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MIJ:<E?GB?�=HJGUF�>:<E?GB?F 
 

���Hkgh\gu_�ihgylby 

 
=hjgh_�^Z\e_gb_ –�kbeu��\hagbdZxsb_�\�fZkkb\_�]hjguo�ihjh^�\[ebab�\ujZ[hlhd�\�
j_amevlZl_�^_ckl\by�]jZ\blZpbb��kbeu�ly`_klb��b�l_dlhgbq_kdbo�ijhp_kkh\� 
 
Ijhy\e_gby� ]hjgh]h� ^Z\e_gby –�f_oZgbq_kdb_�ijhp_kku� �kf_s_gby�� ^_nhjfZpbb��
jZajmr_gby�� nhjfbjh\Zgb_� gZ]jmahd� gZ� dj_iv�� p_ebdb��� ijhbkoh^ysb_� \� fZkkb\_�
]hjguo� ihjh^� ijb� \_^_gbb� ]hjguo� jZ[hl�� dZd� j_Zdpby� gZ� gZjmr_gb_� bkoh^gh]h�
�ijbjh^gh]h��gZijy`_ggh]h�khklhygby�fZkkb\Z� 
 
MijZ\e_gb_�]hjguf�^Z\e_gb_f –�l_ogheh]bq_kdb_�ijb_fu��ijhp_kku�b�f_jhijbylby�
ih�fbgbfbaZpbb�ijhy\e_gbc�]hjgh]h�^Z\e_gby�\�\ujZ[hldZo� 
 
Kihkh[u�mijZ\e_gby�]hjguf�^Z\e_gb_f�gZ�ij_^ijbylbyo�dhjihjZpbb�©DZaZofukª� 

• ih^^_j`Zgb_�hldjulh]h�\ujZ[hlZggh]h�ijhkljZgkl\Z�p_ebdZfb� �gZ�jm^gbdZo�
@_adZa]ZgZ�� 

• aZdeZ^dZ� \ujZ[hlZggh]h� ijhkljZgkl\Z� �gZ�Hjeh\kdhf� jm^gbd_�@_ad_glkdh]h�
=HDZ�� 

• ih]Zr_gb_�\ujZ[hlZggh]h�ijhkljZgkl\Z�h[jmr_gb_f�\f_sZxsbo�ihjh^��ijb�
ih\lhjghc�jZajZ[hld_�jm^gbdh\�@_adZa]ZgZ�� 

• \j_f_ggh_� ih^^_j`Zgb_� \ujZ[hlZggh]h� ijhkljZgkl\Z� \� i_jbh^� hqbklghc�
\u_fdb� hl[blhc� aZfZ]Zabgbjh\Zgghc� jm^hc� �gZ� ;_ehmkh\kdhf�� Bjlurkdhf�
jm^gbdZo�nbebZeZ�<hklhdDZaf_^v�� 

 

���Ijbjh^gh_�gZijy`_ggh_�khklhygb_�fZkkb\Z�]hjguo�ihjh^ 

 
�����=jZ\blZpbhggu_�gZijy`_gby�\�fZkkb\_ 
 
KbeZ� ly`_klb� gZ� ]em[bg_�G� kha^Z_l� \�fZkkb\_� ]hjguo� ihjh^� k m^_evguf� \_khf� γ 
\_jlbdZevgu_� gZijy`_gby�� jZ\gu_� γG��NZdlbq_kdb� wlh� ^Z\e_gb_� hl� kh[kl\_ggh]h�
\_kZ�klhe[Z�ihjh^�hl�ih\_joghklb�^h�]em[bgu�G���Ih^�^_ckl\b_f�kh[kl\_ggh]h�\_kZ�
fZkkb\�k`Zl�ih�\_jlbdZeb�� �Bf_ggh�ihwlhfm�ijb�\_^_gbb�hldjuluo� ]hjguo�jZ[hl�
\hdjm]� dZjv_jh\� gZ[ex^Zxlky� ih^gylby� a_fghc� ih\_joghklb� gZ� ��-���ff� aZ� kq_l�
jZa]jmadb�fZkkb\Z�ijb�kgylbb�\_kZ�\kdjurguo�ihjh^� 
 
<_jlbdZevgh_� k`Zlb_� kh[kl\_gguf� \_khf� aZ� kq_l� ihi_j_qguo� ^_nhjfZpbc� k�
dhwnnbpb_glhf� ImZkkhgZ� ν� ijb\h^bl� d� ihy\e_gbx� \� fZkkb\_� ]hjbahglZevguo�
gZijy`_gbc�[hdh\h]h� jZkihjZ�� jZ\guo�ν/(1-ν)⋅γG��>ey�[hevrbgkl\Z� ]hjguo�ihjh^�
dhwnnbpb_gl�ImZkkhgZ�ν ∼ 0,2. Lh]^Z�dhwnnbpb_gl�[hdh\h]h�jZkihjZ��khhlghr_gb_�
]hjbahglZevguo�b�\_jlbdZevguo�gZijy`_gbc��jZ\_g�ν/(1-ν) ∼ 0,25. Wlh�hagZqZ_l� 
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?keb� fZkkb\� gZ]jm`_g� lhevdh� h^ghc� Zdlb\ghc� kbehc� – 
]jZ\blZpb_c� �kbehc� ly`_klb�� kh[kl\_gguf� \_khf��� lh�
fZdkbfZevgufb� ih� \_ebqbg_� \� g_f� y\eyxlky� \_jlbdZevgu_�
gZijy`_gby� γγG�� Z� ]hjbahglZevgu_� gZijy`_gby� \h� \k_o�
gZijZ\e_gbyo� jZ\gu� b� ijbf_jgh� \� �� jZaZ� f_gvr_�� q_f�
\_jlbdZevgu_�� 

 
�����=hjbahglZevgu_�l_dlhgbq_kdb_�gZijy`_gby�\�fZkkb\_ 
 
AZ� kq_l� kh\j_f_gguo� l_dlhgbq_kdbo� ijhp_kkh\� �hl]hehkdZfb� wlbo� ijhp_kkh\�
y\eyxlky� a_fe_ljyk_gby�� ihklhyggh� ijhbkoh^ysb_� \h� \k_f� fbj_�� \� a_fghc� dhj_�
kms_kl\m_l�\lhjZy�Zdlb\gZy�kbeZ�–�]hjbahglZevgu_�l_dlhgbq_kdb_�gZijy`_gby��Ba-
aZ� keh`gh]h� ]_heh]bq_kdh]h� kljh_gby� g_^j� \_ebqbgm� � b� gZijZ\e_gb_� ^_ckl\by�
l_dlhgbq_kdbo� gZijy`_gbc� fh`gh� mklZgh\blv� lhevdh� k� ihfhsvx� ki_pbZevguo�
baf_j_gbc�beb�ih�ijhy\e_gbyf�]hjgh]h�^Z\e_gby�\�\ujZ[hldZo�� 
 
Baf_j_gbyfb�\h�\k_f�fbj_�mklZgh\e_gh� 

• \_ebqbgu� l_dlhgbq_kdbo� gZijy`_gbc� fh]ml� ij_\urZlv�
\_jlbdZevgh_� ]jZ\blZpbhggh_� ^Z\e_gb_�lhesb� ihjh^� \� �-7 
jZa� 

• l_dlhgbq_kdb_� gZijy`_gby� \� fZkkb\_� ]hjguo� ihjh^�
jZkij_^_eyxlky� g_jZ\ghf_jgh�� ^Z`_� \� ij_^_eZo� h^gh]h�
f_klhjh`^_gby� fh]ml� \klj_qZlvky� mqZkldb� k� \ukhdbf� b�
gbadbf�mjh\gyfb�gZijy`_gbc� 

• \_ebqbgu� ]hjbahglZevgh]h� k`Zlby� fZkkb\Z� \� jZaguo�
gZijZ\e_gbyo�\�ieZg_�fh]ml�jZaebqZlvky�\�g_kdhevdh�jZa� 

• gZb[hevrb_� \_ebqbgu� l_dlhgbq_kdbo� gZijy`_gbc�
gZ[ex^Zxlky� \� \_jogbo� kehyo� a_fghc� dhju�� ]^_� \_^mlky�
]hjgu_�jZ[hlu��gZ�[hevrhc�]em[bg_��[he__����-����df���mjh\_gv�
l_dlhgbq_kdbo�ijb[eb`Z_lky�d�]jZ\blZpbhgghfm�^Z\e_gbx 

 
LZdbf�h[jZahf��bkoh^gh_�ijbjh^gh_�gZijy`_ggh_�khklhygb_�fZkkb\Z�hij_^_ey_lky�
g_aZ\bkbfuf�^_ckl\b_f�^\mo�Zdlb\guo�kbe� 

9�]jZ\blZpbb�� kha^Zxs_c� \_jlbdZevgh_� ^Z\e_gb_� kh[kl\_ggh]h� \_kZ� lhesb�
ihjh^�b�]hjbahglZevgu_�gZijy`_gby�[hdh\h]h�jZkihjZ��g_�ij_\urZxsb_�����
hl�\_jlbdZevguo� 

9�]hjbahglZevguo�l_dlhgbq_kdbo�gZijy`_gbc��g_jZ\ghf_jgh�jZkij_^_e_gguo�ih�
iehsZ^b�b�ih�gZijZ\e_gbyf�^_ckl\by�\�ieZg_� 

Ihwlhfm� \� gZqZe_� jZajZ[hldb� gh\uo� rZolguo� ihe_c� \k_]^Z� kms_kl\m_l�
g_hij_^_e_gghklv��\�dZdhf�bkoh^ghf�gZijy`_gghf�khklhygbb�gZoh^blky�fZkkb\"�Ih�
f_j_�jZa\blby�]hjguo�jZ[hl�ih�kmff_�ijbagZdh\�–�ijhy\e_gbc�]hjgh]h�^Z\e_gby�\�
\ujZ[hldZo�fh`gh� khklZ\blv�^hklZlhqgh�ihegh_�ij_^klZ\e_gb_�h�ijbjh^ghf�ihe_�
gZijy`_gbc�\�fZkkb\_��]^_�\_^_lky�jZajZ[hldZ�aZe_`_c� 
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�����Ijbjh^gh_�gZijy`_ggh_�khklhygb_�fZkkb\Z�@_adZa]Zgkdh]h�f_klhjh`^_gby 
bamqZehkv�\���-80-o�]h^Zo�f_lh^hf�jZa]jmadb�rZolguo�mkeh\byo�\�jZaebqguo�lhqdZo�
\�ij_^_eZo�\k_]h�f_klhjh`^_gby��MklZgh\e_gh��qlh��jbk����� 

• �\_jlbdZevgu_� ]jZ\blZpbhggu_� gZijy`_gby� γG� \� fZkkb\_� ih� Z[khexlghc�
\_ebqbg_�y\eyxlky�fbgbfZevgufb� 

• �fZdkbfZevgufb� ih� \_ebqbg_� y\eyxlky� ]hjbahglZevgu_� l_dlhgbq_kdb_�
gZijy`_gby�σ1 ,�hjb_glbjh\Zggu_�iZjZee_evgh�ijhklbjZgbx�ne_dkmjguo� ahg��hgb�
ij_\urZ_l�\_jlbdZevgh_�^Z\e_gb_�γG�\��÷��jZa�� 

• �\dj_kl�ijhklbjZgby�ne_dkmj�\�ijbjh^ghf�fZkkb\_�^_ckl\mxl�ijhf_`mlhqgu_�
ih� \_ebqbg_� ]hjbahglZevgu_� gZijy`_gby� σ2�� bo� \_ebqbgZ� dhe_[e_lky� \� ij_^_eZo�
(1,5÷2,8)γG�� 

 
 

 Jbk������OZjZdl_j�bkoh^gh]h�ijbjh^gh]h�gZijy`_ggh]h�khklhygby�fZkkb\Z�@_adZa]Zgkdh]h�
f_klhjh`^_gby 

 
?keb� hkgh\gu_� hkh[_gghklb� ijbjh^gh]h� ihey� gZijy`_gbc� khojZgyxlky� gZ� \k_c�
iehsZ^b� @_adZa]Zgkdh]h� f_klhjh`^_gby�� lh� \_ebqbgu� ^_ckl\mxsbo�
]hjbahglZevguo� gZijy`_gbc� \Zjvbjmxl� \� rbjhdbo� ij_^_eZo�� Wlh� k\yaZgh� k�
g_jZ\ghf_jghklvx� lj_sbgh\Zlhklb� fZkkb\Z�� Q_f� \ur_� bgl_gkb\ghklv�
lj_sbgh\Zlhklb�� l_f� f_gvr_� fh^mev� mijm]hklb� fZkkb\Z� b� gb`_� mjh\_gv�
^_ckl\mxsbo� \� fZkkb\_� ijbjh^guo� l_dlhgbq_kdbo� gZijy`_gbc�� GZ� jbk�� ��
ko_fZlbqgh� ij_^klZ\e_gu� j_amevlZlu� hij_^_e_gby� ijbjh^guo� ]hjbahglZevguo�
gZijy`_gbc�gZ�iehsZ^b�@_adZa]Zgkdh]h�f_klhjh`^_gby� 
 
 
 
 
 
 
 

K 

X 

Ne_dkmjZ 

σ1 (max) 

σ\ = γH (min) 

σ2 
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�����<b^u�ijbjh^gh]h�gZijy`_ggh]h�khklhygby�gZ�^jm]bo�jm^gbdZo� 
 
QZklh�^ey�m^h[kl\Z�\_ebqbgm�fZdkbfZevguo�]hjbahglZevguo�gZijy`_gbc�\ujZ`Zxl�
q_j_a� \_jlbdZevgh_� ]jZ\blZpbhggh_� ^Z\e_gb_� γG� \� \b^_� dhwnnbpb_glZ� [hdh\h]h�
^Z\e_gby��λλ = σσ1 /(γγG�.  

 
Ijbf_qZgb_�� G_� gZ^h� imlZlv� dhwnnbpb_gl� [hdh\h]h� ^Z\e_gby� b� dhwnnbpb_gl� [hdh\h]h�
jZkihjZ��Dhwnnbpb_gl� [hdh\h]h� ^Z\e_gby� \�fZkkb\_�fh`_l� [ulv� b� [hevr_�b�f_gvr_� �� \�
aZ\bkbfhklb�hl�mjh\gy�l_dlhgbq_kdbo�gZijy`_gbc��Dhwnnbpb_gl�[hdh\h]h�jZkihjZ�\k_]^Z�
f_gvr_� �� b� aZ\bkbl� lhevdh� hl� dhwnnbpb_glZ� ImZkkhgZ� ]hjguo� ihjh^�� Dhwnnbpb_glu�
[hdh\h]h� ^Z\e_gby� b� [hdh\h]h� jZkihjZ� jZ\gu�f_`^m� kh[hc�lhevdh� \� h^ghf� kemqZ_�� _keb� \�
fZkkb\_�g_l�l_dlhgbq_kdbo�gZijy`_gbc��b�]hjbahglZevgu_�gZijy`_gby�kha^Zxlky�lhevdh�
aZ�kq_l�\_jlbdZevgh]h�^Z\e_gby�lhesb�ihjh^�� 

 
Khhlghr_gby� ijbjh^guo� ]hjbahglZevguo� b� \_jlbdZevguo� gZijy`_gbc� gZ� ^jm]bo�
f_klhjh`^_gbyo�� jZajZ[hldm� dhlhjuo� \_^_l� dhjihjZpby� ©DZaZofukª�� ihdZaZgh� gZ�
jbk���� 
 
GZ�Hjeh\kdhf�f_klhjh`^_gbb� �jbk�� �Z���jZajZ[hldm�dhlhjh]h�\_^_l�@_ad_glkdbc�
=HD�� fhsgu_� gZdehggu_� aZe_`b� [h]Zluo� ihebf_lZeebq_kdbo� jm^� hdjm`_gu�
©jm[Zrdhcª� ]b^jhl_jfZevgh� baf_g_gguo�� g_mklhcqb\uo� ihjh^�� Ih� kmff_�
ijbagZdh\�� gZ[ex^Z_fuo� \� ]hjguo� \ujZ[hldZo�Hjeh\kdh]h� jm^gbdZ�� mklZgh\e_gh��
qlh�ijbjh^gh_�gZijy`_ggh_�khklhygb_�fZkkb\Z�y\ey_lky�]b^jhklZlbq_kdbf�k�λ = 1. 
Wlh�hagZqZ_l��qlh�^h�gZqZeZ�]hjguo�jZ[hl�^_ckl\mxsb_�\�fZkkb\_�\_jlbdZevgu_�b�
]hjbahglZevgu_�gZijy`_gby�jZ\gu�f_`^m�kh[hc��dZd�\�ihdhys_cky�`b^dhklb�� 
 

Jbk�����J_amevlZlu�hij_^_e_gby�
ijbjh^gh]h�ihey�gZijy`_gbc�gZ�
@_adZa]Zgkdhf�f_klhjh`^_gbb������- 
weebiku��oZjZdl_jbamxsb_�
khhlghr_gb_�]hjbahglZevguo�
gZijy`_gbc����–�ne_dkmjgu_�ahgu 
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Jbk�����<b^u�gZijy`_ggh]h�khklhygby�fZkkb\Z�gZ�jm^gbdZo�dhjihjZpbb�©DZaZofukª 
 

Bjlurkdh_� f_klhjh`^_gb_� ihebf_lZeebq_kdbo� jm^� �jbk�� �[�� ij_^klZ\e_gh�
djmlhiZ^Zxsbfb� aZe_`Zfb�� jZkiheh`_ggufb� \� ahg_� djmigh]h� l_dlhgbq_kdh]h�
jZaehfZ� fhsghklvx� ^h� g_kdhevdbo� khl_g� f_ljh\�� JZkq_lZfb� mklZgh\e_gh�� qlh�
dhwnnbpb_gl�[hdh\h]h�^Z\e_gby�\�ijbjh^ghf�khklhygbb�fZkkb\Z�jZ\_g�λ = 0,6÷0,7. 
L�_�� \dj_kl� ijhklbjZgby� jm^guo� aZe_`_c� \� fZkkb\_� ijbkmlkl\mxl� l_dlhgbq_kdb_�
gZijy`_gby��gh�bo�\_ebqbgZ�g_�klhev�agZqbl_evgZ��dZd��gZijbf_j��gZ�@_adZa]Zgkdhf�
f_klhjh`^_gbb� 
X[be_cgh-Kg_]bjbobgkdh_�f_klhjh`^_gb_� �jbk�� �\��� jZajZ[hldm� dhlhjh]h� \_^_l�
nbebZe�<hklhdDZaf_^v�� y\ey_lky�f_klhjh`^_gb_f�gZ]hjgh]h� lbiZ� �jZkiheh`_gh� \�
]hjZo�b�\kdjulh�rlhevgyfb���<�gZ]hjghc�qZklb�\ur_�mjh\gy�^gZ�^hebg�\�fZkkb\_�

λ = λ = 0,6 0,6 ÷÷ 0,7 0,7  

AhgZ�jm^gh]h�jZaehfZ 

λ = λ = 0,20,2  

<�gZ]hjghc�qZklb 

Jm^Z 

©�Jm[ZrdZª�
g_mklhcqb\uo�

ihjh^ 
 

gZghku 
 

λ = λ = 1 

Z 

[ 

\ 
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hlkmlkl\mxl� l_dlhgbq_kdb_� gZijy`_gby�� Z� ]hjbahglZevgh_� ^Z\e_gb_� hij_^_ey_lky�
lhevdh�[hdh\uf�jZkihjhf�hl�^_ckl\by�kh[kl\_ggh]h�\_kZ�lhesb�ihjh^��Ijb��kj_^g_f�
dhwnnbpb_gl_� ImZkkhgZ� ihjh^� ν = 0,16� mjh\_gv� ]hjbahglZevguo� gZijy`_gbc�
oZjZdl_jbam_lky�λ = ν/(1-ν) = 0,2. <�^Zevg_cr_f��ijb�himkdZgbb�]hjguo�jZ[hl�gb`_�
^gZ�^hebg�\�fZkkb\_�ihy\ylky�l_dlhgbq_kdb_�gZijy`_gby� 

 
 
 
 

���Ijhy\e_gby�]hjgh]h�^Z\e_gby�ijb�ijhoh^d_�ih^]hlh\bl_evguo�\ujZ[hlhd 

 
�����Nhjfu�jZajmr_gby�\ujZ[hlhd 
 
Ijhoh^dZ� \ujZ[hlhd�� dhlhjufb� aZe_`b� ]hlh\ylky� d� hqbklghc� \u_fd_�� � y\ey_lky�
i_j\hc� klZ^b_c� ]hjguo� jZ[hl�� <� aZ\bkbfhklb� hl� ijbjh^gh]h� gZijy`_ggh]h�
khklhygby�fZkkb\Z��\�dhlhjhf�\_^_lky�ijhoh^dZ��ijhy\e_gby�]hjgh]h�^Z\e_gby�\�\b^_�
jZajmr_gbc� dhglmjZ� \ujZ[hlhd� fh]ml� [ulv� jZaebqgufb�� JZkkfhljbf� \hafh`gu_�
\ZjbZglu�nhjf�jZajmr_gby�\ujZ[hlhd� 
 
<� fZkkb\_� hlkmlkl\mxl� ]hjbahglZevgu_� l_dlhgbq_kdb_� gZijy`_gby�� Z�
fZdkbfZevgufb� ih� \_ebqbg_� y\eyxlky� \_jlbdZevgu_� gZijy`_gby� γG�� >Zggh_�
gZijy`_ggh_�khklhygb_�fZkkb\Z�oZjZdl_jbam_lky�dhwnnbpb_glhf�[hdh\h]h�^Z\e_gby�
λ < 1�� <� wlhf� kemqZ_� fZdkbfZevghc� ^_nhjfZpb_c� y\ey_lky� \_jlbdZevgh_� k`Zlb_�
\ujZ[hldb�� Ihwlhfm� ihke_� i_j_jZkij_^_e_gby� bkoh^guo� gZijy`_gbc� \� [hjlZo�
\ujZ[hldb�nhjfbjmxlky� ahgu� dhgp_gljZpbb� gZijy`_gbc�� Z� \� djh\e_� b� \� ihq\_� – 
ahgu� bo� jZa]jmadb� �jbk�� �Z���?keb� ^_ckl\mxsb_�gZijy`_gby� ^hklb]gml�ijhqghklb�
fZkkb\Z� gZ� k`Zlb_� �gZ� [hevrhc� ]em[bg_� beb� ijb� fZehc� ijhqghklb� fZkkb\Z��� lh�
jZajmr_gb_�\ujZ[hldb�[m^_l�ijhbkoh^blv�\�[hjlZo��dZd�wlh�ihdZaZgh�gZ�jbk���Z� 
 
FZdkbfZevgufb� ih� \_ebqbg_� \� fZkkb\_� y\eyxlky� ]hjbahglZevgu_�
l_dlhgbq_kdb_�gZijy`_gby��dhlhju_�ij_\urZxl�]jZ\blZpbhggh_�^Z\e_gb_�lhesb�
ihjh^� γG�� Wlh� hagZqZ_l�� qlh� dhwnnbpb_gl� [hdh\h]h� ^Z\e_gby� λ > 1. AZ� kq_l�
]hjbahglZevgh]h� k`Zlby�fZdkbfZevghc� ^_nhjfZpb_c� y\ey_lky� k[eb`_gb_�[hdh\uo�
kl_ghd�\ujZ[hldb��Ijb�wlhf�ahgu�dhgp_gljZpbb�gZijy`_gbc�h[jZamxlky�\�djh\e_�b�
\�ihq\_�\ujZ[hldb��Z�ahgu�jZa]jmadb�-�\�[hjlZo��jbk���[���Ihwlhfm�ahgu�jZajmr_gby�
[m^ml�ehdZebah\Zgu�\�djh\e_�b�\�ihq\_�\ujZ[hldb��Ihke_�h[jmr_gby�jZa^Z\e_gguo�
ihjh^� dhglmj� \ujZ[hldb� ijbh[j_lZ_l� \b^�rZljZ� �ihjh^Zf�� jZa^Z\e_gguf� \� ihq\_�
\ujZ[hldb� g_dm^Z� h[jmrZlvky��ihwlhfm� hgb� hklZxlky� \�ihq\_���QZklh� jZajmr_gb_�
ihjh^� \� djh\e_� \ujZ[hlhd� ijb� gZebqbb� \� fZkkb\_� \ukhdbo� l_dlhgbq_kdbo�
gZijy`_gbc�ijhbkoh^bl�\�j_adhc�^bgZfbq_kdhc�nhjf_��klj_eygbc��� 
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Jbk�����Nhjfu�jZajmr_gby�\ujZ[hlhd�ijb��jZaebqguo�gZijy`_gguo�khklhygbyo�fZkkb\Z� 
Ahgu����–�dhgp_gljZpbb�gZijy`_gbc����–�jZa]jmadb�gZijy`_gbc����–�jZajmr_gbc�dhglmjZ� 

 

Bkoh^gh_� gZijy`_ggh_� khklhygb_� fZkkb\Z� y\ey_lky� ]b^jhklZlbq_kdbf�� l�_��
\_jlbdZevgu_�b�]hjbahglZevgu_�gZijy`_gby� �jZ\gu�f_`^m�kh[hc�b�khklZ\eyxl�γG  
�l�_�� λ = 1). >_nhjfZpbb� dhglmjZ� \ujZ[hldb� \� wlhf� kemqZ_� \h� \k_o�gZijZ\e_gbyo�
[m^ml� ijbf_jgh� h^bgZdh\ufb�� Z� ahgZ� dhgp_gljZpbb� gZijy`_gbc� ho\Zlu\Z_l� \_kv�
i_jbf_lj�\ujZ[hldb��jbk��\���FZdkbfZevgu_�gZijy`_gbc��^_ckl\mxsb_�gZ�dhglmj_�
\ujZ[hldb�ihke_�i_j_jZkij_^_e_gby��jZ\gu�2γG�
���l�_��dhwnnbpb_gl�dhgp_gljZpbb�
jZ\_g� ���� �Ihwlhfm�gZ�[hevrhc�]em[bg_�jZajmr_gb_�\ujZ[hldb�[m^_l�ijhbkoh^blv�
jZ\ghf_jgh�ih�\k_fm�dhglmjm� 
 

* Ijbf_qZgb_�� Ih� mkeh\bx� ^hklb`_gby� ^_ckl\mxsbfb� gZijy`_gbyfb�� jZ\gufb� � �γG��
ijhqghklb� fZkkb\Z� gZ� k`Zlb_� σf� e_]dh� hij_^_eblv� ihgylb_� ©[hevrZy� ]em[bgZª�� >ey�
wlh]h�gZ^h�aZ^Zlv�mkeh\b_�� ��γG�≥ σf� �� �Hlkx^Z�ihemqZ_f�agZq_gb_�©[hevrhc�]em[bguª���
G[ ≥  σf /(2γ���GZ�©[hevrbo�]em[bgZoª�\ujZ[hldb�^he`gu�ijhoh^blvky�k�g_kms_c�dj_ivx� 

 

maxσσ 

minσσ 

maxσσ 

minσσ 

σσ 

σσ 

maxσσ 

1 2 3 
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Ijb� ijhoh^d_� \ujZ[hlhd� ih^� ]hjgufb� kdehgZfb� fZdkbfZevgu_� gZijy`_gby�
hjb_glbjh\Zgu� ijbf_jgh� iZjZee_evgh� kdehgm�� Ihwlhfm� jZkiheh`_gb_� ahg�
dhgp_gljZpbb�b�jZa]jmadb��gZijy`_gb_�hdZau\Z_lky�ih\_jgmluf��dZd�wlh�ihdZaZgh�gZ�
jbk��]��JZajmrZykv��dhglmj�\ujZ[hldb�ijbh[j_lZ_l�g_kbff_ljbqgmx�nhjfm� 
 
 
 

Kh\_l 
]_hf_oZgbdZ 

Ijhoh^y�ih� \ujZ[hldZf�� gZ[ex^Zc�� ]^_�ijhbkoh^yl�jZajmr_gby�b�hlkeh_gby�
ihjh^� �\� djh\e_"� \� [hjlZo"��� ?keb� \ujZ[hldZ� jZajmrZ_lky� \� djh\e_�� lh�
fZdkbfZevgh_� ^Z\e_gb_� \� fZkkb\_� ]hjbahglZevgh� b� ^_ckl\m_l� \dj_kl� hkb�
\ujZ[hldb�� ?keb� jZajmrZxlky� [hjlZ� \ujZ[hldb�� lh� wlh� ijhy\e_gb_�
\_jlbdZevgh]h�^Z\e_gby��Z�]hjbahglZevgh_�^Z\e_gb_�\�fZkkb\_�f_gvr_��?keb�b�
[hjlZ�b�djh\ey�\ujZ[hldb�jZajmrZxlky�ijbf_jgh�h^bgZdh\h��lh�wlh�ijbagZd�
jZ\gh]h�^Z\e_gby�kh�\k_o�klhjhg��GZ[ex^Zc���Wlh�l_[_�ijb]h^blky� 

