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 !"#$% '.'., ()*+$% (.,. 

-/0*$1/23145 *))267$%/8623)#*5 !1*%69)*868 «:$)#$%)#*5 ;169<68*"6)#*5 *1)8*8!8» 

+!  &+4-) /-/,&"# 0� (.%&'-) "'!5!0 !.'&.!5! � &!6 (7!.(,&%) 8(/,!,#  

� - 9&:&+,& /-%!.!; )8&;+- &5! -'.& ,! ( 

�2= >1$<$!9$%16%4? +96$@9/A$%/86265 "/)8$84  B [1] $71*> *A #9*8*"14? 96C*>$% =%2=68)= 96C*> 9/@$84 +9* %4?$76 
*A )89$= )*2$%$5 ="65#* % $71$5 *A D/A *1%698$9/. E/5+/)*9$%/1*6 +9* ;8$> )*2$%$5 ="65#* *1%698$9/ $+/)1$ %$A1*#1$%61*6> 
+696#$)/ 1/+9=C61*= +$ D/A/> *, #/# )267)8%*6, $)8/1$%#$5 "/)8$81$-96<!2*9!6>$<$ ;26#89$+9*%$7/ +$ +9*"*16 7*)@/2/1)/ 
8$#$% % 1/<9!A#6  B [2]. �/1/ D!1#0*$1/231/= )?6>/ )*)86>4 !+9/%261*= G�  B ) !#/A/1*6> 6<$ )*<1/2$% !+9/%261*= * #$9-
96#0** %4?$71$<$ 1/+9=C61*=  B.  9672/</68)= $+9676261*6 #$;DD*0*618/ #$996#0** )*)86>4 !+9/%261*=  B, +$A%$2=HI6-
<$ +9* $8#2H"61** ="65#* % D/A6 *1%698$9/  B )D$9>*9$%/83 1/ %4?$76 G� )*<1/2 !+9/%261*=, $@6)+6"*%/HI*5 >/#)*>/23-
1$ %$A>$C146 />+2*8!74 2*16514? 1/+9=C61*5 ) )$?9/161*6> *? >6CD/A$%$5 )*>>689** 72= )8/@*231$5 9/@$84 +9*%$7/ % 
+$7$@1$> 96C*>6.  967)8/%2614 )$$81$J61*=, $+96762=HI*6 #$;DD*0*618 #$996#0** G� +9* 76D6#86 )*2$%$5 ="65#* *1%69-
8$9/  B. -/ +9*>696 %4)$#$%$2381$<$  B ) >1$<$!9$%16%4> *1%698$9$> 7/68)= /1/2*A %6#8$91$5 7*/<9/>>4 %4?$71$<$ 
1/+9=C61*=  B, 9/@$8/HI6<$ ) @/5+/)*9$%/11$5 ="65#$5 % D/A6, / 8/#C6 +9* *)+$23A$%/1** +9672/</6>$5 #$996#0** G�. 

������ � "�#�$: >1$<$!9$%16%45 +96$@9/A$%/8623 "/)8$84, *1%698$9, )*)86>/ !+9/%261*=, #$;DD*0*618 #$996#0**, 
>/86>/8*"6)#/= >$7623, %6#8$91/= 7*/<9/>>/ 1/+9=C61*= *1%698$9/, 7*)@/2/1) 8$#$%. 

KKL�L-,L  

K 1/)8$=I66 %96>= 1/ 941#6 %4)$#$%$23814? +96-
$@9/A$%/86265 "/)8$84 J*9$#$ +9*>61=H8)=  B ) 
>1$<$!9$%16%4> *1%698$9$>. ,? $)$@611$)83H =%2=-
68)= )?6>/ +$)89$61*= *1%698$9/ ) +$)267$%/862314> 
$@M67*161*6> 1*A#$%$23814? ="66# [4], 86?1$2$<*= 
#$8$94? ?$9$J$ $89/@$8/1/ % 1*A#$%$23814? +96$@9/-
A$%/862=? "/)8$84. 

