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<\_^_gb_
Hldjuluc� kihkh[� jZajZ[hldb� f_klhjh`^_gbc� hklZ_lky

hkgh\guf�kihkh[hf�^h[uqb�ihe_aguo�bkdhiZ_fuo��M�gZk�\�kljZg_
[he__� ¾ h[t_fZ� ]hjguo� jZ[hl� \uihegy_lky� hldjuluf� kihkh[hf�
NZdlbq_kdZy� ]em[bgZ� dZjv_jh\� ij_\urZ_l� ���� f� �Dhjdbgkdbc
m]hevguc� jZaj_a��� Z� ijh_dlgZy� ^hklb]Z_l� ����� f� �dZjv_ju
Djb\[ZkkZ��� K� m\_ebq_gb_f� ]em[bgu� ]hjguo� jZ[hl� kms_kl\_ggh_
agZq_gb_� ijbh[j_lZ_l� \hijhk� hij_^_e_gby� hilbfZevgh]h� dhglmjZ
[hjlZ� dZjv_jZ�� h[_ki_qb\Zxs_]h�� k� h^ghc� klhjhgu�� lj_[m_fmx
[_ahiZkghklv� jZ[hl� b� gZ^_`ghklv� l_ogheh]bq_kdhc� ko_fu� aZ� kq_l
h[_ki_q_gby�mklhcqb\hklb�hldhkh\�b�ij_^hl\jZs_gby�hiheag_c��Z�k
^jm]hc� ±� fbgbfZevguc� h[t_f� \kdjurb�� GZijbf_j�� ijb� ]em[bg_
dZjv_jZ� ����f�m\_ebq_gb_�m]eZ�gZdehgZ�[hjlZ�dZjv_jZ�gZ� ��]jZ^mk
kgb`Z_l� h[t_f� \kdjurguo� jZ[hl� gZ� ���� feg�f3� gZ� dZ`^hf
dbehf_lj_� ijhly`_gghklb� [hjlZ�� <� lh� `_� \j_fy� ^_nhjfZpbb
hldhkh\� \uau\Zxl� ihl_jb� ihe_agh]h� bkdhiZ_fh]h�� gZjmrZxl
]jZnbd� hljZ[hldb� f_klhjh`^_gby�� Ebd\b^Zpby� ihke_^kl\bc
hiheag_c� lj_[m_l� agZqbl_evguo� aZljZl�� Wdhghfbq_kdbc� ms_j[� hl
^_nhjfZpbc� [hjlh\� lZd`_� gZjZklZ_l� k� m\_ebq_gb_f� ]em[bgu
dZjv_jh\�

Ij_^_evgu_�m]eu�gZdehgZ�[hjlh\� ]em[hdbo� dZjv_jh\�m�gZk� \
kljZg_� khklZ\eyxl� \� kdZevguo� ihjh^Zo� ������ ]jZ^mkh\�� <
aZjm[_`ghc� ijZdlbd_� bf__lky� hiul� h[_ki_q_gby� mklhcqb\hklb
[hjlh\� k� m]eZfb� gZdehgZ� ������ ]jZ^mkh\�� J_r_gb_� ijh[e_fu
hilbfbaZpbb� dhglmjh\� [hjlh\� dZjv_jh\� kdeZ^u\Z_lky� ba� j_r_gby
ke_^mxsbo� aZ^Zq�� bamq_gb_� bg`_g_jgh�]_heh]bq_kdbo� mkeh\bc
f_klhjh`^_gbc�� hij_^_eyxsbo� mklhcqb\hklv� hldhkh\� dZjv_jh\�
\u[hj� kihkh[Z� jZkq_lZ� mklhcqb\hklb� hldhkh\�� h[hkgh\Zgb_
l_ogbq_kdbo�j_r_gbc��h[_ki_qb\Zxsbo�mklhcqb\hklv�hldhkh\�

F_lh^u� jZkq_lZ� mklhcqb\hklb� dZjv_jguo� hldhkh\
j_]eZf_glbjmxlky� ©F_lh^bq_kdbfb� mdZaZgbyfb� ih� hij_^_e_gbx
m]eh\� gZdehgZ� [hjlh\�� hldhkh\� mklmih\� b� hl\Zeh\� kljhysboky� b
wdkiemZlbjm_fuo�dZjv_jh\ª��jZajZ[hlZggufb�bgklblmlhf�<GBFB
\� ����� ]�� Dhfie_dk� eZ[hjZlhjguo� jZ[hl�� khklZ\e_gguc� ^ey
klm^_glh\�]hjgydh\��ij_^gZagZq_g�^ey�\ujZ[hldb�gZ\udh\�jZkq_lh\
mklhcqb\hklb�b�ijh_dlbjh\Zgby�[hjlh\�dZjv_jh\�
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EZ[hjZlhjgZy�jZ[hlZ����
H[jZlguc�jZkq_l�ijhqghklguo�k\hckl\�fZkkb\Z�ih�hiheagx

1.1. <\h^guc�dhff_glZjbc
>ey� jZkq_lZ� mklhcqb\uo� iZjZf_ljh\� [hjlh\� dZjv_jh\

g_h[oh^bfh� agZlv�ijhqghklgu_� k\hckl\Z�fZkkb\Z� ]hjguo� ihjh^� ±
kp_ie_gb_ K�b�m]he�\gmlj_gg_]h�lj_gby�3��dhlhju_�oZjZdl_jbamxl
ijyfhebg_cgmx� � � �h]b[Zxsmx� � �ij_^_evguo� � �djm]h\�gZijy`_gbc
H��FhjZ��jbk�����

