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 1.

, ,

:

, , ,

, ,

( . 1.1) 

cos2 21
2

2
2

1 FFFFR  . 

.1.1

,

:

nFFFR 21  . 

’

:

-  ( R

, );

- (

xkx FR , yky FR , zkz FR ).

’

 1. 

521 FF ,
4

 . 

’ . :

1F

M 2F

R
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24,9225
4

cos55255 22R  ( ).

: R = 9,24 .

 2. kjiF 9751

kjiF 11942 , ,

, Ox.

’ . :

kjikjikjiFFR 2169119497521  . 

:

47,18341)2(169 222R  ( ).

Ox.

4873,0
341
9cos

R
R x ,

0614873,0arccos .

: R = 18,47 ,  = 610.

 3. 101F , 152F ,

203F , O

Oxy,

Ox
0

1 30 , 0
2 45 0

3 60 .

’ .

321 FFFR

xxxx FFFR 321 , yyyy FFFR 321 ,

y

1F

2F

3F

O

3

2

1

x
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332211 coscoscos FFFRx  , 332211 sinsinsin FFFR y  . 

:
000 60cos2045cos1530cos10xR ,

000 60sin2045sin1530sin10yR .

, Rx   29,28 , R   32,93 . :

05,4493,3228,29 2222
yx RRR  ( ) . 

: R = 44,05 .

1.1. kjiF 543 ,

Oz.

: F = 7,07 ,  = arccos 0,707 = 450.

  1.2. F1 = 8 F2 = 6 ,

3
 . 

: R = 12,17 .

1.3. kjiF 521 kjiF 632 ,

.

: R = 6,16 .

1.4. kjiF 2381

kjiF 12422 , ?

:  = arccos 0,0356   880.

1.5. 81F , 102F ,

43F , O Oxy,

Ox 0
1 30 , 0

2 60 0
3 90 .

: 20,49 .
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1.6. jiF 861 jiF 342 ,

, .

:  =  900, R  = 11,18 .

1.7. ,  Ox kjiF1 ,

kjiF 222 kjiF 223 ,

.

:  = arccos 0,348   700.

1.8. 61F , 62F 53F ,

A  ABCD B, D C .

: R = 13,49 , A

AC.

1.9.  2, 4, 6  8 ,

, , D . .

: R  = 5,66 , D.

1.10.  1, 3,  5, 7, 9  

11 , .

.

: 12 ;

 9 .

1.11. ,  600  6 ,

, .

: ,  = 3 ,  = 3 3 .

1.12. F 1 = 4 , F 2 = 6 , F 3 = 8 , F 4 = 10 ,

,

:

) ; ) .

: ) ixF = 0,46 ;

) iyF = 0,66 .  1.12 

3F

2F

1F

4F

300

600
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 2. 

’

’

(  1.9 [1], § 3  1 [2] .),

 (  2.1 – 2.4  [1],  § 6  [2] .).

’ ,

, :

 1) ,

;

 2) , ;

 3) , ,

’ , ’ ;

4) , ,

’ ;

5)

, .

, ,

, 0kF  ( ):

0xkF , 0ykF , 0zkF .               (2.1) 

,

.

, .

’

 1. P = 10 

 = 300. F ,

, . Q

.
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 ’ . .

, , P F   ( . 2.1, ).

. ’

 ( ) N ,

.

F , ,

, F , P N .  – Q

, . Q = – N ,

Q N .

. 2.1

F N ,

. .

. ,

F , P N , .

. P

( .2.1, ). ,

F N . C

ABC, BC CA

.

F

P

N

x

y

A

B

C
F

P
N
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:

.

ABC

 (

’ ). ACAB ABC , :

tgPF ,
cos

PN  . 

, 77,5
3

310
3

103010 0tgF  ( ), 55,11
3

320
3
210

30cos
10

0NQ  ( ).

. , ,

0NPF .

,  (2.1). 

, . 2.1, . :

0xkF 0sincos PF ;

0ykF 0cossin NPF .

’ , :

tgPF ,
cos

cossincossin PPtgPPFN .

77,53010 0tgF  ( ) , 55,11
30cos

10
0NQ  ( ).

 2. P = 20 A

,  = 600 , B

, A  ( . 2.2, ). 

.

’ . .
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. 2.2 

 – P ,

. ’ .

’ , ’ AR BR

( . 2.2, ).

,

P , AR BR , .

0BA RRP .

.

P ,

.  ( . 2.2, ) ,

P . 1 ,

BR , AR .

B
A

C

B AP

AR BR

P

P

AR

BR

600

600

1

1

P

BR

AR
1

600

600D
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1

1 1, ,

.

AR BR

. 2.2,  , P AR BR  = 600.

, 1 1 RA = RB = P = 20 .

, :

1 , AR , –

BR . 1D

( . 2.2, ), 1 1. ,

’

.

 3. ’

,

 450  600 ( . 2.3, ).

 D, P = 100 . ,

. .

’ .

. :

D. ,

D .

D : P

T  ( . 2.3, ). .

, T = P = 100 .

.

 – 1T , ,  (

TT1 ) ,

 ( . 2.3, ). ,
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BS CS  ( ). ’

’ .

. 2.3 

SB SC .

. 1T , BS CS

.

. 2.3, .

1T , , .

, CS BS . L

D450

450

600

D

P

CS

450600

1T

BS

y

x
1T

BS

CS
300

L
450
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. BS CS

, .

’ , , 030DACKOL

045BADOKL , . ,
0105OLK . :

0
1

00 105sin45sin30sin
TSS CB  , 

0

0

1 105sin
30sinTS B , 0

0

1 105sin
45sinTS C .

, : SB   51,8 , SC   73,2 .

. ,

. 2.3, ,  (2.1) :

0xkF 060cos45cos 00
CB SS ;

0ykF 060sin45sin 1
00 TSS CB .

, :

0
2
1

2
3

1TSC  , 
13

2 1T
S C .

:

245cos
60cos

0

0
C

CB
SSS .

:

SC   73,2 , SB   51,8 .
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2.1.  12 

. ,

 = 600

.

: Q  10,39 .

 2.1  2.2 

2.2.

,  60 .

, ,  = 600.

: ND = 52 , NE = 30 .

2.3.  60  1 

. ,

, l = 1,6 .

: NA = NB = 50 .

2.4.

 90 .  = 300.

Q .

:  = 103,92 , Q = 51,96 .
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 2.3  2.4  2.5 

2.5.  2 ,

, C  = 300.

.

: SAB = 3,46 H, SBC = 4 H.

2.6.  300 

,  = 1,2  = 1,5 .

, , .

: SA = 400 H, SBC = 500 H. 

   

 2.6  2.7  2.8

2.7. ,  120 ,

,  = 600.

.

: QA = 138,56 , QB = 69,28 .

B
R

l

17



2.8. , ’

 2 ,  = 450.