K >1$<$!9$%16%4?  B 72= $@6)+6"61*= @6A/%/9*5-
1$5 9/@$84 ;26#89$+9*%$7/ +9* %4?$76 *A )89$= )*2$-
%4? ="66#  B % 2H@$5 *A D/A +9*>61=68)= )*)86>/ 
@/5+/)*9$%/1*= ="66#. E/5+/)*9$%/1*6 ="66#  B >$-
C68 )$+9$%$C7/83)= %$A1*#1$%61*6> +696#$)/ 1/+9=-
C61*= +$ D/A/>, 7*)@/2/1)$> 8$#$% *, #/# )267)8%*6, 
$)8/1$%#$5 ;26#89$+9*%$7/ 

:6C7! 86> 72= )8/@*231$5 9/@$84 ;26#89$7%*</862= 
16$@?$7*>$, "8$@4 1/ $@>$8#/? 6<$ )8/8$9/ )$?9/1=2*)3 
$7*1/#$%46 +$ />+2*8!76 2*165146 1/+9=C61*=, )7%*-
1!846 $81$)*86231$ 79!< 79!</ 1/ !<$2 120 <9/7. N/A146 
C6 1/+9=C61*= +9* ;8$> >$<!8 @483 * /))*>689*"14 [3]. 
�"*84%/= 7/1145 D/#8,  %$A>$C1$ A/ )"68 7$+$21*8623-
1$5 #$996#0** )!I6)8%!HI65 G�  B +$+48/83)= $@6)-
+6"*83 +9* 9/A2*"1$> #$2*"6)8%6 $8#2H"6114? )6#0*5 
*1%698$9/ >/#)*>/231$ %$A>$C146 />+2*8!74 2*165-
14? 1/+9=C61*5 ) )$?9/161*6> *? >6CD/A$%$5 )*>>68-
9**. L)2* #$996#8*9!HI*5 #$;DD*0*618 G� @!768 16-
A1/"*86231$ $82*"/83)= $8 +9$6#81$<$ 96J61*=, 8$ />-
+2*8!74 * )*>>689*"1$)83 %4?$714? 2*16514? 1/+9=-
C61*5 >$<!8 $#/A/83)= 7$+!)8*>4>*.  9* ;8$> +696?$7 
% 96C*> $)2/@261*= +$2= +9* 16#$8$9$> $@I6> )1*C6-
1** 1/+9=C61*= >$C68 )$+9$%$C7/83)= )1*C61*6> %4-
?$71$5 "/)8$84, 6)2* ;8$ 7$+!)8*>$ +$ 86?1$2$<**. 

N�-�O,(-'PQ-'R GSL:' G�  B 

(+9676261*6 #$;DD*0*618/ #$996#0** G� >$C68 
@483 +9$76>$1)89*9$%/1$ 1/ +9*>696 >1$<$!9$%16%$<$ 
 B >$I1$)83H 1,6 :K8 * %4?$714> 1/+9=C61*6> 6 #K 
) J6)83H )*2$%4>* *1%698$914>* ="65#/>* % #/C7$5 
*A D/A +96$@9/A$%/862=.  /9/>6894 #/C7$5 )*2$%$5 
="65#* +$7$@1$<$  B +967)8/%2614 % <=>?1@A. 
                                                
©  !"#$% '.'., ()*+$% (.,., 2018 

,ABC1DAEF1A G=CCHA E1?IJIK LDAKF1 1CJAM<IM= 

-/*>61$%/1*6 +/9/>689/ T1/"61*6 +/9/>689/ 

K?$71$5 8$# I1 95 ' 
K?$71$6 2*1651$6  
896?D/A1$6 1/+9=C61*6 U1C 

660 K 

K4?$71$5 8$# I2 195 ' 
-$>*1/231$6 %4?$71$6 
1/+9=C61*6 #/C7$5 )6#0** 
*1%698$9/ U1.)6# 

890 K 

 

N!1#0*$1/231/= )?6>/ G� D$9>*9$%/1*= D/A14? 
1/+9=C61*5 *1%698$9/ +967)8/%261/ 1/ M1E. 1. 

T76)3:  
@2$# 1 – %4"*)2=68 +$ )$$8%68)8%!HI*> D/A/> �, 

 , ! 7$+$21*8623146 #$;DD*0*6184 Kda, Kdb,  Kdc #$9-
96#0** 72*86231$)8* *>+!23)$% !A2/ J*9$81$-
*>+!23)1$5 >$7!2=0** (U,:) % A/%*)*>$)8* $8 )6#-
0*$114? 1/+9=C61*5 +9$>6C!8$"14? A%6136% +$)8$-
=11$<$ 8$#/ *1%698$9/; 

