ihdjulby

Ihfbfh wlh]lh \\h~blky "hihegbl_evgZzZy nbgbrgz
hdkbfheb[® gbjh\Zgby iha\l\heyxsZy ihemqgblv gZ ih\_joghklb Z
FesHy b baghkhklhcdnvo,a.ZBmhjh Zgb_ kjkhp gbdhljbjh\Zgby \ k\y
\W A~ gb_f ~hihegbl_evguo hi_jZpbc dhfi_gkbjm_|ky memqgr_gb



13

glh  ih~I\_j*~_gh jzkq_lzZfb ih ki_pbZevgh jZajz[hlZgc
jZ[hlhkihkh[ghklb

<aZbfhk\yav f_""m kljmdImjgufb iZjzf _I|jZfb
b nbabtih&Zgbq_kdbfb k\hcklI\Zfb gbdhljbjh\Zgguo ihdjulbc

< ijhZgZebabjh\Zgguwd jZ[hlZo @ mklZgh\le_gZ fh”_evgZy
f_""m kljmdImjgufb iZjzf_ljZfb gbdhljbjh\Zgghih_k&lgy dp Kkl fiobk
| _ogheh]lbq_kdbfb izjzf_ljzfb :dyefbadjihd¥ jgthklb gz ih\_joghkl
b ih _]h Jem[bg_ ihdZazZe khhI\_IkI\WG 3fbepiR”_jkakybb obfbq_
khklz\Zz ih e_]Jbjmxsbf we f glzf klZe ¢ \ jZaebqgu
DZj[b hh[jZamxsb_ e_]bjmxsb _MowHi, fZgluj_adh ih\ur®xl|0
dZj[hgbljbrgh]h kehy Hij_~ e gZ azZ\bkbfhklv h[t_fh\ nZa F
gZklghklb "ey klZe_c¢ Ibiz 3;P:” wlb aZ\bkbfhklb jZaghkhgZijZ
dhjj_eylb\gu_ LzZd _ ihdZazgh qlh ilG \hjajZgdiZHIZg&8fDjbihj
jZkklhygb ni_gbdbdlb GZ hkgh\_ wdki_jbf glZevguo ~Zgguo kfh”"_
jZaf_j ithj Ijb wlhf ihdZazZgh qglh ih“h[gu_ “bnnmabhggu_
bkihevah\Zgu "ey ZgZebaZ kljmdIimjguo | _ogheh]bq_kdbo iZjZ
mjh\_gv hklZlhgguo |_ogheftgdjqhgkzdpy” gbc 1Zd°_ dhjj_ebj
fbdjhI\_j~hkOGux

Hij_~"_e_gu k p_evx fh”_ebjh\Zgby wdkiemZlZpbhgguo
liZnbg_kdh_ khhighr_dgbb kmpkjmdIimjgufb oZjzZdl_jbklbdzZfb i
"bkehdzpbcfbdjhgzijy _glwflb jzaf_jzZfbabp kdbo [ehdh)\ Z |
hkgh\gufb izjzf_|jzfb f_ozZgbq_kdbo k\hckl\ klZe_c ij_"~_eZfb i
mklZehklb < N"Zevg_cr_f ihemqg_ggu_ j_ameviZlu [ueb bkihev
kijmdimpgd_j]_Ibg_kdbo djbl_jb_\ hp_gdb Ijb[hikhkIM&ddbkkbZE
k ihdjulb _f

:gZeh]lbqguc ih?oh” bkihevam _ Iky \ jZ[hl_ > @ "ey hij_
wg_j]l_Ibg_kdbo djbl_jb_\ “bnnmabhgghc ahgu < jZ[hl_ \u”™\bg
] I _jh]_gghklv ~“bnnmabhgghc ahgu fh gh hij_~ _eblv BQ_ | &
bkihevah\zZlv wlhl ih*oh” ~ey fh”_ebjh\Zgby “he]h\_qghklb b h
j_"bfh\ gbdhljbjh\Zgby GZ hkgh\Zgbb ~Zgghc ]bihl_au ij_"eh" .
hiGd ozjzdl_jbklbdzf ]_I_jh]l_gghklb gq_j_a nZah\uc khklz\ \ gb
b \ jZzfdZo ijbgyluo agZq_gbc wfibjbg_kdbo dhwnnbpb_glh\ B}
f_Ih "bdm |_hj_Ibg_kdb h[hkgh\Zg wg_jRyIbey KdbcgdlpbmlkbLe hk
"helh\ _gghklb "bnnmabhgghc ahgu

1.3Fhjnheh]by ih\_joghklb Ij_gby b f Ih”u __ hp_gdb

Fhjnheh]by ih\_joghklb |j_gby \ kh\j_f_gghf ihgbfzZghbl
kh\hdmighklvx ozZjzZdl_jbklbdb nhjfu |_dkimju b p\_1Z ih\_jogh
bo jZajmr_gby b qgZklh9] bMigjifkzij ~klZ\ey | kh[hc baj_aZggh
hit_dlZz \ ehdZehkpmx nhjfm h[t_dlZ bah]gmlhklv h\Zevghk
L dkimjzZz ihdZau\lZ | hkh[_gghklb kljh_gby j ev_nZ h[mkeh
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oZjzZdl_jhf IjhkljZzgkl\_gguo hlghr_gbc \ukhl g_ph\ewhkl_c
ikbohnbabqg_kdZy j Zdpby ajbl_evghc kébkdljhuizZ]gdhdhdzZbgz nwg _
"bziZzahg_ ~ebg \heg hl ~Ah gf dhlhjzZzy \hh[s_ ]h\hjy g_
k\hckI\Z fZl_jbZevgud20][t_dlh\

Hkh[_gghklb fhjnheh]bq_kdbo ijbagZdh\ g_azZ\bkbfu hl fZ
ijbagZdb g_ y\eyxlky nbZbaf jlgdhtkdtvx < wlhc k\yab fbdjh]._
ih\_joghklb [Ij_gby b bo fhjnheh]by bf_xI \azZbfh”hihegy
fbdjh]_hf_Iljby nhjfbjm_irakhughb jZaf_jgu_ ozZjzdl_jbklbdb r_j
kehy Z fhjnheh]lby hij_" ey Iky bo [_ajZafogyamjibglgltdkrlz
k\hckI\Zfb

?keb hllZzedb\ZIvky hl jZaf_jguo ozZjzdl_jbklbd r_jhoh\ZI
ijbf_gbf fZkrlZ[guc nZdlhj Wdki_jbf _glZevgh_ bkke_"h\Zgh
h]_ki_g_gb_ ihdzZau\zxl qlh g_jh\ghklb \hafh ' gh jZa”_eblv kh
jZafjguo mjh\gy \hegbklhklv hldehg _gby nhjfu fbdjhr
km[r_jhoh\Z[2iklv

F _Ih”~u hp_gdb lhih]jZnbb ih\_joghklb Ij_gby

> ckl\bl_evgZy ih\_joghklv bf_ | ~hklZlhqgh [hevrhc gZ][
we f glh\ b ]Jh fh gh jZza” JemnivugkZ t\lujvfy mjh\gyfb hldehg g
> @ fZdjh]_hf_Iljbx fzdjhhldehg_gb_ b \hegbklhklv b
r jhoh\Zlhklv b km[r_jhoh\ZIhklv

?keb \a]Jeygmlv gZ az”~zZqb j_rzZ_fu_ \ "bkk_jlZpbhgg
ij_"klz\ey_ | fbdjh]_hf_Iljbynkilb\_joghoh\Zlhklv fbdjhr_jhoh\ZI|
km[r_jhoh\Zlhklv < ljb[heh]bb keh bebkv q_luj_ ih”oh”*
fbdjh]_hf_Iljbb njzdlZevguc ~_|_jfbgbklbg_kdbc izZjzZf_Iljbq_kt
Hklzgh\bfky gz izZjzf_ljbg_kdbo b \_jhylghklgdb[hi@*ohNZ&It
ijbf _gy fuo gZ ijzdlbd _

l1Zzjzf_1jbq kdbc imkgph\Vu\zZ _|ky gZ hibkzZgbb r_jhoh\ZIhklb k
g _dhlhjuo ozjzd!l _jbklbd dhlhju_ h[uqgh gZoh”ylky iml_f hJj.
jZkkfzZljb\zxlky \ =HKL_ 3R _jhoh\Zlhklv ih\bjodhkfbgu b
hij_~_e_gby” DZd ijZ\beh kgbfzZ_Iky iylv ijhnbeh]jzff k bkke_
dhlhjuo \u[bjzZz_Iky h~gzZ k gZb[he__ oZzZjzdl_jguhaffiodjhkjivnk
bkihevah\Zgby h~ghc ijhnbeh]jzffu 7~ey hp_gdb izjzf_ Ijh\ f
hkgh\ulky gZ k\hckl\_ wjJh*bgghklb kemgZcguo g_[BAf_ggu
G _baf _gguc kemgZcguc ijhp_kk bf__ 1 \b” h~rghjh”guo g _ij
dhe_[Zgbc \hdjm] hij_~_e_ggh]h kj_"*g_]h agZq_gby

<_jhylghklguc ihkghtu\Z_Iky gZ |_hjbb \_jhylgteklgZcduabj!
ijhp_kkh\ b hlebqz_Iky [he__ iheghc bgnhjfZlb\ghklvx Hg ih.
ijhnbeh]jzffm dzd g_dhlhjmx klZlIbklbg_kdmx ih~[hjdm hj"
g_jh\ghkl_c beb dzZd hij_~_e_ggmx j_ZebaZpbx kemqgZcgh]h ijl

< i_j\hf kemqZ_ agZuogdglbhijhj® ey |ky nmgdpb_c F@kij_"_
G_j_~dh \ dzqg_kI\_ 1Zzdhc nmgdpbb Ziijhdkbfbjm_Ilky djb\:
ihroh”ysZy 7ey | _ogbq_kdbo ijbeh” _gbc [eZ]h”Zjy ijhklhl_
hibkzgby GzZjy*m k wlbf gm gh azf_Iblv _pdbhkigp lygjgw_qih
NZe_db hl ]Zmkkh\kdh]h jzZzkij_~_e_gby

;he__ ih”oh”ysbf k fzl_fZIbgq_kdhc Ihqdb aj_gby j
[Zabjmxsbcky gZ | _hjbb kemgZcguo ihe_c¢c dh]*Z r_jhoh\ZIl
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j_ZebazZpby g_dhlhjh]lh kemqgZcgh]lh ijhahkxk@by BIrZgh]bkikignwk
ijbgzZ~e_"bl Ebggbdn23h @mikym\ azZjm[_"ghc ebl_jZImj_ kqgblZ_|
ihroh” ijbgz~e_"bl GZczZzdm < hkgh\ghf f_Ih” kemqgZcguo
]Zmkkh\kdbo bahljhiguo b Zgbahljhiguo ih\_joghkl gh\W@Ky ij_
aZf_Igh ey |lj_ofDjghJhZzazZz j_Zevghc ih\_joghklb

H~Agh\j_f_ggh g_h[oh”bfh hiIf_Iblv qglh \ Ijb[heh]bb ~ey
hj"bgZlu ijhnbey Z iehsz”~db dhglzdlZ ijb Ij_gbb i_ji_g~bdme
k\yab k wlbf ij_"~ihqglbl_ewagh\Zdgdkih\e jhylghklgh]h jZkij_~_e_gb
dhglzdlz dhlhjh_ hij_~_ ey Iky ih ijhnbeh]jzffzf k ihfhsvx \_
A\mo dhglZdibjmxsbo ih\ _joghkl_c ih® ~ ckl\b_f ijbeh  _gghc
kemqzZ_ dzZd ihdZaulzZ_1 gZr hiul azdhg dBgiZdlhe _pgbg_ kbh[j
\u[bjZlv ba hij_~ e _gguo nbabg_kdbo khh[jZ _gbc

< jZ[hlZo > @ bkihevam _|ky fZzjdh\kdzy fh"_ev f_oZghb
r jhoh\Zluo ih\_joghkl_c¢c \ ijhp_kk_ 1lj_gby < j_amevlZIl_
bkke_ "h\Zgbc ihdzaZghh” ¢llh \_ebgbgu k[eb  _gbc "\mo |_e
h[jZamxsboky dhglzdlh\ ijb |Ij_gbb mgblu\Zxlky 2zZ\IhfZlbq_k
fh~r_eyo ijbgyl jy®» \Z'guo "hims_gbc dhlhju_ lj_[mx| “hdzZaZzZl.
bo ijbf_g_gby Bkihevah\zZgb_ fZjdh\kpm]h ighip[KKKEBIhjd dhglzdl
fbdjh\uklmiZzo J[ue hj*bgZjguf b imzZkkhgh\kdbf b \j_fy
fbdjh\ukImih\ ih*gbgyehkv ihdZazZl _evghfm azZdhgm jZkij_" _e_
wlh]lh Ij_[m_Ilky p_euc jy® \ugbkeb[22vguo *_ckl\bc

< wlhc k\yalkk\ j*fBpbhgghc jzZ[hl_ \ dzqg_kI\_ fzZl _fZlbq_Kk
p_e_khh[jZzagh bkihevah\Zlv beb ki_dljZevgh_ jzd2d) bgb_
\_cledj_h[jZzah\ZxaDb _

F_Ih~u baf_j gby r_jhoh\Zlhklb Ij _gby

GZb[he__ jZkijhkljzgf dpogdb bafbc r_jhoh\ZIhklb [Ij_¢
yleyxlkgmih\u Gzijbf_j 7~ey baf_j_gby fbdjhr_jhoh\Zlhklb gz
bkihevam _ |ky ijhnbeh]jZn 3D é@a[ff j gb_f km[r_jhoh\ZIlhkl_c¢c "_
keh g__ wlh k\yazgh k jZzaj_rzZxs_c kihkh[ghklvx bhgZebabéemyu
kh\j f ggu_ | _g”~ _gpbb \b~gh qglh bgl_j ku gZmdb b | _oghb
kf _klbebkv \ klhjhgm hq_gv JezZz~dbo ih\_joghkl_c d dhlhji
km[r_jhoh\Zlhklb Ih _klv we_f_glh\ r_jhbhgZgmKIdjh\fibfdfEKkrlZ[_
ihke Xeibf \hkkha~rzZgb f h[jZaZ j_Zevghc ih\_joghklb k bkihev
Imgg_evghc fbdjhkdhibb Gh gZb[he_ = ZdImZevgufb hklZxlk
dhlhjuod¥Zq_kI\_ smiZ bkihevakihlebdgmmx ih ih\ <ojdbélevgu_
gZijZ\e_gby ~\b" _gbyj_hJpdlamxlky mkbeb\Zxlky b azZibku\zZx
ijhnbeh]jzffu b ~Ze__ hpbnjh\u\Zxlky “ey h[jZ[hldb dhfivxIl_jhf
gZklhys__ \j_fy \ khklhygbb \u~zZ\ZIv rbjhdbc ki_dlj izZjzf_Ijh
\ukhdhc lhqghklvx Klhbl IZd _ hkbiblv Zblfhtkdhiu :KF [hevrl
b fZeh]h ihey b gZb[he__ lhqgu_ kdZgbjmxsb_ Imgg_evgu_ fbd
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l4:9gZeba hkh[_gghkl_c¢c LAL b f_Ih~h\ __ j r_gby

L fi_jZImjz lj_gby yleyxsZyky dexqg_\uf nzZdlhjhf ‘
jZaghh[jZagu_ ijhp_kkvu jogchlgld ilh_gby 1Zd b \ ih\_joghklguo ki
hij_~ _eylvky ihkj_~klI\hf dhjj_dlghc ihklZgh\db LAL b bkihevah)
fZzl _fZlbg_kdbo f_Ih~h\ __ j_ r_gby

ljbgpbibzZevguf fhf_glhf \ LAL y\ey Iky \hijhk qglh y\ey
iZjZf_ljhf \g@Bc az™Zlgh[kl\_ggh |_fi_jZImjZz beb I|_iehlZ 1j_gb
aj_gby 1 _jfh~rbgzfbdb g_hJ[jZIbfuo ijhp_kkh\ LGI bkoh”rguf
| iehnbabqg_kdbo ijhp_kkZo kemLzZIlh[t M _ jZZNgZdkb wgljhidy
L _iehl® y\ey Iky ijhba\h”rguf ljidjzf< |_hjbb [|_iehijh\h~ghkl
| iehi_j_~Zqb ijb j_r_gbb | _ieh\uo azZ”™Zq | iehlz fh |
"bnn_j_gpbZevgh_ mjzZ\g_gb_ \ \b”~_ g_dhlhjh]lh ihklhyggh]h
fg_gbx : < Eudh\Z > @ I|lhevdh \ baemqZl_evguo ijhp_mkkZo
Kl _nzglzevpfzgz | _iehlzZz y\ey Iky i_j f gguf izjzf Ijhf \ ~bi
mjZ\g_gbyo | _iehijh\h~ghklb ]jZgbgqgu_ mkeh\by \lhjh]h jh~Z

ljboh~blky d kh Ze gbx dhgklZlbjh\ZIv ijZzdlbg_kdh_ hlk
fZl_fZlbg_kdh]h hibkZgby b&higgbehVjl gby [_a kfZadb 3kmoh]
>ey |lj_gby kh kfZadhc \ I_hjbb | _iehijh\h*ghklb hibjZykv gZ
kfZzad_ ijbgbfZxs _cky azZ bklhggbd | _iehlu ijb Ij_gbb bkihev
hibkZgb_  bklhggbdZz >Ze dzd bkkkéZéaBebgbyZrBbZ gh jZa’
| fi_jZImjgu_ ijhp_kku gZ klZpbhgZjgu_ b g _klZpbhgZjgu_
ijhba\h~blky \ |_hjbb | _iehijh\h~*ghklb H~”gZdh \ Ijb[heh]bb

m” _eyxl klZpbhgzZjguf ijhp_kkZzZf Bklhggbd | _ieZ hilgkiu\z |
iZjZf _lju ijhp_kkzZ lj_gby Z bf_ggh > @
a MVijfij, (1.4)

1"_ qxiehlghklv ihlhdZ I_ieh\hc wg_j]bH, |, bklhiggbld ZIKI\_ggh
dhglzdighe o\ kdhjhklv b dhwnnbpb_gl Ij_gby

lj_~ihez]lZ_Ilky qlh | _ieh\hc ihlhd ~_eblky f_""m dhglzd
ijhihjpbhgZevgh bo | _iehnbabqg_kdbf oZjzdl_jbdeldeihZ {30 o ~\
\\h~blky dhwnnbpb _gl jZa”_e_gby | _ieh\uo ihlhdh\

O1,2
K:LZ 7 (1.5)
>Ze _ bkihevamy bf _xsb_ky \ | _hjbb | _iehijh\h~*ghklb f _Ih”u

| _ieh\u_ az”~Zqb "\mo dhglZdibjmxsbo |_e

ljhp_kk ljZzgknhjfZpbb |_iehluflj jgbmjm hibku\Z_Ilky jZa”"_e
A"\mo |_e ihkj_"klI\hf “bnn_j_gpbZevguo mjzZ\g_gbc k khhl\_Ikl
mkeh\byfb bkihevamxsbfbky \ | _hjbb | _iehijh\h”~ghklb .
ihklz\e _gghc az~Zqgb hibku\Z | ijhp_kk jZkijhkljZigdglbymksfhojZ
| _eZo

>jm]hc ihcoh” jZzkkfzZljb\Z Iky \<jg[hd ij>"eZ]Z _ |ky aZ\bkb
ihfhsvx dhlhjhc gZoh”blky | _fi_jZImjzZ I|j_gby G_ \*"Z\Zykyv
ij_"eh _gghc azZ\bkbfhklb dhlhjuc [m~_| jzZkkfhlj_g ~"Ze
ijbgpbibZewgu "hklZlhd Ijb kludh\d_ | _fi_jZImj gZ ih\_joghklyo
| e bf__| f_klih bo g_khhI\_IklI\b_ ITh _klv kdZghd dhlhjuc g_
ijhp_kk_ >ey hij_~ e gby fZdkbfZevghc | _fi_jZImju gZ dhgl.
mihfbgzZ\rZyky jWogkbfh&kdv \ mk_q_gghf \b”~_

F_""m | _f g _klZpbhgZjgu_ ijhp_kku y\eyxlky bklhqggbdZfl
dhlhjuo ij_"~_ \k_]1h ke_~m_I| \u”~_eblv imevkZpbx | _fi_jZlIn
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g_klZpbhgZjghklb b imevkzZpbb | _fi_jZImju ~ey hibkZgby ijh)
| fi_jZImj ijbf_gy |ky aZdhg Nmjv_ b ~Ze__ bkihevam_Ilky
iZjZ[hebg_kdh]h Ibiz >ZggZy fh”_ev g_ mqgblu\Z_ | j_ezZdkZpb
f_klh \ g_klZpbhgzZjghf |_fi_jzZlmjghf ijhp_kk_ J_ezZdkZy
hibku\zZxlky mjz\gfZglbyZbhbqg_kdhc nbabdb ]Jbi_j[hebqg_kdh]h IbiZ
ba \gbfzgby bkke_ _~h\Zl e _c¢ \uiz™"Z_| 1Zd gZau\Z _fuc |_jfbq_}
"ey bfimevkguo ijhp_kkh\ < k\hx hg_j_"v |I_jfbg_kdbc m~Zj \e
A"bnnmabhggu_ ijhp_kku gizn Zlelhrud Imig \jZs_gby b ~bkehdz
mijhgg_gb_ \ ih\_joghklghf keh _

141L _jfh~bgZfbqg_kdbc ZgZeba jy*Z iheh  _gbc LAL

< k\yab k I_f glh nbabqg_kdb_ ijhp_kku bkihevam_fu_ ijb
jZ"bdZevgh hlebqgZxlky ijb ZgZebahibgZevkkhhgjZadph) ~ e g
nmg”~Zf_glZevgu_ hkgh\u jZajZ[hlZggu_ gZijbf_j \ LGl >ey

fZl_jbzZehf = =j_[_j bkihevah\Ze mKZhdkgdb > B@Zi\bf_ jm ~“ey
gZoh ~_gby I_fi_jZImjwbkjihetv\am _|ky mjz\g_gb_ i_)bgBkZ wg_j]I
dT dP :
W~ O2T = KDissFktV (1.6)
dw dw
1~ Lk b + khhI\_IkI\_ggh iehlghklv | _ieh_fdhklv d
| _iehijh\h~ghklb b dhwnnbpb_ gl ~bgzZfbq_kc ' “T \whihklthjghZad
dP
ij_~klz\e_gb_ I_fi_jZIm.d—l/j_igb_yj_iZ" ~Z\e_gby DissFktV +

"bkkbiZpby wg_jlbb hljZz ZxsZy | _iehlm |j_gby

gZeba mjzZ\g_gbiyhalhey | k" _eZlv \Z qubabg\hkdh¥f hlghr_g!
| fi_jZImjz 1j_gby bklhggbdhf dhlhjhc y\ey |ky kfZadZz
dhwnnbpb_gl \y K DissFktV b baf_ g gby ihey kdhkHKlacdcb
ljb\_"~ gguc \ j410ll ZgZeba ihdzZaZe qglh mjz\g_¢gbb\hj gblg_
l[j_[h\Zgbyf LGI

ljhp_kku kljmdImjhh[jZah\Zgby gbdhljbjh\Zggh]h kehy b h]
kljmdImj 1Zd"_ fh gh ijhZgZebabjh\Zlv k ihf[B3wx bfkillhnéhah\Ggb
\ Ihf gbke_ ijh]jzZzffgh]h dhfie_dkZ® :K\W d:hlhjdZqg_ kjXkqg lguo
\W\hrylky N"ZgdkjZblaggB8]Z

>Ze _ ijb\h~ylky g _dhlhju_ k\_~ gby ba LGI dhlhju_ [m~7
ZgZebaZ hkh[_gghkl_c LAL

G _ij_julgu_ b ij_julgu_ kbkl_fu \ LGI

Ihgylb_ h g_ij_julguo b ij_julguo kbkl_fZo \k Lglewxh”"
mklZgh\le_gby jZaebgbc \ i_j ghkZo jZaebqgguo [3B]Zfljhjp\kikm"r
lj_gby khimlkl\mxl|l 1Zdb_ y\e _gby dZd i_j _ghk | _iez b | _f
fZkkhi_j_ghk h[jZah\Zgb_ \lhjbglujctudjimaddimfpjh\ gZ [Za_ nZ



18

ij_ \jZsgbc b obfbg_kdbo ij \jZs _gbc gZ [Za_ obfbg_kdbo |j_ Zc
lj_gby g_bahl_jfbgq_kdbc b khijh\h ~Z 1ky jhklhf |_fi_jZImju Ih
"ey _]h hibkzZgby y\ey |ky wgljhibcguc [Zabjmxsbcky gZ hkgh\

ds t 9 , (1.7)
T

] dSxbaf_g_gb_ wgdghitbdf g gb_dhebq_kI\Z | _ieZ ih”\_~ gg
kbkl_f_

Khhighr_gb_ ihrg_jdb\zZ_1 Ihl nzdl qglh ijb Ij_gbb
wgljbib dZzd f_ju jZkk_ygby jZaebqguo \b”Ah\ wg_j]l]bb \ Ihf gbk:
JZkkfhljbf baf_g_gb_ wgljhibb ~ey g _ij_julguo b ij_julguo kbkl

Hkgh\guf mjzZ\g_gb_f \ "Zgghf kemqgZ_ y\ey_ |ky mjZ\g_ghb
[28]

S .

ljj— divJ , 1.8

TW s % (1.8)

]*  !'ziehlghklv fZl _jbZeZ ljb[dikkklrbfu j] _gpby jZkoh A _gb_ \
ihlhdZz wgljlgibkehdZevgh_ ijhba\h~ki\h wgljhibb gZ _~bgbpm h]

< y\ghfMbihlhd ijhba\h*"kIWgljhibb bf_ x| ke_~mxsbc \b" >
Ney g_ij_julguo kbkl _f

BRIk, 0, (1.9)

Jo™ L n o
Q= iy 1 Ad; H tO; (1.10)

Ney ij_julguo kbkl _f

2
I ' T( ) d Q (2.12)
D 1
a 8D ) 2) ) - °
« |ml(<l) # '\&l F‘ I\&Z » (112)
« § 1 1 i n T(l) T(Z) i »
b oau® T mgm® = | © »t0,
« K'1 g® T@1i " | §A1<1) VO - %(2) @ >
< e T 1o TO

< mjZ\g_gbyd.12)Js bls tehdZevguc b ihkpdic vi/thjH/Stb‘/S
tehdZevgh_ b ihegh_ ijhba\h”Jklbkh splphdibd_ieZ b ~bnroatb b

obfbg_kdbc b highkbl_evguc obfbqg kkdbdhifihgg ' LZk’ §‘§i

1iZ~b_glu | _fi_jZIimj b highkbl_evgh]h obfbgAk#kjh~kihihagpbZ
obfbq_kdhc j_zdi Aprd,Q?, duUl?, dm? + ki_i_gv az\_jr_gghk
obfbg_kdhc j_Zdpbb \g_rgbc ihlhd | _ieZz ihlhd \gmlj_gg_

baf_g_ &l dhfihg _giithAkbkl_& bV b tkdhjhkly obfbg_kdZdpbb
b h[t _fih~"kbkl_fu

KjZ\gbl _evguc ZgZeba mjZ\g _gbc i_j_gth wgljhibb ~“ey
ij_julguo kbkl _f ihdZaul\Z_ | qlh bo j_r_gb_ ijb\_~ | d jZa
JZkkfhljbf d ijbf_jm jzZkq_| wgljhibb |hemq ggut_ |IénEvd§h h
mqgblu\Zy “bnnmabhggu_ ihlhdb b obfbg_kdb_j Zdpbb J _ame
ke _"mxsbf j_amevlzZlzZf > @

Ney g_ij_julguo kbkl _f



19

T

SH JQ _I_,

Ney ij_julguo kbkl_f
’T

Si Yo

ngjhlby guiNghc kbkl .S, L@ ke _~h\Zl _evgh b | _fi_j.
g_ij_julguo kbkl_f [m” ml \ur_ qg_f ij_julguo kbkl_f >jm]bfb
| fi_jZImj k bkihevah\zgb f f |h"Z jZza™_e _gby | _ieh\uo ihlh
j_amevlZlu

ljbf _gblevgh d LAL ihemqg_gguc j_amevlizZzl ke _ _~m_|I
ke _"mxsbf h[jZahf ~_gb_ LAL k bkihevah\zZgb_ f br b jZza™_
f “Am dthZdijmxsbfb 1 _ezZfb b jZa™ _evghlh hij_~ e gby gZ w
Z\IhfZIbq kdb hlghkbl |h|emyq) gdhij julguf kbkl_fzf b NZ | g_ijZ
j_amevlZl

>ey ijb\_"~ gby LAL d g_ij_julguf kbkl_fzf ke_~m_1 bkihe:
f Th™ k ]ngbqgufb mikdh\hfiBB] < wlhf kemqZ_ \ ]jZgbqguo
|jij\gb\Zkay i jEIjb | _ieh\whlhdg=q gZ dhglzZzdl_ Ohly
j_r_gby LAL bklhevam _lky \_kvfzZ keh guc ZiizZjZ88]l_Hjijdbh~ihl
|hemqbe jZa\blb_ b ng_e fghlhgbke _gguo ihke_"h\ZI e_c |_F
g_"hklzldb ij_"eh _gghc -i_hjbb dhglzdl f_""nb IhIeIZfIky
g_ih™M\b 'guf b ih wlhc ijbgbg_ g _ijbf_gbf d Ij_ gbx kh kfZahqgguf
| f kfZzadZ y\eyykv bklhqggbdhf | _iehlu i_j f sZ |Iky \ aZahj_
V <ANlhjuo 1]jZgbggh_ aqHgelg\b \uihegy_Ilky 1Zd dzZd |_igegh\u_ il
liZgbqguo mkeh\byo hlg_k _gu g_ lhevdh d dhglZdim gh b d | ¢

Fghl]hgbke _ggu_ ihke_"~h\Zl _eb ij_"eZ]Zeb jZaebqgu_ k
| fi_jZImj b 1 _ieh\uo ihlhdh\ \ j r gbyo 1Zd gZau\Z_fuo 3F
khg_lzZxsbo b~_b jzZza”_eugbyhllhdédh\ b dhglZdlguo az”~zZq |
djblbg_kdbc h[ahj "Zgguo bkke_"h\ZghXlijb\_"~ _g \ jZ[hl_

Kdhfi_gkbjh\Zggu_ b g_kdhfi_gkbjh\Zggu_ ijhp_kku \

Bklhjbg_kdb keh behkv 1zd glh 1_fi_jzZlmjz 1|j_gby |
khihdmighklv Z1ij jh[jZamxsboky gZ r_jhoh\Zlhklyo ih\_joghklb
km[r_jhoh\Zlhlkhyofbdjhg_jh\ghklydi_jZImjz \kiulkdb I_fi_jZImjz
ih\_joghKdb b h[t_fgzy |_fi_jalmhzj_"_ey_fuo jZa”_evgh HklZ'
\uykg _ggufb ~h dhgigd hhifZzdkbfZevghc | _fi_jZImay Hj by
ljZgknhjfZzpbb | _fi_jZImj \ k\yab k hlkmlkl\b_f ~bghc f_Ih*heh
ij_M“u"ms_f iZjZ]jZn_ baeh  _gZ b”~_y h Ihf qglh ljZgknhjfZpbb |
LemiLwki b”*_1 aZ kq_Il \hegh\uolhijhglwkelemq_gby b ijb j_r_gbb
ljZgknhjfZzpbb | _fi_jzZImj ke_"m_I| [jZIv ]jZ3pggph*"ZmkeBhtby
\ukdZau\Zehkv eh]bqggh_ ij_"iheh _diclh IngZetplth nexdImZp
| _jfh~ bgzZfbqg_kdbo iZjzf_Ijh\ \ hij_~_e _gghc kblv_ghklihedhggul
az™zZqb

<gZqZe_  hlf_Ibf glh nexdlmZpbb | _fi_jZImj ijbkmsb
we f glzf kbkl fip fbod[hr_jhoh\Zlhklb ih\_joghklghfm kehx b
ihdzazeb gZrb bkke_~h\zZdbfybd}ey_ Kmoh\ZlIhkl_c \ke_~kl\b_ ~bl
diglzdlbjh\Zgby bf_xl f _klh nexdlmzZpbb \ \b”A_  bfimev
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ijh"he bl_evghklb \' 1 _q_gb_ \k_Jh ijhp_kkZ |j_gby >ey ih\_joc
| fi_jZImjgu_ nexdlmZpbb bf_xI f_klh Ilhevdh ~ey g _klZpbhgZ]
JZkkZku\Zgby nexdlmBEpbbfy j eZdkZpbb >ey h[t_fZ ozZjzdl_
j_ezdkZpbtE * k “ey ih\_joghklgh]mR &&hyk “"ey -km]
fbdjhr_jhoh\Zlhkl_c khhI\2_ I&kI{ kg@hg ®°k >. @

Ihy\b\rb_ky \ ihke_"gb_ ]h~u bkke_ _"h\Zgby iha\hplbeb
ehdZevguo |_fi_jZImjguo h[t_fh\ ~h dhg{BP]llgeo®Aagdlyc gjZd¢hl _
| jfh*bgZfbg_kdbo ihabpbc [ueb hij_~ e gu "bZiZahgu kms_ kI
tdeZkl_jh\ - gpZzghdjhgzZklbp >ey dezZkl_jh\ b gZghqZklbp o0ZjzZ
d\ZglhfihoZgbq_kdbo wnn_dlh\ d dhlhjuf g_ijbf_gbfzZ jZ\gh\_k¢
=b[[kZ Hp_ghggh_ agZq_gb_ jZafﬁ_f;h(XS 6 ZgdugZkldp bl h[ezkl
kms_ klI\h\Zgby fbdjhgzZklbp >ey bo [HAOpkWAgky jyYO'beagZqg_gb
|_jfh~*"bgZfbg_kdbo nmgdpbc woom fjbe&gxxk\h[hrgmx wqgF,j]bx
| _jfh~"bgZfbgq_kdbc ihG_gdbdgBdh wlb ozZjzdl_jbklibdb ObeezZ h
ZgZeh]lbgguo oZzZjzdl_jbklbd =b[[kZ |I_f qglh \ gbo mql_gux™hihe
iehszZ”b ih\_joghklb gzZklbp b ih\_joghklgh_ g&ZIlykljgbh ]\ hyh ce
"Zgguf qZklbpzZf g_evay ijbf_gylv mjZ\g_gb_ =b[[kZ Lzdl
kms_klI\h\Zgby ehdzZevgh]h jZ\gh\_kby jZkiheZ]Zflky \ur_ agZq

