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5%-0865&CA%6020&''23>&1.6F6%.,F>-I2.&C(

V08&% =,D&@0&>65,3;%.2@636>-:%9860@603;% ?% 5% @636>6G%82I&3%60;%5>,J2.&C% ?% 36%

&0082B-2'62% 3286% F26'23>&120@&% '6I.6% 6A,>,@32>&=65,3;% B5-'2>.6G% 678,03;:% ,

82I,J2G%5%9860@603&% &%6F>,.&12..6G%@-061.6-F8,B@6G%F>,.&E2G% .

H52B2'% E&8&.B>&120@-:% 0&032'-% @66>B&.,3% ?% 9>&12'% 60;% 0659,B,23 0%

60;:%5>,J2.&C% .

"26'23>&C% 328,% &% -0865&C% .,F>-I2.&C% 96=568C:3% .2% -1&345,3;% 9>&% 9603>62.&&%

>,0123.4A% 0663.6<2.&G% =,5&0&'603;% 63% 6@>-I.6G% @66>B&.,34 ?% 96Q36'-% =,B,1,%

>,00',3>&5,230C% 5% 0&032'2% @66>B&.,3% . W30:B,% 8:7,C 361@,% &'223%

@66>B&.,34% .

L6>'-8&>65@,% @>,256G% @5,=&03,E&6.,>.6G =,B,1&% !X##% 5% B,..6'% 08-1,2%

=,9&<230C%3,@ [1]:
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F>,.&1.42%-0865&C%N@&.2',3&120@&2%&%0&86542%06635230352..6S

0663.6<2.&C Y6<&

&%69>2B28C:J&2%->,5.2.&C – =,@6.%"-@,%5 ',3>&1.6'%5&B2 5&B2:

FB2% – ',3>&E,% -9>-F&A% @6QDD&E&2.365; – 52@36>% .,9>CI2.&G,

0663523035-:J&G%32.=6>-%.,9>CI2.&G; – 52@36> 968.6G B2D6>',E&G?%0663523035-:J&G%

32.=6>-% B2D6>',E&&; – – 52@36>% .2-9>-F&A N5% 08-1,2% -9>-F698,03&120@6F6% 328,% –

98,03&120@&A) B2D6>',E&G; – 52@36>% ',00656G% N67Z2'.6GS% 0&84K% –

52@36>% 92>2'2J2.&G% 3612@% 328,?% – 92>2'2J2.&2% 5% .,9>,582.&&% 60&% , –

92>2'2J2.&2% 5% .,9>,582.&&% 60&% ; – 52@36>% =,B,..4A%

92>2'2J2.&G% 3612@% 9652>A.603&% ; – 52@36>% =,B,..6G%

>,09>2B282..6G%.,F>-=@&%.,%9652>A.603&% .

!,3>&E,%"-@,%=,9&045,230C%5%5&B2 [3]
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FB2% – '6B-8;%-9>-F603&?% – @6QDD&E&2.3%P-,006.,(

/,00'63>&'%B,822%B52%.,&76822%>,09>603>,.2..42%326>&&%98,03&1.603& [1,2].

#26>&C 98,03&120@6F6%3212.&C 9>2B968,F,23?%136%@6'96.2.34 32.=6>, 9>&>,J2.&G

98,03&120@&A B2D6>',E&G 9>696>E&6.,8;.4 @6'96.2.3,' B25&,36>, 32.=6>,

.,9>CI2.&G?%9>&12'%52>.6 0663.6<2.&2

FB2 – &.32.0&5.603; 9>&>,J2.&G% 98,03&120@&A% B2D6>',E&G,

– B25&,36> 32.=6>, .,9>CI2.&G.

H% B2D6>',E&6..6G 326>&& 98,03&1.603& 96B67.62% 0663.6<2.&2% 05C=45,23%

@6'96.2.34 32.=6>, 98,03&120@&A B2D6>',E&G 0 @6'96.2.3,' B25&,36>, 32.=6>,

.,9>CI2.&G:

FB2% – &.32.0&5.603;%98,03&120@&A%B2D6>',E&G.

