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Dm[Zgkdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc mgb\_jkbl_l� DjZkgh^Zj

FZcdhikdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc bgklblml� FZcdhi

< klZlv_ jZkkfZljb\Z_lky f_lh^heh]by j_r_gby ijh[e_fu mijZ\e_gby keh`gufb l_ogbq_kdbfb

kbkl_fZfb� oZjZdl_jbamxsbfbky g_q_ldhc bgnhjfZpb_c h ijhl_dZxsbo ijhp_kkZo� Ij_^eZ]Z_lky

ijbf_g_gb_ f_lh^Z g_q_ldh]h mijZ\e_gby� hkgh\Zggh]h gZ ijh^mdpbhgguo ijZ\beZo� Ijb\h^blky

mijhs_gguc ijbf_j g_q_ldh]h mijZ\e_gby Z\lhghfghc nhlh\_ljhwg_j]_lbq_kdhc kbkl_fhc

�N<WK��

Ijb mijZ\e_gbb keh`gufb l_ogbq_kdbfb kbkl_fZfb dZd ijZ\beh ijboh^blky klZedb\Zlvky k
jZaebqghc kl_i_gvx g_hij_^_e_gghklb bkoh^guo ^Zgguo� iZjZf_ljh\ kbkl_fu� g_q_ldhklvx p_e_c b

aZ^Zq mijZ\e_gby�

Ijbqbgu \hagbdgh\_gby g_hij_^_e_gghklb fh]ml aZdexqZlvky \ klhoZklbq_kdhc ijbjh^_

\ebyxsbo gZ kbkl_fm \g_rgbo nZdlhjh\� \ hkh[_gghklyo ijhl_dZxs_]h l_ogheh]bq_kdh]h ijhp_kkZ

b \ g_ij_^kdZam_fhklb mijZ\eyxs_]h \ha^_ckl\by q_eh\_dZ�

<u[hj f_lh^h\ nhjfZebaZpbb bkoh^ghc bgnhjfZpbb aZ\bkbl ]eZ\guf h[jZahf hl lbiZ

g_hij_^_e_gghklb� d dhlhjhfm hlghkblky ^ZggZy aZ^ZqZ� Kms_kl\m_l g_kdhevdh \ZjbZglh\ ih^oh^h\ d

deZkkbnbdZpbb lbih\ g_hij_^_e_gghklb� G_l lZd`_ _^bgkl\Z \ l_jfbgheh]bb� L_f g_ f_g__ fh`gh

\u^_eblv gZb[he__ h[sb_ aZdhghf_jghklb�

1. IhegZy hij_^_e_gghklv �>_l_jfbgbjh\ZggZy bgnhjfZpby� >ey ijbgylby j_r_gby

bkihevamxlky f_lh^u ebg_cgh]h ijh]jZffbjh\Zgby k mq_lhf ih]j_rghklb bkoh^guo
^Zgguo).

2. Ijh[Z[bebklbq_kdZy g_hij_^_e_gghklv �BgnhjfZpby ghkbl \_jhylghklguc oZjZdl_j�

AZ^Z_lky ih\_^_gb_f kZfh]h h[t_dlZ bkke_^h\Zgby� ijbq_f ba\_klgu \_jhylghklb

gZklmie_gby dZ`^h]h bkoh^Z� MkljZgy_lky f_lh^Zfb \_jhylghklgh�klZlbklbq_kdbo

hibkZgbc��

3. Wibklhfheh]bq_kdZy g_hij_^_e_gghklv �BgnhjfZpby g_q_ldZy� jZkieu\qZlZy� AZ^Z_lky

g_ lhevdh ih\_^_gb_f h[t_dlZ� gh b g_ iheghklvx dhgljhebjm_fhc ^_yl_evghklvx

ihagZxs_]h km[t_dlZ��

< kh\j_f_gghc gZmqghc ebl_jZlmj_ h[jZsZ_lky \gbfZgb_ gZ g_h[oh^bfhklv jZajZ[hldb b

ijbf_g_gby gh\uo f_lh^h\ jZkdjulby g_hij_^_e_gghklb ijb mijZ\e_gbb \ mkeh\byo g_iheghc

