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Bklhjbq_kdbc h[ahj b l_hj_lbq_kdbc ZiiZjZl1 ² JZkiue_gb_ dZd ih0
\_joghklgh_ y\e_gb_1² Mgbnbpbjh\ZggZy l_hjby jZkiue_gby1

41 <\_^_gb_

Ijb klhedgh\_gbb mkdhj_gguo qZklbp k l\_j^uf l_ehf ijhp_kk i_j_^Zqb
wg_j]bb ijb khm^Zj_gbyo h[uqgh aZ\_jrZ_lky h[jZah\Zgb_f ih\_joghklguo
b h[t_fguo jZ^bZpbhgguo ^_n_dlh\1 Fbdjhkdhibq_kdbc ijhp_kk/ ijb\h^y0
sbc d wfbkkbb Zlhfguo qZklbp fbr_gb ijb [hf[Zj^bjh\d_/ gZau\Z_lky jZk0
iue_gb_f1 Wlhl ijhp_kk \i_j\u_ gZ[ex^Zeky \ 4;85 ]1 =jhm\hf >4@/ dhlhjuc
aZf_lbe/ qlh \ wdki_jbf_glZo k we_dljbq_kdbf jZajy^hf \ ]ZaZo h[gZjm`b-
\Zeky f_lZeebq_kdbc gZe_l gZ kl_gdZo jZajy^ghc ljm[db1

Ihke_ wlbo i_j\uo gZ[ex^_gbc ihlj_[h\Zehkv klhe_lb_/ qlh[u \hah[gh-
\beky wdki_jbf_glZevguc b l_hj_lbq_kdbc bgl_j_k d wlhfm y\e_gbx= ibh0
g_jkdb_ jZ[hlu <_g_jZ kha^Zeb kms_kl\_ggmx ij_^ihkuedm wlh]h bgl_j_kZ1
Jhkl ih\ur_ggh]h \gbfZgby mklhcqb\h ^_j`Zeky fgh]h e_l/ Z \ ihke_^g__
^_kylbe_lb_ fh`gh gZ[ex^Zlv b _]h agZqbl_evgh_ mkbe_gb_1 ;he__ lhqgh_
aZdexq_gb_ fh`_l [ulv \u\_^_gh ba ZgZebaZ >7@ gZmqghc ijh^mdpbb/ dZkZ-
xs_cky jZkiue_gby/ aZ i_jbh^ k 4<980]h ih 4<;8 ]1/ k^_eZggh]h Heb\hc1 ?]h
ZgZeba h[h[s_g gZ jbk1 41 Heb\Z jZa^_ebe jZ[hlu ih jZkiue_gbx gZ ljb
dZl_]hjbb1 D i_j\hc hlghkylky l_hj_lbq_kdb_ jZ[hlu b bkke_^h\Zgby k ih0
fhsvx dhfivxl_jgh]h fh^_ebjh\Zgby1 Dh \lhjhc dZl_]hjbb ² jZ[hlu/ dZ
kZxsb_ky bkihevah\Zgby wdki_jbf_glZevguo j_amevlZlh\ b ijh\_^_gby ba0
f_j_gbc k p_evx \uykg_gby fh^_eb beb ih^l\_j`^_gby l_hjbb1 B d ihke_^g_c
dZl_]hjbb hg ijbqbkebe jZ[hlu/ \ dhlhjuo jZkiuebl_evgZy f_lh^bdZ bkihev-
am_lky \ hkgh\guo ijbeh`_gbyo1 GZb[he__ hq_\b^guf j_amevlZlhf wlh]h ZgZ-
ebaZ y\ey_lky ijbagZgb_ lh]h nZdlZ/ qlh qbkeh klZl_c ih ijZdlbq_kdbf ijb0
f_g_gbyf jZkiue_gby [ukljh jZkl_l/ \ lh \j_fy dZd qbkeh nmg^Zf_glZevguo
bkke_^h\Zgbc/ ih0\b^bfhfm/ gZoh^blky gZ klZpbhgZjghf mjh\g_1 ;he__ lh]h/
_keb fu lsZl_evg__ jZkkfhljbf i_j\u_ ^\_ dZl_]hjbb/ fu aZf_lbf/ qlh gZ
ijhly`_gbb ihke_^g_]h ^_kylbe_lby [hevrbgkl\h him[ebdh\Zgguo klZl_c
wlh]h khjlZ ihk\ys_gu bkke_^h\Zgbyf/ \uiheg_gguf k ihfhsvx dhfivxl_j0
gh]h fh^_ebjh\Zgby1 >jm]bfb keh\Zfb/ l_hj_lbq_kdb_ jZ[hlu b wdki_jbf_g-
lZevgu_ bkke_^h\Zgby/ gZijZ\e_ggu_ gZ \uykg_gb_ fh^_eb beb ih^l\_j`^_0
gb_ l_hjbb/ ihqlb bkq_aeb1 Ijbqbgu wlh]h/ dhg_qgh/ jZaebqgu/ gh jZamfgh
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\dexqblv \ gbo b hlkmlkl\b_ l_hj_lbq_kdbo ijb[eb`_gbc/ kh^_j`Zsbo _^b-
guc \a]ey^ gZ y\e_gb_1 >_ckl\bl_evgh/ \ ijhlb\hiheh`ghklv ljZ^bpbhgguf

l_g^_gpbyf \ ^jm]bo h[eZklyo nbabq_kdbo bkke_^h\Zgbc/ ]^_ _^bgkl\h ih^0
oh^h\ ij_^klZ\ey_l ijZ\beh/ Z g_ bkdexq_gb_/ l_hj_lbdb/ bamqZxsb_ jZk0
iue_gb_/ kha^Zeb fh^_eb b l_hjbb/ gZijZ\e_ggu_ gZ h[tykg_gb_ hl^_evguo
ki_pbnbq_kdbo q_jl wlh]h y\e_gby1 D gZklhys_fm \j_f_gb g_ykgh/ lh eb wlZ
hkh[_gghklv jZ[hl ih jZkiue_gbx y\ey_lky \gmlj_gg_ ijbkms_c q_jlhc y\-
e_gby/ lh eb wlh ke_^kl\b_ hlghkbl_evghc djZldhklb jZa\blby bkke_^h\Zgbc
\ wlhc h[eZklb1 L_f g_ f_g__ ykgh/ qlh gh\u_ mkbeby ^ey jZajZ[hldb gh\uo
l_hj_lbq_kdbo ih^oh^h\ b ihklZgh\db wdki_jbf_glh\/ ih^^_j`b\Zxsbo l_0
hjbb/ \_kvfZ `_eZl_evgh1

Fh`_l [ulv/ ihe_agh gZqZlv k ZgZebaZ jZa\blby l_hj_lbq_kdbo fh^_e_c
b ijb wlhf \u^_eblv ijbgpbibZevgu_ gh\h\\_^_gby/ klbfmebjh\Z\rb_ hk
gh\Zl_evgu_ memqr_gby l_hj_lbq_kdbo ih^oh^h\1 >ZggZy jZ[hlZ y\ey_lky ih0
iuldhc/ dhg_qgh/ km[t_dlb\ghc b g_iheghc/ ijhZgZebabjh\Zlv jZa\blb_ ZgZ0
eblbq_kdbo l_hjbc/ dZkZxsboky klhedgh\bl_evgh]h jZkiue_gby1 ;m^mqb dhg0
ki_dlb\ghc/ klZlvy gZijZ\e_gZ gZ jZkkfhlj_gb_ l_hj_lbq_kdbo Zki_dlh\ y\0
e_gby jZkiue_gby/ \ua\Zggh]h bhgghc [hf[Zj^bjh\dhc Zfhjnghc b
ihebdjbklZeebq_kdbo h^ghwe_f_glguo fbr_g_c +jZaf_j nbabq_kdhc fbr_gb
ij_^iheZ]Z_lky \k_]^Z [hevrbf ih kjZ\g_gbx kh kj_^gbf ijh[_]hf i_j\bqguo
bhgh\,1 ;he__ lh]h/ kj_^b jZaebqguo lbih\ jZkiue_gguo qZklbp +g_cljZevguo
Zlhfh\/ \ha[m`^_gguo g_cljZevguo Zlhfh\/ bhgh\/ \ha[m`^_gguo beb g_0
\ha[m`^_gguo fhe_dme/ deZkl_jh\ b ijhq1, fu [m^_f bamqZlv khklZ\eyxsb_
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gZb[he__ agZqbl_evgmx qZklv g_cljZevgu_ Zlhfu1 WlZ dZl_]hjby qZklbp gZ0
b[he__ bamq_gZ b h[s__ fg_gb_ k\h^blky d lhfm/ qlh ^jm]b_ lbiu jZkiue_gguo
qZklbp fh]ml [ulv jZkkfhlj_gu k ihfhsvx Z^_d\Zlguf h[jZahf fh^bnbpb0
jh\Zgguo fh^_e_c/ hibku\Zxsbo g_cljZevgu_ Zlhfu1 H]jZgbq_gb_ gZr_c
klZlvb kemqZ_f klhedgh\bl_evgh]h jZkiue_gby h[tykgy_lky kms_kl\mxs_c kb0
lmZpb_c \ jZa\blbb l_hjbb/ dh]^Z lhevdh wlhl lbi jZkiue_gby fh`_l [ulv
hibkZg \ jZfdZo _^bghc l_hjbb1

Hq_\b^gh/ qlh ba0aZ gZr_]h \u[hjZ fu mimklbeb ba jZkkfhlj_gby jy^
bgl_j_kguo Zki_dlh\ y\e_gby jZkiue_gby b aZbgl_j_kh\Zgguc qblZl_ev hl0
kueZ_lky d g_dhlhjuf l_dmsbf h[ahjguf klZlvyf beb dgb]Zf ih wlhc l_f_
(5— 13, 92—96, 110](1*).

<h \lhjhf jZa^_e_ fu ij_^klZ\ey_f bklhjbq_kdh_ jZa\blb_ b w\hexpbx
dZd fZl_fZlbq_kdbo/ lZd b nbabq_kdbo dhgp_ipbc/ ijb\_^rbo d kha^Zgbx
klZg^Zjlghc ljZgkihjlghc l_hjbb >47/ 48@1 :ki_dlu jZkiue_gby/ k\yaZggu_
k gZebqb_f ih\_joghklb/ b ke_^kl\by/ \ul_dZxsb_ ba jZa\blby l_hjbb NZev-
dhg_ b Ab]fmg^Z >49@/ kh^_j`Zlky \ jZa^_e_ 61 B \ aZdexq_gb_ \ jZa^_e_ 7
ij_^klZ\e_gZ mgbnbpbjh\ZggZy l_hjby jZkiue_gby >4: ² 53@ b ^Zgu g_dh-
lhju_ dhff_glZjbb1

51 Bklhjbq_kdbc h[ahj b l_hj_lbq_kdbc ZiiZjZl

Hkgh\ghc p_evx ^Zgghc ]eZ\u y\ey_lky ihiuldZ hibkZgby jZa\blby hk0
gh\guo dhgp_ipbc/ g_h[oh^bfuo ^ey ihkljh_gby kh\j_f_gghc ZgZeblbq_kdhc
l_hjbb jZkiue_gby1 Fu ih^q_jdg_f/ qlh ohly [hevrZy qZklv nbabq_kdbo b^_c
\hagbdeZ hq_gv ^Z\gh/ nhjfmebjh\dZ kh\j_f_gghc ZgZeblbq_kdhc l_hjbb \
hkgh\ghf k\yaZgZ k jZa\blb_f l_hj_lbq_kdh]h ZiiZjZlZ Ebg^oZj^Z(2*).

2.1. Ij_^r_kl\_ggbdb = D_c\_ee b =Zjjbkhg ( 3 ,  4 *) . K fbd-
jhkdhibq_kdhc lhqdb aj_gby ^ey lh]h/ qlh[u jZkiue_gb_ bf_eh f_klh/ qZklv
dbg_lbq_kdhc wg_j]bb i_j\bqghc qZklbpu ^he`gZ [ulv i_j_^ZgZ qZklbpZf
fbr_gb/ dhlhju_ lhevdh ihke_ wlh]h fh]ml ihdbgmlv fbr_gv \ dZq_kl\_ jZk0
iue_gguo qZklbp1 >jm]bfb keh\Zfb/ fu fh`_f \u^_eblv \ ijhp_kk_ jZkiu-
e_gby ^\_ klZ^bb= gZ i_j\hf rZ]_ \e_lZxsZy qZklbpZ \ ijhp_kk_ k\h_]h aZ0
f_^e_gby \ l\_j^hf l_e_ i_j_^Z_l wg_j]bx b bfimevk ZlhfZf fbr_gb b bgb0
pbbjm_l ^\b`_gb_ Zlhfh\ fbr_gb/ gZau\Z_fuo ZlhfZfb hl^Zqb> gZ \lhjhc
klZ^bb qZklv Zlhfh\ hl^Zqb fh`_l ihdbgmlv l\_j^h_ l_eh1 HibkZgb_ y\e_gby
jZkiue_gby gZ hkgh\_ ^\mo klZ^bc \i_j\u_ ihy\behkv \ klZlvyo D_c\_eeZ
[21, 22].

D_c\_ee/ bkoh^y ba koh^kl\Z kh klhedgh\bl_evghc l_hjb_c aZf_^e_gby
g_cljhgh\/ jZkkfZljb\Ze i_j\bqgmx qZklbpm dZd l\_j^mx kn_jm/ dhlhjZy l_0
jy_l wg_j]bx/ [eZ]h^Zjy klhedgh\_gbyf k ZlhfZfb fbr_gb dZd aZf_^ebl_0
eyfb1 I_j\bqgZy qZklbpZ fh`_l i_j_^Zlv agZqbl_evgmx qZklv k\h_c wg_j]bb
\ h^ghf klhedgh\_gbb Zlhfm fbr_gb/ dhlhjuc klZgh\blky ^\b`msbfky Zlh-
fhf hl^Zqb b fh`_l m^Zjblv ^jm]hc Zlhf fbr_gb/ ijhba\_klb \lhjbqgu_/
lj_lbqgu_ b l1^1 Zlhfu hl^Zqb1 Dh]^Z \hagbdZxl ^\b`msb_ky Zlhfu hl^Zqb/
\ khhl\_lkl\bb k \ur_ijb\_^_gguf hibkZgb_f/ ^he`gu ihy\eylvky b lZdb_
Zlhfu/ dhlhju_ ihdb^Zxl ih\_joghklv1 Ihkdhevdm D_c\_ee ihgye/ qlh jZk0
iue_gb_ ² wlh y\e_gb_ jZ^bZpbhggh]h ^_n_dlhh[jZah\Zgby/ hg ij_^iheh0
`be/ qlh \k_ Zlhfu/ kf_s_ggu_ \[ebab ih\_joghklb/ jZkiueylky1 Lhqg__/
D_c\_ee bkihevah\Ze l_hjbx aZf_^e_gby g_cljhgh\ ^ey lh]h/ qlh[u jZkkqb-
lZlv wg_j]bx/ ihl_jyggmx i_j\bqghc qZklbp_c \ l\_j^hf l_e_1 AZl_f wlm
wg_j]bx hg k\yaZe k qbkehf kf_s_gguo Zlhfh\ b/ \ dhgp_ dhgph\/ \u^_ebe
ba gbo Zlhfu/ kf_s_ggu_ \[ebab ih\_joghklb/ k ihfhsvx \\_^_gby khhl\_l-
kl\mxs_c \_jhylghklb \ue_lZ1
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Ihkdhevdm/ ih fg_gbx Z\lhjZ gZklhys_c klZlvb/ l_hjby jZkiue_gby D_c-

\_eeZ kh^_j`ZeZ ihqlb ihegmx oZjZdl_jbklbdm hkgh\guo Zki_dlh\ y\e_gby/
hibr_f ih^oh^ D_c\_eeZ ih^jh[gh1

JZkkfhljbf bhg k gZqZevghc wg_j]b_c ? b fZkkhc F1 ijhgbdZxsbc \
l\_j^hl_evgmx fbr_gv/ khklhysmx ba Zlhfh\ k fZkkhc F2,. We_f_glZjgZy
l_hjby klhedgh\_gbc g_cljhgh\ >56@ ^Z_l/ qlh ihke_ i klhedgh\_gbc gZqZev0
gZy wg_j]by ZlhfZ mf_gvrblky ^h agZq_gby

]^_

Ihkdhevdm \ h^ghf klhedgh\_gbb fZdkbfZevgZy ^hey wg_j]bb gZe_lZxs_c
qZklbpu/ i_j_^Z\Z_fZy i_j\hgZqZevgh ihdhys_fmky Zlhfm fbr_gb/ khklZ\0
ey_l

kj_^gyy wg_j]by (n + 1)-]h ZlhfZ hl^Zqb ^Z_lky \ujZ`_gb_f

?keb aZ kj_^g__ qbkeh kf_s_gguo Zlhfh\/ kha^Zgguo Zlhfhf hl^Zqb k wg_j]b_c
( \ l\_j^hf l_e_/ bf_xsbf wg_j]bx kf_s_gby Zlhfh\ ?d, ijbgylv >57@

lh qbkeh kf_s_gguo Zlhfh\/ kha^Zgguo Zlhfhf hl^Zqb \ n0f klhedgh\_gbb
i_j\bqgh]h ZlhfZ/ [m^_l

Ba wlbo ns kf_s_gguo Zlhfh\/ ke_^my D_c\_eem/ [m^_l jZkiue_gZ lhevdh ke_-
^mxsZy qZklv

]^_ Z ² iZjZf_lj1 MjZ\g_gb_ +51:,/ ij_^klZ\eyxs__ nmgdpbx \uoh^Z \ ^Zg0
ghc fh^_eb/ [ueh ihemq_gh >55@ \ ij_^iheh`_gbb/ qlh kj_^gyy ]em[bgZ/ k
dhlhjhc jZkiueyxlky Zlhfu/ hij_^_ey_lky ijh^\b`_gb_f ZlhfZ/ kh\_jrZx0
s_]h kemqZcgu_ [em`^Zgby1
HdhgqZl_evgh qbkeh jZkiue_gguo Zlhfh\
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]^_

hij_^_ey_l ihke_^g__ klhedgh\_gb_/ \ dhlhjhf \hagbdZ_l kf_s_gguc Zlhf1
;he__ ih^jh[gh_ baeh`_gb_ b ^Zevg_cr__ h[h[s_gb_ ijb\_^_gguo mjZ\-

g_gbc fh`_l [ulv gZc^_gh \ hjb]bgZevghc jZ[hl_ >55 @(5* ).
:gZeba \ur_ijb\_^_gghc nhjfmebjh\db hq_gv ihe_a_g1 L_hjby D_c\_e-

eZ gZijZ\e_gZ gZ bamq_gb_ jZkiue_gby/ ijhba\_^_ggh]h ijb ijhgbdgh\_gbb
Zlhfguo qZklbp \ \_s_kl\h k gbadhc kdhjhklvx1 L_f g_ f_g__/ hg ij_^iheZ]Ze/
qlh l_hjby/ ijbf_gbfZy \ kemqZ_ aZf_^e_gby [ukljuo g_cljhgh\ \ \_s_kl\_/
khhl\_lkl\mxsbf h[jZahf hibku\Z_l b aZf_^e_gb_ Zlhfh\ k gbadhc kdhjhklvx1
Ykgh/ qlh ZgZeh]by f_`^m aZf_^e_gb_f [ukljuo g_cljhgh\ b f_^e_gguo bhgh\
\ \_s_kl\_ khfgbl_evgZ b ^he`gZ [ulv i_j_kfhlj_gZ \ [he__ Z^_d\Zlghc l_0
hjbb jZkiue_gby1

L_hjby iheghklvx ij_g_[j_]Z_l \aZbfh^_ckl\b_f f_`^m i_j\bqguf
bhghf b we_dljhgZfb Zlhfh\ fbr_gb/ jZkkfZljb\Zy klhedgh\_gby lbiZ klhe0
dgh\_gbc [bevyj^guo rZjh\1 Wlh aZf_qZgb_ h ijhgbdgh\_gbb f_^e_gguo
Zlhfguo qZklbp \ \_s_kl\h hlghkblky b d ^jm]bf Z\lhjZf/ kh\j_f_ggbdZf
D_c\_eeZ/ b ij_^klZ\ey_l Zki_dl l_hjbb D_c\_eeZ/ \ gZijZ\e_gbb dhlhjh]h
\ ^Zevg_cr_f ^he`gZ [ulv ijhba\_^_gZ fh^bnbdZpby1 J_amevlZlu l_hjbb
aZ\bkyl hl fh^_eb jZ^bZpbhgguo ^_n_dlh\/ bkihevah\Zgghc ^ey jZkkfhlj_gby
i_j_^Zqb wg_j]bb/ ihl_jygghc i_j\bqghc qZklbp_c/ kf_s_gguf Zlhfguf qZ-
klbpZf fbr_gb +kf1 mjZ\g_gb_ +518,,1 < wlhf kemqZ_ ykgh/ qlh memqr_gb_
fh^_eb jZ^bZpbhggh]h ih\j_`^_gby fh`_l memqrblv l_hjbx1

< lh \j_fy/ dh]^Z D_c\_ee ij_^klZ\be k\hx l_hjbx/ wdki_jbf_glZevgu_
^Zggu_ [ueb \_kvfZ h]jZgbq_gu/ b nZdlbq_kdb hlkmlkl\h\Zeb ^Zggu_ h ]em-
[bg_ \hagbdgh\_gby jZkiue_gguo Zlhfh\1 L_f g_ f_g__/ D_c\_ee iheh`be/
qlh jZkiue_ggu_ Zlhfu \hagbdZxl gZ jZkklhygbyo/ hq_gv [ebadbo d ih\_j-
oghklb/ b bkihevah\Ze fh^_ev kemqZcguo [em`^Zgbc ^ey ihemq_gby Z^_d\Zl0
gh]h \ujZ`_gby1 Wlh ijb[eb`_gb_ lZd`_ [ueh bkihevah\Zgh ihqlb \k_fb
ihke_^mxsbfb Z\lhjZfb1 =eZ\guf imgdlhf wlh]h ijb[eb`_gby y\ey_lky lh/
qlh l_ Zlhfu/ dhlhju_ \u[blu b [m^ml jZkiue_gu/ bkiulZxl g_kdhevdh mi-
jm]bo klhedgh\_gbc \ ijhp_kk_ ^\b`_gby ba f_klZ bo \hagbdgh\_gby \ l\_j^hf
l_e_ ^h ih\_joghklb1 G_^Z\gb_ wdki_jbf_glZevgu_ ^Zggu_ h ]em[bg_ aZjh`-
^_gby jZkiue_gguo Zlhfh\ +kf1 gb`_, ]h\hjyl gZf/ qlh wlZ lhqdZ aj_gby gZ
y\e_gb_ jZkiue_gby g_\_jgZ1