Jbk�����Ihkljh_gb_�iZkihjlZ�ijhqghklb�]hjguo�ihjh^�k
ijyfhebg_cghc�h]b[Zxs_c��2ij) ih�j_amevlZlZf�bkiulZgbc�gZ

jZkly`_gb_��σj���h^ghhkgh_�k`Zlb_��σh��b�h[t_fgh_�k`Zlb_��σ1).
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<� eZ[hjZlhjguo� mkeh\byo� kp_ie_gb_� b� m]he� \gmlj_gg_]h
lj_gby� hij_^_eyxl� ih� j_amevlZlZf� bkiulZgbc� h[jZaph\� ]hjguo
ihjh^� \� klZ[behf_ljZo�� �KlZ[behf_lj� ±� mklZgh\dZ�� � iha\heyxsZy
hij_^_eblv� ijhqghklv� ]hjghc� ihjh^u� ijb� aZ^Zgghf� ihklhygghf
[hdh\hf� ^Z\e_gbb�� Bkiulu\Zy� gZ� ijhqghklv� k_jbx� h[jZaph\� gZ
jZkly`_gb_�σj��gZ�h^ghhkgh_�k`Zlb_�σh��gZ�h[t_fgh_�k`Zlb_�σ1�ijb
jZaebqguo� [hdh\uo� ^Z\e_gbyo� σ2, (σ1>σ2)� ihemqZxl� ^Zggu_� ^ey
ihkljh_gby�djm]h\�H��FhjZ�\�jZaebqguo�gZijy`_gguo�khklhygbyo�
ih� dhlhjuf� kljhyl� ij_^_evgmx� h]b[Zxsmx� b� gZoh^yl� __
iZjZf_lju�K� b� 3��>ey� ijyfhebg_cghc� h]b[Zxs_c� khijhlb\e_gb_
]hjguo�ihjh^�k^\b]m�2ij�hij_^_ey_lky�ih�nhjfme_�

                              2ij� ��K��σn⋅ tg3�������������������������������������������������
]^_�σn����gZijy`_gb_��ghjfZevgh_�d�ih\_joghklb�k^\b]Z�
<�fhgheblguo�ihjh^Zo�iehsZ^db�k^\b]Z�jZkiheZ]Zxlky�ih^�m]eZfb

                                   ε =  ± (����±3����������������������������������������������
d�gZijZ\e_gbx�^_ckl\by�fZdkbfZevgh]h�]eZ\gh]h�gZijy`_gby�σ1.

Ijb� i_j_oh^_� d� ]eZ\guf� gZijy`_gby� djbl_jbc� jZajmr_gby
ihjh^�k^\b]hf�����k�mq_lhf�����ijbf_l�\b^�

                         σ = σ0 + σ2 ⋅ tg² (�/4 + 3/2)                                (3)

J_amevlZlu� eZ[hjZlhjguo� bkiulZgbc� ]hjguo� ihjh^� g_evay
gZijyfmx�bkihevah\Zlv�^ey�jZkq_lZ�mklhcqb\hklb�[hjlh\�dZjv_jZ�
ihkdhevdm� ijhqghklgu_� k\hckl\Z� fZkkb\Z� aZ� kq_l� gZebqby
ih\_joghkl_c� hkeZ[e_gby� �lj_sbg�� l_dlhgbq_kdbo� gZjmr_gbc�
agZqbl_evgh� gb`_�� q_f� \�fhgheblguo� h[jZapZo��>ey� hij_^_e_gby
ijhqghklguo� k\hckl\� fZkkb\h\� ]hjguo� ihjh^� kms_kl\mxl� ljb
ih^oh^Z�

• ijyfuo� bkiulZgbc� djmiguo� [ehdh\� ]hjguo� ihjh^� \
gZlmjguo�mkeh\byo�

• jZkq_l� k� ihfhsvx� dhwnnbpb_glZ� � kljmdlmjgh]h
hkeZ[e_gby�� ihdZau\Zxs_]h� khhlghr_gb_� ijhqghklb� ihjh^� \
fZkkb\_�b�\�h[jZap_�

• h[jZlguc�jZkq_l�ih�nZdlm�ijhbkr_^rbo�hiheag_c�
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Ijb� ijh_dlbjh\Zgbb� kljhbl_evkl\_� b
wdkiemZlZpbb�djmiguo�dZjv_jh\��dZd�ijZ\beh��bkihevamxl�\k_�ljb
kihkh[Z�hij_^_e_gby�ijhqghklguo�k\hckl\�fZkkb\Z�

1.2.  Hkgh\u�f_lh^Z����h[jZlgh]h�jZkq_lZ
H[jZlguc�jZkq_l�kp_ie_gby K�b�m]eZ�\gmlj_gg_]h�lj_gby�ϕ�\

fZkkb\_�ih�iZjZf_ljZf�ijhbkr_^r_]h�hiheagy�ij_^klZ\ey_l�kh[hc
iZkkb\guc� wdki_jbf_gl�� � \� � dhlhjhf� � Zdlb\gmx� � jhev� � ku]jZeb
ijbjh^gu_�kbeu��]jZ\blZpby���AZ^ZqZ�jZkq_lZ�khklhbl�\�lhf��qlh[u
ba� nZdlZ� ^_nhjfZpbb� �jZajmr_gby�� hldhkZ� \� hihea_gv� ihemqblv
\_ebqbgu�kp_ie_gby�b�m]eZ�\gmlj_gg_]h�lj_gby�

>ey� hij_^_e_gby� ^\mo� g_ba\_klguo� \_ebqbg� g_h[oh^bfh
bf_lv� ^\Z� mjZ\g_gby�� H^gh� mjZ\g_gb_� khklZ\ey_lky� ba� [ZeZgkZ
m^_j`b\Zxsbo� b� k^\b]Zxsbo� kbe� ^h� h[jmr_gby� �\� ij_^_evgh
mklhcqb\hf�hldhk_���Z�\lhjh_�±�ihke_�k^\b`_gby�[hjlZ��\�hiheag_��
H[Z�mjZ\g_gby�hibku\Zxl�khklhygb_�jZ\gh\_kby�hldhkZ�[hjlZ��^h�b
ihke_� h[jmr_gby�� l�� _�� \� h[hbo� kemqZyo� m^_j`b\Zxsb_� kbeu
mjZ\gh\_rb\Zxl� k^\b]Zxsb_�� JZaebqb_� f_`^m� wlbfb� ^\mfy
mjZ\g_gbyfb�khklhbl�\�baf_g_gbb�]_hf_ljbb�hldhkZ�[hjlZ�dZjv_jZ
^h� b� ihke_� k^\b`_gby�� Z� lZd`_� \� lhf�� qlh� \� ijhp_kk_� k^\b`_gby
ijhbkoh^bl� kju\� kp_ie_gby� ih� ih\_joghklb� kdhev`_gby�� LZdbf
h[jZahf��jZ\gh\_kb_�hiheag_\h]h�l_eZ�gZ�ih\_joghklb�kdhev`_gby
h[_ki_qb\Z_lky� lhevdh� m^_j`b\Zxsbfb� kbeZfb� lj_gby�� <
ij_^_evgh�mklhcqb\hf�hldhk_�k^\b]Zxsb_�kbeu�mjZ\gh\_rb\Zxlky
kbeZfb�lj_gby�b�kp_ie_gby�ih�ih\_joghklb�kdhev`_gby�

Qlh[u� \_klb� h[jZlguc� jZkq_l� ijhqghklguo� k\hckl\�fZkkb\Z
ih�nZdlm�k^\b`_gby�[hjlZ�dZjv_jZ��g_h[oh^bfh�\uihegblv�kt_fdm
hldhkZ�^h�b�ihke_�^_nhjfZpbb�b�ihkljhblv�\_jlbdZevgu_�jZaj_au�
Ij_^iheZ]Z_lky�� qlh� jZajmr_gb_� b� k^\b`_gb_� [hjlZ� dZjv_jZ
ijhbahreh�ih^�^_ckl\b_f�kh[kl\_ggh]h�\_kZ��kbeu�ly`_klb��

Ih\_joghklv� kdhev`_gby� bf__l� \b^� ieZ\ghc� djb\hc� k
i_j_f_gguf� m]ehf�gZdehgZ� d� ]hjbahglm��ihwlhfm� ^ey� jZaeh`_gby
kbeu�ly`_klb�hiheag_\h]h�l_eZ�gZ�k^\b]Zxsb_� �lZg]_gpbZevgu_�d
ih\_joghklb� kdhev`_gby�� b� m^_j`b\Zxsb_� �ghjfZevgu_�� � kbeu
bkihevamxl��ke_^mxsbc�ijb_f��K^\b]Zxsbcky�fZkkb\�\�ij_^_evgh
mklhcqb\hf�hldhk_�b�\�hiheag_��hl�ih\_joghklb�hldhkZ�beb�hiheagy
^h� ebgbb� kdhev`_gby�� jZa[b\Zxl� \_jlbdZevgufb� ebgbyfb� �ih
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gZijZ\e_gbx� ^_ckl\by� kbeu ly`_klb�� gZ� jy^� [ehdh\� �jbk�� ���
<_k� dZ`^h]h� [ehdZ� ij_^klZ\ey_lky� khkj_^hlhq_gghc� kbehc�
ijbeh`_gghc� d� ih\_joghklb� kdhev`_gby� b� jZkdeZ^u\Z_lky� gZ
ghjfZevgmx�Ni�b�dZkZl_evgmx�Li�khklZ\eyxsb_�

Jbk�� ��� JZkq_lgZy� ko_fZ� hij_^_e_gby� ijhqghklguo� k\hckl\
fZkkb\Z�f_lh^hf�[ehdbjh\db��Z�±�hldhkZ�\�ij_^_evghf�khklhygbb
i_j_^� k^\b`_gb_f�� [� ±� hiheag_\h]h� l_eZ� ihke_� k^\b`_gby�
�����±�dhglmju�ij_^_evgh�mklhcqb\h]h�hldhkZ�b�hiheag_\h]h�l_eZ�
��±��ih\_joghklv�kdhev`_gby�

Mkeh\by�jZ\gh\_kby�hiheag_\h]h�l_eZ:

                                  Σ Li′ = tg 3 ⋅Σ Ni′                                       (4)

Ba� mjZ\g_gby� jZ\gh\_kby� hiheagy� (4)� hij_^_ey_lky� m]he
\gmlj_gg_]h�lj_gby

3=arctg(Σ Li′/ΣNi′) (5)
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GZc^_ggh_� agZq_gb_� m]eZ \gmlj_gg_]h� lj_gby� � ϕ� � \
fZkkb\_�ih^klZ\ey_lky�\�mjZ\g_gb_�jZ\gh\_kby��khklZ\e_ggh_�^ey
bkoh^ghc�nhjfu�hldhkZ��dhlhjh_�bf__l�\b^�

                                 Σ Li = WJ�3�⋅Σ Ni + CL                                   (6)

]^_ K� ±� kj_^g_\a\_r_ggZy� \_ebqbgZ� kp_ie_gby� \� fZkkb\_� �^ey
g_h^ghjh^guo� hldhkh\��� L ±� ^ebgZ� gZdehgghc� ih\_joghklb
kdhev`_gby�

Ba�mjZ\g_gby�(6)�hij_^_ey_lky�kp_ie_gb_�
                               C = (Σ Li - tg 3 ⋅ Σ Ni)/L                                (7)

:gZeh]bqgh� jZkkqblu\Zxlky� b� dhglZdlgu_� ijhqghklgu_
oZjZdl_jbklbdb�ijb�h[jmr_gbb�hldhkh\�ih�iehkdbf�ih\_joghklyf
hkeZ[e_gby��lj_sbgZf��l_dlhgbq_kdbf�jZaehfZf��dhglZdlZf�keh_\��

 1.3. �MdZaZgby�ih�jZ[hl_
Bkoh^gu_�^Zggu_��]_hf_ljbx�hldhkZ�^h�^_nhjfZpbb� �\ukhlm

b�m]he�gZdehgZ�[hjlZ�dZjv_jZ���iheh`_gb_�ih\_joghklb�kdhev`_gby
b� nhjfm� hiheagy� aZ^Z_l� ij_ih^Z\Zl_ev�� Kj_^gbc� m^_evguc� \_k
ihjh^��keZ]Zxsbo�hldhk���� �����l�f3

.

>hims_gby��ijbgbfZ_f��qlh�ijhly`_gghklv�hiheagy�ih�^ebg_
[hjlZ�dZjv_jZ�^hklZlhqgh�\_ebdZ��ihwlhfm�jZkq_l�\_^_lky�\�iehkdhf
\ZjbZgl_� gZ� _^bgbpm� ^ebgu� hiheagy�� jZajuoe_gb_f� ihjh^� \
hiheag_�ij_g_[j_]Z_f�

Hij_^_eblv�� kj_^g_\a\_r_ggu_� agZq_gby� kp_ie_gby� � \
fZkkb\_�b�m]eu�\gmlj_gg_]h�lj_gby�

Ihjy^hd�\uiheg_gby�jZ[hlu�
��� <� fZkrlZ[_� ������� ihkljhblv� ih� aZ^Zgguf� \_ebqbgZf

