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52

- R0- -

- R -

R0 Rcp= =

- -

2 1,8 3,6 5,4 7,2 9,0

f 0,265 0,278 0,289 0,336 0,348

V P 2
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2 3 4 5 6 8
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0,41 0,44 0,47 0,51 0,54 0,55

0,20 0,22 0,25 0,28 0,32 0,35
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4 0,37 0,38 0,40 0,41 0,43 0,45
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0,54 0,55 0,57 0,57 0,58 0,60

5 0,19 0,20 0,20 0,25 0,27 0,29
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0,15 0,17 0,19 0,22 0,24 0,28
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0,22 0,24 0,27 0,28 0,30 0,33
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: F -

F0-

-

; t-

[75,76]

x=

C = F0(3.6)
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(3.9)

.

] =

m =

(3.4).

F =60· m f =242 .

F0=60· m f0 .

F(t)=60· m f(t)=191 .

2): 

f =0,336;f0= 0,256;ft= 0,264.

F(t)= F -(F -F0 - t]
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2 3 4 5 6

% % % % %

50 25 45 23 41 21 36 18 33 17 

89 45 103 52 117 59 127 64 133 67 

59 30 50 25 40 20 35 18 32 16 

198 100 198 100 198 100 198 100 198 100 

-
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87



88

-

-100- -100 -175 -190

1 I 5 5 5 5

2 II 20 20 30 30

3 III 35 35 55 55

4 IV 50 50 80 80

5 V 65 65 105 105

6 VI 80 80 130 130

7 VII 95 95 155 155

-
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S2 ),

- -

1 I 69,8 39,6 16,7 8,5 4,8 2,0 

2 II 24,3 21,8 16,8 3,00 0,7 2,0 

3 III 39,7 36,2 14,2 4,8 4,4 1,7 

4 IV 28,1 25,0 12,2 3,4 3,0 2,4 

5 V 37,9 33,1 14,0 4,6 4,0 1,7 

6 VI 30,3 26,2 18,9 3,7 3,2 2,3 

7 VII 75,3 36,2 20,2 9,2 4,4 2,4 

S2 ),
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- -

1 I 30,7 28,6 22,8 3,7 3,6 2,7

2 II 33,6 30,2 23,2 4,1 3,8 2,8

3 III 40,0 23,7 27,4 4,9 4,2 3,3

4 IV 49,0 43,2 30,2 6,0 5,4 3,7

5 V 39,2 35,6 24,1 4,8 4,4 2,9

6 VI 34,0 30,0 23,4 4,1 3,7 2,8

7 VII 32,1 29,0 22,5 3,9 3,6 2,7

S2 ),

- -

1 I 33,3 30,1 25,6 3,2 3,0 2,7

2 II 41,7 38,2 27,1 3,7 3,3 3,0

3 III 44,1 41,1 31,2 3,6 3,7 3,1
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4 IV 48,6 44,7 34,1 4,0 4,0 3,5

5 V 40,6 36,9 29,9 3,9 3,7 3,1

6 VI 36,8 32,4 27,8 3,7 3,3 3,1

7 VII 30,2 29,1 26,2 2,8 2,8 2,7

S2 ),

- -

1 I 26,5 32,4 27,2 3,5 3,5 3,0

2 II 44,5 40,1 29,8 4,1 3,8 3,2

3 III 48,3 43,8 29,8 3,8 3,6 3,2

4 IV 49,8 46,2 33,3 4,2 4,1 3,5

5 V 46,1 41,4 30,1 4,1 4,0 3,7

6 VI 41,8 38,7 30,1 3,9 3,9 2,9

7 VII 37,6 33,9 28,3 3,3 3,2 3,0



92

Y

m = 5. 

Y

.1).

UV - 

- -

                       .7 

v YUV

Xu u 1 2 3 4 5 Yui Yu Su
2{Y} WR

2 1 90 94 82 95 84 445 89 34 136 

3 2 96 111 98 104 106 515 103 37 148 

4 3 110 124 112 122 117 585 117 37 148 

5 4 120 134 125 132 124 635 127 34 136 

6 5 128 137 127 139 134 665 133 28 112 

-

VR max = (YU V max  YU) m m 0,5   SU Y  ; 

VR min =(YU - YU V min) m m 0,5  SU Y  ; 



93

UVmin ,

: YU - -

YU= m YUV

S2
U Y S2

U Y 0,5          S2
U Y YUV YU

2 (m-1)

-

T

D m

VT D= 0,95,  m = 5 Rmax VT Rmin VT

UVmax UVmin

UVmax UVmin = 82. 

79 T D = 0,95; m = 5 =

Rmax VT; VRmin VT UVmax

YUVmin

UV- -

-

YU= Y1 =  445 / 5 = 89

-

33,1
15

5
83,5

8982
;14,1

15
5

83,5
8995

minmax RR VV
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S2
1 Y = (1 / 5 - 90 - 89 2 94 - 89 2 + 82 - 89 2 + 95 - 89 2 + 84 - 89 2 =34

WR=Q2/Su
2{Y},

Q=qm(Ym-Y1)+...+q m-k+1(Ym-k+1-Yk)

K= 1/2 (m-

Ym Ym-1 ... Y1 94 90 84 82

m-i+1 - 2[79]

Q = 0.6646(95 - 82) + 0,2413(94 - 84) = 10,77

WR = 10,772 / 34 = 3,41; 

R T 3

T (PD

R1 T

1v

WR

m

GR= S2
U max {Y}/ S2

U {Y} = 37 / 170 = 0,22

R T

1 [79

- f{S2
u} = m -

T D=
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0,95;  N = 5; f = 5  1 = 4 GR GT

S2
(1){Y} = (1 / N ) S2

U{Y} = [ (YUV -YU)2] / (m - 1) N 

f S2
(1)  = N m - 1

S2
1 Y =170 / 5 = 34 

JX 2 1 U+1 - XU N N-1 = const. 

