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  1.

     , .
     / / -

: , , , .

.   -

: -
.

  ,  - .

     
ns .

   -
 ( ns=40...80;  - ns=80...150; -

 - ns=150...300;  - ns=300...600;  - ns=600...1200).
   -

, .
   

, , 
.

1.1 .
1.1.2 .

          , , 
H P

2
P

1

ρ g
2 1 - , , ,  ;

ρ -   , ³ ;
    g - , ² ;

-
   ns

4 3S
H

Qn65,3n = ,

 n - , ;
    Q - , ³ ;

 ( , ) 

η
0

1

1 a ns
0.66.

 ,
=0.68

D
1 n 4.25

3 Q
n

.
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0.42

lg D
1 n 0.172 2

η
η η η. η

0
.

N ρ g. Q.
H

1000 η.
.

M 9600
N
n

.
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2,0
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D
1 n

2 d 2

  

20 
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b
1

Q
π D

1
. C

1
. µ

1
.

β 2 =15°

U
2

0.5 C
2 r

. ctg β
2

. C
2 r

ctg β
2

2
.

2

g
H
η

.

D
2

60
U

2

π n.
.

C
1 r C

2 r
b

2
b

1

1

m
.

 m - 

1

2

D
Dm =

:

2
sin

1
15,6 21

m
mz ββ +

⋅
−
+

=

1.2

 1.   (  ) -
:  Q = 20 3 ; -

 = 2 = 30  ;  = 1 = 10  ; 
 = 2900 . ; η  = 0.93 ; -

  z = 4.5  ; µ1 = 0.9 ; ρ
= 1000 ³

 :
1. , 

H
P

2
P

1

ρ g.
300000 10000( )

1000 9.8. 28.8

2. -

87,63
8,28

0056,0290065,3
H

3600
Q

n65,3n
4 34 3S =⋅==

, -
.

3.

η
0

1

1 a ns
0.66.

1

1 0.68 63.87 0.66.
0.96

4. 
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D
1

4.25
3 Q

n
. 4.25

3 0.056
2900

. 0.053

5.

η 1
0.42

lg D
1

0.172 2
1

0.42

lg 0.053( ) 0.172( )2
0.8

6.
η η η

0
. η. 0.8 0.96. 0.93. 0.71

7. , 

N ρ g. Q.
H

1000 η.
. 1000 9.8. 0.0056. 28.8

1000 0.71.
. 2.15

8. 

M 9600
N
n

. 9600
2.15
2900

. 6.6 . 660 .

9.
Md 3.1

15002.0
660

2.0
33 =

⋅
=

⋅
=

τ
10. 

dd 7.13.13.13.1 =⋅=⋅=

11.       D0  

D
0

D
1

2 d 2 5.32 1.72 5.56

12. 
DD 6.752001 =+=

13. 
l 1.4 d. 1.4 1.7. 2.38

14. 

U
1

π D
1

. n
60

. 3.14 0.0756. 2900
60

. 11.4

15. 

[ ]dD

Q

C 2.2
)017.00556.0(14.396.0

0056.0436004 2222
00

0 =
−⋅⋅

=
−⋅⋅

=
πη

16. 0 = 1r = 1 = 2r :

tg β
1

C
1

U
1

2.2
11.4

0.19

β
1

110

17.  i=5°
16511 =+= ββ

18.  :

.
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b
1

Q
π D

1
. C

1
. µ

1
.

0.0056
3.14 0.0756. 2.2. 0.9. 0.01

19. β2=15°

U
2

1
2

C
2 r

. ctg β
2

. C
2 r

ctg β
2

2
.

2

g
H
η

. 0.5 2.2. ctg 150( ). 2.2
ctg 150( )

2
.

2

9.8
28.8
0.8

. 28

D
2

60
U

2

π n.
. 60

28
3.14 2900.