\ukhlu�b�m]eZ�gZdehgZ�\_jlbdZevguc�jZaj_a�[hjlZ�dZjv_jZ�
���Ij_ih^Z\Zl_ev�gZ�ihkljh_gguc�jZaj_a�gZghkbl�iheh`_gb_

ih\_joghklb�kdhev`_gby�b�nhjfm�hiheagy�
��� L_eh� hiheagy� ^h� b� ihke_� k^\b`_gby� jZa[blv� gZ� [ehdb
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jZ\ghc�rbjbgu�������[ehdh\�^ey dZ`^h]h�khklhygby��
���Hij_^_eblv�\_k�dZ`^h]h�i�lh]h�[ehdZ�ih�nhjfme_�
                                    Pi= �d(a + b)/2                                          (8)

]^_� a� b� b ±� \ukhlu� ]jZgbp� [ehdh\�� hij_^_eyxlky� ]jZnbq_kdb� ih
jZaj_am�k�mq_lhf�fZkrlZ[Z��d�±�rbjbgZ�jZkq_lguo�[ehdh\�

���<� k_j_^bg_� dZ`^h]h� [ehdZ� ]jZnbq_kdb� hij_^_ey_lky� m]he
gZdehgZ�ih\_joghklb�kdhev`_gby�αi.

��� JZaeh`blv� \_k� dZ`^h]h� [ehdZ� gZ� dZkZl_evgmx
�k^\b]Zxsmx�� b� ghjfZevgmx� d� ih\_joghklb� kdhev`_gby
�m^_j`b\Zxsmx��khklZ\eyxsb_�ih�nhjfmeZf

                        Ti = Pi⋅ Sin .i ;     Ni = Pi ⋅ Cos .i                          (9)

���J_amevlZlu�jZkq_lh\�k\_klb�\�lZ[ebpu��� �\�hiheag_��b��� �\
hldhk_��ih�nhjf_�
��[ehdZ Pi αi Ti Ni

Dhebq_kl\h�kljhd�\�lZ[ebpZo�jZ\gh�dhebq_kl\m�[ehdh\��gZ�dhlhju_
jZa[blu�hihea_gv�b�ij_^_evgh�mklhcqb\uc�hldhk�

���<�lZ[ebp_���gZclb�kmffu�kbe�Σ T′i �b�Σ Ni′���^_ckl\mxsbo�\
hiheag_��Ih�nhjfme_�����hij_^_eblv�m]he�\gmlj_gg_]h�lj_gby�ϕ.

���=jZnbq_kdb�ih�jZaj_am�hij_^_eblv�^ebgm�gZdehgghc�ebgbb
kdhev`_gby� hldhkZ� L� hl� gb`g_c� [jh\db� [hjlZ� ^h� ]em[bgu�G90� hl
a_fghc�ih\_joghklb�

����<�lZ[ebp_���gZclb�kmffu�kbe�Σ Ti �b�Σ Ni���^_ckl\h\Z\rbo�\
ij_^_evghf�mklhcqb\hf�hldhk_��K�mq_lhf�ihemq_gguo�agZq_gbc�3�b
L�ih�nhjfme_�����jZkkqblZlv�kp_ie_gb_�K.
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EZ[hjZlhjgZy�jZ[hlZ����
Ijh_dlbjh\Zgb_�dhglmjZ�[hjlZ�dZjv_jZ�k�aZ^Zgguf

dhwnnbpb_glhf�aZiZkZ�mklhcqb\hklb�
2.1. <\h^guc�dhff_glZjbc�
Ijb� jZkq_lZo� [hjlh\� dZjv_jh\� ih^� dhwnnbpb_glhf� aZiZkZ

mklhcqb\hklb� ihgbfZ_lky� hlghr_gb_� kmff� kbe�� m^_j`b\Zxsbo
hldhk��d�kmff_�kbe��k^\b]Zxsbo�_]h�

                        n = (WJ�3�⋅ Σ Ni + CL) / Σ Li                                (10)

?keb�ijZ\uc�b�e_\uc�qe_gu�wlh]h�\ujZ`_gby�jZa^_eblv�gZ�n,

lh�ihemqbf�khhlghr_gb_�
                   1 = ( WJ�3�Q�⋅Σ Ni + C/n⋅ L)/ Σ Li                             (11)

Ba� khhlghr_gby� ����� ke_^m_l�� qlh� mklhcqb\h_� jZ\gh\_kb_
hldhkZ�[hjlZ�k�dhwnnbpb_glhf�aZiZkZ�n�fh`gh�jZkkfZljb\Zlv
dZd� ij_^_evgh_� jZ\gh\_kb_� �k� dhwnnbpb_glhf� aZiZkZ
mklhcqb\hklb�� jZ\guf� _^bgbp_�� k� gh\ufb� oZjZdl_jbklbdZfb
ijhqghklb� fZkkb\Z�� mf_gvr_ggufb� ih� kjZ\g_gbx� k� j_Zevgufb
oZjZdl_jbklbdZfb�\�n�jZa�

                       Cn = C/n;      3n = arctg (WJ�3�Q�������������������������������
LZdbf�h[jZahf��qlh[u�ijh_dlbjh\Zlv�dhglmj�[hjlZ�dZjv_jZ�k

aZ^Zgguf� dhwnnbpb_glhf� aZiZkZ� mklhcqb\hklb� n�� g_h[oh^bfh
i_j_clb� hl� j_Zevguo� agZq_gbc� kp_ie_gby� C� b� m]eZ� \gmlj_gg_]h
lj_gby�ϕ�\�fZkkb\_�d�jZkq_lguf�agZq_gbyf Cn�b�3n �ih�nhjfmeZf
������ l�_�� dhwnnbpb_gl� aZiZkZ� n� \\h^blky� \� ijhqghklgu_
oZjZdl_jbklbdb� fZkkb\Z�� J_dhf_g^m_fu_� agZq_gby� dhwnnbpb_glZ
aZiZkZ�mklhcqb\hklb�ijb\_^_gu�\�lZ[ebp_�

Dhwnnbpb_gl�aZiZkZ�ijb�kjhd_�kem`[u�hldhkZH[sZy�oZjZdl_jbklbdZ�hldhkZ
�[hjlZ�dZjv_jZ� >h���e_l ;he__���e_l