Fu aZdhgqbf ZgZeba l_hjbb D_c\_eeZ gZihfbgZgb_f/ qlh wlZ l_hjby
ij_^kdZaZeZ gZebqb_ ihjh]Z jZkiue_gby ^ey bhgh\/ [hf[Zj^bjmxsbo fbr_gv
ijb ghjfZevghf iZ^_gbb

dhlhjuc jZkkfZljb\Zeky Z\lhjhf \ dZq_kl\_ \_jog_c hp_gdb wlhc \_ebqbgu1
=Zjjbkhg >58@ k^_eZe ihiuldm memqrblv dhgp_ilmZevguc ih^oh^ D_c-

\_eeZ1 >_ckl\bl_evgh/ =Zjjbkhg hldZaZeky hl l_hjbb klhedgh\_gbc g_cljhgh\
b ij_^iheh`be/ qlh f_oZgbaf jZkiue_gby Z^_d\Zlgh hibku\Z_lky khhl\_lkl-
\mxsbf ebg_cguf ljZgkihjlguf mjZ\g_gb_f ;hevpfZgZ1 Ihkdhevdm wlZ l_0
hjby g_ ^ZeZ ZgZeblbq_kdh]h j_amevlZlZ/ fu g_ h[km`^Z_f ih^jh[gh __ nhj0
fmebjh\dm/ gh gZihfbgZ_f/ qlh bkihevah\Zgb_ [hevpfZgh\kdh]h ljZgkihjl0
gh]h mjZ\g_gby/ dh]^Z wlh khhl\_lkl\mxsbf h[jZahf k^_eZgh +ljZgkihjlgZy
l_hjby Ab]fmg^Z >48@,/ hdZaZehkv hq_gv ih^oh^ysbf ^ey hibkZgby jy^Z oZ0
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jZdl_jbklbd jZkiue_gby1 =Zjjbkhg y\ey_lky Z\lhjhf bglmblb\gh]h ih^oh^Z/
Z g_m^ZqZ \ ihemq_gbb ZgZeblbq_kdh]h j_amevlZlZ \ _]h nhjfmebjh\d_ aZ0
dexqZ_lky kdhj__ \ g_m^Zq_ Z^_d\Zlgh]h iZjZee_evgh]h jZa\blby dhgp_ipbc
ijhoh`^_gby qZklbp q_j_a \_s_kl\h1 >jm]bfb keh\Zfb/ ijZ\bevgh_ hibkZgb_
y\e_gby jZkiue_gby lj_[m_l jZa\blby gh\uo h[sbo iheh`_gbc h ijhgbdgh-
\_gbb f_^e_gguo Zlhfguo qZklbp \ \_s_kl\h1 Wlh [ueh _s_ g_\hafh`gh \
lh \j_fy/ dh]^Z =Zjjbkhg ij_^eh`be k\hc ih^oh^1 < ke_^mxs_f jZa^_e_ fu
h[km^bf wlhl gh\uc nbabq_kdbc b fZl_fZlbq_kdbc ZiiZjZl ih^jh[gh1

2.21 L_hj_lbq_kdbc ih^oh^ Ebg^oZj^Z 1 Ijhgbdgh\_gb_ f_^0
e_gguo Zlhfguo qZklbp \ \_s_kl\h \ h[s_f kemqZ_ ij_^klZ\ey_l rbjhdmx
h[eZklv nbabdb/ b \ wlhc klZlv_ fu h]jZgbqbf gZr_ h[km`^_gb_ l_fb \hi0
jhkZfb/ dhlhju_ bf_xl g_ihkj_^kl\_ggh_ hlghr_gb_ d kh\j_f_gghfm ZgZeb0
lbq_kdhfm jZkkfhlj_gbx y\e_gby jZkiue_gby1

Ijb ijhgbdgh\_gbb qZklbpu \ l\_j^h_ l_eh \aZbfh^_ckl\b_ f_`^m i_j0
\bqghc qZklbp_c b ZlhfZfb fbr_gb/ ke_^my jZ[hlZf Ebg^oZj^Z >59²5;@/
fh`_l [ulv \ ohjhr_f ijb[eb`_gbb jZa^_e_gh gZ ^\Z g_dhjj_ebjmxsbo ZdlZ=
[bgZjgu_ mijm]b_ klhedgh\_gby f_`^m i_j\bqghc qZklbp_c b Zlhfhf fbr_gb
+mijm]b_ beb k y^_jgufb ihl_jyfb wg_j]bb b jZkk_ygb_f, b \u^_e_ggu_ hl0
^_evgh we_dljhggu_ wg_j]_lbq_kdb_ ihl_jb/ hij_^_eyxsb_ ijhp_kk g_ij_0
ju\gh]h aZf_^e_gby/ gh g_ \ebyxsb_ gZ baf_g_gb_ gZijZ\e_gby ^\b`_gby
i_j\bqghc qZklbpu(6* )1 < lh \j_fy/ dZd \ h[eZklb \ukhdbo kdhjhkl_c jZa^_-
e_gb_ we_dljhgguo b y^_jguo ijhp_kkh\ \ r_klb^_kylu_ ]h^u ijbagZ\Zehkv
ihqlb \k_c gZmqghc h[s_kl\_gghklvx/ \ h[eZklb gbadbo kdhjhkl_c wlh jZa0
^_e_gb_ ijbgbfZehkv k [hevrbf ljm^hf1 >_ckl\bl_evgh/ ljm^ghklv ijbgylby
ebg^oZj^h\kdh]h jZa^_e_gby fh`_l [ulv hijZ\^ZgZ baf_j_gbyfb/ dhlhju_
ihdZau\Zeb/ qlh \ h[eZklb gbadbo kdhjhkl_c \ dZ`^hf klhedgh\_gbb \ h^gh
b lh `_ \j_fy bf_eb f_klh dZd ijhp_kk jZkk_ygby/ lZd b we_dljhggu_ b y^_jgu_
ihl_jb1 L_f g_ f_g__/ dZd ihdZaZe Ebg^oZj^ >59/ 5:@/ \ l_hjbb ijhoh`^_gby
f_^e_gguo Zlhfguo qZklbp q_j_a \_s_kl\h we_dljhggu_ ijhp_kku \oh^yl
\ jZkq_lu q_j_a qe_gu/ hij_^_eyxsb_ g_ij_ju\gh_ lhjfh`_gb_/ lh]^Z dZd
klZlbklbdZ mijm]bo ihl_jv b jZkk_ygby hij_^_ey_l hkgh\gmx kljmdlmjm
mjZ\g_gbc1

< ke_^mxs_c qZklb wlhc ]eZ\u fu hibr_f hkgh\gu_ we_f_glu ebg^oZj-
^h\kdh]h l_hj_lbq_kdh]h ZiiZjZlZ1

2.2.1. Ihl_gpbZe f_`Zlhfgh]h \aZbfh^_ckl\by1 <aZbfh^_ckl\b_ f_`^m
i_j\bqghc qZklbp_c b Zlhfhf fbr_gb y\ey_lky lbibqghc ijh[e_fhc fgh]bo
l_e b \hafh`guf hibkZgb_f \aZbfh^_ckl\by fh`_l y\blvky bkihevah\Zgb_
kZfhkh]eZkh\Zggh]h ihl_gpbZeZ OZjljb²NhdZ >63/ 64@1 ;eZ]h^Zjy lhfm/ qlh
^\b`_gb_ qZklbp \ kZfhkh]eZkh\Zgghf ihl_gpbZe_ fh`_l jZkkfZljb\Zlvky \
[hevr_c qZklb ijhkljZgkl\Z dZd d\ZabdeZkkbq_kdh_/ lh fh`_l [ulv bkihev-
ah\Zgh d\ZabdeZkkbq_kdh_ +beb LhfZkZ²N_jfb, ijb[eb`_gb_ \ f_lh^_ OZj0
ljb²NhdZ >65/ 66@1 >jm]bfb keh\Zfb/ \aZbfh^_ckl\b_ f_`^m ^\mfy qZklb0
pZfb k aZjy^hf Z1e b Z2_, ]^_ _ ² aZjy^ we_dljhgZ/ a Z1 b Z2 — Zlhfgu_
ghf_jZ klZedb\Zxsboky qZklbp/ fh`_l [ulv hibkZgh khhl\_lkl\mxsbf h[0
jZahf klZlbklbq_kdhc fh^_evx LhfZkZ²N_jfb1 < ij_^_eZo lhqghklb ^Zgghc
fh^_eb f_`Zlhfguc ihl_gpbZe \aZbfh^_ckl\by f_`^m ^\mfy qZklbpZfb fh-
`_l [ulv hibkZg ke_^mxsbf wdjZgbjh\Zgguf dmehgh\kdbf ihl_gpbZehf >67/
35]
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]^_ r ² jZkklhygb_ f_`^m ^\mfy qZklbpZfb/ f(r/a) ² nmgdpby LhfZkZ²N_jfb
>69@/ Z Z ² jZ^bmk wdjZgbjh\Zgby1 Ebg^oZj^ b khZ\lhju >5;@ ijbreb d lhfm
`_ kZfhfm aZdexq_gbx/ Z _^bgkl\_ggh_ hlebqb_ \ ^\mo dhg_qguo nhjfmeZo
^ey ihl_gpbZeZ kh^_j`Zehkv \ \ujZ`_gbb ^ey jZ^bmkZ wdjZgbjh\Zgby1 <u[hj
f_`^m jZ^bmkZfb wdjZgbjh\Zgby Nbjkh\Z b Ebg^oZj^Z g_ fh`_l [ulv fhlb-
\bjh\Zg dZdbfb0eb[h gZmqgufb Zj]mf_glZfb1 < ^Zgghc klZlv_ fu ijbf_f
ebg^oZj^h\kdbc jZ^bmk wdjZgbjh\Zgby/ dhlhjuc bf__l ke_^mxsbc \b^

]^_ a0=0,529
$

:  — [hjh\kdbc jZ^bmk1
2.2.2. Kl_i_ggh_ k_q_gb_ klhedgh\_gbc1 L_i_jv jZkkfhljbf ijhp_kk jZk0

k_ygby ^\mo qZklbp \ deZkkbq_kdhf ij_^klZ\e_gbb1 Fu h]jZgbqbfky kemqZ_f/
\ dhlhjhf m^Zjy_fZy qZklbpZ +F2, ihdhblky i_j_^ klhedgh\_gb_f \ eZ[hjZ-
lhjghc kbkl_f_1 ?keb N1 b N2 ² m]eu jZkk_ygby ^\mo qZklbp \ eZ[hjZlhjghc
kbkl_f_/ Z θ — m]he jZkk_gby \ kbkl_f_ p_gljZ fZkk/ khhlghr_gb_ f_`^m
gbfb fh`_l [ulv aZibkZgh nhjfmehc >6:@

< ijh[e_f_ ijhoh`^_gby qZklbp q_j_a \_s_kl\h b \ hkh[_gghklb \ h[eZklb
bamq_gby jZ^bZpbhgguo ih\j_`^_gbc \Z`ghc nbabq_kdhc \_ebqbghc y\ey-
_lky wg_j]by T/ i_j_^Z\Z_fZy i_j\bqghc qZklbp_c m^Zjy_fhfm Zlhfm1 Ijhklu_
jZkq_lu ihdZau\Zxl/ qlh kijZ\_^eb\h ke_^mxs__ khhlghr_gb_

DZ`_lky hq_\b^guf/ qlh \k_ hkgh\gu_ \_ebqbgu/ hij_^_eyxsb_ ijhp_kk jZk0
k_ygby/ fh]ml [ulv \ujZ`_gu q_j_a ba\_klguc m]he θ. D kh`Ze_gbx/ hkgh\gh_
\ujZ`_gb_ ^ey m]eZ jZkk_ygby θ ^ey kn_jbq_kdb kbff_ljbqgh]h ihl_gpbZeZ
g_ fh`_l [ulv jZkkqblZgh ZgZeblbq_kdb/ _keb jZkkfZljb\Z_lky wdjZgbjh\Zg0
guc dmehgh\kdbc ihl_gpbZe >6:/ 6;@1 Fh`gh ihemqblv g_dhlhju_ ihe_agu_
khhlghr_gby ijb fZeuo m]eZo jZkk_ygby1 < wlhf kemqZ_ fu fh`_f aZibkZlv
[28, 34]

]^_ µ — ijb\_^_ggZy fZkkZ/ υ ² kdhjhklv gZe_lZxs_c qZklbpu/ b — ijb0
p_evguc iZjZf_lj b z — dhhj^bgZlZ/ \ gZijZ\e_gbb dhlhjhc ^\b`_lky i_j0
\bqgZy qZklbpZ1

?keb fu ih^klZ\bf khhlghr_gb_ +5144, \ mjZ\g_gb_ +5149,/ lh ihemqbf >5;@
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]^_ \_ebqbgZ

gZau\Z_lky ^bZf_ljhf klhedgh\_gby [29]. f′ y\ey_lky ijhba\h^ghc hl f ih
ijbp_evghfm iZjZf_ljm1

?keb fu \\_^_f gh\mx i_j_f_ggmx

lh ihemqbf

]^_

Ke_^my Ebg^oZj^m >59 ² 5;@/ fu \\_^_f [_ajZaf_jgmx wg_j]_lbq_kdmx i_-
j_f_ggmx

b aZibr_f \ujZ`_gb_ +5153, \ \b^_

Ijhba\_^_gb_ θ b ε y\ey_lky nmgdpb_c lhevdh h^ghc i_j_f_gghc b/Z1
Wlh iha\hey_l gZf/ ijhba\h^y h[jZlgh_ ij_h[jZah\Zgb_/ ihemqblv ^bnn_j_g-
pbZevgh_ ihi_j_qgh_ k_q_gb_/ y\eyxs__ky nmgdpb_c lhevdh h^ghc i_j_f_g0
ghc/ b wlhl j_amevlZl kijZ\_^eb\ ^ey \k_o wdjZgbjh\Zgguo dmehgh\kdbo ih0
l_gpbZeh\1 Qbke_ggu_ jZkq_lu ihi_j_qgh]h k_q_gby fh`gh gZclb \ hjb]b-
gZevghc klZlv_ >5;@1 Ihkdhevdm fu bgl_j_km_fky ZgZeblbq_kdbfb \ujZ`_-
gbyfb/ fu ijh^he`bf baeh`_gb_/ \u[bjZy ke_^mxsmx nhjfm nmgdpbb
wdjZgbjh\Zgby >5;@

]^_ ks — dhgklZglZ/ a s = 1,2,..., ∞1 >ey wlh]h dhgdj_lgh]h \u[hjZ fu fh`_f
aZibkZlv \ujZ`_gb_ ^ey m]eZ jZkk_ygby \ ijhklhc nhjf_

k
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]^_ =+z,² ]ZffZ0nmgdpby Wce_jZ >6<@1
MjZ\g_gb_ +5158, iha\hey_l ihemqblv ZgZeblbq_kdbc \b^ ^bnn_j_gpb-

Zevgh]h k_q_gby dσ(θ) >_ckl\bl_evgh/ ih hij_^_e_gbx >6:@

b fu ihemqZ_f/ bkihevamy khhlghr_gb_ +5158,/

b/ aZibku\Zy q_j_a i_j_^Zggmx wg_j]bx

]^_

Ijb ihemq_gbb mjZ\g_gby +515<, fu bkihevah\Zeb khhlghr_gb_ +5148, \
ij_^_e_ fZeuo m]eh\ jZkk_ygby1

Khhlghr_gb_ +515<, gZau\Z_lky ebg^oZj^h\kdbf kl_i_gguf ihi_j_qguf
k_q_gb_f b/ ohly hgh [ueh ihemq_gh ^ey ^Ze_dbo klhedgh\_gbc +ijb[eb`_gb_
fZeuo m]eh\ jZkk_ygby,/ fh`gh ihdZaZlv/ qlh hgh ^hklZlhqgh dhjj_dlgh ^Z`_
^ey [ebadbo klhedgh\_gbc1 H[uqgh wlh kl_i_ggh_ k_q_gb_ bkihevam_lky \ nhj-
f_/ ij_^eh`_gghc Ab]fmg^hf >73@/

/G&+7,G 4
P 77( PP −−−=σ (2.31)

]^_
PP

PP D
H==

0
0D&

55
54

5

45 5
5 











= λπ

, (2.32)

k m=1/s1 < lZ[e1 I ihdZaZgu g_kdhevdh bkihevam_fuo agZ-
q_gbc dhgklZglu λm ^ey jZa0
ebqguo agZq_gbc m.

2.2.3. Ijhoh`^_gb_ qZklbp q_j_a
g_mihjy^hq_ggu_ fZl_jbZeu1 <

^Zgghc
klZlv_ fu lZd`_ ij_^iheh`bf/ qlh ^\b`_gb_ qZklbp/ ijhgbdZxsbo \ \_s_0
kl\h/ fh`_l [ulv Z^_d\Zlgh hibkZgh deZkkbq_kdhc f_oZgbdhc >5</ 6:@1 ?keb
fu lZd`_ ij_^iheh`bf/ qlh \k_ mijm]b_ klhedgh\_gby \ l\_j^hf l_e_ y\ey-
xlky iZjgufb/ lh]^Z/ lZd `_ dZd b \ ij_^u^msbo jZa^_eZo/ fu fh`_f ih0
emqblv \k_ hkgh\gu_ \_ebqbgu/ g_h[oh^bfu_ ^ey hibkZgby ijhp_kkZ jZkk_y0
gby1 Ke_^mxsbf rZ]hf y\ey_lky kha^Zgb_ l_hj_lbq_kdh]h ZiiZjZlZ/ hibku-
\Zxs_]h y^_jgu_ b we_dljhggu_ wg_j]_lbq_kdb_ ihl_jb1 Ijb aZf_^e_gbb qZ-
klbp \ \_s_kl\_ qZklbpu ij_^iheZ]Zxlky lhq_qgufb/ bkiulu\Zxsbfb
klhedgh\_gby \ khhl\_lkl\bb k hij_^_e_ggufb k_q_gbyfb1 LZdbf h[jZahf/
g_h[oh^bfh hij_^_eblv klZlbklbdm klhedgh\_gbc1 ;m^_f kqblZlv/ qlh \_jh-
ylghklv lh]h/ qlh qZklbpZ/ dhlhjZy aZf_^ey_lky \ l\_j^hf l_e_/ bkiulu\Z_l
klhedgh\_gb_ ijb ijhoh`^_gbb fZeh]h imlb ∆R ijhihjpbhgZevgZ ∆R b g_
aZ\bkbl hl ij_^u^ms_c bklhjbb qZklbpu1 LZdZy klZlbklbdZ klhedgh\_gbc

LZ[ebpZ I1 AgZq_gby λm ^ey jZaebqguo \_ebqbgm.
m 1 1/2 1/3 1/4 1/5 0
λm 0,5 0,327 1,309 1,4 2,92 24
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Z^_d\Zlgh hibku\Z_l aZf_^e_gb_ qZklbp \ g_mihjy^hq_gghf \_s_kl\_ b hl0
ghkblky d l_f fZl_jbZeZf/ dhlhju_ fu [m^_f jZkkfZljb\Zlv \ ^Zgghc klZlv_1
HibjZykv gZ ihke_^g__ ij_^iheh`_gb_/ fh`gh ihdZaZlv/ qlh \_jhylghklv bk-
iulZlv klhedgh\_gb_ qZklbp_/ ijhoh^ys_c imlv ∆R/ _klv

]^_ N — iehlghklv qbkeZ Zlhfh\ \ fbr_gb +Zlhf2kf3), dσ — ihi_j_qgh_
k_q_gb_/ oZjZdl_jbamxs__ \_jhylghklv klhedgh\_gby1

?keb ihi_j_qgh_ k_q_gb_ \ khhlghr_gbb +5166, y\ey_lky k_q_gb_f/ ^bn0
n_j_gpbZevguf ih i_j_^Zgghc wg_j]bb T/ lh kj_^gb_ wg_j]_lbq_kdb_ ihl_jb
qZklbpu \ mijm]bo klhedgh\_gbyo fh]ml [ulv \uqbke_gu ih nhjfme_ >5<@

>ey [_kdhg_qgh fZeh]h ijhc^_ggh]h imlb fu fh`_f aZibkZlv >59/ 5</ 73@

]^_

<ujZ`_gb_ +5169, ij_^klZ\ey_l k_q_gb_ y^_jgh]h lhjfh`_gby \ lh \j_fy/
dZd +5168, ² y^_jgh_ lhjfh`_gb_1 H[_ \_ebqbgu b]jZxl p_gljZevgmx jhev
\ kh\j_f_gguo l_hjbyo ijhoh`^_gby qZklbp q_j_a \_s_kl\h b/ hkh[_ggh/ \
h[eZklb gbadbo kdhjhkl_c1 H[_ \_ebqbgu bf_xl hlghr_gb_ d ijh[e_f_ mi-
jm]bo wg_j]_lbq_kdbo ihl_jv1

?keb fu \\_^_f \ nhjfmem +5168, kl_i_ggh_ k_q_gb_ +5164,/ lh fu ihemqbf >59/ 73@

:gZeh]bqgu_ ih^oh^u fh]ml [ulv jZa\blu b ^ey jZkkfhlj_gby we_dljhg0
guo wg_j]_lbq_kdbo ihl_jv1 >_ckl\bl_evgh/ _keb fu h[hagZqbf q_j_a dσe k_0
q_gb_/ ^bnn_j_gpbZevgh_ ih wg_j]bb ∑

L
LH7 / / i_j_^Zgghc we_dljhgghc ih^kb0

kl_f_ +dZ`^uc we_dljhg hij_^_e_g bg^_dkhf i,/ lh/ bkihevamy \ur_ijb\_0
^_ggmx ijhp_^mjm/ fu ihemqbf

]^_

Khhlghr_gb_ +516<, hij_^_ey_l we_dljhggh_ k_q_gb_ lhjfh`_gby/
Z +516;,² we_dljhggh_ lhjfh`_gb_1

Dhgdj_lgZy nhjfZ \ujZ`_gby k_q_gby we_dljhggh]h lhjfh`_gby aZ\bkbl
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hl lh]h/ \ dZdhc h[eZklb gZqZevguo kdhjhkl_c ijhba\h^blky jZkkfhlj_gb_ >74@1
< h[eZklb gbadbo kdhjhkl_c/ hij_^_ey_fhc g_jZ\_gkl\hf

]^_ υ0 ² kdhjhklv we_dljhgZ gZ i_j\hc [hjh\kdhc hj[bl_/ ihqlb \k_ l_hjbb
ij_^kdZau\Zxl >74@ ke_^mxsmx nhjfm \_ebqbgu Se

]^_ j ² qbkeh f_`^m 4 b 51 L_hjby Ebg^oZj^Z²RZjnnZ >75@/ dhlhjmx fu
[m^_f bkihevah\Zlv \ ^Zgghc klZlv_/ ^Z_l \_ebqbgm j/ jZ\gmx 4/ b dhwnnb0
pb_gl ijhihjpbhgZevghklb D=

]^_ ξe 
924

4=≈ . G_kfhljy gZ qZklh_ bkihevah\Zgb_ ijhihjpbhgZevghklb k_q_gby
we_dljhggh]h lhjfh`_gby gZqZevghc kdhjhklb/ ke_^m_l ih^q_jdgmlv/ qlh wdk0
i_jbf_glZevgh gZ[ex^Z_fZy aZ\bkbfhklv Se hl υ ke_^m_l wlhfm aZdhgm ebrv
ijb[ebabl_evgh1 L_hj_lbq_kdb_ j_amevlZlu [m^ml \k_]^Z bkdZ`_gu ba0aZ wlh0
]h ijb[eb`_gby1

Bkihevamy kh\f_klgh we_dljhggh_ b y^_jgh_ lhjfh`_gb_/ fu fh`_f aZ0
ibkZlv khhlghr_gb_

dhlhjh_ ohjhrh ^_fhgkljbjm_l hkgh\gh_ jZa^_e_gb_ gZ qZklb wg_j]_lbq_kdbo
we_dljhgguo b y^_jguo ihl_jv1 DZd m`_ h[km`^Zehkv/ ^\_ qZklb wg_j]_lbq_-
kdbo ihl_jv g_ y\eyxlky wd\b\Ze_glgufb \ l_hj_lbq_kdhf ZiiZjZl_ Ebg^0
oZj^Z/ ihkdhevdm k_q_gb_ we_dljhggh]h lhjfh`_gby \oh^bl \ l_hjbx dZd ^h0
[Z\hqguc qe_g/ \ lh \j_fy/ dZd \u[hj klZlbklbdb klhedgh\_gbc hij_^_ey_l
\b^ mjZ\g_gbc b kihkh[ \dexq_gby \ l_hjbx mijm]bo wg_j]_lbq_kdbo ihl_jv1
Wlhl Zki_dl [m^_l hk\_s_g \ ke_^mxs_f jZa^_e_ ^Zgghc ]eZ\u1

MjZ\g_gb_ +5176, lZd`_ iha\hey_l hp_gblv imlv R(E), ijhoh^bfuc qZk0
lbp_c ^h __ hklZgh\db \ \_s_kl\_1 >_ckl\bl_evgh/ fu fh`_f aZibkZlv >59/73@

Ijb Se  3 b bkihevah\Zgbb kl_i_ggh]h k_q_gby +5177, ihemqZ_f

>ey iheghlu ihgbfZgby b [hevr_c ykghklb ebg^oZj^h\kdh]h ih^oh^Z lj_-
[m_lky hagZdhfblv qblZl_ey k bgl_]jh0^bnn_j_gpbZevgufb mjZ\g_gbyfb >59/
5:@/ bkihevam_fufb ^ey hibkZgby ijhoh`^_gby Zlhfguo qZklbp k gbadhc
kdhjhklvx q_j_a \_s_kl\h1Fu gZqg_f k l_hjbb ijh[_]h\ [26, 40].

