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IJ?>BKEH<B? 

 Kh\_jr_ggh� hq_\b^gh�� qlh� j_r_gb_� k_jv_aghc� aZ^Zqb� –� wlh� hq_gv�
keh`guc� b� ^ebl_evguc� ijhp_kk�� khklhysbc� ba� hl^_evguo� aZdhgq_gguo�
wlZih\��J_ZebaZpb_c� wlbo� wlZih\��dZd�ijZ\beh�� aZgbfZ_lky�g_�h^bg�q_eh�
\_d��Z� ]jmiiZ�bkke_^h\Zl_e_c�b�ki_pbZebklh\��Mki_o�bo�^_yl_evghklb� ]Z�
jZglbjh\Zg�ebrv�\�kemqZ_�keZ`_gghc�jZ[hlu�b�]jZfhlgh]h�gZmqgh]h�ih^�
oh^Z� gZ� dZ`^hc� klZ^bb� j_r_gby� aZ^Zqb�� ?kl_kl\_ggh�� qlh� ki_pbZebklu��
mqZkl\mxsb_�\�j_ZebaZpbb�dZdh]h-lh�h^gh]h�wlZiZ��^he`gu�bf_lv�q_ldh_�
ij_^klZ\e_gb_�h[h�\k_f�ijhp_kk_�fh^_ebjh\Zgby��h�f_lh^heh]bq_kdbo�\h�
ijhkZo�b�ijh[e_fZo��dhlhju_�\hagbdZxl�gZ�dZ`^hc�klZ^bb�j_r_gby�aZ^Z�
qb��<�^Zgghf�ijZdlbdmf_� Z\lhju� klj_fbebkv�baeh`blv�jZkrbj_ggh_�h[�
s__��Z�g_�madhki_pbZebabjh\Zggh_�ij_^klZ\e_gb_�h�fZl_fZlbq_kdhf�fh^_�
ebjh\Zgbb�� 
 Ih^h[jZggu_�ijbf_ju�b�aZ^Zgby��ijyfh_�fh^_ebjh\Zgb_�bamqZ_fuo�
ijhp_kkh\�^Zxl�\hafh`ghklv�hk\hblv�gZb[he__�ba\_klgu_�f_lh^u�b�ijb_�
fu��ljZ^bpbhggh�bkihevam_fu_�ijb�j_r_gbb�gZmqguo�b�ijZdlbq_kdbo�aZ�
^Zq�gZ�W<F��ihgylv�]jZgbpu�bo�ijbf_gbfhklb�b�ihagZdhfblvky�k�oZjZd�
l_jgufb�wnn_dlZfb��\hagbdZxsbfb�ijb�qbke_gghf�j_r_gbb�aZ^Zq� 

IjZdlbdmf�\dexqZ_l�\�k_[y�iylv�eZ[hjZlhjguo�jZ[hl��dhlhju_�Z\lh�
ju� gZklhyl_evgh� j_dhf_g^mxl� \uihegylv� \� kljh]hc� ihke_^h\Zl_evghklb�
bo�baeh`_gby��lZd�dZd�fZl_jbZe�ihkljh_g�ih�ijbgpbim�ihke_^h\Zl_evgh]h�
\hajZklZgby�keh`ghklb��hl�bamq_gby�ijhkluo�fh^_e_c��hibku\Zxsbo�klZ�
pbhgZjgu_�ijhp_kku��^h�g_ebg_cguo�b�qZklh�g_mklhcqb\uo�fh^_e_c� 
 FZl_jbZe�baeh`_g�ijhkluf�b� ^hklmiguf� yaudhf�� qlh��ih�fg_gbx�
Z\lhjh\��g_fZeh\Z`gh�ijb�bamq_gbb�b�g_�lj_[m_l�^hihegbl_evguo�agZgbc�
ih�\ukr_c�fZl_fZlbd_��\uoh^ysbo�aZ�jZfdb�klZg^Zjlghc�ijh]jZffu�\maZ��
H^gZdh�ij_^iheZ]Z_lky��qlh�qblZl_ev�ohjhrh�ih^]hlh\e_g�\�h[eZklb�Ze]h�
jblfbaZpbb�b�ijh]jZffbjh\Zgby��lZd�dZd�\hijhku�ihkljh_gby�hilbfZev�
guo�Ze]hjblfh\�b�ijh]jZffguo�dh^h\�\�^Zgghc�jZ[hl_�g_�hk\_sZxlky� 
 <� dhgp_� ijZdlbdmfZ� ijb\_^_g� ih^jh[guc� kibkhd� ebl_jZlmju��
bf_xsbc� p_evx� khjb_glbjh\Zlv� qblZl_ey�� dhlhjhfm� ihlj_[m_lky� [he__�
]em[hdh�jZah[jZlvky�k�l_fb�beb�bgufb�\hijhkZfb. 
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  :\lhju�kqblZxl�k\hbf�ijbylguf�^he]hf�ih[eZ]h^Zjblv�dhee_]�ih�
dZn_^j_�ijbdeZ^ghc�fZl_fZlbdb�<e=M��d�n-f�g���^hp_glZ�:�;��?\exobgZ��
Zkkbkl_glZ�G�G��;moZjh\Z��d�n-f�g���^hp_glZ�:�N��=ZedbgZ�aZ�ihe_agh_�h[�
km`^_gb_� g_dhlhjuo� ki_pbZevguo� \hijhkh\� fZl_fZlbq_kdh]h� fh^_ebjh�
\Zgby�b�f_lh^h\� \uqbke_gbc�� Z� lZd`_� aZ�p_ggu_� kh\_lu�ih� kh^_j`Zgbx�
kZfhc�jZ[hlu� 
 :\lhju� \ujZ`Zxl� ]em[hdmx� ijbagZl_evghklv� ^hdlhjm� nbabdh-
fZl_fZlbq_kdbo� gZmd�� ^hp_glm� dZn_^ju� \uqbkebl_evghc� fZl_fZlbdb�
FNLB�:�B��Eh[Zgh\m�aZ�g_h^ghdjZlgu_�ieh^hl\hjgu_�^bkdmkkbb�ih�\h�
ijhkZf�qbke_ggh]h�fh^_ebjh\Zgby��Z�lZd`_� aZ�_]h�bkdj_gg__�^h[jh`_eZ�
l_evgh_� \gbfZgb_� d� Z\lhjZf�� qlh� hq_gv� kihkh[kl\h\Zeh� ^h\_^_gbx� wlhc�
jZ[hlu�^h�dhgpZ� 
 Ohl_ehkv� [u� \ujZablv� hkh[mx� [eZ]h^Zjghklv� aZf�� aZ\�� dZn_^jhc�
ijbdeZ^ghc�fZl_fZlbdb�dZg^b^Zlm�nbabdh-fZl_fZlbq_kdbo�gZmd��^hp_glm�
<�=��Ijhdhr_\m�� ^_dZgm�nZdmevl_lZ�bgnhjfZlbdb�b�ijbdeZ^ghc�fZl_fZ�
lbdb�dZg^b^Zlm�l_ogbq_kdbo�gZmd��^hp_glm�:�:��=Zedbgm�aZ�ihfhsv�b�kh�
^_ckl\b_�ijb�ba^Zgbb�jZ[hlu� 

 

<<?>?GB? 

 GZ�ijZdlbd_�bkoh^guf�imgdlhf�bkke_^h\Zgby� k\hckl\�dZdh]h-eb[h�
ijhp_kkZ� y\ey_lky� wfibjbq_kdZy� kblmZpby�� dhlhjZy� j_^dh� [u\Z_l� q_ldh�
hq_jq_gghc��Ihwlhfm�bkke_^h\Zl_evkdb_�ijbdeZ^gu_�aZ^Zqb�i_j\hgZqZev�
gh�nhjfmebjmxlky�\�kZfhf�h[s_f�\b^_��<�dhg_qghf�`_�blh]_�lj_[m_lky�
ihemqblv�\�dZq_kl\_�j_amevlZlh\�dhgdj_lgu_�qbke_ggu_�beb�dZq_kl\_ggu_�
khhlghr_gby�f_`^m�oZjZdl_jbklbdZfb�b�k\hckl\Zfb�bamqZ_fh]h�h[t_dlZ��
Qlh[u�^hclb�hl� Z[kljZdlghc�ihklZgh\db� aZ^Zqb�^h�qbke_ggh]h�j_r_gby��
bkke_^h\Zl_ex�ijboh^blky�g_h^ghdjZlgh�ijb[_]Zlv�d�ijhp_kkm�fh^_ebjh�
\Zgby� �bfblZpbhggh]h�� fZl_fZlbq_kdh]h�� qbke_ggh]h� beb� dZdh]h-eb[h�
^jm]h]h�� 
 >ey�gZ]ey^ghklb�fu�ihiulZebkv�bah[jZablv�hkgh\gu_�wlZiu�j_r_�
gby�[hevrbo�ijbdeZ^guo�aZ^Zq�gZ�ko_f_����Ba�wlhc�ko_fu�\b^gh��qlh�fZ�
l_fZlbq_kdhfm� fh^_ebjh\Zgbx� ij_^r_kl\mxl� ^\Z� wlZiZ�� Z[kljZdlgZy�
nhjfmebjh\dZ�b�ihklZgh\dZ�aZ^Zqb��DZd�ijZ\beh��wlbfb�wlZiZfb�aZgb�
fZxlky� ki_pbZebklu� dhgdj_lghc� ij_^f_lghc� h[eZklb�� dhlhju_� kgZqZeZ�
h[gZjm`b\Zxl�dZdhc-lh�n_ghf_g�beb�hkh[_gghklb�\�ih\_^_gbb�h[t_dlZ�gZ�
ijZdlbd_�� AZl_f� gZ� klZ^bb� ihklZgh\db� aZ^Zqb� nhjfZebamxl�� \uy\eyxl�
kms_kl\_ggu_�hkh[_gghklb�� hij_^_eyxl� hkgh\gu_� nZdlhju�� \ebyxsb_�
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HleZ^dZ�ijh]jZffu 

JZkq_l 

:gZeba��ijb�g_h[�
oh^bfhklb�dhj�

j_dpby 

�ko_fZ��� 
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gZ�g_]h��b�bkdexqZxl�\lhjhkl_i_ggu_��;_amkeh\gh��\k_�wlh�lj_[m_l�]em[h�
dh]h� agZgby� ij_^f_lghc� h[eZklb�� lZd� dZd� \k_]^Z� _klv� \_jhylghklv� lh]h��
qlh��bkdexqb\��dZaZehkv�[u��\lhjhkl_i_gguc�nZdlhj��hdZ`_lky�qlh�bf_ggh�
hg�b�[ue�ijbqbghc�gZ[ex^Z_fh]h�n_ghf_gZ��B�\k_�^Zevg_crb_�bkke_^h�
\Zgby�hdZ`mlky�g_\_jgufb�ba-aZ�g_lhqghkl_c��aZeh`_gguo�\�kZfhc�ihklZ�
gh\d_�aZ^Zqb�� 

Kha^Zgb_� fZl_fZlbq_kdhc� fh^_eb� gZqbgZ_lky� k� aZf_gu� \k_o� bk�

ihevam_fuo�\�ihklZgh\d_�aZ^Zqb�iZjZf_ljh\�bamqZ_fh]h�ijhp_kkZ�fZl_fZ�

lbq_kdbfb� h[hagZq_gbyfb� �ih� \hafh`ghklb�� i_j_^Zxsbfb� kfuke� iZjZ�

f_ljZ�� Bkihevamy� \\_^_ggu_�h[hagZq_gby�� khklZ\eyxl� kZfm�fZl_fZlbq_�

kdmx� fh^_ev�� mklZgZ\eb\Zxl� k\yab� f_`^m� iZjZf_ljZfb� bkke_^m_fh]h�

ijhp_kkZ�\�\b^_�fZl_fZlbq_kdbo�khhlghr_gbc��nhjfme��h[_ki_qb\Zxsbo�

ihemq_gb_�j_amevlZlZ��Ijb�wlhf�gm`gh�\k_]^Z�mqblu\Zlv��qlh�fZl_fZlbq_�

kdZy�fh^_ev�^he`gZ�[ulv�fZdkbfZevgh�iheghc��qlh[u�hdZaZlvky�ihe_aghc�

^ey�bamq_gby�k\hckl\�bkke_^m_fh]h�y\e_gby��<�lh�`_�\j_fy�–�^hklZlhqgh�

ijhklhc��qlh[u�[ueZ�\hafh`ghklv�ijhZgZebabjh\Zlv�__�kms_kl\mxsbfb�\�

fZl_fZlbd_� kj_^kl\Zfb� b� \� ihke_^kl\bb� j_Zebah\Zlv� gZ�W<F��Ihemq_g�

gmx�fZl_fZlbq_kdmx�fh^_ev� ZgZebabjmxl� gZ� ij_^f_l� kms_kl\h\Zgby� b�

_^bgkl\_gghklb� j_r_gby��G__^bgkl\_gghklv� j_r_gby�fh`_l� [ulv� ke_^�

kl\b_f�g_ijZ\bevghc�ihklZgh\db�bkoh^ghc�ijbdeZ^ghc�aZ^Zqb� 

Dh]^Z�fZl_fZlbq_kdZy�fh^_ev�ihemq_gZ��kgZqZeZ�iulZxlky�hlukdZlv�

lhqgh_�j_r_gb_��Gh�^ey�Z[khexlgh]h�[hevrbgkl\Z�j_Zevguo�aZ^Zq�wlh�g_�

\hafh`gh�ih�jZaebqguf�ijbqbgZf��<�h^gbo�kemqZyo�ba-aZ�g_ebg_cghkl_c��

dhlhju_�mkeh`gyxl�fh^_ev��\�^jm]bo�–�ba-aZ�[hevrh]h�qbkeZ�jZkq_lh\��dh�

lhju_�g_\hafh`gh�k^_eZlv�\jmqgmx��Lh�_klv�ih�l_f�beb�bguf�ijbqbgZf�

lj_[m_lky�ijb\e_qv�\uqbkebl_evgmx�l_ogbdm�b�qbke_ggu_�f_lh^u��Gh�lZd�

dZd� qbke_ggh� gZ� dhfivxl_j_� g_evay� gZclb� j_r_gb_� gZ� \k_c� h[eZklb� g_�

ij_ju\gh�� Z� fh`gh� gZclb� ebrv� \� dZdbo-lh� __� lhqdZo�� lh�� _kl_kl\_ggh��

\klZ_l�\hijhk�h�^bkdj_lbaZpbb�h[eZklb�b�i_j_oh^_�hl�g_ij_ju\ghc�fZl_�

fZlbq_kdhc�fh^_eb� d�^bkdj_lghc��Lh� _klv� \�ijhp_kk_�i_j\h]h�rZ]Z� qbk�

e_ggh]h�fh^_ebjh\Zgby�–�^bkdj_lbaZpbb��fZl_fZlbq_kdZy�fh^_ev�Ziijhd�

kbfbjm_lky�g_dhlhjhc�^bkdj_lghc�fh^_evx��_kl_kl\_ggh��k�dZdhc-lh�ih�
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]j_rghklvx��Ihemq_ggmx�^bkdj_lgmx�fh^_ev�lZd`_�g_h[oh^bfh�bkke_^h�

\Zlv��A^_kv�hkh[h_�\gbfZgb_�m^_ey_lky�ZgZebam�dhjj_dlghklb�wlhc�fh^_eb��

\uykg_gbx� \hijhkh\� kms_kl\h\Zgby� b� _^bgkl\_gghklb� j_r_gby�� bkke_�

^h\Zgbx�mklhcqb\hklb�j_r_gby�d�ih]j_rghklyf�\oh^guo�^Zgguo�b�ijh�

q__��G__^bgkl\_gghklv� j_r_gby� fh`_l� [ulv� ijhy\e_gb_f� g_ijZ\bevghc�

ihklZgh\db�bkoh^ghc�ijbdeZ^ghc�ijh[e_fu�beb� � kb]gZehf� h�g_m^Zqghf�

\u[hj_�fZl_fZlbq_kdhc�fh^_eb��� 

AZl_f�^bkdj_lgmx�fh^_ev�bamqZxl�k�p_evx�\u[hjZ�f_lh^Z�j_r_gby��

?keb�g_l� y\ghc� aZ\bkbfhklb� \uoh^guo�^Zgguo� hl� \oh^guo��g_h[oh^bfh�

bkihevah\Zlv� qbke_ggu_� f_lh^u�� L_hj_lbq_kdb� ^ey� dZ`^h]h� lbiZ� ^bk�

dj_lghc�fh^_eb�fh`gh�ih^h[jZlv�g_kdhevdh�qbke_gguo�f_lh^h\�j_r_gby��

G_h[oh^bfh� agZlv� hkh[_gghklb� ijbf_g_gby� wlbo� f_lh^h\�� djbl_jbb�� ih�

dhlhjuf�hp_gb\Z_lky�bo�dZq_kl\h� �lhqghklv��kdhjhklv�koh^bfhklb��keh`�

ghklv�j_ZebaZpbb�b�ijhq__���<u[hj� kms_kl\_ggh� aZ\bkbl� hl� lj_[h\Zgbc��

ij_^ty\ey_fuo�d�j_r_gbx��hl�bf_xsboky�\�gZebqb_�j_kmjkh\��hl�^hklmi�

ghc�^ey�bkihevah\Zgby�\uqbkebl_evghc�l_ogbdb�b�l�^��LZdbf�h[jZahf��ih�

ke_�aZ\_jr_gby�qbke_ggh]h�fh^_ebjh\Zgby�\�jmdZo�bkke_^h\Zl_ey�^he`gZ�

ihy\blvky�g_dZy�\uqbkebl_evgZy�fh^_ev – jZkq_lgZy� ko_fZ�� khklhysZy�

ba�ihegh]h�gZ[hjZ�bkoh^guo�^Zgguo��dhg_qgh]h�qbkeZ�ijhkl_crbo�fZl_�

fZlbq_kdbo�nhjfme�b� khhlghr_gbc��ihke_^h\Zl_evgh_�ijbf_g_gb_�dhlh�

juo�iha\hebl�aZ�dhg_qgh_�qbkeh�rZ]h\�\uqbkeblv�g_ba\_klgu_�iZjZf_lju 

bkoh^ghc�fZl_fZlbq_kdhc�fh^_eb��Ijhkl_crbfb� y\eyxlky�nhjfmeu�� kh�

klhysb_� ba� we_f_glZjguo� fZl_fZlbq_kdbo� nmgdpbc� b� Zjbnf_lbq_kdbo�

hi_jZpbc�� 

<u[jZgguc� qbke_gguc� f_lh^� kh^_j`bl� lhevdh� ijbgpbibZevgmx�

ko_fm� j_r_gby� aZ^Zqb��G_h[oh^bfZ� ih^jh[gZy� ^_lZebaZpby� \k_o� wlZih\�

\uqbke_gbc��lh�_klv khklZ\e_gb_�Ze]hjblfZ��Ke_^m_l�aZf_lblv��qlh�d�Ze�

]hjblfZf�ij_^ty\ey_lky�p_euc�jy^�kms_kl\_gguo�lj_[h\Zgbc��lZdb_�dZd�

[ukljh^_ckl\b_��lhqghklv��wdhghfby�iZfylb��ijhklhlZ��G_ihkj_^kl\_ggh_�

ijh]jZffbjh\Zgb_� k\h^blky�d�hilbfZevghfm�i_j_\h^m� wlh]h� Ze]hjblfZ�

gZ�\u[jZgguc�yaud�ijh]jZffbjh\Zgby� 
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GZ�wlZi_�hleZ^db�ijh]jZffu�\uy\eyxl�b�bkijZ\eyxl�kbglZdkbq_�

kdb_�b�k_fZglbq_kdb_�hrb[db��Ihke_�bo�mkljZg_gby��g_h[oh^bfh�ijh\_klb�

l_klbjh\Zgb_� ijh]jZffu� –� ijh\_jdm� ijZ\bevghklb� __� jZ[hlu� gZ� ki_pb�

Zevgh�hlh[jZgguo�l_klh\uo�aZ^ZqZo��bf_xsbo�ba\_klgu_�j_r_gby�� 

I_j\u_�ihemq_ggu_�j_amevlZlu�lsZl_evgh�ZgZebabjmxlky�^ey�lh�

]h�� qlh[u� m[_^blvky� \� ijZ\bevghklb� jZ[hlu� ijh]jZffu� b� ijb]h^ghklb�

\u[jZggh]h�f_lh^Z�j_r_gby��>ey�lh]h�qlh[u�bkke_^h\Zl_ev�fh]�\hkihev�

ah\Zlvky�j_amevlZlZfb�jZkq_lh\��bo�g_h[oh^bfh�bgl_jij_lbjh\Zlv��lh�_klv��

ij_^klZ\blv� gZ� yaud_� ij_^f_lghc� h[eZklb� beb� \� bghc� m^h[ghc� ^ey� \hk�

ijbylby�nhjf_��\�\b^_�dhfiZdlguo�lZ[ebp��]jZnbdh\�b�^j� 

AZ\_jrZxsbc� wlZi� khklhbl� \� bkihevah\Zgbb� j_amevlZlh\� jZkq_�

lh\� \� ijZdlbq_kdhc� ^_yl_evghklb�� lh� _klv� \h� \g_^j_gbb� j_amevlZlh\. 

Hq_gv�qZklh�ZgZeba�j_amevlZlh\��ijh\_^_gguc�gZ�wlZi_�bo�h[jZ[hldb�b�bg�

l_jij_lZpbb��mdZau\Z_l�gZ�g_kh\_jr_gkl\h�bkihevam_fhc�fZl_fZlbq_kdhc�

fh^_eb� b� g_h[oh^bfhklv� __� dhjj_dpbb�� <� wlhf� kemqZ_� fZl_fZlbq_kdmx�

fh^_ev�fh^bnbpbjmxl��ijb�wlhf�hgZ��dZd�ijZ\beh��mkeh`gy_lky�b�gZqbgZ�

_lky��gh\uc�pbde�j_r_gby�aZ^Zqb�� 

GZ�^Zgguc�fhf_gl�m�qblZl_ey�fh]eh�keh`blvky�\i_qZle_gb_��qlh�\�

wlhc� ^ebgghc� p_ib� g_ihkj_^kl\_ggh� fZl_fZlbq_kdh_� fh^_ebjh\Zgb_� aZ�

gbfZ_l�g_� lZdh_�m`�b� \Z`gh_�f_klh��Gh� wlh�ih\_joghklgh_� km`^_gb_��B�

_keb�qblZl_ev�\gbfZl_evg__�bamqbl�khklZ\eyxsb_��ko_fu�����lh�hg�g_ij_�

f_ggh� aZf_lbl�� qlh� bf_ggh�fZl_fZlbq_kdZy�fh^_ev� y\ey_lky� l_f� dexq_�

\uf�a\_ghf��dhlhjh_�iha\hey_l�hibkZlv�Z[kljZdlgu_�h[t_dlu�b�ijhp_kku�

j_Zevgh]h� fbjZ� gZ� yaud_� fZl_fZlbdb�� ^Z\Zy� l_f� kZfuf� bkke_^h\Zl_ex�

hq_gv� [hevrb_� ^hihegbl_evgu_� kj_^kl\Z� b� \hafh`ghklb� ^ey� gZmqguo�

baukdZgbc��<k_�ihke_^mxsb_�wlZiu��\�ijbgpbi_��ebrv�fh^bnbpbjmxl��k�

lhc�beb�bghc�p_evx��ihemq_ggmx�fZl_fZlbq_kdmx�fh^_ev��Ihwlhfm�hq_gv�

qZklh�fZl_fZlbq_kdbf�fh^_ebjh\Zgb_f� gZau\Zxl� g_� h^bg� wlZi� ihkljh_�

gby�fZl_fZlbq_kdhc�fh^_eb��Z�\_kv�wlhl�keh`guc�ijhp_kk��bah[jZ`_gguc�

gZ�ko_f_��� 
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EZ[hjZlhjgZy jZ[hlZ���� 

FH>?EBJH<:GB?��A:>:Q��F:L?F:LBQ?KDHC��NBABDB�

F?LH>HF��FHGL?�–�D:JEH 

I ���P_ev�jZ[hlu 
AgZdhfkl\h� k� f_lh^hf�Fhgl_� –� DZjeh��Fh^_ebjh\Zgb_� gZ� hkgh\_�

klZlbklbq_kdhc�h[jZ[hldb�kemqZcguo�bkiulZgbc�ijb[eb`_ggh]h�j_r_gby�
g_dhlhjuo�aZ^Zq� 

II ��DjZldZy�l_hjby 

B^_y�f_lh^Z�Fhgl_�–�DZjeh 
 H[uqguc�imlv�j_r_gby�aZ^Zqb�khklhbl�\�lhf��qlh�mdZau\Z_lky�Ze]h�
jblf��k�ihfhsvx�dhlhjh]h�bkdhfZy�\_ebqbgZ�f�gZoh^blky�beb�lhqgh��beb�k�
aZ^Zgghc� ih]j_rghklvx�� A^_kv� ijhp_kk� \uqbke_gbc� y\ey_lky� kljh]h� ^_�
l_jfbgbjh\Zgguf��^\Z�jZaebqguo�\uqbkebl_ey�ijb�hlkmlkl\bb�hrb[hd�
ijboh^yl�d�h^ghfm��b�lhfm�`_�j_amevlZlm� 

H^gZdh�\klj_qZxlky� aZ^Zqb�� ]^_�ihkljh_gb_�lZdh]h�jh^Z�Ze]hjblfZ�
ijZdlbq_kdb� g_� \uihegbfh� beb� kZf� Ze]hjblf� hdZau\Z_lky� qj_af_jgh�
keh`guf��<�wlbo�kemqZyo�qZklh�ijb[_]Zxl�d�fh^_ebjh\Zgbx�fZl_fZlbq_�
kdhc�beb�nbabq_kdhc�kmsghklb�aZ^Zqb�b�bkihevah\Zgbx�aZdhgh\�[hevrbo�
qbk_e�l_hjbb�\_jhylghkl_c��Hp_gdb�f1, f2, … fn��«�bkdhfhc�\_ebqbgu�f�ih�
emqZxlky�gZ�hkgh\Zgbb�klZlbklbq_kdhc�h[jZ[hldb�fZl_jbZeZ��k\yaZggh]h�k�
j_amevlZlZfb�g_dhlhjuo�fgh]hdjZlguo��kemqZcguo�bkiulZgbc��<����wlbo����
kemqZyo� \uqbkebl_evguc� ijhp_kk� y\ey_lky� g_^_l_jfbgbjh\Zgguf�� lZd�
dZd�hg�hij_^_ey_lky�blh]Zfb�kemqZcguo�bkiulZgbc� 
 Kihkh[u�j_r_gby�aZ^Zq��bkihevamxsb_�kemqZcgu_�\_ebqbgu��ihem�
qbeb� h[s__�gZa\Zgb_�f_lh^Z�Fhgl_�–�DZjeh��;he__� lhqgh�ih^�f_lh^hf�
Fhgl_� –�DZjeh� ihgbfZ_lky� kh\hdmighklv� ijb_fh\�� iha\heyxsbo� ihem�
qZlv�j_r_gby�fZl_fZlbq_kdbo�beb�nbabq_kdbo�aZ^Zq�ijb�ihfhsb�fgh]h�
djZlguo�kemqZcguo�bkiulZgbc��Hp_gdb�bkdhfhc�\_ebqbgu�\u\h^ylky�klZ�
lbklbq_kdbf�iml_f�b�ghkyl�\_jhylghklguc�oZjZdl_j� 

Ijb�ihevah\Zgbb�f_lh^hf�Fhgl_�–�DZjeh�g_l�g_h[oh^bfhklb�agZlv�
lhqgu_� khhlghr_gby�f_`^m�^Zggufb�b�bkdhfufb� \_ebqbgZfb� aZ^Zqb�� Z�
^hklZlhqgh� ebrv� \uy\blv� lhl� dhfie_dk� mkeh\bc�� ijb� gZebqbb� dhlhjh]h�
khhl\_lkl\mxsb_�y\e_gb_�bf__l�f_klh� 
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 Ba�fZl_fZlbq_kdbo�aZ^Zq��^ey�dhlhjuo�jZajZ[hlZgh�ijbf_g_gb_�f_�
lh^Z� Fhgl_� –� DZjeh�� \u^_ebf� ke_^mxsb_�� j_r_gb_� kbkl_f� ebg_cguo�
mjZ\g_gbc��h[jZs_gb_�fZljbp��gZoh`^_gb_�kh[kl\_gguo�agZq_gbc�b�kh[�
kl\_gguo� \_dlhjh\� fZljbpu�� \uqbke_gb_� djZlguo� bgl_]jZeh\�� j_r_gb_�
aZ^Zqb�>bjboe_��j_r_gb_�nmgdpbhgZevguo�mjZ\g_gbc�jZaebqguo�lbih\�b�^j�  

Kihkh[u�ihemq_gby�kemqZcguo�qbk_e 

 Ijb� ijZdlbq_kdhf� ijbf_g_gbb� f_lh^Z�Fhgl_� –� DZjeh� kemqZcgu_�
bkiulZgby�h[uqgh�aZf_gyxl�\u[hjdhc�kemqZcguo�qbk_e� 
 Kms_kl\mxl� ijhklu_� ijb_fu� ihemq_gby� kemqZcguo� qbk_e�� jZ\gh�
f_jgh�jZkij_^_e_gguo�gZ�hlj_ad_�hl�>���@��>ey�ijhklhlu�[m^_f�ij_^iheZ�
]Zlv��qlh� wlb�qbkeZ�ij_^klZ\eyxl�kh[hc�ijZ\bevgu_�^_kylbqgu_�^jh[b�k�
nbdkbjh\Zgguf�dhebq_kl\hf�^_kylbqguo�agZdh\�ihke_�aZiylhc��gZijbf_j��
s (s –�jZajy^gu_�^_kylbqgu_�^jh[b���l��_��fh]ml�[ulv�aZibkZgu�\�\b^_ 

                            ,
10

.
...

10

.
10

.
x

s
s

2
21 +++=                                      (1) 

]^_�.i = (i = 1, 2, … , s) –�pbnju�wlh]h�qbkeZ��ijbgbfZxsb_�agZq_gby�������
2, 3, 4, 5, 6, 7, 8, 9. 

 >ey� khklZ\e_gby� lZ[ebpu� kemqZcguo� qbk_e� \b^Z� ����� jZ\ghf_jgh�
jZkij_^_e_gguo�gZ�>���@��^hklZlhqgh�mdZaZlv�kihkh[u�ihemq_gby�pbnj�.i�k�
kh[ex^_gb_f�ke_^mxsbo�mkeh\bc�� 
1. .i�_klv�kemqZcgZy�\u[hjdZ�ba�kbkl_fu�qbk_e���–����ijbq_f�\k_�mdZaZg�

gu_�agZq_gby�jZ\gh\_jhylgu� 

2. <u[hj� ij_^u^ms_c� pbnju� .i� gbdhbf� h[jZahf� g_� \eby_l� gZ� \u[hj�
ihke_^mxs_c�.i+1 . 
JZkkfhljbf�g_dhlhju_�kihkh[u�ihemq_gby�kemqZcguo�qbk_e� 

1. <�mjgm�himkdZxl����h^bgZdh\uo�ijhgmf_jh\Zgguo�rZjh\�k�ghf_jZfb���– 
���Ba�mjgu�ihke_^h\Zl_evgh�ba\e_dZ_lky�rZj�b�aZibku\Z_lky�_]h�ghf_j�
.��Ihke_�dZ`^h]h�ba\e_q_gby�rZj�\ha\jZsZxl�\�mjgm��b�i_j_^�dZ`^uf�
ke_^mxsbf�lbjZ`hf�\k_�rZju�\�mjg_�i_j_f_rb\Zxlky� 

2. H^gh\j_f_ggh�[jhkZxl�^\_�b]jZevgu_�dhklb��?keb�n1b�n2 –�qbkeZ�\u�
iZ\rbo�hqdh\��n1, n2� �������������������khhl\_lkl\_ggh�gZ�i_j\hc�b�\lhjhc�
dhklyo��dhklb�^he`gu�[ulv�jZaebqZ_fu���lh�hq_j_^gZy�pbnjZ�. kemqZc�
gh]h�qbkeZ�[_j_lky�jZ\ghc�hklZldm�hl�^_e_gby�kmffu���n1 - 1) + n2�gZ�
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���� ]^_�n1� �� ���l��_��.i�_klv�p_eh_�g_hljbpZl_evgh_�qbkeh��f_gvr__� ����
m^h\e_l\hjyxs__�kjZ\g_gbx 

                     6(n1 - 1) + n2 A�. (mod 10).                                      (2) 

?keb�n1�  � ��� lh� dhklb�i_j_[jZku\Zxlky��Ba�nhjfmeu� ���� \ul_dZ_l��
qlh�.i�k�jZ\ghc�\_jhylghklvx�fh`_l�ijbgylv�ex[h_�agZq_gb_�hl���^h��� 

3. Bkihevam_lky�^_kylbqgh_�jZaeh`_gb_�iheh`bl_evgh]h�bjjZpbhgZevgh�
]h�qbkeZ� 

),(&�...�,...,�,�,�& 0u210 +==  

    ��]^_��0 –�p_eZy�qZklv�qbkeZ�&�b��&��–�_]h�^jh[gZy�qZklv� 
     >ey�ihemq_gby�kemqZcghc�ihke_^h\Zl_evghklb�^xn`�iheZ]Zxl�  

                                             xn = (n&)    (n = 1, 2, …). 

     ?keb�lj_[m_lky�kemqZcgZy�ihke_^h\Zl_evghklv��khklhysZy�ba�s�jZajy^�
guo� �qbk_e��lh�\�qbkeZo� �n&��h]jZgbqb\Zxlky�khhl\_lkl\mxsbfb�jZa�
jy^Zfb� 

4. GZb[he__�jZkijhkljZg_gguf�gZ�k_]h^gyrgbc�^_gv�y\ey_lky�f_lh^�\u�
q_lh\��<� dZq_kl\_� i_j\h]h� p_eh]h� kemqZcgh]h� qbkeZ� \u[bjZ_f� ex[h_�
qbkeh��e_`Zs__��f_`^m���b�J��qbkeh�J�\u[bjZ_lky�aZjZg__���Mfgh`Z_f�
wlh�kemqZcgh_�qbkeh�gZ�g_dhlhjuc�nbdkbjh\Zgguc�\u[jZgguc�aZjZg__�
fgh`bl_ev�F��Ijb[Z\ey_f�d�ijhba\_^_gbx�g_dhlhjh_�nbdkbjh\Zggh_�
p_eh_�qbkeh�D��\u[jZggh_�aZjZg__��Ihemqb\rmxky�kmffm�^_ebf�gZ�J�b�
ihemqb\rbcky�hklZlhd�\u[bjZ_f�\�dZq_kl\_�gh\h]h�kemqZcgh]h�qbkeZ����
F_lh^�\uq_lh\�fh`gh�aZibkZlv�\�\b^_�nhjfmeu��ri+1 A��Mri + K) mod P, 
dhlhjZy� b� hagZqZ_l�� qlh� ^ey� ihemq_gby� ke_^mxs_]h� ri+1  gm`gh� \aylv�
ij_^u^ms__� ri��mfgh`blv�_]h�gZ�F��keh`blv�j_amevlZl�k�D��jZa^_eblv�
kmffm�gZ�J�b�\aylv�hklZlhd�hl�^_e_gby� 

<uqbke_gb_�djZlguo�bgl_]jZeh\�f_lh^hf�Fhgl_�–�DZjeh 

 Imklv�nmgdpby� 
y = f(x1, x2, … , xm) 

g_ij_ju\gZ�\�h]jZgbq_gghc� aZfdgmlhc�h[eZklb�S�b�lj_[m_lky�\uqbkeblv�
m –�djZlguc�bgl_]jZe 

        ∫∫ ∫=
(S)

m21m21 ....dxdxdx)x,...,x,f(x...I                           (3) 
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 =_hf_ljbq_kdb�qbkeh�I�ij_^klZ\ey_l�kh[hc�m-f_jguc�h[t_f�ijyfh�
]h�pbebg^jZ�\�ijhkljZgkl\_�Ox1x2 … xmy��ihkljh_ggh]h�gZ�hkgh\Zgbb�S�b�
h]jZgbq_ggh]h�k\_jom�^Zgghc�ih\_joghklvx�y = f(x���]^_�x = (x1, x2, … , xm) 
�jbk����������������������������������������������������������������������������������������������������������      

Ij_h[jZam_f�bgl_]jZe�����lZd��qlh[u�gh\Zy�h[eZklv�bgl_]jbjh\Zgby�
p_ebdhf�kh^_j`ZeZkv�\gmljb�_^bgbqgh]h�m-f_jgh]h�dm[Z��Imklv�h[eZklv�
S�jZkiheh`_gZ�\�m-f_jghf�iZjZee_e_ibi_^_�� 

ai ≤ xi ≤ Ai                                                     (4) 
(i = 1, 2, … , m). 

K^_eZ_f�aZf_gm�i_j_f_gguo 
                    xi = ai + (Ai - ai)�i          (5) 
                    (i = 1, 2, … , m). 
Lh]^Z�� hq_\b^gh�� m-f_jguc� iZjZe�
e_e_ibi_^� ���� ij_h[jZam_lky� \��������
m-f_jguc�_^bgbqguc�dm[� 
                       0 ≤��i ≤ 1                      
                  (i = 1, 2, … , m)  
b�� ke_^h\Zl_evgh��gh\Zy� h[eZklv�bg�
l_]jbjh\Zgby� 1�� dhlhjZy� gZoh^blky�
ih� h[uqguf� ijZ\beZf�� [m^_l� p_eb�
dhf�jZkiheh`_gZ�\gmljb�wlh]h�dm[Z� 
  <uqbkeyy� ydh[bZg� ij_h[jZah�
\Zgby��[m^_f�bf_lv 

   

).)...()((

...00

............

0...0

0...0
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.21
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mm
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LZdbf�h[jZahf�� 

                               ∫∫ ∫=
σ

ξξξξξξ ,...),...,,(... .21.21 mm dddFI                                (6) 

]^_�� 
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222

211112211.21
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y = f(x) 
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aZibr_f�bgl_]jZe�����dhjhq_�\�ke_^mxs_f�\b^_ 
                                                     ∫∫ ∫=

σ
σξ .)(... dFI                                                          (7) 

>ey�\uqbke_gby�bgl_]jZeZ�����f_lh^hf�kemqZcguo�bkiulZgbc�\u[b�
jZ_f�m�jZ\ghf_jgh�jZkij_^_e_gguo�gZ�hlj_ad_�>���@�ihke_^h\Zl_evghkl_c�
kemqZcguo�qbk_e� 

,....,...,,

.........

,...;,...,,

,...;,...,,

)()(
2

)(
1

)2()2(
2

)2(
1

)1()1(
2

)1(
1

m
n

mm

n

n

ξξξ

ξξξ

ξξξ

 

Lhqdb�Mi(�i
(1), �i

(2), … , �i
(m)) (i� �������«��fh`gh�jZkkfZljb\Zlv�dZd�kemqZc�

gu_��<u[jZ\�^hklZlhqgh�[hevrh_�qbkeh�N�lhq_d�M1, M2, … , MN��ijh\_jy�
_f�� dZdb_� ba� gbo� ijbgZ^e_`Zl� h[eZklb� 1� �i_j\Zy� dZl_]hjby�� b� dZdb_� g_�
ijbgZ^e_`Zl��\lhjZy�dZl_]hjby�� 
 Hlghkbl_evgh� ]jZgbpu� h[eZklb� 1� ke_^m_l� aZjZg__� ^h]h\hjblvky��
ijbqbkeyxlky�eb�]jZgbqgu_�lhqdb�beb�qZklv�bo�d�h[eZklb�1��beb�g_�ijb�
qbkeyxlky�d�g_c��<�h[s_f�kemqZ_�ijb�]eZ^dhc�]jZgbp_�wlh�g_�bf__l�kms_�
kl\_ggh]h�agZq_gby��\�hl^_evguo�kemqZyo�gm`gh�j_rZlv�\hijhk�k�mq_lhf�
dhgdj_lghc�h[klZgh\db� 
 <ay\�^hklZlhqgh�[hevrh_�qbkeh�n�lhq_d� σ∈iM ��ijb[eb`_ggh�fh`gh 

iheh`blv 

hlkx^Z�bkdhfuc�bgl_]jZe�\ujZ`Z_lky�nhjfmehc 

]^_�ih^�1�ihgbfZ_lky�m-f_jguc�h[t_f�h[eZklb�bgl_]jbjh\Zgby��?keb�\u�
qbke_gb_�h[t_fZ�1�aZljm^gbl_evgh��lh�fh`gh�ijbgylv� 

hlkx^Z 
 
 

;)(
1

1
∑
=

=
n

i
ikj MF

n
y

,)(
1

∑
=

==
n

i
ikj MF

n
yI

σσ

;
N

n≈σ

.)(
1

1
∑
=

≈
n

i
iMF

N
I



 14 

J_r_gb_�mjZ\g_gbc�k�qZklgufb�ijhba\h^gufb 
f_lh^hf�Fhgl_�–�DZjeh 

 DZd� ba\_klgh�� k� ihfhsvx� ZaZjlguo� b]j�fh`gh�fh^_ebjh\Zlv� ijb�
[eb`_ggu_�j_r_gby�j_Zevguo�aZ^Zq��Fh`gh�kdhgkljmbjh\Zlv�lZdmx�b]jm��
j_amevlZlhf�dhlhjhc�y\ey_lky�ijb[eb`_ggh_�j_r_gb_�^bnn_j_gpbZevgh�
]h�mjZ\g_gby��<�qZklghklb��fh^_ev�kemqZcguo�[em`^Zgbc�ijb\h^bl�d�dh�
g_qgh-jZaghklghc�ZiijhdkbfZpbb�aZ^Zqb�>bjboe_�� 

B]jZ�³;em`^Zxsbc�ivygbpZ´ 

1. ;em`^Zgby� ivygbpu� gZqbgZxlky� ba� ijhba\hevghc� lhqdb� k_ldb� �jbk���
�gZijbf_j��lhqdb�:�� 

2. GZ�dZ`^hf�oh^_�b]ju�ivygbpZ�kemqZcguf�h[jZahf�k�jZ\ghc�\_jhylgh�
klvx�i_j_[bjZ_lky�\�h^gm�ba�khk_^gbo�lhq_d�k_ldb��<��K��D��?�� 

3. Ihke_�i_j_oh^Z�\�khk_^gxx�lhqdm�ijhp_kk�[em`^Zgby�\hah[gh\ey_lky��
LZd��ivygbpZ�b^_l�hl�lhqdb�d�lhqd_�^h�l_o�ihj��ihdZ�kemqZcguf�h[jZahf�
g_�hdZ`_lky� �\�]jZgbqghc�lhqd_�pi��A^_kv�hg�hklZgZ\eb\Z_lky��fu�nbd�
kbjm_f�ghf_j�lhqdb��pi��GZ�wlhf�aZdZgqb\Z_lky�h^gZ�kemqZcgZy�ijh]medZ� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

:�–�gZqZevgZy�lhqdZ�������������������–��\gmlj_ggb_�lhqdb�k_ldb� 
       –�dhg_qgZy�lhqdZ��pi,       gi  –��\hagZ]jZ`^_gb_�\�lhqd_�pi 

 

Jbk��� 

p12 

p11 

p10 

p9 p8 p7 

p6 

p5 

p4 

p3 p2 p1 

A B 

C 

D 

E 
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4. Ih\lhjbf�rZ]b� �� –� �� ^hklZlhqgh�fgh]h� jZa� b� gZc^_f� hlghkbl_evgh_�
qbkeh�ijb[ulbc�ivygbpu�\�dZ`^mx�ba�]jZgbqguo�lhq_d�pi.    

5. Ij_^iheh`bf�� qlh�ivygbpZ�ihemqZ_l� \hagZ]jZ`^_gb_�gi = g(pi�� �\_eb�
qbgZ�]jZgbqgh]h�mkeh\by�\�lhqd_�pi��b��ij_^iheh`bf��qlh�p_ev�b]ju�– 
\uqbkeblv�kj_^g__�\hagZ]jZ`^_gb_�R(A��\k_o�kemqZcguo�ijh]mehd��gZ�
qbgZxsboky�ba�lhqdb�:��Wlhl�kj_^gbc�\ub]jur�hij_^_ey_lky�ih�nhj�
fme_ 

                  R(A) = g1PA(p1) + g2PA(p2) + … + g12PA(p12),                       (8)      

]^_�3A(pi)  -�hlghkbl_evgZy�^hey�[em`^Zgbc��aZdhgqb\rboky�\�lhqd_�Si.   
B]jZ�aZ\_jrZ_lky��dh]^Z�\_ebqbgZ�R(A��gZc^_gZ��� 

J_r_gb_�aZ^Zqb�>bjboe_�^ey�mjZ\g_gby�EZieZkZ 

 HdZau\Z_lky�� qlh� kj_^g__� \hagZ]jZ`^_gb_� y\ey_lky�ijb[eb`_gguf�
j_r_gb_f�aZ^Zqb�>bjboe_�\�lhqd_�:��Wlh�bgl_j_kgh_�gZ[ex^_gb_�hkgh\Z�
gh�gZ�^\mo�nZdlZo� 
 ?keb�ivygbpZ�gZqZe�k\hx�ijh]medm�ba�lhqdb��e_`Zs_c�gZ� ]jZgbp_��
lh� dZ`^Zy� lZdZy� ijh]medZ� g_f_^e_ggh� aZdZgqb\Z_lky� \� lhc� `_� lhqd_�� b�
ivygbpZ�ihemqZ_l�\hagZ]jZ`^_gb_�gi. 
 Ykgh�� qlh� kj_^g__� \hagZ]jZ`^_gb_� ^ey� lhqdb�R(A�� [m^_l� kj_^gbf�
Zjbnf_lbq_kdbf�hl�kj_^gbo�\hagZ]jZ`^_gbc�^ey�q_luj_o�khk_^gbo�lhq_d 

R(A) = ¼ [R(B) + R(C) + R(D) + R(E)]. 

 LZdbf�h[jZahf��\_ebqbgZ�R(A��m^h\e_l\hjy_l�^\mf�mjZ\g_gbyf 

R(A) = ¼ [R(B) + R(C) + R(D) + R(E)]                            �\h�\gmlj_ggbo�lhqdZo� 
R(A) = gi                                                                                                                 �\�]jZgbqguo�lhqdZo�� 

?keb�gi –�wlh�agZq_gby�nmgdpbb�g(x, y��ba�]jZgbqgh]h�mkeh\by�\�]jZ�
gbqguo�lhqdZo�pi��lh�wlb�^\Z�mjZ\g_gby�lhqgh�kh\iZ^Zxl�k�^\mfy�dhg_qgh-
jZaghklgufb�mjZ\g_gbyfb 

uij=1/4[ui-1j + ui+1j + uij+1 + uij-1], 
uij = gij. 

 Lh� _klv�� \_ebqbgZ� R(A�� khhl\_lkl\m_l� \_ebqbg_� uij� \� jZaghklguo�
mjZ\g_gbyo�b��ke_^h\Zl_evgh��^_ckl\bl_evgh�Ziijhdkbfbjm_l�j_r_gb_�aZ�
^Zqb�>bjboe_�^ey�mjZ\g_gby�EZieZkZ�\�lhqd_�:� 
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 Ih^ulh`b\� \k_� \ur_kdZaZggh_�� aZf_lbf�� qlh� j_r_gb_� aZ^Zqb� k\h�
^blky�d�ke_^mxs_c�ihke_^h\Zl_evghklb�^_ckl\bc� 
1) j_ZebaZpby�fh^_eb�kemqZcguo�[em`^Zgbc; 
2) jZkq_l�dhebq_kl\Z�ijboh^h\�\�dZ`^mx�]jZgbqgmx�lhqdm� 
3) jZkq_l�hlghkbl_evgh]h�qbkeZ�ijboh^h\�\�dZ`^mx�]jZgbqgmx�lhqdm� 
4) \uqbke_gb_�ijb[eb`_ggh]h�j_r_gby�ih�nhjfme_������ 

         I�j�b�f�_�q�Z�g�b�_�   b]jm�³;em`^Zxsbc�ivygbpZ´�fh`gh�fh^_jgbabjh\Zlv���qlh�
[u� j_rblv�[he__� keh`gmx� aZ^Zqm��gZijbf_j�� aZ^Zqm�>bjboe_�^ey� mjZ\g_gby� k�i_j_�
f_ggufb�dhwnnbpb_glZfb� 

III ��AZ^Zgby�d�jZ[hl_ 

����������I_j\Zy�qZklv 
JZkkqblZlv� agZq_gb_� djZlgh]h� bgl_]jZeZ� f_lh^hf�Fhgl_� –� DZjeh�

�\ZjbZglu�aZ^Zgbc�kf��\�lZ[ebp_�� 

����������<lhjZy�qZklv 
J_rblv� aZ^Zqm�>bjboe_� ^ey� mjZ\g_gby�EZieZkZ� f_lh^hf�Fhgl_� – 

DZjeh�\h�\k_o�\gmlj_ggbo�lhqdZo�h[eZklb� 
 
���������MjZ\g_gb_�EZieZkZ�   Uxx + Uyy = 0 ,         0 < x <1,  0 < y < 1. 

 

=j��mke�����U(x,y) = g(x,y) =




.,0

;,1

d\Z^jZlZklhjhgZogb`g_cb[hdh\uogZ

d\Z^jZlZklhjhg_\_jog_cgZ
 

 
IV ��<uiheg_gb_�jZ[hlu 

����������I_j\Zy�qZklv 
1. Bah[jZablv�]jZnbq_kdb�h[eZklv�bgl_]jbjh\Zgby� 
2. KhklZ\blv�\uqbkebl_evgmx�fh^_ev�^ey�jZkq_lZ�bgl_]jZeZ� 
3. KhklZ\blv�Ze]hjblf�b�ijh]jZffm�^ey�jZkq_lZ�bgl_]jZeZ�ih�\uqbkeb�

l_evghc�fh^_eb��ihemqblv�j_amevlZl� 
4. IhkqblZlv�agZq_gb_�bgl_]jZeZ�\jmqgmx� 
5. KjZ\gblv�lhqgh_�j_r_gb_�b�j_r_gb_��ihemq_ggh_�ih�fh^_eb� 

  <lhjZy�qZklv 
1. KhklZ\blv�\uqbkebl_evgmx�fh^_ev�^ey�j_r_gby�aZ^Zqb�>bjboe_. 
2. KhklZ\blv�Ze]hjblf�b�ijh]jZffm�ih�\uqbkebl_evghc�fh^_eb� 

V��Kh^_j`Zgb_�hlq_lZ 

1. P_ev�jZ[hlu� 
2. L_hj_lbq_kdZy�qZklv� 

Ih����i�_�j�\�h�c���q�Z�k�l�b 
3. AZ^Zgb_� 
4. Kibkhd�b^_glbnbdZlhjh\� 
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KhklZ\ey_lky� kibkhd� b^_glbnbdZlhjh\� �a^_kv� b� \� ihke_^mxsbo� jZ[h�
lZo��\�\b^_�ke_^mxs_c�lZ[ebpu 

LZ[ebpZ�� 

� IZjZ�
f_lj� ih�
aZ^Zq_ 

H[hagZq_�
gb_� \� fZl��
fh^_eb 

H[hagZq_�
gb_� \� \u�
qbkebl��
fh^_eb 

KlZlmk� i_j_f_g�
ghc� �� \oh^gZy��
\uoh^gZy�� ijh�
f_`mlhqgZy�� 

Lbi 
i_�
j_f� 

AgZq_gb_��������
�� lhevdh� ^ey�
\oh^guo� iZ�
jZf_ljh\�� 

       

5. Ibkvf_ggh�\uiheg_ggu_�aZ^Zgby�ih^�imgdlZfb���b��� 
6. :e]hjblf�b�l_dkl�ijh]jZffu� 
7. J_amevlZl�jZ[hlu�ijh]jZffu� 
8. Ibkvf_ggh�\uiheg_ggu_�aZ^Zgby�ih^�imgdlZfb���b��� 
9. <u\h^� 

I�h����\�l�h�j�h�c���q�Z�k�l�b 
10. �AZ^Zgb_� 
11. �Kibkhd�b^_glbnbdZlhjh\� 
12. �<uqbkebl_evgZy�fh^_ev� 
13. �:e]hjblf�b�l_dkl�ijh]jZffu� 
14. �J_amevlZl�jZ[hlu�ijh]jZffu� 
15. �<u\h^� 
16. �H[sbc�\u\h^�ih�jZ[hl_����� 

VI ��<hijhku�d�aZsbl_ 
1. Kmlv�f_lh^Z�Fhgl_�–�DZjeh� 
2. IjbgpbibZevgh_�hlebqb_�f_lh^Z�Fhgl_�–�DZjeh�hl�^jm]bo�f_lh^h\� 
3. Kihkh[u�ihemq_gby�kemqZcguo�qbk_e� 
4. DZdbf� mkeh\byf� ^he`_g� m^h\e_l\hjylv� gZ[hj� kemqZcguo� qbk_e�� jZ\�

ghf_jgh�jZkij_^_e_gguo�gZ�hlj_ad_�>���@" 
5. DZdb_�fZl_fZlbq_kdb_�aZ^Zqb�fh`gh�j_rZlv�f_lh^hf�Fhgl_�–�DZjeh" 
6. DZd�gZ�hkgh\_�f_lh^Z�Fhgl_�–�DZjeh�fh`gh�\uqbkeblv�djZlguc�bgl_�

]jZe" 
7. DZdhfm�mkeh\bx�^he`gZ�m^h\e_l\hjylv�h[eZklv�bgl_]jbjh\Zgby" 
8. >hklhbgkl\Z�b�g_^hklZldb�f_lh^Z�Fhgl_�–�DZjeh�^ey�\uqbke_gby�djZl�

guo�bgl_]jZeh\� 
9. <�q_f�aZdexqZ_lky�fh^_ev�kemqZcguo�[em`^Zgbc" 
����DZd�ih�fh^_eb�kemqZcguo�[em`^Zgbc�fh`gh�ihemqblv�j_r_gb_�aZ^Zqb���

>bjboe_�^ey�mjZ\g_gby�EZieZkZ" 



 18 

 �LZ[ebpZ� 

Ghf_j��������
\ZjbZglZ 

 
AZ^Zgb_ 

Ghf_j��������
\ZjbZglZ 

 
AZ^Zgb_ 

 
1 

120121:

)(
)(

22

−≤≤≤≤

+= ∫∫
xyx

dxdyyxI

σ
σ    

 
14 

112121:

))8()8((
)(

22

≤≤−≤≤

−++= ∫∫
yxx

dxdyyxI

σ
σ  

 
2 

xyx

dxdyyxI

≤≤≤≤

+= ∫∫
010:

)3(
)(

22

σ
σ  

 
15 

110:

)(
)(

3

≤≤≤≤

−= ∫∫
yxx

dxdyyxI

σ
σ  

 
3 

410430:

)45(
)(

22

+≤≤≤≤

+= ∫∫
xyx

dxdyyxI

σ
σ  

 
16 

145121:

)(
)(

2

≤≤+−≤≤

−= ∫∫
yxx

dxdyxyI

σ
σ  

 
4 

210210:

)21(
)(

22

+≤≤≤≤

+= ∫∫
xyx

dxdyyxI

σ
σ  

 
17 

123121:

)4(
)(

2

≤≤+−≤≤

+−= ∫∫
yxx

dxdyyxxI

σ
σ  

 
5 

430410:

)21(
)(

22

+≤≤≤≤

++= ∫∫
xyx

dxdyyxxI

σ
σ  

 
18 

147143:

)7(
)(

2

≤≤+−≤≤

+−= ∫∫
yxx

dxdyyxI

σ
σ  

 
6 

410141:

)(
)(

3

−≤≤≤≤

+= ∫∫
xyx

dxdyyxI

σ
σ  

 
19 

14143:

)4(
)(

2

≤≤+≤≤

−+= ∫∫
yxx

dxdyyxI

σ
σ  

 
7 

210121:

)(
)(

4

−≤≤≤≤

+= ∫∫
xyx

dxdyyxI

σ
σ  

 
20 

121210:

))1((
)(

2

≤≤+≤≤

−+= ∫∫
yxx

dxdyyxI

σ
σ  

 
8 

430143:

)10(
)(

23

−≤≤≤≤

+= ∫∫
xyx

dxdyyxI

σ
σ  

 
21 

143430:

))1((
)(

3

≤≤+≤≤

−−= ∫∫
yxx

dxdyyxI

σ
σ  

 
9 

130131:

)(
)(

2

−≤≤≤≤

++= ∫∫
xyx

dxdyyyxI

σ
σ  

 
22 

141141:

))1((
)(

3

≤≤−≤≤

++−= ∫∫
yxx

dxdyyxI

σ
σ  

 
10 

230132:

))4((
)(

2

−≤≤≤≤

++= ∫∫
xyx

dxdyyxI

σ
σ  

 
23 

121121:

))1(3(
)(

3

≤≤−≤≤

−+−= ∫∫
yxx

dxdyyxI

σ
σ  

 
11 

410410:

))4((
)(

2

+−≤≤≤≤

++= ∫∫
xyx

dxdyyxI

σ
σ  

 
24 

143143:

)54(
)(

2

≤≤−≤≤

++−= ∫∫
yxx

dxdyyxI

σ
σ  

 
12 

210210:

)5(
)(

3

+−≤≤≤≤

−+= ∫∫
xyx

dxdyyxI

σ
σ  

 
25 

1010:

)710(
)(

22

≤≤≤≤

−= ∫∫
yx

dxdyyxI

σ
σ  

` 
13 

430430:

))1((
)(

2

+−≤≤≤≤

−−= ∫∫
xyx

dxdyyxI

σ
σ  

  



 19 

EZ[hjZlhjgZy�jZ[hlZ���� 
 

IJBF?G?GB?�K?LHQGUO�F?LH>H<�IJB�QBKE?GGHF�

FH>?EBJH<:GBB�KL:PBHG:JGUO�A:>:Q 

I ��P_ev�jZ[hlu 

AgZdhfkl\h� k� k_lhqgufb� f_lh^Zfb�� Ihemq_gb_� ^bkdj_lguo� b� \u�
qbkebl_evguo� fh^_e_c� djZ_\uo� aZ^Zq� ^ey� weebilbq_kdbo� mjZ\g_gbc� �gZ�
ijbf_j_�mjZ\g_gbc�EZieZkZ�b�ImZkkhgZ���  

II ��DjZldZy�l_hjby 

D� mjZ\g_gbyf� weebilbq_kdh]h� lbiZ� ijb\h^bl� bamq_gb_� klZpbhgZj�
guo�� l�_�� g_� f_gyxsboky� \h� \j_f_gb� ijhp_kkh\� jZaebqghc� nbabq_kdhc�
ijbjh^u��Kx^Z�hlghkylky�klZpbhgZjgu_�we_dljbq_kdb_�b�fZ]gblgu_�ihey�
�we_dljhklZlbdZ��fZ]gblhklZlbdZ��ihey�ihklhyggh]h�we_dljbq_kdh]h�lhdZ���
ihl_gpbZevgh_�^\b`_gb_�g_k`bfZ_fhc�`b^dhklb��klZpbhgZjgu_�l_ieh\u_�
ihey�b�^j��Ijhkl_crbf�mjZ\g_gb_f�weebilbq_kdh]h�lbiZ�y\ey_lky�mjZ\g_�
gb_�EZieZkZ���¨U = 0. 

<�hlebqb_�hl�mjZ\g_gbc�]bi_j[hebq_kdh]h�b�iZjZ[hebq_kdh]h�lbih\�
djZ_\u_� aZ^Zqb� ^ey� weebilbq_kdh]h� mjZ\g_gby� oZjZdl_jbamxlky� hlkmlkl�
\b_f�gZqZevguo�mkeh\bc��<�aZ\bkbfhklb�hl�lbiZ�djZ_\uo�mkeh\bc�jZaeb�
qZxl�  

1. I_j\mx�djZ_\mx�aZ^Zqm��aZ^Zqm�>bjboe_���_keb 

1| fU =Σ  

�aZ^Zgh�agZq_gb_�bkdhfhc�nmgdpbb�U�gZ�]jZgbp_�h[eZklb���Wlh��gZijbf_j��
aZ^ZqZ� h� gZoh`^_gbb� klZpbhgZjgh]h� jZkij_^_e_gby� l_fi_jZlmju� \gmljb�
h[eZklb��_keb�aZ^ZgZ�l_fi_jZlmjZ�gZ�]jZgbp_�wlhc�h[eZklb��beb� -�jZkij_�
^_e_gb_�ihl_gpbZeZ�\gmljb�h[eZklb��_keb�ba\_kl_g�ihl_gpbZe�gZ�]jZgbp_�� 

2. <lhjmx�djZ_\mx�aZ^Zqm��aZ^Zqm�G_cfZgZ���_keb  

2| f
n

U =
∂
∂

Σ  

�aZ^ZgZ�\g_rgyy�ghjfZevgZy�ijhba\h^gZy�gZ�]jZgbp_�h[eZklb���Wlh�h[sZy�
aZ^ZqZ�b�^ey�klZpbhgZjghc�l_iehijh\h^ghklb��b�^ey�we_dljhklZlbdb��_keb�
gZ�]jZgbp_�aZ^Zg�ihlhd��l_ieZ��we_dljhgh\�b�l��^��� 
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���Lj_lvx�djZ_\mx�aZ^Zqm��_keb    

3| fhU
n

U =




 +

∂
∂

Σ ��beb�� .)( 3| fUh
n

U −−=
∂
∂

Σ  

Kh]eZkgh� wlhfm� ]jZgbqghfm�mkeh\bx��ihlhd��\l_dZxsbc�\�h[eZklv�q_j_a�
]jZgbpm�� ijhihjpbhgZe_g� jZaghklb� f_`^m� l_fi_jZlmjhc�U� b� g_dhlhjhc�
aZ^Zgghc�l_fi_jZlmjhc�f3.        

A^_kv� I1,f2,f3,h –� aZ^Zggu_�nmgdpbb��Ijbq_f� hq_\b^gh�� qlh� klZpbh�
gZjgh_�jZkij_^_e_gb_�nmgdpbb�U�fh`_l�mklZgh\blvky�ebrv�ijb�mkeh\bb�
jZ\_gkl\Z�gmex�kmffZjgh]h�ihlhdZ� �q_j_a�]jZgbpm�h[eZklb��Hlkx^Z�ke_�
^m_l��qlh�nmgdpby�f2�^he`gZ�m^h\e_l\hjylv�^hihegbl_evghfm�lj_[h\Zgbx� 

.02 =∫∫
Σ

σdf  

 Kms_kl\m_l� fgh]h� ih^oh^h\� d� qbke_gghfm� j_r_gbx� lZdbo� aZ^Zq��
Hq_gv� qZklh� gZ� i_j\hf� wlZi_� qbke_ggh]h�fh^_ebjh\Zgby� ^ey� ihemq_gby�
^bkdj_lghc�fh^_eb�ijbf_gyxlky�k_lhqgu_�f_lh^u��<u[bjZ_lky�rZ]�^bk�
dj_lbaZpbb�dZ`^h]h�Zj]mf_glZ��<�khhl\_lkl\bb�k�wlbf�rZ]hf�h[eZklv�j_�
r_gby�aZ^Zqb�ihdju\Z_lky�k_ldhc��Lhqdb��ba�dhlhjuo�khklhbl�k_ldZ��gZau�
\Zxlky�maeZfb��b�j_r_gb_�bs_lky�bf_ggh�\�wlbo�maeZo��>bkdj_lgmx�fh�
^_ev�khklZ\eyxl�iml_f�aZf_gu�\�bkoh^ghf�^bnn_j_gpbZevghf�mjZ\g_gbb�
\k_o�qZklguo�ijhba\h^guo�jZaghklgufb�ZgZeh]Zfb��\�j_amevlZl_�ihemqZ�
_lky�lZd�gZau\Z_fh_�jZaghklgh_�mjZ\g_gb_ (jZaghklgZy�ko_fZ). Ijbq_f�
\b^� wlh]h� mjZ\g_gby� �ko_fu�� [m^_l� aZ\bk_lv� hl� l_o� ZgZeh]h\�� dhlhjufb�
aZf_gyxl�ijhba\h^gu_� 

H�ihgylbb�dhjj_dlghklb�jZaghklghc�aZ^Zqb 

JZaghklgZy�aZ^ZqZ�gZau\Z_lky�dhjj_dlghc��dhjj_dlgh�ihklZ\e_gghc���
_keb� j_r_gb_� mjZ\g_gby� kms_kl\m_l�b� _^bgkl\_ggh� ^ey� ex[uo� \oh^guo�
^Zgguo�b�_keb�jZaghklgZy�ko_fZ�mklhcqb\Z��lh�_klv�j_r_gb_�aZ^Zqb�g_ij_�
ju\gh� aZ\bkbl� hl� \oh^guo� ^Zgguo�� ijbq_f� wlZ� aZ\bkbfhklv� jZ\ghf_jgZ�
hlghkbl_evgh�rZ]h\�jZa[b_gby�k_ldb�� 

K\yav�mklhcqb\hklb�b�ZiijhdkbfZpbb�kh�koh^bfhklvx 

?keb� ko_fZ� mklhcqb\Z� b� Ziijhdkbfbjm_l� bkoh^gmx� aZ^Zqm�� lh� hgZ�
koh^blky� �h[uqgh� ]h\hjyl�� ´ba� mklhcqb\hklb� b� ZiijhdkbfZpbb� ke_^m_l�
koh^bfhklv�ko_fu´���ijbq_f�ijy^hd�lhqghklb� �kdhjhklv�koh^bfhklb��hi�
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j_^_ey_lky�__�ihjy^dhf�ZiijhdkbfZpbb��LZdbf�h[jZahf��bamq_gb_�koh^b�
fhklb�b�ihjy^dZ�lhqghklb�jZaghklguo�ko_f�k\h^blky�d�bamq_gbx�ih]j_r�
ghklb�ZiijhdkbfZpbb�b�mklhcqb\hklb� 

Ihjy^hd� ZiijhdkbfZpbb� � jZaghklghc� ko_fu� hij_^_eylky�ihjy^dhf�
ZiijhdkbfZpbb�qZklguo�ijhba\h^guo�\�^bnn_j_gpbZevghf�mjZ\g_gbb� 

<hijhku�mklhcqb\hklb�jZkkfZljb\Zxlky�ih^jh[g__�\� �-c�b� �-c�eZ�
[hjZlhjguo�jZ[hlZo� 

Dhg_qgh-jZaghklgu_�ZiijhdkbfZpbb 

 JZaeh`bf�\�jy^�L_cehjZ�nmgdpbx�h^ghc�i_j_f_gghc�– f(x���\�hdj_�
klghklb�g_dhlhjhc�lhqdb�x: 

...
!2

)(
)()()( 2 +

′′
+′+=+ h

xf
hxfxfhxf  

?keb�h[hj\Zlv�wlhl�jy^�gZ�\lhjhf�qe_g_��lh�ihemqbf 

.)()()( hxfxfhxf ′+≅+  

 Hldm^Z� 

                   .
)()(

)(
h

xfhxf
xf

−+≅′                                             (9) 

 <ujZ`_gb_��klhys__�\�ijZ\hc�qZklb��gZau\Z_lky�ijZ\hc�jZaghklghc�
ijhba\h^ghc��HgZ� Ziijhdkbfbjm_l�i_j\mx�ijhba\h^gmx�nmgdpbb� f(x�� \�
lhqd_�x. 
 <�jZaeh`_gbb�L_cehjZ�nmgdpbb�f(x��fh`gh�aZf_gblv�h�gZ�–h�b�ihem�
qblv�e_\mx�jZaghklgmx�ijhba\h^gmx 

                                          .
)()(

)(
h

hxfxf
xf

−−≅′                                    (10) 

 <uqblZy hxfxfhxf )()()( ′−≅−  ba� ,)()()( hxfxfhxf ′+≅+  ihem�

qZ_f p_gljZevgmx�jZaghklgmx�ijhba\h^gmx 

           )].()([
2

1
)( hxfhxf

h
xf −−+≅′                                 (11) 

 ?keb�\�jy^_�L_cehjZ�hklZ\blv�gZ�h^gh�keZ]Z_fh_�[hevr_��lh�kh\_j�
r_ggh� ZgZeh]bqgh� fh`gh� ihemqblv� p_gljZevgmx� jZaghklgmx� ijhba\h^�
gmx�^ey�ZiijhdkbfZpbb�\lhjhc�ijhba\h^ghc�nmgdpbb�f(x): 

              )].()(2)([
1

)(
2

hxfxfhxf
h

xf −+−+≅′′                             (12)  
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 Ihgylb_�dhg_qgh-jZaghklghc�ZiijhdkbfZpbb�jZkijhkljZgy_lky�b�gZ�
qZklgu_� ijhba\h^gu_�� ?keb� bkoh^blv� ba� jZaeh`_gby� L_cehjZ� nmgdpbb�
^\mo�i_j_f_gguo 

           ...,
!2

),(),(),(),(
2

+++=+ h
yxUhyxUyxUyhxU xxx  

        ...,
!2

),(),(),(),(
2

++−=− h
yxUhyxUyxUyhxU xxx  

fh`gh�ihemqblv�ke_^mxsb_�ZiijhdkbfZpbb�qZklguo�ijhba\h^guo: 

,
),(),(

),(
h

yxUyhxU
yxU x

−+≅  

)],,(),(2),([
1

),(
2

yhxUyxUyhxU
h

yxU xx −+−+≅  

,
),(),(

),(
k

yxUkyxU
yxU y

−+≅  

)].,(),(2),([
1

),(
2

kyxUyxUkyxU
k

yxU yy −+−+≅  

 <�wlbo�nhjfmeZo�qZklgu_�ijhba\h^gu_�Ziijhdkbfbjmxlky�ijZ\ufb��
p_gljZevgufb�b�e_\ufb�jZaghklgufb�ijhba\h^gufb� 

Hp_gdZ�ih]j_rghkl_c�ZiijhdkbfZpbb 
 Hq_\b^gh��qlh�ih]j_rghklv�\\_^_gguo�nhjfme�����b������fh`gh�hp_�

gblv�ke_^mxsbf�h[jZahf� 

             ,
)()(

)(),(
h

xfhxf
xfhxr

−+−′≅+                                    (13) 

                        .
)()(

)(),(
h

hxfxf
xfhxr

−−−′≅−                                     (14) 

<hkihevam_fky�^ey�wlh]h�jy^hf L_cehjZ�^h�lj_lv_]h�keZ]Z_fh]h�\dexqb�
l_evgh� 

             ,
2

)(
)()()( 2h

f
hxfxfhxf ±′′

+′±≅±
ξ

                                (15) 

]^_� � ÏÏ� � –� g_dhlhju_� lhqdb�� jZkiheh`_ggu_� gZ� bgl_j\ZeZo�         
(x, x + h��b��x – h, x��khhl\_lkl\_ggh��Ih^klZ\eyy�jZaeh`_gby������\�\ujZ�
`_gby������b�������ihemqZ_f� 

                                               ,)(
2

1
),( hfhxr ++ ′′−≅ ξ  

                                                .)(
2

1
),( hfhxr =− ′′≅ ξ  
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Ke_^h\Zl_evgh�� 

               ,
2

1
|),(| 2hMhxr ≤+       |,)(|max

],[
2 ξfM

hxx
′′=

+
                        (16) 

          ,
2

1
|),(| 2hMhxr ≤−      .|)(|max

],[
2 ξfM

xhx
′′=

−
                        (17) 

 LZdbf�h[jZahf��nhjfmeu�����b������bf_xl�i_j\uc�ihjy^hd�lhqghklb�
ih�h��BgZq_�]h\hjy��ijZ\Zy�b�e_\Zy�jZaghklgu_�ijhba\h^gu_�Ziijhdkbfb�
jmxl�ijhba\h^gmx )(xf ′ �k�i_j\uf�ihjy^dhf�lhqghklb� 

 Ih^klZ\eyy�\�\ujZ`_gb_�^ey�ih]j_rghklb� 

                                  
h

hxfhxf
xfhxr

2

)()(
)(),(0

−−+−′≅  

khhl\_lkl\mxsb_�jZaeh`_gby�ih�nhjfme_�L_cehjZ 

                               ,
6

()

2

)(
)()()( 32 h

f
h

xf
hxfxfhxf ±′′′

±
′′

+′±≅±
ξ

  

ihemqbf 

                                           .
12

)()(
),( 2

0 h
ff

hxr −+ ′′′+′′′
−≅

ξξ
 

 Ke_^h\Zl_evgh��kijZ\_^eb\Z�hp_gdZ�ih]j_rghklb 

          ,
6

|),(| 23
0 h

M
hxr ≤     .|)(|max

],[
3 ξfM

hxhx
′′′=

+−
                      (18) 

 LZdbf�h[jZahf��p_gljZevgZy�jZaghklgZy�ijhba\h^gZy�Ziijhdkbfbjm�
_l�ijhba\h^gmx� )(xf ′ �kh�\lhjuf�ihjy^dhf�lhqghklb�hlghkbl_evgh�h. 

 :gZeh]bqgh� fh`gh� jZkkqblZlv� ih]j_rghklb� ^ey� ZgZeh]h\� \lhjuo�
ijhba\h^guo� 

Qbke_ggh_�fh^_ebjh\Zgb_��ihemq_gb_�^bkdj_lghc�fh^_eb�aZ^Zqb������
>bjboe_�^ey�mjZ\g_gby�EZieZkZ�k_lhqguf�f_lh^hf 

 Imklv�g_h[oh^bfh�j_rblv�aZ^Zqm�>bjboe_�^ey�mjZ\g_gby�EZieZkZ� 

Uxx + Uyy = 0 ,         0 < x <1,  0 < y < 1. 

=j��mke�����U(x,y) = g(x,y) =




.,0

(19)             ;,1

d\Z^jZlZklhjhgZogb`g_cb[hdh\uogZ

d\Z^jZlZklhjhg_\_jog_cgZ
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UUU
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UU
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yxU

UU
h

yxU

UkyxU

UyhxU

UyhxU

UkyxU

UyxU

                       

  AZf_gb\� \� mjZ\g_gbb� EZieZkZ� qZklgu_� ijhba\h^gu_� dhg_qgh-
jZaghklgufb�ZgZeh]Zfb��ihemqbf�ke_^mxs__�jZaghklgh_�mjZ\g_gb_:   

   .0)2(
1

)2(
1

,1,,121,,1,2
=+−++−=∆ −+−+ jijijijijiji UUU

k
UUU

h
U    (21) 

 <�kemqZ_��dh]^Z�K� �N��mjZ\g_gb_�EZieZkZ�ijb\h^blky�d�\b^m 

.041,1,,1,1 =−+++ −+−+ ijjijijiji UUUUU  

Beb�bgZq_� 

.0
4

1

4

1

4

1

4

1
1,1,,1,1 =−+++ −+−+ ijjijijiji UUUUU                    (22) 

B
af

_g
_g
b_
� i 

   
  

—
—

—
—

—
:

 

x 

y 

h 

U11         U12          U13                     U1n  
�����Baf_g_gb_�j  —————: 

k 
U21 

Um1 

Uij 

Umn 

(20) 
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JZaj_rb\�_]h�hlghkbl_evgh�8ij��ihemqbf 

                      ).(
4

1
1,1,,1,1, −+−+ +++= jijijijiji UUUUU                             (23)  

 MjZ\g_gb_� ����� qZklh� gZau\Zxl�rZ[ehghf�� <� wlhf� mjZ\g_gbb� \k_�
agZq_gby�Uij   [_jmlky�^ey�\gmlj_ggbo�maeh\�k_ldb��Kh]eZkgh�ihke_^g_fm�
khhlghr_gbx��j_r_gb_�Uij Ziijhdkbfbjm_lky�kj_^gbf�agZq_gb_f�j_r_gby�
ih�q_luj_f�khk_^gbf�lhqdZf��AgZq_gb_�nmgdpbb�\��]jZgbqguo�lhqdZo�h[�
eZklb�jZkkqblu\Z_lky�ba�]jZgbqguo�mkeh\bc� 

BlZd��fu�ihemqbeb� ke_^mxsmx�^bkdj_lgmx�fh^_ev�^ey�fZl_fZlbq_�
kdhc�fh^_eb������ 

.2,1;2,10
4

1

4

1

4

1

4

1
1,1,,1,1 −=−==−+++ −+−+ njmiUUUUU ijjijijiji  

.2,1,2,1,1,000 −=−===== njmiUUUU mjjini  

 L_i_jv�g_h[oh^bfh�\u[jZlv�qbke_gguc�f_lh^�j_r_gby� 

Qbke_ggh_�fh^_ebjh\Zgb_��\u[hj�qbke_ggh]h�f_lh^Z 

 ?keb�mjZ\g_gb_� ����� aZibkZlv�^ey� \k_o� \gmlj_ggbo� lhq_d�� lh�ihem�
qblky�kbkl_fZ�ebg_cguo�mjZ\g_gbc 

                                                  AU = 0.                                                (24) 
�Ijbq_f�qbkeh�mjZ\g_gbc�[m^_l�kh\iZ^Zlv�k�qbkehf�\gmlj_ggbo�ma�

eh\�k_ldb���?keb�mf_gvrZlv�rZ]b�k_ldb�h�b�k��qbkeh�maeh\�k_ldb�[m^_l�\ha�
jZklZlv��b�fu�ihemqbf�kbkl_fm�mjZ\g_gbc�hq_gv�[hevrbo�jZaf_jh\��FZl�
jbpZ�dhwnnbpb_glh\�^ey�wlhc�kbkl_fu�klZg_l�jZaj_`_gghc��lh�_klv�[m^_l�
kh^_j`Zlv�fgh]h� gme_c��Kbkl_fu� k� jZaj_`_ggufb�fZljbpZfb� j_rZxlky�
ki_pbZevgufb�f_lh^Zfb� 

H^gbf� ba� wnn_dlb\guo� f_lh^h\� qbke_ggh]h� j_r_gby� wlhc� aZ^Zqb�
y\ey_lky�bl_jZpbhgguc�f_lh^� �=ZmkkZ-A_c^_ey��dhlhjuc� \�ijbf_g_gbb�d�
weebilbq_kdbf�jZaghklguf�mjZ\g_gbyf�gZau\Z_lky�f_lh^hf�Eb[fZgZ��beb�
f_lh^hf�ihke_^h\Zl_evguo�kf_s_gbc��:e]hjblf�wlh]h�f_lh^Z�aZdexqZ_l�
ky�\�ke_^mxs_f� 
1. Ijbk\hblv� \_ebqbgZf�Uij�� \h� \gmlj_ggbo� maeZo� qbke_ggh_� agZq_gb_��
jZ\gh_�kj_^g_fm�\k_o�agZq_gbc�]jZgbqguo�mkeh\bc� 
2. <� wlhf�b�ihke_^mxsbo�rZ]Zo� hkms_kl\eylv� i_j_kq_l� \h� \k_o� \gml�
j_ggbo�lhqdZo�k_ldb�iml_f�aZf_gu�klZjh]h�agZq_gby�gZ�gh\h_��jZkkqblZg�
gh_�ih�nhjfme_�������Eb[h��_keb�rZ]b�ih�[�b�\�jZaebqgu��jZaj_rblv�hlgh�
kbl_evgh� 8ij� mjZ\g_gb_� ����� b� hkms_kl\eylv� i_j_kq_l� ih� ihemqb\r_cky�
nhjfme_��  
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 Bl_jZpbhgguc� ijhp_kk� koh^blky� d� lhqghfm� j_r_gbx�� _keb� ghjfZ�
fZljbpu� dhwnnbpb_glh\� \� kbkl_f_� ebg_cguo� mjZ\g_gbc� f_gvr_� ��� Lh�
_klv�^he`gh�\uihegblvky�ohly�[u�h^gh�ba�lj_o�mkeh\bc� 


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 ,                                (25) 

]^_� 
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
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

≠−

=
=

jiijb
a

a

jiijb

ii

ijij ,

,0

α , 

aij –�dhwnnbpb_glu�kbkl_fu�mjZ\g_gbc������  
 ?keb� mkeh\b_� koh^bfhklb� g_� \uihegy_lky�� lh� kh\_jrZxl� ^himklb�
fu_� ebg_cgu_� ij_h[jZah\Zgby� bkoh^ghc� kbkl_fu�� ijb\h^ysb_� d� jZ\gh�
kbevghc�kbkl_f_��gh�h[_ki_qb\Zxsb_�koh^bfhklv�ijhp_kkZ� 
 Ijb� [he__� ih^jh[ghf� jZkkfhlj_gbb� i_j\h]h� mkeh\by� koh^bfhklb�
ihemqZ_lky� 
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n

ij
j ii

ijn

ij
j ii
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j
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a

a

a
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111
....1,1α , 

?keb�^ey�dZ`^h]h�mjZ\g_gby� �����[m^_l� \uiheg_gh�mkeh\b_� koh^b�
fhklb��lh�b�fZdkbfZevgZy�ba�\uqbke_gguo�^jh[_c�[m^_l�f_gvr_����Ij_h[�
jZam_f�_s_�jZa�i_j\h_�mkeh\b_�koh^bfhklb�ba������ 

                   niaa
a

a
ii

n

ij
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ij

n

ij
j ii

ij
...1,1
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=<→< ∑∑

≠
=

≠
=

.                              (26) 

>Zggh_�g_jZ\_gkl\h�y\ey_lky�ke_^kl\b_f�ba�mkeh\by�koh^bfhklb�������dh�
lhjh_� ihdZau\Z_l�� qlh� ^ey� koh^ys_]hky� bl_jZpbhggh]h� ijhp_kkZ�fh^mev�
dhwnnbpb_glZ��klhys_]h�\�ex[hc�kljhd_�gZ�]eZ\ghc�^bZ]hgZeb� �fZljbpu�
_Z_��^he`_g�[ulv�[hevr_� kmffu�fh^me_c�hklZevguo�dhwnnbpb_glh\� wlhc�
kljhdb��Bf_ggh�k�ijh\_jdb�mkeh\by������^he`_g�gZqbgZlvky�ZgZeba�kbkl_�
fu������gZ�ij_^f_l�\u[hjZ�f_lh^Z�__�j_r_gby�� 
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 ?keb� �����\uihegy_lky��lh�ihke_�g_kdhevdbo�hi_jZpbc�ijhp_kk�khc�
^_lky�d�ijb[eb`_gghfm�j_r_gbx�aZ^Zqb��Kdhjhklv�koh^bfhklb�wlh]h�Ze�
]hjblfZ�g_[hevrZy��>ey�mkdhj_gby�ijhp_kkZ�koh^bfhklb�Eb[fZg�ij_^eh�
`be�\\_klb�mkdhjyxsbc�fgh`bl_ev 

                    
)1()()( )1(

~ −−+= k
ij

k
ij

k
ij UUU ωω ,                                      (27) 

lh�_klv�mkj_^gylv�ij_^u^msbc�b�lhevdh�qlh�gZc^_gguc�j_amevlZlu��IjZd�
lbq_kdb��[he__�ih^oh^ysbf�y\ey_lky�fgh`bl_ev�&�§�����÷ 1.8. Bgh]^Z�\\_�
^_gb_�wlh]h�fgh`bl_ey�iha\hey_l�m\_ebqblv�koh^bfhklv�\����jZa��ih^jh[�
g__�h�koh^bfhklb�bl_jZpbhgguo�f_lh^h\�kf��>�@��>��@��>��@��>��@��>��@��>��@��
[34]).  

 Djbl_jbc� hdhgqZgby� bl_jZpbhggh]h� ijhp_kkZ� fh`gh� knhjfmebjh�
\Zlv�ke_^mxsbf�h[jZahf��bl_jZpbhgguc�ijhp_kk�kqblZ_lky�aZdhgq_gguf�
gZ�k-f�rZ]_��_keb 

                                ε<− + )1()(

,
max k

ij
k

ij
ji

UU ,                                          (28) 

]^_�0�–�aZ^ZggZy�lhqghklv�\uqbke_gby�Uij. 
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ihdjulv� __� k_ldhc� b� Ziijhdkbfbjh\Zlv� j_r_gb_� \� [eb`Zcrbo� d� ]jZgbp_� lhqdZo�
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 =jZgbqgu_� mkeh\by� \� jZkkfZljb\Z_fuo� aZ^ZqZo� g_� Ziijhdkbfbjm�
xlky��ihwlhfm�a^_kv�jZkq_l�wlhc�ih]j_rghklb�jZkkfZljb\Zlvky�g_�[m^_l� 
 Ihemq_gb_� wnn_dlb\ghc� hp_gdb� ih]j_rghklb� ijb[eb`_ggh]h� j_�
r_gby�aZ^Zqb�>bjboe_�aZljm^gbl_evgZ��ihwlhfm�^ey�]jm[hc�hp_gdb�fh`gh�
bkihevah\Zlv�f_lh^�Jmg]_�� 
 H[hagZqbf� 

                           R = max |Uh(x,y) – U2h(x,y)|,                                      (29) 
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III.  AZ^Zgby�d�jZ[hl_ 
I_j\Zy�qZklv 

J_rblv� aZ^Zqm� ������ijbf_gb\� k_lhqguc�f_lh^�\h�\k_o�\gmlj_ggbo�
lhqdZo�h[eZklb��JZkkqblZlv�ih]j_rghklb� 

<lhjZy�qZklv 
J_rblv� aZ^Zqm�>bjboe_� ^ey� mjZ\g_gby�ImZkkhgZ�� ijbf_gb\� k_lhq�

guc�f_lh^�� \h� \k_o� \gmlj_ggbo� lhqdZo� h[eZklb� �\ZjbZglu� aZ^Zgbc� kf�� \�
lZ[e���������JZkkqblZlv�ih]j_rghklb� 
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Ihemqblv� \uqbkebl_evgmx� fh^_ev� aZ^Zqb�G_cfZgZ� ^ey� mjZ\g_gby�

EZieZkZ� 
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Q_l\_jlZy�qZklv 

;_kdhg_qgh� ijhly`_gguc� dZgZe�� h[jZah\Zgguc� f_lZeebq_kdbfb�
kl_gdZfb��hjb_glbjh\Zg�\^hev�g_dhlhjhc�hkb��Ljb�kl_gdb�aZa_fe_gu�b�gZ�
oh^ylky�ih^�gme_\uf�ihl_gpbZehf��HklZ\rZyky�kl_gdZ�bf__l�ihl_gpbZe��
jZ\guc����GZclb�nmgdpbx�jZkij_^_e_gby�ihl_gpbZeZ�\gmljb�dZgZeZ��>eb�
gZ�kl_ghd��–������f� 

IV.  <uiheg_gb_�jZ[hlu 

1. Ihemqblv� jZaghklgu_� ZgZeh]b� qZklguo� ijhba\h^guo� ^h� \lhjh]h���
ihjy^dZ�\dexqbl_evgh�� 

2. JZkkqblZlv�ih]j_rghklb�ZiijhdkbfZpbb�^ey�\lhjuo�ijhba\h^guo� 

I_j\Zy�qZklv 
3. >ey�fZl_fZlbq_kdhc�fh^_eb������ihemqblv�^bkdj_lgmx�fh^_ev� 

4. <u[jZlv�f_lh^�j_r_gby��\u[hj�h[hkgh\Zlv�� 

5. >ey�fZl_fZlbq_kdhc�fh^_eb������ihemqblv�\uqbkebl_evgmx�fh^_ev� 

6. KhklZ\blv�Ze]hjblf�b�ijh]jZffm��ihemqblv�j_amevlZlu��?keb�\�dZ�
q_kl\_�f_lh^Z�j_r_gby�[ue�\u[jZg�bl_jZpbhgguc�f_lh^��lh�jZkkqb�
lZlv�dhebq_kl\h�bl_jZpbc��>ey�f_lh^Z�Eb[fZgZ�gZclb�j_r_gb_�ijb�
&� �������������«������� 

7. JZkkqblZlv�ih]j_rghklv�f_lh^Z�ih�nhjfmeZf������������ 

8. KjZ\gblv�j_r_gb_�k�j_r_gb_f��ihemq_gguf�\�eZ[��jZ[������ 

<lhjZy�qZklv 
9. Ihemqblv�^bkdj_lgmx�fh^_ev�aZ^Zqb�>bjboe_�^ey�mjZ\g_gby�ImZkkhgZ� 

10. <u[jZlv�f_lh^�j_r_gby��\u[hj�h[hkgh\Zlv�� 
11. Ihemqblv� \uqbkebl_evgmx� fh^_ev� aZ^Zqb� >bjboe_� ^ey� mjZ\g_gby�

ImZkkhgZ� 
12. KhklZ\blv�ijh]jZffm��ihemqblv�j_amevlZlu� 
13. JZkkqblZlv�ih]j_rghklv�f_lh^Z�ih�nhjfmeZf������������ 

Lj_lvy�qZklv 
14. Ihemqblv� \uqbkebl_evgmx� fh^_ev� aZ^Zqb�G_cfZgZ� ^ey� mjZ\g_gby�

EZieZkZ� \� dhg_qgh-jZaghklghc� nhjf_� �fh`gh� –� \� qZklghf� kemqZ_��
ijbgy\�dhebq_kl\h�\gmlj_ggbo�lhq_d�h[eZklb��jZ\gh_��gZijbf_j����� 
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Q_l\_jlZy�qZklv 
15. >Zlv�fZl_fZlbq_kdh_� hibkZgb_�nbabq_kdhc� aZ^Zqb�–� khklZ\blv�fZ�

l_fZlbq_kdmx�fh^_ev��\u[hj�fh^_eb�h[hkgh\Zlv�� 
16. Ihemqblv�\uqbkebl_evgmx�fh^_ev� 
17. Ih^klZ\blv�\�ijh]jZffm�bkoh^gu_�^Zggu_��ihemqblv�j_amevlZl� 

V. Kh^_j`Zgb_�hlq_lZ 
1. P_ev�jZ[hlu� 
2. L_hj_lbq_kdZy�qZklv� 

I�h����i�_�j�\�h�c���q�Z�k�l�b� 
3. Kibkhd� b^_glbnbdZlhjh\� �khklZ\ey_lky� ih� h[jZapm�� mdZaZgghfm� \�

eZ[hjZlhjghc�jZ[hl_����� 
4. Ibkvf_ggh�\uiheg_ggu_�aZ^Zgby�ih^�imgdlZfb������������� 
5. :e]hjblf�b�l_dkl�ijh]jZffu� 
6. J_amevlZl�jZ[hlu�ijh]jZffu� 
7. Ibkvf_ggh�\uiheg_ggh_�aZ^Zgb_�ih^�imgdlhf��� 

I�h����\�l�h�j�h�c����q�Z�k�l�b 
8. Kibkhd�b^_glbnbdZlhjh\� 
9. Ibkvf_ggh�\uiheg_ggu_�aZ^Zgby�ih^�imgdlZfb��������� 

10. :e]hjblf�b�l_dkl�ijh]jZffu� 
11. J_amevlZl�jZ[hlu�ijh]jZffu� 
12. Ibkvf_ggh�\uiheg_ggh_�aZ^Zgb_�ih^�imgdlhf���� 

I�h����l�j�_�l�v�_�c����q�Z�k�l�b 
13. Ibkvf_ggh�\uiheg_ggh_�aZ^Zgb_�ih^�imgdlhf���� 

I�h����q�_�l�\�_�j�l�h�c����q�Z�k�l�b 
14. Ibkvf_ggh�\uiheg_ggu_�aZ^Zgby�ih^�imgdlZfb������� 
15. J_amevlZl�jZ[hlu�ijh]jZffu� 
16. H[sbc�\u\h^�ih�jZ[hl_� 
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VI.  <hijhku�d�aZsbl_ 

1. DZdb_� nbabq_kdb_� aZ^Zqb� ijb\h^yl� d� mjZ\g_gbyf� weebilbq_kdh]h�
lbiZ" 

2. DZdh\Z�]eZ\gZy�hkh[_gghklv�ihklZgh\db�djZ_\uo�aZ^Zq�^ey�weebilb�
q_kdbo�mjZ\g_gbc"� 

3. Knhjfmebjmcl_� aZ^Zqm�>bjboe_�^ey�mjZ\g_gby�EZieZkZ��ijb\_^bl_�
ijbf_ju� 

4. Knhjfmebjmcl_�aZ^Zqm�G_cfZgZ�^ey�mjZ\g_gby�EZieZkZ��ijb\_^bl_�
ijbf_ju� 

5. Knhjfmebjmcl_� kf_rZggmx� aZ^Zqm� ^ey� mjZ\g_gby�EZieZkZ�� ijb\_�

^bl_�ijbf_ju� 

6. <�q_f�aZdexqZ_lky�f_lh^�dhg_qguo�jZaghkl_c�^ey�j_r_gby�^bnn_�

j_gpbZevguo�mjZ\g_gbc" 

7. >Zlv� ]_hf_ljbq_kdmx�bgl_jij_lZpbx�ijZ\hc�jZaghklghc�ijhba\h^�
ghc��nhjfmeZ������ 

8. >Zlv� ]_hf_ljbq_kdmx� bgl_jij_lZpbx� e_\hc� jZaghklghc� ijhba\h^�
ghc��nhjfmeZ������� 

9. >Zlv� ]_hf_ljbq_kdmx�bgl_jij_lZpbx�p_gljZevghc�jZaghklghc�ijh�
ba\h^ghc��nhjfmeZ������� 

10. Fh`gh�eb�^ey�\uqbke_gby�i_j\hc�ijhba\h^ghc�ihemqblv�nhjfmeu�

lj_lv_]h��q_l\_jlh]h�ihjy^dZ�lhqghklb"�?keb�^Z��lh�dZdbf�h[jZahf" 

11. DZdbfb� f_lh^Zfb� fh`gh� j_rZlv� kbkl_fm� ebg_cguo� mjZ\g_gbc�� d�

j_r_gbx� dhlhjhc� k\h^blky� aZ^ZqZ�>bjboe_�� b� dZdh\u� ]jZgbpu� bo�

ijbf_gbfhklb" 

12. Qlh�lZdh_�bl_jZpbhggu_�f_lh^u" 

13. <�q_f�aZdexqZ_lky�bl_jZpbhgguc�f_lh^�Eb[fZgZ" 

14. Mkeh\by�koh^bfhklb�f_lh^Z�Eb[fZgZ" 

15. DZd�hp_gb\Z_lky�ihegZy�ih]j_rghklv�ijb[eb`_ggh]h�j_r_gby�aZ^Z�

qb�>bjboe_�^ey�mjZ\g_gby�EZieZkZ��ihemq_ggh]h�f_lh^hf�k_lhd" 
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EZ[hjZlhjgZy�jZ[hlZ��� 
 

IJBF?G?GB?�K?LHQGUO�F?LH>H<�IJB�QBKE?GGHF�

FH>?EBJH<:GBB�G?KL:PBHG:JGUO�A:>:Q 

I. P_ev�jZ[hlu 
Ihemq_gb_� ^bkdj_lguo� b� \uqbkebl_evguo� fh^_e_c� djZ_\uo� aZ^Zq�

^ey� mjZ\g_gby� l_iehijh\h^ghklb�� KjZ\g_gb_� y\guo� b� g_y\guo� jZaghkl-
guo�ko_f,�bkke_^h\Zgb_�bo�gZ�mklhcqb\hklv�� 

II.  DjZldZy�l_hjby 
G_klZpbhgZjgu_�nbabq_kdb_�ijhp_kku��lh�_klv�ijhp_kku��aZ\bkysb_�

hl�\j_f_gb�� �dZd�ijZ\beh��hibku\Zxlky�]bi_j[hebq_kdbfb�beb�iZjZ[heb�
q_kdbfb�mjZ\g_gbyfb��D�mjZ\g_gbyf�]bi_j[hebq_kdh]h�lbiZ�ijb\h^yl�aZ�
^Zqb�h�dhe_[Zgbyo�kiehrguo�kj_^��kljmgZ��kl_j`_gv��f_f[jZgZ��]Za�b�^j���
b� aZ^Zqb� h[� we_dljhfZ]gblguo� dhe_[Zgbyo��MjZ\g_gby� iZjZ[hebq_kdh]h�
lbiZ�ihemqZxlky�ijb�bkke_^h\Zgbb�lZdbo�nbabq_kdbo�y\e_gbc��dZd�l_ieh�
ijh\h^ghklv��^bnnmaby��jZkijhkljZg_gb_�we_dljhfZ]gblguo�ihe_c�\�ijh�
\h^ysbo� kj_^Zo�� ^\b`_gb_� \yadhc� `b^dhklb�� Wlb� nbabq_kdb_� ijhp_kku�
fh]ml�[ulv�hoZjZdl_jbah\Zgu�nmgdpbyfb��aZ\bkysbfb�hl�\j_f_gb�b�ijh�
kljZgkl\_gguo�dhhj^bgZl� 

Ijhkl_crbf�fh^_evguf�mjZ\g_gb_f�iZjZ[hebq_kdh]h�lbiZ��y\ey_l�
ky�mjZ\g_gb_����hibku\Zxs__�l_iehi_j_ghk�\^hev�h^ghf_jgh]h�kl_j`gy� 

xxt UaU 2= 1, 

]^_�a2 –�dhwnnbpb_gl�l_fi_jZlmjhijh\h^ghklb�kl_j`gy��<hh[s_��wlZ�fh�
^_ev�� g_� kfhljy� gZ� k\hx� ijhklhlm�� kh^_j`bl� \� k_[_� oZjZdl_jgu_� q_jlu�
keh`guo� iZjZ[hebq_kdbo� mjZ\g_gbc�� hibku\Zxsbo� jZaebqgu_� ^bkkbiZ�
lb\gu_�ijhp_kku��lbiZ�l_iehijh\h^ghklb�beb�^bnnmabb��\�ieZaf_��\�fZ]�
gblghc�]b^jh^bgZfbd_��\�[bheh]bb�b�l��^� 

>ey�lh]h�qlh[u�gZclb�l_fi_jZlmjgh_�ihe_�\gmljb�l_eZ��\�ex[hc�fh�
f_gl�\j_f_gb��gZ^h�ihfbfh� ]_hf_ljbq_kdhc�nhjfu�l_eZ� agZlv�jZkij_^_�
e_gb_�l_fi_jZlmju�\gmljb�l_eZ�\�gZqZevguc�fhf_gl�\j_f_gb� �gZqZevgh_�
mkeh\b_��b�aZdhg�\aZbfh^_ckl\by�f_`^m�hdjm`Zxs_c�kj_^hc�b�ih\_jogh�
klvx�l_eZ��]jZgbqgu_�mkeh\by��� 
                                                      
1
�?keb�U –�dhgp_gljZpby��lh�wlh�mjZ\g_gb_�hibku\Z_l�^bnnmabx�\_s_kl\Z��ihwlhfm�
_]h�bgh]^Z�gZau\Zxl�mjZ\g_gb_f�^bnnmabb� 
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GZqZevgh_� mkeh\b_� hij_^_ey_lky� aZ^Zgb_f� aZdhgZ� jZkij_^_e_gby�

l_fi_jZlmju�\gmljb�l_eZ�\�gZqZevguc�fhf_gl�\j_f_gb��lh�_klv�ijb�t = 0. 

=jZgbqgu_�mkeh\by�fh]ml�[ulv�aZ^Zgu�jZaebqgufb�kihkh[Zfb� 

1. =jZgbqgh_� mkeh\b_� i_j\h]h� jh^Z� khklhbl� \� aZ^Zgbb� jZkij_^_e_gby�

l_fi_jZlmju�ih�ih\_joghklb�l_eZ�\�ex[hc�fhf_gl�\j_f_gb� 

8���W� 31�W�����8�O�W� 32(t);    0<x<l. 

2. =jZgbqgh_�mkeh\b_�\lhjh]h�jh^Z�khklhbl�\� aZ^Zgbb�iehlghklb�l_i�

eh\h]h�ihlhdZ�^ey�dZ`^hc�lhqdb�ih\_joghklb�l_eZ�dZd�nmgdpbb�\j_f_gb�

�aZdhg�Nmjv_�� 

,
x

U
q

∂
∂−= σλ  

]^_�q –�dhebq_kl\h�l_ieZ��ijhl_dZxs__�\�_^bgbpm�\j_f_gb�\�gZijZ\e_gbb�

hkb�x�q_j_a�iehsZ^dm�1�i_ji_g^bdmeyjgh�d�hkb�x, U –�l_fi_jZlmjZ�\�jZk�

kfZljb\Z_fhf�f_kl_�l_eZ����–�dhwnnbpb_gl�l_iehijh\h^ghklb1.   

3. =jZgbqgh_�mkeh\b_�lj_lv_]h�jh^Z�oZjZdl_jbam_l�aZdhg�dhg\_dlb\gh�

]h�l_iehh[f_gZ�f_`^m�ih\_joghklvx�l_eZ�b�hdjm`Zxs_c�`b^dhc�beb�]Z�

ahh[jZaghc�kj_^hc��aZdhg�GvxlhgZ�� 

q = 1.(U – U0), 

]^_�q –�dhebq_kl\h�l_ieZ��ijhl_dZxs__�\�_^bgbpm�\j_f_gb�\�gZijZ\e_gbb�

hkb�x�q_j_a�iehsZ^dm�1�ih\_joghklb�l_eZ�\�hdjm`Zxsmx�kj_^m��U –�l_f�

i_jZlmjZ�ih\_joghklb�l_eZ��U0 –�l_fi_jZlmjZ�hdjm`Zxs_c�kj_^u��. –�dh�

wnnbpb_gl�l_iehh[f_gZ2.  

Qbke_ggh_�j_r_gb_�lZdbo�aZ^Zq�\hafh`gh�gZ�hkgh\_�f_lh^Z�dhg_q�

guo�jZaghkl_c��>ey�wlh]h�\�mjZ\g_gbb�aZf_gyxl�\k_�qZklgu_�ijhba\h^gu_�

bo� dhg_qgh-jZaghklgufb� ZgZeh]Zfb��Hl� \u[hjZ�jZaghklguo� ZiijhdkbfZ�

pbc�[m^_l�aZ\bk_lv�\b^�k_lhqgh]h�rZ[ehgZ��<�^Zgghc�jZ[hl_�hklZgh\bfky�

gZ�ihemq_gbb�y\ghc�q_luj_olhq_qghc�b�g_y\ghc�r_klblhq_qghc�ko_f�^ey�

mjZ\g_gby�l_iehijh\h^ghklb�� 

                                                      
1��aZ\bkbl�hl�nbabq_kdbo�k\hckl\�l_eZ�b�hl�l_fi_jZlmju�U��gh�\�^hklZlhqgh�rbjhdbo�
ij_^_eZo�aZ\bkbfhklvx���ij_g_[j_]Zxl��[_jy���^ey�kj_^g_]h�agZq_gby�l_fi_jZlmju�  
2
�<k_��qlh�kdZaZgh�\�ij_^u^ms_c�kghkd_�h�aZ\bkbfhklb���hl�l_fi_jZlmju��\�ba\_klguo�
ij_^_eZo�jZkijhkljZgy_lky�b�gZ�α. 
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Y\gu_�jZaghklgu_�ko_fu 

 Hkgh\gZy�b^_y�y\guo�jZaghklguo�ko_f�khklhbl�\�lhf��qlh�ihke_�aZ�
f_gu�g_klZpbhgZjgh]h�^bnn_j_gpbZevgh]h�mjZ\g_gby�dhg_qgh-jZaghklguf 
ihemqZxlky� nhjfmeu�� y\gh� \ujZ`Zxsb_� agZq_gby� j_r_gby� ^ey� h^gh]h�
fhf_glZ�\j_f_gb�q_j_a�agZq_gby�j_r_gby�\�ij_^u^msbc�fhf_gl�\j_f_gb��
Lh�_klv��_keb�ba\_klgh�j_r_gb_�\�gZqZevguc�fhf_gl�\j_f_gb��lh�fh`gh�ih�
ko_f_�lZd�gZau\Z_fh]h�[_]ms_]h�kq_lZ�gZclb�j_r_gb_ ijb�t = ûW, 2ûW, 3ûW, … . 
AZf_gyy� qZklgu_� ijhba\h^gu_� ih� \j_f_gb� b� ih� ijhkljZgkl\_gghc� i_j_�
f_gghc�dhg_qgh-jZaghklgufb�ijhba\h^gufb��fh`gh�ihemqblv�y\gu_�\u�
jZ`_gby�^ey�Uij�q_j_a�agZq_gby�nmgdpbb�\�ij_^u^msb_�fhf_glu�\j_f_gb��
LZdhc�ijhp_kk�gZau\Z_lky�y\ghc�ko_fhc�[_]ms_]h�kq_lZ. 

Y\gZy�ko_fZ�^ey�mjZ\g_gby�l_iehijh\h^ghklb 

 JZkkfhljbf� aZ^Zqm� l_iehijh\h^ghklb� \� kl_j`g_�� gZqZevgZy� l_fi_�
jZlmjZ�dhlhjh]h�jZ\gZ�_^bgbp_��Dhgpu�kl_j`gy�ih^^_j`b\Zxlky�ijb�l_f�
i_jZlmj_��jZ\ghc�gmex��Dhwnnbpb_gl�l_fi_jZlmjhijh\h^ghklb�jZ\_g�_^b�
gbp_��FZl_fZlbq_kdZy�fh^_ev�^Zgghc�aZ^Zqb�[m^_l�bf_lv�\b^� 

∞<<<<= txUU xxt 0,10,  , 

�����������=j��mke� 




=
=

,0),1(

,0),0(

tU

tU
                                                (31) 

GZq��mke�������U(x,0) = 1. 

 Ihkljhbf�\�iehkdhklb��t, x��ijyfhm]hevgmx�k_ldm��jbk���� 
 
 

 
 
                                                                                           

 
 

 

                                      Jbk���������������������������������������������������������Jbk��� 
 

Hlf_lbf��qlh�agZq_gby�Uij gZ�e_\hc�b�gb`g_c�klhjhgZo�k_ldb�ba\_kl�
gu�ba�]jZgbqguo�b�gZqZevguo�mkeh\bc�b�aZ^ZqZ�khklhbl�\�hlukdZgbb�hk�
lZevguo� agZq_gbc�Uij��>ey� khklZ\e_gby�jZaghklgh]h�mjZ\g_gby�ih� aZ^Zq_�

t 
 Ui+1,j 

B
af
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�����ihlj_[mxlky�ZgZeh]b�^ey�i_j\hc�b�\lhjhc�qZklguo�ijhba\h^guo��Bk�
ihevamy�\ujZ`_gby������ba�eZ[hjZlhjghc��jZ[hlu������ihemqbf� 

         [ ]jijit UU
k

U ,,1
1 −= + ,                                            (32) 

     [ ]1,,1,2
2

1
−+ +−= jijijixx UUU

h
U .                                  (33) 

Ih^klZ\b\�wlb�\ujZ`_gby�\�mjZ\g_gb_� � � [[W 88  ��ihemqbf�^bkdj_lgmx�

fh^_ev�aZ^Zqb����� 

[ ] [ ]1,,1,2,1, 2
11

−++ +−=− jijijijiji UUU
h

UU
k

, 

.1,0,1,1,1,0 00 −=−==== njmiUUU jini  

�JZaj_rbf� ihemqb\r__ky� mjZ\g_gb_� hlghkbl_evgh� agZq_gbc� nmgd�
pbb�gZ�\_jog_f�\j_f_gghf�keh_ 

             [ ]1,,1,2,,1 2 −++ +−+= jijijijiji UUU
h

k
UU .                           (34) 

Wlh�b�_klv�bkdhfZy�nhjfmeZ��ihkdhevdm�hgZ�\ujZ`Z_l�j_r_gb_�\�^Zgguc�
fhf_gl�\j_f_gb�q_j_a�j_r_gb_�\�ij_^u^msbc�fhf_gl�\j_f_gb� �bg^_dk� i 
hlghkblky��d�\j_f_gghc�i_j_f_gghc���GZ��jbk�������\u^_e_gu�l_�agZq_gby��
dhlhju_�\oh^yl�\�nhjfmem�������<uqbke_gby�ih�nhjfme_������ijhba\h^yl�
ky�gZ�\k_o�\j_f_gguo�kehyo��lh�_klv�\h�\k_o�lhqdZo�Uij��]^_�j = 1, 3, … , n-2,  
i = 1, 3, … , m-���AgZq_gby�\�lhqdZo�Ui1�b�Uin [_jmlky�ba�]jZgbqguo�mkeh�
\bc��Z�\�lhqdZo�U1j –�ba�gZqZevguo� 
 BlZd�� ^ey�fZl_fZlbq_kdhc�fh^_eb� ����� \� j_amevlZl_�ihemqbeb� ke_�
^mxsmx�\uqbkebl_evgmx�fh^_ev 

[ ] ;2,1;1,1,2 1,,1,2,,1 −=−=+−+= −++ njmiUUU
h

k
UU jijijijiji  

          .1,0,1,1,1,0 00 −=−==== njmiUUU jini                 (35) 

G_y\gu_�jZaghklgu_�ko_fu 

 <�g_y\guo�jZaghklguo�ko_fZo�qZklgu_�ijhba\h^gu_�lZd`_� aZf_gy�
xlky�dhg_qgh-jZaghklgufb�ZiijhdkbfZpbyfb��gh�Ui+1,j   m`_�g_�\ujZ`Zxl�
ky�\�y\ghf�\b^_�q_j_a� agZq_gby�gZ�ij_^u^msbo�kehyo��<�lhf�kemqZ_�^ey�
hij_^_e_gby� \_ebqbg� Ui+1,j� g_h[oh^bfh� j_rblv� kbkl_fm� mjZ\g_gbc�� Lh�
_klv� ^ey� hij_^_e_gby� j_r_gby� gZ� dZ`^hf� \j_f_gghf�rZ]_� g_h[oh^bfh�
j_rZlv�kbkl_fm�mjZ\g_gbc� 
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G_y\gZy�ko_fZ�^ey�mjZ\g_gby�l_iehijh\h^ghklb 

 >ey�fZl_fZlbq_kdhc�fh^_eb� ����� khklZ\bf�jZaghklgh_�mjZ\g_gb_� \�
\b^_�g_y\ghc�r_klblhq_qghc�ko_fu�DjZgdZ�–�GbdhevkhgZ��<hkihevam_fky�
ke_^mxsbfb�dhg_qgh-jZaghklgufb�ZiijhdkbfZpbyfb� 

              [ ]),(),(
1

),( txUktxU
k

yxUt −+= ,                                    (36) 

[ ]++−++−++= ),(),(2),(),(
2

kthxUktxUkthxU
h

txU xx
λ

 

                    [ ]),(),(2),(
1

2
thxUtxUthxU

h
−+−+−+ λ

,                            (37) 

]^_� �� \u[bjZ_lky� ba� hlj_adZ� >���@�� Hlf_lbf�� qlh� Uxx� Ziijhdkbfbjm_lky�
\a\_r_gguf�kj_^gbf�p_gljZevguo�jZaghklguo�ijhba\h^guo�\�fhf_gl� t 
b� t + k��Ijb��� �����ihemqZ_lky�h[uqgh_�kj_^g__�wlbo�^\mo�p_gljZevguo�
ijhba\h^guo��Z�ijb��� ������–�h^gZ�ba�jZaghklguo�ijhba\h^guo�[_j_lky�k�
\_khf� ������ Z� \lhjZy�–� k� \_khf� ������Ijb���  � ��ihemqZ_lky�h[uqgZy�p_g�
ljZevgZy�jZaghklgZy�ijhba\h^gZy�� 
 Ihke_�aZf_gu�qZklguo�ijhba\h^guo Ut�b�Uxx�\�aZ^Zq_������ihemqZ_f�
ke_^mxs__�jZaghklgh_�mjZ\g_gb_� 

( ) ( ) ( )1,,1,21,1,11,12,,1 2
)1(

2
1

−+−+++++ +−
−

++−=− jijijijijijijiji UUU
h

UUU
h

UU
k

λλ
,    (38) 

I_j_g_k_f�\k_�g_ba\_klgu_�agZq_gby�U�k�\_jog_]h�\j_f_ggh]h�kehy��k�bg�
^_dkhf�i������\�e_\mx�qZklv�mjZ\g_gby������b�ihemqbf� 

=−











++− −++++ 1,12,11,12 2

2
1 jijiji U

h

k
U

h

k
U

h

k λλλ  

     1,2,21,2

)1()1(2
1

)1(
−+

−+




 −−+−= jijiji U
h

k
U

h

k
U

h

k λλλ
                  (39) 

 
 
 
 
 
 
 
 
 
 

        t 
 
   Um1 
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     U12     U13                  U1,j-1  U1j    U1,j+1        U1n           x 

Jbk��� 
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GZ�jbk����bah[jZ`_g�\uqbkebl_evguc�rZ[ehg�^Zgghc�ko_fu��?keb�i 
nbdkbjh\Zg��Z�j�baf_gy_lky�hl���^h�n-���khhlghr_gby������hij_^_eyxl�kbk�
l_fm�n-��mjZ\g_gbc� k n-��g_ba\_klgufb�Ui+1,2, Ui+1,3, … , Ui+1,n-1��dhlhju_�
y\eyxlky�j_r_gb_f�aZ^Zqb�\h�\gmlj_ggbo�maeZo�k_ldb�gZ�\j_f_gghf�keh_��
t = (i+1)̈ t.  