 
�����Mklhcqb\hklv�\ujZ[hlhd�jZagh]h�gZijZ\e_gby� 
 
Ijb�gZebqbb�l_dlhgbq_kdbo�gZijy`_gbc� ]hjbahglZevgh_�k`Zlb_�fZkkb\Z�\�jZaguo�
gZijZ\e_gbyo� \� ieZg_�� dZd� ijZ\beh�� jZaebqZ_lky� \� g_kdhevdh� jZa�� GZijbf_j�� gZ�
@_adZa]Zgkdhf�f_klhjh`^_gbb�]hjbahglZevgh_�^Z\e_gb_�\^hev�ne_dkmj�\��÷��jZaZ�
[hevr_��q_f�\dj_kl�ne_dkmj��Ihwlhfm�\ujZ[hldb��ijhoh^bfu_�\dj_kl�ne_dkmj� �l�_��
\dj_kl�gZijZ\e_gby�^_ckl\by�\�fZkkb\_�fZdkbfZevguo�l_dlhgbq_kdbo�gZijy`_gbc��
jZajmrZxlky�k�h[jZah\Zgb_f�\�djh\e_�rZljh\h]h�k\h^Z��Z�\ujZ[hldb��ijhoh^bfu_�
\^hev� ijhklbjZgby� ne_dkmj� khojZgyxl� mklhcqb\hklv� �l�d�� hgb� ijhoh^ylky� \dj_kl�
gZijZ\e_gby�f_gvr_]h�]hjbahglZevgh]h�^Z\e_gby��� 
 
LZdbf� h[jZahf�� mklhcqb\hklv� \ujZ[hlhd� aZ\bkbl� hl� gZijZ\e_gby� bo� ijhoh^db�
hlghkbl_evgh� gZijZ\e_gby� ^_ckl\by� \� fZkkb\_� fZdkbfZevguo� gZijy`_gbc��
Kms_kl\m_l� g_dhlhjuc� djblbq_kdbc� m]he� ααdj� f_`^m� hkvx� \ujZ[hldb� b�
gZijZ\e_gb_f� fZdkbfZevgh]h� ^Z\e_gby� \� fZkkb\_�� ?keb� m]he� α f_`^m� hkvx�
\ujZ[hldb� b� gZijZ\e_gb_f� ^_ckl\by� \� fZkkb\_� fZdkbfZevguo� gZijy`_gbc� �^ey�
mkeh\bc� @_adZa]Zgkdh]h� f_klhjh`^_gby� wlh� m]he� k� gZijZ\e_gb_f� ijhklbjZgby�
[eb`Zcr_c�ne_dkmjghc� ahgu��f_gvr_� djblbq_kdh]h�αdj� �� lh� \ujZ[hldZ� khojZgy_l�
mklhcqb\hklv��?keb�α ≥ αdj �� lh� \ujZ[hldZ� k� lZdbf�gZijZ\e_gb_f�ijhoh^db�[m^_l�
jZajmrZlvky� 
 
AgZq_gb_�djblbq_kdh]h�m]eZ�\klj_qb�hkb�\ujZ[hldb�b�fZdkbfZevguo�gZijy`_gbc�αdj� 
fh`gh�mklZgh\blv�gZ[ex^_gbyfb�\�rZol_��>ey�wlh]h�g_h[oh^bfh�gZclb�\ujZ[hldm�k�
baf_gyxsbfky�gZijZ\e_gb_f�ijhoh^db��jbk���Z���\�dhlhjhc�gZ�g_dhlhjhf�bgl_j\Ze_�
djh\ey� jZa^Z\e_gZ� ]hjbahglZevguf� ^Z\e_gb_f� ^h� rZljh\h]h� k\h^Z�� GZ�
fZjdr_c^_jkdbc� ieZg� gZ^h� \ug_klb� ]jZgbpu� �gZqZeh� :� b� dhg_p� <�� mqZkldZ�
jZajmr_gby�� >Ze__� gZ� ieZg_� g_h[oh^bfh� \uihegblv� ke_^mxsb_� ]_hf_ljbq_kdb_�
ihkljh_gby� 
- gZclb�p_glj�0��ba�dhlhjh]h�k�jZ^bmkhf�R�fh`gh�hibkZlv�gZijZ\e_gb_�\ujZ[hldb�\�

bgl_j\Ze_�:<; 

- kh_^bgblv� gZqZeh� :� b� dhg_p� <� mqZkldZ� jZajmr_gby� k� p_gljhf� 0� ijyfufb�
ebgbyfb��ihemqblky�m]he�:�<; 
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- ijh\_klb� [bkk_dljbkm� m]eZ� :�<�� ihemqbf� ebgbx� �K�� dhlhjZy� y\ey_lky�
gZijZ\e_gb_f�^_ckl\by�\�fZkkb\_�fZdkbfZevguo�gZijy`_gbc�maxσ ; 

- �gZclb�djblbq_kdbc�m]he�\klj_qb�αdj���dZd�m]he�f_`^m�hkvx�\ujZ[hldb�\�lhqdZo�: 
b�<�b�gZijZ\e_gb_f�^_ckl\by�\�fZkkb\_�fZdkbfZevguo�gZijy`_gbc�maxσ.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Jbk�����GZoh`^_gb_�djblbq_kdh]h�m]eZ�\klj_qb�f_`^m�hkvx�\ujZ[hldb�b�gZijZ\e_gb_f�^_ckl\by�

\�fZkkb\_�fZdkbfZevguo�gZijy`_gbc��Z��b 
�^bZ]jZffZ�mklhcqb\hklb�\ujZ[hlhd�jZaebqgh]h�gZijZ\e_gby��[� 

B 

0 

R 

A 
K 

maxσσ 

maxσσ 

ααdj 

ααdj 

Hkv�
\ujZ[hl

db

K 

X 

< A 

αdj 

αdj 
maxσσ 

maxσσ 

©aZij_s_ggu_ª�
gZijZ\e_gby�
ijhoh^db 

©jZaj_r_ggu_ª�
gZijZ\e_gby�
ijhoh^db 
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Ihemq_gguc� � j_amevlZl� fh`gh� bkihevah\Zlv�� _keb� ihkljhblv� ^bZ]jZffm�
mklhcqb\hklb�\ujZ[hlhd�jZagh]h�gZijZ\e_gby�\�ieZg_��jbk���[���>ey�wlh]h�gm`gh� 

• �ijh\_klb� hdjm`ghklv� b� gZg_klb� gZ� g__� klhjhgu� k\_lZ� �k_\_j�� x]�� \hklhd��
aZiZ^��� iheguc� djm]� hdjm`ghklb� hagZqZ_l� \k_� \hafh`gu_� gZijZ\e_gby� ijhoh^db�
\ujZ[hlhd�k�ZabfmlZfb�hl�0°�^h�360°; 

• �gZg_klb� gZ� ^bZ]jZffm� gZijZ\e_gb_� ^_ckl\by� \� fZkkb\_� fZdkbfZevguo�
gZijy`_gbc�maxσ ; 

• �hl� gZijZ\e_gby� maxσ � \� h[_� klhjhgu� hleh`blv� djblbq_kdbc� m]he� αdj� b�
ijh\_klb�^bZf_lju�hdjm`ghklb� 

• �aZrljboh\Zlv� k_dlhjZ�� ^ey� dhlhjuo� α ≥ αdj�� k_dlhjZ� k� lZdbfb� ZabfmlZfb�
ij_^klZ\eyxl� kh[hc� ©aZij_s_ggu_ª� gZijZ\e_gby� ijhoh^db�� hklZ\rb_ky� g_�
aZrljboh\Zggufb� k_dlhjZ� hagZqZxl� ©jZaj_r_ggu_ª� gZijZ\e_gby� ijhoh^db�� \�
dhlhjuo�α < αdj.  
 
Ihkljh_ggZy�^bZ]jZffZ�hagZqZ_l�ke_^mxs__��Ijhoh^dZ�\ujZ[hlhd�\�©aZij_s_gguoª�
gZijZ\e_gbyo� [m^_l� khijh\h`^Zlvky� jZajmr_gbyfb� djh\eb� k� h[jZah\Zgb_f�
rZljh\h]h� k\h^Z�� \hafh`gh�� \� ^bgZfbq_kdhc� nhjf_� –� \� \b^_� klj_eygbc�� <�
©jZaj_r_gguoª�gZijZ\e_gbyo�\b^bfuo�ijhy\e_gbc�]hjgh]h�^Z\e_gby�g_�[m^_l� 
 

 
Kh\_l 

]_hf_oZgbdZ 

Ijb� ihy\e_gbb� ijbagZdh\� jZa^Z\eb\Zgby� ihjh^� \� djh\e_� \ujZ[hlhd��
ijhoh^bfuo� \dj_kl� ijhklbjZgby� ne_dkmj�� ih^gbfZc� \hijhk� h[� baf_g_gbb�
gZijZ\e_gby�ijhoh^db��<hafh`gh��gZc^_lky�\ZjbZgl�ihiZklv�\�©jZaj_r_ggh_ª�
gZijZ\e_gb_� 

 
Ihwlhfm� ijb� ihy\e_gbb� ijbagZdh\� jZajmr_gby� \ujZ[hldb� \� djh\e_� g_h[oh^bfh�
gZclb� djblbq_kdbc� m]he� \klj_qb�� ihkljhblv� ^bZ]jZffm� mklhcqb\hklb� b� baukdZlv�
\ZjbZglu�baf_g_gby�gZijZ\e_gby�ijhoh^db��qlh[u�ihiZklv�\�©jZaj_r_ggucª�k_dlhj�� 
 
����� AZdhghf_jghklb� ijhy\e_gbc� ]hjgh]h� ^Z\e_gby� gZ� jZaebqguo� klZ^byo� ]hjguo�
jZ[hl 

IjZdlbq_kdbc�hiul�\_^_gby� ]hjguo�jZ[hl�gZ� ]em[hdbo� ]hjbahglZo�@_adZa]Zgkdhf�
f_klhjh`^_gbb�ihdZaZe�ke_^mxsb_�aZdhghf_jghklb�ijhy\e_gbc�]hjgh]h�^Z\e_gby� 

9� GZ� klZ^bb� ih^]hlh\db� aZe_`_c� -� ijb� ijhoh^d_� h^bghqguo� \ujZ[hlhd�
gZ[ex^Z_lky� fZdkbfZevgZy� bgl_gkb\ghklv� ^bgZfbq_kdbo� ijhy\e_gbc� ]hjgh]h�
^Z\e_gby�\�\b^_�klj_eygbc��fbdjhm^Zjh\��lheqdh\��Ijbq_f��g_�\h�\k_o�\ujZ[hldZo��Z�
\� hkgh\ghf�� \� \ujZ[hldZo� km[rbjhlgh]h� � gZijZ\e_gby� �[ebadh]h� d� gZijZ\e_gbx�
\hklhd-aZiZ^���l�_��\�l_o��dhlhju_�ijhoh^ylky�\dj_kl�gZijZ\e_gby�^_ckl\by�\�fZkkb\_�
fZdkbfZevguo�l_dlhgbq_kdbo�gZijy`_gbc� 

9� �<�gZqZevghc�klZ^bb�hqbklguo�jZ[hl�-�ijb�jZkdhkd_�jZaj_agh]h�rlj_dZ�b�
h[jZah\Zgbb�i_j\uo�hqbklguo�dZf_j�b�p_ebdh\�^bgZfbq_kdb_�y\e_gby�aZlmoZxl��Z�
hkgh\ghc� nhjfhc� ijhy\e_gby� \ukhdh]h� ]hjbahglZevgh]h� ^Z\e_gby� klZgh\blky�
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aZdhehh[jZah\Zgb_�b�bgl_gkb\gu_�hlkeh_gby�djh\eb�dZf_j��dhlhju_�qZklh�[u\Zxl�
\g_aZigufb�b�ih�\k_c�iehsZ^b�dZf_j� 

9� �GZ� klZ^bb� ihegh]h� jZa\blby� hqbklghc� \u_fdb�� dh]^Z� ijhe_l�
\ujZ[hlZggh]h�ijhkljZgkl\Z�^hklb]Z_l�rbjbgu�iZg_eb�b�\h�fgh]h�jZa�ij_\urZ_l�
\u_fhqgmx�fhsghklv�aZe_`b��]hjbahglZevgh_�^Z\e_gb_�l_jy_l�jZajmrZxsmx�kbem�
b�klZgh\blky�iheh`bl_evguf�nZdlhjhf��ih\urZxsbf�mklhcqb\hklv�djh\eb�dZf_j��
Bf_ggh� ihwlhfm� ihke_� jZajmr_gby� hl^_evguo� � f_`^mdZf_jguo� p_ebdh\� �FDP��
djh\ey� dZf_j� g_� h[jmrZ_lky�� GZ� ^Zgghc� klZ^bb� hkgh\ghc� nhjfhc� ijhy\e_gby�
]hjgh]h� ^Z\e_gby� klZgh\blky� ^_nhjfbjh\Zgb_� b� jZajmr_gb_�FDP� ih^� ^_ckl\b_f�
\_jlbdZevghc�gZ]jmadb��ijboh^ys_cky�gZ�gbo�ihke_�hljZ[hldb�dZf_j�� 

9� GZ� � klZ^bb� ih\lhjghc� jZajZ[hldb� ijhp_kku� ^_nhjfbjh\Zgby� b�
jZajmr_gby�FDP�aZ�kq_l�i_j_jZkij_^_e_gby�\_jlbdZevgh]h�^Z\e_gby�k�ba\e_q_gguo�
FDP� gZ� hklZ\rb_ky� klZgh\ylky� [he__� Zdlb\gufb�� =hjbahglZevguc� aZ`bf� lhesb�
ihjh^� l_dlhgbq_kdbfb� gZijy`_gbyfb� aZljm^gy_l� __� h[jmr_gb_�� Ih]Zr_gb_�
\ujZ[hlZggh]h�ijhkljZgkl\Z�h[jmr_gb_f�gZe_]Zxsbo�ihjh^�klZgh\blky�\hafh`guf�
lhevdh�ijb�[hevrhc�iehsZ^b�h[gZ`_gby�g_ih^^_j`b\Z_fhc�djh\eb� 
 
>ZggZy� l_g^_gpby� ihkl_i_ggh]h� aZlmoZgby� ^bgZfbq_kdbo� ijhy\e_gbc� ]hjgh]h�
^Z\e_gby�ih�f_j_�jZa\blby� ]hjguo�jZ[hl�k\b^_l_evkl\m_l��qlh�hkgh\ghc�ijbqbghc�
m^ZjhhiZkghklb� y\ey_lky� \ukhdbc� mjh\_gv� l_dlhgbq_kdbo� gZijy`_gbc� \� fZkkb\_�
]hjguo� ihjh^�� Ijbq_f�� fZdkbfZevgu_� l_dlhgbq_kdb_� gZijy`_gby� ^_ckl\mxl�
]hjbahglZevgh� \� km[f_jb^bhgZevghf� gZijZ\e_gbb�� Bf_ggh� ihwlhfm� \ujZ[hldb��
kh\iZ^Zxsb_� k� wlbf� gZijZ\e_gb_f�� khojZgyxl� mklhcqb\hklv�� Z� \ujZ[hldb�
i_ji_g^bdmeyjgh]h� gZijZ\e_gby� -� jZajmrZxlky�� JZkiheh`_gb_� ahg� jZajmr_gby� \�
djh\e_��\�ihq\_��\�aZ[h_�k\b^_l_evkl\m_l�h�fZdkbfZevghf�k`Zlbb�\�]hjbahglZevghf�
gZijZ\e_gbb�l_dlhgbq_kdbfb�gZijy`_gbyfb� 
 
 
 

Kh\_l 
]_hf_oZgbdZ 

?keb� ijb� ih^]hlh\d_� aZe_`b� �iZg_eb�� \ujZ[hldb� km[rbjhlgh]h� gZijZ\e_gby�
�\dj_kl� ijhklbjZgby� ne_dkmj�� jZajmrZebkv� \� djh\e_� k� h[jZah\Zgb_f�
rZljh\h]h� k\h^Z�� lh� \� gZqZe_� � hqbklguo� jZ[hl� ke_^m_l� h`b^Zlv�
bgl_gkb\guo�hlkeh_gbc�djh\eb�dZf_j��hkh[_ggh�–�\�i_j_^h\uo��jbk���Z���Qlh[u�
k^_eZlv�ijhy\e_gby�]hjgh]h�^Z\e_gby�fbgbfZevgufb��^_j`b�b�ih^\b]Zc�aZ[hb�
dZf_j�ih�h^ghc�ebgbb�\^hev�^_ckl\by�\�fZkkb\_�fZdkbfZevguo�l_dlhgbq_kdbo�
gZijy`_gbc��jbk���[��� 
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   Jbk������Hlkeh_gby�djh\eb�\�i_j_^h\uo�dZf_jZo��Z��b�jZpbhgZevgZy�dhgnb]mjZpby�njhglZ�
hqbklghc�\u_fdb��[��ijb�^_ckl\bb�\�fZkkb\_�\ukhdbo�l_dlhgbq_kdbo�gZijy`_gbc 

 
 
�����Mklhcqb\hklv�rlj_dh\�\h�ne_dkmjguo�ahgZo 
 
Ne_dkmju�ij_^klZ\eyxl�kh[hc�ahgu�l_dlhgbq_kdbo�ih^\b`_d��dhlhju_�ijhbkoh^beb�
ih^�^_ckl\b_f�\_jlbdZevguo�i_j_f_s_gbc�[ehdh\�djbklZeebq_kdh]h�nmg^Zf_glZ�\�
lhes_�hkZ^hqguo�ihjh^�\�i_jbh^��dh]^Z�juoeu_�i_kdb��kmi_kb�� ]ebgu�[ueb�g_�^h�
dhgpZ� eblhnbpbjh\Zgu� \� dj_idb_� kdZevgu_� i_kqZgbdb�� Ze_\jheblu�� Zj]beeblu�� k�
dhlhjufb�fu�bf__f�^_eh�k_cqZk��Z�[ueb�ieZklbqgufb�ihemkdZevgufb�ihjh^Zfb�� 
 
<�ijhp_kk_�nhjfbjh\Zgby�ne_dkmj�ijhbkoh^beb�f_`ieZklh\u_�b�\gmljbieZklh\u_�
ijhkdZevau\Zgby�keh_\�f_`^m�kh[hc��dhlhju_�hi_jyebkv�[he__�f_edbfb�k_dmsbfb�
lj_sbgZfb�� kh]eZkgufb� k�gZijZ\e_gb_f�ih\_joghkl_c� k^\b]Z��<�gZklhys__� \j_fy�
ne_dkmju�–�wlh�gZb[he__�kbevgh�gZjmr_ggu_�ahgu�fZkkb\Z��\�dhlhjuo�bgl_gkb\gh�
jZa\blu� djmigu_� djmlhiZ^Zxsb_� a_jdZeZ� kdhev`_gby� k� [hjha^Zfb� kdhev`_gby��
aZiheg_ggu_� ]ebgdhc� lj_gby�� `bevgufb� fbg_jZeZfb� �qZs_� \k_]h�� dZevpblhf��� Z�
lZd`_� fgh`_kl\h� f_edbo� k_dmsbo� lj_sbg�� Ijbq_f�� ih^Z\eyxs__� qbkeh� a_jdZe�

kdhev`_gby�b�lj_sbg�bf__l�
ijhklbjZgb_�� kh]eZkgh_� k�
ijhklbjZgb_f�ne_dkmju��AZ�
kq_l� kbevghc� kljmdlmjghc�
gZjmr_gghklb� l_dlhgb-
q_kdb_� gZijy`_gby� \h�
ne_dkmjguo� ahgZo� kms_kl-
\_ggh�gb`_��q_f�gZ�iheh]bo�
mqZkldZo�f_klhjh`^_gby� 
 
Ijhoh^dZ� rlj_dh\� ih�
ijhklbjZgbx� ne_dkmjguo�
ahg� khijh\h`^Z_lky� bgl_g-
kb\gufb� \u\ZeZfb� [ehdh\�
ihjh^� ba� djh\eb� b� [hjlh\�

Jbk�����NhjfZ�jZajmr_gby�rlj_dh\�\h�ne_dkmj_��Z��b�
h[_ki_q_gb_�mklhcqb\hklb�ijhoh^dhc�rlj_dZ�ab]aZ]hf��[� 

 

Z [ 
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�jbk�� �Z���Hkgh\ghc� ijbqbghc� h[jmr_gbc� y\eyxlky� gZdehggu_� b� djmlhiZ^Zxsb_�
a_jdZeZ� kdhev`_gby�� ih� dhlhjuf� ijZdlbq_kdb� hlkmlkl\m_l� kp_ie_gb_� b� hq_gv�
fZe_gvdh_�lj_gb_��Hkeh`gy_l�kblmZpbx�kh\iZ^_gb_�ijhklbjZgby�djmiguo�lj_sbg�b�
a_jdZe� kdhev`_gby� k� hkvx� rlj_dZ�� AZ� kq_l� wlh]h� djmlhiZ^Zxsb_� ih\_joghklb�
hkeZ[e_gby� fZkkb\Z� ih^k_dZxlky� b� h[gZ`Zxlky� \� djh\e_� b� [hjlZo� gZ� \k_c�
ijhly`_gghklb�rlj_dZ�\�^_kyldb�b�khlgb�f_ljh\��M^_j`Zlv�lZdmx�djh\ex�Zgd_jghc�
dj_ivx� hq_gv� ljm^gh�� Z� qZklh� b� ijhklh� g_\hafh`gh� �ijb� [hevrbo� m]eZo� iZ^_gby�
ne_dkmju��� 

 
<�lh�`_�\j_fy�k�mklhcqb\hklvx�hjlh\��i_j_k_dZxsbo�ne_dkmju�\dj_kl�ijhklbjZgby��
ijh[e_f� g_� \hagbdZ_l�� >_eh� \� lhf�� qlh� l_� `_� djmlhiZ^Zxsb_� ih\_joghklb�
kdhev`_gby�b�djmigu_�lj_sbgu�ih^k_dZxlky�gZ�ijhly`_gbb�g_�^ebgu��Z�rbjbgu�
hjlZ� \� ij_^_eZo� i_j\uo� f_ljh\�� Ijb� lZdbo� h[gZ`_gbyo� mklhcqb\hklv� fZkkb\Z���
jZa^jh[e_ggh]h� �djmlhiZ^Zxsbfb�b�k_dmsbfb�lj_sbgZfb�gZ�[ehdb��\�djh\e_�hjlZ�
h[_ki_qb\Z_lky�gZ�kq_l�bo�aZ^_edb�\�[hjlZo�hjlZ� 
 
 

Kh\_l 
]_hf_oZgbdZ 

?keb� ijb� ijhoh^d_� rlj_dZ� ih� ijhklbjZgbx� ne_dkmju� ijhbkoh^yl��
bgl_gkb\gu_�\u\Zeu�[ehdh\�ba�djh\eb�b�[hjlZ�kh�klhjhgu�e_`Zq_]h�[hdZ��lh�
^ey� h[_ki_q_gby� [_ahiZkghklb� ijhoh^dm� rlj_dZ� gZ^h� \_klb� g_� ijyfh� ih�
ijhklbjZgbx�ne_dkmju��Z�ab]aZ]hf�hl�e_`Zq_]h�[hdZ�d�\bkyq_fm��Q_f�[hevr_�
m]he� ih\hjhlZ� ab]aZ]Z� hl� ijhklbjZgby�ne_dkmju��l_f� emqr_� [m^_l� djh\ey��
l_f�ijhs_�__�dj_iblv��l_f�[_ahiZkg__�ih^�g_c�jZ[hlZlv� 

 
 
 

���MijZ\e_gb_�]hjguf�^Z\e_gb_f�ijb�jZajZ[hld_�iheh]bo�b�gZdehgguo�aZe_`_c�
dZf_jgh-klhe[h\hc�kbkl_fhc 

 
Ih^a_fgZy�jZajZ[hldZ�@_adZa]Zgkdh]h�f_klhjh`^_gby�\_^_lky�lj_fy�kbkl_fZfb� 

• dZf_jgh-klhe[h\hc�kbkl_fhc�kh�rimjh\hc�hl[hcdhc�gZ�iheh]bo�b�gZdehgguo�
aZe_`Zo�kj_^g_c�b�[hevrhc�fhsghklb�–�ijbf_jgh�����hl�\k_]h�h[t_fZ�^h[uqb� 

• kbkl_fhc�ih^wlZ`guo�rlj_dh\�kh�kd\Z`bgghc�hl[hcdhc�\h�ne_dkmjguo�ahgZo�
–�ihjy^dZ����h[t_fZ� 

• kbkl_fhc�k�mijZ\ey_fuf�kZfhh[jmr_gb_f�gZe_]Zxsbo�ihjh^�ijb�ih\lhjghc�
jZajZ[hld_��p_ebdh\�–�hdheh����� 
L�_�� hkgh\ghc� h[t_f� ih^a_fghc� ^h[uqb� jm^u� ijboh^blky� gZ� dZf_jgh-klhe[h\mx�
kbkl_fm�jZajZ[hldb�� 
 
�����Ijbgpbi�mijZ\e_gby�]hjguf�^Z\e_gb_f 
 
MijZ\e_gb_� ]hjguf� ^Z\e_gb_f� ijb� dZf_jgh-klhe[h\hc� kbkl_f_� jZajZ[hldb�
hkms_kl\ey_lky�ih^^_j`Zgb_f�hldjulh]h�\ujZ[hlZggh]h�ijhkljZgkl\Z�b�\k_c�
gZe_]Zxs_c� lhesb� ^h� ih\_joghklb� jm^gufb� p_ebdZfb�� hklZ\ey_fufb� \�
\ujZ[hlZgghf�ijhkljZgkl\_�gZ�^ebl_evguc�kjhd��Hkgh\gu_�iZjZf_lju�kbkl_fu�
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jZajZ[hldb�–�k_ldZ�hklZ\e_gby�p_ebdh\��bo�jZaf_ju��rbjbgZ�beb�^bZf_lj���ijhe_lu�
hqbklguo�dZf_j�\�k\_lm�^he`gu�h[_ki_qblv 
 

9�[_ahiZkghklv�]hjguo�jZ[hl�\�hldjulhf�\ujZ[hlZgghf�ijhkljZgkl\_� 
9�mkeh\by� ^ey� wnn_dlb\gh]h� ijbf_g_gby� \ukhdhijhba\h^bl_evgh]h�

kZfhoh^gh]h�^h[uqgh]h�h[hjm^h\Zgby� 
9�fbgbfZevgu_�ihl_jb�b�jZam[h`b\Zgb_�jm^u� 

 
H[sZy�ko_fZ�ih^oh^Z�d�hij_^_e_gbx�jZpbhgZevguo�iZjZf_ljh\�kbkl_fu�jZajZ[hldb�
�l�_��lZdbo�iZjZf_ljh\��ijb�dhlhjuo�h^gh\j_f_ggh�\uihegyxlky�\k_�i_j_qbke_ggu_�
lj_[h\Zgby��khklhbl�\�ke_^mxs_f� 

1) gZoh^yl�^himklbfu_�ijhe_lu�hqbklguo�dZf_j��ijb�dhlhjuo�djh\ey�k�aZ^Zgguf�
dhwnnbpb_glhf� aZiZkZ� khojZgy_l� mklhcqb\hklv�� l�d�� ]hjgu_� jZ[hlu� \_^mlky� \�
hldjulhf� \ujZ[hlZgghf� ijhkljZgkl\_� ih^� h[gZ`_gghc� djh\e_c�� lh� dhwnnbpb_gl�
aZiZkZ�ijhqghklb�ijbgbfZ_lky�jZ\guf��� 

2) \u[bjZxl� nhjfm� ih^^_j`b\Zxsbo� p_ebdh\� �e_glhqgmx� beb� klhe[qZlmx� k�
djm]euf� beb� ijyfhm]hevguf� k_q_gb_f�� b� � rZ]� k_ldb� hklZ\e_gby� p_ebdh\� \�
\ujZ[hlZgghf� ijhkljZgkl\_�� jZaf_j� k_ldb� p_ebdh\� hij_^_ey_lky�� dZd� ^himklbfuc�
ijhe_l�hqbklguo�dZf_j�\�k\_lm�iexk�rbjbgZ�p_ebdZ� 

