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Abstract

The main rotor (MR) spin-up or deceleration under the wind conditions at the parking may cause damage of the 

helicopter blades or tail boom. The criterion characterizing the possibility of safely performing the speciÞ ed modes 
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of operation of the helicopter is the limit wind speed, determined by the deß ections of the blade end that occur 

during spin-up or deceleration. Two constructive ways for increasing the limit wind speed may be distinguished. 

These are an increase in the stiff ness characteristics of the blade in the plane of its lowest rigidity; and the application 

of the individual blades controls. The Þ rst method is traditionally employed in the vast majority of cases, though 

it leads to an increase in the weight of the blades. The second method is being related to the promising ones and 

requires solving a considerable number of scientiÞ c, design and technological tasks.

The following means are usually considered as technical means for the blades individual control: controlled tips, ß aps 

and trimmers; rods from a skewing machine with built-in drives; mechanical adders combined with a swashplate; 

piezoelectric sheaths, allowing to control the twist of the blade.

The presented article considers the similar problems of searching for the optimal control laws for the trimmer and 

ß ap of the MR blades. The desired control laws are represented in the form of linear splines, which parameters 

are being found by solving the identiÞ cation problem. The vector of observations in the problems being solved 

corresponds to the deß ections of the end of the blade, which occur during the MR spin-up or deceleration in the 

absence of the wind, and the model of the object is being determined by the equations of bending and torsional 

oscillations of the blades.

The author proposes to apply a controlled trimmer and a controlled ß ap in the design of the main rotor blade to 

compensate for wind disturbances during the spin-up or deceleration of the helicopter main rotor. Based on the 

adduced technique for synthesizing the individual control of the trimmer and the ß ap of the blade, a simulation 

spin-up of the MR under the wind conditions was performed at various values of the relative chords of the controls 

with a Þ xed limit on the maximum angle of their deß ection.

The author demonstrates numerically that the controlled ß ap application while spin-up as a part of the model 

blade is 2.74 times eff ective for the Mi-171A3 type helicopter than the controlled trimmer application with the 

same relative chords. It allows increasing the limit wind speed from 18.6 m/s to 25.1 m/s (i.e. 35.1%) at the Þ xed 

limitation on the maximum deß ection angle.
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Fig. 1. Design diagram of the blade during the main rotor spin-up and deceleration: a � MRB with controlled trimmer;

             b � MRB with controlled ß ap
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Fig. 5. Dependences of the maximum deß ections of the end of the blade during the spin-up of the MR on the magnitude

            of the wind gust Vmax for the speciÞ ed design cases: 1 � 1ry ý  without control; 2 � 1ry ý  with trimmer control

            at trb  = 20% and ¶tr,max = 20; 3 �  1ry ý  with ß ap control at  flapb   = 10% and maxflapb  = 20°; 4 � 1ry ý  with ß ap control

            at flapb  = 20% and ¶tr,max  = 20; 5 � 1ry ý  with ß ap control at flapb   = 25% and   = 20; 6 � the distance from the plane

            of rotation of the MR to the tail boom

Fig. 6. Dependencies of wind disturbances compensation effi  ciency: a � 1 � trimmer control with  = 20; 2 � ß ap control

            with  = 20; b � 1, 2, 3, 4 � trimmer control at trb  = 10%, 15 %, 20 %, 25 % accordingly; 5, 6, 7 � ß ap control
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6 C?BE>BEF<, ABD@4?PAB= > BE< ?BC4EF< (CD<K9@ 

Vx C4D4??9?PA4 C?BE>BEF< A4<5B?PL9= :9EF>BEF< 

?BC4EF<, 4 Vy C9DC9A8<>G?SDA4 Vx), < EG@@4DA4S 
69?<K<A4 BFABE<F9?PAB= E>BDBEF< CBFB>4, B5F9-
>4RM4S D4EE@4FD<649@O= CDBH<?P 6 C?BE>BEF<, 

ABD@4?PAB= > GCDG7B= BE< ?BC4EF<.

�9?<K<A4 BFABE<F9?PAB= E>BDBEF< U BCD989?S-
9FES K9D9; 99 EBEF46?SRM<9 CB HBD@G?4@:

2 2 ,x yU V Vý 

789

ø ù ø ù
ø ù ø ù

ø ù ø ù

â ñê ë ÃØ

â â ñê ë

â èíä

x

y

V V r r

V V V

V y

ý ñ ò ù  øó ÷ ò

ý ñ ò ò  ñ ò ù  øó ô

ô ò ò  ñ  ù ò ò    
0

0 0

cos sin cos ;

sin cos cos cos

sin cos cos cos .