: SAB = SBC = 1414 H. 

2.9. ,

, .

1 2 ,

 20 ,  150 

BD = 0,1 . .

: 1 = 2 = 7,5 .

             

 2.9  2.10  2.11 

2.10. ,  160 ,  – 

1,2 ,  1 .

.

:  100 .

2.11. ,

. G = 1,5 .

,

,  = 350,  = 100 0.

: S  = 2,57 , S  = 1,85 .

2.12. ’

. D,

 1000 . ,  = 300,  =600.

: SAB = 577 H, SBC  = 1154 H. 

D

G

18



2.13. ’

.  = 1 .

,

 = 300  = 600.

: RA = 866 H, RBC = 500 H. 

 2.12  2.13  2.14 

2.14. ,  50 ,  2 ,

,

D = 450. ’ . ,

, ,

.

:  = D = 1,41 ,  = 55,9 , Q = 25 .

2.15. , -

, CD.

 = 6 . ,

.

: RB = 6,32 , T D = 2 .

2.16. ,  8 ,

CD  6 . .

: RA = 10 .

D

450

A B

C

D
P
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 2.15  2.16 

2.17. ,

, .

 0,8  0,96 ,  600. ,

, ,

, .

: R = 1,53 ,  = 330,  = 270.

2.18. D D,

. .

: R  = 
2

5 , RD = 
2

.

 2.18  2.19 

2.19. D ,

D  10 . D.

: R  = 3 10 , RD = 10 .

D

DP

3

1

2

D

3

D
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 3. .

,

: .

 (  5 [1], § 9  [2]  .).

:

dFFFM , .

 d – , . “+” ,

.  “–“ 

, .

F

FrFM O , r  – - .

:

1) , , ,

;

2) h ,

;

3)  ( , );

4)

: hFFM O .

, ,

,

, .

 ( ). ,

:

iOO FMRM  . 

21



’

 1.  0,5  ( . 3.1) 

 12 , 31 , PP

42 , PP . .

 ’ . .

, ,

,

:

 = 13 + 24 = 1 · D + 2 ·  . 

:

 = 12 ·0,5 + 12 ·0,5 = 12 ( · ).

. 3.1 

 2. D  ( . 3.2)  F1 = 2 ,   F2 = 4 ,

F3 = 6 , F4 = 8 . ,  = 300 ,  

 = 600. .

 ’ . 1F .

,

h1 = 0. , 1FM A  = 0. 

2F :

h2 = A ·sin  = 2· sin 300 = 1 ( ).

2F

, ,

’ .
. 3.2 

D

2P
3P

4P

1P

D

1F

2F

3F

4Fh2

xF4

yF4
2

4

22



:

2FM A  = – F2·h2 = – 4 ( · ).

3F , h3 = 2 .

, , :

3FM A  = F3·h3 =  6·2 = 12 ( · ).

4F , 4F

xF4 yF4 ,

 = 2 D = 4 . :

ADFABFFMFMFM yxyAxAA 44444 .

F4x = F4·sin  ,  F4y = F4·cos  , cossin44 ADABFFM A .

4F . :

4FM A  = 8· (2 sin 600 – 4 cos 600) = – 2,14 ( · ).

 3. , z F ,

 ( . 3.3), 

, , .

 ’ . F , F

: FM x  = 0. 

F

z, . xzF

Fxz = F · sin 600. xzF

z. xzF  = .

23



,

xzF

,

 “ ”. ,

060sinaFaFFMFM xzxzOy ,

2
3aF

FM y .

F

z.

. 3.3 

, z. xyF

z .

 = . , z ,

xyF .

,

aFFMFM xyxyOz .

, Fx  = F · cos 600, :

2
aFFM z .

3.1. ,  3 , .

,  = 1 = 12 ,  = 450.

:  = 25,46 · .

z

600

F
xzF

xyF
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 3.1  3.2  3.3 

3.2. D

, : 31, PP 42 , PP .

, 1 = 3 = 10 , 2 = 4 = 15 ,  = D = 0,2 ,

D =  =  0,5 .

: R = –2 · .

3.3. D 21, PP ,

1 = 60 . ,

, 21, PP  ? 

: 43, PP , 3 = 4 = 20 ,

3P , 4P D C D.

3.4. FF ,  . - M

?

:  = 450.

 3.4, 3.5  3.6  3.7 

D
1P

1P

2P

3P
4P D

1P
2P

2,4

0,8

z z

F
3M

F

2M
1M

2M

3M
1M

25



3.5. ,  1 , FF , . ,

F = 2 , .

:  = 22 · .

3.6. ,

. 1 = 2 · , 2 = 3 · , 3 = 6 · .

.

:  = 7 · .

3.7. , , ,

1 = 1 · , 2 = 2 · , 3 = 1 · .

, ,

, .

:  = 22 · .

3.8. kjiF 23 ,  (–1; 1; 2), 

OM

.

: kjiFM O 284 ,  =  8 · .

3.9. , , D ’ : 1 = 5 , 2 = 8 ,

3 = 3 , 4 = 2 , 5 = 4 ,  = 300,  = 600. :

) ;

) .

: ) 1PM A  = 0,  2PM A  = 4,8 3 · , 3PM A  = – 3 · ,

4PM A  = 0, 5PM A  = 8 · ;

) 1PM C  = 1,33 · , 2PM C  = 4 · , 3PM C  = 0, 4PM C  = – 2 · ,

5PM C  = 3,2 · .

3.10. D P ,

. ,

, b , , ,  , D .

26



: PM A  = – ·  , PM B  = – 22 ba  , PM C  = ·b , PM D  = 0 , 

PM O  = – 22 ba .

 3.9  3.10 

3.11. ,  1 , F ,

.

, F = 2 .

: – 2 · .

 3.11  3.12 

3.12. 1F 2F , ,

, , z, F1 = 10 , F2 = 12 2 ,  = 2 .

: 1FM x  = 1FM y  = 0, 1FM z  = 20 · , 2FM x  = 24 · , 2FM y  = 

– 24 · , 2FM z  = 24 · .

D

1P
2P

3P

4P

5P

1,2 0,8

1
D

b

P

z

z z
F

1F

2F
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3.13. F ,

) F = 3 , h = 0,2 ; ) F = 2,5 , h = 0,6 ; ) F = 2 ,  = 0,4 .

: ) – 0,6 · ; ) 1,5 · ; ) – 0,4 · .

 3.13 

3.14. F ,

) F = 20 ,  = 0,3 ;  = 0,5 ; ) F = 4 ,  = 0,2 ;  = 0,4 ;

) F = 2 ,  = 0,8 ;  = 1,2 .

: )  ( F ) = – 3 3 · ,  ( F ) =  5 · ;

)  ( F ) = – 0,4 · ,  ( F ) = 0,8 · ;

)  ( F ) = 0,8 3 · ,  ( F ) =  – 1,2 3 · .

