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[.4% 4 (& - . #&"+$# *$& $ %+ #5+&()%+ #oH+* 4. -
*$2 S "H#, (&"%H  "%# &&* " $+&"+!*/ 3#, $ "#%+!"+$*/
&;&*$2  #%%3$S -$* (#%) ,&*&&20$ (&+*4. 1%#H$1 .&3$S+ #+&
-&Yo+ &FH2H , +$MH2  HN&*+'$S S H# [+ HHTHOH Yo+ #S+&()%+—
A0+ +& *& TI(H# #T8&% &-&##(B*,  *I1*# -+& *$-&%"$, Yot # #8.& -
*$&, $ S+ SO, *&UWI6$ "H U+ 1"$2 . (&.%+ $&, 9+HOH $($%) # -
8"+*& #$7"S , 14 *¥& , +#, -$%(& *&.HYo+ +#H-*H%+)5 Y%-&+HOHHTH#Y%
ST | $PAHE" -&%+ # HBA#. %+ %+ #S+&()H  TH+.

#7(&, S0 *&%I6S "H %+ 1"$2 (* %+ .$1 Yo+ #$+&()%+
$9"% (1+'$$ ) SHT &+ &+ HUHTHE* -&*$&, 8*#%+) "#+# #0#18& $ -
4% ($  H#&'+$#63$"S |, %+ #S+&(TS % &'S ($%+/ * .4#*  #0*$4'$2 .
K & $HOH *&BL $ (O# S+,  &&*BL * %&O#.*1*$2 .&*) *& | -
TH+*#. %HTHOH *$,*$1  4%(18% &+ .$* ,$-&%"$2 ( $*+ -

) &+, "HHEI2 |, # 4 I%(1 , #4#H(1&+ HT%(&H# +)
4.%$& '&H#, $/1$+) 4*-$/& $4,&*&*$1 *&%!6$ "# %+ !"$1  7&4
$*%+ |, &*+ ()HO# #4.8&2%+ $1$ $4! )#0# #%H#+ "8.H2 "#H %+ !"$S$ .

%#8 (&*$5, #$,*$$  %!I+$ #4 #8#H%+82$ #0 *$-&*$2 .$* $-&W"# -

O# #$+#$0 *& #.305+ $ % /& «% &8$& *#,+$*&  +&T# *$1

53778-2010, &. $%/ 56$&  «...35"%$# +) 4*-&*$1 (&$#. $

(#O $3,$-8&%"#0# .&" &,&*+ ) #Yo*# *HO# +H#* YHTY%+ &** "H(&T *$2 «#
+ &, #%1,8&%+"#%4$*$1 ».

+,&+$, 1%(#8*156!5 % &'$33$"! /%#+*  4.*$2 $ &$,/6&%+
%&2% ,#,8&+ $-&%0 " HOB A & Y+& #T(&,)  HSHH S0 : TH(); 1
4,8 *#%+) $ $T7&()H%+) (* $& , # *014", |, %%, $ 8&%+"#
%+1) #7<&"+ $ %(H8*H%+$P4! ()*# -$*%+ |,&*+ ()#0# $ # &.&(&*$1
(4+1%&* $($ *& #4,#88&* #& +$*2  #H%+! " TH();$%+! *&%!6$
"H%+ 1"$2  8$(/ ,#3$%Y $$  #,&6&*1 ).



*o+ 1,&%+ ()*/2 ASH# S0 T&AHHI * &" +H& , +&, +$-& -
0% "$&" H* S+ $*OH /& " H.&S 4. *SL *HUSH(I- 2 -7&%6%.,/%(&**/2
& $, #HE VS HHHWHA$L& ()Y #T(&, . #1MH& " #-
*PHHS0H /& " H&(P $,&5+ 1. % &'P3$-&%N"$ #+($-$2 #+ %-&+*  # -
&(&2, $% #OA&,] (1 #HTHY%H *$1 #&'+*  &&$2: & ($4'$1 *&
#&"+ ,  3"+$-&%"$ 3$4$'#-,& *$-&%N"$ % #2%+%+ #$+&()* , -
+&$(# (7&+#*, ,+!/ $. )P 0&H &t $S"# %+ I"$S ; I-&+ *&*H#, -
+$* , 3"+$-&%"$ $4,&&*  *04#" $ #4.8&2%+ $2 "(5-&*$&
%+ +$-&%"135, #U%HT7E&** #%+B* ,$-&%"15 T#H+! S %(7/ B##HI »
#4.82%+ $1 *#,$* )*#  *&*&%!6$ "#*%+!1"$2 ; TH+ 1. 4#H $ W#
&.$*&*$2 # % &, , , #+($*, #+ $r1+/ H&"+&, . +$1&#%+) (" -
($7 1&,#Y%+) , "#T1- & #%+)") #.&S # . %/,  $U%+ |, &*+ () HOH# H#*$+# -
$*0 , +#, -3%(& "(5-&*$& #T7* 18&**/ &3&"+H# .