�89EP V � E>BDBEFP 69FD4; ³6 � G7B? 4F4>< 69-
FD4, FB 9EFP G7B? @9:8G 69>FBDB@ E>BDBEF< 69FD4 < 
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C?BE>BEFPR A4<5B?PL9= :9EF>BEF< ?BC4EF<; É � 

4;<@GF ?BC4EF<; ´E> � G7B? @9:8G 7BD<;BAF4?PAB= 

CDB9>J<9= 69>FBD4 E>BDBEF< < CDB8B?PAB= C?B-

E>BEFPR 69DFB?9F4; ´0  � G7B? A4>?BA4 GCBD4 �,;

´ = yò(0) � G7B? 6;@4I4 ?BC4EF<; À = xò(r�,)/xò � G7B? 
>4K4A<S ?BC4EF</G7?O CB6BDBF4 ?BC4EF< 6 C?BE>B-
EF< A4<5B?PL9= :9EF>BEF<; È? � EFD9?B6<8ABEFP 
?BC4EF< CB C9D98A9= >DB@>9; r�, � D4EEFBSA<9 BF 
BE< 6D4M9A<S !� 8B BE< �,; ¿<A8 � <A8G>F<6A4S 
E>BDBEFP 6 D4EE@4FD<649@B@ E9K9A<< ?BC4EF<; µ � 

CDB8B?PAO= G7B? ;4>?<A9A<S 64?4 !�.

� BF?<K<9 BF 4QDB8<A4@<K9E><I >BQHH<J<-

9AFB6 <; D45BFO [1], 6 EBBF69FEF6<< E D<E. 1 < 2, 

4QDB8<A4@<K9E><9 >BQHH<J<9AFO cy, cx < mz 8?S 
?BC4EF< E GCD46?S9@O@ FD<@@9DB@, BCD989?SRFES 
CB HBD@G?4@ [18]:

ñ
y y n y m m x x n x m m

z z n z m m

c c c k c c k

m m m k

ý   ý  

ý  
, , 1, , , 2,
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;
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r

y m m m

m
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k e
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 ý   ô  ô

ý
2

,

0,1

1.

0,0074 3,2 0,68 ;

1,07 ;

ø ù

ø ù
õâx m m m

m r

c b

k

 ù ù ý  ô  ô ú úû û

ý  ñ 

25 2
,

3

2,

3 10 0,005 3 1 ;

1 0,0007 3 ;

ø ùõâ

r

z m m m

m
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k e
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 ý    ô  ô

ý
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,

0,1

3,

0,0047 1,7 0,83 ;

1,07 ;

íò

ò íò êò

êò
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0,

m

r l

t l r l

r l

üü
ÿô ý ô ó üý
ÿ óþ

8?S ?BC4EF< E GCD46?S9@O@ ;4>DO?>B@ � CB HBD-
@G?4@ D45BFO [19]:

ç ç ç ç

ç ç

y y n y x x n x

z z n z

c c c k c c c k

m m m k

ý   ý  

ý  
, , 1, , , 2,

, , 3,

; ;

;

ç ç ç

ç

y

r r

r

c b

k

 ý ô

ý  ñ  ñ 

 ñ 

,

3 2
1,

0,008324 ;

0,0001868 0,001823

0,001975 1,011;

ç ç ç ç

ç

x

r r

r

c b

k

 ù ù ý ô  ôû û
ý  ñ  ñ 

 ñ 

8 2 2
,

3 2
2,

10 5,463 17,3 ;

0,001601 0,01521

0,1162 0,6858;

ç ç ç

ç

z

r r

r

m b

k
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5
,

5 3 2
3,

75,84 10 ;

9,264 10 0,001057

0,02067 0,9515;

íç

ç ç íç êç

êç

0, ;
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0, .

r l

t l r l

r l

üü
ÿô ý ô ó üý
ÿ óþ

�89EP EBBF69FEF69AAB: ¶F(t) < ¶;(t) � ;484649@O9 
GCD46?9A<9@ ;4>BAO <;@9A9A<S G7?B6B7B BF>?B-

A9A<S FD<@@9D4 < ;4>DO?>4; lAF < lA; � D4EEFBSA<S 
BF BE< �, 8B A4K4?PAB7B E9K9A<S GCD46?S9@B7B 
FD<@@9D4 < ;4>DO?>4; l>F < l>; � D4EEFBSA<S BF BE< 