G_jZ[hqbc� [hjl�� keh`_gguc� ]ebgZfb
beb� kdZevgufb� lj_sbgh\Zlufb
ihjh^Zfb

1,20 1,30

G_jZ[hqbc� [hjl� k� ij_h[eZ^Zgb_f
i_kqZguo�beb�]jZ\_ebkluo�ihjh^

1,15 1,20

JZ[hqbc�[hjl 1,20 -
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2.2. F_lh^bdZ�ijh_dlbjh\Zgby�dhglmjZ�[hjlZ�dZjv_jZ�
JZkq_l� \_ebqbgu� m]eZ� mklhcqb\h]h� hldhkZ� ih� aZ^Zgguf

\_ebqbgZf�dhwnnbpb_glZ� aZiZkZ�mklhcqb\hklb��ijh_dlghc� \ukhlu
[hjlZ� �]em[bgu� dZjv_jZ�� ijb� ba\_klguo� iZjZf_ljZo� ijhqghklguo
k\hckl\�fZkkb\Z�ijhba\h^blky�ih�f_lh^bd_�bgklblmlZ�<GBFB�����

>ey� h^ghjh^gh]h� hldhkZ�� dh]^Z� \�fZkkb\_� ]hjguo� ihjh^� g_l
ih\_joghkl_c�hkeZ[e_gby��iZ^Zxsbo�\�klhjhgm�\u_fdb��ij_^_evgh
^himklbfZy�\ukhlZ�[hjlZ�hij_^_ey_lky�ih�nhjfme_�

        Hij  ��K�⋅ tg (�/4 + 3������{ � [ 1- (ctg�.�⋅ tg β)
0,5]}           (13)

]^_� gZjy^m� k� jZg__� ijbgylufb� h[hagZq_gbyfb�� . ±� m]he� gZdehgZ
[hjlZ�dZjv_jZ���β  = (α + ϕ)/2.

<�nhjfme_������\_ebqbgZ�
                        2C ⋅ WJ�������3�������� �+90                                 (14)

ij_^klZ\ey_l� kh[hc� ij_^_evgmx� \ukhlm� \_jlbdZevgh]h� hldhkZ
G90.   

?keb�h[_�qZklb�\ujZ`_gby������jZa^_eblv�gZ�G90� ��lh�ihemqbf
\ujZ`_gb_�^ey�jZkq_lZ�mkeh\ghc�\ukhlu�hldhkZ�[hjlZ�dZjv_jZ�G′:

�������������������G′=Gij ��G90= [1- (ctg�.�⋅ tgβ)
0,5] -1                         (15)

>ey� mijhs_gby� jZkq_lh\� gZ� jbk�� �� ijb\_^_gZ� ghfh]jZffZ
k\yab� ij_^_evghc� \ukhlu� b� m]eZ� gZdehgZ� h^ghjh^gh]h� [hjlZ
dZjv_jZ�� gZ� dhlhjhc� dZ`^Zy� djb\Zy� G′ = f�.�ϕ)� khhl\_lkl\m_l
aZ^Zgghc�\_ebqbg_�m]eZ�\gmlj_gg_]h�lj_gby�ϕ.

Ghfh]jZffhc�ihevamxlky�ke_^mxsbf�h[jZahf�
1. Ih�aZ^Zgguf�\_ebqbgZf�dhwnnbpb_glZ�aZiZkZ�ijhqghklb

n b�ijhqghklguo�k\hckl\�fZkkb\Z�K��3� �ih�nhjfmeZf� �����gZoh^yl
jZkq_lgu_�oZjZdl_jbklbdb�ijhqghklb�fZkkb\Z�Kn�b�ϕn.

2. Ih� aZ^Zgguf� \_ebqbgZf� Kn, 3n�� �� ih� nhjfme_� ����
hij_^_eyxl�ij_^_evgmx�\ukhlm�\_jlbdZevgh]h�hldhkZ�G90 \�fZkkb\_
k�aZ^Zggufb�ijhqghklgufb�k\hckl\Zfb�
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Jbk�����Ghfh]jZffZ�aZ\bkbfhklb�f_`^m�ij_^_evghc�\ukhlhc
iehkdh]h� h^ghjh^gh]h� hldhkZ� b� m]ehf� _]h� gZdehgZ� ^ey� jZaebqguo
agZq_gbc�m]eZ�\gmlj_gg_]h�lj_gby�
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3. ?keb� aZ^Zg� ijh_dlguc m]he� hldhkZ� α,� b
g_h[oh^bfh� hij_^_eblv� ij_^_evgmx� ijh_dlgmx� \ukhlm� [hjlZ� H,

ijb� dhlhjhc� [hjl� dZjv_jZ� [m^_l� bf_lv� aZ^Zgguc� dhwnnbpb_gl
aZiZkZ�mklhcqb\hklb�n��lh�g_h[oh^bfh�

• gZ�hkb�Z[kpbkk�ghfh]jZffu�gZclb�aZ^Zgguc�m]he�hldhkZ�α�b
ih�hj^bgZl_��khhl\_lkl\mxs_c�wlhfm�m]em��ijh\_klb�\_jlbdZevgmx
ebgbx� ^h� djb\hc�� khhl\_lkl\mxs_c� jZkq_lghfm� m]em� \gmlj_gg_]h
lj_gby�ϕn ;

• �ih�lhqd_�i_j_k_q_gby� k�djb\hc�gZ�hkb�hj^bgZl�hij_^_eblv
mkeh\gmx�\_ebqbgm�hldhkZ�G′;

• gZc^_ggmx� \_ebqbgm� G′� mfgh`blv� gZ� G90� b� ihemqblv
bkdhfmx�\ukhlm�ijh_dlgh]h�hldhkZ�G��mklhcqb\hklv�dhlhjh]h�bf__l
aZ^Zgguc�dhwnnbpb_gl�aZiZkZ�n.