?keb�i_j_ibkZlv�mjZ\g_gby� �����\�fZljbqghc�nhjf_�� lh�ihemqbf� lZd�
gZau\Z_fmx� lj_o^bZ]hgZevgmx� fZljbpm�� GZb[he__� jZkijhkljZg_gguf�
j_r_gb_f� lj_o^bZ]hgZevghc� kbkl_fu� y\ey_lky� f_lh^� ijh]hghd�� Qlh[u�
j_rblv�lj_o^bZ]hgZevgmx�kbkl_fm 

,
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J_rZy�mjZ\g_gby�ihke_^h\Zl_evgh�kgbam�\\_jo��ihemqZ_f 

.1,2,...,2,1,, 1
*** −−=−== + nnjxcdxdx jjjjnn  

Bkke_^h\Zgb_�jZaghklguo�ko_f�gZ�mklhcqb\hklv 

DZd� [ueh� kdZaZgh� \� eZ[hjZlhjghc� jZ[hl_��� ��� mklhcqb\hklv� ko_fu�
hagZqZ_l� g_ij_ju\gmx� aZ\bkbfhklv� j_r_gby� jZaghklgh]h� mjZ\g_gby� hl�
\oh^guo�^Zgguo��hl�gZqZevguo�^Zgguo��hl�ijZ\hc�qZklb��b�hl�djZ_\uo�mk�

,
1
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1 b
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eh\bc���Bgufb�keh\Zfb��j_r_gb_�jZaghklghc�aZ^Zqb�mklhcqb\h��_keb�hgh�
fZeh�f_gy_lky�ijb�fZehf�baf_g_gbb�\oh^guo�^Zgguo� aZ^Zqb��<�ijhlb\�
ghf� kemqZ_��fZeu_� hrb[db�� ^himkdZ_fu_� gZ� ijhf_`mlhqguo� wlZiZo� \u�
qbkebl_evgh]h�ijhp_kkZ��[m^ml�ijb\h^blv� d�[hevrbf�bkdZ`_gbyf�j_r_�
gby��b�lZdmx�ko_fm�gZau\Zxl�g_mklhcqb\hc��HgZ�g_�ijb]h^gZ�^ey�ijZdlbdb�� 

AZibr_f�jZaghklgmx�ko_fm��Ziijhdkbfbjmxsmx�^bnn_j_gpbZevgh_�
mjZ\g_gb_�gZ�h]jZgbq_gghc�h[eZklb�D�ijb�����t ��T��\�\b^_ 
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]^_�Lh –�jZaghklguc�hi_jZlhj��U
(h) –�k_lhqgZy�n_gdpby��U0

(h) –�gZqZevgu_�
mkeh\by��G(h) –�]jZgbqgu_�mkeh\by�� 
 Imklv� j_r_gb_� aZ^Zqb� ����� kms_kl\m_l� b� _^bgkl\_ggh� ^ey� ex[uo�
nmgdpbc�F(h), U0

(h), G(h)
��;m^_f�gZau\Zlv�j_r_gb_�aZ^Zqb� �����mklhcqb\uf�

�khhl\_lkl\_ggh� ko_fm� ����� -� mklhcqb\hc��� _keb� ^ey� ex[uo� 0�01�02�03 > 0 
gZc^_lky�h0�!���lZdh_��qlh�^ey�j_r_gby�³\hafms_gghc�´�aZ^Zqb 
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ijb�ex[hf�����h ��h0�k�dhgklZglZfb�M1, M2, M3, C��g_�aZ\bkysbfb�hl�h.  
 <�ebg_cghf�kemqZ_��_keb�jZaghklguc�hi_jZlhj�Lh -�ebg_cguc��hij_�
^_e_gb_�mklhcqb\hklb�fh`_l�[ulv�knhjfmebjh\Zgh�\�ke_^mxs_f�\b^_� 
 JZaghklgZy�ko_fZ������mklhcqb\Z��_keb�^ey�ex[uo�nmgdpbc�F(h), U0

(h), 
G(h)
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M1, M2, M3 –�iheh`bl_evgu_�ihklhyggu_��g_�aZ\bkysb_�hl�rZ]h\�jZa[b_�

gby�k_ldb� 
LZd�dZd�\�jZaghklghc�ko_f_������djZ_\u_�mkeh\by�h^ghjh^gu_��Z�ijZ�

\Zy�qZklv�jZ\gZ����lh�bkke_^h\Zgb_�__�gZ�mklhcqb\hklv�ih�\oh^guf�^Zgguf�

k\h^blky�d�bkke_^h\Zgbx�gZ�mklhcqb\hklv�lhevdh�ih�gZqZevguf�^Zgguf� 
�JZaghklgZy� ko_fZ� ����� mklhcqb\Z� ih� gZqZevguf� ^Zgguf�� _keb� ijb�

^hklZlhqgh�fZeuo�rZ]Zo�jZa[b_gby�k_ldb�bf__l�f_klh�g_jZ\_gkl\h� 
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Ba�wlh]h�g_jZ\_gkl\Z�ke_^m_l��qlh 
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ii UU ≤+1 . 

Mqblu\Zy��qlh 

1−≤ ii UU ,     21 −− ≤ ii UU ,    32 −− ≤ ii UU ,   . . . . . 

ihemqbf� 

01 UUi ≤+ . 

LZdbf� h[jZahf�� y\gZy� jZaghklgZy� ko_fZ� mklhcqb\Z� ih� gZqZevguf�
^Zgguf�ijb�mkeh\bb�������dhlhjh_�gZdeZ^u\Z_l�h]jZgbq_gby�gZ�rZ]b�k_ldb� 

<hijhku�mklhcqb\hklb�[he__�ih^jh[gh�kf��\�>3], [5], [11], [12], [15], 
[16], [26], [28]-[31]. 
 

III ��AZ^Zgby�d�jZ[hl_ 
I_j\Zy�qZklv 
GZqZevgZy� l_fi_jZlmjZ� kl_j`gy� jZkij_^_ey_lky�ih� aZdhgm�� sin(�[). 

Dhgpu�kl_j`gy�ih^^_j`b\Zxlky�ijb�l_fi_jZlmj_��jZ\ghc�gmex��Dhwnnb�
pb_gl�l_fi_jZlmjhijh\h^ghklb�jZ\_g�_^bgbp_��GZclb�l_fi_jZlmjm�kl_j`�
gy�\�fhf_gl�\j_f_gb�T = 1.                                                                    (44) 

IjhlZ[mebjh\Zlv� ZgZeblbq_kdh_� j_r_gb_� aZ^Zqb� ������  

)sin(),(
2

xetxU t ππ−= �b�kjZ\gblv�k�qbke_gguf�� 
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<lhjZy�qZklv 
KhklZ\blv�fZl_fZlbq_kdmx� b� \uqbkebl_evgmx�fh^_eb� aZ^Zqb� l_i�

ehijh\h^ghklb��\ZjbZglu�aZ^Zgbc�kf��\�dhgp_�eZ[hjZlhjghc�jZ[hlu�� 
 
IV.  <uiheg_gb_�jZ[hlu 
I_j\Zy�qZklv 

1. Ihkljhblv�fZl_fZlbq_kdmx�fh^_ev�aZ^Zqb������ 
2. Ihkljhblv�^bkdj_lgmx�fh^_ev�\�\b^_�y\ghc�jZaghklghc�ko_fu� 
3. <uykgblv��k�dZdbf�ihjy^dhf�lhqghklb�ihemq_ggZy�ko_fZ�Ziijhdkb�

fbjm_l�aZ^Zqm������� 
4. Bkke_^h\Zlv�__�gZ�mklhcqb\hklv� 
5. <u[jZlv�qbke_gguc�f_lh^�j_r_gby�� 
6. <u[jZlv�rZ]�jZa[b_gby�k_ldb��\u[hj�h[hkgh\Zlv�� 
7. Ihkljhblv�\uqbkebl_evgmx�fh^_ev� 
8. KhklZ\blv�ijh]jZffm��ihemqblv�j_amevlZlu�k�jZaebqgufb�rZ]Zfb� 
9. Ihkljhblv�^bkdj_lgmx�fh^_ev�aZ^Zqb� �����\�\b^_�g_y\ghc�jZaghkl�

ghc�ko_fu��iZjZf_lj���\aylv�jZ\guf���5). 
10. <uykgblv��k�dZdbf�ihjy^dhf�lhqghklb�ihemq_ggZy�ko_fZ�Ziijhdkb�
fbjm_l�aZ^Zqm (44). 
11. Bkke_^h\Zlv�__�gZ�mklhcqb\hklv� 
12. <u[jZlv�qbke_gguc�f_lh^�j_r_gby� 
13. <u[jZlv�rZ]�jZa[b_gby�k_ldb��\u[hj�h[hkgh\Zlv�� 
14. Ihkljhblv�\uqbkebl_evgmx�fh^_ev� 
15. KhklZ\blv�Ze]hjblf�b�ijh]jZffm��ihemqblv�j_amevlZlu�k�jZaebqgu�
fb�rZ]Zfb� 
16. IjhlZ[mebjh\Zlv�ZgZeblbq_kdh_�j_r_gb_�b�kjZ\gblv�k�ihemq_ggufb�
qbke_ggufb�j_r_gbyfb� 
17. Ijh\_klb�kjZ\gbl_evguc�ZgZeba�y\ghc�b�g_y\ghc�jZaghklguo�ko_f� 

  

<lhjZy�qZklv 

18. KhklZ\blv�fZl_fZlbq_kdmx�fh^_ev�aZ^Zqb�l_iehijh\h^ghklb� 
19. Ihemqblv� \uqbkebl_evgmx�fh^_ev� aZ^Zqb� l_iehijh\h^ghklb� �\� hk�
gh\m�iheh`blv�eb[h�y\gmx��eb[h�g_y\gmx�ko_fm�ih�mkfhlj_gbx�� 

 

V. Kh^_j`Zgb_�hlq_lZ 

���P_ev�jZ[hlu� 
���L_hj_lbq_kdZy�qZklv� 
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I�h����i�_�j�\�h�c���q�Z�k�l�b� 
3. Kibkhd�b^_glbnbdZlhjh\� 
4. Ibkvf_ggh�\uiheg_ggu_�aZ^Zgby�ih^�imgdlZfb���-7. 
5. L_dkl�ijh]jZffu� 
6. J_amevlZl�jZ[hlu�ijh]jZffu� 
7. Kibkhd�b^_glbnbdZlhjh\� 
8. Ibkvf_ggh�\uiheg_ggu_�aZ^Zgby�ih^�imgdlZfb���-14. 
9. :e]hjblf�b�l_dkl�ijh]jZffu� 

10. J_amevlZl�jZ[hlu�ijh]jZffu� 
11. Ibkvf_ggh�\uiheg_ggh_�aZ^Zgb_�ih^�imgdlhf���� 

I�h����\�l�h�j�h�c����q�Z�k�l�b 
12. Kibkhd�b^_glbnbdZlhjh\� 
13. Ibkvf_ggh�\uiheg_ggu_�aZ^Zgby�ih^�imgdlZfb������� 

VI.  <hijhku�d�aZsbl_ 
1. DZdb_�nbabq_kdb_� aZ^Zqb� ijb\h^yl� d� mjZ\g_gbyf� iZjZ[hebq_kdh]h�

lbiZ"� 
2. DZdb_�nbabq_kdb_�aZ^Zqb�ijb\h^yl�d�mjZ\g_gbyf�]bi_j[hebq_kdh]h�

lbiZ"� 
3. Knhjfmebjmcl_�]jZgbqgh_�mkeh\b_�i_j\h]h�jh^Z�^ey�mjZ\g_gby�l_i�

ehijh\h^ghklb�� 
4. Knhjfmebjmcl_�]jZgbqgh_�mkeh\b_�\lhjh]h�jh^Z�^ey�mjZ\g_gby�l_i�

ehijh\h^ghklb� 
5. Knhjfmebjmcl_�]jZgbqgh_�mkeh\b_�lj_lv_]h�jh^Z�^ey�mjZ\g_gby�l_�

iehijh\h^ghklb� 
6. DZd�\u�ihgbfZ_l_��qlh�lZdh_�y\gZy�jZaghklgZy�ko_fZ" 
7. DZd�\u�ihgbfZ_l_��qlh�lZdh_�g_y\gZy�jZaghklgZy�ko_fZ" 
8. >ey�jZaghklghc� ko_fu� �����ih^h[jZlv��� lZd��qlh[u� ZiijhdkbfZpby�

[ueZ�H�22+h2). 
9. K\yaZ\�rZ]b�jZaghklghc�ko_fu������khhlghr_gb_f�r� �2��h2  = const, 

ih^h[jZlv�aZl_f���lZd��qlh[u�ihemqblv�ZiijhdkbfZpbx�ihjy^dZ�h4. 
10. >ey�jZaghklghc� ko_fu� �����ijb�� ��ih^h[jZlv�qbkeh� r�  � 2��h2  lZd��
qlh[u�ZiijhdkbfZpby�bf_eZ�ihjy^hd�h4. 
11. Ihkljhblv�^ey� aZ^Zqb� �����jZaghklgmx� ko_fm�\lhjh]h�ihjy^dZ� lhq�
ghklb�k�rZ[ehghf� 

 
 
 
 
 

                    

                      
                      
Ui-1,j+1FFFF8ij+1FFF8i+1j+1 
           h        G�������K 
                     GN 
                    Ui,j 
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12. Knhjfmebjmcl_� mkeh\b_� mklhcqb\hklb� ^ey� h^ghjh^ghc� ebg_cghc�
jZaghklghc�ko_fu�k�g_gme_\ufb�djZ_\ufb�b�gZqZevgufb�mkeh\byfb� 

13. Imklv�\�jZaghklghc�ko_f_������r� �2 / h2  = const��Ijb�dZdbo�agZq_gbyo�
iZjZf_ljZ��!��hgZ�[m^_l�[_amkeh\gh�mklhcqb\hc" 

14. <�q_f�g_^hklZldb�b�ij_bfms_kl\Z�y\ghc�q_luj_olhq_qghc�jZaghkl�
ghc�ko_fu" 

15. <�q_f�g_^hklZldb�b�ij_bfms_kl\Z�g_y\ghc�r_klblhq_qghc�jZaghkl�
ghc�ko_fu�DjZgdZ�–�GbdhevkhgZ" 

 

<ZjbZglu��aZ^Zq 
1. IhklZ\blv�djZ_\mx�aZ^Zqm�h[�hij_^_e_gbb�l_fi_jZlmju�kl_j`gy 0≤x≤l  

k�l_iehbahebjh\Zgghc�[hdh\hc�ih\_joghklvx��_keb�_]h�gZqZevgZy�l_f�
i_jZlmjZ�y\ey_lky�g_dhlhjhc�nmgdpb_c� f(x���Z�dhgpu�kl_j`gy�ih^^_j�
`b\Zxlky� ijb� aZ^Zgghc� l_fi_jZlmj_� )(),( 21 tt ϕϕ ��Dhwnnbpb_gl� l_f�

i_jZlmjhijh\h^ghklb�Z2. 
 
2. IhklZ\blv� djZ_\mx� aZ^Zqm� h[� hij_^_e_gbb� l_fi_jZlmju� kl_j`gy��

0≤x≤l  k l_iehbahebjh\Zgghc�[hdh\hc�ih\_joghklvx��_keb�_]h�gZqZev�
gZy�l_fi_jZlmjZ�y\ey_lky�g_dhlhjhc�nmgdpb_c�f(x���Z�gZ�dhgpu�kl_j`gy�
ih^Z_lky� ba\g_� aZ^Zgguc� l_ieh\hc� ihlhd� q1(t�� b� q2(t��� Dhwnnbpb_gl�
l_fi_jZlmjhijh\h^ghklb�Z2

��dhwnnbpb_gl� l_iehijh\h^ghklb�fZl_jbZ�
eZ�kl_j`gy����iehsZ^v�ihi_j_qgh]h�k_q_gby�1� 

 
3. IhklZ\blv� djZ_\mx� aZ^Zqm� h[� hij_^_e_gbb� l_fi_jZlmju� kl_j`gy��

0≤x≤l  k�l_iehbahebjh\Zgghc�[hdh\hc�ih\_joghklvx��_keb�_]h�gZqZev�
gZy�l_fi_jZlmjZ�y\ey_lky�g_dhlhjhc�nmgdpb_c�f(x���Z�gZ�dhgpZo�kl_j`�
gy�ijhbkoh^bl� dhg\_dlb\guc� l_iehh[f_g�ih� aZdhgm�GvxlhgZ� kh� kj_�
^hc�� Dhwnnbpb_gl� l_fi_jZlmjhijh\h^ghklb� Z2

�� dhwnnbpb_gl� l_ieh�
ijh\h^ghklb�fZl_jbZeZ�kl_j`gy����dhwnnbpb_gl�l_iehh[f_gZ�.��agZq_�
gb_�l_fi_jZlmju�hdjm`Zxs_c�kj_^u�m�dhgph\�kl_j`gy� )(),( 21 tt ϕϕ . 

 
4. IhklZ\blv� djZ_\mx� aZ^Zqm� h�gZ]j_\Zgbb�ihemh]jZgbq_ggh]h� kl_j`gy��

_keb�dhg_p� kl_j`gy� ]hjbl��ijbq_f�njhgl� ]hj_gby�jZkijhkljZgy_lky� k�
ihklhygghc� kdhjhklvx� v0� b� bf__l� ba\_klgmx� l_fi_jZlmjm� )(tϕ �� GZ�

qZevgZy�l_fi_jZlmjZ�kl_j`gy�jZ\gZ�gmex��Dhwnnbpb_gl�l_fi_jZlmjh�
ijh\h^ghklb�a2.  

 
5. G_h]jZgbq_gguc�kl_j`_gv�k�ihklhygguf�ihi_j_qguf�k_q_gb_f�ihem�

q_g�kh_^bg_gb_f�^\mo�h^ghjh^guo�ihemh]jZgbq_gguo�kl_j`g_c�k�jZa�
ebqgufb�dhwnnbpb_glZfb�l_iehijh\h^ghklb�b�l_fi_jZlmjhijh\h^gh�
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klb�� IhklZ\blv� djZ_\mx� aZ^Zqm� h[� hij_^_e_gbb� l_fi_jZlmju� \� wlhf�
kl_j`g_�� _keb� dhgpu� khklZ\eyxsbo� kl_j`g_c� kh_^bg_gu�g_ihkj_^kl�
\_ggh� �ijb\Zj_gu� lhjphf� d� lhjpm��� Dhwnnbpb_glu� l_fi_jZlmjhijh�

\h^ghklb� \� kl_j`gyo� khhl\_lkl\_ggh�– 2
2

2
1 ; aa ��Dhwnnbpb_glu� l_ieh�

ijh\h^ghklb� fZl_jbZeh\� kl_j`g_c� – �1, �2�� GZqZevgZy� l_fi_jZlmjZ�
kl_j`g_c�y\ey_lky�g_dhlhjhc�nmgdpb_c�f(x���Ih\_joghklv�kl_j`gy�kqb�
lZlv�l_iehbahebjh\Zgghc� 

 

6. IhklZ\blv�djZ_\mx�aZ^Zqm�h�gZ]j_\Zgbb�lhgdh]h�kl_j`gy��ih�dhlhjhfm�
kdhevabl�k�ihklhygghc�kdhjhklvx�v0�iehlgh�ijbe_]ZxsZy�we_dljhi_qv�
ihklhygghc�fhsghklb��_keb�\g_rgyy�ih\_joghklv�i_qb��g_�ijbe_]Zx�
sZy�d�kl_j`gx��l_iehbahebjh\ZgZ��Z�l_ieh_fdhklv�i_qb�ij_g_[j_`bfh�
fZeZ��Dhwnnbpb_gl� l_fi_jZlmjhijh\h^ghklb� – a2��Dhwnnbpb_gl� l_i�
ehijh\h^ghklb�fZl_jbZeZ�kl_j`gy�–����IehsZ^v�ihi_j_qgh]h�k_q_gby�–�1; 
Q –� dhebq_kl\h� l_ieZ�� \u^_ey_fh_� we_dljhi_qvx� \� _^bgbpm� \j_f_gb��
GZqZevgZy�l_fi_jZlmjZ�kl_j`gy�y\ey_lky�nmgdpb_c�f(x). 

 

7. GZqZevgZy�l_fi_jZlmjZ�g_h]jZgbq_gghc�ieZklbgu�lhesbghc� �h�jZ\gZ�
gmex�� IhklZ\blv� djZ_\mx� aZ^Zqm� h� jZkij_^_e_gbb� l_fi_jZlmju� ih�
lhesbg_�ieZklbgu��_keb�ieZklbgZ�gZ]j_\Z_lky�k�h[_bo�klhjhg�jZ\gufb�
ihklhyggufb�l_ieh\ufb�ihlhdZfb�q. 

 

8. >ZgZ� lhgdZy�ijyfhm]hevgZy�ieZklbgZ� kh� klhjhgZfb� l, m��^ey� dhlhjhc�
ba\_klgh� gZqZevgh_� jZkij_^_e_gb_� l_fi_jZlmju�� IhklZ\blv� djZ_\mx�
aZ^Zqm� h� jZkijhkljZg_gbb� l_ieZ� \� ieZklbg_�� _keb� [hdh\u_� klhjhgu�
ih^^_j`b\Zxlky�ijb�l_fi_jZlmj_�31(x���32(x)��%1(y���%2(y). 

