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<� jZ[hl_� ij_^klZ\e_gu� j_amevlZlu� wdki_jbf_glZevgh]h� bkke_^h\Z�
gby�nhlhnbab-q_kdbo�ijhp_kkh\��b��\�i_j\mx�hq_j_^v��ijhp_kkh\�i_j_ghkZ�
wg_j]bb� we_dljhggh]h� \ha[m`^_gby� \� ]_l_jh]_gguo�fhe_dmeyjguo� kbkl_�
fZo�� wnn_dlb\ghklb� \gmljb-fhe_dmeyjguo� b�f_`fhe_dmeyjguo� � dZgZeh\��
^_]jZ^Zpbb� �wg_j]bb� �we_dljhggh]h� �\ha[m`^_gby�� �mklZgh\e_gb_�� �\�aZ\b�
kbfhklb��hl��]_l_jh]_gghklb��b��kl_i_gb��hj]Zgbah\Zgghklb��kbkl_fu��ih^�
\b`ghklb� �fhe_dme� � beb� �njZ]f_glh\� � gZ^fhe_dmeyjguo� � kljmdlmj�� \ha�
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fh`ghklb��mijZ\e_gby��wlbfb��ijhp_kkZfb��aZ��kq_l��baf_g_gby��kljmdlmj�
ghc��b�nmgdpbhgZevghc��mihjy^hq_gghklb��fhe_dmeyjguo��kbkl_f�� 

Hkgh\gufb� wdki_jbf_glZevgufb�f_lh^Zfb�bkke_^h\Zgby� [ueb�f_�
lh^u�fhe_dmeyjghc�b� eZa_jghc� ki_dljhkdhibb�� dhjj_eypbhgghc� ki_dljh�
kdhibb�jZkk_yggh]h�k\_lZ��DJ-ki_dljhkdhibb�b�^j��� 

<� dZq_kl\_� � h[t_dlh\� �bkke_^h\Zgby� � [ueb� � \u[jZgu� � kbkl_fu� �gZ��
hkgh\_��jZkl\hjh\��keh`guo��hj]Zgbq_kdbo��kh_^bg_gbc��b�ihebf_jh\��eb�
g_cguo��b�k_lqZluo���k��aZjy^hf��jZagh]h��agZdZ����ih\_joghklgh-Zdlb\guo��
\_s_kl\� ��fbp_eeyjgu_� �kbkl_fu��� �fbp_e-eyjguo� �kbkl_f� �k� �ihebf_jghc��
klZ[bebaZpb_c���gZ^fhe_dmeyjgu_��ZgkZf[eb��keh`guo��hj]Zgbq_kdbo��fh�
e_dme�� � Z^khj[bjh\Zggu_� � gZ� � kljmdlmjZo� � ihemijh-\h^gbd^bwe_dljbd��
fgh]hdhfihg_glgu_�jZkl\hju� �fhe_dme� �djZkbl_e_c� �\�jZaebqguo� �b�kf_�
rZgguo� �jZkl\hjbl_eyo�� �Z�lZd`_� �\h^gu_� �kbkl_fu�� �JZaghh[jZab_�h[t_d�
lh\� bkke_^h\Zgby� iha\hebeh� mklZgh\blv� h[sb_� aZdhghf_jghklb� \ebygby�
]_l_jh]_gghklb�fhe_dmeyjguo�kbkl_f��bo�kljmdlmju��kl_i_gb�hj]ZgbaZpbb��
^bgZfbdb�b�l�^���gZ�ijhl_dZxsb_�\�gbo�nhlhnbabq_kdb_�ijhp_kku�� 

<�^hdeZ^_�h[km`^Z_lky�ke_^mxs__��� 
I ��Ijhp_kku�dhfie_dkhh[jZah\Zgby�fhe_dme�keh`guo�hj]Zgbq_�

kdbo� \_s_kl\� � \� ]_l_jh]_gguo� fhe_dmeyjguo� kbkl_fZo�� J_amevlZlu�
ijh\_^_gguo� bkke_^h\Zgbc� ki_dljZevgh-exfbg_kp_glguo� oZjZdl_jbklbd�
\h^gh-ihebwe_dljhebguo�jZkl\hjh\�djZkbl_e_c� �ijb� �jZaguo� �dhgp_gljZ�
pbyo�djZkbl_ey�b�ihebwe_dljheblZ� �IW��iha\hebeb�ij_^eh`blv�f_oZgbaf�
\ebygby��IW�gZ�ijhp_kku�ZkkhpbZpbb��fhe_dme�keh`guo�hj]Zgbq_kdbo�fh�
e_dme�� �GZ� hkgh\_�ihemq_gguo� �^Zgguo�ih� l_fi_jZlmjguf� aZ\bkbfhklyf�
kl_i_gb�ZkkhpbZpbb�jZaghjh^guo�fhe_dme�^ey�bkke_^h\Zgguo�kbkl_f�[ueb�
\uqbke_gu� agZq_gby� wg_j]bb� k\yab� fhe_dme� \� ZkkhpbZlZo�� MklZgh\e_gZ�
g_fhghlhggZy�aZ\bkbfhklv�wg_j]bb�k\yab��h^ghjh^guo�b�jZaghjh^guo��fh�
e_dme� �\�ZkkhpbZl_� �hl�dhgp_gljZpbb�IW��;ueZ�hij_^_e_gZ�kljmdlmjZ�jZa�
ghjh^guo� ZkkhpbZlh\� fhe_dme� djZkbl_e_c� \� ihebf_jguo� kbkl_fZo�� ^ey�
wlh]h�[ueb�ijbf_g_gu�f_lh^u�ijhba\h^ghc�b�iheyjbaZpbhgghc�ki_dljh�
kdhibb��<i_j\u_�h[gZjm`_gZ�nemhj_kp_gpby�ZkkhpbZlh\�jZaghjh^guo�fh�
e_dme�djZkbl_e_c�\��ihebf_jguo�fZljbpZo��;ueh�ihdZaZgh��qlh��dZd�jZagh�
jh^gu_�� lZd�b�h^ghjh^gu_� ZkkhpbZlu�h[eZ^Zxl�exfbg_kp_glghc� kihkh[�
ghklvx�� _keb� m]he�f_`^m� � iehkdhklyfb� h[jZamxsbo� bo�fhe_dme�f_gvr_�
90°�� �IhdZaZgh��qlh�ijb�h[t_^bg_gbb�jZaghjh^guo�fhe_dme�djZkbl_e_c�\�
ZkkhpbZlu� ijhbkoh^bl� \hajZklZgb_� \_jhylghklb� bgl_jdhf[bgZpbhgghc�
dhg\_jkbb��\�bo�ljbie_lgu_�khklhygby��� 

II ��J_amevlZlu�bkke_^h\Zgby�\ebygby�lhiheh]bb�keh`guo�fhe_�

dmeyjguo� kbkl_f�b�bo�njZdlZevguo� k\hckl\�gZ� �ijhp_kku� �i_j_ghkZ��

wg_j]bb� we_dljhggh]h� \ha[m`^_gby� �IWW<�� \� \h^gh-ihebwe_dljh-
eblguo� jZkl\hjZo� djZkbl_e_c� b� ]_eyo�� Ijb� nZah\hf� i_j_oh^_�
ahev]_ev� ihebf_jghc� kbkl_fu� h[gZjm`_gh� baf_g_gb_� wnn_dlb\ghklb�
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IWW<�f_`^m�jZkl\hj_ggufb�fhe_dmeZfb��Ba�wdki_jbf_glZevguo�^Zgguo��
ih� bkke_^h\Zgbx� � IWW<� mklZgh\e_gh�� qlh� ^Zggu_� kbkl_fu� h[eZ^Zxl��
njZdlZevghc� kljmdlmjhc��nhjfbjh\Zgb_�dhlhjhc�ijhbkoh^bl�ih�f_oZgba�
fm� deZkl_j-deZkl_jghc� Z]j_]Zpbb��NZah\uc� i_j_oh^� ahev—]_ev� � \� lZdbo�
kbkl_fZo�k\yaZg�k�baf_g_gb_f�njZdlZevgh]h�deZkl_jZ�� �<�jZkl\hjZo�iheb�
we_dljheblh\�b�bhgguo�djZkbl_e_c�k�aZjy^hf�h^gh]h�agZdZ�ijb�hij_^_e_g�
guo�dhgp_gljZpbyo�dhfihg_glh\�ijhfkoh^bl�nhjfbjh\Zgb_��njZdlZevguo�
deZkl_jh\�� \� dhlhjuo� gZ[ex^Z_lky� ehdZevgh_� dhgp_gljbjh\Zgb_� \aZbfh�
^_ckl\mxsbo�fhe_dme�djZkbl_e_c�� �\uau\Zxs__�m\_ebq_gb_�wnn_dlb\gh�
klb�nhlhnbabq_kdbo�ijhp_kkh\�� �dhlhjh_�ijhy\ey_lky�\�^bgZfbq_kdhf�lm�
r_gbb�exfbg_kp_gpbb���&�p_evx�mklZgh\e_gby�jheb�]_l_jh]_gghklb�fhe_�
dmeyjghc�kbkl_fu�gZ��IWW<�f_`^m�keh`gufb�fhe_dmeZfb�[ueb�bkke_^h�
\Zgu� ijhp_kku� fb]jZpbb� \ha[m`^_gby� \� \h^gh-ihebf_jguo� jZkl\hjZo�
djZkbl_e_c�\�aZ\bkbfhklb�hl�dhgp_gljZpbb�� �^ebgu�ihebf_jguo�p_i_c� �b�
kl_i_gb� ]_l_jh]_gghklb�fZdjhfhe_dmeyjghc� kbkl_fu��H[gZjm`_g� wdklj_�
fZevguc� oZjZdl_j� aZ\bkbfhklb� wnn_dlb\ghklb� i_j_ghkZ� \ha[m`^_gby� hl�
dhgp_gljZpbb� ihebwe_dljheblZ�� Ba� wdki_jbf_glZevguo� ^Zgguo� mklZgh\�
e_g� njZdlZevguc� oZjZdl_j� jZkij_^_e_gby� \aZbfh^_ckl\mxsbo� fhe_dme��
;ueh�ihdZaZgh��qlh�]_l_jh]_gghklv�fhe_dmeyjghc�kbkl_fu��gZebqb_��\�jZk�
l\hjZo� ihebf_jguo� fhe_dme� jZaebqghc� ^ebgu�� \uau\Z_l� mf_gvr_gb_�
kj_^g_]h�jZkklhygby�f_`^m�\aZbfh^_ckl\mxsbfb�fhe_dmeZfb��\�j_amevlZ�
l_� q_]h� � ^ey� ]_l_jh]_gguo� kbkl_f� wnn_dlb\ghklv� i_j_ghkZ� \ha[m`^_gby�
\ur_�� q_f� ^ey� ]hfh]_gguo�� �GZ� hkgh\_�ijh\_^_gguo�bkke_^h\Zgbc� mklZ�
gh\e_gZ� \hafh`ghklv� j_]mebjh\Zgby� wnn_dlb\ghklb� ijhp_kkh\� i_j_ghkZ�
wg_j]bb� we_dljhggh]h� \ha[m`^_gby�iml_f�baf_g_gby�qbkeZ�b�jZkiheh`_�
gby�aZjy`_gguo�k_]f_glh\�ihebf_jh\��� 

III ��Ijhp_kku�IWW<� \� hj]Zgbah\Zgguo� kljmdlmjZo� gZ� � hkgh\_�

fbp_eeyjguo� kbkl_f�� �Bkke_^h\Zgu�ijhy\e_gby� kljmdlmjguo�� klZlbklb�
q_kdbo� b� f_`nZaguo� k\hckl\� bhgguo� fbp_ee� \� wnn_dlb\ghklb�IWW<� b�
\aZbfh^_ckl\bb�fhe_dme�keh`guo�hj]Zgbq_kdbo�kh_^bg_gbc�\�hkgh\ghf�b�
\ha[m`^_gghf� khklhygbb�� MklZgh\e_gu� ijbf_gbfhklv� klZlbklbq_kdh]h�
jZkij_^_e_gby�ImZkkhgZ�^ey�hibkZgby�ZgkZf[ey�fbp_ee��b�\ebygb_��kljmd�
lmjghc� � ljZgknhjfZpbb� � fbp_ee� � gZ� � exfbg_kp_glgu_� � oZjZdl_jbklbdb��
hj]Zghexfbghnhjh\� �^ey� �dZlbhgguo� �b� Zgbhgguo� �fbp_eehh[jZamxsbo��
\_s_kl\���AZj_]bkljbjh\Zgh��jZaebqb_��wnn_dlb\ghkl_c��ijhp_kkh\��IWW<�
f_`^m�jZaghlbigufb�fhe_dmeZfb�djZkbl_e_c�\�\h^guo�jZkl\hjZo�I:<�k�
jZaebqghc�dhgp_gljZpb_c�I:<��IhdZaZgh��qlh�wlb�jZaebqby�h[mkeh\e_gu�
gZebqb_f� kljmdlmj� k� njZdlZevguf� jZkij_^_e_gb_f� \aZbfh^_ckl\mxsbo�
fhe_dme��\�aZ\bkbfhklb�hl�dhgp_gljZpbb�I:<�baf_gy_lky�njZdlZevgZy�
jZaf_jghklv� jZkij_^_e_gby� \aZbfh^_ckl\mxsbo�fhe_dme� � \� jZkl\hjZo� b��
dZd�ke_^kl\b_���wnn_dlb\ghklv�IWW<��� 
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IV �� <i_j\u_� aZj_]bkljbjh\Zgguc� aZ� kq_l� baf_g_gby� kljmdlmj�

ghc� hj]ZgbaZpbb�fhe_dmeyjghc� kbkl_fu� ^hj_eZdkZpbhgguc�IWW<� k�

mqZklb_f�dZd�dhe_[Zl_evguo�� lZd� �b�\ukhdh\ha[m`^_gguo� we_dljhg�

guo�khklhygbc�fhe_dme���<�i_j\hf�kemqZ_�bkke_^h\Zeky�IWW<�f_`^m�h^�
ghlbigufb� fhe_dmeZfb� djZkbl_e_c�� Z^khj[bjh\Zggufb� gZ� ih\_joghklb�
fbp_eeu��baf_gyy�dhgp_gljZpbx�fhe_dme�djZkbl_ey��qbkeh�Z^khj[bjh\Zg�
guo�fhe_dme�beb� jZkklhygb_�f_`^m�gbfb��� [ueZ� jZkkqblZgZ� \_jhylghklv�
^hj_eZdkZpbhggh]h�IWW<�b�hij_^_e_gZ�hilbfZevgZy�kljmdlmjZ�wlhc�fhe_�
dmeyjghc� kbkl_fu� ^ey� j_ZebaZpbb� lZdh]h�f_oZgbafZ� i_j_ghkZ� \ha[m`^_�
gby��>ey�j_ZebaZpbb�ijhp_kkZ�i_j_^Zqb�\ha[m`^_gby� k�mqZklb_f�\ukhdh�
\ha[m`^_gguo�we_dljhgguo�mjh\g_c�fhe_dme�[ueZ�bkihevah\ZgZ�ke_^mx�
sZy��fhe_dmeyjgZy�kbkl_fZ���<�dZq_kl\_�^hghjZ�wg_j]bb�ijbf_gyebkv��fh�
e_dmeu� J�@�� ijb� ^\moklmi_gqZlhf� eZa_jghf� \ha[m`^_gbb� dhlhjuo� �bk�
ihevah\Zebkv�i_j\Zy� �b�\lhjZy�]Zjfhgbdb�<$*-eZa_jZ��ijhbkoh^beh�aZk_�
e_gb_� � 62-khklhygby��OjhfhnhjgZy� �qZklv� �fhe_dmeu� �djZkbl_ey�jZkiheh�
`_gZ�\�ijbih\_joghklghf�keh_�fbp_eeu��fhe_dmeu�dhgp_gljbjmxlky�ij_�
bfms_kl\_ggh�\�keh_�Rl_jgZ��� �<�dZq_kl\_�Zdp_ilhjZ�bkihevah\Zebkv�fh�
e_dmeu�ibj_gZ��ihehkZ�ih]ehs_gby�dhlhjh]h� kbevgh�i_j_dju\Z_lky� k�ih�
ehkhc�ih]ehs_gby� 62-khklhygby�^hghjZ��Ijb� �wlhf� �ijb� �^\moklmi_qZlhf�
\ha[m`^_gbb�aZk_e_gb_��_]h��61-khklhygby�g_\hafh`gh���Fhe_dmeu�ibj_gZ�
khkj_^hlhqb\Zxlky�\gmljb�fbp_eeu�� �<�dZq_kl\_�oZjZdl_jbklbdb�baf_g_�
gby�dhgp_gljZpbb�ibj_gZ�bkihevah\Zehkv�kj_^g__��qbkeh��aZk_e_gby�khex�
[bebabjh\Zgguo�fhe_dme�ibj_gZ�1�ih�fbp_eeZf��Wdki_jbf_glZevgh�[ueb��
bkke_^h\Zgu� bgl_gkb\ghklv� �]hjyq_c�� exfbg_kp_gpbb� ^hghjZ� � �J�@�� b�
bgl_gkb\ghklv�k\_q_gby�fhghf_jh\��b�wdkbf_jh\�Zdp_ilhjZ��ibj_gZ����Ih�
dZaZgh�� � qlh� � k� � jhklhf� dhgp_gljZpbb� Zdp_ilhjZ� ijhbkoh^bl� m\_ebq_gb_�
bgl_gkb\ghklb� k\_q_gby� fhghf_jh\� b� wdkbf_jh\�� \ua\Zggh_� i_j_^Zq_c�
wg_j]bb�\ha[m`^_gby�k�g_ijhj_eZdkbjh\Zggh]h�62-khklhygby�^hghjZ��� 

V��F_oZgbaf� wdkbf_jhh[jZah\Zgby�fhe_dme� keh`guo�hj]Zgbq_�

kdbo� kh_^bgbc� \� ij_fbp_eeyjguo� jZkl\hjZo� \� j_amevlZl_� ^bf_j-
wdkbf_jghc� dhg\_jkbb� k� ijhf_`mlhqghc� klZ^b_c� h[jZah\Zgby� dhf�

ie_dkZ�k�i_j_ghkhf�aZjy^Z����<�hlebqb_�hl�f_oZgbafZ�N_jkl_jZ–DZki_jZ��
\�dhlhjhf�ijhfhlbjmxsbf�nZdlhjhf�wdkbf_jhh[jZah\Zgby�y\ey_lky�^bn�
nmaby�fhghf_jh\��b�h[jZah\Zgby�klhdgh\bl_evgh]h�dhfie_dkZ��\�dhlhjhf�
hkms_kl\ey_lky� hjb_lZpbhggZy� � j_eZdkZpby� dhfihg_gl� ^h� kwg^\bq_\hc�
dhgnb]mjZpbb� ZkkhpbZpbb�� \� ij_^eh`_gghf�f_oZgbaf_� � wdkbf_jhh[jZah�
\Zgb_�ijhbkoh^bl�ba�\hagbdr_]h�^bf_jgh]h�khklhygby��h[eZ^Zxs_]h�kwg�
^\bq_\hc�dhgnb]mjZpb_c�q_j_a�ijhf_`mlhqgu_�klZ^bb��\dexqZxsb_�\�k_�
[y� \ha[m`^_gguc�^bf_j�b� keZ[uc�dhfie_dk� k�i_j_ghkhf� aZjy^Z� �DIA���\�
j_amevlZl_�ijhbkoh^ys_c�^bf_jDIAwdkbf_jghc�ljZgknhjfZpbb� 

VI ��Ijhp_kku�j_eZdkZpbb�b�IWW<�\�fhe_dmeyjguo� kbkl_fZo� � k�

nmgdpbhgZevghc� ]_l_jh]_gghklvx� �\� ihebf_j-fbp_eeyjguo� kbkl_�
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fZo���<i_j\u_�f_lh^hf�exfbg_kp_glgh]h�ahg^Z�mklZgh\e_gh�h[jZah\Zgb_�
fbp_eehih^h[guo�Z]j_]Zlh\�dZlbhgguo�^_l_j]_glh\��\g_^j_gguo�\�Zgbhg�
guc�k_lqZluc�ihebf_j���F_lh^Zfb�exfbg_kp_glghc�ki_dljhkdhibb�bkke_�
^h\Zgu�ehdZevgu_�kljmdlmjgu_�baf_g_gby��\�kbkl_f_�IW-fbp_eeZ��k\yaZg�
gu_�k�Z^khj[pb_c�IW�gZ�ih\_joghklb�fbp_eeu��AZj_]bkljbjh\Zgu�kljmd�
lmjgu_�i_j_kljhcdb�bkke_^h\Zgguo�keh`guo�fhe_dmeyjguo�kbkl_f��dhlh�
ju_� aZ\bkyl�hl�\_ebqbgu�b� agZdZ� aZjy^Z� �IW�� � �H[gZjm`_g� wnn_dlb\guc�
wdkbf_j-fhghf_jguc�IWW<�hl�wdkbf_jh\�ibj_gZ��khex[bebabjh\Zgguo�\�
fbp_eeZo��d�fhghf_jZf�:H��khj[bjh\Zgguo�gZ�ih\_joghklb�IW�\�]_l_jh�
]_gghc� kbkl_f_� dZlbhgguc� ^_l_j]_glZgbhgguc�IW�� ;ueb� bkke_^h\Zgu�
dbg_lbdb� k\_q_gby� wdkbf_jh\� ibj_gZ� b� fhe_dme� :H�� MklZgh\e_gh�� qlh�
m\_ebq_gb_� dhgp_gljZpbb�IW� \� kbkl_f_�IW-fbp_eeZ� \uau\Z_l� mf_gvr_�
gb_�bgl_gkb\ghklb�k\_q_gby�wdkbf_jh\�ibj_gZ�b�m\_ebq_gb_�bgl_gkb\gh�
klb�k\_q_gby�:H��Ijb�wlhf�h^gh\j_f_ggh�ijhbkoh^bl� �khdjZs_gb_�kj_^�
g_]h�\j_f_gb�`bagb�\ha[m`^_ggh]h�khklhygby� wdkbf_jh\�ibj_gZ��:gZeba�
ihemq_gguo�wdki_jbf_glZevguo�dbg_lbd�k\_q_gby�^hghjZ��b�Zdp_ilhjZ�ih�
a\hebe� mklZgh\blv�� qlh� � \� bkke_^h\Zgguo� kbkl_fZo� ijhbkoh^bl� kbg]e_l-
kbg]e_lguc��IWW<�hl��wdkbf_jh\��ibj_gZ���k\h[h^gh�^bnnmg^bjmxsbo�ih�
\gmlj_gg_fm�h[t_fm�fbp_eeu���d��fhghf_jZf��:H��khj[bjh\Zggh]h�gZ�ih�
\_joghklb�IW��q_j_a�kehc� �Rl_jgZ�ih^qbgyxsbcky�dbg_lbq_kdhfm�mjZ\�
g_gbx��kh^_j`Zs_fm�nmgdpbx�>ZmkhgZ���Ba�aZ\bkbfhkl_c�wnn_dlb\ghkl_c�
i_j_ghkZ�\ha[m`^_gby�\�lZdbo�kbkl_fZo�[ueh�mklZgh\e_gh��qlh�ijb�m\_eb�
q_gbb� dhgp_gljZpbb� IW� ijhbkoh^bl� ljZgknhjfZpby� nhjfu� fbp_ee� ba�
kn_jbq_kdhc�\�pbebg^jbq_kdmx���Bkke_^h\Zeky�lZd`_�kbg]e_l-kbg]e_lguc�
IWW<�f_`^m�jZaghlbigufb�fhe_dmeZfb�djZkbl_e_c� �dZlbhg-Zgbhg��\�lZ�
dbo�kbkl_fZo��;ueb�aZnbdkbjh\Zgu�ehdZevgu_�kljmdlmjgu_�baf_g_gby� �\�
kbkl_f_�ihebwe_dljhebl-fbp_eeZ��k\yaZggu_��k��Z^khj[pb_c��ihebwe_dljh�
eblZ� �gZ� �ih\_joghklb� �fbp_eeu�� �Ihemq_ggu_�j_amevlZlu�mdZau\Zxl��qlh�
baf_g_gb_� dhgp_gljZpbb� IW� \uau\Z_l� klZ[bebaZpbx� fbp_eeyjguo� kbk�
l_f��Baf_gyy�dhgp_gljZpbx�IW�fh`gh�mijZ\eylv�ijhkljZgkl\_gguf�jZk�
ij_^_e_gb_f� \aZbfh^_ckl\mxsbo�fhe_dme�� \� j_amevlZl_� q_]h�f_gylv� wn�
n_dlb\ghklv�IWW<��� 

VII ��Nhlhnbabq_kdb_�ijhp_kku�\�gZ^fhe_dmeyjguo�kbkl_fZo�gZ��

hkgh\_� kljmdlmj� ihemijh\h^gbd^bwe_dljbdZ^khj[bjh\Zggu_� fh�

e_dmeu� �keh`guo�hj]Zgbq_kdbo�\_s_kl\�� �MklZgh\e_gh��qlh� ]_l_jh]_g�
gu_� ih\_joghklb� \uau\Zxl� g_h^ghjh^gh_� mrbj_gb_� ki_dljh\� exfbg_k�
p_gpbb�Z^khj[bjh\Zgguo�fhe_dme��\_ebqbgZ�dhlhjh]h�aZ\bkbl�hl�obfbq_�
kdhc�g_h^ghjh^ghklb�ih\_joghklb��lhesbgu�hdbkghc�ie_gdb��kl_i_gb�bf�
ieZglZpbb� jZaebqgufb� we_f_glZfb� b� kl_i_gb� ]b^jZlZpbb� ih\_joghklb���
Hilbq_kdh_� aZjy`_gb_�f_^e_gguo� eh\mr_d� ^bwe_dljbdZ� \� kbkl_f_� ihem�
ijh\h^gbd^bwe_dljbd�\uau\Z_l�dhjhldh\hegh\uc�k^\b]� �ki_dljZ�exfb�
g_kp_gpbb�Z^khj[bjh\Zgguo�fhe_dme��ijb�wlhf�gZ[ex^Z_lky�mf_gvr_gb_�
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m� �gbo�g_h^ghjh^gh]h�mrbj_gby��Ba�j_amevlZlh\�bkke_^h\Zgby�ki_dljZev�
guo�aZ\bkbfhkl_c�exfbg_kp_gpbb�Z^khj[bjh\Zgguo�fhe_dme�[ueh� �mklZ�
gh\e_gh�� qlh� Z^khj[pby� b� aZjy`_gb_� ih\_joghklb� hkms_kl\ey_lky� ih� ^h�
ghjgh-Zdp_ilhjghfm�f_oZgbafm��Ijbq_f� ijbqbghc� k^\b]h\� we_dljhgguo�
ki_dljh\�y\ey_lky�^_ckl\b_�ehdZevguo�ihe_c�^_n_dlh\�ih\_joghklb��Z�g_�
bgl_]jZevgh]h�h^ghjh^gh]h�ihey�ih\_joghklb�� �F_lh^Zfb�g_ebg_cghc� �b�
nemhj_kp_glghc�eZa_jghc�ki_dljhkdhibb�[ueb�hij_^_e_gu�m]eu�hjb_glZ�
pbb��m]eu�f_`^m�]eZ\ghc�hkvx�ojhfhnhjZ�b�ghjfZevx�d�ih\_joghklb�h[�
jZapZ��^ey�jZaebqguo�lbih\�fhe_dme�b�ih\_joghkl_c�� �MklZgh\e_gh�\eby�
gb_� khklhygby�ih\_joghklb�b� __� obfbq_kdhc�b� aZjy^h\hc� ]_l_jh]_gghklb��
gZ� hjb_glZpbx� fhe_dme� Z^khj[bjh\Zggh]h� kehy�� IhdZaZgZ� \hafh`ghklv�
mijZ\e_gby� kljmdlmjhc� gZ^fhe_dmeyjguo� kbkl_f� iml_f� �\dexq_gby�� ih�
\_joghklguo� we_dljhgguo� khklhygbc� ]jZgbpu� jZa^_eZ� ihemijh\h^�
gbd^bwe_dljbd�� �Hij_^_e_gu� \_ebqbgu� [Zjv_jh\� �i_j_hjb_glZpbb�rb�
jhdh]h�jy^Z�Z^khj[bjh\Zgguo�gZ�jZaebqguo�ih\_joghklyo�fhe_dme��MklZ�
gh\e_gh�\ebygb_�aZjy^h\h]h�khklhygby�gZ�\_ebqbgm�[Zjv_jZ�i_j_hjb_glZ�
pbb� fhe_dme��Ij_^eh`_gu� f_oZgbafu� \aZbfh^_ckl\by� Z^khj[bjh\Zgguo�
fhe_dme� b� ]_l_jh]_gguo� kljmdlmj�� AZj_]bkljbjh\Zgh� lmr_gb_� exfbg_k�
p_gpbb�Z^khj[bjh\Zgguo�fhe_dme�b�^_iheyjbaZpby�bo�k\_q_gby�ijb�aZjy^_�
^_n_dlh\�ih\_joghklb��<� j_amevlZl_�ijh\_^_gguo�bkke_^h\Zgbc� mklZgh\�
e_g� f_oZgbaf� lmr_gby� exfbg_kp_gpbb� Z^khj[bjh\Zgguo� fhe_dme�� k\y�
aZgguc�k��IWW<�k�Z^khj[bjh\Zgguo�fhe_dme�gZ�aZjy`_ggu_��^_n_dlu�ih�
emijh\h^gbdZ�� � >ey� hij_^_e_gby� f_oZgbafh\� IWW<� k� Z^khj[bjh\Zgguo�
fhe_dme�gZ�ehdZevgu_�^_n_dlu�ih\_joghklb�[ueb�bkke_^h\Zgu�dbg_lbdb�
k\_q_gby�\�ibdhk_dmg^ghf�^bZiZahg_��<�j_amevlZl_�ijh\_^_gguo�bkke_^h�
\Zgbc�ihdZaZgh�� �qlh� �IWW<�hl�nhlh\ha[m`^_gguo�Z^khj[bjh\Zgguo�fh�
e_dme�djZkbl_e_c�dZd� �d��khk_^gbf�fhe_dmeZf��lZd�b�d�aZjy`_gguf�^_n_d�
lZf� ih\_joghklb� ijhbkoh^bl� ih� bg^mdlb\gh-j_ahgZgkghfm� f_oZgbafm���
H[gZjm`_gh�\ebygb_�aZjy`_gguo�^_n_dlh\�ih\_joghklb�gZ�wnn_dlb\ghklv�
IWW<�\�Z^khj[bjh\Zgguo�kehyo� �b�gZ�\_jhylghklv�__�^_]jZ^Zpbb�\�ZdlZo�
i_j_^Zqb�\ha[m`^_gby���<uy\e_gu�f_oZgbafu�wlbo�ijhp_kkh\���<uy\e_gu�
f_oZgbafu� ^_]jZ^Zpbb� wg_j]bb� \ha[m`^_gby� ijb� __�fb]jZpbb� � \�fgh]h�
dhfihg_glghc�fhe_dmeyjghc�nZa_� �gZ� �ih\_joghklb� �ihemijh\h^gbdh\uo��
kljmdlmj��� 

9,,,��<ebygb_� kljmdlmju� jZkl\hjh\� keh`guo� hj]Zgbq_kdbo� kh�

_^bg_gbc�gZ�]_g_jZpbx�bo�baemq_gby���Ijh\_^_gh�bkke_^h\Zgb_�\ebygby�
GMK� ki_dljh\� gZ� ]_g_jZpbhggu_� oZjZdl_jbklbdb� h^gh-� � b� fgh]hdhfih�
g_glguo�jZkl\hjh\�keh`guo�hj]Zgbq_kdbo�\_s_kl\��Bkke_^h\Zgby�ijh\h�
^bebkv�ijb�fhghojhfZlbq_kdhf�bfimevkghf�\ha[m`^_gbb� �eZa_ju��b�ijb�
eZfih\hc�gZdZqd_��IhdZaZgh��qlh� �\�h^ghdhfihg_glguo� kbkl_fZo�ijb�eZ�
a_jghf� \ha[m`^_gbb� baf_g_gb_� ki_dljZevguo� oZjZdl_jbklbd� jZkl\hjh\��
k\yaZggh_� k�g_h^ghjh^guf�mrbj_gb_f� ki_dljh\��ijb\h^bl�d�m\_ebq_gbx�
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fhsghklb� ]_g_jZpbb� b� d� baf_g_gbx� __� ki_dljZevgh]h� khklZ\Z�� Z� \hagb�
dZxsbc� ijb� � wlhf� gZijZ\e_gguc� i_j_ghk� \ha[m`^_gby� mf_gvrZ_l�DI>�
]_g_jZpbb�� <� ^\modhfihg_glghc� kbkl_f_� g_h^ghjh^gh_� mrbj_gb_� ki_d�
ljh\�m\_ebqb\Z_l�wnn_dlb\ghklv�i_j_^Zqb�\ha[m`^_gby�k��^hghjZ��gZ�]_g_�
jbjmxsbc�baemq_gb_� Zdp_ilhj��qlh�ijb�eZa_jghf�\ha[m`^_gbb�\e_q_l� aZ�
kh[hc�m\_ebq_gb_�fhsghklb�]_g_jZpbb�baemq_gby�Zdp_ilhjghc�dhfihg_g�
lu���Ijb�wlhf�GMK�\uau\Z_l�^ey�Zdp_ilhjgh]h�djZkbl_ey�k^\b]�fZdkbfmfZ�
ki_dljZ�]_g_jZpbb�b�_]h�mrbj_gb_��\�lh�\j_fy�dZd�^ey�^hghjgh]h�djZkbl_ey�
^ebgZ�\hegu�]_g_jZpbb�g_�baf_gy_lky��MklZgh\e_gh��qlh�baf_g_gb_�khklZ�
\Z� khev\Zlguo� h[hehq_d� fhe_dme� jZkl\hj_ggh]h� \_s_kl\Z�� \uau\Zxs__�
GMK��ijb\h^bl�d�baf_g_gbx� aZk_e_gghkl_c�ljbie_lgh]h�khklhygby�fhe_�
dme�� dhlhjh_� ijb� d\ZabklZpbhgZjghf� \ha[m`^_gbb� ihgb`Z_l� wnn_dlb\�
ghklv�ij_h[jZah\Zgby� we_dljhggh]h� \ha[m`^_gby� \� \ugm`^_ggh_�baemq_�
gb_�� <hagbdZxsbc� k� m\_ebq_gb_f� dhgp_gljZpbb� gZijZ\e_gguc� i_j_ghk�
wg_j]bb�\ha[m`^_gby�\uau\Z_l�\hajZklZgb_�\_jhylghklb�L-L�Zggb]beypbb� 
dhlhjZy�ihgb`Z_l�m\_ebq_gb_�aZk_e_gghklb�ljbie_lguo�khklhygbc��GZ�hk�
gh\_� ijh\_^_gguo� bkke_^h\Zgbc� ij_^eh`_g�f_lh^� hij_^_e_gby� ki_dljh\�
L-L�ih]ehs_gby�ba�]_g_jZpbhgguo�oZjZdl_jbklbd�jZkl\hjh\�keh`guo�hj�
]Zgbq_kdbo�kh_^bg_gbc���IhdZaZgh��qlh�\ebygb_�jZkl\hjbl_ey�gZ�ijhp_kku�
nhjfbjh\Zgby�\ugm`^_ggh]h�baemq_gby�kf_k_c�djZkbl_e_c�ijhbkoh^bl�aZ�
kq_l�baf_g_gby�dhwnnbpb_glh\�mkbe_gby�dhfihg_gl�kbkl_fu��<ebygb_�`_�
aZ�kq_l�baf_g_gby�wnn_dlb\ghklb�i_j_^Zqb�wg_j]bb�\ha[m`^_gby�g_agZqb�
l_evgh�� �H[gZjm`_gZ�b�bkke_^h\ZgZ�]_g_jZpby�baemq_gby�ZkkhpbZlZfb�jh�
^Zfbgh\uo�djZkbl_e_c��IhdZaZgZ�jhev�kljmdlmju�\h^guo�kbkl_f�\�nhjfb�
jh\Zgbb� \ugm`^_ggh]h� baemq_gby� jZkl\hj_gguo� fhe_dme� hj]Zgbq_kdbo�
\_s_kl\�� �AZnbdkbjh\Zgh�m\_ebq_gb_�DI>�]_g_jZpbb�\�[bgZjghc�kbkl_f_�
djZkbl_evihebZgbhg��k\yaZggh_� �k� �h[jZah\Zgb_f�ihebf_jguo�fbp_ee�k�
khhl\_lkl\mxsbf�nhjfbjh\Zgb_f�gh\hc�gZ^fhe_dmeyjghc�kljmdlmju��Mk�
lZgh\e_gZ�\hafh`ghklv�mijZ\e_gby�iZjZf_ljZfb�]_g_jZpbb�baemq_gby�lZ�
dbfb�kbkl_fZfb�aZ�kq_l�baf_g_gby�bo�kljmdlmju��;ueh�ihdZaZgh��qlh��j_�
]mebjmy� jZkiheh`_gb_� fhe_dme� gZ� ihebf_jghc� p_ib�� fh`gh� mijZ\eylv�
wg_j]_lbq_kdbfb� oZjZdl_jbklbdZfb� jZkl\hjh\� djZkbl_e_c��Ijbq_f�� k� ih�
fhsvx�lZdh]h�f_lh^Z�\hafh`gh�ihemq_gb_�\ukhdh]h�DI>�]_g_jZpbb�\h^�
guo�jZkl\hjh\�djZkbl_e_c��h[eZ^Zxsbo�gbadbfb�l_jfhhilbq_kdbfb�bkdZ�
`_gbyfb��<Zjvbjh\Zgb_� khhlghr_gby� dhgp_gljZpbc�IW�b� djZkbl_ey� �ba�
f_g_gb_�jZkiheh`_gb_�Zdlb\guo�fhe_dme��ijb\h^bl�d�baf_g_gbx�b�ki_d�
ljZevguo�oZjZdl_jbklbd�]_g_jZpbb�� 

IX ��Nhlhnbabq_kdb_�ijhp_kku�\�\h^guo� �b�\h^gh-hj]Zgbq_kdbo�
jZkl\hjZo� keh`guo� hj]Zgbq_kdbo� kh_^bg_gbc� b� \ebygb_� � gZ� � bo� wn�

n_dlb\ghklv� � kljmdlmju� \h^guo� kbkl_f��GZ� hkgh\_� bkke_^h\Zgby� \u�
ihegbfhklb� aZdhgZ� ;m]_jZEZf[_jlZ;_jZ� ihdZaZgh� � gZebqb_� g_h^gh�
jh^ghkl_c�\�jZkij_^_e_gbb�jZkl\hj_gguo��keh`guo�hj]Zgbq_kdbo�fhe_dme��
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\�\h^ghc��fZljbp_��F_lh^Zfb�dhf[bgZpbhggh]h�b�jwe__\kdh]h��^bgZfbq_�
kdh]h�� jZkk_ygby� k\_lZ� mklZgh\e_gh� kms_kl\h\Zgb_� \� \h^guo� kbkl_fZo�
kljmdlmjguo�h[jZah\Zgbc�b�hp_g_g�bo�jZaf_j��IhdZaZgh��qlh�kljmdlmjgZy�b�
nmgdpbhgZevgZy�hj]ZgbaZpby�fhe_dme�keh`guo�hj]Zgbq_kdbo�kh_^bg_gbc�
\�\h^guo�jZkl\hjZo�h[mkeh\e_gZ�kljmdlmjhc�kZfhc�\h^u��b�\h^guo�kbkl_f���
IhdZaZgh��qlh�m\_ebq_gb_�wnn_dlb\ghklb�IWW<�\�\h^guo�jZkl\hjZo�fhe_�
dme� hj]Zgbq_kdbo� kh_^bg_gbc� ih� kjZ\g_gbx� k� ^jm]bfb� jZkl\hjbl_eyfb�
k\yaZgh� k� kms_kl\h\Zgb_f� ijhkljZgkl\_gghc� g_h^ghjh^ghklb� bo� jZkij_�
^_e_gby��Hij_^_e_gu� oZjZdl_jgu_� jZaf_ju� wlbo� g_h^ghjh^ghkl_c�� dhlh�
ju_�bf_xl�njZdlZevgmx�jZaf_jghklv��F_oZgbaf�m\_ebq_gby�wnn_dlb\gh�
klb�nhlhnbabq_kdbo�ijhp_kkh\�\�jZfdZo�wlhc�fh^_eb�k\yaZg�k�ehdZevguf�
dhgp_gljbjh\Zgb_f� j_Z]_glh\� \� h[eZklyo� \[ebab� ih\_joghklb� deZkl_jh\��
>h[Z\e_gb_� \� \h^gu_� jZkl\hju�g_we_dljheblh\�beb�ih\ur_gb_� l_fi_jZ�
lmju� ijb\h^bl� d� jZajmr_gbx� deZkl_jh\� b� baf_g_gbx� njZdlZevghc� jZa�
f_jghklb� \h^guo� kbkl_f��Bkke_^h\Zgh� \ebygb_� keZ[uo� i_j_f_gguo�fZ]�
gblguo�ihe_c��b�K<Q-baemq_gby�gZ�\h^m�b�fh^_evgu_�[bheh]bq_kdb_�kbk�
l_fu��jZkl\hju�djZkbl_e_c�b�[_edh\��<i_j\u_�ihdZaZgh�\ebygb_�\g_rgbo�
nbabq_kdbo�ihe_c�gZ�kljmdlmjm�\h^guo�jZkl\hjh\�keh`guo�hj]Zgbq_kdbo�
kh_^bg_gbc��\�lhf�qbke_�b�ijbjh^guo��GZ�hkgh\_�ZgZebaZ�ihemq_gguo�j_�
amevlZlh\�ij_^eh`_gZ�fh^_ev�\ha^_ckl\by�\g_rgbo�nbabq_kdbo�ihe_c�gZ�
\h^gu_� kbkl_fu�� hkgh\ZggZy� gZ� kms_kl\h\Zgbb� gZ� f_`nZaguo� ]jZgbpZo�
deZkl_jh\�^he]h`b\msbo�dhe_[Zl_evgh-\ha[m`^_gguo�khklhygbc��� 

O��Ijhp_kku�wdkbf_jhh[jZah\Zgby�ibj_gZ��\�kbkl_fZo��k_lqZluc��

ihebf_j-I:<� �� Ba� wdki_jbf_glZevguo� bkke_^h\Zgbc� ki_dljZevguo� oZ�
jZdl_jbklbd�exfbg_kp_gpb� �fhghf_jh\� �ibj_gZ� �[ueh� �mklZgh\e_gh�� �qlh��
ih��f_j_��\g_^j_gby��fhe_dme��I:<�\�k_lqZluc�ihebf_j�iheyjghklv�hdjm�
`_gby�fhghf_jh\�ibj_gZ��\g_^j_gguo�\�k_ldm��mf_gvrZ_lky��\�j_amevlZl_�
q_]h�ibj_g� k� l_q_gb_f�\j_f_gb�gZoh^blky�\h�\k_�[he__� ]b^jhnh[ghf�hd�
jm`_gbb��Ba�ZgZebaZ�wdki_jbf_glZevguo�^Zgguo�ih�k\_q_gbx� �wdkbf_jh\�
ibj_gZ�[ueh�mklZgh\e_gh��qlh�^bnnmabhggZy�ih^\b`ghklv�fhghf_jh\�ib�
j_gZ�j_adh�m\_ebqb\Z_lky�ijb�\\_^_gbb�\� ]b^jh]_ev�fhe_dme�I:<��Kh\h�
dmighklv�wdki_jbf_glZevguo�^Zgguo��ih�exfbg_kp_gpbb�fhghf_jh\�b�wd�
kbf_jh\�ibj_gZ��gZoh^ys_]hky�\�kbkl_f_�k_lqZluc�ihebf_jI:<��iha\h�
ebeh� mklZgh\blv� h[jZah\Zgb_�fbp_eehih^h[guo� Z]j_]Zlh\� dZlbhgguo� ^_�
l_j]_glh\��\g_^j_gguo��\�Zgbhgguc�k_lqZluc�ihebf_j� 

O,��<ebygb_�kljmdlmju�jZkl\hjh\�b�ijhp_kkh\�khev\ZlZpbb�fh�

e_dme� djZkbl_e_c� gZ� ijhp_kku� f_`fhe_dmeyjghc� ljZgknhjfZpbb�

wg_j]bb�\ha[m`^_gby�� �H[gZjm`_gZ�^_]jZ^Zpby�\ha[m`^_gby�\�ZdlZo�i_�
j_^Zqb� wg_j]bb�f_`^m�^hghjhf�b�Zdp_ilhjhf��\_jhylghklv�dhlhjhc� aZ\b�
kbl� hl� hlghkbl_evgh]h� jZkiheh`_gby� we_dljhgguo� ki_dljh\� dhfihg_gl�
kbkl_fu�b�kljmdlmju�jZkl\hjh\��MklZgh\e_gh��qlh�h[jZamxsb_ky�\�fgh]h�
dhfihg_glguo� kbkl_fZo� jZaghjh^gu_� ZkkhpbZlu� � b]jZxl� jhev� lmrZsbo�
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p_gljh\� \ha[m`^_gby��mf_gvrZxsbo� wnn_dlb\ghklv�i_j_ghkZ� wg_j]bb� � k��
^hghjZ� �gZ� �Zdp_ilhj��Ij_^eh`_g�f_lh^�hij_^_e_gby�kl_i_gb�ZkkhpbZpbb�
fhe_dme�\�lZdbo�kbkl_fZo���IhdZaZgh��qlh��\�fgh]hdhfihg_glguo�jZkl\hjZo�
kf_k_c�djZkbl_e_c�g_h^ghjh^gh_�mrbj_gb_�bo�ki_dljh\�m\_ebqb\Z_l�\_jh�
ylghklv�^_]jZ^Zpbb�\ha[m`^_gby�\�ZdlZo�i_j_^Zqb�wg_j]bb�f_`^m�^hghjhf��
b�Zdp_ilhjhf�� �MklZgh\e_gh�� �qlh� �baf_g_gb_� �kljh_gby� �khev\Zlguo� �h[h�
ehq_d��fhe_dme��djZkbl_e_c��\eby_l��gZ��aZk_e_gghklv��bo��ljbie_lguo��kh�
klhygbc��b�gZ��wnn_dlb\ghklv��IWW<�\�^\modhfihg_glguo�kbkl_fZo���Ih�
dZaZgh�� �qlh� �\�jZkl\hjZo� �jZaghjh^guo� �fhe_dme� �djZkbl_e_c� �ijb� �k_e_d�
lb\ghf��eZa_jghf��\ha[m`^_gbb��ijhp_kku��IWW<�f_`^m�^hghjhf�b�Zdp_i�
lhjhf�khijh\h`^Zxlky�ki_dljZevghc�fb]jZpb_c�ih�^hghjguf�fhe_dmeZf��
Wnn_dlb\ghklv�wlh]h�ijhp_kkZ�ijyfh�ijhihjpbhgZevgZ�dhgp_gljZpbb�^h�
ghjguo�b�h[jZlgh�ijhihjpbhgZevgZ�dhgp_gljZpbb�Zdp_ilhjguo�fhe_dme�b�
aZ\bkbl�hl�l_fi_jZlmju�� 

H[km`^Z_fu_� \� ^hdeZ^_� j_amevlZlu� pbdeZ� bkke_^h\Zgbc� ij_^klZ\�
eyxl� kh[hc� kh\hdmighklv� ijbgpbibZevgh� gh\uo� ^Zgguo� ih� \gmljb-� � b�
f_`fhe_dmeyjghc�ljZgknhjfZpbb�wg_j]bb�we_dljhggh]h�\ha[m`^_gby�\�\�
keh`guo� ]_l_jh]_gguo� fhe_dmeyjguo� kbkl_fZo�� dhlhju_� iha\hebeb� \u�
y\blv� jZg__� g_ba\_klgu_� h[sb_� aZdhghf_jghklb� b�f_oZgbafu� ijhp_kkh\�
i_j_ghkZ� b� � ljZgknhjfZpbb� wg_j]bb� we_dljhggh]h� \ha[m`^_gby� \� lZdbo�
kljmdlmjZo�� 

 
 

 
L?HJ?LBQ?KDH?�H;HKGH<:GB? 

=?G?J:PBB�:LLHK?DMG>GUO�BFIMEVKH< 
DH=?J?GLGH=H�BAEMQ?GBY� 

<HAFH@GHKLB�N?FLH - B�:LLHK?DMG>GHC�F?LJHEH=BB 
 

Ijhn_kkhj�LZjZgmobg�<�>� 
 

 MevljZdhjhldb_� bfimevku� dh]_j_glgh]h� baemq_gby� iha\heyxl� bk�
ke_^h\Zlv�b�dhgljhebjh\Zlv�[ukljhijhl_dZxsb_�ijhp_kku��Kh\j_f_ggu_�
^hklb`_gby� eZa_jghc� nbabdb� h[_ki_qb\Zxl� ]_g_jZpbx� bfimevkh\� ^eb�
l_evghklvx��[ebadhc�d�_kl_kl\_gghfm�ij_^_em�–�^ebl_evghklb�hilbq_kdh]h�
pbdeZ�T � 1 nk�\�\b^bfhc�h[eZklb�ki_dljZ� �� nk = 10-15 k���Wlh�iha\hey_l�
bkke_^h\Zlv� \j_f_ggmx� ^bgZfbdm� fhe_dmeyjguo� kljmdlmj�� h^gZdh� ^ey�
ljZkkbjh\db�we_dljhgguo�ijhp_kkh\�gm`gu�bfimevku�Zllhk_dmg^ghc�^eb�
l_evghklb��� Zk = 10-18 k���GZrb�bkke_^h\Zgby�ihdZau\Zxl�\hafh`ghklv�]_�
g_jZpbb�bfimevkh\�dh]_j_glgh]h�baemq_gby�^ebl_evghklvx�τ a 1 –100 Zk�\�
ijhp_kk_� ]_g_jZpbb� ]Zjfhgbd� \ukhdh]h� ihjy^dZ� �==<I�� \� [bojhfZlbq_�
kdbo�iheyo��qlh�³hldju\Z_l�^\_jv´�^ey�Zllhk_dmg^ghc�ki_dljhkdhibb�we_d�
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ljhgguo�ijhp_kkh\�\�ZlhfZo�b�fhe_dmeZo�b�\�p_ehf�^ey�jZa\blby�wnn_d�
lb\guo�f_lh^h\�n_flh-�b�Zllhk_dmg^ghc�f_ljheh]bb��Hkgh\gZy�b^_y�lZdhc�
]_g_jZpbb� khklhbl� \� i_j_oh^_� d� dhjhldh\hegh\hfm� baemq_gbx� �\ukhdbf�
]ZjfhgbdZf�� b� nZah\hf� dhgljhe_� fhf_glh\� bhgbaZpbb� b� j_dhf[bgZpbb�
ijb�==<I� 
 Ijhp_kk� ==<I� \dexqZ_l� klZ^bx� lmgg_evghc� bhgbaZpbb� ZlhfZ�� ih�
ke_^mxsmx�w\hexpbx�nhlhwe_dljhgZ�\�dhglbgmmf_�b�_]h�j_dhf[bgZpbx�k�
jh^bl_evkdbf�bhghf��Pbde�ij_^klZ\e_gguo�\�^hdeZ^_�bkke_^h\Zgbc�\dex�
qZ_l�ZgZeblbq_kdb_�b�qbke_ggu_�bkke_^h\Zgby�\k_o�wlZih\�==<I��<i_j\u_�
]_g_jZpby�\ukhdbo� ]Zjfhgbd�bamq_gZ�\�[bojhfZlbq_kdbo�eZa_jguo�iheyo�
>������@�b�\�iheyo�[hevrhc�bgl_gkb\ghklb�>��������������@��lj_[mxsbo�mq_�
lZ�j_eylb\bklkdbo�wnn_dlh\��Hij_^_e_gu�ij_^_evgu_�\hafh`ghklb�b�nmg�
^Zf_glZevgu_�h]jZgbq_gby�==<I� >������@��Z�lZd`_�ij_^eh`_gu�ijZdlbq_�
kdb_�kihkh[u�hilbfbaZpbb�wlh]h�ijhp_kkZ� 
KlZ^by�lmgg_evghc�bhgbaZpbb�ijb�]_g_jZpbb�\ukhdbo�]Zjfhgbd 
 GZfb�jZa\blZ�l_hjby�lmgg_evghc�bhgbaZpbb�\�kbevguo�iheyo��Ihem�
q_ggZy� \_jhylghklv� bhgbaZpbb� :� kms_kl\_ggh� hlebqZ_lky� hl� nhjfmeu�
D_e^urZ�\�ij_^_e_�kbevguo�ihe_c� �jbk� ���]^_�) – we_dljbq_kdh_�ihe_�eZ�
a_jghc�\hegu�\�fhf_gl�bhgbaZpbb���GZ�hkgh\_�jZa\blhc�l_hjbb�ij_^kdZaZ�
gu� gh\u_� nbabq_kdb_� wnn_dlu�� wnn_dl� ³miheZ`b\Zgby´� b�rlZjdh\kdhc�
klZ[bebaZpbb�ZlhfZ��dhlhju_�ih^l\_j`^Zxlky�qbke_ggufb�wdki_jbf_glZ�
fb�>���@� 
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Jbk� 1. GZ^ihjh]h\uc�wlZi�w\hexpbb�nhlhwe_dljhgZ�\�dhglbgmmf_ 
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 GZ^ihjh]h\Zy� lmgg_evgZy�bhgbaZpby�iha\hey_l� dhgljhebjh\Zlv�fh�
f_gl��nZam��bhgbaZpbb�\�ij_^_eZo�hilbq_kdh]h�pbdeZ�>�@��DZ`^hc�nZa_�bh�
gbaZpbb�khhl\_lkl\m_l�hij_^_e_ggZy�dbg_lbq_kdZy�wg_j]by�nhlhwe_dljhgZ�
\�dhglbgmmf_�b�hij_^_e_ggZy�qZklhlZ�\�ki_dlj_�\ukhdbo�]Zjfhgbd��<�gZ�
rbo�bkke_^h\Zgbyo�\i_j\u_�ij_^eh`_gh�bkihevah\Zlv�^\moqZklhlgu_�eZ�
a_jgu_� ihey� ^ey� ==<I� >�@��IhdZaZgh�� qlh� \� lZdbo� iheyo� ^hklb]Z_lky� �-
djZlgh_�m\_ebq_gb_�fZdkbfZevghc�qZklhlu�]_g_jZpbb�Ω0� �jbk� ���b�kms_�
kl\_ggh�m\_ebqb\Z_lky�wnn_dlb\ghklv�==<I�>�@� 
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Jbk� 2. 

 
 IhdZaZgh�� qlh� ijb� bhgbaZpbb�fgh]hwe_dljhgguo� Zlhfh\� bgl_gkb\�
gufb� mevljZdhjhldbfb� bfimevkZfb� \hafh`_g� dhgljhev� bhggh]h� khklZ\Z�
ih�m]eh\uf�ki_dljZf�nhlhwe_dljhgh\��Z�kh\f_klgh_�^_ckl\b_�dmehgh\kdbo�
kbe�b�]jZ^b_glguo�kbe�gZ�kiZ^_�bfimevkZ�gZdZqdb�ijb\h^bl�d�gh\hfm�lbim�
klZ[bebaZpbb� ZlhfZ� -� aZo\Zlm�nhlhwe_dljhgZ�gZ� aZfdgmlmx�hj[blm�ihke_�
hdhgqZgby�eZa_jgh]h�bfimevkZ�>�@� 
 

J_dhf[bgZpby�nhlhwe_dljhgZ�b�jh^bl_evkdh]h�bhgZ 
ijb�nZah\hf�dhgljhe_�fhf_glZ�j_dhf[bgZpbb�b�fhf_glZ�bhgbaZpbb 

 
 <�gZrbo�jZ[hlZo�ij_^eh`_g�b�bkke_^h\Zg�iZkkb\guc�b�Zdlb\guc�nZ�
ah\uc�dhgljhev�==<I�ijb�^\moqZklhlghc�eZa_jghc�gZdZqd_�>�����@��iha\h�
eyxsbc� mijZ\eylv� ^ebl_evghklvx� j_dhf[bgZpbhggh]h� baemq_gby�� IZk�
kb\guc�nZah\uc� dhgljhev� ^hklb]Z_lky�ijb�bkihevah\Zgbb� \ukhdhqZklhl�
gh]h� �<Q��eZa_jgh]h�ihey��iheyjbah\Zggh]h� weebilbq_kdb��b�ebg_cgh�ih�
eyjbah\Zggh]h�gbadhqZklhlgh]h��GQ��ihey��BhgbaZpby�ZlhfZ�\�wlhf�kemqZ_�
ijhbkoh^bl�ijb�\k_o�nZaZo�ihey��Z�j_dhf[bgZpby��ijb�ki_pbZevghf�\u[h�
j_� iZjZf_ljh\� gZdZqdb�� –� lhevdh� \� madhf� \j_f_gghf� bgl_j\Ze_� δτ << T  
�jbk� ����GZc^_gu�mkeh\by��fbgbfbabjmxsb_�^ebl_evghklv�j_dhf[bgZpb�
hggh]h�baemq_gby�τ∗��IhdZaZgh��qlh�aZ�kq_l�kbevghc�qm\kl\bl_evghklb�mk�
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eh\by� j_dhf[bgZpbb� d� baf_g_gbx�iZjZf_ljh\�gZdZqdb� \hafh`gZ� ]_g_jZ�
pby� j_dhf[bgZpbhggh]h� baemq_gby� j_dhj^gh� dhjhldhc� ^ebl_evghklb�
τ∗ ~ 1-���Zk�b�^Z`_�ij_h^he_gb_�km[Zllhk_dmg^gh]h�[Zjv_jZ��τ∗ < ��Zk�>��@� 
Jbk� 3. LjZ_dlhjbb�jZaguo�ijh^hevguo�qZkl_c�we_dljhggh]h�\hegh\h]h 

iZd_lZ�\�dhglbgmmf_��gZqZeh�dhhj^bgZl�khhl\_lkl\m_l�iheh`_gbx�ZlhfZ� 
 

 <� kemqZ_� ^ebggh]h� bfimevkZ� <Q� baemq_gby� jZkkfhlj_gguc� j_`bf�
ijb\h^bl�d�]_g_jZpbb�pm]Z�Zllhk_dmg^guo�bfimevkh\�k�qZklhc�ih\lhj_gby�
ihjy^dZ�qZklhlu�<Q�baemq_gby�ω��qlh�fh`_l�[ulv�bkihevah\Zgh�^ey�i_lZ�
]_jph\hc� ki_dljhkdhibb� k� Zllhk_dmg^guf� \j_f_gguf� jZaj_r_gb_f�
�jbk. 4). 

Jbk� 4. 
 

 <�kemqZ_�`_�ij_^_evgh�dhjhldh]h�bfimevkZ�<Q�baemq_gby��dh]^Z�bh�
gbaZpby� ZlhfZ� ijhbkoh^bl� wnn_dlb\gh� lhevdh� \� l_q_gb_� h^gh]h� hilbq_�
kdh]h� pbdeZ�� bkihevah\Zgb_� ^\moqZklhlghc� gZdZqdb� \� ko_f_� iZkkb\gh]h�
nZah\h]h� dhgljhey�^_eZ_l� \hafh`ghc� ]_g_jZpbx� h^bghqgh]h� Zllhk_dmg^�
gh]h�bfimevkZ�j_dhf[bgZpbhggh]h�baemq_gby� 
 :dlb\guc�nZah\uc� dhgljhev�^hklb]Z_lky�ijb�gZdZqd_� kbevguf�GQ�
ihe_f��dhlhjh_�kZfh��h^gZdh��g_�ijb\h^bl�d�lmgg_evghc�bhgbaZpbb�ZlhfZ��
b�mevljZdhjhldbf�<Q�ihe_f��kihkh[guf�d�h^ghnhlhgghc�bhgbaZpbb�ZlhfZ��
<�wlhf�kemqZ_�k_e_dpby�nhlhwe_dljhgh\��\�l_q_gb_�fZehc�^heb�hilbq_kdh�
]h� i_jbh^Z�� j_Zebam_lky� m`_� gZ� klZ^bb� bhgbaZpbb� ZlhfZ� >��@��Ijb� wlhf�
kl_i_gv�bhgbaZpbb�kj_^u�\�p_ehf�]hjZa^h�f_gvr_��q_f�\�h[uqghf�kemqZ_��
qlh�kms_kl\_ggh�m\_ebqb\Z_l�^ebgm�dh]_j_glghklb�b�wnn_dlb\ghklv�ijh�
p_kkZ�==<I� 
 

MijZ\e_gb_�ki_dljhf�j_dhf[bgZpbhggh]h�baemq_gby 
 :dlb\guc� nZah\uc� dhgljhev� iha\hey_l� lZd`_� mijZ\eylv� ki_dljhf�
==<I�–�k_e_dlbjh\Zlv�madbc� �≤  ����mqZklhd�rbjhdh]h�ieZlh�ki_dljZ�\u�
khdbo� ]Zjfhgbd� \[ebab� \u[jZgghc� qZklhlu� >��@�� Ihke_^g__� \Z`gh� ^ey�
ijZdlbq_kdbo�ijbf_g_gbc�==<I��J_amevlZlu�jZkq_lZ�wg_j]bb�we_dljhgZ�εk 
�j_dhf[bgZpbhggh]h�ki_dljZ��ijb\_^_gu�gZ�jbk� ���<b^gh��qlh�<Q�bfimevk�
kljh[bjm_l�nZau�bhgbaZpbb��ϕ1 < ϕ < ϕ2��b�ijb\h^bl�d�]_g_jZpbb�lhevdh�\�
madhf� ki_dljZevghf� ^bZiZahg_� ∆Ω�� ijb� wlhf� i_j_kljhcdZ� p_gljZevghc�
qZklhlu�j_dhf[bgZpbhggh]h� ki_dljZ� \hafh`gZ� aZ� kq_l�baf_g_gby� Zfieb�
lm^u�GQ� ihey��<� gZrbo� jZ[hlZo� ihdZaZgh�� qlh� ^ey� ]_g_jZpbb�ij_^_evgh�
madh]h�j_dhf[bgZpbhggh]h�ki_dljZ�g_h[oh^bfh�bkihevah\Zlv�<Q�bfimev�
ku�hilbfZevghc�^ebl_evghklb��[_a�nZah\hc�fh^meypbb�b� kbgojhgbah\Zlv�
bo�k�GQ�ihe_f�\[ebab�hilbfZevghc�nZau�ϕ ≤  π/10. 
Jbk� ���AZ\bkbfhklv�qZklhlu�j_dhf[bgZpbhggh]h�baemq_gby�hl�nZau�bhgb�
aZpbb��hlkqblu\Z_fhc�hl�fZdkbfmfZ�GQ�ihey��^ey�jZaguo�gZqZevguo�kdh�



Ih^k_dpby����HilbdZ�b�eZa_jgZy�nbabdZ� 17 

jhkl_c�nhlhwe_dljhgZ�V0��IhdZaZgh�kljh[bjh\Zgb_�j_dhf[bgZpbhggh]h�
ki_dljZ�<Q�bfimevkhf�^ebl_evghklvx�τH. 

Baf_j_gb_�dhjhldbo�\j_f_gguo�bgl_j\Zeh\ 
�n_flhk_dmg^gZy�kljbd-dZf_jZ� 

 F_lh^�Zdlb\gh]h�nZah\h]h�dhgljhey�iha\hey_l�ijb[hjgmx�j_ZebaZ�
pbx�lZd�gZau\Z_fhc�n_flhk_dmg^ghc�kljbd-dZf_ju��NKD��>�@�^ey�baf_j_�
gby�\j_f_gguo�bgl_j\Zeh\�km[n_flhk_dmg^gh]h�^bZiZahgZ��<�gZrbo�jZ[h�
lZo�jZa\blZ�b^_y�lZdhc�kljbd-dZf_ju��bkke_^h\Zgu�__�\hafh`ghklb�b�hi�
j_^_e_gZ�ij_^_evgZy�jZaj_rZxsZy�kihkh[ghklv�NKD��δτ ~ 10-100 Zk��<�gZ�
klhys__�\j_fy�\�15&��DZgZ^Z��\uiheg_gu�i_j\u_�wdki_jbf_glu�ih�j_Zeb�
aZpbb�lZdhc�kljbd-dZf_ju� 
 

Nmg^Zf_glZevgu_�h]jZgbq_gby�� 
hilbfbaZpby�b�ij_^_evgu_�\hafh`ghklb�==<I 

 JZajZ[hlZgguc�gZfb�ih^oh^�>�@�mqblu\Z_l�\k_�kms_kl\_ggu_�wnn_d�
lu�\aZbfh^_ckl\by�Zlhfh\�kh�k\_jokbevgufb�eZa_jgufb�iheyfb��K�ihfh�
svx� wlh]h� ih^oh^Z� bkke_^h\Zgu� nmg^Zf_glZevgu_� h]jZgbq_gby� b� ij_�
^_evgu_� \hafh`ghklb� ]_g_jZpbb� dh]_j_glgh]h� j_gl]_gh\kdh]h� baemq_gby�
ijb�==<I� 
 Ijb�bkihevah\Zgbb�baemq_gby�gZdZqdb� [hevrhc�bgl_gkb\ghklb� hk�
gh\gh_� h]jZgbq_gb_�gZ� wnn_dlb\ghklv� ]_g_jZpbb�j_gl]_gh\kdh]h�baemq_�
gby�gZdeZ^u\Zxl�wnn_dl�bklhs_gby�Zlhfguo�khklhygbc��dhlhjuc�\�gZrbo�
jZ[hlZo� mqblu\Z_lky� lhqgh�� b� j_eylb\bklkdb_� wnn_dlu�� j_eylb\bklkdbc�
^j_cn�nhlhwe_dljhgh\�fh^bnbpbjm_l�nhjfm�ki_dljZ�==<I��\�gZrbo�jZ[h�
lZo�\i_j\u_�ij_^kdZaZg�³j_eylb\bklkdbc´�ijh\Ze�\�gbadhqZklhlghc�h[eZk�
lb�ieZlh�\ukhdbo� ]Zjfhgbd� �djb\Zy�;<�gZ�jbk� ����j_eylb\bklkdbc�^j_cn�
nhlhwe_dljhgh\� h]jZgbqb\Z_l� lZd`_� fZdkbfZevgmx� qZklhlm� ]_g_jZpbb��
Ω0 ≤  103 w<��GZfb�ihdZaZgh��qlh�ij_h^he_gb_�wlh]h�h]jZgbq_gby�b�]_g_jZ�
pby�\�h[eZklb�³\h^ygh]h�hdgZ´�\hafh`gu�ijb�bkihevah\Zgbb�klhyq_c�\he�
gu�gZdZqdb��djb\Zy�K<�gZ�jbk� 6) [10,12,13]. 
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Jbk� ���Ki_dlj�baemq_gby�\ukhdbo�]Zjfhgbd�ijb�gZdZqd_�bhgh\�Ar8+
�[_]m�

s_c�\heghc��;<��b�klhyq_c�\heghc��K<��k�bgl_gkb\ghklvx�
I = 8· 1017 <l/kf2. 

 GZfb�jZa\blZ�lZd`_�l_hjby� >���@��h[h[sZxsZy�\ujZ`_gb_�^ey�ihg�
^_jhfhlhjghc� kbeu� �kbeu� =Zihgh\Z-Fbee_jZ�� gZ� kemqZc� j_eylb\bklkdbo�
ihe_c��<i_j\u_�ihdZaZgh��qlh�wlZ�kbeZ��\�h[s_f�kemqZ_��g_�y\ey_lky�ihl_g�
pbZevghc�b�aZ\bkbl�hl�iheyjbaZpbb�baemq_gby��<uiheg_gh�h[h[s_gb_�\u�
jZ`_gby��hibku\Zxs_]h�wnn_dl�DZibpu->bjZdZ�\�klhyq_c�\heg_�gZ�kemqZc�
baemq_gby�k�f_gyxs_cky�iheyjbaZpb_c�>��@� 
 H]jZgbq_gb_�jhklZ�wnn_dlb\ghklb�==<I�ijhbkoh^bl�b�ijb�m\_ebq_�
gbb�dhgp_gljZpbb�Zlhfh\ N��GZfb�jZa\blZ�l_hjby�b�^Zgh�h[tykg_gb_�wlh]h�
wnn_dlZ�� dhlhjuc� hij_^_ey_lky� dZd� gZjmr_gb_f� nZah\h]h� kbgojhgbafZ�
f_`^m�\heghc�gZdZqdb�b�baemq_gb_f�\ukhdbo�]Zjfhgbd��\ke_^kl\b_�jhklZ�
dhgp_gljZpbb� nhlhwe_dljhgh\��� lZd� b� \hafms_gb_f� ^\b`_gby� nhlhwe_d�
ljhgZ�\�dhglbgmmf_�hdjm`Zxsbfb�bhgZfb� >�@��Ihke_^gbc�wnn_dl�qm\kl�
\bl_e_g�d�^ebg_�\hegu�gZdZqdb�λ��ihdZaZgh��qlh�hilbfZevghc�^ey�gZb[he__�
wnn_dlb\ghc�]_g_jZpbb�baemq_gby�\ukhdbo�]Zjfhgbd�y\ey_lky�dhgp_gljZ�
pby�Zlhfh\�No ~ λ-12/5. 
 

AZdexq_gb_ 
 LZdbf� h[jZahf�� \uiheg_gguc� dhfie_dk� bkke_^h\Zgbc� ho\Zlu\Z_l�
\k_� klhjhgu� y\e_gby� ]_g_jZpbb� ]Zjfhgbd� \ukhdh]h� ihjy^dZ�� <uykg_gu�
nmg^Zf_glZevgu_� h]jZgbq_gby� ]_g_jZpbb� dh]_j_glgh]h� baemq_gby� wlbf�
f_lh^hf� b� \hafh`ghklb� ij_h^he_gby� wlbo� h]jZgbq_gbc��Ij_^kdZaZg� jy^�
gh\uo�nbabq_kdbo� wnn_dlh\��IhdZaZgh�� qlh� ij_h^he_gb_� j_eylb\bklkdbo�
h]jZgbq_gbc� ^_eZ_l� \hafh`guf� ]_g_jZpbx� dh]_j_glgh]h� j_gl]_gh\kdh]h�
baemq_gby��\�lhf�qbke_�b�\�h[eZklb�³\h^ygh]h�hdgZ´��\Z`gh]h�^ey�bkke_^h�
\Zgby�[bheh]bq_kdbo�h[t_dlh\��<i_j\u_�]_g_jZpby�]Zjfhgbd�\ukhdh]h�ih�
jy^dZ�bkke_^h\ZgZ�\�^\moqZklhlguo�iheyo��<uykg_gu�\hafh`ghklb�nZah�
\h]h�dhgljhey�==<I�b�gZ�_]h�hkgh\_�-�\hafh`ghklv�mijZ\e_gby�ki_dljhf�b�
^ebl_evghklvx�]_g_jZpbb�\�Zllhk_dmg^ghf�^bZiZahg_��<k_�wlh�aZdeZ^u\Z_l�
l_hj_lbq_kdb_� hkgh\u� ^ey� jZa\blby� f_lh^h\� n_flh-� b� Zllhk_dmg^ghc� �b�
^Z`_�km[Zllhk_dmg^ghc��f_ljheh]bb��IjZdlbq_kdZy�j_ZebaZpby�wlbo�f_lh�
^h\�iha\hebl�k^_eZlv�gh\uc�rZ]�\�bkke_^h\Zgbb�ijhp_kkh\�fbdjhfbjZ� 
 
 
1. Eric Constant, Vladimir D.Taranukhin, Albert Stolow, and Paul 

B.Corkum. Methods for the Measurement of the Duration of High-Harmonic 
Pulses. Phys. Rev., A56, 3870-3878 (1997). 

2. R.V.Kulyagin, V.D.Taranukhin. Features of High-harmonic Generation 
by Atoms at Superintense and Ultrashort Laser Pumping. Laser Physics, 7, 
623-626 (1997). 
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]Zjfhgbd� ZlhfZfb�\� kbevguo�eZa_jguo�iheyo��D\Zglh\Zy� we_dljhgbdZ��
25, 804-808 (1998). 
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81-86 (1999). 
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(1999). 
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Physics, 10, 330-336 (2000). 
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tromagnetic Field of Arbitrary Strength. Laser Physics, 10, 147-150 (2000). 
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511-516 (2000). 
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fgh]h-we_dljhggufb�ZlhfZfb�\�ihe_�klhyq_c�we_dljhfZ]gblghc�\hegu�
j_eylb\bklkdhc� bgl_gkb\ghklb�� D\Zglh\Zy� we_dljhgbdZ�� ���� ���-184 
(2001). 

11. <�>�LZjZgmobg��]_g_jZpby�]Zjfhgbd�\ukhdh]h�ihjy^dZ�\�madhf�ki_d�
ljZevghf�bgl_j\Ze_��D\Zglh\Zy we_dljhgbdZ, 31, 555-556 (2001). 

12. V.D.Taranukhin. High-order harmonic generation with standing wave 
pump of relativistic intensity. Laser Physics, 12, 398-402 (2002). 

13. V.D.Taranukhin, N.Yu.Shubin. High-order harmonic generation by atoms 
with traveling and standing wave pump of relativistic intensity. 
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15. V.D.Taranukhin. Attosecond pulse generation by a two-color field. 
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16. <�>�LZjZgmobg�� =_g_jZpby� ]Zjfhgbd� \ukhdh]h� ihjy^dZ� ZlhfZfb� \�
^\moqZklhlguo�eZa_jguo�iheyo��nZah\uc�dhgljhev�b�mijZ\e_gb_�ki_d�
ljhf� b� ^ebl_evghklvx� j_dhf[bgZpbhggh]h� baemq_gby�� @WLN�� �����
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WNN?DLB<G:Y�=?G?J:PBY�HILBQ?KDBO�=:JFHGBD 
<�IHEMIJH<H>GBDH<UO�G:GHKLJMDLMJ:O 

 
>hp_gl�=heh\Zgv�E�:� 

 
 We_dljhobfbq_kdh_� ljZ\e_gb_��ijb\h^ys__�d�jhklm�ihj�gZghf_ljb�
q_kdh]h�jZaf_jZ�b�nhjfbjh\Zgbx�gZghdeZkl_jh\��klZeh�h^gbf�ba�kihkh[h\�
kha^Zgby�ihemijh\h^gbdh\uo�kj_^�k�gh\ufb�hilbq_kdbfb��\�lhf�qbke_�g_�
ebg_cgh-hilbq_kdbfb��k\hckl\Zfb��<�gZklhys__�\j_fy�Zdlb\gh�bamqZxlky�
lZdb_�gZghkljmdlmjbjh\Zggu_�fZl_jbZeu��dZd�ihjbkluc�dj_fgbc��ID��>�@�
b�ihjbkluc�nhknb^�]Zeeby� >�@��Hilbq_kdb_�k\hckl\Z�wlbo�fZl_jbZeh\�km�
s_kl\_ggh� hlebqZxlky� hl� k\hckl\� djbklZeeh\�� gZ� hkgh\_� dhlhjuo� hgb�
knhjfbjh\Zgu�� 

GZghkljmdlmjbjh\Zgb_� fZl_jbZeh\� iha\hey_l� jZajZ[hlZlv� ijbgpbiu�
nhjfbjh\Zgby� gh\uo� kj_^� ^ey� wnn_dlb\gh]h� ij_h[jZah\Zgby� qZklhl�� >ey�
^hklb`_gby�wlhc�p_eb�\hafh`gh�g_kdhevdh�ih^oh^h\� 
 I_j\uc�ba�gbo�khklhbl�\�^ey�^hklb`_gbb�nZah\h]h�kbgojhgbafZ�^ey�
g_ebg_cgh-hilbq_kdbo� ijhp_kkh\�� ijhoh^ysbo� \� gZghkljmdlmjbjh\Zgguo�
ihemijh\h^gbdZo�� Wlh� klZgh\blky� \hafh`guf� [eZ]h^Zjy� nhjfbjh\Zgbx�
gZ� hkgh\_� ihemijh\h^gbdh\uo� fZl_jbZeh\� kj_^� k� ^\memq_ij_ehfe_gb_f�
nhjfu��Wlhl�ih^oh^�[ue�k�mki_ohf�bkihevah\Zg�^ey�dj_fgb_\uo�gZghkl�
jmdlmj��:gbahljhigh_�we_dljhobfbq_kdh_�ljZ\e_gb_�ijb\h^bl�d�\hagbdgh�
\_gbx�^\memq_ij_ehfe_gby�\�ihemqZxsboky�kehyo�ID��DZd�[ueh�gZfb�ih�
dZaZgh�gZfb�jZg__�>�@��kehb�f_ahihjbklh]h�dj_fgby��jZaf_ju�ihj�b�gZghd�
jbklZeeh\�khklZ\eyeb�ihjy^dZ 10 -����gf���ba]hlh\e_ggu_�gZ�ih^eh`d_�fh�
ghdjbklZeebq_kdh]h�dj_fgby�k�gbadhc�kbff_ljb_c�ih\_joghklb�b�\ukhdbf�
mjh\g_f� e_]bjh\Zgby�� h[eZ^Zxl� k\hckl\Zfb� hljbpZl_evgh]h� h^ghhkgh]h�
djbklZeeZ�� m� dhlhjh]h� \_ebqbgZ� ^\memq_ij_ehfe_gby� ∆n� ^hklb]Z_l� ������
Klhev�[hevrZy�\_ebqbgZ�∆n� kjZ\gbfZ� k�^bki_jkb_c� wlh]h�fZl_jbZeZ��qlh�
iha\hey_l�gZ^_ylvky�gZ�^hklb`_gb_�nZah\h]h�kh]eZkh\Zgby�^ey�jZaebqguo�
g_ebg_cgh-hilbq_kdbo�ijhp_kkh\��<�qZklghklb��jZg__�fu�wdki_jbf_glZev�
gh�gZ[ex^Zeb�nZah\uc�kbgojhgbaf�^ey�ijhp_kkZ�]_g_jZpbb�\lhjhc�]Zjfh�
gbdb��<=��>�@�� 
 GZfb�bamqZeZkv�]_g_jZpby�lj_lv_c�]Zjfhgbdb� �L=��\�^\memq_ij_ehf�
eyxsbo�ie_gdZo�ID��ihemq_gguo�gZ�ih^eh`d_�k�hjb_glZpb_c�ih\_joghklb�
������b�m^_evguf�khijhlb\e_gb_f��-��fHfÂ kf��Ie_gdb�hl^_eyebkv�hl�ih^�
eh`db�ih^Zq_c�bfimevkZ� lhdZ� k� \ukhdhc�iehlghklvx��;ueZ�baf_j_gZ�^bk�
i_jkby� h[udgh\_ggh]h� b� g_h[udgh\_ggh]h� ihdZaZl_e_c� ij_ehfe_gby� ID�
^ey�\heg�\�bkihevam_fhf�ki_dljZevghf�^bZiZahg_��GZdZqdZ�L=�hkms_kl\ey�
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eZkv�ohehklhc�\heghc�iZjZf_ljbq_kdh]h�]_g_jZlhjZ�k\_lZ��^ebgZ�\hegu�dh�
lhjh]h� i_j_kljZb\ZeZkv� \� ^bZiZahg_� hl� ���� ^h� ����fdf��>ebl_evghklv� bf�
imevkZ�khklZ\eyeZ���gk��Wdki_jbf_gl�ijh\h^beky�ijb�ghjfZevghf�iZ^_gbb�
baemq_gby�gZ�ie_gdm�ID� 
 GZ�jbk� 1,Z�ij_^klZ\e_gZ�aZ\bkbfhklv�kb]gZeZ�L=�\�]_hf_ljbb�ooe-e 
hl�^ebgu�\hegu�gZdZqdb��A^_kv�ohjhrh�aZf_l_g�fZdkbfmf�gZ�^ebg_�\hegu�
1635 gf��dhlhjuc�h[tykgy_lky�^hklb`_gb_f�nZah\h]h� kh]eZkh\Zgby��Hjb�
_glZpbhggu_� aZ\bkbfhklb� kb]gZeZ� L=� ijb� kbgojhgbaf_� b� \^Zeb� hl� g_]h�
ij_^klZ\e_gu�gZ�jbk����[��<b^�hjb_glZpbhgguo�aZ\bkbfhkl_c�kms_kl\_ggh�
jZaebqZ_lky�� DZd� ^ebgu� \heg� gZdZqdb�� gZ� dhlhjuo� ^hklb]Z_lky� nZah\uc�
kbgojhgbaf�� lZd� b� hjb_glZpbhggu_� aZ\bkbfhklb� ohjhrh� kh]eZkmxlky� k�
jZkq_lZfb��\uiheg_ggufb�gZ�hkgh\Zgbb�baf_j_gguo�ihdZaZl_e_c�ij_ehf�
e_gby� 
 >jm]hc�ih^oh^�\�m\_ebq_gbb�wnn_dlb\ghklb�g_ebg_cgh-hilbq_kdbo�
ijhp_kkh\� k\yaZg� k� y\e_gb_f� ehdZebaZpbb� k\_lZ� \� jZkk_b\Zxsbo� kj_^Zo��
Wlhl�ih^oh^�[ue�j_Zebah\Zg�^ey�kemqZy�fZdjhihjbklh]h�nhknb^Z�]Zeeby��
jZaf_ju�gZghdjbklZeeh\�dhlhjh]h�ijb[eb`Zebkv�d�^ebg_�hilbq_kdhc�\he�
gu��Djhf_�lh]h��ih-\b^bfhfm�� wlbf�`_� wnn_dlhf�h[tykgy_lky�b�jhkl�bg�
l_gkb\ghklb�L=�\�f_ahihjbklhf�dj_fgbb�ih�kjZ\g_gbx�dZd�k�djbklZeebq_�
kdbf�� lZd�b� k�fbdjhihjbkluf� dj_fgb_f��^ey� dhlhjh]h� jZaf_ju�gZghdjb�
klZeeh\�khklZ\eyxl�_^bgbpu�gZghf_ljh\ [5]. 
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Jbk�����=_g_jZpby�L=�\�^\memq_ij_ehfeyxs_c�ie_gd_�ID���Z��aZ\bkb�
fhklv�bgl_gkb\ghklb�L=�hl�^ebgu�\hegu�gZdZqdb���[��hjb_glZpbhggu_�
aZ\bkbfhklb�^ey�^ebg�\heg�gZdZqdb������gf��d\Z^jZlbdb��b������gf�

�djm`db���KiehrgZy�ebgby�khhl\_lkl\m_l�hjb_glZpbhgghc�aZ\bkbfhklb�
^ey�kemqZy�nZah\h]h�kbgojhgbafZ� 
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 >ey� wnn_dlh\�ehdZebaZpbb� k\_lZ�dexq_\mx�jhev�b]jZ_l�hlghr_gb_�
oZjZdl_jgh]h�jZaf_jZ�g_h^ghjh^ghkl_c�kljmdlmju�b�^ebgu�\hegu�baemq_�
gby��<� bkihevam_fuo� gZfb� h[jZapZo� ihjbklh]h�GaP� oZjZdl_jguc� jZaf_j�
g_h^ghjh^ghklb�khklZ\eye�ihjy^dZ�����gf��LZdbf�h[jZahf��wnn_dlb\ghklv�
g_ebg_cgh-hilbq_kdbo�ijhp_kkh\��\�qZklghklb�]_g_jZpbb�<=��^he`gZ�aZ\b�
k_lv� hl�^ebgu� \hegu�baemq_gby�gZdZqdb��>_ckl\bl_evgh�� \� wdki_jbf_gl_�
gZ[ex^Z_lky�kms_kl\_ggZy�jhkl�bgl_gkb\ghklb�<=�k�mf_gvr_gb_f�^ebgu�
\hegu�gZdZqdb��jbk������ 

GZklhysZy� jZ[hlZ� [ueZ� ih^^_j`ZgZ� ]jZglZfb� CRDF� �ijh_dl� RE2-
������� JNNB� �ijh_dlu���� ��-02-������ b� ��-02-������� b� ijh]jZffZfb�
FbgijhfgZmdb�JN� 

 
Ebl_jZlmjZ: 

1. O. Bisi, S. Ossicini, and L. Pavesi, “Porous silicon: a quantum sponge 
structure for silicon based optoelectronics,” Surf. Sci. Rep. 38, 1-126 
(2000). 