X

4 - 2 = 6  4 = 2, 8  6 = 10  8 = 2. 

(1) =103-89=14 ;        (1)  =117-103=14; 

(1) = 127-117=10 ;      (1)  = 133-127 =6. 

(1) Y = 2*13=26

1
)1(

)1(1
)1(

12
)1(
1 NNNHUUHH YYYYYY
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YU - YRU
2

d0 N + d1 U - X YU

d0 U - X + d1 U - X 2
U - X YU

U - X

d0 = Y = 1 / N YU;

d1 = U - X YU/ ( U - X 2

d0 = Y= 569 / 5 = 113,8;  d1 = 112 / 10 = 11,2

YR = 113,8 + 11,2(X - 4)

YR = 69 + 11,2X

.8 

U XU XU-X (Xu-X)2
u U- u

1 2 -2 4 89 -178

2 3 -1 1 103 -103

3 4 0 0 117 0

4 5 +1 1 127 127

5 6 +2 4 133 266

20 0 10 569 112
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FR= S2
(2){Y}/S2

(1){Y}, 

 S2
(1){Y} - ;

 S2
(2){Y} - 

u RU

Yu

S2
(2){Y}=m / (N-2) YU-YRU

2

f {S2
(2)} = N  2 

R

FR= (m  (YU-YRU) / (N - 2)) / (  (YUV-YU)2  / (m - 1) N) 

R

T

D

f{S2
(2)} = N - 2

(1)} = (m - R  FT

.9.

S2
(2) Y  5 / (5 - 2) 30,6 = 51 

FR = 51 / 34 = 1,5 

T D = 0,95; f{S2
(1)} = 20; 

f{S2
(2) = 3 R=1,455  FT
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.9

U XU d1XU YRU YU Yu-YRU (Yu-YRU)2

1 2 22,4 91,4 89 -2,4 5,8

2 3 33,6 102,6 103 0,4 0,2

3 4 44,8 113,8 117 3,2 10,3

4 5 56,0 125 127 2 4

5 6 67,2 136,2 133 -3,2 10,3

20 - - 569 - 30,6

tR{di) = di S di ,

di -

0 1

S2{d0} = S2{Y} / m N = S2{Y}/N;

S2{d1} = S2{Y}/ m XU -X 2 = S2{Y} / (XU - X)2.

S2

U .

S2{Y} = ((m - 1) NS2
(1){Y}+(N - 2) S2

(2){Y}) / (mN - 2)  

f{S2} = m N - 2  
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S2{Y}= ((5 - 1) 5 34+(5 - 2) - 2) = 36,2 

S2{d0
2{d1

S{d0} = 1,204;          S{d1} = 0,851. 

tR{d0} = 113,8 / 1,204 = 94,8;         tR{d1} = 11,2 / 0,851 = 13,2. 

7

D

2} = 5 / 5 T D =

0,95;  f = 23 R{d0} = 94,8 tT= 2,07 R{d1} = 13,2 tT

di S{di}tT PD;  f{S2} .                

d0

d1

0, 1

di-  {di} i di+  {di}.

113,8 - 2,5 = 111,3 0  113,8 + 2,5 = 116,3; 

11,2-1,8 = 9,4 1  11,2 + 1,8 = 13. 
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YR (4.1)

:

YR = 58,2        (4.2)

:

YR = 70,8        (4.3)

-4.7
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 = 67,8 - 2,14·  + 0,024· 2(4.4)

 = 30,4 + 0,76 ·  - 0,008· 2(4.5)

 = 34,3 + 0,41 ·  - 0,003 · 2(4.6)

 = 36,2 + 0,34 ·  - 0,002 · 2(4.7)
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-4.11).  
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4.9.

.11.



104

-

-

.
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.

,
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(4.8) 

-
-

-

-

4

CT (4.9) 

(4.10) 

-

 - 

 -

 - 

in (4.11) 
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%100minmax

T

TT
(4.12)

%100ppyy CC
(4.13)

2
8,16 [80

S 10

30 81

EF

TS
, (4.14)

:E T

S – F
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oo ldF , 2

:do

lo

75,11725,015014,325,0o dl

ooo TTd 0395.025.10316.0

:d  = 150 

oo TTF 65.475.1170395.0

oo

p
T

T

T

T
128.0

8.1665.4

10

 = const p

= 20 

.