Kh]eZkgh ih^oh^m Ebg^oZj^Z fu \\_^_f jZkij_^_e_gb_ ijh[_]h\
J+?/ R) lZdbf h[jZahf/ qlh J+?/ R)dR ij_^klZ\ey_l \_jhylghklv lh]h/ qlh
bhg k gZqZevghc wg_j]b_c ? aZlhjfhablky ^h hklZgh\db ihke_ ijhoh`^_gby
imlb (R, dR). Fh`gh kmffbjh\Zlv Zj]mf_glu/ iha\heyxsb_ ihemqblv bgl_]0
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jh0^bnn_j_gpbZevgh_ mjZ\g_gb_ ^ey nmgdpbb J+?/ R) >59/ 5:@1 Ijbf_f/ qlh
wg_j]_lbq_kdb_ ihl_jb qZklbpu ihke_ ijhoh`^_gby imlb ijhbkoh^yl \ j_0
amevlZl_ i kemqZcguo klhedgh\_gbc> mjZ\g_gb_ [ZeZgkZ fh`_l [ulv aZibkZgh
\ ij_^iheh`_gbb/ qlh i klhedgh\_gbc fh]ml [ulv j_Zebah\Zgu ^\mfy jZa0
ebqgufb imlyfb= \h0i_j\uo/ ijhp_kk i klhedgh\_gbc fh`_l bf_lv f_klh ijb
ijhoh`^_gbb imlb R — ∆R, Z \h0\lhjuo/ qZklbpZ fh`_l bkiulZlv +n ² 4, klhe0
dgh\_gbc ijb ijhoh`^_gbb imlb R — ∆R, Z ihke_^g__ klhedgh\_gb_ \ hklZ\0
r_fky hlj_ad_ ∆R Ihkdhevdm h[_ kblmZpbb \hafh`gu/ mjZ\g_gb_ [ZeZgkZ
ijbgbfZ_l ke_^mxsmx nhjfm >26, 40]:

]^_ N∆Rdσn.e ² \_jhylghklv ijhp_kkZ klhedgh\_gby/ ijb dhlhjhf i_j_^Z_lky

wg_j]by ∑
L

LH7 / we_dljhgZf b wg_j]by L ² m^Zjy_fuf ZlhfZf1 Ihke_^gyy b^_l

gZ m\_ebq_gb_ dbg_lbq_kdhc wg_j]bb Zlhfh\1
< ij_^_e_ ∆R → 3 mjZ\g_gb_ +5179, ij_\jZsZ_lky \ ke_^mxs__

?keb dσ hibku\Z_l mijm]b_ klhedgh\_gby b dσe — khhl\_lkl\mxsb_ g_0
mijm]b_ klhedgh\_gby/ lh ij_^iheh`_gb_ h[ hlkmlkl\bb dhjj_eypbb f_`^m
mijm]bfb b g_mijm]bfb klhedgh\_gbyfb iha\hey_l ij_h[jZah\Zlv mjZ\g_gb_
+517:, \ ke_^mxsbc \b^

B hdhgqZl_evgh/ _keb fu ij_^iheh`bf/ qlh we_dljhggu_ wg_j]_lbq_kdb_
ihl_jb ∑

L
LH7 / / \k_]^Z fZeu ih kjZ\g_gbx k gZqZevghc wg_j]b_c b k mijm]bfb

wg_j]_lbq_kdbfb ihl_jyfb/ fu ihemqZ_f ohjhrh ba\_klgh_ bgl_]jh0^bnn_-
j_gpbZevgh_ mjZ\g_gb_ ^ey nmgdpbb J [26, 40]

MjZ\g_gb_ +517<, bf__l kljmdlmjm/ h dhlhjhc ]h\hjbehkv jZg__= we_dl-
jhggu_ ijhp_kku \oh^yl \ mjZ\g_gb_ lhevdh q_j_a k_q_gb_ lhjfh`_gby/ \ lh
\j_fy dZd klZlbklbdZ mijm]bo wg_j]_lbq_kdbo ihl_jv b jZkk_ygb_ hij_^_eyxl
nhjfm bgl_]jh0^bnn_j_gpbZevgh]h mjZ\g_gby1

MjZ\g_gb_ +517<, fh`_l [ulv j_r_gh ZgZeblbq_kdb >59/ 73@1 A^_kv fu
lhevdh h[km^bf hlghr_gb_ wlh]h mjZ\g_gby d khhlghr_gbx +5177,1

Ih hij_^_e_gbx/ jZkij_^_e_gb_ J+?/ R) ghjfbjh\Zgh ke_^mxsbf h[jZ0
ahf
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?keb fu \\_^_f ijhkljZgkl\_ggu_ fhf_glu jZkij_^_e_gby

mjZ\g_gb_ +517<, ij_\jZsZ_lky \ ke_^mxs__

>ey i  4 bkihevah\Zgb_ mjZ\g_gby +5183, iha\hey_l ihemqblv

]^_ ,+,+4 (5(5 =  — kj_^gbc ijh[_]1
HdhgqZl_evgh/ _keb L<<? fu ihemqZ_f lZdh_ j_r_gb_

Ihkdhevdm wlh j_r_gb_ iheghklvx ZgZeh]bqgh khhlghr_gbx +5177,/ fu ^_eZ_f
\u\h^/ qlh \ ijb[eb`_gbb ^Ze_dbo klhedgh\_gbc \_ebqbgZ R(E), hij_^_e_g0
gZy khhlghr_gb_f +5177,/ jZ\gZ kj_^g_fm ijh[_]m +kf1 +5187,,1

IjZdlbq_kdb/ ihe_aghc \_ebqbghc ^ey ihke_^mxs_]h h[km`^_gby y\ey-
_lky l_jy_fZy wg_j]by \ aZ\bkbfhklb hl ijhc^_ggh]h imlb/ dhlhjZy fh`_l
[ulv ihemq_gZ ba mjZ\g_gby +5187, \ kemqZ_ Se (E) = 0.

?keb E0 — gZqZevgZy wg_j]by qZklbpu/ ^\b`ms_cky \ l\_j^hf l_e_ ih
ijyfhc \ gZijZ\e_gbb hkb o/ lh khhlghr_gb_ f_`^m ijhc^_gguf iml_f o b
wg_j]b_c ?+o, ^ey lhqdb o fh`_l [ulv aZibkZgh dZd

IjbgbfZy \h \gbfZgb_ khhlghr_gb_ +5178,/ fu ihemqZ_f

< ij_^_e_ l → H

< mjZ\g_gbb +518:, nbabq_kdbc kfuke \_ebqbgu

aZdexqZ_lky \ lhf/ qlh wlh _klv kj_^gbc ijh[_] ^ey qZklbp/ ^\b`msboky k
hq_gv fZehc kdhjhklvx \ \_s_kl\_1 >_ckl\bl_evgh/ \ jZfdZo ebg^oZj^h\kdh]h
ih^oh^Z ^ey Se(E)  3 b kl_i_ggh]h k_q_gby ijhkljZgkl\_ggu_ fhf_glu bf_xl
ke_^mxsbc kd_cebg]=
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]^_ dhwnnbpb_gl ijhihjpbhgZevghklb aZ\bkbl lhevdh hl hlghr_gby M2/M1

b \_ebqbgu l1 >ey qZklbp/ ^\b`msboky ijb wg_j]byo ihjy^dZ wg_j]bb jZk0
iueyxsboky qZklbp +g_kdhevdh w<,/ ih^oh^ysbf agZq_gb_f ^ey \_ebqbgu
l ij_^iheZ]Z_lky >48@ agZq_gb_ l = 0.

>ey ^Zevg_crbo jZkq_lh\ g_h[oh^bfu ^\_ ke_^mxsb_ \_ebqbgu= kj_^gbc
ijh[_] b kj_^gbc ijh_dlb\guc ijh[_]1

Kms_kl\_ggh_ mkh\_jr_gkl\h\Zgb_ \ bamq_gbb ijhoh`^_gby f_^e_gguo
Zlhfguo qZklbp q_j_a \_s_kl\h fh`_l [ulv ijhba\_^_gh k ihfhsvx \\_^_gby
jZkij_^_e_gby lhq_d hklZgh\db/ aZf_^eyxsboky qZklbp >59/ 73@1 >_ckl\b-
l_evgh/ fu fh`_f hij_^_eblv >73@ nmgdpbx F(E, e, o, lZd/ qlh Fdx ij_^0
klZ\ey_l \_jhylghklv lh]h/ qlh bhg k gZqZevghc kdhjhklvx v = (E, H, ijb
o  3 hklZgh\blky gZ ]em[bg_ (o/ dx). ?keb ij_^iheh`blv/ qlh fbr_gv [_a0
]jZgbqgZ/ fu gZoh^bf >73@/ bkihevamy mjZ\g_gb_ [ZeZgkZ b lm `_ ijhp_^mjm/
qlh ijb\_^_gZ \ur_

]^_ θ — m]he f_`^m \_dlhjhf Y b gZijZ\e_gb_f ghjfZeb ih\_joghklb/ e1 —
_^bgbqguc \_dlhj/ hij_^_eyxsbc gZijZ\e_gb_ kdhjhklb jZkk_yggh]h bhgZ b

² ^bnn_j_gpbZevgh_ k_q_gb_ jZkk_ygby qZklbpu kh kdhjhklvx Y \ khklhygb_
kh kdhjhklvx (v1, d

3υ1). Mkeh\by ghjfbjh\db l_i_jv

?keb ijb jZkk_ygbb ij_^iheZ]Z_lky ZabfmlZevgZy kbff_ljby/ lh klZg0
^Zjlguc f_lh^ j_r_gby mjZ\g_gby +5193, hibjZ_lky gZ jZaeh`_gb_ ih iheb0
ghfZf E_`Zg^jZ m]eh\hc qZklb b gZoh`^_gb_ fhf_glh\ ijhkljZgkl\_ggh]h
jZkij_^_e_gby ih imlb >76@1 Ba mjZ\g_gby ^ey i_j\h]h fhf_glZ

dhlhjh_ hij_^_ey_l kj_^gbc ijh[_]/ fu fh`_f gZclb ke_^mxs__ mjZ\g_gb_ ^ey
ijh_dlb\gh]h ijh[_]Z Rp(E)

Khhlghr_gb_ f_`^m ^\mfy ihke_^gbfb \_ebqbgZfb

>ey Se(E) = 3 b kl_i_ggh]h k_q_gby j_r_gb_ ^ey ijh_dlb\gh]h ijh[_]Z fh`_l
[ulv aZibkZgh dZd
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]^_ :p aZ\bkbl lhevdh hl hlghr_gby F22F1 b l1 Hlghr_gb_ Rp(E)/ ,+(5 ,

dhlhjh_ aZ\bkbl lhevdh hl hlghr_gby F22F1 b hl l/ gZau\Z_lky dhjj_dlb-
jh\dhc ijh[_]Z1 GZ jbk1 5 ihdZaZgu iZjZf_lju ijhoh`^_gby qZklbp/ hibkZg0
gu_ \ ^Zgghf jZa^_e_1 ;he__ ih^jh[gh_ baeh`_gb_ l_hj_lbq_kdh]h ih^oh^Z
Ebg^oZj^Z fh`_l [ulv gZc^_gh \ hjb]bgZevguo klZlvyo >59 ² 5;@ +kf1 lZd`_
[40, 43, 44]).

2.3. L_hjby ;jZg^lZ b EZm[_jlZ 1 L_hjby jZkiue_gby/ ij_^0
klZ\e_ggZy \ 4<9: ]1 ;jZg^lhf b EZm[_jlhf >78@/ [ueZ i_j\hc ihiuldhc bk0
ihevah\Zgby g_dhlhjuo ebg^oZj^h\kdbo dhgp_ipbc \ jZkiue_gbb1 HgZ/ h^0
gZdh/ hkgh\u\ZeZkv gZ lZdhf `_ ih^oh^_/ qlh b l_hjby D_c\_eeZ +ihegh_
jZa^_e_gb_ f_`^m nmgdpb_c/ hibku\Zxs_c kf_s_ggu_ Zlhfu/ b nmgdpb_c/
hibku\Zxs_c wfbkkbx Zlhfh\ ba fbr_gb,1 MihfbgZgb_ \ wlhc klZlv_ l_hjbb
;jZg^lZ b EZm[_jlZ \ua\Zgh ke_^mxsbfb ijbqbgZfb= ohly bo ih^oh^ hdZaZeky
kebrdhf ijhkluf ih kjZ\g_gbx k ihke_^mxsbfb l_hjbyfb/ hgb ^hdZaZeb/
qlh bkihevah\Zgb_ ^Z`_ qZklb ebg^oZj^h\kdbo dhgp_ipbc/ fh`_l ^hklZlhqgh
memqrblv g_dhlhju_ j_amevlZlu [he__ ijhjZ[hlZgguo l_hjbc1 >_ckl\bl_ev-
gh/ ihemq_ggZy bfb nhjfmeZ ^ey dhwnnbpb_glZ jZkiue_gby lZdh\Z

]^_ θi — m]he f_`^m gZijZ\e_gb_f ^\b`_gby i_j\bqghc qZklbpu b \g_rg_c
ghjfZevx ih\_joghklb/ l0 0 dhgklZglZ/ oZjZdl_jbamxsZy fZl_jbZe fbr_gb/
?d — wg_j]by kf_s_gby/ g — nmgdpby/ mqblu\ZxsZy we_dljhggu_ \ha[m`-
^_gby ^ey wg_j]_lbq_kdbo ihl_jv/ f ² nmgdpby [_ajZaf_jghc i_j_f_gghc

GZb[he__ hlghkysbfky d ^_em j_amevlZlhf l_hjbb ;jZg^lZ b EZm[_jlZ y\-
ey_lky bo \u\h^ h ijhihjpbhgZevghklb dhwnnbpb_glZ jZkiue_gby y^_jghfm
lhjfh`_gbx1 Wlhl j_amevlZl y\ey_lky h[sbf k j_amevlZlZfb [he__ ZddmjZl0
guo l_hjbc[15—17] b ohjhrh ^hdZaZg ijb khhl\_lkl\mxsbo nbabq_kdbo
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mkeh\byo fgh]bfb wdki_jbf_glZfb >79@1 < kemqZ_ ij_g_[j_`_gby we_dljhg0
gufb ihl_jyfb wg_j]bb mjZ\g_gb_ +519:, i_j_oh^bl \ ke_^mxs__

< wlhf \b^_ dhwnnbpb_gl jZkiue_gby gZb[he__ m^h[_g ^ey ihke_^mxs_]h
kjZ\g_gby1 >ZggZy h[sZy nhjfZ dhwnnbpb_glZ jZkiue_gby/ dhlhjZy d lhfm
`_ dhjj_dlgh ihemq_gZ/ ohjhrh ih^oh^bl ^ey khihklZ\e_gby jZkq_lh\ kh fgh-
]bfb wdki_jbf_glZevgufb ^Zggufb1 A^_kv fu ih^q_jdb\Z_f/ qlh \ h[eZklb
fZeuo kdhjhkl_c b g_ ^ey e_]dbo bhgh\/ l1_1 dh]^Z we_dljhggu_ ihl_jb wg_j]bb
ij_g_[j_`bfu/ dhwnnbpb_gl jZkiue_gby ijhihjpbhgZe_g y^_jghfm lhjfh-
`_gbx b g_dhlhjhc mgb\_jkZevghc nmgdpbb1

2.4. L_hjby Ab]fmg^Z 1 L_hjby Ab]fmg^Z/ lZd `_ dZd b l_hjby =Zj-
jbkhgZ/ hkgh\ZgZ gZ khhl\_lkl\mxs_f ebg_cghf ljZgkihjlghf mjZ\g_gbb
;hevpfZgZ1 L_f g_ f_g__/ kjZ\g_gb_ f_`^m wlbfb ^\mfy l_hjbyfb g_ fh`_l
[ulv ijhba\_^_gh ^Zevr_1 >_ckl\bl_evgh/ ohly =Zjjbkhg Z^Zilbjh\Ze g_cl-
jhggmx ^bnnmabhggmx l_hjbx ^ey jZkkfhlj_gby y\e_gby jZkiue_gby b bk0
ihevah\Ze ijyfmx nhjfm ebg_cgh]h [hevpfZgh\kdh]h ljZgkihjlgh]h mjZ\g_0
gby/ Ab]fmg^ g_ihkj_^kl\_ggh aZibkZe hkgh\gu_ mjZ\g_gby \ h[jZs_gghf
\b^_1 LjZgkihjlgu_ mjZ\g_gby Ab]fmg^Z g_ bf_xl g_ebg_cgh]h ZgZeh]Z >7:@
b m^h[gu ^ey ihegh]h bkihevah\Zgby l_hj_lbq_kdh]h ZiiZjZlZ Ebg^oZj^Z1 Wlh
ihke_^g__ k\hckl\h iha\hebeh l_hjbb ^Zlv lZd`_ ZgZeblbq_kdb_ j_amevlZlu1

<ke_^kl\b_ p_gljZevgh]h iheh`_gby l_hjbb Ab]fmg^Z \ jy^m l_hjbc jZk0
iue_gby fgh]b_ Zki_dlu __ fh]ml [ulv gZc^_gu \ g_kdhevdbo h[ahjguo klZlv0
yo +bamq_gb_ hjb]bgZevguo klZl_c lZd`_ fh`_l [ulv ihe_aguf b kem`blv
bklhqgbdhf mdZaZgbc gZ g_dhlhju_ \hijhku jZkiue_gby (7*),1 < ^Zgghf jZa0
^_e_ fu h[km^bf lhevdh dhwnnbpb_gl jZkiue_gby \ hlghr_gbb _]h d \u\h^Zf
ij_^u^msbo Z\lhjh\1 >Zevg_crb_ h[km`^_gby fh]ml [ulv gZc^_gu \ ke_^m0
xs_c ]eZ\_ klZlvb1

Hkgh\ghc \_ebqbghc ljZgkihjlghc l_hjbb Ab]fmg^Z y\ey_lky nmgdpby
jZkij_^_e_gby G(r, υ, υ0, t) dhlhjZy hij_^_ey_l iehlghklv ^\b`msboky Zlh-
fh\ \ j_Zevghf ijhkljZgkl\_ r b \ ijhkljZgkl\_ kdhjhkl_c υ0. ;he__ lhqgh/
\_ebqbgZ Gd3υ0dx ij_^klZ\ey_l kj_^g__ qbkeh Zlhfh\/ ^\b`msboky \ fhf_gl
\j_f_gb t \ keh_ +x, dx) kh kdhjhklvx (v0, d3υ0), _keb \ fhf_gl \j_f_gb
t = 0 g_dhlhjuc Zlhf gZqZe ^\b`_gb_ gZ iehkdhklb o  3 +ijb agZq_gbb
o  3 ij_^iheZ]Z_lky gZebqb_ ih\_joghklb,1 Ihkdhevdm qbkeh Zlhfh\ kh kdh-
jhklvx (v0, d3υ0), ijhoh^ysbo q_j_a iehkdhklv o \ bgl_j\Ze \j_f_gb dt, ^Z_lky
khhlghr_gb_f

]^_ υ0x _klv x ² dhfihg_glZ \_dlhjZ kdhjhklb υ0/ lh dhwnnbpb_gl jZkiue_gby
fh`_l [ulv aZibkZg dZd

Bgl_]jbjh\Zgb_ ih kdhjhklb Zlhfh\ hl^Zqb jZkijhkljZg_gh gZ \k_ agZq_gby
kdhjhkl_c/ bf_xsbo hljbpZl_evgmx dhfihg_glm/ ^hklZlhqgh [hevrmx ^ey
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lh]h/ qlh[u ij_h^he_lv ih\_joghklgu_ kbeu k\yab1 >ey [_kdhg_qghc fbr_gb
b \ ijb[eb`_gbb bahljhiguo ihlhdh\ Zlhfh\ \ujZ`_gb_ Ab]fmg^Z ^ey dh0
wnnbpb_glZ jZkiue_gby \u]ey^bl ke_^mxsbf h[jZahf

]^_ = ² dhgklZglZ/ jZ\gZy 3/93;/ FDdx — kj_^gyy wg_j]by/ i_j_^ZggZy ZlhfZf
hl^Zqb gZ ]em[bg_ (x, dx) i_j\bqguf bhghf k gZqZevghc wg_j]b_c ? b gZ0
qZevguf gZijZ\e_gb_f _ >76@/ U — \ukhlZ iehkdh]h ih\_joghklgh]h ihl_g0
pbZevgh]h [Zjv_jZ> djhf_ lh]h/ K0 ² dhgklZglZ kl_i_ggh]h k_q_gby ^ey

m  3 iheZ]ZeZkv jZ\ghc 4/;3;
$

:  [15].
>ey lh]h qlh[u ijhba\_klb kjZ\g_gb_ khhlghr_gby +51:5, k ij_^u^msbfb

l_hjbyfb [he__ ykgh/ fu aZibr_f nmgdpbx FD ^ey kemqZy/ dh]^Z gZqZevguc
bhg iZ^Z_l gZ fbr_gv ih ghjfZeb/ Z mijm]b_ wg_j]_lbq_kdb_ ihl_jb y\eyxlky
^hfbgbjmxsbfb=

]^_ Z² iZjZf_lj/ aZ\bkysbc lhevdh hl P bM2/M1.