A*,0(33;($)('./;$1(B(3*8$C&/&+$50&,'*+3.,'*

/,00'63>2..,C% 54<2 =,B,1,% >2<,230C '236B6'% @6.21.4A% Q82'2.365% .,%

9>C'6-F68;.6G 023@2. $>,5.2.&2%>,5.6520&C?%=,9&0,..62 5%08,76G%9603,.65@2?%9>&56B&3 @%

0&032'2%->,5.2.&G%[4,5,6]

(1)
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FB2% – ',3>&E,% I203@603&, ; – 52@36>%

-=8654A% =.,12.&G% 92>2'2J2.&G; – 52@36>% .,F>-=6@?% 5@8:1,:J&G% 5% 027C .,F>-=@&?%

54=5,..42%9652>A.603.4'&%&%67Z2'.4'&%0&8,'&?%,%3,@I2%98,03&120@&'&%B2D6>',E&C'&.

%('./$5(1()(33;D$5&1&)('1.2$45146.,'*

P>&% >2<2.&&% @>,254A% @5,=&03,3&120@&A .28&.2G.4A% =,B,1% !X##% 0%

&0968;=65,.&2'%B2D6>',E&6..6G%326>&&%98,03&1.603&%<&>6@62%9>&'2.2.&2%.,<[8%'236B%

92>2'2..4A%9,>,'23>65% -9>-F603&( VF6%&B2C% =,@8:1,230C% 5% 36'?% 136% 5% ->,5.2.&&% (1) .,%

@,IB6G% &32>,E&&% D6>'&>-230C% ',3>&E,% . H% 0663523035&&% 0% Q3&'% '236B6'% 5%

0663.6<2.&CA% B2D6>',E&6..6G% 326>&&% 5'2036% 96036C..4A% 9,>,'23>65% ',32>&,8,%

&0968;=-:30C%92>2'2..42?%541&08C2'42%96%082B-:J&'%D6>'-8,'\

(2)

!236B% 92>2'2..4A% 9,>,'23>65% -9>-F603&% >2,8&=-230C% 5% 0663523035&&% 06%

082B-:J&'%,8F6>&3'6'\

1. P>&.&',230C\% , &% .

2. /2<,230C%-9>-F,C%=,B,1,(

3. P6% 547>,..6'-% @>&32>&:% 9>652>C230C% 0A6B&'603;% >2<2.&CK% 208&% 3>27-2',C%

361.603;%B603&F.-3,?%36%>2<2.&2%=,52><,230C?%5%9>63&5.6'%08-1,2%54968.C230C%9-.@3%](

4. H41&08C:30C% &% &% 9>652>C230C% -0865&2% 56=.&@.652.&C% 98,03&120@&A%

B2D6>',E&G?% .,9>&'2>?% ?% FB2% – 9>2B28% 32@-1203&% 9>&% >,03CI2.&&(% V08&%

-03,.6582.6% 56=.&@.652.&2% 98,03&120@&A% B2D6>',E&G?% 36% 54968.C230C% 9-.@3% ^?% 208&%

98,03&120@&A%B2D6>',E&G%.23, >2<2.&2%=,52><,230C(

5. H% 361@,A% 328,?% 5% @636>4A% -03,.6582.6% 0-J203565,.&2% 98,03&120@&A% B2D6>',E&G?%

96 B&,F>,''2% B2D6>'&>65,.&C% 69>2B28C230C% _326>23&120@62_% =.,12.&2% ,

9>&%Q36'%9>&.&',230C%>,52.0356% .

6. P6%D6>'-8,'%(2) 541&08C:30C%.6542%=.,12.&C%92>2'2..4A%9,>,'23>65%-9>-F603&%

, &% &%54968.C230C%92>2A6B%@%9-.@3-%2.
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%('./$3&+&0@3;D$/(7.1)&E*9

H%'236B2%.,1,8;.4A%B2D6>',E&G%.,%@,IB6G%&32>,E&&%9>6&0A6B&3%92>20123%52@36>,%

9>,56G%1,03&% =,%0123%56=.&@,:J2G%98,03&120@6G%B2D6>',E&&.