          4.10  

1
, 20 30 40 50 60 70 

2

p , 0,57 0,47 0,41 0,36 0,33 0,31 

- 4.14 
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4.11

S2 ),

- -

1 I 31,6 29,7 20,9 4,6 5,4 3,17

2 II 27,1 26,5 19,3 3,9 4,9 2,86

3 III 26,1 26,3 18,6 3,3 4,3 2,6

4 IV 24,3 22,7 17,3 2,8 3,8 2,3

5 V 25,9 23,8 18,0 3,0 4,4 2,6

6 VI 29,7 27,0 20,3 3,4 5,1 3,1

7 VII 32,9 29,9 22,1 4,4 5,7 3,3

4.12



110

S2 ),

- -

1 I 51,4 43,2 26,4 6,1 5,2 3,2 

2 II 51,6 44,0 27,0 6,3 5,3 3,3 

3 III 49,2 45,2 28,3 6,0 5,5 3,4 

4 IV 51,6 45,9 28,8 6,3 5,6 3,5 

5 V 49,2 44,7 28,5 6,0 5,4 3,4 

6 VI 51,6 45,0 27,8 6,3 5,5 3,4 

7 VII 50,7 44,1 26,9 6,2 5,4 3,2 

4.13 

S2 ),

- -



111

1 I 34,7 30,9 25,6 3,7 2,9 2,7

2 II 37,3 35,1 26,9 3,6 3,3 2,7

3 III 39,6 37,2 29,1 3,9 3,4 2,9

4 IV 38,2 34,8 28,6 3,5 3,5 3,1

5 V 36,9 33,1 27,2 3,6 3,1 2,9

6 VI 33,5 31,1 25,8 3,3 3,2 2,8

7 VII 32,1 29,3 24,5 3,2 3,1 2,6

4.14

S2 ),

- -

1 I 37,2 33,9 27,3 3,9 3,1 2,5

2 II 39,2 36,1 28,8 4,1 3,3 2,7

3 III 40,7 37,7 29,6 4,1 3,4 2,8

4 IV 40,6 37,2 29,1 4,3 3,7 3,0

5 V 38,4 34,2 27,7 4,1 3,4 3,0

6 VI 37,1 33,8 27,5 3,9 3,3 2,7
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7 VII 37,0 33,5 27,4 3,6 3,2 2,6 

 = 30,3 - 0,29 ·  + 0,0036· 2   (4.15) 

 = 32,7 - 0,0016 · 2 + 0,15·         (4.16)

 = 34,3 + 0,13 ·  - 0,001· 2          (4.17) 

-190 

 = 37,8 + 0,1 ·  - 0,0007· 2          (4.18) 

4.13-
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4.13. 

4.14.

4.15



114

y=37.8+0.11x-0.0007x^2

4.16

-



115

).

max max-Pmin

 [82]. 
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.



117

           

           



118

.

-4-

-

[83].
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.

30,5 34,6 54,7 

21,8 23,6 54,4 

84] 

J =Mk- MF-MM            (5.1) 

J - 

                

 - 

Mk-

MF - 

MM-



120

5. 

rrlKKrrlKM k cos)(cos)( ,                     (5.2) 

2
11111 22)(22 ClFlllCFFlM F ,                 (5.3) 

CF ; lFM .

l1

                    

K

l1

l

l

r  - 

F

F
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5.

lFClFlrrlKJ 2
11 22cos)( (5.4)

lFFlrrlKClJ 1
2

1 2cos)(2 (5.5)

J

J

lFFlrrlK

J

Cl 1
2

1 2cos)(2
;    (5.6)

J

Cl
P

2
12 2

J

lFFlrrlK
b 12cos)( ;

bP2

2
sincos

P

b
PtBPtA ;   (5.7)

=0,  = t=0

= t=0

2P

b
A ;

2P

b
A

= t=0
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PtPBPtAP cossin ; BP=0,      B=0 

(5.

)cos1(
2

Pt
P

b                                             (5.8) 

b P

)
2

cos1(
2

2cos)( 2
1

2
1

1 t
J

Cl

l

lFFlrrlK ;                    (5.9) 

)
2

cos1(cos)(

)
2

cos1)(2(2

2
1

2
1

1
2

1

t
J

Cl
rrl

t
J

Cl
lFFlCl

K  ;                            (5.10) 

0

(5.

)
2

cos1(

)
2

cos1)(2(2

2
1

2
1

1
2

1

t
J

Cl
l

t
J

Cl
lFFlCl

K  ;                        (5.11) 

F)

F

l1 l l r=6,6 

F F J 2; C=15,7 



123

=0 ;   n -1;

n
t

6
; 5,21462

3,15
157.1522 22

1

J

Cl
P

cosPt 1-cos Pt L(1-cos Pt) (2Fl1+F l )

(1-cos Pt)

K,

0 0 1 15,0 510 50,5

10 0,009 0,991 14,87 505 50,6

20 0,017 0,983 14,75 501 50,7

30 0,026 0,974 14,61 1592 126,0

40 0,034 0,966 14,49 1579 126,0

50 0,043 0,957 14,36 1564 126,2

60 0,052 0,948 14,22 1540 126,4

70 0,06 0,94 14,1 1537 126,5

80 0,069 0,931 13,97 475 51,7

90 0,078 0,922 13,83 470 51,8

100 0,086 0,914 13,71 466 52,0

110 0,095 0,905 13,58 462 52,2

120 0,095 0,905 13,58 462 52,2

130 0,112 0,888 13,32 453 52,6

140 0,121 0,879 13,19 448 52,7

150 0,129 0,871 13,07 444 52,9

160 0,138 0,862 12,93 440 53,1
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170 0,146 0,854 12,81 436 53,3 

180 0,155 0,845 12,68 431 53,5 

190 0,164 0,836 12,54 426 53,7 

200 0,172 0,828 12,42 422 53,9 

210 0,181 0,819 12,29 418 54,1 

220 0,189 0,811 12,17 414 54,3 

230 0,198 0,802 12,03 409 54,5 

240 0,207 0,793 11,9 404 54,7 

250 0,215 0,785 11,78 400 54,9 

260 0,224 0,776 11,64 396 55,2 

270 0,232 0,768 11,52 392 55,5 

280 0,241 0,759 11,39 387 55,7 

290 0,25 0,750 11,25 382 55,9 

300 0,258 0,742 11,13 378 56,1 

310 0,267 0,733 11,0 374 56,5 

320 0,276 0,724 10,86 369 56,7 

330 0,284 0,716 10,74 365 57,0 

340 0,296 0,704 10,56 359 57,4 

350 0,301 0,699 10,49 356 57,5 

360 0,31 0,69 10,35 352 57,9 
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 (5.11)  5. 