�, 8B >BA9KAB7B E9K9A<S GCD46?S9@B7B FD<@@9D4 < 

;4>DO?>4; òb  < çb  � BFABE<F9?PAO9 IBD8O FD<@@9D4 
< ;4>DO?>4. �BQHH<J<9AFO cy,n, cx,n < mz,n BCD989?S-
RFES CB D9;G?PF4F4@ >DG7B6OI CDB8G6B> CDBH<?9= 

CD< EBBF69FEF6GRM<I K<E?4I  4I4 M = U/a;6 < G7?4I 
4F4>< E9K9A<= ?BC4EF< ³r . 

'7?O 4F4>< 8?S ?BC4EF< E GCD46?S9@O@ FD<@-

@9DB@/;4>DO?>B@ BCD989?SRFES CB HBD@G?9
³r = ³ + ´CD, 789

ø ùêð óïð

óïð

ïð

ïð

y y

x

x x

y y

x

x x

r
k

C

V V
V

V V

V V
V

V V

ñ ý ñ ñ ù ñ ù  ò

ò ý þ

ò ý ð ð ü





0 1 2

M
sin cos ;

arctg , 0;

arctg , 0.

�89EP ³ � 79B@9FD<K9E><= G7B? 4F4>< D4EE@4FD<-

649@B7B E9K9A<S ?BC4EF<; ´CD � G7B? CD<F9>4A<S 
CBFB>4; θ0 � G7B? «B5M97B L474»; θ1 < θ2 � G7?O J<-

>?<K9E>B7B GCD46?9A<S G7?B@ GEF4AB6>< ?BC4EF<, 

6O;O649@O9 A4>?BAB@ F4D9?>< 46FB@4F4 C9D9>BE4; 
k � >BQHH<J<9AF >B@C9AE4FBD4 6;@4I4; ∆Ç>D � G7B? 
79B@9FD<K9E>B= >DGF>< D4EE@4FD<649@B7B E9K9A<S 
?BC4EF<.

�BEFаAB6>а ;а8ач< E<AF9;а BCF<@а?PAB7B
GCDа6?9A<я FD<@@9DB@ < ;а>DO?>B@
%<AF9; ;4>BAB6 BCF<@4?PAB7B GCD46?9A<S FD<@-

@9DB@ < ;4>DO?>B@ ?BC4EF9= CD< D4E>DGF>9 <?< 

FBD@B:9A<< A9EGM97B 6<AF4 6 GE?B6<SI 69FD4 5G89@ 

6OCB?ASFP CB @9FB8G, <;?B:9AAB@G 6 D45BF9 [3].

�E>B@O9 ;4>BAO GCD46?9A<S ¶F(t) < ¶;(t) 5G89@ 

F4> :9, >4> < 6 D45BF9 [3], CD98EF46?SFP 6 6<89 
?<A9=AOI EC?4=AB6 [14], ;484649@OI K9D9; CBE?9-
8B64F9?PABEF< G;?B6OI FBK9> (t1, ¶F(t1)), (t2, ¶F(t2)), 

�, (tn, ¶F(tn)) < (t1, ¶;(t1)), (t2, ¶;(t2)), �, (tn, ¶;(tn)) EB-
BF69FEF69AAB, 789 n � K<E?B G;?B6OI FBK9>. &B784 
6 EBEF46 69>FBD4 a A9<;69EFAOI C4D4@9FDB6 8?S 
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>4:8B7B F4>B7B EC?4=A4 6IB8SF 2n � 2 C4D4@9FD4, 
CB8?9:4M<9 <89AF<H<>4J<<, 4 <@9AAB: ;A4K9A<S 
;484649@OI G7?B6OI BF>?BA9A<= FD<@@9D4 ¶F(tj) <?< 

;4>DO?>4 ¶;(tj) 6 G;?B6OI FBK>4I, 4 F4>:9 @B@9AFO 

6D9@9A< tj, j = 2, 3, �, n � 1. #D< QFB@ A9<;69EFAO9 
C4D4@9FDO 69>FBD4 a D4EE@4FD<64RFES >4> E?GK4=-

AO9 69?<K<AO E <;69EFAB= 4CD<BDAB= C?BFABEFPR 

D4ECD989?9A<S, >BFBDGR @B:AB GFBKA<FP CB D9;G?P-
F4F4@ A45?R89A<= z(ti), i = 1, 2, �, N, 789 N � K<E?B 

A45?R89A<=.