2. F. J. P. Schuurmans, D. Vanmaekelbergh, J. van de Lagemaat, and A. La-
gendijk, “Strongly photonic macroporous gallium phosphide networks”, Sci-
ence 284, 141-143 (1999); 

3. E��I� Dmag_ph\Z��:��B��?nbfh\Z��E��:��HkfbgdbgZ��E��:��=heh\Zgv��<��
X� Lbfhr_gdh��I� D� DZrdZjh\�� ³Bkke_^h\Zgb_� ^\memq_ij_ehfe_gby�
\� kehyo� ihjbklh]h� dj_fgby� f_lh^hf� bgnjZdjZkghc� Nmjv_-
ki_dljhkdhibb�´ NLL��44, 780-784 (2002).  
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A. Sidorov-Biryukov, P. K. Kashkarov, A.M. Zheltikov, D. Kovalev, N. 
Künzner, E.Gross, J.Diener, G. Polisski, and F. Koch, “Phase matching of 
second-harmonic generation in birefringent porous silicon,” Appl. Phys. B 
73, 31–34 (2001) 

5. L. A. Golovan, L. P. Kuznetsova, A. B. Fedotov, S. O. Konorov, D. A. 
Sidorov-Biryukov, V. Yu. Timoshenko, A. M. Zheltikov, P. K. Kashkarov, 
“Nanocrystal-size-sensitive third-harmonic generation in nanostructured 
silicon”, Appl. Phys. B 76, 429-433 (2003). 

 
 
 

<J:S:L?EVG:Y�>BG:FBD:�FHE?DME 
<�KBEVGHF�E:A?JGHF�IHE? 

 
<hedh\�I�:���<hedh\Z�?�:���Ihih\�:�F���Lbohgh\Z�H�<� 

GBBYN�F=M 
 

Kha^Zgb_�eZa_jguo�bklhqgbdh\�dh]_j_glgh]h�hilbq_kdh]h�baemq_gby�
\ukhdhc� bgl_gkb\ghklb� b� mevljZdhjhldhc�n_flhk_dmg^ghc� ^ebl_evghklb�
k^_eZeh� \hafh`guf� bkke_^h\Zgb_� ^bgZfbdb� Zlhfguo� b� fhe_dmeyjguo�
kbkl_f� \�g_bamq_gghf�jZg__�^bZiZahg_�iZjZf_ljh\��dh]^Z�gZijy`_gghklv�
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Jbk�����Bgl_gkb\ghklv�<=��]_g_jbjm_fhc�ijb�jZkk_ygbb�gZ�fZdjhihjbk�
lhf�GaP��ghjfbjh\ZggZy�gZ�bgl_gkb\ghklv�<=��]_g_jbjm_fhc�ijb�hljZ�

`_gbb�hl�djbklZeebq_kdh]h�GaP��\�aZ\bkbfhklb�hl�^ebgu�\hegu�hkgh\ghc�
qZklhlu� 
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we_dljbq_kdh]h�ihey�k\_lh\hc�\hegu�hdZau\Z_lky�kjZ\gbfhc�k�gZijy`_g�
ghklvx� we_dljbq_kdh]h� ihey� \gmljb� ZlhfZ� beb� ^Z`_� ij_\urZ_l� __� >1]. 
Djhf_� lh]h��n_flhk_dmg^gZy� ^ebl_evghklv� eZa_jguo� bfimevkh\� hdZau\Z�
_lky� kjZ\gbfhc� k� oZjZdl_jgufb� \j_f_gZfb�jZaebqguo�ijhp_kkh\��ijhbk�
oh^ysbo� \� ZlhfZo� beb�fhe_dmeZo�� qlh� iha\hey_l� hkms_kl\eylv� dhgljhev�
l_o�beb�bguo�ijhp_kkh\�k�ihfhsvx�mevljZdhjhldh]h�eZa_jgh]h�\ha^_ckl�
\by� 

H^gbf�ba�bgl_j_kguo�b�\Z`guo�gZijZ\e_gbc�\�wlhc�h[eZklb�bkke_�
^h\Zgbc�y\ey_lky�eZa_jgh_�mijZ\e_gb_�\jZsZl_evghc�^bgZfbdhc�fhe_dme��
Kh]eZkgh� ljZ^bpbhgguf� ij_^klZ\e_gbyf� h[� b_jZjobb� \j_f_g� ^bgZfbdb�
jZaebqguo�ih^kbkl_f�fhe_dmeu��fhe_dmeyjgu_�³\jZs_gby´�y\eyxlky�gZb�
[he__�f_^e_gguf�ijhp_kkhf��qlh�h[mkeh\e_gh�fZehklvx�\jZsZl_evghc�ih�
klhygghc�<��oZjZdl_jbamxs_c�wg_j]_lbq_kdbc�ki_dlj�\jZsZl_evguo�ih^m�
jh\g_c�b�bf_xs_c� \_ebqbgm�ihjy^dZ� ��-3

� w<��H^gZdh�� \�ijbkmlkl\b_�eZ�
a_jgh]h�ihey�oZjZdl_jgu_�\j_f_gZ�\jZsZl_evghc�^bgZfbdb�fhe_dme�hdZ�
au\Zxlky�gZ�g_kdhevdh�ihjy^dh\�f_gvr_��LZdbf�h[jZahf��ihy\ey_lky�j_�
ZevgZy�\hafh`ghklv�eZa_jgh]h�mijZ\e_gby�\jZsZl_evguf�^\b`_gb_f�fh�
e_dme�\�n_flhk_dmg^ghf�fZkrlZ[_�\j_f_g��Hkms_kl\e_gb_�eZa_jgh]h�dhg�
ljhey�hjb_glZpbb�fhe_dme�bf__l�ijbgpbibZevgh_�agZq_gb_�^ey�[hevrh]h�
qbkeZ� ijZdlbq_kdbo� ijbeh`_gbc�� \� qZklghklb� ^ey� mijZ\e_gby� dZgZeZfb�
]hfh-�b�]_l_jh]_gguo�obfbq_kdbo�j_Zdpbc��\u^_e_gby�jZaebqguo�kl_j_h�
bahf_jh\�� wnn_dlb\gh]h� dhgljhey� dZlZeblbq_kdbo� j_Zdpbc� gZ� ih\_jogh�
klb�� m\_ebq_gby� wnn_dlb\ghklb� ijhp_kkZ� ]_g_jZpbb� ]Zjfhgbd� \ukhdh]h�
ihjy^dZ�\�fhe_dmeZo�b�^j��>�@ 

Djhf_�lh]h��^h�kbo�ihj�hldjuluf�hklZ_lky�\hijhk�h�^hklh\_jghc�bg�
l_jij_lZpbb� j_amevlZlh\� fgh]hqbke_gguo� wdki_jbf_glh\� ih� bkke_^h\Z�
gbx� njZ]f_glZpbb� fhe_dme� \� ijhp_kk_� bo� bhgbaZpbb� eZa_jguf� ihe_f��
Wdki_jbf_glZevgu_�^Zggu_�k\b^_l_evkl\mxl�h�ij_bfms_kl\_gghf�\ue_l_�
fhe_dmeyjguo�njZ]f_glh\�\^hev�gZijZ\e_gby�ihey�>�@��H^gZdh��\ua\Zg�eb�
wlhl� wnn_dl�ijhp_kkhf� \ukljZb\Zgby�fhe_dme� \�ihe_� \^hev�gZijZ\e_gby�
_]h�iheyjbaZpbb�beb�h[mkeh\e_g�[hevr_c�\_jhylghklvx�bhgbaZpbb�lhevdh�
l_o�fhe_dme��dhlhju_�hjb_glbjh\Zgu�ih�ihex��hklZ_lky�g_ykguf� 

<�^Zgghc�jZ[hl_�f_lh^hf�qbke_ggh]h�bgl_]jbjh\Zgby�g_klZpbhgZj�
gh]h�mjZ\g_gby�Rj_^bg]_jZ�bkke_^m_lky�^bgZfbdZ�]hfhy^_jghc�fhe_dmeu�
\�kbevghf�eZa_jghf�ihe_�k�mq_lhf�dZd�we_dljhgghc��lZd�b�y^_jghc�ih^kbk�
l_f� fhe_dmeu�� H[gZjm`_g� ^bZiZahg� eZa_jguo� iZjZf_ljh\�� ijb� dhlhjuo�
wnn_dlb\gZy� \jZsZl_evgZy� ^bgZfbdZ� g_� khijh\h`^Z_lky� gb� bhgbaZpb_c��
gb� ^bkkhpbZpb_c� kbkl_fu��IhdZaZgh�� qlh�gZ[ex^Z_fZy� \jZsZl_evgZy� ^b�
gZfbdZ� h[mkeh\e_gZ� kms_kl\_gguf� aZk_e_gb_f� [hevrh]h� qbkeZ� \jZsZ�
l_evguo�ih^mjh\g_c�\�kbevghf�eZa_jghf�ihe_��dhlhjh_�\�kemqZ_�]hfhy^_j�
ghc�fhe_dmeu�hkms_kl\ey_lky�aZ�kq_l�g_j_ahgZgkguo�jZfZgh\kdbo�i_j_oh�
^h\�Λ-lbiZ�q_j_a�khk_^gb_� we_dljhggu_�l_jfu��MdZaZggh_� aZk_e_gb_�\jZ�
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sZl_evguo�khklhygbc�fh`_l�ijb\h^blv�d�\ukljZb\Zgbx�hkb�fhe_dmeu�dZd�
\^hev�� gZijZ\e_gby� iheyjbaZpbb� we_dljbq_kdh]h� ihey� eZa_jgh]h� baemq_�
gby��lZd�b�\�i_ji_g^bdmeyjghf�gZijZ\e_gbb�aZ�\j_f_gZ�ihjy^dZ�g_kdhev�
dbo�^_kyldh\�n_flhk_dmg^��ijbq_f�\ukljZb\Zgb_�ghkbl�^bgZfbq_kdbc�oZ�
jZdl_j�� H[km`^Zxlky� nbabq_kdb_� ijbqbgu� hjb_glbjh\Zgby� fhe_dmeu� \�
ihe_��k\yaZggu_�kh�ki_pbnbdhc�kbff_ljbb�gZqZevgh]h�khklhygby�b�bg^m�
pbjh\Zggh]h�^bihevgh]h�fhf_glZ� kbkl_fu��Bkke_^h\Zg�ijhp_kk�hjb_glZ�
pbb�fhe_dmeu�\^hev�beb�i_ji_g^bdmeyjgh�iheyjbaZpbb�ihey�\�kemqZ_�gZ�
qZevgh]h� khklhygby�� aZ^Zggh]h� \� \b^_� ehdZebah\Zggh]h� \� g_dhlhjhf� gZ�
ijZ\e_gbb�\hegh\h]h�iZd_lZ� 

Ijb�bkke_^h\Zgbb�\jZsZl_evghc�^bgZfbdb��khijh\h`^Zxs_cky�bh�
gbaZpb_c�kbkl_fu��h[gZjm`_gh�\ebygb_�ijhp_kkZ�fhe_dmeyjgh]h�\ukljZb�
\Zgby� gZ� m]eh\mx� ^bZ]jZffm� \ue_lZ�nhlhwe_dljhgh\��IjhZgZebabjh\ZgZ�
aZ\bkbfhklv�\_jhylghklb�bhgbaZpbb�kbkl_fu�hl�gZqZevgh]h�m]eZ�hjb_glZ�
pbb�fhe_dmeyjghc�hkb�b�h[km`^Zxlky�nbabq_kdb_�ijbqbgu�gZ[ex^Z_fhc�
aZ\bkbfhklb��Kh\hdmighklv�ihemq_gguo�^Zgguo�iha\hebeZ�h[tykgblv�^bZ�
]jZffu�gZijZ\e_gghklb�\ue_lZ�fhe_dmeyjguo�njZ]f_glh\��ihemq_ggu_�\�
wdki_jbf_glZo�ih�bkke_^h\Zgbx�bhgbaZpbb�fhe_dme�G2. 

Ijh\_^_ggu_� qbke_ggu_� jZkq_lu� iha\heyxl� ba� i_j\uo� ijbgpbih\�
ihemqblv� jZaebqgu_� n_ghf_gheh]bq_kdb_� oZjZdl_jbklbdb� fhe_dmeyjghc�
kj_^u�� gZijbf_j� lZdb_� dZd� g_ebg_cgZy� iheyjbaZpby�� \hagbdZxsZy� ih^�
^_ckl\b_f�baemq_gby�b�^j��IhdZaZgh��qlh�hjb_glbjh\Zgb_�fhe_dme�\�kbev�
ghf� eZa_jghf� ihe_�� \� mkeh\byo� kms_kl\_gghc� i_j_kljhcdb� y^_jghc� ih^�
kbkl_fu�� fh`_l� ijb\h^blv� d� dZq_kl\_ggh� gh\uf� wnn_dlZf� g_ebg_cghc�
nbabdb��\hagbdZxsbo�ijb�jZkijhkljZg_gbb�bgl_gkb\gh]h�mevljZdhjhldh�
]h�eZa_jgh]h�bfimevkZ�\� kj_^_��Ijb� wlhf�gZ[ex^Zxlky� aZf_lgZy�bg_jpb�
hgghklv�b�gZkus_gb_�g_ebg_cgh]h�hldebdZ�kj_^u��qlh�g_�fh`_l�[ulv�hib�
kZgh�\�jZfdZo�l_hjbb�\hafms_gbc� 
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JZ[hlZ�ihk\ys_gZ�h[ahjm�j_amevlZlh\� wdki_jbf_glZevgh]h�bkke_^h�
\Zgby�d\Z^jZlbqguo�b�dm[bqguo�g_ebg_cgh-hilbq_kdbo�wnn_dlh\�\�dj_f�
gb_\uo�fbdjh-b�gZghkljmdlmjZo�-�\�nhlhgguo�djbklZeeZo�b�fbdjhj_ahgZ�
lhjZo�gZ�hkgh\_�ihjbklh]h�dj_fgby��i_jbh^bq_kdbo�d\Zglh\uo�yfZo�dj_f�
gbc�-�^bhdkb^�dj_fgby�b�gZ�]jZgbpZo�jZa^_eZ�dj_fgbc�-�^bhdkb^�dj_fgby��
<�jZfdZo�^Zgghc�jZ[hlu� �,��wdki_jbf_glZevgh�bkke_^h\Zgu�ki_dljZevgu_�
k\hckl\Z�baemq_gby�\lhjhc�]Zjfhgbdb��]_g_jbjm_fhc�gZ�]jZgbpZo�jZa^_eZ�
Si(111)-SiO2�b�*H�����-GeO2��Z�lZd`_�bamq_gu�aZjy^h\u_�k\hckl\Z�]jZgbp�
jZa^_eZ� 6L�����-SiO2� \� ieZgZjguo� FHI� kljmdlmjZo� f_lh^hf� ]_g_jZpbb�
we_dljhbg^mpbjh\Zgghc� \lhjhc� ]Zjfhgbdb�� �,,�� bkke_^h\Zgu� jZaf_jgu_�
wnn_dlu� \� j_ahgZgkghf� g_ebg_cgh-hilbq_kdhf� hldebd_� i_jbh^bq_kdbo�
d\Zglh\uo�yf�dj_fgbc�-�^bhdkb^�dj_fgby�f_lh^hf�ki_dljhkdhibb�\lhjhc�
hilbq_kdhc� ]Zjfhgbdb� \�bgl_j\Ze_� wg_j]bc�nhlhgZ� \lhjhc� ]Zjfhgbdb� hl�
����^h�����w<�b��,,,��ijh\_^_gu��wdki_jbf_glZevgu_�bkke_^h\Zgby�g_ebg_c�
gh-hilbq_kdbo�k\hckl\�h^ghf_jguo�nhlhgguo�djbklZeeh\�b�fbdjhj_ahgZ�
lhjh\� gZ� hkgh\_� ihjbklh]h� dj_fgby� f_lh^hf� ki_dljhkdhibb� \lhjhc� b�
lj_lv_c�]Zjfhgbdb�dZd�\�m]eh\hf��lZd�b�\�qZklhlghf�ijhkljZgkl\Zo� 

AgZqbl_evgZy�qZklv�bkke_^h\Zgbc� \�nbabd_� l\zj^h]h� l_eZ� � khkj_^h�
lhq_gZ�\�h[eZklb�bamq_gby�k\hckl\�ih\_joghkl_c�b�]jZgbp�jZa^_eZ��Bgl_�
j_k�d� wlbf�bkke_^h\Zgbyf�k�h^ghc�klhjhgu�nmg^Zf_glZevguc��ih\_jogh�
klb� b� ]jZgbpu� jZa^_eZ� l\zj^uo� l_e� ij_^klZ\eyxl� kh[hc� h[t_dlu� \_kvfZ�
hlebqgu_� hl� h[tzfZ� ih� k\hbf� k\hckl\Zf�� kljmdlmj_�� f_oZgbafZf� ijhl_�
dZxsbo�ijhp_kkh\��K�^jm]hc�klhjhgu��ZdlmZevghklv�aZ^Zqb�gZijyfmx�hi�
j_^_ey_lky� lj_[h\Zgbyfb� kh\j_f_gguo� l_ogheh]bc�� [Zabjmxsboky� gZ�
k\hckl\Zo� ih\_joghklb�� g_h[oh^bfhklvx� bkke_^h\Zgby� \ebygby� gZ� wlb�
k\hckl\Z�ijhp_^mju�ijb]hlh\e_gby��>hklhbgkl\hf�hilbq_kdbo�f_lh^bd��\�
lhf�qbke_�y\ey_lky�\hafh`ghklv�bamq_gby�hldebdZ�\gmlj_ggbo�]jZgbp�jZa�
^_eZ�� \hafh`ghklv� g_jZajmrZxs_]h�� ^bklZgpbhggh]h� bkke_^h\Zgby�� wdk�
i_jbf_glh\� in situ��D�kh`Ze_gbx�[hevrbgkl\h�hilbq_kdbo�f_lh^bd�gZlZe�
db\Zxlky� gZ� k_jvzagu_� ljm^ghklb� \u^_e_gby� kb]gZeZ� hl� ih\_joghklb� gZ�
nhg_�gZ�g_kdhevdh�ihjy^dh\�[he__�kbevgh]h�kb]gZeZ�hl�h[tzfZ� 

>ey�h[t_dlh\��ih^h[guo�ih\_joghklb�dj_fgby�b�]_jfZgby�k�p_gljh�
kbff_ljbqghc�djbklZeebq_kdhc�j_rzldhc�hkh[h_�f_klh�kj_^b�hilbq_kdbo�
f_lh^h\�bkke_^h\Zgby�aZgbfZ_l�f_lh^�]_g_jZpbb��\lhjhc�]Zjfhgbdb�\�kbem�
kms_kl\h\Zgby� nmg^Zf_glZevgh]h� ijZ\beZ� aZij_lZ� gZ� ]_g_jZpbx� \lhjhc�
]Zjfhgbdb�\�h[tzf_�p_gljhkbff_ljbqguo�kj_^�\�^bihevghf�ijb[eb`_gbb��
Wlhl�aZij_l�hagZqZ_l��qlh�hkgh\gu_�bklhqgbdb�baemq_gby�<=�ehdZebah\Z�
gu� \�h[eZklyo�gZjmr_gby�bg\_jkghc� kbff_ljbb�� \� l�q��gZ�ih\_joghklb�b�
]jZgbpZo� jZa^_eZ�� Ihwlhfm� ki_dljhkdhiby� <=� y\ey_lky� qm\kl\bl_evguf�
f_lh^hf� bkke_^h\Zgby� hkgh\guo� f_oZgbafh\� hldebdZ�� j_ahgZgkguo�
k\hckl\��Zg]ZjfhgbafZ�we_dljhgghc�ih^kbkl_fu�ih\_joghklb� 
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Qm\kl\bl_evghklv� f_lh^Z� ]_g_jZpbb� <=� d� j_ahgZgkguf� hkh[_ggh�
klyf�\�\�we_dljhgghf�ki_dlj_�hij_^_ey_l�i_jki_dlb\ghklv�_]h�bkihevah\Z�
gby�^ey�bkke_^h\Zgby�b�^bZ]ghklbdb�gZghkljmdlmj�b� kbkl_f�ihgb`_gghc�
jZaf_jghklb��H`b^Z_lky��qlh�wnn_dlu�jZaf_jgh]h�d\Zglh\Zgby�ijb\h^yl�d�
ihy\e_gbx� gh\uo� j_ahgZgkh\� \� ki_dlj_� g_ebg_cguo� hilbq_kdbo� \hkijb�
bfqb\hkl_c��h[mkeh\e_gguo�ijyfufb�i_j_oh^Zfb�f_`^m�jZaf_jghd\Zglh�
\Zggufb� ih^ahgZfb� \� ki_dlj_� we_dljhgghc� iehlghklb� khklhygbc��F_lh^�
]_g_jZpbb�<=�\u^_e_g�lZd`_�\�kemqZ_�bkke_^h\Zgby�h[t_dlh\�k�fh^bnbpb�
jh\Zgghc� kbff_ljb_c� djbklZeeZ� beb� _]h� ih\_joghklb�� gZijbf_j�� keZ[uc�
kdhk�\�hjb_glZpbb�ih\_joghklb�djbklZeeZ�ih�kjZ\g_gbx�k�hkgh\ghc�djb�
klZeeh]jZnbq_kdhc�]jZgvx�ijhy\ey_lky�\�Zgbahljhiguo�k\hckl\Zo�d\Z^jZ�
lbqgh]h�hldebdZ��dZd�\�bgl_gkb\ghklb��lZd�b�\�nZa_�\hegu�<=� 
 Nhlhggu_�djbklZeeu��ND��b�fbdjhj_ahgZlhju��FJ��-�fbdjhkljmdlm�
ju�k�i_jbh^bqghc�fh^meypb_c�hilbq_kdhc�\hkijbbfqb\hklb��\�l�q��b�\uk�
rbo� ihjy^dh\�� k� i_jbh^hf� ihjy^dZ� hilbq_kdhc� ^ebgu� \hegu�� h[eZ^Zxl�
mgbdZevgufb�nbabq_kdbfb� k\hckl\Zfb�b�ijb\e_dZxl�[hevrhc�ijZdlbq_�
kdbc�bgl_j_k��Ijb�bkke_^h\Zgbb�g_ebg_cgh-hilbq_kdbo�k\hckl\�ND�^h�kbo�
ihj� hkgh\gh_� \gbfZgb_� m^_eyehkv� \hafh`ghklb� wnn_dlb\gh]h� m^\h_gby�
qZklhlu�\�ND�[eZ]h^Zjy�\uiheg_gbx�mkeh\bc�nZah\h]h�d\ZabkbgojhgbafZ��
GZebqb_�fbdjhj_ahgZlhjgh]h�kehy�iha\heyxl�wnn_dlb\gh�mijZ\eylv�ijh�
kljZgkl\_gguf� jZkij_^_e_gb_f� we_dljhfZ]gblgh]h�ihey� \gmljb�gbo��GZ�
ijbf_j��ijb�j_ahgZgk_�\g_rg_]h�ihey�k�fh^hc�FJ�bgl_jn_j_gpby�\heg�k�
ijhlb\hiheh`gufb�ijh_dpbyfb�\hegh\h]h�\_dlhjZ�gZ�gZijZ\e_gb_�i_jbh�
^bqghklb�ND�a_jdZe�ijb\h^bl�d�h[jZah\Zgbx�\gmljb�FJ�klhyq_c�\hegu�k�
Zfieblm^hc��j_ahgZgkgh�\hajZklZxs_c�\�hdj_klghklb�j_ahgZlhjgh]h�kehy��
H`b^Zehkv��qlh�m\_ebq_gb_�iehlghklb�wg_j]bb�eZa_jgh]h�baemq_gby�\gml�
jb�FJ�\�ki_dljZevghc��qZklhlghc�beb�m]eh\hc��hdj_klghklb�fh^u�FJ�ijb�
\_^_l�d�j_ahgZgkghfm�mkbe_gbx�g_ebg_cgh-hilbq_kdh]h�hldebdZ�FJ� 

Ijh\_^_gu� wdki_jbf_glZevgu_� bkke_^h\Zgby� ]_g_jZpbb� ]b]Zglkdhc�
\lhjhc�b�lj_lv_c�]Zjfhgbd�\�fbdjhj_ahgZlhjZo�gZ�hkgh\_�ND�ba�ihjbklh]h�
dj_fgby� >�@��<i_j\u_�wdki_jbf_glZevgh�h[gZjm`_gh�]b]Zglkdh_�mkbe_gb_�
�g_�f_g__� ��3

�� ]_g_jZpbb� lj_lv_c�hilbq_kdhc� ]Zjfhgbdb� �L=��\�h^ghf_j�
guo�fbdjhj_ahgZlhjZo�b�nhlhgguo�djbklZeeZo�ba�ihjbklh]h�dj_fgby��J_�
ahgZgkgh_�mkbe_gb_�L=�h[gZjm`_gh� \�m]eh\uo� ki_dljZo�bgl_gkb\ghklb� \�
hdj_klghklb�j_ahgZlhjghc�fh^u�b�gZ�djZyo�aZij_s_gghc�nhlhgghc�ahgu��
IhdZaZgh��qlh�j_ahgZgk�L=�\�fh^_�h[mkeh\e_g�kh\f_klguf�^_ckl\b_f�wn�
n_dlZ�ijhkljZgkl\_gghc�ehdZebaZpbb�baemq_gby�gZdZqdb�\�hdj_klghklb�j_�
ahgZlhjgh]h�kehy�b�\uiheg_gby�mkeh\by�nZah\h]h�kbgojhgbafZ��J_ahgZgku�
L=� gZ� djZyo� aZij_s_gghc�nhlhgghc� ahgu� h[mkeh\e_gu� ijhkljZgkl\_ggh�
h^ghjh^guf�mkbe_gb_f�\hegu�gZdZqdb�\�ND�a_jdZeZo�FJ�b�dhfi_gkZpb_c�
nZah\hc�jZkkljhcdb�f_`^m�\hegZfb�gZdZqdb�b�L=�\ke_^kl\b_�fgh]hemq_�
\hc�bgl_jn_j_gpbb�\�ND� 
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H[gZjm`_gh�mkbe_gb_�hldebdZ�<=�\�hdj_klghklb�j_ahgZlhjghc�fh^u�
b�gZ�djZyo�aZij_s_gghc�nhlhgghc�ahgu�>���@��JZa\blh�n_ghf_gheh]bq_kdh_�
hibkZgb_�]_g_jZpbb�<=�\�fgh]hkehcghc�kljmdlmj_�k�jZkij_^_e_ggufb�g_�
ebg_cgufb� bklhqgbdZfb�� mqblu\Zxs__� fgh]hemq_\mx� bgl_jn_j_gpbx�
baemq_gbc�gZdZqdb�b�<=��IhdZaZgh�� qlh� mkbe_gb_� hldebdZ�<=�gZ�qZklhl_�
fh^u�fbdjhj_ahgZlhjZ�b�gZ�djZyo�nhlhgghc�ahgu�bf__l�dZq_kl\_ggh�jZa�
gmx�ijbjh^m�� j_ahgZgk�<=� \�fh^_� h[mkeh\e_g� ehdZebaZpb_c� �mkbe_gb_f��
klhyq_c�\hegu�gZdZqdb�\�hdj_klghklb�fbdjhj_ahgZlhjgh]h�kehy��j_ahgZgk�
<=�gZ�djZx�nhlhgghc�ahgu�k\yaZg�k�h^ghjh^guf�mkbe_gb_f�ihey�gZdZqdb�
\�jZkij_^_e_gguo�ND-a_jdZeZo�fbdjhj_ahgZlhjZ�>�@� 
 Bkke_^h\Zgu�wnn_dlu�mkbe_gby�ijb�]_g_jZpbb�<=�\�k\yaZgguo�fbd�
jhj_ahgZlhjZo�gZ�hkgh\_�ihjbklh]h� dj_fgby� >�@��<�m]eh\uo� ki_dljZo�bg�
l_gkb\ghklb�<=�h[gZjm`_gh�j_ahgZgkgh_�mkbe_gb_�\�m]eh\uo�iheh`_gbyo��
khhl\_lkl\mxsbf� jZks_ie_gguf� fh^Zf� k\yaZgguo� fbdjhj_ahgZlhjh\��
Bamq_gZ�aZ\bkbfhklv�iheh`_gbc�b�Zfieblm^�j_ahgZgkh\�<=�hl�iZjZf_ljh\�
nhlhggh]h�djbklZeeZ��jZa^_eyxs_]h�fbdjhj_ahgZlhjgu_�kehb� 

Ijb�bkke_^h\Zgbb�i_jbh^bq_kdbo�d\Zglh\uo�yf�dj_fgbc� -�^bhdkb^�
dj_fgby�ihdZaZgZ�qm\kl\bl_evghklv�f_lh^Z� ki_dljhkdhibb� \lhjhc� ]Zjfh�
gbdb�d�lhesbggh-aZ\bkbfhc�we_dljhgghc�kljmdlmj_�dj_fgb_\uo�yf��wg_j�
]_lbq_kdhfm� iheh`_gbx� ih^ahg��nhjf_� ebgbb� iehlghklb� khklhygbc�� >�@��
H[gZjm`_g� fhghlhgguc� k^\b]� \� ^ebggh\hegh\mx� h[eZklv� j_ahgZgkguo 
wg_j]bc�nhlhgZ�\lhjhc�]Zjfhgbdb�gZ�����fw<�ijb�baf_g_gbb�rbjbgu�yfu�
hl� ����^h����Zg]klj_f��LZdh_�ih\_^_gb_�h[tykgy_lky�jZaf_jghc�aZ\bkbfh�
klvx� kbg]meyjghkl_c� \� dhf[bgbjh\Zgghc� iehlghklb� khklhygbc� ^ey� ^\m�
f_jgh]h�]ZaZ�we_dljhgh\�\�wnn_dlb\ghc�ihl_gpbZevghc�yf_��IhdZaZgh��qlh�
kh]eZkb_� wdki_jbf_glZevguc� j_amevlZlh\� k�fh^_evx� ijyfhm]hevghc� yfu�
^hklb`bfh�ijb�fh^bnbdZpbb�_z�nhjfu�^ey�mq_lZ�\hafms_gby�ihl_gpbZeZ�
gZ�]jZgbpZo�jZa^_eZ� 

Ij_^eh`_gZ� f_lh^bdZ� nZah\hc� ki_dljhkdhibb� \lhjhc� ]Zjfhgbdb� - 
h^gh\j_f_ggh]h�baf_j_gby�ki_dljh\�bgl_gkb\ghklb�b�nZau�\lhjhc�]Zjfh�
gbdb�>�@��Ijh\_^_gu�Z[khexlgu_�nZah\u_�baf_j_gby�^ey�wlZehgZ�b�dZeb[�
jh\hqgu_�baf_j_gby�^ey�ghjfbjh\db�gZ�ki_dljZevgu_�baf_g_gby�k\hckl\�
�hilbq_kdh]h� ijhimkdZgby�� we_f_glh\�� khklZ\eyxsbo� hilbq_kdmx� ko_fm��
Hij_^_e_gZ� lhqghklv� f_lh^bdb�� Wdki_jbf_glZevgh� bkke_^h\Zgh� ki_d�
ljZevgh_�ih\_^_gb_�d\Z^jZlbqgh]h�hldebdZ�]jZgbpu�jZa^_eZ�6L�����-SiO2�b�
Ge(111)-GeO2� >�@�� Baf_j_gu� ki_dljZevgu_� aZ\bkbfhklb� Zfieblm^u� �bg�
l_gkb\ghklb��b�nZau�<=�\�^bZiZahg_�wg_j]bc�nhlhgZ�\lhjhc�]Zjfhgbdb�hl�
���� ^h� �� w<��H[gZjm`_gu� j_ahgZgkgu_� hkh[_gghklb� \� ki_dljZo�� h[mkeh\�
e_ggu_�ijyfufb�we_dljhggufb�i_j_oh^Zfb�gZ�ih\_joghklb�\�hdj_klghklb�
djblbq_kdhc� lhqdb� (2 ahgghc� kljmdlmju� h[tzfZ� dj_fgby� b� ]_jfZgby�� <�
jZfdZo� nhjfZebafZ� djblbq_kdbo� lhq_d� dhf[bgbjh\Zgghc� iehlghklb� kh�
klhygbc� jZa\blZ� n_ghf_gheh]bq_kdZy� fh^_ev� ki_dljZevgh]h� ih\_^_gby�
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d\Z^jZlbqgh]h�hldebdZ�ihemijh\h^gbdh\��GZ�_z�hkgh\_�Ziijhdkbfbjh\Zgu�
wdki_jbf_glZevgu_�ki_dlju�bgl_gkb\ghklb�b�nZau�<=��hij_^_e_gu�iZjZ�
f_lju� j_ahgZgkh\�� <u^_e_gu� \deZ^u� \� ki_dlju� hl� djblbq_kdbo� lhq_d�
?1�?0
��?2��?1
��IhdZaZgZ�qm\kl\bl_evghklv�f_lh^Z�d�lbiZf�djblbq_kdbo�lh�
q_d� ahgghc� kljmdlmju� >�@�� JZajZ[hlZgZ�f_lh^bdZ� ^bZ]ghklbdb� keZ[h� kdh�
r_gguo�ih\_joghkl_c�p_gljhkbff_ljbqguo�ihemijh\h^gbdh\�k�ihfhsvx�
bgl_jn_jhf_ljbb�<=��>ey�h[jZapZ�dj_fgby� ������kh�keZ[h�kdhr_gghc�ih�
\_joghklvx� baf_j_gu� � ZabfmlZevgu_� Zgbahljhigu_� aZ\bkbfhklb� bgl_g�
kb\ghklb�b�nZau�<=�b�gZ�hkgh\_�j_r_gby�h[jZlghc�aZ^Zqb�hij_^_e_gu�kh�
hlghr_gby� f_`^m� dhfihg_glZfb� d\Z^jZlbqghc� \hkijbbfqb\hklb� b� m]he�
kdhkZ�ihjy^dZ��0 [10].  

GZ� ijbf_j_� ]jZgbpu� jZa^_eZ� 6L�����-SiO2� ieZgZjghc� kljmdlmju�
dj_fgbc� -�^bhdkb^�dj_fgby� -�ojhf�ihdZaZgu�^bZ]ghklbq_kdb_�ij_bfms_�
kl\Z�bgl_jn_jhf_ljbb�we_dljhbg^mpbjh\Zgghc�\lhjhc�]Zjfhgbdb�^ey�bk�
ke_^h\Zgby� aZjy^h\uo� oZjZdl_jbklbd� kdjuluo� ]jZgbp� jZa^_eZ� ihemijh�
\h^gbdh\�� lZdbo� dZd� iehlghklvaZj� y^Z� \� keh_� ^bhdkb^Z�Qox�� ^ey� bkke_^h�
\Zgghc�FHI�kljmdlmju�ihemq_gh�Qox = (6 ± 1) 1012

��lh]^Z�dZd�ZiijhdkbfZ�
pby�bgl_gkb\ghklb�^Z_l�gbadmx�lhqghklvhij_^_e_gby�iehlghklb� aZjy^Z�\�
hdkb^_�- Qox f_gy_lky�ihqlb�gZ�ihjy^hd�hl��.5 1012

�^h�����12
�kf-2 [11]. 
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Kl��gZmq��khlj��;h[jh\gbdh\�X�:���nbabd�=hjhoh\�I�G���^hp_gl�DhaZjv�:�<� 

 
 Ijb� \aZbfh^_ckl\bb� we_dljhfZ]gblghc� \hegu� k�ijhk\_leyxsbfb�lhgdhkehc�

gufb�kljmdlmjZfb�ihy\ey_lky� �hljZ`zgguc�kb]gZe��k\yaZgguc�k�baf_g_gb_f�\h�\j_�

f_gb�iZjZf_ljh\� �Zfieblm^u�b�beb�nZau��iZ^Zxs_c�\hegu��Ihemq_gh�ZgZeblbq_kdh_�

\ujZ`_gb_��hibku\Zxs__�hljZ`zgguc�kb]gZe��>Zggh_�y\e_gb_�fh`_l�[ulv�bkihev�

ah\Zgh�^ey�ZgZebaZ�\j_f_gghc� aZ\bkbfhklb�iZjZf_ljh\�iZ^Zxsbo�gZ�kljmdlmjm�bf�

imevkh\� 
Ijb�ijhoh`^_gbb��fhghojhfZlbq_kdhc�\hegu�q_j_a�fgh]hkehcgmx�

kljmdlmjm��khklhysmx�ba�iehkdhiZjZee_evguo�^bwe_dljbq_kdbo�kehz\�k�
q_j_^mxsbfbky�ihdZaZl_eyfb�ij_ehfe_gby�\ j_amevlZl_�bgl_jn_j_gpbb�
mklZgZ\eb\Z_lky�klZpbhgZjgh_�jZkij_^_e_gb_�ihey�\hegu��Ijb�baf_g_gbb�
Zfieblm^u�b�beb�nZau�iZ^Zxs_c�\hegu�klZpbhgZjgh_�jZkij_^_e_gb_�ihey�
\hegu�\�kljmdlmj_�baf_gblky�\ke_^kl\b_�gZjmr_gby�khhlghr_gby�Zfieb�
lm^�b�beb�nZa��bgl_jn_jbjmxsbo�\heg��qlh�ijb\_^zl�d�baf_g_gbx�Zfieb�
lm^u�hljZ`zggh]h�beb�ijhr_^r_]h�kb]gZeZ��Hlkx^Z�ke_^m_l��qlh�^ey�ijh�
k\_leyxsbo�lhgdhkehcguo�kljmdlmj�^he`_g�ihy\blky�g_klZpbhgZjguc�hl�
jZ`zgguc�kb]gZe��k\yaZgguc�ebrv�k�mdZaZggufb�baf_g_gbyfb�iZjZf_ljh\�
\hegu�b�g_kmsbc�bgnhjfZpbx�h[�wlbo�baf_g_gbyo� 
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  JZkkfhljbf�[he__�^_lZevgh�hibkZggh_�y\e_gb_�g_klZpbhgZjgh]h�hl�
jZ`_gby� gZ� ijbf_j_� ijhkl_cr_c� lhgdhkehcghc� kljmdlmju�� khklhys_c� ba�
h^ghc�q_l\_jlv\hegh\hc�iezgdb�k�ihdZaZl_e_f�ij_ehfe_gby�n��gZg_kzgghc�
gZ�ih^eh`dm�k�ihdZaZl_e_f�ij_ehfe_gby�ns��>ey�baemq_gby�k�^ebghc�\hegu�
λ, iZ^Zxs_]h�ba�kj_^u�k�ihdZaZl_e_f�ij_ehfe_gby�n

�
��dhwnnbpb_gl�hljZ�

`_gby��dZd�ba\_klgh�aZibku\Z_lky�\�\b^_� 
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sbgZ��n –�ihdZaZl_ev�ij_ehfe_gby�iezgdb�� �;m^_f�kqblZlv�Zfieblm^m�iZ�
^Zxs_c� \hegu� ghjfbjh\Zgghc� gZ� fZdkbfZevgmx� Zfieblm^m�� Mqblu\Zy��
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db�b�ih^eh`db� k� jZaghklvx�nZa�f_`^m�gbfb� �ϕ0=ω0¨t, ]^_�ω0 –� kj_^gyy�
qZklhlZ�\hegu��g_kmsZy��b�¨t=2nd/c — �\j_fy�aZ^_j`db�\lhjhc�\hegu�hl�
ghkbl_evgh�i_j\hc��  �h[h[sbf�_]h�^ey�\hegu�k�baf_gyxsbfbky�Zfieblm�
^hc�b�nZahc�ke_^mxsbf�h[jZahf� 
 

   
[ ] [ ]

[ ] )2(.
)(exp1

)(exp)()(exp)(
)(

010

010
0 titirr

ttitittArtitAr
tE

φ+∆ω−+
∆−ϕ−∆ω−∆−+ϕ−=  

 
A^_kv�A(t��b�ϕ (t) –�baf_gyxsb_ky�\h�\j_f_gb�Zfieblm^Z�b�nZaZ�iZ^Zxs_c�
\hegu�khhl\_lkl\_ggh�� �φ(t) = ϕ(t) - ϕ(t-¨t) – ^hihegbl_evguc�gZ[_]�nZau��
k\yaZgguc�k�nZah\hc�fh^meypb_c� >���@��<ujZ`_gb_�����aZibkZgh�^ey�\heg��
hljZ`zgguo�hl�ijhba\hevghc��h^ghkehcghc��iezgdb��gZg_kzgghc�gZ�ijhba�
\hevgmx�ih^eh`dm��\�hlkmlkl\b_�ihl_jv�b�^bki_jkbb���>ey�ijhk\_leyxs_c�
iezgdb�\�mkeh\byo�kh]eZkh\Zgby� �n=(n0ns)

1/2
 b�ω0¨t =π�� �ba� ����ke_^m_l�\u�

jZ`_gb_�^ey�^_ckl\bl_evghc�Zfieblm^u��h]b[Zxs_c�� 
     

)3(.
)(cos21

)()(cos)()(2)(
)(

2

1

4

0

2

0

22

00 







+φ−

∆−+φ∆−−=
rtr

ttAtttAtAtA
rtE r  

 
Hlf_lbf��qlh�ihemq_ggu_� \ujZ`_gby� kijZ\_^eb\u� lZd`_�b�^ey�ihem\he�
gh\h]h�nbevljZ��^ey�dhlhjh]h�n

�
= ns�b�ω0¨t =2π. 

 
Jbk���1 –�iZ^Zxsbc��2 –�hljZ`zgguc�bfimevku 
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JZkkfhljbf�\aZbfh^_ckl\b_�k�iezgdhc�]Zmkkh\Z�bfimevkZ��\�\b^_�A(t)=exp[-

(t/τ)2/2] k�d\Z^jZlbqghc�fh^meypb_c�nZau� �ϕ(t)=-αt2����]^_�α -�kdhjhklv�qZk�
lhlghc�fh^meypbb��GZ��jbk���ijb\_^_gu�j_amevlZlu�jZkq_lZ�ki_dljZevguf�
f_lh^hf�nhjfu�hljZ`zggh]h�bfimevkZ�hl�iezgdb��gZg_kzgghc�gZ�ih^eh`�
dm��k��n  s ����������ijb�^ebl_evghklb�bfimevkZ�τ = 5T��b�^ebg_�\hegu�g_km�
s_c� λ ���� fdf�� \_ebqbgZ� ατ2

 ��� <j_f_gghc� ijhnbev� hljZ`zg gh]h� bf�
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Nhjfmeu����������fh]ml�bkihevah\Zlvky�^ey�ZgZebaZ�\j_f_gghc�aZ\b�
kbfhklb�iZjZf_ljh\�hilbq_kdbo�bfimevkh\�\�mkeh\byo� keZ[hc�^bki_jkbb�
ihdZaZl_e_c�ij_ehfe_gby� kh]eZkmxs_c� kljmdlmju��<�hlkmlkl\bb�nZah\hc�
fh^meypbb� �ϕ(t) = const��fh`gh�k�ihfhsvx� ����ZgZebabjh\Zlv�\j_f_gghc�
oh^�Zfieblm^u�ki_dljZevgh�–�h]jZgbq_gguo�bfimevkh\��ijbqzf�\h�fgh]bo�
kemqZyo�\�����^hklZlhqgh�\aylv�ebrv�i_j\uc�qe_g�jZaeh`_gby��<ujZ`_gb_�
���� iha\hey_l� hij_^_eblv� \j_f_gghc� oh^�nZah\hc�fh^meypbb� hilbq_kdbo�
bfimevkh\�� �?keb�k�ihfhsvx�dhjj_eypbhgguo�beb�ijyfuo�f_lh^h\�ihem�
q_gu�h]b[Zxsb_�iZ^Zxs_]h��A(t���b�hljZ`zggh]h��E0r(t���bfimevkh\��lh�bk�
ihevamy� ���� fh`gh� hij_^_eblv� nZah\mx� nmgdpbx� φ(t) = ϕ(t) - ϕ(t-¨t) = 
F[A(t), E0r(t�@� dZd� nmgdpbx� h]b[Zxsbo� b�� j_rZy� qbke_ggh� ihemq_ggh_��
mjZ\g_gb_��hij_^_eblv�nmgdpbx�ϕ(t���Wlh�mjZ\g_gb_�fh`gh�k\_klb�d�^bn�
n_j_gpbZevghfm�ij_^klZ\b\�ϕ(t-¨t) �\�\b^_�kl_i_ggh]h�jy^Z��\�dhlhjhf�\h�
fgh]bo�kemqZyo�fh`gh�h]jZgbqblvky�^\mfy�i_j\ufb�qe_gZfb�jZaeh`_gby� 

G_h[oh^bfh_� ^ey� ijbf_g_gby� ihemq_gguo� \ujZ`_gbc� lj_[h\Zgb_�
keZ[hc�^bki_jkbb�\�ij_^_eZo�rbjbgu�ki_dljZ�bfimevkZ� �fh`gh�hkms_kl�
\blv�\u[hjhf�fZl_jbZeh\�^ey�bkihevam_fhc�kh]eZkmxs_c�kljmdlmju� 

EBL?J:LMJ: 
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1. DhaZjv�:�<���;h[jh\gbdh\�X�:���=hjhoh\�I�G���Ba\��J:G�� �k_j. nb�
abq��12, 1823 (2002). 

2. ;h[jh\gbdh\�X�:���=hjhoh\�I�G���DhaZjv�:�<���D\Zglh\Zy�we_dljh�
gbdZ, 33,  ����������������� 

3.  
 
G?EBG?CG:Y�F:=GBLHHILBD:�F:=GBLGUO�G:GHKLJMDLMJ�B�

LHGDBO�IE?GHD 
 

Kl��gZmq��khlj��FmjabgZ�L�<� 
 

<�gZklhys_c�jZ[hl_�ij_^klZ\e_g�h[ahj�j_amevlZlh\�wdki_jbf_glZev�
guo�bkke_^h\Zgbc�g_ebg_cgh-hilbq_kdbo�fZ]gblguo� wnn_dlh\� \�fZ]gbl�
guo�gZghkljmdlmjZo��lhgdbo�fZ]gblguo�i_gdZo�b�fZ]gblh-nhlhgguo�djb�
klZeeZo��D� qbkem� hkgh\guo� wnn_dlh\�� h[gZjm`_gguo� b� bkke_^h\Zgguo� \�
^Zgghc� jZ[hlu�� hlghkylky� ]_g_jZpby� fZ]gblhbg^mpbjh\Zgghc� \lhjhc� b�
lj_lv_c�hilbq_kdbo�]Zjfhgbd��d\Z^jZlbqguc�b�dm[bqguc�fZ]gblguc�g_eb�
g_cgh-hilbq_kdbc�wnn_dl�D_jjZ��Z�lZd`_�fZ]gblhbg^mpbjh\Zggh]h�]bi_j-
j_e__\kdh]h� jZkk_ygby� \lhjh]h�ihjy^dZ� ^ey� ZgkZf[ey�fZ]gblguo�gZghqZ�
klbp�� 

FZ]gblgu_� gZghkljmdlmju� ijb\e_dZxl� \gbfZgb_� bkke_^h\Zl_e_c� \�
l_q_gb_�ihke_^gbo�^\mo�^_kylbe_lbc�[eZ]h^Zjy�gZ[ex^_gbx�\�gbo�gh\uo�
fZ]gblguo�b�fZ]gblhhilbq_kdbo�wnn_dlh\�-�hkpbeeypbb�fZ]gblgh]h�\aZb�
fh^_ckl\by�f_`^m�fZ]gblgufb� kehyfb�� jZa^_e_ggufb�g_fZ]gblghc�ijh�
kehcdhc�� kibg-aZ\bkys_]h� jZkk_ygby� b� lmgg_ebjh\Zgby�� ]b]Zglkdh]h�fZ]�
gblhkhijhlb\e_gby�b�^j��FZ]gblgu_�b�fZ]gblhljZgkihjlgu_�k\hckl\Z�gZ�
ghkljmdlmj�\h�fgh]hf�hij_^_eyxlky�kljmdlmjhc�\gmlj_ggbo�]jZgbp�jZa^_�
eZ�f_`^m�fZ]gblgufb�b�g_fZ]gblgufb�kehyfb��beb�fZ]gblgufb�gZghqZ�
klbpZfb�b�g_fZ]gblghc�fZljbp_c� 

<� ihke_^g__� \j_fy� [ueh� yjdh� ijh^_fhgkljbjh\Zgh�� qlh� ]_g_jZpby�
hilbq_kdhc�\lhjhc�]Zjfhgbdb� �<=��y\ey_lky�fhsguf�f_lh^hf�bkke_^h\Z�
gby�\gmlj_ggbo�]jZgbp�jZa^_eZ�b�gZghkljmdlmj�[eZ]h^Zjy�bkdexqbl_evghc�
qm\kl\bl_evghklb�ijhp_kkZ�]_g_jZpbb�<=�d�gZjmr_gbyf�kljmdlmjghc�kbf�
f_ljbb� b� d� we_dljhgghfm� ki_dljm� kbkl_f�� =_g_jZpby� fZ]gblhbg^mpbjh�
\Zgghc�<=��ijhy\eyxsZyky�\�bg^mpbjh\Zgguo�fZ]gblguf�ihe_f�baf_g_�
gbyo� bgl_gkb\ghklb� b�nZau�� ih\hjhl_� iehkdhklb� iheyjbaZpbb� baemq_gby�
<=�� hdZaZeZkv�� \� k\hx� hq_j_^v�� qm\kl\bl_evguf� f_lh^hf� bkke_^h\Zgby�
fZ]gblguo�k\hckl\�gZghkljmdlmj�b�bgl_jn_ckh\�ba-aZ�gZjmr_gby�h[jZlb�
fhklb�\j_f_gb�\�gZfZ]gbq_gguo�h[jZapZo��K�nmg^Zf_glZevghc�lhqdb�aj_�
gby��fZ]gblhbg^mpbjh\ZggZy�<=��y\eyxsZyky�g_ebg_cgh-hilbq_kdbf�ZgZ�
eh]hf� fZ]gblhhilbq_kdh]h� wnn_dlZ� D_jjZ�� y\ey_lky� wnn_dlb\guf� f_lh�
^hf�bkke_^h\Zgby� kibgh\uo� wnn_dlh\� \�gZghkljmdlmjZo��K� lhqdb� aj_gby�
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ijZdlbq_kdbo�ijbeh`_gbc�� hgZ�fh`_l� kem`blv�g_jZajmrZxsbf�f_lh^hf�
^ey� ^bklZgpbhgghc� ^bZ]ghklbdb�fZ]gblguo�� kljmdlmjguo�b� we_dljhgguo�
k\hckl\�gZghkljmdlmj�� 

Hkh[uc� bgl_j_k� ijb� bamq_gbb� fZ]gblguo� g_ebg_cgh-hilbq_kdbo�
wnn_dlh\�\�gZghkljmdlmjZo�ij_^klZ\eyxl�fZ]gblgu_�nhlhggu_�djbklZeeu�
b� fbdjhj_ahgZlhju�� Mkbe_gb_� hilbq_kdbo� b� g_ebg_cgh-hilbq_kdbo� ijh�
p_kkh\� \� lZdbo� kljmdlmjZo�� \ua\Zggh_� kbevghc�ehdZebaZpb_c� we_dljhfZ]�
gblgh]h�ihey�k\_lh\hc�\hegu�^ey�h[eZklb�aZij_s_gghc�nhlhgghc�aZgu�\�
nhlhgguo� djbklZeeZo��beb�fbdjhj_ahgZlhjghc� h[eZklb� \�fbdjhj_ahgZlh�
jZo��fh`_l� hdZau\Zlv� \ebygb_� gZ� \_ebqbgm�fZ]gblhbg^mpbjh\Zgguo� wn�
n_dlh\��\�lhf�qbke_�ijb�]_g_jZpbb�hilbq_kdhc�lj_lv_c�]Zjfhgbdb�� 

>h� gZklhys_]h� \j_f_gb� g_ebg_cgu_� fZ]gblhhilbq_kdb_� wnn_dlu�
[ueb�h]jZgbq_gu�]_g_jZpb_c�fZ]gblhbg^mpbjh\Zgghc�<=�^ey�j_]meyjguo�
h[t_dlh\�� b�� lZdbf� h[jZahf�� hlghkbebkv� d� ]_g_jZpbb� dh]_j_glgh]h� g_eb�
g_cgh-hilbq_kdh]h�fZ]gblhbg^mpbjh\Zggh]h�hldebdZ��Ijb� wlhf�fZ]gblh�
bg^mpbjh\Zggu_�k\hckl\Z�gZghkljmdlmj��Z�lZd`_�bg^mpbjh\Zggu_�fZ]gbl�
guf�ihe_f�g_ebg_cgh-hilbq_kdb_�ijhp_kku�[he__�\ukhdh]h�jZg]Z��\�i_j�
\mx�hq_j_^v�dm[bqgu_��ijZdlbq_kdb�g_�bkke_^h\Zebkv��� 

Hkgh\gu_�j_amevlZlu�ijh\_^_ggh]h�pbdeZ�bkke_^h\Zgbc��fh]ml�[ulv�
knhjfmebjh\Zggufb�ke_^mxsbf�h[jZahf� 

Ijh\_^_gu�bkke_^h\Zgby�g_ebg_cgh-hilbq_kdh]h�fZ]gblhbg^mpbjh�
\Zggh]h�hldebdZ�fZ]gblguo�gZgh]jZgmeyjguo�ie_ghd�–�kbkl_f�fZ]gblguo�
gZghqZklbp�� aZdexq_gguo� \� g_fZ]gblmx� fZljbpm�� <i_j\u_� wdki_jbf_g�
lZevgh� gZ[ex^ZeZkv� ]_g_jZpby� fZ]gblhbg^mpbjh\Zgghc� lj_lv_c� ]Zjfh�
gbdb�\�fZ]gblguo�gZghqZklbpZo��H[gZjm`_g�]b]Zglkdbc�fZ]gblguc�g_eb�
g_cgh-hilbq_kdbc�wnn_dl�D_jjZ� �=GFD��\h�\lhjhc�b�lj_lv_c�hilbq_kdbo�
]ZjfhgbdZo�� ijhy\eyxsbcky� \� bg^mpbjh\Zgguo� fZ]gblguf� ihe_f� baf_�
g_gbyo�bgl_gkb\ghklb��nZau�b�iheyjbaZpbb�\heg�\lhjhc�b�lj_lv_c�]Zjfh�
gbd��H[gZjm`_gZ� dhjj_eypby�=GFD�b� dhwnnbpb_glZ� ]b]Zglkdh]h�fZ]gb�
lhkhijhlb\e_gby�]jZgmeyjguo�ie_ghd��khklhysZy�\�bo�h^bgZdh\hc�aZ\bkb�
fhklb� hl� dhgp_gljZpbb� fZ]gblghc� dhfihg_glu� \� ie_gdZo�� <ukdZaZgh�
ij_^iheh`_gb_��qlh�f_oZgbaf�lZdhc�dhjj_eypbb�hkgh\Zg�gZ�\ukhdhc�qm\�
kl\bl_evghklb�fZ]gblhljZgkihjlguo� b�fZ]gblguo� g_ebg_cgh-hilbq_kdbo�
wnn_dlh\�d�kljmdlmj_�\gmlj_ggbo�]jZgbp�jZa^_eZ�]jZgmeyjguo�kbkl_f� >�-
4]. 

H[gZjm`_gh� fZ]gblhbg^mpbjh\Zggh_� ]bi_j-j_e__\kdh_� jZkk_ygb_�
�=JJ�� \h� \lhjmx� ]Zjfhgbdm�� l�_�� ]_g_jZpby� g_dh]_j_glghc� �^bnnmaghc� b�
^_iheyjbah\Zgghc��<=�� ^ey� ZgkZf[ey� gZghqZklbp�`_e_ah-blljb_\h]h� ]jZ�
gZlZ��IhdZaZgh�� qlh� \_ebqbgZ� fZ]gblgh]h� dhgljZklZ� bgl_gkb\ghklb� =JJ��
dZd� b� ^ey� kemqZy� gZgh]jZgmeyjguo� ie_ghd�� lZd`_� ^hklb]Z_l� _^bgbp� ijh�
p_glh\��qlh�agZqbl_evgh�ij_\hkoh^bl�ZgZeh]bqgu_�agZq_gby�fZ]gblhhilb�
q_kdh]h�wnn_dlZ�D_jjZ�\�lZdbo�kljmdlmjZo�>�@�� 
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H[gZjm`_g� ]b]Zglkdbc� fZ]gblguc� g_ebg_cgh-hilbq_kdbc� wnn_dl�
D_jjZ�\�lhgdbo�fZ]gblguo�f_lZeebq_kdbo�ie_gdZo�dh[ZevlZ��`_e_aZ�b�gb�
d_ey��IhdZaZgh��qlh�\_ebqbgZ�fZ]gblgh]h�dhgljZklZ�bgl_gkb\ghklb�hilb�
q_kdhc�lj_lv_c�]Zjfhgbdb�^hklb]Z_l�\_ebqbg������Z�ih\hjhl�iehkdhklb�ih�
eyjbaZpbb�hljZ`_gghc�\hegu�lj_lv_c�]Zjfhgbdb�– 100

��qlh�gZ�^\Z�ihjy^dZ�
ij_\hkoh^bl�ZgZeh]bqgu_�agZq_gby�fZ]gblhhilbq_kdh]h�wnn_dlZ�D_jjZ�� 

H[gZjm`_gZ�]_g_jZpby�fZ]gblhbglmpbjh\Zgghc�hilbq_kdhc�lj_lv_c�
]Zjfhgbdb�\�fZ]gblguo�nhlhgguo�djbklZeeZo�–�fZ]gblghf�fbdjhj_ahgZ�
lhj_�k�lhgdhc�ie_gdhc�^hibjh\Zggh]h�\bkfmlhf�`_e_ah-blljb_\h]h�]jgZlZ�
\�dZq_kl\_�jZa^_ebl_evgh]h�kehy��>ey�wlbo�kbkl_f�bkke_^h\Zg�]b]Zglkdbc�
g_ebg_cgh-hilbq_kdbc�fZ]gblguc�wnn_dl�D_jjZ�\h�\lhjhc�]Zjfhgbd_��^ey�
dhlhjh]h�\_ebqbgZ�fZ]gblgh]h�dhgljZklZ�bgl_gkb\ghklb�<=�^hklb]Z_l�^_�
kyldh\�ijhp_glh\�>�@� 

<i_j\u_� bkke_^h\ZgZ� kljmdlmjZ� b� d\Z^jZlbqgu_� g_ebg_cgh-
hilbq_kdb_�k\hckl\Z�^ey�ie_ghd�E_g]fxj-;eh^`_ll��E;���kh^_j`Zsbo�bh�
gu�]Z^hebgby��IhdZaZgh��qlh�kljmdlmjZ�ie_ghd�kms_kl\_ggh�g_h^ghjh^gZ��
Z�bklhqgbdhf�]_g_jZpbb�<=�y\eyxlky�^\mf_jgu_�hkljh\db�]Z^hebgby�k�oZ�
jZdl_jgufb�jZaf_jZfb�\�khlgb�gZghf_ljh\��H[gZjm`_g�fZ]gblhbg^mpbjh�
\Zgguc�fZ]gblguc�wnn_dl�D_jjZ�\h�\lhjhc�]Zjfhgbd_�^ey�E;�ie_ghd�k�]Z�
^hebgb_f�–�fZ]gblguc�dhljZkl�bgl_gkb\ghklb�<=�khklZ\be�_^bgbpu�ijh�
p_glh\��Z�fZ]gblhbg^mpbjh\Zgguc�k^\b]�nZa�\hegu�<=�–�hdheh� ���0

��qlh�
k\b^_l_evkl\m_l� h� gZebqbb� fZ]gblgh]h� mihjy^hq_gby� \� wlbo� fZ]gblguo�
ieZgZjguo�kljmdlmjZo�>�-9]. 

IhdZaZgZ�jhev�wnn_dlZ�\gmlj_gg_]h�]hfh^bgbjh\Zgby�^ey�\hajZklZ�
gby�fZ]gblguo�g_ebg_cgh-hilbq_kdbo� wnn_dlh\� \�fZ]gblguo�gZghkljmd�
lmjZo�b�lhgdbo�ie_gdZo�>����@� 
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IJBF?G?GB?�P?IHQ?D 
B�J?R?LHD�>@HA?NKHGH<KDBO�I?J?OH>H< 

>EY�J?R?GBY�A:>:Q�K<?JOIJH<H>GBDH<HC�WE?DLJHGBDB 
 

>hp_gl�Dhjg_\�<�D���gZmqg��khlj��:jamfZgh\�:�<� 
 

We_f_glghc�[Zahc� k\_joijh\h^gbdh\hc� we_dljhgbdb�y\eyxlky�^`h�
a_nkhgh\kdb_�i_j_oh^u�b��\�lhf�qbke_��^`ha_nkhgh\kdb_�i_j_oh^u��\dex�
q_ggu_�\�k\_joijh\h^ys__�dhevph�b�h[jZamxsb_�k\_joijh\h^ysb_�d\Zg�
lh\u_� bgl_jn_jhf_lju�� Gbadb_� rmfu� b� qj_a\uqZcgh� \ukhdZy� qm\kl\b�
l_evghklv�� \ukhdh_� [ukljh^_ckl\b_� b� hq_gv� gbadh_� wg_j]h\u^_e_gb_�� Z�
lZd`_�ki_pbnbq_kdbc�oZjZdl_j�g_ebg_cghklb�b�fZdjhkdhibq_kdb_�d\Zglh�
\u_�wnn_dlu�–�hkgh\gu_�k\hckl\Z��e_`Zsb_�\�hkgh\_�\hafh`ghkl_c�kha^Z�
gby�mgbdZevguo�k\_joijh\h^gbdh\uo�ZgZeh]h\uo�b�pbnjh\uo�mkljhckl\��
<�p_ehf�jy^_�kemqZ_\�lj_[h\Zgby��ij_^ty\ey_fu_�d�iZjZf_ljZf�^`ha_nkh�
gh\kdbo� i_j_oh^h\�� y\eyxlky� \h�fgh]hf� \aZbfgh�ijhlb\hj_qb\ufb��JZa�
j_rblv� ijhlb\hj_qb_� \� wlbo� lj_[h\Zgbyo� iha\hey_l� bkihevah\Zgb_� kbg�
ojhgguo�h^ghf_jguo�p_ihq_d�beb�^\mf_jguo�j_r_lhd�^`ha_nkhgh\kdbo�
we_f_glh\�\f_klh�h^bghqguo�^`ha_nkhgh\kdbo�i_j_oh^h\� 

���F_lh^u�qbke_ggh]h�ZgZebaZ 

DZd� ijZ\beh�� ZgZeba� fgh]hwe_f_glguo� ^`ha_nkhgh\kdbo� mkljhckl\��
y\eyxsboky�kbevgh�g_ebg_cgufb�kbkl_fZfb��ijh\h^blky�iml_f�qbke_ggh�
]h�fh^_ebjh\Zgby�^bgZfbdb��<�hkgh\_�\k_o�kms_kl\mxsbo�dhfivxl_jguo�
ijh]jZff�^ey�Z\lhfZlbabjh\Zggh]h�jZkq_lZ�pbnjh\uo�b�ZgZeh]h\uo�ihem�
ijh\h^gbdh\uo� we_dljhgguo� ko_f� e_`bl�bkihevah\Zgb_� mjZ\g_gbc�Dbjo�
]hnnZ�^ey�wlbo�p_i_c��b�ihwlhfm�^Zggu_�ijh]jZffu�g_�fh]ml�[ulv�ijbf_�
g_gu� ^ey� ZgZebaZ� mkljhckl\� k\_joijh\h^gbdh\hc� we_dljhgbdb� \� kbem� g_�
ijbf_gbfhklb�^ey�gbo�mjZ\g_gbc�Dbjo]hnnZ��<�hlebqb_�hl�ihemijh\h^�
gbdh\uo�ko_f��ZgZeba�k\_joijh\h^gbdh\uo�p_i_c�^he`_g�\uihegylvky�gZ�
hkgh\_� mjZ\g_gbc� [ZeZgkZ� ^`ha_nkhgh\kdbo� nZa� ^ey� k\_joijh\h^ysbo�
dhglmjh\� wlhc� p_ib�� wlh� lZd� gZau\Z_fuc� f_lh^� maeh\uo� nZa��H^gbf� ba�
gZb[he__� wnn_dlb\guo� ijh]jZffguo� ijh^mdlh\� y\ey_lky� ijh]jZffguc�
dhfie_dk�PSCAN (Personal Superconductor Circuit Analyzer���jZajZ[hlZgguc�
\� eZ[hjZlhjbb� djbhwe_dljhgbdb� nbabq_kdh]h� nZdmevl_lZ� F=M� bf��
F�<� Ehfhghkh\Z��^ey�Z\lhfZlbabjh\Zggh]h�qbke_ggh]h�ZgZebaZ�k\_joijh�
\h^gbdh\uo� we_dljhgguo� ko_f�� dhlhju_� fh]ml� kh^_j`Zlv� ijZdlbq_kdb�
ijhba\hevgh_�qbkeh�^`ha_nkhgh\kdbo�we_f_glh\��<ukhdZy�wnn_dlb\ghklv�
dhfie_dkZ�PSCAN�^hklb]Z_lky�aZ�kq_l�bkihevah\Zgby�Z\lhfZlbq_kdb�baf_�
gyxs_]hky�i_j_f_ggh]h�rZ]Z�bgl_]jbjh\Zgby��ih�\j_f_gb��ijb�qbke_gghf�
j_r_gbb�kbkl_fu�^bnn_j_gpbZevguo�mjZ\g_gbc��>ZggZy�kbkl_fZ�mjZ\g_�
gbc� ]_g_jbjm_lky� \gmljb� ijh]jZffgh]h� iZd_lZ� Z\lhfZlbq_kdb� gZ� hkgh\_�
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aZ^Zgby� kljmdlmju� bkke_^m_fhc� ko_fu� b�fh^_e_c� ^`ha_nkhgh\kdbo� we_�
f_glh\��>ey�ZgZebaZ�rmfh\uo�b�ki_dljZevguo�oZjZdl_jbklbd�[ueb�jZajZ�
[hlZgu� wnn_dlb\gu_� f_lh^u� aZ^Zgby� l_ieh\uo� nemdlmZpbc� \� jZfdZo�
PSCAN��Z�lZd`_�f_lh^u�jZkq_lZ�ki_dljh\�^`ha_nkhgh\kdhc�]_g_jZpbb��hk�
gh\Zggu_�gZ�ijbf_g_gbb�Z\lhj_]j_kkbhggh]h�nbevljZ�>�@��Hkgh\guf�^hk�
lhbgkl\hf�jZajZ[hlZgguo�f_lh^h\�y\ey_lky��khojZg_gb_�i_j_f_ggh]h�rZ]Z�
bgl_]jbjh\Zgby�� h[_ki_qb\Zxs_]h� \ukhdbc� mjh\_gv� ijhba\h^bl_evghklb�
PSCAN�� \� j_ZebaZpbb� ih^oh^Z�EZg`_\_gZ�� kh]eZkgh� dhlhjhfm� ^ey� mq_lZ�
l_ieh\uo�nemdlmZpbc�\�ijZ\mx�qZklv�^bgZfbq_kdbo�mjZ\g_gbc�^h[Z\ey_l�
ky�kemqZcgZy�³kbeZ´��\�^Zgghf�kemqZ_�–�nemdlmZpbhgguc�lhd�IF [1]. 

���Kbgojhggu_�^`ha_nkhgh\kdb_�kljmdlmju 
dZd�madhihehkgu_�]_g_jZlhju 

>`ha_nkhgh\kdbc�i_j_oh^�\�j_abklb\ghf�khklhygbb��I > Ic��y\ey_lky�
bklhqgbdhf�^`ha_nkhgh\kdhc�]_g_jZpbb��qZklhlZ�dhlhjhc� f = (2_/h)⋅V�hi�
j_^_ey_lky� agZq_gb_f� ihklhygghc� khklZ\eyxs_c� gZijy`_gby� V� b� fh`_l�
^hklb]Zlv�g_kdhevdbo�l_jZ]_jp��RbjbgZ�ebgby�]_g_jZpbb�∆f�hij_^_ey_lky�
ki_dljZevghc�iehlghklvx�Sv����gbadhqZklhlguo�nemdlmZpbc�gZijy`_gby��b�
ijb�V > Vc ≡ IcR�\�jZfdZo�j_abklb\ghc�fh^_eb�∆f�>F=p@�≈  40,5T [K] ⋅R>Hf@��
]^_�L –�l_fi_jZlmjZ��R –�ghjfZevgh_�khijhlb\e_gb_�i_j_oh^Z��>ey�kms_kl�
\_ggh]h�km`_gby�ebgbb� ]_g_jZpbb�b�kha^Zgby�^`ha_nkhgh\kdbo�bklhqgb�
dh\� madhihehkgh]h� we_dljhfZ]gblgh]h� baemq_gby�fbeebf_ljh\h]h� b� km[�
fbeebf_ljh\h]h�^bZiZahgh\�^ebg�\heg�fh`_l�[ulv�bkihevah\Zgh�y\e_gb_�
kbgojhgbaZpbb� \� fgh]hwe_f_glguo� ^`ha_nkhgh\kdbo� kljmdlmjZo� �F>K���
Fh`gh�knhjfmebjh\Zlv�^\Z�hkgh\guo�lj_[h\Zgby�d�i_jki_dlb\guf�F>K��
�Z��kms_kl\h\Zgb_�kbevgh]h�\aZbfh^_ckl\by�f_`^m�^`ha_nkhgh\kdbfb�i_�
j_oh^Zfb� �>I��� h[_ki_qb\Zxs_]h�fZdkbfZevgmx� mklhcqb\hklv� dh]_j_gl�
gh]h� khklhygby� d� jZa[jhkm� iZjZf_ljh\�>I�� dhlhjuc� hkh[_ggh� \_ebd� ^ey�
i_j_oh^h\� gZ� hkgh\_� \ukhdhl_fi_jZlmjguo� k\_joijh\h^gbdh\� �<LKI���b�
�[��\ukhdZy�qZklhlZ�dh]_j_glgh]h�j_`bfZ�]_g_jZpbb�f ~ fc = (2e/h)⋅Vk .  

<�^Zgghc�jZ[hl_�[ueb�ij_^eh`_gu�b�bkke_^h\Zgu�h^gh-�b�^\mf_j�
gu_� p_ihqdb� ^`ha_nkhgh\kdbo� i_j_oh^h\� k� gZb[he__� wnn_dlb\gufb� kh�
kj_^hlhq_ggufb� p_iyfb� we_dljh^bgZfbq_kdhc� k\yab�� h[_ki_qb\Zxsbfb�
fZdkbfZevgh_� g_ehdZevgh_� \aZbfh^_ckl\b_�>I��Ijh\_^_ggu_� bkke_^h\Z�
gby�ihdZaZeb��qlh�rbjbgZ�ebgbb�]_g_jZpbb�\�lZdbo�kbgojhgguo�kljmdlm�
jZo�mf_gvrZ_lky�ijhihjpbhgZevgh�qbkem�>I�\�p_ihqd_�beb�qbkem�yq__d�\�
^\mf_jghc�kljmdlmj_� >�@��H^gZdh�lZdh_�km`_gb_�ebgbb�]_g_jZpbb�h]jZgb�
qb\Z_lky�gZkus_gb_f� \aZbfh^_ckl\by�>I��dh]^Z�qbkeh�^`ha_nkhgh\kdbo�
we_f_glh\�lZdh\h��qlh�jZaf_ju�kljmdlmju�klZgh\ylky�[hevr_�wnn_dlb\gh�
]h�jZ^bmkZ�\aZbfh^_ckl\by�>I��>ey�ij_h^he_gby�wlbo�h]jZgbq_gbc�b�jZk�
rbj_gby�\hafh`ghklb�km`_gby�rbjbgu�ebgbb�]_g_jZpbb�[ueb�ij_^eh`_�
gu�b�bkke_^h\Zgu�F>K�k�jZkij_^_e_ggufb�p_iyfb�we_dljh^bgZfbq_kdhc�
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k\yab��\�dhlhjuo�>I�fh]ml�\aZbfh^_ckl\h\Zlv�beb�k�\heghc�gZijy`_gby��
beb�k�\heghc�lhdZ� >�@��;ueb�jZajZ[hlZgu�kljmdlmju�^ey�jZ[hlu�c�jZaebq�
gufb�lbiZfb�\g_rg_c�gZ]jmadb��eh]hi_jbh^bq_kdZy�Zgl_ggZ��s_e_\Zy�beb�
fbdjhihehkdh\Zy� ebgbb�i_j_^Zqb��<�ihke_^g_f� kemqZ_�m\_ebq_gb_�qbkeZ�
^`ha_nkhgh\kdbo�i_j_oh^h\�b�jZkij_^_e_gguo�k_dpbc�F>K�h[_ki_qb\Z_l�
dZd�km`_gb_�ebgbb�]_g_jZpbb��lZd�b�m\_ebq_gb_�fhsghklb�\uoh^gh]h�kb]�
gZeZ� 

���K\_joijh\h^ysb_�d\Zglh\u_�bgl_jn_j_gpbhggu_�nbevlju 

;ueb�bkke_^h\Zgu�g_i_jbh^bq_kdb_�h^gh-�b�^\mf_jgu_�F>K�^ey�kha�
^Zgby�gZ�bo�hkgh\_�lZd�gZau\Z_fuo�k\_joijh\h^ysbo�d\Zglh\uo�bgl_jn_�
j_gpbhgguo�nbevljh\� �KDBN���<�hlebqb_�hl�hilbq_kdbo�^bnjZdpbhgguo�
j_r_lhd��mgbdZevgu_�k\hckl\Z�dhlhjuo�[Zabjmxlky�gZ�kljh]hc�i_jbh^bq�
ghklb�kljmdlmju��mgbdZevgu_�k\hckl\Z�KDBN�ke_^mxl�dZd�jZa��gZh[hjhl��
ba�g_i_jbh^bqghklb�bo�kljmdlmju��AZ\bkbfhklb�djblbq_kdh]h�lhdZ�KDBN�
b�gZijy`_gby�gZ�g_f�\�j_abklb\ghf�khklhygbb�hl�ijbeh`_ggh]h�fZ]gblgh�
]h�ihey�bf_xl�hq_gv�djmlhc�h^bghqguc�ibd�ijb�gme_\hf�agZq_gbb�ihey��
Wlh�iha\hey_l�kha^Z\Zlv�gZ�bo�hkgh\_�\ukhdhqm\kl\bl_evgu_�fZ]gblhf_l�
ju��baf_jyxsb_�Z[khexlgmx�\_ebqbgm�ihey��>jm]bf�i_jki_dlb\guf�jZa�
jZ[Zlu\Z_fuf� gZijZ\e_gb_f� bkihevah\Zgby� KDBN� y\eyxlky� mkbebl_eb�
]b]Z]_jph\h]h� ^bZiZahgZ� qZklhl��Wlh� Zgl_ggu_� mkbebl_eb��gZijbf_j�� ^ey�
klZgpbc�khlh\hc�k\yab��Z�lZd`_�^jZc\_ju��bfimevkgu_�mkbebl_eb���mkbeb�
\Zxsb_� bfimevkgu_� kb]gZeu� k\_joijh\h^gbdh\hc� [ukljhc� h^ghd\Zglh�
\hc� eh]bdb� �RSFQ� eh]bdZ�� ^h� mjh\gy� kb]gZeh\�ihemijh\h^gbdh\hc� we_d�
ljhgbdb��Ih^h[gu_�^jZc\_ju�hq_gv�\Z`gu�^ey�fgh]bo�k\_joijh\h^gbdh�
\uo� pbnjh\uo� mkljhckl\�� lZdbo� dZd� ZgZeh]h-pbnjh\u_� b� pbnjh-
ZgZeh]h\u_�ij_h[jZah\Zl_eb��p_ihqdb�iZfylb�HAM�b�IAM�b�l�^� 

���Fh^_ev�\ukhdhl_fi_jZlmjguo�[bdjbklZeebq_kdbo� 
^`ha_nkhgh\kdbo�i_j_oh^h\ 

Dhgp_ipby� g_j_]meyjghc� iZjZee_evghc� p_ihqdb� ^`ha_nkhgh\kdbo�
dhglZdlh\� [ueZ� ijbf_g_gZ� lZd`_� d� kha^Zgbx�fh^_eb� [bdjbklZeebq_kdbo�
^`ha_nkhgh\kdbo�i_j_oh^h\��dhlhju_�\�gZklhys__�\j_fy�y\eyxlky�gZb[h�
e__�i_jki_dlb\guf�lbihf�^`ha_nkhgh\kdbo�we_f_glh\�gZ�hkgh\_�\ukhdh�
l_fi_jZlmjguo�k\_joijh\h^gbdh\� �<LKI���:dlmZevghklv�wlhc� aZ^Zqb�\u�
l_dZ_l�ba�g_h[oh^bfhklb�bgl_jij_lZpbb� wdki_jbf_glZevgh�gZ[ex^Z_fuo�
k\hckl\�b�oZjZdl_jbklbd�[bdjbklZeebq_kdbo�i_j_oh^h\��Z�lZd`_�ba�ihlj_[�
ghklb� kh\_jr_gkl\h\Zgby� l_ogheh]bb� \ukhdhdZq_kl\_gguo� ^`ha_nkhgh\�
kdbo�i_j_oh^h\��<�jZ[hl_�[ueZ�jZa\blZ�^bkdj_lgZy�fh^_ev�[bdjbklZeebq_�
kdh]h� ^`ha_nkhgh\kdh]h� i_j_oh^Z� k� g_h^ghjh^ghc� iehlghklvx� djblbq_�
kdh]h�lhdZ��Z�aZl_f�[ue�hkms_kl\e_g�i_j_oh^�d�jZkij_^_e_gghc�fh^_eb�kh�
klmi_gqZluf� oZjZdl_jhf� baf_g_gby� iehlghklb� djblbq_kdh]h� lhdZ� \^hev�
[bdjbklZeebq_kdhc�]jZgbpu��Wlh�iha\hebeh�jZajZ[hlZlv�Ze]hjblf�\hkklZ�
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gh\e_gby�jZkij_^_e_gby�iehlghklb�djblbq_kdh]h�lhdZ�\^hev�[bdjbklZeeb�
q_kdhc� ]jZgbpu� ih� wdki_jbf_glZevgh� ihemq_gghc� aZ\bkbfhklb� djblbq_�
kdh]h�lhdZ�^`ha_nkhgh\kdh]h�i_j_oh^Z�hl�ijbeh`_ggh]h�fZ]gblgh]h�ihey��
Wnn_dlb\ghklv�jZajZ[hlZgghc�fh^_eb�ijh^_fhgkljbjh\ZgZ�^ey�p_eh]h�jy�
^Z�wdki_jbf_glZevgh�ihemq_gguo�^`ha_nkhgh\kdbo�kljmdlmj� 

���P_ihqdb�^`ha_nkhgh\kdbo�ib-i_j_oh^h\��Dm[blu 

<� ihke_^g__� \j_fy� [hevrh_� agZq_gb_� ijb^Z_lky� jZajZ[hld_� dm[blh\�
�d\Zglh\uo�[blh\��–�we_f_glZjguo�yq__d�d\Zglh\uo�dhfivxl_jh\��<�kbem�
fZdjhkdhibq_kdh]h� d\Zglh\h]h� oZjZdl_jZ� y\e_gby� k\_joijh\h^bfhklb�
^`ha_nkhgh\kdZy� we_f_glgZy�[ZaZ�ij_^klZ\ey_l�mgbdZevgu_�\hafh`ghklb�
^ey�j_ZebaZpbb�lZdbo�dm[blh\��wlh�lZd�gZau\Z_fu_��nZah\u_�dm[blu��Ijb�
wlhf�\Z`guf�we_f_glhf�^ey�ihkljh_gby�©lboboª�nZah\uo�dm[blh\��lh�_klv�
fZdkbfZevgh�bahebjh\Zgguo�hl�\g_rgbo�\ha^_ckl\bc��y\ey_lky�^`ha_nkh�
gh\kdbc�π-dhglZdl��lh�_klv�i_j_oh^��\�dhlhjhf�jZ\gh\_kgh_�agZq_gb_�jZa�
ghklb�nZa�ϕ�iZjZf_ljZ�ihjy^dZ�we_dljh^h\�jZ\gh�g_�gmex��dZd�\�ljZ^bpb�
hgguo� ^`ha_nkhgh\kdbo� kljmdlmjZo�� Z� jZ\gh� π�� <� qZklghklb�� lZdb_� π-
i_j_oh^u�b�[he__�keh`gu_�kljmdlmju�[ueb�g_^Z\gh�ba]hlh\e_gu�gZ�hkgh�
\_�SFS��k\_joijh\h^gbd�–�n_jjhfZ]g_lbd�-�k\_joijh\h^gbd��i_j_oh^h\�>�@��
Ijb� bkihevah\Zgbb�n_jjhfZ]g_lbdZ� k�gbadbf� agZq_gb_f� h[f_gghc� wg_j�
]bb�Eex ≥ kBT��dh]^Z�l_ieh\Zy�b�h[f_ggZy�wg_j]bb�^Zxl�kjZ\gbfu_�\deZ^u�

\�ijhp_kk�jZkiZ^Z�dmi_jh\kdbo�iZj�we_dljhgh\��dhfie_dkgZy�^ebgZ�dh]_�

j_glghklb ξF  =  ξF 1+ξF 2 \� ©]jyaghfª�n_jjhfZ]g_lbd_�aZ\bkbl�hl�l_fi_jZ�

lmju� T��b� __�fgbfZy�qZklv�ξF 2 hij_^_ey_l�ijhkljZgkl\_gguc�i_jbh^�hk�

pbeeypbc�2πξF2(T) iZjZf_ljZ�ihjy^dZ��K�ihgb`_gb_f�l_fi_jZlmju��dh]^Z�
wlhl�i_jbh^�klZgh\blky�f_gvr_�lhesbgu�F -kehy��S F S�i_j_oh^�klZgh\blky�
π-dhglZdlhf�  

FZkkb\u�π-i_j_oh^h\�ij_^klZ\eyxl�agZqbl_evguc�bgl_j_k�^ey�kha^Z�
gby� dm[blguo� kj_^�� Ijb� wdki_jbf_glZevghf� bkke_^h\Zgbb� h^ghf_jguo�
lj_m]hevguo� p_ihq_d� b� ^\mf_jguo� lj_m]hevguo� j_r_lhd�SFS� i_j_oh^h\�
[ueb� h[gZjm`_gu�g_h[uqgu_� y\e_gby��LZd� \[ebab� l_fi_jZlmju�Lπ�i_j_�
oh^Z�SFS�we_f_glh\�ba�©�ª�\�©πª�khklhygb_�gZ[ex^Z_lky�m^\h_gb_�i_jbh�
^bqghklb�aZ\bkbfhklb�djblbq_kdh]h�lhdZ�lZdbo�j_r_lhd�hl�ijbeh`_ggh]h�
fZ]gblgh]h�ihey��Ijh\_^_ggh_�bamq_gb_�wg_j]bb�=b[[kZ�b�^bgZfbdb�lj_�
m]hevguo�yq__d��p_ihq_d�b�^\mf_jguo�j_r_lhd�>�@�ihdZaZeh��qlh�ijbqbghc�
lZdh]h�ih\_^_gby�y\ey_lky�[bklZ[bevghklv�SFS�i_j_oh^h\�\[ebab�l_fi_jZ�
lmju�Lπ �� lh� _klv�i_jbh^bq_kdh_�i_j_dexq_gb_�SFS�i_j_oh^h\�ba� ©�ª� kh�
klhygby�\�©πª�khklhygb_�b�h[jZlgh�ijb�fhghlhgghf�baf_g_gbb�fZ]gblgh]h�
ihey� 
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Ijhn_kkhj�;ZeZdrbc�<�B���^hp_gl�<hehrbgh\�<�;� 