)
2

cos1(cos)(

)
2

cos1)(2(2

2
1

2
1

1
2

1

t
J

Cl
rrl

t
J

Cl
lFFlCl

K

 (

.

2Fl1+F l )

F

F F

l1 l r

F J 2 C

= 120 ; n -1;             =0-28

t=0.11 c 1-cosPt=0,905 

l1 l l

r F F

J 2C
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= 120 ; n -1; =0-28

t=0.11 c 1-cosPt=0,905 

5,21462
3,15
157,1522 22

1

J

Cl
P 1-cosPt=0,905 

-6.4  

.

-

-

const const

D

55 45 35 25 15

, 0,035 0,044 0,052 0,061 0,07 

2
12Cl 247 311 367 431 495 

, 0 7 12 17 28 

os , 1 0,993 0,978 0,956 0,883 

rrl cos)( 15,0 14,85 14,53 14,05 12,48 

)cos1(cos)( Ptrrl 13,6 13,4 13,1 12,7 11,3 

)cos1(2 1 PtFl 1494/462 1494/462 1494/462 1494/462 1494/462 

K 128/52 135/58 142/63 152/70 176/85 
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=const const

D

55 45 35 25 15

, 0,035 0,035 0,035 0,035 0,035

2
12Cl 247 247 247 247 247

, 0 7 12 17 28

os , 1 0,993 0,978 0,956 0,883

rrl cos)( 15,0 14,85 14,53 14,05 12,48

)cos1(cos)( Ptrrl 13,6 13,4 13,1 12,7 11,3

)cos1(2 1 PtFl 1494/462 1494/462 1494/462 1494/462 1494/462

K 128/52 130/53 133/54 137/56 154/63

const =const

D

55 45 35 25 15

, 0,035 0,044 0,052 0,061 0,07

2
12Cl 247 311 367 431 495

, 0 0 0 0 0

os , 1 1 1 1 1

rrl cos)( 15,0 15,0 15,0 15,0 15,0

)cos1(cos)( Ptrrl 13,6 13,6 13,6 13,6 13,6

)cos1(2 1 PtFl 1494/462 1494/462 1494/462 1494/462 1494/462
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K 128/52 133/57 137/61 142/67 146/70 

=const    =const

D

55 45 35 25 15

, 0,035 0,035 0,035 0,035 0,035 

2
12Cl 247 247 247 247 247 

, 0 0 0 0 0

os , 1 1 1 1 1

rrl cos)( 15,0 15,0 15,0 15,0 15,0 

)cos1(cos)( Ptrrl 13,6 13,6 13,6 13,6 13,6 

)cos1(2 1 PtFl 1494/462 1494/462 1494/462 1494/462 1494/462 

K 128/52 128/52 128/52 128/52 128/52 

, D

F

-

-
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6.1.

=const const.

D

-

6.2).

-
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6.2. 

const    =const

- 6.6    

6.3 const,  const. 
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6.4 =const,  const.

6.5. const,  =const.
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=const,  =const.
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7.2

(7.7. ). 

1.

2. 
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C

4]

L
C

C
'

'C - '
oC

'
TC ); L Lo LT

d

dC '
(7.8)

d

92 TCd 0316.0

-

,A
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[93 94 7.

t  [93

bttT

t -

b-

 7.

dttK
Tt

o

T 1

tX

t

dttK

E
x

t

o

x

T

T

1

2(7.9) 

7.1 

t

1 0,101 0,220 0,202 0,201 0,150 0,254 0,0200 

2 0,102 0,223 0,211 0,212 0,155 0,263 0,0206 

4 0,104 0,226 0,232 0,234 0,160 0,292 0,0211 

6 0,106 0,229 0,254 0,253 0,168 0,325 0,0216 

8 0,108 0,232 0,272 0,273 0,175 0,334 0,0223 

10 0,110 0,233 0,293 0,294 0,180 0,342 0,0236 

12 0,112 0,236 0,315 0,314 0,185 0,361 0,0235 

14 0,114 0,239 0,323 0,322 0,188 0,373 0,0241 
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16 0,116 0,243 0,336 0,333 0,190 0,316 0,0244

18 0,118 0,246 0,341 0,342 0,196 0,394 0,0247

20 0,120 0,251 0,351 0,352 0,200 0,402 0,0251

7.2 

2

% 2

EA

1 33,4 67,0 10 12 0,60 0,0765 0,05 5,14

2 -

33,0 40,0 22 25 0,2 0,0598 0,05 2,14

3 48,0 61,0 15 20 0,35 0,1030 0,05 4,25

4 23,0 31,0 20 35 0,30 0,1530 0,05 1,78

5 47,0 57,0 20 35 0,30 0,1530 0,05 3,44

6 16,0 20,0 25 40 0,35 0,1591 0,05 0,91

7 80,0 120,0 2 2,5 0,75 0,1024 0,05 50,28

-

3

Wc W
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F

Wc W

W

.3  

Wc

35 45 55 65 75 85 95 

W % 

1 1 3 5 7 14 21 27 

2

2 6 10 14 16 18 20 

3 1 5 9 13 19 25 33 

4 1 2 4 6 9 12 14 

5 1 2 3 4 6 7 8

6 2 6 10 15 22 30 40 

7 1 5 9 13 13 13 13 

 [95] 