Khlezkgh jZ[hN._nmdZ@Zgghc h[eZklb jZzkiheZ]Z Ikyrigmfr_jho
f Balhwh ke_"m_|I glh 1 _fi_jZImg£L j@Kidkeyz]Z_Iky ijbf_jgh
km[r_jhoh\Zlhklyo b g_ nhjfbjm_Iky gZ [he__ f_edbo gZklbpZo
[_fi_jZImj_ \kiuxdb_fi_jZImlgy\ey_Iky djmigha_jgbklhc nexdIm.
\j f_9gZ j_eZdkZippbxhde f_gvr_ q_f gZ ihjy~hd Ke_"h\ZIl_evgh
Lmy Liki ijhbkoh”bl ih azZdhgzf |_jfh~bgZfbdb b hkms_kl\ey_IlKky

jZg__ aZ kq_l| baemqg_gby < Ih ~_ \j_ fy ih hlghr_gbx d ih\_
[_fi_jZImjZfny\ey_|ky f_egbkdhpg nexdimZpb_c \j_f_gZ bo j._
jZaebqgzZxlky [hevr_ qgq_f gZ "\Z ihjy”rdZz mqgZkl\m_1 Ihev

"bkkbiZlb\guo ijhp_kkh\ Thwlhlimb\WljZkfg_|Zbmjdg_ mqgblu\Z_Ilky
JZKkm ' ~Zy ZgZeh]lbqguf h[jZahf fh gh j_B)fhjhwZhy
dimigha_jgbklZy nexdimZpby ihnhbdgfhredbax_fgbklZy ih hlbghr_ghb:
< k\hx hg_junty\ey_I|ky djmigha_jgbklhc nexdIimZpb_clLjh <hlgh
nbabqg_kdhf kfuke_ \gZqZe_LphjélZjmflky f_ j_ __ m\_ebqg_gby
hij_~ e _gghlh fhf_glZz \j_f _gb nhjfbjm_Iky baemqgbl_evguc
gZijZ\e_gguc gZ h[jGah\Zgb_

q otim Lhr
X

1 dhwnnbpb_gl | _fi_jZImjhbjbxhZighklkhygb hl ih\_joghklb

ljb\_~ gguc fZl _jbZe mklzZzgz\eb\Z | ihjy*hd hij_ 1tp.e lgby |
Laifih _*bghc f_Ih~bd_

ljh\_~ gguc ZgZeba f_|Ih~h\ j 4 _gbwoLAE Hkgh\_ iheh  _gbc
ihal\hebe mklZgh\blv hrb[hgqgu_ ijhéviklu&digu bk ijhZgZebabjh
ebl _jZImjguo bklhqgbdZmjud J&Bf Iblv hkgh\u _“bghc f_Ih”~h
j_r_gby L#lh IjZgknhjfZpby |_EigjBkmilin: Loy

(1.13)
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15Hkh[_gghklb f_oZgbafh\ iezZklbg_kdhc ~_nhjfZpbb
ih\_joghklguo ke&h_)jbfZeh\ ijb Ij_gbb

ljhp_kk 1j_gby y\ley |Iky keh ' ghc kh\hdmighklvx \aZzZbfl
nZdlhjh\ ijb wlhf kms_klI\_ggZy jhev ijbgZ”e_"bl ijhp_kkm ieZl
ljb ~ _nhjfZpbb ijhbkoh”~bl ihke_"h\Zl _evgZy IljZgknhjfZpby
oZjZdjbam_|ky g_kdhevdbfb wlzZzizfb m\_ebq_gb_f iehlghklb ~b
bo kdhie_gbc nhjfbjh\Zzgb_f yq_bklhc b azl_f njzZ]f_glbjh\.
gZebqb_f djblbg_kdbo kludh\ f_""m njz]f_glZfb jZahjb_glbjh\
liZ"mkh\ > @

\lhjzb pbdezZ jzZid » jZfdZo ij_"klZ\e_gghc fZzdjhkdhibq_k:
lj_gby mqgblu\Z _Iky \ebygb_ nzZdlhjh\ ~ nhjfZpbhggh]h mijhq
njbdpbhgghlh gzZ]j_\Z

< jZ[hlZo > @ k bkihevah\Zgb f f_Ih~"h\ \ugbkebl ¢
ki_deh\ > @mevlibdnjzdliZevghc iiZjzZf_ljbazZpbb kiIjmdIimju gZ
bah[jZz" _gbc > @ bkke_"h\Zgu hkh[_gghklb gZghkljmdImjbjh\zZ
ijb Ij_gbb \ mkeh\byo k~\b]Jh\hc g_mklhcgb\hklb ih”?ih\_joghklg
j_amevlZl_kbevghc ehdZébpiZipbdhdZaZgh qglh kms_klI\mxIl |
ehdZebazpbb ~_nhjfZpbb \ ih?ih\_joghklguo kehyo ehdZebaZr
kdhev'  _gby gZdhie_gb_  ~ _n_dlh\ | dklmjbjh\Zgb_ b n
ehdZebah\Zgghc ~_nhjfZpbb nhjfbjh\Zgb_ &ZjghdlljhkdZeebghkd
ehdZebah\Zgghc » _nhjfZpbb Zdlb\bazZpby f oZgbafzZ a_jgh]jZg
A nhjfZpbb \ f_klZo i_j_k_q_gby ihehk k ih\_joghklvx b ~jm] k
ih\_joghklguo ihehk ehdZebah\Zggh]h k~\b]Z \ khhfl\mljlkl\gnxs _
Wlh iheghklvx baf gy | ozZjzdl_j ~ _nhjfbjh\Zgby k i_j _oh”hi
Z"] _abhgghfm Ibim bagZrb\Zgby

Dhfie_dkgh_ bkke_"h\Zgb_ dbg_Ibdb jZa\blby ~"bkehdZyg
ih\_joghklguo kehypoH¥+EDIZeeh\ ijb njbdpbhgghf \aBbfthamgkligb _
k\yvaZzgguo k “bkehdZpbhgguf f_ozZgbafhf ijhp_kkh\ mijhqgg
fbdjhh[t_fh\ Z 1Zd _ mklZgh\le_gb_ g_dhlhjuo azZdhghf_jghkl
N nhjfZpbb b bagZrb\zZgby I\_jruo |I_e ij_"klZ\e_gh Z\lhjzfb jZ]

:gZebabjmy ijbgdbypgbyei j f gguo | _fi_jZImj gZ kljmdIimjgu _
f |1 ZeeZo g_evay g_ hilf _Iblv b jheb | _fi_jZImjguo ]jZ*b_gll
| _jfhpbdebjh\Zgbb b \hagbdzZxs_]h \ke_"kl\b_ wlh]l]h gZzZijy _
j_amevlzl_\ | _jfhpbdebjm_fhf f IKge”brhyalykggu_ IThdb .
bgl gkb\guo | _iehkf _gZo klzZgh\blky \hafh guf b fZkkhi_j g
i_j f_ s_gb_f ~bkehdzZpbc 1Zd gZau\z_fzZy 3f_oZgbq_kdZzZy"
\ebygby i j f s gby “"bkehdZpbc gZ fZkkhi_j ghk hg_gy ké&h _
k"\b]zfb \ djbklZzeeZo \ugm ~ _gguf i _j f s gb_f ZIfhkn_j ijl
"bkehdZpbyfb k baf g gb_ f ~ n _dlghklb djbklZeebq_kdhc
nZdlhjzfb Wnn_dlhf 3f _oZgbqg_kdhc” “"bnnmabb \ agZqbl_evgh

nZah\u_  ij_\jZs _gbyihke _"~gb_  ]h”u ihdZaZgh glh | _jfhpt
khijh\h"*"Zxs__ky nZah\ufb ij_\jZs _gbyfb hkh[_ggh _keb h
k*\b]l]h\hfm f _oZgbafm mkdhjy | ]Jhfh] _gbaZpbx \ jZaZz

ihjy"hd Bf_xsb_ky ~Zggu_ k\b”_|_evklNijxIhptylko_gopkh \ebyg
nZah\uo i_j oh”h\ gz fzZkkhi_j ghk gm ' gh mgblu\zZlv g_
dhgp_gljZzpbb Ihg_qguo ~_n_dlh\ gh b fzkkhi_j_ghk \hag
i_j_ f s gby “bkehdZpbc > @

Hp _gb\Zy \ p_ehf ijhZgZebabjh\Zgguc fZlbjlvZeltkkeng*mghkd
njZ]f_glZjguc b dZqg_kI\_gguc oZjzdl_j \ k\yab k g_f ij_~klZ\e
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\u”®_eblv hij_~ eyxsb_ nZdlhju \ebyxsb_gZ ~“bnnmabhggu_ i
NZlv bf dhebq_kI\_ggmx hp_gdm ihkj_~klI\hf ZgZeblbq_ kdb
hken klI\blv bo fh”_ebjh\Zgb _

Bkke ~h\Zgb_ ijhp_kkh\-kEZahdlojgjh \jZs gbc

G_h[oh~bfhklv i_j_oh”"Z bkke_"h\Zgby ijh[e_f Ijb[heh]l
bkke_"h\Zgby ijhp_kkh\ kljmdImjhh[jZah\Zgby \ ijhp_kk_ [Ij_c¢
ijb[eb” _gby hkg&Zy kj ~Z d FF> Zlhfguc mjh\_gv \ualZgZ p_et
| j\Zy ba gbo k\yazZgzZ k I_f h[klhyl _evklI\hf qglh f_Ih~u dhglbgr
hij_~ e _gghc kl_i_gb hdZaZebkv bkqg_jiZggufb < wlhc k\yak
iheh™ _gbyfb baeh’ ggpHib>\ @ < ~Zgghc jZ[hl_ hlf_gqZ_ Ilky ¢
jZa\blb_ gZ[ex”~Z Iky \ | _o h[eZklyo gZmdb ]~ 3« kbkl_fzl
ijhiz]Zg”"bjm _|ky hij_~ e _gguc f_Ih” gZmg§uld b blge bAhN2aghey g
\dexq_gbc beb f_Ih” kljh]lbo \ul\lN\ighf kemipz_ \h fgh]l]bo h[
ijbf_gyxlky ijb\uggu_ f _Ih”*u bkke_ "~h\Zgbc dhlhju_  fh]lml
[ _kdhg_qghklb < j_amevlZl_ bkke_~h\Zl_eb gZgbgzZxl [hevr_
ijhle_f_ 1jbf_g _gb_f |h"Z Zevl _jgZlb\guo Jbihl_eayblbikhdexqZ Iy
gh\u_  k\_~ _gby ih jzkkfzljb\z_ fuf ijh[e_fZzZf FF> hlghkblk
nmg~*Zf _glZevguf ih*oh"Zf

<lhjzZy ijbgbgZ k\yazgZ k ijh[e_fhc fZkMBjghflhggaddlhjh~u
bkke "h\Zgby klymaddmjgd ij \jZs gbc \ f IZeeZo b kie
wki_jbf _glZevgu_ 1Zd b |_hj_Ibg_kdb_ jZajZ[hlZgu ey fZkkb\g
fhlml [ulv bkihevah\Zgu ~ey h[t_dlh\ ]hjZa"h f gvr_]h fzZkrlZzZ[Z
gZ km[r_jhoh\Zluo ih\_joghklyo ijhbkohzugl «Jb 9 kf bghzaf_jh\
ihjy~dl= 107 « % f < jZa\b\Zxsboky \ ngIhys o \j_fy i_jk
gZijzZ\e_gbyo Iljb[hehdBbhljb[hehp8b @ b ZIhfbklbg_kdhc |I_
lib[hijhp_kkh\ *>h@ jbjmx|l _s_ f gvrbfb jZlE10yz&b 0 ¢
Wdki_jbf _glZevgZy hp_gdZ ijhbkohfAkstbd[gd 1ighdo kkh\ azZljm~gl
Z \ g dhlhjuo kemgZyo b g \hafh'gZ L _hj _Ibqg_kdb_ j amevlZl
Z\lhjzfb bgh]”"Z jZaebqgZxlky \ jZau

ljb 1j_gbb kljmdImjgu_ b nZah\u_ ij_\jZs _gby ijhbkoh”yl|
ih\_joghklgh]h keky\Bxhkly we-mhjdggggufb \aZbfh”_ckl\byfb k y\e
"bkkbizpbb H~"gbf ba kihkh[h\ hibkZgbybijhhfgkh\mgE\gygly\ey_
bkihevah\zZgb_ FF> DZzZd ihdzZaul\zZ_I| ijzdlbdz ~Zgguc f_Ilh" i
jZkrbjblv ]jZgbpu ijbf_gbfhkjibf wldkevguo f Ih~h\ az kq_l
| _jfh~bgzfbg_kdbo \_ebgbg k bkiheebpAzfgb feldzldhjctuo jZkl\h
khhi\_ITkl\mxs_c¢ nzZaZzZf ih\_joghklghc ahgu Ij _gby < j_amevl
\hagbdz_ | \hafh ghklv bamqgblv ijhp_kku ijhlif dEvjbbg g&x
bkihevah\zZgb f jZaebqguo \bamZebaZlhjh\ kljmmdZmhduob
ij_ \jZs_gbc

;ukljh ijh]lj_kkbjmxs__ fZrbghkljh_gb_ klIZ\bl i_j_" Ijb[hetl
az”"zZq fzkrlZ[ dhlhjuo khhI\_Ikl\m_| “~bgZfbq_kdhfeZ dlb@lZ
ih\_joghkr @ B gZdhg_p FF> ijb j_ZebaZpbb Ij_ [m_I f_gvrbo

< wlhc k\yab ke_"m_1| ijbagzZlv k\h_\j_f _gguf \u\h”™ ijb\_~"
<hijhku zZ~] _abtkdgbhklgh]h 1j _gby yleyxsb_ ky gZb[he_ _ keh"
bamqg_ggufb Ij_[mgl apyf ZIhfbklbg_kdbo fh”_e_c obfbq_kdhc I
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nhghgguo ijhp_kkh\ y\e _gbc “bkkbiZpbb wg_jlbb 1Ih _klv ihk
| _hjbb Ijb[hijhp_kkh\

FF> +h”"bg ba f_Ih”"h\ bkke_"~h\Zgby dhlhjuc iha\hey_ | j
=ezZ\guc kfuke FFbhbkhklhf qglh[u ]J_g_jbjh\ZIv kh\hdmighklv d
Zlhfh\ Ih _klv klZIbklbg_kdbc Zgkzfl[ev < FF> qgbke_ggh
Abnn_j gpbZevguo mjzZ\g_gbc "\b -6gby Gvxlhgz >

K ihfhsvx FF> jZkkgblu\zZxl ~"bgzZfbqg_kdb_ |jZ Ndihjobf qzZk
nZahf ijhkljZzgkIN-dhhj*bgZIN-bfimevK&l] Gh |IjZ_dlhjbb kzZfb ih

bgl j kZ ihglb g_ ij_"klZ\eyxl =ezZ\guc kfuke f _Ih”"Z Kkhkl
] g_jbjh\ZIv kh\hdmighklv o Zgmti\mjZpb
KIZIbklbg_kdZy mbabldZk\yamxs_ _ a\_gh f KdmibdbHibf

ih\_~ gb_f ZIhfh\ b |_jfh~*bgzflhéd¢hebjh\2gbbb ihwlhfm g_h[oh”t
ZgZeba "“hklb]Jgmlh eb klZlbklbqg_kdh_ jZz\gh\_kb_ beb g_|I ?ke
ih "Zgguf fh”_ebjh\Zgby kljhylky nZah\u_ ~bZzZ]jZffu khkdhyghby
Ahklb]Jgmlh lh  bamqgzZxlky g_jzZ\gh\_kgu_ ijhp_kku gZijbf_
"bkk_jlZpbhgghc jZ[hl_bkke_~mxlky g_jZ\gh\_kgu_ ijhp_kku

< FF> bkihevam_I|ky ZiizjzZzl deZkkbqgq_kdhc gvxlhgh\kd!
kijz\_"eb\h dh]*zZ ‘fdoZghbyh kdhf ihgb¥didhtegy _Iky g_jZ\_gkl\h

Q. a, (1.14)
1" ZzxizZjzf _1j djbklZeebqg_kdhc j_r _Idb nZau
JZkkfhljbf \uiheg_gb_ g_jZ\_gkl\Z gke ijMfkljZ\eyesu c

hkgm\ nZah\h]h khklz\Z gbdhljbjh\Zggh]h kehy b *bnnmabhgghc
Bkihevam_f nhjfmem "ey

28
-, (1.15)
A A m ¢ A
1~ h A3* > AkihklhyggZy leZgdZA® GAK +fZkkZ ZIHZ .
3KT
Q \|—. (1.16)
m
1" +kdhjhklv a\mdk \ nA#®>"K +tihklhyggZy ;hevpfzgZz
>e\ « D « Af Kk +..=(0,96 « A%t a A
° f[63].
GZ ijzdlbd_ ~ey h[hkgh\Zgby \hafh ghklb bkihevah\Zgby
"bgZfbdb m~h[g__ ihevah\Zlvky ijb[eb  _dgluk Zrg gd\fg \ g[&qhd

k\yaulZxsbf |_fi_jZlmju |lj_gby b >_[Zy

J ZebaZpby FF> Zk\yazZgijh]jzffguf h[_ki_qg_gb_f j_r
"bnn_j_gpbZevguo mjzZ\g_gbc b kha”zZgby ihl_gpbzZeh\ f_"ZIl
IF< 3 hibkul\Zxsbo rRbadaddbg kdb_ k\hckI\Z j Zevgtidughhhlbi
jZkkfZljb\zZ Iky kbkl_fzZ ba khl_g lukyq b N KkwdhXdguygF& hfh\

Hkgh\gZy keh ghklv \ ijZzdlbg_kdhc j_ZebaZpbb FF> kh!
jZajzZ[hld_ ihl_gpbZebke "~gb_ Jh”u ih3 jgihkgdbw\Zxlky gZ hkg
EAM ?:F ij_"~klZ\ey_ | ba k_[y ihemwfibjbg_kdb_ ($0 ihl_gpbZel
nmgdyflb wg_jlbb b j Jmebjmxl \azbfh”_ckl\b_ f_""m khk_~gbfb
ij_"eh” _gguc F 6 'DZ b F, %DVNHV > @ [ue jZajZ[hlZ
f oZgbg_kdhc |_hjbb nmgdpbhgZeZ iehlghklb Hgb h[t_~
khh[jZz  _gby k ijbkh_?ldgzZghzZfzf Ijh\ qlh[u khhiI\_IkI\h\ZIv F
k\hckI\zZf h[t_fgh]h djbklZeeZz

< gZklhys__ \j_fy bkihevah\zZgb_ f _Ih~Z ?:F gZoh”bl \lI
ijbf_g_gb_ glh ih”I\_j°~Z |ky j_adbf m\_ebq_gb_ f dhebc
im[ebdZpbc M*_ kha”Zgu p_KR: rElhewboDVNHV k khljm~gbdZz
eZ[hjzZlhjbb \:eEzfhk _ \ < _ebdh[@lAghdnd k khljm~rgbdzZfb gZ |
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W~rbg[mjlkdh]h mgb\_jkbl_1Z Ihfbfh wih]h hif_qZ_Iky j_adh_
Dblz_ b Bg”™bb

< Jhkkbb ijbf_g gb_ FF>\kij]lh*_k\yazZgbalkdhogbq_ kdbf
bgklblmIMjZzevkdh]h hl*_e_gby J:G ] B _\kd Gh\hkb[bjkd]
mgb\_jkbl_1Zfb b k jy*hf "jm]bo gZmgguo b mq_[guo mqgj_""_g!
hif _Iblv qlh ih dhebqg_kl\m im[ebdZpbc JhklkZymj\glgublkdg ZI
ljbf_gbl_evgh d Ijb[heh]bb \ p_ehf \ fbj_ dhebqg_klI\h bkke_"h\:
FF> g_\ _ebdh < hkgh\ghf ij_h[ez”"Zx|] bkke_~h\Zgby klz
0Zjzdl_jbklbd nmgdpbb jZ~"bZevgh]h jZkij_~_e_gby Zlhfh\
flgh\ ghc dhgnb]mjZpbb ZIhfh\ WIlh]Jh y\gh g_"hklZlhggh "ey i
y\le _gbc bf_xsbo f_klh ijb Ij_gbb

Ba ijhZzgzZebabjh\Zgguo jZ[hl ij_"~_\k_]1h ke_~m_I hif_Ibl
g_c baeh _gu ijzZzdlbg_kdb_ hkgh\u ”“ey dhfivxl_jghjd_Kdboek
i_j_oh”h\ i_j\h]lh b \lhjh]lh jh~Z \ h*ghjh”guo b g_mihjy*hqg_ggu
< ijbgpbi_ jzZzajz[hlZzggu_ f_Ih”u fh]lml Julv bkihevah\Zgu b "“ey

lj _~klz\ey | bgl_j_k jzZ[hlZz > @ ]~_ bkke_"m_Ilky dhhi

"bnnmalxb "Zgghc jZ[hl_ djblbdmy kms_kl\mxsb_ ZgZeblbq_
jZaebqgguo f_oZgbafh\ “bnnmabb Z\lhj ih~I\_j"~Z | h[t_dlb\ghk

< hij_~_ e _gghf kfuke_ ibhg_jkdhc y\ey Iky jZ[hlZz > @
ihfhsvx FF> ijhZgZebabjh\Zgu g_kdheviiZdhgghketkfXxahqghf ke
jZkkgblzZzgu izZjzf_lju kzZfhhj]J]ZzgbazZpbb kfZahqgh]h kehy \ aZ\bk
mkeh\bc k*\b]Z

< ihke_"gb_ ]h”u bgl_gkb\gh jZa\b\zZxlky bkke_"~h\Zgby ih
ijb ZgZeba_ ijhp_kkh\ kljmdImjhh[jZahY¥ZgbgkI\lkidZ\gorghbo kb¢
ih*h[guf bkke_"~h\Zgbyf ke_"m_I| hlg_klb “bkehdZpbhggh_ m
Hkgh\hiheZ]Zxsb_bkke_ ~h\Zgby ih "Zgghc ijh[e_f_ijb\_"* _gu \
jZ[hl_ ijhfh” _ebjh\Zg ijhp_kk 3Zlhfgh]h h[jZazZzpRZjr BKkghgZplp
b~ n _dlu\ijhp_kk_fh" ebjh\Zgby ehdZebamxlky b bf_xI p_gl

Bkihevamy j _ameviZlu jZ[hlu > @ \ jZ[hl_ > @ ijh\_
"bgzZfbdb djZ \hc "bkehdZpbb FF> MklZgh\le _gh qlh gZ f_o0Zg
\eby | k#hjh® _nhjfZzpbb>Zevg _crb_ j amevlZlu bkke_"h\Zgbc i
jZ[hl_ > @ \ dZlZzjihdghf mjh\g_ ijh\_~ _gh bkke_~h\Zgb_ ~\b
bkihevah\Zgb_ f GE>dhfylbgmzZevghf mjh\g_ fZdjhkdhibg_kdh_ »)
bkke "m_Iky f Ih~"Zfb "“bgZfbdb kiehrguo Kkj_"~ < ijbgpbi_
iha\hey | j rblv ijh[e_fm fzZkrlZ[Z i_j _ghkZ j_ameviZlh\ ih
fzdjhmjh\_gv < wlhf hlghr_gbb bkke_ "~h\Zgby ij_~klZ\e_ggu
[he__ nmg~*Zf_glZ@wddugr Bkihevamy FF> bkke_"h\Zebkv ij_"_
mijhgqg_gby ~ey djbklZeeblh\ ba? ZIfihfhjF1 « 2 k Iml_f
kjz\g_gby ij_"~klZ\e_gguo fh”_evguo j_amevliZlh\ k wdki_jbf
ihemq _ggufblhggtkbeh\hf fbdjhkdhi_ b gZghbg” _glbjh\Zgby mk
Zlhfbklbg_kdh_ fh”_ebjh\Zgb_ ~bkehdZpbc djbklZeebazZpbb g.
ihalhey | ihemqgZlv j_ameviZlu ijb]l]h*gu_ 7ey ijbf_Igdghky gdZZ
fZdjhmjh\gyo Wlh "“hdzbhkEdhéxghhgzZz bkke_~h\Zgbb ieZklbc
hljz" gbb ]Jeh[Zevgh]h mkj_"g -gdbynhgZbjy\Zggh]h ih\_~ gby f |
>ey hljZz" _gby ~Zggh]lh mkj_~g_gby ij_~eh _gu g_luj_ rdZeu k j
ZIhfh\ \ fh~_evghf djbklzéeth ® Alhfh\Ba\_klgh qlh ~bkehdzp
mijhgg_gb_ ijb\h”~bl d Ij _sbghh[jZah\Zgbx |h _klv d mklZehklg
[hevrh_ dhebqg_klI\h fh” _e ¢ I|j_sbghh[jZah\Zgby H”*gZdh ft
ijhp_kkZ k\yazZzgh k hij_~ e _ggufb Ijm~rghklyf*mxisbgh jE[hlLb liwn
NZgghfm gZijZ\e _gbx

< jZ[hl_ > @ ijhp_kk h[jZah\Zgby gZghlj_sbgu g_ jZk
h[fjZah\Zgb_ fh® _ebjm_I|ky iml_f m”~Ze _gby qZklb Zlhfh\ ba kh
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ZgZebabjm _ |ky baf g gb_ dhgnb]lmjZpbb 1j sbgu _igbb hkgh
jZaebqggufb kl_i_gyfb » nhjfZpbb MklZgh\e_gh qglh gZ gZqZe
j_eZdkZpby aZ kq_I| h[jZah\Zgby “"bkehdZpbc k jZaebqgufb \_d
AN nhjfZpbb ijhbkoh”bl “bnnmabhggZy i_j_kljhcdZ kljmdlm
A nhjfZpd \ mklv_ Ij_sbgu Ih _klv j_Zebam_Ilky kemqgZc \yadh]r
< jZ[hl_ > @ ijhfh”_ebjh\Zg ijhp_kk azZjh "~ _gby gZghlj_sl
bkoh”y ba Zgbahljhighc |_hjbb mijm]hklb [ueb jZkkgblZc
A nhjfZpbb ijb dhlhjuo ijhbkbhZ2dgb_h[jjZabgu MklZgh\le_gh

h[jZah\Zgb_ khhI\_IkI\m_I |I_hjbb ojmidh]lh jZajmr_gby =jbnnt
m\ _ebqg_gbb gZ]jmadb fh”_ebjh\Zgb_ihdZaZeh qlh "Zevg_cr__
fh™ I [ulv gbklh ojmidbf mijm]bf \yvadbbfbedbyadaghdhpZigimjr_g

ijhbkoh”~bl azZz kqgq_Il wfbkkbb ~bkehdzZpbc < jZ[hl_ > @ ihem
mlhqg_gu ey kemqZy i_j_f _gghc KjZhgjZdnjufh™”_evguo j_ame
| _hjb_c jZajmr_gby JZckZ > @ ihdZaZeh ohjhrmx dhjj_eypbx

< k\yab k dlH kzf ijhp_kk jzZajz[hldb ijh]jzffgh]lh h[_Kki_q
[hevrbo azZljzl \j_f gb p_e_khh[jZagh bkihevah\ZIlv jZajZ[hlZ
ijhljzffgh_ h[_ki_q_gb_ < gZklhys_ _ \j_fy \ FF> rbjhdh b
ijhljzffu fh~_ebjhVaMby*ey h~ghpj kkhjguo dhfivkAMMPS ey
iZjZee_evguo deZkl_jh\ < ~"bkk_jlZpbhgghc jZ[hl_ bkihe\
> JbndiX¢yID \ \ _jkbb > @ < "Zgghc ijh]jzff_ mql_gu gZdh
k\hckI\_ggu_ dzd g_ihkj_~klI\_ggh f_Ih*m FF> |khd_évghrfd
ozZjzdl_jz ljhp_kk j_ZebaZpbXMDjhpzkbd ihrzZ]lh\uc oZzjzdl
\dexqZxsbc \ k_[y nhjfbjh\Zgb_ fh”_evgh]h djbklZeeblZ ba -
Zlhfh\ djbklZeebq_kdbo j_r_Ihd jZaebqgh]h nZah\h]h khklZz\:
XMD d bkihevVvlafm_ ijh]jzffghfm h[_ki_q _gbx b kh[kI\_ggh b
f oZgbafh\ kljmdEmjglo ij \jZs _gbc \ fh” _evguo djbklZeeblZo
imevkbjmxsbo |_fi_jzlmhp d@dkhm[ jhoh\ZIhklyo \ \b~_ |_jfbqg_kdt
1ih]jZffZ jZkkqblIRYZ> gZhfh\

1.7<u\h”u b ihklZgh\dZ p_eb b az”~Zq jZ[hlu

< wlhc k\yab \ mdjmig_gghf \b”~_ ij_~f Ihf bkke_ _"h\Zgbc
jZ[hl_ y\eymkdy gh\le _gb_ \ebygby w\hexpbb ihj b |Ij_sbg ijb njb
gZ j_kmjkgmx “~he]lh\_qghklv | _iehkihdtjdblm *HZlex<Z k ikl KkI\_g¢
\ul_dZ | g_h[oh”~bfhklv \ bkke_"~h\Zgbb nzZdlhjh\ wihe®pb@xidlgo
b Ij_ sbgd gbf ke_~m_1| hlg_Kklb
bkke_ ~h\Zgb_ijhp_kkh\ h[jZah\Zgby <K \ ijhp_kk_1j_gb
ZgZeba fhjnheh]bb ih\_joghklb || a@dXqgbfrum ogdjzf_|jh\
ithklZzgh\dm b j_r_gb_ LAL
ZgZeba b hp_gdzZ y\e gbc k\yaZgguo k ih\j_ "~Z fhklv
Z™]_aby ko\Zlu\zZgb_
bkke ~h\Zgb_ijhp_kkZ aZe _qgb\Zgby ihj b Ij_sbg \ ih\_jc
bkke_"h\Zgb_ ijhp_kki¥y ljjZZeahbdby gh\uo ihj \ ih\_joghkl
bkke ~h\Zgb_ijhp_kkZ “bkehdZpbhggh]h mijhgg_gby ih)
bkke ~h\Zgb_ijhp_kkzZ Ij_sbghh[jZah\Zgby \ ih\_joghklg
P_ev jZ[ERlmklZgh\e _gb_ \ebygby w\hexpbb ihj b |Ij_$bg ij
gZ]lj_\_9gZ j_kmjkgmx “he]l]h\_qghklv | _iehklhcdbo klZe ¢ k ihd,
AZ~rZqgb jZ[hlu
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Hkms_kl\blv \u[hj fZjdb | _iehklhcdhc klZeb b f_Ih~h\
mijhgg_gby "ey aZ”"Zgguo mkeh\bc wdkiemZIZpbb

Bkke_"h\Zlv ijhp_kku -kZahdumojgih_\gbs_ \ ih\_joghklgh
hleZklb ih I_fi_jZImjguf ahgZzf

Bkke_"h\Zlv "bkehdZpbhggh_ mijhgqg_gb_ \dexqgZy ijhj
lj _sbg

MklZgh\blv f_ozZgbafu jZajmr_gby ih\_joghklghc ahgu \
ihj b Ij_sbg

ljh\_klb fh”_ebjh\ZgbZImljgfuoj ijhp_kkh\ k mq_Ihf Ihil
ih\_joghklb |Ij _gby gZ hkgh\_ j r_gby dhjj_dlgh ihklzZ\e_gghc |
LAL

JZkkfhlj_Iv fh™ _evgu_ ij_"klZ\e _gby | _jfbg_kdh]h m~*Zj.
klZz~bb j_r_gby aZz~Zgb njbdpbhggh]RZlyzZijhpZklbkKeZdkhhhjfZpbk
\ ih\_joghklghc ahg_\ \hkoh”ysmx “bnnmabx b "bkehdZpbhggh

Hij_~ eblv j_kmjkgmx “he]h\_qghklv ih\_joghklghc h[eZl
ahgzf k \urzZq_c ijZzdlbg_kdbo j_dhf_g~"Zpbc
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—eZ\Z
Bkke_ ~h\Zgb_ijhpink@&hhHglZzah\uo ij \jZs _gbc ijb njbdpbhggh
gZ]j_\_ ih\_joghklghc ahgu gbdhljbjh\Zgguo klZe_c \ dhg
ijb[eb”_gbb

< ijb\_"~ _gghf \ ]JezZ\_ ZgZeba_ ebl_jZImjguo bklhggbdh\
mijhgg_gby | _iehklhcdbo klZe_c¢ ihkj_Zigldhgaf ghithtydkly\ *Zggu_
hilbfZevghfm k IThqdbh_kmjghghrc ~“he]h\kgghklimpghah\hfm khklz\
bkoh"guo nZa \ ih\_joghklghc ahg_ >Ze_ _ ~Zgguc khklZ\ bkl
Ahklb™ _gby Ij_[m_fh]lh j_kmjkZ b hij_~_eyebkv khkl\_KhmxXsb_f
ijhp_kk njbdpbhggh]lh gZ]j_\Z hklzZ\Zeky \g_ ahgu bkke_"h\z
j_kmjkgmx ~“he]lh\ggghkiebabjh\ZeZkv H"*"gZdh jy~ bkke_ "~h\Z|
B F Ex[Zjkdbc b E K 1ZeZlgbhd > @ hilf_gqZeb qlh \ ikR_jog!
l[j_gby ijhbkoh”yl kljymzddm\jgh baf_g_gby ih” 2~ _ckl\b_f ”"bn
ijhp_kkh\ 1jb wlhf hif_gqZehkv qglh “"bnnmabhggu_ ijhp_kku gZ
ih\_joghklb 1|j_gby 1Ih _klv bf_eh f_klh \hkoh”ysZy “bnnmat
\uaulZxsb_ \hkEohx*ybnnmabx g_ ZgZebabjh\Zebkv Gh gZr_fi
ijbgbghc kem bl njbdpbhgghc gZ]j_\ ih\_joghklghc ahgu ih™ ~_
\g_rguo gZ]jaraheé_glgykdhjhklb IVjgbbykbeu IjFgb¥Ke_"h\Zl_evgh
ke "m_| jzkkfhlj_Iv "\Z azZz”~"Zqgb

+ baf_g _gby bkoh”~gh]lh -kEahdlhmhghkhklZ\Z ih\_joghklgh
wdki_jbf_glZevgufb b ZgZeblbqg_kdbfb f_Ih”~Zfb

tj_rblv 1Zd gZau\Z_fmx |_ieh\mx aZ~Zgm |j_gby njbdpbhg

< ~"~Zgghc J]Jez\_j_ r_gby mdZaZguo azZ”Zqgq ijb\h*ylky
ijb[eb_gbb dh]*Z bkke_"m_fzZy kj_"Z ij_"~iheZ]Z _ |ky kiehrg
bkihevamxlky ljZ"bpbhggu_ f Ih~u ZgZebaZz

