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J?R?GB?�A:>:QB�N:DLHJGH=H�:G:EBA: 
K�BKIHEVAH<:GB?F�:IIJHDKBF:GL:�R?I:J>: 

:�K� :gbdbg 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

anikin@icc.ru 

Ih^�aZ^Zq_c�nZdlhjgh]h�ZgZebaZ�ihgbfZ_lky�aZ^ZqZ�\uy\e_gby�kms_kl\_gguo�g_�
aZ\bkbfuo� i_j_f_gguo� g_ba\_klghc� aZdhghf_jghklb� �ihdZaZl_e_c�� nZdlhjh\��� ij_^�
klZ\e_gghc� \� \b^_� baf_j_gguo� wdki_jbf_glZevguo� ^Zgguo� �©h[mqZxs_c� \u[hjdbª���
>ey� ihemq_gby� bgnhjfZpbb� h� agZqbfhklb� i_j_f_gguo� bkihevam_lky� klZlbq_kdZy�fh�
^_ev�\�\b^_�ZiijhdkbfZglZ�R_iZj^Z. 

Bkihevamy�ijbgpbi�l_klbjh\Zgby�^Zgguo�gZ�kZfbo�k_[_� �©f_lh^�dhfbl_lh\ª���ba�
bkoh^guo� ^Zgguo� nhjfbjmxlky� ^\_� \u[hjdb� –� h[mqZxsZy� b� l_klbjmxsZy��GZ� h[m�
qZxs_c�qZklb�\u[hjdb�ijb�ihfhsb�l_ogheh]bb�R_iZj^Z�kljhblky�ZiijhdkbfbjmxsZy�
nmgdpby�� Z� l_klbjmxsZy� \u[hjdZ� bkihevam_lky� ^ey� hp_gdb� dZq_kl\Z� wlhc� nmgdpbb��
L_klbjh\Zgb_� k\h^blky�d�ijhp_^mj_�hp_gdb� agZq_gby�nmgdpbb�\�dZ`^hc� lhqd_� l_klb�
jmxs_c�\u[hjdb�b�\uqbke_gby�kj_^g_]h�b�fZdkbfZevgh]h�©jZa[jhkZª��>ey�lh]h��qlh[u�
j_amevlZlu� lZdh]h� l_klbjh\Zgby� fh`gh� [ueh� kqblZlv� ^hklZlhqgh� ijZ\^hih^h[gufb��
bkoh^gu_�^Zggu_�kemqZcguf�h[jZahf�jZa[b\Zxlky�\�ijhihjpbb��������]^_�����ihiZ�
^Zxl� \�h[mqZxsmx� \u[hjdm�� Z� ����–� \� l_klbjmxsmx�� Z�ijhp_^mjZ� l_klbjh\Zgby�ih�
\lhjy_lky�^hklZlhqgh�[hevrh_�dhebq_kl\h�jZa� �gZijbf_j���������Ih]j_rghklv�ihkljh�
_gghc�fh^_eb�\�ijhp_glZo�hp_gb\Z_lky��ih�nhjfme_�� 100⋅

T

E

C

C
=û ��]^_�CE –�qbkeh�©ijh�

fZoh\ª��g_m^Zqguo�lhq_d�ZiijhdkbfZpbb��� LK  –�qbkeh�we_f_glh\�h[mqZxs_c�\u[hjdb��
?kl_kl\_ggh�kqblZlv��qlh�q_f�f_gvr_�^ZggZy�\_ebqbgZ��l_f�[he__�lhqghc�y\ey_lky�ih�
kljh_ggZy�ZiijhdkbfZpby�� 

GZ�i_j\hf�wlZi_�ij_^eZ]Z_fhc�f_lh^bdb�hdZaZehkv�p_e_khh[jZaguf�\uy\blv�we_�
f_glu� h[mqZxs_c� \u[hjdb� �©ij_p_^_gluª��� \ghkysb_� gZb[hevrbc� ©rmfª� \� ]_g_jb�
jm_fu_�fh^_eb��ijhba\_klb�©qbkldm�bkoh^guo�^Zgguo�ih�]hjbahglZebª��>ey�\uy\e_gby�
lZdbo� we_f_glh\� ijhba\h^blky� ijhp_^mjZ� pbdebq_kdh]h� m^Ze_gby� kljhd� h[mqZxs_c�
\u[hjdb� k� \uqbke_gb_f� jZagbpu�f_`^m� ih]j_rghklvx�fh^_eb� ^h� m^Ze_gby� b� ihke_�
g__��Ihke_� m^Ze_gby� kljhdb� ^ZggZy� hi_jZpby� j_dmjkb\gh� ijbf_gy_lky� d� hklZ\rbfky�
kljhdZf� lj_[m_fh_� dhebq_kl\h� jZa�� <� jy^_� kemqZ_\� ij_^eh`_gguc� ih^oh^� iha\hey_l�
ihemqblv�agZqbl_evgh_�memqr_gb_�dZq_kl\Z�fh^_eb��ijb�gZebqbb�[hevrh]h�©rmfZª�\h�
\oh^guo�^Zgguo�hg�k�\ukhdhc�\_jhylghklvx�[m^_l�m^Ze_g� 

Kh[kl\_ggh�nZdlhjguc�ZgZeba�ij_^klZ\ey_l�kh[hc�ijhp_^mjm�\uy\e_gby�b�m^Ze_�
gby�nZdlhjh\�–�klhe[ph\�h[mqZxs_c�\u[hjdb�ih�ih^h[ghc�hibkZgghc�\ur_�f_lh^bd_�
�©qbkldm� ih� \_jlbdZebª���Ih� j_amevlZlZf� \uqbke_gbc� \u[bjZxlky�b� m^Zeyxlky�i_j_�
f_ggu_��nZdlhju���dhlhju_�\ghkyl�gZb[hevrbc�©rmfª� 

Ij_^eh`_ggu_� f_lh^bdb� ijh]jZffgh� j_Zebah\Zgu� gZ� yaud_� C+ + �� J_amevlZlu�
qbke_gguo�wdki_jbf_glh\�^ey�h^ghc�aZ^Zqb�f_^bpbgkdhc�wdheh]bb�>�@�ijh^_fhgkljb�
jh\Zeb�\hafh`ghklv�mf_gvr_gby�jZaf_jghklb�fh^_e_c�k����nZdlhjh\�^h���[_a�kms_kl�
\_gghc�ihl_jb�lhqghklb� 
1. =hjgh\ :�X��� Dmavf_gdh ?�L��� :gbdbg :�K��� AZjh^gxd L�K�� Ijbf_g_gb_� Ze]hjbl�

fh\�ZiijhdkbfZpbb�wdki_jbf_glZevguo�^Zgguo�\�aZ^Zq_�\uy\e_gby�agZqbfuo�f_�
^bdh-khpbZevguo�nZdlhjh\ ���Kh\j_f_ggu_�l_ogheh]bb��Kbkl_fguc�ZgZeba��Fh^_�
ebjh\Zgb_��–�Bjdmlkd��Bj=MIK��������–�Ki_p� \uimkd��–�K� 92–96. 
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F?LH>�MEMQR?GBY�>EY�>BKDJ?LGUO�IH�<J?F?GB�KBKL?F∗ 

K�;� ;Z^fZpuj_gh\Z 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

kiana@icc.ru 

JZkkfhlj_g� Ze]hjblf� memqr_gby� \lhjh]h� ihjy^dZ�� hkgh\Zgguc� gZ� ^hklZlhqguo�
mkeh\byo�hilbfZevghklb�<�N� Djhlh\Z��^ey�^bkdj_lghc�ih�\j_f_gb�aZ^Zqb�hilbfZevgh�
]h�mijZ\e_gby�kh�k\h[h^guf�ijZ\uf�dhgphf��GZ�gZqZevghf�wlZi_�Ze]hjblfZ�aZ^Z_lky�
mijZ\e_gb_�ba�deZkkZ�^himklbfuo��b�ba�^bkdj_lghc�p_ihqdb�gZoh^blky�gh\h_�nZah\h_�
khklhygb_�� AZl_f� aZ^Z_lky� iZjZf_lj� Ze]hjblfZ�� b� j_rZxlky� ^bkdj_lgu_� g_ebg_cgu_�
\_dlhjgh-fZljbqgu_� mjZ\g_gby� \kihfh]Zl_evghc� kbkl_fu� \� h[jZlghf� \j_f_gb�� aZ\b�
kysb_� hl� \u[jZggh]h� iZjZf_ljZ��<uqbkey_lky� ijbjZs_gb_� ^ey� gh\h]h� mijZ\e_gby�� Z�
lZd`_�kZfh�mijZ\e_gb_��b�\�kbgl_a_�k�gbf�iZjZee_evgh�gZoh^blky�ba�^bkdj_lghc�p_ihq�
db�gh\h_�nZah\h_�khklhygb_��Ijhbkoh^bl�kjZ\g_gb_�agZq_gbc�nmgdpbhgZeh\�gZ�aZ^Zg�
guo� b� gh\uo� mijZ\e_gbb� b� khklhygbb�� ?keb� memqr_gby� g_� ijhbahreh�� lh� iZjZf_lj�
mf_gvrZ_lky��b�ijhp_kk�ih\lhjy_lky�k�fhf_glZ�j_r_gby�\kihfh]Zl_evghc�kbkl_fu� 

<� jZkkfhlj_gghf� Ze]hjblf_� hkgh\gZy� ljm^ghklv� khklhbl� \� jZkq_l_� g_ebg_cghc�
\_dlhjgh-fZljbqghc�kbkl_fu��Ijb�g_m^Zqghf�\u[hj_�iZjZf_ljZ�wlZ�ijhp_^mjZ�fh`_l�
ih\lhjylvky�fgh]hdjZlgh��Keh`gh�\�wlhf�kemqZ_�b�hj]Zgbah\Zlv�h^ghf_jgmx�fbgbfb�
aZpbx� ih� iZjZf_ljm�� ihkdhevdm� lj_[m_lky� ijb� dZ`^hf� \uqbke_gbb�nmgdpbhgZeZ� j_�
rZlv�aZ^Zqb�Dhrb�^ey�bkoh^ghc�b�\kihfh]Zl_evghc�kbkl_f��>ey�mkljZg_gby�wlh]h�g_�
^hklZldZ�[ue�ij_^eh`_g�ih^oh^��hkgh\Zgguc�gZ�jZaeh`_gbb�i_j\hc�b� \lhjhc�ijhba�
\h^ghc�nmgdpbb�Djhlh\Z�ih�iZjZf_ljm�\^hev�aZ^Zgghc�ljZ_dlhjbb��>bkdj_lgu_�p_ihq�
db�^ey�ijhba\h^guo�nmgdpbc�Djhlh\Z�ihemqbebkv�ebg_cgufb�b�g_�aZ\bkysbfb�hl�iZ�
jZf_ljZ��<�j_amevlZl_�keh`gZy�ijhp_^mjZ�fgh]hdjZlgh]h�jZkq_lZ�\kihfh]Zl_evghc�g_�
ebg_cghc� kbkl_fu� k\_eZkv� d� h^ghdjZlghfm� jZkq_lm� b� jZkq_lm� ijhba\h^guo�nmgdpbb�
Djhlh\Z�ih�dhg_qguf�nhjfmeZf��aZ\bkysbf�hl�iZjZf_ljZ� 

Ihemq_gguc�ih^oh^�iha\hebe�kha^Zlv�gh\uc�Ze]hjblf�memqr_gby�\lhjh]h�ihjy^�
dZ��Hkgh\guf� ij_bfms_kl\hf� wlh]h� Ze]hjblfZ� y\ey_lky� \u[hj� agZq_gby�iZjZf_ljZ� k�
ihfhsvx� j_r_gby� aZ^Zqb� h^ghf_jghc�fbgbfbaZpbb�nmgdpbhgZeZ�ih�iZjZf_ljm��Ih�
emq_gZ�fh^bnbdZpby� wlh]h�Ze]hjblfZ�ijb�klZjlh\hf� agZq_gbb�iZjZf_ljZ�jZ\gh]h�gm�
ex��>hdZaZgu�l_hj_fu�j_eZdkZpbhgghklb�b�koh^bfhklb�Ze]hjblfZ� 
1. ;Zlmjbg <�:��� Mj[Zgh\bq >�?�� Ijb[eb`_ggu_� f_lh^u� hilbfZevgh]h� mijZ\e_gby��

hkgh\Zggu_�gZ�ijbgpbi_�jZkrbj_gby��Gh\hkb[bjkd��GZmdZ������� 
2. ;Zlmjbg <�:���Q_j_fguo K�<��MijZ\e_gb_�\u[hjhf�iZjZf_ljh\�\�Ze]hjblfZo�keZ[h�

]h� memqr_gby� \lhjh]h� ihjy^dZ� ^ey� aZ^Zq� hilbfZevgh]h� mijZ\e_gby ��� Ba\_klby�
J:G��L_hjby�b�kbkl_fu�mijZ\e_gby��- 2006. -�� 2. -�K� 54-60. 

3. ;Zlmjbg <�:���>uolZ <�:���FhkdZe_gdh :�B�� b� ^j��F_lh^u� j_r_gby� aZ^Zq� l_hjbb 
mijZ\e_gby�gZ�hkgh\_�ijbgpbiZ�jZkrbj_gby��–�Gh\hkb[bjkd��GZmdZ������� 

                                                 
∗�JZ[hlZ�ih^^_j`ZgZ�JNNB��ijh_dl���-01-00156. 
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BKIHEVAH<:GB?�<?DLHJGUO�KN?JBQ?KDBO�=:JFHGBD 
<�LJ?OF?JGHC�<?DLHJGHC�LHFH=J:NBB 

:�E� ;ZeZg^bg 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

balandin@icc.ru 

<_dlhjgu_� kn_jbq_kdb_� ]Zjfhgbdb� �<K=�� �jZ\gh� dZd� b� l_gahjgu_� kn_jbq_kdb_�
]Zjfhgbdb�� \klj_qZxlky� \h�fgh]bo� h[eZklyo�bg`_g_jghc�b� l_hj_lbq_kdhc�nbabdb��<�
qZklghklb��hgb�bkihevamxlky�\�d\Zglh\hc�f_oZgbd_��y^_jghc�nbabd_��l_hjbb�jZkk_ygby��
<�^Zgghc�jZ[hl_�ij_^eZ]Z_lky�bkihevah\Zlv�<K=�^ey�j_r_gby�ijh[e_fu��-D�\_dlhjghc�
lhfh]jZnbb� 

Ij_^iheZ]Z_lky�� qlh� \_dlhjgh_� ihe_� ( )xg � hij_^_e_gh� \� _^bgbqghf� rZj_�
{ }3 3x x 1= ∈ <� � �k�gme_\ufb�agZq_gbyfb�gZ�]jZgbp_� 3∂� ��Dhfihg_glu�\_dlhjgh]h�

ihey� ijbgZ^e_`Zl� khhl\_lkl\mxs_fm� ijhkljZgkl\m�Kh[he_\Z� >�@��Ijh[e_fZ 3-D� \_d�
lhjghc� lhfh]jZnbb�khklhbl�\�j_dhgkljmdpbb�\_dlhjgh]h�ihey� ( )xg �\�h[eZklb� 3

� �ih�
g_dhlhjhfm� gZ[hjm� ijh_dpbhgguo� ^Zgguo�� l�_�� ih� _]h� emq_\hfm� ij_h[jZah\Zgbx�� <�
h[s_f�\b^_�ijh_dpbhggu_�^Zggu_�fh`gh�aZibkZlv�\�\b^_ 

( )( ) ( ) ( ) ( )x,n x,n = x n ng g g l dlχ
∞

−∞

≡ + ⋅∫�
0 ,    (1) 

]^_� n –� _^bgbqguc� \_dlhj�� hjb_glbjh\Zgguc� \^hev� ebgbb� gZ[ex^_gby�� \_dlhj-
nmgdpby� χ �aZ\bkbl�hl�nbabq_kdh]h�f_lh^Z�baf_j_gby�b��gZijbf_j��^ey�ki_dljZevguo�
baf_j_gbc� nχ ≡ . 

Hjlh]hgZevgZy� kbkl_fZ�<K=� y\ey_lky� m^h[guf� [Zabkhf� ^ey� ij_^klZ\e_gby� \_d�
lhjgh]h� ihey� b� ijh_dpbhgguo� ^Zgguo��>ey� ki_dljZevguo� baf_j_gbc�� dhlhju_� qZklh�
bf_xl�f_klh�\�ieZaf_gguo�wdki_jbf_glZo��ijh[e_fZ�j_dhgkljmdpbb�\_dlhjgh]h�ihey�
ih�ijh_dpbhgguf�^Zgguf�j_^mpbjm_lky�d�mjZ\g_gbyf�<hevl_jjZ�i_j\h]h�jh^Z�hlghkb�
l_evgh�dhwnnbpb_glh\�jZaeh`_gby��Ohly�ki_dljZevgu_�baf_j_gby�iha\heyxl�j_dhgkl�
jmbjh\Zlv� lhevdh� khe_ghb^Zevgmx�dhfihg_glm�\_dlhjgh]h�ihey�� ]jZ^b_glgmx�khklZ\�
eyxsmx�fh`gh�hij_^_eblv�dZd�j_r_gb_�]jZgbqghc�aZ^Zqb�^ey�mjZ\g_gby�EZieZkZ�beb�
bkihevah\Zlv�ihi_j_qgh_�emq_\h_�ij_h[jZah\Zgb_� >�@��Qbke_ggh_�fh^_ebjh\Zgb_�k�bk�
ihevah\Zgb_f�jZaebqguo�fh^_e_c�\_dlhjgh]h�ihey�ihdZaZeh��qlh�lhiheh]by�\_dlhjgh]h�
ihey�\hkklZgZ\eb\Z_lky�k�ijb_fe_fhc�lhqghklvx� 
1. Derevtsov E.Yu., Kazantsev S.G. Th. Schuster Polynomial bases for subspaces of vector 

fields in the unit ball . Method of ridge functions // J. Ill -Posed Problems, 2006. – V. 15, 
� 1. – P. 1-38. 

2. RZjZnml^bgh\ <�:�� Bgl_]jZevgZy� ]_hf_ljby� l_gahjguo� ihe_c�� – Gh\hkb[bjkd��
GZmdZ��������– 231 k� 
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=?L?JH=?GG:Y�FH>?EV�B�BGNHJF:PBHGGU?�L?OGHEH=BB�>EY 
BKKE?>H<:GBY�L?OGH=?GGHC�;?AHI:KGHKLB�H;T?DLH<* 

:�N� ;_jfZg��H�:� GbdheZcqmd��:�B� IZ\eh\��:�X� Xjbg 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

berman@icc.ru 
:dlmZevghklv�ijh[e_fu�l_ogh]_gghc�[_ahiZkghklb�gbkdhevdh�g_�kgb`Z_lky��M\_�

ebqb\Z_lky�dhebq_kl\h�\aju\h\�b�ih`Zjh\�\�ijhfure_gghklb�b�\�`behf�k_dlhj_��:\Z�
jbb�\�`bebsgh-dhffmgZevghf�ohayckl\_��gZ�`_e_agh^hjh`ghf�b�Z\bZpbhgghf�ljZgk�
ihjl_��gZ�\h_gguo�h[t_dlZo�k\b^_l_evkl\mxl�h�g_h[oh^bfhklb�kh\_jr_gkl\h\Zgby�f_�
lh^h\�b�kj_^kl\�h[_ki_q_gby�l_ogh]_gghc�[_ahiZkghklb��^Ze__�L;�� 

>ey�kgb`_gby�jbkdZ�l_ogh]_gguo�QK�g_h[oh^bfh�kha^Zgb_�f_`^bkpbiebgZjghc�
f_lh^heh]bb�bkke_^h\Zgby�b�h[_ki_q_gby�L;��qlh�lj_[m_l�ijh\_^_gby�dhfie_dkZ�gZmq�
guo�bkke_^h\Zgbc��\dexqZxs_]h�fZl_fZlbq_kdh_�fh^_ebjh\Zgb_�dZd�ijhp_kkZ�bkke_�
^h\Zgby�� lZd�b�ijhp_kkZ�h[_ki_q_gby�[_ahiZkghklb�� Z� lZd`_�jZajZ[hldm�ijh]jZffguo�
kbkl_f�^ey�Z\lhfZlbaZpbb�bkke_^h\Zgbc� 

Ij_^eZ]Z_lky� ij_^klZ\blv� hiZkguc� h[t_dl� \� \b^_� ^bkdj_lgh-g_ij_ju\ghc�
kbkl_fu��]_l_jh]_gghc�kbkl_fu���hljZ`Zxs_c�ijhp_kk�baf_g_gby�khklhygbc�\�nZah\hf�
ijhkljZgkl\_��Khklhygb_�jZkkfZljb\Z_fuo�kbkl_f�baf_gy_lky�g_ij_ju\gh�b�^bkdj_lgh�
\� aZ\bkbfhklb� hl� \b^Z� b� agZq_gby� g_dhlhjuo� iZjZf_ljh\�� oZjZdl_jbamxsbo� dZ`^h_�
nZah\h_� ijhkljZgkl\h��>bkdj_lgu_� k\hckl\Z� kbkl_fu� hij_^_eyxlky� g_h[oh^bfhklvx�
jZa[b_gby�ijhkljZgkl\Z�khklhygbc�gZ�ih^ijhkljZgkl\Z�^ey�hlh[jZ`_gby�gZ[ex^_gbc��
oZjZdl_jbamxsbo� dZj^bgZevgmx� kf_gm� khklhygbc� ijb� i_j_oh^_� ba� h^gh]h�
ih^ijhkljZgkl\Z� \�^jm]h_�� AZdhghf_jghklb�i_j_oh^Z� khklhygbc�ij_^eZ]Z_lky� hibkZlv�
bgnhjfZpbhggh-eh]bdh-fZl_fZlbq_kdhc� fh^_evx� �]_l_jh]_gghc� fh^_evx���
ij_^klZ\e_gghc� khq_lZgb_f� ^Zgguo� b� agZgbc�� ojZgysboky� \� [ZaZo� ^Zgguo�� [ZaZo�
agZgbc�� hglheh]byo� b� fZl_fZlbq_kdbo� fh^meyo�� Ih^ijhkljZgkl\Z� khklhygbc�
hij_^_e_gu� gZ� hkgh\_� h[h[s_ggh]h� ijbqbggh-ke_^kl\_ggh]h� dhfie_dkZ� ijhp_kkZ�
baf_g_gby� khklhygbc�� Ij_^eZ]Z_fZy� fh^_ev� hkgh\ZgZ� gZ� Z]j_]Zlghc� fh^_eb�� ]^_�
dhfihg_glu�bf_xl�^_l_jfbgbjh\Zggmx�ijbjh^m� 

GZ� hkgh\_� jZajZ[hlZgghc� fh^_eb� ij_^eh`_g� Ze]hjblf� bkke_^h\Zgby� ^bgZfbdb�
khklhygbc� hiZkgh]h� h[t_dlZ�� :e]hjblf� j_Zebam_l� ihkljh_gb_� ]jZnZ�� hljZ`Zxs_]h�
^bgZfbdm� l_ogbq_kdbo� khklhygbc� h[t_dlZ� ijb� j_r_gbb� aZ^Zq� b^_glbnbdZpbb��
ijh]ghabjh\Zgby�b�]_g_abkZ� 

Wdki_jlgu_� agZgby� y\eyxlky� dexq_\uf� hibkZgb_f� aZdhghf_jghkl_c� i_j_oh^Z�
khklhygbc�� lZd� dZd� hlkmlkl\mxl� ZgZeblbq_kdb_� aZ\bkbfhklb�� k\yau\Zxsb_� k\hckl\Z�
h[t_dlh\�� \ha^_ckl\mxsb_�nZdlhju� k� \hafh`gufb�iZjZf_ljZfb� Z\Zjbc�b�dZlZkljhn��
GZ�hkgh\_�ij_p_^_glgh]h�b�ijh^mdpbhggh]h�ih^oh^h\�jZajZ[hlZgu�fh^_eb�ij_p_^_glZ��
ijh^mdpbhgguo� [Za� agZgbc�� bo� ]b[jb^gh]h� ij_^klZ\e_gby� � b� Ze]hjblfu� h[jZ[hldb�
agZgbc� 

>ey� j_ZebaZpbb� bgnhjfZpbhggh-eh]bdh-fZl_fZlbq_kdhc� fh^_eb� b� h[_ki_q_gby�
bkke_^h\Zgbc�gZ�wlhc�fh^_eb�ij_^eh`_gZ�l_ogheh]by dhfihg_glghc�k[hjdb�bgnhjfZ�
pbhggh-ZgZeblbq_kdhc�kbkl_fu�Z\lhfZlbaZpbb�bkke_^h\Zgbc��Ij_^eh`_gZ�h[h[s_ggZy�
fh^_ev� dhfihg_glZ�� gZ� hkgh\_� dhlhjhc� jZajZ[hlZgu�fh^_eb� ijh^mdpbhggh]h�� ij_p_�
^_glgh]h�b�fZl_fZlbq_kdh]h�dhfihg_glh\� 

 

                                                 
*�JZ[hlZ�ih^^_j`b\Z_lky�]jZglhf�ij_ab^_glZ�JN�ih�ijh_dlm�� GR-�������������ijh]jZffhc�nmg^Zf_g�
lZevguo�bkke_^h\Zgbc�HWFFIM�J:G��Z�lZd`_�©Nhg^hf�kh^_ckl\by�hl_q_kl\_gghc�gZmd_ª� 
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H;�HKH;?GGHKLYO�:JOBL?DLMJU�SAT-J?R:L?E?C�< 
A:>:Q:O�H;J:S?GBY�>BKDJ?LGUO�NMGDPBC 

>�<� ;_kiZeh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

bespalov@altrixsoft.com 

<�jZ[hlZo�>�-�@�[ue�jZa\bl�ijhihabpbhgZevguc�ih^oh^�d�h[jZs_gbx�^bkdj_lguo�
nmgdpbc� ba� h^gh]h� deZkkZ� >�@��<� hkgh\_�^Zggh]h�ih^oh^Z� e_`bl�ij_^klZ\e_gb_� Ze]h�
jblfh\�\uqbke_gby�^bkdj_lguo�nmgdpbc�eh]bq_kdbfb�mjZ\g_gbyfb�\b^Z� ©DGN �ª�k�
ihke_^mxsbf� j_r_gb_f� ihemqZ_fuo� SAT-aZ^Zq� kh\j_f_ggufb� \ukhdhkdhjhklgufb�
SAT-j_rZl_eyfb��Z^Zilbjh\Zggufb�^ey�jZkkfZljb\Z_fh]h�deZkkZ�aZ^Zq�>�@� 

<�gZklhys_f�khh[s_gbb�jZkkfhlj_gu�g_dhlhju_�oZjZdl_jgu_�hkh[_gghklb�Zjob�
l_dlmju�SAT-j_rZl_e_c��bkihevam_fuo�^ey�j_r_gby�SAL-aZ^Zq��dh^bjmxsbo�h[jZs_�
gb_�^bkdj_lguo�nmgdpbc��HibkZgu�ijhp_^mju�ihkljh_gby�dhgnebdlguo�^batxgdlh\��
kh^_j`Zsbo�lhevdh�i_j_f_ggu_�y^jZ�\u\h^Z��>ZggZy�ijhp_^mjZ�[Zabjm_lky�gZ�ba\_kl�
ghc�©UIP»-w\jbklbd_� >�@��h^gZdh�bkihevam_l�bgnhjfZpbx�lhevdh�hl�y^jh\uo�i_j_f_g�
guo�� LZd`_� ijb\_^_gh� hibkZgb_� gh\hc� kljmdlmju� ^Zgguo�� y\eyxs_cky� memqr_gb_f�
ba\_klghc� kljmdlmju� ©watched literalsª��>ZggZy� kljmdlmjZ�nb]mjbjm_l� \� klZlv_ >�@�� gh�
Z\lhjhf�^Zgghc�aZf_ldb�hgZ�[ueZ�ij_^eh`_gZ�g_aZ\bkbfh� 

HilbfbaZpby� Zjobl_dlmju� SAT-j_rZl_e_c� k� mq_lhf� jZkkfZljb\Z_fuo� \� jZ[hl_�
hkh[_gghkl_c�iha\hebeZ�kms_kl\_ggh�mkdhjblv�eh]bq_kdbc�ihbkd�\�aZ^ZqZo�h[jZs_gby�
g_dhlhjuo�djbilh]jZnbq_kdbo�nmgdpbc�>�@� 
1. AZbdbg H�K��� K_f_gh\ :�:�� L_ogheh]by� djmigh[ehqgh]h� iZjZee_ebafZ� \� 6$7-

aZ^ZqZo ���Ijh[e_fu�mijZ\e_gby��– 2008. –�� 1. –�K� 43–50. 
2. K_f_gh\ :�:��� AZbdbg H�K�� G_ihegu_� Ze]hjblfu� \� djmigh[ehqghf� iZjZee_ebaf_�

dhf[bgZlhjguo� aZ^Zq ��� <uqbkebl_evgu_� f_lh^u� b� ijh]jZffbjh\Zgb_�� – 2008. – 
L� ���� 1. –�K� 112–122. 

3. K_f_gh\ :�:���AZbdbg H�K���;_kiZeh\ >�<���MrZdh\ :�:��SAT-ih^oh^�\�djbilhZgZ�
eba_� g_dhlhjuo� kbkl_f� ihlhqgh]h�rbnjh\Zgby ���<uqbkebl_evgu_� l_ogheh]bb�� – 
2008. –�L� ����� 6. –�K� 134-150. 

4. K_f_gh\ :�:�� H� keh`ghklb� h[jZs_gby� ^bkdj_lguo� nmgdpbc� ba� h^gh]h� deZkkZ // 
>bkdj_lguc�ZgZeba�b�bkke_^h\Zgb_�hi_jZpbc��– 2004. –�L� ���������–�K� 44-55. 

5. K_f_gh\ :�:���AZbdbg H�K���;_kiZeh\ >�<���;mjh\ I�K���Of_evgh\ :�?��J_r_gb_�aZ�
^Zq�h[jZs_gby�^bkdj_lguo�nmgdpbc�gZ�fgh]hijhp_kkhjguo�\uqbkebl_evguo�kbk�
l_fZo ���Ljm^u�Q_l\_jlhc�F_`^mgZjh^ghc� dhgn_j_gpbb� ©IZjZee_evgu_� \uqbke_�
gby�b�aZ^Zqb�mijZ\e_gbyª�PACO’2008, 26-���hdly[jy�������–�F���������–�K� 152-176. 

6. Zhang L., Madigan C., Moskewicz M., Malik S. Eff icient conflict driven learning in a 
Boolean  satisfiabilit y solver // In Proc. of the International Conference on Computer 
Aided Design (ICCAD). – 2001. – J. 279-285. 

7. Chu G., Harwood A., Stuckey P.J. Cache Conscious Data Structures for Boolean Satisfi-
abilit y Solvers // Journal on SAT, Boolean Modeling and Computation (In appear). 
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J:KIJ?>?E?GG:Y�FH>?EV�KBKL?FU�F:KKH<H=H�H;KEM@B<:GBY 

<�=� ;h]^Zgh\Z��:�<� EZjbgZ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

bvg@icc.ru, 64lzn@mail .ru 

Bkke_^h\Zgb_�b�ZgZeba�kbkl_f�fZkkh\h]h�h[kem`b\Zgby��KFH��k�ihfhsvx�f_lh�
^h\�fZl_fZlbq_kdh]h�fh^_ebjh\Zgby�gZ�ijZdlbd_� aZqZklmx�g_\hafh`gu�[_a�ijbf_g_�
gby�kj_^kl\�b�f_lh^h\�bfblZpbhggh]h�fh^_ebjh\Zgby��dhlhjh_�iha\hey_l�mq_klv�[hev�
rh_�dhebq_kl\h�j_Zevguo�^_lZe_c�nmgdpbhgbjh\Zgby�fh^_ebjm_fh]h�h[t_dlZ��H^gZdh�
bfblZpbhggh_�fh^_ebjh\Zgb_�lj_[m_l�bkihevah\Zgby�klZlbklbq_kdbo�f_lh^h\��ijb\h�
^ysbo�d�[hevrbf�aZljZlZf�fZrbggh]h�\j_f_gb�b�\uqbkebl_evguo�j_kmjkh\��H^gbf�ba�
iml_c�j_r_gby�^Zgghc�ijh[e_fu�y\ey_lky�\uiheg_gb_�jZkq_lh\�\�jZkij_^_e_gghc�\u�
qbkebl_evghc�kj_^_��J<K���gZijbf_j��gZ�deZkl_jZo� 

<� ^hdeZ^_� ij_^klZ\e_gZ� jZajZ[hlZggZy� ^ey� bkke_^h\Zgby� KFH� jZkij_^_e_ggZy�
bfblZpbhggZy�fh^_ev 

RTYUSM ,,,,= , 

]^_� { }ksssS ,...,, 21=  –�fgh`_kl\h�k_]f_glh\�fh^_eb�� { }muuuU ,...,, 21=  –�fgh`_kl\h�mkl�
jhckl\�� bkihevam_fuo� \� fh^_eb�� { }pyyyY ,...,, 21=  –� fgh`_kl\h� maeh\� J<K��

{ }ktttT ,...,, 21=  –�fgh`_kl\h�agZq_gbc�\j_f_gb�\uiheg_gby�dZ`^h]h�k_]f_glZ� is S∈ �gZ�
h^ghf�mae_�ba�Y, SUR ×⊆  – hlghr_gb_��hij_^_eyxs__�\aZbfhk\yav�k_]f_glh\�ba� S �b�
mkljhckl\�ba�U ��Hlghr_gb_ R � aZ^Z_lky�\�\b^_�[me_\hc�fZljbpu�jZaf_jghklb� km× , 
we_f_gl�dhlhjhc� 1=ijr �hagZqZ_l��qlh�mkljhckl\h� iu �bkihevam_lky�\�k_]f_gl_� js . 

Fgh`_kl\h� { }n
n qqqQ ,...,, 21= ��khklhys__�ba� n �we_f_glh\�b�y\eyxs__ky�ih^fgh�

`_kl\hf�k_]f_glh\�ba�S , SQn ⊆ , kn ≤≤0 ��[m^_f�gZau\Zlv� -dhcn . 

;m^_f�gZau\Zlv� -dmn  nQ �g_aZ\bkbfhc��_keb�\uihegy_lky�ke_^mxs__�mkeh\b_� 
( )

/

0il ij
i I j J L l L

r r
∈ ∈ ∈

∧ =� � � , 

]^_�fgh`_kl\Z� I �b� J �khklhyl�khhl\_lkl\_ggh�ba�bg^_dkh\�kljhd�b�klhe[ph\�fZljbpu�
R ��Z� { }nlllL ,...,, 21= �\dexqZ_l�bg^_dku�k_]f_glh\�ba� nQ , JL ⊆ ��Wlh�mkeh\b_�]ZjZglb�
jm_l��qlh�k_]f_glu� -dbn  nQ �g_�bf_xl�h[sbo�mkljhckl\�k�k_]f_glZfb��g_�ijbgZ^e_`Z�
sbfb� nQ . 

Ij_^eh`_ggZy� jZkij_^_e_ggZy�fh^_ev�M�bkihevam_lky�ijb�hj]ZgbaZpbb�jZkij_�
^_e_ggh]h�bfblZpbhggh]h�fh^_ebjh\Zgby�KFH��>ey�wlh]h�gZ�i_j\hf�wlZi_�ijh\h^blky�
^_dhfihabpby�fgh`_kl\Z�k_]f_glh\� S �gZ�g_aZ\bkbfu_� -dbn ��Z�aZl_f�kljhblky�hlghr_�
gb_� YSG ×⊆ ��h[_ki_qb\Zxs__�k[ZeZgkbjh\Zggh_�jZkij_^_e_gb_�\u^_e_gguo� -hdn �ih�
maeZf�J<K� Yyi ∈ . 

<� h[s_f� kemqZ_� aZ^ZqZ� ihemq_gby� k[ZeZgkbjh\Zggh]h� jZkij_^_e_gby� y\ey_lky�
NP-ljm^ghc�>�@�b�lj_[m_l�ki_pbZevguo�bgl_ee_dlmZevguo�kj_^kl\�^ey�__�wnn_dlb\gh]h�
j_r_gby��<�dZq_kl\_�lZdh]h�kj_^kl\Z�\�^Zevg_cr_f�ij_^iheZ]Z_lky�bkihevah\Zgb_�bg�
kljmf_glZevgh]h�dhfie_dkZ�©J_[mkª�>�]. 

1. =wjb F��<uqbkebl_evgu_�fZrbgu�b�ljm^gh�j_rZ_fu_� aZ^Zqb ��F� =wjb��>� >`hg�
khg��–�F���Fbj������� 

2. HiZjbg =�:���;h]^Zgh\Z <�=��J_[mk�–�bgl_ee_dlmZevguc�j_rZl_ev� aZ^Zq�\�[me_\uo�
h]jZgbq_gbyo ���<_klgbd�L=M��Ijbeh`_gb_��– 2006. –�� 18. –�K� 243-247. 
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H�J:AJ?RBFHKLB�G?EBG?CGUO�:E=?;JH->BN?J?GPB:EVGUO 
KBKL?F�HLGHKBL?EVGH�KL:JRBO�IJHBA<H>GUO 

X�?� ;hyjbgp_\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

bojar33@mail .ru 

<_dlhjgZy�kbkl_fZ�\b^Z 
( ), , 0f x x t′ = , 

m�dhlhjhc�fZljbpZ�Ydh[b�ih�\_dlhjm� x′ �\ujh`^_gZ��g_�ijb\h^bfZ��\hh[s_�]h\hjy��d�
g_\ujh`^_gghc�kbkl_f_� ( ),x x tϕ′ = . 

;he__�lh]h��hgb�g_�ijb\h^ylky�lZd`_�b�d�kbkl_f_� ( ) ( )( )1 , , , ,d dx x x x tϕ − ′= � �k�ihjy^�
dhf�ijhba\h^guo� 1d > ��Wlh�e_]dh�ihgylv�ijb�jZkkfhlj_gbb�kbkl_fu� ( ) ( ),Ax f x t′ = ��m�
dhlhjhc� fZljbpZ� A � y\ey_lky� \ujh`^_gghc��Kj_^b� lZdbo� kbkl_f� gZb[he__� ihegu_� b�
dhgkljmdlb\gu_�j_amevlZlu�ihemqZxlky�ijb�jZkkfhlj_gbb�kbkl_f�\b^Z 

( ) ( ),Ax Bx x tϕ′ = + ,        (1) 

m�dhlhjhc�iZjZ�fZljbp� ( ),A B �y\ey_lky�j_]meyjghc��bf_xs_c�bg^_dk� 0d > . 

KijZ\_^eb\u�l_hj_fu� 
L_hj_fZ 1. Ijb�ij_^iheh`_gbb�^hklZlhqghc�]eZ^dhklb�nmgdpbb� ( ),f x t �ex[h_�

j_r_gb_�kbkl_fu ����m^h\e_l\hjy_l�mjZ\g_gbx 

( )
1

0
1

,
id

i
i

d
x C Ax C f x t

dt

−

=

 = +   
∑ , 

]^_� 0C , 1C , …, dC  –�[Zah\u_�fZljbpu��m^h\e_l\hjyxsb_�kbkl_f_ 
1i iAC BC E+= + ,  1i iC A C B E+= + ,  0, 1, , 1i d= −� ; 

0dC A = ,  0dAC = ,  0 0C CAC= ,  1 1 1C C BC= − . 

H[jZlgh_�lZd`_�\_jgh� 
L_hj_fZ 2. ?keb�gZ�j_r_gbyo� ( )x t �kbkl_fu ����\uiheg_gh�jZ\_gkl\h 

( )2 ,
0

C f x t
x

x

∂
′⋅ =

∂
,      (2) 

lh 
( )

( )
1

1

,
id

i
i

x CAx C f x t
t

−

=

∂ = +  ∂ 
∑ . 

L_hj_fZ �� iha\hey_l� dhgkljmbjh\Zlv� qbke_ggu_� f_lh^u� j_r_gby� iZju� hij_^_�
e_gguo� kbkl_f ����� �����Ijb� wlhf� mjZ\g_gb_� ���� hq_\b^gh� \uihegy_lky� \� ke_^mxsbo�
kemqZyo� 

1. \_dlhj-nmgdpby� ( ),f x t �aZ\bkbl�lhevdh�hl� t . 

2. dhfihg_glu� ( ),f x t �aZ\bkyl�lhevdh�hl� x �b�y\eyxlky�ihebghfZfb� 
3. bg^_dk� 1d = . 

1. ;hyjbgp_\ X�?���Hjeh\Z B�<��Imqdb� fZljbp� b� Ze]_[jh-^bnn_j_gpbZevgu_� kbkl_�
fu��–�Gh\hkb[bjkd��GZmdZ��������– 123 k� 

2. ;hyjbgp_\ X�?��Ijbf_g_gb_�[Zah\uo�fZljbp�d�j_r_gbx�b�bkke_^h\Zgbx�Ze]_[jh-
^bnn_j_gpbZevguo�kbkl_f��–�Gh\hkb[bjkd��������–��\�i_qZlb�� 
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><?�A:>:QB�H�KL:;BEBA:PBB* 

E�:� ;mjeZdh\Z 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

irteg@icc.ru 

JZkkfhlj_gu�^\_�ihl_gpbZevgu_�kbkl_fu��\�dhlhjuo�^_ckl\mxl�lZdb_�kbeu��qlh�
kbeh\Zy�nmgdpby�g_�bf__l�fZdkbfmfZ�\�iheh`_gbb�jZ\gh\_kby�� 

I. Bkke_^m_f� aZ^Zqm�h�klZ[bebaZpbb�iheh`_gby�jZ\gh\_kby�we_dljbq_kdh]h� aZjy�
^Z E �fZ]gblguf�ihe_f�H �>�@��>bnn_j_gpbZevgu_�mjZ\g_gby�^\b`_gby�\�i_j\hf�ijb�
[eb`_gbb�bf_xl�\b^ 

[ ],
ψ∂= − +

∂
x x H

x
�� � , 

( ), 2Aψ = x x , ( )1 2 3, ,H H H=H , ( )1 2 3, ,A diag a a a= . 