@2$# 2 – %4"*)2=68  %)+$>$</8623146 #$;DD*0*-
6184 Ka, Kb,  Kc, $+96762=HI*6 A1/"61*6 #$;DD*0*61-
8/ #$996#0** +$ 86> C6 D/A/>; 

@2$# 3 – %4"*)2=68 #$;DD*0*618 #$996#0**  Kpro,  

$+96762=HI*5 >/#)*>/231$ %$A>$C1$6 %4?$71$6 
1/+9=C61*6 *1%698$9/ +9* %4?$76 *A )89$= 6<$ ="66#; 

@2$# 4 – %4"*)2=68 %6#8$9/ 1!26%$5 +$)267$%/-
86231$)8* (t1 %4?$71$<$ 1/+9=C61*= *1%698$9/; 

@2$# 2/3 – %4+$21=68 +696%$7 *A 7%!?D/A1$5 )*-
)86>4 #$$97*1/8 % 896?D/A1!H [2]; 

@2$# «+» – 7$@/%2=68 %6#8$9 1!26%$5 +$)267$%/-
86231$)8* # )*<1/2! D$9>*9$%/1*= 1/+9=C61*= +$ 
#/C7$5 D/A6. 

K?$714>* )*<1/2/>* @2$#$% =%2=H8)= )$$8%68-
)8%611$: 

K –  #$2*"6)8%$ )6#0*5 % D/A/? �,  , ! )$$8%68-
)8%611$; 

KA err, KB err, KC err – #$2*"6)8%$ )6#0*5, %4J67J*? 
*A )89$= % D/A/?;  

Kuf!Ua(�), Kuf Ub(�), Kuf Uc(�) – ������  "#$%�$#-

&���' "�(� ) ��*$'+,��-; 
Ua, Ub, Uc – "�(� , ��*$'+,��' �� & )#., ��&,$/#$�. 
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 13. 1. 45678196:;<6:= 3?@A: 313B@AC 5DE:F;@61= 

0 .���#- �/$12/1$, 34 � 15,/#% ,, 2#$$,26�� � 

&,2/#$� �1�,&#- *#��,.#&�/,�7�#�/� & )#.� ) 
��*$'+,��- ��&,$/#$� #*$,.,�',/ ������ , "#$%�$1-

89�, ��*$'+,��' .�' 2�+.#- "�(  �##/&,/�/&,��#.  

:3;<=>?@ =A>>?@ =BC A>AB:DA 

0@EF<G>?; =:AHGAII 

E$1�#&�' 5��/#/� *�/�89,- �,/� J=2·K·ƒ=314 $�./c. 

L,$�#. *�/�89,- �,/� �= 1/ƒ = 0,02 �. 

 !"#$%�&'! �%)*#+ ' ,-.-/ �,  , !: K = 6. 

 !"#$%�&'! �%)*#+ '01%21#/ #. �&3!4 ,-.0 � 

(KA err), ,-.0   (KB err), ,-.0 ! (KC err). 

 !"#$%�&'! 3-5!$#/ �%)*#+ ' )-62!+ ,-.% 73# #�-
73-'8!9 :;:  

Aa=K-KA err = 6 (73# KA err=0); 

Bb=K-KB err = 6 (73# KB err=0); 

Cc=K-KC err = 6 (73#K! err=0). 
<0/!28!% &3%/,-.8!% 8-7346%8#% #8'%3&!3- 2"4 

�)-"438!=! # '%)&!38!=! >73-'"%8#+ 4'"4%&�4 ,>8)*#-

%+ '%"#$#80 '3-?-@?%=!�4 '%)&!3- # -8-"#. 7!'%2%-
8#4 :; 2"4 !5!#/ AB 5>2%&  #2%8&#$%8.  C#6% ' )-$%-
�&'% 73#9%3- 3-��9-&3#'-%&�4 �)-"438!% >73-'"%8#%. 

:3# 3-5!&!�7!�!58!�&# '�%/ �%)*#+ #8'%3&!3- 
!=3-8#$%8#% -97"#&>20 '3-?-@?%=!�4 '%)&!3- %=! 

'0/!28!=! 8-7346%8#4 (7%3%/!2 ' 3%6#9 !�"-5"%8#4 
9-=8#&8!=! 7!"4 2'#=-&%"4) !73%2%"4%&�4 '0/!28!+ 
$-�&!&!+ #8'%3&!3-, 8-7346%8#%9 73!9%6>&!$80/ 

.'%8D%' 7!�&!488!=! &!)- # �!!&8!1%8#%9 Kuf=U/f. 