�g_q_ldhc� bgnhjfZpbb [5, 6, 9].
F_lh^u mijZ\e_gby� hkgh\Zggu_ gZ l_hjbb g_q_ldbo fgh`_kl\� jZajZ[hlZgghc Zf_jbdZgkdbf

fZl_fZlbdhf E� :� AZ^_� y\eyxlky� gZ gZr \a]ey^� gZb[he__ i_jki_dlb\gufb ^ey j_r_gby ^Zggh]h

deZkkZ aZ^Zq�

DZq_kl\_gguc ijhp_kk j_r_gby aZ^Zqb� k\hckl\_gguc q_eh\_dm� gZau\Zxl g_q_ldbf
Ze]hjblfhf� >ey [he__ kh^_j`Zl_evgh]h hij_^_e_gby g_q_ldh]h Ze]hjblfZ \\_^_f ihgylb_

g_q_ldh]h hi_jZlhjZ ± wlh ex[hc hi_jZlhj� kh^_j`Zsbc \ k\h_c nhjfmebjh\d_ ih djZcg_c f_j_

h^gm g_q_ldmx beb ebg]\bklbq_kdmx i_j_f_ggmx� g_q_ldmx nmgdpbx beb g_q_ldh_ hlghr_gb_�

Lh]^Z g_q_ldbc Ze]hjblf ± wlh ihke_^h\Zl_evghklv \uihegy_fuo \ khhl\_lkl\bb k bo k_fZglbdhc

g_q_ldbo hi_jZlhjh\� ijb\h^ysmx d g_iheghklvx hij_^_e_gghfm g_q_ldhfm j_r_gbx [3]� <i_j\u_
ihgylb_ g_q_ldh]h Ze]hjblfZ [ueh \\_^_gh \ jZ[hl_ [1].

B^_y g_q_ldh]h mijZ\e_gby khklhbl \ j_ZebaZpbb g_q_ldh]h Ze]hjblfZ \ dhfivxl_j_ k

bkihevah\Zgb_f g_q_ldhc eh]bdb� Bkke_^h\Zgby ijbf_g_gby g_q_ldhc eh]bdb \ ijhfure_gghklb
gZqZebkv k g_q_ldh]h mijZ\e_gby b ijb\_eb d \i_qZleyxsbf j_amevlZlZf� [he__ lh]h� [eZ]h^Zjy

mki_oZf g_q_ldh]h mijZ\e_gby ih\ukbeky bgl_j_k d g_q_ldhc eh]bd_ \h \k_f fbj_� Ihqlb \k_

ijbqbgu mki_rgh]h ijbf_g_gby g_q_ldhc eh]bdb \ h[eZklyo� g_ k\yaZgguo k mijZ\e_gb_f� lZd beb

bgZq_� k\h^ylky d b^__ g_q_ldh]h mijZ\e_gby� F_lh^ g_q_ldh]h mijZ\e_gby fh`_l [ulv ihe_a_g ^ey

ex[uo ijbeh`_gbc�
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Ijb ljZ^bpbhgghf g_q_ldhf mijZ\e_gbb hkms_kl\ey_lky iZjZee_evgZy h[jZ[hldZ [hevrh]h

qbkeZ ijZ\be� Z g_ g_ij_ju\gh_ \uiheg_gb_ ihke_^h\Zl_evguo ij_^ibkZgbc lbiZ g_q_ldh]h

Ze]hjblfZ� GZ ijZdlbd_ ijbf_g_gb_ ijZ\be k\h^blky d g_q_ldbf \u\h^Zf \ g_q_ldhc eh]bd_�

KhklZ\eyxlky g_kdhevdh ijZ\be� j_amevlZlu hl^_evguo \u\h^h\ ih dhlhjuf h[h[sZxlky� b

ihemq_gguc j_amevlZl ij_h[jZam_lky \ qbkeh\h_ agZq_gb_ �aZ^Zxsmx \_ebqbgm� ^ey \\h^Z \

h[hjm^h\Zgb_� dhlhjh_ y\ey_lky h[t_dlhf mijZ\e_gby� <hafh`_g lZd`_ kihkh[ g_q_ldh]h mijZ\e_gby

k \u[hjhf lhevdh h^gh]h gZb[he__ ih^oh^ys_]h ijZ\beZ� IjZ\beZ hibku\Zxlky k ihfhsvx

g_hij_^_e_gguo keh\ b gZau\Zxlky ijZ\beZfb g_q_ldh]h mijZ\e_gby�

Kms_kl\m_l ljb hkgh\guo kihkh[Z khklZ\e_gby ijZ\be g_q_ldh]h mijZ\e_gby�

1) gZ hkgh\_ hiulZ b agZgbc wdki_jlZ�
2) iml_f kha^Zgby fh^_eb ^_ckl\bc hi_jZlhjZ�

3) iml_f h[mq_gby�

< i_j\hf kemqZ_ f_lh^hf \hijhkh\ b hl\_lh\ \ keh\_kghf \b^_ ba\e_dZxlky hiul

d\Zebnbpbjh\Zggh]h hi_jZlhjZ b agZgby bg`_g_jZ ih mijZ\e_gbx� dhlhju_ aZl_f h[h[sZxlky \ \b^_

ijZ\be g_q_ldh]h mijZ\e_gby \ nhjf_ ©_keb « lhª� <lhjhc kihkh[ bkihevam_lky \ kemqZyo� dh]^Z hl

wdki_jlh\ g_ m^Z_lky ihemqblv ijZ\beZ \ keh\_kghf \ujZ`_gbb� GZijbf_j� dh]^Z hi_jZlhj

aZihfbgZ_l fZgbimeypbb \ \b^_ ^\b`_gbc jmd� gh ij_^klZ\blv bo gZ yaudh\hf mjh\g_ aZljm^gy_lky�

< lZdhf kemqZ_ _fm ihjmqZ_lky \uiheg_gb_ hi_jZpbb b ba ojhghf_ljbjh\Zgguo ^Zgguo \hkkha^Z_lky

kblmZpby� ?keb ^_ckl\by hi_jZlhjZ fh`gh kfh^_ebjh\Zlv \ nhjf_ ©_keb « lhª� bo fh`gh

g_ihkj_^kl\_ggh bkihevah\Zlv \ dZq_kl\_ ijZ\be mijZ\e_gby� Lj_lbc kihkh[ wnn_dlb\_g \ kemqZyo�

dh]^Z fh`gh ijh\_klb wdki_jbf_gl gZ j_Zevghf h[hjm^h\Zgbb beb gZ bfblZpbhgghc fh^_eb�
IjZ\beZ g_q_ldh]h mijZ\e_gby \ wlhf kemqZ_ fh`gh nhjfbjh\Zlv gZqbgZy ©k gmeyª� dh]^Z _s_ g_l gb

h^gh]h ijZ\beZ� beb \ khhl\_lkl\bb k baf_g_gb_f kj_^u ihkl_i_ggh memqrZlv bo aZ kq_l h[mq_gby

©gZ hrb[dZoª� ihkj_^kl\hf ZgZebaZ j_amevlZlh\ mijZ\e_gby� < >�@ \u^_ey_lky _s_ q_l\_jluc kihkh[

� gZ hkgh\_ g_q_ldhc fh^_eb h[hjm^h\Zgby ijZ\beZ g_q_ldh]h mijZ\e_gby e_]dh \u\h^ylky

l_hj_lbq_kdb� bkoh^y ba p_e_c mijZ\e_gby b fh^_eb h[hjm^h\Zgby�

Hlf_lbf g_dhlhju_ hkh[_gghklb g_q_ldh]h mijZ\e_gby [2, 4]� I_j\Zy hkh[_gghklv

aZdexqZ_lky \ lhf� qlh ijZ\beZ g_q_ldh]h mijZ\e_gby� [m^mqb mkeh\gufb \ukdZau\Zgbyfb lbiZ

©_keb … lhª� y\eyxlky eh]bq_kdbfb� Bkihevah\Zgb_ ijZ\be hkms_kl\ey_lky q_j_a f_oZgbaf

eh]bq_kdbo \u\h^h\� Eh]bq_kdh_ mijZ\e_gb_ hagZqZ_l� qlh e_]dh ij_^klZ\blv eh]bdm mijZ\e_gby

wdki_jlZ b jZaghh[jZaguf ij_^ihkuedZf fh`gh ihklZ\blv \ khhl\_lkl\b_ g_dhlhjh_ ^_ckl\b_� >ey

j_Zevgh]h h[hjm^h\Zgby wlh g_ lhevdh bkihevah\Zgb_ ijb mijZ\e_gbb iheghc bgnhjfZpbb \ hlebqb_

hl deZkkbq_kdhc l_hjbb mijZ\e_gby� gh b baf_g_gb_ j_`bfh\ mijZ\e_gby \ aZ\bkbfhklb hl
jZaebqguo mkeh\bc� gZijbf_j� \j_f_gb b agZq_gbc iZjZf_ljh\� Eh]bq_kdh_ mijZ\e_gb_ ijbf_gyxl

lZd`_ ijb h[jZ[hld_ g_rlZlguo kblmZpbc� <h fgh]bo \b^Zo j_Zevgh]h h[hjm^h\Zgby g_h[oh^bfh

m^_eylv hkh[h_ \gbfZgb_ ijhp_^mj_ aZimkdZ� \ wlhf kemqZ_ ^ey Z\lhfZlbaZpbb hq_gv m^h[gh

bkihevah\Zlv g_q_ldh_ mijZ\e_gb_� ihkdhevdm fh`gh hibku\Zlv ijZ\beZ \ nhjf_ ©_keb … lhª

h^bgZdh\uf h[jZahf b ^ey aZimkdZ� b ^ey ghjfZevghc jZ[hlu�

<lhjZy hkh[_gghklv ± iZjZee_evgh_ mijZ\e_gb_ ± aZdexqZ_lky \ lhf� qlh b g_q_ldb_ f_lh^u

mijZ\e_gby kms_kl\_ggh jZaebqZxlky� LjZ^bpbhggu_ f_lh^u mijZ\e_gby ± wlh f_lh^u� \ dhlhjuo

h[h[s_ggh_ ijZ\beh mijZ\e_gby ij_^klZ\ey_lky k ihfhsvx h^ghc nhjfmeu �p_e_\hc nmgdpbb�� \ lh