 
<� ^hdeZ^_� ij_^klZ\e_gu� j_amevlZlu� l_hj_lbq_kdh]h� b� wdki_jbf_g�

lZevgh]h�bamq_gby�gh\h]h�f_lh^Z�h[jZ[hldb�hilbq_kdbo�imqdh\�b�bah[jZ�
`_gbc�� hkgh\Zggh]h� gZ� ^\mf_jghc� Zdmklhhilbq_kdhc� nbevljZpbb� ijh�
kljZgkl\_ggh]h� b� \j_f_ggh]h� ki_dljZ�� khhl\_lkl\_ggh�� fhghojhfZlbq_�
kdbo�b�g_fhghojhfZlbq_kdbo�k\_lh\uo�ihe_c��Hkgh\gh_�\gbfZgb_�ijb�bk�
ke_^h\Zgbb� m^_e_gh� bamq_gbx� i_j_^Zlhqguo� nmgdpbc� Zdmklhhilbq_kdbo�
yq__d�� Z� lZd`_� � aZ\bkbfhklb� \b^Z� i_j_^Zlhqguo� oZjZdl_jbklbd� hl� kj_aZ�
djbklZeeZ�� ]_hf_ljbb� Zdmklhhilbq_kdh]h� \aZbfh^_ckl\by�b�qZklhlu�mevl�
jZa\mdZ�� 

<b^u� i_j_^Zlhqguo� nmgdpbc� Zdmklhhilbq_kdbo� mkljhckl\�� oZjZd�
l_jguo� �^ey�kemqZy�fhghojhfZlbq_kdh]h�hk\_s_gby�h[t_dlh\��b�j_amevlZ�
lu� h[jZ[hldb� bah[jZ`_gbc� k� ihfhsvx� Zdmklhhilbq_kdbo�nbevljh\� ijh�
kljZgkl\_gguo�qZklhl�ihemq_gu�ba�jZkq_lh\�gZ�ijbf_j_�h[t_dlh\� \� \b^_�
Zfieblm^guo� j_r_lhd�� <� ^hdeZ^_� lZd`_� ij_^klZ\e_gu� ^Zggu_� wdki_jb�
f_glZevgh]h�bkke_^h\Zgby�i_j_^Zlhqguo�nmgdpbc�yq__d�k�dheebg_Zjghc�b�
lZg]_gpbZevghc� ]_hf_ljb_c� Zdmklhhilbq_kdh]h� \aZbfh^_ckl\by�� <hafh`�
ghklb�Zdmklhhilbq_kdbo�f_lh^h\�h[jZ[hldb�kb]gZeh\�ijh^_fhgkljbjh\Zgu�
gZ�ijbf_j_�wnn_dlZ�hdhglmjb\Zgby�bah[jZ`_gbc�^ey�kemqZy�we_f_glZjguo�
l_klh\uo�h[t_dlh\� 

K_e_dpby� \j_f_gguo� qZklhl� g_fhghojhfZlbq_kdbo� b� g_dheebfbjh�
\Zgguo� imqdh\��nhjfbjmxsbo� hilbq_kdb_� bah[jZ`_gby�� hkms_kl\e_gZ� \�
j_Zevghf� fZkrlZ[_� \j_f_gb��NbevljZpby� j_Zebah\ZgZ� \� mevljZnbhe_lh�
\hf�� \b^bfhf� b� bgnjZdjZkghf� ^bZiZahgZo� we_dljhfZ]gblgh]h� ki_dljZ� \�
ki_dljZevghf� bgl_j\Ze_� ����� fdf� –� ���� fdf�� Ijb� k_e_dpbb� hilbq_kdbo�
kb]gZeh\� k� ihfhsvx� i_j_kljZb\Z_fuo� Zdmklhhilbq_kdbo�nbevljh\� [ueb�
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\u^_e_gu� njZ]f_glu� bah[jZ`_gbc�� aZdexq_ggu_� \� madhf� bgl_j\Ze_�
hilbq_kdbo� ^ebg� \heg�� ijbq_f� dZq_kl\h� hlnbevljh\Zgguo� bah[jZ`_gbc 
[ueh� [ebadh� d� l_e_\babhgghfm� klZg^Zjlm��:dmklhhilbq_kdbfb�f_lh^Zfb�
lZd`_� fh]� hij_^_eylvky� b� iheyjbaZpbhgguc� khklZ\� baemq_gby��
nhjfbjmxs_]h�bah[jZ`_gb_��qlh�ij_^klZ\ey_lky�bkdexqbl_evgh�\Z`guf��
^ey�fgh]hqbke_gguo�ijbf_g_gbc�\�gZmd_�b�l_ogbd_� 
 
 
 

 
GH<:Y�N:A:�M=E?JH>:�—�=PD�M=E?JH> 

 
Ijhn_kkhj�=mk_\Z�F�;���;Z[Z_\�<�=���O\hklh\�<�<� 

 
;hevrb_�mki_ob�\�h[eZklb�bkke_^h\Zgby�gh\uo�nhjf�m]e_jh^Z��ijb�

\_^rb_�d�hldjulbx�nmee_j_gh\��gZghljm[hd�fgh]hqbke_gguo� � �gZghnhjf�
m]e_jh^Z�[Zabjmxlky�gZ�sp2

�b�sp3
� �lbi_�]b[jb^baZpbb�m]e_jh^guo�Zlhfh\���

<�gZklhys__�\j_fy�^hklb]gml�lZd`_�ijhju\�\�h[eZklb�kbgl_aZ�m]e_jh^Z�gZ�
hkgh\_�sp1

�nZau�m]e_jh^Z�b�\�k\yab�c�wlbf�]hlh\blky�d�i_qZlb�dgb]Z�bgl_j�
gZpbhgZevghc�]jmiiu�mq_guo��ihk\ys_ggZy�dZj[bgm��sp1

�nhjf_�m]e_jh^Z���
GZ[ex^Z_lky�klj_fbl_evguc�ijh]j_kk�\�fgh]hqbke_gguo�ijbf_g_gbyo�m]�
e_jh^guo� fZl_jbZeh\� gZ� bo� [Za_� Z� lZd`_� gZ� hkgh\_� ie_ghd� ZefZaZ� –sp3 
nhjfu�m]e_jh^Z� 

K�nhjfZevghc� lhqdb� aj_gby� kms_kl\m_l� \k_]h� q_luj_� g_aZ\bkbfu_�
dhf[bgZpbb�hjlhghjfbjh\Zgguo��\hegh\uo�nmgdpbc�ZlhfZ�m]e_jh^Z���h[h�
agZqZ_fu_�dZd��sp0, sp1 , sp2 , sp3 -�dhf[bgZpbb�Zlhfguo�hj[blZe_c��h[eZ�
^Zxsb_� gmevf_jghc� �kn_jbq_kdhc��� h^ghf_jghc� �ebg_cghc��� ^\mf_jghc�
�iehkdhklghc���lj_of_jghc���kbff_ljb_c�\hegh\uo�nmgdpbc�ZlhfZ�m]e_jh�
^Z�� 

Sp3 -�khhl\_lkl\m_l�ZefZam��sp2 -�]jZnblm��sp1 -�ebg_cgh-p_ihq_qghfm�
m]e_jh^m��dZj[bgm���=b[jb^bah\Zggu_��\hegh\u_�nmgdpbb�h[jZamxl�kbev�
gu_� dh\Ze_glgu_� k\yab�f_`^m� ZlhfZfb� m]e_jh^Z�� Z�g_]b[jb^bah\Zggu_� - 
\aZbfh^_ckl\mxl� agZqbl_evgh� keZ[__� b� h[uqgh� wlh� \aZbfh^_ckl\b_� ^Z_l�
\lhjhkl_i_gguc�\deZ^�\�wg_j]bx�k\yab�djbklZeeZ��H^gZdh�hgh�b]jZ_l��hi�
j_^_eyxsmx�jhev��ijb�hibkZgbb�we_dljhgguo�k\hckl\�ihkdhevdm�we_dljh�
gu�wlbo�hj[blZe_c�kbevgh�h[h[s_kl\e_gu��dZd�wlh�ijhbkoh^bl�\�f_lZeeZo� 

LZdbf�h[jZahf��hklZ_lky�\hafh`ghklv�kms_kl\h\Zgby�_s_�h^ghc��f_�
lZeebq_kdhc�� nZau� m]e_jh^Z� gZ� hkgh\_� kbff_ljbb� � sp0

� �g_]b[jb^bah\Zg�
guo��Zlhfguo�hj[blZe_c���m]e_jh^Z���� 

<i_j\u_� lZdZy�nZaZ�[ueZ�h[gZjm`_gZ�\�jZ[hl_� >�@��\�dhlhjhc�[ueh�
ihdZaZgh��qlh�^ZggZy�nZaZ�^_ckl\bl_evgh�kms_kl\m_l�b�h[eZ^Z_l�Zlhfghc�
kljmdlmjhc� lbiZ�=PD��oZjZdl_jghc�^ey�[hevrbgkl\Z�f_lZeeh\��IZjZf_lj�
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j_r_ldb�wlhc�nZau�hdZaZeky�\_kvfZ�[ebahd�d�ZefZam��<ihke_^kl\bb�^ZggZy�
nZaZ�fgh]hdjZlgh� gZ[ex^ZeZkv�fgh]bfb� ^jm]bfb� bkke_^h\Zl_eyfb� b� gZ�
au\ZeZkv�©o-ZefZahfª���©n-�ZefZahfª�>���@���^_n_dlguf�ZefZahf�b�l�^�� 

<�^Zgghf�^hdeZ^_�[m^ml�ij_^klZ\e_gu�gh\_crb_�^hklb`_gby�\�h[�
eZklb�bkke_^h\Zgby�=PD�m]e_jh^Z��ihemq_ggu_�aZ�ihke_^g__�\j_fy�gZ�nb�
abq_kdhf� nZdmevl_l_� F=M� \� kh^jm`_kl\_� k� Bgklblmlhf� FZdkZ� IeZgdZ�
�=_jfZgby�� b� nbjfhc� L\bgg� �Jhkkby��� Ijb\h^ylky� ^Zggu_� \ukhdhjZaj_�
rZxs_c� we_dljhgghc� fbdjhkdhibb�� ^bnjZdpbb� we_dljhgh\�� h`_-
ki_dljhkdhibb��ki_dljhkdhibb�oZjZdl_jbklbq_kdbo�ihl_jv�we_dljhgh\��DJ�
ki_dljhkdhibb�� nhlhwe_jhgghc� ki_dljhkdhibb� Z� lZd`_� jZkq_lu� f_lh^hf�
ED:H� � \Ze_glghc� ahgu�=PD�m]e_jh^Z�� dhlhju_�h^ghagZqgh� k\b^_l_evkl�
\mxl��qlh�wlZ�nZaZ�^_ckl\bl_evgh�kms_kl\m_l�b�qlh�hgZ�kh\_jr_ggh�hlebq�
gZ�hl�ZefZaZ��H[km`^Zxlky�\hafh`gu_�imlb�__�ijZdlbq_kdh]h�bkihevah\Z�
gby�b�l_ogheh]bb�ijhba\h^kl\Z� 

 
EBL?J:LMJ: 
���IZeZlgbd�E�K���=mk_\Z�F�;���;Z[Z_\�<�=���b�^j��@WLN��l������������

K������������ 
2) Hodeau J., Tonnerre J., Bouchet-Fabre B. et al., Phys. Rev.B, v.50, 
p.10311, 1994. 
3) Rossi M., Vitali G. Terranova M.L., Sessa V., Appl.Phys.Lett., v.63 
�������S������������ 
 

 
NHJFBJH<:GB?�I?JBH>BQ?KDBO�FBDJHKLJMDLMJ 

G:�IH<?JOGHKLB�L<?J>HL?EVGHC�FBR?GB 
IH>�>?CKL<B?F�G:GH- B�N?FLHK?DMG>GUO�MN�BFIMEVKH< 

 
RZrdh\�:�:� 

Ijb�\ha^_ckl\bb�bgl_gkb\gh]h�eZa_jgh]h�baemq_gby�gZ� l\_j^hl_ev�
gmx�fbr_gv�\hagbdZ_l�jy^�ijhp_kkh\��ijb\h^ysbo�d�fh^bnbdZpbb�__�ih�
\_joghklguo�oZjZdl_jbklbd� 

<h-i_j\uo�� \� j_`bf_� ieZafhh[jZah\Zgby� ijhbkoh^bl� hqbkldZ� ih�
\_joghklb� hl�ijbf_kghc�ie_gdb� >�@��LZd��gZfb� [ueZ�ijh\_^_gu� wdki_jb�
f_glu�� ihdZau\Zxsb_�� qlh� bkihevah\Zgb_� eZa_jgh]h� bfimevkZ� gZghk_�
dmg^ghc�^ebl_evghklb�k�iehlghklvx�wg_j]bb�f_g__��� >`�kf2

��bf_xs_]h�
j_]mebjm_fh_� hi_j_`_gb_� hl� ��� fdk� ^h� ��� fk� hlghkbl_evgh� n_flhk_�
dmg^gh]h� eZa_jgh]h� baemq_gby�� iha\hey_l� wnn_dlb\gh� hqbsZlv� ih\_jo�
ghklv�fbr_gb� aZ� kq_l�m^Ze_gby� k�ih\_joghklb�fbr_gb�ijbf_kguo�fhe_�
dme��kh^_j`Zsbo�\h^hjh^��m]e_jh^�b�dbkehjh^�\�\Zdmmf_�ijb�^Z\e_gbb�hk�
lZlhqgh]h�]ZaZ�a��-5Lhj�� 
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 <h-\lhjuo��gZ�ih\_joghklb�fbr_gb�nhjfbjmxlky�fbdjhkljmdlmju��
oZjZdl_j� dhlhjuo� kbevgh� aZ\bkbl� hl� iZjZf_ljh\� eZa_jgh]h� baemq_gby��
^ebgu�\hegu��iheyjbaZpbb��m]eZ�iZ^_gby� >���@��LZdb_�kljmdlmju�iha\hey�
xl�baf_gblv� j_`bf� \aZbfh^_ckl\by� eZa_jgh]h�baemq_gby� k� \_s_kl\hf�� \�
qZklghklb�� m\_ebqblv� wg_j]h\deZ^� \� fbr_gv�� qlh� \Z`gh� ijb� ijh\_^_gbb�
eZa_jgh-ieZaf_gguo�wdki_jbf_glh\�>�@� 

<�gZklhys_c�jZ[hl_�bkke_^m_lky�hkh[_gghklb�j_`bfZ� \aZbfh^_ckl�
\by�MN�eZa_jgh]h�baemq_gby�gZgh-�b�n_flhk_dmg^ghc�^ebl_evghklb�k�f_�
lZeebq_kdhc�fbr_gvx� 

<� dZq_kl\_� bklhqgbdh\� baemq_gby� bkihevah\Zebkv�� ���XeCl� eZa_j� k�
iehkdhiZjZee_evguf�j_ahgZlhjhf��>ebgZ�\hegu�baemq_gby�jZ\gZ� ����gf��
^ebl_evghklv�bfimevkZ� ���gk��wg_j]by�baemq_gby� ���f>`�� ���mkbe_ggh_�\�
XeCl�mkbebl_e_��baemq_gb_�\lhjhc�]Zjfhgbdb�eZa_jZ�gZ�djZkbl_e_��dhlhjh_�
bf_eh�iZjZf_lju�� 308=λ �gf�� 200~τ �nk��E ����fd>`��>ey�bkke_^h\Zgby�
^bgZfbdb� jhklZ� ih\_joghklguo� kljmdlmj� bkihevah\Zeb� baemq_gb_� HeNe 
eZa_jZ�� baemq_gb_� dhlhjh]h� nhdmkbjh\Zehkv� gZ� h[jZa_p�� >bnjZdpbhggZy�
dZjlbgZ�ijh_pbjh\ZeZkv�gZ�wdjZg�eb[h�IAK��^ey�dhgljhey�\hagbdgh\_gby�b�
j_]bkljZpbb�^bgZfbdb�jhklZ�ih\_joghklguo�fbdjhkljmdlmj��Ihemq_ggu_�
h[jZapu�j_]bkljbjh\Zeb�\�[_ehf�k\_l_�ijb�ihfhsb�IAK�dZf_ju��Z�lZd�`_�
bkke_^h\Zeb� k� ihfhsvx� we_dljhggh]h� fbdjhkdhiZ�� <� dZq_kl\_� h[jZaph\�
bkihevah\Zebkv�ihebjh\Zggu_�ieZklbgu�Ti�b�Fe��Z�lZd�`_�g_ihebjh\Zggu_�
ieZklbgu�Ti. 

Hkgh\gu_�j_amevlZlu 
Ihke_�h[emq_gby�h[jZaph\�gZghk_dmg^gufb�bfimevkZfb�gZ�fgh]bo�

h[jZapZo�[ueb�aZnbdkbjh\Zgu�hlq_leb\h�\b^bfu_�i_jbh^bq_kdb_�ih\_jo�
ghklgu_�fbdjhkljmdlmju��Ijbq_f� gZb[he__� ohjhrb_�� q_ldb_� g_h^ghjh^�
ghklb� m^Zehkv�ihemqblv�gZ�ihebjh\Zgguo�f_lZeebq_kdbo� h[jZapZo�ihke_�
a���\uklj_eh\��k�iehlghklvx�wg_j]bb�a�� 2/ kf>` ��<[ebab�ih\_joghklb�ijb�
h[emq_gbb� gZ[ex^Zeky� yjdbc� ieZaf_gguc� nZd_e�� qlh� k\b^_l_evkl\m_l� h�
gZebqbb�ijh[hy�gZ�ih\_joghklb�f_lZeeZ� 

Lbibqguc� \b^� eZa_jgh-bg^mpbjh\Zgguo�fbdjhkljmdlmj�� gZ[ex^_g�
guo�k�ihfhsvx�IAK-fZljbpu��ihdZaZg�gZ�jbk���� 

;ueb�aZnbdkbjh\Zgu�©[hevrb_ª�ih�Zfieblm^_�b�dhgljZklm�kljmdlm�
ju�\�p_glj_�djZl_jZ�jZaf_jghklvx�hdheh����fdf��Z�lZd�`_�f_g__�aZf_lgu_�
kljmdlmju�gZ�djZyo�djZl_jZ�k�jZaf_jghklvx� �-���fdf��Ijb�bkke_^h\Zgbb�
bah[jZ`_gbc�� k^_eZgguo� we_dljhgguf� fbdjhkdhihf� �jbk�� ���� hlq_leb\h�
\b^gh�� qlh� fbdjhkljmdlmju� ij_^klZ\eyxl� kh[hc� aZklu\rb_� ih\_joghkl�
gu_�\hegu�jZkieZ\e_ggh]h�f_lZeeZ� 

�Ijb� bkke_^h\Zgbyo� ih� gZ\_^_gbx� ih\_joghklguo� kljmdlmj� k� bk�
ihevah\Zgb_f�n_flhk_dmg^guo�bfimevkh\�gZ�^ebg_�\hegu�����gf�k�wg_j�
]b_c�a���-����fd>`��iehlghklv�wg_j]bb�a�>`�kf2

��b�m]e_�iZ^_gby� $45~θ �\�
djZl_jZo� aZnbdkbjh\Zgu� �bkihevah\Zg� hilbq_kdbc�fbdjhkdhi�� ih\_jogh�
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klgu_�g_h^ghjh^ghklb��Hgb�ij_^klZ\eyeb�kh[hc�©dhgp_gljbq_kdb_ª�h\Zeu�
k�rZ]hf�a���fdf��qlh�[ueh�h[tykg_gh�kbevgufb�Z[_jjZpbyfb�ijb�nhdmkb�
jh\d_�baemq_gby�gZ�fbr_gv�jbk�����GZ�bah[jZ`_gbyo��ihemq_gguo�k�ihfh�
svx� we_dljhggh]h� fbdjhkdhiZ� �jbk����� hlq_leb\h� \b^gu� wlb� dhevp_\u_�
kljmdlmju��Ijb� wlhf�\�p_gljZevghc�h[eZklb�\hagbdeb�fbdjhgguo�jZaf_�
jh\�dZieb�jZkieZ\e_ggh]h��Z�aZl_f�aZklu\r_]h�fZl_jbZeZ�fbr_gb� 
 

          
   Jbk���      Jbk��� 
 

                           
  jbk. 3         jbk. 4 
 
 
Ebl_jZlmjZ: 
 
[1] J.<. <hedh\, >.F. =hebrgbdh\, <.F. =hj^b_gdh, F.K. >`b^`h_\, 

B.F. EZqdh, ;.<. FZjvbg, I.F. Fbo__\, :.;. KZ\_ev_\��>�K��Mjxib�
gZ��:�:��RZrdh\��Nhjfbjh\Zgb_�bhggh]h�lhdZ�\ukhdhl_fi_jZlmj�

ghc�n_flhk_dmg^ghc� eZa_jghc�ieZafu�gZ�ih\_joghklb�fbr_gb�� kh�
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^_j`Zs_c�ijbf_kguc�kehc // D\Zglh\Zy� we_dljhgbdZ�� ����� ����981-
986  

[2] K��:��:ofZgh\��<��B��?f_evygh\��G��B��Dhjhl__\��<��G��K_fbgh]h\��
<ha^_ckl\b_�fhsgh]h�eZa_jgh]h�baemq_gby�gZ�ih\_joghklv�ihemijh�

\h^gbdh\�b�f_lZeeh\��g_ebg_cgh-hilbq_kdb_�wnn_dlu�b�g_ebg_cgh-
hilbq_kdZy�^bZ]ghklbdZ��MNG��lhf������\ui���������� 

[3] <��G��:gbkbfh\��<��X��;ZjZgh\��E��:��;hevrh\��:��F��>uog_��>��>��
FZexlZ��<��>��Ibkvf_gguc��:��X��K_[jZgl��F��:��Kl_iZgh\Z��H�jZa�
\blbb�i_jbh^bq_kdbo�kljmdlmj�gZ�ih\_joghklb�f_lZeeh\�b�ihemijh�

\h^gbdh\� ih^� ^_ckl\b_f� baemq_gby� bfimevkgh]h� 2CO  -� eZa_jZ�� Ih�
\_joghklv��NbabdZ��obfby��f_oZgbdZ������������ 
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<EBYGB?�:>KHJ;PBHGGH=H�IHDJULBY�B�FHE?DMEYJGH=H�
HDJM@?GBY�DJ?FGB?<UO�G:GHDJBKL:EEH< 

G:�BO�WE?DLJHGGU?�B�HILBQ?KDB?�K<HCKL<: 
 

>hp_gl�DhgklZglbgh\Z�?�:� 
 

<\_^_gb_ 
Ihjbkluc�dj_fgbc��ID���ihemqZ_fuc�we_dljhobfbq_kdbf�ljZ\e_gb�

_f�fhghdjbklZeebq_kdh]h�dj_fgby��c-Si��\�jZkl\hj_�gZ�hkgh\_�ieZ\bdh\hc�
dbkehlu��ijh^he`Z_l�hklZ\Zlvky�h[t_dlhf�bgl_gkb\guo�bkke_^h\Zgbc��Wlh�
h[mkeh\e_gh� fgh]hh[jZab_f� nbabdh-obfbq_kdbo� k\hckl\� ^Zggh]h� fZl_�
jbZeZ��ij_^klZ\eyxs_]h�kh[hc�kh\hdmighklv�dj_fgb_\uo�gZghdjbklZeeh\��
H[gZjm`_gb_� wnn_dlb\ghc�exfbg_kp_gpbb�ID� \� \b^bfhc�h[eZklb� ki_d�
ljZ�ijb�dhfgZlghc� l_fi_jZlmj_�y\behkv�fhsguf� klbfmehf�^ey�bkke_^h�
\Zgby�_]h�hilbq_kdbo��we_dljhnbabq_kdbo�b�kljmdlmjguo�k\hckl\� >�@��Ih�
kdhevdm� jZa\blb_� l_ogheh]bb� � ba]hlh\e_gby� gh\uo� ihemijh\h^gbdh\uo�
mkljhckl\�b^_l�ih�imlb�ihklhyggh]h�mf_gvr_gby�jZaf_jh\�hl^_evguo�we_�
f_glh\��bamq_gb_�nmg^Zf_glZevguo�aZdhghf_jghkl_c�we_dljhgguo�b�hilb�
q_kdbo�y\e_gbc�\�h[t_dlZo�gZghf_ljh\h]h�^bZiZahgZ��d�dhlhjuf�hlghkblky�
b�ID��y\ey_lky�qj_a\uqZcgh�ZdlmZevguf� 

Dj_fgb_\u_� gZghdjbklZeeu� �nc-Si) \�ID� bf_xl� h]jhfgmx� �^h� ��3 
f2
�]�>�@��m^_evgmx�ih\_joghklv��dhlhjZy�^hklmigZ�\ha^_ckl\bx�jZaebqguo�

fhe_dme�ba�hdjm`Zxs_c� kj_^u��Wlh�ijb\h^bl� d�bkdexqbl_evgh� \ukhdhc�
qm\kl\bl_evghklb� nbabq_kdbo� k\hckl\� ID� d� Z^khj[pbhgghfm� ihdjulbx�
_]h�ih\_joghklb� >���@��qlh� hldju\Z_l�i_jki_dlb\m�p_e_gZijZ\e_ggh]h�ba�
f_g_gby�_]h�k\hckl\�iml_f�\ZjbZpbb�fhe_dmeyjgh]h�hdjm`_gby�gZghdjb�
klZeeh\��� 

P_evx�^Zgghc�jZ[hlu�y\eyehkv��bkke_^h\Zgb_��we_dljhgguo�b�hilb�
q_kdbo� k\hckl\� ZgkZf[ey� QF-6L�� ih^\_j]gmluo� jZaebqguf� l_jfbq_kdbf� b�
Z^khj[pbhgguf� \ha^_ckl\byf�� fh^bnbpbjmxsbf� nbabq_kdb_� k\hckl\Z�
gZghdjbklZeeh\��>ey�^hklb`_gby�ihklZ\e_gghc�aZ^Zqb�bkihevah\Zeky�dhf�
ie_dk�f_lh^h\�BD-�b�WIJ-ki_dljhkdhibb��nhlhexfbg_kp_gpbb��NE���Wlh�
iha\hebeh�dhgljhebjh\Zlv�dZd�obfbq_kdbc�khklZ\�ih\_joghklgh]h�ihdju�
lby�QF-6L��lZd�b�bo�hilhwe_dljhggu_�k\hckl\Z�� 

 
H[t_dlu�bkke_^h\Zgby 

<u[hj� Z^khj[Zlh\� hkms_kl\eyeky��bkoh^y�ba� ke_^mxsbo� khh[jZ`_�
gbc��Fgh]hh[jZab_�Z^khj[pbhgguo�\ha^_ckl\bc��fh^bnbpbjmxsbo�k\hc�
kl\Z�ID�b�ij_^klZ\eyxsbo�gZb[hevrbc�bgl_j_k�^ey�nmg^Zf_glZevghc�b�
ijbdeZ^ghc�nbabdb, fh`gh�mkeh\gh�jZa[blv�gZ�ljb�hkgh\guo�]jmiiu��bk�
oh^y�ba�ijbjh^u�b�k\hckl\�Z^khj[Zlh\��D�i_j\hc�ba��gbo�hlghkylky�\ha^_c�
kl\by�� \ua\Zggu_� jZaebqgufb� iheyjgufb� b� g_iheyjgufb� m]e_\h^hjh^Z�
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fb��Z^khj[pby�dhlhjuo�iha\hey_l�\uy\blv�hkgh\gu_�aZdhghf_jghklb�ijh�
p_kkh\�j_dhf[bgZpbb�g_jZ\gh\_kguo�ghkbl_e_c� aZjy^Z�\�nc-Si�b�y\ey_lky�
iheghklvx�h[jZlbfhc�\�pbdeZo�gZimkd�fhe_dme−ihke_^mxs__�\Zdmmfbjh�
\Zgb_��<�dZq_kl\_�mdZaZgguo�Z^khj[Zlh\�\�jZ[hl_�[ueb� �\u[jZgu� �[_gahe��
Zp_lhg��wlZghe��f_lZghe�� 

<lhjZy�]jmiiZ�\dexqZ_l�\�k_[y�\_kv�rbjhdbc�ki_dlj�\aZbfh^_ckl\bc�
fhe_dme� dbkehjh^Z� k� ih\_joghklvx�ID� k� �\� _kl_kl\_gguo� mkeh\byo�� ijb�
gZ]j_\_�b�hk\_s_gbb���>Zgguc�lbi�\aZbfh^_ckl\by��hdbke_gb_��oZjZdl_jb�
am_lky�g_h[jZlbfuf�baf_g_gb_f�we_dljhgguo�b�hilbq_kdbo�k\hckl\�nc-Si. 
AgZgb_� b� ihgbfZgb_�nbabq_kdbo� ijhp_kkh\� gZ� ]jZgbp_� jZa^_eZ�Si/SiO2� \�
nc-Si�g_h[oh^bfh�^ey�jZajZ[hldb�gh\h]h�ihdhe_gby�F>I-kljmdlmj�gZ�hk�
gh\_� QF-Si�� <� dZq_kl\_� dbkehjh^kh^_j`Zs_c� kj_^u� bkihevah\Zebkv� dZd�
\ha^mo��lZd�b�qbkluc�dbkehjh^�  

D� lj_lv_c� ]jmii_� hlghkblky� Z^khj[pbhggh_� \ha^_ckl\b_� Zdlb\guo�
fhe_dme��h[jZamxsbo�gZ�ih\_joghklb�l\_j^h]h�l_eZ�hljbpZl_evgh�b�iheh�
`bl_evgh�aZjy`_ggu_�dhfie_dku��l�_��ijhy\eyxsbo�k\hckl\Z�kbevguo�Zd�
p_ilhjh\�b�^hghjh\� we_dljhgh\�� khhl\_lkl\_ggh���>ey�\uiheg_gby�bkke_�
^h\Zgby�[ueb�\u[jZgu�^bhdkb^�ZahlZ��122���iZjZ[_gahobghg��C6H4O2���Zd�
p_ilhju��b�ibjb^bg��&5H51���\h^Z��H2O���^hghju���Djbl_jb_f�\u[hjZ�Z^�
khj[Zlh\�\�^Zgghf�kemqZ_�y\eyehkv�gZebqb_�\ukhdbo�nZdlhjh\�aZiheg_gby�
ih\_joghklb� ijb� Z^khj[pbb� gZ� dj_fgbb� >�@� b� ijZdlbq_kdbc� �wdheh]bq_�
kdbc�� Zki_dl�jZkkfZljb\Z_fhc�ijh[e_fu��ihkdhevdm�^Zggu_� \_s_kl\Z� �aZ�
bkdexq_gb_f�\h^u��djZcg_�lhdkbqgu��b�ihbkd�gh\uo�fZl_jbZeh\�^ey�kha�
^Zgby� \ukhdhqm\kl\bl_evguo� k_gkhjh\� gZ� mdZaZggu_� fhe_dmeu� y\ey_lky�
ZdlmZevghc� aZ^Zq_c� >�@�� Djhf_� lh]h�� bamq_gb_� nmg^Zf_glZevguo� aZdhgh�
f_jghkl_c� \aZbfh^_ckl\by� lZdbo� Zdlb\guo� fhe_dme� k� l\_j^uf� l_ehf�
\_kvfZ�ZdlmZevgh�\�jZfdZo�ijh[e_fu�e_]bjh\Zgby�QF-Si��qlh�\Z`gh�^ey�hi�
lhwe_dljhggh]h� ijbf_g_gby� ID� b� ^jm]bo� nc-Si-kh^_j`Zsbo� fZl_jbZeh\�
[1]. 

>ey� bkke_^h\Zgby� j_dhf[bgZpbhgguo� ijhp_kkh\� \� ZgkZf[e_� nc-Si 
bkihevah\Zebkv�h[jZapu�fbdjhihjbklh]h�dj_fgby�k�oZjZdl_jguf�^bZf_l�
jhf�gZghdjbklZeeh\�b�ihj�ijbf_jgh��-��gf��kh]eZkgh�^Zgguf�we_dljhgghc�
fbdjhkdhibb�b�dhf[bgZpbhggh]h�jZkk_ygby�k\_lZ���exfbg_kpbjmxsb_� �\�
\b^bfhf�^bZiZahg_�ki_dljZ�>�@�� 

Bamq_gb_� k\h[h^guo�ghkbl_e_c� aZjy^Z�hkms_kl\eyehkv�\�f_ahihjb�
klhf�dj_fgbb��>Zgguc�\b^�ID�bf__l�oZjZdl_jgu_�jZaf_ju�nc-Si�[hevr_���
gf�b�ihju� k�^bZf_ljhf� \�^bZiZahg_� �-����gf� >�@��D\Zglh\uc�jZaf_jguc�
wnn_dl�\�nc-Si�lZdbo�jZaf_jh\�fZe��b�m\_ebq_gb_�rbjbgu�aZij_s_gghc�ah�
gu� h[uqgh� g_� ij_\urZ_l� l_ieh\hc� wg_j]bb� ijb� dhfgZlghc� l_fi_jZlmj_�
>�@��Ihwlhfm� we_dljhggu_� k\hckl\Z�f_ahihjbklh]h�ID� [ebadb� d� lZdh\uf�
^ey�c-Si��aZ�bkdexq_gb_f�\deZ^Z��h[mkeh\e_ggh]h�ih\_joghklgufb�khklhy�
gbyfb�\�QF-Si.  
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Ijhp_kku�j_dhf[bgZpbb�g_jZ\gh\_kguo�ghkbl_e_c�aZjy^Z� 
\�ZgkZf[eyo�dj_fgb_\uo�gZghdjbklZeeZo 
�k�jZaebqguf�ih\_joghklguf�ihdjulb_f 

<uiheg_ggh_�\�jZ[hl_�kbkl_fZlbq_kdh_�bkke_^h\Zgb_�j_dhf[bgZpb�
hgguo�ijhp_kkh\�g_jZ\gh\_kguo�ghkbl_e_c�aZjy^Z�\�ZgkZf[e_�nc-Si�iha\h�
ebeh�jZa\blv� �fh^_ev�� kh]eZkgh�dhlhjhc�m`_�ijb�dhfgZlghc� l_fi_jZlmj_�
nhlh\ha[m`^_ggu_� ghkbl_eb� h[jZamxl� ^bgZfbq_kdb� k\yaZggu_�
ih^kbkl_fu� wdkblhgh\� b� k\h[h^guo� we_dljhgh\� b� ^ujhd� >�@��

BaemqZl_evgZy� j_dhf[bgZpby� ijhbkoh^bl� ijb� Zgb]beypbb� wdkblhgh\� k 
oZjZdl_jguf� \j_f_g_f� τr,� [_auaemqZl_evgZy� j_dhf[bgZpby� j_Zebam_lky�
lhevdh� ^ey� k\h[h^guo� ghkbl_e_c� gZ� ih\_joghklguo� p_gljZo� kh� kj_^gbf�
\j_f_g_f�`bagb�τnr��>_ckl\bl_evgh��kh]eZkgh�\uiheg_gguf�jZkq_lZf�>�@�\�
dj_fgb_\uo�gblyo�k�^bZf_ljhf��-��gf�\hafh`gh�kms_kl\h\Zgb_�wdkblhgh\�
m`_�ijb�dhfgZlghc�l_fi_jZlmj_� �wg_j]by�k\yab�wdkblhgh\�Eexc�khklZ\ey_l�
khlgb�fw<�� �jbk����\klZ\dZ���H^gZdh��ijyfh_�wdki_jbf_glZevgh_�gZ[ex^_�
gb_�wdkblhgguo�ibdh\�aZljm^g_gh�\ke_^kl\b_�jZkij_^_e_gby�gZghdjbklZe�
eh\�ih�jZaf_jZf��Ihwlhfm�\uiheg_ggu_� �\�jZ[hl_�wdki_jbf_glu�ih�\eby�
gbx� ^bwe_dljbq_kdbo� kj_^� gZ� baemqZl_evgu_� oZjZdl_jbklbdb�ID� �jbk����
fh`gh�kqblZlv�wdki_jbf_glZevguf�^hdZaZl_evkl\hf�kms_kl\h\Zgby��wdkb�
lhgh\�\�QF-Si. 

Jbk����Ki_dlju�NE�\�\Zdmmf_�ε �������Zlfhkn_j_�[_gaheZ�ε=2.5 (2), 
wlZgheZ�ε ��������b�f_lZgheZ�ε �������ijb�l_fi_jZlmj_�L ����D� <klZ\�
dZ�gZ�jbkmgd_�ihdZau\Z_l�aZ\bkbfhklv���jZkq_lguo�agZq_gbc�Eexc�hl�\_eb�

qbgu�ε�^ey�gZghdjbklZeeh\�k�jZaf_jZfb���b���gf� 
 Ba�jbk���\b^gh��qlh�aZiheg_gb_�ihj�jZaebqgufb�^bwe_dljbq_kdbfb�

`b^dhklyfb� k� \ukhdhc� ^bwe_dljbq_kdhc� ijhgbpZ_fhklvx� ε� ijb\h^beh� d�
]Zr_gbx�NE��k\yaZgghfm�k�l_jfbq_kdbf�jZkiZ^hf�wdkblhgh\�ijb�^Zgghc�
l_fi_jZlmj_�\ke_^kl\b_�mf_gvr_gby�bo�wg_j]bb�k\yab�� 

H^gh\j_f_ggh� j_]bkljbjh\Zeky� jhkl� ih]ehs_gby�BD� baemq_gby� gZ�
k\h[h^guo�ghkbl_eyo� aZjy^Z� �IKG��\ke_^kl\b_�i_j_jZkij_^_e_gby�f_`^m�
ih^kbkl_fZfb�k\yaZgguo�b�k\h[h^guo�ghkbl_e_c� aZjy^Z�\�ihevam�ihke_^�
gbo��jbk���������� 
Jbk�����>bZ]jZffu�^ey�dhgp_gljZpbb�b�\j_f_gb�j_eZdkZpbb�k\h[h^guo�g_�
jZ\gh\_kguo� ghkbl_e_c� aZjy^Z� ^ey�ID� \� \Zdmmf_�� Zlfhkn_j_� [_gaheZ� b�

wlZgheZ����-dhgp_gljZpby���-\j_fy�j_eZdkZpbb�� 
 
<ebygb_�^bwe_dljbq_kdbo�kj_^�gZ�NE�b�IKG�[ueh�ijZdlbq_kdb�iheghklvx�
h[jZlbfuf�\�pbdeZo�gZimkd-hldZqdZ��Ihwlhfm�k�mq_lhf�^Zgguo�jZ[hlu�>�@�
iheZ]Z_lky�� qlh� mdZaZggh_� \ebygb_� \� i_j\hf� ijb[eb`_gbb� h[mkeh\e_gh�
ebrv�baf_g_gb_f�ε �kj_^u��hdjm`Zxs_c�nc-Si. 
Dbg_lbdb� j_eZdkZpbb� NE� hibku\Zxlky� lZd� gZau\Z_fhc� jZklygmlhc�
wdkihg_glhc� 
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ijbq_f�iZjZf_lju�τPL (\j_fy�j_eZdkZpbb�NE� b�β (iZjZf_lj�g_wdkihg_gpb�
Zevghklb� aZ\bkyl� hl� ^ebgu� \hegu� j_dhf[bgZpbhggh]h� baemq_gby� λ. 
>Zggu_� aZ\bkbfhklb� � (1)� hibku\Zxl� jZkij_^_e_gb_� gZghdjbklZeeh\� ih�
k_q_gbx� >�@��GZ�jbk���ijb\_^_gu�djb\u_�τPL(λ) b�β(λ)�^ey�bkke_^h\Zgguo�
h[jZaph\��DZd�\b^gh�ba�jbk�����aZ\bkbfhklb�����ijb[eb`Zxlky�d�wdkihg_gl_�
^ey� λ>λmax=650 gf�� \_ebqbgu� τPL� e_`Zl� \� fbdjhk_dmg^ghf� ^bZiZahg_� b�
gZ[ex^Z_lky�bo�iZ^_gb_�\�kj_^Zo�k�\ukhdbf�agZq_gb_f�ε  .  
Jbk���AZ\bkbfhklb�\j_f_gb�j_eZdkZpbb�NE�b�iZjZf_ljZ�g_wdkihg_gpbZev�

ghklb�β hl�^ebgu�\hegu�j_dhf[bgZpbhggh]h�baemq_gby�^ey�ID�\�\Zdmmf_�
�����Zlfhkn_j_�[_gaheZ�����b��wlZgheZ�����ijb�L ����D� 
 

Dbg_lbdb� j_eZdkZpbb� IKG� lZd`_� hibku\Zebkv� nmgdpbyfb� ���� k�
iZjZf_ljZfb� τFC (\j_fy� j_eZdkZpbb� k\h[h^guo�g_jZ\gh\_kguo�ghkbl_e_c�
aZjy^Z� b β ohjhrh� khhl\_lkl\mxsbfb� τPL b� β� ^ey� kb]gZeZ� NE� \ 
fZdkbfmf_� ki_dljZ��qlh�ohjhrh�h[tykgy_lky� \�jZfdZo�gZr_c�fh^_eb� >�@��
ihkdhevdm� bf_ggh� wdkblhgu�� hl\_lkl\_ggu_� aZ� baemq_gb_� k� λ=λmax�� ^Zxl�
hkgh\ghc�\deZ^�\�h[sbc�ijhp_kk�j_dhf[bgZpbb�g_jZ\gh\_kguo�ghkbl_e_c�
aZjy^Z��;ueh�aZj_]bkljbjh\Zgh�mf_gvr_gb_�\_ebqbgu τFC�\�kj_^Zo�k�\ukh�
dbf�agZq_gb_f�ε��jbk��������� 

H[gZjm`_ggu_� baf_g_gby� dbg_lbq_kdbo� iZjZf_ljh\� NE� b� IKG�
ihke_�aZiheg_gby�ihj�kj_^Zfb�k�\ukhdbf�agZq_gb_f�ε�fh`gh�h[tykgblv�\�
jZfdZo� gZr_c� fh^_eb� ke_^mxsbf� h[jZahf�� <ke_^kl\b_� fZehc�
wnn_dlb\ghklb� NE� \� bamqZ_fuo� h[jZapZo� ID� hq_\b^gh� ke_^m_l�
khhlghr_gb_� ^ey� \j_f_g� baemqZl_evghc� b� [_auaemqZl_evghc�
j_dhf[bgZpbb��τr>τnr��Wlh�khhlghr_gb_�mkbeb\Z_lky�ijb�i_j_oh^_�d�nc-Si�k�
[hevrbfb� jZaf_jZfb� �exfbg_kpbjmxsbfb� \� ^ebggh\hegh\hc� h[eZklb�
ki_dljZ�� aZ� kq_l� jhklZ� τr >�@�� Ke_^h\Zl_evgh�� bf_ggh� ^ey� lZdbo� nc-Si� \�
khhl\_lkl\bb� k� l_hj_lbq_kdbf� jZkq_lhf�� \uiheg_gguf� \� >�@��

hlghkbl_evgh_� mf_gvr_gb_� dhgp_gljZpbb� wdkblhgh\� ^he`gh� \uau\Zlv�
iZ^_gb_� \j_f_g� j_eZdkZpbb� kb]gZeh\� NE� b� IKG�� <� baf_j_gbyo� IKG�
jZa^_eblv� \deZ^u� hl� nc-Si� jZaebqguo� jZaf_jh\� g_\hafh`gh�� ihwlhfm�
nbdkbjm_lky� g_dhlhjh_� mkj_^g_ggh_� τFC�� gh� ^ey� kemqZy� NE�
ij_^kdZau\Z_fuc� fh^_evx� wnn_dl� aZ\bkbfhklb� baf_g_gby� τPL� hl� ^ebgu�
\hegu�j_]bkljbjm_lky�^hklZlhqgh�q_ldh��jbk���� 

D� kgb`_gbx� qbkeZ� wdkblhgh\� �b�� khhl\_lkl\_ggh�� mf_gvr_gbx� bg�
l_gkb\ghklb� NE�� � ijb� nbdkbjh\Zgghc� l_fi_jZlmj_� ijb\h^bl� lZd`_� Z^�
khj[pby�fhe_dme��h[jZamxsbo�gZ�ih\_joghklb�QF-Si�dhfie_dku�k�i_j_gh�
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khf� aZjy^Z�� dhlhju_� k\hbf� dmehgh\kdbf� ihe_f� jZajmrZxl� wdkblhgu� >�@��
<hagbdZxsb_� ijb� wlhf� k\h[h^gu_� ghkbl_eb� aZjy^Z� j_dhf[bgbjmxl� [_�
auaemqZl_evgh��Wnn_dl�]Zr_gby�NE�ijb�Z^khj[pbb�Zdp_ilhjguo�b�^hghj�
guo�fhe_dme�gZ�ijbf_j_�fhe_dme�NO2�b�C5H5N�beexkljbjm_l�jbk��� 
Jbk����Ki_dlju�NE�ID�\�\Zdmmf_� �����\�Zlfhkn_j_�NO2� �ijb�P= ���Lhjj�
������\�Zlfhkn_j_�C5H5N��ijb�P= ���Lhjj������GZ�\klZ\d_�d�jbkmgdm�ihdZaZ�
gZ�aZ\bkbfhklv�bgl_gkb\ghklb�NE�ID��baf_j_gghc�\�fZdkbfmf_�ki_dljZ��

hl�^Z\e_gby�NO2�����b����C5H5N (3). 
 

AgZqbl_evguc�k^\b]�fZdkbfmfZ�ki_dljZ�\�dhjhldh\hegh\mx�h[eZklv�
b�[hevrZy�kl_i_gv�]Zr_gby�NE�ijb�Z^khj[pbb�fhe_dme�NO2�h[mkeh\e_gu�
mf_gvr_gb_f� jZaf_jh\� nc-Si� b� h[jZah\Zgb_f� ^_n_dlh\�� khhl\_lkl\_ggh�� 
\ke_^kl\b_� hdbke_gby� bo� ih\_joghklb�� DZd� ke_^m_l� ba� ^Zgguo� BD-
ki_dljhkdhibb��hdbke_gb_�h[jZaph\�\�Zlfhkn_j_�NO2�gZqbgZ_lky�ijb�P>0.1 
Lhjj�b�jZkl_l�k�m\_ebq_gb_f�^Z\e_gby�� 
 

Kibgh\u_�p_glju�gZ�ih\_joghklb�dj_fgb_\uo�gZghdjbklZeeh\ 
Kh]eZkgh� ijh\_^_gghfm� bkke_^h\Zgbx�� hkgh\guf� lbihf� iZjZfZ]�

gblguo�^_n_dlh\�\�ID� �dZd�\�k\_`_ijb]hlh\e_gghf��lZd�b�\�hdbke_gghf��
y\eyxlky� Pb0- b� Pb1-  p_glju� (g1=2.01, g2 ������� b� g1=2.01, g2=2.0062, 
g3=2.0025, khhl\_kl\_ggh) -��h[hj\Zggu_�k\yab�dj_fgby�gZ�]jZgbp_�jZa^_eZ�
Si/SiO2� >���@�� GZ� hkgh\_� l_hj_lbq_kdh]h� ZgZebaZ� \_ebqbg� g-nZdlhjh\� Pb- 
p_gljh\�\�nc-Si�ij_^eh`_gZ�fh^_ev�^Zgguo�^_n_dlh\�k�mq_lhf�ki_pbnbdb�
bkke_^m_fh]h�h[t_dlZ��kh]eZkgh�dhlhjhc�\�[eb`Zcr_f�hdjm`_gbb�^_n_dl�
gh]h� ZlhfZ�Si�gZoh^blky�Zlhf�\h^hjh^Z� �Pb0-p_glju��b�Zlhfu�\h^hjh^Z�b�
dbkehjh^Z��Pb1-p_glju��>�@��H�ijbkmlkl\bb�\h^hjh^Z�b�dbkehjh^Z�\�khklZ\_�
ih\_joghklgh]h� ihdjulby� nc-Si� k\b^_l_evkl\mxl� ^Zggu_� BD-
ki_dljhkdhibb� 

Ijb�l_jfh\Zdmmfguo�ijh]j_\Zo�ijb�T ≥250 °C�dhgp_gljZpby�^_n_d�
lh\�\�nc-Si�m\_ebqb\Z_lky�\ke_^kl\b_�^_khj[pbb�\h^hjh^Z��<u^_j`dZ�h[�
jZaph\� gZ� \ha^mo_� \� l_q_gb_� g_kdhevdbo� ^g_c� �beb� hl`b]� \� l_q_gb_� g_�
kdhevdbo� fbgml�� lZd`_� ijb\h^bl� d� jhklm� qbkeZ� Pb-p_gljh\� \ke_^kl\b_�
hdbke_gby�ih\_joghklb�nc-Si [8]. 

K�p_evx�\uy\e_gby�hkh[_gghkl_c�ijhp_kkh\�j_eZdkZpbb�\ha[m`^_g�
guo� kibgh\uo�p_gljh\�gZ�ih\_joghklb�nc-Si�\�jZ[hl_�[ueb�\i_j\u_�jZk�
kqblZgu�bo�\j_f_gZ�kibg-j_r_lhqghc�j_eZdkZpbb�T1��bkihevamy��lZd�gZau�
\Z_fuc��f_lh^�gZkus_gby� >�@��>ey� m\_ebq_gby� dhgp_gljZpbb�^_n_dlh\� \�
bkke_^m_fuo� h[jZapZo�ihke_^gb_�ih^\_j]Zebkv� l_jfh\Zdmmfghfm�hl`b]m�
ijb�l_fi_jZlmj_�����K�\�l_q_gb_�qZkZ��Djb\u_�aZ\bkbfhklb�bgl_gkb\ghklb�
kb]gZeZ�WIJ� hl�fhsghklb�fbdjh\hegh\h]h� baemq_gby�� baf_j_ggu_� \� \Z�
dmmf_�b�\�dbkehjh^_��ij_^klZ\e_gu�gZ�jbk���� 
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Jbk����AZ\bkbfhklb�bgl_gkb\ghklb�kb]gZeZ�WIJ�hl�fhsghklb�fbdjh\he�

gh\h]h�baemq_gby�\�j_ahgZlhj_��baf_j_ggu_�\�\Zdmmf_�����b�dbkehjh^_����� 
 
 

H[gZjm`_gh�gZkus_gb_�kb]gZeZ�WIJ�\�\Zdmmf_�b�kgylb_�_]h�\�Zlfh�
kn_j_�dbkehjh^Z��Ihemq_ggu_�^Zggu_�iha\hebeb�hp_gblv�\_ebqbgu�T1�^ey�
nc-Si�\�\Zdmmf_�b�\�Zlfhkn_j_��dbkehjh^Z��dhlhju_�khklZ\beb���-4

�k�b����-6 
k��khhl\_lkl\_ggh��AZf_^e_gb_�ijhp_kkZ�i_j_^Zqb�wg_j]bb�\ha[m`^_gby�hl�
kibgh\� d� j_r_ld_� \� \Zdmmf_� ^ey� h[jZaph\�ID� h[tykgy_lky� mf_gvr_gb_f�
qbkeZ�nhghgguo�fh^�b�baf_g_gb_f�we_dljhg-nhghggh]h�\aZbfh^_ckl\by�\�
ZgkZf[e_� nc-Si� ih� kjZ\g_gbx� k� h[t_fguf� dj_fgb_f� >�@��Mkdhj_gb_� ijh�
p_kkZ�j_eZdkZpbb�kibgh\�\�Zlfhkn_j_�dbkehjh^Z�h[mkeh\e_gh�©\dexq_gb�
_fª�^hihegbl_evgh]h�f_oZgbafZ�j_eZdkZpbb�wg_j]bb�\ha[m`^_gby�-�kibg-
kibgh\h]h�\aZbfh^_ckl\by�iZjZfZ]gblguo�fhe_dme�dbkehjh^Z�k�ehdZebah�
\Zggufb�gZ�ih\_joghklb�nc-Si�^_n_dlZfb�� 

<ebygb_� Zdlb\guo� fhe_dme� gZ� we_dljhggu_� k\hckl\Z� dj_fgb_\uo�
gZghdjbklZeeh\ 

GZjy^m�kh� agZqbl_evguf�\ebygb_f�gZ�baemqZl_evgu_�oZjZdl_jbklb�
db��nc-Si�\�kehyo�fbdjhihjbklh]h�dj_fgby�\aZbfh^_ckl\b_�Zdlb\guo�fhe_�
dme�k�ih\_joghklvx�nc-Si�\�kehyo�f_ahihjbklh]h�dj_fgby�ijb\h^beh�d�j_a�
dhfm�jhklm�dhgp_gljZpbb� 
k\h[h^guo� ghkbl_e_c� aZjy^Z� �^ujhd� b� we_dljhgh\�� khhl\_lkl\_ggh���>Zg�
guc�ijhp_kk�gZ�ijbf_j_�Z^khj[pbb NO2�beexkljbjmxl�jbk���b���� 

GZ�i_j\hf�ba�gbo�ij_^klZ\e_gu� ki_dlju�BD-ih]ehs_gby�α(ν)� k\_�
`_ijb]hlh\e_ggh]h�ID� �ij_bfms_kl\_ggh� �k�\h^hjh^guf�ihdjulb_f�ih�
\_joghklb�–�ih]ehs_gb_�gZ�Si-H2, Si-Hx�k\yayo��b�hdbke_ggh]h�\�Zlfhkn_j_�
NO2�ID� �hdkb^m� khhl\_lkl\m_l� ihehkZ� ih]ehs_gby� gZ�Si-O-Si� \Ze_glguo�
dhe_[Zgbyo���FhghlhggZy� khklZ\eyxsZy� ki_dljZ�α(ν��� h[mkeh\e_ggZy�ih�
]ehs_gb_f�BD�baemq_gby�k\h[h^gufb�ghkbl_eyfb�aZjy^Z�\�nc-Si�b�hibku�
\Z_fZy�deZkkbq_kdhc�fh^_evx�>jm^_� >�@��m\_ebqb\Z_lky�\�Zlfhkn_j_�NO2. 
Wlh�b�hagZqZ_l�jhkl�dhgp_gljZpbb�^ujhd�\�nc-Si,  b�fh`_l�[ulv�nhjfZevgh�
aZibkZgh�\�ke_^mxs_f�\b^_��NO2  +  nc-Si  →   nc-Si---(NO2)

−  +  h+,�]^_�
i_j\h_�keZ]Z_fh_�\�ijZ\hc�qZklb�^Zggh]h�\ujZ`_gby��h[hagZqZ_l�dhfie_dk�
Zgbhggh]h�lbiZ�gZ�ih\_joghklb�nc-Si��\�dhlhjhf�imgdlbjgZy�q_jlZ�y\ey_l�
ky�mkeh\guf�h[hagZq_gb_f�dhfie_dkZ�k�i_j_ghkhf�aZjy^Z� >�@��h+ –�^ujdZ��
\u[jZku\Z_fZy�\�h[t_f�gZghdjbklZeeZ� 
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GZ�jbk���ij_^klZ\e_gu�dhgp_gljZpbb�^ujhd�b�Pb1-p_gljh\�\�aZ\bkb�
fhklb�hl�^Z\e_gby�NO2��OZjZdl_jguc�\b^�ki_dljh\�WIJ�nc-Si�\�kehyo�f_�
ahihjbklh]h�dj_fgby�\�\Zdmmf_�b�\�Zlfhkn_j_� NO2  ihdZaZg�gZ�jbk���� 
 
 
 
 
 
 
 
 
Jbk����Ki_dlju�WIJ�h[jZaph\�ID�\Zdmmf_� ����b�ijb�jZaebqguo�^Z\e_gbyo�
NO2: P �����Lhjj������3 ����Lhjj����� 
 

=bihl_aZ�h�nhjfbjh\Zgbb�^hghjgh-Zdp_ilhjguo�iZj�Pb1
+–(NO2)

− gZ�
ih\_joghklb�nc-Si�ijb�Z^khj[pbb�fhe_dme�NO2�iha\hey_l�h[tykgblv�ijh�
lb\hj_qb_�f_`^m�hlghkbl_evgh�g_[hevrbf�jhklhf�dhgp_gljZpbb�k\h[h^�
guo� ghkbl_e_c� aZjy^Z� \�ID� �\� ij_^_eZo� ihjy^dZ� \_ebqbgu�� b� h]jhfguf�
m\_ebq_gb_f�ijh\h^bfhklb�–�gZ� �-��ihjy^dZ� >�@��>_ckl\bl_evgh��kmffZj�
guc�aZjy^�\hagbdZxsbo�iZj�jZ\_g�gmex��\�lh�\j_fy�dZd�\�k\_`_ijb]hlh\�
e_gguo�h[jZapZo�ijbkmlkl\mxl�\�[hevrhf�dhebq_kl\_�aZjy`_ggu_�^_n_d�
lu��Pb1

+
���gZ�dhlhjuo�ghkbl_eb�aZjy^Z�ij_l_ji_\Zxl�jZkk_ygb_��LZdbf�h[�

jZahf��g_cljZebaZpby�aZjy`_gguo�kibgh\uo�p_gljh\�\�ijhp_kk_�Z^khj[pbb�
fhe_dme�NO2�ijb\h^bl�d�j_adhfm�m\_ebq_gbx�ih^\b`ghklb�^ujhd�aZ�kq_l�
mf_gvr_gby�bo�jZkk_ygby��Ke_^h\Zl_evgh��agZqbl_evguc�jhkl�ijh\h^bfh�
klb�ID�\�Zlfhkn_j_�NO2��h[mkeh\e_g��\�hkgh\ghf��g_�jhklhf�dhgp_gljZpbb�
^ujhd��Z�m\_ebq_gb_f�bo�ih^\b`ghklb�\�ZgkZf[eyo�k\yaZgguo�nc-Si. 

GZ�hkgh\_�ihemq_gguo�^Zgguo�[ueZ�jZa\blZ�fbdjhkdhibq_kdZy�fh�
^_ev�\aZbfh^_ckl\by�fhe_dme�NO2� k�ih\_joghklvx�nc-Si��>Zggh_�\aZbfh�
^_ckl\b_�y\ey_lky�keh`guf�nbabdh-obfbq_kdbf�ijhp_kkhf��\dexqZxs_f�
\� k_[y� � Z^khj[pbx� k� i_j_ghkhf� aZjy^Z� b� \hagbdgh\_gb_� ^hghjgh-
Zdp_ilhjguo�iZj�Pb1

+−NO2
−
��Z�lZd`_�o_fhkhj[pbx��\_^msmx�d�hdbke_gbx�

ih\_joghklb�nc-Si��Ihy\e_gb_�Z^khj[pbhgguo�Pb1
+−NO2

− dhfie_dkh\�ijb�
\h^bl� d� m\_ebq_gbx� dhgp_gljZpbb� k\h[h^guo� ghkbl_e_c� aZjy^Z� �^ujhd��
�jbk����\�nc-Si�\ke_^kl\b_�³iZkkb\Zpbb´�Pb1–p_gljh\��Ijhbkoh^ys__�gZjy�
^m�k�wlbf�hdbke_gb_�ih\_joghklb�ID�khijh\h`^Z_lky�\hagbdgh\_gb_f�gh�
\uo�Pb1–p_gljh\��jbk�������qlh�agZqbl_evgh�ebfblbjm_l�jhkl�dhgp_gljZpbb�
^ujhd�\ke_^kl\b_�aZo\ZlZ�ihke_^gbo�gZ�mdZaZggu_�^_n_dlu��Ijb�^Z\e_gb�
yo�NO2�ihjy^dZ�����Lhjj�b�f_g__�^_n_dlhh[jZah\Zgb_�ijZdlbq_kdb�hlkml�
kl\m_l��b� �dhgp_gljZpby�^ujhd�\�gZghdjbklZeeZo�ijb[eb`Z_lky�d�mjh\gx�
e_]bjh\Zgby�bkoh^ghc�fhghdjbklZeebq_kdhc�ih^eh`db� �jbk�����LZdbf�h[�
jZahf��ijhp_kk�Z^khj[pbhggh]h�e_]bjh\Zgby�ID�gZb[he__�wnn_dlb\_g�ijb�
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fZeuo�^Z\e_gbyo�]ZaZ�NO2� �jbk�����qlh�fh`_l�[ulv�bkihevah\Zgh�ijb�jZa�
jZ[hld_�k_gkhjh\�gh\h]h�ihdhe_gby�gZ�fhe_dmeu�NO2 [4]. 

Hkgh\gu_�\u\h^u 
�����JZa\blZ�fh^_ev�j_dhf[bgZpbhgguo�ijhp_kkh\�\�nc-Si��\�hkgh\_�dhljhc�
e_`bl�dhgp_ipby�wdkblhgghc�ijbjh^u�exfbg_kp_gpbb� 
�����Ij_^eh`_gZ�fbdjhkdhibq_kdZy�fh^_ev�^_n_dlh\�gZ�ih\_joghklb�nc-Si.  
�����H[gZjm`_gh� aZf_^e_gb_�\�\Zdmmf_�ijhp_kkZ� kibg-j_r_lhqghc�j_eZd�
kZpbb� \� ZgkZf[e_� nc-Si�� <i_j\u_� jZkkqblZgu� \j_f_gZ� kibg-j_r_lhqghc�
j_eZdkZpbb�^_n_dlh\�\�nc-Si. 
�����Ij_^eh`_gZ�fbdjhkdhibq_kdZy�fh^_ev�\aZbfh^_ckl\by�Zdp_ilhjguo�b�
^hghjguo�fhe_dme�k�ih\_joghklvx�nc-Si. 
Ihemq_ggu_�^Zggu_�ih�\ebygbx�khklhygby�ih\_joghklb�nc-Si�gZ�bo�we_d�
ljhggu_� b� hilbq_kdb_� k\hckl\Z� fh]ml� [ulv� bkihevah\Zgu� ijb� kha^Zgbb�
gh\uo� k\_lhbaemqZxsbo� ijb[hjh\�� [Zabjmxsboky� gZ� dj_fgb_\hc� l_ogh�
eh]bb��Z�lZd`_�ijb�jZajZ[hld_�\ukhqm\kl\bl_evguo�b�k_e_dlb\guo�]Zah\uo�
k_gkhjh\� 
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AgZqbl_evguc� bgl_j_k� ij_^klZ\eyxl� ijhp_kku� djbklZeebaZpbb� b�

ieZ\e_gby�gbadhjZaf_jguo�njZ]f_glh\�\h^u��aZdexqzgguo�\�fbdjhihjbk�
lmx� l\_j^hl_evgmx�fZljbpm��Ba\_klgh��\�qZklghklb��qlh� l_fi_jZlmjZ�nZ�
ah\h]h� i_j_oh^Z� \h^Z� –� e_^� \� gbadhjZaf_jguo� njZ]f_glZo� \h^u� fh`_l�
[ulv�kms_kl\_ggh�ihgb`_gZ��h^gZdh� wdki_jbf_glZevgh� wlh�y\e_gb_� �bam�
q_gh�_s_�g_^hklZlhqgh�>�@��<�ij_^klZ\e_gghc�jZ[hl_�ij_^eh`_g�gh\uc�f_�
lh^�j_]bkljZpbb�nZah\h]h�i_j_oh^Z�\�fbdjhdeZkl_jZo�\h^u��aZdexq_gguo�
\�fbdjhihjbklmx�^bwe_dljbq_kdmx�fZljbpm��hkgh\Zgguc�gZ�bkke_^h\Zgbb�
bfi_^ZgkZ�kbkl_fu�³ihjbkluc�^bwe_dljbd-\h^Z´� 

<� dZq_kl\_� fbdjhihjbklhc� l\_j^hl_evghc� fZljbpu� bkihevah\Zebkv�
iezgdb� ihjbklh]h� hdkb^Z� Zexfbgby� lhesbghc� �-��� fdf�� ba]hlh\e_ggu_�
imlzf�^\moklmi_gqZlh]h�Zgh^bjh\Zgby�lhgdhc�Zexfbgb_\hc�nhev]b�\�^\mo�
lbiZo� we_dljheblZ�� k_jghc� b� sZ\_e_\hc� dbkehlZo�� � ;ueb� bkke_^h\Zgu�
ie_gdb�Al2O3�^\mo�lbih\��k�ihjZfb�^bZf_ljhf���-���gf�b�����gf��K\_jom�
gZ�kehc�ihjbklh]h�hdkb^Z�gZghkbeky�ijh\h^ysbc�dhglZdl�^bZf_ljhf��ff��
ijhimkdZxsbc�fhe_dmeu�\h^u�� 

>ey�ijh\_^_gby�baf_j_gbc�bkke_^m_fu_�h[jZapu�ihf_sZebkv�\�\Zdm�
mfgmx� kbkl_fm�� dm^Z� ihke_� ij_^\Zjbl_evghc� hldZqdb� gZimkdZebkv� iZju�
\h^u��I_j_^� gZqZehf� baf_j_gbc� h[jZapu� \u^_j`b\Zebkv� \� gZkus_gguo�
iZjZo�\h^u�^h�klZ[bebaZpbb�bo�k\hckl\��h[uqgh�\�l_q_gb_��-��qZkh\���Ho�
eZ`^_gb_� h[jZaph\� hkms_kl\eyehkv� ijb� ihfhsb�I_evlv_-we_f_glZ�� L_f�
i_jZlmjZ�h[jZaph\�f_^e_ggh�baf_gyeZkv�\�ij_^_eZo�hl�–����K�^h������K�b�
h^gh\j_f_ggh� kgbfZebkv� aZ\bkbfhklb� bfi_^ZgkZ� hl� qZklhlu��Baf_j_gby�
bfi_^ZgkZ�hdkb^h\�k�Z^khj[bjh\Zgghc�\h^hc�ijh\h^bebkv�gZ�Z\lhfZlbab�
jh\Zgghf�bfi_^Zgk-ZgZebaZlhj_�+3�����$�\�^bZiZahg_�qZklhl�hl���=p�^h�
���F=p�ijb�Zfieblm^_�\ha[m`^Zxs_]h�kb]gZeZ����f<�� 

Ihke_�gZimkdZ�iZjh\� \h^u� \� wdki_jbf_glZevgmx� yq_cdm�ijhbkoh^beh�
j_adh_��gZ��-��ihjy^dZ����mf_gvr_gb_����bfi_^ZgkZ����bkke_^m_fuo����kljmd�
lmj�� � � �<��dZq_kl\_�beexkljZpbb�gZ��jbk�����ijb\_^_gu��lbibqgu_��aZ\bkb�
fhklb� fgbfhc� qZklb� bfi_^ZgkZ� hl� ^_ckl\bl_evghc� �Cole-Cole impedance 
plot���^ey��h[jZaph\��hdkb^Z��Zexfbgby��k��ihjZfb��^bZf_ljhf�����gf���aZ�
iheg_ggufb�Z^khj[bjh\Zgghc�\h^hc��Ba�wlbo� �b�ZgZeh]bqguo�� �]jZnbdh\��
[ueZ� hij_^_e_gZ� wd\b\Ze_glgZy� ko_fZ�� iha\heyxsZy� iheghklvx� hibkZlv�
bfi_^Zgk�bkke_^m_fuo� kljmdlmj� \�rbjhdhf� ^bZiZahg_�qZklhl��GbadhqZk�
lhlgu_�o\hklu�gZ�aZ\bkbfhklyo�fgbfhc�qZklb�bfi_^ZgkZ�hl�^_ckl\bl_ev�
ghc� �dhlhjuf�khhl\_lkl\m_l�\�wd\b\Ze_glghc�ko_f_�we_f_gl�k�ihklhygghc�
nZahc� KJ?���� hljZ`Zxl� \deZ^� \� h[sbc� bfi_^Zgk� kljmdlmju� [Zjv_jgh]h�
kehy� �lhgdh]h� iehlgh]h� kehy�Al2O3�� ijbe_]Zxs_]h� d� Zexfbgbx���IZjZe�
e_evgZy� p_ihqdZ�� khklZ\e_ggZy� ba�R� b�KJ?��� h[jZam_l� ^_nhjfbjh\Zgguc�
ihemdjm]� \� dhfie_dkghc� iehkdhklb� b� hibku\Z_l� we_dljbq_kdb_� k\hckl\Z�
³h[t_fZ´�ihjbklh]h�hdkb^Z�Zexfbgby�k�Z^khj[bjh\Zgghc�\h^hc��Kms_kl�
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\_ggh��qlh�\�mkeh\byo������\eZ`ghklb��\_ebqbgZ�khijhlb\e_gby�R�ihegh�
klvx�hij_^_ey_lky� aZjy^h\uf� ljZgkihjlhf�ih� kdhg^_gkbjh\Zgghc�\�fbd�
jhihjZo�hdkb^Z�\h^_� 

 
 

Jbk�� ��� AZ\bkbfhklv� fgb�
fhc� qZklb� bfi_^ZgkZ� hl�
^_ckl\bl_evghc� ^ey� kbk�
l_fu� por-Al2O3-H2H�
(dihj ���� gf�� b� _z� wd\b\Z�
e_glgZy�ko_fZ� 
 
 
 

 
 
  
GZ� jbk�� �� ij_^klZ\e_gu� l_fi_jZlmjgu_� aZ\bkbfhklb� \_ebqbgu� kh�

ijhlb\e_gby�R� ^ey� h[jZaph\�Al 2O3 c� ihjZfb� ^\mo� jZaguo� ^bZf_ljh\��Ba�
jbk���Z�\b^gh��qlh�^ey�h[jZapZ�hdkb^Z�Zexfbgby�k�^bZf_ljhf�ihj�����gf�
gZb[he__�kms_kl\_gguc�jhkl�khijhlb\e_gby� �gZqbgZ_lky� �ijb� �l_fi_jZlm�
j_��[ebadhc�d�����K���<��kemqZ_��h[jZapZ��ihjbklh]h�hdkb^Z�Zexfbgby��k��ih�
jZfb��f_gvr_]h��^bZf_ljZ���dihj=20-���gf���^hklZlhqgh��j_adh_�m\_ebq_gb_�
khijhlb\e_gby�Z^khj[bjh\Zgghc�\�gZghihjZo�\h^u�j_]bkljbjm_lky�ijb�[h�
e__�gbadhc�l_fi_jZlmj_��\�^bZiZahg_�–3 ÷–���K�–�kf��jbk���[��GZ[ex^Z_fu_�
j_adb_� baf_g_gby� khijhlb\e_gby� _kl_kl\_ggh� k\yaZlv� k�nZah\uf� i_j_oh�
^hf� \h^Z-ez^� \� gZghihjZo� ihjbklhc� hdkb^ghc� fZljbpu�� Hlf_lbf�� qlh�
hp_gdb�\_ebqbgu�kgb`_gby�l_fi_jZlmju�ieZ\e_gby�ev^Z�ih�nhjfme_�=b[�
[kZ-LhfkhgZ� >�@�ijb\h^yl�d� \_ebqbgZf� ¨T~ 5-6 °C�b� � ¨T ~ 1-1,5 °C� �^ey�
fbdjhdjbklZeebdh\� ev^Z� jZaf_jZfb� ��� gf� � b� ���� gf�� khhl\_lkl\_ggh��<�
gZr_f� kemqZ_�njZ]f_glu� \h^u�� ih-\b^bfhfm�� ij_^klZ\eyxl� kh[hc� \uly�
gmlu_�\^hev�gZijZ\e_gby�ihj�fbdjhdZieb�b�l_fi_jZlmjZ�nZah\h]h�i_j_oh�
^Z�^ey�gbo�fh`_l�hlebqZ_lky�hl����C�g_kdhevdh�f_gvr_��q_f�^ey�njZ]f_g�
lh\�H2O�kn_jbq_kdhc�nhjfu� 
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Jbk�� ��� AZ\bkbfhklb�

khijhlb\e_gby� kehz\� ih�
jbklh]h�hdkb^Z�Zexfbgby�k�
Z^khj[bjh\Zgghc� \h^hc� hl�
l_fi_jZlmju�� Z��� dihj=100 
gf��[���dihj=20-���gf� 

 
 

 
 
NZah\uc�i_j_oh^�\h^Z-e_^�ohjhrh�\b^_g�lZd`_�gZ� aZ\bkbfhklyo�ijh�

\h^bfhklb�G=R-1
�hl�h[jZlghc�l_fi_jZlmju�^ey�ihjbkluo�hdkb^guo�ie_ghd�

k�ihjZfb�^bZf_ljhf� ����gf� �jbk�� �Z��b� ��-���gf� �jbk�� �[���DZd�\b^gh�ba�
jbk�����wg_j]by�Zdlb\Zpbb�ijh\h^bfhklb�ih�aZdexq_gghc�\�gZghihju�\h^_�
gZoh^blky�\�ij_^_eZo������÷0,3 w<��qlh�g_kdhevdh�f_gvr_��q_f�^ey�³h[t_f�
ghc´�\h^u�>�@��<b^bfh��wlh�k\yaZgh�kh�ki_pbnbdhc�ijhlhggh]h�ljZgkihjlZ�
\^hev� kl_ghd� l\_j^hl_evghc� fZljbpu� �hlf_lbf�� qlh� wg_j]by� Zdlb\Zpbb�
ijh\h^bfhklb�ih�\h^_��aZdexq_gghc�\�[he__�madb_�ihju��g_kdhevdh�f_gv�
r_��q_f�\�kemqZ_�ihj�[hevr_]h�^bZf_ljZ�–�kf��jbk���Z�b��[�� LZdbf�h[jZ�
ahf�� \�gZklhys_c� jZ[hl_� h[gZjm`_gh� \ebygb_� jZaf_jh\�ihj�gZ�ijhp_kku�
ljZgkihjlZ� ijhlhgh\� ih� Z^khj[bjh\Zgghc� \h^_��G_fhghlhgguc� oZjZdl_j�
l_fi_jZlmjghc�aZ\bkbfhklb�ijh\h^bfhklb�\h^u��aZdexqzgghc�\�gZghihju�
Al 2O3�� k\yau\Z_lky� � k� nZah\uf� i_j_oh^hf� \h^Z-ez^� \� gbadhjZaf_jguo�
njZ]f_glZo�\h^u�� �L_fi_jZlmjZ�nZah\h]h�i_j_oh^Z�\h^Z-e_^�\�ihjZo�^bZ�
f_ljhf�����gf�[ebadZ�d����K��Z�\�ihjZo�^bZf_ljhf���-���gf�–�ihgb`_gZ�gZ�
3-5 

�K� 
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Jbk�� ���L_fi_jZlmjgu_� aZ\b�
kbfhklb� ijh\h^bfhklb� ih�
Z^khj[bjh\Zgghc� \� gZghih�
jZo� hdkb^Z� Zexfbgby� \h^_�
^ey� h[jZaph\� k� ^bZf_ljZfb�
ihj�� ���� gf� �Z�� b� ��-��� gf�
�[�� 

 
 

 
Kibkhd�ebl_jZlmju� 

1. A. Bogdan, M. Kulmala, N. Avramenko, Phys. Rev. Lett. 17, 1042 (1998). 
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NHLHWE?DLJBQ?KDB?�K<HCKL<:�:GBAHLJHIGH�G:GHKLJMD�

LMJBJH<:GGH=H�DJ?FGBY 
:kkbkl_gl�Nhjr�I�:���ZkibjZgl�@b]mgh\�>�F�� 

 \_^��gZmqg��khlj��Lbfhr_gdh�<�X� 
 
Ihjbkluc�dj_fgbc��ID���khklhysbc�ba�dj_fgb_\uo�gZghdjbklZeeh\��

h[jZamxsboky� \� j_amevlZl_� we_dljhobfbq_kdh]h� ljZ\e_gby�fhghdjbklZe�
ebq_kdbo�ih^eh`_d��ijb\e_dZ_l�d�k_[_�\gbfZgb_�bkke_^h\Zl_e_c�\�k\yab�k�
i_jki_dlb\Zfb� _]h�ijbf_g_gby� \�hilbd_�� we_dljhgbd_�b� k_gkhjbd_��;ueh�
h[gZjm`_gh�� qlh� kehb�ID�� ijb]hlh\e_ggu_� gZ� gbadhkbff_ljbqguo� ih^�
eh`dZo�� \� qZklghklb�� gZ� ieZklbgZo� k� djbklZeeh]jZnbq_kdhc� hjb_glZpb_c�
ih\_joghklb� ������ h[eZ^Zxl� aZf_lghc� Zgbahljhib_c� hilbq_kdbo� k\hckl\��
qlh�k\yaZgh�k�Zgbahljhib_c�nhjfu�dj_fgb_\uo�gZghdjbklZeeh\�>�@��>h�gZ�
klhys_]h�\j_f_gb�hkgh\gh_�\gbfZgb_�m^_eyehkv�bamq_gbx�ebg_cguo�>�@�b�
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g_ebg_cguo�>�@�hilbq_kdbo�k\hckl\�Zgbahljhiguo�keh_\�ID���<�lh�`_�\j_�
fy��fh`gh�h`b^Zlv�kbevgmx�Zgbahljhibx�we_dljbq_kdhc�ijh\h^bfhklb�\�
ih^h[guo�gZghkljmdlmjbjh\Zgguo�kbkl_fZo��<�gZklhys_c�jZ[hl_�[ueb�bk�
ke_^h\Zgu�hkh[_gghklb�i_j_ghkZ�ghkbl_e_c� aZjy^Z�\�kehyo�ID�k�kbevghc 
eZl_jZevghc�Zgbahljhib_c��� 

Bkke_^h\Zggu_�\�jZ[hl_�kehb�ID�ihemqZebkv�f_lh^hf�we_dljhobfb�
q_kdh]h� ljZ\e_gby� �j ��� f:�kf2) fhghdjbklZeebq_kdbo� ieZklbg� p++-Si:B 
(ρ=1÷��fHf⋅kf��k�hjb_glZpb_c�ih\_joghklb� ������\�jZkl\hj_�HF� �������k�
wlZghehf�\�khhlghr_gbb������Ihjbklhklv�h[jZaph\�khklZ\eyeZ�ijbf_jgh����
���Hl^_e_gb_�ie_gdb�hl�ih^eh`db�hkms_kl\eyehkv�iml_f�j_adh]h�m\_eb�
q_gby�iehlghklb�lhdZ�^h�����f:�kf2

��LhesbgZ�hl^_e_gguo�keh_\�ihjbklh�
]h� dj_fgby� jZ\gyeZkv� ijbf_jgh� ��� fdf�� Ihemq_gguc� mdZaZgguf� \ur_�
kihkh[hf�ID�khklhye�ba�gZghdjbklZeeh\�dj_fgby�jZaf_jhf�ihjy^dZ����gf��
\ulygmluo�\^hev�djbklZeeh]jZnbq_kdhc�hkb� ]011[ � >�@��>ey�baf_j_gby�nh�
lhwe_dljbq_kdbo� oZjZdl_jbklbd� gZ� ih\_joghklb� h[jZaph\� gZiueyebkv�
Zexfbgb_\u_� dhglZdlu� \� ^\mo� jZaebqguo� dhgnb]mjZpbyo�� iZjZee_evgh�
e_`Zs_c�\�iehkdhklb�kehy�djbklZeeh]jZnbq_kdhc�hkb� ]011[ �b�i_ji_g^bdm�
eyjgh� _c� �l�_�� iZjZee_evgh� hkb� >���@��� JZkklhygb_�f_`^m� dhglZdlZfb� kh�
klZ\eyeh�hdheh�����fdf� 

Ijh\_^_ggu_�gZfb�bkke_^h\Zgby�\hevl-Zfi_jguo�oZjZdl_jbklbd�ih�
emq_gguo�keh_\�ID�ihdZaZeb��qlh�kbeZ�lhdZ�g_ebg_cgh�aZ\bkbl�hl�ijbeh�
`_ggh]h�d�h[jZapm�gZijy`_gby��U���Ijb�wlhf�l_fgh\Zy�ijh\h^bfhklv��σd) 
wdkihg_gpbZevgh�aZ\bkbl�hl�U1/2

��LZdZy��aZ\bkbfhklv�oZjZdl_jgZ�^ey�f_oZ�
gbafZ� ImeZ-Nj_gd_ey�� dhlhjuc� aZdexqZ_lky� \� \hajZklZgbb� \_jhylghklb�
l_ieh\hc�bhgbaZpbb�dmehgh\kdbo�p_gljh\�\� l\_j^uo� l_eZo�ih^�\ebygb_f�
\g_rg_]h� we_dljbq_kdh]h� ihey� >�@��<� gZr_f� kemqZ_� ih^� ^_ckl\b_f� we_d�
ljbq_kdh]h�ihey�\hafh`gh�m\_ebq_gb_�l_ieh\hc�wfbkkbb�ghkbl_e_c�aZjy^Z�
q_j_a�ihl_gpbZevgu_�[Zjv_ju�f_`^m�gZghdjbklZeeZfb�aZ�kq_l�mf_gvr_gby�
\ukhlu�[Zjv_jh\�� 

L_fi_jZlmjgu_� aZ\bkbfhklb� σd� bkke_^h\Zgguo� h[jZaph\�ID� \^hev�
djbklZeeh]jZnbq_kdbo�gZijZ\e_gbc� ]011[ �b�>���@�ijb\_^_gu�gZ�jbk�����DZd�
\b^gh�ba�jbkmgdZ��aZ\bkbfhklb�σd(T��\h�\k_c�h[eZklb�bkke_^h\Zgguo�l_f�
i_jZlmj� bf_xl� Zdlb\Zpbhgguc� oZjZdl_j�� Ijb� wlhf� \_ebqbgZ� l_fgh\hc�
ijh\h^bfhklb� \^hev� hkb� ]011[ � agZqbl_evgh� \ur_�� Z� agZq_gb_� __� wg_j]bb�
Zdlb\Zpbb� �EA��kms_kl\_ggh�gb`_��q_f�\^hev�hkb� >���@��Ba�ijb\_^_ggh]h�
jbkmgdZ� ke_^m_l� lZd`_�� qlh� jZaebqb_� \� agZq_gbyo� σd� \^hev� gZijZ\e_gbc�

]011[ �b�>���@�mf_gvrZ_lky�k�ih\ur_gb_f�l_fi_jZlmju��Baf_j_gby�ihdZaZ�
eb��qlh�\_ebqbgZ�EA mf_gvrZ_lky�k�m\_ebq_gb_f�ijbeh`_ggh]h�d�h[jZapm�
gZijy`_gby�� 
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Jbk�����L_fi_jZlmjgu_�aZ\bkbfhklb�ijh\h^bfhklb�\^hev�djbklZeeh]jZnb�
q_kdbo�gZijZ\e_gbc� � ]011[ � ����b� >���@� ����ID�k�hjb_glZpb_c�ih\_joghklb�
(110).   
 

Ba\_klgh��qlh�Zgbahljhiby�hilbq_kdbo�k\hckl\�ID�mki_rgh�hibku�
\Z_lky�k�ihfhsvx�fh^_eb� wnn_dlb\ghc�kj_^u� >���@��>ey�dhjj_dlgh]h�bk�
ihevah\Zgby� mdZaZgghc� fh^_eb� \� kemqZ_� ijh\h^bfhklb� ID� g_h[oh^bfh�
ijbgylv�\�jZkq_l�\ebygb_�ihl_gpbZevguo�[Zjv_jh\�f_`^m�gZghdjbklZeeZ�
fb�gZ�we_dljbq_kdbc�ljZgkihjl��<�wlhf�kemqZ_�wg_j]by�Zdlb\Zpbb�ijh\h�
^bfhklb�fh`_l�hij_^_eylvky�iheh`_gb_f�mjh\gy�N_jfb�hlghkbl_evgh�ih�
lhedZ�\Ze_glghc�ahgu�b�\ukhlhc�ihl_gpbZevguo�[Zjv_jh\�f_`^m�gZghdjb�
klZeeZfb�� hij_^_eyxs_c� Zdlb\Zpbhggmx� aZ\bkbfhklv� ih^\b`ghklb��
Mf_gvr_gb_�\ukhlu�ihl_gpbZevguo�[Zjv_jh\� aZ�kq_l� wdjZgbjh\Zgby�ijb�
ih\ur_gbb� l_fi_jZlmju� b� ijb� m\_ebq_gbb� ijbeh`_ggh]h� gZijy`_gby�
fh`_l�ijb\_klb��khhl\_lkl\_ggh��d�mf_gvr_gbx�Zgbahljhibb�σd  b�d�kgb�
`_gbx�\_ebqbgu�EA.  