Kbkl_fZ� bf__l� ljb� kl_i_gb� k\h[h^u�� b� ihlhfm� fZljbpZ� ]bjhkdhibq_kdbo� �fZ]�
gblguo��kbe�\ujh`^_gZ��>ey�we_dljbq_kdh]h�aZjy^Z� 0=divE ��ke_^h\Zl_evgh��dhwnnb�
pb_glu� ia �bf_xl�jZagu_� agZdb��Kbeh\Zy�nmgdpby�kbkl_fu�agZdhi_j_f_ggZ��=bjhkdh�
ibq_kdZy� klZ[bebaZpby�\hafh`gZ� lhevdh� \� kemqZ_��dh]^Z� 1 2 3 0a a a > ��>\mfy�kihkh[Zfb�
ihemq_gu�mkeh\by�]bjhkdhibq_kdhc�klZ[bebaZpbb�g_mklhcqb\hc�ihl_gpbZevghc�kbkl_�
fu��<uiheg_g�bo�iheguc�ZgZeba��IhdZaZgh��qlh�kbkl_fZ�fh`_l�[ulv�klZ[bebabjh\ZgZ�
^h�Zkbfilhlbq_kdhc�\\_^_gb_f�mkdhjyxsbo�b�^bkkbiZlb\guo�kbe� 

II . JZkkfhljbf� kbkl_fm� ^bnn_j_gpbZevguo� mjZ\g_gbc�� hibku\Zxsbo� \� [_ajZa�
f_jghf� \b^_� \�i_j\hf�ijb[eb`_gbb�^\b`_gb_� l_eZ� k� we_dljbq_kdbf� aZjy^hf�\� we_d�
ljhklZlbq_kdhf�ihe_��lZd`_�^\b`_gb_�ih^\b`gh]h�fZ]gblZ�\�ihe_�g_ih^\b`gh]h��>�@� 

( ) ( )0, 0x H y Hα δ β χ α β δ α χ β− − − + = − − + + =� ���� � , 

( ) ( )0, 0x x y yδα δ β− − = − − =�� �� . 

Kbeh\Zy� nmgdpby� kbkl_fu� \� iheh`_gbb� jZ\gh\_kby� ^hklb]Z_l� fbgbfmfZ�
( )0χ > ��DZd�b�\�i_j\hf�ijbf_j_�fZljbpZ�]bjhkdhibq_kdbo�kbe�\ujh`^_gZ��Ihkljh_gh�
3D-ij_^klZ\e_gb_�h[eZklb�baf_g_gby�iZjZf_ljh\�kbkl_fu�^ey�]bjhkdhibq_kdhc�klZ[b�
ebaZpbb��H[km`^Z_lky�\hijhk�h�\hafh`ghklb�^hklb`_gby�Zkbfilhlbq_kdhc�mklhcqb\h�
klb�aZ�kq_l�^hihegbl_evguo�kbe��\�^Zgghf�kemqZ_�^bkkbiZlb\guo�b�g_dhgk_j\Zlb\guo��
lZd�dZd�^h[Z\e_gb_� lhevdh�kdhjhklguo�kbe�\�jZkkfZljb\Z_fhf�ijbf_j_�wlm�ijh[e_fm�
g_�j_rZ_l� 
1. Dhaeh\ <�<��H�klZ[bebaZpbb�g_mklhcqb\uo�jZ\gh\_kbc� aZjy^h\�kbevgufb�fZ]gbl�

gufb�iheyfb ���IFF��– 1997. –�L� ����\ui� 3. – C. 390-397. 
2. >_gbkh\ =�=���Gh\bdh\ <�<���N_^hjh\ :�?��H�e_\blZpbb� l_eZ��g_kms_]h� we_dljbq_�

kdbc�aZjy^��\�we_dljhklZlbq_kdhf�ihe_ ���Ba\_klby�J:G��F_oZgbdZ�l\_j^h]h�l_eZ��– 
2007. –�� 6. – K� 4-13. 

                                                 
*�JZ[hlZ�\uiheg_gZ�ijb�qZklbqghc�ih^^_j`d_�,17$6-6%�5$6��]jZgl�����-1000013-9019). 
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=?HBGNHJF:PBHGGU?�L?OGHEH=BB�<�A:>:Q:O�MIJ:<E?GBY 
L?JJBLHJB:EVGUF�J:A<BLB?F 

B�<� ;uqdh\��:�K� =Zq_gdh��=�F� Jm`gbdh\��:�?� Of_evgh\��?�K� N_j_n_jh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

gachenko@icc.ru 

Hlkmlkl\b_�_^bghc�dhfie_dkghc�kbkl_fghc�bgnhjfZpbb�–�h^gZ�ba�kms_kl\_gguo�ijbqbg�g_kh]eZkh\Zgghklb�j_r_gbc�ih�jZa\blbx�l_jjblhjbc��ijbgbfZ_fuo�hj]ZgZfb�f_klgh]h� kZfhmijZ\e_gby�gZ�jZaebqguo�mjh\gyo� \eZklb��ihwlhfm�h^gbf�ba�hkgh\guo�gZijZ\e_gbc�ijh\h^bfhc�Z^fbgbkljZlb\ghc�j_nhjfu�y\ey_lky�fh^_jgbaZpby�kbkl_fu�bgnhjfZpbhggh]h� h[_ki_q_gby� hj]Zgh\� bkihegbl_evghc� \eZklb� gZ� hkgh\_� kha^Zgby�dhfie_dkZ� bgnhjfZpbhgguo� j_kmjkh\� b� bgnhjfZpbhggh-ZgZeblbq_kdbo� kbkl_f� ih^�^_j`db�ijbgylby�mijZ\e_gq_kdbo�j_r_gbc�\�kn_j_�`bag_^_yl_evghklb� <g_^j_gb_� ]_hbgnhjfZpbhgguo� kbkl_f� �=BK�� \� bgnhjfZpbhggh-ZgZeblbq_kdbo�dhfie_dkZo� h[mkeh\e_gh� Z^_d\Zlghklvx� bo� ijh]jZffgh]h� h[_ki_q_gby� oZjZdl_jm� j_�rZ_fuo� l_jjblhjbZevguo� aZ^Zq�� \hafh`ghklvx� bkihevah\Zgby� l_fZlbq_kdbo� ijh�kljZgkl\_ggh-jZkij_^_ezgguo� ^Zgguo� �IJ>�� b� _^bghc� pbnjh\hc�fh^_eb� l_jjblhjbb�^ey�ijbgylby�j_r_gbc��bo�nbdkZpbb��hlh[jZ`_gby�ihke_^kl\bc��?^bgZy�pbnjh\Zy�fh�^_ev� l_jjblhjbb�� y\eyykv�kbkl_fhh[jZamxsbf�nZdlhjhf��iha\hey_l�h[h[sZlv�b�Z]j_�]bjh\Zlv�IJ>��ih^^_j`b\Zlv�\u[hj�b�ZgZeba�mijZ\e_gq_kdbo�j_r_gbc� Ke_^m_l� lZd`_�mqblu\Zlv��qlh� l_jjblhjbZevgZy�bgnhjfZpby�bf__l� ]_hijhkljZg�kl\_gguc�oZjZdl_j��=BK�–�wlh�l_ogheh]bb��dhlhju_�mkdhjyxl�ijhp_kk�bgl_]jZpbb�nb�abq_kdb�jZa^_e_gguo��gh�l_fZlbq_kdb�kh]eZkh\Zgguo�[Za�^Zgguo��^_eZ_l�bo�[he__�^hk�lmigufb� \� Z^fbgbkljZlb\ghf� mijZ\e_gbb� l_jjblhjbyfb�� \� hp_gd_� bo� khpbZevgh-wdhghfbq_kdh]h� jZa\blby� b� j_kmjkgh]h� ihl_gpbZeZ� �ijbjh^gh]h�� fbg_jZevgh-kujv_\h]h��ljm^h\h]h��fZl_jbZevgh]h�b�l�^����j_r_gby�ijh[e_f�[_ahiZkghklb�j_]bhgZ�b�l�^� <�jZ[hl_�jZkkfhlj_gu�^\Z�mjh\gy�]_hbgnhjfZpbhggh]h�h[_ki_q_gby�mijZ\e_gby�l_jjblhjbZevguf�jZa\blb_f��j_]bhgZevguc�b�hj]Zgh\�f_klgh]h�kZfhmijZ\e_gby� 
1. =Zq_gdh :�K���Jm`gbdh\ =�F���N_j_n_jh\ ?�K���:�?�Of_evgh\ :�?��FmgbpbiZevgZy�

bgnhjfZpbhggZy� kbkl_fZ� h[_ki_q_gby� ]jZ^hkljhbl_evghc� ^_yl_evghklb ���<uqbk�
ebl_evgu_�l_ogheh]bb��–�������L� ����Ki_p��\ui� 1. –�K� 11-16. 

2. ;uqdh\ B�<��� =Zq_gdh :�K���Ihih\Z :�D��� Jm`gbdh\ =�F���N_j_n_jh\ ?�K���Of_ev�
gh\ :�?��Ijbf_g_gb_�=BK-� b�<_[-l_ogheh]bc�^ey� kha^Zgby�bgl_]jbjh\Zgguo�bg�
nhjfZpbhggh-ZgZeblbq_kdbo�kbkl_f ���<uqbkebl_evgu_�l_ogheh]bb��– 2007. –�L� 12. 
Ki_p��\ui� 3. –�K� 5-19. 

3. ;uqdh\ B�<��� =Zq_gdh :�K��� Jm`gbdh\ =�F���N_j_n_jh\ ?�K���Of_evgh\ :�?���FZ^�
`ZjZ L�B��<g_^j_gb_� kh\j_f_gguo� bgnhjfZpbhgguo� l_ogheh]bc� \� j_]bhgZevguo�
ijh_dlZo ���<_klgbd�G=M��K_jby��BgnhjfZpbhggu_�l_ogheh]bb��–�������L� ���\ui� 1. 
–�K� 15-24. 

4. =Zq_gdh :�K���Of_evgh\ :�?��L_ogheh]by�kha^Zgby�bgnhjfZpbhgguo�kbkl_f�gZ�hk�
gh\_�f_lZ^Zgguo ���<_klgbd�Bj=LM��– 2006. –�L� ���� 2 (26). –�K� 93-98. 

5. =Zq_gdh :�K��� Jm`gbdh\ =�F��� Of_evgh\ :�?�� Bgl_ee_dlmZebaZpby� kbkl_fu� =hkm�
^Zjkl\_ggh]h�=jZ^hkljhbl_evgh]h�DZ^ZkljZ ���<_klgbd�Lhfkdh]h�]hkm^Zjkl\_ggh]h�
mgb\_jkbl_lZ��– 2004. –�� 9(II). –�K� 33. 

6. ;uqdh\ B�<��� =Zq_gdh :�K���Of_evgh\ :�?���N_j_n_jh\ ?�K��Kbkl_fZ� kha^Zgby� Z\�
lhfZlbabjh\Zgguo�jZ[hqbo�f_kl�k�\hafh`ghklvx�\aZbfh^_ckl\by�k�ijhkljZgkl\_g�
gufb�^Zggufb�gZ�hkgh\_�f_lZhibkZgbc�kljmdlmj�[Za�^Zgguo ���Kh\j_f_ggu_�l_o�
gheh]bb�� Kbkl_fguc� ZgZeba�� Fh^_ebjh\Zgb_�� –� Ki_p\uimkd�� Bj=MIK�� ������ – 
K� 12-17. 
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H;�H>GHF�IH>OH>?�D�<?JBNBD:PBB�IJH>MDPBHGGUO�KBKL?F 

<�X� <Zkbev_\��K�:� Mevygh\ 
MeZg-M^wgkdbc�nbebZe 

BgklblmlZ�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 
vvju@yandex.ru 

Bgklblml�ijh[e_f�mijZ\e_gby�bf��<�:� LjZi_agbdh\Z 
noodles777@gmail .com 

JZkkfZljb\Z_lky�ijh^mdpbhggZy�kbkl_fZ�\b^Z 
, ,Z R s ,          (1) 

]^_� Z  –�ijhkljZgkl\h�khklhygbc�jZ[hq_c�iZfylb�� R  –�fgh`_kl\h�ijh^mdpbhgguo�ijZ�
\be�� s  –�kljZl_]by�eh]bq_kdh]h�\u\h^Z��IjZ\beh� ∈r R �bf__l�\b^ 

= , ,r B A D , 

]^_� B  –�ij_^mkeh\b_�ijZ\beZ�� A  –�fgh`_kl\h�nZdlh\��^h[Z\ey_fuo�\�j_amevlZl_�ijb�
f_g_gby�ijZ\beZ� r , D  –�fgh`_kl\h�nZdlh\��m^Zey_fuo�\�j_amevlZl_�ijbf_g_gby�ijZ�
\beZ� r , 0∩ =A D ��Ij_^iheZ]Z_lky��qlh�ij_^mkeh\b_� B �b�we_f_glu�fgh`_kl\� A �b� D  
_klv�nhjfmeu�yaudZ�bkqbke_gby�\ukdZau\Zgbc��Ih^�kljZl_]b_c� s �ihgbfZ_lky�g_dhlh�
jZy�[_kdhg_qgZy�ihke_^h\Zl_evghklv� we_f_glh\�ba� R ��hij_^_eyxsZy�ihjy^hd�ijbf_�
g_gby�ijZ\be�d�aZ^Zgghfm�gZqZevghfm�khklhygbx�jZ[hq_c�iZfylb� 

>ey� dZq_kl\_ggh]h� bkke_^h\Zgby� ^bgZfbq_kdbo� k\hckl\� ijh^mdpbhgghc� kbkl_�
fu ����jZa\b\Z_lky�ih^oh^��[Zabjmxsbcky�gZ�f_lh^_�j_^mdpbb�>�@��Hkgh\gZy�b^_y�ih^�
oh^Z�aZdexqZ_lky�\�k\_^_gbb�bkoh^ghc�aZ^Zqb�ZgZebaZ�kbkl_fu�ijh^mdpbc�����d�ZgZeh�
]bqghc�aZ^Zq_�^ey�^bgZfbq_kdhc�kbkl_fu�Z\lhfZlgh]h�lbiZ� 

( ) ( ) ( )( )1+ = ,x t F x t u t ,          (2) 

]^_� { }0 1∈ = , , ...t T , ( )∈ ⊆ nx t X E , ( )∈ ⊆ mu t U E , { }0 1= ,E �b� × →:F X U X  –�\_d�
lhjgZy�nmgdpby�Ze]_[ju�eh]bdb��F_lh^u�b�kj_^kl\Z�dZq_kl\_ggh]h�ZgZebaZ�kbkl_f�\b�
^Z�����[ueb�jZa\blu�jZg__�>����@� 

<�^hdeZ^_�jZkkfZljb\Z_lky�hkgh\gZy�b^_y�ih^oh^Z��ijb\h^ylky�Ze]hjblfu�ij_h[�
jZah\Zgby�kbkl_fu�ijh^mdpbc�\�^bgZfbq_kdmx�kbkl_fm�Z\lhfZlgh]h�lbiZ��l_hj_fu�kh�
ojZg_gby� g_dhlhjuo� ^bgZfbq_kdbo� k\hckl\� ijb� wlbo� ij_h[jZah\Zgbyo�� Z� lZd`_� g_�
[hevrb_�ijbf_ju��^_fhgkljbjmxsb_�wnn_dlb\ghklv�jZkkfZljb\Z_fh]h�ih^oh^Z� 
1. <Zkbev_\ K�G��F_lh^� j_^mdpbb� b� dZq_kl\_gguc� ZgZeba� ^bgZfbq_kdbo� kbkl_f�� I // 

Ba\��J:G��LbKM��– 2006. –�� 1. –�K� 21-29. 
2. <Zkbev_\ K�G��>hklb`bfhklv�b�k\yaghklv�\�Z\lhfZlghc�k_lb�k�h[sbf�ijZ\behf�i_�

j_dexq_gby� khklhygbc ���>bnn_j_gpbZevgu_� mjZ\g_gby�� – 2002. –� L� 38,�� 11. – 
K� 1533-1539. 

3. Mevygh\ K�:��DZq_kl\_gguc�ZgZeba�^bgZfbq_kdbo�k\hckl\�fhghlhgguo�Z\lhfZlguo�
fh^_e_c� k� aZ^_j`dZfb ��� <_klgbd� ;=M�� K_jby� ����FZl_fZlbdZ� b� bgnhjfZlbdZ�� – 
������<ui� 2. –�K� 54-62. 
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F?LH>�<?L<?C�B�HLK?Q?GBC�>EY 
><MOMJH<G?<HC�A:>:QB�J:AF?S?GBY 

B�E� <Zkbev_\��D�;� Debf_glh\Z 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

vil@icc.ru, Xenia.Klimentova@icc.ru 

JZkkfZljb\Z_lky� ^\momjh\g_\Zy� aZ^ZqZ� jZaf_s_gby�� \� dhlhjhc� ij_^iheZ]Z_lky��
qlh�deb_glu�fh]ml�\u[bjZlv�ij_^ijbylby�h[kem`b\Zgby��jmdh\h^kl\mykv�k\hbfb�kh[�
kl\_ggufb� ij_^ihql_gbyfb�� Imklv� aZ^Zgu� fgh`_kl\Z� { }1, ,I m= � � ij_^ijbylbc� b�

{ }1, ,J n= � �deb_glh\��fZljbpZ� { }ijC c= , i I∈ , j J∈ ��hij_^_ey_l�aZljZlu�gZ�h[kem`b�
\Zgb_� deb_glh\�� \_dlhj� { }if f= , i I∈ , –� aZljZlu� gZ� hldjulb_� ij_^ijbylbc��fZljbpZ�

{ }ijG g= , i I∈ , j J∈ � aZ^Z_l�ij_^ihql_gby�deb_glh\�� _keb� jiji gg
21

≤ �� lh� j �deb_gl�ba�
hldjuluo�ij_^ijbylbc� 1i �b� 2i �\u[_j_l�ij_^ijbylb_� 1i ��Klhbl�aZ^ZqZ�hldjulv�g_dhlhjh_�ih^fgh`_kl\h�ij_^ijbylbc� IS ⊆ �b�h[kem`blv�\k_o�deb_glh\��fbgbfbabjmy�aZljZlu�gZ�
hldjulb_� ij_^ijbylbc� b� h[kem`b\Zgb_� deb_glh\�b� mqblu\Zy�ijb� wlhf�ij_^ihql_gby�
deb_glh\� 

FZl_fZlbq_kdZy�fh^_ev�^Zgghc� aZ^Zqb�fh`_l�[ulv� aZibkZgZ� \� \b^_� ke_^mxs_c�
^\momjh\g_\hc�aZ^Zqb�dhf[bgZlhjghc�hilbfbaZpbb� 

,,min ISfc
S

Jj Si
ijs j ⊆↓+∑ ∑

∈ ∈

     (1) 

]^_� js  –�hilbfZevgh_�j_r_gb_�aZ^Zqb�gb`g_]h�mjh\gy� 
.,min),( JjgArgSjIs ij

Si

j ∈=∈
∈

          (2) 

P_e_\Zy�nmgdpby� ����fbgbfbabjm_l� aZljZlu�ihklZ\sbdh\�gZ�hldjulb_�ij_^ijb�
ylbc�b�h[kem`b\Zgb_�deb_glh\��\�lh�\j_fy�dZd�we_f_glu� js �\u[bjZxlky�ba�fgh`_kl\�
gZb[he__�ij_^ihqlbl_evguo�^ey�deb_glh\� Jj ∈ �ij_^ijbylbc� 

Ba\_klgh�>�-�@��qlh�lZdmx�^\momjh\g_\mx�dhf[bgZlhjgmx�aZ^Zqm�fh`gh�ij_^klZ�
\blv� \� \b^_� h^ghmjh\g_\hc� aZ^Zqb� p_ehqbke_ggh]h� ebg_cgh]h� ijh]jZffbjh\Zgby�
�PEI���>ey�fgh]h]jZggbdZ�lZdhc�aZ^Zqb�PEI�[ueh�ij_^eh`_gh�k_f_ckl\h�ijZ\bevguo�
g_jZ\_gkl\��k�ihfhsvx�dhlhjh]h�m^Z_lky�ihemqblv�gb`gxx�hp_gdm�hilbfZevgh]h�j_�
r_gby�g_�om`_��q_f�\�>�@��>Zggh_�k_f_ckl\h�[ueh�bkihevah\Zgh�ijb�ihbkd_�hilbfZev�
gh]h� j_r_gby� ^\mfy� \ZjbZglZfb�f_lh^Z� \_l\_c� b� hlk_q_gbc��Ijh\_^_gguc� \uqbkeb�
l_evguc�wdki_jbf_gl�ih^l\_j^be�wnn_dlb\ghklv�ij_^eh`_ggh]h�ih^oh^Z�gZ�k_jbb�l_k�
lh\uo�ijbf_jh\�ba�>�@� 
1. Hanjoul P. and Peeters D. A facilit y location problem with clients' preference orderings // 

Regional Sci. Urban Econom. – 1987. – V. 17. – P. 451-473. 
2. :e_dk__\Z ?�<��� Dhq_lh\ X�:�� =_g_lbq_kdbc� ehdZevguc� ihbkd� ^ey� aZ^Zqb� h 

p -f_^bZg_�k�ij_^ihql_gbyfb�deb_glh\ ���>bkdj_lguc�ZgZeba�b�bkke_^h\Zgb_�hi_�
jZpbc��– 2007. – T. ����� 1. – C. 3-31. 

3. Cánovas L., García S., Labbé M., and Marín A. A strengthened formulation for the simple 
plant location problem with order // Operations Research Letters. – 2007. – V. ����� 2. – 
P. 141-150. 
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F?LH>BD:�HIJ?>?E?GBY�IJBQBG�HLD:AH<�G:�IJBF?J?�IJH=J:FFGH-
:II:J:LGH=H�BAF?JBL?EVGH=H�E:A?JGH=H�DHFIE?DK: 

I�X� <bev\_j 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

wilwer@icc.ru 

>ey�h[_ki_q_gby�gZ^_`ghklb�b�[_ahiZkghklb�nmgdpbhgbjh\Zgby�baf_jbl_evgh]h�
eZa_jgh]h�dhfie_dkZ��BED��gb`_�ij_^eZ]Z_lky�ke_^mxsZy�f_lh^bdZ� 

1. Kha^Zgb_�k�ihfhsvx�bgkljmf_glZevgh]h�kj_^kl\Z�klZlbq_kdhc�fh^_eb�bkke_�
^m_fhc� l_ogbq_kdhc� kbkl_fu� �LK�� k� bkihevah\Zgb_f� h[t_dlgh-kh[ulbcgh]h�
ih^oh^Z� 
- Fh^_ev�hljZ`Z_l�h[t_dlu��iZjZf_lju�h[t_dlh\�b�kh[ulby�kbkl_fu� 
- Fh^_ev�g_�y\ey_lky�aZfdgmlhc��iZjZf_lju�h[t_dlh\�fh^_eb�LK�ihklmiZxl�

k�i_j\bqguo�ijb[hjh\�beb�bfblbjmxlky�� 
- Kh[ulby�ijhbkoh^yl� \� khhl\_lkl\bb� k� mkeh\byfb��dhlhju_�hij_^_e_gu�\�

fh^_eb�LK� 
- Fh^_ev�LK�y\ey_lky�b_jZjobq_kdhc��dhebq_kl\h�mjh\g_c�aZ\bkbl�hl�keh`�

ghklb�LK�b�ihklZ\e_gghc�aZ^Zqb� 
2. GZ�hkgh\_�klZlbq_kdhc�fh^_eb�kha^Z_lky�fh^_ev�nmgdpbhgbjh\Zgby�LK� 
3. Ijb�\uoh^_�iZjZf_ljZ� iA �h[t_dlZ� kS �LK�aZ�^himklbfu_�beb�j_]eZf_glbjm_�

fu_�]jZgbpu� k

i

S
AZ �gZ�hkgh\_�h[t_dlgh-kh[ulbcgh]h�ih^oh^Z�hij_^_ey_lky�ih�

ke_^h\Zl_evghklv�ijhbahr_^rbo�kh[ulbc� 
- Hij_^_ey_lky� gZbf_gh\Zgb_� b� agZq_gb_� iZjZf_ljh\�� baf_g_gb_� dhlhjuo 

\eby_l�gZ�agZq_gb_�iZjZf_ljZ� iA �h[t_dlh\�fh^_eb�LK. 

- Hij_^_eyxlky� agZq_gby�iZjZf_ljh\�h[t_dlh\�fh^_eb�LK��^hklb`bfu_�ba�
aZ^Zggh]h�khklhygby��\u[bjZ_lky�gm`gh_�khklhygb_�fh^_eb� 

- Hij_^_ey_lky�ihke_^h\Zl_evghklv�kh[ulbc��ijb\h^ysbo�fh^_ev�LK�\�wlh�
khklhygb_� 

4. Ijb�gZjmr_gbb�j_]eZf_glbjm_fhc�ihke_^h\Zl_evghklb�kh[ulbc� 
- hij_^_ey_lky� mkeh\b_�� g_h[oh^bfh_��gh�g_� \uiheg_ggh_�^ey� \hagbdgh\_�

gby�kh[ulby� 
- hij_^_eyxlky�mkeh\by�\hagbdgh\_gby�g_�j_]eZf_glbjm_fh]h�kh[ulby� 
- hij_^_eyxlky�iZjZf_lju� h[t_dlh\� kbkl_fu�� agZq_gb_� dhlhjuo�\eby_l�gZ�

\uiheg_gb_�^Zggh]h�mkeh\by� 
>ZggZy� f_lh^bdZ� ijbf_g_gZ� ^ey� h[_ki_q_gby� gZ^_`ghklb� b� [_ahiZkghklb� ijh�

]jZffgh-ZiiZjZlgh]h�dhfie_dkZ�BED��Ijh]jZffgZy�j_ZebaZpby�f_lh^bdb�h[_ki_qb\Z�
_l�hij_^_e_gb_�ijbqbg�hldZah\�b�\hafh`ghklv�\hkklZgh\e_gby�jZ[hlhkihkh[ghklb� 
1. E_kdbg :�:��� FZevp_\ I�:��� Kibjb^hgh\ :�F�� K_lb� I_ljb� \� fh^_ebjh\Zgbb� b�

mijZ\e_gbb��–�E_gbg]jZ^��GZmdZ������� 
2. ;Zg^fZg F�D��� ;Zg^fZg H�E��� ?kbdh\Z L�G�� L_jjblhjbZevgh-ijhba\h^kl\_ggu_�

dhfie_dku��Ijh]ghabjh\Zgb_�ijhp_kkZ�nhjfbjh\Zgby�k�bkihevah\Zgb_f�k_l_c�I_l�
jb��–�Gh\hkb[bjkd��GZmdZ������� 
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QBKE?GGH?�J?R?GB?�>BNN?J?GPB:EVGH-:E=?;J:BQ?KDBO 
KBKL?F�F?LH>HF�KIE:CG-DHEEHD:PBB 

K�<� =Zc^hfZd 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

gaidamak@icc.ru 

JZkkfhljbf� gZqZevgmx� aZ^Zqm� ^ey� d\Zabebg_cghc� Ze]_[jh-^bnn_j_gpbZevghc�
kbkl_fu 

( ) ( ) ( ) ( )0 0 0, 0, , nt x t F x t x t x x RΑ + = = ∈� ,       (1) 

]^_� ( )tΑ  –� lh`^_kl\_ggh-\ujh`^_ggZy� d\Z^jZlgZy� ( )-n n× fZljbpZ� \� h[eZklb�
[ ]0,I t T= , ( ),F x t , ( )x t  –� khhl\_lkl\_ggh� ba\_klgZy� b� bkdhfZy� -n f_jgu_� \_dlhj-

nmgdpbb�� ./ dtd≡⋅ �LZdb_�kbkl_fu�bf_xl�[hevrh_�qbkeh�ijbeh`_gbc��ihkdhevdm�hgb�
\hagbdZxl�ijb�hibkZgbb�obfbq_kdbo�j_Zdpbc��we_dljbq_kdbo�ko_f��\�f_oZgbd_��d�lhfm�
`_�g_h[oh^bfhklv�bo�j_r_gby�l_kgh�k\yaZgZ�k�bkke_^h\Zgb_f�b�qbke_gguf�j_r_gb_f�
\ujh`^_gguo�kbkl_f�mjZ\g_gbc�\�qZklguo�ijhba\h^guo��<hijhk�h�jZaj_rbfhklb�gZ�
qZevghc� aZ^Zqb� ����\�hdj_klghklb� lhqdb� 0t �bkke_^h\Zg�<�N� Qbklydh\uf�\�jZ[hl_� >�@��
>ey�qbke_ggh]h�j_r_gby�aZ^Zqb� ����[ue�bkihevah\Zg�f_lh^�kieZcg-dheehdZpbb��<�jZ�
[hlZo� >��� �@� ihemq_gu� ^hklZlhqgu_� mkeh\by� _]h� koh^bfhklb�� B^_y� f_lh^Z� kieZcg-
dheehdZpbb�[ueZ�h[h[s_gZ��jZa\blZ�b�ijbf_g_gZ�d�ebg_cguf�\ujh`^_gguf�kbkl_fZf�
mjZ\g_gbc�\�qZklguo�ijhba\h^guo 

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )0 0

, , , , , , , ,

, , , ,

t xA x t u x t B x t u x t C x t u x t f x t

u x t t u x t xψ ϕ

∂ + ∂ + =

= =
        (2) 

]^_� ( ),A x t , ( ),B x t , ( ),C x t  –�aZ^Zggu_�fZljbpu�ihjy^dZ� n , ( ) [ ] [ ]0 0, ; ;x t U x X t T∈ = × , 

( ),f x t , ( ),u x t  –� khhl\_lkl\_ggh� bkdhfZy� b� ba\_klgZy� -n f_jgu_� \_dlhj-nmgdpbb��
/t t∂ ≡ ∂ ∂ , /x x∂ ≡ ∂ ∂ ��<�kbkl_f_�����fZljbpZ� ( ),A x t ��eb[h�fZljbpZ� ( ),B x t ��eb[h�imqhd�

fZljbp� ( ) ( ), ,A x t B x tλ µ+ �lh`^_kl\_ggh�\ujh`^_gu�\�h[eZklb�U ��<�jZ[hl_� >�@�ihem�
q_gu�^hklZlhqgu_�mkeh\by�koh^bfhklb�qbke_ggh]h�ijhp_kkZ� 
1. Qbklydh\ <�N��:e]_[jh-^bnn_j_gpbZevgu_� hi_jZlhju� k� dhg_qghf_jguf� y^jhf��– 

Gh\hkb[bjkd��GZmdZ������� 
2. =Zc^hfZd K�<�� H� qbke_gghf� j_r_gbb� h^ghc� d\Zabebg_cghc� Ze]_[jh-^bnn_j_g-

pbZevghc�kbkl_fu�f_lh^hf�kieZcg-dheehdZpbb ���Kb[bjkdbc�`mjgZe�\uqbkebl_ev�
ghc�fZl_fZlbdb��– 2009. –�L� ����� 1. – K� 17-27. 

3. =Zc^hfZd K�<�� H� qbke_gghf� j_r_gbb� d\Zabebg_cghc� Ze]_[jh-^bnn_j_gpbZevghc�
kbkl_fu ���>bnn_j_gpbZevgu_�mjZ\g_gby��– 2009. –�L� 45. –�K� 1-7. 

4. =Zc^hfZd K�<��F_lh^�kieZcg-dheehdZpbb�^ey�ebg_cguo�\ujh`^_gguo�]bi_j[heb�
q_kdbo�kbkl_f ���@mjgZe�\uqbkebl_evghc�fZl_fZlbdb�b�fZl_fZlbq_kdhc�nbabdb��– 
2008. –�L� ���������–�K� 1230-1249. 
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:IIJHDKBF:GLU�R?I:J>:�B�BO�IJBF?G?GB?∗ 

:�X� =hjgh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

gornov@ok.ru 

:iijhdkbfZglu�R_iZj^Z�ihy\bebkv�[he__�khjhdZ�e_l�gZaZ^��GZb[he__�pblbjm_�
fuf� bklhqgbdhf�� hq_\b^gh�� y\ey_lky� >�@�� gh� ijb� lsZl_evghf� bkke_^h\Zgbb� fh`gh�
\klj_lblv�b�[he__�jZggb_�kkuedb��Bf_xsb_�mgbdZevgu_�gZ�gZr�\a]ey^�k\hckl\Z��nmgd�
pbb�R_iZj^Z�^h�gZklhys_]h�\j_f_gb�hklZebkv�g_ba\_klgu�[hevrbgkl\m�ki_pbZebklh\�
b� g_� ij_^klZ\e_gu� \� h[s_^hklmighc� gZmqghc� ebl_jZlmj_��FZeZy� ihimeyjghklv� wlh]h�
fZl_fZlbq_kdh]h�ZiiZjZlZ�iha\hey_l�gZ^_ylvky�gZ�gZebqb_�bajy^gh]h�©b^_heh]bq_kdh�
]h� j_kmjkZª�^ey� dhgkljmbjh\Zgby�gh\uo��[he__� wnn_dlb\guo� Ze]hjblfh\�^ey�jZaebq�
guo� aZ^Zq� \uqbkebl_evghc�fZl_fZlbdb��<� ^hdeZ^_� h[km`^Zxlky� ihl_gpbZevgu_� \ha�
fh`ghklb�kha^Zgby�gh\uo�\uqbkebl_evguo�f_lh^h\�b�i_j\u_�j_amevlZlu��ihemq_ggu_�
Z\lhjhf�b�_]h�ihfhsgbdZfb� 

:iijhdkbfZgl� R_iZj^Z� y\ey_l� kh[hc� hlghr_gb_� ^\mo� ^jh[gh-jZpbhgZevguo�
nmgdpbc�k�]ZjZglbjh\Zgguf�hlkmlkl\b_f�ihexkh\��ih�ihkljh_gbx�wlh�–�]eZ^dZy�[_k�
dhg_qgh� ^bnn_j_gpbjm_fZy�nmgdpby�� \� ijhkl_cr_f� kemqZ_� –� bgl_jiheygl��Nmgdpby�
R_iZj^Z�e_]dh�fh`_l�[ulv�ihkljh_gZ�^ey�ex[hc�jZaf_jghklb�bkke_^m_fhc�aZ\bkbfh�
klb�b�ex[h]h�jZkiheh`_gby�lhq_d��\�dhlhjuo�bf__lky�wdki_jbf_glZevgZy�bgnhjfZpby�
�©gZ�g_j_]meyjghc�k_ld_ª���>ey�\uqbke_gby�Ziijhdkbfbjmxs_c�nmgdpbb�\�ex[hc�lhq�
d_�g_h[oh^bfh�ijhba\_klb�\k_]h� ( )4 1k n× × + �Zjbnf_lbq_kdbo�hi_jZpbc��]^_�n  –�qbkeh�
g_aZ\bkbfuo�i_j_f_gguo� �Zj]mf_glh\�nmgdpbb��� k  –�qbkeh�lhq_d�k_ldb� �maeh\�bgl_j�
iheypbb���GZ� kh\j_f_gghf� dhfivxl_j_� \uqbke_gb_� ZiijhdkbfZpbb�nmgdpbb�� gZijb�
f_j��fbeebhgZ�i_j_f_gguo� k�g_kdhevdbfb� khlgyfb�maeh\�bgl_jiheypbb�ijb�ihfhsb�
l_ogheh]bb�R_iZj^Z�ijhba\h^blky�aZ�g_kdhevdh�k_dmg^�ijhp_kkhjgh]h�\j_f_gb� 

Hkgh\gufb�g_^hklZldZfb�ZiijhdkbfZglZ�R_iZj^Z�y\eyxlky�g_\ukhdZy�lhqghklv�
ZiijhdkbfZpbb� –� ©gme_\hc� ihjy^hd� lhqghklbª�� H^gZdh� _s_� kZfbf�R_iZj^hf� [ueb�
ij_^eh`_gu� kihkh[u� ih\ur_gby� lhqghklb� ZiijhdkbfZpbb� iml_f� mq_lZ� bf_xs_cky�
bgnhjfZpbb� h� agZq_gbyo� ijhba\h^guo� \� maeZo� bgl_jiheypbb��Ihkdhevdm� jZkkfZljb�
\Z_fZy� l_ogheh]by� iha\hey_l� wnn_dlb\gh� ©kde_b\Zlvª� ehdZevgmx�bgnhjfZpbx�� Zdlm�
Zevgmx� lhevdh� \� g_[hevrbo� h[eZklyo� bkke_^m_fh]h� fgh`_kl\Z� [_a� ihl_jb� k\hckl\Z�
]eZ^dhklb��iha`_�jZaebqgufb�Z\lhjZfb�[ueh�ijhba\_^_gh�g_kdhevdh�ihiulhd�ihkljh_�
gby� ZiijhdkbfZglh\� gh\h]h� lbiZ�� hkgh\Zgguo� gZ� dhf[bgbjh\Zgbb� lZd� gZau\Z_fh]h�
hi_jZlhjZ�R_iZj^Z�k�^jm]bfb��[he__�lhqgufb�ehdZevgufb�bgl_jiheyglZfb��>hklZlhq�
gh�kh\j_f_gguc�b�iheguc�h[ahj�jZ[hl�ih�h[h[s_gbx�ZiijhdkbfZglZ�R_iZj^Z�fh`gh�
gZclb�\�>�@� 

JZkkfZljb\Zxlky� i_jki_dlb\u� ijbf_g_gby� l_ogheh]bc�R_iZj^Z� d� ke_^mxsbf�
aZ^ZqZf��dhgkljmbjh\Zgb_�klZlbq_kdbo�b�^bgZfbq_kdbo�fh^_e_c�gZ�hkgh\_�wdki_jbf_g�
lZevguo�^Zgguo��k]eZ`b\Zgb_�b�ijh]ghabjh\Zgb_�\j_f_gguo�jy^h\��ihkljh_gb_�Ze]h�
jblfh\�ehdZevghc��]eh[Zevghc�b�g_^bnn_j_gpbjm_fhc�hilbfbaZpbb��qbke_ggh]h�^bn�
n_j_gpbjh\Zgby�b�bgl_]jbjh\Zgby��kbgl_aZ�hilbfZevgh]h�mijZ\e_gby�b�^jm]bo� 
1. Shepard D. A two-dimensional interpolation function for irregularly-spaced data // Proc. 

of the 23 ACM National Conference. – ACM Press, N. Y., 1968, P. 517-524. 
2. Caira R., Dell ’Accio F. Shepard-Bernoulli operators // Mathematics of computation. – 

2007. – V. ����� 257. – P. 299–321. 

                                                 
∗ JZ[hlZ�ih^^_j`ZgZ�]jZglZfb�JNNB��ijh_dlu�06-07-89215, 07-07-00265, 08-07-00172. 
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G?J?AHG:GKGHKLV�MIJ:<EY?FUO 
:E=?;JH->BNN?J?GPB:EVGUO�KBKL?F 

:�:� >_g_]Z 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

denegaanna@yandex.ru 

JZkkfZljb\Z_lky� mijZ\ey_fZy� ebg_cgZy� Ze]_[jh-^bnn_j_gpbZevgZy� kbkl_fZ�
(:>K� 

( ) ( ) ( ) ( ) ( ) ( ) 0' , [ , )A t x t B t x t U t u t t T t+ = ∈ = + ∞ ,   (1) 

( ) ( ) ( )y t = C t x t ,              (2) 

]^_� ( )W$ , ( )W%  – ( )QQ× -fZljbpu�� ( ) �GHW ≡W$ �gZ� 7 , ( )W8  – ( )OQ× -fZljbpZ�� ( )W[  –�bkdh�
fZy� Q -f_jgZy� nmgdpby�� ( )WX  –� mijZ\e_gb_� jZaf_jghklb� O , ( )W&  – ( )QP× -fZljbpZ� 

( )W\  –�\uoh^�jZaf_jghklb�P . 
HIJ?>?E?GB? 1.� Kbkl_fZ ���� gZau\Z_lky� j_ahgZgkghc�� _keb� kms_kl\m_l�

mijZ\e_gb_� ( )WX : ( ) ( ) constrC
u t T ≤  ( r  –� bg^_dk�:>K����� b� kh]eZkh\Zggh_� k�g_c�gZ�

qZevgh_�mkeh\b_� ( ) �� [ W[ lZdb_��qlh�ihjh`^Z_fh_�bfb�j_r_gb_� ( )W[ �g_h]jZgbq_ggh�gZ�
ihemijyfhc� �WW ≥ ��Kbkl_fZ��g_�y\eyxsZyky�j_ahgZgkghc��gZau\Z_lky�g_j_ahgZgkghc. 

IhdZaZgh��qlh�\�mkeh\byo�kms_kl\h\Zgby�wd\b\Ze_glghc�nhjfu�>�@��:>K�����g_j_�
ahgZgkgZ� lh]^Z�b� lhevdh� lh]^Z��dh]^Z�khhl\_lkl\mxsZy�_c�h^ghjh^gZy�kbkl_fZ�wdkih�
g_gpbZevgh�mklhcqb\Z� 

HIJ?>?E?GB? 2.�Kbkl_fZ ����gZau\Z_lky�mklhcqb\hc�ih�\uoh^m��_keb�\uoh^�
gu_�kb]gZeu������khhl\_lkl\mxsb_�g_dhlhjhfm�mijZ\e_gbx� ( )WX �ijb�jZaebqguo�kh]eZ�
kh\Zgguo�gZqZevguo�mkeh\byo�� ( ) �� [ W[ , ( )0 0x t x= �k�l_q_gb_f�\j_f_gb�k[eb`Zxlky��

( ) ( )lim 0
t

y t y t =
→+∞

− . 

HIJ?>?E?GB? 3.�Kbkl_fZ ����gZau\Z_lky�j_ahgZgkghc�ih�\uoh^m��_keb�g_dh�
lhjhfm�h]jZgbq_gghfm�ijb� �WW ≥ �mijZ\e_gbx� ( ) ( ) constrC

u t T ≤ �khhl\_lkl\m_l�g_h]�
jZgbq_gguc� ijb� �WW ≥ � \uoh^� ( )W\ ��Kbkl_fZ��g_� y\eyxsZyky� j_ahgZgkghc�ih� \uoh^m��
gZau\Z_lky�g_j_ahgZgkghc�ih�\uoh^m. 