3) \u[bjZxl� dhgkljmdpbx� kbkl_fu� jZajZ[hldb� ba� ke_^mxsbo� \hafh`guo�
\ZjbZglh\�� kiehrgZy� hljZ[hldZ� aZe_`_c� g_[hevrbo� jZaf_jh\� [_a� jZa^_e_gby� gZ�
\u_fhqgu_� _^bgbpu�� dZf_jgh-klhe[h\Zy� kbkl_fZ� k� jZa^_e_gb_f� gZ� \u_fhqgu_�
_^bgbpu� [Zjv_jgufb� �e_glhqghc� nhjfu�� beb� fZkkb\gufb� �djm]ehc� beb�
ijyfhm]hevghc�nhjfu��p_ebdZfb� 

4) \� aZ\bkbfhklb� hl� ijbgylhc� dhgkljmdpbb� kbkl_fu� jZajZ[hldb� hij_^_eyxl�
gZ]jmadm��dhlhjmx�^he`gu�\u^_j`b\Zlv�p_ebdb�k�aZ^Zgguf�dhwnnbpb_glhf�aZiZkZ�
ijhqghklb�� ^ey� f_`^mdZf_jguo� p_ebdh\� �FDP�� ijh_dlguc� dhwnnbpb_gl� aZiZkZ�
ijhqghklb�ijbgyl�jZ\guf����^ey�[Zjv_jguo��;P��b�fZkkb\guo��FP��p_ebdh\�– 3; 

5) ih� ijh_dlghc� gZ]jmad_� gZ� p_ebd� b� aZ^Zgghfm� dhwnnbpb_glm� aZiZkZ� gZoh^yl�
^bZf_lj�djm]euo�FDP��FP�b�rbjbgm�e_glhqguo�;P� 
 
�����>himklbfu_�ijhe_lu�hqbklguo�dZf_j 
 
Hij_^_e_gb_�jZaf_jh\�mklhcqb\uo�h[gZ`_gbc�ihjh^�\�djh\e_�hqbklguo�\ujZ[hlhd�
y\ey_lky� qj_a\uqZcgh� keh`ghc� aZ^Zq_c�� g_� bf_xs_c� ^h� gZklhys_]h� \j_f_gb�
ijb_fe_fh]h�ZgZeblbq_kdh]h�j_r_gby��GZb[he__�gZ^_`guf�kihkh[hf�hij_^_e_gby�
iZjZf_ljh\� mklhcqb\uo� h[gZ`_gbc� kem`Zl� ijhba\h^kl\_ggu_� wdki_jbf_glu��
Kmsghklv� lZdbo� wdki_jbf_glh\� aZdexqZ_lky� \� ihkl_i_gghf� m\_ebq_gbb� ijhe_lh\�
dZf_j� ^h� ij_^_evguo�� mklZgZ\eb\Z_fuo� ih� djblbq_kdhfm� khklhygbx� djh\eb� �^h�
i_j\h]h�h[jmr_gby�djh\eb�beb�^h�aZ^Zgghc�\_ebqbgu�__�ijh]b[Z��� 
 
Ih^h[gufb� wdki_jbf_glZfb� b� ijZdlbdhc� ]hjguo� jZ[hl� mklZgh\e_gh�� qlh� gZ�
@_adZa]Zgkdhf�f_klhjh`^_gbb�mklhcqb\ufb�y\eyxlky�ijhe_lu�dZf_j� 
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• ���f��_keb�djh\ey�ij_^klZ\e_gZ�k_jufb�i_kqZgbdZfb� 
• 12÷���f��_keb�djh\ey�keh`_gZ�djZkghp\_lgufb�ihjh^Zfb� 

 
GZ� ;_ehmkh\kdhf� jm^gbd_� ijb� jZajZ[hld_� iheh]bo� mqZkldh\� aZe_`_c� dZf_jgh-
klhe[h\hc� kbkl_fhc� mklhcqb\u_� ijhe_lu� dZf_j� ih� fgh]he_lg_fm� ijZdlbq_kdhfm�
hiulm�khklZ\eyxl��÷��f�� 
 
EhdZevgu_� hlkeh_gby� djh\eb�� ijhbkoh^ysb_� ba-aZ� kljmdlmjghc� gZjmr_gghklb�
fZkkb\Z� lj_sbgZfb�� ij_^hl\jZsZxlky� dj_ie_gb_f� djh\eb�� <� aZ\bkbfhklb� hl�
dZl_]hjbb� mklhcqb\hklb� djh\ey� hqbklguo� dZf_j� fh`_l� dj_iblvky� Zgd_jghc� beb�
dhf[bgbjh\Zgghc��Zgd_jZ�iexk�lhjdj_l[_lhg��dj_ivx��Lbi�dj_ib��__�iehlghklv��rZ]�
mklZgh\db��� ^ebgZ� Zgd_jh\� b� lhesbgZ� kehy� lhjdj_l[_lhgZ�� ^himklbfh_� hlklZ\Zgb_�
dj_ib�hl�aZ[hy�hij_^_eyxlky�bgkljmdpb_c�ih�dj_ie_gbx� 
 
�����K_ldZ�jZkiheh`_gby�p_ebdh\ 
 
Ijhfure_ggZy� jZajZ[hldZ� @_adZa]Zgkdh]h� f_klhjh`^_gby� gZqZeZkv� gZ� \_jogbo�
]hjbahglZo�\���-o�]h^Zo�ijhreh]h�\_dZ�k�g_j_]meyjguf�hklZ\e_gb_f�FDP��<hijhk��
]^_�hklZ\eylv�p_ebd��k�dZdbf�^bZf_ljhf�b�k�dZdbf�ijhe_lhf�hljZ[Zlu\Zlv�dZf_jm��
hklZ\eyeky� gZ� mkfhlj_gb_� ]hjgh]h� fZkl_jZ�� Hg� j_rZe� wlb� \hijhku� gZ� f_kl_��
khh[jZamykv� k� kh[kl\_gguf� hiulhf� b� \bamZevghc� hp_gdhc� mklhcqb\hklb� djh\eb��
Ihke_� hljZ[hldb� dZf_jguo� aZiZkh\� fgh]b_� ba� jZg__� hklZ\e_gguo� p_ebdh\�
ba\e_dZebkv�\�\u[hjhqghf�ihjy^d_��AZqZklmx��^Z`_�ihke_�jZaj_`_gby�k_ldb�p_ebdh\�
b�m\_ebq_gby�ijhe_lh\�\^\h_�djh\ey�khojZgyeZ�k\hx�mklhcqb\hklv��LZd�ihihegyeky�
hiul�h�^himklbfuo�ijhe_lZo�h[gZ`_gby�djh\eb� 
 
Iha^g__��fgh]b_� ^_kylbe_lby� jZajZ[hldZ�@_adZa]Zgkdh]h�f_klhjh`^_gby� \_eZkv�� \�
hkgh\ghf��k�hklZ\e_gb_f�klhe[qZluo�f_`^mdZf_jguo�p_ebdh\�djm]eh]h�k_q_gby�ih�
k_ld_� ��×���f��K� i_j_oh^hf� ]hjguo� jZ[hl� gZ� [hevrb_� ]em[bgu� ba-aZ� m\_ebq_gby�
]hjgh]h� ^Z\e_gby� b� ijh_dlguo� jZaf_jh\�FDP� i_j_reb� gZ� k_ldm� ��×���f�� qlh[u�
ijhe_lu�dZf_j�\�k\_lm�[ueb�g_�f_g__����f�� 
 
Ijb�hljZ[hld_�aZiZkh\�ij_^hojZgbl_evguo�p_ebdh\�ih^�hojZgy_fufb�h[t_dlZfb�gZ�
a_fghc� ih\_joghklb� hklZ\eyxl� f_`^mdZf_jgu_� p_ebdb� e_glhqghc� nhjfu�� K_ldZ�
hklZ\e_gby� e_glhqguo� p_ebdh\� hij_^_ey_lky� ^himklbfuf� ijhe_lhf� dZf_ju� iexk�
rbjbgZ�p_ebdZ� 
 
Ijb� jZajZ[hld_� i_j_dju\Zxsboky� \� ieZg_� aZe_`_c� gZ� jZkiheh`_gb_� FDP�
gZdeZ^u\Z_lky� _s_� h^gh� h]jZgbq_gb_�� ijb� fZehc� fhsghklb� ihjh^gh]h�
f_`^mieZklvy� �f_gvr_� ��� f�� FDP� gZ� i_j_dju\Zxsboky� aZe_`Zo� ^he`gu� [ulv�
khhkgu� �l�_�� hkb� p_ebdh\� ^he`gu� jZkiheZ]Zlvky� ihiZjgh� ih� h^ghc� \_jlbdZevghc�
ebgbb��� Wlh� lj_[h\Zgb_� \uihegy_lky�� _keb� ijbgylv� ^ey� \k_o� i_j_dju\Zxsboky�
aZe_`_c�_^bguc�jZaf_j�k_ldb�p_ebdh\���Ihwlhfm�b�\�gZklhys__�\j_fy�ijb�jZajZ[hld_�
i_j_dju\Zxsboky� aZe_`_c� FDP� hklZ\eyxl� ih� k_ld_� ��×��� f�� GZ� h^bghqguo�
aZe_`Zo�k_ldZ�p_ebdh\�fh`_l�[ulv�jZkrbj_gZ�^h ( l + d )��]^_�l –�mklhcqb\uc�ijhe_l�
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dZf_ju�\�k\_lm� ����f�beb� ���f�\� aZ\bkbfhklb�hl�lbiZ�ihjh^�djh\eb���d –�^bZf_lj�
FDP�� 
 
GZ� ;_ehmkh\kdhf� jm^gbd_�� ]^_� ihjh^u� djh\eb� bf_xl� kj_^gxx� mklhcqb\hklv� �l�_��
^himkdZxl�h[gZ`_gb_�djh\eb�gZ�iehsZ^b�^h�����f2���klhe[qZlu_�FDP�gZ�iheh]bo�
mqZkldZo�aZe_`_c�hklZ\eyxl�ih�k_ld_���×���f� 
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�����Ijbgpbiu�hij_^_e_gby�gZ]jmadb�gZ�p_ebdb 
 
Kms_kl\m_l�g_kdhevdh�ih^oh^h\�d�hij_^_e_gbx�gZ]jmahd�gZ�p_ebdb��DZ`^uc�ba�gbo�
hljZ`Z_l�dZdmx-lh�h^gm�hkh[_gghklv�ijhp_kkZ�gZ]jm`_gby�FDP��B�lhevdh�kh_^bgb\�
wlb�ijbgpbiu�\�h^bg�dhfie_dkguc�ih^oh^��fh`gh�gZoh^blv�gZ]jmadb�gZ�p_ebdb�\�
jZaebqguo�]_hf_oZgbq_kdbo�kblmZpbyo� 
 
GZ]jm`_gb_� FDP� \� j_`bf_� aZ^Zgghc� gZ]jmadb� hl� \_kZ� gZe_]Zxs_c� lhesb� 
j_Zebamxlky�gZ�h[rbjguo�aZe_`Zo��ijb�[hevrbo�ijhe_lZo�ih^jZ[hldb�gZe_]Zxs_c�
lhesb� L�� ijb� fZehc� ]em[bg_� jZajZ[hldb� H�� LjZ^bpbhggh� ^Zggu_� mkeh\by�
gZ]jm`_gby�nhjfZebamxlky� khhlghr_gb_f� � L� ��G� ≥ 1� �l�_�� ijhe_l� \ujZ[hlZggh]h�
ijhkljZgkl\Z� [hevr_� beb� jZ\_g� ]em[bg_��� ?keb� \k_� p_ebdb� h^bgZdh\u_� �q_]h� gZ�
ijZdlbd_�gbdh]^Z�g_�[u\Z_l���lh�gZ]jmadZ�N�gZ�klhe[qZluc�p_ebd�hij_^_ey_lky�\_khf�
ihjh^�gZ�iehsZ^b�S��dhlhjmx�hg�ih^^_j`b\Z_l��jbk���Z��� 

N = γHS. 
Qlh[u� gZclb� ^_ckl\mxsb_� \� p_ebd_� \_jlbdZevgu_� gZijy`_gby�σ�� gZ^h� jZa^_eblv�
gZ]jmadm��N�gZ�iehsZ^v�F�ihi_j_qgh]h�k_q_gby�FDP� 

σ = N/F = γHS/F. 
 
?keb� klhe[qZlu_� FDP� jZkiheZ]Zxlky� ih� k_ld_� ��×��� f�� lh� iehsZ^v� � F, 
ih^^_j`b\Z_fZy�h^gbf�p_ebdhf��]jmah\Zy�iehsZ^v���jZ\gZ�����f2��?keb�gZ�]em[bgZo�
[he__�����f�FDP�hklZ\eyxlky�ih�k_ld_���×���f��lh�F� �����f2.  

 
 
 
 
 
 
 
 
 
 
 

Jbk�����Ijbgpbi�hij_^_e_gby�iehsZ^_c�djh\eb��ih^^_j`b\Z_fuo� 
klhe[qZlufb��Z��b�e_glhqgufb��[��f_`^mdZf_jgufb�p_ebdZfb 

 
>ey� e_glhqguo� p_ebdh\�rbjbghc� x� gZ]jmadm�N�� ijboh^ysmxky� gZ� �� ih]�f� ^ebgu�
p_ebdZ��jbk���[��hij_^_eyxl�ih�nhjfme_� 

N = γH(a + x)⋅1. 
Lh]^Z�^_ckl\mxsb_�\�p_ebdZo�\_jlbdZevgu_�gZijy`_gby�gZoh^yl�ih�nhjfme_� 

σ = N/(1⋅x) = γH(a + x)/x. 
 

 
 
 

a 

1f 

x 

a+x 
S 

F 

a 

a 

Z [ 

(1⋅⋅o� 
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GZ� aZe_`Zo� k�h]jZgbq_ggufb�ijhe_lZfb�L�gZ�[hevrhc� ]em[bg_�G� �ijb�L� ��G�< 1)  
gZ]jm`_gb_�FDP�ijhbkoh^bl� \� j_`bf_� aZ^Zgguo� \_jlbdZevguo� kf_s_gbc� hl�
ijh]b[Z�djh\eb�b�ih^gylby�ihq\u�\ujZ[hlZggh]h�ijhkljZgkl\Z��jbk���Z���Hk_^Zgb_�
djh\eb�  b� ih^gylb_� ihq\u�∆′′ � ijhbkoh^bl� \� j_amevlZl_� jZa]jmadb� \_jlbdZevgh]h�
]jZ\blZpbhggh]h� ^Z\e_gby� γG� gZ� h[gZ`_gguo� ih\_joghklyo� djh\eb� b� ihq\u�
hljZ[hlZgguo�hqbklguo�dZf_j��K[eb`_gb_��dhg\_j]_gpby��djh\eb�b�ihq\u�(∆′ + ∆′′) 
gZ� ]jZgbpZo�\ujZ[hlZggh]h�ijhkljZgkl\Z�fh`gh�ijbgylv�gme_\uf��FZdkbfZevgu_�
kf_s_gby�ijhbkoh^yl�\�p_glj_�\ujZ[hlZggh]h�ijhkljZgkl\Z���� 
 
 
 
 
 
 
 
 
 
 
 
 

Jbk�����Ko_fu�d�jZkq_lm�gZ]jmahd�gZ�FDP�ih�ijbgpbim� 
kh\f_klghklb�^_nhjfZpbc�p_ebdh\�b�\f_sZxsbo�ihjh^ 

 
Kf_s_gby�\f_sZxsbo�ihjh^�^_nhjfbjmxl�p_ebdb��Hgb�k`bfZxlky�ih�\_jlbdZeb�b�
jZkrbjyxlky� \� ]hjbahglZevguo� gZijZ\e_gbyo�� Ihwlhfm� \_jlbdZevgh_� k`Zlb_�
p_ebdZ� ∆� � �Z[khexlgZy� ^_nhjfZpby�� jZ\gZy� mf_gvr_gbx� _]h� \ukhlu� h�� jZ\gh�
k[eb`_gbx� djh\eb� b� ihq\u� ∆ = ∆′+∆′′. Ihwlhfm� \_jlbdZevgh_� k`Zlb_� p_ebdZ�
ijb\h^bl�d�\hagbdgh\_gbx�gZ]jmadb�N�gZ�g_]h��Ihwlhfm�gZ]jmadb�N�gZ�p_ebdb�\�
p_gljZevghc� qZklb� \ujZ[hlZggh]h� ijhkljZgkl\Z� �]^_� kZfu_� [hevrb_� kf_s_gby�
\f_sZxsbo�ihjh^��[hevr_��q_f�gZ�]jZgbp_�k�fZkkb\hf��]^_�dhg\_j]_gpby�djh\eb�b�
ihq\u�fbgbfZevgu��� 
 
Qlh[u�jZah[jZlvky�k�wlbf��gZ^h�agZlv�aZdhg�mijm]h]h�^_nhjfbjh\Zgby��aZdhg�=mdZ���
Hg� ]eZkbl�� hlghkbl_evgu_� ^_nhjfZpbb� ε� l\_j^h]h� l_eZ� ijyfh� ijhihjpbhgZevgu�
^_ckl\mxsbf� \� g_f� gZijy`_gbyf� σ�� Z� dhwnnbpb_glhf� ijhihjpbhgZevghklb�
y\ey_lky�fh^mev�mijm]hklb�?: 

σ� �?ε .  
Hlghkbl_evgZy�^_nhjfZpby�ε�_klv�hlghr_gb_�ε = ∆ / h�� �<�khhl\_lkl\bb�k�aZdhghf�
=mdZ��q_f�[hevr_�^_ckl\mxsb_�gZijy`_gby�σ�b�f_gvr_�fh^mev�mijm]hklb�E�� l_f�
[hevr_��hlghkbl_evgZy�^_nhjfZpby�ε. 
 
Ij_^klZ\bf�FDP�\�\b^_�mijm]h]h�pbebg^jZ�\ukhlhc�h�k�ihi_j_qguf�k_q_gb_f�F 
�jbk�� �[���>_ckl\mxsb_� \� p_ebd_�gZijy`_gby�fh`gh�gZclb�� jZa^_eb\�gZ]jmadm�gZ�

 

N 

h 

∆′ 

∆′′ 
 

h 

N 

∆ 

Z [ 



FHKDH<KDBC =HKM>:JKL<?GGUC�=?HEH=HJ:A<?>HQGUC�MGB<?JKBL?L 

MijZ\e_gb_�]hjguf�^Z\e_gb_f 19 

p_ebd�gZ�_]h�iehsZ^v��σ = N / F��Lh]^Z�^ey�p_ebdZ�aZdhg�=mdZ�ijbf_l�\b^���N / F = 
E⋅∆ / h . Beb�� 

N  =∆⋅EF / h. 
<_ebqbgm�EF / h �gZau\Zxl�`_kldhklvx�p_ebdZ�b�h[hagZqZxl�G��Lh]^Z�gZ]jmadm�gZ�
FDP�fh`gh�hij_^_eylv�ih�nhjfme_� 
N  =∆∆⋅⋅ G 

 
Ihke_^gyy� nhjfmeZ� hq_gv� \Z`gZ��HgZ� hagZqZ_l� ke_^mxs__��GZ]jmadZ� gZ� p_ebd�N 
ijyfh�ijhihjpbhgZevgZ�\_ebqbg_�k`Zlby�∆�b�_]h�`_kldhklb�G��Ke_^kl\byfb�wlh]h�
y\eyxlky� 

• g_jZ\ghf_jghklv� gZ]jm`_gby� p_ebdh\� ih� iehsZ^b� \ujZ[hlZggh]h�
ijhkljZgkl\Z�� p_gljZevgu_� p_ebdb�� gZb[he__� m^Ze_ggu_� hl� djhfdb� fZkkb\Z� beb�
[Zjv_jguo�� fZkkb\guo� p_ebdh\�� \hkijbgbfZxl� gZ� k_[y� [hevrmx� gZ]jmadm�� q_f�
i_jbn_jbcgu_��\�lhf�qbke_�b�gZoh^ysb_ky�\[ebab�aZ[hy��l�d��kf_s_gby�\f_sZxsbo�
ihjh^�[hevr_�\�p_glj_�hqbklgh]h�ijhkljZgkl\Z��jbk����� 
 

• ijyfZy� aZ\bkbfhklv� gZ]jmadb� gZ� p_ebd� hl� _]h�`_kldhklb�� q_f�`_klq_�FDP�
�[hevr_� _]h�iehsZ^v�b�f_gvr_� \ukhlZ��� l_f�[hevrmx�gZ]jmadm�hg�\hkijbgbfZ_l��
_keb� ^\Z� jy^hf� klhysbo� p_ebdZ� bf_xl� jZagmx� `_kldhklv�� lh� [hevrmx� gZ]jmadm�
g_k_l�[he__�`_kldbc�FDP��m�dhlhjh]h�[hevr_�k_q_gb_��b��beb��f_gvr_�\ukhlZ��jbk��
10). 
 
 
 
 
 
 
 
 
 

Jbk������Khhlghr_gb_�gZ]jmahd�gZ�p_ebdb�jZaghc�`_kldhklb 
 
 

Kh\_lu 
]_hf_oZgbdZ 

• ;m^v� hkh[_ggh� ZddmjZl_g� k� p_ebdZfb� \� p_glj_� iZg_eb�� Hgb� g_kml�
[hevrmx�gZ]jmadm� 

• G_� klj_fbkv� m\_ebqb\Zlv� k_q_gb_� p_ebdh\� k\_jo� ijh_dlgh]h�� Hgb�
klZgml�[he__�`_kldbfb��b�[m^ml�\hkijbgbfZlv�[hevrmx�gZ]jmadm� 

 
 
 
 
 
 
 
 

G1 G2 

F1 F2 

N1 N2 

h1 
h2 

F1 > F2 
h1 < h2 
G1 > G2 
N1 > N2 
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�����Dhwnnbpb_gl�gZ]jmadb�gZ�p_ebdb 
 
Gbdlh�b�gbdh]^Z�g_�hi_jbjm_l�k�Z[khexlgufb�\_ebqbgZfb�gZ]jmahd�gZ�p_ebdb��Wlh�
g_m^h[gh�� �Qlh[u�ghjfbjh\Zlv�\_ebqbgu�gZ]jmahd�gZ�p_ebdb�N�ih�]em[bg_�G�b�ih�
iehsZ^b�djh\eb�S��ih^^_j`b\Z_fhc�h^gbf�FDP��bkihevamxl�dhwnnbpb_gl�gZ]jmadb�
Dg��jZ\guc 

Dg = N /(γHS). 
Dhwnnbpb_gl�gZ]jmadb�ihdZau\Z_l��dZdmx�qZklv�hl�ihegh]h�\_kZ�gZe_]Zxs_c�lhesb�
gZ�iehsZ^b�S�g_k_l�^Zgguc�p_ebd��Wlh�[_ajZaf_jgZy�\_ebqbgZ��HgZ�fh`_l�[ulv�b�
f_gvr_� �� b� [hevr_� ��� � ?keb� p_ebd� \hkijbgbfZ_l� iheguc� \_k� lhesb� ihjh^� ^h�
ih\_joghklb�� lh�Dg = 1.� �LZdh_�ijhbkoh^bl�ijb�[hevrbo�ijhe_lZo�\ujZ[hlZggh]h�
ijhkljZgkl\Z� L� gZ� fZehc� ]em[bg_� G� �ijb� L / H ≥ 1��� Z� \k_� hklZ\e_ggu_� p_ebdb�
h^bgZdh\u��Mkeh\b_�L / H ≥ 1 gZau\Zxl�mkeh\b_f�iheghc�ih^jZ[hldb�gZe_]Zxs_c�
lhesb�� ?keb� p_ebdb� jZagu_� �lZd� hgh� b� _klv� gZ� ijZdlbd_��� lh� m� [he__� `_kldbo�
p_ebdh\�Dg > 1��Z�m�f_g__�`_kldbo��[he__�ih^Zleb\uo��Dg < 1 ̂ Z`_�\�mkeh\byo�iheghc�
ih^jZ[hldb�gZe_]Zxs_c�lhesb. 
 
Kms_kl\mxl� dhfivxl_jgu_� ijh]jZffu�� dhlhju_� iha\heyxl� jZkkqblu\Zlv�
jZkij_^_e_gb_� gZ]jmahd� f_`^m� p_ebdZfb� ih� ijbgpbim� kh\f_klghklb� ^_nhjfZpbc�
p_ebdh\� b� \f_sZxsbo� ihjh^��GZ� jbk�� ��� \� dZq_kl\_� ijbf_jZ� ihdZaZgh� jZkq_lgh_�
jZkij_^_e_gb_�gZ]jmahd�f_`^m�FDP�\�iZg_eb�gZ� ]em[bg_� ����f��ih^^_j`b\Z_fhc�
6×���jy^h\�p_ebdh\��hklZ\e_gguo�ih�k_ld_���×���f��ijb�jZ\guo�fh^meyo�mijm]hklb�
jm^u�b�\f_sZxsbo�ihjh^��H[h[s_ggZy�wixjZ�gZ]jmahd�bf__l�\b^�g_dhlhjh]h�k\h^Z�
k� fZdkbfZevgufb� agZq_gbyfb� \� p_glj_� \ujZ[hlZggh]h� ijhkljZgkl\Z�� FDP��
ijbfudZxsb_� d� ]jZgbp_� \ujZ[hlZggh]h� ijhkljZgkl\Z�� gZ]jm`_gu� agZqbl_evgh�
f_gvr_��gZ�����-�\�k_j_^bg_�^ebgu�iZg_eb��gZ�����-�\�m]eZo�� 

 
 

Jbk������JZkq_lgh_�jZkij_^_e_gb_�gZ]jmahd�gZ�p_ebdb�\�iZg_eb 
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©`_kldZyª�lhesZ�
ihjh^ 

©fy]dZyª�lhesZ�
ihjh^ 
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���������������������
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]j
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b
 
>ey�ijh_dlbjh\Zgby�i_j\bqghc�jZajZ[hldb�aZe_`_c�dZf_jgh-klhe[h\hc�kbkl_fhc�ih�
^Zgguf� ]_heh]bq_kdhc� jZa\_^db� �aZqZklmx�� g_^hklZlhqgh� iheguf�� ijb� jZkq_lZo�
^bZf_ljh\�FDP�bkihevamxl� kj_^gbc� dhwnnbpb_gl�gZ]jmadb�gZ� \kx� kh\hdmighklv�
p_ebdh\�\�iZg_eb��dhlhjuc�ij_^klZ\ey_l�kh[hc�hlghr_gb_�kmffZjghc�gZ]jmadb� �gZ�
\k_�p_ebdb�d�iheghfm�\_km�lhesb�ihjh^�gZ^�iehsZ^vx�\ujZ[hlZggh]h�ijhkljZgkl\Z� 
 
Ijb�ijh_dlbjh\Zgbb�ih\lhjghc�jZajZ[hldb�nZdlbq_kdb_�jZaf_ju�\k_o�hnhjfe_gguo�
p_ebdh\� ba\_klgu� ih� fZjdr_c^_jkdbf� ^Zgguf��>ey� jZkq_lh\� mklhcqb\hklb�FDP�
g_h[oh^bfh� hij_^_eylv� nZdlbq_kdb_� dhwnnbpb_glu� gZ]jmahd� gZ� dZ`^uc� p_ebd� k�
mq_lhf� f_klZ� _]h� jZkiheh`_gby� \� \ujZ[hlZgghf� ijhkljZgkl\_� b� `_kldhklb��
Kh\j_f_ggu_�ijh]jZffgu_�kj_^kl\Z�iha\heyxl�^_eZlv�wlh� 
 
DZd� ihdZaZeb� jZkq_lu�� gZ]jm`_gghklv�FDP� hij_^_eyxlky� [hevrbf� dhebq_kl\hf�
nZdlhjh\��hkgh\gufb�ba�dhlhjuo�y\eyxlky�� 
• khhlghr_gb_�fh^me_c�mijm]hklb�fZkkb\h\�\f_sZxsbo�ihjh^�?i�b�jm^u�?j;  

• jZaf_ju�\ujZ[hlZggh]h�ijhkljZgkl\Z�\�ieZg_��dhlhju_�m^h[gh�ij_^klZ\eylv�\�
\b^_�wd\b\Ze_glgh]h�ijhe_lZ�Lw = a⋅b/(a2+b2)0,5, ]^_�a, b – ^ebgZ�b�rbjbgZ�iZg_eb� 

• nhjfZ�FDP�\�\b^_�khhlghr_gby�\ukhlu�h�d�^bZf_ljm�d; 

• `_kldhklv�FDP�G� �?F/h. 
 