F

W
(7.10) 

: - W -

F-

F

7.4 
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Wc F

7.4

W % W

1 1,0 19,7 14 15 16,0

2 2,0 19,4 15 16 15,8

3 3,0 19,1 16 18 15,4

4 4,0 18,9 17 19 15,1

5 5,0 18,6 18 20 14,9

6 6,0 18,3 19 21 14,7

7 7,0 18,0 20 22 14,5

8 8,0 17,8 21 25 13,8

9 9,0 17,5 22 27 13,4

10 10 17,3 23 30 12,9

11 12 16,8 24 33 12,3

12 13 16,5 25 40 11,1

13 14 16,3

-
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-7.11. 

.5   

.

t
-3

35 % 45 % 55 % 65 %  75 % 85 % 95 % 

1 1 1,19 1,22 1,26 1,30 1,43 1,58 1,73 

2 2 2,32 2,39 2,45 2,52 2,77 3,05 3,33 

3 4 4,41 4,54 4,64 4,78 5,22 5,72 6,19 

4 6 6,30 6,47 6,62 6,80 7,39 8,05 8,66 

5 8 8,01 8,21 8,39 8,61 9,31 10,07 10,79 

6 10 9,55 9,78 9,98 10,23 11,01 11,84 12,62 

7 12 10,95 11,2 11,41 11,68 12,51 13,39 14,20 

8 14 12,21 12,47 12,69 12,97 13,83 14,74 15,56 

9 16 13,35 13,62 13,85 14,13 15,01 15,92 16,73 

10 18 14,38 14,65 14,88 15,17 16,05 16,95 17,74 

11 20 15,30 15,58 15,81 16,10 16,96 17,84 18,61 

.6 

.

t
-3

35 % 45 % 55 % 65 %  75 % 85 % 95 % 
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1 1 1,21 1,28 1,35 1,43 1,47 1,51 1,56

2 2 2,35 2,48 2,62 2,77 2,85 2,92 3,01

3 4 4,47 4,71 4,95 5,22 5,37 5,49 5,65

4 6 6,38 6,71 7,03 7,39 7,58 7,74 7,96

5 8 8,11 8,50 8,88 9,31 9,54 9,72 9,97

6 10 9,67 10,1 10,54 11,01 11,26 11,46 11,73

7 12 11,07 11,68 12,00 12,51 12,77 12,99 13,27

8 14 12,34 12,83 13,32 13,83 14,10 14,33 14,62

9 16 13,48 13,99 14,48 15,01 15,28 15,51 15,75

10 18 14,69 15,02 15,52 16,05 16,32 16,54 16,83

11 20 15,44 15,96 16,45 16,96 17,23 17,45 17,73

. 7

.

t
-3

35 % 45 % 55 % 65 % 75 % 85 % 95 %

1 1 1,19 1,26 1,33 1,41 1,54 1,68 1,87

2 2 2,32 2,45 2,59 2,74 2,98 3,24 3,60

3 4 4,41 4,64 4,90 5,17 5,58 6,04 6,66

4 6 6,30 6,62 6,96 7,32 7,87 8,46 9,26

5 8 8,01 8,39 8,81 9,22 9,87 10,56 11,48

6 10 9,55 9,98 10,45 10,91 11,62 12,37 13,36

7 12 10,95 11,41 11,91 12,40 13,16 13,94 14,95

8 14 12,21 12,69 13,22 13,73 14,50 15,30 16,31

9 16 13,35 13,85 14,38 14,90 15,68 16,47 17,46

10 18 14,38 14,88 15,42 15,94 16,71 17,49 18,45
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11 20 15,30 15,81 16,34 16,86 17,62 18,37 19,30 

   

. 8 

.

t
-3

35 % 45 % 55 % 65 %  75 % 85 % 95 % 

1 1 1,19 1,21 1,24 1,28 1,33 1,39 1,43 

2 2 2,32 2,35 2,41 2,48 2,59 2,69 2,77 

3 4 4,41 4,47 4,58 4,71 4,90 5,09 5,22 

4 6 6,30 6,38 6,53 6,71 6,96 7,21 7,39 

5 8 8,01 8,11 8,28 8,50 8,81 9,09 9,31 

6 10 9,55 9,67 9,86 10,1 10,45 10,77 11,01 

7 12 10,95 11,07 11,28 11,68 11,91 12,25 12,51 

8 14 12,21 12,34 12,53 12,83 13,22 13,57 13,83 

9 16 13,35 13,48 13,70 13,99 14,38 14,74 15,01 

10 18 14,38 14,69 14,74 15,02 15,42 15,78 16,05 

11 20 15,30 15,44 15,67 15,96 16,34 16,70 16,96 

. 9 

.

t
-3

35 % 45 % 55 % 65 %  75 % 85 % 95 % 

1 1 1,19 1,21 1,22 1,24 1,28 1,30 1,31 
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2 2 2,32 2,35 2,39 2,41 2,48 2,52 2,55

3 4 4,41 4,47 4,54 4,58 4,71 4,78 4,83

4 6 6,30 6,38 6,47 6,53 6,71 6,80 6,87

5 8 8,01 8,11 8,21 8,28 8,50 8,61 8,67

6 10 9,55 9,67 9,78 9,86 10,10 10,23 10,32

7 12 10,95 11,07 11,2 11,28 11,68 11,68 11,77

8 14 12,21 12,34 12,47 12,53 12,83 12,97 13,07

9 16 13,35 13,48 13,62 13,70 13,99 14,13 14,23

10 18 14,38 14,69 14,65 14,74 15,02 15,17 15,27

11 20 15,30 15,44 15,58 15,67 15,96 16,10 16,20

. 10

.