"J9A>< 69>FBD4 <89AF<H<J<DG9@OI C4D4@9FDB6 
a� A4IB8SFES [20] <; D9>GDD9AFAB7B EBBFABL9A<S:

                   
k k

k k

kk

d J a dJ a
a a

dada





ö ö
ý  ÷ ÷

÷ ÷
ø ø

1
2

1 2

( ) ( )
� .  (3)

(GA>J<BA4? @4>E<@4?PAB7B CD468BCB8B5<S 
J(a), CD< 8BCGM9A<< B ABD@4?PABEF< ;4>BA4 D4E-
CD989?9A<S CB7D9LABEF9= A45?R89A<=, <@99F 6<8:

        ø ù ø ù
N

T

i i i i i
i

J a z t z t a R t z t z t a

ý

ù ùý  ú úû ûõ 1

1

� �( ) ( ) ( , ) ( ) ( ) ( , ) .  (4)

�89EP CD<@9A<F9?PAB > CBEF46?9AAO@ ;484K4@ 

CD<ASFB: z(ti) = 1ry ý (ti) � 69>FBD A45?R89A<=, ;A4-
K9A<S >BFBDB7B D46AO CDB7<54@ >BAJ4 ?BC4EF< CD< 

D4E>DGF>9 <?< FBD@B:9A<< A9EGM97B 6<AF4 6 GE?B-
6<SI BFEGFEF6<S 69FD4; z�(ti,a) = 1ry ý (ti,a)  � BJ9A>4 
CDB7AB;4 69>FBD4 A45?R89A<=, ;A4K9A<S >BFBDB7B 
D46AO CDB7<54@ >BAJ4 ?BC4EF< CD< D4E>DGF>9 <?< 

FBD@B:9A<< A9EGM97B 6<AF4 6 GE?B6<SI 69FD4, CD< 

H<>E<DB64AAB@ ;A4K9A<< 69>FBD4 C4D4@9FDB6  a;

R(ti) = E � 8<EC9DE<BAA4S @4FD<J4 LG@B6 A45?R-

89A<=. �9>FBD A45?R89A<= z(ti) = 1ry ý (ti) < BJ9A>4 
69>FBD4 A45?R89A<= z�(ti,a) = 1ry ý (ti,a)  (69>FBDO 

EBEFBSF <; B8AB7B Q?9@9AF4, 4 <@9AAB, CDB7<54 
>BAJ4 ?BC4EF<) @B7GF 5OFP CB?GK9AO <; K<E?9AAB7B 
D9L9A<S GD46A9A<= (1) E 7D4A<KAO@< GE?B6<S@< 

(2) CB @9FB8G [1] 8?S t  [t1,tN], 6 F4>B@ E?GK49 8<E-
C9DE<BAA4S @4FD<J4 LG@B6 A45?R89A<= @B:9F 
5OFP CD<ASF4 D46AB= 98<A<J9. &4><@ B5D4;B@, 

GD46A9A<S (1) 8?S 4?7BD<F@4 BCF<@<;4J<< S6?SRFES 
@B89?PR B5N9>F4, 4 @B89?P A45?R89A<= BC<E4A4 
6OL9.
#9D64S < 6FBD4S CDB<;6B8AO9 HGA>J<BA4?4 

(4) CB 69>FBDG C4D4@9FDB6 ak, k = 1, 2, �, m, 789 
m � K<E?B <F9D4J<= CDBJ9EE4 <89AF<H<>4J<<, 

BCD989?SRFES 6 EBBF69FEF6<< E @B8<H<J<DB64AAO@ 

@9FB8B@ !PRFBA4 [20] 6OD4:9A<S@<: 

ø ù ø ù

ø ù
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i kk

i i i k
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R t z t z t a

da da

dz t ad J a dz t a
R t

da dada



ý



ý

ý  

ý

õ

õ

1

1

2
1

2
1

,( )
�2 ( ) ( ) ( , ) ;

, �( ) ( , )
2 ( ) .