Hq_gv� \Z`guf� nZdlhjhf� y\ey_lky� khhlghr_gby� fh^me_c� mijm]hklb� \f_sZxsbo�
ihjh^� b� jm^u�� GZ� jbk�� ��� \� eh]Zjbnfbq_kdhf� fZkrlZ[_� ihdZaZgZ� aZ\bkbfhklv�
kj_^g_]h�dhwnnbpb_glZ�gZ]jmadb�gZ�FDP�\�iZg_eb�k�wd\b\Ze_glguf�ijhe_lhf�����f�

(6×��� jy^h\� p_ebdh\�� nhjfZ� dhlhjuo�
hibku\Z_lky� khhlghr_gb_f� h/d=0,9�� ijb�
khhlghr_gbyo�?i�?j, baf_gyxsboky� hl� �����
^h������ 
 
<� l_o� kemqZyo�� dh]^Z� fZkkb\� \f_sZxsbo�
ihjh^� h[eZ^Z_l� kms_kl\_ggh� [hevr_c�
`_kldhklvx�� q_f� jm^Z�� kj_^gyy�
gZ]jm`_gghklv�FDP� khklZ\ey_l� ��÷���� hl�
ihegh]h� \_kZ� ihjh^� ^h� ih\_joghklb�� Wlh�
k\yaZgh� k� fZehc� \_ebqbghc� ijh]b[Z�
©`_kldhcª� lhesb� ihjh^� gZ� dhglmj_�
\ujZ[hlZggh]h� ijhkljZgkl\Z�� <� mkeh\byo��
dh]^Z�\f_sZxsZy�lhesZ�bf__l�kms_kl\_ggh�
[he__� gbadb_� mijm]b_� k\hckl\Z� �©fy]dZyª�
lhesZ��� q_f� jm^Z�� kj_^gyy� gZ]jm`_gghklv�
FDP� m\_ebqb\Z_lky� ^h� ��÷90%, 
ijb[eb`Zykv�iheghfm�\_km�klhe[Z�ihjh^�^h�
ih\_joghklb�� 

Jbk������AZ\bkbfhklv�kj_^g_c�
gZ]jm`_gghklb�FDP�\�iZg_eb�hl�

khhlghr_gby�`_kldhkl_c�gZe_]Zxs_c�
lhesb�b�jm^u 
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FZkkb\� @_adZa]Zgkdh]h� f_klhjh`^_gby� ij_^klZ\e_g� i_j_f_`Zxsbfbky� kehyfb�
�ijbf_jgh��\�jZ\guo�^heyo��k_juo�jm^guo�b�[_ajm^guo�i_kqZgbdh\�b�djZkghp\_lguo�
ihjh^� �djZkguo� i_kqZgbdh\�� Ze_\jheblh\�� Zj]beeblh\��� Fh^mev� mijm]hklb�
djZkghp\_lguo� ihjh^�� \� kj_^g_f�� \� �� jZaZ� gb`_�� q_f� m� k_juo� i_kqZgbdh\�� Lh]^Z�
wd\b\Ze_glguc�fh^mev�mijm]hklb�kehbklhc�lhesb�\f_sZxsbo�ihjh^�khklZ\bl�����
hl�fh^mey�mijm]hklb�k_juo�i_kqZgbdh\��<�wlhf�kemqZ_�kj_^gyy�gZ]jm`_gghklv�FDP�
\�iZg_eb�lbih\uo�jZaf_jh\�ijb[eb`Z_lky�d�����hl�^Z\e_gby�ihegh]h�\_kZ�ihjh^�^h�
ih\_joghklb��kf��jbk������ 
 
Ih� j_amevlZlZf� jZkq_lh\� \_ebqbgu� gZ]jmahd� gZ� FDP� \� iZg_eb� gZoh^ylky� \�
ijZdlbq_kdb� ijyfhc� ebg_cghc� aZ\bkbfhklb� hl� wd\b\Ze_glgh]h� ijhe_lZ�
\ujZ[hlZggh]h�ijhkljZgkl\Z��Djhf_�lh]h��\_kvfZ�kms_kl\_ggh_�\ebygb_�hdZau\Z_l�
nhjfZ� p_ebdh\�� q_f� f_gvr_� `_kldhklv� p_ebdh\� �[hevr_� \ukhlZ� beb� f_gvr_�
^bZf_lju���l_f�gb`_�gZ]jmadZ�gZ�gbo�� 
 
�����MijZ\e_gb_�]hjguf�^Z\e_gb_f�[Zjv_jgufb�p_ebdZfb 
 
Qlh[u� kgbablv� gZ]jmadb� gZ� FDP�� h[rbjgu_� aZe_`b� k� [hevrbf� jZafZohf�
hjm^_g_gby�\�ieZg_�jZa^_eyxl�gZ�hl^_evgu_�\u_fhqgu_�_^bgbpu�–�iZg_eb��F_`^m�
gbfb� hklZ\eyxl� `_kldb_� [Zjv_jgu_� p_ebdb� �;P�� e_glhqghc� nhjfu�� Bo� rbjbgZ�����
20÷��� f� \� aZ\bkbfhklb� hl� ]em[bgu� b� fhsghklb� aZe_`b�� RZ]� hklZ\e_gby� ;P�
dhe_[e_lky�\�ij_^_eZo����÷����f��h[uqgh�khklZ\eyy�����f� 
 
Kmlv� b^_b� mijZ\e_gby� ]hjguf� ^Z\e_gb_f� [Zjv_jgufb� p_ebdZfb� aZdexqZ_lky� \�
ke_^mxs_f��GZ�h[rbjguo� aZe_`Zo�fh`gh�kha^Zlv� mkeh\by�g_iheghc�ih^jZ[hldb�
gZe_]Zxs_c�lhesb� �l�_��L / H < 1��aZ�kq_l�hklZ\e_gby�p_ebdh\�jZaghc�`_kldhklb��
Rbjhdb_� [Zjv_jgu_� p_ebdb� h[eZ^Zxl� ih\ur_gghc� `_kldhklvx� b� g_kms_c�
kihkh[ghklvx��Ihwlhfm�hgb�kihkh[gu�\hkijbgylv�gZ�k_[y�[hevrmx�gZ]jmadm��<�wlhf�
kemqZ_� gZ]jmadb� gZ� FDP� [m^ml� hij_^_eylvky� g_� iheguf� \_khf� ihjh^� ^h�
ih\_joghklb��Z�lhevdh�_]h�qZklvx��Dhwnnbpb_gl�gZ]jmadb�gZ�FDP�[m^_l�f_gvr_����
l�d�� qZklv� gZ]jmadb� k� gbo� i_j_jZkij_^_eblky� gZ� ;P� �jbk�� ��Z��� HklZ\e_gb_� ;P�
iha\hey_l�mf_gvrblv�k_q_gb_�FDP�b�ihl_jb�jm^u�\�gbo�� 
 
Rbjbgm�;P�jZkkqblu\Zxl�gZ�ih^^_j`Zgb_�\_kZ�\k_c�lhesb�ihjh^�^h�ih\_joghklb�
gZ�\k_c�iehsZ^b�iZg_eb��L�_��ih^^_j`b\Z_fhc�iehsZ^vx�ijb�jZkq_l_�gZ]jmadb�gZ�
;P� y\ey_lky� iehsZ^v� iZg_eb�� � >jm]hc� nmgdpb_c� [Zjv_jguo� p_ebdh\� y\ey_lky�
ehdZebaZpby�h[jmr_gbc�\�kemqZ_�jZajmr_gby�FDP�\�ij_^_eZo�hl^_evguo�iZg_e_c��
Ihwlhfm� ijb� jZkq_l_� bo�rbjbgu� bkihevam_lky� dhwnnbpb_gl� aZiZkZ� ijhqghklb� �� 
FDP�jZkkqblu\Zxlky�k�dhwnnbpb_glhf�aZiZkZ��� 
 
 
 
 
 
 



FHKDH<KDBC =HKM>:JKL<?GGUC�=?HEH=HJ:A<?>HQGUC�MGB<?JKBL?L 

MijZ\e_gb_�]hjguf�^Z\e_gb_f 23 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jbk������GZ]jmadZ�gZ�;P��Z��b�__�i_j_jZkij_^_e_gb_�ijb�_]h�hljZ[hld_��[� 
 
?keb�hljZ[hlZlv�;P�^h�jZaf_jh\�klhe[qZluo�FDP��lh�f_gyxlky�mkeh\by�gZ]jm`_gby�
\k_o� p_ebdh\��<hagbdZxl� mkeh\by� iheghc� ih^jZ[hldb� �l�_�� L / H ≥ 1��� \� dhlhjuo�
gZ]jmadb� gZ�p_gljZevgu_�FDP�ijb[eb`Zxlky� d�iheghfm� \_km� klhe[Z�ihjh^� �jbk��
��[��� ?keb� hklZ\e_ggu_� FDP� g_� jZkkqblZgu� gZ� lZdh_� ^Z\e_gb_�� lh� hgb� [m^ml�
jZa^Z\e_gu� 
 
 
 

Kh\_l 
]_hf_oZgbdZ 

Ij_`^_� q_f� hljZ[hlZlv� [Zjv_jguc� p_ebd� �^Z`_� qZklbqgh�� ^Z`_� ijhklh�
ijhj_aZlv��� ijhkqblZc� ihke_^kl\by�� Bf_c� \� \b^m�� f_`^mdZf_jgu_� p_ebdb�
fh]ml�g_�\u^_j`Zlv��:�\�gbo�fh`_l�[ulv�[hevr_�f_lZeeZ��q_f�\�[Zjv_jghf��
Ijh_dlbjh\sbdb� wlh� mqblu\Zxl�� dh]^Z� hij_^_eyxl�f_klh�;P��Ohly� m� gbo�
[ueh�]hjZa^h�f_gvr_�bgnhjfZpbb��q_f�m�l_[y� 

 
 
 
 
 
 
 
 

L L ;P 

0,7 
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 �����I_j_jZkij_^_e_gb_� ]hjgh]h� ^Z\e_gby� ijb� ihq\hmklmighc� hljZ[hld_�fhsguo�
aZe_`_c 
 
?keb�fhsghklv�aZe_`b�[hevr_���f��lh�__�hljZ[hldm�\_^ml�ihq\hmklmiguf�aZ[h_f��<�
wlhf� kemqZ_� \� iZg_eb� h^gh\j_f_ggh� bf_xlky� b� gbadb_� FDP�� hnhjfe_ggu_�
ih^k_qdhc�gZ�\ukhlm�h^gh]h�kehy��b�\ukhdb_�FDP��hnhjfe_ggu_�ihke_�hljZ[hldb�
mklmiZ�gZ�\ukhlm�^\mo�keh_\�� 
 
Gbadb_� p_ebdb�� hnhjfe_ggu_� lhevdh� gZ� iheh\bgm� ijh_dlghc� \ukhlu�� gh�
jZkkqblZggu_� gZ� dhg_p� hljZ[hldb� aZiZkh\� gZ� \kx� fhsghklv� aZe_`b�� h[eZ^Zxl�
ba[ulhqghc�`_kldhklvx��Ihwlhfm�gZ]jmadZ�gZ�gbo�ij_\urZ_l�ijh_dlgmx��H^gZdh�
hgb� g_� jZajmrZxlky�� l�d�� � ba-aZ� fZehc� \ukhlu� h[eZ^Zxl� g_kms_c� kihkh[ghklvx��
lZd`_�ij_\urZxs_c�ijh_dlgmx��jbk������� 
 
GZ]jmadZ� gZ� \ukhdb_� p_ebdb��
hnhjfe_ggu_� ^\mfy� kehyfb� gZ� \kx�
fhsghklv� aZe_`b�� ihke_� hljZ[hldb�
mklmiZ� kgb`Z_lky� ^h� ijh_dlgh]h�
mjh\gy�� H[t_fguc� \b^� jZkq_lgh]h�
jZkij_^_e_gby� gZ]jmahd� f_`^m�
p_ebdZfb� ijb� hljZ[hld_� mklmiZ�
ihdZaZg� gZ� jbk�� ���� AZ[hc� mklmiZ�
ihklhyggh� ih^\b]Z_lky�� ihwlhfm�
jZkij_^_e_gb_� gZ]jmahd� ihklhyggh�
f_gy_lky�� 
 
<� gZb[he__� ly`_euo� mkeh\byo�
gZoh^ylky� p_ebdb�� hnhjfe_ggu_�
lhevdh� ih^k_qdhc� �i_j\uf� keh_f��� \� fhf_gl� hnhjfe_gby� bo� \lhjuf� keh_f� ijb�
hljZ[hld_� mklmiZ�� Hgb� g_� lhevdh� gZ]jm`_gu� [hevrbf� ^Z\e_gb_f�� gh� b� ih� \k_c�
\ukhl_�^\mo�keh_\�ih^\_j]Zxlky�k_ckfbq_kdhfm�\ha^_ckl\bx�\aju\guo�jZ[hl�ijb�
hl[hcd_� jm^u� \� mklmi_�� Bf_ggh� \� wlhl� fhf_gl� FDP� ihemqZxl� gZb[hevrb_�
ih\j_`^_gby� hl� kmffZjgh]h� \ha^_ckl\by� \ukhdh]h� ]hjgh]h� ^Z\e_gby� b� \aju\guo�
jZ[hl��:�lZd�dZd�aZ[hc�mklmiZ�ih^\b]Z_lky�ih�\k_c�iZg_eb��lh�\�lZdbo�wdklj_fZevguo�
mkeh\byo� gZ� jZaguo� klZ^byo� hdZau\Zxlky� \k_� p_ebdb�� Ihwlhfm� ihke_� hljZ[hldb�
\lhjh]h�kehy�khklhygb_�\k_o�FDP�hdZau\Z_lky�\_kvfZ�hkeZ[e_gguf�� 
 

 

 
Kh\_lu 

]_hf_oZgbdZ 

• ;m^v�hkh[_ggh�ZddmjZl_g��hnhjfeyy�p_ebdb�ijb�hljZ[hld_�mklmiZ��Hgb�
g_kml� fZdkbfZevgmx� gZ]jmadm� kj_^b� \k_o� p_ebdh\� \� iZg_eb�� Hl[b\Zy� jm^m� \�
mklmi_�� hq_gv� e_]dh� bo� jZa[blv� \aju\hf�� Ih[_j_]b� _]h�� Hg� l_[_� _s_�
ihgZ^h[blky� 

• ?keb�ihke_�hljZ[hldb�mklmiZ�\�ihq\_�hklZeZkv�jm^Z��lh�ij_`^_��q_f�
jZ^h\Zlvky� b� hljZ[Zlu\Zlv� _s_� h^bg� kehc�� ihbgl_j_kmcky�� gZ� dZdmx�
fhsghklv�jZkkqblZgu�p_ebdb"�<hafh`gu�g_h`b^Zgghklb� 

 

1 

2 

1 

2 

Jbk�� ����I_j_jZkij_^_e_gb_�gZ]jmahd�f_`^m�FDP�
ijb� hljZ[hld_� mklmiZ�� �� –� wixjZ� jZkij_^_e_gby�
gZ]jmahd� ihke_� hljZ[hldb� i_j\h]h� kehy�
�ih^k_qdb��� �� –� \� ijhp_kk_� hljZ[hldb� \lhjh]h�
kehy��mklmiZ� 
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Jbk������<hegZ�i_j_jZkij_^_e_gby�]hjgh]h�^Z\e_gby 
�ijb�ihq\hmklmighc�hljZ[hld_�fhsguo�aZe_`_c 
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4.8. Ijhy\e_gby�]hjgh]h�^Z\e_gby�ijb�hljZ[hld_�k[eb`_gguo��aZe_`_c 
 
OZjZdl_jgZy� hkh[_gghklv� @_adZa]Zgkdh]h� f_klhjh`^_gby� aZdexqZ_lky� \�
fgh]hyjmkghklb� hjm^_g_gby�� \u^_eyxlky� ^\Z^pZlv� r_klv� keh_\� k_juo� jm^guo�
i_kqZgbdh\��h[t_^bg_gguo�\�^_\ylv�jm^hghkguo�]hjbahglh\�� 
 
Ijb� jZajZ[hld_� i_j_dju\Zxsboky� \� ieZg_� aZe_`_c� ihy\ey_lky� gh\uc�
dhgkljmdlb\guc� we_f_gl� kbkl_fu� –� f_`^mdZf_jgZy� ihlhehqbgZ� �©fhklª� - 
ijhn_kkbhgZevguc�`Zj]hg���ij_^klZ\e_ggZy�ihjh^Zfb�f_`^mieZklvy��Ih�fhsghklb�
ihjh^gh]h�f_`^mieZklvy�hf�jZaebqZxl� 

• i_j_dju\Zxsb_ky�aZe_`b��fhsghklv�ihjh^gh]h�ijhkehy�[he__����f�� 
• k[eb`_ggu_�aZe_`b��fhsghklv�f_`^mieZklvy�hl����f�^h���f�� 
• \_kvfZ�k[eb`_ggu_�aZe_`b��fhsghklv�f_`^mieZklvy�f_gvr_���f�� 

GZ�i_j_dju\Zxsboky�aZe_`Zo�ijb�hf�≥ ���f g_�lj_[m_lky�kh[ex^Zlv�khhkghklv�FDP��
GZ�k[eb`_gguo�aZe_`Zo�ijb�hf�< ���f�p_ebdb�^he`gu�[ulv�khhkgu�� 
 
<�ijhp_kk_�hljZ[hldb�k[eb`_gguo�aZe_`_c�bf_xlky�b�h^bghqgu_�p_ebdb�gZ�\_jog_c�
aZe_`b��b�k\yadb�ba�khhkguo�FDP�gZ�mqZkldZo��]^_�hljZ[hlZgu�b�\_jogyy�b�gb`gyy�
�ih^� fhklhf�� aZe_`b��@_kldhklv� k\yadb� ba� ^\mo� p_ebdh\� kms_kl\_ggh� gb`_�� q_f�
`_kldhklv� h^bghqgh� p_ebdZ��Ihwlhfm� ijb� \_^_gbb� ]hjguo� jZ[hl� gZ� k[eb`_gguo�
aZe_`Zo� \k_]^Z� ijhbkoh^bl� ijhp_kk� i_j_jZkij_^_e_gby� gZ]jmahd�f_`^m� p_ebdZfb�
�jbk�� ����� iheghklvx� ZgZeh]bqguc� lhfm�� qlh� bf__l�f_klh� ijb� hljZ[hld_�fhsguo�
aZe_`_c�ihq\hmklmiguf�aZ[h_f� 
 
 
Jbk�� ���� <hegZ� i_j_jZkij_^_e_gby� gZ]jmahd�
f_`^m� p_ebdZfb� ijb� hljZ[hld_� k[eb`_gguo�
aZe_`_c��i_j_f_sZxsZyky�k�ih^\b]Zgb_f�aZ[hy�
ih^�fhklhf�gZ�gb`g_c�aZe_`b� 
1 –�wixjZ�jZkij_^_e_gby�gZ]jmahd�gZ�FDP�ihke_�
hljZ[hldb� \_jog_c� aZe_`b�� �� –� lh� `_� \�
ijhp_kk_�hljZ[hldb�gb`g_c�aZe_`b� 
 
 
Ihy\e_gb_� gh\h]h�� \_kvfZ� mya\bfh]h� dhgkljmdlb\gh]h� we_f_glZ� -�f_`^mdZf_jghc�
ihlhehqbgu� �fhklZ�� f_`^m� khhkgufb� p_ebdZfb� gZ� k[eb`_gguo� aZe_`Zo� j_adh�
kgb`Z_l� gZ^_`ghklv� mijZ\e_gby� ]hjguf� ^Z\e_gb_f�� Wlh� k\yaZgh� k� fgh`_kl\hf�
ijbqbg��ih�dhlhjuf�fhkl�f_`^m�dZf_jZfb�fh`_l�h[jmrblvky��GZ�jbk�����ihdZaZgu�
lbih\u_�ko_fu�h[jmr_gbc�ihlhehqbg�b�ihke_^kl\by��d�dhlhjuf�wlh�ijb\h^bl� 
 
Ijh\Zeu�ihlhehqbgu�ih�djmlhiZ^Zxsbf�lj_sbgZf��jbk�����Z��[��^hklZlhqgh�j_^db��
l�d��wlhfm�ij_iylkl\m_l�[hdh\hc�aZ`bf�fZkkb\Z�]hjbahglZevgufb�gZijy`_gbyfb�� 
 
 
 
 

1 

1 

2 

2 
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Jbk������Nhjfu�h[jmr_gbc�f_`^mdZf_jguo�ihlhehqbg��Z��[�–�ijh\Zeu�ih�h^ghc��^\mf�kbkl_fZf�
lj_sbg���\��]�–�jZa^Z\eb\Zgb_�ihlhehqbgu�khhkgufb�p_ebdZfb�b�ihke_^mxs__�kj_aZgb_�FDP�\�

ijh\Ze���^�–�kj_aZgb_�ihlhehqbgu�ijb�jZaghc�g_khhkghklb��p_ebdh\ 
 
?keb�p_ebdb�b�gZ�\_jog_c�b�gZ�gb`g_c�aZe_`Zo�^hklZlhqgh�`_kldb_�Z�f_`^mieZklv_�
keh`_gh�keZ[ufb�djZkghp\_lgufb�ihjh^Zfb��lh�[hevrh_�^Z\e_gb_�gZ�k\yadm�FDP�
fh`_l� jZa^Z\blv� ihlhehqbgm�� dZd� `_kldbfb� imZgkhgZfb� �jbk�� ��� \��� IjbagZdhf�
gZqZeZ� lZdh]h� jZa^Z\eb\Zgby� f_`^mieZklvy� kem`Zl� hlkeh_gby� djh\eb� gZ� gb`g_c�
aZe_`b� �\u\Zeu�ba�fhklZ���ijhbkoh^ysb_�gZ�[hevrhc�iehsZ^b�\hdjm]�`_kldbo� �k�
[hevrbf� k_q_gb_f� b� fZehc� \ukhlhc�� p_ebdh\�� JZa^Z\eb\Zgbx� ihlhehqbgu�
kihkh[kl\m_l� kdhie_gb_� \h^u� gZ� ihq\_� \_jog_c� aZe_`b�� Ihjh^u� f_`^mieZklvy�
m\eZ`gyxlky�� gZ[moZxl� �qlh� fh`_l� \ua\Zlv� ^Z`_� ijbjhkl� gZ]jmahd� gZ� p_ebdb�� b�
kgb`Zxl� k\hx� ijhqghklv�� Ihke_� h[jZah\Zgby� ijh\ZeZ� fhklZ� [eb`Zcrb_� d� g_fm�
FDP� hdZau\Zxlky� k^\h_gghc� \ukhlu� iexk� [hevrhc� ijhieZklhd� keZ[uo�
djZkghp\_lguo� ihjh^� \� k_j_^bg_��DZd� ijZ\beh�� lZdb_� p_ebdb� kj_aZxlky� \� ijh\Ze�
�jbk�����]��� 
 
Ijb�g_khhkghf�jZkiheh`_gbb�p_ebdh\�f_`^mdZf_jgZy�ihlhehqbgZ�ijhklh�kj_aZ_lky�
p_ebdZfb��jbk�����^���Djhf_�lh]h��g_kms_c�qZklv�y\ey_lky�lhevdh�i_j_djulZy�qZklv�
k_q_gbc�FDP�gZ�k[eb`_gguo�aZe_`Zo� 
 
 
 

Kh\_lu 
]_hf_oZgbdZ 

• HljZ[Zlu\Zy� gb`gxx� aZe_`v�� gZ[ex^Zc�� dZd� \_^ml� k_[y� p_ebdb� gZ�
hljZ[hlZgghc�\_jog_c�aZe_`b� 

• G_�^himkdZc�kdhie_gby�\h^u�gZ�ihq\_�ihlhehqbgu� 
• Ihbgl_j_kmcky�m�fZjdr_c^_jZ��dZd�hg�h[_ki_qb\Z_l�khhkghklv�p_ebdh\� 
• GZqZebkv�hlkeh_gby�ihlhehqbgu�–�`^b��k_jv_aguo��g_ijbylghkl_c� 

Z [ 

\ ] 

^ 
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�����GZijy`_ggh_�khklhygb_�b�ijhqghklv�p_ebdh\ 
 
Djh\ey� gZ^� f_`^mdZf_jguf� p_ebdhf� hk_^Z_l� g_jZ\ghf_jgh�� m� [hdh\uo�
ih\_joghkl_c� FDP� kf_s_gby� [hevr_�� \� k_j_^bg_� p_ebdZ� –� f_gvr_�� Ihwlhfm�
jZkij_^_e_gb_� \_jlbdZevguo� gZijy`_gbc� \� FDP� \[ebab� k� dhglZdlZfb� k�
\f_sZxsbfb� ihjh^Zfb� lZd`_� g_jZ\ghf_jgh�� ?keb� p_ebd� gZoh^blky� \� mijm]hf�
khklhygbb��l�_��^_ckl\mxsb_�\�g_f�gZijy`_gby�_s_�g_�^hklb]eb�_]h�ijhqghklb���lh�
gZb[hevrb_�\_jlbdZevgu_�gZijy`_gby�^_ckl\mxl�\�i_jbn_jbcghc�qZklb�k_q_gby��Z�
\�p_gljZevghc�qZklb�gZ[ex^Z_lky�fbgbfmf�\_jlbdZevguo�gZijy`_gbc� 
 
Kh]eZkgh�ijbgpbim�K_g-<_gZgZ��ih�f_j_�m^Ze_gby�hl�dhglZdlh\�d�k_j_^bg_�\ukhlu�
p_ebdZ� g_jZ\ghf_jghklv� \_jlbdZevguo� gZijy`_gbc� ih� k_q_gbx� p_ebdZ�
k]eZ`b\Z_lky��<�p_gljZevghc�ih�\ukhl_�qZklb�\ukhdbo�p_ebdh\��m�dhlhjuo�\ukhlZ�h 
ij_\urZ_l� ^bZf_lj� d� \� �� b� [he__� jZa� �h/d ≥ 2��� \_jlbdZevgu_� gZijy`_gby�
jZkij_^_eyxlky�ih�k_q_gbx�jZ\ghf_jgh�� 
 
<_jlbdZevgh_�k`Zlb_�p_ebdZ�ih^�gZ]jmadhc�ijb\h^bl�d�_]h�[hdh\hfm�jZkrbj_gbx�\�
ihi_j_qguo� �ih� hlghr_gbx� d� gZijZ\e_gbx� ^_ckl\by� gZ]jmadb�� gZijZ\e_gbyo��
P_gljZevgZy� ih� \ukhl_� qZklv� p_ebdZ� gZoh^blky� gZ� fZdkbfZevghf� m^Ze_gbb� hl�
dhglZdlh\� k�djh\e_c�b�ihq\hc��Ihwlhfm�ihi_j_qgu_�^_nhjfZpbb�p_ebdZ�gZb[he__�
ihegh� j_Zebamxlky� bf_ggh� \� k_j_^bg_� _]h� \ukhlu�� I_jbf_lj� p_ebdZ� aZ� kq_l�
ihi_j_qgh]h�jZkrbj_gby�m\_ebqb\Z_lky��Wlh�ijb\h^bl�d�ihy\e_gbx�\�i_jbn_jbcghc�
qZklb�k_q_gby�jZkly]b\Zxsbo�]hjbahglZevguo�gZijy`_gbc�\�p_gljZevghc�ih�\ukhl_�
qZklb� p_ebdZ��Bf_ggh� ihwlhfm� k_j_^bgZ� \ukhlu� p_ebdZ� y\ey_lky� _]h� gZb[he__�
keZ[uf� k_q_gb_f�� Wlh� ijhy\ey_lky� \� lhf�� qlh� i_j\u_� ijbagZdb� jZajmr_gby�
ihy\eyxlky� \� k_j_^bg_� \ukhlu�FDP�� Z� ijb� ^Zevg_cr_f� jZa\blbb� fZdkbfZevgu_�
jZajmr_gby�[m^ml�jZa\b\Zlvky�lZd`_�\�k_j_^bg_�\ukhlu� 
 
GZ� dhglZdlZo� k� djh\e_c� b� ihq\hc� ihi_j_qguf� ^_nhjfZpbyf�FDP� ij_iylkl\mxl�
kbeu�kp_ie_gby�b�lj_gby�k�\f_sZxsbfb�ihjh^Zfb��Ihwlhfm�\[ebab�djh\eb�b�ihq\u�
\� p_ebdZo� aZ� kq_l� h]jZgbq_gby� ihi_j_qguo� ^_nhjfZpbc� \hagbdZxl� k`bfZxsb_�
]hjbahglZevgu_� gZijy`_gbc�� \_ebqbgZ� dhlhjuo� khihklZ\bfZ� k� ^_ckl\mxsbfb�
\_jlbdZevgufb� gZijy`_gbyfb�� Wlh� hagZqZ_l�� qlh� \[ebab� dhglZdlh\� k�
\f_sZxsbfb� ihjh^Zfb� \� p_ebdZo� \hagbdZxl� ahgu� h[t_fgh]h� k`Zlby 
dhgmkhh[jZaghc�nhjfu�� 
 