t
-3

35 % 45 % 55 % 65 % 75 % 85 % 95 %

1 1 1,21 1,28 1,35 1,45 1,60 1,79 2,07

2 2 2,35 2,48 2,62 2,82 3,09 3,45 3,96

3 4 4,47 4,71 4,95 5,31 5,79 6,40 7,26

4 6 6,38 6,71 7,03 7,50 8,13 8,93 10,02

5 8 8,11 8,50 8,88 9,44 10,18 11,09 12,33

6 10 9,67 10,1 10,54 11,15 11,96 12,95 14,25

7 12 11,07 11,68 12,00 12,66 13,51 14,53 15,86

8 14 12,34 12,83 13,32 13,99 14,86 15,89 17,20

9 16 13,48 13,99 14,48 15,77 16,04 17,06 18,32
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10 18 14,69 15,02 15,52 16,21 17,06 18,06 19,26 

11 20 15,44 15,96 16,45 17,12 17,96 18,91 20,04 

 7.11 

.

t
-3

35 % 45 % 55 % 65 %  75 % 85 % 95 % 

1 1 1,19 1,26 1,33 1,41 1,41 1,41 1,41 

2 2 2,32 2,45 2,59 2,74 2,74 2,74 2,74 

3 4 4,41 4,64 4,90 5,17 5,17 5,17 5,17 

4 6 6,30 6,62 6,96 7,32 7,32 7,32 7,32 

5 8 8,01 8,39 8,81 9,22 9,22 9,22 9,22 

6 10 9,55 9,98 10,45 10,91 10,91 10,91 10,91 

7 12 10,95 11,41 11,91 12,40 12,40 12,40 12,40 

8 14 12,21 12,69 13,22 13,73 13,73 13,73 13,73 

9 16 13,35 13,85 14,38 14,90 14,90 14,90 14,90 

10 18 14,38 14,88 15,42 15,94 15,94 15,94 15,94 

11 20 15,30 15,81 16,34 16,86 16,86 16,86 16,86 

-7

1.  10 % 

2.  18 % 

3.  20 % 
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4. 29 %

5. 45 %

6. 57 %

7. 70 %.

%.

-7.11) 

-

[66].

.12.
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1 -2-216 -216 -250

2 20 25 25

3 100 100 100

4 145 145 145

5 440 440 440

6

15 16 25

7

8

3,29

11,2

16,1

18,5

29

29

9

30

44

24

48

21,1

22,8

10
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2

. ).

.3
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.4

280

.13

t

54 63 76 54 63 76

1 1 -0,011 -0,005 -0,04 0,012 0,004 0,050

2 2 -0,012 -0,006 -0,06 0,013 0,005 0,060

3 4 -0,013 -0,010 -0,08 0,014 0,010 0,090

4 6 -0,014 -0,013 -0,09 0,015 0,015 0,100

5 8 -0,015 -0,018 -0,100 0,016 0,020 0,110
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6 10 -0,016 -0,025 -0,110 0,017 0,025 0,120 

7 12 -0,017 -0,03 -0,120 0,018 0,031 0,126 

8 14 -0,018 -0,035 -0,130 0,019 0,035 0,133 

9 16 -0,019 -0,045 -0,135 0,020 0,045 0,139 

10 18 -0,020 -0,055 -0,140 0,020 0,057 0,145 

11 20 -0,021 -0,070 -0,150 0,020 0,068 0,150 

            

             280

       

-

7.3

7.4). 
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-

;

-

-

To KK =20

OT =25 T =29

yd 0,21 

'

O
C =1,0

'

T
C =0,3 .

.14

P-190

-

-

Super

Excel JAT 810

1 H, 50 60 60 80 100 80
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2

l1,

80 150 170 150 230 
150 

3 l2, 400 350 500 500 420 
500 

4
OL

,

1700 1900 1900 2000 1600 

2000 

5
TL ,

600 600 600 500 500 
500 

6

oC ,

59 53 53 50 63 50

7

TC ,

50 50 50 60 60 

60

7.15 -

7.16- 
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.15

h, 

,

P-190

-

-

S

uper

Excel
JAT 810

1 0 -0,061 -0,024 -0,023 0,066 -0,016 0,066

2 5 -0,06 -0,022 -0,022 0,068 -0,015 0,068

3 10 -0,057 -0,020 -0,021 0,070 -0,013 0,070

4 15 -0,046 -0,014 -0,016 0,074 -0,09 0,074

5 20 -0,026 -0,003 -0,006 0,084 0,001 0,084

6 25 0,007 0,016 0,010 0,101 0,017 0,101

7 30 - 0,045 0,033 0,125 0,040 0,125

8 35 - - - 0,160 0,073 0,160

9 40 - - - 0,206 0,117 0,206

10 45 - - - - 0,173
-

11 50 - - - - 0,244
-

.16
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,

P-190

-

- Super

Excel

JAT 810

1 5 -0,015 -0,006 -0,006 0,017 -0,004 0,017 

2 10 -0,031 -0,011 -0,011 0,33 -0,008 0,33 

3 15 -0,046 -0,017 -0,017 0,050 -0,012 0,050 

4 20 -0,061 -0,024 -0,023 0,066 -0,016 0,066 

5 25 -0,076 -0,028 -0,028 0,083 -0,020 0,083 

6 30 -0,092 -0,034 -0,034 0,100 -0,024 0,100 

7 35 -0,107 -0,040 -0,040 0,117 -0,028 0,117 

8 40 -0,122 -0,045 -0,045 0,133 -0,032 0,133 

9 45 -0,137 -0,051 -0,051 0,150 -0,040 0,150 

10 50 -0,153 -0,057 -0,057 0,167 -0,40 0,167 

-

(h=0

.
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SuperExcel JAT 810

( SuperExcel JAT 810).