 3.14 

3.15. 1F 2F

, F 1 = 2 , F 2 = 1 ,  = 0,25 .

: ) iA FM  – 1 · , iB FM  1,25 · ;

) iA FM  0, iB FM  – 0,75 ·

F

h F

h

F
300

F

F
F

300 600

300

600
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 3.15 

3.16. ,

 = 4 .

: )  ( ) = 0,  ( ) =  – 4 3 · ;

)  ( ) = 4 · ,  ( ) = 0;

)  ( ) = – 0,6 · ,  ( ) =  0,2 · ;

)  ( ) = 3 2 · ,  ( ) =  – 5 2 · .

 3.16 

) )

1F

2F1F
2F

) )

2

2,5

0,1

2

300600

) )

1,5

0,3
450

300
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 4. 

 (  7 [1], § 14  V [2]  .) ,

, .

:

0xiF , 0yiF , 0iO FM .

,  – 

.

’

,

:

0xiF , 0iA FM , 0iB FM

0iA FM , 0iB FM , 0iC FM .

:

, .

q

Q . , ,

 , 

l ( .4.1, ),

Q  ( . 4.1, ),

.

Q = ql.

,

,
. 4.1 

l

2
l

2
l

q

Q

30



:
,0

,0

iA

xi

FM

F

.0

,0

iB

iA

FM

FM

’

 1. , -

,  – - , D :

1 = 10 , 2 = 20  ( . 4.2, ).. .

 ’ . , D

1P 2P . ’ ,

BR ,

 ( . 4.2, ). , . ,

,

.

,

,   – 

:

,0

,0

iB

iA

FM

FM
.0

;0

12

21

ABRBCPBDP
ABRADPACP

A

B

’ , :

16
5

5,32011021

AB
ADPACP

RB  ( ).

:

14
5

5,12041021

AB
BDPBCP

R A  ( ).. 4.2 

D

C D

1P

1P

2P

2P

1 1,52,5

BR
AR
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,

:

0yiF ; R  – 1 – 2 + R  = 0. 

:

14 – 10 –20 + 16 = 0    0 = 0. 

, ’ . : R  = 14 , R  = 16 .

’ .

 2. D  = 4 -

- D ( . 4.3). 

F = 8 . D

q = 0,5 ⁄ .

 = 6 · . .

 ’ . D.

    

Q ,

D

  ( . 4.4). 

Q = q· D = 1 ,

,

: P ,

. 4.3 

, F Q .

’ , BR .

, , .

D

F q

2 2 2

32



DR

.

,

.

.

D ,

. 4.4 

BR DR :

,0iB FM ;04312 1 DRPPMF

,0iD FM .01346 1PPRMF B

. ’

, :

RD = – 0,75 , R  = 13,75 .

’ RD , DR ,

, DR .

 3. - ,

-  ( . 4.5). 

1 = 18 . 2 = 50 ,

 = 400. .

 ’ . ,

1P 2P .

’ . BR

-

 ( . 4.6). 

-

. 4.5 

D

F

P

Q

2 1 1 11

BR
DR

D

1P

2P
22 2
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, AX AY .

. 4.6. 

’

, ,

.

 ( )

. 4.6 

, ,

:

0xiF ,  – 2 cos  = 0; 

0iA FM ,        – 1·  + R ·  – 2· D sin  = 0; 

0iB FM ,        – Y ·  + 1·  – 2· D sin  = 0. 

’ , :

 = 2 cos  = 50 cos 400 = 38,3 ( );

R =
4

40sin650218sin 0
21

AB
ADPACP = 57,2  ( );

Y  = 
4

40sin250218sin 0
21

AB
BDPBCP = – 7,1 ( ).

’ Y ,

, , . 4.6. 

AR ,

AAA YXR . 2222 1,73,38AAA YXR 39 ( ).

 ( . 4.6): 

D

1P

2PAX

AY
BR

34



0yiF , YA – P1 + RB – P2 sin  = 0. 

:

– 7,1 – 18 + 57,2 – 50 sin 400 = 0,  0 = 0. 

RB.

A YA

D, .

 4. .

 = 12  ( . 4.7, ).

q = 5  / 

 = 20 · . .

 ’ . :  –

;  – 

P ;

 – 

.

Q  ( . 4.7, ),

Q = q ·  = 20 

.

.

’ ,

AR

,

   (

. 4.7 

q
P

3 1

PQ

AX

AY

2 1 1
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). AR  ( 

, ), AR

AX AY  ( . 4.7, ), .

 – 

, :

0xiF ,  = 0;

0yiF , YA – Q – P = 0; 

0iA FM ,  – Q ·  –  ·  +  = 0. 

,

AR ,

, .

:

YA = Q + P = 20 + 12 = 32 ( ).

, R  = YA = 32 .

:

 = Q ·  +  ·  –  = 20 ·2 + 12 ·3 – 20 = 56 ( · ).

,

.

.

4.1.  6 

. ,

 = 12 · .

: RA = 4 .

36



 4.1  4.2 

4.2.  = 6 · ,

 = 2 . ,  = 3,5 ,  = 0,5 ,

.

: RA = 2  – , R  = 4  – .

4.3. , ,

q = 2  / .

 = 2 , .

l = 1,5 . .

: R = 5 ,  = 5,25 · .

4.4. PP , ,

 – q, D

 – Q . ,

 =  1 , Q = 2 , q = 2  / ,  = 0,8 .

: R  = 1,5 , R  = 2,1 .

 4.3  4.4 

300

P

q

l

P

D

q P Q

P
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4.5.

D,

 = 300. D  200 .

, S .

: S = 1000 .

 4.5  4.6 

 4.6.  1 

1 = 5 · , 2 = 10 · . Y

.

: Y  = – 5 .

4.7. ,

 = 6 ·  = 4 ,

 = 600.

:  = 2 , Y  = – 4,32 , Y  = 7,78 .

 4.7  4.8 

P P

600 600

3 1,22 0,8 0,6

D

2 1

200 200
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4.8.

q = 0,5  / .  600

 = 2 . , .

: R  = 1,6 ,  = – 1 , Y  = 0,73 .

4.9.

 = 2 ,  = 600 .

, 1 = 3 · .

.

:  = 1 , Y = 1, 73 ,  = 0,47 · .

 4.9  4.10 

4.10. ,

 = 4 ,

q = 1,5  / 1 = 2 · .

:  = 2,8 , Y = 1,7 ,  = – 5,35 · .

4.11. 1 = 120 , 2 = 80 ,

D ,  = 69 · . ,

 = 60 ,   D = 80 ,

D = 160 ,

,

.

:  = 82,9 ,

Y  = 144,3 , R  = 45,8 .
 4.11 

P

450

1

2

1
P

2
3

q

D

300

600

1P
2P
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 5. 

,

’ ,

( ) .