L_hj_fZ 1. Imklv�kbkl_fZ� ���������iheghklvx�mijZ\ey_fZ��fZljbpu� A, B , U �b�
& �ihklhyggu��imqhd� %��$ �j_]meyj_g��Lh]^Z�ke_^mxsb_�ml\_j`^_gby�wd\b\Ze_glgu� 
���kbkl_fZ�g_j_ahgZgkgZ� 
���kbkl_fZ�mklhcqb\Z�ih�\uoh^m� 
���kbkl_fZ�g_j_ahgZgkgZ�ih�\uoh^m� 

4) ( )
0t

+
X t dt = K <

∞
∞∫ ��]^_� ( )W;  –�nmg^Zf_glZevgZy�fZljbpZ�j_r_gbc�:>K����� 

1. S_]eh\Z :�:�� MijZ\ey_fhklv� g_ebg_cguo� Ze]_[jh-^bnn_j_gpbZevguo� kbkl_f // 
:\lhfZlbdZ�b�l_e_f_oZgbdZ��– 2008. –�� 10. –�K� 57-80. 
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MKLHCQB<U?�:E=HJBLFU�DHJJ?DLBJH<DB�EBG?CGUO 
:G:EBLBQ?KDBO�FH>?E?C�DHKFBQ?KDBO�DHGKLJMDPBC 

W�B��>jm`bgbg 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

druzh@icc.ru 

JZajZ[hlZg� gh\uc� ih^oh^� d� j_r_gbx� ijh[e_fu� nhjfbjh\Zgby� � ^bgZfbq_kdbo�
fh^_e_c�[hevrbo�dhkfbq_kdbo�dhgkljmdpbc��iha\heyxsbo�k�g_h[oh^bfhc�lhqghklvx�
ijh]ghabjh\Zlv�^bgZfbdm�j_Zevgh]h�ba^_eby� 

Ij_^klZ\e_ggu_� \�gZklhys_f�^hdeZ^_�j_amevlZlu� \�dhfie_dl_� k�jZg__�ihemq_g�
gufb� j_amevlZlZfb� \� aZ^Zq_�b^_glbnbdZpbb�jZaf_jghklb�b� ki_dljZevguo�oZjZdl_jb�
klbd�ebg_cguo�fh^_e_c�h[jZamxl�ohjhrh�h[mkeh\e_gguc��mklhcqb\uc�d�hrb[dZf�^Zg�
guo�bgkljmf_gl�jZkq_lZ�fZljbp�dhwnnbpb_glh\�lZdbo�fh^_e_c��<�hlebqb_�hl�ba\_kl�
guo�f_lh^h\�mlhqg_gby� ZgZeblbq_kdbo�fh^_e_c�ij_^eZ]Z_fuc�gh\uc�bgkljmf_gl�ih�
a\hey_l�\uqbkeylv�\ukhdhlhqgmx�^bgZfbq_kdmx�fh^_ev�ijb�\uiheg_gbb�lhevdh�g_h[�
oh^bfuo�b�^hklZlhqguo�mkeh\bc�b^_glbnbpbjm_fhklb�ZgZeblbq_kdhc�fh^_eb�ih�ba�
f_j_gbyf�khklhygby�dhgkljmdpbb�\�mkeh\byo�__�j_Zevghc�wdkiemZlZpbb�\�dhkfhk_��Gb�
dZdbo� ^jm]bo� Zijbhjguo� ij_^iheh`_gbc� h� dhwnnbpb_glZo� ZgZeblbq_kdhc�fh^_eb� g_�
^_eZ_lky��<�qZklghklb��\�\uqbke_gbyo�g_�bkihevamxlky�klZg^Zjlgu_�ij_^iheh`_gby�h�
lhqghklb�jZkq_lghc��ZgZeblbq_kdhc��fZljbpu�fZkk��beb�`_kldhkl_c��beb�h�ijhihjpbh�
gZevghklb�^_finbjh\Zgby�dhgkljmdpbb� 
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H�K<YAB�<HAFMS?GBC�P?E?<H=H�NMGDPBHG:E:�<�BL?J:PBHGGUO 
F?LH>:O�HILBFBA:PBB�K�L?HJB?C�WDKLJ?FMF: 

<�:� >uolZ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

dykhta@gmail .com 

Fgh]b_� bl_jZpbhggu_� f_lh^u� j_r_gby� aZ^Zq�fZl_fZlbq_kdh]h� ijh]jZffbjh\Z�
gby�b�hilbfZevgh]h�mijZ\e_gby�bkihevamxl�\hafms_gb_�p_e_\h]h�nmgdpbhgZeZ� J �im�
l_f�^h[Z\db�g_dhlhjh]h�©j_]meylhjZª� 0γ ≥ �k�iZjZf_ljhf� 0η > ��l�_��dhgkljmdpbx�lbiZ�
J Jγη ηγ= + ��Wlh� \hafms_gb_� w\jbklbq_kdb� h[tykgy_lky� ^h\hevgh� kfmlgufb� khh[jZ�
`_gbyfb�j_]meyjbaZpbb�aZ^Zqb��__�qZklbqgh]h�h\uimde_gby��beb�ehdZebaZpb_c�f_lh^Z�
ihbkdZ� memqrZxs_c� lhqdb��Ohly� ^h� g_dhlhjhc� kl_i_gb� ih^h[gu_� Zj]mf_glu� bf_xl�
hkgh\Zgby��[he__�_kl_kl\_gghc�b�ykghc�ij_^klZ\ey_lky�^jm]Zy�Zj]mf_glZpby�\hafms_�
gby�� l_kg_crbf� h[jZahf� k\yaZggZy� k� l_hjb_c� � g_h[oh^bfuo� b� ^hklZlhqguo� mkeh\bc�
wdklj_fmfZ�jZaebqguo�ihjy^dh\��ehdZevguc�\ZjbZgl�wlhc�l_hjbb�kf��\�>�@���Bf_ggh�wlZ�
Zj]mf_glZpby�ij_^klZ\e_gZ�\�^hdeZ^_� 

JZkkfhljbf�h[smx�fh^_ev�hilbfbaZpbb 
( ) min;J u u U V→ ∈ ⊂ ,           ( )P  

]^_�fgh`_kl\Z�U , V �ijhba\hevgu�b�nmgdpbhgZe� J �hij_^_e_g�gZ�U . 
>ey� lhqdb� u U∈ � �ih^e_`Zs_c� memqr_gbx�� jZkkfhljbf� ex[hc� nmgdpbhgZe�

:U Rγ +→ �kh�k\hckl\hf� ( ) 0uγ = ��dhlhjuc�gZah\_f�ihjy^dhf��b�k_f_ckl\h��ih� Rη ∈ ) 

ke_^mxsbo�aZ^Zq� 
( ) : ( ) ( ) min; .J u J u u u Uγη ηγ= + → ∈         ( )Pγη  

Ij_^eh`_gb_�N� (γ -g_h[oh^bfhklv���?keb� u  –�j_r_gb_� aZ^Zqb� ( )P ��lh� 0η∀ >  

u  –�j_r_gb_�aZ^Zqb� ( )Pγη ��ijbq_f�kijZ\_^eb\Z�hp_gdZ� 
( ) ( ) ( )J u J u uηγ− ≥ −  u U∀ ∈ .    ( )γ∆  

Ij_^eh`_gb_ S� (γ -^hklZlhqghklv���?keb�ijb�g_dhlhjhf� 0η <  u  –�j_r_gb_�aZ�
^Zqb� ( )Pγη ��lh�u  –�j_r_gb_�aZ^Zqb� ( )P ��ijbq_f�kijZ\_^eb\Z�hp_gdZ� ( )γ∆ . 

Hlf_lbf��qlh�wnn_dl�kf_gu�agZdZ�iZjZf_ljZ�η �\�ijb\_^_gguo�ml\_j`^_gbyo�kh�
\_jr_ggh�b]ghjbjm_lky�\�f_lh^Zo�memqr_gby� 

H^gh� ba� bgl_j_kguo� ijbeh`_gbc� ml\_j`^_gbc� ( )Nγ � b� ( )Sγ � \� hilbfZevghf�
mijZ\e_gbb�k\yaZgh�k�aZ^Zgb_f�ihjy^dZ� γ �k�ihfhsvx�nmgdpbc�lbiZ�Eyimgh\Z��\�dZq_�
kl\_� γ �\�mkeh\bb� ( )Nγ �[_j_lky�agZq_gb_�hi_jZlhjZ�=ZfbevlhgZ-Ydh[b� [ ]ϕΓ �keZ[h�fh�
ghlhgghc�L-nmgdpbb�ϕ ��Z�\�mkeh\bb� ( )Sγ  –�agZq_gb_�lh]h�`_�hi_jZlhjZ�kbevgh�fhgh�
lhgghc�L-nmgdpbb�>�@� 
1. E_\blbg ?�K��� Fbexlbg :�:��� Hkfheh\kdbc G�I�� Mkeh\by� \ukrbo� ihjy^dh\� eh�

dZevgh]h� fbgbfmfZ� \� aZ^ZqZo� k� h]jZgbq_gbyfb ��� MFG� – 1978. –� L� ���� � 6. – 
K� 85-148. 

2. :j]mqbgp_\ :�<���>uolZ <�:���Kjhqdh <�:��HilbfZevgh_�mijZ\e_gb_��g_ehdZevgu_�
mkeh\by��\uqbkebl_evgu_�f_lh^u�b�\ZjbZpbhgguc�ijbgpbi�fZdkbfmfZ ���Ba\_klby�
\mah\��FZl_fZlbdZ� – 2009. –�� 1. –�K� 3-43. 
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LHQGH?�HIBK:GB?�FGH@?KL<�>HKLB@BFHKLB�MIJ:<EY?FUO�KBKL?F 
�KM;J?R?GBYFB�MJ:<G?GBY�=:FBEVLHG:-YDH;B�B� 

MKEH<BY�=EH;:EVGHC�HILBF:EVGHKLB 

<�:� >uolZ��K�I� Khjhdbg 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

dykhta@gmail .com, sorsp@mail .ru 

>hdeZ^�ihk\ys_g�h[jZs_gbx�^hklZlhqguo�mkeh\bc�]eh[Zevghc�hilbfZevghklb�k�
bkihevah\Zgb_f�k_f_ckl\Z�nmgdpbc�lbiZ�Eyimgh\Z�>�@�\�g_h[oh^bfu_��Wlh�h[jZs_gb_�
hkgh\Zgh�gZ�^\mo�\ZjbZglZo�lhqgh]h�hibkZgby�fgh`_kl\Z�^hklb`bfhklb�mijZ\ey_fhc�
kbkl_fu�k�bkihevah\Zgb_f�kq_lgh]h�k_f_ckl\Z�]eZ^dbo�km[j_r_gbc�mjZ\g_gby�=Zfbev�
lhgZ-Ydh[b�>�@�beb�k�h^gbf��gh�ebrv�ehdZevgh�ebirbp_\uf�km[j_r_gb_f�>�@� 

<hkijhba\_^_f�\lhjhc�\ZjbZgl�ijbf_gbl_evgh�d�ke_^mxs_c�aZ^Zq_�hilbfZevgh]h�
mijZ\e_gby� ( )P∆ �gZ�nbdkbjh\Zgghf�hlj_ad_�\j_f_gb� [ ]0 1,t t∆ = : 

( ) ( )( ) ( ) ( )( )
( ) ( )
( ) ( )( )

0 1

0 1

, , inf;

, , , ,

, ,

J x u l x t x t

x f t x u u t U

x t x t C

⋅ ⋅ = →

= ∈

∈

�  

]^_� ( ) ( ), nx AC R⋅ ∈ ∆ , ( ) ( ),u L U∞⋅ ∈ ∆ ��fgh`_kl\h�U �dhfiZdlgh��C �aZfdgmlh��fgh`_kl�
\h� ( ), ,f t x U � \uimdeh� b�nmgdpby� f � g_ij_ju\gZ� b� ebirbp_\Z� ih� x � jZ\ghf_jgh� ih�
( ),t u . 

Ke_^mxsZy�l_hj_fZ�h[h[sZ_l��\�qZklb�g_h[oh^bfhklb��j_amevlZlu�jZ[hl�>����@�gZ�
aZ^Zqb�k�h[sbfb��g_jZa^_e_ggufb��dhgp_\ufb�h]jZgbq_gbyfb� 

L_hj_fZ��>ey�]eh[Zevghc�hilbfZevghklb�ijhp_kkZ� ( ) ( )( ),x u⋅ ⋅ �\�aZ^Zq_� ( )P∆ �g_�
h[oh^bfh� b� ^hklZlhqgh� kms_kl\h\Zgby� gZ� n nR R∆ × × � lZdh]h� ehdZevgh� ebirbp_\h]h�
j_r_gby� ( , , )t x yϕ �g_jZ\_gkl\Z�=ZfbevlhgZ-Ydh[b 

{ }( , , ) max ( , , ) ( , , ) | 0t xt x y t x y f t x u u Uϕ ϕ+ ⋅ ∈ ≤  

k�mkeh\b_f� 0( , , ) 0t x xϕ ≤ ��qlh�\_dlhj� ( )0 1( ), ( )x t x t �y\ey_lky�]eh[Zevguf�j_r_gb_f�aZ^Z�
qb�fZl_fZlbq_kdh]h�ijh]jZffbjh\Zgby 

( ) ( ) ( ) ( )0 1 0 1 0 0 0 1 1 0, inf; , , , , 0, , , 0.l x x x x C t x x t x xϕ ϕ→ ∈ ≤ ≤  

1. >uolZ <�:��G_jZ\_gkl\h�Eyimgh\Z–Djhlh\Z�b�^hklZlhqgu_�mkeh\by�\�hilbfZevghf�
mijZ\e_gbb ���Blh]b�gZmdb�b�l_ogbdb��Kh\j_f_ggZy�fZl_fZlbdZ�b�__�ijbeh`_gby� – 
2006. –�L� 110. –�K� 76-108. 

2. Vinter R.B. A characterization of the reachable set for nonlinear control systems // SIAM 
J. Control and Optimization. – 1980. – Vol. 18. – No. 6. – P. 599-610. 

3. OjmklZe_\ F�F��Lhqgh_� hibkZgb_�fgh`_kl\� ^hklb`bfhklb� b� mkeh\by� ]eh[Zevghc�
hilbfZevghklb� ^bgZfbq_kdbo� kbkl_f�� I�� Hp_gdb� b� lhqgh_� hibkZgb_� fgh`_kl\ 
^hklb`bfhklb� b� mijZ\ey_fhklb ��� :\lhfZlbdZ� b� l_e_f_oZgbdZ� – 1988. –� � 5. – 
K� 62-71. 

4. OjmklZe_\ F�F��Lhqgh_� hibkZgb_�fgh`_kl\� ^hklb`bfhklb� b� mkeh\by� ]eh[Zevghc�
hilbfZevghklb�^bgZfbq_kdbo�kbkl_f��II ��Mkeh\by�]eh[Zevghc�hilbfZevghklb ���:\�
lhfZlbdZ�b�l_e_f_oZgbdZ� – 1988. –�� 7. –�K� 70-80. 

5. :j]mqbgp_\ :�<���>uolZ <�:���Kjhqdh <�:��HilbfZevgh_�mijZ\e_gb_��g_ehdZevgu_�
mkeh\by��\uqbkebl_evgu_�f_lh^u�b�\ZjbZpbhgguc�ijbgpbi�fZdkbfmfZ ���Ba\_klby�
\mah\��FZl_fZlbdZ� – 2009. –�� 1. –�K� 3-43. 
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L?KLH<:Y�DHEE?DPBY 
G?<UIMDEUO�A:>:Q�HILBF:EVGH=H�MIJ:<E?GBY* 

L�K� AZjh^gxd��:�X� =hjgh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

gornov@ok.ru 

L_klbjh\Zgb_�ijh]jZff�b�Ze]hjblfh\�hilbfbaZpbb�y\ey_lky�hkgh\guf�f_lh^hf�
wdki_jbf_glZevghc�hp_gdb�bo�wnn_dlb\ghklb��<�hkgh\_�\k_o�ba\_klguo�f_lh^bd�l_klb�
jh\Zgby�e_`Zl�dhee_dpbb�l_klh\uo�aZ^Zq��Rbjhdh�ba\_klgu�l_klh\u_�dhee_dpbb�aZ^Zq�
fZl_fZlbq_kdh]h� ijh]jZffbjh\Zgby�� Z\lhjZfb� dhlhjuo� y\eyxlky� Hock W., 
Schittkowski K., Floudas C.A., Pardalos P.M��b�^jm]b_�>kf���gZijbf_j���-�@��D�kh`Ze_gbx��
\�h[eZklb�hilbfbaZpbb�^bgZfbq_kdbo�kbkl_f�\�gZklhys__�\j_fy�g_�kms_kl\m_l�lZdbo�
_^bguo� h[s_ijbagZgguo� dhee_dpbc�� <� jZ[hl_� ij_^ijbgylZ� ihiuldZ� nhjfbjh\Zgby�
dhee_dpbb�g_\uimdeuo�aZ^Zq�hilbfZevgh]h�mijZ\e_gby��AHM�� 

LjZ^bpbhggh� kqblZ_lky�� qlh� ^ey� ^hklb`_gby� p_e_c� l_klbjh\Zgby� –� ihemq_gby�
h[t_dlb\ghc�bgnhjfZpbb� h� k\hckl\Zo�f_lh^h\��gZoh`^_gby� lbih\� aZ^Zq��gZ� dhlhjuo�
Ze]hjblfu�gZb[he__�wnn_dlb\gu��l_klh\u_�aZ^Zqb�^he`gu�m^h\e_l\hjylv�ke_^mxsbf�
lj_[h\Zgbyf� >kf��� gZijbf_j�� �@�� �� l_klu� ^he`gu� [ulv� mgbnbpbjh\Zgu� b� h[s_ijb�
agZggu�� �� l_klu�^he`gu�fh^_ebjh\Zlv�lbih\u_�ljm^ghklb�^ey�^Zggh]h�deZkkZ�aZ^Zq��
3) j_r_gb_�\�l_klh\hc�aZ^Zq_�^he`gh�[ulv�ba\_klgh���� aZ^Zqb�^he`gu�[ulv�^hklZlhqgh�
dhfiZdlgufb�� �� \� dZq_kl\_� l_klh\uo�g_� ]h^ylky� aZ^Zqb��^Zxsb_�ij_bfms_kl\Z� lhfm�
beb�bghfm�f_lh^m��<�g_\uimdeuo�aZ^ZqZo�lhqgh_�j_r_gb_�[u\Z_l�ba\_klgh�^hklZlhqgh�
j_^dh�� ihwlhfm� lj_[h\Zgb_ �� hkeZ[e_gh� b� aZf_g_gh�gZ �Z��^he`gh�[ulv�ij_^klZ\e_gh�
emqr__�ba�ba\_klguo�\�l_klh\hc�aZ^Zq_�j_r_gbc��ijbgpbi�©EHVW�RI�NQRZQª�� 

<�dhee_dpbx�\dexqZxlky�ba\_klgu_�Z\lhjZf�l_klh\u_�aZ^Zqb��m^h\e_l\hjyxsb_�
mdZaZgguf�lj_[h\Zgbyf��ijhba\h^blky�j_]meyjguc�ihbkd�gh\uo�AHM��him[ebdh\Zgguo�
\�gZmqguo�ba^Zgbyo��Djhf_�lh]h��Z\lhju�kqblZxl�p_e_khh[jZaghc�jZajZ[hldm�f_lh^bd�
dhgkljmbjh\Zgby�l_klh\uo�aZ^Zq�b�]_g_jZpbx�k�ijbf_g_gb_f�wlbo�f_lh^bd�gh\uo�l_k�
lh\� 

Bkke_^h\Zgb_� l_klh\uo� AHM� hkms_kl\ey_lky� k� bkihevah\Zgb_f� ijh]jZffgh]h�
dhfie_dkZ� 237&21-I� �\_jkby�^ey�g_\uimdeuo�AHM���hkgh\Zggh]h�gZ�f_lh^_�fmevlb�
klZjlZ� b� jZa\b\Z_fh]h� Z\lhjZfb� \uqbkebl_evghc� l_ogheh]bb�� ijbf_gy_fhc� \� ijh�
]jZffghf�dhfie_dk_ OPTCON-III ��>ey�dZ`^h]h�l_klZ�mdZau\Z_lky�qbkeh�aZ^Zq�Dhrb�b�
ijhp_kkhjgh_�\j_fy��aZljZq_ggu_�gZ�ihemq_gb_�j_r_gby��j_dhj^gh_�agZq_gb_�fbgbfb�
abjm_fh]h�nmgdpbhgZeZ��hilbfZevgu_� ljZ_dlhjbb�b�mijZ\e_gb_��fgh`_kl\h�^hklb`b�
fhklb��gZ�dhlhjhf�\u^_e_gu�lhqdb�gZoh`^_gby�ehdZevguo�wdklj_fmfh\�b�h[eZklb�bo�
ijbly`_gby� 

<�gZklhys__�\j_fy�l_klh\Zy�dhee_dpby�kh^_j`bl����g_\uimdeuo�aZ^Zq�hilbfZev�
gh]h�mijZ\e_gby� 
1. Hock W., Schittkowski K. Test Examples for Nonlinear Programming Codes. – Berlin, 

Heidelberg, N.Y.: Springer-Verlag, 1981. – 184 p. 
2. Floudas C.A., Pardalos P.M. A Collection of Test Problems for Constrained Global Op-

timization Algorithms. – Springer-Verlag, 1990. – 180 p. 
3. Iheyd ;�L��<\_^_gb_�\�hilbfbaZpbx��–�F���GZmdZ��������– 382 k� 

                                                 
* JZ[hlZ�ih^^_j`ZgZ�]jZglZfb�JNNB���-07-������b���-07-00265-Z� 
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EH=BQ?KDB?�MJ:<G?GBY�B�><HBQGU?�>B:=J:FFU�J?R?GBC 

:�K� B]gZlv_\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

alexey.ignatiev@gmail .com 

>\hbqgu_� ^bZ]jZffu� j_r_gbc� �Binary Decision Diagram, BDD) –� wlh� ki_pbZev�
guc�\b^�gZijZ\e_gguo�ihf_q_gguo�]jZnh\��ihkj_^kl\hf�dhlhjuo�fh`gh�ij_^klZ\eylv�
[me_\u�nmgdpbb��H[jZagh�]h\hjy��BDD�j_rZxl�ijh[e_fm�dhfiZdlgh]h�ij_^klZ\e_gby�
[me_\uo�nmgdpbc�\�deZkk_�]jZnh\��G_kfhljy�gZ�lh��qlh�i_j\h_�mihfbgZgb_�BDD� �ih^�
gZa\Zgb_f�©^\hbqgu_�j_rZxsb_�ijh]jZffuª��\klj_qZ_lky�\�klZlv_ >�@��hkhagZgb_�agZ�
qbfhklb�BDD� ^ey� fZl_fZlbq_kdhc� b� ijbdeZ^ghc� db[_jg_lbdb� ijbreh� ihke_�nmg^Z�
f_glZevghc�jZ[hlu >�@��Bf_ggh�\�wlhc�jZ[hl_�\i_j\u_�[ueb�hibkZgu�Ze]hjblfu�©fZ�
gbimeypbc� k�[me_\ufb�nmgdpbyfbª��[Zabjmxsb_ky�gZ�%''��<�gZklhys__�\j_fy�^\h�
bqgu_�^bZ]jZffu�j_r_gbc�Zdlb\gh�bkihevamxlky�\�^bgZfbqgh�jZa\b\Zxs_cky�h[eZk�
lb� \_jbnbdZpbb�fh^_e_c�ijh]jZff� �l� g�� ©PRGHO� FKHFNLQJª�� kf�� >�@���AZ�ihke_^gb_�g_�
kdhevdh�e_l�j_Zebah\Zgu�fgh]hqbke_ggu_�iZd_lu�ijh]jZff�^ey�jZ[hlu�k�%''��hjb_g�
lbjh\Zggu_�]eZ\guf�h[jZahf�gZ�aZ^Zqb�\_jbnbdZpbb� 

<�gZklhys_c�aZf_ld_�ZgZebabjm_lky�ijbf_gbfhklv�^\hbqguo�^bZ]jZff�j_r_gbc�
\�aZ^ZqZo�ihbkdZ�j_r_gbc�kbkl_f�eh]bq_kdbo�mjZ\g_gbc��Kbkl_fu�eh]bq_kdbo�mjZ\g_�
gbc�\hagbdZxl�\h�fgh]bo�ijbeh`_gbyo�kh\j_f_gghc�^bkdj_lghc�fZl_fZlbdb�b�fZl_fZ�
lbq_kdhc� db[_jg_lbdb� �\� qZklghklb�� \� aZ^ZqZo� h[jZs_gby� ^bkdj_lguo�nmgdpbc���G_�
kfhljy�gZ�lh��qlh�\�h[s_f�kemqZ_�aZ^ZqZ�ihbkdZ�j_r_gbc�kbkl_fu�eh]bq_kdbo�mjZ\g_�
gbc�NP-ljm^gZ��d�ihbkdm�j_r_gbc�wlbo�aZ^Zq�kms_kl\m_l�fgh`_kl\h�ih^oh^h\��\�hkgh\_�
dhlhjuo� e_`Zl� w\jbklbq_kdb_� Ze]hjblfu�� <� jZ[hl_� ijh\h^ylky� iZjZee_eb� k� 6$7-
ih^oh^hf� –� ^jm]bf� ihimeyjguf� ih^oh^hf� d� ijh[e_f_� ihbkdZ� j_r_gbc� eh]bq_kdbo�
mjZ\g_gbc��kf��>�@�� 

JZa[bjZ_lky�jy^�oZjZdl_jguo�hkh[_gghkl_c��dhlhju_�ke_^m_l�mqblu\Zlv�ijb�ijh�
]jZffghc�j_ZebaZpbb BDD-j_rZl_ey��hjb_glbjh\Zggh]h�bf_ggh�gZ�aZ^Zqb�ihbkdZ�j_�
r_gbc�eh]bq_kdbo�mjZ\g_gbc� 
1. Lee C.Y. Representation of Switching Circuits by Binary-Decision Programs // Bell Sys-

tems Technical Journal. – 1959. – V. 38. – P. 985-999. 
2. Bryant R.E. Graph-Based Algorithms for Boolean Function Manipulation // IEEE Trans-

actions on Computers. – 1986. – V. ��������– C. 677-691. 
3. DeZjd�W�<���=jZf[_j]�H���I_e_^ >��<_jbnbdZpby�fh^_e_c�ijh]jZff��Model Check-

ing���I_j��k�Zg]e��–�F���FPGFH��������– 416 k� 
4. K_f_gh\ :�:���Hlims_ggbdh\ B�<��H[�Ze]hjblfZo�h[jZs_gby�^bkdj_lguo�nmgdpbc�

ba�h^gh]h�deZkkZ // IjbdeZ^gu_�Ze]hjblfu�\�^bkdj_lghf�ZgZeba_��K_j���>bkdj_lguc�
ZgZeba�b�bgnhjfZlbdZ��–�Bjdmlkd��Ba^-\h�Bjdml��]hk��mg-lZ��������–�<ui� 2. –�K� 127 
–156. 
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H�<?L<E?GBB�K?F?CKL<�BG<:JB:GLGUO�FGH=HH;J:ABC 
DHGK?J<:LB<GUO�KBKL?F* 

<�>� Bjl_]h\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

irteg@icc.ru 

<�^hdeZ^_�ijb\_^_gu�g_dhlhju_�j_amevlZlu� ZgZebaZ�[bnmjdZpbc�bg\ZjbZglguo�
fgh]hh[jZabc�klZpbhgZjguo�^\b`_gbc��BFK>��\iheg_�bgl_]jbjm_fuo�mjZ\g_gbc�Wc�
e_jZ��hibku\Zxsbo�^\b`_gb_�l\_j^h]h�l_eZ��H[jZs_gh�\gbfZgb_�gZ�lh��qlh�dZd�b�ijb�
\_l\e_gbb�k_f_ckl\�iheh`_gbc�jZ\gh\_kby�ijb�\_l\e_gbb�BFK>�ijhbkoh^bl�baf_g_�
gb_�oZjZdl_jZ�mklhcqb\hklb�\�lhqdZo�[bnmjdZpbb� 

<�qZklghklb��jZkkfhlj_gZ�aZ^ZqZ�h�^\b`_gbb�kbff_ljbqgh]h�l\_j^h]h�l_eZ��^bn�
n_j_gpbZevgu_�mjZ\g_gby�dhlhjhc�\u]ey^yl�ke_^mxsbf�h[jZahf� 

	 
 	 
0 0 2 2 3Ap A C qr z A CH N H H� � � � �� , 

	 
 	 
0 0 1 3 1Aq C A r p z C AH N H H� � � � �� , 0Cr �� , 

1 0 2 3r qH H H� �� , 2 3 0 1p rH H H� �� , 3 1 2q pH H H� �� . 

IhdZaZgh��qlh�^Zggu_�mjZ\g_gby�bf_xl�ljb�k_f_ckl\Z�hkh[uo�BFK>��dhlhju_�k�
lhqdb� aj_gby� dbg_fZlbdb� l\_j^h]h� l_eZ� ij_^klZ\eyxl� kh[hc� j_]meyjgu_� ij_p_kkbb��
AZf_lbf�� qlh� hkh[ufb� a^_kv� gZau\Zxlky� BFK>�� dhlhju_� ^hklZ\eyxl� klZpbhgZjgh_�
agZq_gb_�g_kdhevdbf�i_j\uf�bgl_]jZeZf�aZ^Zqb� 

I_j\h_�k_f_ckl\h�bg\ZjbZglguo�fgh]hh[jZabc��BF��hij_^_ey_lky�mjZ\g_gbyfb 

0 0 1 0 0 2 3, , 0Cr p z Cr q zH H H� � � . 

IZjZf_ljhf�k_f_ckl\Z�a^_kv�y\ey_lky� 0r . 

>ey�\lhjh]h�k_f_ckl\Z�khhl\_lkl\mxsb_�mjZ\g_gby�ihemqZxlky�lZdbfb� 
	 
 1

1p A C AN H
�

�o � , 	 
 1
2q A C AN H

�
�o � , 3 constH � . 

We_f_glu�^Zggh]h�k_f_ckl\Z�j_Zebamxlky�ijb�ex[hf�ihklhygghf� 3H ��AgZq_gb_�m]eh�
\hc�kdhjhklb�kh[kl\_ggh]h�\jZs_gby�^ey�\k_o�ij_p_kkbc�a^_kv�h^bgZdh\h�b�hij_^_ey�
_lky�jZ\_gkl\hf� 	 
2 2 2

0 0C r A C z AN � � ��IZjZf_ljhf�k_f_ckl\Z�kem`bl� 3H . 

Lj_lv_�k_f_ckl\h�hkh[uo�bg\ZjbZglguo�fgh]hh[jZabc�hibku\Z_lky�mjZ\g_gbyfb 
	 
0 0 1Az p A C CrN H� � , 	 
0 0 2Az q A C CrN H� � , 	 
 3 0A C zN H� � . 

IZjZf_ljhf�k_f_ckl\Z�a^_kv�kgh\Z�y\ey_lky� 0r . 

Ko_fZ�\_l\e_gby�wlbo�lj_o�k_f_ckl\�BF�\u]ey^bl�lZd� 
?keb�^\b]Zlvky�\^hev�i_j\h]h�k_f_ckl\Z��m\_ebqb\Zy�iZjZf_lj 0r �� lh�hl�BF��gZ�

dhlhjhf�gZjmrZxlky�mkeh\by�mklhcqb\hklb�we_f_glh\�^Zggh]h�k_f_ckl\Z�BF��hl\_l\�
ey_lky� \lhjh_� k_f_ckl\h�BF��Ihke_^g__� aZl_f�ijbfudZ_l�d� lj_lv_fm� k_f_ckl\m�BF��
Ijbq_f� ijbfudZgb_� kgh\Z� ijhbkoh^bl� d� lhfm� we_f_glm� lj_lv_]h� k_f_ckl\Z�� dhlhjh_�
e_`bl� gZ� ]jZgbp_� mklhcqb\hklb� we_f_glh\� ^Zggh]h� k_f_ckl\Z�� Ki_pbnbdhc� ^Zggh]h�
g_ehdZevgh]h�\b^Z�[bnmjdZpbc�lj_o�hkh[uo�k_f_ckl\�BF�y\ey_lky�lh��qlh�ijb�\_l\e_�
gbb�baf_gy_lky�iZjZf_lj�gZ�hl\_l\eyxs_fky�k_f_ckl\_�b�ihgb`Z_lky�kl_i_gv�mklhc�
qb\hklb� 

 

                                                 
*�JZ[hlZ�qZklbqgh�ih^^_j`ZgZ�]jZglhf���-1000013-9019 INTAS-SB RAS. 
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H�J:AJ?RBFHKLB�A:>:QB�DHRB�>EY�<UJH@>?GGH=H�MJ:<G?GBY 
<LHJH=H�IHJY>D: 

>�Y� Dbk_e_\bq 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

dariakis@mail .ru 

JZkkfZljb\Z_lky�aZ^ZqZ�Dhrb 
2 1xe

y K
y

−′′ = − + ,            (1) 

( ) ( )0 0 0y y′= = .            (2) 

>ey�aZ^Zqb�Dhrb����������[ueh�ihemq_gh�j_r_gb_�\�\b^_�kl_i_ggh]h�jy^Z 
32

3/ 2 2 5/ 2 3

2 4 3 5
7 / 2 4

8 4 8 1 8 16
( )

3 11 3 6 121 27 11 9 11

8 1 13 41 4 617 91 16
80 49

3 19 6 19 11 38 11 9 323 9 11 3 11 11

1 13

113 6

K K K K
y x x x x x

K K K K K
x x

      = − + + + + +             
   ⋅         + + + + − + ⋅ +               ⋅ ⋅            

+ ⋅
2 4 6

9 / 2

3 5 7
2 2 5

5 1283 4 27539 1110293

19 17 22 27 11 17 19 27 11 17 18 19 11

2
9 17113 13 23 131 66 649733 9 11 444823

11 17 19 81 83 11 11 11 11

K K K
x

K K K K
x

 ⋅ ⋅     + − + +       ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅      
        + ⋅ + ⋅ ⋅ − ⋅ + ⋅ ⋅ +         ⋅ ⋅ ⋅ ⋅         

...+
 >ey� \uykg_gby� \hijhkZ� kms_kl\h\Zgby� b� _^bgkl\_gghklb� lZdh]h� j_r_gby� [ueZ�

knhjfmebjh\ZgZ� b� ^hdZaZgZ� l_hj_fZ� h� kms_kl\h\Zgbb� _^bgkl\_ggh]h� ]hehfhjngh]h�
j_r_gby�aZ^Zqb�Dhrb 

( )
( ) ( )

, ,

0 , 0 .

y f x y

y yε ε

′′ =
 ′= =

         (3) 

1. Yjhr_\kdbc <�:��Ijb[eb`_gguc�jZkq_l�ljZ_dlhjbc�\oh^Z�\�Zlfhkn_jm ��<�:� Yjh�
r_\kdbc��Dhkfbq_kdb_�bkke_^h\Zgby��– 1964. –�L� ���� 4. –�K� 507-531. 

2. Yjhr_\kdbc <�:��Ijb[eb`_gguc�jZkq_l�ljZ_dlhjbc�\oh^Z�\�Zlfhkn_jm ��<�:� Yjh�
r_\kdbc��Dhkfbq_kdb_�bkke_^h\Zgby��– 1964. –�L� 2. –�� 5. –�K� 679-696. 

3. FZl\__\ G�F�� E_dpbb� ih� ZgZeblbq_kdhc� l_hjbb� ^bnn_j_gpbZevguo� mjZ\g_gbc // 
Mq_[��ihkh[b_��G�F� FZl\__\��–�KI[���Ba^Zl_evkl\h�K�-I_l_j[mj]kdh]h�mgb\_jkbl_�
lZ��������– 314 k� 
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H�KL:;BEBA:PBB�F?O:GBQ?KDBO�KBKL?F�K�G?IHEGUF 
BAF?J?GB?F�H;H;S?GGUO�DHHJ>BG:L* 

:�:� Dhkh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

JZkkfhljbf�mijZ\ey_fmx�f_oZgbq_kdmx�kbkl_fm 
Bu

qq

T

q

T

dt

d +
∂
Π∂−=

∂
∂−

∂
∂
�

.           (1) 

<_dlhj�h[h[s_gguo�dhhj^bgZl�khklZ\ghc� ( ),T T Tq x y= , mRx∈ , kRy∈ ��baf_jyxl�
ky�lhevdh�dhfihg_glu�\_dlhjZ� mRx∈ ��mijZ\eylv�fh`gh�lhevdh�ijbeh`_gb_f�kbe�\�i_j�
\uo� m � mjZ\g_gbyo�� l�_�� ( )1,..., ,0,...,0

T

mBu u u≡ �� Dbg_lbq_kdZy� wg_j]by� ( )1 2 TT q A q q= � �  

y\ey_lky�iheh`bl_evgh�hij_^_e_gghc�d\Z^jZlbqghc�nhjfhc�h[h[s_gguo�kdhjhkl_c��fZl�
jbpZ� ( )0A �y\ey_lky�kbff_ljbqghc�iheh`bl_evgh�hij_^_e_gghc�b�ij_^klZ\bfZ�\�[ehqghf�

\b^_� ( ) 11 12

12 22

0 T

A A
A

A A

 
=  

 
��]^_� 11A �b� 22A  –�iheh`bl_evgh�hij_^_e_ggu_�kbff_ljbqgu_�fZl�

jbpu�jZaf_jh\� mm× �b� kk × �khhl\_lkl\_ggh��Imklv�jZaeh`_gb_�ihl_gpbZevghc�wg_j]bb�\�
jy^�L_cehjZ�gZqbgZ_lky�k�d\Z^jZlbqghc�nhjfu� ( )2 1 2 Tq q CqΠ = ��kbff_ljbqgZy�fZljbpZ�

dhlhjhc�ij_^klZ\bfZ�\�[ehqghf�\b^_� 11 12

12 22
T

C C
C

C C

 
=  

 
��]^_� 11C �b� 22C  –�kbff_ljbqgu_�fZl�

jbpu�jZaf_jh\� mm× �b� kk × �khhl\_lkl\_ggh� 
Kbkl_fZ� ����bf__l�iheh`_gb_�jZ\gh\_kby� 0== qq � ��dhlhjh_�ijb�hlkmlkl\bb�mijZ\�

e_gby� 0=u � g_�fh`_l� [ulv� Zkbfilhlbq_kdb� mklhcqb\uf��KlZ\blky� aZ^ZqZ� klZ[bebaZpbb�
iheh`_gby� jZ\gh\_kby� kbkl_fu� ���� ^h� Zkbfilhlbq_kdhc� mklhcqb\hklb� aZ� kq_l� \u[hjZ�
mijZ\e_gby�ih�ijbgpbim�h[jZlghc�k\yab�k�bkihevah\Zgb_f�lhevdh�^hklmighc�bgnhjfZpbb�
h�khklhygbb�kbkl_fu� 

;m^_f� bkihevah\Zlv� ihl_gpbZevgu_� mijZ\eyxsb_� kbeu�
i

i q
u

∂
Π∂−= , mi ,1= �� ]^_�

( ),x wΠ = Π  –�nmgdpby�baf_jy_fuo�b�bkdmkkl\_gguo�i_j_f_gguo� mRw∈ ��>ey�bkdmkkl�
\_gguo�i_j_f_gguo�\havf_f�mjZ\g_gby 

w

F

ww

T

w

T

dt

d
�� ∂

∂−
∂
Π∂−=

∂
∂−

∂
∂

.           (2) 

<u[hj�\k_o�nmgdpbc�k�djurdZfb�–�\�gZrbo�jmdZo� 
L_hj_fZ. ?keb�fZljbpZ� 22C �y\ey_lky�iheh`bl_evgh�hij_^_e_gghc��Z�iZjZ�fZljbp�

( )1 1
22 22 12 22 22 12, T TC A C C A A− −− � iheghklvx� mijZ\ey_fhc�� lh� g_ij_ju\gh� ^bnn_j_gpbjm_fu_�

nmgdpbb� ( ),x wΠ � b� ( )F w� � fh`gh� \u[jZlv� lZd�� qlh� ihl_gpbZe� aZfdgmlhc� kbkl_fu�
( )( ) ,q x wΠ + Π �[m^_l�iheh`bl_evgh�hij_^_e_gguf�ih�\k_f�i_j_f_gguf��[m^_l�h[_ki_q_�

gZ�ihegZy�ih� w� �^bkkbiZpby�b�iheh`_gb_�jZ\gh\_kby� 0== qq � , 0== ww � �aZfdgmlhc�kbk�
l_fu����������[m^_l�klZ[bebabjh\Zgh�^h�Zkbfilhlbq_kdhc�mklhcqb\hklb� 

Mkeh\by�^Zgghc�l_hj_fu��gZdeZ^u\Z_fu_�gZ�fZljbqgu_�dhwnnbpb_glu��y\eyxlky�\�
ebg_cghf�kemqZ_�b�g_h[oh^bfufb�^ey�klZ[bebaZpbb�mdZaZgguf�h[jZahf� 

                                                 
*�JZ[hlZ�ih^^_j`ZgZ�INTAS (06-1000013-������b�Ijh]jZffhc������Ij_ab^bmfZ�J:G� 
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:E=HJBLF�IJH<?JDB�D-MKLHCQB<HKLB�B�:>>BLB<GHC 
D-MKLHCQB<HKLB�F:LJBP�G:�I:J:EE?IBI?>:O 

:�:� Dhkh\��X�G� Dhgh\Zeh\Z 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 
Bgklblml�fZl_fZlbdb��wdhghfbdb�b�bgnhjfZlbdb�B=M 

Imklv� ( )0P−  –� deZkk� fZljbp�� m� dhlhjuo� \k_� ]eZ\gu_� fbghju� g_q_lguo� ihjy^dh\ 
g_iheh`bl_evgu��Z�q_lguo�–�g_hljbpZl_evgu��ijbq_f�kmffu�\k_o�]eZ\guo�fbghjh\�dZ`^h�
]h�ihjy^dZ�hlebqgu�hl�gmey��;m^_f�h[hagZqZlv�q_j_a� nD ��khhl\_lkl\_ggh� nD ��fgh`_kl\Z�
^bZ]hgZevguo�fZljbp�k�iheh`bl_evgufb��khhl\_lkl\_ggh�g_hljbpZl_evgufb��we_f_glZfb�
gZ�]eZ\ghc�^bZ]hgZeb��FZljbpm� A �[m^_f�gZau\Zlv�D-mklhcqb\hc�hlghkbl_evgh�fgh`_kl\Z�

nD⊆Θ �b�ibkZlv� ( )A DSt∈ Θ ��_keb�fZljbpZ� DA �mklhcqb\Z�ijb�\k_o� Θ∈D ��FZljbpm� A  

[m^_f� gZau\Zlv� Z^^blb\gh� D-mklhcqb\hc� hlghkbl_evgh� fgh`_kl\Z� nD⊆Ω � b� ibkZlv�
( )A aDSt∈ Ω �� _keb� fZljbpZ� DA− � mklhcqb\Z� ijb� \k_o� Ω∈D �� Hij_^_e_gby� D-

mklhcqb\hklb�b�Z^^blb\ghc�D-mklhcqb\hklb�fZljbp�hlghkbl_evgh�aZfdgmluo�b�h]jZgbq_g�
guo�fgh`_kl\� Θ �b� Ω �fh]ml�[ulv�ihe_agufb�\�ijbeh`_gbyo��Hkh[uc�bgl_j_k�ij_^klZ\�
eyxl�D-mklhcqb\hklv�b�Z^^blb\gZy�D-mklhcqb\hklv�hlghkbl_evgh�aZ^Zggh]h�iZjZee_e_ib�
i_^Z��dh]^Z�fgh`_kl\Z� Θ �b� Ω �bf_xl�\b^ 

( ) ( )min max min max, , 0 , 1,i i i id d diag d d d d i nΘ = Π == < < < < +∞ = , 

( ) ( )max0, , 0 , 1,i i id diag d d d i n⊕Ω = Π = ≤ < < +∞ = . 

A^_kv� mind  –� \_dlhj� kh� kljh]h� iheh`bl_evgufb� dhfihg_glZfb�� g_� ij_\hkoh^ysbfb 1, 
maxd  –�\_dlhj�kh�kljh]h�iheh`bl_evgufb�dhfihg_glZfb��g_�f_gvrbfb 1, ⊕d  –�\_dlhj�k�

g_hljbpZl_evgufb�dhfihg_glZfb� 
Mkeh\b_� ( )0PA −∈ �g_h[oh^bfh� ^ey� D-mklhcqb\hklb�b� Z^^blb\ghc� D-mklhcqb\hklb�

fZljbp��gh�Ze]hjblf�ijh\_jdb�gZebqby�gZa\Zgguo�k\hckl\�g_ba\_kl_g��<hh[s_�]h\hjy��mk�
eh\b_� ( )0PA −∈ � g_� y\ey_lky� g_h[oh^bfuf� ^ey� D-mklhcqb\hklb� b� Z^^blb\ghc� D-

mklhcqb\hklb� fZljbpu� hlghkbl_evgh� aZ^Zggh]h� iZjZee_e_ibi_^Z�� gh� hdZau\Z_lky� wlh]h�
ij_^iheh`_gby�m`_�\iheg_�^hklZlhqgh��qlh[u�dhgkljmdlb\gh�ijh\_jblv�gZebqb_�beb�hl�
kmlkl\b_�khhl\_lkl\mxs_]h�k\hckl\Z�gZ�aZ^Zgghf�dhg_qghf�iZjZee_e_ibi_^_��>ey�hij_^_�
e_gghklb�jZkkfhljbf�k\hckl\h�D-mklhcqb\hklb� 

Imklv�fZljbpZ� ( )0PA −∈ � b� iZjZee_e_ibi_^� ( )min max,d dΠ � aZ^Zgu��Dhwnnbpb_glu�
oZjZdl_jbklbq_kdh]h� ihebghfZ� ( ) n

nl aaDAEDF +++=−= − ...det),( 1
1λλλλ � fZljb�

pu DA  ( )min max,D d d∈Π �y\eyxlky�kmffZfb�]eZ\guo�fbghjh\�khhl\_lkl\mxs_]h�ihjy^dZ��
ijbq_f�fbghju�g_q_lguo�ihjy^dh\�[_jmlky�kh�agZdhf�fbgmk��Z�qzlguo�–�kh�agZdhf�iexk��
Ihkdhevdm� ( )0PA −∈ ��lh�\k_�dhwnnbpb_glu� ( )1, ...,j j na a d d= �y\eyxlky�fhghlhggh�\ha�
jZklZxsbfb�nmgdpbyfb�\k_o�Zj]mf_glh\� ( )1, ..., nd d ��Ihkljhbf�^\Z�ihebghfZ� 

( ) ( ) ( )min 1 min min
min min 1 mindet ... , , 1,n n

n iF E D A a a D diag d i nλ λ λ λ −= − = + + + = = , 

( ) ( ) ( )max 1 max max
max max 1 maxdet , , 1,n n

n iF E D A a a D diag d i nλ λ λ λ −= − = + + + = =�  

b�jZkkfhljbf�bgl_j\Zevgh_�k_f_ckl\h�ihebghfh\ 
( ) 1 min max

1 ... , , , 1,n n
n i i ib b b a a i nλ λ λ −  Φ = + + + ∈ =  .     (1) 
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Ihkdhevdm� k_f_ckl\h� ( ),F D λ , ( )min max,D d d∈Π �y\ey_lky�ih^fgh`_kl\hf�bgl_j�
\Zevgh]h� k_f_ckl\Z ����� lh� ba� mklhcqb\hklb� ihke_^g_]h� \ul_dZ_l� D-mklhcqb\hklv�fZljb�
pu A � hlghkbl_evgh� iZjZee_e_ibi_^Z� ( )min max,d dΠ ��Mklhcqb\hklv�`_�bgl_j\Zevgh]h� k_�
f_ckl\Z ����fh`gh� wnn_dlb\gh� ijh\_jblv� gZ� hkgh\_� djbl_jby�OZjblhgh\Z >�@��>ey� wlh]h�
gZ^h�ihkljhblv�ih�k_f_ckl\m ����b�ijh\_jblv�mklhcqb\hklv�q_luj_o�ihebghfh\�OZjblhgh�
\Z��J_axfbjmy�\k_�kdZaZggh_��ijboh^bf�d�ke_^mxs_fm�ml\_j`^_gbx� 

L_hj_fZ� >ey�lh]h� qlh[u�fZljbpZ� ( )0PA −∈ � [ueZ� D-mklhcqb\hc� hlghkbl_evgh�
iZjZee_ibi_^Z� ( )min max,d dΠ �� ^hklZlhqgh�� qlh[u� [ueb� mklhcqb\ufb� q_luj_� ihebghfZ�
OZjblhgh\Z��hl\_qZxsb_�khhl\_lkl\mxs_fm�bgl_j\Zevghfm�k_f_ckl\m�(1). 

Hlf_lbf��qlh� \\b^m� kbevghc� �ihebghfbZevghc�� aZ\bkbfhklb�dhwnnbpb_glh\�oZjZd�
l_jbklbq_kdh]h�mjZ\g_gby�hl� ),...,( 1 ndd �ijb�^hklZlhqgh�[hevrbo�jZaf_jZo�Zijh[bjm_fh]h�
iZjZee_ibi_^Z�l_hj_fZ�[m^_l�^Z\Zlv�hq_gv�]jm[u_�mkeh\by��l�_��gZ�__�hkgh\_�g_evay�[m^_l�
mklZgh\blv� D-mklhcqb\hklv� fZljbpu� hlghkbl_evgh� \k_]h� ( )min max,d dΠ �� <� lZdhf� kemqZ_�
ke_^m_l�jZa[blv�j_[jZ�iZjZee_e_ibi_^Z�gZ�g_kdhevdh�qZkl_c�b�ijbf_gblv�lm�`_�kZfmx�l_h�
j_fm�d�dZ`^hfm�ba�[he__�f_edbo�iZjZee_e_ibi_^h\�\�hl^_evghklb��Ijh^he`Zy�wlhl�ijhp_kk�
^jh[e_gby�b�ijh\_jdb� \hagbdZxsbo�ihebghfh\�� \� j_amevlZl_� eb[h�ijb^_f�d�ihemq_gbx 
g_mklhcqb\h]h�ihebghfZ� ( ) 1

1( , ) det ...m n
nF D E DA a aλ λ λ λ −= − = + + + ��\hagbdZxs_]h�^ey�

g_dhlhjhc�fZljbpu DA , ( )min max,D d d∈Π ��eb[h�\_kv�iZjZee_e_ibi_^� ( )min max,d dΠ �[m^_l�
ihdjul�jZa[b_gb_f�gZ�mklhcqb\u_�bgl_j\Zevgu_�k_f_ckl\Z� 

LZdbf�h[jZahf��^ey�aZ^Zgghc�fZljbpu�ba�deZkkZ� ( )0P− �b�aZ^Zggh]h�iZjZee_e_ibi_^Z�
( )min max,d dΠ �ijh\_jdm�k\hckl\Z�D-mklhcqb\hklb�fh`gh�\uihegblv�Ze]hjblfbq_kdb�aZ�dh�

g_qgh_��ohly�b�aZjZg__�g_ba\_klgh_�qbkeh�rZ]h\� 
Lhqgh�lZd`_�h[klhbl�^_eh�b�kh�k\hckl\hf�Z^^blb\ghc�D-mklhcqb\hklb�fZljbp�hlgh�

kbl_evgh�dhg_qgh]h�iZjZee_e_ibi_^Z� ( )0,d⊕Ω = Π ��a^_kv�bf__l�f_klh�khhl\_lkl\mxsbc�
ZgZeh]�l_hj_fu��hlebqZxsbcky�lhevdh�kihkh[hf�ihkljh_gby�bgl_j\Zevgh]h�k_f_ckl\Z������
\f_klh�fZkrlZ[bjh\Zgby�kljhd�mfgh`_gb_f�gZ� ( )min max,D d d∈Π �\uihegy_lky�\uqblZgb_�
^bZ]hgZevghc�fZljbpu� ( )0,D d⊕∈Π . 

Ijbf_j��FZljbpZ 
2 1 1 0

1 1 50 1 16
1 1 1 0
0 1 16 0 1

A

− 
 − −=  − − 

 

y\ey_lky� mklhcqb\hc� b� Z^^blb\gh D-mklhcqb\hc�� gh� g_� D-mklhcqb\hc�� WlZ� fZljbpZ 
D-mklhcqb\Z� hlghkbl_evgh� iZjZee_e_ibi_^Z� ( ), 3 4 5 4, 1, 4i idiag d d iΠ = < < = �� qlh�
mklZgZ\eb\Z_lky�gZ�hkgh\_�djbl_jby�OZjblhgh\Z�hibkZgguf�\ur_�f_lh^hf�ijb�jZa[b_gbb�
dZ`^h]h�j_[jZ�q_luj_of_jgh]h�iZjZee_e_ibi_^Z�Π �gZ����jZ\guo�qZkl_c� 

LZdbf�h[jZahf��^ZggZy�fZljbpZ�khojZgy_l�mklhcqb\hklv�ijb�fZkrlZ[bjh\Zgbb�kljhd�
\�\_kvfZ�rbjhdbo� ( )%25± ��gh�\k_�`_�lhevdh�\�h]jZgbq_gguo�ij_^_eZo� 
1. OZjblhgh\ <�E��H[� Zkbfilhlbq_kdhc� mklhcqb\hklb� iheh`_gby� jZ\gh\_kby� k_f_ckl\Z�

kbkl_f� ebg_cguo� ^bnn_j_gpbZevguo� mjZ\g_gbc ��� >bnn_j_gp�� mjZ\g_gby�� – 1978. 
L� ����� 11. –�K� 2086–2088. 
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H;�H>GHF�DE:KK?�L?KLH<�>EY�KBKL?F 
:<LHF:LBQ?KDH=H�>HD:A:L?EVKL<:�L?HJ?F 

K�?� Dhq_fZah\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

veinamond@gmail .com 

<�gZklhys_f�^hdeZ^_�hibku\Z_lky�deZkk�l_klh\�^ey�kbkl_f�Z\lhfZlbq_kdh]h�^hdZ�
aZl_evkl\Z�l_hj_f��hkgh\Zgguc�gZ�aZ^ZqZo�h[jZs_gby�^bkdj_lguo�nmgdpbc� 

<�fbj_�_`_]h^gh�ijh\h^ylky�hldjulu_�khj_\gh\Zgby�j_rZl_e_c�SAT-aZ^Zq�b�kbk�
l_f�:>L�i_j\h]h�ihjy^dZ��<�hkgh\_�ih^Z\eyxs_]h�[hevrbgkl\Z�kbkl_f�:>L��ihdZau�
\Zxsbo� \ukhdb_� j_amevlZlu� gZ� dhgdmjkZo�� bkihevam_lky�f_lh^� j_ahexpbc� >�@��;hev�
rbgkl\h� \ukhdhwnn_dlb\guo�SAT-j_rZl_e_c� [Zabjm_lky� gZ� Ze]hjblf_�DPLL � >�@��Bo�
ijhba\h^bl_evghklv�gZklhevdh�\ukhdZ��qlh�iha\hey_l�mki_rgh�kijZ\eylvky�^Z`_�k�aZ�
^ZqZfb�djbilhZgZebaZ�g_dhlhjuo�kbkl_f�rbnjh\Zgby�>�-5]. 

P_evx�gZklhys_]h�bkke_^h\Zgby�[ueh�ihkljh_gb_�gZ�[Za_�aZ^Zq�h[jZs_gby�g_dh�
lhjuo�djbilh]jZnbq_kdbo�nmgdpbc�deZkkh\�l_klh\�^ey�kbkl_f�:>L� 

H^ghc�ba�ijh[e_f��dhlhjmx�ijboh^blky�ij_h^he_\Zlv�\�^Zgghf�gZijZ\e_gbb��y\�
ey_lky� ijh[e_fZ� jZaebqguo�nhjfZlh\� \oh^guo� ^Zgguo� ^ey�SAT-j_rZl_e_c�b� kbkl_f�
:>L��<�jZfdZo�bkke_^h\Zgby�[ue�j_Zebah\Zg�dhg\_jl_j�ba�DIMACS-nhjfZlZ�\�nhjfZl�
TPTP��Hkh[_gghklv�djbilh]jZnbq_kdbo�SAT-aZ^Zq�khklhbl�\�lhf��qlh�khhl\_lkl\mxsZy�
DGN�ijZdlbq_kdb�\k_]^Z�h^gh\uihegbfZ��l�_���\uihegbfZ�gZ�h^ghf�gZ[hj_��G_\uihe�
gbfZy�DGN�fh`_l�[ulv�ihemq_gZ�ba�h^gh\uihegbfhc�\�j_amevlZl_�we_f_glZjguo�ij_�
h[jZah\Zgbc��j_Zebam_fuo�wnn_dlb\gh�� 

GZ�ihemq_gghf�deZkk_�l_klh\�[ueb�ijhl_klbjh\Zgu�kh\j_f_ggu_�\ukhdhkdhjhkl�
gu_�kbkl_fu�:>L��Vampire, Otter, Paradox�b�^j��[6]). 

1. Robinson J.A. A machine-oriented logic based on the resolution principle // J. ACM. – 
1965. – V. ����� 1. – P. 23-41. >I_j_\h^��Jh[bgkhg >`� :��FZrbggh-hjb_glbjh\Zg-
gZy�eh]bdZ��hkgh\ZggZy�gZ�ijbgpbi_�j_ahexpbc ���Db[_jg_lbq_kdbc�k[hjgbd��Gh\Zy�
k_jby��F���Fbj��������–�<ui� 7. –�K� 194-218]. 

2. Davis M., Longemann G., and Loveland D. A machine program for theorem proving // 
Communication of the ACM. – 1962. – V 5. – P. 394-397. 

3. C_f_gh\ :�:�� Eh]bdh-w\jbklbq_kdbc� ih^oh^� \� djbilhZgZeba_� ]_g_jZlhjh\� ^\hbq�
guo� ihke_^h\Zl_evghkl_c ��� Ljm^u� f_`^mgZjh^ghc� gZmqghc� dhgn_j_gpbb�
I:<L¶����–�Q_ey[bgkd��XMj=M��������–�L� 1. –�K� 170-180. 

4. AZbdbg H�K��� K_f_gh\ :�:�� L_ogheh]by� djmigh[ehqgh]h� iZjZee_ebafZ� \� 6$7-
aZ^ZqZo ���Ijh[e_fu�mijZ\e_gby��– 2008. –�� 1. –�K� 43–50. 

5. K_f_gh\ :�:��� AZbdbg H�K�� G_ihegu_� Ze]hjblfu� \� djmigh[ehqghf� iZjZee_ebaf_�
dhf[bgZlhjguo� aZ^Zq ��� <uqbkebl_evgu_� f_lh^u� b� ijh]jZffbjh\Zgb_�� – 2008. – 
L� �������–�K� 112–122. 

6. http://www.cs.miami.edu/~tptp/. 
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H�J:AJ?RBFHKLB�A:>:QB�DHRB�>EY 
H>GHF?JGH=H�KBG=MEYJGH=H�MJ:<G?GBY�H;;F 

:�<� DjZkgbd 
Bgklblml�fZl_fZlbdb��wdhghfbdb�b�bgnhjfZlbdb�B=M 

krasnik_andrey@mail .ru 

JZkkfZljb\Z_lky� aZ^ZqZ� Dhrb->bjboe_� ^ey� mjZ\g_gby� Hkdhedh\Z-;_g`Zf_gZ-
;hgZ-FZohgb��H;;F� 

3

2

u u u u
u f

t x t x x
α β∂ ∂ ∂ ∂+ + + =

∂ ∂ ∂ ∂ ∂
,       (1) 

( ) ( ) ( ) ( )0, 0 , 0, , 0u x u x u t u tπ= = = ,     (2) 

hibku\Zxs_]h�g_ebg_cgu_�ih\_joghklgu_�\hegu�>�@��>Zggh_�mjZ\g_gb_�^himkdZ_l�j_�
^mdpbx�d�aZ^Zq_�Dhrb�^ey�^bnn_j_gpbZevgh-hi_jZlhjgh]h�mjZ\g_gby�\b^Z 

( ) ( )( ),Bu t R u t t=� , ( ) 00u u= ,        (3) 

]^_� B  –�ebg_cguc�nj_^]hevfh\�hi_jZlhj��^_ckl\mxsbc�ba�[ZgZoh\Z�ijhkljZgkl\Z� 1E �\�
[ZgZoh\h�ijhkljZgkl\h� 2E ��<�^Zgghc�jZ[hl_�ij_^iheZ]Z_lky��qlh�hi_jZlhj� B �bf__l�h^�
ghf_jgh_�y^jh��<�jZ[hl_�ihklZ\e_gZ�aZ^ZqZ�h�ehdZevghc�jZaj_rbfhklb�aZ^Zqb�����\�h[�
eZklb� ( ){ }1 : ; ,D u E u t r rρ= ∈ < ∈ − . 

Imklv�ϕ �ba� ( )N B , ψ �ba� ( )N B∗ , 1,: =γϕγ . 

L_hj_fZ� Imklv�\uiheg_gu�ke_^mxsb_�mkeh\by� 
• hi_jZlhj� ( ),R u t �g_ij_ju\guc�\�h[eZklb� D �b�g_ij_ju\gh�^bnn_j_gpbjm_fuc�

ih�u �\�h[eZklb�D ; 

• ^ey� nmgdpbb� ( ) ( )0 0, ,r c R u u cγ ϕ ϕ ψ= − + � \uiheg_gh� ( )0 0r c = , 
0

0,c u γ= �b� ( )0 0r c′ ≠ . 

Lh]^Z�aZ^ZqZ�Dhrb�����bf__l�_^bgkl\_ggh_�deZkkbq_kdh_�j_r_gb_�\�h[eZklb�D . 
>hdZaZl_evkl\h�hkgh\u\Z_lky�gZ�ihbkd_�j_r_gby�aZ^Zqb�����\�\b^_ 

( ) ( ) ( ) ( ), , 0u t v t c t v tϕ γ= + ≡         (4) 

b� jZa^_e_gbb� \� aZ^Zq_� ���� ©^bnn_j_gpbZevgh-hi_jZlhjghcª� b� ©hi_jZlhjghcª� khklZ\�
eyxsbo� 

GZ�hkgh\Zgbb�^hdZaZgghc�l_hj_fu�ihemq_g�ke_^mxsbc�j_amevlZl��_keb�\�aZ^Zq_�
���������\oh^gu_�^Zggu_�m^h\e_l\hjyxl�ke_^mxsbf�mkeh\byf� 

( ) ( ) ( )0
0

0 0

sin ,0 sin
u x

u x xdx f x xdx
x

π π∂
=

∂∫ ∫ ,  ( )0

0

sin2 0u x xdx
π

≠∫ , 

lh�aZ^ZqZ�Dhrb->bjboe_�^ey�kbg]meyjgh]h�mjZ\g_gby�H;;F�bf__l�\�g_dhlhjhc�fZehc�
hdj_klghklb�lhqdb� ( )( )0 , 0u x �_^bgkl\_ggh_�deZkkbq_kdh_�j_r_gb_� 
1. K\_rgbdh\ $�=��Ebg_cgu_�b�g_ebg_cgu_�mjZ\g_gby�kh[he_\kdh]h�lbiZ ���K\_rgb�dh\ :�=���:evrbg :�;���Dhjimkh\ F�H���Ie_lg_j X�>��–�F���NbafZlebl������� 
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CMS?KL<H<:GB?�H=J:GBQ?GGH=H�J?R?GBY 
NMGDPBHG:EVGH->BNN?J?GPB:EVGH=H�MJ:<G?GBY* 

:�K� EZjbhgh\ 
;jZlkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 

larios84@yandex.ru 

JZkkfZljb\Z_lky�aZ^ZqZ�Dhrb 

( ) ( ) ( ) ( ) ( )( ),Lx x t q t x t f t x h t≡ + =   � , [ ),t a∈ ∞ ,      (1) 

( ) ( )x ξ ϕ ξ= ��_keb� [ ),aξ ∉ ∞ , 

( )x a α= , Rα ∈          (2) 

\� ke_^mxsbo� ij_^iheh`_gbyo�� nmgdpby� Raq →∞),[: � kmffbjm_fZ�� nmgdpby�
Rah →∞),[: � baf_jbfZ�� ijbq_f� tth ≤)( � ijb� ihqlb� \k_o� );,[ ∞∈ at � nmgdpby�

RRautf →×∞),[:),( �m^h\e_l\hjy_l�mkeh\byf�DZjZl_h^hjb�b�g_�h[eZ^Z_l��\hh[s_�]h�
\hjy�� k\hckl\hf�fhghlhgghklb� ih� \lhjhfm� Zj]mf_glm��GZ� hkgh\_� j_^mdpbb� bkoh^ghc�
aZ^Zqb�d�mjZ\g_gbx� x Ax=  c�fhghlhgguf�hi_jZlhjhf� A �^hdZau\Zxlky�ml\_j`^_gby�h�
jZaj_rbfhklb�aZ^Zqb����������\�g_dhlhjhf�dhgmkghf�hlj_ad_��J_^mdpby�hkms_kl\ey_lky�
gZ�hkgh\_� ko_fu� �� �� // −  –�d\Zabebg_ZjbaZpbb�G�<� :a[_e_\Z� >�@��Ijb� wlhf�kms_kl�
\_ggmx� jhev�b]jZ_l� agZdhhij_^_e_gghklv�nmgdpbb�Dhrb� khhl\_lkl\mxs_c�ebg_cghc�
aZ^Zqb� ( )( ) ( ) ( ) ( )Lx t r t x h t tη+ =   , ( ) 0x a = . 

Ihemq_ggu_�j_amevlZlu�ijbf_gyxlky�^ey�bkke_^h\Zgby�fZl_fZlbq_kdhc�fh^_eb�
ijhba\h^kl\Z�de_lhd�djh\b�>�@��kf��lZd`_�>�@���y\eyxs_cky�qZklguf�kemqZ_f�ijb\_^_g�
ghc� \ur_� aZ^Zqb� ijb� ( ) 0q t q const≡ > − , ( )( ) ( )

( ),
n

bx t
f t x h t

c x t

τ
τ

−
=   + −

, 0c > , 1n > , 

0 τ≤ < ∞ . 

1. :a[_e_\ G�<��� FZdkbfh\ <�I��� JZofZlmeebgZ E�N�� <\_^_gb_� \� l_hjbx� nmgdpbh�
gZevgh-^bnn_j_gpbZevguo�mjZ\g_gbc��–�F���GZmdZ������� 

2. Mackey M.C., Glass L. Oscill ations and chaos in physiological control systems. Science, 
1977. – V. 197. – P. 287-289. 

3. >vzjb B���I_jp_\ G�<��Mklhcqb\hklv�iheh`_gbc�jZ\gh\_kby�kbkl_f�nmgdpbhgZev�
gh-^bnn_j_gpbZevguo�mjZ\g_gbc��h[eZ^Zxsbo�k\hckl\hf�kf_rZgghc�fhghlhggh�
klb��Ijbf_g_gb_�d�fh^_eyf�[bheh]bq_kdbo�ijhp_kkh\��–�F���Hl^_e�\uqbkebl_evghc�
fZl_fZlbdb�:G�KKKJ��������–�Ij_ijbgl�� 126. – C. 1-24. 

                                                 
*�JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_�JNNB��]jZgl�����-01-00744-Z� 
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H�J?R?GBYO�F:DKBF:EVGH=H�IHJY>D:�F:EHKLB 
G?EBG?CGUO�MJ:<G?GBC 

J�X� E_hglv_\ 
Bjdmlkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 

lev_roma@bk.ru 

<�jZ[hl_��ijh^he`Zxs_c�bkke_^h\Zgby�>����@��jZkkfZljb\Z_lky�g_ebg_cgh_�hi_jZlhj�
gh_�mjZ\g_gb_�\b^Z 

( ), 0F x λ = ,          (1) 

]^_� YXF →Λ×: , X , Y  –�[ZgZoh\u�ijhkljZgkl\Z�� Λ  –�ebg_cgh_�ghjfbjh\Zggh_�ijh�
kljZgkl\h��Ij_^iheZ]Z_lky��qlh� ( )0,0 0F = ��Z�hi_jZlhj� ( )0,xF λ �g_ij_ju\gh�h[jZlbf�ijb�

S∈λ ��ijbq_f�\uiheg_gZ�hp_gdZ 
( ) ( )1 0, 1 ( )xF O aλ λ− = ,           (2) 

]^_� ( ) 0a λ → �ijb� 0→∋ λS , S  –�hldjulh_�fgh`_kl\h�� ]jZgbp_�dhlhjh]h�ijbgZ^e_`bl�
lhqdZ� 0=λ ��Fgh`_kl\h� S �[m^_f�gZau\Zlv� k_dlhjbZevghc�hdj_klghklvx�gmey��AZf_lbf��
qlh�klZg^ZjlgZy�l_hj_fZ�h�g_y\ghf�hi_jZlhj_�g_�\uihegy_lky��ihkdhevdm� ( )0,0xF �g_�y\ey�
_lky�g_ij_ju\gh�h[jZlbfuf��<�jZ[hl_�bkke_^m_lky�kms_kl\h\Zgb_�j_r_gbc�fZdkbfZevgh]h�
ihjy^dZ�fZehklb� mjZ\g_gby� ���� ( ) 0x λ → � ijb� 0→∋ λS �� b� ij_^eZ]Z_lky� kihkh[� bo�ih�
kljh_gby��Imklv� ( ) ( ){ }, , ,x X x a r Sλ λ λΩ = ∈ × Λ ≤ ∈ , 0>r �� >hdZaZgZ� ke_^mxsZy�
l_hj_fZ� 

L_hj_fZ 1. Imklv�\�h[eZklb�Ω �\uiheg_gu�mkeh\by���� hi_jZlhj� ( ),F x λ �g_ij_ju\_g�
ih� x � b� λ � b� bf__l� qZklgmx� ijhba\h^gmx� Nj_r_� ( ),xF x λ �� g_ij_ju\gmx� ih� x � b� λ ; 

2) ( )0,0 0F = , ( )0,xF λ � g_ij_ju\gh� h[jZlbf� ijb� S∈λ �� b� \uiheg_gZ� hp_gdZ� (2); 

3) ( ) ( ) ( ), 0,x xF x F L xλ λ λ− ≤ ; 4) kms_kl\m_l�we_f_gl� XV ∈0 ��lZdhc�qlh�ebg_cgh_�
mjZ\g_gb_ 

( ) ( )( )00, ,xF x F a Vλ λ λ=         (3) 

bf__l�j_r_gb_� ( )*x λ ��ijbq_f� ( ) ( )( )*x o aλ λ= ��Lh]^Z�mjZ\g_gb_�����bf__l�j_r_gb_�\b�
^Z� ( ) ( ) ( )x a Vλ λ λ= ��]^_� ( ) 0V Vλ → �ijb� 0→∋ λS . 

>hdZaZl_evkl\h�hkgh\Zgh�gZ�ijbf_g_gbb�ijbgpbiZ�k`bfZxsbo�hlh[jZ`_gbc��>Ze__�
ij_^eZ]Z_lky�kihkh[�gZoh`^_gby�we_f_glZ� 0V ��bkihevam_fh]h�\�mkeh\bb�l_hj_fu 1. 

E_ffZ 1.� Imklv� \uiheg_gu� mkeh\by�� �� ( ) ( )2
20, ~F a bλ λ ; 2) ( )0,xF Bλ − −  

( ) ( )( )a A o aλ λ− = ; 3) ( )( ) ( )( )1
1/B a A O aλ λ

−
+ = ; 4) mjZ\g_gb_� ( )2 ,Bx b A c ϕ= + �� ]^_�

( )N Bϕ ∈ , c  –�ihklhygguc�\_dlhj��bf__l�j_r_gb_� 0x ��Lh]^Z�mjZ\g_gb_�����bf__l�lj_[m_�
fh_�j_r_gb_�ijb� ( )0 ,V c ϕ= . 

1. Kb^hjh\ G�:��FbgbfZevgu_�\_l\b�j_r_gbc�g_ebg_cguo�mjZ\g_gbc�b�Zkbfilhlbq_kdb_�
j_]meyjbaZlhju ���G_ebg_cgu_�]jZgbqgu_�aZ^Zqb��– 2004. –�<ui� 14. –�K� 161-164. 

2. E_hglv_\ J�X�� L_hj_fu� h� g_y\ghf� hi_jZlhj_� \� k_dlhjbZevguo� d\Zabhdj_klghklyo� b�
fbgbfZevgu_�\_l\b�j_r_gbc�g_ebg_cguo�mjZ\g_gbc ���<_klgbd�X`gh-MjZevkdh]h�]h�
km^Zjkl\_ggh]h�mgb\_jkbl_lZ��– 2008. –�<ui� ���� 15(115). –�K� 37-41. 
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KIHKH;U�HJ=:GBA:PBB�F?L:DE:KL?J: 

>�B� EbfZgkdbc 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

limanski@icc.ru 

Ih�f_j_�jZkijhkljZg_gby�\ukhdhijhba\h^bl_evguo�deZkl_jguo�kbkl_f�\k_�[hev�
rmx�ZdlmZevghklv�ijbh[j_lZ_l�aZ^ZqZ�bo�bgl_]jZpbb�\�_^bgmx�deZkl_jgmx�dhgnb]mjZ�
pbx�\ukr_]h�mjh\gy�–�f_lZdeZkl_j��Hkgh\gZy�p_ev�hj]ZgbaZpbb�f_lZdeZkl_jZ�gZ�[Za_�
ehdZevghc��dhjihjZlb\ghc�beb�]eh[Zevghc�k_lb�aZdexqZ_lky�\�ij_^hklZ\e_gbb�ihevah�
\Zl_eyf�lZdhc�k_lb�^hklmiZ�d�^\mf�beb�[he__�fhsguf�\uqbkebl_evguf�mklZgh\dZf�^ey�
j_r_gby�j_kmjkh_fdbo�aZ^Zq�� 

JZkkfhlj_gu� ljb� kihkh[Z�hj]ZgbaZpbb� wdki_jbf_glZevgh]h�f_lZdeZkl_jZ�dhjih�
jZlb\gh]h�mjh\gy \�jZfdZo�h[s_c�Z^fbgbkljZlb\ghc�ahgu�\�mkeh\byo�jZaghjh^ghklb�b�
g_ihegh]h�hlqm`^_gby�\uqbkebl_evguo�j_kmjkh\��� 

1) K� bkihevah\Zgb_f� jZkrbj_gguo� \_jkbc� kbkl_f� iZd_lghc� h[jZ[hldb� �kbkl_f�
mijZ\e_gby� aZ^Zgbyfb��� >Zggu_� ijh]jZffgu_� ijh^mdlu� �\� qZklghklb�� 0RDE� Grid 
6XLWH�0RDE� &OXVWHU� 6XLWH�� ij_^hklZ\eyxl� kj_^kl\Z� jZkij_^_e_gby� aZ^Zgbc� ih� maeZf� \�
jZfdZo�fmevlbdeZkl_jghc�kj_^u��kj_^kl\Z�mijZ\e_gby�aZ^Zgbyfb�b�fhgblhjbg]Z�j_kmj�
kh\��gh�g_�h[_ki_qb\Zxl�\hafh`ghklb�j_r_gby�aZ^Zqb�gZ�^\mo�beb�[he__�deZkl_jZo� 

2) K�bkihevah\Zgb_f�jZkij_^_e_gguo�j_ZebaZpbc�MPI ��gZijbf_j��3$&;-MPI [1]), 
dhlhju_� iha\heyxl� h[t_^bgblv� g_kdhevdh� jZaebqguo� deZkl_jguo� kbkl_f� k�ihfhsvx�
7&3�,3�b� h[_ki_qblv�bkiheg_gb_� aZ^Zgby�gZ�g_kdhevdbo�deZkl_jZo�h^gh\j_f_ggh�[_a�
ij_^\Zjbl_evghc�fh^bnbdZpbb�03,-ijh]jZffu��G_^hklZldhf� lZdbo�j_ZebaZpbc�y\ey�
_lky�hlkmlkl\b_�kj_^kl\�dhgljhey�jZkij_^_e_gby�aZ^Zgbc�b�aZ]jmadb�j_kmjkh\� 

3) GZ� hkgh\_� grid-l_ogheh]bc�� H]jZgbq_gbc�� ijbkmsbo� ij_^u^msbf� \ZjbZglZf�
h[t_^bg_gby�deZkl_jh\��fh`gh�ba[_`Zlv�ijb�bkihevah\Zgbb�j_ZebaZpbb�03,�^ey�grid��\�
qZklghklb��iZd_lZ�03,&+-*��>�@��dhlhjuc�nmgdpbhgbjm_l�kh\f_klgh�k�grid-k_j\bkZfb�
*OREXV� 7RRONLW� >�@��>Zgguc� kihkh[�ij_^iheZ]Z_l�g_kdhevdh� mjh\g_c� mijZ\e_gby� aZ^Z�
gbyfb� >�@� –� hl� ]eh[Zevgh]h� grid-ieZgbjh\sbdZ� ^h� ehdZevgh]h� f_g_^`_jZ� j_kmjkh\��
JZaf_s_gb_� aZ^Zgbc�\�fmevlbdeZkl_jghc�kj_^_�k�mq_lhf�lj_[h\Zgbc�d�h[t_fm�\uqbk�
ebl_evguo�j_kmjkh\�b�kdhjhklb�f_`fZrbggh]h�\aZbfh^_ckl\by�lj_[m_l�jZajZ[hldb�^h�
ihegbl_evgh]h�ijhf_`mlhqgh]h�ijh]jZffgh]h�h[_ki_q_gby� 
 
1. Daniel Balkanski, Mario Trams, Wolfgang Rehm. Communication Middleware Systems 

for Heterogeneous Clusters: A Comparative Study // Fifth IEEE International Conference 
on Cluster Computing (CLUSTER'03). – 2003. – P. 504-507. 

2. Globus Toolkit [http://www.globus.org/toolkit]. 
3. MPICH-G2 [http://www.hpclab.niu.edu/mpi]. 
4. Dh\Ze_gdh <�G���Dhjy]bg >�:��Hj]ZgbaZpby�j_kmjkh\�]jb^��–�Ij_ijbgl��–�F���BIF�

bf��D_e^urZ�J:G��������–����k� 
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G?H;OH>BFU?�MKEH<BY�MGB<?JK:EVGHKLB 
IJHKLJ:GKL<�EBG?CGUO�DHFI:DLGUO�HI?J:LHJH< 

X�W� Ebgd_ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

linke@icc.ru 

>hklZlhqgu_�mkeh\by�mgb\_jkZevghklb�ijhkljZgkl\�ebg_cguo�hi_jZlhjh\�^hdeZ�
^u\Zebkv�Z\lhjhf�c 2002 ]��gZ�©Eyimgh\kdbo�ql_gbyoª�b�^jm]bo�dhgn_j_gpbyo�>�-�@��<�
^hdeZ^_� h[km`^Z_lky� g_h[oh^bfhklv� g_dhlhjuo� aZy\e_gguo� jZg__� ^hklZlhqguo� mkeh�
\bc� mgb\_jkZevghklb�� Djhf_� lh]h�� h[km`^Z_lky� \Z`guc� \hijhk� h[� wd\b\Ze_glghklb�
hi_jZlhjgh-Znnbgguo�b�Znnbgguo�\eh`_gbc�km[^bnn_j_gpbZeh\�km[ebg_cguo�hi_jZ�
lhjh\�\�mgb\_jkZevgh_�ijhkljZgkl\h��<�p_glj_�\gbfZgby�lZd`_�b�^jm]b_�k\hckl\Z�\eh�
`_gbc�km[^bnn_j_gpbZeh\�\�mgb\_jkZevgu_�ijhkljZgkl\Z� 

Knhjfmebjm_f�hkgh\gh_�g_h[oh^bfh_�mkeh\b_� 
L_hj_fZ� Hlghkbl_evgh� ex[h]h� dhfiZdlZ� X � jZkkfhljbf� deZkk� g_ij_ju\guo�

km[ebg_cguo�hi_jZlhjh\� ( ):P V C X→ ��]^_�V  –�k_iZjZ[_evgh_�oZmk^hjnh\h�ehdZevgh�
\uimdeh_�ijhkljZgkl\h��Z� ( )C X  –�[ZgZoh\h�ijhkljZgkl\h�g_ij_ju\guo�nmgdpbc�gZ�
dhfiZdl_� X ��Lh]^Z�ke_^mxsb_�mkeh\by�jZ\ghkbevgu� 

1) ^ey� ex[h]h� dhfiZdlZ� X � ijhkljZgkl\h� dhfiZdlguo� ebg_cguo� hi_jZlhjh\�
( )( )2,cL C X" ��hij_^_e_gguo�gZ�k_iZjZ[_evghf� ]bev[_jlh\hf�ijhkljZgkl\_� 2

" ��k�lh�
iheh]b_c� ijhklhc� koh^bfhklb� mgb\_jkZevgh� \� ke_^mxs_f� kfuke_�� \eh`_gby� km[^bn�
n_j_gpbZeh\� P∂ � jZkkfZljb\Z_fh]h� deZkkZ� km[ebg_cguo� hi_jZlhjh\� hi_jZlhjgh-
Znnbggu��l�_��gZc^_lky�lZdhc��aZ\bkysbc�hl� P ��dhfiZdlguc�km[ebg_cguc�hi_jZlhj�

( )2:Q C X→" �� qlh� _]h� dhfiZdlguc� km[^bnn_j_gpbZe� ( )( )2: ,c cQ Q L C X∂ = ∂ � " � hi_�
jZlhjgh-Znnbggh�]hf_hfhjn_g�km[^bnn_j_gpbZem� P∂ ; 

2) lh�`_��qlh�b�����gh�^ey�Znnbgguo�\eh`_gbc� 
3) lh�`_��qlh�b�����gh�^ey�h^ghlhq_qguo�dhfiZdlh\� X ; 
4) kms_kl\m_l�Znnbgguc� ]hf_hfhjnbaf�Deb� :h B K→ �^ey�dZ`^h]h� \uimdeh]h�

aZfdgmlh]h� jZ\ghkl_i_ggh� g_ij_ju\gh]h� fgh`_kl\Z� \� khijy`_gghf� ijhkljZgkl\_�
V ∗ �kh�keZ[hc�* -lhiheh]b_c��]^_�K  –�\uimdeuc�dhfiZdl�\� 2

" �\�lhiheh]bb�ghjfu�wlh]h�
ijhkljZgkl\Z� 
1. Ebgd_ X�W�� Lhiheh]bq_kdb_� djbl_jbb� mgb\_jkZevghklb� ijhkljZgkl\� ebg_cguo�

hi_jZlhjh\ // L_abku�^hdeZ^h\� dhgn_j_gpbb� ©Eyimgh\kdb_�ql_gby�	�ij_a_glZpby�
bgnhjfZpbhgguo�l_ogheh]bcª��–�Bjdmlkd��������–�K� 23. 

2. Ebgd_ X�W�� H� ijbf_g_gbyo� h^ghc� e_ffu� <_cpa_dd_jZ ��� L_abku� ©Eyimgh\kdb_�
ql_gby�	�bgnhjfZpbhggu_�l_ogheh]bbª��� – 23 ̂ _dZ[jy����� ]��–�Bjdmlkd��������– 
K� 29. 

3. Ebgd_ X�W�� Km[^bnn_j_gpbZeu� km[ebg_cguo� hi_jZlhjh\� b� mgb\_jkZevgu_� ijh�
kljZgkl\Z�ebg_cguo�hi_jZlhjh\ ���<_klgbd�Lhfkdh]h�mgb\_jkbl_lZ��–�Lhfkd��������
Ijbeh`_gb_�� 9 (II���K� 162–167. 

4. Ebgd_ X�W��Mgb\_jkZevgu_�ijhkljZgkl\Z�b�km[^bnn_j_gpbZeu�km[ebg_cguo�hi_�
jZlhjh\� –� L_abku� ^hdeZ^h\� F_`^mgZjh^ghc� dhgn_j_gpbb� ©>bnn_j_gpbZevgu_�
mjZ\g_gby�� NmgdpbhgZevgu_� ijhkljZgkl\Z�� L_hjby� ijb[eb`_gbcª,� ihk\ys_ggZy�
100-e_lbx� kh� ^gy� jh`^_gby� K�E� Kh[he_\Z�� �-��� hdly[jy� ���� ]�� –�Gh\hkb[bjkd��
2008 . –�K� 329. 
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GH<UC�F?LH>�J?R?GBY�A:>:Q�=JMIIH<H=H�<U;HJ: 

=�K� FZelm]m_\Z 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

gama@icc.ru 

JZkkfZljb\Z_lky�gh\uc�f_lh^� j_r_gby� aZ^Zq� ]jmiih\h]h� \u[hjZ��JZg__�ij_^eh�
`_ggu_�f_lh^u�j_r_gby�^Zggh]h�deZkkZ�aZ^Zq�\�jy^_�kemqZ_\�ijb\h^yl�d�\hagbdgh\_�
gbx�iZjZ^hdkh\�>�@� 

AZ^Zqm�\u[hjZ�ij_^klZ\bf�\�\b^_�iZju� X,S ��]^_� ( )1 2, , , nX x x x= …  –�fgh`_kl�
\h�Zevl_jgZlb\�� ( )1 2, , , mS S S S= …  –�fgh`_kl\h�ij_^ihql_gbc�mqZklgbdh\�\u[hjZ�� aZ�
^Zggu_�dZq_kl\_ggh��gZ[hjhf�g_dhlhjuo�[bgZjguo�hlghr_gbc�g_kljh]h]h�ij_^ihql_�
gby� ��� [5[5 MM : �� [3[ M �beb� �� [,[ M ��]^_� MM ,3 �  –�hlghr_gby�kljh]h]h�ij_^ihql_gby�b�
wd\b\Ze_glghklb�khhl\_lkl\_ggh��l�_�� MMM ,35 ∪=  �[  g_�f_g__�ij_^ihqlbl_evgZ��q_f�

�[ ��BgnhjfZpby�h�ij_^ihql_gbyo�dZ`^h]h�qe_gZ�dhee_dlb\Z� ( )1,jS j m= �ij_^klZ\e_gZ�
\� nhjf_� h[h[s_gghc� jZg`bjh\db�

ni
j

n
j

i
j

i
j

i xQQxQxQx 1321 ...
321 − �� ]^_� { },j j jQ P Iα ∈ , 

��� −=∀ Qα . 
J_r_gb_f�aZ^Zqb�]jmiih\h]h�\u[hjZ�y\ey_lky�ihkljh_gb_�hlghr_gby�]jmiih\h]h�

ij_^ihql_gby�beb�\u[hj�gZb[he__�ij_^ihqlbl_evghc�^ey�\k_]h�dhee_dlb\Z�Zevl_jgZlb�
\u�ba�aZ^Zggh]h�fgh`_kl\Z� 

<�hkgh\_�gh\h]h�f_lh^Z�e_`bl�Ze]hjblf�km`_gby�fgh`_kl\Z�IZj_lh�gZ�hkgh\_�ih�
ke_^h\Zl_evgh]h� mkbe_gby� hlghr_gby� ij_^ihql_gby� >�@�� h[_ki_qb\Zxsbc� ihemq_gb_�
madh]h� ih^fgh`_kl\Z� iZj_lh-hilbfZevguo� j_r_gbc� ijb� Zijbhjgh� ij_^iheZ]Z_fhc�
jZ\ghp_gghklb�qZklguo�djbl_jb_\� 

Ki_pbnbdZ�aZ^Zq�]jmiih\h]h�\u[hjZ�ihlj_[h\ZeZ�fh^bnbdZpbb�wlh]h�Ze]hjblfZ��
ij_^klZ\bf�ijhp_^mjm�kh]eZkh\Zgby�bg^b\b^mZevguo�ij_^ihql_gbc�\�\b^_�b]ju��\�dh�
lhjhc� dZ`^Zy� Zevl_jgZlb\Z� kgZqZeZ� ij_^ty\ey_l� gZb[he__� m[_`^_gguo� klhjhggbdh\��
aZl_f�f_g__�m[_`^_gguo�b�l�^��:evl_jgZlb\Z��ihklhyggh�mklmiZxsZy�gZ�dZ`^hf�wlZi_�
ihiZjgh]h�kjZ\g_gby�qbkeZ�klhjhggbdh\��bkdexqZ_lky�ba�jZkkfhlj_gby��Ijb�wlhf�bk�
oh^gu_�jZg`bjh\db�ihke_�dZ`^hc�bl_jZpbb�baf_gyxlky��\�j_amevlZl_�q_]h�\u[u\rb_�
Zevl_jgZlb\u�eb[h�mkbeb\Zxl�ihabpbb�ih[_^b\rbo�Zevl_jgZlb\��eb[h�ihfh]Zxl�^jm�
]bf�[hjhlvky�k�gbfb� 

Dhf[bgZpby�^Zggh]h�Ze]hjblfZ�k�ba\_klgufb�f_lh^bdZfb�>�@�iha\hebeZ�jZajZ[h�
lZlv�f_lh^�]jmiih\h]h�\u[hjZ�>�@��h[_ki_qb\Zxsbc�jZaj_r_gb_�jy^Z�iZjZ^hdkh\� 
1. EZjbq_\ H�B�� L_hjby� b� f_lh^u� ijbgylby� j_r_gbc�� Z� lZd`_� OjhgbdZ� kh[ulbc� \�

<her_[guo�kljZgZo��–�F���Eh]hk������� 
2. <Zkbev_\ K�G���Dhleh\ X�<��F_lh^u�b�Ze]hjblfu�fgh]hdjbl_jbZevghc�hilbfbaZ�

pbb� gZ� hkgh\_�g_kljh]bo� jZg`bjh\hd� Zevl_jgZlb\�ih� qZklguf� djbl_jbyf�b� hiul�
dhfivxl_jghc�j_ZebaZpbb //�Ijh[e_fu�mijZ\e_gby�b�bgnhjfZlbdb��– 2006. –�� 1-
2. –�K� 28-38. 

3. FZelm]m_\Z =�K���Dhleh\ X�<���:e]hjblfbq_kdh_�h[_ki_q_gb_�j_r_gby�aZ^Zq�]jmi�
ih\h]h� \u[hjZ ���FZl_jbZeu� <k_jhkkbckdhc� gZmqghc� dhgn_j_gpbb� ©FZl_fZlbdZ��
F_oZgbdZ��BgnhjfZlbdZª��–�Q_ey[bgkd��Ba^-\h�Q_e=M��������– C. 128-133. 
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BKKE?>H<:GB?�K<HCKL<�FBGBFBABJM?FUO�NMGDPBHG:EH< 
<�A:>:Q?�I:J:F?LJBQ?KDHC�B>?GLBNBD:PBB 

:�<� Gbdbnhjh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

anikif@bk.ru 

Bkke_^mxlky� k\hckl\Z� p_e_\uo�nmgdpbhgZeh\� \� aZ^ZqZo� iZjZf_ljbq_kdhc� b^_g�
lbnbdZpbb�� kdhjhklv� koh^bfhklb� Ze]hjblfh\�fbgbfbaZpbb�� lhqghklv� ZiijhdkbfZpbb�
wdki_jbf_glZevguo�^Zgguo�� �JZkkfZljb\Z_lky���lbiZ�nmgdpbhgZeh\��\�lhf�qbke_�©g_�
]eZ^db_ª� 

( ) ( ) ( ) 22 *
1

1

, min
N

i i i
x D

i

J x W x s W sα
∈=

 = − → ∑ ;    (1) 

( ) ( ) ( )2 *
2

1

, min
N

i i i
x D

i

J x W x s W sα
∈=

= − →∑ ;           (2) 

( ) ( ) ( )*
3

[1: ]
max , mini i i

x Di N
J x W x s W sα

∈∈
= − → ;            (3) 

( ) ( )4
1

min, 2, 3,
N

v
i

x D
i

J x x vϕ
∈=

= → =∑ �,          (4) 

]^_� ( ) ( ) ( )*,i i i ix W x s W sϕ α −� , D  –�fgh`_kl\h�^himklbfuo� agZq_gbc� x ; iα  –�\_kh�
\u_�dhwnnbpb_glu��hij_^_eyxsb_�g_h[oh^bfmx�lhqghklv�ZiijhdkbfZpbb�\�hl^_evguo�
lhqdZo�^bZiZahgZ�baf_g_gby�g_aZ\bkbfhc�i_j_f_gghc� s; is , Ni ,1=  –�^bkdj_lgZy�k_ldZ�
agZq_gbc� s ��ijb�dhlhjuo�ijhbkoh^bl�kjZ\g_gb_�aZ^Zgghc� ( )*W s �b�jZkq_lghc� ( ),W x s  

oZjZdl_jbklbd� 
?keb�nmgdpby� ( ),W x s �y\ey_lky�^\Z`^u�g_ij_ju\gh�^bnn_j_gpbjm_fhc�nmgdpb�

_c� x ��lh�wlbf�`_�k\hckl\hf�[m^_l�h[eZ^Zlv�nmgdpbhgZe� ( )1J x ��qlh�kms_kl\_ggh�h[e_]�
qZ_l�\kihfh]Zl_evgmx�ijhp_^mjm�hilbfbaZpbb��G_^hklZlhd� 1J �aZdexqZ_lky�\�\hafh`�
ghklb�©\u[jhkh\�ih�lhqghklbª�\�g_dhlhjuo�lhqdZo��Wlhl�g_^hklZlhd�hlkmlkl\m_l�\�djb�
l_jbyo� ����b� �����h^gZdh�hgb�g_�khojZgyxl�]eZ^dhklb��qlh�lj_[m_l�ijb\e_q_gby�ki_pb�
Zevguo�f_lh^h\�hilbfbaZpbb��NmgdpbhgZe� 4J �kh\f_sZ_l�\�k_[_�^hklhbgkl\Z�nmgdpbh�
gZeh\� 1J �b� 3J ��Y\eyykv�]eZ^dbf��ih^h[gh� 1J ��hg�g_�^himkdZ_l�agZqbl_evguo�hlebqbc�ih�
lhqghklb�ZiijhdkbfZpbb�\�hl^_evguo�lhqdZo� 

>ey�fbgbfbaZpbb� ]eZ^dbo�nmgdpbhgZeh\�ijbf_gy_lky� ljZ^bpbhgguc�f_lh^� kh�
ijy`_ggh]h� ]jZ^b_glZ� \� \ZjbZgl_�Ne_lq_jZ-Jb\kZ��fbgbfbaZpby�g_]eZ^dbo�nmgdpbh�
gZeh\�\uihegy_lky�k�bkihevah\Zgb_f�jZajZ[hlZgguo�fh^bnbdZpbc�f_lh^h\�kemqZcgh]h�
ihbkdZ�b�klhoZklbq_kdh]h�d\Zab]jZ^b_glZ��<�^hdeZ^_�ij_^klZ\e_gu�j_amevlZlu�qbke_g�
guo�wdki_jbf_glh\� 
1. Q_jghjmpdbc B�=�� F_lh^u� hilbfbaZpbb� \� l_hjbb� mijZ\e_gby�� –� KI[��� Ibl_j� 

2004. –�����k� 
2. ?jfhev_\ X�F��F_lh^u�klhoZklbq_kdh]h�ijh]jZffbjh\Zgby��–�F���GZmdZ�� ����. – 

����k� 
3. JZkljb]bg E�:��:^ZilZpby�keh`guo�kbkl_f��–�Jb]Z��AbgZlg_��������–�����k� 
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:;>MDPBY�D:D�>HKLB@BFHKLV 
<�><HBQGUO�>BG:FBQ?KDBO�KBKL?F:O∗ 

=�:� HiZjbg��:�I� Gh\hiZrbg 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

oparin@icc.ru 

<� dZq_kl\_�bkoh^gh]h� h[t_dlZ� jZkkfZljb\Z_lky�bkqbke_gb_�nmgdpbhgZevguo� aZ�
\bkbfhkl_c�\�kfuke_�\uqbkebl_evguo�fh^_e_c�ba�>�@��<�>�@�^hdZaZgZ�wd\b\Ze_glghklv�
lZdh]h�bkqbke_gby�njZ]f_glm�bkqbke_gby�\ukdZau\Zgbc��<�>�@�\\_^_gZ�^\hbqgZy�klZg�
^Zjlbah\ZggZy�\_dlhjgh-fZljbqgZy�fh^_ev�mdZaZggh]h�njZ]f_glZ�\�\b^_�kbkl_fu�[me_�
\uo� Ze]_[jZbq_kdbo� mjZ\g_gbc��<� >�@� ^ey� j_r_gby� aZ^Zqb�ieZgbjh\Zgby�ijb� kbgl_a_�
ijh]jZff�ij_^eh`_gh�bkihevah\Zlv�^\hbqgu_�^bgZfbq_kdb_�kbkl_fu�Z\lhfZlgh]h�lb�
iZ��a^_kv�`_�ijb\_^_g�Ze]hjblf�i_j_oh^Z�hl�klZlbq_kdbo�mjZ\g_gbc�d�^bgZfbq_kdbf� 

<�gZklhys_f�^hdeZ^_�aZ^ZqZ�ieZgbjh\Zgby�jZkkfZljb\Z_lky�dZd�aZ^ZqZ�Z[^mdpbb��
Z�bf_ggh��ieZgbjm_fu_�\uqbke_gby�b�g_h[oh^bfu_�^ey�wlh]h�bkoh^gu_�^Zggu_�ljZd�
lmxlky�dZd�h[tykg_gb_�^hklb`bfhklb�p_e_\h]h�khklhygby��IhdZau\Z_lky��qlh�\�l_jfb�
gZo�^\hbqghc�^bgZfbq_kdhc�fh^_eb�aZ^ZqZ�Z[^mdpbb�wd\b\Ze_glgZ�ihkljh_gbx�fgh`_�
kl\Z� gZqZevguo� khklhygbc� ^\hbqghc� ^bgZfbq_kdhc� kbkl_fu�� ba� dhlhjuo� ^hklb`bfh�
p_e_\h_�fgh`_kl\h�khklhygbc��kh]eZkh\Zggh_�k�ihklZgh\dhc�aZ^Zqb�ieZgbjh\Zgby��Ijb�
wlhf�\�kms_kl\_gghc�kl_i_gb�bkihevam_lky�fhghlhgghklv�j_r_gbc�^\hbqghc�^bgZfb�
q_kdhc�kbkl_fu�b�koh^bfhklv�j_r_gbc�d�jZ\gh\_kguf�khklhygbyf��g_ih^\b`guf�lhq�
dZf�� 
1. Lum]m W�O��Dhgp_ilmZevgh_�ijh]jZffbjh\Zgb_��–�F���GZmdZ��������– 256 k� 
2. PZe_gdh F�R��Fh^_ebjh\Zgb_� k_fZglbdb� \� [ZaZo� ^Zgguo�� –�F��� GZmdZ�� ������ – 

288 k� 
3. HiZjbg =�:���Gh\hiZrbg :�I��Eh]bq_kdh_� fh^_ebjh\Zgb_� keh`guo� \uqbkebl_ev�

guo� kbkl_f ��� Ljm^u� I�F_`^�� dhgn�� ″Ijh[e_fu� mijZ\e_gby� b� fh^_ebjh\Zgby� \�
keh`guo�kbkl_fZo″. – KZfZjZ��BIMKK�J:G��������– C. 77-82. 

4. HiZjbg =�:���Gh\hiZrbg :�I��Eh]bq_kdb_�fh^_eb�bgnhjfZpbhggh]h�\aZbfh^_ckl�
\by� \� keh`guo� \uqbkebl_evguo� kbkl_fZo ��� Ljm^u� II � F_`^�� dhgn�� ″Ijh[e_fu�
mijZ\e_gby�b�fh^_ebjh\Zgby�\�keh`guo�kbkl_fZo″. –�KZfZjZ��BIMKK�J:G����00. – 
K� 172-174. 

 

                                                 
∗�JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_�JNNB��ijh_dl���-01-�����Z�� 
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NMG>:F?GL:EVG:Y�HI?J:LHJ-NMGDPBY�KBG=MEYJGH=H 
>BNN?J?GPB:EVGH=H�HI?J:LHJ:�A:I:A>U<:XS?=H�LBI: 

<�;:G:OH<UO�IJHKLJ:GKL<:O 

K�K� Hjeh\ 
Bgklblml�fZl_fZlbdb��wdhghfbdb�b�bgnhjfZlbdb�B=M 

Orlov_Sergey@inbox.ru 

JZkkfZljb\Z_lky�^bnn_j_gpbZevgh-hi_jZlhjgh_�mjZ\g_gb_�ke_^mxs_]h�\b^Z� 
( ) ( ) ( )Bx t Ax t h f t= − +�           (1) 

k�gZqZevgufb�mkeh\byfb 

( ) 00x x= .          (2) 

A^_kv� % , $  –�aZfdgmlu_�ebg_cgu_�hi_jZlhju�k�iehlgufb�h[eZklyfb�hij_^_e_gby��^_ckl�
\mxsb_� ba� �( � \� �( ; �( , �(  –� [ZgZoh\u� ijhkljZgkl\Z�� ijbq_f� ( ) ( )D B D A⊂ , 

( ) ( )R B R B= ; ( )x t , ( )f t  –�g_ba\_klgZy�b�aZ^ZggZy�nmgdpbb�\_s_kl\_ggh]h�Zj]mf_glZ W  
kh�agZq_gbyfb�\� �( �b� �( �khhl\_lkl\_ggh�� K  –�iheh`bl_evgh_�\_s_kl\_ggh_�qbkeh��Hi_jZ�
lhj�%  –�nj_^]hevfh\�b�bf__l�iheguc�[bdZghgbq_kdbc� $ -`hj^Zgh\�gZ[hj� 

Hkgh\gZy� p_ev� ^Zgghc� jZ[hlu� –� ihkljh_gb_� j_r_gby�bkke_^m_fhc� aZ^Zqb� \� deZkk_�
jZkij_^_e_gbc� k� h]jZgbq_gguf� ke_\Z� ghkbl_e_f�� l�_�� gZoh`^_gb_� h[h[s_ggh]h� j_r_gby�
ke_^mxs_]h�mjZ\g_gby� 

( ) ( ) ( ) ( ) ( )0Bx t Ax t h f t t Bx tθ δ= − + +�� � .            (3) 

Wlh�fh`_l�[ulv�j_Zebah\Zgh�k�ihfhsvx�l_hjbb�nmg^Zf_glZevguo�hi_jZlhj-nmgdpbc�
kbg]meyjguo�^bnn_j_gpbZevguo�hi_jZlhjh\� >�@��<�jZ[hl_�[ueZ�ihkljh_gZ�nmg^Zf_glZev�
gZy�hi_jZlhj-nmgdpby�kbg]meyjgh]h�^bnn_j_gpbZevgh]h�hi_jZlhjZ� ( ) ( )B t A t hδ δ′ − − �aZ�
iZa^u\Zxs_]h�lbiZ��Ihemq_gguc�j_amevlZl�kh]eZkm_lky�kh�kemqZ_f�gme_\h]h�aZiZa^u\Zgby�
( )0h = ,�jZkkfhlj_gguf�jZg__�\�jZ[hl_�\�>�@� 

H[h[s_ggh_�j_r_gb_�\hkklZgh\e_gh�\� aZfdgmlhf�\b^_�dZd�k\_jldZ�gZc^_gghc�nmg�
^Zf_glZevghc�hi_jZlhj-nmgdpbb�k�ijZ\hc�qZklvx�mjZ\g_gby�����b�ij_^klZ\ey_l�kh[hc�kmf�
fm�^\mo�khklZ\eyxsbo�−�j_]meyjghc�b�kbg]meyjghc��ihke_^gyy�bf__l�lhq_qgu_�ghkbl_eb��
Djhf_�lh]h��ihemq_gu�mkeh\by�\�\b^_�khhlghr_gbc�gZ�\oh^gu_�^Zggu_�aZ^Zqb��ijb�dhlh�
juo�gZc^_ggh_�j_r_gb_�ij_^klZ\ey_l�kh[hc�j_]meyjgmx�h[h[s_ggmx�nmgdpbx��Wlh�j_r_�
gb_�� dhlhjh_� fu� gZah\_f� deZkkbq_kdbf�� h[eZ^Z_l� k\hckl\hf� ]eZ^dhklb� gZ� bgl_j\ZeZo�

( )( )1 ,t n h nh∈ − , Nn∈ ��\�lhqd_� 0=t �ij_l_ji_\Z_l�jZaju\�i_j\h]h�jh^Z��kbevgh�g_ij_�
ju\gh�\�lhqd_� ht = �b�\�lhqdZo� ( )1t n h= + , Nn∈ ��kbevgh�g_ij_ju\gh�^bnn_j_gpbjm_fh� 

J_amevlZlu�ijh\_^_ggh]h�bkke_^h\Zgby�beexkljbjmxlky�gZ�ijbf_j_�ke_^mxs_c�gZ�
qZevgh-djZ_\hc�aZ^Zqb� 

( ) ( ) ( ) ( ), ,tu x t u x t h f xλ α− ∆ = ∆ − + , ( )00t
u u x

=
= , �=

Ω∂
X . 

A^_kv� nR⊂Ω  −�h]jZgbq_ggZy�h[eZklv�k�]jZgbp_c� Ω∂ ; λ , α  −�\_s_kl\_ggu_�iZjZf_lju��
Hi_jZlhj� ( )B λ= − ∆  −�nj_^]hevfh\��y^jh�dhlhjh]h�kh\iZ^Z_l�k�[Zabkhf�ijhkljZgkl\Z�j_�
r_gbc�\� ( )2L Ω �h^ghjh^ghc�aZ^Zqb�>bjboe_�\b^Z� ( ) 0λ ϕ− ∆ = , 0=

Ω∂
ϕ ��>ebgu�\k_o�`hj�

^Zgh\uo�p_ihq_d�jZ\gu 1. 

1. NZeZe__\ F�<��Nmg^Zf_glZevgu_�hi_jZlhj-nmgdpbb�kbg]meyjguo�^bnn_j_gpbZevguo�
hi_jZlhjh\� \� [ZgZoh\uo� ijhkljZgkl\Zo ��� Kb[�� fZl�� `mjg�� − 2000. −� L� 41, 
� 5. −�K� 1167−1182. 
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KLJMDLMJU�>:GGUO�<�IJHIHABPBHG:EVGHF�DH>BJH<:GBB 
:E=HJBLFH<�<UQBKE?GBY�>BKDJ?LGUO�NMGDPBC 

B�<� Hlims_ggbdh\��I�K� ;mjh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

otil ya@yandex.ru, evle@ru-board.com 

<�klZlv_�>�@�[ueZ�baeh`_gZ�dhgp_ipby�ijh]jZffgh]h�dhfie_dkZ�Transalg��ij_^gZ�
agZq_ggh]h�^ey�ljZgkeypbb�Ze]hjblfh\�\uqbke_gby�^bkdj_lguo�nmgdpbc�\�eh]bq_kdb_�
\ujZ`_gby��<�gZklhys_c�aZf_ld_�hk\_s_gu�g_dhlhju_�hkh[_gghklb�kljmdlmj�^Zgguo��
bkihevam_fuo�^ey�ij_^klZ\e_gby� lZdbo�Ze]hjblfh\�\�iZfylb�W<F��LjZgkeypby�Ze]h�
jblfZ�\uqbke_gby�^bkdj_lghc�nmgdpbb�\�ijhihabpbhgZevgmx�eh]bdm�fh`_l�[ulv�jZa�
[blZ�gZ�g_kdhevdh�wlZih\��GZ�dZ`^hf�rZ]_�ljZgkeypbb�^ey�ij_^klZ\e_gby�ijhp_kkZ�\u�
qbke_gby�bkihevamxlky�ki_pbZevgu_�kljmdlmju�^Zgguo��m^h[gu_�^ey�wlh]h�dhgdj_lgh�
]h�wlZiZ� 

I_j\uc�wlZi�–�i_j_oh^�hl�l_dklh\h]h�ij_^klZ\e_gby�ijh]jZffu�d�^_j_\m�jZa[hjZ��
GZ� \lhjhf� wlZi_� ljZgkeypbb�ih� wlhfm�^_j_\m�imlzf� jZa\zjlu\Zgby�pbdeh\�b�ih^klZ�
gh\db�nmgdpbc�nhjfbjm_lky�ihlhd�hi_jZpbc�–�^j_\h\b^gh_�ij_^klZ\e_gb_�Ze]hjblfZ�
\uqbke_gby�nmgdpbb��AZl_f�\�^j_\h\b^ghf�ij_^klZ\e_gbb�©k\hjZqb\Zxlkyª�mkeh\gu_�
i_j_oh^u��ijhbkoh^bl�©ebg_ZjbaZpbyª�Ze]hjblfZ��<�lZdhf�ebg_Zjbah\Zgghf�Ze]hjblf_�
i_j_oh^u�f_`^m�dhgnb]mjZpbyfb�fh]ml�[ulv�aZdh^bjh\Zgu�eh]bq_kdbfb�mjZ\g_gbyfb�
h[s_]h�\b^Z� �kf�� >�@���J_amevlZlhf�ljZgkeypbb�y\ey_lky�g_dhlhjh_�\iheg_�dhgdj_lgh_�
ijhihabpbhgZevgh_�ij_^klZ\e_gb_�Ze]hjblfZ��m^h[gh_�^ey�j_r_gby�aZ^Zqb�h[jZs_gby�
^bkdj_lguo�nmgdpbc�kms_kl\mxsbfb�beb�i_jki_dlb\gufb�f_lh^Zfb� 

GZ� ^Zgguc�fhf_gl� j_Zebah\Zg� i_j_oh^� d� ^_j_\m� jZa[hjZ��>ey� l_dklh\h]h� ij_^�
klZ\e_gby� [ueZ� jZajZ[hlZgZ� ]jZffZlbdZ� ki_pbZevgh]h� C-ih^h[gh]h� yaudZ�� [Zabjmx�
sZyky�gZ�jZg__�ijbf_gy\r_fky�yaud_�LC��kf��>�@��b�jZkrbjyxsZy�_]h��?keb�\�l_dklh�
\hf�ij_^klZ\e_gbb�kljmdlmju�^Zgguo�g_�gm`gu��lh�^ey�^_j_\Z�jZa[hjZ�ihlj_[h\Zehkv�
jZajZ[hlZlv�b_jZjobx�deZkkh\��hljZ`Zxsmx�kmsghklb�yaudZ�b�\aZbfhk\yab�f_`^m�gb�
fb��Ijb�wlhf�[ueb�\u^_e_gu�lZdb_�kmsghklb�dZd�i_j_f_ggu_��ihevah\Zl_evkdb_�nmgd�
pbb��fZkkb\u��pbdeu��hi_jZlhj�mkeh\gh]h�i_j_oh^Z�b�l�i��^ey�dZ`^h]h�we_f_glZ�]jZf�
fZlbdb��DeZkku�^_j_\Z�jZa[hjZ�hl^_e_gu�hl�ZgZebaZlhjZ�bkoh^gh]h�l_dklZ�ijh]jZffu��
qlh�^himkdZ_l�\hafh`ghklv�jZa\b\Zlv�wlb�^\_�qZklb�g_aZ\bkbfh� 
1. ;mjh\ I�K���B]gZlv_\ :�K���Hlims_ggbdh\ B�<��Ijh]jZffgZy� ljZgkeypby� Ze]hjbl�

fh\�\�eh]bq_kdb_�\ujZ`_gby�\�aZ^ZqZo�^bZ]ghklbjh\Zgby�^bkdj_lguo�kbkl_f ���FZ�
l_jbZeu� ,;�rdheu-k_fbgZjZ�©FZl_fZlbq_kdh_�fh^_ebjh\Zgb_�b�bgnhjfZpbhggu_�
l_ogheh]bbª��–�Bjdmlkd��������–�K� 33-35. 

2. K_f_gh\ :�:��LjZgkeypby�Ze]hjblfh\�\uqbke_gby�^bkdj_lguo�nmgdpbc�\�\ujZ`_�
gby� ijhihabpbhgZevghc� eh]bdb ���IjbdeZ^gu_� Ze]hjblfu� \� ^bkdj_lghf� ZgZeba_��
K_jby��>bkdj_lguc�ZgZeba�b�bgnhjfZlbdZ��–�Bjdmlkd��Ba^-\h�B=M��������–�<ui� 2. 
K� 70-98. 

3. ;mjZgh\ ?�<��Ijh]jZffgZy� ljZgkeypby� ijhp_^mj� eh]bq_kdh]h� djbilhZgZebaZ� kbf�
f_ljbqguo�rbnjh\ ���<_klgbd�L=M��Ijbeh`_gb_�– 2004.–�� 9 (1).–�K� 60-65. 
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J?R?GB?�EBG?CGHC�><MOMJH<G?<HC�A:>:QB 

?�=� I_ljh\Z 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

nekolyap@mail .ru 

JZkkfZljb\Z_lky�ebg_cgZy�^\momjh\g_\Zy�aZ^ZqZ�\�hilbfbklbq_kdhc�ihklZgh\d_� 
( )

( ) { }
( ){ }

,

* 1

, , , min,

, ,

( ) min , ,

x y

m

y

F x y c x d y

x y X x Ax b

y Y x Arg d y y Y x

+ ↓

∈ ∈ ≤ 


∈ ∈ 

�

� �

�

         (BP) 

]^_� { }1
1 1( ) ;nY x y A x B y b∈ + ≤� �  A , 1,A  1B  –�fZljbpu�jZaf_jghklb� ( )p m× , ( )q m× , 

( )q n× �khhl\_lkl\_ggh�� ,mc∈�  d , 1 nd ∈� , ,pb∈�  1 qb ∈�  –�aZ^Zggu_�\_dlhju� 
Ba\_klgh� >�@��qlh��ijbf_gyy� l_hjbx�^\hckl\_gghklb�^ey� aZ^Zqb�gb`g_]h�mjh\gy�

>�@��fh`gh�k\_klb�aZ^Zqm��P��d�ke_^mxs_c�g_\uimdehc�aZ^Zq_�>�@� 
( )

( )
, ,

1 1
1

, , min, , , ,

, , , , 0,

x y v
c x d y x y v S

x y v d y A x b v

+ ↓ ∈ 


Φ − − = �
           (P) 

]^_� { }1 1
1 1 1, , , 0S Ax b A x B y b vB d v≤ + ≤ = − ≥� . 

H^gbf�ba�klZg^Zjlguo�ih^oh^h\�d�j_r_gbx�aZ^Zqb��P��y\ey_lky�ijbf_g_gb_�f_�
lh^Z�rljZnh\�>�@��<�^Zgghc�jZ[hl_�ij_^eZ]Z_lky�j_rZlv�aZ^Zqm��P��gZijyfmx��bkihev�
amy�l_hjbx�]eh[Zevgh]h�ihbkdZ�^ey�aZ^Zq�k�d.c��h]jZgbq_gb_f��ihkdhevdm�nmgdpbx Φ , 
aZ^Zxsmx�[bebg_cgh_�h]jZgbq_gb_��fh`gh�ij_^klZ\blv�\�\b^_�jZaghklb�^\mo�\uimd�
euo�nmgdpbc� ( ) ( ) ( ), , , , ,x y v h x y v g x vΦ = − . 

Hkgh\gufb� wlZiZfb� kljZl_]bb� ]eh[Zevgh]h� ihbkdZ� \� g_\uimdeuo� aZ^ZqZo� y\ey�
xlky�ehdZevguc�ihbkd� �ihkljh_gb_�djblbq_kdhc�lhqdb�\�aZ^Zq_� �P���b�ijhp_^mjZ�]eh�
[Zevgh]h�ihbkdZ��iha\heyxsZy�\uclb�ba�l_dms_c�djblbq_kdhc�lhqdb�� 

<�jZ[hl_�ij_^eh`_g�ki_pbZevguc�f_lh^�ehdZevgh]h�ihbkdZ��KFEI��^ey�jZkkfZl�
jb\Z_fhc�aZ^Zqb��khklhysbc�\�j_r_gbb�^\hckl\_gghc�aZ^Zqb�d�aZ^Zq_�gb`g_]h�mjh\gy�
\� (BP)�b� aZ^Zqb� (P) c�nbdkbjh\Zgguf�^himklbfuf�\_dlhjhf� v ��>hdZaZgh��qlh�KFEI�
iha\hey_l�gZclb�djblbq_kdmx�lhqdm� 

Ijhp_^mjZ�]eh[Zevgh]h�ihbkdZ�\�aZ^Zq_��P��kljhblky�\�khhl\_lkl\bb�k�l_hjb_c�^ey�
aZ^Zq�k�d.c��h]jZgbq_gbyfb�>�@� 

<uqbkebl_evguc� wdki_jbf_gl�ihdZaZe�\hafh`ghklv�ijbf_g_gby�ij_^eh`_ggh]h�
ih^oh^Z�d�j_r_gbx�ebg_cguo�^\momjh\g_\uo�aZ^Zq� 
1. Dempe S. Foundations of Bilevel Programming. – Dordrecht: Kluwer Academic Publish-

ers, 2002. 
2. <Zkbev_\ N�I��� B\Zgbpdbc :�X�� Ebg_cgh_� ijh]jZffbjh\Zgb_�� –�F��� NZdlhjbZe��

1998. 
3. Bard J.F. Practical Bilevel Optimization. – Dordrecht: Kluwer Academic Publishers, 

1998. 
4. Klj_dZeh\kdbc :�K��H[�wdklj_fZevguo�aZ^ZqZo�k�d.c��h]jZgbq_gbyfb ���@mjgZe�\u�

qbkebl_evghc� fZl_fZlbdb� b� fZl_fZlbq_kdhc� nbabdb�� – 2001. –� L� ���� � 12. – 
K� 1808–1818. 



 38 

KMS?KL<H<:GB?�J?R?GBC�<�A:>:Q?�HILBF:EVGH=H�MIJ:<E?GBY 
>EY�KBKL?FU�=MJK:->:J;M 

G�B� Ih]h^Z_\ 
nickpogo@gmail .com 

Imklv [ ]1 0,I a= , [ ]2 0,I b= , Ω = I1 × I2��]^_ a , 0b > . H[hagZqbf�q_j_a S fgh`_kl\h�
j_r_gbc�aZ^Zqb 

( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( )( )

1 2

1 2 1 2

, , , , , , , ,

,0 ( ), 0, , 0 0 ,

, , , , ,

xy x yz c x y z z c x y z z f x y z u

z x x z y y

u x y U x y z x y

ϕ ϕ ϕ ϕ

= + +

= = =

∈

 

]^_ ci : Ω × Rn → Rn, 1, 2i = , f : Ω × (Rn × Rm) → Rn – nmgdpbb� DZjZl_h^hjb� 
U : Ω × Rn → Rm –�fgh]hagZqgh_�hlh[jZ`_gb_� k�dhfiZdlgufb� agZq_gbyfb��m^h\e_l\h�
jyxs__�\_jogbf�mkeh\byf DZjZl_h^hjb�>�@� 

Imklv ( ) ( ): ; ;n p mJ C R L R RΩ × Ω →  –� bgl_]jZevguc� nmgdpbhgZe�� hij_^_e_gguc�
jZ\_gkl\hf 

( ) ( ) ( )( ), , , , , ,J z u g x y z x y u x y dxdy
Ω

= ∫ , 

]^_ ( ): n mg R R RΩ× × →  —�nmgdpby�DZjZl_h^hjb� 
L_hj_fZ� ?keb�nmgdpby F : Ω × Rn × Rn → R��hij_^_e_ggZy�nhjfmehc 

( ) ( ) ( ) ( ){ }, , , min , , , , , , , , ,F x y z v g x y z u u U x y z f x y z u v= ∈ = , 

\uimdeZ�ih v ^ey�ex[uo ( ), , nx y z R∈Ω× ��lh�aZ^ZqZ ( )
( , )
min ,
z u S

J z u
∈

 bf__l�j_r_gb_� 
Hlf_lbf��qlh�fu�g_�lj_[m_f�\uimdehklb�ih^ugl_]jZevghc�nmgdpbb� g�ih�mijZ\e_gbx��
djhf_�lh]h��fu�g_�ij_^iheZ]Z_f��qlh�agZq_gby�fgh]hagZqgh]h�hlh[jZ`_gby U  y\eyxlky�
\uimdeufb�fgh`_kl\Zfb� 
1. ;hjbkh\bq X�=���=_evfZg ;�>���Furdbk :�>���H[moh\kdbc <�<��<\_^_gb_�\�l_hjbx�

fgh]hagZqguo� hlh[jZ`_gbc� b� ^bnn_j_gpbZevguo� \dexq_gbc�� –� F��� DhfDgb]Z��
2005. 