�B@CBA9AFO 69>FBD4 CDB<;6B8AB= BJ9A>< 69>-

FBD4 A45?R89A<= CB 69>FBDG <89AF<H<J<DG9@OI 
C4D4@9FDB6 ak BCD989?SRFES [20, 21] K<E?9AAB 8?S 
@B@9AFB6 6D9@9A< ti, i = 1, 2, �, N CB HBD@G?4@:

i k i k i k i k

k k k k n n

i k j i ki k

k j

dz t a z t a z t a z t a

da a a a

z t a e z t az t a

a
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,

� � � �( , ) ( , ) ( , ) ( , )
, , , ;

� �( , ) ( , )�( , )
,

789 ej � 69>FBD D4;@9DABEF< 2n � 2, 6E9 Q?9@9AFO 

>BFBDB7B D46AO AG?R ;4 <E>?RK9A<9@ j-7B Q?9-
@9AF4, >BFBDO= D469A 1; õ � @4?B9 K<E?B, B5OKAB 
;484649@B9 A4 GDB6A9 0,001�0,1% BF AB@<A4?PAB7B 
;A4K9A<S C4D4@9FDB6 ak,j.

">BAK4A<9 CDBJ9EE4 <89AF<H<>4J<< BCD989?S-
9FES GE?B6<9@ 

k k k
a a a  ü ô

1
� � � , 789 ¶ = 0,005 � 0,02.

 9;G?PFаFO ч<E?9AAOх DаEч9FB6
�EE?98B64A<9 QHH9>F<6ABEF< CD<@9A9A<S 

FD<@@9DB6 < ;4>DO?>B6 6 >4K9EF69 ED98EF6 <A8<-

6<8G4?PAB7B GCD46?9A<S �!� 8?S >B@C9AE4J<< 

69FDB6OI 6B;@GM9A<= CD< D4E>DGF>9 !� 6 GE?B6<SI 
69FD4 6OCB?A9AB CD<@9A<F9?PAB > 69DFB?9FG F<C4
 <-171�3. �4>BAO GCD46?9A<S FD<@@9DB@ < ;4-
>DO?>B@ CB?GK9AO CGF9@ <89AF<H<>4J<< <I C4D4-
@9FDB6 E CB@BMPR D9>GDD9AFAB7B EBBFABL9A<S (3) 

A4 54;9 D9L9A<S GD46A9A<= (1) E 7D4A<KAO@< GE?B-
6<S@< (2) CB @9FB8G, D4EE@BFD9AAB@G 6 D45BF9 [1].

$9;G?PF4FO D4EK9FB6 C9D9@9M9A<= >BAJ4 ?B-

C4EF< CD< D4E>DGF>9 !� 6 GE?B6<SI «EFGC9AK4FB-

7B» CBDO64 69FD4 E @4>E<@4?PAO@< E>BDBEFS@<
Vmax = 0, 20 @/E, 89=EF6GRM97B A4 CDBFS:9A<< 

6E97B 6D9@9A< D4E>DGF>< 6<AF4, CD< G7?9 69FD4 > 

7BD<;BAFG ³6 = �15, G7?9 B5M97B L474 θ0 = 4, CD< 

A9=FD4?PAB@ CB?B:9A<< >B?PJ4 46FB@4F4 C9D9>BE4, 
6B 6D9@9AAB= ;46<E<@BEF< CD<6989AO A4 D<E. 3,4, 
789 B5B;A4K9A<S >D<6OI EBBF69FEF6GRF D4EK9FAO@ 

E?GK4S@: 1 � É0 = 0, D4E>DGF>4 59; 69FD4; 2 � É0 ≈ 

≈ �178°, 59; GCD46?9A<S, 69F9D E Vmax = 20 @/E 6 A4-
CD46?9A<< ´E> = 178; 3 � É0 ≈ �178, GCD46?9A<9 
;4>DO?>B@ E çb  = 25%, <@9RM9@ B7D4A<K9A<9 A4 
¶; max = 20, 69F9D E Vmax = 20 @/E 6 A4CD46?9A<< 

´E> = 178; 4 � É0 ≈ -178, GCD46?9A<9 FD<@@9DB@
E òb  = 20%, <@9RM9@ B7D4A<K9A<9 A4 ¶F max = 20, 
69F9D E Vmax = 20 @/E 6 A4CD46?9A<< ´E> = 178. !4-
CD46?9A<S 69FD4 ´E> < A4K4?PAO9 4;<@GF4?PAO9 
CB?B:9A<S ?BC4EF< É0 BCD989?9AO CB D9;G?PF4F4@ 