’

, , ,

. ’ ,

,  – .

 (

). ’

:

1) ,

, ;

2) ;

;

3)

;

4) ’ .

,

,

.

’

 1. ,

 250  ( . 5.1, ). Q = 40 R = 80 .

 = 30 r = 50 .

, D .
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 ’ . ’ ,

.

: P ,

EN N , ,

’ 1  ( . 5.1, ).

. 5.1 

, N ,

1  ( . 5.1, ). :

1 = R + r = 130 ,  = 120 , 1  = 50 .

,
13
5sin  ,

13
12cos .

. ,

, ,

80 120 50

80

50

D

P

EN

N

1

QCN

N

DN

1
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, ,

, . 5.1, . , :

0xiF , N cos  – N  = 0;

0yiF , N sin  – P = 0. 

 = 30 , N = 78 , N  = 72 .

: Q ,

CN , DN N

, N .

 ( . 5.1, ) .

:

0xiF , N   – N cos  = 0;

0yiF , ND – Q – N sin   = 0, 

N  = 72 , ND = 70 .

 2. ,  4 , ’

 ( . 5.2, ). 1 = 100 

D 2 = 80 .

3 = 200 , F.

,  = 500, D = 1 ,  = 3 , F = 2,5 .

 ’ . ’ .

,

 ( . 5.2, ).

,
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  (

. 5.2, 

),

.

,

,

:

1P , 2P , 3P , AX , AY , BX BY ,

.

.

,. 5.2 

.   (

, ). 

.

, :

0xiF ,  + 2 – 3 sin  +  = 0;          (5.1) 

0yiF , YA – 1 – 3 cos  + Y   = 0;       (5.2) 

0iB FM ,       – YA ·  + 1· D1 – 2· 2 + 3· F = 0;     (5.3) 

0iC FM , Y  ·  + · L – 3·CF = 0.       (5.4) 

, :

 = 2 · L = 2 ·AC cos  = 2 · 4 cos 500 = 5,14 ;

D

E
F

1P

2P 3P

D

E F1P

2P

3P

BX

AY BY

CY

CX
CX

1 2

CY

D1 AX

L
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D1 = BA – AD1 = BA – AD cos  = 5,14 – 1 · cos 500 = 4,50 ;

        2 = 1 =  sin  = 3 sin 500 = 2,30 ;

        F = 2,5 ;

         =  cos  = 4 cos 500 = 2,57 ;

        L = BC sin  = 4 sin 500 = 3,06 ;

        F = BC – BF  = 4 – 2,5 = 1,5 .

, ’  (5.1)–(5.4). 

:

YA = 
14,5

5,220030,28050,410032211

BA
BFPBEPBDP  = 149 ( ).

 (5.2) :

YB = P1 + P3 cos  – YA = 100 + 200 cos 500 – 149 = 79,5 ( ).

 (5.4) :

 = 
06,3

57,25,795,12003

CL
CKYCFP B  = 31,1 ( ).

:

 = – P2 + P3 sin  –  = – 80 + 200 sin 500 – 31,1 = 41,9 ( ).

, .

, ,
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. ,

, Y .

5.1. D ’ .

. D – - . :

 = 20 · ,    = 8 Q = 12 . ,

 = 4 ,  = 2 ,  = 3 ,  = D = 2 , , , D

.

:  = 0,   Y  = – 3,66 ,   R  = 17,66 ,   RD = 6 ,     = 0,   

Y  = – 6 .

 5.1  5.2 

5.2. -

D, F

D. 1 = 2 = 20 ,

. L

q = 12  / . ’ F . ,

 = 450, , D F.

:  = 0, Y  = 21 , D = 41,4 , YD = 1,6 , REF = 58,6 .

D

D

P

1P

Q

2P

M
F

L

q

1  1 2 2  1,5  1,5 
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5.3. D

’ D. D

F  = 50 ,

. F = 1,2 .

q = 20  / .

, , D F.

:    = 0,   Y  = 40 ,  = 115 , Y  = 45 ,   RBD = 40 ,

REF = 121  ( ).

 5.3  5.4 

5.4. Q = 200 

.

 =  400 , D.  =  / 3, 

D  =  / 3,  = 450. ,

.

:  =  = 150 , Y  = – 75 , Y  = 250 , N  = 525 , ND =212 .

5.5. , 1 = 2 = 200 

, ,

 = 300.

.

: N  = 200 , N  = N  = 100 3 , ND = 100 .

D

F

E

q

1,5 1,5

4

P

D
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 5.5  5.6 

5.6. 1 = 2 

2 = 4 ,  600 . ,

, , .

:  = 1,5 , Y  = 2,5 ,  = 0,5 , Y  = 2,96 ,

  =  1,5 , Y   =  0,5 .

5.7.

.

1 = 2 = 2 .

Q = 3 .

,

, .

:  = – 2,17 , Y  = 1,73 ,

 = 0,67 , Y  = 0,87 ,  = 0,67 ,

Y   =  0,87 .  5.7 

5.8. D

D .

,  10 . ,

.

:  = – 5 , Y  = 1 , D  = 13,66 , YD = 4 .

D

6001P 2P

2
a

2
a

Q 1P
2P

600

2
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 5.8  5.9 

5.9. ,

,  3  120 .

’ FE.

. D D = 0,6 

 720 . ,

FE,  = F = 1  450.

: R A  = 408 , R  = 552 ,  = 522 , Y  = 288 ,  = 522 .

5.10. , ’

.

 40 , D

.

,

 = 20 .

:  = –  = 17,5 ,

Y  = 46 , Y  = 54 ,

 = 17,5 , Y   =  6 .  5.10 

1Q

3Q2Q

300

2 4
D
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 6. 

iF  (  = 1, 2, … , ),

, .

 (  6.2 [1], § 12  IV [2]  .)  

F ,

, OM ,

.

F OM

:

sFF ; iOO FMM .

F R ,

R  – , ,

F ,

OM .

’

:

1) ;

2) ;

3) F , F , Fz F

:

ixx FF  , iyy FF , izz FF ;  (6.1) 

4) kFjFiFF zyx

;

5) , , z OM :

iyiiziixx FzFyFMM  , iyy FMM iziixi FxFz  , 

izz FMM ixiiyi FyFx ;   (6.2) 

49



6) kMjMiMM zyxO

;

7) ’ ,

:

) F = 0 OM = 0, ,

, ;

) F = 0 OM  0, 

OM ;

) F  0  OM = 0, 

R = F ;

) F  0  OM  0, ’ , F

OM . ,

Fx Mx + Fy My + Fz Mz = 0, 

F OM ,

R .

,  (

11.5 [1]). 

’

 1. kjiP 4531  , 

kjiP 6222 , kjiP 273 , 1 (0; 2; 1),  

2 (1; – 1; 3), 3 (2; 3; 1) . ,  – 

.