2. WdeZg^ B���L_fZf J��<uimdeuc�ZgZeba�b�\ZjbZpbhggu_�ijh[e_fu��–�F���Fbj������� 
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DHG<?JLBJH<:GB?�D:JLH=J:NBQ?KDBO�F:L?JB:EH< 
BA�=BK�CREDO�<�=BK�D:JL:����� 

:�D� Ihih\Z 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

chudnenko@icc.ru 

>ey� dhg\_jlbjh\Zgby� dZjlh]jZnbq_kdbo� fZl_jbZeh\� ba� =BK�Credo� [ue� \u[jZg�
hldjuluc�h[f_gguc�nhjfZl��HHN���HHN�ij_^klZ\ey_l�kh[hc�l_dklh\uc�nZce�nhjfZlZ�
*.txt��\�dhlhjuc�khojZgyxlky�^Zggu_�h[�h[t_dlZo�Credo –�lhqdZo��ebgbyo��dhglmjZo�b�
l_dklh\uo� h[t_dlZo��>Zggu_� h� dZ`^hf� h[t_dl_� bf_xl� k\hx� kh[kl\_ggmx� kljmdlmjm��
\dexqZxsmx�dhhj^bgZlu�h[t_dlZ��ghf_j�kehy��\�dhlhjhf�hg�jZkiheZ]Z_lky��dh^�_]h�mk�
eh\gh]h�agZdZ�b�l�^� 

Ijb�jZa[hj_�nZceZ�HHN�ba�^Zgguo�dZ`^h]h�h[t_dlZ�ba\e_dZxlky�iZjZf_lju��g_�
h[oh^bfu_�^ey�hibkZgby�h[t_dlZ�lZdh]h�`_�lbiZ�\�=BK�DZjlZ�������GZijbf_j��^ey�eb�
gbb�wlh�–�dhhj^bgZlu�^\mo�__�lhq_d��Djhf_�lh]h��^ey�dZ`^h]h�h[t_dlZ�g_h[oh^bfh�ijh�
ibkZlv�dh^�mkeh\gh]h�agZdZ��dhlhjuf�hg�[m^_l�hlh[jZ`Zlvky�gZ�dZjl_��>ey�khihklZ\e_�
gby�mkeh\guo�agZdh\�=BK�Credo�b�DZjlZ������[ue�kha^Zg�nZce�deZkkbnbdZlhjZ��\�dh�
lhjhf� dh^m� dZ`^h]h� mkeh\gh]h� agZdZ� ih^h[jZg� khhl\_lkl\mxsbc� _fm� dh^� mkeh\gh]h�
agZdZ�=BK�DZjlZ� ������NZce�deZkkbnbdZlhjZ�knhjfbjh\Zg�\�Microsoft Excel�b�fh`_l�
baf_gylvky�ijb�\g_k_gbb�^hiheg_gbc�\�deZkkbnbdZlhju�=BK� 

<�=BK�Credo� kms_kl\mxl� lbiu� ebgbc� ©h[ju\ª�b� ©hldhkª�� dhhj^bgZlu�dhlhjuo�
aZ^Zxlky�fZkkb\hf�lhq_d��ijbq_f�\�fZkkb\_�hibkZgu�kjZam�\k_�ebgbb���dZ`^Zy�ba�dhlh�
juo�khklhbl�lhevdh�ba�^\mo�lhq_d��Ihwlhfm�ijb�dhg\_jlbjh\Zgbb�h[ju\h\�b�hldhkh\�\�
nZce�=BK�DZjlZ������kha^Z_lky�h[t_dl�lbiZ�©ebgbyª�k�gZ[hjhf�ih^h[t_dlh\��dZ`^uc�
ba�dhlhjuo�ij_^klZ\ey_l�kh[hc�ebgbx�k�^\mfy�dhhj^bgZlZfb� 

H[t_dlu� lbiZ� ©[ehd� l_dklZª� hlh[jZ`Zxlky� \� =BK� DZjlZ� ����� h[t_dlZfb� lbiZ�
©rZ[ehgª��RZ[ehg� ij_^klZ\ey_l� kh[hc� hij_^_e_ggmx� dhf[bgZpbx�g_kdhevdbo� kljhd�
l_dklZ��\u\_^_ggmx�gZ�dZjl_�\�hij_^_e_gghc�lhqd_�ih^�hij_^_e_gguf�m]ehf� 

<�=BK�Credo�hlkmlkl\m_l�\hafh`ghklv�aZ^Z\Zlv�b�ojZgblv�k_fZglbq_kdb_�^Zggu_�
ih� h[t_dlZf��>ey� lh]h��qlh[u�ij_^hklZ\blv�ihevah\Zl_eyf� \hafh`ghklv�^h[Z\blv� k_�
fZglbdm�d�^Zgguf�Credo��[ue�\u[jZg�ke_^mxsbc�ih^oh^��Ihevah\Zl_eyf�g_h[oh^bfh�
[m^_l�ihf_lblv�lj_[m_fu_�h[t_dlu�\�Credo�hij_^_e_gguf�dh^h\uf�l_dklhf�\�hl^_ev�
ghf�keh_��>Ze__�kha^Z_lky�nZce�nhjfZlZ�Microsoft Excel��\�dhlhjhf�^ey�dZ`^h]h�h[t_d�
lZ�ijhibku\Z_lky� mdZaZgguc� dh^h\uc� l_dkl�� aZ^Z_lky�gZ[hj� k_fZglbd�b�bo� agZq_gbc��
Ijb�dhg\_jlbjh\Zgbb�nZceZ�HHN�Credo�^ey�dZ`^h]h�l_dklh\h]h�h[t_dlZ��gZoh^ys_]h�
ky�\�keh_�k_fZglbd��ijhba\h^blky�ihbkd�[eb`Zcr_]h�d�g_fm�h[t_dlZ��lhqdb��ebgbb�beb�
dhglmjZ���KqblZ_lky��qlh�^ey�gZc^_ggh]h�h[t_dlZ�^Zgguc�l_dkl�y\ey_lky�dh^h\uf�l_d�
klhf��>Ze__�ba�nZceZ�k_fZglbd� aZ]jm`Z_lky�khhl\_lkl\mxsbc�dh^m�gZ[hj�k_fZglbd�b�
aZibku\Z_lky�\�nZce�=BK�DZjlZ������ 
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IJH=J:FFG:Y�J?:EBA:PBY�GHJF:EBA:PBB�KBKL?F 
IK?<>H;ME?<UO�H=J:GBQ?GBC 

:�<� Ihjlgy]bg 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

atb-summer@rambler.ru 

Ik_\^h[me_\h�h]jZgbq_gb_�–�wlh�ebg_cgh_�g_jZ\_gkl\h�k�p_eufb�dhwnnbpb_glZ�
fb�gZ�fgh`_kl\_�[me_\uo�i_j_f_gguo��Kms_kl\m_l�fgh`_kl\h�kbglZdkbq_kdb�jZaebq�
guo�h]jZgbq_gbc��dhlhju_�ijb�wlhf�y\eyxlky�k_fZglbq_kdb�wd\b\Ze_glgufb��Ihwlhfm�
`_eZl_evgh�ijb\_klb�dZ`^h_�h]jZgbq_gb_�kbkl_fu�d�g_dhlhjhfm�_^bghfm�\b^m��D�kh�
`Ze_gbx�wnn_dlb\ghc�b�mgb\_jkZevghc�dZghgbq_kdhc�nhjfu�^ey�ik_\^h[me_\uo�h]jZ�
gbq_gbc�g_�ba\_klgh��Ihwlhfm�_^bguc�\b^��d�dhlhjhfm�ijb\h^ylky�h]jZgbq_gby��\u[b�
jZ_lky�ba�khh[jZ`_gbc�wnn_dlb\ghklb�^Zevg_cr_c�jZ[hlu�k�kbkl_fhc� 

LZd`_�g_h[oh^bfh�\uihegblv�ij_h[jZah\Zgby��dhlhju_�iha\heyxl�mijhklblv�bk�
oh^gmx�kbkl_fm��Z�lZd`_�bkdexqblv�ljb\bZevgh�\uihegbfu_�h]jZgbq_gby��Ihemq_ggZy�
\�j_amevlZl_�kbkl_fZ�gZau\Z_lky�ghjfZebah\Zgghc��Kibkhd�ijZ\be��iha\heyxsbo�\u�
ihegblv�ghjfZebaZpbx��ih^jh[gh�hibkZg�\�klZlv_�>�@� 

<k_�wlb�hi_jZpbb�\uihegyxlky�gZ�wlZi_�kbglZdkbq_kdh]h�jZa[hjZ��>ey�wlh]h�jZa�
jZ[hlZg�ijh]jZffguc�fh^mev��dhlhjuc�\dexqZ_l�\�k_[y�iZjk_j�b�ijhp_^mju�ghjfZeb�
aZpbb��Bkoh^gZy�kbkl_fZ�aZ^Z_lky�\�\b^_�nZceZ��nhjfZl�dhlhjh]h�iha\hey_l�hibku\Zlv�
ik_\^h[me_\u_�h]jZgbq_gby�ijhba\hevgh]h�\b^Z��Blh]h\mx�kbkl_fm�fh`gh�aZibkZlv�\�
nZce��\u\_klb�gZ�wdjZg�beb�i_j_^Zlv�^jm]hfm�bgl_jn_ckm��<�dhgnb]mjZpbhgghf�nZce_�
bf__lky� \hafh`ghklv� mdZaZlv�� dZdb_� ba� ijZ\be� ghjfZebaZpbb� [m^ml� bkihevah\Zgu��
LZd`_�ijb�g_h[oh^bfhklb�fh^mev�e_]dh�^hihegblv�gh\ufb�ijZ\beZfb� 
1. Niklas Een, Niklas Sorensson. Translating Pseudo-Boolean Constraints into SAT. – Jour-

nal on Satisfiabilit y, Boolean Modeling and Computation 2. – 2006. – P. 191-200. 
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L?HJ?LBQ?KDB?�HKGH<U�G:GHL?OGHEH=BB 

:�:� IhlZih\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

alex_p@icc.ru 

GZghl_ogheh]by�–�wlh�l_ogheh]by�kha^Zgby�bkdmkkl\_gguo�fZl_jbZeh\�b�gZghba�
^_ebc�� hkgh\ZggZy� gZ� p_e_gZijZ\e_gghf�fZgbimebjh\Zgbb� �mijZ\e_gbb�� hl^_evgufb�
ZlhfZfb�b�fhe_dmeZfb��>ey�gZmqgh]h�h[_ki_q_gby�gZghl_ogheh]bb�g_h[oh^bfh�jZajZ�
[hlZlv�l_hjbx��dhlhjZy�fh]eZ�[u�klZlv�hkgh\hc�^ey�ijh_dlbjh\Zgby�b�dhgkljmbjh\Zgby�
gZghkbkl_f��LZdZy�l_hjby�^he`gZ�[ulv�ihkljh_gZ�gZ�ihgbfZgbb�we_dljhggh]h�kljh_gby�
Zlhfh\�b�fhe_dme�b�f_oZgbafh\�nhjfbjh\Zgby�Zlhfgh-fhe_dmeyjguo�kbkl_f��<�dhg_q�
ghf�blh]_�hgZ�^he`gZ�ij_^hklZ\blv�mjZ\g_gb_�k\yab�f_`^m�kljmdlmjgufb�iZjZf_ljZ�
fb�Zlhfh\�b�fhe_dme��dZd�bkoh^guo�kljhbl_evguo�_^bgbp��b�k\hckl\Zfb�kha^Z\Z_fuo�
gZ�bo�hkgh\_�Zlhfgh-fhe_dmeyjguo�kbkl_f� 

<�wlhc�k\yab�gZaj_eZ�g_h[oh^bfhklv�\�i_j_kfhlj_�dhgp_ilmZevguo�hkgh\Zgbc�kh�
\j_f_gghc�d\Zglh\h-f_oZgbq_kdhc�l_hjbb�\_s_kl\Z��<�dZq_kl\_�Zevl_jgZlb\gh]h�ih^�
oh^Z�d�ihkljh_gbx�l_hjbb�fh`_l�kem`blv�deZkkbq_kdZy�l_hjby��hibjZxsZyky�gZ�nbab�
q_kdb_� fh^_eb� we_dljhggh]h� kljh_gby� Zlhfh\� b� fhe_dme�� ijbf_jhf� dhlhjuo� fh`_l�
kem`blv�h[hehq_qgZy�fh^_ev�ZlhfZ�G� ;hjZ� 

Bf_xsb_ky�\�gZklhys__�\j_fy�wdki_jbf_glZevgu_�^Zggu_�iha\heyxl�wlm�fh^_ev�
fh^bnbpbjh\Zlv�b�^h\_klb�^h�mjh\gy�dhebq_kl\_ggh]h�hibkZgby��AgZgb_�we_dljhggh]h�
kljh_gby�Zlhfh\�hldju\Z_l�\hafh`ghklv�ijbgpbibZevgh�ih-gh\hfm�ih^hclb�d�ijh[e_�
f_� ihkljh_gby� l_hjbb� \_s_kl\Z��?_� hkms_kl\e_gb_� \b^blky� \� ke_^mxs_c� eh]bq_kdhc�
ihke_^h\Zl_evghklb�� Zlhfu��fhe_dmeu�→�nbabq_kdb_�fh^_eb� we_dljhggh]h� kljh_gby�
Zlhfh\�b�fhe_dme�→�ihl_gpbZevgu_�nmgdpbb��oZjZdl_jbamxsb_�f_`Zlhfgu_�b�f_`�
fhe_dmeyjgu_� \aZbfh^_ckl\by�→� kljmdlmjZ�Zlhfgh-fhe_dmeyjguo�kbkl_f�→�h`b^Z_�
fu_�k\hckl\Z�kha^Z\Z_fuo�ba^_ebc��IjZdlbq_kdb_�aZ^Zqb�j_rZxlky�\�h[jZlghc�ihke_�
^h\Zl_evghklb��Ijb�wlhf�g_h[oh^bfh�jZajZ[hlZlv�f_lh^bq_kdh_�b�fZl_fZlbq_kdh_�kh�
ijh\h`^_gb_�k�p_evx�i_j_ghkZ�h[sbo�iheh`_gbc�l_hjbb�gZ�j_r_gb_�ijZdlbq_kdbo�aZ�
^Zq�� lZdbo�dZd�bg`_g_jgu_�jZkq_lu�ijhkl_crbo�b� lbih\uo�maeh\�b�ba^_ebc��Z�lZd`_�
kha^Zgb_�[Zau�^Zgguo�Zlhfh\�b�fhe_dme�dZd�bkoh^ghc�bgnhjfZpbb�^ey�ijh_dlbjh\Z�
gby�Zlhfgh-fhe_dmeyjguo�kbkl_f� 

Dexqhf�d�ihkljh_gbx�ijh]ghklbq_kdhc�l_hjbb�\_s_kl\Z�y\ey_lky�Zlhf��ihgbfZ�
gb_� b� h[tykg_gb_� _]h� we_dljhggh]h� kljh_gby��Kh]eZkgh� ^bihev-h[hehq_qghc� fh^_eb�
Zlhf�ij_^klZ\ey_l�kbkl_fm�\eh`_gguo�^jm]�\�^jm]Z�g_aZ\bkbfuo�kn_j-h[hehq_d��dZ`�
^Zy�ba�dhlhjuo�h[jZah\ZgZ�kh\hdmighklvx�djm]h\uo�beb�weebilbq_kdbo�hj[bl�we_dljh�
gh\��DZ`^Zy�ba�we_dljhgguo�h[hehq_d�bf__l�dhgnb]mjZpbx�\�\b^_�ijZ\bevghc�]_hf_l�
jbq_kdhc�nb]mju��\_jrbgu�dhlhjhc�aZgbfZxl�we_dljhgu��>bihevgZy�kljmdlmjZ�\g_r�
gbo�h[hehq_d�Zlhfh\�_kl_kl\_gguf�h[jZahf�ij_^hij_^_ey_l�kljh_gb_�fhe_dme�b�iehl�
guo�\_s_kl\� 

K_]h^gyrg__� khklhygb_� bkke_^h\Zgbc� \� h[eZklb� kha^Zgby� l_hjbb� we_dljhggh]h�
kljh_gby�\_s_kl\Z�khhl\_lkl\m_l�i_j_oh^m�hl�wlZiZ�Zijh[Zpbb�nbabq_kdbo�fh^_e_c�d�
ihbkdm� b� ihkljh_gbx� fZl_fZlbq_kdbo� fh^_e_c� b� khhl\_lkl\mxsbo� mjZ\g_gbc� k\yab�
f_`^m� iZjZf_ljZfb� kljmdlmju� Zlhfh\� b�fhe_dme� k� h`b^Z_fufb� wdkiemZlZpbhggufb�
k\hckl\Zfb�kha^Z\Z_fuo�gZ�bo�hkgh\_�kbkl_f� 
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H�J?:EBA:PBYO�F?LH>:�J:AJU<GHC�A:F?GU�<J?F?GB 
<�A:>:Q:O�HILBF:EVGH=H�MIJ:<E?GBY 

K�G?H=J:GBQ?GGUF�FGH@?KL<HF�KDHJHKL?C 

H�G� KZfkhgxd 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

samsonuk.olga@rambler.ru 

<�^hdeZ^_�h[km`^Zxlky�ijb_fu�ijhkljZgkl\_ggh-\j_f_ggh]h�jZkrbj_gby��hkgh\Zg�
gu_�gZ�f_lh^_�jZaju\ghc�aZf_gu�\j_f_gb� >�-�@��aZ^Zq�hilbfZevgh]h�mijZ\e_gby�k�mijZ\�
ey_fufb�kbkl_fZfb�\b^Z 

( ) ( ) ( ) [ ]0 1, , , , v, v , v i�\� gZ� �x f t x V G t x V V t K t t= + = ∈�� .   (1) 

A^_kv� ( )x ⋅ , ( )V ⋅  –� Z[khexlgh�g_ij_ju\gu_�nmgdpbb�jZaf_jghkl_c� ( )d x �b� ��khhl\_lkl�
\_ggh�� ( )v ⋅  –�baf_jbfZy�h]jZgbq_ggZy�nmgdpby�� .  –�\uimdeuc�aZfdgmluc�dhgmk�\� �Y�G5 , 

∑ == ��
� M _Y_Y YG

M , [ ]0 1,t t  –�nbdkbjh\Zgguc�hlj_ahd� 
Ihkdhevdm�fgh`_kl\h� . �g_h]jZgbq_ggh�b�mijZ\e_gb_� Y �\oh^bl�\�kbkl_fm�ebg_cgh��

lh�ke_^m_l�h`b^Zlv��qlh�aZ^Zqb�hilbfbaZpbb�\�kbkl_f_�����fh]ml�g_�bf_lv�j_r_gby�\�deZkk_�
h[uqguo� ijhp_kkh\� b� lj_[mxl� jZkrbj_gby�–� \dexq_gby� \h�fgh`_kl\h� ^himklbfuo� jZa�
ju\guo��h[h[s_gguo�ljZ_dlhjbc�kbkl_fu������dhlhju_�ihjh`^Zxlky�h[h[s_ggufb�mijZ\�
eyxsbfb� \ha^_ckl\byfb� lbiZ� \_dlhjghc�f_ju� �bfimevkgh_� mijZ\e_gb_���Hkgh\gZy� hkh�
[_gghklv�khklhbl�\�lhf��qlh�g_�ij_^iheZ]Z_lky�\uiheg_gb_�lZd�gZau\Z_fh]h�mkeh\by�dhj�
j_dlghklb� i_j_oh^Z� d� bfimevkguf� ijhp_kkZf�� \� j_amevlZl_� h[h[s_ggh_� j_r_gb_� kbkl_�
fu (1) g_evay�hij_^_eblv�h^ghagZqgh��_keb�g_�mqblu\Zlv�kihkh[�ZiijhdkbfZpbb�bfimevk�
gh]h�mijZ\e_gby�h[uqgufb� 

G_h[uqgu_�k\hckl\Z� aZ^Zq��g_�h[eZ^Zxsbo�k\hckl\hf�dhjj_dlghklb��ijhbeexkljb�
jh\Zgu�gZ�ke_^mxs_f�ijbf_j_� 

( ) ( ) ( )( )( )
1

1 2

0

v inft ax t bx t dt− + →∫ , 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

( ) ( ) [ ]

1 1 1 1

2 1 2 2 2

1 2

v , 0 0, 1 3,

v , 0 3, 1 0,

v , v 0 i�\���gZ� �� � �

x t t x x

x t x t t x x

t R t

= = =
= − = =

∈ ≥

�

�  

A^_kv� a , 0b > �� Ijbf_g_gb_� h[h[s_ggh]h� IF� >��� �@� ^Z_l� wdklj_fZevgh_� bfimevkgh_�
mijZ\e_gb_�� Z� lZd`_� khhl\_lkl\mxsb_� ij_^_evgu_� mijZ\e_gby�� oZjZdl_jbamxsb_� kihkh[�
_]h�ZiijhdkbfZpbb�b�iha\heyxsb_�ihkljhblv�km[hilbfZevgh_�j_r_gb_�aZ^Zqb��HilbfZev�
ghklv� gZc^_ggh]h� ijhp_kkZ� mklZgZ\eb\Z_lky� iml_f� i_j_oh^Z� d� ijhkljZgkl\_ggh-
\j_f_gghfm� jZkrbj_gbx� aZ^Zqb� b� bkihevah\Zgbx� ^hklZlhqguo� mkeh\bc�� hkgh\Zgguo� gZ�
k_f_ckl\_�j_r_gbc�g_jZ\_gkl\Z�=ZfbevlhgZ-Ydh[b�>�@� 
1. Warga J., Zhu Q.J. The equivalence of extremals in different representations of unbounded 

control problems // SIAM J. Control Optim. – 1994. – V. ����� 4. – P. 1151-1169. 
2. Bressan A., Rampazzo F. Impulsive control systems without commutativity assumptions // J. 

Optim. Theory Appl. – 1994. – V. ����� 3. – P. 435-457. 
3. Fbee_j ;�F��� Jm[bgh\bq ?�Y�� HilbfbaZpby� ^bgZfbq_kdbo� kbkl_f� k� bfimevkgufb�

mijZ\e_gbyfb��–�F���GZmdZ������� 
4. >uolZ <�:���KZfkhgxd H�G��HilbfZevgh_�bfimevkgh_�mijZ\e_gb_�k�ijbeh`_gbyfb��– 

2-_�ba^��–�F���NbafZlebl������� 
5. >uolZ <�:�� G_jZ\_gkl\h� Eyimgh\Z-Djhlh\Z� b� ^hklZlhqgu_� mkeh\by� \� hilbfZevghf�

mijZ\e_gbb ���Blh]b�gZmdb�b� l_og��Kh\j��fZl_f��b� __�ijbeh`_gby��–�F���<BGBLB��– 
2006. –�L� 110. –�K� 76-108. 
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H�KEH@GHKLB�I?J?OH>:�HL�IJB;EB@?GGUO�J?R?GBC 
D�LHQGUF�<�A:>:Q:O�>BKDJ?LGHC�HILBFBA:PBB 

:�:� K_f_gh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

biclop@rambler.ru 

<� gZklhys_c� aZf_ld_� ijb\h^blky� j_amevlZl� h� keh`ghklb� ijh[e_fu� i_j_oh^Z� hl�
ijb[eb`_gguo�j_r_gbc�d�lhqguf�\�h^ghc�aZ^Zq_�^bkdj_lghc�hilbfbaZpbb��ba\_klghc�
dZd�MAXSAT��[he__�lhqgh�©klZg^ZjlgZy�MAXSAT-aZ^ZqZª���<�h[s_f�kemqZ_�ijh[e_fZ�
i_j_oh^Z�hl�ijb[eb`_gguo�j_r_gbc�d�lhqguf�ij_^klZ\ey_l�bgl_j_k�ijb�bamq_gbb�Ze�
]hjblfh\�ihbkdZ�j_r_gbc�\�^bkdj_lguo�aZ^ZqZo��dhlhju_�bkihevamxl�\�dZq_kl\_�©klZj�
lh\uoª�lhqdb��y\eyxsb_ky�g_dhlhjufb�ijb[eb`_gbyfb�bkdhfuo�j_r_gbc��GZihfgbf��
qlh�ijhba\hevgmx�fZkkh\mx� aZ^Zqm� Π �^bkdj_lghc�hilbfbaZpbb�ijbgylh� �kf���gZijb�
f_j� >�@��jZkkfZljb\Zlv�dZd�gZlmjZevgh_�k_f_ckl\h�bg^b\b^mZevguo�aZ^Zq� DΠ ��Ijhba�
\hevghc�bg^b\b^mZevghc�aZ^Zq_� I DΠ∈ �klZ\blky�\�khhl\_lkl\b_�fgh`_kl\h�keh\��gZau�
\Z_fuo�j_r_gbyfb� I ��DZ`^hfm�j_r_gbx� ( )s I �aZ^Zqb� I �khihklZ\ey_lky�jZpbhgZevgh_�
qbkeh� ( )( )w s I ��gZau\Z_fh_�klhbfhklvx� �\_khf��j_r_gby� ( )s I ��J_r_gby�c�fbgbfZev�
ghc�beb�fZdkbfZevghc�klhbfhklvx�gZau\Zxlky�lhqgufb�beb�hilbfZevgufb��HklZev�
gu_� j_r_gby� gZau\Zxlky� ijb[eb`_ggufb��Ijb[eb`_ggufb� gZau\Zxlky� Ze]hjblfu��
\u^Zxsb_�j_r_gby��g_�\k_]^Z�y\eyxsb_ky�lhqgufb��Hlghkbl_evgZy�ih]j_rghklv�Ze�
]hjblfZ� A � hij_^_ey_lky� \_ebqbghc� ( )

( )( ) ( )( )
( )( )

*

*

A

A

w s I w s I
r I

w s I

−
= �� q_j_a� ( )( )Aw s I  

h[hagZq_gZ�klhbfhklv�j_r_gby�aZ^Zqb� I ��dhlhjh_�\u^Z_l� A ��Z�q_j_a� ( )( )*w s I �h[hagZ�
q_gZ�klhbfhklv�lhqgh]h�j_r_gby� I ��?keb�^ey�\k_o� I DΠ∈ �\_ebqbgZ� ( )IrA �h]jZgbq_gZ�
k\_jom�g_dhlhjhc�dhgklZglhc� 0ε > ��lh�Ze]hjblf� A �gZau\Z_lky� -ε ijb[eb`_gguf�Ze�
]hjblfhf�j_r_gby�aZ^Zqb�Π . 

>ZgZ�g_dhlhjZy�hilbfbaZpbhggZy�aZ^ZqZ�Π ��Ij_^iheh`bf��qlh�^ey�ijhba\hevgh�
]h�ihebghfZ� ( )q ⋅ �b�^ey�dZ`^hc�bg^b\b^mZevghc�aZ^Zqb� I DΠ∈ �ba\_klgh�lZdh_�__�ijb�
[eb`_ggh_�j_r_gb_� ( )s I ��qlh�^ey�\k_o� I DΠ∈ : 0| |I n≥ � �^ey�g_dhlhjhc�dhgklZglu� 0n ) 

kijZ\_^eb\h� khhlghr_gb_� ( )( ) ( )( )
( )( ) ( )

*

*

1w s I w s I

q Iw s I

−
≤ �� A^_kv� q_j_a� I � h[hagZq_g�

h[t_f� �qbkeh� [bl�� g_dhlhjh]h� ^\hbqgh]h� hibkZgby� aZ^Zqb� I �� JZkkfZljb\Zxlky� ke_�
^mxsb_�]bihl_au� 

1H ��kms_kl\m_l�Ze]hjblf��dhlhjuc�ihemqZy�gZ�\oh^_�iZjm� ( )( ),I s I ��aZ�ihebghfb�
Zevgh_�\�h[s_f�hl� I �\j_fy�\u^Z_l� ( )*s I . 

2H ��kms_kl\m_l�Ze]hjblf��dhlhjuc�ihemqZy�gZ�\oh^_�ljhcdm� ( ) ( )( )( )*, ,I s I w s I , 

aZ�ihebghfbZevgh_�\�h[s_f�hl� I �\j_fy�\u^Z_l� ( )*s I . 

L_hj_fZ��<�hlghr_gbb�klZg^Zjlghc�MAXSAT-aZ^Zqb�bklbgghklv�]bihl_au� 1H  

hagZqZ_l��qlh�NP P= ��Z�bklbgghklv�]bihl_au� 2H �hagZqZ_l��qlh�NP RP= . 

1. =wjb F��� >`hgkhg >�� <uqbkebl_evgu_� fZrbgu� b� ljm^ghj_rZ_fu_� aZ^Zqb�� –�F���
Fbj��������– 416 k� 
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MIJ:<E?GB?�<UQBKEBL?EVGUF�IJHP?KKHF 
<�BGKLJMF?GL:EVGHF�DHFIE?DK?�',6&203 

B�:� Kb^hjh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

ivan.sidorov@icc.ru 

<�iZd_lZo�ijbdeZ^guo�ijh]jZff�hkgh\gufb�kihkh[Zfb�\uiheg_gby�Z[kljZdlghc�
ijh]jZffu��ij_^klZ\eyxs_c�kh[hc�fh^_ev�djmigh[ehqghc�ijh]jZffu�b�hljZ`Zxs_c�
bgnhjfZpbhggh-eh]bq_kdmx� kljmdlmjm� \uqbke_gbc� \� l_jfbgZo� ihgylbc� ij_^f_lghc�
h[eZklb�iZd_lZ��y\eyxlky�j_`bfu�dhfibeypbb�b�bgl_jij_lZpbb� 

<�^hdeZ^_�jZkkfZljb\Z_lky�j_`bf�bgl_jij_lZpbb�Z[kljZdlghc�ijh]jZffu�\�bgkl�
jmf_glZevghf� dhfie_dk_� ',6&203� �',6WULEXWHG� &2PSXWLQJ� V\VWHP� RI� 0RGXODU�
3URJUDPPLQJ���>Zgguc�bgkljmf_glZevguc�dhfie_dk�ij_^gZagZq_g�^ey�jZajZ[hldb�iZd_�
lh\� ijbdeZ^guo� ijh]jZff�� hjb_glbjh\Zgguo� gZ� jZ[hlm� \� ]_l_jh]_gghc� �fgh]hieZl�
nhjf_gghc�� jZkij_^_e_gghc� \uqbkebl_evghc� kj_^_� �J<K��� dhlhjZy� fh`_l� \dexqZlv�
\uqbkebl_evgu_�deZkl_ju�jZaebqguo�\b^h\� 

Ih^oh^�d�mijZ\e_gbx�\uqbkebl_evguf�ijhp_kkhf�\�bgkljmf_glZevghf�dhfie_d�
k_�DISCOMP�[Zabjm_lky�gZ�f_oZgbafZo�h[jZ[hldb�kh[ulbc��\hagbdZxsbo�ijb�\uihe�
g_gbb�Z[kljZdlghc�ijh]jZffu��Hg�\dexqZ_l�^\_�hkgh\guo�nZau���� ijbf_g_gb_�ijhp_�
^mj��kha^Zgguo�ihevah\Zl_e_f�iZd_lZ�b�ij_^gZagZq_gguo�^ey�h[jZ[hldb�kh[ulby�b�\u�
[hjZ� gm`gh]h� mijZ\e_gby� oh^hf� \uqbkebl_evgh]h� ijhp_kkZ�� �� ijh\_jdm� kh[ex^_gby�
h]jZgbq_gbc� ijb� \uiheg_gbb� \u[jZggh]h� mijZ\e_gby� bgl_jij_lZlhjhf� Z[kljZdlghc�
ijh]jZffu�� MijZ\e_gb_� oh^hf� \uqbkebl_evgh]h� ijhp_kkZ� j_Zebam_lky� nmgdpbyfb�
[b[ebhl_db�'LVFRPS$3,��ij_^klZ\eyxs_c�kh[hc�ijh]jZffguc�bgl_jn_ck�f_`^m�ihev�
ah\Zl_evkdbfb�ijhp_^mjZfb�gZ�yaud_�46$�b�bgl_jij_lZlhjhf�Z[kljZdlghc�ijh]jZffu� 

Ki_pbnbdZpby�dZ`^h]h�ba�h]jZgbq_gbc�bgl_jij_lZlhjZ�Z[kljZdlghc�ijh]jZffu�
\dexqZ_l��\b^�h]jZgbq_gby��kihkh[�_]h�aZ^Zgby��mjh\gb�fh^_eb�J<K��gZ�dhlhjuo�hkm�
s_kl\ey_lky�aZ^Zgb_�b�dhgljhev�h]jZgbq_gby��gZbf_gh\Zgb_�dhfihg_glZ�J<K��dhgljh�
ebjmxs_]h� \uiheg_gb_� h]jZgbq_gby�� nhjfZebah\Zggh_� ij_^klZ\e_gb_� h]jZgbq_gby��
j_amevlZl�gZjmr_gby�h]jZgbq_gby��Wlb�h]jZgbq_gby�fh]ml�[ulv�y\gufb�b�g_y\gufb��
Y\gu_� h]jZgbq_gby� ki_pbnbpbjmxlky� ihevah\Zl_e_f� ijb�nhjfbjh\Zgbb� ihklZgh\db�
aZ^Zqb� beb� j_Zebamxlky� \� jZfdZo� ihevah\Zl_evkdbo� hi_jZpbc��G_y\gu_� h]jZgbq_gby�
aZ^Zxlky� ijb� hibkZgbb� ij_^f_lghc� h[eZklb� iZd_lZ� beb� hij_^_eyxlky� ijh]jZffgh-
ZiiZjZlghc�kj_^hc��\�dhlhjhc�nmgdpbhgbjm_l�iZd_l� 

Fgh`_kl\h�g_y\guo�h]jZgbq_gbc�bgl_jij_lZlhjZ�Z[kljZdlghc�ijh]jZffu�\dex�
qZ_l�� �� h]jZgbq_gby� gZ� ^bZiZahgu� agZq_gbc� iZjZf_ljh\� ij_^f_lghc� h[eZklb��
2) mkeh\by�^himklbfhklb�\uiheg_gby�Z[kljZdlghc�ijh]jZffu���� h]jZgbq_gby��hij_^_�
ey_fu_�kbkl_fgufb�oZjZdl_jbklbdZfb�J<K��iZjZf_ljZfb�nZceh\hc�kbkl_fu��ijhba\h�
^bl_evghklvx� dhffmgbdZpbhgghc� kj_^u�� dhebq_kl\hf�maeh\�b�ijhp_kkhjh\�� lZdlh\hc�
qZklhlhc�ijhp_kkhjh\��h[t_fZfb�hi_jZlb\ghc�iZfylb�b�\bgq_kl_jh\�b�^j� 

Fgh`_kl\h�y\guo�h]jZgbq_gbc�bgl_jij_lZlhjZ�Z[kljZdlghc�ijh]jZffu�\dexqZ�
_l���� jZaf_jghklv�kq_lqbdh\�pbdebq_kdbo�dhgkljmdpbc�Z[kljZdlghc�ijh]jZffu��\j_fy�
\uiheg_gby�\uqbkebl_evguo�fh^me_c��\j_fy�h[s_]h�j_r_gby�aZ^Zqb���� mkeh\by�m^h\�
e_l\hj_gby� \uqbkey_fuo� agZq_gbc�iZjZf_ljh\� dZq_kl\_gguf� lj_[h\Zgbyf� Ze]hjblfZ�
j_r_gby�aZ^Zqb� 

Ijb\h^ylky�ijbf_ju�aZ^Zgby�b�ijh\_jdb�h]jZgbq_gbc� 
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F?LH>�IJB;EB@?GGH=H�J?R?GBY�A:>:Q�HILBF:EVGH=H 
MIJ:<E?GBY�>BKDJ?LGH-G?IJ?JU<GUFB�KBKL?F:FB 

F�<� KlZjbpug 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

starmax@icc.ru 

<�jZ[hl_�jZkkfZljb\Z_lky�ih^oh^�d�ihkljh_gbx�\uqbkebl_evguo�Ze]hjblfh\�j_�
r_gby�aZ^Zq�hilbfZevgh]h�mijZ\e_gby�^bkdj_lgh-g_ij_ju\gufb�^bgZfbq_kdbfb�kbk�
l_fZfb��m^h\e_l\hjyxsbfb�mkeh\bx�dhjj_dlghklb��<�lZdbo�kbkl_fZo�gZjy^m�k�h]jZgb�
q_ggufb�mijZ\e_gbyfb�ijbkmlkl\mxl�qbklh�bfimevkgu_�mijZ\e_gby��ijbf_g_gb_�dh�
lhjuo�\uau\Z_l�f]gh\_ggh_�baf_g_gb_�khklhygby�^bgZfbq_kdhc�kbkl_fu��<�j_amevlZl_�
ljZ_dlhjbb�lZdbo�kbkl_f�hdZau\Zxlky�jZaju\gufb�nmgdpbyfb�\j_f_gb��Ij_^iheZ]Z_l�
ky��qlh�fhf_glu�ijbeh`_gby�bfimevkguo�\ha^_ckl\bc�b�bo�bgl_gkb\ghklb�g_�nbdkb�
jh\Zgu� aZjZg__��Z�ih^e_`Zl�hij_^_e_gbx�\�j_amevlZl_�hilbfbaZpbb� aZ^Zggh]h�djbl_�
jby�dZq_kl\Z� 

JZkkfZljb\Z_fuc�ih^oh^�hkgh\Zg�gZ�f_lh^_�jZaju\ghc� aZf_gu�\j_f_gb� >�@��AZ�
f_gZ�\j_f_gb�ij_^klZ\ey_l�kh[hc�ki_pbZevgh_�ij_h[jZah\Zgb_�\j_f_gghc�rdZeu��ijb�
dhlhjhf�dZ`^uc�fhf_gl�ijbeh`_gby�bfimevkZ�jZkly]b\Z_lky�\�bgl_j\Ze��f_jZ�dhlhjh�
]h�jZ\gZ�bgl_gkb\ghklb�khhl\_lkl\mxs_]h�bfimevkgh]h�\ha^_ckl\by��<�j_amevlZl_�aZ�
f_gu�\j_f_gb�^bkdj_lgh-g_ij_ju\gZy�kbkl_fZ�ij_h[jZam_lky�d�wd\b\Ze_glghc�kbkl_f_�
k� h]jZgbq_ggufb� mijZ\e_gbyfb� b� Z[khexlgh-g_ij_ju\gufb� ljZ_dlhjbyfb�� <� blh]_�
\hagbdZ_l�klZg^ZjlgZy�aZ^ZqZ�hilbfZevgh]h�mijZ\e_gby��^ey�j_r_gby�dhlhjhc�ijbf_�
gyxlky� fh^bnbdZpbb� ba\_klguo� f_lh^h\� ihke_^h\Zl_evgh]h� memqr_gby� mijZ\e_gbc 
[2-4]. 

Ij_^eZ]Zxlky� Ze]hjblfu�ijb[eb`_ggh]h�j_r_gby� aZ^Zq�hilbfZevgh]h�mijZ\e_�
gby�^bkdj_lgh-g_ij_ju\gufb�kbkl_fZfb��:e]hjblfu�kh^_j`Zl�qbke_ggmx�ijhp_^mjm�
j_^mdpbb�d�\kihfh]Zl_evghc�aZ^Zq_�hilbfZevgh]h�mijZ\e_gby�k�h]jZgbq_ggufb�mijZ\�
e_gbyfb� b� ijhp_^mju� ijb[eb`_ggh]h� j_r_gby� ihke_^g_c�� JZajZ[hlZgZ� ijh]jZffgZy�
j_ZebaZpby�f_lh^Z��Ijh\_^_g�\uqbkebl_evguc�wdki_jbf_gl� 
1. Fbee_j ;�F���Jm[bgh\bq ?�Y��HilbfbaZpby�^bgZfbq_kdbo� kbkl_f� k�bfimevkgufb�

mijZ\e_gbyfb��–�F���GZmdZ������� 
2. <Zkbev_\ N�I��F_lh^u�j_r_gby�wdklj_fZevguo�aZ^Zq��–�F��GZmdZ������� 
3. Kjhqdh <�:��Bl_jZpbhggu_�f_lh^u�j_r_gby�aZ^Zq�hilbfZevgh]h�mijZ\e_gby��–�F���

NBAF:LEBL������� 
4. ;Zlmjbg <�:��� Mj[Zgh\bq >�?�� Ijb[eb`_ggu_� f_lh^u� hilbfZevgh]h� mijZ\e_gby��

hkgh\Zggu_�gZ�ijbgpbi_�jZkrbj_gby��–�Gh\hkb[bjkd��GZmdZ������� 
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IJH<?>?GB?�FGH=H<:JB:GLGUO�J:KQ?LH<�IH�WDHEH=H-
WDHGHFBQ?KDHC�FH>?EB�:AB:LKDHC�Q:KLB�JHKKBB* 

:�;� Klhe[h\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

stolboff@icc.ru 

<�^hdeZ^_�jZkkfZljb\Z_lky�ijbf_g_gb_� wdheh]h-wdhghfbq_kdhc�fh^_eb��hibkZg�
ghc�\�fhgh]jZnbb� >�@�^ey�:abZlkdhc�qZklb�Jhkkbb��:QJ���Ohayckl\h�:QJ�ij_^klZ\e_�
gh �� hljZke_\ufb� Z]j_]ZlZfb�� ly`_eZy� ijhfure_gghklv�� ^h[uqZ� g_nlb�� e_]dZy� ijh�
fure_gghklv��kljhbl_evkl\h��e_kgZy�hljZkev�b�k_evkdh_�ohayckl\h��ljZgkihjl�b�k\yav��
lhj]h\ey�� ijhqb_��Wdheh]bq_kdb_�nZdlhju� \�fh^_eb�:QJ� ij_^klZ\e_gu� ke_^mxsbfb�
ihdZaZl_eyfb�� aZ]jyag_gb_� Zlfhkn_jgh]h� \ha^moZ�� kj_^gbc� aZiZk� e_kZ��iehsZ^v� k_ev�
kdhohayckl\_gguo�a_f_ev��[bhj_kmjku��fbg_jZevgu_�j_kmjku� 

IZjZf_lju�wdhghfbq_kdh]h�[ehdZ�[ueb�hij_^_e_gu�Gh\hkb[bjkdbf�bgklblmlhf 
wdhghfbdb�b�hj]ZgbaZpbb�ijhfure_ggh]h�ijhba\h^kl\Z�KH�J:G� �BWHII�KH�J:G���
>ey�wdheh]bq_kdh]h�[ehdZ�ij_^eh`_gu�ih^oh^u�d�b^_glbnbdZpbb�iZjZf_ljh\�fh^_e_c��
hkgh\Zggu_�gZ�^Zgguo� ©\hkklZgh\e_ggh]hª� wdki_jlZfb�f_`hljZke_\h]h�[ZeZgkZ�b�j_�
amevlZlZo�b^_glbnbdZpbb�kms_kl\mxsbo�wdheh]h-wdhghfbq_kdbo�fh^_e_c�;ZcdZevkdh�
]h�j_]bhgZ��>ey�i_j_ghkZ�bgnhjfZpbb�k�fh^_e_c�;ZcdZevkdh]h�j_]bhgZ�gZ�fh^_ev�fZd�
jhj_]bhgZ�[ueb�j_r_gu�ke_^mxsb_�aZ^Zqb��jZkkfhlj_gb_�^Zgguo�\�_^bguo�p_gZo�[Z�
ah\h]h�i_jbh^Z��khhlghr_gb_�kbkl_fu�hljZke_c�\�^\mo�fh^_eyo��fZkrlZ[bjh\Zgb_�h[t�
_fh\�hljZke_c�k�[Zah\uo�j_]bhgh\�gZ�fZdjhj_]bhg��mq_l�ki_pbnbdb�[Zah\uo�j_]bhgh\�
ijb�i_j_ghk_�^Zgguo�gZ�fZdjhj_]bhg� 

>ey�ijh\_^_gby�kp_gZjguo�jZkq_lh\�[ueZ�bkihevah\ZgZ�jZajZ[Zlu\Z_fZy�Z\lhjhf�
kbkl_fZ�bgl_ee_dlmZevghc�ih^^_j`db�ijhp_kkZ�fZl_fZlbq_kdh]h�fh^_ebjh\Zgby�f_^b�
dh-wdheh]h-wdhghfbq_kdbo�kbkl_f��BIIFF���HgZ�[ueZ�khhl\_lkl\mxsbf�h[jZahf�fh�
^bnbpbjh\ZgZ��[ZaZ�fh^_e_c�^hiheg_gZ� jZkkfZljb\Z_fhc� wdheh]h-wdhghfbq_kdhc�fh�
^_evx��\�[Zam�agZgbc�^h[Z\e_gu�ijZ\beZ�ih�hij_^_e_gbx�iZjZf_ljh\�fh^_eb�:QJ�gZ�
hkgh\_�kms_kl\mxsbo�fh^_e_c�;ZcdZevkdh]h�j_]bhgZ� 

Ijb�jZkq_lZo�\�dZq_kl\_�[Zah\h]h�kp_gZjby�[ue�\u[jZg�kp_gZjbc�jZa\blby�:QJ��
ihemq_gguc�ba�j_Zevguo�klZlbklbq_kdbo�^Zgguo�b�ijb�ihfhsb�fZl_fZlbq_kdhc�fh^_�
eb�f_`hljZke_\h]h�[ZeZgkZ��>ey�ZgZebaZ�\hafh`guo�Zevl_jgZlb\�jZa\blby�:QJ�[ueb�
jZajZ[hlZgu�ljb�]jmiiu�kp_gZjb_\��D�i_j\hc�]jmii_�hlghkylky�kp_gZjbb�k�g_baf_ggu�
fb� ijhihjpbyfb� \� wdhghfbd_� b� ihklhygguf� l_fihf� jhklZ� wdhghfbq_kdh]h� jZa\blby�
���������b�����\�]h^���<lhjZy�]jmiiZ�kp_gZjb_\�ij_^iheZ]Z_l�i_j_jZkij_^_e_gb_�bg\_�
klbpbc�f_`^m�hljZkeyfb�hlghkbl_evgh�[Zah\h]h�kp_gZjby��GZijbf_j��^ey�ebd\b^Zpbb�
^_nbpblZ�ijh^mdpbb�e_]dhc�ijhfure_gghklb�ij_^eZ]Z_lky�i_j_gZijZ\blv� ����bg\_�
klbpbc�ba�hljZke_c� ly`_ehc�ijhfure_gghklb� \�e_]dmx��Kp_gZjbb�ijbjh^hhojZgguo�
f_jhijbylbc�khklZ\eyxl�lj_lvx�]jmiim��<�gbo�ij_^mkfZljb\Z_lky�memqr_gb_�wdheh]b�
q_kdh]h�khklhygby�fZdjhj_]bhgZ�dZd�q_j_a�g_ihkj_^kl\_ggh_�\hkklZgh\e_gb_�j_kmjkh\��
lZd�b�mf_gvr_gb_�wdheh]bq_kdbc�gZ]jmadb�hl�jy^Z�hljZke_c��<k_�jZkq_lu�ijh\h^bebkv�
k������]h^Z�ih������]h^� 
1. Wdheh]h-wdhghfbq_kdZy�kljZl_]by�jZa\blby�j_]bhgZ��FZl_fZlbq_kdh_�fh^_ebjh\Z�

gb_� b� kbkl_fguc� ZgZeba� gZ� ijbf_j_� ;ZcdZevkdh]h� j_]bhgZ �� <�?� <bdmeh\��
<�B� =mjfZg��?�<� >ZgbebgZ�b�^j��–�Gh\hkb[bjkd��GZmdZ��������– 184 k� 

                                                 
* >Zggu_�jZkq_lu�ijh\h^bebkv�\�jZfdZo�bgl_]jZpbhggh]h�ijh_dlZ�KH�J:G������ 
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H�IHBKD?�=:J:GLBJH<:GGH=H�J?R?GBY�<�EBG?CGHC�A:>:Q? 
><MOMJH<G?<H=H�IJH=J:FFBJH<:GBY 