H[{hkgh\Zgb_\u[hjZ fZjdb | _iehklhcdhc klZeb

Mkeh\by jZ[hlu maeh\ Z\IhfZlbdb LFKG hlebgZxlky jy*hf nz
ozZjzdl_jhf gzZlgby j_\_jkb\ghklvx i_j f s gby djzldh\j_f gghk
wlhc k\lyab j_kmjk bo jZ[hlu [m”~_I| hij_~ eylvky dZd f_oZgbqg_
fZzl _jbzZzez \k_]h k_q_gby ~ 1Zeb dhgkljmdlib\gZy ~he]lh\_qgghl
k\hcklI\Zfb bgoigdhgh]h kehy j_kmjkgZy "~helfbfogghkbw [j_[h\Zg]
ke _"m_I mqgblu\zZlv \hafh ghklv gZg_k_gby gZ ~_1Zeb njbdpbhg

< dhebqg_kI\ _gghf \b”Ar_ mkeh\by jZ[hlu fh gh hij_~ _eblv ke_

fZkkb\ ~ _1Zeb jzZzah]j_\Z_ Wdynjuh4do fi 5p0°K ih\_joghklguc
kehh” ff +~Ah |_fi_jZ!tp0o0 ... 700 K

hrgh\j_f _ggh_ ~ ckl\b_ gZ klZev pbdebqg_kdbo baf_g
NZ\e gby ijb\h”"bl d gZeh _gbx kbeh\luo b | _jfbg_kdbo gZijy
| _ogheh]bg_kdbo_gdpzijy\ j_amevizZzl_ q_]lh \ fZl_jbZe_ kha®
gZijy _ggh_ khklhygb

\ukhdb_ m~_evgu_ ~Z\e_gby ijb wlihf fhliml ij_\hkoh”blv
azZz"Zgguo | _fi_jZImjZo wdkiemZIZpbb

Bkoh”y ba \ur_baeh  _gghlh ijb jZajz[hld_ |_ibgghrccédhzedt
g _h[oh”bfh h[_ki_qblv ke_"mxsbc dhfie_dk __ k\hckl\
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fZdkbfZevgmx dhgkljmdlb\gmx h[t_fgmx ijhgghklv
| _ dmqg_klb gbadmx | _fi_jolmjichh]lhyadh oh~"Z fbgbfZevgmx
| _ieh\h]lh jZamijhqg_gby “hklZlhqg@pbklgghdh miplhgg _gby
g_h[oh~bfmx h[t_fgmx ieZklbqghklv ihke_ hdhgqZl _ e
h[jZ[hldb \ukhdmx \yadhklv jZajmr_gby
\ukhdb_ Ijb[hl_ogbqg_kdb_ Zglbnjbdpbhggu_ b baghl
ih\_joghklgh]h kehy
Wilb |j _[h\Zgby fh]lml j[udv g \kj _amevlZl_jZpbhgZevgh]h
klZzeb b ijZ\bevgh]h gZagZq_gby j_"bfh\ | _jfhobfbg_kdhc
ebl _jZImjguo bklhgqgbdh\ ihdZaze > @ qglh "ey wlbo p_e_c v
bkihevah\zZIlv kj_"g_ml]e_jh”bkimx klZev K k «Zj[hgbljb”rguf
ih\_joghklguf mijhgg_gb _f
>ey I\ _j*rhjzklI\hjgh]lh mijhgg_gby \ dzZq_kI\_ e_]bjm
p_e khh[jZagh bkihevah\Zlv gbd_ev h[_ki_qgb\Zxsbc "hklZlhqgc
| _fi_jZIlmjm 1iezZ\e_gby Ijb ]_1_jh]l_gghf f_ozZg@gbhki_jkmhjhguwfbg
gZklbpzfb \ dqg_kI\_ ihke_~gbo p_e_khh[jZagh bkihevah\Zlv
dZj[hgbljbru \ZgZ~by b gbh[by Z |ZdMex@GzZhMesqs oWHbZ dZj[b”"u
fhlml jZklZhjylv \Z'gu_ \ k_[_ \Z'gu_ "ey ijhp_kkZ kljmdImjh
fheb["_g fZj]J]Zg_p \hevnjZf
LZdbf h[jZahf kljmdImjZ-f boZghagb kb _  k\hckI\Z e _]bjl
| _iehklhcdbo dhgkljmdpbhgguo klZe_c¢c [m”~ml hij_"_elylvky
g _dZj[brhh[jZamxsbo e _]bjmxsbo we f _glh\ bo dhgp_gljZpbhg
kl i vk bo \ebygby gZ khhiI\_Ikl\mxsb_ oZjzdl_jbklbdb kljmdImjt

'gZeba nbfalmdlgbq_kdbo k\hckl\ | _iehklhcdbo klZe_«

GZ hkgh\Zgbb ijh\_"~_gguo bkke_"h\Zgbc mklZgh\e _¢
i _jki_dlb\gufb y\leyxlky klZeb k e _]bjmxsbfbNi-Wwe/-Nb-gd Zkb OF
kh~ j"ZgGr& >ey \u[hjZ gzZb[he__ hilbfZevghc fZjdb klZeb [t
k _fv fZjhj &kebqgghc dhf[bgZpb_c¢c we f _glh\ ijbg_f \ dZq_kI\_ [Z
klZzev O F G;P: bf_xsZy ke_"mxsbc obfbqg_kdbc khklz\ [Z]e
LZ[ebpZ+tOlbqgq kdbc khklzZ\ klZeb O F G;P:

Kh~ j°Zgb_ we f_glh\

Fe C |Cr|Mo|[Ni| Si | Mn | Nb| Zr S P
fzkk | 92,71| 0,26 | 3,0| 3,0|0,6| 0,22|0,17| 0,2 | 0,02 | >0,01| > 0,01

DzZq_kl\h az]hlh\hd ijb\_~ gguo \ur_ fZjhd klZe_c¢ \ khklhy
khhi\_TklI\h\ZIlv -165% SAZ]lhlh\db ba klzZeb fZjdb O FAG;P:’
dzq_kI\Z az]lhlh\hd ijh\h*"beb gz | _fie_|Zo jzZaf_jhf o] f
aZ]lhlh\hd F_ozZgbg_kdb_ k\hcklI\Z klZe_c ijb\_~ gu \ |[Z[ebp_

F_oZgbg_kdb_ k\hckl\Z aZ]hlh\hd klZe_ ¢ ke emMnmMxZlgdel
gZijZ\e _gbyo

h[ _ki_g_gby dhgkljmdlb\ghc ijhgghklb

nZah\h]lh khklzZ\Z b kljmdImju h[_ki_qgb\Zxsbo j_kmjkg
lJem[bg_ih\_joghklghc ahgu

f oZgbqg_kdhc h[jZ[ZIlu\Z_fhklb klZe c

Ih hlghr_gbx d h[_ki_g_gbx dhgkljmklilo\gBEbeimlmagh k\hck
h[_ki_gb\zZxl h[jZapu bf_xsb_ fzZzdkbfZevgh_ agZq_gb_ m~"Zjgl
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[Z[e Baehfu gZ h[jZzapZo ih”\_j]Jrboky m”~Zjghfm \ha”"
i_j\hfm [Zeem rdZeu kh{®A&G h ERIZfih\db b ihdhmdke _hh*"bklhc b
e_]bjh\Zgghc dhgkljmdpbhgghc KklZeb” FbdjhljZ\e_gb_f m
hrghjh~rgZy kljmdImjzZ \h \k_o h[jZapZo
LZ[ebpZ+tF _o0Zgbg_kdb_ k\hcklI\Z klZe c

Ghf_| Fzjdz kizd 1, b L, | /%] %% | KCU, | H,
fzjdb FIZz| Flz| Flz F>' | Flz
kiZel
1 O F G;P:| 920 | 1060 | 1200 | 15 | 55 49 | 4800
2 O F G ;P:| 960 | 1040 | 1200 | 135 | 42 29 | 3500
3 O F G <;P| 940 | 1030 | 1220 | 11 | 50 31 | 4300
4 O F GP: | 850 | 930 | 970 - - 31 | 4300
5 O F GNP:| 1100 | 1180 | 1330 | 10,5 | 48 2,4 | 3200
6 O F G<P:| 880 | 960 | 1120 | 10 | 48 48 | 3300
7 O FGP: | 880 | 970 | 1110 | 12 | 48 3,3 | 4400

Fbdjhbkke_ ~h\Zgb f mklzZzgh\e _gZ kljmdImjZ \ukhdhhlims _
|_iehklhcdhc fZjdbkkiZielb jbk

‘ M

Jbkmghd+FbdjhkljmdImjz | _iehkihcdhc klZeb

F_ozZgbq_kdzZy h[jz[zlu\zZmhkplbhdlgglk! | _iehklhcdbo klZe c
kemqgqzZ_ ij_"hij_~_ey_lky bo obfbg_kdbf khklZ\hf fbdjhkl
nbabqg_kdbfb | _iehijh\h~ghklv b f _oZgbqg_kdbfb I\ _jrhklv \y
p_evx memqr_gby f oZgbq_kdhc h[jZ[ZIu\Z_ fhklh*"kKIA&ebka
| _jfbg_kdhc h[jZ[hld_ ih ke_"mxsbf j_ "bfzf 1Z[e
LZ[ebpzZ+J "bfu | jfbg_kdhc h[jZ[hldb klZe c

< <b™ I_jfbg_¥k <j_fy| L_fi_jzZlm <j_fy | HoeZ ~Zx{| H,
i hijz[hldb| gz]j_\ g¢gz]j K | \u~_j'd kj_"Z Flz
q q
1 Ghjfzebaz) 20 900 1,0 \ha”mo| 1970
2 <ukhdbc hli 2,025 680 2,0 \ha”mo| 3860
3 AZdzZedZz 2,530 1040 0,5 \h"Z 3860
4 | 1j_™\Zjbl_ev| 2,02,5 “ 2,0 \ha”mo| 2350
hlimkd
5 ljhf_"mlhqgg| 2,025 620-640 4,0 \h"Z 1970
hlimkd
6 Hdhgqgzl_ey\ 2,025 620-640 8,0 \h"Zz 1970
hlimkd
Kh\f_klguc f _|Zeeh]jZnbg_kdbc b j _gl] _ghnZah\uc ZgZeba
j_amevlZlu "ey klZeb O F G;P: Ihke_ i_h\hc hi_jZpbht|_jfk

ghjfZebazZpbb hlf_qZ_lky “bki_jlbjh\Zgb_ kljmdIimju b ~jh[e_
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kljmdlju jbk Z FbljhI\_jrhklv ijb wlhf khojzZgy_ Iky gZ n
ljh\_~ gb_ ihke_ghjfZzebazpbhggh]h hlimkdZz °Kbgl _fiijbj\vhinbjl d
\bArbfuf baf_g_gbyf \ kijmdImj_ aZ]hlh\db jbk [ h~rgzdh ij
\hajzklz_| \hg¢\E jZaZ b "hklb]zZ_1 agZq_gby FIZ 1jb wlhf k
glh fbljhI\_j~hklv bf__1 h[jZlgmx dhjj_eypbhggmx k\yav Kk

ke ~h\zZl _evgh m~Zjgzy \yvadhklv iZz~Z | lhke ~"mxsZy %&zdZe
h[mkeh\eb\Z | nhjfbjdqXEgbggh fZjl_gkblghc kljmdImju jbk

fbljhI\_jrhklvx FIZ gZoh”ys_cky gZ mjh\g_ fbljhI\_jrhklb il
b \ukhdh]h°K hlimkdZ 1j_~\Zjbl_evguc ijb I°K hdhmkd azdZe g
aZlhlh\db h[mkeh\eb\Z_| nhjfbjjik\ghgcb a jgbiklhc kljmdImju i_j

dezZzkkz jbk ] k hrgh\j_f_gguf kgb _gb_f fbljhI\_j~hklb ~h
Ilhke _"mxsbc ijhf_"mlhqgguc hli dhijpZgguf f_1Zeeh]jZnbb jbk
ijb\h~Abl d azf_Ighfm h]jm[e_gbx kljmdlrmju_jaihtkdqv f kigddjZ Iky
bkoh”"gh]h ihke_ ghjfZebaZpbb mjh\gy FI1Z I1h\lhjguc hi
| fi_jzimj_ &K s_ [he__ azZf_lgh baf_gy_| fbdjhkljmdImjm

mdjmig_gby b [hg__ \ujZ _gghc ieZklbgqgZlhklb jbk b HA~”C
wlhf khojZgy |Iky gZ mjh\g_ a FIZ H[jZamxsZykyjhhkltwllhf |
F_oZgbqg _kdzZy h[jzZ[zZlu\Zz _fhklv klZe ¢ hkgh\ZgZ gZ \_ebqkt

bokljmf_glZ b \_ebqgbg_ djmlyBg ]t FhflbglZGkhinke | jfbg_kdhe
h[jz[hldb iZ2°gZ Z i_jbh” klhcdhklb \hajZklZ_ |1\ "\Z jzaz
ek LT ST

g g%
B ~. 75 fb:}_‘%ﬁ;ﬁ{ T
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JbkmghdtFbdjhkljmdImju | _iehklhcdhc dhgkljmdpbhgghc klZetl

LZdbf h[jZzahf \ j_amevlzZl_ wdki_jbf_glh\ mklZgh\e_gh
klZzeyfb yley_Iky klZeb <« b Hdhbp &l Zebg g M\ul hij_~_ e g
gZg_k_gby aZsblgh]lh ihdjulby 1Ijb wlhf hkgh\gufb nzZdlhjzZfb
lhesbgZ h[jZzamxs_]hky ihdjulby b kdehgghklv d Ij_sbghh[jZah\



31

<ul[hj f_Ih*"Z mijhgg_gby ih\_joghklghc ahgu

:gZeba ebl_jZImjguo hbkihgdbdgheh]byf kha”Zgby nmgdp
aZsblguo ihdjulbc ey ih\kmjklgyhc “he]h\LEKBkihdZazZe qlh \_k
i _jki_dlb\guf 7"ey | _iehklhcdbo klZe_c¢c y\ey Iky ijhp_kk ¢
gbljhp_f _glZpbb ijhp_kk gbdhljbjh\Zgby ljb mVgtihg gbyll
mqgblu\Zebkv b wdheh]bg_kdb_ ijh[e_fu hljZ " _ggu_ \ jZ[hlZo D

ljhp_kk gbdhljbjh\Zzgby hkms_kl\eyeky \ ]JZah\hc kj_"_
| fi jZzImj” °K jzZpbhgZevghf khhlgh€/NgtbhijbZeHilhygghf ~"Z\e ¢
> @ gddhljbjh\Zgghf keh_ ijbkmlIki&MxFeNZBay& b )1 <
i_j_oh”~ghc ahg_ bf__I f _klh ihkl_i_gg& j ddhey mZagvjHgb "z
nZa k h~gh\j_f_gguf ihyle_gb_f nZa dZj[b”h\ eM¢i Qs we _f
ijbf_k FeS )HG6L.P[B2H

lj_bfms_kI\_ggh ijhpZkKugbljbjh\Zgklke ~h\Zebkv@> \
hkgh\ghf 7~ey gbklh]h ~ e _aZ b g_e ]bjh\Zgguo klZe_ ¢ DZd
khklhygby jbk > @ \ aZ\bkbfhklb hl mkeh\bc dZj[hgblj
NZ  gZ gdbkla_a_  fh' | kms_kI\ _ggh jZaebqZlvky <Z ghc gZm
azZ"Zq_c y\ey_lky bamq_gb_ b ijh]Jghabjh\Zzgb_ khklzZ\Z ihdju
klZze c j_ZebazZpby dhlhjhc Ij_[m_1| ijbf_g gby wdki_jbf_g
khqg lzgbb k f_Ih~rZfb fbdbh"bg® dhlhju_ bkihevamxlky "
fghl]hdhfihg _glguo kbkl_f < k\yab k wlbf \ ~bkk _jlZpbhggh
| jfh~*bgzZfbgq_kdh_  fh™_ebjh\Zgb _ wdki_jbf_glZevgu_  bkk
gZg_k _gby nZah\h]h khklz\Z gbdhljbjh\Zgguo ihbjlVNBEgqghhZ
| _iehklhcdhc dhgkljmdpbhgghc klZeb
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nitrogen content [at.%]

JbkmghdtBahl _jfbgq_kdZy nZah\Zy ~bZ FeN-LZijkob k IK {85].
MdZazZgu Zdib\ghklrZtezghidZ ih\ _joghklb
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L _jfh~*bgZfbq_kdbc ZgZeba ijhp_kkZ gbdhljbjh\Zgby

L jfhr*bgzZzfbg_kdh_ fh”_ebjh\zZgb_ ijhp_kkh\ dZj[hgbljt
OF G;P: b OF G<P:ijh\h*behkv “ey mkeh\bc [ebadbo d I
wdki_jbf_glZevguf "Zgguf ijb dhlhjuo ihemqZ_Ilky fZdikkbZevg
Jen[bgZ “bnnmabhdghc ahgu

L _jfhgZzfbg_kdbc ZgZeba ihdzZaZe glh hkh[h_ \gbfzZghb
khhlghr_gBxC/N WIlh k\yaZgh k |_f qglh kdhjhklb jzZaeh _g
A"bnnmabhgguo ijEpbMkh\fZljbp_ jZaelkklggukhhlghr_@/Mbb gZ
ih\_joghklb h[jZapZ h[jZam_lky‘4Ze igdZdimphpghr nhjfbjm_Ilky kehc
"_e_aZ k ijbf_kyfb dzj[brh\ ojhfZz gbh[by b fZj]ZgpZ H~"gh\j_
Ihf ° keh_ gZ[ex”"Zxlky b gbljb?rgu_ \u”_e _gby gZ hkgh\_ &U:
gbh[by pbgdzZz b "_e_azZz Z |zZzd _ ghdHBLh b dMfedygr kg\o _ "heb
mle _jh~"Z b m\_ebqg_gb_KHab gahlZ i}b\h~blv d Ihfm qlh hkgh\c
\ ih\_joghklguo kehyo [m~_|I "~_e_ah kh”~_j Zgb_ dhlhjh]h
ih\_joghklb \]lem[v Nhjfbjmxsb_ky kh_~bg_gby Kim*mleyZYghfilk
lJem[bg_ < hkgh\ghf wlh I\ _jru_ jZk|\hju gbljbrh\ ojhfz "~ _e
pbgdZz G _kdhevdh f_gvr_ ~hey dZj[b”"guo nZa de[b"h\ T
ij]ngZ Hg_\b”gh qlh g_dhlhjZzy qzZklv dZj[b”h\ b gbbj’b"h\ [
_j™h]lh jzkl\hjz dZJ[hgbIJb’\h\\ ka Z

Fe,C

CrN

Jbkmghd+tAZ\bkbfhklv kh”_j ZgbyhdAfihy joghklguo kehyo klZ
hl fZkkh\hc “heb dhfihg_glh\ijBakhhlghZagbb
Z+ = ¥1/32 > @
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Ba |_jfh*bgZfbgq_kdh]h ZgzZebaz ke_"m_I| qlh ijb dZj[h
O F G;P:b O F G<P:khklz\ h[jZamxsboky ihdjulbc \ aZzZ\bk
khhighr_dgBN \ ]Zah\hc nzZa_ fh _ | nhjfbjh\ZIvky gZ hkgh\_ ¢

gbljbrguo I\ _jruo pZAkI\Khhlghr_gb_ & 1 gZ ih\_joghklb hle
khhighr_gby dhfihg_glh\ we_ f_glh\ \ kf_kb ZffbZd wg~h]zZa
ijbgbg jZkoh ~_gby wdki_jbf_glZevguo b jZkqg_lguo ~Zgguo ih
Ke_"m_1I| hif_Iblv I1@ldh k ihfhsvx j_gl]_ghnZah\h]h ZgZebaZz k
gZebgb_ dhfihg_glh\ kh”~ _j Zgb_ dhlhjuo g_\_ebdh D Ihfm
gZijbf_j &UBA]mI nhjfbjh\Zlvky g_ kjZam \ \b”_ djbklZeeh\
h[jZah\Zgby f_edh”bki_jkguo juglpgZkiBphjng

Bkke ~h\Zgb_ ijhp_kkZ Ij_sbghh[jZah\Zgby
\ ih\_joghklghc ahg_ gbdhljbjh\Zgguo klZe_c

>ey bkke_~h\zZgby ijhp_kkz Ij_sbghh[jZah\Zgby ihke,
ih\_joghklghc ahgu ki&Zdé¢ G6G;P: b O F GgP: [ue ijh\_" g
f_ 1Zeeh]jZnbq Zkgddecba h[jZaph\ jZaf_jhf o] ff J_ameviZlu
ihdZazZeb glh ijhp _skkghh[jZzah\Zgby \ klZeyo g_ b” _glbqg
O F GgP: \uy\le_gh gZebgb _ fZ]bkljZevguo lj _sbg
gbdhljbjh\Zgguc “[_euc” kehc “bnnmabhggimk ahgn Ilgbhkgl
gZebqbb fzZ]bkljZevguo |j_sbg ~_IZev hl[jZzdh\u\Z_Ilky 1Zd dZc
ijh\_~ ggu_ gZ ™ _1Zeb IbizZz “Ijm[Z° ihdZaZeb qlh gZebqgb_
ijb\h~bl d jZzajmr_gbx \gmlj_gg_c ih\_joghklb “Ijm[u” _ a kgyl
hi\_jklby

) ‘a<)~" £t = ks "'6)“-
JbkmghdtKIljmdImjZjomg\hklghc ahgu klZzeb O F G<P:
ihke_gbdhljbjh\Zgby

ljhp_kk 1lj_sbghh[jZzah\Zgby \ ih\_joghklgh® Rh;P: klZe
ij_"klz\e gjbgkz Z [F_lIZeeh]jZznbq_kdbc ZgZeba ihdZaZe ijb
fbdjhlj_shBaebqgghc ijhly  _gghklb

0)

JbkmghdtJZkijhkljZzg _gb_Ij_sbg \ ih\_joghklguo kehyo
gbdhljbjh\Zgghc klZeb O F G;P:
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LZdbf h[jZzahf ba k_fb ij_"klZ\e_gguo fZjhd |_iehklhcdb
i_jki_dlb\ghc y\ey |kQ KHZ&)\WP:

HilbfbazZpbjZizljh\ ijhp_kkZ gbdhljbjh\Zgby

>ey \u[jZgghc fZjdb klZeb O F G;P: [ueZ hkms_kl\e_c
iZjZf_ljh\ gbdhljbjh\Zgby k p_evx h[_ki_q_gby Ij_[m_fuo k\hckl

LhesbgZ ihdjulby

Ijb ihfhsb j_]j_kkbhggh]h ZgZebaz wdki_jbfugbZelvegmq i
aZ\bkbfhklb IThesbgu ©[ _eh]h?® dzZj[hgbdjbemhblgukébynmabhgghc
haghl iZjzZf _ITh2R

hee aL 2% 3W W R gR®

(2.1)
dhgklzghke- : U2 5 U* 5= i g =-2,65; L-°K 2 q
R- %),
. . 2 . . . . 2
hay L 2 W, W R R 22)

dhgklzgls : U2 U3 4= i 176,88 L- °K 2 qR-%).
;ueh "hdZazZgh qlh k m\_ebqg_gb_f I _fi_jZImju gbdhlpbjh\Z
lhesbgz ©[ _eh]lid@\kahzklzZz | Z 1Zd _ nhjfbjmxlky [he__ ]Jem[hdk

fdf “bnnmabhggu_ ahgu |Ijb I_fi_j_ZIijo \ur _ D kdhjhkl
kgb Z_Iky qlh h[mkeh\e_gh Zdlb\Zpb_c ijhp_kkh\ @jlZmhkKpbb
AbnnmabBahlZ \]lem[v “bnnmabhggh]lh kehy Djhf_ Thlh | _fi_j.

kihkh[kI\mxI| ihjhh[jZah\Zgbx b \u”_e_gbx dZj[hgbljb”gdcj kg ldk
\ *bnnmabhgghf ih*keh_

< \ukhdhml]e_jh”bkluo kjR*Zo khKklle\ph® mqgzZkl\m_| \ nhjfbj
"bnmabhgghc ahgu ihdjulby Ihevdh ~h ]Jem[bgu g_ [he__
iZjpbZevghc "heb ZzZffbzdZ \ gZkusZxs_ c¢ kf_kb gZ[ex"Z_ Ik
lhesbgu ~bnnmabhgghc ahgu ljb  wlhf IhesbgzZz ©[_eh]h?
g_agZqbl _evgh GZb[he__ kbevgh\ jgdhkkbkglglh kehy Zahlhf ~h
ijb khhlghr Rbb ljb I|_fi_jzZImj_ gZkus_gby D lhesbgz O]
m\ _ebqgb\Z Iky k jhklhf ~Z\e _gby ]Zah\hc kf_kb ~h I1Z b kgl
ih\ur_gbb ~"Z\e _gby 1Z]e

< j_amevlzl_gBl&kusdahlhf ih\_joghklb _]1h dhgp_gljZpby r
hilghkbl _evgh_ kh” _j"Zgb_ m]e_jh”rZ g _fgh]lh \hajgkbzZ « \
dZj[hgbljb*guo nZaZo

HilbfZevgu_ mkeh\by gbdhljbjh\Zgby ijb dhlhjuo ihemqg
azZsblgh_ ihdjulb_ k fadkb\fzZelvggbgzZfb jbk lhesbgu ehitkehy
hxeb]em[bgu "bnnmabhgdgglchlallbbddxIkyTijb D ~Z\e Pgbb 2\
I _q_gb_ gZkh\ ijb khklz\_R}Z0&E0\hc kf_kb
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LZ[ebpZ £+tAgZq_gby lhesbgu ©O[ hebhbhtekdbgu ~bmmrmabatgu
gbdhljbjh\Zgghc klZzeb O F G;P:

L fi_jzl| <j_fy Khklz\ kiR, kl LhesbgZ ©[ _eh]l =em[bgZ "bnnma
T,°K 2 q| ZffbzZd wg” hee fdf ahghh, fdf
jZkq_1d wdki_jbf| jZkq_Id wdki_jbf]
|ZevgZ |ZevgZy
30/70 16,4 - 143,8 -
4 50/50 18,2 - 161,8 1628
70/30 9,4 - 73,6 76,2
3070 16,5 - 145,0 -
540 6 50/50 18,3 - 163,0 -
70/30 9,5 - 74,8 -
30/70 19,3 - 172,8 1758
8 50/50 21,0 - 190,6 1938
70/30 12,3 - 102,6 -
30/70 144 - 164,0 -
4 50/50 16,2 16,3 181,8 -
70/30 7,4 7,6 93,8 -
30/70 14,5 - 165,2 -
6 50/50 16,3 - 183,0 -
560 70/30 75 - 95,0 -
3070 17,3 17,6 193,0 -
8 50/50 19,1 19,4 210,8 -
70/30 10,3 - 122,6 -
3070 184 18,7 184,8 1874
4 50/50 20,3 20,5 202,6 2052
70/30 114 11,7 114,4 1172
30/70 18,6 - 186,0 -
580 6 50/50 20,4 - 203,8 -
70/30 11,6 - 115,6 -
30/70 214 21,6 214,0 2168
8 50/50 231 - 231,4 -
70/30 14,3 14,6 133,4 | 13662[190].
% 210 Dﬁ/gn/: E; 2100 Bpe.\l::a_c:l‘:nmm: | % 210 f/n/':b
A gk I N+ 5+ i
g ? 160 A/ / .='=': S 160= 6 o | .=: ; 1601~ A o / * N
e i e T
e i B S S PR S S
iio S.Lo 560 570 1:;0 ] <:0 <:0 ;0 5:0 642[:0 ) 54‘0 SLO 560 570 fso

a 3 L
JbkmghdtAZ\bkbfhklb ITh&fbegeh]h2h¢ehy
bl]em[bgu “bnnmabhdgidt laHguZImju gZkus_gby
ZtkhklzZ\ gZkusZxs RB=3)_ "uxkhklZ\ gZkusZxs_ R=KJ30}u
\tkhklZ\ gZkusZxs_R=30_"uH[hagZg_gbytlhesbdg? _eh]h2h¢phy
4,5 6+xt]lem[bgZhnmabhgghlk~ahgu
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Bkke ~h\Zgb_ bkohAgh]hnRigmdimjghgbz\Zlijbjh\Zgghc ahgu

241:9gZeba ihjbklhklb ih\_joghklghc ahgu

F_1Zeeh]jZnbqg_kdbc ZgZeba ]J_I|_jh]_gghklb gbdhljbjh\Zgg!
ij_Mu"ms_f jZa™_e_"bkhdddgbbgZebgb_ \ gbo ihj jZaebqgguo |
-4 Dzd ke_"m_I| ba jbkmdpdZh gu Z\Z f_oZgbafzZ ihjhh[jZe
Khlezkgh j_FEsNo BKbFes(N,K ihju ihjhh[jZah\Zgb_ gZ[ex"ZehWb ihke
gZkh\h]lh gZkus_gby G_kiehAprhlbnidjZbjmXlky hdheh djmiguo c
klhjhgu “bnnmabhggh]h njhglZz ljhp _kk ihjhh[jZah\Zgby fh
dbg_Ibg_kdb azZ kqg_Il| m\_ebq_gby \j_f gb gZkus_gby beb obfl
kl i _gb e _]bjh\Zgghklb < |h-fZljbjp fy*mabhgguo ahg j Zeba
Aimlhc f_oZgbaf kh]l]eZNgM: N,Zidhpbb Lhih]jZznbg_kdb p_gljzfb \u”
fhe _dmeyjgh]lh ZahlzZz b azZjh '~ _gby ihj \ "Zgghf f_ozZgbaf_ y\
A n_dlub \Vi_j\mx hg_j_~v \ nhjf_iheb]lhgZevguo gZ]jhfh ~_g
Dheb&l\_ggh ihjbklhklv hp_gb\Z_Iky ke_"mxsbfb iZjzZf_|Ijz

Ahe c ihj kj_~gbf jzaf_jbf ihjkj_~gbf jZkklhygb f f_CT".m ihjzfb
K\yav f_""m mdZazggufb izjzf_ljzfb ~ey ]_l_jh]Zglkyo k
deZkkbg_kdhc aZ\bkbfhklvx

(2.3)

O R RSN
_“;.._A'."w»o»_;“._».,:.:{' -ﬂ' N M o LY - .
Jbkmg j jZkij_~ e _gby ihjbklhklb
gZ ih\_joghklb gbdhljbjh\Zgghc klZeb O F G;P:
mjh\gb h[t_fghc ihjbkfto0b [& \Hf H=0,25.

b e PR o

NhjfmeZz NZ I jZKkg_lghizkqaWdkigpbf_glZevgh figiZf_|I]
hp_gb\Z _Iky khlezZzkgh f_Ih~"bd_ dhlhjZzy azZdexqgZ_ Iky \ Ih
ijbjz\gb\Z Iky hlghkbl _evghc iehszZ”b azZgbfz \highlvablilevyhr
iehkdhf k_q_gbb h[jZzapzZz Z 1Zzd _ bo ~he_ gZ ijhba\hevghc
nhlih]jZznbb ih\_joghklb ihdjulby eb[h "he_ [_kihjy*hqgh
fbdjhnhlh]jZnbx Ihgq_d ihiz*"Zxsbo gZ bah[jZ  _gby ihj Bkiheva
lhg_qggdclh® beb [he__ wdkij_kkgmx _Jh ffhihB'ntkd Zipdbx \ dhlhjt
\bamZevgh hp_gb\Z _Iky gbkeh kh\iz® _gbc maeh\ ijyfhm]hevgl
GZeh  _gb_ d\zZ~jzZlighc k_ldb ba 0 ygq__d khhlI\_IkI\h\Zeh ij
H[t _fgZy "“hefyhihj® _eyeZkv ba \ujZ _gby
Nihj
Ny
1"_ Ninjtgbkeh Ilhg_d ihiZ\rbo gZ ihjbKf169 mig[skidbgbkeh Ihq_
gZghkbfuo gZ nhlh]jZnbx gbdhljbjh\Zgghc kljmdIimju

f

(2.4)
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<k ]h [ueh h[ke_~h\Zgh hdheh nhlh]jZnbc gbdhljbjh\Zgghc ih
baf _j _gbc ijb\_~ gu \ |Z[ebp_

LZ[ebpZ+lhdZaZl_eb h[t_fghc ihjbfkiljtbkiB80fK b jZaebqgguo j_"bf.
gbdhljbjh\Zgby

J_"bfu R(30/70), R(70/30), R(50/50), R(50/50), R(50/50),
gbdhljbjh\Z q q q q q
f 0,1 0,15 0,08 0,12 0,15
ljb ijhgbo jZ\guo mkeh\byo mklZgh\e_gguc jZg__ hil

gbdhljbjh\Zd#$580 °K R(50/50), 2 q h[_ki_qb\Z | fbgbfZevguc ih
ihjbklhkKlawi AgZq Dyyd [ueb baf_j _gu ih nhlh]jZznbyf ih\_joghkltk
ebg_cgh]lh ZgZebaz J_amevlZlu ijb\_~ gu \ 1Z[ebp_
LZ[ebpZxBaf_j_ggu_ agﬁqubde[hgbljb"gh]h keby IO F G;P:

A e y=580° K

J_"bfu gbdhljbjh\ R(50/50), R(70/30),
_ q q
D fdf 4,5 3,0
d fdf 11,0 8.0
D 2 0,168 0,144
al i
fizkqg 0,09 0,08

Nhjfbjh\Zgb_ ihjbklhklb \ ih\_jogBkFguwo fahgEZ d[tykgblv Ihe
\ukhdhc f_IZklZ[bevghklvx ihke_ "~g _c GZ ih\_joghklb gZk
dhgp_gljZpbb Zahlz Z azl_f b mlJe_jh*Z < wlhc k\yab f_oZgt
[ulv k\yaZg k nzZdlhjhf ~Z\e _gby fhe_dmeyjgh]h ZegHY¥ kbEok
ZlhfzZjguf Zahlhf jzZkl\hj_gguf \ djbklZeebqg_kdhc j_r_Id_ < jZ
"Zggu_ h IThf qglh *"Z\e_gb_ gZoh”ys_]hky \ jZ\gh\_kbb k\h[h”"¢
J « 9z 1h” \ebygb f \gmlj_gg _]h ~Z\e gby ihju agZh "z
fZehb [hevr_m]eh\uo ]jZgbpZo a_j_g AZI_f ]JezZ\guf f_oZgbafh
A_nhjfZpby kdhev' _gb_f djbklZeebqg_kdhc j_r_ldbJin>h\eghgb _
\ujZablv khhighr_gb _f