 ’ .

:

F ixF = 3 – 2 –1 = 0; 
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F iyF = 5 + 2 – 7 = 0; 

Fz izF = 4 – 6 + 2 = 0. 

iP

 (8.4): 

yiizii FzFy  = (2 · 4 – 1·5) + ((– 1) · (– 6) – 3 ·2) + (3 ·2 – 1 · (– 7)) = 16; 

ziixii FxFz  = (1 ·3 – 0 · 4) + (3 · (– 2) – 1 · (–6)) + (1 · (–1) – 2 · 2) = – 2; 

z xiiyii FyFx  = (0 ·5 – 2·3) + ( 1 ·2 – (–1) · (–2)) + (2 · (–7) – 3 · (– 1)) = –17. 

:

F = 222
zyx FFF  = 0, 

 = 222
zyx MMM  = 222 )17()2(16  = 23,4 ( · ).

,

OM ,

.

 2. 1F , 2F , 3F , 4F , 5F ,

, D L

( . 6.1), 

F1 = F3 = F4 = F5 = F, F2 = 2 F,

 = ,  = / 2. 

 ’ . .

:
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F xiF = F5, F yiF = F2,

Fz ziF = F1 – F3 +F4 . 

:

F  = F, F  = 2 F, Fz = F.

,

kFjFiFF 2 ,

F = 222
zyx FFF = 6 F.

. 6.1 

:

 = – F3 + F4 ,  = F3 2
a  – F1 2

a , z = F2 2
a  – F5 .

:

 = 0,  = 0, z = 0. 

, OM

. , F ,

R ,

, R = F = 6 F.

 3. , , 1 = 40 , 2 = 

5 = 10 , 3 = 15 , 4 = 5 ,  ( . 6.2). ,

 = 2  = 20 ,  = 300, .

 ’ .

:

D L
z

1F

2F

3F
4F

5F
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F xiP = 2 – 5 ; 

F yiP = 1 cos  ; 

Fz ziP = 3 + 4 – 1 sin .

:

F  = 10 – 10 = 0;

F   =  40 cos 300 = 20 3 ;

Fz = 15 + 5 – 40 ·
2
1  = 0. 

, F. 6.2 

F = 20 3 .

,  ,  z

OM .

3P , 4P , 5P , 2P ,

 = ix PM  = 1P .

1P z, ,

.

1P :

 = 1P .= – 1 ·  = – 1 ·  cos  = – 40·0,1 
2
3  = – 2 3  – 3,46 ( · ).

D

z

1P

2P

3P

4P 5P

OM

R

F
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, 1P , 3P , 5P

, .

 = 2P  + 4P  . 

, 2P 4P z,

, :

2P  = 2 ·  = 1 ( · );

4P  = – 4 ·  = – 1 ( · ),

 = 1 + (–1) = 0. 

1P , 2P , 3P , 5P z, 4P

, z . ,

z = iz PM  = 0. 

, OM

 = 222
zyx MMM = 3,46 ( · ).

, F , ,

OM .

’ , :

, . Fx Mx + Fy My + Fz Mz = 0, 

F OM , F

 ( OM ) z. ,

R , F .

R  (§ 2  I  [5]) :
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z

xyz

y

zxy

x

yzx

F
FyFxM

F
FxFzM

F
FzFyM  , 

0
32032 z =

320
0  = 

0
320 x ,

 = 0,  z = 
320

32  = 0,1. , R

z, z = 0,1 . ,

  ( . 6.2). 

, R ,

, R = 20 3 .

6.1. ,

?

: .

 6.1  6.2 

6.2. ,  1 , F1 = 5 ,

F2 = 10 , F3 = 8 , .

.

: F = 5 i + 10 j – 8 k , OM = –8 i + 5 j + 10 k , F · OM   0. 

1F

2F

3F

1F

2F

3F

z
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6.3. , ,

F (3 ; 0; 2 ) OM  (– 4 · ; 6 · ; 6 · ).

?

: .

6.4. , ,

F (0; 3 ; 4 ) OM  (2 · ; – 1 · ; 2 · ).

?

:  ( ).

6.5. 1F , 2F , 3F . 1F 2F

, 3F  – 

. ,

?

: F = 0, OM  0. 

 6.5  6.6 

6.6. 1F , 2F , 3F . 1F

2F , 3F  – 

.

, ?

: F  0, OM  0, F · OM  0. 

1F

1F2F 2F3F

3F
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6.7.

F (0; 3 ; 4 ) OM  (0 ; 4 · ; 0). 

.

:  = arccos 0,6. 

6.8. ,  2 ,

F1 = F2 = 2 .

.

: kiF 22 , kM O 4 ,  = 1350.

 6.8  6.9 

6.9. ,  5 ,

,  2 .

.

: ,

20 3 ·  cos  = – cos  = cos  = 
3
3  . 

6.10. ,

, , , OM = AM = BM = 0? 

: .

z

1F

2F

1F

2F

3F

4F

5F

6Fz
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 7. 

 – ’ ,

,

 (  10 [1],  V  [2]  .).

:

 = 
n

i
iP

1
.

’

,

.

, ,

:

 = 
i

ii

l
lx ,  = 

i

ii

l
ly , z  = 

i

ii

l
lz ,           (7.1) 

, , z  – , l  – .

, ,

S , , z  , :

 = 
i

ii

S
Sx ,  = 

i

ii

S
Sy , z  = 

i

ii

S
Sz .           (7.2) 

, ’ V

:

 = 
i

ii

V
Vx ,  = 

i

ii

V
Vy , z  = 

i

ii

V
Vz .           (7.3) 
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,  – ;

 ( , ).

 7.1. 

 7.1 

1

R

:

 = sinR ,  = 0.

2  – 

.

3 :

 = 
3
1 ( 1 + 2 + 3 ),  

 = 
3
1 ( 1 + 2 + 3 ),     

 ,    – 

.

4

,

,

’ ,

h =
ba
baH 2

3
 , 

 – .

1

R

2

3

59



5 :

 =  = sin
3
2 R ,

 = 0. 

6 :

 =  = 2

2

sin2
sin

3
4 R ,

 = 0. 

7 , ’

1 2

,

1  =
2
1

1 2.

8 , ’

1 ,

1  =
4
1

1.

R
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’

 1.  ( . 7.1) 

.

 ’ . :

 = l1 = 8 , D = l2 = 10 , D  = l3 = 6 , F = l4 = 4 .

.

,

D  ( ) D   ( ).

1, 2, 3 4

,

.

1 :

1 = 
2

AB = 4 ( ); 1 = D = 10 .

D

. 7.1 

2 :

2 = 0; 2 = 
2

BD = 5 ( ).

3:

3 = 
2

DE = 3 ( ); 3 = 0 . 

4:

4 = D  = 6 ; 4 = 
2

EF = 2 ( ).