`B20; 52>A.&G%&.B2@0%-@,=45,23%.6'2>%&32>,E&&?%,%.&I.&G%– .6'2>%<,F,%.,F>-I2.&C(

a8F6>&3'%'236B,%.,1,8;.6G%B2D6>',E&&%&'223%082B-:J&G%5&B\

1. `,B,[30C%9>&>,J2.&2%.,F>-=@&% .

2. L6>'&>-230C%&%>2<,230C%->,5.2.&2

(3)

FB2% – 0-'',>.4G% 52@36>% .25C=@&% ->,5.2.&G% >,5.6520&CK% – 520656G% '.6I&328;%

.

3. H41&08C:30C 52@36>4%9>&>,J2.&G%B2D6>',E&G% &%.,9>CI2.&G% .

4. a.,8&=&>-230C% .,9>CI[..6-B2D6>'&>65,..62% 06036C.&2% &% B28,230C% 92>2A6B% @%

9-.@3-% R?% 208&% 54C0.C230C?% 136% 502% B2D6>',E&&% C58C:30C% -9>-F&'&?% &8&% >2<2.&2

603,.,58&5,230C?% 208&% 54968.2.4% 502% <,F&% 96% .,F>-=@2(% H% 9>63&5.6'% 08-1,2% 92>2A6B%

B28,230C%@%9-.@3-%^(

5. P6% 547>,..6'-% @>&32>&:% 6E2.&5,230C% 0A6B&'603;% 968-12..6F6%

-9>-F698,03&120@6F6% >2<2.&C(% V08&% >2<2.&2% 06<860;?% 36% 8&76% 54968.C230C% 92>2A6B% @%

9-.@3-%R?%8&76?%9>&%54968.2.&&%502A%<,F65%96%.,F>-=@2?%>2<2.&2%603,.,58&5,230C(%V08&%

>2<2.&2% .2% B603&F.-36?% 36% .,% B,..6'% <,F2% 96% .,F>-=@2% @6>>2@3&>-230C% 52@36>% 9>,56G%

1,03&% (% X8C% Q36F6% 5% 0663523035&&% 0% 547>,..6G% 326>&2G% 541&08C230C% 9>&>,J2.&2%

@6'96.2.3%98,03&120@6G%B2D6>',E&&\

FB2% &.32.0&5.603;% 98,03&120@6G% B2D6>',E&&% 69>2B28C230C% 0% 96'6J;:% B&,F>,''4%

B2D6>'&>65,.&C% 96% =.,12.&:% &.32.0&5.603&% .,9>CI2.&G% ,

0663523035-:J2G% 52@36>-% 9>67.4A% .,9>CI2.&G

.
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6. P>&.&',230C?% 136% 9>&>,J2.&2% 52@36>,% D&@3&5.6G% .,1,8;.6G% B2D6>',E&&% >,5.6%

9>&>,J2.&:%52@36>,%98,03&120@6G%B2D6>',E&&\ X8C%@,IB6F6%@6.21.6F6%

Q82'2.3,% 541&08C230C%52@36>%.,@6982..6G%.,1,8;.6G%B2D6>',E&&

&%Q@5&5,82.3.4G%B2G035&: D&@3&5.4A%.,1,8;.4A%B2D6>',E&G%52@36>%-=8654A%0&8

@636>4G%=,32'%0663523035-:J&'%67>,=6'%0-''&>-230C%0%&0A6B.4'%52@36>6'%9>&>,J2.&C

.,F>-=@&% .