:3# E&!9 '0/!280% ,-.80% 8-7346%8#4 :; �#99%&-
3#$80, >="0 �2'#=- 9%62> 8#9# !2#8-)!'0, # )-62-4 
,-.- 9!6%& ,!39#3!'-&D 8-7346%8#% !2#8-)!'!+ -9-
7"#&>20. :3# 7!4'"%8## ' )-)!+-"#5! #. ,-. (8%-
�)!"D)#/ ,-.-/) #8'%3&!3- :; 8%#�73-'8!�&# # ')"@-

$%8## %=! 5-+7-�80/ .'%8D%' !�8!'809 !=3-8#$%8#%9 

,!39#3!'-8#4 -97"#&>20 8-7346%8#4 4'"4%&�4 

>9%8D1%8#% !5?%=! '0/!28!=! 8-7346%8#4, �'4.-88!-

=! � !&)"@$%8#%9 $-�&# 8-7346%8#4 5-+7-�809# .'%-
8D49#. :3# E&!9 3%.>"D&#3>@?%% �,!39#3!'-88!% 
8-7346%8#% #8'%3&!3- >9%8D1-%&�4 8- )!"#$%�&'! 

')"@$%880/ «5-+7-�!'» # 73%'0�#&D E&! 8-7346%8#% 
8% 73%2�&-'"4%&�4 '!.9!6809. < &! 6% '3%94 6%"--
&%"D8! 7!"8!�&D@ #�7!"D.!'-&D '!.9!68!�&# ,-. � 

5-+7-�809# �%)*#49# .- �$%& )!33%)*## AB, 73# )!-
&!3!+ 9!68! 7!">$#&D 9-)�#9-"D8! '!.9!68!% 

8-7346%8#% 8- '0/!2% :;. 

<�% 73%2'-3#&%"D80% '0$#�"%8#4 2"4 !73%2%"%8#4 

)!E,,#*#%8&- )!33%)*## AB *%"%�!!53-.8! 73!'!2#&D  

' 2'>/,-.8!+ �#99%&3#$8!+ �#�&%9% )!!32#8-&. :3# 

E&!9 2"4 8!39-"D8! 3-5!&-@?#/ �%)*#+ 8-7346%8#% 
Ud )-62!+ ,-.0, '/!24?%% ' 3-�$%&80% �!!&8!1%8#4, 
4'"4%&�4 �>99!+ '�%/ �%)*#!880/ 8-7346%8#+. 

G�&%�&'%88!, 2!"680 50&D >$&%80 &!"D)! 8-7346%-
8#4 #�7!"D.>%90/ �%)*#+ (#�)"@$%80 8-7346%8#4 
«5-+7-�80/» �%)*#+). H"4 73!�&!&0 -8-"#.- 73%27!"--
=-%&�4 !&)"@$%8#% !28!+ #. �%)*#+. H"4 !73%2%"%8#4 
)!E,,#*#%8&- )!33%)*## Kpro *%"%�!!53-.8! 73%2'-3#-

&%"D8! 8!39#3!'-&D )!E,,#*#%8&0 Kda,  Kdb, Kdc )-): 

8.�%)

;
·

a
da

a

U
K

A U
 

8.�%)

;
·

b
db

b
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K

B U
 

8.�%)

;
·

c
dc
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K

C U
 

 1,004, da db dcK K K  

K
u

f
=

 K
u

f i
f 

K
u

f
<

 K
p

ro
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=2% Aa·U8.�%)=Bb·U8.�%)=Cc·U8.�%) =5,340·103 < – �!!&'%&-
�&'%88! 8!9#8-"D80% 8-7346%8#4  ,-. �,  , ! #8'%3-

&!3-; Ua= Ub = Uc = 5,361·103 < – ,-.80% 8-7346%8#4 
8- '0/!2% #8'%3&!3-, 8-+2%880% 9%&!2!9 #&%3-*##.  