Gb
‘Jihj lF’
1" G§ G F+fh"mev k"0hkab 20f £\ dlhj ;xj]_jkz 10
f+izjzf_1j j_r_|&d

Ba mjZ\g _gby ke ~m_1 qlh ijb jz\gh\ RK%GhZ *~zj\e gb
klZgh\ylky g _klZ[bevgufhbl ljnZ%thngZklb]gm\Dszaf'ion HIf Ibf
ihimlgh qlh ijb ~Z\e_gbyo ifjyZdZ khhi\_Ikl\mxs _c |_fi>40@ Imj_
°% fhiml ijhbkoh”~blv ihebfhjngu_ ijFe&;j®Be.gby

Ihjbklhklv \ h[s_ f kemqZ_ mom~rZ | Zglbnjbdpbhlygahck\h
ahgu Khlezkgh jzZ[hl_ > @ \ mkeh\byo |j_gby kdhev gkt
dhgp_gljzZlhjh\ gZijy _gbc qglh \ k\hx hg_j_~v Zdlb\babim_I
mklZehklguo |Ij_sbg Dhgp_gljZpby fbdjhgZijy _gbc f_""m ~\m’
khleZkgh jZ[hhij > @y _|ky nhjfmehc

05 =
gFE - D 26)
© S 1t \d
] Fs bE = khhlI\_IklI\ _ggh m” _evgZy k\h[h”"gZy wg_j]lby b
djbklZzeemlz 3> f 2 iz

lhe gZijy _gbc \hdjmbj*Kevguo ihj ijb\_~ gh gZ jbk

(2.5)

thgp



ol
I
SR

bSatey s

Jbkmghdtlhe_ gZijy _gbc \hdjm] kn_jhb”~Zevguo ihj
AZdhghf_jghklb nhjfbjh\Zgby "bkehdZpbhgguo kljmdImj \ ~

>ey hij_~ e gby iehlghklb “bkehdiZfsex | gl] _gh\kdh
AbnjzdlhjfZl ihkehcgh qg_j_a fbg jZkkfzZljb\Zebkv baf_ ¢
j_gl] _gh\kdbo ebgmblejfbjh\Zgguo |j _gb_f ijbih\_joghklguo keh '
"bkehdzZpbc hij_"_eyeb ih d\zZ"jZlbg_kdhc aZ\bkkékhikdlbpheh gl
bklbgghc nbabq_kdhcj gdjbgddbo ebgbc

U :E, 2.7)
] :xdhwnnbpb_gl azZ\bkysbc hl mijm]Jbo k\hcklI\ fZI_jbZe
dm[bg_kdhc j_r§ldifc k9.
GZ jbk ij_"klzZz\e _du hEédbggkdhc rbjbgu j_gl]_gh\kdbc
b iehlghklb "bkeh#dZmht[bg_ Ijb[hkehy

£-10%, p-101,
pao 1/ em®

50 50

4{}\

N 32

\-C'_
<>

30

20 8

10 2 =
0 1 2 3 4 5 6 7 8 9 10 hamu

Jbkmghd x=jZ~b _glln!ih Jem[bg_ Iljb[hkehy *ey klZeb O F G
1+tbkoh”gh_ khklhkygke-fb qZkh\h]h Ij _gby k46Zkehf B

< dZg_kI\_ djkhkjllhhywgby "bkehdZpbhgguo h[jZah\Zgbc \u[Db]
"E 5 (2.8)
&
] o £ nbabqg_kdZy rbjbgzZz gzZ fbgbfzZevghf jZkklhyghbx hl i
nbabg_kdZy rbjbgEgh.Z Jem
ljb G ! bf  f g _mihjy*hg_ggh_ “bkehdZpbhggh_ h[jZah\Z
a "bkehdZpbhggh_ khklhygb_ [m”_| mihjy*hg_gguf \ \b"_ |
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J _amevlZlu ihdzZau\zxl glh \' bkoh~ghf khklhygbb \hafh
"bkehdZpbhgdHhhtygkly \ \b”r_ e _kZ jbk Z ljhp_kk 1j_
kms_kI\_ggh_ \ebygb_ gZ “bkehdZpbhggh_ khklhygb_ ijb\h”
kl_gdzf jbk

Eey \\ k :_M“ - 4 ‘
Jbkmghd tKhklhygby “"bkehdZpbhgguo ihkljh_gbc
Zx"bkehdZpbhggut"bk&hdzZgBiogkl _gdZz

Khklhygby \ \b”_ 30Zhlbg_kdh]h e_kZ" mkdhjyxl "bnnmat
"bkehdZpbyf e _kZ Ih\ur_gb_ iehlghklb ~bkehdZpbc \ "bke
ijhyley Iky ij_"~_\k_1h \ m\_ebq_gbb rbjbgu b kl_i _gb 37_
lzd  _ \ g_dfilvjajzklzgbb \h \gmljb yq_bklhc k_ld_ “bkehdZpbc

Kl_gdb h[ez”~Zx] g_\ukhdhc ~bnnmabhgghc ijhgbpzZ_fhkl
Zdlb\babjh\Zlv ijhp_kku "bnnmabb \ j _ameviZl_ |j _gby

Bkke ~h\Zgb_ nzZah\h]h khklZ\Z bkoh”guo kljmdImj \ ih\

J amevlZlu f_1Zeeh]jZnbqgq_kdbo bkke_ _~h\Zgbc [Zah\hc ¢

O F G;P: "ey hilbfZevgh]lh j_"bfzZ gbdhljbjh\Zgby ij_"~klZ\e _
©; euc? kehc gZ ih\_joghklb h[jZzapz bf_ fdfltbe kihgdmj-&akZ &Om
Fes(N,C)1sx >bnnmabhggkehih |lhesbgZ dhlhjh]lh khklZ\fey Ib&a |

0ZjzZdl _jgmx ~ey khj[blZ ~\monZagZy kf_kv n_jjb[@®]b p_f glblZ

"Gensit' coii

mepexogHas 30Ha

Jbkmghd tFbdjhkljmdbjdhljbjh\Zgghc KIZFelG;P:

J amevlZliu j_gl]l_ghkljmdIimjgh]lh ZgZek&Z\igbdiolghkHygdepgl
klZeb OAFAG;P: k\b”™ I _evkl\mxl h Ihf qglh \ ih\_joghklguo ke
ke _"mxsb_ hkgh\guEna&aAu khklhysZy ba dzZj[b"h\ "~ HnZeaZ b
ij_~klZ\eyxsZy kh[hc dZjFefhCik,Wnzaz kh~_j ZszZy ybdjtwd
FeN;, b I\_j~ruc jZklI\hj ZahlZ b-Re]le_jh"Z \ .
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< ijhp_kk_ gZkus_gby nzZah\Zy gbljb~rgZy djb\Zy bf__| 1 _¢
h[ezZzklv [hevr_]h bo kh”~_j Zgby jbk Z DZj[brgZy nZah\

\' gZh[hjhl hljz zZ_| aKlddhghff_ggh_gby dZj[brghc nZau
gbdhljbjh\zZgby 0OZzjzdl_j dzj[hgbljbrghc nZah\hc djb\hc ]
baf_gy_ |ky \ klhjhgm \hajzZzklZzgby h[t_fh\ dZj[b”"ghc nZau

Ihfbfh hkgh\guo nZa \ ih\_joghklghc ahg_ aZnbdkbjh\g
e_]bjmxsbo wa)\ fOf&l b &4b ijbf_k_c, )HiE@6LM. )H

HutpuaHsie bazsl Kapoonutpuanas daza Kapouanas daza

OTHOCHTeTbHOE
KoaHYecTBO da3

h,, =50 h,, =50 MEM

T'1y6HHA HUKOTPHPOBAHHOTO CJI051 H IePeX0THOH 30HBI h’ﬂ)'
a) %) 5)
Jbkmghd +tDbg_Ibq_kdZy ko_fZ nhjfbjh\Zgby hkgh\guo nZa \ gb
b i j oh”"ghc ahg_dhgkljmdpbhgghc klZeb O F G;P
Zxgbljb?rgu_ nZadiZj[hgbljbrgZy AdAjf{bAgZy nZaZ

Bkke _~h\Zgb_ ijhiljkkhmjgBah\uo ij_\jZs_gbc
\ j_amevlZl_njbdpbhggh]h gzZ]j_\ZzZ

MklZgh\dZ ~ey baf_j_gby iZjzf_ljh\ ijhp_kkZ Ij_gb

Hkgh\gu_ ozZjzdl_jbklbdb mklZgh\db ~ey baf_j_gby izjzf_
ijb\_ "~ gu \ fhgh]jZnblbhZeb@Zp®by | _fi_jZImjguo baf_j gbc ij_"kl:
keh gmx bg _g_jgmx az”"Zgm qlh h[mkeh\e_gh jy~hf ijbqgbcg
iehsZ”~hd gZ dhlhjuo ijhl_dzZx!l | _ieh\u_ ijhp_kku g _jZ\ghf jg
| _fi_jzZlmj ih ]Jem[bg_ b \*hev ih\_jwmjghkdbodhgdzdljzldbf i_jbh
kms_ klI\h\Zgby | _ieh\h]h dhglzZzdlZ kemqgZcguf \h \j_f gb b \ ij
ihyl\e _gby | _ieh\uo bklhggbdh\ Ih kms_klI\m \klZ | \hijhk h Ih
ihre “ZI baf_j gbx | _fi_jZImju gZ fbdjhdhglZk\Zjoghkltd®BEUZluo
gZau\zZ_fu_ I_fi_jZImju \kjurdi\_joghklgu_ |_fi_jzhkmbeb
[_fi_jZImju \ ijbih\_joghklguahifeZ&kuyol_fi_jZlyju

F_Ih~u baf_j_gby | _fi_jZlmjguo ihe_c \ ahg_ Ij_gby b
ZiiZjZlmjghlh h[_kfihgglgh¥a™ eblv gZ ~\_ ]jmiiubdhkfu gdulh”u
baf_j gby

Dhk\_ggu_ f_Ih?*u baf_j gby f Ih~ p\_lguo | _jfhbg”™bc
| _ieh\uo \klz\hd f_Ih”~ | _jfhwe _dljhgghc wfbkkbb f_Ih® hp_
kljmdImjguf baf_g_gbyf \ fbdjhh¢gh&ighilih\_kehy bf_xI h”bg
g_"hklztgbdadmx lhqgghklv baf_j gby

Ba f_Ih~h\ ijyfh]lh baf_j_gby | _fi_jZlmj ~h g_"~Z\g_1]h
bkihevah\Zeky f_Ih”~ | _jfhizj _kl_kI\_gguo bkdmkklI\_gguo
gZb[he_ _ lhqguf ij "~klzZ\epkikmkklINAhgyguo | _jfhiZzj ohly hg b g_
lhqgh baf_l\Rilv
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< 1ihke_7~gb_ ]h”u [ueb jZajzZ[hlZgu [he__ IThqgu_ f_
ibjhf_ljbgq_kdbc f_Ih”c hkgh\Zgguc gZ nbdkZpbb baemq_gby
dhglzdlz b f_Ihc Kk bkihevah\zZgb _fgnijbdjfglgth)\h bbaemq_ gl
| _ieh\bahjh\ HrgZdh kj_~b i_j gbke_gguo f_Ih~h\ g | gkt
m~h\e_I\hjye [u \k_f |j_[h\Zgbyf ij_"ty\ey fuf d baf_jbl_evghc
g_dhlhju_ ba wlbo Ij_[h\Zgbc ijhlb\hj_qgb\u b bo Ijm"gyy m~hyge _
mgb\_jkZevguc baf_jbl_evguc f_Ih~" Ilhwlhfm i_jki_dlb\gu
gZijZ\e_gb_ k\yazZzggh_ k h”ghc klhjhgu k kha~zZgb_f dhf[bgt
kbkl_f Z k Mknlhc\e _q_gb_f b jZkq_lguo f_Ih~h\

K mqg_lhf g_h[oh”bfhklb b&fZpbdlmywZjguo | _fi_jZImj ih Je
ijbih\_joghklgh]l]h kehy [ue \u[jZg f_Ih® bkdmkklI\_gghc | _jfhi
baf_jylv h[t_fgu_ I_fi_lkZMmlab hl ih\_joghklb Ij_gby QIlh ~
ih\_joghklguo | _fiLpLlihj "h gZklhys Jh \j_f kphghilj_o lagby
hqg \brgh qlh ~Zggzy | _fi_jzZImjzZ jzZzkij_~_ey Iky \ fbdjhh[t_fZc
ij_"~ eZo g_dhlhjh]h ebg_cghlh jzaf_jZz

Mgblu\Zy g_lhgghklb ijyfh]lh baf_j_gby | _flyjZimdZgkikidb
hkgh\gh]h f_Ih"Z ~ey bo bafl\y[jgdy jEkqg_lguc Ilhemqg_ggu_ i
j_amevlZlu khihklZ\eyebkv k j amevlzZlZfb ihemqg_ggufb dh
dhwnnbpb _glzfb Ij _gby b f Ih*hf Zdmklbqg_kdhc wfbkkbb ih ki_
"ey wlbo p_e_c¢c f_|h*"bdzf

Ko fzZ ZiiZzjZImjgh]lh h[b&f]_ agbagbiyj ~"klzZ\e gzZ1¢4.Z jbk

h

[
|
| 2
l |
N) |
———
i
1_]| lv
|
| 4
O\
Jbkmghd £tDhgkljmdlb\gZy ko _fZ kbkl -fblcdIlbnd
>Zlqbd Zdmklbq_kdbat Xdkg2ehhf_I] b ~Zlgbd | _fi_jzZlI
mklZgh\le _gu gZ rlbnl_ ljb waéxf ejh¥Zev Il jfhizZzjz "Zlc
| fi jZImj bf_xszZy "bzZf Ij ijh\hehqg_d ff mklZgZ\eb\Ze

ijhk\_je_gghf hI\_jkibb gZ jZkklhygbjlmghklfth hjl_gbly b aZzgq.dzZghb
< dzZqg_kI\_ ZiizjzZImjgh]h h[_ki_g_gby bkihevah\ZezZkv ki_pkt
mgbnbpbjh\Zggdio\ [rethjifu 3% UXHO HO .MDHU" 3;jxev b Dt_j° >
\ukhdhc IThgghklvx baf_j_gbc b gzZ”~_"ghklvx

Baf _j gb_ | _fi_jZImj hkms_kl\eyehkv ke “mxsbf h[jZahf
bgnhjfZzpby ihkilmiZzez gZ "\modZgZehjdghich\imkbeablklepMgZeZ
hkms kl\eyehkv _  mkbe _gb_ b ij_h[jZah\Zgb_\ ijyfhm]Jhevgu

kb]J]gZeu azZibku\Zebkv gZ baf_jbl_evghf fZ]gblhnhgjZee fdvgtet
wlbf ijhba\h*"beky \bamZevguc dhgljhev bgnhjfZpbb k ihfhsy
fh™ _eb ev@Zcr_f bgnhjfZpby h |_fi_jZIlmjZo aZibkZggZy gz
ihklmiZeZ gZ ZgZebaZlhj jZki_qZlu\ZeZkv gZ JjZnhikhki@hbl _

Hkgh\gu_ f_Ih”u bkke_"~h\Zgbc bkihevah\Zggu_ \ ~“bkk.
ijb\_ " gul@ ©J gl]lmghikljguc ZgZeba \uiheg_g gZ “bnjZ&dlhf_
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(CuyD baemqg_gb_ Kt_fdzZ ~bnjzdlh]jzff ijh\h*"beZkv k nhdmkbjh)
;j_glZgh H[jZ[hldZ j_gl]l_gh\kdbo Abnjzdlh]jzff ijh\h"b
iheghijhnbevgh]h ZgZebaz > @

F IZeeh]jZnbgbk#db_ ~h\Zgby \uihegyeb gZ fbdjhkdmkiey 1H
\uyle_gby kiIjmdIimju rebnu ljghdfepZKkI\hj_ Zahlghc dbkehlu \ v
Kibjl_

Bkke_"h\zZgb_ we_f_glgh]lh khklz\Z h[jZaph\ ijh\h”"beb gZ
fbdjhkdhi_ JWF 3KLOLEVkIsK®Gc j_gl]_gh\kdh]h fbdjhZgZeba
Genesis ;06 =em[bgZ ZgZebaZ khidP\&yeZ a

©K\ _jolhgdb _ ih\_joghklgu _ kehb h[jZaph\ bkke "h
j_gll_ghwe_dljhgghc JNWK ki_dljhkdhibb gZ we SBREGSglghf k
bkihevah\zZglhafm\~*Zxs _]h j_gl] _gh\kdh]h baemq_gby 0fIZ]gb _\h
h w < Ihkehcguc ZgZeba ijh\_~_g k bkihevah\zZgb_f [jzZ\
keh_ \ bhgzfb ZjlhgZ EhdZevghklv ZggtbazZ ih Jem[bg_

Obfbg_kdbc we_f_glguc ZgZeba h[jZzaptmfight_fghghgdZ §Zev
wfbkkbhgghf ki_dljhf -lj_ KENK j Zgb_ m]e_jh~Z hij_~_eyeb g
ZgZebaZlhj_ G> @

252 :gZeba ihjhlj _sbgh[jZah\Zgby \ ijhp_kk_ lj _gby

J_amevlZlu f_IZeeh]jZnbq_kdh]h ZgZebaZgbyhp] kKKE iguh[j.
gZ jbkmg& < ahg_ ijbe_]JZxs_c¢c d ih\_joghklb Ij_gby hlqg_le
jZaebgghc nhjfu b jzZzaf_jh\ =em[ _ hl ~Zgghc ahgu ijhbkoh"l
dhebqg_kI\Z ihj

5.

Jbkmgh8. tFbdjhkljmdImjZ ih\_joghklguo keh \ gbehljbjh\Zg
O F G;P\ jZaguo fZkrlz4Zo f&f &% fdf ¥ fdf

J amevlZlu f IZeeh]jZnbqg_kdh]l]h ZgZebaz klZeb O F G;
ih\_joghklb ijbkmlklI\mxl _~bgbqgu_ ijhly " _ggu_ f_edb_ Ij_s
aZnbdkbjh\Zgh \[ebab djZlk h[jZapBZjbh\_joghklb ~jm]h]h h[jZe
[hevrh_ dhebg_klI\h ijhly” _gguo 1j_sbg jbk [ k \uy\le_
aZjh ~_gby ih\_joghklguo Ij_sbg b bo jhklZz

<Z gh hif_Iblv qlh ijhp-_kbkdj ispghh[jZzah\Zgby azZnbdkbjh
gZqZevghc KklzZ "y gzZfghlh f_gvr_c ih \j_f_gb \ujzZ[hldl
Wdki_jbf _glZevgu_ bkke_ ~h\Zgby ihal\hebeb mklZgh\blv k& ~m:
l[j_sbghh[jZah\Zgby6).jbk
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Jbkmgh@l £tLhih]jZznby aZjh '~ _gby mklZehklguo Ij_sbg \ gbdhl
ihdjulbigbr"hdjblbg_kdbo Z b [ b azdjblbq_kdbo \ Zfieblm~"Z

< fZehgZijy _gghc HgeZklblZ azZjh?urb Ij_sbg nhjfbjmxlky
dZj[hgbljbrghc ahgu < keZ[h]_l_jh]l_gguo kljmdImjZo nh
ijhbkoh”bl g _ihkj_~klI\_ggh \htbahgabhggevgh] I+ ph]djgwigao
dZj[hgbljbrh\ 1jb m\_ebqg_gbb dhebqg_kI\Z pbdeh\ gZ]jm  _gby
dZj[hgbljbrguc kehc k h[jZah\zZgb f fZ]bkljZevghc Ij_sbgu \gm

< \ukhdhgZijy _gghc h[eZklb pbdebq_HKdh]h RIZ]jrj_ sgbayZ
3ijh[b\Z_I" k ih\_joghklb dZj[hgbljbrguc kehc b jZa\b\Z_|
A"bnnmabhgghc ahgu \g_rgbc f_oZgbaf

H[jZah\Zgb_ fzZ]bkljZevghc |j_sbgu ijhbkoh”bl ike]jZghb
FZ]bkljZevgu_ lj_sbgu _kl_klI\_ggh yleyxlkyblbpiAxishjhf
"helh\ _gghklv *bnnmabhgghc ahgu

<lhjhc f_ozZgbaf jZkijhkljZzg_gby Ij_sbg \g_rgbc f_oZgbaf
gZb[he__ j_Ze_g \ ~_lIZeymr kgjgkeldh\hhjm ™ _gby 1Zd dzZd kht
"bgzfbd_ \ha”" _gklitbly joghklb Ij_gb¥% Zjbk



Jbkmghd £tLhih]jZnby jZkijhkljZg_gby mklZehklghc Ij _sbg!
\ “bnnmabhgguo ahgZo gbdhljbjh\Zgguo klZe ¢ ijb \g_rg_f f_o.

253 Bkke_"h\Zgb_nzZah\h]h khklz\Z \lhjbgguo kljmdIm

Ba ZgZebazZ ~Zgguo jZkl\hjhc wlekdhjibdpghig fkdZ\e gguo
jbkmgdl8 \b”gh qglh gZ ih\_joghklb aZnbdkbjh\Zgu H b K DZ¢
219 jZkij_"N e _gb_ e _]Jbjmxsb@r, Me Mo, §iliNb,Zr bf x| fZdkbfZevgm
dhgp_gljZpbx gZ ih\_joghklb dhlhjZy mf_gnr\Z jolgyh kilhg He na[lbgt
HiIkmIlklI\b_ nhknhjzZ 3 fh gh h[tykgblv g_"hklZlhgghc Ihgghklvx
obfbg_kdbc ZgZeba ih\_joghklguo keh_\ gbdhljbjh\Zgghc klZe
\k_o | _fi_jZImjguo ahgRaZ\ jbkgZeba JINWK|h\ ih\_ jagalklkeh \
jbk 1 b jbk 2 iha\lhey_ | k”*_eZlv ke_"mxsb_ \u\h”u @ _ ¢
g_agZgbl_evgh ?]h ki_dlj jZkij_~_ e _g 9Z ]Jem[bg_ b gf
hdbke g gh \hafh 'gh \azbfh”® _ckl\m_| _s_ b k m]Je_jh~hf beb

Kidlj jZzaful \ klhjhgm gbadbo wg_j]lbc k\lyab ]~_ ijb jZ:
\u”_eblv dhfihg_glm \[ebab w< |h _klv h~rgh\j_f_ggh _Kklv ij
k mle_jh~hf b beb Zahlhf ?k\ w< GZ ki_dljZo mle_jh~"Z
fZez _lelZ[&_ ibdb \ h[eZklb w< glh fh™_I [ulv kl\yazZgh k _]t
ojhfhf fheb[*_ghf b beb "_e_ahf

G _kfhljy gZ h[gZjm  _gb_ f _Ih*hf JNWK &U ~ |Zevguc
Abnjzdlh]jzffu h[jZzapZ g_ \uy\be gZebgb_ nzZau &U 1 DZj]
hlkmlklI\mxl



Jbkmghel +H[s

r‘ ) g "‘ ’ hy 1

Cr. Mn, Mo. Nb. Ni. S. Zr

45

ST g1 20 L skt |

- s Y
| nece a1 %
a C 041 151
ady 2 (8] 892 2491
| S 034 054
nops f Zr 0.16 008
Nb 009 005
— Mo 063 029
m — — V 011 010
) Cr 075 064
| Mo 046 038
W ™I 1T TR Fe 86,07 6384
< nli~ PR & £ Ni 1.60 122
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Jbkmghaél +H[sbc \b” ih\_joghklb h[jZapZ b ki_dlj ozjzdl_jbkibg

bc \b”A b jZkij ~ e _gb_

Si S FeFe
P
6)

--

Lhj_p djZc \[¢

we f_glh\
I |
Si| § Fe Fe
P
E)

JbkmgRkd tLhg_qguc obfbg_kdbc ZgZeba ih\_jog¢jibkhddg krech _\

15 Hm

10 Hm

Jbkmghd. +J_gl]_ghwe_dljhggu_ ki_dlju )H S

klZeb
FeZp;,
~—
.
L B S e
716 712 708 704

BindngEnsrmy (#V)

15 Hm

10 Hm

A\

_\_\_\_""_-

N\

e

= T\

LI I B R B N N B B B R |
237 234 31 228 225

BindingEnergy (#V)

Mo3d

15 Hm

10 Hm

AL LA LR R LAY LRARY L LA Ly L
351580 578 376 574
Binding Energy (e\)

keh \ ihke_bhggh]h IjZ\&\ gby kgbalibg

O F G;Prglzadh!l_fi_jzZImjgZykah@§g I[ fi_jZImjgZy ahgZ
\xt\ukhdhl_fi_jZImjgZy ahgZ

Cr2p3/2

OR G b &U S
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BindinsEnerzy (V)

Jbkmgh@ £J_gl]_ghwe_dljhggu 2KY_&KjV b 1 V ih\_jogihkigbh&e

T T T
337 334 318

bhggh]h IjZz\e _gby kgbam \\_jo

>bnjzdlh]jzffz
ij h[ezrZx]

khklz\_
ij_~klz\e _gby h

ih\_joghklb h[jZaph\ gbdhljbjh\Zgghc klZeb
mkebblyyfk [fb bkke Am_f

| q_gb
1Z[®.

lj _gby \
j_"bfh\
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Ols Cls
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BindinsEnsrgy (V)

T
~
P

T T
280

ihemq_ggZy k hJ[jZa
hOkbBu ROH jbk 3
nZah\hf khklz\_

Basf _khI\_IklI\mxsbf

\lhjbgguo kljmdImj

26
\

20

S s

100

L e e e B e e B
405 402 389 356

BindingEnersr (V)

b

ihke |j_gby
>ey [he_ _

pZ

O F G:P:

N

Nls

fbg

ihdZ:
lZev

[ueb kgy

bkiul.

® | Fe,04
T b
[ ! : T | | | T g Fe304
Jbkmghd8l £>bnjzZdlh]jZffZ ihemqg_ggZy k h[jZapZ

LZ[ebpZ + Dbg_Ilbg_kdb_ \j_f_gZ b I|_fi_jZIlmjgu_ oZjzdl_jb
h[jZah\Zgby \lhjbgguo kljmdImj
Lhat D | 410 510 550 640 680 780 800 840 870
%at K | 1200 | 650 320 100 65 35 24 20 16

ljb "Zevg_cr_f ZgZeba_ nZah\h]h khklz\Z [ueb aZzZj_]bkljb
ibdb ke_"mxsbo h[gZjm  _gguo nZa I\ _j~h]R)H kb\hljjd "ggithdadg h\ _
gbadhzZahlbklhau hdkb”~ghc nZau IbiO;fZhlgbtghgthzZau |biz | _fzZ
FeOs nZau kbebpb”Z fhelbyh_oZaQURE&mMmevnb™"Z ; enzaazu )iHGebpb”
" e_aZ )H6L AgZg_gby bgl_gkb\ghkl_c¢c j_gl]_gh\kdbo ibdh\
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| _fi_jZImju Ij_gby ij_"~klzZz\e_gu8\ hbplh]l]h 7ey @_¢@dhlbhfl\
l[jb[hl_ogbg_kdh]h wdki_jbf_glZ [ueb h[gZjm _gu |Zdb_ ~bgZfb
fheb[*_gZ,0R6lZd"_ nhknb”Z,P. e _azZ )H

GZ jbkmgdt gZ [Za_ "Zgguo I|Z[eppklZ\e _gu jZkij_"_e_
bkoh"guOH/)H -Fe b Ijb[hl_ogbq_e@pBeO) MoSie FeS Fh6 Z
l1zd"_ )H6L3b nHBa \ kl\yab k baf_g_gb_f hij_~ e _gghc |I_fi_jZIm
nZah\h]h khkig\Z i _j\hf ijb[eb  _gbb ih ihemqg_gguf djb\uf \hafh
ke "mxsb_aZdexq_gby

LZ[ebpB + AgZg_gby bglhklklke\ j gl]_gh\kdblp teghbkoh”guo &
l[jb[hl _ogbg_kdbo nZa \ Ijms_cky gbdhljbjh\Zgghc klZeb O F
hl | _fi_ jZImju
Lbi nZah\l Bkoh”g L fi_ jZImjgu_ahgu baf j gbc
khklzZ\eyxs| khklhyg gbadhl _fZlmjgZ kj_~g_ | _fi_jzZI{ \ukhdhl_fi |
kljmdImj ImjgZy
ih\_joghklg L,°K
kehy 140 | 210 | 250| 340| 380| 420| 480 | 540 570 600
-Fe 140 - 80 - - - | 50| - - 50 -
OF 50 50 - 60 | - - | 90| - - 60 -
"_Fe 40 - 36 |32 -] -] -130] 12 Ke | Ke
AU AU
Fe0,4 - - 15 | 33| - | 18| - | 10| 10 - -
Fe0s - Ke_ | Ke| - - - | 15| - 30 - 16
U U
MoSip 65 - 8 15 - - - | 22| 46| 51 15 15
FeS - 14 35 | 18 | - - - | 18| 24 - 12
FeSi - - - 9 - | 23] - - 6 Ke Ke
AU AU
MoS, - Ke | Ke | 8 | 15| 2 7 - Ke | Ke Ke
U U AU AU AU
FeP - - - - 7 - 10 | - 10 - 10
Ih bkoh~rguf nZazf
Kh~ j"ZghZau \ Ijb[hl_ogbqg_kdhf keh_ g _ij_julgh mf

hkh[ _ggh Zdlb\gh \ gZqZevghc ahg_ nhjfbjh\Zgby Iljlgj3bk@ hy ij
K jbk 4Z WIh baf_g_gb_ ih nZa_ khklzZz\ey_| “"h q_luj_o jZa
Kh*Zgb “Fenzau hklz\Zykv ihklhygguf \ gbadhl_fi jz
agZgbl_evgh m\_ebgb\Zz_I|ky \ kj_~g_ | _fi_jZImjghc ahg_ zZ \ \
bf I f_klh |I_g”~_gpby d ihgb _gbx kh™ " ZBdyZ aRZZ e heZZa\lg Ib
mf_gvrZykv bkqg_jaZgdhhjbk [
Ih Ijb[hl _ogbq_kdbf nzZzazf
Ke_"m_I| azf_Iblv qglh g_lI gb h”ghc ba
kh~ j°Zgb_ dhlhjuo [u aZzdhghf_jgh \hajzZklZeh
< i_j\hc gbadhl_fi_jZImjghc ahg_ nhjfbjh&ZidbK)
ihyleyxlky kkesb "mljb gh\u_ “"bgZfbg_kdb_ nZau
- hdkb”r"gz®, )HZ]g_Ibl  jbk\ kh~ j"Zgb_ dhlhjhc ~“hklb]Z I
bgl gkb\ghklb j _gl] _gh\k8Opc ebgbb
-kmevnb?rgZy nZhdehd” e _az4d "jbkh”™_jZgb_ dhlhjhc \_
j_adh baf _gy~PHp Bh ggh \ kZfhf gZqZe_ i_j\hc ahgu
-kbebpb”rgzZy nZgzkbRIBhb" fheb[*_gZ ] jmhjfbjm_Ilky lhevdf
g_[hevrhf dhebqg_kI\_ b khpglZAkgbp a
LZdbf h[jZahf \ i_j\hc gbadhl_fi_jZImjgkc mhgbjmxklky
ke "mxshb[H|] ogbg_kdb_nZau

\uy\le_gguo Ijb

lib[t
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Fe;O, nn FeS nn MoSpgs N, (29)

1" \\_"*_gu ke_"mxsb_ kifAthegZz kB9l "h fZzdkbfZevgh \hafh gh]t
9+\hajzklz_1| "h g_dhlhjh]lh ijhf_"mlhqgh]lh agZq_gby
<h \lhjhc kj_"~g_I| dofhcjablgj L D nhjfbjh\Zgby Ijb[hk
K L K nhjfbjm_Iky gZb[hevr__ gbkeh |jb[hdqolghg _kdbo nZa
- hdkb”rgzZy nbaZz] )tZlbl kh~ j"Zgb_ dhlhjhc ~hklb]Z_1| fZz
agZg_gbip-a®bgbp Ijb wihf kbgojhggh kgb B _flkxlg d hoet@g) HolR
2.24 \
-kbebpb”rgZy ndgaZ khR6L Zgb_dhlhjhc "hklb]Z | fZdkbfZev.
~50p-_"bgbp
- ih\lhjgh nhjfbjm_Iky b ~hklb]Z | fZzdkbfZevgh]lh agZg_gby
50lp-_~*"bgbp kmevnbfgZgZ)HG6
-nhknbr"gzZyFe8aZhlhjZzy "hklb]Jgm\ g _dhlhjhc k\h_dp-dhgp_
_"bgbp khojZgy_Ilky b \' Ij_Iv_c ahg_ nhjfbjh\Zd¢by Iljb[hkehy jt
I,

Wl ||_I’|II Hirsieomesane paty pieas L CpegieTesineparypiagn  Baicokaresne-

!?I;-N““ T 30HD :]: pu'll':l'!::;m =
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L
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S

-
410 510 830 750 870 T K

Jbkmghd +OZjZdl_j baf_g_gby agZq_gbc bgl_gkb\ghklp j_gl]_
"ey nZa ljb[hl_ogbq_kdh]bjkehygdhledklizeb O F G;P:
\ aZ\bkbfhklb hl |_fiLjZImju
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LZzdbf h[jzahf \h \lhjhc kj_~g_|_fi_jZlmjghc ahg_ nhjfbj
l[jb[hl _ogbg_kdb_ nZau
Fe,0; nn MoSpgs Nn FeS nn Fe,P nr. (20
Djhf_ Ihl]h g_h[oh”bfh hiIf_Iblv IZd hihkegBima&sgh kljmdIm
y\le gb_ ijbkms__ ~Zgghc | _fi_jZlmjghc klZ*"bb mf_gvr_gb_ |
knhjfbjh\Z\rboky \ dhgp_ i_j\hc gbadhl_fi_jZImjghc ahgu nZa
Fe;0, pp FeSipp MoS, prL an
]*_ kbf\hehagZqgzZ_| qlh *"ZggZy nZaZ gb\_ebjm_Iky ~h fbgbfzZe
< lj_lv_c \ukhdhl_fi_jZImjghc ahg_ nhjfbjVZ@QK)y Ijb]
khojzgy |ky gz ij_~_evghfp-mjtb\gbp akh”_j"Zgb_ nhknb3®hc n.
>799gZy klz*"by dzd ij_"\_%s$bpbdijipp”Klikbh\ ko\Zlu\Zgby oZjzdl_]
glh kh”_j"Zgb_ hkgh\guo Ijb[hl_ogbqgq_kdbo nZa gZgbgZ_ | mf
kh~ jZgb_ ~Zgghc ahgu hij_~ ey Iky ke _"mxsbf dhfie_dkhf

