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G% /,1&4&'843&% 83% 67&78<0% A8F2C,32FH.0?% 678924481% 7,/F&B,=3% '2D,.&B24A&2:%

IF2A378',@.&3.02:% ,A-43&B24A&2% A8F2C,.&5% &% 3(<(% G% <,..8?% 43,3H2% 7,44',37&1,=345%

'2D,.&B24A&2%A8F2C,.&5(%

J1&;2.&2% ',K&.% &% '2D,.&/'81% 142@<,% 4867818;<,=345% A8F2C,32FH.0'&%

6789244,'&:% 68I38'-% <F5% 68.&',.&5% '.8@&D% E&/&B24A&D% 51F2.&?% .28CD8<&'8% &/-B&3H%

418?431,%A8F2C,.&?(%

L,44'837&'%'2D,.&/'%6F,.23,7.8@8%3&6,:%.,%A83870?%&/%,A3&1.0D%4&F%<2?431-=3%

38FHA8%4&F0%35;243&%M7&4(%NO(%
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L&4(%N(%!2D,.&/'%6F,.23,7.8@8%3&6,

Q&432',% 48438&3% &/% .268<1&;.8@8% 9&F&.<7,% 7,<&-4,% R:% <1-D% ',F0D% 9&F&.<781%

7,<&-4,'&% R2, R3 &% ',44,'&% S2 &% S3 48831234312..8(% G% A,;<8'% 9&F&.<72% &'22345

41&.981,5% 678CA,:% ;243A8% 415/,..,5% 4% <.8'% 9&F&.<7,( T78CA,% ',448?% S4 M38BA,% D)

67&.,<F2;,>,5% 9&F&.<7-% 7,<&-4,% R2, , ',448?%M5 M38BA,% K) - 9&F&.<7-% 7,<&-4, R3.

U&F&.<70%67&18<&3%18%17,>2.&2%A7&18K&6 ',448?%M1.

JF5% &44F2<81,.&5% 68F8;2.&?% -438?B&18@8% 7,1.8124&5% .28CD8<&'8% .,?3&%

6832.9&,FH.-=%I.27@&=%4&432'0V%

T%W%T1 X%T2 X%T3 X%T4 X%T5,

@<2% T1 – 6832.9&,FH.,5% I.27@&5% A7&18K&6,:% T2 – 6832.9&,FH.,5% I.27@&5% 9&F&.<7,%

7,<&-4,%R2:%T3 – 6832.9&,FH.,5%I.27@&5%9&F&.<7,%7,<&-4,%R3:%T4 – 6832.9&,FH.,5%I.27@&5%

41&.9818?%678CA&%D:%T5 – 6832.9&,FH.,5%I.27@&5%41&.9818?%678CA&%K.
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T1 = !"# $%&' %() * (1+ ,-./);

T2 = !)#(0 + 0))(1+ ,-./);

T3 = +!1#(0 + 01)(1+ ,-./);

T4 = !2# 3(0 + 0))(1+ ,-./)+ 0) 41 + cos4$%5%&%& * 6 /778 ;

T5 = !9# 301 41+ cos4$%5%(%( * 6 /77 + (0 + 01)(1+ ,-./)8 ;

T84F2%68<43,.81A&%&%-678>2.&5 T%68F-B,2345%7,1.8?%

T%W g( +(!" $%&'%() *+ (!) +!2)(0 + 0))+ (!1 +!9)(0 + 01)),-./ +!20) cos4$%5%&%& */7 +!901 cos4$%5%(%( */7+
")!"(0) + 01) + (!) +!2)(0 + 0))+ (!1 +!9)(0 + 01)+!20) +!901); (1)

G12<2'%8C8/.,B2.&5V%:" = (!" (0) + 01)

2
+ (!) +!2)(0 + 0))+ (!1 +!9)(0 + 01))#;:) = !20)#;:1 = !901#,

38@<,%6832.9&,FH.,5%I.27@&5%'8;23%C03H%672<43,1F2.,%1%E87'2:;" = :"(1+ ,-./)+ :) 41+ cos4<0 + 0)0) =/77
+ :1 41+ cos><0 + 0101 =/?7,