:�K� Klj_dZeh\kdbc��:�<��FZeur_\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

strekal@icc.ru, anton@irk.ru 

JZkkfZljb\Z_lky� aZ^ZqZ�gZ�ihbkd� ]ZjZglbjh\Zggh]h� j_r_gby�ebg_cghc�^\momjh\g_�
\hc�aZ^Zqb 

{ }
( ) { }

*

* 1 1( )

sup , , | ( , ) min, ,

, ( ) | , inf , ,

xy

z Y x

a x b y y Y x Ax c

Y x y Y x b y b z

ε

ε ε
∈

+ ∈ ↓ ≤



∈ ≤ + 
�

            (BP(ε )) 

]^_� ,mx R∈  ( ) { }1 1 1|nY x y R A x B y c∈ + ≤� , p mA R ×∈ , 1
q mA R ×∈ , 1

q nB R ×∈  ma R∈ , nb R∈ , 

11, ,p n qR Rc Rb c∈ ∈ ∈ ��Z� ( )* ,Y x ε  –�fgh`_kl\h�ε -j_r_gbc�aZ^Zqb�gb`g_]h�mjh\gy� 
GZjy^m�k�aZ^Zq_c��%P(ε ���jZkkfhljbf�aZ^Zqm�gZ�ihbkd�hilbfbklbq_kdh]h�j_r_gby 

( )
( ) { }

,

** 1 1( )

, , , min,

, , , ( ) | , inf , ,

x y

z Y x

F x y a x b y

Ax c y Y x y Y x b b y b b zδ µ µ µ δ
∈

+ ↓ 
≤ ∈ ∈ − ≤ − + 

�

�
   (BPo( µδ � )) 

]^_� �≥δ  –� lhqghklv� j_r_gby� aZ^Zqb� gb`g_]h� mjh\gy�� Z� �>µ  –� g_dhlhjuc� iZjZf_lj�
rljZnZ� 

Ij_^iheh`bf��qlh�fgh`_kl\h� { }|X x Ax c≤� �h]jZgbq_gh��Z�fgh`_kl\h� ��[< �lZdh�
\h��qlh� nY R∃ ⊂ , Y  –�dhfiZdl�� ( )Y x Y x X⊆ ∀ ∈ ��Hlkx^Z�ke_^m_l 

( ) ( ), : , ,F F R F F x y F x y X Y− + − +∃ ∈ ≤ ≤ ∀ ∈ × .       (1) 

KijZ\_^eb\h� ke_^mxs__� ml\_j`^_gb_� >�@� h� \aZbfhk\yab� p_e_\uo� nmgdpbc� aZ^Zq�
(BP(ε ���b��%Po( µδ � )): 

E_ffZ��Imklv�\_jgu�g_jZ\_gkl\Z������Lh]^Z�^ey�ex[h]h�gZ[hjZ� ( ), , , ,x yε δ µ �lZdh]h��
qlh� 0ε ≥ , 0δ ≥ , 0µ > , x X∈ , ( )** , ,y Y x δ µ∈ ��kijZ\_^eb\Z�p_ihqdZ�g_jZ\_gkl\ 

( ) ( ){ } ( ) ( ) ( ){ }* *sup , | , , sup , | ,
y y

F x y y Y x F x y F x y y Y x F
ε δε δ µ

µ +
+∈ − ≤ ≤ ∈ + .   (2) 

K�bkihevah\Zgb_f�ihemg_ij_ju\ghklb�kgbam�fgh]hagZqgh]h�hlh[jZ`_gby� ( )* ,0x Y x→  [2] 

b�e_ffu�[ueZ�^hdZaZgZ�ke_^mxsZy 
L_hj_fZ. Imklv�\uiheg_gu�ij_^iheh`_gby�h[�h]jZgbq_gghklb� X , ( )Y x ��b�ihke_^h�

\Zl_evghklb� { }kτ , { }kδ , { }kµ �lZdh\u�� qlh� 0, 0, 0, 0
k

k k k
k

δτ δ µ
µ

↓ ↓ ↓ ↓ ��Lh]^Z� ex[Zy�

ij_^_evgZy�lhqdZ�ihke_^h\Zl_evghklb� ( ){ },k kx y  Nτ -j_r_gbc�aZ^Zq��%Po(
NN µδ � ���y\ey_l�

ky�]ZjZglbjh\Zgguf�j_r_gb_f�aZ^Zqb�(BP) �  (BP(0)). 
DZd�ba\_klgh�>�@��aZ^ZqZ��%Po( µδ � ���wd\b\Ze_glgZ�g_\uimdehc�h^ghmjh\g_\hc�aZ^Zq_�

hilbfbaZpbb��Ihwlhfm�^ey�j_r_gby�aZ^Zqb� �%P��ieZgbjm_lky�jZajZ[hlZlv�Ze]hjblf��[Zab�
jmxsbcky�gZ�l_hjbb�]eh[Zevgh]h�ihbkdZ�ba�>�@� 
1. Fheh^ph\ >�:��H� j_r_gbb� h^gh]h� deZkkZ� g_ZglZ]hgbklbq_dbo� b]j //�@<F� b�FN�� – 

1976. –�L� ��������–�K� 1469-1484. 
2. Dempe S., Dutta J., Mordukhovich B. S. New necessary optimality conditions in optimistic 

bilevel programming // Optimization. – 2007. – L. ����� 5. – K. 577-604. 
3. Klj_dZeh\kdbc :�K��We_f_glu�g_\uimdehc�hilbfbaZpbb��–�Gh\hkb[bjkd��GZmdZ������� 
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EHD:EVGUC�IHBKD�<�G?<UIMDEHC�A:>:Q? 
HILBF:EVGH=H�MIJ:<E?GBY 

K�P?E?<UF�NMGDPBHG:EHF�;HEVP: 

:�K� Klj_dZeh\kdbc��F�<� Ygme_\bq 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

strekal@icc.ru, massimo@newmail .ru 

Imklv�kbkl_fZ�mijZ\e_gby�ijhp_kkhf� ( ) ( )( )· ·,x u �bf__l�\b^ 

( ) ( ) ( ) ( )( ) ( )0 0, ,x t A t x t b u t t x t x= + =� ,    (1) 

( ) ( ) ( ){ }· i�\��gZ�ru L T u t U Tu ∞∈ ∈ ∈! � 
 ,       (2) 

]^_� [ ]0 1,T t t� �b�fgh`_kl\h� rU R∈ �y\ey_lky�dhfiZdlguf��JZkkfZljb\Z_lky�aZ^ZqZ�fb�
gbfbaZpbb�nmgdpbhgZeZ�;hevpZ 

( ) ( )( ) ( )( ) ( )( )0
1 , , min,

u
T

F x t t fJ u F x u t t d ut t + ↓ ∈ = + ∫ !   (3) 

gZ^�mijZ\ey_fhc�kbkl_fhc����-�����<�^hiheg_gb_�d�h[uqguf�ij_^iheh`_gbyf�\�aZ^Zq_�
HM�>����@�a^_kv nmgdpbb� ( ) ( ) ( ):F x h xx g x= −� �b� ( ) ( ) ( )0 0 0, : , ,F x t g xx t h x t= −� ��]^_�
nmgdpbb� ( )g ⋅ , ( )h ⋅ , ( )0 ·,g t �b� ( )0 ·,h t , t T∈ ��y\eyxlky�\uimdeufb�b�]eZ^dbfb�>�@��<h�
h[s_�]h\hjy��aZ^ZqZ����-����y\ey_lky�g_\uimdehc��l�_��fh]ml�kms_kl\h\Zlv�mijZ\ey_fu_�
ijhp_kku��m^h\e_l\hjyxsb_�ijbgpbim�fZdkbfmfZ�Ihgljy]bgZ��IFI��b�g_�y\eyxsb_�
ky�]eh[Zevgh�hilbfZevgufb�>����@� 

Imklv� aZ^Zgu�ihke_^h\Zl_evghklv� { }sδ : 0sδ > , 0,1,2,...s = , 
0

s
s

δ
∞

=
< +∞∑ �b�klZjlh�

\uc�ijhp_kk� ( ) ( )( )0 0· , ·x u , 0u ∈! ��>Ze__��_keb�ba\_kl_g�ijhp_kk� ( ) ( )( )· , ·s sx u , su ∈!�  

lh�\�dZq_kl\_�ke_^mxs_]h� ( ) ( )( )1 1· , ·s sx u+ + �[m^_f�\u[bjZlv�ijhp_kk��m^h\e_l\hjyxsbc�
IFI�\�\uimdehc�qZklbqgh�ebg_Zjbah\Zgghc�aZ^Zq_ 

( ) ( )( ) ( )( ) ( ) ( )( ) ( )( ) ( )( )0 0
1 1 1, , , , mins s

s x
u

T

u g x t h x t x t g x t t h x t t f u t dtI t
∈

 = − ∇ + − ∇ + ↓ ∫ !
, 

gZ^� bkoh^ghc� kbkl_fhc� mijZ\e_gby� ���-���� k� lhqghklvx� sδ � ih� g_\yad_� IFI�� Imklv�
( ),, ,H t x uψ  –�nmgdpby�Ihgljy]bgZ�\�aZ^Zq_����-�����Lh]^Z�kijZ\_^eb\Z�ke_^mxsZy 

L_hj_fZ� Imklv�ihke_^h\Zl_evghklv�ijhp_kkh\� ( ) ( )( ){ }· , ·s sx u �kljhblky�ih�\u�
r_hibkZgghfm�ijZ\bem��Lh]^Z�kijZ\_^eb\h�ij_^_evgh_�khhlghr_gb_ 

( ) ( )( ) ( ) ( ) ( )( ){ }limsup , , , , , , 0 i�\��gZ � �s s s s s

s v U

H t x t t v H t x t t u t Tψ ψ
→∞ ∈

− =  

]^_�Z[khexlgh�g_ij_ju\gZy�nmgdpby� (·)sψ �m^h\e_l\hjy_l�ke_^mxs_c�kbkl_f_� 
( ) ( ) ( ) ( )( ) ( )( ) ( ) ( )( ) ( )( )0 1 0 1

1 1 1, , ,s s s s s s
x xt A t t g x t t h x t t t h x t g x tψ ψ ψ+ += − + ∇ − ∇ = ∇ − ∇� F

. 

1. Klj_dZeh\kdbc :�K�� We_f_glu� g_\uimdehc� hilbfbaZpbb�� –� Gh\hkb[bjkd�� GZmdZ��
2003. 

2. Klj_dZeh\kdbc :�K��� Ygme_\bq F�<�� =eh[Zevguc� ihbkd� \� aZ^Zq_� hilbfZevgh]h�
mijZ\e_gby� k� p_e_\uf� l_jfbgZevguf�nmgdpbhgZehf�� ij_^klZ\e_gguf� jZaghklvx�
^\mo�\uimdeuo�nmgdpbc ���@<F��– 2008. –�L� ����� 7. –�K� 1187-1201. 

3. Klj_dZeh\kdbc :�K��AZ^Zqb�hilbfZevgh]h�mijZ\e_gby� k� l_jfbgZevgufb�nmgdpbh�
gZeZfb��ij_^klZ\bfufb�\�\b^_�jZaghklb�^\mo�\uimdeuo�nmgdpbc ���@<F��– 2007. – 
L� ����� 11. –�K� 1865-1879. 
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KDHEVAYSB?�J?@BFU�B�HILBF:EVGH?�>?FINBJH<:GB? 
>EY�NMGDPBHG:EVGH->BNN?J?GPB:EVGUO�MJ:<G?GBC 

K�J:AJU<GHC�IJ:<HC�Q:KLVX 

:�<� Kmjdh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

surkov.alexander@gmail .com 

Imklv� nR  – -n f_jgh_� \_dlhjgh_� ijhkljZgkl\h� k� _\deb^h\hc� ghjfhc� ⋅ , 

τC  –�ijhkljZgkl\h�\k_o�g_ij_ju\guo�nmgdpbc� ( )ψ ⋅ ��hij_^_e_gguo�gZ�hlj_ad_� [ ],0τ−  

kh�agZq_gbyfb�\� nR k�h[uqghc�sup-ghjfhc� ( )
0

sup
C

τ θ
ψ θ

− ≤ ≤
⋅ = . 

JZkkfZljb\Z_lky� mijZ\ey_fZy� kbkl_fZ� nmgdpbhgZevgh-^bnn_j_gpbZevguo� mjZ\�
g_gbc 

( ), ,tx f t x u=� . 

Nmgdpby� ( )tx Cτ⋅ ∈ � hij_^_e_gZ� jZ\_gkl\hf� ( ) ( )tx x tθ θ= + , 0<≤− θτ �^ey�g_ij_ju\�
ghc� nmgdpbb� ( )x t � gZ� hlj_ad_� [ ]0 0,t t Tτ− + � b� ex[h]h� [ ]0 0,t t t T∈ + �� <_dlhj�

( )1 , , ru u u= �  –� \_dlhj� mijZ\e_gby�� ( )
0t

x ϕ= ⋅  –� gZqZevgZy� nmgdpby�� Nmgdpby�
f : R× Cτ × Rm → Rn  –�dmkhqgh-g_ij_ju\gZy�k�fgh`_kl\Zfb�jZaju\h\ 

( ) ( ) ( )( ){ }: 0 , 0i iD Wψ ψ ψ= ⋅ ⋅ = , 

]^_�Wi : Rn × Cτ → R –�bg\ZjbZglgh�^bnn_j_gpbjm_fu_�nmgdpbhgZeu� 
>ey� wlhc� kbkl_fu� k� ihfhsvx�f_lh^Z� wd\b\Ze_glguo� mijZ\e_gbc� aZibku\Zxlky�

mjZ\g_gby�kdhevaysbo�j_`bfh\�ih�i_j_k_q_gbx�fgh`_kl\�jZaju\h\� Di ��Z�lZd`_�bkke_�^m_lky�aZ^ZqZ�klZ[bebaZpbb� 
>ey�mijZ\ey_fhc�kbkl_fu�ebg_cghc�ih�mijZ\e_gbx 

( ) ( ) ( ), , ,t t tx f t x B t x u t x= +� , 

]^_� nRCRf →× τ:  –�g_ij_ju\gZy�nmgdpby�� B(t,xt ) –�fZljbpZ�g_ij_ju\gZy�ih� kh\h�
dmighklb� i_j_f_gguo� jZaf_jghklb� n × r �� dhfihg_glu� \_dlhjZ� mijZ\e_gby 
ui : R× Cτ → R –�dmkhqgh-g_ij_ju\gu_�nmgdpbb�k�fgh`_kl\Zfb�jZaju\h\ 

( ) ( ) ( )( ){ }: 0 , 0i iD Wψ ψ ψ= ⋅ ⋅ = , 

aZibku\Zxlky�mjZ\g_gby�kdhevaysbo�j_`bfh\�\�fZljbqghc�nhjf_� 
<�dZq_kl\_�ijbf_jZ�jZkkfZljb\Z_lky�mijZ\ey_fZy�kbkl_fZ 

( ) ( ), ,t tx f t x H u t x= − ⋅� ,   ( ) ( ), sgn
t

t t

t

u t x x x s ds
τ

α
−

 
= − 

 
∫ , 

]^_�H > 0, α > 0��>ey�wlhc�kbkl_fu�ijb\h^blky�mjZ\g_gb_�kdhevays_]h�j_`bfZ��Z�lZd`_�
jZkkfZljb\Z_lky�aZ^ZqZ�klZ[bebaZpbb��IhdZau\Z_lky��qlh�mijZ\e_gb_� ( ), tu t x �y\ey_lky�
hilbfZevguf� ih� hlghr_gbx� d� ^_finbjh\Zgbx� nmgdpbhgZeZ� Eyimgh\Z� V =1/2⋅W 2, 
]^_� W  –�nmgdpbhgZe��hibku\Zxsbc�fgh`_kl\h�jZaju\h\�mijZ\e_gby� ( ), tu t x ��LZdh_�
mijZ\e_gb_�klZ[bebabjm_l�kbkl_fm� 
1. Nbebiih\ :�N��>bnn_j_gpbZevgu_� mjZ\g_gby� k� jZaju\ghc� ijZ\hc� qZklvx��–�F���

GZmdZ������� 
2. Am[h\ <�B��L_hjby�mjZ\g_gby�mijZ\ey_fh]h�^\b`_gby��–�E���Ba^-\h�E_gbg]jZ^kdh]h�

mg-lZ������� 
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IHBKD�<UKHDHIH>H;GUO�MQ:KLDH<�=?GHFH< 

:�X� LdZq_gdh��:�:� Dhkh\ 
Bgklblml�bgnhjfZpbhgguo�l_ogheh]bc�b�fh^_ebjh\Zgby�Bj=MIK 

Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

=_ggZy� bg`_g_jby� b�fhe_dmeyjgZy� [bheh]by� y\eyxlky� [ukljh� jZa\b\Zxsbfbky�
h[eZklyfb� kh\j_f_gghc� gZmdb�� ]^_� bgnhjfZpbhggu_� l_ogheh]bb� \uklmiZxl� Z^_d\Zl�
guf�bgkljmf_glhf�bkke_^h\Zgby��qlh�ijb\_eh�d�\hagbdgh\_gbx�gh\h]h�l_jfbgZ�″\u�
qbkebl_evgZy�[bheh]by″ [1]. 

GZke_^kl\_ggZy� bgnhjfZpby� \k_o�`b\uo� hj]Zgbafh\� aZdh^bjh\ZgZ� \�fhe_dmeZo�
>GD��Fhe_dmem�>GD�fh`gh�jZkkfZljb\Zlv�dZd�^ebggmx�kljhdm�kbf\heh\�q_luj_o[md�
\_ggh]h�ZenZ\blZ� ( )GCTA ,,, ��ih�i_j\uf�[md\Zf�gZa\Zgbc�gmde_hlb^h\��Iheguc�gZ[hj�
gZke_^kl\_gghc� bgnhjfZpbb� gZau\Z_lky� ]_ghfhf� hj]ZgbafZ�� Z� ]_g�–� wlh� dhgdj_lguc�
mqZklhd�]_ghfZ��hl\_qZxsbc�aZ�kbgl_a�hij_^_e_ggh]h�[_edZ�b�khhl\_lkl\_ggh�aZ�hij_�
^_e_gguc�gZ[hj�\g_rgbo�ijbagZdh\��gZijbf_j��p\_l�]eZa���>ey�[bheh]h\�\Z`gh�bf_lv�
kj_^kl\h��bgkljmf_gl�^ey�ZgZebaZ�b�khihklZ\e_gby�jZkrbnjh\Zgguo�]_ghfh\�b�\uy\�
e_gby�\�gbo�h^bgZdh\uo�beb�hq_gv�ihoh`bo� ]_gh\��Wlh�iha\hey_l�\uy\eylv�k\hckl\Z�
\gh\v�bamqZ_fuo�hj]Zgbafh\�gZ�hkgh\_�khihklZ\e_gby�bo�]_ghfh\�k�m`_�bamq_ggufb��
Djhf_�lh]h��^ey�aZ^Zq�]_gghc�bg`_g_jbb�\Z`gh�g_�lhevdh�h[gZjm`b\Zlv�\ukhdhih^h[�
gu_�mqZkldb�jZaguo� ]_ghfh\��gh�b�mdZau\Zlv�dhgdj_lgu_�j_^Zdpbhggu_�ij_h[jZah\Z�
gby�� ij_\jZsZxsb_� dmkhd� h^gh]h� ]_ghfZ� \� ZgZeh]bqguc� mqZklhd� ^jm]h]h��GZ� hkgh\_�
wlh]h�fh`gh�\uy\eylv�beb�iZjbjh\Zlv�fmlZpbb��\ua\Z\rb_�gZke_^kl\_ggu_�baf_g_gby� 

>ey�j_r_gby�gZa\Zgguo�aZ^Zq�[ueZ�jZajZ[hlZgZ�ijh]jZffgZy�kbkl_fZ�DNA Ana-
lyser. Ijh]jZffZ� \uy\ey_l� ij_`^_� \k_]h� mqZkldb� ]_ghfZ�� h[eZ^Zxsb_� kbff_ljb_c�
^\hckl\_gghklb�lbiZ� ( )TA− , ( )GC − ��Wlb�mqZkldb�bkihevamxlky�\�dZq_kl\_�]jZgbqguo�
^ey�khihklZ\ey_fuo�]_gh\��<�dZq_kl\_�f_ju�ih^h[by�bkihevam_lky�j_^Zdpbhggh_�jZk�
klhygb_�E_\_grl_cgZ� >�@��;Zah\uf�Ze]hjblfhf�^ey�hl[hjZ�\ukhdhih^h[guo�mqZkldh\�
]_ghfh\� kem`bl� Ze]hjblf� \uqbke_gby� j_^Zdpbhggh]h� jZkklhygby�f_lh^hf�^bgZfbq_�
kdh]h� ijh]jZffbjh\Zgby� >�@��Ijbf_g_gb_f� h[jZlgh]h� oh^Z� ih� ihkljh_gghc�f_lh^hf�
^bgZfbq_kdh]h�ijh]jZffbjh\Zgby�lZ[ebp_�\hkklZgZ\eb\Z_lky�j_^Zdpbhggh_�ij_^ibkZ�
gb_�� ij_h[jZamxs__� h^bg� ba� \uy\e_gguo� \ukhdhih^h[guo� mqZkldh\� \� ^jm]hc�� Ijb�
wlhf�kl_i_gv�ih^h[by�y\ey_lky�iZjZf_ljhf�ijh]jZffu�b�fh`_l�aZ^Z\Zlvky�ihevah\Zl_�
e_f� 

<�dZq_kl\_� l_klh\uo�ijbf_jh\�[ueb�bkihevah\Zgu�ehdmku�jZkrbnjh\Zgguo� ]_�
ghfh\�`b\uo�hj]Zgbafh\��ij_^klZ\e_ggu_�gZ�hldjulhf�^hklmi_�\�k_lb�Bgl_jg_l��>ey�
bkoh^guo�^Zgguo�^ebghc�ihjy^dZ�����luk��[md\�\uy\ey_lky�ihjy^dZ�klZ�kh\iZ^Zxsbo�
gZ�����mqZkldh\�^ebghc�^h�g_kdhevdbo�khl_g�[md\�dZ`^uc��<_kv�ijhp_kk�ihbkdZ�aZgb�
fZ_l�g_�[he__�iylb�fbgml��Ihevah\Zl_ex�ij_^ty\ey_lky� kibkhd�\k_o�\uy\e_gguo�ih�
^h[guo�mqZkldh\�k�mdZaZgb_f�bo�iheh`_gby�\�]_ghf_��^ebgu�b�kl_i_gb�ih^h[by�\�ijh�
p_glZo��Ijb�\u^_e_gbb�ba�gZa\Zggh]h�kibkdZ�dhgdj_lgh]h�we_f_glZ�hkms_kl\ey_lky�b�
ihdZau\Z_lky� \ujZ\gb\Zgb_� ih^h[guo� mqZkldh\� k� ^_fhgkljZpb_c� ij_h[jZamxsbo� j_�
^Zdpbhgguo�hi_jZpbc� 
1. >wg�=Zknbe^��Kljhdb��^_j_\vy�b�ihke_^h\Zl_evghklb�\�Ze]hjblfZo��BgnhjfZlbdZ�b�

\uqbkebl_evgZy�[bheh]by ��I_j�� k� Zg]e��B�<� JhfZgh\kdh]h��–�KI[��G_\kdbc�>bZ�
e_dl��2003. – 654 k. (Dan Gasfield. Algorithm on string, trees, and sequences. Computer 
science and computational biology. Cambridge University Press. 1997). 
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EBG?CGU?�HI?J:LHJGU?�MJ:<G?GBY�K�N<:�B 
NJ?>=HEVFH<UF�HI?J:LHJHF�IJB�KL:JR?F�QE?G? 

:�<� LjmnZgh\ 
Bgklblml�fZl_fZlbdb�b�wdhghfbdb�B=M 

atrufanov@mail .ru 

<�jZ[hlZo�>�-�@��ihk\ys_gguo�bkke_^h\Zgbx�dZd�ebg_cguo��lZd�b�g_ebg_cguo�mjZ\g_gbc�
k�nmgdpbhgZevguf�\hafms_gb_f�Zj]mf_glZ��jZkkfZljb\Zebkv�mjZ\g_gby 

1) ( ) ( ) ( )1 2Ax t A x t f tα− = , 

2) ( ) ( ) ( ) ( )1 2 2 N NAx t A x t A x t f tα α− − − =� , 

3) ( ) ( ) ( )1 2( ) ( ) ( )A t x t A t x t f tα− = , 

4) ( ) ( ) ( ) ( )( )1 2 2 2( ) ( ) ( ) ( ) , ( ( )), , ( ( )), ,N N NA t x t A t x t A x t R x t x t x t tα α α α− − − =� �  

]^_�hi_jZlhju� 1̀A beb� ( )01̀A �y\eyxlky�g_ij_ju\gh�h[jZlbfufb��gZ�\hafms_gby�Zj]mf_glZ�gZ�
deZ^u\Zxlky�mkeh\by� 1iα < , 2, ,i N= � �beb� ( ) ,00 =iα  ( )0 1iα′ < , 2, ,i N= � ��<h�\k_o�wlbo�
kemqZyo�ehdZevgh_�j_r_gb_�\�hdj_klghklb�gmey�kljhblky�\�\b^_�eh]Zjbnfh-kl_i_gguo�jy^h\��
lZdb_�j_r_gby�fh]ml�[ulv�eb[h�_^bgkl\_ggufb��eb[h�y\eylvky�imqdhf�mdZaZggh]h�qbkeZ�iZjZ�
f_ljh\��GZ�\b^�j_r_gby�kms_kl\_ggh�\ebyxl�k\hckl\Z�`hj^Zgh\hc�kljmdlmju�dhwnnbpb_glh\�
mjZ\g_gbc��-4. 

HldZa�hl�lj_[h\Zgby�g_ij_ju\ghc�h[jZlbfhklb�hi_jZlhjZ�ijb�klZjr_f�qe_g_�mjZ\g_gbc�
1-��kms_kl\_ggh�mkeh`gy_l�aZ^Zqm�ihkljh_gby�ehdZevguo�j_r_gbc�wlbo�mjZ\g_gbc�\�hdj_klgh�
klb�gmey��Bkihevah\Zgb_�j_amevlZlh\�ijhn��G�:� Kb^hjh\Z�>�@�iha\hey_l�ijb�hij_^_e_gguo�^h�
ihegbl_evguo� mkeh\byo�nhjfmebjh\Zlv� ml\_j`^_gby� h� jZaj_rbfhklb� mjZ\g_gbc� k�nmgdpbh�
gZevguf�\hafms_gb_f�Zj]mf_glZ�k�g_h[jZlbfuf�hi_jZlhjhf�ijb�klZjr_f�qe_g_� 

L_hj_fZ��� Imklv�\�mjZ\g_gbb�����hi_jZlhj� 1A �nj_^]hevfh\�b�bf__l�iheguc� rA �`hj^Z�
gh\� gZ[hj�� imklv� ijh_dlhju� P � b� Q � aZ^Zgu� nhjfmeZfb� ( ) ( )
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= ⋅∑∑ �� khhl\_lkl\_ggh��Imklv� hi_jZlhju� NiAi ,,1, �= �� h[eZ^Zxl� k\hc�

kl\hf� ( ),P Q -dhffmlbjh\Zgby�� fZljbpu ( )1
1r
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+Α Α , …, 

( )1
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−Α Α � h[eZ^Zxl� k\hckl\hf� dhee_dlb\ghc� gbevihl_glghklb� hij_^_e_ggh]h� bg^_dkZ� k , 

hi_jZlhju� ( )
2

N i
s ss

C i I Aα
=

= − ∑ , 1, ,i Q= � �� g_ij_ju\gh� h[jZlbfu�� Lh]^Z� mjZ\g_gb_ (2) 

bf__l�_^bgkl\_ggh_�j_r_gb_�\b^Z� ( ) ( ) ( )( )Φ+Γ= ,tCtvtx ��]^_�Γ  –�hi_jZlhj�Rfb^lZ�^ey�hi_�
jZlhjZ� 1A �� nmgdpby� ( )tv  –� _^bgkl\_ggh_� j_r_gb_� mjZ\g_gby�

( ) ( ) ( ) ( ) ( )2 2 N Nv t A v t A v t I Q f tα α− Γ − − Γ = −� �� \_dlhj� ( )tC �fh`_l�[ulv�ihkljh_g�bl_�
jZpbyfb�hij_^_e_ggh]h�\b^Z� 
1. Sidorov N., Loginov B. and others. Lyapunov-Schmidt Methods in Nonlinear Analysis and Ap-

plications. – Kluwer Academic Publishers. – Dordrecht – Boston – London, 2002. – P. 547. 
2. Kb^hjh\ G�:��� LjmnZgh\ :�<�� KljmdlmjZ� j_r_gbc� ebg_cguo� hi_jZlhjguo� mjZ\g_gbc� k�

nmgdpbhgZevguf� \hafms_gb_f� Zj]mf_glZ ��� Ljm^u� Kj_^g_\he`kdh]h� fZl_fZlbq_kdh]h�
h[s_kl\Z��– 2006. –�L� ���� 8. –�K� 104-109. 

3. LjmnZgh\ :�<��D\Zabebg_cgu_�hi_jZlhjgu_�mjZ\g_gby�k�nmgdpbhgZevgufb�baf_g_gbyfb�
Zj]mf_glZ� g_cljZevgh]h� lbiZ ���<_klgbd�KZfZjkdh]h� ]hk�� l_o�� mg-lZ�� – 2007. –�� 2(6). – 
K� 104-109. 
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=J:>B?GLGUC�:E=HJBLF�G:OH@>?GBY�=J:GBP 
G:�A:RMFE?GGHF�J:KLJH<HF�BAH;J:@?GBB* 

J�D� N_^hjh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

fedorov@icc.ru 

Ij_^eZ]Z_lky�Ze]hjblf�gZoh`^_gby�]jZgbp�gZ�jZkljh\hf�bah[jZ`_gbb��:e]hjblf�
ijhba\h^bl�ihbkd�iheh`_gby�b�jZaf_jh\�^\mo�kf_`guo�ijyfhm]hevgbdh\� lr , rr �lZdbf�
h[jZahf��qlh[u�hgb�kh^_j`Zeb�jZagu_�h^ghjh^gu_�h[eZklb��Ij_^iheZ]Z_lky��qlh�kf_`�
gZy� ]jZgbpZ� ijyfhm]hevgbdh\� [m^_l� y\eylvky� ZiijhdkbfZpb_c� ]jZgbpu� h[t_dlZ� bah�
[jZ`_gby� 

<\_^_f� g_dhlhjmx� nmgdpbx� ( )il r � hp_gdb� h^ghjh^ghklb� ijyfhm]hevgbdZ�� aZ\b�
kysmx�hl�_]h�iheh`_gby��AZ�nmgdpbx�hp_gdb�h^ghjh^ghklb�ijyfhm]hevgbdZ�ijbf_f�
ebg_cgmx� k\_jldm� dhebq_kl\Z� h[t_dlguo� b� nhgh\uo� ibdk_e_c�� gZoh^ysboky� \gmljb�
ijyfhm]hevgbdZ� 

H[hagZqbf�q_j_a� r �ijyfhm]hevgbd��ihemq_gguc�h[t_^bg_gb_f�ijyfhm]hevgbdh\�
rl rr ∪ ��Ihbkd�iheh`_gby�b�jZaf_jZ�ijyfhm]hevgbdZ� r ��l�_��ihbkd�]jZgbpu��j_Zebah\Zg�

\� \b^_� f_lh^Z� ]jZ^b_glgh]h� kimkdZ� –� gZoh`^_gb_� ehdZevgh]h� fZdkbfmfZ� p_e_\hc�
nmgdpbb�k�ihfhsvx�^\b`_gby�\^hev�]jZ^b_glZ� 

<u[_j_f�p_e_\mx�nmgdpbx�lZdbf�h[jZahf��qlh[u�ijyfhm]hevgbdb�h[eZ^Zeb�jZ\�
guf� \ebygb_f�� LZdbf� h[jZahf�� p_e_\Zy� nmgdpby� bf__l� ke_^mxsbc� \b^��

( ) ( ) ( )( )min l rf r l r l r= + . 

Ihbkd�ke_^mxs_]h�iheh`_gby�b�nhjfu�ijyfhm]hevgbdZ� r ��m\_ebqb\Zxs_]h�agZ�
q_gb_�p_e_\hc�nmgdpbb��ijhba\h^blky�^bkdj_lgh��<k_]h�bf__lky��� \ZjbZglh\�baf_g_�
gby�ijyfhm]hevgbdZ��Wlh�baf_g_gb_�iheh`_gby�\k_o�klhjhg�b�ih\hjhl�ijyfhm]hevgbdZ�
\hdjm]�p_gljZevghc�lhqdb� 

AZ^ZqZ�ihkljh_gby�ijyfhm]hevgbdZ�aZ^Z_lky�ke_^mxsbf�h[jZahf�� ( ) max
r

f r → . 

:e]hjblf�ihkljh_gby�ijyfhm]hevgbdZ�\u]ey^bl�gb`_�ke_^mxsbf�h[jZahf� 
1. AZ^Z_lky�gZqZevgh_�ijb[eb`_gb_� 0r . 
2. JZkkqblu\Zxlky�agZq_gby�p_e_\hc�nmgdpbb�\h�\k_o�\hafh`guo�baf_g_gbyo�ijyfh�

m]hevgbdZ�b�\u[bjZ_lky� [ 1]ir + ��^ey�dhlhjh]h�agZq_gb_�p_e_\hc�nmgdpbb�gZb[hevr__� 
3. Ijh\_jy_lky�mkeh\b_�hklZgh\Z� 

- _keb� ( ) ( )[ 1] [ ]i if r f r+ > , lh�i_j_oh^�d�rZ]m��� 
- bgZq_�hklZgh\� 
Ij_^klZ\e_gguc�Ze]hjblf�iha\hey_l�wnn_dlb\gh�gZoh^blv�]jZgbpu�h[t_dlh\�gZ�

jZafuluo� b� aZrmfe_gguo� jZkljh\uo� bah[jZ`_gbyo��G_^hklZldhf� y\ey_lky� \uqbkeb�
l_evgZy�keh`ghklv�Ze]hjblfZ� 

 
1. >m^Z J���OZjl I��JZkihagZ\Zgb_�h[jZah\�b�ZgZeba�kp_g��–�F���Fbj��������– 511 c. 
2. Qwg R�-D��Ijbgpbiu�ijh_dlbjh\Zgby�kbkl_f�\bamZevghc�bgnhjfZpbb��–�F���Fbj��

1994. – 408 k� 

                                                 
*�JZ[hlZ�ih^^_j`ZgZ�JNNB��]jZgl���-07-00163-Z� 



 53 

L?OGHEH=BY�KHA>:GBY�HLQ?LH<�K�BKIHEVAH<:GB?F�F?L:HIBK:GBC 
KLJMDLMJ�;>�B�R:;EHGH<��KH>?J@:SBO 

F?LDB�NHJF:LBJH<:GBY�>:GGUO 

?�K� N_j_n_jh\��:�?� Of_evgh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

fereferov@icc.ru 

Kms_kl\m_l� [hevrh_� dhebq_kl\h� ]_g_jZlhjh\� hlq_lh\� �QReport, Fast Report, 
Cristal Reports���dhlhju_�jZajZ[hlqbd�fh`_l�bkihevah\Zlv�ijb�kha^Zgbb�k\h_c�kbkl_fu��
<k_�]_g_jZlhju�bf_xl�k\hb�iexku�b�fbgmku��DZd�ijZ\beh��^ey�kha^Zgby�iheghp_gguo�
hlq_lh\�lj_[m_lky�bamq_gb_�bgl_jn_ckZ�b�f_oZgbafh\�jZ[hlu�k�]_g_jZlhjhf��qlh�bgh�
]^Z�\uau\Z_l�keh`ghklb�m�ijhkluo�ihevah\Zl_e_c��qvy�^_yl_evghklv�fZeh�k\yaZgZ�k�bg�
nhjfZpbhggufb�l_ogheh]byfb� �gZijbf_j��qbgh\gbdb���Gh�ijZdlbq_kdb�\k_��dlh�jZ[h�
lZ_l�k�dhfivxl_jZfb��bf_xl�gZ\udb�jZ[hlu�k�MS Word. 

Mqblu\Zy� \ur_hibkZggu_� Zki_dlu�� Z\lhjZfb� [ueh� j_r_gh� jZajZ[hlZlv� b� \g_�
^jblv�\�kbkl_fm�=_h:JF�>�@�k\hc�]_g_jZlhj�hlq_lh\�k�bkihevah\Zgb_f�rZ[ehgh\�\�MS 
Word��=_g_jZlhj�hlq_lh\�[ueh�j_r_gh�j_Zebah\Zlv�dZd�gZ^kljhcdm� �PlugIn��^ey�kbkl_�
fu�=_h:JF��^ey�q_]h�[ue�jZajZ[hlZg�fh^mev�bgl_jn_ckZ�^ey�bo�\aZbfh^_ckl\by��KZf�
]_g_jZlhj� hlq_lh\� [ue� j_Zebah\Zg� \� \b^_� ^bgZfbq_kdb� ih^dexqZ_fhc� [b[ebhl_db�
(DLL���qlh�iha\hey_l�jZkrbjylv�_]h�nmgdpbb��g_�baf_gyy�dh^�\k_c�kbkl_fu� 

JZ[hlZ� ]_g_jZlhjZ�hlq_lh\�hibjZ_lky�gZ� l_ogheh]bx�f_lZhibkZgbc�kljmdlmj�[Za�
^Zgguo�>�@��Ijb�\uah\_�]_g_jZlhjZ�ba�f_lZhibkZgby�_fm�i_j_^Z_lky�bgnhjfZpby�h�kh�
_^bg_gbb�k�;>��nZce_-rZ[ehg_�b�lZ[ebp_�beb�ij_^klZ\e_gbb��lZ[ebp_�kh�agZq_gbyfb��
ihemq_ggufb�ih�kkuedZf���^ey�aZibk_c��ba�dhlhjuo�gm`gh�ihkljhblv�hlq_l��<�f_lZhib�
kZgbb� lZ[ebp� �ij_^klZ\e_gbc��fh`_l� kh^_j`Zlvky� bgnhjfZpby� h� k\yayo� lbiZ�Master-
Detail ,� qlh� iha\hey_l� gZeZ^blv� \u\h^� ^Zgguo� ba� lZ[ebp-^_lZe_c�� LZd`_� j_Zebah\ZgZ�
\klZ\dZ�\�hlq_l�bah[jZ`_gbc�ba�blob-ihe_c�b�kdehg_gb_�NBH�ih�iZ^_`Zf�k�ijbf_g_gb�
_f�[b[ebhl_db�padeg.dll �>�@��<�ijhp_kk_�ih^]hlh\db�hlq_lZ�ijhbkoh^bl�gZoh`^_gb_�f_�
lhd�\�l_dkl_�rZ[ehgZ��ihke_�q_]h�gZ�hkgh\Zgbb�iZjZf_ljh\�f_ldb�ijhbkoh^bl�\klZ\dZ�
^Zgguo�� 

RZ[ehgu�^hdmf_glh\�kh^_j`Zl�f_ldb�ke_^mxs_]h�\b^Z� 
��><b^�^Zgguo@�N Bfy��NhjfZl�!� 

]^_�><b^�^Zgguo@� �^FV –�agZq_gb_�ba�ihey�lZ[ebpu��FIO –�agZq_gby�ba�ihe_c�NZfbeby��
Bfy��Hlq_kl\h�� IMG –�bah[jZ`_gb_�ba�Blob-ihey�lZ[ebpu��DETAIL –�agZq_gby�ba�ih�
e_c�lZ[ebpu�^_lZe_c`��N = Bfy�–�bfy�ihey�lZ[ebpu��ba�dhlhjh]h�[m^ml�[jZlvky�^Zggu_��
�NhjfZl��–�g_h[yaZl_evguc�gZ[hj�iZjZf_ljh\��^ey�dZ`^h]h�\b^Z�^Zgguo�k\hc�� 
1. N_j_n_jh\ ?�K���Of_evgh\ :�?��=_h:JF�—�gZkljZb\Z_fh_�Z\lhfZlbabjh\Zggh_�jZ�

[hq__�f_klh�k�ih^^_j`dhc�jZ[hlu�k�ijhkljZgkl\_gghc�bgnhjfZpb_c ���Ljm^u�10-c  
;ZcdZevkdhc� \k_jhkkbckdhc� dhgn_j_gpbb� �BgnhjfZpbhggu_� b� fZl_fZlbq_kdb_�
l_ogheh]bb���Bjdmlkd������� 

2. ;uqdh\ B�<���N_j_n_jh\ ?�K���Of_evgh\ :�?��F_lZhibkZgb_�[Za�^Zgguo�dZd�hkgh\Z�
bgl_]jZpbb� bgnhjfZpbhggh-kijZ\hqguo� kbkl_f� b�=BK ���<uqbkebl_evgu_� l_ogh�
eh]bb��– 2007. –�� 5. –�K� 41-51. 