 (7.1) :

D

F

1

2

3

4

8

6

10

4
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 = 
i

ii

l
lx =

46108
466310084  = 2,64 ( );

 = 
i

ii

l
ly =

46108
4260105810  = 4,93 ( ).

,

 ( . 7.1). 

.

 2. ,

 ( . 7.2). 

 ’ . :

R AB , .

            

,

,

( , )

 ( . 7.2). 

  ( 12)

.

 (7.1): 

l1 + l2 = 2 R,, 12 0;
4

sin
2
1 R .

. 7.2 

 (7.4) AB :

1

2

12 3

4
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l3 = 
2
1  R , 3 0;

4
sin4 R .

, :

 = 
RR

RRRR

5,02
4

sin4
2
1

4
sin

2
12

 = 0,595 R,  = 0. 

 3.

, . 7.3. 

 ’ . , ,

.

, ,  . 

NS ’

. D 1, NL

2

NMPS – 3.

 (7.2) :

 = 
321

332211

SSS
SxSxSx  . 

1,

2 3

,

1 = 2 = 15 , 3 = 5 .

. 7.3 

D

M

N LS

1

2

3

1

2

3

40

20

30

10

20

10
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:

S1 = S2 = 300 2, S3 = 200  2.

,   

 = 
200300300

20053001530015  = 12,5 ( ).

,

 =12,5 ,  = 0. 

’ ,

L ( . 7.3) 

D SL.

:

 = *
2

*
1

*
2

*
2

*
1

*
1

SS
SxSx  , 

1
* – D 2

* – 

SL, S1
* S2

* – .

,

1
* = 15 , 2

* = 20 ,

S1
* = 1200  2 , S2

* = 400  2,

 = 
4001200

40020120015  = 12, 5 ( ) . 

’

.
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 7.1. ,

,  = ,  = b,  = .

:  = 
)(2

)2(
cba

cbb  ,  = 
)(2

22

cba
ca .

7.2. ,  = 8 ,  = 14 ,  = 16 ,  = 12 ,

,

.

:  = 10,4 ,   = 7,4 .

 7.1  7.2 

7.3. ,

 = 8 ,  = 6 .

:  = 4 ,   = 3 .

 7.3  7.4 

D
R

R
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 7.4.

D, R

D R.

:  = R
1
5,2 ,   = 

1
2 R .

7.5. ,

. .

:  = 11 ,   = 0 .

 7.6. DEFGH,

 = 3 ,  = 2 , G = 1,5 , F = 4 , DE = 2 , FG = 6 .

:  = 5,77 ,   = 1,77 .

 7.5  7.6 

7.7. ,

.

:  = 
2
a ,   = 0,738  . 

7.8. R
2
R .

.

:  = 0,   = – 
6
R .

E

F

D

G

H

20

20

15

2
2

2
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 7.7  7.8 

7.9. ,   

 = 14 , b = 3 , R = 6 , r = 4 .

:  = 0,   = 0,522 .

 7.9  7.10 

7.10. ,

r = 10  40 2.

.

:  = 0,   = 1,70 .
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 8. 

:

0xkF , 0ykF , 0zkF ,         (8.1) 

0ix FM , 0iy FM , 0iz FM .           (8.2) 

 (8.1) ,   (8.2)   – 

.

, .

,

 (8.1)–(8.2) . ,

, , ,

,

, .  (8.1) 

 (8.2)  0 = 0. 

,

, ,

. ,

.

’

 1.  300 

 ( . 8.1, ).

 = 200 Q = 100 . .

.

 ’ . , ’

, , , .  , 

G , ,
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.

P Q .

. 8.1 

, . 8.1, ,

. , , z,

, z

. ,  (8.1)   (8.2) 

 0 = 0.  ,

:

0zkF ,    +  +   –  – G – Q = 0;   

0ix FM , – P · AD – G · LC – Q · OE + TB · LB = 0; 

0iy FM , – TA · A  + P · AO + G · KC – TB · KC = 0.  

’ ,

, AD  = 0,2 ,   LC  =  0,5 , OE = 0,6 ,   LB = 1 , A   = 0,4 ,

KC  = 0,2 . :

TB = P · 0,2 + G · 0,5 + Q · 0,6 , 

4060

20

D

z

D 20

20

P
Q

G QP

AT

BT

OT
K

L
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TB = 200 · 0,2 + 300 · 0,5 + 100 · 0,6 = 250 ( ).

, :

TA · 0,4 = P · 0,4 + G · 0,2 – TB · 0,2, 

TA =  (200 · 0,4 + 300 · 0,2 – 250 · 0,2 ) ⁄  0,4 = 225 ( ).

:

  =  + G  + Q –  –  , 

,          =  200 + 300 + 100 – 225 – 250 = 125 ( ).

: TA =  225 , TB = 250 ,   = 125 .

 2.

 ( ) S.

 300.

S ,  = 10 . . 8.2. 

 ’ . S

KLMN.

 – P ,

 (

KLMN).

’

S

. R
. 8.2 

 ( . 8.2, ).

.  –  – 

,

, . . 8.3  
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Y Z , Y + BZ .

, ’ : R, YA , ZA , Y  , Z  . ,

,

(8.1)–(8.2),

(

).

,

.

. 8.3 

R

: R  = yR + ZR  ( . 8.3). 

R  = R cos 300, Rz = R sin 300.

:

0ykF , YA + Y  – R  = 0;           (8.3) 

0zkF ,   ZA + Z  + Rz  –   = 0;           (8.4) 

0ix FM , – P · CE + Rz · MN = 0;          (8.5) 

0iy FM , ZB · AB – P · AE + Rz · AN = 0;         (8.6) 

0iz FM ,     –YB · AB + Ry · AN = 0.          (8.7) 

 (8.5) , Y , Z , Y , BZ

yR .

 (8.6) , Y , Z , Y yR

 ( Y yR , Y

Z ).

R

Y

P

BZ

yR

ZRz

Z B

A

300

C

Y

E

N M
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P , Y , Z , BZ , ZR z  ( P ,

Z , BZ ZR z, Y ).

 (8.7) Y yR .

’

  (8.3)–(8.7),  , AB = 0,6 ,   AE = 0,3 ,   AN = 0,7 ,

MN =2·CE = .  ( 8.5) :

R sin 300 =
22
P

CE
CEP

MN
CEP , R = 030sin2

P =  = 10 ( ).

 (8.7) :

YB = 
AB

ANRy , , YB = 3
6
35

62
7310

6,0
7,030cos 0R 10,09 ( ).

 (8.6) :

ZB = 
AB

ANRAEP z ,

ZB = 
6
5

6,0

7,05,0103,010

6,0

7,030sin3,0 0RP
– 0,83 ( ).

 (8.3), :

YA = R  – Y  = R cos 300  – Y ,

, YA = 10
2
3 – 3

6
53

6
35 – 1,44 ( ).