4. ?keb� aZ^ZgZ� ijh_dlgZy� \ukhlZ� hldhkZ�G�� b� g_h[oh^bfh
hij_^_eblv� ijh_dlguc� m]he� gZdehgZ� [hjlZ�� ijb� dhlhjhf� [hjl
dZjv_jZ�[m^_l�bf_lv�aZ^Zgguc�dhwnnbpb_gl�aZiZkZ�mklhcqb\hklb�Q�
lh�g_h[oh^bfh�

• hij_^_eblv�mkeh\gmx�\ukhlm�[hjlZ�dZjv_jZ�G′� �G���G90 ;

• gZc^_ggmx� \_ebqbgm� G′� hleh`blv� gZ� hkb� hj^bgZl
ghfh]jZffu� b� ijh\_klb� ]hjbahglZevgmx� ebgbx� ^h� djb\hc�
khhl\_lkl\mxs_c�jZkq_lghfm�m]em�\gmlj_gg_]h�lj_gby�ϕn ;

• � ih� lhqd_� i_j_k_q_gby� k� djb\hc� gZ� hkb� Z[kpbkk� gZclb
ijh_dlguc�m]he�gZdehgZ��hldhkZ�α��ijb�dhlhjhf�[hjl�dZjv_jZ�[m^_l
bf_lv�aZ^Zgguc�dhwnnbpb_gl�aZiZkZ�mklhcqb\hklb�n.

2.3. MdZaZgby�ih�jZ[hl_�
Bkoh^gu_� ^Zggu_�� ijh_dlgZy� \ukhlZ� [hjlZ� dZjv_jZ� G

�ijbgbfZ_lky� jZ\ghc� aZ^Zgghc� \� eZ[hjZlhjghc� jZ[hl_� �� �� beb
aZ^Z_lky� ij_ih^Z\Zl_e_f��� ijh_dlguc� dhwnnbpb_gl� aZiZkZ
mklhcqb\hklb� n�  � ����� m^_evguc� \_k� ihjh^�� kp_ie_gb_� b� m]he
\gmlj_gg_]h� lj_gby� \� fZkkb\_� ijbgbfZxlky� ih� ^Zgguf�
ihemq_gguf�\�eZ[hjZlhjghc�jZ[hl_�����

>hims_gby��hldhk�iehkdbc��ijyfhebg_cguc�\�ieZg_��g_�bf__l
ih\_joghkl_c�hkeZ[e_gby�
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Hij_^_eblv��ijh_dlguc�m]he�gZdehgZ�[hjlZ�dZjv_jZ�aZ^Zgghc
\ukhlu�� h[_ki_qb\Zxs_c� mklhcqb\hklv� k� aZ^Zgguf� ijh_dlguf
dhwnnbpb_glhf�aZiZkZ�

Ihjy^hd�\uiheg_gby�jZ[hlu�
1. Ih� nhjfmeZf� ����� hij_^_eblv� jZkq_lgu_� agZq_gby

kp_ie_gby�Kn�b�m]eZ�\gmlj_gg_]h�lj_gby�3n;

��� � � � � Ih� ihemq_gguf� agZq_gbyf� jZkq_lguo� oZjZdl_jbklbd
fZkkb\Z�ih�nhjfme_������jZkkqblZlv�\_ebqbgm�G90;

����������������Hij_^_eblv�mkeh\gmx�\ukhlm�hldhkZ�G′ = G�G90;

���������������K�ihfhsvx�ghfh]jZffu��jbk�����ih�ba\_klguf�agZq_gbyf
G′��b��3n  gZclb  agZq_gb_�ijh_dlgh]h m]eZ�gZdehgZ�[hjlZ�dZjv_jZ�
��������������GZg_klb�ijh_dlguc�dhglmj�[hjlZ�dZjv_jZ�gZ�\_jlbdZevguc
jZaj_a��ihkljh_gguc�ijb�\uiheg_gbb�eZ[hjZlhjghc��jZ[hlu�����
����������� JZkkqblZlv� m\_ebq_gb_� h[t_fZ� \kdjulby� �gZ� �� ih]�f
ijhly`_gghklb� [hjlZ� dZjv_jZ� \� ieZg_��� dhlhjZy� iha\hebeZ� [u
ba[_`Zlv� hiheagy�� m\_ebq_gb_� h[t_fZ� \kdjulby� hij_^_ey_lky� ih
nhjfme_�

                             ∆V G2⋅ (ctg�.1 – ctg�.n)/2                             (16)

]^_� .1 ±m]he� gZdehgZ� [hjlZ� dZjv_jZ�� i_j\hgZqZevgh� aZ^Zgguc� \
eZ[hjZlhjghc�jZ[hl_������.n�±�gZc^_gguc�ijh_dlguc�m]he�gZdehgZ�
���������� � � �Ba�eZ[hjZlhjghc�jZ[hlu��� ��hij_^_eblv�h[t_f�hiheagy
�gZ���ih]�f�ijhly`_gghklb�[hjlZ��

                                         Von= Σ Pi������������������������������������������������
b�khihklZ\blv�k�m\_ebq_gb_f�h[t_fZ�\kdjulby�

��� J_rblv� \hijhk� h� p_e_khh[jZaghklb� \uiheZ`b\Zgby� [hjlZ
dZjv_jZ�^ey�ij_^hl\jZs_gby� _]h�^_nhjfZpbb�hiheag_f��<�i_j\hf
ijb[eb`_gbb�� \uiheZ`b\Zgb_� [hjlZ� dZjv_jZ� p_e_khh[jZagh�� _keb
Von ��¨V.
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EZ[hjZlhjgZy�jZ[hlZ����
Hp_gdZ�mklhcqb\hklb�nZdlbq_kdh]h�dhglmjZ�[hjlZ�dZjv_jZ�

1. <\h^guc�dhff_glZjbc�
Ihke_� hij_^_e_gby� ijh_dlgh]h� m]eZ� gZdehgZ� [hjlZ� dZjv_jZ

ijhba\h^blky� ih\_jhqguc� jZkq_l� dhwnnbpb_glZ� aZiZkZ
mklhcqb\hklb� [hjlZ� f_lh^hf� Ze]_[jZbq_kdh]h� keh`_gby� kbe� ih
gZb[he__� gZijy`_gghc� �kZfhc� keZ[hc�� ih\_joghklb� kdhev`_gby�
Ijb� hlkmlkl\bb� \� hldhk_� g_[eZ]hijbylgh� jZkiheh`_gguo
�iZ^Zxsbo� \� klhjhgm� \u_fdb�� ih\_joghkl_c� hkeZ[e_gby� fZkkb\Z
ih\_joghklv� kdhev`_gby� y\ey_lky� � djb\hebg_cghc�� [ebadhc� ih
nhjf_�d�djm]ehpbebg^jbq_kdhc�ih\_joghklb�

NhjfZ� b� jZkiheh`_gb_� ih\_joghklb� kdhev`_gby� \
g_hkeZ[e_gghf� fZkkb\_�� ijbe_]Zxs_f� b� hldhkm�� hij_^_eyxlky
hkgh\gufb�iheh`_gbyfb�l_hjbb�ij_^_evgh]h�jZ\gh\_kby�kuimq_c
kj_^u��\dexqZxs_c�lZd`_�b�ij_^_evgh_�jZ\gh\_kb_�k\yaghc�kj_^u
k�lj_gb_f�

<�h^ghjh^ghf�fZkkb\_�]hjguo�ihjh^�we_f_glZjgu_�iehsZ^db
kdhev`_gby�\hagbdZxl�ijb�gZijy`_gbb�σ1�jZ\ghf

                            σ1 = σ0  ��K⋅ ctg (�/4  - ϕ /2),                          (9)

]^_�C, ϕ � �� kp_ie_gb_�b� m]he� \gmlj_gg_]h� lj_gby��σ0� ±�ijhqghklv
ihjh^u�gZ�h^ghhkgh_�k`Zlb_�

<� h^ghjh^ghf� fZkkb\_� iehsZ^db� kdhev`_gby� \hagbdZxl� k
]em[bgu

���������������������������G90 = σ0 /γ� ��K⋅ ctg (�/4 - ϕ /2)/γ,                 (10)

]^_�γ���iehlghklv�ihjh^�
D� gZijZ\e_gbx� gZb[hevr_]h� ]eZ\gh]h� gZijy`_gby

we_f_glZjgu_�iehsZ^db�kdhev`_gby�jZkiheZ]Zxlky�ih^�m]ehf
ε = �/4  - ϕ /2.

<� fZkkb\_� ]hjguo� ihjh^� � � \^Zeb� hl� hldhkZ� gZijZ\e_gb_
gZb[hevr_]h� � ]eZ\gh]h� gZijy`_gby� kh\iZ^Zxl� k� \_jlbdZevx�� ih
f_j_� ijb[eb`_gby� d� ih\_joghklb� hldhkZ� gZb[hevr__� ]eZ\gh_
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gZijy`_gb_� hldehgy_lky� � hl \_jlbdZeb�\� klhjhgm�hldhkZ�b�gZ
ih\_joghklb�hldhkZ�kh\iZ^Z_l�k�gbf�

GZdehg� hl^_evguo� mqZkldh\� ih\_joghklb� kdhev`_gby� \
h^ghjh^ghf�fZkkb\_�ieZ\gh�baf_gy_lky�hl�gZijZ\e_gby�ih^�m]ehf
ε� d� \_jlbdZeb� \� \_jog_c� qZklb� ih\_joghklb� kdhev`_gby� ^h
gZijZ\e_gby� ih^� m]ehf� ε� d� ih\_joghklb� hldhkZ� \� gb`g_c� qZklb
ih\_joghklb�kdhev`_gby��jbk�����

<u^_e_ggZy� ih\_joghklvx� kdhev`_gby� ijbafZ� \hafh`gh]h
h[jmr_gby� [hjlZ� jZa[b\Z_lky� gZ� ����� \_jlbdZevguo� [ehdh\�� ^ey
dZ`^h]h�ba�dhlhjuo�hij_^_ey_lky�bo�\_k� (Pi)�b�jZkdeZ^u\Z_lky�gZ
ghjfZevgu_� (Ni)� b� � dZkZl_evgu_� (Ti)� khklZ\eyxsb_� d� gZb[he__
\_jhylghc� ih\_joghklb� kdhev`_gby�� NZdlbq_kdbc� aZiZk
mklhcqb\hklb�[hjlZ�dZjv_jZ�hij_^_ey_lky�ih�nhjfme_������

L��d�� aZ^Zgguc�ijh_dlguc� dhwnnbpb_gl� aZiZkZ� mklhcqb\hklb
m`_�mql_g�i_j_oh^hf�hl�j_Zevguo�iZjZf_ljh\�ijhqghklguo�k\hckl\
fZkkb\Z� (C)� b (3)� d� jZkq_lguf� (Cn)� b� (3n)� nhjfmeZf� ������ lh
ih\_jhqguc�jZkq_l�^he`_g�^Zlv�\_ebqbgm�n = 1.�?keb�\�j_amevlZl_
ih\_jhqgh]h� jZkq_lZ� hdZ`_lky�� qlh� \uqbke_gguc� dhwnnbpb_gl
aZiZkZ�mklhcqb\hklb�[hjlZ�hlebqZ_lky�hl���[he__��q_f�gZ�±�����lh
g_h[oh^bfh�\g_klb�dhjj_dlb\u�\�iZjZf_lju�[hjlZ��m\_ebqblv�beb
mf_gvrblv� m]he� _]h� gZdehgZ� \� aZ\bkbfhklb� hl� lh]h�� [hevr_� beb
f_gvr_���\uqbke_gguc�dhwnnbpb_gl�aZiZkZ�mklhcqb\hklb�

3.2. Ihkljh_gb_� ih\_joghklb� kdhev`_gby� \� h^ghjh^ghf
hldhk_�

Ih\_joghklv� kdhev`_gby�� ih� dhlhjhc� fh`_l� ijhbahclb
hihea_gv��\�h^ghjh^ghf�hldhk_�]jZnbq_kdb�kljhblky�\�ke_^mxs_c
ihke_^h\Zl_evghklb�

1. Ih� aZ^Zgghfm� dhwnnbpb_glm� aZiZkZ� mklhcqb\hklb
hij_^_eyxlky�jZkq_lgu_�ijhqghklgu_�iZjZf_lju�fZkkb\Z�Kn��b�3n.

���Ih�ba\_klguf�\_ebqbgZf�Kn , 3n�gZoh^blky�agZq_gb_�G90.

��� Hl� \_jog_c� [jh\db :� \� ijbgylhf� fZkrlZ[_� ih� a_fghc
ih\_joghklb� hldeZ^u\Z_lky� rbjbgZ� ijbafu� k^\b`_gby� Z� b
gZoh^blky�lhqdZ�B��jbk�����
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Jbk�� ��� Ihkljh_gb_� djm]ehpbebg^jbq_kdhc� ih\_joghklb
kdhev`_gby�\�h^ghjh^ghf�hldhk_�

���Ba�lhq_d :�b�<�ih�\_jlbdZeb�\gba�hldeZ^u\Z_lky�\_ebqbgZ
G90�b�gZoh^ylky�lhqdb�?�b�K.