H"4 !73%2%"%8#4 73%2%"D8!=! )!E,,#*#%8&- )!3-
3%)*## '0/!28!=! 8-7346%8#4 73# ')"@$%8## «5-+7--
�!'» ' 3-."#$80/ ,-.-/ 73# 3-.8!9 #/ )!"#$%�&'%, - 
&-)6% 73# '08>62%88!9 >9%8D1%8## )-)!=!-"#5! '%)-
&!3- 8-7346%8#4 73# !73%2%"%880/ �!!&8!1%8#4/ 
')"@$%880/ «5-+7-�!'»  ' 3-.80/ ,-.-/ 7!"%.8! '!�-
7!"D.!'-&D�4 #/ '%)&!38!+ 2#-=3-99!+. H"4 73!�&!&0 
3-�$%&!' 8-$-"D80+ 7!#�) )!E,,#*#%8&!' )!33%)*## 
2"4 )-62!+ #. ,-. 9!6%& 73!#.'!2#&D�4 ' &3%>=!"D8#-
)% !&8!�#&%"D80/ "#8%+80/ 8-7346%8#+ '%)&!38!+ 

2#-=3-990 � )!!32#8-&-9# ("0, #
0
) &!$)# �9%?%8#4 

8%+&3-"# ' !3&!=!8-"D8!+ �#�&%9% )!!32#8-& (314. 2). 

<G JKLCMN HOMPLMQQM KJCKAOJGRSCTU ROCGVCTU 

CM:LNWGCOV :LO KJABJAJ<OO XMV:MACTU AG YOV 

<%)&!38-4 2#-=3-99- ,-.80/ 8-7346%8#+, '7#-
�-88-4 ' %2#8#$80+ &3%>=!"D8#) "#8%+80/ 8-7346%-
8#+ � &!$)!+ � .-2-88!+ )!!32#8-&-9# X0=0,7 # 

Y0=0,3 , 73%2�&-'"%8- 8- 314. 2.  

Z2%�D Ua(x), Ub(x), Uc(x) – ,-.80% 8-7346%8#4 �!-
!&'%&�&'%88! ,-. �,  , !, '7#�-880% ' %2#8#$80+ &3%-
>=!"D8#); 

Y0(") – '%)&!3 8>"%'!+ 7!�"%2!'-&%"D8!�&# 8-734-
6%8#+. 

:3# !73%2%"%8## )!E,,#*#%8&- )!33%)*## 73#-

9%9 )!E,,#*#%8&0 Ka =  Kb =  Kc = 1, - )!"#$%�&'! 
5-+7-�80/ �%)*#+ ' )-62!+ ,-.% �!!&'%&�&'%88! 

KA err= KB err= KC err= 0. 

K73%2%"%8#% )!E,,#*#%8&- )!33%)*## Kpro 2!�&--
&!$8! !5[%98!, 7!E&!9> 8#6% 73# 3-'%8�&'% )!"#$%-
�&'- #�73-'80/ �%)*#+ ' )-62!+ ,-.%, !2#8-)!'0/ 
2!7!"8#&%"D80/ )!E,,#*#%8&-/ 7! 8-7346%8#@ ' 
73!9%6>&!$80/ .'%8D4/ 7!�&!488!=! &!)- 7#&-8#4 
4$%%) #8'%3&!3-, 73%2�&-'"%80 #&!=!'0% �!!&8!1%8#4 
%=! '0$#�"%8#4  

1 2 3

1
· , %�"#

3·
0.proK A A A

K
 

 

 14. 2. -456789: <=>?6389: 719@39AA9 89B3:C=81D 

O8-$% 

2 3

1 3 2

  2 1

3  3  
.

· 2·   
pro

A A
K

K A A A

 

Z2%�D: 

2 2 2

1 · · · · · · ;A da a B db b C dc cA K K A K K B K K C  

4 4 4

2 · · · · · · ;A da a B db b C dc cA K K A K K B K K C  

2 2

3

2 2

2 2

· · · · ·

· · · · ·

· · · · .·

A da a B db b

A da a C dc c

B db b C dc c

A K K A K K B

K K A K K C

K K B K K C

 

:3# !73%2%"%880/ �!!&8!1%8#4/ )!"#$%�&'- 3--
5!&-@?#/ �%)*#+ 7!2)!3%88!% '03-6%8#% ,>8)*## 

!73%2%"%8#4  Kpro   9!6%& 50&D !&3#*-&%"D809, # Kpro  

�&-8!'#&�4 )!97"%)�809 $#�"!9. \#.#$%�)# E&! !.8--
$-%&, $&! >�"!'#% 7!"8!=! #�7!"D.!'-8#4 '�%/ 3-5!$#/ 

4$%%) #8'%3&!3-, &.%. 7!">$%8#% ' )-62!+ ,-.% 9-)�#-
9-"D8! '!.9!68!=! 8-7346%8#4, �&-8!'#&�4 8%'07!"-

8#909. < E&!9 �">$-% 8%!5/!2#9! >9%8D1#&D '0/!2-
8!% 8-7346%8#% &!+ ,-.0, > )!&!3!+ 8-#5!"D1%% )!-

"#$%�&'! 3-5!$#/ 4$%%). 