F&0; pp MoSpes pp FeS pr. (21
AZ\jrZy jZa]lh\hj h kljmdImjguo ij_\jZs_gbyo \ dZ ~"hc ba I
| fi_jZImjguo ahg hif_Ibf ke _"mxsb_ fhf_glu Ih\umfHdu kh~"
kj _~g_| _fi_jZlmjghc ahg_ \ualZgh ihebfhjngufb)H]O)HZsihg'byfl
A ckli\b_f I _jfbg_kdhlh.;&BYjzZ jbk

1250 T T T T

o~ -
L'C Y-Fe

750~ -
T, (450°C;9,7 TTIa)
500 \_/

e-Fe

250 - o
T,20°C;11,9TTIa)

a-Fe

20 | L@ | | |
0 5 10 15 20 P,TIa 30

Jbkmgh® £+NjZ]f_gl "bZ]jZPG 8ey kiZeb > @

ljhZzgZebabjm_f f _oZgbafu nhjfbjh\Zgby \lhjbgguo kljmdIm]
k\yvazg k nhjfbjh\Zgb_f hdkb”guo b hlqgZzZklbnZkm éV hb hdwbb j h HAbc
ijhbkoh”"bl gZ [Za_ olbfglq_ %Wkbgplh\ gZoh”ysboky \ hdjm Zxs _c¢
kfzad_ 6 Nhjfbjh\Zgb_ kbebpb”guo nhknbrguo b hlqzZk
ijhbkoh”bl gZ hkgh\_ obfbq_kdbo we f glh\ gZoh”ysboky \
ahgu khhlI\_IklI\_ggh 6L 3 b 6 klZeb ZObF "&)P:f_[Zreghjq_kc
hkgh\u wlbo nzZa y\)élyx)Kyb)el Ihfbfh wih]l]h ~hghjhf 1Zd - y\ey
OR \oh”ysbc \ khklZ)XnZau OR

F_oZgbaf nhjfbjh\Zgby hdkb”"guo b hlgzZklb kmevnb~g
j_Zdpbhgghc “bafforarbrbabhgghf \aZWfh*"gL£kih\_joghklb I\_j~h]h
khijh\h " *"Zxsbfky h[jZah\Zgb_f gh\uo nZa > @ AZjh”~urb hdkb
jZajZklZgbb kiehrgmx ie_gdm \hagbdzZxl _keb baf_g_gb_ k\¥t
"ey kbkl _f@,)HjbpzZl _evgh Bhgu dbkehjh”zZy gy \egyxrsgb ck qZK|
ie_gdb khlezkgh j_zZdpbbbanmg2bjmxl d \gmlj_gg_c ih\_joghk
nZa Bklhggbdhf we dljhgh\ kem bl \gmlj _ggyy ih\_joghklv ie_
i_j_oh”ry \ hdkbrgmx nZam ]_g_jbjmxT @& _d&jhgdhax) Mg hifurv Z
k ju gZoh”ysb_ky \ kfZad_ ij \jZszZxlky \ bhgu [€Z]hMAy | :
e _aZ i_j_oh”y \ bhgu b h[jZzamy kmevnb2rgmx nZam%*42eg _jbjn

<lhjhc f_oZgbaf h[jZah\Zgby \lhjbgguo kljmdImj k\yaZg
ijhp_kkzfb kighkbysbfb \ ih\_joghklghc ahg_ b gZijzZ\e_ggufb
lj_gby I1h”h[gZy “bnnmaby y\ey Iky \hkoh”ys ¢ b ijbgbgu
h[tykg_gu ~Ze__ >hghjhf ~ey \lhjbgguo kljmdImj gZ hkgh\_ f
Mo,& gZoh”ysZyky \ ih\_jogmkdphgghenmhg_  Ih™ ~ ckl\b_f \h
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"bnnmabb nzZaZ jZkiZ& Z0R¥42COR bhgu “bnnmg”*bjmx!| d ih\_jc
lj_gby ihjhagv bf_y jZaebqgu_ dhwnnbpb_glu “bnnmabb 1|h Z
Abnnmg”*bjmx|l nZayHe6L b )H6

26 Wdki_jbf_glZebgZigZeblbgq_kdb_ bkke_~h\Zgby
| _fi_jZlmjguo ijhp_kkh\ \ ih\_joghklghc ahg_

Bklhjbgq_kdb keh'behkv 1Zd qlh |_fi_jZImju highkysb_ky
Lmb ht_fguy jZkkfZlbjb\Zxlky hi*_evgh hl |_fi_jZImju &z fbdj

|_fi_jzImjuuvkib Z 1zd _ |_fi_jZImju gZ km[rLgh of\z1mkllyd
hg _\bAgh qlh bf__| f kih ke AmxsZy az\bkbfhklv ij Aihez]z
| fi_jzImj > @

Lnax Lkf: L kmil \kit L inv L ong (2.13)

1" s Lmp Liki Lny L £ khhIN_IkI\_ggh jZlrmiju kfZadb -gd km]|
fbdjhr_jhoh\Zlhklb ih\_joghklb b \ h[t_f_

ljb\_~ _ggZy azZ\bkbfhklv ij_7~ihez]Z_| ijh\h”blv hij_~_e_gb
_"bguo f_Ih*heh]bqg_kdbo ihabpbc H[udghbILd&igiZImpZfey _Ilky
"he gh]l]h \gbfZgby F_""m ih@izadzeb gZrb bkke_ ~h\Zgby b
| _fi_jZImju \ mkeh\byo h[s_]h g_klZpbhgZjgh]lh | _fi_jZImjgh]h |
\hagbdgh\_gbx | _fi_jZImjguo wnn_dlh\ bf xsbo \Z gh_ agZ
kljmdIimpghah\uo ij_\jZs_gbc \ ih\_joghklghameahgl khajgladZ.
hlebggu_ hl h[s_ijbgyluo mkeh\by ih\j "~Z fhklb "Zgghc ahgu

=jZnbdbkqg_Ilguo b adki_jbf_glZevguo | _fi_jzydjjbk6klZ\e

400

300)

200

100 &Mﬂ
o122

| !

----- T % i

Jbkmgh@l t=jZntbdjZkq_lguo b adki_jbfhptlZgugulo fi_jElmj
gZ g_ih™\b ghcikb _ Ygdebgbg mHEaWZf Vg f K
__rtwdki_jbf_glZevgZy az\bkhZikklvigZy aZ\bkbfhklv

Bkke_"h\Zgb_ I_fi_jZImj gZ km[r_jhoh\ZLug ih\_joghk

Hij ~ e _gb_ | _fi_jZImj gZ km[r_jhoh\Zluo ih\_jogh
g_h[ohHhBlvx mklZgh\e_gby f_ozZgbafzZz ~bnnmabb \ ih\_joghk
\uaulZxs ¢ baf_g _gby \ bkoh”*ghdZ&hjintIlrkhgkHZ\ Dzd ihd
bkke_"~h\zZgby ~Zggu_ baf_g_gby ijb\h”*yl d h[jZah\Zgbx \
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\lhjbgguo klIjmdImj < k\hx haqgu  "vkNihgdmju \ dhg_qghf k
hij "~ eyxl Ijb[heh]bg_kdmx jZ[hlhkihkh[ghklv maeh\ |Ij _gby

ljh[e_fZ aZdexqZ_Ilky \ Ihf qlh “Zgguc f_oZgbaf “bnnma
j_amevlzl \ha”_ckl\by | _ieh\uo | _jfhpbdebjh\Zgb_ b mijm]bo
gZlgmjh\g_ Ih _klv gZ mjh\g_ km[r_jhoh\ZIlhklb

IhklZgh\dZ | _ieh\hc aZz”~Zgb Ij_gby

lib ihklZgh\d_ | _ieh\hc az”zZgb 1j_gby bkihevamxlky
| iehijh\h~Aghklb b | _iehi_j ~zZgb \ dhlhju_ \dexqzZxlky kihkh[
| iez ijb Ij_geyp ]ez~dbo ih\_joghkl _c ijb ihklZgh\d_ | _ieh\hc a:

i_j\hgzZgZevgh hij_~ _eblv ihey kh[kI\_gguo | _fi_jZImj kfZadb K
wlhl]h g _h[oh”bfh bkihevah\Zlv ~bkkbiZlb\gmx nmgdpbx- mjz\

Klhdkz
2
Q‘K'i- SV (2.14)
& @z 1

1" _OKV xkhhI\_IlkI\_ggh dhwnnbpb_glu I_iehijh\h*ghklb ~bgZfb
kdhjhklb kfZadbh\ aZahj_
J_r_gb_ “bnn_j_gpbZevgh]h mjz\g_gby bf_Iv \b”"

2
Loz iK%z (2.15)

2 0oht
GZ g_ih"\b'ghc %2=0Zdl 2=0 gZ A\b*ghe(z=h) £+ fZdkbfZevgh_
agZq_gb_ < j_amevlZl_\hagbdZxs_]h i_jkiZABalgfdZZlIinjieh\|
ihlhdk fzdkbfZzevguf agZq_gb_f gZ g_ih"\b 'ghc *_IZeb
>ey r_jhoh\Zluo ih\_joghkl_ ¢ “bnn_j gpbZevgu_ mjZ\g_
ke_"mxsbf hfjZah
KfZahqguc fZl _jbZe
wi(x,z, ) 2
— W T : A
T 2% ®

9Zq
]"_ W ziehlghklv I_ieh\h]h ZhkhdBEwnnbpb_gl |_fi_jZImjhijh\hA

kfZadb®l, +hi_jZlhj EZiezZkZ
L\ jA"h_ I _eh

wa(x,z, W ) 2

—V\D ngq 5 “L q, @.1

1" Lyzgqr9ZqZevgZy I_figZllmjEhhl*ZgqZ hl fbdjh\ukimiZ \ hdjm
kj_~m
GZgZevgu_ mkeh\by
T1(X,¥,20) T12(XY,20) const. (2.18)
=jZgbggu_ mkeh\by

W HiP(%z, W Tgz¢{ #ih"\hn I ieZ

W(xz W Hy B(X,z, W Tyz thI\h~ | _iez 19)
\x
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1" Hi zdjbl_jbc Gmkk_evlZz

>ey j_r_gby ihklZ\e_gghc az”~"Zgb g_h[oh”bfh hij_"_eblv
cm[r_jh\Zlhklyo >ey wlbo p_e_c bkihevam_Ilky ijhnbeh]jzZ:
ih\_joghklb ihemqg_ggZy k ihklbehd g fppdjhkdhiz :KF. jbk

1ZjzZf _lju km[r_jhoh\ZIhklb \ugbkeyebkv k ihfhsvx dhfie_d
F>L 5RXIJKQHVYV $QDOamigvgghGZ ijhmbeh]jzff_ \ aZ\bkbfl
ijbeh” _ggh]lh dhglzZzdlgh]h ~Z\e_gby 1d “ey klZg”~Zjlgh]h (
ihemqgbeb kj_~g_Zjbnf_Ibqgq_kdh_ hildehg_gb_ ijhnbey gf
dhglzdlh\ gf kj_"gbc rZ] km[r_jhohyZlhkl _c

40 um

|0 33
1
— =
L
—=
i

[} 2 4 6 8 10 MEM

Jbkmghd tljhnbeh]jZffZ km[r_jhoh\Zlhc ih\_joghklb
ihemq_ggZy k ihfhsvikbBhihgh fbdjhkdhiz

>ey i1hemqg_gby ki_dljZzevghc fh”_eb km[r_jhoh\ZIhklb
kemqgZcguo agZq_gbc E ih?vijjjBEpkyah\Z2ydylf HIf_ Ibcf\eqiiwNh
nmgdpby dhjhldbo \heg \kie_kdbkihdylahwleZzkv ijh]jzffz Ol
Mqgblu\Zy \ukhdhqzZklhlguc ozZjzdl_j | _fi_jZIlmj gZ km[r_jhoh\ZIlI
\_c\eij_h[jzah\zZgby ><I \ dZq_kI\_ fZl_jbgkdh]h \_c\e_IZ bk
>h_rb bf_xsbc fZdkbfZevgmx p_gljZevgmx qZklhIm )U =

\ _c\eij h[jZzah\Zgby G«<I ijbf_gyeb \ _c\e | Fhje_ k p_gljZz
YU =p K ijzZzdlbg_kdhc Ihgdb aj_gby bgl_j_k ij_~klzZ\ey |
gZklhlhc = Kk Ziijkdfbjmxsbfb dhwnnbpb_glzZfb
2.28).
0.2 |
d1 n’i
-U-QL 1 1 1 l 1 1 1 I J

L
50 100 150 200 250 300 350 400 450 500

JbkmgR&8 £t=jZnbd Ziijhdkbfbjmxs_]h dhwnnbpb_glZ >

=jZnbdb ~_I|IZebabjmxsbo dhwnnbpb_glh\ ><I ij_7klZ\ey:
m\ _ebqg_gb_ gZklhlu Ziijhdkbfbjmxs_]h dhwnnbpb_glZ b [mA~
ZgZebazZ kklhp_ijhbkoh”~ysbo gZ ]ZjfhgbdZo

ljh\_jdZ ihemqg_gguoeij\ dy&alh\Zgbc gZ gZebqgb_ o0ZhkZ
oZjZdl_jbklbgdbaf_j nZah\h]h ijhkljZzgkl\Z Q mhdzZbBZeZlvqlthZhk
hikmlklI\m_ | J r_gb_ ~bnn_j gpbZevch]N wfiZyhfgbiljZgkl\
(oyz 2 \ ZgZeblbg_kdhc nhjf_ g_ ij_"klz\ey_ Iky \hafh guf
ijbf_gy _|ky h~"bg ba gqbke_gguo f _Ih~h\ j r _gby Z bf_ggh f_If
f ITh~ k_Ihd Qbke_gguijb)_r™ gy \ ijbeh  _gbBZ} k_Ildb ih
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>ey hij_~ e _gby \j_f_gghlh rz]Z bkit

dhhjrbgZlguf ddyfdz=10® f
aZ\bkbe"dkm)vldz); 18- dhwnnbpb_gl |_iehijh\h~Aghklb
ney fh~_ebjh\Zgby ij ~klZ9e 29D gbZ gjbK

JZkq_lgZy ko_fZ
km[r_jhoh\ZIBAkihwdkbfbjh\ZezZzkv mk_q_gguf pbebjhlfh™\bZtdyhf
kbkl_fzZ dhhj%bmZijb\yaul\ZeZkv d pbebg”jm gZ ih"\b ghc kl_gd_

LZzd dzd dhglzdl

xy,2 - d pbebg”jm gZ g_ih*\b'ghc kl_gd_
g_p_gljZzevguf Ih \\h”*"bebky kfljh\ pbebg”jh\ J_ameviZlu fh"_

ijb\_~ gu gZ jbrRgd

T,°C

6001

5001

400t .
3004

2001+

{
= oo £
1001 &

!
T
§ i 4 5
£ W i
= ]
e |

MY

Tt 5 4 g
6)
JbkmgRke +tJZkq _IgZy ko _fz Z b | _fi_jZImjgu_ ihey \ p_glj_
dhglzdlZz\bkbfhklb hl \j_f_gb dhgbkbdlép\WggbyZzkiheh  _gby
(Vi f k :Ltbaf_g _gb_| _fi_jZImju kfZadb
2tbaf_g_gb_ |I_fi_jZImju gZ km[rLjkoh\ZIhklyo
3+baf g gb_ | _fi jZImju gA0fém[bg _
4+baf_g gb_ | _fi_jzZImju gzA&m[bg_
AgZq_gby izjzf_ljh\ ijhp_kkZ ijb\_*_du ¥ IljZlkihbp” e _gb
hlghkbl_evghc |I_fi Ljglimjlem[bg_ kigddjb km@a _
T

- AO +A0 ]

! ’
1
/// 3 }VL
1/ Aoei\{;
/

4
/

/
/
l/
i
|
!
0
f
I
f
I
[ Z
¥
V.
¥
#

z
JbkmgRd tH[sZy ko _fZ jZkij_hlehlgbly evghc | _fi_jZImju
gZ Jem[bg_ kl_gdb
ljhbal\_~ f hp_gdm ihemq_gguo jZkq_lguo iZjZf_ljh\ 1 _fi_j
ahg kj agZg_gb_ I_fi_jZIrrﬁ\H \khihdd blkI\mxs

<hi_j\uo hlf_Ibf
I_fi_jzImj_ km[r_jhoh\ZdglZzkllem@s @ \ p_ehf g_agzZgbl_evgh hleb



| fi_
Ke_~h\zZl _evgh kljZkijlgb _
ljZgknhjfZpbb

f 1ZeeZ k
GZb[he__

jZImju \Kkiurldd
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hij_~ _e_gghc

| _fi_jZImj \
| _fi_likfnhjeio LinO Lng
hp_gblv gZ dzZq_kI\_gghf mjh\g_
Ilhgdb aj_gby bgbppbkikZ gikyd hjj_gby
bgnhjfZlb\gufb \ wlhf highr_gbb yDg

"ey bkoh~ghc rlifAoh\ZIt
I\ _j~hf |I_e_ ijhbkoh”bl
<hlhjuo \hagbdzZ_| \hafh'g

\ebygb __

km[l_fi_jZImj
"bnnmabhgguo
lbyU.Zjzf_lju

gZ dj

LZ[ebpZ+AgZq gby iZjZf Ijh\ ijhp kkZ | jfhsiblebjh\Zgby

1Zjzf |1 Kdhjhklv 1jVghyk 1ZjzZf _1j Kdhjhklv 1jVghyk
1 5 10 1 5 10
leaX,OK 39,4 311 616 | jzn 0,124S| 0,124S| 0,124S
_|_1, Ok 34,5 272 540 ‘0 0,69 0,51 0,46
L °K 23,8 158 284 U, fk 1 5 10
P, c w’ w’ w° U, flk 17,2 21 54
ZF=p 17,4 87 174 € 0,06 0,24 0,19
F jz"4 007S 0,07S 0,1S D, w' w W™
w° ° 1° T 21 144 274
Q f I—kzm[Q Lyki
of 0358710°% | 016710° | 0113710° L, 19 140 280
gf 358 160 113
libf_qZgbijb\_~ gZ \ jBBh!_
AgZqg _ghij ~ ey | jZkij_~_ e _gb_ | _fi_jZImju gZ fagjhr_jhot
<ur_ijb\_~_ggu_luZgdkZebkv _“bgbqgguo km[r_jhosdonatl hkl _
>ey j_Zevguo dhgdeandt\ < ijhljZffm fh _ebjh\Zgby \\h'
ihke_"~h\ZIl_evghRlawylZy ba ijhnbeh]jZffu ihemqg_gghc k ihfh

kbeh\h]h fbdjhkdhiz

< j_amevlzZl_ fh”*_ebjh\ZgbygJyue¢bnitheebmbaf_g_gby L{j2 jZIm]j
hij_~_ ey fu_ dzd ijhp_kk |I_jfhpbdebjh\Zgby gZ kmir_fFhjam\zd h k
Limi2ij_"klZ\ey_| kh[hc kemgZcgmx nmgdpbx h[eZ*"Zxsmx k\hck
b wjlh*bgghklb K p_evx ihemqg_gby Zdh]Jjgdaoibdo ilm[gh]
| _fi_jZImjgh]lh ijhp_kkZ h[uggh bkihevam _ Iky ki_dljZevgh_ ij_ |
HArgZdh ijb Nmjw[jZah\Zgbb bkihevamxlky "“ebggu_ kbgmkhb".
mgblu\Zxsb_ Ihgdb_ hkh[_gghklb |_fi_jZImjgh]h ijhpZfk&BEInj® ad
b qzZklhl dhe_[Zgbc gZebgb_ jZaju\h\ mkimih\ b | 7
ij_h[jZzah\Zgby Nmjv_ m\_ebqgb\Z_ | h[t_f \ugbke_gbc b aZzZqz
"he ghc lhqghklb jZzkqg_Ih\

< ihke_"gb_ ]1h”u \ ijZzdlbdm h[jZ[hldb kb]giZdeh]\jZhY2HbYy c

> @ HIf _Ibf qlh-ij_bYfgZdh\Zgby y\eyxlky\jgEZkdlglgflo |h _Kklv
bkke "mxl baf_g _gb_ qzZklhl ih \j_f gb b g_ jZkkfzZljb\zZxl
kblgzez >ey ijZdlbg_kdh]h bkihevighhigbah\Agbte [ZajzZ[hl

dhfivx!_jgzy]jidzhf MATLAB [100, 101].

i 15 ¢ Ty (T)

T (z=160)

710% ¢
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JbkmghHd tBaf_g_gb_ | _fi_jZlmjguo ithe_c ijb Ij_gbb km[r_jh
ih\_joghkV aZ\bkbfhklb hl \j_f gb dhgkbdléph\@Zggdkyiheh _gby
(V“. fk bzl _fi_jZIlmju kfZadb b km[klghoh\ZIh

b +tgZ Jem[bg_ khhiI\zlklI\ bggh gf

Bkke_"m_fuc kb]gZe [ue \\_MAJLABKIbkkj fmkI\hf ]jZnbqg_kdh
bgl _jn_ckZ eb[h ij_"~klZ\e_g \-dbg_cdm&khmggygdpbb |Z[ebgqguf k
>ey nmgdphP ij_"klZ\e_gghc gZ3bkijmed\u[jZg IZ[ebgguc kihkh]
wlhf bgl_j\Ze ~bkdj_IbazZpbb ih \j &2gbUkhklzkeyeamevlIZl_ gb
hikg_Ih\ \ IZ[ebqgghf ij_’NcEZX.e_gbb

'J.'.lﬂg. VA B oo pe Lepely
L'

@ r,.] i il A I-'-u'_
bt A A B M i
|| ||||| | I||||| """"‘
" | || || |I |'| | || I\ 1 | Iy | | II 'II |I I.! | '|"|l |r|-|
4'|._| |I by |J| | | I.II '. !ll-l | ".I [ ) [ !| II || |J II ,ll | i 1l +
15 '1"._|I t l Vo " I . 1

i ix3 1 1.5 2 25 10", ¢
)

Jbkmgh2l +J _amevliZlu ij_"~klZ\e _gby bkoh”~ghc bgnhjfZp
Z+x\j f _ggzZy *bz]ljzffiZllmfgh]lh ijhp HKkKIjh_gb_ fh™ _eb ijhp_kk
J ggzsy J J gf Inp J g /np

P_gljZzevgZy qZklhlZ \u[jZggh]h \_c\e_1Z gZ i_j\hf mjh\g_
[ulv ijbf_jgh jZ\ghc qzZklhl_ dhe_[Zgbc Zlhfh\ \ djbklZeebq_kd
\ukhdhqgzZklhlguc oZzZjzdl_j | _fi_jZIm¢gudeydhkedi[dgbYhc\e |
ij_h[jZzah\Zgby bkihevah\Zeky \_c\e | >h[_rb dhlhjuc ba \k_o
MATLAB bf_ | fZdkbfZevgmx p_gljZelrgmx qgZklhbney g _ij_julgh
\_c\eij h[jZzah\Zgby ijbf_gyeky \ _c\e_| Fhje_ kllpd&ErgljZevgipc qZ

J amevlZlu fh™® _ebjh\Zgby ijb\_2bgjblg3. jbk

Kmsghklv h~ghf_jgh]lh ~bkdj_lgh]l]h ZgZebaz aZdexqZ_
Ziijhdkbfbjmxsalhb ~ |Zebabjmxisbjaeh _gbc bkoh”gh]h kb
ciijhdkbfbjmxs__ jZaeh  _gb_\ gEZh[lgbvrh]¢gm[ey | bkoh”guc kb
ihalhey | ~Zlv _]h h[smx hp_gdm > |Zebabjmxsb_ jZaeh _g
hp_gdb bkoh”gh]h kb]JgZeZz %Z jZaebgqguo gqZklhlZo Hij_"_ebf
kl i _gv "bkdj_lbaZpht kb]§Z%& |h h[s kelqbhlkg_Ih\ aZ k khkl.

0% Hldm~Z p_gljZzevgZy qZklhlz "ey i_j\h]lh jZaehdygby
khklz\eyFrl U gU U° =p bk >ey A"jm]bo jZae
p_ ngZevgu qZklhlu khhi\_1ErR ggHY Z\wes U° =pFr4 usé
= pFr5 =p >bziZahg&zklb? « U°=p “he g ho\Zlu\ZIlv qZk
I_fi_jZImjguo dhe {49k "gb_ agZq_gby qZklilndjba_{Zghc)\
jZ[hlZo > @ b khklz\eyx!| "eyVkdhjhkd& Ij_gthBy:pV,j f kx
& U8 =pV f kt& U =p

lj



56

Decomposition at level 5: s =a5 +d5 + dd + d3 +d2 + d1

1l

a2l :

0 zr =

d 0 L J
02 L L L I I L 1 I I

0 100 150 200 250 200 350 400 450 500

Jbkmghd8l t=jZnbdb Ziijhdkbfbjmxs_]h b ~ IZebabjmxsbo dhw
"bkdj_lghlb\eij h[jZzah\Zgby

>pbkdj _Igh_ h~ghf_jghij \n[gkeah\Zgb_ 4bkkdju\Z | hkh[_gghl
a\mdh\uo | _ieh\uo dhe_[Zgbc \ |Ihf gbke_ b oZhlbgghklb \
gZklhlddd,).

KljmdImjZ kb]JgZeZ gZ [hevrbo qZklhlZo "jh[gZ njZdlZev(g:
g_h[oh”~bfh bkihevabh\dlIklfiolZklbq_ _kdh]h ZgZebaZz

Ih hij_~ e gbx npgadiilzggh” _klI\h k g _p_ehc jZaf_jghklvx |
g_mklhcgb\hklb kha~zZ | \hafh ghklv kh_~bgblv dZaZehkv [u
"bgzZfbg_kdmx ijbjh*m kbkl_fu lh _klv ij_"~kdZam_fhklv
g_ij _~"kdZam_fhklv cHj@dhhjfgh ™ _kI\h IThg_d \ nZah\hf ijhk
"bkkbizlb\ghc kbkl_fu ihk_szZ_ fuo \ mklzZgh\b\r_fky j_"bf_ Ih
g_mklhcgb\hklb >ey \hkklZgh\e_gby Zthxaimppbbaghh\cbekihevan
I1Zdb_ oZjddbdb dZd njzZdlzZzevgZy jZaf _jghklv ihdzZazl_ev O _
jZzaf_jghklv b jzZaf_jghklv nZah\h]h ijhkljZgkl\Z >ey hij
0ZjzZdl_jbklbd bkihevah\Ze ZHactaph 3 Zff@ 31ZQe
LZ[ebpd tKlhoZklbg kdb_ ozZjzdhfijbgllgdbl fi_ jZImju

IlhdZazl _ev O NjZdlZevgZ Dhjj_eypbhg JZaf _jghkly
jZaf_jghklv jZaf_jghklv nZah\h]h
ijhkljZgklI\Z
0,8399 1,1501 0,493 2

Ba ijb\_" gguo ihdzZazZl_e _c¢ hkgh\ghc bgl_j _k ij_"~klz\ey |
ijhkljZzgklhz \ dhlhjh_ghh'\eh blv bkke_~m_fuc jy® agZq_gt
"bgzfbg_kdhc kbkljZgghlh Zlljzdlhjz KljZgguc ZIlljZzdlhj bkih
b glbnbdzZpbb kms_kI\_ggh g _ebg _cguo "bgZfbg_kdbo kbl
hij_ " e _gguo mkeh\byo fh™ | \hagbdZlv oXxlgkk QZékqgqdbkKh\p h & jpm
ijhkljZzgkl\_ kljZzgguo Zlljzdlhjh\ Fh gh h*"ghagZggh mRAhk dZlv
\hagbdZ | > @ Igdebqgb_ kljZggh]h ZlljZdIhjZ h[yaZl_evgh b
ijb ZgzZeba_ "bgzZfbg_kdbo j_"bfh\ bkihevam_Ilkyhd#&Zadllj e ydl
mklhcgb\hklb

MklZgh\e _gh qlh \ izZj_ |j_gby kh kfZahqguf fZl _jbZehf
ih\_joghklyo \hagbdZ_I| klhoZklbq_kdh_Lln@_kXbmjghevkiemxs__
g_h~ghjhrghklb | _fi_jZImjguo ijhp_kkh\ \ ih\_joghkldue kel
Ilh~"h[gZy g_h~ghjh~rghklv ijb\h~bl k h”ghc klhjhgu d \ukhdhqgZzZk
dhe_[Zgbyf \ ijbih\_joghklguo kelmkadhky?jimjhp _kk fbdjhbagZrb)
ihyle _gb_f_ "“m Ijmsbfbky | _eZfb 3d\Zab b”dh]h” kehy ba gzZkll
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\dhg_qghf kqg_|I hij_~ eyxl f_oZgbafu ijhp_kkZ jZzkiz*"Z “\hcg!
ijhp_kkh\ Abnnmabb we f glgh]h khklz\z jzkl\hjh\ d ih\_joghkl

[jh\_~_gguc qZ—k\]nfglgghc ZgZeba 9gZ hkgh\_ h”ghf_jguo “
g_ij_julgh]lh \-gj\eh|[lidhdZgbc ihdZaZe qlh "bZiZahg qZklhl a\m
dhe_[Zgbc fh _I ho\Zlu\Zlv "bZiZzahg dhe_[Zgbc ZlIhfh\ \ djbl
ke "h\Zl _evgh \hagbdzZxl 1ij_~ihkuedb d \hagbdgh\ _gbx j_a
"bnnmabb k \ukhdbf dhwnnbpb_glhf HWbrnmabgdbu_ ijb wlh
klhozZzklbg_kdb_ ozZjzdl_jbklbdb \ \b”~_ dhjj_eypbhgghc jZaf_
nZah\h]h ijhkljZzgkI\Z mdZau\Zxl gZ hlkmlkl\b_ ozZhkzZ \ "bgZzZfl
oZhk \ bkke_~m_fhc kbkl_f_ hlkmlkl\m_|I

ljb qZklhlZo a\mdh\uo Imi¢gm({bo kKhe_[Zgbc f_gvrbo q_f
dhe_[Zgbc Zlhfh\ \ djbklZeebq_kdhc j_r_Id \hagbdz_| dh
Abnnmabb k f_gvrbf dhwnnbpb_B.Ihf Apbnnmabhb

FhA_evgu_ ij_"klZ\e_gby | _jfbq_kdh]h m~zjz

Hkgh\gu_ iheh _gby "Zggh]l]hmXBYy @Z [[ZamevIZIZo jZ[hl >
182. @ h”_ebjh\zZgb_ | _fi_jZImjguo ijhp_kkh\ ihdZaZeh qlh gZ
nhjfbjmxsboky gB klbbdjhr_jhoh\Zlhklyo \ j_amevlZIl_ ijbeh  _ggh
kdhjhkViy \hagbdzZx! \ukhdhl_fi_jZImjgu_ imleenkbkimxkb_"mxshbf
iZzjzf _1jzfb > |_fi@ _ieh\W\4"BA0P « ?Dc kdhjhklv |_ielr\H %z
10’ ¢®* iehlghklv fhsghklb | _ieh\gkaCPiklhdZ<l f AZ bkdexq_gb_
iZjZf_lggd dhlhjuc gZjB\ihjyrdZ gb _ hgb khhiI\ZKFkIN@kleizZg jgh]t
h[emg_gby f 1ZeeZ > @ <ukhdb_ agZq_gby | _fizZz | _ieh\\h"
kms_klI\h\zZgbb | _jfbg_kdbo m~Zjh\ bgbpbbjh\Zgguo gzZ |
fbdjhg_jh\ghkl_c¢c |_fi_jZImjhc Ij_gby Ihfbfh |_j¥bp &dbwelzZh”
1Zg] _gpwgdh khm~Zj gby fbdjhg _jh\ghkl c kdirjtoktv * KhhjfZpbb
khhi\_Ikl\m_| f _ oZgbg_kdhfm m~Zjm > @

>bgzZfbq_kdZy j_Zdpby ih\_joghklgh]h kehy gZ |_jfbqg_Kkc
\hagbdgh\_gbb | _jfhmijm]bo gZijybgglkdbgzmi*Xgj&dbo dhglzZdlgu
gZijy _gbc > @

Kms_klI\m_|I g _kdhevdh ih?”oh”~h\ 7~ey fh” _evghlh ij_"klZ
m~rZjzZ 1jbf_gbl_evgh d jzkkfzljb\Z_fhc \ "bkk_jlZpbb az”~Zq_ j
ba gbo \ dhglbgmZevghf ijb[eb  dkeZ]xXjIKky kKjehrghc b ~bkd
kj_~Z jZzkkfzljb\Z _Iky gZ mjh\g_ djbklZ§g8bd8Kdhc j_r_Idb

DhglbgmZevgh_ijb[eb  _gb_

& dezZkkbqg_kdhc |_hjbb | _iehijh\h~rghklb hkgh\Zgghc g
T

jZkijhkljzg_gbb | _iez \ kieh(ﬂghcd'_b‘_ij\g_gbb | _iehijh\h~g
X

iZjZ[hebq_kdh]h 1biZ ihkimebjm_Iky [_kdhg_qgZy kdhjhklv
Vi of H~rgzdh kd¥jhbkfy | dhg_qgh_ agZq_gb_ 1zZd dzd I_
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j_ezZdkbjm_lklzep \j_fy j_ezgR@pbb <ebygb_ kdWjhkibgh\blky

azf_lguf dh]~Z \ g_klzpbhgZjghf | _fi_jZImjghf ijhp_kk_ jzZk
ijhf_“mlhd \j_f2gb_jfbg_kdbc m~Zj khhl\_Ikl\m_|1 ~Zgguf mkeh
mqg_lhf pbhigguo wnn2ldfhda ©k < wlhf kemqZ_ mjz\g_gb_ jZkij

| _iez bf__IQ\b"éjI lﬂg Z kdhjhklv jZkijhkljZgV,ghb a_i]e"Z_

dx dl W
+dhwnnbpb_gl | _fi_jZImjhijh\h "yk0bf ki Zebhp _kk jZkijhkljZg _
|_iez ghkbl \hegh\hc o0ZzZjzdl_j b hibku\Z_Ilky ]bi_j[hebq.
| _iehijh\h"g¥Hk8® 181, 182]

J r_gb_az"ZdbghregmzZevghlh ijb[eb  _gby ijbY108l.gh \ jZ[hl
@ r _gb_ \ ]jZnbg_kdhc nhjf_ ijb\_"~ gh3 g&Zjhkmagdy \
Zlkheglio \_ebgbgZo ~ey ILfi_jZIm{K jZ\gl « Az

T T
/AN-
/4

Jbkmgh®l +tAZ\bkbfhklv baf_g_gby dZijy\jghygd
ijb |_fi_jzIMEB@°K  Tb200°K

2
N\

< _ebqgbgzZz "Z\e_gby \ ih\_joghklghf Reky IKyethzdij\aylh
h[jZlguf agZdhf kj_"g__ ba lj_o ]JeZ\guo gZijy _gbc
V. U K

Yy
, ®.2
3
1"~ U Wy —Qlézal‘83,184.
1 0
@jb hljbpZl_evguo | _jfhmijm]bo gZijy _didyo k Zjlibbko

ih\_joghklghlh kehy ijb ihekhjZKlyevgho
F_oZgbq_kdbc m~Zj \uau\Z_I \ ih\_joghklghc alg_A(yadb_

1~ « @l1alk > @ dhwnnbpb_gl “bgZfbg_kdhc \yadhklb
A nhjfzpki®® « * ke _~h\ZIl levgh « =1z

LZdbf h[jZahf ijbih\_joghklguc kehc gZoh”blky \ \yadhm
| g _gb_\j f gb j &€ZdkZphb¥ k > @ b \ g f \hagbdzZxl \yac

gZijy _gby H~”gZdh dZd dhtZaZbbzZfbk_kdZy j_Zdpby \yadhrm
Fzdk\ _eeZ gZ | _jfbg_kdbc m~Zj g _kms_kI\_ggh hlebgZ_Iky h
mijm]bo kj_" b ijb bamqg_gbb ih\_~ gby \yvadhmijm]bo kj_~ ih”"



59

m~ZjZ fhlml ijbf_gylvky khhlghr_ghy*ey akigmlldw kagZq_gby ~
ijb\_ "~ gu \ IZ[ebp_

LZ[ebpZd tAgZqg_gby ~Z)&_igbyjoghklghf keh_ \ dhglbgmZevghf b
ijb[eb  _gbb

Lbi ih~oh” Lbi dhglZdlZ] Fbdjhr_jhoh\ZI Km[r_jhoh\Z
Dhglbgmze| k ZIb_| T,°C 200 300 400 500
ihAohn

J =1z 6 8,9 11,8 14,7

izkly. g J =1z 6 8,9 11,8 14,7

>bkdj_lgu LOK 200 300 400 500
ihAoh~ 1ZjZf_ I 8

J =1Z 5,4 8,1 10,8 | 13,82

[180,

183).

