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  t0 =f(v ),    :t0  < t0   [ ]V ,  [ ]v = f(v ).

5)  .

6)      .



80

 12

 :         . 
          .

        

                                                                                                                           Fn –     .

                                                                                                                                
                                                                                                                              :

                                                                                                                            FtW, FrW –    
                                                                                                                                                     .

                                                                                                                    -    
                                                                                                                        ;

                                                                                                                    -    
                                                                                                                        ;

                                                                                                                    -     .

                                   3.5

.FFFFF rtrwtwn

2

2
2t

1

1
1t d

T2
F

d
2

F

tgFFF 2t2r1r

cos
F

FF 2t
2n1n



81
 :
   ,    ,     , -

       F.
 –       ;

F –       .

  - ,        .

  ,     (  
                                                                         ),     (  ),  
                                                                         ,     ;

HV  - ,   ,    .

HV   ,    ,     (  ), 
                      ( );

K  - ,       -  
                   ;

AK  - ,       (  , 
                 ).

,KK
;KK

AFFVFF

AHHV



82
        

                                                                                                     

     ,      .

1)   ZE – ,     .

                                                                                             –   ;  –  .

2) Fn –      .

                         3.6                3) L   –      .

4) –       .

                                                                                                                                                       

n
E

max

L
FZ  -

,190
12
EZ 2

1

2E

.
cos

KF
cos

F
F Htt

n

.b
4

3b)21(L Ww

W

,
1

1W

2W

2W

1W2W

1W2W
W



83
                                                                               W:

                                                                                                                                                                                

                                                                                   , :

               3.7

 ZH  – ,          
                 Ftw    Ft .     ZH =2,5   ,      ( 1= 2=0, =0);
       Z   – ,      .

  ,    d2    W ,     -
       .       

 :

.
)1u(2

tgcosd
)1u(cos2

sincosd

cos
2

dcos
2

dwNO
1u2

sindw

1
dw
dw

sin
2

dw

W2

W

W2

2
W

2
22

W2

1

2

W
2

W

.sin
2

dwWN;sin
2

dwWN W
2

22WW
1

11W

W2W

Ht
H tgcosd

)1u(2
b3

4
cos

KFZ

H
2w

Ht
HEH db

)1u(KFZZZ

.
db

)1u(F
3

4
tgcos

2Z
2W

t

W
2

        
    
                 



84

                                                                     :  Ft          ,                                     ,   d2  d1·u,

 d1          ,                       -   ,       

                                                                                ,  

.
dbw

)1u(KF
ZZZ 2

2

Ht2
HE

1d
12

AKHVKHKHK

1u
aw2

aw
bw

495KKK
2

ZZZ
10K 3

3,1

AHHV

2
HE

3 2
H

H1
w u

KT
1uKa     

          



85

 13

 :           
  .        
     .

          
                                                                          

1)     (Y =1) ,    Fn   
 (  ).

2)          
,         (   n),  -
    n   .

m
m

;
cos

FF

Sb
sinF

6
Sb

lcosF
bS

F
W

lF
t

n
n

2
nuFFu

Fn

K
,K:

mSbcos
msinF

Sbcos
mlcosF6 F

t
2

t

.sinFF;cosFF nnu



86

 YF –   .                                                                                 :

1)     S   l    m,   YF  m  .
2)     Z    X,   S   (   m=const),

 , ,  YF    F.

                                                                                    3.8

3)    :                             ,   Z2 > Z1 .

;YY
mb
KF

K
Scos

msin
Scos

mlcos6
mb
KF

F
Ft

2
Ft

,YY
mb
KF

FF
Ft

F

1
Y
Y

2F

1F

2F

1F

     
   

.K
Scos

msin
Scos

mlcos6Y 2F

100 200
Z

YF

X=0
X>0

3,6

Z=

Z=25

Z 17
S

S db

Z
X ýâîëüâåíòà

100 200
Z

YF

X=0
X>0

3,6

Z=

Z=25

Z 17
S

S db

Z
X ýâîëüâåíòà



87
        

                                                                            

1)             Lh  (    
     ):

 Lh  –     ;
      n –   , / ;
      j –         .

                                                                                               3.9

2)   (     NHK  NFK)   :

 [SH], [SF ]      –      ;
       Hlim , Flim  –       -      
                                NHK    NFK  (       NK   
                                10%       ).

,jnL60NN hFK

;
S

limH
KH ,

SF

limF
KF



88
      Hlim    Flim       -

,        .

  3.10
           :

                         :                                                                                 

 ZNK –  ,      Lh  
                  [ H]K .    lim B    NH lim B        .