7. /2<,230C% ->,5.2.&2% (3) 0%.654'%52@36>6'%9>,56G%1,03&%&%54968.C230C%92>2A6B%@

9-.@3-%^(

H% @,120352% @>&32>&C 0A6B&'603&% '6I.6% 9>&.C3;% -0865&2% ,

FB2% – .6'2>%&32>,E&&?% – =,B,..,C%361.603;(

%('./$3&+&0@3;D$3&518F(3*9

H% 638&1&2% 63% '236B,% .,1,8;.4A% B2D6>',E&G?% @6>>2@3&>65@,% 9>,56G% 1,03&%

9>656B&30C%&0A6BC%&=%968-12..6F6 .,%9>2B4B-J2G%&32>,E&&%=.,12.&C .,9>CI2.&C(

a8F6>&3'%'236B,%.,1,8;.4A%.,9>CI2.&G &'223%082B-:J&G%5&B\

1. `,B,[30C% 9>&>,J2.&2% .,F>-=@&% . `,B,230C% &

?%FB2% – F867,8;.4G%52@36>%.25C=@&%-0865&C%>,5.6520&C(

2. L6>'&>-230C%&%>2<,230C%->,5.2.&2

FB2% – 9>&>,J2.&2% % F867,8;.6F6% %52@36>,% %92>2'2J2.&G%.,%&32>,E&CA%5.-3>&%<,F,%

.,F>-I2.&C(b

3. H41&08C230C% F867,8;.4G% 52@36>% 9>&>,J2.&G% 92>2'2J2.&G% .,% <,F2% .,F>-I2.&C
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4. X8C% @,IB6F6% @6.21.6F6% Q82'2.3,% 96% 52@36>-% 541&08C230C% 52@36>%

9>&>,J2.&G% .,9>CI2.&G% ?% ,% =,32'% 69>2B28C230C% 52@36>% _9>67.4A_% .,9>CI2.&G%

?%FB2% – B603&F.-34G%->652.;%.,9>CI2.&G(

5. H41&08C230C%F867,8;.4G%52@36>%.25C=@&%-0865&C%>,5.6520&C

FB2% – F867,8;.4G%52@36>%B603&F.-36G%.,F>-=@&(

6. P6%547>,..6'-%@>&32>&:%6E2.&5,230C% 0A6B&'603;%>2<2.&C(%H%@,120352%@>&32>&C%

0A6B&'603&%'6I23%743;%547>,.6 -0865&2 , FB2% – =,B,..,C%361.603;(

7. V08&% >2<2.&2% .,% <,F2% .,F>-I2.&C% 968-12.6?% 36% 54968.C230C% 612>2B.6G% <,F% 96%

.,F>-=@2?%,%208&%502%<,F&%96%.,F>-=@2%0B28,.4?%>2<2.&2%502G%=,B,1&%=,@,.1&5,230C(%H%36'%

08-1,2?%208&%>2<2.&2%.,%<,F2%.,F>-I2.&C%2J[%.2%968-12.6?%B28,230C%92>2A6B%@%9-.@3-%NcS?%

.6%9>&%Q36'%D6>'&>65,.&2%->,5.2.&C%.2%9>656B&30C?%,%54968.C230C%368;@6%2F6%>2<2.&2(

G(,'.2&8$C&/&+&

H% [1] >,00'63>2.,% 368036032..,C% 3>-7,% 0% =,B,..4'&% 5.-3>2..&'% &% 5.2<.&'%

>,B&-0,'&?%.,F>-I2..,C%5.-3>2..&'%B,582.&2'% N0'( /&0(%1).

X8&.-% 3>-74% 9>2B968,F,:3% B603,361.6% 768;<6G% B8C% 36F6?% 13674% '6I.6% 7486%

01&3,3;?% 136% 602562% .,9>CI2.&2% >,09>2B282.6% 96% 60256'-% 0212.&:% >,5.6'2>.6?% ,%

-B2>I&5,:J22%58&C.&2%B.&J%.,%>,B&,8;.42%92>2'2J2.&C%.&136I.6%',86(

!,32>&,8%01&3,230C%.20I&',2'4'?%36%203;% .