24F&%107,/&3H%(1+ ,-./),41 + ,-. 4$%5%&%& */77 ,41+ ,-. 4$%5%(%( */77 B272/%
68F81&..02%-@F0 &%8C8/.,B&3H%@) =

(%5%&))6%& , @1 =
(%5%())6%( , 38%68F-B&'V

;A = 2 <:" sin $B)*) + :)sin(@)/)) + :1.C@(@1/))=, (DE)
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T72<68F8;&':%B38%7,<&-40%9&F&.<781%7,1.0(%T-43H%M1 = 5 A@, M2 = 15 A@, M3 = 5 A@,

M4 = 4 A@, M5 = 2 A@, R = 20 ', R2 = 1 ', R3 = 1 '. T84378&' @7,E&A%T M7&4(%YOV

L&4(%Y. "7,E&A%T

Z/% 7&4-.A,% 1&<.8:% B38% 68F8;2.&2% -438?B&18@8% 7,1.8124&5:% 3(2(% '&.&'-'%

6832.9&,FH.8?% I.27@&&: %.,D8 <&345% .2% 1% [:% ,% .2'.8@8% 4'2>2.(% #2627H -12F&B&'% ',440%

41&.9810D%678C8A D &%K:%67&%I38'%843,1&1%843,FH.02%6,7,'2370%4&432'0%.2&/'2..0'&V%

M4 = 70 A@, M5 = 20 A@(%"7,E&A%6832.9&,FH.8?%I.27@&&%10@F5<&3%3,A%M7&4(%\OV

L&4(%\(%"7,E&A%6832.9&,FH.8?%I.27@&&

!2D,.&B24A,5% 4&432',% &'223% .24A8FHA8% 68F8;2.&?% 7,1.8124&5:% 3(2(% '&.&'-'81%

6832.9&,FH.8?% I.27@&&(% QF2<-=>,5% /,<,B,% – 8672<2F2.&2% A887<&.,3% 68F8;2.&?%

-438?B&10D%7,1.8124&?%4%68'8>H=%678&/18<.8?%83%6832.9&,FH.8?%I.27@&&(%
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F;FB = <0) $GH) + !) +!2*+ 01 $+GH) +!1 +!9*+ 0(!) +!1 +!2 +!5#.C@/+!4#0+02sin0+0202/+!5#0+03sin0+0303/; (2)

T84378&'%@7,E&A%67&%&/1243.0D%/.,B2.&5D -7,1.2.&5%(2) M7&4(%4):

L&4(%](%"7,E&A%67&%&/1243.0D%/.,B2.&5D

Z/%@7,E&A,%1&<.8:%B38%67&%̂ %W%[ (N]N:%[(]Y\:%[(R[_:%[(`R_%7,< '2D,.&B24A,5%4&432',%

C-<23%.,D8<&3H45%1%484385.&&%7,1.8124&5(%

JF5% 7,4B23,% 627&8<,% 4% 68'8>H% 3287&&% ',F0D% A8F2C,.&?% .28CD8<&'8% .,?3&%

A&.23&B24A-=%I.27@&=%4&432'0(%

#%W%#1 + T2 + T3 + T4 + T5,

@<2%#1 – A&.23&B24A,5% I.27@&5% A7&18K&6,:%#2 – A&.23&B24A,5 I.27@&5%9&F&.<7,% 7,<&-4,%

R2:%#3 – A&.23&B24A,5 I.27@&5%9&F&.<7,%7,<&-4,%R3:%#4 – A&.23&B24A,5 I.27@&5%41&.9818?%

678CA&%D:%#5 – A&.23&B24A,5 I.27@&5%41&.9818?%678CA&%K, L = 2R + R2 + R3.