         

7.6



159

.

: 1- - -

4- -



160

 7.17. 

 7.17 

1

34 24 
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[97,98]. 

-
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01 UaaT  (8.4)  
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220202 coscos)(aXX

220202 sinsin)(aYY

0 = 0X

2222 coscosaX    (8.5) 
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2222 sinsinaY (8.6)

2 2

2
2

02 aT (8.7)

22
21

feTT (8.8)

f2

8.5 - 8. 2X , 2Y ,

2 1 2 8. 8.

22
12

fe (8.9)

1

2 2X , 2Y

8. (8.

3333 coscosaX (8.10)

3333 sinsinaY (8.11)

3
2

03 aT (8.12)
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)(
32

323feTT (8.13)

f3
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3X , 3Y 3 3 2 3 8.12 8.
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323fe (8.14)
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04 aT (8.16)

34
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feTT (8.17)
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34
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5
2

05 aT (8.21)

55
54
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55
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fe (8.23)

8 EF.

FN
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8 FN.

FN

8

666 cosaX (8.24)
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06 aT (8.26)

66
65
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66
56

fe     (8.28) 

FN
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(8.22, 8.23), (8.27, 8.28

,
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4

4 8>[T]. 

8 8

f f=0,2. 

.

,

 % 

1 2 3 4 5 6

1 20 2,5 2,47 2,41 2,38 2,35 2,32 

2,44 2,32 2,27 2,21 2,16 

2 21 2,6 2,57 2,51 2,48 2,45 2,42 

2,54 2,42 2,36 2,30 2,25 

3 22 2,8 2,76 2,70 2,67 2,64 2,61 

2,73 2,60 2,54 2,48 2,41 

4 23 2,9 2,86 2,80 2,76 2,73 2,70 

2,83 2,70 2,63 2,57 2,51 

5 24 3,0 2,96 2,89 2,86 2,82 2,79 

2,93 2,79 2,72 2,65 2,59 

6 25 3,1 3,06 2,99 2,95 2,92 2,88 

3,03 2,88 2,81 2,74 2,68 

7 26 3,3 3,26 3,18 3,14 3,11 3,07 

3,22 3,07 2,99 2,92 2,85 

f = 0,1; 

- f = 0,2. 
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1 2 3 4 5 6

1 20 20,0 19,8 19,3 19,1 18,8 18,6

19,5 18,6 18,2 17,7 17,3

2 21 20,8 20,6 20,1 19,8 19,6 19,4

20,3 19,4 18,9 18,4 18,0

3 22 22,4 22,1 21,6 21,4 21,1 20,9

21,8 20,8 20,3 19,8 19,3

4 23 23,2 22,9 22,4 22,1 21,8 21,6

22,6 21,6 21,0 20,6 20,1

5 24 24,0 23,7 23,1 22,9 22,7 22,3

23,4 22,3 21,8 21,2 20,7

6 25 24,8 24,5 23,9 23,6 23,4 23,0

24,2 23,0 22,5 21,9 21,4

7 26 26,4 26,1 25,4 25,1 24,9 24,6

25,8 24,6 23,9 23,4 22,8

f= 0,1;

- f = 0,2.

- 8.14).
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V .

f

4 4

3

14 28 42 56 70

1 0,1 2,35 2,30 2,24 2,18 2,13

18,8 18,4 17,9 17,4 17,0

2 0,2 2,30 2,19 2,08 1,98 1,89

18,4 17,5 16,6 15,8 15,1

3 0,3 2,24 2,08 1,93 1,80 1,67

17,9 16,6 15,4 14,4 13,4

4 0,4 2,18 1,98 1,80 1,63 1,48

17,4 15,8 14,4 13,1 11,8

5 0,5 2,13 1,90 1,67 1,48 1,31

17,1 15,8 13,4 11,8 10,5

6 0,6 2,08 1,80 1,55 1,34 1,16

16,8 14,4 12,4 10,7 9,3

4;

4.

V .

f

4 4

3

14 28 42 56 70

1 0,1 2,73 2,67 2,60 2,54 2,48

21,8 21,4 20,8 20,3 19,8

2 0,2 2,67 2,54 2,42 2,30 2,19

21,4 20,4 19,4 18,4 17,5
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3 0,3 2,60 2,42 2,25 2,09 1,94 

20,8 19,4 18,0 16,7 15,5 

4 0,4 2,54 2,30 2,09 1,89 1,72 

20,3 18,4 16,7 15,1 13,8 

5 0,5 2,48 2,19 1,94 1,72 1,52 

19,8 17,5 15,5 13,8 12,2 

6 0,6 2,42 2,09 1,80 1,56 1,35 

19,4 16,7 14,4 12,5 10,8 

4

4

V .