<� ahgZo� h[t_fgh]h� k`Zlby� \[ebab� dhglZdlh\� jm^Z� h[eZ^Z_l� ih\ur_gghc�
ijhqghklvx�� ij_\urZxs_c� ijhqghklv� ijb� h^ghhkghf� k`Zlbb� �\� p_gljZevghc� ih�
\ukhl_� qZklb� p_ebdZ�� ihqlb� \� �� jZaZ�� Ihwlhfm� jZajmr_gb_� p_ebdZ� jZa\b\Z_lky� \�
k_j_^bg_�\ukhlu�p_ebdZ��Z�g_�\[ebab�dhglZdlh\� 
 

 

Kh\_l 
]_hf_oZgbdZ 

GZ[ex^Zy� aZ� khklhygb_f� FDP�� \� i_j\mx� hq_j_^v� h[jZsZc� \gbfZgb_� gZ�
k_j_^bgm� \ukhlu�p_ebdh\��Wlh�bo� gZb[he__� keZ[h_� k_q_gb_��I_j\u_�ijbagZdb�
jZajmr_gby�^he`gu�ihy\eylvky�lZf� 
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2,0 1,5 1,0 0,5 = 

h 

d d d 

h/d 

Dhgnb]mjZpby�ahg�h[t_fgh]h�k`Zlby�aZ\bkbl�hl�nhjfu�p_ebdZ��hlghr_gby�\ukhlu�d�
^bZf_ljm�h/d��b�dhglZdlguo�mkeh\bc�gZ�]jZgbpZo�k�\f_sZxsbfb�ihjh^Zfb��GZ�jbk��
1��aZrljboh\Zggufb�ihdZaZgu�ahgu�h[t_fgh]h�k`Zlby�\�p_ebdZo�jZaebqghc�nhjfu��
<� lhgdbo�� \ukhdbo� p_ebdZo� �h/d ≥ 2�� ahgu� h[t_fgh]h� k`Zlby� aZgbfZxl�
g_agZqbl_evgmx� qZklv� p_ebdZ� \[ebab� dhglZdlh\� k� \f_sZxsbfb� ihjh^Zfb��
p_gljZevgZy�ih�\ukhl_�qZklv�p_ebdh\�gZoh^blky�ijZdlbq_kdb�\�mkeh\byo�h^ghhkgh]h�
k`Zlby��<�[he__�rbjhdbo�p_ebdZo�k�h/d ∼ 1 ahgu�h[t_fgh]h�k`Zlby�m�djh\eb�b�ihq\u�
kfudZxlky� \� k_j_^bg_� \ukhlu�� \� mkeh\byo� h^ghhkgh]h� k`Zlby� gZoh^blky� lhevdh�
i_jbn_jbcgZy�qZklv�p_ebdZ��<�rbjhdbo�b�gbadbo�p_ebdZo��m�dhlhjuo�h/d <  0,5,�ahgu�
h[t_fgh]h�k`Zlby�aZgbfZxl�[hevrmx�qZklv�h[t_fZ� 
 
 
 
 
 
 
 

Jbk������Dhgnb]mjZpbb�ahg�h[t_fgh]h�k`Zlby�\�p_ebdZo�jZaghc�nhjfu 
 
M]he� ih^t_fZ� ahg� h[t_fgh]h� k`Zlby� hij_^_ey_lky� dhglZdlgufb� mkeh\byfb��
JZaebqZxl�^\Z�lbiZ�dhglZdlguo�mkeh\bc�� 
• GhjfZevgu_�� dhlhju_� oZjZdl_jbamxlky� iheguf� kp_ie_gb_f� k� ghjfZevguf�

lj_gb_f� �j_Zebam_lky� gZ� dhglZdlZo� jm^u� k� k_jufb� i_kqZgbdZfb�� fZkkb\gufb�
djZkghp\_lZfb�� 

• KeZ[u_�� gZ� dhlhjuo� kms_kl\m_l� lhevdh� fZeh_� lj_gb_� b� ijZdlbq_kdb�
hlkmlkl\m_l� kp_ie_gb_� �dhglZdlu� ij_^klZ\e_gu� a_jdZeZfb� kdhev`_gby��
lj_sbgZfb� k� aZiheg_gb_f� `bevgufb� fbg_jZeZfb�� lhgdhieblqZlufb�
djZkghp\_lZfb�� 

 
Q_f�emqr_�dhglZdl��[hevr_�kbeu�kp_ie_gby�b�lj_gby���l_f��djmq_�ih^gbfZ_lky�ahgZ�
h[t_fgh]h�k`Zlby�\�p_ebd_��q_f�keZ[__�dhglZdl��g_l�kp_ie_gby��fZe_gvdh_�lj_gb_��– 
l_f�gb`_�\ukhlZ�ahgu�h[t_fgh]h�k`Zlby� 
 
HibkZggu_� \ur_� aZdhghf_jghklb� gZijy`_ggh]h�
khklhygby� p_ebdh\� ijb\h^yl� d� lhfm�� qlh�
ijhqghklv�FDP�σp� �ij_^_evgu_�gZijy`_gby��ijb�
dhlhjuo� ijhbkoh^bl� jZajmr_gb_� p_ebdZ�� dZd�
dhgkljmdpbb�� aZ\bkbl� hl� _]h� nhjfu�� dhlhjmx�
hibku\Zxl�khhlghr_gb_f�h/d .  
 
Ki_pbZevgufb� wdki_jbf_glZfb� \� eZ[hjZlhjbyo�
mklZgh\e_gh��qlh��q_f�[hevr_�hlghr_gb_� h/d , l_f�
f_gvr_� ijhqghklv� p_ebdZ� σp� � ih� kjZ\g_gbx� k�
ijhqghklvx� fZkkb\Z� jm^u� σf� � �jbk�� ����� Fh`gh�
aZibkZlv� 

1 2 h / d 

σP 

Jbk�� ���� AZ\bkbfhklv�
ijhqghklb� p_ebdZ� hl� _]h�
nhjfu� ih� j_amevlZlZf�
eZ[hjZlhjguo�wdki_jbf_glh\ 
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σp  = σf⋅Dd�/(h/d) = σf⋅Dd⋅ d/h , 

]^_�Dd – dhwnnbpb_gl�dhglZdlguo�mkeh\bc��<_ebqbgm�d/h�gZau\Zxl�dhwnnbpb_glhf�
nhjfu�p_ebdZ�Dn.  
 
Ijb�jZkq_lZo�p_ebdh\�dhwnnbpb_gl�dhglZdlguo�mkeh\bc�ijbgbfZxl�jZ\guf� 

• Dd = 1 –�ijb�ghjfZevguo�dhglZdlZo� 
• Dd = 0,7 – ijb�keZ[uo�dhglZdlguo�mkeh\byo� 

 
Ijhqghklv� lj_sbgh\Zlh]h� fZkkb\Z� jm^u� σf� � hij_^_eyxl� ih� ijhqghklb� jm^u� \�
h[jZapZo� ih� ^Zgguf� bkiulZgbc� d_jgZ� �[_a� lj_sbg�� gZ� k`Zlb_� \� eZ[hjZlhjguo�
mkeh\byo�k�mq_lhf�dhwnnbpb_glZ�kljmdlmjgh]h�hkeZ[e_gby�fZkkb\Z�lj_sbgZfb�Dw :  

σf��= σ0⋅�Dw 
 
Ijhqghklv� jm^u� \� h[jZap_� ih� ^Zgguf� bkke_^h\Zgbc� B=>� bf�� >�:�� DmgZ_\Z�
khklZ\ey_l� 

• σ0� �����FIZ�- ^ey�:gg_gkdh]h�jZchgZ� 
• σ0� �����FIZ�- ^ey�:dqbc-KiZkkdh]h�jZchgZ� 

 
Dhwnnbpb_gl�kljmdlmjgh]h�hkeZ[e_gby�ijb�jZkq_lZo�p_ebdh\�ijbgbfZxl�jZ\guf� 

• Dw = 0,63  –��^ey�ghjfZevguo�]hjgh-]_heh]bq_kdbo�mkeh\bc� 
• Dw = 0,40  –��^ey�keh`guo�]hjgh-]_heh]bq_kdbo�mkeh\bc� 

 
Ih^�g_kms_c�kihkh[ghklvx�p_ebdZ�J�ihgbfZxl�ij_^_evgmx�gZ]jmadm��dhlhjmx�hg�
fh`_l�\u^_j`Zlv�^h�jZajmr_gby��HgZ�ihemqZ_lky��_keb�mfgh`blv�ijhqghklv�p_ebdZ�
σp��gZ�iehsZ^v�ihi_j_qgh]h��g_kms_]h��k_q_gbx�F: 

P = σp ⋅F 
 
Dhwnnbpb_gl� aZiZkZ� ijhqghklb� p_ebdh\� ij_^klZ\ey_l� kh[hc� hlghr_gb_� g_kms_c�
kihkh[ghklb�p_ebdZ�J�d�\hkijbgbfZ_fhc�bf�gZ]jmad_�N: 

n = J/N. 
 
IhemqZ_lky�bgl_j_kgh_�khhlghr_gb_�g_kms_c�kihkh[ghklb�p_ebdh\�k�bo�`_kldhklvx�
b�gZ]jmadhc�gZ�gbo� 
 

Q_f�[hevr_�`_kldhklv�p_ebdZ� 
l_f�[hevr_�gZ]jmadZ�gZ�g_]h� 

l_f�[hevr_�_]h�g_kmsZy�kihkh[ghklv. 
 
LZdh_� khhlghr_gb_� \_ebqbg� gZau\Zxl� iheh`bl_evghc� dhjj_eypbhgghc� k\yavx��<�
^Zgghf�kemqZ_�k\yav�gZ]jmadb�gZ�p_ebdb�b�bo�ijhqghklb�h[mkeh\e_gZ�l_f��qlh�h[_�
\_ebqbgu�kj_^b�fgh]bo�iZjZf_ljh\�aZ\bkyl��g_�\�ihke_^gxx�hq_j_^v��hl�iehsZ^b�
ihi_j_qgh]h�k_q_gby�b�\ukhlu�p_ebdh\� 
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Ke_^kl\byfb�^Zgghc�k\yab�y\eyxlky�ke_^mxsb_�aZdhghf_jghklb� 
9�GZ]jmadb� gZ� p_ebdb� b� bo� ijhqghklb� \� aZ\bkbfhklb� hl� jZaf_jh\� FDP�

dhe_[exlky� \� hq_gv� rbjhdbo� ij_^_eZo�� :� dhwnnbpb_gl� aZiZkZ� ijhqghklb�
p_ebdh\�baf_gy_lky�\�]hjZa^h�[he__�madbo�]jZgbpZo�� 

9�Wlh� hagZqZ_l�� qlh� kh\hdmighklv� FDP� \� \ujZ[hlZgghf� ijhkljZgkl\_�
ij_^klZ\ey_l� kh[hc� kbkl_fm� iZjZee_evgh� jZ[hlZxsbo� dhgkljmdlb\guo�
we_f_glh\� k� Zdlb\guf� j_a_j\bjh\Zgb_f�� l�_�� gZ]jmadZ� k� [he__� keZ[uo�
�mya\bfuo�� p_ebdh\� i_j_jZkij_^_ey_lky� gZ� [he__� fhsgu_� �mklhcqb\u_��
we_f_glu� 

9�Ijb� jZajmr_gbb� p_ebdh\� mf_gvrZ_lky� bo� k_q_gb_�� Z�� ke_^h\Zl_evgh�� b�
`_kldhklv��GZ]jmadZ�gZ�jZajmrZxsbcky�p_ebd�kgb`Z_lky��i_j_jZkij_^_eyykv�
gZ� khk_^gb_� [he__� `_kldb_� �mklhcqb\u_�� p_ebdb�� Ihke_� ^_nhjfbjh\Zgby�
p_ebdZ� b� kgb`_gby� gZ]jmadb� gZ� g_]h� ijhp_kk� _]h� jZajmr_gby� fh`_l�
hklZgh\blvky�� <� wlhf� kemqZ_� ]h\hjyl�� ©P_ebd� mr_e� ba-ih^� gZ]jmadbª�
�ijhn_kkbhgZevguc�`Zj]hg�� 

9�Ihwlhfm� \� iZg_eyo� ^hklZlhqgh� h[uqgh� \klj_lblv� p_ebdb� k� gZqZevgufb�
ijbagZdZfb� jZajmr_gby� \� hdjm`_gbb� mklhcqb\uo� p_ebdh\�� KemqZb� ihegh]h�
jZajmr_gby� h^bghqguo� p_ebdh\� djZcg_� j_^db� �dZd� ijZ\beh�� k\yaZgu� k�
djmigufb�l_dlhgbq_kdbfb�gZjmr_gbyfb�� 

9�?keb� \� hdjm`_gbb� jZajmrZxs_]hky� p_ebdZ� g_� hdZ`_lky�FDP� k� ^hklZlhqgh�
[hevrbf�j_a_j\hf�ijhqghklb��jZajmr_gb_�i_j\h]h�p_ebdZ�[m^_l�jZa\b\Zlvky�
lhevdh�k�jZa\blb_f�jZajmr_gbc�\�khk_^gbo�p_ebdZo��<hagbdZ_l�lZd�gZau\Z_fZy�
©p_igZy�j_Zdpbyª�jZajmr_gby�FDP��ih^jh[g__�h[�wlhf�kf��i��������� 

 
������JZajmr_gby�FDP 
 
Hp_gdZ�nZdlbq_kdh]h�khklhygby�p_ebdh\�gZ�ijZdlbd_�\_^_lky��f_lh^hf�\bamZevgh]h�
h[ke_^h\Zgby�� Hiulhf� \_^_gby� ]hjguo� jZ[hl� gZ� @_adZa]Zgkdhf� f_klhjh`^_gbb�
mklZgh\e_gh�� qlh� ijhp_kk� jZajmr_gby� FDP� jZa\b\Z_lky� \� l_q_gb_� ^ebl_evgh]h�
\j_f_gb���KlZ^bb�jZajmr_gby�ohjhrh�nbdkbjmxlky�\bamZevgh��jbk�����Z���DZ`^Zy�
klZ^by� jZajmr_gby� gZ� fZjdr_c^_jkdbo� ieZgZo� h[hagZqZ_lky� k\hbf� mkeh\guf�
agZdhf��Ih�j_amevlZlZf�\bamZevgh]h�h[ke_^h\Zgby�khklhygb_�FDP�hlghkyl�d�h^ghc�
ba�ke_^mxsbo�dZl_]hjbc�� 

• P_ebd�khojZgy_l�mklhcqb\hklv�[_a�gZqZevguo�ijbagZdh\�jZajmr_gbc� 
• <�FDP� ihy\bebkv� ijbagZdb� jZajmr_gby� �hl^_evgu_� lj_sbgu�� aZdheu� gZ�

[hdh\uo�ih\_joghklyo�� 
• P_ebd� qZklbqgh� jZajmr_g� �k� [hdh\uo� ih\_joghkl_c� p_ebdZ� ijhbahreb�

kdheu��hlkeh_gby��k_q_gb_�FDP�mf_gvrbehkv�gZ������ 
• FDP� gZoh^blky� \� ij_^_evghf� khklhygbb� �p_ebd� ijbh[j_lZ_l� nhjfm�

i_khqguo� qZkh\� beb� h[_ebkdZ�� ijhbkoh^bl� jZkdjulb_� bf_xsboky� kbkl_f�
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lj_sbg��iehsZ^v�k_q_gby�mf_gvrbeZkv�^h������hl�ijh_dlghc�� 
• P_ebd� ihl_jye� g_kmsmx� kihkh[ghklv� beb� iheghklvx� jZajmr_g� �FDP�

jZkk_q_g�kbkl_fhc�lj_sbg�k�h[jZah\Zgb_f�hl^_evguo�djmiguo�]eu[��iehsZ^v�
ihi_j_qgh]h�k_q_gby�f_g__��q_f������hl�ijh_dlgh]h�� 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Jbk������DZl_]hjbb�b�mkeh\gu_�agZdb�jZajmr_gby�FDP��Z��\�ihke_^h\Zl_evghklb��ke_\Z�gZijZ\h���

mklhcqb\u_��k�ijbagZdZfb�jZajmr_gby��qZklbqgh�jZajmr_ggu_��ihl_jy\rb_�g_kmsmx�
kihkh[ghklv��iheghklvx�jZajmr_ggu_�p_ebdb� 

[�–�ihegZy�^bZ]jZffZ�^_nhjfbjh\Zgby�FDP�kh�klZ^byfb����–�mijm]h]h�^_nhjfbjh\Zgby�^h�
ij_^_eZ�ijhqghklb�p_ebdZ�σp; 2 –�aZij_^_evgh_�^_nhjfbjh\Zgb_�jZajmrZxs_]hky�p_ebdZ� 

3 –�^_nhjfbjh\Zgb_�p_ebdZ�\�j_`bf_�hklZlhqghc�ijhqghklb�gZ�mjh\g_�����σp 
 
Qlh[u� khhlg_klb� dZl_]hjbb� jZajmr_gby� p_ebdh\� kh� klZ^byfb� bo� ^_nhjfZpbc��
jZkkfhljbf�ihegmx�^bZ]jZffm�^_nhjfbjh\Zgby�FDP��jbk�����[��� 
 
Mijm]Zy� klZ^by� ^_nhjfbjh\Zgby� 1� �^h� ^hklb`_gby� ij_^_eZ� ijhqghklb� p_ebdZ�σp) 
oZjZdl_jbam_lky� gZjZklZxsbf� khijhlb\e_gb_f�FDP�� GZ� wlhc� klZ^bb� p_ebd� _s_�
khojZgy_l�mklhcqb\hklv�� 
 
Ijb�ijb[eb`_gbb�d�ij_^_em�ijhqghklb� �gZqbgZy��ijbf_jgh��k� ���÷0,8σp��\�p_ebd_�
ihy\eyxlky� ijbagZdb� jZajmr_gby� �i_j\u_� lj_sbgu��� Dh]^Z� ^_ckl\mxsb_�
gZijy`_gby�^hklb]gml�ij_^_eZ�ijhqghklb�p_ebdZ�σp� ��p_ebd�gZqbgZ_l�jZajmrZlvky��
i_j_oh^y�\�dZl_]hjbx�qZklbqgh�jZajmr_ggh]h��<�^Zgghf�khklhygbb�p_ebd�kihkh[_g�
\hkijbgylv�gZ�k_[y�fZdkbfZevgmx�gZ]jmadm�� 
 
>Zevg_cr__�jZajmr_gb_��p_ebdZ�ijhbkoh^bl�\�klZ^bb�aZij_^_evguo�^_nhjfZpbc�2.  
GZ� ^Zgghc� klZ^bb� ^_nhjfbjh\Zgb_�FDP� khijh\h`^Z_lky� kgb`_gb_f� gZ]jmadb� gZ�

Z 

ε 

σp 

0,2σp 

1 2 3 

[ 

0,7÷0,8σp 
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g_]h��Ijb� wlhf� p_ebd� i_j_oh^� ba� dZl_]hjbb� qZklbqgh� jZajmr_ggh]h� \� dZl_]hjbx�
ihl_jy\r_]h�g_kmsmx�kihkh[ghklv� 
 
Ijb��i_j_oh^_�FDP��\�ihke_^gxx�dZl_]hjbx��iheghklvx�jZajmr_ggh]h�gZqbgZ_lky�
_]h� ^_nhjfbjh\Zgb_� \� klZ^bb� hklZlhqghc� ijhqghklb� 3�� >ZggZy� klZ^by�
oZjZdl_jbam_lky�fbgbfZevguf� khijhlb\e_gb_f�p_ebdZ�^Zevg_crbf�^_nhjfZpbyf��
Iheghklvx� jZajmr_ggu_�FDP� � gZ� klZ^bb� hklZlhqghc� ijhqghklb� g_kml� gZ]jmadm��
dhlhjZy�khklZ\ey_l�ihjy^dZ�����hl�ij_^_evghc�� 
 
Nhjfu� jZajmr_gby�FDP� aZ\bkyl� hl� dhglZdlguo� mkeh\bc� k� djh\e_c� b� ihq\hc�� Z�
lZd`_� hl� gZebqby� \� gbo� ^jm]bo� ih\_joghkl_c� hkeZ[e_gby�� Lbibqgu_� nhjfu�
jZajmr_gby�FDP�gZ�iheh]bo�aZe_`Zo�ihdZaZgu�gZ�jbk����� 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
Ijb� iheghf� kp_ie_gbb� p_ebdZ� k� \f_sZxsbfb� ihjh^Zfb� jZajmr_gb_� FDP�
ijhbkoh^bl� ih� gZdehgguf� ih\_joghklyf� k� h[jZah\Zgb_f� oZjZdl_jghc� nhjfu�
i_khqguo�qZkh\�k�fbgbfZevghc�iehsZ^vx�\�gZb[he__�keZ[hf�k_q_gbb�-�\�k_j_^bg_�
\ukhlu� p_ebdZ� �jbk�� ��� Z��� G_� jZajmr_ggufb� hklZxlky� � lhevdh� ahgu� h[t_fgh]h�
k`Zlby� \[ebab� dhglZdlh\�� Ijb� ghjfZevguo� dhglZdlguo� mkeh\byo� FDP� bf_xl�
gZb[hevrmx�g_kmsmx�kihkh[ghklv� 
 
Ijb�keZ[uo�dhglZdlZo��k�\f_sZxsbfb�ihjh^Zfb�\�djh\e_�b�ihq\_�ahgu�h[t_fgh]h�

Z [ 

\ ] 

^ 

dj 

dj 

k 

k 
dj 

k 
k 

k 
KZ 

dj 
k 

k 

Jbk������Nhjfu�jZajmr_gby�FDP�gZ�iheh]bo�aZe_`Zo��
Z� –� ijb� iheghf� kp_ie_gbb� k� \f_sZxsbfb� ihjh^Zfb����
[�–�ijb� keZ[uo� dhglZdlZo� \� djh\e_�b�ihq\_�� \�–�ijb�
keZ[hf� dhglZdl_� \� djh\e_� �k� ijbo\Zlhf�
djZkghp\_lguo�ihjh^�–� dj��� ]�–�ijb�gZebqbb�ijhkehy 
djZkghp\_lguo� ihjh^� �dj�� \� jm^ghf� l_e_�� ^� –� ijb�
gZebqbb� gZdehgghc� lj_sbgu� k� aZiheg_gb_f�
dZevpblhf��KZ� 
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k`Zlby�\�p_ebd_�ijZdlbq_kdb�g_�h[jZamxlky��Ihwlhfm�jZajmr_gb_�FDP�ijhbkoh^bl�
iml_f� hlju\Z� djmiguo� [ehdh\� ih� \_jlbdZevguf� lj_sbgZf� ijb� ihi_j_qguo�
^_nhjfZpbyo� �jbk�� ��� [��� AZ� kq_l� ]hjbahglZevgh]h� ijhkdZevau\Zgby� ih� keZ[uf�
dhglZdlZf�\k_�k_q_gby�ih�\ukhl_�p_ebdZ�hdZau\Zxlky�h^bgZdh\h�keZ[ufb��G_kmsZy�
kihkh[ghklv�FDP�ijb� keZ[uo� dhglZdlZo� k� \f_sZxsbfb�ihjh^Zfb�gZ� ����gb`_��
q_f�ijb�ghjfZevguo�dhglZdlguo�mkeh\byo�� 
 
?keb�hljZ[hldZ�jm^u�\_^_lky�k�ijbo\Zlhf�ihjh^�\�djh\e_��lh�aZ�kq_l�jZa^Z\eb\Zgby�
djZkghp\_lh\� keZ[uc� dhglZdl� \hagbdZ_l� m� p_ebdZ� k� djh\e_c�� ih� dhlhjhfm�
ihi_j_qgu_�^_nhjfZpbb�ijhbkoh^yl�\�\b^_�ijhkdZevau\Zgby��JZkq_lguf��gZb[he__�
keZ[uf�� k_q_gb_f� FDP� klZgh\blky� wlhl� dhglZdl�� hl� dhlhjh]h� jZa\b\Zxlky�
gZdehggu_�lj_sbgu�hlju\Z�b�ijhbkoh^yl�\u\Zeu�[ehdh\�jm^u��jbk�����\����G_kmsZy�
kihkh[ghklv�FDP�k�lZdbfb�g_kbff_ljbqgufb�dhglZdlgufb�mkeh\byfb�gZ���÷20% 
gb`_��q_f�ijb�ghjfZevguo�dhglZdlguo�mkeh\byo�� 
 
?keb� jm^gh_� l_eh� kh^_j`bl� \gmljbieZklh\u_� \dexq_gby� imkluo� ihjh^� f_gvr_c�
ijhqghklb�� lh� jZkq_lgh_� k_q_gb_� p_ebdZ� ih� \ukhl_� hij_^_ey_lky� iheh`_gb_f�
ijhkehy�� JZajmr_gb_� lZdbo� g_h^ghjh^guo� p_ebdh\� gZqbgZ_lky� k� \u^Z\eb\Zgby�
ijhkehy�djZkghp\_lh\�b�hlju\Z�ijbe_]Zxsbo�d�g_fm�[ehdh\�jm^u��jbk�����]��� 
 
?keb� \� FDP� bf_xlky� djmigu_� gZdehggu_� lj_sbgu� k� aZiheg_gb_f� `bevgufb�
fbg_jZeZfb�beb�a_jdZeZ�kdhev`_gby�k�]ebgdhc�lj_gby��lh�aZ�kq_l�ijhkdZevau\Zgby�
ih� ^Zgguf� ih\_joghklyf� hkeZ[e_gby� lj_sbgu� hlju\Z� \� p_ebd_� jZa\b\Zxlky�
ijbf_jgh�ih�ghjfZeb�d�gbf��jbk�����^���Ihwlhfm��jZajmrZykv��p_ebdb�ijbh[j_lZxl�
g_kbff_ljbqguc� \b^��GZb[he__�qZklh� lZdhc� oZjZdl_j� jZajmr_gby�bf_xl�FDP�gZ�
mqZkldZo�� ijbe_]Zxsb_� d� ne_dkmjguf� ahgZf�� ]^_� gZqbgZ_lky� ihkl_i_ggh_�
ih]jm`_gb_�beb�ih^gylb_�keh_\� 
 

 

 
 
 
 
 
 

Kh\_lu 
]_hf_oZgbdZ 

• GZ� klZ^bb� ijh_dlbjh\Zgby� hq_gv� ljm^gh� ij_^kdZaZlv�
oZjZdl_j�dhglZdlguo� mkeh\bc��Ijb� \_^_gbb� ]hjguo�jZ[hl�lbi�dhglZdlh\�b�
gZebqb_� \gmljbieZklh\uo� ih\_joghkl_c� hkeZ[e_gby� \� p_ebdZo� fh`gh�
mklZgh\blv� lhqgh�� Ihbgl_j_kmcky�� ijZ\bevgh� eb� hgb� mql_gu� \� ijh_dl_"�
<hafh`gh�� ihlj_[m_lky� dhjj_dlbjh\dZ� jZaf_jh\� p_ebdh\� \� klhjhgm� bo�
m\_ebq_gby�beb�mf_gvr_gby� 

• Ijbo\Zlu\Zy� ihjh^u� djh\eb� �b�beb� ihq\u��� lu� kms_kl\_ggh�
hkeZ[ey_rv�p_ebd��IhklZjZcky�h[hclbkv�[_a�wlh]h� 

• ?keb�ijbjh^Z�ih^eh`beZ�\�jm^m�ijhieZklhd�djZkghp\_lh\��jbk��
���]���ihijh[mc�dj_iblv�[hdh\mx�ih\_joghklv�p_ebdh\�ihykZfb�Zgd_jh\�\ur_�b�
gb`_�ihjh^gh]h�ijhkehy� 

• GZ� ijbne_dkmjguo� mqZkldZo�� ]^_� gZqbgZ_lky� ihkl_i_ggh_�
ih]jm`_gb_� �ih^gylb_�� keh_\�� klhe[qZlu_�FDP�[m^ml� \_kvfZ� mya\bfu� �jbk��
��� ^��� Emqr_� hnhjfeylv� e_glhqgu_� p_ebdb�� hkv� dhlhjuo� ^he`gZ� [ulv�
i_ji_g^bdmeyjgZ�ijhklbjZgbx�ne_dkmju� 