K<E?9AAOI Q>EC9D<@9AFB6 <EIB8S <; 8BEF<:9A<S 
@4>E<@4?PAOI C9D9@9M9A<= >BAJ4 ?BC4EF< A4 
GK4EF>9 99 FD49>FBD<<, EBBF69FEF6GRM9@ 4;<@G-
F4?PAB@G CB?B:9A<R I6BEFB6B= 54?>< 69DFB?9F4. 
&9 :9 ;46<E<@BEF< (B5B;A4K9A<S EBID4A9AO) 6 5B-
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>B6B= CDB9>J<<, EBBF69FEF6GRM9= 6<8G A4 69DFB?9F 
E;48<, CD<6989AO A4 D<E. 3,5 < 6.
%BBF69FEF6GRM<= D4EK9FAO@ E?GK4S@ 3 < 4 ;4-

>BA GCD46?9A<S ;4>DO?>B@ < FD<@@9DB@ E B7D4A<-

K9A<9@ CB GCD46?9A<R ¶; max = ¶F max = 20 CD<6989A 

A4 D<E. 4.

�; D4EE@BFD9A<S ;46<E<@BEF9=, CD<6989AAOI A4 
D<E. 3 @B:AB E89?4FP 6O6B8 B FB@, KFB QHH9>F<6ABEFP 
GCD46?S9@B7B ;4>DO?>4 6OL9, K9@ GCD46?S9@B7B 
FD<@@9D4. #B?GK9AAO9 CD98?B:9AAB= @9FB8<>B= 

<89AF<H<>4J<< ;4>BAO GCD46?9A<S ;4>DO?>B@ < 

FD<@@9DB@ EB6C4?< 8?S 6E9I D4EE@BFD9AAOI E>B-
DBEF9= 69FD4 A4 >4:8B@ 6D9@9AAB@ <AF9D64?9. ЭFB 
B5NSEAS9FES B8<A4>B6O@ D4ECB?B:9A<9@ ;4>DO?>4 
< FD<@@9D4 A4 @B89?PAB= ?BC4EF< BF r  = 0,758 8B r  

= 0,834. )4D4>F9D <;@9A9A<S G7?B6OI CB?B:9A<= 

;4>DO?>4 < FD<@@9D4 CD< GCD46?9A<< ?BC4EFPR 

(D<E. 4) BC<EO649FES C9D<B8<K9E>B= HGA>J<9= F<C4 
@94A8D. $469AEF6B <I CD989?PAOI G7?B6OI BF>?BA9-
A<= A4 6E9I D4EE@BFD9AAOI 6D9@9AAOI <AF9D64?4I 
E6<89F9?PEF6G9F B A98BEF4FBKAB= QHH9>F<6ABEF< 

84AAOI ED98EF6 GCD46?9A<S.
�46<E<@BEF< BF 69?<K<AO CBDO64 69FD4 @4>E<-

@4?PAOI ;4 D4E>DGF>G !� CDB7<5B6 >BAJ4 ?BC4EF< 

A4 GK4EF>9 99 FD49>FBD<<, EBBF69FEF6GRM9@ 4;<@G-
F4?PAB@G CB?B:9A<R I6BEFB6B= 54?>< 69DFB?9F4 
59; <A8<6<8G4?PAB7B GCD46?9A<S ?BC4EFPR < E 
GCD46?9A<9@ FD<@@9DB@ < ;4>DO?>B@, CD<6989AO 

A4 D<E. 5 (8?S D4EE@4FD<649@OI «A4<IG8L<I» D4E-
K9FAOI E?GK496).

�4> 6<8AB <; D<E. 5 CD989?PAO9 E>BDBEF< 69FD4, 
CD< >BFBDOI CDB7<5 >BAJ4 ?BC4EF< EF4AB6<FES 
D46AO@ D4EEFBSA<R BF C?BE>BEF< 6D4M9A<S !� 8B 

I6BEFB6B= 54?><, 8?S ;484AAOI D4EK9FAOI E?GK496 
EBEF46?SRF EBBF69FEF69AAB 69?<K<AO CBDS8>4: 
1 � 18,6 @/E; 2 � 21 @/E; 3 � 22,6 @/E; 4 � 24,3 @/E; 
5 � 25,1 @/E.