 

9. >\Z� ihemh]jZgbq_gguo� kl_j`gy�� k^_eZgguo� ba� jZaguo� fZl_jbZeh\�� \�
gZqZevguc� fhf_gl� \j_f_gb� ijb\_^_gu� \� khijbdhkgh\_gb_� k\hbfb�
dhgpZfb��IhklZ\blv� djZ_\mx� aZ^Zqm� h� jZkij_^_e_gbb� l_ieZ� \� [_kdh�
g_qghf� kl_j`g_�� _keb� ba\_klgu� gZqZevgu_� l_fi_jZlmju� dZ`^h]h� ba�
^\mo�ihemh]jZgbq_gguo�kl_j`g_c� 

 

10. IhklZ\blv�djZ_\mx�aZ^Zqm�h�klZpbhgZjghf�jZkij_^_e_gbb� �l_fi_jZlm�
ju� \� lhgdhc� ijyfhm]hevghc� ieZklbg_� OACB� kh� klhjhgZfb� OA=a, 
OB=b��_keb�gZ�[hdh\uo�klhjhgZo�ieZklbgu�ih^^_j`b\Zxlky�aZ^Zggu_�
l_fi_jZlmju� 

 

����IhklZ\blv�djZ_\mx�aZ^Zqm�h�klZpbhgZjghf�jZkij_^_e_gbb�l_fi_jZlm�
ju� \� lhgdhc� ijyfhm]hevghc� ieZklbg_� OACB� kh� klhjhgZfb� OA=a, 
OB=b��_keb�gZ�klhjhgZo�OA�b�OB�aZ^Zgu�l_ieh\u_�ihlhdb��Z�klhjhgu�
BC�b�AC�l_iehbahebjh\Zgu�� 
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EZ[hjZlhjgZy�jZ[hlZ�� 4 
 

F:L?F:LBQ?KDH?�FH>?EBJH<:GB?�A:>:Q��
HIBKU<:?FUO�G?EBG?CGUFB�=BI?J;HEBQ?KDBFB��

MJ:<G?GBYFB�I?J<H=H�IHJY>D: 

I. P_ev�jZ[hlu 
Ijh\_klb�ihegmx�fZl_fZlbq_kdmx� h[jZ[hldm�nbabq_kdhc� aZ^Zqb \�

khhl\_lkl\bb�k�wlZiZfb��baeh`_ggufb�\h�\\_^_gbb� 

II.  DjZldZy�l_hjby 
JZkkfhljbf�g_dhlhju_�ih^oh^u�d�ihkljh_gbx�fZl_fZlbq_kdbo�fh�

^_e_c��beexkljbjmxsb_�ijbf_g_gb_�nmg^Zf_glZevguo�aZdhgh\�ijbjh^u�
d�dhgdj_lghc�kblmZpbb��GZ�i_j\uc�ieZg�\u^\b]Zxlky�\hijhku��k\yaZggu_�
k�l_f��dZdhc�aZdhg��aZdhgu��ke_^m_l�ijbf_gblv�\�^Zgghf�kemqZ_�b�dZd�wlh�
^_eZlv� 

AZdhg��bg_jpbb 

 JZkkfhljbf�h^ghf_jgmx�kj_^m��khklhysmx�ba�qZklbp��^\b`msboky�
ih� bg_jpbb� �lh� _klv� [_a� \aZbfh^_ckl\by� b� \� hlkmlkl\bb� \g_rgbo� kbe���
H[hagZqbf�q_j_a�U(x,t) –�kdhjhklv�qZklbpu��gZoh^ys_cky�\�fhf_gl�\j_f_�
gb� t�\�lhqd_�x��?keb�x = 3(t) –�ljZ_dlhjby�^\b`_gby�g_dhlhjhc�nbdkbjh�
\Zgghc�qZklbpu��lh�__�kdhjhklv�3ï(t) = U(t, 3(t����mkdhj_gb_�3ïï(t��jZ\gh�gm�
ex��AgZqbl�� 

.))(,(0
2

2
U

x

U

t

U

x

U

t

U
ttU

dt

d

dt

d

∂
∂+

∂
∂=′

∂
∂+

∂
∂=== ϕϕϕ

 

Ihemq_ggh_�d\Zabebg_cgh_�]bi_j[hebq_kdh_�mjZ\g_gb_ 

0=+ xt UUU , 

hibku\Zxs__�\�^Zgghf�kemqZ_�w\hexpbx�ihey�kdhjhkl_c�U�g_\aZbfh^_c�
kl\mxsbo�qZklbp��gZau\Z_lky�mjZ\g_gb_f�OhinZ� 

AZdhg�khojZg_gby�fZkku�\_s_kl\Z 

 JZkkfhljbf� ijhp_kk� ^\b`_gby� `b^dhklb� \� n-f_jghf� _\deb^h\hf�
ijhkljZgkl\_�Rn

� ijb� hlkmlkl\bb� bklhqgbdh\� b� klhdh\��H[hagZqbf� q_j_a�
v(x,t) = (v1,v2,…,vn) –�\_dlhj�kdhjhklb�^\b`_gby�`b^dhklb��!�x,t) –�__�iehl�
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iehlghklv��AZnbdkbjm_f�ijhba\hevgmx�h[eZklv�V�\�Rn��<�fhf_gl�\j_f_gb�
t�fZkkZ�`b^dhklb��kh^_j`Zs_cky�\�wlhc�h[eZklb��jZ\gZ� 

∫=
V

V dxtxtM ),()( ρ ,  

kdhjhklv�baf_g_gby�wlhc�fZkku�_klv� �
dt

dMV ��K�^jm]hc�klhjhgu�� �ijb�hl�

kmlkl\bb�bklhqgbdh\�b�klhdh\�\gmljb�V��baf_g_gb_�fZkku�MV�ijhbkoh^bl�
lhevdh�hl�\l_dZgby�b�\ul_dZgby�`b^dhklb�q_j_a� ]jZgbpm� V∂ �jZkkfZljb�
\Z_fhc� h[eZklb�� lh� _klv� kdhjhklv� baf_g_gby� fZkku� MV(t�� jZ\gZ� ihlhdm�
`b^dhklb�q_j_a� V∂ :  

x
V

V dStxntxv
dt

dM
),()),,(( ρ∫

∂
−= . 

A^_kv� �v(x,t), n) –� kdZeyjgh_� ijhba\_^_gb_� \_dlhjZ� kdhjhklb� v� b� \_dlhjZ�
_^bgbqghc�\g_rg_c�ghjfZeb�n�d� ]jZgbp_�\� lhqd_� xdSVx ,∂∈  –� we_f_gl�

iehsZ^b�gZ� V∂ . 
 LZdbf�h[jZahf��bf__f� 

∫ ∫
∂

−=
V V

xdStxntxvdxtx
dt

d
),()),,((),( ρρ . 

Ij_^iheh`bf��qlh�!�b�v�^hklZlhqgh�]eZ^db_�nmgdpbb��b�ij_h[jZam_f�ijZ�
\mx�qZklv�ihke_^g_]h�jZ\_gkl\Z ih nhjfme_�Hkljh]jZ^kdh]h-=ZmkkZ��bgl_�
]jZe�hl�^b\_j]_gpbb�ih�g_dhlhjhc�h[eZklb�jZ\_g�ihlhdm�q_j_a�__�]jZgbpm�� 

∫ ∫−=
∂
∂

V V

dxvdivdx
t

)(ρρ
, 

]^_�div –�hi_jZlhj�^b\_j]_gpbb�ih�ijhkljZgkl\_gguf�i_j_f_gguf�x��Hl�
kx^Z�\�kbem�ijhba\hevghklb�V�\�Rn�ijboh^bf�d�mjZ\g_gbx�^ey�!�x,t���hl�
\_qZxs_fm�aZdhgm�khojZg_gby�fZkku 

            0)( =+
∂
∂

vdiv
t

ρρ
,  - ∞ < x < ∞,   t > 0                          (45) 

k�gZqZevguf�mkeh\b_f 
                !(x,t) = !0(x), - ∞ < x < ∞.                                (46) 

LZdbf�h[jZahf��kdhjhklv�baf_g_gby�iehlghklb�`b^dhklb�!�x,t��kh�\j_f_�
g_f�\�ex[hf�k_q_gbb�h[eZklb�hij_^_ey_lky�³kdhjhklvx´�baf_g_gby�ihlh�
dZ�`b^dhklb��!�x,t)v�!�x,t���q_j_a�wlh�k_q_gb_��Koh`bf�k\hckl\hf�h[eZ^Zxl�
fgh]b_�fh^_eb��hl\_qZxsb_�aZdhgZf�khojZg_gby�b�hibku\Zxsb_�kh\k_f�
^jm]b_�ijhp_kku� 
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 <�qZklghklb��mjZ\g_gb_������fh`_l�hibku\Zlv�ijhp_kk�g_bg_jpbhg�
gh]h�^\b`_gby�qZklbp�dZdh]h-lh�\_s_kl\Z��iuebghd��we_dljhgh\�b�l��^���\�
h]jZgbq_gghc�h[eZklb��wlh�hagZqZ_l��qlh�kdhjhklv�qZklbp�fh`_l�baf_gylv�
ky�ebrv�ih^�^_ckl\b_f�\g_rgbo�kbe���<�wlhf�kemqZ_�g_h[oh^bfh�\\_klb�
ij_^iheh`_gb_�h�lhf��qlh�qZklbpu�f_`^m�kh[hc�g_�\aZbfh^_ckl\mxl� �g_�
klZedb\Zxlky�� g_� ijbly]b\Zxlky� b� l�^���� >ey� wlh]h� iehlghklv� qZklbp�
^he`gZ�[ulv�^hklZlhqgh�fZehc�� lh]^Z� aZjy`_ggu_�qZklbpu�g_� lhevdh�g_�
[m^ml�klZedb\Zlvky��gh�b�g_�[m^ml�hdZau\Zlv�\ebygby�^jm]�gZ�^jm]Z�ba-aZ�
[hevrh]h�jZkklhygby�f_`^m�gbfb�� 
 Ijbf_g_gb_�aZdhgZ�khojZg_gby�fZkku�\_s_kl\Z�ijb�ihkljh_gbb�fh�
^_eb�� hibku\Zxs_c� l_q_gb_� k`bfZ_fh]h� ]ZaZ�� lZd`_� fh`_l� ijb\_klb� d�
mjZ\g_gbx�������]^_�!�x,t) -�iehlghklv�]ZaZ��<�wlhf�kemqZ_�hgh�gZau\Z_lky�
mjZ\g_gb_f�g_jZaju\ghklb�^ey�k`bfZ_fh]h�]ZaZ�b�y\ey_lky�h^gbf�ba�hk�
gh\guo�mjZ\g_gbc�\�]Zah\hc�^bgZfbd_. 
 <�h^ghf_jghf�kemqZ_�mjZ\g_gb_������i_j_ibr_lky�\�\b^_ 

( )( ) 0),(),( =
∂
∂+

∂
∂

txvtx
xt

ρρρ
, 

beb 

                0=
∂
∂

∂
∂+

∂
∂+

∂
∂ ρρ

ρ
ρρ

x

v
v

xt
                                    (47) 

?keb� kdhjhklv� v�!�x,t)) = v0� ihklhyggZ�� lh� ijboh^bf� d� ijhkl_cr_fm� eb�
g_cghfm�mjZ\g_gbx�\�qZklguo�ijhba\h^guo 

                          00 =
∂
∂+

∂
∂

x
v

t

ρρ
.                                          (48) 

?]h�h[s__�j_r_gb_�fh`gh�gZclb��ijbgy\�\h�\gbfZgb_��qlh�mjZ\g_gb_������
bf__l�oZjZdl_jbklbdb�–�ebgbb��x = v0t + C��gZ�dhlhjuo�agZq_gby�bkdhfhc�
nmgdpbb�ihklhyggu�\h�\j_f_gb��lh�_klv�!�x = v0t + C, t�� �!k��beb��\�wd\b�
\Ze_glghc�aZibkb��� 

!(x,t) = !(x + v0(t- t0), t0),     t- t0  ≥ 0. 

<u[bjZy�t0� ����ihemqbf 
!�x,t�� �!���� �!�x + v0t).                                   (49) 

Bgl_]jZe������y\ey_lky�h[sbf�j_r_gb_f�mjZ\g_gby�������Ba�nhjfmeu������
b�gZqZevguo�^Zgguo������fh`gh�gZclb�bkdhfmx�nmgdpbx��ijbq_f�hgZ�aZ�
\bkbl�g_�ih�hl^_evghklb�hl�i_j_f_gguo�x, t��Z�hl�bo�dhf[bgZpbb�� = x + v0t 
([_]msZy� \hegZ��� IjhkljZgkl\_gguc� ijhnbev� iehlghklb� [_a� bkdZ`_gbc�
i_j_ghkblky�\^hev�ihlhdZ��jbk������k�ihklhygghc�kdhjhklvx��MjZ\g_gb_������
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gZau\Zxl� lZd`_� mjZ\g_gb_f� i_j_ghkZ�� Wlh� hkgh\gh_� k\hckl\h� j_r_gby�
mjZ\g_gby� ����� g_kdhevdh�
fh^bnbpbjm_lky� \� kemqZ_�� dh]^Z�
kdhjhklv� aZ\bkbl� hl� \j_f_gb���
ijhnbev� iehlghklb� i_j_ghkblky�
aZ� jZ\gu_� ijhf_`mldb� \j_f_gb�
gZ� jZagu_� jZkklhygby�� ?keb� `_�
kdhjhklv� ihlhdZ� aZ\bkbl� hl�
iehlghklb� �v = v�!�x,t�����lh�ijh�
p_kk� ^\b`_gby� `b^dhklb�� ]ZaZ�
beb� aZjy`_gguo� qZklbp� \� wlhf�
kemqZ_�hibku\Z_lky�g_ebg_cguf�
mjZ\g_gb_f�������b�ih\_^_gb_�_]h�
j_r_gby� fh`_l� bf_lv� dZq_kl�
\_ggh�bghc�oZjZdl_j� 
 Wlh�ohjhrh�\b^gh�ba�ke_^mxs_]h�ijbf_jZ��Mijhs_gb_�jy^Z�keh`�
guo�fh^_e_c�\�]Zah\hc�^bgZfbd_�ijb\h^bl�d�mjZ\g_gbx�OhinZ�\�eZ]jZg�
`_\uo� dhhj^bgZlZo�� aZibkZgghfm� hlghkbl_evgh� iehlghklb� !�m,t)1� �ih^�
jh[guc�\u\h^�wlh]h�mjZ\g_gby�kf��\�[23]). 

       00 =
∂
∂+

∂
∂

m
a

t

ρρρ σ ,                                      (50) 

]^_�a0�b�1�!���–�g_dhlhju_�ihklhyggu_�� 
 MjZ\g_gb_������i_j\h]h�ihjy^dZ��gh�hgh�kh^_j`bl�lbibqgmx�]Zah^b�
gZfbq_kdmx�g_ebg_cghklv�b�ihwlhfm� kem`bl�ohjhr_c�fh^_evx�^ey�bam�
q_gby�g_ebg_cguo�wnn_dlh\��oZjZdl_jguo�^ey�l_q_gbc�k`bfZ_fh]h� ]ZaZ��
KZfuc�yjdbc�ba�gbo�–�³]jZ^b_glgZy�dZlZkljhnZ´��aZdexqZxsZyky�\�ihy\�
e_gbb� \�\hegZo� k`Zlby�[_kdhg_qguo� ]jZ^b_glh\� ]Zah^bgZfbq_kdbo�\_eb�
qbg��g_kfhljy�gZ�lh��qlh�\�gZqZevguc�fhf_gl�\k_�nmgdpbb�y\eyxlky�]eZ^�
dbfb�� 

                                                      
1 <�eZ]jZg`_\hf�ih^oh^_�dhhj^bgZlZ�k\yau\Z_lky�g_�k�hij_^_e_gghc�lhqdhc�ijhkljZg�
kl\Z�� Z� k� hij_^_e_gghc�nbdkbjh\Zgghc� qZklbp_c� \_s_kl\Z� –�`b^dhc� qZklbp_c��?keb�
ijb� fZl_fZlbq_kdhf� fh^_ebjh\Zgbb� ijhp_kkZ� l_q_gby� k`bfZ_fh]h� ]ZaZ� \\_klb� eZ�

]jZg`_\m�dhhj^bgZlm�ih�ijZ\bem� ∫=
x

x

dxtxxm
0

),()( ρ , dm=!G[��lh�\k_�]Zah^bgZfbq_kdb_�

\_ebqbgu�[m^ml�ljZdlh\Zlvky�dZd�aZ\bkysb_�g_�hl�x,t��Z�hl�m,t��\�wlhf�kemqZ_�eZ]jZg`_�
\Zy�i_j_f_ggZy�gZau\Z_lky�fZkkh\hc�dhhj^bgZlhc��  

  x 

!(x,t) 

x2 x1 

Jbk���� 

x2 - x1 = v0 (t2 - t1) 

  ρ                           ρ 

   t 
ρσ 
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 Ihykgbf�wlh�ihgylb_�ke_^mxsbfb�ijhklufb�jZkkm`^_gbyfb��MjZ\�
g_gb_�OhinZ�fh`_l�[ulv�aZibkZgh�\�oZjZdl_jbklbq_kdhf�\b^_ 

                                                  0=






sdt

dρ
.                                                 (51) 

 A^_kv�bg^_dk�s�hagZqZ_l��qlh�ihegZy�ijhba\h^gZy�ih�\j_f_gb�[_j_lky�
\^hev� oZjZdl_jbklbdb� –� ebgbb� \� dhhj^bgZlZo� m,t�� gZ� dhlhjhc� agZq_gb_�
j_r_gby� �iehlghklb�� hklZ_lky� ihklhygguf� \h� \k_� fhf_glu�� JZkdju\Zy�
�����\�\b^_ 

                               0
)(

=
∂
∂+

∂
∂

mdt

tdm

t
s ρρ

,                                          (52) 

]^_�ms(t) –� agZq_gb_�dhhj^bgZlu�m�^ey�^Zgghc�oZjZdl_jbklbdb� \�jZagu_�
fhf_glu�\j_f_gb��b�kjZ\gb\Zy������b�������gZoh^bf�mjZ\g_gb_�oZjZdl_jb�
klbdb� 

)0()( 0 ss mtatm += σρ . 

 Ba� wlh]h� \ujZ`_gby� \b^gh�� qlh� khklhygby� k� [hevrbf� agZq_gb_f�
iehlghklb�jZkijhkljZgyxlky�ih�fZkk_�]ZaZ�k�[hevr_c�kdhjhklvx��q_f�kh�
klhygby�k�f_gvr_c�iehlghklvx��b�\�dZdhc-lh�fhf_gl�\j_f_gb�³^h]hgyxl´�
ihke_^gb_��<�j_r_gbb�h[jZam_lky�g_h^ghagZqghklv��_]h�]jZ^b_glu�\�lhqd_�
“kebygby´�khklhygbc�k�jZagufb�iehlghklyfb�g_h]jZgbq_ggh�\hajZklZxl��
Ko_fZlbq_kdb�wlhl�ijhp_kk�bah[jZ`_g�gZ��jbk������]^_�ihdZaZgZ�w\hexpby�
kh�\j_f_g_f�gZqZevgh]h�ijhnbey�iehlghklb�lj_m]hevghc�nhjfu��\_jrbgZ�
lj_m]hevgbdZ�q_j_a�g_dhlhjh_�\j_fy�hdZau\Z_lky�\�lhqd_��k�lhc�`_�dhhj�
^bgZlhc�mk��qlh�b�_]h�i_j_^gbc�njhgl� 

 
������Jbk���� 
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 ³=jZ^b_glgZy�dZlZkljhnZ´�–�g_ebg_cguc�wnn_dl��Hg�g_�\hagbdZ_l�\�
ebg_cghf� mjZ\g_gbb� i_j_ghkZ� ������ dhlhjh_�� dklZlb��fh`gh� lZd`_� ihem�
qblv�b�ba������ijb�jZkkfhlj_gbb�fZeuo�\hafms_gbc�\�hdj_klghklb�ihklh�
yggh]h� j_r_gby��Kms_kl\h\Zgb_� wlh]h� wnn_dlZ�ijb\h^bl� d�g_h[oh^bfh�
klb� jZkkfZljb\Zlv� jZaju\gu_� j_r_gby��<� wlhf� khklhbl� \Z`gh_� hlebqb_�
g_ebg_cguo�]bi_j[hebq_kdbo�mjZ\g_gbc�hl�ebg_cguo� 

AZdhg�khojZg_gby�^ey�aZ^Zqb�^hjh`gh]h�^\b`_gby 

 HdZau\Z_lky��aZdhg�khojZg_gby�ijbf_gbf�b�ijb�fh^_ebjh\Zgbb�aZ�
^Zq��^hklZlhqgh�hl\e_q_gguo�hl�]b^jh^bgZfbdb�b�]Zah\hc�^bgZfbdb��K�_]h�
ihfhsvx�fh`gh�k�mki_ohf�fZl_fZlbq_kdb�hibkZlv��gZijbf_j��aZ^Zqm�^h�
jh`gh]h�^\b`_gby�� 
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ghc�Z\lhkljZ^_��m�dhlhjhc�g_l�[hdh\uo�kt_a^h\�b�\t_a^h\�� 
H[hagZqbf�� 

U(x,t) –� iehlghklv� Z\lhfh[be_c� \� lhqd_� x� �qbkeh� Z\lhfh[be_c� gZ�
_^bgbpm�^ebgu�� 

f(x,t) –�ihlhd�Z\lhfh[be_c�\�lhqd_�x� �qbkeh�Z\lhfh[be_c��ijhoh^y�
sbo�q_j_a�lhqdm�x�\�h^gm�fbgmlm�� 
 GZ�mqZkld_�^hjh]b� >a,b@�baf_g_gb_�qbkeZ� Z\lhfh[be_c� �aZ� _^bgbpm�
\j_f_gb��– I�aZ^Z_lky�ke_^mxsbfb�^\mfy�\ujZ`_gbyfb� 
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mjZ\g_gbyo� h^ghc� ba� g_aZ\bkbfuo� i_j_f_gguo�� dZd� ijZ\beh�� y\ey_lky�
\j_fy��Z�nbabq_kdb_�ijhp_kku��fh^_ebjm_fu_�bfb��ijhl_dZxl�^hklZlhqgh�
^he]h��Hkgh\gu_�hkh[_gghklb�m�j_r_gbc�lZdbo�aZ^Zq��keZ[u_�jZaju\u��dh�
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>Ze__�\uykgyxl�ihjy^hd� ZiijhdkbfZpbb�jZaghklghc� ko_fu��bkke_^m�

xl�__�gZ�mklhcqb\hklv��b�^Zxl�ijh]gha��ih�\hafh`ghklb��dhg_qgh���dZdb_�

k\hckl\Z�jZaghklgh]h�j_r_gby�[m^ml�\�hkgh\ghf�gZ[ex^Zlvky�ihke_�qbk�

e_gguo� jZkq_lh\�� ^bki_jkbhggu_� beb� ^bkkbiZlb\gu_�� I_j_^� bamq_gb_f 

k\hckl\� b� l_f� [he__� ^h� j_r_gby� g_ebg_cghc� aZ^Zqb� g_h[oh^bfh� ihegh�

klvx� bkke_^h\Zlv� khhl\_lkl\mxsmx� _c� ebg_Zjbah\Zggmx� aZ^Zqm�� ^Zlv�

l_hj_lbq_kdbc�ijh]gha�ih\_^_gby�__�j_r_gby��\uihegblv�ih�g_c�qbke_g�

guc�jZkq_l�b�kjZ\gblv�_]h�k�l_hj_lbq_kdbf�ij_^iheh`_gb_f��B�lhevdh�ih�

ke_�wlh]h�fh`gh�ijbklmiZlv�d�j_r_gbx�g_ebg_cghc�aZ^Zqb� 

>ey�l_hj_lbq_kdh]h�bkke_^h\Zgby�k\hckl\�jZaghklgh]h�j_r_gby�\�eb�

g_cghf�kemqZ_�ke_^m_l�gZclb�^bnn_j_gpbZevgh_�ijb[eb`_gb_�bkke_^m_�

fhc�jZaghklghc�ko_fu� 
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K_lhqgZy�nmgdpby�\�h[s_f�kemqZ_�g_�m^h\e_l\hjy_l�^bnn_j_gpbZev�

ghfm�mjZ\g_gbx��dhlhjh_�Ziijhdkbfbjm_l�jZaghklgZy�aZ^ZqZ� 

>bnn_j_gpbZevgh_� mjZ\g_gb_�� j_r_gb_f� dhlhjh]h� y\ey_lky� k_lhqgZy�

nmgdpby�� gZau\Zxl� ^bnn_j_gpbZevguf� ijb[eb`_gb_f� jZaghklghc� ko_�

fu. 
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Ihke_�g_keh`guo�ij_h[jZah\Zgbc�wlh�jZ\g_gb_�ijb\h^blky�d�\b^m 
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:gZeh]bqgh�fh`gh�ihemqblv�ke_^mxsb_�\ujZ`_gby�^ey�ijhba\h^guo�Uttt, 
Uttx, Uxxt 

Uttt =-a3Uxxx + O(k+h), 
Uttx =-a2Uxxx + O(k+h),                                       (59) 
Uxxt =-aUxxx + O(k+h). 