\j_fy dZd ijb g_q_ldhf mijZ\e_gbb bkihevam_lky [hevrh_ dhebq_kl\h qZklguo ijZ\be� DZ`^h_

ijZ\beh ^_ckl\m_l \ hij_^_e_gghc h[eZklb bgnhjfZpbhggh]h ijhkljZgkl\Z� bkihevam_fh]h ijb

mijZ\e_gbb� ^ey dZ`^hc ehdZevghc h[eZklb jZkij_^_e_ggh]h bgnhjfZpbhggh]h ijhkljZgkl\Z
p_e_khh[jZagh kha^Z\Zlv hl^_evgu_ ijZ\beZ mijZ\e_gby� Djhf_ lh]h� _keb bf__lky fgh]h

j_]mebjm_fuo \_ebqbg� ^ey dZ`^hc ba gbo fh`gh kha^Zlv hl^_evgu_ ijZ\beZ mijZ\e_gby�

:gZeh]bqgh� _keb bf__lky fgh]h p_e_c mijZ\e_gby� ^ey dZ`^hc p_eb `_eZl_evgh kha^Z\Zlv ijZ\beZ

mijZ\e_gby� DeZkkbq_kdh_ mijZ\e_gb_ kms_kl\_ggh h]jZgbqb\Zeh l_hj_lbq_kdb \hafh`gu_

jZagh\b^ghklb p_e_c \ k\yab k g_h[oh^bfhklvx ij_^klZ\eylv p_ev h[h[s_gghc nmgdpb_c� Ijb

g_q_ldhf mijZ\e_gbb g_h[oh^bfhklv \ p_e_\uo nmgdpbyo b \ j_r_gbb aZ^Zq hilbfZevgh]h

mijZ\e_gby hliZ^Z_l� ihwlhfm fh`gh mki_rgh kijZ\eylvky kh \k_f fgh]hh[jZab_f p_e_c b ^Z`_ kh

\aZbfgh ijhlb\hj_qZsbfb p_eyfb�

Lj_lvy hkh[_gghklv g_q_ldh]h mijZ\e_gby khklhbl \ lhf� qlh ijZ\beZ aZibku\Zxlky keh\Zfb

\ nhjf_ ©_keb … lhª� Wlh hagZqZ_l� qlh fh`gh hj]Zgbah\Zlv mijZ\e_gb_ \ \b^_ ^bZeh]Z k

hi_jZlhjhf� Z j_]meylhj ij_\jZsZ_lky ba ij_`g_]h ©q_jgh]h ysbdZª \ ©k_juc ysbdª� Ke_^h\Zl_evgh�

hi_jZlhjm e_]dh [m^_l ihgbfZlv ^_ckl\by j_]meylhjZ� Djhf_ lh]h� aZ kq_l h[mq_gby hi_jZlhj fh`_l
memqrZlv kihkh[ghklb g_q_ldh]h j_]meylhjZ�
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Ihqlb \k_ j_Zevgh jZ[hlZxsb_ ijbdeZ^gu_ kbkl_fu� Zdlb\gh bkihevamxsb_

ijhf_`mlhqgu_ g_q_ldb_ hp_gdb� wlh \ gZklhys__ \j_fy eb[h kbkl_fu� hkgh\Zggu_ gZ ijZ\beZo� Z

bf_ggh gZ g_q_ldbo ijh^mdpbhgguo ijZ\beZo� eb[h j_eypbhggu_ kbkl_fu bkihevamxsb_ g_q_ldb_

hlghr_gby� JZ[hlm b l_o b ^jm]bo kbkl_f l_hj_lbq_kdb fh`gh h[tykgylv k _^bguo ihabpbc

bkihevah\Zgby dhfihabpbhgguo ijZ\be g_q_ldbo \u\h^h\� gh \g_rg_ j_Zevgu_ l_ogbq_kdb_