X8C% B,..6G% 9603,.65@&% =,B,1&% -9>-F698,03&1.603&% 968-12.4% ,.,8&3&120@&2%

D6>'-84%B8C%>,09>2B282.&C%.,9>CI2.&G%96%368J&.2%3>-74\

5%-9>-F6G%678,03& [1,5]



http://sntbul.bmstu.ru/doc/563953.html

5%98,03&120@6G%678,03& [1]

`B20;% – >,B&-0%=6.4%98,03&1.603&?%69>2B28C2'4G%&=%->,5.2.&C

X8C%1&082..4A%>,012365%&0968;=65,.4%082B-:J&2%9,>,'23>4%=,B,1&\%5.-3>2..&G%

>,B&-0% ?%5.2<.&G%>,B&-0% ?%B8&.,% , .,1,8;.62%B,582.&2%.,%

5.-3>2..2'%>,B&-02 &%&='2.C230C%0%<,F6' ?%.,%5.2<.2'%–

630-3035-23(%d,>,@32>&03&@&%',32>&,8,\% , .

H%3,78&E,A%1 &%2 -@,=,.4%082B-:J&2%528&1&.4\% – <,F%023@&?% – 63.60&328;.,C%

96F>2<.603;(

X,822%9>&52B2.4%>2=-8;3,34%541&082.&G%9>&%<,F2%023@&% .

H% 3,78&E2% 1 -@,=,.4% >2=-8;3,34% B8C% B5-A% '6'2.365% 5>2'2.&\% 9>&%

&% >,B&-0% 98,03&1.603&% ; 9>&% &%

>,B&-0%98,03&1.603&% .

3(I.-J(+1

T>,5.2.&2%'236B65

!236B Y68-56% Y68-56%
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&32>,E&G &32>,E&G

X2D6>',E&6..,C%326>&C%98,03&1.603&

P2>2'2..4A%

9,>,'23>65%

-9>-F603&

4 5.794E-3 2.946E-3 12 6.758E-3 1.009E-2

),1,8;.4A%

B2D6>',E&G
6 6.134E-3 2.764E-3 19 7.639E-3 9.127E-3

),1,8;.4A%

.,9>CI2.&G
6 6.824E-4 3.56E-4 19 9.222E-4 1.083E-3

#26>&C%98,03&120@6F6%3212.&C

),1,8;.4A%

B2D6>',E&G
6 6.134E-3 2.495E-3 19 7.638E-3 9.128E-3

),1,8;.4A%

.,9>CI2.&G
6 6.824E-4 3.56E-4 19 9.221E-4 1.084E-3

M=% 3,78&E4 1 082B-23, 136 .,&'2.;<22% @68&120356% &32>,E&G% B,23% '236B%

92>2'2..4A% 9,>,'23>65(% Y>6'2% 36F6?% 5% B,..6G% =,B,12% 326>&C% 98,03&120@6F6% 3212.&C% .2%

B,23%0-J20352..4A%638&1&G%63%76822%9>6036G%B2D6>',E&6..6G%326>&&%98,03&1.603&(

),%/&0(%2 &%/&0(%3 9>2B03,582.4%F>,D&@&%6@>-I.4A%&%>,B&,8;.4A%.,9>CI2.&G%9>&%

B,582.&&% . ),=5,.&C%F>,D&@65%5%82F2.B2\

stress_rr_pars, stress_ff_pars – , ?% >,B&,8;.62% &% 6@>-I.62% .,9>CI2.&C?% 968-12..42%

'236B6'%92>2'2..4A%9,>,'23>65?

stress_rr_defs, stress_ff_defs – , ?% >,B&,8;.62% &% 6@>-I.62% .,9>CI2.&C?% 968-12..42%

'236B6'%.,1,8;.4A%B2D6>',E&G,

stress_rr_strs, stress_ff_strs – , ?% >,B&,8;.62% &% 6@>-I.62% .,9>CI2.&C?% 968-12..42%

'236B6'%.,1,8;.4A%.,9>CI2.&G,

stress_sol_r, stress_sol_f – , ?% >,B&,8;.62% &% 6@>-I.62% .,9>CI2.&C?% ,.,8&3&120@62%

>2<2.&2(
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/&0(%2. W@>-I.42%.,9>CI2.&C

 