4 1'$21 (& - .=&()5 .$%%& +'$##2 T+ 1(1(%) 4-
TH+" $ $U%0(&H# *$&-$U6(&FH2 &+HS'S "" HWHI $  YoHY+ &, -
(&"%*H2  Yo-&+H-$*%+ | &%+ (H2  %$%+&,[$* $-&%"HO# H#H*$+# $*0
*&%!6$  "#*%+ 1"$2  [%#H+*  4.*$2 -"#, (&"%# * 4*-$,/ %+ .51
#4 &.&*$1 $9"% (! +'$$ .
% #.1 $4 #%+ (&2 '&($ THH |, & ($%) %(&.156$& 4 .-$
* (%4 .&2%+156$  #AN%$2%"$H , +$*H# - &HH.$-&N"S H#'&* -
-0+ S0 S OM ( +H, -$%(& 1%H+H ) 4782 (1
YR ASA'SS Y-8+ H0"% & $,8%+ (0F)  SUY(&H *$2$ 4 THHE"
4 TH+"  -$%(&**H#2 &+#.$"$ * 7 4& &+ $41&,/ $.+$! -
&1 (# &AI)++, $4,& &2 $* $-8%"$  "+& $U+$" HT<&"+) "#-
& HO(&, &+ H.&(&2, HAH(15682 #HE&*B+) YHYN+HLI*FRIIES H* -
%+ 1"$2  [%H+*  4.*$2 %!-&+#, #+%+! (&*P2#+ #&"'+ * 4*-$/
%+ .$1 %+ #3+&()%+$9"% (! +'$$ ;
T# 7 A# HO# $*%+ |, &%+ (*HOH# &+#. 3% $-&U"HOH H$+# -
$*0 , L# (&+# 156&0# + &7# *$1, #H(*#+ |, +#-H%+E # & +$ *#%+$
$4,8 &*$2 (1 1%#+*  4.*$2 :



HO . *1 & ($A'SL -$%(&FH2 &+HSD'S %oHYo+ #HE SR, &+ -
$41&,1 ;- H&&2 9'% & $,&%+ ()Y %+&*H#, &%+ $+&0% (1
4. $%%(&# *$2

& $3%$" '$1 | &H#.$"'S * 1 #,1*14/ %+&*#/ #.&1A - #4,#8 -
*#%+H)H' &S 3 "+3-&%"HO#YHY+HLI AT 18&*$1 4% -$,/ &3&"+# %
$% #()4# *$&, [7 *HO#  $ %+ L&+ ()HOH# &+, |

HT'S1 4 TH+*#2 " (&2 &+HS$'S * & (H, #4 &
& (Yt 4.%$S %1 (&S (# &AI)++, HT%(&H# *$2) #+
%+! (&*$1,$ #+ #&"+ $0$ #+&+$-&%"$,$&3&"+,$ .

$- L ($# | $#%!" . %-&+*$ [ &+#..$ $% &%+ S
$%6(&.# *$21 (15+%1-$%(&*/& &+ &&*$1 4.- ($*&2#2 $*.$ -
"$ "H# %+ 1I"$2 P UH#H &&*/& | +&, +$-&%"B& #.& & *$'S &3# S -
& HO# + & #HO# +&(, & ($4# *I& & $3$'$ # **/ #0 |/
"#,(&"% 9 ,&t#H.[ +&H# SSHT +*  *&"#H &'+ 4. - .

4,8 &*S1 YHT%+ &% - Yo+#4$ 3#, [ H(*1($%) # &+H.$"& Qb+l
S H(* », 4 THEPH2  &H3BAS-&%"H6(I8TH2 $ #HISH* -
H2 * H#T7<&"+ 0% #+& *$-&%"#HOH# + *% # +*#0# 0 8. *%"#O0# %o+ #$+&(0
%+ .
12%.+ % #!'%. :

4 TH+* -$%(&** 1 |\ &+#.$" |, #%*# **1 * &+ $41& #2 $
B 1&H2  (# &AN++, $4,&&*B2 % &'+ YHT%+ & - %+H+P
3, HRT*S2 HT<&'+) #%b+ *Uor 8FHD $F $-RUH2 "HF&-HO(8,8*+ -
2 HE&(S , HAH(IE6 1 H#E& S+) HYHHL*GRYOIBS "HU+ I"$2 Yo+
o 4.%$2 Y-&+#, .&3&"+# $ #+%+! (&*P2H#H+ #&"+ * 4*-$/ %+ .$
1 %+ #$+&()%+$9"% (! + '$$ ;

4 TH+* 1 &S & $3PSH * * ot H#  H#.&(1

$H#A(  HAHBHYF) #T* 18&*SL 4*-$/  .&3&"+# Y% #()AH#
*$&, %+ L& + ()*#0# [ &+#H. Qo+#1-$ #(* »;

| #(*&* #7'$1 4 TH#H+#2  &+#.$"'S * #4&&H, | -
Vo, 4. %S % /L (&S  (# &AM+ +, HT%(&# *$2) #+%+! (&*$L
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S H+ HE'+ L H A 1 " T(SAH%H)-$%(&F S48 & - Yor#i
3, 4 -SH#, S AP -Yrit+" S« #1%" » 1. -%+#$ 34, $
(*$# *$$  $4,8 &*$2 7&A-&+ &AI+ +# ¢ $-8%"HOH *($4 . -
H#E&(S .