MCMROZ LMXKJT OC<GLJKLM :LO AOQQGJLO;CTU 

\MZCTU CM:LNWGCONU A B;GJKQ KPRO 

:>�&D )!"#$%�&'! '01%21#/ #. �&3!4 4$%%) ' )-6-

2!+ ,-.% 
KA err= KB err= KC err= 0, 

&!=2- )!"#$%�&'! 3-5!$#/ 4$%%) ' )-62!+ ,-.%: Aa=6; 

Bb= 6; Cc= 6. 

:3# E&!9 )!E,,#*#%8& )!33%)*## 5>2%& 3-'809 

Kpro= 1,0 # �9%?%8#% 8>"%'!+ &!$)# � >$%&!9 )!E,,#-

*#%8&- )!33%)*## !73%2%"#&D�4 )-) x0·Kpro= 0,868; 

y
0
·Kpro= 0,501 (3-�$%& )!!32#8-& ("0, #

0
) &!$)# �9%?%-

8#4 8%+&3-"# 2!�&-&!$8! !5[%980+ # ' 2-88!+ �&-&D% 
8% 73%2�&-'"%8). 

:! '%)&!38!+ 2#-=3-99% 8- 314.  3 '#28!, $&! 73# 

1%�&# 3-5!$#/ �%)*#4/ ' )-62!+ ,-.% 2#-=3-99- 
8-7346%8#+ 7!"8!�&D@ �#99%&3#$8-, &.%. '�% 8-734-
6%8#4 8- 8-=3>.)% �#99%&3#$80 # �9%?%8#% 8>"%'!+ 
&!$)# 8% &3%5>%&�4. 

\-.80% # "#8%+80% 8-7346%8#4  #8'%3&!3- � >$%-
&!9 �9%?%8#4 8>"%'!+ &!$)# (73# 1%�&# 3-5!$#/ 9!-

2>"4/ ' )-62!+ ,-.%) 73%2�&-'"%80 8- 314. 4. 
M8-"#. 3-5!&0 #8'%3&!3- 73# '0/!2% #. �&3!4 !2-

8!+ �%)*## ' ,-.% � (� >$%&!9 Kpro). 

:>�&D )!"#$%�&'! '01%21#/ #. �&3!4 4$%%) ' )-6-
2!+ ,-.% 

KA err= 1; KB err= KC err= 0, 

&!=2- )!"#$%�&'! 3-5!$#/ 4$%%) ' )-62!+ ,-.% 

Aa= 5; Bb= 6; Cc= 6. 

:3# E&!9 )!E,,#*#%8& )!33%)*## 5>2%& 3-'809 

Kpro= 0,942 # �9%?%8#% 8>"%'!+ &!$)# � >$%&!9 )!E,-

,#*#%8&- )!33%)*## !73%2%"#&D�4 )-) 

x0·Kpro= 0,816; y
0
·Kpro= 0,582. 
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 14. 3. .=>?6389: 719@39AA9 89B3:C=81D  

B31 39E6?= <4=5 4=>F1D 18<=3?639 4 GH=?6A Kpro 

 
� 

 
  

 14. 4. I9J8K= (9) 1 L18=D8K= (E) 89B3:C=81:  

18<=3?639 B31 41AA=?31H8K5 M9J8K5 89B3:C=81:5 

:3# '0/!2% #. �&3!4 ' ,-.% � !28!+ �#"!'!+ 4$%+-
)#, )!&!3-4 -'&!9-&#$%�)# 5-+7-�#3>%&�4, 73%!53-.!-
'-&%"D $-�&!&0 8-$#8-%& 3-5!&-&D � 5  4$%+)-9# ' !2-
8!+ ,-.%. 

:! '%)&!38!+ 2#-=3-99% 314. 5 '#28!, $&! 2"4 #�-
)"@$%8#4 2#�5-"-8�- &!)!' ' ,-.-/ �#�&%9- >73-'"%-
8#4 :; 2!"68- �9%?-&D .8-$%8#% 8>"%'!+ &!$)# &-),  
$&!50 "#8%+80% 8-7346%8#4 !�&-'-"#�D �#99%&3#$-
809#.  !!32#8-&0 8>"%'!+ &!$)# 73# E&!9 #.9%84@&-
�4 � >$%&!9 )!E,,#*#%8&- )!33%)*## Kpro.  