3. Kdehg_gb_� nZfbebc�� bf_g� b� hlq_kl\� ih� iZ^_`Zf�� ;b[ebhl_dZ� nmgdpbc��
http://www.delphikingdom.com/asp/viewitem.asp?catalogid=412. 
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D�F?LH>:F�IHKLJH?GBY�HILBF:EVGH=H 
MIJ:<E?GBY�>EY�J?R?GBY�KBKL?F�MJ:<G?GBC��HIBKU<:XSBO 

WG?J=H;EHD�L?IEH<HC�WE?DLJHKL:GPBB* 
<�N� Qbklydh\ 

Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 
chist@icc.ru 

Fh^_ev� keh`ghc� wg_j]_lbq_kdhc� mklZgh\db�� gZijbf_j�� [ehdZ� we_dljbq_kdhc�
klZgpbb� gZ� hj]Zgbq_kdhf� lhieb\_�� hibku\Z_lky� g_ebg_cguf� ^bnn_j_gpbZevgh-
Ze]_[jZbq_kdbf�mjZ\g_gb_f�\b^Z 

( ) ( ) [ ), , , , , 0, 0,
dY

f Y Z U g Y Z U t
dt

= = ∈ ∞ ,      (1) 

]^_� �I  QNPQ 55 →++ , J : PNPQ 55 →++ , ( )Y Y t≡  – n-f_jgZy�� ( )Z Z t≡  – m-f_jgZy�bk�
dhfu_� \_dlhj-nmgdpbb� khhl\_lkl\_ggh�� ( )U U t≡  – k-f_jgZy� ba\_klgZy� \_dlhj-

nmgdpby��aZ^ZxsZy�mijZ\e_gb_��jZkoh^�lhieb\Z��l_iehghkbl_ey�\ha^moZ�b�l�^����<_dlhj-
nmgdpby� < hibku\Z_l� l_iehh[f_ggu_�ijhp_kku�� Z� = �hibku\Z_l� ]b^jZ\ebq_kdb_�ijh�
p_kku��Ij_^iheZ]Z_lky��qlh�\oh^gu_�^Zggu_�h[eZ^Zxl�^hklZlhqghc�]eZ^dhklvx�b�aZ^Z�
gh� gZqZevgh_� khklhygb_� ( )0 0Y Y≡ , ( )0 0Z Z≡ ��HibkZgb_� iheghc� fh^_eb� dhgdj_lghc�
wg_j]hmklZgh\db�fh`gh�gZclb�\�>�@��Ij_^iheh`bf��qlh�gm`gh�gZclb�fbgbfmf�jZkoh^Z�
lhieb\Z�ijb�i_j_oh^_�hl�h^gh]h�klZpbhgZjgh]h�j_r_gby�kbkl_fu�����d�^jm]hfm�klZpbh�
gZjghfm�j_r_gbx� 

JZkoh^�lhieb\Z�fh`gh�ij_^klZ\blv�\�\b^_�bgl_]jZevgh]h�nmgdpbhgZeZ 
( ) ( )

0

, , , ,
T

I U h Y Z U dt U D= ∈∫        (2) 

k�hij_^_e_ggufb�h]jZgbq_gbyfb�gZ�kdhjhklv�baf_g_gby�\_dlhj-nmgdpbc� ( )Y t , ( )Z t . 

<�gZklhys__�\j_fy�\_kvfZ�ihimeyjguf�f_lh^hf�y\ey_lky�aZf_gZ�bkoh^ghc�aZ^Zqb�^bk�
dj_lghc��\�kbkl_f_ ����ijhba\h^guo�–�dhg_qgufb�jZaghklyfb�b�nmgdpbhgZeZ (2) –�bg�
l_]jZevghc�kmffhc��IhemqZ_lky�aZ^ZqZ�g_ebg_cgh]h�ijh]jZffbjh\Zgby��dhlhjZy�aZl_f�
j_rZ_lky�dZdbf�lh�ba�ba\_klguo�f_lh^h\� �kf��gZijbf_j�� >�@���<�^hdeZ^_�h[km`^Zxlky�
g_^hklZldb� wlh]h� ih^oh^Z�� b� ihdZaZgZ� g_h[oh^bfhklv� ^hihegbl_evgh]h� ijb\e_q_gby�
bgnhjfZpbb��ihemqZ_fhc�ba�ijbgpbiZ�fZdkbfmfZ�Ihgljy]bgZ� 
1. Qbklydh\ <�N�� Kbkl_fu� bgl_]jh-^bnn_j_gpbZevguo� mjZ\g_gbc� k� lh`^_kl\_ggh�

\ujh`^_gghc� ]eZ\ghc� qZklvx ���>bkk_jlZpby� gZ� khbkdZgb_� kl_i_gb�^hdlhjZ�nba�-
fZl��gZmd��–�Bjdmlkd��B>KLM�KH�J:G������� 

2. @Zjdh\ I�<��>bgZfbq_kdh_�fh^_ebjh\Zgb_� b� hilbfbaZpby� ^bgZfbq_kdbo� ijhp_k�
kh\� \� dhl_evguo� Z]j_]ZlZo ��� >bkk_jlZpby� gZ� khbkdZgb_� kl_i_gb� dZg^b^ZlZ� l_o� 
gZmd��–�Bjdmlkd��BKWF�KH�J:G������� 

                                                 
*�JZ[hlZ�ih^^_j`ZgZ�]jZglhf�JNNB��ijh_dl�����-08-18160. 
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D�<HIJHKM�H�>?DHFIHABPBB�J:AGHKLGUO�KO?F�IJB�QBKE?GGHF 
J?R?GBB�>BNN?J?GPB:EVGH-:E=?;J:BQ?KDBO�MJ:<G?GBC* 

<�N� Qbklydh\��$�$� E_\bg 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

Bgklblml�kbkl_f�wg_j]_lbdb�bf��E�:� F_e_glv_\Z 
chist@icc.ru, levin@isem.sei.irk.ru 

Fh^_ev� keh`ghc� wg_j]_lbq_kdhc� mklZgh\db�� gZijbf_j�� [ehdZ� we_dljbq_kdhc�
klZgpbb� gZ� hj]Zgbq_kdhf� lhieb\_� hibku\Z_lky� g_ebg_cguf� ^bnn_j_gpbZevgh-
Ze]_[jZbq_kdbf�mjZ\g_gb_f�\b^Z 

( ) ( ) [ ), , , , , 0, 0,
dY

f Y Z U g Y Z U t
dt

= = ∈ ∞ ,      (1) 

]^_� �I  QNPQ 55 →++ , J : PNPQ 55 →++ , ( )Y Y t≡  – n-f_jgZy�� ( )Z Z t≡  – m-f_jgZy�bk�
dhfu_� \_dlhj-nmgdpbb� khhl\_lkl\_ggh�� ( )U U t≡  – k-f_jgZy� ba\_klgZy� \_dlhj-

nmgdpby��aZ^ZxsZy�mijZ\e_gb_��jZkoh^�lhieb\Z��l_iehghkbl_ey�\ha^moZ�b�l�^����<_dlhj-
nmgdpby� < hibku\Z_l� l_iehh[f_ggu_�ijhp_kku�� Z� = �hibku\Z_l� ]b^jZ\ebq_kdb_�ijh�
p_kku��Ij_^iheZ]Z_lky��qlh�\oh^gu_�^Zggu_�h[eZ^Zxl�^hklZlhqghc�]eZ^dhklvx�b�aZ^Z�
gh� gZqZevgh_� khklhygb_� ( )0 0Y Y≡ , ( )0 0Z Z≡ ��HibkZgb_� iheghc� fh^_eb� dhgdj_lghc�
wg_j]hmklZgh\db�fh`gh�gZclb�\�>�@��Imklv�fu�j_rZ_f�kbkl_fm�����g_dhlhjuf�jZaghkl�
guf�f_lh^hf��>ey�ijhklhlu�\u[_j_f�g_y\guc�f_lh^�Wce_jZ 

( ) ( )1
1 1 1 1 1 1, , , , , 0, 0, 1,i i

i i i i i i

Y Y
f Y Z U g Y Z U I

h
+

+ + + + + +
− = = = � ,   (2) 

]^_�gZ�dZ`^hf�rZ]m�gZf�ijboh^blky�j_rZlv�kbkl_fm�g_ebg_cguo�dhg_qguo�mjZ\g_gbc�
jZaf_jghklb� n m+ ��ijb�\_ebqbgZo� n , 200 300m> − ���<hagbdZ_l�\hijhk�h�\hafh`ghklb�
jZa^_e_gby� kq_lZ� kbkl_fu� ^bnn_j_gpbZevguo� mjZ\g_gbc� b� dhg_qguo� mjZ\g_gbc� ^ey�
mkdhj_gby�\uqbke_gbc��HdZau\Z_lky��qlh�\�hdj_klghklb�mklhcqb\h]h�klZpbhgZjZ�kbkl_�
fu�����ijb�hij_^_e_gguo�mkeh\byo�fh`gh�jZkq_lu�ijh\h^blv��aZf_gyy�nhjfmeu ����gZ�
nhjfmeu� ( )1

1 1, ,i i
i i i

Y Y
f Y Z U

h
+

+ +
− = , ( )1 1 1, ,i i ig Y Z U+ + + , 0, 1,i = � ��<�^hdeZ^_�h[hkgh\Zgu�

mkeh\by�lZdh]h�i_j_oh^Z� 
1. Qbklydh\ <�N�� Kbkl_fu� bgl_]jh-^bnn_j_gpbZevguo� mjZ\g_gbc� k� lh`^_kl\_ggh�

\ujh`^_gghc� ]eZ\ghc� qZklvx ���>bkk_jlZpby� gZ� khbkdZgb_� kl_i_gb�^hdlhjZ�nba�-
fZl��gZmd��–�Bjdmlkd��B>KLM�KH�J:G������� 

 

                                                 
*�JZ[hlZ�ih^^_j`ZgZ�]jZglhf�JNNB��ijh_dl�����-08-18160. 
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IHEBGHFB:EVGU?�D<:ABJ?R?GBY�EBG?CGUO�NMGDPBHG:EVGH- 
>BNN?J?GPB:EVGUO�MJ:<G?GBC�A:I:A>U<:XS?=H�LBI: 

<�;� Q_j_i_ggbdh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

vbcher@icc.ru, 
?�<� LZebfhgqmd 

Bgklblml�fZl_fZlbdb��wdhghfbdb�b�bgnhjfZlbdb�B=M 
elkatev@bk.ru 

JZkkfZljb\Z_lky� gZqZevgZy� aZ^ZqZ� k� gZqZevghc� lhqdhc� ^ey� ebg_cgh]h�nmgdpbh�
gZevgh-^bnn_j_gpbZevgh]h�mjZ\g_gby�aZiZa^u\Zxs_]h�lbiZ 

( ) ( ) ( ) ( )1 / , 0 ,ox t ax t bx t s x x t R= − + = ∈� ,        (1) 

]^_� a , b  – const , 1s > ��Ijb� 1s = �^ey�^Zgghc�aZ^Zqb�ijbf_gbf�f_lh^�Wce_jZ��ih^klZ�
gh\dZ� ( ) ktx t Ce= ���dhlhjuc�ijb\h^bl�d�oZjZdl_jbklbq_kdhfm�d\Zabihebghfm��bf_xs_�
fm�gZ�dhfie_dkghc�iehkdhklb�[_kdhg_qgh_�qbkeh�dhjg_c��<�kemqZ_� 1s ≠ �beb�ijb�i_j_�
f_gguo�dhwnnbpb_glZo�\hijhku�jZaj_rbfhklb�gZqZevghc�aZ^Zqb�����\�deZkk_�ZgZeblb�
q_kdbo�nmgdpbc�gZ�k_]h^gyrgbc�^_gv�hklZxlky�hldjulufb� 

<�jZ[hl_� >�@�^ey�bkke_^h\Zgby�gZqZevghc� aZ^Zqb�k�gZqZevghc�lhqdhc�\�\b^_�eb�
g_cguo�^bnn_j_gpbZevgh-jZaghklguo�mjZ\g_gbc�ijbf_gy_lky�f_lh^�ihebghfbZevguo�
d\Zabj_r_gbc� �ID-j_r_gbc��� \� hkgh\_� dhlhjh]h� e_`bl� ij_^klZ\e_gb_� g_ba\_klghc�
nmgdpbb� ( )x t �\�\b^_�ihebghfZ�g_dhlhjhc�kl_i_gb� ( )

0

N
n

n
n

x t x t
=

= ∑ ��<hkihevam_fky�wlbf�
f_lh^hf� ^ey� bkke_^h\Zgby� gZqZevghc� aZ^Zqb� �����Ih^klZgh\dZ� wlh]h� ihebghfZ� \� ����
ijb\h^bl�d�g_dhjj_dlghklb�hlghkbl_evgh�jZaf_jghklb�ihebghfh\��dhlhjZy�dhfi_gkb�
jm_lky�\\_^_gb_f�g_\yadb� ( )

0

m
N m i

N m i
i

t f t − +
− +

=
∆ = ∑ ��GZoh`^_gb_�g_ba\_klguo�dhwnnbpb_g�

lh\� N if − , 0,i m= ��k\yaZgh�k�bkke_^h\Zgb_f�ebg_cghc�kbkl_fu�Ze]_[jZbq_kdbo�mjZ\g_�
gbc��<�kemqZ_�jZaj_rbfhklb�wlhc�kbkl_fu�gZc^_ggu_�dhwnnbpb_glu� if �iha\heyxl�hi�
j_^_eblv�dZd�dhwnnbpb_glu� nx �ID-j_r_gby�b��ke_^h\Zl_evgh��kZfh�ID-j_r_gb_��lZd�b�
g_\yadm� ( )t∆ . 

Qbke_gguc�wdki_jbf_gl�ihdZaZe��qlh�kljmdlmjZ�ID-j_r_gbc�\�agZqbl_evghc�f_j_�
aZ\bkbl�hl�ki_dljZ�dhjg_c�oZjZdl_jbklbq_kdh]h�d\ZabihebghfZ��ihjh`^Z_fh]h�fh^_ev�
guf� ^bnn_j_gpbZevgh-jZaghklguf� mjZ\g_gb_f��K� mq_lhf� wlh]h� mklZgh\e_gh� ke_^mx�
s__�k\hckl\h� 

HIJ?>?E?GB?.� Ih^� -ε ijbly`bfhklvx� ID-j_r_gbc� gZ� g_dhlhjhf� hlj_ad_�
[ ]0 1,t t � [m^_f� ihgbfZlv� k\hckl\h� \aZbfgh]h� ijbly`_gby� ihke_^h\Zl_evghklb� ID-

j_r_gbc��ihjh`^Z_fuo�m\_ebq_gb_f�kl_i_gb� N �ihebghfZ�ID-j_r_gby��\�kfuke_��qlh�
kms_kl\m_l�lZdh_� *N ��ijb�dhlhjhf�^ey�\k_o� *NN ≥ �b�aZ^Zggh]h�ε  

( ) ( ) [ ]1 0 1, 1, 2, , , ,N i N ix t x t i k t t tε+ + −− < = ∀ ∈� . 

1. Q_j_i_ggbdh\ <�;���?jfheZ_\Z I�=��Qbke_gguc� wdki_jbf_gl� \� bkke_^h\Zgbb� ih�
ebghfbZevguo� d\Zabj_r_gbc� ebg_cguo� ^bnn_j_gpbZevgh-jZaghklguo� mjZ\g_gbc // 
Ba\��\mah\��FZl_fZlbdZ��������–�� 7. –�K� 49-58. 



 57 

KBKL?F:�:<LHF:LBA:PBB�BA<E?Q?GBY�L:;EBQGHC 
BGNHJF:PBB�BA >HDMF?GLH<�J:AGUO�NHJF:LH< 

:�H� Rb]Zjh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

e-mail: shigarov@icc.ru 

Ijb�j_r_gbb�fgh]bo�gZmqguo�b�ijZdlbq_kdbo�aZ^Zq�lj_[m_lky�ba\e_dZlv�^Zggu_�
ba�lZ[ebp��kh^_j`Zsboky�\�jZaebqguo�^hdmf_glZo��?keb�ijb�wlhf�bf__lky�[hevrh_�dh�
ebq_kl\h� lZ[ebp�b�^hdmf_glh\�� lh�jmqgh_�ba\e_q_gb_� �dh]^Z� ki_pbZebklm�ijboh^blky�
\bamZevgh� h[gZjm`b\Zlv� dZ`^h_� lZ[ebqgh_� agZq_gb_� \� ^hdmf_gl_�� Z� aZl_f� \jmqgmx�
\\h^blv� _]h� \�g_dhlhjmx�nhjfm�� y\ey_lky� hq_gv� ljm^h_fdbf�b� djhihleb\uf�ijhp_k�
khf��Ij_^eZ]Z_fZy�Z\lhjZfb�kbkl_fZ�ba\e_q_gby�lZ[ebqghc�bgnhjfZpbb�ba�^hdmf_glh\�
iha\hey_l�Z\lhfZlbabjh\Zlv�wlhl�ijhp_kk� 

>ZggZy�kbkl_fZ�\uihegy_l�ke_^mxsb_�wlZiu�ijhp_kkZ�ba\e_q_gby�lZ[ebqghc�bg�
nhjfZpbb���� h[gZjm`_gb_�lZ[ebp�\�^hdmf_glZo���� k_]f_glZpbx�lZ[ebp�gZ�hl^_evgu_�
yq_cdb���� nmgdpbhgZevguc�ZgZeba�lZ[ebp��l�_��hij_^_e_gb_�lh]h��dZdmx�nmgdpbx�\u�
ihegyxl�hl^_evgu_�yq_cdb�lZ[ebpu� �y\eyxlky�eb�yq_cdb�^Zggufb�beb�aZ]heh\dZfb���
4) kljmdlmjguc�ZgZeba�lZ[ebp��l�_��hij_^_e_gb_�k\ya_c�f_`^m�yq_cdZfb�lZ[ebpu��Wlb�
wlZiu� \uihegyxlky� kbkl_fhc� Z\lhfZlbq_kdb�� ijb� wlhf� ihevah\Zl_ev� kbkl_fu�fh`_l�
dhjj_dlbjh\Zlv�j_amevlZlu� \uiheg_gby�dZ`^h]h� wlZiZ��J_amevlZlZfb�ba\e_q_gby� lZ[�
ebqghc� bgnhjfZpbb� y\eyxlky� k_fZglbq_kdb_� hibkZgby� lZ[ebp�� dhlhju_� fh]ml� [ulv�
ij_^klZ\e_gu��gZijbf_j��\�\b^_�hlghr_gbc�\�l_jfbgZo�j_eypbhgguo�[Za�^Zgguo� 

>ZggZy� kbkl_fZ� hjb_glbjh\ZgZ�gZ� hkh[_gghklb� klZlbklbq_kdbo� lZ[ebp�� dhlhju_�
bkihevamxlky� \� ]hkm^Zjkl\_gguo�b�f_^bpbgkdbo� klZlbklbq_kdbo� hlq_lZo�� \�nbgZgkh�
\uo�hlq_lZo�b�\�gZmqguo�klZlvyo��<�dZq_kl\_�\oh^guo�^Zgguo�\�ij_^eZ]Z_fhc�kbkl_f_�
bkihevamxlky�f_lZnZceu� �nZceu�i_qZlb���Wlh�iha\hey_l� kbkl_f_�h[jZ[Zlu\Zlv�^hdm�
f_glu�jZaguo�nhjfZlh\��dhlhju_�fh`gh�\u\_klb�gZ�i_qZlv��gZijbf_j��DOC, XLS, PDF, 
HTML, ASCII-l_dkl��Ijb�wlhf�ij_^iheZ]Z_lky��qlh�\b^bfuc�l_dkl�lZ[ebp�\�^hdmf_gl_�
g_�y\ey_lky�jZkljhf��Ij_^eZ]Z_fZy�kbkl_fZ�fh`_l�bkihevah\Zlvky�^ey�Z\lhfZlbaZpbb�
gZiheg_gby�[Za�^Zgguo�klZlbklbq_kdhc�bgnhjfZpb_c� 

Ke_^m_l�hlf_lblv��qlh�Z\lhjZf�g_�m^Zehkv�gZclb�\�gZmqghc�ebl_jZlmj_�b�Bgl_jg_�
l_�mihfbgZgbc�h�kms_kl\h\Zgbb�kbkl_f�b�f_lh^h\�ba\e_q_gby�lZ[ebqghc�bgnhjfZpbb��
hjb_glbjh\Zgguo�gZ�f_lZnZceu� 

;he__� ih^jh[gh� g_dhlhju_� Zki_dlu� ij_^eZ]Z_fhc� kbkl_fu� h[km`^Z_lky� \� jZ[h�
lZo [1-4]. 

1. Of_evgh\ :�?���Rb]Zjh\ :�H��Ba\e_q_gb_�lZ[ebp�ba�g_nhjfZlbjh\Zggh]h�l_dklZ // 
>hdeZ^u� ��-c�<k_jhkkbckdhc� dhgn_j_gpbb� ©FZl_fZlbq_kdb_�f_lh^u� jZkihagZ\Z�
gby�h[jZah\�FFJH-13». – 2007. –�K. 551-553 

2. Of_evgh\ :�?���Rb]Zjh\ :�H��F_lh^� ba\e_q_gby� lZ[ebp� ba� g_nhjfZlbjh\Zggh]h�
l_dklZ ���<uqbkebl_evgu_�l_ogheh]bb��– 2008. –�L� ����Ki_p� \uimkd 1. –�K� 93-101. 

3. ;uqdh\ B�<��� Jm`gbdh\ =�F��� Of_evgh\ :�?��� Rb]Zjh\ :�H� F_lh^� h[gZjm`_gby�
lZ[ebp�\�f_lZnZceZo ���Kh\j_f_ggu_�l_ogheh]bb��Kbkl_fguc�ZgZeba��Fh^_ebjh\Z�
gb_��– 2008. –�Ki_p� \uimkd��–�K� 47-51. 

4. Bychkov I.V., Hmelnov A.E., Ruzhnikov G.M., Shigarov A.O. A method for table detec-
tion in metafiles // In Proc. 9th International Conference on Pattern Recognition and Im-
age Analysis: New Information Technologies. – 2008. – V. 1. – P. 66-69. 
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WEB-L?OGHEH=BY�MIJ:<E?GBY�BL-BGPB>?GL:FB 

<�<� Rh^hjh\ 
Bgklblml�^bgZfbdb�kbkl_f�b�l_hjbb�mijZ\e_gby�KH�J:G 

victer75@mail .ru 

<���-o�]h^Zo�;jblZgkdh_�p_gljZevgh_�Z]_glkl\h�ih�\uqbkebl_evghc�l_ogbd_�b�l_�
e_dhffmgbdZpbyf� jZajZ[hlZeh� l_ogheh]bx� ITIL� mijZ\e_gby� BL-mkem]Zfb� >�@�� Wlhl�
hiul�klZe�qj_a\uqZcgh�\hklj_[h\Zgguf�\�kh\j_f_gguo�mkeh\byo��<�gZklhys__�\j_fy�
we_f_glu�l_ogheh]bb�ITIL bkihevamxlky�\h�fgh]bo�dhjihjZpbyo��gZijbf_j��J:H�?WK�
b�©<ufi_edhfª�� 

GZb[he__�ba\_klgu�ke_^mxsb_�ijh]jZffgu_�ijh^mdlu��h[_ki_qb\Zxsb_�we_f_g�
lu� l_ogheh]bb� ITIL�� \� lhf� qbke_� mijZ\e_gb_� BL-bgpb^_glZfb*: Remedy HelpDesk, 
Unicenter ServicePlus Service Desk, HP OpenView Service Desk, Magic ServiceDesk, Nau-
men ServiceDesk [2]. 

Wlb�ijh^mdlu�h[_ki_qb\Zxl�ijbf_g_gb_�hl���^h���we_f_glh\�l_ogheh]bb� ITIL�b�
hjb_glbjh\Zgu� gZ� aZiZ^gu_� klZg^Zjlu� mijZ\e_gby� ijhba\h^kl\hf�� Djhf_� lh]h�� bf�
ijbkmsb�hlghkbl_evgh�\ukhdZy�p_gZ�b�agZqbl_evgu_�aZljZlu�gZ�\g_^j_gb_� 

P_evx�gZklhys_c� jZ[hlu� y\ey_lky� jZajZ[hldZ�b� \g_^j_gb_� Z\lhfZlbabjh\Zgghc�
l_ogheh]bb� mijZ\e_gby�BL-bgpb^_glZfb� \�H:H� ©Kb[l_e_dhfª�gZ� hkgh\_� j_dhf_g^Z�
pbc� ITIL��L_ogheh]by�j_Zebah\ZgZ�\�\b^_�bgljZg_l�Web-kZclZ� ©Mq_l�bgpb^_glh\ª��?_�
ijbf_g_gb_�h[_ki_qb\Z_l�\uiheg_gb_�ke_^mxsbo�aZ^Zq� 
1. J_]bkljZpbb�^Zgguo�h[�bgpb^_gl_�b�h[_ki_q_gby�^hklmiZ�d�gbf�BL-ki_pbZebklZ� 
2. J_]bkljZpbb�^Zgguo�h�j_r_gbb�bgpb^_glZ� 
3. Fhgblhjbg]Z�oh^Z�jZ[hl�ih�mkljZg_gbx�bgpb^_glZ� 

Ihjy^hd� \uiheg_gby� b� kh^_j`Zgb_� wlbo� aZ^Zq� khhl\_lkl\mxl� lj_[h\Zgbyf� ITIL 
>���k� 53-54]. 

BgnhjfZpbhggh-ijh]jZffgh_�h[_ki_q_gb_�Web-kZclZ�©Mq_l�bgpb^_glh\ª�\dexqZ_l�
[Zam�^Zgguo�ba���lZ[ebp�����k_j\_jguo�kdjbilh\�b���deb_glkdbo�kdjbilh\��;>�kh^_j`bl�
^Zggu_�h�aZj_]bkljbjh\Zgguo�bgpb^_glZo��bo�j_r_gbb��Z�lZd`_�deZkkbnbdZlhju�b�kijZ\hq�
gbdb��K_j\_jgu_�kdjbilu�ij_^gZagZq_gu�^ey�ijb_fZ�b�h[jZ[hldb�^Zgguo�h[�bgpb^_glZo��Z�
lZd`_�^ey�m^Ze_ggh]h�^hklmiZ�d�;>��Deb_glkdb_�kdjbilu�h[_ki_qb\Zxl�dhgljhev�dhjj_dlgh�
klb�^Zgguo�b�nhjfbjh\Zgb_�Web-aZijhkh\��h[jZ[Zlu\Z_fuo�k_j\_jgufb�kdjbilZfb��<�dZq_�
kl\_�KM;>�bkihevah\ZgZ�MySQL��K_j\_jgu_�kdjbilu�gZibkZgu�gZ�PHP���Z�deb_glkdb_�–�gZ�
Javascript. 

Web-l_ogheh]by� ©Mq_l� bgpb^_glh\ª� \g_^j_gZ� b� bkihevam_lky� \�H:H� ©Kb[l_e_�
dhfª��<g_^j_gbx�ij_^r_kl\h\Zeh�ZevnZ-�b�[_lZ-l_klbjh\Zgb_��:evnZ-l_klbjh\Zgb_�ijh\h^b�
ehkv�khljm^gbdZfb�hl^_eZ�:KM��<�_]h�ijhp_kk_�\uy\e_gh�g_kdhevdh�l_ogheh]bq_kdbo�g_khhl�
\_lkl\bc�ijhp_kkm�mijZ\e_gby�BL-bgpb^_glZfb��<�oh^_�[_lZ-l_klbjh\Zgby��ijh\h^b\r_]hky�
\k_fb�ih^jZa^_e_gbyfb�H:H��ihklmibeh�fgh]h�j_dhf_g^Zpbc�ih�baf_g_gbx�bgl_jn_ckZ� 

Web-l_ogheh]by� ©Mq_l�bgpb^_glh\ª�fh`_l�[ulv�\g_^j_gZ�ijZdlbq_kdb�gZ�ex�
[hf�ij_^ijbylbb��>ey�\g_^j_gby�lj_[mxlky�mklZgh\dZ�b�aZimkd�ijh]jZffgh]h�h[_ki_�
q_gby�b�j_^Zdlbjh\Zgb_�;>�\�qZklb�deZkkbnbdZlhjh\�b�kijZ\hqgbdh\� 
1. BL�K_j\bk-f_g_^`f_gl��\\_^_gb_ ���Ih^�j_^��F� Ihlhpdh]h��F� =jb]hjv_\Z��–�F���IT 

Expert, 2003. – 225 k� 
2. Gbd DjZqmg��H[ahj�IH�^ey�mijZ\e_gby�BL����http://private.peterlink.ru/nkrachun/. 

                                                 
*�BL-bgpb^_gl�–�wlh�ex[h_�kh[ulb_��g_�y\eyxs__ky�qZklvx�klZg^Zjlguo�hi_jZpbc�ih�ij_^hklZ\e_gbx�
BL-mkem]b�� dhlhjh_� ijb\_eh� beb�fh`_l� ijb\_klb� d� gZjmr_gbx� beb� kgb`_gbx� dZq_kl\Z� wlhc�BL-mkem]b� [1, 
k� 47]. 
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K H > ? J @ : G B ?  

:gbdbg :�K��J?R?GB?� A:>:QB�N:DLHJGH=H�:G:EBA:�K�BKIHEV�
AH<:GB?F�:IIJHDKBF:GL:�R?I:J>: 

 
1 

;Z^fZpuj_gh\Z K�;��F?LH>�MEMQR?GBY�>EY�>BKDJ?LGUO�IH�<J?�
F?GB�KBKL?F 

 
2 

;ZeZg^bg :�E�� BKIHEVAH<:GB?� <?DLHJGUO� KN?JBQ?KDBO� =:J�
FHGBD�<�LJ?OF?JGHC�<?DLHJGHC�LHFH=J:NBB 

 
3 

;_jfZg :�N���GbdheZcqmd H�:���IZ\eh\ :�B���Xjbg :�X� =?L?JH=?GG:Y�
FH>?EV� B� BGNHJF:PBHGGU?� L?OGHEH=BB� >EY� BKKE?>H<:�
GBY�L?OGH=?GGHC�;?AHI:KGHKLB�H;T?DLH< 

 

4 

;_kiZeh\ >�<��H;�HKH;?GGHKLYO�:JOBL?DLMJU�SAT-J?R:L?E?C�<�
A:>:Q:O�H;J:S?GBY�>BKDJ?LGUO�NMGDPBC 

 
5 

;h]^Zgh\Z <�=��� EZjbgZ :�<�� J:KIJ?>?E?GG:Y� FH>?EV� KBKL?FU�
F:KKH<H=H�H;KEM@B<:GBY 

 
6 

;hyjbgp_\ X�?�� H� J:AJ?RBFHKLB� G?EBG?CGUO� :E=?;JH-
>BNN?J?GPB:EVGUO�KBKL?F�HLGHKBL?EVGH�KL:JRBO�IJHBA�
<H>GUO 

 

7 

;mjeZdh\Z E�:��><?�A:>:QB�H�KL:;BEBA:PBB  8 

;uqdh\ B�<��� =Zq_gdh :�K��� Jm`gbdh\ =�F���Of_evgh\ :�?���N_j_n_jh\ ?�K��
=?HBGNHJF:PBHGGU?� L?OGHEH=BB� <� A:>:Q:O� MIJ:<E?GBY�
L?JJBLHJB:EVGUF�J:A<BLB?F 

 

9 

<Zkbev_\ <�X��� Mevygh\ K�:�� H;� H>GHF� IH>OH>?� D� <?JBNBD:PBB�
IJH>MDPBHGGUO�KBKL?F 

 
10 

<Zkbev_\ B�E��� Debf_glh\Z D�;�� F?LH>� <?L<?C� B� HLK?Q?GBC� >EY�
><MOMJH<G?<HC�A:>:QB�J:AF?S?GBY 

 
11 

<bev\_j I�X�� F?LH>BD:� HIJ?>?E?GBY� IJBQBG� HLD:AH<� G:�
IJBF?J?�IJH=J:FFGH-:II:J:LGH=H�BAF?JBL?EVGH=H�E:A?J�
GH=H�DHFIE?DK: 

 

12 

=Zc^hfZd K�<�� QBKE?GGH?� J?R?GB?� >BNN?J?GPB:EVGH-:E=?;-
J:BQ?KDBO�KBKL?F�F?LH>HF�KIE:CG-DHEEHD:PBB 

 
13 

=hjgh\ :�X��:IIJHDKBF:GLU�R?I:J>:�B�BO�IJBF?G?GB?  14 

>_g_]Z :�:� G?J?AHG:GKGHKLV� MIJ:<EY?FUO� :E=?;JH->BNN?-
J?GPB:EVGUO�KBKL?F 

 
15 

>jm`bgbg W�B�� MKLHCQB<U?� :E=HJBLFU� DHJJ?DLBJH<DB� EB�
G?CGUO�:G:EBLBQ?KDBO�FH>?E?C� DHKFBQ?KDBO� DHGKLJMD�
PBC 

 

16 

>uolZ <�:�� H� K<YAB� <HAFMS?GBC� P?E?<H=H� NMGDPBHG:E:� <�
BL?J:PBHGGUO� F?LH>:O� HILBFBA:PBB� K� L?HJB?C� WDKLJ?�
FMF: 

 

17 

>uolZ <�:��� Khjhdbg K�I�� LHQGH?� HIBK:GB?� FGH@?KL<� >HKLB�
@BFHKLB�MIJ:<EY?FUO�KBKL?F�KM;J?R?GBYFB�MJ:<G?GBY�
=:FBEVLHG:-YDH;B�B�MKEH<BY�=EH;:EVGHC�HILBF:EVGHKLB 

 

18 
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AZjh^gxd L�K��� =hjgh\ :�X� L?KLH<:Y� DHEE?DPBY� G?<UIMDEUO�
A:>:Q�HILBF:EVGH=H�MIJ:<E?GBY 

 
19 

B]gZlv_\ :�K� EH=BQ?KDB?�MJ:<G?GBY�B�><HBQGU?�>B:=J:FFU�
J?R?GBC 

 
20 

Bjl_]h\ <�>� H�<?L<E?GBB�K?F?CKL<�BG<:JB:GLGUO�FGH=HH;�
J:ABC�DHGK?J<:LB<GUO�KBKL?F 

 
21 

Dbk_e_\bq >�Y��H� J:AJ?RBFHKLB� A:>:QB�DHRB�>EY�<UJH@>?G�
GH=H�MJ:<G?GBY�<LHJH=H�IHJY>D: 

 
22 

Dhkh\ :�:�� H� KL:;BEBA:PBB�F?O:GBQ?KDBO� KBKL?F� K�G?IHE�
GUF�BAF?J?GB?F�H;H;S?GGUO�DHHJ>BG:L 

 
23 

Dhkh\ :�:���Dhgh\Zeh\Z X�G��:E=HJBLF�IJH<?JDB�D-MKLHCQB<HKLB�B�
:>>BLB<GHC�D-MKLHCQB<HKLB�F:LJBP�G:�I:J:EE?E?IBI?>:O 

 
24 

Dhq_fZah\ K�?��H;�H>GHF�DE:KK?�L?KLH<�>EY�KBKL?F�:<LHF:�
LBQ?KDH=H�>HD:A:L?EVKL<:�L?HJ?F 

 
26 

DjZkgbd :�<� H�J:AJ?RBFHKLB�A:>:QB�DHRB�>EY�H>GHF?JGH=H�
KBG=MEYJGH=H�MJ:<G?GBY�H;;F 

 
27 

EZjbhgh\ :�K� CMS?KL<H<:GB?� H=J:GBQ?GGH=H� J?R?GBY�
NMGDPBHG:EVGH->BNN?J?GPB:EVGH=H�MJ:<G?GBY 

 
28 

E_hglv_\ J�X�� H� J?R?GBYO� F:DKBF:EVGH=H� IHJY>D:� F:EHKLB�
G?EBG?CGUO�MJ:<G?GBC 

 
29 

EbfZgkdbc >�B��KIHKH;U�HJ=:GBA:PBB�F?L:DE:KL?J:  30 

Ebgd_ X�W�� G?H;OH>BFU?� MKEH<BY� MGB<?JK:EVGHKLB� IJH�
KLJ:GKL<�EBG?CGUO�DHFI:DLGUO�HI?J:LHJH< 

 
31 

FZelm]m_\Z =�K� GH<UC�F?LH>� J?R?GBY� A:>:Q�=JMIIH<H=H�<U�
;HJ: 

 
32 

Gbdbnhjh\ :�<�� BKKE?>H<:GB?� K<HCKL<� FBGBFBABJM?FUO�
NMGDPBHG:EH<� <� A:>:Q?� I:J:F?LJBQ?KDHC� B>?GLBNBD:�
PBB 

 

33 

HiZjbg =�:��� Gh\hiZrbg :�I�� :;>MDPBY� D:D� >HKLB@BFHKLV� <�
><HBQGUO�>BG:FBQ?KDBO�KBKL?F:O 

 
34 

Hjeh\ K�K�� NMG>:F?GL:EVG:Y� HI?J:LHJ-NMGDPBY� KBG=MEYJ�
GH=H� >BNN?J?GPB:EVGH=H� HI?J:LHJ:� A:I:A>U<:XS?=H�
LBI:�<�;:G:OH<UO�IJHKLJ:GKL<:O 

 

35 

 Hlims_ggbdh\ B�<��� ;mjh\ I�K�� KLJMDLMJU� >:GGUO� <� IJHIHAB�
PBHG:EVGHF� DH>BJH<:GBB� :E=HJBLFH<� <UQBKE?GBY� >BK�
DJ?LGUO�NMGDPBC 

 

36 

I_ljh\Z ?�=��J?R?GB?�EBG?CGHC�><MOMJH<G?<HC�A:>:QB  37 

Ih]h^Z_\ G�B�� KMS?KL<H<:GB?� J?R?GBC� <� A:>:Q?� HILBF:EV�
GH=H�MIJ:<E?GBY�>EY�KBKL?FU�=MJK:->:J;M 

 
38 

Ihih\Z :�D�� DHG<?JLBJH<:GB?� D:JLH=J:NBQ?KDBO� F:L?JB:�
EH<�BA�=BK�CREDO�<�=BK�D:JL:����� 

 
39 

Ihjlgy]bg :�<��IJH=J:FFG:Y�J?:EBA:PBY�GHJF:EBA:PBB�KBK�
L?F�IK?<>H;ME?<UO�H=J:GBQ?GBC 

 
40 

IhlZih\ :�:��L?HJ?LBQ?KDB?�HKGH<U�G:GHL?OGHEH=BB  41 
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KZfkhgxd H�G�� H� J?:EBA:PBYO� F?LH>:� J:AJU<GHC� A:F?GU� <J?�
F?GB� <� A:>:Q:O� HILBF:EVGH=H� MIJ:<E?GBY� K� G?H=J:GBQ?G�
GUF�FGH@?KL<HF�KDHJHKL?C 

 

42 

K_f_gh\ :�:��H�KEH@GHKLB�I?J?OH>:�HL�IJB;EB@?GGUO�J?R?�
GBC�D�LHQGUF�<�A:>:Q:O�>BKDJ?LGHC�HILBFBA:PBB 

 
43 

Kb^hjh\ B�:��MIJ:<E?GB?�<UQBKEBL?EVGUF�IJHP?KKHF�<�BG�
KLJMF?GL:EVGHF�DHFIE?DK?�',6&203 

 
44 

KlZjbpug F�<�� F?LH>� IJB;EB@?GGH=H� J?R?GBY� A:>:Q� HILB�
F:EVGH=H� MIJ:<E?GBY� >BKDJ?LGH-G?IJ?JU<GUFB� KBKL?�
F:FB 

 

45 

Klhe[h\ :�;�� IJH<?>?GB?� FGH=H<:JB:GLGUO� J:KQ?LH<� IH�
WDHEH=H-WDHGHFBQ?KDHC�FH>?EB�:AB:LKDHC�Q:KLB�JHKKBB 

 
46 

Klj_dZeh\kdbc :�K��� FZeur_\ :�<�� H� IHBKD?� =:J:GLBJH<:GGH=H� J?�
R?GBY�<�EBG?CGHC� A:>:Q?�><MOMJH<G?<H=H�IJH=J:FFBJH<:�
GBY 

 

47 

Klj_dZeh\kdbc :�K��� Ygme_\bq F�<�� EHD:EVGUC�IHBKD� <�G?<UIMD�
EHC� A:>:Q?� HILBF:EVGH=H� MIJ:<E?GBY� K� P?E?<UF� NMGD�
PBHG:EHF�;HEVP: 

 

48 

Kmjdh\ :�<�� KDHEVAYSB?� J?@BFU� B� HILBF:EVGH?� >?FINBJH�
<:GB?�>EY�NMGDPBHG:EVGH->BNN?J?GPB:EVGUO�MJ:<G?GBC�
K�J:AJU<GHC�IJ:<HC�Q:KLVX 

 

49 

LdZq_gdh� :�X��� Dhkh\ :�:�� IHBKD� <UKHDHIH>H;GUO� MQ:KLDH<�
=?GHFH< 

 
50 

LjmnZgh\ :�<��EBG?CGU?�HI?J:LHJGU?�MJ:<G?GBY�K�N<:�B�NJ?>�
=HEVFH<UF�HI?J:LHJHF�IJB�KL:JR?F�QE?G? 

 
51 

N_^hjh\ J�D� =J:>B?GLGUC�:E=HJBLF�G:OH@>?GBY�=J:GBP�G:�
A:RMFE?GGHF�J:KLJH<HF�BAH;J:@?GBB 

 
52 

N_j_n_jh\ ?�K��� Of_evgh\ :�?�� L?OGHEH=BY� KHA>:GBY� HLQ?LH<� K�
BKIHEVAH<:GB?F�F?L:HIBK:GBC�KLJMDLMJ�;>�B�R:;EHGH<��
KH>?J@:SBO�F?LDB�NHJF:LBJH<:GBY�>:GGUO 

 

53 

Qbklydh\ <�N�� D� F?LH>:F� IHKLJH?GBY� HILBF:EVGH=H� MIJ:<�
E?GBY� >EY� J?R?GBY� KBKL?F� MJ:<G?GBC�� HIBKU<:XSBO�
WG?J=H;EHD�L?IEH<HC�WE?DLJHKL:GPBB 

 

54 

Qbklydh\ <�N��� E_\bg $�$�� D� <HIJHKM�H�>?DHFIHABPBB� J:AGHKL�
GUO� KO?F� IJB� QBKE?GGHF� J?R?GBB� >BNN?J?GPB:EVGH-
:E=?;J:BQ?KDBO�MJ:<G?GBC 

 

55 

Q_j_i_ggbdh\ <�;��� LZebfhgqmd ?�<��IHEBGHFB:EVGU?� D<:ABJ?R?�
GBY� EBG?CGUO� NMGDPBHG:EVGH->BNN?J?GPB:EVGUO� MJ:<�
G?GBC�A:I:A>U<:XS?=H�LBI: 

 

56 

Rb]Zjh\ :�H�� KBKL?F:� :<LHF:LBA:PBB� BA<E?Q?GBY� L:;EBQ�
GHC�BGNHJF:PBB�BA >HDMF?GLH<�J:AGUO�NHJF:LH< 

 
57 

Rh^hjh\ <�<��WEB-L?OGHEH=BY�MIJ:<E?GBY�BL-BGPB>?GL:FB  58 
 