/&0(%3(%/,B&,8;.42%.,9>CI2.&C

), /&0(% 2 '6I.6% 63'23&3;% 361@-% &=86',% F>,D&@,(% W.,% 0663523035-23% F>,.&E2%

98,03&120@&A%B2D6>',E&G?%678,03;%@636>4A%82I&3%0825,%63%361@&%&=86',?%5%36%5>2'C%@,@%

678,03;%09>,5,%06B2>I&3%368;@6%-9>-F&2%B2D6>',E&&(



!686B2I.4G%.,-1.6-32A.&120@&G%5203.&@%LTUU-51038

3(I.-J(+2

!236B%.,1,8;.4A%B2D6>',E&G

e,F Y68-56%&32>,E&G
 

0.1 12 3.165E-2 3.434E-2

0.05 14 8.594E-3 1.067E-2

0.025 14 3.509E-3 4.586E-3

X8C% &0082B65,.&C% A,>,@32>,% 0A6B&'603&% 1&082..6F6% >2<2.&C% 9>652B2.4% 02>&&%

>,012365% 0% &0968;=65,.&2'% 0F-J,:J&A0C% 0236@(% H% 3,78&E2% c% 96@,=,.4% >2=-8;3,34% B8C%

'236B,% .,1,8;.4A% B2D6>',E&G(% H&B.6?% 136% &'223% '2036% 0A6B&'603;\% 9>&% -'2.;<2.&&%

<,F,% 023@&% 96F>2<.603;% -'2.;<,230C( a.,86F&1.42% >2=-8;3,34% 748&% 968-12.4% B8C%

603,8;.4A%>,00'63>2..4A%'236B65(

 

H&-0I+(3*(

H% B,..6G% >,7632% >,00'63>2.4% ',32',3&120@&2 '6B28&% 326>&&% 98,03&1.603&.

P>&52B2.4% ,8F6>&3'4% '236B65?% 96=568C:J&A% 9>656B&3;% >,01[34% 5% 0663523035&&% 0%

>,00'63>2..4'& 326>&C'&. /,=>,763,.,% 9>6F>,'',% .,% C=4@2% fghihjk% B8C% >2<2.&C%

6020&''23>&1.6G%=,B,1&%-9>-F698,03&1.603&%'236B6' @6.21.4A%Q82'2.365(

X8C%9>652>@&%9>6F>,''4%9>601&3,.,%320365,C%=,B,1,%0%368036032..6G%3>-76G%96B%

B2G035&2'% 5.-3>2..2F6% B,582.&C(% P>652B2.6% 0>,5.2.&2% >2=-8;3,365 >,012365 9>&%

&0968;=65,.&&%>,=8&1.4A%326>&G%&%'236B65 0%,.,8&3&120@&'%>2<2.&2'(

>5*,.-$0*'(1&'41;

1. !,8&.&. )()(%P>&@8,B.,C%326>&C%98,03&1.603&%&%968=-1203&(%– !(\%!,<&.603>62.&2?%

1975. – 400 0(

2. Y6>672G.&@65 T()(% )28&.2G.62% B2D6>'&>65,.&2% 35[>B4A% 328(% – )6560&7&>0@% \%

M=B,328;0356%TW%/a)?%clll(%– 262 0(

3. `2.@25&1 W(%!236B%@6.21.4A%Q82'2.365%5%32A.&@2(%–!(%\%!&>?%RmU^(%– 541 0(

4. T2F2>8&.B n(%P>&'2.2.&2%'236B,%@6.21.4A%Q82'2.365(%–!(%\%!&>?%RmUm(%– 392 0(

5. L26B60;25 H(M(% T69>63&582.&2% ',32>&,865(% – !(% \%!"#$% &'(% )(*( +,-',.,?% clRl(% –

591 0(

6. T2'[.65 a(T(%H41&08&328;.42%'236B4%5%326>&&%98,03&1.603&\%-127(96067&2(%– TP7(%\%

M=B,328;0356%P68&32A.&120@6F6%-.&52>0&323,, 2008. – 211 0(