Bkke_^h\Zgb_�\ebygby�Zgbahljhibb�kljmdlmju�ID�gZ�nhlhijh\h^b�
fhklv��σph��ihdZaZeh��qlh�\_ebqbgZ�σph \^hev�hkb� ]011[ �\ur_��q_f�\^hev�hkb�
>���@�� ;ueh� lZd`_� mklZgh\e_gh�� qlh� Zgbahljhiby� nhlhijh\h^bfhklb�
mf_gvrZ_lky� k�m\_ebq_gb_f�bgl_gkb\ghklb� k\_lZ��iZ^Zxs_]h�gZ�h[jZa_p��
Wlh� kh]eZkm_lky� k� ij_^iheh`_gb_f� h� \ebygbb� ihl_gpbZevguo� [Zjv_jh\�
f_`^m�gZghdjbklZeeZfb�gZ�i_j_ghk�ghkbl_e_c�aZjy^Z�\�ID�� 
LZdbf� h[jZahf��ijh\_^_ggu_�bkke_^h\Zgby�ihdZaZeb��qlh� we_dljhijh\h^�
ghklv�b�nhlhijh\h^bfhklv� \� kehyo�ID� k� hjb_glZpb_c�ih\_joghklb� ������
kms_kl\_ggh�\ur_�\^hev�djbklZeeh]jZnbq_kdhc�hkb� ]011[ ��q_f�\^hev�hkb�
>���@��:gbahljhiby� we_dljbq_kdh]h� ljZgkihjlZ� aZ\bkbl� hl� ijbeh`_ggh]h�
gZijy`_gby�b�l_fi_jZlmju��Ihemq_ggu_�j_amevlZlu�fh]ml�[ulv�h[tykg_�
gu� gZ� hkgh\_�fh^_eb� wnn_dlb\ghc� kj_^u� k� mq_lhf� gZebqby� [Zjv_jh\� gZ�
]jZgbpZo�gZghdjbklZeeh\��H[gZjm`_ggZy�kbevgZy�Zgbahljhiby�we_dljbq_�
kdh]h� ljZgkihjlZ� fh`_l� [ulv� bkihevah\ZgZ� ijb� kha^Zgbb� k\_jo[ukljuo�
we_dljbq_kdbo� mkljhckl\� b� k_gkhjh\� gZ� hkgh\_� gZghkljmdlmjbjh\Zggh]h�
dj_fgby� 
 

Ebl_jZlmjZ. 
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[2] V. Yu. Timoshenko, L. A. Osminkina, A. I. Efimova, L. A. Golovan, P. K. 

Kashkarov, D. Kovalev, N. Künzner,  E. Gross, J. Diener, F. Koch,  Phys. 
Rev. B  67, 113405 (2003). 
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Polisski, F. Koch, M.      Fujii. Optics Letters 26, 1265 (2001). 
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F:=GBLHD:EHJBQ?KDBC�WNN?DL��HL�L?HJBB�D�IJ:DLBD? 

<_^��gZmqg��khlj��Lbrbg�:�F� 
 

Kha^Zgb_�dhfiZdlgh]h��wdheh]bq_kdb�[_ahiZkgh]h��wg_j]_lbq_kdb�wn�
n_dlb\gh]h�b�\ukhdhgZ^_`gh]h�hoeZ`^Zxs_]h�mkljhckl\Z��jZ[hlZxs_]h�\�
^bZiZahg_�dhfgZlguo�l_fi_jZlmj��\�gZklhys__�\j_fy�y\ey_lky�qj_a\uqZc�
gh�ZdlmZevghc�aZ^Zq_c�� �Kj_^b�jZaebqguo�Zevl_jgZlb\guo�l_ogheh]bc�ho�
eZ`^Zxsbo� mkljhckl\� fZ]gblgh_� hoeZ`^_gb_� ijb\e_dZ_l� \k_� [hevr__�
\gbfZgb_�bkke_^h\Zl_e_c�\h�\k_f�fbj_��FZ]gblgh_�hoeZ`^_gb_�fh`_l�bk�
ihevah\Zlvky� \� hoeZ`^Zxsbo� mkljhckl\Zo� \ukhdhkdhjhklguo� dhfivxl_�
jh\�b�<LKI-ijb[hjh\�� \� dhg^bpbhg_jZo�^ey�`beuo�b�ijhba\h^kl\_gguo�
ihf_s_gbc��\�[ulh\uo�b�ijhfure_gguo�oheh^bevgbdZo��FZ]gblguc�oh�
eh^bevgbd� wdheh]bq_kdb� [_ahiZk_g��iha\hey_l� kgbablv�ihlj_[e_gb_� we_d�
ljhwg_j]bb��d�i�^��^hklb]Z_l�������Ih�jZkq_lZf�ki_pbZebklh\�aZf_gZ�lhev�
dh�g_dhlhjuo�ba�ljZ^bpbhgguo�oheh^bevguo�mkljhckl\�gZ�fZ]gblgu_�ih�
a\hebl�kgbablv�h[s__�wg_j]hihlj_[e_gb_��gZijbf_j��\�KR:��g_�f_g__��q_f�
gZ��-7 %. 

<� hkgh\_� l_ogheh]bb�fZ]gblgh]h� hoeZ`^_gby� e_`bl�fZ]gblhdZehjb�
q_kdbc�wnn_dl� �FDW��–�kihkh[ghklv�ex[h]h�fZ]gblgh]h�fZl_jbZeZ�baf_�
gylv� k\hx� l_fi_jZlmjm� b� wgljhibx� ih^� \ha^_ckl\b_f� fZ]gblgh]h� ihey��
Ihfbfh�\ukhdhc�wnn_dlb\ghklb�b�wdheh]bqghklb��h^gbf�ba�ij_bfms_kl\�
ZiiZjZlh\�fZ]gblgh]h� hoeZ`^_gby� y\ey_lky� [he__� \ukhdZy� iehlghklv� jZ�
[hq_]h�fZl_jbZeZ�–�l\_j^h]h�l_eZ�–�ih�kjZ\g_gbx�k�iehlghklvx�iZjZ�beb�
]ZaZ�\�ljZ^bpbhgguo�oheh^bevgbdZo��Baf_g_gb_�wgljhibb�gZ�_^bgbpm�h[t�
zfZ�\�l\zj^uo�fZ]gblguo�fZl_jbZeZo�\���jZa�\ur_��q_f�\�]Za_��qlh�iha\h�
ey_l� kha^Z\Zlv� agZqbl_evgh� [he__� dhfiZdlgu_� oheh^bevgbdb�� KZfh� fZ]�
gblgh_�jZ[hq__�l_eh�kem`bl�ZgZeh]hf�oeZ^Z]_glh\��bkihevam_fuo�\�ljZ^b�
pbhgguo� iZjh]Zah\uo� oheh^bevguo� mklZgh\dZo�� Z� ijhp_kk� jZafZ]gbqb\Z�
gby-gZfZ]gbqb\Zgby�–�ZgZeh]hf�pbdeh\�k`Zlby-jZkrbj_gby�� 
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>_ckl\mxsZy�fh^_ev�fZ]gblgh]h�[ulh\h]h�oheh^bevgbdZ�[ueZ�ba]h�
lh\e_gZ�kh\f_klgh�$VWURQDXWLFV�&RUSRUDWLRQ�RI�$PHULFD�b�$PHV�/DERUDWRU\�b�
\i_j\u_� ijh^_fhgkljbjh\ZgZ� gZ� dhgn_j_gpbb� ©[hevrhc� \hkvf_jdbª� \�
>_ljhcl_�\�fZ_� ����� ]h^Z��LZdbf�h[jZahf��^hdZaZgh��qlh�l_ogheh]by�fZ]�
gblgh]h� hoeZ`^_gby� \� h[eZklb� dhfgZlguo� l_fi_jZlmj� ijbgpbibZevgh�
hkms_kl\bfZ�� ohly� ^ey� _z� dhff_jq_kdhc� j_ZebaZpbb� g_h[oh^bfh� j_rblv�
jy^�gZmqguo�b�dhgkljmdlhjkdbo�aZ^Zq��<�qZklghklb��g_h[oh^bf�ihbkd�wn�
n_dlb\guo�jZ[hqbo�l_e��h[eZ^Zxsbo�[hevrhc�\_ebqbghc�FDW�\�h[eZklb�
dhfgZlguo�l_fi_jZlmj� 

JZ[hlu�ih�bkke_^h\Zgbx�FDW�[ueb�gZqZlu�gZ�nbabq_kdhf�nZdmevl_�
l_�F=M�ih^�jmdh\h^kl\hf�ijhn��:dmeh\Z�G�K���;_eh\Z�D�I��b�^j��Ihkdhev�
dm�fZdkbfZevghc�\_ebqbgu�FDW�^hklb]Z_l�ijb�l_fi_jZlmjZo�fZ]gblguo�
nZah\uo�i_j_oh^h\��lh�hkh[h_�\gbfZgb_�m^_eyehkv�nbabd_�FDW�\�wlbo�h[�
eZklyo�l_fi_jZlmj��<�qZklghklb��\�]jmii_�ijhn��GbdblbgZ�K�:��k�mqZklb_f�
Z\lhjZ�^hdeZ^Z�[ue�h[gZjm`_g�fZl_jbZe��h[eZ^Zxsbc�gZb[hevr_c�m^_ev�
ghc�\_ebqbghc�FDW�\�h[eZklb�dhfgZlguo� l_fi_jZlmj� -� kieZ\�Fe0.49Rh0.51 
(Nikitin S.A., Myalikguliev G., Tishin A.M. et al, 1990, Phys. Lett.A 148, 363). 
<� gZklhys_f� khh[s_gbb� ij_^klZ\e_gu� j_amevlZlu� bkke_^h\Zgbc� FDW��
\uiheg_gguo�ih�l_f_�©FZ]g_lbaf�gZghjZaf_jguo�b�nmgdpbhgZevguo�fZ�
l_jbZeh\ª�dZn_^ju�aZ�ihke_^gb_����e_l� 
 ���Ij_^eh`_g�ijhklhc�b� wnn_dlb\guc�f_lh^�hp_gdb�i_jki_dlb\gh�
klb�kh_^bg_gby�k�lhqdb�aj_gby�_]h�bkihevah\Zgby�^ey�fZ]gblgh]h�hoeZ`�
^_gby��F_lh^�hkgh\Zg�gZ�baf_j_gbb�\_ebqbgu�k^\b]Z�lhqdb�jZkiheh`_gby�
fZ]gblgh]h�nZah\h]h� i_j_oh^Z� ih^� ^_ckl\b_f� ijbeh`_ggh]h�fZ]gblgh]h�
ihey� 
 ���MklZgh\e_gh�� qlh� \� h[s_f� kemqZ_� fZdkbfZevgZy� \_ebqbgZ�FDW�
^hklb]Z_lky�lhevdh�ijb�[ebahklb�\_ebqbg�bahl_jfbq_kdh]h�b�bahihe_\h]h�
\deZ^h\�\�fZ]gblgmx�qZklv�wgljhibb� 
 ���IhdZaZgh��qlh�baf_g_gb_� l_fi_jZlmju� \_s_kl\Z� aZ� kq_l�FDW�g_�
fh`_l�ijb\_klb�d�kf_g_�_]h�gZqZevgh]h�fZ]gblgh]h�nZah\h]h�khklhygby� 
 ���H[gZjm`_gh�� qlh� gZ� fZ]gblghc� nZah\hc� ^bZ]jZff_� fh`_l� [ulv�
\u^_e_gZ� ki_pbnbq_kdZy� l_fi_jZlmjZ�� ijb� dhlhjhc� \_ebqbgZ� l_ieh_fdh�
klb� g_� baf_gy_lky� ih^� \ha^_ckl\b_f�fZ]gblgh]h� ihey��MklZgh\e_gh�� qlh�
^ZggZy� l_fi_jZlmjZ� lhqgh� khhl\_lkl\m_l� lhqd_� jZkiheh`_gby� ZghfZebb�
FDW��IhdZaZgZ�ijyfZy�k\yav�f_`^m�oZjZdl_jhf�ih\_^_gby�l_fi_jZlmjguo�
aZ\bkbfhkl_c�l_ieh_fdhklb�b�FDW��Ijh^_fhgkljbjh\Zgh��qlh�_keb�ba\_k�
l_g� \b^� aZ\bkbfhklb� h^gh]h� ba� k\hckl\�� lh� oZjZdl_j� ih\_^_gby� \lhjh]h�
�dhebq_kl\h�fbgbfmfh\�b�fZdkbfmfh\��lhqdb�bo�jZkiheh`_gby�b�l�^���fh�
`_l�[ulv�h^ghagZqgh�mklZgh\e_g� 
5. Ijh\_^_gh� l_hj_lbq_kdh_� b� wdki_jbf_glZevgh_� bkke_^h\Zgb_�

ijbjh^u�FDW�\�jy^_�gh\uo�bgl_jf_lZeebq_kdbo�kh_^bg_gbc��\�qZklgh�
klb��Gd5(SixGe1-x)4, LaFe13-xSix , MnFePxAs1-x��h[gZjm`b\Zxsbo�khkms_�
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kl\h\Zgb_�fZ]gblguo�b�kljmdlmjguo�nZah\uo�i_j_oh^h\�\�h[eZklb�dhf�
gZlguo�l_fi_jZlmj���Z�lZd`_�fhe_dmeyjguo�deZkl_jZo�Mn12, Fe8. 

 
  �Gb`_�ij_^klZ\e_g�kibkhd�hkgh\guo�im[ebdZpbc�ih�^Zgghc�ijh�
[e_fZlbd_�aZ�ihke_^gb_�]h^u� 
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:<LH<HEGH<:Y�K:FHHJ=:GBA:PBY�<�;BHKBKL?F:O 
 

Ijhn_kkhj�L\_j^bkeh\�<�:� 
 

Ba\_klgh�[hevrh_�qbkeh�[bheh]bq_kdbo�kljmdlmj��h[eZ^Zxsbo�yjdh�
\ujZ`_gghc�j_]meyjghklvx�b�kbff_ljb_c��gZqbgZy�hl�de_lhqgh]h�b�aZdZg�
qb\Zy�[bhkn_jguf�mjh\gyfb�� 

LZd��\�ebl_jZlmj_�ijb\h^blky�fgh`_kl\h�ijbf_jh\�mihjy^hq_ggh]h�
kibjZevgh]h�� jZkiheh`_gby� ebklv_\� \^hev� kl\heZ�beb�bo� aZqZldh\� \�ihq�
dZo -�nbeehlZdkbk��Keh`gu_� kibjZevgu_� kljmdlmju�gZ[ex^Zxlky�\�p\_l�
dZo�jhfZrdb�beb�\�dhjabgd_�ih^khegmoZ��\eh`_ggu_�beb�i_j_k_dZxsb_ky�
kibjZeb��� <vxgdb� bf_xl� ij_bfms_kl\_ggh� ijZ\hkibjZevgmx� aZdjmq_g�
ghklv��;_eu_�]jb[u�\�e_km�lZd`_�h[jZamxl�dhevp_\u_�kljmdlmju�–�©\_^v�
fbg�djm]ª�� 

Ba\_klgu� p_eu_� deZkku� kibjZevguo� [Zdl_jbc�� lZd`_� ij_bfms_kl�
\_ggh�©ijZ\uoª��JZdh\bgu�fgh]bo�\b^h\�fheexkdh\�bf_xl�ijZ\hkibjZev�
gmx�aZdjmq_gghklv��HdjZkdZ�jZdh\bg�lZd`_�fh`_l�bf_lv�\iheg_�\ujZ`_g�
gmx�j_]meyjghklv�� 

Fgh]b_�^hklb`_gby�ihke_^gbo�e_l�\�h[eZklb�nbabdb��obfbb��[bheh�
]bb��[bhl_ogheh]bb��wdheh]bb��f_^bpbgu�y\guf�beb�g_y\guf�h[jZahf�k\y�
aZgu� k�ij_^klZ\e_gbyfb�h[� ©Zdlb\guo� kj_^Zoª�� kihkh[guo�d�ijhkljZgkl�
\_ggh–\j_f_gghc�kZfhhj]ZgbaZpbb��Wlb�ij_^klZ\e_gby�iha\hebeb�kha^Zlv�
fh^_eb��hibku\Zxsb_�lZdb_�jZaghh[jZagu_�ijhp_kku�dZd�jZ[hlZ�eZa_jh\��
i_jbh^bq_kdb_� obfbq_kdb_� j_Zdpbb�� jZkijhkljZg_gb_� \heg� djbklZeebaZ�
pbb� \�i_j_hoeZ`^_gguo�`b^dhklyo��jZkijhkljZg_gb_�g_j\gh]h�bfimevkZ��
k\_jlu\Zgb_� djh\b�� \aZbfh^_ckl\b_� ihimeypbc�� jZkijhkljZg_gb_� wib^_�
fbc�b�l�^��<�p_ehf�^Zgguc�ih^oh^�g_�^he`_g�[ulv�h[yaZl_evgh�l_kgh�k\y�
aZg�k�jZkkfhlj_gb_f�nbabq_kdhc�hkgh\u�kbkl_f��gh�ijba\Zg�hljZ`Zlv�h[�
smx�kbg_j]_lbq_kdmx�ijbjh^m�bo�ih\_^_gby�� 

Hl^_evgu_�nbabq_kdb_��nbabdh-obfbq_kdb_�b�g_dhlhju_�[bheh]bq_�
kdb_�kbkl_fu�\�jZfdZo�ij_^klZ\e_gbc�h[�Zdlb\guo�kj_^Zo�fh]ml�jZkkfZl�
jb\Zlvky� dZd� bahebjh\Zggu_�� kZfh^hklZlhqgu_� h[t_dlu�� H^gZdh� agZqb�
l_evgh_� qbkeh� [bheh]bq_kdbo� h[t_dlh\�� [bhp_ghau�� wdhkbkl_fu�� Z� lZd`_�
khpbZevgZy� kn_jZ� h[s_kl\Z� \�ijbgpbi_� ^he`gu� jZkkfZljb\Zlvky� dZd�b_�
jZjobb� khijy`_gguo� ijhly`_gguo� kbkl_f�� dZ`^Zy� ba� dhlhjuo� y\ey_lky�
Zdlb\ghc�kj_^hc��ih^^_j`b\Zxs_c�jZa\blb_�ijhbkoh^ysbo�\�g_c�ijhp_k�
kh\�gZ�\k_f�__�ijhkljZgkl\_��Hkgh\hc�ijhp_kkh\�kZfhhj]ZgbaZpbb�\�Zdlb\�
guo�kj_^Zo�y\ey_lky�\hafh`ghklv�\hagbdgh\_gby�\�gbo�Z\lhdhe_[Zl_evguo�
b� Z\lh\hegh\uo� j_`bfh\��ijb\h^ysbo� d� w\hexpbhgbjh\Zgbx� kbkl_f��bo�
ijhkljZgkl\_ggh-\j_f_gghc�j_]meyjbaZpbb�� 

JZkijhkljZg_gb_� \� ijhkljZgkl\_� ijhp_kkh\� lZdh]h� jh^Z� ohjhrh� ba�
\_klgh�\�gZmd_��LZd�[_`bl�njhgl�]hj_gby�\ukhor_c�ljZ\u�\�kl_ib��h^ghdjZl�
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guc�_`_]h^gh�\hah[gh\ey_fuc�j_kmjk���\hegZ�djbklZeebaZpbb�\�i_j_hoeZ`�
^_gghc�`b^dhklb��\hegZ�baemq_gby�\�eZa_j_��lZd�jZkijhkljZgy_lky�g_j\guc�
bfimevk�� Ba\_klgh� fgh]h� kbkl_f� nbabq_kdhc�� obfbq_kdhc�� [bheh]bq_kdhc�
ijbjh^u�\�dhlhjuo�\ha[m`^_gb_�jZkijhkljZgy_lky�ih^h[guf�h[jZahf��g_�aZ�
lmoZy��JZkijhkljZgyxsb_ky�lZdbf�kihkh[hf�\hegu�gZau\Zxlky�Z\lh\hegZfb��
<�h^ghjh^ghc�kj_^_�hgb�g_�baf_gyxl�kdhjhklb�b�nhjfu�bfimevkZ�� 

GZb[he__�ba\_klguc�ijbf_j��dhlhjhc�iha\hey_l�\u^_eblv�oZjZdl_j�
gu_�j_`bfu�ih\_^_gby�Zdlb\ghc�kj_^u�–�dhe_[Zl_evgZy�obfbq_kdZy�j_Zd�
pby� ;_ehmkh\Z–@Z[hlbgkdh]h–AZbdbgZ�� HldjulZy� \� ����� ]h^m�
;�I�;_ehmkh\uf��j_Zdpby�\i_j\u_�[ueZ�\hkijhba\_^_gZ�\������]h^m�gZ�dZ�
n_^j_�[bhnbabdb�nbabq_kdh]h�nZdmevl_lZ�F=M��Ijb�hlkmlkl\bb�i_j_f_�
rb\Zgby� \� lhgdhf� keh_� `b^dhklb� j_Zdpby� ;_ehmkh\Z–@Z[hlbgkdh]h–
AZbdbgZ�klZgh\blky�jZkij_^_e_gghc�kbkl_fhc�–�^\mf_jghc�Zdlb\ghc�kj_�
^hc�� \� dhlhjhc� lhq_qgu_�hkpbeeylhju�ihke_^h\Zl_evgh� \aZbfh^_ckl\mxl�
^jm]�k�^jm]hf��qlh�khijh\h`^Z_lky�ihy\e_gb_f�jZkijhkljZgyxsboky�dhg�
p_gljbq_kdbo� p\_lguo� ijhkljZgkl\_gguo� kljmdlmj� – Z\lh\heg� jZkijh�
kljZgyxsboky�\hdjm]�lZd�gZau\Z_fuo�\h^bl_e_c�jblfZ –�kihglZggh�\ha�
gbdZxsbo� p_gljh\� dhe_[Zgbc�� JZkijhkljZgyykv�� Z\lh\hegu� g_� baf_gyxl�
k\h_c�Zfieblm^u��dZd�wlh�[u\Z_l�k�\hegZfb�\�iZkkb\ghc�kj_^_��]^_�hgb�aZ�
lmoZxl� �dZd�� gZijbf_j�� a\mdb� \� \ha^mo_��� :\lh\hegu� g_� ijhoh^yl� ^jm]�
kd\hav�^jm]Z��Z�Zggb]bebjmxl�ijb�klhedgh\_gbb��<h^bl_ev�jblfZ�k�kZfhc�
\ukhdhc�kh[kl\_gghc�qZklhlhc�ihkl_i_ggh�³kt_^Z_l´�\k_o�k\hbo�dhgdmj_g�
lh\�b�\ly]b\Z_l�\kx�kbkl_fm�\�jZ[hlm�kh�k\h_c�qZklhlhc�\iehlv�^h�ihegh]h�
bklhs_gby�aZiZkZ�k\h[h^ghc�wg_j]bb�\�kbkl_f_�� 

AZf_qZl_evghc� [bheh]bq_kdhc� ZgZeh]b_c� wlhc� nbabdh-obfbq_kdhc�
kbkl_f_�fh]ml�kem`blv�dhgp_gljbq_kdb_�dhevpZ��h[jZam_fu_�ebrZcgbdhf�
Paramelia ctntrifuga��Dhgp_gljbqghklv�jZkij_^_e_gby�ebrZcgbdh\�ijb�bo�
jZkijhkljZg_gbb� \ua\ZgZ� bklhs_gb_f� iblZl_evguo� \_s_kl\� b� bo� ihke_�
^mxs_c�j_]_g_jZpb_c�gZ�km[kljZl_�� 

>h�kbo�ihj�j_qv�reZ�h[�Z\lh\hegZo�\�h^ghjh^ghc�kj_^_��<�g_h^gh�
jh^ghc� Zdlb\ghc� kj_^_� ijhbkoh^bl� bkdZ`_gb_� \hegh\h]h�njhglZ�� \hafh�
`_g�_]h�jZaju\��\hagbdgh\_gb_�b�jZafgh`_gb_�kibjZevguo�Z\lh\heg��l�g��
j_\_j[_jZlhjh\�� J_\_j[_jZlhju� ij_^klZ\eyxl� kh[hc� khq_lZgb_� ijZ\h-� b�
e_\haZdjmq_gguo�kibjZe_c��<�`b\hc�ijbjh^_�bf__lky�\_ebdh_�fgh`_kl\h�
ijbf_jh\� h^ghkibjZevguo� kljmdlmj� b� hj]Zgbafh\��Ijbf_jhf�fh]ml� kem�
`blv�ijZ\haZdjmq_ggu_�jZdh\bgu�\bgh]jZ^guo�meblhd�Helix pomatia.  

Obfbq_kdb_�j_\_j[_jZlhju�\�mijZ\ey_fuo�kblmZpbyo�fh]ml�h[jZah�
\u\Zlv�\eh`_ggu_�kibjZeb�jZaguo�ihjy^dh\��<�j_Zdpbhgghc�kbkl_f_�;_�
ehmkh\Z�fh]ml�nhjfbjh\Zlvky�\eh`_ggu_�kibjZeb�\iehlv�^h��-]h�ihjy^dZ�� 

GZ�nhlh]jZnbyo� kj_aZ� Zdkhih^bb� kheg_qgbdZ�Actinosphaerium eich-
horni� \b^gZ�^\hcgZy� \eh`_ggZy� kibjZev��h[jZah\ZggZy�fbdjhljm[hqdZfb��
Ih-\b^bfhfm�� a^_kv� wlh� m`_� nbdkbjh\Zgguc� j_amevlZl� Z\lh\hegh\h]h�
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nhjfbjh\Zgby�Zdkhih^bb��W\hexpbhgguc�\u[hj�ih^h[ghc�kljmdlmju��ih-
\b^bfhfm�� k\yaZg� k� __� \ukhdhc� wnn_dlb\ghklvx�^ey� kh\_jr_gby� Zdkhih�
^b_c�ih\hjhlh\��\jZs_gbc�b�mdhjhq_gby�ijb�aZo\Zl_�qZklbq_d�ibsb�� 

Ba\_kl_j�ijbf_j�kibjZevghc�Z\lh\hegh\hc�kZfhhj]ZgbaZpbb�lZd�gZ�
au\Z_fuo�©khpbZevguoª�Zf_[�Dictyostelium discoideum��h[t_^bgyxsboky�\�
hij_^_e_gghc�nZa_�`bag_ggh]h� pbdeZ� \� _^bguc� hj]Zgbaf�ih^� ^_ckl\b_f�
ki_pbnbq_kdh]h� ZlljZdlZglZ� p:FN�� \u^_ey_fh]h� hl^_evgufb� de_ldZfb��
Hlf_q_gh� \hegh\h_� ^\b`_gb_� ijhlhieZafu� gZ� ij_^klZ\e_gghc� klZ^bb�
fhjnh]_g_aZ�� nhjfbjmxs__� kljmdlmjm� ba� \eh`_gguo� kibjZe_c�� Ke_^m_l�
aZf_lblv�� qlh� \hegh\u_� ^\b`_gby� ijhlhieZafu� kdhj__� g_� bkdexq_gb_�� Z�
ijZ\beh�� <� jy^_� jZ[hl� jZkkfhlj_gu� wdki_jbf_glu� b� fh^_eb� f_oZgh-
obfbq_kdbo� Z\lh\heg� \� ijhlhieZaf_� de_lhd� ieZafh^by� Physarum poly-
cephalum�b�\�ycp_de_ldZo�ey]mrdb�Rana temporaria.  

<�gZklhys__� \j_fy�bkke_^h\Zg�p_euc� jy^�[bheh]bq_kdbo� kbkl_f�� \�
dhlhjuo� nhjfbjmxlky� dhgp_gljbq_kdb_� beb� kibjZevgu_� Z\lh\hegh\u_�
kljmdlmju��\�dmevlmj_�^jh``_\uo�de_lhd��\�j_lbg_�]eZaZ�puie_gdZ��\�bah�
ebjh\Zgghc�furp_�`_em^dZ�b�l�^�� 

Ijbf_j�lj_of_jghc�Zdlb\ghc�kj_^u��\�dhlhjhc�\hagbdZxl�we_dljb�
q_kdb_�b�f_oZgbq_kdb_�Z\lh\hegu�–�k_j^_qgZy�furpZ��Kms_kl\_ggh��qlh�\�
kbevgh� g_h^ghjh^guo� kbkl_fZo� beb� ijb� jZkkbgojhgbaZpbb� pbdeh\� \� kh�
k_^gbo�ehdmkZo�ijhbkoh^bl�i_j_oh^�hl�j_]meyjghklb�b�\aZbfhkh]eZkh\Zg�
ghklb�d�oZhlbq_kdhfm�Z\lh\hegh\hfm�j_`bfm��Ih^h[gh_�y\e_gb_�gZ[ex^Z�
_lky�\�k_j^_qghc�furp_�ijb�i_j_oh^_�hl�klZg^Zjlgh]h�Z\lh\hegh\h]h�j_�
`bfZ�d�oZhlbq_kdhfm��l�_��nb[jbeeypbb�� 

AZf_lbf��qlh�g_�\h�\k_o�kemqZyo�j_]meyjgh_�Z\lh\hegh\h_�ih\_^_gb_�
y\ey_lky� [eZ]hf� ^ey� [bheh]bq_kdhc� kbkl_fu�� LZd� \� ]heh\ghf� fha]_� ijb�
wibe_ilbq_kdhf�ijbiZ^d_�\hagbdZxl�\_kvfZ�j_]meyjgu_�\hegu�we_dljbq_�
kdh]h�\ha[m`^_gby��;he__�lh]h��ih�ba\_klguf�^Zgguf��fgh]bf�iZlheh]byf�
ij_^r_kl\m_l�ihy\e_gb_�kljh]h�j_]meyjguo�dhe_[Zl_evguo�ijhp_kkh\�� 

Wjbljhpblu�hlghkylky�d�de_ldZf��kihkh[guf�baf_gylv�k\hx�nhjfm��
H^gZdh�\� ©^bkdhfnhjlguoª�mkeh\byo�gZ�ih\_joghklb� wjbljhpblh\�fh]ml�
h[jZah\u\Zlvky�klZlbq_kdb_�\hegh\u_�kljmdlmju��Z[khexlgh�g_k\hckl\_g�
gu_�gZlb\guf�wjbljhpblZf�� 

F_g__�ba\_klgu�^\moZ\lh\hegh\u_�fh^_eb��>h�kbo�ihj�fu�]h\hjbeb�
h[� Z\lh\hegZo� h^ghc� ijbjh^u��H^gZdh� `_� fgh]hdhfihg_glgZy� Zdlb\gZy�
kj_^Z��\�ijbgpbi_��fh`_l�h[_ki_qblv�\hagbdgh\_gb_�b�\aZbfh^_ckl\b_�Z\�
lh\heg�jZaghc�obfbq_kdhc�ijbjh^u�� 

G_kdhevdh� e_l� gZaZ^� N�B�:lZmeeZoZgh\uf�� \uimkdgbdhf� dZn_^ju�
nbanZdZ� b� gug_� __� ijhn_kkhjhf�� [ueZ� \ukdZaZgZ� Z\lh\hegh\Zy� ]bihl_aZ�
k\_jlu\Zgby� djh\b��;ueh�ij_^iheh`_gh�� Z� aZl_f�b�ih^l\_j`^_gh� wdki_jb�
f_glZevgh��qlh�jhkl�ljhf[Z�h[_ki_qb\Z_lky�jZkijhkljZg_gb_f�\�djh\b�dhg�
p_gljZpbhgghc� ljhf[bgh\hc� Z\lh\hegu�� Ijb� wlhf� \� ahg_� aZ� ^\b`ms_fky�
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njhglhf�wlhc�\hegu�kha^Zxlky�mkeh\by�^ey�aZjh`^_gby�_s_�h^ghc�Z\lh\he�
gu�–�\hegu�lhjfh`_gby�k\_jlu\Zgby��Ihke_^gyy��^\b]Zykv�k�[hevr_c��q_f�
i_j\Zy�kdhjhklvx�gZ�g_dhlhjhf�jZkklhygbb�hl�f_klZ�ih\j_`^_gby�khkm^Z�gZ�
klb]Z_l�ljhf[bgh\mx�\hegm��hklZgZ\eb\Zy�^Zevg_cr__�k\_jlu\Zgb_.  

:\lhjZfb�pblbjm_fhc�jZ[hlu�h[gZjm`_g�n_ghf_g�h[jZah\Zgby�kehb�
kluo��beb�dhevp_\uo�kljmdlmj��<�oh^_�ghjfZevgh]h�jhklZ�ljhf[Z��_]h�hklZ�
gh\dZ��kh]eZkgh�]bihl_a_��ijhbkoh^bl�lh]^Z��dh]^Z�\hegZ�bg]b[blhjZ�gZ]hgy_l�
\hegm� ljhf[bgZ��Bg]b[blhj� b� ljhf[bg� i_j_klZxl� ]_g_jbjh\Zlvky�� gh� ijh�
^he`Zxl� ^bnnmabhggh� jZkijhkljZgylvky�� kbevgh� mf_gvrZykv� \� k\hbo� dhg�
p_gljZpbyo��Ijb�wlhf�\hdjm]�ljhf[Z�\hagbdZ_l�ahgZ�k�ih\ur_gghc�dhgp_g�
ljZpb_c�bg]b[blhjZ�-�©ahgZ�lhjfh`_gbyª��<�ghjfZevguo�mkeh\byo�wlZ�ahgZ�
gZ^_`gh�m^_j`b\Z_l�ljhf[bg�\�^hihjh]h\hc�h[eZklb�dhgp_gljZpbc��H^gZdh��
_keb� g_kdhevdh� baf_gblv� dbg_lbq_kdb_� iZjZf_lju� ijhp_kkZ� k\_jlu\Zgby��
gZijbf_j�� mf_gvrblv� ihjh]� Zdlb\Zpbb� k\_jlu\Zgby� ^ey� ljhf[bgZ�� fh`_l�
ijhbahclb�ke_^mxs__��Ljhf[bg��ohlv�b�\uc^_l�aZ�ij_^_eu�©ahgu�lhjfh`_�
gbyª�\�hq_gv�gbadhc�dhgp_gljZpbb��gh�wlZ�dhgp_gljZpby�\k_�jZ\gh�hdZ`_lky�
\ur_�ihjh]h\hc��Wlh�ijb\_^_l�d�gh\hfm�[ukljhfm�gZjZklZgbx�dhgp_gljZ�
pbb�ljhf[bgZ�b��jh`^_gbx�gh\hc�\hegu�jhklZ�ljhf[Z��<hdjm]�i_j\bqgh]hl�
jhf[Z��gZ�g_dhlhjhf�jZkklhygbb�gZqg_l�jZklb�\lhjhc�k]mklhd��Wlhl�ijhp_kk�
ijb\h^bl� d� nhjfbjh\Zgbx� fgh]hkehcgh]h� k]mkldZ�� \� dhlhjhf� q_j_^mxlky�
l\_j^u_�b�`b^db_�kehb��Kehbklu_�kljmdlmju�[ueb�h[gZjm`_gu�wdki_jbf_g�
lZevgh��K\_jlu\Zgb_�ieZafu�djh\b�ijhbkoh^beh�\�lhgdhf�keh_�b�bgbpbbjh�
\Zehkv�kl_deygguf�rZjbdhf� �ba\_klgh��qlh�kl_deh�kbevgh�Zdlb\bjm_l�k\_j�
lu\Zgb_���Ihke_^h\Zl_evgh�\hagbdZeb�dhevp_\u_�kehb�l\_j^hc�nZau.  

H[jZah\Zgb_� ljhf[Z�� _keb� ihkfhlj_lv� gZ� aZ^Zqm� k� h[s_[bheh]bq_�
kdhc� lhqdb� aj_gby�� k\yaZgh� k� jZa^_e_gb_f� bkoh^gh� bahljhighc� kj_^u� gZ�
^\_�qZklb�b�nhjfbjh\Zgb_f�f_`^m�gbfb�q_ldh�\u^_e_gghc�j_adhc�]jZgb�
pu��LZdZy� aZ^ZqZ� y\ey_lky� lbibqghc� ijb�nhjfbjh\Zgbb� kljmdlmj�fgh]h�
de_lhqgh]h� hj]ZgbafZ�� ijb� ^bnn_j_gpbjh\d_� hj]Zgh\� \� oh^_� jZa\blby��
<hafh`gh�� f_oZgbaf�� hkgh\Zgguc� gZ� ^\mo� \aZbfh^_ckl\mxsbo� Z\lh\he�
gZo��ijbjh^Z�bkihevam_l�ijb�j_r_gbb� aZ^Zq�^bnn_j_gpbjh\db�fgh]hde_�
lhqguo� hj]Zgbafh\��WlZ� aZfZgqb\Zy� b^_y� hldju\Z_l�� [ulv�fh`_l�� gh\uc�
ih^oh^�d�\uykg_gbx�f_oZgbafh\�fhjnh]_g_aZ�� 

>jm]hc�ijbf_j�^\mo\hegh\h]h�ijhp_kkZ�–�i_jbklZevlbdZ�kl_ghd�ib�
s_\h^Z�� k_j^pZ��`_em^dZ�� dbr_qgbdZ��fhq_lhqgbdZ�b�^jm]bo�iheuo� hj]Z�
gh\��\heghh[jZagh�h[_ki_qb\ZxsZy�i_j_ghk�bo�kh^_j`bfh]h�\�^bklZevghf�
gZijZ\e_gbb�� <klj_qgZy� Z\lh\hegZ� –� Zglbi_jbklZevlbdZ� –� nhjfbjm_lky��
gZijbf_j��\�lheklhf�dbr_qgbd_��>\b`_gb_�\hegu�khdjZs_gbc�\�hjZevghf�
gZijZ\e_gbb� h[_ki_qb\Z_l� m^_j`Zgb_� kh^_j`bfh]h�� Z� lZd`_� emqr__� \kZ�
ku\Zgb_�\h^u�b�bhgh\�� 

<� aZdexq_gbb� ke_^m_l� hlf_lblv�� qlh� j_]meyjghklv� [bheh]bq_kdbo�
kljmdlmj�\h�fgh]bo�kemqZyo�g_ihkj_^kl\_ggh�k\yaZgZ�k�Z\lh\hegh\hc�ijb�
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jh^hc�fhjnh]_g_aZ��\�qZklghklb�\�kbkl_fZo�khijy`_gguo�Zdlb\guo�kj_^��
nhjfbjmxsbo�Z\lh\hegu�k�hklZgh\dhc�� 

 
 
 
:DLB<GU?�NHJFU�DBKEHJH>:�B�:AHL:�<�DE?LD:O 

�K?J>?QGHC�FURPU��J?>HDK-PBDE�@?E?A:�B�N?JJBLBG 
 

Ijhn_kkhj�Jmm]_�W�D�,�AZ[[Zjh\Z�B�<�, K\bjy_\Z�B�<�, *�RmfZ_\�D�;� 
Nbabq_kdbc�nZdmevl_l�F=M�bf��F�<��Ehfhghkh\Z� 

�
Bgklblml�[bhobfbb�bf��:�G��;ZoZ�J:G 
 

Fgh]bfb�bkke_^h\Zl_eyfb�ihdZaZgh��qlh�`_e_ah� wnn_dlb\gh� \dex�
qZxlky�\�de_ldb�k_j^_qghc�furpu�b�mlbebabjmxlky�bfb��h^gZdh�lhdkbq_�
kdb_� wnn_dlu�� h[mkeh\e_ggu_� \aZbfh^_ckl\b_f� gZdhie_ggh]h� `_e_aZ� k�
\gmljbde_lhqguf� dbkehjh^hf� b� _]h� Zdlb\gufb�nhjfZfb�� \� ghjfZevguo�
nbabheh]bq_kdbo�mkeh\byo�g_�ijhy\eyxlky��GZebqb_�imeZ�f_lZ[hebq_kdb�
Zdlb\ghc�b�e_]dh�ih^e_`Zs_c�h[f_gm�nhjfu�`_e_aZ�bf__l�[hevrh_� agZ�
q_gb_�^ey�hkms_kl\e_gby�_]h�]hf_hklZaZ��IhdZaZgh��qlh�\�de_ldZo�fbhdZj�
^Z�`_e_ah�fh`_l�[_a�aZljm^g_gbc�\uk\h[h`^Zlvky�ba�Fe-kh^_j`Zsbo�[_e�
dh\��\�i_j\mx�hq_j_^v��ba�n_jjblbgZ�–�mgb\_jkZevgh]h�^_ih��kh^_j`Zs_]h�
g_kdhevdh�lukyq�Zlhfh\�`_e_aZ��;ueh�h[gZjm`_gh��qlh�`_e_ah�fh`_l�\u�
k\h[h`^Zlvky�ba�n_jjblbgZ�ijb�\ha^_ckl\bb�kh_^bg_gbc��kihkh[guo�\hk�
klZgZ\eb\Zlv� Fe(III�� \� y^j_� n_jjblbgZ�� =emlZlbhg� dZd� lbhe-kh^_j`Zsbc�
\hkklZgh\bl_ev�fh`_l�\hkklZgZ\eb\Zlv�Fe(III)�b��lZdbf�h[jZahf��kihkh[kl�
\h\Zlv� ]_g_jZpbb� Zdlb\guo� nhjf� dbkehjh^Z� b� bgbpbZpbb� i_j_dbkgh]h�
hdbke_gby� ebib^h\�� Ih^h[gZy� j_Zdpby� \hkklZgh\e_gby� Fe(III�� ihdZaZgZ�
lZd`_�^ey�kmi_jhdkb^guo�bhg-jZ^bdZeh\��\�ba[uld_�h[jZamxsboky�\�dZj�
^bhfbhpblZo�\�mkeh\byo�hdbkebl_evgh]h�klj_kkZ��Pblhlhdkbqgufb�kh_^b�
g_gbyfb�y\eyxlky�Zdlb\gu_�nhjfu�ZahlZ��f_lZ[hebaf�dhlhjuo�lZd`_�k\y�
aZg� k� lbheZfb�b�bhgZfb�`_e_aZ��Ohjhrh�ba\_klgh�� qlh� \� j_Zdpbb�f_`^m�
kmi_jhdkb^guf� jZ^bdZehf� b� hdkb^hf� ZahlZ� �NO�� h[jZam_lky� kbevguc�
hdbkebl_ev�–�i_jhdkbgbljbl� �ONOO–

���<�lh�`_�\j_fy�ihdZaZgh��qlh�\aZb�
fh^_ckl\b_�NO c�bhgZfb�`_e_aZ�b� ]emlZlbhghf�ijb\h^bl�d�h[jZah\Zgbx�
gbljhah]emlZlbhgZ� b� gbljhabevguo� dhfie_dkh\� `_e_aZ�� GZfb� bamq_gh�
\aZbfh^_ckl\b_�n_jjblbgZ�k�f_lZ[heblZfb�hdkb^Z�ZahlZ�k�p_evx�\uy\e_�
gby�bo�Zglbhdkb^Zglguo�b�ijhhdkb^Zglguo�k\hckl\�� 

H[gZjm`_gh�� qlh� n_jjblbg� klbfmebjm_l� bg^mpbjh\Zggh_� ]b^jhi_�
jhdkb^hf�lj_l-[mlbeZ�b�f_lfbh]eh[bghf�k\h[h^gh-jZ^bdZevgh_�hdbke_gb_�
fblhohg^jbc�k_j^pZ��<�lh�`_�\j_fy��^bgbljhabevgu_�dhfie_dku�`_e_aZ�– 
nbabheh]bq_kdb� agZqbfZy� nhjfZ� ^_ihgbjh\Zgby� NO –� b� khq_lZgb_� S-
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gbljhah]emlZlbhgZ� b� ]emlZlbhgZ� wnn_dlb\gh� bg]b[bjmxl� i_j_dbkgh_�
hdbke_gb_�ebib^h\�fblhohg^jbZevguo�f_f[jZg�� 

K�ihfhsvx�ki_dljhkdhibb�WIJ�gZfb�mklZgh\e_gh��qlh�\�j_Zdpbhg�
ghc� kbkl_f_�� kh^_j`Zs_c� fblhohg^jbb� b� n_jjblbg� \� khq_lZgbb� k� S-
gbljhah]emlZlbhghf� b� ]emlZlbhghf�� ijhbkoh^bl� h[jZah\Zgb_� ^bgbljh�
abevguo� dhfie_dkh\� `_e_aZ�� :glbhdkb^Zglguc� wnn_dl� ^bgbljhabevguo�
dhfie_dkh\� `_e_aZ� ih^l\_j`^Z_lky� bo� ^_kljmdpb_c� \� kmi_jhdkb^-
]_g_jbjmxs_c� kbkl_f_� dkZglbg-dkZglbghdkb^ZaZ�� JZ^bdZeu� O2

•–
�� h[jZah�

\Z\rb_ky�\�j_amevlZl_�ijyfh]h�\aZbfh^_ckl\by�we_dljhgguo�i_j_ghkqbdh\�
fblhohg^jbc�k�fhe_dmeyjguf�dbkehjh^hf��lZd`_�i_j_o\Zlu\Zxlky�gbljh�
abevgufb�dhfie_dkZfb�`_e_aZ��GZfb�ihdZaZgh��qlh�\�mkeh\byo�bgl_gkb\�
ghc� ]_g_jZpbb� kmi_jhdkb^guo� jZ^bdZeh\� \� dhfie_dk_� III (bc1� k_]f_gl_��
fblhohg^jbZevghc� ^uoZl_evghc� p_ib� dhgp_gljZpby� fhghgbljhabevguo�
dhfie_dkh\�b�^bgbljhabevguo�dhfie_dkh\�`_e_aZ�kms_kl\_gguf�h[jZahf�
kgb`Z_lky��>bgbljhabevgu_� dhfie_dku�`_e_aZ� k� ]emlZlbhghf� lZd`_�j_Z�
]bjmxl�k�i_jhdkbgbljblhf��H[gZjm`_gh��qlh�[eZ]h^Zjy�wlhfm�\aZbfh^_c�
kl\bx� ^bgbljhabevgu_� dhfie_dku� wnn_dlb\gh� bg]b[bjmxl� \ua\Zggmx�
i_jhdkbgbljblhf� hdbkebl_evgmx� ^_kljmdpbx� β-dZjhlbgZ��G_evay� bkdex�
qblv�� qlh� bgl_jf_^bZlu�� \hagbdZxsb_� \� oh^_� j_Zdpbb� ^bgbljhabevguo�
dhfie_dkh\� b� i_jhdkbgbljblZ�� fh]ml� mqZkl\h\Zlv� \� h[jZah\Zgbb� hdkb^Z�
ZahlZ��LZdZy�j_]_g_jZpby�NO�fh`_l�ijhbkoh^blv�k�mqZklb_f�fblhohg^jb�
Zevguo�n_jf_glh\��>_ckl\bl_evgh��fblhohg^jbb�m\_ebqb\Zxl�mjh\_gv�j_�
]_g_jZpbb�lbheZfb�^bgbljhabevguo�dhfie_dkh\�`_e_aZ��h[jZ[hlZgguo�i_�
jhdkbgbljblhf�� 

LZdbf�h[jZahf��^bgbljhabevgu_�dhfie_dku�`_e_aZ��dZd�b�fgh]b_�^jm�
]b_�ijbjh^gu_�Zglbhdkb^Zglu��j_]_g_jbjmxlky�ih^�^_ckl\b_f�n_jf_glZlb\�
guo� kbkl_f� de_lhd� b� gbadhfhe_dmeyjguo� \hkklZgh\bl_e_c��<� ijbkmlkl\bb�
^hghjh\�hdkb^Z�ZahlZ�b�gbadhfhe_dmeyjguo�lbheh\��ijhhdkb^Zglgu_�k\hckl�
\Z�n_jjblbgZ�fh]ml�bg\_jlbjh\Zlvky�\�Zglbhdkb^Zglgu_��[eZ]h^Zjy�h[jZah�
\Zgbx� gbljhabevguo� dhfie_dkh\�� >jm]bf� f_oZgbafhf� Zglbhdkb^Zglgh]h�
^_ckl\by�n_jjblbgZ�fh`_l�[ulv�k\yau\Zgb_�wlbf�[_edhf�k\h[h^guo�bhgh\�
Fe(III���h[jZamxsboky�ijb�^_kljmdpbb�^bgbljhabevguo�dhfie_dkh\�`_e_aZ��
JZ\gh\_kb_�f_`^m�ijhdkb^Zglgufb�b� Zglbhdkb^Zglgufb� k\hckl\Zfb�n_j�
jblbgZ�aZ\bkbl��lZdbf�h[jZahf��hl�khhlghr_gby�gbadhfhe_dmeyjguo�lbh�
eh\��kmi_jhdkb^guo�jZ^bdZeh\�b�hdkb^Z�ZahlZ��H^gbf�ba�j_]meylhjh\�wlbo�
k\hckl\�fh]ml�[ulv�fblhohg^jbb��y\eyxsb_ky�\�dZj^bhfbhpblZo�hkgh\�
guf�bklhqgbdhf�Zdlb\guo�nhjf�dbkehjh^Z�b�ZahlZ�� 

Ihemq_ggu_� j_amevlZlu� iha\heyxl� aZdexqblv�� qlh� [ZeZgk� f_`^m�
ijhhdkb^Zglgufb�b�Zglbhdkb^Zglgufb�ijhp_kkZfb�\�de_ldZo�k_j^_qghc�
furpu�fh`_l�hij_^_eylvky�jZ\gh\_kb_f�f_`^m�^bgbljhabevgufb�dhf�
ie_dkZfb�`_e_aZ��]emlZlbhghf��k\h[h^guf�`_e_ahf�b�n_jjblbghf� 
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:<LH<HEGU�B�K<?JLU<:GB?�DJH<B 

 
>hp_gl�;mluebg�:�:���ijhn_kkhj�:lZmeeZoZgh\�N�B� 

 
���L_hj_lbq_kdb_�b� wdki_jbf_glZevgu_�bkke_^h\Zgby�ihdZaZeb�� qlh�

kbkl_fZ�k\_jlu\Zgby�djh\b�q_eh\_dZ�h[eZ^Z_l�Z\lh\hegh\ufb�k\hckl\Zfb�� 
���<�khhl\_lkl\bb�k�wlbfb�ij_^klZ\e_gbyfb��k\_jlu\Zgb_�djh\b�ijh�

bkoh^bl� \� ljb�nZau�–� ����bgbpbZpby� �gZqZeh��ijhp_kkZ�� ���� Z\lh\hegh\Zy�
nZaZ�jhklZ�ljhf[hlbq_kdh]h�k]mkldZ�b�����hdhgqZgb_��jhklZ��hklZgh\dZ��� 

���LjZ^bpbhggu_�f_lh^u�bkke_^h\Zgby�kbkl_fu�k\_jlu\Zgby�djh\b�
gZijZ\e_gu��\�hkgh\ghf��gZ�i_j\mx�nZam�jZ[hlu�wlhc�kbkl_fu�–�nZam�bgb�
pbZpbb�� 

���:\lh\hegh\u_�ij_^klZ\e_gby�h�jZ[hl_�kbkl_fu�k\_jlu\Zgby�djh�
\b�g_�lhevdh�iha\heyxl�ijZ\bevgh�hibkZlv�jZ[hlm�wlhc�kbkl_fu��qj_a\u�
qZcgh� keh`gh�mkljh_gghc� k�[bhobfbq_kdhc� lhqdb� aj_gby��gh�b� \uykgblv�
jhev�lZd�gZau\Z_fh]h�\gmlj_gg_]h�imlb�Zdlb\Zpbb�wlhc�kbkl_fu��IhdZaZ�
gh��qlh�\�hkgh\_�f_oZgbafZ�]_fhnbebc�:�b�<�e_`Zl�gZjmr_gby�ijhp_kkZ�
jhklZ�ljhf[Z��l�_��Z\lh\hegh\hc�ijbjh^u�k\_jlu\Zgby�djh\b�� 

���L_hj_lbq_kdb_�fh^_eb��hibku\Zxsb_� kbkl_fm� k\_jlu\Zgby��ijh�
^_fhgkljbjh\Zeb�kms_kl\h\Zgb_�gh\uo�lbih\�Zdlb\guo�kj_^�b�gh\uo�lb�
ih\�ijhkljZgkl\_ggh-^bgZfbq_kdbo�j_`bfh\�^ey�lZdbo�kj_^��\�lhf�qbke_�- 
Z\lh\heg�k�hklZgh\dhc�� 

 
 
 
F?O:GBAFU�NHJFBJH<:GBY�IH=EHS?GGHC�>HAU� 

IJB�IJHOH@>?GBB�IMQDH<�NHLHGH<�B��WE?DLJHGH< 
Q?J?A�LD:G?WD<B<:E?GLGMX�KJ?>M 

 
Fe��gZmq��khlj��<ZjaZjv�K�F���ZkibjZgl�DmjZdbg�:�:���^hp_gl�Q_jgy_\�:�I� 

 
<�j_amevlZl_�\aZbfh^_ckl\by�bhgbabjmxs_]h�baemq_gby�k�[bheh]b�

q_kdbfb�kj_^Zfb��g_mijm]h]h�jZkk_ygby�b�y^_jguo�\aZbfh^_ckl\bc�qZklbp�
i_j\bqgh]h� imqdZ� k� \_s_kl\hf�� h[jZamxlky� \lhjbqgu_� qZklbpu�� hdZau�
\Zxsb_� \ebygb_�gZ�nhjfm�^hagh]h�jZkij_^_e_gby��F_oZgbafu�h[jZah\Z�
gby�\lhjbqguo�qZklbp�jZaebqgu�dZd�^ey�jZaguo�lbih\�bhgbabjmxsbo�ba�
emq_gbc��lZd�b�^ey�jZaebqguo�^bZiZahgh\�wg_j]bc��<�lh�\j_fy�dZd�\lhjbq�
gu_� qZklbpu� \ghkyl� hij_^_e_gguc� \deZ^� \� nhjfbjh\Zgby� ih]ehs_gghc�
^hau� b� � hdZau\Zxl� \ebygb_� gZ� blh]h\mx� hlghkbl_evgmx� [bheh]bq_kdmx�
wnn_dlb\ghklv�bhgbabjmxsbo�baemq_gbc��\�[hevrbgkl\_�kbkl_f�ieZgbjh�
\Zgby� e_q_gby� ^ey� jZaebqguo� \b^h\� bhgbabjmxs_]h� baemq_gby� \deZ^� \�
jZkij_^_e_gb_�^hau� �\lhjbqguo�qZklbp�g_�ijbgbfZxl�\h�\gbfZgb_�� �kqb�
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lZy�_]h�ij_g_[j_`bfh�fZeuf��Wlh�iha\hey_l�khdjZlblv�\j_fy�jZkq_lZ�^hau�
f_lh^hf�Fhgl_-DZjeh�b�\�[hevrbgkl\_�kemqZ_\�hijZ\^u\Z_l�k_[y� 

<�wlhc�k\yab�ij_^klZ\ey_lky�\_kvfZ�ZdlmZevghc�aZ^ZqZ�bkke_^h\Zgby�
\deZ^Z�jZaebqguo�f_oZgbafh\�\aZbfh^_ckl\by�k�\_s_kl\hf�\�nhjfbjh\Z�
gb_�^hau��ih]ehs_gghc�ldZg_wd\b\Ze_glghc�kj_^hc� 

<� gZklhys_c� jZ[hl_� ihemq_gu� wg_j]_lbq_kdb_� jZkij_^_e_gby� \lh�
jbqguo�we_dljhgh\��ihabljhgh\�b�γ-d\Zglh\�ijb�ijhoh`^_gbb�q_j_a�\h^m�
i_j\bqguo�imqdh\�γ-d\Zglh\��we_dljhgh\�b�ihabljhgh\��Z�lZd`_�jZkkqblZ�
gu�ih]ehs_ggu_�^hau��knhjfbjh\Zggu_�\lhjbqgufb�qZklbpZfb�\�^bZiZ�
ahg_�wg_j]bc�i_j\bqgh]h�imqdZ��–���Fw<� 

Ijb� \aZbfh^_ckl\bb�nhlhgh\� k� \_s_kl\hf� h[jZam_lky� \� j_amevlZl_�
dhfilhg�–�wnn_dlZ�a���we_dljhgZ�gZ�h^bg�i_j\bqguc��nhlhg��<�j_amevlZl_�
^_ckl\by�f_oZgbafZ� h[jZah\Zgby� we_dljhg� –� ihabljhgguo� iZj� –� hdheh� ��
iZju�gZ����i_j\bqguo�nhlhgh\��<deZ^�nhlhwnn_dlZ�g_agZqbl_e_g��<�h[hbo�
kemqZyo� qbkeh� we_dljhgh\� k� wg_j]b_c� �–��� Dw<� ij_g_[j_`bfh� fZeh� b�
ijZdlbq_kdb�g_�aZ\bkbl�hl�jZaf_jZ�nZglhfZ� 

Ijb� \aZbfh^_ckl\bb� we_dljhgh\� b� ihabljhgh\� k� \_s_kl\hf� [he__�
����\lhjbqguo�δ-�we_dljhgh\�bf_xl�wg_j]bx��–���Dw<�b�mghkyl�kmffZj�
gmx�wg_j]bx�\���jZaZ�f_gvrmx�q_f�δ-�we_dljhgu�k�wg_j]b_c�?_>����Dw<��<�
kj_^g_f� h[jZam_lky� hl� ���� ^h� ����� \lhjbqguo� we_dljhgh\�gZ� h^bg� we_d�
ljhg� i_j\bqgh]h� imqdZ��Wg_j]by�� ih]ehs_ggZy� kj_^hc�� k� jhklhf� wg_j]bb�
imqdZ�γ-d\Zglh\�hl���^h����Fw<�mf_gvrZ_lky�hl������^h�a����� 

Wg_j]by�δ -�we_dljhgh\�ijZdlbq_kdb�\ky�i_j_^Z_lky�kj_^_��Z�wg_j]by�
\lhjbqgh]h�lhjfhagh]h�baemq_gby�i_j_^Z_lky�kj_^_�gZ����–50%.  

Ijb�\aZbfh^_ckl\bb�ihabljhgh\�kh�kj_^hc�h[jZamxsb_ky�Zggb]bey�
pbhggu_�nhlhgu�i_j_^Zxl�kj_^_���–�����k\h_c�wg_j]bb� 

H^gbf� ba� j_amevlZlh\� jZ[hlu� y\ey_lky� lhl�nZdl�� qlh� jhkl� wg_j]bb�
qZklbp��ijb\h^bl�d�kms_kl\_gghfm�jZaebqbx�f_`^m�wg_j]b_c��i_j_^Zgghc�
\lhjbqguf� qZklbpZf�b� ^hahc��ih]ehs_gghc� \� j_amevlZl_� \aZbfh^_ckl\by�
wlbo�qZklbp�k�\_s_kl\hf� 

Ijh\_^_ggu_�fh^_evgu_�bkke_^h\Zgby�ijb\h^yl�d�aZdexq_gbx��qlh�
\lhjbqgu_� we_dljhgu� h[jZamxlky� ih� \k_fm� h[t_fm� \_s_kl\Z� \^hev� gZ�
ijZ\e_gby� jZkijhkljZg_gby� i_j\bqgh]h� imqdZ�� g_agZqbl_evgh� m[u\Zy� k�
]em[bghc��>hklb]gmlv�ihy\e_gby�fZdkbfmfZ�\�jZkij_^_e_gbb�^hau�ijb�h[�
emq_gbb�imqdZfb� γ-d\Zglh\�fh`gh�baf_g_gb_f�fZ]gblgh]h�ihey�� lh� _klv�
^_ckl\b_f�]jZ^b_glZ�fZ]gblgh]h�ihey�>�-2]. 

Ijb�h[emq_gbb�nZglhfZ��jZkiheh`_ggh]h�\�fZ]gblghf�ihe_��imqdhf�
we_dljhgh\��g_kfhljy�gZ�lh��qlh�\lhjbqguo�we_dljhgh\�h[jZam_lky�gZ�^\Z�- 
ljb� ihjy^dZ� [hevr_�� q_f� we_dljhgh\� \� i_j\bqghf� imqd_�� i_j_^ZggZy� bf�
wg_j]by�g_\_ebdZ� �b�khklZ\ey_l�a����-�����Dhebq_kl\h�we_dljhgh\��dhlh�
ju_� bf_eb� [u� wg_j]bx� ^hklZlhqgmx� ^ey� kh\_jr_gby� bfb� ijh[_]Z� \� g_�
kdhevdh� kZglbf_ljh\�� khklZ\ey_l�g_�[he__� ����qlh�ijbgpbibZevgh�g_�ba�



Ih^k_dpby����;bh�b�f_^bpbgkdZy�nbabdZ� 

 

83 

 
 
 

f_gy_l� \_ebqbgm� b� ]em[bggh_� jZkiheh`_gb_� fZdkbfmfZ�� LZdbf� h[jZahf�
fZdkbfmf�\�jZkij_^_e_gbb�^hau�\hagbdZ_l��\�hkgh\ghf�ijb�^_ckl\bb�fZ]�
gblgh]h�ihey�gZ�we_dljhgu�i_j\bqgh]h�imqdZ�� 

 
Ebl_jZlmjZ 
1. <ZjaZjv�K��F���LmelZ_\�:��<���Q_jgy_\�:��I��MijZ\e_gb_�jZk�

ij_^_e_gb_f�^hau�imqdZ�we_dljhgh\�\�emq_\hc�l_jZibb��Ijb[hju�b�L_ogb�
dZ�Wdki_jbf_glZ������k����-117, 2002. 

2. <ZjaZjv�K��F���Iehlgbdh\�:�;���LmelZ_\�:��<���Q_jgy_\�:��I��
IjhkljZgkl\_ggh_�jZkij_^_e_gb_�^hau�imqdZ�we_dljhgh\�\�fZ]gblghf�ih�
e_��F_^bpbgkdZy�nbabdZ����������k����-49, 2002.  

 
 
 

WDKI?JBF?GL:EVGH?�BKKE?>H<:GB?�<EBYGBY 
�F:=GBLGH=H�IHEY�G:�J:KIJ?>?E?GB?�>HAU�IMQDH<�

NHLHGH<�B�WE?DLJHGH<�<�KJ?>? 
 

:kibjZgl�;_ehmkh\�:�<���ZkibjZgl�=jyagh\�K�<���^hp_gl�Q_jgy_\�:�I� 
 
Wnn_dlb\ghklv�ijbf_g_gby�imqdh\�bhgbabjmxs_]h�baemq_gby�\�em�

q_\hc�l_jZibb�hij_^_ey_lky�lZdbfb�oZjZdl_jbklbdZfb�dZd�hlghr_gb_�^hau�
i_j_^Z\Z_fhc�fbr_gb��ldZgb�kh^_j`Zs_c�jZdh\u_�de_ldb��b�hdjm`Zxsbf�
a^hjh\uf�ldZgyf��hlghr_gb_�^hau�\�fbr_gb�d�^ha_�gZ�ih\_joghklb� 

>ey�ih\ur_gby�wnn_dlb\ghklb�h[emq_gby�imqdZfb�nhlhgh\�b�we_d�
ljhgh\� ij_^eZ]Z_lky� jZkiheZ]Zlv�fbr_gv� \� ihi_j_qghf�fZ]gblghf� ihe_��
<aZbfh^_ckl\b_� we_dljhgh\� k� lZdbf� ihe_f� ij_\jZsZ_l� bo� ljZ_dlhjbb� \�
kdjmqb\Zxsmxky� kibjZev�� qlh� ijb\h^bl� d� m\_ebq_gbx� ^hau� \� h[eZklb�
fbr_gb�b�mf_gvr_gbx�^hau�aZ�g_c�� 

K�ihfhsvx�ijh]jZffu�GEANT [ueh�ijh\_^_gh�dhfivxl_jgh_�fh^_eb�
jh\Zgb_�\ebygby�ihi_j_qgh]h�fZ]gblgh]h�ihey�����–���Le�gZ�jZkij_^_e_gb_�^h�
au�imqdh\�nhlhgh\�b�we_dljhgh\�k�wg_j]byfb�hl����^h����Fw<��JZkq_lu�ihdZaZ�
eb��qlh�^ey�imqdZ�we_dljhgh\�aZf_lgu_�baf_g_gby�\�jZkij_^_e_gbb�^hau�\hagb�
dZxl�ijb�gZijy`_gghklb�ihey�!�����Le��^ey�nhlhgh\�!���Le�>�@��KjZ\g_gb_�j_�
amevlZlh\� h[emq_gby� ldZgb� imqdhf� γ-d\Zglh\� beb� we_dljhgh\�� dh]^Z� fbr_gv�
jZkiheZ]Z_lky� \�fZ]gblghf�ihe_�b�[_a�g_]h��ihdZau\Z_l��qlh�fh`gh�^h[blvky�
m\_ebq_gby�wnn_dlb\ghklb�h[emq_gby��fbr_gb�\���-������jZaZ� 

GZ� jZaj_aghf� fbdjhljhg_� GBBYN� F=M� ihemq_gu� wdki_jbf_g-
lZevgu_� jZkij_^_e_gby� ^hau� imqdh\� we_dljhgh\� b� lhjfhaguo� γ-d\Zglh\� k�
wg_j]b_c� ��� b� ��� Fw<� >�@�� >ey� ^_l_dlbjh\Zgby� bkihevah\Zebkv� dZd�
jZ^bhojhfgu_� ie_gdb� b� kl_deZ�� J_amevlZlu� wdki_jbf_glh\� ohjhrh�
kh]eZkmxlky�k�fh^_evgufb�jZkq_lZfb�b�ih^l\_j^beb�ihy\e_gb_�fZdkbfmfZ�
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fh^_evgufb�jZkq_lZfb�b�ih^l\_j^beb�ihy\e_gb_�fZdkbfmfZ�\�jZkij_^_e_�
gbb�^hau�ijb�h[emq_gbb�fbr_gb�\�ihi_j_qghf�fZ]gblghf�ihe_�� 

 
 
 
 
Ebl_jZlmjZ 
1.<ZjaZjv�K�F��LmelZ_\�:�<���Q_jgy_\�:�I���³MijZ\e_gb_�jZkij_^_e_�

gb_f�^hau�imqdZ�we_dljhgh\�\�emq_\hc�l_jZibb´��ILW���������k����-117 
2.;_ehmkh\�:�<���Iehlgbdh\�:�;���R\_^mgh\�<�B���Q_jgy_\�:�I��Ih�

\ur_gb_� wnn_dlb\ghklb�h[emq_gby�fbr_gb�imqdZfb�nhlhgh\�b� we_dljh�
gh\�\�emq_\hc�l_jZibb��ILW������������k�����-114. 
 

 
 
 
 

HP?GD:�<DE:>:�NHLHY>?JGUO�J?:DPBC� 
<�H;W�IMQD:�LHJFHAGUO�NHLHGH< 

 
:kibjZgl�;_ehmkh\�:�<���ZkibjZgl�=jyagh\�K�<���^hp_gl�Q_jgy_\�:�I� 

 
Ijhoh`^_gb_�bhgbabjmxsbo�baemq_gbc�q_j_a�[bheh]bq_kdb_�kj_^u�

khijh\h`^Z_lky� ihy\e_gb_f� \lhjbqguo� qZklbp� �we_dljhgh\�� ijhlhgh\��
g_cljhgh\��y^_j�hl^Zqb��nhlhgh\�b�l�^����dhlhju_�h[jZamxlky�\�j_amevlZl_�
g_mijm]h]h�jZkk_ygby�b�y^_jguo�j_Zdpbc�\� we_f_glZo� kbkl_fu�nhjfbjh�
\Zgby�f_^bpbgkdh]h� imqdZ� �dheebfbjmxsbo� ^bZnjZ]fZo�� ]j_[_gqZluo� b�
fh^mebjmxsbo� �nbevljZo��[hexkZo���Z�lZd`_�\�l_e_�q_eh\_dZ��Hgb�\hagb�
dZxl� \� j_amevlZl_� \aZbfh^_ckl\by� i_j\bqgh]h� baemq_gby� k� ZlhfZfb� b�
Zlhfgufb� y^jZfb�� Z� lZd`_� \aZbfh^_ckl\by� k� \_s_kl\hf� \lhjbqguo� �qZk�
lbp��F_oZgbafu�h[jZah\Zgby�\lhjbqguo�qZklbp��bo�\b^u�jZaebqZxlky�dZd�
^ey� jZaguo� lbih\� bhgbabjmxsbo� baemq_gbc� �nhlhgh\�� we_dljhgh\�� g_c�
ljhgh\��π-f_ahgh\��ijhlhgh\�b�bhgh\���lZd�b�^ey�bo�wg_j]bc�����<lhjbqgu_�
qZklbpu�\ebyxl�gZ�nhjfm�jZkij_^_e_gby�^hau�b�baf_gyxl�hlghkbl_evgmx�
[bheh]bq_kdmx�wnn_dlb\ghklv�bhgbabjmxsbo�baemq_gbc� 

Jhev� nhlhy^_jguo� j_Zdpbc� \� [hevrbgkl\_� ^_ckl\mxsbo� kbkl_f�
ieZgbjh\Zgby�emq_\hc�l_jZibb�g_�mqblu\Z_lky�ba-aZ�bo�g_[hevrh]h�\deZ^Z�
\�h[s__�agZq_gb_�^hau��i_j_^Z\Z_fhc�\_s_kl\m��H^gZdh�ijb�wg_j]byo�lhj�
fhaguo�γ-d\Zglh\�[he__����Fw<�hg�hdZau\Z_lky�aZf_lguf��ihkdhevdm�agZ�
q_gby�H;W�^ey�\lhjbqguo�qZklbp� �n, p, H2, He3, He4

��agZqbl_evgh�[hevr_�
_^bgbpu��>Zggh_�h[klhyl_evkl\h�ijb\h^bl� d�m\_ebq_gbx� agZq_gby�dhwn�
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nbpb_glZ�H;W�nhlhgh\��ih�kjZ\g_gbx�k�klZg^Zjlguf�agZq_gb_f�H;W�nh�
lhgh\�jZ\guf��� 

<�gZklhys_c�jZ[hl_�bkihevam_lky�fh^_ev�ijyfhc�i_j_^Zqb�wg_j]bb��
γ -d\Zglh\�ijh^mdlZf�j_Zdpbb�gZ�hkgh\Zgbb�dhlhjhc�jZkkqblu\Z_lky�wg_j�
]_lbq_kdbc� ki_dlj�qZklbp��h[jZah\Z\rboky�\�j_amevlZl_�nhlhy^_jguo�j_�
Zdpbc������>ey�dZ`^h]h�ba�bgl_j\Zeh\�wg_j]bc�ba\_kl_g�dhwnnbpb_gl�H;W�

iK ��>ey�kj_^u��khklhys_c�ba�12K��14N, 16H�kj_^gbc�dhwnnbpb_gl�H;W�qZk�
lbp��h[jZah\Z\rboky�\�j_amevlZl_�nhlhy^_jguo�j_Zdpbc��khklZ\ey_l� 

 
Rn= i iKα∑ , 

 
]^_� i  -�qbkeh�wg_j]_lbq_kdbo�bgl_j\Zeh\��^ey�dhlhjuo�ba\_klgh� agZq_gb_�
H;W�� iα  -�hlghkbl_evgZy�^hey�qZklbp��ihiZ\rbo�\�i-uc�bgl_j\Ze��Ki –�agZ�

q_gb_� H;W� ^ey� ^Zggh]h� bgl_j\ZeZ�� >ey� fZdk

? γ  ��� Fw<� Rn ������ Z� ^ey��
fZdk

? γ  ���Fw<�- Rn ������LZdbf�`_�h[jZahf�fh`gh�ihemqblv�kj_^gbc�dhwn�

nbpb_gl�H;W�ijhlhgh\�h[jZah\Z\rboky� \�j_amevlZl_�nhlhijhlhgguo�j_�
Zdpbc�� pR 2,3= �^ey� fZdk

? γ  ���Fw<��Z�^ey�� fZdk

? γ  ���Fw<�– Rp=2.5. 

H;W� aZ\bkbl� �hl�lbiZ�de_lhd��bkihevam_fuo�\�dZq_kl\_�h[t_dlZ�bk�
ke_^h\Zgby��Z�lZd`_�hl�mkeh\bc�hp_gdb�H;W��<�kj_^g_f�ih�^Zgguf�jZ[hl�
����hp_gdZ�H;W�khklZ\ey_l�����±�����^ey�imqdh\�γ-d\Zglh\�k� fZdk

? γ  ���Fw<��

Z�^ey�imqdh\�γ-d\Zglh\�k� Fw<��?
fZdk =γ H;W ����±������Wlb�^Zggu_�gZoh�

^ylky�\�ohjhr_f�kh]eZkbb�k�gZrbfb�fZdkbfZevghc�b�fbgbfZevghc�hp_g�
dZfb� H;W�� dhlhju_� khhl\_lkl\_ggh� khklZ\eyxl� H;W(max)=1.08±0.03 
(1.13±������� H;W(min)=1.008±0.02 (1.02 ±������� agZq_gby�� ijb\_^_ggu_� \�
kdh[dZo� hlghkylky� d� lhjfhaguf� imqdZf� k� fZdkbfZevghc� wg_j]b_c�

Fw<��?
fZdk =γ .  

Ebl_jZlmjZ 
1. Gudowska, A.Brahme, P.Andreo, W.Gudowski, J.Kierkegaard. 

Calculation   of absorbed dose end    biological effectiveness bremsstrahlung 
beams of end point 50 MeV. Phys. Med. Biol. 44, 1999, 2099. 

2. Tillikidis A., Lind B., Nafstadius P., Brahme A. 1995. An estima-
tion of the relative biological effectiveness of 50 MV bremsstrahlung beams by 
microdosimetric techniques. Phys. Med. Biol. 41 55-69 
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>BNN?J?GPB:EVGH-=?HF?LJBQ?KDBC�DJBL?JBC� 
DBG?F:LBQ?KDHC�BGL?=JBJM?FHKLB�MJ:<G?GBC 

 
Ijhn_kkhj�Ihih\�:�=���^hp_gl�AZ^Z^Z_\�K�:���ZkibjZgl�Lbohfbjh\�>�<� 

 
Bklhdb� gZmqgh]h� gZijZ\e_gby� bkke_^h\Zgby� \aZbfhk\yab� g_ebg_c�

guo�mjZ\g_gbc�k�^bnn_j_gpbZevghc�]_hf_ljb_c��\hkoh^yl�d�jZ[hlZf�rdh�
eu� ?nbfh\Z-IhagydZ� ]_hf_ljbb� �\� p_ehf��� JZkkfhljbf� gZ� ]eZ^dhf� ^\m�
f_jghf�fgh]hh[jZabb� 2M �ijhba\hevgmx�f_ljbdm� 

 
,),,...;,(),,...;,(2),,...;,( 222 dttxuuGdxdttxuuFdxtxuuEds xxx ++=  

 
ijb� wlhf� dhwnnbpb_glu� f_ljbdb� FE, � b� G � aZ\bkyl� hl� g_dhlhjhc�

nmgdpbb� ),( txu ��>ey�^Zgghc�f_ljbdb�mjZ\g_gb_�=ZmkkZ��k\yau\Zxs__�f_l�
jbq_kdb_�dhwnnbpb_glu�k�]Zmkkh\hc�djb\baghc� ),( txK ��ij_^klZ\ey_l�kh[hc�
g_dhlhjh_� g_ebg_cgh_� ^bnn_j_gpbZevgh_� mjZ\g_gb_� hlghkbl_evgh�nmgd�
pbb� ),( txu : 0),,...;,( =txuuf x � �beb�^ey�djZldhklb� 0)],([ =txuf ), −Λ2 ij_^klZ\�
e_gb_f� dhlhjh]h� b� gZau\Z_lky� khhl\_lkl\mxsbc� f_ljbq_kdbc� l_gahj�







=

GF

FE
gij ��Z�mjZ\g_gb_� 0)],([ =txuf  -�ijbgZ^e_`Zsbf� −Λ2 deZkkm��<�kem�

qZ_�ijhba\hevghc�]Zmkkh\hc�djb\bagu� ),( txK �]h\hjyl�h� −G ij_^klZ\e_gbb�
( −G deZkk_�� 

Ihgylb_� −Λ )( 2G ij_^klZ\e_gby�mjZ\g_gbc��\\_^_ggh_�W�=��Ihagydhf�
b�:�=��Ihih\uf�\������]h^m� >�@�>�@��y\behkv�hlijZ\ghc�lhqdhc�gh\h]h�ih�
gbfZgby� ^bnn_j_gpbZevgh-]_hf_ljbq_kdhc�ijbjh^u�g_ebg_cguo� mjZ\g_�
gbc�fZl_fZlbq_kdhc�nbabdb��LZd��k�kZfh]h�fhf_glZ�hkgh\Zgby�^bnn_j_g�
pbZevgh-]_hf_ljbq_kdh]h�ih^oh^Z� −Λ )( 2G ij_^klZ\e_gby� hlf_qZeZkv� \aZb�
fhk\yav�ij_^klZ\e_gby�gme_\hc�djb\bagu�>�@�k� −Λ2

�ij_^klZ\e_gb_f�>�@��<�
k\h_c� jZ[hl_� >�@� K�:�� AZ^Z^Z_\� nhjfZebam_l� \aZbfhk\yav� ij_^klZ\e_gby�
gme_\hc� djb\bagu�b� −G ij_^klZ\e_gby� )( ConstK ≡ �b�ihemqZ_l� ZgZeblbq_�
kdb_� \ujZ`_gby� ^ey� fZljbqguo� hi_jZlhjh\� VU , � ij_^klZ\e_gby� gme_\hc�
djb\bagu� q_j_a� we_f_glu� f_ljbq_kdh]h� l_gahjZ� −G ij_^klZ\e_gby�� l_f�
kZfuf��mklZgZ\eb\Zy�ijyfh_�hlh[jZ`_gb_� −G deZkkZ�\�deZkk�dbg_fZlbq_�
kdb�bgl_]jbjm_fuo�mjZ\g_gbc��K�^jm]hc�klhjhgu��>�<��Lbohfbjh\uf�^h�
dZaZgZ�l_hj_fZ�kms_kl\h\Zgby� −G ij_^klZ\e_gby� 0),,...;,( =txuuf x �^ey�ij_^klZ\�
e_gby�gme_\hc�djb\bagu�ijb� −>≡ }0{( ConstKG �b�ihemq_gh�y\gh_�\ujZ`_gb_�
^ey�f_ljbdb�q_j_a�hi_jZlhju� VU , �ki_dljZevgh-w\hexpbhgghc�aZ^Zqb��l_f�
kZfuf��mklZgh\e_gh�h[jZlgh_�hlh[jZ`_gb_��>Zggu_� l_hj_fu�^hdZau\Zxl�
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^bnn_j_gpbZevgh-]_hf_ljbq_kdbc� djbl_jbc� dbg_fZlbq_kdhc� bgl_]jbjm_�
fhklb� 

Djbl_jbc�dbg_fZlbq_kdhc�bgl_]jbjm_fhklb 
>ey� lh]h�� qlh[u� ^bnn_j_gpbZevgh_� mjZ\g_gb_� 0)],([ =txuf � ijbgZ^�

e_`Zeh� deZkkm� dbg_fZlbq_kdb� bgl_]jbjm_fuo� mjZ\g_gbc� k� fZljbqgufb�
hi_jZlhjZfb� )1,1(, suVU ∈  ))2(,( suVU ∈ � g_h[oh^bfh� b� ^hklZlhqgh�� qlh[u�
mjZ\g_gb_� 0)],([ =txuf � ijbgZ^e_`Zeh� −<≡ }0{ ConstKG deZkkm�

−>≡ }0{( ConstKG deZkkm ) . 
LZdbf� h[jZahf�� \\_^_gguc� −G deZkk� ^ey� 0≠≡ ConstK � kh\iZ^Z_l� k�

deZkkhf� dbg_fZlbq_kdb� bgl_]jbjm_fuo� mjZ\g_gbc� k� hi_jZlhjZfb� ba�
−)2(),1,1( susu Ze]_[j�Eb� 

Ebl_jZlmjZ 
>�@�Ihagyd�W�=���Ihih\�:�=��>hde�J:G������L��������K����� 
>�@�Ihagyd�W�=���Ihih\�:�=��G__\deb^h\Z�]_hf_ljby��nhjfmeZ�=ZmkkZ�

b�bgl_jij_lZpby�^bnn_j_gpbZevguo�mjZ\g_gbc�\�qZklguo�ijhba\h^guo����
=_hf_ljby� ,,�� L_fZlbq_kdb_� h[ahju�� blh]b� gZmdb� b� l_ogbdb� �<BGB�
LB�������K��� 

>�@�LZolZ^`yg�E�:���NZ^__\�E�>��=Zfbevlhgh\�ih^oh^�\�l_hjbb�kheb�
lhgh\��F., 1986. 

[4] Popov A.G., Zadadaev S.A. Some constructive applications of −Λ2 re-
presentations to integration of PDEs. Annales Polonici Mathematici, LXXIV, 
2000, p.261. 