6
$<E. 3. �46<E<@BEF< <;@9A9A<S CDB7<5B6 >BAJ4
              ?BC4EF< BF 6D9@9A< 8?S ;484AAOI D4EK9FAOI
              E?GK496

4

5

$<E. 4. �4>BA GCD46?9A<S ;4>DO?>B@ < FD<@@9DB@
              CB 6D9@9A<
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$<E. 5. �46<E<@BEF< @4>E<@4?PAOI ;4 D4E>DGF>G !� 

              CDB7<5B6 >BAJ4 ?BC4EF< BF 69?<K<AO CBDO64
              69FD4 Vmax 8?S ;484AAOI D4EK9FAOI E?GK496:
              1 � 1,maxry ý  59; GCD46?9A<S;
              2 � 1,maxry ý  E GCD46?9A<9@ FD<@@9DB@ CD< òb  = 20%

                       < ¶F max = 20;
              3 � 1,maxry ý   E GCD46?9A<9@ ;4>DO?>B@ CD< çb  = 10%

                       < ¶; max = 20;
              4 � 1,maxry ý  E GCD46?9A<9@ ;4>DO?>B@ CD< çb  = 20% 

                      < ¶; max = 20;
              5 � 1,maxry ý  E GCD46?9A<9@ ;4>DO?>B@ CD< çb  = 25%

                      < ¶; max = 20;
              6 � D4EEFBSA<9 BF C?BE>BEF< 6D4M9A<S !�
                     8B I6BEFB6B= 54?><

�46<E<@BEF< QHH9>F<6ABEF< >B@C9AE4J<< 

69FDB6OI 6B;@GM9A<= ;4 EK9F <ECB?P;B64A<S 
GCD46?S9@B7B FD<@@9D4 < GCD46?S9@B7B ;4>DO?>4 
CD< D4E>DGF>9 !� BF <I BFABE<F9?PAB= IBD8O CD< 

B7D4A<K9A<SI A4 @4>E<@4?PAO= G7B? <I BF>?BA9A<S 
¶; max = ¶F max = 20 < CBDO64 69FD4 Vmax, CD<6989AO 

A4 D<E. 6,4 < 6,5 EBBF69FEF69AAB.
#D4>F<K9E>< 5B?99 ;A4K<@4 ;46<E<@BEFP, CD<-

6989AA4S A4 D<E. 6,4, <; >BFBDB= E?98G9F, KFB A4<-

5B?PL4S QHH9>F<6ABEFP >B@C9AE4J<< 69FDB6OI 
6B;@GM9A<= GCD46?S9@O@ FD<@@9DB@ ?BC4EF< CD< 

D4E>DGF>9 !� 69DFB?9F4 F<C4  <-171�3 EBEF46<?4 
12,8 % CD< òb  = 20%, 4 CD< GCD46?9A<< ;4>DO?>B@ � 

35,1 % CD< çb  = 25%. &4><@ B5D4;B@, QHH9>F<6ABEFP 
GCD46?9A<S@ ;4>DO?>B@ CD< çb  = òb  = 25% 6 2,74 D4;4 
6OL9 QHH9>F<6ABEF< GCD46?9A<S FD<@@9DB@. ЭFB 
@B:9F 5OFP B5GE?B6?9AB F9@, KFB CD< G69?<K9A<< 

BFABE<F9?PAB= IBD8O FD<@@9D4 G69?<K<649FES < 

IBD84 «EBEF46AB7B» CDBH<?S, KFB CD<6B8<F > A9-
;A4K<F9?PAB@G <;@9A9A<R 89HBD@4J<= ?BC4EF< 

BF 89=EF6<S 4QDB8<A4@<K9E><I E<? < @B@9AFB6. 
#D< QFB@ 6 E?GK49 <;@9A9A<S BFABE<F9?PAB= IBD-
8O ;4>DO?>4 IBD84 «EBEF46AB7B» CDBH<?S BEF49FES 
A9<;@9AAB=, KFB CD<6B8<F > 5B?PL9@G <;@9A9A<R 