Ze]hjblfu \u\h^h\ \ dZ`^hf kemqZ_ bf_xl kms_kl\_ggu_ hlebqby�

Ihykgbf gZ mijhs_gghf ijbf_j_ mijZ\e_gby Z\lhghfghc nhlh\_ljhwg_j]_lbq_kdhc

kbkl_fhc �N<WK�� dZd \uihegyxlky g_q_ldb_ \u\h^u ih ijZ\beZf� N<WK y\ey_lky keh`ghc

l_ogbq_kdhc kbkl_fhc �Jbk� 1) [7]� HgZ \dexqZ_l \ k_[y ke_^mxsb_ hkgh\gu_ nmgdpbhgZevgu_

dhfihg_glu [8]:
NWM �nhlhwg_j]_lbq_kdh_ mkljhckl\h�

<WM �\_ljhwg_j]_lbq_kdh_ mkljhckl\h�

Ihlj_[bl_ev �`behc ^hf�

:; �ZddmfmeylhjgZy [ZlZj_y�

DZ`^uc ba wlbo dhfihg_glh\ h[eZ^Z_l jy^hf oZjZdl_jbklbd fgh]b_ ba dhlhjuo ghkyl

\_jhylghklguc oZjZdl_j� Kheg_qgZy b \_ljh\Zy wg_j]bb bf_xl klhoZklbq_kdmx ijbjh^m� K mq_lhf

bg_jlghklb kbkl_fu ij_^klZ\ey_lky p_e_khh[jZaguf mijZ\e_gb_ k ijh]ghabjh\Zgb_f mjh\gy

ijboh^ys_c wg_j]bb� < wlhf kemqZ_ mijZ\e_gb_ ijbh[j_lZ_l yjdh \ujZ`_gguc g_q_ldbc

(jZkieu\qZluc� oZjZdl_j� qlh iha\hey_l ijbf_gblv f_lh^ g_q_ldh]h mijZ\e_gby�

Jbk� �� :\lhghfgZy N<WK

Imklv kms_kl\mxl agZgby wdki_jlZ h lhf� qlh g_h[oh^bfh aZjy^blv Zddmfmeylhj� _keb

mjh\_gv ijh]ghabjm_fhc kheg_qghc b \_ljh\hc wg_j]bc \ukhdbc� Wlh agZgb_ fh`gh ij_^klZ\blv k

ihfhsvx g_q_ldh]h ijh^mdpbhggh]h ijZ\beZ lbiZ ©_keb … lhª ke_^mxsbf h[jZahf�

?keb mjh\_gv wg_j]bb \ukhdbc� lh aZjy^blv Zddmfmeylhj (1)

A^_kv \ujZ`_gb_� klhys__ ihke_ _keb� gZau\Zxl Zgl_p_^_glhf� ij_^ihkuedhc� mkeh\b_f b

l�i�� Z \ujZ`_gb_� klhys__ ihke_ lh� ± aZdexq_gb_f� hi_jZpb_c b l�i� < gZr_f kemqZ_ \Z`gh hibkZlv

ij_^ihkuedm b aZdexq_gb_ \ \b^_ g_q_ldh]h hlghr_gby� >jm]bfb keh\Zfb� \ bkoh^gh_ \ujZ`_gb_ g_
ihiZeb ^Zggu_ h lhf� dZdh\ mjh\_gv wg_j]bb� b gZ kdhevdh gm`gh m\_ebqblv aZjy^ ZddmfmeylhjZ� Ijb

wlhf bgl_jij_lZpby k ihfhsvx g_q_ldh]h fgh`_kl\Z� gZijbf_j�
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<UKHDBC = 0,1/3 D<l⋅q + 0,3/5 D<l⋅q + 0,7/7 D<l⋅q + 0,8/9 D<l⋅q + -
+ 0,9/11 D<l⋅q  + 1,0/13 D<l⋅q + 1,0/15 D<l⋅q + 1,0/17 D<l⋅q (2)

]hjZa^h [he__ lhqgh hljZ`Z_l fukev wdki_jlZ� g_`_eb kljh]Zy bgl_jij_lZpby _]h keh\� ©>h �� D<l⋅q
_s_ g_\ukhdbc mjh\_gv� Z gZqbgZy k �� D<l⋅q ± \ukhdbcª� :gZeh]bqgh aZjy^ ZddmfmeylhjZ� _keb

ijbgylv ��� :⋅q aZ iheguc aZjy^� fh`gh hibkZlv k ihfhsvx ke_^mxs_c nmgdpbb ijbgZ^e_`ghklb�

A:JY>BLV = 0,1/200:⋅q + 0,2/300:⋅q + 0,3/400:⋅q + 0,5/500:⋅q + -
+ 0,8/600:⋅q + 1,0/700:⋅q + 1,0/800 :⋅q. (3)