 

 14. 5. .=>?6389: 719@39AA9 89B3:C=81D 18<=3?639  

4 GH=?6A Kpro B31 <K567= 1J 4?36: 6786D =@6 :H=D>1  

< M9J= ! 

\-.80% # "#8%+80% 8-7346%8#4 #8'%3&!3- � >$%-
&!9 �9%?%8#4 8>"%'!+ &!$)# (73# '0/!2% #. �&3!4 
!28!+ 4$%+)# ' ,-.% �) 73%2�&-'"%80 8- 314. 6, #. )!-
&!3!=! '#28!, $&! 73# '0/!2% #. �&3!4 !28!+ 4$%+)# 

#8'%3&!3- (,-.0 �) 2"4 !5%�7%$%8#4 �#99%&3#$8!�&# 

"#8%+80/ 8-7346%8#+ 73!#�/!2#& �9%?%8#% 8>"4 ' 
'%)&!38!+ 2#-=3-99% .- �$%& '!.2%+�&'#4 )!E,,#*#-

%8&- )!33%)*##. 

 
� 

 
  

 14. 6. I9J8K= (9) 1 L18=D8K= (E) 89B3:C=81:  

18<=3?639 B31 <K567= 1J 4?36: 6786D =@6 :H=D>1 < M9J= ! 

U(x)

0 x0,5 1 1,5

0,5

0

1

1,5

Kpro x0

Ua*Kpro

Y0*Kpro

Ub*KproUc*Kpro

1
2

y0

6 x420
-1×104

-5×103

0

5×103

1×104
U(x)

AB(x1)

BC(x1)

CA(x1)

N(x1)

0

AB BC CA
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#$% '()*+, %- ./$*0 .%1*'() 02,,3 %4',$/*$5 #� 
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.6,=,4%, 4?1,'*> /*23% '()*+4() @5-4() 45A$07,-

4%> %4',$/*$5, *B,.A,2%/C .%66,/$%24*./C ,9* '(-

)*+4() 1%4,>4() 45A$07,4%>. D/* $,51%-?,/.0 A?/,6 

'(2%.1,4%0 % '4,.,4%0 ' A$*9$5664?< 25./C :; 3*-

E@@%8%,4/5 3*$$,38%% Kpro, *A$,+,10,6*9* A* A$,+-

./5'1,44*6? '(F, .**/4*F,4%<. G53, +10 64*9*?$*'-

4,'*9* '(.*3*'*1C/4*9* #� . '()*+4(6 45A$07,4%,6 
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@%8%,4/ 3*$$,38%% :; 6*7,/ 6,40/C.0 . 1 +* 0,942. H 

%/*9,, ' .**/',/./'%% . A$%',+,44(6% ',3/*$4(6% 

+%59$56656% 1%4,>4() 45A$07,4%> #� .*)$540,/.0  
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For  multilevel  frequency  converters  FC  [1],  one  of  the  
critical modes is the operating mode when the power cell fails in 
one of the phases of the inverter. Bypassing of the inverter power 
cell in this case is dangerous due to the possibility of occurrence 
of voltage distortion in the phases and, consequentially, the stop 
of the variable-frequency electric drive due to the current 

imbalance  in  the  FC  load  [2].  A  flowchart  of  the  FC  control  
system CS is provided, indicating its control signals and 
correction of the FC output voltage. It is proposed to determine 
the correction factor of the FC control  system, which,  in case of 
the cell failure in the phase of the FC inverter, allows generation 
of a control signal at the CS output that provides the maximum 
possible amplitudes of the line voltages while maintaining their 
interphase symmetry to ensure stable operation of the drive in 

such mode. The equations determining the CS correction factor in 
case of a defect in the FC inverter power cell are presented. The 
analysis of the vector diagram of the output voltage of the FC 
operating with the bypassed cell in phase, as well as with 

application of the proposed CS correction, is given on the 
example of a high-voltage FC with a multilevel inverter.  

Keywords: multilevel frequency converter, inverter, control 
system, correction factor, mathematical model, vector diagram of 
inverter voltage, current imbalance. 
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