< wlhf kemqZ_/ dZd b \ l_hjbb ;jZg^lZ b EZm[_jlZ/ dhwnnbpb_gl jZkiu-
e_gby ijhihjpbhgZe_g y^_jghfm lhjfh`_gbx1 H^gZdh lZd `_ b \ wlhf kemqZ_
kjZ\g_gb_ g_ fh`_l [ulv jZkijhkljZg_gh ^Zevr_1 >ey ihgbfZgby hkgh\guo
jZaebqbc f_`^m wlbfb ^\mfy ih^oh^Zfb fu h[km^bf aZ\bkbfhklv dhwnnb-
pb_glZ jZkiue_gby hl m]eZ iZ^_gby bhgZ1 < jZfdZo ebg_cghc dZkdZ^ghc l_0
hjbb y\e_gby jZkiue_gby ijhklu_ khh[jZ`_gby/ hkgh\Zggu_ gZ bkihevah\Z0
gbb ijh[_]h\/ dZd wlh [ueh k^_eZgh \ l_hjbb ;jZg^lZ b EZm[_jlZ/ \_^ml d
aZ\bkbfhklb 1/cosθi. hl m]eZ iZ^_gby1 Wlhl j_amevlZl/ ijbf_gbfuc lhevdh
^ey kemqZy M1 << M2, hkgh\Zg gZ ij_^iheh`_gbb/ qlh \u^_e_ggZy \ \_s_kl\_
wg_j]by \ j_amevlZl_ i_j\uo klhedgh\_gbc +ijyfh_ klhedgh\_gb_ bhgZ k Zlh-
fhf fbr_gb,/ g_ mghkblky hl ljZ_dlhjbb qZklbpu [ukljufb ZlhfZfb hl^Zqb1
Ihkdhevdm Zlhfu hl^Zqb fh]ml bf_lv agZqbl_evgu_ ijh[_]b/ ykgh/ qlh aZf_gZ
\_ebqbgu FD \_ebqbghc Sn g_ \hafh`gZ \ h[s_f kemqZ_1

IjhihjpbhgZevghklv dhwnnbpb_glZ jZkiue_gby nmgdpbb FD lZd`_ y\-
ey_lky emqrbf ^hdZaZl_evkl\hf kbevghc k\yab f_`^m ljZgkihjlguf b klhe0
dgh\bl_evguf ih^oh^Zfb d jZkkfhlj_gbx y\e_gby jZkiue_gby= ohly FD y\0
ey_lky lbibqghc nmgdpb_c ^_n_dlh\/ hgZ ihy\ey_lky \ ljZgkihjlghf mjZ\0
g_gbb1 Wlh gZ\h^bl gZ fukev/ qlh g_aZ\bkbfh hl gZqZevgh]h ih^oh^Z d jZk0
iue_gbx/ eb[h \ ljZgkihjlghc/ eb[h \ klhedgh\bl_evghc nhjfmebjh\d_/ ijb
h^bgZdh\uo nbabq_kdbo mkeh\byo ^he`_g [ulv ihemq_g h^bg b lhl `_ j_0
amevlZl1 B [he__ \Z`gh ^ey ^Zevg_cr_]h bkke_^h\Zgby/ qlh \ h[eZklb ijb0
f_gbfhklb j_amevlZlh\ Ab]fmg^Z ^jm]b_ klhedgh\bl_evgu_ l_hjbb jZkiue_0
gby ^he`gu \hkijhba\_klb j_amevlZlu ljZgkihjlgh]h ih^oh^Z Ab]fmg^Z1

<hafh`gu_ mkh\_jr_gkl\h\Zgby l_hjbb Ab]fmg^Z k\yaZgu k l_ogbq_kdb0
fb \hijhkZfb b h[km`^Zebkv kZfbf Z\lhjhf l_hjbb >7:/ 7;@1 Bamq_gb_ jheb
ih\_joghklb \ y\e_gbb dZ`_lky bklhjbq_kdb h[mkeh\e_gguf1 Ih^oh^ Ab]-
fmg^Z hljZ`Z_l ebg^oZj^h\kdb_ ihkljh_gby/ dhlhju_ hjb_glbjh\Zgu lhevdh
gZ \hijhku ijhoh`^_gby qZklbp q_j_a \_s_kl\h1 :lhfu hl^Zqb/ dhlhju_ [m^ml
jZkiue_gu/ b Zlhfu hl^Zqb/ dhlhju_ ^\b`mlky \ h[t_f_/ ih^qbgyxlky h^ghc
b lhc `_ nbabd_= ]em[bgZ aZjh`^_gby jZkiuey_fuo Zlhfh\ k\yaZgZ \ bgl_j-
ij_lZpbb Ab]fmg^Z k ijh[_]hf f_^e_gguo qZklbp \ \_s_kl\_1 < ke_^mxsbo
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]eZ\Zo fu ihdZ`_f/ qlh ijZ\bevgZy bgl_jij_lZpby jheb ih\_joghklb \ jZk0
iue_gbb fh`_l mkljZgblv g_dhlhju_ g_^hjZamf_gby ljZgkihjlghc nhjfmeb0
jh\db b jZa\blv gh\u_ b^_b \ bamq_gbb y\e_gby jZkiue_gby1

2.5. Lhfikhgh\kdbc wg_j]_lbq_kdbc ki_dlj 1 >ey h[tykg_-
gby k\hbo ibhg_jkdbo wdki_jbf_glh\ ih bamq_gbx wg_j]_lbq_kdbo ki_dljh\
jZkiue_gguo qZklbp Lhfikhg \ 4<9; ]1 jZa\be klhedgh\bl_evgmx l_hjbx jZk0
iue_gby >47@1 < jZfdZo _]h nhjfmebjh\db b k bkihevah\Zgb_f kbkl_fu h[ha0
gZq_gbc >49@/ m^h[ghc ^ey ^Zevg_crbo h[km`^_gbc/ wg_j]_lbq_kdbc ki_dlj
jZkiue_gguo qZklbp fh`_l [ulv aZibkZg lZd=

]^_ ?1 —wg_j]by jZkiue_gguo qZklbp1
=eZ\gu_ oZjZdl_jbklbdb wlh]h ki_dljZ e_]dh \u^_eyxlky1 Ki_dlj ^Z_l

iheh`_gb_ fZdkbfmfZ ?p/ dhlhjh_ aZ\bkbl lhevdh hl \_ebqbgu ih\_joghklghc
wg_j]bb k\yab U

>ey ?1 >> U ki_dlj LhfikhgZ ^Z_l wg_j]_lbq_kdmx aZ\bkbfhklv h[jZlgh ijh0
ihjpbhgZevgmx d\Z^jZlm wg_j]bb b wlZ aZ\bkbfhklv \ agZqbl_evghc kl_i_gb
\hkijhba\h^bl wg_j]_lbq_kdh_ jZkij_^_e_gb_ Zlhfh\ hl^Zqb \ ebg_cghf klhe0
dgh\bl_evghf dZkdZ^_ >73@1 Djhf_ lh]h/ nhjfZ ih\_joghklgh]h ihl_gpbZev-
gh]h [Zjv_jZ/ dZd b \ l_hjbb Ab]fmg^Z/ ij_^iheZ]ZeZkv iehkdhc1

HdhgqZl_evgh/ wg_j]_lbq_kdbc ki_dlj LhfikhgZ k\yaZg k ab]fmg^h\kdbf
dhwnnbpb_glhf jZkiue_gby ohjhrh ba\_klguf khhlghr_gb_f

Mqblu\Zy ihke_^g__ khhlghr_gb_ fu [m^_f kkueZlvky gZ ljZgkihjlgmx l_0
hjbx dZd gZ l_hjbx Ab]fmg^Z²LhfikhgZ1 H^gZdh fu ohlbf ih^q_jdgmlv/
qlh ^\Z ih^oh^Z [ueb jZajZ[hlZgu k bkihevah\Zgb_f jZaebqguo ijb[eb`_gbc
+ljZgkihjlgh]h b klhedgh\bl_evgh]h ijb[eb`_gbc,/ ohly hgb hlghkylky d h^0
ghc b lhc `_ nbabq_kdhc kblmZpbb1

2.6. “Ih^hajbl_evguc” g_^hklZlhd 1 DZd mihfbgZehkv \h \\_0
^_gbb/ qbkeh hjb]bgZevguo jZ[hl beb h[ahjh\/ dZkZxsboky y\e_gby jZkiu0
e_gby/ \_kvfZ agZqbl_evgh1 H^gZdh/ bkdexqZy h[ahj D_eeb >45@ beb [he__
kh\j_f_gguc ² WdrlZcgZ >7<](8*) ijh[e_fZ gZoh`^_gby l_hj_lbq_kdh]h \u0
jZ`_gby ^ey kj_^g_c wg_j]bb jZkiue_gguo Zlhfh\ 4( \ jZfdZo l_hjbb Ab]0
fmg^Z²LhfikhgZ gbdh]^Z g_ [ueZ j_r_gZ >53@1 >_ckl\bl_evgh/ q_j_a ^\Z
^_kylbe_lby ihke_ him[ebdh\Zgby l_hjbb hlkmlkl\m_l \ul_dZxs__ ba ljZgk0
ihjlghc l_hjbb \ujZ`_gb_ ^ey 4( . <a]eyg_f [he__ ijbklZevgh gZ ijbqbgu1
< ijbgpbi_/ g_l gbq_]h keh`gh]h \ hij_^_e_gbb kj_^g_c wg_j]bb jZkiue_gguo
Zlhfh\ \ l_hjbb Ab]fmg^Z²LhfikhgZ1 Bkihevamy khhlghr_gb_ +51:9,/ fu ih0
emqZ_f
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H^gZdh [_]euc \a]ey^ gZ \ujZ`_gb_ +51::, ihdZau\Z_l/ qlh kj_^gyy wg_j]by
a^_kv g_ fh`_l [ulv jZkkqblZgZ/ ihkdhevdm bgl_]jZe jZkoh^blky1

< ke_^mxs_f jZa^_e_ fu ihdZ`_f/ qlh wlZ ijh[e_fZ fh`_l [ulv j_r_gZ
dhjj_dlgh lhevdh k ihfhsvx [he__ lhqgh]h mq_lZ ih\_joghklb \ fh^_eb jZk0
iue_gby1

61 JZkiue_gb_ dZd ih\_joghklgh_ y\e_gb_

< ihke_^gb_ ]h^u jy^ wdki_jbf_glh\ >83 ² 88@ [ue gZp_e_g gZ ihemq_gb_
[he__ lhqghc bgnhjfZpbb h ]em[bg_ aZjh`^_gby jZkiue_gguo qZklbp1 WlZ
\_ebqbgZ b]jZ_l \Z`gmx jhev \ fh^_ebjh\Zgbb fgh]hdjZlguo \aZbfh^_ckl\bc
b [bgZjguo khm^Zj_gbc >44/46/ 89 ² 8;@/ Z lZd`_ ijb jZkkfhlj_gbb m]eh\h]h
jZkij_^_e_gby Zlhfh\/ jZkiue_gguo ba k_]j_]bjh\Zgguo kieZ\h\ >8< ² 96@1
L_hj_lbq_kdZy nhjfmebjh\dZ ijh[e_fu jZkiue_gby/ dhlhjZy kh^_j`bl lhq-
gmx bgnhjfZpbx h ]em[bg_ aZjh`^_gby jZkiue_gguo qZklbp/ \i_j\u_ [ueZ
ij_^eh`_gZ lhevdh \ 4<;4 ]1 NZevdhg_ b Ab]fmg^hf >49@1 < ^Zgghc ]eZ\_ fu
h[km^bf wlm l_hjbx b ijhba\_^_ggu_ fh^bnbdZpbb/ k ihfhsvx dhlhjuo \
i_j\hgZqZevguc ih^oh^ [ueb \dexq_gu ijZ\bevgu_ ij_^klZ\e_gby h jheb
ih\_joghklb \ jZkiue_gbb1

3.1. L_hjby NZevdhg_ b Ab]fmg^Z 1 Ijb hibkZgbb f_oZgbafZ
jZkiue_gby fu q_ldh \u^_ebf ^\Z wlZiZ1 GZ i_j\hf rZ]_ hibku\Z_lky ijhp_kk
i_j_^Zqb wg_j]bb b bfimevkZ hl i_j\bqghc qZklbpu ZlhfZf fbr_gb b/ lZdbf
h[jZahf/ ijhp_kk ]_g_jZpbb kf_s_gguo Zlhfh\1 GZ \lhjhf rZ]_ qZklv kf_-
s_gguo Zlhfh\ ijb hij_^_e_gguo mkeh\byo ihdb^Z_l ih\_joghklv1 GZb[he__
h[sbc ih^oh^ d l_hj_lbq_kdhfm bamq_gbx jZkiue_gby/ \ dhlhjhf ij_^iheZ-
]Z_lky q_ldh_ jZa^_e_gb_ wlbo ^\mo rZ]h\ ijb jZkkfhlj_gbb/ kh^_j`blky \
jZ[hl_ NZevdhg_ b Ab]fmg^Z >49@1

Ke_^my wlbf Z\lhjZf/ ijbf_f/ qlh dh]^Z i_j\bqgZy qZklbpZ/ klZjlmxsZy
k iehkdhklb o 3 k wg_j]b_c ? \ gZijZ\e_gbb e, ijhgbdZ_l \ l\_j^hl_evgmx
fbr_gv/ hgZ ]_g_jbjm_l ebg_cguc dZkdZ^ klhedgh\_gbc/ ijb wlhf fh`gh hi0
j_^_eblv nmgdpbx D(E, e, E0, e0, x,1 LZdmx/ qlh DdxdE0d2e0 _klv kj_^g__ qbk-
eh Zlhfh\ fbr_gb/ \h\e_q_gguo \ ^\b`_gb_ i_j\bqghc qZklbp_c/ ijhr_^r_c
imlv +x, dx) k gZqZevghc wg_j]b_c +E0,dE0, \ m]eh\hf bgl_j\Ze_ +e0, d2e0).
Fu gZah\_f wlm nmgdpbx nmgdpb_c ih\j_`^_gbc1

Djhf_ lh]h/ _keb fu hij_^_ebf \_ebqbghc 4
5

44433 G,/>/H/+ HG(H([(3  \_0

jhylghklv lh]h/ qlh Zlhf dZkdZ^Z +E0, e0, x) \ue_lbl k ih\_joghklb k wg_j]b_c
(E1, dE1) m]eh\hf bgl_j\Ze_ +_1, d2e1), lh ^\hcgh_ ^bnn_j_gpbZevgh_ jZk0
ij_^_e_gb_ jZkiue_gguo qZklbp fh`_l [ulv aZibkZgh ke_^mxsbf h[jZahf

Fu gZah\_f nmgdpbx J ² nmgdpb_c \uoh^Z1 Ba khhlghr_gby +614, dhwnnb-
pb_gl jZkiue_gby fh`_l [ulv ihemq_g k ihfhsvx ke_^mxs_]h bgl_]jZeZ

∫= ,/+ 444
5

4 H(-HGG(< . (3.2)

Ihkdhevdm khhlghr_gb_ +614, ih kms_kl\m wd\b\Ze_glgh ebg_cghfm ljZgk0
ihjlghfm mjZ\g_gbx >97@/ ij_^iheh`_gb_/ qlh khhlghr_gb_ +614, fh`_l hib0
ku\Zlv y\e_gb_ jZkiue_gby wd\b\Ze_glgh ij_^iheh`_gbx/ qlh y\e_gb_ fh`_l
[ulv hibkZgh khhl\_lkl\mxsbf ebg_cguf ljZgkihjlguf mjZ\g_gb_f1 Ihke_
lh]h/ dZd ihemq_gh khhlghr_gb_ +614,/ \hagbdZ_l ijh[e_fZ hij_^_e_gby Z^_d0
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\Zlguo \ujZ`_gbc ^ey D b J1 < jZ[hl_ >49@ ^ey hibkZgby jZkiue_gby \ h[eZklb
ijbf_gbfhklb l_hjbb Ab]fmg^Z²LhfikhgZ Z\lhju ij_^eh`beb ^ey D b J
ke_^mxsb_ \ujZ`_gby=

]^_ 333 // χθ( ² khhl\_lkl\_ggh wg_j]by/ iheyjguc b ZabfmlZevguc m]eu
hlghkbl_evgh ghjfZeb ih\_joghklb/ ZlhfZ fbr_gb/ ijbr_^r_]h \ ^\b`_gb_
gZ ]em[bg_ (x, dx), a 444 // χθ( ² khhl\_lkl\mxsb_ \_ebqbgu gZ ih\_joghklb>
δ ² ^_evlZ0nmgdpby >bjZdZ1

<ujZ`_gb_ ^ey nmgdpbb D \ nhjf_ khhlghr_gby +616, [ueh ihemq_gh
Ab]fmg^hf >48/ 77@ b ij_^klZ\ey_l ohjhrh ba\_klguc j_amevlZl ebg_cghc
dZkdZ^ghc l_hjbb/ dh]^Z bkihevam_lky kl_i_ggh_ k_q_gb_1 Hkgh\ghc kihkh[
gZoh`^_gby wlhc nmgdpbb/ Z bf_ggh ² ihbkd Zkbfilhlbq_kdh]h j_r_gby
mjZ\g_gby [ZeZgkZ ² [ue jZa\bl [eZ]h^Zjy Jh[bgkhgm >98@1 < ijbeh`_gbb
: fu \u\_eb hkgh\gh_ mjZ\g_gb_ b ihemqbeb g_dhlhju_ j_r_gby/ ^Zxsb_
D.

<ujZ`_gb_ +617, \ ijhlb\hiheh`ghklv wlhfm hkgh\Zgh gZ bkihevah\Zgbb
khhlghr_gby +518:,/ Z bf_ggh/ hgh hkgh\Zgh gZ ij_^iheh`_gbb/ qlh ^\b`_gb_
ZlhfZ hl^Zqb i_j_^ jZkiue_gb_f ijhbkoh^bl \^hev ijyfhc ebgbb/ b/ lZdbf
h[jZahf/ Zlhf hl^Zqb g_ij_ju\gh l_jy_l wg_j]bx \ ijhp_kk_ k\h_]h ^\b`_gby
d ih\_joghklb1

?keb ^h[Z\ey_lky ij_^iheh`_gb_ h gZebqbb iehkdh]h ih\_joghklgh]h ih0
l_gpbZevgh]h [Zjv_jZ/ lh khhlghr_gb_ +617, ^ey J klZgh\blky lZdbf

Khhlghr_gby +614, ² +618, iha\heyxl ihemqblv ke_^mxs__ \ujZ`_gb_ ^ey
dhwnnbpb_glZ jZkiue_gby

]^_

— bgl_]jZevgZy ihdZaZl_evgZy nmgdpby >6<@1 >ey lhqgh]h ihemq_gby ab]-
fmg^h\kdhc nhjfmeu dhwnnbpb_glZ jZkiue_gby ba khhlghr_gby +619, fu
^he`gu ij_g_[j_qv aZ\bkbfhklvx FD hl imlb b iheh`blv >49@
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Wlh ijb[eb`_gb_/ dhg_qgh/ g_ y\ey_lky h[yaZl_evguf ^ey \u\h^Z [he__ h[sbo
nhjfme dhwnnbpb_glZ jZkiue_gby/ l_f g_ f_g__ _]h ijbf_gbfhklv ^ey jZk0
q_lZ dhwnnbpb_glh\ jZkiue_gby gZ^_`gh mklZgh\e_gZ= dhwnnbpb_gl jZkiu0
e_gby hij_^_ey_lky wg_j]b_c/ \u^_e_gghc \[ebab ih\_joghklb1

< jZfdZo wlh]h ijb[eb`_gby \ur_ijb\_^_ggZy nhjfmeZ iha\hey_l lZd`_
ihemqblv lhfikhgh\kdbc wg_j]_lbq_kdbc ki_dlj >49@1 B/ gZdhg_p/ ba nhjfmeu
+619, fh`_l [ulv ihemq_g kj_^gbc ijh[_] jZkiue_gguo Zlhfh\

Ba jZaebqguo ijbf_g_gbc wlhc l_hjbb fu mihfyg_f lhevdh jZkijhkljZg_gb_
__ gZ kemqZc keh`guo fbr_g_c >99 @ b jZkkfhlj_gb_ y\e_gby k_]j_]Zpbb >9: @1

3.2. Ih\_joghklguc oZjZdl_j ijhp_kkZ jZkiue_gby 1
< ij_^u^ms_f jZa^_e_ [ueh kdZaZgh/ qlh ijb ihemq_gbb \ujZ`_gby ^ey J
fu ijbgyeb ij_^iheh`_gb_ h lhf/ qlh Zlhfu dZkdZ^Z i_j_^ jZkiue_gb_f
l_jyxl k\hx wg_j]bx g_ij_ju\gh1 H^gZdh ohjhrh ba\_klgh >59 ² 5;@/ qlh
mijm]b_ wg_j]_lbq_kdb_ ihl_jb ijb gbadbo kdhjhklyo ijhbkoh^yl/ ih kms_-
kl\m/ kemqZcguf h[jZahf1 ;he__ lh]h/ ijb hij_^_e_gbb J ij_^iheZ]Zehkv/
qlh Zlhfu dZkdZ^Z i_j_^ jZkiue_gb_f ^\b`mlky ih ijyfhc ebgbb +Z\lhju
jZ[hlu >79@ ih^^_j`Zeb wlh ij_^iheh`_gb_/ aZf_lb\/ qlh ^ey h^ghjh^gh]h
b bahljhigh]h bklhqgbdZ/ ZgZeh]bqgh]h bklhqgbdm/ hij_^_ey_fhfm nmgdpb_c
D, ihl_jy ba0aZ jZkk_ygby dZdh]h0lh dhebq_kl\Z qZklbp/ ^\b`msboky \ ^Zgghf
gZijZ\e_gbb/ dhfi_gkbjm_lky wd\b\Ze_glghc ^h[Z\dhc, 1Dhjj_dlghklv h[hbo
ij_^iheh`_gbc ijbagZ_lky k ljm^hf/ gh kZfh_ ]eZ\gh_ ² \ klZg^Zjlghc ljZgk0
ihjlghc l_hjbb hgb hlkmlkl\mxl1 Wlb ljm^ghklb fh]ml [ulv kgylu k ihfhsvx
ijZ\bevghc bgl_jij_lZpbb ih\_joghklgh]h oZjZdl_jZ jZkiue_gby1