#1 =
")!" $I&") +

(%&'%()&2 */J );

T2 =
12!)/J )(0 + 0)));

T3 =
12!1/J )(0 + 01));
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T4 =!2(0 + 0)))(1+ cos $ %%&/*)/J );

T5 = !9(0 + 01))(1+ ,-. $ %%(/*)/J );

T8<43,1&'%1%#%&%-67843&':

T = 
")/J )(!" $I&") +

(%&'%()&2 *+ (0 + 0))) $1)!) + 2!2*+ (0 + 01)) $1)!1 +

2!9* + 2!2(0 + 0))) cos $ %%&/* + 2!9(0 + 01)) cos $ %%(/*); (3)

G12<2'%8C8/.,B2.&2V

K = !1 >L2

12
+

(02 +03)2

4
?+ (0+0

2
)

2 43

2
!2 + 2!47+ (0+ 0

3
)

2 43

2
!3 + 2!57+ 2!4(0+0

2
)

2
cos4 002

/7+ 2!5(0+ 0
3
)

2
cos4 003

/7 ,

38@<, M =
1

2
/J 2N

J&EE272.9&,FH.82%-7,1.2.&2%418C8<.0D A8F2C,.&?%'2D,.&B24A8?%4&432'0%

4F2<-=>22V OP + Q)O = 0,

@<2%Q) = R :S .FTFBJ = /J (GH") (L) + 3(0) + 01))) + (0 + 0))) $1)!) + 2!2*+ (0 + 01)) $1)!1 +

2!9* + 2!2(0 + 0))) cos $ %%&/* + 2!9(0 + 01)) cos $ %%(/*);

UUV $FTFBJ * = /P <GH") (L) + 3(0) + 01))) + (0 + 0))) $1)!) + 2!2*+ (0 +01)) $1)!1 + 2!9*=+ /J )2!2(0 + 0))) sin $ %%&/* %%& + /P2!2(0 +0))) cos $ %%&/*+/J )2!9(0 + 01)) sin $ %%(/* %%( + /P2!9(0 + 01)) cos $ %%(/* ;

T272D8<5%A%.810'%A887<&.,3,' / = O + /":%@<2%̂ 1 .,'%-;2%&/1243.8:%&%68<43,1F55%

I3-% /,'2.-% 1% E87'-F0% (1) &% (3), 68F-B&' /,1&4&'843H% A&.23&B24A8?% &% 6832.9&,FH.8?%

I.27@&?%83%q.

T-43H%^1 W%[(N]N%7,<(; = 111970.566O) + 337.3O + 849.264.



http://sntbul.bmstu.ru/doc/566670.html

Z/-/,%',F843&%A8IEE&9&2.3,%6272<%q I3&'%/.,B2.&2'%'8;.8%672.2C72BH(%+W;WO = +223941.132O,M = 83802.6OJ),XXY <WMWOJ = =
XXY (167605.2OJ) = 167605.02OP .

T8<43,1F55%68F-B2..02%107,;2.&5%1%(4):%68F-B,2345V

167605.2OP + 223941.132O = 0,Q = Z1.336 = 1.155 
[\]R ,

4F2<81,32FH.8, M =
2Q̂ = 5.437,.

JF5% 7,4B23,% 627&8<,% A8F2C,.&?% '238<8'% E,/818?% 6F84A843&% 7,44'837&'% 67&'27%

68678>2:%A8@<,%M1 = 5 A@, M2 = 15 A@, M3 = 5 A@, M4 = 4[%A@, M5 = 2 A@, R = 20 ', R2 = _%',

R3 = _%'. "7,E&A%6832.9&,FH.8?%I.27@&&%C-<23%4F2<-=>&'%M7&4(%_OV%

L&4(%_(%"7,E&A%6832.9&,FH.8?%I.27@&&
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"7,E&A%678&/18<.8?%M7&4(%aOV%

L&4(%a. "7,E&A%678&/18<.8?

Z/% @7,E&A,% 1&<.8:% B38%^% W% [(_%7,<&,.(% T8% ,.,F8@&&:% A,A% <2F,F84H% 7,.HK2:%

6272D8<&'%A%.810'%A887<&.,3,'%&%68<43,1F52'%/,'2.-%1%E87'-F0%(1) &%(3). T7&%I38'%; = 783.46 + 56797.2524O) + 14977.34O,M = 79708.55OJ),+W;WO = +113594.5O + 14977.34,XXY <WMWOJ = = 159417.1OP .
T8<43,1F55%68F-B2..02%/.,B2.&5%1%E87'-F-%(4):%68F-B,2'%107,;2.&2

159417.1OP + 113594.5O + 14977.34 = 0,

834=<,%F2@A8%.,?3&%bV Q = Z0.712 = 0.844 
[\]R ,

M =
2Q̂ = 7.44 ,.