 
OZjZdl_jghc�hkh[_gghklvx�@_adZa]Zgkdh]h�f_klhjh`^_gby�y\ey_lky�^hfbgbjmxs__�
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jZa\blb_� \� fZkkb\_� djmlhiZ^Zxsbo� lj_sbg�� ijhklbjZgb_� dhlhjuo� kh]eZkgh�
ijhklbjZgbx� ne_dkmj�� � >hfbgbjmxs__� jZa\blb_� h^ghc� kbkl_fu� lj_sbg�
h[mkeh\eb\Z_l� g_jZ\ghf_jghklv� jZa\blby� ijhp_kkZ� bo� jZajmr_gby� \� jZaebqguo�
gZijZ\e_gbyo��<dj_kl� ijhklbjZgby� hkgh\guo� djmlhiZ^Zxsbo� lj_sbg� jZajmr_gb_�
FDP�ijhbkoh^bl�\���jZaZ�bgl_gkb\g__��q_f�ih�ijhklbjZgbx��Wlh�ijb\h^bl�d�lhfm��
qlh� ihi_j_qgh_� k_q_gb_� jZajmrZxs_]hky� p_ebdZ� ijbh[j_lZ_l� nhjfm� h\ZeZ��
\ulygmlh]h�\^hev�ijhklbjZgby�hkgh\ghc�kbkl_fu�lj_sbg��jbk������� 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Jbk������K\yav�jZajmr_gby�FDP�k�hkgh\ghc�kbkl_fhc�djmlhiZ^Zxsbo�lj_sbg� 

1 –�gZqZevgh_�k_q_gb_�FDP����–�k_q_gb_�p_ebdZ�ihke_�jZajmr_gby����–�^hfbgbjmxsZy�kbkl_fZ�
djmlhiZ^Zxsbo�lj_sbg��kh]eZkguo�k�ijhklbjZgb_f�ne_dkmjguo�ahg 

 
 
 

Kh\_l 
]_hf_oZgbdZ 

Qlh[u�magZlv�nZdlbq_kdh_�khklhygb_�p_ebdZ��gZ�g_]h�g_h[oh^bfh�kfhlj_lv�
ih�gZijZ\e_gbx�ijhklbjZgby�hkgh\ghc�kbkl_fu�djmlhiZ^Zxsbo�lj_sbg��l�_��
\^hev�ijhklbjZgby�ne_dkmj� �:���?keb�gZ�p_ebd�kfhlj_lv�k�i_ji_g^bdmeyjguo�
gZijZ\e_gbc��;���lh�fh`gh�gbq_]h�g_�m\b^_lv� 

 
Ijb� jZajmr_gbb�FDP� gZ]jmadZ� k� gbo� i_j_jZkij_^_ey_lky� gZ� hklZ\rb_ky� p_ebdb��
khojZgyxsb_�mklhcqb\hklv��jbk�������<�g_dhlhjuo�mkeh\byo�jZajmr_gb_�g_kdhevdbo�
FDP� \� j_amevlZl_� nhjfbjh\Zgby� hihjgh]h� ^Z\e_gby� fh`_l� \ua\Zlv� jZajmr_gb_�
ijbfudZxsbo�p_ebdh\� 
 
 
 
Jbk�� ���� Wixju� jZkij_^_e_gby� gZ]jmahd� ^h� �������������
b�ihke_������jZajmr_gby�p_ebdh\ 
 
 
FZdkbfZevgZy� dhgp_gljZpby� hihjgh]h� ^Z\e_gby� ijboh^blky� gZ� FDP��
jZkiheh`_ggu_�gZ�]jZgbp_�ahgu�h[jmr_gby��?keb�aZiZkZ�ijhqghklb�^Zgguo�p_ebdh\�
g_^hklZlhqgh��qlh[u�\u^_j`Zlv�i_j_jZkij_^_eb\rmxky�gZ�gbo�gZ]jmadm��lh�ijhp_kk�
jZajmr_gby�jZkijhkljZgy_lky�gZ�ke_^mxsbc�jy^�FDP�b�l�^�� 
 

<b^�: 

3 
2 

1 

: 

; 

<b^�; 

2 2 1 
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>ey� hij_^_e_gby� ]jZgbp� jZkijhkljZg_gby� eZ\bghh[jZagh]h� jZajmr_gby� FDP�
bkihevamxl� ihgylb_� ]jZgbqgh]h� dhwnnbpb_glZ� aZiZkZ� ijhqghklb� n′�� P_ebdb��
ijbfudZxsb_�d�ahg_�h[jmr_gby�b�h[eZ^Zxsb_�nZdlbq_kdbf�aZiZkhf�ijhqghklb�n 
f_gvrbf�� q_f� ]jZgbqguc n′�� \h\e_dZxlky� \� ijhp_kk� jZajmr_gby�� =jZgbpZ�
jZkijhkljZg_gby� p_ighc� j_Zdpbb� jZajmr_gby� FDP� hdhglmjb\Z_lky� ih� p_ebdZf��
nZdlbq_kdbc�aZiZk�ijhqghklb�dhlhjuo�n�[hevr_�]jZgbqgh]h�n′.  
 
Ih�khhlghr_gbx�nZdlbq_kdh]h�b�]jZgbqgh]h�dhwnnbpb_glh\�aZiZkZ�ijhqghklb�\kx�
kh\hdmighklv�p_ebdh\�ih�kl_i_gb�hiZkghklb�bo�jZajmr_gby�fh`gh�jZa^_eblv�gZ� ��
dZl_]hjbb� 

I -�m`_�jZajmr_ggu_��iheghklvx�beb�qZklbqgh��FDP��aZiZk�ijhqghklb�dhlhjuo 
gZ�dZdhc-lh�klZ^bb�]hjguo�jZ[hl�ihke_�bkl_q_gby�kjhdZ�bo�^he]h\_qghklb�hdZaZeky�
f_gvr_��� 

II  -�FDP�� bf_xsb_� g_[hevrhc� aZiZk� ijhqghklb� (1 < n < n′),� dhlhju_�fh]ml�
\h\e_qvky�\�p_igmx�j_Zdpbx�b�hdZaZlvky�jZajmr_ggufb��l�_��\�wlm�dZl_]hjbx�\oh^yl�
p_ebdb��dhlhju_�\�ijbgpbi_�fh]ml�[ulv�jZajmr_gu�]hjguf�^Z\e_gb_f� 

III  -� FDP�� bf_xsb_� ^hklZlhqgh� [hevrhc� aZiZk� ijhqghklb� (n > n′),� qlh[u�
hklZgh\blv� p_igmx� j_Zdpbx� b� ehdZebah\Zlv� hqZ]� jZajmr_gby�FDP� �p_ebdb� wlhc�
dZl_]hjbb�\�ijbgpbi_�g_�fh]ml�[ulv�jZajmr_gu�]hjguf�^Z\e_gb_f�� 

 
JZkq_lZfb� mklZgh\e_gh�� qlh� \� kemqZyo� kZfhijhba\hevgh]h� jZajmr_gby� FDP�
]jZgbqguc�dhwnnbpb_gl�aZiZkZ�ijhqghklb��n′ �f_gvr_����ijh_dlgh]h���Wlh�k\yaZgh�k�
l_f��qlh�qZklbqgh�jZajmr_ggu_�p_ebdb�khojZgyxl�g_dhlhjmx�g_kmsmx�kihkh[ghklv�
\�aZij_^_evghf�khklhygbb��ohly�b�f_gvrmx��q_f�\�ij_^_evghf�khklhygbb� 
 
Mkeh\by� jZajmr_gby� p_ebdh\� fh`gh� hp_gblv� f_lh^hf� klZlbklbq_kdh]h� ZgZebaZ�
nZdlbq_kdbo� ^Zgguo�� ;h]ZlZy� ijZdlbdZ� @_adZa]Zgkdh]h� f_klhjh`^_gby�
ij_^hklZ\ey_l� ^ey� wlh]h� h[rbjgu_� fZl_jbZeu�� ^hklZlhqgu_� ^ey� ihemq_gby�
klZlbklbq_kdb� mklhcqb\uo� \u\h^h\� \� rbjhdhf� ^bZiZahg_� ]hjgh-]_heh]bq_kdbo�
mkeh\bc�� 
 
KlZlbklbq_kdbc� ih^oh^� d� hij_^_e_gbx� mkeh\bc� \hagbdgh\_gby� p_ighc� j_Zdpbb�
jZajmr_gby�FDP�bkihevam_lky� lhevdh� lhl�nZdl��qlh�qZklv�p_ebdh\�jZajmrbeZkv�b�
ihiZeZ�\�dhglmj�ahgu�h[jmr_gby��Z�^jm]Zy�qZklv�p_ebdh\�hdZaZeZkv�g_�jZajmr_gghc�
�g_kfhljy� gZ� lh�� qlh� hgb� ihiZeb� \� ahgm� hihjgh]h� ^Z\e_gby�� b� hklZgh\beZ� ahgm�
h[jmr_gby��JZa^_eb\�f_`^m�kh[hc�wlb�]jmiiu�p_ebdh\� �jZajmr_ggu_��ihiZ\rb_�\�
ahgm�h[jmr_gby�b�g_�jZajmrb\rb_ky��hklZgh\b\rb_�h[jmr_gb_�b�hdhglmjb\Zxsb_�
_]h���ihemqZ_f�mkeh\b_�g_jZajmrZ_fhklb�p_ebdh\� 
 
<� iheyo� rZol� ���� Ihdjh�� ���� ��� [ueb� hibkZgu� ]_hf_ljbq_kdb_� jZaf_ju� b�
jZkiheh`_gb_� \� \ujZ[hlZgghf� ijhkljZgkl\_� ���� lukyq� f_`^mdZf_jguo� p_ebdh\��
gZoh^ysb_ky� \� hkeZ[e_gguo� jZchgZo� b� \� ahgZo� h[jmr_gbc�� NZdlbq_kdZy�
mklhcqb\hklv� wlbo� FDP� hij_^_e_gZ� ]_hf_oZgbdZfb� rZol� \bamZevguf�
h[ke_^h\Zgb_f��Kh[jZggu_� ^Zggu_� [ueb� jZa^_e_gu� gZ� ]jmiiu� ih�nhjf_�p_ebdh\�
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�khhlghr_gbx� \ukhlu� d� ^bZf_ljm�h/d��b�f_klm�bo� jZkiheh`_gby� \� \ujZ[hlZgghf�
ijhkljZgkl\_�� dhlhjh_� oZjZdl_jbah\Zehkv� jZkklhygb_f� ^h� [eb`Zcr_c� `_kldhc�

hihju� �djhfdZ� fZkkb\Z��
[Zjv_jguc� beb� fZkkb\guc�
p_ebdb���\ujZ`_gguf�\�jy^Zo�
FDP�� >Zgguc� nZdlhj�
gZa\Zeb�jy^ghklvx�p_ebdZ�R.  
GZijbf_j�� i_j\uc� jy^�FDP�
\^hev� [Zjv_jgh]h� p_ebdZ�
bf__l�R=1, 
\lhjhc�jy^� –  R=2 b�l�^�� 
 
<� dZ`^hc� ]jmii_� ih^kqblZg�
m^_evguc� \_k� p_ebdh\��
iheghklvx� jZajmr_gguo� b�
ihl_jy\rbo� g_kmsmx�
kihkh[ghklv��hl�h[s_]h�qbkeZ�
FDP�� ihiZ\rbo� \� ]jmiim��
Ihemq_ggu_� j_amevlZlu�
ihdZaZgu�gZ�jbk������ 

 
Jbk������GZ[ex^Z_fZy�gZ�ijZdlbd_�qZklhlZ�jZajmr_gby�FDP�\�aZ\bkbfhklb�
hl�bo�nhjfu�b�f_klZ�jZkiheh`_gby�\�\ujZ[hlZgghf�ijhkljZgkl\_ 

 
 
 
Ihemq_ggu_�j_amevlZlu�fh`gh�bgl_jij_lbjh\Zlv�ke_^mxsbf�h[jZahf� 

• <� mkeh\byo� @_adZa]Zgkdh]h� f_klhjh`^_gby� ijZdlbq_kdb� g_� gZ[ex^Z_lky�
jZajmr_gby� FDP�� bf_xsbo� khhlghr_gb_� \ukhlu� d� ^bZf_ljm� h/d ≤ 1�� \g_�
aZ\bkbfhklb� hl� f_klZ� jZkiheh`_gby� p_ebdZ� \� \ujZ[hlZgghf� ijhkljZgkl\_�� L�_��
gbadb_�b�rbjhdb_�FDP�ijZdlbq_kdb�g_�jZajmrZxlky�]hjguf�^Z\e_gb_f� 
• FDP�k�h/d = 1÷2�ihemqZxl�agZqbl_evgu_�ih\j_`^_gby��qZklbqgh�jZajmrZxlky�
beb�l_jyxl�g_kmsmx�kihkh[ghklv��ijb�jZkiheh`_gbb�bo�\�iyluo-r_kluo�jy^Zo�hl�
`_kldbo�hihj� 
• <�i_j\hf�jy^m�hl�`_kldbo�hihj�ihemqZxl�agZqbl_evgu_�ih\j_`^_gby�\ukhdb_�
lhgdb_�FDP�k�h/d ≥ 3. 

• IjZdlbq_kdb�\k_]^Z�iheghklvx�jZajmrZxlky�FDP�k�h/d ≥ 4��jZkiheh`_ggu_�\�
q_l\_jlhf�jy^m�b�^Ze__�hl�`_kldbo�hihj�� 
 

������Hkh[_gghklb��gZ]jm`_gby�b�jZajmr_gby�FDP�gZ�gZdehgguo�aZe_`Zo 
 
Hkh[_gghklvx� gZdehgguo� aZe_`_c� y\ey_lky� ihkl_i_ggh_� m\_ebq_gb_� ]em[bgu�
]hjguo� jZ[hl�� Ihwlhfm� jZkij_^_e_gb_� gZ]jmahd� gZ�FDP� \� iZg_eyo� hdZau\Z_lky�
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g_kbff_ljbqguf��GZ�jbk�����ihdZaZgh�jZkq_lgh_�jZkij_^_e_gb_�gZ]jmahd�gZ�FDP�\�
h^bghqghc� iZg_eb�� \� dhlhjhc� hnhjfe_gh� �×��� jy^h\� p_ebdh\�� >ebggZy� klhjhgZ�
iZg_eb� hjb_glbjh\ZgZ� ih� iZ^_gbx� aZe_`b�� M]he� iZ^_gby� - 30°�� Dhwnnbpb_gl�
[hdh\h]h�^Z\e_gby�λ�\�ijbjh^ghf�ihe_�gZijy`_gbc�–� �� �^ey�mkeh\bc�:gg_gkdh]h�
jm^gbdZ��� Kj_^gyy� ]em[bgZ� ]hjguo� jZ[hl� -� ���� f�� Khhlghr_gb_� fh^me_c� ihjh^�
\f_sZxs_c�lhesb�b�jm^u�-�������<ukhlZ�FDP�-����f��k_q_gb_�-����f2. 
 
 
 
 
 
 
 
 
 
 
 
 
Jbk�� ���� GZ]jm`_gghklv�
FDP� gZ� gZdehgghc�
aZe_`b� 
 
 
 
 
 
 
J_amevlZlu� jZkq_lh\� \ujZ`_gu� \� \b^_� dhwnnbpb_glh\� gZ]jmadb�� ij_^klZ\eyxsbo�
kh[hc� hlghr_gb_�� Dg = N/γHS, ]^_� N -� gZ]jmadZ� gZ� p_ebd�� γH – ]jZ\blZpbhggh_�
^Z\e_gb_�gZe_]Zxs_c�lhesb�k�h[t_fguf�\_khf�γ�gZ�]em[bg_�G; S – iehsZ^v�djh\eb��
ih^^_j`b\Z_fZy�h^gbf�FDP� 
 
Dhwnnbpb_gl�gZ]jmadb�ihdZau\Z_l��dZdmx�qZklv�hl�ihegh]h�\_kZ�gZe_]Zxs_c�lhesb�
g_k_l� ^Zgguc� p_ebd��Ih� j_amevlZlZf� jZkq_lh\� jZkij_^_e_gb_� gZ]jmahd� gZ�FDP� \�
jy^Zo�ih�iZ^_gbx�aZe_`b�g_kbff_ljbqgh��gZ�[hevrbo�]em[bgZo�^Z\e_gb_�gZ�p_ebdb�
[hevr_��q_f�\�\_jog_c�qZklb�iZg_eb� 
 
KhihklZ\e_gb_f�j_amevlZlh\�jZkq_lh\�^ey�]hjbahglZevgh]h�b�gZdehggh]h�aZe_]Zgby�
mklZgh\e_gh��qlh�kj_^gyy�gZ]jm`_gghklv�FDP�gZ�gZdehgguo�aZe_`Zo�Dg′ fh`_l�[ulv�
gZc^_gZ�ih�nhjfme_� 

Dg′ = 0,5⋅Dg⋅(1 + λ + (1 - λ)Cos2α), 
]^_� λ -� dhwnnbpb_gl� [hdh\h]h� ^Z\e_gby� \� ijbjh^ghf� ihe_� gZijy`_gbc��α -� m]he�
iZ^_gby�aZe_`b��Dg –�kj_^gbc�dhwnnbpb_gl�gZ]jmadb�gZ�FDP�\�ZgZeh]bqghc�iZg_eb�
ijb�]hjbahglZevghf�aZe_]Zgbb� 
Ijb�[hdh\hf�^Z\e_gbb�\�fZkkb\_�λγG��ij_\urZxs_f�\_jlbdZevgh_�γG���l�_��λ > 1), 
kj_^gyy� gZ]jm`_gghklv�FDP� gZ� gZdehgguo� aZe_`Zo� klZgh\blky� [hevr_�� q_f� gZ�
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]hjbahglZevguo� aZe_`Zo�� B� q_f� djmq_� iZ^_gb_�� q_f� [hevr_� [hdh\h_� ^Z\e_gb_� \�
ijbjh^ghf�fZkkb\_��l_f�wlZ�jZagbpZ�klZgh\blky�[hevr_� 
 
AZ�kq_l�gZdehgZ�b�[hdh\h]h�^Z\e_gby�gZ�dhglZdlZo�p_ebdh\�k�\f_sZxsbfb�ihjh^Zfb�
\hagbdZxl� g_� lhevdh� ghjfZevgu_� �k`bfZxsb_�� gZijy`_gby� σ�� gh� b� dZkZl_evgu_�
�k^\b]Zxsb_��kj_aZxsb_��gZijy`_gby�τ. <Z`gh�bf_lv�\�\b^m��qlh�\�aZ\bkbfhklb�hl�
\_ebqbgu�dhwnnbpb_glZ�[hdh\h]h�^Z\e_gby�λ \�ijbjh^ghf�ihe_�gZijy`_gbc� agZd�
dZkZl_evguo�gZijy`_gbc� τ�fh`_l�[ulv�b�iheh`bl_evguf��b�hljbpZl_evguf��AgZd��
ihdZau\Z_l�gZijZ\e_gb_�^_ckl\by�dZkZl_evguo�gZijy`_gbc�τ. Ijb�λλ << 1�dZkZl_evgu_�
gZijy`_gby� gZ� dhglZdlZo�FDP� k� \f_sZxsbfb� ihjh^Zfb� bf_xl� iheh`bl_evguc�
agZd��ijb�λλ >> 1 –�hljbpZl_evguc� �jbk�� �����Ijb�λλ = 1�dZkZl_evgu_�gZijy`_gby�gZ�
dhglZdlZo�FDP� k� \f_sZxsbfb� ihjh^Zfb� jZ\gu� gmex� ijb� ex[hf� m]e_� iZ^_gby�
aZe_`b�� LZd`_� dZkZl_evgu_� gZijy`_gby� h[jZsZxlky� \� gmev� ijb� ]hjbahglZevghf�
aZe_]Zgbb�jm^gh]h�l_eZ�\g_�aZ\bkbfhklb�hl�\_ebqbgu�λ��<�h[hbo�ihke_^gbo�kemqZyo�
gZ�FDP�^_ckl\mxl�lhevdh�ghjfZevgu_�gZijy`_gby�σ.  
 

 
Jbk������K\yav�gZijZ\e_gbc�^_ckl\by�dZkZl_evguo�gZijy`_gbc�b�oZjZdl_jZ�jZajmr_gby�FDP�k�

\_ebqbghc�[hdh\h]h�^Z\e_gby�\�fZkkb\_�]hjguo�ihjh^ 
 
Ijb� baf_g_gbb� agZdZ� dZkZl_evguo� gZijy`_gbc� f_gy_lky� oZjZdl_j� jZajmr_gby�
p_ebdh\�� Ijb λ < 1 �\_jlbdZevgu_� gZijy`_gby� \� g_ljhgmlhf� fZkkb\_� [hevr_�
]hjbahglZevguo��l�_��hlkmlkl\mxl�l_dlhgbq_kdb_�gZijy`_gby��\�p_ebdZo�h[jZamxlky�
lj_sbgu� k[jhkh\h]h� lbiZ�� Ijb� λ > 1 �\_jlbdZevgu_� gZijy`_gby� \� g_ljhgmlhf�
fZkkb\_� f_gvr_� ]hjbahglZevguo� aZ� kq_l� l_dlhgbq_kdbo� gZijy`_gbc�� jZajmr_gb_�
p_ebdh\�b^_l�ih� lj_sbgZf�\a[jhkh\h]h� lbiZ� �jbk�� �����Ih� �gZijZ\e_gbyf�lj_sbg��
h[jZamxsboky�ijb�jZajmr_gbb�FDP��fh`gh�^bZ]ghklbjh\Zlv�oZjZdl_j�ijbjh^gh]h�
ihey� gZijy`_gbc�� hij_^_eblv� gZijZ\e_gb_� ^_ckl\by� \� fZkkb\_� fZdkbfZevgh]h�
]eZ\gh]h�gZijy`_gby��\_jlbdZevgh�beb�]hjbahglZevgh�� 
 
<hkihevam_fky� wlbf� ijZ\behf�� qlh[u� hp_gblv� \_ebqbgm� λ� \� ihe_� :gg_gkdh]h�
jm^gbdZ�ih�gZ[ex^_gbyf�aZ�oZjZdl_jhf�jZajmr_gby�FDP�� 
 

λλ << 1 

σσ 

σσ 

ττ 

ττ 

λλ >> 1 

σσ 

σσ 

ττ 

ττ 

λλ = σσ1  ⁄⁄σσ3 

σσ1 

σσ3 



FHKDH<KDBC =HKM>:JKL<?GGUC�=?HEH=HJ:A<?>HQGUC�MGB<?JKBL?L 

MijZ\e_gb_�]hjguf�^Z\e_gb_f 40 

<�ijhp_kk_� \_^_gby� ]hjguo�jZ[hl�gZ�:gg_gkdhf�jm^gbd_�gZ[ex^Zebkv�qZklbqgu_�
jZajmr_gby�FDP��Ijbq_f��qZs_�\k_]h�wlb�jZajmr_gby�gZ[ex^Zebkv�k�kZfh]h�gZqZeZ�
]hjguo�jZ[hl�ijb�g_[hevrbo�h[gZ`_gbyo�djh\eb�b�ijb�gZebqbb�[Zjv_jguo�p_ebdh\� 
 
LZdbf� h[jZahf�� \�ijhp_kk_� hljZ[hldb� aZe_`_c�:gg_gkdh]h� jm^gbdZ� h[gZjm`beZkv�
h[sZy� ijh[e_fZ� hnhjfe_gby� b� h[_ki_q_gby� mklhcqb\hklb� klhe[qZluo�
f_`^mdZf_jguo� p_ebdh\�� k\yaZggZy� k� gZdehgguf� aZe_]Zgb_f� keh_\�� oZjZdl_jhf�
lj_sbgh\Zlhklb�fZkkb\Z�b�gZijy`_ggh]h�khklhygby�FDP�� 
 
Hkgh\gu_�kbkl_fu�lj_sbg�\�ihe_�:gg_gkdh]h�jm^gbdZ��ij_^klZ\e_gu� 
• iheh]hiZ^Zxsbfb� ihkehcgufb� lj_sbgZfb�� kh]eZkgufb� k� iZ^_gb_f� iZqdb�
keh_\� 
• djmlhiZ^Zxsbfb�k_dmsbfb�lj_sbgZfb�k�ijhklbjZgb_f�ijbf_jgh�iZjZee_evgh�
ijhklbjZgbx�ne_dkmj� 
• djmlhiZ^Zxsbfb� k_dmsbfb� lj_sbgZfb� k� ijhklbjZgb_f� ijbf_jgh�
i_ji_g^bdmeyjgh�ijhklbjZgbx�ne_dkmj� 

 
IZ^_gb_� k_dmsbo� lj_sbg� ijbf_jgh� i_ji_g^bdmeyjgh� iZ^_gbx� ihkehcguo�
iheh]hiZ^Zxsbo�lj_sbg��Ijb�hnhjfe_gbb�FDP�ih�\_jlbdZeb�k�[hdh\uo�kl_ghd��ih�
bf_xsbfky� lj_sbgZf� ijhbkoh^yl� hlkeh_gby� djmiguo� [ehdh\� jm^u� kh� klhjhgu�
iZ^_gby� aZe_`b� \�gb`g_c�qZklb�p_ebdZ��Z� kh� klhjhgu� \hkklZgby�–� k� \_jog_c�
qZklb� p_ebdZ� �jbk�� ����� l�_�� gZ[ex^Z_fuc� gZ� ijZdlbd_� oZjZdl_j� jZajmr_gby�
FDP�khhl\_lkl\m_l�kemqZx�λλ >> 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jbk������OZjZdl_j�jZajmr_gby�FDP�gZ�gZdehgguo�aZe_`Zo�:gg_gkdh]h�jm^gbdZ 
 

<� blh]_�� FDP�� hnhjfe_ggu_� \_jlbdZevgh�� _kl_kl\_gguf� h[jZahf� aZ� kq_l�
kljmdlmjguo� hkh[_gghkl_c� fZkkb\Z� b� keh`gh]h� gZijy`_ggh]h� khklhygby�
ijbh[j_lZxl� � nhjfm� k� [hdh\ufb� ih\_joghklyfb�� gZdehg_ggufb� ijbf_jgh� ih�
ghjfZeb� d� iZ^_gbx� Ijb� wlhf� p_ebdb� l_jyxl� ��-���� k\h_]h� g_kms_]h� k_q_gby� b�
i_j_oh^yl�\�dZl_]hjbx�qZklbqgh�jZajmr_gguo� 

λλγγH 

γγH 

σσ ττ 

σσ ττ 

αα 
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���MijZ\e_gb_�]hjguf�^Z\e_gb_f�ijb�ih\lhjghc�jZajZ[hld_�aZe_`_c� 
 
�����=_hf_oZgbq_kdbc�kfuke�ih\lhjghc�jZajZ[hldb 
 
<ky�bklhjby�ijhfure_gghc�wdkiemZlZpbb�@_adZa]Zgkdh]h�f_klhjh`^_gby�dZf_jgh-
klhe[h\hc� kbkl_fhc� jZajZ[hldb� k\yaZgZ� k� gZdhie_gb_f� h[t_fZ� \ujZ[hlZggh]h�
ijhkljZgkl\Z��ih^^_j`b\Z_fh]h�\k_�\hajZklZxsbf�qbkehf�p_ebdh\��M\_ebqb\ZeZkv�
iehsZ^v� ih^jZ[hldb�� jhkeh� qbkeh� i_j_djulbc� hljZ[hlZgguo� aZe_`_c�� ihklhyggh�
kgb`ZeZkv� iehsZ^v� g_hljZ[hlZggh]h� jm^gh]h� b� ihjh^gh]h� �g_kms_]h��fZkkb\Z� K�
l_q_gb_f�\j_f_gb��Z�lZd`_�ih^�\ebygb_f�]hjguo�jZ[hl��\ �f_`^mdZf_jguo�p_ebdZo�
gZdZieb\Zxlky� ojmidb_� jZajmr_gby��
GZ� hljZ[hlZgguo� iehsZ^yo� ihy\-
eyxlky� ]jmiiu� FDP� k� jZaebqghc�
bgl_gkb\ghklvx� jZajmr_gby� \iehlv�
^h�ihegh]h��Ihkl_i_ggh_�mom^r_gb_�
]_hf_oZgbq_kdhc� h[klZgh\db� gZ�
f_klhjh`^_gbb� \ujZ`Zehkv� \� jhkl_�
qbkeZ� jZajmr_gguo� f_`^mdZf_jguo�
p_ebdh\� �jbk�� ����� iehsZ^_c� b�
h[t_fh\�h[jmr_gguo�ihjh^� 