Q_eh\_d� ijh_dlbjmxsbc ^Zggmx kbkl_fm� kha^Z_l ba ijZ\be \ keh\_kghf ij_^klZ\e_gbb
lbiZ �1� dhgdj_lgu_ nmgdpbb ijbgZ^e_`ghklb lbiZ �2), (3�� Ihemq_ggu_ nmgdpbb ijbgZ^e_`ghklb
fh`gh aZihfgblv \ W<F dZd [Zam agZgbc� GZijbf_j� nhjfmeu �2� b �3� fh`gh aZihfgblv dZd
bgnhjfZpbx \ h^ghf_jghf fZkkb\_� bg^_dku \ dhlhjhf khhl\_lkl\mxl we_f_glZf ihegh]h
ijhkljZgkl\Z� ;_a h]jZgbq_gby h[sghklb [m^_f kqblZlv� qlh g_q_ldb_ ijh^mdpbhggu_ ijZ\beZ lbiZ
(1� gZdZieb\Zxlky \ [Za_ agZgbc� Imklv lZd`_ ijb ijh]ghabjh\Zgbb l_dms_]h mjh\gy wg_j]bb
h[gZjm`_gh� qlh

Mjh\_gv wg_j]bb ^h\hevgh \ukhdbc� (4)

?keb ijh]gha mjh\gy wg_j]bb \hafh`_g k [hevr_c lhqghklvx� lh fh`gh ihemqblv lhqgmx
bgnhjfZpbx� H^gZdh� gZ ijZdlbd_ ijb mijZ\e_gbb N<WK k mq_lhf baf_g_gby h[eZqghklb
bgnhjfZpbx k ^hklZlhqgh ohjhr_c lhqghklvx ihemqblv g_ m^Z_lky� < ih^h[guo kemqZyo m^h[gh
ijbgbfZlv aZ bgnhjfZpbx gZ[ex^_gb_ �4�� ij_^klZ\e_ggh_ k ihfhsvx g_q_ldh]h fgh`_kl\Z
ke_^mxsbf h[jZahf�

>h\hevgh <UKHDBC = 0,5/5 D<l⋅q + 1,0/7 D<l⋅q + 0,8/9 D<l⋅q + 0,2/11 D<l⋅q. (5)

JZamf__lky� ij_^ihkuedZ <UKHDBC b gZ[ex^_gb_ ©^h\hevgh <UKHDBCª h[jZamxlky
iml_f khihklZ\e_gby� < q_ldhc eh]bd_ khihklZ\e_gb_ g_ bf__l kfukeZ� ihwlhfm gbdZdh]h
eh]bq_kdh]h \u\h^Z k^_eZlv g_evay� H^gZdh� fu ]h\hjbf h q_eh\_d_� Z hg� ihemqbl iml_f
ijb[eb`_ggh]h khihklZ\e_gby \u\h^�

?keb <UKHDBC� lh
A:JY>BLV
>h\hevgh <UKHDBC
Ke_]dZ A:JY>BLV (6)

Ih kmlb hg \uihegbe g_q_ldbc \u\h^ �lhqg__� ijh\_e ijb[eb`_ggu_ jZkkm`^_gby��

Kms_kl\m_l [he__ klZ f_lh^h\ ij_h[jZah\Zgby g_q_ldbo \u\h^h\ gZ ebg]\bklbq_kdhf
mjh\g_ \ \uqbke_gby� gh _keb h]jZgbqblvky lhevdh f_lh^hf� gZb[he__ qZklh bkihevam_fuf gZ
ijZdlbd_� lh \k_ h[tykg_gby fh`gh ijb\_klb k ihfhsvx jbk� �� A^_kv ihegh_ ijhkljZgkl\h
ij_^ihkuehd � mjh\gb wg_j]bb� Z ihegh_ ijhkljZgkl\h aZdexq_gbc ± mjh\_gv aZjy^Z ZddmfmeylhjZ�
H[hagZqbf bo khhl\_lkl\_ggh X b Y� Bkihevamy nhjfmeu �1� b �3�� g_q_ldh_ ijh^mdpbhggh_ ijZ\beh
��� fh`gh ]jZnbq_kdb bah[jZablv lZd� dZd  gZ jbk� 2, Z �^Zggu_ f_`^m lhqdZfb khhl\_lkl\mxsbf
h[jZahf bgl_jihebjh\Zgu b ihdZaZgu g_ij_ju\ghc ebgb_c�� H[hagZqbf q_j_a : g_q_ldh_ fgh`_kl\h
<UKHDBC \ ij_^ihkued_ X b q_j_a B g_q_ldh_ fgh`_kl\h A:JY>BLV \ aZdexq_gbb Y� G_q_ldh_
fgh`_kl\h ©^h\hevgh <UKHDBCª \ ^Zgguo gZ[ex^_gby X �khdjZs_ggh :’ � ba nhjfmeu ��� fh`gh
ij_^klZ\blv lZd� dZd gZ jbk.2, Z� GZ jbk� �� [ ]jZnbq_kdb bah[jZ`_g ijhp_kk deZkkbq_kdh]h g_q_ldh]h
\u\h^Z� DZd A∩A’ ihemq_g j_amevlZl ijb[eb`_ggh]h khihklZ\e_gby ij_^ihkuedb ijZ\beZ A b
^Zgguo gZ[ex^_gby A’� AZl_f jZkkfhljbf fZdkbfZevgh_ agZq_gb_ α dZd g_dmx f_jm khihklZ\e_gby
A∩A’, \uihegbf j_^mdpbx ih wlhc f_j_ aZdexq_gby B \ ijZ\be_ b ihemqbf j_amevlZl \u\h^Z B
�jbk� 2, [�� < dZq_kl\_ kihkh[Z j_^mdpbb B \u[jZgh hlk_q_gb_ ih f_j_ khihklZ\e_gby α. GZ jbkmgd_
α Y hagZqZ_l� qlh mαY(y)= α ^ey ∀ y∈ Y.
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BlZd� ^ey l_dmsbo ^Zgguo gZ[ex^_gby A’ (= ^h\hevgh <UKHDBC� \ j_amevlZl_ ijbf_g_gby
ijZ\beZ A → B � _keb <UKHDBC� lh A:JY>BLV� ihemqZ_f B’ (ke_]dZ A:JY>BLV�� A^_kv j_amevlZl
\u\h^Z B’ y\ey_lky g_q_ldbf fgh`_kl\hf \ Y� dZd ihdZaZgh gZ jbk� 2, [� H^gZdh� ihdZ gbdZdbo
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D<l⋅q