T272?<2'%A%'238<-%E,/818?%6F84A843&(%$7,1.2.&2%.2F&.2?.8?%A8.4271,3&1.8?%

4&432'0%'8;23%C03H%67&12<2.8%A%1&<-N(O)OP + _(O) = 0.
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$7,1.2.&2%(5) &.32@7&7-2345%1%A1,<7,3-7,D( G%B,43.843&:%8.8%&'223%62710?%&.32@7,F%

N(O)
OJ)
2

+`_(O)XO = ab
A

— &.32@7,F%48D7,.2.&5%I.27@&&:%A83870?%'0:%68F8;&1%

;(O) = `_(O)XO,

b
A

C-<2'%6&4,3H%4F2<-=>&'%8C7,/8'VN(O)
OJ)
2

+ ;(O) = a.

T84385..,5%h 8672<2F52345%.,B,FH.0'%83AF8.2.&2%&%.,B,FH.8?%4A87843H=:%3(2(%

.,B,FH.0'%/,6,48'%68F.8?%I.27@&&(%

OJ = c24a + ;(O)N(O)
7 ,

c N(O)

2(a + ;(O)
XO = XY,

T27&8<% A8F2C,.&?% 8A8F8% 68F8;2.&5% -438?B&18@8% % 7,1.8124&5% L = q 48@F,4.8%

'238<-% E,/818?% 6F84A843&:% 4% -Bc38'% 38@8:% B38% <F5% 7,44',37&1,2'8@8% '2D,.&/',%

1068F.52345% /,A8.% 48D7,.2.&5% 68F.8?% '2D,.&B24A8?% I.27@&&:% .,D8<&345% 4% 68'8>H=%

E87'-F0%V%

d e f)(g';)

b&bH XO =
")M6,

@<2%M6 - 627&8<%A8F2C,.&5%'2D,.&B24A8?%4&432'0(
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d.,B2.&5%q1 &%q2 .,D8<5345%&/%E,/818@8%6873723,%M.,%7&4-.A2%q1 &%q2 8C8/.,B2.0%e%&%f%

48831234312..8O%M7&4(%ROV

L&4( 7(%P,/810?%6873723

$12F&B&'%.,K%-B,438A:%B38C0%38B.8%8672<2F&3H%/.,B2.&2%h M7&4(%g).

L&4(%g. h672<2F2.&2%h

G8/H'2'%h = -1002.13 J;(%q1 &%q2 67&%3,A8'%h 7,1.0 [(Ya_%&%[(agY%48831234312..8(

T%8672<2F52345%&/%-7,1.2.&5%(DE)(%T8<43,1F55 B&4F8102%/.,B2.&5:%68F-B&':%B38%;A = 23568 sin <1

2
/=) + 3731.6 sin <5

2
/=). 

T8F-B2..02%/.,B2.&5%68<43,1F5=345%1%E87'-F-%(6), &%10B&4F52345%&.32@7,FV



http://sntbul.bmstu.ru/doc/566670.html

` h 216875
3

+ 52500cos (4/)

2(+1002.13+ 23568 sin $1
2
/*) + 3731.6 sin $5

2
/*))

A.ij)
A.)i9 =

1

2
M6

M6 = 2 6 4.28 = 8.56 R.