>pbkdj _Iguc ih*oh?

©bkdj_lguc ih*oh” jzZzkkfzljb\zZ | kljygd mjidhh _j&dkkhgh]lh k
gZ mjh\g_ djbklZeebq_kdhc j_r_Idb b ij_~ihez]Zz_1 qglh \
| _jfbg_kdh]l]h m~ZzZjz \ kj_~_ \hagbdzZxl j@&kiZdjguwkyAheyguk
h[jZah\Zgb _f hljbpzZl _evgh]h ~Z\e _gby b k Zfieblm”~hc ijhihjj
fhschklb | _ieh\h]h MilhdZ@ < j_amevlZl_ \ ih\_joghklghf keh
g_jZ\gh\_kgZy h[ezZklv k 0Zjzdl_jguf \j_f_g_f zd8kPkg_kdhc j_«

< N"Zgghf kemqgzZ_ j_eZdkZpby ij_"klZ\ey | kh[hc gqZklguc
klj _fblky d jzZ\gh\hkbafig gbx h~gh]lh iZ{ZA\eljgby J _eZdkZpby
"hklb]Z_|ky eb[h Zdmklbg_kdhc jZa]jmanhah\eblhhijkl\jZe| ngjoyhf b
klZzeb _keb ~Z\e_gb_ g_ mki_\Z | j_eZdkbjh\ZIv iml_f Zdmklt
\j_fy nZah\uo ij_\jZ&_@pc qgZklghklb \j_fy ihebfhjnguo ij_\j:
khkiz\ey™k 1h \ klZeb [m~"ml ijhbkoh”blv nZah\u_ ij_\jZs_gby
[ a”bnnmabhggu _

>Z\e _gb_ hl | _jfbg_kdh]h m~ZjZ p_e_khh[jZagh hij_" _eylv

T
P~ = RAT, 1R.2
To

1 kb! khhi\_IkI\_ggh | _ieh _fdhklv b iehlighkiv: KIZZiIZahg
bkke ~m_fuo |_fi=$ZZjgf _|j =jxgZca_gZ

. _L
>ey ijb\_~ _gguo I_f"ll'_jZ—I—7mj]"_éI_fi_jZIij >=[Zy «

> @ H”rgZdh wdki_jbf_glZevgh b gZ hkgh\_ fh” _evguo jZk¢
mijm]lhgzZijy  _gghf | _e_ kms_kI\m_I| ih\_joghklguc kehd lhes
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nbabqg_kdb_ k\hckI\Z dhlhjh]lh hleklqzZxtkyzhl k\diZzklghklb=izZjz
m\_ebqgb\Z_Iky hl "h jZa > @
JZkqg_lu ~"Z\e_gbc ih nhjippa_* gu \ |Z[&bp_
LZ[ebpZ xJZkq_lgu_ agZq_gby dhwnnbpDb_lglhy Moihi nhd b Bey b
Fe)

T,°K
VAVAIRE 200 300 400 500
P, =1Z 5.4 8,1 10,8 13,8
V,, f° 0,840 %°
0 0,023 0,038 0,074 0,100
0Gn w< 0,035 0,100 0,370 0,640
n 90 32 9 5
Fmij G U~
U° f 1,8 1,6 1,4 1,24
wuU ™ 4qF° 0,082 0,14 0,27 035
S, { .-Fe), f* U~°
W, U® 4 0,34 0,56 1,10 1,46
V- U® f Kk 0,85 1,42 2,72 3,67
>U°% % k 1,50 2,25 3,80 4,60
Edbg >/W< 0,36 10 2° 11010% 340710 2° 0,70 10 *°
0,015 0,097 0,25 0,43
ljhZzgZebabjm_f ~Ze_ _ ijbgbgu ZghfZevgh]h mkdhj_ &&y "b

ih~r A~ ckl\b_ | _jfbg_kdHhghiz™ddpgds b mijm]b_ gZijy _gby ijhgt
ih\_joghklgh]h kehy \ha”_ckl\mxl gZ “bnnmabhggmx ih”\b gh
Hp_ _gdZ \ebygbyheigm\Jiho \ha”~_ckl\bc gZ "bgZfbdm ih\_~_gby ZI
hkms _&l\gZ k ihfhsvx ihl_gpbZeh\ iZjguo @zZbfh® c&RAbbkingd
ko fZlbg_kdb ij_"klzZz\e_g ihl_gpbZe iZjguo \azZbfh”~ _ckl\bc Z
khklhygbb b ijb \hegh\hf gZ]jm  _gbb f_oZgbq_kdbfb b I_jfbqg_k

v(r)A v(r)\
\G IIBM \
1 I'min I'min -
> \ P
T X, \ /
Ecn‘ Ecn \L —/
X1
a) 0)

Jbkmgh4 xIhl_gpbizezjgh]lh \azbfh~_cklI\igy \ZjBEftgh\_kghf
khklhygbb \Begh\hf gZ]jm" _gbb f_oZgbg_kdbf b | 2ieh\uf m~
[180, 181, 183, 184].

@jb f_oZgbg_kdhf m~Zj_ ZIhf kf_sZ_ ligy bkehhheHkl\gmys ]h
fbgbfZevghc ihl _gpbZevghemybggjlbhl gpbZekEghgdfizkklkygb
ljb 1 _jfbg_kdhf m~Zj_ kf _sjhgbjpbhgZevgh_ wg _B}bbmm"gAjizz |
wg_jlEx, ?kd&hsExy Ih ZIhf kf_sZ |ky \ j_r_ld_ g& bj&kKlhka bly
ihdZau\Zxl qiB8 A™f ke \wH evgh wlh kf_s gb_ fh gh g_ jzZk
ljb Em»Exy Z1hf \u[b\Z _Iky ba j_r_Idb ijbh[j_IZy g_&hlhlhmxklkwdh
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dbg_Ibqg_kdmx VEgpgjlbxazZ\bkbfhklb hl \Egbebldu h[jZam_Ilky iZ
3\ZdZgkby_""hma_evguc ZIhf’ EQHFREWGh " _ | ijhbahclb dZzZkd.
klhedgh\_ghbc ljb  ih”h[ghf kp_gZjbb "ey hibkZgby "bnnnm
g_h[oh”~bfh ijh\h”~blv ZgZeba i_j f s _gby hI® _evguo ZIhfh\ b w
Zgkzfley zZlhfh\ \ p_ehf qlh \hafh gh ijb fh”_ebjh\Zgbb ijh
bkihevah\zgby f Ih~"Z fhe_dmeyjghc ~bgZzZfbldbgpbzZdad kFjga
\aZbfh” _cklvc . @

'gZeba ijbgbaggbdgh\ \dplkpy h*ys ¢ "bnnmabb

ljh[e _fZ 3\hkoh”ys ¢ “bnnmabb” [ueZ \i_j\u_ bkke_"~h\ZgZz
] wnn_dl =hjkd&kimjsghklv dbbhejinlhgz \ jZ[hl_ > @

?keb i_j_oh”blv d \hkoh”ys ¢ “bnnmabb ijb Ij_gbb Ih hg
ihM\_j"~Z 1ky ijZdlbg_kdb \k_fb bkke_"~h\ZIl_eyfb > @ Dz
gZebagbyZijz\e_gb_ "bnnmabhgguo higihdh\ \j&gthjklb Ij_gby

Bklhggbdhf "bnnmabhgguo ijhp_kkh\ \ ih\_joghklguo kehy
yleyxlky LM bgbpbbjh\Zggu_ |_jfhpbdebjmxsbfb {jhlp_kkZ
fbdjhr_jhoh\Zlhklyo ih\_joghklb Ij_gby \ ijbkmlkl\bb kfZahqgu
lehlghklf\wsghklb | _ieh\h]h ihlhdZ hl dbiys_c¢ kfZadb \ ih\_jog
o « <1 f rey « °K < j_amevlzl_~ _ckl\by | _ieh\h]h
ih\_joghklb 1j_gby \hagbdzZxl imevkbjmxsb_ -gZkjnpj_aglby 3kjZkb
23 AgZq_gbygbyyezfghlh ij \urzxl ij_~_ e ILdmehklbcdbo klZe_
(L =1z Ke_"h\Zl_evgh \ ih\_joghklghf keh_ \hagbdZ_lI
khkihygb D kdzZazgghfm ke _"m_1| ~h[Z\blv glh ijzZdlbqg.
ih\_joghklghf keh_ \hagbdzZxloadgtwjgkdb f gZijy  _gby hl khr
fbdjhg_jh\ghkl_c kh kdhjhklvx/210hkjfZpbb ~Z\e ghaf =1Z <
j_amevlzl_\ ih\_joghklguo kehyo \hagbdzZ | \yadh_ khklhy
"bgZfbg_kdhc \yadhkdb ®1Z k < j_amevlzl_ flgh\_gghlh \ha”
\hagbdzZxsb_ mijm]b_ gZzZijy _gby \ ih\_joghklghf keh_ g_ \u
Ke ~h\zZl _evgh \yadb_ gZijy _gby ijboh”ylky gZ iezZklbg_kd
lh~ h[gh_ khklhygb fZl _jbzeZz ih\_joghklghjjtham klktyy  dazal
mijm]h \yadhieZklbqg_kdh_ > @ Z \ ih\_joghklghf keh_ \hag
\hegzZz GZ ~"Zgghf wlZi_ bkke_"~h\Zgbc ij_"iheZ]Z_Ilky mklZgh\b
\hkoh”ys ¢ ~“bnnmabb ijb Ij_gbb < wlhc k\yab ij_"klZ\ey_
hldZaZzZlvky hil ijbf _g _gby keh ghlh fzl _fZlbq_kdh]h :
mijm]h \yadhieZklbg_kdh]h khklhygby Z h[hclbkv bkke_"h\Z
mjh\g_

P _ev ~Zevg crbo bkke_ _~h\Zgbc azZdexqZ_ |ky \ mklZg

l[jZgknhjfZpbb ih\_joghklguohI"Z\W _d¢gbk \ ijbih\_joghklguc
lj _gby hij_ " e gby gZ wlhc hkgh\_ Jem[bgu jZkiheh  gby
\hkoh”~ys_c¢c “bnnmabb DZd ke_"m_I| ba jbkmgdZz \ gzZijz\

ih\_joghklb Ij _gby N ckl\mxl k'bfZxsb_ bZzZ\Wklgby\ZgZbjy/\gby
kemgZ_ h~ghf_jghc azZ”~Zgb

Ke_"my jZ[hl_ > @ \gZqZe_ "Z "% _lexl\dodymLMemliiBEdudZd |_
\ f I1Zee_i_j_"Z |ky a\mdh\hc \heghi¢g_"heyehkppbdm[bghc aZl
a\mdh\hc \hegu I|h _klv dhwhatbpbgmyht\nnddp ghggh_ agZqg_
dhwnnbpb,_HliljZz"_ey_ Iky ih aZ\bkbfhklb
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L~—, (2.22)
o
]~ d +izjzf_|j djbklZeebqg_kdhc | _rFddib2 ~eVy® f + "ebgZ
a\mdh\hc \hegu

+o;,
I'Tla

16,8

~Oss
T'lla

2 ¥ 6 8 100 12

Jbkmghd +AZ\bkbfhklv gZijWhlgbic f_@b

< k\hx hg_j_~v ba > @ ke_"m_1 qlh

O 2,/kp, P.2
]1*  k=10° f%c +dhwnrbopg!l | _fi_jZImjhijh\h~Aghlplb klZe&bti_jbh~
dhe [Zgbc | _ieh\hc a\mdh\hc \hegu
Hdhgqzl_evgh bf__ff . f < ebqgbgdbf xszZy jZzaf_jghkl
"ebgu [m”~_| hij_~ eylv ]Jem[bgm ih]lehs _gby a\mMidz I|h _klv LM
1Zz™ Iy | _fi_jZImju ih Jem[bg_ ih*gbgy_I|ky wdkihg_gpbZevg

T Towe 217 Q.2

1" zx]lem][blgfiZz

< ahg_ ~_ckl\by LM ke_"m_I| \u”_eblv kebhg ih]lekh]gBikgl
djpl_jbx Ij_~\h~bl_e_\Z kh”_j blky [he__ \k_JhziaiZd\b kibM hk _
kdhjhklb ljvgbydhlhjZy hij_~_ey_| ijbih\_joghklgmx IZ[& _3ZImjn
[117]).
LZ[ebpB t=em[bgZ | iehkh” j°"Zs ¢ ahgu

Vi fc 3 5 10

T,°C 300 500 700

z ° 60 40 25

ljhZzgZebabjm _f h[eZklb j_r _gbc ij_"klZ\e 5ggupZfl jbkmga
bkihevam_lky jZaju\ gZijy _gbc GzZqZevguc jZaju\ bf__I| f_klh

\ Thgd_ ijbeh” _gby LM Ijb ~ nhjfZpbb \k_ jZajulu kmaklkle¢mxl
i_j_~g_c mijm]l]hc aZ\bkys_c hl ijWbelhd_dnfg”kllgghc ieZklbq
jZa™ _e _gghc mijm]bfb \hegZfb AZ ieZklbq_kdbf jZaju\hf ke
gZijy _gby L_hjby mijm]bo jZaju\h\ ohjhrh jZajzZ[hlZgZ b g_ gr

L _hgy ieZklbg_kdbo jZaju\h\ |j [m_I| [he_ _ " 1ZevghlojZkk

ieZklbg_kdbc BEajauX Jem[bgkeh \ ihlehsZ | |I_iehR2 IZ®hjuo
khlezkgh > @ mkeh\b_ ey gZklmie_gby ieZklbg_kdh]h jZaju\
1 e’
. (2.%%)

K
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ljb o lh  _klv ijbelM ke _"h\zZl_evgh bf__| f_klh ieZ
A nhjfZpby JZajulu f_""m mijm]bfb b ieZklbg_kdbfb ~ nhjfZr
ebgbybFE BQ jbk 6 Lhgd¥\eyky gZqgZehf i_j\h]h jZajul\ZH:GZ e
bf | f_klh aZlmozZgb_ ieZklbq_kdh]h jZzaju\z

CAn

<

®
@
y /®-‘I M

-F, o1 g

Jbkmgh@l tH[eZklb jZaebqgguo j_r_gbc mijm]hieZklbq_kdhc aZzZ:
(, 2k ZIby):l th[eZklv mijm]bo gZijy _f§hchkeZkby ieZklbqg_kdbc
gZiy _gbc k Zlibyh[eZklv mijm]bo gZijy _gbc jZkrbj _gby

IV +th[eZklv ieZklbg_kdbo gZijy _gbc jZkrbj_gby

Bkihevam _f \iheg_ _klI_KkI\_ggh_ ij_™ilbehkeglhh agqi\tbkyl h
| fi_jZImju 1Ihke_ _~mxsb_ mijm]b_ baf_g _gby azZ kq_I12B7fi_jZI
h[hagZg_gu hlIRPadbifihj*bgZlu RhigP &khhI\_IklI\mxI| gh\uf gZqgZe\
ij_ "~ ezf |l _dmqg_klb b jZ\gu

D G

V 3KOr V. .
G - 8

KhleZzkgh mjzZ\g Ogb% IlhqdZbR \hagbdZ_| 1Zd gZalyZdghh_ h
| _g_gb_ hipBad®D dhlhjh_ hij_~ ey | g _h[oh”bfu_ ieZklbq_kd
GZdehgu ijyfuo 7~ey mijm]bo b ieZklbg_kdbo ~ _nhjfZpbc |z

4

D §G bD
>ey hij_~ e _gby jZkly]b\Zxs_]h gZiph[jgblyfidylhokd6 GZ
ebg ijhbkoh~bl kdZqhd gZij- _ftic hl ijb:’ Gh highkbl _evg

gZijy _gb- khhiI\_IklI\m _| gZijy _ghix jbkh3yd_Ke_ ~h\zZIl _evgh \ Il
<18 XJ <hagbdzZ | \hijhk h kihkh[_ jZa]ljmadbyZkdblyb\Z%sg dl h
?rbgkl\_gguf iml_f y\ley |ky mgk]bjd iwlvf gzZijy gb_ iz"Z_
D %G

\_ebqbg—mG3—V|_ >Ze _ mijm]lh_ gZijy _gb_ iZRZ HIlj"Rhqgdb
khhi\_IklI\m _| hklZlhgghc ieZklbg_kdhc ~_nhjfZpbb lzd gZ
fZl _jbzeZ

JZkq_lu ihdzau\Zxl qlh \j_fy jZza]jma@b«khRIE\ekh | klv
\j_ f gb j_eZdkZpbb HJ[jZIbfky ~Ze d "~ _ckl\mxs_fm gZqgZe
gZijy  _gbx¥ Hgh ijbeh’ _gh d<Ihgdfy ijbeh> Z3by™ k |h _klv
agZqgbl_efvgghvr_ \j f gb j_eZdkZpbb > ckl\b_ jZkly]b\Zxs _]h
| ieh\hc kehc ZgZeh]lbggh " _ckl\bx Kk 'bfZxs_ ]h 8&Zijy _gb\
FzZzdkbfzZevgh_ jZkly]b\Zxs_ _ gZijy _gb_ ~aklbhEhjlky B hhigd* e\
A ckl\b_ \hkoh”ys_ ¢ "bnnmabb
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<hkonszZy Abnnmaby hij "~ ey Iky N cklI\b_fhpngdijy
khhi\_Ikl\mxsbf agZq_gb_f kbeh\h]h ihey hij_~ eyxsbf
Abnnmg”*bjmxsb_ ZIhBu kibem  \ebygb_ f ihl_gpbZevguc [Zjv_]
Zkbff_ljbgguf b ke _"h\Zl _evgh gZ nhg_nbdh\kdhc wgljhibcgh
h[gZjm b\ZIlv gZijz\e_ggh_  "~j_cnh\h_ i_j f_ s _gb_ Zlhfh\ <
hij "~ ey |ky mjzZ\g_gb _f
J D'c fFR Z% (2.27)

D
I [ Tihmibighkly ZIhéht]1jz~b_gl dhgp_gljZmht_f&ZIhfz

?keb’c b F, ZglbizjZee_&ygwhkbl \ “bnnmabhgguc ihlhd dhf
\hkoh”ys ¢ “bnnmabb hkms_kl\eyxs cky ijhlb\

+G
6®) 1

[

JbkmgRBd tAZ\bkbfhklv ijh*hevguo gZijy _gbc hl » nhjfZg
Ztijb k ZIbB Rijb jZkly  _gh)p

LZdbf h[jZahf \hkoh”ys&lyy "dhaqbgZ_|ky b [dmfbagkl\m_| g
Zlhfu jzkly]b\zZxsbf gzijy _gb<s.f \ lhqd_

Hij ~ ebf gbke_ggu_ agZq_gby fZdkbfZevguo jZkly]b\z
NZ\e _gbc "ey "ZgguodlZ[ebpu

LZ[ebp2 tAgZq_dPY "ey jZaebbgliojZIm]

LK 300 500 700
z10° f 60 40 25
1J =1z 3,04 5,29 8,08
“Joko =12 5,6 11,2 16,8

?2 w< 0,17 0,5 1,36

n 14 8 3

AgZqgq_gb_ ihl _gpbZevghc wg_jlJbb ~ _ckl\mxs_c¢c gZ ZIhf \ |
bkihevah\zZgbb fh”_eb ~ _kldbo kim nhjdmeh"ylky®i
?in AV, 28.
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P
1~ HE thlghkbl_evgZy ebg_cgzZyV 4,189’R3bt3h[t_f Zlhfz

Hij_ ~ ebf agZqg?2 gey kZfh"bnnmabb ~ e _aZklghcth\ajogh
R, 126710 f V 210% £ Agzq_ @by ey jZaebqguo | _fi jZ

ijb\_~_gu \ 1Z[ebp_  ?jjbEF w< Ke_~h\Zl_evgh 7ey ij_l
ihl_gpbzZevgh]h [Zjv_jZ g_h[oh~bfh g_kdhekdAlbijZjlgyo gb*Zjh
HIf _Ibf ijb wihf qlh j_ezZdkzZpby j_r_Idb ijhbkoh”~bl Ihevdh ih}
_klv Zlhfu [m~ ml gZoh”blvky \ ihl_gpbZevghc yf_ \ 3ih”\_r_ggh
ijbgylhc \ f_IZeeh\_~_gbb | _jfbgheh]bb Zlhfu 3[m”nblhgg\mebq
ih"\b ghklv”’

Dhebqg_klI\h iZjguo m~Zjh\ g_h[oh”bfuo "ey ij_h”he_gl|
[Zjv_jZ kgblZ _Iky gZdhie_gguf iml_f

nn 1 2\
2 ?ihl

AgZq_mbp\_"*_gu \ IZ[ehp_

Ih*h[gu€_ozZgbaf hlghkblky d dhhi_jZlb\ghfm f_oZgbafm
iZjZf_lju \hkoh”ys ¢ “bnnmabb ijb dhhi_jZlb\ghf f _oZgbaf_ |
bkihevah\zgb f f Ih~"Z fhe _dmeyjghc “bgZfbdb

lhke_~gb_ m~Zju \nkm{Zhhbah gh hig_klb d I_jfbqg_xlpf nex
kihkh[klI\mxsbf i_j_oh”m ZlhfZ q_j_a ihl_gpbZevguc [Zjv_j Ba\
nexdlmzZpbb b]jzZxl j_ rZxsmx jhev gZ fgh]lbo wlZiZo w\h
djbklZzeebg_kdhc j_r_Idb \dexqZxs_c b "bnnmabhggu_ ijhp_kk

>bnnmabhggu _ ijhp_kku hij_ ~_dyglkyguflwe Zlhfgufb
i_j_f s gbyfb <f _klI_k |I_f k\hcklI\Z fZdjhkdhibg_kdbo | _e h[m
Zdlb\bjh\Zggufb i_j _kljhcdZfb ~_n_dlghc kljmdImju b dbg_Ilbdh
\ kKljmdImj_ > @

2Q.
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—eZ\Z
Bkihevah\zZighh"Z fhe _dmeyjghc "bgZfbdb F
ijbf_gbl_evgh d az”~ZqZzZf |jb[heh]bb

JZkkfhlj_ggu_ \ ij_~u“msbo ]eZ\Zo ZgZeblbq_kdb_ b wdki
hlghkbebkyv ij_""~_ \k_]h d bkke_"h\zZgbyf baf_g_gby ki
ih\_joghklghc ahgu \ fzdjhfzkrlZ[ghf baf_j_gbb WdhgdbgmZev
jZfdZo wlh]lh ijb[eb  _gby jZkkfZljb\Zxlky k\hckl\Z kiehrguo
"bkdj_lghklb < wlhc k\yab g_ jZkkfzZljb\zZ_Iky \b”~ kbff_Iljbb djk
bo Ihg_ggu_ b ebg _cgu_ ~ n_dlu b Zgbahljhiby kljmdln
aZljm~rgbduév mklZgzZ\eb\Zlv jZaebqgby \ k\hcklI\Zo f_""m
Zeehljhibgq_kdbfb fhArbnbdZpbFdb-Fe eBeazZdhlhju_ yleyykv fZljb)
"\hcguo b Iljhcguo jZkl\hjh\ ij_\Zebjmxl \  h[t_fghf kh"

O F G;P: Djhf_ Ihlh ijhp_kk w\lbhexjpktbgihjghkysbc gzZghf_Ij
mjh\_gv keh gh ij_~klzZ\blv \ ZgZeblbq_kdhc nhjf_ beb \bamZzZe

31NhjfZzebaf f_|Ih"Z fhe_dmeyjghc *"bgZfbdb

Hrgbf ba i_jki_dlb\guo gZijZz\e_gbc jZa\blby Ijb[heh]bb vy
Zlhfbklbg_kdhc |I_hjblp IKkiijh @ HibkzZgb_ zZ”~]_abb 1j_gby b
Zlhfbklbg_kdbo fh”_e ¢ djbklZeebg_kdbenhghgldwdo 1wk pdkjkig\
y\e _gbyfb "bkkbiZpbb wg_jlbb kem bl hkgh\hc Zlhfbklbg_kdhc
ljhp_kku “bnnmabb ehdZebamXlkjydhklgdmokehyo \ fZeuo h[t_f
f _kih ih\ur_gb_~ n_dlh\ j_r _Idb dhwnnbpb_gl “bnnmabb m\_e
ihjy*dh\ GZebqgb_ kfZadb \ dhglZdlghc ahg_ \eby | gZ aZdhgt
jZkij_~ e _gby ~ n_dlh\ < j amevkZjmdijhpggahXyl ij \jZs gby
ijb\h~ysb_ d ihyle_gbx <K > @ < k\hx hqg_j_"~v \lhjbggu_
baf g gb_ nmgdpbhgZevguo k\hckl\ ih\_joghklguo keh_ \ H~gt
"Zgguo ijhp_kkh\ y\ey I|ky bkihevah\zZgb_ FF>

ljb\_ " ggu_ \Mufms_c JeZ\_  ~Zggu_ ihemqg_ggu_ f_|h"]
wdki_jbf_glZz iha\heyxl hij_~ _eblv khklzZ\ \lhjbgguo kljmdl
j_amevlzZl_ kljmmdlahj\gdo ij \jZs _gbc bkoh”guo kljmdImj

<f_kl_ k I_f \uy\blv hkh[_gghklbZ&hjmdImjgdhzs gt hob"
[ukljhl _gqghl2o™ k wdki_jbf _glZevguf iml_f aZljm~gbl_evgh Z
ijZdlbg_kdb g_\hafh gh =jZgbpu ijbf_gbfhklb wdki_jbf_glZev
[ulv kms_kI\ _ggh jZkrbj _gu _keb ihfbfh wdki_jbf_glZ ijhba\
| _jfhrbgzZflbdbo \_ebgbg k bkihevahehbdh_ fhdZedbcl\_jruo jZkl\h
khhi\_TklI\mxs_¢ bkoh~guf nZaZf ih\_joghklghc ahgu |I|j _gby
gZb[he__ wnn_dlb\guf hdZau\zZ |ky ijbf g gb_ f Ih~Z dhfivxl_
ihal\heyxs_]h bamqZlv ijhpdXksb _ ijglz ZIhfghf mjh\g_ k bkihe
jZaebgguo gZ]ey®guo \bamZebazZlhjh\ kimzdlm o bijk\jzd | mpgh

< "bkk_jlzpbhgghc jzZ[hl_ \ dzq_kI\_ f_Ih”Z dhfivxl_jgh
bkihevam_|ky FF> >Zgguc f_Ih® fh”_ebjh\Zgbyl[BZaghm glky
deZkkbqg_kdbo f_Ih”"Zo fh”_ebjh\Zgby kbkl_f

>ey j_r_gby mjz\g_gbc ~\b _gby Ij_[m_Ilky bgnhjfZpby
\azZzbfh” _ckl\byo dhlhju_ azZ\bkyl hl jZkiheh  _gby [eb Zcrbo
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Zlhfz Keh'gu_ wnn_dlu k\yazZggu_ k wlbfhefMaml nhnd_dpwbZe
f_"Zlhfgh]h \azZzbfh~3cliH&by

Hluggh jZkkfzZljb\z Iky kbkl_fZ ba khl_g Ilukyqg bN‘kkyldl
az”"Zgguf ihl_g@bZehf

Kbkl _fZ mjz\g_gbc "\b\;_gby Zlhfh\ bf__ | \b~"

&
ﬂ Fr,
dw
.
&\ @)
d w
& & d &
Fi i iizja&/‘l//‘rj ri%’

1~_ V. #\_dlhj kdhjihlkiph ZIhfz+jZ bmkdlhilh]h ZIhIF?YfL +\_dlhj
kbeu ckl\mxs_d-igz ZIhf kh kipjhgu ZIhfiZ £IF< ZIhfZ ZIhfpf
m +fZkkZh]h ZIhfz

Kbkl _fZ mjZ\g_gbc j_rZ Iky qgbke _ggufb jZaghklgu
ba\_klguf agZq_gbyf xdhaj*"hgZigl \j_ f 24,2,3) b \j_f_géd/l/ 2,/,';

\ugbkeyxlky gh\u_ kdhjhklb b dhhj*bgZlu Zlhfh\ < ~Zgghé ko _
gZdezZ"Nu\Zxlky "~ _kldb_ h]ljZzgbqg_gby Ih@lhkiimevtamykygkiZpbZe\
ijh]ljzffu
< k\lyab k |_f qglh kzf ijhp_kk jzafiigh]lkbhfijki g _gby Ij_|
[hevrbo azZljzl \j _ f gb p_e_khh[jZagh bkihevah\ZIlv jZajzZ[hlZ
ijhljzffgh_ h[_ki_q_gb_ < gZklhys_ _ \j_fy \ FF> rbjhdh b
ijh]jzffu fh”_ebjhVaiby~ey h~ghijhp_kkhjguo dHhAMMPSj kY ey
iZjZee_evguo deZkl_jh\ < ~"bkk_jlZpbhgghc jZ[hl_ bkihe\
> JbndiX¢yID \ \ _jkbb > @ < ~"Zgghc ijh]jzff_ mql_gu gZdh
k\hckl\_ggu_ dzd g_ihkj_"~klI\_ggh f_Ihm FF> 1zZd b hrb[d
oZjzdl_jz ljhp_%ZX&bazpbb ijh]pagMbu ghkbl ihrzZ]lh\uc oZzZjzdl
\dexqgqZxsbc \ k_[y nhjfbjh\Zgb_ fh”_evgh]h djbklZeeblZ ba -
Zlhfh\ djbklZeebqg_kdbo j_r_Ihd jZaebqggh]lh nZah\h]h khklZzZ\:
XMD d bkihevam_fhfm ijh]jzffghfm bhd_ Kihjklgbxgh bkke_ ~h\.
f oZgbafh\ kljmdEmjglo ij \jZs _gbc \ fh” _evguo djbklZeeblZo
imevkbjmxsbo |_fi_jzZinbj fdodjkm[jhoh\ZIhklyo \ \b”A_ |_jfbg_kdbo
< "~Zgghc ]ez\_ bkke_"m_Iky ijhp_kk nhjfbjh\Zgbyh\fh”
bkoh”guo nZa gbdhljbjh\Zggh]h kehy b i_j _oh”~ghc ahgu
ljhp_"mjZ nhjfbjh\Zgby djbklZeeblzZ \dexqZ | \ k_[y ke_~"mx
gZeba Ibih\ djbklZzeebqg_kdbo j_r_Ihd bkoh”guo nZa
ihdjulbb b i_j oh”~ghc ahg_
<\h” \ ijh]j2MDbh Zlhfgujp r_lhd k p_evx nhjfbjh\Zgby fh~"_
djbklZeeblz
JZajZ[hldZ IF< "ey fh~_evguo j_r_Ihd
L klbjh\Zgb_ bkihevam_fuo IF< k p_evx khihklZ\e _gby
f oZgbg_kdbo k\hckl\ bkoh”guo nZa k wdki_jbf_glZevgufb "Zgc¢
AZ"Zgb_ gZqZevihoao rmkehbgl_]jbjh\Zgby \u[hj hilbf
\j_f_gghlh rz]z
Nhjfbjh\zgb_ ~_n_dlh\ kljmdImju
<bamzZebazZpby *_n_dIlh\ kljmdImju
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gZeba Ibih\ djbklZeebq_kdbo j_ r _|Ihd bkoh”guo nZ
\ gbdhljbjh\Zgghf keh_ b i_j oh”"ghc ahg_

>ey j ZebaZpbb FF*bgh h[j@dgkebjh\ZIv djbkliZeebq_kdb_
AZgguo nZa \ ijh]jzffm Gb'_ ijb\hAylky ko fZlbq_kdbjblbah[jz"
Ze b bdjbkiZeeh]jZnbgq kdb_0Zjzdl jbkibdb IZ[e
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JbkmghdtKo fZlbgq_kdb_ bah[jZz' _gby djbklakdbq_kdbo j.
nZgbdhljbjh\Zggh]h kehy b i_j oh”ghc ahgu
Z+-)H £-)H 40)H #Fel ~AFel +Hre(CN);
C e & #M0,& BFeS dFeSi | #HFeP