 
Jbk������>bgZfbdZ�gZdhie_gby�

jZajmr_gguo�FDP�gZ�
@_adZa]Zgkdhf�f_klhjh`^_gbb�aZ�

\_kv�i_jbh^�wdkiemZlZpbb 
 
<� k_j_^bg_� ��-o� ]h^h\� \�
]_hf_oZgbq_kdhc� h[klZgh\d_� gZ�
@_adZa]Zgkdhf�f_klhjh`^_gbb�gZqZeb�ijhbkoh^blv� dZq_kl\_ggu_�baf_g_gby��Hgb�
\ujZ`Zebkv�\�ihy\e_gbb�gh\uo�wnn_dlh\�b�y\e_gbc��dhlhju_�jZg__�g_�gZ[ex^Zebkv��
D�lZdbf�y\e_gbyf�fh`gh�hlg_klb� 

• h[t_^bg_gb_� hl^_evguo� hkeZ[e_gguo� mqZkldh\�� ]^_� nZdlbq_kdh_� khklhygb_�
p_ebdh\� g_� khhl\_lkl\m_l� ijh_dlguf� lj_[h\Zgbyf�� \� djmigu_� hkeZ[e_ggu_�
jZchgu� 
• h[jmr_gby� gZe_]Zxs_c� lhesb� gZ� [hevrbo� iehsZ^yo� klZeb� khijh\h`^Zlvky�
l_ogh]_ggufb�a_fe_ljyk_gbyfb�gZ�ih\_joghklb�b�\ha^mrgufb�m^ZjZfb�\�rZolZo� 

 
Dhebq_kl\_gghc� ihdZaZl_e_f� ijhbkr_^rbo� dZq_kl\_gguo� baf_g_gbc� \�
]_hf_oZgbq_kdhc� h[klZgh\d_� gZ� @_adZa]Zgkdhf� f_klhjh`^_gbb� fh`_l� kem`blv�
^bgZfbdZ� gZdhie_gby� h[t_fZ� hldjulh]h� \ujZ[hlZggh]h� ijhkljZgkl\Z� �jbk�� �����
<i_j\u_�aZ�\_kv�i_jbh^�wdkiemZlZpbb��fgh]he_lgyy�l_g^_gpby�gZdhie_gby�h[t_fh\�
hldjuluo� \ujZ[hlZgguo� ijhkljZgkl\� kf_gbeZkv� bo� mf_gvr_gb_f� aZ� kq_l�
h[jmr_gbc� 
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Jbk������GZdhie_gb_�imklhl�

ijb�jZajZ[hld_�
@_adZa]Zgkdh]h�f_klh-

jh`^_gby�dZf_jgh-klhe[h\hc�
kbk-l_fhc�jZajZ[hldb 

 
>Zggu_�y\e_gby�ihdZau\Zeb��qlh�
]_hf_oZgbq_kdZy� kblmZpby� gZ�
@_adZa]Zgkdhf� f_klhjh`^_gbb�
klZgh\beZkv� djblbq_kdhc�� � GZ-
[ex^Z\rZyky� l_g^_gpby� ihklh-
yggh]h� mom^r_gby� ]_hf_oZgb-
q_kdh]h� khklhygby� lj_[h\ZeZ�
hldZaZ� hl� ^Zevg_cr_]h� ih^-^_j`Zgby� \ujZ[hlZgguo� ijhkljZgkl\� b� i_j_oh^Z� d� bo�
ieZghf_jghfm�ih]Zr_gbx�iml_f�h[jmr_gby�gZe_]Zxs_c� lhesb�\�oh^_�ih\lhjghc�
jZajZ[hldb��<uoh^hf�ba�keh`b\r_cky�djblbq_kdhc�kblmZpbb�klZe�i_j_oh^�d�gh\hc�
dhgp_ipbb�^Zevg_cr_c�jZajZ[hldb�f_klhjh`^_gby�� 
 

Gh\Zy� dhgp_ipby� ^Zevg_cr_c� jZajZ[hldb� @_adZa]Zgkdh]h�
f_klhjh`^_gby�ij_^mkfZljb\Z_l�ljb�hkgh\guo�iheh`_gby� 

9�hljZ[hldm� gh\uo� aZe_`_c� ijh^he`Zlv� dZf_jgh-klhe[h\hc�
kbkl_fhc�� dhlhjhc� \� ^Zgguo� ]hjgh-]_heh]bq_kdbo� mkeh\byo� g_l�
ijb_fe_fhc� Zevl_jgZlb\u� ih� ijhba\h^bl_evghklb� hqbklghc� \u_fdb� b�
k_[_klhbfhklb�^h[uqb�jm^u� 

9�h^gh\j_f_ggh� k� i_j\bqghc� jZajZ[hldhc� gh\uo� mqZkldh\�
f_klhjh`^_gby� dZf_jgh-klhe[h\hc� kbkl_fhc� \_klb� ih]Zr_gb_�
gZdhie_gguo�\ujZ[hlZgguo�ijhkljZgkl\�h[jmr_gb_f�gZe_]Zxs_c�lhesb�\�
oh^_�ih\lhjghc�jZajZ[hldb�� 

9�ih^� h[t_dlZfb� gZ� a_fghc� ih\_joghklb�� i_j_ghk� dhlhjuo� beb�
g_\hafh`_g��beb�g_�p_e_khh[jZa_g��\_klb� aZdeZ^dm�imklhl�kmohc�ihjh^hc�
beb�o\hklZfb�h[h]Zlbl_evguo�nZ[jbd� 

 
Kh\f_s_gb_�\h��\j_f_gb�^\mo�klZ^bc��i_j\bqghc�b�ih\lhjghc��jZajZ[hldb�h[mkeh\e_gh�
g_h[oh^bfhklvx�h[_ki_qblv�j_glZ[_evghklv�ij_^ijbylbc�\�mkeh\byo�g_[eZ]hijbylghc�
dhgvxdlmju�p_g�gZ�p\_lgu_��f_lZeeu�gZ�fbjh\hf�jugd_��>_eh�\�lhf��qlh�aZ�\_kv�i_jbh^�
wdkiemZlZpbb�@_adZa]Zgkdh]h�f_klhjh`^_gby�\�ihl_jb�kibkZgh�ihqlb�����feg�l�jm^u��
IjZdlbq_kdb�iheh\bgZ�������ihl_jv�jm^u�khkj_^hlhq_gZ�\�^_kyldZo�lukyq�klhe[qZluo 

f_`^mdZf_jguo�p_ebdh\��Kh^_j`Zgb_�f_^b�\�p_ebdZo�ihqlb�\���jZaZ�ij_\urZ_l�kh^_j`Zgb_�\�
hklZ\rboky�[ZeZgkh\uo�aZiZkZo��jZajZ[hldZ�dhlhjuo�\�gZklhys__�\j_fy�ijh^he`Z_lky�
dZf_jgh-klhe[h\hc�kbkl_fhc�jZajZ[hldb��LZdbf�h[jZahf��ih\lhjgZy�jZajZ[hldZ�FDP�

ij_^klZ\ey_l�kms_kl\_gguc�j_kmjk�^ey�\hkiheg_gby�kujv_\hc�[Zau�^_ckl\mxsbo�jm^gbdh\��
ijh^e_\Zy�kjhd�bo�wdkiemZlZpbb� 

=_hf_oZgbq_kdb_�kfuke�ih\lhjghc�jZajZ[hldb�p_ebdh\�k�h[jmr_gb_f�gZe_]Zxs_c�
lhesb� aZdexqZ_lky� \� ke_^mxs_f�� Ijb� h[jZah\Zgbb� \� a_fguo� g_^jZo� imklhl�
�\ujZ[hlZggh]h�ijhkljZgkl\Z��\�hdjm`Zxs_f�fZkkb\_�gZdZieb\Z_lky�ihl_gpbZevgZy�
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wg_j]by� mijm]bo� ^_nhjfZpbc�� Dhebq_kl\h� aZiZk_gghc� \� fZkkb\_� ^hihegbl_evghc�
wg_j]bb�ijyfh�ijhihjpbhgZevgh� 

• dj_ihklb�ihjh^�� 
• ]em[bg_�]hjguo�jZ[hl 
• h[t_fm�kha^Zggh]h�\ujZ[hlZggh]h�ijhkljZgkl\Z�� 

 
?keb� aZ� \_kv� i_jbh^� wdkiemZlZpbb� @_adZa]Zgkdh]h� f_klhjh`^_gby� dZf_jgh-
klhe[h\hc� kbkl_fhc� jZajZ[hldb� [ueh� h[jZah\Zgh� \ujZ[hlZggh_� ijhkljZgkl\h�
kmffZjguf�h[t_fhf�ihjy^dZ�����feg�f3��lh�ijb�kj_^g_c�]em[bg_�]hjguo�jZ[hl�����
f�h[smx�wg_j]bx�� aZdZq_ggmx�\�fZkkb\�]hjguo�ihjh^��fh`gh�hp_gblv�\_ebqbghc�
ihjy^dZ���15�>`�� 
 
IhdZ� p_ebdb� khojZgyxl� mklhcqb\hklv� b� ih^^_j`b\Zxl� gZe_]Zxsmx�lhesm��
aZdZq_ggZy�\�fZkkb\�wg_j]by�dhgp_gljbjm_lky��\�hkgh\ghf��\�gbo�\�\b^_�wg_j]bb�
mijm]bo� ^_nhjfZpbc� k`Zlby�� Ijb� jZajmr_gbb� FDP� gZdhie_ggZy� mijm]Zy�
wg_j]by� ^_nhjfZpbc� qZklbqgh� jZkoh^m_lky� gZ� bo� ^jh[e_gb_� b� baemq_gb_�
k_ckfbq_kdbo� dhe_[Zgbc�� Z� ^jm]Zy� qZklv� wg_j]bb� i_j_jZkij_^_ey_lky� \�
gZe_]Zxsmx�lhesm�\�\b^_�wg_j]bb�^_nhjfZpbc��Dh]^Z�iehlghklv�gZdhie_gghc�
wg_j]bb�\�gZe_]Zxs_c�lhes_�^hklb]Z_l�ij_^_evghc�\_ebqbgu��lZd�gZau\Z_fhc��
wg_j]_lbq_kdhc� ijhqghklb�� bf_xs_c� ih� gZrbf� hp_gdZf� ihjy^hd� ��4� >`�f3), 
kbkl_fZ� i_j_oh^bl� \� g_mklhcqb\h_� khklhygb_�� Ijhbkoh^bl� ^bgZfbq_kdZy�
i_j_kljhcdZ�kljmdlmju�fZkkb\Z�-�h[jmr_gb_f�gZe_]Zxs_c�lhesb�k�baemq_gb_f�
wg_j]bb� \� \b^_� k_ckfbq_kdbo� \heg�� hsmsZ_fuo� � \� ]hjguo� \ujZ[hldZo� b� gZ�
ih\_joghklb�dZd�a_fe_ljyk_gby� 
 
Ijb� h[jmr_gbb� gZe_]Zxs_c� lhesb� gZdhie_ggZy� \� fZkkb\_� mijm]Zy� wg_j]by�
jZkoh^m_lky�gZ�jZajmr_gb_��^jh[e_gb_�b�jZajuoe_gb_��fZkkb\Z��Ijb�k^\b`_gbb�
jZajmr_gguo� ihjh^� \� \ujZ[hlZggh_� ijhkljZgkl\h� gZ� \_ebqbgm� \u_fhqghc�
fhsghklb� kbeZ� ly`_klb� kh\_jrZ_l� jZ[hlm�� ijhihjpbhgZevgmx� h[t_fm�
h[jmr_gguo� ihjh^� b� \_ebqbg_� bo� i_j_f_s_gby� �\ukhl_� \ujZ[hlZggh]h�
ijhkljZgkl\Z��� <� blh]_�� h[sZy� wg_j]by� fZkkb\Z� kgb`Z_lky�� LZdbf� h[jZahf��
_keb�jZkkfZljb\Zlv�i_j\bqgmx�jZajZ[hldm�f_klhjh`^_gby�dZf_jgh-klhe[h\hc�
kbkl_fhc� k� gZdhie_gb_f� h[t_fZ� imklhl�� dZd� ijhp_kk� gZdhie_gb_� mijm]hc�
wg_j]bb� \� fZkkb\_�� lh� ijb� ih\lhjghc� jZajZ[hld_� k� h[jmr_gb_f� gZe_]Zxs_c�
lhesb�ijhbkoh^bl�h[jZlguc�ijhp_kk�^bkkbiZpbb� �jZkk_b\Zgby��wlhc�wg_j]bb��
Ihwlhfm� 
 

Hkgh\ghc�]_hf_oZgbq_kdbc�kfuke�h[jmr_gby�gZe_]Zxs_c�lhesb�aZdexqZ_lky�
\� jZa]jmad_� fZkkb\Z� ]hjguo� ihjh^� hl� gZdhie_gghc� \� g_f� mijm]hc� wg_j]bb��
Ke_^h\Zl_evgh��ih\lhjgmx�jZajZ[hldm�ke_^m_l�jZkkfZljb\Zlv�g_�lhevdh��dZd�
kihkh[� \hkiheg_gby� kujv_\hc� [Zau�� gh� b� dZd� kj_^kl\h� ghjfZebaZpbb�
]_hf_oZgbq_kdhc�h[klZgh\db�gZ�f_klhjh`^_gbb�� 
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�����L_ogheh]by�ba\e_q_gby�FDP�ba�hldjulh]h�\ujZ[hlZggh]h�ijhkljZgkl\Z�b�
ijbgpbi�mijZ\e_gby�]hjguf�^Z\e_gb_f 
 
I_j\u_� ijhfure_ggu_� wdki_jbf_glu� ih� ba\e_q_gbx� FDP� gZ� fZeuo� ]em[bgZo�
ijh\h^bebkv� _s_� \� ��-o� ]h^Zo��<� ��-o� ]h^Zo�bkiulu\ZeZkv� l_ogheh]by�ih\lhjghc�
jZajZ[hldb� k� \ha\_^_gb_f� bkdmkkl\_gguo� �[_lhgguo�� FDP�� <� ��-o� ]h^Zo� ^ey�
hljZ[hldb� p_ebdh\� B=>� bf�� >�:�� DmgZ_\Z� ij_^eh`be� l_ogheh]bx� ih\lhjghc�
jZajZ[hldb� k� ihe_\hc� ih^]hlh\dhc� b� mijZ\ey_fuf� kZfhh[jmr_gb_f� gZe_]Zxsbo�
ihjh^�� Ijhfure_ggu_� bkiulZgby� gZ� rZolZo� ���� ��� ihdZaZeb�� qlh� ihl_jb� � b�
jZam[h`b\Zgb_�jm^u�ijb�ba\e_q_gbb�FDP�ba-ih^�h[jmr_gguo�ihjh^�q_j_a�ihe_\u_�
\ujZ[hldb� ^hklb]Zxl� ��-36%,� Z� [hevrhc� h[t_f� =IJ� ih� ihjh^_� ���-��� f3�����l��
iha\hey_l�^Zgghc�l_ogheh]bb�khojZgblv�j_glZ[_evghklv�lhevdh�gZ�aZe_`Zo�[hevrhc�
fhsghklb�k�kh^_j`Zgb_f�f_lZeeZ�\�jm^_�[he__����� 
 
>ey�aZe_`_c�kj_^g_c�fhsghklb�k�jy^h\uf�kh^_j`Zgb_f�f_lZeeZ�J�;��Xg�ij_^eh`be�
l_ogheh]bx�ih\lhjghc�jZajZ[hldb�FDP�ba�hldjulh]h�\ujZ[hlZggh]h�ijhkljZgkl\Z�k�
h[jmr_gb_f� gZe_]Zxs_c� lhesb�� I_j\uc� ijhfure_gguc� wdki_jbf_gl� ih�
ba\e_q_gbx� FDP� \ukhlhc� b� ^bZf_ljhf� ^h� ��� f� ba� hldjulh]h� \ujZ[hlZggh]h�
ijhkljZgkl\Z� ijh\_^_g� gZ� ]em[bg_� ���� f� \� iZg_eb� ��� rZolu� ���� Hg� ^hdZaZe�
[_ahiZkghklv� b� wnn_dlb\ghklv� lZdhc� l_ogheh]bb� \� mkeh\byo� @_adZa]Zgkdh]h�
f_klhjh`^_gby��GZijZ\e_ggZy�hl[hcdZ�\k_]h�FDP�\__jZfb�kd\Z`bg�aZ�h^bg�\aju\��
h[_ki_qb\Zy� ohjhr__�^jh[e_gb_�ijb�fbgbfZevghf� jZae_l_�jm^u��iha\hey_l� lZd`_�
mijZ\eylv�ijhp_kkhf� h[jmr_gby� aZ� kq_l�i_j_[mjZ� kd\Z`bg�q_j_a�p_ebd� \� djh\ex��
H^gZdh�jZam[h`b\Zgb_�jm^u�hdZaZehkv�^hklZlhqgh�\ukhdbf�-�^h����� 

 
>ey�rbjhdhfZkrlZ[gh]h�\g_^j_gby�ih\lhjghc�jZajZ[hldb�FDP��g_h[oh^bfh�[ueh�m\_ebqblv�

ijhba\h^bl_evghklv�[mj_gby�\��-��jZaZ��qlh[u�k[ZeZgkbjh\Zlv�ih�ijhba\h^bl_evghklb�ijhp_kku�
hl[hcdb�b�hl]jmadb�jm^u�b�ih\ukblv�l_f�kZfuf�bgl_gkb\ghklv�ih\lhjghc�jZajZ[hldb��Z�

lZd`_�kgbablv�jZam[h`b\Zgb_�jm^u�h[jmr_ggufb�ihjh^Zfb�djh\eb� 
>ey�wlh]h�:�;��Xghf�[ueh�ij_^eh`_gh�� 

• i_j_clb�d�rimjh\hc�hl[hcd_�FDP�k�]b^jZ\ebq_kdbf�kihkh[hf�[mj_gby� 
• ^ey�ih^^_j`Zgby�dhgkheb�g_�h[jmr_gguo�ihjh^�gZ�ijhe_l_�h^ghc�dZf_ju�ijb�hl[hcd_�

FDP�hklZ\eylv�\j_f_gguc�kb]gZevguc�p_ebd��dhlhjuc�jZajmrZ_lky�]hjguf�^Z\e_gb_f�ihke_�
hl]jmadb�hl[blhc�jm^u�b�ih^\b]Zgby�aZ[hy�gZ�ke_^mxsb_�jy^u�FDP� 

 

Ijbgpbi�ih^^_j`Zgby�ijbaZ[hcgh]h�ijhkljZgkl\Z�ihdZaZg�gZ�jbk�� ����HklZ\e_gb_�
\j_f_gguo� kb]gZevguo� p_ebdh\� iha\hey_l� ih^^_j`Zlv� g_ihkj_^kl\_ggmx� djh\ex�
ijbaZ[hcgh]h� ijhkljZgkl\Z� \� mklhcqb\hf� khklhygbb�� Ih]jmadZ� jm^u� \_^_lky�� \�
hkgh\ghf�� \� ahg_� `_kldh]h� ih^^_j`Zgby� djh\eb� f_`^m� lj_fy� FDP� ijh_dlguo�
jZaf_jh\� b� qZklbqgh� \� h[eZklb� \j_f_ggh]h� ih^^_j`Zgby� djh\eb� kb]gZevguf�
p_ebdhf��Jm^Z�hl[b\Z_lky�gZijZ\e_gguf�\aju\hf�\�ahgm�ih]jmadb��AZiZku�jm^u�ba�
kb]gZevguo� p_ebdh\� g_� ba\e_dZxlky�� Ihwlhfm� bo� jZaf_ju� ^he`gu� [ulv�
fbgbfZevgufb�ba�jZkq_lZ�\j_f_gghc�mklhcqb\hklb�kb]gZevguo�p_ebdh\�gZ�i_jbh^�
ih]jmadb� \� l_q_gb_� g_kdhevdbo� kmlhd�� Ijb� ba\e_q_gbb� ke_^mxs_]h� jy^Z� FDP�
hklZ\e_ggu_� kb]gZevgu_�p_ebdb� jZajmrZxlky� ]hjguf�^Z\e_gb_f��Ijb� \u_fhqghc�
fhsghklb����f�iehsZ^v�kb]gZevgh]h�p_ebdZ�g_�^he`gZ�ij_\urZlv��-��f2. 
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Jbk������L_ogheh]by�ba\e_q_gby�FDP�k�
ih^^_j`Zgb_f� ijbaZ[hcgh]h�
ijhkljZgkl\Z� kb]gZevgufb�
p_ebdZfb�� H[eZklb�� �� –� \j_f_ggh]h�
ih^^_j`Zgby� djh\eb� kb]gZevguf�
p_ebdhf�����–�`_kldh]h�ih^^_j`Zgby�
djh\eb�� 3 –� ih]jmadb� hl[blhc� jm^u��
P_ebdb����–�ijh_dlguo�jZaf_jh\����– 
kb]gZevguc�� �� –� ih]Zr_gguc�� �� – 
]jZgbpZ� ahgu� h[jmr_gby� djh\eb�
�ih]Zr_ggh_� \ujZ[hlZggh_�
ijhkljZgkl\h�� 
 
Kms_kl\mxs__�h[hjm^h\Zgb_�g_�iha\hey_l�h[mjblv�aZiZku�FDP�^bZf_ljhf���-���f�
aZ�h^bg�ijb_f��Ihwlhfm�[ue�ij_^eh`_g�\ZjbZgl�rimjh\hc�hl[hcdb�lZdbo�FDP�\�^\_�
klZ^bb�� AZ� kq_l� wlh]h� ^hklb]Z_lky�rbjhdbc� njhgl� [mjh\uo� jZ[hl�� qlh� iha\hey_l�
^h[blvky�fZdkbfZevghc� ijhba\h^bl_evghklb� ih\lhjghc� jZajZ[hldb� b�� l_f� kZfuf��
khdjZlblv�\j_fy�gZoh`^_gby�ex^_c�\[ebab�]jZgbpu�h[jmr_gby��Ijb�^\moklZ^bcghc�
hl[hcd_� \� hljZ[Zlu\Z_fhc� iZg_eb� � f_`^m� ]jZgbp_c� ahgu� h[jmr_gby� b� FDP�
ijh_dlguo� jZaf_jh\� hnhjfe_gu� ljb� jy^Z� p_ebdh\�� jy^� kb]gZevguo� p_ebdh\�� jy^�
gZiheh\bgm�hljZ[hlZgguo�p_ebdh\� -�\lhjZy�klZ^by�hl[hcdb��jy^�p_ebdh\�\�i_j\hc�
klZ^bb� hl[hcdb�� Ba\e_q_gb_� FDP� \_^_lky� \� hlklmiZxs_f� ihjy^d_� jy^Zfb� ih�
rbjbg_�iZg_eb�� 
 
;_ahiZkghklv�]hjguo�jZ[hl�\�ki_pbnbq_kdbo�mkeh\byo�ih]Zr_gby�\ujZ[hlZggh]h�ijhkljZgkl\Z�

h[jmr_gb_f�gZe_]Zxs_c�lhesb�h[_ki_qb\Z_lky�ke_^mxsbfb�f_jhijbylbyfb� 
• f_oZgbabjh\Zgghc� h[hjdhc� aZdheh\� k� p_ebdh\� b� djh\eb� k� ihfhsvx� Z]j_]ZlZ�
HDGL-�:�� l_e_kdhibq_kdbc� jZ[hqbc� hj]Zg� dhlhjh]h�gZ\_r_g�gZ� dh\r�ih]jmaqbdZ�
Caterpill ar 980F��k�fZdkbfZevghc�\ukhlhc�h[hjdb�^h������f�b� �jZ[hqbf�mkbeb_f�^h�
�����d]� 
• l_ogheh]bq_kdbfb�i_j_ju\Zfb�\�ijhp_kk_�\_^_gby�]hjguo�jZ[hl�^ebl_evghklvx�
^h� �� kmlhd� gZ� i_jbh^� ihkZ^db� gZe_]Zxs_c� lhesb� ^h� fhf_glZ� klZ[bebaZpbb�
]_hf_oZgbq_kdhc�kblmZpbb�\�iZg_eb��qlh�hij_^_ey_lky�\bamZevgufb�gZ[ex^_gbyfb�
ba� ih^oh^guo� \ujZ[hlhd� b� bgkljmf_glZevguf� dhgljhe_f� khklhygby� gZe_]Zxs_c�
lhesb�j_]bhgZevghc�k_ckfbq_kdhc�kbkl_fhc�JJLK� 

 
>Zggu_�\ZjbZglu�l_ogheh]bb�ba\e_q_gby�FDP�kh�rimjh\hc�hl[hcdhc�jm^u�\�h^gm�b�
^\_�klZ^bb�k�hklZ\e_gb_f�kb]gZevguo�p_ebdh\�ijhreb�ijhfure_ggu_�bkiulZgby�gZ�
X`gh-@_adZa]Zgkdhf� jm^gbd_�gZ� ]em[bgZo� ���-4���f��Ih�blh]Zf�ijhfure_gguo�
bkiulZgbc� mklZgh\e_gu� ke_^mxsb_� hkgh\gu_� l_ogbdh-wdhghfbq_kdb_� ihdZaZl_eb�
l_ogheh]bb�� 

�� ijhba\h^bl_evghklv� ih\lhjghc� jZajZ[hldb� iZg_eb� ih� jm^_� - 180÷200 
luk�l�]h^�� 

�� ijhba\h^bl_evghklv�ljm^Z�ih�aZ[hcghc�]jmii_�-����f3�q_e�kf��� 
�� ihl_jb������ 

2 

1 
3 

4 5 6 

7 
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�� jZam[h`b\Zgb_�– 11%;  
�� m^_evguc�jZkoh^�<<�–�����d]�f3;  
�� \uoh^�]hjghc�fZkku��–�����f3�f�� 
 

Ijhba\h^bl_evghklv� ljm^Z� ijb� ba\e_q_gbb� FDP� ih� ij_^eh`_gguf�
l_ogheh]bq_kdbf� ko_fZf� gZ� ���� ij_\urZ_l� ijhba\h^bl_evghklv� ijb� hljZ[hld_�
[ZeZgkh\uo� aZiZkh\� dZf_jgh-klhe[h\hc� kbkl_fhc� jZajZ[hldb�� dhlhjZy� gZ� X@J�
khklZ\ey_l� ih� aZ[hcghc� ]jmii_� ��� f3�q_e�kf�� Wlh� ^hklb]gmlh� aZ� kq_l� jhklZ�
ijhba\h^bl_evghklb�ljm^Z�[mjbevsbdh\�\�����jZaZ��l�d��ijb�hl[hcd_�p_ebdh\�\uoh^�
jm^u�k�h^gh]h�rimjZ�khklZ\ey_l����l��Z�ijb�hl[hcd_�jm^u�ba�fZkkb\Z�–����l��Z�lZd`_�
aZ� kq_l� bkdexq_gby� ijhp_kkZ� dj_ie_gby� djh\eb� k� m^_evguf� jZkoh^hf� dj_ib��
`_e_ah[_lhgguo�rlZg]�–����rl������l�b�lhjdj_l[_lhg�–����f2������l� 

 
Wdhghfbq_kdb_�ij_bfms_kl\Z�ih\lhjghc�jZajZ[hldb�aZdexqZxlky�\�lhf��qlh�[he__�[h]Zlmx�
jm^m�^h[u\Zxl�k�f_gvrbfb�aZljZlZfb��q_f�ijb�i_j\bqghc�jZajZ[hld_�hklZ\rboky�[ZeZgkh\uo�

aZiZkh\�dZf_jgh-klhe[h\hc�kbkl_fhc��Ijb�ih\lhjghc�jZajZ[hld_�FDP�ba�hldjulh]h�
\ujZ[hlZggh]h�ijhkljZgkl\Z��bkdexqZxlky�aZljZlu� 

9�gZ�ih]Zr_gb_�]_heh]hjZa\_^hqguo�jZ[hl�\�jZaf_j_��������l��^Zggu_�aZiZku�g_�qbkeylky�gZ�
]hkm^Zjkl\_gghf�[ZeZgk_��hgb�\ha\jZsZxlky�ba�ihl_jv���� 

9�gZ�]hjgh-ih^]hlh\bl_evgu_�jZ[hlu�–�������l��\k_�ih^oh^gu_�b�\_glbeypbhggu_�\ujZ[hldb�
m`_�ijhc^_gu�ijb�i_j\bqghc�jZajZ[hld_��� 

9�gZ�dj_ie_gb_�djh\eb�hqbklguo�\ujZ[hlhd��djh\ey�m`_�aZdj_ie_gZ��\�kmff_��������l�b� 
9�gZ�����kgb`_gu�aZljZlu�gZ�[mjh\aju\gu_�jZ[hlu�� 