3.2.1. Dhjj_dlguc \b^ nmgdpbb \uoh^Z1 J_rblv i_j\mx ijh[e_fm ² agZ-
qbl/ ihdZaZlv wd\b\Ze_glghklv f_`^m klZg^Zjlghc ljZgkihjlghc l_hjb_c b
l_hjb_c NZevdhg_²Ab]fmg^Z1 Qlh[u k^_eZlv wlh/ fu ^he`gu ihdZaZlv/ qlh
nhjfmeZ +618, fh`_l [ulv ihemq_gZ k bkihevah\Zgb_f l_o `_ ij_^iheh`_gbc/
qlh aZeh`_gu \ ljZgkihjlghc l_hjbb1 Wlh ^hdZaZl_evkl\h [ueh ijb\_^_gh \
jZ[hl_ >9;@1 =eZ\guc __ j_amevlZl khklhbl \ lhf/ qlh ihdZaZgZ wd\b\Ze_gl0
ghklv \ kemqZ_/ _keb baf_gblv bgl_jij_lZpbx \_ebqbgu

Z bf_ggh/ \f_klh ijh[_]Z gbadhwg_j]_lbq_kdbo qZklbp \ l\_j^hf l_e_
+kf1 +518;,, kqblZlv wlm \_ebqbgm kj_^g_c ^ebghc k\h[h^gh]h ijh[_]Z(9* ) [69].
Lhqg__/ [ueh ihdZaZgh >9;@/ qlh khhlghr_gb_ +618, fh]eh [u [ulv ihemq_gh
ijb l_o `_ ij_^iheh`_gbyo/ qlh bkihevamxlky \ ljZgkihjlghc l_hjbb +ijh0
oh`^_gb_ q_j_a g_mihjy^hq_ggh_ \_s_kl\h b gZebqb_ lhevdh iZjguo mijm]bo
klhedgh\_gbc f_`^m ^\b`msbfbky b ihdhysbfbky ZlhfZfb,1 Djhf_ lh]h/
dZd b \ ljZgkihjlghf ih^oh^_/ [ueh ij_^iheh`_gh/ qlh \h \j_fy \uoh^Z +^\b-
`_gb_ ba lhqdb aZjh`^_gby jZkiue_ggh]h ZlhfZ \ l\_j^hf l_e_ d ih\_joghklb,
jZkiuey_fuc dZkdZ^guc Zlhf fh`_l l_jylv wg_j]bx \ mijm]bo ijhp_kkZo
+wg_j]by/ l_jy_fZy ijb ij_h^he_gbb ih\_joghklgh]h ihl_gpbZevgh]h [Zjv_jZ
\k_]^Z ^h[Z\ey_lky d wlbf ihl_jyf,1
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GZ jbk1 6 ihdZaZgZ ko_fZ
jZkiue_gby/ \hafh`gZy gZ hk0
gh\Zgbb gh\hc bgl_jij_lZpbb1
>_fhgkljbjm_lky/ qlh jZkiu0
e_ggu_ qZklbpu aZjh`^Zxlky
bf_ggh \ i_j\hf fhghkeh_1 Wlh
ihdZaZgh wdki_jbf_glZevgh
>83 ² 88@/ Z lZd`_ ijb bamq_-
gbb ]em[bgu aZjh`^_gby jZk0
iue_gguo Zlhfh\ f_lh^hf fh0
^_ebjh\Zgby >44/ 46/ 89/ 8:@1
A^_kv kjZam `_ \hagbdZ_l ijh0
lb\hj_qb_= _keb jZkiuey_fu_
qZklbpu aZjh`^Zxlky \ i_j\hf
fhghkeh_/ lh dZd j_Zebam_lky
\hafh`ghklv wg_j]_lbq_kdbo
ihl_jv \ mijm]bo klhedgh\_gb-

yo" < jZfdZo ih^oh^Z/ hibkZggh]h \ ij_^u^ms_c ]eZ\_/ ihl_jb g_\hafh`gu/
b fu ijboh^bf d \u\h^m/ qlh ijb \uoh^_ gZb[he__ \_jhylguf y\ey_lky ^\b-
`_gb_ ih ijyfhc ebgbb +[_a jZkk_ygby, b [_a dZdbo0eb[h ihl_jv wg_j]bb \
mijm]bo ijhp_kkZo1 >jm]bfb keh\Zfb/ lhevdh ih\_joghklguc oZjZdl_j jZk0
iue_gby kh\f_klbf k lZdhc nmgdpb_c \uoh^Z/ dhlhjZy hkgh\ZgZ gZ aZdhg_
khojZg_gby wg_j]bb Zlhfh\ dZkdZ^Z \ ijhp_kk_ bo wfbkkbb1

<ujZ`_gb_/ hibku\Zxs__ mf_gvr_gb_ wg_j]bb +kf1 nhjfmem +518:,, b
e_`Zs__ \ hkgh\_ nhjfmeu +618,/ kh\f_klbfh k oZjZdl_jhf ^\b`_gby Zlhfh\
\ h[t_f_ fZl_jbZeZ/ gh g_ hljZ`Z_l Z^_d\Zlgh ijhp_kk \uoh^Z qZklbp ijb
jZkiue_gbb1 IjZ\bevgh_ \ujZ`_gb_ nmgdpbb \uoh^Z \ ijhp_kk_ jZkiue_gby
^he`gh [ulv >4:@ lZdbf

]^_ L0 hij_^_ey_lky khhlghr_gb_f +6143,1 Qbke_ggh_ jZaebqb_ f_`^m L0

b R0 [m^_l h[km`^_gh gb`_1 < ke_^mxs_f jZa^_e_ klZlvb \ dZq_kl\_ nmgdpbb
\uoh^Z fu \k_]^Z [m^_f bf_lv \ \b^m nhjfmem +6144,1

3.2.2. FZdkbfZevgZy wg_j]by jZkiue_gguo qZklbp b ihjh] jZkiue_gby1
Khhlghr_gb_ +6144, k fZl_fZlbq_kdhc lhqdb aj_gby hljZ`Z_l ih\_joghklguc
oZjZdl_j l_hjbb jZkiue_gby/ hkgh\Zgghc gZ fh^_eb iZjguo mijm]bo klhed-
gh\_gbc/ b ij_^klZ\ey_l lm hkgh\gmx gh\bagm/ dhlhjhc hlebqZ_lky wlZ l_hjby
hl ij_^u^msbo1 Wlh ohjhrh beexkljbjm_lky l_f j_amevlZlhf/ dhlhjuc fu
kh[bjZ_fky h[km^blv \ wlhf jZa^_e_1

?keb fu h[hagZqbf q_j_a : +aZf_lbf/ qlh wlm \_ebqbgm g_ ke_^m_l imlZlv
k \_ebqbghc γ/ hij_^_e_gghc khhlghr_gb_f +516,, fZdkbfZevgmx qZklv wg_j-
]bb i_j\hgZqZevguo qZklbp/ dhlhjZy fh`_l i_j_clb d ZlhfZf hl^Zqb/ jZk0
iue_gguf ihke_ h^gh]h klhedgh\_gby/ lh g_aZ\bkbfh hl y\gh]h \b^Z nmgdpbb
D, fZdkbfZevgZy wg_j]by jZkiue_gguo qZklbp ?M \k_]^Z \ujZ`Z_lky ke_^m0
xsbf khhlghr_gb_f
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MjZ\g_gb_ +6145, y\ey_lky hkh[_ggh \Z`guf ^ey klhedgh\bl_evghc l_hjbb
jZkiue_gby/ ihkdhevdm fh`_l [ulv ijh\_j_gh wdki_jbf_glZevgh1 Hgh iha\h-
ey_l k^_eZlv \u\h^/ qlh ijb h^bgZdh\uo gZqZevguo mkeh\byo/ bkdexqZy jZ0
\_gkl\h gZqZevguo wg_j]bc/ \k_ iZju lhq_d +?/ ?M) e_`Zl gZ h^ghc ijyfhc1
GZdehg wlhc ijyfhc ^Z_l bgnhjfZpbx h iZjguo klhedgh\_gbyo f_`^m i_j0
\bqguf bhghf b ih\_joghklgufb ZlhfZfb fbr_gb/ Z lhqdZ i_j_k_q_gby ijy0
fhc k hkvx EM ² \_ebqbgm U. >jm]bfb keh\Zfb/ \ khhlghr_gbb +6145, kh0
^_j`blky jy^ ihe_aguo ki_dljhkdhibq_kdbo ^Zgguo1 Djhf_ lh]h/ [eZ]h^Zjy
k\h_c h[sghklb nhjfmeZ +6145, fh`_l [ulv bkihevah\ZgZ ^ey mklZgh\e_gby
ij_^_eZ ijbf_gbfhklb fh^_eb iZjguo klhedgh\_gbc +kf1 jZa^_e 7,1

B/ gZdhg_p/ ih hij_^_e_gbx/ ba khhlghr_gby +6145, fu ihemqZ_f h[smx
nhjfmem ^ey ihjh]Z jZkiue_gby

Ihjh] jZkiue_gby \h \k_o ^hklmiguo gZf l_hjbyo jZkkqblu\Z_lky k ihfhsvx
\ujZ`_gby ^ey dhwnnbpb_glZ jZkiue_gby b/ ke_^h\Zl_evgh/ aZ\bkbl +kf1 lZd0
`_ gb`_, hl lh]h/ dZdh_ khhlghr_gb_ ^ey D bkihevah\Zgh1 A^_kv fu ihdZaZeb/
qlh \b^ khhlghr_gby ^ey ihjh]Z jZkiue_gby y\ey_lky ke_^kl\b_f ijbf_g_gby
fh^_eb iZjguo klhedgh\_gbc b ih\_joghklgh]h oZjZdl_jZ jZkiue_gby1 >Zev0
g_cr__ h[km`^_gb_ ^\mo ihke_^gbo \_ebqbg ijhba\h^blky \ ke_^mxs_c ]eZ\_1
Ke_^mxsbc jZa^_e ihk\ys_g fh^bnbdZpbyf/ \\_^_gguf \ klZg^Zjlgmx
ljZgkihjlgmx l_hjbx/ ihkj_^kl\hf bkihevah\Zgby dhjj_dlgh]h \ujZ`_gby
^ey nmgdpbb \uoh^Z1

3.3. DeZkkbq_kdb_ j_amevlZlu ljZgkihjlghc l_hjbb =
djblbq_kdbc ZgZeba 1 < wlhf jZa^_e_ fu jZkkqblZ_f g_dhlhju_ hk0
gh\gu_ \_ebqbgu/ dhlhju_ fu \ihke_^kl\bb kjZ\gbf k j_amevlZlZfb ljZgk0
ihjlghc l_hjbb Ab]fmg^Z²LhfikhgZ1 >ey wlh]h fu ijbf_f \h \k_o jZkq_lZo
^ey \_ebqbgu D \ujZ`_gb_ +616, b ^ey J \ujZ`_gb_ +6144,1

3.3.1. IjhkljZgkl\_gguc ijhnbev wjhabb fbr_gb aZ kq_l jZkiue_gby1
?keb fu ih^klZ\bf khhlghr_gby +616, b +6144, \ nhjfmem +614,/ lh ^\hcgh_
^bnn_j_gpbZevgh_ jZkij_^_e_gb_ jZkiue_gguo qZklbp/ \dexqZy ijhkljZg-
kl\_ggh_ jZkij_^_e_gb_/ aZibr_lky ke_^mxsbf h[jZahf=

>Zevg_cr__ bgl_]jbjh\Zgb_ ih m]eh\uf i_j_f_gguf ^Z_l aZ\bkbfhklv wg_j0
]_lbq_kdh]h ki_dljZ Zlhfh\ hl ]em[bgu

]^_
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a E2(z) — ihdZaZl_evgZy bgl_]jZevgZy nmgdpby +kf1 khhlghr_gb_ +61:,,1

IjbgbfZy \h \gbfZgb_ +6145, b ijhba\h^y bgl_]jbjh\Zgb_/ ihemqZ_f

]^_

Z

?keb fu ij_g_[j_`_f ijhkljZgkl\_gghc aZ\bkbfhklvx FD, lh nmgdpby
Y(x/L0,ω) ij_^klZ\bl ijhkljZgkl\_gguc ijhnbev wjhabb aZ kq_l jZkiue_gby1
Ih kjZ\g_gbx k ij_^u^msbf \ujZ`_gb_f ^ey wlhc \_ebqbgu >49@ a^_kv _klv
^hihegbl_evguc qe_g Y2(x/L0,ω), dhlhjuc aZ\bkbl/ djhf_ \k_]h ijhq_]h/ hl
\_ebqbgu ω. Ijb ? >> ?th Y2  3 b nmgdpby Y(x/L0, ω, i_j_oh^bl \
Y1(x/L0). WlZ ihke_^gyy \_ebqbgZ jZ\gZ 4E4(x/L0) b/ _keb fu iheh`bf
L0=R0, lh hgZ ^Z_l ijhkljZgkl\_gguc ijhnbev wjhabb ba0aZ jZkiue_gby \
khhl\_lkl\bb k jZkq_lZfb NZevdhg_²Ab]fmg^Z >49@ +kf1 khhlghr_gb_ +619,,1
>Ze__/ ijb [hevrbo gZqZevguo wg_j]byo kj_^gyy ]em[bgZ \uoh^Z

Ba ij_^u^ms_]h jZkkfhlj_gby \ul_dZ_l/ qlh j_amevlZlu klZg^Zjlghc
ljZgkihjlghc l_hjbb g_ihkj_^kl\_ggh ijbf_gbfu lhevdh ijb gZqZevguo
wg_j]byo/ agZqbl_evgh [hevrbo ih kjZ\g_gbx k ihjh]hf1 Wlhl j_amevlZl ih^-
l\_j`^Z_lky lZd`_ jZkq_lZfb dhwnnbpb_glZ jZkiue_gby/ ijb\_^_ggufb \
ke_^mxs_f jZa^_e_1

3.3.2. H[h[s_gguc dhwnnbpb_gl jZkiue_gby1 ?keb fu ij_g_[j_]eb ijh-
kljZgkl\_gghc aZ\bkbfhklvx FD b ijbf_gy_f ijb[eb`_gb_/ bkihevah\Zggh_
\ khhlghr_gbb +61;,/ lh ihke_ hdhgqZl_evgh]h bgl_]jbjh\Zgby fu ihemqZ_f
ke_^mxs__ \ujZ`_gb_ ^ey dhwnnbpb_glZ jZkiue_gby >53/ 9<@=

]^_ Y0 — dhwnnbpb_gl jZkiue_gby ih Ab]fmg^m +kf1 \ujZ`_gb_ +51:5,,1
Khhlghr_gb_ +6156, kh^_j`bl jZkijhkljZg_gb_ klZg^Zjlghc nhjfmeu dh0
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wnnbpb_glZ jZkiue_gby gZ h[eZklv gbadbo wg_j]bc >53/ 9<@1 Qlh[u ijh^_-
fhgkljbjh\Zlv wlhh[klhyl_evkl\h/ fu ijb\_eb \ kjZ\g_gbb k wdki_jbf_g-
lZevgufb ^Zggufb j_amevlZlu jZkq_lh\ ih nhjfme_ Ab]fmg^Z b ih nhjfme_
+6156, dhwnnbpb_glh\ jZkiue_gby Ni, [hf[Zj^bjm_fh]h ih ghjfZeb d ih0
\_joghklb bhgZfb :r1 <_ebqbgZ ?th [ueZ \u[jZgZ jZ\ghc 93 w< \ khhl\_lkl\bb
k gZbf_gvr_c wg_j]b_c bhgZ/ ^h dhlhjhc [ueb baf_j_gu dhwnnbpb_glu jZk-
iue_gby 1L ijb ghjfZevghc [hf[Zj^bjh\d_ bhgZfb >:4@1

Jbk1 7 hlq_leb\h ^_fhgkljbjm_l kl_i_gv memqr_gby klZg^Zjlghc ljZgk-
ihjlghc l_hjbb \ gbadhwg_j]_lbq_kdhc h[eZklb1 :gZeh]bqgu_ j_amevlZlu fh-
]ml [ulv ihemq_gu b ^ey ^jm]bo dhf[bgZpbc bhg²fbr_gv >53/ 9<@1

Ijb [hevrbo gZqZevguo wg_j]byo +? >> ?th) mjZ\g_gb_ +6156, i_j_oh^bl
\ ab]fmg^h\kdbc dhwnnbpb_gl jZkiue_gby1

3.3.3. Kj_^gyy wg_j]by jZkiue_gguo Zlhfh\1 Ij_^u^msb_ j_amevlZlu
iha\heyxl gZf ihemqblv \ujZ`_gb_ ^ey kj_^g_c wg_j]bb jZkiue_gguo Zlhfh\
\ jZfdZo klZg^Zjlghc ljZgkihjlghc l_hjbb1 >_ckl\bl_evgh/ ih hij_^_e_gbx
aZibr_f

]^_ Y ^Z_lky nhjfmehc +6156,/ Z J0+?, ² lhfikhgh\kdbc wg_j]_lbq_kdbc ki_dlj1
Ihke_ ih^klZgh\db khhl\_lkl\mxsbo \_ebqbg b \aylby ijhklh]h bgl_]jZeZ/
fu ihemqZ_f >53@
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]^_

>ey ? >> ?th mjZ\g_gb_ +6158, i_j_oh^bl \ ke_^mxs__

:gZeblbq_kdh_ \ujZ`_gb_ kj_^g_c wg_j]bb jZkiue_gguo Zlhfh\ +615:,
g_ihkj_^kl\_ggh k\yaZgh k l_hjb_c Ab]fmg^Z²LhfikhgZ1 Wlhl j_amevlZl ²
ijyfh_ ke_^kl\b_ kms_kl\h\Zgby lhqgh]h agZq_gby fZdkbfmfZ wg_j]bb jZk-
iue_gguo qZklbp1 K ^jm]hc klhjhgu/ hg k\yaZg k ih\_joghklguf oZjZdl_jhf
jZkiue_gby b k bkihevah\Zgb_f fh^_eb iZjguo klhedgh\_gbc1

71 Mgbnbpbjh\ZggZy l_hjby jZkiue_gby

L_hjby/ hibkZggZy \ ij_^u^ms_c ]eZ\_/ [ueZ bkihevah\ZgZ ^ey \hkijh-
ba\_^_gby g_dhlhjuo j_amevlZlh\ b jZkrbj_gby h[eZklb ijbf_gbfhklb l_h-
jbb Ab]fmg^Z b LhfikhgZ1 ?_ nhjfZebaf hkgh\Zg gZ fh^_eb klhedgh\bl_ev-
guo dZkdZ^h\/ ]_g_jbjm_fuo i_j\bqguf bhghf/ dhlhju_ hij_^_eyxlky ^\mfy
nbabq_kdbfb mkeh\byfb +mkeh\byfb ebg_cghklb,: \h0i_j\uo/ iehlghklv ^\b-
`msboky Zlhfh\ \ dZkdZ^_ \ ex[hc fhf_gl \j_f_gb fZeZ ih kjZ\g_gbx k
iehlghklvx Zlhfh\ \ l\_j^hf l_e_/ \h0\lhjuo/ \ dZ`^hf iZjghf klhedgh\_gbb
m^Zjy_fuc Zlhf i_j_^ klhedgh\_gb_f \k_]^Z ihdhblky1 <k_ l_hjbb/ hibkZggu_
\ ij_^u^ms_c ]eZ\_/ hkgh\u\Zebkv gZ ij_^iheh`_gbb h lhf/ qlh klhedgh\b-
l_evgu_ dZkdZ^u jZa\b\Zxlky \k_]^Z1 GZah\_f wlhl j_`bf ² j_`bfhf1 Ab]-
fmg^Z²LhfikhgZ1 Ihkdhevdm wlhl j_`bf ih^jZamf_\Z_l \uiheg_gb_ ^\mo
ijb\_^_gguo \ur_ mkeh\bc/ wlhl j_`bf y\ey_lky lZd`_ b ebg_cguf1

E_]dh m[_^blvky/ qlh kms_kl\m_l jy^ nbabq_kdbo mkeh\bc/ g_ \dexq_gguo
\ ij_^u^ms__ jZkkfhlj_gb_1 GZijbf_j/ \ kemqZ_ jZkiue_gby ly`_euo fZl_-
jbZeh\ [hf[Zj^bjh\dhc e_]dbfb bhgZfb/ hlghr_gb_ fZkk F22F1 klhev \_-
ebdh/ qlh ijb gbadbo b kj_^gbo +ihjy^dZ dw<, gZqZevguo wg_j]byo dZkdZ^u
g_ \hagbdZxl b jZkiueblvky fh]ml lhevdh Zlhfu fbr_gb/ ijbr_^rb_ \ ^\b-
`_gb_ ijb g_ihkj_^kl\_gghf klhedgh\_gbb k iZ^Zxsbf bhghf +i_j\bqgh \u-
[blu_ Zlhfu,1 :gZeh]bqgh/ \ kemqZ_ hq_gv gbadbo gZqZevguo wg_j]bc g_ fh]ml
jZa\b\Zlvky dZkdZ^u/ b lhevdh i_j\bqgu_ Zlhfu hl^Zqb fh]ml [ulv dZg^b-
^ZlZfb gZ jZkiue_gb_1 Fu gZah\_f j_`bf/ \ dhlhjhf dZg^b^ZlZfb gZ jZk-
iue_gb_ fh]ml [ulv lhevdh i_j\bqgh \u[blu_ Zlhfu/ j_`bfhf h^gh]h klhe-
dgh\_gby (10* ). Ykgh/ qlh j_`bf h^gh]h klhedgh\_gby y\ey_lky lZd`_ ebg_cguf
j_`bfhf/ ihkdhevdm h[Z nbabq_kdbo mkeh\by ebg_cghklb a^_kv \uihegyxlky1
>jm]bfb keh\Zfb/ j_`bf h^gh]h klhedgh\_gby b j_`bf Ab]fmg^Z²LhfikhgZ
y\eyxlky ^\mfy j_ZebaZpbyfb [he__ h[s_]h j_`bfZ +ebg_cgh]h j_`bfZ,1
WlZ k\yav \b^gZ gZb[he__ ykgh/ dh]^Z _klv mjZ\g_gby/ hibku\Zxsb_ ebg_cgu_
j_`bfu +kf1 ijbeh`_gb_ :,1 >jm]bf y\ey_lky kemqZc/ dh]^Z h^gh beb h[Z
mkeh\by ebg_cghklb g_ \uiheg_gu1 <k_ lZdb_ nbabq_kdb_ kblmZpbb [m^ml
hlg_k_gu d g_ebg_cguf j_`bfZf1 < ^Zgghc klZlv_ fu g_ [m^_f h[km`^Zlv
wlb j_`bfu1