 (8.4) 

ZA =  – Z  – Rz  =  – Z  – R sin 300,

ZA = 10 – (– 0,83) – 10 · 0,5 = 5,83 .

YA Z ,

Y BZ , . 8.3.  

: R = 10 ,   YA  = – 1,44  ,    ZA = 5,83 ,   Y   = 10,09 ,

Z  = – 0,83 .
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 3.  400 

Q ( . 8.4, ).

 = 600. D , 

, D

D  = .

 ’ . . . 8.4, 

, : G  (

) T D,

. T Q .

. 8.4 

’ .

G , ,

, .

. 8.4, AX AZ  , 

 – BX BZ . , ’

: Q = T, XA, ZA, XB ,  ZB. , ,

, ,

 0 = 0 (

). , .

, . 8.4, 

. ,

Q

D

z z
D T

G

xT

zT

AX BX

AZ
BZ

600

L

73



, z. . 8.4, 

, .

:

 = xT + zT ,

 =  cos , z =  sin .    (8.8) 

 = DCK – , .

:

0xkF ,   A +  –  = 0 .           (8.9) 

0zkF ,   ZA + Z  + z  – G  = 0,         (8.10) 

0ix FM , – G ·
2

AB  + ZB · AB = 0,        (8.11) 

0iy FM , G · LE – Tx · K – Tz · K = 0,       (8.12) 

0iz FM ,     –XB · AB  = 0.         (8.13) 

 (8.11) , AX , AZ , BX , xT zT

 ( AX , BX xT , AZ

zT ).

 (8.12) G T ,

.

AX , AZ T z, G BZ

,  (8.13) BX z.

D

’  (8.9)–(8.13). :

XB = 0. 

 (8.11) :

ZB = 200
2

400
2
G  ( ).
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’  (8.12) ,  ( . 8.4, )

LE =  cos 600 = 
2

AB ·
2
1 =

4
AB  , CK = C sin 300,    AK = AC cos 300.

, AC = . ,  (8.8), 

 (8.12) :

G · 
4

AB  –  cos ·  cos 300 –  sin  · A sin 300 = 0. 

, :

 = 000 30cos430sinsin30coscos4
GG .

D ( . 8.4, )  ( D  = )

 300.

D 0
00

75
2

30180 .

 = 750 – 600 = 150. , :

 = 000 15cos4
400

1530cos4
G 103,5 ( ).

 (8.9), :

A = –  +  =  cos  = 103,5· cos 150 = 100 ( ).

 (8.10) :

ZA  = G – Z  – z = 400 – 200 –103,5· sin 150  173,2 ( ).
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: ,

 Q =  = 103,5 ,

A  = 100 , ZA = 173,2 ,   = 0, Z  = 200 .

 8.1. ,  18 ,

.

.

: SA = 9 , SB = – 9 , SC = 18 .

 8.1  8.2 

 8.2. D

, ,

,  – .

b.
4

5
. NE .

: NE = 
20
11  ,  =

11
6  ,  = b

11
10  .

C

b

D
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 8.3. ,  = 9 ,

D Q = 12 .

, AD = DB,  =  = .

: N  = N  = 9 , N  = 3 .

8.4. ,  10 ,

F , .

, C  = 20 , D  = 80 .

: RA = 4 , R  = 1 .

 8.3  8.4 

8.5. , ,

.

, .

:  =  =  = 
3

.

8.6. Q = 100 .

,

, D

.   50 ,

r = 11 .

:  = 22 , RA = 80 , R  = 42 .

D Q
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 8.5  8.6 

8.7.

Q = 90 . ,

P ,

D  54 . r = 12 .

:  = 20 , A  = 2 , ZA = – 54 ,   = – 22 , Z  = –36 .

 8.7  8.8 

8.8.

FG .  = 180 ;

CD = 2,3 ;  = 0,75 ;

Q

z

D

C

40 60 10
P z C D

FE

G
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 =  = 0,15 . S

FG, F = 1,5 .

: ZA = – 94 , Z  = 136 , YA  = Y   = 0, S = 138 .

8.9.  1 

D  10 .

= 100 , D

Q  , . Q

.

: Q = 1 , A  = – 1 ,   = – 90 , ZA = – 900 , Z  = –100 .

 8.9  8.10 

8.10. Q = 800 ,

. R = 5 ;

 = 40 ;  =  =50 .

,

. , .

:  = 100 , A = 400 ,   = 400 , ZA = – 100 , Z  = 0. 

8.11. D D

.  90 

,  = 0,8  = 0,3 .

,  = 0,6 , D = 1,8 

 300.
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:  = 90 : , YA = 77,94 , ZA = 5 , YD  =  0, ZD = 40 .

 8.11  8.12 

8.12. D

D .  600  120 .

, D = , , S

. .

: A = 17,3 , ZA = 30 ,   = 0, Z  = 60 , S = 34,5 .

8.13.

. , D .

Q.

 6 . D ,

Q ,

’ ,  =10 ,  = 30 ,  = 55 ,  = 45  , 

rB = 10 , r  = 50 .

: Q = 2 , A =  = 0, YA = 7 , Y  = 1 , Z  = 6 .

8.14. ,  16 ,

,

D. ’ , = 1 ,  = D = 0,8 .

:   = 8 2 ,  = –  = 10 , Y  = Z  = 8 , Z  = 0. 
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 8.13  8.14 

8.15. ,  10 ,

,  D

,   600. ’ ,

 = 120 , D = 100 .

:   = 10 ,  = 5 3 , Y  = – YD = 6 3 , Z  = 5 , ZD = 0. 

 8.15  8.16 

8.16.

’ , = 1 ,

 = 0,3 , D = 0,4 .

:  = 10 3 ,  = 3 3 , Y  = 4 3 , Z  = 15 , YD = ZD = 0. 
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 9. 

 (  2.5 [1], § 22  V [2]  .)

, , ’

.

 ( ) n, k,

:

k = 2·n – 3.

,

, ,

. .

,

.

.  — 

. ’

:

1) , ,

;

2)

’ , , ;

3) , ,

;

4) “ ”,

, ,

,  (

“ ”) ; 

5) ,

;

;

6) ,

; ;

82



,

.

’

 1. ,

 = 10  ( . 9.1, ). .

 ’ . : ,

.

P , D, -

. 9.1 

. ’ ,

AR BR .

D FP

3 34

3

D FP

AR

BR

1
1

1

P

BR
AR
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AR - . 9.1, .

BR .

,

P AR . , BR .

 ( . 9.1, ), 1

P . 1 1 1 ,

KB
R

KA
R

BA
P BA ,

AB
AKPR A  ,

AB
BKPRB .

:

44,10310 2222 AKABBK  ( ).

, :

3
10

310
AB

AKPR A  ( ), 44,10
10

44,1010
AB

BKPRB  ( ).

: ,

, . 9.2, .