>DGF<?PAOI < ?<A9=AOI 89HBD@4J<= ?BC4EF< 

BF 89=EF6<S 4QDB8<A4@<K9E><I @B@9AFB6 < E<?. 
"F@9F<@, KFB ?B@4AO= I4D4>F9D ;46<E<@BEF< QH-

4

5
$<E. 6. �46<E<@BEF< QHH9>F<6ABEF< >B@C9AE4J<< 

             69FDB6OI 6B;@GM9A<=:

            4 � 1 � GCD46?9A<9 FD<@@9DB@ E ¶F max = 20;
                   2 � GCD46?9A<9 ;4>DO?>B@ E ¶; max = 20;
            5 � 1, 2, 3, 4 � GCD46?9A<9 FD<@@9DB@ E òb  = 10%,

                                       15%, 20 %, 25% EBBF69FEF69AAB;
                  5, 6, 7 � GCD46?9A<9 ;4>DO?>B@ E çb  = 10%,

                                  20%, 25% EBBF69FEF69AAB

H9>F<6ABEF< GCD46?9A<S FD<@@9DB@, CD<6989AAB=
A4 D<E. 6,4, B5GE?B6?9A A4?<K<9@ 6 >BAEFDG>J<< 

54;B6B= @B89?PAB= ?BC4EF< (59; ED98EF6 <A8<-

6<8G4?PAB7B GCD46?9A<S) FD<@@9DAOI C?4EF<A E
òb   = 9,09%. &4>:9 6<8AB, KFB 84?PA9=L99 G69?<K9-
A<9 BFABE<F9?PAB= IBD8O FD<@@9D4 E6OL9 òb  = 20% 

CD<6B8<F > C489A<R QHH9>F<6ABEF< GCD46?9A<S, 6 
FB 6D9@S >4> QHH9>F<6ABEFP GCD46?9A<S ;4>DO?>B@ 

@BABFBAAB D4EF9F E G69?<K9A<9@ 97B BFABE<F9?PAB= 

IBD8O  çb .

�46<E<@BEF<, CD<6989AAO9 A4 D<E. 6,5, E6<89-
F9?PEF6GRF B EA<:9A<< QHH9>F<6ABEF< >B@C9A-

E4J<< 69FDB6OI 6B;@GM9A<= CBE?9 CD96OL9A<S 
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A9>BFBDB= 69?<K<AO CBDO64 69FD4 CD< ?R5OI (<; 
D4EE@BFD9AAB7B 8<4C4;BA4) BFABE<F9?PAOI IBD84I 
FD<@@9D4 < ;4>DO?>4.

ВO6B8O
1. #D98?B:9AB <ECB?P;B64A<9 GCD46?S9@B7B 

FD<@@9D4 < GCD46?S9@B7B ;4>DO?>4 6 >BAEFDG>J<< 

?BC4EF< !� 8?S >B@C9AE4J<< 69FDB6OI 6B;@GM9-
A<= CD< D4E>DGF>9 < FBD@B:9A<< A9EGM97B 6<AF4 
69DFB?9F4.

2. !4 54;9 <;?B:9AAB= @9FB8<>< E<AF9;4 <A8<-

6<8G4?PAB7B GCD46?9A<S FD<@@9DB@ < ;4>DO?>B@ 

?BC4EF< 6OCB?A9AB @B89?<DB64A<9 D4E>DGF>< 

!� 6 GE?B6<SI 69FD4 CD< D4;?<KAOI 69?<K<A4I 
BFABE<F9?PAOI IBD8 ED98EF6 GCD46?9A<S CD< H<>-

E<DB64AAB@ B7D4A<K9A<< A4 @4>E<@4?PAO= G7B? 
<I BF>?BA9A<S.

3. +<E?9AAB CB>4;4AB, KFB CD< D4E>DGF>9 !� 8?S 
69DFB?9F4 F<C4  <-171�3 <ECB?P;B64A<9 6 EBEF469 
@B89?PAB= ?BC4EF< GCD46?S9@B7B ;4>DO?>4 6 2,74 

D4;4 QHH9>F<6A99 GCD46?S9@B7B FD<@@9D4 CD< <I 
B8<A4>B6OI BFABE<F9?PAOI IBD84I < CB;6B?S9F G69?<-

K<FP CD989?PAGR E>BDBEFP 69FD4 E 18,6 @/E 8B 25,1 @/E
(A4 35,1%) CD< H<>E<DB64AAB@ B7D4A<K9A<< A4 @4>-
E<@4?PAO= G7B? BF>?BA9A<S ¶; max = 20.
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