>Ze__ [m^_l ihdZaZgh/ dZd jZkrbjy_lky ij_^klZ\e_ggZy \ ij_^u^msbo
jZa^_eZo l_hjby gZ ^jm]b_ ebg_cgu_ klhedgh\bl_evgu_ j_`bfu1 Ljm^ghklb/
dhlhju_ ijb wlhf \hagbdZxl/ y\eyxlky kdhj__ l_ogbq_kdbfb/ Z g_ ijbgpb-
ibZevgufb1
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4.1. H[sZy nhjfmebjh\dZ 1 Ijh[e_fZ kha^Zgby l_hjbb jZkiue_-
gby/ ijbf_gbfhc ^ey \k_o kemqZ_\ jZkiue_gby/ ih0\b^bfhfm/ \ gZklhys__
\j_fy ijbgpbibZevgh g_jZaj_rbfZ1 L_f g_ f_g__/ ihiuldZ knhjfmebjh\Zlv
l_hjbx/ dhlhjZy [u iha\hebeZ hibkZlv \k_ ebg_cgu_ j_`bfu/ \ jZfdZo km0
s_kl\mxs_]h nhjfZebafZ \hafh`gZ/ b m`_ j_Zebam_lky1 < ^Zgghc ]eZ\_ fu
ij_^klZ\ey_f h[h[s_gb_ m`_ h[km`^_ggh]h nhjfZebafZ/ dhlhjuc a^_kv jZk0
kfZljb\Z_lky \ dZq_kl\_ ihiuldb mgbnbdZpbb ebg_cghc l_hjbb klhedgh\b0
l_evgh]h jZkiue_gby1

KgZqZeZ hibr_f hkgh\gu_ q_jlu ij_^eZ]Z_fh]h nhjfZebafZ1 GZrZ l_0
hjby ijbf_gbfZ d jZkiue_gbx fbr_g_c kh kemqZcgh jZkij_^_e_ggufb Zlh0
fZfb/ dhlhju_ fh]ml [ulv ij_^klZ\e_gu lhq_qgufb qZklbpZfb/ dZd b i_j0
\bqguc bhg1 >\b`_gb_ dZ`^hc Zlhfghc qZklbpu fh`_l [ulv hibkZgh k ih0
fhsvx deZkkbq_kdhc f_oZgbdb b bkihevah\Zgby fh^_eb iZjguo klhedgh\_gbc
Zlhfguo qZklbp1 < kh]eZkbb kh klZg^Zjlghc ljZgkihjlghc b klhedgh\bl_evghc
l_hjbyfb/ fu \\_^_f h^gh h[s__ h]jZgbq_gb_= ZlhfgZy qZklbpZ/ ^ey lh]h
qlh[u jZkiueblvky/ ^he`gZ ij_h^he_lv ih\_joghklguc ihl_gpbZevguc [Zjv-
_j/ y\eyxsbcky iehkdbf k \ukhlhc U. Wlh ij_^iheh`_gb_ g_ fh`_l h[hkgh-
\Zggh [ulv ijbf_g_gh ^ey \k_o nbabq_kdbo kbkl_f/ gh hgh/ ih0\b^bfhfm/
fh`_l ^hklZlhqgh ohjhrh hibkZlv kemqZb/ jZkkfhlj_ggu_ \ ^Zgghc klZlv_1
L_f g_ f_g__/ \ h[s_f kemqZ_ wlh ij_^iheh`_gb_ g_ y\ey_lky g_h[oh^bfuf1

Hkgh\ghc fZl_fZlbq_kdbc ZiiZjZl ZgZeh]bq_g hibkZgghfm \ ij_^u^ms_c
]eZ\_1 Fu ij_^iheZ]Z_f/ qlh \k_ kemqZb jZkiue_gby fh]ml [ulv Z^_d\Zlgh
hibkZgu ke_^mxsbf ^\hcguf ^bnn_j_gpbZevguf jZkij_^_e_gb_f wfbllb-
jh\Zgguo qZklbp=

]^_ nmgdpby \uoh^Z J \k_]^Z ^Z_lky \ujZ`_gb_f +6144,

Z \ujZ`_gb_ ^ey nmgdpbb ^_n_dlh\ \u[bjZ_lky \ aZ\bkbfhklb hl jZkkfZl-
jb\Z_fh]h j_`bfZ1 Kh]eZkgh wlhc nhjfmebjh\d_/ y\e_gb_ jZkiue_gby bf__l
g_dhlhjmx mgb\_jkZevgmx q_jlm/ aZdexqZxsmxky \ _]h ih\_joghklghf oZ0
jZdl_j_1 K fZl_fZlbq_kdhc lhqdb aj_gby wlh \ujZ`Z_lky khhlghr_gb_f +715,1 >jm]bfb
keh\Zfb/ \k_ dZkdZ^gu_ Zlhfu, dhlhju_ ^he`gu jZkiueblvky/ ke_-
^mxl h^ghfm b lhfm `_ ijZ\bem= hgb g_ jZkk_b\Zxlky b g_ l_jyxl wg_j]bx
\ mijm]bo klhedgh\_gbyo ihke_ gZqZeZ k\h_]h ^\b`_gby ba klZjlh\hc lhqdb
\ l\_j^hf l_e_1 JZkiue_ggu_ qZklbpu \hagbdZxl \ i_j\hf fhghkeh_1 Hldeh-
g_gby hl wlhc dZjlbgu klZlbklbq_kdb fZeh\_jhylgu beb `_ hgb k\yaZgu k
hlkmlkl\b_f mq_lZ \ l_hjbb w\hexpbb b fh^bnbdZpbb ih\_joghklghc lhih0
]jZnbb >:5@1

<k_ \hafh`gu_ j_`bfu fh]ml [ulv hibkZgu k ihfhsvx bkihevah\Zgby
jZaebqguo \ujZ`_gbc ^ey D. < gZklhys__ \j_fy ij_^klZ\e_gh h]jZgbq_ggh_
qbkeh \ujZ`_gbc ^ey wlhc nmgdpbb1

L_i_jv k ihfhsvx ij_^eZ]Z_fhc l_hjbb ihemqbf i_j\uc b gZb[he__ h[0
sbc j_amevlZl1 >ey \k_o klhedgh\bl_evguo j_`bfh\/ \ dhlhjuo ^\b`msb_ky
qZklbpu fh]ml lhevdh aZf_^eylvky +^bkkbiZlb\gu_ klhedgh\_gby= hlkmlkl\m_l
ijb klhedgh\_gbb \hafh`ghklv ihemq_gby wg_j]bb, b/ _keb : _klv fZdkb

7 MNG/ l1 495/� 4
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fZevgZy ^hey wg_j]bb i_j\bqguo qZklbp/ dhlhjZy fh`_l [ulv i_j_^ZgZ Zlh-
fZf fbr_gb ^ey bo ^Zevg_cr_]h jZkiue_gby \ h^ghf klhedgh\_gbb/ lh fZd0
kbfZevgZy wg_j]by ?M, dhlhjZy fh`_l [ulv \ug_k_gZ ba fbr_gb jZkiue_gghc
qZklbp_c/ hij_^_eblky ke_^mxsbf h[jZahf

Wlhl j_amevlZl y\ey_lky ke_^kl\b_f ih\_joghklgh]h oZjZdl_jZ jZkiue_-
gby b bkihevam_fhc fh^_eb iZjguo klhedgh\_gbc1 Qlh[u ihgylv wlhl j_amev-
lZl/ g_h[oh^bfh mq_klv/ qlh ijb mkeh\bb ^bkkbiZlb\guo klhedgh\_gbc/ klhe0
dgh\_gby k fZdkbfZevghc i_j_^Z\Z_fhc wg_j]b_c \k_]^Z ijhbkoh^yl f_`^m
i_j\bqguf bhghf b qZklbp_c fbr_gb/ b qlh lZdb_ klhedgh\_gby ijbkmlkl\mxl
\h \k_o ebg_cguo j_`bfZo1 Ihkdhevdm mjZ\g_gb_ +716, g_ baf_gy_lky b ijb
fgh]hdjZlghf \aZbfh^_ckl\bb/ lh ^ey lZdh]h jh^Z wdki_jbf_glh\ ihke_^g__
khhlghr_gb_ y\ey_lky \_kvfZ ihe_aguf bgkljmf_glhf ihemq_gby ki_dljh-
kdhibq_kdhc bgnhjfZpbb= \ujZ`_gb_ +716, ^Z_l bgnhjfZpbx b h iZjguo klhe0
dgh\_gbyo gZ ih\_joghklb b h ih\_joghklghf ihl_gpbZevghf [Zjv_j_1 < ^_c0
kl\bl_evghklb/ dZd mdZaZgh \ jZa^_e_ 6/ ijb h^bgZdh\uo gZqZevguo mkeh\byo/
bkdexqZy gZqZevgmx wg_j]bx/ \k_ iZju lhq_d +?, EM, ^he`gu e_`Zlv gZ
h^ghc ijyfhc1 GZdehg wlhc ijyfhc oZjZdl_jbam_lky \_ebqbghc : b kh^_j`bl
bgnhjfZpbx h iZjguo mijm]bo klhedgh\_gbyo f_`^m iZ^Zxsbf bhghf b ih0
\_joghklgufb ZlhfZfb fbr_gb1 < khhl\_lkl\bb k l_hjb_c iZjguo mijm]bo
klhedgh\_gbc/ \_ebqbgZ ^he`gZ aZ\bk_lv hl F1, F2 b g_dhlhjuo ]_hf_ljb-
q_kdbo iZjZf_ljh\ >6:/ 6;@1 Ijb baf_g_gbb dhf[bgZpbb bhg²fbr_gv b ba0
f_g_gbb ]_hf_ljbq_kdhc dhgnb]mjZpbb/ fh`gh bamqZlv nmgdpbhgZevgmx aZ0
\bkbfhklv \_ebqbgu : hl jZaebqguo iZjZf_ljh\1

I_j_k_q_gb_ wlhc ijyfhc k hkvx ?M ^Z_l \_ebqbgm U. Hij_^_e_gb_ ijZ-
\bevghc \_ebqbgu U y\ey_lky g_j_r_gghc ijh[e_fhc y\e_gby jZkiue_gby1
H[uqgh bkihevam_lky wg_j]by km[ebfZpbb >47/ 48@/ gh ijZ\bevghklv wlh]h
\u[hjZ g_ ^hdZaZgZ1 < ihke_^gb_ ]h^u jy^ Z\lhjh\ >:6/ :7@ jZkkfhlj_eb \ha0
fh`ghklv bkihevah\Zgby ^jm]bo \_ebqbg1 Ihkdhevdm khhlghr_gb_ +716, g_
aZ\bkbl hl jZkkfZljb\Z_fh]h klhedgh\bl_evgh]h j_`bfZ/ ij_^klZ\ey_lky [h-
e__ Z^_d\Zlguc kihkh[ hij_^_e_gby lhqghc nbabq_kdhc \_ebqbgu U. Hdhg0
qZl_evgh ba nhjfmeu +716, fu fh`_f/ ih hij_^_e_gbx/ ihemqblv ihjh] jZk0
iue_gby

< j_amevlZl_ bkihevah\Zgby mjZ\g_gby +716, fh`_l [ulv jZkkqblZg ihjh]
jZkiue_gby ijb kZfuo jZaebqguo nbabq_kdbo mkeh\byo1

4.2.> \ h c g h _ ^ b n n _ j _ g p b Z e v g h _ j Z k i j _ ^ _ e _ g b _ j Z k i u -
e _ g g u o Z l h f h \ . >ey ^Zevg_cr_]h ZgZebaZ l_hjbb g_h[oh^bfh bf_lv \u0
jZ`_gb_ ^ey nmgdpbb D. K\yaZggu_ k g_c nbabq_kdb_ \_ebqbgu/ lZdb_ dZd
wg_j]_lbq_kdbc ki_dlj/ dhwnnbpb_gl jZkiue_gby b ^j1/ fh]ml [ulv ihemq_gu
hlghkbl_evgh ijhkluf bgl_]jbjh\Zgb_f1 L_f g_ f_g__/ ^ey khojZg_gby h[s_c
kljmdlmju l_hjbb fu ihiulZ_fky ihemqblv lZf/ ]^_ wlh \hafh`gh/ khhlgh-
r_gby/ g_ aZ\bkysb_ hl y\gh]h \b^Z D. H^gZdh j_ZebaZpby wlhc \hafh`ghklb
ih^jZamf_\Z_l k kZfh]h gZqZeZ \\_^_gb_ \ l_hjbx ^Zevg_crbo ij_^iheh`_-
gbc1

< khhl\_lkl\bb k ih\_joghklguf oZjZdl_jhf jZkiue_gby b/ kh]eZkgh k
j_amevlZlZfb/ ihemq_ggufb ^ey j_`bfZ Ab]fmg^Z²LhfikhgZ/ fu ij_^ih-
eZ]Z_f/ qlh ijb jZkq_lZo oZjZdl_jbklbd jZkiue_gby ijbf_gbfh ke_^mxs__
ijb[eb`_gb_
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K bkihevah\Zgb_f ^Zggh]h ijb[eb`_gby ba khhlghr_gbc +714, b +715, fh`_l
[ulv ihemq_gh ke_^mxs__ h[s__ \ujZ`_gb_ ^ey ^\hcgh]h ^bnn_j_gpbZevgh]h
jZkij_^_e_gby jZkiue_gguo qZklbp

]^_

Khhlghr_gb_ +719, ^Z_l ijhklhc j_p_il ihemq_gby jZkij_^_e_gby wfbl-
lbjh\Zgguo Zlhfh\/ _keb ba\_klgh jZkij_^_e_gb_ dZkdZ^guo Zlhfh\ \gmljb
fbr_gb1 B/ gZh[hjhl/ k ihfhsvx \ujZ`_gby +719, fh`gh ihemqblv ijyfmx
bgnhjfZpbx h dZkdZ^Zo \gmljb l\_j^h]h l_eZ ih jZkiue_gguf ZlhfZf1 >jm-
]bfb keh\Zfb/ y\e_gb_ jZkiue_gby ijheb\Z_l k\_l gZ jy^ k\hckl\ [hf[Zj^b0
jm_fh]h l\_j^h]h l_eZ1

4.3. Bahljhiguc kemqZc 1 GZb[he__ bkke_^h\Zgh ih\_^_gb_ nmgd0
pbb D \ kemqZ_ bahljhigh]h jZkij_^_e_gby dZkdZ^guo Zlhfh\ ih kdhjhklyf/
Z bf_ggh/ _keb nmgdpby D fh`_l [ulv mijhs_ggh ij_^klZ\e_gZ nhjfmehc

< wlhf kemqZ_ ^\hcgh_ ^bnn_j_gpbZevgh_ jZkij_^_e_gb_ jZkiue_gguo qZklbp
ijb\h^blky d \b^m >4:@

Z wg_j]_lbq_kdbc ki_dlj

Djhf_ lh]h/ iheh`_gb_ fZdkbfmfZ wg_j]_lbq_kdh]h ki_dljZ hij_^_ey_lky \_-
ebqbghc E1 y\eyxs_cky j_r_gb_f mjZ\g_gby >4:@

]^_ D' — ijhba\h^gZy hl D ih i_j_f_gghc E11 Khhlghr_gb_ +7144, ihdZau\Z_l/
qlh iheh`_gb_ fZdkbfmfZ wg_j]_lbq_kdh]h ki_dljZ/ \ hkgh\ghf/ aZ\bkbl hl
nbabdb ijhp_kkZ ]_g_jZpbb ih\j_`^_gbc \ fZl_jbZeZo/ Z bf_ggh hl \b^Z
nmgdpbb D.

Bkihevamy khhlghr_gb_ +716,/ fu ihemqZ_f ke_^mxsbc \b^ dhwnnbpb-
_glZ jZkiue_gby >4:@=

4*
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L_i_jv ijb\_^_f ^\Z ijbeh`_gby j_amevlZlh\ wlh]h jZa^_eZ1
4.3.1. J_`bf jZkiue_gby Ab]fmg^Z²LhfikhgZ1 Wlhl j_`bf hij_^_ey_lky

ab]fmg^h\kdbf \ujZ`_gb_f ^ey nmgdpbb D +kj1 nhjfmem +616,,

< wlhf kemqZ_ khhlghr_gb_ +7143, ijb\h^blky d \ujZ`_gbx ^ey lhfikhgh\-
kdh]h wg_j]_lbq_kdh]h ki_dljZ

k iheh`_gb_f fZdkbfmfZ ki_dljZ ijb h[uqghf agZq_gbb

B/ gZdhg_p/ dhwnnbpb_gl jZkiue_gby/ \ujZ`_gguc khhlghr_gb_f +7145,/
klZgh\blky

]^_ Y0 — dhwnnbpb_gl jZkiue_gby Ab]fmg^Z/ Z \_ebqbgZ ω ^Z_lky nhjfmehc
+6154,1 J_amevlZlu wlh]h jZa^_eZ ih^jh[gh h[km`^Zebkv \ jZa^_e_ 61

4.3.2. JZkiue_gb_ [hf[Zj^bjh\dhc e_]dbfb bhgZfb1 Dh]^Z e_]db_ bhgu
m^Zjyxl ih ly`_euf l\_j^hl_evguf fbr_gbyf/ i_j\bqgu_ bhgu l_jyxl k\hx
wg_j]bx ij_bfms_kl\_ggh ihkj_^kl\hf g_mijm]h]h we_dljhggh]h \ha[m`^_-
gby/ \ lh \j_fy/ dZd k_q_gby mijm]bo klhedgh\_gbc hlghkbl_evgh fZeu1 <ke_^0
kl\b_ wlh]h dZkdZ^u g_ fh]ml jZa\b\Zlvky/ beb/ [he__ lhqgh/ ebg_cgZy ijh0
ly`_gghklv klhedgh\bl_evguo dZkdZ^h\ \k_]^Z fZeZ ih kjZ\g_gbx k \_ebqbghc
ijh[_]Z i_j\bqguo bhgh\1 < ohjhr_f ijb[eb`_gbb jZkiue_gb_ ijb [hf[Zj-
^bjh\d_ e_]dbfb bhgZfb hlghkblky d dZl_]hjbb j_`bfZ h^gh]h klhedgh\_gby1
I_j\uc [hevrhc bgl_j_k d jZkiue_gbx l\_j^uo l_e [hf[Zj^bjh\dhc gba0
dhwg_j]_lbq_kdbfb e_]dbfb bhgZfb \hagbd ba0aZ g_h[oh^bfhklb bamq_gby
wlh]h ijhp_kkZ ijb \aZbfh^_ckl\bb ieZafu k ih\_joghklvx \ l_jfhy^_jguo
mklZgh\dZo >:8@(11* )1 >_ckl\bl_evgh/ l\_j^hl_evgu_ kl_gdb/ hdjm`Zxsb_
fZ]gblgh0m^_j`b\Z_fmx ]hjyqmx ieZafm/ g_ij_ju\gh [hf[Zj^bjmxlky gba0
dhwg_j]_lbq_kdbfb ^_cl_jb_\ufb/ ljblb_\ufb b ]_eb_\ufb bhgZfb/ Z lZd`_
g_cljZeZfb ba ieZafu1 JZkiue_gb_/ ijhl_dZxs__ ijb lZdhc [hf[Zj^bjh\d_/
fh`_l klZlv ]eZ\guf bklhqgbdhf ijbf_k_c/ dhlhju_ aZ]jyagyxl ieZafm1 L_0
hjby b wdki_jbf_gl ihe_agu a^_kv ^ey hij_^_e_gby lZdbo mkeh\bc ^ey ieZafu
b ih\_joghklb/ ijb dhlhjuo jZkiue_gb_ fbgbfZevgh1 >Zevg_crbc bgl_j_k
ihy\beky ba g_h[oh^bfhklb ihgbfZgby ijhp_kkZ wjhabb ih\_joghklb l\_j^h]h
l_eZ/ gZoh^ys_]hky \g_ Zlfhkn_ju A_feb b [hf[Zj^bjm_fh]h kheg_qguf \_l-
jhf/ khklhysbf ij_bfms_kl\_ggh ba ijhlhgh\ \ h[eZklb wg_j]bc/ ihjy^dZ
g_kdhevdbo dbehwe_dljhg0\hevl >:9@1

L_hj_lbq_kdb_ ihiuldb h[tykg_gby jZkiue_gby e_]dbfb bhgZfb \ jZfdZo
ij_^u^msbo jZ[hl gZ hkgh\_ klZg^Zjlghc ljZgkihjlghc l_hjbb g_baf_ggh
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l_ji_eb g_m^Zqb1 K ^jm]hc klhjhgu/ ^h[bebkv hij_^_e_ggh]h mki_oZ fh^_eb
>:: ² :<@/ hkgh\Zggu_ gZ f_oZgbafZo/ k\yaZgguo k h[jZlguf jZkk_ygb-
_f (12* )1 Nbabq_kdZy dZjlbgZ/ e_`ZsZy \ hkgh\_ wlh]h f_oZgbafZ/ ke_^mxsZy=
ihke_ [hf[Zj^bjh\db g_dhlhju_ bhgu jZkk_b\Zxlky b \ ijhp_kk_ k\h_]h ^\b-
`_gby \ gZijZ\e_gbb d ih\_joghklb fh]ml ]_g_jbjh\Zlv i_j\bqgh \u[blu_
Zlhfu fbr_gb/ dhlhju_ kihkh[gu wfblbjh\Zlvky ba ih\_joghklb/ _keb bo
wg_j]by ^hklZlhqgZ ^ey ij_h^he_gby ih\_joghklgh]h ihl_gpbZevgh]h [Zjv_jZ1
Ijb\_^_gguc f_oZgbaf/ dZ`_lky/ gZ\h^bl gZ fukev/ qlh ih^oh^ ^ey jZkkfhl-
j_gby jZkiue_gby e_]dbfb bhgZfb ^he`_g hlebqZlvky hl lh]h/ dhlhjuc bk0
ihevam_lky ^ey ^jm]bo ebg_cguo j_`bfh\1

Fu ihdZ`_f/ qlh wlhl kemqZc jZkiue_gby fh`_l [ulv lZd`_ hibkZg \
jZfdZo gZr_]h ih^oh^Z b qlh \k_ jZaebqb_ f_`^m jZagufb ebg_cgufb j_0
`bfZfb khklhbl \ jZaebqbb bkihevam_fuo \ujZ`_gbc ^ey D [18].