>�@�AZ^Z^Z_\�K�:�� −Λ2 ij_^klZ\e_gby�mjZ\g_gbc�fZl_fZlbq_kdhc�nb�
abdb�b�bo�g_dhlhju_�ijbeh`_gby��>bkk�d�n�-f�g��F������� 

 
 
 

<UQBKE?GBY�K�DHGLJHE?F�LHQGHKLB� 
G:�D<:ABJ:<GHF?JGUO�K?LD:O 

 
GZmq��khlj���:evrbg�:�;�
��GZmq��khlj:evrbgZ��?�:�

 


�Nbabq_kdbc�nZdmevl_l�F=M 


�BFF�J:G 

 
Fgh]b_� ZdlmZevgu_� ijbdeZ^gu_� aZ^Zqb� hibku\Zxlky� ^bnn_j_gpb�

Zevgufb��bgl_]jZevgufb�beb�bgl_]jh−^bnn_j_gpbZevgufb�mjZ\g_gbyfb�
\�[_kdhg_qghc�h[eZklb��Ijb�wlhf�]jZgbqgu_�mkeh\by�klZ\ylky�g_ihkj_^kl�
\_ggh�gZ�[_kdhg_qghklb��Ijb\_^_f�ijbf_ju� 

Wg_j]bb�k\yaZgguo�khklhygbc�ZlhfZ�_klv�kh[kl\_ggu_�agZq_gby�klZ�
pbhgZjgh]h� mjZ\g_gby� Rjz^bg]_jZ�� ijbq_f� \hegh\Zy� nmgdpby� ^he`gZ�
klj_fblvky� d� gmex� gZ� [_kdhg_qghklb��<� aZ^ZqZo� jZkk_ygby� bs_lky� lZdh_�
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j_r_gb_�mjZ\g_gby�Rjz^bg]_jZ��dh]^Z�gZ�[_kdhg_qghklb�\hegh\Zy�nmgd�
pby�_klv�kmi_jihabpby�iehkdhc�iZ^Zxs_c�\hegu�b�kn_jbq_kdhc�jZkk_yg�
ghc��<�dbg_lbq_kdhf�mjZ\g_gbb�;hevpfZgZ�nmgdpby�jZkij_^_e_gby� klj_�
fblky�d�gmex�ijb�jhkl_�kdhjhklb�qZklbp��<�aZ^ZqZo�Zwjh^bgZfbq_kdh]h�h[�
l_dZgby� ihlhd� gZ� [_kdhg_qghklb� ^he`_g� klj_fblvky� d� g_\hafms_gghfm��
G_klZpbhgZjgZy� aZ^ZqZ� ^ey� mjZ\g_gby� l_iehijh\h^ghklb� �gZijbf_j�� h[�
hoeZ`^_gbb� l_eZ�� ihf_s_ggh]h� \� kj_^m�� lj_[m_l� ihklZgh\db� ]jZgbqgh]h�
mkeh\by�gZ�[_kdhg_qghklb��lZd�dZd�l_fi_jZlmjZ�ijb�m^Ze_gbb�hl�l_eZ�klj_�
fblky�d�l_fi_jZlmj_�kj_^u��<�aZ^ZqZo�gZ�gZoh`^_gb_�kh[kl\_gguo�agZq_�
gbc�jZaebqguo�^bnn_j_gpbZevguo�hi_jZlhjh\�\�g_h]jZgbq_gghc�h[eZklb�
^ey�nmgdpbc�klZ\ylky�mkeh\by�j_]meyjghklb�gZ�[_kdhg_qghklb� 

LZdbf�h[jZahf��ihkljh_gb_�gZ^_`guo�qbke_gguo�f_lh^h\�j_r_gby�
aZ^Zq�\�g_h]jZgbq_gguo�h[eZklyo�bf__l�[hevrh_�agZq_gb_� 

Ijb�j_r_gbb�aZ^Zq�\�g_h]jZgbq_gguo�h[eZklyo�k_lhqgufb�f_lh^Zfb�
\k_]^Z�\hagbdZ_l�\hijhk�dhjj_dlgh]h�mq_lZ�]jZgbqguo�mkeh\bc��Ihkdhevdm�
qbkeh� bgl_j\Zeh\� k_ldb� dhg_qgh�� lh�b� h[eZklv� j_r_gby� [_jml� dhg_qgmx��
GZ�gh\hc�]jZgbp_�fh`gh�ihklZ\blv�l_�`_�]jZgbqgu_�mkeh\by��qlh�gZ�[_k�
dhg_qghklb�� wlh� ijhklh�� gh� ^Z_l� g_\ukhdmx� lhqghklv�� =hjZa^h� emqrmx�
lhqghklv�^Zxl�bkdmkkl\_ggu_�]jZgbqgu_�mkeh\by��gh�bo�ihkljh_gb_�y\ey�
_lky�keh`ghc�kZfhklhyl_evghc�ijh[e_fhc��j_rZ_fhc�hl^_evgh�^ey�dZ`^h�
]h�deZkkZ�aZ^Zq�� ;ue ij_^eh`_g�Zevl_jgZlb\guc�ih^oh^�>�@��G_ihkj_^kl�
\_ggh� \� [_kdhg_qghc� h[eZklb� kljhylky� d\ZabjZ\ghf_jgu_� k_ldb� k� dhg_q�
guf�qbkehf�bgl_j\Zeh\��GZ�gbo�\k_�ijhba\h^gu_�aZf_gyxlky�jZaghklyfb��
Z� bgl_]jZeu� −� kmffZfb�� wlb� aZf_gu� g_h[uqgu�� hgb� ^he`gu� mqblu\Zlv�
ki_pbnbdm�[_kdhg_qghc�h[eZklb��Ijb� wlhf�bkihevamxlky�lhqgu_� ]jZgbq�
gu_�mkeh\by�gZ�[_kdhg_qghklb� 

<Z`guf�^hklhbgkl\hf�d\ZabjZghf_jguo�k_lhd�ih�kjZ\g_gbx�k�^jm�
]bfb� g_jZ\ghf_jgufb� y\ey_lky� \hafh`ghklv� ijh\h^blv� jZkq_lu� gZ� k]m�
sZxsboky� k_ldZo��qlh�iha\hey_l� kljhblv� hilbfZevgu_� Ze]hjblfu�jZkq_�
lh\�k�^bZ]ghklbdhc�lhqghklb�qbke_ggh]h�j_r_gby�� 

<� jZ[hlZo� bkihevah\Zebkv� jZaebqgu_� \ZjbZglu� d\ZabjZ\ghf_jguo�
k_lhd��ihdju\Zxsb_�ijyfmx�beb�ihemijyfmx��Z�lZd`_�^\mf_jgu_�g_h]jZ�
gbq_ggu_�h[eZklb� 

>ey� ZiijhdkbfZpbb�ijhba\h^guo� ke_^m_l�bkihevah\Zlv�nhjfmeu��g_� kh^_j`Z�
sb_�]jZgbqgh]h�maeZ� Nx = ∞ �gb�ijb�dZdhf�n ��gh�kh^_j`Zsb_�]jZgbqgu_�mkeh\by Nu : 

:\lhjZfb� ih^jh[gh� bamq_gu� k\hckl\Z� hi_jZlhjZ�� Ziijhdkbfbjmx�
s_]h�\lhjmx�ijhba\h^gmx�gZ�d\ZabjZ\ghf_jghc�k_ld_��dhlhju_�\h�fgh]hf�
hij_^_eyxl�lZdb_�\Z`gu_�k\hckl\Z�jZaghklguo�ko_f��dZd�mklhcqb\hklv�>�-
�@��<�qZklghklb��[ueh�ihdZaZgh��qlh�\k_�kh[kl\_ggu_�agZq_gby�wlh]h�hi_jZ�
lhjZ�hljbpZl_evgu�>�@� 

>ey� g_h]jZgbq_gguo� h[eZkl_c� ihkljh_gu� wnn_dlb\gu_� f_lh^u� \u�
qbke_gby� ki_dljh\� ^bnn_j_gpbZevguo� hi_jZlhjh\�� j_r_gby� aZ^Zq�iZjZ[h�
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ebq_kdh]h�� weebilbq_kdh]h�� ]bi_j[hebq_kdh]h� lbih\�� Z� lZd`_� g_deZkkbq_�
kdbo� aZ^Zq� ^ey� Kh[he_\kdbo� mjZ\g_gbc�� F_lh^� d\ZabjZ\ghf_jguo� k_lhd�
ijbf_gyeky�b�d�bgl_]jZevguf�mjZ\g_gbyf�� \hagbdZxsbf� \�j_amevlZl_�j_�
r_gby�jZaebqguo�djZ_\uo�b�gZqZevgh-djZ_\uo�aZ^Zq�f_lh^hf�ihl_gpbZeh\� 

Ij_^eh`_g� wnn_dlb\guc� Ze]hjblf� ^\mf_jghc� ZiijhdkbfZpbb� ih�
^Zgguf�gZ�d\ZabjZ\ghf_jghc�k_ld_��ihdju\Zxs_c�iehkdhklv�b�ihemiehk�
dhklv�� ;eZ]h^Zjy� m^Zqghfm� \u[hjm� [Zabkguo� nmgdpbc�� hjlh]hgZevguo� \�
\u[jZgghc�g_h]jZgbq_gghc�h[eZklb��m^Zehkv�ihemqblv�\ukhdmx�lhqghklv�
ZiijhdkbfZpbb�� H^gbf� ba� \Z`guo� ijbeh`_gbc� ij_^eh`_ggh]h� f_lh^Z�
^\mf_jghc�ZiijhdkbfZpbb�y\ey_lky�\bamZebaZpby�j_amevlZlh\�jZkq_lh\�gZ�
d\ZabjZ\ghf_jguo�k_ldZo� 

JZ[hlZ� \uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_�JNNB� �dh^u�ijh_d�
lh\���� 02-01-00253, 02-01-00066, 03-01-���������Nhg^hf�kh^_ckl\by�hl_�
q_kl\_gghc� gZmd_�� ij_ab^_glkdbfb� ijh]jZffZfb�GR-������������ b�FD-
1907.2004.9. 

Ebl_jZlmjZ 
1. DZebldbg G�G��� Dmag_ph\ G�H��� IZgq_gdh K�E�� F_lh^�

d\ZabjZ\ghf_jguo�k_lhd�\�[_kdhg_qghc�h[eZklb����>:G��������L� ������ 5. 
K� 598-601. 

2. :�;��:evrbg��?�:��:evrbgZ�Qbke_ggh_�j_r_gb_�gZqZevgh-djZ_-
\uo� aZ^Zq� ^ey� mjZ\g_gbc� khklZ\gh]h� lbiZ� \� g_h]jZgbq_gguo� h[eZklyo� ���
@<FbFN��������l�����������k������-1803. 

3. :�;��:evrbg��?�:��:evrbgZ��:�:��;helg_\��H�:��DZq_j��I�<��Dh�
jydbg�Qbke_ggh_�j_r_gb_�gZqZevgh-djZ_\uo�aZ^Zq�^ey�mjZ\g_gbc�Fh[he_\�
kdh]h�lbiZ�f_lh^hf�d\ZabjZ\ghf_jguo�k_lhd� ���@<FbFN��������l��������

3, c. 490-510. 
4. :evrbgZ�?�:���DZebldbg G�G��<uqbke_gb_�ki_dljh\�ebg_cguo�

^bnn_j_gpbZevguo�hi_jZlhjh\�����>:G��������L�����������k����-447. 
5. :�;� :evrbg��?�:� :evrbgZ��G�G� DZebldbg�Qbke_ggh_�j_r_gb_�

]bi_j[hebq_kdbo� aZ^Zq�\�g_h]jZgbq_gghc�h[eZklb�� ���FZl_fZlbq_kdh_�fh�
^_ebjh\Zgb_��������l�����\�i_qZlb). 

 

 
 
 

©D<:GLH<U?ª�Y<E?GBY�<�KL:LBKLBD?�NBABQ?KDBO�EBP 
 

Ehsbgbg�F�;���ZgZeblbd�MdjZbgkdh]h�`mjgZeZ�³Wdhghfbkl´��Db_\ 
 
Ih-\b^bfhfm��I_llb� [ue� i_j\uf�� dlh� mdZaZe� gZ� hkh[mx� jhev� ij_�

^_evgh�fZeh]h�^hoh^Z�dZd�wdhghfbq_kdh]h�y\e_gby�b�^Z`_�ij_^eh`be�dhg�
p_ipbx� ©ibs_\uo� iZcdh\ª� dZd� _^bgbpu� baf_j_gby�rdZeu� ^hoh^h\��Ih�
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ke_^mxsb_� bkke_^h\Zl_eb�� \� lhf� qbke_�Kfbl�� ohly� b� mdZau\Zeb� gZ� [eb�
ahklv�^hoh^h\�jZ[hqbo���-]h�b���-]h�\_dh\�d�^hoh^m�\u`b\Zgby��gh�g_�ijb�
^Z\Zeb� ij_^_evgh� fZehfm� ^hoh^m� hkh[h]h� agZq_gby�� h[� wlhf� khh[sZ_l�
FZc[mj^�>�@��:gZeba�klZlbklbdb�\ZdZgkbc�b�^_deZjbjh\Zgguo�^hoh^h\�nb�
abq_kdbo� ebp� �NE��MdjZbgu� mdZau\Z_l�gZ�ijbkmlkl\b_�nmg^Zf_glZevghc�
dhgklZglu� k�jZaf_jghklvx�^hoh^Z��<�^hdeZ^_�ijb\h^blky�hibkZgb_� khhl�
\_lk\mxsbo�klZlbklbq_kdbo�^Zgguo� 

���GZ�Jbk����ij_^klZ\e_gu�]jZnbdb�iehlghklb�jZkij_^_e_gby�NE�h[�
eZklguo� ]hjh^h\�MdjZbgu�� ghjfbjh\Zggu_� gZ� ihegmx� qbke_gghklv�NE��
Iehlghklv�jZkij_^_e_gby�NE�dZ`^h]h�j_]bhgZevgh]h�jugdZ��\k_]h�bo�\u�
^_e_gh�k\ur_������bf__l�ibd�iehlghklb�i_jkhg�\[ebab�gmey�^hoh^Z��©fZ�
ehbfmsb_ª���Z�\�klZlbklbd_�\k_o�^hklZlhqgh�[hevrbo�j_]bhgZevguo�jug�
dh\� nmgdpby� iehlghklb� ^_fhgkljbjm_l� \lhjhc� ibd� iehlghklb� �©kj_^gbc�
deZkkª���EhdZevguc�fbgbfmf��jZa^_eyxsbc�^\Z�ibdZ�iehlghklb��khhl\_l�
kl\m_l� agZq_gbx� fZeh]h� ^hoh^Z� ihqlb� ihklhygghfm� ih� \k_f� j_]bhgZf�
kljZgu�� 

Jbk��� 
 
Ihqlb�ihklhygghc�hdZau\Z_lky�b�kj_^gyy�\_ebqbgZ�^hoh^Z�fZehbfm�

sbo��<������]h^m�hgZ�khklZ\beZ�hdheh�«� ����]jg�f_k��wlh�f_gvr_���^hee�f_k�
>�@��:gZeba� l_g_\hc� Zdlb\ghklb�gZk_e_gby� >�@�mdZau\Z_l�gZ� h[t_dlb\ghklv�
]jmiibjh\db� fZehbfmsbo� b� ij_^kdZau\Z_l� kms_kl\_ggh_� ij_\ur_gb_� bo�
nZdlbq_kdh]h� ^hoh^Z� gZ^� ^_deZjbjh\Zggufb� k\_^_gbyfb��Kj_^gbc�nZdlb�
q_kdbc�^hoh^�fZehbfmsbo�\������]h^m�\jy^�eb�[ue�f_gvr_���-����]jg�f_k�
(15-���^hee�f_k���LZdbf�h[jZahf��gZ�jugd_�b�\�h[s_kl\_�kms_kl\m_l�]jmi�
ibjh\dZ��y\eyxsZyky�ghkbl_e_f�ij_^_evgh�fZeh]h�^hoh^Z�«� 

���GZ� Jbk�� �� \� ^\hcguo� eh]Zjbnfbq_kdbo� hkyo� ij_^klZ\e_gZ� iehl�
ghklv�jZkij_^_e_gby�NE�>g_ijhi_ljh\kdh]h�j_]bhgZevgh]h�jugdZ��h^gh]h�
ba� kZfuo� [hevrbo� \�MdjZbg_�� dZd�nmgdpby� ^hoh^Z��Y\e_gb_� klZlbklbq_�
kdhc�g_ij_ju\ghklb�fh`_l�[ulv�hoZjZdl_jbabjh\Zgh�ke_^mxsbf�h[jZahf��
ihke_^h\Zl_evgh� i_j_[bjZxlky� dZ`^u_� ljb� lhqdb� �bgl_j\ZeZ�� ]jZnbdZ� b�
\uqbkey_lky�h`b^Z_fh_�agZq_gb_�qbkeZ�NE�\�kj_^g_c�lhqd_��bgl_j\Ze_��ih�
^\mf�djZcgbf��Wlh�agZq_gb_�kjZ\gb\Z_lky�aZl_f�k�nZdlbq_kdbf�qbkehf�NE�
\�kj_^g_c�lhqd_��bgl_j\Ze_��iml_f�\uqblZgby�b�^_e_gby�jZagbpu�gZ�©]Zmk�
kh\m�ghjfmª�–�dhj_gv�d\Z^jZlguc�ba�qbkeZ�NE�\�kj_^g_f�bgl_j\Ze_��IhdZ�
bgl_j\Zeu��nhjfbjmxsb_� ]jZnbd�iehlghklb��^hklZlhqgh�\_ebdb�ih�kjZ\�
g_gbx�k�«��\_ebqbgZ�hlghkbl_evgh]h�klZlbklbq_kdh]h�rmfZ��hij_^_ey_fZy�
hibkZgguf� h[jZahf�� hdZau\Z_lky� fgh]h� f_gvr_� ]Zmkkh\hc� ghjfu� ijb�
[hevrbo� ^hoh^Zo� b� [ebadZ� d� g_c� ijb� kj_^gbo� b�fZeuo��H^gZdh� dZjlbgZ�
klZlbklbq_kdh]h�rmfZ�jZ^bdZevgh�f_gy_lky�ijb�agZqbl_evghf��\�^\Z�–�ljb�
jZaZ�� mf_gvr_gbb�bgl_j\Zeh\��nhjfbjmxsbo� ]jZnbd�iehlghklb�� mqZklhd�
]jZnbdZ�\[ebab� kj_^gbo�b�fZeuo�^hoh^h\� ©\aju\Z_lkyª�rmfhf�� ]Zmkkh\Z�
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ghjfZ�agZqbl_evgh�ij_\urZ_lky��<�wlh�`_�\j_fy�khhl\_lkl\b_�rmfZ�nmgd�
pbb�iehlghklb�b�]Zmkkh\hc�ghjfu�ijb�^hoh^Zo�[hevrbo��q_f�kj_^gb_��hk�
lZ_lky�ij_`gbf��Djblbq_kdh_�agZq_gb_�bgl_j\ZeZ�^hoh^Z��dh]^Z�mkbe_gb_�
klZlbklbq_kdh]h�rmfZ�nmgdpbb�iehlghklb�klZgh\blky� aZf_lguf��\�klZlb�
klbd_�[hevrbo�]hjh^h\�MdjZbgu�\�����-�����]h^h\�khklZ\ey_l�«��� 

���GZ�Jbk����ij_^klZ\e_g�]jZnbd�aZ\bkbfhklb�kj_^g_]h�^hoh^Z�mqZ�
klgbdh\�©kj_^g_]h�deZkkZª�j_]bhgZevguo�jugdh\�dZd�nmgdpby�bo�qbke_g�
ghklb��IehsZ^v�lhq_d-j_]bhgh\�ijb[ebabl_evgh�ijhihjpbhgZevgZ�wlhc�
qbke_gghklb��kZfZy�[hevrZy�lhqdZ�–�Db_\��©Kj_^gbc�deZkkª�b^_glbnbpb�
jh\Zeky�f_lh^hf�hlk_q_gby�\_jrbgu�]jZnbdZ�iehlghklb�kmffZjgh]h�^h�
oh^Z��ijb�wlhf�e_\Zy�]jZgbpZ�mklZgZ\eb\ZeZkv�ih�^hoh^m�ehdZevgh]h�fb�
gbfmfZ�iehlghklb��jZa^_eyxs_]h�fZehbfmsbo�b�kj_^gbo��Jbk������AZ\bkb�
fhklv�kj_^g_]h�^hoh^Z�hl�fZkrlZ[Z�j_]bhgZevgh]h�jugdZ��wnn_dl�©kZfh�
jZah]j_\Zª��mdZau\Z_l�gZ�wnn_dlu�ij_^hij_^_e_gghklb�kj_^g_]h�^hoh^Z�b�
nZlZevghklb�[_^ghklb�fZehex^guo�i_jbn_jbcguo�jugdh\��AZ\bkbfhklv�
kj_^g_]h�^hoh^Z�hl�qbke_gghklb�mqZklgbdh\�kj_^g_]h�deZkkZ�\�ij_^_eZo�
dZ`^h]h�hl^_evgh]h�j_]bhgZevgh]h�jugdZ�fh`_l�[ulv�h[tykg_gZ�wdkih�
g_gpbZevgh�[ukljuf�gZjZklZgb_f�iehlghklb�qbkeZ�\hafh`guo�kihkh[h\�
kha^Zgby�^hoh^Z�ih�f_j_�jhklZ�fZeh]h�^hoh^Z��Ihegh_�qbkeh�\hafh`guo�
kihkh[h\�kha^Zgby�^hoh^Z�dZ`^uf�mqZklgbdhf�
�fh`_l�[ulv�hp_g_gh��bk�

oh^y�ba�_kl_kl\_gguo�khh[jZ`_gbc��
!!

rr gg
lnln +≈Ω ��]^_�!  -�fbgbfZevgh�

\hafh`guc�^hoh^�>�@��Ba�ij_^iheh`_gby�h�[ebahklb�kmffZjgh]h�qbkeZ�\ha�
fh`guo�kihkh[h\�kha^Zgby�^hoh^Z�
�b�qbke_gghklb�mqZklgbdh\�kj_^g_]h�

deZkkZ� CKN �fu�ihemqbf�\ujZ`_gb_�
!!

rr
CK

gg
N lnln +≈ ��dhlhjh_�^hklZlhqgh�

ohjhrh�khhl\_lkl\m_l�jbkmgdm����imgdlbjgZy�ebgby��! � ����]jg�f_k���G_�
agZqbl_evgh_�qbkeh�©\kieu\rboª�]hjh^h\-j_]bhgh\�k�hkh[ufb�mkeh\byfb�
hieZlu�ljm^Z�g_�\eby_l�gZ�klZlbklbq_kdmx�kblmZpbx��gh�mdZau\Z_l�gZ�i_j�
ki_dlb\m�h[jZah\Zgby�_^bgh]h�gZpbhgZevgh]h�jugdZ�beb�^Z`_�gZ�ijhp_kk�
]eh[ZebaZpbb��AZ\bkbfhklv�kj_^g_]h�^hoh^Z�gR�b�qbke_gghklb�©kj_^g_^h�
oh^guoª�NCK�fh`_l�[ulv�_s_�[he__�mijhs_gZ�� CKr Ng ln!≈  . 

���GZ�jbk�� ��ij_^klZ\e_gZ�iehlghklv�jZkij_^_e_gby�\ZdZgkbc��h[ty\�
e_gguo� ij_^ijbylbyfb�Db_\h-K\ylhrbgkdh]h� jZchgZ�Db_\kdhc� h[eZklb� \�
i_jbh^�k�yg\Zjy�ih�Z\]mkl������]h^Z��dZd�nmgdpby�\_ebqbgu�ij_^eZ]Z_fh]h�
^hoh^Z��=jZnbd�hkpbeebjm_l�k�i_jbh^hf� ��� ]jg�f_k��<_ebqbgZ�i_jbh^Z�g_�
y\ey_lky�kemqZcghc�b�^he`gZ�[ulv�khihklZ\bfhc�k�nZdlbq_kdbf�^hoh^hf�
\u`b\Zgby�� 
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 Jbk��� 

Ijhkl_crmx� hp_gdm� ^hoh^Z� \u`b\Zgby�fh`gh� \uihegblv��jZkkfZl�
jb\Zy� oe_[� dZd� gZb[he__� k[ZeZgkbjh\Zgguc� ibs_\hc� ijh^mdl�� kh^_j`Zsbc 
�����ddZe�d]��<� ����� ]h^m��ih� k\_^_gbyf�=hkdhfklZlZ�MdjZbgu�� ��d]� klhbe�
����� ]jg�� >�@�� ihwlhfm� \� mdjZbgkdhc� \Zexl_� ©kh^_j`Zehkvª� hdheh� �����
ddZe�]jg��Ijb�kmlhqghc�ghjf_�����luk��ddZe��>�@��fZehbfms_fm�ihlj_[m_lky�
^hoh^������]jg�f_k��dhlhjuc�^Z_l�hp_gdm�kgbam�^ey�fbgbfZevgh]h�^hoh^Z��LZ�
dbf�h[jZahf��rdZeZ�\ZdZgkbc�^bkdj_lbabjh\ZgZ�k�i_jbh^hf��[ebadbf�d�^hoh^m�
\u`b\Zgby�«��JZaebqby�agZq_gbc�\_ebqbgu�d\ZglZ�fbgbfZevgh]h�^hoh^Z��ihem�
qZ_fu_�ih�^Zgguf�ba�jZaguo�bklhqgbdh\��e_]dh�h[tykgbfu�wnn_dlhf�l_g_\hc�
Zdlb\ghklb�gZk_e_gby� 

Ebl_jZlmjZ 
1. FZc[mj^�?�F��<\_^_gb_�\�bklhjbx�wdhghfbq_kdhc�fukeb��Hl�ijh�

jhdh\�^h�ijhn_kkhjh\��– 2-_�ba^���bkij��b�^hi��–�F���>_eh��������–�����k� 
2. E_dZjv�K�B���Ehsbgbg�F�;��Wdhghf_ljby�nbabq_kdbo�ebp�MdjZb�

gu�\������]h^m����MdjZbgkdbc�`mjgZe�©?dhghf�klª�����������k�����– 82. 
3. Ehsbgbg�F���Ehsbgbg�B��G_iZjZf_ljbq_kdh_�fh^_ebjh\Zgb_�l_�

g_\hc�^_yl_evghklb�ljm^hkihkh[gh]h�gZk_e_gby����Mdj��@��©?dhghf�klª����

���������k�����–  45. 
4. Ehsbgbg�F��<ZdZgkbb�dZd�nmg^Zf_glZevgh_�y\e_gb_�ijbjh^u�jugdZ����

Mdj��@��©?dhghf�kl»�������������k�����– 82. 
5. MdjZ�gZ�m�pbnjZo�m������jhp���Dhjhldbc�klZlbklbqgbc�^h\�^gbd� ��

>_j`Z\gbc�dhf�l_l�klZlbklbdb�MdjZ�gb��aZ�j_^��H�=��HkZme_gdZ��-�D���L_og�dZ��
2002. -�����k� 
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<� ^hdeZ^_� jZkkfZljb\Z_lky� kbevgZy� koh^bfhklv� rj_^bg]_jh\kdhc�

w\hexpbb� d� d\Zglh\hc� klhoZklbd_� ^ey� deZkkZ� ]ZfbevlhgbZgh\�� \dexqZx�
s_]h� fh^_ev� d\Zglh\h]h� ^_l_dlhjZ� ]jZ\blZpbhgguo� \heg�� >hdZaZgh�� qlh�
kbevguf� j_ahev\_glguf�ij_^_ehf�ihke_^h\Zl_evghklb� kZfhkhijy`_gguo�
]ZfbevlhgbZgh\� y\ey_lky� kbff_ljbqgZy�djZ_\Zy� aZ^ZqZ� \�nhdh\kdhf�ijh�
kljZgkl\_� >�-�@�� dhlhjZy� mgblZjgh� wd\b\Ze_glgZ� d\Zglh\hfm� klhoZklbq_�
kdhfm�^bnn_j_gpbZevghfm�mjZ\g_gbx�>�@��b�qlh�^ey�ij_^_evghc�w\hexpbb�
qZklbqgh]h�ke_^Z�ih�kf_rZgghfm�khklhygbx�g_�kms_kl\m_l�_^bgh]h�mjZ\�
g_gby�lbiZ�mjZ\g_gby�Ebg^[eZ^Z��GZijhlb\��dZ`^Zy�dhfihg_glZ�kf_rZg�
gh]h�khklhygby�\�ij_^_e_�ihjh`^Z_l�kh[kl\_gguc�aZdhg�w\hexpbb�� 

GZqbgZy�k�wdki_jbf_glh\�J_a_jnhj^Z�ih�jZkk_ygbx�.-qZklbp�gZ�lhg�
dhc�ahehlhc�nhev]_��\�d\Zglh\uo�baf_j_gbyo�bkihevamxlky�fZdjhkdhibq_�
kdb_�imqdb�d\Zglh\uo�qZklbp��\aZbfh^_ckl\mxsb_� k�fbdjhkdhibq_kdbfb�
d\Zglh\ufb� kbkl_fZfb� lZdbf� h[jZahf�� qlh� iZjZf_lju� imqdZ�� ^hklmigu_�
^ey�baf_j_gby� k�ihfhsvx� deZkkbq_kdbo�ijb[hjh\�^h�b�ihke_� jZkk_ygby��
kh^_j`Zl�bgnhjfZpbx�h�khklhygbb�d\Zglh\hc�kbkl_fu��<Z`guf�ijbf_jhf�
fZdjhkdhibq_kdh]h�d\Zglh\h]h�imqdZ��bkihevam_fh]h�\�bgl_jn_jhf_ljbq_�
kdbo� baf_j_gbyo�fbdjhkdhibq_kdbo� kf_s_gbc�� y\ey_lky� imqhd� dh]_j_gl�
guo�nhlhgh\��kha^Z\Z_fuc�eZa_jhf��>ebgZ�hilbq_kdh]h�imlb�nhlhgh\�gZ�
fgh]h�[hevr_�h[eZklb�\aZbfh^_ckl\by�k�d\Zglh\hc�kbkl_fhc��ihwlhfm�lZ�
dh_�\aZbfh^_ckl\b_�fh`_l�[ulv�hibkZgh�dZd�baf_g_gb_�nZau�b�Zfieblm^u�
bkoh^gh]h�imqdZ��ijhbkoh^ys__�\�ij_^_e_�\�h^ghc�lhqd_��e_`Zs_c�a_jdZe_�
bgl_jn_jhf_ljZ�� mklZgh\e_gghf� gZ� _]h� hilbq_kdhf� imlb��LZdh_� ij_^_ev�
gh_�\aZbfh^_ckl\b_�y\ey_lky�kbg]meyjguf�b�\�ij_^klZ\e_gbb�\lhjbqgh]h�
d\Zglh\Zgby�hibku\Z_lky�nmgdpbhgZeZfb�hi_jZlhjh\�jh`^_gby�b�mgbqlh�
`_gby�hl��^_evlZ-nmgdpbc�>bjZdZ�� 

Imklv�a+( x����b��a ( x )  -iehlghklb�hi_jZlhjh\�jh`^_gby�b�mgbqlh`_�
gby�� ^_ckl\mxsbo� \� kbff_ljbqghf� nhdh\kdhf� ijhkljZgkl\_� =S(L2(R)) b�
m^h\e_l\hjyxsb_�dZghgbq_kdbf�dhffmlZpbhgguf�khhlghr_gbyf��b+

��b�b - 
hi_jZlhju� jh`^_gby� b� mgbqlh`_gby�� ^_ckl\mxsb_� \� l2 , ∇ -� ]_g_jZlhj�
]jmiiu�k^\b]h\�\�=S(L2( R )) : exp{-ct ∇} ψ ( v( x ) )= ψ ( v( x + ct ) ),  ψ ( v ) 
–�wdkihg_gpbZevguc�\_dlhj��v ∈ L2( R ), f( t ) –�\g_rgyy�kbeZ���b�
��ω, g – 
iZjZf_lju�baf_jbl_evgh]h�mkljhckl\Z���c,  «��-nbabq_kdb_�dhgklZglu�� 

 
L_hj_fZ� �� (i) Kbevguc�j_ahev\_glguc�ij_^_e�ihke_^h\Zl_evghklb�

kZfhkhijy`_gguo�hi_jZlhjh\ 
 

H
�. = «�{
 b+ b - ic ∇ + ω g ( b + b+ ) / 2  (f( t ) + �R dx  σ . (x) a+( x )  a ( x ))} 

 
ijb�σ. (x) :�δ (x),   . :�����jZ\_g�aZfudZgbx�hi_jZlhjZ 
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C t = «�{ �
�b b+ - ic ∇ + ω g ( b + b+ ) / 2   f( t )}, 
 

kbff_ljbqgh]h�gZ�h[eZklb�hij_^_e_gby��khklhys_c�ba�we_f_glh\�ijbgZ^�
e_`Zsbo� DW� �=

S(W2
1( R \ {0} ) ⊗ ( I +  b+ b)-1  l2 ��m^h\e_l\hjyxsbo�djZ_�

\hfm�mkeh\bx 
 

A  ψ = W A+ ψ ,    W = exp { ig ω ( b + b+ ) / 2 },                         (1) 
 

]^_� A ± ψ ( v ) = v( ±0 ) ψ ( v ) ̂ ey�ex[h]h v ∈ W2
1( R \ {0} ).  

( ii ) Kms_kl\m_l�k_f_ckl\h�mgblZjguo�hi_jZlhjh\ Ut = exp {i �[0,t] 
Cs ds } (ijZ\uc� dhpbde), ihjh`^Z_fh_� k_f_ckl\hf� � kZfhkhijy`_gguo�
hi_jZlhjh\� �  Ct, dhlhjZy� mgblZjgh� wd\b\Ze_glgZ�jZaj_rZxs_fm�hi_jZ�
lhjm�d\Zglh\h]h�klhoZklbq_kdh]h�^bnn_j_gpbZevgh]h�mjZ\g_gby 

 
d ut = ut {( W –�,�����GW������
 b b+ - ic ∇ + ω g ( b + b+ ) / 2   f( t ) ) dt },   (2) 

 
k�ijhp_kkhf�qbkeZ�qZklbp��(T) = �T  dt  a+( ct ) a( ct ). MgblZjgZy�wd\b\Z�
e_glghklv�mklZgZ\eb\Z_lky�hi_jZlhjhf�k^\b]Z ut = exp{-ct ∇}U t. 

DjZ_\h_�mkeh\b_� ����hibku\Z_l� kdZqhd�nZau�dh]_j_glgh]h�baemq_gby�
gZ�a_jdZe_�bgl_jn_jhf_ljZ��Hlf_lbf��qlh�mjZ\g_gb_�Rj_^bg]_jZ�k�]Zfbev�
lhgbZghf�H .� y\ey_lky� lhqgh�j_rZ_fuf��qlh�iha\hey_l�i_j_clb�d�ij_^_em�
y\guf�h[jZahf�b�ihkljhblv�k_f_ckl\Z�hi_jZlhjh\��ut b�Ut ��Z�lZd`_�\u\_klb�
d\Zglh\h_�dbg_lbq_kdh_�mjZ\g_gb_��khhl\_lkl\mxs__�mjZ\g_gbx����� 

 
L_hj_fZ  2. Ij_^iheh`bf�� qlh� gZqZevgh_� khklhygb_� we_dljhfZ]�

gblgh]h�ihey�bf__l�\b^�kf_rZggh]h�khklhygby  ρ = ∑n ρn,  ρn = rn  | ψ( vn 

)〉〈 ψ( vn ) |,  Tr ρ = 1, b�imklv  Ut – \\_^_ggh_�\ur_�k_f_ckl\h�mgblZjguo�
hi_jZlhjh\��Lh]^Z�kj_^g__�ih�khklhygbx�ihey 

 
Pt(B) = Tr ={( ρ ⊗ I) Ut

* ( I  ⊗ B) Ut} = 
= ∑n rn Tr ={( ρn ⊗ I) Ut

* ( I  ⊗ B) Ut}} = ∑n rn Pt
(n)(B) 

 
y\ey_lky�kmi_jihabpb_c�j_r_gbc�d\Zglh\uo�mjZ\g_gbc�Ebm\beey 

 
∂t Pt

(n)(B) = Pt
(n) ( Lt

(n) ( B ) ), 
 
]_g_jZlhju�dhlhjuo�\�nhjf_�Ebg^[eZ^Z�bf_xl�\b^ 

 
Lt

(n) ( B ) = Φ t
(n) ( B ) - (Gt

(n))*B – B Gt
(n) 

,�]^_�Φ t
(n) ( B )  =|vn( t )|

2 W* B W, 
 

Gt
(n)  = i ( 
 b b+ + ω g ( b + b+ ) / 2   f( t ) ) - |vn( t )|

2 / 2, 
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3. Parthasarathy K. R. An Introduction to Quantum 
 
 
 

BGL?=J:EVGH?�J:KIJ?>?E?GB?�I:J?LH� 
>EY�B?J:JOBQ?KDHC�FH>?EB�WDHGHFBDB 

BF??L�IHD:A:L?EV�� 
 

Ijhn_kkhj�Q_[hlZj_\�:�F���klm^_gl�=jbgxd�>�X� 
 
Ohly�jZkij_^_e_gby�IZj_lh�b]jZxl�nmg^Zf_glZevgmx�jhev�\�wdhgh�

fbd_�b�wdhghnbabd_�>�-�@��h[s_ijbgylu_�fh^_eb��hibku\Zxsb_�nhjfbjh�
\Zgby� wlh]h� jZkij_^_e_gby�� hlkmlkl\mxl�� <� ^hdeZ^_� ihdZaZgh�� qlh� bgl_�
]jZevgh_�jZkij_^_e_gb_�IZj_lh�k�ihdZaZl_e_f� ��\�h[eZklb�\ukhdbo�^hoh�
^h\� y\ey_lky� mgb\_jkZevguf� jZkij_^_e_gb_f� ^ey� deZkkZ� b_jZjobq_kdbo�
fh^_e_c�wdhghfbdb�k�³ijhp_glguf´�\aZbfh^_ckl\b_f��Ih^�k\hckl\hf�b_�
jZjobqghklb�ihgbfZ_lky�hj]ZgbaZpby�lh\Zjhh[f_gZ��ij  b� dhlh�
jhc�lh\Zju�b�mkem]b�^\b]Zxlky�k\_jom�\gba�\�gZijZ\e_gbb�m[u\Zgby�^hoh�
^h\��Z�^_gv]b�i_j_f_sZxlky�\�ijhlb\hiheh`ghf�gZijZ\e_gbb�� ³Ijhp_gl�
guc´� oZjZdl_j� \aZbfh^_ckl\by� wdhghfbq_kdbo� km[t_dlh\� khklhbl� \� lhf��
qlh�baf_g_gb_�iZjZf_ljh\��oZjZdl_jbamxsbo�nbgZgkh\h_�khklhygb_�km[t�
_dlZ�� ijhihjpbhgZevgh� agZq_gbyf� wlbo� iZjZf_ljh\��Mgb\_jkZevghklv� ha�
gZqZ_l� g_h`b^Zggmx� g_aZ\bkbfhklv� ihdZaZl_ey� �� hl� dhgdj_lgh]h� \b^Z�
³ijhp_glgh]h´�\aZbfh^_ckl\by.  

Imklv� n(S) –� iehlghklv� wdhghfbq_kdbo� km[t_dlh\�� jZkiheZ]Zxsbo�
^hoh^hf�S�\�_^bgbpm�\j_f_gb��b�imklv�R(S’/S) –�^hey�jZkoh^h\�wdhghfbq_�
kdh]h�km[t_dlZ�k�^hoh^hf�S��ihklmiZxsZy�km[t_dlm�k�^hoh^hf�S’ > S��gZ�
au\Z_fZy�nmgdpb_c�ij_^ihql_gby��Ijb�nbdkbjh\Zgghf�kh\hdmighf�^hoh�
^_�� ^hoh^�S�� ijboh^ysbcky� gZ� h^gh]h� mqZklgbdZ� jugdZ� h[jZlgh� ijhihj�
pbhgZevgZ�iehlghklb�n(S�� mqZklgbdh\� jugdZ� k�^Zgguf� mjh\g_f�^hoh^h\��
Ihwlhfm� ke_^kl\b_f� knhjfmebjh\Zgguo� \ur_� ij_^iheh`_gbc� y\ey_lky�
bgl_]jZevgh_�mjZ\g_gb_�hlghkbl_evgh�iehlghklb�n(S): 

 
S = n(S)-1  �(0,S] n(S’) R(S/S’) S’ dS’ – S �(S,�� R(S’/S) dS’, 
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]^_�i_j\h_�keZ]Z_fh_�\�ijZ\hc�qZklb�hl\_qZ_l�kmffZjguf�ihklmie_gbyf�hl�
km[t_dlh\�k�f_gvrbf�^hoh^hf��Z�\lhjh_�keZ]Z_fh_�khhl\_lkl\m_l�jZkoh^Zf�
gZ� kh^_j`Zgb_� ³klZjrbo´�iZjlg_jh\��I_j_oh^y� d�nmgdpbb�F(S) = S n(S), 
hibku\Zxs_c�iehlghklv�kh\hdmigh]h�^hoh^Z�\�lhqd_��]^_�bg^b\b^mZevguc�
^hoh^�jZ\_g�S��b�^_eZy�aZf_gu�i_j_f_gguo�bgl_]jbjh\Zgby�S’ :�x = S/S’, 
S’ :�y = S’/S�\�i_j\hf�b�\lhjhf�bgl_]jZeZo�khhl\_lkl\_ggh��ihemqZ_f�eb�
g_cgh_�h^ghjh^gh_�bgl_]jZevgh_�mjZ\g_gb_� 

 
F(S) = (L F)(S) = S �[1,�� F(S/x) R(x) x-2 dx  - S F(S) �[1,�� R(y) dy.          (1) 
 
;m^_f�bkdZlv�j_r_gb_�mjZ\g_gby�����\�\b^_�jy^Z� 
 

F(S) = S –q 
�n�� Fn S

 –n 

 
k�g_ba\_klgufb�dhwnnbpb_glZfb�Fn�b�iZjZf_ljhf�q��Ih^klZ\eyy�wlh�jZa�
eh`_gb_�\�mjZ\g_gb_�����ihemqZ_f�lh`^_kl\h 

 
S –q 

�n�� Fn S
 –n (1 + S m0) = S –q 

�n�� Fn S
 –n+1 mq+n-2 .                   (2) 

 
IjbjZ\gb\Zy� dhwnnbpb_glu�ijb� kl_gi_gyo�S –q+1, S –q, S –q-1

��b� l�^���
ihemqZ_f�p_ihqdm�mjZ\g_gbc��i_j\h_�ba�dhlhjuo�hij_^_ey_l�agZq_gb_�ih�
dZaZl_ey�q��Z�hklZevgu_�mjZ\g_gby�h[jZamxl�j_dmjj_glgmx�kbkl_fm�hlgh�
kbl_evgh�Fn : 

 
m0 = mq-2,     F0 + m0 F1  = m1 F1,  . . . . , Fn + m0 Fn+1  = mn+1 Fn+1 ,  . . . . 
 
Ihkdhevdm� ba� hij_^_e_gby�fhf_glh\�mn� ke_^m_l�� qlh�mn  > mk� ^ey�

ex[uo�\_s_kl\_gguo�n > k��lh�ba�mkeh\by�m0 = mq-2�ke_^m_l��qlh�q� ����Z�hk�
lZevgu_�mjZ\g_gby�iha\heyxl�hij_^_eblv�agZq_gby�Fn: 

 
Fn = F0 �1 ���k ��n(mk - m0)

-1. 
 
Ke_^h\Zl_evgh�� kms_kl\m_l� j_r_gb_� mjZ\g_gby� ���� ^ey� iehlghklb�

jZkij_^_e_gby�qbke_gghklb�gZk_e_gby�\�aZ\bkbfhklb�hl�\_ebqbgu�^hoh^Z� 
 

n(S) = F0 S
 –3 ( 1 + �n�� S

 –n �1 ���N���Q(mk - m0)
-1  ) .                    (3) 

 
Ihwlhfm� ]eZ\guc�qe_g� �jZkij_^_e_gby�N(S) = �[S,��  n(s) ds�m[u\Z_l�

dZd O(S –2) g_aZ\bkbfh�hl�\b^Z�nmgdpbb�ij_^ihql_gby R.  
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L_hj_fZ���  ?keb�kms_kl\mxl��ihklhyggu_ m �����G > 0�b�a > 0��lZ�
db_�qlh�R(y) ��G ym��ijb�\k_o�y ∈ [1, 1 + a]��lh�jy^�(3)�Z[khexlgh� 

 
Hkgh\gufb�g_^hklZldZfb�j_r_gby� ����y\ey_lky�gZebqb_�g_bgl_]jb�

jm_fhc� kbg]meyjghklb� \� hdj_klghklb� gme_\h]h� ^hoh^Z��H^gZdh�� gme_\hc�
^hoh^�ijhlb\hj_qbl�nZdlm�kms_kl\h\Zgby�km[t_dlZ�� b� ihwlhfm� fu� ^h[Z�
\bf� _s_� h^gh� ij_^iheh`_gb_�� ihfbfh� ^hoh^Z� hl� ij_^ijbgbfZl_evkdhc�
^_yl_evghklb��\�ijZ\mx�qZklv�mjZ\g_gby�����\oh^bl�g_dhlhjuc�^hoh^�S0(S) 
�i_gkbb��klbi_g^bb��ihkh[by�b�l�i��km[kb^bb���dhlhjuc�aZ�\uq_lhf�jZkoh�
^h\��\dexq_gguo�\�mjZ\g_gb_������h[_ki_qb\Z_l�m^h\e_l\hj_gb_�ihlj_[gh�
kl_c�km[t_dlZ��h[_ki_qb\Zxsbo�\u`b\Zgb_��klhbfhklv�dhlhjuo�jZ\gZ�Smin. 
>ey� ijhklhlu� [m^_f� kqblZlv�� qlh� nmgdpby� S0(S�� h[eZ^Z_l� ke_^mxsbfb�
k\hckl\Zfb��S0(Smin)=s0, S0(S��m[u\Z_l�ijb�S> Smin�b�h[jZsZ_lky�\�gmev�ijb�
\k_o�^hklZlhqgh�[hevrbo�agZq_gbyo�S��^hoh^u�f_gvrb_�Smin�g_�jZkkfZljb�
\Zxlky��Bgufb�keh\Zfb��mjZ\g_gb_�^ey�iehlghklb�jZkij_^_e_gby�^hoh^h\�
\�b_jZjobq_kdhc�fh^_eb�wdhghfbdb�bf__l�\b^ 

 
S = S0(S) + n(S)-1  �[Smin,S] n(S’) R(S/S’) S’ dS’ – S �[S,�� R(S’/S) dS’,         (4) 

 
Smin = S0(Smin) – Smin �[Smin,�� R(S’/Smin) dS’ = s0 – (Smin)

2 m0, 
 

Z�gh\h_�mjZ\g_gb_�hlghkbl_evgh�n(S��[m^_l�bf_lv�g_kdhevdh�[he__� keh`�
guc�\b^�ih�kjZ\g_gbx�k�mjZ\g_gb_f����� 

F(S) (1 – S0(S) / S + S �[1,�� R(y) dy ) = S �[1,S / Smin) F(S/x) R(x) x-2 dx ,      (5) 
 

]^_ s0 = Smin + (Smin)
2 m0. I_j_ibr_f� mjZ\g_gb_� ���� gZ� ihemijyfhc� S ∈  

[Smin, ��� 
 

Λ F(S) =  L F(S) + ( S0(S) / S – 1 ) F(S) - S �[S / Smin, �� F(S/x) R(x) x-2 dx = 0.  (6) 
 
Ij_^iheh`bf�� qlh� nmgdpby�R� m[u\Z_l� ^hklZlhqgh� [ukljh� �gZijb�

f_j��wdkihg_gpbZevgh���lZd�qlh���[S, �� R(x) xn dx = O(S-�
��ijb�[hevrbo�agZ�

q_gbyo�S�^ey�ex[h]h�n��b�[m^_f�bkdZlv�j_r_gb_�mjZ\g_gby� ����ijb�[hev�
rbo�S�\�\b^_� 

 
n(S) = sa (1 – s )b r(s),   s = Smin / S, 

 
C(S) = S – S0(S) + S2 = S2 ( 1 – s) c(s), 

 
S -q

�n�� Fn S
 –n (1 + S m0) = S -q

�n�� Fn S
 –n+1 (mq+n-2 + O(S-�)). 
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IjbjZ\gb\Zy�dhwnnbpb_glu�ijb�h^bgZdh\uo�kl_i_gyo�S –q+1, S –q, S –q-

1
��b�l�^���^ey�Zkbfilhlbq_kdh]h�j_r_gby�mjZ\g_gby�����fu�ihemqZ_f�lm�`_�
p_ihqdm�mjZ\g_gbc�b�lhl�`_�\b^�j_r_gby�����\�h[eZklb�[hevrbo�^hoh^h\��
qlh�b�\�kemqZ_�s0 A�����=eZ\guc�qe_g�Zkbfilhlbdb�\�h[eZklb�\ukhdbo�^hoh�
^h\�g_�baf_gblky��_keb��[S, �� R(x) xn dx = O(S-2

��^ey�\k_o�n �����JZkkfhljbf�
ih\_^_gb_�jZkij_^_e_gby�n(S��\�hdj_klghklb�lhqdb�S = Smin��Ij_^iheh`bf, 
qlh  

 
S0(S) - s0 = �k��Ck (S - Smin)

k ,  C1 ������5�����[�������\��� �51 + �k+j>0 Rkj x
 ky j(7) 

 
b�[m^_f�bkdZlv�Zkbfilhlbdm�]eZ\gh]h�qe_gZ�mjZ\g_gby�����\�\b^_� 

 
n(S) = (S - Smin)

 d 
�k�� (S - Smin)

 k Nk.                                  (8) 
L_hj_fZ���  Imklv��[S, �� R(x) xn dx = O(S-2)�b�\uiheg_gu�mkeh\by�L_h�

j_fu� ��b�ij_^iheh`_gby� (7). Lh]^Z�^ey� ex[uo�iheh`bl_evguo agZq_gbc�
iZjZf_ljh\ R1, Smin, m0  b -C1 \�deZkk_�iehlghkl_c�\_jhylghklb�gZ�(Smin, 
���kms_kl\m_l�j_r_gb_�ki_dljZevghc�aZ^Zqb�(6), ZkbfilhlbdZ�dhlhjh]h 
bf__l� \b^� � \� h[eZklb� \ukhdbo� ^hoh^h\� b� bgl_]jbjm_fmx� kbg]meyjghklv�
H(S - Smin)

 d
��b 

 
n(S) = N0  (S - Smin)

 d + O(S - Smin)
 d+1,   d = -1 + R1 Smin / (1 + 2 Smin m0 – C1) > -1 

 
\�h[eZklb�fbgbfZevgh]h�^hoh^Z�Smin. 

 
MjZ\g_gb_� Λ F(S) = λ F(S�� bf__l� j_r_gb_�� ZkbfilhlbdZ� dhlhjh]h�

\[ebab�lhqdb�Smin bf__l \b^�H(S - Smin)
 d - λ, d > -����Ihwlhfm�lhqdZ�λ� ���y\�

ey_lky� fZdkbfZevguf� agZq_gb_f� iZjZf_ljZ� λ�� ^himkdZxs_]h� j_r_gby�
n(S)=�H(S - Smin)

 d - λ - 1
��bf_xsb_�kfuke�iehlghkl_c�\_jhylghklb�ijb�ex[uo�

iheh`bl_evguo�agZq_gbyo�iZjZf_ljh\�R1, Smin, m0 �b�-C1. 
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:kibjZgl�Dbk_ez\�:�<���kl��gZmq��khlj��H\qbggbdh\�:�<� 

 
<�^Zgghc�jZ[hl_�jZkkfhlj_gZ�aZ^ZqZ�ihkljh_gby�dhffmlZlb\guo�]Z�

fbevlhgh\uo�b_jZjobc��>�@��w\hexpbhgguo�mjZ\g_gbc��Zkkhpbbjh\Zgguo�k�
]bi_j[hebq_kdbfb� kbkl_fZfb� mjZ\g_gbc� Wce_jZ-EZ]jZg`Z�� \� qZklghklb��
^\mf_jgufb�kbkl_fZfb�Lh^u��>�@�� 

1. <gZqZe_�hibr_f�\Z`gu_�dhgkljmdpbb�]Zfbevlhgh\Z�nhjfZebafZ��
ke_^my� >�@��JZkkfhljbf��r-f_jgmx�]Zfbevlhgh\m�^bgZfbq_kdmx�kbkl_fm�k�
aZ\bkbfufb�i_j_f_ggufb�ui

��bfimevkZfb�mj��ijhkljZgkl\_ggufb�dhhj^b�
gZlZfb�x�b�\j_f_g_f�t��aZ^Zggmx�kdh[dZfb�ImZkkhgZ 

 
{ ui,uj} A={mi,mj} A=0,             {ui(x,t),mj(x’,t)} A=Ai

j δ(x-x’),              (1) 
]^_�A –�wlh��r×r)-fZljbqguc�hi_jZlhj�\�iheguo�ijhba\h^guo�ih�x��Z�kdh[dZ�
{ •,•} A� y\ey_lky� ^bnn_j_gpbjh\Zgb_f� ih� dZ`^hfm� ba� Zj]mf_glh\�� Imklv�
H=[H dx] –�]ZfbevlhgbZg�k�iehlghklvx�H(x)=H(u(x),uσ(x);m(x),Dσm(x����]Z�
fbevlhgh\Z� ^bgZfbdZ� ut={u(x), H(u(x’), m(x’))} A, mt={m(x),H(u(x’),m(x’))} A 
i_j_f_gguo�u�b�m�ihemqZ_lky�ba� ����fgh]hdjZlguf�bgl_]jbjh\Zgb_f�bg�
l_]jbjh\Zgb_f�ih�qZklyf��ut=A(δH/δm(x)), mt=-(δH/δu(x)). 

2. JZkkfhljbf�eZ]jZg`bZg�L=[L(u,ux,uy;x,y) dx dy@�i_j\h]h�ihjy^dZ�k�
iehlghklvx�L=–½∑i,jκi j u

i
x u

j
x+H(u;x,y���]^_�κ –�g_\ujh`^_ggZy�ihklhyggZy�

kbff_ljbqgZy��r×r)-fZljbpZ��Ke_^my�>�@��\u[_j_f�\�dZq_kl\_�\j_f_gb�g_aZ�
\bkbfmx�i_j_f_ggmx�y�b�q_j_a�mj=∂L/∂uj

y�h[hagZqbf�bfimevk��khhl\_lkl�
\mxsbc�j-c�aZ\bkbfhc�i_j_f_gghc�uj

 ijb�dZ`^hf�j∈[1,r@��>bnn_j_gpbZev�
guc�oZjZdl_j�k\yab�mi = –½ ∑i,jκi j u

j
x�y\ey_lky�hkgh\guf�bgkljmf_glhf�\�

ihkljh_gbb�]Zfbevlhgh\uo�kljmdlmj�^ey�]bi_j[hebq_kdh]h�mjZ\g_gby�Wc�
e_jZ-EZ]jZg`Z� ε={δL/δu �`�� Ihevamykv� khhlghr_gb_f� u=-2κ-1Dx

-1(m), 
ij_^klZ\bf�aZ^Zggmx�ij_h[jZah\Zgb_f�E_`Zg^jZ�H dx dy = 〈m, ∂L/∂uy〉 – L 
iehlghklv� H(u;x,y�� \� \b^_� kmffu� ^\mo� jZ\guo� keZ]Z_fuo��
H=½H[u]+½H[m@�� \� wlhf� kemqZ_�mjZ\g_gb_� ε={δL/δu �`� wd\b\Ze_glgh� ]Z�
fbevlhgh\uf�mjZ\g_gbyf�uy = δH/δm, my = - δH/δu�hlghkbl_evgh�dZghgbq_�
kdhc�]Zfbevlhgh\hc�kljmdlmju�A=1��>bgZfbq_kdb_�mjZ\g_gby�jZkiZ^Zxlky�
\�kbem�khhlghr_gby�½ δ/δm = κ-1 Dx

-1
°δ/δu: 

 
uy=A1°δ([H[u] dx])/δu,              my=-½α1°δ([H[m] dx])/δm,               (2) 

 
]^_�\aZbfgh�h[jZlgu_�]Zfbevlhgh\u�hi_jZlhju�kmlv�A1=κ-1 Dx

-1
�b�α1= Dx κ. 

Ijbf_j�� ���?keb� r=1, κ __�__�b� ]ZfbevlhgbZg�H≡�� ljb\bZe_g�� lh�\aZ�
bfgh� h[jZlgu_� ]Zfbevlhgh\u� hi_jZlhju�� khhl\_lkl\mxsb_� \hegh\hfm�
mjZ\g_gbx�sxy=0, kmlv�A1=κ-1 Dx

-1
�b�α1=Dx κ. 
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���Imklv�K –�g_\ujh`^_ggZy�kbff_ljbam_fZy� �r×r)-fZljbpZ��lh�_klv�
kms_kl\m_l�lZdhc�gZ[hj�qbk_e�ai≠���qlh�ai ki j=κi j= aj kj i ��h[hagZqbf�lZd`_�
K-1=||ki j

__�b�β=∑i,jai k
i j
��<u[_j_f�iehlghklv�]ZfbevlhgbZgZ�HToda=∑i ai exp(∑j 

ki j uj
���<� wlhf� kemqZ_� mjZ\g_gby� ���� aZ^Zxl� ]Zfbevlhgh\h� ij_^klZ\e_gb_�

mjZ\g_gbc�Lh^u�uxy=exp(Ku���kf��>�@� 
AZf_qZgb_�� Ijh\_^_ggu_� \ur_� jZkkm`^_gby� ijbf_gbfu� lZd`_� d�

ex[hc�kbff_ljbb�mjZ\g_gby�ε��]Zfbevlhgh\hc�hlghkbl_evgh�]ZfbevlhgbZ�
gZ� >h dx@�k�iehlghklvx�h.�<�kZfhf�^_e_��w\hexpbb�ut=δh/δm, mt=-δh/δu�kh�
hl\_lkl\m_l� iZjZ� ]Zfbevlhgh\uo� mjZ\g_gbc�� ihl_gpbZevgh_� ut=A1°δ([h[u] 
dx])/δu� b� g_ihl_gpbZevgh_� mt=-α1°δ([h[m] dx])/δm�� ijbq_f� ]Zfbevlhgh\u�
hi_jZlhju�A1�b�α1��\aZbfgh�h[jZlgu�ih�ihkljh_gbx� 

Ijbf_j��Ihl_gpbZevgh_� mjZ\g_gb_�Dhjl_\_]Z-^_�NjbaZ� �D^N��st=-β 
sxxx+3/2sx

2
� ]Zfbevlhgh\h�hlghkbl_evgh�hi_jZlhjZ�A1=Dx

-1
�� Z�g_ihl_gpbZev�

gh_�mjZ\g_gb_�mt=-β mxxx+3m mx –�hlghkbl_evgh�α1=Dx��kf�� >�@��E_]dh�\b�
^_lv��qlh�ihl_gpbZevgh_�mjZ\g_gb_�D^N�kh\f_klgh�k�\hegh\uf�mjZ\g_gb�
_f�sxy ���lh�_klv�aZ^Z_l�_]h�kbff_ljbx� 

3. Ij_^iheh`bf�l_i_jv��qlh�bkoh^gh_�mjZ\g_gb_�Wce_jZ-EZ]jZg`Z�ε 
^himkdZ_l�hi_jZlhj�j_dmjkbb�R��dhlhjuc�ihjh`^Z_l�ihke_^h\Zl_evghklv�Ω 
ehdZevguo�kbff_ljbc�ϕk=Rk(ϕ0��mjZ\g_gby�ε�ijb�g_dhlhjhc�ϕ0�b�k≥���MdZ�
`_f�� ijb� dZdbo� mkeh\byo� hi_jZlhj� R� aZ^Z_l� \lhjmx� kljmdlmjm�
{ u(x),m(x’)} R=R δ(x-x’��Ze]_[ju�Eb�gZ�]ZfbevlhgbZgZo�wlhc�ihke_^h\Zl_ev�
ghklb��Bf_ggh��^ey�kms_kl\h\Zgby�]ZfbevlhgbZgh\�hi��aZ^Zxsbo�khhl\_l�
kl\b_ 

ϕi=R°δhi-1/δm=1°δhi/δm                                                (3) 
i_j\hc� b� \lhjhc� kljmdlmj�� ^hklZlhqgh�� qlh[u� ϕi� [ueb� gzl_jh\ufb� kbf�
f_ljbyfb�eZ]jZg`bZgZ�L –�\� wlhf� kemqZ_�bf� khhl\_lkl\mxl�iehlghklb�hi 
aZdhgh\� khojZg_gby� ^ey� mjZ\g_gby� ε�� lh`^_kl\h�Ydh[b� \uiheg_gh�� _keb�
ihjh`^_ggZy� kbff_ljbyfb� ϕk� Ze]_[jZ� Eb� dhffmlZlb\gZ�� JZaeh`_gby�
R=A2°A1

-1
�b�R∗=α2°α1

-1
��aZ^Zxl�\lhju_�]Zfbevlhgh\u�kljmdlmju�^ey�jZks_�

ie_gguo�w\hexpbhgguo�mjZ\g_gbc� ����b�j_Zebamxl�^ey�ihke_^h\Zl_evgh�
klb�Ω�kbff_ljbc�����ko_fm�FZ]jb��>�@���ih^q_jdg_f��qlh�hi_jZlhju�A2�b�α2 
hij_^_e_gu�g_�gZ� \k_o� we_f_glZo�h[jZaZ� im δ/δu, gh�ebrv�gZ� ]jZ^b_glZo�
δhi/δu. 

Ijbf_j�� ��� Hi_jZlhj� j_dmjkbb� r=(-βDx+sx°Dx
-1+ Dx

-1
°sx)×Dx� aZ^Z_l�

dhffmlZlb\gmx� ih^Ze]_[jm� Eb� ω={φk=rk+1(1)|k≥-�`� ]Zfbevlhgh\uo� kbf�
f_ljbc�\hegh\h]h�mjZ\g_gby�sxy ���we_f_glu�φk�kmlv�ijZ\u_�qZklb�\ukrbo�
ihl_gpbZevguo�mjZ\g_gbc�Dhjl_\_]Z-^_�NjbaZ�st=-β sxxx+ 3/2sx

2. 
���<\_^_f�hi_jZlhj�j_dmjkbb�R= °Dx

-1
°λT��]^_�klhe[_p� �_klv�_ux

i+∑jk
i j 

Dx_��dhfihg_glZ�T=½∑i,jκijux
iux

j-∑iai°u
i
xx�l_gahjZ�wg_j]bb-bfimevkZ�^ey�mjZ\�

g_gbc�Lh^u�uxy=exp(Ku��h[mkeh\e_gZ�khojZg_gb_f�HToda�gZ�mjZ\g_gbyo������
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Z�λT –�ebg_ZjbaZpby��Hi_jZlhj�R�ihjh`^Z_l�dhffmlZlb\gmx�]Zfbevlhgh\m�
b_jZjobx�Ω={ϕk=Rk(ux)|k≥�`�gzl_jh\uo�kbff_ljbc�mjZ\g_gbc�Lh^u��>�@��– 
ZgZeh]h\� ihl_gpbZevgh]h� fh^bnbpbjh\Zggh]h� mjZ\g_gby� Dhjl_\_]Z-^_�
NjbaZ��bf__f�A1=κ-1 Dx

-1
�b�A2= °Dx

-1
°

∗
��B_jZjobb�Ω�b�ω�k\yaZgu�hlh[jZ�

`_gb_f� : φk→ϕk+1�b�^himkdZxl�h^gm�b�lm�`_�ihke_^h\Zl_evghklv�]Zfbev�
lhgbZgh\�b_jZjobb�Dhjl_\_]Z-^_�NjbaZ��kemqZc�k ��[ue�jZkkfhlj_g�\�>�@�� 

:\lhju� [eZ]h^Zjgu�B�K�DjZkbevsbdm� b�:�F�<_j[h\_pdhfm� aZ� ih�
e_agu_� h[km`^_gby��bkke_^h\Zgby�:�D�� \uihegyebkv�ijb�ih^^_j`d_� klb�
i_g^bb�IjZ\bl_evkl\Z�Jhkkbckdhc�N_^_jZpbb�b�]jZglZ�INTAS YS 2001/2-
33. 

Ebl_jZlmjZ. 
1. Magri F. A simple model of the integrable equation // J. Math. Phys. – 

1978. – 19, n.5. – C. 1156-1162. 
2. H\qbggbdh\� :�� <�� Kbkl_fu� Lh^u�� Zkkhpbbjh\Zggu_� k� Ze]_[jZfb�

Eb��b�W-Ze]_[ju�\�g_dhlhjuo�aZ^ZqZo�fZl_fZlbq_kdhc�nbabdb��>bkk��d�n�-
f�g��– 1996. –�F���F=M��–����k� 

3. Dbk_ez\� :�� <�� H� gzl_jh\uo� kbff_ljbyo� mjZ\g_gbc� Lh^u� ���
<_klgbd�Fhkdh\kdh]h�mgb\_jkbl_lZ��K_j����NbabdZ��:kljhghfby� –�<ui����
��������\�i_qZlb�� 

 
 
 
 

NHJFBJH<:GB?�DHGLJ:KLGUO�KLJMDLMJ 
�K�<GMLJ?GGBFB�KEHYFB�� 

<UOH>YSBFB�G:�=J:GBPM�H;E:KLB 
 

:kkbkl_gl�G_^_evdh�B�<� 
 
JZkkfhljbf�aZ^Zqm� 
 

ε ε�

�� � � � � �� � � � � � ��∆X X I X [ [ W 'W− = ∈ × +∞                    (1) 
 

X J [ W'_ � �� � � ��∂ = ∈ +∞�           (2) 
 

X [ X [ [ '� � � � � � �� ��

�

ε ε= ∈                                         (3) 
 

]^_ε > �–fZeuc�iZjZf_lj�� ∆ -�hi_jZlhj�EZieZkZ�� [ [ [= � � �

� �

, ' 5⊂ �  –�h]jZ�
gbq_ggZy�h^ghk\yagZy�h[eZklv�k�^hklZlhqgh�]eZ^dhc�]jZgbp_c∂' . 

Imklv�\uiheg_gh�ke_^mxs__�mkeh\b_� 
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�:���� Kms_kl\mxl� nmgdpbb� X [� �b� �
� �X [ ba� )(2 DC �� � lZdb_�� qlh��

X [ X [� �

�
� �< , [ '∈ �� b� \� h[eZklb� Π = ≤ ≤ ∈^� � �� � �

�
� �� `X [ X [ X X [ [ ' � nmgdpby�

)0,,( xuf �h[jZsZ_lky�\�ghev�lhevdh�gZ�ih\_joghklyo� ,2,1,0),( == ixu iϕ �ijbq_f��

ijb� :Dx∈  X [ [ [ [ X [� � � � � � � �

�
� �< < ≡ < <ϕ ϕ ϕ

� � �

� ; ,2,1,0)0,),(( => ixxf iu ϕ  
),,(;0)0,),(( 0 εϕ xufxxfu < –� ^hklZlhqgh� ]eZ^dZy�nmgdpby� \� h[eZklb� ],,0[ 01 ε×Π  

]^_� 1Π –� g_dhlhjZy� hldjulZy� h[eZklv�� kh^_j`ZsZy� Π �� Z� 00 >ε –�g_dhlhjh_�
qbkeh� 

<\_^_f�nmgdpbx� ∫=
)(

)(

2

1

.)0,,()(
x

x

duxufxJ
ϕ

ϕ

 

�:���� Imklv� kms_kl\m_l� djb\Zy� Γ ∈' � �� \hafh`gh� bf_xsZy� h[sb_�
lhqdb�k�]jZgbp_c� ∂' �h[eZklb� ' �b�lZdZy��qlh� - [ [� � �= ∈� Γ ��Imklv��^Ze__��
djb\Zy� Γ �jZa^_ey_l�h[eZklv� D �gZ�^\_�ih^h[eZklb�� ' � �+ b� ' � �−

�b�imklv�kms_�
kl\mxl�^hklZlhqgh�]eZ^db_�aZfdgmlu_�djb\u_�& '

�

⊂ +� �

�b�& '
�

⊂ −� �

��h]jZgb�
qb\Zxsb_� h^ghk\yagu_� h[eZklb� ' '

�

⊂ +� �

� b� ' '
�

⊂ −� �

� khhl\_lkl\_ggh�� lZ�
db_��qlh 

 
- [ [ ' '� � � ?

� �> ∈ +
�

�

;  - [ [ ' '� � � ?

� �< ∈ −
�

�

. 
 
<\_^_f�lZd`_�lj_[h\Zgb_�d�nmgdpbb� J [� � �ba�]jZgbqgh]h�mkeh\by����� 
�:����Imklv�nmgdpby� J [� �  -�^hklZlhqgh�]eZ^dZy�b�m^h\e_l\hjy_l�g_�

jZ\_gkl\Zf� 
 

ϕ ϕ ∂
� �

� � � � � ��[ J [ [ [ '≤ ≤ ∈ . 
 
Ba\_klgh�>�@��qlh�ijb�\uiheg_gbb�mkeh\bc��:��-�:���^ey�^hklZlhqgh�

fZeuo� ε �kms_kl\m_l��klZpbhgZjgh_�j_r_gb_� ),( εxus �aZ^Zqb����������m^h\e_�
l\hjyxs__�ij_^_evghfm�khhlghr_gbx 

 

OLP � � �

� �� �

� �� �

� �

� �ε
ε

ϕ
ϕ→

+

−=
∈
∈



�

�

�

X [
[ [ '

[ [ 'V                                     (4) 

Ba�����ke_^m_l��qlh�\�hdj_klghklb�djb\hc� Γ �ba�mkeh\by��:���j_r_gb_�
),( εxus � bf__l� \gmlj_ggbc� i_j_oh^guc� kehc�� ihwlhfm�� ke_^my� l_jfbgheh�

]bb��ijbgylhc�\�>�@��lZdh_�j_r_gb_�fh`gh�hlg_klb�d�dhgljZklguf�kljmdlm�
jZf�lbiZ�klmi_gvdb��DKLK���Khhl\_lkl\_ggh�wlhfm��aZ\bkys__�hl�\j_f_gb�
j_r_gb_�aZ^Zqb� ���-�����h[eZ^Zxs__�\gmlj_ggbf�i_j_oh^guf�keh_f��_kl_�
kl\_ggh�gZa\Zlv�g_klZpbhgZjghc�DKLK� 

<�^Zgghc�jZ[hl_�ihdZaZgh��dZdb_�mkeh\by�gZ�gZqZevgu_�nmgdpbb��kf��
gb`_�mkeh\by� �:���� �:����h[_ki_qb\Zxl� �kh\f_klgh�k�lj_[h\Zgbyfb� �:��-
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�:����nhjfbjh\Zgb_�\�aZ^Zq_� ���-����g_klZpbhgZjghc�DKLK��Zkbfilhlbq_�
kdb�g_hlebqbfhc� �l�_��h[eZ^Zxs_c�l_fb�`_�ij_^_evgufb�k\hckl\Zfb�ijb�
ε → � ��ijb�^hklZlhqgh�[hevrbo� W �hl�DKLK� ),( εxus . 

Hlf_lbf�� qlh� jZg__� \hijhk� nhjfbjh\Zgby� fgh]hf_jguo� dhgljZkl�
guo�kljmdlmj�[ue�jZkkfhlj_g�\�>�@��Fh`gh�kdZaZlv��qlh�\�gZklhys_c�jZ[h�
l_� ih^oh^� ba� >�@� jZkijhkljZg_g� gZ� kemqZc�� dh]^Z� djb\Zy� Γ �fh`_l� bf_lv�
h[sb_�lhqdb�k�]jZgbp_c�∂' �h[eZklb�'  

<\_^_f�lj_[h\Zgby�d�gZqZevguf�nmgdpbyf 
 
�:��. X [ X [ & ' Y [ & ' Y [ J [ [ '%� �

� �

� � � � � � � ^ � � � �� � � � �� `ε ∂≡ ∈ ≡ ∈ = ∈ b�
.),()()( 0 Dxxuxuxu ∈<< �  

 
�:��. ∃ ∈− +[ '� � � �b�� ∃ ∈+ −[ '� � � �

�lZdb_��qlh�� 0)( )(
0 <−xu �b�� 0)(0 <xu �\h�\k_o��

lhqdZo� [ '∈ +� �

��]^_� ;0)( ≤xJ  0)( )(
0 >+xu �b� 0)(0 >xu �\h�\k_o�lhqdZo�� [ '∈ −� �

��]^_�
.0)( ≥xJ  
I_j_^�l_f��dZd�knhjfmebjh\Zlv�hkgh\ghc�j_amevlZl�^Zgghc�jZ[hlu��

\\_^_f� _s_� h^gh� lj_[h\Zgb_��K� wlhc� p_evx� \u^_ebf� \� h[eZklb� ' � �−
� \k_�

�hl^_e_ggu_� ^jm]� hl� ^jm]Z��fgh`_kl\Z� b� hl^_evgu_� lhqdb�� _keb� lZdh\u_�
bf_xlky�� ]^_� 0)( ≥xJ �� Z� \� h[eZklb� ' � �+  –� \k_� �hl^_e_ggu_� ^jm]� hl� ^jm]Z��
fgh`_kl\Z�b� hl^_evgu_� lhqdb�� _keb� lZdh\u_�bf_xlky�� ]^_� .0)( ≤xJ �DeZkk�
�\hafh`gh�imklhc��mdZaZgguo�we_f_glh\�h[hagZqbf�q_j_a�N .  

�:����Imklv�eb[h� deZkk� N � �imkl�eb[h�hg� kh^_j`bl�dhg_qgh_�qbkeh�
we_f_glh\��ijbq_f�ex[hc�we_f_gl�deZkkZ� N ��g_�y\eyxsbcky�lhqdhc��ij_^�
klZ\ey_l�ba�k_[y�eb[h�^hklZlhqgh�]eZ^dmx�aZfdgmlmx�djb\mx�[_a�kZfhi_�
j_k_q_gbc�eb[h�h[eZklv�k�^hklZlhqgh�]eZ^dhc�]jZgbp_c� 

L_i_jv�hkgh\ghc�j_amevlZl�^Zgghc�jZ[hlu�fh`gh�knhjfmebjh\Zlv�\�
\b^_�ke_^mxs_c�l_hj_fu� 

 
L_hj_fZ����Imklv�\uiheg_gu�mkeh\by��:��-�:���� 
Lh]^Z� ijb� ^hklZlhqgh� fZeuo� ε � kms_kl\m_l� _^bgkl\_ggh_� j_r_gb_�

X [ W� � � �ε aZ^Zqb����-����b�∀ ∈ +∞W > � �� kijZ\_^eb\h�ij_^_evgh_�khhlghr_gb_ 
 

OLP � � _OQ _� �

� �� �

� �� �

� �

� �ε
ε ε ε

ϕ
ϕ→

+

−+ =
∈
∈



�

�

�

X [ W
[ [ '

[ [ '
                                                        (5) 

 
ijbq_f� ^ey� ex[uo� aZfdgmluo�fgh`_kl\� Ω � � � �+ +∈' � b� Ω � � � �− −∈' �� ij_^_ev�
guc�i_j_oh^�\�����jZ\ghf_j_g�ih� [ �b� W �ijb� � � � > � � > � �

� � � �[ W ∈ × +∞ ∪ × +∞+ −Ω Ω� � . 
Khhlghr_gb_�����ihdZau\Z_l��qlh�ijb� W ≥ ε ε_OQ _ �j_r_gb_�aZ^Zqb����-(3) 

ij_^klZ\ey_l� ba� k_[y� g_klZpbhgZjgmx� DKLK�� dhlhjZy� jZ\ghf_jgh� ih� W  
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m^h\e_l\hjy_l� lhfm�`_� ij_^_evghfm� jZ\_gkl\m� ijb� ε → � �� qlh� b� klZpbh�
gZjgZy�DKLK� ),( εxus ��kj������b������ 

Ebl_jZlmjZ 
>�@��G_^_evdh�B�<��Kms_kl\h\Zgb_�j_r_gbc� k�\gmlj_ggbfb�kehyfb��

\uoh^ysbfb�gZ�]jZgbpm�h[eZklb����FZl_f��aZf_ldb��\�i_qZlb�� 
>�@��<Zkbev_\Z�:�;���;mlmah\�<�N��:kbfilhlbq_kdb_�f_lh^u�\�l_hjbb�

kbg]meyjguo�\hafms_gbc��F��<ukrZy�rdheZ������� 
>�@��;mlmah\�<�N���G_^_evdh�B�<��H�]eh[Zevghc�h[eZklb�\ebygby�mk�

lhcqb\uo�j_r_gbc�k�\gmlj_ggbfb�kehyfb�\�^\mf_jghf�kemqZ_����Ba\_klby�
J:G��k_jby�fZl_fZlbq_kdZy���2002. L.66. N 1. C. 3-42. 

 
 
 

IHKL:GH<D:�DJ:?<UO�A:>:Q� 
>EY�KBKL?FU�MJ:<G?GBC�F:DK<?EE:� 
K�BKIHEVAH<:GB?F�R?KLB<?DLHJ:1 

 
Ijhn_kkhj�;h]hex[h\�:�G���ih]jZffbkl�FZeuo�F�>� 

 
H[uqgh�j_amevlZlu�fZl_fZlbq_kdhc�l_hjbb�\hegh\h^h\�ihemqZxl�\�

kdZeyjghf�ijb[eb`_gbb��gZij���jZkkfZljb\Zxl�\f_klh�aZ^Zqb�h�\ha[m`^_�
gbb�]Zjfhgbq_kdbo�dhe_[Zgbc�\�\hegh\h^_�Ω�ihklhyggh]h�k_q_gby�S�kdZ�
eyjgmx�aZ^Zqm� 

 
∆u + ω2qu = f���gZ�k_q_gbb�S,  u� ���gZ�]jZgbp_�S. 
 
Ijb�wlhf�\_kvfZ�m^h[gh��qlh�wlm�aZ^Zqm�fh`gh�jZkkfZljb\Zlv�\�oh�

jhrh�bamq_gghf�ijhkljZgkl\_�Kh[he_\Z� �:1
2(S���Ihwlhfm�__�nj_^]hevfh�

\hklv�ke_^m_l�ba�ohjhrh�ba\_klghc�l_hj_fu�\eh`_gby��H^gZdh�ijb�i_j_�
g_k_gbb� wlbo� j_amevlZlh\� gZ� we_dljhfZ]gblguc� kemqZc� ijboh^blky� kqb�
lZlvky�k�l_f��qlh�\�iheghc�\_dlhjghc�ihklZgh\d_��djZ_\Zy�aZ^ZqZ�^ey�mjZ\�
g_gbc�FZdk\_eeZ�y\ey_lky�nj_^]hevfh\hc�lhevdh�\�g_dhlhjhf�ki_pbZevgh�
ihkljh_gghf� ijhkljZgkl\_�Kh[he_\Z�� �Ijb� wlhf� g_h[oh^bfh� \u[jZlv� ba�
dhhj^bgZl�\_dlhjh\�(�b�+�ljb�lZdb_��qlh[u�fh`gh�[ueh�^hdZaZlv�ZgZeh]�
l_hj_f�\eh`_gby��lh�_klv�kZf�\u[hj��hkms_kl\ey_lky�gZ�hkgh\_�qbklh�fZ�
l_fZlbq_kdbo�khh[jZ`_gbc��<�gZklhys_c�jZ[hl_�fu�ohl_eb�[u�ihdZaZlv�gZ�
ijhklhf�ijbf_j_��qlh�wlh�aZljm^g_gb_�kgbfZ_lky�ijb�r_klb\_dlhjghc�aZ�
ibkb� mjZ\g_gbc�FZdk\_eeZ� –� hdZau\Z_lky�� qlh� lZdmx� aZ^Zqm�fh`gh� jZk�
kfZljb\Zlv�hiylv�\�ijhkljZgkl\_�:1

2(S). 

                                                           
1
�JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_�JNNB��dh^u�ijh_dlh\���-01-00271, 03-01-�������b�ijh�
]jZffu�³Mgb\_jkbl_lu�Jhkkbb´��dh^�MJ������������ 
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JZkkfhljbf� aZ^Zqm� h� \ha[m`^_gbb� we_dljhfZ]gblguo� dhe_[Zgbc� \�
\hegh\h^_�Ω�k�hkvx�Oz�b�k�aZiheg_gb_f�ε(x,y��b�µ� ����<\_^_f��dZd�wlh�ijb�
gylh� \� l_hjbb� hlghkbl_evghklb� �fu� ijb^_j`b\Z_fky� h[hagZq_gbc� Ahf�
f_jn_ev^Z�>�@��r_klb\_dlhju�f�b�F��k\yaZggu_�fZl_jbZevguf�mjZ\g_gb_f�)�
= (1, ε�I��;m^_f�bkdZlv�j_r_gb_�\b^Z�I�x,y)eiγz- iωt

�mjZ\g_gbc�FZdk\_eeZ 
 

Div f = J,   Div F* = 0 
 

�]^_�\�'LY�ijhba\h^gu_�ih�gZijZ\e_gbx�hkb�\hegh\h^Z�x3�aZf_g_gu�gZ�L�γ, 
Z�ih�[4=ict –�gZ�-ω/c���m^h\e_l\hjyxs__�]jZgbqguf�mkeh\byf�)
N� �����]^_�
N = (n, 0)T�b�n –�ghjfZev�d�]jZgbp_�\hegh\h^Z���Hlf_lbf��qlh�mkeh\by�Rm�
dbgZ-E_hglh\bqZ�aZibku\Zxlky�lhqgh�lZd`_�ijb�N = (n, ih)T.) 

Ihemqbf� h[h[s_ggmx� ihklZgh\dm� aZ^Zqb� ke_^mxsbf� h[jZahf��
Imklv�*�-�ijhba\hevguc��]eZ^dbc�r_klb\_dlhj��lh]^Z 

⌠  ______                  ⌠  ______ 
⌡S Div GT Div f ds = ⌡S Div GT J ds. 
 
L_f� `_� ijb_fhf�� dhlhjuf� \� l_hjbb� hlghkbl_evghklb� ^hdZau\Zxl��

qlh� kbem�Ehj_gpZ�fh`gh�ij_^klZ\blv�dZd�^b\_j]_gpbx��m^Z_lky�ij_^klZ�
\blv�klhysmx�kijZ\Z�[bebg_cgmx�nhjfm�\�\b^_�kmffu�kdZeyjgh]h�ijhba�
\_^_gby�\�:1

2(S) 
 
    ⌠  ∂ Gij  ∂ fij  
Σ ⌡S ∂ xk  ∂ xk  ds = (G,f)1, 
 

bgl_]jZeZ� a�*�I�� ih�S� b� bgl_]jZeZ� b(G,f�� ih� ]jZgbp_�S��Ijb� wlhf�� _keb� I�
m^h\e_l\hjy_l�mjZ\g_gbyf�FZdk\_eeZ��lh�a�kh^_j`bl�lhevdh�kZfb�nmgdpbb�
f, G�b�bo�i_j\u_�ijhba\h^gu_��Z�_keb�I�m^h\e_l\hjy_l�]jZgbqguf�mkeh\b�
yf��lh�b�kh^_j`bl�lhevdh�kZfb�nmgdpbb�*��I��LZdbf�h[jZahf��\�_keb�I�m^h\�
e_l\hjy_l�jZkkfZljb\Z_fhc�aZ^Zqb��lh�hgZ�m^h\e_l\hjy_l�khhlghr_gbx� 

                  ⌠  ______ 
(G,f)1 + a(G,f) + b(G,f)= ⌡S Div GT J ds,                                             (1) 
  

\uihegyxs_fmky�^ey�ex[h]h�*��Ihkdhevdm�\�kbem�l_hj_f�\eh`_gby�[beb�
g_cgu_�nhjfu�D�b�E�-�dhfiZdlgu�\�:1

2�6���b��agZqbl��\�kbem�l_hj_fu�JbkkZ�
ihke_^g__�khhlghr_gb_�fh`gh�aZibkZlv�lZd� 

 
f + A f + B f= J’, 
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]^_�A�b�B –�dhfiZdlgu_�hi_jZlhju��aZ\bkysb_�d\Z^jZlbqgh�hl�γ�b�ω��J_r_�
gb_�wlhc�aZ^Zqb�kms_kl\m_l�ijb�\k_o�γ��djhf_�l_o��qlh�kh\iZ^Zxl�k�kh[kl�
\_ggufb�agZq_gbyfb�γn(ω��wlhc�aZ^Zqb��Ihwlhfm�khhlghr_gb_� ����hij_^_�
ey_l� I� \iheg_� h^ghagZqgh� b�fh`_l� [ulv� ijbgylh� dZd� h[h[s_ggZy� ihklZ�
gh\dZ�bkoh^ghc� aZ^Zqb��;he__� lh]h��fu�ihimlgh�^hdZaZeb� kms_kl\h\Zgb_�
j_r_gby�wlhc�aZ^Zqb�\�:1

2(S��ijb�\k_o�γ��hlebqguo�hl�γn(ω). 
KdZaZggh_� ihdZau\Z_l�� qlh� ba\_klgu_� j_amevlZlu� h� kms_kl\h\Zgbb�

j_r_gby��ihemq_ggufb�^ey�kemqZy�ε� ��\� >�@��Z�^ey�ijhba\hevgh]h�aZihe�
g_gby�\�>�@��fh]ml�[ulv�[_a�ljm^Z�ihemq_gu�k�bkihevah\Zgb_f�lhevdh�ijh�
kljZgkl\Z��:1

2 
Ebl_jZlmjZ 
1. Ahff_jn_ev^�:��We_dljh^bgZfbdZ��F���BE������� 
2. Lbohgh\�:�G���KZfZjkdbc�:�:��H�\ha[m`^_gbb�jZ^bh\hegh\h�

^h\�����@LN��������������������c.1283-1296. 
3. ;h]hex[h\�:�G���>_ebpug�:�E���K\_rgbdh\�:�=��H�aZ^Zq_�\ha�

[m`^_gby�\hegh\h^Z�k�g_h^ghjh^guf�aZiheg_gb_f�����@��\uqbke��fZl_f��b�
fZl_f��nba�������������������K�����-1888. 

 
 
 
J:AJMR?GB?�J?R?GBC�:;KLJ:DLGUO�A:>:Q�DHRB 

>EY�G?EBG?CGUO�>BNN?J?GPB:EVGH-HI?J:LHJGUO� 
MJ:<G?GBC 

 
GZmq��khlj��Dhjimkh\�F�H� 

 
P_evx�gZklhys_]h�bkke_^h\Zgby�y\ey_lky�ihemq_gb_ 
hilbfZevguo�j_amevlZlh\�lbiZ�l_hj_f� �kms_kl\h\Zgby� --�g_kms_kl�

\h\Zgby� 
]eh[Zevguo�\h�\j_f_gb�j_r_gbc�aZ^Zq�Dhrb�^ey 
^bnn_j_gpbZevgh�--�hi_jZlhjguo�mjZ\g_gbc� 

),())((
1

uFuAAu
td

d N

j
j =+ ∑

=
                                             (1) 

),(uFAu
td

d =                                                       (2) 

),())((
1

uFLuuAAu
td

d N

j
j =++ ∑

=
                                          (3) 
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),())(())((
1

uFuPDuAAu
td

d N

j
j =++ ∑

=

                                       (4) 

F_lh^hf�bkke_^h\Zgby�^Zgguo�aZ^Zq�y\ey_lky�f_lh^�=Ze_jdbgZ�\�kh�

q_lZgbb�k�f_lh^Zfb�fhghlhgghklb�b�dhfiZdlghklb�^ey�^hdZaZl_evkl\Z�keZ�

[hc� h[h[s_gghc� jZaj_rbfhklb��>ey�^hdZaZl_evl\Z�g_kms_kl\h\Zgby� ]eh�

[Zevgh]h� \h� \j_f_gb� j_r_gby� bkihevam_lky� wg_j]_lbq_kdbc� ih^oh^� +�$��

/HYLQH�>�@��dhlhjuc�fu�jZa\b\Z_f�\�ke_^mxsbo�gZijZ\e_gbyo��\h�-�i_j\uo��
fu� jZkkfZljb\Z_f� kemqZc� g_ebg_cgh]h� hi_jZlhjZ� ijb� ijhba\h^ghc� \h�

\j_f_gb��\h-�\lhjuo��\�kemqZ_�ebg_cgh]h�hi_jZlhjZ�fu�ihfbfh�^\mklhjhg�
gbo� hp_ghd� \j_f_gb� �jZajmr_gby�� j_r_gbc��ihemqZ_f� hilbfZevgu_�^\m�

klhjhggb_�hp_gdb�gZ�kdhjhklv�jZajmr_gby�j_r_gbc��\� -�lj_lvbo��fu�jZk�
kfZljb\Z_f� �\hegh\h_�� mjZ\g_gb_� ����� ^ey� dhlhjh]h�f_lh^bdZ� jZ[hlu� >�@�

g_ijbf_gbfZ��Ijbf_jZfb�aZ^Zq�Dhrb�^ey�hi_jZlhjgh-^bnn_j_gpbZevguo�
mjZ\g_gbc� y\eyxlky� gZqZevgh-djZ_\u_� aZ^Zqb� ^ey� kbevgh-g_ebg_cguo�
mjZ\g_gbc�lbiZ�Kh[he_\Z�\�h]jZgbq_gguo�h[eZklyo��\u\h^�dhlhjuo�baeh�

`_g�\�jZ[hl_� >�@��Hlf_lbf��qlh�\hijhkZf�h� �jZajmr_gbb��j_r_gbc�beb�h�

�g_kms_kl\h\Zgbb��]eh[Zevgu�\h�\j_f_gb�j_r_gbc�ihk\ys_gu�jZ[hlu�>�@�

--�>�@��GZr�ih^oh^�jZa\bl�\�jZ[hlZo�>�@�--�>��@��Hlf_lbf��qlh�hilbfZevgu_�
l_hj_fu�h��jZajmr_gbb��fu�fh`_f�\�jy^_�kemqZ_\�^hdZau\Zlv�b�^ey�g_h]�

jZgbq_gguo�h[eZkl_c��K�^jm]hc�klhjhgu��\�g_h]jZgbq_gguo�h[eZklyo�fh�

`_l�[ulv�ijbf_g_g�f_lh^��ijh[guo��nmgdpbc��jZa\bluc�\�jZ[hl_�>�@� 

Eblb_jZlmjZ 
[1.] Levine H. A. Some nonexistence and instability theorems for solu-

tions of formally parabolic equations of the form Pu_t=-Au+F(u)// Arch. Ra-
tional. Mech. Analys. 1973. V.51. P. 371-386. 

>��@Dhjimkh\�F�H���K\_rgbdh\�:�=��Lj_of_jgu_�g_ebg_cgu_�w\hex�

pbhggu_� mjZ\g_gby� ik_\^hiZjZ[hebq_kdh]h� lbiZ� \� aZ^ZqZo� fZl_fZlbq_�

kdhc�nbabdb����@��\uqbke��fZl_f��b�fZl_f��nba��������L������1�����K� 
>��@�KZfZjkdbc�:��:���=ZeZdlbhgh\�<��:���Dmj^xfh\�K��I���FboZceh\�

:��I��J_`bfu�k�h[hklj_gb_f�\�aZ^ZqZo�^ey�d\Zabebg_cguo�iZjZ[hebq_kdbo�

mjZ\g_gbc��F���GZmdZ������� 
[4.] Fujita H. On the blowing up of solutions to the Cauchy problem for 

$u_t=\triangle u+u^{1+\alpha}$//J. Fac. Univ. Tokyo. 1966. Sect. IA. V. 13. P. 
109 - 124. 
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[5.] Egorov Yu. V., Kondratiev V. A. On blow-up solutions for parabolic 
equations of second order, in the book: Differential Equations, Asymptotic 
Analysis and Mathematical Physics, Editors: M. Demuth, B.-W. Shulxe, 
Akademie Verlag, Berlin, Serie: Mathmatical Research, 100, P. 77-84, 1997. 

[6.]�Fblb^b_jb�W���Ihoh`Z_\�K��B��:ijbhjgu_�hp_gdb�b�hlkmlkl\b_�

j_r_gbc� ^bnn_j_gpbZevguo� g_jZ\_gkl\� \� qZklguo� ijhba\h^guo�� Ljm^u�

FB:G������� 
>��@�Dhjimkh\�F�H���K\_rgbdh\�:�=��H�jZajmr_gbb�aZ�dhg_qgh_�\j_�

fy� j_r_gby� gZqZevgh-djZ_\hc� aZ^Zqb� ^ey� ihemebg_cgh]h� mjZ\g_gby� kh�
klZ\gh]h�lbiZ����@��\uqbke��fZl_f��b�fZl_f��nba��������L. 40. N 11. C. 1647-
1654. 

>��@�Dhjimkh\�F�H��D�\hijhkm�h�jZajmr_gbb� aZ�dhg_qgh_�\j_fy�j_�

r_gby�aZ^Zqb�Dhrb�^ey�ik_\^hiZjZ[hebq_kdh]h�mjZ\g_gby��$XBW )�X��� ���

>bnn_j��mjZ\g_gby��������L������1�12. C. 1-6. 
>��@Dhjimkh\�F�H���K\_rgbdh\�:�=��H� jZaj_rbfhklb� kbevgh� g_eb�

g_cgh]h�mjZ\g_gby�ik_\^hiZjZ[hebq_kdh]h�lbiZ�k�^\hcghc�g_ebg_cghklvx�

���@��\uqbke��fZl_f��b�fZl_f��nba��������L. 43. N 7. K. 944-962. 
>���@Dhjimkh\�F�H�� �JZajmr_gb_�� j_r_gby� ik_\^hiZjZ[hebq_kdh]h�

mjZ\g_gby�k�ijhba\h^ghc�ih�\j_f_gb�hl�g_ebg_cgh]h�weebilbq_kdh]h�hi_�
jZlhjZ����@��\uqbke��fZl_f��b�fZl_f��nba��������L. 42. N 12. K. 1717- 1724. 

 
 
 

G?DHLHJU?�KHKLHYGBY 
FH>?EVGHC�KBKL?FU�;HAHGH< 

 
:kibjZgl�=hebdh\�>�K� 

 
JZkkfhljbf�h[h[s_gb_�]ZfbevlhgbZgZ��bkke_^h\Zggh]h�\�klZlv_� >�@��=Zfbevlh�

gbZg�hij_^_ebf�ke_^mxsbf�h[jZahf� 
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]^_�G  -�gZlmjZevgh_�qbkeh��T �b� J  -�ijhba\hevgu_�iZjZf_lju�� µ  -�obfbq_kdbc�ihl_g�

pbZe��Hi_jZlhju�jh`^_gby�b�mgbqlh`_gby�ih^qbgyxlky�dhffmlZpbhgguf�khhlghr_�
gbyf� klZlbklbdb� [ha_�� <uqbkebf� wg_j]bx�� khhl\_lkl\mxsmx� khklhygbx�

{ } 0exp +++ += bbb βαϕ ��D\Z^jZl�_]h�ghjfu�>�@ 
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<hafh`gu_�lhqdb�fbgbfmfZ�hij_^_eyxlky�ba�g_h[oh^bfh]h�mkeh\by�wdklj_fm�

fZ��Z�khhl\_lkl\mxsb_�khhlghr_gby�gZ�iZjZf_lju�-�ba�mkeh\bc�kms_kl\h\Zgby�j_r_�
gbc�b�djbl_jby�fbgbfmfZ�-�iheh`bl_evghklb�\k_o�fbghjh\�fZljbpu�\lhjuo�ijhba\h^�
guo� 

 

0>ββf , 0>
γγβγ

βγββ

ff

ff
.    (2) 

 
<Zdmmfgh_� j_r_gb_� 0== γβ � h[eZ^Z_l�gme_\hc� wg_j]b_c�b� y\ey_lky�fbgbfm�

fhf�ijb� 0>− µJ , 0<+ µT . 

>\moqZklbqgh_�khklhygb_�
J

J

+
−±=

µ
µβ

2

1
, 0=γ �^\mdjZlgh�\ujh`^_gh�b�kms_�

kl\m_l�ijb�mkeh\byo 
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1 −−= µ
��Ba�mkeh\bc�gZ� J , µ �ke_^m_l��qlh�h^gZ�b�lZ�`_�kbk�

l_fZ2
�g_�fh`_l�bf_lv�h^gh\j_f_ggh�\Zdmmfgh]h�b�^\moqZklbqgh]h�khklhygbc� 
Lj_lv_�j_r_gb_�khklhbl�ba�^\mo�iZj�j_r_gbc��I_j\h_�ba�gbo�j_Zebam_l�fbgb�

fmf�wg_j]bb� 
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<lhjh_�khhl\_lkl\m_l�lhqd_�i_j_]b[Z� 

                                                           
2 oZjZdl_jbamxsZyky�mgbdZevguf�gZ[hjhf�T, J, µ  
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DZd�\b^gh�ba�mkeh\bc�gZ� J , µ ��h^gZ�b�lZ�`_�kbkl_fZ�j_Zebam_l�lhevdh�h^gh�ba 

wlbo� khklhygbc�� Ba� i_j\h]h� g_jZ\_gkl\Z� ���� gZdeZ^u\Z_lky� ^hihegbl_evgh_� mkeh\b_�
3

2

2

41

41






−
+<

β
βµ J �^ey�^\mo�kemqZ_\��Wg_j]bx�i_j\h]h�\ujh`^_ggh]h�khklhygby�fh`gh�

gZclb�ba�����ih^klZgh\dhc�agZq_gbc� β �b� γ .�Qbke_ggh�ijb�nbdkbjh\Zgguo�iZjZf_ljZo�

ihdZaZgh� �jbk�� ����qlh�ijb�khhl\_lkl\mxs_f�\u[hj_�i_j\h_�j_r_gb_�j_Zebam_l�fbgb�
fmf��Z�\lhjh_�y\ey_lky�lhqdhc�i_j_]b[Z� 

:\lhj�[eZ]h^Zj_g�<�I��FZkeh\m��;�B��KZ^h\gbdh\m�b�=�<��Dh\Zex�aZ�\gbfZgb_�d�
jZ[hl_�b�ihe_agu_�h[km`^_gby� 

 
Ebl_jZlmjZ 
>�@�;_eh\�<�<���FZkeh\�<�I���R\_^h\�H�X���FZl�� aZf_ldb�� ������ ����

����K���� 
>�@�;_j_abg�N�:��F_lh^�\lhjbqgh]h�d\Zglh\Zgby��F���GZmdZ������� 
>�@�FZkeh\�<�I���R\_^h\�H�X��F_lh^�dhfie_dkgh]h�jhkldZ�\�aZ^Zq_�

fgh]bo�qZklbp�b�d\Zglh\hc�l_hjbb�ihey��F���MJKK������� 
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NBABQ?KD:Y�FH>?EV�F:=GBLH:DLB<GH=H�KEHY� 
HD?:GKDHC�DHJU� 

Ijhn_kkhj�Ljmobg�<�B���ijhn_kkhj�FZdkbfhqdbg�<�B� 
 

 :ghfZevgh_�]_hfZ]gblgh_�ihe_�hd_Zgh\��:=IH��g_k_l�hq_gv�p_ggmx�
bgnhjfZpbx� h� kljh_gbb� b� ]_h^bgZfbdb� ^gZ� hd_ZgZ�� h� ^\b`_gbyo� eblh�
kn_jguo� iebl�� h� l_dlhgbq_kdbo� ijhp_kkZo�� hij_^_eyxsbo� ]em[bggh_�
kljh_gb_�b�ih\_joghklv�gZr_c�A_feb�>Ljmobg�����@� 
 Ijb� bgl_jij_lZpbb�:=IH� g_h[oh^bfh� ihevah\Zlvky�fh^_evx�fZ]�
gblhZdlb\gh]h�kehy� �F:K��hd_Zgkdhc�dhju��Kms_kl\mxsb_�fh^_eb�F:K�
[ueb�ihkljh_gu�bkoh^y�ba�jZkq_lh\��hkgh\Zgguo�gZ�^Zgguo�h�jZkij_^_e_�
gbb�:=IH� gZ^� jZaebqgufb� mqZkldZfb� Zd\Zlhjbb� hd_ZgZ��GZfb� \i_j\u_�
[ueZ�ihkljh_gZ�nbabq_kdZy�fh^_ev�F:K�hd_Zgkdhc�dhju��hkgh\ZggZy�gZ�
wdki_jbf_glZevguo� ^Zgguo� h[�baf_g_gbb�fZ]gblhfbg_jZeh]bq_kdh]h� kh�
klhygby�b�gZfZ]gbq_gghklb�ihjh^�hd_Zgkdhc�dhju�\� aZ\bkbfhklb�hl� l_j�
fh^bgZfbq_kdbo�mkeh\bc�bo�aZe_]Zgby��Ijb�wlhf�ij_^iheZ]Zehkv��qlh�JL�
mkeh\by� hij_^_eyxlky��ij_`^_� \k_]h�� ]em[bghc� aZe_]Zgby�ihjh^� \� hd_Zg�
kdhc�dhj_��lZd�dZd�k�jhklhf�]em[bgu�bo�aZe_]Zgby��jZkl_l�dZd�l_fi_jZlmjZ��
lZd�b�^Z\e_gb_��bkiulu\Z_fh_�bfb�kh�klhjhgu�hdjm`Zxsbo�]hjguo�ihjh^��
GZijbf_j��jhkl�^Z\e_gby� �\� aZ\bkbfhklb�hl� ]em[bgu� aZe_]Zgby�ihjh^u�\�
hd_Zgkdhc� dhj_� hq_\b^gh�fh`gh� jZkkqblZlv� bkoh^y� ba� iehlghklb� �ρ)� [Z�
aZevlh\��>ey�ρ≈��]�kf3

�^Z\e_gb_�[m^_l�jZklb�k�]jZ^b_glhf�jZ\guf�ijbf_j�
gh����FIZ�df��=jZ^b_gl�l_fi_jZlmju�^ey�hd_Zgkdhc�dhju�gZ�^hklZlhqghf�
m^Ze_gbb�hl� kj_^bggh]h�hd_Zgbq_kdh]h�oj_[lZ�kh]eZkgh�^Zgguf� ]em[hdh�
\h^gh]h�[mj_gby�>Dunlop&Prevot������@�fh`gh�ijbgylv�jZ\guf�������0�df� 

Bkoh^guf� fZ]gblguf� � fbg_jZehf� � ]hjguo� ihjh^� hd_Zgkdhc� dhju�
y\ey_lky�lblZghfZ]g_lbl��dhlhjuc�k�l_q_gb_f�\j_f_gb�fh`_l�hdbkeylvky��
GZfb� >Ljmobg�b�FZdkbfhqdbg������@�k�ihfhsvx�fZ]gblgh]h�b�we_dljhg�
ghahg^h\h]h�f_lh^h\�[ueZ�bkke_^h\ZgZ�dbg_lbdZ�ijhp_kkh\�hdbke_gby�lb�
lZghfZ]g_lblh\�[ZaZevlh\��gZc^_gu�dbg_lbq_kdb_�dhgklZglu� ∞τ �b�?Z�� �kf��

lZ[ebpm��). 
Bkke_^h\Zgb_� klZ^bcghklb� ijhp_kkh\� hdbke_gby�� agZgb_� dbg_lbq_�

kdbo�dhgklZgl��Z�lZd`_�aZ\bkbfhklb�l_fi_jZlmju�hl�]em[bgu�aZe_]Zgby�ih�
a\hebeb�hp_gblv� kl_i_gv�baf_g_gghklb� lblZghfZ]g_lblZ�[ZaZevlh\� k�jhk�
lhf�]em[bgu�bo�aZe_]Zgby�\�hd_Zgkdhc�dhj_���Jbk����� 

Kl_i_gv�baf_g_gghklb�bkoh^gh]h�lblZghfZ]g_lblZ�^ey�dZ`^h]h�ba�

ijhp_kkh\�jZkkqblu\ZeZkv�ih�nhjfme_�z e t= − −1 /τ
��]^_�\j_fy�j_eZdkZpbb�

hp_gb\Zehkv�ba�mjZ\g_gby�:j_gbmkZ�τ τ= ⋅∞
−

e
Ea

kT . 
GZ�hkgh\_�wlbo�^Zgguo��bkihevamy�aZ\bkbfhklv�kihglZgghc�gZfZ]gb�

q_gghklb�hl�l_fi_jZlmju�b�kl_i_gb�hdbke_gby�lblZghfZ]g_lblZ�[ueZ�jZk�

EHFHGHKH<KDB?�QL?GBY�– 2004 

 

118 

qblZgZ�aZ\bkbfhklv�kihglZgghc�gZfZ]gbq_gghklb�n_jjbfZ]gblghc�njZd�
pbb�[ZaZevlh\�k�]em[bghc�bo�aZe_]Zgby�\�hd_Zgkdhc�dhj_��Jbk�2).  
 Bkihevah\Zgb_� wlbo� ^Zgguo�� Z� lZd`_� mklZgh\e_gguo� gZfb� >FZdkb�
fhqdbg��������Ljmobg�b�FZdkbfhqdbg��������FZdkbfhqdbg������@��aZdhgh�
f_jghkl_c� \ebygby� ^Z\e_gby� �gZ�nhjfbjh\Zgb_� l_jfhgZfZ]gbq_gghklb�b�
\yadhc� hklZlhqghc� gZfZ]gbq_gghklb� � hd_Zgkdbo� [ZaZevlh\�� kh^_j`Zsbo�
a_jgZ� lblZghfZ]g_lblh\� gZ� jZaebqghc� klZ^bb� hdbke_gby�� b� j_amevlZlh\�
l_hj_lbq_kdh]h�fh^_ebjh\Zgby� �iha\hebeh�hp_gblv�\deZ^�jZaebqguo�nZd�
lhjh\��l_fi_jZlmju��^Z\e_gby��]_hfZ]gblgh]h�ihey�b�\j_f_gb�bo�\ha^_ckl�
\by��gZ�nhjfbjh\Zgb_�_kl_kl\_gghc�gZfZ]gbq_gghklb�[ZaZevlh\�� aZe_]Zx�
sbo�gZ�jZaebqguo�]em[bguo��l�_��ihkljhblv�nbabq_kdmx�fh^_ev�fZ]gblh�
Zdlb\gh]h�kehy�hd_Zgkdhc�dhju��Jbk���� 

GZfZ]gbq_gghklv�\_jog_c�qZklb�hd_Zgbq_kdhc�dhju� �K����� �df��hi�
j_^_ey_lky��lblZghfZ]g_lblh\hc��n_jjbfZ]gblghc��njZdpb_c���qlh�kh]eZkm�
_lky�k�^Zggufb� �>ZgehiZ��>����Rj_c^_jZ��:�:���b�=hj^bgZ�<�F��H^gZdh��\�
hlebqb_�hl�kms_kl\mxsbo�fh^_e_c��\�ij_^eZ]Z_fhc� �gZfb� � �fh^_eb� �mqb�
lu\Z_lky��baf_g_gb_��k��]em[bghc�kl_i_gb�h^ghnZagh]h�hdbke_gby�lblZgh�
fZ]g_lblh\�\�[ZaZevlZo� �b�aZ\bkbfhklv�_kl_kl\_gghc�hklZlhqghc�gZfZ]gb�
q_gghklb�[ZaZevlh\�hl�\hajZklZxs_]h�k�jhklhf�]em[bgu�bo�aZe_]Zgby�^Z\�
e_gby�b�l_fi_jZlmju��Kh]eZkgh�ij_^eZ]Z_fhc�fh^_eb��?HG�\_jog_c�qZklb�
hd_Zgkdhc� � dhju� y\ey_lky� l_jfhhklZlhqghc� ijbjh^u�� dhlhjZy� k� jhklhf��
]em[bgu��aZe_]Zgby��ihjh^��[ukljh�mf_gvrZ_lky��b�gZ�]em[bg_��ijbf_jgh��
����df�khklZ\ey_l�������hl�l_jfhgZfZ]gbq_gghklb�ih\_joghklguo�ihjh^��<�
[hevrbgkl\_�fh^_eyo�gZfZ]gbq_gghklv�\�wlhf�keh_�kqblZ_lky�g_aZ\bkbfhc�
hl�]em[bgu�aZe_]Zgby�[ZaZevlh\� 

LZd�dZd�gZ�]em[bg_������df��i_j\bqgZy��l_jfhgZfZ]gbq_gghklv�ijZd�
lbq_kdb� hdZau\Z_lky� [ebadZ� d� gmex�� lh�� \� p_ehf�� gZ� ]em[bgZo� ���-���� df��
ke_^m_l� �h`b^Zlv� �gZebqb_� �kehy� �[ZaZevlh\� �k� �hq_gv� �gbadbf� �agZq_gb_f�
gZfZ]gbq_gghklb��Ijbq_f��gZrb�^Zggu_��[eb`_��d��fh^_eb�=hj^bgZ���dhlh�
juc�\u^_ey_l�\��ih^hr\_��kehy���:��ij_oh^gmx�ahgm�k��gbadbf��agZq_gb_f��
gZfZ]gbq_gghklb��,Q ����-������:�f��� 

Kh]eZkgh��ij_^eZ]Z_fhc��fh^_eb��gZfZ]gbq_gghklv�dhju�\�bgl_j\Ze_�
0,6-���� � df� � �kehc� � �;�� � hij_^_ey_lky� � gbadhlblZgbklhc�n_jjbfZ]gblghc��
njZdpb_c���[ebadhc��d��fZ]g_lblm���Wlb��\u\h^u��ihemq_ggu_�gZ�hkgh\_�bk�
ke_^h\Zgby�dbg_lbdb�fZ]gblhfb-g_jZeh]bq_kdbo�ijhp_kh\��lZd`_�ohjhrh�
kh]eZkmxlky� k� � ^Zggufb� � bkke_^h\Zgby� [ZaZevlh\� ba� kdZ`bg� ih� ijh_dlm�
'6'3�� �GZb[he__� �\_jhylgh��qlh�?HG�ihjh^�wlh]h�]hjbahglZ� �fh`_l�[ulv 
\yadhc� ijbjh^u�� JZkq_lu� ihdZaZeb�� qlh� \yadZy� hklZlhqgZy� gZfZ]gbq_g�
ghklv�k��jhklhf��]em[bgu��^h�K ����df�^he`gZ�jZklb��^Ze__�iZ^Zlv���FZdkb�
fZevgZy��\_ebqbgZ��,UY��^ey��ihjh^�\hajZklhf����feg��e_l��fh`_l��khklZ\eylv��
hdheh�����:�f��qlh��ijbf_jgh��gZ�ihjy^hd�\ur_��q_f�ih�fh^_eb�>ZgehiZ�>��
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�djb\Zy�����b�\����jZa��f_gvr_���q_f��ih��fh^_eb��=hj^bgZ��djb\Zy����b�[he__�
[ebadZ�d�fh^_eb�Rj_c^_jZ�:�:� 

�GZfZ]gbq_gghklv�dhju�\�bgl_j\Ze_�]em[bg�K ����-���df�hij_^_ey_l�
ky�gbadhlblZgbklhc�n_jjbfZ]gblghc�njZdpb_c�[ebadhc�d�fZ]g_lblm��<ya�
dZy�hklZlhqgZy��gZfZ]gbq_gghklv�ihjh^�wlh]h�kehy���dZd�ihdZaZeb�j_amevlZ�
lu�fh^_ebjh\Zgby�[m^_l� �f_gvr_�����:�f��<�lh`_�\j_fy�fh^_eb�hkgh\Zg�
gu_�gZ�bgl_jij_lZpbb�:=IH�ij_^kdZau\Zxl�gZfZ]gbq_gghklv�wlh]h�kehy�\�
��:�f�� �<ukhdb_� �agZq_gby�_kl_kl\_gghc�gZfZ]gbq_gghklb� �wlh]h�]hjbahg�
lZ�� �fh`gh�h[tykgblv��l_jfhgZfZ]gbq_gghklvx�ihjh^�k�fgh]h^hf_ggufb�
a_jgZfb��f_]g_lblZ��dhlhjZy��dZd�\b^gh�ba��jbk����djb\Zy�������ieZ\gh��m[u�
\Z_l� �k�jhklhf��]em[bgu��<�fh^_eb�=hj^bgZ�[ueh�ij_^eh`_gh�h[t_^bgblv�
fZ]gblgu_�kehb��;�b��:��H^gZdh��kh]eZkgh�gZrbf�^Zgguf��h[t_^bgylv�bo�
\�h^bg� kehc�g_evay�� lZd�dZd�?HG�bo�jZaghc�ijbjh^u��b�[m^_l�\_klb�k_[y�
ihjZaghfm��gZijbf_j��ijb�baf_g_gbb�]_hfZ]gblgh]h�ihey�b�l_jfh^bgZfb�
q_kdbo�mkeh\bc� 

AZdexq_gb_� 
�����GZ�hkgh\_�ZgZebaZ�j_amevlZlh\�eZ[hjZlhjguo��bkke_^h\Zgbc�b�j_amevlZ�
lh\�fh^_ebjh\Zgby�fh`gh�k^_eZlv�ke_^mxsb_�\u\h^u��� 
���GZfZ]gbq_gghklv�\_jog_c�qZklb�hd_Zgkdhc�dhju� K����df�hij_^_ey_lky�
lblZghfZ]g_lblh\hc� n_jjbfZ]gblghc� njZdpb_c�� ih^\_j]gmlhc� h^ghnZa�
ghfm��hdbke_gbx���kl_i_gv�dhlhjh]h�fh`_l�\Zjbjh\Zlvky�\�[hevrbo�ij_^_�
eZo���GZfZ]gbq_gghklv�dhju�\�bgl_j\Ze_�K ����-���df�hij_^_ey_lky�gbadh�
lblZgbklhc�n_jjbfZ]gblghc�njZdpb_c�[ebadhc�d�fZ]g_lblm��Ijb� �K!���df��
aZ� gZfZ]gbq_gghklv� ]hjguo� ihjh^� hl\_lkl\_ggZ� fZ]g_lblh\Zy� n_jjbfZ]�
gblgZy�njZdpby�� 
���Hkgh\gZy�dhfihg_glZ�gZfZ]gbq_gghklb�\_jog_c�qZklb�hd_Zgbq_kdhc�dh�
ju� l_jfhhklZlhqghc�ijbjh^u� k� jhklhf� ]em[bgu� aZe_]Zgby�ihjh^� [ukljh�
mf_gvrZ_lky��b�gZ�]em[bg_��ijbf_jgh������df�khklZ\ey_l�����hl�l_jfhgZ�
fZ]gbq_gghklb�ih\_joghklguo�ihjh^�� �Z� �gZ� �]em[bg_�����df�-� �iheghklvx�
jZajmrZ_lky�� 
���<deZ^� \yadhc� dhfihg_glu� \� gZfZ]gbq_gghklv� [ZaZevlh\h]h� kehy� \� bg�
l_j\Ze_�]em[bg�hl���^h�����df�g_kms_kl\_gg_g��<deZ^�\yadhc�dhfihg_glu�\�
gZfZ]gbq_gghklv�ihjh^�hd_Zgkdhc�dhju� �h`b^Z_lky� �gZ�]em[bgZo� ����-1.4) 
df�� 
���GZfZ]gbq_gghklv�]hjguo��ihjh^��gZ��]em[bgZo����-����df��fh`_l�khklhylv�
eb[h� ba� obfbq_kdhc� gZfZ]gbq_gghklb� � h^gh^hf_gguo� � a_j_g� fZ]g_lblZ��
eb[h� ba� l_jfhhklZlhqghc� � gZfZ]gbq_gghklb� � ik_\^hh^gh^hf_gguo� beb�
fgh]h^hf_gguo��a_j_g��fZ]g_lblZ���<_ebqbgZ��wlhc�gZfZ]gbq_gghklb�m[u�
\Z_l�k�jhklhf�]em[bgu�aZe_]Zgby�ihjh^�� 
���GZ�]em[bg_��ijbf_jgh��\���df�\�hd_Zgkdhc�dhj_�\hafh`_g���-4)-djZlguc�
hlghkbl_evgh�ghjfZevguo�mkeh\bc�jhkl�iheghc�gZfZ]gbq_gghklb� aZ� kq_l�
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y\e_gby�l_jfhgZfZ]gbqb\Zgby�fZ]g_lblh\uo�a_j_g�k�^_nn_dlghc�kljmdlm�
jhc�� 
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M>D�������� 
 
<?LJH<U?�KHEBLHGU�B�M?>BG?GGU?�<BOJB�<�@B>DHKLB� 

 
=e��gZmq��khlj��R_edh\gbdh\�G�D� 

 
 QZklv� I. � Ijhp_kku�� ijhbkoh^ysb_� \� fhjyo� b� hd_ZgZo�� \h� fgh]hf�
h[mkeh\e_gu� \hegh\boj_\uf�oZjZdl_jhf�^\b`_gby� \h^��Hkh[_ggh� agZqb�
l_evgh_�\ebygb_�gZ�^bgZfbdm�hdZau\Zxl�^ebggu_�\hegu��d�qbkem�dhlhjuo�
hlghkylky� pmgZfb� k_ckfbq_kdh]h� b� f_l_hjheh]bq_kdh]h� ijhbkoh`^_gby�
�lZd�gZau\Z_fu_�f_l_hpmgZfb���>�@��Ijb�bkke_^h\Zgbb�\heg�pmgZfb��aZqZk�
lmx�ijbf_gyxl� l_hjbx�m_^bg_gguo�\heg��\i_j\u_�h[gZjm`_gguo�JZkk_�
ehf�\������]h^m��>�@ 
 JZ[hlu�JZkk_eZ�\h�fgh]hf�klbfmebjh\Zeb�jZa\blb_�l_hjbb�^ebgguo�
\heg��?s_�ijb�`bagb�JZkk_eZ�;mkkbg_kd�b�Jwe_c�gZreb�ijb[eb`zggh_�fZ�
l_fZlbq_kdh_� hibkZgb_� nhjfu� b� kdhjhklb� m_^bgzgghc� \hegu� gZ� f_edhc�
\h^_�� G_kdhevdh� iha`_�� \� ����� ]h^m� Dhjl_\_]� b� ^_� <jba� �D><�� \u\_eb�
mjZ\g_gb_�� hibku\Zxs__� ex[mx� keZ[h� g_ebg_cgmx� b� keZ[h� ^bki_j]b�
jmxsmx�kbkl_fm�iehkdbo�\heg���� �� =+− [[[[W XXXX ���j_r_gb_�dhlhjh]h�
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ij_^klZ\ey_l�kh[hc�m_^bgzggmx�\hegm��^\b`msmxky�\�iheh`bl_evghf�gZ�
ijZ\e_gbb�hkb� [ �k�ihklhygghc�kdhjhklvx��k�   
 <�l_hjbb�]jZ\blZpbhgguo�\heg�gZ�f_edhc�\h^_�mjZ\g_gb_�D><�qZklh�
ij_^klZ\eyxl�\�ke_^mxs_f�\b^_�>�@� 
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                                                  (1) 

a^_kv� WF[ V−=ξ  —�g_aZ\bkbfZy�i_j_f_ggZy�� �Z� +JF6 = ,  +  —�]em�

[bgZ�`b^dhklb�\�hlkmlkl\bb�\hafms_gby�� K  —�\ukhlZ�\hegu��γ -�ih\_jo�
ghklgh_� gZly`_gb_� \h^u�� Z� ρ  —� iehlghklv�� J_r_gb_� wlh]h� mjZ\g_gby�
ij_^klZ\ey_lky�\�\b^_�m_^bgzgghc�\hegu�� 
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� 




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+

K
FF V                                                           (3) 

 >Zggh_�mjZ\g_gb_�hibku\Z_l�\hegu�\�^hklZlhqgh�rbjhdbo�dZgZeZo�k�
ihklhygguf�ihi_j_qguf�k_q_gb_f�� 

<�gZklhys__�\j_fy�ih^�m_^bgzgghc�\heghc�ihgbfZ_lky�\kydbc��qZk�
lh�dhehdhehh[jZaguc��iehkdbc�\hegh\hc�bfimevk��i_j_f_sZxsbcky�\�h^�
ghf�gZijZ\e_gbb�\�ijhkljZgkl\_�b�khojZgyxsbc�ijb�wlhf�k\hx�nhjfm�>��
]. 

<������]h^m�DjmkdZe�b�AZ[mkdb�>�@�qbke_gguf�f_lh^hf�ihdZaZeb��qlh�
m_^bgzggu_� \hegu� \h�fgh]hf�ih^h[gu�qZklbpZf�b�\\_eb�ihgylb_� ³kheb�
lhg´�� 
 ³Kheblhg�-�_klv�m_^bgzggZy�\hegZ��dhlhjZy�ehdZebah\ZgZ�b�bf__l�ih�
klhyggmx� nhjfm� �\hafh`gh�� hgZ� kh^_j`bl� \gmlj_ggb_� hkpbeeypbb��� ?z�
\Z`g_crZy�hkh[_gghklv�aZdexqZ_lky�\�ihklhygkl\_�oZjZdl_jbklbd��Zfieb�
lm^u�� kdhjhklb��nhjfu�� \gmlj_ggbo� qZklhl��� g_� baf_gyxsboky� ^Z`_� ijb�
klhedgh\_gbyo�k�dZdhc-eb[h�^jm]hc�dhfihg_glhc�j_r_gby��Ijb�wlhf�kheb�
lhg�k�[hevr_c�Zfieblm^hc�h[]hgy_l�kheblhg�k�f_gvr_c�Zfieblm^hc��ijh�
oh^y�q_j_a�g_]h��lZd�qlh�kheblhgu�f_gyxlky�f_klZfb��Klhedgh\_gby�y\ey�
xlky� mijm]bfb�b�gbdZdh]h� ^hihegbl_evgh]h� \hafms_gby�� \� \b^_�baemq_�
gby�� � \� ijhp_kk_� \aZbfh^_ckl\by� g_� \hagbdZ_l�� ?^bgkl\_gguc� wnn_dl�
\aZbfh^_ckl\by� k\h^blky� d� k^\b]m� iheh`_gby� kheblhgZ� ih� hlghr_gbx� d�
_]h� ^\b`_gbx� [_a� klhedgh\_gbc��<� kemqZ_� klhedgh\_gby� ^\mo� kheblhgh\�
nZah\uc�k^\b]�y\ey_lky�ijhklhc�nmgdpb_c�kh[kl\_gguo�agZq_gbc´�>�@� 
 ;hevrhc� \deZ^� \� bkke_^h\Zgb_� \_ljh\uo� \heg� \gzk�<�<�Rme_cdbg�
[5] . 
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<�rlhjfh\hf� [Zkk_cg_� hg� ihemqbe� jy^� \Z`guo� j_amevlZlh\� b� ^Ze�
ih^jh[gh_�hibkZgb_�ijhp_kkZ�nhjfbjh\Zgby�\_ljh\uo�\heg��dhlhjuc�dZ�
q_kl\_ggh�kh\iZ^Z_l�k�gZrbfb�gZ[ex^_gbyfb�\�dhevp_\hf�Zwjh]b^jhdZgZ�
e_� 
 Qlh�dZkZ_lky�m_^bgzgguo�\heg��lh�Rme_cdbg�hlf_qZe� >�@� �� ³qlh�wlh�
\hegu�hkh[h]h�jh^Z��g_�bf_xsb_�gbq_]h�h[s_]h� k�ijbeb\Zfb�ih� k\h_fm�
ijhbkoh`^_gbx��gh�ho\Zlu\Zxsb_�\kx�lhesm� fhjkdhc� \h^u�� ih^h[gh�
ijbeb\guf� \hegZf�� b� ihlhfm� jZkijhkljZgyxsboky� kh� kdhjhklyfb� ijb�
f_jgh�lZdbfb�`_��k�dZdbfb�jZkijhkljZgyxlky�\hegu�ijbeb\Z��Wlh�\hegu��
\ua\Zggu_� ih^\h^gufb� a_fe_ljyk_gbyfb��?keb� \g_aZiguc� k^\b]�� ijb\h�
^ysbc�d�ih^t_fm�beb�h[\Zem�fhjkdh]h�^gZ�gZ�g_dhlhjhf�[hevrhf�ijhly�
`_gbb��khh[sbl�dhjhldbc��gh�qj_a\uqZcgh�fhsguc�bfimevk�fhjkdhc�\h�
^_�� e_`Zs_c�gZ^�gbf�� lh� l_f� kZfuf�fh`_l�[ulv� kha^ZgZ� lZd�gZau\Z_fZy�
m_^bgzggZy�\hegZ��>h�gZklhys_]h�\j_f_gb�g_l�iheghc�ykghklb�gb�\�l_hjbb�
m_^bgzgghc�\hegu��gb�\�l_o�hiulZo��dhlhju_�ijhba\h^bebkv�k�g_x�jZaebq�
gufb�Z\lhjZfb�gZqbgZy�k�XIX �\_dZ��H^gZdh��k�^hklZlhqghc�^ey�ijZdlbdb�
gZ^z`ghklvx��fh`gh�ijbgylv�ohjhrh�ba\_klgh_� \ujZ`_gb_�^ey�ijhnbey�
m_^bgzgghc�\hegu� �����Ihfbfh�m_^bgzgghc�\hegu�hibkZgghc�\ur_�� a_f�
e_ljyk_gby�fh]ml��ih-\b^bfhfm��\uau\Zlv�b�jblfbq_kdb_�dhe_[Zgby�mjh\�
gy�fhjy��ihjh`^zggu_�ih^h[gufb�`_�jblfbq_kdbfb�dhe_[Zgbyfb�ieZklh\�
^gZ��Wlh�y\e_gb_�ihemqbeh�m�yihgp_\�gZa\Zgb_�pmgZfb´� 
 <ur_� ijb\_^zggh_� k\b^_l_evkl\m_l� h� lhf�� qlh� <�<�Rme_cdbgm� g_�
m^Zehkv� gZ[ex^Zlv� m_^bgzggmx� \hegm� \� rlhjfh\hf� [Zkk_cg_�� K� gZr_c�
lhqdb�aj_gby�wlh�k\yaZgh�k�l_f��qlh�g_�[ueh�gZc^_gh�hilbfZevgh_�khhlgh�
r_gb_�f_`^m�kdhjhklvx�\_ljZ�b�]em[bghc�`b^dhklb�\�dZgZe_���� 

Mkbebyfb�fgh]bo�mq_guo�ihgylb_�kheblhgZ�ijhqgh�\hreh�\�jZaebq�
gu_�h[eZklb�gZmdb��<�f_gvr_c� kl_i_gb� wlh�dZkZ_lky�\_ljh\uo�kheblhgh\�
gZ�\h^_� 

<� ����� gZf� m^Zehkv� gZ[ex^Zlv� m^b\bl_evgh_� y\e_gb_� \� dhevp_\hf�
dZgZe_�� dh]^Z� ih^� ^_ckl\b_f� \_ljZ� \hagbdZeZ� [hevrZy� h^bghqgZy� \hegZ�
�Nhlh]jZnby� gZ� jbkmgd_� ��� >��@�� � ?z� kdhjhklv� \h�fgh]h� ij_\urZeZ� kdh�
jhklv�h[uqguo�\_ljh\uo�\heg��<�^Zevg_cr_f�gZfb�[ueh�ijh\_^_gh�wdki_�
jbf_glZevgh_�bkke_^h\Zgb_�ijhp_kkh\� aZjh`^_gby�b�\aZbfh^_ckl\by�\_l�
jh\uo� m_^bg_gguo� \heg� \� dhevp_\hf� Zwjh]b^jhdZgZe_��J_]bkljZpby� \heg�
ijh\h^behkv�ijb�ihfhsb�\b^_hkt_fdb�b� ���kljmgguo�\hegh]jZnh\��Kdh�
jhklv�\_ljZ�j_]bkljbjh\ZeZkv�ijb�ihfhsb�Zg_fhf_ljbq_kdhc�\_jlmrdb�� 

�GZ� [Za_� ihemq_gguo� ^Zgguo� g_h[oh^bfh� [ueh� deZkkbnbpbjh\Zlv�
ihgylb_�\_ljh\hc�m_^bg_gghc�\hegu��hij_^_eblv�__�iheh`_gb_�\�k_f_ckl�
\_�kheblhgh\�D>N��Ijb�wlhf�g_h[oh^bfh�[ueh�\uykgblv�oZjZdl_j�\ebygby�
ih\_joghklgh-Zdlb\guo�\_s_kl\��I:<��b�nehlZpbb�gZ�aZjh`^_gb_�b�iZjZ�
f_lju�m_^bg_gguo�\heg�� 
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 G_ij_ju\gZy� j_]bkljZpby� gZjZklZgby� \heg� iha\hebeZ� ijhke_^blv�
jZaebqgu_�klZ^bb�ijhp_kkZ�aZjh`^_gby�\_ljh\uo�m_^bg_gguo�\heg�hl�]jZ�
\blZpbhggh-dZibeeyjguo� \heg� ^h� knhjfbjh\Z\r_]hky� h^gh]h� kheblhgZ��
Ijb�wlhf�\h�\k_o�wdki_jbf_glZo�gZ[ex^Zehkv�jZa\blb_�g_kdhevdbo�m_^b�
g_gguo� \heg�� ihke_� \aZbfh^_ckl\by� dhlhjuo�� hklZ\Zehkv� � ^\_� \hegu��B�
lhevdh�ihke_�g_dhlhjh]h� \j_f_gb� \aZbfh^_ckl\by�f_`^m�gbfb�nhjfbjh�
\ZeZkv�h^gZ�m_^bgzggZy�\hegZ��Ijhp_kk�nhjfbjh\Zgby�m_^bgzgghc�\hegu�
bf__l�g_kdhevdh�klZ^bc�� 

GZb[he__�bgl_j_kghc�y\ey_lky�klZ^by�\aZbfh^_ckl\by�^\mo�\heg��<�
wlhf�kemqZ_�fh`_l�[ulv�^\Z�\ZjbZglZ��I_j\uc�–�\aZbfh^_ckl\b_�^\mo�kh�
eblhgh\��Zfieblm^u�dhlhjuo�fZeh�hlebqZxlky�^jm]�hl�^jm]Z��<�wlhf�kem�
qZ_�ijb�k[eb`_gbb�kheblhgh\�ijhbkoh^bl�bo�qZklbp_ih^h[gh_�\aZbfh^_c�
kl\b_�� \� j_amevlZl_� dhlhjh]h� ijhbkoh^bl� h[f_g� bfimevkhf�f_`^m� gbfb��
ihke_�dhlhjh]h�f_gvrbc�ba�gbo�hlklZzl�gZ�g_dhlhjh_�jZkklhygb_��Z�aZl_f�
kgh\Z� m\_ebqb\Z_lky�� qlh� aZ\_jrZ_lky� hq_j_^guf� \aZbfh^_ckl\b_f� ^\mo�
kheblhgh\��Wlh� lZd� gZau\Z_fu_� ³dZq_eb´� � l�_�� i_jbh^bq_kdh_� k[eb`_gb_�
�\aZbfh^_ckl\b_�� kheblhgh\� b� bo� m^Ze_gb_� ^jm]� hl� ^jm]Z�� Wlhl� ijhp_kk�
ijh^he`Z_lky�^h�l_o�ihj�ihdZ�\i_j_^b�g_�hdZ`_lky�kheblhg�k�f_gvr_c�Zf�
ieblm^hc��<�wlhf�kemqZ_��\lhjhc�\ZjbZgl���[hevrbc�kheblhg�g_kdhevdh�jZa�
ijhoh^bl�q_j_a�f_gvrbc��\hegh\h_�\aZbfh^_ckl\b_���\�j_amevlZl_�hklZzlky�
_^bgkl\_gguc�kheblhg��dhlhjuc�aZlmoZ_l�lhevdh�ihke_�\udexq_gbb�\_ljZ�� 
 KdZaZggh_�fh`gh�ijhbeexkljbjh\Zlv� ]jZnbdZfb�gZ�jbkmgd_� ���DZd�
\b^gh�ba�]jZnbdZ�����aZ\bkbfhklb�jZkklhygby�f_`^m�kheblhgZfb�hl�\j_f_�
gb�\b^gh��qlh�wlh�jZkklhygb_�baf_gyehkv�hl������kf��^h����kf���l�_��kheblh�
gu� g_� keb\Zebkv� b� g_� ijhoh^beb� ^jm]� q_j_a� ^jm]Z�� Z� \aZbfh^_ckl\h\Zeb�
f_`^m�kh[hc�gZ�jZkklhygbb�f_`^m� �bo�fZdkbfmfZfb�hdheh����kf��GZ�]jZ�
nbd_� ���� aZ\bkbfhklb� Zfieblm^u� kheblhgh\�hl�\j_f_gb�ihdZaZgh�bo�\aZ�
bfgh_� jZkiheh`_gb_� \� jZaebqgu_�nZau� \aZbfh^_ckl\by�� A^_kv� kiehrgZy�
ebgby�khhl\_lkl\m_l�i_j\hfm�kheblhgm��Z�imgdlbjgZy�–�\lhjhfm� 

<b^gh��qlh�\�ijhp_kk_�\aZbfh^_ckl\by�Zfieblm^Z�i_j\h]h�kheblhgZ�
m\_ebqb\ZeZkv�� Z� \lhjh]h� mf_gvrZeZkv� b� khhl\_lkl\_ggh� baf_gyebkv� bo�
hlghkbl_evgu_�kdhjhklb��jbkmghd������� 

Ba� ]jZnbdh\� �jbkmgdb� ����b� ����� aZ\bkbfhklb�Zfieblm^u�b� wg_j]bb�
kheblhgh\�hl� \j_f_gb�fh`gh� km^blv�h�[hevrhc�jZaghklb�iZjZf_ljh\�m_�
^bg_gguo�\heg�\h�\j_fy�\aZbfh^_ckl\by��\�bgl_j\Ze_�\j_f_gb����–����k���� 

>_lZevgh_� jZkkfhlj_gb_� ijhp_kkh\� \aZbfh^_ckl\by� m_^bg_gguo�
\heg� \� dhevp_\hf� dZgZe_� ihdZaZeh� gZ� dZq_kl\_ggh_� kh\iZ^_gb_� \u\h^h\�
qbke_ggh]h� wdki_jbf_glZ� AZ[mkkdb� b� DjmkdZeZ� >�@� h� qZklbp_ih^h[ghklb�
kheblhgh\�� kijZ\_^eb\h]h� lhevdh� ^ey� kemqZy� [ebadbo� agZq_gbc� Zfieblm^��
\aZbfh^_ckl\mxsbo� �kheblhgh\��Ijb�[hevrhc�`_�jZagbp_�agZq_gbc��\�hl�
ebqb_�hl�>�@�–�\�gZr_f�kemqZ_�bf_eb�f_klh�\heghih^h[gu_�k\hckl\Z�-�kh�
eblhgu�ijhoh^beb� ^jm]� q_j_a� ^jm]Z��<� dhevp_\hf� dZgZe_� y\e_gb_� j_dmj�
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j_glghklb� g_� gZ[ex^Zehkv�� kheblhg� khojZgye� k\hb� iZjZf_lju� \iehlv� ^h�
\udexq_gby�\_ljZ� 

Djhf_�lh]h��gZfb�[ueb�ijh\_^_gu�bkke_^h\Zgby�\ebygby�ih\_jogh�
klgh-Zdlb\guo�\_s_kl\�gZ�ijhp_kk�nhjfbjh\Zgby�m_^bg_gguo�\heg��IhdZ�
aZgh�� qlh� gZ� jZgg_f� wlZi_� ijhp_kkZ� aZjh`^_gby� ]jZ\blZpbhggh-
dZibeeyjguo� �\heg�ijhbkoh^beZ�f_^e_ggZy�g_ij_ju\gZy�]_g_jZpby�^ebg�
guo�\heg��Ijb�wlhf�\_l_j��^_ckl\mxsbc�gZ�]eZ^dmx�\h^gmx�ih\_joghklv��
i_j_^Z\Ze� wg_j]bx� bf�� k� gZr_c� lhqdb� aj_gby�� \� hkgh\ghf� ihkj_^kl\hf�
ghjfZevghc�khklZ\eyxs_c��Z�g_�lZg]_gpbZevghc��dZd�\�kemqZ_�hlkmlkl\by�
I:<��JZa\blb_�wlbo�\heg�ijh^he`Zehkv�^h�l_o�ihj��ihdZ�bo�Zfieblm^Z�g_�
^hklb]ZeZ�g_dhlhjhc�\_ebqbgu��ihke_�q_]h�ijhbkoh^be�h[uqguc�ijhp_kk�
nhjfbjh\Zgby�^\mo�m_^bg_gguo�\heg��G_h[oh^bfh� aZf_lblv��qlh�ijb�gZ�
ebqbb�I:<�\j_fy�aZjh`^_gby�kheblhgZ�m\_ebqb\Zehkv�[he__�q_f�\�^_kylv�
jZa� 

>Ze__� gZfb� [ueZ� ijh\_^_gZ� k_jby� wdki_jbf_glh\� k� nehlZpb_c� gZ�
\_jog_c� ]jZgbp_�`b^dhklb��IhdZaZgh�� qlh� ijb� m\_ebq_gbb�nehlZpbb� Zf�
ieblm^Z�kheblhgZ�mf_gvrZeZkv��Z�_]h�^ebgZ�b�\j_fy�h[jZah\Zgby�–�m\_eb�
qb\Zebkv��Ijb� hlghkbl_evghc�nehlZpbb� k\ur_� ������ ������ d]����� d]�� l�_��
hlghr_gb_� \_kZ�nehlZpbb� d� \_km�`b^dhklb� \� dZgZe_�� kheblhg� \hh[s_�g_�
h[jZah\u\Zeky� 

QZklv�II. ��<�g_ebg_cghc�l_hjbb�\heg�ihy\bebkv�ihgylby��m_^bgzggZy�
\hegZ��m_^bgzgguc�\bojv��kheblhg��<k_�hgb�hlghkylky�d�m_^bgzgguf�\ha�
fms_gbyf�� khojZgyxsbf� kh� \j_f_g_f� k\hx�nhjfm��Bgh]^Z� m_^bgzggu_�
\bojb�gZau\Zxl�kheblhgZfb�>�@� 

M_^bgzggu_�\bojb�hlebqZxlky�hl�m_^bgzgguo�\heg�l_f��qlh�hgb�oh�
ly�b�fh]ml�i_j_f_sZlvky�hlghkbl_evgh�kj_^u��gh�i_j_ghkyl�qZklbpu��\jZ�
sZxsb_ky�\�\boj_� �aZo\Zq_ggu_�qZklbpu��� l_f� kZfuf�m\_ebqb\Zy� l_ieh�
ijh\h^ghklv�b�^bnnmabx��K�wlhc�lhqdb�aj_gby�m_^bgzggufb�\bojyfb�y\�
eyxlky�lhih]jZnbq_kdb_�\bojb��klhe[u�LwcehjZ-Oh]]Z�� 
 >ey�bkke_^h\Zgby� \hafh`ghklb�nhjfbjh\Zgby� \boj_\uo� kheblhgh\�
gZ^�lhih]jZnbq_kdbfb�hkh[_gghklyfb�fhjkdh]h�^gZ��gZfb�[ueb�ijh\_^_�
gu� ki_pbZevgu_�baf_j_gby�gZ^�[ZgdZfb�:fi_j� �:leZglbq_kdbc�hd_Zg��b�
³Dblh\Zy´� �Kj_^ba_fgh_� fhj_�� k� [hjlZ�GBK� ³:dZ^_fbd�I_ljh\kdbc´�� K�
wlhc� p_evx� gZ� iheb]hgZo� \� jZchgZo� wlbo� [Zghd� \h� \j_fy� fgh]hqZkh\uo�
³klZgpbc´� b� ijhkljZgkl\_gguo� jZaj_ah\� ijh\h^bebkv� baf_j_gby� \_jlb�
dZevguo�ijhnbe_c�l_fi_jZlmju��we_dljhijh\h^ghklb�\h^u��kdhjhklb�b�gZ�
ijZ\e_gby� l_q_gby�� Z� lZd`_� dhfie_dkZ� f_l_h� ^Zgguo�� \dexqZ\r_]h� kdh�
jhklv�b�gZijZ\e_gb_�\_ljZ��l_fi_jZlmjm�b�\eZ`ghklv�\ha^moZ��Zlfhkn_jgh_�
^Z\e_gb_��Baf_j_gby�hkms_kl\eyebkv�g_klZg^Zjlghc�ZiiZjZlmjhc��kha^Zg�
ghc�gZ�DZn_^j_�nbabdb�fhjy�b� \h^� kmrb�Nbabq_kdh]h�nZdmevl_lZ�F=M�
 J_amevlZlu� baf_j_gbc� l_fi_jZlmju� we_dljhijh\h^ghklb� \� jZchg_�
[Zgdb�:fi_j�ihdZaZeb��qlh�khezghklv�\�\_jog_f����-f_ljh\hf�keh_�hd_ZgZ�
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baf_gyeZkv� g_agZqbl_evgh� �� ������≈ �� \� lh� \j_fy�� dZd� jZkij_^_e_gb_�

l_fi_jZlmju�oZjZdl_jbah\Zehkv�gZebqb_f�qzldh�\ujZ`_ggh]h�kehy�kdZqdZ�

k�\_jlbdZevguf�]jZ^b_glhf� ����
�

&≈ f�� �;ueh�ihdZaZgh��qlh�gZ^�\_jrb�
ghc�[Zgdb�:fi_j�bf_e�f_klh�ih^tzf� �k_ahggh]h�l_jfhdebgZ�^h����f���hl�
ghkbl_evgh�g_\hafmszggh]h�khklhygby�fhjy�� 
 GZ�hkgh\Zgbb�ijh\_^zgguo�hp_ghd�[ue�k^_eZg�\u\h^�h�lhf��qlh�ba�
f_g_gb_�]em[bgu�aZe_]Zgby�k_ahggh]h�l_jfhdebgZ�\ua\Zgh�kms_kl\h\Zgb�
_f�gZ^�\_jrbghc�[Zgdb�h[eZklb�Zglbpbdehgbq_kdhc�aZ\boj_ghklb��l�_��m_�
^bgzggh]h�\bojy��\�\b^_�dhgmkZ�L_cehjZ-Oh]]Z��h[jZah\Z\r_]hky�\ke_^kl�
\b_� ljZgknhjfZpbb� gZ[_]Zxs_]h� gZ� [Zgdm� ihlhdZ�� Wlhl� \u\h^� ih^l\_j�
`^zg� ijh\_^zgghc� gZfb� l_hj_lbq_kdhc� hp_gdb� \_ebqbgu� kf_s_gby� ibd�
ghdebgZ�gZ^�[Zgdhc�:fi_j�>���@� 
 =b^jhnbabq_kdb_� mkeh\by�gZ�iheb]hg_�[Zgdb� ³Dblh\Zy´�oZjZdl_jb�
ah\Zebkv�[hevr_c�l_fi_jZlmjghc�h^ghjh^ghklvx��dhe_[Zgby�l_fi_jZlmju�

\�\_jog_f���-f_ljh\hf�keh_�g_�ij_\urZeb�����
�

K��GZ[ex^ZeZkv�aZklhcgZy�
h[eZklv�� ]^_� ^\b`_gb_� [ueh� keZ[uf�� ih�f_j_� m^Ze_gby� hl� p_gljZ� [Zgdb�
kdhjhklv�m\_ebqb\ZeZkv��Kms_kl\h\Zgb_�h[hkh[e_gghc�h[eZklb�gZ^�[Zgdhc�
fh`gh�h[tykgblv�l_f��qlh�ijb�h[l_dZgbb�^hklZlhqgh�\ukhdh]h�ih^\h^gh]h�
ij_iylkl\by� klZpbhgZjguf�ihlhdhf�gZ^� _]h�\_jrbghc�\hagbdZ_l�h[eZklv�
aZfdgmluo�ebgbc�lhdZ�� �<�h^ghjh^ghc�`b^dhklb�wlZ�h[eZklv�bf__l�nhjfm�
klhe[Z� \� \b^_� m_^bgzggh]h� \bojy�� aZgbfZxs_]h� \kx� lhesm�`b^dhklb� hl�
\_jrbgu�ij_iylkl\by�^h�k\h[h^ghc�ih\_joghklb�>���@� >ey� bkke_^h�
\Zgby�f_oZgbafZ�nhjfbjh\Zgby�m_^bgzggh]h�\bojy� �gZ^�ih^\h^guf�ij_�
iylkl\b_f�dhg_qghc�\_ebqbgu�[ueb�ijh\_^_gu�eZ[hjZlhjgu_�wdki_jbf_g�
lu�\�h^ghjh^ghc�b�^\mokehcghc�`b^dhklb��K�wlhc�p_evx��[ueZ�bkihevah�
\ZgZ� ki_pbZevgZy� mklZgh\dZ�� h[_ki_qb\Z\rZy� \hafh`ghklv� \jZs_gby� pb�
ebg^jbq_kdh]h�j_a_j\mZjZ� �^bZf_ljhf����kf��\ukhlhc����kf���\�^bZiZahg_�
m]eh\uo� kdhjhkl_c�hl� ��^h� ���h[hjhlh\�\�fbgmlm� k�ieZ\guf�baf_g_gb_f�
kdhjhklb� \jZs_gby�� H[l_dZgb_� ij_iylkl\by� fh^_ebjh\Zehkv� ^\b`_gb_f�
kZfh]h�ij_iylkl\by�kh�kdhjhklvx��-��ff��k����GZ�i_j\hf�wlZi_�[ueb�ijh\_�
^_gu�baf_j_gby�\�h^ghjh^ghc�`b^dhklb����>ey�\bamZebaZpbb�\boj_\h]h�kh�
eblhgZ� \�`b^dhklb� ij_^\Zjbl_evgh� \a\_rb\Zeky� Zexfbgb_\uc� ihjhrhd��
Nhlh]jZnbjh\Zgb_� ijhba\h^behkv� ih� ko_f_� <_cd_jZ�� ;ueh� mklZgh\e_gh��
qlh�\�bkke_^m_fhf�^bZiZahg_�m]eh\uo�kdhjhkl_c�\jZs_gby�j_a_j\mZjZ����-
���h[hjhlh\�\�fbgmlm��b�kdhjhkl_c�^\b`_gby�ij_iylkl\by���-����ff�k����gZ^�
ihke_^gbf� ij_iylkl\b_f� \k_]^Z� h[jZah\u\ZeZkv� klhe[hh[jZagZy� h[eZklv��
hl^_ezggZy�hl�hdjm`Zxs_c�`b^dhklb�^\mfy�k\_leufb�\_jlbdZeyfb��nhlh�
]jZnby�gZ� jbkmgd_� ����J_adh_�baf_g_gb_�bgl_gkb\ghklb�hk\_s_gghklb�gZ�
\_jlbdZevguo�h[jZamxsbo��h]jZgbqb\Zxsbo�ij_iylkl\b_��k\b^_l_evkl\m�
_l�h�gZebqbb� a^_kv� k^\b]Z� kdhjhklb��ij_^kdZaZgguo�KlxZjlkhghf� ��������
;ueh� h[gZjm`_gh�� qlh� ijZdlbq_kdb� \h� \k_c� h[eZklb� gZ^� ij_iylkl\b_f��
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bf_eh�f_klh�bgl_gkb\gh_�\boj_\h_�^\b`_gb_��ghkys__�d\ZabklZpbhgZjguc�
oZjZdl_j��Ihemq_gguc�j_amevlZl�ih^l\_j`^Z_l�hkgh\ghc�\u\h^�d\Zab]_h�
kljZnbq_kdhc� l_hjbb� klhe[h\�L_cehjZ�h� kms_kl\h\Zgbb�gZ^�ih^\h^gufb�
ij_iylkl\byfb�d\ZabklZpbhgZjghc�h[eZklb�Zglbpbdehgbq_kdhc�aZ\boj_gh�
klb� >�@��Lh�_klv�ihdZaZgZ�\hafh`ghklv�nhjfbjh\Zgby�m_^bgzgguo�\boj_c�
gZ^�ih^\h^guf�ij_iylkl\b_f�\�h^ghjh^ghc�`b^dhklb� 
 GZ�\lhjhf�wlZi_�[ueZ�bkke_^h\ZgZ�^_nhjfZpby�ibdghdebgZ�gZ^�ih^�
\h^guf� ij_iylkl\b_f� \� ijhp_kk_� lhih]jZnbq_kdh]h� pbdeh]_g_aZ� \� ^\mo�
kehcghc� `b^dhklb�� >ey� baf_j_gby� kf_s_gby� ibdghdebgZ� bkihevah\Zeky�
bgl_]jZevguc�^Zlqbd�we_dljhijh\h^ghklb��\dexqzgguc�\�ie_qh�fhklZ�i_�
j_f_ggh]h� lhdZ��Ijb� ijh\_^_gbb� baf_j_gbc� j_a_j\mZj� aZihegyeky� ^\mo�
kehcghc�`b^dhklvx� b� ihkl_i_ggh� jZkdjmqb\Zeky� ^h� ihklhygghc� m]eh\hc�
kdhjhklb���-���h[hjhlh\�\�fbgmlm��AZl_f�\dexqZeky�we_dljhfhlhj��ijb\h�
^b\rbc�\�^\b`_gb_�³ij_iylkl\b_´�b�hkms_kl\eyeZkv�aZibkv�� 

;ueh�ijh\_^_gh� kjZ\g_gb_� l_hj_lbq_kdbo�b� wdki_jbf_glZevguo� aZ�
\bkbfhkl_c��fZdkbfZevgh]h�kf_s_gby�ibdghdebgZ�gZ�jZaebqghf�m^Ze_gbb�
hl� p_gljZ� ij_iylkl\by� hl� i_j_iZ^Z� iehlghklb� \� gzf� b� hl� hlghkbl_evghc�
lhesbgu� \_jog_]h� kehy�� dhlhjh_� ihdZaZeh� m^h\e_l\hjbl_evgh_� bo� kh\iZ�
^_gb_�>���@�� 
 <� >���@� jZkkfhlj_gZ� l_hj_lbq_kdZy� aZ^ZqZ� hibkZgby� wnn_dlZ� ^_�
nhjfZpbb�ibdghdebgZ�gZ^�ih^\h^guf�ij_iylkl\b_f��^\b`msbfky� \�jZ\�
ghf_jgh� \jZsZxs_cky�^\mokehcghc�`b^dhklb�i_ji_g^bdmeyjgh�hkb�\jZ�
s_gby�� AZ^ZqZ� j_rZeZkv� ^ey� kemqZy�
ε <<1; ( ) ( ) ( ) ( )������������ ��� ===≤ σαεαδδδ ,  

ijbqzf� �V -� \� ^Zgghf� kemqZ_�� _klv� kdhjhklv� ^\b`_gby�ij_iylkl\by�� �9  - 

kdhjhklv�gZ[_]Zxs_]h�ihlhdZ�� �Ω -�m^\h_ggZy�m]eh\Zy�kdhjhklv�\jZs_gby�

`b^dhklb��Z� �ρ -�kj_^gyy�ih�\_jlbdZeb�iehlghklv�`b^dhklb�� ρ∆  -�i_j_iZ^�

iehlghklb�gZ�]jZgbp_�jZa^_eZ�kehz\�� 

�� �GG  -� lhesbgu� \_jog_]h� b� gb`g_]h� keh_\� \g_� ij_iylkl\by��

( +GG =+ �� ),  /K ��  -�oZjZdl_jgu_�\_jlbdZevguc�b�]hjbahglZevguc�jZa�

f_ju�ij_iylkl\by�� � \β+Ω=Ω �  -�iZjZf_lj�DhjbhebkZ�� ρ  -�iehlghklv�

`b^dhklb�\�\_jog_f�keh_� 
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ε ,
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




 ∆

Ω=

+J

/

ρ
ρ

α ,
/

G�
� =δ ,

/

G�
� =δ ,

/

+=δ ,

ε
σ

�

�

G

K=  g –�mkdhj_gb_�k\h[h^gh]h�iZ^_gby� 

 �JZkkfhlj_gb_� wlhc� aZ^Zqb� y\ey_lky� \Z`guf� k� lhqdb� aj_gby� khihk�
lZ\e_gby�y\e_gby�hd_Zgbq_kdh]h�kj_^g_fZkrlZ[gh]h�pbdeh]_g_aZ��ijb�dh�
lhjhf�ij_iylkl\b_�h[l_dZ_lky�]jZ^b_glguf�ihlhdhf��k�j_amevlZlZfb�eZ[h�
jZlhjguo�wdki_jbf_glh\�ih�fh^_ebjh\Zgbx�wlh]h�y\e_gby��\�dhlhjuo�hl�
ghkbl_evgh_�^\b`_gb_�^hklb]Z_lky�aZ�kqzl�^\b`_gby�ij_iylkl\by \�`b^dh�
klb��LZdh_�khihklZ\e_gb_�ijh\h^blky�\�jZ[hl_�imlzf�kjZ\g_gby�mjZ\g_gbc��
ihemq_gguo�ijb�j_r_gbb�knhjfmebjh\Zgghc�aZ^Zqb��k�mjZ\g_gbyfb��ij_^�
klZ\e_ggufb�\�jZ[hl_�FZd�DZjlgb� �������� ]^_�jZkkfZljb\ZeZkv� aZ^ZqZ�h[�
h[l_dZgbb� ih^\h^gh]h� ij_iylkl\by� ]jZ^b_glguf� ihlhdhf�� <� j_amevlZl_�
kjZ\g_gby�wlbo�mjZ\g_gbc�[ueh�ihdZaZgh��qlh�^ey�eZ[hjZlhjguo�wdki_jb�
f_glh\��\�dhlhjuo�h[l_dZgb_�ij_iylkl\by�fh^_ebjm_lky�^\b`_gb_f�kZfh]h�
ij_iylkl\by��^Z\e_gb_�\�`b^dhklb�^he`gh�khihklZ\eylvky�k�\hafms_gb_f�
ihey�^Z\e_gby��_keb�fh^_ebjm_lky�kblmZpby�h[l_dZgby�\hafms_gby�j_ev_�
nZ�^gZ�]jZ^b_glguf�ihlhdhf��<f_kl_�k�l_f�\hafms_gb_�]jZgbpu�jZa^_eZ�
kehz\�\�lhf�b�\�^jm]hf�kemqZ_�hibku\Z_lky�h^gbf�b�l_f�`_�mjZ\g_gb_f 

: Kσηωη −=−∆
�

, 

]^_�
��

�

�
�

λλ
αω =  ,   h –�nmgdpby��hibku\ZxsZy�nhjfm�ij_iylkl\by�� �� λλ  - 

hlghkbl_evgu_�lhesbgu�\_jog_]h�b�gb`g_]h�kehz\� � �� LL G=λ /H ), η -�\ha�

fms_gb_�]jZgbpu�jZa^_eZ�keh_\� 
 <�j_amevlZl_�j_r_gby�wlh]h�mjZ\g_gby�[ueh�ihemq_gh�ZgZeblbq_kdh_�
\ujZ`_gb_� ^ey� nmgdpbb� kf_s_gby� ibdghdebgZ� gZ^� hk_kbff_ljbqguf�

ih^\h^guf�ij_iylkl\b_f������� ( ) ( ) ( ) NGNKUNNNU
a

�

�

�
��

∫
∞ −




 += θωση , 

]^_�� ( ) ( ) ( )∫
∞

=
�

�

a
UGUKUNUNK θ ,    ( )[�θ  -�nmgdpby�;_kk_ey�gme_\h]h�ihjy^�

dZ�� K� ihfhsvx� ihemq_ggh]h� \ujZ`_gby� [ueb� bkke_^h\Zgu� aZ\bkbfhklb�
kf_s_gby�ibdghdebgZ�hl�hlghkbl_evghc�lhesbgu�\_jog_]h�kehy�b�i_j_iZ�
^Z�iehlghklb�\�gzf��<�j_amevlZl_�ZgZebaZ�mjZ\g_gbc�ihdZaZgh��qlh�\�gb`�
g_f�keh_�bgl_gkb\ghklv�Zglbpbdehgbq_kdhc�aZ\boj_gghklb�gZ^�\_jrbghc�
ij_iylkl\by��\k_]^Z�[hevr_��q_f�\�\_jog_f�keh_�� 
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 GZ�hkgh\Zgbb�ijh\_^zgguo�bkke_^h\Zgbc�fh`gh�k^_eZlv�ke_^mxsb_�
\u\h^u� 
1. <i_j\u_� \� eZ[hjZlhjguo� mkeh\byo� h[gZjm`_gZ� \_ljh\Zy� m_^bgzggZy�

\hegZ��IhdZaZgh��qlh� wlZ� \hegZ�m^h\e_l\hjy_l�hkgh\guf� lj_[h\Zgbyf��
ij_^ty\ey_fuf�d�kheblhgZf��Ke_^h\Zl_evgh��h[gZjm`_ggZy�m_^bgzggZy�
\hegZ�y\ey_lky�\_ljh\uf�kheblhghf� 

2. <uy\e_g�f_oZgbaf�\aZbfh^_ckl\by�^\mo�\_ljh\uo�kheblhgh\��\�j_amev�
lZl_� dhlhjh]h�nhjfbjm_lky� _^bgkl\_gguc� kheblhg��IhdZaZgh�� qlh�ijb�
[ebadbo�agZq_gbyo�Zfieblm^u�\aZbfh^_ckl\mxsbo�\heg��hgb�ijhy\ey�
xl�k\hb�qZklbp_ih^h[gu_�k\hckl\Z��Ijb�[hevrhc�jZagbp_�wlbo� agZq_�
gbc�m�kheblhgh\�ijhy\eyxlky�\hegh\u_�k\hckl\Z��ijb�dhlhjuo�kheblh�
gu�ijhoh^yl�^jm]�q_j_a�^jm]Z� 

3. H[gZjm`_gh��qlh�gZebqb_�ih\_joghklgh�Zdlb\guo�\_s_kl\� �I:<��ijb�
\h^bl�d�kms_kl\_gghfm�m\_ebq_gbx�\j_f_gb�nhjfbjh\Zgby�\_ljh\h]h�
kheblhgZ�b�j_ZebaZpbb��lZd�gZau\Z_fh]h��³^ebggh\hegh\h]h´�f_oZgbafZ�
]_g_jZpbb�\_ljh\h]h�kheblhgZ��GZ�gZqZevghf�wlZi_��g_kfhljy�gZ�^_ckl�
\b_� \_ljZ� ih\_joghklv� `b^dhklb� hklZ\ZeZkv� ]eZ^dhc�� H^gh\j_f_ggh�
nhjfbjh\Zebkv� ³^ebggu_� \hegu´��Ijb� \hajZklZgbb� bo� Zfieblm^u� ^h�
hij_^_ezgghc� \_ebqbgu� \hagbdZeh� g_kdhevdh� m_^bgzgguo� \heg�� \aZb�
fh^_ckl\b_�dhlhjuo�ijb\h^beh�d�ihy\e_gbx�h^gh]h�kheblhgZ��KqblZ_l�
ky�� qlh� \� wlhf� kemqZ_� �ba-aZ� gZebqby�I:<�� ghjfZevgZy� khklZ\eyxsZy�
\_ljZ�ij_\hkoh^beZ�lZg]_gpbZevgh_�gZijy`_gb_�\_ljZ�� 

4. MklZgh\e_gh��qlh�gZebqb_�nehlZpbb� aZf_^ey_l�ijhp_kk�nhjfbjh\Zgby�
\_ljh\h]h� kheblhgZ�� mf_gvrZ_l� _]h� \ukhlm� b� m\_ebqb\Z_l� ^ebgm��Ijb�
hij_^_ezgghc� kdhjhklb� \_ljZ� b� ]em[bg_� `b^dhklb� m\_ebq_gb_� fZkku�
nehlZpbb�ijb\h^bl��kgZqZeZ�d�aZf_^e_gbx�ijhp_kkZ�nhjfbjh\Zgby�kh�
eblhgZ�� Z� aZl_f�–� kheblhg�� \hh[s_��g_�h[jZam_lky��Wlhl�nZdl� y\ey_lky�
\Z`guf� ^ey� ^bZ]ghklbdb� ihy\e_gby� \_ljh\uo� m_^bgzgguo� \heg� gZ�
r_evn_�K_\_jguo�fhj_c��ihdjuluo�[bluf�ev^hf�� 

5. �IhdZaZgh�� qlh� \�fhjkdbo� mkeh\byo� gZ^� ih^\h^gufb� ij_iylkl\byfb� \�
\b^_� [Zghd�� h[l_dZ_fuo� l_q_gb_f�� nhjfbjmxlky� m_^bgzggu_� \bojb��
ijb\h^ysb_� d� mkbe_gbx� \_jlbdZevgh]h� h[f_gZ�� kihkh[kl\mxs_]h� ih�
\ur_gbx�[bheh]bq_kdhc�Zdlb\ghklb�� 

6. <�eZ[hjZlhjguo�mkeh\byo�h[gZjm`_g�m_^bgzgguc�\bojv��dhlhjuc�nhj�
fbjm_lky�gZ^� ^\b`msbfky�ih�^gm�ij_iylkl\b_f� \h� \jZsZxs_fky�pb�
ebg^jbq_kdhf� j_a_j\mZj_�� aZiheg_gghf� h^ghjh^ghc� `b^dhklvx�� Ijb�
hij_^_e_gguo� mkeh\byo� \bojv� �qZklv� _]h��i_jbh^bq_kdb�fh`_l� ³hlju�
\Zlvky´�hl�ij_iylkl\by�b�^j_cnh\Zlv�\f_kl_�k�`b^dhklvx��<�wlhf�kem�
qZ_�gZ^�ij_iylkl\b_f�\gh\v�nhjfbjm_lky�\bojv��Ihemq_ggu_�j_amevlZ�
lu�fh]ml�[ulv�ihe_agu�ijb�bkke_^h\Zgbb�\boj_c�gZ^�lhih]jZnbq_kdb�
fb�g_h^ghjh^ghklyfb�fhjkdh]h�^gZ� 
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ih]jZnbq_kdhf� pbdeh]_g_abk_� \� ^\mokehcghc�`b^dhklb��Ba^Zl_evkl\h�
:G�KKKJ��N:H���������� 



Ih^k_dpby����=_hnbabdZ� 

 

131 

�����Lbfhgh\�F�;���R_edh\gbdh\�G�D��H[�hkh[_gghklyo�l_jfbq_kdhc�b�^b�
gZfbq_kdhc�kljmdlmju�^_yl_evgh]h�kehy�hd_ZgZ�\�jZchgZo�[Zghd��<_kl�
gbd�F=M��k_jby����NbabdZ��Zkljhghfby��L�������������� 

�����Dhaeh\�<�N��<ebygb_�j_ev_nZ�^gZ�gZ�]em[bggu_�l_q_gby�\�hd_Zg_��<eZ�
^b\hklhd������ 
����R_edh\gbdh\�G�D��<_ljh\u_�m_^bgzggu_�\hegu�\�dhevp_\hf�Zwjh]b^�
jhdZgZe_��F���F=M�� ������ �k��� >_i�� \� <BGBLB� ������������������ - 
<����� 

<�aZdexq_gb_��\ujZ`Zx�[eZ]h^Zjghklv�\k_f�klm^_glZf��ZkibjZglZf�b�gZ�
mqguf�khljm^gbdZf��ijbgbfZ\rbf�mqZklb_�\�jZ[hl_�gZ�jZaguo�wlZiZo�_z�
\uiheg_gby� 
 
 

 
<EBYGB?�D:LBHGGH=H�KHKL:<:�G:�L?IEHIJH<H>GHKLV 

=:EB?<UO�=J:G:LH< 
 

Ijhn_kkhj�I_ljmgbg�=�B���k�g�k��Ihih\�<�=�� 
 

Ihke_^gb_� ]h^u� \� eZ[hjZlhjbb� ]_hl_jfbb� nbabq_kdh]h� nZdmevl_lZ�
F=M�Zdlb\gh�\_^mlky�bkke_^h\Zgby�\ebygby�obfbq_kdh]h�khklZ\Z�gZ�l_i�
ehnbabq_kdb_�k\hckl\Z�ihjh^hh[jZamxsbo�fbg_jZeh\��LZd��ih^jh[gh�bam�
q_gh�\ebygb_�dhfihg_glgh]h�khklZ\Z�\�l\_j^uo�jZkl\hjZo�]jmiiu�ihe_\uo�
riZlh\��ieZ]bhdeZah\��gZ�bgl_gkb\ghklv�\�gbo�j_r_lhqghc�l_iehi_j_^Zqb��
\uy\e_gZ�nbabq_kdZy�ijbjh^Z�wlh]h�\ebygby��ihemq_gu�\Z`gu_�^Zggu_�h�
\ebygbb� dZlbhggh]h� khklZ\Z� gZ� l_fi_jZlmjhijh\h^ghklv� �a�� b� l_iehijh�
\h^ghklv��λ��djbklZeebq_kdhc�j_r_ldb�dZj[hgZlh\�b�k_jbb�bkdmkkl\_gguo�
]jZgZlh\��\ujZs_gguo�\�BHN�J:G�ba�jZkieZ\h\�ih�f_lh^m�QhojZevkdh]h�
gZ�hjb_glbjh\Zgguo�ih� djbklZeeh]jZnbq_kdbf�hkyf� aZljZ\dZf� >�-�@��Ih�
emq_ggu_�j_amevlZlu�iha\hebeb� k^_eZlv�jy^� \Z`guo� \u\h^h\�h[�hkh[_g�
ghklyo�f_oZgbafZ� l_iehi_j_^Zqb� b� kljmdlmj_� l_iehkhijhlb\e_gby� keh`�
guo�fgh]hdhfihg_glguo�fbg_jZevguo�kh_^bg_gbc� 
H^gbf� ba� \Z`guo� \u\h^h\�� dZkZxsboky� \ebygby� dZlbhggh]h� khklZ\Z� \�
bahfhjnguo�k_jbyo�fbg_jZeh\��[ue�k^_eZg�\u\h^�h�ijZdlbq_kdb�ebg_cghf�
m[u\Zgbb�nhghgghc� l_iehijh\h^ghklb�b� l_fi_jZlmjhijh\h^ghklb� kbgl_�
lbq_kdbo� ]jZgZlh\� k� m\_ebq_gb_f� kj_^g_]h� Zlhfgh]h� \_kZ� M �� dhgljheb�
jmxs_]h�\�lZdbo�k_jbyo�fZkkm�djmigh]h�dZlbhgZ��gZoh^ys_]hky�\�^h^_dZ�
w^jbq_kdhc�ihabpbb� >��� ��� �@��JZg__��OhjZb� >�@�ihemqbe� koh^gmx� aZ\bkb�
fhklv�^ey�l_iehijh\h^ghklb�g_dhlhjuo�ijbjh^guo�fbg_jZeh\�b�h[tykgbe�
__�dZq_kl\_ggh� l_f��qlh�\�bahfhjnguo� k_jbyo�fbg_jZeh\�ijb� aZf_s_gbb�
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e_]dbo� dZlbhgh\�gZ� [he__� ly`_eu_� m\_ebqb\Z_lky� wnn_dlb\ghklv� jZkk_b�
\Zgby� gZ� gbo�nhghgh\��Dhfie_dkgh_� bkke_^h\Zgb_� l_ieh\uo� k\hckl\� bk�
dmkkl\_gguo�]jZgZlh\�^Zeh�\hafh`ghklv�[he__�^_lZevgh�bkke_^h\Zlv�wlhl�
\hijhk�� hibjZykv�gZ� ^Zggu_�ih� l_fi_jZlmjhijh\h^ghklb��>_ckl\bl_evgh��
dZd�ihdZaZe�wdki_jbf_gl��h[t_fgZy�l_ieh_fdhklv��CP⋅ρ��]jZgZlh\�hdZaZeZkv�
ijb[ebabl_evgh�h^bgZdh\hc�b�gZb[hevr__�hldehg_gb_�__�kj_^g_]h�agZq_�
gby� _^\Z�ij_\urZ_l� ����Wlhl�nZdl��nbabq_kdZy�ijbjh^Z�dhlhjh]h�h[tyk�
g_gZ�gZfb� \� >�@�� agZqbl_evgh�mijhsZ_l� ZgZeba� \ebygby� M �gZ� l_iehi_j_�
ghkgu_� k\hckl\Z� kbgl_lbq_kdbo� ]jZgZlh\�� lZd� dZd�� kh]eZkgh�nhjfme_�>_�
[Zy�� iha\hey_l� ijh\h^blv� kjZ\g_gb_� bo� l_iehijh\h^ghkl_c� beb� l_iehkh�
ijhlb\e_gbc� \� jZfdZo� ijyfuo� baf_j_gbc� l_fi_jZlmjhijh\h^ghklb�� qlh��
g_khfg_ggh�� lhqg__� b� m^h[g__�� OZjZdl_j� aZ\bkbfhkl_c� a( M �� b� λ( M ) – 
h^bgZdh\�b�\k_�\u\h^u�hlghkbl_evgh�nbabq_kdhc�ijbjh^u�wlhc�aZ\bkbfh�
klb�^ey�l_fi_jZlmjhijh\h^ghklb�a = 1/3 lV ⋅ ��]^_�V -�kj_^gyy�kdhjhklv�nh�
ghgh\�f_`^m� ZdlZfb� jZkk_ygby�� Z� l  -� kj_^gyy� ^ebgZ� k\h[h^gh]h�ijh[_]Z�
nhghgh\��Z\lhfZlbq_kdb�jZkijhkljZgy_lky�b�gZ�l_iehijh\h^ghklv��Kh]eZk�
gh�wlhfm�khhlghr_gbx��\ebygb_�m\_ebq_gby�fZkku�djmigh]h�dZlbhgZ��dhg�
ljhebjm_fh_� kj_^gbf� Zlhfguf� \_khf� M � kh_^bg_gby�� fh`_l� hkms_kl\�
eylvky�^\mfy�f_oZgbafZfb��hlebqZxsbfbky�ih� k\h_c�ijbjh^_��mf_gvr_�
gb_f�kj_^g_c�kdhjhklb�nhghgh\�V �b�mf_gvr_gb_f�kj_^g_c�^ebgu�k\h[h^�
gh]h�ijh[_]Z� l ��oZjZdl_jbamxs_c�qZklhlm�Zdlh\�l_fi_jZlmjgh]h�nhghg�– 
nhghggh]h�jZkk_ygby�b�jZkk_ygby�nhghgh\�gZ�nexdlmZpbyo�fZkku�\�]jZgZ�
lZo��dhlhju_�gZoh^ylky�\�ijyfhc�aZ\bkbfhklb�hl�fZkku�djmigh]h�dZlbhgZ�
beb� kj_^g_]h� Zlhfgh]h�\_kZ� kh_^bg_gby��H^gZdh��hlkmlkl\b_� wdki_jbf_g�
lZevguo�^Zgguo�ih�kdhjhklb�a\mdZ�\�]jZgZlZo�g_�iha\hebeh�hp_gblv�\deZ^�
dZ`^h]h�ba�f_oZgbafh\��ohly�b�hlf_qZehkv��qlh�jhev�mf_gvr_gby�kdhjhklb�
nhghgh\� k� jhklhf� M � fh`_l� [ulv� _^\Z� eb� g_� hkgh\guf� f_oZgbafhf�
mf_gvr_gby�a�b�λ�\�bahkljmdlmjguo�k_jbyo� 
GZklhys__� khh[s_gb_� b� ihk\ys_gh� ijhykg_gbx� wlh]h� \hijhkZ�� dhlhjh_�
hdZaZehkv� \hafh`guf� ihke_� baf_j_gby� kdhjhkl_c� Vp� b� VS� \� bamq_gguo�
]Zeeb_\uo�]jZgZlZo�b�hp_gd_�kj_^g_c�kdhjhklb�V ih�nhjfme_� 
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<�lZ[ebp_����gZjy^m�k�V , M �b�baf_j_ggufb�jZg__�l_fi_jZlmjhijh\h^gh�
klvx�a�b�h[t_fghc�l_ieh_fdhklvx�CP⋅ρ��ijb\_^_gu�lZd`_�jZkkqblZggu_�ih�
wlbf�^Zgguf�kj_^gb_�^ebgu�k\h[h^gh]h�ijh[_]Z� l �b�bo�h[jZlgu_�\_ebqb�
gu�� dhlhju_� jZ\gu� qbkem� Zdlh\� jZkk_ygby�nhghgh\� gZ� _^bgbpm� ^ebgu� \�
djbklZeebq_kdhf�ijhkljZgkl\_�ijb�L� ����D��Ba�lZ[ebpu�g_ljm^gh�\b^_lv��
qlh�k�jhklhf� M �mf_gvrZ_lky�dZd�V ��lZd�b� l ��lZd��qlh�jZ[hlZxl�h[Z�f_oZ�
gbafZ��Dhebq_kl\_ggZy�hp_gdZ�\ebygby�m\_ebq_gby�kj_^g_]h�Zlhfgh]h�\_kZ�
M �gZ�baf_g_gb_�kj_^g_c�kdhjhklb�nhghgh\�b�m\_ebq_gby�qbkeZ�Zdlh\�bo�
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jZkk_ygby��\uiheg_ggZy��^ey�djZcgbo�qe_gh\�k_jbb��Y3Ga5O12 – YbGa5O12) 
^Z_l�ke_^mxsb_�j_amevlZlu� 
-�hlghkbl_evgh_�baf_g_gb_�l_fi_jZlmjhijh\h^ghklb�^ey�wlbo�]jZgZlh\�ijb�
m\_ebq_gbb�M �hl�������^h�������khklZ\ey_l�∆a/a ≈ 34%; 
-�\�i_j\hf�ijb[eb`_gbb��aZ�kq_l�baf_g_gby�kdhjhklb�∆V /V �l_fi_jZlmjh�
ijh\h^ghklv��Z�ke_^h\Zl_evgh��b�l_iehijh\h^ghklv�baf_gy_lky� �ijbf_jgh�
gZ����� 
-�gZ�^hex�f_oZgbafZ�jZkk_ygby�hklZ_lky�a������Z�ijb[ebabl_evguc�jZkq_l 
^Z_l�a����� 
 
LZ[ebpZ���L_ieh\u_�k\hckl\Z��b�iZjZf_lju�ijhp_kkZ�j_r_lhqghc�l_iehi_�
j_^Zqb�]Zeeb_\uo�]jZgZlh\�ijb�L� ����D� 
NhjfmeZ V , 

df�k 
M  a, 10-7 

f2/c 
CP⋅ρ, 
106 

>`�f⋅3 

λ, 
<l�f⋅D 

l, 10-10 
f 

1/l, 107 
f-1 

Y3Ga5O12 4.45 40.35 37.1 2.67 9.9 25.1 40.0 
Nd3Ga5O12 4.12 48.65 30.6 2.68 8.2 22.28 44.9 
Sm3Ga5O12 3.99 49.55 29.0 2.67 7.7 21.80 45.9 
Gd3Ga5O12 3.96 50.62 26.2 2.75 7.2 21.15 47.3 
Yb3Ga5O12 3.88 53.00 24.5 2.76 6.7 18.94 52.8 
 
;he__� lh]h�� kjZ\g_gb_� l_fi_jZlmjguo� djb\uo� ^ey� qbkeZ� Zdlh\� jZkk_ygby�
nhghgh\�gZ�_^bgbpm�^ebgu��dhlhju_�fu�a^_kv�g_�ijb\h^bf�\�k\yab�k�h]jZ�
gbq_gghklvx� h[t_fZ� im[ebdZpbb�� iha\hey_l� jZa^_eblv� \deZ^� f_oZgbafZ�
jZkk_ygby� gZ� ©^_n_dlgmxª� qZklv�� k\yaZggmx� k� jZkk_ygb_f� nhghgh\� gZ�
djmiguo�dZlbhgZo�Y3+, Yb3+

��g_�aZ\bkysmx�hl�l_fi_jZlmju��b�gZ�^hihegb�
l_evgmx�qZklv�kh[kl\_ggh�l_fi_jZlmjgh]h�nhghg�–�nhghggh]h�jZkk_ygby��
k\yaZggh]h� k� m\_ebq_gb_f� Zg]Zjfhgbqghklb� djbklZeeZ�� \ua\Zgghc�m\_eb�
q_gb_f�nexdlmZpbc�Zlhfghc�fZkku�b�ijb\h^ys_c�d�baf_g_gbx�nhghggh�
]h�ki_dljZ��LZfi_jZlmjgu_�djb\u_�1/l = 1/l(T)�ij_^klZ\eyxl�kh[hc�\�bam�
q_gghf� ^bZiZahg_� l_fi_jZlmj� �����–� ���D�� ebg_cgu_� aZ\bkbfhklb� dZd�b�
lj_[m_l� l_hjby� l_iehijh\h^ghklb� djbklZeebq_kdh]h� ^bwe_dljbdZ�� h^gZdh�
lZg]_gk�m]eZ�gZdehgZ�bo�f_gy_lky�ijb�baf_g_gbb� M ��WdkljZiheypby�wlbo�
aZ\bkbfhkl_c�gZ�L�  � ��b�^Z_l� \hafh`ghklv� \u^_eblv� ©^_n_dlgmxª�qZklv�
jZkk_ygby��Z�kjZ\g_gb_� ©^_n_dlghcª�qZklb�k�h[sbf�qbkehf�Zdlh\�jZkk_y�
gby�ijb�bamq_gguo�l_fi_jZlmjZo�^ey�djbklZeeh\�k�jZaebqguf�M �iha\hey�
_l�hp_gblv�\deZ^�l_fi_jZlmjgh]h�nhghg�–�nhghggh]h�jZkk_ygby��k\yaZggh�
]h�k�baf_g_gb_f�nhghggh]h�ki_dljZ��Ijb�L� ����D�wlhl�\deZ^�khklZ\ey_l�a�
����hl�ijbjhklZ�Zdlh\�jZkk_ygby�\�bll_j[bc�–�]Zeeb_\hf�]jZgZl_�hlghkb�
l_evgh�blljbc�–�]Zeeb_\h]h��lh�_klv�~ 12%. 
LZdbf� h[jZahf��gZ�ijbf_j_�ijhkluo� ]Zeeb_\uo� ]jZgZlh\�ihdZaZgh��qlh� \�
bahfhjnguo� jy^Zo� ijhkluo� djbklZeeh\�� g_� kh^_j`Zsbo� l\_j^uo� jZkl\h�
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jh\�� mf_gvr_gb_�a�b�λ��b�� khhl\_lkl\_ggh�� \hajZklZgb_� l_iehkhijhlb\e_�
gby�k�m\_ebq_gb_f�kj_^g_]h�Zlhfgh]h�\_kZ� M ��h[_ki_qb\Z_lky��ijZdlbq_�
kdb�\�jZ\ghc�kl_i_gb�lj_fy�f_oZgbafZfb��mf_gvr_gb_f�wnn_dlb\ghc�kdh�
jhklb�jZkijhkljZg_gby�nhghgh\��jZkk_ygb_f�nhghgh\�gZ�^_n_dlZo�kljmd�
lmju� �djmiguo� f_lZeebq_kdbo� dZlbhgZo�� b� ijbjhkl� nhghg� –� nhghggh]h�
l_fi_jZlmjgh]h�jZkk_ygby��k\yaZggh]h�k�m\_ebq_gb_f�nexdlmZpbc�fZkku��
Z�ke_^h\Zl_evgh�Zg]ZjfhgbafZ�dhe_[Zgbc�Zlhfh\�\�djbklZee_� 
JZ[hlZ�\uiheg_gZ�ijb�ih^^_j`d_�JNNB��ijh_dl�����-05-64496 
 
EBL?J:LMJ: 

��I_ljmgbg� =�B��� Ihih\� <�=��� Bevbg� B�:��� EZ^u]bg� <�F�� <ebygb_�
dZlbhggh]h� khklZ\Z� gZ� l_iehnbabq_kdb_� k\hckl\Z� dZj[hgZlh\�� <_klgbd�
F=M��k_jby����NbabdZ��Zkljhghfby������������k����– 37. 

2. Hkbdh�<�<��I_ljmgbg�=�B���Ihih\�<�=���Lbfhr_qdbg�F�B��<ebygb_�
obfbq_kdh]h� khklZ\Z� gZ� l_iehnbabq_kdb_� oZjZdl_jbklbdb� ]Zeeb_\uo� ]jZ�
gZlh\��>:G�KKKJ��l������������������k����-96. 

���I_ljmgbg�=�B���Ihih\�<�=���Lbfhr_qdbg�F�B��<ebygb_�ijbf_k_c�b�
ijhf_`mlhqgh]h�khklZ\Z�gZ�j_r_lhqgmx�l_iehijh\h^ghklv�bkdmkkl\_gguo�
]jZgZlh\��NLL��l������\ui������������k�����-143. 

���I_ljmgbg�=�B���Ihih\�<�=���Lbfhr_qdbg�F�B��L_fi_jZlmjgu_�aZ\b�
kbfhklb�l_ieh_fdhklb��l_fi_jZlmjhijh\h^ghklb�b�l_iehijh\h^ghklb�]Ze�
eb_\uo�]jZgZlh\�����-���D���L<L��l������������������k������-1102 

5.�I_ljmgbg�=�B��Ihih\�<�=���Bevbg�B�:�L_hj_lbq_kdh_�h[hkgh\Zgb_�
ih\_^_gby�j_r_lhqghc�l_iehijh\h^ghklb�bahfhjnghc�k_jbb�fbg_jZeh\�gZ�
ijbf_j_� ]Zeeb_\uo� ]jZgZlh\��GZmqgZy� dhgn_j_gpby��Ehfhghkh\kdb_� ql_�
gby��K_dpby�nbabdb��:ij_ev�������K[��jZkrbj_gguo�l_abkh\�^hdeZ^h\��F��

F=M��k������– 141. 
6.�I_ljmgbg�=�B���Ihih\�<�=��<ebygb_�obfbq_kdh]h�khklZ\Z�b�kl_i_gb 

ihabpbhgghc� mihjy^hq_gghklb� gZ� l_iehi_j_ghkgu_� oZjZdl_jbklbdb�
ihe_\uo�riZlh\��F_`^mgZjh^gZy� dhgn_j_gpby� ©Gh\u_� b^_b� \� gZmdZo� h�
A_fe_ª�� FZl_jbZeu� Dhgn_j_gpbb� ABSTRACTS. Vol. 3, Section XX. 
Fhkd\Z�������k����� 

7.�I_ljmgbg�=�B���Ihih\�<�=�Hkh[_gghklb�nhghggh]h�l_iehi_j_ghkZ�\�
fbg_jZeZo� ]jmiiu� ihe_\uo� riZlh\�� GZmqgZy� dhgn�� ©Ehfhghkh\kdb_�
ql_gbyª��K_dpby�nbabdb��:ij_ev�������K[��jZkrbj_gguo�l_abkh\��Fhkd\Z��
Nbabq_kdbc�nZdmevl_l��k�����- 102 

8. Di-iti Horai. Thermal conductivity of rock-forming minerals. J. Geophys. 
Res., 76, No 10, 1971, p.1278-1308. 
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<U>?E?GB?�H;E:KL?C�G:B;HE??�KBEVGUO�:NL?JRHDH<�IH�
KE?�KBEVGUO�A?FE?LJYK?GBC�K><B=H<H=H�LBI:� 

 
>hp_gl�<hjhgbgZ�?�<� 

 
Dh]^Z�ijhbkoh^bl� kbevgh_� a_fe_ljyk_gb_��h^gbf�ba�gZb[he__� Zdlm�

Zevguo�\hijhkh\�y\ey_lky� �\hijhk��[m^ml�eb�ih\lhjgu_�lheqdb� �Znl_jrh�
db��b�]^_�h`b^Zxlky�gZb[he__�kbevgu_�ba�gbo"� �>he]h_�\j_fy�kqblZehkv��
qlh� wibp_glju�Znl_jrhdh\�hdhglmjb\Zxl�h[eZklb�hqZ]Z� a_fe_ljyk_gby�b�
ih�gbf�hij_^_eyebkv�jZaf_ju�hqZ]Z��<h�fgh]bo�kemqZyo��wlb�hij_^_e_gby�
^Z\Zeb�aZ\ur_ggu_�hp_gdb� 
 �GZ[ex^_gby� \� wibp_gljZevguo� ahgZo� a_fe_ljyk_gbc� ihdZaZeh�� qlh�
jZajmr_gb_� k\yaZgh� g_� kh� \k_c� ijhly`_gghklvx� jZaehfZ�� Z� lhevdh� k� _]h�
dhgpZfb�� ]^_� bf__l� f_klh� \ukhdZy� dhgp_gljZpby� gZijy`_gbc�� Ijbq_f��
jZa\blb_�jZajmr_gby�kj_^u�\�nhjf_�Znl_jrhdh\��ijhbkoh^bl�\�klhjhg_�hl�
iehkdhklb�hkgh\gh]h�jZaju\Z��?keb�k[jhk�gZijy`_gbc�gZ�jZaehf_���g_�f_�
gy_lky�kh�\j_f_g_f��lh�ihke_�j_ZebaZpbb�]eZ\gh]h�jZaju\Z��fh^_ebjm_fh]h�
\� \b^_� k^\b]h\hc� lj_sbgu�� \hafh`gh� ihke_^mxs__� kdhev`_gb_� eb[h� \�
Zk_ckfbq_kdhf�j_`bf_���eb[h�-�\�j_`bf_�Znl_jrhdh\� 
 GZklhysZy� jZ[hlZ� ihk\ys_gZ� bamq_gbx� k\yab� ehdZebaZpbb� jZggbo���
gZb[he__� kbevguo� � Znl_jrhdh\� k� i_j_jZkij_^_e_gb_f� gZijy`_gbc� \� h[�
eZklb�hqZ]Z�\�ijhp_kk_�\kiZju\Zgby��\�aZ\bkbfhklv�hl�iZjZf_ljh\�kZfh]h�
\kiZju\Zgby��JZkij_^_e_gb_�gZijy`_gbc�\�hqZ]h\hc�h[eZklb�hij_^_ey_lky�
nmgdpb_c�gZijZ\e_gghklb�baemq_gby�b�aZ\bkbl�hl�kdhjhklb�\kiZju\Zgby� 

GZ� hkgh\_� ZgZebaZ� wibp_gljZevguo� h[eZkl_c� \� ahgZo� � g_kdhevdbo�
kbevg_crbo�a_fe_ljyk_gbc������]h^Z���\�lhf�qbke_��ZelZckdh]h����k_gly[�
jy�k�fZ]gblm^hc������bjZgkdh]h����^_dZ[jy�k�fZ]gblm^hc������kbevg_cr_]h�
a_fe_ljyk_gby��\�jZchg_�hkljh\Z�OhddZc^h�k�fZ]gblm^hc�����b�^jm]bo��ih�
dZaZgh��qlh�jZggb_�Znl_jrhdb�[ebaih\_joghklguo�a_fe_ljyk_gbc�ehdZeb�
amxlky�� ]eZ\guf� h[jZahf�� \� h[eZklyo� jZkly`_gby�� � K� nbabq_kdhc� lhqdb�
aj_gby�� wlhl�j_amevlZl�ij_^klZ\ey_lky�hq_\b^guf��lZd�dZd�khijhlb\e_gb_�
kj_^u�jZajmr_gbx�\�mkeh\byo�jZkly`_gby� �f_gvr_��q_f� �\�mkeh\byo�k`Z�
lby��H[eZklb�jZkly`_gby�hij_^_eyxlky� �ih�nmgdpbyf�gZijZ\e_gghklb�ba�
emq_gby�h[t_fguo�\heg��jZkkqblZgguf�^ey�aZ^Zgguo�m]eh\uo�iZjZf_ljh\��
f_oZgbafZ� hqZ]Z� hkgh\gh]h� kh[ulby�� M]eh\ufb� iZjZf_ljZfb� y\eyxlky�
ZabfmlZevguc� m]he� gZijZ\e_gby� ijhklbjZgby� iehkdhklb� ih^\b`db�� m]he�
iZ^_gby�iehkdhklb�ih^\b`db�b�hjb_glZpby�ih^\b`db�\�iehkdhklb�\kiZju�
\Zgby� 

�G_kbff_ljbqghklv� �ehdZebaZpbb�Znl_jrhdh\�\�ahgZo�kbevguo�a_f�
e_ljyk_gbc�k\yaZgZ�k�gZijZ\e_gb_f�\kiZju\Zgby�\�hqZ]_��;hevrbgkl\h�kh�
[ulbc�ijhbkoh^bl�\�gZijZ\e_gbb��ijhlb\hiheh`ghf�gZijZ\e_gbx�jZkijh�
kljZg_gby�njhglZ�jZajmr_gby��GZ[ex^Z_lky� aZ\bkbfhklv�qbkeZ�Znl_jrh�
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dh\�hl�kdhjhklb�jZkijhkljZg_gby�njhglZ�jZajmr_gby��Z�bf_ggh��q_f�\ur_�
kdhjhklv� \kiZju\Zgby�� l_f� [hevr__� qbkeh� Znl_jrhdh\� j_]bkljbjm_lky� \�
h[eZklb��[ebadhc�d�hqZ]m�� 

<k_�jZkkfhlj_ggu_�a_fe_ljyk_gby�ijhbkoh^beb�\[ebab�ih\_joghklb�
A_feb� b� bf_xl� g_ihkj_^kl\_ggmx� k\yav� k� hjb_glZpb_c� l_dlhgbq_kdbo�
kljmdlmj��Ij_^iheZ]Z_lky��qlh�a_fe_ljyk_gby�gZ�:elZ_�b�\�BjZg_�y\eyxlky�
ke_^kl\b_f�ih^\b]Z�Lbohhd_Zgkdhc�ieblu�ih^�?\jZabx�� k\yaZggh]h� k� Zd�
lb\baZpb_c�hqZ]h\hc�ahgu�gZb[he__�kbevgh]h�a_fe_ljyk_gby�]h^Z��\�jZchg_�
OhddZc^h� 

 
 

 
H;�HP?GD?�<DE:>:�J:AEBQGUO�IJHP?KKH<�<�G:;EX>:?FMX�

BAF?GQB<HKLV�IJBA?FGH=H�HAHG:�G:>�?<JHIHC 
 

GZmq��khlj��LZjZkh\Z�H�:���^hp_gl�Dmag_ph\�=�B���^hp_gl�AZoZjh\�B�K�  
 

Ihke_^g__� ^_kylbe_lb_� jZa\blb_� Zlfhkn_jghc� gZmdb� g_jZaju\gh�
k\yaZgh�k�ijh[e_fZfb��dZkZxsbfbky�baf_g_gbc�]Zah\h]h�khklZ\Z�ijba_f�
gh]h�kehy�\ha^moZ��GZb[hevrbc�bgl_j_k�ij_^klZ\eyxl�baf_g_gby�dhgp_g�
ljZpbc� aZ]jyagbl_e_c�� jhkl� dhlhjuo� k\yaZg� k� Zgljhih]_gghc� ^_yl_evgh�
klvx� 

Kj_^b� gZb[he__� hiZkguo� ^ey� q_eh\_dZ� ]Zah\� g_evay� g_^hhp_gb\Zlv�
jhev�ijba_fgh]h�hahgZ��jhkl�dhgp_gljZpbb�dhlhjh]h�fh`_l�g_]Zlb\gh�hl�
jZablvky�gZ�khklhygbb�a^hjh\vy�q_eh\_dZ��G_kfhljy�gZ�mf_gvr_gb_�ibdh�
\uo�dhgp_gljZpbc�\�ihke_^g__�^_kylbe_lb_� >����@��^h�kbo�ihj�g_�^h�dhgpZ�
\uykg_gZ�jhev�hl^_evguo��\�qZklghklb�^bgZfbq_kdbo�ijhp_kkh\��\�gZ[ex�
^Z_fmx�baf_gqb\hklv�ijba_fgh]h�hahgZ�� 

JZaebqgufb�bkke_^h\Zl_eyfb�[ueh�\uiheg_gh�fgh`_kl\h�jZ[hl��p_�
evx�dhlhjuo�[ueh�ijhZgZebabjh\Zlv�\deZ^�hl_evguo�ijhp_kkh\�\�baf_g�
qb\hklv�ijba_fgh]h�hahgZ�jZaebqgh]h�fZkrlZ[Z��gZqbgZy�k�ZgZebaZ�\ukh�
dbo�iheh`bl_evguo�ZghfZebc�>����@�b�aZdZgqb\Zy�\ebygb_f�ehdZevguo�f_�
l_hjheh]bq_kdbo� mkeh\bc� \� \ukhdh]hjguo� >�@� b� m^Ze_gguo� >�@� j_]bhgZo��
H^gZdh�� kbkl_fZlbaZpbb� \ebygby� hl^_evguo� ijhp_kkh\� \�?\jhi_�� ]^_� oh�
jhrh�jZa\blZ�haghf_ljbq_kdZy�k_lv��^h�kbo�ihj�g_�ijh\h^behkv� 

<�^Zgghc�jZ[hl_�k^_eZgZ�ihiuldZ�hp_gblv�dhebq_kl\_ggh�\deZ^�jZa�
ebqguo�f_oZgbafh\� \� gZ[ex^Z_fmx� baf_gqb\hklv�ijba_fgh]h� hahgZ�gZ^�
?\jhihc� 

<�jZ[hl_�bkihevah\Zgu�j_amevlZlu�gZ[ex^_gbc�ijba_fgh]h�hahgZ�gZ�
k_lb�klZgpbc�EMEP�\�i_jbh^�����-�����]]���http://www.nilu.no���Ijh]jZffZ�
EMEP��?\jhi_ckdZy�kh\f_klgZy�ijh]jZffZ�fhgblhjbg]Z�b�hp_gdb�i_j_gh�
kZ� \ha^mrguo� aZ]jyag_gbc� gZ� [hevrb_� jZkklhygby�� Z^j_k� \� Bgl_jg_l��
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http://www.emep.int��\uihegy_lky�ih^�w]b^hc�?\jhi_ckdhc�wdhghfbq_kdhc�
dhfbkkbb�HHG�b�bf__l�p_evx�ihemq_gb_�]_hnbabq_kdhc�b�wdheh]bq_kdhc�
bgnhjfZpbb��g_h[oh^bfhc�^ey� jZajZ[hldb�b� dhgljhey�^hklb]gmluo�f_`�
^mgZjh^guo� kh]eZr_gbc�ih� \hijhkZf� hojZgu� hdjm`Zxs_c� kj_^u��Kj_^b�
\k_o�klZgpbc�k_lb�\u[bjZebkv�l_��jy^�baf_j_gbc�gZ�dhlhjuo�khklZ\eye���b�
[he__�e_l��LZdh_�h]jZgbq_gb_�k\yaZgh�k�hkh[_gghklyfb�ijbf_gy_fh]h�^ey�
ZgZebaZ�f_lh^Z�ki_dljZevghc�nbevljZpbb� 

Kj_^b� gZb[he__� \Z`guo� i_jbh^h\�� hij_^_eyxsbo� \gmljb]h^h\mx�
baf_gqb\hklv� ijba_fgh]h� hahgZ�� fh]ml� [ulv� \u^_e_gu� ke_^mxsb_�� �-8 
^g_c���-���^g_c����-���^g_c�b��1-���^g_c��G_dhlhju_�ba�mdZaZgguo�i_jbh�
^h\�[ueb�\uy\e_gu�\�jy^Zo�gZ[ex^_gbc�ijba_fgh]h�hahgZ�gZ�jy^_�?\jh�
i_ckdbo�klZgpbc�\�jZfdZo�ijh_dlZ�TOR-2 [7]. 

Hkgh\gufb�mijZ\eyxsbfb�ijhp_kkZfb�\�\u[jZgguo� ]jmiiZo�y\ey�
xlky�� 

1) 90-��� ^_gv�–� hij_^_eyxlky� ^he]hi_jbh^gufb� baf_g_gbyfb� dhg�
p_gljZpbb� �ijba_fgh]h�hahgZ��k\yaZggu_�k�k_ahgghc�baf_gqb\hklvx�hk\_�
s_gghklb��^Ze__�–�f_ah-fZkrlZ[�� 

2) 19-��� ^g_c� ij_^klZ\eyxl� Zlfhkn_jgu_� ijhp_kku�� k\yaZggu_� k�
^bgZfbdhc�ieZg_lZjguo�\heg��^Ze__�–�\hegh\u_�ijhp_kku�� 

3) 8-��� ^g_c� -� ij_^klZ\eyxsb_� \ZjbZpbb� dhgp_gljZpbb�� h[mkeh\�
e_ggu_� djmighfZkrlZ[gufb� kbghilbq_kdbfb� ijhp_kkZfb� �[Zjbq_kdb_�
kbkl_fu�\�ljhihkn_j_��kljZlhkn_jgu_�\lhj`_gby�b�^j���–�^Ze__�–�djmigh�
fZkrlZ[gZy�kbghilbdZ� 

4) 1-�� ^g_c�� oZjZdl_jbamxsb_� dhjhldhi_jbh^gu_�� ehdZevgu_� ijh�
p_kku�� dhlhju_� h[mkeZ\eb\Zxlky� oZjZdl_jhf� ]_hnbabq_kdbo� mkeh\bc� gZ�
[ex^_gby�b�kbghilbq_kdbfb�mkeh\byfb��^Ze__�–�ehdZevgZy�kbghilbdZ�� 
 :gZeba�^Zgguo�ijh\h^beky�\�g_kdhevdh�wlZih\�� 
 >ey�\k_o�klZgpbc��^ebl_evghklv�baf_j_gbc�dhgp_gljZpbb�ijba_fgh�
]h�hahgZ�gZ�dhlhjuo�ij_\urZ_l���e_l��jZkkqblu\Zeky�fh^_evguc�kj_^gbc�
]h^��^ey�lh]h��qlh[u�ihemq_ggu_�ki_dljZevgu_�hp_gdb�[ueb�g_kf_s_ggu�
fb��Ih�kj_^g_fm�]h^m�^ey����klZgpbc�[ueb�jZkkqblZgu�ki_dlju�\ZjbZpbc�k�
ihfhsvx�dhjj_eh]jZffgh]h�f_lh^Z��;IN��� 
 Ihemq_ggu_�ki_dlju�[ueb�k\_jgmlu�k�khhl\_lkl\mxsbfb�hdgZfb�b�
ih^\_j]gmlu�h[jZlghfm�Nmjv_�ij_h[jZah\Zgbx��Ihemq_ggu_�fh^_evgu_�
jy^u�[ueb�ih^\_j]gmlu�^Zevg_cr_fm�ZgZebam�k�hp_gdhc�^bki_jkbb�\�kh�
hl\_lkl\mxs_f�^bZiZahg_�i_jbh^h\�� 
 DZd�f_jZ�baf_gqb\hklb�dhgp_gljZpbb�[ueZ�\u[jZgZ�\_ebqbgZ� lj_o�
klZg^Zjlguo�hldehg_gbc��dhlhjZy�Z^_d\Zlgh�hibku\Z_l�kj_^gxx�baf_gqb�
\hklv�aZ����e_l��Ihemq_ggu_�ijhkljZgkl\_ggu_�dZjlbgu�h[s_c�baf_gqb\h�
klb�b�baf_gqb\hklb��hij_^_ey_fhc�\u[jZggufb�ijhp_kkZfb��ij_^klZ\e_gu�
gZ�jbkmgdZo� 
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 IjhkljZgkl\_ggh_�jZkij_^_e_gb_�iheghc�baf_gqb\hklb�ij_^klZ\e_�
gh�gZ�jbk�����DZd�\b^gh�ba�jbkmgdZ��Zfieblm^Z�iheghc�baf_gqb\hklb�bf__l�
\ujZ`_gguc�rbjhlguc� ]jZ^b_gl�k�k_\_jZ�gZ�x]�b�\� ]em[v�dhglbg_glZ��<�
:evibckdhf� j_]bhg_� wlZ� baf_gqb\hklv� ijb[ebabl_evgh� gZ� ���� f_gvr_�
gZ[ex^Z_fhc�gZ�lhc�`_�rbjhl_�\�dhglbg_glZevguo�jZchgZo��WlZ�hkh[_g�
ghklv�\ujZ`_gZ��ohly�b�\�f_gvr_c�f_j_��\�^jm]bo�^bZiZahgZo�i_jbh^h\� 
 Kj_^b�bkke_^h\Zgguo�^bZiZahgh\�i_jbh^h\�fZdkbfZevgZy�baf_gqb�
\hklv� �^h� �� �]�f3

�� k\yaZgZ� k� djmighfZkrlZ[gufb� kbghilbq_kdbfb� ijh�
p_kkZfb��\�lh�\j_fy�dZd�fbgbfZevguf�y\ey_lky�baf_gqb\hklv��hij_^_ey_�
fZy�\hegh\ufb�ijhp_kkZfb� 
 Rbjhlguc� ]jZ^b_gl� \�f_ah-fZkrlZ[ghc�baf_gqb\hklb�f_g__� \ujZ�
`_g��ih�kjZ\g_gbx�k�h[s_c�gZ[ex^Z_fhc�baf_gqb\hklvx��jbk�����DZd�\b^�
gh�ba�jbkmgdZ��gZb[hevrb_�\ZjbZpbb�wlh]h�fZkrlZ[Z�gZ[ex^Zxlky�\�gZb�
[he__�aZ]jyag_gguo�j_]bhgZo�?\jhiu��©]hjyqZy�lhqdZª�gZ^�=_jfZgb_c���<�
kj_^g_f�� baf_gqb\hklv� f_ah-fZkrlZ[Z� g_� ij_\urZ_l� ��� �]�f3

�� Ke_^m_l�
ihfgblv��qlh�\u[jZgguc�^bZiZahg�y\ey_lky�ebrv�hl]hehkdhf�[he__�fhs�
guo�\ZjbZpbc� �k_ahgguo���Zfieblm^Z�dhlhjuo�fh`_l�^hklb]Zlv�\�\u[jZg�
guo�f_jZo�����]�f3. 
 Ih�kjZ\g_gbx�k�f_ah-fZkrlZ[gufb�\ZjbZpby��\deZ^�\hegh\uo�ijh�
p_kkh\��jbk������g_�bf__l�\ujZ`_ggh]h�rbjhlgh]h�]jZ^b_glZ��^Z�b�kZfZ�ba�
f_gqb\hklv�kms_kl\_ggh�f_gvr_��hl�����^h����]�f3

���Fh`gh�hlf_lblv��qlh�
ijhkljZgkl\_ggZy�kljmdlmjZ�\deZ^Z�\hegh\hc�baf_gqb\hklb�g_�kh\k_f�kh�
]eZkm_lky�k�h[sbfb�ij_^klZ\e_gbyfb�h�^bgZfbd_�Zlfhkn_jguo�ijhp_kkh\�
\�ahg_�jZaju\Z�ljhihiZma�b�[m^_l�^Ze__�bkke_^h\ZgZ�[he__�ih^jh[gh��<�h[�
eZklb�\hegh\hc�baf_gqb\hklb�fZdkbfmf�lZd`_�ihiZ^Z_l�gZ�kZfu_�aZ]jya�
g_ggu_�jZchgu�?\jhiu� 
 IjbgpbibZevgh� ih-^jm]hfm� \u]ey^bl� ijhkljZgkl\_ggZy� dZjlbgZ�
\deZ^h\�djmighfZkrlZ[guo�kbghilbq_kdbo�ijhp_kkh\� �jbk�����Ih�kjZ\g_�
gbx�k�hklZevgufb�bkke_^h\Zggufb�ijhp_kkZfb��__�\ebygb_�y\ey_lky�fZd�
kbfZevguf��^h�����]�f3

���<Z`gh�hlf_lblv��qlh�djhf_�\ujZ`_ggh]h�rbjhl�
gh]h�]jZ^b_glZ�fZdkbfZevgh_�\ebygb_�wlhc�]jmiiu�ijhp_kkh\�gZ[ex^Z_lky�
\�ijbfhjkdbo�jZchgZo��\^hev�ijheb\Z�EZ-FZgr�b�ih[_j_`vy�Q_jgh]h�fh�
jy���:gZeh]bqgu_�\ZjbZpbb��gh�f_gvr_c�Zfieblm^u��gZ[ex^Zxlky�\�]jmi�
i_� ehdZevguo� kbghilbq_kdbo� ijhp_kkh\� �jbk����� Djhf_� lh]h�� hq_\b^gh�
f_gvr__�\ebygb_�ehdZevguo�ijhp_kkh\�b�\�:evibckdhf�j_]bhg_� 
 Ijh\_^_gguc� ZgZeba� iha\hey_l� aZdexqblv�� qlh� \deZ^� jZaebqguo�
ijhp_kkh\�\�gZ[ex^Z_fmx�baf_gqb\hklv�ijba_fgh]h�hahgZ�^h\hevgh�g_h^�
ghjh^_g��<ebygb_� kbghilbq_kdbo� ijhp_kkh\�fZdkbfZevgh� kdZau\Z_lky�gZ�
ijbfhjkdbo� klZgpbyo�� <deZ^� [hevrbgkl\Z� \u[jZgguo� ijhp_kkh\� � bf__l�
rbjhlguc�]jZ^b_gl��<�:evibckdhf�j_]bhg_�\ZjbZpbb�\h�\k_o�^bZiZahgZo�
gZ���-����f_gvr_�gZ[ex^Z_fuo�gZ�jZ\gbgguo�l_jjblhjbyo� 
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Jbk����IhegZy�gZ[ex^Z_fZy�baf_gqb\hklv�ijba_fgh]h�hahgZ�gZ^�?\jhihc� 

 
Jbk����F_ah-fZkrlZ[gZy�baf_gqb\hklv�ijba_fgh]h�hahgZ�gZ^�?\jhihc 

 
Jbk����<hegh\Zy�baf_gqb\hklv�ijba_fgh]h�hahgZ�gZ^�?\jhihc 
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Jbk����<deZ^�djmighfZkrlZ[guo�kbghilbq_kdbo�ijhp_kkh\�\�baf_gqb\hklv 
�ijba_fgh]h�hahgZ�gZ^�?\jhihc 

 
Jbk����<deZ^�ehdZevguo�ijhp_kkh\�\�baf_gqb\hklv�ijba_fgh]h�hahgZ�gZ^�?\jhihc 

 
 JZ[hlZ� \uiheg_gZ� ijb� ih^^_j`d_� ]jZglh\� JNNB����-05-������ b�
INTAS 01-0016.  
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H�;:ABK?�HJLH=HG:EVGUO�NMGDPBC�<�:LFHKN?J?�A?FEB� 
Kl��gZmqx�khlj.�Xrdh\�<�I� 

 
>ey� hibkZgby� kemqZcguo� f_l_hjheh]bq_kdbo� ihe_c� \� Zlfhkn_j_�

ij_^eZ]Z_lky� kbkl_fZ� hjlh]hgZevguo� kh[kl\_gguo�nmgdpbc� �HKN��� ih�

kljh_gguo� dZd� j_r_gb_� aZ^Zqb�RlmjfZ-Ebm\bey� k� ]jZ\blZpbhgguf� ih�

l_gpbZehf��:gZebabjm_lky�k_f_ckl\h�j_r_gbc�mjZ\g_gby�Rj_^bg]_jZ�\g_�

kn_ju�� 0Rr ≥ ��\�aZ\bkbfhklb�hl�^\mo�iZjZf_ljh\� γ �b� λ ��i_j\uc�ba�dhlh�

juo�k\yau\Z_l�\gmlj_ggxx�wg_j]bx�k�hi_jZlhjhf�EZieZkZ��Z�\lhjhc�\u�

jZ`Z_l�]jZgbqgh_�mkeh\b_�gZ�ih\_joghklb� 
 

Bkihevah\Zgb_�hjlh]hgZevguo�kh[kl\_gguo�nmgdpbc� �HKN��\�dZq_�
kl\_� [ZabkZ� jZaeh`_gby� kemqZcguo� ihe_c� \� ]_hnbabd_� y\ey_lky� rbjhdh�
mihlj_[bl_evguf�b�kibkhd�lZdbo�bkke_^h\Zgbc�gZkqblu\Z_l�m`_�g_�h^gm�
khlgx�jZ[hl� �kf��gZijbf_j�[b[ebh]jZnbx�\�>�����@���LZd�gZijbf_j��\�]eh�
[Zevguo� ki_dljZevguo� fh^_eyo� [Zabkgufb� y\eyxlky� kn_jbq_kdb_� nmgd�
pbb��dhlhju_�\oh^yl�\�qZklgu_�j_r_gby�mjZ\g_gbc�EZieZkZ�b�=_evf]hevpZ�
\� kn_jbq_kdbo� dhhj^bgZlZo�� qlh� iha\hey_l� bkihevah\Zlv� bo� \� qbke_gguo�
ko_fZo�ijh]ghaZ�ih]h^u�b�debfZlZ��Ihke_�jZ[hl�:�F��H[moh\Z�h�kemqZc�
guo�iheyo��\�lhf�qbke_�kemqZcguo�iheyo�gZ�kn_j_��kf��\�>�@���[hevrh_�jZk�
ijhkljZg_gb_� ihemqbeb� wfibjbq_kdb_� hjlh]hgZevgu_� kh[kl\_ggu_�nmgd�
pbb��WHKN��� 
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=hjZa^h� f_gvr_� ih^h[guo� jZ[hl� fh`gh� \b^_lv� h[� hjlh]hgZevguo�
kh[kl\_gguo�nmgdpbyo�ih�\_jlbdZevghc�dhhj^bgZl_��ohly�bo�ijbf_g_gb_�\�
kbghilbq_kdbo�b� debfZlbq_kdbo�fh^_eyo�g_h^ghdjZlgh�h[km`^Zehkv��LZ�
dh_�khklhygb_�h[tykgy_lky��ih-\b^bfhfm��hlkmlkl\b_f�h[hkgh\Zggh]h�\u�
[hjZ�lZdhc�kbkl_fu�HN��jZaeh`_gb_�ih�dhlhjhc�hkgh\guo�kbghilbq_kdbo�
oZjZdl_jbklbd��l_fi_jZlmju��^Z\e_gby��kdhjhklb�b�gZijZ\e_gby�\_ljZ�beb�
nmgdpbb� lhdZ� b� \bojy�� ijb\h^beh� [u� d� ^hklZlhqgh� [ukljhc� koh^bfhklb�
dhwnnbpb_glh\�jZaeh`_gby��k�l_f��qlh[u�hlghkbl_evgh�g_[hevrh_�bo�qbk�
eh� hibku\Zeh� hkgh\gu_� aZdhghf_jghklb� jZkij_^_e_gby� � wlbo� oZjZdl_jb�
klbd�b�bo�_kl_kl\_gghc�baf_gqb\hklb� 

=eZ\ghc�keh`ghklvx�ihkljh_gby�HKN�\�Zlfhkn_j_�ih�\_jlbdZeb�y\�
ey_lky� hlkmlkl\b_� q_ldh]h� djbl_jby� \u[hjZ� wlbo� nmgdpbc�� <_^v� \u[hj�
ijhba\hevghc� kbkl_fu� HN�� gZijbf_j� deZkkbq_kdbo� ihebghfh\� EZ]_jjZ�
ijb\_^_l� d� lhfm�� qlh� jZaeh`_gb_� j_Zevguo�f_l_hjheh]bq_kdbo� ihe_c� g_�
[m^_l�koh^blvky�[ukljh��Wlh�aZl_f�ijb\_^_l�lZd`_�b�d�lhfm��qlh�\uqbke_�
gb_�WHKN�ihlj_[m_l�[hevrh]h�qbkeZ�lZdbo�nmgdpbc��Z�lhqghklv�\uqbke_�
gby�dhwnnbpb_glh\�[m^_l�g_\_ebdZ� 

 <�^Zgghc�jZ[hl_�ij_^eZ]Z_lky�lZdZy�kbkl_fZ�HKN��ih�dhlhjhc�fh`gh�
ijh\_klb�jZaeh`_gb_� �ihey�iehlghklb�Zlfhkn_ju��Z�lZdb_�oZjZdl_jbklbdb�
dZd�l_fi_jZlmjZ��\gmlj_ggyy�wg_j]by��b�kdhjhklv�\_ljZ�ijb�jZaeh`_gbb�ih�
wlhc�`_�kbkl_f_�KN�ij_^klZ\eyxlky�kh[kl\_ggufb�agZq_gbyfb��kj_^gbfb�
^ey�dZ`^hc�fh^u�jZaeh`_gby�iehlghklb���LZdhc�ih^oh^�iha\hey_l�bkihev�
ah\Zlv� aZdhgu� khojZg_gby�fZkku�� wg_j]bb��bfimevkZ�b�fhf_glZ�bfimevkZ�
\k_c� Zlfhkn_ju�� lZd� dZd� dZ`^Zy�fh^Z� y\ey_lky� ]eh[Zevghc� �lj_of_jghc��
KN� 

Hkgh\guf�hlebqb_f�ij_^eZ]Z_fh]h�ih^oh^Z��hibkZggh]h�\�>�@��y\ey�
_lky�\u[hj�lZdh]h�f_l_hjheh]bq_kdh]h�ihey��dhlhjh_��\h-i_j\uo��oZjZdl_�
jbam_lky�fZehc�baf_gqb\hklvx��Z�\h-\lhjuo��\oh^bl�\h�\k_�aZdhgu�khojZ�
g_gby��Ihgylgh��qlh�^jm]b_�f_l_hjheh]bq_kdb_�ihey��gZijbf_j�ihe_�\bojy�
beb� �ihe_�ZghfZebc�l_fi_jZlmju��g_�h[yaZl_evgh�[m^ml�[ukljh�koh^blvky�
ijb� jZaeh`_gbb� ih� ij_^eZ]Z_fhc� kbkl_f_�KN�� lZd� dZd� bo� ki_dlj�fh`_l�
bf_lv�oZjZdl_j�©rbjhdhihehkgh]h�rmfZª��H^gZdh�_keb�lZdh_�ihe_�\oh^bl�
\� aZdhgu� khojZg_gby�� lh� jZkij_^_e_gb_� iehlghklb� y\ey_lky� \_khf� wlh]h�
ihey�b�bo�kh\f_klgh_�jZaeh`_gb_��gZijbf_j�jZaeh`_gb_�ihey�� aT ρ �[m^_l�

koh^blvky�^hklZlhqgh�[ukljh� 
<� i_j\hf� ijb[eb`_gbb� jZkkfZljb\Z_lky� b^_ZebaZpby� ih\_joghklb�

A_feb�\�nhjf_�kn_ju�ihklhyggh]h�jZ^bmkZ� 0R ��Z� ]jZ\blZpbhgguc�ihl_g�
pbZe�jZkkfZljb\Z_lky�\�nhjf_� r1 ��<�wlhf�ijb[eb`_gbb�g_�jZkkfZljb\Z_l�
ky�\ebygb_�kbeu�DhjbhebkZ�gZ�jZkij_^_e_gb_�iehlghklb�\ha^moZ��Z�\eby�
gb_�p_gljh[_`gh]h�mkdhj_gby��dZd�h[uqgh��mqblu\Z_lky�q_j_a�]_hihl_gpb�
Ze��aZ\bkysbc�lhevdh�hl�\ukhlu��LZdZy�b^_ZebaZpby�g_�ij_^klZ\ey_lky�\k_�



Ih^k_dpby����=_hnbabdZ� 

 

143 

`_�qj_af_jghc��ihkdhevdm�knhjfbjh\Zggu_�\�lZdhc�ihklZgh\d_�KN�fh]ml�
kem`blv�ZgZeblbq_kdhc�hkgh\hc�^ey�gZoh`^_gby�[he__�lhqguo�ijb[eb`_�
gbc�f_lh^Zfb�l_hjbb�\hafms_gbc�beb�WHKN��gZijbf_j�ih�f_lh^m�=Ze_j�
dbgZ� 

IhklZgh\dZ�aZ^Zqb��GZf�g_h[oh^bfh�gZclb�kbkl_fm�KN��hjlh]hgZev�
guo�\g_�kn_ju�� 0Rr ≥ ��^_ckl\bl_evguo��m[u\Zxsbo�gZ�©[_kdhg_qghklbª�b�
d\Z^jZlbqgh� bgl_]jbjm_fuo��I_j\Zy� beb� g_kdhevdh� i_j\uo� KN� ^he`gu�
bf_lv�\_jlbdZevguc�fZkrlZ[�bf_xsbc�lhl�`_�ihjy^hd��qlh�b�gZ[ex^Z_�
fh_� jZkij_^_e_gb_� iehlghklb��Ijb� wlhf� ijb\_^_ggZy� \ukhlZ� Zlfhkn_ju�

00 RH <<   
MjZ\g_gb_f�� k\yau\Zxsbf� iehlghklv� jZkij_^_e_gby� h^bgZdh\uo�

keZ[hk\yaZgguo�qZklbp�b�wg_j]bx�wlh]h�jZkij_^_e_gby�q_j_a�gZ[hj�kh[kl�
\_gguo� nmgdpbc�� y\ey_lky� aZ^ZqZ�RlmjfZ-Ebm\bey� k� kZfhkhijy`_gguf�
ebg_cguf�hi_jZlhjhf�wg_j]bb�^ey�p_gljZevgh]h�ihey�-�ohjhrh�ba\_klgh_�
mjZ\g_gb_�Rj_^bg]_jZ� 

ψψψγ
E

r

mGM

m
aa

a

=−∆−
2

2

 

a^_kv� γ  -�ihklhyggZy��k\yau\ZxsZy�jZkij_^_e_gb_�iehlghklb�q_j_a�hi_jZ�
lhj�EZieZkZ�k�\gmlj_gg_c�wg_j]b_c�wlh]h�jZkij_^_e_gby�� am  -�fZkkZ�Zlfh�

kn_ju��Z� aM  -�A_feb���
r

mGM aa−  -�]jZ\blZpbhgguc�ihl_gpbZe, E -�ihegZy�

wg_j]by�jZkij_^_e_gby��GZdhg_p��ψ -�©nhjfZ�jZkij_^_e_gbyª�beb�©\hegh�
\Zy� nmgdpbyª�� JZkij_^_e_gb_� iehlghklb� \_jhylghklb�� \ujZ`Z_fh_� q_j_a�
©\hegh\mx�nmgdpbxª�^he`gh�ijhy\eylvky�\�kj_^g_f�jZkij_^_e_gbb�iehl�
ghklb�\�Zlfhkn_j_��d\Z^jZl�\hegh\hc�nmgdpbb�^Z_l�kj_^g__�ih�klZlbklbq_�
kdhfm�ZgkZf[ex�jZkij_^_e_gb_�iehlghklb�� 

IZjZf_lj� γ �hij_^_ey_l�fZkrlZ[�\k_o�KN�b�ki_dlj�KA��ihwlhfm�_]h�
gm`gh�©ih^h[jZlvª�lZdbf�h[jZahf��qlh[u�gZ[ex^Z_fh_�kj_^g__�jZkij_^_�
e_gb_�iehlghklb�Zlfhkn_ju�ih�\_jlbdZeb�hibku\Zehkv�i_j\hc�KN��lhqg__�
gme_\hc�� oZjZdl_jbamxs_c� g_\hafms_ggh_� khklhygb_�� ?]h� fh`gh� \ujZ�
ablv�q_j_a�kj_^gxx�l_fi_jZlmjm� aT �kdhjhklv�\gmlj_gg_]h�^\b`_gby���fZk�
km�Zlfhkn_ju�- am �b�ijb\_^_ggmx�\ukhlm� 0H . 

Ihkdhevdm� jZkij_^_e_gb_� iehlghklb� k� \ukhlhc� \� bahl_jfbq_kdhc�
beb� [ebadhc� d� g_cljZevgh� kljZlbnbpbjh\Zgghc� Zlfhkn_j_� ^he`gh� [ulv�
wdkihg_gpbZevguf�� qlh[u� wlb�KN� hibku\Zeb� b� jZ\gh\_kgh_� jZkij_^_e_�
gb_� iehlghklb�� ]jZgbqguf� mkeh\b_f� gZ� ih\_joghklb�fh`_l� [ulv� lhevdh�
mkeh\b_���jh^Z� 

λψψ −=
∂
∂

= 0Rrr
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Bkihevah\Zgb_� \lhjh]h�fhf_glZ� ^ey� hij_^_e_gby�iZjZf_ljh\�b� dh�
wnnbpb_glh\�jZaeh`_gby��Ohjhrh�ba\_klgh��qlh�WHKN�fh]ml�[ulv�gZc^_�
gu� dZd�KN� \lhjh]h�fhf_glZ� kemqZcgh]h� ihey� )',( rrB

&&

. Wlhl� \lhjhc�fh�
f_gl�fh`_l�bkihevah\Zlvky�b�^ey�hij_^_e_gby�dhwnnbpb_glh\�jZaeh`_gby�
iehlghklb� ih� aZ^Zgghc� kbkl_f_�KN��Imklv� { }iχ  -� wfibjbq_kdb_�HKN�� Z�

{ }iψ  -�l_hj_lbq_kdb_�HKN��lh]^Z� ∑=
i

iii rrCrrB )'()()',( *2 &&&& χχ ��ihwlhfm��gZ�

oh^y�KN�b�KA�\lhjh]h�fhf_glZ )',( rrB
&&

��fu�ihemqZ_f�dhwnnbpb_glu�jZa�

eh`_gby� kj_^g_c� iehlghklb� Zlfhkn_ju� iC �� lZd� qlh� ∑=
i

iiC χχ �� Z�

),(2 rrBma

&&

ρχρ == . 

Ijb� bkihevah\Zgbb� f_lh^Z� =Ze_jdbgZ�� dhwnnbpb_glu� jZaeh`_gby�
WHKN�ih�aZ^Zgghc�kbkl_f_�l_hj_lbq_kdbo�hjlh]hgZevguo�nmgdpbc��LHN��
y\eyxlky� kh[kl\_ggufb� \_dlhjZfb� fZljbpu�

∫= ')'()',()( 33* rrddrrrBrB lkkl
&&&& ψψ � b� _keb�LHN� kh\iZ^Zxl� k�WHKN�� lh� wlZ�

fZljbpZ�[m^_l�^bZ]hgZevghc� 
?keb�jZkkfhlj_lv� ©\_jlbdZevguc�jZaj_aª�\lhjh]h�fhf_glZ��kj_^g__�

ih�\j_f_gb�b�m]eh\uf�dhhj^bgZlZf� 

∫ ⋅
⋅

= dtddzz
m

R
zzB

a

ϕθθϕθρϕθρ
τ

sin),,'(),,()',(
2
0  

a^_kv�aZ�agZd�bgl_]jZeZ�\u\_^_gh� 2
0R ��lZd�dZd�bgl_]jbjh\Zgb_�j_Zevgh�ijh�

\h^blky�ih�h[eZklb�gZ[ex^_gbc�^h�\ukhl� 0Rz << ��Z�τ  -�bgl_j\Ze�bgl_]jb�
jh\Zgby�ih�\j_f_gb��^ebgZ�Zjob\Z�gZ[ex^_gbc����lh� λ �fh`gh�hij_^_eblv�

ih�oZjZdl_jbklbd_�
)0,0(

),(
ln

2

1

)0(

)(
ln

0

0

B

zzBz ==
ψ
ψϑ ��ihkdhevdm� λϑ −=

∂
∂

=0zz
. 

>ey�ijh\_jdb�ij_^eh`_ggh]h�ih^oh^Z�b�jZaeh`_gby�ihey�iehlghklb�
bkihevah\Zeky� debfZlbq_kdbc� Zjob\� gZpbhgZevgh]h� debfZlbq_kdh]h� p_g�
ljZ��KR:��©GGUASª��;ueb�ihkljh_gu�jZaebqgu_�jZaj_au�\lhjh]h�fhf_g�
lZ�b�hij_^_e_gu�]eZ\gu_�oZjZdl_jbklbdb�Zlfhkn_ju��Ih�^Zgguf�wlh]h�Zj�
ob\Z�– 10599.0 −= dfλ , dfH 354.80 = �b� 25.7632 0 =Rλ . 
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<HAFMS?GBY�:LFHKN?JU�IJBJH>GUFB 
�B�:GLJHIH=?GGUFB�BKLHQGBD:FB 

 
:kibjZgl�:of_^h\�J�J�
��ijhn_kkhj�Dmgbpug�<�?�� 

 
Ba\_klgh��qlh�Zlfhkn_jZ�b�bhghkn_jZ�kbevgh�ih^\_j`_gu�\ebygbx�

jZagh]h� jh^Z� ijbjh^guo� b� Zgljhih]_gguo� bklhqgbdh\��Wlb� bklhqgbdb� – 
ljhihkn_jgu_�pbdehgu��njhglZevgu_�kbkl_fu��kljmcgu_�l_q_gby��kheg_q�
guc�l_jfbgZlhj��f_l_hju��mjZ]Zgu��]jhau��y^_jgu_�bkiulZgby��a_fe_ljy�
k_gby��ba\_j`_gby�\medZgh\��k\_joa\mdh\u_�ihe_lu�jZd_l��iheyjgZy�b�wd�
\ZlhjbZevgZy�lhdh\u_�kbkl_fu��k\yaZggu_�k�fZ]gblgufb�[mjyfb�b�l�^��Hk�
gh\ghc�f_oZgbaf�jZkijhkljZg_gby�\hafms_gby�hl�lZdbo�bklhqgbdh\�\�Zl�
fhkn_jm�y\ey_lky�–�Zdmklbdh-]jZ\blZpbhggu_�\hegu��Ba-aZ�kiZ^Zgby�iehl�
ghklb�Zlfhkn_ju��wlb�\hegu�ih�f_j_�jZkijhkljZg_gby�\\_jo�mkbeb\Zxlky�
b�ijb\h^yl�aZf_lguf�^\b`_gbyf�\�\_jog_c�Zlfhkn_j_��<hafms_gby�bhgh�
kn_ju�fh]ml�[ulv�aZj_]bkljbjh\Zgu�k�ihfhsvx�ba\_klguo�jZ^bhnbabq_�
kdbo�kj_^kl\�� 

<�^Zgghc�jZ[hl_��[ueZ�jZajZ[hlZgZ�qbke_ggZy�fh^_ev�jZkijhkljZg_�
gby� Zdmklbdh-]jZ\blZpbhgguo� \heg� \� ^\mf_jghc� k`bfZ_fhc� Zlfhkn_j_��
mqblu\ZxsZy� kljZlbnbdZpbx� Zlfhkn_ju�� ahgZevguc� \_l_j�� ^bkkbiZlb\�
gu_� wnn_dlu�b�g_ebg_cghklv��GZ�hkgh\_�fh^_eb�[ueb�ijhfh^_ebjh\Zgu�
]_g_jZpby� Zdmklbdh-]jZ\blZpbhgguo� \heg� hl� a_fe_ljyk_gbc�� \aju\h\��
^ebgghi_jbh^guo� dhe_[Zgbc� a_fghc� Zlfhkn_ju�� k\_joa\mdh\h]h� ihe_lZ�
jZd_l�� ;ueb� \uqbke_gu� \j_f_ggu_� b� ijhkljZgkl\_ggu_� jZkij_^_e_gby�
\hafms_gbc�we_dljhgghc�iehlghklb�\�bhghkn_j_��]_g_jbjh\Zggu_�\h�\j_�
fy� jZkijhkljZg_gby� \heg� hl� wlbo� bklhqgbdh\�� JZkkqblZgu� bgl_]jZevgu_�
\ZjbZpbb�we_dljhgghc�dhgp_gljZpbb�\�jZaguo�gZijZ\e_gbyo�^ey�khihklZ\�
e_gby� k� wdki_jbf_glZevgufb� ^Zggufb��J_amevlZlu� ihdZau\Zxl�� qlh� jZa�
jZ[hlZggZy� qbke_ggZy� fh^_ev� ^hklZlhqgh� ohjhrh� ij_^kdZau\Z_l� gZ[ex�
^Z_fu_�\hafms_gby�\�bhghkn_j_�hl�jZkkfZljb\Z_fuo�bklhqgbdh\��Djhf_�
lh]h��ihemq_ggu_� j_amevlZlu�fh]ml� [ulv�bkihevah\Zgu� ^ey� \u^_e_gby�b�
b^_glbnbdZpbb�hldebdZ�\�bhghkn_j_�hl�keZ[uo�^ebgghi_jbh^guo�dhe_[Z�
gbc�a_fghc�ih\_joghklb��gZ[ex^Z_fuo�\�g_dhlhjuo�kemqZyo�i_j_^�a_fe_�
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ljyk_gbyfb�� aZj_]bkljbjh\Zlv� dhlhju_� ljm^gh� ljZ^bpbhggufb� k_ckfbq_�
kdbfb�f_lh^Zfb� Fh`gh�ml\_j`^Zlv��qlh�ij_^eZ]Z_fuc�ih^oh^�d�j_r_gbx�
^Zgghc�ijh[e_fu� y\ey_lky� wnn_dlb\guf�f_lh^hf�jZkq_lZ�jZaebqguo�oZ�
jZdl_jbklbd�Zlfhkn_jguo�b�bhghkn_jguo�\hafms_gbc��k\hckl\�Zdmklbdh-
]jZ\blZpbhgguo�\heg�b�l�^� 

 
 
 
 

 
=EM;BGGH?�J:>BHAHG>BJH<:GB?�F:JKB:GKDBO�IHEYJGUO�
EV>H<�K�DHKFBQ?KDH=H�:II:J:L:�B�DHJJ?DPBY�N:AH<UO�

BKD:@?GBC�KB=G:E:  
 

:kkbkl_gl�Bexrbg�Y�:���ijhn_kkhj�Dmgbpug�<�?�  
 

KehbklZy� kljmdlmjZ�iheyjguo�sblh\�FZjkZ�g_kzl� \� k_[_�\Z`gmx�bgnhj�
fZpbx� h[�bklhjbb�FZjkbZgkdh]h� debfZlZ��Bkke_^h\Zgb_�bo� kljmdlmju� \�
i_jki_dlb\_� kihkh[gh� ^Zlv� mgbdZevgu_� k\_^_gby� ih� ]_heh]bq_kdhc� bklh�
jbb�ieZg_lu�b�_z�\h^ghf�[ZeZgk_��H^gbf�ba�kihkh[h\�bkke_^h\Zgby�kljmd�
lmju�y\ey_lky� ]em[bggh_�jZ^bhahg^bjh\Zgb_�k�ihfhsvx�jZ^ZjZ�gZ�hj[b�
lZevghf�dhkfbq_kdhf� ZiiZjZl_��<�^hdeZ^_�ij_^klZ\e_gu�j_amevlZlu�qbk�
e_ggh]h� fh^_ebjh\Zgby� jZkijhkljZg_gby� k\_jorbjhdhihehkguo� �KRI��
jZ^bhbfimevkh\�k�ebg_cghc�qZklhlghc�fh^meypb_c��EQF��\�lhes_�iheyj�
guo�sblh\�FZjkZ�� 

<�jZ[hl_�ihdZaZgh��qlh�jZkijhkljZg_gb_�jZ^bh\heg�\�lhes_�FZjkbZgkdbo�
iheyjguo�sblh\� hij_^_ey_lky� ^\mfy� ]jmiiZfb�nZdlhjh\��<�i_j\mx� hq_�
j_^v��nbabdh-obfbq_kdbc�khklZ\�ihjh^��keZ]Zxsbo�iheyjgu_�sblu��hij_�
^_ey_l�bo�we_dljbq_kdb_�k\hckl\Z��\�qZklghklb��kdhjhklv�jZkijhkljZg_gby�
jZ^bh\heg�b�bo�aZlmoZgb_�k�]em[bghc��K�^jm]hc�klhjhgu��]_hf_ljbq_kdb_�
iZjZf_lju�kehbklhc�kljmdlmju�kj_^u�hij_^_eyxl�^bki_jkbx�\heg�\�g_c��
We_dljbq_kdb_�k\hckl\Z�b�]_hf_ljbq_kdb_�iZjZf_lju�kehbkluo�hleh`_gbc�
hij_^_eyebkv�gZ�hkgh\_�ba\_klguo�j_amevlZlh\�bkke_^h\Zgbc�� 

J_amevlZlu�qbke_ggh]h�fh^_ebjh\Zgby�ihdZau\Zxl��qlh�gZ�qZklhlZo�\ur_�
�F=p� ^bki_jkby� jZ^bh\heg� \� lhes_�iheyjguo� hleh`_gbc� h[mkeZ\eb\Z_l�
agZqbl_evgu_�bkdZ`_gby�KRI�EQF�kb]gZeh\��\�k\yab�k�q_f�jZ^bhahg^b�
jh\Zgb_�p_e_khh[jZagh�ijh\h^blv�gZ� qZklhlZo��g_�ij_\urZxsbo� ��F=p��
<ebygb_�j_ev_nZ�ih\_joghklb�lZd`_�bkke_^h\Zgh�� 

<� ^hdeZ^_� jZkkfhlj_gZ� lZd`_� ijh[e_fZ� nZah\uo� bkdZ`_gbc� KRI�EQF�

kb]gZeZ� \� j_amevlZl_� ijhoh`^_gby� kb]gZeZ� q_j_a� bhghkn_jm� ieZg_lu��
Ij_^eZ]Zxlky� g_kdhevdh� Zevl_jgZlb\guo� Ze]hjblfh\�� ij_^gZagZq_gguo�
^ey� dhjj_dpbb� mdZaZgguo� bkdZ`_gbc�� IjhZgZebabjh\Zgu� \hafh`ghklb�
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mq_lZ�^hihegbl_evghc�bgnhjfZpbb��\� lhf�qbke_�^Zgguo�h� kheg_qghf� a_�
gblghf�m]e_�b�djblbq_kdhc�qZklhl_�bhghkn_ju��Ij_^eh`_ggu_�Ze]hjblfu�
iha\heyxl� ^h[blvky� dZq_kl\Z� dhfi_gkZpbb� bkdZ`_gbc�� ^hklZlhqgh]h� ^ey�
bkke_^h\Zgby�kljmdlmju�g_^j�ieZg_lu�gZ�]em[bgm�khl_g�f_ljh\�–�_^bgbp�
dbehf_ljh\�� JZajZ[hlZggu_� Ze]hjblfu� dhjj_dpbb� bkdZ`_gbc�fh]ml� ijb�
f_gylvky� lZd`_� ^ey�bkke_^h\Zgby�g_^j�^jm]bo�ieZg_l�b�bo� kimlgbdh\��<�
qZklghklb��h^ghc�ba�i_jki_dlb\guo�aZ^Zq�lZdh]h�jh^Z�y\ey_lky�h[gZjm`_�
gb_�hd_ZgZ�ih^�keh_f�ev^Z�gZ�?\jhi_>�@� 
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2. Chyba, C.F., et al. Radar detectability of a subsurface ocean on Europa. 
Icarus 134, 292-302(1998) 
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HIUL�IJH<?>?GBY 
FHKDH<KDHC�J?=BHG:EVGHC�HEBFIB:>U�RDHEVGBDH<�IH�

NBABD? 
 

>hp_gl�K_f_gh\�F�<��Zkkbkl_gl�KlZjhdmjh\�X�<��� 
Zkkbkl_gl�YdmlZ�:�:� 

 
Ij_^f_lgu_� hebfibZ^u�rdhevgbdh\� ih�nbabd_�� ijh\h^bfu_� \� gZ�

r_c� kljZg_��bf_xl� k\hx�bklhjbx��I_j\Zy�nbabq_kdZy�hebfibZ^Z�khklhy�
eZkv�\� ����� ]��gZ�nbabq_kdhf�nZdmevl_l_�Fhkdh\kdh]h�mgb\_jkbl_lZ��Wlh�
[ueh�kZfh_�gZqZeh�hebfibZ^gh]h�^\b`_gby�\�gZr_c�kljZg_��dhlhjh_�jZa�
\b\Zehkv�b�jZkrbjyehkv��b�\���������mq_[ghf�]h^m�khklhyeZkv�i_j\Zy�<k_�
jhkkbckdZy� �J_kim[ebdZgkdZy�� hebfibZ^Z�xguo�nbabdh\�� ?_� hj]ZgbaZlh�
jZfb�\uklmibeb�F=M�bf��F�<��Ehfhghkh\Z��NB:G�bf��I�G��E_[_^_\Z�b�
^jm]b_�mqj_`^_gby��<hcgZ�ij_j\ZeZ�klZgh\e_gb_�hebfibZ^gh]h�^\b`_gby��
gh�m`_�\_kghc������]��F=M�ijh\_e�kj_^b�fhkdh\kdbo�rdhevgbdh\�fZl_fZ�
lbq_kdmx� b� nbabq_kdmx� hebfibZ^u�� <k_� ihke_\h_ggh_� \j_fy� \iehlv� ^h�
gZqZeZ� ��-o� ]h^h\�f_ofZl��nbanZd� b� obfnZd�F=M� j_]meyjgh� ijh\h^beb�
fhkdh\kdb_� hebfibZ^u� ih� fZl_fZlbd_�� nbabd_� b� obfbb� khhl\_lkl\_ggh��
;eZ]h^Zjy� wlhfm�[ueb� kha^Zgu�hj]ZgbaZpbhggu_�b�f_lh^bq_kdb_�hkgh\u�
hebfibZ^gh]h�^\b`_gby�\�KKKJ��qlh�iha\hebeh�\uy\blv�b�ijb\e_qv�\�gZm�
dm�fgh]h�lZeZgleb\hc�fheh^_`b��khklZ\b\r_c�\ihke_^kl\bb�p\_l�fhkdh\�
kdhc�ijhn_kkmju� 

<�i_jbh^�k������]��^h������]��hebfibZ^u�klZeb�_`_]h^gh�ijhoh^blv�
gZ�l_jjblhjbb�\k_]h�[u\r_]h�KKKJ��<�wlhl�i_jbh^�\�hj]ZgbaZpbb�hebfib�
Z^�klbeb�mqZkl\h\Zlv�g_�lhevdh�\_^msb_�\mau�gZr_c�kljZgu��gh�b�]hkm^Zj�
kl\_ggu_�hj]Zgu�mijZ\e_gby�h[jZah\Zgb_f��;ueZ�lZd`_�h[jZah\ZgZ�_^bgZy�
kbkl_fZ�<k_khxaguo�rdhevguo�ij_^f_lguo�hebfibZ^��dhlhju_�khklhyeb�
m`_� ba� q_luj_o� wlZih\�� rdhevgh]h�� jZchggh]h� �]hjh^kdh]h��� h[eZklgh]h�
�djZ_\h]h��b� aZdexqbl_evgh]h� \k_khxagh]h��Fhkdh\kdb_�b�e_gbg]jZ^kdb_�
hebfibZ^u�m`_�lh]^Z�ijbjZ\gb\Zebkv�d�h[eZklghfm�wlZim� 

<������]��[ue�^h[Z\e_g�^hihegbl_evguc�wlZi�–�ahgZevguc��Wlhl�wlZi�
ijhoh^be�h^gh\j_f_ggh�\�q_luj_o�ahgZo��K_\_jh-aZiZ^ghc��X]h-aZiZ^ghc��
P_gljZevghc� b� Kb[bjkdhc�� lh]^Z�`_� fhkdh\kdb_� b� e_gbg]jZ^kdb_� hebf�
ibZ^u�ihemqbeb�klZlmk�ahgZevguo��>Zevg_crbc�i_jbh^�^h�gZqZeZ���-o�]]��
oZjZdl_jbah\Zeky�klZ[bevguf�jhklhf�mjh\gy�hj]ZgbaZpbb�hebfibZ^��dZq_�
kl\Z� aZ^Zgbc�b�qbke_gghklb�mqZklgbdh\��Lh]^Z�`_�ih[_^bl_eb�b�ijba_ju�
\k_khxagh]h� wlZiZ�ihemqbeb�ijZ\h�ihklmiZlv� \� ex[u_�ijhnbevgu_� \mau�
[_a� wdaZf_gh\�� Z� ih[_^bl_eb� b� ijba_ju� ahgZevgh]h� wlZiZ� ihemqbeb� \ha�
fh`ghklv�ihklmiZlv�[_a� wdaZf_gh\�\�ijhnbevgu_�\mau��gZoh^ysb_ky� lhc�
`_�ahg_� 
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Ihke_�jZkiZ^Z�KKKJ�hebfibZ^Z�\gh\v�klZeZ�\k_jhkkbckdhc��\h[jZ\�\�
k_[y� gZdhie_gguc� jZg__� hiul�� Gh� ih[_^bl_eb� b� ijba_ju� hebfibZ^u� \�
����� ]�� mljZlbeb� [óevrmx� qZklv� bf_\rboky� m� gbo� ev]hl��<� ^Zevg_cr_f�
kbkl_fZ�ev]hl�fgh]h�jZa�i_j_kfZljb\ZeZkv��b�d�gZklhys_fm�fhf_glm�IjZ�
\beZfb� ijb_fZ� \� \mau� mklZgh\e_gh�� qlh� ih[_^bl_eb� b�ijba_ju� aZdexqb�
l_evgh]h� wlZiZ�<k_jhkkbckdhc� hebfibZ^u�rdhevgbdh\� b� qe_gu� k[hjguo�
dhfZg^� Jhkkbckdhc�N_^_jZpbb� ijbgbfZxlky� [_a� \klmibl_evguo� bkiulZ�
gbc�\�\ukrb_�mq_[gu_�aZ\_^_gby�^ey�h[mq_gby�ih�gZijZ\e_gbyf�ih^]hlh\�
db� �ki_pbZevghklyf��� khhl\_lkl\mxsbf�ijhnbex� hebfibZ^u��<� dZq_kl\_�
j_amevlZlh\�\klmibl_evguo�bkiulZgbc�ih�ij_^f_lZf�\ma�lZd`_�fh`_l�aZ�
kqblu\Zlv�^ey�ih[_^bl_e_c�j_amevlZlu�j_]bhgZevguo�hebfibZ^��ijh\h^b�
fuo�hj]ZgZfb�mijZ\e_gby�h[jZah\Zgb_f�km[t_dlh\�N_^_jZpbb�beb�kh\_lZ�
fb�j_dlhjh\�ih�kh]eZkh\Zgbx�k�gbfb��Djhf_�lh]h��ih�Iheh`_gbx�h�Fhk�
dh\kdhc�j_]bhgZevghc�hebfibZ^_�rdhevgbdh\��^ey�]hkm^Zjkl\_gguo�\mah\��
gZoh^ysboky�gZ�l_jjblhjbb�]��Fhkd\u��ih�j_r_gbx�Mq_gh]h�kh\_lZ�\maZ�
ih[_^bl_eb� b� ijba_ju� ]hjh^kdh]h� wlZiZ�HebfibZ^u� ijbgbfZxlky� \� \ma�
[_a� wdaZf_gh\� beb� j_amevlZlu� bo� \uklmie_gby� aZqblu\Zxlky� \� dZq_kl\_�
khhl\_lkl\mxs_]h�wdaZf_gZ� 

<������]h^m�Fhkdh\kdZy�]hjh^kdZy�hebfibZ^Z�rdhevgbdh\�ih�nbab�
d_�ijhoh^beZ�\���-c�jZa��<�gZklhys__�\j_fy�HebfibZ^Z�\dexqZ_l�\�k_[y���
wlZiZ��rdhevguc� wlZi�� hdjm`ghc� �l_hj_lbq_kdbc�� wlZi�b� ]hjh^kdhc� wlZi��
khklhysbc�ba�lj_o�lmjh\�–�^\mo�l_hj_lbq_kdbo�b�h^gh]h�wdki_jbf_glZev�
gh]h��Ihke_^gbc�nZdlbq_kdb�y\ey_lky�hl[hjhqguf�^ey�nhjfbjh\Zgby�dh�
fZg^u� ]��Fhkd\u� ^ey� mqZklby� \h� <k_jhkkbckdhc� hebfibZ^_�� Hdjm`gu_�
wlZiu�ijhoh^yl�\�Z^fbgbkljZlb\guo�hdjm]Zo�b�\maZo�]��Fhkd\u��]hjh^kdb_�
l_hj_lbq_kdb_�lmju�ijh\h^ylky�gZ�nbabq_kdhf�nZdmevl_l_�F=M�bf� F�<��
Ehfhghkh\Z��� – ���deZkku��b�\�Fhkdh\kdhf�]hkm^Zjkl\_gghf�i_^Z]h]bq_�
kdhf�mgb\_jkbl_l_����deZkk���Z�wdki_jbf_glZevguc�lmj�^ey�� – ���deZkkh\�– 
\�Fhkdh\kdhf�bgklblml_�hldjulh]h�h[jZah\Zgby� 

>h������]h^Z�^ey�mqZklby�\�hebfibZ^_�ijb]eZrZebkv�mq_gbdb���– 11 
deZkkh\�� Z� aZl_f�[ueh�j_r_gh�ijh\_klb�hebfibZ^m�b�^ey�\hkvfbdeZkkgb�
dh\��Hiul�hdZaZeky�mki_rguf��GZqbgZy�k������]h^Z��hebfibZ^Z�ijh\h^bl�
ky�lZd`_�b�^ey�mq_gbdh\���deZkkZ��LZdbf�h[jZahf��\�gZklhys__�\j_fy�fhk�
dh\kdb_�rdhevgbdb�bf_xl� \hafh`ghklv� mqZkl\h\Zlv� \�nbabq_kdbo� hebf�
ibZ^Zo�� gZqbgZy� k� i_j\h]h� ]h^Z� bamq_gby�nbabdb� \�rdhe_��Bf_y� \� \b^m�
\hajZklgu_�hkh[_gghklb��`xjb�ihkqblZeh�p_e_khh[jZaguf�ijh\h^blv�^ey�
k_fbdeZkkgbdh\� lhevdh� hdjm`ghc� b� h^bg� ]hjh^kdhc� lmj�� Z� ^ey� \hkvfb�
deZkkgbdh\�–�hdjm`ghc�b�^\Z�]hjh^kdbo�l_hj_lbq_kdbo�lmjZ� 

<� khklZ\�hj]dhfbl_lZ��f_lh^bq_kdhc�dhfbkkbb�b�`xjb�HebfibZ^u�
ljZ^bpbhggh� \oh^yl� khljm^gbdb� nbabq_kdh]h� nZdmevl_lZ� F=M�
bf� F�<� Ehfhghkh\Z��FI=M�b�eZ[hjZlhjbb�nbabdb�FBHH��F_lh^bq_kdZy�
dhfbkkby�_`_]h^gh�jZ[hlZ_l�k�ghy[jy�ih�fZjl��b�aZ�wlh�\j_fy�_x�khklZ\ey�
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_lky� k\ur_� ���hjb]bgZevguo� aZ^Zq��GZ�hdjm`ghf� wlZi_�\k_f�mqZklgbdZf�
ij_^eZ]Z_lky� j_rblv� ih� �–�� aZ^Zq�� GZ� ]hjh^kdbo� l_hj_lbq_kdbo� lmjZo�
h^bggZ^pZlb-�b�^_kylbdeZkkgbdb�j_rZxl�ih���aZ^Zq��^_\ylbdeZkkgbdb –�ih�
�� aZ^Zqb�� \hkvfbdeZkkgbdb� –� ih� �� aZ^Zqb�� K_fbdeZkkgbdb� gZ� ]hjh^kdhf�
l_hj_lbq_kdhf�lmj_�\�jZagu_�]h^u�j_rZeb�hl���^h���aZ^Zq��GZ�wdki_jbf_g�
lZevghf�lmj_�mqZklgbdZf�ij_^eZ]Z_lky�\uihegblv�ih�^\Z�aZ^Zgby��ij_^ih�
eZ]Zxsbo�gZebqb_�mf_gby�l\hjq_kdb�ijbf_gylv�k\hb� agZgby�^ey�baf_j_�
gby� jZaebqguo�nbabq_kdbo� \_ebqbg� k�bkihevah\Zgb_f�fbgbfZevgh]h�gZ�
[hjZ�h[hjm^h\Zgby�� 

Ijb]eZr_gb_� rdhevgbdh\� gZ� hebfibZ^m� ijh\h^blky� g_kdhevdbfb�
imlyfb���� hih\_s_gb_�rdhe�hdjm`gufb�f_lh^bq_kdbfb�p_gljZfb�^_iZj�
lZf_glZ�h[jZah\Zgby�]��Fhkd\u�h�kjhdZo�b�f_klZo�ijh\_^_gby�jZaebqguo�
wlZih\�hebfibZ^u���� jZkkuedZ�mqZklgbdZf�hebfibZ^u�ijhreuo�e_l�b�ih�
rdheZf�bgnhjfZpbhgguo�ibk_f�h�kjhdZo�ijh\_^_gby�]hjh^kdhc�hebfibZ�
^u� b� bgnhjfZpbb� h�nbabq_kdhf�nZdmevl_l_�F=M�� �� i_jkhgZevgu_� ijb�
]eZr_gby�ih[_^bl_e_c�ij_^u^ms_]h�]h^Z�kjZam�gZ�\lhjhc�lmj�]hjh^kdh]h�
wlZiZ�hebfibZ^u� 

MqZklb_�\h�\k_o�wlZiZo�hebfibZ^u�ih�gug_�^_ckl\mxs_fm�Iheh`_�
gbx�y\ey_lky�hldjuluf��Ihegh_�qbkeh�mqZklgbdh\�hdjm`gh]h�wlZiZ�\�ih�
ke_^gb_�]h^u�e_`bl�\�ij_^_eZo���–����lukyq�q_eh\_d��Dhebq_kl\h�rdhev�
gbdh\��\dexqZy�ijb_a`bo�ba�Fhkdh\kdhc�h[eZklb�b�^jm]bo�j_]bhgh\��ijb�
gy\rbo�mqZklb_�\� I-f�l_hj_lbq_kdhf�lmj_�]hjh^kdh]h�wlZiZ�HebfibZ^u�\�
jZagu_�]h^u��ijb\_^_gh�\�lZ[ebp_� 

 

=h^ ��deZkk ��deZkk ��deZkk ���deZkk ���deZkk <k_]h 

1995 g_�[ueh g_�[ueh 148 190 138 476 

1996 g_�[ueh g_�[ueh 206 262 346 814 

1997 g_�[ueh g_�[ueh 204 411 479 1094 

1998 g_�[ueh 97 168 311 310 886 

1999 109 198 253 345 372 1277 

2000 218 230 372 335 474 1629 

2001 231 233 383 403 551 1801 

2002 88 269 426 466 539 1788 

2003 138 275 318 453 381 1565 

2004 109 256 337 529 505 1736 

 
:gZeba�jZ[hl�mqZklgbdh\�aZ�ihke_^gb_�iylv�e_l�ihdZaZe��qlh�gZ�\k_o�

lmjZo� \� dZ`^hf� deZkk_� gZoh^behkv� ohly� [u� g_kdhevdh� q_eh\_d�� dhlhju_�
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ijZ\bevgh�j_rZeb�\k_� aZ^Zqb��Wlh�k\b^_l_evkl\m_l�h�lhf��qlh�dhfie_dlu�
aZ^Zq�[ueb�ih^h[jZgu�\�p_ehf�m^Zqgh��GZb[he__�keh`gufb�ljZ^bpbhggh�
[ueb�aZ^Zqb�\lhjh]h�]hjh^kdh]h�l_hj_lbq_kdh]h�lmjZ�^ey����b����deZkkh\��
Wlh�h[tykgy_lky�l_f��qlh�ba�qbkeZ�ih[_^bl_e_c�\�wlbo�deZkkZo�ih�blh]Zf�
<k_jhkkbckdhc� hebfibZ^u� gZ[bjZ_lky� dhfZg^Z� ^ey� mqZklby� \�F_`^mgZ�
jh^ghc�hebfibZ^_�ih�nbabd_�gug_rg_]h�b�ke_^mxs_]h�]h^h\��qlh�aZklZ\�
ey_l�ij_^ty\eylv� \� jZfdZo�rdhevghc�ijh]jZffu�[he__�`_kldb_� lj_[h\Z�
gby�d�mjh\gx�agZgbc�mqZsboky��Mkeh\by�b�j_r_gby�aZ^Zq�]hjh^kdbo�l_h�
j_lbq_kdbo� lmjh\� j_]meyjgh� b� iheghklvx� im[ebdmxlky� \� ]Za_l_� ©I_j\h_�
k_gly[jyª��ijbeh`_gb_�©NbabdZª��b�qZklbqgh�–�\�`mjgZe_�©D\Zglª��AZ^Zqb�
ijhreuo� e_l� �k� ����� ih� ����� ]��� [ueb� him[ebdh\Zgu� \� ;b[ebhl_qd_�
©D\Zglª��\uimkd����������]����Z�\�gZklhys__�\j_fy�Z\lhjZfb�^Zgguo�l_ab�
kh\�]hlh\blky�d�ba^Zgbx�aZ^Zqgbd��ho\Zlu\Zxsbc�i_jbh^�k������ih������]� 

Ijb�ih^]hlh\d_�hebfibZ^�ihke_^gbo�^\mo�e_l�\hagbdeZ�ke_^mxsZy�
ljm^ghklv��<uykgbehkv��qlh�agZqbl_evgh_�qbkeh�rdhe�]��Fhkd\u� �ih�ijb�
f_jguf�hp_gdZf�–�^h������\�gZklhys__�\j_fy�jZ[hlZxl�ih�lZd�gZau\Z_fhc�
ijh]jZff_�bamq_gby�nbabdb�©���ª��Ijh]jZffZ�h[mq_gby�rdhevgbdh\�ijb�
jZ[hl_�ih�wlhc�ijh]jZff_�kbevgh�hlebqZ_lky�hl�ijh]jZffu�<k_jhkkbckdhc�
hebfibZ^u�ih�nbabd_�^ey�mq_gbdh\���deZkkZ��dhlhjhc�^he`gu�khhl\_lkl�
\h\Zlv�aZ^Zqb�]hjh^kdh]h�wlZiZ��<�k\yab�k�wlbf�\hagbdeZ�m]jhaZ�lh]h��qlh�
[hevrh_� dhebq_kl\h� rdhevgbdh\-^_\ylbdeZkkgbdh\� g_� kfh`_l� mki_rgh�
\uklmiblv� gZ� ]hjh^kdhc� hebfibZ^_��Ijb� hj]ZgbaZpbb� hebfibZ^� ^Zgguc�
\hijhk�j_rZeky�ke_^mxsbf�h[jZahf��aZ^Zqb�hdjm`gh]h�wlZiZ�b��-]h�l_hj_�
lbq_kdh]h� lmjZ� ]hjh^kdh]h� wlZiZ�[ueb�ih^h[jZgu� lZdbf�h[jZahf��qlh�bo�
fh]eb�j_rblv�\k_�rdhevgbdb��Z�aZ^Zqb��-]h�]hjh^kdh]h�l_hj_lbq_kdh]h�lm�
jZ�–� lZd��qlh�^ey�bo�j_r_gby� lj_[h\Zebkv� agZgby�� khhl\_lkl\mxsb_�ijh�
]jZff_�<k_jhkkbckdhc�hebfibZ^u��Ke_^m_l�hlf_lblv��qlh�ihkdhevdm�\�gZ�
klhys__�\j_fy�\�]� Fhkd\_�b^_l�ihkl_i_gguc�i_j_oh^�gZ�h[mq_gb_�ih�gh�
\hc�ijh]jZff_� ©���ª�� mdZaZggZy�ijh[e_fZ� k� dZ`^uf� ]h^hf�[m^_l�ijhy\�
eylvky�\k_�hklj__��b�ij_`^_�\k_]h�–�\���b����deZkkZo��M`_�k_cqZk��dZd�ihdZ�
au\Zxl�j_amevlZlu�ihke_^gbo�hebfibZ^��kh\j_f_ggu_�^_kylbdeZkkgbdb�ih�
mjh\gx� ih^]hlh\db� ih�nbabd_� kbevgh� hlklZxl� hl� ^_kylbdeZkkgbdh\� ijh�
reuo�e_l� 

Ijb� ih^\_^_gbb� blh]h\� ]hjh^kdbo� wlZih\� hebfibZ^� ihke_^gbo� e_l�
`xjb� _`_]h^gh�ijbkm`^Zeh�rdhevgbdZf� hdheh� ����^biehfh\�jZaebqghc�
kl_i_gb�b�ihhsjbl_evguo� ]jZfhl��H[jZsZ_l�gZ� k_[y� \gbfZgb_� lhl�nZdl��
qlh�ba�]h^Z�\�]h^�gZ[ex^Z_lky�[hevrh_�dhebq_kl\h�ih[_^bl_e_c��h[mqZx�
sboky�\�ebp__�©<lhjZy�rdheZª�b�\�rdhe_������]��Fhkd\u��Z�lZd`_�\�KMGP�
F=M��Djhf_� lh]h��fgh]b_�ih[_^bl_eb�mqZlky�\�Ih^fhkdh\v_�–�\�nbabdh-
fZl_fZlbq_kdhf�ebp__�]��K_j]b_\Z�IhkZ^Z��\�ebp__�©>m[gZª�b�\�ebp__�GBI�
]� Dhjhe_\Z�� Ih[_^bl_eb� ba� Ih^fhkdh\vy� g_� fh]ml� [ulv� gZijZ\e_gu� gZ�



Ih^k_dpby����F_lh^bdZ�ij_ih^Z\Zgby� 

 

155 

 
 
 

<k_jhkkbckdmx�hebfibZ^m�hl�]��Fhkd\u��gh�ihevamxlky�ev]hlZfb�ijb�ih�
klmie_gbb�\�F=M�� 

G_h[oh^bfh� hlf_lblv�� qlh� mjh\_gv� keh`ghklb� aZ^Zq� ]hjh^kdhc�
hebfibZ^u� agZqbl_evgh�ij_\hkoh^bl� mjh\_gv� l_o� aZ^Zq�� dhlhju_� h[uqgh�
ij_^eZ]Zxlky�gZ�hebfibZ^_�©:[blmjb_gl�F=Mª�b�gZ�\klmibl_evguo�wdaZ�
f_gZo� gZ�nZdmevl_l��<\b^m� gZf_lb\r_cky� l_g^_gpbb� d� khdjZs_gbx� \ha�
fh`ghkl_c�ihklmie_gby�Z[blmjb_glh\�\�\ukrmx�rdhem�q_j_a�kbkl_fm�\m�
ah\kdbo�hebfibZ^��\u_a^guo�b�mklguo�\klmibl_evguo�wdaZf_gh\��Z�lZd`_�
\\b^m� \hafh`gh]h�i_j_oh^Z�d�ijb_fm�gZ�hkgh\_�j_amevlZlh\�?=W��j_]bh�
gZevgu_� hebfibZ^u� fh]ml� hklZlvky� nZdlbq_kdb� _^bgkl\_gguf� dZgZehf�
ijb\e_q_gby�lZeZgleb\hc�fheh^_`b�\�\mau��Ijb�wlhf��_kl_kl\_ggh��ev]hlu�
^ey� ih[_^bl_e_c� wlbo� hebfibZ^� ^he`gu� bkihevah\Zlvky� \�fZdkbfZevghc�
f_j_��lh�_klv�ih[_^bl_eyf�hdjm`gh]h�wlZiZ�g_h[oh^bfh��ih-\b^bfhfm��aZ�
qblu\Zlv�bo�j_amevlZlu�\�dZq_kl\_�khhl\_lkl\mxs_]h�\klmibl_evgh]h�bk�
iulZgby� �\�^Zgghf� kemqZ_�–�ih�nbabd_��� Z�ih[_^bl_e_c� ]hjh^kdh]h� wlZiZ�
gm`gh�aZqbkeylv�\�ijhnbevgu_�\mau�\hh[s_�[_a�\klmibl_evguo�wdaZf_gh\��
qlh�\�gZklhys__�\j_fy�jZaj_r_gh��<�qbkeh�ih[_^bl_e_c�b�ijba_jh\�hebf�
ibZ^u�\����deZkk_��k�mq_lhf�ljm^ghklb�ij_^eZ]Z_fuo�aZ^Zgbc��\b^bfh��p_�
e_khh[jZagh� \dexqZlv� \hafh`gh� [hevr__� �\� ij_^_eZo� bf_xsboky� d\hl��
qbkeh� mqZklgbdh\�� j_rb\rbo�gZ� \lhjhf� l_hj_lbq_kdhf� lmj_� ohly�[u�^\_�
aZ^Zqb�ba�iylb��>ey�ih\ur_gby�mjh\gy�ijh\_^_gby�hebfibZ^u�d�jZ[hl_�\�
f_lh^bq_kdhc� dhfbkkbb�ih� khklZ\e_gbx� aZ^Zq�� Z� lZd`_� d�ijh\_jd_�jZ[hl�
mqZklgbdh\�hebfibZ^u�g_h[oh^bfh�ijb\e_dZlv�gZb[he__�hiulguo�ij_ih�
^Z\Zl_e_c�nZdmevl_lZ��bf_xsbo�hiul�jZ[hlu�kh�rdhevgbdZfb��<�gZklhy�
s__�\j_fy�lZdZy�jZ[hlZ�m`_�gZqZlZ� 

 
Ebl_jZlmjZ. 
���H�<k_jhkkbckdhc�nbabdh-fZl_fZlbq_kdhc�hebfibZ^_�rdhevgbdh\��

–�NbabdZ�\�rdhe_������������–�K�����-112. 
���KZ\bg�:�I���;jmd�X�F���<ehrbg�F�;��� Abev[_jfZg�:�J���K_f_g�

qbgkdbc� K�=��� K_g^_jh\� <�:��Nbabdh-fZl_fZlbq_kdb_� hebfibZ^u�� K[hj�
gbd��–�F���AgZgb_��������–�����k� 

���Keh[h^_pdbc�B�R��Hjeh\�<�:��<k_khxagu_�hebfibZ^u�ih�nbabd_��
Ihkh[b_�^ey�mqZsboky� �-���deZkkh\� kj_^g_c�rdheu��–�F���Ijhk\_s_gb_��
1982. –�����k� 

���DZjeh\�G�<���Dm^jy\p_\�G�G��Fgh]h�a\Zguo��gh�fZeh�ba[jZgguo����
–�<_klgbd�jhkkbckdhc�ZdZ^_fbb�gZmd��L�����������������–�K����-54. 

