
DHFIHABPBHGGUC F?LH>�W<HEXPBHGGH=H�FH>?EBJH<:GBY< IJH?DLGBO�A:>:Q:OAeZld�g :�:����^�l�g���ijhn_khj��Kgblxd�<�?���d�l�g���^hp_glQ_jdZkkdbc�]hkm^Zjkl\_gguc�l_ogheh]bq_kdbc mgb\_jkbl_l
,Q�WKLV�SDSHU�WKH�FRPSRVLWH�PHWKRG�IRU�WKH�RSWLPXP�YDOXHV�RI�WKH�LQSXW�SDUDPH�WHUV�GHILQLWLRQ��LV�RIIHUHG��7KH�FRPSRVLWLYH�DSSURDFK�DOORZ�WKH�HIILFLHQF\�IRUHFDVWLQJZLWKRXW�DQDO\WLFDO�IXQFWLRQV�
<\_^_gb_��Ijh]jZffbjh\Zggh_� khijh\h`^_gb_� keh`guo� l_ogbq_kdbo� kbk�l_f�ih�wlZiZf�bo�`bag_ggh]h�pbdeZ >�@�ij_^iheZ]Z_l�ba\_klgufb�gZ�wlZi_�gZ�mqguo� bkke_^h\Zgbc� b ijh_dlbjh\Zgby� djhf_� \oh^guo� ; b \uoh^guo< oZjZdl_jbklbd��lZd`_�\_dlhj�ijbdeZ^guo� aZ^Zq� 3 ��dhlhju_�[m^ml�j_rZlvkykbkl_fhc�� \_dlhj� \hafh`guo� kljZl_]bc� mijZ\e_gby �jZkij_^_e_gby� j_kmjkh\�6 b \_dlhj�\hafh`guo�kljmdlmj�& �jbk�����<_dlhj� 6 ��\ agZqbl_evghc�kl_i_gb�hij_^_ey_lky�bgbpbZlb\hc�jmdh\h^bl_ey�b gZ�wlZi_�ijh_dlbjh\Zgby�\hafh`ghebrv�ij_^iheh`_gb_�h _]h�dhfihg_glZo�b bo�p_e_khh[jZaghklb��Kbkl_fu�k i_�j_f_gghc�kljmdlmjhc�\ kh\j_f_gguo�mkeh\byo�g_ij_ju\gh�f_gyxs_]hky�jugdZy\eyxlky�h^gbf�ba�bgkljmf_glh\�hkms_kl\e_gby�wnn_dlb\gh]h�ijhba\h^kl\Z�

; <
Jbk�����:ki_dlu�nmgdpbhgbjh\Zgby�KLK

GZ�gb`g_f�mjh\g_�^_j_\Z�p_e_c�KLK�gZoh^ylky�\uoh^gu_�oZjZdl_jbklbdb�ihemq_gb_�hij_^_e_gguo� agZq_gbc�dhlhjuo�g_h[oh^bfh�^ey�^hklb`_gby� ]eh�[Zevghc�p_eb�kha^Z\Z_fhc�kbkl_fu��Hq_\b^gh >�@��qlh�dZ`^Zy�oZjZdl_jbklbdZ_klv�nmgdpb_c�hl� 3 �� 6 ��& b dhebq_kl\_ggh�hp_gb\Z_lky�ihdZaZl_e_f�wnn_d�lb\ghklb��Bgl_]jZevghc�hp_gdhc�KLK�y\ey_lky�djbl_jbc�wnn_dlb\ghklb�������� 6&3<( M$) ) � ���]^_�M ��ihdZaZl_eb�wnn_dlb\ghklb�� $ ��agZd�dhfihabpbb��mdZau\Zxsbc�gZ�lh�qlh�bgl_]jZevgZy�nmgdpby�fh`_l�[ulv�dZd� kmffhc�beb�ijhba\_^_gb_f�� lZd�bg_dhlhjhc�^jm]hc�aZ\bkbfhklvx�Ij_^iheh`bf�� qlh� kms_kl\m_l� hiul� ijh_dlbjh\Zgby� ih^h[guo� kbkl_f� bkms_kl\mxl�klZlbklbq_kdb_�^Zggu_�h O ijhlhlbiZo�\ \b^_�fZljbpu
¸̧̧
¸̧
¹
·