Ijb[eb`_ggh_ \ujZ`_gb_ ^ey D ^ey kemqZy ghjfZevgh]h iZ^_gby gba0
dhwg_j]_lbq_kdbo e_]dbo bhgh\ gZ ly`_emx fbr_gv [ueh ij_^eh`_gh \ 4<;6 ]1
NZevdhg_ b Heb\hc >;3/ ;4@ +kf1 lZd`_ ijbeh`_gb_ :,=

]^_ +kj1 khhlghr_gb_ +5165,,

Djhf_ lh]h/ K ^Z_lky \ujZ`_gb_f +5175, b Z² \ujZ`_gb_f +5145,1
H[jZsZykv d nhjfme_ +7143,/ fu kjZam `_ ihemqZ_f ke_^mxsbc wg_j]_-

lbq_kdbc ki_dlj >4:@

>ey lh]h qlh[u ihemqblv lhqgh_ \ujZ`_gb_ ^ey dhwnnbpb_glZ jZkiu-
e_gby/ fu ^he`gu hij_^_eblv \ujZ`_gb_ ^ey A1 Ijb ghjfZevghf iZ^_gbb
h[s_ijbgyl ke_^mxsbc ihjh] jZkiue_gby >4;@

]^_ γ hij_^_ey_lky nhjfmehc +616,1 >Ze__/ \ khhl\_lkl\bb k nhjfmeZfb +716,
b +717, fu ihemqZ_f ke_^mxs__ \ujZ`_gb_ ^ey A:

Bkihevamy \_ebqbgm A/ ^Z\Z_fmx khhlghr_gb_f +7155,/ b bgl_]jbjmy ih
wg_j]bb \ujZ`_gb_ +7153,/ ihemqZ_f ke_^mxs__ \ujZ`_gb_ ^ey dhwnnbpb-
_glZ jZkiue_gby

]^_
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Djhf_ lh]h/

GZ jbk1 8 kjZ\gb\Zxlky wdki_jbf_glZevgu_ ^Zggu_ >:3@ h dhwnnbpb_gl_
jZkiue_gby fbr_gb ba W bhgZfb G_ k j_amevlZlZfb jZkq_lZ ih nhjfme_

+7156, ijb agZq_gbb U = 8,68 w<1Jbk1 8 +kf1 lZd`_ kkuedm >4;@, ^_fhgkljbjm_l
ohjhr__ kh]eZkb_ f_`^m l_hjb_c b wdki_jbf_glhf1 <_ebqbgZ/ hibku\Z_fZy
khhlghr_gb_f +7156,/ ijhihjpbhgZevgZ Se(E) b/ ihkdhevdm dhwnnbpb_gl jZk0
iue_gby ih Ab]fmg^m ijhihjpbhgZe_g Sn(E)/ lh wlh/ ih0\b^bfhfm/ mdZau\Z_l
gZ lhl nZdl/ qlh ebg_cghklv \k_]^Z hljZ`_gZ \ dhwnnbpb_gl_ jZkiue_gby
ijhihjpbhgZevghklvx lhjfh`_gbx +y^_jghfm beb we_dljhgghfm,1

4.4. <dexq_gb_ Zgbahljhiguo wnn_dlh\ = ijhkl_crbc
kemqZc 1 Hkgh\gh_ mjZ\g_gb_ ^ey nmgdpbb ^_n_dlh\ fh`_l [ulv ihemq_gh
\ ebg_cghf j_`bf_ +kf1 ijbeh`_gb_ :,1 D kh`Ze_gbx/ _^bgkl\_ggh_ bf_x0
s__ky ZgZeblbq_kdh_ j_r_gb_ y\ey_lky Zkbfilhlbq_kdbf b g_ hibku\Z_l ^he0
`guf h[jZahf gbadhwg_j]_lbq_kdbc j_`bf1 Qlh[u ihemqblv ZgZeblbq_kdb_
j_amevlZlu/ \dexqZxsb_ Zgbahljhigu_ wnn_dlu/ b ijbf_gy_fu_ ijb gbadbo
wg_j]byo/ fu ijbf_f \ ^Zgghf jZa^_e_ ke_^mxsmx nhjfmem ^ey D [19]

]^_ Dis ij_^klZ\ey_l bahljhigmx qZklv D, Z ihdZaZl_ev k hibku\Z_l kl_i_gv
Zgbahljhighklb (k = 3 ² bahljhiguc kemqZc,1 Khhlghr_gb_ +715:, h[h[sZ_l
\ujZ`_gb_ ^ey D, mki_rgh bkihevah\Zggh_ \ jZ[hl_ >;5@ k ihdZaZl_e_f kl_0
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i_gb k  5 ^ey h[tykg_gby ihemq_gguo \ ihke_^g__ \j_fy wg_j]_lbq_kdbo
ki_dljh\ jZkiue_gguo qZklbp1 H^gZdh/ fu ih^q_jdb\Z_f/ qlh gbdh]^Z g_ [ueh
^hdZaZgh/ qlh khhlghr_gb_ +715:, y\ey_lky j_r_gb_f mjZ\g_gby +:164, ijb0
eh`_gby1

< khhl\_lkl\bb k hkgh\guf \ujZ`_gb_f ^ey ^\hcgh]h ^bnn_j_gpbZevgh]h
jZkij_^_e_gby jZkiue_gguo qZklbp +719, fu ihemqZ_f

b ihke_ ^Zevg_cr_]h bgl_]jbjh\Zgby fu ijboh^bf d ke_^mxs_c nhjfme_
dhwnnbpb_glZ jZkiue_gby

>ey ihemq_gby wlhc ihke_^g_c nhjfmeu fu ijbgyeb \h \gbfZgb_ khhlghr_-
gb_ +716,1

>ey aZibkb \ y\ghf \b^_ bkdhfuo nbabq_kdbo \_ebqbg fu ^he`gu hi0
j_^_eblv \b^ Dis. < khhl\_lkl\bb k jZ[hlhc >;5@ fu ijbgbfZ_f ^ey Dis \u0
jZ`_gb_ +7146, b ihemqZ_f

< khhlghr_gbb +7164, Y0 — ab]fmg^h\kdbc dhwnnbpb_gl jZkiue_gby b ω
^Z_lky nhjfmehc +6154,1

Ijb [hevrbo gZqZevguo wg_j]byo +? >> ?th) khhlghr_gb_ +7164, ij_0
\jZsZ_lky \ ke_^mxs__

L_i_jv h[km^bf [he__ ih^jh[gh kemqZc k  51 >ey lZdhc \_ebqbgu k ^\hc-
gh_ ^bnn_j_gpbZevgh_ jZkij_^_e_gb_ jZkiue_gguo qZklbp

Khhlghr_gb_ +7166, gZoh^blky \ kh]eZkbb k \ujZ`_gb_f/ \u\_^_gguf ;1 =Zj-
jbkhg >;5@/ b bkihevam_lky ^ey h[tykg_gby wdki_jbf_glZevguo j_amevlZlh\/
ihemq_gguo \ ihke_^g__ \j_fy1

Iheh`_gb_ fZdkbfmfZ wlh]h jZkij_^_e_gby hij_^_ey_lky ke_^mxs_c
nhjfmehc >;5@=
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dhlhjZy ijb\h^blky d khhlghr_gbx/ ^Zxs_fm lhfikhgh\kdh_ iheh`_gb_ fZd0
kbfmfZ ijb θ1  31 H^gZdh k jhklhf iheyjgh]h m]eZ ijhbkoh^bl k^\b] fZdkb0
fmfZ \ klhjhgm gbadbo wg_j]bc b wlZ l_g^_gpby g_ aZ\bkbl hl \u[hjZ U [81].

Bgl_]jbjh\Zgb_ khhlghr_gby +7166, ih m]eh\uf i_j_f_gguf iha\hey_l ihemqblv
ke_^mxsmx nhjfmem ^ey wg_j]_lbq_kdh]h ki_dljZ

]^_ J0 — lhfikhgh\kdbc wg_j]_lbq_kdbc ki_dlj1
Bgl_]jbjh\Zgb_ khhlghr_gby +7166, ih wg_j]_lbq_kdhc i_j_f_gghc k mq_-

lhf +716, ^Z_l

]^_

Ijb \ukhdbo gZqZevguo wg_j]byo khhlghr_gb_ +716:, fh`_l [ulv ijb[eb-
`_ggh ij_^klZ\e_gh nhjfmehc ;1 =Zjjbkhg >;4@

B/ gZdhg_p/ bgl_]jbjh\Zgb_ nmgdpbb +7169, ih m]eh\hc i_j_f_gghc ijb0
\h^bl d ke_^mxs_fm \ujZ`_gbx ^ey dhwnnbpb_glZ jZkiue_gby >4<@

]^_ Y0 — kgh\Z ab]fmg^h\kdbc dhwnnbpb_gl jZkiue_gby1
H[km`^_gb_ b kjZ\g_gby j_amevlZlh\/ ^Z\Z_fuo nhjfmehc +716<, k wdk0

i_jbf_glZevgufb ^Zggufb/ fh`gh gZclb \ jZ[hl_ >4<@1

4.5. I_jki_dlb\u b aZdexq_gb_ 1 D gZqZem fhbo bkke_^h\Zgbc
ih jZkiue_gbx +hdheh 4<;3 ]1, m dhee_]/ aZgbfZxsboky wlbf \hijhkhf/ km0
s_kl\h\Zeh ij_^klZ\e_gb_/ qlh klZg^ZjlgZy ljZgkihjlgZy l_hjby kihkh[gZ ^ey
ebg_cguo j_`bfh\ hibkZlv \k_ nbabq_kdb_ \_ebqbgu/ dZkZxsb_ky wlh]h y\0
e_gby1 G_dhlhju_ ba g_j_r_gguo ijh[e_f [ueb kdhj__ l_ogbq_kdh]h/ Z g_
nmg^Zf_glZevgh]h oZjZdl_jZ +kf1 klZlvx Ab]fmg^Z \ fhgh]jZnbb >9@, b mki_o
wlhc l_hjbb [ue klhev \_ebd/ qlh \hij_db kZfbf Z\lhjZf/ l_hjby bkihevah-
\ZeZkv k g_dhlhjufb l_ogbq_kdbfb fh^bnbdZpbyfb ^ey hibkZgby jZkiue_gby
[_a \uykg_gby h[eZklb __ ijbf_gbfhklb1 ?^bgkl\_ggh_ \gmlj_gg__ ijhlb\h-
j_qb_ l_hjbb/ Z bf_ggh/ jZkoh^bfhklv \ujZ`_gby ^ey \_ebqbgu kj_^g_c wg_j0
]bb jZkiue_gguo Zlhfh\/ [ueh/ h^gZdh/ iheghklvx hklZ\e_gh [_a \gbfZgby1
Ebd\b^Zpby wlhc jZkoh^bfhklb g_ y\ey_lky _^bgkl\_gguf g_h[oh^bfuf mk0
eh\b_f iheghc ihke_^h\Zl_evghklb l_hjbb/ h^gZdh/ _keb hgZ ^he`guf h[jZahf
j_Zebah\ZgZ/ lh iha\hey_l ijbclb \ ^\b`_gb_ gh\uf b^_yf \ l_hjbb jZkiu0
e_gby1
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<hafh`ghklv ihke_^h\Zl_evgh]h ih^oh^Z \hagbdeZ \ l_hjbb NZevdhg_ b

Ab]fmg^Z/ dhlhjZy k^_eZeZ \hafh`guf ihemq_gb_ ijyfhc bgnhjfZpbb h ]em-
[bg_ \uoh^Z jZkiue_gguo qZklbp1 >jm]bfb keh\Zfb/ wlZ l_hjby iha\hebeZ
bamqZlv ih\_joghklguc Zki_dl y\e_gby dZq_kl\_ggh1 I_j\uf rZ]hf \ gZ-
ijZ\e_gbb dhebq_kl\_ggh]h hij_^_e_gby ih\_joghklghc kmsghklb jZkiue_-
gby y\behkv >9;@ mklZgh\e_gb_ k\yab f_`^m kj_^g_c ^ebghc k\h[h^gh]h ijh-
[_]Z b ]em[bghc aZjh`^_gby jZkiue_gguo qZklbp1 K ihfhsvx wlhc bgl_j-
ij_lZpbb ]em[bgu \uoh^Z mklZgZ\eb\Z_lky/ qlh gZb[he__ \_jhylguf kihkh[hf
^\b`_gby Zlhfh\/ dhlhju_ ^he`gu jZkiueblvky/ y\ey_lky ^\b`_gb_ ih ijy-
fhc [_a klhedgh\_gbc1 Ke_^h\Zl_evgh/ [eZ]h^Zjy ih\_joghklghfm oZjZdl_jm
jZkiue_gby +Zlhfu \ue_lZxl [_amkeh\gh ba i_j\h]h fhghkehy, Zlhfu dZkdZ^Z/
dhlhju_ [m^ml jZkiue_gu/ g_ fh]ml l_jylv wg_j]bx/ lZd qlh h[s__ \ujZ`_gb_
^ey nmgdpbb \ue_lZ ^Z_l khhlghr_gb_ +715, +ij_^iheh`_gb_ h iehkdhf ih-
\_joghklghf ihl_gpbZevghf [Zjv_j_ y\ey_lky \ l_hjbb \lhjuf ih agZq_gbx,1

Fu lZd`_ hlf_qZeb/ qlh \_ebqbgZ R0 \ l_hjbb NZevdhg_²Ab]fmg^Z hl-
ebqZ_lky hl \_ebqbgu L0 \ khhlghr_gbb +715,/ ijbq_f dhebq_kl\_ggh1 GZr_c
p_evx l_i_jv y\ey_lky jZkq_l \_ebqbgu wlh]h jZaebqby1

QZklbpu/ ^\b`msb_ky q_j_a l\_j^h_ l_eh/ ij_^klZ\eyxlky lhq_qgufb
qZklbpZfb/ bkiulu\Zxsbfb mijm]b_ klhedgh\_gby/ oZjZdl_jbam_fu_ hij_-
^_e_gguf k_q_gb_f1 Ihkdhevdm jZkiue_ggu_ qZklbpu \hagbdZxl \ i_j\hf
fhghkeh_/ k_q_gb_ jZkiue_gby +k_q_gb_ klhedgh\_gby ^\mo lhq_qguo qZklbp/
\ j_amevlZl_ dhlhjh]h \hagbdZ_l jZkiue_ggZy qZklbpZ, ^he`gh [ulv dhgklZg-
lhc/ jZ\ghc

b fu fh`_f aZibkZlv

< hlebqb_ hl wlh]h \_ebqbgZ +kj1 +518;,,

k dhgklZglhc 
$
5

3 $4/;3;=& 1 L_i_jv jZkkqblZ_f \_ebqbgu L0 b R0 ^ey kemqZy
fbr_gb ba `_e_aZ +wlhl j_amevlZl ihoh` gZ j_amevlZlu ^ey ^jm]bo fbr_g_c,1

>ey Fe N= 8,48⋅10-2 Zlhf2
$
6$ b fu ihemqZ_f L0 = 2,276 

$

$ b R0 = 6,522 
$

$ .
Hlebqb_ f_`^m ^\mfy \_ebqbgZfb ihjy^dZ 6/ qlh \Z`gh ^ey dhebq_kl\_ggh]h
ZgZebaZ1 <_jhylghklv ijZ\bevgh]h \u[hjZ ba wlbo ^\mo \_ebqbg \_kvfZ \ukhdZ1
Hg fh`_l [ulv k^_eZg k ihfhsvx khihklZ\e_gby l_hj_lbq_kdbo b wdki_jb-
f_glZevguo \_ebqbg ^ey kj_^gbo ]em[bg \uoh^Z jZkiue_gguo qZklbp1 :gZeba
wdki_jbf_glZevguo b jZkkqblZgguo k ihfhsvx W<F \_ebqbg ^Ze

]^_ λ ² kj_^g__ f_`Zlhfgh_ jZkklhygb_1 Ihkdhevdm/ ih djZcg_c f_j_/ \ j_-
`bf_ Ab]fmg^Z²LhfikhgZ fu ihemqbeb agZq_gb_ +kj1 nhjfmeu +61<, b
(3.22))

b
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lh fu ijboh^bf d aZdexq_gbx/ qlh ]em[bgZ aZjh`^_gby jZkiue_gguo qZklbp/
\ujZ`_ggZy q_j_a kj_^gxx ^ebgm k\h[h^gh]h ijh[_]Z/ bf__l ijZ\bevgmx nb-
abq_kdmx bgl_jij_lZpbx1
?keb L0 hij_^_ey_lky nhjfmehc +7174,/ lh \k_ gZrb ij_^u^msb_ jZkq_lu dhwnnbpb_glZ
jZkiue_gby aZ\urZxl j_amevlZl +fu bkihevah\Zeb \_ebqbgm/
^Z\Z_fmx nhjfmehc +518;,, b h[s__ kh]eZkb_/ ihemq_ggh_ ijb kjZ\g_gbb wdk-
i_jbf_glZevguo ^Zgguo b j_amevlZlh\ ljZgkihjlghc l_hjbb/ beb __ h[h[s_-
gby/ om`_/ q_f wlh ml\_j`^Zehkv jZg__1 < ^_ckl\bl_evghklb/ hij_^_e_ggh_
aZdexq_gb_ h kh]eZkbb j_amevlZlh\/ jZkkqblZgguo ih ljZgkihjlghc l_hjbb
+beb l_hjbb/ ij_^klZ\e_gghc Z\lhjhf,/ b j_amevlZlh\/ ihemq_gguo ba wdki_-
jbf_glZ/ k^_eZlv ihdZ g_evay1 < \ujZ`_gbb ^ey dhwnnbpb_glZ jZkiue_gby
bf_xlky b ^jm]b_ \_ebqbgu= =/ FD, U, Z lZd`_ ihjh]/ dhlhjuc jZkkqblZg ihdZ
g_ hq_gv ohjhrh >;6/ ;7@1 Lhqghklv hij_^_e_gby \_ebqbg = b FD aZ\bkbl hl
lh]h/ gZkdhevdh ohjhrh hij_^_e_gZ nmgdpby ^_n_dlh\ +fu g_ bf__f Z^_d-
\Zlgh]h j_r_gby ^ey ihem[_kdhg_qguo fbr_g_c,/ Z lhqgh_ hij_^_e_gb_ ih-
\_joghklghc wg_j]bb k\yab b ihjh]Z jZkiue_gby k\yaZgh kh k\hckl\Zfb ih-
\_joghklb/ \Z`gufb ^ey jZkiue_gby1 +< lZ[e1 ,, ^Zgh g_kdhevdh bkihevam-_fuo

\_ebqbg1, >ey mihfygmluo \u-
r_ \_ebqbg fu bf__f gZ hkgh\_ fh-
^_eb iZjguo klhedgh\_gbc ^\Z hk-
gh\guo j_amevlZlZ +kjZ\gbl_ nhjfm-
eu +716, b +717,,/ dhlhju_ fh]ml [ulv
bkihevah\Zgu ^ey ihemq_gby [he__
lhqghc bgnhjfZpbb h gbo1 ;hevrZy
qZklv wlhc jZ[hlu _s_ ^he`gZ [ulv
ijh^_eZgZ1 ;he__ lh]h/ [eZ]h^Zjy
k\h_fm h[s_fm oZjZdl_jm h[eZklv
ijbf_gbfhklb khhlghr_gbc +716, b
+717, wd\b\Ze_glgZ h[eZklb ijbf_-
gbfhklb fh^_eb iZjguo klhedgh\_-
gbc \ l_hjbb jZkiue_gby1

Qlh dZkZ_lky jZkijhkljZg_gby
jZkkfhlj_gghc mgbnbpbjh\Zgghc
l_hjbb gZ g_dhlhju_ g_ebg_cgu_ j_-
`bfu/ lh fu kqblZ_f/ qlh wlhl \hi-
jhk \ gZklhys__ \j_fy iheghklvx hl-
djul1 G_khfg_gguf fg_gb_f Z\lhjZ
y\ey_lky lh/ qlh ih\_joghklguc oZ-
jZdl_j jZkiue_gby y\ey_lky mgb\_j-
kZevguf k\hckl\hf y\e_gby/ ohly
fZl_fZlbq_kdZy nhjfmebjh\dZ wlh]h
fh`_l hlebqZlvky hl ^Z\Z_fhc nhj-
fmehc +715,1

B gZdhg_p/ ke_^m_l kdZaZlv/ qlh/
ohly \ gZklhys__ \j_fy ij_^klZ\e_g
h[sbc b ihke_^h\Zl_evguc ih^oh^ d
bamq_gbx y\e_gby jZkiue_gby ^ey eb-

g_cguo j_`bfh\/ ^he`gu ZgZebabjh\Zlvky b ^jm]b_ bgl_j_kgu_ ih\_joghkl-
gu_ b h[t_fgu_ y\e_gby1

:\lhj \ujZ`Z_l [eZ]h^Zjghklb dhee_]Zf ;1>1 =Zjjbkhg/ N1 =meeh/ >1W1
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=Zjjbkhgm +fe1,/ J1 D_eeb/ :1 Heb\_/ <1 Ibjjhg_eeh/ I1 Ab]fmg^m b 61 Rjh-
m[_dm/ k dhlhjufb hg bf_e ijbylgmx \hafh`ghklv kh\f_klgh jZ[hlZlv b h[-
km`^Zlv fgh]b_ ijh[e_fu y\e_gby jZkiue_gby1 Hkh[mx [eZ]h^Zjghklv y ohqm
\ukdZaZlv I1 Ab]fmg^m/ dhlhjuc \\_e Z\lhjZ \ ijh[e_fm jZkiue_gby b kgZ[^be
_]h i_j\ufb \Z`gufb k\_^_gbyfb b ZiiZjZlhf ^ey gZqZeZ jZajZ[hldb jy^Z
dexq_\uo ijh[e_f b l_hj_lbq_kdbo ih^oh^h\1 G_h[oh^bfh lZd`_ hkh[h ih-
[eZ]h^Zjblv 61 Rjhm[_dZ aZ _]h ihklhyggmx ih^^_j`dm \ ijhp_kk_ jZ[hlu
gZ^ l_hjb_c b aZ \gbfZgb_ b djblbq_kdb_ aZf_q_gby/ \ujZ`_ggu_ ijb ql_gbb
jmdhibkb1

Ijbeh`_gb_1 Hkgh\gu_ mjZ\g_gby ^ey nmgdpbb ^_n_dlh\
< wlhf ijbeh`_gbb fu ihemqbf hkgh\gh_ mjZ\g_gb_ ^ey nmgdpbb ^_-

n_dlh\ D \ ebg_cghf j_`bf_/ Z lZd`_ ijb\_^_f g_dhlhju_ j_r_gby wlh]h
mjZ\g_gby1

Ih^oh^/ dhlhjuc fu kh[bjZ_fky ij_^eh`blv/ jZa\bl \ hkgh\ghf [eZ]h^Zjy
jZ[hlZf Jh[bgkhgZ >98@/ Ebg^oZj^Z >59 ² 5;@/ KZg^_jkZ >;8@/ Ab]fmg^Z >73/
44, ;9@ b <bgl_j[hgZ >76@1 Ijb hibkZgbb l_ogbq_kdbo \hijhkh\ b hij_^_e_gbc
fu nZdlbq_kdb ke_^m_f Ab]fmg^m >77@1 Kh]eZkgh wlhfm Z\lhjm/ fu fh`_f
hij_^_eblv nmgdpbx D +ih l_jfbgheh]bb Ab]fmg^Z ² iehlghklv qbkeZ \u-
[bluo Zlhfh\, lZd/ qlh 3333 GG,H/>H/+ H((('  — kj_^g__ qbkeh Zlhfh\/ ijb-

r_^rbo \ ^\b`_gb_ k gZqZevghc wg_j]b_c ,G/+ 33 (( b gZijZ\e_gb_f/ e_`Zsbf

\ l_e_kghf m]e_ ,G/H+ 3
5

3 H , \ dZkdZ^_ klhedgh\_gbc/ ]_g_jbjh\Zgghf i_j\bq-
guf bhghf k gZqZevghc wg_j]b_c ? b gZijZ\e_gb_f ^\b`_gby _1

Bkihevamy ijhp_^mjm Ebg^oZj^Z ^ey mjZ\g_gbc [ZeZgkZ/ fu fh`_f ih-
emqblv ^ey D ke_^mxs__ mjZ\g_gb_ >;:@