.constNNN limH
q

limHHK
q

limHHi
q

ilimH

,
N

N
Z

limH

KlimHq

HK

BlimH
NK,Z

N
N

NKBlimH
q BlimH

BlimHKlimH

À

Â

Ê1

Ê2

Ñ

Ê3

90%:

Í lim B

NH lim B

H lim Ki

H lim K2

H lim K3

H lim K1

NH i ,öèêëîâNHK2 NHK1= 60 Lh nK1 jK1
NHK3

×èñëî öèêëîâ êîíòàêòíûõ íàïðÿæåíèé

Ïð
åä

åë
êî

íò
àê

ò
íî

é
âû

íî
ñë

èâ
îñ

ò
è

ZNB=1

ZNC=0,75

ZNA=2,6

ZNK1<1

ZNK2>1

Óðàâíåíèå êðèâîé óñòàëîñòè :
q H

Hlim i NH i = const

íà ó÷àñòêå ÀÂ q H=6

íà ó÷àñòêå ÂÑ q H=20

H 1 =
HlimK 1

SH 1

À

Â

Ê1

Ê2

Ñ

Ê3

90%:

Í lim B

NH lim B

H lim Ki

H lim K2

H lim K3

H lim K1

NH i ,öèêëîâNHK2 NHK1= 60 Lh nK1 jK1
NHK3

×èñëî öèêëîâ êîíòàêòíûõ íàïðÿæåíèé

Ïð
åä

åë
êî

íò
àê

ò
íî

é
âû

íî
ñë

èâ
îñ

ò
è

ZNB=1

ZNC=0,75

ZNA=2,6

ZNK1<1

ZNK2>1

Óðàâíåíèå êðèâîé óñòàëîñòè :
q H

Hlim i NH i = const

íà ó÷àñòêå ÀÂ q H=6

íà ó÷àñòêå ÂÑ q H=20

H 1 =
HlimK 1

SH 1



89
       ,          -

:

 ZV – ,         ;
      ZR  – ,          ;
      ZX – ,        .

     

 YNK –       ;
       YR   – ,        
                   ;
       YX   – ,        ;
       YA   – ,        
                    ;
       YZ   – ,         ;
       Yg   – ,        
                  ;
       Yd   – ,        
                   .

,YYYYYY
S

Y
S dgZAXR

F

NKBlimF

F

KlimF
KF

,ZZZ
S

Z
S XRV

H

NKBlimHKlimH
KH



90

 14

 :   :  ,   -
.   .     .     -
 .           .

  

                                                                                              3.11

:
1)     -         



91
            (   6).       
           (V > 5…10 / ).

2)        ,     
       -    .

                                                                                            3.12
:

1)     .

  

    ,     
  .

a)      
                      (n-n)    (t-t).

             n-n:

                     3.13
;200

n;Pm n
n ;0,1h an ;25,1hfn .25,0c n



92
    t-t     .

 3.13:                        -    .     ,  :

                                                   -    .

                                                                        3.14:                                                                 h

                                                                      :                                                    

                                                                       :                                                                      

                                                                      :
                         3.14

b)    :

                                                 : t ·Z =  ·d  .dZt

                                                ,                     -    .
                                                         
                                                   ,        .

              3.15             ,    :

cos
P n

t

cos
m

m n
t

;
h
l20tgtg n0

n .
h
l

tg t
t

,
tg

cosl
tg

l
tg

l
h

n

t

n

n

t

t .
cos

tgtg n
t

;hh atan .coshh *
na

*
ta

;coscc *
n

*
t

.cosXX nt

,
cos

hm
hmhm

*
atn*

att
*
ann

Zmd t

.
cos
cos

2
)zz(m

a
tw

t21t
w



93
     

                           g  –      (    );
                           t b –    ; Px –   ; bW –   .

                                                                                             3.14

         1       2  

1 2 = g  ,       .                    -   .

      g  + l  ,  

                                                                        -   .

btP
g

,
P
l

P
g

P
lg

btbtbt

x

w

22bt P
b

P
l

  
             



94
        

                                                                                  

    ,           .
,  r      

K        ,  -
       -

,         
.

        :

                                                                                    

                      -    .

    :                                                    

                      -     .
                          3.15

    
nF  -  ;

                                                                                                                                                  -  .

                                                                                                                                                                           -  .

-  .

.
cos2
d

2d
cos4d

a
cr 2

222

2cos
dd

,
cos

zm
cos

zmzm 3
n

2
t

n

3cos
zz

2

2
2t1t d

T2FF

.FFFF xrtn

cos
tgFtgFFF n

2tt2t2r1r

tgFFF 2t2x1x



95
              
                                                                                                                   

         ,  
       .    :

      

      

      YF –        

,
db

1uKF
ZZZ H

2W

Ht
HEH

;
tgcos
bcos2Z

twt
2H .1Z

,
u
KT

1UKa 3

ba
2

H

H1
aw

.430Ka

,YYY
mb

F
FF

n

Ft
F

.
cos

ZZ 3

;
120

1Y 0

0
.1Y

    
     -

   

   
         
                       

      
                

 



96

 15

 :  :  ,   , -
.    .        -
   .      .  -
         .

 

1 -    ;
2 -    ;

21 -  .

:
2)                                                       1)    .

:
1)   .

                         3.16                  2)   ,   .
2)       .

:
1)     :

a)  (  = 900);
b) (   900) .



97

2)    :
      a)   ;
      )   ;
      )   ;
      )    ;
      )    ;

                                                                                                                           3.17
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