¨̈̈
¨̈
©
§

OPOOOO
PQ
PQ

[[[
[[[ [[[

MMM
MMM MMM

������ ������������������������ ������ ������
��OQ��

����������
���������� beb ¸̧̧

¸̧
¹
·

¨̈̈
¨̈
©
§

OOO
Q
Q

([[[
([[[ ([[[

OQ��
������
������ ������

]^_� LMM ��ihdZaZl_ev�wnn_dlb\ghklb�^ey� L �c oZjZdl_jbklbdb� M �]h�ijhlhlbiZ�� M( �_]h�agZq_gb_�djbl_jby�wnn_dlb\ghklb�� Q ��dhebq_kl\h�we_f_glh\�\oh^gh]h�\_d�lhjZ�� FZdkbfZevgh_� agZq_gb_� ( ^hklb]Z_lky� ijb� hij_^_e_gguo� agZq_gbyo

3 FRQVW6�&� �YDULDEOH



dhfihg_gl�\_dlhjZ� ; ��DeZkkbq_kdbc�ih^oh^�aZdexqZ_lky�\ gZoh`^_gbb�ZgZeb�lbq_kdhc�aZ\bkbfhklb �������� �� Q[[[I M beb� �������� �� Q[[[I(  ���b f_lh^Zfb�^bnn_j_gpbZevgh]h�bkqbke_gby�fZdkbfmfZ�nmgdpbb� I ��Gh� _kebfZljbpZ� bkoh^guo� ^Zgguo� bf__l� i_j\h_� ij_^klZ\e_gb_� b I _klv� \_dlhj�nmgdpb_c�� lh� ^hklZlhqgh� lhqgh_� ZgZeblbq_kdh_� \ujZ`_gb_� ihemqblv� g_\ha�fh`gh��ihkdhevdm�dZd�agZq_gby�\oh^guo�iZjZf_ljh\�lZd�b \uoh^guo�oZjZdl_�jbklbd� aZ\bkbfu�f_`^m�kh[hc��<h�\lhjhf�kemqZ_��_keb� aZ\bkbfhklv� ����g_eb�g_cgZy�� lh� ihbkd� wdklj_fmfZ� khijy`_g� kh� agZqbl_evgufb� ljm^ghklyfb�� hkh�[_ggh� _keb�ih\_joghklv�� aZ^ZggZy�nmgdpb_c� I �� bf__l�fgh]h� ehdZevguo� wdk�lj_fmfh\��J_rblv�wlb�ijh[e_fu�ij_^eZ]Z_lky�g_�ZgZeblbq_kdbfb�f_lh^Zfb��Z kihfhsvx�kbgl_lbq_kdh]h�ih^oh^Z��bkihevamy�g_cjhggmx�k_lv�\ dhfihabpbb�k]_g_lbq_kdbf�Ze]hjblfhf��G_cjhggZy�k_lv�^Zkl�\hafh`ghklv�\uqbkeblv�agZq_�gb_�nmgdpbb�[_a�__�ZgZeblbq_kdh]h�ij_^klZ\e_gby��Z ]_g_lbq_kdbc�Ze]hjblf�g_iha\hebl�hdZaZlvky�\ ehdZevghf�wdklj_fmf_�IhklZgh\dZ�aZ^Zqb��Ij_^iheh`bf�ba\_klgufb�\hafh`gu_�bgl_j\Zeu�agZ�q_gbc > @ > @ > @QQQ ED[ED[ED[ ��������� ������ ��� ����� ���Ijb�wlhf�\hafh`gu�ke_^mxsb_�kemqZb��� Ba\_klgu�aZdhgu�jZkij_^_e_gby�\oh^guo�iZjZf_ljh\��� Ba\_klgu�bo�nmgdpbb�ijbgZ^e_`ghklb�>�@��� >ey�g_dhlhjuo�iZjZf_ljh\�ba\_klgu�nmgdpbb�jZkij_^_e_gby��^ey�^jm]bo ±nmgdpbb�ijbgZ^e_`ghklb��� <k_�agZq_gby�iZjZf_ljh\�jZ\gh\_jhylgu�JZkkfhljbf�q_l\_jluc�kemqZc��G_h[oh^bfh�j_rblv�aZ^Zqm�gZoh`^_gby� � �
�PD[������ ����
(QLQLL [[[ ���k aZ^Zgghc�lhqghklvx�H ��Lh��qlh�j_r_gb_�[m^_l�bf_lv�lZdmx�lhqghklv��hij_^_�ey_lky�ba g_jZ\_gkl\Z H�� 
PLQ LLL [[ �������� ���]^_� 
L[ ��lhqgh_�agZq_gb_�iZjZf_ljZ�� L[ ��\uqbke_ggh_�Ih^]hlh\dZ�bkoh^guo�^Zgguo��>ey�lh]h��qlh[u�kbgl_abjh\Zlv�nmgdpbxwnn_dlb\ghklb��p_e_\mx�nmgdpbx��g_cjhgghc�k_lvx�bkoh^gu_�^Zggu_�g_h[�oh^bfh�ih^]hlh\blv��?keb�kj_^b�agZq_gbc�\oh^guo�iZjZf_ljh\�_klv�b iheh`b�l_evgu_�b hljbpZl_evgu_��lh�\ dZq_kl\_�Zdlb\Zpbhgghc�nmgdpbb�>�@�emqr_�bk�ihevah\Zlv�]bi_j[hebq_kdbc�lZg]_gk�beb�kb]fhb^�kh�kf_s_gb_f� ��� ��_keblhevdh�iheh`bl_evgu_�agZq_gby���lh�deZkkbq_kdbc�kb]fhb^��Bkoh^gu_�^Zggu_^ey�Z^_d\Zlghc�h[jZ[hldb�g_h[oh^bfh�ghjfbjh\Zlv��GZb[he__�hilbfZevgufb_klv�ke_^mxsb_�\ujZ`_gby�

PLQPD[
PLQ

 [[ [[[ �� ���� V [[[ � 
 ���� [H[ � � �
 ���������� ���



]^_� [ b V ��\u[hjhqgu_�kj_^g__�b kj_^g__�d\Z^jZlbq_kdh_�hldehg_gb_��khhl�\_lkl\_ggh��Gh�dZ`^h_�ba�wlbo�\ujZ`_gbc�bf__l�b g_^hklZldb��LZd�i_j\h_�ij_�h[jZah\Zgb_�fh`gh�bkihevah\Zlv�ebrv�\ ij_^iheh`_gbb��qlh�hilbfZevgh_�agZ�q_gb_�gb�h^gh]h�ba iZjZf_ljh\�g_�\uc^_l�aZ�ij_^_eu�hlj_adZ�> @PD[PLQ � [[ ��>eybkihevah\Zgby�\lhjh]h�ij_h[jZah\Zgby�g_h[oh^bfh�\uqbkeylv�^hihegbl_evgu_\_ebqbgu�b g_evay�bkihevah\Zlv�deZkkbq_kdbc�kb]fhb^��< lj_lv_f�kemqZ_�\ha�fh`gh�bkdZ`_gb_�l_g^_gpbb�baf_g_gby�ghjfbjh\Zgguo�^Zgguo�ih�kjZ\g_gbxk bkoh^gufb��<u[jZ\�kihkh[�ghjfbjh\db�g_h[oh^bfh�lZd`_�khhl\_lkl\_gghdhjj_dlbjh\Zlv�b agZq_gb_�hrb[db�Dhfihabpbhgguc�f_lh^� GZ�ghjfbjh\Zgghf�gZ[hj_�� (; � ���bkihevamyf_lh^�h[jZlgh]h�jZkijhkljZg_gby�hrb[db��[_a�h]jZgbq_gby�h[sghklb��ij_^\Z�jbl_evgh�jZajZ[hlZ\�kljmdlmjm�g_cjhgghc�k_lb��hkms_kl\bf�__ h[mq_gb_������=_�g_lbq_kdbc�Ze]hjblf�>�@�ij_^iheZ]Z_l�jZa[b_gb_�hlj_adZ�> @��� ��\ dhlhjhf�ihke_ghjfbjh\db�gZoh^ylky�\k_�^Zggu_��Dhebq_kl\h�maeh\�jZa[b_gby�P \u[_j_f�lZ�dbf��qlh[u�\uihegyehkv�g_jZ\_gkl\h� 
� H�P ��]^_� 
H ��ki_pbZevguf�h[jZahf
ghjfbjh\ZggZy�hrb[dZ��Hlkx^Z�ke_^m_l��qlh�^hklZlhqgh�\aylv� ��
 �»¼º«¬ª HP �Ghjfbjh\Zgguc�\_dlhj�\oh^guo�^Zgguo�ij_^klZ\bf�\ \b^_�h^ghc�ojhfhkhfu�^ebghc� SQ � ��]^_� S _klv�^ebgZ�[bgZjgh]h�njZ]f_glZ��dh^bjmxsZy�h^bg�\oh^�ghc�iZjZf_lj�b hij_^_ey_lky�ba�khhlghr_gbyPSPS �ORJ�  � �������� ���IjZdlbq_kdb� > @ �ORJ� � PS ��OjhfhkhfZ�bf__l�\b^��ijb� S  ������� ��������������������
�[ 
�[ 
Q[?^bgbp_c�ij_^klZ\e_gby�^Zgguo�[m^_l� �� ��S �jbk������ �

�� ��S �� ��S �� ��S �� �� ��S
S �� �� ��S

S
Jbk����JZa[b_gb_�hlj_adZ

G_h[oh^bfh� kha^Zlv�gZqZevgmx� ihimeypbx��Hq_\b^gh�� qlh� \ ]_g_jZevghckh\hdmighklb� SQ� bg^b\b^mmfh\� �lhq_d���Qbkeh� wlh� ^hklZlhqgh� [hevrh_�� ih�wlhfm�ij_^iheh`bf�h[t_f�\u[hjhqghc�ihimeypbb�jZ\guf� SQT ��� ��>ey�lh]hqlh[u�__ ihemqblv�� ]_g_jbjm_f�fZljbpm� QT MLLMU5 �����    kemqZcguo�qbk_e�ba�hl�j_adZ�> ��� @��bf_xsbo�jZ\ghf_jgh_�jZkij_^_e_gb_��Ih^Z^bf�gZ�\oh^�h[mq_gghck_lb� ih� hq_j_^b� kljhdb� fZljbpu� 5 b ihemqbf� gZ� \uoh^_� \_dlhj



�������� 

�
�
 T((((  ��<uqbkebf�kj_^gxx�wnn_dlb\ghklv� ¦ 

 � L(T( ��jZkkqblZ�
_f�we_f_glu�\_dlhjZ� 





 ((( LL  �� TL �� b _]h�ijhghjfbjm_f¦ 





 LLLQ ((( �������� ���JZah[v_f�hlj_ahd�> @��� gZ�T hlj_adh\�ke_^mxsbf�h[jZahf��jbk����
����� �

�Q( 

�

� QQ (( � ¦ 

LQ(Jbk����>bkdj_lbaZpby�hlj_adZ�>���@�ih�wnn_dlb\ghklb

=_g_jbjm_f� kgh\Z� ^\Z� kemqZcguo� qbkeZ� > @���� �� �]] �� ?keb� »¼º«¬ª� ¦¦ �
  
�
�




�



� � M
L LQM

L LQ ((] ���� � TM ��lh�\ dZq_kl\_�i_j\h]h�jh^bl_ey�\u[bjZ_f� ��MU ��ij_^\Zjbl_evgh�ij_�h[jZah\Zggh]h� d [bgZjghfm� \b^m� ke_^mxsbf� h[jZahf�� ?keb
»¼º«¬ª ����� �� ����� SSNM LLU �� lh� �
 � � � LU NM \ ^_kyl_jbqghc� kbkl_f_� kqbke_gby��Ij_�

h[jZam_f� 
 � NMU � �� QN �� d [bgZjghfm�\b^m�b knhjfbjm_f�i_j\mx�jh^bl_evkdmxojhfhkhfm��:gZeh]bqgh�nhjfbjm_lky�b \lhjZy�ojhfhkhfZ�Ihke_�hij_^_e_gby�jh^bl_evkdbo�]_ghlbih\�g_h[oh^bfh�knhjfbjh\Zlv�]_�ghlbi�ihlhfdZ��>ey�wlh]h�aZ^Z^bf�\_jhylghklb� N3 ��djhkkh\_jZ�� L3 ��bg\_jkbb�
P3 ��fmlZpbb��Ke_^my�ijbjh^ghfm�hl[hjm��[m^_f�kqblZlv��qlh