α
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dhgdj_lguo hi_jZpbc ijhba\_klb g_evay� >_eh \ lhf� qlh gZ hkgh\_ nmgdpbb ijbgZ^e_`ghklb mB’ (y)
^ey < g_h[oh^bfh ba\e_qv ^ey dZ`^hc lhqdb \ Y agZq_gby ^ey \uiheg_gby hi_jZpbb� Wlhl ijhp_kk
h[uqgh gZau\Zxl ^_nZ^abnbdZpb_c� GZ jbk� 2, [ ^ey wlbo p_e_c bkihevah\Zg f_lh^ p_gljZ ly`_klb
�PL�� hij_^_e_gh ijbf_jgh_ agZq_gb_ ^ey hi_jZpbb PL ≈ 600�:⋅q� b ijbgylh j_r_gb_ m\_ebqblv
aZjy^ ZddmfmeylhjZ ^h ��� :⋅q.

AgZgb_ wdki_jlZ A→B hljZ`Z_l g_q_ldh_ ijbqbggh_ hlghr_gb_ ij_^ihkuedb b aZdexq_gby�
ihwlhfm gZah\_f _]h g_q_ldbf hlghr_gb_f b h[hagZqbf q_j_a R:

R = A→B  (7)
Rfh`gh jZkkfZljb\Zlv dZd g_q_ldh_ fgh`_kl\h gZ ijyfhf ijhba\_^_gbb X×Y ihegh]h

ijhkljZgkl\Z aZdexq_gbc Y� LZdbf h[jZahf� ijhp_kk ihemq_gby �g_q_ldh]h� j_amevlZlZ \u\h^Z B’ k
bkihevah\Zgb_f ^Zgguo gZ[ex^_gby A’ b agZgby A→Bfh`gh ij_^klZ\blv \ \b^_ nhjfmeu�

B’ = A’ • R =A’ • (A→B)  (8)
A^_kv • gZau\Z_lky dhfihabpbhgguf ijZ\behf g_q_ldh]h \u\h^Z� Klj_edZ → \ ijZ\be_

A → B ��� gZau\Z_lky g_q_ldhc bfiebdZpb_c� NZdlbq_kdb g_q_ldbc \u\h^ gZ jbk� � y\ey_lky
ijbf_g_gb_f fZdkfbgghc dhfihabpbb \ dZq_kl\_ dhfihabpbhggh]h ijZ\beZ g_q_ldh]h \u\h^Z b
hi_jZpbb \aylby fbgbfmfZ \ dZq_kl\_ g_q_ldhc bfiebdZpbb� < ^Zgghf kemqZ_ hi_jZpbb \aylby
fZdkbfmfZ b fbgbfmfZ m^h[gh \ujZablv \ nhjf_ ∨ b ∧ khhl\_lkl\_ggh� Fh`gh aZibkZlv mdZaZggu_
\ur_ hij_^_e_gby gZ mjh\g_ nmgdpbc ijbgZ^e_`ghklb�
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∫ ∫ ′′⋅=
Y Y

BB dyymdyymyPL .)(/)(  (10)

F_lh^ gZoh`^_gby p_gljZ ly`_klb dhfihabpbb fZdkbfmf�fbgbfmf ihdZaZgguc gZ jbk� �
y\ey_lky kZfuf bkihevam_fuf b kZfuf lbibqguf f_lh^hf g_q_ldbo \u\h^h\� Hkgh\u\Zykv gZ
ijb\_^_gguo \ur_ h[tykg_gbyo ^ey ^_nZ^abnbdZpbb fh`gh ij_^eh`blv f_lh^ f_^bZgu
�bkihevam_lky kj_^g__ agZq_gb_�� f_lh^ \_kh\ �hkgh\Zg gZ i_j_f_gghc y� aZ^Zxs_c fZdkbfZevgh_
agZq_gb_ ijbgZ^e_`ghklb�� \f_klh hlk_q_gby αY∩B� ihemqZxs_]h B’ ih B b α� � f_lh^ ijbf_g_gby
k`Zlby αB aZdexq_gby B ih α b l�i� I_j_qbkeblv \k_ wlb f_lh^u ijZdlbq_kdb g_\hafh`gh� bo
ij_^eh`_gh [he__ klZ [2].