���Ba�lhq_d�?�b K�ijh\h^ylky�ijyfu_�ebgbb�ih^�m]eZfb
ε = ± (�/4 - 3n/2)�d�\_jlbdZeb�^h�bo�i_j_k_q_gby�\�lhqd_�D.

��� Ba� lhqdb H� ijh\h^blky� ebgby� HN� ih^� m]ehf� ε� d
ih\_joghklb�hldhkZ�

��� Ba� lhq_d H� b� D� d� ebgbyf� HN� b� DC� \hkklZgZ\eb\Zxl
i_ji_g^bdmeyju� b� gZoh^blky� lhqdZ�H′� bo� i_j_k_q_gby��WlZ� lhqdZ
y\ey_lky�p_gljhf�hdjm`ghklb�jZ^bmkhf�R� �HH′� �H′D.

��� Ba� lhqdb H′� f_`^m� lhqdZfb� H� b� D� ijh\h^blky� ^m]Z
hdjm`ghklb��y\eyxsZyky�qZklvx�ih\_joghklb�kdhev`_gby�

Ijbf_qZgb_��ihkljh_gby�ih�i����b���gZ�jbk����g_�ihdZaZgu�
Ihkljh_ggZy� ih\_joghklv� kdhev`_gby� \u^_ey_l� \

ijb[hjlh\hf� fZkkb\_� \_jhylgmx� ijbafm� k^\b`_gby�� >ey� jZkq_lZ
dhwnnbpb_glZ� aZiZkZ� mklhcqb\hklb� ih� gZc^_gghc� ih\_joghklb
kdhev`_gby�ijbafZ�k^\b`_gby�jZa[b\Z_lky�gZ�\_jlbdZevgu_�[ehdb�
Z� dhwnnbpb_gl� aZiZkZ� mklhcqb\hklb� jZkkqblu\Z_lky� f_lh^hf
Ze]_[jZbq_kdh]h�keh`_gby�kbe�ih�nhjfme_������



19

�����MdZaZgby�ih�jZ[hl_�
Bkoh^gu_� ^Zggu_�� ijh_dlgu_� \ukhlZ�� m]he� gZdehgZ� b

dhwnnbpb_gl� aZiZkZ� mklhcqb\hklb� [hjlZ� dZjv_jZ� �[_jmlky� ih
j_amevlZlZf� \uiheg_gby� eZ[hjZlhjghc� jZ[hlu� �� ���� agZq_gby
kp_ie_gby�b�m]eZ�\gmlj_gg_]h� lj_gby�\�fZkkb\_� �ijbgbfZxlky�ih
j_amevlZlZf�\uiheg_gby�eZ[hjZlhjghc�jZ[hlu������

Hij_^_eblv�� iheh`_gb_� gZb[he__� \_jhylghc� ih\_joghklb
kdhev`_gby� b� nZdlbq_kdbc� dhwnnbpb_gl� aZiZkZ� mklhcqb\hklb
[hjlZ�dZjv_jZ�ih�g_c�

Ihjy^hd�\uiheg_gby�jZ[hlu�
��� <� fZkrlZ[_� ������� ihkljhblv� \_jlbdZevguc� jZaj_a

ijh_dlgh]h�dhglmjZ�[hjlZ�
���K�i_j_f_gghc�rbjbghc�ijbafu�k^\b`_gby�Z�ihkljhblv� �\

ihke_^h\Zl_evghklb�� hibkZgghc� \� i�� ����� k_f_ckl\h� ih\_joghkl_c
kdhev`_gby��jbk�����

Jbk�� ��� �GZoh`^_gb_�ihl_gpbZevghc�ih\_joghklb�k^\b`_gby
hldhkZ� ih� fbgbfZevghfm� agZq_gbx� dhwnnbpb_glZ
aZiZkZ�mklhcqb\hklb
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��� >ey� dZ`^h]h� \ZjbZglZ� ebgbb� kdhev`_gby� jZkkqblZlv
dhwnnbpb_gl� aZiZkZ� mklhcqb\hklb� ih� nhjfme_� ������ bkihevamy
f_lh^bdm��hibkZggmx�\�i������

��� Ih� ihemq_gguf� agZq_gbyf� n� ihkljhblv� aZ\bkbfhklv
dhwnnbpb_glZ�aZiZkZ�mklhcqb\hklb�hl�rbjbgu�ijbafu�k^\b`_gby
[hjlZ�dZjv_jZ�ih�ih\_joghklb�n = f(a).

��� Ih� fbgbfZevghfm� agZq_gbx� dhwnnbpb_glZ� aZiZkZ
mklhcqb\hklb� gZclb� gZb[he__� gZijy`_ggmx� ih\_joghklv
k^\b`_gby�hldhkZ�b�\u^_eblv�__�p\_lhf�beb�mlhes_gb_f�

��� J_rblv� \hijhk� h� dhjj_dlbjh\d_� ijh_dlgh]h� m]eZ� gZdehgZ
[hjlZ�

• _keb�n > 1,05��lh�g_h[oh^bfh�m\_ebqblv�ijh_dlguc�m]he
gZdehgZ�[hjlZ�dZjv_jZ�gZ�0,5÷1°;

• _keb� n < 0,95�� lh� ijh_dlguc� m]he� [hjlZ� g_h[oh^bfh
mf_gvrblv�gZ����������

• _keb�0,95 ≤ n ≤ 1,05�� �lh�ijh_dlguc�m]he�gZdehgZ�[hjlZ
dZjv_jZ�khojZgy_lky�ij_`gbf�
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Ebl_jZlmjZ
����Nbk_gdh�=�E��Mklhcqb\hklv�[hjlh\�dZjv_jh\�b�hl\Zeh\���

�F���G_^jZ�������
���Nbk_gdh��=�E����J_\Zah\�F�:���=Zemklvyg�W�E��Mdj_ie_gb_

hldhkh\�\�dZjv_jZo����F���G_^jZ�������
����F_lh^bq_kdb_�mdZaZgby�ih�hij_^_e_gbx�m]eh\�gZdehgZ

[hjlh\��hldhkh\��mklmih\�b�hl\Zeh\�kljhysboky�b�wdkiemZlbjm_fuo
dZjv_jh\����E���<GBFB�������

���;hjs�Dhfihgb_p�<�B��=_h^_aby��FZjdr_c^_jkdh_�^_eh���
F���G_^jZ�������


