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M>D���������� 

H�KLJMDLMJ?�<G?RGBO�Q:KL?C�:DDJ?PBHGGUO�>BKDH<� 
H;EMQ:?FUO�J?GL=?GHF�HL�P?GLJ:EVGH=H�BKLHQGBD: 

F_s_jydh\�:�<���EboZq_\�J�:� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

:ddj_pbhggu_�^bkdb�\�Zkljhnbabd_�bf_xl�f_klh�\�kZfuo�jZaebqguo�Zkljhnb�
abq_kdbo�h[t_dlZo��hl�^bkdh\�\hdjm]�ijhlha\_a^�^h�^bkdh\�\hdjm]�k\_jofZkkb\guo�q_j�
guo�^uj�\�y^jZo�Zdlb\guo�]ZeZdlbd�b�d\ZaZjZo�>�@� 

<� [hevrbgkl\_� kemqZ_\� \g_rbgb_� qZklb� Zddj_pbhgguo� ^bkdh\� ih^\_j]Zxlky�
fhsghfm� h[emq_gbx�`_kldbf� j_gl]_ghf� hl� p_gljZevgh]h� bklhqgbdZ��<� wlhf� kemqZ_�
\hagbdZ_l�g_h[oh^bfhklv�jZkq_lZ�kljmdlmju�\g_rgbo�qZkl_c�^bkdZ�k�mq_lhf�wlh]h�h[�
emq_gby��Ij_`^_�\k_]h�\�j_amevlZl_�wlh]h�h[emq_gby�gZ^�klZg^Zjlguf�^bkdhf�ihy\ey�
_lky� fhsgZy� hilbq_kdb� ijhajZqgZy� ]hjyqZy� dhjhgZ�� <� jZ[hl_� bamqZ_lky� baf_g_gb_�
kljmdlmju�\�j_amevlZl_�h[emq_gby�[he__�iehlgh]h�b�[he__�oheh^gh]h��hilbq_kdb�lhe�
klh]h�^bkdZ��\�dhlhjhf�j_Zevgh�b�ijhbkoh^bl�hkgh\gZy��Zddj_pby�\_s_kl\Z�� 

<�jZ[hl_�\u\h^blky�kbkl_fZ�h[udgh\_gguo�^bnn_j_gpbZevguo�mjZ\g_gbc��dh�
lhju_�hibku\Zxl�\_jlbdZevgmx�kljmdlmjm�h[emq_ggh]h�^bkdZ��WlZ�kbkl_fZ�mjZ\g_gbc�
j_rZ_lky� qbke_ggh� k� mq_lhf� ]jZgbqguo� mkeh\bc� gZ�nbabq_kdb_� \_ebqbgu� �^Z\e_gb_��
iehlghklv��l_fi_jZlmjZ��ihlhd�emqbklhc�wg_j]bb���Hlf_q_gZ�[hevrZy�jhev�we_dljhggh�
]h�jZkk_ygby�`_kldh]h�j_gl]_gZ��<�j_amevlZl_�mq_lZ�we_dljhggh]h�jZkk_ygby�ihy\ey_lky�
ihe_�jZkk_ygguo�nhlhgh\��dhlhju_�ijhgbdZxl�\�[he__�]em[hdb_�kehb�^bkdZ��Ijb�jZkq_�
l_�iZjZf_ljh\�wlh]h�ihey��ij_`^_�\k_]h�kj_^g_c�bgl_gkb\ghklb�b�ihlhdZ��bkihevam_lky�
ijb[eb`_gguc�f_lh^�<�<�Kh[he_\Z�>�@��dhlhjuc�]ZjZglbjm_l�hlghkbl_evgmx�lhqghklv�
jZkq_lZ�g_�om`_�����Fhsguc�gZ]j_\�\g_rgbo�qZkl_c�Zddj_pbhggh]h�^bkdZ�fh`_l�m\_�
ebqblv�l_fi�Zddj_pbb�\_s_kl\Z�\�wlbo�h[eZklyo��qlh�\�����k\hx�hq_j_^v�ijb\_^_l�d�fh�
^meypbb�k\_lbfhklb�kbevgh�h[emq_gguo�^bkdh\�k�oZjZdl_jguf�\j_f_g_f�\yadhc�^bn�
nmabb�\_s_kl\Z� 

 
1. Shakura, N.I., Sunyaev, R.A., 1973, A&A 24, 337 
2. Kh[he_\� <�<��� I_j_ghk� emqbklhc� wg_j]bb� \� Zlfhkn_jZo� a\_a^� b� ieZg_l��

F��=BLLE������ 
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G:;EX>?GBY�SS�����IH�>:GGUF�H;K?J<:LHJBB�RXTE 

Nbebiih\Z�?�<���J_\gb\p_\�F�=���NZ[jbdZ�K�G���Ihklgh\�D�:���K_cnbgZ�?�<� 
Bgklblml�Dhkfbq_kdbo�Bkke_^h\Zgbc��J:G� 

<�jZ[hl_�ij_^klZ\e_g�ZgZeba�gZ[ex^_gbc�kbkl_fu�66�����h[k_j\Zlhjb_c�5;7(�
aZ�\j_fy�����-�����]h^�� 

KqblZ_lky��qlh�kbkl_fZ�66�����khklhbl�ba�dhfiZdlgh]h�h[t_dlZ� �\_jhylgh��q_j�
ghc�^uju���Zddj_pbjmxs_c�\_s_kl\h�\�k\_jodjblbq_kdhf�j_`bf_�k�fZkkb\gh]h�hilb�
q_kdh]h�dhfiZgvhgZ��aZihegyxs_]h�ihehklv�JhrZ� �NZ[jbdZ��������=eZ\ghc�hkh[_ggh�
klvx� ^\hcghc� kbkl_fu� 66� ���� y\ey_lky� gZebqb_� fhsguo� dheebfbjh\Zgguo� kljmc�
�^`_lh\��� \u[jZku\Zxsbo� \_s_kl\h� ba� kbkl_fu� kh� kdhjhklvx� Y ����k��G_kfhljy� gZ�
^ebl_evgh_�bamq_gb_�kbkl_fu��[he__����e_l��^h�kbo�ihj�g_�kms_kl\m_l�gZ^_`guo�baf_�
j_gbc�hlghr_gby�fZkk�dhfiZgvhgh\�T 0[�0R� 

Ihlhd�hl� 66� ����\�j_gl]_gh\kdhf�^bZiZahg_�h[mkeh\e_g�l_ieh\uf�baemq_gb_f�
fgh]hl_fi_jZlmjghc�hilbq_kdb� lhgdhc�ieZafu� �lhjfhagh_�baemq_gb_���<�kbkl_f_�gZ�
[ex^Zxlky�i_j_f_gghklv�ihlhdZ�b�l_fi_jZlmju�\b^bfh]h�baemq_gby��k\yaZggu_�k�ij_�
p_kkb_c�]_hf_ljbq_kdb�lheklh]h�^bkdZ�b�aZlf_gbyfb�hilbq_kdbf�dhfiZgvhghf�� 

<�jZ[hl_�ihdZaZgh��qlh�\[ebab�aZlf_gbc�kljmc�hilbq_kdhc�a\_a^hc�gZ[ex^Z_lky���
kbevgh_�nhlhih]ehs_gb_�j_gl]_gh\kdh]h�baemq_gby��qlh�fh`gh�h[tykgblv�ijbkmlkl\b�
_f� iehlgh]h� \_ljZ� \[ebab� a\_a^u�� LZdbf� h[jZahf� baf_j_gby� jZ^bmkZ� ihehklb� JhrZ�
\lhjbqghc�dhfihg_glu�ih�j_gl]_gh\kdbf�aZlf_gbyf�fh]ml�ijb\_klb�d�i_j_hp_gd_�_]h�
jZaf_jZ�ba-aZ�nhlhih]ehs_gby�\�a\_a^ghf�\_lj_��ihwlhfm�bo�g_evay�gZijyfmx�bkihev�
ah\Zlv�^ey�hij_^_e_gby�hlghr_gby�fZkk�dhfiZgvhgh\�\�kbkl_f_� 

Ij_^iheh`b\��qlh�\ukhlZ�Zddj_pbhggh]h�^bkdZ�h]jZgbqb\Z_lky�jZaf_jhf�jZ^bm�
kZ�ihehklb�JhrZ�dhfiZdlgh]h�h[t_dlZ��b�bkihevamy�gZ[ex^_gby�gZ�jZaguo�ij_p_kkbhg�
guo�nZaZo��fu�\hkklZgh\beb�ijhnbev�l_fi_jZlmju�ieZafu�\�kljmyo�\^hev�hkb��ba�dhlh�
jh]h�ke_^m_l��qlh�\�[eb`Zcr_c�\b^bfhc�lhqd_�kljmc��gZoh^ys_cky�gZ�jZkklhygbb�O�D�a�
0.06-�����hl�dhfiZdlgh]h�h[t_dlZ��Z�~4Â��¹² kf–�jZaf_j�kbkl_fu��l_fi_jZlmjZ�kljmb�L�a�
���dw<��Z�jZ^bmk�_]h�ihi_j_qgh]h�k_q_gby� U�D ����-�������^ey�fh^_eb�kljmc�k�ihklhyg�
guf�m]ehf�jZkl\hjZ�b�Z^bZ[Zlbq_kdbf�hoeZ`^_gb_f�� 

<i_j\u_�ihdZaZgh�gZebqb_�j_gl]_gh\kdbo�aZlf_gbc�gZ�ij_p_kkbhgguo�nZaZo�%�~ 
������������khhl\_lkl\mxsbo�fhf_glm��dh]^Z�kljmb�gZoh^ylky�\�dZjlbgghc�iehkdhklb�� 

:iijhdkbfZpby�ijhnbe_c�aZlf_gby�kljmc�gZ�wlbo�nZaZo�gZr_c�fh^_evx�iha\h�
ebeZ�ihklZ\blv�h]jZgbq_gb_�kgbam�gZ�jZaf_j�h[eZlklb��hkms_kl\eyxs_c�hj[blZevgu_�
aZlf_gby��5�D�������beb�\_jogbc�ij_^_e�gZ�hlghr_gb_�fZkk�dhfiZgvhgh\�T����-0.35 

�\�ij_^iheh`_gbb��qlh�jZ^bmk�aZlf_\Zxs_c�h[eZklb��a\_a^Z�iexk�\_l_j��g_�fh�
`_l�ij_\urZlv�jZ^bmk�ihehklb�JhrZ�\lhjbqgh]h�dhfiZgvhgZ�[hevr_��q_f�gZ������� 

 

 

M>D������� 

D�<HIJHKM�H�G:Q:EVGUO�I:J:F?LJ:O�G?CLJHGGUO�A<?A> 

I_qgbdh\�K�K� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

<�ihke_^g__�\j_fy�\�Zkljhnbabd_�g_cljhgguo�a\_a^�rbjhdh�h[km`^Z_lky�\hijhk�
h� dhjj_eypbb� gZ[ex^Z_fuo� jZkij_^_e_gbc� hklZldh\� k\_jogh\uo� b� imevkZjh\� �g_c�
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ljhgguo�a\_a^���L_hj_lbq_kdb_�fh^_eb�wlbo�jZkij_^_e_gbc�g_�khhl\_lkl\mxl�wfibjb�
q_kdbf�^Zgguf��Wlh�fh`_l�[ulv�\ua\Zgh�l_f��qlh�qZklv�g_cljhgguo�a\_a^�jh`^Z_lky�
jZ^bhlbobfb��h^gZdh� mq_l� lZdhc� \hafh`ghklb�g_� mkljZgy_l�\k_o�ijhlb\hj_qbc��<Z`�
gufb�ihwlhfm�klZgh\ylky�\hijhku�jh`^_gby�g_cljhgguo�a\_a^�b��dhgdj_lgh��f_oZgba�
fZ�\aju\Z�k\_jogh\uo��hij_^_eyxs_]h�oZjZdl_jbklbdb�hklZldh\�\kiurdb�k\_jogh\hc���
LZd� ijb� Zkbff_ljbqghf� \aju\_� dhfiZdlguc� hklZlhd� -� g_cljhggZy� a\_a^Z� beb� [_euc�
dZjebd� -� fh`_l� ihemqblv� hl^Zqm� b�� dZd� j_amevlZl�� [hevrmx� ijhkljZgkl\_ggmx� kdh�
jhklv��ijb�dhlhjhc�hg�ihdb^Z_l�ij_^_eu�h[hehqdb�jh^bl_evkdhc�k\_jogh\hc��Jh`^Zx�
smxky�g_cljhggmx�a\_a^m��lZdbf�h[jZahf��oZjZdl_jbamxl�g_�lhevdh�i_jbh^�\jZs_gby��
kdhjhklv�aZf_^e_gby��\_ebqbgZ�fZ]gblgh]h�ihey��l_fi_jZlmjZ�ih\_joghklb�b�l��^���gh�b�
ijhkljZgkl\_ggZy� kdhjhklv�� ijbh[j_l_ggZy� \� j_amevlZl_� \aju\Z� k\_jogh\hc��Hl^_ev�
guf� g_cljhgguf� a\_a^Zf�� _kl_kl\_ggh�� khhl\_lkl\mxl� k\hb� agZq_gby� \k_o� wlbo�iZjZ�
f_ljh\��q_f�klZ\blky�\hijhk�h�jZkij_^_e_gbb�gZqZevguo�iZjZf_ljh\�g_cljhgguo�a\_a^��
Wlh�hq_gv�ljm^gZy�aZ^ZqZ��__�j_r_gb_�\�hkgh\ghf�bsml�\�h[eZklb�wfibjbdb��ohly�ij_^�
iheZ]Zxlky�b�l_hj_lbq_kdb_�fh^_eb��Ljm^ghklv�gZ[ex^Zl_evgh]h�j_r_gby�wlhc�aZ^Zqb�
k\yaZgZ� k� wnn_dlZfb� k_e_dpbb��Ihwlhfm� ]eZ\guf�\�bamq_gbb�h^bghqguo�g_cljhgguo�
a\_a^�klZgh\blky�hij_^_e_gb_�jZkij_^_e_gbc�gZqZevguo�iZjZf_ljh\�b�aZdhgh\�w\hex�
pbb�wlbo�h[t_dlh\��;he__�]em[hdb_�bkke_^h\Zgby�^he`gu�ijhykgblv�ijbqbgu�\hagbd�
gh\_gby�khhl\_lkl\mxsbo�jZkij_^_e_gbc�b�lZdh]h�oh^Z�w\hexpbb� 

Ihke_^gb_�g_kdhevdh�e_l�fZdkbfZevgh_�jZkijhkljZg_gb_�ihemqbeh�jZkij_^_e_�
gb_�gZqZevguo�ijhkljZgkl\_gguo�kdhjhkl_c�g_cljhgguo�a\_a^��ij_^eh`_ggh_�:jamfZ�
gyghf�b�^j����������=h[[k�b�^j���������g_^Z\gh�ihemqbeb�Zevl_jgZlb\guc�\ZjbZgl�wlh]h�
jZkij_^_e_gby��Hkgh\u\Zykv�gZ�wlbo�ij_^eh`_gbyo��fu�bkke_^m_f�\hijhk�h[�ZkkhpbZ�
pbb� hklZldh\� k\_jogh\uo� k� g_cljhggufb� a\_a^Zfb� �Z�� ^ey� fh^_eb� Jm^_jfZgZ-
KZa_je_g^Z��������k�aZljm^g_gguf�\uoh^hf�qZklbp�k�ih\_joghklb�g_cljhgghc�a\_a^u�b�
�[��fh^_eb�:jhgkZ��������kh�k\h[h^guf�\uoh^hf�qZklbp��AZ�hkgh\m�\aylu�klZg^ZjlgZy�
fZ]gblh-^bihevgZy�fh^_ev��Z�lZd`_�w\hexpbhggZy�fh^_ev�;_kdbgZ�b�^j���h[tykgyxsZy�
aZf_^e_gb_�kdhjhklb�\jZs_gby�jZ^bhimevkZjh\�ihg^_jfhlhjguf�\aZbfh^_ckl\b_f�lh�
dh\�\�fZ]gblhkn_j_�g_cljhgguo�a\_a^��<�jZa\blb_�jZ[hl�;_kdbgZ�fu�ihke_^h\Zl_evgh�
mqblu\Z_f�w\hexpbx�m]eZ�gZdehgZ�fZ]gblghc�hkb�d�hkb�\jZs_gby�g_cljhgghc�a\_a^u��
H^gbf�ba�j_amevlZlh\� �jZ[hlu��[ueh�ihkljh_ggb_�jZkij_^_e_gby�g_cljhgguo� a\_a^�\�
hklZldZo�k\_jogh\uo�^ey��klZ^bc�jZ^bhimevkZjZ�b�jZ^bhlbobo�g_cljhgguo�a\_a^�� 

 
1. ;_kdbg�<��K���?ebk__\Z�K��:���������I:@��l����k���� 
2. Azoumanian Z., Chernoff D. F., Cordes (2003), ApJ, v568, p289; 
3. Hobbs G., et al. (2005), MNRAS, v360, p963; 
4. Kaspi V. M. (1998), AdSpR, v21, p176. 
 

 

M>D���������� 

IHLHDB�WE?DLJHGH<�G:�/�����IH>�J:>B:PBHGGUFB�
IHYK:FB 

I_ljh\�<�E� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

H^gZ�ba�hkh[_gghkl_c�jZkij_^_e_gby�we_dljhgh\�\�jZ^bZpbhgguo�ihykZo�aZdex�
qZ_lky�\�ijZdlbq_kdb�iheghf�hlkmlkl\bb�ihlhdh\� aZjy`_gguo�qZklbp�ih^�jZ^bZpbhg�
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gufb�ihykZfb�gZ�L�����gZ�ijbwd\ZlhjbZevguo�rbjhlZo�\g_�X`gh-ZleZglbq_kdhc�fZ]�
gblghc�ZghfZebb��H^gZdh��\���o�]h^Zo�ijhreh]h�\_dZ��gZ�[hjlm�hj[blZevghc�klZgpbb�
©Fbjª�dhfie_dkhf�h[hjm^h\Zgby�©Kijml-Vª��Z�aZl_f�b�©Jy[bgZ-�ª�\i_j\u_�[ueb�aZj_�
]bkljbjh\Zgu�kihjZ^bq_kdb_�\kie_kdb�ihlhdZ�we_dljhgh\�k�wg_j]byfb�\�^_kyldb-khlgb�
dw<� gZ� L����� >�@��Dhfie_dk� ZiiZjZlmju� ©Kijml-Vª� j_]bkljbjh\Ze� we_dljhgu� k� wg_j�
]byfb�!��dw<��!���dw<�b�!����dw<��ZiiZjZlmjZ�©Jy[bgZ-�ª�baf_jyeZ�lhjfhagh_�baem�
q_gb_�hl�aZjy`_gguo�qZklbp�\ukhdbo�wg_j]bc��!����dw<�b�!����dw<�� 

<kie_kdb�j_]bkljbjh\Zebkv�\�ijbwd\ZlhjbZevghc�h[eZklb�\�hij_^_e_gguo�^he�
]hlguo�bgl_j\ZeZo��ijb�wlhf�ki_dlju�ihlhdh\�we_dljhgh\�\�jZaebqguo�^he]hlguo�bg�
l_j\ZeZo�jZaebqgu� 

>Zevg_cr__� bamq_gb_� wdki_jbf_glZevguo� ^Zgguo� ih^l\_j^beh� i_j\hgZqZevgh�
ihemq_ggu_� j_amevlZlu��<� oh^_� wdki_jbf_glZ� ©Kdhjibhg-�ª� gZ� [hjlm�FDK�� Z� lZd`_�
kdhhj^bgbjh\Zggh]h� k� gbf� gZmqgh-h[jZah\Zl_evgh]h� wdki_jbf_glZ� ©Dheb[jb-2000» 
>�@��[ueb�aZj_]bkljbjh\Zgu�ZgZeh]bqgu_�\kie_kdb�ihlhdZ�we_dljhgh\�k�wg_j]b_c�\�^_�
kyldb-khlgb�dw<�gZ�L������Fbdjhkimlgbd�©Dheb[jb-����ª�[ue�aZims_g�k�[hjlZ�]jmah�
\h]h�dhjZ[ey�©Ijh]j_kk-Fª�ihke_�hlkludh\db�hl�FDK�\_kghc������]h^Z�b�e_l_e�ih�hj�
[bl_�FDK�k�g_[hevrbf�hlklZ\Zgb_f� 

<�gZqZe_������]h^Z�[ue�\u\_^_g�gZ�hj[blm�fbdjhkimlgbd�©F=M-250» –�©LZlvy�
gZª��Kimlgbd�fZkkhc����dbeh]jZff�bf__l�h[rbjgmx�gZmqgmx�ijh]jZffm��\�lhf�qbke_�
baf_jy_l�ihlhdb�we_dljhgh\�\�wg_j]_lbq_kdbo�bgl_j\ZeZo����–����b����–����dw<��Ih�
emq_ggu_�\�oh^_�wlh]h�wdki_jbf_glZ�^Zggu_�ih^l\_j`^Zxl�ij_^u^msb_�\u\h^u�b�ih�
a\heyxl�mlhqgblv�ki_dljZevgu_�oZjZdl_jbklbdb�ihlhdh\� 

LZd`_� [ueb� h[jZ[hlZgu� ^Zggu_� wdki_jbf_glh\� ©Bgl_jdhkfhk-24»�� ©Dhkfhk-
���ª��©DhjhgZk-Nª��SAMPEX, NOAA POES��Wlh�iha\hebeh�jZkrbjblv�wg_j]_lbq_kdbc�
bgl_j\Ze�baf_j_gbc�hl�a���dw<�^h�a���Fw<��\ukhlguc�bgl_j\Ze�hl�����df�^h�a�����df�
b�\j_f_gghc�–�k�dhgpZ�k_fb^_kyluo�]h^h\�ijhreh]h�\_dZ�ih������]h^��Baf_j_gby�\�jZa�
ebqguo� wdki_jbf_glZo� ijh\h^bebkv� jZaebqghc� ZiiZjZlmjhc� k� jZaebqgufb�f_lh^Zfb�
j_]bkljZpbb�aZjy`_gguo�qZklbp��qlh��h^gZdh��g_�ihf_rZeh�gZ[ex^Zlv�h^gh�b�lh�`_�y\�
e_gb_�� kihjZ^bq_kdb_� \hajZklZgby� ihlhdZ� we_dljhgh\� jZaebqguo� wg_j]bc� \�nbdkbjh�
\Zgguo�]_h]jZnbq_kdbo�ahgZo��Lh��qlh�hgb�j_]bkljbjmxlky�\�l_q_gb_�a���e_l��mdZau\Z�
_l�gZ�klZ[bevgh_�kms_kl\h\Zgb_�wlbo�ijbwd\ZlhjbZevguo�h[jZah\Zgbc� 

<�dZq_kl\_�bklhqgbdZ�lZdbo�we_dljhgh\�ih^�jZ^bZpbhggufb�ihykZfb�gZfb�jZk�
kfZljb\Z_lky�f_oZgbaf�jZkk_ygby�we_dljhgh\�jZ^bZpbhgguo�ihykh\�gZ�gbadhqZklhlguo�
\hegZo�\�bhghkn_j_�k�ihke_^mxsbf�bo�\ukuiZgb_f�\�Zlfhkn_jm�A_feb�>�@��<�dZq_kl\_�
ijbjh^guo�bklhqgbdh\� lZdbo�\heg�fh]ml�\uklmiZlv�eb[h� ]jhau��eb[h� a_fe_ljyk_gby��
Ijh\_^_ggh_�fhjnheh]bq_kdh_� kjZ\g_gb_�h[eZkl_c�ih\ur_gghc� k_ckfbq_kdhc�Zdlb\�
ghklb��h[eZkl_c�nhjfbjh\Zgby�hkgh\guo�Zlfhkn_jguo�]jhah\uo�kbkl_f�b�h[eZkl_c�ih�
\ur_gghc� j_]bkljZpbb� we_dljhgguo�\kie_kdh\�ihdZaZeh�bo�dZq_kl\_ggh_� kh\iZ^_gb_�
>�@��<�wlhc�k\yab�\klZ_l�\hijhk�h�qbke_gghf�fh^_ebjh\Zgbb�hibkZgguo�ijhp_kkh\�dZd�h�
ijbhjbl_lghc�aZ^Zq_��Ihwlhfm�^Zevg_crZy�jZ[hlZ�gZ^�l_fhc�k\yaZgZ�k�fh^_ebjh\Zgb_f�
ijhp_kkZ�jZkk_ygby�qZklbp�gZ�gbadhqZklhlguo�\hegZo��bklhqgbdhf�dhlhjuo�y\eyxlky�
]jhau� 

 
1. Grigoryan, O.R., Sinyakov, A.V., and Klimov, S.I. Energetic Electrons on L<1.2. 

Connection to Lightning Activity, Adv. Space Res., vol. 20, no 3, 389-392, 1997. 
2. LZfdh\bq�=���Debfh\�K���=jb]hjyg�H���I_ljh\�<���JZ^q_gdh�<��Hkgh\gu_�gZmqgh-

h[jZah\Zl_evgu_� j_amevlZlu� fbdjhkimlgbdZ� �Dheb[jb-2000". IV 
F_`^mgZjh^gZy� dhgn_j_gpby–\uklZ\dZ� ©FZeu_� kimlgbdb��Gh\u_� l_ogheh]bb��
FbgbZlxjbaZpby��H[eZklb� wnn_dlb\gh]h�ijbf_g_gby�\�;;,�\_d_ª�� ]��Dhjhe_\�
Fhkdh\kdhc�h[eZklb�����fZy�–���bxgy������]� 



Ih^k_dpby�Zkljhnbabdb 

 

9 

3. LjZol_g]_jp�<�X���>_f_oh\�:�=��Dhkfbq_kdb_�pbdehljhggu_�fZa_ju��Ijbjh^Z��
��������� 

5. Grigoryan O., Usanova M., Petrov V. Neutral and charged particles at low latitudes. Is 
their connection with thunderstorms possible? Proceeding of NATO ASI 2004, Cor-
sica. Summer school on sprites, elves, jets and intense lightning discharges, July 24-
31, 2004. 

 

 

M>D 

A:>:Q:�H�J?DHGKLJMDPBB�IHEY�I?DMEYJGUO�KDHJHKL?C 

Dmjghkh\�:�:� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

<� kh\j_f_gghc� Zkljhghfbb� b� dhkfheh]bb� g_fZeuc� bgl_j_k� ij_^klZ\ey_l� \hk�
klZgh\e_gb_� ihey� i_dmeyjguo� kdhjhkl_c� ]ZeZdlbd�� l�_�� ©kh[kl\_gguoª� kdhjhkl_c�� g_�
h[mkeh\e_gguo�jZkrbj_gb_f�\k_e_gghc��Kmlv�ijh[e_fu�\� lhf��qlh�gZ�hkgh\Zgbb� wn�
n_dlZ� >hie_jZ� fh`gh� km^blv� ebrv� h� jZ^bZevguo� khklZ\eyxsbo� kdhjhkl_c� �aZdhg�
OZ[[eZ���i_dmeyjgu_�`_�kdhjhklb��aZ�j_^dbf�bkdexq_gb_f��wdki_jbf_glZevgh�g_�hij_�
^_ey_fu��>hdeZ^�ihk\ys_g�h^ghfm�ba�l_hj_lbq_kdbo�ih^oh^h\�j_r_gby�aZ^Zqb� 

<� dZq_kl\_� fh^_eb� \u[bjZ_lky� iue_\b^gZy� \k_e_ggZy�� g_ij_ju\gZy� kj_^Z� [_a�
^Z\e_gby�k�h[t_fguf�]jZ\blZpbhgguf�ihl_gpbZehf��>\b`_gb_�hibku\Z_lky�kbkl_fhc�
lj_o�mjZ\g_gbc��mjZ\g_gby�g_ij_ju\ghklb��mjZ\g_gby�Wce_jZ�b�mjZ\g_gby�ImZkkhgZ��<�
kemqZ_� bahljhighc� h^ghjh^ghc� \k_e_gghc� kbkl_fZ� k\h^blky� d� mjZ\g_gbx�Njb^fZgZ��
j_r_gb_� dhlhjh]h� ba\_klgh� �©gme_\h_ª� j_r_gb_��� HdhgqZl_evgZy� ihklZgh\dZ� aZ^Zqb�
fh`_l�[ulv�knhjfmebjh\ZgZ�dZd�kbkl_fZ�mjZ\g_gbc�gZ�ihijZ\db�d� ©gme_\hfmª�j_r_�
gbx� �\� qZklghklb�� i_dmeyjgu_� kdhjhklb� dZd� jZa� y\eyxlky� ihijZ\dZfb� d� ©gme_\hfmª�
j_r_gbx�^ey�ihey�kdhjhkl_c��l�_��d�aZdhgm�OZ[[eZ���Wlb�mjZ\g_gby�^hihegyxlky�^\mfy�
]jZgbqgufb�mkeh\byfb�ih�\j_f_gb�^ey�jZkij_^_e_gby�iehlghklb��gug_rg__�jZkij_^_�
e_gb_�iehlghklb�[_j_lky�ba�dZlZeh]h\�]ZeZdlbd��Z�gZqZevgh_�jZkij_^_e_gb_�ij_^iheZ�
]Z_lky�h^ghjh^guf� 

?keb� i_j_clb� hl� wce_jh\uo� dhhj^bgZl� d� eZ]jZg`_\uf��iehlghklv� [m^_l� h^gh�
agZqgh� \ujZ`Zlvky� q_j_a� ydh[bZg� i_j_oh^Z�� Z� mjZ\g_gb_� g_ij_ju\ghklb� h[jZlblky� \�
lh`^_kl\h� 

A_ev^h\bq_f�[ueh�aZf_q_gh��qlh�ebg_ZjbaZpby�\�eZ]jZg`_\uo�dhhj^bgZlZo�ijb�
\h^bl�d�f_gvrbf�©ihl_jyfª��q_f�\�wce_jh\uo�dhhj^bgZlZo��<�lZd�gZau\Z_fhf�ijb[eb�
`_gbb� A_ev^h\bqZ� >�@�mjZ\g_gb_�^\b`_gby� k\h^blky�d�jZ\_gkl\m�gmex�\lhjhc�ijhba�
\h^ghc� dhhj^bgZl� ih� \j_f_gb�� l�_�� k\h[h^ghfm� ^\b`_gbx� �\� eZ]jZg`_\uo� dhhj^bgZ�
lZo�� 

Fh`gh�ihdZaZlv� >�@��qlh� aZ^ZqZ�h�j_r_gbb�ihemq_ggh]h�mjZ\g_gby�ZgZeh]bqgZ�
\ZjbZpbhgghc� aZ^Zq_� h� ihbkd_� fbgbfmfZ� g_dhlhjh]h� nmgdpbhgZeZ�� dhlhjZy�� \� k\hx�
hq_j_^v��k\h^blky�d�aZ^Zq_�h�gZagZq_gbyo�–�aZ^Zq_�ebg_cghc�hilbfbaZpbb� 

<ZjbZpbhgguc�ijbgpbi�lZd`_�fh`_l�[ulv�h[h[s_g�^ey�aZ^Zqb�kbkl_fu�mjZ\g_�
gbc�Wce_jZ�–�ImZkkhgZ�[_a�ijb[eb`_gby�A_ev^h\bqZ��Hkgh\gZy�ljm^ghklv�aZdexqZ_lky�
\�lhf��qlh�ijboh^blky�bf_lv�^_eh�k�ihl_gpbZehf��\�ijb[eb`_gbb�A_ev^h\bqZ�]jZ\blZ�
pbhggh_�ihe_�\uiZ^Z_l�ba�mjZ\g_gby�^\b`_gby��b�nmgdpbhgZe�\�p_ehf�ijbh[j_lZ_l�[h�
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e__�keh`guc�\b^��<�gZklhys__�\j_fy�jZa\b\Z_lky�ke_^mxsbc�f_lh^�j_r_gby�aZ^Zqb�h�
fbgbfbaZpbb�nmgdpbhgZeZ��^\b`_gb_�kqblZ_lky�k\h[h^guf��\�eZ]jZg`_\uo�dhhj^bgZ�
lZo���Z�ljZ_dlhjbb�\uijZ\eyxlky�f]gh\_gguf�\dexq_gb_f�ihey��lZd�gZau\Z_fuc�kick). 
LZdhc�ih^oh^�ijb\h^bl�d�aZ^Zq_�d\Z^jZlbqghc�hilbfbaZpbb��j_r_gb_�dhlhjhc�fh`_l�
hdZaZlvky�ihe_aguf�lZd`_�b�\�^jm]bo�ijbeh`_gbyo� 

 
1. Zel’dovich Y. B., 1970, A&A, 5, 84 
2. Frisch U., Matarrese S., Mohayaee R., Sobolevski A., 2002, Nat, 417, 260 
 

 

M>D����������� 

>BG:FBD:�IHLHDH<�J?EYLB<BKLKDBO�WE?DLJHGH<�JIA 
<�:IJ?E?-F:?������=H>:�IH�>:GGUF�BKA�©DHJHG:K-Nª 

B�©MGB<?JKBL?LKDBC�–L:LVYG:ª 

∗∗FmjZ\v_\Z�?�:���Dmag_ph\�K�G���Fy]dh\Z�B�G� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

<�jZ[hl_�ij_^klZ\e_gu�j_amevlZlu�wdki_jbf_glZevgh]h�bkke_^h\Zgby�\ZjbZpbc�
\g_rg_]h�jZ^bZpbhggh]h�ihykZ�A_feb��JIA��^ey�we_dljhgh\�k�wg_j]b_c�!����Fw<�\�Zi�
j_e_-fZ_������]���\uiheg_ggh]h�ih�^Zgguf�BKA�©DHJHG:K-Nª��hhj[blu≈���df��i=82.5°, 
Th[j �����fbg��>�@�b�©Mgb\_jkbl_lkdbc-LZlvygZª��hhj[blu≈����df�� i=83°, Th[j �����fbg���
>�@��J_eylb\bklkdb_�we_dljhgu�\g_rg_]h�JIA�\uau\Zxl�h[t_fgmx�bhgbaZpbx�\�fbd�
jhko_fZo�dhkfbq_kdbo�ZiiZjZlh\�b�gZjmrZxl�bo�jZ[hlm��ihwlhfm�bkke_^h\Zgb_�^bgZ�
fbdb�ihlhdh\�j_eylb\bklkdbo�we_dljhgh\�ij_^klZ\ey_l�[hevrh_�agZq_gb_� 

DZd� ba\_klgh�� \� j_amevlZl_� \ha^_ckl\by� fZ]gblguo� [mjv� ihlhdb� we_dljhgh\� \�
JIA�ij_l_ji_\Zxl�aZf_lgu_�\ZjbZpbb�>�-4,6-�@��wlh�gZ[ex^Zehkv�b�\�wdki_jbf_glZo�gZ�
kimlgbdZo� ©DHJHG:K-Nª� b� ©Mgb\_jkbl_lkdbc-LZlvygZª�� Bkihevamy� ^Zggu_� aZ� wlhl�
i_jbh^� \j_f_gb�� fu� bf__f� \hafh`ghklv� ijhZgZebabjh\Zlv� ^bgZfbdm� JIA� \h� \j_fy�
ke_^mxsbo�fZ]gblguo�\hafms_gbc����Zij_ey��Dst=-��������Zij_ey��Dst=-�������fZy��Dst=-
���������fZy��Dst=-�����b����fZy��Dst=-103). 

GZ�jbk���ihdZaZgZ�^bgZfbdZ�jZkij_^_e_gby�ih L-h[hehqdZf�ihlhdh\�we_dljhgh\�
\�i_jbh^�k���Zij_ey�ih����fZy������]��ih�^Zgguf�BKA�©DHJHG:K-Nª��(1) – Ee=1.5-3 
Fw<��b� ©Mgb\_jkbl_lkdbc-LZlvygZª� ((2) - Ee� !����Fw<��� Z� lZd`_�iZjZf_lju�fZ]gblh�
kn_ju�b�f_`ieZg_lghc�kj_^u���(3),(4) - bg^_dku�Dst, Kp; (5),(6) - kdhjhklv�b�iehlghklv�
kheg_qgh]h�\_ljZ���(7) - Bz-dhfihg_glZ�f_`ieZg_lgh]h�fZ]gblgh]h�ihey� 

;ueh�ihemq_gh��qlh�\h�\j_fy�]eZ\ghc�nZau�fZ]gblghc�[mjb�ijhbkoh^bl�kbevgh_�
mf_gvr_gb_� bgl_gkb\ghklb�� GZ� nZa_� \hkklZgh\e_gby� \g_rgbc� jZ^bZpbhgguc� ihyk�
nhjfbjm_lky�agZqbl_evgh�[eb`_�d�A_fe_��^ey�\k_o�kemqZ_\��djhf_�[mjb����fZy��fZdkb�
fmf�\g_rg_]h�JIA�ihke_�]eZ\ghc�nZau�[mjb�gZoh^beky�gb`_�iheh`_gby��jZkkqblZggh�
]h�ih�nhjfme_����� 4/14

max )/1075.2( stDL ×= ���>�@��<�ihke_^mxsb_�^gb�ihyk�\ha\jZsZ_lky�\�

^h[mj_\h_�iheh`_gb_��gZ[ex^Z_lky�m\_ebq_gb_�bgl_gkb\ghkl_c�ihlhdh\�we_dljhgh\�� 

                                                           
∗∗
�>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb� 
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IZ^_gb_� bgl_gkb\ghklb� we_dljhgh\�fu� k\yau\Z_f� k� j_adbf� mf_gvr_gb_f� jZa�
f_jh\�fZ]gblhkn_ju�\h�\j_fy�]eZ\ghc�nZau�[mjb��Z�lZd`_�k�\uly]b\Zgb_f�kbeh\uo�eb�
gbc�\g_rg_]h�JIA�b�ihiZ^Zgb_f�qZklb�bo�\�ieZaf_gguc� kehc�o\hklZ�fZ]gblhkn_ju��
Ke_^m_l�hlf_lblv��qlh�\h�\k_o�bkke_^h\Zgguo�kemqZyo�\hkklZgh\e_gb_�JIA�ghkbeh�^hk�
lZlhqgh�^ebl_evguc� �g_�f_g__�g_kdhevdbo�kmlhd��oZjZdl_j��Hlf_lbf��qlh�^Zggu_��ih�
emq_ggu_�gZ�kimlgbdZo�©DHJHG:K-Nª�b�©Mgb\_jkbl_lkdbc-LZlvygZª��^hklZlhqgh�oh�
jhrh�kh]eZkmxlky�f_`^m�kh[hc 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jbk� �� >bgZfbdZ

ihlhdh\ we_dljhgh\

\g_rg_]h JIA \ Zi�

j_e_–fZ_ ���� ]� ih

^Zgguf BKA

©DHJHG:K-Nª b

©Mgb\_jkbl_lkdbc-
LZlvygZª� IZjZf_lju

fZ]gblhkn_ju� khe�

g_qgh]h \_ljZ b f_`�

ieZg_lgh]h fZ]gbl�

gh]h ihey �kf� ihyk�

g_gby \ l_dkl_�  
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1. Dmag_ph\�K�G���;h]hfheh\�:�<���=hj^__\�X�I��b�^j�� ���Ba\�J:G��K_j�nba��������
L������K��–4 

2. Williams, D.J., J.F.Arens, and L.J.Lanzerotti // J. Geophys. Res., 1968, V. 73, p.5673-
5696 

3. Emel'yanenko S.P., Kuznetsov S.N., Stolpovsky V.G.// Cosmic Res. (USA), 1978, 
V.15, p.129-132 

4. West A.I., Buck R.M., Davidson G.T. // J. Geophys. Res., 1981, V. 86, p. 2111-2119 
5. E�<��L\_jkdZy�����=_hfZ]g_lbaf�b�Zwjhghfby��������L������K����� 
6. K�G��Dmag_ph\��B�G� �Fy]dh\Z��;�X��Xrdh\� ���=_hfZ]g_lbaf�b�Zwjhghfby��2005. 

L����������K�����-320. 
7. K�G�Dmag_ph\��X�B�>_gbkh\��B�G�Fy]dh\Z��?�:�FmjZ\v_\Z��D��Dm^_eZ�� ���GZmq�

gZy�k_kkby�FBNB�- 2004. K[hjgbd�gZmqguo�ljm^h\��lhf����klj����� 
8. F�B�IZgZkxd��K�G�Dmag_ph\��E�E�EZamlbg�b�^j������Dhkfbq_kdb_�bkke_^h\Zgby���

�����l���������k�����-554 
9. Dhkfbq_kdbc� gZmqgh-h[jZah\Zl_evguc� ijh_dl� F=M� bf�� F�� <�� Ehfhghkh\Z�

©F=M-250» http://cosmos.msu.ru 
 

 

A:<BKBFHKLV�NHJFU�IJHNBEY�BFIMEVK: 
B�PBDEHLJHGGHC�Q:KLHLU 

HL�K<?LBFHKLB�J?GL=?GH<KDBO�IMEVK:JH< 

*Pu]Zgdh\�K�K���Emlh\bgh\�:�:���QmjZah\�?�F���Kxgy_\�J�:� 

Bgklblml�Dhkfbq_kdbo�Bkke_^h\Zgbc�J:G��Fhkd\Z��Jhkkby 

<�jZ[hl_�ij_^klZ\e_gu�j_amevlZlu�ZgZebaZ�gZ[ex^_gbc�g_kdhevdbo�j_gl]_gh\�
kdbo�imevkZjh\�ih�^Zgguf�h[k_j\Zlhjbc�BGL?=J:E�b�RXTE�\�rbjhdhf� ��-����dw<��
wg_j]_lbq_kdhf� ^bZiZahg_�� Hkh[h_� \gbfZgb_� m^_eyehkv� bkke_^h\Zgbx� aZ\bkbfhklb�
nhjfu�ijhnbey�bfimevkZ�b�iheh`_gby�j_ahgZgkghc�ebgbb�pbdehljhggh]h�ih]ehs_gby�
\�ki_dlj_�bklhqgbdZ�hl�_]h�k\_lbfhklb�b�wg_j]_lbq_kdh]h�^bZiZahgZ� 

;ueh�ihdZaZgh��qlh�\�kemqZ_�imevkZjZ�V��������iheh`_gb_�p_gljZ�pbdehljhg�
ghc�ebgbb�g_�ihklhyggh��Z�ebg_cgh�jZkl_l�k�mf_gvr_gb_f�k\_lbfhklb��Ih^h[gh_�ih\_�
^_gb_�[ueh�h[gZjm`_gZ�b�^ey�bklhqgbdZ��U����������h^gZdh�aZ\bkbfhklv�hl�k\_lbfh�
klb�hdZau\Z_lky�[he__�keh`ghc� 

>ey� jy^Z� bkke_^m_fuo� imevkZjh\� [ueZ� \uy\e_gZ� kbevgZy� aZ\bkbfhklv�nhjfu�
ijhnbey�bfimevkZ�hl�k\_lbfhklb�bklhqgbdZ�b�wg_j]_lbq_kdh]h�^bZiZahgZ��<i_j\u_�[u�
eh�h[gZjm`_gh�j_adh_�baf_g_gb_�ijhnbey�\�jZchg_�hkgh\ghc�]Zjfhgbdb�pbdehljhgghc�
qZklhlu� m�imevkZjZ�V���������dh]^Z�ijhnbev�ba�h^ghibdh\h]h� klZgh\blky�^\moibdh�
\uf��jbk���Z��[�� 

<� jZ[hl_�h[km`^Zxlky�ihemq_ggu_�j_amevlZlu�� Z� lZd�`_�jZkkfZljb\Zxlky�jZa�
ebqgu_�fh^_eb�nhjfbjh\Zgby�baemq_gby�\[ebab�g_cljhgghc�a\_a^u� 

                                                           
*
�>hdeZ^�hlf_q_g�]jZfhlhc�dhgn_j_gpbb��dZd�emqrbc�gZ�ih^k_dpbb� 



Ih^k_dpby�Zkljhnbabdb 

 

13 

 
 
 
 
 
 
 
 
 

Jbk� �Z� Lj_of_jgh_ bah[jZ`_gb_
ijhnbey bfimevkZ bklhqgbdZ

V������� \ aZ\bkbfhklb hl wg_j�
]_lbq_kdh]h ^bZiZahgZ 

 

 
 
 
 
 
 
 

Jbk� �[� DZjlZ bgl_gkb\ghklb ^ey
kemqZy� ij_^klZ\e_ggh]h gZ jbk�
�Z� Imgdlbjghc ebgb_c ihdZaZgh

iheh`_gb_ p_gljZ hkgh\ghc ]Zj�
fhgbdb pbdehljhgghc ebgbb ih�
]ehs_gby \ ki_dlj_ bklhqgbdZ� 

 

 

 

 

 

H�>BG:FBD?�:KLJHNBABQ?KDBO�H;T?DLH< 
<�FH>?EB�K�N:GLHFGUF�KD:EYJGUF�IHE?F 

>fbljb_\Z�:�<� 

Mevygh\kdbc�=hkm^Zjkl\_gguc�Mgb\_jkbl_l��nbebZe�\�]�>bfbljh\]jZ^_�� 

Bkke_^h\Zgu� Zkljhnbabq_kdb_� h[t_dlu� gZ� ijbf_j_� fh^_e_c� ^bkdh\uo� kbkl_f�
�]ZeZdlbd��\�deZkk_�g_klZlbq_kdbo�g_h^ghjh^guo�f_ljbd�FZ^`mf^ZjZ-IZiZi_ljhm� 

Ebg_cguc�we_f_gl�\u[jZgghc�f_ljbdb�ij_^klZ\e_g�\�\b^_� 
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2),.,(222)(),,(2 )( dzedydxdteds tyxAzatyxA −+ −−−=   (1) 
 

JZkkfhlj_gu�kbkl_fu�mjZ\g_gbc�Wcgrl_cgZ�k�jZaebqgufb�bklhqgbdZfb�]jZ\b�
lZpbhggh]h�ihey�\�\b^_�kdZeyjgh]h�ihey��kdZeyjgh]h�ihey�k�b^_Zevghc�`b^dhklvx��g_�
ebg_cghc�kb]fZ-fh^_eb� 

IhdZaZgh��qlh�\h�\k_o�ljzo�kemqZyo�mjZ\g_gby�Wcgrl_cgZ�k\h^ylky�d�h^ghlbi�
guf� mjZ\g_gbyf� ^ey� gZoh`^_gby�nmgdpbc� ^bgZfbdb� ^bkdZ� �A(t, x, y���b�ihi_j_qghc�
kljmdlmju��α(z)): 

 

�
( ) ( )yxtAe
yxtA ,,2

0,, =     (2) 

( )
02

22

2

1

e

dz

d

dz

d zααα −=−






    (3) 
 

Ihemq_gu� qbke_ggh_� b� ZgZeblbq_kdh_� j_r_gb_�� dhlhju_� ihdZau\Zxl� \hafh`�
ghklv�kms_kl\h\Zgby�^bkdh\uo�kljmdlmj��Qbke_ggh_�j_r_gb_�bf__l�\b^� 

 

( )
1

2

1

1
2

+






=α
ztg

z

   (4) 
 

:gZeblbq_kdh_�j_r_gb_�^ey� �����m^h\e_�
l\hjyeh�gZqZevguf�mkeh\byf 

 

 

( )
0

0

=α

=zzd

zd

 

b� ( ) 10 =α �ijb�iZjZf_ljZ�
2

1

0

−
=Ω e . 

Ihemq_ggu_� qbke_ggh_� b� ZgZeblbq_kdh_�
j_r_gby�ij_^klZ\e_gu�gZ�jbkmgd_��� 

LZd`_� jZkkfhlj_gZ�^bgZfbdZ� kbkl_fu�b�
ihdZaZgZ� \hafh`ghklv� \hagbdgh\_gby� ©jmdZ�
\h\ª�b�[Zjh\�]ZeZdlbd�� 
 

 
1. %�0�� @mjZ\e_\�� >�:�� Dhjgbeh\�� G_h^ghjh^gZy� dhkfheh]bq_kdZy� fh^_ev� kh�

kdZeyjguf�ihe_f�b�d\bglwkk_gpby�����Mq��aZibkdb�Mevygh\kdh]h�]hk��mg-lZ��K_j��
nba����������������&��-9. 

2. <�F�@mjZ\ez\�� >�:�Dhjgbeh\�� Lhqgu_� j_r_gby� \� deZkk_� g_h^ghjh^guo�
dhkfheh]bq_kdbo� fh^_e_c� k� b^_Zevghc� `b^dhklvx� b� kdZeyjguf� ihe_f�� ���
Mevygh\kd��Mqzgu_�aZibkdb�Me=M��&_jby�nbabq_kdZy��������&��-10. 

3. K�<�Q_j\hg�� G_ebg_cgu_� ihey� \� l_hjbb� ]jZ\blZpbb� b� dhkfheh]bb��Meygh\kd��
1997. C.191. 

4. <�F�@mjZ\ez\�� G_ebg_cgu_� \hegu� \� fgh]hdhfihg_glguo� kbkl_fZo� k�
^bki_jkb_c� b� ^bnnmab_c�� Lhqgh� j_rZ_fu_� fh^_eb�� Mevygh\kd�� Me=M�� ������
C.212. 
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FH>?EBJH<:GB?�IJHP?KK:�J?=BKLJ:PBB�Q:KLBP�
DHKFBQ?KDH=H�BAMQ?GBY�<�WFMEVKBHGGHC�D:F?J? 

;hg^Zjph\Z�H�<� 

GZmqgh-bkke_^h\Zl_evkdbc bgklblml�y^_jghc�nbabdb�bf� >�<� Kdh[_evpugZ�
F=M�bf��F�<��Ehfhghkh\Z 

>ey� ^hklh\_jghc�bgl_jij_lZpbb� j_amevlZlh\� wfmevkbhggh]h� wdki_�
jbf_glZ�lj_[m_lky�bgnhjfZpby�h�oZjZdl_jbklbdZo�j_gl]_ghwfmevkbhgghc�
dZf_ju��LZdmx�bgnhjfZpbx�fh`gh�magZlv�ba�fh^_ebjh\Zgby�\aZbfh^_c�
kl\by�qZklbp�dhkfbq_kdbo�emq_c�\�dZf_j_�b�bo�^Zevg_cr_c�j_]bkljZpbb��
J_amevlZlu�fh^_ebjh\Zgby�bkihevamxlky�ijb�\uqbke_gbb�wnn_dlb\ghklb�
j_]bkljZpbb�qZklbp�\�dZf_j_�b�hij_^_e_gbb�oZjZdl_jbklbd�i_j\bqguo�qZk�
lbp� 

>ey�fh^_ebjh\Zgby�ijhp_kkh\�\�wfmevkbhgguo�dZf_jZo�ijbf_gyeky�
gh\uc�ijh]jZffguc�dhfie_dk�(&6LP�hkgh\Zgguc�gZ�*($17������b�y^jh-
y^_jghc�fh^_eb� 4*6-(7��Bkihevah\Zgb_� wlh]h�ijh]jZffgh]h� dhfie_dkZ�
iha\hebeh�bgl_jij_lbjh\Zlv�j_amevlZlu�jmkkdh-yihgkdh]h�[Zehggh]h�wdk�
i_jbf_glZ� 581-2%�� Ihemq_ggu_� ijb� fh^_ebjh\Zgbb� j_amevlZlu� ij_^�
klZ\e_gu�\�\b^_�djb\uo�wnn_dlb\ghklb�j_]bkljZpbb�b�jZkij_^_e_gby�ih�
lhqdZf�\aZbfh^_ckl\by�^ey�ijhlhgh\�b�y^_j�]_eby��Ijhba\_^_gh�kjZ\g_gb_�
k�j_amevlZlZfb�wdki_jbf_glZ�b�jZkq_lZfb�^jm]bo�Z\lhjh\� 

 
 

 

 
Jbk� � JZkij_^_e_gb_ ih lhqdZf \aZbfh^_c�
kl\by ^ey ijhlhgh\ 

 
 

jbk� � JZkij_^_e_gb_ ih lhqdZf \aZbfh^_ckl�
\by ^ey y^_j ]_eby 

 

:LHFG:Y�B�Y>?JG:Y�NBABD:� 
 
Ij_^k_^Zl_ev�ih^k_dpbb� 
ijhn���^�n�-f�g��<Zkbe_gdh�He_]�B\Zgh\bq 
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Jbk�� Wnn_dlb\ghklv j_]bkljZpbb ijhlhgh\ b y^_j ]_eby \ dZf_jZo 581-2%-99 

 
 
:\lhj�\ujZ`Z_l�bkdj_ggxx�[eZ]h^Zjghklv�^�n�-f��g��Jh]Zgh\hc�L�F��aZ�ihfhsv�

\�ih^]hlh\d_�jZ[hlu��Z�lZd`_�ih[eZ]h^Zjblv�d�n�-f��g��GZaZjh\Z�K�G��b�d�n�-f��g��=Zedb�
gZ�<�B�� aZ�ij_^hklZ\e_ggmx�\hafh`ghklv�bkihevah\Zgby�gZibkZggh]h�bfb�ijh]jZff�
gh]h�dhfie_dkZ�ECSim�b�mqZklb_�\�h[km`^_gbb�jZ[hlu 

 
E–mail: Bondartsova.Olga@gmail.com 

 
1. Apanasenko A. V., et al., Composition and energy spectra of cosmic ray primaries in 

the energy range 1013-1015 eV/particle observed by Japanese-Russian joint balloon 
experiment.  //Astropart. Physics. 16(2001). p.13-46 

2. GZaZjh\�C��G���Fh^_ebjh\Zgb_� ijhp_kkZ� j_]bkljZpbb� dhkfbq_kdh]h�baemq_gby�
\ukhdbo�wg_j]bc�^ey�h[jZ[hldb�^Zgguo�wfmevkbhgguo�b�q_j_gdh\kdbo�wdki_jb�
f_glh\�� >bkk_jlZpby� gZ� khbkdZgb_� mq_ghc� kl_i_gb� dZg^b^ZlZ� nbabdh-
fZl_fZlbq_kdbo�gZmd� 

3. =Zedbg�<��B���>_j[bgZ�<��:���AZfqZeh\Z�?��:��b�^j��Ba\��J:G���k_j��nbabq��������
L�����1���k�����-1592. 
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M>D���������� 

H>BGHQGH?�JH@>?GB?�t -�D<:JD:�A:�KQ?L�:GHF:EVGUO�
<A:BFH>?CKL<BC�<�ep-KLHEDGH<?GBB 

:rbfh\Z�:�:� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

NbabdZ� W-d\Zjdh\�b]jZ_l�\u^_e_ggmx�jhev�\�KlZg^Zjlghc�Fh^_eb� �KF���Ba-aZ�
[hevrhc�fZkku� W-d\ZjdZ� � 175≅tm �=w<��\j_fy� _]h�jZkiZ^Z�fgh]h�f_gvr_��q_f�oZjZd�

l_jgh_�\j_fy�h[jZah\Zgby�Z^jhgh\��<�KF�t-d\Zjd�jZkiZ^Z_lky�ij_bfms_kl\_ggh�ih�h^�
ghfm�dZgZem�jZkiZ^Z� +→ bWt ��dhlhjuc�hibku\Z_lky�keZ[uf�\aZbfh^_ckl\b_f��<�gZ�
klhys__�\j_fy�^hklb]gmlZ�mgbdZevgZy�lhqghklv���������\�ij_^kdZaZgbb�iheguo�b�^bn�
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n_j_gpbZevguo� k_q_gbc�� Z� lZd`_�ijh^mdlh\�jZkiZ^Z� t-d\ZjdZ�� �WlZ�ijhklhlZ�^_eZ_l� t-
d\Zjd�mgbdZevguf�\�ieZg_�ihbkdZ�gh\hc�nbabdb�aZ�KF��<�jZaebqguo�jZkrbj_gbyo�KF�

ZghfZevgu_� \aZbfh^_ckl\by�fh]ml� ijb\h^blv� d� kms_kl\_gghc�fh^bnbdZpbb� k_q_gby�
h[jZah\Zgby�b�ihy\e_gbx�gh\uo� wdahlbq_kdbo� dZgZeh\� jZkiZ^Z� W-d\ZjdZ��L_f� kZfuf��
^_lZevgh�bamqZy�_]h�k\hckl\Z�b�f_oZgbafu�jh`^_gby��fh`gh�ihemqblv�bgnhjfZpbx�h�
gh\hc�nbabd_�\g_�jZfhd�KF� 

H^gbf�ba�\hafh`guo�ijhy\e_gbc�nbabdb�\g_�jZfhd�KF�\�k_dlhj_�t-d\Zjdh\�y\�
eyxlky�ijhp_kku�k�g_cljZevgufb�lhdZfb�k�gZjmr_gb_f�ZjhfZlZ��FCNC���jbk�����<�KF�

FCNC-\aZbfh^_ckl\by�wnn_dlb\gh�fh]ml�[ulv�j_Zebah\Zgu�aZ�kq_l�i_le_\uo�\deZ^h\�
�jbk�����H^gZdh�\�kbem�f_oZgbafZ�=BF� >�@�lZdb_�ijhp_kku�kbevgh�ih^Z\e_gu��L_f�g_�
f_g__�� \� jZkrbj_gbyo� KF� g_dhlhju_� fh^_eb� ij_^iheZ]Zxl� agZqbl_evgh_� mkbe_gb_�
ijhp_kkh\�k�FCNC-\aZbfh^_ckl\byfb�>�@��Ihbkd�FCNC�ijh\h^beky�gZ�\_^msbo�mkdhjb�
l_eyo�\ukhdbo�wg_j]bc�\�jZaebqguo�ijhp_kkZo��FNAL – qZtXttpp ),(  , γ→→ [3]; LEP 

– qtZee →→−+ ** ,γ [4]; HERA – tXepe ±± → [5]; 
<� ^Zgghc� jZ[hl_� [ueh� bkke_^h\Zgh� h^bghqgh_� jh`^_gb_� t-d\Zjdh\� aZ� kq_l�

FCNC-\aZbfh^_ckl\bc�\�ep-klhedgh\_gbb��Wdki_jbf_gl�ih�ihbkdm�h^bghqgh]h�jh`^_�

gby�t-d\ZjdZ�ijh\h^beky�gZ�dheeZc^_j_�+(5$�ijb�wg_j]bb� 318=S �=w<��Khljm^gbq_�
kl\Z� +�� b� =(86�bkdZeb� W-d\Zjd� dZd�ijh^mdl� )&1&-j_Zdpbb� k�nhlhghf�b�Z-[hahghf��

etXep→ ��jbk����>�@���H^gZdh��gbdZdbo�k\b^_l_evkl\�jh`^_gby�t-d\ZjdZ�gZc^_gh�g_�[u�
eh��Ihemq_ggu_�^Zggu_� �[ueb�bkihevah\Zgu�^ey�ihemq_gby�h]jZgbq_gby�gZ�ZghfZev�
gh_�\aZbfh^_ckl\b_�W-d\ZjdZ�k�nhlhghf�� %7,0)( <→ qtBR γ .  

AZf_lbf��qlh� ZghfZevgh_�\aZbfh^_ckl\b_� W-d\ZjdZ� k� ]exhghf� lZd`_�fh`_l�^Z�
\Zlv� \deZ^� \� ijhp_kk� h^bghqgh]h� jh`^_gby� t-d\ZjdZ� \� ep-klhedgh\_gbb�� GZijbf_j��
©`_kldbcª�]exhg�ba�gZqZevgh]h�ijhlhgZ�aZ�kq_l�)&1&-\aZbfh^_ckl\by�fh`_l�h[jZah�
\Zlv�iZjm�W-�b�X-�d\Zjdh\��h^bg�ba�dhlhjuo�aZ�kq_l�h[uqgh]h�DW>�ijhp_kkZ�ijh\aZbfh�

^_ckl\m_l� k� gZqZevguf� we_dljhghf� �jbk����� L_f� kZfuf�� \� jh`^_gbb� h^bghqgh]h� W-

Jbk� � Jbk� � 

Jbk� � Jbk� � 

gk
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d\ZjdZ� aZ� kq_l� ZghfZevguo� \aZbfh^_ckl\bc� ke_^m_l� jZaebqZlv� ^\Z� \deZ^Z��I_j\uc� – 
ZghfZevgh_�)&1&�-�\aZbfh^_ckl\b_�k�nhlhghf�� eteu→ ��Wlhl�ijhp_kk��^_lZevgh�bam�
q_gguc� jZg__�� bkihevah\Zeky� ijb� ZgZeba_� wdki_jbf_glZevguo� ^Zgguo� k� dheeZc^_jZ�
+(5$��<lhjhc�–�ZghfZevgh_�\aZbfh^_ckl\b_�k�]exhghf�–�gh\uc�f_oZgbaf�jh`^_gby�
h^bghqgh]h�W-d\ZjdZ�\�ep-klhedgh\_gbb� 

<�jZfdZo�^Zgghc�aZ^Zqb�[ueh�ijh\_^_gh�fh^_ebjh\Zgb_�f_lh^hf�Fhgl_-DZjeh�
ijhp_kkZ�h^bghqgh]h�jh`^_gby� W-d\ZjdZ�k�mq_lhf�_]h�jZkiZ^Z�ih�dZgZem�KF� �ijb�jZa�
ebqguo� ij_^iheh`_gbyo� gZ� ZghfZevgh_� \aZbfh^_ckl\b_� k� ]exhghf�� X-d\Zjdhf� b� F-
d\Zjdhf�� LZd`_� [ue� bkke_^h\Zg� \hijhk� h� \deZ^_� )&1&-\aZbfh^_ckl\bc� W-d\ZjdZ� k�
]exhghf�b�=-[hahghf�\�\_jhylghklv�jZkiZ^Z� +→ bWt ��GZ�hkgh\_�^Zgguo�dheeZc^_jZ�
+(5$��[ueh�ihemq_gh�gZbemqr__�ijyfh_�h]jZgbq_gb_�gZ�ZghfZevgh_�\aZbfh^_ckl\b_�
t-d\ZjdZ� k� ]exhghf� \� ij_^iheh`_gbb� hlkmlkl\by� )&1&-\aZbfh^_ckl\by� k� nhlhghf��

%13)(  ,Lw< 4,0 1- <→<Λ gqtBRtgqκ .  
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M>D�������� 

BKKE?>H<:GB?�DHJJ?EYPBHGGUO�O:J:DL?JBKLBD�Y>J:�12K�
F?LH>HF�M=EH<UO�Dγ-D<:GL�DHJJ?EYPBC�<�J:KK?YGBB�

>?CLJHGH<��?D �����FW< 

Dhgxoh\Z�B�:� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

>ey� \uykg_gby�f_oZgbafZ� g_mijm]h]h� jZkk_ygby� ^_cljhgh\� gZ� y^jZo� g_^hklZ�
lhqgh�bkke_^h\Zgby�m]eh\hc�b�wg_j]_lbq_kdhc�aZ\bkbfhkl_c�^bnn_j_gpbZevgh]h�k_q_�
gby��;he__� qm\kl\bl_evgufb� d�f_oZgbafm� \aZbfh^_ckl\by� y\eyxlky�^Zggu_� dhjj_ey�
pbhgguo�wdki_jbf_glh\� 

Hkgh\ghc�oZjZdl_jbklbdhc�hjb_glbjh\Zggh]h� y^jZ�y\ey_lky�_]h�kibgh\Zy�fZl�
jbpZ�iehlghklb��LjZ^bpbhgguc�f_lh^�\hkklZgh\e_gby�fZljbpu�iehlghklb��\_kvfZ�ljm�
^h_fhd��:evl_jgZlb\guc�f_lh^�bamq_gby�nmgdpbc�m]eh\uo�dhjj_eypbc�–�fgh]h�[he__�
ijhklhc� kihkh[�bkke_^h\Zgby�oZjZdl_jbklbd�hjb_glbjh\Zgguo� kbkl_f��>hklhbgkl\hf�
^Zggh]h�f_lh^Z�y\ey_lky�lh��qlh��hg�iha\hey_l�\�h^ghf�wdki_jbf_gl_��[_a�baf_g_gby�_]h�
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f_lh^bdb��ihemqZlv�agZqbl_evguc�h[t_f�bgnhjfZpbb�h[�hjb_glbjh\Zgghf�y^j_�\�\ha�
[m`^_gghf�khklhygbb� 

<�gZklhys_c�jZ[hl_�hibku\Z_lky�ihemq_gb_�dhjj_eypbhgguo�oZjZdl_jbklbd�y^�
jZ� 12K��+�� f_lh^hf� m]eh\uo� dγ-d\Zgl� dhjj_eypbc� \� g_mijm]hf� jZkk_ygbb� d�� ?d=15,3 
Fw<��GZ�hkgh\_�baf_j_gguo�nmgdpbc�m]eh\uo�dhjj_eypbc� );( dW θϕθ γγ �\hkklZgh\e_gu�

q_lgu_� dhfihg_glu� kibg-l_gahjh\� fZljbpu� iehlghklb� 12K��+),� hp_g_g� \hafh`guc�
\deZ^�jZaebqguo�f_oZgbafh\�\�bkke_^h\Zggmx�j_Zdpbx� 

Dhfihg_glu�Akκ(θd) kibg-l_gahjh\�fZljbpu�iehlghklb�^ey�dZ`^h]h�θd  gZoh^b�
ebkv�ba�baf_j_gguo�^\hcguo�^bnn_j_gpbZevguo�k_q_gbc� );( dW θϕθ γγ =d2σ/dΩγ dΩd k�

ihfhsvx�khhlghr_gby� 

,),()(
12

)1(1

4

1
);( *∑ Υ

+
−+=

κ
γγκκγγ ϕθθ

π
θϕθ

k
kdk

k

d A
k

W                (1) 

]^_�Ykκ −�kn_jbq_kdb_�nmgdpbb�hl�m]eh\�\ue_lZ�γ-d\ZglZ�\�ki_pbZevgh�\u[jZgghc�kn_�
jbq_kdhc�kbkl_f_�dhhj^bgZl��<_ebqbgu�Akκ(θd) \�wlhc�kbkl_f_�dhhj^bgZl�\_s_kl\_ggu��
A00 ≡ dσ/dΩ��kmffZ�\uqbkey_lky�ih�q_lguf�agZq_gbyf�k  ���������b�\k_f�ijh_dpbyf�k. 
Khhlghr_gb_�����ihemq_gh�\�>�@�[_a�ij_^iheh`_gbc�h�dhgdj_lghf�f_oZgbaf_�j_Zdpbb��
agZqbl��\_ebqbgu Akκ(θd) fh^_evgh-g_aZ\bkbfu� 

 
 

Jbk� �� Ko_fZ wdki_jbf_glZevghc mklZgh\db� �

– m]e_jh^gZy fbr_gv� � – \ZdmmfgZy dZf_jZ

jZkk_ygby� � – pbebg^j NZjZ^_y� � – bgl_]jZ�

lhj lhdZ� � – bhghghijh\h^ k dheebfbjmxsb�

fb kf_ggufb s_eyfb� � – kpbglbeeypbhggu_

kq_lqbdb� � – l_e_kdhiu û(-( ^_l_dlhjh\ 
 
 

Jbk� �� Jbk��� M]eh�
\u_ aZ\bkbfhklb

^bnn_j_gpbZevgh]h

k_q_gby mijm]h]h

(\_jogbc� b g_mijm�
]h]h �gb`gbc� jZk�
k_ygby ^_cljhgh\ gZ
12
K ijb ?d = 15.3 

Fw<� Djm`db − wdk�
i_jbf_glZevgu_ j_�
amevlZlu� Djb\u_�
^ebgguc rljbo − 
kju\ ly`_ehc qZklbpu�
dj_klbdb − f_oZgbaf

ihke_^h\Zl_evghc

i_j_^Zqb gmdehgh\�
lhqdb − kmffZ wlbo

f_oZgbafh\� dhjhl�
dbc rljbo − j_amevlZ�
lu jZkq_lZ ih CCBA, 
kiehrgZy − kmffZ

lj_o mihfygmluo

ijhp_kkh\ 
 

 

 
 

WDKI?JBF?GL IJH<H>BEKY G: pbdehljhg_� GBBYN� F=M�� Imqhd� ^_cljhgh\�
�jbk����ih^Z\Zeky�\�\Zdmmfgmx�dZf_jm��JZkk_ygggu_�^_cljhgu�j_]bkljbjh\Zebkv�\gml�
jb�dZf_ju�ihemijh\h^gbdh\ufb�Si-̂ _l_dlhjZfb��γ-d\Zglu�–�kpbglbeeypbhggufb�kq_l�
qbdZfb�k�djbklZeeZfb�NaI(Tl���lhd�hklZlhqgh]h�imqdZ�–�k�ihfhsvx�pbebg^jZ�NZjZ^_y��
>ey� dZ`^h]h� m]eZ� \ue_lZ� ^_cljhgZ θd� [ueh�ihemq_gh�hl� ���^h� ��� agZq_gbc�^\hcguo�
^bnn_j_gpbZevguo�k_q_gbc��H[s__�\j_fy�wdkihabpbb�\�wdki_jbf_gl_�khklZ\beh�[he__�
����q��GZ�h^bg�θd�[ueh�ihemq_gh�hdheh������kh\iZ^_gbc��ba�gbo�kemqZcguo�–������KlZ�
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lbklbq_kdb_� hrb[db� g_� ij_\ukbeb� ��-����� Ih]j_rghklv� hij_^_e_gby� Z[khexlguo�
agZq_gbc�^bnn_j_gpbZevgh]h�k_q_gby�khklZ\eyeZ�hdheh����� 

M]eh\Zy�aZ\bkbfhklv�^bnn_j_gpbZevgh]h�k_q_gby�dσ/dΩ�ij_^klZ\e_gZ�gZ�jbk�����
Ba�^\hcguo�^bnn_j_gpbZevguo�k_q_gbc�W(θγ,ϕγ; θd)�k�ihfhsvx�\ujZ`_gby� ����[ueb�
ihemq_gu� q_lgu_� dhfihg_glu� kibg-l_gahjZ�fZljbpu� iehlghklb�Akκ(θd) khklhygby� �+ 

������Fw<��y^jZ�12K�� 
Ihemq_ggu_�wdki_jbf_glZevgu_�^Zggu_�kjZ\gb\Zebkv�k�jZkq_lZfb�\�ij_^iheh�

`_gbb���f_oZgbafh\�jZkk_ygby��f_oZgbafZ�kju\Z�ly`zehc�qZklbpu��dhee_dlb\gh]h�\ha�
[m`^_gby�jhlZpbhgghc�ihehku�\�y^j_�12K��³q_luj_om]hevgh]h´�f_oZgbafZ�b�f_oZgbafZ�
h[jZah\Zgby�khklZ\gh]h�y^jZ��:gZeba�ihdZaZe��qlh�g_mijm]h_�jZkk_ygb_�^_cljhgh\�y^�
jZfb�12K�k�\ha[m`^_gb_f��+�\�hkgh\ghf�m^h\e_l\hjbl_evgh�hibku\Z_lky�kmffhc�f_oZ�
gbafZ�dhee_dlb\gh]h�\ha[m`^_gby�b�kju\Z�ly`_eh]h�deZkl_jZ�k�y^jZ� 

 
1. =ZeZgbgZ�E�B���A_e_gkdZy�G�K���E_[_^_\�<��F���Hjeh\Z�G�<���K_jbdh\�H�B���KiZk�

kdbc�:�<��©Bkke_^h\Zgb_�f_oZgbafZ�g_mijm]h]h�jZkk_ygby�^_cljhgh\�gZ�12K�ijb�
?d   ������Fw<�f_lh^hf�m]eh\uo�d−γ-dhjj_eypbcª��GBBYN�F=M��Jhkkby������]� 

2. A_e_gkdZy�G�K���L_ieh\�B�;�� ©OZjZdl_jbklbdb�\ha[m`^_gguo�khklhygbc�y^_j�b�
m]eh\u_�dhjj_eypbb�\�y^_jguo�j_Zdpbyoª��Wg_j]hZlhfba^Zl��Fhkd\Z������]� 

3. A_e_gkdZy�G�K���E_[_^_\�<�F���KiZkkdbc�:��<��©Bkke_^h\Zgb_�hjb_glbjh\Zgguo�
y^_jguo�kbkl_f�f_lh^hf�m]eh\uo�dhjj_eypbcª��GZmdh_fdb_�l_ogheh]bb������]���
��� 
 
 

M>D�������� 

M=EH<U?�J:KIJ?>?E?GBY�HKDHEDH<�>?E?GBY�<�J?:DPBYO�
IHEGH=H�KEBYGBY�>?NHJFBJH<:GGUO�Y>?J 

**>_jf_gz\�:�<���?jzf_gdh�>�H���Xfbgh\�H�:� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

<� jZfdZo� ^bgZfbdh-klhoZklbq_kdh]h� ih^oh^Z� ijh\_^_g� ZgZeba� nhjfbjh\Zgby�
m]eh\uo�jZkij_^_e_gbc�hkdhedh\�^_e_gby�ijb�jZkiZ^_�y^_j��h[jZah\Zgguo�\�j_Zdpbyo�
ih^�^_ckl\b_f�ly`_euo�bhgh\��IhdZaZgh��qlh�gZebqb_�^_nhjfZpbb�b�kibgZ�\�hkgh\ghf�
khklhygbb� �y^_j�fbr_gb��ijb\h^bl�d��kms_kl\_ggh�g_jZ\gh\_kguf�gZqZevguf�jZkij_�
^_e_gbyf�ih�ijh_dpbb�ihegh]h�m]eh\h]h�fhf_glZ�gZ�hkv�imqdZ��b�hkv�kbff_ljbb�^_ey�
s_]hky�khklZ\gh]h�y^jZ��Djhf_�lh]h��ijh^_fhgkljbjh\Zgh��qlh�ijb�^_e_gbb�y^_j��h[eZ�
^Zxsbo�[Zjv_jZfb�^_e_gby�kjZ\gbfufb�k��beb�^Z`_�[he__�gbadbfb��\_ebqbghc�y^_j�
ghc�l_fi_jZlmju�\�m]eh\uo�jZkij_^_e_gbyo�^he`gu�ijhy\eylvky�wnn_dlu�³iZfylb´�h�
gZqZevguo�mkeh\byo��knhjfbjh\Zgguo�kjZam�`_�ihke_�kebygby�klZedb\Zxsboky�y^_j��
:gZeba�wdki_jbf_glZevguo�^Zgguo�ih�m]eh\uf�jZkij_^_e_gbyf�hkdhedh\�^_e_gby��k_�
q_gbyf� ihegh]h� kebygby� b�fgh`_kl\_gghklyf�ij_^jZaju\guo�g_cljhgh\�ijh\h^beky�
^ey�j_Zdpbc��12K���236U (Igs=0!) [1], 12K���235U (Igs=7/2!) [2] ,16O + 232Th��>�@��Ijh^_fhg�
kljbjh\Zgh��qlh�mq_l�wnn_dlh\��k\yaZgguo�k�gZebqb_f�^_nhjfZpbb�b�kibgZ�m�y^jZ�fb�
r_gb��iha\hey_l�h[tykgblv�jZaebqgh_�ih\_^_gb_�Zgbahljhibb�m]eh\uo�jZkij_^_e_gbc�
hkdhedh\�^_e_gby�^ey�jZkkfZljb\Z_fuo�j_Zdpbc�ijb�wg_j]byo�[ebadbo�d�[Zjv_jm�keby�

                                                           
** �>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb�� 
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gby��Ihemq_gZ�bgnhjfZpby�h�\_ebqbg_�dhwnnbpb_glZ�y^_jghc�\yadhklb�b�\j_f_gb�j_�
eZdkZpbb� ^ey� kl_i_gb� k\h[h^u�� k\yaZgghc� k�ijh_dpb_c�ihegh]h�m]eh\h]h�fhf_glZ�gZ�
hkv�^_e_gby��� 

 
1. T.Murakami et al., Phys. Rev C, 34 (1986) 1353. 

 
 

GH<UC�F?LH>�J:KQ?L:�NIJ�Q?J?GDH<KDH=H�K<?L:�<�=:E 

Rhabz_\ =.I. 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

<�gZklhys__� \j_fy�hp_gdZ� wg_j]bb� ]b]Zglkdbo� Zlfhkn_jguo�eb\g_c� �=:E��ih�
baf_jy_fhfm� q_j_gdh\kdhfm� k\_lm� hq_gv� ZdlmZevgZ� ^ey�gZa_fguo� mklZgh\hd� �Ydmlkd��
$XJHU���J_amevlZlu� �\�lZdbo�wdki_jbf_glZo�kbevgh�hlebqZxlky��lZd�dZd�m�dZ`^h]h�wdk�
i_jbf_glZ�_klv�k\hb�f_lh^u�\hkklZgh\e_gby�wg_j]bb� 

Ij_^eZ]Z_lky� gh\uc� f_lh^� hp_gdb� ]b]Zglkdbo� Zlfhkn_jguo� eb\g_c� �=:E���<�
jZ[hl_� ^Zzlky� ko_fZ� jZkq_lZ� [Zau� ^Zgguo� �;>�� q_j_gdh\kdh]h� k\_lZ� b�f_lh^� hp_gdb�
wg_j]bb�=:E�ih�ihemq_gghc�nmgdpbb�ijhkljZgkl\_ggh]h�jZkij_^_e_gby�q_j_gdh\kdh]h�
k\_lZ��NIJ�QK��^ey�eb\g_c�mevljZ\ukhdbo�wg_j]bc�� 

Ij_^eZ]Z_fuc�f_lh^��khklhbl�ba� 
• jZkq_lZ� [Zau� ^Zgguo� ^ey� q_j_gdh\kdh]h� k\_lZ� ijb� wg_j]byo� gb`_� ���=w<� ^ey�

we_dljhgh\�b�nhlhgh\�� 
• jZkq_lZ�nmgdpbb�bklhqgbdZ�^ey�we_dljhgh\�b�nhlhgh\�gb`_�ihjh]h\hc�wg_j]bb�

hl�i_j\bqghc�qZklbpu�mevljZ\ukhdhc�wg_j]bb� 
• \hkklZgh\e_gby�NIJ�QK�=:E�ih�nmgdpbyf�bklhqgbdZ�b�jZkkqblZgghc�;>� 
• hp_gdb�wg_j]bb�=:E� 

:\lhj�\ujZ`Z_l�ijbagZl_evghklv�^�n�f�g��Jh]Zgh\hc�b�ijhn_kkhjm��^�n�f�g��>_�
^_gdh�E�=��aZ�ihfhsv�\�ih^]hlh\d_�l_abkh\� 

E–mail: gulmurod@mail.ru 
 

1. Auger collaboration, Nuclear Instruments and Methods in Physics Research A 523 
(2004) 50–95 

2. D. Heck and J. Knapp, Report FZKA 6097, Forschungszentrum Karlsruhe, (1998). 
3. L.G. Dedenko et. al. A Calibration of Energy Estimates of Giant Air Showers with 

Help of the Cherenkov Radiation, 29th ICRC, Pune, India 
 
 

BAMQ?GB?�J:KI:>H<�Kl3 (K
±
:π0 l± νl) 

JZamfh\�B�:� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

>hdeZ^� ihk\yszg� bamq_gbx� iheme_ilhggh]h� jZkiZ^Z� aZjy`_gguo� dZhgh\� Kl3 
(K±

:�0 l±� �l���>Zgguc�jZkiZ^�\�gZklhys__�\j_fy� �bkke_^m_lky�g_kdhevdbfb�f_`^mgZ�
jh^gufb�Khljm^gbq_kl\Zfb��gZijbf_j���(����D?D-36��b�1$�����ohjhrh�klZlbklbq_kdb�
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h[_ki_q_ggu_�j_amevlZlu�m`_�ihemq_gu�Khljm^gbq_kl\hf� ,675$���BN<W���Wlhl�jZk�
iZ^�bgl_j_k_g�l_f��qlh�iha\hey_l��\�qZklghklb��bkke_^h\Zlv��\aZbfh^_ckl\by�bghc�ijb�
jh^u��g_`_eb��9-A). 

JZ[hlZ� [Zabjm_lky�gZ� [hevrhc� klZlbklbd_�ih� jZkiZ^Zf� dZhgh\��HgZ�gZ[jZgZ� \�
nbabq_kdbo� k_ZgkZo�� ijh\_^_gguo� gZ� mklZgh\d_� DFG� ijb� __� h[emq_gbb� \lhjbqguf�
imqdhf�dZhgh\�^\mo�agZdh\��jh`^_gguo�ijb�\aZbfh^_ckl\bb�k�\g_rg_c�fbr_gvx�ijh�
lhggh]h�imqdZ��mkdhjbl_ey�M-70.      

Ihkdhevdm�\�ebl_jZlmj_� _klv�jZagh]eZkbb�\�ij_^klZ\e_gbb�^bnn_j_gpbZevguo�
jZkij_^_e_gbc�^ey�^Zggh]h�jZkiZ^Z��\�^hdeZ^_�ijhba\_^zg�l_hj_lbq_kdbc�jZkkqzl^bn�
n_j_gpbZevguo� jZkij_^_e_gbc� ih� jZaghh[jZaguf� dbg_fZlbq_kdbf� i_j_f_gguf� ijh�
^mdlh\�wlh]h�jZkiZ^Z�� 

LZd`_� [ueh� ijh\_^_gh� fh^_ebjh\Zgb_� \� jZfdZo� Fhgl_-DZjeh\kdhc� l_ogbdb�
jZkiZ^Z�D_��qlh�iha\hebeh�bkke_^h\Zlv�oZjZdl_jgu_�hkh[_gghklb��^bnn_j_gpbZevguo�
jZkij_^_e_gbc�^ey�^Zggh]h�jZkiZ^Z�b�gZclb�wnn_dlb\gu_�ihjh]b��dhlhju_�iha\heyxl�
agZqbfh�h[h]ZsZlv�klZlbklbq_kdmx�\u[hjdm�kh[ulbyfb�bf_ggh�jZkiZ^Zfb�DH�� 

 
 

>B:=GHKLBQ?KDBC�DHFIE?DK�>EY�BAF?J?GBY�IJHNBEY�
IE:AFU�B�A:O<:Q?GGHC�WG?J=BB���G:=J?<GUO�IMQDH< 

G:�MKL:GH<D?�©=:AH>BG:FBQ?KD:Y�EH<MRD:ª 

*EbklhiZ^�:�:� 

Gh\hkb[bjkdbc�]hkm^Zjkl\_gguc�l_ogbq_kdbc�mgb\_jkbl_l� 

<�gZklhys__� \j_fy� \�BYN�bf��=�B�;m^d_jZ�KH�J:G� j_Zebam_lky� wdki_jbf_g�
lZevgZy�ijh]jZffZ��gZijZ\e_ggZy�gZ�ihemq_gb_�nbabq_kdhc�[Zau�^Zgguo�^ey�kha^Zgby�
g_cljhggh]h�]_g_jZlhjZ�gZ�hkgh\_�]Zah^bgZfbq_kdhc�eh\mrdb� �=>E�� >�@��Khhjm`_gb_�
fhsgh]h� �a�F<l�f²) bklhqgbdZ�l_jfhy^_jguo�g_cljhgh\�^ey�fZl_jbZeh\_^q_kdbo�p_�
e_c�y\ey_lky�g_h[oh^bfhc�khklZ\eyxs_c�f_`^mgZjh^ghc�ijh]jZffu�bkke_^h\Zgbc�ih�
MLK�� MklZgh\dZ� ij_^klZ\ey_l� kh[hc� hldjulmx� ZdkbZevgh-kbff_ljbqgmx� fZ]gblgmx�
eh\mrdm�k�[hevrbf�ijh[hqguf�hlghr_gb_f��>ey�gZ]j_\Z�ieZafu�\�mklZgh\d_�bkihev�
am_lky� kbkl_fZ� bg`_dpbb�� khklhysZy� ba� �-lb� bg`_dlhjh\� [ukljuo� Zlhfh\� �\h^hjh^Z�
beb�^_cl_jby��k�wg_j]b_c���dw<��kmffZjghc�fhsghklvx�^h��F<l�b�^ebl_evghklvx�bf�
imevkZ��fk��Bg`_dpby�\_^_lky�ih^�m]ehf���°�d�hkb�ieZafu� 

H^ghc�ba�\Z`guo�^bZ]ghklbq_kdbo�aZ^Zq�y\ey_lky�bkke_^h\Zgb_�ijhnbey�ieZa�
fu�\�eh\mrd_�\h�\j_fy�bg`_dpbb��P_ev�^Zgghc�jZ[hlu�–�kha^Zgb_�dhfie_dkZ�^bZ]gh�
klbd��ij_^gZagZq_gguo�^ey�baf_j_gby�ijhnbey�iehlghklb�ieZafu�b�fhgblhjbg]Z�kbk�
l_fu�ZlhfZjghc�bg`_dpbb�mklZgh\db�=>E� 

Ko_fZ� baf_j_gbc� jZkij_^_e_gby� iehlghklb� ieZafu� hkgh\ZgZ� gZ� j_]bkljZpbb�
ijhnbey�imqdZ�gZ]j_\gh]h�bg`_dlhjZ��ijhr_^r_]h�kd\hav�ieZaf_gguc�rgmj��<�dZq_kl�
\_� ijb_fgbdZ� bkihevah\Zg� fgh]hijh\hehqguc� j_abklb\guc� dZehjbf_lj� >�@�� <hkklZ�
gh\e_gb_�ijhnbey�iehlghklb�ieZafu�ijhba\h^blky�f_lh^hf�Z[_ebaZpbb�>�@��Wlm�aZ^Zqm�
fh`gh�j_rblv�\�ij_^iheh`_gbb�h[�ZdkbZevghc�kbff_ljbb�ieZaf_ggh]h�rgmjZ��?keb�
bkihevah\Zlv�kbkl_fm�ba�g_kdhevdbo�bg`_dlhjh\��lh�fh`gh�\hkklZgZ\eb\Zlv�lZd`_�g_�
ZdkbZevgh-kbff_ljbqgu_�ijhnbeb� 

                                                           
*�>hdeZ^�hlf_q_g�]jZfhlhc�dhgn_j_gpbb��dZd�emqrbc�gZ�ih^k_dpbb�� 
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>ey�baf_j_gby�iheghc�aZo\Zq_gghc�wg_j]bb�hl�gZ]j_\guo�imqdh\��ieZgbjm_lky�
bkihevah\Zlv�^\_�kbkl_fu�j_abklb\guo�dZehjbf_ljh\��I_j\Zy�mklZgZ\eb\Z_lky�gZ�\u�
oh^_� bg`_dlhjguo� ljZdlh\� gZ]j_\guo� bg`_dlhjh\� b� kem`bl� ^ey� baf_j_gby� g_hkeZ[�
e_gguo�imqdh\��\lhjZy�jZkiheZ]Z_lky�k�ijhlb\hiheh`ghc�klhjhgu�hlghkbl_evgh�ieZa�
f_ggh]h�rgmjZ�b�ij_^gZagZq_gZ�^ey�j_]bkljZpbb�imqdh\��ijhr_^rbo� kd\hav�ieZafm��
>bZ]ghklbq_kdbc� dhfie_dk� lZd`_� \dexqZ_l� \� k_[y� kbkl_fm� dj_klh\� \lhjbqgh-
wfbkkbhgguo�^Zlqbdh\�� dhlhjZy�iha\hey_l�baf_jylv�ijhnbeb�imqdh\�ih�^\mf�hkyf�b�
fh`_l�kem`blv�lZd`_�^ey�gZkljhcdb�b�xklbjh\db�bg`_dlhjh\�� 

<ukhdZy� ijhajZqghklv� ijh\hehqguo� dZehjbf_ljh\� �!������ y\ey_lky� h^ghc� ba�
]eZ\guo�ijbqbg��[eZ]h^Zjy�dhlhjhc�kms_kl\m_l�\hafh`ghklv�bkihevah\Zgby�gZ]j_\guo�
bg`_dlhjh\�\�^bZ]ghklbq_kdbo�p_eyo��ijZdlbq_kdb�g_�kha^Z\Zy�\hafms_gbc�\�imqdZo���
Kj_^b�hkgh\guo�ij_bfms_kl\�kbkl_fu�gZ�hkgh\_�gZ]j_\guo�bg`_dlhjh\�ke_^m_l�hlf_�
lblv�ijhklhlm�b�mgb\_jkZevghklv�ko_fu�wdki_jbf_glZ��ihkdhevdm�\�wlhf�kemqZ_�g_�lj_�
[m_lky�ijb\e_q_gb_�^hihegbl_evgh]h�^bZ]ghklbq_kdh]h�h[hjm^h\Zgby�� 

<�gZklhysbc�fhf_gl�\_^mlky� l_klh\u_�bkiulZgby�khklZ\eyxsbo�^bZ]ghklbq_�
kdh]h�dhfie_dkZ��kfhglbjh\Zgguo�\�h^ghf�ba�bg`_dlhjguo�ljZdlh\� 

e-mail: alexlist@yandex.ru 
 

1. B�:�Dhl_evgbdh\��>�>�Jxlh\�b�^j���©FZl_fZlbq_kdZy�fh^_ev�bklhqgbdZ�g_cljh�
gh\�gZ�hkgh\_�]Zah^bgZfbq_kdhc�eh\mrdbª��ij_ijbgl�BYN��Gh\hkb[bjkd� 

2. :�:�EbklhiZ^��K�<�FmjZolbg��G�<�Klmibrbg��©DZehjbf_ljbq_kdZy�^bZ]ghklbdZ�
imqdh\�[ukljuo�qZklbpª��ij_ijbgl�BYN��Gh\hkb[bjkd� 

3. <�B�>Z\u^_gdh�� :�:�B\Zgh\�� =�<Zck_g�� ©Wdki_jbf_glZevgu_� f_lh^u� bkke_^h�
\Zgby�ieZafuª��G=M��Gh\hkb[bjkd������� 

 

 

FGH=HDJ:LG:Y�IHL?JY�WE?DLJHGH<�KLJMDLMJGUF�BHGHF�
IJB�KLHEDGH<?GBB�K�:LHF:FB 

Jy[q_gdh�K�<� 

Ihfhjkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�bf��F�<��Ehfhghkh\Z 

<�ihke_^g__�\j_fy�Zdlb\babjh\Zeky�bgl_j_k�d�ijhp_kkZf�fgh]hdjZlghc�bhgbaZ�
pbb�kgZjy^Z�ijb�klhedgh\_gbyo�ly`_euo�bhgh\�k�ZlhfZfb�>�@��H^gZdh�d\Zlh\hf_oZgb�
q_kdh_�g_i_jlmj[Zlb\gh_�jZkkfhlj_gb_�bhgbaZpbb�kgZjy^Z�\ukhdhc�djZlghklb�^h�kbo�
ihj�g_�ijh\h^behkv��<�wlhc�jZ[hl_�gZ�hkgh\_�l_hjbb�\g_aZiguo�\hafms_gbc�b�j_eylb�
\bklkdh]h� h[h[s_gby� wcdhgZevgh]h� ijb[eb`_gby� jZa\blZ� g_i_jlmj[Zlb\gZy� l_hjby�
>���@�fgh]hdjZlghc�bhgbaZpbb�ly`_euo�kljmdlmjguo�bhgh\�ijb�klhedgh\_gbyo�k�g_c�
ljZevgufb�ZlhfZfb��ijh\_^_gu�jZkq_lu�b�kjZ\g_gb_�k�wdki_jbf_glhf� 

Imklv�1D�-�qbkeh�we_dljhgh\�\�Zlhf_��1S�-�qbkeh�we_dljhgh\�\�bhg_��Ihl_gpbZe��
^_ckl\mxsbc� kh� klhjhgu� ZlhfZ-fbr_gb� gZ� we_dljhgu� [hf[Zj^bjmxs_]h� bhgZ� � _klv�
nmgdpby�g_�lhevdh�hlghkbl_evguo�dhhj^bgZl�y^_j�kgZjy^Z�b�fbr_gb��gh�b�iheh`_gbc�
\k_o�we_dljhgh\�fbr_gb��G_ihkj_^kl\_ggh_�bkihevah\Zgb_�lZdh]h�ihl_gpbZeZ�aZljm^�
g_gh��dh]^Z�kgZjy^�b�fbr_gv�y\eyxlky�fgh]hwe_dljhggufb��1D!!���1S!!��� 

;m^_f�kqblZlv��qlh�khklhygby�we_dljhgh\�fbr_gb�hibku\Zxlky��dZd�h^ghwe_d�
ljhggu_�hj[blZeb�\�kj_^g_f�kZfhkh]eZkh\Zgghf�ihe_�\�fh^_eb�>bjZdZ-OZjljb-NhdZ-
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Ke_cl_jZ��Lh]^Z� \_jhylghklv� i_j_oh^Z� we_dljhgh\� kgZjy^Z� ba� hkgh\gh]h� khklhygby� \�
ijhba\hevgh_�\ha[m`^_ggh_�ijbgbfZ_l�ijhklhc�\b^ 
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Wlh�\ujZ`_gb_�iha\hey_l�ih�ba\_klguf�ba�wdki_jbf_glZ�ex[uf�^\mf�k_q_gbyf�

\uqbkeblv� hklZevgu_�� J_amevlZlu� jZkq_lZ� ^ey�fgh]hdjZlghc� bhgbaZpbb� bhgh\� mjZgZ�
U10+�ijb�klhedgh\_gbyo�k�ZlhfZfb�Zj]hgZ�$U�ijb\_^_gu�gZ�jbkmgd_�\f_kl_�k�wdki_jb�
f_glZevgufb�^Zggufb�>�@� 
: E–mail: ryabchenko.sergey@pomorsu.ru 
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G?I?JLMJ;:LB<GU?�NHJFMEU�LBI:�;,L?�>EY�K?Q?GBC�
JB>;?J=H<KDBO�I?J?OH>H<�<�:LHF:O 

IJB�BO�KLHEDGH<?GBYO 
K�J?EYLB<BKLKDBFB�FGH=HA:JY>GUFB�BHG:FB 

=mkZj_\bq�?�K� 

Ihfhjkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�bf��F�<��Ehfhghkh\Z�� 

<�^Zgghc�jZ[hl_�gZ�hkgh\_�j_eylb\bklkdh]h�h[h[s_gby�ijb[eb`_gby�wcdhgZeZ�b�
f_lh^Z� krb\db� >�� �@�jZa\bl�gh\uc�g_i_jlmj[Zlb\guc�f_lh^��iha\heyxsbc�ihemqblv�
ijhklu_� ZgZeblbq_kdb_� \ujZ`_gby� ^ey� jZkqzlZ� k_q_gbc� jb^[_j]h\kdbo� i_j_oh^h\� \�
ZlhfZo��ijb�bo�\aZbfh^_ckl\bb�k�j_eylb\bklkdbf�fgh]haZjy^guf�bhghf��Hkh[uc�bgl_�
j_k�ij_^klZ\ey_l�bamq_gb_�^bihevgh�jZaj_rzgguo�i_j_oh^h\� fffiii mlnmln ,,,, → �]^_�
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JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_�]jZglh\��JNNB��rbnj�]jZglZ����-
02-16177-Z��b�Ij_ab^_glZ�JN��rbnj�]jZglZ��FD-2013.2005.2). 

E–mail: gusarevich.eugeny@pomorsu.ru  
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<EBYGB?�<GMLJ?GGBO�WE?DLJHGGUO�H;HEHQ?D�:LHFH< 
G:�>BWE?DLJBQ?KDMX�NMGDPBX�<?S?KL<: 

Dmj[Zgh\�B��J� 

Qm\Zrkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�bf��B�G��Mevygh\Z 

<�jZfdZo�^bwe_dljbq_kdh]h�nhjfZebafZ�fh`gh�\\_klb�^bwe_dljbq_kdmx�nmgd�
pbx�kj_^u� ε(q,ω)��dhlhjZy�iheghklvx�mqblu\Z_l�\aZbfh^_ckl\b_�aZjy`_gghc�qZklbpu�
kh�kiehrghc�kj_^hc��P_evx�[ueh�ihemq_gb_�\�jZfdZo�d\Zglh\hc�l_hjbb�ZgZeblbq_kdh�
]h� \ujZ`_gby�^ey�\deZ^Z�\�^bwe_dljbq_kdmx�nmgdpbx� kj_^u� we_dljhgh\�K-h[hehq_d�
Zlhfh\��Z�lZd`_�bkke_^h\Zgb_�\ebygby�hjlh]hgZebaZpbb�khklhygbc�we_dljhgZ�gZ�\deZ^�
\gmlj_ggbo�we_dljhgh\�\�ihl_jb�wg_j]bb�b�]_g_jZpbx�d\ZabqZklbp�[ukljhc� aZjy`_g�
ghc�qZklbp_c��^\b`ms_cky�\�\_s_kl\_��Bkihevamy�ihke_^h\Zl_evguc�d\Zglhf_oZgbq_�
kdbc�jZkq_l��[ueb� ZgZeblbq_kdb�ih�
emq_gu� fZljbqgu_� we_f_glu� ^ey�
iehkdhc� \hegu� �ijb� n=1,2,3 l=0,1 
m=-�������� iehkdhc� \hegu� hjlh]hgZ�
ebah\Zgghc� d� �s� khklhygbx� �ijb�
n=1,2,3 l ���� iehkdhc� \hegu� hjlh]h�
gZebah\Zgghc� d� �s� b� �s� khklhygbyf�
�ijb� n ���� fgbfu_� qZklb� \deZ^Z�
we_dljhgh\�D-h[hehqdb�\�^bwe_dljb�
q_kdmx� nmgdpbx�� >_ckl\bl_evgu_�
qZklb�\deZ^Z�we_dljhgh\�gZoh^bebkv��
qbke_gguf� bgl_]jbjh\Zgb_f� khhl�
ghr_gby� DjZf_jkZ-Djhgb]Z�� ;ueZ�
khklZ\e_gZ�ijh]jZffZ�^ey�jZkq_lh\�\�
jZfdZo� ^bwe_dljbq_kdh]h�nhjfZeba�
fZ��dhlhjZy�iha\hey_l�\uqbkeylv�im�
l_f� qbke_ggh]h� bgl_]jbjh\Zgby� ]_�
g_jZpbx�qZklbp��ihl_jb�wg_j]bb�b�nemdlmZpbx�ihl_jv�wg_j]bb�gZ�_^bgbpm�^ebgu�ijb�
^\b`_gbb�[ukljhc�aZjy`_gghc�qZklbpu�\�kiehrghc�kj_^_��<�dZq_kl\_�^bwe_dljbq_kdhc�
nmgdpbb� [_j_lky� ^bwe_dljbq_kdZy� nmgdpby� Ebg^oZj^Z� ^ey� we_dljhggh]h� ]ZaZ�� ;ueh�
ijh\_j_gh�memqr_gb_�Zkbfilhlbq_kdh]h�ih\_^_gby�^bwe_dljbq_kdhc�nmgdpbb�\�h[eZk�
lb�fZeuo�q��<�fh^_eb�iehkdhc�\hegu�hjlh]hgZebah\Zgghc�d��s�b��s�khklhygbyf�aZf_l�
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gh]h�memqr_gby�ih\_^_gby�nmgdpbc�gZc^_gh�g_�[ueh��<�h[eZklb�[hevrbo�q�ijZ\beh�
kmff�\uihegy_lky��GZ�]jZnbd_�ihdZaZgu�jZkq_lgu_�ihl_jb�wg_j]bb�ijhlhgZ�gZ�_^bgb�
pm�^ebgu�\�[_jbeebb��Mq_l�\gmlj_ggbo�h[hehq_d�Zlhfh\�kj_^u�iha\hey_l�kms_kl\_ggh�
ijb[ebablv�jZkq_lgu_�j_amevlZlu�d�wki_jbf_glZevguf�^Zgguf� 

E-mail: yngvar@mail.ru 

 

 

HILBFBA:PBY�J?@BFH<�WDKIEM:L:PBC�J?:DLHJ:�<<J-KF�

BYN�:G�JM�K�L?IEH<U>?EYXSBFB�K;HJD:FB�LBI:�BJL-�F 
K�����H;H=:S?GB?F�IH U-235 

FmoZf_^`Zgh\�:��F� 

Bgklblml�Y^_jghc�Nbabdb�:dZ^_fbc�GZmd�J_kim[ebdb�Ma[_dbklZg 

GZ� gZmqgh-bkke_^h\Zl_evkdhf� y^_jghf� j_Zdlhj_� lbiZ� <<J–KF� \� Bgklblml_�
Y^_jghc�Nbabdb�:dZ^_fbb�GZmd� J_kim[ebdb�Ma[_dbklZg� �BYN�:G� JM�� ijh\h^ylky��
bkke_^h\Zgby�ih�\Z`g_crbf�gZijZ\e_gbyf�gZmdb�b�l_ogbdb��Hg��jZ[hlZ_l�gZ�lhieb\_�k�
h[h]Zs_gb_f������dhlhjh_�kh]eZkgh�f_`^mgZjh^gh-ijbagZgguf�ghjfZf�g_�fh`_l�kqb�
lZlvky�lhieb\hf�gbadh]h�h[h]Zs_gby� 

<�k\yab�k�jhklhf�m]jhau�jZkijhkljZg_gby�y^_jgh]h�lhieb\Z�\ukhdh]h�h[h]Zs_�
gby� ih�U235

 � \� k_fb^_kyluo� ]h^Zo�f_`^mgZjh^guf� khh[s_kl\hf� [ueh� ijbagZgh�� qlh�
h[h]Zs_gb_�y^_jgh]h�lhieb\Z�f_g__�q_f� ����^ey�bkke_^h\Zl_evkdbo�j_Zdlhjh\�[m^_l�
[Zjv_jhf�gZ�imlb�_]h�bkihevah\Zgby�^ey�ijhba\h^kl\Z�y^_jgh]h�hjm`by��Ihwlhfm�kljZ�
gu-� ijhba\h^bl_eb� y^_jgh]h� lhieb\Z� h]jZgbqbeb� wdkihjl� L<K� �l_ieh\u^_eyxsZy�
k[hjdZ��k�lhieb\hf��\ukhdh]h�h[h]Zs_gby��� 

�JM�ijbkh_^bgbeZkv�d�©>h]h\hjm�h�g_jZkijhkljZg_gbb�y^_jgh]h�hjm`byª�b�^ey�
\uiheg_gby�h[yaZl_evkl\�ih�g_fm�g_h[oh^bfZ�fh^_jgbaZpby�j_ZdlhjZ�^ey�_]h�i_j_\h^Z�
gZ�gbadh�h[h]Zs_ggh_�lhieb\h��JZajZ[hldZ��bkiulZgb_�b�ijhba\h^kl\h�lhieb\Z�k�gba�
dbf�h[h]Zs_gb_f��������ijb\_^_l�d�h]jZgbq_gbx�wdkihjlZ�L<K�k�h[h]Zs_gb_f�����b�
\hafh`gZ�kblmZpby��dh]^Z�j_Zdlhj�fh`_l�[ulv�hklZgh\e_g�ba-aZ�hlkmlkl\by�lhieb\Z�� 

Fh^_jgbaZpby�j_ZdlhjZ�gZqg_lky��dZd�lhevdh�[m^_l�bkiulZgZ�b�k_jlbnbpbjh\Z�
gZ� l_ieh\u^_eyxsZy� k[hjdZ�� khhl\_lkl\mxsZy� lj_[h\Zgbyf� y^_jghc� [_ahiZkghklb� b�
wdkiemZlZpbb�j_ZdlhjZ� 

HilbfbaZpby�j_`bfh\�wdkiemZlZpbb�j_ZdlhjZ�k�L<K�lbiZ�BJL-�F�k�����h[h�
]Zs_gb_f�ih�U-�����g_h[oh^bfZ�^ey�ih^]hlh\db�_]h��d�i_j_\h^m�gZ�gbadh�h[h]Zs_ggh_�
lhieb\h� k� fbgbfZevgufb� aZljZlZfb� ijb� fZdkbfZevghf� khojZg_gbb� _]h� l_ogbdh-
wdhghfbq_kdbo�ihdZaZl_e_c�b�[_ahiZkghklb�� 

>ey�wlh]h�mkh\_jr_gkl\h\Zgu�klZju_�b�jZajZ[hlZgu�gh\u_�dhfivxl_jgu_�ijh�
]jZffu�^ey�jZkq_lZ�Zdlb\ghc�ahgu�j_ZdlhjZ��Hij_^_e_gZ�ijhp_glgZy�^hey�wg_j]h\u^_�
e_gby�\�L<K�b�\u]hjZgb_�U-235 [1,2,3,4]. 

�Dhf[bgZpb_c� f_lh^Z� ihebghfh\� b� gZbf_gvrbo� d\Z^jZlh\� ijh\_^_g� jZkq_l�
iehlghklb�ihlhdZ�l_ieh\uo�b�[ukljuo�g_cljhgh\�\�\_jlbdZevguo�dZgZeZo�j_ZdlhjZ��<�
dZq_kl\_�hihjguo�^Zgguo��bkihevah\Zgu�wdki_jbf_glZevgh�ihemq_ggu_�iehlghklb�ih�
lhdh\�ih�y^_jguf�j_Zdpbyf�46Ti (n,p) 46Sc, 24Mg(n,p)24Na, 48Ti(n,p)48Sk� 58Ni(n,p)58Co, 54Fe 
(n,p) 54Mn, 60Ni (n,p)  60Co. 
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GZklhysZy� klZlvy� ih^]hlh\e_gZ� ih� j_amevlZlZf� bkke_^h\Zgbc�� ijh\_^_gguo� \�
jZfdZo�]jZglZ���I-18.55  

:\lhj�\ujZ`Z_l�ijbagZl_evghklv�dZg^b^Zlm��n�f�g��;Zcl_e_kh\m�K��:��aZ�ihfhsv�
\�ih^]hlh\d_�l_abkh\� 

? – mail: dosimbaev@inp.uz 
 

1. FZexj_k�X��I��HilbfbaZpby�bkke_^h\Zl_evkdh]h�j_ZdlhjZ�\�i_jbh^�wdkiemZlZ�
pbb����:lhfgZy�wg_j]by��������l����\ui�����klj������ 

2. ���Kbfhgh\�<��>���IZ\eh\�<��B���I_jfbgh\�:��:���I_qbdbg�<��:�������Nbebfhgh\�
I�� ?���Xkdh\�:��F��F_lh^� iZjguo� i_j_klZgh\hd� L<K� b� _]h� ijbf_g_gb_� ^ey�
hilbfbaZpbb� wg_j]hjZkij_^_e_gby�<<WJ��:lhfgZy� wg_j]by�� ������ l� ���\ui�� ���
klj������ 

3. FZexj_k�X��I��HilbfbaZpby�jZaf_s_gby�L<K�\�bkke_^h\Zl_evkdhf�j_Zdlhj_��
:lhfgZy�wg_j]by��������l����\ui�����klj������ 

4. :nZgZk_\Z�:��F��HilbfbaZpby� wg_j]hjZkij_^_e_gby� \�j_Zdlhj_�ijb�h]jZgbq_�
gbb� qbkeZ� h^gh\j_f_ggh� i_j_f_sZ_fuo� j_]mebjmxsbo� kl_j`g_c�� :lhfgZy�
wg_j]by��������l����\ui�����klj������ 

  

 

H;�BGDEXAB<GUO�K?Q?GBYO�<UOH>:�Y>?J�3HE2�<�
16HJ-

<A:BFH>?CKL<BY�IJB������:�=W<�K 

MkZjh\�:�:� 

Nbabdh-l_ogbq_kdbc�bgklblml�GIH��NbabdZ-Khegp_��:G�JMa 

Ihemq_gu� gh\u_� wdki_jbf_glZevgu_� ^Zggu_� ih� lhiheh]bq_kdbf� b� bgdexab\�
guf�k_q_gbyf�\uoh^Z�y^_j�3G_�\�16Hj-\aZbfh^_ckl\byo�ijb������:�=w<�k��IhdZaZgh��qlh�
h[jZah\Zgb_�wlbo�bahlhih\�ijhbkoh^bl�ijb�[he__�\ukhdbo�mjh\gyo�\ha[m`^_gby�njZ]�
f_glbjmxs_]h�y^jZ� 

GZklhysZy�jZ[hlZ�y\ey_lky�ijh^he`_gb_f�pbdeZ�bkke_^h\Zgbc�ijhp_kkh\�njZ]�
f_glZpbb�y^_j�dbkehjh^Z�\�16Hj-khm^Zj_gbyo�ijb������: =w<�k�b�ihk\ys_gZ�bamq_gbx�
lhiheh]bq_kdbo�b�iheguo�bgdexab\guo�k_q_gbc�\uoh^Z�e_]dbo�y^_j�3G_2��H[sZy�klZ�
lbklbdZ�wdki_jbf_glZevgh]h�fZl_jbZeZ�khklZ\ey_l�������baf_j_gguo�16Op-kh[ulbc�� 

Ijhl_dZgb_�ijhp_kkZ�njZ]f_glZpbb�y^jZ�16O�\hafh`gh�ih����lhiheh]bq_kdhfm�
dZgZem�k�h[jZah\Zgb_f�fgh]haZjy^guo�njZ]f_glh\� �zf���� �b���dZgZem�k�iheguf�jZa\Z�
ehf�bkoh^gh]h�y^jZ�gZ�h^ghaZjy^gu_�njZ]f_glu��J_ZebaZpby�lhiheh]bq_kdbo�dZgZeh\�
jZa\ZeZ�y^_j�dbkehjh^Z�k�h[jZah\Zgb_f�^\moaZjy^guo�njZ]f_glh\�hkms_kl\ey_lky�\����
ba����\hafh`guo�dZgZeh\��<�wlbo�dZgZeZo�njZ]f_glZpbb�^hfbgbjm_l�\uoh^�y^_j�4G_2, 
khklZ\eyy�\�kj_^g_f��������Z�lZd`_�kms_kl\_g_g�\uoh^�y^_j�3G_2 (19.7%).  

<�gZklhys_c�jZ[hl_�ij_^klZ\e_gu�j_amevlZlu�baf_j_gby� k_q_gby�\uoh^Z� y^_j�
3G_2� b� bgdexab\gu_� k_q_gby� jZaebqguo� lhiheh]bq_kdbo� dZgZeh\�njZ]f_glZpbb� y^_j�
dbkehjh^Z��;ueb�hij_^_e_gu�bgdexab\gh_�k_q_gb_�b \_jhylghklb�\uoh^Z�y^_j�

3G_2�\�
lhiheh]bq_kdbo� dZgZeZo�njZ]f_glZpbb� y^_j� dbkehjh^Z� k�h[jZah\Zgb_f�^\moaZjy^guo�
njZ]f_glh\�b�ihegh]h�k_q_gby�lhiheh]bq_kdbo�dZgZeh\���������2), (23), (222), (24), (223), 
���������������������������������Mf_gvr_gb_�k_q_gbc�lhiheh]bq_kdbo�dZgZeh\�ijhbkoh^bl�
ijb�m\_ebq_gbb�fgh`_kl\_gghklb�njZ]f_glh\�k�zf!��b�kmffZjgh]h� aZjy^Z�\lhjbqguo�
fgh]haZjy^guo�njZ]f_glh\��Bgl_j_kgh�hlf_lblv��qlh�wdki_jbf_glZevgh�g_�h[gZjm`_�
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gu�kb]gZeu�hl�lhiheh]bq_kdbo�dZgZeh\������������b��������kmffZjguc�aZjy^�njZ]f_glh\�
dhlhjuo�jZ\_g� aZjy^m�bkoh^gh]h� y^jZ�� l�_��^Zggu_� dZgZeu��h[mkeh\e_gu�i_jbn_jbq_�
kdbfb�\aZbfh^_ckl\byfb�gZe_lZxs_]h�y^jZ��Ihegh_�bgdexab\gh_�k_q_gb_�h[jZah\Zgby�
y^_j� 3G_2, jZ\gh_� � 1inc=41,2����� f[g�� khklZ\ey_l� � ����� �� g_mijm]h]h� k_q_gby� 16Hj-
\aZbfh^_ckl\bc��Bgdexab\gu_�k_q_gby�\uoh^Z�y^_j 3G_2�\�dZgZeZo�h[jZah\Zgb_f���������
b���^\moaZjy^guo�njZ]f_glh\�jZ\gu�khhl\_lkl\_ggh������±0,71, 15,00±0,85, 12,62±0,78 
b�����������f[g�� 

K_q_gb_�\uoh^Z�y^_j� 4G_2 ijb�ex[uo�agZq_gbyo�kmffZjgh]h�aZjy^Z�njZ]f_glh\�
zf�\ur_�khhl\_lkl\mxsbo�agZq_gbc�^ey�y^_j� 3G_2.  

Ke_^m_l��dhg_qgh��bf_lv�\�\b^m��qlh�ijhp_kk�nhjfbjh\Zgby�e_]dbo�y^_j� �:≤4) 
h[mkeh\e_g�keh`ghc�kmi_jihabpb_c�g_kdhevdbo�f_oZgbafh\�\aZbfh^_ckl\by�ijhlhgZ-
kgZjy^Z� k� gmdehgZfb� y^jZ� dbkehjh^Z� b� h[jZah\Zgby� d\Zabk\h[h^guo�fZehgmdehgguo�
ZkkhpbZpbc��Z�lZd`_�jZkiZ^Zfb�\ha[m`^_gguo�njZ]f_glh\�k�:≥���Y^jZ�3G_2�fh]ml�h[�
jZah\Zlvky��dZd�\�j_amevlZl_�kebygby�dZkdZ^gh]h�ijhlhgZ�b�^_cljhgZ�beb�lj_o�gmdeh�
gh\��lZd�b�ijb�\u[b\Zgbb�h^gh]h�ba�g_cljhgh\�ba�α-deZkl_jZ�y^jZ�dbkehjh^Z��>ey�y^_j�
4G_2 kms_kl\_ggu�f_oZgbafu�bo�ijyfh]h�\u[b\Zgby�ba�y^jZ�dbkehjh^Z�b�i_jbn_jbq_�
kdh]h�h[jZah\Zgby�iml_f�^bnjZdpbhggh]h�jZkiZ^Z�bkoh^gh]h�y^jZ�gZ�α-qZklbpu��Ih�
ke_^g__�ml\_j`^_gb_�hiylv�\ul_dZ_l�ba�lh]h�nZdlZ��qlh�e_]db_�y^jZ�k�fZkkh\ufb�qbk�
eZfb��djZlgufb���b�h^bgZdh\uf�dhebq_kl\hf�g_cljhgh\�b�ijhlhgh\�ij_bfms_kl\_ggh�
h[eZ^Zxl�α-deZkl_jghc�kljmdlmjhc�� 
 

amattou@rambler.ru 

 

Y>JH-Y>?JGUC�IHL?GPB:E�<�J:FD:O�>BKI?JKBHGGHC�
IHEMFBDJHKDHIBQ?KDHC�FH>?EB 

G:�HKGH<?�KDHJJ?DLBJH<:GGH=H�IHL?GPB:E:�K<?JLDB 

BaZ^iZgZo�:[^hefZ^`b^��=hgqZjh\�K��:� 

GBBYN�bf��>�<�Kdh[_evpugZ�F=M�bf��F�<��Ehfhghkh\Z 

Ij_^eh`_gZ� ijhp_^mjZ� dhjj_dpbb� wg_j]_lbq_kdhc� aZ\bkbfhklb� dhfihg_glu�
kj_^g_]h�ihey�hilbq_kdh]h�ihl_gpbZeZ��\uqbkey_fhc�\�jZfdZo�fh^_eb�^\hcghc�k\_jldb�
k�mq_lhf�h[f_gguo� wnn_dlh\�\�ijb[eb`_gbb�h^ghgmdehggh]h�h[f_ggh]h�\u[b\Zgby��
HgZ� hkgh\ZgZ� gZ� bkihevah\Zgbb� wfibjbq_kdhc� wg_j]_lbq_kdhc� aZ\bkbfhklb� kj_^g_]h�
ihey��ihemqZ_fhc�ijb�^bki_jkbhgghf�ZgZeba_�bgl_]jZevguo�oZjZdl_jbklbd�n_ghf_gh�
eh]bq_kdbo�hilbq_kdbo�ihl_gpbZeh\��Ijhp_^mjZ�Zijh[bjm_lky�gZ�ijbf_j_�\uqbke_gby�
kj_^g_]h�ihey�b�ZgZeba_�^Zgguo�ih�mijm]hfm�jZkk_ygbx�ZevnZ-qZklbp�gZ�y^jZo�dbkeh�
jh^Z�\�jZfdZo�^bki_jkbhgghc�ihemfbdjhkdhibq_kdhc�fh^_eb�hilbq_kdh]h�ihl_gpbZeZ� 

 
E-mail: gsa@srd.sinp.msu.ru 
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<EBYGB?�BHGBABJMXS?=H�BAEMQ?GBB�B�=BIHF:=GBLGUO�
MKEH<BC�G:�J:KIJHKLJ:G?GB?�:<LH<HEG�<�J?:DPBB�

;?EHMKH<:-@:;HLBGKDH=H�B�;JB==K:-J:MR?J: 

:jlZfhgh\�>��G� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

<�ihke_^g__�\j_fy�ijh\h^blky�[hevrh_�dhebq_kl\h�bkke_^h\Zgbc��ihk\ys_gguo�
bamq_gbx�f_oZgbafh\�\ha^_ckl\by�gZ�khklhygb_�`b\uo�hj]Zgbafh\�lZdbo�wdklj_fZev�
guo�nZdlhjh\�nbabq_kdhc�ijbjh^u��dZd�bhgbabjmxs__�baemq_gb_�� ]bih]_hfZ]gblgh_�
ihe_�� ih\ur_ggh_� ^Z\e_gb_� b� ^j�� Ih^h[gu_� bkke_^h\Zgby� djhf_� nmg^Zf_glZevghc�
agZqbfhklb�\Z`gu�b�^ey�ijZdlbdb��gZijbf_j��^ey�^Zevgbo�ibehlbjm_fuo�dhkfbq_kdbo�
ihe_lh\��]em[hdh\h^guo�jZ[hl�b�l��^��� 

<�gZklhys_c�jZ[hl_�ijh\_^_gh�bkke_^h\Zgb_�\ebygby�bhgbabjmxsbo�baemq_gbc�
ly`_euo�aZjy`_gguo�qZklbp�b�]bihfZ]gblguo�mkeh\bc�gZ�ijhl_dZgb_�g_dhlhjuo�kZfh�
hj]Zgbamxsboky�ijhp_kkh\��Fgh`_kl\h�y\e_gbc��ijhbkoh^ysbo�\�`b\uo�kbkl_fZo��y\�
eyxlky� Z\lhdhe_[Zl_evgufb�� Ijbf_jhf� fh]ml� kem`blv� jZkijhkljZg_gb_� fur_qgh]h�
khdjZs_gby��k\zjlu\Zgb_�djh\b��\hegu�G:>NG�\�ebfnhpblZo��\hegu� +�

&D , kb]gZev�

gh]h�bhgZ�\h�fgh]bo�lbiZo�de_lhd��aZimkdZxs_]h�jZaebqgu_�nbabheh]bq_kdb_�ijhp_k�
ku��Bamq_gb_�\ha^_ckl\by�bhgbabjmxsbo�baemq_gbc�gZ�]hfh]_ggu_�obfbq_kdb_�j_Zd�
pbb�iha\hey_l�kfh^_ebjh\Zlv�baf_g_gby�koh`bo�ijhp_kkh\�\�hj]Zgbaf_�`b\uo�h[t_d�
lh\�� <� dZq_kl\_� fh^_evguo� \u[jZgu� j_Zdpbb� ;_ehmkh\Z-@Z[hlbgkdh]h� b� ;jb]]kZ-
JZmr_jZ��dZd�gZb[he__�m^h[gu_�^ey�gZ[ex^_gby. 

Bkke_^h\Zehkv� \hagbdgh\_gb_� b� jZkijhkljZg_gb_� Z\lh\heg� \� dZibeeyjZo� ih^�
\ha^_ckl\b_f�imqdh\�ly`_euo� aZjy`_gguo�qZklbp��J_Zdpbhggmx�kf_kv�h[emqZeb�^_c�
ljhgZfb�b� −α qZklbpZfb�ba����-kf�pbdehljhgZ�GBBYN�F=M�k�wg_j]b_c������Fw<�b�
����� �Fw<��khhl\_lkl\_ggh��<i_j\u_�gZ[ex^ZeZkv�bgbpbZpby�Z\lh\heg�ih^�^_ckl\b_f�
aZjy`_gguo�qZklbp�k�\ukhdhc�bhgbabjmxs_c�kihkh[ghklvx�b�hij_^_e_gu�ihjh]h\u_�
agZq_gby� ih]ehs_gghc� ^hau�� Djbl_jb_f� ^ey� kjZ\g_gby� Z\lh\heg�� \hagbdZ\rbo� ih^�
\ebygb_f�imqdh\�jZaebqguo�qZklbp�b�kihglZgguo�\heg� �y\eyeZkv�bo�kdhjhklv�jZkijh�
kljZg_gby��J_]bkljZpby�\_eZkv��\�hkgh\ghf��hilbq_kdbfb�f_lh^Zfb��\�lhf�qbke_�k�bk�
ihevah\Zgb_f�\_[-dZf_j� 

Ijh\h^behkv�lZd`_�bamq_gb_�\ebygby�]bihfZ]gblguo�mkeh\bc�gZ�i_jbh^�b�w\h�
expbx�dhe_[Zgbc�j_Zdpbb�;jb]]kZ-JZmr_jZ��WdjZgbjh\dZ�hl�]_hfZ]gblgh]h�ihey�hkm�
s_kl\eyeZkv�ijb�ihfhsb�aZsblguo�f_lZeebq_kdbo�[hdkh\�ba�fZ]gblh-fy]dbo�fZl_jbZ�
eh\��<_ehkv�kjZ\g_gb_�k�dhgljhevguf�jZkl\hjhf��gZoh^ysbfky�\�ghjfZevghf�fZ]gbl�
ghf�ihe_�A_feb�� 
 
E–mail: artdmitrii@mail.ru 
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BFBL:PBHGGH?�FH>?EBJH<:GB?�IJHLHGGH=H�LJ:GKIHJL:�
<�P?IB�I?J?GHK:�A:JY>:�NHLHKBGL?LBQ?KDHC�F?F;J:GU 

Dhibl�L�:� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

H^ghc�ba�hkgh\guo�p_e_c�nmgdpbhgbjh\Zgby�p_ib�i_j_ghkZ�aZjy^Z�\�nhlhkbg�
l_lbq_kdhc�f_f[jZg_�y\ey_lky�kha^Zgb_�ijhlhggh]h�]jZ^b_glZ�f_`^m�h[eZklyfb�\gml�
jb�b�kgZjm`b�^\hcghc�f_f[jZgu��Ihwlhfm��ijb�fh^_ebjh\Zgbb�ijhp_kkh\�nhlhkbgl_aZ�
g_h[oh^bfh�mqblu\Zlv�ijhp_kku�i_j_ghkZ�b�^bnnmabb�ijhlhgh\��P_evx�gZklhys_c�jZ�
[hlu�y\ey_lky�fh^_ebjh\Zgb_�ijhlhggh]h�ljZgkihjlZ�\�jZfdZo�bfblZpbhgghc�fh^_eb�
nhlhkbgl_lbq_kdhc�f_f[jZgu�>�@� 

<u^_e_gb_�ijhlhgh\�\�f_`f_f[jZggh_�ijhkljZgkl\h� �exf_g��jZkkfZljb\Z_lky�
dZd� ijhp_kk�� khijy`_gguc� k� i_j_ghkhf� we_dljhgh\� \� 4-pbde_�pblhojhfgh]h� EI� dhf�
ie_dkZ�b�jZaeh`_gb_f�\h^u�nhlhkbkl_fhc�,,��>bnnmaby�ijhlhgh\�fh^_ebjm_lky�iml_f�
qbke_ggh]h�j_r_gby�^bnn_j_gpbZevgh]h�mjZ\g_gby�\�qZklguo�ijhba\h^guo�f_lh^hf�
dhg_qguo�jZaghkl_c� >�@�� �Ij_^eh`_gZ�ko_fZ�khijy`_gby�jZaebqguo�ih^oh^h\�d�fh^_�
ebjh\Zgbx�–�^bkdj_lghc�bfblZpbhgghc�fh^_eb� we_dljhggh]h�ljZgkihjlZ�b�hibkZgby�
ijhlhgghc�^bnnmabb�k�ihfhsvx�^bnn_j_gpbZevgh]h�mjZ\g_gby�� 

JZajZ[hlZgh� ijh]jZffgh_� h[_ki_q_gb_�� j_Zebamxs__� ij_^eh`_gguc� f_lh^��
Ijh\_^_g� qbke_gguc� wdki_jbf_gl��fh^_ebjmxsbc� \hagbdgh\_gb_�ijhlhggh]h� ]jZ^b�
_glZ�ijb�hk\_s_gbb�mqZkldZ�nhlhkbgl_lbq_kdhc�f_f[jZgu�\kiurdhc�k\_lZ�^ebl_evgh�
klvx���fk� 

kopit_tanya@mail.ru 
 

1. Dh\Ze_gdh��B�;���HW�DO������;bhnbabdZ������������������-665 (2003) 
2. <_jrm[kdbc�:�<���Ijbdehgkdbc�<�B���Lbohgh\�:�G�������� ���;bhnbabdZ�� �������

49, 57–71 
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<HA;M@>?GB?�L?JFHEXFBG?KP?GPBB�A?E?GH=H�EBKL:����
GK�E:A?JGUFB�BFIMEVK:FB 

NjZgp_\�<�<� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

L_jfhexfbg_kp_gpby�–�wlh�y\e_gb_�k\_q_gby�ij_^\Zjbl_evgh�hk\_s_gguo�h[t�
_dlh\�ijb�bo�gZ]j_\Zgbb�\�l_fghl_��Bklhqgbdhf�l_jfhexfbg_kp_gpbb�y\ey_lky�j_dhf�
[bgZpby�we_dljhg-^ujhqghc�iZju��\hagbdr_c�ijb�ij_^\Zjbl_evghf�hk\_s_gbb�h[jZa�
pZ��>ey�h[jZlghc�j_Zdpbb�j_dhf[bgZpbb�g_h[oh^bfZ�g_dhlhjZy�wg_j]by�–�wg_j]by�Zd�
lb\Zpbb��b�ihwlhfm�lZdZy�iZjZ� aZjy^h\�y\ey_lky�klZ[bevghc��Ijb�gZ]j_\_�h[jZapZ�kh�
h[sZ_lky�wg_j]by��g_h[oh^bfZy�^ey�Zdlb\Zpbb�j_Zdpbb�j_dhf[bgZpbb��b�we_dljhg�j_�
dhf[bgbjm_l�k�^ujdhc�k�\u^_e_gb_f�wg_j]bb��?keb�ijhba\h^blv�jZ\ghf_jguc�gZ]j_\�\�
l_fghl_��lh�ijhkl_crZy�aZ\bkbfhklv�bgl_gkb\ghklb�l_jfhexfbg_kp_gpbb�hl�l_fi_jZ�
lmju�[m^_l�bf_lv�\b^�ibdZ� 
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<ukrb_� jZkl_gby� b� \h^hjhkeb� h[eZ^Zxl� k\hckl\hf� l_jfhexfbg_kp_gpbb�� ?_�
hkgh\guf�bklhqgbdhf�m�\ukrbo�jZkl_gbc�y\ey_lky�\lhjZy�nhlhkbkl_fZ��Y\e_gb_�l_j�
fhexfbg_kp_gpbb�iha\hey_l�bamqZlv�kljmdlmjm�wg_j]_lbq_kdbo�mjh\g_c�\lhjhc�nhlh�
kbkl_fu�b�__�nmgdpbhgbjh\Zgb_��F_lh^�l_jfhexfbg_kp_gpbb�^Z_l�\hafh`ghklv�bam�
qZlv� \ebygb_�jZaebqguo�nbabdh-obfbq_kdbo�b� wdheh]bq_kdbo�nZdlhjh\�gZ� khklhygb_�
\lhjhc�nhlhkbkl_fu�b�jZ[hlm�nhlhkbgl_lbq_kdh]h�ZiiZjZlZ��Gh�lZd�dZd�[hevrh_�dheb�
q_kl\h�\hijhkh\�h�l_jfhexfbg_kp_gpbb�\ukrbo�jZkl_gbc�hklZ_lky�hldjuluf��lh�^Zg�
guc�f_lh^�g_h[oh^bfh�kh\_jr_gkl\h\Zlv� 

Ba\_klgh��qlh�l_jfhexfbg_kp_gpbx�fh`gh�\ha[m`^Zlv�dhjhldbfb�\kiurdZfb��
Ijb� wlhf� bgl_gkb\ghklv� hl^_evguo� dhfihg_gl� l_jfhexfbg_kp_gpbb� [m^_l� bkiulu�
\Zlv�aZlmoZxsb_�hkpbeeypbb�k�i_jbh^hf�\�q_luj_�\kiurdb��<ha[m`^_gb_�l_jfhexfb�
g_kp_gpbb�jZaebqguf�qbkehf�\kiur_d�iha\hey_l�emqr_�jZa^_eblv�[ebae_`Zsb_�ibdb�
l_jfhexfbg_kp_gpbb��I_jbh^�hkpbeeypbc�\�q_luj_�\kiurdb�h[mkeh\e_g�pbdebq_kdb�
fb�i_j_oh^Zfb�\�\h^hjZks_ieyxs_f�dhfie_dk_��>ey�kh\_jr_gby�ihegh]h�pbdeZ�g_h[�
oh^bfh� q_luj_� nhlhgZ��Ijbqbgu� aZlmoZgby� hkpbeeypbc� –� jZaebqgu_� gZqZevgu_� kh�
klhygby�nhlhkbkl_f��ihiZ^Zgb_�^\mo�d\Zglh\�k\_lZ�ijb�h^ghc�\kiurd_�\�h^gm�nhlh�
kbkl_fm��beb�g_ihiZ^Zgb_�gb�h^gh]h�d\ZglZ�k\_lZ��;hjhlvky�k�^\hcgufb�ihiZ^Zgbyfb�
fh`gh�� mf_gvrZy� ^ebgm� bfimevkZ�� >h� wlh]h� ijbf_gyehkv� \ha[m`^_gb_� \kiurdZfb�
^ebl_evghklvx�����fdk� >�@��Gh�\j_fy�i_j_oh^Z�\h^hjZks_ieyxs_]h�dhfie_dkZ�ba�h^�
gh]h�khklhygby�\�^jm]h_�hdheh�����fdk�>�@��Ihwlhfm�ijb�\ha[m`^_gbb�l_jfhexfbg_k�
p_gpbb� ����fdk� \kiurdZfb� \hafh`gZ� kblmZpby�� dh]^Z� \h^hjZks_ieyxsbc� dhfie_dk�
kh\_jrbl� ^\Z� i_j_oh^Z�� <� j_amevlZl_� lh]h�� qlh� ^ebl_evghklv� bfimevkZ� \ha[m`^_gby�
fZeh�hlebqZehkv�hl�\j_f_gb�i_j_oh^Z�\�\h^hjZks_ieyxs_f�dhfie_dk_��qbkeh�^\hcguo�
ihiZ^Zgbc�fh]eh�khklZ\blv�agZqbl_evgmx�\_ebqbgm�>�@� 

Gh�ijb�mf_gvr_gbb�\j_f_gb�bfimevkZ�gm`gh�m\_ebqblv�fhsghklv��lZd�dZd�_keb�
bfimevk�g_�[m^_l�gZkusZxsbf��lh�m\_ebqblky�qbkeh�ijhfZoh\��Ihwlhfm�^ey�\ha[m`�
^_gby�l_jfhexfbg_kp_gpbb�dhjhldbfb�\kiurdZfb�g_h[oh^bfh�bkihevah\Zlv�fhsgu_�
bklhqgbdb�baemq_gby��LZdbfb�bklhqgbdZfb�y\eyxlky�bfimevkgu_�eZa_ju� 

<�jZ[hl_�^ey�ihemq_gby�dhjhldbo�\kiur_d�[ue�bkihevah\Zg�l\_j^hl_evguc�bf�
imevkguc� eZa_j�ELBIQ-���>ey� \ha[m`^_gby� l_jfhexfbg_kp_gpbb� baemq_gb_� eZa_jZ�
ij_h[jZah\u\Zehkv�\h�\lhjmx�]Zjfhgbdm������gf���I_j\mx�]Zjfhgbdm�b�k\_l�hl�eZfiu�
gZdZqdb�hlk_dZeb�k�ihfhsvx�nbevljh\�KAK-��b�KAK-����Hl^_evgu_�hiulu�ihdZaZeb��
qlh�\kiurdZ�eZfiu�gZdZqdb�g_�fh`_l�\ha[m^blv�l_jfhexfbg_kp_gpbx� 

Hkgh\ghc�p_evx�hiulh\�[ueh�mklZgh\e_gb_�f_lh^bdb�hiulh\�b�mkh\_jr_gkl\h�
\Zgb_�dhgkljmdpbb�mklZgh\db��?keb�\uk_qdm�ba�ebklZ�jZkl_gby�[_a�l_fgh\hc�Z^ZilZpbb�
hoeZ^blv�� Z� aZl_f��g_�ih^\_j]Zy�ij_^\Zjbl_evghfm�hk\_s_gbx��gZ]j_lv��lh�gZ�djb\hc�
l_jfhexfbg_kp_gpbb�[m^ml�ibdb�\�h[eZklb���-600K��Ibdb�l_jfhexfbg_kp_gpbb��bg�
^mpbjh\Zggu_�\kiurdZfb��ijhy\eyxlky�\�h[eZklb�-15-600K��Ihwlhfm�[ueh�g_h[oh^bfh�
k�ihfhsvx�l_fgh\hc�Z^ZilZpbb�mf_gvrblv�l_jfhexfbg_kp_gpbx��\ua\Zggmx�^_ckl�
\b_f�kheg_qgh]h�k\_lZ��<�ij_^\Zjbl_evguo�hiulZo�[ueh�mklZgh\e_gh��qlh�^hklZlhqguf�
\j_f_g_f�l_fgh\hc�Z^ZilZpbb�y\ey_lky� ���fbgml��<�j_amevlZl_�ij_^\Zjbl_evguo�wdk�
i_jbf_glh\� [ueZ� mklZgh\e_gZ� b� bkihevah\ZgZ� ke_^mxsZy� f_lh^bdZ� wdki_jbf_glh\��
KgZqZeZ�\uk_qdm�ba�ebklZ�dblZckdhc�jhau�ih^\_j]Zeb�l_fgh\hc�Z^ZilZpbb�\�l_q_gb_����
fbgml�� aZl_f� __� hoeZ`^Zeb� ^h� -100K�� >Ze__� h[jZa_p� ih^\_j]Zeb� hk\_s_gbx� ^\mfy�
\kiurdZfb��Z�dhgljhevgu_�h[jZapu�\u^_j`b\Zeb�\�l_q_gb_���fbgmlu�ijb�-100K�k�hl�
djuluf�hdhrdhf�^ey�\ha[m`^Zxs_]h�k\_lZ��>\_�\kiurdb�bkihevah\Zeb��lZd�dZd�fZd�
kbfmf�l_jfhexfbg_kp_gpbb�ijboh^blky�gZ�\lhjmx�–�lj_lvx�\kiurdm�>���@��Ihemq_g�
gu_�j_amevlZlu�ijb\_^_gu�gZ�jbkmgd_��� 
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D�kh`Ze_gbx��\�hiulZo�g_�m^Zehkv�ihemqblv�gZkusZxs_]h�eZa_jgh]h�bfimevkZ��
b�wlh�g_�iha\hebeh�bkke_^h\Zlv�hkpbeeypbb�l_jfhexfbg_kp_gpbb�ih^�^_ckl\b_f�jZa�
ebqgh]h�qbkeZ�\kiur_d��Gh�\�jZ[hl_�[ueZ�^hdZaZgZ�\hafh`ghklv�\ha[m`^_gby�l_jfh�
exfbg_kp_gpbb����gk�eZa_jgufb�bfimevkZfb��Ihemq_gb_�`_�dhjhldh]h�gZkusZxs_]h�
bfimevkZ�\hafh`gh�k�ijbf_g_gb_f�[he__�fhsgh]h�eZa_jZ� 
 
1. Q_jghdhe_\�:�L��>bk��gZ�khbkdZgb_�kl_i_gb�d��n�-f��g���Fhkd\Z��������k������ 
2. Jm[bg� :�;�� ;bhnbabdZ�� Dgb]Z� ��� ;bhnbabdZ� de_lhqguo� ijhp_kkh\�� Fhkd\Z��

<ukrZy�rdheZ��������k������ 
3. Inoue Y. Photosynthetic thermoluminescence as a simple probe of photosystem II 

electron transport. In Biophysical Techqniques in photosynthesis, eds. by Amesz J., 
Hoff A.J., Kluwer Academic Publishers, 1996, pp 93-107. 
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F?>E?GG:Y�BG>MDPBY�NEMHJ?KP?GPBB�EBKLV?<�;H;H<��
H;J:;HL:GGUO�+2O2 

**Iheydh\Z B�;� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_� 

Dbkehjh^�`bag_ggh�g_h[oh^bf�[hevrbgkl\m�hj]Zgbafh\��<ke_^kl\b_�agZqbl_ev�
ghc�dhgp_gljZpbb�dbkehjh^Z�\�oehjhieZklZo�gZ�k\_lm�ijhbkoh^bl�i_j_ghk�we_dljhgh\�gZ�
O2�k�h[jZah\Zgb_f�Zdlb\guo�nhjf�dbkehjh^Z��:D���d�dhlhjuf�hlghkblky�i_jhdkb^�\h^h�
jh^Z��H2O2���:dlb\gu_�nhjfu�dbkehjh^Z�hiZkgu�^ey�hj]ZgbafZ��l�d��kihkh[gu�g_dhgljh�
ebjm_fh� j_Z]bjh\Zlv� k� [_edZfb�� gmde_bgh\ufb� dbkehlZfb�� ijb\h^y� d� kljmdlmjguf� b�
nmgdpbhgZevguf�baf_g_gbyf��<�gZklhys__�\j_fy�rbjhdh�h[km`^Zxlky�f_oZgbafu�^_c�
kl\by��:D�\�de_ldZo�`b\hlgh]h�ijhbkoh`^_gby��JZklbl_evguf�`_�hj]ZgbafZf�m^_ey_lky�
f_gvr__�\gbfZgb_��g_kfhljy�gZ�lh��qlh�hgb�g_�lhevdh�ihlj_[eyxl��gh�b�ijhba\h^yl�O2. 
I_jhdkb^�\h^hjh^Z�y\ey_lky�ijhf_`mlhqguf�ijh^mdlhf�ijb�nhjfbjh\Zgbb�O2��hij_^_�
ey_l� bgl_gkb\ghklv� nhlhnhknhjbebjh\Zgby�� nhlh^uoZgby� b� ^j�� >�@�� LZdbf� h[jZahf��
\ebygb_�H2O2�gZ�jZklbl_evguc�hj]Zgbaf�g_h^ghagZqgh��<�^Zgghc�jZ[hl_�[ueZ�bkke_^h�
\ZgZ�f_^e_ggZy�bg^mdpby�nemhj_kp_gpbb��FBN��ebklv_\�[h[h\�Vicia faba L���khjl�³Jmk�
kdb_�qzjgu_´��ijb�\\_^_gbb�\�`bedm�ebklZ�\h^gh]h�jZkl\hjZ�+2O2�jZaebqguo�dhgp_gljZ�
pbc��������������������������ijb�ihfhsb�f_^bpbgkdh]h�rijbpZ��<�dhgljhevgu_�jZkl_�
gby�\\h^beb�^bklbeebjh\Zggmx�\h^m��Ijhjhkldb�\ujZsb\Zeb�\�eZ[hjZlhjguo�mkeh\byo�
ijb�_kl_kl\_gghc�kf_g_�i_jbh^h\�k\_lZ�b�l_fghlu��Nemhj_kp_gpbx�\ha[m`^Zeb�rbjh�
dhihehkguf�kbgbf�k\_lhf� ��� <l�f2���Z�j_]bkljbjh\Zeb�gZ�^ebg_�\hegu���� gf��<�dZq_�
kl\_�iZjZf_ljZ�FBN�bkihevah\Zeb�hlghr_gb_� �)M − FT)/ FT��]^_� �)M  −�fZdkbfZevgh_��Z�
FT −� klZpbhgZjgh_� agZq_gb_� bgl_gkb\ghklb�nemhj_kp_gpbb�� JZg__� [ueh� ihdZaZgh�� qlh�
hlghkbl_evgu_�baf_g_gby� � wlh]h�iZjZf_ljZ� khhl\_lkl\mxl�baf_g_gbyf�nhlhkbgl_lbq_�
kdhc� Zdlb\ghklb� \� jZkqzl_� gZ� oehjhnbee� >�����@�� MklZgh\e_gh� mf_gvr_gb_� iZjZf_ljZ�
(FM − FT)/ FT�ijb�m\_ebq_gbb�dhgp_gljZpbb�+2O2�ih�kjZ\g_gbx�k�dhgljhe_f��Ijb�wlhf�
ijhbkoh^beh�m\_ebq_gb_�dZd�fZdkbfZevgh]h��lZd�b�klZpbhgZjgh]h�mjh\g_c�nemhj_kp_g�

                                                           
** �>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb�� 
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pbb��gh�m\_ebq_gb_�)T�[ueh�[hevr_��\�j_amevlZl_��)M − FT)/ FT�mf_gvrZeky��Djhf_�lh]h��
iZjZf_lj�τ1/2��\j_fy�^hklb`_gby�nemhj_kp_gpb_c�agZq_gby��)M + FT�����agZqbl_evgh�\ha�
jZklZeh��Ih^h[gu_�baf_g_gby�djb\uo�FBN�k\yaZgu�k�ij_ju\Zgb_f�p_ib�we_dljhggh]h�
ljZgkihjlZ� �ih^h[gh�^_ckl\bx� ]_j[bpb^Z�^bmjhgZ�� �:D�\aZbfh^_ckl\m_l�k� we_f_glZfb�
p_ib�we_dljhggh]h�ljZgkihjlZ�gZ�Zdp_ilhjghc�klhjhg_�dZd�NK���lZd�b�NK����qlh�khhl�
\_lkl\m_l�kgb`_gbx�nhlhkbgl_lbq_kdhc�Zdlb\ghklb�� 

 
1. DhfbkkZjh\ =�=�� ³Nhlhkbgl_a�� nbabdh-obfbq_kdbc� ih^oh^´� ��� Obfbq_kdZy�

nbabdZ��������l� ��������k� 24-54. 
2. Karavaev V.A., Polyakova I.B., Solntsev M.K., Yurina T.P. Effect of various chemi-

cal agents on photosynthesis studied by the method of fluorescence induction // Jour-
nal of Luminescence, 1998. V.76. P. 335-338. 

3. DZjZ\Z_\ <�:��� Iheydh\Z B�;�� <ebygb_� 1D2HPO4� gZ� f_^e_ggmx� bg^mdpbx�

nemhj_kp_gpbb�b�nhlhkbgl_a�ebklv_\�[h[h\����Nbabheh]by�jZkl_gbc��������L� 45. 
����K� 5-10. 

4. Karavaev V.A., Dovydkov S.A., Polyakova I.B., Solntsev M.K., Yurina T.P. Slow 
fluorescence induction and O2 evolution in bean and wheat leaves in various physio-
logical conditions // In: Photosynthesis: Mechanisms and Effects / G. Garab ed. 
Dordrecht, Boston, London: Kluwer Academic Publishers, 1998. V. IV. P. 2753-2756. 

 

 

FH>?EBJH<:GB?�J:KIJHKLJ:G?GBY�<HAFMS?GBY 
<>HEV�>GD�K�MQ?LHF�G?H>GHJH>GHKLB 

**G_qbimj_gdh�>�X� 

Nbabq_kdbc nZdmevl_l F=M bf. F.<. Ehfhghkh\Z 

GZ dhgnhjfZpbx >GD \ebyxl ^\Z lbiZ�\aZbfh^_ckl\bc�f_`^m� ]jmiiZfb� Zlh�
fh\��we_dljhklZlbq_kdb_�b�\Zg^_j\ZZevkh\u��Wlb�\aZbfh^_ckl\by�\aZbfgh�mjZ\gh\_rb�
\Zxlky��\hagbdZ_l�[ZeZgk�kbe�ijbly`_gbb�b�hllZedb\Zgby��qlh�khijh\h`^Z_lky�^_nhj�
fZpb_c�\Ze_glguo�k\ya_c��Ih^h[guc�[ZeZgk�kms_kl\m_l�\�kZfhgZijy`_gguo�f_oZgbq_�
kdbo�dhgkljmdpbyo��<�k\yab�k�wlbf��djmighfZkrlZ[gh_�^bgZfbq_kdh_�ih\_^_gb_�>GD�\�
hl\_l� gZ� \g_rg__� \hafms_gb_� ij_^klZ\ey_lky� \hafh`guf� fh^_ebjh\Zlv� b^_Zevguf�
f_oZgbq_kdbf�h[t_dlhf� -�h^ghf_jghc�kljmghc��^bgZfbdZ�dhlhjhc�iheghklvx�hij_^_�
ey_lky� aZ^Zgb_f� gZqZevguo� b� djZ_\uo� mkeh\bc��GZebqb_� k\yaZgguo� k�>GD� eb]Zg^h\�
fh^_ebjm_lky�ehdZevguf�baf_g_gb_f�ebg_cghc�iehlghklb�fZkku�kljmgu��Qbke_gguc�
ZgZeba� ih\_^_gby� kljmgu� ihdZau\Z_l�� qlh� ijb� jZkijhkljZg_gbb�ih� kljmg_� \hegu� ^_�
nhjfZpbb� gZebqb_� g_h^ghjh^ghklb� ijb\h^bl� d� m\_ebq_gbx� ihl_gpbZevghc� wg_j]bb�
jZkly`_gby�g_ihkj_^kl\_ggh�\�h[eZklb�g_h^ghjh^ghklb�b�gZ�_z�]jZgbpZo��<j_fy��\�l_�
q_gb_�dhlhjh]h�jZkkfZljb\Zehkv�jZkijhkljZg_gb_�gZqZevgh]h�\hafms_gby��[ueh�^hklZ�
lhqgh� fZeuf� ^ey� lh]h�� qlh[u� djZ_\u_� mkeh\by� g_� \ebyeb� gZ� ihemq_gguc� j_amevlZl��
Wnn_dl� m\_ebq_gby� wg_j]bb� ^_nhjfZpbb� \� h[eZklb� g_h^ghjh^ghklb�ihfh]Z_l�bgl_j�
ij_lbjh\Zlv� j_amevlZlu�� ihemq_ggu_� \� jy^_� wdki_jbf_glh\� ih� jZks_ie_gbx� >GD�
mevljZa\mdhf�� 

                                                           
** �>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb�� 
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M>D������ 

BKKE?>H<:GB?�F?O:GBAFH<�KBGOJHGBA:PBB 
IJB�F?@DE?LHQGHC�D:EVPB?<HC�KB=G:EBA:PBB 

>hdmdbgZ�B�<� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

<hegu� pblhahevghc� dhgp_gljZ�
pbb�bhgh\�dZevpby��Ca2+��gZ[ex^Zxlky�
\h� fgh]bo� lbiZo� ldZg_c� b� y\eyxlky�
h^gbf� ba� \Z`g_crbo� f_oZgbafh\�� k�
ihfhsvx� dhlhjuo� de_ldb� dhhj^bgb�
jmxl� k\h_� ih\_^_gb_� kh� k\hbfb� khk_�
^yfb�� QZklh� lZdb_� \hegu� jZkijhkljZ�
gyxlky�hl�de_ldb�d�de_ld_�\�\b^_�\gml�
jbde_lhqguo� hkpbeeypbc� dZevpby��
F_oZgbafu�� e_`Zsb_� \� hkgh\_� lZdbo�
i_jbh^bq_kdbo� f_`de_lhqguo� dZev�
pb_\uo� \heg� gZ� ^Zgguc� fhf_gl� ^h�
dhgpZ�g_�bamq_gu�� 
<� ^Zgghc� jZ[hl_� gZ� hkgh\_� fh^_eb�
\gmljbde_lhqguo� hkpbeeypbc�Ca2+ [1] 
[ueh�ijh\_^_gh�bkke_^h\Zgb_�\hafh`�
guo�f_oZgbafh\�f_`de_lhqghc� kb]gZ�
ebaZpbb�Ca2+�q_j_a�s_e_\u_�dhglZdlu�
f_`^m�^\mfy�de_ldZfb��Ijb�wlhf�mqb�
lu\ZeZkv� aZ\bkbfhklv� ijh\h^bfhklb�
s_e_\uo� dhglZdlh\� hl� pblhahevghc�
dhgp_gljZpbb� Ca2+� >�@�� JZkkfZljb\Z�
ehkv� ljb� \hafh`guo� jZaebqguo�f_oZ�
gbafZ�i_j_^Zqb�dZevpb_\h]h�kb]gZeZ�\�
khk_^gxx� de_ldm�� ^bnnmaby� Ca2+, 
^bnnmaby� \lhjbqgh]h� i_j_ghkqbdZ�
bghablhe� �����-ljbnhknZlZ� �IP3�� b�
^bnnmaby�h^gh\j_f_ggh�Ca2+�b� IP3�q_�
j_a� s_e_\u_� dhglZdlu� f_`^m� de_ldZ�
fb�� <� i_j\hf� kemqZ_� g_� gZ[ex^Zehkv�
gbdZdhc� kms_kl\_gghc� i_j_^Zqb� kb]�
gZeZ�ba�klbfmebjh\Zgghc�de_ldb�\�kh�
k_^gxx��<h�\lhjhf� kemqZ_�\�khk_^g_c�
de_ld_� \hagbdZeb� hkpbeeypbb� pblh�
ahevgh]h�Ca2+��gh�hgb�g_�[ueb�kbgojh�
gbabjh\Zgu�k�hkpbeeypbyfb�Ca2+ �\�i_j\hc�de_ld_��kf��jbk������<�lj_lv_f�kemqZ_�\�kh�
k_^g_c� de_ld_� gZ[ex^Zebkv� hkpbeeypbb� Ca2+�� kbgojhgbabjh\Zggu_� k� hkpbeeypbyfb�
Ca2+�\�i_j\hcde_ld_� �kf��jbk������GZebqb_�b�hlkmlkl\b_�kbgojhgbaZpbb�ihdZaZgu�k�ih�
fhsvx�nmgdpbb�ih^h[by�>�@� 

 
Jbk� �� Nmgdpby ih^h[by ^ey hkpbeeypbc Ca2+

\
^\mo de_ldZo \ j_amevlZl_ ^bnnmabb IP3 q_j_a s_�
e_\u_ dhglZdlu� 

 

 
Jbk� �� Nmgdpby ih^h[by ^ey hkpbeeypbc Ca2+

\
^\mo de_ldZo \ j_amevlZl_ ^bnnmabb Ca2+

b IP3 q_�
j_a s_e_\u_ dhglZdlu� 
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Ihemq_ggu_�j_amevlZlu�iha\heyxl�k^_eZlv�\u\h^��qlh�aZ�i_j_^Zqm�kb]gZeZ�Ca2+ 
\�khk_^gxx�de_ldm�hl\_lkl\_ggZ�^bnnmaby�IP3�q_j_a�s_e_\u_�dhglZdlu��Z�aZ�kbgojhgb�
aZpbx�m`_�bf_xsboky�kb]gZeh\�Ca2+�\�^\mo�de_ldZo�-�^bnnmaby�Ca2+. 

:\lhj� \ujZ`Z_l� ]em[hdmx� ijbagZl_evghklv� ^hp_glm� dZn_^ju� dhfivxl_jguo�
f_lh^h\�nbabdb�?�:�=jZqz\m�aZ�bgl_j_kgmx�ihklZgh\dm�aZ^Zqb�b�ihfhsv�\�__�j_r_gbb� 

 
1. >hdmdbgZ� B�<��Fh^_ebjh\Zgb_� g_ebg_cghc� ^bgZfbdb� kb]gZevgh]h� dZevpby� \�

de_ld_�b�fgh]hde_lhqguo�kljmdlmjZo��K[hjgbd�l_abkh\��-c�GZmqgh-l_ogbq_kdhc�
dhgn_j_gpbb�©Fheh^_`v�\�gZmd_ª��KZjh\���-��ghy[jy�������klj����-51. 

2. Lazrak A., Peres A., Giovannardi S., Peracchia C., 1994. Ca-mediated and independ-
ent effects of arachidonic acid on gap junctions and Ca-independent effects of oleic 
acid and halothane. Biophys. J. 67, 1052-1059. 

3. Rosenblum M.G., Pikovsky A.S., Kurths J., 1997. From phase to lag synchronization 
in coupled chaotic oscillators. Phys. Rev. Lett. 78(22), 4193-4196. 
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NHLHNBABQ?KDB?�I:J:F?LJU�B�F?O:GBAFU�

NEMHJ?KP?GPBB�;?ED:�MRFP1 

Rbjrbg ?.:. 1, ;Zgbr_\ :.:. 1, <j`_s ?.I.2 
1
�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l�� 

2
�F_`^mgZjh^guc�mq_[gh-gZmqguc�[bhl_ogheh]bq_kdbc�p_glj�F=M 

;_edb�ba�k_f_ckl\Z�nemhj_kp_glguo�ijb\e_dZxl�\gbfZgb_�[eZ]h^Zjy�gZebqbx�
hdjZkdb�b�nemhj_kp_gpbb��qlh�iha\hey_l�bkihevah\Zlv�bo�^ey�j_r_gby�ijh[e_fu�\b�
amZebaZpbb� ijhp_kkh\�� ijhbkoh^ysbo� \� `b\uo� [bheh]bq_kdbo� kbkl_fZo>�@. Hlebqb�
l_evguf�k\hckl\hf�[_edh\�wlh]h�k_f_ckl\Z�y\ey_lky�gZebqb_�nemhjhnhjZ�–�njZ]f_glZ�
[_edh\hc� p_ib�� hl\_qZxs_]h� aZ� hdjZkdm� b�nemhj_kp_gpbx� \� \b^bfhf� ^bZiZahg_� >�@��
Nemhj_kp_glgu_�[_edb�dZd�h[t_dl�bamq_gby�\�gZklhys__�\j_fy�hq_gv�ihimeyjgu��ih�
kdhevdm�gZ�bo�hkgh\_�kha^Zxl�k_gkhju��^Zlqbdb�b�lZcf_ju�^ey�[bheh]bq_kdbo�kbkl_f��
hgb�bkihevamxlky�dZd�iZjlg_ju�ijb�[_auaemqZl_evghf�j_ahgZgkghf�i_j_ghk_�wg_j]bb�
\ha[m`^_gby�k�^jm]bfb�nemhj_kp_glgufb�[_edZfb�beb�\_s_kl\Zfb�g_[_edh\hc�ijbjh�
^u��Fgh]b_�bkke_^h\Zl_eb�f_lh^Zfb�kZcl-gZijZ\e_ggh]h�b�kemqZcgh]h�fmlZ]_g_aZ�]_�
gh\�\_^ml�jZ[hlu�ih�ihemq_gbx�gh\uo�nemhj_kp_glguo�[_edh\�k�p_evx�memqr_gby�bo�
k\hckl\�� baf_g_gb_� hdjZkdb�� m\_ebq_gb_� d\Zglh\h]h� \uoh^Z�� dhwnnbpb_glZ� wdklbgd�
pbb��nhlh-�b�S+-klZ[bevghklb�b�l�^�>�@� 

H^ghc�ba�aZ^Zq��dhlhjmx�j_rZxl�bkke_^h\Zl_eb��y\eyxlky�ihbkdb�gh\uo�fh^b�
nbdZpbc�[_edh\��dhlhju_��ijb�khojZg_gbb�[bhobfbq_kdbo�k\hckl\��h[eZ^Zeb�[u�[he__�
\ukhdhc� m^_evghc� yjdhklvx� nemhj_kp_gpbb� �l�_�� [he__� \ukhdbf� agZq_gb_f� k_q_gby�
nemhj_kp_gpbb�σfl=σabs*ηfl��]^_�σabs-�k_q_gb_�ih]ehs_gby��ηfl  –�d\Zglh\uc�\uoh^�nemh�
j_kp_gpbb��� gh� hlkmlkl\mxl� ebl_jZlmjgu_� ^Zggu_� h�f_oZgbaf_� \hagbdgh\_gby�nemh�
j_kp_gpbb�b�g_l�q_ldhc�ko_fu�ijhp_kkh\��ijhoh^ysbo�\�lZdbo�[_edZo� 

Ohjhrh�ba\_klgh��qlh�^Zgguc�deZkk�[_edh\�\�\b^bfhc�h[eZklb�h[eZ^Z_l�^\mfy�
ihehkZfb�ih]ehs_gby�b�ijb�wlhf�h^ghc�ihehkhc�wfbkkbb��>ey�[_edh\��nemhj_pbjmx�

sbo�\� a_ezghc�h[eZklb�\b^bfh]h�ki_dljZ� �GFP��wlh�h[tykgy_lky�gZebqb_f�\�jZkl\hj_�
^\mo�nhjf�nemhjhnhjZ�–�ijhlhgbjh\Zgghc�b� ^_ijhlhgbjh\Zgghc� >�@�� \� k\yab� k� wlbf�
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fh`gh�ij_^iheh`blv�gZebqb_�ih^h[ghc�kblmZpbb�b�\�djZkguo�nemhj_kp_glguo�[_edZo�
(RFP���kljmdlmjZ�nemhjhnhjZ�dhlhjuo�koh`Z�k�GFP��H^gZdh�\�ebl_jZlmj_�gZebqb_�dh�
jhldh\hegh\hc� ����gf��ihehku�ih]ehs_gby�h[tykgy_lky�ijbkmlkl\b_f�\�jZkl\hj_�fh�
e_dme�g_^haj_\r_]h�GFP��dhlhju_�\�mRFP���ih-\b^bfhfm��g_�nemhj_kpbjmxl��\�hleb�
qb_��gZijbf_j��hl�koh`_]h�[_edZ�ds-Red��>�@��<�^hdeZ^_�h[km`^Zxlky�\hafh`gu_�f_oZ�
gbafu�nemhj_kp_gpbb�[_edZ�mRFP��b�\hafh`gZy�jhev�\�gbo�dhjhldh\hegh\hc�ihehku�
ih]ehs_gby� 

<�^Zgghc�jZ[hl_��ih-\b^bfhfm��\i_j\u_�d�bkke_^h\Zgbx�[_edh\�\hh[s_�b�[_edZ�
mRFP��\�qZklghklb��ijbf_g_g�dhfie_dk�f_lh^h\�deZkkbq_kdhc�b�eZa_jghc�ki_dljhkdh�
ibb�� 

-�baf_j_gb_�ki_dljh\�ih]ehs_gby�gZ�ki_dljhnhlhf_lj_�Cary�����b�hij_^_e_gb_�
ba�g_]h�k_q_gby�ih]ehs_gby�nemhjhnhjZ��ih�nhjfme_�;m]]_jZ� I/Io = exp(-D), D=nσabsl, 
]^_� l –�lhesbgZ�h[jZapZ��n –�dhgp_gljZpby��kf-3��fhe_dme�[_edZ��I/Io –�hlghr_gb_��bg�
l_gkb\ghkl_c�ijhr_^r_c�b�iZ^Zxs_c�\heg� 

-�baf_j_gb_� dhjj_dlbjh\Zgguo� ki_dljh\�nemhj_kp_gpbb�b� ki_dljh\�\ha[m`^_�
gby�nemhj_kp_gpbb�gZ�ki_dljhnemhjbf_lj_�Cary Eclipse�b�hij_^_e_gb_�ba�gbo�d\Zglh�
\h]h� \uoh^Z� nemhj_kp_gpbb� iml_f� kjZ\g_gby� k� nemhj_kp_gpb_c� wlZehgZ� –� jZkl\hjZ�
djZkbl_ey�jh^ZfbgZ��@� 

-� baf_j_gb_� ³ebg_cguo´� ki_dljh\� nemhj_kp_gpbb� gZ� eZa_jghf� nemhjbf_lj_��
h[_ki_qb\Zxs_f� \ukhdh_� ki_dljZevgh_� jZaj_r_gb_�� qlh� iha\hey_l� ^ey� baf_j_gby�
d\Zglh\h]h� \uoh^Z� nemhj_kp_gpbb� bkihevah\Zlv� ihehkm� dhf[bgZpbhggh]h� jZkk_ygby�
\h^u�\�dZq_kl\_�wlZehgZ� 

-�baf_j_gb_�gZ�gZghk_dmg^ghf�eZa_jghf�nemhjhf_lj_�djb\uo�gZkus_gby�b�db�
g_lbdb�nemhj_kp_gpbb��ba�dhlhjuo�\�j_amevlZl_�j_r_gby�h[jZlguo�aZ^Zq�hij_^_eyxlky�
nhlhnbabq_kdb_� iZjZf_lju� σabs, τ� b� Kst�� hlg_k_ggu_� d� bklbgghfm� nemhjhnhjm� �ijb�
wlhf�g_�lj_[m_lky�agZgb_�dhgp_gljZpbb�nemhjhnhjh\���τ -�\j_fy�`bagb�\ha[m`^_ggh]h�
khklhygby��Dst –�kdhjhklv�bgl_jdhf[bgZpbhgghc�dhg\_jkbb� �Dst*τ=ηt –�d\Zglh\uc�\u�
oh^�\�ljbie_lgh_�khklhygb_�� 

-� baf_j_gb_� \j_f_gb�`bagb� \ha[m`^_ggh]h� khklhygby�nemhjhnhjZ� gZ� ibdhk_�
dmg^ghf� eZa_jghf�nehjhf_lj_�� ljZ^bpbhgghf�f_lh^_�hij_^_e_gby�ihdZaZl_ey� wdkih�
g_glu�aZlmoZgby�nemhj_kp_gpbb� 

<uiheg_g� kjZ\gbl_evguc� ZgZeba�ihemq_gguo�oZjZdl_jbklbd�� knhjfmebjh\Zgu�
]bihl_au� h� f_oZgbafZo� nhjfbjh\Zgby� nemhj_kp_glgh]h� hldebdZ� djZkgh]h� [_edZ�
mRFP�� ijb� _]h� \ha[m`^_gbb� baemq_gb_f� k� jZagufb� \j_f_ggufb� b� wg_j]_lbq_kdbfb�
oZjZdl_jbklbdZfb�� 

JZa\blZy�\�jZ[hl_�l_ogbdZ�dhfie_dkgh]h�nemhj_kp_glgh]h�ZgZebaZ�[m^_l�ijbf_�
g_gZ�\�bkke_^h\Zgbyo�fmlZglh\�^Zggh]h�b�^jm]bo�[_edh\�� 
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BKKE?>H<:GB?�K<?LHKH;BJ:XSBO�DHFIE?DKH<�
NHLHKBGL?ABJMXSBO�HJ=:GBAFH< 
F?LH>:FB�E:A?JGHC�NEMHJBF?LJBB� 

=hkl_\�L�K1���Hkljhmfh\�?�?� 1��AZ]b^meebg�<�W2 

F=M�bf��F�<��Ehfhghkh\Z��1nbabq_kdbc�nZdmevl_ 
 2;bheh]bq_kdbc nZdmevl_l 

K\_lhkh[bjZxsb_�dhfie_dku�nhlhkbkl_fu���y\eyxlky�\Z`gufb�kljmdlmjgufb�
dhfihg_glZfb�nhlhkbgl_lbq_kdh]h�ZiiZjZlZ�nhlhkbgl_abjmxsbo�hj]Zgbafh\��NKH��b�
\ukrbo�jZkl_gbc��Kh^_j`Zsbcky�\�gbo�ib]f_gl�oehjhnbee�Z�b]jZ_l�hkgh\gmx�jhev�\�
ijhp_kkZo� k\_lhk[hjZ� b�nhlhobfbq_kdbo� j_Zdpbyo� >�@��>jm]bf� g_h[oh^bfuf� dhfih�
g_glhf�NKH�y\eyxlky�\kihfh]Zl_evgu_�ib]f_glu��b]jZxsb_�aZsblgmx�jhev�ijb�\ha�
^_ckl\bb�klj_kkh\uo�nZdlhjh\�>�@��Ba\_klgh��qlh�hkgh\ghc�aZsblguc�ijhp_kk�\�nhlh�
kbgl_lbq_kdhf� ZiiZjZl_� \� mkeh\byo� ba[ulhqghc� hk\_s_gghklb� –� g_nhlhobfbq_kdh_�
lmr_gb_�–�k\yaZg��kh�k\_lhkh[bjZxsbfb�dhfie_dkZfb�b�\kihfh]Zl_evgufb�ib]f_glZ�
fb��Bkke_^h\Zgby�in vitro�hldju\Zxl�imlv�d�ihgbfZgbx�f_oZgbafh\�lZdbo�ijhp_kkh\�b�
bf_xl��lZdbf�h[jZahf��nmg^Zf_glZevgh_�agZq_gb_��Djhf_�lh]h��wlb�bkke_^h\Zgby�bf_�
xl�b�ijZdlbq_kdh_�agZq_gb_��kihkh[kl\my�jZajZ[hld_�b�jZa\blbx�^bklZgpbhgguo�f_lh�
^h\�fhgblhjbg]Z�ijbjh^guo�kj_^�gZ�hkgh\_�nemhj_kp_gpbb�NKH��[bhbg^bdZpbb���qlh�
hkh[_ggh�ZdlmZevgh�\�ihke_^g__�\j_fy�>�@� 

Ijbf_g_ggZy�\�bkke_^h\Zgbb�g_ebg_cgZy�b�dbg_lbq_kdZy�eZa_jgZy�nemhjbf_l�
jby�y\ey_lky�fhsguf�kj_^kl\hf�bkke_^h\Zgby�NKH�b�bo�dhfie_dkh\�\�mkeh\byo�^_nb�
pblZ�Zijbhjghc�bgnhjfZpbb��iha\heyy�hij_^_eylv�jy^�fhe_dmeyjguo�nhlhnbabq_kdbo�
iZjZf_ljh\�–�k_q_gby�ih]ehs_gby�b�\ha[m`^_gby��kdhjhkl_c�\gmljb�b�f_`fhe_dmeyj�
guo�i_j_oh^h\��dhgklZglu�kbg]e_l-kbg]e_lghc�Zggb]beypbb�>�@� 

<�jZ[hl_�[ueb�bkke_^h\Zgu�aZ\bkbfhklb�nemhj_kp_glguo�oZjZdl_jbklbd�ij_iZ�
jZlh\�k\_lhkh[bjZxsbo�dhfie_dkh\�nhlhkbkl_fu���]hjhoZ�hl�bo�kljmdlmjghc�hj]Zgb�
aZpbb��;ueb�baf_j_gu�ki_dlju�ih]ehs_gby�b�nemhj_kp_gpbb��F_lh^Zfb�dbg_lbq_kdhc�
b� g_ebg_cghc�nemhjbf_ljbb� hij_^_e_gu� agZq_gby�nhlhnbabq_kdbo� iZjZf_ljh\� dhf�
ie_dkh\��bf_xsbo�jZaebqgmx�dhgnhjfZpbx��kl_i_gv�Z]j_]bjh\Zgghklb��� 

GZ� hkgh\_� ihemq_gguo� j_amevlZlh\�fh`gh� k^_eZlv� \u\h^�� qlh� ijb� baf_g_gbb�
kljmdlmju�dhfie_dkh\�–�h[t_^bg_gbb�bo�\�Z]j_]Zlu�–�ijhbkoh^bl�g_�lhevdh�baf_g_gb_�
nhlhnbabq_kdbo� k\hckl\� �gZijbf_j�� m\_ebq_gb_� jZkk_ygby� k\_lZ��� gh� b� baf_g_gb_�
\gmlj_ggbo�ijhp_kkh\��Bkke_^h\Zgby�f_lh^hf�nemhjbf_ljbb�gZkus_gby�ihdZaZeb��qlh�
h^gbf� ba� \Z`g_crbo� ijhp_kkh\�� ijhy\eyxsboky� \� Z]j_]ZlZo� k\_lhkh[bjZxsbo� dhf�
ie_dkh\��y\ey_lky�kbg]e_l-kbg]e_lgZy�Zggb]beypby� 

E–mail: fadeev@lid.phys.msu.ru 
 

1. Jm[bg :�;��;bhnbabdZ��\��-o�lhfZo��l����F�� Dgb`guc�^hf�©Mgb\_jkbl_lª��������
���k� 

2. Demmig-Adams B., W.W. Adams III, 1992, Photoprotection and other responses of 
plants to high light stress.  Annual Review of Plant Physiology and Plant Molecular 
Biology 43, 599-626. 

3. NZ^__\�<�<���;mgbg�>�D���<_g_^bdlh\�I�K��F_lh^u�eZa_jgh]h�fhgblhjbg]Z�nh�
lhkbgl_abjmxsbo�hj]Zgbafh\� �h[ahj���D\Zglh\Zy�we_dljhgbdZ��������l����������

k����-973. 



Ih^k_dpby�[bhnbabdb 

 

39 

4. NZ^__\�<�<���Jm[bg�=�E���M\_gdh\�Y�<��EZa_jgZy�^bZ]ghklbdZ�nhlhkbgl_abjmx�

sbo� hj]Zgbafh\� f_lh^hf� nemhjbf_ljbb� gZkus_gby�� <� k[��� �Nbabq_kdZy�
wdheh]by��Nbabq_kdb_�ijh[e_fu�wdheh]bb����F���ba^-\h�nba��n-lZ�F=M����������

���k����-111. 
 

 

535.33/34:621.373.826 

NEMHJBF?LJBY�=MFBGH<UO�<?S?KL<�K�BKIHEVAH<:GB?F 
G?CJHK?L?<UO�L?OGHEH=BC 

**>jha^h\�:�X�1��<hedh\�I�:� 1��;_ey_\Z��?�X� 2 

F=M�bf��F�<��Ehfhghkh\Z��1nbabq_kdbc�nZdmevl_l� 
2obfbq_kdbc�nZdmevl_l� 

<h^gu_�]mfbgh\u_�\_s_kl\Z� �<=<��y\eyxlky�\Z`g_crbfb�ijbjh^gufb�kh_^b�
g_gbyfb�k�bgl_j_kgufb�obfbq_kdbfb�b�nbabq_kdbfb�k\hckl\Zfb�>���@��Nmg^Zf_glZev�
gh_�agZq_gb_�bo�bkke_^h\Zgbc�k\yaZgh�k�bamq_gb_f�djm]h\hjhlZ�hj]Zgbq_kdh]h�m]e_jh�
^Z�\�ijbjh^_��k�]_g_abkhf�hj]Zgbq_kdh]h�\_s_kl\Z�\�\h^guo�kj_^Zo��IjbdeZ^gh_�agZq_�
gb_�–�k�\hafh`ghklvx�bkihevah\Zgby�\�dZq_kl\_�_kl_kl\_gghc�nemhj_kp_glghc�f_ldb��
ijbkmlkl\mxs_c� \� ex[uo� \h^Zo�� ijb� bamq_gbb� ijhp_kkh\� kf_r_gby� jZaebqguo� \h^��
gZijbf_j�� j_qguo� b� fhjkdbo� >�@�� M`_� ijhkl_crZy� oZjZdl_jbklbdZ� –� bgl_gkb\ghklv�
nemhj_kp_gpbb��ghjfbjh\ZggZy�gZ�bgl_gkb\ghklv�dhf[bgZpbhggh]h�jZkk_ygby�–�[u\Z�
_l�^hklZlhqghc�\�g_dhlhjuo�kemqZyo��Gh��_keb�bkihevah\Zlv�ijbagZdb��oZjZdl_jbamx�
sb_�nhjfm�b�iheh`_gb_�ihehku�nemhj_kp_gpbb��lh�h[t_f�bgnhjfZpbb�\hajZklZ_l��Ba�
\_klgh��qlh�<=<�jZagh]h� ]_g_abkZ�bf_xl�jZaguc� khklZ\�b�g_kdhevdh�jZagu_�nhjfm�b 
iheh`_gb_�ihehku�>�@��Gh�^h�kbo�ihj�wlZ�jZagbpZ�ljm^gh�ih^^Z\ZeZkv�gZ^_`ghc�dheb�
q_kl\_gghc�j_]bkljZpbb� 

<�jZ[hl_�bkke_^m_lky�\hafh`ghklv�hij_^_e_gby�lbiZ�<=<�ih�ijbagZdZf��oZjZd�
l_jbamxsbf�_]h�ihehkm�nemhj_kp_gpbb��k�bkihevah\Zgb_f�bkdmkkl\_gguo�g_cjhgguo�
k_l_c��BGK���\�qZklghklb��deZkkbnbdZpbhgguo�Ze]hjblfh\�>�@� 

?s_�[hevrbc�h[t_f�bgnhjfZpbb�fh`_l�[ulv�ihemq_g�iml_f�baf_j_gby�fhe_dm�
eyjguo�nhlhnbabq_kdbo�iZjZf_ljh\� ]mfbgh\uo� \_s_kl\�f_lh^Zfb� eZa_jghc�nemhjb�
f_ljbb� 

AZ^ZqZ� j_rZeZkv� \� jZfdZo� h^gh-� b� ^\monemhjhnhjghc� fh^_eb� nhjfbjh\Zgby�
nemhj_kp_glgh]h�hldebdZ�<=<�gZ�bfimevkgh_�eZa_jgh_�baemq_gb_��<�jZ[hl_�ijb\_^_gu�
j_amevlZlu�qbke_ggh]h�fh^_ebjh\Zgby�h[jZlguo�aZ^Zq�^ey�jZaebqguo�\ZjbZglh\�ijb�
f_g_gby�mdZaZgguo�\ur_�f_lh^h\�nemhjbf_ljbb�� 

Ijb\h^ylky� j_amevlZlu� wdki_jbf_glh\� k�ij_iZjZlZfb� ]mfbgh\uo� \_s_kl\�jZa�
ebqguo�lbih\�� 

MklZgh\e_gu� g_dhlhju_� dZq_kl\_ggu_� aZ\bkbfhklb� f_`^m� nhlhnbabq_kdbfb�
iZjZf_ljZfb�b�obfbq_kdbf�khklZ\hf�<=<� 

 
E–mail: fadeev@lid.phys.msu.ru 

 

                                                           
** �>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb�� 
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1. I_jfbgh\Z�B�<��:gZeba�� deZkkbndZpby�b�ijh]gha� k\hckl\� ]mfmkh\uo� dbkehl����
>bkk��«�^hdl��obf��gZmd��obf�nZd��F=M������� 

2. E.M. Perdne and J.D. Rithie. Dissolved organic matter in fresh waters // Treatise on 
Geochemistry. 2003.  V. 5. P. 273-318. 

3. T.A.Dolenko, I.V.Fadeeva, S.A.Burikov, V.V.Fadeev, V.V.Chubarov. Determination 
of hydrology structures in seas and inner reservoirs using fluorescence characteristics 
of humic substance. In Proc. of III Intern. Conf. “Current Problems in Optics of Natu-
ral Waters” (St.Petersburg, Sept. 12-16, 2005), 2005, pp. 241 – 248. 

4. Filippova E.M., Fadeev V.V., Chubarov V.V.,Glushkov S.M., Dolenko T.A. Laser 
fluorescence spectroscopy as a method for studying humic substance. Applied Spec-
troscopy Reviews, 2001, v���������p.p.87-117. 

 

 

BKKE?>H<:GB?�BAF?G?GBY�HILBQ?KDH=H�KI?DLJ:�
KMKI?GABB�WJBLJHPBLH< 

<�J?AMEVL:L?�HKFHLBQ?KDH=H�=?FHEBA: 
B�<HA>?CKL<BY�BFIMEVKGH=H�WE?DLJBQ?KDH=H�IHEY� 

?eZ]bgZ�<�F���:e_dk__\Z�I�X���;ebagxd�M�:� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

>ZggZy� jZ[hlZ� ihk\ys_gZ� bkke_^h\Zgbx� baf_g_gby� hilbq_kdh]h� ki_dljZ� kmk�
i_gabb�wjbljhpblh\�\�j_amevlZl_�\ha^_ckl\by�bfimevkgh]h�we_dljbq_kdh]h�ihey��BWI���
k�l_q_gb_f�\j_f_gb��Z�lZd`_�\�j_amevlZl_�hkfhlbq_kdh]h�]_fhebaZ��JZkkfhlj_gh�\eby�
gb_�BWI�gZ�k\yav�]_fh]eh[bgZ�k�dbkehjh^hf� 

<�j_amevlZl_�\ha^_ckl\by�nbabdh-obfbq_kdbo�nZdlhjh\�gZ�[bheh]bq_kdb_�de_l�
db�wnn_dlu�gZjmr_gby�f_f[jZg�\�jy^_�kemqZ_\�ijhy\eyxlky�q_j_a�g_kdhevdh�qZkh\�b�
^Z`_�q_j_a�fgh]b_�kmldb��H^gZdh�g_h[jZlbfu_�ijhp_kku�gZ�fbdjhmjh\g_�fh]ml�\hagb�
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Jbk�� - hilbq_kdbc ki_dlj jZk�
l\hjZ �]_fh]eh[bg� l_gb wjbl�
jhpblh\ b ^jm]b_ nhjf_ggu_
we_f_glu�� ihemq_ggh]h \ j_�
amevlZl_ ]_fhebaZ wjbljhpblh\� 
1. [_a \ha^_ckl\by BWI 
2. – ihke_ \ha^_ckl\by

BWI� 
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dZlv�kjZam�`_�ihke_�\ha^_ckl\by��B�lhevdh�q_j_a�eZl_glguc�i_jbh^�wlb�baf_g_gby�ijh�
y\ylky�gZ�mjh\g_�de_lhqguo�b�ldZg_\uo�ijhp_kkh\�� 

Bfimevkgh_� we_dljbq_kdh_�ihe_��^_ckl\my�gZ�[bheh]bq_kdb_�f_f[jZgu��fh`_l�
ijb�hij_^_e_gguo�mkeh\byo�\uau\Zlv�\�gbo�h[jZah\Zgb_�kd\haguo�ihj��LZdhc�ijhp_kk�
gZau\Zxl�we_dljhihjZpb_c��Hg�y\ey_lky�wnn_dlb\guf�f_lh^hf�wdkij_kk-^bZ]ghklbdb�
ih\j_`^_gbc� [bheh]bq_kdbo� f_f[jZg� \� j_amevlZl_� \ha^_ckl\by� nbabdh-obfbq_kdbo�
nZdlhjh\�>�@� 

GZ� nhg_� fgh]hqbke_gguo� wdki_jbf_glh\�� ijh\h^bfuo� \� gZr_c� eZ[hjZlhjbb���
\hijhk�h� \ebygbb�BWI�gZ� k\yav� ]_fh]eh[bgZ� k� dbkehjh^hf�hklZ_ky�hldjuluf��<�j_�
amevlZl_�ijh\_^_gguo� wdki_jbf_glh\�ihemq_gu� ]jZnbdb� ki_dljh\� ]_fhebabjh\Zgguo�
wjbljhpblh\�ijb�\ha^_ckl\bb�BWI�b�[_a�\ha^_ckl\by�BWI��jbk������ 

 
<�j_amevlZl_�ijh\_^_gguo�wdki_jbf_glh\�\b^gh� �jbk�����qlh�BWI�g_�ih\ebyeh�

gZ�k\yau\Zgb_�]_fh]eh[bgZ�k�dbkehjh^hf� 
 
1. Dhaeh\Z�?�D���Q_jgy_\�:�I���Q_jgur�:�F���:e_dk__\Z�I�X�����We_dljhihjZpby�– 

wnn_dlb\guc� f_lh^� wdkij_kk-^bZ]ghklbdb� ih\j_`^_gbc� [bheh]bq_kdbo� f_f�
[jZg� \� j_amevlZl_� \ha^_ckl\by� nbabdh-obfbq_kdbo� nZdlhjh\� gZ� wjbljhpblu��
Ij_ijbgl�GBBYN�F=M-2005-7 / 773. 

2. Dhaeh\Z� ?�D��� Q_jgy_\� :�I��� R\_^mgh\� <�B��� Q_jgur� :�F��� NhfbgZ� M�:���
RZjZdrZgw�:�K��Hkh[_gghklb� dhf[bgbjh\Zggh]h� ^_ckl\by� imqdZ� mkdhj_gguo�
we_dljhgh\� b� bfimevkgh]h� we_dljbq_kdh]h� ihey� gZ� [bheh]bq_kdb_� de_ldb� ���
;bhf_^bpbgkdb_�l_ogheh]bb�b�jZ^bhwe_dljhgbdZ�������������k����– 74. KljZc_j�
E��;bhobfby�\��o�l���L�, Fbj������������k� 

 

 

M>D������ 
 

F:L?F:LBQ?KD:Y�FH>?EV�<A:BFH>?CKL<BY�
NHLHKBGL?LBQ?KDHC�B�>UO:L?EVGHC�P?I?C 

WE?DLJHGGH=H�LJ:GKIHJL:�<�PB:GH;:DL?JBYO 

*Dm\udbg�B�<���<_jrm[kdbc�:�<� ��Lbohgh\�:�G�  

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

H^gZ� ba� oZjZdl_jguo� hkh[_gghkl_c�`b\uo� hj]Zgbafh\� khklhbl� \� lhf�� qlh� \k_�
hgb�ij_^klZ\eyxl�kh[hc�hldjulu_�kbkl_fu��dhlhju_�kihkh[gu�ba\e_dZlv��ij_h[jZah�
\u\Zlv�b�bkihevah\Zlv�wg_j]bx�hdjm`Zxs_c�kj_^u�eb[h�\�nhjf_�hj]Zgbq_kdbo�iblZ�
l_evguo�\_s_kl\��o_fhljhnu���eb[h�\�nhjf_�wg_j]bb�kheg_qgh]h�baemq_gby��nhlhljh�
nu���Dexq_\uf�ijhp_kkhf�[bhwg_j]_lbdb�y\ey_lky�kbgl_a�:LN�ba�:>N�b�hjlhnhknZlZ�
�JL���Wlhl�ijhp_kk�y\ey_lky�wg^wj]hgbq_kdbf��hg�ijhbkoh^bl�aZ�kq_l�wg_j]bb�\g_rgbo�
bklhqgbdh\� wg_j]bb��M�nhlhljhnguo�hj]Zgbafh\�–� wlh� wg_j]by�kheg_qgh]h�k\_lZ��mk�
\Zb\Z_fZy�\ukrbfb�jZkl_gbyfb��pbZgh[Zdl_jbyfb�b�nhlhkbgl_abjmxsbfb�[Zdl_jby�
fb�� Wg_j]h^hghjgu_� ijhp_kku� we_dljhggh]h� ljZgkihjlZ� khijy`_gu� k� ]_g_jZpb_c�

                                                           
*�>hdeZ^�hlf_q_g�]jZfhlhc�dhgn_j_gpbb��dZd�emqrbc�gZ�ih^k_dpbb�� 
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ljZgkf_f[jZgghc� jZaghklb� we_dljhobfbq_kdbo� ihl_gpbZeh\� bhgh\� \h^hjh^Z�� aZ� kq_l�
dhlhjhc�h[_ki_qb\Z_lky�jZ[hlZ�:LN-kbglZaguo�dhfie_dkh\�� 

<� gZklhys__� \j_fy� \uykg_gb_� j_]meylhjguo�f_oZgbafh\� we_dljhggh]h� ljZgk�
ihjlZ�\�nhlhkbgl_lbq_kdbo�kbkl_fZo�\ukrbo�jZkl_gbc�b�pbZgh[Zdl_jbc��bo�Z^ZilZpby�
d�jZaebqguf�mkeh\byf�\g_rg_c�kj_^u�y\ey_lky�p_gljZevghc�ijh[e_fhc�[bhwg_j]_lbdb�
b�[bhobfbb�nhlhkbkl_f� 

<� gZklhys_c� jZ[hl_� ij_^klZ\e_gZ� h[h[s_ggZy� fZl_fZlbq_kdZy� fh^_ev� we_d�
ljhggh]h�b�ijhlhggh]h�i_j_ghkZ�\�de_ldZo�pbZgh[Zdl_jbc��Hlebqbl_evghc�hkh[_ggh�
klvx�wlhc�fh^_eb�y\ey_lky�lh��qlh�\�g_c�jZkkfZljb\Zxlky�nmgdpbhgbjh\Zgb_�dZd�nhlh�
kbgl_lbq_kdhc��lZd�b�^uoZl_evghc�p_ib�we_dljhggh]h�ljZgkihjlZ��Z�lZd`_�bo�\aZbfh�
^_ckl\b_��Djhf_�lh]h��\�^Zgghc�jZ[hl_�mqblu\Zxlky�Zevl_jgZlb\gu_�imlb�nhlhkbgl_�
lbq_kdh]h�i_j_ghkZ�we_dljhgh\��g_pbdebq_kdbc�b�pbdebq_kdbc�ljZgkihjl�we_dljhgh\���
ijhp_kku�\hkklZgh\e_gby�b�hdbke_gby�G:>N��kbgl_a�:LN�:LN-kbglZahc��ihlj_[e_gb_�
:LN�b�G:>NG�\�pbde_�DZev\bgZ��Z�lZd`_�\u^_e_gb_�dbkehjh^Z�ijb�hk\_s_gbb�NK��b�
ihlj_[e_gb_�_]h�pblhojhf-hdkb^ZaZfb�� 

>ey� hibkZgby� we_dljhg-ljZgkihjlguo� ijhp_kkh\� [ueZ� gZibkZgZ� kbkl_fZ� mjZ\�
g_gbc��hkgh\ZggZy�gZ�aZdhgZo�^_ckl\mxsbo�fZkk�^ey�h^ghjh^gh]h�jZkij_^_e_gby�we_d�
ljhgguo�i_j_ghkqbdh\�\�f_f[jZg_�beb�kljhf_�khhl\_lkl\_ggh� 

<�jZfdZo�fZl_fZlbq_kdhc�fh^_eb�ijhp_kkh\�we_dljhggh]h�b�ijhlhggh]h�ljZgk�
ihjlZ��ihkljh_gghc�\�gZklhys_c�jZ[hl_��hibkZgu�hkgh\gu_�aZdhghf_jghklb�dbg_lbdb�
nhlhbg^mpbjh\Zgguo�hdbkebl_evgh-\hkklZgh\bl_evguo�ij_\jZs_gbc�J700 -�i_j\bqgh]h�
^hghjZ�we_dljhgh\��NK���DZd�hdZaZehkv��j_amevlZlu�qbke_gguo�jZkq_lh\�kh]eZkmxlky�k�
ebl_jZlmjgufb� ^Zggufb� ih� dbg_lbd_� we_dljhggh]h� ljZgkihjlZ� \� bglZdlguo� de_ldZo�
pbZgh[Zdl_jbc��J_amevlZlu�©qbke_gguo�wdki_jbf_glh\ª��\uiheg_gguo�\�jZfdZo�jZajZ�
[hlZgghc�gZfb�fh^_eb��iha\hebeb�ijhZgZebabjh\Zlv�\hafh`guc�\deZ^�jZaebqguo�nZd�
lhjh\��kl_i_gv�\hkklZgh\e_gghklb�imeZ�we_dljhgguo�i_j_ghkqbdh\��gZebqb_�dbkehjh^Z�
\�kj_^_��dhgp_gljZpby�[mn_jZ��\�ihy\e_gb_�keh`ghc�g_fhghlhgghc�dbg_lbdb�we_dljhg�
gh]h�ljZgkihjlZ��gZ[ex^Z_fhc�\�jZaebqguo�mkeh\byo�nmgdpbhgbjh\Zgby�nhlhkbgl_lb�
q_kdbo�kbkl_f�hdkb]_ggh]h�lbiZ 

DZd�ihdZaZeb�j_amevlZlu�jZkq_�
lZ��gZ[ex^Z_fZy�\�wdki_jbf_gl_�dbg_�
lbdZ� hdbkebl_evgh-\hkklZgh\bl_evgh-
]h�ij_\jZs_gby� +

���
3 �kbevgh�aZ\bkbl�hl�

dhgp_gljZpbb� dbkehjh^Z� \� kmki_gabb�
de_lhd� �jbk�� ����<� Zwjh[guo�mkeh\byo��
dh]^Z� kms_kl\m_l�hllhd� we_dljhgh\�gZ�
dbkehjh^�� mjh\_gv� +

���
3 � ^h\hevgh� [u�

kljh� \uoh^bl� gZ� klZpbhgZjguc� mjh�
\_gv� �jbk�� ���djb\Zy� ����kdhjhklv�we_d�
ljhggh]h�ihlhdZ�\ukhdZ��b�kbgl_a�:LN�

b� \hkklZgh\e_gb_�G:>N�ih^^_j`b\Z�
_lky� gZ� \ukhdhf� mjh\g_�� ;_a� hllhdZ 
we_dljhgh\� gZ� dbkehjh^� mjh\_gv� +

���
3  

ihke_�gZqZevgh]h�kdZqdZ�[ukljh�iZ^Z�
_l��jbk�����djb\Zy�����Kdhjhklv�kbgl_aZ�

:LN�b�\hkklZgh\e_gby�G:>N� lZd`_�iZ^Z_l��:gZeh]bqgZy� aZ\bkbfhklv�klZpbhgZjghc�
dhgp_gljZpbb� +

���
3 � hl� dhgp_gljZpbb� dbkehjh^Z� \� kmki_gabb� de_lhd� gZ[ex^ZeZkv� b� \�

wdki_jbf_gl_�>�@�� 

 
 

Jbk� � 
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Bkoh^y�ba�gZr_c�fh^_eb��wlZ�aZ\bkbfhklv�fh`_l�[ulv�h[tykg_gZ�g_kdhevdbfb�
ijbqbgZfb� 
• \h-i_j\uo�� ieZklhobghgh\uc� ime� \� ZgZwjh[guo� mkeh\byo� agZqbl_evgh� [he__�

\hkklZgh\e_gguc��q_f�\�Zwjh[guo�mkeh\byo� 
• \h-\lhjuo�� gZ[ex^Z_lky� ©i_j_\hkklZgh\e_gb_ª� Zdp_ilhjgh]h� mqZkldZ� NK���

\ke_^kl\b_�q_]h�hllhd�we_dljhgh\�hl�NK��klZgh\blky�[he__�aZljm^g_gguf�>�@� 
 
1. Trubitsin B.V., Ptushenko V.V.,  Koksharova O.A., Mamedov M.D., Vi-

tukhnovskaya L.A., Grigor’ev I.A., Semenov A.Yu., Tikhonov A.N. //  Biochim. 
Biophys. Acta. 2005. V.1708. P.238. 

2. <_jrm[kdbc� :�<��� Ijbdehgkdbc� <�B��� Lbohgh\� :�G�� ��� @mjg�� Nbabq_kdhc�
obfbb��������L����������K����� 

 

 

HILBQ?KDB?�O:J:DL?JBKLBDB�NMEE?J?GH<UO�K60�K70 
G:GHNEMB>H<�>EY�NHLH>BG:FBQ?KDHC�L?J:IBB 

Kihjur�B�F���Eukdh�B�B���Ihjy^q_gdh�:�I���Kheh\v_\Z�?�>� 

Db_\kdbc�gZpbhgZevguc�mgb\_jkbl_l�bf_gb�LZjZkZ�R_\q_gdh� 

Nmee_j_gh\u_�gZghnemb^u�-�fhe_dmeu�nmee_j_gh\��Z�lZd`_�bo�Z]j_]Zlu��hdjm�
`_ggu_� ]b^jhdkbevgufb� ]jmiiZfb�� \� kmki_abyo� -� bkihevamxlky� ^ey� \\_^_gby� K60� \�
[bheh]bq_kdb_�ldZgb�^ey�f_^bpbgkdbo�p_e_c��Wlh�ijbf_g_gb_�[Zabjm_lky�gZ�j_amevlZ�
lZo�jZg__�ijh\_^_gguo�nhlhobfbq_kdbo�wdki_jbf_glh\��h[gZjm`_g�wnn_dl�nhlhZdlb\�
ghklb�fhe_dmeyjgh]h�K60. Nmee_j_gu�K60�K70�\�kmki_gabyo�y\eyxlky�nhlhwfbkbhggufb�
bklhqgbdZfb�wg_j]bb�b�hgb�ihl_gpbZevgh�fh]ml�aZsbsZlv�b�klbfmebjh\Zlv�Zdlb\ghklv�
[bhfhe_dme�\�de_ldZo�� 

Wnn_dlb\ghklv� ijbf_g_gby� gZghnemb^h\� aZ\bkbl� hl�nhlhoZjZdl_jbklbd�K60� \�
Z]j_]ZlZo��aZ\bkysbo�hl�hdjm`_gby� �-HG�]jmiiu��[bhfhe_dmeu�>�@��Ihwlhfm��\�jZ[hl_�
bkke_^m_lky�baf_g_gb_�nhlhoZjZdl_jbklbd�K60�\�Z]j_]ZlZo�k�^h[Z\e_ggufb�K70�fhe_dm�
eZfb��ijb�hdbke_gbb�K60�K70� >�@�b�\u[hjm�hilbq_kdhc�^bZ]ghklbdb��dhlhjZy�iha\hebl�
jZa^_eblv�nhlhklbfmebjh\Zggu_�baf_g_gby�K60�fhe_dme�\�Z]j_]ZlZo�b�bo�hdjm`_gby�\�
kmki_gabyo� 

KjZ\gbl_evguc� ZgZeba�nhlhexfbg_kp_glguo� �NE�� ki_dljh\� kmki_gabc� \� \h^_�
ijh\h^beky�ihke_�b^_glbnbdZpbb�K60�K70�b�bo�hdbkeh\�f_lh^Zfb�Z[khj[pbhgghc�ki_d�
ljhkdhibb�\�mevljZnbhe_lh\hf��\b^bfhf�b�bgnjZdjZkghf�^bZiZahgZo� >�@��<�NE�ki_d�
ljZo�K60�kmki_gabc�k�K70�b�bo�hdbkeZfb��ihemq_gu�ijb�hahgbjh\Zgbb�K60�K70 gZghdjb�
klZeh\� k� �Zl�� ijhp_glguf� kh^_j`Zgb_f�K70�� \uy\e_gZ�bgl_gkb\gZy� ahgZ� \� ^bZiZahg_�
440-���gf�ijb�\ha[m`^_gbb�k\_lhf�k�^ebghc�\hegu���exc) 290-���gf��Km`_gb_�]jZgbp�
^bZiZahgZ�b�ihgb`_gb_�NE�bgl_gkb\ghklb�^hklb]Z_lky�baf_g_gb_f�khhlghr_gby�f_`�
^m�kh^_j`Zgb_f�K60��K60�K70�b�bo�hdbkeh\�\�kmki_gabyo�� 

>ey�h[tykg_gby�dhgljhebjm_fh]h�baf_g_gby�NE�ki_dljh\�jZkkfhlj_g�ijhp_kk�
i_j_ghkZ�aZjy^Z�f_`^m�nhlh\ha[m`^_ggufb�nmee_j_gh\ufb�fhe_dmeZfb�b�bo�hdjm`_�
gb_f�\�gZghnemb^_�k�mq_lhf�baf_g_gby�iehlghklb�aZjy^Z�gZ�ih\_joghklb�nmee_j_gh\�\�
j_amevlZl_�h[jZah\Zgby�wg_j]_lbq_kdbo�mjh\g_c�gZ�]jZgbp_�K60 –�fhe_dmeyjgh_�hdjm�
`_gb_�gZghnemb^Z�� 
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Ij_^klZ\e_ggu_� j_amevlZlu� ^_fhgkljbjmxl� dhgljhebjm_fh_� baf_g_gb_� NE�
ki_dljh\�K60�nemb^h\�k�^h[Z\e_gb_f�K70�b�bo�hdbkeh\�\�[bhkmki_abyo��b�ih^l\_j`^Zxl��
qlh�nemhj_kp_glgZy� ki_dljhkdhiby� -�bgnhjfZpbhgguc�f_lh^� ^ey� hij_^_e_gby�nhlh�
klbfmebjm_fh]h� ih\_^_gby� K60� fhe_dme� \� Z]j_]ZlZo� k� ]b^jhdkbevguf� hdjm`_gb_f� \�
kmki_gabyo�i_j_^�bgt_dpb_c�bo�\�`b\u_�ldZgb� 

:\lhju�[eZ]h^Zjyl�ijhn��I� RZjnnZ�b�_]h�dhee_]�ba�obfbq_kdhc�eZ[hjZlhjbb�
�L_ogbq_kdbc�Mgb\_jkbl_l�Bevf_gZm�� =_jfZgby�� aZ� ba]hlh\e_gb_�nmee_j_gh\uo�K���
�K���gZghdjbklZeeh\��ijb]hlh\e_gb_�kmki_gabc��Z�lZd`_�aZ�ihfhsv�ijb�baf_j_gbyo�b�
h[km`^_gbb�j_amevlZlh\��Bkke_^h\Zgb_�b�h[km`^_gb_�j_amevlZlh\�ijh\h^bebkv�ih^�jm�
dh\h^kl\hf�d�[��gZmd�Dbkbev�?�:��kh\f_klgh�k�^�n�-�f��gZmd�;maZg_\hc�?�<� 

 
 iridium@univ.kiev.ua 

 
1. Kihjur� B�F��� Eukdh� B�B��� @_j_[_pdbc� >�I�� �Hilbq_kdZy� ki_dljhkdhiby�

nmee_j_gh\�K60 b�_]h�ijhba\h^guo�k�dbkehjh^gufb�b�]b^jhdkbevgufb�]jmiiZfb�
^ey�nhlhk_gkblba_jZ�� ���L_abku�^hde��F_`^��dhgn��³Ehfhghkh\�-�����³��k_dpby�
�NbabdZ���Fhkd\Z���������L����K����-21. 

2. Kihjur� B�F��� Ihjy^q_gdh� :�I��� Kheh\v_\Z� ?�>�� ³Hilbq_kdZy� ki_dljhkdhiby�
nmee_j_gh\uo� K60� gZghnemb^h\� \� f_^bpb_� ³� ��� L_abku� ^hdeZ^h\� gZmqgh]h�
nhjmfZ��<k_fbjguc�]h^�nbabdb�\�Fhkdh\kdhf�mgb\_jkbl_l_���Fhkd\Z������� 

 

 

M>D����������������� 

FH>?EV�KI?DLJ: 
:;KHJ;PBB�DMEVLMJU�GBARBO�NHLHLJHNH< 

**Rbjy_\�:�<� 

Q_jghfhjkdbc�nbebZe�F=M�bf��F�<��Ehfhghkh\Z� 

Dhebq_kl\_ggh_�hij_^_e_gb_�ib]f_glgh]h�khklZ\Z�gbarbo�nhlhljhnh\�y\ey_lky�
g_h[oh^bfuf�mkeh\b_f�fgh]bo�gZmqguo�b�ijZdlbq_kdbo�aZ^Zq��k\yaZgguo�k�j_r_gb_f�
ijh[e_f� [bhl_ogheh]bb�� nbabheh]bb�� wdheh]bb�� GZ� k_]h^gyrgbc� ^_gv� jZajZ[hlZgh�
[hevrh_�dhebq_kl\h�jZaghh[jZaguo�f_lh^h\��iha\heyxsbo�hij_^_eylv�dZq_kl\_gguc�b�
dhebq_kl\_gguc�khklZ\�ib]f_glh\�k�\ukhdhc�kl_i_gvx�lhqghklb��Hi_jZlb\ghklv�ihem�
q_gby�bgnhjfZpbb�klZ\bl�hilbq_kdb_�f_lh^u�\g_�\kydhc�dhgdmj_gpbb��gZijbf_j��\�\h�
ijhkZo�Z\lhfZlbaZpbb�ijhp_kkh\�mijZ\e_gby�[bhkbgl_ahf�fbdjh\h^hjhke_c��Djhf_�lh�
]h�� hilbq_kdb_�f_lh^u� iha\heyxl� � ijh\h^blv� bkke_^h\Zgb_� ijhp_kkh\� ijhl_dZxsbo�
bf_ggh�\�`b\uo�de_ldZo��qlh�^Z_l��\�g_dhlhjhf�kfuke_��[he__�p_ggmx�bgnhjfZpbx�^ey�
ihgbfZgby�kmlb�ijhbkoh^ys_]h�� 

P_ev�gZklhys_c�jZ[hlu�–�gZ�hkgh\_�ki_dljh\�Z[khj[pbb�gbarbo�nhlhljhnh\�\�
h[eZklb�N:J� ihkljhblv� fZl_fZlbq_kdmx� fh^_ev�� iha\heyxsmx� hij_^_eylv� dhgp_g�
ljZpbx�ib]f_glh\�\�`b\uo�de_ldZo�� 

Imklv�^ZgZ�dmevlmjZ�gbarbo�nhlhljhnh\��gZoh^ysZyky�\�mkeh\byo�klZpbhgZjgh�
]h� ^bgZfbq_kdh]h� jZ\gh\_kby�� Ijb� wlhf� hilbq_kdb_� oZjZdl_jbklbdb� dmevlmju� g_ba�

                                                           
** �>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb�� 
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f_ggu�b�ih^qbg_gu�aZdhgm�;m]_jZ-EZf[_jlZ-;_jZ��G_h[oh^bfh�ih�ki_dljZf�Z[khj[pbb�
dmevlmju�b�ba\_klghfm�dZq_kl\_gghfm�khklZ\m�ib]f_glh\�hij_^_eblv�bo�dhebq_kl\_g�
guc�khklZ\� 

<�oh^_�\uiheg_gby�jZ[hlu�j_rZeb�ke_^mxsb_�aZ^Zqb� 
FZl_fZlbq_kdh_�hibkZgb_�ki_dljh\�Z[khj[pbb�dmevlmju�gbarbo�nhlhljhnh\�gZ�

ijbf_j_� 6SLUXOLQD� SODWHQVLV�� HibkZgb_� ijh\h^beb� ZiijhdkbfZpb_c� kmffu� ]Zmkkh\uo�
djb\uo�k�lj_fy�k\h[h^gufb�iZjZf_ljZfb�� 

Hij_^_e_gb_�dhgp_gljZpbb�ib]f_glh\�\�de_ldZo�[bhobfbq_kdbf�f_lh^hf�k�ba�
\_klgufb�ki_dljZevgufb�oZjZdl_jbklbdZfb�dmevlmju�6�SODWHQVLV�� 

JZkq_l�iZjZf_ljh\�fh^_eb��Bkihevamy�^Zggu_�[bhobfbq_kdh]h�ZgZebaZ� � �b� �fZ�
l_fZlbq_kdh_�hibkZgb_�ki_dljZ��[ueb�gZc^_gu�dhwnnbpb_glu�wdklbgdpbb�^ey�ib]f_g�
lh\� in vivo.�<�^Zevg_cr_f�[ueb�jZkkqblZgu�iZjZf_lju�fh^_eb�b�ihemq_gu�khhlghr_�
gby�^ey�hij_^_e_gby�hlghkbl_evghc�dhgp_gljZpbb�oehjhnbeeZ�Z��kmffZjguo�dZjhlb�
ghb^h\�b�nbdh[bebgh\�^ey�dmevlmju�Spirulina platensis.  

<�j_amevlZl_�[ueh�ihemq_gh�khhlghr_gb_��dhlhjh_�iha\hey_l�ih�ki_dljm�dmev�
lmju� � 6�� SODWHQVLV� hij_^_eylv� hlghkbl_evgmx� dhgp_gljZpbx� ib]f_glh\� \� de_ldZo�� g_�
ijh\h^y�dZdbo-eb[h�[bhobfbq_kdbo�baf_j_gbc� 
 
 

HIJ?>?E?GB?�HILBQ?KDBO�I:J:F?LJH<�;BHLD:G?C�
DHK<?GGUFB�BL?J:PBHGGUFB�F?LH>:FB 

K�J:AJ?R?GB?F�IH�<J?F?GB 

AZj_f[h�F�K���=heh\bg�G�G. 

Gh\hkb[bjkdbc�=hkm^Zjkl\_gguc�L_ogbq_kdbc�Mgb\_jkbl_l 

E–mail: cheshirchik@gmail.com, nickon79@ngs.ru 
<� ihke_^g__� \j_fy� \kz� [hevr_� \hajZklZ_l� bgl_j_k� d� bkihevah\Zgbx� lblZg-

kZinbjh\uo�eZa_jh\� �\�lhf�qbke_�b�n_flhk_dmg^guo��\�[bheh]bb�b�f_^bpbg_��H^gZdh�
k\hckl\Z�[bhldZg_c�^ey�baemq_gby�k�^ebghc�\hegu�����gf�_sz�fZeh�bamq_gu��Ihwlhfm�
i_j_^� bkke_^h\Zl_eyfb� \klZ_l� \hijhk� lhqgh]h� hij_^_e_gby� hilbq_kdbo� iZjZf_ljh\�
[bheh]bq_kdbo�ldZg_c�^ey�wlhc�^ebgu�\hegu��AgZgb_�hilbq_kdbo�iZjZf_ljh\�[bhldZ�
g_c�iha\hey_l�ijh\h^blv�lhqgmx�^habjh\dm�eZa_jgh]h�baemq_gby� 

>ey�hij_^_e_gby�hilbq_kdbo�iZjZf_ljh\�[bheh]bq_kdbo� ldZg_c�� lZdbo�dZd�dh�
wnnbpb_glu�ih]ehs_gby�– �a��jZkk_ygby�– �s�b�Zgbahljhibb�- g��bkihevamxlky�ijyfu_�b�
dhk\_ggu_�f_lh^u��I_j\u_�ij_^iheZ]Zxl�hij_^_e_gb_�iZjZf_ljh\�g_ihkj_^kl\_ggh�ba�
j_amevlZlh\� wdki_jbf_glZ�� <lhju_� `_� ij_^iheZ]Zxl� \ujZ`_gb_� hilbq_kdbo� k\hckl\��
q_j_a�wdki_jbf_glZevgu_�^Zggu_�g_y\gh��<�dhk\_gguo�bl_jZpbhgguo�f_lh^Zo��\_ebqb�
gu�� hij_^_eyxsb_� hilbq_kdb_� k\hckl\Z� jZkk_b\Zxs_c� kj_^u�� i_j_[bjZxlky� ^h� l_o�
ihj��ihdZ�jZkqzlgu_�agZq_gby�g_�[m^ml�k�aZ^Zgghc�lhqghklvx�kh\iZ^Zlv�k�baf_j_ggufb�
^Zggufb��<�gZr_c�jZ[hl_�lZdbfb�^Zggufb�y\ey_lky�^ebl_evghklv�ijhr_^r_]h�mevljZ�
dhjhldh]h�bfimevkZ��ihlhfm�qlh�ijb�ijhoh`^_gbb�bfimevkh\�[hevr_c�^ebl_evghklb�
�gZgh–� b� ibdhk_dmg^guo�� \� lhgdbo� h[jZapZo�nhjfZ� bfimevkZ� ^jm]Zy�� iZ^Zxsbc� bf�
imevk�©gZdeZ^u\Z_lkyª�gZ�ijhr_^rbc�b�\j_fy�aZ^_j`db�klZgh\blky�aZ\bkbfh�hl�^eb�
l_evghklb�bfimevkZ��Z�lZd`_�� 

GZfb� [ueb�bamq_gu� ljb�f_lh^Z�fh^_ebjh\Zgby�ijhoh`^_gby�baemq_gby�q_j_a�
[bhldZgb��f_lh^�Fhgl_-DZjeh��^bnnmabhggZy�ZiijhdkbfZpby�b�]b[jb^gZy�fh^_ev� 
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<Zjvbjmy�iZjZf_lju�\�h[eZklb� agZq_gbc�^ey�[bheh]bq_kdbo�ldZg_c�fh`gh�ih�
emqblv� lZd� gZau\Z_fu_� ^bZ]jZffu� mrbj_gbc�� IhdZau\Zxsb_�� qlh� ijhr_^rbc� bf�
imevk�^ey�dZ`^h]h�agZq_gby�hilbq_kdbo�iZjZf_ljh\��jZaguc��:gZebabjmy�wlb�]jZnbdb��
fh`gh�ij_^eh`blv�ke_^mxsbc�kihkh[�hij_^_e_gby�hilbq_kdbo�iZjZf_ljh\�[bhldZg_c��
ijb� ihfhsb� ex[h]h� ba�ij_^eh`_gguo�f_lh^h\� \u\h^ylky� ^bZ]jZffu� mrbj_gbc�bf�
imevkh\� gZ� hkgh\_�fh^_ebjh\Zgby� \hkijhba\h^ys_]h� wdki_jbf_gl�� ihke_� q_]h� \� ^bZ�
]jZffm�ih^klZ\ey_lky� agZq_gb_� \j_f_gb�mrbj_gby�b�ijh\h^blky�ebgby�iZjZee_evgZy�
hkb�Z[kpbkk��khhl\_lkl\mxsZy�\j_f_gb�mrbj_gby��LZdbf�h[jZahf��fh`gh�hij_^_eblv�
�a�b��s��ih�djb\hc��b�g��ih�hims_gghc�ghjfZeb���LZdhc�kihkh[�g_�^Zkl��dhg_qgh�`_��^hk�
lZlhqgh�lhqgh]h�j_amevlZlZ�–�hrb[dZ�[m^_l�gZijyfmx�aZ\bk_lv�hl�\_ebqbgu�rZ]Z��\�lZ�
dhf�kemqZ_�j_dhf_g^m_lky�ijh\h^blv�fh^_ebjh\Zgb_�^ey�g_kdhevdbo�lhesbg�ldZgb��Z�
lZd`_�\j_fzg�mrbj_gbc�gZ�jZaebqguo�mjh\gyo�ijhr_^r_]h�bfimevkZ� 

Dhk\_ggu_�bl_jZpbhggu_�f_lh^u�k�jZaj_r_gb_f�ih�\j_f_gb�y\eyxlky�h^gbfb�
ba�gZb[he__�i_jki_dlb\guo��ihkdhevdm�hgb�ijhklu�\�bkihevah\Zgbb�b�lj_[mxl�g_�ijh�
\_^_gby�keh`gh]h�wdki_jbf_glZ�b�agZqbl_evguo�aZljZl�fZrbggh]h�\j_f_gb� 

 
GZklhysZy� klZlvy� ih^]hlh\e_gZ� ih� j_amevlZlZf� bkke_^h\Zgbc�� ijh\_^_gguo� \�

jZfdZo� ]jZglZ�Gh\hkb[bjkdh]h� =hkm^Zjkl\_ggh]h� L_ogbq_kdh]h�Mgb\_jkbl_lZ� �]jZgl�
������–�GK=�- 05). 

<ujZ`Z_f� ijbagZl_evghklv� gZr_fm� gZmqghfm� jmdh\h^bl_ex� khljm^gbdm� Bg�
klblmlZ�Nbabheh]bb�KH�J:FG��^��n�-f��g��F_rZedbgm�X��I� 

 

 

MKEH<BY�NHJFBJH<:GBY�?>BGH=H�K=MKLD:�DE?CDH<BGU 
<�IHE?�P?GLJH;?@GUO�KBE 

IJB�NJ:DPBHGBJH<:GBB�KF?KB�FMDB�B�<H>U 

GmjmeebgZ�L�:� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

P_evx� ^Zggh]h� bkke_^h\Zgby� y\ey_lky� hilbfbaZpby� mkeh\bc� nhjfbjh\Zgby�
_^bgh]h�k]mkldZ�de_cdh\bgu�\�ihe_�p_gljh[_`guo�kbe�\�ijhp_kk_�njZdpbhgbjh\Zgby�
\h^h-fmqghc� kf_kb��JZa^_e_gb_�dhfihg_glh\�fmdb� �\�i_j\mx�hq_j_^v�[_edh\�de_cdh�
\bgu�b�djZofZevguo�]jZgme��y\ey_lky�\Z`guf�l_ogheh]bq_kdbf�ijhp_kkhf�>�@��h^gZdh�
gZb[he__� jZkijhkljZg_ggu_� \� gZklhys__� \j_fy� ijhp_^mju� \dexqZxl� \� k_[y� klZ^bx�

ijhfu\db�de_cdh\bgu��Wlh�ijb\h^bl�d�kms_kl\_gguf�ihl_jyf ihemqZ_fh]h�ijh^mdlZ� 
<�^Zgghc�jZ[hl_�ijh\h^blky�ZgZeba�b�hilbfbaZpby�g_^Z\gh�ij_^eh`_ggh]h�^\m�

klZ^bcgh]h�ijhp_kkZ�ihemq_gby�kujhc�de_cdh\bgu��\�dhlhjhf�hlkmlkl\m_l�klZ^by�ijh�
fu\db�>�@��DZ`^Zy�klZ^by�ijhp_kkZ�khklhbl�ba�hi_jZpbc�aZf_kZ��jZkklhcdb�b�p_gljbnm�
]bjh\Zgby�\h^h-fmqghc�kf_kb� 

>ey�ij_^eh`_ggh]h�^\mklZ^bcgh]h�ijhp_kkZ�hij_^_e_gu�iZjZf_lju��ijb�dhlh�
juo�gZ[ex^Z_lky�dhebq_kl\_ggh_�jZa^_e_gb_�dhfihg_glh\��IZjZf_ljZfb�hilbfbaZpbb�
y\eyxlky�khhlghr_gb_�fmdb�b�\h^u�ijb� aZf_k_��l_fi_jZlmjZ�ijb� aZf_k_��jZkklhcd_�b�
p_gljbnm]bjh\Zgbb��nZdlhj�jZa^_e_gby��\j_fy�jZkklhcdb�b�p_gljbnm]bjh\Zgby��IhdZ�
aZgZ�fZkrlZ[bjm_fhklv�ijhp_kkZ�gZ�ijbf_j_� eZ[hjZlhjguo�p_gljbnm]� h[t_fhf� �fe��
��fe�����e�b�ijhfure_gguo�p_gljbnm]�h[t_fhf���e� 
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Ihemq_ggu_�j_amevlZlu�fh]ml�[ulv�ijbf_g_gu�\�h[eZklb�jZajZ[hldb�ijhnbeZd�
lbq_kdh]h� �^b_lbq_kdh]h�b�e_q_[gh]h��iblZgby��gZijbf_j��ijb�ba]hlh\e_gbb�[_edh\h-
hljm[gh]h�beb� [_a[_edh\h]h� oe_[Z�� mihlj_[ey_fh]h�ijb� ^bZ[_lbq_kdbo�[he_agyo� �bk�
dexq_gb_�djZofZeZ���ijb� Zmlbaf_�b�pbd_Zebb� �bkdexq_gb_�de_cdh\bgu�ba�ijh^mdlh\�
iblZgby��� 

GZ� hkgh\Zgbb� j_heh]bq_kdh]h�b�fbdjhkdhibq_kdh]h�bkke_^h\Zgby�ihemq_gguo�
njZdpbc�ijh\_^_g�l_hj_lbq_kdbc�ZgZeba�ij_^eh`_ggh]h�ijhp_kkZ� 

Ijb�kjZ\g_gbb�f_lh^Z�hij_^_e_gby�dhebq_kl\Z�de_cdh\bgu�ih�=HKL������-���k�
ij_^eh`_gguf�^\mklZ^bcguf�ijhp_kkhf�aZnbdkbjh\Zgh�ih\ur_gb_�lhqghklb�eZ[hjZ�
lhjguo�ZgZebah\�aZ�kq_l�hlkmlkl\by�ihl_jv�ijb�nhjfbjh\Zgbb�k]mkldZ�de_cdh\bgu� 

Ij_^eh`_gguc� ijhp_kk� iha\hey_l� ih\ukblv� \uoh^� de_cdh\bgu� \� ���� jZaZ� ih�
kjZ\g_gbx�k�bkihevam_fuf�\�gZklhys__�\j_fy�ijhfure_gguf�f_lh^hf��=HKL������-
89). 

Ij_^eh`_ggZy�f_lh^bdZ�fh`_l�[ulv�fh^bnbpbjh\ZgZ�^ey�iZjZee_evgh]h�njZd�
pbhgbjh\Zgby�djZofZeZ��<�i_jki_dlb\_�ieZgbjm_lky�Z^ZilZpby�f_lh^Z�^ey�jZaguo�\b�
^h\�fmdb� �gZijbf_j��ba�j`b��h\kZ�b�kf_kb�aeZdh\��b�bkihevah\Zgb_�`b^dhc�nZau�jZa�
ebqgh]h� khklZ\Z� �kibjlh\u_��s_ehqgu_�b� khe_\u_�jZkl\hju��^ey�ihemq_gby�baheylh\�
[_edZ 

. 
E-mail: tanurul@mail.ru 
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M>D�������� 

<EBYGB?�<?LJH<H=H�<HA>?CKL<BY�B�G:DEHG:�>G: 
G:�>BG:FBDM�B�KLJMDLMJM 

IJB;J?@GH=H�;:JHDEBGGH=H�L?Q?GBY 

>_gbkh\�?�K� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

H^gbf�ba�\Z`g_crbo�nZdlhjh\��hij_^_eyxsbo�^bgZfbdm�b�kljmdlmjm�l_q_gbc�\�
hd_ZgZo�b�fhjyo�� y\ey_lky� lhih]jZnby�^gZ��Kbevg__�\k_]h� wlhl�nZdlhj�ijhy\ey_lky�\�
h[eZklb�dhglbg_glZevgh]h�kdehgZ��]^_�]em[bgZ�hd_ZgZ��fhjy��f_gy_lky�hl�i_j\uo�khl_g�
f_ljh\�^h�g_kdhevdbo�dbehf_ljh\��IZjZf_lju�wlh]h�kdehgZ��\�i_j\mx�hq_j_^v��djmlba�
gZ�b�rbjbgZ���\ebyxl�gZ�mklhcqb\hklv�l_q_gbc��gZ�bo�f_Zg^jbjh\Zgb_�b�\boj_h[jZah�
\Zgb_�b�� ke_^h\Zl_evgh��\h�fgh]hf�hij_^_eyxl� kljmdlmjm�\h^hh[f_gguo�ijhp_kkh\�\�
kbkl_f_� ©r_evn-]em[hdbc�[Zkk_cgª��?s_�h^gbf��b��[ulv�fh`_l��gZb[he__�kms_kl\_g�
guf�nZdlhjhf��hij_^_eyxsbf�g_�lhevdh�kljmdlmjm��gh�b�bgl_gkb\ghklv�]hjbahglZev�
ghc�pbjdmeypbb�\h^��y\ey_lky�\_ljh\h_�\ha^_ckl\b_�� 

H^gbf�ba�lbibqguo�ijbf_jh\�ijb[j_`guo�njhglZevguo�l_q_gbc�y\ey_lky�Hk�
gh\gh_�q_jghfhjkdh_� l_q_gb_� �HQL���Hgh�pbdehgbq_kdb�hihyku\Z_l�\k_�Q_jgh_�fhj_�
ih�i_jbf_ljm�_]h�]em[hdh\h^ghc�qZklb��y\eyykv�kbevgh�g_klZpbhgZjguf�b�g_mklhcqb�
\uf�l_q_gb_f��:gZeba�kimlgbdh\uo�bah[jZ`_gbc�b�^jbnl_jguo�^Zgguo�iha\hebe�mk�
lZgh\blv�� qlh�gZb[he__�bgl_gkb\gh_� \boj_h[jZah\Zgb_�b�i_j_f_s_gb_� \boj_c� \�p_g�
ljZevgmx�qZklv�fhjy�hkms_kl\ey_lky�\�l_o�jZchgZo�fhjy��]^_�dhglbg_glZevguc�kdehg�
bf__l�[hevrmx�djmlbagm�b�fZemx�rbjbgm��khhl\_lkl\_ggh��LZdb_�jZchgu�jZkiheh`_�
gu�\�k_\_jh-\hklhqghc�b�x`ghc�qZklyo�fhjy��<�k_\_jh-aZiZ^ghc�qZklb��]^_�dhglbg_g�
lZevguc� kdehg� bf__l�fZemx� djmlbagm� b� [hevrmx�rbjbgm�� i_j_ghkZ� \boj_c� ba� ahgu�
kdehgZ�\�p_gljZevgmx�qZklv�fhjy�g_�gZ[ex^Z_lky� 

P_ev�^Zgghc�jZ[hlu�aZdexqZ_lky�\�ijh\_^_gbb�eZ[hjZlhjguo�wdki_jbf_glh\�ih�
bkke_^h\Zgbx�\ebygby�gZdehggh]h�^gZ�b�i_jbh^bq_kdh]h��k�i_j_f_gguf�agZq_gb_f�i_�
jbh^Z��\_ljh\h]h�\ha^_ckl\by�gZ�mklhcqb\hklv�b�kljmdlmjm�ih]jZgbqgh]h�l_q_gby��^b�
gZfbq_kdb�ih^h[gh]h�HQL��Z�lZd`_�\�bgl_jij_lZpbb�^Zgguo�gZ[ex^_gbc�aZ�hkh[_ggh�
klyfb�]hjbahglZevghc�pbjdmeypbb�\h^�b�\gmljb[Zkk_cgh\h]h�h[f_gZ�\�Q_jghf�fhj_�gZ�
hkgh\_�j_amevlZlh\�fh^_ebjh\Zgby� 

;ueZ�kha^ZgZ�eZ[hjZlhjgZy�mklZgh\dZ�b�ijh\_^_gu�wdki_jbf_glu�\�^\mkehcghc�
\jZsZxs_cky�`b^dhklb��Hkgh\gu_�[_ajZaf_jgu_�iZjZf_lju�wdki_jbf_glZ�\u[bjZebkv�
ba�khh[jZ`_gby�^bgZfbq_kdh]h�ih^h[by�k�Q_jguf�fhj_f��Ijb[j_`gh_�l_q_gb_�\�\_jo�
g_f� hlghkbl_evgh� lhgdhf� keh_�`b^dhklb� �ZgZeh]�HQL�� kha^Z\Zehkv� eb[h� k�ihfhsvx�
bklhqgbdZ�fZkku�b�ieZ\mq_klb��eb[h�k�ihfhsvx�dZkZl_evgh]h�gZijy`_gby�lj_gby�\_ljZ�
k�pbdehgbq_kdhc�aZ\boj_gghklvx��Gb`gbc��[he__�lhekluc�kehc�`b^dhklb��g_�y\eyeky�

 

=?HNBABD:� 
 
Ij_^k_^Zl_ev�ih^k_dpbb� 
^�n�-f�g��R_edh\gbdh\�GbdheZc�DhgklZglbgh\bq 
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^bgZfbq_kdb� Zdlb\guf� b� jZkdjmqb\Zeky� lhevdh� aZ� kq_l� bfimevkZ�� ihklmiZxs_]h� ba�
\_jog_]h�kehy��LZdZy�kblmZpby�y\ey_lky�\�p_ehf�lbibqghc�^ey�Q_jgh]h�fhjy�� 

MklZgh\e_gh��qlh� 
1. <ebygb_�gZdehgZ�^gZ�gZ�ijb[j_`gh_�l_q_gb_�aZdexqZ_lky�\�ih^Z\e_gbb�

jZa\blby�[Zjhdebgghc�g_mklhcqb\hklb� l_q_gby�hkeZ[e_gbb�ijhp_kkh\�\boj_h[jZah\Z�
gby�� Z� lZd`_� \� mf_gvr_gbb� \h^hh[f_gZ� b�i_j_ghkZ�ijbf_kb� �aZ]jyag_gbc�� \� kbkl_f_�
©r_evn–]em[hdh\h^gZy� qZklv� [Zkk_cgZª�� ijbq_f� kl_i_gv� wlh]h� \ebygby� hij_^_ey_lky�
iZjZf_ljhf�/V�5G� 

Z�� ijb�/V�5G����djmlhc�b�madbc�kdehg���-�g_mklhcqb\hklv�gZ^kdehgh\h]h�l_�
q_gby�jZa\b\Z_lky�ijbf_jgh�lZd�`_��dZd�b�gZ^�]hjbahglZevguf�^ghf��F_Zg^ju�l_q_gby�
^hklb]Zxl�[hevrhc�Zfieblm^u��ij_\jZsZxlky�\�\bojb�b�\�\boj_\u_�iZju��jZkijhkljZ�
gyxsb_ky� ihi_j_d� [Zkk_cgZ��Wg_j]by� imevkZpbhggh]h� ^\b`_gby� ij_\urZ_l� wg_j]bx�
kj_^g_]h�^\b`_gby�m`_�\kdhj_�ihke_�ij_djZs_gby�\g_rg_]h�\ha^_ckl\by�� 

[�� ijb� /V�5G��� � �iheh]bc� b�rbjhdbc� kdehg��� -�g_mklhcqb\hklv�bf__l�ij_�
bfms_kl\_ggh�\hegh\hc�oZjZdl_j��<�\_jrbgZo�\heg�bgh]^Z�h[jZamxlky�\bojb��dhlhju_�
g_�ihdb^Zxl� ahgu�kdehgZ��Wg_j]by�imevkZpbhggh]h�^\b`_gby�\k_]^Z�f_gvr_�wg_j]bb�
kj_^g_]h�^\b`_gby�� 

2. I_jbh^bq_kdh_�\_ljh\h_�\ha^_ckl\b_�jZaebqguf�h[jZahf�\eby_l�gZ�w\h�
expbx�kj_^g_]h�ZabfmlZevgh]h�b�\boj_\h]h� �_]h�kj_^g_c�b�imevkZpbhgghc�kdhjhklb��
l_q_gbc� \� mkeh\byo�rbjhdh]h� �iheh]h]h��b� madh]h� �djmlh]h�� kdehgh\��HdZaZehkv��qlh��
\g_� aZ\bkbfhklb�hl�rbjbgu�kdehgZ��ijb�^hklZlhqgh�dhjhldhi_jbh^ghc�baf_gqb\hklb�
\_ljh\h]h�\ha^_ckl\by��g_�[he__���-���kmlhd���agZq_gby�fh^mey�kj_^g_c�ZabfmlZevghc�b�
imevkZpbhgghc�dhfihg_gl�kdhjhklb�g_�mki_\Zxl�kms_kl\_ggh�m\_ebqblvky�beb�mf_gv�
rblvky��Z�g_mklhcqb\hklv�l_q_gby�jZa\blvky�beb�aZlmogmlv�aZ�i_jbh^�\_ljh\hc�©gZdZq�
dbª�beb�__�hlkmlkl\by��khhl\_lkl\_ggh��Ijb�[he__�^he]hi_jbh^ghc�baf_gqb\hklb�\_l�
jh\h]h�\ha^_ckl\by��[he__���-���kmlhd��l_q_gb_�gZ^�madbf�b�rbjhdbf�kdehgZfb�bf__l�
jZaebqguc�oZjZdl_j�w\hexpbb��<�kemqZ_�madh]h��djmlh]h��kdehgZ�gZ�klZ^bb�hlkmlkl\by�
\_ljh\h]h� \ha^_ckl\by� gZ[ex^Z_lky� ©[mjgh_ª� jZa\blb_� g_mklhcqb\hklb�� \� j_amevlZl_�
dhlhjhc� knhjfbjh\Zggh_� dhevp_\h_� l_q_gb_� jZkiZ^Z_lky� gZ� \boj_\u_� kljmdlmju�� <�
kemqZ_�rbjhdh]h��iheh]h]h��kdehgZ�g_mklhcqb\hklv�jZa\b\Z_lky�f_^e_ggh�b�bf__l�ij_�
bfms_kl\_ggh� \hegh\hc� oZjZdl_j�� ijb� dhlhjhf� kljmcgh_� l_q_gb_� \k_]^Z� ^hfbgbjm_l�
gZ^� \boj_\ufb� kljmdlmjZfb��>Zgguc� j_amevlZl� k\b^_l_evkl\m_l� h� klZ[bebabjmxs_c�
jheb�rbjhdh]h�kdehgZ��[eZ]h^Zjy�q_fm�wg_j]by�\_ljZ��i_j_^Z\Z_fZy�kj_^g_fm�l_q_gbx��
\�fZehc� kl_i_gb� i_j_oh^bl� \� imevkZpbhggmx�� \hegh-\boj_\mx� wg_j]bx��GZijhlb\�� \�
kemqZ_�madh]h�kdehgZ��agZqbl_evgZy�qZklv�wg_j]bb�kj_^g_]h�l_q_gby��\ke_^kl\b_�jZa\b�
lby�_]h�g_mklhcqb\hklb��i_j_oh^bl�\�wg_j]bx�\boj_c�� 

3. �J_amevlZlu� ijh\_^_gguo� wdki_jbf_glh\� iha\heyxl� h[tykgblv� nbabq_�
kdmx� ijbjh^m� gZ[ex^Z_fuo� jZaebqbc� \� kljmdlmj_� b� ^bgZfbd_�Hkgh\gh]h� q_jghfhj�
kdh]h�l_q_gby�b�f_ahfZkrlZ[guo�\boj_\uo�kljmdlmj�^ey�jZaguo�jZchgh\�Q_jgh]h�fhjy�
\� aZ\bkbfhklb�hl�rbjbgu�dhglbg_glZevgh]h� kdehgZ�� Z� lZd`_�oZjZdl_jZ�b�iZjZf_ljh\�
baf_gqb\hklb�\_ljh\h]h�\ha^_ckl\by� 

 
1. H\qbggbdh\� B�F��� Lblh\� <�;��� Djb\hr_y� <�=��� Ihih\� X�B�� Hkgh\gu_�
]b^jhnbabq_kdb_� ijhp_kku� b� bo� jhev� \� wdheh]bb� � \h^�Q_jgh]h�fhjy� ���Hd_Zgheh]by��
������L�����1���K�����-807. 
2. Zatsepin A.G., Denisov E.S., Emelianov S.V., Kremenetskiy, Poyarkov S.G., Stro-
ganov O.Yu., Stanichnaya R.R., Stanichny S.V. The effect of bottom slope and wind on the 
nearshore current in the rotating stratified fluid (with application to the Black sea). Oceanol-
ogy, 2005, vol. 45, Suppl. 1. 
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3. Denisov E.S., Emelianov S.V., Zatsepin A.G., Kremenetskiy V.V., Poyarkov S.G., 
Stroganov O.YU. The effect of bottom slope on the nearshore current in the rotating 
fluid (laboratory modeling). // “Fluxes and structures in fluids – 2005”. 
 
 

M>D�������� 

BAMQ?GB?�IHEY�<?LJ:�G:>�FHKD<HC�IH�>:GGUF�

:DMKLBQ?KDH=H�AHG>BJH<:GBY 

Dmj[Zlh\�=�:���=ey^dh\�I�K���Xrdh\�?�<� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

:dmklbq_kdh_� ^bklZgpbhggh_� ahg^bjh\Zgb_� y\ey_lky� h^gbf� ba� emqrbo�f_lh�
^h\�bamq_gby�\ebygby�]hjh^kdhc�kj_^u�gZ�ihe_�\_ljZ�>�@��JZ[hlZ�Zdmklbq_kdh]h�ehdZ�
lhjZ��kh^ZjZ��hkgh\ZgZ�gZ�jZkk_ygbb�a\mdh\uo�\heg�f_edhfZkrlZ[gufb�nemdlmZpby�
fb�l_fi_jZlmju��Wlb�g_h^ghjh^ghklb�m\e_dZxlky�l_q_gb_f�\ha^moZ�b�h[_ki_qb\Zxl�
_kl_kl\_ggh_� ^\b`_gb_� ³p_e_c´� ^ey� baf_j_gby� kdhjhklb� \_ljZ� � ih� ^hie_jh\kdhfm�
k^\b]m�jZkk_yggh]h�baemq_gby� 

H^gZdh��mkeh\by�^ey�jZ[hlu�kh^ZjZ�g_�\k_]^Z�[eZ]hijbylgu�\�[hevrbo�]hjh�
^Zo��lZd�dZd�rmf�^hjh`gh]h�^\b`_gby�aZljm^gy_l�\u^_e_gb_�kb]gZeZ�gZ�_]h�nhg_�b�\�
j_amevlZl_� kgb`Z_lky� \ukhlZ� baf_j_gbc��Fgh]b_� dhff_jq_kdb_� kh^Zju� \hh[s_� g_�
fh]ml�jZ[hlZlv�\�]hjh^kdbo�mkeh\byo�>�@� 

DZn_^jZ�nbabdb�Zlfhkn_ju�nbabq_kdh]h�nZdmevl_l�F=M�kh\f_klgh�k�Bgklb�
lmlhf�nbabdb�Zlfhkn_ju��BN:��k�bxey������]h^Z�ijh\h^bl�g_ij_ju\gu_�baf_j_gby�
\� ^\mo� lhqdZo� Fhkd\u�� H^bg� ijb[hj� jZkiheh`_g� gZ� djur_� a^Zgby� nbabq_kdh]h�
nZdmevl_lZ�� ^jm]hc� ijZdlbq_kdb� \� p_glj_� ]hjh^Z� gZ� a^Zgbb� BN:� J:G�� JZ[hqZy�
qZklhlZ� kh^ZjZ� ����� Hz�� \_jlbdZevgh_� jZaj_r_gb_� ��� f_ljh\�� ^Zggu_� hl^_evguo�
baf_j_gbc�klZlbklbq_kdb�h[jZ[Zlu\Zxlky�aZ�bgl_j\Ze�\j_f_gb�\���-���fbgml�>�@� 

Ki_pbZevgh� [ueb� ijbeh`_gu� mkbeby� ^ey� kgb`_gby� \ebygby� rmfh\� b� woh-
ihf_o� �©f_klgbdh\ª�� hl� aZ^Zgbc��FZdkbfZevgZy� \ukhlZ� baf_j_gbc�� h]jZgbqb\Zykv�
rmfhf� ljZgkihjlZ�� aZ\bkbl� hl�jZkij_^_e_gby�bgl_gkb\ghklb� lmj[me_glguo�g_h^gh�
jh^ghkl_c�k�\ukhlhc� 

GZ�jbk����ij_^klZ\e_gu�woh]jZffu��ihemq_ggu_�kh^Zjhf�\�^\mo�lhqdZf�Fhkd�
\u��GZ�gbo�bah[jZ`_gZ�aZ\bkbfhklv�bgl_gkb\ghklb�lmj[me_glghklb�hl�\ukhlu��rdZeZ�
ihq_jg_gby�kijZ\Z���Z�lZd`_�\_jlbdZevgu_�ijhnbeb�]hjbahglZevghc�kdhjhklb�\_ljZ��
mkj_^gzggu_�aZ����fbgml��Q_ldh�ijhke_`b\Z_lky�jZagbpZ�\ukhl��hdheh�����f��jZkih�
eh`_gby�lmj[me_glguo�kljmdlmj�\�p_glj_�]hjh^Z�b�x]h-aZiZ^_��k\yaZggZy�k�]hjh^kdhc�
lhih]jZnb_c�b�\ukhlhc�jZkiheh`_gby�ijb[hjh\� 

Ijh\_^zggZy� gZfb� klZlbklbq_kdZy� h[jZ[hldZ� j_amevlZlh\� Zdmklbq_kdh]h� ahg�
^bjh\Zgby�ih^l\_j`^Z_l�lZdb_�hkh[_gghklb�ihey�\_ljZ�gZ^�Fhkd\hc�dZd�m\_ebq_gb_�
i_j_f_rb\Zgby� gbadhe_`Zsbo� keh_\� b� ^bki_jkbb� \_jlbdZevghc� kdhjhklb�� Z� lZd`_�
baf_g_gb_�\_jlbdZevgh]h�ijhnbey�]hjbahglZevghc�kdhjhklb�hl�p_gljZ�]hjh^Z�d�i_jb�
n_jbb� 
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GZ�jbk����ij_^klZ\e_gu�]jZnbdb�khhlghr_gby�kdhjhkl_c�\_ljZ�^ey�jZaguo�\ukhl�

\�F=M�b�BN:��Ohly�bgl_gkb\ghklv�lmj[me_glghklb�gZbemqrbf�h[jZahf�khhl\_lkl\m_l�
jZagbp_�\ukhl�\�����f_ljh\�^ey�kdhjhklb�\_ljZ�ijb�wlhf�aZf_lgu�[hevrb_�hldehg_gby��
qlh�hkh[_ggh�oZjZdl_jgh�^ey�mklhcqb\hc�kljZlbnbdZpbb�l_fi_jZlmju� 

>ebl_evgu_�k_jbb�^Zgguo� �ihqlb�]h^�baf_j_gbc���ihemq_ggu_�kh^Zjhf�\�^\mo�
lhqdZo�Fhkd\u�� ihdZau\Zxl� kbevgmx� baf_gqb\hklv� ihey� \_ljZ�� aZ\bkysmx� hl� Zlfh�
kn_jghc�kljZlbnbdZpbb� 

 

EMBED Photoshop.Image.7 \s 
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JZ[hlZ�\uihegy_lky�ijb�ih^^_j`d_�JNNB��ijh_dlu������-05-������b���-05-
64167 

 
1. Kallistratova M.A., Coulter R.L. Application of sodars in the study and monitoring of 

the environment. // Meteorology and Atmospheric Physics, 2004, 85, 21-38. 
2. Xrdh\�<�I���DZeebkljZlh\Z�F�:���Dmag_ph\�J�>���Dmj[Zlh\�=�:���DjZfZj�<�N��

Hiul� bkihevah\Zgby� ^hie_jh\kdh]h� Zdmklbq_kdh]h� ehdZlhjZ� ^ey� baf_j_gby�
ijhnbey� kdhjhklb� \_ljZ� \� ]hjh^kdbo� mkeh\byo��Ba\_klby� J:G�� NbabdZ�
:lfhkn_ju�b�Hd_ZgZ��������\�i_qZlb�� 

3. Dmag_ph\�J�>��:dmklbq_kdbc�ehdZlhj�E:L:G-��^ey�bkFe_^h\Zgbc�Zlfhkn_jgh]h�
ih]jZgbqgh]h�kehy��HilbdZ�:lfhkn_ju�b�Hd_ZgZ��������\�i_qZlb�� 

 
 

M>D���������������� 

J:AFU<�>G:�D:G:E:�IHLHDHF�IJB�F:EUO�QBKE:O�NJM>: 

?edbg�>��G� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

Fgh]hh[jZab_�nhjf� ^\b`_gby�`b^dhklb� ijb\_eh� d� ij_^klZ\e_gbx� h� oZhlbq_�
kdhf�^\b`_gbb��LZdZy�nhjfZ�^\b`_gby�[ueZ�gZa\ZgZ�lmj[me_glghc�b�hibku\ZeZkv�klZ�
lbklbq_kdbfb�f_lh^Zfb�b�wfibjbq_kdbfb�nhjfmeZfb��<k_�kms_kl\mxsb_�f_lh^u�jZk�
q_lZ� i_j_f_s_gby� ijbf_kb� hkgh\Zgu� gZ� wlbo� nhjfmeZo��Fgh]he_lgb_� bkke_^h\Zgby�
Zf_jbdZgkdbo� mq_guo� gZ� ���� [hevrbo� b� ���� kj_^gbo� b� fZeuo� j_dZo� ihdZaZeb�� qlh�
hrb[dZ�jZkq_lh\�ih�wlbf�f_lh^Zf�dhe_[e_lky�hl����^h������>�@��D�dhgpm����\_dZ�klZeh�
ykgh�� qlh� oZhkZ� \� fZdjhkdhibq_kdhf� ^\b`_gbb� `b^dhklb� g_l�� <uy\e_gu� hkgh\gu_�
nhjfu�^\b`_gby�`b^dhklb��gZc^_gu�bo�oZjZdl_jbklbdb��bo�k\yav�k�i_j_ghkhf�ijbf_�
kb��jZafu\hf�^gZ��Bkke_^h\Zgby�ihdZaZeb��qlh�^Z`_�ijb�fZeuo�agZq_gbyo�kdhjhklb�ih�
lhdZ�m�^gZ�j_d�b�dZgZeh\�\hagbdZxl�\boj_\u_�kljmdlmju��^\b`_gb_�dhlhjuo�kms_kl�
\_gguf�h[jZahf�hlebqZ_lky�hl�^\b`_gby�hkgh\gh]h�ihlhdZ�>�@��<bojb�fh]ml�bgl_gkb\�
gh�i_j_f_sZlvky�\�ihi_j_qghf�k_q_gbb�ihlhdZ��ijb�hij_^_e_gguo�mkeh\byo�fh]ml�g_�
ih^\b`gh�\bk_lv�\�h^ghc�ahg_��<bojb�kihkh[gu�m^_j`b\Zlv�ijbf_kv�b�h[_ki_qb\Zxl�\�
agZqbl_evghc�f_j_�i_j_ghk�ijbf_kb�\�ihlhd_��<�fhf_gl�h[jZah\Zgby�\bojb�aZo\Zlu\Z�
xl�^hggu_�qZklbpu�b�mghkyl�bo�\\_jo�\�lhesm�\h^u��?keb�gZ�^g_�j_db�\�l_q_gb_�g_dh�
lhjh]h�\j_f_gb�ijhbkoh^bl�hleh`_gb_�aZ]jyag_gby��lh�ijb�baf_g_gbb�\g_rgbo�iZjZ�
f_ljh\�\j_^gu_�ijbf_kb�hdZau\Zxlky�\gh\v�\� lhes_�\h^u��Wlhl�ijhp_kk�^h� kbo�ihj�
gZ[ex^Z_lky�� gZijbf_j�� gZ� j_d_� Ijbiylv�� ]^_� i_jbh^bq_kdb� ihy\eyxlky� \kie_kdb�
mjh\gy�jZ^bhZdlb\guo�\_s_kl\��Ijb�g_[hevrbo�agZq_gbyo�kdhjhklb�fZeuo�j_d�Fhkd�
\u�aZ]jyag_gby�\�[hevrbo�dhebq_kl\Zo�hk_^Zxl�gZ�^gh��Wlh�kha^Z_l�ihklhyggmx�m]jham�
ih^t_fZ� aZ]jyag_gby� kh�^gZ�\boj_\ufb� kljmdlmjZfb�ijb�baf_g_gbb�j_`bfZ� l_q_gby��
>ey�hp_gdb�dZq_kl\Z�\h^u��ijh]ghaZ�jZkijhkljZg_gby�aZ]jyag_gby�b�kdhjhklb�hk_^Zgby�
gZghkh\� g_h[oh^bfh� ih^jh[gh_� bkke_^h\Zgb_� ijhp_kkZ� h[jZah\Zgby� b� i_j_f_s_gby�
\boj_c�\�ihlhdZo�ijb�fZeuo�qbkeZo�Njm^Z��LZdZy�aZ^ZqZ�^h�kbo�ihj�g_�j_rZeZkv� 

P_evx� gZklhys_c� jZ[hlu� y\ey_lky� wdki_jbf_glZevgh_� bkke_^h\Zgb_� ijhp_kkZ�
h[jZah\Zgby�b�i_j_f_s_gby�\boj_c�\�ihlhdZo�ijb�fZeuo�qbkeZo�Njm^Z��Ijhp_kk�^he�
`_g�[ulv�hibkZg�k�ihfhsvx�iZjZf_ljh\��e_]dh�baf_jy_fuo�klZg^Zjlgufb�ijb[hjZfb� 
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Wdki_jbf_glu�ijh\h^bebkv�\�ijyfhf�dZgZe_� k�ijhajZqgufb�kl_gdZfb�^ebghc�
���f��rbjbghc� ��kf�k� aZfdgmluf�\h^hkgZ[`_gb_f��k�ih^Zq_c�\h^u�ba�[ZdZ�k�i_j_eb�
\hf��IeZ\gh_�baf_g_gb_�mdehgZ�^gZ�b�jZkoh^Z�\h^u�iha\heyeh�mklZgZ\eb\Zlv�g_h[oh�
^bfuc�ijh^hevguc�]jZ^b_gl�kdhjhklb�l_q_gby��Bgl_j\Ze�baf_g_gby�kdhjhklb�bkke_^h�
\Zgguo�ihlhdh\���–����kf�k��]em[bgu���� -����kf��qbkeh�J_cghev^kZ��hij_^_e_ggh_�ih�
]em[bg_�ihlhdZ�K�b�fZdkbfZevghc�\�ihi_j_qghf�k_q_gbb�kdhjhklb�X��f_gyehkv�hl�����
^h�������fZdkbfZevgh_�qbkeh�Njm^Z������GZ�^gh�dZgZeZ�meh`_g�kehc�i_kdZ�kh�kj_^gbf�
^bZf_ljhf� i_kqbgdb� ���ff��>ey� bkke_^h\Zgby� ihey� kdhjhklb� ihlhdZ� bkihevah\Zebkv�
kn_jbq_kdb_� qZklbpu� ihebklbjheZ� ^bZf_ljhf� ����kf� �iehlghklv� ����]�kf����I_j_f_�
s_gb_�rZjbdh\� aZibku\Zehkv�\b^_hdZf_jhc�q_j_a�[hdh\mx�kl_gdm�dZgZeZ�ijb�ki_pb�
Zevghc�ih^k\_ld_� �kdhjhklv�kt_fdb����dZ^jh\�\�k_dmg^m���Kdhjhklv�hkZ`^_gby�qZklbp�
[ueZ�g_kdhevdh�f_gvr_�kdhjhklb��jZkkqblZgghc�ih�nhjfme_�KlhdkZ��b�khklZ\eyeZ�����
kf�k��RZjbdb��^\b]Zxsb_ky�k�hkgh\guf�ihlhdhf��bf_eb�ijZdlbq_kdb�]hjbahglZevgu_�
ljZ_dlhjbb�� kf_s_gb_�ih� \_jlbdZeb�g_�ij_\urZeh� ��ff�gZ� jZ[hq_f�mqZkld_� ���� kf���
?keb�qZklbpu�aZo\Zlu\Zebkv�\bojyfb��lh�lj_db�khhl\_lkl\h\Zeb�oZjZdl_jm�i_j_f_s_�
gby�\boj_c��Ih�i_j_f_s_gbx�qZklbp�hl�dZ^jZ�d�dZ^jm�beb�ih�^ebg_�lj_dZ�hij_^_eyehkv�
ihe_�kdhjhklb�hkgh\gh]h�ihlhdZ��>h\_jbl_evguc�bgl_j\Ze�hij_^_e_gby�kdhjhklb�ihlh�
dZ�ih�i_j_f_s_gbx�qZklbp�khklZ\eye�����kf�k�^ey�^h\_jbl_evghc�\_jhylghklb������ 

<�j_amevlZl_�ijh\_^_gghc�k_jbb�wdki_jbf_glh\�ihemq_gu�ke_^mxsb_�j_amevlZ�
lu�� 

���GZ�jZafu\Z_fhf�^g_�ijyfh]h�dZgZeZ�ihklhygghc�rbjbgu�klZpbhgZjguc�lhj�
fhaysbcky�ihlhd�ijb�kdhjhklb���–����kf�k�nhjfbjm_l�]jy^u�aZ�kq_l�\ughkZ�i_kdZ�\bo�
jyfb��i_jbh^bq_kdb�hlju\Zxsbfbky�\�ijb^hgghf�keh_�ihlhdZ�gZ�h^bgZdh\hf�jZkklhy�
gbb� ^jm]� hl� ^jm]Z�� JZkklhygb_�f_`^m� ]j_[gyfb� ]jy^� lhqgh� jZ\gh� jZkklhygbx�f_`^m�
lhqdZfb�\ue_lZ�\boj_c�\�gZqZe_�ijhp_kkZ� 

���<h�\j_fy�nhjfbjh\Zgby�f_`^m�hkgh\guf�\boj_f�b�^ghf�aZ�kq_l�kbe�\yadhklb�
\hagbdZxl�^\Z�\bojy-kimlgbdZ��<bojb-kimlgbdb�aZo\Zlu\Zxl�i_khd��i_j_ghkyl�_]h�[_a�
\b^bfuo�ihl_jv�ljb�i_j_e_lZ��^\b]Zykv�\^hev�pbdehb^Zevghc�ljZ_dlhjbb�\f_kl_�k�hk�
gh\guf�\boj_f��<bojb�kimlgbdb��\jZsZykv�\hdjm]�h[s_]h�p_gljZ�bg_jpbb��aZdZgqb\Z�
xl�i_j\uc�h[hjhl�b�hdZau\Zxlky�f_`^m�hkgh\guf�\boj_f�b�^ghf�\�dhgp_�lj_lv_]h�i_�
j_e_lZ�kbkl_fu��<bojb�\ukuiZxl�\_kv�i_khd�kjZam��ijba_feyykv�\�dhgp_�lj_lv_]h�i_j_�
e_lZ��ijb�dhkhf�m^Zj_�\boj_c�kimlgbdh\�h�^gh� 

���Dhhj^bgZlZ�ahgu�\ue_lZ�\boj_c�hklZ_lky�g_baf_gghc��ihdZ�]em[bgZ�jZafu\Z�
g_�^hklb]Z_l�^bZf_ljZ�hkgh\gh]h�\bojy��aZl_f�\bojv�kf_sZ_lky�\gba�ih�ihlhdm��kgbfZy�
kehc�lhc�`_�lhesbgu��<�ahg_�\ukuiZgby�i_kdZ�\ukhlZ�gZfu\Z�jZkl_l�\^hev�hkb�o�� 

���Ijb\_^_gu�hp_ghqgu_�khhlghr_gby��iha\heyxsb_�ijh]ghabjh\Zlv�kdhjhklv�
jhklZ�b�nhjfm�gZqZevghc�]jy^u��ihdZ�]em[bgZ�dZgZ\db�g_�ij_\urZ_l�^bZf_ljZ�\bojy���
Kdhjhklv�jZafu\Z�m\_ebqb\Z_lky�ijb�m\_ebq_gbb�ijh^hevgh]h�]jZ^b_glZ�kdhjhklb�l_�
q_gby��I_j_f_s_gb_�ijbf_kb�\^hev�ih�ihlhdm�fh`gh�jZkkqblZlv��bkihevamy�e_]dh�ba�
f_jy_fu_�iZjZf_lju��fZdkbfZevgmx�kdhjhklv�b�ijh^hevguc�]jZ^b_gl�kdhjhklb�l_q_�
gby��jZaf_j�^hgghc�r_jhoh\Zlhklb� 

 
1. Molinas A. Transport of sediment in large sand-bed rivers.// J. of Hydraulic Re-

VHDUFK��������9����������J�����-146. 
4. F_evgbdh\Z� H�G��Nhjfbjh\Zgb_� ]jy^� gZ� ^g_� ijyfh]h� dZgZeZ� ihlhdhf� kh�

k\h[h^ghc�ih\_joghklvx���Ba\��J:G��NbabdZ�Zlfhkn_ju�b�hd_ZgZ��������L��
��������K�����-690. 
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M>D���������������� 

<EBYGB?�F:KEYGUO�IE?GHD�G:�>J?CNH<MX�KDHJHKLV 

;h]Zgh\�?�<���Dhjg_\�F�F�� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

Ijh]gha� jZkijhkljZg_gby�ih\_joghklgh]h� aZ]jyag_gby� \�hd_Zg_��j_r_gb_�nmg�
^Zf_glZevguo�ijh[e_f�]_g_jZpbb�b�mkbe_gby�\heg�\_ljhf�lj_[mxl�hij_^_e_gby�\_ljh�
\h]h�^j_cnh\h]h� l_q_gby��>h�gZklhys_]h�\j_f_gb�khklZ\eyxsZy�^j_cnh\hc�kdhjhklb�
udr��k\yaZggZy�k�kbehc�lj_gby��bamq_gZ�hq_gv�keZ[h�\�hlebqb_�hl�\hegh\hc�khklZ\eyx�
s_c��<_ljh\u_�\hegu�gZ�\h^_�h[uqgh�\hagbdZxl�h^gh\j_f_ggh�k�ihy\e_gb_f�l_q_gby��
h[mkeh\e_ggh]h�kbeZfb�\yadhklb��Mkeh\by�h[l_dZgby�\hegu�\_ljhf�jZaebqgu�gZ�gZ\_l�
j_gghf�b�ih^\_lj_gghf�kdehg_��\�i_j\hf�kemqZ_�ihlhd�\ha^moZ�mkdhjy_lky�\�gZijZ\e_�
gbb� ^\b`_gby�� Z� \h� \lhjhf� -� aZf_^ey_lky�� <� j_amevlZl_� aZf_^e_gby� l_q_gby� gZ�
ih^\_lj_gghf�kdehg_�ijhbkoh^bl�hlju\�\boj_c��ijb\h^ysbc�d�kgb`_gbx�kbeu�lj_gby��
<� >�@� ihdZaZgh�� qlh� qZklhlZ� hlju\Z� \boj_c� ijhihjpbhgZevgZ� kdhjhklb� \_ljZ��
ijh^hevghfm�]jZ^b_glm�kdhjhklb�b��khhl\_lkl\_ggh��djmlbag_�\hegu��DjmlbagZ�\hegu�
fh`_l� f_gylvky� \� rbjhdbo� ij_^_eZo� ijb� aZ^Zgghc� kdhjhklb� \_ljZ�� <hafh`gh�� qlh�
ihwlhfm� bgl_j\Zeu� baf_j_gguo� agZq_gbc� ^j_cnh\hc� kdhjhklb� ^ey� h^ghc� b� lhc� `_�
kdhjhklb�\_ljZ�\_kvfZ�rbjhdb��Baf_j_gby�^j_cnh\hc�kdhjhklb��hkj_^g_gghc�ih�^ebg_�
\hegu��\�gZlmjguo�b�eZ[hjZlhjguo�bkke_^h\Zgbyo�ihdZau\Zxl��qlh�hlghr_gb_�udr⋅u-1 
khklZ\ey_l�ih�jZaguf�bklhqgbdZf�hl�������^h������>�-�@��<�gZlmjguo�mkeh\byo�gZ�jZa\b�
lb_�^j_cnh\h]h�l_q_gby�hdZau\Z_l�^hihegbl_evgh_�\ebygb_�lhgdb_�fZkeygu_�ie_gdb��<�
>�@� ihdZaZgh�� qlh� hlghr_gb_� ^j_cnh\hc� kdhjhklb� d� kdhjhklb� \_ljZ� hij_^_ey_lky�
l_fi_jZlmjhc� kj_^�� hlghr_gb_f� lhesbgu� ijb\h^gh]h� kehy� \ha^moZ� k� ebg_cguf�
\_jlbdZevguf�ijhnbe_f�kdhjhklb�d�lhesbg_�lZdh]h�`_�kehy�\�`b^dhklb�b�hlghr_gb_f�
^bgZfbq_kdhc� \yadhklb� \ha^moZ� d� ^bgZfbq_kdhc� \yadhklb� `b^dhklb�� Ihemq_gZ�
aZ\bkbfhklv� lhesbgu� wlbo� keh_\� hl� kdhjhklb� \_ljZ� ^ey� mklZgh\b\r_]hky� l_q_gby��
H^gZdh�\ebygb_�fZkeyguo�ie_ghd�gZ�^j_cnh\mx�kdhjhklv�^h�kbo�ihj�bkke_^h\Zgh�g_�
[ueh� P_evx�gZklhys_c�jZ[hlu�y\ey_lky�bamq_gb_�^j_cnh\h]h�l_q_gby��\hagbdZxs_]h�
gZ� ]eZ^dhc�ih\_joghklb�\h^u�ijb�gZebqbb� lhgdbo�fZkeyguo�ie_ghd�\�klZpbhgZjguo�
ihlhdZo�\ha^moZ�\�eZ[hjZlhjbb��LhesbgZ�ie_ghd�g_�f_g__�q_f�gZ�ihjy^hd�f_gvr_�lhe�
sbgu�\yadh]h�kehy�\h^u� 

Bkke_^h\Zgby�ijh\h^bebkv� \�ijhajZqghf�dZgZe_�ba�hj]Zgbq_kdh]h� kl_deZ�^eb�
ghc�����f��rbjbghc������kf��\ukhlhc����kf��bf_xs_]h�gZ�\uoh^_�jZkrbj_gb_�^h����kf�
^ey�]Zr_gby�\hafms_gbc��<ukhlZ�\ha^mrgh]h�kehy�gZ^�\h^hc�gZ�\oh^_�\�dZgZe�jZ\gZ����
kf��<ha^mo�ihklmiZ_l�gZ�\oh^�\�dZgZe�q_j_a�khlh\mx�j_r_ldm��kem`Zsmx�^ey�kha^Zgby�
iZjZee_evgh]h�ihlhdZ�\ha^moZ��J_r_ldZ�khklhbl�ba�pbebg^jh\�^bZf_ljhf�����kf��^eb�
ghc���kf��LhesbgZ�kl_ghd�pbebg^jZ�jZ\gZ���ff��>ey�baf_j_gby�kdhjhklb�ihlhdZ�\h^u�
bkihevah\Zebkv�rZjbdb�ihebklbjheZ�iehlghklvx������]⋅kf-3

�b�i_ghieZklZ��I_j_f_s_�
gb_� ljZkk_jh\� kgbfZehkv� gZ� \b^_hdZf_jm� kh� kdhjhklvx� ��� dZ^jh\� \� k_dmg^m��FZeu_�
agZq_gby� ^j_cnh\hc� kdhjhklb� baf_jyebkv� ih� i_j_f_s_gbx� qZklbp� hl� dZ^jZ� d� dZ^jm��
>ey�bkke_^h\Zgby�kdhjhklb�\ha^mrgh]h�ihlhdZ�bkihevah\Zehkv�ihemijh\h^gbdh\h_�kh�
ijhlb\e_gb_����dHf��\�\b^_�rZjbdZ�k�^bZf_ljhf�����ff��H^gh�khijhlb\e_gb_�i_j_]j_�
\Zehkv�hlghkbl_evgh�kj_^u�b�bkihevah\Zehkv�^ey�baf_j_gby�kdhjhklb��GZ�jZkklhygbb�
����kf� �\^hev�ihi_j_qghc�hkb��hl�i_j\h]h�ihf_sZehkv�\lhjh_��oheh^gh_��khijhlb\e_�
gb_� ^ey� baf_j_gby� l_fi_jZlmju� hdjm`Zxs_]h� \ha^moZ�� lZd� dZd� khhlghr_gb_� f_`^m�
kb]gZehf�b�kdhjhklvx�\ha^moZ�aZ\bk_eh�hl�l_fi_jZlmju�kj_^u��K[hj�^Zgguo�ijh\h^be�
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ky�gZ�ID�k�ihfhsvx�:PI�ieZlu�k�\oh^guf�khijhlb\e_gb_f�����hf��>h\_jbl_evguc�
bgl_j\Ze� hij_^_e_gby� kdhjhklb� \ha^moZ� ^ey� \_jhylghklb� ����� khklZ\eye� ���� kf⋅k-1

��<�
wdki_jbf_gl_�baf_jyeZkv�kdhjhklv�\_ljZ�gZ����\_jlbdZeyo��jZkiheh`_gguo�ih�p_gljm�
dZgZeZ�gZ�jZkklhygbb� ���kf�^jm]�hl�^jm]Z��Baf_j_gby�kdhjhklb�ijh\h^bebkv�k�rZ]hf�
����kf�ih�\_jlbdZeb�\ur_�ijbih\_joghklgh]h�kehy�k�ebg_cguf�jZkij_^_e_gb_f�kdhjh�
klb��<gmljb� wlh]h� kehy�baf_j_gby�ijh\h^bebkv� k�rZ]hf� ����ff��Baf_j_gby�ijh\h^b�
ebkv�\�bgl_j\Ze_�agZq_gbc�kdhjhklb�\_ljZ�gZ�\oh^_�\�dZgZe�����f⋅k-1

�Baf_j_gby�ijh\h�
^bebkv�ijb�gZebqbb�fZkeyghc�ie_gdb� �ih^kheg_qgh_�fZkeh�� lhesbghc� ���� ����b� ����
fdf� 

<�j_amevlZl_�ijh\_^_ggh]h�bkke_^h\Zgby�ihemq_gu�ke_^mxsb_�j_amevlZlu� 
H[gZjm`_gh��qlh��_keb�\�hlkmlkl\bb�ie_gdb�\�ih\_joghklghf�keh_�\h^u�kms_kl�

\m_l�dhg\_dpby��lh�hgZ�bkq_aZ_l�ijb�gZebqbb�fZkeyghc�ie_gdb� 
>j_cnh\Zy�kdhjhklv�gZ�]eZ^dhc�ih\_joghklb�\h^u�kgb`Z_lky�ijb�gZebqbb�fZk�

eyghc�ie_gdb� 
Mf_gvr_gb_� ^j_cnh\hc� kdhjhklb� ijb� gZebqbb� fZkeyghc� ie_gdb� ijhihjpbh�

gZevgh�lhesbg_�ie_gdb� 
 

�

���

�

���
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���

�

� �� ��� ��� ���

lhesbgZ fZkeZ �fdf�
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h
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h
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Baf_g_gb_�^j_cnh\hc�kdhjhklb�ijb�gZebqbb�fZkeyghc�ie_gdb�hij_^_ey_lky�ba�
f_g_gb_f�\yadhklb�`b^dhklb�b�baf_g_gb_f�lhesbgu�\yadh]h�kehy�k�ebg_cguf�jZkij_�
^_e_gb_f�kdhjhklb�ih�\_jlbdZevghc�dhhj^bgZl_� 
 

1. <hedh\�I�X���FZjlugh\� K�E���F_evgbdh\Z�H�G�b� ^j��Hp_gdZ� ^_nhjfZpbb�
ih\_joghkl_c�\h^u�b�i_kdZ�\�\_ljh\hf�dZgZe_����Ba\��:G��NbabdZ�Zlfhkn_ju�
b�hd_ZgZ��������L����������K�����-841. 

2. Caulliez G., Ricci N., Dupont R. On the coupling between the initial wind wave 
growth and the drift current structure.// in The air-sea interface. Eds. by Donelan 
M. A., Hui W.H., Plant W.J., The University of Toronto Press. Toronto. 1996. P. 
27-34. 

3. Huang N.E. Laboratory investigation of ocean surface roughness generation. 
//A.Brandt, S.E. Ramberg, M.F. Shlesinger (eds). Nonlinear Dynamics of ocean 
waves. World Scientific Press. 2001 Singapore. P. 128-149. 

4. Zhang X., Harrison S. A laboratory observation of the surface temperature and ve-
locity distributions on a wavy and windy air-water interface.// Phys. Fluids. 2004. 
V. 16. N1. P. L5-L8. 

5. B\Zgh\Z�B�G���F_evgbdh\Z�H�G���Bev]bkhgbk�B�<���IhdZa__\�D�<��>j_cnh\h_�
l_q_gb_�gZ�]eZ^dhc�ih\_joghklb�\h^u�\�ihlhd_�\ha^moZ����Ba\��J:G��NbabdZ�
Zlfhkn_ju�b�hd_ZgZ��������L����������K�����-856. 
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M>D���������������� 

WDKI?JBF?GL:EVGH?�BKKE?>H<:GB?�<?LJH<UO�<HEG�G:�
G:Q:EVGHC�KL:>BB�BO�J:A<BLBY 

Dhjg_\�F�F���Gb\bgZ�L�:���;h]Zgh\�?�<� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

GZb[he__�jZkijhkljZg_gguf�\b^hf�^\b`_gby�\h^u�\�fhjyo�b�hd_ZgZo�y\eyxlky�
\hegu��dhlhju_�hdZau\Zxl�kms_kl\_ggh_�\ebygb_�gZ�hilbq_kdb_��Zdmklbq_kdb_��l_ieh�
\u_�b�^jm]b_�nbabq_kdb_�y\e_gby��Ihwlhfm�bkke_^h\Zgby�fhjkdh]h�\heg_gby�ij_^klZ\�
eyxl�[hevrhc�bgl_j_k�^ey�nbabdb�fhjy�\�p_ehf��GZ[ex^_gby�ijhp_kkZ�aZjh`^_gby�b�
jZa\blby�\_ljh\uo�\heg�ihdZau\Zxl��qlh�\�h[eZklb�]_g_jZpbb�\hagbdZxl�dhjhldb_�\he�
gu�k�iZjZee_evgufb�]j_[gyfb��?keb�\_ljh\hc�ihlhd�gZijZ\e_g�kljh]h�]hjbahglZevgh�
ih� ih\_joghklb� \h^u�� lh� \hegu� ]_g_jbjmxlky� pbebg^jbq_kdbfb� \bojyfb�� k\hjZqb�
\Zxsbfbky� b� hlju\Zxsbfbky� m� ih\_joghklb� gZ� jZ\guo� jZkklhygbyo� ^jm]� hl� ^jm]Z��
>ebgZ�ihemqb\rboky�\heg�jZ\gZ�jZkklhygbx�f_`^m�lhqdZfb�hlju\Z�\boj_c��ih�i_jbh�
^m�hlju\Z�\boj_c�fh`gh�jZkkqblZlv�i_jbh^�b�nZah\mx�kdhjhklv�\hegu��<hegu�^\b]Z�
xlky�\^hev�\_ljh\h]h�ihlhdZ��bo�Zfieblm^Z��\hegZ�b�nZah\Zy�kdhjhklv�m\_ebqb\Zxlky�
aZ�kq_l�g_jZ\ghf_jgh]h�jZkij_^_e_gby�^Z\e_gby�\^hev�\hegu�� 

<�eZ[hjZlhjbb�dZn_^ju�nbabdb�fhjy�b�\h^�kmrb�[ue�ijh\_^_g�jy^�wdki_jbf_g�
lh\�ih�mkbe_gbx�\_ljh\uo�\heg�\�mkeh\byo�qbklhc�ih\_joghklb�\h^u�b�k�ie_gdhc�ba�
jZklbl_evgh]h�fZkeZ��Ba\_klgh��qlh�ie_gdZ�gZ�ih\_joghklb�\h^u�aZf_^ey_l�jhkl�\heg�b�
ij_iylkl\m_l�]_g_jZpbb�g_[hevrbo�dZibeeyjguo�\heg��Oh^�wdki_jbf_glZ�[ue�aZnbd�
kbjh\Zg�gZ� \b^_hdZf_jm�� qlh�iha\hebeh�ih�dZ^jZf�\b^_haZibkb�hij_^_eblv�\k_�iZjZ�
f_lju�\hegu��jZkkqblZlv�^Z\e_gb_�gZ�kdehgu�b�gZ[ex^Zlv�\ebygb_�g_ebg_cguo�wnn_d�
lh\� gZ� mkbe_gb_� \hegu��<� gZqZe_� jZa\blby� \hegu� gZ[ex^Z_lky� j_adbc� jhkl�nZah\hc�
kdhjhklb��^ebgu�b�Zfieblm^u�\hegu��<�hij_^_e_gguc�fhf_gl�\j_f_gb�jhkl�\k_o�oZ�
jZdl_jbklbd�aZf_^ey_lky��qlh�k\yaZgh�k�g_ebg_cgufb�wnn_dlZfb�� 

<i_j\u_�[ueZ�wdki_jbf_glZevgh�bkke_^h\ZgZ�lhgdZy�kljmdlmjZ�ihey�kdhjhklb�\�
ih]jZgbqguo�kehyo�ihlhdh\�\h^u�b�\ha^moZ�\�h[eZklb�mkbe_gby� aZjh^b\rboky�\_ljh�
\uo�\heg��GZ�gZ\_lj_gghf�kdehg_�\hegu�h[gZjm`_g�fZdkbfmf�^j_cnh\hc�kdhjhklb�\h�
^u�b�kh\iZ^_gb_�kdhjhklb�\ha^moZ�b�^j_cnh\hc�kdhjhklb�gZ�ijb\h^ghc�ebgbb�lhdZ��GZ�
aZ\_lj_gghf� kdehg_� \hegu� h[gZjm`_g� fbgbfmf� ^j_cnh\hc� kdhjhklb� b� hlebqgh_� hl�
^j_cnh\hc�kdhjhklb�\h^u�kj_^g__�ih�\j_f_gb�agZq_gb_�kdhjhklb�\_ljZ�gZ�ijb\h^ghc�
ebgbb�lhdZ��Hkh[_gghklb�ihey�kdhjhklb�\�\h^_�b�\ha^mo_�\�ahg_�lhjfh`_gby�\_ljh\h]h�
ihlhdZ�h[mkeh\e_gu�i_jbh^bq_kdhc�hklZgh\dhc�ijb\h^gh]h�kehy��Ijhbkoh^bl�h[jZah�
\Zgb_�pbebg^jbq_kdbo�\boj_c�b�bo�hlju\�� 

<� dZq_kl\_� hkgh\gh]h� j_amevlZlZ� ke_^m_l� \u^_eblv� ^Zggu_� ih� jZkij_^_e_gbx�
^Z\e_gby�\^hev�\hegu��_keb�ihemq_ggh_�jZkij_^_e_gb_�jZaeh`blv�dZd�nmgdpbx�\�jy^��lh�
ihemq_ggZy� nmgdpby� hdZau\Z_lky� k^\bgmlhc� hlghkbl_evgh� nZau� \hegu� gZ� π����� qlh�
ijb\h^bl�d�mkbe_gbx�\heg��Hkgh\ghc�\deZ^�\�ihgb`_gb_�^Z\e_gby�gZ�i_j_^g_f�kdehg_�
\hegu�\ghkyl�\hafms_gby��k\yaZggu_�k� �jZaghklvx�^j_cnh\hc�kdhjhklb�\h^u�b� �kj_^�
g_c�kdhjhklb�\ha^moZ�gZ�ebgbb�lhdZ��ijbe_]Zxs_c�d�ih\_joghklb�\h^u��Ihy\eyxsZyky�
\lhjZy� ]ZjfhgbdZ� aZf_^ey_l� jhkl� iZjZf_ljh\� \hegu��Bkke_^h\Zgh� \ebygb_�fZkeyghc�
ie_gdb�gZ�jhkl�\heg��Jhkl�Zfieblm^u�gZ[ex^Z_lky�ih�\k_c�^ebg_�ihlhdZ��<b^gh��qlh�
fZkeygZy� ie_gdZ� jZaebqghc� lhesbgu� g_� \eby_l� gZ� jhkl� \heg� \� ebg_cghf� ^bZiZahg_��
Ijb�hlkmlkl\bb�ie_gdb�\b^_g�yjdh�\ujZ`_gguc�g_ebg_cguc�jhkl�\heg�\�^bZiZahg_�hl�
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o� ����^h������kf��K�fZkeyghc�ie_gdhc�g_ebg_cguc�jhkl�g_�gZ[ex^Z_lky��b�ijb�m\_eb�
q_gbb�__�lhesbgu�gZ[ex^Z_lky�iZ^_gb_�Zfieblm^u�k�^ebghc�ihlhdZ� 
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M>D�����������������4; 537.86 

KL:LBKLBQ?KDBC�:G:EBA�<?C<E?L-KI?DLJH< 
BHGHKN?JGUO�KB=G:EH<�KBKL?FU�GPS 

Ab_gdh�:�K����AZoZjh\�<�B�� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

<�jy^_�h[eZkl_c�]_hnbabdb�lj_[m_lky�h[jZ[hldZ�b�ZgZeba�ehdZevghc�kljmdlmju�
keh`gh]h�bkke_^m_fh]h�ijhp_kkZ��gZijbf_j��ihe_c�jZaebqguo�iZjZf_ljh\�ijbjh^guo�
kj_^��g_klZpbhgZjguo�\h�\j_f_gb�b�g_h^ghjh^guo�\�ijhkljZgkl\_��<�jy^_�kemqZ_\�j_�
amevlZl�fh`_l�kh^_j`Zlv�g_�lhevdh�jZkij_^_e_gb_�wg_j]bb�\�ki_dlj_�kb]gZeZ��gh�b�k\_�
^_gby�h�\j_f_gb�ihy\e_gby�hij_^_e_gguo�qZklhlguo�khklZ\eyxsbo��<�gZklhys__�\j_�
fy� ^ey� wlbo� p_e_c� qZklh� klZeb� ijbf_gylv� fZl_fZlbq_kdbc� ZiiZjZl� \_c\e_l-ZgZebaZ�
[1,2].  

KlZlbklbq_kdZy�f_lh^bdZ�ZgZebaZ 
H[uqgh� i_jbh^bq_kdb_� khklZ\eyxsb_� kb]gZeh\� hp_gb\Zxl� ih� jZkiheh`_gbx�

fZdkbfmfh\�b�fbgbfmfh\�\�k_q_gbyo�ih�fZkrlZ[ghfm�dhwnnbpb_glm� �ZgZeh]m�qZklh�
lu��\_c\e_l-ij_h[jZah\Zgby�kb]gZeZ��Ihwlhfm�fu�ij_^eZ]Z_f�klZlbklbq_kdbc�ih^oh^�\�
h[jZ[hld_�\_c\e_l-ki_dljh\��ijbq_f�ih^� ³fbgbfZevghc´�i_jbh^bdhc� �b��ke_^h\Zl_ev�

��� fdf 

��� fdf 
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gh�� �\j_f_gguf�jZaj_r_gb_f��ihgbfZ_lky�jZaf_j�yq_cdb�]bklh]jZffu��bkihevam_fhc�
^ey��h[jZ[hldb��>ey�bhghkn_jguo�kb]gZeh\�wlhl�iZjZf_lj�_kl_kl\_ggh�\u[bjZlv�ba�nb�
abq_kdbo�khh[jZ`_gbc��b�hg�khklZ\ey_l�g_�f_g__��«��fbg�� 

Ij_^eh`_ggZy�f_lh^bdZ�hijh[h\ZgZ�gZ�l_klh\uo�kb]gZeZo�k�jZagufb�mjh\gyfb�
rmfZ� b� j_Zevguo� kb]gZeZo� kbkl_fu� *36�� �F_lh^bdZ� m\_j_gg__� \u^_ey_l� \ukhdhqZk�
lhlgu_�dhfihg_glu�b�^Z_l�koh^gu_�j_amevlZlu�ijb�bkihevah\Zgbb�ZDYH-�b�PKDW-��\_c\�
e_lh\�� KhojZgyxlky� baeh`_ggu_� aZ\bkbfhklb� \_jhylghklb� ihy\e_gby� kljmdlmju� hl�
rmfZ�� 

:gZeba�^Zgguo�gZ\b]Zpbhgghc�kbkl_fu�*36 
Ijbgylh� kqblZlv� >���@�� qlh� oZjZdl_jgu_� qZklhlu� \ha[m`^Z_fuo� \� Zlfhkn_j_�b�

bhghkn_j_�Zdmklbdh-]jZ\blZpbhgguo�\heg��:=<��e_`Zl�\�^bZiZahg_�a��������P=p�-�qZk�
lhlu� ;j_glZ-<yckyey� � ^ey� lbibqguo� mkeh\bc� Zlfhkn_ju�bhghkn_ju��Bkihevah\Zgb_�
kb]gZeh\�gZ\b]Zpbhgghc�kbkl_fu�*36�^Z_l�\hafh`ghklv�\u^_eylv�\hafms_gby�\�bhgh�
kn_j_�gZ�nhg_�j_]meyjguo�baf_g_gbc�gZ�hkgh\_�lhqguo�nZah\uo�baf_j_gbc�>�-�@��j_]b�
kljbjm_fuo�gZ[ex^Zl_evghc�k_lvx� IGS. (International Geophysic Service). >Zggu_�bf_�
xl� \j_f_ggh_� jZaj_r_gb_� � ��� k_d�� qlh� iha\hey_l� bkke_^h\Zlv� jZaebqgu_� i_jbh^bdb�
kb]gZeZ��dhlhju_�ijbgylh�k\yau\Zlv�k�hij_^_e_ggufb�ijhp_kkZfb�\�bhghkn_j_� � >���@��
F_lh^�\u^_e_gby�bhghkn_jguo�kljmdlmj� >�-�@�hkgh\Zg�gZ�hij_^_e_gbb�\ZjbZpbc�ihe�
gh]h�we_dljhggh]h�kh^_j`Zgby��IWK��ijb�bkihevah\Zgbb�dhf[bgZpbb�j_]bkljbjm_fuo�
nZa�/��b�/���Bkke_^h\Zgby��ihdZau\Zxl��qlh�\�kbkl_f_�*36�hrb[dZ�\�hij_^_e_gbb�ba�
f_g_gby�7(&�g_�ij_\urZ_l����������qlh�fh`_l�kem`blv�hp_gdhc�\_ebqbgu�Z^^blb\gh�
]h�rmfZ�� 

:gZeba� ij_^eh`_gghc� f_lh^bdb� ihdZau\Z_l� __� Z^_d\Zlghklv� ki_dljZevghfm�
ih^oh^m� b� kh\iZ^_gb_� �\� ij_^_eZo� lhqghkl_c� h[hbo� f_lh^h\�� qZklhlgh]h� iheh`_gby�
fZdkbfmfh\��\u^_e_gguo�mdZaZggufb�f_lh^Zfb��Ijb�wlhf�hq_\b^gu�ljm^ghklb�ki_d�
ljZevgh]h�\u^_e_gby�^ey�gbadbo�qZklhl� 

>hihegbl_evguc� ZgZeba� ihdZau\Z_l�� qlh� \_c\e_l-ij_h[jZah\Zgb_� \hafh`gh�
ijbf_gylv�b�d�kb]gZeZf��kh^_j`Zsbf�djZldh\j_f_ggu_� �^h� ��fbg��k[hb�\�^Zgguo��<�
wlhf�kemqZ_�ki_dljZevguc�ZgZeba�g_�^Z_l�j_amevlZlh\��Z�\_c\e_l-ki_dlj�kh^_j`bl�bg�
nhjfZpbx�h�oZjZdl_jguo�i_jbh^bdZo��^_ckl\mxsbo�\�kb]gZe_��<u[hj�ihjh]h\uo�agZ�
q_gbc� \� wlhf� kemqZ_� ihfh]Z_l� b]ghjbjh\Zlv� ^Zggu_�� k\yaZggu_� g_ihkj_^kl\_ggh� kh�
k[h_f� 

Baeh`_ggu_� f_lh^bdb� j_Zebah\Zgu� \� jZajZ[hlZgghf� Z\lhjZfb� dhfie_dk_� >�@�
CRASS (Complex Region Analysis Satellite Signals) GPS –�dhfie_dkgh]h�j_]bhgZevgh]h�
ZgZebaZ�kimlgbdh\uo�kb]gZeh\�*36�� 
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4. Hocke K., Schlegel K.  Ann. Geophys. 1996. V. 14. N 5.  917. 
5. Hoffmann-Wellenhof B., Lichtenegger H., Collins J. Global Positioning System : 
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M>D�����������������1.1 

WDKI?JBF?GL:EVGH?�BKKE?>H<:GB?�W<HEXPBB 
<?K?GG?=H�L?JFH;:J:� 

Eudh\�:�<���Kheh\v_\�>�:���;ehobgZ�G�K� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

L_jfbq_kdbc�[Zj� -� ]b^jhnjhgl��hjb_glbjh\Zgguc�\^hev�[_j_]h\hc�ebgbb�\h^�
guo�Zd\Zlhjbc��dhlhjuc�\hagbdZ_l�\�i_jbh^�\_k_gg_]h�ijh]j_\Z�b�hk_gg_]h�hoeZ`^_gby�
>�@��D�bamq_gbx�wlh]h�]b^jh^bgZfbq_kdh]h�y\e_gby�ijhy\ey_lky�agZqbl_evguc�bgl_j_k��
Bkke_^h\Zgby�\�hkgh\ghf��ghkyl�l_hj_lbq_kdbc�oZjZdl_j��b�ebrv�g_[hevrh_�qbkeh�jZ�
[hl�ihk\ys_gh�wdki_jbf_glm� >�@��<�gZklhys_c�jZ[hl_�klZ\blky�aZ^ZqZ�kha^Zlv�eZ[hjZ�
lhjgmx�fh^_ev� l_jfbq_kdh]h�[ZjZ�^ey� wdki_jbf_glZevgh]h�bkke_^h\Zgby�f_oZgbafh\�
_]h�\hagbdgh\_gby�b�^bgZfbdb�jZa\blby� 

EZ[hjZlhjgZy� mklZgh\dZ� ^ey� j_r_gby� ihklZ\e_gguo� aZ^Zq� ij_^klZ\ey_l� kh[hc�
ijyfhm]hevguc�[Zkk_cg�ba�kl_deZ�^ebghc�����f�b�rbjbghc�����f��>gh�[Zkk_cgZ�\�ijh�
^hevghf�gZijZ\e_gbb�bf_eh�gZdehg��m]he� � �dhlhjh]h�dhlhjuc�fh`gh�[ueh�baf_gylv�\�
ij_^_eZo����÷150). AZeb\Z_fZy�\�[Zkk_cg�\h^Z��ijb�nbdkbjh\Zgghf�gZdehg_�^gZ��h[jZ�
ah\u\ZeZ�debg��>ey�ij_^hl\jZs_gby�l_iehhl^Zqb�^gh�b�kl_gdb�[Zkk_cgZ�bahebjh\Zebkv�
i_ghieZklhf��Ihlhd�l_ieZ�4�gZ�\h^gmx�ih\_joghklv�kha^Z\Zeky�we_dljbq_kdbfb�eZf�
iZfb�>JE-���� \� ^bZiZahg_� ��Â��-3 ÷ 10Â��-���DZeeÂkf�k��>ey� baf_j_gby� l_fi_jZlmju�
bkihevah\ZeZkv�]j_[_gdZ�l_jfh^Zlqbdh\��kh_^bg_gguo�k�i_jkhgZevguf�dhfivxl_jhf��\�
dhlhjhf�gZdZieb\Z_lky�fZkkb\�agZq_gbc�l_fi_jZlmju�\�jZaebqguo�lhqdZo�\h^ghc�kj_�
^u� 

L_fi_jZlmjZ�baf_jyeZkv�gZ�ijh^hevghf�jZaj_a_��ijhoh^ys_f�ihkj_^bg_�[Zkk_c�
gZ��JZkklhygb_�f_`^m�khk_^gbfb�lhqdZfb��\�dhlhjuo�\uihegyehkv�l_fi_jZlmjgh_�ahg�
^bjh\Zgb_��\Zjvbjh\Zehkv��<�h^ghjh^guo��ih�l_fi_jZlmj_�h[eZklyo�l_jfh^Zlqbdb��jZk�
iheZ]Zebkv�^jm]�hl�^jm]Z�gZ�jZkklhygbb�����÷ 20) kf��<�ahg_�l_jfbq_kdh]h�[ZjZ��l_fi_�
jZlmjgu_�baf_j_gby�ijh\h^bebkv�k�ijhkljZgkl\_gguf�bgl_j\Zehf������÷ 2,5) kf��GZjy�
^m�k�baf_j_gbyfb�l_fi_jZlmju�\uihegyebkv�\bamZevgu_�gZ[ex^_gby�aZ�i_j_f_s_gb_f�
\h^guo�fZkk��<�dZq_kl\_�ljZkk_jh\�bkihevah\Zebkv�djbklZeeu�fZj]Zgp_\h-dbkeh]h�dZ�
eby��dhlhju_��hk_^Zy��hklZ\eyeb�\�lhes_�\h^u�lhgdb_�ke_^u��bkdjb\ey\rb_ky�ih^�\eby�
gb_f�l_q_gbc�� 

Ko_fZ� wdki_jbf_glh\�[ueZ�ke_^mxs_c��I_j_^�gZqZehf�hiulh\�[Zkk_cg�gZihe�
gyeky� \h^hijh\h^ghc� \h^hc��>ey� mkljZg_gby� l_fi_jZlmjguo�g_h^ghjh^ghkl_c� \h^Z� \�
[Zkk_cg_�� ihke_� _]h� aZiheg_gby� f_edbfb� dmkhqdZfb� ev^Z�� i_j_f_rb\ZeZkv��Ih� f_j_�
lZygby�ev^Z�l_fi_jZlmjZ�\h^u�ihgb`ZeZkv�^h�agZq_gbc�L����K��Ihke_�wlh]h�\dexqZe�
ky��eZfih\uc�gZ]j_\�\h^ghc�ih\_joghklb�b�\oh^�kb]gZeh\�k�l_jfh^Zlqbdh\�gZ�dhfivx�
l_j�� 

AZf_ju�l_fi_jZlmju�ihdZaZeb��qlh�m`_�q_j_a����-���fbg��ihke_�gZqZeZ�ijh]j_\Z�
\h^u�\�[Zkk_cg_��\hagbdZeZ�j_adZy�]jZgbpZ�jZa^_eZ�f_`^m�ahgZfb�ijh]j_lhc�b�oheh^�
ghc�\h^hu��dhlhjZy�hlq_leb\h�ijhke_`b\ZeZkv�ih�hjb_glZpbb�q_luj_o]jZ^mkghc�bah�
l_jfu��K�l_q_gb_f�\j_f_gb�ijh]j_lZy�h[eZklv��h]jZgbq_ggZy�bahl_jfhc���K��aZo\Zlu�
\ZeZ�\k_�[hevrmx�qZklv�debgZ��L_fi_jZlmjZ�\h^u�\�l_iehc�h[eZklb�debgZ�k�]em[bghc�
m[u\ZeZ�wdkihg_gpbZevgh��Z�\_jlbdZevgu_�l_fi_jZlmjgu_�]jZ^b_glu�mf_gvrZebkv�ih�
f_j_�ijh^\b`_gby�d�ahg_�l_jfbq_kdh]h�[ZjZ�� 
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GZ[ex^_gby� aZ� i_j_f_s_gbyfb� ljZkk_jZfb� gZ� \h^ghc� ih\_joghklb� ihdZaZeb��
qlh� \� l_iehc�b� oheh^ghc� h[eZklyo� hl^_evgh� jZa\b\Zebkv� aZfdgmlu_�pbjdmeypbhggu_�
yq_cdb� k� ]hjbahglZevgufb� hkyfb�� hjb_glbjh\Zggufb� \^hev� ebgbb� [ZjZ�� Kdhjhklb�
^\b`_gby� \h^guo� fZkk� \� yq_cdZo�� hp_g_ggu_� k� ihfhsvx� ljZkk_jh\�� g_� ij_\urZeb�
(0,05÷ 0,1) kf�k� 

<�j_amevlZl_�\uiheg_gguo�hiulh\�\uy\e_gu�^\_�nZau�\�ijhp_kk_�gZijZ\e_ggh�
]h�\�klhjhgm�gZdehgZ�kf_s_gby�ebgbb�[ZjZ�\�debg_�ij_kghc�\h^u��i_j\Zy�—�©[ukljZyª��
b�\lhjZy�—� ©f_^e_ggZyª��?keb�mq_klv��qlh�ihlhd�l_ieZ�q_j_a�k\h[h^gmx�ih\_joghklv�
\h^u� \� eZ[hjZlhjghc� mklZgh\d_� g_�f_gyeky� \� ij_^_eZo� h^gh]h� hiulZ�� wlhl� j_amevlZl�
k\b^_l_evkl\m_l� h� kgb`_gbb� jheb� ]hjbahglZevghc� Z^\_dpbb� l_ieZ�ih�f_j_� kf_s_gby�
ebgbb�l_jfbq_kdh]h�[ZjZ��Kf_gZ�©[ukljhcª�nZau�gZ�©f_^e_ggmxª�oZjZdl_jbam_lky�bk�
djb\e_gb_f�\�\_jlbdZevghc�iehkdhklb�njhglZevgh]h�jZa^_eZ�f_`^m�pbjdmeypbhggufb�
yq_cdZfb��gZiheaZgb_f�yaudZ�l_iehc�\h^u�gZ�gb`gbc�oheh^guc�kehc��b�mkbe_gb_f��6-
h[jZaghklb�wixj�kdhjhklb�l_q_gby�\�h[eZklb�hdheh�[ZjZ��Ih^h[guc�oZjZdl_j�baf_g_�
gby�kj_^g_c�kdhjhklb�kf_s_gby�l_jfbq_kdh]h�[ZjZ�ih^l\_j`^Z_lky�kimlgbdh\ufb�BD�
gZ[ex^_gbyfb�^ey�EZ^h`kdh]h�ha_jZ��Kj_^gyy�kdhjhklv�kf_s_gby�l_jfbq_kdh]h�[ZjZ�
ih�^Zgguf�l_hj_lbq_kdh]h�jZkq_lZ��hkgh\Zggh]h�gZ�fZl_fZlbq_kdhc�fh^_eb�>�@��b�wdk�
i_jbf_glZ�khklZ\beZ������kf�k��b�����kf�k�khhl\_lkl\_ggh� 

JZ[hlZ \uiheg_gZ ijb nbgZgkh\hc ih^^_j`d_ JNNB �]jZgl � ��-05-64911-Z� 
blokhina@phys.msu.su 
 

1. Lbohfbjh\�:��B��L_jfbgZ�djmiguo�ha_j��E���GZmdZ������������k� 
2. Marmoush, Y. R., Smith, A. A. & Hamblin, P. F. (1984), Pilot experiments on the 

thermal bar in lock-exchange flow, ASCE J. Energy Eng. 110(3), 215-227. 
3. Blokhina N.S., Ordanovich A.E., Pokazeev K.V., Soloviev D.A. Spring thermal 

barevolution in a large lakes // Fluxes and structures in fluid. Abstracts International 
Conference, Sanct Peterburg. 2003. P. 25-26. 
 
 

M>D�  

BAMQ?GB?�HKH;?GGHKL?C�NHJFU�K<H;H>GHC�IH<?JOGHKLB�
<J:S:XS?CKY�@B>DHKLB 

Kl_iZgh\Z�?�<� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

<�ihke_^gb_�]h^u�[hevrh_�\gbfZgb_�m^_ey_lky�aZ^ZqZf�nhjfbjh\Zgby�\boj_c��
bkke_^h\Zgby�bo�lhgdhc�kljmdlmju��\gmlj_gg_c�^bgZfbdb�b�jZkiZ^Z��<�kbem�]_hf_ljbb�
\boj_\h]h�l_q_gby�fgh]b_�wdki_jbf_glZevgu_�bkke_^h\Zgby�ijh\h^ylky�\�pbebg^jbq_�
kdbo� dhgl_cg_jZo��<� ^Zgghc� wdki_jbf_glZevghc� jZ[hl_�f_lh^hf� ijyfhc� l_g_\hc� \b�
amZebaZpbb�bkke_^h\ZgZ�nhjfZ� k\h[h^ghc�ih\_joghklb�`b^dhklb��ijb\h^bfhc�\�^\b�
`_gb_�jZ\ghf_jgh�\jZsZxsbfky�^bkdhf��jZkiheh`_gguf�\[ebab�^gZ�pbebg^jbq_kdh�
]h� dhgl_cg_jZ��P_evx� ^Zgghc� jZ[hlu� y\ey_lky� bamq_gb_� ljZgknhjfZpbb�nhjfu� k\h�
[h^ghc�ih\_joghklb�ijb�baf_g_gbb�hij_^_eyxsbo�iZjZf_ljh\�kj_^u��]em[bgu�`b^dh�
klb�\�dhgl_cg_j_��b�Zdlb\ZlhjZ��_]h�jZaf_jZ��nhjfu��qZklhlu�\jZs_gby�� 

<�l_hj_lbq_kdhc�fh^_eb�>�@�jZkkfZljb\Z_lky�l_q_gb_�\�h^ghjh^ghc�\yadhc�`b^�
dhklb�� aZgbfZxs_c� pbebg^jbq_kdmx� h[eZklv� jZ^bmkZ� R �� gZ� ^g_� dhlhjhc� \jZsZ_lky�
^bkd��>\b`_gb_�`b^dhklb� oZjZdl_jbam_lky� gZ[hjhf� oZjZdl_jguo� qZklhlguo�fZkrlZ�
[h\�� Djblbq_kdZy� qZklhlZ� HgH 2=ω � y\ey_lky� oZjZdl_jbklbdhc� bg_jpbZevguo�
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k\hckl\�`b^dbo�qZklbp�\�\_jlbdZevghf�gZijZ\e_gbb��b�__�fh`gh�gZa\Zlv�\_jlbdZevghc�
bg_jpbZevghc�djblbq_kdhc�qZklhlhc��\�lh�\j_fy�dZd�qZklhl_� rgI =ω �fh`gh�ijbk\h�
blv�gZa\Zgb_�jZ^bZevghc�djblbq_kdhc�qZklhlhc��Hlghr_gb_�wlbo�qZklhl�k\yaZgh�k�ih�
gylbyfb�f_edh]h�b� ]em[hdh]h�[Zkk_cgZ��Ihkdhevdm� HrIH 2=ωω �� lh�ijb� Hr 2>>  
[Zkk_cg�hij_^_ey_lky�dZd�f_edbc��Z�ijb� Hr 2<< �bf__l�f_klh�kemqZc�]em[hdh]h�[Zkk_c�

gZ�� Djblbq_kdmx� qZklhlm� rgHE 2=ω � fh`gh� jZkkfZljb\Zlv� dZd� wg_j]_lbq_kdmx�
djblbq_kdmx� qZklhlm�� >Zggu_� djblbq_kdb_� qZklhlu� g_� y\eyxlky� g_aZ\bkbfufb�� ih�
kdhevdm�\uihegy_lky�khhlghr_gb_� HEI ωω=ω2 . 

<� [hevrbgkl\_� ijh\_^_gguo� wdki_jbf_glh\� ]em[bgZ�`b^dhklb� m^h\e_l\hjyeZ�
mkeh\bx� ³]em[hdh]h�[Zkk_cgZ´�� dh]^Z� oZjZdl_jbklbq_kdb_� qZklhlu� m^h\e_l\hjyxl�g_�
jZ\_gkl\m� EIH ω<ω<ω ��ijbq_f�^ey�mkeh\bc�wdki_jbf_glh\��ijb\_^_gguo�gZ�jbk����Z-

\��djblbq_kdb_�qZklhlu� 343=ωH h[�fbg�� 840=ωI h[�fbg�� 2058=ωE h[�fbg��<�blh]_�
gZ� hkgh\_� deZkkbnbdZpbb� ^hihegbl_evguo� hkh[_gghkl_c�nhjfu� \boj_\h]h�^\b`_gby�
\u^_e_gu���hkgh\guo�lbiZ�nhjfu�\hafms_gbc�ih\_joghklb�`b^dhklb��jbk����� 

I_j\uc� lbi� nhjfu� dZ\_jgu� h[jZam_lky� gZ^� f_^e_ggh� \jZsZxsbfky� ^bkdhf��
ih\_joghklv�`b^dhklb�khojZgy_l� ]eZ^dmx�nhjfm�[_a�hkh[_gghkl_c� �jbk�� �Z���Ih\_jo�
ghklv� \jZsZxs_cky�`b^dhklb� khojZgy_l� ]eZ^dmx�nhjfm� ijb� qZklhlZo� \jZs_gby� bg�
^mdlhjZ�g_�ij_\hkoh^ysbo� Hω . 

K�m\_ebq_gb_f�qZklhlu�\jZs_gby�bg^mdlhjZ�jZkl_l�kdhjhklv�bg^mpbjh\Zggh]h�
\boj_\h]h�^\b`_gby��nhjfZ�ih\_joghklb�`b^dhklb�gZqbgZ_l�mkeh`gylvky��GZ�ih\_jo�
ghklb�\hjhgdb�ihy\eyxlky�djmighfZkrlZ[gu_�kibjZevgu_�\hafms_gby��dhlhju_�^Ze__�
[m^ml�bf_gh\Zlvky�bg_jpbZevgufb�\hegZfb��LZdb_�\hafms_gby�ehdZebamxlky�\�gb`�
g_c� qZklb� \hjhgdb�� __� k\h[h^gZy� ih\_joghklv� b� \_jogyy� djhfdZ� khojZgyxl� ]eZ^dmx�
nhjfm� �jbk�� � [��� Ih\_joghklv� bf__l� lZdhc� \b^� ijb� agZq_gbyo� qZklhl� \� ^bZiZahg_�

IH ω<ω<ω . 
GZ� ke_^mxs_f� wlZi_� mkeh`g_gby� ]_hf_ljbb� \hjhgdb�� __�ih\_joghklv��ihfbfh�

bg_jpbZevguo�\heg��bkdZ`Z_lky�ihy\e_gb_f�[he__�f_edhfZkrlZ[guo�kibjZevguo�\ha�
fms_gbc��dhlhjh_�^Ze__�bf_gm_lky�kibjZevgufb�\hegZfb��jbk��1 \���P_gljZevgZy�qZklv�
ih\_joghklb�`b^dhklb� bkiulu\Z_l� keh`gmx� ^_nhjfZpbx� kbkl_fhc� bg_jpbZevguo� b�
kibjZevguo� \heg�ijb�qZklhlZo�\jZs_gby�bg^mdlhjZ� EI ω<ω<ω ��GZ� wlhf� wlZi_� w\h�
expbb�nhjfu�k\h[h^ghc�ih\_joghklb�klZgh\blky�\hafh`guf�ijh\_klb�ZgZeba�i_jbh^Z�
bg_jpbZevguo�\heg��Bkke_^h\Zgby�nhjfu�k\h[h^ghc�ih\_joghklb�ijb�qZklhlZo�\jZs_�
gby�^bkdZ�ij_\urZxsbo� Eω �g_�ijh\h^ylky� 

 

 
 
 

 
Z� 
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Jbk� �� NhjfZ k\h[h^ghc ih\_joghklb mklZgh\b\r_]hky \boj_\h]h l_q_gby \ pbebg^jbq_kdhc h[_�
qZcd_ \gmlj_ggbf ^bZf_ljhf ���� kf� ]em[bgZ `b^dhklb =H 15 kf� jZ^bmk bg^mdlhjZ =r 5,0 kf�
qZklhlZ \jZs_gby ^bkdZ� Z-\� – ���� ���� ���� h[�fbg 
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DZq_kl\_ggh_�kjZ\g_gb_�nhjf�\hafms_gby�ih\_joghklb�`b^dhklb��ihemq_gguo�
\�oh^_�wdki_jbf_glh\��k�jZkkqblZggufb�ih�fh^_eb�\bojy�JwgdbgZ�b�fh^bnbpbjh\Zggh�
]h�\bojy�JwgdbgZ�>�@��ihdZaZeh��qlh�oZjZdl_j�jZaebqbc�f_`^m�l_hj_lbq_kdbfb�b�wdki_�
jbf_glZevgufb� ^Zggufb� kms_kl\_ggh� baf_gy_lky� ijb� jZaebqguo� mkeh\byo� wdki_jb�
f_glZ�� 

>ey�\u^_e_gby�mqZkldZ�ijhnbey�ih\_joghklb�`b^dhklb��dhlhjuc�khhl\_lkl\m_l�
ahg_�³l\_j^hl_evgh]h´�\jZs_gby�ijbf_gy_lky�qbke_ggh_�^bnn_j_gpbjh\Zgb_�wdki_jb�
f_glZevghc�djb\hc� (x)y f= ��Djbl_jb_f�hp_gdb�jZaf_jh\� ³l\_j^hl_evghc´� ahgu�\jZ�
s_gby�`b^dhklb� kem`bl�baf_g_gb_� agZdZ�\lhjhc�ijhba\h^ghc��JZaf_j� ahgu� ³l\_j^h�
l_evgh]h´�\jZs_gby�`b^dhklb�^ey�^bkdZ�h^gh]h�b�lh]h�`_�jZaf_jZ�g_�baf_gy_lky�\�aZ�
\bkbfhklb�hl�qZklhlu�\jZs_gby�bg^mdlhjZ��Z�^ey�^bkdh\�jZaebqgh]h�jZaf_jZ�aZ\bkbl�hl�
jZaf_jZ�^bkdZ��b�bf__l�jZ^bmk�ijb[ebabl_evgh�\�^\Z�jZaZ�f_gvrbc��q_f�m�\jZsZxs_]h�
ky�^bkdZ��Ijb�ieZgbf_ljbjh\Zgbb�p_gljZevgh]h�mqZkldZ�ih\_joghklb�`b^dhklb�fh`gh�
hp_gblv�i_jbh^bqghklv�j_]bkljbjm_fuo�bg_jpbZevguo�\heg� 

JZ[hlZ� \uiheg_gZ� ijb� qZklbqghc� nbgZgkh\hc� ih^^_j`d_� Jhkkbckdh]h� nhg^Z�
nmg^Zf_glZevguo�bkke_^h\Zgbc �]jZgl�JNNB���-05-64090). 
 

1. Dbklh\bq�:�<��L_hjby�\boj_\h]h�^\b`_gby��bg^mpbjm_fh]h�^bkdhf��\�pbebg^�
jbq_kdhc� h[hehqd_�� Hlq_l� ih� GBJ� ³JZajZ[hldZ� lj_[h\Zgbc� d� ba]hlh\e_gbx�
bkiulZl_evgh]h� kl_g^Z� ^ey� fh^_ebjh\Zgby� \boj_\uo� l_q_gbc´�� F��� BIF_o�
J:G��������K����-�����Jmdhibkv�� 

2. Dbklh\bq� :�<��� QZr_qdbg� X�>�� <boj_\u_� b� kibjZevgu_� kljmdlmju� \�
h^ghjh^ghc�b^_Zevghc�`b^dhklb��Ij_ijbgl�������BIF�J:G�����������k� 

 
 

M>D�������� 

=?L?JH=?GGH?�A:F?JA:GB?�D:D�F?O:GBAF�H;J:AH<:GBY�
H;E:DH<�<�A:=JYAG?GGHC�:LFHKN?J? 

Dbj__\Z�?�>�1�Ihih\bq_\Z�H�;�2��I_jkbZgp_\Z�G�F�
2  

1
�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

2
�GZmqgh-bkke_^h\Zl_evkdbc bgklblml�y^_jghc�nbabdb�

bf� >�<� Kdh[_evpugZ�F=M�bf��F�<��Ehfhghkh\Z� 

<�gZklhys__�\j_fy�h^gbf�ba�kms_kl\_gguo�nZdlhjh\�\ha^_ckl\by�gZ�Zlfhkn_jm�
y\ey_lky�ih\ur_ggZy�dhgp_gljZpb_c�qZklbp�kZ`b��KZ`_\u_�Zwjhaheb� �bf_xl�jZaebq�
gh_� ijhbkoh`^_gb_� —� Zgljhih]_ggh_�� \ke_^kl\b_� wfbkkbb� Z\bZpbhgguo� ^\b]Zl_e_c�
beb� wg_j]_lbq_kdbo� mklZgh\hd�� b� ijbjh^gh_� \� j_amevlZl_� ]hj_gby� [bhfZkk� gZ� a_fe_��
Ij_^iheZ]Z_lky�� qlh� kZ`_\u_� Zwjhaheb� y\eyxlky� wnn_dlb\gufb� y^jZfb� dhg^_gkZpbb�
^ey�h[jZah\Zgby�h[eZqghklb�\�\_jog_c�ljhihkn_j_��ihkdhevdm�hgb�fh]ml�bgbpbbjh\Zlv�
]_l_jh]_ggmx� gmde_Zpbx� ev^Z� ijb� [he__�gbadbo�i_j_kus_gbyo�� q_f� wlh�g_h[oh^bfh�
^ey�]hfh]_ggh]h�aZf_jaZgby�kmevnZlguo�Zwjhahe_c��Ij_^iheZ]Z_fuc�f_oZgbaf�fh`_l�
h[tykgblv�gZ[ex^_gby�m\_ebq_ggh]h�h[eZqgh]h�ihdjulby�i_jbklufb�h[eZdZfb�\�K_�
\_jghf�ihemrZjbb�ih� kjZ\g_gbx� k�X`guf� >�@��H^gZdh�kl_i_gv�Zdlb\ghklb� �kihkh[�
ghklv�h[jZah\u\Zlv�ev^h\u_�y^jZ��aZf_jaZgby��^ey�qZklbp�kZ`b�jZaebqgh]h�ijhbkoh`�
^_gby� kbevgh� aZ\bkbl� hl�nbabdh-obfbq_kdbo� k\hckl\� ih\_joghklb�� \� lhf� qbke_� b� hl�
kl_i_gb�]b^jhnbevghklb�b�h^ghjh^ghklb� 
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<�^Zgghc�jZ[hl_�ij_^klZ\e_gh� wdki_jbf_glZevgh_�bkke_^h\Zgb_� ]_l_jh]_ggh]h�
aZf_jaZgby��ZgkZf[ey�fbdjhdZi_ev�\h^u��kh^_j`Zsbo�ijbf_kb�h[jZaph\�kZ`��ihemq_g�
guo�]hj_gb_f�]Zahh[jZagh]h�b�`b^dh]h�lhieb\Z�\�^bnnmabhgghf�ieZf_gb�eZ[hjZlhj�
ghc�]hj_edb�b�\�lmj[me_glghf�ieZf_gb�dZf_ju�k]hjZgby�j_Zdlb\gh]h�^\b]Zl_ey�kZfh�
e_lZ��Ihfbfh�jZaebqby�\�ijhbkoh`^_gbb��h[jZapu�kZ`b�hlebqZxlky�ih�jZaf_jm�qZklbp��
\_ebqbg_�ih\_joghklb��kljh_gbx�b�khklZ\m�� 

>ey�\uy\e_gby�\ebygby�jZaebqguo�nbabdh-obfbq_kdb_�k\hckl\�ijbf_kguo�qZk�
lbp�kZ`b�gZ��bgbpbbjh\Zgb_�]_l_jh]_ggh]h�aZf_jaZgby�fbdjhdZi_ev�\h^u��ijh\h^behkv�
wdki_jbf_glZevgh_�bkke_^h\Zgb_�]hfh]_ggh]h�aZf_jaZgby�qbklhc�\h^u�b�]_l_jh]_ggh]h�
aZf_jaZgby� kmki_gabc� jZaebqguo� kZ`��Ihemq_gZ� aZ\bkbfhklv� kj_^g_c� l_fi_jZlmju� b�
kdhjhklb�aZf_jaZgby�ZgkZf[ey�dZi_ev�jZagh]h�h[t_fZ�hl�kl_i_gb�]b^jhnbevghklb�ijb�
f_kghc�kZ`b��<�oh^_�jZ[hlu�ihdZaZgh��qlh�bkke_^m_fu_�h[jZapu�kZ`�k�jZaghc�kl_i_gvx�
]b^jhnbevghklb�� ^_fhgkljbjmxl� agZqbl_evgh_� jZaghh[jZab_� nbabdh-obfbq_kdbo�
k\hckl\��]b]jhkdhibqghklb�b�kihkh[ghklb�h[jZah\u\Zlv�y^jZ�gmde_Zpbb�ev^Z�� 

GZ� hkgh\_� kjZ\gbl_evgh]h� ZgZebaZ� j_amevlZlh\� ]hfh]_ggh]h� b� ]_l_jh]_ggh]h��
aZf_jaZgby�^_eZ_lky�\u\h^�h�\ebygbb�ijbf_kb�kZ`b�k�hij_^_e_ggufb�k\hckl\Zfb�ih�
\_joghklb�gZ�bgbpbbjh\Zgb_�aZf_jaZgby�\�\_jog_c�ljhihkn_j_� 

 
1. Haag W., Karcher B., Strom J., Minikin A., Lohmann U., Ovarlez J., Stohl. Freezing 

thresholds and cirrus cloud formation mechanisms inferred from in situ measurements 
of relative humidity //Atmos.Chem, Phys. 2003.V.3.P.1791-1806. 
 
 
 

M>D�������� 

HKH;?GGHKLB�=?G?J:PBB�<UGM@>?GGUO�KHEBLHGH< 
<�DHEVP?<HF�:WJH=B>JHD:G:E? 

Fhqmebg�I�<� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

Kh\j_f_ggh_�\hajh`^_gb_�mjZ\g_gby�D^<�b�_]h�j_r_gbc�\�\b^_�dghb^Zevguo�b�
m_^bgzgguo�\heg��hldjuluo�JZkk_ehf� >�@��gZqZehkv� k�jZ[hlu�N_jfb��IZklu�b�MeZfZ�
>�@��\�dhlhjhc�[ueZ�bkke_^h\ZgZ�aZ^ZqZ�h�ihjh`^_gbb_�l_ieh\h]h�oZhkZ�\�p_ihqd_�g_�
ebg_cgh�k\yaZgguo�hkpbeeylhjh\��>Zevg_cr__�jZa\blb_�wlb�bkke_^h\Zgby�ihemqbeb�\�
qbke_gguo� wdki_jbf_glZo�G�AZ[mkdb�b�F�DjmkdZeZ� >�@��dhlhju_�i_j_reb�hl�^bkdj_l�
ghc�aZ^Zqb�\�\b^_�p_ihqdb�lhq_qguo�hkpbeeylhjh\�d�g_ij_ju\ghc�fh^_eb��JZkqzlu�ih�
dZaZeb��qlh�gZqZevguc�kbgmkhb^Zevguc�ijhnbev�\hegu�kh�\j_f_g_f�ljZgknhjfbjm_lky�
\� jZkijhkljZgyxsmxky� p_ihqdm� bfimevkh\�� AZ[mkkdb� b� DjmkdZe� ^Zeb� lZdbf� \hegZf�
hkh[h_�gZa\Zgb_�–�©kheblhgª��hl�solitary wave –�m_^bg_ggZy�\hegZ���<�^Zevg_cr_f�bk�
ke_^h\Zgby� kheblhgh\�ijh\h^bebkv�fgh]bfb� Z\lhjZfb��gZijbf_j�;_j_abguf�b�DZji�
fZghf�>�@��OZffZdhf�b�Kb]mjhf�>�@� 

<� ihke_^gbo� jZ[hlZo� kheblhgu� kha^Z\Zebkv� ijb� ihfhsb� \heghijh^mdlhjh\��
Ij_^klZ\ey_lky�\Z`guf�wdki_jbf_glZevgh�\uy\blv�\hafh`ghklv�]_g_jZpbb�kheblhgh\�
\_ljhf��K� wlhc�p_evx�gZfb�[ueb�ijh\_^_gu� ki_pbZevgu_�bkke_^h\Zgby�\�dhevp_\hf�
Zwjh]b^jhdZgZe_� k� \g_rgbf� ^bZf_ljhf� �f�� rbjbghc� ���f� b� \ukhlhc� ���f�� �� Ihke_�
\dexq_gby� \_ljZ� ����f�k�� gZ� ih\_joghklb�`b^dhklb� ihy\eyeZkv� \_ljh\Zy� jy[v�� aZl_f�



EHFHGHKH<�– 2006 

 

64 

^ebggu_� ]jZ\blZpbhggu_� \hegu�� aZl_f� nhjfbjh\Zebkv� g_kdhevdh� m_^bg_gguo� \heg��
f_`^m�dhlhjufb�ijhbkoh^beh�g_ebg_cgh_�\aZbfh^_ckl\b_��j_amevlZlhf�q_]h�y\eyehkv�
h[jZah\Zgb_�h^gh]h�_^bgkl\_ggh]h�kheblhgZ� 

Hkh[uc�bgl_j_k�ij_^klZ\ey_l� \ebygb_�ih\_joghklgh-Zdlb\guo�\_s_kl\� �I:<��
gZ�f_oZgbaf� ]_g_jZpbb� \_ljh\h]h� kheblhgZ��Hd_Zgh]jZnbq_kdb_�gZ[ex^_gby�ihdZau�
\Zxl��qlh�\�gZklhys__�\j_fy�ihqlb�����iehsZ^b�Fbjh\h]h�hd_ZgZ�ihdjulh�hj]Zgbq_�
kdbfb�ie_gdZfb��qlh��_kl_kl\_ggh��\eby_l�gZ�ijhp_kk�]_g_jZpbb�\heg��Z��ke_^h\Zl_evgh��
b�gZ�ijhp_kk�jZa\blby�\_ljh\uo�m_^bg_gguo�\heg��Kh]eZkgh�E_\bqm� >�@�� ]Zr_gb_�dZ�
ibeeyjguo�\heg�I:<�ijhbkoh^bl�aZ�kq_l�mf_gvr_gby�ih\_joghklgh]h�gZly`_gby�`b^�
dhklb��Ohly�gZebqb_�ie_gdb�I:<�gZ�\h^ghc�ih\_joghklb�hdZau\Z_l�g_ihkj_^kl\_ggh_�
]Zkys__�^_ckl\b_�ebrv�gZ�]jZ\blZpbhggh-dZibeeyjgu_�\hegu��l_f�g_�f_g__��\�j_amev�
lZl_� g_ebg_cguo� \aZbfh^_ckl\bc� f_`^m� dhfihg_glZfb� \hegh\h]h� ihey�� ijhbkoh^bl�
h[f_g�wg_j]b_c�f_`^m�dhjhldbfb�b�^ebggufb�\hegZfb��qlh�ijb\h^bl�d�mf_gvr_gbx�
ihlhdZ�wg_j]bb�d�^ebgguf�]jZ\blZpbhgguf�\hegZf�� 

Kh]eZkgh�ihemq_gguf�gZfb�wdki_jbf_glZevguf�^Zgguf��gZebqb_�fZeh]h�dheb�
q_kl\Z�I:<�gZ�\_jog_c�]jZgbp_�`b^dhklb�kms_kl\_gguo�hlebqbc�\�ijhp_kk�h[jZah\Z�
gby� kheblhgZ�g_� \ghkbeh��gh�ijb�ih\_joghklghc�iehlghklb�I:<� k\ur_� ���� ]�gZ�f��
\h^ghc� ih\_joghklb�f_oZgbaf� aZjh`^_gby� \_ljh\h]h� kheblhgZ� baf_gyeky� aZ� kqzl� hl�
kmlkl\by� nZau� dZibeeyjguo� b� ]jZ\blZpbhggh-dZibeeyjguo� \heg�� Ijb� agZqbl_evghf�
dhebq_kl\_�I:<�gZ�gZqZevghf�wlZi_�jZa\blby�\heg�gZ�ijZdlbq_kdb�]eZ^dhc�ih\_jogh�
klb�`b^dhklb�ijhbkoh^beZ�]_g_jZpby�^ebgghc��[he__�f_ljZ��\hegu��k�Zfieblm^hc�\k_�
]h�g_kdhevdh�fbeebf_ljh\� �lZd�gZau\Z_fuc�©^ebggh\hegh\ucª�f_oZgbaf�aZjh`^_gby�
kheblhgZ���<�ij_^_eZo�jZaj_r_gby�\b^_haZibkb�kh�\j_f_g_f�gZ[ex^Zehkv�m\_ebq_gb_�
wlhc�\hegu�^h�nhjfbjh\Zgby�h^bghqghc�\hegu�k�Zfieblm^hc�hdheh� ��kf��b� aZl_f�__�
Zfieblm^Z�j_adh�m\_ebqb\ZeZkv�^h�klZg^Zjlgh]h�agZq_gby���kf��khhl\_lkl\mxs_]h�iZ�
jZf_ljZf�kheblhgZ�ijb�^Zgguo�]em[bg_�`b^dhklb�b�kdhjhklb�\_ljZ��Baf_g_gb_�f_oZ�
gbafZ�aZjh`^_gby�kheblhgZ��k\yaZggh_�k�gZebqb_f�ie_gdb�I:<��aZf_^eyeh�h[s__�\j_�
fy�g_h[oh^bfh_�^ey�_]h�h[jZah\Zgby�[he__�q_f�\�^\Z�jZaZ��ih�kjZ\g_gbx�k�qbklhc�ih�
\_joghklvx�`b^dhklb� 

>jm]hc� \Z`ghc� ijh[e_fhc� y\ey_lky� bamq_gby� ijhp_kkh\� aZjh`^_gby� \_ljh\uo�
kheblhgh\� gZ� \h^_� \� ijbkmlkl\bb�nehlZpbb��Kh]eZkgh� jZ[hlZf�O_ckbgZ� >�@�� gZebqb_ 
nehlbjmxsbo�fZkk�\�\b^_�[blh]h�ev^Z�ijb\h^bl�d�kf_s_gbx�ki_dljZ�\heg�\�klhjhgm�
fZeuo�\hegh\uo�qbk_e�b�gbadbo�qZklhl��gh�^ey�^ebggh\hegh\uo�b�^ebgghi_jbh^guo�
khklZ\eyxsbo�ki_dljZ�\heg�aZf_lghc�ihl_jb�wg_j]bb�\�iZdh\uo�ev^Zo�g_�ijhbkoh^bl�� 

GZfb� wdki_jbf_glZevgh� [ueh� mklZgh\e_gh�� qlh� nehlZpby� k� ih\_joghklghc�
iehlghklvx�k\ur_������]�gZ�f��\h^ghc�ih\_joghklb�lZd`_��dZd�b�agZqbl_evgh_�dhebq_�
kl\h�I:<��ijb\h^bl�d�lhfm��qlh�aZjh`^_gb_�kheblhgZ�ijhbkoh^bl�ih�^ebggh\hegh\hfm�
f_oZgbafm��Djhf_�lh]h��ijb�^Zevg_cr_f�m\_ebq_gbb�dhebq_kl\Z�nehlZpbb��hlf_qZehkv�
aZiZa^u\Zgb_�aZjh`^_gby�kheblhgZ��dhlhjh_�m\_ebqb\Zehkv�ih�f_j_�\hajZklZgby�dheb�
q_kl\Z�nehlbjmxs_]h�\_s_kl\Z��Ijb�ih\_joghklghc�iehlghklb�nehlZpbb�k\ur_������
]�f��h[jZah\Zgby�kheblhgZ�\hh[s_�g_�ijhbkoh^beh� 

LZdbf� h[jZahf�� gZebqb_� nehlZpbb�� lZd� `_�� dZd� b� ih\_joghklgh-Zdlb\guo� \_�
s_kl\��hdZau\Z_l�kms_kl\_ggh_�\ebygb_�gZ�ijhp_kku�jZa\blby�\_ljh\uo�\heg�b�nhjfb�
jh\Zgb_�m_^bg_gguo�\heg�gZ�jZggbo�klZ^byo�bo�aZjh`^_gby��Wlhl�j_amevlZl�\Z`_g�^ey�
ihgbfZgby�b�ijh]ghabjh\Zgby�\hafh`ghklb�nhjfbjh\Zgby�kheblhgh\�gZ�r_evn_�ijb�
gZebqbb�gZ�ih\_joghklb�hd_ZgZ�g_nlyguo�iezghd�b�[blh]h�ev^Z� 

 
1. Russell J.S. Report on waves.  In :  Rep. 14th Meeting of the British Association for 

the Advancement of Science. John Murray. London. 311 (1844). 
2. Fermi A., Pasta J., Ulam S. Studies of Nonlinear Problems. I. Los Alamos Report, 

LA.1955. 
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3. Zabusky N.J., Kruskal M.D. Interaction of solitons in a collisionless plasma and the 
recurrence of initial states. Phys. Rev. Lett. 15, 240 (1965). 

4. ;_j_abg�X�:���DZjifZg�<�B��@WLN��- 51, 1557 (1966) 
5. Hammack J. L., Segur X. The Korteweg de Vries equation and water waves. Part 2. 

Comparison with experiments. J. Fluid Mech., 65, 289 (1974). 
6. E_\bq�<�=��Nbabdh-obfbq_kdZy� ]b^jh^bgZfbdZ��=hkba^Zl�nba-fZl� ebl_jZlmju��

Fhkd\Z�����9. 
7. O_ckbg�>�?��>bgZfbdZ�e_^ygh]h�ihdjh\Z��=b^jhf_l��ba^-\h��E�������� 
 
 

BKKE?>H<:GB?�BAF?GQB<HKLB�I:J:F?LJH<�
=J:<BL:PBHGGH-D:IBEEYJGUO�IH<?JOGHKLGUO�<HEG 

IH>�>?CKL<B?F�A<MDH<H=H�IHEY 

=Zevq_gdh�:�:� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

<�^hdeZ^_�hibku\Z_lky�jZ[hlZ�ih�bamq_gbx�\ebygby�\ukhdhqZklhlgh]h�fh^meb�
jh\Zggh]h�mevljZa\mdZ�gZ�iZjZf_lju�ih\_joghklgh]h�\heg_gby�\�^bZiZahg_�]jZ\blZpb�
hggh-dZibeeyjguo�ih\_joghklguo�\heg� �hl����^h����=p��<�wdki_jbf_gl_�bkihevam_lky�
ijyfhm]hevguc�bklhqgbd�mevljZa\mdh\uo�dhe_[Zgbc�k�g_kms_c�qZklhlhc��F=p�� 

P_ev� jZ[hlu� –� wdki_jbf_glZevgh_� bkke_^h\Zgb_� baf_gqb\hklb� Zfieblm^gh-
qZklhlguo�b�ki_dljZevguo�oZjZdl_jbklbd�ih\_joghklgh]h�\heg_gby�\�^bZiZahg_�]jZ\b�
lZpbhggh-dZibeeyjguo�\heg�\�aZ\bkbfhklb�hl�iZjZf_ljh\�ih^\h^gh]h�bklhqgbdZ�mevl�
jZa\mdZ��Wlb�iZjZf_lju�–�bgl_gkb\ghklv�b�qZklhlZ�fh^meypbb� 

GZ�i_j\hf�wlZi_�jZ[hlu�bkke_^m_lky� 
-� aZ\bkbfhklv� Zfieblm^u� ]jZ\blZpbhggh-dZibeeyjguo� ih\_joghklguo� \heg� hl�

qZklhlu�fh^meypbb�mevljZa\mdZ�^ey�jy^Z� agZq_gbc�qZklhl�\heghijh^mdlhjZ�b�fhsgh�
klb�mevljZa\mdh\hc�Zgl_ggu� 

-�aZ\bkbfhklv�Zfieblm^u�ih\_joghklguo�\heg�hl�qZklhlu�\heghijh^mdlhjZ�^ey�
jy^Z�agZq_gbc�qZklhlu�fh^meypbb�mevljZa\mdZ� 

-�baf_gqb\hklv�qZklhlguo�ki_dljh\�dZibeeyjguo�]jZ\blZpbhggh-ih\_joghklguo�
\heg�\�ijbkmlkl\bb�ih^\h^gh]h�bklhqgbdZ�mevljZa\mdZ� 

<�bkke_^m_fhf�^bZiZahg_�qZklhl�ki_dljZevguc�khklZ\�ih\_joghklgh]h�\heg_gby�
oZjZdl_jbam_lky�\ukhdhc�qm\kl\bl_evghklvx�d�baf_g_gbx�fhsghklb�b�qZklhlu�fh^m�
eypbb�a\mdh\h]h�ihey� 

Wdki_jbf_glu� ijhba\h^ylky� gZ� gh\hc� mklZgh\d_� gZ� [Za_� eZ[hjZlhjgh]h� dhf�
ie_dkZ�fh^_ebjh\Zgby�ijhp_kkh\�gZ�ih\_joghklb�`b^dhklb�\�Bgklblml_�Ijh[e_f�F_�
oZgbdb�J:G� 

 
1. EZaZj_\�:���IhdZa__\�D�<���R_edh\gbdh\�G�D��Nbabdh-obfbq_kdZy� g_h^gh�

jh^ghklv� ih\_joghklb� hd_ZgZ� b� ih\_joghklgu_� \hegu�� F��� Fhkdh\kdbc�
Mgb\_jkbl_l������� 

2. =heyfbgZ�?�F��MevljZa\md�b�_]h�ijbf_g_gb_������ 
3. ;Zc^meh\�B�=��b�^j��EZ[hjZlhjguc�dhfie_dk�^ey�fh^_ebjh\Zgby�\gmlj_gg_c�

kljmdlmju�b�^bgZfbdb�ijbjh^guo�kbkl_f�F���BIF�J:G������ 
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F?AHF:KRL:;G:Y�J?:DPBY�:LFHKN?JU 
G:�BKLHQGBD�L?IE:�G:�IH<?JOGHKLB 

Khe^ZldbgZ�F�B� 

Q_jghfhjkdbc�nbebZe�F=M�bf��F�<��Ehfhghkh\Z� 

GZ� kh\j_f_gghf� wlZi_�qbke_ggh_�fh^_ebjh\Zgb_�debfZlZ� y\ey_lky� ZdlmZevghc�
nmg^Zf_glZevghc� b� ijbdeZ^ghc� aZ^Zq_c�� <� ]eh[Zevguo� fZkrlZ[Zo� fh^_ebjh\Zgb_�
debfZlZ�lj_[m_l�[hevrbo�fZrbgguo�aZljZl��\�k\yab�k�q_f�kms_kl\mxsb_�fh^_eb�kbk�
l_fu� hd_Zg-Zlfhkn_jZ� bf_xl� ^h\hevgh� gbadh_� ijhkljZgkl\_ggh_� jZaj_r_gb_� �hdheh�
����df���Ijb�lZdhf�jZaj_r_gbb�ijZdlbq_kdb�g_\hafh`gh�\hkijhba\_klb�\�fh^_eb�lZd�
gZau\Z_fu_�f_ahfZkrlZ[gu_�Zlfhkn_jgu_�y\e_gby�k�]hjbahglZevguf�fZkrlZ[hf�\�g_�
kdhevdh�^_kyldh\�dbehf_ljh\��Wlb�ijhp_kku�nhjfbjmxlky�ih^�\ha^_ckl\b_f�jy^Z�nZd�
lhjh\�� kj_^b� dhlhjuo� gZb[he__� \Z`gh� \ebygb_� j_ev_nZ� b� l_fi_jZlmjgh]h� dhgljZklZ�
f_`^m�fhj_f�b�kmr_c�� 

P_evx�^Zgghc�jZ[hlu�y\ey_lky�bamq_gb_�j_Zdpbb�Zlfhkn_ju�gZ�bklhqgbd�l_ieZ��
\�dZq_kl\_�dhlhjh]h�\uklmiZ_l�Q_jgh_�fhj_�\�abfgbc�i_jbh^��DZd�ijZ\beh��wlZ�j_Zdpby�
h]jZgbq_gZ�ih�\_jlbdZeb��khkj_^hlhq_gZ�\�ih]jZgbqghf�keh_��Ihwlhfm�aZ^ZqZ�j_rZ_lky�
\� ^\mo� gZb[he__�ijhkluo�ihklZgh\dZo�� ��ihemlhjZkehcgZy�fh^_ev�f_edhc� \h^u� F�ih�
dhysbfky�\_jogbf�keh_f�b���fh^_ev�kehy�k�h^ghjh^ghc�kljZlbnbdZpb_c��h]jZgbq_ggh�
]h�k\_jom�l\_j^hc�djurdhc��I_j\uc�ih^oh^�iha\hey_l�^_lZevgh�bamqblv�]hjbahglZev�
gmx�kljmdlmjm�b�ijhp_kk�ijbkihkh[e_gby��<h�\lhjhf�ih^oh^_�k�j_Zebklbqguf�\_jlb�
dZevguf�ij_^klZ\e_gb_f�Zlfhkn_ju�^_lZevgh�bkke_^m_lky�\_jlbdZevgZy�kljmdlmjZ�j_�
Zdpbb�� 

BamqZ_fh_�y\e_gb_�ijhbkoh^bl�gZ�nhg_�djmighfZkrlZ[guo�kbghilbq_kdbo�ijh�
p_kkh\��ijhkljZgkl\_gguc�fZkrlZ[�dhlhjuo�[hevr_�jZaf_jZ�Q_jgh]h�fhjy��oZjZdl_j�
guc�\j_f_gghc�fZkrlZ[�[hevr_�kmlhd��Kbghilbq_kdbc�\_l_j�fh`gh�kqblZlv�h^ghjh^�
guf��ihwlhfm�hkgh\ghc� wnn_dl�^he`_g�[ulv�h^ghf_jguf��jZa\b\Zxsbfky�\^hev�gZ�
ijZ\e_gby�\_ljZ��JZa\blb_�j_Zdpbb�Zlfhkn_ju�\h�\j_f_gb�khklhbl�ba�^\mo�klZ^bc�–�i_�
j_oh^gh]h�ijhp_kkZ�ijbkihkh[e_gby�b�mklZgh\b\r_]hky�khklhygby��Qlh[u�hij_^_eblv��
mki_\Z_l�eb�j_Zdpby�Zlfhkn_ju�ijbkihkh[blvky�d�f_gyxs_fmky�kbghilbq_kdhfm�\_l�
jm��gm`gh�agZlv�oZjZdl_jgh_�\j_fy�mklZgh\e_gby� 

<�fh^_eb�f_edhc�\h^u�bklhqgbd�l_ieZ�wd\b\Ze_gl_g�klhdm�fZkku��>ey�bamq_gby�
ijhp_kkZ�ijbkihkh[e_gby�Zlfhkn_ju�^_lZevgh�ijhZgZebabjh\Zgh�g_klZpbhgZjgh_�^\b�
`_gb_�[_a�\_ljZ��<� wlhf�ijhp_kk_�bg_jpbhggh-]jZ\blZpbhggu_�\hegu�jZa[_]Zxlky�hl�
[_j_]Z��hklZ\eyy�aZ�kh[hc�mklZgh\b\r__ky�l_q_gb_��gZoh^ys__ky�\�]_hkljhnbq_kdhf�[Z�
eZgk_��Wlh�l_q_gb_�bf__l�\b^�\^hev[_j_]h\hc�kljmb��kdhjhklv�dhlhjhc�ebg_cgh�jZkl_l�
kh�\j_f_g_f��I_j_iZ^�mjh\gy�f_`^m�[_j_]hf�b�fhj_f�mjZ\gh\_rb\Z_lky�kbehc�Dhjbh�
ebkZ�b�lh`_�ebg_cgh�jZkl_l�kh�\j_f_g_f��=hjbahglZevguc�fZkrlZ[�j_Zdpbb�hij_^_ey�
_lky�jZ^bmkhf�^_nhjfZpbb�Jhkk[b��\j_fy�ijbkihkh[e_gby�hij_^_ey_lky�jZaf_jZfb�fh�
jy�b�kdhjhklvx�\heg� 

KlZpbhgZjgZy�j_Zdpby�ijb�gZebqbb�kj_^g_]h�\_ljZ�\�fh^_eb�f_edhc�\h^u�hij_�
^_ey_lky�h^gbf�[_ajZaf_jguf�qbkehf�–�qbkehf�Njm^Z��\�aZ\bkbfhklb�hl�dhlhjh]h�\ha�
fh`gu�^\Z� j_`bfZ��Qbkeh�Njm^Z� )U��� khhl\_lkl\m_l� keZ[hfm�\_ljm�� kbevghc� kljZlb�
nbdZpbb�� lheklhfm� kehx�� [hevrhc� kdhjhklb� bg_jpbhggh-]jZ\blZpbhgguo� \heg��Ijb�
wlhf�kdhjhklv�\_ljZ�f_gvr_�kdhjhklb�\hegu� �^hdjblbq_kdbc�j_`bf���\hegu�mki_\Zxl�
jZkijhkljZgylvky�ijhlb\�\_ljZ��b�j_Zdpby�Zlfhkn_ju�jZkijhkljZgy_lky�gZ�[_j_]��Ihi_�
j_qgZy� d� [_j_]m� pbjdmeypby� wdkihg_gpbZevgh� aZlmoZ_l� k� jZkklhygb_f� hl� [_j_]Z�� Z�
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\^hev[_j_]h\h_� l_q_gb_� aZgbfZ_l� \kx� ih\_joghklv� fhjy�� =hjbahglZevguc� fZkrlZ[�
klZgh\blky�f_gvr_�jZ^bmkZ�^_nhjfZpbb� 

Qbkeh�Njm^Z�)U!��khhl\_lkl\m_l�kbevghfm�\_ljm��keZ[hc�kljZlbnbdZpbb��lhgdh�
fm�kehx��fZehc�kdhjhklb�\heg��Ijb� wlhf�kdhjhklv�\_ljZ�[hevr_�kdhjhklb�\hegu� �aZ�
djblbq_kdbc�j_`bf���GZ�gZ\_lj_gghf�[_j_]m�j_Zdpby�Zlfhkn_ju�hlkmlkl\m_l��GZ^�fh�
j_f�\^hev[_j_]h\Zy�kdhjhklv�i_jbh^bq_kdb�f_gy_lky�k�jZkklhygb_f�^h�[_j_]Z��I_jbh^�
hij_^_ey_lky�qbkehf�Njm^Z�b�jZ^bmkhf�^_nhjfZpbb��<� aZ\bkbfhklb�hl�jZaf_jZ�fhjy�
\hafh`gu� j_ahgZgkgu_� j_`bfu��ijb� dhlhjuo� j_Zdpby� khkj_^hlhq_gZ� lhevdh�gZ^�fh�
j_f� 

<h�\lhjhc�fh^_eb�Zlfhkn_jZ�bf_eZ�\b^�kehy�ihklhygghc�lhesbgu�k�h^ghjh^ghc�
kljZlbnbdZpb_c��JZkij_^_e_gb_�l_ieZ�ih�\_jlbdZeb�aZ^Z\Zehkv�y\gh�\�\b^_�ihem\hegu�
\�keh_�Zlfhkn_ju�\ukhlhc�G�� 

<�g_klZpbhgZjghf�j_`bf_�[_a�\_ljZ�mklZgh\b\rZyky�j_Zdpby�bf__l�\b^�pbdeh�
gbq_kdb� gZijZ\e_gghc� \^hev[_j_]h\hc� kljmb� \� gb`g_c� iheh\bg_� kehy� b� ijhlb\hih�
eh`gh�gZijZ\e_gghc� kljmb�\�\_jog_c�iheh\bg_��<_jlbdZevgZy�pbjdmeypby�bf__l�\b^�
dhg\_dlb\ghc�yq_cdb�k�ih^t_fhf�gZ^�fhj_f�b�himkdZgb_f�gZ^�kmr_c��J_Zdpby�ebg_cgh�
jZkl_l�kh�\j_f_g_f��HljbpZl_evgZy�ZghfZeby�^Z\e_gby�b�iheh`bl_evgZy�l_fi_jZlmju�
gZ^�fhj_f�ebg_cgh�jZklml�kh�\j_f_g_f�� 

<�klZpbhgZjghf�kemqZ_�k�\_ljhf�lZd`_�\hafh`gu�^hdjblbq_kdbc�b� aZdjblbq_�
kdbc�j_`bfu��Dh]^Z�kdhjhklv�\_ljZ�f_gvr_�kdhjhklb�\hegu��ijb�kbevghc�kljZlbnbdZ�
pbb�Zlfhkn_ju��\^hev�fhjy�h[jZam_lky�kljmy�\ha^moZ�k�pbdehgbq_kdhc�aZ\boj_gghklvx�
gZ^�fhj_f� b� Zglbpbdehgbq_kdhc� gZ^� kmr_c�� \hagbdZ_l� yq_cdZ� k� gZijZ\e_gghc� \\_jo�
\_jlbdZevghc�kdhjhklvx�gZ^�fhj_f�b�ijhlb\hiheh`gh�gZijZ\e_gghc�gZ^�kmr_c��Dh]^Z�
kdhjhklv�\_ljZ�[hevr_�beb�kljZlbnbdZpby�keZ[Zy��bklhqgbd�l_ieZ�gZ^�fhj_f�g_�fh`_l�
kha^Zlv�gbdZdhc�j_Zdpbb�i_j_^�[_j_]hf��J_Zdpby�gZ^�fhj_f�bf__l�\b^�kbkl_fu�iZjZe�
e_evguo�kljmc��rbjbgZ�dhlhjuo�hij_^_ey_lky�jZ^bmkhf�^_nhjfZpbb�b�qbkehf�Njm^Z��
DZd�b�^ey�f_edhc�\h^u�a^_kv�\hafh`gu�j_ahgZgkgu_�j_`bfu� 

Ihemq_ggu_�j_amevlZlu� kijZ\_^eb\u�\�jZfdZo�k^_eZgguo�ij_^iheh`_gbc��eb�
g_cghklb�� h^ghjh^ghc� kljZlbnbdZpbb��h^ghjh^ghklb�\_ljZ��hlkmlkl\bb� lj_gby�b� l_i�
ehijh\h^ghklb�� b^_Zebabjh\Zggh]h� ijhnbey� bklhqgbdZ� l_ieZ��Mq_l� wlbo�nZdlhjh\� b�
ZgZeba�bo�hlghkbl_evghc�\Z`ghklb�lj_[m_l�^Zevg_crbo�bkke_^h\Zgbc� 

 
 

M>D��������� 

G:LMJGU?�BKKE?>H<:GBY�IE?GHD 
G:�FHJKDHC�IH<?JOGHKLB�K�P?EVX�J:A<BLBY�F?LH>H< 

WDHEH=BQ?KDH=H�DHGLJHEY 

Dhjbg_gdh�:�?�� 

Q_jghfhjkdbc�nbebZe�F=M�bf��F�<��Ehfhghkh\Z� 

>ZggZy�jZ[hlZ�ihk\ys_gZ�dhgljhex�wdheh]bq_kdh]h�khklhygby�fhjkdhc�ih\_jo�
ghklb��J_r_gb_�ijh[e_fu�dhgljhey�aZ]jyag_gbc�fhjy�\dexqZ_l�agZqbl_evgh_�qbkeh�aZ�
^Zq��dZd�nmg^Zf_glZevguo��k\yaZgguo�k�\hijhkZfb�jZkl_dZgby�b�^\b`_gby�ih\_joghkl�
guo�ie_ghd��II���lZd�b�l_ogbq_kdbo�–�ijb�kha^Zgbb�kbkl_f�bo�h[gZjm`_gby�b�hij_^_�
e_gby�ijhkljZgkl\_gguo�oZjZdl_jbklbd��H^gZdh��kms_kl\mxl�ijh[e_fu��g_l�gZ^_`guo�
Ze]hjblfh\��iha\heyxsbo�b^_glbnbpbjh\Zlv�aZ]jyag_gb_�ih�kimlgbdh\uf�jZ^bhehdZ�



EHFHGHKH<�– 2006 

 

68 

pbhgguf��JE��bah[jZ`_gbyf���g_�^hklZlhqgh�ihegh�bamq_g�\deZ^�\_ljZ��ih\_joghklgh�
]h�\heg_gby�b�l_q_gby�\�kmffZjguc�^j_cn�ih\_joghklguo�ie_ghd� 

<� jZ[hl_�ijb\_^_gu� j_amevlZlu�gZlmjgh]h� wdki_jbf_glZ�ih�bamq_gbx� hkh[_g�
ghkl_c� jZ^bhehdZpbhggh]h� jZkk_ygby�fhjkdhc�ih\_joghklb��ihdjulhc�bkdmkkl\_gghc�
ie_gdhc� ijb� jZaebqguo� iheyjbaZpbyo� baemq_gby�� Z� lZd`_� j_amevlZlu� bkke_^h\Zgby�
^j_cnZ�ih\_joghklguo�ie_ghd��k�kbgojhgguf�baf_j_gb_f�\_ljZ��ijb[j_`gh]h�l_q_gby 
b�ih\_joghklgh]h�\heg_gby�� 

<�oh^_�gZlmjguo�bkke_^h\Zgbc�hkh[_gghkl_c�JE�jZkk_ygby�gZ�^ebg_�\hegu���ff�\�
h[eZklb�bkdmkkl\_gghc�ie_gdb�jZklbl_evgh]h�fZkeZ�ihemq_gu�ke_^mxsb_�j_amevlZlu� 

Baf_g_gby�MWIJ�fhjkdhc�ih\_joghklb�gZ�<<�iheyjbaZpbb�\ur_��q_f�gZ�==�ih�
eyjbaZpbb��>Zgguc� wnn_dl�fh`_l� [ulv� h[tykg_g� jZaebqb_f� hlghkbl_evguo� \deZ^h\�
g_[j_]]h\kdhc�dhfihg_glu�\�kmffZjguc�kb]gZe� 

�IheyjbaZpbhggh_�hlghr_gb_�\�kebd_�kgb`Z_lky�\�����jZaZ�ih�hlghr_gbx�d�qbk�
lhc�\h^_��Wlhl�wnn_dl�k\yaZg�k�[he__�kbevguf�hldebdhf�JE�gZ�kebd�gZ�<<�iheyjbaZ�
pbb��q_f�gZ�==�iheyjbaZpbb� 

MdZaZggu_�hkh[_gghklb�jZ^bhehdZpbhggh]h�jZkk_ygby�fh]ml�y\eylvky�^hihegb�
l_evgufb�djbl_jbyfb�ijb�b^_glbnbdZpbb�aZ]jyag_gbc�fhjkdhc�ih\_joghklb�ih�kiml�
gbdh\uf�bah[jZ`_gbyf� 

Ijh\_^_ggu_�baf_j_gby�^j_cnZ�ih\_joghklguo�ie_ghd�ihdZau\Zxl��qlh�^\b`_�
gb_�lhgdhc�II�m^h\e_l\hjbl_evgh�hibku\Z_lky�kmffhc�\_dlhjh\�ijb[j_`gh]h�l_q_gby�
b�\_ljh\h]h�^j_cnZ�kh�k\hbfb�\_kh\ufb�dhwnnbpb_glZfb��<_kh\hc�dhwnnbpb_gl�ijb�
kdhjhklb�l_q_gby�ijZdlbq_kdb�jZ\_g�_^bgbp_��KmffZjgZy�kdhjhklv�\_ljh\h]h�b�\hegh�
\h]h�^j_cnZ�khklZ\ey_l� ������hl�fh^mey�kdhjhklb�\_ljZ��qlh�kms_kl\_ggh�f_gvr_�dh�
wnnbpb_glZ� ������ j_dhf_g^m_fh]h� ^ey� ijZdlbq_kdbo� jZkq_lh\� ijb� ijh]ghaZo� jZkijh�
kljZg_gby� aZ]jyag_gbc�� <uiheg_ggu_� hp_gdb� baf_g_gby� jZaf_jh\� kebdZ� hl� \j_f_gb�
beexkljbjmxl�jhkl�kdhjhklb�jZkl_dZgby�ijb�mkbe_gbb�\_ljZ��>ey�bkihevam_fuo�\�jZ�
[hlZo�ie_ghd�jZklbl_evgh]h�fZkeZ��kdhjhklv�jZkl_dZgby�\�^bZiZahg_� ������� <<8 �f�k�
m\_ebqb\ZeZkv�hl�a�����f�k�^h�a�����f�k� 

 
 

IHKLJH?GB?�D:JL�:LFHKN?JGH=H�KLHE;:�<H>YGH=H�I:J: 
B�HILBQ?KDHC�LHESBGU�:LFHKN?JGH=H�:WJHAHEY 

G:�HKGH<?�KGBFDH<�IJB;HJ:�MODIS 

Dmj[ZgZeb_\�@�:� 

Fhkdh\kdbc�Nbabdh-l_ogbq_kdbc�bgklblml� 

<� ^Zgghc� jZ[hl_� bkihevah\Zebkv� kgbfdb� ijb[hjZ� 02',6�� mklZgh\e_ggh]h� gZ�
kimlgbd_�7HUUD�^ey�fhgblhjbg]Z�A_feb�\�lzfgh_�b�k\_leh_�\j_fy�kmlhd��>Zggu_�02',6�

\� k\yab� k�g_\ukhdbf�ijhkljZgkl\_gguf�jZaj_r_gb_f�rbjhdh�bkihevamxlky�\�ijbeh�
`_gbyo�debfZlheh]bb��Ijb[hj�02',6�–�fgh]hki_dljZevguc�jZ^bhf_lj��bf_xsbc����
dZgZeh\� \� \b^bfhf� b� bgnjZdjZkghf� ^bZiZahgZo�� IjhkljZgkl\_ggh_� jZaj_r_gb_� ^ey�
^\mo�dhjhldh\hegh\uo�dZgZeh\�-�����f��^ey�iylb�[he__�^ebggh\hegh\uo�dZgZeh\�– 500 
f��^ey�hklZevguo�dZgZeh\�–���df��<�aZ^ZqZo�ihkljh_gby�dZjl�lZdbo�\_ebqbg��dZd�Zlfh�
kn_jguc�klhe[��:K��\h^ygh]h�iZjZ��fZkkZ�iZjZ�\�Zlfhkn_j_�gZ^�f��ih\_joghklb��b�hi�
lbq_kdZy� lhesbgZ� �HL�� Zwjhahey� �f_gyxsboky� keZ[h� gZ� [hevrbo� jZkklhygbyo�� wlh]h�
jZaj_r_gby�\iheg_�^hklZlhqgh� 
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Ih� kimlgbdh\uf� kgbfdZf� _\jhi_ckdhc� qZklb� Jhkkbb� b� kljZg�Ijb[Zelbdb� ih�
kljh_gu�dZjlu�:K�\h^ygh]h�iZjZ�b�HL�Zwjhahey�^ey�wlhc�f_klghklb��lZd`_�ij_^klZ\e_�
gZ�dZjlZ�baf_g_gby�:K�\h^ygh]h�iZjZ�\�l_q_gb_����qZkh\�����h[hjhlh\�kimlgbdZ�7HUUD���
Kgbfdb�[ueb�ijbgylu����b����fZy������]h^Z�gZ�klZgpbx�ijbzfZ�\�]��>he]hijm^ghf��\�
GIH�IeZg_lZ�� 

Dhebq_kl\h�\h^ygh]h�iZjZ�\uqbkey_lky�ih�_]h�ih]ehs_gbx�\�ihehkZo�BD�^bZiZ�
ahgZ��GZ�ihehku�ih]ehs_gby�iZjZ�ijboh^ylky�ljb�dZgZeZ�02',6������� ����b� ����gf��
AgZq_gby� yjdhklb� \� wlbo� dZgZeZo� kjZ\gb\Zxlky� k� yjdhklvx� \� dZgZeZo� ����b� �����gf�
�hdgZ�ijhajZqghklb�^ey�\h^ygh]h�iZjZ���aZl_f�ih�m`_�ba\_klguf�lZ[ebpZf�\uqbkey_lky�
dhebq_kl\h�iZjZ��Lhqghklv�wlbo�^Zgguo��dhjj_eypby�k�baf_j_gbyfb�k�A_feb��khklZ\ey�
_l����� 

HL�Zlfhkn_jgh]h�Zwjhahey�\uqbkey_lky�ih�jZkk_ygbx�baemq_gby�\�dZgZeZo�����b�
����gf��H^gZ�ba�qZkl_c�mjZ\g_gby�ih�\uqbke_gbx�HL�–�Zev[_^h�ih\_joghklb��<�gZr_f�
kemqZ_��gZ^�kmr_c��\�p_eyo�ihemq_gby�gZbf_gvr_c�ih]j_rghklb�Zev[_^h�\�^Zgguo�dZ�
gZeZo�\uqbkey_lky�ih�dhjj_eypbb�k�Zev[_^h�\�dZgZeZo������������b������gf��dhlhju_�
keZ[h� ih^\_j`_gu� jZkk_ygbx� gZ� qZklbpZo� Zwjhahey��H^gZdh� wlZ� dhjj_eypby� gZc^_gZ�
ebrv�^ey��ih\_joghkl_c�k�Zev[_^h�g_�[he__�������Ihwlhfm�hilbq_kdZy�lhesbgZ�Zwjhahey�
k�lhqghklvx�g_�f_g__�����ih�^Zgghfm�f_lh^m�\uqbkey_lky�lhevdh�gZ^�lzfgufb�lhqdZ�
fb�ih\_joghklb�kmrb��GZ^�fhj_f�Zwjhahev�\uqbkey_lky�ih�ba\_klguf�fh^_eyf�Zev[_^h�
fhjkdhc�ih\_joghklb�  

 
(http://www.mipt.ru) 
GZmqguc� jmdh\h^bl_ev�� d�n�-f�g�� aZ\_^mxsbc� k_dlhjhf� BDB� J:G�� ^hp_gl�

FNLB�I_ljhkyg�:jZd_e�KZjdbkh\bq� 
 

 

W<HEXPBY�F:=GBLGH=H�IHEY�G:�KHEGP? 
B�LHIHEH=BY�=?EBHKN?JGH=H�LHDH<H=H�KEHY 

;Z`Zgh\�:�:���;m^gbd�:�B� 

KZgdl-I_l_j[mj]kdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 

<�jZ[hl_�bkihevah\Zgu�^Zggu_�baf_j_gbc�fZ]gblgh]h�ihey�gZ�Khegp_�k�\ukh�
dbf�jZaj_r_gb_f��ihemq_ggu_�\�h[k_j\Zlhjbb�Kitt Peak��:jbahgZ��KR:�aZ���-e_lgbc�
pbde�kheg_qghc�Zdlb\ghklb��GbadhqZklhlgZy�nbevljZpby�kbghilbq_kdbo�dZjl�ihdZaZeZ��
qlh� kj_^g__�fZ]gblgh_�ihe_�KhegpZ�bf__l�ijhklmx�d\Zab^bihevgmx� kljmdlmjm�\�fb�
gbfmf_�kheg_qghc�Zdlb\ghklb��\�lh�\j_fy�dZd�\�fZdkbfmf_�pbdeZ�lhiheh]by�fZ]gblgh�
]h�ihey�bf__l�[he__�keh`gmx�hj]ZgbaZpbx��hljZ`Zxsmx�ijhp_kk�i_j_ihexkh\db�h[�
s_]h�fZ]gblgh]h�ihey��Ij_^eh`_ggZy�gZfb�ijhp_^mjZ�h[jZ[hldb�kbghilbq_kdbo�dZjl�
iha\hebeZ� lZd`_� ijhke_`b\Zlv� w\hexpbx� g_cljZevghc� ebgbb� jZa^_eZ� iheyjghkl_c�
djmighfZkrlZ[gh]h�fZ]gblgh]h�ihey��y\eyxs_]hky�hkgh\Zgb_f�]_ebhkn_jgh]h�lhdh\h�
]h�kehy�\�kheg_qghf�\_lj_�� 

GZ�hkgh\Zgbb�ijh^_eZgguo�jZkq_lh\�g_cljZevghc�ebgbb�ih�kbghilbq_kdbf�dZj�
lZf��ihkljh_gZ�dbg_fZlbq_kdZy�fh^_ev�w\hexpbb�]_ebhkn_jgh]h�lhdh\h]h�kehy�\iehlv�
^h�hj[blu�KZlmjgZ�k�mq_lhf�i_j_f_gguo�\h�\j_f_gb�]jZgbqguo�mkeh\bc�� 

<� ^hdeZ^_� lZd�`_� ij_^klZ\e_gZ� j_dhgkljmdpby� ]_ebhkn_jgh]h� lhdh\h]h� kehy� \�
i_jbh^u�fbgbfmfZ�b�fZdkbfmfZ�kheg_qgh]h�pbdeZ� 
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Ijbf_ju hlnbevljh\Zgguo kbghilbq_kdbo dZjl aZ ���� b ���� dwjjbg]lhgh\kdb_ h[hjhlu KhegpZ 
:\lhju�\ujZ`Zxl�ijbagZl_evghklv�gZmqghfm�jmdh\h^bl_ex�Ihgy\bgm�>�B�� 

 
E-mail: bazanton@mail.ru 

 
 

F:=GBLHA<MDH<HC�J?AHG:GK�<�>BIHEVGH-IH>H;GHC�
F:=GBLHKN?J? 

Dhaeh\�>�:� 

Bgklblml�kheg_qgh-a_fghc�nbabdb�KH�J:G��Bjdmlkd 

F_^e_ggu_�fZ]gblha\mdh\u_� �FFA��\hegu�e_]dh�dZgZebabjmxlky�\^hev� kbeh�
\uo�ebgbc�fZ]gblgh]h�ihey��Wlh�^_eZ_l�bo�ihoh`bfb�gZ�Zevn\_gh\kdb_�\hegu��<�qZkl�
ghklb��FFA-dhe_[Zgby� k�fZeufb� ZabfmlZevgufb� \hegh\ufb� qbkeZfb� �m� a� ���fh]ml�
]_g_jbjh\Zlvky�\�ijhp_kk_��ZgZeh]bqghf� field line resonance (FLR���Y\e_gb_�FLR�ij_^�
klZ\ey_l� kh[hc� j_ahgZgkgmx� jZkdZqdm� Zevn\_gh\kdhc� \hegu�� jZkijhkljZgyxs_cky�
\^hev�kbeh\uo�ebgbc�fZ]gblgh]h�ihey��ihe_f�fhghojhfZlbq_kdhc�[ukljhc�fZ]gblha�
\mdh\hc� �;FA��\hegu��<aZbfh^_ckl\b_� wlbo�\heg�ijhbkoh^bl�\�madhf�^bZiZahg_�fZ]�
gblguo�h[hehq_d��gZ�dhlhjuo�ehdZevgZy�qZklhlZ�kh[kl\_gguo�Zevn\_gh\kdbo�dhe_[Z�
gbc�[ebadZ�d�qZklhl_�;FA-\hegu�� 

<�gZklhys_c�jZ[hl_�ihkljh_gZ�l_hjby�fZ]gblha\mdh\h]h�j_ahgZgkZ��j_ahgZgkgh�
]h�\aZbfh^_ckl\by�;FA-�b�FFA-\heg��\�^\mf_jgh-g_h^ghjh^ghc�fh^_eb�fZ]gblhkn_�
ju�k�^bihevgh-ih^h[guf�fZ]gblguf�ihe_f��JZkij_^_e_gb_�iZjZf_ljh\�ieZafu�\�wlhc�
fh^_eb�[ebadh�d�kj_^g_\hafms_gghfm�khklhygbx�^g_\ghc�fZ]gblhkn_ju�A_feb�� 

<�jy^_�jZ[hl� �gZijbf_j�� >�@��^hdZau\ZeZkv�\hafh`ghklv�wnn_dlb\gh]h�\aZbfh�
^_ckl\by�Zevn\_gh\kdbo�b�FFA-\heg�k�[hevrbfb�ZabfmlZevgufb�\hegh\ufb�qbkeZfb�
(m� !!� ��� \� ieZaf_� k� djb\hebg_cguf� fZ]gblguf� ihe_f��H^gZdh� \ha[m`^_gb_�FFA-
dhe_[Zgbc�k�m >> ��ihe_f�fhghojhfZlbq_kdhc�;FA-\hegu�ijhbkoh^bl�g_wnn_dlb\gh��
=_g_jZpby�;FA-\heg�ijhbkoh^bl�gZ�]jZgbp_�fZ]gblhkn_ju�beb�\�h[eZklb�kheg_qgh]h�
\_ljZ��FZ]gblhkn_jZ�^ey�lZdbo�\heg�y\ey_lky�h[eZklvx�g_ijhajZqghklb��b�bo�Zfieblm�
^Z�wdkihg_gpbZevgh�m[u\Z_l�\]em[v�fZ]gblhkn_ju�gZ�fZkrlZ[_�fgh]h�f_gvr_f�oZjZd�
l_jgh]h�jZaf_jZ�fZ]gblhkn_ju��<�dZq_kl\_�^jm]h]h�\hafh`gh]h�bklhqgbdZ�FFA-\heg�k�
m� !!� ��gZ� aZfdgmluo�kbeh\uo�ebgbyo�jZkkfZljb\Zebkv�klhjhggb_� lhdb�\�bhghkn_j_��
H^gZdh�j_amevlZlu��ihemq_ggu_�\�^Zgghc�jZ[hl_��^Zxl�hkgh\Zgb_�mkhfgblvky�\�wnn_d�
lb\ghklb�ij_^eh`_gguo�\ur_�f_oZgbafh\� 

<� jZ[hl_� ihdZaZgh�� qlh� fhghojhfZlbq_kdb_� ;FA-dhe_[Zgby� jZkdZqb\Zxl� madh�
ehdZebah\Zggu_�ihi_j_d�fZ]gblguo�h[hehq_d�klhyqb_� �\^hev�kbeh\uo�ebgbc�fZ]gbl�
gh]h�ihey��FFA-\hegu��Hij_^_e_gu�ijh^hevgZy�b�ihi_j_qgZy�kljmdlmjZ�b�ki_dlj�j_�
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ahgZgkguo�FFA-\heg��Ki_dlju� qZklhl� hkgh\guo� ]Zjfhgbd� klhyqbo� Zevn\_gh\kdbo�b�
FFA-\heg�jZaebqZxlky�gZ�^\Z�ihjy^dZ�\_ebqbgu��Ihwlhfm�wnn_dlb\gh_�\aZbfh^_ckl�
\b_�f_`^m�wlbfb�^\mfy�\_l\yfb�F=>-dhe_[Zgbc�\�jZkkfZljb\Z_fhc�fh^_eb�fZ]gblh�
kn_ju�gZ�aZfdgmluo�kbeh\uo�ebgbyo�g_\hafh`gh�� 

IhdZaZgh�� qlh� Zfieblm^Z� klhyqbo�FFA-\heg� klj_fbl_evgh� m[u\Z_l� ijb� ijb�
[eb`_gbb�d�A_fe_��<�k\yab�k�wlbf�k^_eZg�\u\h^�h�lhf��qlh�bhghkn_jZ�A_feb�g_�fh`_l�
b]jZlv�gbdZdhc�kms_kl\_gghc�jheb�gb�\�]_g_jZpbb��gb�\�^bkkbiZpbb�fZ]gblhkn_jguo�
FFA-\heg��?s_�h^gZ�k\yaZggZy�k�wlbf�hkh[_gghklv�khklhbl�\�lhf��qlh�fZ]gblhkn_jgu_�
FFA-dhe_[Zgby�g_\hafh`gh�gZ[ex^Zlv�gZ�ih\_joghklb�A_feb� 

 
E–mail: kozlov-da@yandex.ru 
 

1. Walker, A. D. M., and H. Pekrides, Theory of magnetospheric standing hydro-
magnetic waves with large azimuthal wave number. 4. Standing waves in the ring 
current region, J. Geophys. Res., 101, 27133–27147, 1996.Kfh^_ebjh\Zgguc

]_ebhkn_jguc lhdh\uc kehc aZ i_jbh^ \j_f_gb k ���� ih ���� dwjjbg]lhgh\kdb_ h[hjhlu 
KhegpZ 

 
 

BKKE?>H<:GB?�>BG:FBDB�:WJHAHEVGUO�KEH?< 
<�:LFHKN?J?�YDMLBB�K�IHFHSVX�EB>:J: 

Lbfhn__\Z�=�:� 

Ydmlkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�bf��F�D��:ffhkh\Z��Ydmlkd 

<Z`ghklv�bkke_^h\Zgby� Zwjhahevghc�dhfihg_glu� Zlfhkn_ju�ijh^bdlh\ZgZ�mk�
lZgh\e_gguf�nZdlhf�_]h�j_rZxs_]h�agZq_gby�gZ�nhjfbjh\Zgb_�debfZlZ������K�^jm]hc�
klhjhgu�\�ihke_^gb_�]h^u�klZeb�[he__�aZf_lgu�ihke_^kl\by�ijh^he`Zxs_]hky�ihl_i�
e_gby�debfZlZ�gZ�A_fe_��Wlb�ijhp_kku�bf_xl�kbevgmx� l_jjblhjbZevgmx�g_h^ghjh^�
ghklv��k\yaZggmx�k�baf_g_gb_f�]eh[Zevghc�pbjdmeypbb�Zlfhkn_ju� �����Ij_^iheZ]Z_l�
ky��qlh�gZ�khklhygb_�debfZlZ�Ydmlbb�j_rZxsmx�jhev�b]jZ_l��lZd�gZau\Z_fuc� aZiZ^�
guc�i_j_ghk�–�mklhcqb\h_�^\b`_gb_�\ha^mrguo�fZkk�ih�\k_c�lhes_�Zlfhkn_ju�k�aZiZ�
^Z� gZ� \hklhd�� b� k\yaZggu_� k� gbf� imlb� pbdehgh\��Hlkmlkl\b_� gZ� l_jjblhjbb� Ydmlbb�
fhsguo� aZ]jyagyxsbo�Zlfhkn_jm�h[t_dlh\� �djhf_�_kl_kl\_gguo���hkh[_ggh�\�abfg__�
\j_fy�� iha\hey_l� ijhke_`b\Zlv� ijbghk� \ha^mrgufb�fZkkZfb� Zwjhahe_c�b� aZ]jyagyx�
sbo�\_s_kl\�ba�^jm]bo�j_]bhgh\��LZdbf�h[jZahf��hgb�y\eyxlky�dZd�[u�bg^bdZlhjhf�
iml_c�\ha^mrguo�fZkk�� 

K�^jm]hc�klhjhgu�]_h]jZnbq_kdZy�hkh[_gghklv�jZkiheh`_gby�gZr_c�j_kim[ebdb�
ij_^iheZ]Z_l�aZjh`^_gb_�klZpbhgZjghc�ieZg_lZjghc�\hegu��dhlhjZy�\�abfg__�\j_fy�\�
[eZ]hijbylguo�mkeh\byo�ijb\h^bl�d�h[jZah\Zgbx��lZd�gZau\Z_fuo�\g_aZiguo�abfgbo�
kljZlhkn_jguo�ihl_ie_gbc��\ihke_^kl\bb� aZo\Zlu\Zxsbo� agZqbl_evgu_� lhesb�Zlfh�
kn_ju������ 

H^gbf�ba�kh\j_f_gguo�f_lh^h\�bkke_^h\Zgbc�Zlfhkn_jgh]h�Zwjhahey�y\ey_lky�
^bklZgpbhggh_�ahg^bjh\Zgb_�_]h�hkgh\guo�iZjZf_ljh\��D�gbf�hlghkylky�lZdb_�f_lh^u��
dZd�eb^Zjgh_�ahg^bjh\Zgb_�b�baf_j_gb_�ijhimkdZgby�b�jZkk_ygby�kheg_qgh]h�baemq_�
gby�ijb�ihfhsb�ki_pbZevguo�nhlhf_ljh\��Eb^Zjgh_�ahg^bjh\Zgb_�iha\hey_l�baf_jblv�
\_jlbdZevgmx� ^bgZfbdm� Zwjhahevguo� keh_\� b� baf_g_gby� l_fi_jZlmju� Zlfhkn_ju� \�
rbjhdhf�^bZiZahg_�\ukhl�–�hl�ljhihkn_ju�^h�f_ahkn_ju� �����K�ghy[jy������]��\�Bg�
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klblml_�dhkfhnbabq_kdbo�bkke_^h\Zgbc�b�Zwjhghfbb�KH�J:G� �]��Ydmlkd��aZims_g�gZ�
ihklhyggmx�wdkiemZlZpbx�kljZlhkn_jguc�eb^Zj��<�dZq_kl\_�i_j_^ZlqbdZ�bkihevam_lky�
l\_j^hl_evguc� eZa_j� /4-���%� �NbjfZ� 6RODU� /6�� Fbgkd�� gZ� djbklZee_� Zexfh-
blljb_\h]h�]jZgZlZ�k�ijbf_kvx�g_h^bfZ� �1G<$*��fhsghklvx�����f>`��k�^ebl_evgh�
klvx�bfimevkZ����gk�\�fhghbfimevkghf�j_`bf_��jZ[hlZxsbc�gZ�qZklhl_����=p��Ijb�
_fgbdhf�kem`bl�gZijZ\e_gguc�\�a_gbl�l_e_kdhi�kbkl_fu�GvxlhgZ�k�^bZf_ljhf�����f�b�
nhdmkguf�jZkklhygb_f���f��IjhkljZgkl\_ggh_�jZaj_r_gb_� �kbkl_fu�hl����^h�����f�\�
aZ\bkbfhklb� hl� aZ^Zqb��J_]bkljZpby�\_^_lky�gZ�dhfivxl_j_�q_j_a� ki_pbZevguc�[ehd��
ih^kh_^bgy_fuc�q_j_a�86%�����ihjl��ijb�ihfhsb�bgl_jn_ckghc�ijh]jZffu��gZibkZg�
ghc�k�bkihevah\Zgb_f�iZd_lZ�\bjlmZevguo�ijb[hjh\�/DE9LHZ������GZ[ex^_gby�ijh\h�
^ylky��gZqbgZy�k�\_q_jgbo�kmf_j_d�\�l_q_gb_�ghqb�kh�kd\Z`ghklvx�ijbf_jgh�h^gh�ba�
f_j_gb_�\�qZk� 

 
E-mail: linka85@list.ru 
 

1. Dhg^jZlv_\�D�Y�� �������:wjhahev�dZd�debfZlhh[jZamxsbc�dhfihg_gl�Zlfh�
kn_ju�� ���Ijyfh_�b�dhk\_ggh_�\ha^_ckl\b_�gZ�debfZl� � ���HilbdZ�Zlfhkn��b�
hd_ZgZ��L������������� 

2. DjZib\bg�<�N���Dhg^jZlv_\�D�Y���������=eh[Zevgu_�baf_g_gby�hdjm`Zxs_c�
kj_^u��wdhbgnhjfZlbdZ��KI[���GBOB�Ki[=M 

3. Labitzke K. (1981) Stratospheric-mesospheric midwinter disturbances: a summary 
RI�REVHUYHG�FKDUDFWHULVWLFV�����-��*HRSK\V��5HV��9��&����������S������-9678. 

4. Am_\�<�?��� Am_\�<�<�� �������>bklZgpbhggh_� hilbq_kdh_� ahg^bjh\Zgb_� Zlfh�
kn_ju��KI[���=b^jhf_l_hba^Zl 
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IJH;E?FU�KH<J?F?GGUO�:E=HJBLFH<�L:JBNBD:PBB 
<�K?LYO�NGN�B�F?LH>U�BO�J?R?GBY 

Q_jgy\kdbc�>�<� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

I_j_oh^�d�k_lyf�ke_^mxs_]h�ihdhe_gby�1*1��1H[W�*HQHUDWLRQ�1HWZRUNV��hl�k_�
l_c�LNhI�hagZqZ_l�b�i_j_oh^�b�gZ�gh\u_�p_gh\u_�fh^_eb��\dexqZxsb_�gZqbke_gby��
dhlhju_�aZ\bkyl�hl�h[t_fZ��kh^_j`Zgby�i_j_^Zgghc�bgnhjfZpbb�b�gZqbke_gby�aZ�ijZ\h�
^hklmiZ�\� ©qm`mxª�k_lv��Djhf_�lh]h��ihy\eyxlky�b�©\g_k_l_\u_ª�k_j\bku��k\yaZggu_��
gZijbf_j�� k� [Zgdh\kdbfb� ljZgaZdpbyfb�� j_deZfhc�� lhj]h\e_c� b� l�^�� Gh\u_� [bag_k-
ijhp_kku�\�k_lyo�1*1�ij_^ty\eyxl�gh\u_�lj_[h\Zgby�d�kbkl_fZf�lZjbnbdZpbb�b�[be�
ebg]Z�mkem]��LZjbnbdZpby�ij_^klZ\ey_l�kh[hc�qZklv�kbkl_fgh]h�mijZ\e_gby�k_lb�b�jZk�
kfZljb\Z_lky�dZd�nmgdpby�mijZ\e_gby�jZkq_lhf�ieZl_`_c�b�\dexqZ_l�ljb�khklZ\eyx�
sbo�� 

·  lZjbnbdZpbx��FKDUJLQJ�� 
·  gZagZq_gb_�b�ih^]hlh\dm�bg^b\b^mZevguo�kq_lh\��ELOOLQJ�� 
·  dhgljhev�klhbfhklb�mkem]��FRVW�FRQWURO�� 
=eZ\ghc�p_evx�hij_^_e_gby�b�klZg^ZjlbaZpbb�ijbgpbih\�b�Ze]hjblfh\�lZjbnb�

dZpbb�mkem]�y\ey_lky�kha^Zgb_�wnn_dlb\gh]h�wdhghfbq_kdh]h�f_oZgbafZ�h[_ki_q_gby�
dZq_kl\Z�b�ijb\e_dZl_evghklb�mkem]��ij_^hklZ\ey_fuo�hi_jZlhjZfb�dZd�\gmljb�kh[kl�
\_gghc�k_lb��lZd�b�f_`^m�jZaebqgufb�k_lyfb�hi_jZlhjh\�k\yab�*60��*�1*1�� 

LZjbnbdZpbx�� \� kbem� fgh]bo� ijbqbg�� p_e_khh[jZagh� \uihegylv� \� j_Zevghf�
fZkrlZ[_�\j_f_gb��D�qbkem�mihfygmluo�ijbqbg�fh`gh�hlg_klb�g_h[oh^bfhklv�hi_jZ�
lb\gh]h� mijZ\e_gby� mkem]Zfb� Z[hg_glh\�� IUDXG–dhgljhev�� h[_ki_q_gb_�iheghlu� mq_lZ�
CDR-nZceh\��A\_ghf��dhlhjh_�eh]bq_kdb�k\yau\Z_l�ijhp_kk�lZjbnbdZpbb�b�[beebg]Z��
y\ey_lky�hij_^_e_gb_�ihlj_[bl_ey�mkem]b��ijb�dhlhjhf�bkihevam_lky�lZ�`_�bgnhjfZ�
pby�� qlh� b� ijb� \uimkd_� kq_lh\��<uimkd� kq_lh\�� y\eyykv� ljm^h_fdhc� b� j_kmjkh_fdhc�
hi_jZpb_c��g_�fh`_l�\uihegylvky� kebrdhf�qZklh�b��dZd�ijZ\beh��ijh\h^blky�\�mklZ�
gh\e_ggu_�aZdhghf�kjhdb� 

Hkgh\gZy�nmgdpby�nhjfbjh\Zgby�kq_lh\�Z[hg_glZf�^he`gZ�\dexqZlv� 
·  nhjfbjh\Zgb_�kq_lh\�^ey�hieZlu�nbabq_kdbf���xjb^bq_kdbf�ebpZf��jZk�

i_qZldm�kq_lh\�gZ�i_qZlZxs_f�mkljhckl\_� 
·  Nhjfbjh\Zgb_�k\h^guo�\_^hfhkl_c�ih�\uklZ\e_gguf�kq_lZf��nhjfbjh�

\Zgb_�fZkkb\Z�^Zgguo�^ey�kbkl_fu�Z\lhfZlbq_kdh]h�hih\_s_gby�Z[hg_glh\�b�l�^� 
Nmgdpby�dhgljhey�klhbfhklb��FRVW�FRQWURO��\dexqZ_l� 
·  Ij_^hklZ\e_gb_�Z[hg_glm�l_dms_c�bgnhjfZpbb�h�gZqbke_gguo�ieZl_`Zo�

�hklZlhd�kq_lZ��b�bg^bdZpbx�klhbfhklb�ex[hc�mkem]b�ih�aZijhkm�Z[hg_glZ� 
·  MklZgh\e_gguc�ebfbl�Z[hg_glZ�ih�ihevah\Zgbx�aZijZrb\Z_fhc�mkem]hc��

bkoh^y�ba�hklZldZ�kq_lZ�beb�dhgljZdlZ� 

 

BGNHJF:LBD:� 
 
Ij_^k_^Zl_ev�ih^k_dpbb� 
ijhn��d�n�-f�g��Iehohlgbdh\�DhgklZglbg�W^mZj^h\bq 
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Fh^_eb� lZjbnbdZpbb� \� k_lyo� 1*1� kms_kl\_ggh� keh`g__�� ihlhfm� qlh� djhf_�
ijhklh]h�ih^kq_lZ�i_j_^Zgguo�b�ihemq_gguo�[Zclh\�b�dhebq_kl\Z�\j_f_gb�g_h[oh^bfh�
hp_gb\Zlv� \hklj_[h\Zgghklv�hi_jZpbc�^ey� Z[hg_glh\��<� aZ\bkbfhklb�hl�\dmkh\�b�ih�
lj_[ghkl_c�ihevah\Zl_e_c��\�jZ[hl_�ij_^eh`_gh�\u^_eblv���[ehdZ�mkem]�ih�hlghr_gbx��
d�dhlhjuf�\_jhylgh�ihlj_[mxlky�kZfhklhyl_evgu_�[bag_k�fh^_eb� 

·  Mkem]b�� hieZqb\Z_fu_� gZ� hkgh\_� ijh^he`bl_evghklb� bo� ihlj_[e_gby�
�]hehkh\Zy�k\yav��\b^_hdhgn_j_gpbb��\b^_hnbevfu��l_e_\b^_gb_��jZ^bh�� 

·  Mkem]b��hieZqb\Z_fu_�gZ�hkgh\_�h[t_fZ�i_j_^Zgghc�bgnhjfZpbb� �:HE��

FTP, e-PDLO��\hafh`gh�– MMS). 
·  Mkem]b��hieZqb\Z_fu_�dZd�ieZlZ�aZ�ljZgaZdpbb��k^_edb��b]ju��aZijhku�d�

[ZaZf�^Zgguo��mkem]b��k\yaZggu_�k�hij_^_e_gb_f�f_klhiheh`_gby��� 
GZ�l_ogheh]bq_kdhf�mjh\g_�ijb�kha^Zgbb�lZdhc�[bag_k-fh^_eb�j_adh�\hajZkl_l�

h[t_f�bgnhjfZpbb��M\_ebqb\Z_lky��g_�lhevdh�dhebq_kl\h�lbih\�^Zgguo�bkihevam_fuo�
^ey�lZjbnbdZpbb��gh�bo�bklhqgbdb��Gm`gh�hlf_lblv�lhl�nZdl��qlh��bf_y�\�k\h_f�jZkih�
jy`_gbb� \kx� ^hklmigmx� bgnhjfZpbx� g_h[yaZl_evgh� __� bkihevah\Zlv� \� iheghc�f_j_�
ihlhfm��qlh�wlh�ijb\_^_l�d�ba[ulhqghklb�^Zgguo�ijb�ihkljh_gbb�[bag_k-fh^_eb��Gh��
g_�kfhljy�gZ�wlh��\ky�bgnhjfZpby�^he`gZ�[ulv�e_]dh�^hklmigZ�^ey�h[jZ[hldb�[beebg�
]h\ufb� kbkl_fZfb��Kms_kl\_ggh� \hajZklZ_l� jhev� ^Zgguo�� ihklmiZxsbo� g_ihkj_^kl�
\_ggh�hl� Z[hg_glZ��gZijbf_j�� aZijZrb\Z_fu_�j_kmjku��h[t_f� k\h[h^ghc�iZfylb� l_j�
fbgZeZ��jZaj_r_gb_� wdjZgZ�� dZq_kl\h� k_j\bkZ�4R6��IZjZf_lju�4R6�– ijbgpbibZevgh�
gh\uc�we_f_gl�\�jZkq_lZo�aZ�kh^_j`Zgb_�i_j_^Zgghc�bgnhjfZpbb��dhlhju_�g_�lhevdh�
mkeh`gyxl�kljmdlmjm�lZjbnguo�ieZgh\��gh�b�fh]ml�^bgZfbq_kdb�f_gylvky��qlh�g_ba�
[_`gh�ihlj_[m_l�^hklZlhqgh�keh`ghc�ij_^\Zjbl_evghc�h[jZ[hldb�mq_lguo�aZibk_c�^h�
bo�aZ]jmadb�\�[beebg]h\mx�kbkl_fm��<�dhg_qghf�blh]_��\ky�wlZ�bgnhjfZpby�[m^_l�gZ�
oh^blvky�\�ki_pbZevghf�nZce_��lZd�gZau\Z_fhf� �&'5–nZce_� �&DOO�'HWDLO�5HFRUG�–�^_�
lZevghc�aZibkb�a\hgdZ���dhlhjuc�kha^Zzlky�\k_]^Z��dh]^Z�mkem]Z�bkihevah\ZgZ�Z[hg_g�
lhf��^Z`_�_keb�hgZ�[_kieZlgZ��BgnhjfZpby�&'5–nZceZ�\dexqZ_l��b^_glbnbdZpbhggu_�
ghf_jZ�Z[hg_glZ�b�l_jfbgZeZ��lj_[m_fu_�j_kmjku��ihehkm�qZklhl��kdhjhklv�i_j_^Zqb�b�
l�^����iZjZf_lju�4R6��h[t_f�i_j_^Zgghc�bgnhjfZpbb��\j_f_gghc�bgl_j\Ze�b�l�^�� 

KlZg^ZjlZfb�(76,�\\_^_gu�^\Z�j_`bfZ�lZjbnbdZpbb��©2II��OLQH-lZjbnbdZpbyª�b�
«On  line-lZjbnbdZpbyª��Ijb�hleh`_gghf� �2II� OLQH��[beebg]_�hkgh\Zgb_f�^ey�lZjbnb�
dZpbb�y\ey_lky�mq_lgZy�aZibkv� �&'5��b�lZjbnguc�ieZg�Z[hg_glZ��Ijb�wlhf�bgnhjfZ�
pby�h�k^_eZgguo�\uah\Zo�aZ�hij_^_e_gguc�i_jbh^�\j_f_gb�ihklmiZ_l�\�kbkl_fm�jZkq_�
lh\�ihklnZdlmf��<�2Q��OLQH�–�ko_f_�lZjbnbdZpbb�mkem]��h[jZ[hldZ�^Zgguo�ijhbkoh^bl��
\�j_`bf_�\j_f_gb��fZdkbfZevgh�ijb[eb`_gghfm�d�j_Zevghfm��L_f�g_�f_g__��\�^Zgghf�
kemqZ_� ijh[e_fZ� ^_[blhjkdhc� aZ^he`_gghklb� g_� j_rZ_lky� iheghklvx�� ihkdhevdm� kh�
ojZgy_lky� \hafh`ghklv� h[jZah\Zgby� hljbpZl_evgh]h� [ZeZgkZ� \� l_q_gb_� ©ihke_^g_]h�
a\hgdZª��lZjbnbdZpby�dhlhjh]h�b�ihke_^mxs__�kibkZgb_�kj_^kl\�kh�kq_lZ�ijhbahc^ml�
ebrv�ih�_]h�hdhgqZgbb��2QOLQH-hp_gdZ�hkms_kl\ey_lky�ihkj_^kl\hf�hp_ghqguo�nmgd�
pbc� �(YHQW� Charging Function, IMS Bearer Charging Function, IMS Session Charging 
Function). 

Ijb�ihkljh_gbb�Z\lhfZlbabjh\Zgghc�kbkl_fu�lZjbnbdZpbb�mkem]�k\yab�\�jZ[hl_�
ij_^eZ]Z_lky�bkihevah\Zlv�]_g_jZlhj�we_f_glZjguo�Ze]hjblfh\��g_�aZ\bkysbc�hl�ki_�
pbnbdb�ijbdeZ^ghc�p_e_\hc�kbkl_fu��b�ij_^gZagZq_gguc�^ey�\uiheg_gby�ij_h[jZah�
\Zgby�gZ^�ihklmib\rbf� aZijhkhf�\�g_dhlhjhf�bgnhjfZpbhgghf�dhgl_dkl_��Ij_h[jZ�
ah\Zgb_� \uihegy_lky� dZd� fgh`_kl\h� hi_jZpbc� aZf_gu� kbf\heh\� ba� khklZ\Z� aZijhkZ��
Dhgl_dkl�h[jZ[hldb�aZ^Zg�gZ[hjhf�nj_cfh\�b�g_dhlhjuf�k_fZglbq_kdb�khhl\_lkl\mx�
sbf�_fm�bgnhjfZpbhgguf�h[t_dlhf�� �=_g_jZlhj�\�dZq_kl\_�Zj]mf_glZ�ihemqZ_l�g_dh�
lhjmx�ihke_^h\Zl_evghklv�kbf\heh\�b�bfy�dhjg_\h]h�nj_cfZ�ba�Zdlb\gh]h�dhgl_dklZ��
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<�j_amevlZl_�ij_h[jZah\Zgby�nhjfbjm_lky�j_amevlZl��ij_^gZagZq_gguc�^ey�h[jZ[hldb�
aZ^Zgguf�bgl_jij_lZlhjhf�–�\�kbkl_f_��ijb�lZjbnbdZpbb�kh_^bg_gby�nhjfbjm_lky�Ze�
]hjblf� jZkqzlZ� klhbfhklb�� aZljZl�b� khklZ\gZy� ljZgaZdpby� ^ey� �fZrbgu� ljZgaZdpbc���
Kj_^gyy�ljZgaZdpby�lZjbnbdZpbb�h[uqgh�ihjh`^Z_l�q_luj_�ljZgaZdpbb�\�ih^kbkl_f_ 
\_^_gby�Z[hg_glkdbo�kq_lh\��Dhebq_kl\h�Zdlb\guo�ijZ\be�lZjbnbdZpbb�\�jZajZ[hlZg�
ghc�fghx�kbkl_f_�d�gZklhys_fm�fhf_glm�khklZ\ey_l�hl�����^h������k]jmiibjh\Zgguo�\�
����nj_cfZo��<�jZ[hl_�ij_^eh`_g�f_oZgbaf�Z^Zilbjmxs_]hky�dwrZ�ijZ\be��dhlhjuc�
iha\hey_l�khdjZlblv�gZdeZ^gu_�jZkoh^u�ih�bo�Zdlb\baZpbb��:^ZilZpby�dwrZ�ijhba\h�
^blky�gZ�hkgh\_�klZlbklbdb�bkihevah\Zgby�ijZ\be�gZ�dhgdj_lghf�ihlhd_�ljZgaZdpbc�\�
ijhp_kk_�h[jZ[hldb��;ukljh^_ckl\b_�kbkl_fu�lZjbnbdZpbb�hij_^_ey_lky�wnn_dlb\gh�
klvx� jZ[hlu�KM;>��bkihevam_fhc� ^ey�ojZg_gby�^Zgguo�h� kh_^bg_gbyo�� Z[hg_glZo�b�
l�^�� 

 

1. FZjlbg�>`��IeZgbjh\Zgb_�jZa\blby�Z\lhfZlbabjh\Zgguo�kbkl_f��F��NbgZgku�b�
KlZlbklbdZ������� 

2. www.abavanet.ru/technology.htm, AbavaNet –�hldjulu_�bgl_jn_cku�^ey�dhfivx�
l_jghc�l_e_nhgbb������� 
 
 

F?LH>BD:�H;OH>:�HRB;DB�I?J?IHEG?GBY�;MN?J: 
<�IJH=J:FFBJH<:GBB�G:�WL:I?�DHFIBEYPBB 

Dh\lmg�E�<� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

<�jZ[hl_�jZkkfhlj_gZ�f_lh^bdZ�kha^Zgby�[b[ebhl_db��dhlhjZy�ijh\_jy_l�jZaf_j�
fZkkb\Z�\h�\j_fy�dhfibeypbb�b�\u^Zzl�hrb[dm�dhfibeypbb�\�kemqZ_�g_^hklZlhqgh]h�
jZaf_jZ�\u^_e_ggh]h�[mn_jZ��>ey�ijh\_jdb�\uiheg_gby�mkeh\by�fbgbfZevgh�g_h[oh�
^bfh]h� jZaf_jZ� fZkkb\Z� bkihevam_lky� fZdjhk� BOOST_STATIC_ASSERT� [b[ebhl_db�
ERRVW��ijb�g_\uiheg_gbb�dhlhjh]h��dhfibeylhj�\u^Z_l�khh[s_gb_�h[�hrb[d_��LZdbf�
h[jZahf��ijh]jZffZ��kh^_j`ZsZy�lZdh]h�jh^Z�hrb[dm��g_�fh`_l�[ulv�aZims_gZ��lZd�dZd�
hgZ� g_� [ueZ� kha^ZgZ��LZd`_�bkihevam_lky�rZ[ehgguc� deZkk� klZg^Zjlghc� [b[ebhl_db�
VWG��QXPHULFBOLPLWV��dhlhjuc�hij_^_ey_l�k\hckl\Z�p_euo�qbk_e��lZdb_�dZd�fbgbfmf��fZd�
kbfmf��dhebq_kl\h�[bl��agZdh\mx�ijh\_jdm�� �b�dhgklZglm�GLJLVW����gm`gmx�^ey�\uqbk�
e_gby�fZdkbfZevgh�g_h[oh^bfh]h�dhebq_kl\Z�^_kylbqguo�pbnj�\�qbke_��LZdbf�h[jZ�
ahf��fh`gh�hij_^_eblv�nhjfmem�jZaf_jZ�[mn_jZ�^ey�nhjfZlbjh\Zgby�p_eh]h�qbkeZ�lb�
iZ�T�� iha\heyxsmx�nhjfZlbjh\Zlv� p_eh_� qbkeh� lbiZ�T�� g_� [hykv� \uclb� aZ� ]jZgbpu�
fZkkb\Z�g_aZ\bkbfh�hl�jZaf_jZ�p_eh]h�lbiZ� 
int const SZ = std::numeric_limits<T>::is_signed + std::numeric_limits<T>::digits10 + 2; 
;b[ebhl_dZ g_ iha\hey_l ijh]jZffbklm ^himklblv \hafh`ghklv \hagbdgh\_gby hiZkghc kblmZpbb \uoh�

^Z aZibkb ^Zgguo aZ ]jZgbpu fZkkb\Z� dhlhjZy fh`_l ijb\_klb d i_j_aZibkb [ebae_`Zsbo i_j_f_gguo b

g_kZgdpbhgbjh\Zgghfm ^hklmim d ^Zgguf kh klhjhgu aehmfure_ggbdh\�  
//Dh^ [b[ebhl_db 
#include <stdio.h> 
#include <cassert> 
#include <limits> 
#include <boost/static_assert.hpp> 
char const* get_sprintf_fmt(int const*) {    return "%d";} 
char const* get_sprintf_fmt(unsigned int const*) {    return "%u";} 
char const* get_sprintf_fmt(char const*) {    return "%c";} 
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�
�<uqbkey_l� jZaf_j� [mn_jZ� [_a� aZ\_jrZxs_]h� gmey� 
\�
�� ^ey�nhjfZlbjh\Zgby�
kZfh]h�^ebggh]h�\�kbf\hevghf�ij_^klZ\e_gbb�agZq_gby�lbiZ�7��Ih�mfheqZgbx�g_�hi�
j_^_e_gh��>ey�dhgdj_lguo�lbih\�gb`_�i_j_qbkeyxlky�ki_pbZebaZpbb�wlh]h�rZ[ehgZ�
� 

template<class T> struct max_size; 
template<> 
struct max_size<int> 
{typedef std::numeric_limits<int> lim; 
static std::size_t const value = lim::is_signed + lim::digits10 + 1;}; 
template<> 
struct max_size<unsigned int> 
{ typedef std::numeric_limits<unsigned int> lim; 
 static std::size_t const value = lim::is_signed + lim::digits10 + 1;}; 
template<> 
struct max_size<char> 
{    static std::size_t const value = 1;}; 
�
�RZ[ehgguc�deZkk�RVWUHDP�&DSDFLW\!�bf__l�jZagu_�p_eb�\h�\j_fy�dhfibeypbb�

b�\h�\j_fy�\uiheg_gby��Ijb�dhfibeypbb�dhfibeylhj�]ZjZglbjm_l��qlh�VWDUWB�mdZau\Z_l 
gZ�[mn_j��jZaf_j�dhlhjh]h�g_�f_gvr_�dhgklZglu�&DSDFLW\��Ijb�\uiheg_gbb�i_�

j_f_ggZy�VWDUWB�ojZgbl�mdZaZl_ev�gZ�i_j\uc�kbf\he��k�dhlhjh]h�gZqg_lky�nhjfZlbjh\Z�
gb_�ke_^mxs_]h�agZq_gby�
� 

template<int Capacity> // Capacity - \f_klbfhklv 
struct ostream 
{    BOOST_STATIC_ASSERT(Capacity > 0); 
�
�?keb�h[t_dl�[ue� kha^Zg�ijb�nhjfZlbjh\Zgbb�ihke_^g_]h� agZq_gby��lh�gZ^h�

m[_^blky��qlh�_klv�f_klh�^ey�aZ\_jrZxs_]h�gmey��&DSDFLW\�!�����?keb�nhjfZlbjh\Zgb_�
_s_�g_�aZdhgq_gh��lh�kha^Zklky�gh\uc�h[t_dl��^ey�dhlhjh]h�[m^_l�\uiheg_gZ�lZdZy�`_�
ijh\_jdZ�
� 

char* start_; 
�
�GZqZeh�[mn_jZ��hldm^Z�gZqg_lky�nhjfZlbjh\Zgb_� ke_^mxs_]h� agZq_gby�ijb�

\uiheg_gbb��<j_f_ggh�^himkdZ_lky�g_[_ahiZkgh_�kha^Zgb_�ba�fZe_gvdh]h�[mn_jZ��*/ 
ostream(char* buf) 
  : start_(buf) 
    {} }; 
�
�NhjfZlbjh\Zgb_� agZq_gby� YDOXH� lbiZ� 7��GZijbf_j��out(buf) << value�� lbi�L�

^he`_g�bf_lv�h]jZgbq_gb_�gZ�fZdkbfZevgmx�^ebgm��Nmgdpby�ijbgbfZ_l�l_dmsbc�h[t�
_dl�RVWUHDP�&DSDFLW\!�b�agZq_gb_�YDOXH��Z�\ha\jZsZ_l�gh\uc�h[t_dl�RVWUHDP��m�dhlhjh]h�
\f_klbfhklv� ]ZjZglbjh\Zggh�^hklZlhqgZ�^ey�^Zevg_cr_]h� �[_ahiZkgh]h�nhjfZlbjh\Z�
gby�[_a�i_j_iheg_gby�[mn_jZ�^Z`_�\�kemqZ_�fZdkbfZevgh�^ebgguo�^Zgguo
� 

template<int Capacity, class T> 
ostream< Capacity - max_size<T>::value > 
operator<<(ostream<Capacity> os, T const& value) 
{    int n = sprintf(os.start_, get_sprintf_fmt(&value), value); assert(n <= 

max_size<T>::value); 
    return os.start_ + n;} 
�
�>ey�[mn_jZ�buf�jZaf_jZ�Capacity� \ha\jZsZ_l�h[t_dl�ostream<Capacity!�� mdZ�

au\Zxsbc�gZ�gZqZeh�[mn_jZ��NhjfZlbjh\Zgb_�h[uqgh�gZqbgZ_lky�k�wlh]h�\uah\Z�
� 
template<int Capacity> 
inline ostream<Capacity> out(char (&buf)[Capacity]) 
{    return ostream<Capacity>(buf);} 
Gb`_�ijb\_^zg��ijbf_j��dh^�ihevah\Zl_ey��nhjfZlbjh\Zgby�p_eh]h�qbkeZ�b�ih�

ke_^h\Zl_evghklb�kbf\heh\�\�[mn_j�k�aZ^Zgguf�jZaf_jhf� 
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int i; std::cout<<"Enter an int:"; std::cin>>i;char buf[15];out(buf)<<i<<'\n';std::cout<< 
buf; 

NhjfZlbjh\Zgb_�gZqbgZ_lky�k�\uah\Z�nmgdpbb�out��dhlhjZy�\ha\jZsZ_l�h[t_dl��
ojZgysbc�mdZaZl_ev�gZ�gZqZeh�[mn_jZ�b�\�_]h�lbi_�ijbkmlkl\m_l�bgnhjfZpby�h�\f_klb�
fhklb�[mn_jZ��>Ze__�hkms_kl\ey_lky�\uah\�nmgdpbb�operator��� ��dhlhjZy�\�k\hx�hq_�
j_^v�ijbgbfZ_l�^\Z�Zj]mf_glZ��j_amevlZl�\uah\Z�nmgdpbb�out�b�qbkeh��dhlhjh_�[m^_l�
jZaf_s_gh� \� [mn_j_� \� l_dklh\hf� \b^_��Wlhl� hi_jZlhj�ba\e_dZ_l� mdZaZl_ev�gZ�gZqZeh�
fZkkb\Z�b�k�ihfhsvx�nmgdpbb�sprintf��nhjfZlbjm_l�aZ^Zggh_�p_eh_�qbkeh�ih�wlhfm�Z^�
j_km�gZ�gZqZeh�[mn_jZ��?]h�fh`gh�ijbf_gblv�d�h[t_dlm�ih\lhjgh��hj]Zgbah\Z\��p_ihq�
dm�\uah\Z�nhjfZlbjh\Zgby�^Zgguo��DZ`^uc�\uah\�\ha\jZsZ_l�h[t_dl��\�lbi_�dhlhjh]h�
hljZ`_g� aZiZk�[mn_jZ�\�^Zgghc�lhqd_�\uiheg_gby�ijh]jZffu��Dhfibeylhj�ke_^bl� aZ�
l_f��qlh[u�\f_klbfhklv�[mn_jZ�[ueZ�iheh`bl_evghc��HljbpZl_evgZy�\f_klbfhklv�[m�
n_jZ�hagZqZ_l��qlh�nhjfZlbjh\Zgb_�^Zgguo�fh`_l�ijb\_klb�d�i_j_iheg_gbx�[mn_jZ�� 

Hi_jZpby�nhjfZlbjh\Zgby�qbk_e�\�khq_lZgbb�k�l_dklhf�^h\hevgh�qZklh��ijbf_�
gbfZ��gZijbf_j��ijb�^bgZfbq_kdhf�nhjfbjh\Zgbb�kljhdb�SQL-aZijhkZ��dh]^Z�\oh^gu_�
^Zggu_��gZijbf_j��ijb�\\h^_�k�l_jfbgZeZ��ba\_klgu�lhevdh�\h�\j_fy�\uiheg_gby�ijh�
]jZffu��<�wlhf�kemqZ_�[b[ebhl_dZ�fh`_l�hdZaZlvky�qj_a\uqZcgh�ihe_aghc�b�m^h[ghc�
ijb�ijh\_jd_�iZjZf_ljh\�[mn_jZ�\�j_`bf_�Z\lhfZlbq_kdhc�ijh\_jdb�\h�\j_fy�dhfib�
eypbb�� 

 
1. G��G��FZjlugh\��Ijh]jZffbjh\Zgb_�^ey�Windows�gZ�K�K����lhf����Fhkd\Z��ba�

^Zl_evkl\h�;bghf������� 
2. >w\b^�<Zg^_\mj^��GbdheZc�>`hkZllbk��RZ[ehgu�K����kijZ\hqgbd�jZajZ[hlqb�

dZ��ba^Zl_evkl\h�<bevyfk������� 
 
 

F:L?F:LBQ?KD:Y�FH>?EV�=B>J:<EBQ?KDHC�KBKL?FU 

Ih[_]Zceh�I�:� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

<�gZklhys_c�jZ[hl_�jZkkfhlj_gZ�f_lh^bdZ�ijh_dlbjh\Zgby�]b^jZ\ebq_kdhc�kbk�
l_fu�gZ�[Za_�dbg_fZlbq_kdhc�ko_fu�–�k�g_aZ\bkbfufb�m]eh\ufb�i_j_f_s_gbyfb�klj_�
eu��jmdhylb�b�dh\rZ�^ey�jZ[hq_]h�h[hjm^h\Zgby��JH��lbiZ�ijyfhc�ehiZlu��Kha^ZggZy�
fh^_ev�kem`bl�[Zahc�^ey�gh\hc�l_ogheh]bb�ijh_dlbjh\Zgby�JH�\�aZ^Zq_�ijyfh]h�dhiZ�
gby� 

<u[hj�dbg_fZlbq_kdbo�iZjZf_ljh\�jZ[hq_]h�h[hjm^h\Zgby�ijyfhc��]b^jZ\ebq_�
kdhc�ehiZlu�hkgh\Zg�gZ�ke_^mxsbo�ijbgpbibZevguo�iheh`_gbyo� 

qbkeh�bkoh^guo�^Zgguo�fbgbfbabjh\Zgh� 
ij_^eZ]Z_fZy�f_lh^bdZ�jZkkfZljb\Z_l�ijhp_kk�\u[hjZ�iZjZf_ljh\�JH�ijb�h[t_�

^bg_gbb�f_oZgbafh\�JH�\�_^bgmx�kljmdlmjm� 
\uihegylky�ijh\_jdZ�j_ZebaZpbb�lj_[m_fhc�fZdkbfZevghc�\ukhlu�dhiZgby�ijb�

fZdkbfZevghf�m]e_�gZdehgZ�hkb�klj_eu�d�]hjbahglm� 
mqblu\Zxlky�j_Zdlb\gu_�^Z\e_gby�\�]b^jhpbebg^jZo� 
<� gZklhys_c� f_lh^bd_� hij_^_eyxlky� ke_^mxsb_� iZjZf_lju�� dbg_fZlbq_kdb_�

^ebgu�we_f_glh\�JH��wdklj_fZevgu_�m]eu�i_j_f_s_gby�bo�^jm]�hlghkbl_evgh�^jm]Z�b�
dhhj^bgZlu�iylu�klj_eu��Dbg_fZlbq_kdb_�^ebgu�klj_eu�Z��jmdhylb�b�b�dh\rZ�k�–�wlh�
jZkklhygb_�f_`^m�hkyfb�bo�dhgp_\uo�rZjgbjh\��Ihke_^h\Zl_evghklv�\u[hjZ�dbg_fZ�
lbq_kdbo�iZjZf_ljh\�JH�lZdh\Z� 
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\u[hj�^ebgu�dh\rZ� 
\u[hj�dhhj^bgZl�iylu�klj_eu� 
\u[hj�^ebgu�klj_eu�b�jmdhylb��b�fZdkbfZevgh]h�m]eZ�f_`^m�bo�hkyfb���PD[�� 
\u[hj�fbgbfZevguo�m]eh\�f_`^m�hkyfb�klj_eu�b�jmdhylb���min���b�hkvx�jmdhylb�

b�dbg_fZlbq_kdhc�^ebghc�dh\rZ���min); 
\u[hj� wdklj_fZevguo� agZq_gbc� m]eZ� gZdehgZ� hkb� klj_eu� d� ]hjbahglm� �.PLQ� b�

.PD[�� 
ijh\_jdZ�h]jZgbq_gby�gZ�fZdkbfZevguc�m]he�f_`^m�hkvx�jmdhylb�b�dbg_fZlb�

q_kdhc�^ebghc�dh\rZ���max); 
>ebgZ�dh\rZ�©k»�hij_^_ey_lky�ih�nhjfme_��k� �����k1���k2���]^_�k1�b�k2 –�^ebgu�

dh\r_c�ihemq_ggu_�gZ� hkgh\_�f_lh^Z� ]_hf_ljbq_kdh]h�ih^h[by�b�ih�j_dhf_g^Zpbyf�
<GBBK>F��k�hdjm]e_gb_f�^h�h^ghc�^_kylhc�� 

>ey�hij_^_e_gby�Z[kpbkku�b�hj^bgZlu�iylu�bkihevam_lky�ke_^mxsb_�nhjfmeu�� 
 

O� ������
�5him��]^_�Rhim -�jZ^bmk�HIM�� <� �De + hii*0.5 + 0.18*3
w

m  + z, 
 

]^_�De –�debj_gk��hii -�\ukhlZ�ih\hjhlghc�ieZlnhjfu�JH��]�-�ihijZ\hqguc�dhwnnbpb�
_gl�� 

<\h^bf�ke_^mxsb_�h]jZgbq_gby� 
g_h[oh^bfh�h[_ki_qblv�\hafh`ghklv�dhiZgby�gZ�fZdkbfZevghf�lj_[m_fhf�jZ�

^bmk_�gZ�mjh\g_�klhygdb�JH� 
jZkklhygb_�hl�iylu�klj_eu�^h�hkljby� am[v_\�dh\rZ�gZ�mjh\g_�klhygdb�^he`gh�

[ulv�fZdkbfZevgh�\hafh`guf��hlj_ahd�:'PD[�� 
M]he��max�fh`gh�aZ^Zlv�\�bgl_j\Ze_�>�������max����@�kh�kf_s_gb_f�d�ijZ\hc�]jZ�

gbp_��AgZy�wlhl�bgl_j\Ze�fh`gh�ijhclb�_]h�k�rZ]hf�û�. 
AgZy� ^bZiZahg��fh`gh� jZkkfhlj_lv� _]h� jZaebqgu_� agZq_gby�� aZ^Z\rbkv�rZ]hf�

ûW�beb�gZagZqblv�W�ba�dhgkljmdlb\guo�khh[jZ`_gbc� 
AZibr_f� ^\Z� ]_hf_ljbq_kdbo� khhlghr_gby�� :
' Rdkmax –X, ADmax = 

22 )'( DAY +  
]^_�Rdkmax –�fZdkbfZevguc�jZ^bmk�dhiZgby�gZ�mjh\g_�klhygdb�JH��A’D – �]hjbahglZev�
gh_�jZkklhygb_�hl�am[v_\�dh\rZ�^h�hkb�HIM�aZ�\uq_lhf�Z[kpbkku�iylu�klj_eu��ADmax – 
jZkklhygb_� hl� iylu� klj_eu� ^h� am[v_\� dh\rZ�� h[_ki_qb\Zxs__�fZdkbfZevguc� jZ^bmk�
dhiZgby�gZ�mjh\g_�klhygdb� 

>ebgZ�klj_eu�jZ\gZ��Z� �W* )1)cos(**2/())(( max
22

max +− βWWAC , 

]^_�AKmax –�fZdkbfZevgh_�jZkklhygb_�hl�iylu� klj_eu�^h�rZjgbjZ�jmdhylv-dh\r�ijb�
fZdkbfZevghf��max. >Ze__: b = a/W, ]^_ AKmax = ADmax – c. 

AgZq_gb_�m]eZ��min�gZoh^blky�\�^bZiZahg_� >��� < �min < �@��>ebgZ�hlj_adZ��kh_^b�
gyxs_]h�rZjgbj�klj_eZ-jmdhylv�k�hkljb_f�am[Z�dh\rZ��hij_^_eblky�ke_^mxsbf�h[jZ�

ahf�BD = )cos(***2 min
22 γcbcb −+ . 

Hibr_f�khhl\_lkl\mxsmx�jZkq_lgmx�ko_fm�ke_^mxsbfb�]_hf_ljbq_kdbfb�kh�
hlghr_gbyfb� 

 

))**2/()arccos(( 222 BDbcBDbCBD −+=∠ , 

D1F = Hdhimax – Y, AD1 = ADmax, AF = 2
1

2
1 )()( FDAD − , KM = Hdhimax / tg (�), 

A’K = AF – KM, AK = 22)'( YKA + , )/arcsin(' AKYAKA =∠ ,  

λπ −∠−=∠ 'AKAAKD , 
ADmin = AD = AK*sin( AKD∠ ), 
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))**2/()arccos(( 2
min

22 BDaADBDaABD −+=∠ , 
 

]^_���–�m]he�iZ^_gby�_kl_kl\_ggh]h�hldhkZ��H[uqgh�wlhl�m]he�jZ\_g����� 
FbgbfZevguc�m]he�f_`^m�hkvx� klj_eu�b�jmdhylb�hij_^_eblky�ih� ke_^mxs_c�

nhjfme_�� CBDABD ∠+∠=minβ . 
L_i_jv� gZc^_f� m]eu� .min� b� .max�� >ey� .min� aZibr_f� 

5.0*'min πα −∠+∠= BACADA �� ]^_� )/)((' max YYRarctgADA
dk

−=∠ , 

))**2/())(arccos(( max
22

max
2 ACabACaBAC −+=∠ . 

>ey�.max�aZibr_f�� FADDAB ∠−∠= 2maxα ,  

]^_ B2D2=BD, AD=ADmin, λπ −=∠ *5.0FAD , )/)arcsin((*5.0 min222 aADDBDAB −+=∠ π  
>ey�h[_ki_q_gby�lj_[m_fuo�fZdkbfZevguo�agZq_gbc�\ukhlu�dhiZgby�b�jZ^bmkZ�

gZ� mjh\g_� klhygdb� ihlj_[m_lky� \uiheg_gb_� ke_^mxsbo� h]jZgbq_�
gbc�

maxmax βπγ ACB∠+≥ ��]^_� ))**2/())arccos((( max
222

maxmax
bACabACACB −+=∠ β  

M]he�.��ijb�dhlhjhf�^hklb]Z_lky�fZdkbfZevgZy�lj_[m_fZy�\ukhlZ�dhiZgby��jZ�
\_g� 

 

))**2/())(arccos(( max
22

max
2

11 ACabACaACB −+=∠ , 

)/arcsin( max11 ADFDAFD =∠ , AFDACB 111 ∠+∠=α . 
 

?keb�.���.max��lh�mkeh\b_�j_ZebaZpbb��lj_[m_fhc�fZdkbfZevghc�\ukhlu�dhiZgby�
ijb�aZ^Zgghf�m]e_����\uihegy_lky��<�ijhlb\ghf�kemqZ_��\ZjbZgl�ba�^Zevg_cr_]h�ijh_d�
lbjh\Zgby�bkdexqZ_lky� 

<� j_amevlZl_� \uqbkebl_evgh]h� wdki_jbf_glZ� ihemq_gh�� qlh�� ihevamykv� ^Zgghc�
f_lh^bdhc��fh`gh�ihemqblv�g_�h^gh��Z�g_dhlhjh_�fgh`_kl\h�j_r_gbc��m^h\e_l\hjyx�
sbo�aZeh`_gguf�h]jZgbq_gbyf�b�lj_[h\Zgbyf��Wlh�k\yaZgh�k�l_f��qlh�hdhgqZl_evguc�
\u[hj�\ZjbZglZ�JH�[m^_l�\uihegylvky�ba�dhgkljmdlb\guo�khh[jZ`_gbc�b�p_ebdhf�hk�
lZg_lky�gZ�ijh_dlbjh\sbd_��<_^v�gbdlh�djhf_�g_]h�g_�agZ_l�l_ogheh]bq_kdbo�hkh[_g�
ghkl_c�dhgdj_lgh]h�ijhba\h^kl\Z� 

 
1. Ih[_]Zceh� I�:�� Ihkljh_gb_� eh]bq_kdhc� ko_fu� ijh_dlbjh\Zgby� jZ[hq_]h�

h[hjm^h\Zgby� ijyfhc� ]b^jZ\ebq_kdhc� ehiZlu� gZ� klZ^bb� wkdbagh]h�
ijh_dlbjh\Zgby� k� ijbf_g_gb_f� &$6(-l_ogheh]bc�� ?`_]h^g�� ;9,� f_`^��
bgl_jg_l-dhgn�� fheh^uo� mq_guo� b� klm^_glh\� ih� kh\j_f_gguf� ijh[e_fZf�
fZrbgh\_^_gvy��©FBDFMK�ijh[fZr�����ª��F���BF:R������� 

2. KZfZjkdbc� :�:��� FboZceh\� :�I�� FZl_fZlbq_kdh_� fh^_ebjh\Zgb_�� B^_b��
F_lh^u��Ijbf_ju��F���NBAF:LEBL������� 
 
 

F?LH>U�J?>MDPBB�<�A:>:Q:O�H;J:;HLDB�L?DKLH< 

FZaZ_\Z�B�<���JmkZdh\Z�G�?���B\Zgh\�:�=����=h^dbg�=�;� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

GZ� hkgh\_� h[mqZxsbo� ijbf_jh\�� \ayluo� ba� \jmqgmx� jZaf_q_gguo� dhjimkh\��
ij_^eZ]Z_lky�f_lh^�hij_^_e_gby��ijh]ghaZ��qZklb�j_qb��^_kdjbilhjZ��^ey�dZ`^h]h�keh�
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\Z��\oh^ys_]h�\�ij_^eh`_gb_�ijb�mkeh\bb��qlh�qZklv�^_kdjbilhjh\�keh\�ij_^eh`_gby�
m`_�hij_^_e_gu��f 

JZkkfhljbf� l_hj_lbdh–\_jhylghklgmx� j_^mdpbx� �bgl_jij_lZpbx�� ^Zgguo�ijb�
gZebqbb�Zijbhjghc�bgnhjfZpbb�h�\oh^guo�^Zgguo��Imklv� 

� $I��, 
 

 ]^_�� –�bgl_jij_lbjm_lky�dZd�bkdZ`zggu_�rmfhf��hrb[dZfb����\uoh^gu_�^Zggu_�]b�
ihl_lbq_kdh]h�ijb[hjZ�A��gZ�\oh^�dhlhjh]h�ihklmibeb�^Zggu_�f��Ih]j_rghklv�baf_j_�
gby� �rmf��� –� kemqZcguc�\_dlhj� k�dh\ZjbZpbhgguf�hi_jZlhjhf���b�fZl_fZlbq_kdbf�
h`b^Zgb_f��jZ\guf�gmex��Z�f –�g_�aZ\bkysbc�hl����kemqZcguc�\_dlhj�k�ba\_klguf�dh\Z�
jbZpbhgguf�hi_jZlhjhf�F�b�fZl_fZlbq_kdbf�h`b^Zgb_f�Ef=f0��Hi_jZlhj�A –�h[uqgh�
ebg_cguc�hi_jZlhj��dhlhjuc�fh^_ebjm_l�ij_h[jZah\Zgb_�\oh^guo�^Zgguo� f�\�\uoh^�
gu_�Af. AZ^ZqZ�bgl_jij_lZpbb�baf_j_gby���jZkkfZljb\Z_lky�dZd�aZ^ZqZ�j_^mdpbb���d�\b�
^m�� k\hckl\_gghfm�baf_j_gbx�gZ�ijb[hj_�U�� ]^_�U –� ebg_cguc�hi_jZlhj�� aZ^Zxsbc�
fZl_fZlbq_kdmx�fh^_ev�ijb[hjZ��gZ�\uoh^_�dhlhjh]h�ihemqZ_f�bgl_j_kmxsb_�gZk�oZ�
jZdl_jbklbdb�bkke_^m_fh]h�h[t_dlZ��Lh�_klv��g_h[oh^bfh�gZclb�lZdh_�ij_h[jZah\Zgb_�
R��dhlhjh_�iha\hebeh�[u�bgl_jij_lbjh\Zlv�kb]gZe�5��dZd�gZb[he__�lhqgmx�\_jkbx�Uf. 

IhklZgh\dZ�lZdhc�aZ^Zqb�^ZgZ�\�>�@��b�bf__l�j_r_gb_�\�\b^_� 
 

L= U(f0 +FA*(AFA*+ �)-1��-Af0) 
 

]^_       �
 ��-Af0, E __�5�
�–Uf+r||~
U5 �

PLQ , R0=UFA*(AFA*+ �), r0=Uf0 - R0Af0 

Ihkdhevdm�\�aZ^Zq_�ijh]ghabjh\Zgby�hi_jZlhj�A�lhqgh�g_�ba\_kl_g��\�jZ[hl_�bk�
ihevah\Zg� h[sbc� ijbgpbi� mlhqg_gby� fh^_eb� ih� l_klh\uf� baf_j_gbyf� �h[mqZxsbf�
dhjimkZf��>�@�� 

 

∑
=

=
1

L

LL
$D$

�

, A1, …, AN 








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z=Ta+u 
Af=Ufa 

Uf=( A1f, …, ANf) 
A'= Uf FT*(TFT*+ �)-1z 

 

BlZd��fu�ohlbf�ihkljhblv�fh^_ev��ih�dhlhjhc�gZ�hkgh\_�ba\_klguo�jZkij_^_e_�
gbc�\_jhylghklb�^_kdjbilhjh\�k�keh\�fh`gh�[m^_l�ijh]ghabjh\Zlv��jZkij_^_e_gb_�\_�
jhylghklb�^_kdjbilhjh\�^ey�bkke_^m_fh]h�keh\Z�\�ij_^eh`_gbb�� 

Ijb�jZajZ[hld_�fh^_eb��dhlhjZy�fh]eZ�[u�ij_^kdZau\Zlv�^_kdjbilhj�\_jhylgh�
klgh]h�jZkij_^_e_gby�bkke_^m_fh]h�keh\Z�\�ij_^eh`_gbb��\�dhlhjhf�ba\_klgh�jZkij_�
^_e_gb_�^_kdjbilhjh\�k�keh\��jZkij_^_e_gb_�\_jhylghklb�\uqbkey_lky�gZ�hkgh\_�h[m�
qZxsbo�dhjimkh\�l_dklZ�� 

Imklv�ba\_klgh�s�^_kdjbilhjh\��JZkij_^_e_gb_�\_jhylghkl_c�hlh[jZabf�\�\b^_�
\_dlhjZ f��i_j\u_�s� we_f_glh\�dhlhjh]h�ij_^klZ\eyxl�kh[hc�jZkij_^_e_gb_�\_jhylgh�
kl_c�^_kdjbilhjh\�i_j\h]h�keh\Z��ijb�mkeh\bb��qlh�ba\_kl_g�^_kdjbilhj�\lhjh]h�keh\Z��
Ke_^mxsb_�s+1,…, s+s we_f_glu�\_dlhjZ�–�jZkij_^_e_gb_�\_jhylghklb�^_kdjbilhjh\�
\lhjh]h�keh\Z��ijb�mkeh\bb��qlh�ba\_kl_g�^_kdjbilhj�i_j\h]h�keh\Z�b�l�^��^ey�k�ba\_kl�
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guo�^_kdjbilhjh\�ij_^eh`_gby��JZkij_^_e_gby�\u[bjZxlky�k�mqzlhf�hlghkbl_evgh]h�
jZkiheh`_gby�keh\�\�l_dkl_��ke_\Z�beb�kijZ\Z� 

<�dZq_kl\_�j_amevlZlZ�gZoh^blky�fZdkbfZevgh_�agZq_gb_��\_dlhjZ�L b�ghf_j�kh�
hl\_lkl\mxs_]h�we_f_glZ��mdZau\Zxs_]h�gZ�lbi�^_kdjbilhjZ� 

Ijb�ih^]hlh\d_�l_dklZ�^ey�ZgZebaZ�bkihevah\Zeky�kl_ffbg]�–�f_lh^�h[jZ[hldb�
l_klh\hc� bgnhjfZpbb�� hkgh\Zgguc� gZ� \u^_e_gbb� ijb� bg^_dkZpbb� d\Zabhkgh\� keh\��
Ij_^eZ]Z_fZy�f_lh^bdZ�jZkihagZ\Zgby�qZkl_c�j_qb�[ueZ�hijh[h\ZgZ�gZ�ijhba\hevguo�
l_dklZo��Ohjhrb_�j_amevlZlu�jZkihagZ\Zgby�qZkl_c�j_qb� �ihjy^dZ������[ueb�ihemq_�
gu�ijb�mlhqg_gbb�dhgl_dklZ�h[mqZxsbo�dhjimkh\� 
 
1. Iulv_\� X�I�� F_lh^u� fZl_fZlbq_kdh]h� fh^_ebjh\Zgby� baf_jbl_evgh-

\uqbkebl_evguo�kbkl_f��–F���NbafZlebl������� 
2. Iulv_\�X�I���FZaZ_\Z�B�<��F_lh^�j_^mdpbb�baf_j_gbc�\�aZ^Zq_�ijh]ghaZ�kj_^�

g_f_kyqguo�agZq_gbc�l_fi_jZlmju�� ���<_klgbd�Fhkdh\kdh]h�mgb\_jkbl_lZ��� 6, 
2002. 

3. Yu. P. Pyt’ev. Nonlinear reduction of a measurement. Math.Model, volume 1, number 
5, p.44-59. 

 

 
 

IJHKLJ:GKL<?GGH–<J?F?GGHC�D:E?G>:JGUC�IE:G 
<�:<LHF:LBABJH<:GGUO�KBKL?F:O 

KHKL:<E?GBY�J:KIBK:GBY 

FZaZ_\Z�B�<���Hdk_gdjm]�B�<���JmkZdh\Z�G�?���:kjbygp�L�:� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

Ijhba\h^kl\_gguc�ijhp_kk�lj_[m_l�j_r_gby�jZaebqguo�aZ^Zq�ih^�\ha^_ckl\b_f�
g_dhlhjuo�h]jZgbq_gbc��ih�mkeh\byf� dhlhjuo�j_r_gb_�h^ghc� aZ^Zqb�g_�fh`_l�[ulv�
gZqZlh�^h�l_o�ihj��ihdZ�g_�[m^_l�aZ\_jr_gh�j_r_gb_�^jm]hc�aZ^Zqb��Wlb�h]jZgbq_gby�
ij_^klZ\eyxlky�\�\b^_�kh_^bg_gbc�f_`^m�aZ^ZqZfb��ijb�wlhf�\hagbdZ_l�aZ^ZqZ�khklZ\�
e_gby�jZkibkZgbc�\�_z�deZkkbq_kdhf�\b^_��dZd�ihkljhblv�\j_f_gghc� ]jZnbd�j_r_gby�
aZ^Zq�lZdbf�h[jZahf��qlh[u�m^h\e_l\hjblv� aZ^Zgguf�h]jZgbq_gbyf�b� aZ\_jrblv�^Zg�
guc�ijhp_kk�aZ�fbgbfZevgh�\hafh`gh_�\j_fy�� 

<�gZklhys_c� jZ[hl_� kha^ZgZ�f_lh^bdZ� khklZ\e_gby�jZkibkZgby�gZ�hkgh\_�ijh�
kljZgkl\_ggh–\j_f_gguo�oZjZdl_jbklbd�gZ�ijbf_j_�mq_[gh]h�jZkibkZgby�� 

<� jZ[hl_� ij_^eh`_gh�� jZkij_^_e_gb_�N� aZ^Zq� �dmjku� e_dpbc�� ih�G� h[t_dlZf�
�]jmiiu�h[mq_gby�\�<MA_���gZ^�dhlhjufb�\uihegyxlky�aZ^Zqb��ij_^klZ\blv�\�\b^_�^_�
j_\Z� k� dhjg_f� \� l_jfbgZo� ]jZnh\��<� dZq_kl\_� dhjgy� kem`bl� aZ^ZqZ��bf_xsZy�fZdkb�
fZevguc�ijbhjbl_l�^ey�bkihegbl_ey�aZ^Zq��eb[h�fZdkbfZevguc�ijbhjbl_l�ih�kh\f_k�
lbfhklb� ihke_^h\Zl_evghklb� \uiheg_gby� aZ^Zq��>Zgguc� djbl_jbc� \\h^blky� hi_jZlh�
jhf�ijb�jZ[hl_� k�ijh]jZffguf�h[_ki_q_gb_f�� Z\lhfZlbabjmxsbf� kbkl_fm� khklZ\e_�
gby� jZkibkZgby� �:KKJ���>ey� dZ`^h]h� bkihegbl_ey� aZ^Zq� ihemqbf� hl^_evgh_� ^_j_\h��
h[jZamy�� lZdbf�h[jZahf��e_k�^_j_\v_\� >�@��E_k�[m^_l�bf_lv�G –�dhfihg_gl� k\yaghklb��



EHFHGHKH<�– 2006 

 

82 

<k_�^_j_\vy�e_kZ�bf_xl�h^bgZdh\mx�]em[bgm��<�jZ[hl_�wlh�^hklb]Z_lky�ke_^mxsbf�h[�
jZahf��;_jzlky�fZdkbfZevguc�\j_f_gghc�bgl_j\Ze�Tmax�aZ�h^gb�kmldb��^ey�mgb\_jkZev�
ghklb�fh`gh�bkihevah\Zlv�^Z`_����qZkZ���dhlhjuc�^ey�mijhs_gby�jZa[b\Z_lky�gZ�fb�
gbfZevgh�\hafh`gu_�_^bgbpu� tmin��gZijbf_j��ZdZ^_fbq_kdb_�qZku�� �<�blh]_��ihemqbf�
ke_^mxsmx�fZdkbfZevgmx�]em[bgm�^_j_\Z�^ey�h^gh]h�h[t_dlZ� 

 

k = Tmax/tmin. 
 

:gZeh]bqgh�kljhblky�e_k�^_j_\v_\�ih�P�bkihegbl_eyf�aZ^Zq��Bkihegbl_eyfb�aZ�
^Zq�\�aZ^Zq_�khklZ\e_gby�jZkibkZgby�kem`Zl�ij_ih^Z\Zl_eb��Ij_^iheZ]Z_lky��qlh P�N.  
DZ`^uc�bkihegbl_ev�aZ^Zqb�k\yaZg�k�aZ^Zq_c�\�hlghr_gbb�©h^bg�dh�fgh]bfª��lh�_klv�
bkihegbl_ev�fh`_l�\uihegylv�g_kdhevdh�aZ^Zq�b�^ey�jZaguo�b�^ey�h^gbo�b�l_o�`_��h[t�
_dlh\��=em[bgu�]jZnh\–e_kh\��dZd�gZ�hkgh\_�aZ^Zq��lZd�b�gZ�hkgh\_�bkihegbl_e_c�[m^ml�
h^bgZdh\ufb� 

>ey�mqzlZ�ijhkljZgkl\_gghc�oZjZdl_jbklbdb�dZe_g^Zjgh]h�ieZgZ�ijb�khklZ\e_�
gbb�jZkibkZgby��ijhkljZgkl\_ggZy�dhfihg_glZ�i_j_\h^blky�\h�\j_f_ggmx�hi_jZlhjhf�
:KKJ��LZd��gZijbf_j��ijb�gZebqbb��l_jjblhjbZevgh�m^Zezgguo�mq_[guo�dhjimkh\��^ey�
i_j_oh^Z�ba�h^gh]h�dhjimkZ�\�^jm]hc�aZljZqb\Z_lky�g_dhlhjh_�\j_fy��LZdh_�\j_f_ggh_�
h]jZgbq_gb_�h[oh^yl�ke_^mxsbf�h[jZahf��ijb�i_j_]jmiibjh\d_�ij_^f_lh\�ih�\_jrb�
gZf�^_j_\Z��\u[bjZ_lky�]em[bgZ�g_dhlhjhc�\_jrbgu��khhl\_lkl\mxsZy��hij_^_ezgghfm�
\j_f_gghfm�bgl_j\Zem��gZijbf_j��i_j_ju\m�gZ�h[_^��>Zgguc�\j_f_gghc�bgl_j\Ze�h[h�
agZqZ_lky�\�\b^_� ©imklhcª� aZ^Zqb��gZ�\uiheg_gb_�dhlhjhc�gZagZq_g�g_dhlhjuc� ©mgb�
\_jkZevgucª�bkihegbl_ev��g_�bf_xsbc�gbdZdbo�h]jZgbq_gbc��gh�ijb�khjlbjh\d_�^Zg�
gZy� \_jrbgZ� aZgbfZ_l� nbdkbjh\Zggmx� ]em[bgm�� LZd`_�� \\h^ylky� ^jm]b_� bgl_j\Zeu�
\j_f_gb�–�g_[hevrb_�i_j_ju\u�f_`^m�iZjZfb�–�\�\b^_�z�©imkluoª�aZ^Zq� 

;_a�mqzlZ�imkluo�aZ^Zq��ihegZy�fZdkbfZevgZy�]em[bgZ�]jZnZ�\�\b^_�e_kZ�ijb�kh�
klZ\e_gbb�jZkibkZgby��gZ�d –�^g_c�\�g_^_ex�[m^_l�� 
 

K=d*k. 
 

Hq_\b^gh��qlh�N<<K,�bgZq_�j_r_gb_�^Zgghc�aZ^Zqb�[m^_l�g_^hklb`bfuf� 
K�mqzlhf�©imkluoª�aZ^Zq��ihemqbf�gh\mx�]em[bgm�]jZnZ� 
 

Kiheg. = d *  Tmax/tmin + z 
 

>ey�ihemq_gby�©fb]Zxs_]hª�jZkibkZgby��dhebq_kl\h�^g_c�d�m^\Zb\Z_lky� 
<�blh]_��ihemqbf�hjb_glbjh\Zgguc�Zpbdebq_kdbc�]jZn��DAG – Directed Acyclic 

Graph���^ey�dhlhjh]h�kms_kl\m_l�ba\_klguc�Ze]hjblf�lhiheh]bq_kdhc�khjlbjh\db��hib�
kZgguc�\�khhl\_lkl\mxs_c�ebl_jZlmj_�>�@� 

>h�gZqZeZ�h[jZ[hldb�fZkkb\Z�Ze]hjblfhf�lhiheh]bq_kdhc�khjlbjh\db��ij_^f_�
lu� khjlbjmxlky� ih� ]jmiiZf� lZdbf� h[jZahf�� qlh[u� m^h\e_l\hjylv� gZb[he__� kbevguf�
lj_[h\Zgbyf�d�jZkklZgh\d_�ij_^f_lh\��gZijbf_j��ijb�ijh\_^_gbb�g_dhlhjuo�k_fbgZ�
jh\�^\Z�jZaZ�\�g_^_ex��g_evay�bo�klZ\blv�\�h^bg�^_gv��eb[h��g_dhlhju_�ij_ih^Z\Zl_eb�
bf_xl�[hevrbc�ijbhjbl_l�ih�kjZ\g_gbx�k�^jm]bfb��>Zggu_�h]jZgbq_gby�lZd`_�\\h�
^ylky� hi_jZlhjhf�:KKJ� ijb� gZagZq_gbb� ij_^f_lh\�ih� ]jmiiZf�b�ij_ih^Z\Zl_eyf��b�
[m^ml�bf_lv�\b^�^\mo�b_jZjobq_kdbo�kibkdh\� 
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Ijh]jZffgh_� h[_ki_q_gb_� j_Zebah\Zgh� gZ� kbkl_f_� mijZ\e_gby� [ZaZfb� ^Zgguo�
�KM;>��Microsoft Access��<k_�^Zggu_�b�h]jZgbq_gby�gZ�^Zggu_� \\h^ylky�hi_jZlhjhf�
[Zau�^Zgguo�q_j_a�nhjfu��:e]hjblf�j_r_gby�aZ^Zqb�ihkljh_g�\�\b^_�fh^mey�gZ�yaud_�
Visual Basic.  

Ijh]jZffgh_�h[_ki_q_gb_�ij_^hklZ\ey_l�fgh`_kl\h�j_r_gbc�–�\ZjbZglh\�jZk�
ibkZgby��hilbfZevguc�\ZjbZgl�dhlhjh]h�\u[bjZ_l�kZf�hi_jZlhj�KM;>��nbdkbjmy�beb�
i_j_jZkij_^_eyy�aZ^Zqb�b�bkihegbl_e_c�aZ^Zq�� 

Ihemq_gguc� Ze]hjblf�j_r_gby� aZ^Zqb�ijhkljZgkl\_ggh–\j_f_ggh]h�dZe_g^Zj�
gh]h�ieZgbjh\Zgby�\�Z\lhfZlbabjh\Zgguo�kbkl_fZo�khklZ\e_gby�jZkibkZgby�^hklZlhq�
gh�mgb\_jkZe_g�b�fh`_l�[ulv�ijbf_gzg�\�ex[uo�^jm]bo�aZ^ZqZo��ijZdlbq_kdb�[_a�dZ�
dbo–eb[h� baf_g_gbc�� gZijbf_j�� ^Z`_� \� aZ^ZqZo�� ieZgbjh\Zgby� ^hklZ\hd� ijh^mdpbb�
dmjv_jkdhc�kem`[hc�� 

 
1. J��OZ]]Zjlb��>bkdj_lgZy�fZl_fZlbdZ�^ey�ijh]jZffbklh\��Fhkd\Z��©L_oghkn_jZª��

2004. 
2. K_^`\bd�Jh[_jl��Nmg^Zf_glZevgu_�Ze]hjblfu�gZ�K����:e]hjblfu�gZ�]jZnZo��– 

Ki[��HHH�©>bZKhnlXIª������� 
 
 

IJ?>KL:<E?GB?�MJ:<G?GBY�LBI:�Z = F(X, Y��G:�HKGH<?�
=J:NH<�<�A:>:Q?�J:AJ:;HLDB�F:L?JB:EH<�K�A:>:GGUF�

DHFIE?DKHF�K<HCKL< 

*=hj_edbg�B�<� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

Ihemq_gb_�fZl_jbZeh\� k� aZ^Zgguf�dhfie_dkhf�k\hckl\�b�j_ZebaZpby�l_ogheh�
]bq_kdbo�ijhp_kkh\�g_�fh]ml�[ulv�hkms_kl\e_gu�[_a�ij_^\Zjbl_evgh]h�ihkljh_gby�fh�
^_e_c��\dexqZxsbo�jy^�i_j_f_gguo��hij_^_eyxsbo�khklhygb_�h[t_dlZ��<k_�wlb�i_j_�
f_ggu_�fh`gh�jZa^_eblv�gZ�q_luj_�]jmiiu� 

NZdlhju��oZjZdl_jbamxsb_�dZq_kl\h�kujvy�b�ijhf_`mlhqguo�ijh^mdlh\��g_�^h�
imkdZxsb_� p_e_gZijZ\e_ggh]h� bo� baf_g_gby� �hij_^_eyxlky� \� j_amevlZl_� eZ[hjZlhj�
guo�ZgZebah\�� 

NZdlhju�ijhp_kkZ��k�ihfhsvx�dhlhjuo�j_Zebam_lky�aZ^Zgguc�l_ogheh]bq_kdbc�
j_`bf. 

<uoh^gu_� i_j_f_ggu_�� oZjZdl_jbamxsb_� wdhghfbq_kdmx� wnn_dlb\ghklv� ijh�
p_kkZ�� l_ogheh]bq_kdb_� k\hckl\Z� b� oZjZdl_jbklbdb� ]hlh\uo� ijh^mdlh\�� QZklh� aZ^ZqZ�
khklhbl�\�lhf��qlh[u�hij_^_eblv�aZ\bkbfhklv�f_`^m�\oh^gufb�b�\uoh^gufb�i_j_f_g�
gufb�ijhp_kkZ��beb�gZclb� agZq_gby�\oh^guo�nZdlhjh\��h[_ki_qb\Zxsb_�^hklb`_gb_�
hilbfZevguo�\_ebqbg�\uoh^guo�i_j_f_gguo��I_j_f_ggu_� wlhc� ]jmiiu�\uklmiZxl�\�
dZq_kl\_�p_e_\uo�\_ebqbg�ijb�j_r_gbb�aZ^Zq�hilbfbaZpbb� 

G_dhgljhebjm_fu_�nZdlhju��oZjZdl_jbamxsb_�^_ckl\mxsb_�gZ�h[t_dl�\hafm�
s_gby��dhlhju_�g_�fh]ml�[ulv�baf_j_gu�dhebq_kl\_ggh� �ijbf_kb�\�kujv_��\j_f_gghc�
^j_cn�b�^j��� 

                                                           
*�>hdeZ^�hlf_q_g�]jZfhlhc�dhgn_j_gpbb��dZd�emqrbc�gZ�ih^k_dpbb��
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Kh\hdmighklv�fgh`_kl\Z�nZdlhjh\��fgh`_kl\Z�p_e_\uo�nmgdpbc�b�fgh`_kl\Z�
fh^_e_c�fh`_l�[ulv�gZa\ZgZ�l_ogheh]bq_kdhc�kblmZpb_c��>ey�l_ogheh]bq_kdhc�kblmZ�
pbb�g_h[oh^bfh�ihkljh_gb_�fh^_eb��lZd�dZd�l_ogheh]bq_kdZy�kblmZpby�[_a�fh^_eb�g_�
fh`_l�[ulv�mijZ\ey_fZ�b�g_�ij_^klZ\ey_l�ijZdlbq_kdh]h�bgl_j_kZ� 

FZl_fZlbq_kdZy�fh^_ev�\�g_y\ghf�\b^_�fh`_l�[ulv�aZibkZgZ�\�\b^_� 
 

y = f(x1, x2, … , xn), 
 

]^_�y –�aZ\bkbfZy�i_j_f_ggZy� �hldebd���p_e_\Zy�nmgdpby��iZjZf_lj�hilbfbaZpbb��xi – 
g_aZ\bkbfZy�i_j_f_ggZy��nZdlhj��n –�dhebq_kl\h�nZdlhjh\� 

H]jZgbqb\Z_f� aZ^Zqm� jZkkfhlj_gb_f� ^\mo� nZdlhjh\�� JZkkfZljb\Z_f� ]jZnbq_�
kdmx� bgl_jij_lZpbx� ^\mf_jgh]h� k_q_gby� ih\_joghklb� hldebdZ��LZdh_� k_q_gb_� ij_^�
klZ\ey_l�kh[hc�ijyfhm]hevgbd��aZdexq_gguc�f_`^m�ebgbyfb��iZjZee_evgufb�hkyf�dh�
hj^bgZl��<gmljb�g_]h�bah[jZ`Zxlky�\�\b^_�bahebgbc��ebgbc�jZ\gh]h�mjh\gy��ijh_dpbb�
k_q_gby�ih\_joghklb�hldebdZ�]hjbahglZevgufb�iehkdhklyfb� 

<�hkgh\m�deZkkbnbdZpbb�^\mf_jguo�k_q_gbc�ih\_joghkl_c�hldebdZ�fh`_l�[ulv�
iheh`_gh�dhebq_kl\h�b�\aZbfgh_�jZkiheh`_gb_�hkh[uo�lhq_d�gZ�ih\_joghklb� 

 

m� �3�o1��o2). 
 

<�h[s_f�\b^_�khhlghr_gb_�f_`^m�hkh[ufb��ijhklufb��lhqdZfb�^Zzlky�mjZ\g_�
gb_f�:�ImZgdZj_��ij_h[jZah\Zgb_f�dhlhjh]h�^ey�aZfdgmlhc�h[eZklb��jZkkfZljb\Z_fuc�
ijyfhm]hevgbd��ihemqZ_f�khhlghr_gb_� 

 

Z1 + 2Z2 + 4Z3 = C1 + 2C2 + 4C3, 
 

]^_�Z3, Z2, Z1 –�qbkeh�weebilbq_kdbo�hkh[uo�lhq_d� �\_jrbg�b�\iZ^bg��khhl\_lkl\_ggh�
\gmljb��gZ�klhjhgZo�ijyfhm]hevgbdZ�b�\�_]h�\_jrbgZo��C1, C2, C3, -�qbkeh�]bi_j[hebq_�
kdbo�hkh[uo�lhq_d��kz^_e��\�\_jrbgZo��gZ�klhjhgZo�b�\gmljb�ijyfhm]hevgbdZ� 

LZdbf� h[jZahf�� l_ogheh]bq_kdb_� kblmZpbb�fh]ml� [ulv� ij_^klZ\e_gu� \�nhjf_�
]jZnh\��hjb_glbjh\Zgguo��^ey�hljZ`_gby�l_g^_gpbb�baf_g_gby�p_e_\hc�nmgdpbb�� 

 
Ijbf_ju�]jZnh\� 
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>ey�jZaebq_gby�hkh[uo�lhq_d�gZ�]jZn_��\_jrbgu�bo�h[hagZqZxsb_�bf_xl�jZa�
ebqgu_�kl_i_gb� 

<�j_amevlZl_�bkke_^h\Zgby��jZajZ[hlZgZ�ijh]jZffZ��hkms_kl\eyxsZy�ijhjbkh\�
dm� ]jZnZ� l_ogheh]bq_kdhc� kblmZpbb� ^ey� \\h^bfhc� hi_jZlhjhf� aZ\bkbfhklb� lbiZ� m�  �
f�o1��o2���<�jZ[hl_�ijbf_gyxlky�deZkkbq_kdb_�Ze]hjblfu�gZ�]jZnZo� 
 

1. Nmg^Zf_glZevgu_�Ze]hjblfu�gZ�K����:e]hjblfu�gZ�]jZnZo��I_j��k�Zg]e��Jh[_jl�
K_^`\bd��–�KI[��HHH�©>bZKhnlXIª������� 

2. FZjlugh\�G�G��Ijh]jZffbjh\Zgb_�^ey�:LQGRZV�gZ�K�K����Lhf� ���–�F���HHH�
©;bghf-Ij_kkª�������]� 

 

BKIHEVAH<:GB?�DHJIHJ:LB<GUO�BGNHJF:PBHGGUO�
KBKL?F�HI?J:LHJ:FB�KHLH<HC�K<YAB�>EY�J?R?GBY�

F:JD?LBG=H<UO�A:>:Q 

Ih^_cdh�<�:� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

<�k\yab�k�h]jhfguf�jhklhf�jugdZ�khlh\hc�k\yab�hi_jZlhju�klhedgmebkv�k�l_f��
qlh� \hafh`ghklb� wdkl_gkb\gh]h� jZa\blby� ^ey�gbo�ijZdlbq_kdb�bkq_jiZgu��ihwlhfm�
^ey�hi_jZlhjh\�khlh\hc�k\yab�hkh[h_�agZq_gb_�ijbh[jze�ihdZaZl_ev�gZqbke_gbc�k�h^�
gh]h� Z[hg_glZ�� <� jZ[hl_� ij_^eh`_g� kihkh[� ij_^klZ\e_gby� g_dh_]h� ©mkj_^gzggh]h�
ihjlj_lZª�Z[hg_glZ��ijbqzf�ijb�kha^Zgbb�©mkj_^gzgguo�ihjlj_lh\ª�hij_^_e_gu�lb�
ih\u_� oZjZdl_jbklbdb� g_ieZl_evsbdh\� b� ^he`gbdh\� beb�� gZijhlb\�� Z[hg_glh\��
kdehgguo�d�ljZl_�[hevrbo�kmff�gZ�ihevah\Zgb_�mkem]Zfb�hi_jZlhjZ��Z�lZd`_�jZaebq�
guo�k\yaZgguo�k�wlbf�aZ\bkbfhkl_c��Ih^h[gh]h�jh^Z�©mkj_^gzgguc�ihjlj_lª�kha^Zg�
ke_^mxsbf� h[jZahf�� <u[bjZ_lky� g_dhlhjZy� ^ZlZ�� gZ� dhlhjmx� b� g_h[oh^bfh� [m^_l�
k^_eZlv�©kj_aª��l��_��\u[hjdm�Z[hg_glh\��k\_^_gby�fh]ml�ij_^hklZ\eylvky�gZ�l_dmsbc�
fhf_gl��gh�fh]ml�[ulv�b�©bklhjbq_kdbfbª���>Ze__�ijhba\h^blky�kh[kl\_ggh�\u[hjdZ�
Z[hg_glh\�ba�[Zau�^Zgguo�[beebg]h\hc�kbkl_fu��\�\u[hjdm�ihiZ^Zxl�eb[h�kemqZc�
gu_�Z[hg_glu��eb[h�l_��dhlhju_�hl\_qZxl�g_dhlhjuf�djbl_jbyf��<�ihke_^g_f�kemqZ_�
_sz� ^h� ijhba\h^kl\Z� \u[hjdb�nhjfmebjm_lky� g_dhlhjZy� ]bihl_aZ�� gZijbf_j�� ©Z[h�
g_glu��bf_xsb_�g_dbc�lZjbnguc�ieZg�k�g_dh_c�kmffhc�Z[hg_glkdhc�ieZlu��bf_xl�
ih\ur_ggmx�kdehgghklv�d�aZ^_j`d_�ieZl_`_cª��<u[hjdZ�j_Zebam_lky�64/-kdjbilhf��
\dexqZxsbf�ihke_^h\Zl_evgh_�bkiheg_gb_�jy^Z�aZijhkh\��gh�\hafh`gZ�lZd`_�j_Zeb�
aZpby�\�\b^_�ijhp_^mju�gZ�3/�64/��bkihevam_lky�KM;>�2UDFOH����Ihke_�lh]h��dZd�j_�
amevlZlu� hibkZgghc� \u[hjdb� [m^ml� i_j_[jhr_gu� \� ojZgbebs_� ^Zgguo� klZlbklbq_�
kdh]h�iZd_lZ��gZ^�gbfb�ijhba\h^ylky�jZaebqgu_�^_ckl\by��k\yaZggu_�k�bo�klZlbklbq_�
kdhc�h[jZ[hldhc��KlZlbklbq_kdZy�ijh\_jdZ�]bihl_a��ihkljh_gb_�lZ[ebp�khijy`zggh�
klb��nZdlhjguc�ZgZeba�b�p_euc�jy^�^jm]bo�f_lh^h\��aZeh`_gu�\�ex[hc�klZlbklbq_�
kdbc�iZd_l��;eZ]h^Zjy�kh\j_f_gguf�bgkljmf_glZf�jZ[hlu�kh�klZlbklbq_kdbfb�iZd_�
lZfb��lZdbf��dZd�6$6�(QWHUSULVH�*XLGH��hl�i_jkhgZeZ�lj_[mxlky�fbgbfZevgu_�agZgby�\�
h[eZklb�klZlbklbdb�—�kbkl_fZ�\u^Zzl�]hlh\u_�j_amevlZlu�ZgZebaZ��gZ�hkgh\Zgbb�dh�
lhjuo�b�ijbgbfZxlky�l_�beb�bgu_�j_r_gby� 
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Kms_kl\mxl� ijhp_^mju� ^jm]h]h� lbiZ��:[hg_glh\� jZkij_^_eyxl� fZjd_lbg]h�
\uf�dZl_]hjbyf��DZaZehkv�[u��ih^h[gh_�jZa^_e_gb_�^he`gh�hkms_kl\eylvky�bkdexqb�
l_evgh�\�aZ\bkbfhklb�hl�lZjbnguo�ieZgh\��dhlhju_�jZa^_eyxlky�gZ�©fZkkh\u_ª��wlh��
gZijbf_j��lZjbnu�[_a�Z[hg_glkdhc�ieZlu���©dhjihjZlb\gu_ª��khhl\_lkl\_ggh��hjb_g�
lbjh\Zggu_�gZ�dhjihjZlb\guo�Z[hg_glh\���©9,3ª�b�l��^��H^gZdh�\hafh`gu�kblmZpbb��
dh]^Z�Z[hg_gl��bf_xsbc�©fZkkh\ucª�lZjbnguc�ieZg��bf__l�lZd`_�b�_`_f_kyqgu_�gZ�
qbke_gby��dhlhju_�ij_\hkoh^yl� lZdh\u_�m�bguo�Z[hg_glh\� ©9,3ª��[he__�lh]h��lZdb_�
kemqZb�g_j_^db��b�ihwlhfm� hlg_k_gb_� lZdh]h� Z[hg_glZ� d�fZkkh\hfm� k_]f_glm�jugdZ�
[ueh�[u�hrb[hqguf� 

Ihwlhfm� p_e_khh[jZaghc� ij_^klZ\ey_lky� ijhp_^mjZ�� kmlv� dhlhjhc� khklhbl� \�
lhf��qlh[u�i_j_[jhkblv�bkoh^gu_�^Zggu_�ih�gZqbke_gbyf�aZ�mklZgh\e_gguc�i_jbh^�
�gZijbf_j�� aZ�f_kyp��ba� [Zau� ^Zgguo� \� ojZgbebs_� klZlbklbq_kdh]h�iZd_lZ�� Z� aZl_f�
ijhba\_klb�g_h[oh^bfu�^_ckl\by�ih� Z]j_]bjh\Zgbx�ihemq_gguo�^Zgguo�� khihklZ\�
e_gbx�bo�k�j_amevlZlZfb�jZg__�ijhba\h^b\r_]hky�ZgZeh]bqgh]h�ZgZebaZ�b�jZkij_^_�
e_gbx�Z[hg_glh\�ih�fZjd_lbg]h\uf�dZl_]hjbyf�� 

JZah\uc� jZkq_l� kj_^g_f_kyqguo� gZqbke_gbc� gZ� dhgljZdl_� �Nkj�� b� kj_^g_f_�
kyqguo�gZqbke_gbc�gZ�h^bg�ghf_j��Kkq���ij_^eh`_g�\�ke_^mxs_f�\b^_� 

^ey�Z[hg_glh\��aZj_]bkljbjh\Zgguo�jZg__����^_dZ[jy������� 
 

Nkj = (Ni + Ni-1 + Ni-2) / 3,  Kkq = (Ni / :i + Ni-1 / :i-1 + Ni-2 / :i-2) / 3. 
 

^ey�Z[hg_glh\��aZj_]bkljbjh\Zgguo�k���ih����yg\Zjy������� 
 

Nkj = (Ni + Ni-1) / 2     Kkq = (Ni / :i + Ni-1 / :i-1 ) / 2. 
 

^ey�Z[hg_glh\��aZj_]bkljbjh\Zgguo�k���ih����n_\jZey������� 
 

Nkj = Ni     Kkq = Ni / :i . 
 

]^_�Ni   –� gZqbke_gby� Z[hg_glZ� aZ� jZah\u_�� i_jbh^bq_kdb_� b� l_e_nhggu_� mkem]b� aZ�
fZjl����� ]���:i  –�kj_^g_f_kyqgh_�dhebq_kl\h�ijbeh`_gbc�h[kem`b\Zgby�� 

Ai � ��dhebq_kl\h�Z[hg_glh\�gZ�dhg_p�i_jbh^Z���dhebq_kl\h�Z[hg_glh\�gZ�gZqZ�
eh�i_jbh^Z���� 

J_]meyjguc�jZkq_l�kj_^g_f_kyqguo�gZqbke_gbc�gZ�dhgljZdl_� �1kj��b�kj_^g_�
f_kyqguo�gZqbke_gbc�gZ�h^bg�ghf_j��Kkq���Nkj� �N������Kkq� �N�kj ��:i. 
]^_� N   – kmffZjgu_� gZqbke_gby� Z[hg_glZ� aZ� i_jbh^� �� f_k�� ^h� ^Zlu� \uiheg_gby�
j_]meyjgh]h�hlq_lZ��k�mq_lhf�G>K��:e]hjblf�ijbk\h_gby�fZjd_lbg]h\uo�dZl_]hjbc�
bf__l�\b^� 

Ijb\_^zggu_� \� jZ[hl_� ^hklZlhqgh� ijhklu_� aZ^Zqb� fZjd_lbg]h\h]h� oZjZdl_jZ�
lj_[mxl�ijbf_g_gby�keh`guo�klZlbklbq_kdbo�iZd_lh\�b��aZqZklmx��kms_kl\_gguo�\u�
qbkebl_evguo� j_kmjkh\��Kh[kl\_ggh_� �©kZfhibkgh_ª�� j_r_gb_� hi_jZlhjZfb�� hkgh\Zg�
gh_�gZ�bkihevah\Zgbb�kms_kl\mxsbo��m`_�\g_^jzgguo��kbkl_f�ijb�©gbadhmjh\g_\hfª�
^hklmi_�d�gbf�ih�k\h_c�nmgdpbhgZevghklb�kjZ\gbfh�k�©iZd_lgufª��ijbqzf�ih�klhbfh�
klb�ij_^eh`_ggh_�\�jZ[hl_�j_r_gb_�\u]h^g__�b�gZb[he__�ihegh�mqblu\Z_l�ki_pbnbdm�
dhgdj_lgh]h�ij_^ijbylby� 
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Nbabq_kdh_ ebph

�gZ h^ghf dhgljZdl_ gZoh^blky [he__ h^gh]h ijbeh`_gby

h[kem`b\Zgby �

:e]hjblf ijbk\h_gby fZjd_lbg]h\uo dZl_]hjbc Z[hg_glZf FLK

�Ze]hjblf jZ[hlZ_l �k\_jom \gba��

GZqZeh

+93&

H^gh ba i �h ih^dexq_gh

ih l�i � ]jmiiu

©FLK �9,3ª

H^gh ba I �h

khhl\_lkl\m_l

Kkq ! ��

©>`bgkª �

jhkkbckdb_

Z[hg_glu

FZkkh\uc jughd

� jhkkbckdb_

Z[hg_glu

FZkkh\uc jughd

bghkljZggu_

Z[hg_glu

H^gh ba I �H y\ey_lky

Jhkkbckdbf nbabq_kdbf

ebphf � h[kem`b\Z_fuf

ih l�i � ]jmiiu ©>`bgkª�

\ l�q� ©;m^v

ijZdlbqg__ª�

©Ex[bfucª

H^gh ba I �H y\ey_lky

Jhkkbckdbf nbabq_kdbf

ebphf � g_ hl\_qZxsbf

gb h^ghfm ba

\ur_i_j_qbke_gguo

mkeh\bc

H^gh ba I �H y\ey_lky

BghkljZgguf

nbabq_kdbf ebphf � g_

hl\_qZxsbf gb h^ghfm

ba \ur_i_j_qbke_gguo

mkeh\bc

g_l

g_l

^Z beb

dhg_p

©>`bgkª �

bghkljZggu_

Z[hg_glu

^Z

H^gh ba I �H y\ey_lky

BghkljZgguf

nbabq_kdbf ebphf �

h[kem`b\Z_fuf ih l �i �

]jmiiu ©>`bgkª� \ l�q�

©;m^v ijZdlbqg__ª�

©Ex[bfucª

^Z

g_l

^Z

^Z

g_l

 
 
 
1. Mora N. Intelligent Decision support system for marketing automation. NY, 2003 

 
 

HILBF:EVGH?�J:KIJ?>?E?GB?�J?KMJKH<�<�KBKL?F:O�
MIJ:<E?GBY�IJH?DL:FB 

AhjbgZ�F�<� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

<�jZ[hl_�jZajZ[hlZg�Ze]hjblf�jZkij_^_e_gby�ljm^h\uo�j_kmjkh\�ih�wlZiZf�\u�
iheg_gby�ijh_dlZ��\uqbkeyxsbc�gZbf_gvr__�\j_fy�\uiheg_gby��b�dhlhjuc�\�dZq_kl\_�
j_amevlZlZ�\u^Zzl�ihke_^h\Zl_evghklb�\uihegy_fuo�jZ[hl�b�qbkeh�bkihegbl_e_c�\u�
ihegyxsbo�wlb�jZ[hlu��H]jZgbq_gby��ijbgylu_�\�^Zgghc�ihklZgh\d_�aZ^Zqb� 
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• h[s__�qbkeh�\hafh`guo�bkihegbl_e_c� wlZih\�ijh_dlZ�jZ\gh�.��ijbq_f�
\k_�hgb�h[eZ^Zxl�h^bgZdh\hc�d\ZebnbdZpb_c�b�fh]ml�\uihegylv�ex[mx�
jZ[hlm�ijh_dlZ� 

• qbkeh�bkihegbl_e_c��\u^_e_gguo�^ey�\uiheg_gby�jZ[hlu��L�M��g_�baf_gy�
_lky� ^h� aZ\_jr_gby� jZ[hlu� b� aZ\bkbfhklb� ^ebl_evghkl_c� \uiheg_gby�
\kydhc�jZ[hlu�hl�qbkeZ�bkihegbl_e_c�ba\_klgu� 

• ex[Zy�jZ[hlZ�ijh_dlZ�\uihegy_lky�[_a�i_j_ju\h\� 
• eh]bq_kdmx�ihke_^h\Zl_evghklv�\uiheg_gby�jZ[hl�aZ^ZgZ�\�\b^_�]jZnZ�=� 
Kms_kl\m_l� fgh`_kl\h� ijh]jZffguo� ijh^mdlh\�� gZijbf_j�� lZdbo� dZd� ©7LPH�

Line», «Primavera», «Open Plan», «Microsoft� 3URMHFWª�� dhlhju_� j_Zebamxl� lbih\mx� bg�
nhjfZpbhggmx�l_ogheh]bx�hj]ZgbaZpbb�jZ[hqbo�ijhp_kkh\�ijh_dlZ�b�ij_^gZagZq_gu�
^ey�ieZgbjh\Zgby��mijZ\e_gby�kjhdZfb�b�klhbfhklvx�ijh_dlZ��K�lhqdb�aj_gby�j_ZebaZ�
pbb�[Zah\uo�wlZih\�jZ[hlu�gZ^�ijh_dlhf�hgb�ijZdlbq_kdb�b^_glbqgu�� 

H^bg� bo� ]eZ\guo� g_^hklZldh\� kh\j_f_gguo� kbkl_f� mijZ\e_gby� ijh_dlZfb� kh�
klhbl�\�lhf��qlh�\�gbo�g_�ijbkmlkl\m_l�f_oZgbaf�\uykg_gby�hilbfZevgh]h�jZkij_^_e_�
gby� ljm^h\uo�j_kmjkh\��<�jZ[hl_�jZkkfhlj_gZ�j_ZebaZpby�j_r_gby�^Zgghc�ijh[e_fu�
gZ�hkgh\_�iZd_lZ�©0icrosoft�3URMHFWª��dhlhjuc�bf__l�\hafh`ghklv�bgl_]jZpbb��k�^jm]bf�
ijh]jZffguf� h[_ki_q_gb_f��<� ^Zgghf� ijh]jZffghf�ijh^mdl_�ijbkmlkl\m_l� \hafh`�
ghklv�� aZ^Z\� \k_�bkoh^gu_� ^Zggu_� \�iZd_l_��ijhba\_klb� \k_�g_h[oh^bfu_� jZkq_lu� � \�
ki_pbZevgh�gZibkZgghf�bgl_jn_ckghf�fh^me_�� 

<� jZ[hl_� ij_^eh`_g� ke_^mxsbc� Ze]hjblf� j_r_gby� aZ^Zqb� hilbfZevgh]h� jZk�
ij_^_e_gby�j_kmjkh\��dhlhjuc�j_Zebah\Zg�\�\b^_�ijh]jZffgh]h�fh^mey�d�iZd_lm�©0i-
crosoft� 3URMHFWª��H[hagZqbf� q_j_a� 7�.ij , t�g�

ij ; (i,j)∈Γ�� ^ebl_evghklv� \uiheg_gby� jZ[hl�
ijh_dlZ�ijb�aZ^Zgguo�.ij �b�W

�g�
ij ��]^_��L�M�∈=��<_ebqbgZ�7�gZoh^blky�dZd�jZaghklv�fhf_glZ�

aZ\_jr_gby�ihke_^g_c�jZ[hlu�b�fhf_glZ�gZqZeZ�i_j\hc�jZ[hlu�ih�nhjfme_� 
 

T(Kij, t
�g�

ij ; (i,j)∈Γ) = max t�d�ij  − min t�g�ij ,         (1) 
 

FZl_fZlbq_kdZy�ihklZgh\dZ�aZ^Zqb�ihkljh_gby�]jZnbdZ�\uiheg_gby�jZ[hl�ijh�
_dlZ��ijb�h]jZgbq_gghf�qbke_�bkihegbl_e_c��\u]ey^bl�ke_^mxsbf�h[jZahf� 

 
min T(Kij, t

(g)
ij ; (i,j)∈Γ) 

xij , t
(g)

ij , (i,j)∈Γ 
T(Kij , t

(g)
ij ; (i,j)∈Γ) = max t(d)ij  − min t(g)

ij       (2) 
(i,j)∈Γ 
 
 
       
tij = t(g)

ij  +  ƒij (Kij) 
∑ Kij(t) ≤ K 
(i,j)∈Γ 
 
                      0   ,  t< t�g�

ij  
      xij(t) =      Kij   , t

�g�
ij  ≤ t ≤ t�d�ij                                            (3) 

                      0   ,  t > t�d�
ij  
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<ujZ`_gb_� ����hij_^_ey_l�p_e_\mx�nmgdpbx� aZ^Zqb�b� kihkh[Z� __�jZkq_lZ�ijb�
\u[jZgguo�.ij , t

�g�
ij ��Z�lZd`_�ba\_klguo�nmgdpbyo�fij (Kij���Mkeh\b_��L�M�∈Γ�hagZqZ_l��qlh�\�

]jZn_�=�bf__lky�^m]Z� �L�M���ijbq_f�jZ[hlZ��khhl\_lkl\mxsZy�wlhc�^m]_��g_�fh`_l�[ulv�
gZqZlZ�jZgvr_�^hklb`_gby�khklhygby� �\_jrbgu�� L��<ujZ`_gb_� ����hij_^_ey_l�h]jZgb�
q_gby�gZ�qbkeh�bkihegbl_e_c��\�ex[hc�fhf_gl�W�j_ZebaZpbb�ijh_dlZ�qbkeh�jZ[hlZxsbo�
g_�[he__�.��Djhf_�lh]h��dZ`^Zy�jZ[hlZ�\uihegy_lky�[_a�i_j_ju\h\��qbkeh�\u^_e_gguo�
^ey� __� \uiheg_gby�bkihegbl_e_c� hklZ_lky�ihklhygguf���JZkq_lu�ijhba\h^ylky�f_lh�
^hf� \_l\_c� b� ]jZgbp� >�@��Hkgh\gZy� b^_y�f_lh^Z� –� ihke_^h\Zl_evgh_� jZa[b_gb_� \k_]h�
fgh`_kl\Z�\hafh`guo�j_r_gbc�aZ^Zqb�gZ�ih^fgh`_kl\Z��hp_gb\Zgb_�gb`g_c�]jZgbpu�
p_e_\hc� nmgdpbb� ^ey� ihemq_gguo� ih^fgh`_kl\� j_r_gbc�� i_j_oh^� d� ihke_^mxs_fm�
jZa[b_gbx�ih^fgh`_kl\Z� k�gZbf_gvr_c� hp_gdhc�gb`g_c� ]jZgbpu�p_e_\hc�nmgdpbb��
Ijhp_kk� i_j_[hjZ� aZ\_jrZ_lky�ijb�gZoh`^_gbb� j_r_gby�� agZq_gb_�p_e_\hc�nmgdpbb�
^ey� dhlhjh]h� g_� ij_\hkoh^bl� hp_ghd� gb`gbo� ]jZgbp� p_e_\hc�nmgdpbb� ih^fgh`_kl\�
^jm]bo�j_r_gbc�aZ^Zqb�� 

Ijb�m^Zqghf�\u[hj_�kihkh[Z�gZoh`^_gby�hp_ghd�gb`gbo�]jZgbp�p_e_\hc�nmgd�
pbb�^ey�ih^fgh`_kl\�j_r_gbc�f_lh^�\_l\_c�b�]jZgbp�^Z_l�kms_kl\_ggh_�khdjZs_gb_�
h[t_fh\�i_j_[hjZ�j_r_gbc�� 

LZdbf�h[jZahf��l_ogheh]by�j_r_gby�^Zgghc�aZ^Zqb�bf__l�ke_^mxsbc�\b^� 
Bkoh^gu_� ^Zggu_�� ihke_^h\Zl_evghklv� \uiheg_gby� jZ[hl�� aZ^Zxlky� \� kj_^_�

«Microsoft�3URMHFWª�\�\b^_�k_l_\h]h�]jZnbdZ� 
Wdki_jlu� hij_^_eyxl� ^ebl_evghklb� \uiheg_gby� dZ`^hc� jZ[hlu�� ijb� hij_^_�

e_gghf�dhebq_kl\_�bkihegbl_e_c��\u^_e_gguo�^ey�\uiheg_gby�wlhc�jZ[hlu��wlb�^eb�
l_evghklb�y\eyxlky�^_l_jfbgbjh\Zggufb�\_ebqbgZfb� 

GZ�hkgh\_� wlbo�^Zgguo�ih�f_lh^m� 3(57�\uihegy_lky�hp_gdZ�fZl_fZlbq_kdh]h�
h`b^Zgby�^ebl_evghklb�dZ`^hc�jZ[hlu�ijb�hij_^_e_gghf�qbke_�bkihegbl_e_c��gZagZ�
q_gguo�gZ�wlm�jZ[hlm��Hilbfbklbq_kdZy�hp_gdZ��khhl\_lkl\mxsZy�gZb[he__�[eZ]hijb�
ylguf�mkeh\byf�\uiheg_gby�jZ[hlu��lZdZy�hp_gdZ�^Z_l�fbgbfZevgh�\hafh`gmx�^eb�
l_evghklv��I_kkbfbklbq_kdZy�hp_gdZ��khhl\_lkl\mxsZy�gZbf_g__�[eZ]hijbylguf�mkeh�
\byf� \uiheg_gby� jZ[hlu�� lZdZy� hp_gdZ� ^Z_l�fZdkbfZevgh� \hafh`gmx� ^ebl_evghklv��
GZb[he__�\_jhylgZy�hp_gdZ��khhl\_lkl\mxsZy�mkj_^g_gguf�mkeh\byf�\uiheg_gby�jZ�
[hlu��Ij_^iheZ]Z_lky��qlh�\�bgl_j\Ze_�f_`^m�hilbfbklbq_kdhc��D��b�i_kkbfbklbq_kdhc�
�E�� hp_gdZfb� aZdexq_gu� \k_� \hafh`gu_� ^ebl_evghklb� jZ[hlu�� GZb[he__� \_jhylgZy�
hp_gdZ� �P��g_h[yaZl_evgh�kh\iZ^Z_l�kh�kj_^g_c�lhqdhc�hlj_adZ� �D�E����b�fh`_l�gZoh�
^blvky�kijZ\Z�beb�ke_\Z�hl�wlhc�lhqdb��KqblZ_lky��qlh�ijh^he`bl_evghklv�dZ`^hc�jZ�
[hlu�ih^qbgy_lky�lZd�gZau\Z_fhfm�[_lZ�jZkij_^_e_gbx�k�fh^hc�\�lhqd_�P�b�dhgpZfb�\�
lhqdZo�D�b�E� 

Ihemq_ggu_�^Zggu_�h�^ebl_evghklb�\uiheg_gby�jZ[hl�ijb�hij_^_e_gghf�qbke_�
bkihegbl_e_c��gZagZq_gguo�gZ�wlm�jZ[hlm��Z�lZd`_�ihke_^h\Zl_evghklv�\uiheg_gby�jZ�
[hl� wdkihjlbjmxlky� \� ijh]jZffm� jZkij_^_e_gby� j_kmjkh\�� dhlhjZy� \� k\hx� hq_j_^v� k�
ihfhsvx�f_lh^Z�\_l\_c�b�]jZgbp�gZoh^bl�gZb[he__�hilbfZevgu_�\ZjbZglu�\uiheg_�
gby�ijh_dlZ� aZ�fbgbfZevgh_�\j_fy��LZdbf�h[jZahf�� ]b[db_�ijhp_^mju�ieZgbjh\Zgby�
khq_lZxlky� k� fZl_fZlbq_kdbfb� f_lh^Zfb� hij_^_e_gby� hilbfZevgh]h� jZkij_^_e_gby�
ljm^h\uo�j_kmjkh\� 
 
1. K_^`\bd�Jh[_jl��Nmg^Zf_glZevgu_�Ze]hjblfu�gZ�K����:e]hjblfu�gZ�]jZnZo��– 

Ki[��HHH�©>bZKhnlXIª������ 
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F?LH>�IJ?>HL<J:S?GBY�DHEEBABC�<�:G:EBA:LHJ:O�
L?DKL:�IHBKDH<UO�KBKL?F 

=h^dbg�=�:���B\Zgh\�:�= 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

<� jZ[hl_� ij_^eh`_g� Ze]hjblf� h[jZ[hldb� l_dklh\hc� bgnhjfZpbb� \� ihbkdh\uo�
kbkl_fZo��ij_^hklZ\eyxsbo�^hklmi�d�dhee_dpbb�keZ[hkljmdlmjbjh\Zgghc�bgnhjfZpbb� 

=eZ\ghc� aZ^Zq_c�ihbkdh\uo� kbkl_f� y\ey_lky�gZoh`^_gb_�hl\_lZ�gZ�\hijhk�dZd�
©gZclb� kljZgbpm�� dhlhjZy� [hevr_� ^jm]bo� ^Z_l�bgnhjfZpbb�ih� aZijhkm�ihevah\Zl_ey��
ijbqzf� ij_^hklZ\ey_l� wlm� bgnhjfZpbx� m^h[g__�� lhqg__�b�gZb[he__� Z\lhjbl_lgZª�� lh�
_klv�p_evx�y\ey_lky�ijb[eb`_gb_�d�lhfm�\u[hjm�©emqr_c�kljZgbpuª��dhlhjuc�k^_eZe�
[u�wdki_jl�\�^Zgghc�h[eZklb��KZfhc�\Z`ghc�ih^aZ^Zq_c�j_r_gby�^Zgghc�ijh[e_fu�y\�
ey_lky� jZajZ[hldZ� wnn_dlb\guo� ih^oh^h\� d� h[jZ[hld_� l_dklh\� k� p_evx�nbevljZpbb��
nhjfbjh\Zgby� kfukeh\h]h�ihjlj_lZ�b�gZ\b]Zpbb�ih� [Za_� Kms_kl\mxsb_�ih^oh^u� d�
ZgZebam� l_dklh\�fh`gh� jZa[blv� gZ� ^\Z� deZkkZ��D� i_j\hfm� deZkkm� hlghkylky� ijhklu_��
[uklju_��g_�aZ\bkysb_�hl�yaudZ�b�ij_^f_lghc�h[eZklb��]jm[u_�f_oZgbafu�ZgZebaZ��bk�
ihevamxsb_�klZlbklbq_kdb_�f_lh^u��<lhjhc�deZkk�^Zzl�ohjhrb_�j_amevlZlu��gh�kjZ\�
gbl_evgh�f_^e_ggu_�j_r_gby��aZ\bkysb_�hl�yaudZ�b�ij_^f_lghc�h[eZklb��b�hkgh\Zgu�
gZ�ebg]\bklbq_kdbo�f_lh^Zo�� 

<� dZq_kl\_� hilbfZevgh]h� l_dklh\h]h� ZgZebaZlhjZ�� kha^Zg� ZgZebaZlhj��hkgh\Zg�
guc�gZ�Ze]hjblf_�o_rbjh\Zgby�k�ijbf_g_gb_f�^ey�ij_^mij_`^_gby�dheebabc�f_lh^Z�
jZa^_evgh]h�k\yau\Zgby�>�@��dhlhjuc�khq_lZ_l�\�k_[_�[ukljhlm�b�g_aZ\bkbfhklv�hl�yau�
dZ�Ze]hjblfh\�i_j\h]h�deZkkZ�k�\ukhdbf�dZq_kl\hf�h[jZ[hldb�\lhjh]h��<�hkgh\_�ij_^�
eh`_ggh]h� \� jZ[hl_� Ze]hjblfZ� h[jZ[hldb� keh\� l_dklZ� e_`Zl� ^\_� kljmdlmju�� I_j\Zy�
kljmdlmjZ�y\ey_lky�[Zabkhf�ijb�j_ZebaZpbb�^Zggh]h�Ze]hjblfZ��b�\dexqZ_l�\�k_[y�ke_�
^mxsb_�iZjZf_lju��mdZaZl_ev�gZ�keh\h��kq_lqbd�dhebq_kl\Z�\�l_dkl_�dZ`^h]h�ba�keh\��
mdZaZl_ev� gZ� \lhjmx� kljmdlmjm�� kkuedZ� gZ� kljmdlmjm� i_j\h]h� lbiZ��Ihke_^gbc� iZjZ�
f_lj� b� h[_ki_qb\Z_l�f_oZgbaf� ij_^hl\jZs_gby� dheebabb��<� jZ[hl_�ij_^eh`_gZ� ke_�
^mxsZy�ko_fZ��\�dhlhjhc�Z��bkoh^guc�l_dkl��[��ijbf_j�gmf_jZpbb�ij_^eh`_gby��b�keh\�
\�l_dkl_� 

 
<� jZ[hl_� lZd`_� ij_^eh`_g� ke_^mxsbc� mgbdZevguc� f_lh^� ihkljh_gby� [ehd-

ko_fu�kljmdlmju�gZ�ijbf_j_�keh\�©nmgdpbcª�b�©agZq_gbcª��bf_xsbo�h^bg�Z^j_k� 
 
 

©< wlhf jZa^_e_ jZkkfZljb\Zxlky nmgdpbb ij_h[jZah\Zgby kljhd ba [b[ebhl_db mlbebl h[s_]h

gZagZq_gby� Wlb nmgdpbb ij_h[jZamxl kljhdb pbnj \ p_eu_ agZq_gby b agZq_gby k ieZ\Zxs_c

lhqdhc� GZ jbk� ���� ijb\_^_g i_j_q_gv nmgdpbc ij_h[jZah\Zgby kljhdª 
 

I) ��< �� wlhf �� jZa^_e_ �� jZkkfZljb\Zxlky �� nmgdpbb �� ij_h[jZah\Zgby �� kljhd �� ba ��

[b[ebhl_db �� mlbebl ��� h[s_]h ��� gZagZq_gby� 
II) �� Wlb �� nmgdpbb �� ij_h[jZamxl �� kljhdb �� pbnj �� \ �� p_eu_ � �agZq_gby �� b �� agZ�

q_gby ��� k ��� ieZ\Zxs_c ��� lhqdhc� 
III) �� GZ �� jbk� �� ���� �� ijb\_^_g �� i_j_q_gv �� nmgdpbc � �ij_h[jZah\Zgby �� kljhd� 
 

Z� 
 
 
 
 
[� 
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                   –qZklv hkgh\ghc kljmdlmju� kh^_j`Zs_c keh\h� 

    – kq_lqbd��l�_��qZklhlZ�\klj_qZ_fhklb�keh\Z�\�^Zgghf�l_dkl_� 

   –�ghf_j�ij_^eh`_gby� 

   –�hq_j_^ghklv�\�ij_^eh`_gbb� 
    –�kkuedZ�gZ�kljmdlmjm�i_j\h]h�lbiZ� 
    –�kkuedZ�gZ�kljmdlmjm�\lhjh]h�lbiZ� 
    –�mdZaZl_ev�o_r-fZkkb\Z�gZ�kljmdlmjm�i_j\h]h�lbiZ� 

 
<lhjhc�lbi�y\ey_lky�\kihfh]Zl_evguf�^ey�i_j\h]h�b�ijb^Z_l�ke_^mxsb_�oZjZd�

l_jbklbdb�^Zgghfm�keh\m� 
• kh^_j`bl�^Zggu_�h�ghf_j_�ij_^eh`_gby��]^_�[ueh�gZc^_gh�jZkkfZljb\Z_fZy�

_^bgbpZ�baf_j_gby�������������������� 
• fZkkb\��kh^_j`Zsbc�ihjy^hd�_]h�hq_j_^b�\�^Zgghf�ij_^eh`_gbb� 
• i_j_f_ggmx��j_]mebjmxsmx�h[t_f�fZkkb\Z� 
G_h[oh^bfh�ih^q_jdgmlv��qlh�\�jZ[hl_�mqblu\Z_lky�\hafh`ghklv�fgh]hdjZlghc�

\klj_qb�keh\Z��\�h^ghf�ij_^eh`_gbb��Hkgh\hc�kljmdlmju�^Zggh]h�lbiZ�y\ey_lky�ghf_j�
ij_^eh`_gby��?keb�`_�_^bgbpZ�l_dklZ�gZc^_gZ�_s_�b�\�^jm]hf�ij_^eh`_gbb��lh�\�jZ[h�
l_�ij_^eh`_gh�kha^Zlv�ke_^mxsmx�kljmdlmjm� wlh]h�`_�lbiZ��\ke_^kl\b_�q_]h�gZ�dZ`�
^hf�mjh\g_�h[jZam_lky�k\yaguc�kibkhd� 

Ij_^eZ]Z_fuc�\�jZ[hl_��ih^oh^�d�ZgZebam�l_dklh\hc�bgnhjfZpbb�h[eZ^Z_l�^hk�
lZlhqguf�[ukljh^_ckl\b_f�b�g_�aZ\bkbl�hl�yaudZ�b�ij_^f_lghc�h[eZklb��gh�\�hlebqb_�
hl�[hevrbgkl\Z� Ze]hjblfh\�h[jZ[hldb�l_dklh\��j_Zebah\Zgguo�gZ�hkgh\_�klZlbklbq_�
kdh]h�ih^oh^Z���bf__l�ke_^mxsb_�khklZ\eyxsb_��ijb^Zxsb_�oZjZdl_jbklbdm�keh\Z� 

• kq_lqbd��l�_��qZklhlZ�\klj_qZ_fhklb�keh\Z�\�^Zgghf�l_dkl_� 
• b^_glbnbdZlhj�ij_^eh`_gby� 
• hq_j_^ghklv�\�ij_^eh`_gbb� 
>Zgguc�ih^oh^�y\ey_lky�^h\hevgh�]b[dbf��ihkdhevdm��\uy\eyxlky�k\yab�f_`^m�

keh\Zfb�b�ihemq_ggZy�bgnhjfZpby�ij_^klZ\ey_l�kh[hc�qZklhlguc�ihjlj_l�l_dklZ��dh�
lhjuc�fh`_l�[ulv�\bamZebabjh\Zg�\�\b^_�k_lb�keh\�b�bo�k\ya_c��Mgb\_jkZevghklv�jZk�
kfZljb\Z_fh]h�f_lh^Z��h[mkeh\e_gZ�lZd`_�b�l_f��qlh�gZ�hkgh\_�bf_xsboky�^Zgguo�fu�

nmgdpbc 

       3 

    I 

   1 

nmgdpbc 

    I 

   4 

   II 

   1 

  III 

   5 
agZq_gbc 

         2 

  II 

 7, 9 

i_j_q_gv 

       1 

3 
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fh`_f� �\g_^jblv�g_kdhevdh�Ze]hjblfh\�ih\_jo�g_]h��dhlhju_�g_�[m^ml�ijhlb\hj_qblv�
^jm]�^jm]m�b�\�lh`_�\j_fy�mqblu\Zeb�jZagu_�k\hckl\Z�l_dklZ��H^gbf�ba�lZdbo�ijbf_�
jh\�fh]ml�[ulv�l_ogheh]bb�g_cjhgguo�k_l_c� 
 
1. K_^`\bd� Jh[_jl�� Nmg^Zf_glZevgu_� Ze]hjblfu� gZ� K���� –� Ki[�� HHH�

©>bZKhnlXIª������� 
 
 

M>D�������� 

K:FHIH>H;B?�L?E?LJ:NBD: 

IZk_dZ�H�B�� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

L_e_ljZnbd�–�wlh�ihgylb_��dhlhjh_�fh`gh�hij_^_eblv�dZd�^\b`_gb_�bgnhjfZ�
pbhgguo�ihlhdh\�\�bgnhjfZpbhgguo�kbkl_fZo� >�@��L_hjby�l_e_ljZnbdZ�bamqZ_l� aZdh�
ghf_jghklb�b�dhebq_kl\_ggh_�hibkZgb_�bgnhjfZpbhgguo�ihlhdh\��Hkgh\ghc�fZl_fZ�
lbq_kdhc�fh^_evx�ijhp_kkh\�� hibku\Zxsbo� ljZnbd� \� l_e_dhffmgbdZpbhgguo� k_lyo��
y\ey_lky� kemqZcguc� ihlhd� ^Zgguo�� Ihlhd� dZd� kemqZcguc� ijhp_kk� oZjZdl_jbam_lky�
k\hbfb�klZlbklbq_kdbfb�k\hckl\Zfb��QZs_�\k_]h�bkihevamxlky��iehlghklv�\_jhylghklb�
ihklmie_gby� ^Zgguo� aZ� i_jbh^�� iehlghklv� \_jhylghklb� bgl_j\Zeh\� f_`^m� ihklmie_�
gbyfb�^Zgguo�b�Z\lhdhjj_eypbhggZy�nmgdpby�� 

Fgh]hqbke_ggu_� kh\j_f_ggu_� bkke_^h\Zgby� l_e_ljZnbdZ� k\b^_l_evkl\mxl� h�
lhf��qlh�hg�h[eZ^Z_l�k\hckl\hf�kZfhih^h[by���Ijhkl_crbf�kZfhih^h[gufb�h[t_dlZfb�
y\eyxlky�njZdlZeu��Kh]eZkgh�hij_^_e_gbx�FZg^_ev[jhlZ�� �njZdlZe�–� kljmdlmjZ�� kh�
klhysZy�ba�qZkl_c��dhlhju_�\�dZdhf-lh�kfuke_�ih^h[gu�p_ehfm��>�@��Ihwlhfm�kZfhih�
^h[gu_�ijhp_kku�qZklh�gZau\Zxl�njZdlZevgufb��G_nhjfZevgh�kZfhih^h[guc�ijhp_kk�
hij_^_ey_lFy�dZd�kemqZcguc�ijhp_kk��klZlbklbq_kdb_�oZjZdl_jbklbdb�dhlhjh]h�ijhy\�
eyxl�k\hckl\Z�fZkrlZ[bjh\Zgby��<Z`g_crbf�iZjZf_ljhf��oZjZdl_jbamxsbf�kl_i_gv�
kZfhih^h[by��y\ey_lky�iZjZf_lj�O_jklZ� �+XUVW��+��hij_^_ey_fuc�^ey�\j_f_ggh]h�jy^Z�
Xk=1,2, …K,…N �ba�khhlghr_gby� 

 
+�1D�6�5 ⋅= , 

 
]^_��5� ��max(Xk) - min(Xk))  -�jZafZo�hldehg_gby�� 
 

∑
=

−⋅
−

=
1

�N

�

N
�[[�

�1

�
6 -�klZg^Zjlgh_�hldehg_gb_� 

 
N -�qbkeh�qe_gh\�\j_f_ggh]h�jy^Z��l_dms__�agZq_gb_�h[t_fZ�\u[hjdb���Z�-�dhg�

klZglZ�� 
Bkihevamy� agZq_gb_�ihdZaZl_ey�O_jklZ� +�� \u^_eyxl� ljb� lbiZ� kemqZcguo�ijh�

p_kkh\�� 
0 ��+� �� ��� -� kemqZcguf�ijhp_kk� y\ey_lky� Zglbi_jkbkl_glguf��beb� wj]h^bq_�

kdbf��jy^hf��dhlhjuc�g_�h[eZ^Z_l�kZfhih^h[b_f��^ey�g_]h�oZjZdl_jgZ�agZdhi_j_f_g�
gZy�l_g^_gpby�\�khq_lZgbb�k�hlghkbl_evgh�\ukhdbf�mjh\g_f�aZrmfe_gghklb�� 
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H = 0,5 - iheghklvx�kemqZcguc�jy^��ZgZeh]bqguc�kemqZcguf�kf_s_gbyf�qZk�
lbpu�ijb�deZkkbq_kdhf�[jhmgh\kdhf�^\b`_gbb�� 

H > 0,5 -�i_jkbkl_glguc� �kZfhih^^_j`b\Zxsbcky��ijhp_kk��dhlhjuc�h[eZ^Z_l�
^ebl_evghc�iZfylvx�b�y\ey_lky�kZfhih^h[guf��oZjZdl_jgh�khojZg_gb_�gZ[ex^Z_fhc�
l_g^_gpbb�\�khq_lZgbb�k�hlghkbl_evgh�gbadbf�mjh\g_f�aZrmfe_gghklb�� 

>hihegbl_evgh� ke_^m_l� hlf_lblv�� qlh� kZfhih^h[guc� ijhp_kk� qZklh� ghkbl�
\aju\ghc� �EXUVW��oZjZdl_j��qlh�\ujZ`Z_lky�\�\hafh`ghklb�gZebqby�\u[jhkh\�\h�\j_fy�
hlghkbl_evgh�gbadhc�kdhjhklb�ihklmie_gby�kh[ulbc��Ijbf_gbl_evgh�d�ljZnbdm�kZfh�
ih^h[b_�\ujZ`Z_lky�\�g_baf_gghklb�ih\_^_gby�ijb�baf_g_gbb�\j_f_gguo�fZkrlZ[h\�
gZ[ex^_gby�b�khojZg_gby�kdehgghklb�d�\kie_kdZf�ijb�mkj_^g_gbb�ih�rdZe_�\j_f_gb�� 

GZ� k_]h^gyrgbc� fhf_gl� ba\_kl_g� jy^� kms_kl\_gguo� g_^hklZldh\� Ze]hjblfZ�
mijZ\e_gby�ihlhdhf�ijhlhdheZ�TCP: 

>ey�hp_gdb�^hklmighc�ijhimkdghc� kihkh[ghklb� Ze]hjblf�mijZ\e_gby�ihlhdhf�
TCP�ihklhyggh�m\_ebqb\Z_l�kdhjhklv�hlijZ\db�k_]f_glh\��bkdmkkl\_ggh�\uau\Zy�i_j_�
]jmadm�k_lb��Wlh�ijb\h^bl�d�qZkluf�ihl_jyf�iZd_lh\�b��ijb�mklhcqb\hf�i_j_iheg_gbb�
[mn_jh\��d�m\_ebq_gbx�aZ^_j`_d�k_]f_glh\�\�k_lb�� 

TCP�bgl_jij_lbjm_l�ihl_jx�k_]f_glZ�dZd�ijbagZd�i_j_]jmadb�k_lb�b�j_Z]bjm_l�
gZ� ex[mx� ihl_jx� ^Zgguo� kgb`_gb_f� kdhjhklb�i_j_^Zqb�� qlh� \_^_l� d� kms_kl\_gguf�
h]jZgbq_gbyf�wnn_dlb\ghklb�TCP�\�k_lyo��]^_�\_jhylghklv�ihl_jb�k_]f_glh\�ba-aZ�\ha�
gbdgh\_gby�hrb[hd�hlebqgZ�hl�gmey��Wlh�hlghkblky�dh�\k_f�[_kijh\h^guf�k_lyf� 

MkljZg_gb_�ijb\_^_gguo�\ur_�g_^hklZldh\�TCP�y\ey_lky�l_fhc�[hevrh]h�qbk�
eZ�bkke_^h\Zgbc��L�h��� \Z`g_cr_c� aZ^Zq_c� y\ey_lky�jZajZ[hldZ�gh\h]h� ljZgkihjlgh]h�
ijhlhdheZ�\�jZfdZo�Zjobl_dlmju�TCP/IP��dhlhjuc�[ue�[u�[he__�wnn_dlb\_g��q_f�TCP. 

K� p_evx� bamq_gby� hkgh\guo� klZlbklbq_kdbo� k\hckl\� j_Zevgh]h� ljZnbdZ� [ue�
ijh\_^_g�ZgZeba� wdki_jbf_glZevguo�^Zgguo��H[t_dlhf�bamq_gby�y\eyeky�jZ^bhdZgZe�
ijhlhdheZ�TCP��\�dhlhjhf�[ueb�hkms_kl\e_gu�ih����k_Zgkh\�i_j_^Zqb�^Zgguo�kh�kdh�
jhklyfb�ihlhdh\����-1460, 1000-800, 1400-250, 1600-96, 1800-����]^_�i_j\h_�qbkeh�ha�
gZqZ_l�dhebq_kl\h�i_j_^Z\Z_fuo�aZ���k�iZd_lh\��Z�\lhjh_-�^ebgm�dZ`^h]h�iZd_lZ�\�[Zc�
lZo��;ueh�baf_j_gh�\j_fy�i_j_^Zqb�iZd_lh\�\�dZ`^hf�ba�k_Zgkh\��aZl_f�hgb�[ueb�h[jZ�
[hlZgu� ijh]jZffhc� )5$&7$1� �B�� �KWWS���LPSE�SVQ�UX�aV\FK\RY�KWPO�VRIW�VKWPO�WKeory),  
dhlhjZy� iha\hey_l� jZkkqblu\Zlv� Z\lhdhjj_eypbhggmx�nmgdpbx�� dhjj_eypbhggmx� wg�
ljhibx��dhjj_eypbhggmx�jZaf_jghklv��ihdZaZl_ev�O_jklZ��IhdZaZl_ev�O_jklZ�[ue�mk�
j_^g_g�ih����k_ZgkZf�^ey�dZ`^h]h�ba���lbih\�ihlhdh\�b�gZ�hkgh\Zgbb�wlbo�jZkq_lh\�ih�
kljh_gZ�aZ\bkbfhklv�G�hl�[blh\hc�kdhjhklb�gZ]jmahqgh]h�ihlhdZ��jbk������ 

 

Ba� ZgZebaZ� j_amevlZlh\� wdki_jbf_glZ� b� bamq_gghc� ebl_jZlmju�fh`gh� k^_eZlv�
ke_^mxsb_�\u\h^u� 

 
 
 
 
 
 
 
 
Jbk� �� AZ\bkbfhklv G
hl [blh\hc kdhjhklb gZ�
]jmahqgh]h ihlhdZ 

 
 

���

���

���

���

���

���

���

���� ����� ����� ����� �����

;blh\Zy kdhjhklv gZ]jmahqgh]h ihlhdZ� d;Zcl�k
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• \� kh\j_f_gguo�fh^_eyo�njZdlZevgmx� kljmdlmjm� ihlhdh\� i_j_^Zqb� ^Zg�
guo�k\yau\Zxl�k�Ze]hjblfhf�7&3�k_Zgkh\��Z�g_�kh�k\hckl\Zfb�dZgZeZ� 

• j_amevlZlu�ijh\_^_gghc�jZ[hlu�k\b^_l_evkl\mxl�h�kms_kl\_gguo�baf_�
g_gbyo�kljmdlmju�ihlhdZ�ijb�jZaebqguo�j_`bfZo�jZ[hlu�dZgZeZ�b�iha\heyxl�jZajZ[Z�
lu\Zlv�f_lh^u�^_finbjh\Zgby�\aju\ghc�kljmdlmju�l_e_ljZnbdZ�^hihegbl_evghc�klh�
oZklbaZpb_c�iZjZf_ljh\�dZgZeZ� 

• ^hihegbl_evgu_�bkke_^h\Zgby�kZfhih^h[ghc�kljmdlmju�\�dZgZeZo�k�lmj�
[hmiehlg_gb_f� ihlhdh\� ih^l\_j`^Zxl� ijbhjbl_lgh_� \ebygb_� iZjZf_ljh\� dZgZeZ� gZ�
nhjfbjh\Zgb_�njZdlZevghc�kljmdlmju�ihlhdh\�^Zgguo��� 
 
1. Djueh\�<�<���KZfho\Zeh\Z�K�K�� L_hjby� l_e_ljZnbdZ� b� __� ijbeh`_gby�- KI[���

;O<-I_l_j[mj]�������� 
2. N_^_j�?��NjZdlZeu��-�F���Fbj��������-����k� 
 
 

M>D��������� 

BGL?JG?L-MKLJHCKL<:�>EY�G:MQGUO�B�MQ?;GUO�A:>:Q 

**>h[jbgbg�:��:��Yfbgkdbc�B��<� 

F=M�bf��F�<��Ehfhghkh\Z�nbabq_kdbc�nZdmevl_l 

G_kdhevdh�e_l�gZaZ^�P_gljhf�i_jki_dlb\guo�l_ogheh]bc�[ue�jZajZ[hlZg�kdZgb�
jmxsbc�ahg^h\uc�fbdjhkdhi�©N_flhkdZg�HgeZcgª��dhlhjuc�klZe�i_j\uf�\�fbj_�kdZ�
gbjmxsbf�fbdjhkdhihf�k�m^Zezgguf�^hklmihf�q_j_a�Bgl_jg_l�>�@��Wlhl�ijb[hj�y\ey�
_lky� bgkljmf_glhf� ^ey� ahg^h\hc� fbdjhkdhibb� k� mgbdZevgufb� dhffmgbdZpbhggufb�
\hafh`ghklyfb�� Mkljhckl\h� iha\hey_l� e_]dh� j_Zebah\Zlv� eZ[hjZlhjgmx� jZ[hlm� ^ey�
klm^_glh\��dhlhjZy�fh`_l�ijh\h^blvky�q_j_a�Bgl_jg_l��GZ�hkgh\_�fbdjhkdhiZ�j_Zebah�
\ZgZ�gh\Zy� �eZ[hjZlhjgZy�jZ[hlZ�ih�bamq_gbx�fhjnheh]bb�b�`zkldhklb�iezghd�ljzo�
[hqgh]h�[ehd-khihebf_jZ�klbjhe-[mlZ^b_g-klbjhe��<�wlhc�jZ[hl_�klm^_glu�ij_`^_�\k_�
]h� agZdhfylky� k� l_ogbdhc� kdZgbjmxs_c� ahg^h\hc�fbdjhkdhibb�b�ijh\h^yl�bamq_gb_�
lhih]jZnbb�ih\_joghklb�\�j_Zevghf�\j_f_gb��bkihevamy�jZaebqgu_�f_lh^bdb�b�j_`b�
fu�jZ[hlu�fbdjhkdhiZ��<�j_amevlZl_�ZgZebaZ�ihemq_gguo�^Zgguo�klm^_glu�\uqbkeyxl�
hlghkbl_evgmx�\ukhlm�[ehdh\��qbkeh�fhe_dme�\�h^ghf�^hf_g_��ehdZevguc�fh^mev�weZ�
klbqghklb�b�^jm]b_�iZjZf_lju�� 

Dhg_qgh�� lZdZy� l_ogheh]by� ohjhrh�ih^oh^bl�^ey� lZdbo�eZ[hjZlhjguo�jZ[hl� k�
[hevrbf�qbkehf�ijZdlbq_kdbo� aZ^Zq�b�bamqZ_fuo�h[t_dlh\��Gh�kdZgbjmxsbc� ahg^h�
\uc�fbdjhkdhi�–�wlh�ij_`^_�\k_]h�gZmqguc�ijb[hj�b�ihwlhfm�kebrdhf�^hjh]�^ey�lZ�
dbo�p_e_c��>ey�lZdbo�p_e_c�ke_^m_l�bkihevah\Zlv�[he__�ijhklu_�ijb[hju��gh�ihkljh�
_ggu_�gZ�hkgh\_�l_o�`_�b^_c� 

<�wlhf�^hdeZ^_�fu�dZd�jZa�b�ohlbf�ij_^klZ\blv�lZdb_�dhfivxl_jgu_�mkljhckl�
\Z��Z�lZd`_�jZkkdZaZlv�h�eZ[hjZlhjguo�jZ[hlZo��dhlhju_�fh]ml�[ulv�j_Zebah\Zgu�gZ�[Z�
a_�wlbo�mkljhckl\� 

Wlb�mkljhckl\Z�iha\heyxl�mijZ\eylv�ijhklhc�wdki_jbf_glZevghc�mklZgh\dhc�q_�
j_a�Bgl_jg_l�beb�ehdZevgmx�dhfivxl_jgmx�k_lv��Wlh�ZdlmZevgh��dh]^Z�g_h[oh^bfh�j_Z�
ebah\Zlv�h^gh\j_f_gguc�^hklmi�g_kdhevdbo�ihevah\Zl_e_c�d�h^ghc�wdki_jbf_glZevghc�
                                                           
** �>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb�� 
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mklZgh\d_���<h�fgh]bo�aZ^ZqZo�wlh�iha\hebl�kgbablv��dhg_qgmx�klhbfhklv�ijb[hjZ�b�j_Z�
ebah\Zlv�[he__�m^h[guc�^hklmi�d�h[hjm^h\Zgbx��ihkdhevdm�^ey�wlh]h�gm`_g�\k_]h�ebrv�
dhfivxl_j�k�^hklmihf�\�Bgl_jg_l�b�khhl\_lkl\mxs__�ijh]jZffgh_�h[_ki_q_gb_� 

I_j\h_�mkljhckl\h�ij_^klZ\ey_l�kh[hc�fbdjhdhgljhee_j��iheghklvx�mijZ\ey_�
fuc�k�dhfivxl_jZ�ihkj_^kl\hf�bgl_jn_ckZ�USB��Ijh]jZffgh_�h[_ki_q_gb_�ihkljh_gh�
ih�ijbgpbim� ©deb_gl-k_j\_jª��K_j\_jgZy�ijh]jZffZ�h[_ki_qb\Z_l�mijZ\e_gb_�ijb[h�
jhf��Z�deb_glkdZy�-�\aZbfh^_ckl\b_�k�dhg_qguf�ihevah\Zl_e_f��=eZ\ghc�hkh[_gghklvx�
deb_glkdhc�ijh]jZffu�y\ey_lky�]b[dbc�]jZnbq_kdbc�bgl_jn_ck�ihevah\Zl_ey��dhlhjuc�
iha\hey_l�ihevah\Zl_ex�kZfhklhyl_evgh�kha^Zlv�kh[kl\_gguc�bgl_jn_ck�beb�\u[jZlv�
ba�bf_xsboky�bgl_jn_ckh\��gZb[he__�ih^oh^ysbc�^ey� aZ^Zqb��KZf�ijb[hj�h[eZ^Z_l�
ke_^mxsbfb� \hafh`ghklyfb�� iha\hey_l� mijZ\eylv� rZ]h\uf� ^\b]Zl_e_f�� \dex�
qZlv�\udexqZlv�jZaebqgu_�ijb[hju��ijbgbfZlv�b�i_j_^Z\Zlv�ZgZeh]h\u_�b�pbnjh\u_�
^Zggu_�hl�^jm]bo�ijb[hjh\�� 

KZfuf�ijhkluf�ijbf_g_gb_f�lZdh]h�ijb[hjZ�y\ey_lky�bamq_gb_�jZkly`_gby�b�
k`Zlby�ihebf_jgh]h�h[jZapZ��>h[Z\e_gb_�\hafh`ghklb�baf_g_gby�l_fi_jZlmju�iha\h�
ebl�ihemqZlv�l_jfhf_oZgbq_kdb_�djb\u_�^ey�ihebf_jguo�h[jZaph\�� 

Ko_fZ�lZdhc�wdki_jbf_glZevghc�mklZgh\db�ihdZaZgZ�gZ�jbk�����RZ]h\uc�^\b]Z�
l_ev�k�gZ`bfguf�\bglhf�iha\hey_l�mijZ\eylv�iheh`_gb_f�e_\h]h�dhgpZ�h[jZapZ��Ijb�
wlhf�g_l�g_h[oh^bfhklb�baf_jylv�wlh�iheh`_gb_�\�ijhp_kk_�wdki_jbf_glZ��ihkdhevdm�
rZ]h\uc�^\b]Zl_ev�h[_ki_qb\Z_l�ihke_� khhl\_lkl\mxs_c�dZeb[jh\db�lhqgh_�iheh`_�
gb_�h[jZapZ��>Zlqbd�gZly`_gby�i_j_^Zzl�^Zggu_�gZ�\oh^�ZgZeh]h\h-pbnjh\h]h�ij_h[�
jZah\Zl_ey��dhlhju_�ihke_�hpbnjh\db�i_j_^Zxlky�\�dhfivxl_j� 

LZd`_�e_]dh�fh`gh�ihkljhblv�^jm]mx�mklZgh\dm��dhlhjZy�iha\hebl�bamqZlv�hi�
lbq_kdb_� k\hckl\Z� jZaebqguo� h[jZaph\�� Ko_fZ� lZdhc� mklZgh\db� ihdZaZgZ� gZ� jbk�� ���
A^_kv�rZ]h\uc�^\b]Zl_ev�mijZ\ey_l�ih\hjhlhf�ZgZebaZlhjZ��MklZgh\dZ�iha\hey_l�ih�
emqZlv� iheyjbaZpbx� k\_lZ�� ijhr_^r_]h� q_j_a� iheyjbaZlhj� b� bamqZ_fuc� h[t_dl��>ey�
ZgZebaZ� ijhr_^r_]h� k\_lh\h]h�imqdZ�fh`gh�bkihevah\Zlv� h[uqguc� k\_lh\hc� ^Zlqbd�
�nhlhljZgabklhj��� qlh� iha\hebl� baf_jylv� bgl_gkb\ghklv� ijhr_^r_]h� k\_lZ�beb�web-
dZf_jm�^ey�ihemq_gby�[hevr_c�bgnhjfZpbb� 

LZdbf�h[jZahf��ihdZaZgh�dZd�h^gh�mkljhckl\h�iha\hey_l�e_]dh�b�[ukljh�kdhgkl�
jmbjh\Zlv�jZaebqgu_�wdki_jbf_glZevgu_�mklZgh\db��j_rZy�l_f�kZfuf�aZ^Zqm�kha^Zgby�
ijhklh]h�mkljhckl\Z��^ey�ijh\_^_gby�wdki_jbf_glZevguo�jZ[hl�q_j_a�Bgl_jg_l�� 
 
1. I.V. Yaminsky, A.S. Filonov, A.V. Bolshakova, M.O. Gallyamov, O.I. Kiselyova, 
2. A.V. Shishlova. Internet Outlook into the Microworld: From Atoms and Molecules 

to Living Cells. Proceedings of the European Distance Education Network – Lo-
monosov Moscow State University Conference "Information and Communication 
Technologies and Human Resources Development: New Opportunities for Euro-
pean Co-operation. 3-5 October 1999, Moscow, Russia. p. 236-237. 

3. A. V. Bolshakova, A .S. Filonov, M. O. Gallyamov, D. Yu. Gavrilko, E. V. Du-
brovin, O. I. Kiselyova, A. M .Lomonosov, E. B. Meshkov, I. V. Yaminsky. Open 
Experimental Internet Practical Studies in Nanoscopy of Polymers and Biomacro-
molecules. Phys. Low-Dim. Struct., 3/4, 113-118 (2003). 

4. A.V. Bolshakova, N.I. Nikanorova, I.V. Yaminsky. Practical studies in nanoscopy of 
blockcopolymers. MSU. 2002 – 16 p. 

 
 



EHFHGHKH<�– 2006 

 

96 

M>D������ 

BKIHEVAH<:GB?�:<LHF:LBABJH<:GGUO�MKL:GH<HD 
IH�KD:GBJH<:GBX�Y>?JGUO�WFMEVKBC�>EY�H;J:;HLDB�

;HEVRH=H�H;T?F:�>:GGUO�B�>EY�MQ?;GUO�P?E?C 

>Z\u^h\�>�:���Im[ebq_gdh�I�:� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

Gh\u_� Z\lhfZlbabjh\Zggu_�f_lh^u� kms_kl\_ggh�mijhklbeb�b�mkdhjbeb�h[�
jZ[hldm�^Zgguo�k�wfmevkbhgguo�^_l_dlhjh\��Djhf_�mkdhj_gby��Z\lhfZlbaZpby�baf_�
j_gbc�iha\hey_l�h[jZ[Zlu\Zlv�[hevrb_�fZkkb\u�wdki_jbf_glZevguo�^Zgguo�b�km�
s_kl\_ggh� memqrZ_l� bo� klZlbklbq_kdmx� h[_ki_q_gghklv�� Z� lZd`_� ij_^hij_^_ey_l�
jZajZ[hldm�ijh_dlh\�gh\uo�wdki_jbf_glh\��ij_^iheZ]Zxsbo� �bkihevah\Zgb_�djmi�
ghh[v_fguo�fbr_g_c�� wfmevkbhgguo�b� l\_j^hl_evguo� lj_dh\uo�^_l_dlhjh\�[hev�
rhc�iehsZ^b��LZd�\�wdki_jbf_gl_�³OPERÁ �>�@�ih�ijyfhfm�gZ[ex^_gbx�hkpbeey�
pbc�g_cljbgh��ih^]hlh\dZ�d�dhlhjhfm�k_cqZk�\oh^bl�\�aZ\_jrZxsmx�klZ^bx��[m^ml�

bkihevah\Zgu�wfmevkbhggu_�ieZklbgu�h[s_c�iehsZ^vx�hdheh������� 2f ��<�h[jZ�
[hld_�^Zgguo�k�wlh]h�wdki_jbf_glZ�[m^_l�aZ^_ckl\h\Zgh�[hevrh_�dhebq_kl\h�fhs�
guo� kdZgbjmxsbo� dhfie_dkh\�� \� lhf�qbke_�^_ckl\mxsbc� \�NB:G_�bf��E_[_^_\Z�
dhfie_dk�³I:<BDHF´�>����@�� 

<�wlhc�k\yab�djZcg_�gZkmsghc�klZgh\blky�ijh[e_fZ�m\_ebq_gby�dhebq_kl\Z�mq_�
guo��bf_xsbo�khhl\_lkl\mxsbc�mjh\_gv�ih^]hlh\db�b�kihkh[guo�jZ[hlZlv�gZ� �Z\lh�
fZlbabjh\Zgghc�l_ogbd_�lZdh]h�deZkkZ��;hevrZy�qZklv�klm^_glh\��aZgbfZxsboky�k_c�
qZk�nbabdhc�\ukhdbo�wg_j]bc��ijb�h[mq_gbb�ihemqZ_l�ij_^klZ\e_gb_�ebrv�h[�jmqguo�
f_lh^bdZo� h[jZ[hldb� ^Zgguo� k� lj_dh\uo�^_l_dlhjh\��<� ����� ]h^m�gZ�[Za_� dhfie_dkZ�
I:<BDHF�b�nbabq_kdh]h�ijZdlbdmfZ�Nbabq_kdh]h�nZdmevl_lZ�F=M�[ueZ�ih^]hlh\�
e_gZ� gh\Zy� mq_[gZy� jZ[hlZ� ih� hij_^_e_gbx� wg_j]bb� g_cljhgh\�� ijhoh^ysbo� q_j_a�
y^_jgmx� wfmevkbx��dhlhjZy�^Z_l�\hafh`ghklv�ijbh[j_klb�gZqZevgu_�gZ\udb�Z\lhfZ�
lbabjh\Zgghc�h[jZ[hldb�lj_dh\uo�^_l_dlhjh\��JZg__�klm^_glu��ijb�\uiheg_gbb�h^ghc�
ba� jZ[hl� gZ� ijZdlbdmf_�� bkke_^h\Zeb� h[emq_ggmx� g_cljhgZfb� wfmevkbx� k� ihfhsvx�
hilbq_kdbo�fbdjhkdhih\��\bamZevgh�gZoh^beb�b�nbdkbjh\Zeb�lj_db�qZklbp��Ijb�ih^]h�
lh\d_� gh\hc� jZ[hlu� [ueh� ijh\_^_gh� kdZgbjh\Zgb_� bkke_^m_fuo� wfmevkbhgguo� ieZ�
klbg��Z�lZd`_�gZibkZgh�ijh]jZffgh_�h[_ki_q_gb_��iha\heyxs__�bamqZlv�hlkdZgbjh\Zg�
guc�fZl_jbZe�gZ�wdjZg_�dhfivxl_jZ��WlZ�jZ[hlZ�fh`_l�[ulv�\dexq_gZ�\�mq_[guc�ijh�
p_kk�klm^_glh\�nbabq_kdbo�nZdmevl_lh\� 
 
1. http://operaweb.web.cern.ch/operaweb/documents/archive//proposalfinal.pdf 
2. DZebgbg�K�:���FZjlugh\�:�=���N_cg[_j]�?�E��b�^j��³Iheghklvx�Z\lhfZlbabjh�

\Zgguc�dhfie_dk�I:<BDHF´�³GZmdZ-ijhba\h^kl\m´��������������klj���� 
3. Aleksandrov A.B., Apacheva I.Yu., Feinberg E.L. et al, “Completely Automated 

Measurement Facility (PAVICOM) for Track-Detector Data Processing” Nuclear In-
struments&Methods in Physics Research, A, 535 (2004) 542-545. 
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Jbk� �� Dhgp_ilmZevgZy ko_fZ kbkl_fu dhg�
ljhey ^Zgguo� ihklmiZxsbo k ^Zlqbdh\ 

M>D���������� 

DHFIE?DK�BGL?J:DLB<GH=H�IJH=J:FFGH=H�H;?KI?Q?GBY�
>EY�DHGLJHEY�>:GGUO� 

IHKLMI:XSBO�K�>?L?DLBJMXSBO�MKLJHCKL< 

FZcfbklh\�>�B���Hj_oh\�>�B���Q_imjgh\�:�K� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

G_hlt_fe_fhc� qZklvx� ex[h]h� kh\j_f_ggh]h� [hevrh]h� y^_jgh-nbabq_kdh]h� ^_�
l_dlhjZ� y\eyxlky� kbkl_fu� mijZ\e_gby�b� k[hjZ� ^Zgguo��Kbkl_fZ� mijZ\e_gby�^_l_dlhjZ�
h[_ki_qb\Z_l�_]h� aZimkd�b�nmgdpbhgbjh\Zgb_��dhgljhev� aZ�khklhygb_f�^_l_dlhjZ��h[_k�
i_qb\Z_l� m^h[guc� b� jZa\bluc� q_eh\_dh-fZrbgguc� bgl_jn_ck��Kbkl_fZ� k[hjZ� ^Zgguo�
ij_^gZagZq_gZ�^ey�j_ZebaZpbb�]eZ\ghc�p_e_\hc�nmgdpbb�^_l_dlhjZ�–�nbdkbjh\Zgb_��h[�
jZ[hldm��gZdhie_gb_�b�ojZg_gb_�^Zgguo�h�nbabq_kdbo�kh[ulbyo��^ey�ZgZebaZ�dhlhjuo�b�
[ue� kha^Zg� ^_l_dlhj�� Kh\j_f_ggZy� kbkl_fZ� k[hjZ� ^Zgguo�� dZd� ijZ\beh�� h[_ki_qb\Z_l�
\hafh`ghklv�m^Ze_gghc�jZ[hlu�b�bgl_jZdlb\guc�^hklmi�d�gZdhie_gghc�bgnhjfZpbb�� 

Ijbf_jhf� kbkl_fu� k[hjZ�^Zgguo�fh`_l� kem`blv�dhfie_dk�ijh]jZffgh]h�h[_k�
i_q_gby� b� gZ[hj� ZiiZjZlguo� kj_^kl\�� kha^Zgguc� \� dZq_kl\_� g_aZ\bkbfhc� ih^kbkl_fu�
dhgljhey� l_fgh\uo� rmfh\� NWM� ^_l_dlhjZ� ;hj_dkbgh�� WlZ� jZkij_^_e_ggZy� kbkl_fZ�
ij_^gZagZq_gZ�^ey�g_ij_ju\gh]h�fhgblhjbg]Z�khklhygby�^_l_dlhjZ��Z�lZd`_�gZdhie_gby��
ojZg_gby�b�^hklmiZ�d�^Zgguf�h�l_fgh\uo�rmfZo�k�p_evx�bo�ihke_^mxs_]h�ZgZebaZ�� 

Ijh]jZffgh_�h[_ki_q_gb_� �IH�� kbkl_fu� dhgljhey� l_fgh\uo�rmfh\�^_l_dlhjZ�
;hj_dkbgh�khklhbl�ba���mjh\g_c��ZiiZjZlguc�mjh\_gv��mjh\_gv�k[hjZ�^Zgguo��mjh\_gv�
h[jZ[hldb� ^Zgguo�� mjh\_gv� hlh[jZ`_gby�
^Zgguo��Bkoh^y�ba�\uihegy_fuo� aZ^Zq��\�
IH� ^_eblky� gZ� nmgdpbhgZevgu_�
ih^kbkl_fu�� k[hjZ� ^Zgguo�� bfblZpbb��
miZdh\db� ^Zgguo��hi_jZlb\gh]h� dhgljhey�
khklhygby� ^_l_dlhjZ�� ZgZebaZ�
gZdhie_gguo� ^Zgguo�� ;eZ]h^Zjy�
bkihevah\Zgbx� f_oZgbafZ� khd_lh\� ^ey�
h[f_gZ� ^Zggufb�� nbabq_kdb� jZagu_�
mjh\gb� kbkl_fu� fh]ml� jZkiheZ]Zlvky� dZd�
gZ� h^ghf� dhfivxl_j_�� lZd� b� [ulv�
jZkij_^_e_gu� \� k_lb� Ethernet�� Ko_fZ�
i_j_^Zqb� ^Zgguo� bah[jZ`_gZ� gZ� jbk����� Z�
h[sZy�ko_fZ�IH�-�gZ�jbk���� 

H^gbf� ba� hkgh\guo� dhfihg_glh\�
ijh]jZffgh]h�h[_ki_q_gby�y\ey_lky�fh^mev�dataserver��ij_^gZagZq_gguc�^ey�h[jZ[hl�
db��\j_f_ggh]h�ojZg_gby�^Zgguo�b�bo�miZdh\db�\�[Zam�^Zgguo�k�ijb\yadhc�dh�\j_f_gb�
^_l_dlhjZ��Z�lZd`_�^ey�\u^Zqb�h[jZ[hlZgguo�^Zgguo�ih�aZijhkZf�deb_glh\��<Z`gufb�
lj_[h\Zgbyfb�ijb�jZajZ[hld_�wlh]h�fh^mey�[ueZ�gZ^_`ghklv�jZ[hlu�b�k\_^_gb_�d�fb�
gbfmfm�jbkdZ�ihl_jb�^Zgguo��Djhf_�lh]h��[ueZ�j_Zebah\ZgZ�\hafh`ghklv�]b[dhc�gZ�
kljhcdb�ijh]jZffu�\h�\j_fy�__�jZ[hlu��KhojZg_gb_�^Zgguo�ijhbkoh^bl�\�j_eypbhg�
gmx�KM;>��Wlh�iha\hey_l�bkihevah\Zlv�^ey�i_j\bqgh]h�ZgZebaZ�^Zgguo�klZg^Zjlgu_�
ijbeh`_gby��bf_xsb_�^hklmi�d�KM;>��Z�lZd`_�e_]dh�hj]Zgbah\Zlv�wdkihjl�^Zgguo�\�
jZkijhkljZg_ggu_�nhjfZlu� 
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Jbk� �� :jobl_dlmjZ IH kbkl_fu dhgljhey l_fgh\uo
rmfh\ ^_l_dlhjZ ;hj_dkbgh� 

Ih^kbkl_fZ� hi_jZlb\gh]h�
dhgljhey� khklhygby� ^_l_dlhjZ� \�
j_Zevghf� \j_f_gb� jZ[hlu�
bkihevam_lky� ijb� gZkljhcd_�
^_l_dlhjZ� ihke_� \dexq_gby��
j_fhglZ�� fh^_jgbaZpbb�� ^ey�
l_ogheh]bq_kdhc� hleZ^db� b�
dhgljhey� khklhygby� NWM�
^_l_dlhjZ� hi_jZlhjhf� \� j_Zevghf�
\j_f_gb��LZd`_�hgZ�ij_^gZagZq_gZ�
^ey� ZgZebaZ� Z\Zjbcguo� beb�
g_ihgylguo� kh[ulbc� \� ^_l_dlhj_��
\ebyxsbo� gZ� qZklhlu� l_fgh\uo�
rmfh\�NWM�� 

Ih^kbkl_fZ� ZgZebaZ�
gZdhie_gguo� ^Zgguo� ^_eZ_l�
\hafh`guf� ihemqblv� m^h[guc�
^hklmi� d� [Za_� ^Zgguo� l_fgh\uo�
rmfh\� ihkj_^kl\hf� \_[-
bgl_jn_ckZ�� >ZggZy� ih^kbkl_fZ�
iha\hey_l� ijhklh� b� [ukljh�
ihemqZlv� ^hklmi� d� ^Zgguf��
kh[jZgguf� ^_l_dlhjhf� ;hj_dkbgh��
ba� ex[hc� lhqdb� fbjZ�� ]^_� _klv�
Bgl_jg_l�� ^ey� bo� i_j\bqgh]h�

ZgZebaZ�b�ihke_^mxs_]h�wdkihjlZ�\�fZl_fZlbq_kdb_�iZd_lu�k�p_evx�ihbkdZ�aZdhghf_jgh�
kl_c� \� ^Zgguo�� dhjj_eypbc�f_`^m� jZaebqgufb�fZkkb\Zfb� ^Zgguo��Wlh� k^_eZ_l�ijhp_kk�
h[jZ[hldb�^Zgguo�[he__�wnn_dlb\guf��Z�lZd�`_�mijhklbl�kh\f_klgmx�jZ[hlm�mqzguo� 

<�i_jki_dlb\_�kbkl_fm��kha^Zggmx�\�jZfdZo�ijh_dlZ�;hj_dkbgh��fh`gh�bkihev�
ah\Zlv�^ey�dhgljhey�^Zgguo�ihklmiZxsbo�k�ex[uo�lbih\�^_l_dlbjmxsbo�mkljhckl\��
GZijbf_j��wlh�fh]ml�[ulv�l_jfh^Zlqbdb��mklZgh\e_ggu_�\�ex[hc�keh`ghc�l_ogheh]b�
q_kdhc�mklZgh\d_� 

KZfhc�]eZ\ghc�ijh[e_fhc�nmgdpbhgbjh\Zgby�hibkZgghc�kbkl_fu�fh`_l�klZlv�
g_o\ZldZ�\uqbkebl_evguo�j_kmjkh\�dhfivxl_jh\�bkihevam_fuo�\�kbkl_f_�\�gZklhys__�
\j_fy�b�kdhjhklb�dZgZeZ�i_j_^Zqb�^Zgguo��GZijbf_j��h[tzf�^Zgguo��ihklmiZxsbc�\�
^_gv�hl�NWM�\�;hj_dkbgh��jZ\_g�ijbf_jgh����feg��aZibk_c��Mqblu\Zy��qlh�dZ`^Zy�aZ�
ibkv�fh`_l�g_klb� \� k_[_� \Z`gmx�bgnhjfZpbx�� k[hb�ijb�gZdhie_gbb�^Zgguo�djZcg_�
g_`_eZl_evgu�� Ihwlhfm� \� [eb`Zcr_f� [m^ms_f� ij_^klhbl� k_jvzagZy� jZ[hlZ� ih� gZ�
kljhcd_�kihkh[h\�h[_ki_q_gby�klZ[bevghc�jZ[hlu�dhfie_dkZ�ih�dhgljhex�^Zgguo��:�
hkgh\ghc� aZ^Zq_c�gZ�^Zgguc�fhf_gl�klZgh\blky�fZl_fZlbq_kdZy�h[jZ[hldZ�gZdhie_g�
ghc�bgnhjfZpbb�� 

 
1. :�K�� Q_imjgh\�� N�G�� G_^_h]eh�� :�<�� Wl_gdh�� :�:�� KZ[_evgbdh\� Ijbf_g_gb_�

ijh]jZffguo� b� ZiiZjZlguo� dhfihg_gl� &$1� l_ogheh]bb� ^ey� mijZ\e_gby�
mkdhjbl_eyfb��³<hijhku�Zlhfghc�gZmdb�b�l_ogbdb´��MdjZbgZ��������� 

2. KZclu��http://www.postgresql.org/��b��http://php.net/ 
3. Borexino Collaboration «Science and technology of borexino: a real time detector for 

low energy solar neutrinos» // Astroparticle Physics, November 27, 2000  
4. :�:��KZ[_evgbdh\��:�K��Q_imjgh\�Bkke_^h\Zgb_�bgl_gkb\ghklb�h^ghwe_dljhgguo�

l_fgh\uo� rmfh\� nhlhmfgh`bl_e_c� ^_l_dlhjZ� ;hj_dkbgh�� Ij_ijbgl� B:W-
����������Fhkd\Z������ 
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M>D������������������>����������� 

G?CLJHGGH?�J:>BH=J:NBQ?KDH?�BAH;J:@?GB?�B�KIHKH;�
?=H�H;J:;HLDB 

**Dhe_kgbdh\�K�<���Gh\bdh\�>�<���KZfhkZ^guc�<�L���K_j`Zglh\Z�H�<� 

Fhkdh\kdbc�bg`_g_jgh-nbabq_kdbc�bgklblml� 

<�ihke_^gb_�]h^u��k�jZa\blb_f�gh\uo�ijhfure_gguo�l_ogheh]bc��\hajhk�bgl_�
j_k�d�f_lh^Zf�g_jZajmrZxs_]h�dhgljhey�hl\_lkl\_gguo�ba^_ebc��b�\�qZklghklb�d�g_c�
ljhgghc�jZ^bh]jZnbb��GJ�� 

I_jki_dlb\u�ijhfure_ggh]h�ijbf_g_gby�GJ�h[mkeh\e_gu�\�[hevrhc�kl_i_gb�
\hafh`ghklvx� kha^Zgby� dhfiZdlgh]h�� wdheh]bq_kdb� [_ahiZkgh]h�h[hjm^h\Zgby��m^h\�
e_l\hjyxs_]h�ih�k\hbf�\_kh\uf�b�]Z[Zjblguf�iZjZf_ljZf�lj_[h\Zgbyf��ij_^ty\ey_�
fuf�dZd�d�eZ[hjZlhjghfm��lZd�b�d�ijhfure_gghfm�h[hjm^h\Zgbx��>�@ 

JZajZ[hldZ�ijh]jZffgh]h�h[_ki_q_gby�^ey�h[jZ[hldb�g_cljhgguo�jZ^bh]jZnb�
q_kdbo�bah[jZ`_gbc� �GJB��lj_[m_l�ihgbfZgby�ijbgpbiZ�jZ[hlu�^_l_dlbjmxsbo�kbk�
l_f��bkihevam_fuo�^ey�bo�ihemq_gby��JZajZ[hlZggh_�ijh]jZffgh_�h[_ki_q_gb_�jZkkqb�
lZgh�gZ�ijbf_g_gb_�^\modhhj^bgZlguo�kbkl_f�^_l_dlbjh\Zgby�ihkljh_gguo�gZ�hkgh\_�
IAK�fZljbp�b�^_l_dlhjh\�gZ�hkgh\_�wg_j]hgZdZieb\Zxsbo�exfbghnhjh\� 

Nhjfbjh\Zgb_�GJB� \�IAK-fZljbp_� ^_l_dlhjZ� hkms_kl\ey_lky� aZ� kq_l� \aZbfh�
^_ckl\by�g_cljhggh]h�baemq_gby� k� \_s_kl\hf�exfbg_kp_glgh]h� wdjZgZ��jZkiheh`_g�
gh]h�i_j_^�IAK-fZljbp_c��b�ijb�^hklZlhqgh�[hevrhf�\j_f_gb�wdkihabpbb�\�fZljbp_�
nhjfbjm_lky�bah[jZ`_gb_�bkke_^m_fh]h�h[t_dlZ�>�@�� 

Nhjfbjh\Zgb_�GJB� ijb� ihfhsb� ^_l_dlhjZ� gZ� hkgh\_� wg_j]hgZdZieb\Zxs_]h�
wdjZgZ�ijhbkoh^bl�aZ�kq_l�i_j_^Zqb�qZklb�wg_j]bb�\lhjbqgh]h�baemq_gby��\hagbdZxs_�
]h�ijb�\aZbfh^_ckl\bb�g_cljhggh]h�baemq_gby�k�\_s_kl\hf�dhg\_jlhjZ��wdjZgm��LZdbf�
h[jZahf��ijhbkoh^bl�gZdhie_gb_� wg_j]bb��baemqZ_fhc�\�\b^_�exfbg_kp_glgh]h�baem�
q_gby��bgl_gkb\ghklv�dhlhjh]h�ijhihjpbhgZevgZ�ih]ehs_gghc�wg_j]bb�baemq_gby�>�@�� 

Bkoh^gu_�GJB��gZjy^m�k�ihe_aghc�bgnhjfZpb_c��kh^_j`Zl�jZaebqgh]h�lbiZ�bk�
dZ`_gby��lZdb_�dZd�\u[jhku�yjdhklb��\hagbdZxsb_�ba-aZ�\aZbfh^_ckl\by�g_cljhgh\�k�
IAK-fZljbp_c� beb� wg_j]hgZdZieb\Zxsbf� wdjZghf�� gbadh_� hlghr_gb_� kb]gZe�rmf��
h[mkeh\e_ggh_�j_]bkljZpb_c�jZkk_yggh]h�baemq_gby��©jZafulb_ª�]jZgbp�h[t_dlZ�� 

>ey�mkljZg_gby�^_n_dlh\�GJB�lj_[mxlky�jZaebqgu_�kihkh[u�dhjj_dpbb��ihke_�
^h\Zl_evgh_�ijbf_g_gb_�dhlhjuo�iha\hey_l�^h[blvky�gZbemqrbo�j_amevlZlh\�>�@� 

Ijb�h[jZ[hld_�GJB� klZgh\blky�\hafh`guf�^h[blvky�dhjj_dpbb�yjdhklb��dhg�
ljZklZ�� p\_lhdhjj_pbb�� mkljZgblv� bkdZ`_gby� lbiZ� ^bklhjkby�� kfZa�� jZknhdmkbjh\dZ��
LZd�`_�ihke_�h[jZ[hldb�klZgh\blky�\hafh`guf�ijh\_^_gb_�baf_j_gbc� �ZgZeba�bgl_j�
n_jh]jZff�� ]ZjlfZgh]jZff��NJL� b� l�i��� b� jZkihagZ\Zgb_� h[jZah\� �jZkihagZ\Zgb_� ^_�
n_dlh\��>�@� 

Kha^Zggh_� ijh]jZffgh_� h[_ki_q_gb_� ^ey� h[jZ[hldb� GJB� gZibkZgh� gZ� yaud_�
ijh]jZffbjh\Zgby�Delphi�kh�\klZ\dZfb��\�\b^_�[b[ebhl_d��gZibkZgguo�gZ�C++. 

>ZggZy�ijh]jZffZ�kihkh[gZ�\u^_eylv��j_^Zdlbjh\Zlv��ZgZebabjh\Zlv��h[jZ[Zlu�
\Zlv� �-[blh\u_�� ��-[blh\u_�� ��-[blh\u_�� ��-[blh\u_�b� ���-[blh\u_�bah[jZ`_gby��dh�
lhju_�fh]ml�ijbgbfZlv�p_eu_��\_s_kl\_ggu_�b�dhfie_dkgu_�agZq_gby��Ih^^_j`b\Z_l�
�kl_d���k_jbb�bah[jZ`_gbc��dhlhju_�jZ[hlZxl�\�h^ghf�hdg_� 

Ijh]jZffgh_�h[_ki_q_gb_�iha\hey_l�ijh\h^blv�]_hf_ljbq_kdb_�ij_h[jZah\Zgby�
�\dexqZy� ih\hjhlu� gZ� ijhba\hevguc� m]he��� eh]bq_kdb_� b� Zjbnf_lbq_kdb_� hi_jZpbb��
nbevljZpbx��ij_iZjbjh\Zgb_�GJB� 
                                                           
** �>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb�� 
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<�hkgh\m�Ze]hjblfh\�h[jZ[hldb�GJB�iheh`_gu�bgl_]jZevgu_�ij_h[jZah\Zgby��
F\_jldZ�� ij_h[jZah\Zgb_�Nmjv_��:� lZd`_� klZlbklbq_kdbc�f_lh^�� dhlhjuc� hkgh\Zg� gZ�
keh`_gb_�^\mo�b�[he__�GJB�k�jZagufb�bgl_gkb\ghklyfb�yjdhklb��iha\heyxsbc�mkljZ�
gblv�\u[jhku�yjdhklb�� 

<�ijh]jZff_�bkihevamxlky�nbevlju��g_h[oh^bfu_�^ey�mkljZg_gby�^_n_dlh\�b�
rmfh\�GJB��Z�lZd`_�^ey�\uy\e_gby�g_dhgljZklguo�^_lZe_c��Sobel, Roberts��jZafulb_��
[ukljh_�Nmjv_�ij_h[jZah\Zgb_��f_^bZgguc�nbevlj��fZkdZ�dhgljZklghklb�b�bg\_jkby� 

Fh`_l�qblZlv�b�aZibku\Zlv�bah[jZ`_gby�\h�fgh]bo�nhjfZlZo��\dexqZy�FIT, FF, 
IMG, TIF, JPG, BMP, JPG. 
 
1. JZ^bh]jZnby��K[��klZl_c��F���������E��<��LZjZkh\� 
2. Mikerov V.I., Zhitnik I.A., Korneev V.V., Pertsov A.A., Tindo I.P., Ignat’ev A.P., 

Tukarev V.A. and Waschkowski W. A two-coordinate high-resolution detector for 
registering thermal neutron images. J. Moscow Phys. Soc., 2 (1992) 181-188. 

3. Khcn_j� <�:�� Dhfivxl_jgZy� h[jZ[hldZ� bah[jZ`_gbc�� QZklv� ��� F_lh^u� b�
Ze]hjblfu����Khjhkh\kdbc�h[jZah\Zl_evguc�`mjgZe���������� 

4. Khcn_j�<�:��Dhfivxl_jgZy�h[jZ[hldZ�bah[jZ`_gbc��QZklv� ���FZl_fZlbq_kdb_�
fh^_eb����Khjhkh\kdbc�h[jZah\Zl_evguc�`mjgZe���������� 

 
 

G?CJHK?L?<HC�:E=HJBLF�<HKKL:GH<E?GBY�KBEVGH�
A:RMFE?GGUO�BAH;J:@?GBC 

Dmcdbg�>�D� 

YjhkeZ\kdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�bf��I�=��>_fb^h\Z 

GZ� ijZdlbd_� qZklh� \klj_qZxlky� bah[jZ`_gby�� bkdZ`_ggu_� bfimevkguf�rmfhf��
IjbqbgZfb� \hagbdgh\_gby� lZdbo�ihf_o�gZ�bah[jZ`_gbb�fh]ml�[ulv� k[hb�\�jZ[hl_�dZ�
gZevgh]h�^_dh^_jZ��k\yaZggu_�k�aZfbjZgb_f�kb]gZeh\�\�dZgZe_�k\yab�beb�i_j_f_s_gb_f�
Z[hg_glh\��rmf�\b^_h^ZlqbdZ��a_jgbklhklv�ie_gdb�b�l�^��Ohjhrb_�j_amevlZlu�^ey�khojZ�
g_gby�i_j_iZ^h\�hll_gdh\��]jZgbp�b�ehdZevguo�ibdh\�yjdhklb�gZ�bkdZ`_gguo�bfimevk�
guf�rmfhf�bah[jZ`_gbyo�fh`_l�^Zlv�ijbf_g_gb_�f_^bZgguo�nbevljh\��FN��>�@� 

>ey�mkljZg_gby�g_^hklZldh\� >�@�f_^bZggh]h�nbevljZ�ij_^eh`_g�jy^�_]h�fh^b�
nbdZpbc� >�-�@��GZ� k_]h^gyrgbc� ^_gv�gZb[hevrbc�bgl_j_k�m�bkke_^h\Zl_e_c�b�jZajZ�
[hlqbdh\�\uau\Z_l�i_j_dexqZxsZyky�ko_fZ�>�@��B^_y�^Zgghc�fh^bnbdZpbb�f_^bZggh�
]h�nbevljZ� hkgh\ZgZ�gZ� ^hihegbl_evghf�rZ]_�h[gZjm`_gby�bfimevkh\� �^_l_dlbjh\Z�
gb_���Ihke_�lh]h�dZd�ihabpbb�bfimevkh\�h[gZjm`_gu��^ey�\uqbke_gby�f_^bZg�beb�^jm�
]bo� ehdZevguo� oZjZdl_jbklbd�bkihevamxlky� lhevdh�g_bkdZ`_ggu_�ibdk_eb��GZ� wlZi_�
h[gZjm`_gby�bfimevkh\�fh`_l� [ulv�ijbf_g_gZ�g_q_ldZy� eh]bdZ� >�@�� kZfhhj]Zgbamx�
sb_ky�g_cjhggu_�k_lb�>�@�b�^jm]b_�f_lh^u� 

P_evx�jZ[hlu�y\ey_lky�mkh\_jr_gkl\h\Zgb_�Ze]hjblfh\�m^Ze_gby�bfimevkgh]h�
rmfZ��Ij_^eh`_gguc�Ze]hjblf�kihkh[_g�wnn_dlb\gh�m^Zeylv�lZdhc�rmf�^Z`_�ba�kbev�
gh�aZrmfe_gguo�bah[jZ`_gbc��h[eZ^Zy�ijb�wlhf�hlghkbl_evgh�gbadhc�\uqbkebl_evghc�
keh`ghklvx� 

Ij_^eZ]Z_fuc� f_^bZgguc� nbevlj� k� g_cjhk_l_\uf� ^_l_dlhjhf� �GIF� nbevlj��
bkihevam_l� i_j_dexqZxsmxky� ko_fm� � ^ey� h[gZjm`_gby� aZrmfe_gguo� ibdk_e_c� bah�
[jZ`_gby�� 

Ijb�wlhf�bfimevkguc�^_l_dlhj�khklhbl�ba�^\mo�[ehdh\��i_j\uc�[ehd�–�\dexqZ_l�
ijhp_^mjm�ij_^\Zjbl_evgh]h�h[gZjm`_gby�bfimevkh\�b�\lhjhc�–�ijhp_^mjm�g_cjhk_l_�
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\hc�dhjj_dpbb�ij_^\Zjbl_evguo�j_amevlZlh\��>Ze__�ijh\h^blky�ijhp_^mjZ�nbevljZpbb�
k�mq_lhf�bgnhjfZpbb��ihemq_gghc�gZ�wlZi_�g_cjhk_l_\hc�dhjj_dpbb� 

J_amevlZlu�fh^_ebjh\Zgby�ihdZau\Zxl��qlh�^ey�fh^_eb�bfimevkgh]h�rmfZ�lbiZ�
©khev-b-i_j_pª� ij_^eh`_gguc� GIF� Ze]hjblf� ^_fhgkljbjm_l� emqrb_� j_amevlZlu� gZ�
\k_f� ^bZiZahg_� kl_i_g_c� aZrmfe_gby��Djhf_� lh]h��ijh\_^_ggu_�bkke_^h\Zgby� k\b^_�
l_evkl\mxl��qlh�^Zgguc�f_lh^�h[eZ^Z_l�\ukhdhc�wnn_dlb\ghklvx�ijb�\hkklZgh\e_gbb�
bah[jZ`_gbc��bkdZ`_gguo�bfimevkguf�rmfhf�[ehqgh]h�oZjZdl_jZ�b�ijb�\ukhdbo�agZ�
q_gbyo�iehlghklb�rmfZ� 

 
E-mail: dcslab@uniyar.ac.ru 

 

1. =hgkZe_k�J���<m^k�J��Pbnjh\Zy�h[jZ[hldZ�bah[jZ`_gbc��–�F���L_oghkn_jZ������� 
2. Pitas I., Venetsanopoulos A. Nonlinear Digital Filters: Principles and Applications. 

- Boston, MA: Kluwer, 1990. 
3. Wang Z., Zhang D. Progressive Switching Median Filter for the Removal of Impulse 

Noise from Highly Corrupted Images // IEEE Trans. Circuits Systems – II. 1999. 
V. ���������3��78-80.  

4. Zhang D., Wang Z. Impulse Noise Detection and Removal Using Fuzzy Techniques // 
Electron. Lett. 1997. V. 33, P. 378-379.  

5. Kong H., Guan L. A Neural Network Adaptive Filter for the Removal of Impulse 
Noise in Digital Images // Neural Networks. 1996. V. ���������3�����-378.  
 
 

KI?DLJHF?LJBQ?KDBC �DHFIE?DK�G:�;:A?�IBM-PC 

E_lmgh\kdbc�K�<� 

NbebZe�Mevygh\kdh]h�=hkm^Zjkl\_ggh]h�Mgb\_jkbl_lZ�\�]�>bfbljh\]jZ^_ 

Kh\_jr_gkl\h\Zgb_� l_ogbq_kdhc� [Zau� mq_[guo� p_gljh\� ih^]hlh\db� fheh^uo�
ki_pbZebklh\�y\ey_lky�ZdlmZevghc�aZ^Zq_c�b�lj_[m_l�hj]ZgbaZpbhgguo�mkbebc�b�fZl_jb�
Zevguo�aZljZl��Kgb`_gb_�aZljZl�[_a�ms_j[Z�dZq_kl\Z�gZmqgh]h�b�mq_[gh]h�h[hjm^h\Zgby�
\�kh\j_f_gguo�jughqguo�mkeh\byo�\iheg_�h[hkgh\Zgh��Wlhc�p_eb�fu�b�klZjZebkv�^hk�
lbqv��GZrb� bkke_^h\Zgby� k\yaZgu� k� jZajZ[hldhc� b� kha^Zgb_f� dhfie_dkZ� we_dljhgguo�
ko_f�b�ijh]jZffgh]h�h[_ki_q_gby�^ey�ijh\_^_gby�ki_dljhf_ljbq_kdbo�b�jZ^bhf_ljbq_�
kdbo�baf_j_gbc�ijb�ijh\_^_gbb�jZ^bhbahlhiguo�bkke_^h\Zgbc�gbadhZdlb\guo�ij_iZjZ�
lh\��=eZ\ghc�aZ^Zq_c�y\eyehkv�kha^Zgb_�fZdkbfZevgh�g_^hjh]h]h�b�ijhklh]h�\�ba]hlh\�
e_gbb�ijb[hjZ��ijb]h^gh]h�^ey�ijbf_g_gby�dZd�\�mq_[ghf�ijhp_kk_��lZd�b�\�bkke_^h\Z�
l_evkdbo� p_eyo�� Dhfie_dk� j_Zebah\Zg� gZ� [Za_� i_jkhgZevgh]h� dhfivxl_jZ� ,%0� 3&��
H[uqgh�^ey�ki_dljhf_ljbq_kdbo�baf_j_gbc�bkihevamxl�ki_pbZevgh�ba]hlh\e_ggu_�ieZ�
lu�:PI��gh�hgb�^hklZlhqgh�^hjh]b��ihwlhfm�[ue�jZajZ[hlZg�ijb[hjguc�b�ijh]jZffguc�
dhfie_dk�� \� dhlhjhf� \f_klh� ^hjh]hklhys_]h�:PI� bkihevam_lky� klZg^ZjlgZy� a\mdh\Zy�
ieZlZ�i_jkhgZevgh]h�dhfivxl_jZ��?z�oZjZdl_jbklbdb�iha\heyxl� �ijhba\h^blv�ki_dljh�
f_ljbq_kdb_� baf_j_gby� k� jZaj_r_gb_f� ����� dZgZeh\�� ijb� aZ]jmadZo� ^h� ����bfi�k��Bk�
ihevah\Zgb_�[he__�kh\_jr_gguo��Z�agZqbl��[he__�^hjh]bo�fh^_e_c�a\mdh\uo�dZjl�iha\h�
ebl�memqrblv� �oZjZdl_jbklbdb�ki_dljhf_ljbq_kdbo�mkljhckl\��;Zah\uc�dhfie_dk�ki_d�
ljhf_ljbq_kdh]h�mkljhckl\Z�\dexqZ_l�\�k_[y��[ehd�^_l_dlbjh\Zgby�bhgbabjmxsbo�baem�
q_gbc�� ki_pbZevgh� jZajZ[hlZggh_� mkljhckl\h� khijy`_gby� k� W<F�� a\mdh\mx� ieZlm���
mijZ\eyxs__� ijh]jZffgh_� h[_ki_q_gb_��Ki_pbZevgh� jZajZ[hlZggh_� mkljhckl\h� khijy�
`_gby�k�W<F�ij_^klZ\ey_l�kh[hc�mkbebl_ev-nhjfbjh\Zl_ev��dhlhjuc�\dexqZ_lky�f_`^m�
[ehdhf�^_l_dlbjh\Zgby�b�\oh^hf� a\mdh\hc�dZjlu��<� aZ^Zqm�ko_fu�\oh^bl�ij_h[jZah\Z�
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gb_� nhjfu� bfimevkh\� \� ijyfhm]hevgmx� beb� ljZi_pb_\b^gmx�� k� nbdkbjh\Zgghc� ^eb�
l_evghklvx�b�Zfieblm^hc��ijhihjpbhgZevghc�\oh^ghfm�ki_dljhf_ljbq_kdhfm�bfimevkm�� 

>ey�h[jZ[hldb�bgnhjfZpbb�k�:PI�a\mdh\hc�dZjlu�[ueZ�jZajZ[hlZgZ�ijh]jZffZ�
©6SHFWUª�����<�aZ^Zqm�ijh]jZffgh]h�h[_ki_q_gby�\oh^bl�mijZ\e_gb_�:PI�a\mdh\hc�dZj�
lu��\u^_e_gb_�hl^_evguo�bfimevkh\�ba�kb]gZeZ��bo�Zfieblm^guc�ZgZeba�b�ihkljh_gb_�
]bklh]jZffu� ki_dljZ� ZgZebaZlhjZ��K�p_evx� kZfh^bZ]ghklbdb�b�ijh\_jdb� ZgZeh]h\uo�
ko_f� \�ijh]jZff_�j_Zebah\Zg�ijh]jZffbjm_fuc�nmgdpbhgZevguc� ]_g_jZlhj��bkihev�
amxsbc� P:I� a\mdh\hc� dZjlu�� =eZ\ghc� hkh[_gghklvx� ]_g_jZlhjZ� y\ey_lky� \hafh`�
ghklv�kha^Zgby�\oh^gh]h�bfimevkZ�ijhba\hevghc�nhjfu�� 

JZajZ[hlZggZy� ko_fZ� ki_dljhf_ljZ� fh`_l� [ulv� bkihevah\ZgZ� ijb� ]ZffZ-
ki_dljhf_ljbq_kdbo� baf_j_gbyo� k� hlghkbl_evgh� g_[hevrhc� aZ]jmadhc�� g_� [he__� ����
bfi�k���Z�lZd`_�^ey�ZevnZ-�b�[_lZ-�ki_dljhf_ljbb�gbadhnhgh\uo�ijh[��Hkgh\gu_�aZljZ�
lu�ijb�kha^Zgbb�dhfie_dkZ�fh]ml�[ulv�k\yaZgu�k�ijbh[j_l_gb_f�l_o�beb�bguo�^_l_d�
lhjh\� b� ba]hlh\e_gb_f� g_^hjh]bo� ijbkihkh[e_gbc� d� klZg^Zjlghfm� dhfivxl_jm� ,%0�
3&��Ijb� wlhf�dZq_kl\h�ki_dljhf_ljbb�gZ�kj_^gbo� �b�gbadbo� aZ]jmadZo�g_�om`_�ihem�
qZ_fh]h� k�ihfhsvx�^hjh]hklhys_]h�h[hjm^h\Zgby��G_h[oh^bfh�ijh\_^_gb_�^Zevg_c�
rbo�bkke_^h\Zgbc� k�p_evx�hij_^_e_gby� lZdbo� l_ogbq_kdbo�oZjZdl_jbklbd��dZd�g_eb�
g_cghklv�ki_dljhf_ljbq_kdh]h�ljZdlZ��fzjl\h_�\j_fy��ih]j_rghklv�baf_jy_fuo�\_eb�
qbg��wg_j]_lbq_kdh_�jZaj_r_gb_�ih�]ZffZ-�b�ZevnZ-ebgbyf� 

 
E–mail: grayser@rambler.ru 

 

1. =jb]hjv_\� <�:��� Dhex[bg� :�:�� Eh]bgh\� <�:�� We_dljhggu_� f_lh^u� y^_jgh-
nbabq_kdh]h�wdki_jbf_glZ��Fhkd\Z�Wg_j]hZlhfba^Zl�������k���� 

2. >jZoZ\_eb^a_� I���FZjdh\� ?�� Ijh]jZffbjh\Zgb_� \� Delphi 7.  ;O<-I_l_j[mj]��
2003 
 
 

G?CJHIH>H;GU?�F?LH>U�>EY�J?R?GBY�<HLA 

Ju[Zevq_gdh�G��:� 

Fhjkdhc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�bf��Z^f��=�B��G_\_evkdh]h 

<hehdhggh-hilbq_kdZy�lhfh]jZnbq_kdZy�aZ^ZqZ� �<HLA��ij_^klZ\ey_l�kh[hc�f_�
lh^�\hkklZgh\e_gby�bgnhjfZpbb�h�iZjZf_ljZo�nbabq_kdbo�ihe_c� �l_fi_jZlmjguo��^_�
nhjfZpbhgguo�b�^j����ih�^Zgguf��kgbfZ_fuf�k�\hehdhggh-hilbq_kdbo�baf_jbl_evguo�
ebgbc� �<HBE���meh`_gguo�\�khhl\_lkl\bb�k�\u[jZgghc�ko_fhc�kdZgbjh\Zgby�b�h[jZ�
amxsbo�\hehdhggh-hilbq_kdmx�baf_jbl_evgmx�k_lv� �<HBK���<HBK�\f_kl_�k�mkljhc�
kl\Zfb� \\h^Z� hilbq_kdh]h� baemq_gby� b� h[jZ[hldb� kgbfZ_fhc� bgnhjfZpbb� h[jZamxl�
\hehdhggh-hilbq_kdmx�baf_jbl_evgmx�kbkl_fm��<�k\yab�k�l_f��qlh�hilbq_kdb_�kb]gZeu�
gZ�\uoh^_�<HBE�h[jZamxl�fZkkb\�^Zgguo��kh^_j`Zsbc�bgnhjfZpbx�h�iZjZf_ljZo�nb�
abq_kdbo�ihe_c��qj_a\uqZcgh�\Z`guf�y\ey_lky�hi_jZlb\gZy�h[jZ[hldZ�baf_gyxsboky�
hilbq_kdbo� kb]gZeh\� kh�\k_o�<HBE�baf_jbl_evghc�kbkl_fu��<�^Zgghc�jZ[hl_�^Zzlky�
djZldbc�h[ahj�j_Zebah\Zgguo�g_cjhih^h[guo�f_lh^h\��GF��^ey�j_r_gby�<HLA� 

<uqbkebl_evgu_�f_lh^u��jZajZ[hlZggu_�\�gZklhys__�\j_fy�^ey�j_r_gby�<HLA��
fh`gh�mkeh\gh�jZa^_eblv�gZ�Ze]_[jZbq_kdb_��:F���bgl_]jZevgu_��BF��b�g_cjhih^h[�
gu_�f_lh^u��:F�j_r_gby�<HLA�gZau\Z_lky�]jmiiZ�\uqbkebl_evguo�f_lh^h\��\�dhlh�
juo�^bkdj_lbaZpby�lZdbo� aZ^Zq�hkms_kl\ey_lky�\�gZqZe_�bo�ijbf_g_gby�^ey�j_r_gby�
<HLA�� aZ� kq_l� q_]h� ^Zevg_cr__� hibkZgb_� wlbo� f_lh^h\� ijhba\h^blky� \� ^bkdj_lghc�
nhjf_��BF�j_r_gby�<HLA�gZau\Z_lky�]jmiiZ�\uqbkebl_evguo�f_lh^h\��\�dhlhjuo�\kz�
jZkkfhlj_gb_�ijh\h^blky�\�g_ij_ju\ghc�nhjf_��Z�^bkdj_lbaZpby��g_h[oh^bfZy�^ey�i_�
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j_oh^Z�hl�g_ij_ju\gh]h�d�^bkdj_lghfm�kemqZx��ijhba\h^blky�gZ�dhg_qghf�wlZi_�g_ih�
kj_^kl\_gghc�j_ZebaZpbb�f_lh^Z�j_r_gby�<HLA��GF�j_r_gby�<HLA�gZau\Z_lky�]jmiiZ�
f_lh^h\��bkihevamxsbo�ZiiZjZl�g_cjhgguo�k_l_c� 

GF� h[eZ^Zxl� jy^hf� iheh`bl_evguo� k\hckl\�� gZb[he__� \Z`gufb� ba� dhlhjuo��
ijbf_gbl_evgh�d�<HLA��y\eyxlky�k\hckl\Z�Z^ZilZpbb�b�h[h[s_gby��K\hckl\h�Z^ZilZ�
pbb�GF�d�dhgdj_lguf�mkeh\byf�aZ^Zqb�y\ey_lky�j_amevlZlhf�_z�h[mq_gby��H[h[s_gb_�
h[mq_gghc�GF�aZdexqZ_lky�\�lhf��qlh�hgZ�fh`_l�j_rZlv�<HLA�^ey�i_j\hgZqZevgh�g_�
ba\_klguo�^ey�g_z�jZkij_^_e_gbc��ijbgZ^e_`Zsbo�d�lhfm�`_�deZkkm��qlh�b�bkihevah�
\Z\rb_ky�ijb�h[mq_gbb�� 

Kj_^b�gZb[he__�qZklh�ijbf_gy_fuo�d�j_r_gbx�<HLA�lbih\�GF�fh`gh�hlf_�
lblv�GF�lbiZ�i_jk_iljhg�b�k_lb�k�h[jZlghc�k\yavx��k_lb�Ohinbe^Z�� 

GF�lbiZ�i_jk_iljhg�ij_^klZ\ey_l�kh[hc�h^ghgZijZ\e_ggmx�GF��khklhysmx�ba�
g_kdhevdbo� kehz\��i_j_^ZqZ�bgnhjfZpbb�\�dhlhjhc�ijhba\h^blky� lhevdh�\�h^ghf�gZ�
ijZ\e_gbb��hl�\oh^gh]h�kehy�d�\uoh^ghfm��ijbq_f�g_cjhgu�h^gh]h�kehy�k\yaZgu�lhev�
dh�k�g_cjhgZfb�ihke_^mxs_]h��ih�oh^m�jZkijhkljZg_gby�bgnhjfZpbb��kehy�b�g_�k\yaZ�
gu�^jm]�k�^jm]hf�\�h^ghf�keh_��I_jk_iljhgu�[u\Zxl�h^ghkehcgufb��bf_xsbfb�ijh�
klmx�� ijhajZqgmx� Zjobl_dlmjm� b� h]jZgbq_ggu_� \hafh`ghklb�� b�fgh]hkehcgufb�� j_�
rZxsb_�[he__�keh`gu_�<HLA� 

K_lb� k� h[jZlghc� k\yavx�� \i_j\u_� jZajZ[hlZggu_� Ohinbe^hf� ^ey� ihjh]h\hc�
nmgdpbb�Zdlb\Zpbb��hkh[_ggu�l_f��qlh�hldebd�k_lb�y\ey_lky�^bgZfbq_kdbf��l��_��\uqbk�
e_gguc� \uoh^� pbdebq_kdb�fh^bnbpbjm_l� \oh^�GF� ^h� ihemq_gby� lj_[m_fhc� lhqghklb�
\hkklZgh\e_gby�bgnhjfZpbb��K_lb�Ohinbe^Z�ih�ijbagZdm�klZ[bebaZpbb�\uoh^Z�beb�_]h�
g_ihklhygkl\Z�jZa^_eyxlky�khhl\_lkl\_ggh�gZ�mklhcqb\u_�b�g_mklhcqb\u_�k_lb�� 

<�gZklhys__�\j_fy�\_^mlky�jZajZ[hldb�GF�gZ�hkgh\_�g_cjhgguo�k_l_c�Dhohg_gZ�
b�Z^Zilb\gh]h�j_ahgZgkZ�^ey�j_r_gby�<HLA� 

 
E-mail: nelly@msun.ru 
 
 

IJBF?G?GB?�L?HJBB�=JMII�D�<HLA 

Ju[Zevq_gdh�G�:� 

Fhjkdhc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�bf��Z^f��=�B��G_\_evkdh]h 

<�gZklhys__�\j_fy�l_hjby�]jmii��L=��ijbf_gy_lky�\h�fgh]bo�gZmqguo�h[eZklyo��
<�dZq_kl\_�ijbf_jh\�fh`gh�gZa\Zlv�djbklZeeh]jZnbx��d\Zglh\mx�f_oZgbdm��Zlhfgmx�
b� y^_jgmx�nbabdm�� l_hjbx�ijh\h^gbdh\�b�^j��<�^Zgghc�jZ[hl_�hibku\Z_lky�\hafh`�
ghklv�ijbf_g_gby�L=�d�\hehdhggh-hilbq_kdhc�lhfh]jZnbq_kdhc�aZ^Zq_��<HLA���<HLA�
gZau\Z_lky�f_lh^�\hkklZgh\e_gby�bgnhjfZpbb�h�iZjZf_ljZo�ijbjh^guo�beb�bkdmkkl�
\_gguo� nbabq_kdbo� ihe_c�� jZkij_^_ezgguo� gZ� g_dhlhjhc� iehsZ^b�� dhlhju_� \� ^Zev�
g_cr_f�[m^_f�gZau\Zlv�bkke_^m_fufb�h[eZklyfb� �BH���ih�bgnhjfZpbb��kgbfZ_fhc�k�
\hehdhggh-hilbq_kdbo� baf_jbl_evguo� ebgbc� �<HBE��� meh`_gguo� \� khhl\_lkl\bb� k�
\u[jZgghc�ko_fhc�kdZgbjh\Zgby�b�h[jZamxsbo�\hehdhggh-hilbq_kdmx�baf_jbl_evgmx�
k_lv� �<HBK��k�jZaf_jghklvx� Q×P��dhlhjZy�\f_kl_�k�mkljhckl\Zfb�\\h^Z�b�h[jZ[hldb�
wlhc�bgnhjfZpbb�h[jZam_l�\hehdhggh-hilbq_kdmx�baf_jbl_evgmx�kbkl_fm��jbk����� 

 
I_j_k_q_gby�<HBE�nhjfbjmxl� qm\kl\bl_evgu_� h[eZklb�� lZd�gZau\Z_fu_� we_�

f_glu�bah[jZ`_gby� �WB���BgnhjfZpby�k�<HBK�hij_^_ey_lky�\g_rgbf�\ha^_ckl\b_f�
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nbabq_kdh]h� ihey� gZ�BH��<hh[s_� ]h\hjy�� jZaf_jghklv�BH�fh`_l� ij_\urZlv�
3102 ⋅ , 

ijb� wlhf� aZf_lbf�� qlh� ijb� jZaf_jghklb� �×�� dhebq_kl\h� jZkiheh`_gbc� h^bghqgh]h��
^\hbqgh]h�b�ljhbqgh]h�\g_rgbo�\ha^_ckl\bc�gZ�<HBK�jZ\gy_lky�khhl\_lkl\_ggh��������
����Z�ijb�jZaf_jghklb���×���dhebq_kl\h�jZkiheh`_gbc�jZ\gh�m`_�������������������kh�
hl\_lkl\_ggh��JZkkfZljb\Zlv�lZdh_�dhebq_kl\h�BH�hq_gv�aZljm^gbl_evgh��ihwlhfm�jZ�
amfguf�y\ey_lky�ijbf_g_gb_�L=��>Z^bf�g_kljh]h_�hij_^_e_gb_�]jmiiu��Imklv�*�–�g_�
dhlhjh_�fgh`_kl\h�we_f_glh\��ijb�wlhf�ih^�we_f_glZfb�fgh`_kl\Z�*�[m^_f�ihgbfZlv�
BH��Imklv�gZ�fgh`_kl\_��*�aZ^ZgZ�g_dhlhjZy�hi_jZpby��^ey�hij_^_ezgghklb�[m^_f�gZ�
au\Zlv�_z�mfgh`_gb_f��dhlhjZy�hagZqZ_l��qlh�^ey�ex[uo�^\mo�we_f_glh\�ba�fgh`_kl\Z�
*�� aZ^Zgguo� \� hij_^_ezgghf� ihjy^d_�� _klv� lj_lbc� we_f_gl�� lZd`_� ijbgZ^e_`Zsbc�
fgh`_kl\m�*��*�gZau\Z_lky�]jmiihc��_keb�\uihegy_lky�ljb�mkeh\by��aZ^ZggZy�hi_jZpby�
mfgh`_gby�ZkkhpbZlb\gZ��kms_kl\m_l�g_cljZevguc�we_f_gl��ijbgZ^e_`Zsbc�fgh`_kl�
\m�*�b�^ey�ex[h]h�we_f_glZ�ba�fgh`_kl\Z�*�kms_kl\m_l�h[jZlguc��<k_�BH�k�jZaf_jgh�
klvx��×3, 4×��^ey�h^bghqgh]h��^\hbqgh]h�b�ljhbqgh]h�\g_rgbo�\ha^_ckl\bc�jZa[blu�
gZ� deZkku� wd\b\Ze_glghklb��ijb� wlhf� dZ`^uc� deZkk� h[jZah\Zg�pbdebq_kdbfb� \jZs_�
gbyfb��WB�\hdjm]�hkb�K���ijhoh^ys_c�q_j_a�p_glj�BH���>Zevg_crb_�jZajZ[hldb�iha\h�
eyl�^Zlv�ihegh_�]jmiih\h_�hibkZgb_�\k_o�BH�^ey�<HLA� 

:\lhj�\ujZ`Z_l�ijbagZl_evghklv�^hp_glm��d�n�-f�g��>_gbkh\m�B�<��aZ�ihfhsv�\�
ih^]hlh\d_�l_abkh\� 

 
E-mail: nelly@msun.ru 
 

DHF;BGBJH<:GGUC�IH>OH>�IJB�<HKKL:GH<E?GBB�
BAH;J:@?GBC�BKD:@?GGUO�BFIMEVKGUF�RMFHF 

;_dj_gz\�<�:���Dmcdbg�>�D� 

YjhkeZ\kdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l_�bf��I��=��>_fb^h\Z�� 

Ba\_klgh��qlh�ohjhrb_�j_amevlZlu�^ey�khojZg_gby�i_j_iZ^h\�hll_gdh\��jZaebq�
guo�]jZgbp�b�ehdZevguo�ibdh\�yjdhklb�gZ�bkdZ`_gguo�bfimevkguf�rmfhf�bah[jZ`_�
gbyo�fh`_l�^Zlv�ijbf_g_gb_�nbevljh\��hkgh\Zggu_�gZ�jZg]h\uo�klZlbklbdZo�>�@� 

:gZeba�bklhqgbdh\�ih�ijZdlbq_kdhfm�ijbf_g_gbx�f_^bZgguo�nbevljh\�ihdZ�
au\Z_l��qlh�g_^hklZldZfb�^Zggh]h�f_lh^Z�h[jZ[hldb�y\eyxlky�>����@� 

Jbk��� Bkke_^m_fZy h[eZklv k jZaf_jghklvx n×m 
 

1 2 
Ü Ü n 

1

2 

m

Ü  
Ü 
Ü 

Qm\kl\bl_evgZy h[eZklv 

H^bghqgh_ \ha^_ckl\b_ 

<HB

<u\h^ bgnhjfZpbb  
k <HBE 

<\h^ ^Zgguo \ <HBE 
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-�hkeZ[e_gb_�kb]gZeZ��qlh�ijhy\ey_lky�gZ�bah[jZ`_gbb�\�\b^_�jZafuluo�dhglm�
jh\�^_lZe_c� 

-�ih\j_`^_gb_�g_bkdZ`_gguo��³ohjhrbo´��ibdk_e_c�bah[jZ`_gbc� 
-�ijb�[hevrhc�iehlghklb�aZrmfe_gby�bah[jZ`_gby�f_^bZgguc�nbevlj�hklZ\ey�

_l�[hevrh_�qbkeh�g_�bkijZ\e_gguo�ibdk_e_c� 
<� kemqZ_� mgbiheyjgh]h� bfimevkgh]h� rmfZ� p_e_khh[jZag__� ijbf_gylv� ^jm]b_�

nbevlju��hkgh\Zggu_�gZ�jZg]h\hc�klZlbklbd_��:�bf_ggh��nbevlju�fZdkbfmfZ�b�fbgbfmfZ 
P_evx� ^Zgghc� jZ[hlu� y\ey_lky� kjZ\gbl_evguc� ZgZeba� ^\mo�f_lh^h\� m^Ze_gby�

bfimevkgh]h�mgbiheyjgh]h�rmfZ��f_^bZggh]h�b�dhf[bgbjh\Zggh]h��Dhf[bgbjh\Zgguc�
ih^oh^� hkgh\Zg� gZ� ihke_^h\Zl_evghf� ijbf_g_gbb� d� aZrmfe_gghfm� bah[jZ`_gbx�
nbevljh\�fbgbfmfZ�b�fZdkbfmfZ�� 

<�oh^_�jZ[hlu�[ueZ�ihemq_gZ�aZ\bkbfhklv�kj_^g_d\Z^jZlbqghc�hrb[db� �KDH��
\hkklZgh\e_ggh]h�bah[jZ`_gby�³Baboońhl�iehlghklb�mgbiheyjgh]h�bfimevkgh]h�rm�
fZ� ³salt́ � �lZ[ebp_� ����:gZeh]bqgu_� j_amevlZlu� ihemq_gu� b� ^ey� mgbiheyjgh]h�rmfZ�
“pepper”.  

 

LZ[ebpZ�� 
 

IR 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 
FN 294 316 368 513 812 1408 2366 3711 5493 7493 9656 
DFFN 524 509 496 483 468 457 449 452 476 554 740 

 
A^_kv�� IR� –� iehlghklv� bfimevkgh]h� mgbiheyjgh]h� rmfZ�FN� –� f_^bZgguc�

nbevlj��DFFN�–�dhf[bgbjh\Zgguc�fbgbfZevgh-fZdkbfZevguc�nbevlj� 
:gZebabjmy�ihemq_ggu_�j_amevlZlu�fh`gh�k^_eZlv�ke_^mxsb_�\u\h^u� 
-� ij_^eh`_gguc� dhf[bgbjh\Zgguc� ih^oh^� iha\hey_l� agZqbl_evgh� emqr_� m^Z�

eylv�bfimevkguc�mgbiheyjguc�rmf�^Z`_�ijb�\ukhdhc�iehlghklb�ihke_^g_]h� 
-� ihke_^h\Zl_evgh_� bkihevah\Zgb_�nbevljh\�fbgbfmfZ� b�fZdkbfmfZ� �beb� gZ�

h[hjhl��g_agZqbl_evgh�bkdZ`Z_l�^_lZeb�bah[jZ`_gby� 
Ij_^eh`_gguc� dhf[bgbjh\Zgguc� f_lh^� y\ey_lky� ijhkluf� b� wnn_dlb\guf�

kj_^kl\hf�^ey�m^Ze_gby�bfimevkgh]h�mgbiheyjgh]h�rmfZ�\ukhdhc�iehlghklb� 
 
1. =hgkZe_k� J��� <m^k� J��Pbnjh\Zy� h[jZ[hldZ� bah[jZ`_gbc��Fhkd\Z�� L_oghkn_jZ��

2005.-����k� 
2. Ojys_\�<�<���Khdhe_gdh�?��:���A\hgZjz\�I�K���Dmcdbg�>��<��Mkh\_jr_gkl\h\Z�

gb_�Ze]hjblfh\�\hkklZgh\e_gby�bah[jZ`_gbc�gZ�hkgh\_�jZg]h\hc�klZlbklbdb� ���
>hde�� �-c�F_`^mgZj�� dhgn�� ©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�b� __�ijbf_g_gb_ª��
Fhkd\Z��������k�����-306. 

 
 

BAMQ?GB?�J:KIJ?>?E?GBY�YJDHKLB�IE:F?GB�K�IHFHSVX�ID 

<hedh\�>�<� 

Qm\Zrkdbc�]hkm^Zjkl\_gguc�i_^Z]h]bq_kdbc�mgb\_jkbl_l�bf��B�Y��Ydh\e_\Z 

Baemq_gb_�ieZf_gb�y\ey_lky�j_amevlZlhf�keh`guo�nbabdh–obfbq_kdbo�ijhp_k�
kh\�� ijhbkoh^ysbo� \� jZaguo� ahgZo�� OZjZdl_j� baemq_gby� kl_obhf_ljbq_kdbo� ieZf_g��
y\ey_lky� k_e_dlb\guf��>ey� [h]Zluo� m]e_\h^hjh^Zfb� ieZf_g� oZjZdl_jgh� h[jZah\Zgb_�
qZklbp�kZ`b���<�\ukhdhl_fi_jZlmjguo�h[eZklyo�ieZf_gb�qZklbpu�kZ`b�k\_lylky��Baem�



EHFHGHKH<�– 2006 

 

106 

q_gb_�lZdh]h�ieZf_gb�kdeZ^u\Z_lky�ba�baemq_gby�]Zah\hc�dhfihg_glu�ieZf_gb�b�baem�
q_gby� qZklbp��HdZau\Z_lky�� qlh� baemq_gb_� qZklbp� kZ`b� y\ey_lky� ij_h[eZ^Zxsbf� ih�
kjZ\g_gbx�k�baemq_gb_f�fhe_dme�]Zah\� 

:gZeh]bqgh�\_^ml�ieZf_gZ�dhg^_gkbjh\Zgguo�kbkl_f��\�khklZ\�dhlhjuo�\oh^yl�
m]e_\h^hjh^u� jZaghc�ijbjh^u�b� hdbkebl_eb��?keb�obfbq_kdbc� khklZ\�bf__l�hljbpZ�
l_evguc�dbkehjh^guc�[ZeZgk��lh�hkh[_ggh�\�p_gljZevguo�h[eZklyo�nZd_eZ�gZ[ex^Z_l�
ky�kZ`_h[jZah\Zgb_� 

P_evx�gZklhys_c�jZ[hlu�y\ey_lky�bamq_gb_�jZkij_^_e_gb_�yjdhklb�ieZf_g��[h�
]Zluo�qZklbpZfb�m]e_jh^Z�gZ�[Za_�kha^Zgghc�\�eZ[hjZlhjbb�mklZgh\db� 

Dhg^_gkbjh\ZggZy� kbkl_fZ� ij_^klZ\ey_l� kh[hc� pbebg^jbq_kdmx� lZ[e_ldm�� kh�
klhysZy� ba� ihjhrdh\� ihebf_lbef_lZdjbeZlZ� �IFF:�� b� i_joehjZlZ� Zffhgby� �IO:��
kl_obhf_ljbq_kdh]h� khklZ\Z�� Ij_^\Zjbl_evgh� i_j_f_rZggu_� ihjhrdb� aZkuiZxlky� \�
ij_kk-nhjfm�b�ij_kkmxlky�ih^�m^_evguf�^Z\e_gb_f������d=�kf2��>ey�gZ[ex^_gby�k\_�
q_gby�qZklbp�m]e_jh^Z�\�kf_kv�^h[Z\ey_lky�eZfih\Zy�kZ`Z�fZjdb�EF�–����^h����k\_jo�
������K`b]Zgb_�[jhgbjh\Zgguo�ih�[hdh\hc�ih\_joghklb�h[jZaph\�ijhba\h^blky�\�Zl�
fhkn_j_�\ha^moZ�ijb�ghjfZevghf�^Z\e_gbb� 

Hilbq_kdbc� ^Zlqbd� �nhlh^bh^�N>-���� mklZgh\e_gguc� \� madmx� f_lZeebq_kdmx�
ljm[dm�ijhghkblky�\�^bZf_ljZevghc�iehkdhklb�gZ�g_dhlhjhf�m^Ze_gbb�hl�ieZf_gb��DZ�
j_ldZ��gZ�dhlhjhc�mklZgh\e_g�nhlh^Zlqbd��^\b`_lky�k�ihklhygghc�kdhjhklvx��>Zlqbd�
\uj_aZ_l�baemq_gb_�mqZkldZ�ieZf_gb�iehsZ^vx��×��ff2.  

Kb]gZe�nhlh^ZlqbdZ�mkbeb\Z_lky�hi_jZpbhgguf�mkbebl_e_f�lbiZ����M>��b�q_�
j_a�fbdjhdhgljhee_j�PIC12F675-I/P�kh�\kljh_gguf�:PI�ih^Z_lky�gZ�COM�ihjl�i_jkh�
gZevgh]h�dhfivxl_jZ��AgZq_gby�kb]gZeZ�nhlh^ZlqbdZ�k�bgl_j\Zehf�����fdk�hpbnjh\u�
\Zxlky� b�nbdkbjmxlky� \� iZfylb� dhfivxl_jZ� \� \b^_� hl^_evgh]h�nZceZ��Ihemq_gguc�
fZkkb\�h[jZ[Zlu\Z_lky�k�ihfhsvx�fZl_fZlbq_kdh]h�iZd_lZ�lbiZ�MathCad��Z�j_amevlZlu�
ij_^klZ\eyxlky�\�\b^_�jZkij_^_e_gby�yjdhklb�mqZkldh\�ieZf_gb�hl�dhhj^bgZlu�\�^bZ�
f_ljZevghc� iehkdhklb�� Fbdjhdhgljhee_j� ijhrb\Z_lky�� k� ihfhsvx� ijh]jZffu� IC-
Prog. 

K\_q_gb_�ieZf_gb�[_a�^h[Z\hd�kZ`b�ihqlb�hlkmlkl\m_l�\�\b^bfhc�qZklb�ki_dljZ�
b�_x�fh`gh�ij_g_[j_qv��JZkij_^_e_gb_�yjdhklb�ieZf_gb�k�^h[Z\dZfb�kZ`b�bf__l�\b^� 

 
2 2 ,L A R y= −  

 
]^_�R –�jZ^bmk�ieZf_gb��y-�l_dmsZy�dhhj^bgZlZ�kdZgbjh\Zgby�ieZf_gb�nhlh^Zlqbdhf��
Dhwnnbpb_gl�:�ebg_cgh�aZ\bkbl�hl�fZkkh\hc�dhgp_gljZpbb�\\_^_ggh]h�\�h[jZa_p�kZ`b��
JZkij_^_e_gb_�yjdhklb�\^hev�^bZf_ljZevghc�iehkdhklb�fh`gh�b^_glbnbpbjh\Zlv�dZd�
baemq_gb_�h[t_fgh]h�bklhqgbdZ�k\_lZ�k�jZ\ghf_jgh�jZkij_^_e_ggufb�k\_lysbfb�qZk�
lbpZfb� 

>ZggZy� mklZgh\dZ� iha\hey_l� bamqZlv� baemq_gb_� hk_kbff_ljbqguo� k\_lysboky�
ieZf_g�b�ih�jZkij_^_e_gbx�yjdhklb�k�ijbf_g_gb_f�f_lh^h\�h^ghjZdmjkghc�lhfh]jZ�
nbb�gZoh^blv�jZkij_^_e_gb_�k\_lysboky�qZklbp�\�ieZf_gb� 

:\lhj�\ujZ`Z_l�ijbagZl_evghklv�^hp_glm��d�n�-f��g��Dk_ghnhglh\m�K��B��aZ�ih�
fhsv�\�ih^]hlh\d_�l_abkh\ 

 
E-mail: vdmvcheb@mail.ru 
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>BG:FBD:�<?DLHJH<�G:F:=GBQ?GGHKLB�<�KEHBKLUO�
KBKL?F:O��JHEV�;BD<:>J:LBQGH=H�<A:BFH>?CKL<BY 

AgZf_gkdZy�G�<� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

:dlb\gh_� bamq_gb_� fZ]gblguo� fgh]hkehcguo� kljmdlmj� k\yaZgh� k� \uykg_gb_f�
ijbjh^u�f_oZgbafh\�h[f_ggh]h�\aZbfh^_ckl\by��Z�lZd`_�[hevrbf�ihl_gpbZehf�kehb�
kluo�fZ]g_lbdh\�^ey�ijbdeZ^guo�\hijhkh\� 

<�jZ[hl_� >�@�jZkkfhlj_gZ�fh^_ev�k\yaZgguo�jhlZlhjh\�ijb�bkke_^h\Zgbb�g_eb�
g_cghc�^bgZfbdb�\_dlhjh\�gZfZ]gbq_gghklb�^\mokehcghc�fZ]gblghc�kbkl_fu�k�f_`�
keh_\uf�h[f_gguf�[bebg_cguf�b�[bd\Z^jZlbqguf�\aZbfh^_ckl\byfb��GZ�hkgh\_�qbk�
e_ggh]h�j_r_gby�mjZ\g_gbc�^\b`_gby�[ueb�gZc^_gu�klZpbhgZjgu_�khklhygby�b�ijh\_�
^_g�ZgZeba�bo�mklhcqb\hklb�\�bahljhighf�b�Zgbahljhighf�kemqZyo��ihemq_gu�[bnmjdZ�
pbhggu_�i_j_oh^u�\�aZ\bkbfhklb�hl�\_ebqbgu�[bd\Z^jZlbqgh]h�\aZbfh^_ckl\by� 

AgZqbl_evgh_� \gbfZgb_� bkke_^h\Zl_e_c� m^_ey_lky�f_oZgbafm� [bd\Z^jZlbqgh]h�
\aZbfh^_ckl\by� f_`^m� \_dlhjZfb� gZfZ]gbq_gghklb� \� kehbkluo� kbkl_fZo�� ihkdhevdm�
ijbjh^Z�_]h�\hagbdgh\_gby�^h�kbo�ihj�hklZ_lky�g_ykghc��Wdki_jbf_glZevgu_�bkke_^h�
\Zgby�ih\_^_gby�dhgklZgl�h[f_ggh]h�\aZbfh^_ckl\by�f_`^m�kehyfb�fZ]gblguo�kljmd�
lmj�k�j_^dha_f_evgufb�we_f_glZfb�� >�@��ihdZaZeb��qlh�\�aZ\bkbfhklb�hl�lhesbgu�g_�
fZ]gblgh]h�ki_ck_jZ��jZa^_eyxs_]h�fZ]gblgu_�kehb��dhgklZglZ�[bd\Z^jZlbqgh]h�\aZb�
fh^_ckl\by�fh`_l�ij_\urZlv�dhwnnbpb_gl�[bebg_cgh]h�\aZbfh^_ckl\by�^ey�hij_^_�
e_gghc�h[eZklb�iZjZf_ljh\�kbkl_fu� 

<� gZklhys_c� jZ[hl_� bkke_^m_lky� ^bgZfbdZ� kbkl_fu� ^\mo� \aZbfh^_ckl\mxsbo�
fZ]gblguo� keh_\� Zgbahljhiguo� fZ]g_lbdh\� ijb� gZebqbb� kbevgh]h� [bd\Z^jZlbqgh]h�
\aZbfh^_ckl\by�gZ�hkgh\_�fh^_eb�k\yaZgguo�jhlZlhjh\� 

Fh^_ebjm_fZy�kljmdlmjZ�hibku\Z_lky�gZ�hkgh\_�]ZfbevlhgbZgZ� 
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]^_� 21,MM
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 -� \_dlhjZ�gZfZ]gbq_gghklb�� bqbl JJ ,  –� dhgklZglu� \aZbfh^_ckl\by�� βα ,  - 
dhgklZglu�Zgbahljhibb��n

&

 -�_^bgbqguc�\_dlhj�ghjfZeb� 

 

F:=GBLBAF�GBADHJ:AF?JGUO�KBKL?F� 
 
Ij_^k_^Zl_ev�ih^k_dpbb� 
ijhn��^�n�-f�g��RZeu]bgZ�?e_gZ�?\]_gv_\gZ 
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Ba� ZgZebaZ� nZah\hc� ^bZ]jZffu� ke_^m_l�� qlh� ij_h[eZ^Zgb_� [bd\Z^jZlbqgh]h�

\aZbfh^_ckl\by� ( )blbq JJ > �\�hij_^_e_gghc�h[eZklb�iZjZf_ljh\�kbkl_fu�ijb\h^bl�d�

\hagbdgh\_gbx� wg_j]_lbq_kdb�\u]h^guo�khklhygbc�kh� ©kdj_s_ggufbª�\_dlhjZfb�gZ�
fZ]gbq_gghklb�keh_\��qlh�kh]eZkm_lky�k�wdki_jbf_glZevgufb�^Zggufb��>�@� 
 

e-mail: nznam@mail.ru 
 
1. B.Esser,V.Rzhevskii.Phys.Rev.B 72, 012410, (2005). 
2. G.Suciu, J.C.Toussaint, J.Voiron. Journal of Magnetism and Magnetic Materials, 

240, 229, (2002). 
3. N.S.Almeida, D.L.Mills. Phys.Rev.B 52, 13504, (1995). 
 
 

MKBE?GB?�F:=GBLHJ?NJ:DLB<GH=H�WN?DL: 
<�WDJ:G?�KHEK;?JB 

K�F:=GBLHJ?NJ:DLB<GUF�IH=EHS:XSBF�KEH?F 

;hjbkdbgZ�X�<� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 
Bgklblml�l_hj_lbq_kdhc�b�ijbdeZ^ghc�we_dljh^bgZfbdb�HB<L�J:G��

L_ogheh]bq_kdbc�Mgb\_jkbl_l�LhyoZrb��Yihgby 

FZ]gblhj_njZdlb\guc�wnn_dl��FJW��-�gh\uc�fZ]gblhhilbq_kdbc�wnn_dl�>���@��
ijhy\eyxsbcky�\�agZqbl_evghf�baf_g_gbb�dhwnnbpb_glZ�hljZ`_gby�beb�ijhoh`^_gby�
k\_lZ�g_dhlhjuo�fZ]gblguo�fZl_jbZeh\�k�[hevrbf�fZ]gblhkhijhlb\e_gb_f�ijb�ijb�
eh`_gbb�fZ]gblgh]h�ihey��Wlh�y\e_gb_�h[mkeh\e_gh�aZ\bkbfhklvx�ijh\h^bfhklb� ( )σ ω  

b��dZd�ke_^kl\b_�^bwe_dljbq_kdhc�ijhgbpZ_fhklb� ( )4 /dis iε ε πσ ω ω= − ��hl�ijbeh`_ggh]h�

fZ]gblgh]h�ihey� >���@��u�[m^_f�jZkkfZljb\Zlv�FJW�dZd�baf_g_gb_�dhwnnbpb_glZ�hl�
jZ`_gby� 

( 0) ( )

( 0)

R R H R H

R R H
δ ∆ = −= =

=
. 

 

JZg__� [ueh�ihdZaZgh�� qlh�FJW�fh`_l�[ulv� agZqbl_evgh�mkbe_g�� _keb� kehc�ba�
fZl_jbZeZ�h[eZ^Zxs_]h�FJW��dZd�gZijbf_j��gZghdhfihablZ�k�lmgg_evguf�fZ]gblhkh�
ijhlb\e_gb_f��ihf_klblv� \�nhlhgguc� djbklZee� \� dZq_kl\_�^_n_dlZ� >�@��FJW�\� lZdhc�
kljmdlmj_�fh`_l�[ulv�mkbe_g�k�g_kdhevdbo�ijhp_glh\��oZjZdl_jguo�^ey�fhghkehy��^h�
δ ����� gh� ijb� wlhf� � bf_xl�f_klh� g_[hevrb_� agZq_gby� dhwnnbpb_glZ� hljZ`_gby�R 
(≈����b�dhwnnbpb_glZ�ijhoh`^_gby�T (≈�����Bkke_^my�ijbqbgu�mkbe_gby�wnn_dlZ��fu�
ihemqbeb��qlh�FJW��]eZ\guf�h[jZahf��f_gy_lky�aZ�kq_l�baf_g_gby� �ih]ehs_gby�k\_lZ�
ijb�gZfZ]gbqb\Zgbb�fZ]gblhj_abklb\gh]h�n_jjhfZ]g_lbdZ��Ihwlhfm�fu�ij_^iheh`b�
eb�� qlh�fh`gh� ^h[blvky� mkbe_gby�FJW�� bkihevamy� g_�fgh]hkehcguc�nhlhgguc� djb�
klZee� k�fZ]gblguf�^_n_dlhf�� Z�[he__�ijhklmx�ko_fm��ba\_klgmx�dZd� wdjZg�Khek[_jb�
[4].  
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WdjZg� Khek[_jb� khklhbl� ba� lj_o� keh_\��

hljZ`Zxs_c� ih^eh`db�� kehy� lhesbghc� jZ\ghc�
q_l\_jlb� ^ebgu� iZ^Zxs_c� \hegu�� ihdjulh]h�
ih]ehsZxsbf� keh_f�� >ey� jZkq_lh\� \� dZq_kl\_�
ih]ehsZxs_]h� kehy�fu�bkihevam_f�fZ]gblguc�
fZl_jbZe�� h[eZ^Zxsbc� FJW�� Z� bf_ggh� gZgh�
dhfihabl�Ko-Al-O�k�lmgg_evguf�fZ]gblhkhijh�
lb\e_gb_f�� Hilbq_kdb_� iZjZf_lju�� fZ]gblhkh�
ijhlb\e_gb_�b�FJW� �wlh]h�kehy�\u[bjZebkv�kh�
hl\_lkl\mxsbf�wdki_jbf_glZevguf�^Zgguf�>�@��
K� ihfhsvx� dhfivxl_jgh]h� fh^_ebjh\Zgby�
m^Zehkv� ih^l\_j^blv� k^_eZggu_� \ur_� ij_^ih�
eh`_gby���j_amevlZlu�ij_^klZ\e_gu�gZ�jbk����Ih�
ko_f_�wdjZgZ�Khek[_jb�fu�ihkljhbeb�kljmdlmjm��
\�dhlhjhc�FJW�^hklb]Z_l������ijb�lhf�`_�agZ�
q_gbb� dhwnnbpb_glZ� hljZ`_gby�� ijb� dhlhjhf�
^hklb]Zeky�fZdkbfmf� wnn_dlZ�\�fZ]gblhnhlhg�
ghf� djbklZee_�� Z� m\_ebq_gb_� wnn_dlZ� ^h� ����
khhl\_lkl\m_l�dhwnnbpb_glm�hljZ`_gby�����qlh�
^_eZ_l�wlm�kljmdlmjm�agZqbl_evgh�[he__�m^h[ghc�
^ey� wdki_jbf_glZevgh]h� bkke_^h\Zgby� b� ^ey�
kha^Zgby� mijZ\ey_fuo�fZ]gblguf� ihe_f� hilb�
q_kdbo�we_f_glh\� 
 

magn_boriskina@mail.ru 
 
1. :��*UDQRYVN\�DQG�0��,QRXH��-�0DJQ�0DJQ�0DW��272-276, Suppl. 1 (2004) E1601. 
2. I.V. Bykov, E. A. Ganshina, V.S. Guschin et al., Phys. of Solid State 47 (2005) 281. 
3. Ju. V. Boriskina, S. G. Erokhin, A. B. Granovsky et al., Phys. of Solid State (2006) 

N4. 
4. G. T.Ruck, D. E. Barrick, W. D. Stuart, C. K. Krichbaum, Radar Cross Section Hand-

book Plenum Press N.Y. 1970. 
 
 

669.018.5: 537.622.4 

BKKE?>H<:GB?�FHJNHEH=BB 
B�F:=GBLHKL:LBQ?KDBO�K<HCKL<�IE?GHD�Fe-N 

K�J:AEBQGUFB�<UKHDHQ:KLHLGUFB�O:J:DL?JBKLBD:FB 

**;_ehmkh\Z�<�:�1��=_lfZg�:�F�2��Hkbih\�:�<�2 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l , 
 2BLIW�HB<L�J:G 

Ie_gdb�Fe-N�fh]ml�bf_lv�[he__�\ukhdh_�agZq_gb_�gZfZ]gbq_gghklb�gZkus_gby��
q_f�α-Fe�� �qlh�ijb\e_deh�\gbfZgb_�d�kbkl_f_�Fe-N�\�l_q_gb_�ijhreh]h�^_kylbe_lby��
<ukhdb_� agZq_gby�gZfZ]gbq_gghklb�gZkus_gby�^h� �����=k�[ueb�ihemq_gu�^ey�f_lZ�

                                                           
** �>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb�� 
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Jbk��� AZ\bkbfhklv fZ]gblhj_njZdlb\�
gh]h wnn_dlZ [ ]( 0) ( ) / ( 0)R H R H R Hδ = = − =  
b dhwnnbpb_glZ hljZ`_gby �gZ \eh`_g�
ghf ]jZnbd_� hl ^ebgu \hegu� ihemq_g�
gu_ k ihfhsvx dhfivxl_jgh]h fh^_eb�
jh\Zgby� ImgdlbjgZy djb\Zy hibku\Z_l
aZ\bkbfhklv� ihemq_ggmx ^ey fZ]gblh�
nhlhggh]h djbklZeeZ� kiehrgZy – ^ey
wdjZgZ Khek[_jb� 
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klZ[bevghc�nZau�Fe16N2�>���@��H^gZdh��^ey�ie_ghd�Fe-N��ba]hlh\e_gguo�fZ]g_ljhgguf�
gZiue_gb_f�� � >�@�[ueh�ihemq_gh� agZq_gb_� �����=k��qlh�g_fgh]h�\ur_��q_f�^ey�α-Fe. 
E_]bjh\Zgb_�Zahlhf�\eby_l�gZ�jZaf_j�a_jgZ��wnn_dlb\gmx�fZ]gblgmx�Zgbahljhibx�b��
dZd� ke_^kl\b_�� gZ� gZqZevgmx� ijhgbpZ_fhklv� ijb� wlhf��<ukhdh_� agZq_gb_� gZqZevghc�
ijhgbpZ_fhklb�\�ie_gdZo�gZ�hkgh\_�`_e_aZ�^hklb]Z_lky�aZ�kq_l�m\_ebq_gby�qbkeZ�a_j_g�
\� h[t_f_�� l�_�� aZ� kq_l� mf_gvr_gby� jZaf_jZ� a_jgZ� >�@��Qlh� dZkZ_lky� \ukhdhqZklhlguo�
k\hckl\��g_h^ghjh^ghklv�fZ]gblguo� k\hckl\� m\_ebqb\Z_l�ihl_jb�fZ]gblghc� wg_j]bb��
baf_j_ggu_�fZ]gblhj_ahgZgkghc�ki_dljhkdhib_c�>�@�� 

Fu�bkke_^h\Zeb�fZ]gblhklZlbq_kdb_�b�\ukhdhqZklhlgu_�k\hckl\Z�ie_ghd�Fe-N 
b�bo� k\yav� k�fbdjhkljmdlmjhc� k�p_evx�ihemq_gby�ie_ghd�k�\ukhdbf� agZq_gb_f�j_ah�
gZgkghc�ijhgbpZ_fhklb�\�K<Q�^bZiZahg_��BamqZeZkv�fhjnheh]by��baf_jyebkv�fZ]gbl�
gu_�k\hckl\Z�b�K<Q�ki_dlju�ijhgbpZ_fhklb�ie_ghd�Fe-N��ihemq_gguo�fZ]g_ljhgguf�
gZiue_gb_f�\�Zlfhkn_j_�Ar+N��Dhgp_gljZpby�ZahlZ�\�ie_gdZo�baf_gyeZkv�\�bgl_j\Ze_�
5-���Zl�����LhesbgZ�ie_ghd�[ueZ�hl�����^h�����fdf��Baf_j_gby�fZ]gblguo�k\hckl\�ijh�
\h^bebkv�gZ�\b[jZpbhgghf�Zgbahf_lj_��Fhjnheh]by�bkke_^h\ZeZkv�gZ�Zlhfgh-kbeh\hf�
(AFM��b� we_dljhgghf� �SEM��fbdjhkdhiZo��Baf_j_gby�K<Q�ki_dljh\�fZ]gblghc�ijh�
gbpZ_fhklb�ijh\h^bebkv�\�^bZiZahg_����-10 GHz�dhZdkbZevghc�f_lh^bdhc�>�@�� 

H[gZjm`_gh��qlh�jZaf_ju�a_jgZ�gZ�ih\_joghklb�ie_ghd�m\_ebqb\Zxlky�k�lhesbghc�
ie_ghd� ijb� wlhf��Ie_gdb� lhesbghc� ���-����fdf� h[eZ^Zxl� [he__� \ukhdbfb� agZq_gbyfb�
ijhgbpZ_fhklb��GZ�ih\_joghklb�lZdbo�ie_ghd�gZ[ex^Z_lky�\ukhdZy�h^ghjh^ghklv�b�iehl�
ghklv�miZdh\db�� Z�oZjZdl_jguc�jZaf_j� a_jgZ� khklZ\ey_l� ����gf��Ijb� wlhf�gZ[ex^Z_lky�
hlghkbl_evgh�\ukhdZy�iehlghklv�fhjnheh]bq_kdbo�^_n_dlh\�k�oZjZdl_jgufb�jZaf_jZfb�
ihjy^dZ�^_kyluo�^he_c�fbdjhgZ��oZjZdl_jguo�^ey�ihke_^kl\bc�we_dljbq_kdh]h�ijh[hy�\�
ijhp_kk_�jhklZ��<b^bfh��wlh�k\yaZgh�k�[hevrbf�gZ\_^_gguf�\�ijhp_kk_�fZ]g_ljhggh]h�
jZkiue_gby�aZjy^hf��Z�wlh�ijb\h^bl�d�\hajZklZgbx�\j_f_gb�`bagb�bhgh\�gZ�ih\_jogh�
klb��qlh�iha\hey_l�knhjfbjh\Zlvky�[he__�iehlgh�miZdh\Zgghc�kljmdlmj_��Gbadb_�agZq_�
gby� ijhgbpZ_fhklb� gZ[ex^Zxlky� m� ie_ghd� k� g_h^ghjh^ghc� kljmdlmjhc� b� agZqbl_evgh�
[hevrbf�jZaf_jhf�a_jgZ��LZdbf�h[jZahf�jZaf_j�b�nhjfZ�a_jgZ�fh]ml�kem`blv�iZjZf_l�
jZfb� ^ey� hilbfbaZpbb� l_ogheh]bq_kdh]h� ijhp_kkZ� ijb� ihemq_gbb� ie_ghd� k� \ukhdbfb�
agZq_gbyfb�fZ]gblghc�ijhgbpZ_fhklb��NhjfZ�b�jZaf_j�a_j_g�dhjj_ebjm_l�k�\_ebqbghc�
ihey�fZ]gblghc�Zgbahljhibb��dhlhjh_�hij_^_ey_l�agZq_gb_�ijhgbpZ_fhklb�ijb�NFJ� 
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M>D������� 

HKH;?GGHKLB�F:=GBLGUO�K<HCKL<�FGH=HKEHCGUO�
KBKL?F�G:�HKGH<?�Co-Fe-Zr 

>hdmdbgZ�:��?���Iohg]objmg�K� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

JZg__�m`_�ijh\h^bebkv�bkke_^h\Zgby�jZaebqguo�fgh]hkehcguo��kbkl_f�gZ�hkgh\_�
Co�� ihdZaZ\rb_�� qlh� lZdb_�ie_gdb�fh]ml� jZkkfZljb\Zlvky� dZd�i_jki_dlb\gu_�fZ]gblh-
fy]db_�kieZ\u�^ey�kha^Zgby�mkljhckl\�\ukhdhiehlghc�\ukhdhqZklhlghc�aZibkb� Fgh]h�
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kehcgu_� dhfihabpbhggu_� kljmdlmju��
dZd� ba\_klgh�� h[eZ^Zxl� jy^hf� bgl_�
j_kguo� hkh[_gghkl_c�� ihe_aguo� ^ey�
bkihevah\Zgby�\�kibgljhgbd_� 

<� gZklhys_c� jZ[hl_� [ueb� bk�
ke_^h\Zgu� fgh]hkehcgu_� ie_gdb�� \�
dhlhjuo� f_`^m� fZ]gblgufb�
Kh45Fe45Zr10  jZkiheZ]Zxlky�g_fZ]gbl�
gu_� kehb�α-Si��<k_�hgb�[ueb�hkZ`^_�
gu� gZ� ih^eh`dm� Si� f_lh^hf� bhggh-
emq_\h]h� jZkiue_gby�fbr_gb� khklZ\Z�
Co�����Zlhfg����Fe( 45�Zl������Zr ( 10 
Zl����� JZkiue_gb_� fbr_gb� gZ� g_ijh�
\h^ysmx� ih^eh`dm� lhesbghc� ����ff�
(Si�� ijh\h^behkv� \� ]Zah\hc� kf_kb�
Ar+N2.� <� � fgh]hkehcghc� kljmdlmj_�
kehb� fZ]gblgh]h� f_lZeeZ� beb� kieZ\Z�
q_j_^mxlky� kh� kehyfb� g_fZ]gblgh]h�
fZl_jbZeZ��iZjZfZ]gblguc�f_lZee�beb�
^bwe_dljbd���Ihegh_� qbkeh� [bkeh_\� \�
kbkl_f_� -� ����� lhesbgZ� fZ]gblguo�
keh_\�Kh45Fe45Zr10� �baf_gyxlky�\�^bZ�
iZahg_�����–2,9 nm��g_fZ]gblguo�α-Si 
hl����-2,0 nm��K�ghf_jhf�h[jZapZ�f_gyeZkv�lhesbgZ�fZ]gblgh]h�b�g_fZ]gblgh]h�keh_\��Z�
agZqbl�dhgp_gljZpby�khklZ\eyxsbo�bo�we_f_glh\��<�lZ[e��gZ�jbk����ij_^klZ\e_gu�iZjZ�
f_lju�dZ`^hc�ba�ie_ghd��CoFeZr)x /(α-Si)y 

Baf_j_gby�ijh\h^bebkv�f_lh^hf�\b[jZpbhggh]h�fZ]gblhf_ljZ�\�iheyo�^h����dW�
ijb�dhfgZlghc�l_fi_jZlmj_��>ey�\k_o�h[jZaph\�[ueb�ihemq_gu�aZ\bkbfhklb�fZ]gblgh�
]h�fhf_glZ�hl�\_ebqbgu�ihey�� 

GZ� jbkmgd_� bah[jZ`_gu� wdki_jbf_glZevgu_� aZ\bkbfhklb�fZ]gblgh]h�fhf_glZ�
h[jZaph\� hl� fZ]gblgh]h� ihey�� Bgl_j_kgh� hlf_lblv�� qlh� � ^ey� h[jZapZ� Q�� k� [hevr_c�
dhgp_gljZpb_c�� bf_xs_]h� n_jjhfZ]gblguc� oZjZdl_j� i_leb� ]bkl_j_abkZ�� iheguc�
fZ]gblguc�fhf_gl�hdZau\Z_lky�kms_kl\_ggh�f_gvrbf��q_f�^ey�h[jZapZ�Q���m�dhlhjh]h�
gZ[ex^Z_lky� kbevgh� \ujZ`_ggh_� kmi_jiZjZfZ]gblgh_� ih\_^_gb_�� g_kfhljy� gZ�
mf_gvr_gb_� dhgp_gljZpbb�� Ijb� wlhf� \_ebqbgZ� dhwjpblb\ghc� kbeu� m� h[jZapZ� Q��
ihjy^dZ� ���� w�� Kdhj__� \k_]h�� ih^h[gh_� baf_g_gb_� \_ebqbg� fZ]gblgh]h� fhf_glZ� b�
dhwjpblb\ghc� kbeu�fh`_l� [ulv� k\yaZgh� k� baf_g_gb_f�f_`kehcgh]h� \aZbfh^_ckl\by�
n_jjhfZ]gblguo� keh_\�� Wlh� ij_^iheh`_gb_� ih^l\_j`^Z_lky� b� ^Zggufb�
fZ]gblhhilbq_kdbo�baf_j_gbc��>ey���b���ie_ghd�k�_s_�[he__�f_gvr_c�dhgp_gljZpb_c�
fZ]gblghc� dhfihg_glu� �������� b� ������� \_ebqbgZ� fZ]gblgh]h� fhf_glZ� ihjy^dZ�
qm\kl\bl_evghklb��baf_jbl_evghc�mklZgh\db������-5]k
kf3). 
 
 

<EBYGB?�J?E:DK:PBB�G:�>BG:FBDM�G?EBG?CGUO�
<A:BFH>?CKL<BC�<�KEHBKLUO�F:=GBLGUO�KLJMDLMJ:O 

**Kbg_evgbdh\Z�G�<� 
F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l 

<�gZklhys__�\j_fy�m^_ey_lky�[hevrh_�\gbfZgb_�ijh[e_fZf�fbdjhfZ]g_lbafZ�b�
fh^_ebjh\Zgby�ijhp_kkh\�i_j_fZ]gbqb\Zgby�fZeuo�qZklbp�\�k\yab�k�jZajZ[hldhc�gh�
                                                           
** �>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb�� 

N x, nm y, nm %* 

1 2,9 4,2 40,8 
2 2,9 4,77 37,8 
3 1,84 4,96 27,1 
4 0,88 4,38 16,7 

*— ijhp_glgh_ khhlghr_gb_ fZ]gblghc khklZ\�
eyxs_c \ h[jZap_ 
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\uo� aZihfbgZxsbo� b� kqblu\Zxsbo� mkljhckl\� hkgh\Zgguo� gZ� fZ]gblhj_abklb\ghf�
wnn_dl_��Bgl_gkb\gh� bkke_^mxlky� kehbklu_�fZ]gblgu_� kljmdlmju�� h[gZjm`b\Zxsb_�
nbabq_kdb_�k\hckl\Z��kms_kl\_ggh�hlebqgu_�hl�k\hckl\�kiehrguo�fZ]g_lbdh\��GZb[h�
e__�ba\_klguf�ba�wlbo�k\hckl\�y\ey_lky�wnn_dl�]b]Zglkdh]h�fZ]g_lhkhijhlb\e_gby�� 

<�^Zgghc�jZ[hl_��gZ�hkgh\_�fh^_eb�k\yaZgguo�jhlZlhjh\�>���@�bkke_^m_lky�\eby�
gb_�j_eZdkZpbb�gZ�^bgZfbq_kdb_�k\hckl\Z�[bebg_cgh]h�b�[bd\Z^jZlbqgh]h�\aZbfh^_c�
kl\bc� \_dlhjh\� gZfZ]gbq_gghklb� \� ^\mokehcghc�fZ]gblghc� kljmdlmj_��JZkkfZljb\Z_�
fZy�kbkl_fZ�ij_^klZ\ey_l�kh[hc�^\Z�fZ]gblguo�iehkdbo�kehy��jZa^_e_gguo�g_fZ]gbl�
guf� ki_ck_jhf� gZghjZaf_jghc� lhesbgu�� >ey� fh^_ebjh\Zgby� ijhp_kkh\� h[f_ggh]h�
\aZbfh^_ckl\by� � \_dlhjh\� gZfZ]gbq_gghklb� keh_\� k� mq_lhf� j_eZdkZpbb� bkihevam_lky�
mjZ\g_gb_�fZ]gblh^bgZfbdb�EZg^Zm-EbnrbpZ-=bev[_jlZ� 

 

]][][
dt
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]^_� 2,1=k -�ghf_j�kehy�� kγ -�]bjhfZ]gblgh_�hlghr_gb_�� kα -�iZjZf_lj�aZlmoZgby�=bev�

[_jlZ�� kM  -�gZfZ]gbq_gghklv� k -]h� kehy�� wnn_dlb\gh_�fZ]gblgh_�ihe_ effH
&

�\dexqZ_l�
ihe_�Zgbahljhibb�b�\deZ^�\aZbfh^_ckl\by�k�\_dlhjhf�gZfZ]gbq_gghklb�khk_^g_]h�kehy��
=ZfbevlhgbZg� kbkl_fu�� int0 HHH += �� ]^_� 0H � oZjZdl_jbam_l� Zgbahljhibx� kbkl_fu��
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2
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10 zzyxyx MMMMMMH +++++= βα

, βα ,  -� dhgklZglu� Zgbahljhibb��

2
212211int ),(),( MMAMMAH

&&&&

+=  -�hibku\Z_l�[bebg_cgh_� � 1A ��b�[bd\Z^jZlbqgh_� � 2A ) 
\aZbfh^_ckl\by� 

Qbke_ggh_�bgl_]jbjh\Zgb_�mjZ\g_gby�����iha\hey_l�ihemqblv�nZah\mx�^bZ]jZf�
fm�jZkkfZljb\Z_fhc�kehbklhc�fZ]gblghc�kljmdlmju��K�ihfhsvx�__�ZgZebaZ��ijb�\Zjv�
bjh\Zgbb� agZq_gbc� dhgklZgl� \aZbfh^_ckl\bc�b�iZjZf_ljZ� aZlmoZgby��fh`gh� \uy\blv�
\ebygb_�j_eZdkZpbb�gZ�mklhcqb\hklv�kbkl_fu�b�hij_^_eblv�agZq_gby�iZjZf_ljh\�kbk�
l_fu��ijb�dhlhjuo�gZ[ex^Zxlky�[bnmjdZpbhggu_�i_j_oh^u��Ijbq_f�hkh[uc�bgl_j_k�
ij_^klZ\ey_l�kemqZc�aZ\bkbfhklb�dhgklZgl�\aZbfh^_ckl\by�hl�lhesbgu�ki_ck_jZ��ijb�
dhlhjhf� �\_ebqbgu�dhgklZgl�[bebg_cgh]h�b�[bd\Z^jZlbqgh]h�\aZbfh^_ckl\bc�dhgdm�
jbjmxl��DZd�[ueh�ihdZaZgh�\� >�@��^ey�kehbkluo�fZ]gblguo�j_^dha_f_evguo�kljmdlmj�
wdki_jbf_glZevgh� gZ[ex^Zehkv� ij_h[eZ^Zgb_� h^gh]h� h[f_ggh]h� \aZbfh^_ckl\by� gZ^�
^jm]bf�\�hij_^_e_gguo�bgl_j\ZeZo�agZq_gbc�lhesbgu�ki_ck_jZ�� 
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567.611.4 

F:=GBLG:Y�KLJMDLMJ:�B�NHJFBJH<:GB?�F:=GBLGUO�
DE:KL?JH<�<�KIE:<:O�FE100-XALX 

**?ekmdh\Z�:�?� 
F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

P_evx�^Zgghc�jZ[hlu�[ueh�fh^_ebjh\Zgb_�fZ]gblgh]h�khklhygby�kieZ\h\�
Fe100-xAl x.  

                                                           
** �>hdeZ^�hlf_q_g�`xjb��dZd�h^bg�ba�emqrbo�gZ�ih^k_dpbb�� 
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;hevrbgkl\h� wdki_jbf_glZevguo� bkke_^h\Zgbc� fZ]gblghc� kljmdlmju� lZdbo�
kieZ\h\�ihdZaZeh�kms_kl\h\Zgb_�\�<�-k\_jokljmdlmj_�mihjy^hq_gguo�ih�>�3�lbim�deZ�
kl_jh\� Zglbn_jjhfZ]gblgh� k\yaZgguo� ^jm]� k� ^jm]hf� ihkj_^kl\hf� JDDB-
\aZbfh^_ckl\by�ijb�l_fi_jZlmjZo�\ur_����K. 

Dhfivxl_jgh_�fh^_ebjh\Zgb_�[ueh�ijh\_^_gh�\�jZfdZo�fh^_eb�FZlbkkZ�>�@��b�
ij_^iheh`_gby��k^_eZggh]h�\�jZ[hl_�>�@��h�lhf��qlh��gZijZ\e_gb_��fZ]gblgh]h�fhf_glZ�
ZlhfZ�Fe�\�kieZ\_� aZ\bkbl�hl�qbkeZ�k�Zlhfh\�Al �\�[eb`Zcr_f�hdjm`_gbb� �fZ]gblgu_�
fhf_glu�Zlhfh\�Fe c k�����b��khhl\_lkl\_ggh��k�k ����hjb_glbjmxlky�ijhlb\hiheh`gh�
^jm]�^jm]m��� 

<�j_amevlZl_�[ueb�ihemq_gu�jZkij_^_e_gby�deZkl_jh\��h[jZam_fuo�ZlhfZfb�Fe�k�
k�����b�k ����Zl��Al �\�[eb`Zcr_f�hdjm`_gbb��LZd�dZd�g_^Z\gb_�bkke_^h\Zgby�ihdZaZeb�
agZqbl_evgh_�\ebygb_�lbiZ�kljmdlmju�gZ�fZ]gblgu_�k\hckl\Z�kieZ\Z�Fe70Al30��lh�fh^_eb�
jh\Zgb_�[ueh�ijh\_^_gh�^ey�kemqZy�B��b�>�3 kljmdlmju��JZkij_^_e_gby�n_jjhfZ]gblguo�
(k������deZkl_jh\�\�kemqZ_�kieZ\Z�Fe70Al30�^ey�lj_of_jghc�j_r_ldb�jZaf_jhf���×50×50 
^ey�B2-�b�>�3-kljmdlmj�ijb\_^_gu�\�lZ[ebp_����JZkq_l�n_jjhfZ]gblguo�deZkl_jh\�\_eky�
ih�[eb`Zcrbf�khk_^yf��i_j\Zy�kn_jZ���LZd`_�[ueh�ihdZaZgh��qlh�Zlhfu�Fe�k�k ����Zl��Al 
g_�h[jZamxl�deZkl_jh\�ih�[eb`Zcrbf�khk_^yf��ihwlhfm�jZkq_l�\_eky�ih�\lhjhc�kn_j_� 

>ey�dZq_kl\_gghc�^_fhgkljZpbb�[ue�kfh^_ebjh\Zg�^\mof_jguc�kemqZc��jbk��� 
 

 
 
 

z −  Fe atom with k Al < 3 

z  −  Fe atom with k Al > 3 

 |   −  Al atom 

 
 
 

 
  

 

Jbk 1. >\mof_jgZy fh^_ev kieZ\Z Fe66Al34, B2-kljmdlmjZ 
 

 
LZ[ebpZ �� JZkij_^_e_gby n_jjhfZ]gblguo �k ��� deZkl_jh\ \ kemqZ_ kieZ\Z Fe70Al30 ^ey

lj_of_jghc j_r_ldb jZaf_jhf ��×50×�� ^ey B2- b >�3-kljmdlmj 
 

B2-k\_jokljmdlmjZ >�3-k\_jokljmdlmjZ 

JZaf_j deZkl_jZ �Zlhfu� Qbkeh deZkl_jh\ JZaf_j deZkl_jZ �Zlhfu� Qbkeh deZkl_jh\ 

46716 1 47422 1 

2 23 2 15 

3 10 1 75 

1 45 14 1 

5 9 7 1 

6 1 3 9 

7 4 102 1 

4 7 4 1 

13 1 

29 1 

8 1 
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gh_�ih\_^_gb_�fZ]gblguo�k\hckl\�mihjy^hq_ggh]h�ih�B2-lbim�kieZ\Z�Fe66Al34 // 
NbabdZ�f_lZeeh\�b�f_lZeeh\_^_gb_��������L�����������K����-36  

3. ?�I��?ekmdh\��?�<�<hjhgbgZ��:�K��RmjZ\bg��:�<��AZ]Zcgh\��:�<��Dhjhez\��K�D��=h�

^h\bdh\��?�:��I_qbgZ��:�?��?ekmdh\Z�KljmdlmjZ� kieZ\h\�Fe100-xAl x (25 < x < 35 
Zl�����hlh``zgguo�\�bgl_j\Ze_�l_fi_jZlmj����-800 ºC��b�\ebygb_�lbiZ�mihjy^h�
q_gby�gZ�fZ]gblgu_�k\hckl\Z� ��NbabdZ�f_lZeeh\�b�f_lZeeh\_^_gb_���������\�i_�
qZlb 

 
 

M>D�������� 

F:=GBLGU?�B�F:=GBLHHILBQ?KDB?�K<HCKL<:�F:=GBLGUO�
IHEMIJH<H>GBDH<�IJB�DHFG:LGHC�L?FI?J:LMJ? 

DhgklZglbgh\Z�:�K���<Zrmd�F�<� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

JZg__�[ueh�h[gZjm`_gh��qlh�n_jjhfZ]g_lbaf�\�ie_gdZo�TiO���e_]bjh\Zggh]h�dh�
[Zevlhf��hkZ`^_gguo�gZ�jZaebqguo�ih^eh`dZo��SrTiO3 (100), LaAlO3 (001), Al2O3��kms_�
kl\m_l�\�h]jZgbq_gghf�^bZiZahg_�dhgp_gljZpbc�ghkbl_e_c�aZjy^Z��Â ��18 - 3· 1022�kf-3.  

<�gZklhys_c� jZ[hl_�ijb\_^_gu� j_amevlZlu�^Zevg_crbo�bkke_^h\Zgbc�fZ]gbl�
guo� b�fZ]gblhhilbq_kdbo� k\hckl\� ie_ghd� hdkb^h\� lblZgZ�� e_]bjh\Zgguo� ijbf_kyfb�
Kh��)H��Gd��H[jZapu�[ueb�ba]hlh\e_gu�\�©=bj_^f_l_ª�iml_f�hkZ`^_gby�Ti1-xCoxO2�gZ�
ih^eh`db�f_lh^hf�fZ]g_ljhggh]h�jZkiue_gby�kieZ\ghc�f_lZeebq_kdhc�fbr_gb�\�Zj�
]hgh-dbkehjh^ghc�kf_kb�k�jZaebqguf�iZjpbZevguf�^Z\e_gb_f�dbkehjh^Z��Ijb�fZeuo�
iZjpbZevguo�^Z\e_gbyo�dbkehjh^Z�ie_gdb�khklhyl�ba�Zfhjnghc�f_lZeebq_kdhc�nZau��Z�
ijb�\hajZklZgbb�kh^_j`Zgby�dbkehjh^Z�nhjfbjmxlky�ihebdjbklZeebq_kdb_�ie_gdb�kh�
kljmdlmjhc�kgZqZeZ�dm[bq_kdh]h�hdkb^Z�TiO2 �bhgguc�djbklZee�k�f_lZeebq_kdhc�ijh�
\h^bfhklvx��� Z�ihlhf� l_ljZ]hgZevguo� ZgZlZaZ�b� jmlbeZ� �ihemijh\h^gbdb� k�rbjbghc�
aZij_s_gghc� ahgu� ���� b� ���� w<��� >�@�H[jZapu� jZaebqZebkv� ih� lhesbg_� gZiue_gghc�
ie_gdb������������������b�����fdf��b��ih�fZl_jbZem�ih^eh`db��LaAlO3�b�AlO3). 

Ihemq_ggu_� lZdbf� h[jZahf� ie_gdb� hl`b]Zeb� ijb� jZaebqguo� l_fi_jZlmjZo�
(600ºK�b����ºK�\�l_q_gbb����fbgml�beb�qZkZ��b�aZdZeb\Zeb��hl����ºK���DeZkl_ju�dh[Zev�
lZ�\�ie_gdZo�h[jZamxlky�\�j_amevlZl_�hl`b]Z��Ihke_�ih\lhjgh]h�hl`b]Z�jZaf_j�deZkl_�
jh\�m\_ebqb\Z_lky�� 

Baf_j_gby�fZ]gblguo�k\hckl\�ie_ghd�ijh\h^bebkv�gZ�\b[jZpbhgghf�fZ]gblh�
f_lj_��FZ]gblguc�fhf_gl�\�ihe_���dW�h[jZaph\�hdZaZeky�\�^bZiZahg_�hl�gmey�^h���-3 
emu��dhwjpblb\gZy�kbeZ��-�hl�gmey�^h�����W�� 

H[gZjm`_gh��qlh�aZdZedZ�\�\Zdmmf_�ijb\h^bl�d�baf_g_gbx�iZjZf_ljZ�j_r_ldb���
eb[h�d�ihy\e_gbx�\ukhdhl_fi_jZlmjghc�nZau�fhghhdkb^Z�lblZgZ��<Z`gh�hlf_lblv��qlh�
\_ebqbgZ�gZfZ]gbq_gghklb�ijb�wlhf�ijZdlbq_kdb�g_�baf_gy_lky��Z�dhwjpblb\gZy�kbeZ�
mf_gvrZ_lky��<hafh`gh��mf_gvr_gb_�dhwjpblb\ghc�kbeu�k\yaZgh�k�ZfhjnbaZpb_c�f_�
lZeebq_kdbo� deZkl_jh\�� Gbadhl_fi_jZlmjguc� hl`b]� \� \Zdmmf_� \ukhdhhfguo� ie_ghd�
TiO-&R� ijb\h^bl� d� \hagbdgh\_gbx� n_jjhfZ]gblgh]h� mihjy^hq_gby� ijb� khojZg_gbb�
h^ghnZaghc�kljmdlmju�fZl_jbZeZ��H^gZdh�fZ]gblguc�fhf_gl�m�lZdbo�h[jZaph\�hdZaZe�
ky�kms_kl\_ggh�f_gvrbf��;ueb�lZd`_�baf_j_gu�fZ]gblgu_�k\hckl\Z�ie_ghd�TiO2�k�`_�
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e_ahf�b�]Z^hebgb_f�\f_klh�dh[ZevlZ�gZ�ih^eh`d_�ba�jmlbeZ��Bo�fZ]gblguc�fhf_gl�oZ�
jZdl_jbah\Zeky�ijZdlbq_kdb�ebg_cghc�aZ\bkbfhklvx�hl�\g_rg_]h�ihey���� 

;ueb�h[gZjm`_gu�jZaebqgu_�hkh[_gghklb�\�hilbq_kdbo�ki_dljZo��^_ckl\bl_ev�
ghc�b�fgbfhc�qZkl_c�^bwe_dljbq_kdhc�ijhgbpZ_fhklb�b�dhwnnbpb_glh\�ij_ehfe_gby�b�
hljZ`_gby�\�^bZiZahg_����-����w<�� 

 
1. E��:��;ZeZ]mjh\��?��:��=ZgvrbgZ���K��H��Debfh\kdbc��K��I��Dh[_e_\��:�N��Hjeh\��

G��K��I_jh\��>��=��Yjdbg� ©=jZgbqgu_�mkeh\by�\hagbdgh\_gby�n_jjhfZ]gblghc�
nZau� ijb� hkZ`^_gbb� ie_ghd� Ti1-xCoxO2-/ª��DjbklZeeh]jZnby� ��� �����004) 740-
743. 

 
 

M>D���������� 

BKKE?>H<:GB?�F:=GBLHMIJM=BO�K<HCKL<�:FHJNGUO�E?GL�
<�I?J?F?GGUO�F:=GBLGUO�IHEYO 

Jh^bhgh\�<�<���Dmag_ph\�=�K���I_jh\�G�K� 

F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

D� fZ]gblhmijm]bf� wnn_dlZf� h[uqgh� hlghkyl� ke_^mxsb_� y\e_gby�� kf_s_gb_�
l_fi_jZlmj�fZ]gblguo�nZah\uo�i_j_oh^h\�ih^�^_ckl\b_f�mijm]bo�gZijy`_gbc�b�^Z\�
e_gby��baf_g_gb_�gZfZ]gbq_gghklb�ih^�^_ckl\b_f�^Z\e_gby� �û1-wnn_dl��b�baf_g_gb_�
ebg_cguo�jZaf_jh\�h[jZaph\�ijb�gZfZ]gbqb\Zgbb� 

Wlb�wnn_dlu�h[tykgyxlky l_f, qlh ijb ^_ckl\bb f_oZgbq_kdbo gZijy`_gbc ba�
f_gy_lky ^hf_ggZy kljmdlmjZ n_jjhfZ]g_lbdZ, hij_^_eyxsZy _]h gZfZ]gbq_gghklv.  

>bgZfbq_kdb_�f_lh^u� bkke_^h\Zgby� �fZ]gblhmijm]bo� wnn_dlh\� �\� hlebqb_� hl�
klZlbq_kdbo��keZ[h�jZajZ[hlZgu�^h�kbo�ihj��b�p_evx�gZklhys_c�jZ[hlu�[ueh�bkke_^h�
\Zgb_�^bgZfbq_kdbo�fZ]gblhmijm]bo�k\hckl\�Zfhjnguo�fZl_jbZeh\�k�fZehc�fZ]gblh�
kljbdpb_c�� 

;ueZ�bkihevah\ZgZ�wdki_jbf_glZevgZy�mklZgh\dZ��iha\heyxsZy�gZ[ex^Zlv�b�j_�
]bkljbjh\Zlv� \hagbdZxsb_� \� Zfhjnguo� e_glZo�f_oZgbq_kdb_� dhe_[Zgby�� \ha[m`^Z_�
fu_�i_j_f_gguf�fZ]gblguf�ihe_f�jZaebqghc�qZklhlu�b�gZijy`_gghklb� 

<�lZ[ebp_���ijb\_^_gu�iZjZf_lju�h[jZaph\�Zfhjnguo�e_gl��gZ�dhlhjuo�ijh\h�
^bebkv�baf_j_gby���E_glu�ihemq_gu�\�PGBB�Q_jF_l�f_lh^hf�kibggbg]h\Zgby�ba�jZk�
ieZ\Z� 

 
LZ[ebpZ����IZjZf_lju�e_gl 
 

E_glZ KhklZ\ ^ebgZ��kf rbjbgZ��kf LhesbgZ��fdf 

CieZ\����DKJ 
E_glZ�� 
E_glZ 2 

Fe70Co24,5 Si2,9B3,1 
 

24,1 
24,7 

 
1,9 
1,9 

 
38 
38 

CieZ\���GKJ 
E_glZ�� 
E_glZ�� 
E_glZ�� 

Fe90,3Ni1,5Si5,2B3 
 

23,5 
20,5 
20,1 

 
1 
2 

1,9 

 
40 
40 
40 

CieZ\�MKJ 
E_glZ�� 

Fe94,5 Si2,3B2,9 
C0,5 

 
37,5 

 
2 

 
33 
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<� oh^_� jZ[hlu� [ueh� mklZgh\e_gh�� qlh� ijb� i_j_fZ]gbqb\Zgbb� h[jZaph\� \� gbo�
\hagbdZxl�ijh^hevgu_�b�ba]b[gu_�dhe_[Zgby�gZ�jZaebqguo�qZklhlZo��<hagbdgh\_gb_�
ba]b[guo�dhe_[Zgbc��ih-\b^bfhfm��k\yaZgh�k�\ha^_ckl\b_f�]jZ^b_glZ�fZ]gblgh]h�ihey�
dZlmrdb�gZ�e_glm�dZd�p_eh_��\ly]b\Zgb_�beb�\ulZedb\Zgb_�ba�h[eZklb�ih\ur_gghc�gZ�
ijy`_gghklb�ihey�� 

<�Zfhjnguo�e_glZo�kieZ\h\����DKJ,������GKJ�b�MKJ�\�qZklhlghf�^bZiZahg_�hl�
���=p�^h�����d=p��ijb�ehdZevghf�i_j_fZ]gbqb\Zgbb�\hagbdZxl�ijh^hevgu_�dhe_[Zgby�
gZ�qZklhl_�i_j_f_ggh]h�fZ]gblgh]h�ihey�FgZf��gZ�m^\h_gghc�qZklhl_��
)gZf��Z�lZd`_�gZ�
qZklhl_� �
)gZf��;ueb�ijh\_^_gu�baf_j_gby� aZ\bkbfhklb�Zfieblm^u�dhe_[Zgbc��-hc�b�
4-hc�]Zjfhgbd�hl�jZkklhygby�f_`^m�^Zlqbdhf�b�gZfZ]gbqb\Zxs_c�dZlmrdhc�� 

K�ihfhsvx�ihemq_gguo� aZ\bkbfhkl_c� [ueb� jZkkqblZgu� kdhjhklb�jZkijhkljZ�
g_gby�mijm]bo�\heg��kdhjhklv�a\mdZ��\�e_glZo��Z�lZd�`_�hij_^_e_gu�iZjZf_lju�fh^mey�
mijm]hklb��IhdZaZgh��qlh�\g_rgb_�gZijy`_gby�ijb\h^yl�d�baf_g_gbx�oZjZdl_jZ�mijm�
]bo�\heg�\�h[jZapZo� 
 
 

M>D�����������������633.9 

F:=GBLGU?�B�F:=GBLHBFI?>:GKGU?�K<HCKL<:�
:FHJNGUO�FBDJHIJH<H>H<�G:�HKGH<?�@?E?A: 

<�KL?DEYGGHC�H;HEHQD? 

*KZfkhgh\Z�<�<�1��JZofZgh\�:�:�2 

1 F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l�� 
2 Bgklblml�l_hj_lbq_kdhc�b�ijbdeZ^ghc�we_dljh^bgZfbdb�HB<L�J:G 

Fbdjhijh\h^Z� gZ� hkgh\_�`_e_aZ� \� kl_deygghc� h[hehqd_� jZkkfZljb\Zxlky� dZd�
i_jki_dlb\gu_�fZl_jbZeu�^ey�ba]hlh\e_gby�jZ^bhwe_dljhgguo�dhfihg_gl� 

<�gZklhys_c�jZ[hl_�ij_^klZ\e_gu�j_amevlZlu�bkke_^h\Zgbc�fZ]gblguo�b�fZ]�
gblhbfi_^Zgkguo�k\hckl\�Zfhjnguo�fbdjhijh\h^h\�khklZ\Z�FeSiB��H[jZapu�ba]hlh\�
e_gu�f_lh^hf�Mebldh\kdh]h�b�ij_^hklZ\e_gu�HHH�GII�©<bq_eª��Nbeebih\uf�<�B���
]��I_gaZ��>ey�baf_j_gbc�bkihevah\Zebkv�h[jZapu�fbdjhijh\h^h\�^ebghc�����kf��>bZ�
f_lju�f_lZeebq_kdhc�`beu��lhesbgu�kl_deZ��Z�lZd�`_�l_fi_jZlmjZ�b�\j_f_gZ�hl`b]Z�
ij_^klZ\e_gu�\�lZ[ebp_�� 

 
^bZf_lj�f_lZeebq_kdhc�`beu ^bZf_lj�kl_deygghc�h[hehqdb l_fi_jZlmjZ�hl`b]Z 

���fdf ���fdf 2000 –���qZkh\ 
���fdf ���fdf - 
�����fdf ���fdf 2000 –���qZkZ 
���fdf ���fdf - 
����fdf ���fdf - 
����fdf ���fdf - 

 
FZ]gblgu_�k\hckl\Z�h[jZaph\�baf_jyebkv�gZ�\b[jZpbhgghf�Zgbahf_lj_�\�eZ[h�

jZlhjbb�G�K��I_jh\Z� �nba��nZd-l�F=M���fZ]gblhbfi_^Zgkgu_�\�^bZiZahg_�qZklhl��-10 

                                                           
*�>hdeZ^�hlf_q_g�]jZfhlhc�dhgn_j_gpbb��dZd�emqrbc�gZ�ih^k_dpbb�� 
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MHz -�gZ�ZgZebaZlhj_�ki_dljZ�GJ�����A�\�eZ[hjZlhjbb�:�K��:glhgh\Z� �BLIW�HB<L�
J:G���<k_�baf_j_gby�ijh\_^_gu�ijb�dhfgZlghc�l_fi_jZlmj_� 

GZ�jbk���ij_^klZ\e_gh�baf_g_gb_�bfi_^ZgkZ�k�fZ]gblguf�ihe_f�^ey�h[jZapZ�k�
^bZf_ljhf�f_lZeebq_kdhc�`beu�df` ����fdf��>ey�fbdjhijh\h^Z�k�df` ����fdf�fu�ih�
emqbeb�ZgZeh]bqgmx�aZ\bkbfhklv��LZdhc�\b^�djb\hc�oZjZdl_j_g�^ey�h[jZaph\�k�ij_h[�
eZ^Zgb_f� jZ^bZevghc� Zgbahljhibb��:�gZ�jbk�� ��ihdZaZgZ� aZ\bkbfhklv�bfi_^ZgkZ�^ey�
h[jZapZ� df` �����fdf��:gZeh]bqgZy� djb\Zy� [ueZ�ihemq_gZ� ^ey�fbdjhijh\h^Z�df`=10 
fdf��LZdb_�aZ\bkbfhklb� �oZjZdl_jgu�^ey�h[jZaph\�h[eZ^Zxsbo�ZdkbZevghc�Zgbahljh�
ib_c��OZjZdl_j�Zgbahljhibb�fbdjhijh\h^h\�aZ\bkbl�hl�^bZf_ljZ�f_lZeebq_kdhc�`beu��
qlh�jZg__�g_�gZ[ex^Zehkv� 

 

-8 -6 -4 -2 0 2 4 6 8
0,9
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1,1

1,2

1,3

1,4

1,5

1,6

1,7

1,8

1,9

Z
/Z

d
c

H, Oe

 Z/Zdc(0.5MHz)
 Z/Zdc(1MHz)
 Z/Zdc(2MHz)
 Z/Zdc(5MHz)
 Z/Zdc(10MHz)

Jbk� � Ihe_\Zy aZ\bkbfhklv bfi_^ZgkZ ^ey

Zfhjngh]h fbdjhijh\h^Z gZ hkgh\_ `_e_aZ

F ^bZf_ljhf f_lZeebq_kdhc `beu ��� fdf  

-8 -6 -4 -2 0 2 4 6 8
0,9
1,0
1,1
1,2
1,3
1,4
1,5
1,6
1,7
1,8
1,9
2,0
2,1

Jbk� � Ihe_\Zy aZ\bkbfhklv bfi_^ZgkZ ^ey

Zfhjngh]h fbdjhijh\h^Z gZ hkgh\_ `_e_aZ

F ^bZf_ljhf f_lZeebq_kdhc `beu ���� fdf

Z
/Z

dc

H, Oe

 Z/Zdc(0.5MHz)
 Z/Zdc(1MHz)
 Z/Zdc(2MHz)
 Z/Zdc5MHz)
 Z/Zdc(10MHz)
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Jbk� � Ihe_\Zy aZ\bkbfhklb i_ji_g^bdmeyjghc ihex

dhfihg_glu fZ]gblgh]h fhf_glZ ^ey fbdjhijh\h^Z

F ^bZf_ljhf f_lZeebq_kdhc `beu Gf` �� fdf

M
, a

rb
. u

n.
 

H, Oe
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Jbk� � Ihe_\Zy aZ\bkbfhklb i_ji_g^bdmeyjghc ihex

hfihg_glu fZ]gblgh]h fhf_glZ ^ey fbdjhijh\h^Z

^bZf_ljhf f_lZeebq_kdhc `beu Gf` ���� fdf

M
, a

rb
. u

n.

H, Oe

 

 
Wlb�^Zggu_�ih^l\_j`^Zxlky�b�j_amevlZlZfb�fZ]gblhklZlbq_kdbo�bkke_^h\Zgbc��

Djhf_�i_l_ev�]bkl_j_abkZ�[ueb�baf_j_gu�ihe_\u_�aZ\bkbfhklb�i_ji_g^bdmeyjghc�ih�
ex�dhfihg_glu�fZ]gblgh]h�fhf_glZ��LZdb_�ihe_\u_�aZ\bkbfhklb�ijb\_^_gu�gZ�jbk���b�
��^ey�h[jZaph\�df` ���fdf�b�df` �����fdf�� khhl\_lkl\_ggh��Fh`gh� k^_eZlv�\u\h^�h�
kms_kl\h\Zgbb�kms_kl\_gghc�ZdkbZevghc�Zgbahljhibb� �ijh\h^_�k�df` �����fdf��ijb�
\h^ys_c�d�jZa\hjhlm�fZ]gblgh]h�fhf_glZ�h[jZapZ�\^hev�_]h�hkb�\�keZ[uo�iheyo��<�lh�
`_�\j_fy��m�h[jZapZ�df` ���fdf�ijhbkoh^bl�kZfhijhba\hevgh_�jZa[b_gb_�gZ�^hf_gu��
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ijb\h^ys__�d�dhfi_gkZpbb�fZ]gblgh]h�fhf_glZ��Wlh�k\b^_l_evkl\m_l�h�ij_h[eZ^Zgbb�
jZ^bZevghc� Zgbahljhibb�\�h[jZap_��Ba�ijb\_^_gguo�j_amevlZlh\�fZ]gblhklZlbq_kdbo�
baf_j_gbc�� �fh`gh�k^_eZlv�\u\h^�h�ij_h[eZ^Zgbb�ZdkbZevghc�beb�jZ^bZevghc�Zgbah�
ljhibb�\�fbdjhijh\h^Zo� 

Djhf_� aZ\bkbfhklb� Zgbahljhibb� fbdjhijh\h^h\� hl� ^bZf_ljZ� f_lZeebq_kdhc�
`beu��g_h[oh^bfh�hlf_lblv��qlh�hl`b]�ijb����0 ijZdlbq_kdb�g_�baf_gy_l�gb�fZ]gblh�
klZlbq_kdb_��gb�fZ]gblhbfi_^Zgkgu_�k\hckl\Z�h[jZaph\��qlh�mdZau\Z_l�gZ�bo�\ukhdmx�
klZ[bevghklv��b�iha\hey_l�bkihevah\Zlv�\�rbjhdhf�l_fi_jZlmjghf�^bZiZahg_� 
 
 

M>D������������ 

<EBYGB?�L?FI?J:LMJGHC�H;J:;HLDB�G:�LJ:GKIHJLGU? 
B�F:=GBLGU?�K<HCKL<:�:FHJNGUO�E?GL�G:�HKGH<?�CO 

R_\_j^y_\Z�I�F� 

F=M�bf��F�<��Ehfhghkh\Z�nbabq_kdbc�nZdmevl_l� 

Bkke_^mxlky�Zfhjngu_�e_glu�khklZ\Z�Co66Fe4B15Si15��ijb]hlh\e_ggu_�f_lh^hf�
aZdZedb�ba�jZkieZ\Z��LhesbgZ�e_gl�20 µf��rbjbgZ�� ff� Ihke_�ijb]hlh\e_gby�h[jZapu�
hl`b]Zebkv�\�keZ[hf�fZ]gblghf�ihe_�ijb�l_fi_jZlmjZo�hl����0K�^h����0K�\�\Zdmmf_�b�
gZ�\ha^mo_��<j_fy�hl`b]Z�h[jZaph\�[ueh�h^bgZdh\uf�–���fbgmlZ��FZ]gblgh_�ihe_�ijb�
l_fi_jZlmjghc�h[jZ[hld_�ijbdeZ^u\Zehkv� \^hev�^ebgghc� klhjhgu�h[jZaph\�b�jZ\gy�
ehkv���W��H[gZjm`_gh�>�@��qlh�\�^Zgguo�e_glZo�gZ[ex^Z_lky�]b]Zglkdbc�fZ]gblhbfi_�
^Zgk� �=FB��� h[eZ^Zxsbc� \ukhdhc� qm\kl\bl_evghklvx� wnn_dlZ� d� fZ]gblghfm� ihex�
�[he__�lukyqb�ijhp_glh\�gZ�wjkl_^���Z�_]h�ijhnbev�aZ\bkbl�hl�kihkh[Z�hl`b]Z��^ey�h[�
jZaph\��hlh``_gguo�\�\Zdmmf_��=FB-ijhnbev�bf__l�kbff_ljbqguc�\b^�hlghkbl_evgh�
gZijZ\e_gby�fZ]gblgh]h�ihey��\� lh�\j_fy�dZd�^ey�h[jZaph\��hlh``_gguo�gZ�\ha^mo_��
ijhnbev�Zkbff_ljbqguc��P_evx�gZklhys_c�jZ[hlu�y\ey_lky�bkke_^h\Zgb_�fZ]gblhklZ�
lbq_kdbo�b�ljZgkihjlguo�k\hckl\�Zfhjnguo�e_gl��Z�lZd`_�hij_^_e_gb_�hilbfZevguo�
mkeh\bc�h[jZ[hldb�e_gl� 

I_leb�]bkl_j_abkZ�h[jZaph\�Zfhjnguo�e_gl��hlh``_gguo�gZ�\ha^mo_�b�\�\Zdmm�
f_��baf_jyebkv�k�ihfhsvx�\b[jZpbhggh]h�Zgbahf_ljZ��<:��ijb�dhfgZlghc�l_fi_jZlm�
j_�\�fZ]gblguo�iheyo�^h���� dW��GZ�\k_o�e_glZo�gZkus_gb_�^hklb]Zehkv�\�iheyo����-
����W��dhwjpblb\gZy�kbeZ�h[jZaph\�[ueZ�f_g__�����W��Bf_eZkv�[hevrZy�^bki_jkby�fZ]�
gblguo� k\hckl\� hlh``_gguo� h[jZaph\�� \ke_^kl\b_� q_]h� j_amevlZlu� ijboh^behkv� mk�
j_^gylv�ih�dmkdm�e_glu�^ebghc���kf��<_jhylgh��\_ebqbgZ�^bki_jkbb�k\yaZgZ�k�g_h^gh�
jh^guf�hl`b]hf�ih\_joghklb�h[jZapZ��Hl`b]�h[jZaph\�\�\Zdmmf_�g_�baf_gye�kms_kl�
\_ggh�bo�fZ]gblgu_�k\hckl\Z� �ih\_^_gb_�ZgZeh]bqgh�ijb\_^_gghfm�gZ�\klZ\d_�d�jbk��
1), \�lh�\j_fy�dZd�^ey�h[jZaph\��hlh``_gguo�gZ�\ha^mo_�ijb�l_fi_jZlmj_�k\ur_����0K��
i_leb� ]bkl_j_abkZ� ljZgknhjfbjh\Zebkv� \�i_j_lygmlu_��ijb� wlhf�^hey� \ukhdhdhwjpb�
lb\ghc�nZau�^hklb]ZeZ� ��-����� �jbk�� ����GZfZ]gbq_gghklv�h[jZaph\�ijbf_jgh�jZ\gy�
eZkv� ����=k�b�keZ[h�baf_gyeZkv�k�baf_g_gb_f�l_fi_jZlmju�hl`b]Z��bf_y�keZ[h�\ujZ�
`_gguc�fZdkbfmf�ijb�l_fi_jZlmj_����0

�K��h^gZdh�ijb�lZdhf�[hevrhf�jZa[jhk_�agZq_�
gbc�wlb�baf_g_gby�g_�ke_^m_l�kqblZlv�kms_kl\_ggufb� 

Wnn_dl�OheeZ� b�fZ]gblhkhijhlb\e_gb_� baf_jyebkv�r_klblhq_guf�f_lh^hf� k�
ihfhsvx�mklZgh\db�^ey�baf_j_gby�fZ]gblhljZgkihjlguo�k\hckl\�\�iheyo�^h������dW��
baf_j_gby� ijh\h^bebkv� ijb� dhfgZlghc� l_fi_jZlmj_� b� l_fi_jZlmj_� `b^dh]h� ZahlZ���
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FZ]gblhkhijhlb\e_gb_�ijb�dhfgZlghc�l_fi_jZlmj_�[ueh�hljbpZl_evgh�b�hq_gv�fZeh�– 
hdheh�-0.01% (-������ijb�����D���>ey�h[jZaph\��hlh``_gguo�\�\Zdmmf_��k�m\_ebq_gb_f�
l_fi_jZlmju�hl`b]Z�\_ebqbgZ�fZ]gblhkhijhlb\e_gby�kgb`ZeZkv��Z�^ey�h[jZaph\��hlh�
``_gguo�gZ�\ha^mo_��bf_eZ�fZdkbfmf�\�jZchg_����0K��Dhwnnbpb_gl�OheeZ�k�m\_ebq_�
gb_f�l_fi_jZlmju�hl`b]Z�\gZqZe_�j_adh�kgb`Zeky��aZl_f�g_fgh]h�\hajZklZe�ijb�l_fi_�
jZlmj_����0K�b�^Ze__�hiylv�kgb`Zeky���K\hckl\Z�h[jZaph\�lZd`_�kbevgh�\Zjvbjh\Zebkv�
ih� ^ebg_� h[jZapZ� �jbk�� ���� fZdkbfZevgZy� g_h^ghjh^ghklv� ^hklb]ZeZkv� \� jZchg_� ���-
3800K� 
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gb_� hl l_fi_jZlmju hl`b]Z 

 
Ih�j_amevlZlZf�ijh\_^_gguo�bkke_^h\Zgbc�fh`gh�k^_eZlv�\u\h^��qlh�k�m\_eb�

q_gb_f� \j_f_gb� hl`b]Z� ijbih\_joghklguc� kehc� Zfhjnghc� e_glu� klZgh\blky� [he__�
fZ]gblgh`_kldbf��M\_ebq_gb_�=FB� wnn_dlZ�b� _]h� Zkbff_ljbqgh_�ih\_^_gb_� kdhj__�
\k_]h�k\yaZgh�k�ihy\e_gb_f�Zgbahljhigh]h�g_h^ghjh^gh]h�ih�lhesbg_�qZklbqgh�aZdjb�
klZeebabjh\Zggh]h�ih\_joghklgh]h�kehy��\ke_^kl\b_�hdbke_gby�ie_gdb�ijb�hl`b]_�gZ�
\ha^mo_��Ijb�m\_ebq_gbb�l_fi_jZlmju�hl`b]Z�lhesbgZ�wlh]h�kehy�m\_ebqb\Z_lky��FZd�
kbfZevgh_� agZq_gb_� fZ]gblhkhijhlb\e_gby�� gZfZ]gbq_gghklb� b� g_h^ghjh^ghklb�
k\hckl\�gZ[ex^Zxlky�\�jZchg_����0K-3800K��qlh��\_jhylgh��k\yaZgh�k�ihy\e_gb_f�aZjh�
^ur_c�djbklZeebq_kdhc�nZau� 
Kkuedb� 
 
1. Kim C.G., Rheem Y., Kim�K�-H���Yoon S.S., Gan'shina E.A., Kochneva M.Yu. and 

Zaichenko D.A. J. Magn. Magn. Mat. 2003, 258-259, 170-173. 
 
 

M>D : 538.245.621 

IHG>?JHFHLHJGU?�F:=GBLGU?�KBEU�B�F?O:GBQ?KDB?�
>?NHJF:PBB�<�H;J:AP:O�K�>HF?GGHC�KLJMDLMJHC 

=_jZkbf_gdh�L�G� 

�F=M�bf��F�<��Ehfhghkh\Z��nbabq_kdbc�nZdmevl_l� 

<�^Zgghc�jZ[hl_�ijhba\_^_gh�\uqbke_gb_�ihg^_jhfhlhjghc�kbeu��^_ckl\mxs_c�
gZ�fZ]gblguc�^bihev�\h�\g_rg_f�ijhba\hevghf�fZ]gblghf�ihe_��b�mdZaZgh�\ebygb_�
ihke_^g_c�gZ�ijhp_kku�fZ]gblhkljbdpbb�\�h[jZapZo��bf_xsbo�^hf_ggmx�kljmdlmjm� 
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<�k\yab�k�fgh]hqbke_ggufb�jZkoh`^_gbyfb�\�ebl_jZlmj_�\�f_lh^bd_�\uqbke_�
gby�kbeu��^_ckl\mxs_c�gZ�fZ]gblguc�^bihevguc�fhf_gl�\h�\g_rg_f�ihe_��Z�jZ\gh�b�\�
ihemq_gguo�j_amevlZlZo��Z\lhjhf�[ueZ�ij_^ijbgylZ�ihiuldZ�ijhba\_klb�ZgZeba�kblmZ�
pbb�� bkoh^y� ba� i_j\uo� ijbgpbih\� l_hjbb�fbdjhfZ]g_lbafZ��>ZggZy� aZ^ZqZ� y\ey_lky�
\Z`ghc� g_� lhevdh� k� f_lh^heh]bq_kdhc� lhqdb� aj_gby�� DZd� ihdZau\Zxl� \uqbke_gby��
hrb[dZ�\�nhjfme_�^ey�ihg^_jhfhlhjghc�kbeu�ijb\h^bl�d�g_e_iuf�j_amevlZlZf�\�l_h�
jbb�fZ]gblghc� ieZafu� b�fZ]gblhljZgkihjlguo� y\e_gbc��gZijbf_j�� d�g_wjfblh\hklb�
l_gahjh\� ijhgbpZ_fhklb� \� [_a^bkkbiZlb\guo� kj_^Zo�� ;ueZ� jZkkqblZgZ� kbeZ�:fi_jZ��
^_ckl\mxsZy�gZ�fZeuc�dhglmj�ijhba\hevghc�nhjfu�b�hjb_glZpbb� 

 

),( HMF
&&&&

∇= ,     (1) 
 

]^_� hi_jZlhj� gZ[eZ� ^_ckl\m_l� lhevdh� gZ� \_dlhj�fZ]gblgh]h� ihey��<b^gh�� qlh� ^Zggh_�
\ujZ`_gb_�hlebqZ_lky�hl�kbeu��^_ckl\mxs_c�gZ�we_dljbq_kdbc�^bihev��Wlh]h�ke_^h\Z�
eh�h`b^Zlv��ihkdhevdm�Zijbhjb�fu�iheZ]Zeb�\g_rg__�fZ]gblgh_�ihe_�ijhba\hevguf��
kh\iZ^_gb_�`_�nhjfme��hq_\b^gh��fh`_l�[ulv�^hklb]gmlh�ebrv�ijb�mkeh\bb� klZpbh�
gZjghklb��Ihemq_ggh_�\ujZ`_gb_�khhl\_lkl\m_l�nhjfme_��ihemq_gghc��bkoh^y�ba�nhj�
fZebafZ�fZ]gblguo�ebkldh\��B�?�LZffhf�>�@� 

JZkkfhljbf� \ebygb_�ihg^_jhfhlhjguo� kbe�gZ� y\e_gb_�fZ]gblhkljbdpbb�\�^h�
f_gguo� kljmdlmjZo�� Ih^� fZ]gblhkljbdpb_c� ihgbfZxl� ^_nhjfZpbx� n_jjhfZ]g_lbdZ�
ijb�baf_g_gbb�_]h�gZfZ]gbq_gghklb��H[uqgh� wlh�y\e_gb_�k\yau\Zxl�k�h[f_ggufb�b�
j_eylb\bklkdbfb�\aZbfh^_ckl\byfb�\�l\zj^hf�l_e_�b�ijhba\h^yl�\uqbke_gby�gZ�hkgh\_�
\\_^_gby� n_ghf_gheh]bq_kdbo� l_gahjh\� \� \ujZ`_gby� ^ey�fZ]gblhmijm]hc� wg_j]bb� k�
ihke_^mxsbf� \dexq_gb_f� _z� \�h[sbc� l_jfh^bgZfbq_kdbc�ihl_gpbZe�h[jZapZ� >��� �@��
H^gZdh�� ih^h[guc� nhjfZebaf� klZedb\Z_lky� k� kms_kl\_ggufb� ljm^ghklyfb� ijb� jZk�
kfhlj_gbb� aZ^Zq� kibgljhgbdb�b�gZghl_ogbdb��:\lhjhf�ij_^eZ]Z_lky� Zevl_jgZlb\guc�
ih^oh^��hkgh\Zgguc�gZ�\uqbke_gbb�iehlghklb�kbeu��^_ckl\mxs_c�gZ�_^bgbpm�h[tzfZ�
n_jjhfZ]g_lbdZ��qlh�iha\hebl�[_a� ljm^Z�i_j_clb� d� d\Zglh\hfm�ij_^_em��Nhjfmem� ����
aZibr_f�\�\b^_� 

Hf
&&

&

&

),( ∇= µ        (2) 
 

]^_� µ  -�fZ]gblguc�fhf_gl�_^bgbpu�h[tzfZ�h[jZapZ��H –�wnn_dlb\gh_�ihe_�\�fZ]g_lb�
d_�� 

,20 µ
ω

µ
&

&

*&&

∂
∂

−∆++= an
meff AHHH      (3) 

 

]^_� 0H -�\g_rg__�ihe_�� mH -�jZafZ]gbqb\Zxs__�ihe_�� A  –�dhgklZglZ�h[f_ggh]h�\aZb�

fh^_ckl\by�� anω -�wg_j]by�fZ]gblghc�Zgbahljhibb� 
JZkkfhljbf�h^bghqguc�ihehkh\hc�^hf_g��jbk����� 

Jbk�� 

>hf_ggZy kl_gdZ
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Hq_\b^gh�� qlh�gZb[hevrbc� ]jZ^b_gl� wnn_dlb\gh]h�ihey�^hklb]Z_lky�gZ� djZyo�
^hf_gghc�]jZgbpu��AgZqbl��\�wlbo�h[eZklyo�ijhbkoh^bl�k`Zlb_�n_jjhfZ]g_lbdZ�\�khhl�
\_lkl\bb� k�nhjfmehc� ����b�ihy\eyxlky� \gmlj_ggb_�gZijy`_gby� \�h[jZap_��Ijb�i_j_�
fZ]gbqb\Zgbb�^Zgghc�iezgdb�i_j_f_gguf�fZ]gblguf�ihe_f�^hf_ggZy�]jZgbpZ�gZqgzl�
^\b]Zlvky�� ke_^h\Zl_evgh�� [m^_l� i_j_f_sZlvky� h[eZklv� \gmlj_ggbo� gZijy`_gbc�� l�_��
\hagbdg_l�a\mdh\Zy�\hegZ�\�n_jjhfZ]g_lbd_��Ijhklu_�hp_gdb�ihdZau\Zxl��qlh�ijb�qZk�
lhl_�ihey�ihjy^dZ���F=p�wlb�\hegu�[m^ml�e_`Zlv�\�h[eZklb�]bi_ja\mdZ��>Zgguc�ijb�
f_j��[_amkeh\gh��y\ey_lky�]jm[hc�fh^_evx��ihkdhevdm�kha^Zgb_�h^bghqgh]h�ihehkh\h]h�
^hf_gZ�g_\hafh`gh��H^gZdh��ohjhrh�ba\_klgu�ih^h[gu_�wdki_jbf_glu�k�h^bghqgufb�
pbebg^jbq_kdbfb�fZ]gblgufb�^hf_gZfb��Ijb�i_j_fZ]gbqb\Zgbb�ihke_^gbo�bfimevk�
gufb�\g_rgbfb�iheyfb��^_ckl\bl_evgh��j_]bkljbjh\Zebkv�a\mdh\u_�dhe_[Zgby� 

LZdbf�h[jZahf��\�ij_^klZ\e_gghc�jZ[hl_�j_r_gZ� aZ^ZqZ�hij_^_e_gby�ihg^_jh�
fhlhjghc�kbeu��^_ckl\mxs_c�gZ�fZ]gblguc�^bihev�\h�\g_rg_f�ihe_��bkoh^y�ba�i_j�
\uo�ijbgpbih\�l_hjbb�fZ]g_lbafZ��K�ihfhsvx�ihemq_gghc�nhjfmeu�gZc^_gh�h[tyk�
g_gb_� wnn_dlm� jZkijhkljZg_gby� a\mdh\uo� \heg� ijb�i_j_fZ]gbqb\Zgbb�n_jjhfZ]gbl�
guo�h[jZaph\� 

 
1. LZff B�?��We_dljbq_kl\h��F��GZmdZ������ 
2. EZg^Zm�E.>���Ebnrbp� ?�F��We_dljh^bgZfbdZ� kiehrguo� kj_^��F��NbafZlebl��

2001. 
3. <hgkh\kdbc�K.<��FZ]g_lbaf��F��GZmdZ������� 

 
 

L?HJBY�>HF?GGHC�KLJMDLMJU�<�><HCGUO�N?JJH- 
B�:GLBN?JJHF:=GBLGUO�K<?JOJ?R?LD:O 

K�I?JI?G>BDMEYJGHC�:GBAHLJHIB?C 

Dbk_e_\�G�K� 

>hg_pdbc�nbabdh-l_ogbq_kdbc�bgklblml�G:G�MdjZbgu 

<�jZ[hl_�jZa\b\Z_lky�l_hjby�h[jZah\Zgby�fZ]gblguo�^hf_gh\�\�fgh]hkehcguo�
fZ]gblguo� ie_gdZo� k� Zgbahljhib_c�� hjb_glbjh\Zgghc� i_ji_g^bdmeyjgh� iehkdhklb�
ie_gdb��<�j_amevlZl_�bgl_]jZevguo�ij_h[jZah\Zgbc�gZfb�ihemq_gZ�kbkl_fZ�mjZ\g_gbc��
^ey�jZ\gh\_kguo�iZjZf_ljh\�^hf_gguo� kljmdlmj�\�^\hcguo�n_jjhfZ]gblguo�b�Zglb�
n_jjhfZ]gblguo� ie_gdZo�� Ijh\_^_g� ZgZeba� wlbo� iZjZf_ljh\� hl� \_ebqbgu� \g_rg_]h�
fZ]gblgh]h�ihey��Ihemq_ggu_� aZ\bkbfhklb�jZ\gh\_kguo�iZjZf_ljh\�^hf_gghc�kljmd�
lmju�hl�oZjZdl_jbklbq_kdhc�^ebgu� l�hlg_k_gghc�d�lhesbg_�fZ]gblguo�h�b�g_fZ]gbl�
guo�a�keh_\��bf_xl�dZq_kl\_ggu_�hlebqby��ih�kjZ\g_gbx�k�jZ\gh\_kgufb�iZjZf_ljZfb�
^hf_gghc�kljmdlmju��^ey�m_^bg_ggh]h�fZ]gblgh]h�kehy� 

<� jZ[hl_� ijb\h^ylky� mijhs_ggu_� ZgZeblbq_kdb_� j_amevlZlu� ^ey� jZaebqguo�
ij_^_evguo� khhlghr_gbc�f_`^m� l, h�b�a��<�qZklghklb��\h�fgh]bo� wdki_jbf_glZo�^ey�
fgh]hkehcguo� fZ]gblguo� kljmdlmj� k� i_ji_g^bdmeyjghc� Zgbahljhib_c� \uihegyxlky�
ke_^mxsb_� khhlghr_gby� l > h >> a�� qlh� h[_ki_qb\Z_l� kbevgh_� fZ]gblhklZlbq_kdh_�
\aZbfh^_ckl\b_�f_`^m�khk_^gbfb�fZ]gblgufb�kehyfb��<�jZ[hl_�fu�^_lZevgh�h[km`^Z�
_f� hkh[u_� k\hckl\Z� wlh]h� \aZbfh^_ckl\by� ih� kjZ\g_gbx� kh� kemqZ_f� ^ey� h[t_fgh]h�
fZ]g_lbdZ� 

E–mail: nikolay.kiselev@mail.ru 
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KL:LBQ?KDB?�DJBLBQ?KDB?�K<HCKL<:�FH>?E?C 
F:=GBLGUO�K<?JOJ?R?LHD 

Obajb_\�D�R� 

Bgklblml�nbabdb�>Z]_klZgkdh]h�gZmqgh]h�p_gljZ�J:G�� 
DZ\dZakdbc�k\_lkdbc�bgklblml 

<hafh`ghklv�mijZ\e_gby�l_ieh\ufb�b�fZ]gblgufb�k\hckl\Zfb�gh\uo�bkdmkkl�
\_gguo�gZghjZaf_jguo�fZl_jbZeh\�ihkj_^kl\hf�g_agZqbl_evguo�\g_rgbo�mkbebc��ih�
a\hey_l� kha^Z\Zlv� i_jki_dlb\gu_� fZ]gblgu_� kljmdlmju��Ba\_klguf� ijbf_jhf�� dhlh�
juc�[ukljh�gZoh^bl�imlv�b�\�nZdlbq_kdh_�ijbf_g_gb_��y\eyxlky�fZ]gblgu_�k\_joj_�
r_ldb��khklhysb_�ba�fgh`_kl\Z�q_j_^mxsboky�Zlhfguo�keh_\�fZ]gblguo�b�g_fZ]gbl�
guo�f_lZeeh\��H]jhfguc�bgl_j_k�d�wlbf�bkdmkkl\_gguf�fZ]gblguf�fZl_jbZeZf�k\yaZg�
k�bo�\hafh`guf�ijbf_g_gb_f�\�fbdjhwe_dljhgbd_�b�l_ogbd_��Hgb�bf_xl�gZghjZaf_ju�
b�h[eZ^Zxl�jy^hf�mgbdZevguo�k\hckl\��dhlhju_�fh]ml�aZ\bk_lv�hl�jZaf_jh\��GZijbf_j��
ijb�ihfhsb�Z^khj[pbb�\h^hjh^Z�fh`gh�mijZ\eylv�h[f_gguf�\aZbfh^_ckl\b_f�f_`^m�
fZ]gblgufb�kehyfb��k\_joj_r_ldb�fh]ml�h[eZ^Zlv�]b]Zglkdbf�fZ]gblhkhijhlb\e_gb�
_f� b� ^j��GZ� bo� hkgh\_� fh`gh� ZgZebabjh\Zlv� b� bamqZlv� ih\_joghklguc� �]jZgbqguc��
fZ]g_lbaf��bf__lky�\hafh`ghklv�kha^Z\Zlv�mgbdZevgu_�fZ]gblgu_�fZl_jbZeu�k�gZi_�
j_^�aZ^Zggufb�fZ]gblgufb�k\hckl\Z��Hkgh\gZy�ijh[e_fZ�k\yaZgZ�g_�lhevdh�k�ijh[e_�
fhc� ihemq_gby� \_s_kl\� gZghjZaf_jh\� k� lhqghklvx�f_g__� h^gh]h�fhghkehy�� gh� b� bo�
wdki_jbf_glZevguf� bkke_^h\Zgb_f�� A^_kv� wdki_jbf_glZevgu_� f_lh^u� bkke_^h\Zgby�
lZdbo�kbkl_f�klZedb\Zxlky�k�k_jv_agufb�b�ljm^gh�ij_h^hebfufb�ijh[e_fZfb��Wnn_d�
lb\gufb�f_lh^Zfb�bkke_^h\Zgby�lZdbo�kbkl_f�y\eyxlky�ohjhrh�Zijh[bjh\Zggu_�f_�
lh^u�\uqbkebl_evghc�nbabdb��f_lh^u�Fhgl_-DZjeh�b�fhe_dmeyjghc�^bgZfbdb�� 

>ey�hibkZgby�djblbq_kdh]h�ih\_^_gby�fgh]hkehcguo�kbkl_f�gZfb�ij_^eh`_gu�
b�bkke_^h\ZgZ�f_lh^hf�Fhgl_-DZjeh�^\_�fh^_eb�k\_joj_r_ldb�Fe/V��=ZfbevlhgbZgu�
bkke_^m_fuo�fh^_e_c�[ueb�ij_^klZ\e_gu�\�\b^_ 
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]^_�i_j\u_�kmffu�\�h[hbo�kemqZyo�mqblu\Zxl�h[f_ggh_�\aZbfh^_ckl\b_�dZ`^h]h�bh�
gZfb�Fe�kh�\k_fb�[eb`Zcrbfb�khk_^yfb�\gmljb�kehy�k�h[f_gguf�\aZbfh^_ckl\b_f�J|| 
�\gmljbkehcguc�h[f_g���Z�\lhjZy�kmffZ�–�\deZ^�\�]ZfbevlhgbZg�\aZbfh^_ckl\by�bhgh\�
`_e_aZ�q_j_a�kehb�\ZgZ^by�k�iZjZf_ljhf�\aZbfh^_ckl\by�J⊥� �f_`kehcguc�h[f_g���S – 
fZ]gblgu_�fhf_glu� �kibgu��Zlhfh\�Fe��Khhlghr_gb_�f_`kehcgh]h�b�\gmljbkehcgh]h�
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h[f_gh\�baf_gyehkv�\�rbjhdbo� �ij_^_eZo��qlh�iha\hebeh�hibkZlv�ih\_^_gb_�kbkl_fu�
ijb�jZaebqghc� dhgp_gljZpbb� Z^khj[bjh\Zggh]h�\h^hjh^Z��Ihemq_gu� aZ\bkbfhklb� kZ�
fhijhba\hevghc�gZfZ]gbq_gghklb��\hkijbbfqb\hklb�b�l_ieh_fdhklb�hl�l_fi_jZlmju�b�
hl�khhlghr_gby�f_`kehcgh]h�b�\gmljbkehcgh]h�h[f_gZ��jZkkqblZgu�djblbq_kdb_�l_f�
i_jZlmju��<uiheg_g�ZgZeba�Fhgl_-DZjeh�^Zgguo�gZ�hkgh\_�ij_^klZ\e_gbc�l_hjbb�dh�
g_qgh-jZaf_jgh]h�kd_cebg]Z��jZkkqblZgu�klZlbq_kdb_�djblbq_kdb_�bg^_dku��ihkljh_gu�
nZah\u_� ^bZ]jZffu�� Bamq_gh� \ebygb_� khhlghr_gby� f_`kehcgh]h� b� \gmljbkehcgh]h�
h[f_gZ� gZ� djblbq_kdb_� iZjZf_lju� fh^_eb� k\_joj_r_ldb�� J_amevlZlu� bkke_^h\Zgbc�
k\b^_l_evkl\mxl�h�lhf��qlh�\lhjZy�fh^_ev��XY-fh^_ev��emqr_�hibku\Z_l�djblbq_kdh_�
ih\_^_gb_�j_Zevguo�fZ]gblguo�`_e_ah-\ZgZ^b_\uo�k\_joj_r_lhd��q_f�i_j\Zy�fh^_ev�
�fh^_ev�=_ca_g[_j]Z�� 

GZklhysZy�klZlvy�ih^]hlh\e_gZ�ijb�nbgZgkh\hc�ih^^_j`d_�ijh]jZffu�³Nhg^Z�
kh^_ckl\by�hl_q_kl\_gghc�gZmd_´� 

E–mail: kamal71@mail.ru 
 
 

BKKE?>H<:GB?�J?R?LHQGUO�FH>?E?C�F:=G?LBDH<�
D<:GLH<UF�F?LH>HF�FHGL?-D:JEH 

FZ]hf_^h\�F��:� ��FZ]hf_^h\Z�E�D� 

>Z]_klZgkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 

Bkke_^h\Zgb_�l_jfh^bgZfbq_kdbo�k\hckl\�j_r_lhqguo�kibgh\uo�kbkl_f�k�mq_�
lhf�d\Zglh\h]h�oZjZdl_jZ�bo�ih\_^_gby�y\ey_lky�h^ghc�ba�\Z`guo�aZ^Zq�kh\j_f_gghc�
nbabdb� dhg^_gkbjh\Zggh]h� khklhygby��H^gZdh�� \� hlebqb_� hl� deZkkbq_kdbo� kibgh\uo�
kbkl_f��ijb�bkke_^h\Zgbb�d\Zglh\uo�fh^_e_c�fZ]g_lbdh\�bkke_^h\Zl_eb�klZedb\Zxlky�
k�p_euf�jy^hf�ljm^ghij_h^hebfuo�ijh[e_f� 

H^gbf�ba�fhsguo�b�rbjhdh�ijbf_gy_fuo�bgkljmf_glh\�^ey�qbke_ggh]h�bkke_�
^h\Zgby�d\Zglh\uo�fh^_evguo�kbkl_f�y\ey_lky�d\Zglh\Zy�\_jkby�f_lh^Z�Fhgl_-DZjeh�
�d\Zglh\uc�f_lh^�Fhgl_-DZjeh���Wnn_dlb\ghklv� wlh]h�f_lh^Z� ijyfh� aZ\bkbl� hl� \u�
qbkebl_evghc�fhsghklb�fbdjhijhp_kkhjh\�b�e_]dh�fh`_l�[ulv�ijbkihkh[e_g�^ey�iZ�
jZee_evguo�\uqbke_gbc�gZ�fgh]hijhp_kkhjguo�kbkl_fZo� 

<�ihke_^gb_�]h^u�bkke_^h\Zgbx�kibgh\uo�kbkl_f�d\Zglh\uf�f_lh^hf�Fhgl_-
DZjeh�m^_ey_lky� agZqbl_evgh_�\gbfZgb_��Ij_^eh`_gu�jZaebqgu_�Ze]hjblfu�j_ZebaZ�
pbb�wlh]h�f_lh^Z��H^gZdh��g_kfhljy�gZ�agZqbl_evgu_�mkbeby��\hafh`ghklv�wnn_dlb\�
gh]h�ijbf_g_gby�d\Zglh\h]h�f_lh^Z�Fhgl_-DZjeh�^ey�bamq_gby�jZaebqguo�kibgh\uo�
kbkl_f��\�qZklghklb��j_r_lhqguo�fh^_e_c�k�ijhba\hevguf�agZq_gb_f�kibgZ��k�mq_lhf�
jZaebqguo�^hihegbl_evguo�\aZbfh^_ckl\bc��gZ�j_r_ldZo�ijhba\hevghc�nhjfu��b�l�^��
hklZ_lky�^hklZlhqgh�ijh[e_fZlbqguf� 

GZfb��bkihevamy�i_le_\hc�Ze]hjblf�d\Zglh\h]h�f_lh^Z�Fhgl_-DZjeh��ijh\_^_�
gu� \ukhdhlhqgu_� bkke_^h\Zgby� jy^Z� ^\mf_jguo� d\Zglh\uo� j_r_lhqguo� fh^_e_c� kh�
kibghf� S = ½: n_jjjhfZ]gblghc� b� Zglbn_jjhfZ]gblghc� fh^_eb� =_ca_g[_j]Z�� ;< –
 fh^_eb��Z�lZd`_�^\mo�©ijhf_`mlhqguoª�fh^_e_c��Bkke_^h\Zgby�ijh\h^bebkv�^ey�kbk�
l_f�k�ebg_cgufb�jZaf_jZfb�L×L×4m (m – qbkeh�Ljhll_jZ���k�L = ���b�m = ����������b�����
LZdbf�h[jZahf��qbkeh�kibgh\�\�bkke_^h\Zgguo�kbkl_fZo�khklZ\eyeh�N = 32768, 65536, 
�������b��������khhl\_lkl\_ggh��Ke_^m_l�hlf_lblv��qlh�wlb�jZaf_ju�^hklZlhqgh�[hev�
rb_�^ey�lZdh]h�jh^Z�bkke_^h\Zgbc��GZ�kbkl_fm�\�j_Zevguo�b�ljhll_jh\kdhf�gZijZ\e_�
gbyo�gZdeZ^u\Zebkv�i_jbh^bq_kdb_�]jZgbqgu_�mkeh\by� 
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=ZfbevlhgbZg�bkke_^h\Zgguo�gZfb�fh^_e_c�fh`_l�[ulv�ij_^klZ\e_g�\�\b^_� 
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]^_� J > 0, Z� ihdZaZl_ev�∆�fh`_l� ijbgbfZlv� ke_^mxsb_� agZq_gby��∆ = 0 (XY-fh^_ev���
∆ = �� �n_jjhfZ]gblgZy�fh^_ev�=_ca_g[_j]Z���∆ = -�� �Zglbn_jjhfZ]gblgZy�fh^_ev�=_c�
a_g[_j]Z��b�∆ = ±�����©ijhf_`mlhqgu_ª�fh^_eb�� 

>ey�hibkZgguo�\ur_�fh^_e_c�gZfb�jZkkqblZgu�l_fi_jZlmjgu_�aZ\bkbfhklb�hk�
gh\guo� l_jfh^bgZfbq_kdbo� \_ebqbg�� lZdbo� dZd� wg_j]by�� l_ieh_fdhklv�� \hkijbbfqb�
\hklv�b�l�^��IhdZaZgh��qlh�qbke_ggu_�^Zggu_�ohjhrh�hibku\Zxl�l_jfh^bgZfbq_kdb_�
k\hckl\Z�g_dhlhjuo�j_Zevguo�d\Zab^\mf_jguo�fZ]gblguo�fZl_jbZeh\��Ijh^_fhgkljb�
jh\ZgZ�\ukhdZy�wnn_dlb\ghklv�I_le_\h]h�Ze]hjblfZ�d\Zglh\h]h�f_lh^Z�Fhgl_-DZjeh��
dhlhjuc�iha\hey_l�bkke_^h\Zlv�^hklZlhqgh�[hevrb_�kbkl_fu�\�rbjhdhf�l_fi_jZlmj�
ghf�^bZiZahg_��\�lhf�qbke_�b�\�gbadhl_fi_jZlmjghc�h[eZklb��Ijh^_fhgkljbjh\Zgh�oh�
jhr__�kh]eZkb_�ihemq_gguo�^Zgguo��dZd�k�l_hjb_c��lZd�b�k�wdki_jbf_glhf� 

JZ[hlZ�ih^^_j`ZgZ�]jZglhf�JNNB��ijh_dl�����-02-��������]jZglhf�ij_ab^_glZ�
JN�ih�ih^^_j`d_�\_^msbo�gZmqguo�rdhe��]jZgl���GR-2253.2003.2). 

 
E–mail: magomedov_ma@iwt.ru 

 
 

H�IJBF?GBFHKLB�L?JFHF:=GBLGHC�H;J:;HLDB 
D�MIJ:<E?GBX�F:=GBLGUFB�K<HCKL<:FB�F:L?JB:EH<�

>EY�KIBGLJHGBDB 

H]g_\�:�<���B\Zgh\�X�I� 

>Zevg_\hklhqguc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�� 
Bgklblml�bgnhjfZpbhgguo�l_ogheh]bc 

Fgh]hdhfihg_glgu_�gZgh]jZgmebjh\Zggu_�b� kehbklu_�kbkl_fu� -�gh\uc�deZkk�
fZl_jbZeh\�kibgljhgbdb��h[eZ^Zxsbo�mgbdZevguf�khq_lZgb_f�fZ]gblguo�b�we_dljb�
q_kdbo�k\hckl\��<�ihke_^gb_�]h^u�lZdb_�fZl_jbZeu�gZoh^yl�\k_�[he__�rbjhdh_�ijbf_�
g_gb_� \� \uqbkebl_evghc� l_ogbd_�� we_dljhgbd_�� ]^_� hgb� bkihevamxlky� \� jheb� kqblu�
\Zxsbo�]heh\hd�`_kldbo�^bkdh\��k_gkhjh\�fZ]gblgh]h�ihey��fh^me_c�iZfylb�05$0��

H^gbf�ba�dexq_\uo�nZdlhjh\��hij_^_eyxsbo�ijZdlbq_kdh_�bkihevah\Zgb_�fZl_jbZeh\�
kibgljhgbdb��y\ey_lky�fZ]gblgZy�fbdjhkljmdlmjZ��dhlhjZy�aZ\bkbl�hl�fZ]gblghc�Zgb�
ahljhibb��Bkke_^h\Zgb_�f_lh^h\�dhgljhey�b�fh^bnbdZpbb�Zgbahljhibb�y\ey_lky�bgl_�
j_kghc�b��\�lh`_�\j_fy��keh`ghc�aZ^Zq_c�� 

<�gZklhys_c�jZ[hl_�ij_^klZ\e_gu�j_amevlZlu�bkke_^h\Zgby�ih\_^_gby�fZ]gbl�
ghc� Zgbahljhibb� ijb� gbadhl_fi_jZlmjghf� hl`b]_� \� fZ]gblghf� ihe_� ^ey� ie_ghd�
Kh\Ku\Kh�� MklZgh\e_gguc� l_fi_jZlmjguc� j_`bf� iha\hey_l� ihemqblv� fZdkbfZevgmx�
kbem�dhk\_gghc�Zglbn_jjhfZ]gblghc�h[f_gghc�k\yab�b�\_ebqbgm�wnn_dlZ�]b]Zglkdh]h�
fZ]gblhkhijhlb\e_gby��IjbdeZ^u\Z_fh_� \�ijhp_kk_�hl`b]Z�fZ]gblgh_�ihe_�m\_ebqb�
\Z_l�Zgbahljhighklv�h[jZaph\��bg^mpbjmy�hkv�e_]dh]h�gZfZ]gbqb\Zgby� 
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Jbk�� ���Lhih]jZnbq_kdb_�bah[jZ`_gby�ih\_joghklb�ie_ghd�Kh\Ku\Kh�ihemq_g�

guc�f_lh^hf�:KF�^h��Z��b�ihke_��[��l_jfhfZ]gblghc�h[jZ[hldb�ijb�l_fi_jZlmj_�����
0K�\�l_q_gb_����fbg�\�fZ]gblghf�ihe_���dW� 

DZd�ihdZaZeb�we_dljhggh-fbdjhkdhibq_kdb_�bah[jZ`_gby�b�dZjlbgu�we_dljhg�
ghc� fbdjh^bnjZdpbb� ie_gdb� &R�&X�&R� y\eyxlky� ihebdjbklZeebq_kdbfb� k� jZaf_jhf�
a_jgZ� �5!�  � �-��gf��Ihke_�gbadhl_fi_jZlmjgh]h� hl`b]Z� jZaf_j� a_jgZ�baf_gy_lky�g_�
agZqbl_evgh��H^gZdh�� ba� ij_^klZ\e_gguo� gZ� jbkmgd_� bah[jZ`_gbc�� \b^gh�� qlh� ihke_�
l_jfbq_kdhc� h[jZ[hldb� \� l_q_gb_� qZkZ� kj_^gyy� Zfieblm^Z�r_jhoh\Zlhkl_c� mf_gvrb�
eZkv�[he__�q_f�\�ljb�jZaZ��Z�i_jbh^�m\_ebqbeky�\�����jZaZ��<�j_amevlZl_�wlh]h�\�h[jZapZo�
agZqbl_evgh� \hajZklZ_l� dhk\_ggh_� Zglbn_jjhfZ]gblgh_� \aZbfh^_ckl\b_��>Zevg_crbc�
hl`b]�ijZdlbq_kdb�g_�baf_gy_l�fhjnheh]bx�ih\_joghklb�ie_gdb�b�g_�\eby_l�gZ�dhk�
\_ggmx�h[f_ggmx�k\yav��gh�ijb�wlhf�fZ]gblgh_�ihe_�gZ\h^bl�gh\mx�h^ghhkgmx�Zgbah�
ljhibx�b�m\_ebqb\Z_l�Zgbahljhighklv�ie_gdb��<hafh`guf�f_oZgbafhf��klhev�m^b\b�
l_evguo�ljZgknhjfZpbc��fh`_l�[ulv�^bnnmaby�lhq_qguo�^_n_dlh\�ih�]jZgbpZf�a_j_g��
k�p_evx�ihgb`_gby�fZ]gblhklZlbq_kdhc�wg_j]bb� 

GZklhysZy� klZlvy� ih^]hlh\e_gZ� ih� j_amevlZlZf� bkke_^h\Zgbc�� ijh\_^_gguo� \�
jZfdZo�kh\f_klgh]h�]jZglZ�nmg^Zf_glZevguo�bkke_^h\Zgbc�MjH�J:G�b�><H�J:G� 

E–mail: ognev@lemoi.phys.dvgu.ru 
 
 

FH>?EV�MQ?L:�<HAFH@GUO�F?@KEH?<UO�<A:BFH>?CKL<BC�
<�FGH=HKEHCGUO�G:GHKLJMDLMJ:O 

KZfZj^Zd�:�K� 

>Zevg_\hklhqguc�=hkm^Zjkl\_gguc�Mgb\_jkbl_l 

Bamq_gb_�f_`keh_\uo�\aZbfh^_ckl\bc�\�jZaebqguo�gZghkljmdlmjZo��lZdbo�dZd��
fgh]hkehcgu_�ie_gdb��kibg-\_glbeb��]b[jb^gu_�kbkl_fu��kihkh[kl\m_l�mklZgh\e_gbx�
q_ldhc�nbabq_kdhc�dZjlbgu�d\Zglh\h-jZaf_jguo�wnn_dlh\� �]b]Zglkdh_�fZ]gblhkhijh�
lb\e_gb_��lmgg_evgh_�fZ]gblhkhijhlb\e_gb_��ieZgZjguc�wnn_dl�OheeZ��kibgh\Zy�ih�
eyjbaZpby��� dhlhju_� gZoh^yl�rbjhdh_� ijbf_g_gb_� \� gZghwe_dljhgbd_��F_`keh_\mx�
dhk\_ggmx�h[f_ggmx�k\yav�fh`gh�hp_gblv�lhevdh�f_lh^hf�baf_j_gby�ihey�gZkus_gby�
beb�f_lh^hf� ih^]hgdb�� ijb� dhlhjhf� l_hj_lbq_kdb_�fh^_eb� kjZ\gb\Zxlky� k� wdki_jb�
f_glZevgufb�aZ\bkbfhklyfb��Gh��qZs_�\k_]h��\�wlbo�fh^_eyo�g_�mqblu\Z_lky�\ebygb_�
fZ]gblhklZlbq_kdh]h�\aZbfh^_ckl\by� 

<�^Zgghc�jZ[hl_�ij_^eZ]Z_lky�fh^_ev�mq_lZ�fZ]gblhklZlbq_kdhc�wg_j]bb�\�kehb�
kluo�kbkl_fZo�b�hp_gdZ�__�\deZ^Z�\�h[smx�fZ]gblgmx�wg_j]bx�gZ�ijbf_j_�lj_okehc�
ghc�gZghdjbklZeebq_kdhc�kljmdlmju��ihemq_gghc�fZ]g_ljhgguf�jZkiue_gb_f��Kljmd�

Z� [� 
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lmjZ�fh`_l�khklhylv�ba�^\mo�fZ]gblguo�keh_\��Co, Fe, Ni, Py���jZa^_e_gguo�g_fZ]gbl�
ghc�ijhkehcdhc��Cu, Au, Ti�b�^j����<�^Zevg_cr_f�fh^_ev�[m^_l�Zijh[bjh\ZgZ�gZ�[he__�
keh`guo�fZ]gblguo�gZghkljmdlmjZo� 

>ey�ZgZebaZ�f_`keh_\hc�h[f_gghc�k\yab�fgh]hkehcguo�kljmdlmj�fbgbfbabjm�
_f�iehlghklv�wg_j]bb��\dexqZxsmx�wg_j]bx�A__fZgZ��wg_j]bx�gZ\_^_gghc�Zgbahljh�
ibb�\lhjh]h�b�q_l\_jlh]h�ihjy^dh\��wg_j]bx�[bebg_cghc�b�[bd\Z^jZlbqghc�dhk\_gghc�
h[f_gghc�k\yab�b�fZ]gblhklZlbq_kdmx�wg_j]bx� 
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