. 0.184

20.

m
D

2

D
1

0.184
0.0756

2.43

21. 1r = C2r

b
2

b
1

1

m
. 0.01

1
2.43

. 0.004

22. 

z 6.5 sin
β β

2
. m 1( )

m 1( )
. 6.5 sin 16 20( )

2
. 2.48 1( )

2.48 1( )
. 5

 1                                   2
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2.
.

  .

 .
1. .
2. .
3.

    .
4.     .
5.  H-S  .
6. .
7. .
8. .
9. .

2.1 .
        = 3...5 % P0  

 ,  :
( )[ ]0001 05.003.0 PPPPP ÷−=∆−=

                                            P2=P2 (1+λ)
λ - , 

(    = 0,06...0,10 ) .



13

                                           - 
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                                              - 

 3.

 4. .

1    2 ,  t1  
 h - s 

(  4-  ).
h

0
i
1

i
2

 H - S ′ .

  2 2  
 ho=A1 –A2=i1 – i2. 1 2

H P0

S

t0A0

A1

P1

t1

P2

P2    k

Dh0

H0

i2

i2    k

i1

i0

A2    t

A2

)
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 V1  V2 . -
 :

3
21

3
01 10)(2102 ⋅−=⋅∆⋅= iiht

ϕ, -
 (ϕ= =0,91-0,98 ). 

5 ϕ 1t ,   c =
0.8...1,2 .

 5 1t c ϕ .  :
                                                  1 =ϕ C1t

 5. .

  2.2 .

Clu 2 U. C
1

. cos α
1

.

U
C

1

1
2

cos α
1

.

U 1
2

cos α
1

. Clu
.

d 60
U

π n.
.

c=10 
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 (  7 ).
 5-10  = 1 1

1, 1  12 -20° . 1 -
 U , 

 W1 β1.
 W1  W1

11
22

11 cos2 α⋅⋅⋅−+= CUUCW
β1 (  ) 

UC
Ctg
u −

=
1

1
1β

   1z=C1⋅ sin(α1) ; C1u=C1⋅ cos(α1)
β2 ( 

) 
β2=β1−(2÷12°)=β1−4°

 (  6 ) ψ.

 6. 2.

 7.  .
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                                  W2= ψ W1

α2  :

2

2
2

2
2

2
22

222

22

222

sin

sin

cos

C
C

CCC

WC
UWC

WW

z

zu

z

uu

u

=

+=

⋅=

+−=
⋅−=

α

β

β

α2 ( 2 ).
2 α2

 5: 10 =1 .

2.3. 

ηu =η =2⋅ϕ²⋅(U/C1)⋅( 1),

1⋅ os(α1)+C2⋅cos(α2)         
 (  7).

2.4.

 , 
                          hc ho⋅(1−ϕ²)

, 

h 1 ψ 2( )
W

1
2

2 1000.
.

 , 

10002
h

2
2

⋅
=

2.4.1.   

  

o

cco

o

i
k h

)hhh(h
h
h ++−∆

==η=η

 , 
 2 %.

2.5.
        H-S 
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     (  8). 
0 1t - .  4 

.
H

P0

S

t1

P1
V1

1
A0

i0

Dh0

h     

V3
V5

h h     
h     

h     
h     

Pk

i1

i2    k

i2 2
A1    t

3

4

5

 8. .

2.6.

       ,  , 
                                    h . = ξ h0,

ξ - 
ξ = ( 0,02÷0,03).
     

                                        h  = h
     
                                        hi = h - ( h c + h + h  + h + h  )
    

0

i

h
h

∆
=η

    

0

iT
oi H

h
=η ,

 - 
                                        = - 2k

2.7. 

      (  = 1,3 – ) 
β  = P 1 = 0,546

/ 1 < β  , .
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fmin

M

0.65 1

V1

.

1 ,V1 - , ;
-  -  , 

T
oi0

cek H
NM

ηη⋅η⋅
=

 1 ⋅
                      d = 3600 / (η •η • hi )

 , ,

f
1

M
V

3

C
1

.