���;ma^bg�:�B���Bevbg�<�:���Djb\q_gdh\�B�<���K\_rgbdh\�G�:��AZ^Z�
qb�Fhkdh\kdbo�nbabq_kdbo�hebfibZ^��;b[ebhl_qdZ�©D\Zglª��\uimkd�����– 
F���GZmdZ��������–�����k 
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KH<J?F?GGU?�:<LHF:LBABJH<:GGU?� 
E?DPBHGGU?�>?FHGKLJ:PBB�IH�J:A>?EM 

�©F?O:GBD:ª�DMJK:�H;S?C�NBABDB 
 

>hp_gl�K_f_gh\�F�<���Zkkbkl_gl�YdmlZ�:�:���klm^_gl�GZ]hjkdbc�G�F� 
 
<�k\yab�k�rbjhdbf�jZkijhkljZg_gb_f�kh\j_f_gghc�\uqbkebl_evghc�

l_ogbdb�� \�ihke_^g__� \j_fy� dhfivxl_ju�bgl_gkb\gh� \g_^jyxlky� \� mq_[�
guc�ijhp_kk��\�lhf�qbke_�b�\�ij_ih^Z\Zgb_�dmjkZ�h[s_c�nbabdb��Dhfivx�
l_j�ij_^hklZ\ey_l�ij_ih^Z\Zl_ex�b�h[mqZxs_fmky�fZkkm�gh\uo� \hafh`�
ghkl_c��D�qbkem�gZb[he__�qZklh�j_Zebam_fuo�^ey�gm`^�mq_[gh]h�ijhp_kkZ�
\hafh`ghkl_c��\�qZklghklb��hlghkylky��Z\lhfZlbaZpby�wdki_jbf_glZevguo�
mq_[guo�mklZgh\hd��dZd�eZ[hjZlhjguo��lZd�b�^_fhgkljZpbhgguo���qbke_g�
gh_�fh^_ebjh\Zgb_�jZaebqguo�ijhp_kkh\�b�wnn_dlh\��kha^Zgb_�b�bkihev�
ah\Zgb_�^ey�gm`^�mq_[gh]h�ijhp_kkZ�jZaebqguo�[Za�^Zgguo��bkihevah\Z�
gb_� jZaebqguo� fmevlbf_^bZ-l_ogheh]bc� �jZ[hlZ� kh� kijZ\hqgbdZfb�� h[m�
qZxsbfb�b� l_klbjmxsbfb�ijh]jZffZfb��b l�i����^hklmi�d�bgnhjfZpbhg�
guf�j_kmjkZf�\k_fbjghc�k_lb�Internet��\�lhf�qbke_�–�ihevah\Zgb_�kijZ\hq�
gufb�j_kmjkZfb��l_klbjmxsbfb�fh^meyfb��kbkl_fZfb�m^Ze_ggh]h�^hklm�
iZ�d�wdki_jbf_glm�� 

Hkh[uc�bgl_j_k�^ey�bkihevah\Zgby� \�ijZdlbd_�ij_ih^Z\Zgby�dmjkZ�
h[s_c� nbabdb� ij_^klZ\ey_l� Z\lhfZlbaZpby� wdki_jbf_glZevguo� mq_[guo�
mklZgh\hd��dhlhjZy�iha\hey_l�bamqZlv�j_Zevgu_�nbabq_kdb_�y\e_gby��Z�g_�
bo�fh^_eb��Ijb�wlhf�ke_^m_l�jZaebqZlv�Z\lhfZlbaZpbx�mklZgh\hd�\�eZ[h�
jZlhjghf� ijZdlbdmf_�b� Z\lhfZlbaZpbx� ^_fhgkljZpbhggh]h� �beb�� dZd� _]h�
qZklh�gZau\Zxl��e_dpbhggh]h��wdki_jbf_glZ� 

:\lhfZlbaZpby� wdki_jbf_glZ� \� eZ[hjZlhjghf� ijZdlbdmf_� bf__l�
fgh]h�h[s_]h�k�ZgZeh]bqghc�aZ^Zq_c��dhlhjmx�ijboh^blky�j_rZlv�\�gZmq�
guo� eZ[hjZlhjbyo� ijb� Z\lhfZlbaZpbb� bkke_^h\Zl_evkdh]h� wdki_jbf_glZ��
LZdb_�mklZgh\db�h[uqgh�klZpbhgZjgu��lh�_klv�kh[bjZxlky�b�jZa[bjZxlky�
^hklZlhqgh�j_^dh��Djhf_�lh]h��mqZsb_ky��jZ[hlZxsb_�gZ�wlbo�mklZgh\dZo��
h[uqgh�bf_xl�g_dhlhjuc�aZiZk�\j_f_gb�dZd�^ey�ijh\_^_gby�wdki_jbf_glZ��
lZd� b� ^ey� _]h� ih\lhj_gby�� GZdhg_p�� j_amevlZlu� wlbo� wdki_jbf_glh\� \�
[hevrbgkl\_�kemqZ_\�fh]ml�[ulv�h[jZ[hlZgu�g_�g_ihkj_^kl\_ggh�ih�hdhg�
qZgbb�baf_j_gbc�� Z� \� l_q_gb_�g_dhlhjh]h� kjhdZ�ihke_�ijh\_^_gby� wdki_�
jbf_glZ� 

G_kdhevdh�bgZq_�h[klhbl�^_eh�k�Z\lhfZlbaZpb_c�^_fhgkljZpbhggh]h�
wdki_jbf_glZ��Hkgh\gZy� ljm^ghklv� a^_kv� khklhbl� \� lhf��qlh� lZdb_� wdki_�
jbf_glu� ^_fhgkljbjmxlky� g_ihkj_^kl\_ggh� \h� \j_fy� ql_gby� e_dpbb�� <�
k\yab� k� wlbf� wdki_jbf_gl� ^he`_g� [ulv� gZ]ey^guf� b� e_]dh� h[tykgbfuf��
^he`_g�ijhoh^blv�[ukljh� �\�l_q_gb_�g_kdhevdbo�fbgml���kjZam�ihke_�_]h�
hdhgqZgby�^he`gu�\�m^h[ghf�^ey�\hkijbylby�\b^_�\u\h^blvky�j_amevlZlu�
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wdki_jbf_glZ��Djhf_�lh]h��mklZgh\dZ�^ey�ijh\_^_gby�wdki_jbf_glZ�^he`�
gZ�^hklZlhqgh�ijhklh�kh[bjZlvky�b�jZa[bjZlvky�b�e_]dh�khijy]Zlvky�k�dhf�
ivxl_jhf��Ih�wlbf�ijbqbgZf�jZajZ[hldZ�b�\g_^j_gb_�\�mq_[guc�ijhp_kk�
Z\lhfZlbabjh\Zgguo� ^_fhgkljZpbhgguo� wdki_jbf_glh\� ij_^klZ\ey_l� kh�
[hc� ^hklZlhqgh� keh`gmx� aZ^Zqm�� lj_[mxsmx� ^ey� k\h_]h� j_r_gby� gh\uo�
f_lh^bq_kdbo� ih^oh^h\�� hlebqguo� hl� bkihevam_fuo� ijb� Z\lhfZlbaZpbb�
eZ[hjZlhjgh]h�wdki_jbf_glZ� 

Djhf_� lh]h�� aZ^ZqZ� Z\lhfZlbaZpbb�e_dpbhggh]h� wdki_jbf_glZ� y\ey�
_lky�\_kvfZ�ZdlmZevghc�ih�ke_^mxsbf�ijbqbgZf��>h�kbo�ihj�ih^Z\eyxs__�
[hevrbgkl\h� ba� ihdZau\Z_fuo�gZ� e_dpbyo�ih�nbabd_� ^_fhgkljZpbhgguo�
wdki_jbf_glh\�bf__l�©dZq_kl\_ggucª�oZjZdl_j��lh�_klv�hgb�^_fhgkljbjm�
xl�kZfh�nbabq_kdh_�y\e_gb_�[_a�dZdbo�eb[h�qbkeh\uo�j_amevlZlh\��:\lh�
fZlbaZpby�`_�^Z_l�\hafh`ghklv�ijh\h^blv�dhebq_kl\_ggu_�wdki_jbf_glu��
lh� _klv� g_ihkj_^kl\_ggh� gZ� e_dpbyo� ihemqZlv�� h[jZ[Zlu\Zlv� b� ij_^klZ\�
eylv�^Zggu_��hp_gb\Zlv�bo�lhqghklv��LZdbf�h[jZahf��Z\lhfZlbaZpby�iha\h�
ey_l�kha^Z\Zlv�gh\uc�deZkk�^_fhgkljZpbhgguo�mklZgh\hd�– mklZgh\db�^ey�
ijh\_^_gby� dhebq_kl\_ggh]h� ^_fhgkljZpbhggh]h� wdki_jbf_glZ�� Bkihev�
ah\Zgb_�ijb�ql_gbb�e_dpbc�lZdbo�mklZgh\hd�gZjy^m�k�deZkkbq_kdbfb�hiu�
lZfb� iha\hey_l� agZqbl_evgh� hkh\j_f_gblv� ijhp_kk� ij_ih^Z\Zgby� dmjkZ�
h[s_c�nbabdb��ijh^_fhgkljbjh\Zlv�h[mqZxsbfky�f_lh^u��ijbf_gy_fu_�\�
gZmqguo�eZ[hjZlhjbyo�^ey�wdki_jbf_glZevguo�bkke_^h\Zgbc��hagZdhfblv�
h[mqZxsboky� k� \hafh`ghklyfb� kh\j_f_gghc� \uqbkebl_evghc� l_ogbdb�� Z�
lZd`_�jZkrbjblv�djm]�^_fhgkljbjm_fuo�y\e_gbc�aZ�kq_l�wnn_dlh\��ijhy\�
e_gby�dhlhjuo�g_^hklmigu�g_ihkj_^kl\_gghfm�\bamZevghfm�gZ[ex^_gbx�
b�lj_[mxl�lhqgh]h�dhebq_kl\_ggh]h�ZgZebaZ� 

Kha^Zgb_� Z\lhfZlbabjh\Zgghc� ^_fhgkljZpbhgghc� mklZgh\db� –� ^hk�
lZlhqgh�ljm^h_fdbc�ijhp_kk��Ihwlhfm�`_eZl_evgh��qlh[u�lZdZy�mklZgh\dZ��
[m^mqb�kha^Zgghc��iha\heyeZ�^_fhgkljbjh\Zlv�g_�h^bg�wdki_jbf_gl��Z�p_�
euc�djm]�nbabq_kdbo� y\e_gbc��qlh� \�i_jki_dlb\_�^he`gh�ijb\_klb�d�ih�
kl_i_gghc�aZf_g_�fgh]bo�fhjZevgh�mklZj_\rbo�^_fhgkljZpbhgguo�ijb[h�
jh\� gZ� kh\j_f_ggu_� Z\lhfZlbabjh\Zggu_� mklZgh\db�� Djhf_� lh]h�� `_eZ�
l_evgh��qlh[u�ij_^gZagZq_ggZy�^ey�e_dpbhgguo�^_fhgkljZpbc�mklZgh\dZ�\�
kemqZ_�g_h[oh^bfhklb�ihke_�g_kms_kl\_gguo�baf_g_gbc�b�^hjZ[hlhd�fh]�
eZ�[u�ijbf_gylvky�\�eZ[hjZlhjghf�ijZdlbdmf_�^ey�gm`^�mq_[gh]h�wdki_�
jbf_glZ� 

:\lhjZfb�^hdeZ^Z�jZajZ[hlZg�b�kha^Zg�jy^�m^h\e_l\hjyxsbo�i_j_�
qbke_gguf�lj_[h\Zgbyf�Z\lhfZlbabjh\Zgguo�mklZgh\hd��ij_^gZagZq_gguo�
^ey�bkihevah\Zgby�ijb�ql_gbb�e_dpbc�ih�jZa^_em�©F_oZgbdZª�dmjkZ�h[s_c�
nbabdb��Wlb�mklZgh\db�iha\heyxl�ihdZau\Zlv�dhebq_kl\_ggu_�e_dpbhggu_�
^_fhgkljZpbb�ijZdlbq_kdb�ih�\k_f�l_fZf�^Zggh]h�jZa^_eZ��kf��lZ[ebpm�� 
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L_fZ Gh\u_�e_dpbhggu_�^_fhgkljZpbb 

F_oZgbdZ 
fZl_jbZevghc 

lhqdb 

Ijh\_jdZ�\lhjh]h�aZdhgZ�GvxlhgZ�ijb�^_ckl\bb�i_j_�
f_gghc�kbeu� �kemqZb�©Z[khexlgh�mijm]h]hª��qZklbqgh�
mijm]h]h�b�Z[khexlgh�g_mijm]h]h�khm^Zj_gby�l_e���ba�
f_j_gb_� agZq_gby� mkdhj_gby� k\h[h^gh]h� iZ^_gby� ^ey�
\ZdmmfZ�[Zeebklbq_kdbf�f_lh^hf� 

F_oZgbdZ 
\jZsZl_evgh]h 

^\b`_gby 

Bamq_gb_� dbg_fZlbdb� \jZsZl_evgh]h� ^\b`_gby�� ijh�
\_jdZ� hkgh\gh]h� mjZ\g_gby� ^bgZfbdb� \jZsZl_evgh]h�
^\b`_gby�ijb�ihklhygghf�fhf_gl_�bg_jpbb�b�ijb�ih�
klhygghf�fhf_gl_� \g_rg_c� kbeu�� baf_j_gb_� ]eZ\guo�
p_gljZevguo� hk_\uo� fhf_glh\� bg_jpbb� gZ[hjZ� kbf�
f_ljbqguo� l_e�� ijh\_jdZ� l_hj_fu� =xc]_gkZ–
Rl_cg_jZ� 

F_oZgbq_kdb_ 
dhe_[Zgby 

Bamq_gb_�dbg_fZlbdb�dhe_[Zl_evgh]h�^\b`_gby��\�l�q��
ihkljh_gb_�nZah\uo�ihjlj_lh\���bamq_gb_�aZlmoZxsbo�
f_oZgbq_kdbo� dhe_[Zgbc� ijb� gZebqbb� jZaebqguo� kbe�
lj_gby� �ebg_cgh]h�b�d\Z^jZlbqgh]h�ih� kdhjhklb�b� km�
oh]h���bamq_gb_�k\yaZgguo�dhe_[Zgbc��gZ[ex^_gb_�fh^�
dhe_[Zgbc�� ki_dljZevguc� ZgZeba� dhe_[Zl_evguo� ijh�
p_kkh\��bamq_gb_�g_ebg_cguo�f_oZgbq_kdbo�dhe_[Zgbc�
b� gZ[ex^_gb_� \ukrbo� ]Zjfhgbd�� gZ[ex^_gb_� dhf[b�
gZpbhgguo� qZklhl�� bamq_gb_� g_bahojhgghklb� nbabq_�
kdh]h�fZylgbdZ�b�ihemq_gb_� aZ\bkbfhklb� qZklhlu� _]h�
dhe_[Zgbc�hl�Zfieblm^u� 

F_oZgbdZ 
kiehrguo�kj_^ 

Baf_j_gb_� dhwnnbpb_glh\� eh[h\h]h� khijhlb\e_gby� m�
l_e�jZaebqghc�nhjfu� 

:dmklbdZ >_fhgkljZpby� ihemqZ_fuo� \� j_Zevghf� \j_f_gb� ki_d�
ljh\� b� hkpbeeh]jZff� a\mdh\� jZaebqghc� \ukhlu� ^ey�
\k_\hafh`guo�fmaudZevguo�bgkljmf_glh\��[he__�������
gZ[ex^_gb_�hkpbeeh]jZff�jZaebqguo�a\mdh\�b�bo�qZk�
lhlguc�ZgZeba� �\�l�q��q_eh\_q_kdhc�j_qb�b�^jm]bo�a\m�
dh\��ihemqZ_fuo�k�fbdjhnhgZ���^_fhgkljZpby�g_qm\kl�
\bl_evghklb� q_eh\_q_kdh]h� moZ� d� nZah\hfm� khklZ\m�
a\mdZ��[bgZmjZevguc� wnn_dl��kbgl_a� a\mdZ�ijb�keh`_�
gbb�]Zjfhgbd�k�wd\b^bklZglgufb�qZklhlZfb� �ijbgpbi�
kbgojhgbaZpbb� fh^� eZa_jZ��� ihemq_gb_� b� gZ[ex^_gb_�
nb]mj�EbkkZ`m��^ey�dhfihg_gl�kl_j_ha\mdZ�b�]Zjfhgb�
q_kdbo�kb]gZeh\��ihemqZ_fuo�ijb�baf_j_gbb�a\mdh\h]h�
ihey�\�ijhkljZgkl\_�� 
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IhdZa�dZ`^hc�ba�i_j_qbke_gguo�^_fhgkljZpbc�aZgbfZ_l�a�-��fbgml��
Ijb� wlhf� ihemqZxlky� dhebq_kl\_ggu_� j_amevlZlu�� QZklv� ^_fhgkljZpbc�
lZd`_�fh`_l�[ulv�bkihevah\ZgZ�\�dZq_kl\_�fh^_evguo�ijb�ij_ih^Z\Zgbb�
jZa^_eZ�©HilbdZª�dmjkZ�h[s_c�nbabdb�b�ijb�ql_gbb�dmjkZ�l_hjbb�dhe_[Z�
gbc�^ey�klm^_glh\�klZjrbo�dmjkh\� 

<� aZdexq_gb_� hlf_lbf�� qlh� jZajZ[hldb� \� h[eZklb� kha^Zgby� kh\j_�
f_gguo� Z\lhfZlbabjh\Zgguo� mklZgh\hd� ^ey� dhebq_kl\_gguo� e_dpbhgguo�
^_fhgkljZpbc�mki_rgh�\_^mlky�\�jy^_�\ukrbo�mq_[guo�aZ\_^_gbc�Jhkkbb��
Hkh[u_�mki_ob�\�wlhf�gZijZ\e_gbb�^hklb]gmlu�ijb�kha^Zgbb�^_fhgkljZ�
pbhgguo�mklZgh\hd�^ey�jZa^_eZ�©HilbdZª�dmjkZ�h[s_c�nbabdb� 

Ebl_jZlmjZ 
���;_]mg�:�X���K_f_gh\�F�<���YdmlZ�:�:��Baf_j_gb_�bfimevkZ�kbeu�ijb�

khm^Zj_gbyo��–Nbabq_kdh_�h[jZah\Zgb_�\�<MAZo��L���������������– K� 30-40. 
���;_]mg�:�X���<bgh]jZ^h\�F�I���K_f_gh\�F�<���YdmlZ�:�:��Bkihev�

ah\Zgb_�^ZlqbdZ�kbeu�^ey�bamq_gby�f_oZgbq_kdbo�dhe_[Zgbc��–Nbabq_kdh_�
h[jZah\Zgb_�\�<MAZo��L���������������–�K����-49. 

���;_]mg�:�X���<bgh]jZ^h\�F�I���K_f_gh\�F�<���YdmlZ�:�:��>Zlqbd�
m]eh\h]h� i_j_f_s_gby� b� Z\lhfZlbabjh\Zggu_� ^_fhgkljZpbhggu_� wdki_�
jbf_glu� gZ� _]h� hkgh\_�� –Nbabq_kdh_� h[jZah\Zgb_� \� <MAZo�� L�� ��� ����
1997. –�K����-58. 

���>mgbg�F�K���K_f_gh\�F�<���YdmlZ�:�:���Gh\u_�Z\lhfZlbabjh\Zg�
gu_�e_dpbhggu_�wdki_jbf_glu�ih�l_f_�©F_oZgbq_kdb_�dhe_[Zgbyª��–�Nb�
abq_kdh_�h[jZah\Zgb_�\�\maZo��L���������������–�K�����-173. 

���K_f_gh\�F�<���YdmlZ�:�:��Baf_j_gb_�mkdhj_gby�k\h[h^gh]h�iZ^_�
gby�[Zeebklbq_kdbf�f_lh^hf�\�jZfdZo�^_fhgkljZpbhggh]h�wdki_jbf_glZ��
– Nbabq_kdh_�h[jZah\Zgb_�\�\maZo��L������������02. –�K����-66. 

���GZ]hjkdbc�G�F���K_f_gh\�F�<���YdmlZ�:�:��Ihemq_gb_�b�^_fhgkl�
jZpby� hkpbeeh]jZff�b� ki_dljh\� a\mdh\uo� kb]gZeh\� k�ihfhsvx� a\mdh\hc�
dZjlu�b�[ukljh]h�ij_h[jZah\Zgby�Nmjv_��–�Nbabq_kdh_�h[jZah\Zgb_�\�\m�
aZo��L����������������–�K�����-133. 

���K_f_gh\�F�<���YdmlZ�:�:��Gh\Zy�Z\lhfZlbabjh\ZggZy�e_dpbhggZy�
^_fhgkljZpby� ©Baf_j_gb_� dhwnnbpb_glZ� eh[h\h]h� khijhlb\e_gby� m� l_e�
jZaebqghc�nhjfuª��–Nbabq_kdh_�h[jZah\Zgb_�\�\maZo��L����������������–�K��
134-142. 

���Kd\hjph\�:�B���NbrfZg :�B��Baf_jbl_evguc� dhfie_dk� gZ� [Za_�
dhfivxl_jZ� \� e_dpbhgguo� ^_fhgkljZpbyo�� I. :gZeba�f_oZgbq_kdh]h� ^\b�
`_gby� k�ihfhsvx�\b^_hdZf_ju��–�Nbabq_kdh_�h[jZah\Zgb_�\�\maZo��L�� ���
����������–�K����-92. 

���Kd\hjph\�:�B���NbrfZg :�B��Baf_jbl_evguc� dhfie_dk� gZ� [Za_�
dhfivxl_jZ� \�e_dpbhgguo�^_fhgkljZpbyo�� II. Hilbq_kdbc� ki_dljhf_lj��– 
Nbabq_kdh_�h[jZah\Zgb_�\�\maZo��L���������������–�K����-102. 

����;bq_gdh\�?�B���Debfdbg�<�N���Debgdh\�D�<��E_dpbhgguc�wdki_�
jbf_gl�ih�\hegh\hc�hilbd_�k�dhfivxl_jghc�ih^^_j`dhc��–�Ba\_klby�\uk�
rbo�mq_[guo�aZ\_^_gbc��NbabdZ������������–�K����-55. 
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����K_eb\_jklh\�:�<���>mgbg�F�K��Bkihevah\Zgb_�mkljhckl\�\b^_h�
aZo\ZlZ�\�e_dpbhgghf�wdki_jbf_gl_�ih�nbabd_��–�Nbabq_kdh_�h[jZah\Zgb_�
\�\maZo��L���������������–�K� 97-102. 

 
 
 
DHFIVXL?JGH?�KHIJH<H@>?GB?�E?DPBC�IH�L?F?� 
�J:KIJ?>?E?GB?�FHE?DME�=:A:�IH�KDHJHKLYF� 

 
Kl��ij_ih^Z\Zl_ev�Ju`bdh\�K.;� 

 
<�gZklhys__�\j_fy�hsmsZ_lky�g_^hklZlhd�ohjhrbo�e_dpbhgguo�^_�

fhgkljZpbc� ih� l_f_� �KlZlbklbq_kdb_� jZkij_^_e_gby�� dmjkZ� �Fhe_dmeyj�
gZy�nbabdZ���DeZkkbq_kdbc�hiul�Rl_jgZ��ih^l\_j^b\rbc�kijZ\_^eb\hklv�
fZdk\_eeh\kdh]h�jZkij_^_e_gby�ih�kdhjhklyf�fhe_dme�g_\hafh`gh�ijh^_�
fhgkljbjh\Zlv�ba-aZ�]jhfha^dhklb�h[hjm^h\Zgby�b�h]jZgbq_gghklb�e_dpb�
hggh]h�\j_f_gb��GZb[he__�m^ZqgZy�^_fhgkljZpby�ih�wlhc�l_f_�-�^hkdZ�Wc�
o_g\Zev^Z� >���@�� ]^_� \� dZq_kl\_� fh^_e_c� fhe_dme� bkihevamxlky� mijm]b_�
rZjbdb�� dhlhju_� ijb\h^ylky� \� ^\b`_gb_� \b[jZlhjZfb�� jZkiheh`_ggufb�
ih�i_jbf_ljm�^hkdb��GZijy`_gb_�gZ�\b[jZlhjZo�\�wlhc�^_fhgkljZpbb�b]�
jZ_l�jhev�l_fi_jZlmju�kbkl_fu�� 

MdZaZggZy� fh^_ev� iha\hey_l� ijh^_fhgkljbjh\Zlv� g_dhlhju_� aZdh�
ghf_jghklb�fhe_dmeyjgh-dbg_lbq_kdhc�l_hjbb��aZ\bkbfhklv�kdhjhklb�fh�
e_dme�hl�l_fi_jZlmju��jZ\ghf_jgh_�jZkij_^_e_gb_� ]ZaZ�ih�\k_fm�^hklmi�
ghfm�h[t_fm�b�^j��Gh�ijh^_fhgkljbjh\Zlv��fZdk\_eeh\kdh_�jZkij_^_e_gb_�
fhe_dme�ih�kdhjhklyf�b�ijh_dpbyf�kdhjhklb�g_�m^Z_lky��ihkdhevdm�g_\ha�
fh`gh�gZ�]eZa�hij_^_eblv�kdhjhklb�^\b`msboky�rZjbdh\� 

<�k\yab�k�wlbf�ij_^klZ\ey_lky�p_e_khh[jZaguf�kha^Zgb_�k_jbb�dhf�
ivxl_jguo�^_fhgkljZpbc�^ey�khijh\h`^_gbc�e_dpbc�ih�wlhc�l_f_�� 

<�jZfdZo�jZ[hlu�ih�wlhc�ijh]jZff_�gZfb�[ueZ�kha^ZgZ�dhfivxl_j�
gZy�^_fhgkljZpby�ih�l_f_��JZkij_^_e_gb_�fhe_dme�ih�kdhjhklyf���dhlhjZy�
iha\hey_l� 

-� ijh^_fhgkljbjh\Zlv�� qlh� kbkl_fZ�� khklhysZy� ba� [hevrh]h� qbkeZ�
mijm]h� klZedb\Zxsboky� rZjh\�� ^_ckl\bl_evgh� kh� \j_f_g_f� ijboh^bl� d�
jZ\gh\_kghfm�khklhygbx�k�fZdk\_eeh\kdbf�jZkij_^_e_gb_f�kdhjhkl_c� 

-�hp_gblv�kdhjhklv�mklZgh\e_gby�lZdh]h�jZ\gh\_kgh]h�khklhygby� 
-�hp_gblv�^bki_jkbx�jZkij_^_e_gby�ih�kdhjhklyf�b�__�aZ\bkbfhklv�

hl�qbkeZ�qZklbp 
-�hp_gblv�\_ebqbgm�^Z\e_gby�]ZaZ�gZ�kl_gdb�khkm^Z��kjZ\gblv�ihem�

q_ggu_�agZq_gby�k�l_hj_lbq_kdbfb�>�-4]. 
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<�hibkZggmx�^_fhgkljZpbx�[ueh�\dexq_gh�fh^_ebjh\Zgb_�ih\_^_�
gby�[jhmgh\kdhc�qZklbpu��Ijh]jZffZ�iha\hey_l�ijh^_fhgkljbjh\Zlv��qlh�
^\b`_gb_�[jhmgh\kdhc�qZklbpu�hibku\Z_lky�nhjfmehc�Wcgrl_cgZ�� 

F_lh^u��>_fhgkljZpbhggZy� ijh]jZffZ� \uiheg_gZ� gZ� yaud_�Visual 
Basic��<�hkgh\_�__�jZ[hlu�e_`bl�jZaghklgZy�ko_fZ�Wce_jZ��Ijb�wlhf�[ueb�
k^_eZgu�ke_^mxsb_�fh^_evgu_�ij_^iheh`_gby� 

�����Kbkl_fZ� khklhbl� ba� [hevrh]h� dhebq_kl\Z� h^bgZdh\uo�fhe_dme��
aZdexq_gguo�\�aZfdgmlhf�h[t_f_� 

�����<aZbfh^_ckl\by�f_`^m�fhe_dmeZfb�b�kl_gdZfb�mijm]b_� 
�����<aZbfh^_ckl\b_�f_`^m�fhe_dmeZfb�ijhy\ey_lky� lhevdh�ijb� kh�

m^Zj_gbyo� �dh]^Z� jZkklhygby�f_`^m�gbfb� klZgh\ylky�f_gvr_� aZ^Zggh]h���
Ljhcgu_�khm^Zj_gby�g_�jZkkfZljb\Zxlky� 

�����Ijb�khm^Zj_gbb�^\mo�fhe_dme�bo�kdhjhklb�f_gyxlky�kemqZcguf�
h[jZahf�k�mq_lhf�\uiheg_gby�aZdhgh\�khojZg_gby�bfimevkZ�b�wg_j]bb� 

�����FZkkZ�[jhmgh\kdhc�qZklbpu�fgh]h�[hevr_�fZkku�fhe_dmeu� 
�����Klhedgh\_gb_�k�[jhmgh\kdhc�qZklbp_c�-�mijm]h_��KqblZ_lky��qlh�

[jhmgh\kdZy�qZklbpZ�^\b`_lky�lhevdh�ihklmiZl_evgh� 
Ijh]jZffZ� kihkh[gZ� jZkkqblu\Zlv� jZkij_^_e_gby� ih� kdhjhklyf� b�

^\b`_gb_�[jhmgh\kdhc�qZklbpu�^ey�fh^_eb�^\mf_jgh]h�b�lj_of_jgh]h�]ZaZ� 
Ijh]jZffZ�jZ[hlZ_l�ke_^mxsbf�h[jZahf� 
<gZqZe_� aZ^Zxlky� iZjZf_lju� kbkl_fu�� jZaf_ju�ijyfhm]hevghc� h[�

eZklb��\�dhlhjhc�gZoh^ylky�fhe_dmeu��dhebq_kl\h�fhe_dme��bo�jZaf_ju�b�
kdhjhklb�� jZaf_ju� b� fZkkZ� [jhmgh\kdhc� qZklbpu�� bgl_j\Ze� \j_f_gb� ^ey�
jZkq_lZ�khklhygby�kbkl_fu� 

AZl_f� ijhbkoh^bl� bgbpbZebaZpby� kbkl_fu�� \k_f� fhe_dmeZf� ijb�
k\Zb\Zxlky�h^bgZdh\u_�agZq_gby�kdhjhklb��Iheh\bg_�fhe_dme�k�ihfhsvx�
]_g_jZlhjZ� kemqZcguo� qbk_e� ijbk\Zb\Zxlky� ijhba\hevgu_� gZijZ\e_gby�
kdhjhkl_c��Z�\lhjhc�iheh\bg_�fhe_dme�ijbk\Zb\Zxlky�lZdb_�`_�ih�agZq_�
gbx��gh�ijhlb\hiheh`gu_�ih�gZijZ\e_gbx�kdhjhklb�^ey�h[_ki_q_gby�gm�
e_\h]h�agZq_gby�kmffZjgh]h�bfimevkZ�kbkl_fu� 

Ihke_� gZqZeZ� jZkq_lZ� w\hexpbb� kbkl_fu� ijh]jZffZ� jZkkqblu\Z_l�
dhhj^bgZlu�fhe_dme��b�ijh\_jy_l�gZebqb_� ^\mo� kblmZpbc��g_�ijhbahreh�
eb�khm^Zj_gb_�fhe_dme�kh�kl_gdZfb�b�^jm]�k�^jm]hf� 

?keb� dhhj^bgZlZ� fhe_dmeu� e_`bl� \g_� aZ^Zggh]h� h[t_fZ�� lh� ijh�
]jZffZ� j_]bkljbjm_l� khm^Zj_gb_� kh� kl_gdhc�� khhl\_lkl\mxs__� agZq_gb_�
ijh_dpbb�kdhjhklb�fhe_dmeu�f_gy_lky�gZ�ijhlb\hiheh`_ggh_��m^Zj�mijm�
]bc��� Z�fhe_dmeZ� \ha\jZsZ_lky� \gmljv� h[t_fZ�� a_jdZevgh� hljZab\rbkv� hl�
kl_gdb��Kl_gdZ�ijb�wlhf�ijbh[j_lZ_l�bfimevk��jZ\guc�2mVi��]^_�Vi -�khhl�
\_lkl\mxsZy�ijh_dpby� kdhjhklb�fhe_dmeu��Ijh]jZffZ� jZkkqblu\Z_l�bf�
imevk��ijbh[j_lZ_fuc�kl_gdhc�aZ�_^bgbpm�\j_f_gb��gZoh^bl�^Z\e_gb_�]ZaZ�
gZ�dZ`^mx�kl_gdm�b�kjZ\gb\Z_l�j_amevlZl�k�l_hj_lbq_kdbf� 

?keb�^\_�fhe_dmeu�ih^hreb�gZ�jZkklhygb_�f_gvr_�aZ^Zggh]h��lh�bf�
ijbk\Zb\Zxlky� gh\u_� agZq_gby� kdhjhkl_c��Ijh]jZffZ� jZkkqblu\Z_l� kdh�
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jhklb�fhe_dme�\�kbkl_f_�p_gljZ�fZkk��<�wlhc�kbkl_f_�hlkq_lZ�ihke_�khm^Z�
j_gby� \_ebqbgu� kdhjhkl_c� fhe_dme� g_� f_gyxlky�� Z� gh\u_� gZijZ\e_gby�
kdhjhkl_c�aZ^Zxlky�k�ihfhsvx�]_g_jZlhjZ�kemqZcguo�qbk_e� 

Ih�bkl_q_gbb�hij_^_e_ggh]h�\j_f_gb�ijh]jZffZ�\u\h^bl�gZ�wdjZg� 
-�qbkeh�khm^Zj_gbc�fhe_dme�kh�kl_gdZfb�b�^jm]�k�^jm]hf� 
-�bfimevk��khh[s_gguc�fhe_dmeZfb�dZ`^hc�kl_gd_� 
-�]bklh]jZffu�jZkij_^_e_gby�fhe_dme�ih�kdhjhklyf�b�ih�ijh_dpbyf�

kdhjhkl_c� 
-�^bki_jkbb�wlbo�jZkij_^_e_gbc� 
-� kf_s_gb_� [jhmgh\kdhc� qZklbpu� �ijb� \u[hj_� khhl\_lkl\mxs_c� hi�

pbb�� 
Ijb� wlhf� ^ey� kjZ\g_gby� gZ� ]bklh]jZffZo� hlh[jZ`Z_lky� l_hj_lbq_�

kdh_�jZkij_^_e_gb_�FZdk\_eeZ�ih�kdhjhklyf�b�ijh_dpbyf�kdhjhkl_c� 
J_amevlZlu��;ueh�ihemq_gh��qlh�ihke_�lh]h�dZd�fhe_dmeu�k^_eZxl�8 

-����khm^Zj_gbc��jZkij_^_e_gb_�ih�kdhjhklyf�klZgh\blky�fZdk\_eeh\kdbf�
b� ^Ze__�g_�f_gy_lky��MdZaZggh_� kj_^g__� qbkeh� khm^Zj_gbc�g_� aZ\bkbl� hl�
qbkeZ�qZklbp�\�bgl_j\Ze_�hl�����^h�������qZklbp��>bki_jkby��hlg_k_ggZy�d�
qbkem�fhe_dme��mf_gvrZ_lky�ijb�m\_ebq_gbb�qbkeZ�fhe_dme��>Z\e_gb_�]Z�
aZ�gZ�kl_gdb�b�^\b`_gb_�[jhmgh\kdhc�qZklbpu�ijhbkoh^bl�\�khhl\_lkl\bb�
k�l_hjb_c� 

Ijh]jZffZ� bf__l� m^h[guc� bgl_jn_ck�� ijhklZ�� gZ]ey^gZ� b� fh`_l�
[ulv�bkihevah\ZgZ�ijb�bamq_gbb�hkgh\guo�aZdhgh\�fhe_dmeyjgh�-�dbg_lb�
q_kdhc�l_hjbb��dZd�klm^_glZfb��lZd�b�klZjr_deZkkgbdZfb� 

Ebl_jZlmjZ 
���E_dpbhggu_�^_fhgkljZpbb�ih�nbabd_��i�j_^��B\_jhgh\hc�<�B��F��

GZmdZ������ 
���Ju`bdh\�K�;���K_f_gh\�F�<���Ke_idh\�:�B���YdmlZ�:�:��Ba[jZg�

gu_�e_dpbhggu_�^_fhgkljZpbb�ih�dmjkm� �Fhe_dmeyjgZy�nbabdZ���F��Nb�
abq_kdbc�nZdmevl_l�F=M������ 

���FZl\__\�:�G��Fhe_dmeyjgZy�nbabdZ��F��<ukrZy�rdheZ������ 
���Kb\mobg�>�<��H[sbc�dmjk�nbabdb��L_jfh^bgZfbdZ�b�fhe_dmeyj�

gZy�nbabdZ��F��<ukrZy�rdheZ������ 
 
 
 

KH<J?F?GGU?�L?OGHEH=BB�B�F?LH>BDB� 
E?DPBHGGH=H�WDKI?JBF?GL:�IH�HILBD?�G:�NBABQ?KDHF�

N:DMEVL?L?�F=M 
:kkbkl_gl�:�<� K_eb\_jklh\ 

 
Mq_[guc� wdki_jbf_gl�y\ey_lky�h^gbf�ba�djZ_m]hevguo�dZfg_c�nb�

abq_kdh]h� h[jZah\Zgby��GZ� e_dpbyo�ih� dmjkm� h[s_c�nbabdb� wdki_jbf_gl�
—�g_�ijhklh�^hiheg_gb_�d�hkgh\ghfm�fZl_jbZem�e_dpbb��gh�__�g_hlt_fe_�
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fZy� khklZ\gZy� qZklv�� g_� nhjfZ� ij_^klZ\e_gby� fZl_jbZeZ� dmjkZ�� Z� agZqb�
l_evgZy�qZklv�_]h�kh^_j`Zgby�>�@��DeZkkbq_kdb_�^_fhgkljZpbhggu_�wdki_�
jbf_glu�y\eyxlky�hkgh\hc��ba�dhlhjhc�\ujhkeb�kh\j_f_ggu_�hj]ZgbaZpb�
hggu_�nhjfu�gZmqgh]h�b�mq_[gh]h�wdki_jbf_glZ��gZijbf_j��i_j\uf�gZmq�
guf�nbabq_kdbf�mqj_`^_gb_f�gug_rg_c�Jhkkbckdhc�:dZ^_fbb�gZmd�[ue�
Nbabq_kdbc�dZ[bg_l�Bfi_jZlhjkdhc�ZdZ^_fbb�gZmd�b�om^h`_kl\��ihy\b\�
rbcky�h^gh\j_f_ggh�k�kZfhc�:dZ^_fb_c�\����� ]�� 

Nbabq_kdbc�nZdmevl_l�F=M�jZkiheZ]Z_l�[h]Zl_crbf�dZ[bg_lhf�nb�
abq_kdbo�^_fhgkljZpbc��?]h�mgbdZevgZy�dhee_dpby�ijb[hjh\�^ey�e_dpbhg�
gh]h� wdki_jbf_glZ� gZqZeZ� kh[bjZlvky� \� ����� ]h^m�� Z� \h� \j_f_gZ� ijhn��
G�:� Ex[bfh\Z�b�:�=� Klhe_lh\Z����–���]]��XIX �\\���hgZ�nZdlbq_kdb�[ueZ�
kha^ZgZ�aZgh\h��K�jZajZ[hldhc�^_fhgkljZpbc�^ey�dmjkZ�nbabdb�\�Fhkdh\�
kdhf� mgb\_jkbl_l_� k\yaZgu� bf_gZ� G�:� Mfh\Z�� I�G� E_[_^_\Z��
:�:� Wco_g\Zev^Z�� B�N� MkZ]bgZ�� K�B� <Z\beh\Z�� =�K� EZg^k[_j]Z��
:�;� Feh^a__\kdh]h��:�G� FZl\__\Z��K�:� :ofZgh\Z��G�B� Dhjhl__\Z�b�^jm�
]bo�ba\_klguo�mq_guo��Bf_ggh�\�F=M�[ueb�ih^]hlh\e_gu�klZ\rb_�deZk�
kbq_kdbfb� dgb]b� ih� e_dpbhgguf� ^_fhgkljZpbyf� ih^� j_^Zdpb_c� ijhn��
<�B� B\_jhgh\hc� >�@� �ba^Zgby� ����� b� ����� ]���� hibku\Zxsb_� [he__� ����
wdki_jbf_glh\�ih�dmjkm�h[s_c�nbabdb� 

H^gZdh� ^_fhgkljZpbhgguc� wdki_jbf_gl� lj_[m_l� jZa\b\Zxs_cky� b�
h[gh\ey_fhc�fZl_jbZevghc�[Zau��bkihevah\Zgby�kh\j_f_gguo�l_ogheh]bc��
K�fhf_glZ�\uoh^Z�>�@�ijhbahreb�kms_kl\_ggu_�baf_g_gby�\�l_ogbq_kdhc�
�jZa\blb_� dhfivxl_jghc�� ijh_dpbhgghc�� \b^_hl_ogbdb�� b� f_lh^bq_kdhc�
[Za_�\ukr_]h�h[jZah\Zgby��dhlhju_��\�hlebqb_�hl�gh\uo�gZmqguo�nZdlh\�
>����@��g_^hklZlhqgh�ihegh�b�kbkl_fZlbqgh�jZkkfhlj_gu�\�ebl_jZlmj_��ih�
k\ys_gghc�nbabq_kdbf�^_fhgkljZpbyf��Hkh[_ggh�wlh�dZkZ_lky�hilbdb��]^_�
^_fhgkljZpbhggu_� mklZgh\db� ^Z`_� gh\h]h� ihdhe_gby� bkihevamxl� l_� `_�
f_lh^bdb�ihdZaZ��qlh�b�\_d�gZaZ^� 

D�kms_kl\_gguf�k^\b]Zf�\�e_dpbhgghf�wdki_jbf_gl_�ke_^m_l�hlg_�
klb�rbjhdh_�bkihevah\Zgb_�\uqbkebl_evghc�l_ogbdb��gZqZ\r__ky�\���–
o� ]h^Zo�XX � \��b� \ua\Zggh_��ij_`^_� \k_]h��g_h[oh^bfhklvx�ihbkdZ�b�bk�
ihevah\Zgby� \hafh`gh�f_g__� aZljZlguo� i_^Z]h]bq_kdbo� l_ogheh]bc��Wlh�
hagZqZeh�rbjhdh_�bkihevah\Zgb_�dhfivxl_jgh]h�fh^_ebjh\Zgby�b��nZd�
lbq_kdb��ihkl_i_ggmx� aZf_gm�iZjdZ� klZj_xs_]h�^_fhgkljZpbhggh]h�h[h�
jm^h\Zgby� dhfivxl_jgufb� ijh]jZffZfb�� H^gZdh�� ihfbfh� hq_\b^ghc�
hiZkghklb�ih^f_gu�gZ[ex^_gby�j_Zevgh]h�nbabq_kdh]h�y\e_gby�bamq_gb�
_f�ih\_^_gby�_]h�fh^_eb��gZ�wlhf�imlb�jZa\blby�_klv�g_fZeh�©ih^\h^guo�
dZfg_cª�� 

Djhf_�hq_\b^guo�f_lh^heh]bq_kdbo�ijh[e_f��kms_kl\mxl�b�km]m[h�
f_lh^bq_kdb_�g_^hklZldb��gZijbf_j��^ey�[hevrbgkl\Z�^_fhgkljZpbhgguo�
ijh]jZff� ih� hilbd_� oZjZdl_jgZ� l_g^_gpby� d� ko_fZlbaZpbb� ihemqZ_fuo�
fh^_evguo�bah[jZ`_gbc��LZdb_�©bah[jZ`_gbyª�aZqZklmx�g_�khhl\_lkl\mxl�
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dZjlbgZf�� gZ[ex^Z_fuf� \� j_Zevguo� wdki_jbf_glZo�� ihwlhfm� h^gbf� ba�
\Z`g_crbo� f_lh^bq_kdbo� lj_[h\Zgbc�� ij_^ty\ey_fuo� d� kh\j_f_gghfm�
fh^_evghfm�wdki_jbf_glm��y\ey_lky�lj_[h\Zgb_�j_Zebklbqghklb��Hgh�ijb�
\h^bl�d�g_h[oh^bfhklb�Z^_d\Zlgh]h�hlh[jZ`_gby�p\_lZ�g_fhghojhfZlb�
q_kdh]h�baemq_gby�b�dhjj_dlgh]h�\hkijhba\_^_gby�hlghkbl_evghc�yjdh�
klb� jZaebqguo� mqZkldh\� bah[jZ`_gby�� ijbq_f� bah[jZ`_gby� ^he`gu� \u�
]ey^_lv�j_Zebklbqgh�ijb�hlh[jZ`_gbb�gZ�jZaebqguo�]jZnbq_kdbo�mkljhc�
kl\Zo� �WEL–�b�@D–fhgblhjZo��fmevlbf_^bcguo�ijh_dlhjZo��ieZaf_gguo�
iZg_eyo��>�@�� 

>ey�j_r_gby�wlbo�aZ^Zq�\�DZ[bg_l_�nbabq_kdbo�^_fhgkljZpbc�\�ih�
ke_^g__� \j_fy� kha^Zgh� [he__� ���fh^_ebjmxsbo� ijh]jZff�� iha\heyxsbo�
ijhbeexkljbjh\Zlv� y\e_gby� l_ieh\h]h� baemq_gby�� bgl_jn_j_gpbb� b� ^b�
njZdpbb� k\_lZ� jZaebqgh]h� ki_dljZevgh]h� khklZ\Z�� l_hjbx�nhjfbjh\Zgby�
hilbq_kdh]h�bah[jZ`_gby��ijbgpbiu� jZ[hlu� hilbq_kdbo�ijb[hjh\�� ki_d�
ljZevguc�ZgZeba�b�kbgl_a�b�l�^��>ey�wlbo�ijh]jZff�[ueZ�kha^ZgZ�fh^_ev�
ihevah\Zl_evkdh]h�bgl_jn_ckZ��h[e_]qZxsZy�dZd�\hkijbylb_�bgnhjfZpbb�
kemrZl_eyfb�e_dpbb��lZd�b�mijZ\e_gb_�ijh]jZffhc�e_dlhjhf�beb�^_fhg�
kljZlhjhf�� Bf_xsb_ky� gZjZ[hldb� iha\heyxl� jZajZ[Zlu\Zlv� gh\u_� dhf�
ivxl_jgu_�fh^_evgu_� ^_fhgkljZpbb� dZd� ^ey� dmjkZ� ©HilbdZª�� lZd� b� ^ey�
^jm]bo�h[sbo�b�ki_pbZevguo�nbabq_kdbo�dmjkh\� 

H^gZdh� jZa\blb_� aZ�ihke_^g__� ^_kylbe_lb_� we_f_glghc� [Zau� kh\j_�
f_gghc�dhfivxl_jghc�l_ogbdb�^Z_l�\hafh`ghklv�jZa\b\Zlv�g_�lhevdh�fh�
^_evguc��gh�b�gZlmjguc�wdki_jbf_gl��AZ�ihke_^gb_� ��–���e_l�fZkkh\hfm�
ihlj_[bl_ex� klZeb� ^hklmigu� \uqbkebl_evgu_� kbkl_fu� b� i_jbn_jbcgu_�
mkljhckl\Z�� kjZ\gbfu_� ih� fhsghklb� b� keh`ghklb�� gZijbf_j�� k�
\uqbkebl_evguf� h[_ki_q_gb_f� \k_c� ijh]jZffu� ©:iheehgª� beb�
l_ogheh]bq_kdbfb�j_r_gbyfb�ijhn_kkbhgZevghc�Zm^bh–�beb�\b^_hklm^bb�
80–o� ]h^h\� ;;� \_dZ��KlZg^Zjlgu_� i_jbn_jbcgu_� mkljhckl\Z� �gZijbf_j��
fZgbimeylhju� ©furvª� dZd� ^Zlqbdb� i_j_f_s_gby�� a\mdh\u_� mkljhckl\Z�
6RXQG�%ODVWHU�^ey�\\h^Z�\u\h^Z�kb]gZeZ�i_j_f_ggh]h�gZijy`_gby�a\mdh\hc�
qZklhlu�� ieZlu� \b^_haZo\ZlZ� ^ey� hpbnjh\db� bah[jZ`_gby�� gZqbgZxl� k�
mki_ohf�aZf_gylv�ki_pbZebabjh\Zggu_�^Zlqbdb�>����@�� 

D� ^hklhbgkl\Zf� wlh]h� ih^oh^Z� ke_^m_l� hlg_klb� [he__� ijhklh_�� dZd�
ijZ\beh�� ijh]jZffbjh\Zgb_�� LZdh]h� jh^Z� mkljhckl\Z� bkihevamxl� klZg�
^Zjlgu_�[b[ebhl_db�hi_jZpbhgghc�kbkl_fu��Wlb�[b[ebhl_db�bf_xl�ih^�
jh[gmx� l_ogbq_kdmx� ^hdmf_glZpbx�� qlh� iha\hey_l� hlghkbl_evgh� ijhklh�
\dexqZlv�hi_jZpbb�jZ[hlu�k�i_jbn_jbcgufb�mkljhckl\Zfb�\�ijh]jZffu��
jZajZ[Zlu\Z_fu_� gZ� yaudZo� \ukhdh]h� mjh\gy�� Bkihevah\Zgb_� wlbo� mkl�
jhckl\� ba[Z\ey_l� jZajZ[hlqbdh\� hl� kha^Zgby� ki_pbZevgh]h� ZiiZjZlgh]h�
�ieZlu�\\h^Z–\u\h^Z�bgnhjfZpbb��b�ijh]jZffgh]h� �^jZc\_ju�mkljhckl\��
h[_ki_q_gby��hjb_glbjh\Zggh]h�gZ�\uiheg_gb_�madhc�aZ^Zqb��b��dZd�ijZ\b�
eh�� ijb\h^bl� d� kha^Zgbx� Z\lhfZlbabjh\Zgghc� mklZgh\db�� bf_xs_c� g_�
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hq_gv�\ukhdmx�lhqghklv��gh�ho\Zlu\Zxs_c�rbjhdbc�ki_dlj�aZ^Zq��Djhf_�
lh]h��kha^Z\Z_fh_�ijh]jZffgh_�h[_ki_q_gb_�g_�aZ\bkbl�hl�dhgdj_lghc�Zi�
iZjZlghc�j_ZebaZpbb�—�hgh�fh`_l�jZ[hlZlv�k�ex[uf�mkljhckl\hf��mijZ\�
ey_fuf�klZg^Zjlgufb�^jZc\_jZfb� 

D� kh`Ze_gbx�� g_� \kydbc� wdki_jbf_gl� ^himkdZ_l� bkihevah\Zgb_� lZ�
dbo�mkljhckl\��<�jy^_�kemqZ_\�oZjZdl_j�j_]bkljbjm_fhc�nbabq_kdhc�\_eb�
qbgu�lZdh\��qlh�g_�iha\hey_l�bkihevah\Zlv�klZg^Zjlguc�\oh^ghc�ij_h[jZ�
ah\Zl_ev��gZijbf_j��\uoh^�qZklhlu�baf_g_gby�we_dljbq_kdh]h�gZijy`_gby�
aZ� ]jZgbpu� dhjj_dlghc� jZ[hlu� a\mdh\h]h� mkljhckl\Z��� bgh]^Z� g_� o\ZlZ_l�
lhqghklb�j_]bkljZpbb�dZdhc–eb[h�\_ebqbgu��G_h[oh^bfhklv�`_�mijZ\e_�
gby� iZjZf_ljZfb� mklZgh\db� ijb� Z\lhfZlbaZpbb� wdki_jbf_glZ� qZklh� �gZ�
ijbf_j��ijb�bkihevah\Zgbb�rZ]h\uo�^\b]Zl_e_c��lj_[m_l�ijbf_g_gby�ki_�
pbZebabjh\Zgguo� bgl_jn_ckguo� mkljhckl\�� L_f� g_� f_g__�� \hafh`ghklb�
ijbf_g_gby�klZg^Zjlguo�mkljhckl\�^h\hevgh�rbjhdb� 

Hkh[uc� bgl_j_k� ij_^klZ\eyxl� kh[hc� gZlmjgu_� dhebq_kl\_ggu_�

^_fhgkljZpbb��khq_lZxsb_�gZ[ex^_gb_�j_Zevgh]h�nbabq_kdh]h�ijhp_kkZ�
beb� y\e_gby� k� ijbf_g_gb_f� jZaebqguo� kihkh[h\� h[jZ[hldb� ihemqZ_fhc�
bgnhjfZpbb�\�j_`bf_�j_Zevgh]h�\j_f_gb��KlZgh\blky�\hafh`guf�dZd�ih�
\lhjylv�gZ�dZq_kl\_ggh�gh\hf�mjh\g_�hiulu��ih�ijZ\m�kqblZxsb_ky�deZk�
kbq_kdbfb��lZd�b�jZajZ[Zlu\Zlv�ijbgpbibZevgh�gh\u_�^_fhgkljZpbb��Ijb�
wlhf�hlghkbl_evgZy�^_r_\bagZ�bkihevam_fuo�we_f_glh\�IW<F�iha\hey_l�
hjb_glbjh\Zlvky�gZ�bo�bkihevah\Zgb_�^ey�jZa\blby�e_dpbhggh]h�wdki_jb�
f_glZ�\�rbjhdhf�djm]_�mqj_`^_gbc�\ukr_]h�h[jZah\Zgby�Jhkkbb��GZ�k_�
]h^gy�\�nbadZ[bg_l_�j_Zebah\Zgh����dhebq_kl\_gguo�^_fhgkljZpbc�ih�hi�
lbd_��bkke_^h\Zgb_�iheyjbah\Zggh]h�k\_lZ��y\e_gbc�ih]ehs_gby�b�jZkk_y�
gby��bgl_jn_j_gpbhggu_�baf_j_gby�b�^j����Z�lZd`_�bkihevah\Zgbx�hilbq_�
kdbo�f_lh^h\�\�^jm]bo�jZa^_eZo�dmjkZ�h[s_c�nbabdb� 

Kh\j_f_ggu_� l_ogheh]bq_kdb_� j_r_gby� ijbf_gbfu� b� \� deZkkbq_�
kdbo�^_fhgkljZpbyo — gZlmjghf�dZq_kl\_gghf�wdki_jbf_gl_��H^gbf�ba�
gZb[he__� i_jki_dlb\guo� gZijZ\e_gbc� y\ey_lky� ijbf_g_gb_� \b^_hijh_d�
pbhgguo� kbkl_f�� \dexqZxsbo� \� k\hc� khklZ\� \b^_hdZf_ju� \� khq_lZgbb� k�
kh\j_f_ggufb� `b^dhdjbklZeebq_kdbfb� ijh_dpbhggufb� mkljhckl\Zfb�
�l�g��fmevlbf_^bcgufb�ijh_dlhjZfb���Hlf_lbf�hkgh\gu_�gZijZ\e_gby�bo�
bkihevah\Zgby�\�e_dpbhgguo�^_fhgkljZpbyo�ih�hilbd_� 

>_fhgkljZpby�nbabq_kdbo�y\e_gbc�b� mklZgh\hd�\� m\_ebq_gghf�

fZkrlZ[_�iha\hey_l�g_�lhevdh�ih\ukblv�^ey�[hevrhc�Zm^blhjbb�gZ]ey^�
ghklv� g_dhlhjuo� wdki_jbf_glh\�� bkihevamxsbo� g_[hevrb_� ih� jZaf_jZf�
ijb[hju�b� mklZgh\db��gh�b�ijbf_gylv�gZ� mq_[ghc� e_dpbb� h[hjm^h\Zgb_��
dhlhjh_� jZg__� g_� fh]eh� bkihevah\Zlvky� ^ey� ^_fhgkljZpbc� ba–aZ� fZeuo�
jZaf_jh\�beb��gZijbf_j��g_\ukhdhc�yjdhklb�beb�dhgljZklghklb�bah[jZ`_�
gby��gZijbf_j��jZajZ[hlZggh_�^ey�bg^b\b^mZevgh]h�bkihevah\Zgby�\�mq_[�
ghf�beb�gZmqghf�wdki_jbf_gl_���FZeu_�jZaf_ju�lZdh]h�h[hjm^h\Zgby�m`_�
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g_�y\eyxlky�ihf_ohc�^ey�^_fhgkljZpbb�bo�Zm^blhjbb��k�ihfhsvx�fZdjh�
kt_fdb�fh`gh�m\_ebqblv�bo�bah[jZ`_gb_�^h�jZaf_jZ�ijh_dpbhggh]h�wdjZ�
gZ��G_fZeh\Z`guf�h[klhyl_evkl\hf�y\ey_lky�b�lh��qlh�klhbfhklv�h[uqguo�
ijb[hjh\�� dZd�ijZ\beh�� kms_kl\_ggh�gb`_� klhbfhklb�bo� ki_pbZevgh�jZa�
jZ[Zlu\Z_fuo�b�ba]hlZ\eb\Z_fuo�^_fhgkljZpbhgguo�ZgZeh]h\� 

<bamZebaZpby�keZ[uo�f_edhfZkrlZ[guo�k\_lh\uo�ihe_c��gZijb�
f_j��bgl_jn_j_gpbhgguo�beb�^bnjZdpbhgguo�dZjlbg��fh`_l�ijh\h^blvky�
dZd�f_lh^hf�fZdjhkt_fdb��lZd�b�g_ihkj_^kl\_gghc�ijh_dpb_c�^_fhgkljb�
jm_fh]h� bah[jZ`_gby� gZ� k\_lhqm\kl\bl_evguc� we_f_gl� dZf_ju� �IAK–
fZljbpm���AZqZklmx�wlhl�kihkh[�^Z_l�\hafh`ghklv�gZ[ex^_gby�lZdbo�bah�
[jZ`_gbc�[_a�g_h[oh^bfh]h�\�deZkkbq_kdhc�f_lh^bd_�ihegh]h�aZl_fg_gby�
Zm^blhjbb� 

Khijy`_gb_� k� hilbq_kdbfb� ijb[hjZfb�� lZdbfb� dZd� fbdjhkdhi��
ajbl_evgZy�ljm[Z��ki_dljhkdhi��bgl_jn_jhf_lj�b�l�i���iha\hey_l�^_fhgkl�
jbjh\Zlv�Zm^blhjbb�bah[jZ`_gby��^hklmigu_�ebrv�km[t_dlb\ghfm�gZ[ex�
^_gbx��Ijb� bkihevah\Zgbb� fbdjhkdhiZ� \� dZq_kl\_� hilbq_kdh]h� ijb[hjZ�
(fbdjhkt_fd_��fh`gh�^_fhgkljbjh\Zlv�fbdjhijh_dpbx��fZkrlZ[�dhlh�
jhc�h]jZgbq_g�ebrv�m\_ebq_gb_f�fbdjhkdhiZ�b�fhsghklvx�_]h�hk\_lbl_�
ey� 

H[jZ[hldZ� ihemqZ_fuo� bah[jZ`_gbc� \hafh`gZ� ijb� bkihevah\Z�
gbb��gZijbf_j��dhfivxl_jZ�k�mkljhckl\hf�\b^_haZo\ZlZ��Wlh�iha\hey_l�g_�
lhevdh�nbdkbjh\Zlv� bah[jZ`_gb_� \� jZaebqgu_�fhf_glu� \j_f_gb� �^_eZlv�
klhi–dZ^ju�beb�\b^_haZibkv���gh�b�memqrZlv�dhgljZkl�bah[jZ`_gby��\u^_�
eylv� _]h� baf_g_gby� k� l_q_gb_f� \j_f_gb�� ijh\h^blv� ijhkljZgkl\_ggmx� b�
\j_f_ggmx�nbevljZpbx��jZkihagZ\Zgb_�we_f_glh\�bah[jZ`_gby�b�l�^� 

;hevrh_�qbkeh�jZajZ[hlZgguo�\�nbadZ[bg_l_�^_fhgkljZpbc��\�khq_�
lZgbb�k�m`_�bf_\rbfbky��iha\hey_l�jZa\b\Zlv�gh\h_�gZijZ\e_gb_�—�jZa�
jZ[hldm� dhfihablguo� ^_fhgkljZpbc�� Wlhl� \b^� h[t_^bgy_l� g_kdhevdh�
wdki_jbf_glh\� jZaebqgh]h� lbiZ�h^ghc�b� lhc�`_� l_fZlbdb� �gZijbf_j��gZ�
lmjguc�b�fh^_evguc��beb�dhebq_kl\_gguc�b�dZq_kl\_gguc���^himkdZxsbo�
kjZ\g_gb_� j_amevlZlh\� b� ihdZau\Z_fuo� \� dhfie_dk_�� Z� lZd`_�� \hafh`gh��
beexkljZlb\guc� fZl_jbZe�� Wlhl� ih^oh^� ^Z_l� \hafh`ghklv� hkms_kl\blv�
ijh[e_fgh_�baeh`_gb_�l_fu��jZkrbjblv�djm]�jZkkfZljb\Z_fuo�gZ�e_dpbb�
y\e_gbc��ijh\_klb�bo�^hihegbl_evgh_�dZq_kl\_ggh_�jZkkfhlj_gb_�ijb�wdh�
ghfbb�\j_f_gguo�aZljZl�g_ihkj_^kl\_ggh�gZ�aZgylbb� 

Ebl_jZlmjZ 
1. =jZ[h\kdbc� F�:��� Feh^a__\kdbc� :�;��� L_e_kgbg� J�<�� b� ^j��

E_dpbhggu_�^_fhgkljZpbb�ih�nbabd_�� ��Ih^�j_^��B\_jhgh\hc�<�B��—�F���

GZmdZ������� 
2. :e_rd_\bq�<�:���Dbk_e_\�>�N���DhjqZ`dbg�<�<��EZa_ju�\�e_d�

pbhgghf�wdki_jbf_gl_����Ih^�j_^��E�<�E_\rbgZ�—�F���Ba^–\h�F=M������� 
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3. I_jdZevkdbk�;�R��<hegh\u_�y\e_gby�b�^_fhgkljZpbb�ih�dmjkm�
nbabdb��—�Lhfkd��Ba^–\h�Lhfkd��mg–lZ������� 

4. K_eb\_jklh\�:�<���Qmjbdh\Z�X�<���YdmlZ�:�:��Bkihevah\Zgb_�
nmgdpbc�p\_lh\h]h�khhl\_lkl\by�ijb�dhfivxl_jghf�fh^_ebjh\Zgbb�hilb�
q_kdbo� aZ^Zq�� ���Kt_a^� jhkkbckdbo�nbabdh\–ij_ih^Z\Zl_e_c� ©Nbabq_kdh_�
h[jZah\Zgb_�\�;;,�\_d_ª��Fhkd\Z����–���bxgy������]��L_abku�^hdeZ^h\��— 
F���Nbabq_kdbc�nZdmevl_l�F=M��������—�K����� 

5. >mgbg�F�K���K_f_gh\�F�<���YdmlZ�:�:��Gh\u_� Z\lhfZlbabjh�
\Zggu_�e_dpbhggu_�wdki_jbf_glu�ih�l_f_�©F_oZgbq_kdb_�dhe_[Zgbyª��— 
Nbabq_kdh_�h[jZah\Zgb_�\�\maZo��L��������������—�K�����–173. 

6. K_eb\_jklh\� :�<��� >mgbg�F�K�� Bkihevah\Zgb_� mkljhckl\� \b�
^_haZo\ZlZ�\�e_dpbhgghf�wdki_jbf_gl_�ih�nbabd_��—�Nbabq_kdh_�h[jZah�
\Zgb_�\�\maZo��L��������������—�K���–102. 

 
 
 
 
KH<J?F?GG:Y�E:;HJ:LHJBY�NBABQ?KDH=H�IJ:DLBDMF:� 

�HL�:<LHF:LBA:PBB�D�>BKL:GPBHGGHFM�H;MQ?GBX 
 

>hp_gl�Fblbg�B�< 
 
Klj_fbl_evgh_�jZa\blb_�fbdjhwe_dljhgghc�b�dhfivxl_jghc�l_ogb�

db� ijb\_eh� d� lhfm�� qlh� \� gZklhys__� \j_fy� dhfivxl_j� \oh^bl� \� khklZ\�
ijZdlbq_kdb�ex[hc� wdki_jbf_glZevghc�gZmqghc�mklZgh\db��H[eZklv�ijb�
f_g_gby�dhfivxl_jZ�qj_a\uqZcgh�rbjhdZ��hl�g_ihkj_^kl\_ggh]h�mijZ\e_�
gby�jZ[hlhc�mklZgh\db�b�j_]bkljZpbb�j_amevlZlh\�baf_j_gbc��Z\lhfZlbaZ�
pby� wdki_jbf_glZ��^h�h[jZ[hldb�gZdhie_ggh]h� wdki_jbf_glZevgh]h�fZl_�
jbZeZ�k�ihke_^mxsbf�ij_^klZ\e_gb_f�bgnhjfZpbb�gZ�wdjZg_�fhgblhjZ�b�
\u\h^hf�gZ�i_qZlZxs__�mkljhckl\h��Ihwlhfm�hq_gv�\Z`gh��qlh[u�klm^_g�
lu�m`_�gZ�feZ^rbo�dmjkZo�ijbh[j_lZeb�hiul�jZ[hlu�gZ�Z\lhfZlbabjh\Zg�
guo�wdki_jbf_glZevguo�mklZgh\dZo�� 

GZ�nbabq_kdhf�nZdmevl_l_�F=M�m`_�[he__�iylgZ^pZlb�e_l�\_^mlky�
jZ[hlu�ih�jZajZ[hld_�Z\lhfZlbabjh\Zgguo�kbkl_f�^ey�h[s_]h�nbabq_kdh�
]h�ijZdlbdmfZ� >�@��<�j_amevlZl_�[ue�kha^Zg�fbdjhijhp_kkhjguc�fh^mev�- 
[ehd�khijy`_gby�dhfivxl_jZ�k�wdki_jbf_glZevghc�mklZgh\dhc��Hg�iha\h�
ey_l�Z\lhfZlbabjh\Zlv�gZb[he__�ljm^h_fdb_�aZ^Zqb�ijZdlbdmfZ��\�dhlhjuo�
bamq_gb_�nbabq_kdbo�y\e_gbc�khijy`_gh�k�ihemq_gb_f��kbkl_fZlbaZpb_c�b�
ihke_^mxs_c� h[jZ[hldhc� [hevrh]h� h[t_fZ� wdki_jbf_glZevguo� ^Zgguo��
>Zgguc�[ehd�bkihevam_l�^ey�k\yab�klZg^Zjlguc�ihke_^h\Zl_evguc�bgl_j�
n_ck��qlh�^Z_l�\hafh`ghklv�_]h�ih^dexq_gby�ijZdlbq_kdb�d�ex[hfm�dhf�
ivxl_jm� 
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<�khklZ\�fh^mey�\oh^yl�� 
- 8 -�dZgZevguc���� -�jZajy^guc�:PI� � �\j_fy�ij_h[jZah\Zgby�hdheh�

���fdk�gZ�dZgZe�� 
-�^\Z����-�jZajy^guo�P:I� 
- 16 -�jZajy^guc�kq_lqbd� 
-�[mn_jgZy�iZfylv�gZ���D[Zcl� 
-�i_j_kljZb\Z_fuc� \�ij_^_eZo� �� -��D]p�nmgdpbhgZevguc� ]_g_jZlhj�

gZijy`_gby� 
-�baf_jbl_ev�bgl_j\Zeh\�\j_f_gb�k�lhqghklvx���fdk� 
-�mkbebl_ev� k�ijh]jZffgh�i_j_kljZb\Z_fuf�dhwnnbpb_glhf�mkbe_�

gby� 
-�ko_fZ�mijZ\e_gby�rZ]h\ufb�^\b]Zl_eyfb� 
Fbdjhijhp_kkhj�bf__l�we_dljbq_kdb�i_j_ijh]jZffbjm_fmx�iZfylv��

qlh�iha\hey_l�ijh]jZffbjh\Zlv�g_h[oh^bfu_�nmgdpbb��\uihegy_fu_�fh�
^me_f��Wdki_jbf_glZevgZy�mklZgh\dZ��bgl_jn_ckguc�fh^mev�b�dhfivxl_j�
ij_^klZ\eyxl�kh[hc�Z\lhfZlbabjh\Zggmx�kbkl_fm��mijZ\ey_fmx�ijh]jZf�
fZfb�\ukhdh]h�mjh\gy��gZibkZggufb�ih^�'26�beb�:indows. 

<�gZklhysbc�fhf_gl� \�ijZdlbdmf_�nmgdpbhgbjmxl� ke_^mxsb_� Z\�
lhfZlbabjh\Zggu_�mklZgh\db� 

:��JZa^_e�©F_oZgbdZª 
1. ©Bamq_gb_�k\h[h^guo�b�\ugm`^_gguo�dhe_[Zgbc�ijm`bggh]h�fZ�

ylgbdZª. 
Klm^_glu� ihemqZxl� Zfieblm^gh-� b�nZahqZklhlgmx� oZjZdl_jbklbdb�

dhe_[Zl_evghc� kbkl_fu�� BamqZ_lky� y\e_gb_� j_ahgZgkZ� \� dhe_[Zl_evghc�
kbkl_f_�k�aZlmoZgb_f� 

;��JZa^_e�©Fhe_dmeyjgZy�nbabdZª 
2. «Bamq_gb_�jZkij_^_e_gby�l_jfhwe_dljhgh\�ih�kdhjhklyf´�  
BamqZxlky�k\hckl\Z�klZlbklbq_kdh]h�ZgkZf[ey�qZklbp��ih^qbgyxs_�

]hky�jZkij_^_e_gbx�FZdk\_eeZ�ih�baf_j_gbyf�\hevlZfi_jguo�oZjZdl_jb�
klbd�\Zdmmfgh]h�^bh^Z�ijb�fZeuo�lhdZo�gZdZeZ� 

3. ©KlZlbklbdZ�nhlhhlkq_lh\�NWMª�  
BamqZ_lky�klZlbklbdZ�baemq_gby��jZkij_^_e_gby�ImZkkhgZ�b�=ZmkkZ���

j_]bkljbjm_fh]h�NWM��jZ[hlZxsbf�\�j_`bf_�kq_lZ�nhlhgh\�� 
<��JZa^_e�©We_dljhfZ]g_lbafª 
4. «J_ahgZgk�\�5/&�–�p_iyoª� 
5. «I_j_oh^gu_�ijhp_kku�\�5/&�–�p_iyoª� 
6. «NZah\u_�khhlghr_gby�\�5/&�–�p_iyoª� 
7. «K\yaZggu_�dhe_[Zgby�\�5/&�–�p_iyoª� 
Wdki_jbf_glZevgu_� fh^meb� iha\heyxl� kh[bjZlv� jZaebqgu_� ko_fu�

ba� 5/&� we_f_glh\��Klm^_glu� agZdhfylky� k� y\e_gbyfb� j_ahgZgkZ� lhdh\� b�
gZijy`_gbc�� ijbgpbiZfb� jZ[hlu� bgl_]jbjmxsbo� b� ^bnn_j_gpbjmxsbo�
ko_f�� nZah\jZsZl_ey� b� L-fhklZ��<� wlbo� aZ^ZqZo� jZajZ[hlZgguc� [ehd� kh�
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ijy`_gby� j_Zebam_l� nmgdpbb� ^\modZgZevgh]h� aZihfbgZxs_]h� hkpbeeh�
]jZnZ� 

=��JZa^_e�©HilbdZª 
8. «>bnjZdpby�NjZmg]hn_jZª; 
9. «>bnjZdpby�Nj_g_eyª� 
J_]bkljbjm_lky�b�h[jZ[Zlu\Z_lky�jZkij_^_e_gb_�bgl_gkb\ghklb�ijb�

^bnjZdpbb�gZ�h^ghc�b�g_kdhevdbo�s_eyo��ijh\hehd_��hl\_jklbb��djZ_�wdjZ�
gZ��<�dhfivxl_jghc�ijh]jZff_�ij_^mkfhlj_gZ�\hafh`ghklv�fh^_ebjh\Z�
gby�bamqZ_fuo�y\e_gbc� 

10. ©Hkgh\u�ki_dljZevgh]h�ZgZebaZª 
<� khklZ\� mklZgh\db� \oh^bl� Z\lhfZlbabjh\Zgguc� fhghojhfZlhj�

�F>J-��� beb�F>J-����� k� ihfhsvx� dhlhjh]h� klm^_glu� baf_jyxl� ki_dlj�
jZaebqguo�bklhqgbdh\�k\_lZ��eZfiu�gZdZeb\Zgby��]ZahgZiheg_gguo�eZfi��
b�hij_^_eyxl�ki_dljZevgu_�oZjZdl_jbklbdb�ijb[hjh\� 

<� jZa^_e_� ©We_dljhfZ]g_lbafª� Z\lhfZlbabjh\Zggu_� mklZgh\db� ih�
a\hebeb�kha^Zlv�eZ[hjZlhjbx�^ey�bamq_gby�y\e_gbc��ijhbkoh^ysbo�\�p_�
iyo�i_j_f_ggh]h�lhdZ��Ijbf_g_gb_�lZdbo�mklZgh\hd�iha\hey_l�hldZaZlvky�
hl�ijbh[j_l_gby�fgh]hqbke_ggh]h�we_dljhl_ogbq_kdh]h�h[hjm^h\Zgby��]_�
g_jZlhjh\��hkpbeeh]jZnh\��\hevlf_ljh\�b�l�^����Ijb�wlhf�\Z`gh�hlf_lblv��
qlh�jZ[hlZ�hkms_kl\ey_lky�k�j_Zevgufb�we_dljbq_kdbfb�kb]gZeZfb��\�hl�
ebqb_� hl� fgh]hqbke_gguo� kemqZ_\� bkihevah\Zgby� qbklh� dhfivxl_jgh]h�
fh^_ebjh\Zgby�y\e_gbc� 

Ijbf_g_gb_� dhfivxl_jZ�iha\hey_l�ijb^Zlv� mklZgh\d_� lZd`_�nmgd�
pbx�mq_[gh]h�ihkh[by��aZ]jm`Z_fZy�ijh]jZffZ�iha\hey_l�\�ex[hc�fhf_gl�
h[jZlblvky� d� l_dklm� hibkZgby� aZ^Zqb�� Z� lZd`_� kfh^_ebjh\Zlv� bamqZ_fu_�
y\e_gby��<� qZklghklb�� \� jZ[hlZo� ih� ^bnjZdpbb� k\_lZ� klm^_gl� bf__l� \ha�
fh`ghklv��baf_gyy�\�j_`bf_�fh^_ebjh\Zgby�iZjZf_lju�©h[t_dlh\ª��ihem�
qblv�^bnjZdpbhggmx�dZjlbgm��Z�aZl_f�kjZ\gblv�_]h�k�j_amevlZlZfb�j_Zev�
gh]h� wdki_jbf_glZ�� Djhf_� wlh]h�� dhfivxl_j� iha\hey_l� ©h`b\blvª� lZdb_�
\Z`gu_�^ey�ihgbfZgby�bamqZ_fuo�y\e_gbc�]jZnbq_kdb_�h[jZau��dZd�kib�
jZeb�Nj_g_ey�b�Dhjgx��\�hilbd_���\_dlhjgu_�^bZ]jZffu��\�we_dljhfZ]g_�
lbaf_�� 

Kha^Zggu_� dhfivxl_jgu_� ijh]jZffu� fh]ml� [ulv� bkihevah\Zgu� b�
[_a�wdki_jbf_glZevgh]h�fh^mey�–�lhevdh�\�j_`bf_�fh^_ebjh\Zgby��LZd�dZd�
[hevrbgkl\h�aZ^Zq�ij_^klZ\e_gh�\�k_lb�Bgl_jg_l�gZ�kZcl_�dZn_^ju�h[s_c�
nbabdb��lh�klm^_gl�bf__l�\hafh`ghklv��©kdZqZ\ª�ijh]jZffu��bkihevah\Zlv�
bo� ijb� ih^]hlh\d_� d� \uiheg_gbx� jZ[hlu� ijZdlbdmfZ�� Z� aZqZklmx� b� ^ey�
ih^]hlh\db�d�k_fbgZjZf��wdaZf_gZf�b�l�^��Wlb�ijh]jZffu�^hklmigu�\k_f�
ihevah\Zl_eyf�k_lb�Bgl_jg_l�-�klm^_gl�ex[h]h�\maZ�b�^Z`_�rdhevgbd�bf_�
_l� \hafh`ghklv� ©\uihegblvª� aZ^Zqm�ijZdlbdmfZ�nbabq_kdh]h�nZdmevl_lZ�
F=M��?kl_kl\_ggh��j_qv�b^_l�h�fh^_evghf�\uiheg_gbb�aZ^Zqb��^hklmiZ�d�
j_Zevghc�mklZgh\d_�g_l�–�ih�fg_gbx�Z\lhjZ��qZklh�j_deZfbjm_fh_�^bklZg�

EHFHGHKH<KDB?�QL?GBY�– 2004 

 

170 

 
 
 

pbhggh_�ijh\_^_gb_�wdki_jbf_glh\�ijb�h[mq_gbb�g_p_e_khh[jZagh�–�klm�
^_glu� ^he`gu� kZfhklhyl_evgh� mklZgZ\eb\Zlv� h[t_dlu�� ^_eZlv� g_h[oh^b�
fu_�i_j_dexq_gby�b�l�^�� 

 
Ebl_jZlmjZ 
;hdh\� I�X��� B\Zgph\� :�:���Fblbg� B�<��� GbnZgh\� :�K��� KZe_pdbc�

:�F���Q_j\ydh\�:�<��:\lhfZlbaZpby�nbabq_kdh]h� wdki_jbf_glZ��K[hjgbd�
l_abkh\�^hdeZ^h\�9,,�mq_[gh-f_lh^bq_kdhc�dhgn_j_gpbb�kljZg�kh^jm`_kl�
\Z�«Kh\j_f_gguc�Nbabq_kdbc�IjZdlbdmf»��]��KZgdl-I_l_j[mj]����-���fZy�
������klj���� 

 
 