Wdhghfbq_kdbc�jZkq_l�ihdZaZe��qlh�^ey�DhjihjZpbb��DZaZofuk��ih\lhjgZy�jZajZ[hldZ�
h[_ki_qb\Z_l�^hihegbl_evgmx�ijb[uev�\�g_kdhevdh�fbeebhgh\�^heeZjh\��qlh�iha\hey_l�

ih^^_j`Zlv�j_glZ[_evghklv�jm^gbdh\�\�mkeh\byo�g_[eZ]hijbylghc�dhgvxdlmju�p_g�gZ�fbjh\hf�
jugd_�p\_lguo�f_lZeeh\� 

  
 
�����GZ]jmadb�gZ�FDP�ijb�ih\lhjghc�jZajZ[hld_ 

 
Ijb� ih\lhjghc� jZajZ[hld_� gZ]jmadZ� k� hljZ[hlZgguo� jy^h\� p_ebdh\�
i_j_jZkij_^_ey_lky� gZ� hdjm`Zxsbc� fZkkb\�� [Zjv_jgu_� p_ebdb� b� hklZ\rb_ky� \�
iZg_eb�FDP��<� gZb[he__� ly`_ehf� khklhygbb� hdZau\Zxlky�FDP��gZoh^ysb_ky�gZ�

]jZgbp_�ahgu�h[jmr_gby� 
 
 
 
 
 
 
 
 
 
 
�GZ�gbo�^_ckl\m_l�fZdkbfZevgh_�
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hklZ\rb_ky

ihke_�hljZ[hldb���
jy^h\�FDP 

gZqZevgh_�
khklhygb_ 

Jbk������Baf_g_gb_�
gZ]jmahd�gZ�p_gljZevguc�

jy^�p_ebdh\�\�oh^_�
ih\lhjghc�jZajZ[hldb�
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ihdZaZgh� baf_g_gb_� gZ]jmahd� gZ� p_gljZevgu_� ih� rbjbg_� iZg_eb� jy^u� FDP� \�
ijhp_kk_� ih\lhjghc� jZajZ[hldb��Ih�f_j_� ba\e_q_gby� p_ebdh\� gZ]jmadb� djZcgb_� d�
ahg_�h[jmr_gby�jy^u�FDP�m\_ebqb\Zxlky��Z�gZ�m^Ze_ggu_�jy^u�–�kgb`Zxlky�� 
 
AZdhghf_jghklv�jZkij_^_e_gby�gZ]jmahd�gZ�\k_�p_ebdb�\�hklZ\r_cky�qZklb�iZg_eb��\�
h[t_fghf� \b^_� ihdZaZgZ� gZ� jbk�� ���� G_jZ\ghf_jghklv� bo� gZ]jm`_gghklb� ih�
kjZ\g_gbx�k�gZqZevguf�khklhygb_f�m\_ebqb\Z_lky�� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Jbk������JZkij_^_e_gb_�gZ]jmahd�ihke_�ba\e_q_gby���jy^h\�FDP 
 
FDP��gZoh^ysb_ky�gZ�]jZgbp_�ahgu�h[jmr_gby��ijb]jm`Zxlky�hihjguf�^Z\e_gb_f��
GZ� p_ebdb�� jZkiheh`_ggu_� \� ijhlb\hiheh`ghf� dhgp_� iZg_eb�� gZ]jmadb� ih�
kjZ\g_gbx� k� bkoh^guf� khklhygb_f� kgb`Zxlky�� ;he__� gZ]ey^gh� ijhp_kk�
i_j_jZkij_^_e_gby� gZ]jmahd� f_`^m� FDP� \� oh^_� ih\lhjghc� jZajZ[hldb� iZg_eb�
fh`gh� ihdZaZlv� \� \b^_� dhwnnbpb_glZ� dhgp_gljZpbb� Dd�� dhlhjuc� hlh[jZ`Z_l�
baf_g_gb_� gZ]jmahd� hl� gZqZevguo�� kms_kl\h\Z\rbo� ihke_� hljZ[hldb� lhevdh�
dZf_jguo�aZiZkh\��jbk������� 
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max Dd 
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jy^u �hkl Z\rboky �FDP
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Jbk�� ���� Dhgp_gljZpby� gZ]jmahd� gZ� p_ebdb� \� hklZ\r_cky� qZklb� iZg_eb� ihke_�
ba\e_q_gby���jy^h\�FDP 
 
 
FZdkbfZevgZy�dhgp_gljZpby�^Z\e_gby�maxDd�gZ���-����gZ[ex^Z_lky�gZ�i_j\uc�hl�
h[jmr_gby� jy^� FDP�� F_g__� kms_kl\_gguc� ijbjhkl� gZ]jmahd� hsmsZxl� b�
ke_^mxsb_�^\Z�jy^Z�p_ebdh\��GZ�[he__�m^Ze_ggu_�jy^u�FDP�gZ]jmadZ�kgb`Z_lky�^h�
����hl�gZqZevghc� 
 

Ih� j_amevlZlZf� jZkq_lh\� gZ[ex^Z_lky�
ke_^mxsZy� aZdhghf_jghklv� baf_g_gby�
fZdkbfZevgh]h�dhwnnbpb_glZ�dhgp_gljZpbb�
hihjgh]h� ^Z\e_gby� ih� klZ^byf� ih\lhjghc�
jZajZ[hldb��jbk������� 
• \� gZqZevghc� klZ^bb� ihke_�
ba\e_q_gby� dZ`^h]h� ihke_^mxs_]h� jy^Z�
p_ebdh\� fZdkbfZevguc� dhwnnbpb_gl�
dhgp_gljZpbb�gZ�djZcgbc�d�ahg_�h[jmr_gby�
jy^�FDP�\hajZklZ_l� 
• dhgp_gljZpby� hihjgh]h� ^Z\e_gby�
^hklb]Z_l� k\h_]h� fZdkbfmfZ� \� p_glj_�
iZg_eb� ihke_� ba\e_q_gby� iheh\bgu� jy^h\�
FDP� 
• \� oh^_� ^hjZ[hldb� hklZ\r_cky�
iheh\bgu� iZg_eb� fZdkbfmf� hihjgh]h�
^Z\e_gby� gZ� hklZ\rb_ky� p_ebdb� gZqbgZ_l�
kgb`Zlvky� aZ� kq_l� lh]h�� qlh� njhgl�
ih]Zr_gby� ijb[eb`Z_lky� d� ]jZgbp_�

����

����

����

����

����

����

����

����
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Jbk������Baf_g_gb_�fZdkbfZevgh]h�
hihjgh]h�^Z\e_gby�ih�f_j_�ih\lhjghc�

jZajZ[hldb�iZg_eb 
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\ujZ[hlZggh]h�ijhkljZgkl\Z� 
 
 

 
 
 
 

Kh\_lu 
]_hf_oZgbdZ 

• GZ[ex^Zy�aZ�ijbagZdZfb�jZajmr_gby�p_ebdh\��\�i_j\mx�
hq_j_^v� h[jZsZc� \gbfZgb_� gZ� djZcgbc� jy^�� ijbe_]Zxsbc� d�
ih]Zr_gghc� qZklb� iZg_eb�� Bf_ggh� gZ� g_]h� ijboh^blky�
fZdkbfZevgh_�hihjgh_�^Z\e_gb_� 

• KZfZy� ly`_eZy� kblmZpby� -� dh]^Z� hljZ[hlZgZ�
iheh\bgZ� iZg_eb�� Qlh[u� ijhkdhqblv� wlm� kblmZpbx� k�
fbgbfZevgufb� ihl_jyfb�� ihklZjZcky� \� k_j_^bg_� ^ebgu� iZg_eb�
jZ[hlZlv�[uklj__��bgl_gkb\g__��Ihlhf��[eb`_�d�dhgpm�iZg_eb�
[m^_l�e_]q_� 

 
 
�����GZ]jm`_gghklv�b�mklhcqb\hklv�p_ebdh\�ijb�^\moklZ^bcghc�hl[hcd_ 
 
Ijb�^\moklZ^bcghc�hl[hcd_�\�iZg_eb�h^gh\j_f_ggh�gZoh^ylky�p_ebdb�lj_o�lbih\� 

• ijh_dlguo�jZaf_jh\�\�jy^Zo��_s_�g_�aZljhgmluo�ih\lhjghc�jZajZ[hldhc� 
• jy^� gZiheh\bgm� hljZ[hlZgguo�FDP�� k_q_gb_� dhlhjuo� khklZ\ey_l� ihjy^dZ�

����hl�ijh_dlgh]h�ihke_�i_j\hc�klZ^bb�hl[hcdb� 
• jy^�kb]gZevguo�p_ebdh\�k_q_gb_f��÷��f��ihke_�\lhjhc�klZ^bb�hl[hcdb� 

 
Jy^� gZiheh\bgm� hljZ[hlZgguo� p_ebdh\� ihke_� i_j\hc� klZ^bb� hl[hcdb� gZoh^blky�
\[ebab� ahgu�h[jmr_gby��Ih�f_klm�_]h�jZkiheh`_gby�gZ�g_]h�^he`_g�ijboh^blvky�
fZdkbfmf�hihjgh]h�^Z\e_gby��H^gZdh�b�`_kldhklv�wlh]h�jy^Z�p_ebdh\�ihke_�i_j\hc�
klZ^bb� hl[hcdb� agZqbl_evgh� kgb`_gZ�� JZah[jZlvky� k� jZkij_^_e_gb_f� gZ]jmahd� gZ�
p_ebdb� \� oh^_� ih\lhjghc� jZajZ[hldb� ihfh]Zxl� jZkq_lu� gZ� dhfivxl_jZo� ih�
ki_pbZevguf�ijh]jZffZf� 

 
GZ�jbk�����\�\b^_�dhwnnbpb_glh\�
gZ]jmadb� ihdZaZgh� jZkij_^_e_gb_�
]hjgh]h�^Z\e_gby�gZ�p_gljZevgu_�
jy^u� p_ebdh\� ^h� gZqZeZ� �:�� b� \�
ijhp_kk_� ba\e_q_gby�FDP� \� ^\_�
klZ^bb��;��\�iZg_eb��\dexqZxs_c�
6×�� jy^h\� p_ebdh\�� k� \u_fhqghc�
fhsghklvx���f�gZ�]em[bg_�����f� 
 
 
 
Jbk������GZ]jm`_gghklv�FDP�ijb�
^\moklZ^bcghc� l_ogheh]bb� bo�
ba\e_q_gby 
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:��i_j_^�gZqZehf 
ih\lhjghc jZajZ[hldb 

;��\�ijhp_kk_�ih\lhjghc 
jZajZ[hldb 
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Ih�j_amevlZlZf�jZkq_lh\�ihemqZ_lky�ke_^mxs__� 
9� ihke_� i_j\hc� klZ^bb� hl[hcdb� gZ]jmadZ� gZ� hklZ\rmxky� qZklv� FDP�

kgb`Z_lky�gZ���÷����hl�i_j\hgZqZevghc�b�g_�ij_\urZ_l�0,4γG�� 
9� ihke_� \lhjhc� klZ^bb� hl[hcdb� hklZ\e_ggu_� kb]gZevgu_� p_ebdb��

gZoh^ysb_ky� gZ� ]jZgbp_� ahgu� h[jmr_gby�� \hkijbgbfZxl� \k_]h� �÷��� hl� ihegh]h�
\_kZ�lhesb�ihjh^�^h�ih\_joghklb��wlh�hagZqZ_l��qlh�kb]gZevguc�p_ebd�ih^^_j`b\Z_l�
lhevdh�ijbaZ[hcgh_�ijhkljZgkl\h�k�fhsghklvx�dhgkheb�g_ihkj_^kl\_gghc�djh\eb�
g_�[he__��÷���f� 

9� \�ihemq_gguo� j_amevlZlZo� hljZabeZkv�iheh`bl_evgZy� dhjj_eypbhggZy�
k\yav� f_`^m� `_kldhklvx� �khhl\_lkl\_ggh�� b� gZ]jmadhc� gZ� gbo�� b� ijhqghklvx�
p_ebdh\��[he__�`_kldb_�FDP�ijbgbfZxl�gZ�k_[y�[hevrmx�gZ]jmadm�b�h^gh\j_f_ggh�
h[eZ^Zxl�ijb�wlhf�[hevr_c�ijhqghklvx� 

9� gZebqb_� \� iZg_eb� jy^h\� FDP� k� jZaebqghc� `_kldhklvx� �FDP�
ijh_dlguo�jZaf_jh\��g_�aZljhgmlu_�ih\lhjghc�jZajZ[hldhc��k�\ukhdhc�`_kldhklvx��
FDP� ihke_� i_j\hc� klZ^bb� hl[hcdb� ihgb`_gghc� `_kldhklb�� kb]gZevgu_� p_ebdb�
fZehc� `_kldhklb�� h[_ki_qb\Z_l� [he__� ieZ\gh_� ijhl_dZgb_� ijhp_kkZ�
i_j_jZkij_^_e_gby� ]hjgh]h� ^Z\e_gby�� q_f� ijb� h^ghklZ^bcghc� hl[hcd_�� Hihjgh_�
^Z\e_gb_� gZ� djZcgbc� jy^� FDP� ijh_dlguo� jZaf_jh\� �g_� aZljhgmluo� ih\lhjghc�
jZajZ[hldhc�� ijb� ^\moklZ^bcghc� l_ogheh]bb� bo� ba\e_q_gby� oZjZdl_jbam_lky�
dhwnnbpb_glhf�dhgp_gljZpbb�g_�[he__�������l�_��gZ]jmadZ�gZ�gbo�m\_ebqb\Z_lky�g_�
[he__�� q_f� gZ� ���� Ijb� h^ghklZ^bcghc� \u_fd_� hihjgh_� ^Z\e_gb_� ijb]jm`Z_l 
djZcgbc�d�ahg_�h[jmr_gby�jy^�FDP�^h� ����hl�i_j\hgZqZevghc� �ihke_�i_j\bqghc�
jZajZ[hldb��gZ]jmadb� 

9� dhwnnbpb_gl� aZiZkZ� ijhqghklb� gZiheh\bgm� hljZ[hlZggh]h� p_ebdZ��
hklZ\r_]hky� ihke_� i_j\hc� klZ^bb� hl[hcdb�� jZ\_g� ����� lZdhc� aZiZk� ijhqghklb�
h[_ki_qb\Z_l� _]h� mklhcqb\hklv� b� [_ahiZkghklv� jZ[hl�� g_h[oh^bfuo� ^ey� \lhjhc�
klZ^bb� hl[hcdb� �[mj_gb_� b� aZjy`Zgb_� rimjh\�� k� mq_lhf� lh]h�� qlh� \j_fy� _]h�
kms_kl\h\Zgby�khklZ\ey_l�\k_]h�g_kdhevdh�jZ[hqbo�kf_g� 

9� dhwnnbpb_gl� aZiZkZ� ijhqghklb� kb]gZevgh]h� p_ebdZ� gZoh^blky� gZ�
mjh\g_� ��� qlh� h[_ki_qb\Z_l�� k� h^ghc� klhjhgu�� \j_f_ggh_� ih^^_j`Zgb_� dhgkheb�
g_ihkj_^kl\_gghc�djh\eb�ijbaZ[hcgh]h�ijhkljZgkl\Z�gZ�i_jbh^�ih]jmadb�hl[blhc�
jm^u�� Z� k� ^jm]hc� klhjhgu�� _]h� jZajmr_gb_� ]hjguf� ^Z\e_gb_f� ijb� ih^\b]Zgbb�
njhglZ�ih\lhjghc�jZajZ[hldb�_s_�gZ�h^bg�jy^�FDP�ih�^ebg_�iZg_eb� 
 

 

 
 

Kh\_lu 
]_hf_oZgbdZ 

• Ihke_� i_j\hc� klZ^bb� hl[hcdb� ghjfZlb\guc� aZiZk�
ijhqghklb� p_ebdZ� kgb`_g� k� �� ^h� ����� Hg� fh`_l� lj_sZlv��
HilbfZevgh�� _keb� bgl_j\Ze� \j_f_gb� f_`^m� i_j\uf� b� \lhjuf�
ih^oh^Zfb�d�p_ebdm�[m^_l�fbgbfZevguf��G_�jZkly]b\Zc�_]h� 

• AZ^ZqZ�kb]gZevgh]h�p_ebdZ�–�ij_^mij_`^Zlv�h�gZqZe_�
ihkZ^db� lhesb�� KZf� hg� fh`_l� ih^^_j`b\Zlv�lhevdh� �-��� f�
ihjh^ghc� dhgkheb� djh\eb��G_� gZ^h� _]h� jZajmrZlv� \aju\hf��DZd�
lhevdh�\�k^\b`_gb_�ijb^_l�\ur_e_`ZsZy�lhesZ��_]h�jZa^Z\bl�
]hjgh_�^Z\e_gb_� 
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�����MijZ\e_gb_�ijhp_kkhf�h[jmr_gby�gZe_]Zxs_c�lhesb 
 
H^bg�ba�kZfuo�keh`guo�fhf_glh\�\�gZqZevghc�klZ^bb�ih\lhjghc�jZajZ[hldb�–�wlh�
hij_^_eblv�kblmZpbx��\�dhlhjhc�ke_^m_l�ij_^ijbgbfZlv�f_ju�ih�ijbgm^bl_evghc�
ihkZ^d_� g_ih^^_j`b\Z_fhc� djh\eb�� _keb� hgZ� aZ\bkZ_l�� >_eh� \� lhf�� qlh� ihke_�
ba\e_q_gby� i_j\uo� jy^h\� p_ebdh\� wd\b\Ze_glguc� ijhe_l� g_ih^^_j`b\Z_fh]h�
\ujZ[hlZggh]h�ijhkljZgkl\Z�_s_�g_�^hklb]Z_l�ij_^_evgh]h�b�djh\ey�aZ\bkZ_l��DZd�
ihdZaZeZ� ijZdlbdZ� hiulgh-ijhfure_gguo� jZ[hl� gZ� rZolZo� X@J� ijb� fZeuo�
wd\b\Ze_glguo� ijhe_lZo� ijbgm^bl_evgh_� h[jmr_gb_� djh\eb� fZeh� wnn_dlb\gh��
Ihwlhfm� ijh\h^blv� f_jhijbylby� ih� i_j\bqghc� ihkZ^d_� g_ihkj_^kl\_gghc�
djh\eb�g_h[oh^bfh�ijb�wd\b\Ze_glguo�ijhe_lZo��[ebadbo�d�ij_^_evghfm.  
 
<_ebqbgm�ij_^_evgh]h�ijhe_lZ�ljm^gh�hij_^_eblv�jZkq_lhf��l�d���\h-i_j\uo��ijyfuo�
f_lh^h\� hij_^_e_gby� ijhqghklb� fZkkb\Z� gZ� jZaju\� g_� kms_kl\m_l� b�� \h-\lhjuo��
ijhqghklv�fZkkb\Z�gZ�jZkly`_gb_�fh`_l�agZqbl_evgh�dhe_[Zlvky�\�aZ\bkbfhklb�hl�
lbih\�ihjh^��keZ]Zxsbo�djh\ex��]em[bgu�]hjguo�jZ[hl�� 
 
Ihwlhfm� [he__� gZ^_`guf� y\ey_lky� hij_^_e_gb_� ij_^_evgh]h� ijhe_lZ� iml_f�
klZlbklbq_kdh]h� ZgZebaZ� ^Zgguo� nZdlbq_kdbo� h[jmr_gbc� djh\eb� gZ� jm^gbdZo�
@_adZa]Zgkdh]h� f_klhjh`^_gby�� >ey� wlh]h� ijhZgZebabjh\Zgu� ]_hf_ljbq_kdb_�
iZjZf_lju� mqZkldh\�� ]^_� ihke_� jZajmr_gby� ]jmiiu�FDP� ijhbahreh� h[jmr_gb_�
djh\eb� k� h[jZah\Zgb_f� k\h^Z� h[jmr_gby�� >ey� \k_o� mqZkldh\� hij_^_e_g�
wd\b\Ze_glguc�ijhe_l��Kh�kj_^g_d\Z^jZlbqguf�hldehg_gb_f����f�kj_^g__�agZq_gb_�
wd\b\Ze_glgh]h� ij_^_evgh]h� ijhe_lZ�� ijb� dhlhjhf� ijhbkoh^bl� gZqZevgh_�
kZfhh[jmr_gb_� djh\eb� k� h[jZah\Zgb_f� k\h^Z� h[jmr_gby�� jZ\gh� ��� f�� <ukhdZy�
baf_gqb\hklv� ^Zggh]h� iZjZf_ljZ� �dhwnnbpb_gl� \ZjbZpbb� ����� hljZ`Z_l�
fgh]hh[jZab_�]hjgh-]_heh]bq_kdbo�mkeh\bc�@_adZa]Zgkdh]h�f_klhjh`^_gby�� 
 
:gZeh]bqguf�h[jZahf�[ueb�ijhZgZebabjh\Zgu�mkeh\by�gZqZeZ�h[jmr_gbc�djh\eb�gZ�mqZkldZo��]^_�
\_eZkv�ih\lhjgZy�jZajZ[hldZ�FDP��GZ�g_dhlhjuo�mqZkldZo�gZqZevgh_�h[jmr_gb_�djh\eb�[ueh�
bgbpbbjh\Zgh�ijbgm^bl_evgh�iml_f�\aju\Zgby�kd\Z`bg��i_j_[mj_gguo�q_j_a�p_ebdb�\�djh\ex��gZ�

hklZevguo�–�ijhbahreh�kZfhh[jmr_gb_�djh\eb�\�ijhp_kk_�\aju\ghc�hl[hcdb�FDP��Kj_^g__�
agZq_gb_�wd\b\Ze_glguo�ijhe_lh\��gZqbgZy�k�dhlhjuo�ijhbkoh^beh�gZqZevgh_�h[jmr_gb_�djh\eb�

gZ�mqZkldZo�ih\lhjghc�jZajZ[hldb��jZ\gh����f��kj_^g_d\Z^jZlbqgh_�hldehg_gb_�-����f��
dhwnnbpb_gl�\ZjbZpbb�-�������>ZggZy�\_ebqbgZ�wd\b\Ze_glgh]h�ijhe_lZ�khklZ\ey_l�����hl�

ij_^_evgh]h�� 
 
LZdbf� h[jZahf�� \� oh^_� hiulgh-ijhfure_gguo� jZ[hl� gZ� hkgh\Zgbb� ijZdlbq_kdbo�
^Zgguo� mklZgh\e_gh�� qlh� f_jhijbylby� ih� ijbgm^bl_evghc� ihkZ^d_�
g_ihkj_^kl\_gghc�djh\eb�p_e_khh[jZagh�ijh\h^blv�ijb�wd\b\Ze_glghf�ijhe_l_�
g_ih^^_j`b\Z_fh]h� \ujZ[hlZggh]h�ijhkljZgkl\Z� ��÷÷���f�� khklZ\eyxs_f� ��-
����hl�ij_^_evgh]h� 
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��������������������Jbk������Ko_fZ�hij_^_e_gby�
wd\b\Ze_glgh]h� ijhe_lZ� ih]Zr_ggh]h�
\ujZ[hlZggh]h�ijhkljZgkl\Z� 
 

Ba\e_q_gb_� FDP� � \� oh^_� ih\lhjghc�
jZajZ[hldb� \_^_lky� \� hlklmiZxs_f� ihjy^d_�
jy^Zfb� ih� rbjbg_� iZg_eb� b.� Ijhe_l�
ih]Zr_ggh]h� \ujZ[hlZggh]h� ijhkljZgkl\Z� ih�
^ebg_� iZg_eb� a�� gZqbgZy� k� dhlhjh]h� ke_^m_l�
ijbgbfZlv� f_ju� ih� ijbgm^bl_evghc� ihkZ^d_�
djh\eb�� fh`gh� hij_^_eblv�� bkihevamy�
ba\_klguc�ijbgpbi�wd\b\Ze_glgh]h�����ijhe_lZ�
�jbk������ 

 
Wd\b\Ze_glguc� ijhe_l� h[gZ`_gby� djh\eb�
hij_^_ey_lky�ih�ba\_klghc�nhjfme_�<GBFB� 

                 
lw = ab/(a2 +b2)1/2 

 
Qlh[u� gZclb� ijhe_l� a�� gZqbgZy� k� dhlhjh]h�
ke_^m_l� ijbgm^bl_evgh� h[jmrZlv�
g_ihkj_^kl\_ggmx� djh\ex�� g_h[oh^bfh�

ijbjZ\gylv� wd\b\Ze_glguc� ijhe_l� d� ��� f� ����� hl� ij_^_evgh]h��� <� lZ[ebp_�
ijb\_^_gu��jZkq_lgu_�iZjZf_lju�ih]Zr_gguo��mqZkldh\�iZg_e_c��ijb�dhlhjuo��_keb�
djh\ey� aZ\bkZ_l�� g_h[oh^bfh� ijbgbfZlv� f_ju� ih� ijbgm^bl_evghc� ihkZ^d_�
gZe_]Zxs_c�lhesb�� 
 

RbjbgZ�iZg_eb���b 60 80 100 120 140 

Ijhe_l�a��ijb�dhlhjhf�g_h[oh^bfh�
ijbgm^bl_evgh�h[jmrZlv�djh\ex 

     
138 

       
76 

       
66 

        
62 

       
60 

Dhebq_kl\h�jy^h\�hljZ[hlZgguo�FDP 6 3 2 2 2 

 
GZb[he__�wnn_dlb\guf�kihkh[hf��dhlhjuf�fh`gh�bgbpbbjh\Zlv�gZqZeh�h[jmr_gby�
aZ\bkZxs_c�djh\eb��y\ey_lky�\aju\Zgb_�\__jZ�\hkoh^ysbo�kd\Z`bg��i_j_[mj_gguo�
q_j_a�p_ebd� \� djh\ex�� �LZdhc� kihkh[� [ue�bkihevah\Zg�ijb�ih\lhjghc� jZajZ[hld_�
iZg_eb����k_\_j�]hj������f�ro����� 
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HljZ[hldZ�FDP�gZqZlZ�k�[he__�madhc�
k_\_jghc�qZklb�iZg_eb�jy^Zfb�ih�

rbjbg_�iZg_eb��hlklmiZy�k�k_\_jZ�gZ�x]�
�jbk�������Ihke_�hljZ[hldb�lj_o�jy^h\�
p_ebdh\�djh\ey�aZ\bkZeZ��Ijbe_]Zxsb_�
p_ebdb�\hkijbgyeb�gZ�k_[y�hihjgh_�

^Z\e_gb_��qlh�ijhy\eyehkv�\�
wibah^bq_kdbo�lj_kdZo�\�p_ebdZo����Q_j_a�
FDP������klZghf�L\bg-Jbg]�\�djh\ex�\�
k_\_jghf�gZijZ\e_gbb�[ue�ijh[mj_g�\__j�
kd\Z`bg�^bZf_ljhf����ff�gZ�]em[bgm�
���f�k�jZa\hjhlhf�ih�]hjbahglZeb��
Ijbgm^bl_evgZy�i_j\bqgZy�ihkZ^dZ�

djh\eb�[ueZ�ijhba\_^_gZ�\aju\hf�\__jZ�
kd\Z`bg�\�djh\e_��Djh\ey�\�l_q_gb_�

ijbf_jgh�^\mo�kmlhd�h[jmrZeZkv�ih�\k_c�
ih]Zr_gghc�qZklb�iZg_eb�^h�aZ[mlh\db�

\u_fhqghc�fhsghklb��Ihke_�
ijbgm^bl_evghc�ihkZ^db�djh\eb�hihjgh_�

^Z\e_gb_�gZ�hklZ\rb_ky�p_ebdb�
jZa]jmabehkv�b�[hevr_�ijbagZdh\�

i_j_oh^Z�FDP�\�ij_^_evgh_�khklhygb_�
g_�gZ[ex^Zehkv��<�^Zevg_cr_f�djh\ey�
h[jmrZeZkv�\ke_^�aZ�hl[hcdhc�FDP�\�

l_q_gb_���kmlhd��>hklZ\dZ�jm^u�
ijhba\h^beZkv�\�jm^hkimkd�����[bk�k�
ijhba\h^bl_evghklvx�����l�\�kf_gm� 

 
 
 
 
 

 

<__j�kd\Z`bg�\�
djh\ex�^ey�

ijbgm^bl_evghc�
ihkZ^db 

Jbk������Ba\e_q_gb_�FDP�\�iZg_eb���k_\��]hj������f�
ro����k�ijbgm^bl_evghc�ihkZ^dhc�djh\eb�\�

gZqZevghc�klZ^bb 
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