 V3 - ′  , ³/ , 1.
 , 

                l1 =( V1 ⋅ Μc ) / π ⋅d ⋅ε ⋅C1 ⋅sin α1

 (  11)  b = c  = 1 ,

2
cc

|
1 llf =⋅=

 lc = 8-12 ,  z:

|
1

1

f
fz =

 z .
    

tc
b

sin α
1

s

 S -  (  11 )  3-4 .  tc = 30 ÷ 50  .
 tc  b.  , 

τ c

tc s

tc
 z,  tc

 :

z
f

b
c

min
min ⋅

=
l

 :

a
b bmin

2 tg
γ
2

.

γ = 6 ÷ 12°
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ε tc
z

π d.
.

                 l 1 = lc + ( 1.5 ÷ 3  )

l 2

Vs M.

τ π. dcp
. ε. ω

2
. sin β

2
.

τ = 0.9 ; V5  5. τ = 10  ;
τ1 = 5  (  9 ).

 9. .

b
2 r. cos β.

0.9
β = β1 + ( 2 ÷5°)

t
0.9 b.

2 sin 2 β..

S1 = S2  = 1 .

t 1 = t + S

z
π d.

t 1
.

2.8.

ucpu ηχη = ,
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uη - 

χ - , 
χmin  - S - 

χ cp
1
2

1 χ min
.

0
u

0

c0
oi h

hh
h

)hhhhh(h +
−η=

++++−∆
=η

0
cuoi h

hh
∆

+
−χ⋅η=η

η oe η oi η.

oe0ceke hMN η⋅∆⋅=

             2.9. 

-
 (  9,11,12 )

 10. -

h0
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 11. 

 12. 

3.

                                           .
                                         .

.
1.
                                         = 15 .
2.  (  )
                                         = 7 .
3. 
                                        t  = 435° .
4.  N  = 250 .
5.  n = 15000 .
6. ∆  = 0,04 .
7.  , λ=0,08.
8. α1 = 20°.
9. .
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10. η  = 0,93.
11. η . = 0,95.

3.1.
3.1.1.

1.
4,141504,01504,0 0001 =⋅−=⋅−=∆−= .

2. -

P2 P2 u 1 λ( ). 7 1 0.08( ). 7.56

3.  H-S ′ 1 2  t

i1 3330 V1 0.18
3

i2 3125 V2 0.38
3

4.

.640

10205210)31253330(210)(2102 333
21

3
01 iihC t

=

=⋅⋅=⋅−=⋅−=⋅∆⋅=

5. 2 = 0,8...1,2  ; c = 1 c
 5 ϕ = 0,932

 : 1 = ϕ 1t = 0.932 ⋅ 640 =596,5 

3.2.
 : 1u = 2UC1 cos (α1 )

α1 = 15 ÷18°  U / C1 =cos(α1) / 2
 U = ½ cos (α1 )⋅ C1 = ½ cos (22°) ⋅ 596.4 = 276.5 .

 :

d
60 U.

π n.
60 276.5.

3.14 15000.
0.352 352

 13. .
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 5  = 1 .
 W1 = 355 

 W1  :

W
1

C
1

2 U2 2 U. C
1

. cos α
1

. 596.52 276.42 2 596.5. 276.4. cos 220( ). 355.5

:

0
014.00

0100
5.355
3555.355W =⋅

−
=∆

β1 = 38° .
β1  :

           1z = C1 ⋅ sin (α1 )= 596.48 ⋅ sin (22°) = 596.48 ⋅ 0.375 = 223.4  
           C1u = C1⋅ cos (α1 )= 596.48 ⋅ cos (22°)= 596.48 ⋅ 0.927 =553.0  

tg β 1

Clz

Clu U
223.4

553 276.52
0.801

β1 = 38.9°
 :

∆β 1
38.9 38

38.9
100. % 2.3 %

β2 = β1 - ( 2 ÷ 12 ) = 38° − 4° = 34°
 (  6 ) ψ , 

β1 + β2 = 38° + 34° = 72°
ψ = 0,89

 :
             W2 = ψ ⋅ W1 = 0.89  355 = 315,95 

 :
             W2u = - W2 ⋅ cos β2 = 315,95 ⋅ cos 34°= 315,95 ⋅0,829 = 261,93
              C2u = - W2u + U = - 261.93 + 276 = 14.5 

/67,176559,095,31534sin95,315sinWC o
22z2 =⋅=⋅=β=

/27,17767,1765,14CCC 222
z2

2
u22 =+=+=′

2 = 177,5   (  3).