]^_ ,/+G 3((σ  k_q_gb_ ihl_jb wg_j]bb/ ,//+G YYY ′′′σ ² ^bnn_j_gpbZevgh_ k_-
q_gb_ mijm]bo klhedgh\_gbc f_`^m i_j\bqghc qZklbp_c k gZqZevghc kdhjh-
klvx v = (E, _,/ kdhjhklvx ihke_ klhedgh\_gby v' = +? ² L/ _*, b \u[blhc qZ-
klbp_c kh kdhjhklvx v" = (T, _%,/ dhlhjZy i_j_^ klhedgh\_gb_f ihdhbeZkv>
H ² nmgdpby/ ZgZeh]bqgZy D/ gh hlg_k_ggZy d kbkl_f_/ ]^_ bhg b fbr_gv
bf_xl jZ\gu_ fZkku> mjZ\g_gb_ ^ey G

>ey ihemq_gby j_r_gby mjZ\g_gby (A.1) fu ^he`gu \gZqZe_ j_rblv
mjZ\g_gb_ +:15,1 F_lh^bdb j_r_gby lZdh]h lbiZ mjZ\g_gbc ^_lZevgh hibkZgu
\ jZ[hl_ >76@1 I_j\uf rZ]hf a^_kv y\ey_lky jZaeh`_gb_ m]eh\hc qZklb \ jy^
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ih ihebghfZf E_`Zg^jZ

Ih^klZgh\dZ khhlghr_gby +:16, \ mjZ\g_gb_ +:15, iha\hey_l ihemqblv
mjZ\g_gby ^ey khhl\_lkl\mxsbo dhwnnbpb_glh\1

Ijb Se(E) = 0bf__f

]^_ N1 b N2 ² m]eu jZkk_ygby \ eZ[hjZlhjghc kbkl_f_ i_j\bqghc qZklbpu b
ZlhfZ hl^Zqb khhl\_lkl\_ggh1 <ujZ`_gby ^ey wlbo m]eh\ q_j_a i_j_^Zggmx
wg_j]bx L ke_^mxsb_ >;8@

]^_

4

54

4

54

5
/

5 0
00%

0
00$ −

=
+

= +:1:,

(
7W = +:1;,

>ey ihemq_gby mjZ\g_gby +:17, fu bkihevah\Zeb khhlghr_gb_ +5194, b ih-
oh`__ \ujZ`_gb_

kh\f_klgh kh ke_^mxsbf ij_^klZ\e_gb_f ^_evlZ0nmgdpbb

MjZ\g_gb_ +:17, l_i_jv fh`_l [ulv j_r_gh ^ey ebg^oZj^h\kdh]h kl_i_ggh]h
k_q_gby +kjZ\gbl_ +5164,,> ihemqZ_f
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MjZ\g_gb_ +:144, fh`_l [ulv j_r_gh k ihfhsvx ij_h[jZah\Zgby EZieZkZ1
Fu \\h^bf i_j_f_ggmx

b ijbf_gy_f ij_h[jZah\Zgb_ EZieZkZ d h[_bf qZklyf mjZ\g_gby +:144, \
khhl\_lkl\bb kh ke_^mxsbf hij_^_e_gb_f=

Bf__f

]^_ gl(s)b fl(s) - bah[jZ`_gby ij_h[jZah\Zgby EZieZkZ hl hjb]bgZeh\

Fu bkihevam_f nmgdpbb +:148, ^ey j_r_gby mjZ\g_gby +:1,1 Bkihevamy
ijhp_^mjm ZgZeh]bqgmx lhc/ qlh [ueZ ijbf_g_gZ ^ey \u\h^Z mjZ\g_gby +:15,/
fu gZc^_f ke_^mxs__ mjZ\g_gb_ ^ey hij_^_e_gby dhwnnbpb_glh\ ijb ih-
ebghfZo E_`Zg^jZ

Bg^_dk d hlghkblky d kbkl_f_/ \ dhlhjhc qZklbpu fbr_gb b i_j\bqgZy qZklbpZ
jZaebqZxlky1

Khhlghr_gb_ +:14;, q_j_a i_j_f_ggmx b fh`_l [ulv \ujZ`_gh ke_^mx0
sbf h[jZahf
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]^_ θ(o, — _^bgbqgZy klmi_gqZlZy nmgdpby b υ = InL2?0. Ihke_ bkihev-
ah\Zgby ij_h[jZah\Zgby EZieZkZ khhlghr_gb_ +:153, ij_\jZsZ_lky \ ke_^m-
xs__ (13* ):

]^_ Hl(s)hij_^_ey_lky \ujZ`_gb_f +:148,1
Hp_gdZ j_amevlZlZ h[jZlgh]h ij_h[jZah\Zgby EZieZkZ +:156, \ dhfiZd-

lghc nhjf_ gbdh]^Z g_ [ueZ ijhba\_^_gZ1 L_f g_ f_g__/ dZd ihdZaZgh Jh-
[bgkhghf >98@ b Ab]fmg^hf >77/ ;9@/ Zkbfilhlbq_kdb_ j_r_gby ^ey
Dl(E, ?0) fh]ml [ulv ihemq_gu ba \ujZ`_gby +:156,1 < h[s_f \b^_ ^ey nmg-
dpbb F(s),m dhlhjhc bf_xlky ihexkZ Sn, fu fh`_f aZibkZlv >;;@

]^_ Res F — \uq_l nmgdpbb F, \uqbke_gguc \ ihexk_1 AZf_lbf/ qlh ihexkZ
[_jmlky ih m[u\Zgbx ihjy^dZ1 :kbfilhlbq_kdh_ jZaeh`_gb_ dhwnnbpb_glh\
Dl(E, E0) fh`_l [ulv aZibkZgh dZd

]^_ s0 — gZb\ukrbc iheh`bl_evguc ihexk1
< ^_ckl\bl_evghklb m nmgdpbb +:156, ^ey l  3 gZb\ukrbc iheh`bl_ev-

guc ihexk s = 4/ \ lh \j_fy dZd ^ey l  4 hg jZ\_g s  4251 :gZeblbq_kdb_
\uqbke_gby ^Zxl ke_^mxsb_ \ujZ`_gby ^ey i_j\uo ^\mo dhwnnbpb_glh\=

k ψ(x)—eh]Zjbnfbq_kdhc ijhba\h^ghc ]ZffZ0nmgdpbb Wce_jZ >6<@1
LZdbf h[jZahf/ Zkbfilhlbq_kdh_ j_r_gb_ mjZ\g_gby (A.1) fh`_l [ulv

aZibkZgh dZd

?keb fu lZd`_ \dexqbf k_q_gb_ we_dljhggh]h lhjfh`_gby \ mjZ\g_gb_
+:14,/ lh/ dZd ihdZaZgh Ab]fmg^hf >77/ 7;@/ nhjfmeZ +:15<, i_j_oh^bl \ ke_-
^mxsmx=



�4@ L?HJBY J:KIUE?GBY 111

]^_ v(E) ² wg_j]by/ i_j_r_^rZy \ dbg_lbq_kdmx wg_j]bx Zlhfh\ \_s_kl\Z
[27].

MjZ\g_gb_ +:1, fh`_l [ulv ^Zevr_ h[h[s_gh k ihfhsvx \dexq_gby
ijhkljZgkl\_gghc aZ\bkbfhklb1 Fu hij_^_ebf nmgdpbx ,/H/>H/+ 33 [((' lZ-

dbf h[jZahf/ qlh G[H(' 3
5

3GG  — kj_^g__ qbkeh Zlhfh\/ ijbr_^rbo \ ^\b`_gb_
gZ ]em[bg_ (x, dx) k wg_j]b_c +?0, d?0) b gZijZ\e_gbb/ aZdexq_gghf \ l_-
e_kghf m]e_ +e0, d2e0), \ dZkdZ^_ klhedgh\_gbc/ ]_g_jbjh\Zgghf i_j\bqghc
qZklbp_c k wg_j]b_c E, ^\b`ms_cky \ gZijZ\e_gbb _1 F_lh^ [ZeZgkZ iha\hey_l
ihemqblv ke_^mxs__ mjZ\g_gb_ >;:@

IhemqZy \gZqZe_ jZkij_^_e_gb_ bfimevkZ ih ]em[bg_ b bkihevamy mihfygmlmx
l_ogbdm/ j_r_gb_ mjZ\g_gby +:164, fh`_l [ulv ihemq_gh \ ke_^mxs_f
\b^_ >76/ 7;@=

]^_ Fp(E,e,x) — bfimevk/ i_j_^Zgguc h^gbf i_j\bqguf bhghf k wg_j]b_c
? b gZijZ\e_gb_f ^\b`_gby _ gZ ]em[bg_ (o/ dx) \_s_kl\m >;</ <3@1 NhjfmeZ
+:165, ^Z_l _^bgkl\_ggh_ ihemq_ggh_ j_r_gb_ mjZ\g_gby +:164,1

A.1. M jZ\g_gb_ ^ey jZkij_^_e_gby i_j\bqguo Zlhfh\
hl^Zqb 1 MjZ\g_gb_ +:14, ijb G  3 y\ey_lky mjZ\g_gb_f ^ey Zlhfh\ hl^Zqb/
]_g_jbjh\Zgguo g_ihkj_^kl\_ggh i_j\bqguf bhghf/ Z bf_ggh/ mjZ\g_gb_f
jZkij_^_e_gby i_j\bqguo Zlhfh\ hl^Zqb1 Dhgdj_lgh/ _keb fu h[hagZqbf q_-
j_a 3

5
3G HG('S  — kj_^g__ qbkeh i_j\bqguo \u[bluo Zlhfh\/ ijbr_^rbo \

^\b`_gb_ k wg_j]b_c ,/+ 33 G(( \ gZijZ\e_gbb/ e_`Zs_f \ l_e_kghf m]e_

,G/+ 3
5

3 HH , [eZ]h^Zjy i_j\bqghfm bhgm k gZqZevghc wg_j]b_c ? b gZijZ\e_gb_f
^\b`_gby _/ mjZ\g_gb_ [m^_l lZdbf

Bkihevamy lm `_ ijhp_^mjm/ qlh b jZgvr_/ fu ihemqZ_f ke_^mxs__ mjZ\g_gb_
^ey dhwnnbpb_glh\ E_`Zg^jZ=
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:151 Gbadhwg_j]_lbq_kdb_ e_]db_ bhgu \ ly`_euo fZ-
l_jbZeZo 1 < kemqZ_/ dh]^Z e_]dbc bhg m^Zjy_l ih ly`_ehc fbr_gb/ hlgh-
r_gb_ fZkk µ klhev \_ebdh/ qlh i_j_^Z\Z_fZy wg_j]by \ iZjghf mijm]hf klhe-
dgh\_gbb fZeZ ih kjZ\g_gbx k wg_j]b_c gZe_lZxs_c qZklbpu1 Lh]^Z \ khhl-
ghr_gbb +:167, fh`_l [ulv bkihevah\Zgh jZaeh`_gb_ ih T [91]

< ^hiheg_gbb d wlhfm ^ey e_]dbo bhgh\ b ly`_euo fbr_g_c k_q_gb_ y^_jgh]h
lhjfh`_gby Sn(E) \k_]^Z fh`_l [ulv ijbgylh ><4@ fgh]h f_gvrbf/ q_f k_-
q_gb_ we_dljhggh]h lhjfh`_gby Se(E).

Ihke_^g__ ij_^iheh`_gb_ kh\f_klgh k jZaeh`_gb_f +:16:, iha\hey_l
ihemqblv ke_^mxs__ j_r_gb_ mjZ\g_gby +:167,=

qlh y\ey_lky bahljhiguf j_r_gb_f/ gZc^_gguf Ab]fmg^hf >77@1
Y\gu_ \ujZ`_gby ^ey nmgdpbc +:174, aZ\bkyl hl \u[hjZ k_q_gby mijm]bo

klhedgh\_gbc bhgZ k Zlhfhf fbr_gb b bkihevah\Zggh]h we_dljhggh]h lhjfh-
`_gby1

Ke_^my Rbhllm ><4@/ fu ij_^iheZ]Z_f ^ey Se+?, ebg^oZj^h\kdmx nhjfm
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k_q_gby lhjfh`_gby +kjZ\gbl_ +5174,, b ^ey dσ kl_i_ggh_ k_q_gb_ Ebg^oZj^Z
k l = 1/2

Ijb lZdhf \u[hj_ khhlghr_gb_ +:174, fh`_l [ulv aZibkZgh ke_^mxsbf h[-
jZahf >77@=

< khhl\_lkl\bb k \u\h^Zfb NZevdhg_ b Heb\u >;3/ ;1@ ijb[eb`_ggh_ j_r_-
gb_/ \dexqZxs__ ijhkljZgkl\_ggmx aZ\bkbfhklv/ \u]ey^bl lZd

]^_ 4PD[ FRVθS5[ =  ² fZdkbfZevgZy ]em[bgZ h[jZah\Zgby ^_n_dlh\1 Djhf_

lh]h/ ihkdhevdm khhlghr_gb_ +7177, mqblu\Z_l fgh]hdjZlgh_ jZkk_ygb_ gZ
iehkdhklb x 3 +ih\_joghklv,/ j_r_gb_ ihijZ\e_gh >;4@ \dexq_gb_f dhj-
j_dpbb ^ebgu imlb

LZdbf h[jZahf/ ijb[eb`_ggh_ j_r_gb_ \ bahljhighf ij_^_e_ ^ey gbadhwg_j-
]_lbq_kdbo e_]dbo bhgh\ \ ly`_euo fbr_gyo fh`_l [ulv aZibkZgh lZd >;4@

Khhlghr_gb_ +:179, ^ey Zlhfh\/ dhlhju_ fh]ml [ulv jZkiue_gu/ \ kemqZ_
ghjfZevgh]h iZ^_gby k\h^blky d \ujZ`_gbx +714:,1

>hiheg_gb_ Z\lhjZ d jmkkdhfm i_j_\h^m klZlvb (14*)

<b^ nmgdpbb \uoh^Z/ \ dhlhjhc bkihevah\Zg kj_^gbc k\h[h^guc ijh[_]
Zlhfh\/ ² hkgh\ghc gh\uc j_amevlZl/ ij_^klZ\e_gghc \ur_ l_hjbb1 Wlh hl-
jZ`Z_l ih\_joghklguc oZjZdl_j y\e_gby jZkiue_gby1 < ^Zgghf djZldhf ^h-
iheg_gbb fu mlhqgbf ijbjh^m klhedgh\bl_evgh]h kj_^g_]h k\h[h^gh]h ijh[_]Z
[108] (15* ).

?keb j_rblv mjZ\g_gby Ab]fmg^Z/ hibku\Zxsb_ jZkiue_gb_/ ihke_^h-
\Zl_evgh bkihevamy dhgp_ipbx kj_^g_]h k\h[h^gh]h ijh[_]Z/ lh dhwnnbpb_gl
jZkiue_gby ^ey ebg^oZj^h\kdh]h kl_i_ggh]h k_q_gby ihke_ bkihevah\Zgby
ij_h[jZah\Zgby EZieZkZ \uqbkey_lky lhqgh >;;@
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< khhlghr_gbb +4, \_ebqbgZ \ kdh[dZo ij_^klZ\ey_l nhjfmem h[jZs_gby
ij_h[jZah\Zgby EZieZkZ JbfZgZ²Nmjv_ >;;@/ b² hij_^_e_gZ \ +:1 46, b

² ljZgkihjlgh_ k_q_gb_1 >ey ebg^oZj^h\kdh]h kl_i_ggh]h k_q_gby nhjfmeZ
+7, fh`_l [ulv aZibkZgZ ke_^mxsbf h[jZahf=

H[jZsZykv d khhlghr_gbx +4,/ fu fh`_f/ \ dZq_kl\_ hkgh\gh]h j_amevlZlZ/
k^_eZlv \u\h^ h lhf/ qlh ab]fmg^h\kdbc dhwnnbpb_gl jZkiue_gby ijhih-
jpbhgZe_g gbadhwg_j]_lbq_kdhc ljZgkihjlghc ^ebg_ k\h[h^gh]h ijh[_]Z

:kbfilhlbq_kdh_ ijb[eb`_gb_ nhjfmeu +4, \ kemqZ_ l  3 _klv

dhlhjh_ ihke_ bkihevah\Zgby khhlghr_gby +9, ^Z_l lhqgh ab]fmg^h\kdbc j_-
amevlZl1 <ujZ`_gb_ +;, fh`_l [ulv lZd`_ gZc^_gh \ jZ[hl_ <bevyfkZ >43<@1

Ij_^u^msbc ZgZeba bf__l g_kdhevdh ke_^kl\bc ^ey l_hjbb/ ij_^klZ\-
e_gghc \ur_1 A^_kv fu/ \ qZklghklb/ mihfbgZ_f/ qlh/ ohly nhjfmeZ +714,
hklZ_lky ijbf_gbfhc/ nmgdpby \uoh^Z/ Z bf_ggh +715,/ ^he`gZ [ulv h[h[s_gZ
\ \b^_

Wlh ih^jZamf_\Z_l/ qlh ihklhygguc klhedgh\bl_evguc kj_^gbc k\h[h^guc
ijh[_] L0 y\ey_lky a^_kv ljZgkihjlguf kj_^gbf k\h[h^guf ijh[_]hf/ aZ\b-
kysbf hl wg_j]bb1

>ey ebg^oZj^h\kdh]h kl_i_ggh]h k_q_gby b agZq_gby l  3 \k_ j_amev-
lZlu/ ij_^klZ\e_ggu_ \ h[ahj_/ lhqgh \hkijhba\h^ylky/ bkdexqZy \_ebqbgm
L0, dhlhjZy l_i_jv bf__l \b^

>Zevg_crb_ h[km`^_gby b ke_^kl\by ijbf_g_gby khhlghr_gby +<, [m^ml
kh^_j`Zlvky \ >43;@1

+I_j_\h^ k Zg]e1 <1<1 Ie_lg_\Z1 Ih^ j_^Zdpb_c <1:1 FheqZgh\Z,
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IJBF?Q:GBY
(1) D wlhfm kibkdm fu ^h[Z\bf g_kdhevdh h[ahjguo jZ[hl/ him[ebdh\Zgguo \ ihke_^g__

\j_fy ><5² <9/ 110]. +Ijbf_q1 i_j1,
(2) Hlf_lbf/ qlh fgh]b_ ijhf_`mlhqgu_ \udeZ^db/ hims_ggu_ Ebg^oZj^hf b ^j1/ \

jZ[hlZo/ mihfbgZ_fuo \ wlhc klZlv_/ \hkijhba\_^_gu ;hg^_jmihf \ _]h %E_dpbhgguo aZibkdZo%
[111]. +Ijbf_q1 j_^1 i_j1,

(3) Bfy Donald E. Harrison[m^_l ljZgkeblbjh\Zlvky \ i_j_\h^_ dZd >1 =Zjjbkhg1 +Ijb0
f_q1 i_j1,

(4) Bfy Barbara J. Garrison[m^_l +\ ^Zevg_cr_f, ljZgkeblbjh\Zlvky dZd ;1 =Zjjbkhg1
LjZgkdjbipby nZfbebc >1 =ZjjbkhgZ b ;1 =Zjjbkhg ihqlb h^bgZdh\Z/ gh g_ b^_glbqgZ1 +Ijbf_q1
i_j1,

(5) >jm]b_ l_hjbb/ [Zabjmxsb_ky gZ hibkZgghc fh^_eb/ ijb\_^_gu \ dgb]_ Ie_rb\p_\Z
[99]. +Ijbf_q1 j_^1 i_j1,

(6) Ijb\_^_f kkuedm lZd`_ gZ [he__ jZggb_ jZ[hlu Nbjkh\Z/ dZkZxsb_ky jZkk_ygby
bhgh\ gZ ZlhfZo b g_mijm]bo ihl_jv \ Zlhf0Zlhfguo klhedgh\_gbyo ijb gbadbo kdhjhklyo >435/
103]. +Ijbf_q1 i_j1,

(7) Kf1/ gZijbf_j/ klZlvx Ab]fmg^Z \ dgb]_ ><6@1 +Ijbf_q1 i_j1,
(8) Kf1 lZd`_ dgb]m WdrlZcgZ ><9@1 +Ijbf_q1 i_j1,
(9) :gZeh]bqguc j_amevlZl [ue ihemq_g k ihfhsvx ij_^klZ\e_gby nmgdpbb J(E1, e1)

+614, \ \b^_ jy^Z ih ghf_jZf ihdhe_gbc dZkdZ^h\ ><:/ <;@1 Nmgdpby \uoh^Z J \ wlhf kemqZ_
khhl\_lkl\m_l y^jm ljZgkihjlgh]h hi_jZlhjZ \ bgl_]jZevghf ljZgkihjlghf mjZ\g_gbb1 ^Ijbf_q1
j_^1 i_j1,

(10) < fhgh]jZnbb >9@/ i_j_\_^_gghc gZ jmkkdbc yaud/ wlhl j_`bf gZau\Z_lky j_`bfhf
i_j\bqgh]h ijyfh]h \u[b\Zgby1 +Ijbf_q1 i_j1,

(11)Kf1/ gZijbf_j/ jZ[hlu >433/ 437/ 43:@1 +Ijbf_q1 i_j1,
(12)Kf1 jbkmghd 41; \ dgb]_ ><6@1 +Ijbf_q1 i_j1,
(13) J_amevlZl +:156, [ue g_aZ\bkbfh ihemq_g :1B1 LhefZq_\uf ^jm]bf f_lh^hf >438@1

H[h[s_gb_ wlh]h j_amevlZlZ gZ kemqZc/ dh]^Z aZdhg \aZbfh^_ckl\by bhgh\ k ZlhfZfb fbr_gb
hlebqZ_lky hl aZdhgZ \aZbfh^_ckl\by Zlhfh\ fbr_gb f_`^m kh[hc/ ijb\_^_g \ jZ[hl_ >439@1
+Ijbf_q1 j_^1 i_j1,

(14)>hiheg_gb_ ^Zlbjh\Zgh 44 k_gly[jy 4<<4 ]1 +Ijbf_q1 j_^1 i_j_\1,
(15) Kkuedb >43;/ 43<@ ^h[Z\e_gu Z\lhjhf d i_j_\h^m1 +Ijbf_q1 j_^1 i_j_\1,
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