Z/%I38@8%83123,%1&<.8:%B38%10B&4F2.&2%627&8<,%'238<8'%E,/818?%6F84A843&%<,23%

C8F22% 38B.0?%83123(%)8% 24F&% 3287&5%',F0D%A8F2C,.&?%68/18F523%.,?3&%627&8<% 38FHA8% 1%

8<.8'%68F8;2.&&%7,1.8124&5:%38%'238<%E,/818?%6F84A843&%68/18F523%10B&4F&3H%627&8<:%

<,;2%24F&%4&432',%&'223%.24A8FHA8%68F8;2.&?%7,1.8124&5(

Z468FH/-5%32%;2%4,'02%<,..02:%.,?<2'%627&8<%A8F2C,.&?%'2D,.&B24A8?%4&432'0:%

A8@<,%8.,%&'223%<1,%68F8;2.&5%7,1.8124&5 M4&''237&B.8%83.84&32FH.8%84&%87<&.,3O.

Z/% 3287&&%',F0D%A8F2C,.&?%'8;.8% 4<2F,3H% 1018<:% B38% 627&8<% 7,12. T = 14.88 c

MCF,@8<,75%4&''237&&O.

L2K,5%I3-%/,<,B-%4%68'8>H=%'238<,%E,/818?%6F84A843&:%.,?<2'%h, q1 &%q2M7&4(%9):

L&4(%`(%P,/81,5%6F84A843H

h = a[(_\%J;:%i1 = -0.77, q2 = 0.77. A(q) &%T%843,F&4H%.2&/'2..0'&(

G0B&4F&'%&.32@7,FV%

` k 216875
3

+ 52500,-. (4/)

2(60.53 + 23568 sin $1
2
/*) + 3731.6 sin $5

2
/*))

A.ll
'A.ll =

1

2
M6,
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M6 = 2 6 10.344 = 20.688 ,,

j,A% 1&<.8% &/% 83123,:% 72K2.&2% -% .,4% 68F-B&F84H% C8F22% 38B.0'(% !238<8'% ',F0D%

A8F2C,.&?% '0% .2% 4'8;2'% 7,44B&3,3H% 627&8<% A8F2C,.&?:% 24F&% -% .,4% C-<23% .24A8FHA8%

68F8;2.&?%7,1.8124&5:%A,A:%.,67&'27:%.,%7&4-.A2%\(%

Q7,1.&'% /.,B2.&2% 68F-B&1K2@845% 627&8<,% 1% 8CF,43&% 4% <1-'5% 484385.&5'&%

-438?B&18@8% 7,1.8124&5% 4% 627&8<8'% 1% 8CF,43&% 4% 8<&.% 68F8;2.&2'% 7,1.8124&5(% G&<.8:%

'238<% E,/818?% 6F84A843&% <,F% .,'% 38B.0?% 83123:% B2@8% .2FH/5% 4A,/,3H% 8% '238<2% ',F0D%

A8F2C,.&?:%1%.2'%68@72K.843H%/.,B&32FH.8%10K2(%%

Z/% 678<2F,..8?% 7,C830% '8;.8% 4<2F,3H% 1018<:% B38% <F5% &44F2<81,.&5% ',F0D%

A8F2C,.&?% 4% 8<.8?% 43262.H=% 418C8<0% '2D,.&B24A8?% 4&432'0% 4% 8<.&'% 68F8;2.&2'%

-438?B&18@8% 7,1.8124&5% 10@8<.8%&468FH/81,3H% <&EE272.9&,FH.82% -7,1.2.&2% 418C8<.0D

A8F2C,.&?(% !238<% E,/818?% 6F84A843&, 1% 418=% 8B272<H, 67&'2.&'% .2% 38FHA8% A% ',F0'%

A8F2C,.&5'(%Q%68'8>H=%I38@8%'238<,%F2@A8%86&401,3H%A8F2C,.&5%'2D,.&B24A8?%4&432'0:%

&'2=>2?%.24A8FHA8%68F8;2.&?%-438?B&18@8%7,1.8124&5(%

;5.&*/ '.6(7,6>7?

1. j-74% 328723&B24A8?% '2D,.&A&% k% j(% Q(% j8F24.&A81% l&% <7(m !(V% !"#$% &'2.&% )(% *(%

+,-',.,:%Y[[_(%__`%4(

Y(%+,C,A81%Z(%!(%#287&5%A8F2C,.&?(%!(V%),-A,:%N`ag( ]]`%4(