998,0
5,177
27,177

C
Csin

2

2
2 ==

′
=α

arcsin(0.998) = 90°
α2 = 90°

3.3.  (  )

 3  :
ηu=η =2⋅ϕ²⋅(U/C1)⋅ 1), %

 13 
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y C1 cos α 1
. C2 cos α 2

. Clu C2 u 553 0 553

η 2 0.9322. 276.5 553.

596.482
. 74.6

3.4.

 :
             hc=ho(1-ϕ²)=(i1-i2)(1-ϕ²)=(3330- 3125)(1- 0.932²)=26.9 

h 1 ψ 2 W1
2

2 1000.
. 1 0.892 3552

2 1000.
. 13.10

h
C2

2

2 1000.
15.70

3.5.

 (  ) 

0
08.72

20531253330iih

728.0
205

)70.1510.139.26(205
h

)hhh(h
h
h

oiu

210

0

c0

0

u
u

=η=η

=−=−=∆

=
++−

=
++−∆

==η=η

 :

∆η u ∆η oi
74.6 72.8

74.6
100 %. 2.4 %

 (  2,5 )

3.6.

             h .=ξ ho=0.02⋅205 = 4.1 

h h 4.1

)hhhhh(hh c0i ++++−∆=

)70.1510.410.410.1390.26(205h i ++++−=
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%11,56
250

1,141
H
h

0

iT
oi ===η

25031203370iiH k200 =−=−=

3.7

      ( k = 1,3 )  β 2 =0.546
β= 2 1=0.525, β < β p

T
oi0

cek H
NM

η⋅η⋅η⋅
=

3,73.72633600MM cekr ==⋅=

 1  / 

87.19
20595.093.0

3600
h

3600d
0 ⋅

=
⋅⋅

=
∆⋅η⋅η

=

fmin

Mce

0.65
P1

V1

.

2.018

0.65
14.4 105.

0.18
.

10.9 c 2

 , -

f1 Mce

V3

C1

. 2.018
0.35

596.4
. 11.84 c 2

 ,  -  (  11 - 12 ) 
b = c = 1 , 

222
cc1 1100bf ===⋅=′ ll

z
f1
f'1

11.84 102.

100
11.8 c

 z = 12  , 

tc

bc

sin α 1
s

10
sin 22( )

4 30.7

 tc = 30 - 50  ,  tc = 31

τ c

tc s

tc

31 4
31

0.87

τ  = 0.72 ÷ 0.88
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bmin

fmin

lc z.
10.9 102.

10 12.
9.08

a
b bmin

2 tg
γ

2
.

10 9.08

2 tg
10
2

.
5.25

,

γ=6÷12°

ε
tc z.

π d.
31 12.

3.14 332.
0.356

l 1 lc 1.5 3( ) 10 2 12

29,10129,0
34sin95,315356,0332,014,39,0

018,238,0
sinWd

MV
o

22cp

cek5
2

=

=
⋅⋅⋅⋅⋅

⋅
=

β⋅⋅ε⋅⋅π⋅τ
⋅

=l

r 0.9 r 10 r1 5

l
2 r. cos β.

0.9
2 10. cos 42( ).

0.9
16.5

β  = β1 + (2÷5°) = 38 + 4 = 42°
 0,1b.

°t
0.9 b.

2 sin 2 β..
0.9 16.5.