NPL 333 ���� ����� ����K \_jhylghklvx� N3 ijh\_^_f�djhkkh\_j��^Ze__�k \_jhylghklvx�����\u[_j_f�h^�gh]h�ihlhfdZ�b k� khhl\_lkl\mxsbfb� \_jhylghklyfb� hkms_kl\bf�bg\_jkbx� bfmlZpbx��Jhau]jZ_f�kemqZcgh_�qbkeh�ba�fgh`_kl\Z ^��� ��� ��� ����� T`�b bg^b\b�^mmfZ�k lZdbf�ghf_jhf�bkdexqbf�ba�fZljbpu� 5 ��GZ�_]h�f_klh��hkms_kl\b\b\ij_^\Zjbl_evgh� ij_h[jZah\Zgb_� ihnjZ]f_glgh� d ^_kylbqghfm� \b^m�� aZibr_fihlhfdZ��>Zggmx� ihke_^h\Zl_evghklv� hi_jZpbc� �jbk���� ijh\h^yl� ^h� l_o� ihj�ihdZ�kj_^gyy�wnn_dlb\ghklv�\ h^ghc�wiho_�[m^_l�hlebqZlvky�hl�kj_^g_c�wnn_d�lb\ghklb�\ ke_^mxs_c�gZ�^hklZlhqgh�fZeh_�qbkeh�<u\h^u��Ijb�[bgZjghf�dh^bjh\Zgbb�agZq_gbc�\oh^guo�iZjZf_ljh\�g_ba�[_`gh� \hagbdZ_l� g_dhlhjZy� ba[ulhqghklv��H^bg� ba� kihkh[h\� __ ij_h^he_gby_klv�jZ\_gkl\h�gmex�p_e_\hc�nmgdpbb��djbl_jby�wnn_dlb\ghklb��\ lhqdZo��agZ�q_gby� dhlhjuo� ij_\urZxl� fZdkbfZevgh� \hafh`gu_�� < klZlv_� lZd`_� g_� jZk�kfZljb\Zebkv�\hijhku��k\yaZggu_�k gZebqb_f�^jm]hc�Zijbhjghc�bgnhjfZpbb�hgZqZevguo� ^Zgguo�� djhf_� ba\_klghklb� h[� bo� jZ\ghf_jghf� jZkij_^_e_gbb�Ij_^eh`_gguc�f_lh^�p_e_khh[jZagh�bkihevah\Zlv�b ^ey� hij_^_e_gby� hl^_ev�guo� ihdZaZl_e_c� wnn_dlb\ghklb�� qlh� ij_^klZ\ey_l� agZqbl_evgmx� ljm^ghklv^ey�deZkkbq_kdbo�ZgZeblbq_kdbo�ih^oh^h\�



J_dhf[bgZpby
Jbk����KljmdlmjgZy�ko_fZ�dhfihabpbhggh]h�f_lh^Z

Ebl_jZlmjZ�� Lbfq_gdh�:�:���Jh^bhgh\�:�:��Hkgh\u�bgnhjfZlbdb� kbkl_fgh]h�ijh_dlb�jh\Zgby�h[t_dlh\�gh\hc�l_ogbdb��±�D���GZmd��^mfdZ��������±�����k��� FZl\__\kdbc� K�N�� Hkgh\u� kbkl_fgh]h� ijh_dlbjh\Zgby� dhfie_dkh\� e_lZ�l_evguo�ZiiZjZlh\����F���FZrbghkljh_gb_��������������k��� >x[mZ�>���IjZ^�:��L_hjby�\hafh`ghkl_c����F���JZ^bh�b k\yav��������������k��� Mhkk_jf_g�N��G_cjhdhfivxl_jgZy�l_ogbdZ��l_hjby�b ijZdlbdZ�� ±�F���Fbj�������� +ROODQG� -�� +�� $GDSWDWLRQ� LQ� QDWXUDO� DQG� DUWLILFLDO� V\VWHPV�� $Q� LQWURGXFWRU\DQDO\VLV�ZLWK�DSSOLFDWLRQ�WR�ELRORJ\��FRQWURO�DQG�DUWLILFLDO�LQWHOOLJHQFH��±�/RQGRQ�%UDGIRUG�ERRN�HGLWLRQ�������±�����S�
KlZlvy�him[ebdh\ZgZ

Hij_^_e_gb_�h[eZklb�: �� :�;b �!H �� H�� RSW[[ �� ;[[ RSW �� KlZlbklbq_kdb_�^Zggu_; (
Ih^]hlh\dZ� gZqZevguo� ^Zgguo�kbgl_a� lhiheh]bb� b Ze]hjblfZnmgdpbhgbjh\Zgby� g_cjhgghck_lb


; 7 $

H[mq_gb_�g_cjhgghc�k_lb��� 

 (;I:  
=_g_jZpby�gZqZevghc�ihimey�pbb�������������� 

 ;= �
<uqbke_gb_�wnn_dlb\ghklbk ihfhsvx�g_cjhgghc�k_lb

(

Djhkkh\_j
������ � [[[ 3� 

Bg\_jkby
�����������������

FmlZpby�����������������
H�� ��WW ((

�


	ÊÎÌÏÎÇÈÖÈÎÍÍÛÉ ÌÅÒÎÄ ÝÂÎËÞÖÈÎÍÍÎÃÎ ÌÎÄÅËÈÐÎÂÀÍÈß
	Â ÏÐÎÅÊÒÍÈÕ ÇÀÄÀ×ÀÕ
	Çëàòê³í À.À. , ä.ò.í., ïðîôåñîð, Ñíèòþê Â.Å., ê.ò.í., äîöåíò
	×åðêàññêèé ãîñóäàðñòâåííûé òåõíîëîãè÷åñêèé  óíèâåðñèòåò
	Ëèòåðàòóðà