7C

LZ[ebpZ+tDjbklZeeh]jZnbq kdb_oZjzdl_ jbklbdb nZa gbdhljbjh\Zgggk}bh2Kehy b i j oh”ghc ah
NZaz 1ZjzZf_lju j_r_1¢ cla Kbglhgby DhhjrbgzZpb| Ijhlhlb] Kbf\h{ H[hagZq] IjhkljZgklI\_¢ Ghf_
. gbkeh Ibjkhg kljmdImj ]imiiz
a b C ]jmiiu
NZau gbdhljbjh\Zggh]h kehy
-Fe ]2,8665 - - - dm[bqg_kd 8 w cl2 A2 Im3m O} 229
"Fe |3,6467| - - - dm[bq_kd 12 Cu cF4 Al Fm3m O° 225
OFe 2,468 - 3,96 (1,603 ]_dkZ]hgZe 12 Mg hP2 A3 P6./mmc D2, 194
FesN 3,787 - - - dm[bq_kd 12 Cu cF4 A Fm3m O° 225
FesN 2,752 - 4,413 (1,604 1_dkZ]lhgZe 12 Mg hP12 L5 P6,/mmc D¢, 194
FesC |5,0787|6,7297| 4,5144| - hjlhjhf[bq_} 12 FeC oP16 D011 Pnma D 62
Fex(C,N) | 2,752 - 4,413 1,604 1 _dkZ]lhgZe 12 Mg hP12 L' P6./mmc D2, 194
NZau gbdhljbjh\Zggh]h kehy b i _j oh”ghc ahgu
Mo,C | 4,729 | 6,028 | 5,197 - hjlhjhf[bkdZ 12 PbG oP12 L"3 Pbcn Dlzﬁ 60
FeS |54189| - - - dm[bq_kd 8 FeS cP12 Cc2 P& TS 205
FeSi |4,4891| - - - dm[bq_kd 8 FeSi cP8 B20 P23 T* 198
FeP 5,864 - 3,456 1 0,589| I|jb]lhgZevq 12 FeP hP9 C22 P321 D2 150
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JZajz[hldZ ihl_gpbZeh\ f_“Zlhfghlh \aZbfh” ckl\by Il

Il j\u_ ~\_ k_jv_agu_ jZ[hlu k\yaZggu_ k kha”~zZgb_ f IF<
| _hjbb ik_\*hihlhypbzZe
Bkihevamy \ dZq_KkI\_ Zijbhjghc bgnhjfZpbb ki_dljhkdhibq_
iehlghklv we _dljhgh\ \ jZ[hl_ > @ m”Zehkv hkms_kl\blv | _klb
b jzkkgblzlv hkgh\gu_ k\hckl\zZz f_IZeeh\ wg_jlbx k\lyab k°
ki_dlj dmbvynb_glu |_ieh\h]h jZkrbj_gby b | ~ \' I\_jrhf b b~
Lhgghklv hibkzZgby k\hckl\ ih kjZ\g_gbx k wdki_jbf_glZevgufb
\ij_"_eZo « HAgZdh “ey dhjj_dlgh]h hibkzZgby f_IZeehb
bkihevah\zlv f_Ihhink gpbZezZ g_\hafh'gh 1Zd dzZd hg jZa\t
f 1Zeeh\ Djhf_ ITh]l]h mklhcgb\hklv keh guo j_r_Ihd ijb bki
ik_\"hihl_gpbzZez "hklb]Z_Iky aZ kq_l hkpbeebjmxs_]h njb
\azZbfh”_ckl\by gZ [hevrbo jZkklhygbyo
HIf Ibfklgh\gu_ g_~hklzZldb ik_\"hihl_gpbZeh\
lhfu \ j_r _Id_ b gZ ih\_joghklb beb hdheh » n _dlZ g_ a
lh _klv hgb gbq_f g_ hlebgzZxlky ~jm] hl ~jm]Z \ kfuke_\aZbfh”
Hgb g_ mgblu\zZxl aZz\bkbfhklv kbeu k\yab hl gZijZ\e _gby
>Zx| aZ\ur_ggmx hp_gdm wg_j]bb h[EZah\Zgby \ZdZgkbb
G_ijZ\bevgh hibku\zZxl mijm]b_ k\hcklI\Z djbklZeeh\ k¢
Dhrb
< ~NZevg_cr_f jzZajz[hldb [he__ kh\_jr_gguo ihl _gpbZeh)
iheh” _gbyo baeh’ _gguo \@Zjhdin¢hhlf_qgzZehkv qlh \ \Ze_glguo
b kiezZ\Zo 3« we_dljhggu_ h[eZdZ khklZ\eyxsbo Zlhfh\ ih”\_j’
k[eb  _gbb Zlhfh\ klhev jZ”"bdZevghc i_j_kljhcd_ glh we_
jZkkfZljb\zZlv dzd ijbgZ”e_"Zsb_ bg”b\b"mZevgudkRlhyfZZIhZh\e
Ajm] k Ajm]hf ~Z° _ ijb[ebabl_evgh g_ fhlml kgqblZIvky iZjgufb”’
<hagbdzZ_| \hijhk dzd hibkzlv \azbfh”_ckl\b_ Zlhfh\
iheh™_gbx >_eh \ Ihf qglh \ ~_ckl\bl ted\ghddib\uzZIhHt_dlu dh’
\azZzbfh” _ckl\b_ ZIhfh\ ynkikg &lyea we _dljhgu qglh g_ ke _"m_| |
mjzZ\g_gbc >_eZ I|ky \Z'gh_ ij_~iheh _gb_ gqglh f_IZeeu b kieZz
ij_"klz\eyxl kh[hc kh\hdmighklv “"\mo ih"kbkl_ f we_dljhgghc
| _iehijh\h*ghklv b bhgghkdld_okAfblI\Z ~bnnmaby
Lh]*"Z "ey kha~Zgby IF< g_h[oh”bfh hibkZlv bhggmx b we _
>ey hibkzZgby bhgghc ih”kbkl_fu bkihevam_ Iky Z~bZzZ[Zlbqg_kd
Hii_g]_cf_jzZz < kmsghklb k ihfhsvx ~Zggh]h ijb[eb _gby ~_
\hafh ghklb ijbf_g _gby \lhjh]h aZzdhgZ Gvxlhgz \f_klh f_Ih”~h\
mjZ\g_gb_ Rj_"~bg]_jZ ”"ey hibkzZgby \azZbfh~_ckl\by bhgh\
Zlhfh\ bf_xsb_ fgkkhjZa q_f fZkkZ wemdljh\ghwmlky ]hjzZa”
f "e _gg__ g _f hgne _dljhwlhfm hi_jZlhj dbg_Ibg_kdhc wg_
jZkkfzZljb\zZz _Iky dzd \hafms_gb_ Lh]*Z ~"\b"_gb_ y~_j oZjzdl_
wg_jl]b_c khhl\_IklI\mxs_c¢c wg_jl]bb we_dljhgh\ ijb nbdkbjh\Zg
WIZ wg_j]lby ijb dezZkkbqg_ kdhf hipkyygbbkfaVb\ _gkl\m_| ihl_gpb
wg_jlbb iZjguo \azbfh”~_ckidnpc Zlhfh\
< k\hx hq_j_~v we_dljhggZy ih~*kbkl_fzZz fh | [ulv hibkZg
iehlghklb fgh]l]hwe_dljhgguo kbkl_f ihkj_~klI\hf |_hj_fu Oh\
mi\_j"*Zxs_c qlh \k_ we&iddilugghc kljmdImju kbkl_fu \azZbfh”_
we_dljhgh\ gZoh”ysboky \h \g_rg_f ihl3rg)pbZevghiujihe_ gghf
khklhygbb iheghklvx hij_~_ eyxlky iehlghklvx!we dljhggh]h aZj
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WIZ |_hj_fZ agZqbl_evgh mijhsZ | bamqg_lghbgbwe ld0hgg
ijboh”blky bf_Iv ~_eh k nmgdpb_c \k_]h!d)j_obgbfbfalgjgwofhc
hij_~ e _gghc nmgdpb_c Ihl_gpbZevgZy wg_jlby \azZbfh” _c
iehlghklvx we _dljhgghith fdaZjy~ gulv hij_~ e gZ q_j_a nmgdpbx
ZIhfZ ! \ iehlghklv we_dljhgghr)h azZjy~z

HibjZzykv gZ wlb iheh  _gby 7ey hibkZgby IF< [ue jZajZ[h].
Z | hfZAM (EmbeddedAtomModel rbjhdh ijbf_gyxsbcky \ gZklhys__ \j_fy

IlhegZy ihl_gpbZevgzZy wg_jlby I\ _j~h]lh |[|_eZ fh™ _evq
khklhys NzZdafh\ ij ~klzZ\ey |ky \ \b"_

N N
u 11U U F U E: M., (3.2)
1 j 2
1~ U j:j fj RJ. . (3.3)

1

AMNKkk,f, 3+thij_~ e _ggu_ nmgdpbb dhgdj_lgZy bgl_jij_|Zpby
hl bkihevah\Zggh]lh f_Ih*"Z kwlhcjZkghAu ba i_j\uo ialbigifd).ih\
HrgZdh jZkg_lu IZdh]h IbiZz ihdzZ g_ iha\heyxl ihemqgblv ~“hklZI
baaZ chkiZlhggh]h dhebq _kI\Z bkihevamxsboKky(N<@kqg<lhjlzdhft
f Ih~+ wih ih”[hj nmgdpbhgZevghc nhjfu b izZjzf_Ijh\ [1Zdbf
g_dhlhjuc gZ[hj k\hckl\ djbklZeeblz kh\iz"Ze k wdki_jbf_gl.
GZijbf_j ihl_gpARledey-Fe ih*"lhgyxlky aZq _gby izZjzf_1jz j_r_
2=287: 1zjzf IF® bF®\ujz zxlky q_j _a wdki_jbf glZevgu_ agZq
k\yab w< b h[t _fgh]h fh*mey k ZIby Djhf_ wlh]h dhennbpl
hij_~_ey_lky badghZly m kke0)+y

L_iehklhcdb_ klZeb Ibiz O F G;P: k gbdhljbjh\Zgguf ihdj
gZb[he__ i_jki_dlb\guf dhgkljmdpbhgguf fZLKKGelk§ M [ndaeth \
bkohr"guothmZaZeehljhibq_kdbo fh "bnbdZpbc "~ _e_aZ "h I\Fej~uo j
f_ 1ZeehbPé]Za " Mo-]Za \uaulZ_I| hij_"~_e_ggu_ Ijm~ghklb ijb jZa
bkihevah\zZgb_f f_Ih~Z 3ih]jm _BAM]h <ZIlk\yZab k [hevrbf dhebq._
bf xsboky ihl_gpbZeh\ "ey " e _aZ b fheb[*_gZ y\eyxsboky f
jZklI\Vhjh\ijb jzajz[hld_ khhlI\_Ikl\mxsbo ihl_gpbZeh\ \gbfZg
\hafh ghklb \u”_eblv \ ihl_gpbZe_ bg”b\b mZevgu_ hkh[_gghk!
dijbklZeeblh\ ih~ ~_ckl\b_f \g_rgbo gZ]jmahd dhlhjh_ bgl_
ihkj ~kI\hf I _fi_jZImjgh]rlnMdIlhjZ

lhl_gpbZeu “ey)HZaH bFE

lhl_gpbzZeu "ey “~_e_azZ "he'gu h[_ki_qb\zZlv \hafh
\azZzbfh” _ckl\by jZaebqguo ~_n_dlh\ ~jm] k ~jm]hf “ey ijh]g!
fbdjhkljmdIimjguo baf_g_gbc \ ih\_joghklghc ahg k @g_Iwfh
fZkrlZ[guo nzZdlhjh\ \hafh gh ijh]Jghabjh\Zlv j _kmjk j_Zevguo
3ih]jm" _gghlh ZAAMZ hibkzZgb_ h[t_fghc iehlghklb wg_j]lbb hkgh\
djbklZzeez fh  _| [ulv ij_"klZ\e_gh \ \bA_ “\mo Z*"blb\guo khklZ

Er }: M&ﬂ F U, (3.4)
2m

1 _ i _j\h_ keZktavlthizZjghihl _gpbZevgZy qZklv ieR(I9ghkkib WwWdyj]lb
\eh” _gby ZlhfZz \ we _dljhggmx iehlghklv wg _ j]lJbx g_dhlhjhc
k\h[h~guo lwegh\ fgh]l]hgZklbgguo kbe



73

< k\yab k I_f qlh ~Zggu_ kbeu \ ihl_gpbZeZo ey ~_e_aZz

A n_dlu dhlhju_ \ k\hx hg_j_~v yleyxlky nmgdpb_c ~_nhjfbjr

\ jZ[hb. @ ij_"ezZ]Z _ |Iky ij_"klzZ\blv \Ihjh_ kez]zdiAhd \ nhjfme _
F U EO J (3.5)

\V
1~ EQ.' taZ\bkysZy lhevdh hl Zlhfgh]h h—l\[l—t_h‘Zg_ aZ\bkyszy |

kljmdImjuktfeezZ khklZ\eyxsZy iheghc wg_j]Jbb k\yab

JZajzZ[hlZgguc \ jZ[hl_ > @ IF< [Zabjm_Ilky gZ h[rbjghf
fZl _jbzZe_ dhlhjuc [ue h[jZ[hlZg fZIl_fZlbg_kdb b ij_"klzZ\e_g \
aZ\bkbfhkl_c¢ H~gZdh “ey “~jm]bo fhA#FmbdZpbchy e afh™ | [ul
bkihevah\zZg

< "“bkk_jlzpbhgghc jzZ[hl_ ij_"ezZ]lZ_I|ky “jm]lhc ih”oh”"
A nhjfbjh\zZgb_f h[t_fZ gh ijb]Jh*guc “ey Ij_o fh”bnbdZpbc
ihebfhjnguo ij_\jZsljgbl¢g_gbb ~Zggu_ ij_\jZs_gbyl afZ\pXlyniij
"Z\e _ghly f_Ih~u hij_~ e _gby dhlhjuo jZkkfhlj_gu \ ij_"u”
"bkk _jlzpbb JzZkkfhljbf \ebygbgzZ"id\ebfdhggu ij \jZs FelmyZ nZa
hkgh\Zgbb j_amevIZIh\ jZ[hlu > @ < ~Zgghc jZ[hl_ ijb\h~ylk

bafg_gbx wg_jlbbEkwZe \ k\yab k baf_g_gb_f bo highkbt_evgh

©0
jbk >ey wlbo p_e_c bkihevam_lkyBangiepaeSpkthev g@y «di\dX
hg_j_"v hlgh%gbgf_gy_lky hl ijbeh Z\gq lglthyjbd k < jZ[hl_ >
"0
ijb\_~ gu jZkkqgblZggu Exa'uedefegby w< "_Fe:- w < b
OFe: - W < < kdh[dZo ijb\_~ gu wdki_jbf_ glZEexvgu_

Bkihevamy ]jZnbd ijb\_~_gguc EZ jbkmgth gh hij_~_eblv agZq

0

highkbl_evghlh hft-fZ hI\_qzZxs_]h khhI\_lkl\mxs_fm ihebf

0

ij_\jZs_gbx >Ze__ bkihevamy ]jZnbd gZ jbkmgd_ J hij_
g_h[oh”~bfh_ ~ey khhiI\_lklI\mxsghfhihgbfiEs_gby Ih]j_rghklv jZ
ih djb\lkg, — hij_~ ey |ky ih aZ\bkbfhklb
“0
E. E.1 Sexp S, (3.6)
E -

1~ _ S 4,85406479§—k‘ N (3.7)

BS i
17 < =1Zfh"mev k Zlby \ highkbl _evg&otZblgmkZyq cdtl

<bJg_-H cpZ
AgZq ®lgZoh”blky ba ke _"mxsbo khh[jZ  _gbc H[t_f ijboh

ZIlhf 1Zd gZau\Z_fuc Zlhfgdc h[t_f

M
Je (3.8)
dMA
1~ F ] fheZlhfgzZy fEgKZ ] Rftiehlgh e/ Na My

gbkeh :\h]Z%jh
: 24 kf=11,8:°.

“0
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e o g by g 3
0.85 09 095 1 1.05
QO QOBCC

JbkmghdtKjz\g_dgEkkgblZggh]h @aZtbkdbfhwgb jjbb k\yab
kmgb\_ jkZefZgkhrtZ[glEe) djb\hBanerjeabSmith 1998) [131]

43 ..,

KqgblzZzy h[t_f yq_cdb-A<bpZ j&n_ jhc gZc™_f jZ"bmk wl

R 4—0 141A h~klZ\eyy ihemqg_ggh_ agZg_gb_ \ nhj$88m
)
3

HldmBEZ wxwlh nZdlbqg_kdb ih]j_rgBarerjgabméhu

Ke_"m_I| hilf_Iblv qglh ~ZggZy f_Ih”"bdZ g_ mgblu\Z_1| \eb
ihebfhjngu_ ij_\jZs_gby Kh\f_klgh_b \&bffhgigh hij_~_eblv g.:
wdki_jbf_glZevguo ~"bz]ljzffZolBhk*hydgby <f_kl_ k [_f ey j.
ihl_gpbzZeh\ "hklZlhggh Ihevdh \ebygb_ "~Z\e gby

1

lllllllli lllllll..n-n-

86 .
0 0605 01 015 02 025 03 035

P (obar)
* Giles et al. 1971.
® Clendener and Drickamer 1564,

JbkmghdtdZkg_| mjZ\g_gbc khkFejigdly ~ey .

ljb\_~ ggu_ \ur_ jZkq_lu ihdZau\Zx[hidb Ptely g&Bbp@h\ .
JH b)Bl fh 'gh bkihevah\Zlv _~bguc f _Ih*heh]bg_kdbc ih?"oh” >
"hklhbgkl\zf ~Zgghc jZ[hlu hlghkblky \hafh ghklv fh” _ebjh\
ih\_joghklb Ij_gby b "bnnmabhgguo f _oZgbafh\ gZ djokkigeh]
djbklZeeh\ )H
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1Zjguc ihl_gpbZeH dy)H ij ~klz\ey Iky \ \b~A_ kmi_jihab
ihl _gpbZeh\ Fhja_ Ilhke_ ih~klZgh\db agZqg_gbc izZjzf_Ijh\ hg
\b~

E axp 90164r 116319 2exp 450082r 116319 @

0 &xp 4447442r 470161 o© 0
M ® 00045482, » 002942 3, X, (3.9
o ~2exp 22372r 4,70161 i, o
N 2
4
] nmgdpby hlk_ qd—bw | X ijbx % ij x>0.

X
0,59906 x* 1
We dljhggZy iehlghklv ihke_ ih~klZzgh\db agZq_gbc iZjZz
U Zkexp 000572r 0018072’ exp 0,08581r 0,0648 @X. (3.10)
Nmgdpby \eh” _gby ij_"klZ\ey |ky ihebghfhf

F U F© %F‘Z’ U1 iq U1 (3.11)
nil
_ ke U
VU SRV DY SRy DY
F, U F, U FLU. »(3-12)
SkH g _(k/ 3
_ke UY!'1,
1. H U 1/ +_"bgbgqgZy nmgdpby Ow\bkZc"Z
1ZjzZf _|ljuy b: \ nhjfmeZo b mklZgh\beb iml_f g
nmgdpbrp aZ kq_l ijhp_l’)fmju&l b bkihevah\Zgby mkeh\by f_o0Z

jZ\gh\_kby kljmdhlHjugZ wdki_jbf_glZevghf agZq_gbb izjzf_
2=287: 1zjzf IF® bF®\ujz zxlky q_j_a wdki_jbf _glZevgu_ agZq
k\yah w<hiht _fghlh fh*mey «k Zlby=1Z Djhf_ wlh]h dhennbpl
hij N ey |ky ba ]jZgbgdh®hOnkeh\by

G _dhlhju_ agZq_gby ba bkihevam_fuo izZjzZf_Ijh\ [ueb j.
ijbgpbihabinito “ey)H B-)H dZd nmgdpby Zlhfgh]Mhh{baf\hebeh
bkihevah\zZlv jZkq_lgu_ th_gprieUZde:’i—’)’beo.hly hgb jZaebqgzZxl
iZjZf _Ijm j_r 4ddiwg_j]bb R\ymabdhhj*bgZpbhgghfim rmdplkleu'ians fm
\ebygb_[eb Zcrbo khk_~ ¢ >ey mkljzg_gby hlf_q_'gdluohkzaeb
\W\h~Z ihl_gpbZeh\ \ Ijh]jfom ij_~"mkfhlj_gZ |Jhp_"l|:nJZDjZkkeZ[e_

DjkaZeebq_dey F)H Idilkljh _ggZy k ihfhsvx MYMD,Zffu
ihdZzazZgZ gZ jbkmgd _ Z-pdjhpbktngpds ]1jZnbBdb ihl_gpBhHebh\ "¢
bo mjz\g_glbxt \ihebghfh\

JbkmghdtDjbklZeebq_kdZy.-Fer_1dZz
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DyHKIHSA NOTeHIHAJIBHOI 3HepruH o-Fe-a-Fe r)

80000
70000 ¥ =200713x° - 2B+06%° + §E+06x" - 2E+07K + JE+07%” - 1E+0Tx + 4E+06
R=1
60000 \
50000 \
£ 40000
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s
8
2 30000
(4]
H \
2 20000
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10000
0
o|s 1s / 2is
-10000

r,A
JbkmghdtNmgdplb< e y-Fe:
Zrnmgdpby iZjgh]h \aZbfhfnmigldppy [we_dljhgghc iehlghklk
\tnmgdpby \eh zglnygdlpby ihl _gpbZevghc wg_j]bb

DjbklZeebq _kda¢¥zj-)H ihkljh _ggZy k ihfhsvx MMDjzffu
ihdZzazgz gZ jbkmgd_I; Z gFZijibbknrgcdqui}jZrilbdb ihl_gpb&eh)\
b bo mjz\g_gbc \ \b”_ iptedyhfdd._ ;

DjbklZeebq_kdZyG)H IHKIjh_ggZy k ihfhsvxXyD]jahfdZgz
gZ jbkmgd_ I< Z gZ jb-Hmg\ N<gu ZjZnbdb ihl_gpbHHeb\ by
mjzZ\g_gbc \ \b~_ iheéjbehmfh\gb. <

3.32L_klbjh\Zgb_ IF<

L_klbjh\zZzgb_ IF< ijhba\h”blky k p_evx ijh\_jdb khhI\_
"bgZfbg_kdbo k\hcklofld}bkhMHeeblh\ k ihemqg_ggufb wdkiabjbf g
initio ba i_j\uo ijbgpbih\ ZgZeh]bqgufb k\hckl\Zfb j_Zevg
>bgzfbq_kdb_ k\hckl\zZz "dnpokgZEZéhdlZevgu_ oZjzZdl_jbklbdb hij
lZzdb_ nbabqg_kdb_ k\hckl\Z dzd ~bhkhwmabyehijiteh fithklv dbg
aZjh N _gby A n_dlh\ < | jfhrbgZfbqg_kdhf ijb[eb” _gbb
oZjZdl_jbamxlky ~“\mfy nmgdpbyfb jZkij_~_e_gby iehlghklb dh
Zlhfh\ IDK: nhghgguc ki_dlj b jzZkij_~ e _gby ih kdhhkeblyf .
wg_jlbyf

Hkgh\gu_ \ujZz  _gby ey hibkZgby g _h[oh~bfuo ~"bgZfbq_k
ba\_klgu > @ b \ujzZz zZxlky q_j_adRjzf_lju IF<
" _kldhklv j_r_1db

K MR (3.13)
b ~Z\e_gb_ \ j_r_Id_
J MR. (3.14)
>ey hij_~_e_gby mijm]boKHRlZdbolbgu az\bkbfhklb ijb\_~
jZ[hl_ > @ @ _kldhkkvhijrldp | __ mklhcgb\hklv mijm]b_ ih

Ki! \ebyxl gZ klZ[bebaZpbx kljmdImju j_r_Ildb ;he__ kbewgh_
g _hljbpzZl _evghklv kh[kI\_gguo qzZklhl d&&) [Ygbg[hZlhfh§d
djbklZeeblz
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>ey jy"Z djbklZeebq_ kdbr<jijhllhdbjh\Zggu_ ~Zggu_ b ag
"bgzZfbqg_kdbo k\hckl\ ijb\h*ylky \ ~bkk_jlZpbhgghc jZ[hl_
g_h[oh~bfu_ agZq_gby "bgZfbgq_kdbo k\hcklI\ hij_"~ eyebkv k il
aZ\bkbfhkl _c

Ihfbfh ~bgzZfbq_kdbo k\hckI\ hij_* ldygekkidhb wg\hlckI\Z wg

k\yaB. wg_jlby h[jZah\ZgbyE\Zd&@gkbghklgZy ®g _BlhiZaf_jgu_
0Zjzdl_jbklbdb ihklhyggu_ j_r_lhd

AZ"Zgb_ gZqZevguo mkeh\bc

D gZqZevguf mkeh\byf ke _"m_I| hlg_klZlImkmnh*rg&hagZdyvbi
kdhjhklv dhe_[Zgbc ZIhfh\ \u[hj hilbfZevgh]h rZ]Z fh”_ebjh\Zg

AZ"Zgb_ gZqZevghc | _fi_jZImju

ljb az”~Zgbb gZqZevghc LAknZjfbja\Zgguc fh”*_evguc djbkl
“he _g ijhclb hi_jZpbx j_eZdkZpbb aZdeklglgxs ik xkyu" ajZ taig
ijb wlhe 1_fi_jzImj_ \ 1_q_g ™Mjkf_dgb ihkj_~kI\_ggh_Lad"Zg
hkms_kl\ey_Iky ditempolghd ihke_"mxsbf az bfhf I_fi_jZImju k il
dhfZgélamp Lyzq

AZ"Zgb_gZqZevghc kdhjhklb dhe_ [Zgbc ZIhfh\

GZgZevgu_ kdhjhklb dhe MZghZLZxhkiai\ba nbabq_kdb h[hkc
ij_~iheh™ _gbc qlh hgb ghkyl \ _jhylghklguc o0zZjzdl_j b ih~*gbg
FZdk\ _eeZ k nmgdpb_c iehlghklb \ _jhylghklb > @

§ s mv?
m . m .
fVdv 45’2%, exp- T av, (3.15)
) 1 © ; E
1" mzfzkkz ZlhfZdhgklZglZ ;hevwpf&@9%29ggZy gZqZevgZy |_fi_jZ
SZ jbklm?d_ | ijb\_~ gu ]jZnbdb iehlghklb \_jhylghklb kt
jZaebqguo |_fi_jZImj
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1)
1,0 |

0,85
0,68 AN \ﬁ
0,51 / i
0,34

0,17

0 200 400 600 800 1000 V,m/c

Jbkmghdtlehlghklb \_jhylghklb jZkidh§Zé ewyuo kdhjhkl_c
Aey ZIhfhl 3HE300K; 2 +LF500K; 3 + L=900K

>ey aZ"Zgby jZkij_~_ e _gby FzZdk\_eez \ ijh]jzffm ;0" \\h-
ih~ijh]jzffz hkgh\ZggZy gZ iheh™ _gbyo | _hjbb \ _jhylghklb 2z
jZkij_ " e _gby nmgdpbaook&immf _glh\ > @

AZ~Zgb_ hilbfZevghlh \j_f _gb rz]z W@ ]jbjh\Zgby

<j_f _gghc 02k wlh jZagbpz \h \j_f gb f_""m ~\mfy kf_ "gl
ijh]jzffbjh\Zgby < _ebgbgZ \j_f _ggh]lh rZ]Z bf__1 h]jZgbqg_gh\
lhgdb aj_gby Hboedlkdbo ih \j_f _gb b jzaf_jzf h[t_dlh\ fh~"_
p_e_khh[jZzagh bf_Iv fZzdkbfZzewyiM "gpgddg_Gelhjblf FF> klZgh\bl
wlhf g _mklhcqgbadfgizgmr _gby aZdhgZ khojZg _gby wg_jlbb < Kk}
hljZgbq_di® k\yazgh k \b[jZpbkbggudbyfb \ ijhp_kk_ fh”~_ebjh
Nbabqg_ _kdb jZ2afwjh ijb[ebabl_evgh hi fbgbfZevgh]h \k
i_j_oh®f2 <_ebqgbggzZb[he__ kbevgh azZ\bkbl hl \u[jZggh]h IF<
kl_i_gb hl hkh[_gghkl_c kljmdImju j_r_Idb b I_fi_jZImju

F_Ih~hf ijh[ b hrb[hd k bkihevah\zZgb_f Z~"bZ[ZIbg XKdDh]h fh
j_Zebah\zZgz ih7ijh]ljzffZz \u[hjZ hilbfZevigh]Bkiehgedanypy”*rZgdg
ih~ijh]jzffm hij_~_e_gh hilbfzZevig2i0™ag Zgo\gdu\Zxs__ \_kv ~bZ

bkihevam_ fuo Iljffdlklj djbklZeebq_kdbo j_r _IThd b |I_fi_jZImj Ij_ ¢

AZ~Zgb_]jZgbgguo mkeh\bc

>ey fh™ _ebjh\Zgby kbkl _f g h[oh”bfh gZdeZ”u\Zlv gZ ZIlhf
ki_pbZevgu_ mkeh\by gZau\Z_fu_ ]jZgbqgufb

>ey fh” _ebjh\Zgby ijhp_kkh\ \gmljodjZkgZligihfc jygfh” _evgl
djbklZeeblz gZ ygq_cdm gZdez”u\Zxlky ih\lhjyxsb_ky ]jZgbq
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bkihevah\Zgbb zZlhf 3azibjz_Iky” \ yq_cd_ dZd [u hllZedb\Z_
ijhlb\hiheh gmx klhjhgm

>ey bkdexq_gby \ebygby kl_gdb iydg_kdbg_qgllhy XIkfhf ]jZg
jZkq_lghc yg_cdb gZ yq cdm gZdeZ”u\Zxlky i_jbh~"bqg_kdb_ ]j
\ khk_"gxx yg_cdm \oh”bl g_ kzf zZlhf Z _]1h h[jZza Ih _Kklv
khojzgy_ |ky LzZd dzZd ihl_gpbze f_"Zlhfgh]lh \lJBgEfhbg cdkduxy
jZ"bmk Ih h[_ki_qgqb\Z _Iky h]ljZgbg_ggh_ dhebgZlhliAhkhK| "th][¢:
yg_cdb” <f_kl_ k I_f i_jbh”"bgq_kdb_ ]jZgbggu_ mkeh\by \.
keh ghklb \ ijh]jzffm fh~_ebjh\Zgby WIh azZljm”~g_gb_ ij_h”h
ijZ\eZ [eb Zcr_c gZklbpu ba \k_o \hafh guo h[jZah\ ZIhfzZ \ iZ]
[eb Zcrbc Z hklZevgu_ hl[jZku\lZxlky Ijb wlhf jZaf _ju jZkc
dhlhjmx gzZdezZ”u\Zxlky i_jbh~bqg_kdb_ ]jZgbgqgu_ mkeh\by b
[eb Zcr_c gZklbpgu”rifjelurZlv m~\h_gguc jZaf_j jZ"bmkZ h[j_aZ¢
2rc.

ljb fh~_ebjh\Zgbb hldjuluo ih\_joghkl_c \ gZr_f kemqgZ_ ih
bkihevamxlky g_i_jbh”bg_kdb_ ]jZgbggu_ mkeh\by dh]*Z \ ¢
hlidjulhc ih\_joghklb i_jbh{dgbdkglb mkeh\by 3hldexqZxlky”’

Fhr _ebjh\zgb_ ~ n_dlh\ \ djbklZeeZo

Fh~r_ebjh\Zgb_ lhg_qguo \ZdZgkbc b f_""hma_evguo ZIlhf
djZ \uo b \bglh\uo "bkehdZpbc b h[t _fguo \ZdZgkbhgguc f_
b f_ "a_j_gguo ] Zab@lh\ bf__| k\hb ki_pbnbqg_kdb_ hkh[_gghklhb

GZjmr_gb_ | _jfh~rbgzZfbqg_kdh]h jZ\gh\_kby L>J \f IZee

GZjmr_gb_ L>J ijb Ij_gbb fh | ijhbkoh”blv ih”~ ~_ ckl\
nZdlhjh\ h~rgzZzdh hkgh\guf ba gbo yl\ey I|ky | finklZggpeb\Znlse
gZjmr_gb_ L>J dhlhjh_ ohjhel® b2 klghfy \ha”~_ckl\by |_fi_jZIr
gZ djbklZewe\j_fy j_eZdkZpbb LZd dzZd \ "bkk_jlZpbhgghc jZ[hl
bfimevkgu_ | _fi_jZImjgu_2i§hp Kkkuh hkgh\gZyijimikkh\ h[f_g k
hdjm Zxs ¢ kj_~hc dbg_Ibqg_kdb_ ijhp_kku gZ f_"nZaguo ]j
i_j_oh~Zo mklZgh\e_gb_ jZ\gh\_kghlh jZkij_~_28dbk ZIhtzZIl |
gZoh”blvky \ g_jZ\gh\_kghf khklihygbb

<f_kl_k I_f hklZ _Iky hildjuluf_¥Yhighkj heZzdkzZpbb ijb wg_j]h
f ""m we _dljhgzZfb b zZlhfzfb \ ijhp_kk_ “~bnnmabb b mklZg
dhgnb]mjZpbb Ilhg_gqguo b ebg_cguo ~-fnodigBqg Kkdddgillhabpbc \
mklZgh\e_gby jzZ\gh\_kby f_""m we_dljhgZfb b_ldjbdk!Zleegg_
hp_gblv ih nhjfme_ > @

KT k7T
J 2m\/02 /dF ,/ll{’
1~ Tl _fi_jZImjz j_rkidilhklhyggZy ;hevpfEZgfZ jZImjZ we _dljhg
ijh\h’\bfhkl‘r!l)\/o2 +wg_jlby \ha[m'~_gby@ahghdbk\ +wg_jlby we dljhe

(3.16)
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gZ mjh\g_ N2jfb ™ £\j_fy k\h[h~ghlh ijh[_]1Z we_dljhgZ ijb \aZb
j_r_Idhc

Hp_gbf agz§_gjhi=1C° D =10' D m\}’=10%* > |h]73Z 13k

LZd d2Z& |h \ ijhp_kk_ bfimevkghlh gzZ]j_\Z jzZ\gh\_kb_ f_
bhgghc ih”"kbkl_fzZfb ijZzdlbq_kdb g_ gZjmrZ Iky ljb ijhl_dz
ijhp_kkh\ |_jfh~rbgzZfbq_kdh_ jzZ\gh\_kb_ 1Zd"_ g_ gZjmrZ_Ilky
ZIhfh\ ba j br kilbkl_fzZ zZ\Ihfzlbq_kdb j_eZdkbjm_Ilky > @

H[jZah\Zgb_ \ZdZgkbc ih f_ozZgkpafti Rjbldbbnnmabhggu
ijhp_kkZo gZ “bkehdZpbyo ]jZgbpZo a_j_g ih\_joghR8b kbf__
> @ |h _klv jz\gh\_kby \ZdZgkbc g_dZkRkIblKy HhyZah\WwZgby \Z
ih f_ozZgbafm Nj _gd_ey Ih \hijhk hklZ_Iky kihjguf JZkkfhl
khlezkgh iheh  _gbyf ij_~klzZ\e_gguf \ jZ[hl_ > @

Fhr _ebjh\Zgb_Ihg_gqguo b ebg_cguo ~_n_dlh\

ljb fh~ _ebjh\Zgbb Ihg_qguo b ebhlg\ fweidkrhjfbgh\Zg djbklZe

-Fe ba Zlhfh\ J _amevlZlu fh”*_ebjh\Zgby \ iehkdhklb !
jbkmgd _ Z < j_amevlzl_ | _fi_jzZlmjghlh \ha”_ckl\by
A _nhjfbjh\Zgb_ j_r_Ihd \ A\mo \aZbfgh i_ji_g”bdmeljguo pZijz\

Lo T . L L L L

L L LT T LT TT

I TTTTTTIY

AL LT T T T T

[ TTTTIT T

T 1T 1 ] J

379 139_1.%'7'?9_3}—| 385 E“—iﬁ?}—: ——{ ge1— 95

T I T T T T 1 T]

[ I T T 1T T 1T T1TT1

A LT LT T T T

"T', LA 1338 TO 342 7]

Jbkmghd *KljZndImjZ djbklZeabilkzhkdhklb L ijIDK=8)



| |
o | f
“‘—ﬁ—fv-f_iLfLm___.}m\_. hor s
| |
|

L el
" T

F e
J pga K \l-‘f: l‘ ‘A—I‘I

Jbkmghd +KIfmdImjz djbklZFeabikkhkdhklb Lijb DK=8)

>Zggu_ "~ _nhjfZpbb bgbpbbjmxlky [jba_jgufb b nhghggt
Zlhfh\ > ;j®@a_jaewlh \ukhdhl_fi_jZImjgu_ fghl]hnhghggu_ dhe [Z
wg _j]lb_c > @ Hgb hij_~ eyxl agZq_gby ij_~wdkDgd_gpb.
nhjfme_ “~bnnmabb mjZ\g_gby :jj_gbmkZ hljz zy |_f kzf
ih™"\b ghklv ZIhfh\

Nhghggu_ dibegt[@yh gbadhzZfieblm”~gu_ g_ebg_cgu_ dhe_
hij " eyxsb_ wg _j]lbx ZdIlb\Zpbb “bnnmalbhf\ kbkkihHg ZpfZzev
fgh bl_ev \ nhjfme_ :jj_gbmkz GZ -bkibdd” gu [jbAa_jgu_
nhghggu_dhe [Zgby \ aZ\bkbfhklb hl | _fi_jZImju

G_ihkj_"~kI\_ggh fh”_ebjh\Zgb_ Ihg_qguo ~_n_dlh\ ijh\h?”
dhhj*bgZpbhggh]iD gqbbeZjh\_~ gbb hiulh\ kgZqgqZeZ hij_~ _eye
j_r_Idb k mg_lhf | _ieh\h]h jZkrbj_gby ihkifdijpgZiKjkhkldhey |
hdheh : Ney jZaebgguo | _fi_jZIlmj ih”~[hjhf kj_"~g_]h agZq
j r ldb HTXLOLEULXP ODWWLFH FRQVWDQW izd | ;0"

khklZ\beZ :+0,085...0,0925 .