2 sin 2 42.( ).
8.295 8.3

      S1 = S2 = 1 

t 1 t S 8.3 1 9.3

z
π d.

t 1

3.14 352.

9.3
118.9 119

t 1
π d.

z
3.14 352.

119
9.292 9.3
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3.8.  
  (  2.8 )

ηχη =
2u = 7  ,  ( 

 10 ). 

0
u

0

c0
oi h

hh
h

)hhhhh(h
∆
+

−η=
∆

++++−∆
=η

688,0
205

1,41,4725,0oi =
+

−=η

0
08,68oi =η

η oe η oi η. 0.688 0.93. 0.6398

η oe 63.98

Ne Mce ho
. η oe

. 2.018 205. 0.6398. 264
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.
   
   1 - 

- 1 2 3 4 5 6 7 8 9

 , V , ³ 6 10 16 17 20 30 40 54 65
2  , H  ,  , 6 17 18 17 30 33 58 58 45

3  , 12 12 12 10 10 12 8 11 10
4  ,  2900 2900 2900 2900 2900 2900 2900 2900 2900
5 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93

   1 - (1)
 10 11 12 13 14 15 16 17 18 19 20 21
1 90 100 122 80 126 130 170 180 198 220 240 250
2 35 26 30 26 19 20 24 17,5 22,5 33 30 28
3 12 11 13 9,8 10 11,5 10 9,9 10 11 12 8
4 2900 2900 2900 2900 1450 1450 1450 1450 1450 1450 1450 1450
5 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93

 1 - (2)
 22 23 24 25 26
1 290 330 232 78 230
2 24 25 30 9,8 15
3 11 12 11 10 10
4 1450 1450 1450 2900 2900
5 0,93 0,93 0,93 0,93 0,93

.
  

.
 2 - 

1 2 3 4 5
1. -

,Ne,
200 250 260 270 280

2. 
n,

14000 14000 13000 13000 13000

3. , 1,5 1,15 1,3 1,2 1,0

4. ,
 P2u

0,18 0,1 0,11 0,14 0,11

5.
,°

300 280 300 280 300

6.
,λ

0,05 0,03 0,03 0,04 0,05

7.       
     ,η

0,985 0,98 0,99 0,985 0,99

8.      
,η

0,95 0,96 0,97 0,93 0,95
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 2 - (1)
 6 7 8 9 10 11 12 13 14
1. 290 300 310 320 330 340 350 360 370

2. 17000 16000 15000 14000 13000 13000 15000 15000 16000

3. 1,15 1,2 1,5 1,3 1,5 1,25 1,15 1,25 1,15

4. 0,13 0,2 0,15 0,11 0,16 0,12 0,15 0,2 0,14

5. 290 300 290 280 310 310 290 310 300

6. 0,06 0,05 0,07 0,06 0,05 0,04 0,04 0,04 0,04

7. 0,985 0,98 0,985 0,99 0,98 0,985 0,98 0,99 0,98

8. 0,96 0,97 0,98 0,93 0,95 0,96 0,97 0,95 0,95

 2 -  ( 2 )
 15 16 17 18 19 20 21 22 23 24 25 26
1. 380 400 420 440 450 470 490 510 530 600 650 660

2. 17000 18000 19000 20000 21000 22000 21000 23000 19000 18000 20000 22000

3. 1,25 1,30 1,35 1,4 1,45 1,5 1,45 1,30 1,4 1,2 1,25 1,40

4. 0,12 0,15 0,13 0,2 0,15 0,18 0,12 0,11 0,14 0,11 0,12 0,11

5. 320 290 300 290 285 300 310 300 285 300 280 300

6. 0,03 0,05 0,04 0,06 0,05 0,05 0,04 0,06 0,03 0,04 0,03 0,04

7. 0,99 0,98 0,99 0,99 0,98 0,99 0,98 0,99 0,98 0,99 0,985 0,99

8. 0,96 0,98 0,96 0,97 0,95 0,96 0,97 0,98 0,97 0,95 0,96 0,97
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