f

4 4

3

14 28 42 56 70 

1 0,1 3,10 3,03 2,96 2,88 2,81 

24,8 24,2 23,7 23,0 22,5 

2 0,2 3,03 2,88 2,75 2,62 2,49 

24,2 23,0 22,0 21,0 19,9 

3 0,3 2,96 2,75 2,55 2,37 2,21 

23,7 22,0 20,4 19,0 17,7 

4 0,4 2,88 2,62 2,37 2,15 1,95 

23,0 21,0 19,0 17,2 15,6 

5 0,5 2,81 2,49 2,20 1,95 1,73 

22,5 19,9 17,6 15,6 13,8 

6 0,6 2,75 2,37 2,05 1,77 1,53 

22,0 19,0 16,4 14,2 12,2 
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CONCLUSION

It is advisable to equip the STB looms with the main brakes (brake regulators) 

when producing silk fabrics, because they ensure a uniform tension of the warp 

threads both for the cycle of fabric formation and for the cycle of shedding. The 
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advantage of the main brakes is the high accuracy of the let-off motion , that is, the 

mechanism is very sensitive to such factors as the in homogeneity of the weft 

thread, the varying degree of deformability of the warp yarns when they are made 

into fabric. A booth modeling the operation of the friction clutch of the brake 

regulator and a technique for determining the quantitative and qualitative 

characteristics of friction materials for friction units of the brake controller of 

looms are proposed. Experimental dependences of the friction coefficient at rest 

and friction coefficient in motion on the sliding speed and specific pressure in the 

friction clutch of the brake regulator are obtained.A technique for comparative 

studies of the release and tension mechanisms of warp yarns has been developed 

using methods for estimating the rotation of a beam using a tachogenerator. 

It is established that with increasing specific pressure in the friction pair (ferrado-

ferrado), the coefficient of friction at rest and the coefficient of friction in motion 

increase.The coefficient of friction in motion decreases with increasing relative slip 

velocity. The coefficient of friction at rest is greater than the coefficient of friction 

in motion, and the difference with increasing relative slip velocity increases. The 

coefficient of friction at rest is greater than the coefficient of friction in motion, 

and the difference with increasing relative sliding speed increases. A highly 

sensitive instrument was developed and used to determine the magnitude and 

direction of movement of the edge of the tissue. In the friction clutch of the brake 

regulator, when the friction of static (friction coefficient at rest) to kinematic 

friction (friction coefficient in motion) occurs, relaxation oscillations arise, leading 

to a jerky motion of the weaving beam. The conditions are obtained and 

recommendations are given, in which these spasmodic movements of the weaving 

will be eliminated. In order to stabilize the moment of resistance, it is necessary to 

use a brake regulator with a movable drive disc in which only a stable coefficient 

of friction in motion exists in the friction clutch. In addition, in the let-off 

mechanism for each cycle of work of the machine, the new one experiences large 

torsional oscillations of a decaying nature. Than rigidness of elastic system of 

priming is more, the vibration amplitude is less than subjects. The sensitivity of the 
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friction regulator and the disk main brake to the unevenness of filling the weft 

thread was estimated by comparing the mathematical and statistical indices of the 

weft unevenness and the tension of the warp threads at the moment of the beating. 

The developed design of the disc brake is more sensitive to changing the thickness 

of the filling weft yarn than the friction let-off motion. On the width of the filling 

of the machine, the tension of the warp is uneven, part of the yarns are in the 

medium-stretched state, and the part in the strongly and slightly stretched state. On 

the loom, the uneven stretching of the yarns along the width of the filling depends 

to a large extent on the magnitude of the filling tension. With increasing filling 

tension, the unevenness of the tension of the main threads along the width of the 

filling decreases. The unevenness of the warp threads is caused by the process of 

preparation of the weaving beam. Regularities of changes in the tension of the 

warp threads along the width of the filling for different ways of laying a weft are 

obtained. Optimal parameters of elastic material for installation on a rock are 

selected. The equation for the movement of the edge of the tissue is obtained, 

taking into account the filling tension, the size of the throat and the elastic filling 

system and the stiffness coefficient of the base and fabric. The movement of the 

edge of the fabric for various types of machines is determined, depending on the 

height of the throat and the filling tension of the warp threads. It is advisable to 

equip weaving machines with a system of unloading and loading an elastic filling 

system by means of special devices. As a result of analytical studies, it is 

established that as the filling speed increases, the deformation and tension of the 

weft yarn increase by an average of 30%. With an increase in the friction 

coefficient of the yarn about the surface of the mechanisms of filling the tension, 

the deformation is reduced by 19%. The optimal speed of filling the weft yarn is 

22-24 m / s. Studies have shown that the main cause of frequent breakage of the

weft yarn is the impact of the brake device on the weft yarn. The tension and 

deformation of the weft yarns along the zones in projectile bobbin decreases with 

friction coefficients of the yarn about the guides equal to 0,1 by 45%, and at equal 

to 0.2 by 70%. With an increase in the coefficient of friction of the yarn about the 
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guides, the tension and deformation of the weft yarn decrease by a factor of 1.6. A 

modernized system for braking the weft yarn for STB loom is proposed. In 

modernized systems of the weft thread mechanism on the oscillogram, the tension 

change has a uniform (unstressed) character. Analytic dependences of deformation 

and tension of the weft under the modernized system of the mechanism are 

obtained. As the friction angle and the coefficient of friction increase, the 

deformation and tension of the witch decrease in the area before the upgraded 

system of the mechanism. This decrease is most pronounced at the maximum 

values of the friction coefficient of the yarn about the braking element. An increase 

in the speed of filling the weft thread leads to an increase in the deformation and 

tension of the weft. 
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