. 9.2. 

D

AR
1

1S

2S
A

1

D

AR

BR

P F

1 1

3 34

3

2

3

4

5

6

7 8

9
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,

1S 2S , 1 2  ( . 9.2, ).

,  – .

, ACD ( . 9.1, ) DAC 1 = 45 0

( AC = DC). , ,

:

0xkF 0cos 211 SS ;

0ykF 0sin 11SRA .

’ , :

24,423
sin 1

1
AR

S  ( ) , 3cos 112 SS  ( ).

, 1  ( 01S ), 2 – .

,

2S  ( 32S ), 3S 6S . , . 9.3, .

. 9.3 

, :

0xkF 062 SS ;

0ykF 03S .

2S

3S

6S

D

4S

1S
3S 5S

P D
1

1

4S

7S

8S

F
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, 326 SS  ( 6 ), 3

.

D.

’ , :  = 10 , S1 = – 4,24 , S3 = 0. 

4S 5S . ,

. 9.3, . , 1S

1 = 45 0, 5S . :

0xkF 0coscos 5411 SSSP ;

0ykF 0sinsin 5311 SSS .

DFE  ( . 9.2, ) :

5
3

43
3sin

22DE
FE  ;

5
4cos

DE
DF .

,

5
sin
sin 11

5

S
S ( )   – 5 ,

34310coscos 5114 SSPS  ( )  – 4 .

F, : S4 = 3 S7

S8. , . 9.3, .

D F  ( . 9.2, ) , F  = D  = 1,

8S 1 = 45 0.

0xkF 0cos 184 SS ;

0ykF 0sin 187 SS

:
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24,423
cos 1

4
8

S
S    – 8 ,

3sin 187 SS    –  7 .

, :

S6 = 3 , S5 = 5 , S7 = – 3 S9 ( . 9.4, ).

, , , 5S

  ( . 9.2, ).

. 9.4 

, :

0xkF 0cos
1956 SSS ,

:

7
5
453cos569 SSS  ( )   – 9 .

, ,

. .

 ( . 9.4, ), ,

:

0xkF 0coscos 189 BRSS ;

0ykF 0sinsin 18 BRS .

F

BR

1

8S

9S

5S
7S

9S

6S
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1 1 1 ( . 9.1, ) :

B

A

R
R

sin  ,
BR

Pcos .

,

:

010
2

1237  ; 03
2

123 .

, .

:

 1 2 3 4 5 6 7 8 9 

,  – 4,24 3 0 3 5 3 – 3 4,24 7 

 “ ” , .

 , 

. , ,

 ( .  2). 

, -

.

 2. ,

 ( . 9.5),  1 = 10 ,  2 = 20 ,  3 = 30 .

 ’ .

’ , . ’

, AR

 ( . 9.5, ),

, .
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, , , BR

.

(  9.5, ) :

BBB YXR . ,

.

R A,

Y

,

.

:.9.5

0xiF ,                     – 1 = 0;              (9.1) 

0yiF ,                RA – 2 – P3  + Y  = 0;          (9.2) 

0iA FM ,       1  · D – 2 ·  – 3 ·  + Y   ·  = 0.        (9.3) 

’

 ( ),

 = 10 , Y  = 24 , R  = 26 .

  (

D, ). :

R  = 22
BB YX  = 26 ( ).

D F1P

3 34

3

2
3

BY

BX
A

D

AR

1P F

3 34

3

2 3
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. . 9.4 . 9.5, , 2 = 3 = 0 

 (9.1)–(9.3)  1. 

:

  = 1 = 10 ,    Y   =· D1 = 3 ( ).

, R   = 2222 310BB YX 10,44 ( ),

RA = Y  = 3 .

 1, 

.

9.1. D ’

.

. ,  800 .

.

:

 D

,  – 9,35 12,2 – 12,2 18,7 

 9.1  9.2 

.

F
D

400 400

800

500

900
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9.2. , F

.

: R  = 0. 

9.3.  = 120 .

,  =  = 2 , D  = 1,5 ,

. ,  – .

: R  = 160 , R  = 200 .

 1 2 3 4 5 6 7 

,  – 160 200 0 – 160 0 200 0 

 9.3  9.4 

9.4. D  = 90 ,

. ,  = D ,  = ,  = 2 ,

. ,

.

: R  = – 148,9 , R  = 129,9 .

 1 2 3 4 5 6 7 

,  – 155,9 180 – 180 254,6 – 135 – 257,9 207,8 

D

P

1

23
4

5

6

7

D
P

1

2

3
4

5

67
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9.5. D  = 2 , . ,

F = FB =  = FG = 450,

.

: RA = 0, RGF = 2 .

 1 2 3 4 5 6 7 8 9 

,  0 0 – 1,41 – 1,41 2 – 1,41 – 1,41 0 0 

 9.5  9.6 

9.6. D  = 20 .

.

.

: RA = 10 , R  = 22,36 .

 1 2 3 4 5 6 7 8 9 

,  – 10 0 – 20 – 10 14,14 – 10 0 – 14,14 – 10 

9.7. D D  = 2 ,

. , E = BE = D,

.

: R  = 2,24 , R  = 1 .

P

D

F

G

1

2
3

4

5

6

7

8

9

450

D

F

P
450

450450

1 2

3

4
5

6

7

8

9

92



 1 2 3 4 5 6 7 8 9 

,  1 2 – 1,41 – 1 0 0 1,41 – 1 – 1 

 9.7  9.8  9.9 

9.8. D  = 4 ,

. , ,

.

: R  = 1,73 , R  = 4,36 .

 1 2 3 4 5 6 7 

,  – 2 1 2 – 2 – 2 3 2 

9.9.  = 10 ,

. , D = BD = CD DE BC,

DK , .

: R  = 7,91 , R  = 3,54 .

 1 2 3 4 5 6 7 8 9 

,  3,54 – 5 – 10 – 5 7,07 – 5 0 – 3,54 – 5 

D

F

P1

2 3 4

5

6 7 8

9

D

P

1

2 3

4
5

6

7

60 0

60 0

D

1
2

3 4

5
678

9

P
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9.10. D 1 = 2 = 3 = 2 ,

, D,  =  = D.

.

:  = 3 , YA = 4,23 , Y  = – 0,5 .

.

 1 2 3 4 5 6 7 8 9 

,  – 3 – 4,23 3,53 – 1,5 0 – 1,5 – 0,71 0 0,50

 9.10  9.11 

9.11. D 1 = 2 , 2 = 1 ,

D. .

:  = 0, 71 , YA = 1,53 , Y  =  1,18 .

.

 1 2 3 4 5 6 7 

,  0,06 – 1,71 3,53 – 1,53 0 0,59 – 1,32 

2P
D

1
2 3

4
5

6

7

8
9

600
3P

1P

2
3

4

5
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7

1

D 450

1P

2P
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