83

E+02 + KinEnter

a)

w

o W O AR

E+04 Step
0 1 2 3 4 5 6 7 8 9

E+02 + PotEnter

: .
1 ! ‘,
1 ¥ A,
K5 ™,
Y

y
: O
%
TN
(WA, fad ’-"Mm!‘ﬁ 2
VAT Y

N w A OO O N

E+04 Step
0 q 2 3 4 5 6 7 8 9

E+03 AllEnter
1 | o
[ fy I
} F"W"ﬂ \."w‘ ™
e |
e fund iy, s
ARYY,

E+04 Step
o0 1 2 3 4 5 6 7 8 9

T,K (x100)

Jbkmghd tAZ\bkbfhklv dbg_Ibg_kdhc Z ihl_gpbZevghc [ b
hl |_fi_jZlmmjlux[jba_jgu_ dhe_[Zmghghggu_ dhe_[Zgby

>Ze _ [ue ijhba\_"~ _g jZkqg_l| dhhj*bgZpbhgguo gbk_e \k_o
bo hdijm  _gby \oh”ysbo \ djbkd2bglgludely fji_ jZImj k ihfhsvx ni
jZ"bZevghl]lh jzZkij_~_ e _gby 5') izd_I1zZ ;0" J_amevlZlu ij_"klZ
"Zgghlh jzZkij_~_e _gby \b”gh qglh ijb ih\ur_gbb | _fi_jZImju
dhebqg_kl\h Zlhfh\ k dhhj*bgZpbhgguf qbkjethfgZpbbggh_ dgbk
br Zevghc djbklZeebqg_kdhe O _r_lglh w\gh mdZaulZ | gZ \hac
j_amevlzl_ |I_ieh\h]l]h “\b " _gby Zlhfh\ klIjmdImjgu_ baf_g_gby

agZg_gby gzZr edé _j _ameviZl gZeh gby | _fi_jZImjgh]lhbjdkrbj.
| _ieh\uo dhe_[Zgbc ZIlhfh\
N
1400
1200 Il\ =900 K
1000 A —-—800 K
800 2 700 K
600 -—600 K
400 -—300 K
200
. —
0 2 4 6 8 10 12 14 g
0 2,25 2,55 2,85 3,15 3,45 r, A

Jbkmghd £JZkij_~_e_gb_ dhhj*bgZpbhgguo gbk_e djbklZz

ljib D

I N

ijhbkoh”Dbl

ijb jZaebqguo | _fi_jZImjZo

h[jZah\Zgb_ \ZDZgKhZamblky hrgZ \ZdZc
ih h[jZamxlky kh[kI\_ggu_ f_“~HmaKEvguijbZIh[jZam_Iky
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hrbg f_""hma_evguc ZIlhf b | 7 Kbff_ljbgghklv jZkij_"~_e_g

gbk_e mdzZaulzZ _| gZ ijbf_jgh_ jZ\_gkl\h \ZdZgkbc b KF: ijb jz

GZley~gh_ ij_~klZ\e_gb_ h ~Zgguo ijhp_kkZp |*Z_IjiBpkhZzgkdgu
kgbfdb qZklb hibkZggh]h djbkiZeeblZ ZIhfh\ kA _eZggu_
[PGYLHZ \oh”ys_c \ khklz\ izd_1Z ;0" ijb |_fi_jzZImj_ D HI[

\u” e _ggu_ h[eZklb k azf _Ighc ~ _nhjfZpb_c djbklZeebqg_kdh
kdhie_gb_f KF:

Jbkmghd £+QZklv djbklZdelklXZdZgkb_c Z b KF: |

ljb D b DI \ZdZgkbb b KF: kha”Zxl jZaebqgu_ ijhkl
dhgnb]mjZpbb FZdkbfZevgh_ dhebq_klvh \ZKIZgkhg pZ[KF. >
ijhZzgZebabjm_f ~"ZggmjZdhbnhE[e < IZ[ebp_ ijbgylu
h[hagZq Ejbywg _jlby h[jZaBYZgby jlby kV§alh ezZdkZpbhgguc h[t
0 03 +h[t_f br_Zevghc j_r_Idb

GZb[he__ mklhcgb\hc dhgnb]mjZpb_c ~b\Z\Zkblbf hfsEéE Z _
| 1jZlhgZevgmx kbff ljbx \ dhlhjhf \ZdZgkbb jZkiheZ]Zxlky g
[eb Zcrbo khk_~ ¢ \ HPD j_r_Id_ KIZ[bevgu_ dhgnb]mj:
| 1jZz\ZdZgkbb b i_glZA2d DdYykbbZ[e nhjfbjmxl gZb[he_ _ dhf
kljmdImju \ HPD j_r_Id_ bf_xsb_ khhI\_IkI\_ggh hjlhjhf[bqg_kdr
kbff ljbx mijm]h]h ihey
LZ[ebpZ £ K\hcklI\Z klZ[bevguo b f _|ZklZ[bevguo dhgnb]JmjZpb
\ZdZgkbc \ HPD+\ZdZgkhbdZ | Bf &e) [130]

Qbkah DhgnhPmby| E, w<]| E°, w<]| V Kbff ljby
2 oA 3,625 0,215 -0,36 L_ljZ]lhgZev
4
2 /“7‘l ' 3,762 0,077 -0,24 LiblhgzZevg
ok
2 _/.—’—.i FLAE 3,799 0,041 -0,29 Fhghdebgg
l/u/ ol |
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Qbkah DhgnhPmby| E, w<]| E°, w<| V Kbff ljby
3 2 5,301 0,244 -0,43 Hjlhjhf[bg_Kk
3 5,309 0,236 -0,59 L IjZz]lhgZev
3 5,337 0,208 -0,58 Hilhjhf[bg_k
3 5,424 0,121 -0,47 Fhghdebgg
4 6,667 0,553 -0,54 L_IZ]lhgZevog
4 6,752 0,469 -0,88 L IjZz]lhgZev
4 6,817 0,404 -0,62 Fhghdebgg
4 6,830 0,390 -0,61 Fhghdebgg
>Zevg_cr__  baf_g _gb_ bkhgnBidEpgkbhgguo dhfie_dkh\

ijhbkoh”blv ih
wg _jlhazljzl _g

fb]jZpbhgghfm
nhjfbjmy | _f kzZfuf gZb[he __

f_oZgbafm

FbljZzpbhgguc
klZ[bevgu_ dhgnb]

LZ[ebpZ+<_jhylgu_ imlb fb]jZpbb b khhi\_IklI\mxsb_ bb wgZ4}]b

klj _edzZfb ijb\_~ gu agZq_gby wg_jJbb fb]jZpbb \ w< >
[jba_jguo b nhghgguo \heg jbk
V2(2) V2(4) V2(2)
@ ® 0 70 ) » ® 0 53 ° °
4 ’ 9 4 ! N —— |
@ [ . ™ . @ {
* 4 » =7 ® - F- )
| 2 £ |
| = ’ 4 1 4 ® —e
o | | .9 | o
i > il " o
™ ./ 0‘ ¢ l
V3 V3 V3
0,62 0,62

@



od o ————— ®
x | o :®0 ¢
® > ] ‘ 4
@ & - ) ] ®
L @ﬁ I A
& L . * o &
v v v
T 0,87 v 7 0,71 L A
¥ — . [ ] L . ¢ —
| X | | . ® | | .
[+
i ;i@‘ ] : 0@90 . o@® »
|
>Ze _ ijb\h”blky jZkqg_I| [jba_jguo b nhghgguo dhe_[Zgbc
1,07 %

0,5-

0:“ N il \T T =
\4 2,0 4,0 6,0 8,0 T
-0,5+ = \/
-1,0

Jikkmghd *;jba_jgu_ b nhghggu -Fefil8gu \ .

ZJ'
FbgbfZevgh _ khhlghr_g—é—_ gzZklhdadkbfZevgh_ khhlghr_gb_

n

=g,
n
Wg jlby mijm]bo \heg jZzkkqgblu\Z Iky ih nhjfme _
1

E E1,9(222, (3.17)
] lzxiehlghklv klzetfiebIm”"Z \eiggZzklhlZ \hegu
> e y-Fe &, 21c> @ < ~zZgghc jZ[hl_ fh~_ebjh\Zeky ki_d

[jba_jguo dhe [Zgbc \ djbklZekthflhhk09bkehf Z
JZkq _lu ijh\h~"bebkv ih aZ\bkbfhklb

D %A A?, (3.18)

]* D x"bki_jkby dhe :[Z@lbZq iglno ZfiebIm” ijb gbke_ \ZdZgkbc
k jbk
AgZdgygiehlghklb klzZeb O F G;P: \ azZ\bkbfhklb hl |I_fi_jZ
jZ[hlu > @ J_amevlZlu jZkg_Ilh\ ih aZ\bkbfhklb NZxl agZ
2mn > % Hij_~ e _gb_ wg_jlbb \hegu ijhba\h~blky ih nhjfme_
E E_ ., (3.19)
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1~ th[t_f djbklZeebqg_kdhc j-FelddztMelbfhklb hl |_fi_jZImju

J amevlZlu jZzkq_Ih\ ijb\_~ gu \ |[Z[ebp_

>Zevg_cr__ ij_h[jZzah\Zgb_ \ZdZgkbhgguo dhgnb]mjZpbc k
\ZdZgkbhgguo dezZkl_jh\ ihj H[t _"bg_gb_\ZdZgkbc \ deZzZkl_j
\u]h”rguf ijhp_kkhf K lhqdb aj_gby I_hjbb azjh '~ _gby ijb g
\ZdzZgkbhggh]h i_j_kus_gby “he _g ijhbkoh”blv jzZkiz” I\_j*h]
h[jZza\Zz_f mklhcgb\uo \ZdZgkpB@guldijilj_e _gb_ gbkezZn \KdzZgl|
ihfhsvx dhhj*bgZpbhggh]i gbkeHa\hey | hij_~ eblv dhgnb]
\ZdZgkbhgguo dezkl_jh\ Ih~h[gu_ bkke_"h\Zgby ijh\_~_gu \ jZ
LZ[ebpZtWg j]lby [jbabjopih@ghgguo \heg

L D 300 600 800 1000

D % f° 0,08 0,095 0,10 0,12
& ¢ 1 2 3 5

A Ot 2,25 2,85 3,15 3,45

A, P f 2,04 2,35 2,74 3,03

A ¢ 6,11 7,84 8,22 9,12
L 3 GKRIf* 1,72 1,62 1,58 1,5

03 28,07 28,15 28,23 28,4

E[j 10, > 2,11 5,76 6,34 7,8

E, T >° 0,12 0,32 0,35 0,43

E(j, w< 3,25 7,03 10,1 13,8

En W< 0,18 0,39 0,56 0,77

KjZ\g_gb_ ~Zgguo ih wg_j]lbb [jba_jh\ ijb\_~ gguo \ IZ[eb
nhjfbjh\Zgby \ZdZgkbhgguo dhgnb]lmjZpbc |I[Z[ichalhey | k" _e
\u\h”~u qglh gz klz”"bb gZjmr_gby | _jfh*bgzZfbq_kdh]h jZ\gh\_kb:

nhjfbjh\Zgb_ \ZdZgKkbc\k_f bkke_~h\zZgghf | _fi_jZImjghf *

fb]jZzpby \ZdzZgkbc \ jZ\gh\_kgh_ iheh _gb_ \h \k_f I_fi_j

nhjfbjh\Zgb_ ihj jZaebqguo Ibih\ \hafh ghrijb Dfi_jZImjZz

ijb 1 _fi_jzInjZo D fh]lml \hagbdzZlv ijhf_"mlhggu_ dhg
Zlhfh\

>hihegbl_evgh hif_Ibf qgqlh kh]JezZkgh jZ[hl_ > @ nhjfbjh\Z
i | _ev fZeh\ _jhylgh

ljhp_lkh[jZah\Zgby \ZdZgkbc b kh[kI\_gguo f_""hma_evgl
\azZzbfhk\yazZggufb 1Zd dzZd Zlhfu ihdb”"Zxsb_ maeu j_r_Idb i
[jba_jguo b nhghgguo dhe_[Zgbc i_j_f_sZxlky \ khk_"gb_ j_r_|I
hij N eblv jZz\gh\_kmgmumalb i*pgu _ k\hcklI\Z KF:

Wg_j]l_Ibg_kdb_ b djbklZeeh]jZnbq_kdb_ k\hckl\Z KF: [ue!
jZ[hl_ > @ 1Z[e

GZb[he__ klZ[bevghc dhgnb]lmjzZpb_c¢c KF: y\ey Ilky
dhgnb]lmjZpby H[ wlhf k\b~ | _evkl\m_| agZq_gb fZMeZdkz
oZjZdl_jbamxs_]h bgl_gkb\ghklv \azbfh”_ckl\by KF: k ~jm.
AN n_dlzZzfb F_g__ klZ[bevgZ ' 1Zgl_ev

lh~r A ckl\b_f ihe_c gZijy _gbc jZaebggu_ dhgnb]lmjZg
i_j_hjb_glbjh\ZIvky ih jZaebqguf f_ozZgbafzf fb]jzZplbbjhph kkkl
kzfh“bnnmabb KF: DZd m _ hif_qZehkv jZg__ ij_~wdbihg_gp!
mjzZ\g_gbb :jj_gbmkZ dhebqg_KkI\ _ggh hij_~ ey Ikyt[jhghpZdith Z

AgZq Bbhij A~ _eyehkv ih nhjfme  WcYfrljghjh HphykljZgki\Z
RZ

D, —, 3.20

° By (3.20)
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1
1" R +d\z~jzl| kf_s_gby KF: agZq_gb_ ~bki_jkbb c&?,dl/l/ﬁ—?gdpb\

+\]j
LZ[ebpZtGZb[he__ wg_j]

_fy kf_s_gbiygqZklhlZ [jba

_jguo dhe_
_Ibgq_kdb \u]h”gu _

\ZdZgkbhgguo kdhiaZdBgk b4z | Kf&e) [130]

[Zgbc

imlb nhjfbjh\Zgby h

V3 (5,30) V," (6,83) V. (11,05) V,* (12,62)
- , A >bkehdZpbt
oo | . L P Py % i leb
PO & AU o S T &7 17341
| * - - A ‘ | 0 /a = '_?/ B=1/2<111>
e X" el e
L ‘/
VvV, (6 67) V.~ (8,04) V,* V"t (12,79)
./_;__M./I P ol I dezkl_ju )il
dir | ol :..9 | $%-»
iy &= K
R i i o—¢
S e
V' (8,01) V< (9,37)
Sdlv vy
T A vl
-
V' (9,05) V.= (10,70) A (11,87) < >bke hld sz bt
S s S : i_le
e et T | Casr i, B=<100>
o] | | A Ao Blc=tim
afi 7% B §CE0 gos0f
LA
V. (10,37 V' 11 ,38 V,, 13,66
7.77(7'77/ ) ( ) 10( ) H[t_fgu_
sy AT r .!?:;9.'/.‘ o ot 0 deZkl_ju il
. 7*./ EUPAEN! Lﬂ
ERES N poc0f L 7
libf_qZgb_ Pbnju \ IZ[ebp_ mdZau\Zxl wg_j]bx h[jZah\Zgby dh
LZ[ebpZ + Wg_jlby h[jzaE\ZlypyeZdkZpbhggucV’hfeyf jZaebqguo
dhgnb]mjZpbc KF: \ HPD e _a_
% F
Dhgnb]mjZpby KF: E, w< VR
' 1Zgl_ev 4,384 1,480
KL fb]jZpbb I 1Zgl_e 4,630 1,476
KL j hjb _glZpbb E 4,634 1,457
KL Jhjb_glzpbb 4,633 1,451
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Dhgnb]mjZpby KF: E, w< %
| ]Zgl_ev 4,627 1436
DjZmAbhg 4,635 1442
L ljzwAjbq _kdZy 5,149 1,286
HdlZwAjbgq kdZy 5,464 1174
* | 1Zgl_ev 5,618 1,171
KLtk _~eh\u_ Ihqdb ijhp_kkh\ fb]jZpbb b j hjb_glZpbb

AgZg_Rbh gh hij_~_ebhwnjifme _

R 11/A A. (3.21)

n
AgZq_gby bkdhfuo izZjzf_ljh\ ijb\_~ gu \ 1Z[ebp_ <
E_ . .
fgh‘bl_ewzk—z{“iwg_nby Zd1bXZphhg 1Z[e
€Hdhglg£&vgu_ agZq_gby izZjzf _Ijh\ mjZ\g_gby :jj_gbmkZ ijl
3.7.
LZ[ebpZ+AgZq gby iZjZf Ijh\ “bnnmabb \ aZ\bkbfhklb hl | fi_jZ
L D 300 600 800 1000
Do ¥ %k 1,30 2,0 5,0 10,00
§ E,g - , 1,30 0,9 0,4 0,25
exp” —£&
© KT 1
D * f° k 1,69 1,9 2,0 2,502[185, 186]

< j_amevlzl_ "~ _ckl\by “bnnmabhgguo ijhp_kkh\ ijhbk
dezkl_jh\ KF: aZ kq_I| dhg”_gkZpbb klZ[bevguo dhgnb]mjZpbc

h[jZamxlky ] dkZ]hgZevgu_ "bkeh(%zzﬁib]}\?ggglhj_Zebxj]_ij Z

gZijZ\e_gbb +il_leb khklhysb_ ba ~“bkehdZpbhgguo hlj_adl
fbgbfZevghc wg_j]l]b_c h[jZzah\Zgby >bkehdZpbhggu_ i _leb khk

JZkkgblZzggu_ wg_j]_Ibg_kdb_ ozjzdl_jbklbdb jy*Z ijhkl_
h[ez"Zxsbo fbgbfZevghc wg_j]lb_c h[jZah\Zgby ij_"klZ\e_gu \
LZ[ebpz+JZkq_ lgu_ agZq_gby wg_j]ED h[jezZadkZghblyggh M th[t_f:
wg _jlbb KBVkZ[bevguo deZkI_Ier\\K—FP.D T e_a_

Dhgnb]mjz| Dhgnb]lmjZz E", w< V107 ES w<
i | _ev

-~ | {10 7,88 2,84 0,89
-~ | 7,98 2,89 0,78

| (119
A 3 11,04 4,26 1,23

| (110
A 3 11,16 4,32 1,11

I 4

1337 5,52 2,05

Khl]ezkgh ~Zgguf IZ[ebpu "bkehdZpbhggu_Li_leb h[jZam
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Fhr _ebjh\zZgb_f "a _j _gguo ]jZgbp

Hkgh\m kh\j_f gghc |I_hjbb f_"ap jklglglzdaepXlgh r _Ihqgu_ fh”
< ~Zgguo fh”_eyo hkgh\gh_ \gbfZgb_m~_ey Iky m]ezZf ]jZ
fZehm]eh\u_ ]jZgbpu b kh[klI\_ggh IesiKd]eZkogbpz[hl_ >
wdki_jbf _glZevgu_ agZqg_gby lhesbg ]jZghd a « g KhKIZ\eyxl

i1ZjZf_1} djbklZeebq_kdhc j_r_Idb H”gZdh A"Zggu_  agZq
|_fi_jZlmjghc aZ\bkbfhkld d9Zh[mpdby aZ\bkbfhklv ijb\_~_gzZ \ jZ
< ~Zgghc jZ[hl_ ijb\h”*blky dhebqg_kl\_ggZy hp_gdZ dhg”_g

[bgZjghc kbkl_fh\ZlglkgZy gZ j r_lhgghc fh”_eb k bkihevah)
=bgk[mHZg"Zm mqgblu\Zxs_c¢c "Zevgh”_ckl\mxsmx gqZklv IF<
lj_"eh  _gZ ke _"mxsZy aZ\bkbfhklv "ey hdj_~ e _gby agZq_
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1" K? +3mkeh\guc” f_"Zlhfguc ihl_g{FbkK8 ~ew<T = +
hilghkbl _evgZy | _fi_jZ‘RejE, “eyD.. +dhwnnbpb_gl ijb\_~ ¢

dhhj*bgzl j_r _Ihgghc fh™®_eb b fh-’E_k@"ZJ_hngjk[jmf‘]_Zevgh_ agzZqgq_c
h[jZlghc iehlghklb ZIhfh\ bf_xszZy jZaf3jghklv h[t_fz f

oo, (3.23)
]~_ ®=+£ZihfgZy iehlghklv \nzgblideh j_r_lhd \ f_ha_ljjZadp_
>ey-Fe @ 29¢ ng 2 hldmnz 23 §3,
J_amevlZlu jZkgq_lh\ ih nhjfme_ ijb\_~_gu \ IZ[ebp_

LZ[ebpZ+tAgZq_gby lhesbg f_"a_j gguoFq|dgsp ae\bkbfhklb hl
| fi_ jZImju
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Lzdbf h[jZzahf hlghkbl_evgh izZjzfZtz | r«ldba >ey
fhr _ebjh\Zgby f_"a_j _gghc ]jZgbXMD bjknh&@itm |ky dmhvdg”k 3
ihfhsvxdhlhjhc ijhba\h”blky kh\f_s_gb_ djbklZeeblh\ mqgzZkl\r
f_"a_j_gghc ]jZgbpu >ZggZy dhfZzg”Z hkms_kl\ey_1| \g_”"j_gb_
Aim]Z k wg_jl]b_c azZ\bkys_c¢c hl | _fi_jZImju >ZggZy wé& j]by
NZevgh”™ _ckl\mxsblFqZkjlbbklZeeblh\ bfblbjmy | _f kZfuf ijhp_kk
dhg” _gkbjm_fh]lh khklhygby f_ "a_j gghc ]jZgbpu LZdbf h]
f_"a_j_ggh_ kljh_gb_ hij_~_e_dghkeyhigsbgZ gZ jbk[ ihdZazZg
ijhp_kk nhjfbjh\Zgby f_“a_j_ gglycFg EFgHGEN). e

)
Jbkmghd tFh~_ebjh\Zgb_ ijhp_kkZ nhjfbjh\Zgby f_“a_j_ggu
FeFeCN)(L ~ D #bkoh”gh_ khklhgdly _gqbh_ khkihygb_
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Ilhkdhevd®® |h f_"nZagZy ]jZgbpZ [hevr_m]eh\Zy

<bamZelby *_n_dlh\

ljb \bamZebazZpbb ~_n_dlh\ kljh_gby j_r_Ihd bgl_j_k ij
A n_dlgu_ mqgZkldb djbklZeeblh\ Zlhfu dhlhjuo hlebgZxlky h
j_r_ldb jZaebqgufb agZqg_gbyfb I[Zdbo o0ZjzZdl_jbklbd dzd
ehdZevghm hdp_  Ke_~my jZ@hl\ FF> p_e_khh[jZagh nnkgligwbah\:
jZ"bZevghl]lh jzZkij_~_e _gby Zlhfh\ NJJ:

NJJ:x2\Z g _crZy oZjZdl_jbklbdz Zlhfghc kljmdImju |Zd d
dhjj_eypbx \ jZkiheh _gbb ZIhfhNX: agZd@|_evgh ihK]klyégdm
"Z | hlghkbl_evgmx \_jhylghklv gZoh ~ _gby iZju Zlhfh\ gZ hij
h~bg hl “jm]h]h Ibdb djb\uo NJJ: khhiI\_IklI\mxIl f_“ty~ jguf jzZ
g _kdhevdh jZafaudul bi@h\uo "\b" _gbc ZIhfh\ GZ jbkmgd _ ij
"ew”" Zevgh]h djbklZeezZ b "ey djbklZeezZz kh”_j Zs_]1h \bglh\m:
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Jbkmghd £tNJJ: b Zevgh]h djf&lZekbAbglh\hc "bkehdZpbb

=jZnbdb ihdZau\lzZxl qglh NJJ: b Zevgh]h djbklZeeZ [he
\bglh\hc "bkehdZlhgBy dhgp_gljbjm_Iky \hdjm] hkb *"bkehdZpbb
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—eZ\Z
Fhr _ebjh\zgb_ijhp_kkZ w\hexpbb Ij_sbg b ihj
b djbl_jbb hp_gdb j_kmjkghc “he]h\_qgghklb

<hagbdgh\_gb_ | _ogheh]bg_kdbo 3\jh ' _gguo’ ihj b |
gbdhljbjh\Zgby ijhbkoh”bl ih Wmf_\YagbhagzZf > @ < gbdhljbjh
ihdjulbb ijhp_kk ihjhh[jZah\Zgby ijhbkoh”~bl aZ kq_I| j _Zdpbb
FesN CoFeCN ihjL ™m

Ihju h[jZamxlky ihke_ « gZkh\ gZkus_gby nhjfbjmykyv
dimigwaZklbp kh klhjhgu "bnnmabhggh]h njhglzZ jbk -fZljBp_< Ih
"bnnmabhgghc ahgu j_Zebam_Ilky *jm]hc f_oXNgMaN,khheZkgh
Lhih]jZznbg_kdbfb p_gljZfb \u®_e_gby fhe _dmeyjgh]h ZahlZ b a
f_ozZgbaf_ ykgyXim[kljmdImjgu_ ~_n_dlu b \ i_j\mx hq_j_"v
gZljhfh ~_gby jbk [ Nhjfbjh\Zgb’- bhepkdBblIEh\' gh h[tykgb
\ukhdhc f_IZklZ[bevghklvx ihke_"~gbo < |Zdhf kemqgZ_ ]eZ\gmx
bljz_| nzdlhj "Z\e_gbgyjhre]lhd ZahlZz gZoh”~ys_]hky \ jZ\gh\_kb
Zahlhf jZkl\hj_gguf \ djbklZeebqg_kdhc j_r_Id_ Kh]JeZkgh ~Zgc
~Z\e gb_ bf_ | ihjyrd AR°1Z |h” \ebygb f \gmlj_gg _]h ~Z\e_
\gZqZe_ h[jZamxlky bgZhéXédlkm\uo ]jZgbpZo azl_f JezZ\guf f_c
jhklZ ihj y\ley |Iky » nhjfZpby kdhev gby djbklZeebqg_kdhc j_
ihjJinig 112

a)
Jbkmghdtlhjhh[jZah\Zgb_\ ih\_joghklghc ahg_ g _]Zlb\gh_
ZxdZj[hgbljb”rgh_ ihdpfldanmabhggZy ahgZz

Dhebqg_kI\ _ggh ihjbklihklv hp_gb\zZ _ I|ky th[t_fghc “he_c ihj
— 2
SP -
6@l 1’
]~ D *kj_~gbc jZaf_(]T ifj _~g_KkKlhygb_f_"~m ihjzfb
Qbke_ggh h[t_fgzZzy ~hepbjih\gb\Z_Iky hlghkbl_evghc i€
azZzgbfz_fhc wlbfb ~_n_dlzZfb \ ijhbal\hevghf iehkdhf k_q_gbb h]
iZjzZf_Iff fh gh ijbgylv az \_jHyliglykév gby ihj \ az*Zgghc ahg_
agd&Z gbt ijb -fb qzZkh\hf gZkus_gbb b J]JZah\hf Rki30IsOhr gbl
hkms_ kl\e_ggZy ih nhih]ljZznbyf ijb\_~ _gZ \ IZ[ebp_
ljh\_~ ggu_ f _|Zeeh]jZnbg_kdb_ bkke_ _"~h\Zgby ih\_joghk
fZeh_ dhebq_kl\h fbdjhlj_sbg b”"msbo hiviahgjwgbklihKk]eMkll\_ g
h[ft _f_ih\_joghklghc ahgu dhebqg_kl\h 1j_sbg aZf_Igh \hajz

f 4.2)(
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h{tykgy_Iky gZebqgb_f ihj <hdjm] ihj \hagbdZ_I| dhgp lgkpZpbh
Zdlb\babjmxs__ ijhp_kk Ij_sbghh[jZah\Zgby Kh]eZkgh jZ[hl_ >

05 =

&FE > D
V. —, 4.3
dhgp© S 1 d X

1" Fs A®>" £+m~ _evgzZy k\h[h*gZEy wgA}]bZ+fh "mev mijm]hklb
LZ[ebpZ+tHp_gdZ h[t_fghc ihjbklhklb ih\_joghklghc ahgu

AhgZ DZj[hgbljb~rgZy >bnnabhggZy
lhjbklhklv D fdfl d fdf f D fdf| d fdf f
AgZq_gb_ 4,5 11,0 0,09 3,0 8,0 0,08

HIdmA%hgp2,6"107\/:Z Ke ~h\ZI_#wgh A 1Z 1h~ ~_ckl\b_f

ligpf_""m ihjzZfb fh _| \hagbdZlv fbdjhlj_sbgZ H[t_fgZy ihjbklh
mqgblu\Zy qlh \hdjm] ihju fh™_I \hagbdgmlv ih djZcg_c f_j_ q_

S
f 4f,hJS 1133, 4.4(
ihj
1*_ Sij bSinjxkhhlI\_IkI\_ggh iehsZ”v |Ij_sbg b ihj
Ilhju b Ij_sbgu y\eyxlky hkgh\gufb kljmdImjgufb we f_glZfb
ijhp_kku mklZehklgh]h jZajmr_gby ih\_joghklghc ahgu |j_gby i
"Z\e_ghy_jfbg_kdbo m~Zjh\ b dzZd ke s*kd\B*bnnAmlabibry >bgZf
baf g _gby ihj b Ij_sbg aZ\bkbl hl gZqZevghc klZ*"bb b ~ _ckl\by
Abnnmatidynb hpde
< dbg_Ibd_ baf_g _gby ihj b 1j_sbg ke_"m_| \u”_eblv
3aZe_qb\Zgby  |I_ogheh]bq_kdbo ihj b Ih\slgdy ghl\dio\hlajgbdg_sb
h[jZamxsboky \lhjbgguo kljmdImjZo Nbabqg_kdZy ijbjh*Z b "~ _c
"Zgguo wlZiZo jZaebqggu b Ij_[mx] hI~_evgh]h jZkkfhlj_gby
hlghr_gbb ZgZeba “Zgguo wlZih\ ijbgpbibZevgh ch"febpyh\Rgby_
| _klbjmxlky ~Zggufb |I_hj Ibgq_kdbo b wdki_jbf _glZevguo bkke

41 Fh”™_ebjh\Zgb_ ijhp_kkzZ aZe _qgb\Zgby | _ogheh]bqg_kdbo i

AZe qb\Zgb_ Ij_sbg b ihj ijhbkoh”~bl gZ gZqZevghf wlZi_
"bnnmabb ih™ A" _ckBAbbd_kkin]h kILZdbygZijy _dhyy hij_~_eyxsbo
"bnnmabhgguc ijhp_kk \ ih\_joghklghc ahg_ Mklhcgb\hklv
koehiulZgbx hij_"~ ey |ky aZ\bkbfhklvx > @

| |\/_L 4.5
1" bx\_dlhj ;xj]_j_kﬂ"ebg ogheh]bqg_ kdbo ihj b Ij_sbg
libgbfZzy agzhh _gbpt fL105 ihemgbf ~’

LZd dzd jzZzaf_ju [hevrbgkl\Z ihj b Ij_sbg m~™h\45 |\ hljly x|
ijhp_kk ijhba\hevgh]lh koelkimhEIgmy | hi< |h ~_ \j_fy dzd i
bkke_"~h\Zgby > @ ijb "bgzZfbq_kdhf k ZIlbb ~Zgguc ijhp_
k>ZIb_ ijhbkoh”bl ih ~"bkehdZpbhgghfm f_oZgbafm ljb k.
ihM\b ghklv "bkehdzZpbc ijb\h*ysZy d baf_dgabl kiheghkhendZjIf
m\ _ebqg_gbx | _fi_jZImj > @ < jZ[hlZo > @ mklZgh\e
j_"bfZo ~"bgZfbqg_kdh]l]h gZ]jm _gby \[ebab Ij_sbgu ijhbko