G_q_ldb_ agZgby� bkihevam_fu_ \ ijh^mdpbhgguo ijZ\beZo� khklZ\eyxlky \ \b^_ [Zau
agZgbc� Djhf_ lh]h� \ g_q_ldbo km`^_gbyo� hibku\Z_fuo \ ij_^ihkuedZo b aZdexq_gbyo dZ`^h]h
ijZ\beZ� bf__lky g_kdhevdh qe_gh\� Ke_^h\Zl_evgh� \ h[s_f kemqZ_ jZkkfZljb\Z_lky [ZaZ agZgbc
lbiZ�

_keb �$�����$�$
LPLL

���
��

===

lh },
LLQLL

%�����%�%
��� ==== ∆∆∆ ,

]^_ I - qbkeh ijZ\be \ ij_^ihkued_� m - qbkeh qe_gh\ \ ij_^ihkued_� n - qbkeh qe_gh\ \ aZdexq_gbb�
GZ ijZdlbd_� \ hlebqb_ hl kbkl_f k q_ldbfb ijZ\beZfb� \ kemqZ_ g_q_ldbo kbkl_f qbkeh

ijZ\be gZ ihjy^hd f_gvr_� Wlh k\yaZgh k l_f� qlh dZ`^h_ g_q_ldh_ ijZ\beh ^_lZebabjm_lky \ q_ldhf
fbj_� Z lZd`_ k l_f� qlh p_eh_ qbkeh ij_^klZ\ey_lky ijb[eb`_ggh k ihfhsvx kms_kl\_ggh f_gvr_]h
qbkeZ ijZ\be� Wlhl nZdl mijhsZ_l hleZ^dm kbkl_fu� iha\hey_l kljhblv kbkl_fm k ohjhrbf
khhlghr_gb_f klhbfhklv�ijhba\h^bl_evghklv b klbfmebjm_l ijZdlbq_kdh_ \g_^j_gb_ kbkl_f
mijZ\e_gby b wdki_jlguo kbkl_f hkgh\Zgguo gZ g_q_ldbo \u\h^Zo�

K bkihevah\Zgb_f l_hjbb g_q_ldbo fgh`_kl\ j_rZxlky aZ^Zqb kh]eZkh\Zgby
ijhlb\hj_qb\uo djbl_jb_\� kha^Zgb_ g_q_ldbo eh]bq_kdbo j_]meylhjh\� G_q_ldb_ Ze]hjblfu
iha\heyxl ijbf_gylv ebg]\bklbq_kdh_ hibkZgb_ ^ey fh^_ebjh\Zgby keh`guo ijhp_kkh\�
mklZgZ\eb\Zlv g_q_ldb_ hlghr_gby f_`^m ihgylbyfb� hibku\Zlv h^gb g_q_ldb_ ihgylby ^jm]bfb�
m`_ hij_^_e_ggufb� ijh]ghabjh\Zlv ih\_^_gb_ h[t_dlZ mijZ\e_gby� nhjfbjh\Zlv fgh`_kl\h
Zevl_jgZlb\ b ijhba\h^blv nhjfZevgh_ hibkZgb_ g_q_ldbo ijZ\be ijbgylby j_r_gby�
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LZdbf h[jZahf� ^hklhbgkl\Z g_q_ldhc eh]bdb aZdexqZxlky \ lhf� qlh hgZ iha\hey_l m^Zqgh
ij_^klZ\blv fure_gb_ q_eh\_dZ� l�_� kihkh[u ijbgylby j_r_gby q_eh\_dhf b kihkh[u
fh^_ebjh\Zgby keh`guo h[t_dlh\� b� djhf_ lh]h� ijb]h^gZ ^ey ij_^klZ\e_gby agZgbc�
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Methodology of fuzzy control of autonomous photowindenergy
system

V.S. Symancov, P.Yu. Buchatski, A.V. Shopin

The methodology solution of problem of control compound technical systems with fuzzy
information by processes in them is considered. Application of method of fuzzy control under certain rules is
proposed. The simple example of fuzzy control autonomous photowindenergy system is described.