AZf_gyy�\�ijZ\hc�qZklb�mjZ\g_gby� �����ijhba\h^gu_�ih�\j_f_gghc�i_j_�
f_gghc�gZ�ijhba\h^gu_�ih�ijhkljZgkl\_gghc� �i_j_f_gghc�ih�nhjfmeZf�
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_f�jZaghklghc�ko_fu������k�lhqghklvx�^h�qe_gh\�ihjy^dZ� )( 33 hkO + . 

 =eZ\guf�qe_ghf��\ghkysbf�ih]j_rghklv�\�qbke_ggh_�j_r_gb_��y\�
ey_lky�i_j\h_�keZ]Z_fh_� �bf_xs__�gZbf_gvrbc�ihjy^hd�fZehklb�\�aZ\b�
kbfhklb�hl�rZ]h\�jZaghklghc�k_ldb��ijZ\hc�qZklb�������?keb�wlh�keZ]Z_fh_�
kh^_j`bl�qe_g�k�q_lghc�ijhba\h^ghc��lh�bf__l�f_klh�^bkkbiZpby�gZ�jZa�
ghklghc�k_ld_��jbk������<ha^_ckl\b_�^bkkbiZpbb�ijb\h^bl�d� �jZkly`_gbx�
djmluo�ebgbc�jZa^_eZ��dhlhju_�fh]ml�ihy\blvky�\�jZkq_lghc�h[eZklb��Y\�
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 >ey�kgb`_gby�^bkkbiZlb\guo�b�^bki_jkbhgguo�k\hckl\�\�jZaghkl�
gu_�ko_fu�\ghkyl�^hihegbl_evguc�iZjZf_lj��iha\heyxsbc�ohly�[u�qZk�
lbqgh�g_cljZebah\Zlv��i_j\h_�keZ]Z_fh_�ijZ\hc�qZklb�^bnn_j_gpbZevgh]h�
ijb[eb`_gby� 
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;m^_f�bkdZlv�j_r_gb_�\�\b^_� 

xikn mez . 

Ijb�t = 0 (n� ���hgh�bf__l�\b^� xikme ��Imklv� τaez = ��lh]^Z� atann eez == τ . 
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2. Ihkljhblv�^bkdj_lgmx�fh^_ev�\�\b^_�jZaghklghc�ko_fu� 
3. <uykgblv��k�dZdbf�ihjy^dhf�lhqghklb�ihemq_ggZy�ko_fZ�Ziijhdkbfb�

jm_l�bkoh^gmx�fZl_fZlbq_kdmx�fh^_ev� 
4. Bkke_^h\Zlv�__�gZ�mklhcqb\hklv��?keb�jZaghklgZy�ko_fZ�hdZ`_lky�Z[kh�

exlgh�g_mklhcqb\hc��\_jgmlvky�d�imgdlm��� 
5. <u[jZlv�rZ]�jZa[b_gby�ko_fu��\u[hj�h[hkgh\Zlv�� 
6. <u[jZlv�qbke_gguc�f_lh^�j_r_gby� 
7. Ihkljhblv�\uqbkebl_evgmx�fh^_ev� 
8. KhklZ\blv�Ze]hjblf�b�ijh]jZffm��ihemqblv�j_amevlZlu� 
 

V. Kh^_j`Zgb_�hlq_lZ 

1. P_ev�jZ[hlu� 
2. L_hj_lbq_kdZy�qZklv� 
3. Kibkhd�b^_glbnbdZlhjh\� 
4. Ibkvf_ggh�\uiheg_ggu_�aZ^Zgby�ih^�imgdlZfb���-7. 
5. :e]hjblf�b�l_dkl�ijh]jZffu� 
6. J_amevlZl�jZ[hlu�ijh]jZffu� 
7. <u\h^u� 
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<ZjbZglu��aZ^Zq 
1. QZklbpu�^\b`mlky�ih�bg_jpbb�\�h^ghf_jghc�kj_^_��Hij_^_eblv�dZjlbgm�
w\hexpbb�^\b`_gby�qZklbp�gZ�mqZkld_�^ebghc����f�q_j_a���k�ihke_�gZqZeZ�
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HdhgqZgb_�lZ[e��� 
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Iehlghklv� jZkij_^_e_gby� Z\lh�
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mljZ��rl�df�� 

AZ\bkbfhklv� ihlhdZ� Z\lhfh[b�
e_c� �rl�q�� hl� iehlghklb� jZk�
ij_^_e_gby��rl�df� 

 
 
 
 

22 

 
 
 
 
2 

  

 
 
 
 

23 

 
 
 
 
4 

  

 
 
 
 

24 

 
 
 
 

30 

  

 
 
 
 

25 

 
 
 
 

60 

  

 
 

 N

 9

M

iehlghklv

jZkklhygb_

 5

 

ihlhd

  5

20

100

iehlghklv

 N

 9

M

iehlghklv

jZkklhygb_

 8

ihlhd

  6

18

120

iehlghklv

 N

9

M

iehlghklv

jZkklhygb_

 

ihlhd

  7

23

140

iehlghklv

 N

4

M

iehlghklv

jZkklhygb_

 

 ihlhd 
4 

3 

3 

1 0 

iehlghklv



 67 

EZ[hjZlhjgZy�jZ[hlZ���� 
 

IJBF?G?GB?�<:JB:PBHGGUO�F?LH>H<�IJB��QBKE?GGHF�

FH>?EBJH<:GBB�KL:PBHG:JGUO�A:>:Q 
 

I.  P_ev�jZ[hlu 
AgZdhfkl\h�k�\ZjbZpbhgguf�f_lh^hf�JblpZ�� 
 

II ��DjZldZy�l_hjby 
<ZjbZpbhggu_�f_lh^u�ijbf_gyxlky�ijb�j_r_gbb�aZ^Zq�\ZjbZpbhg�

gh]h�bkqbke_gby��<�ijhkl_cr_f�kemqZ_�lZdmx�aZ^Zqm�fh`gh�knhjfmebjh�
\Zlv�dZd�gZoh`^_gb_�fbgbfmfZ�nmgdpbhgZeZ 

                ∫ ′=
b

a

dxyyxFyJ ),,(][ ,                                       (70) 

\� dhlhjhc�fbgbfmf� [_j_lky�ih�fgh`_kl\m� ]eZ^dbo�nmgdpbc�� m^h\e_l\h�
jyxsbo�djZ_\uf�mkeh\byf� 

              ba ybyyay == )(,)( .                                     (71) 

<�ij_^iheh`_gbb��qlh�bgl_]jZe� ),,( yyxF ′ �y\ey_lky�]eZ^dhc�nmgdpb�
_c�k\hbo�i_j_f_gguo��wlZ�aZ^ZqZ�k\h^blky�d�j_r_gbx�djZ_\hc�aZ^Zqb�^ey�
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�����ijb�mkeh\byo�������b�aZ^Zqm������fh`gh�j_rZlv�\ZjbZpbhggufb�f_lh�
^Zfb� 
 >jm]hc�deZkkbq_kdbc�ijbf_j�aZ^Zqb�\ZjbZpbhggh]h�bkqbke_gby�^ey�
nmgdpbc�^\mo�i_j_f_gguo�khklhbl�\�hlukdZgbb�fbgbfmfZ�nmgdpbhgZeZ� 
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A^_kv� D –� h]jZgbq_ggZy� h[eZklv� _\deb^h\Z� ijhkljZgkl\Z�� f –� aZ^ZggZy��������
\�D�nmgdpby��Z�fbgbfmf�[_j_lky�ih�fgh`_kl\m�]eZ^dbo�\�D�nmgdpbc��jZ\�
guo�gmex�gZ�]jZgbp_�� D∂ ��WlZ�aZ^ZqZ�wd\b\Ze_glgZ�aZ^Zq_�>bjboe_� 
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F_lh^�JblpZ�fbgbfbaZpbb�nmgdpbhgZeZ 

 H^gbf�ba�ijb[eb`_gguo�f_lh^h\�j_r_gby�\ZjbZpbhgghc�aZ^Zqb�y\�
ey_lky�f_lh^�JblpZ��Imklv�g_h[oh^bfh�fbgbfbabjh\Zlv�nmgdpbhgZe�������
<u[bjZ_lky�g_dhlhjh_�ijhba\hevgh_�p_eh_�qbkeh�n��Nmgdpby�U��fbgbfb�
abjmxsZy�nmgdpbhgZe��bs_lky�\�\b^_�� 

               ),,(...),(),(),( 2211 yxayxayxayxU nnn ϕϕϕ +++=                (75) 

]^_� nϕϕϕ ,...,, 21  –�aZ^Zggu_��^hklZlhqgh�ohjhrb_�nmgdpbb��h[jZsZxsb_�

ky�\�gmev�gZ�]jZgbp_��Wlb�nmgdpbb�gZau\Zxl�ijh[gufb��beb�[Zabkgufb��
Ij_^iheZ]Z_lky�� qlh� kbkl_fZ� [Zabkguo� nmgdpbc� ebg_cgh� g_aZ\bkbfZ� b�
ebg_cgufb�dhf[bgZpbyfb������ijb�khhl\_lkl\mxs_f�\u[hj_��dhwnnbpb�
_glh\� naaa ,...,, 21 � fh`gh� Ziijhdkbfbjh\Zlv� ex[mx� ]eZ^dmx� nmgdpbx��
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y\ey_lky�nmgdpb_c�dhwnnbpb_glh\� naaa ,...,, 21 ��Ke_^h\Zl_evgh��^ey� lh]h�
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                                                         Aa = b,                                                 (76) 
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b = (bi) –�\_dlhj�k�dhfihg_glZfb 
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Z��a = (ai) –�g_ba\_klguc�\_dlhj��J_r_gb_�ebg_cghc�kbkl_fu������^Z_l�ijb�
[eb`_ggh_�j_r_gb_�aZ^Zqb�>bjboe_� 

III.  AZ^Zgby�d�jZ[hl_ 
J_rblv� aZ^Zqm� ����� \ZjbZpbhgguf� f_lh^hf� �\ZjbZglu� nmgdpbb�

\aylv�ba�eZ[hjZlhjghc�jZ[hlu������ 

IV.  <uiheg_gb_�jZ[hlu 
1. >ey�fZl_fZlbq_kdhc�fh^_eb������ihkljhblv�\uqbkebl_evgmx�fh^_ev� 
2. <u[jZlv�qbke_gguc�f_lh^�j_r_gby� 
3. KhklZ\blv�ijh]jZffm� 
4. Ijhl_klbjh\Zlv�ijh]jZffm�^ey�mjZ\g_gby�EZieZkZ�k�gme_\ufb�]jZgbq�

gufb�mkeh\byfb� 
5. Ihemqblv�j_amevlZlu�^ey�k\h_]h�\ZjbZglZ� 



 70 

V. Kh^_j`Zgb_�hlq_lZ 
1. P_ev�jZ[hlu� 
2. L_hj_lbq_kdZy�qZklv� 
3. Ibkvf_ggh�\uiheg_ggu_�aZ^Zgby�ih^�imgdlZfb����� 
4. Kibkhd�b^_glbnbdZlhjh\� 
5. L_dkl�ijh]jZffu� 
6. J_amevlZl�jZ[hlu�ijh]jZffu� 
<u\h^u�ih�jZ[hl_� 

;B;EBH=J:NBQ?KDBC�KIBKHD� 
1. :fhkh\�:�:���>m[bgkdbc�X�:���Dhiq_gh\Z�G�<��<uqbkebl_evgu_�f_�

lh^u�^ey�bg`_g_jh\��F���<ukr��rd�������������k� 

2. :g]h�:��FZl_fZlbdZ�^ey�we_dljh-�b�jZ^bhbg`_g_jh\��F���GZmdZ������� 
����k� 

3. :g^_jkhg�>���b�^j��<uqbkebl_evgZy�]b^jhf_oZgbdZ�b�l_iehh[f_g��<���l� 
F���Fbj������������k� 

4. ;ZkZgkdbc�?�=���Dm^jyrh\�G�:��Qbke_ggh_�fh^_ebjh\Zgb_�nbevljZpbb�
]ZaZ�ba�kn_jbq_kdhc�ihehklb� ���FZl_fZlbq_kdh_�fh^_ebjh\Zgb_�nbab�
q_kdbo�ijhp_kkh\��F���Wg_j]hba^Zl��������K����-90.�����k� 

5. ;Zo\Zeh\�G�K��b�^j��Qbke_ggu_�f_lh^u��F���GZmdZ������������k� 

6. ;m^Zd�;�F���KZfZjkdbc�:�:��K[hjgbd�aZ^Zq�ih�fZl_fZlbq_kdhc�nbabd_��
F���GZmdZ�����2.�����k� 

7. <eZ^bfbjh\�<�K���<ZrZjbg�:�:���DZjbfh\Z�O�O��b�^j��K[hjgbd�aZ^Zq�
ih�mjZ\g_gbyf�fZl_fZlbq_kdhc�nbabdb��F���NbafZlebl������������k� 

8. <eZ^bfbjh\�<�K���@Zjbgh\�<�<���MjZ\g_gby�fZl_fZlbq_kdhc�nbabdb��
F���NbafZlebl������������k� 

9. <hedh\�;�B���Ydmgbg�K�:��FZl_fZlbq_kdb_� aZ^Zqb�ieZafhhilbdb��F���

AgZgb_�����������k� 

10. <uqbkebl_evgu_�Ze]hjblfu�b�bo�ijh]jZffu��EZ[hjZlhjgu_�jZ[hlu�ih�
dmjkm� ³<uqbkebl_evgZy�fZl_fZlbdZ�b�ijh]jZffbjh\Zgb_´��F���FWB��
���������k� 

11. =h^mgh\�K�D���Jy[_gvdbc�<�K��JZaghklgu_�ko_fu��F���GZmdZ, 1977.�����k� 

12. =mebg�:�<���KZfZjkdbc�:�:��Mklhcqb\hklv�jZaghklguo�ko_f��F���GZmdZ� 
1973.�����k� 
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13. >_fb^h\bq�;�I���FZjhg�B�:��Hkgh\u�\uqbkebl_evghc�fZl_fZlbdb��F���

NbafZlebl������������k� 

14. >fbljh\� K�D��� E_clZg� <�:��� Empvdh� :�K��� J_[Zg_� =�I��� JhrZev� :�K��
>\mf_jgZy� fZl_fZlbq_kdZy� fh^_ev� we_dljhklZlbq_kdhc� j_dmi_jZpbb�
wg_j]bb�aZjy`_gguo�qZklbp����FZl_fZlbq_kdh_�fh^_ebjh\Zgb_�nbabq_�
kdbo�ijhp_kkh\��F���Wg_j]hba^Zl��������K����-53.�����k� 

15. B\Zgh\�<�>���DhkZj_\�<�B���Eh[Zgh\�:�B��b�^j��EZ[hjZlhjguc�ijZdlbdmf�
ih� dmjkm� ³Hkgh\u� \uqbkebl_evghc� fZl_fZlbdb´��F���F�-Ij_kk�� ����� 
190�k� 

16. DhkZj_\�<�B�����e_dpbc�ih�\uqbkebl_evghc�fZl_fZlbd_��F���FNLB������� 
225�k� 

17. E_clZg�<�:���J_[Zg_�=�I���JhrZev�:�K��H�g_dhlhjuo�hkh[_gghklyo�qbk�
e_ggh]h�j_r_gby�^\mf_jgh]h�mjZ\g_gby�ImZkkhgZ�f_lh^hf�ihke_^h\Z�
l_evghc�\_jog_c�j_eZdkZpbb� ���FZl_fZlbq_kdh_�fh^_ebjh\Zgb_�nbab�
q_kdbo�ijhp_kkh\��F���Wg_j]hba^Zl��������K����-68.�����k� 

18. FZl_fZlbq_kdh_�fh^_ebjh\Zgb_��F���F=M������������k� 

19. FZl_fZlbq_kdh_�fh^_ebjh\Zgb_��F���Fbj������������k� 

20. FZl_fZlbq_kdh_�fh^_ebjh\Zgb_�nbabq_kdbo�ijhp_kkh\��Db_\��BF��������

����k� 

21. F_lh^bq_kdb_�mdZaZgby�d�eZ[hjZlhjghfm�ijZdlbdmfm�ih�dmjkm�\ukr_c�
fZl_fZlbdb��LmeZ��LIB�����������k� 

22. F_lh^bq_kdb_�mdZaZgby�ih�ijh\_^_gbx�eZ[hjZlhjguo�jZ[hl�ih�\uqbk�
ebl_evguf�f_lh^Zf�\�bg`_g_jguo�jZkq_lZo�gZ�W<F��F���FWB������� 
���k� 

23. FboZceh\�:�I���KZfZjkdbc�:�:�FZl_fZlbq_kdh_�fh^_ebjh\Zgb_��F���

NbafZlebl������������k� 

24. Fhbk__\�G�G��Fh^_eb�w\hexpbb�b�wdheh]bb��F���AgZgb_������������k� 

25. GbdheZ_\�?�K���KZfZjkdbc�:�:��F_lh^u�j_r_gby�k_lhqguo�mjZ\g_gbc��
F���GZmdZ������������k� 

26. Ih^eb\Z_\�B�N���Kheh\v_\�<�<��Qbke_ggh_� j_r_gb_� h[jZlghc� aZ^Zqb�
^ey�mjZ\g_gby�l_iehijh\h^ghklb�ih�hij_^_e_gbx�dhwnnbpb_glZ�i_j_�
ghkZ� ��� FZl_fZlbq_kdh_� fh^_ebjh\Zgb_� nbabq_kdbo� ijhp_kkh\�� F���

Wg_j]hba^Zl��������K����-72.�����k� 

27. Ihih\�:�<��IjZdlbdmf�gZ�W<F��JZaghklgu_�f_lh^u�j_r_gby�d\Zabeb�
g_cguo�mjZ\g_gbc�i_j\h]h�ihjy^dZ��F���F=M�����������k� 

28. Ihih\�X�:���KZfZjkdbc�:�:��JZaghklgu_�f_lh^u�j_r_gby�aZ^Zq�]Zah�
\hc�^bgZfbdb��F���GZmdZ������������k� 
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29. Jhmq�I��<uqbkebl_evgZy�]Zah^bgZfbdZ��F���Fbj������� 380 c. 

30. Jy[_gvdbc�<�K��<\_^_gb_�\�\uqbkebl_evgmx�fZl_fZlbdm��F���NbafZl�
ebl������������������k� 

31. KZfZjkdbc�:�:��<\_^_gb_�\�l_hjbx�jZaghklguo�ko_f��F���GZmdZ������� 
����k� 

32. KZfZjkdbc�:�:��L_hjby�jZaghklguo�ko_f��F���GZmdZ������������k� 

33. KZfZjkdbc�:�:��<\_^_gb_�\�qbke_ggu_�f_lh^u��F���GZmdZ������������k� 

34. KZfZjkdbc�:�:���Lbohgh\�:�G��MjZ\g_gby�fZl_fZlbq_kdhc�nbabdb��F���

F=M������������k� 

35. K[hjgbd�aZ^Zq�ih�f_lh^Zf�\uqbke_gbc���Ih^�j_^��I�B��FhgZklujkdh]h� 
F���NbafZlebl������������k� 

36. NZjehm�K��MjZ\g_gby�k�qZklgufb�ijhba\h^gufb. F���Fbj������������k� 
 
 

H=E:<E?GB? 

Ij_^bkeh\b_�«««««««««««««««««««««««««���� 

<\_^_gb_�«««««««««««««««««««««««««««�� 

EZ[hjZlhjgZy�jZ[hlZ������FH>?EBJH<:GB?�A:>:Q 
����F:L?F:LBQ?KDHC�NBABDB�F?LH>HF��FHGL?�–�D:JEH�««� 9 

EZ[hjZlhjgZy�jZ[hlZ������IJBF?G?GB?�K?LHQGUO�F?LH>H< 
����IJB�QBKE?GGHF�FH>?EBJH<:GBB�KL:PBHG:JGUO 
����A:>:Q�««««««««««««««««««««««««««���� 

EZ[hjZlhjgZy�jZ[hlZ������IJBF?G?GB?�K?LHQGUO�F?LH>H< 
����IJB�QBKE?GGHF�FH>?EBJH<:GBB�G?KL:PBHG:JGUO 
����A:>:Q�««««««««««««««««««««««««««���� 

EZ[hjZlhjgZy�jZ[hlZ������F:L?F:LBQ?KDH? 
����FH>?EBJH<:GB?�A:>:Q��HIBKU<:?FUO 
����G?EBG?CGUFB�=BI?J;HEBQ?KDBFB�MJ:<G?GBYFB 
����I?J<H=H�IHJY>D:�«««««««««««««««««««« 48 

EZ[hjZlhjgZy�jZ[hlZ������IJBF?G?GB?�<:JB:PBHGGUO 
����F?LH>H<�IJB��QBKE?GGHF�FH>?EBJH<:GBB 
����KL:PBHG:JGUO�A:>:Q�«««««««««««««««««����� 

;b[ebh]jZnbq_kdbc�kibkhd««««««««««««««««««« 70 
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Mq_[gh_�ba^Zgb_ 

 

F:L?F?LBQ?KDH?��FH>?EBJH<:GB? 
EZ[hjZlhjguc�ijZdlbdmf 

 

:EOMLH<�Xjbc�:e_dkZg^jh\bq 

<HJHGH<:�GZlZeby�FboZceh\gZ 

 
Hl\_lkl\_gguc�aZ�\uimkd�-�aZ\��dZn_^jhc�ijhn_kkhj�K�F��:jZd_eyg 

J_^Zdlhj-dhjj_dlhj  �?�I��<bdmeh\Z 
<_jklZevsbd�  ?�=��JZ^q_gdh 

EJ�����������Ih^ibkZgh�\�i_qZlv���������� 
NhjfZl���o�������;mfZ]Z�^ey�fgh`bl��l_ogbdb��=ZjgblmjZ�LZcfk� 
I_qZlv�hnk_lgZy��Mke�-i_q��e��4,18. Mq�-ba^��e��4,45��LbjZ`�����wda� 

AZdZa 
J_^Zdpbhggh-ba^Zl_evkdbc�dhfie_dk 

<eZ^bfbjkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ� 
��������<eZ^bfbj��me��=hjvdh]h����� 

 