(. 12 '%.2 %!
-$%(&** 1 &+#.$" & ($4# * % &S (P4 # **#,  $%%(&.#-
+&()%"#, #0 ,*#, "#, (&"%& ( ) «/ANSYS- », 4 TH# -

g % 7 A&1F$ & % ()HO# “#, (&'% ANSYS Mechanicah %#.& 85+ -
&+ $4# **[& #%+ *%+ &**/& .$* \$-&%"P& "H*&-*H#I(&,&*+*/& H# -
&SB! %+&*H#H :

(1 %% #+ &*HO# [Y#+*#0# 4. *$1 1%+ *# (&*#, -+# .$ 4#*&
VHT%+ &**/ - Yor#tH1+0 # 14 ' (200%$4;$ 3, "H(&7 *$2) 3 "+$-8%"$&
#H+%+! (& $1#+ #&'+ *& #1 (15+%1, 0% #+&+$-&%"$&. (& $1 » #.:#2
$4*8%!6$ "HH* , %+&$($ 3 0,&*+ & &"/+$1 4*-$# %" 4/ 5+%1 *
1.& (#' (O*  3t, "#&7*$2 $ 40+ 7/+) $.&*+$35'$ # */ #.8& $*-
%+ 1, &*+ ()*#0# #*$+# $*0 | &+H#H.H#, «Qo+#1-$ #(* »;

* o H#HWH *$S [ H(&F $%%(&.# *$2 &"#,&*.1&+%1 *&. $+)
&.(HB&* 5  "#, (&"%*5  %-&+*9"% & $,&*+ ()*5  &+#.$" (1 .$-
* $-&%"#O# #HP+# B0 *&%!6$ "H %+ 1"$2  [%H#+  4.*$2 * %+ .$
1 $ %+ #$+&()%+$9"% (1 +'$$ .

#(% 4 H(-&*  &AN)+ +# HT78% &$ &+%1

$,&*&*$&,  #HIS# *HO0# | +&, +$-&%"#O#  + (+&# $$*&
"HO&MHH A .- ) $ -$%(& | &HHH (& "HE&* 9(&&*+H (1
#%+ *%+ &H2 $%" &+$4'$S $ T(H-*2 | &+H#H. *H; (1 &&*$1
- %+ #H2 #7(&,] YHT%+ &** 4* -&*$2), & ($4# **/ & $3$$# * -
*#, #O | *#, "#, (&"%& ANSYS

&;&*P&, %& $F&%+# /4 .- $% *&*P&, YD"% & $,&*+ ()¢ #-
(1-&**.$  &4I)++.,$ * %+&*#/ #&1 ;

% *&*$&, $ %# #%+ (&*D&, #(1-&**/ &;&*$2 % **[$ *+l -
| H#T%(&# *$2 $%&AI()++,$  %&2%,#,&+ $-&%"$H4,8 &*$2.
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% $(%! . 4 TH+*1  &+HES' $ & (PAIB6&SE  #O ,H&  #78&%
&-&*$& $,&*15+%1 M HT A# +&(#, &+ & "H#,)5+& *HO# -
&B# *$1 (= ) $ 1 -SU6(8&H +&OWH, &+ & «+ -
$ ».(1 Y-8+ HOHHTHYU H *$1L"#H+ 1"$2  [Y#+*  4.%$2 * o+ $1
HE S # 1 $9'06 (1+'$$ - #S+# $0

206" # .5 .+ . %& 4 THH'S $S%%(&H *$1 $A(HBE &

SUNE + 'SHH2 TH+E, #&&H  (BH VoHSN" +&(&, H &YV’ 1-H2
&L+&(HY%+$ 4 Yott &Yo+* 17($"'$2 $%%E& +'$5 "(5-&* ($;) +H+
A& S (L HHEI K& HY &%+ &7 B+ (&8S+  YHS%" +&(5

0l #% + +

“$U6(&** 1 &HHS" | HUH 1 ¢ &+ $A&H2 S . +$1&#2
(# &A0++, $488&*$2 % &"+ YoHT%+ &/ - Yo+#i+$ 3#, "H(&T *$2
HT<&"+) $* $-QU0"H#2 "H&HO(&&*HH2 H&($ , HAH(1561 #&*$H)
UHYHHL*BRIOIBS "H#:0+ I"$2  [UoH+H 4. *$2 %l-&+#, &3&"+# $ #+
Uo+! (&*$2 #+ #&"'+ ("(Y6U67&+H*, 0&H, &+ $-&Y%"$&+"(#*&*$1, #%( 7(&*$1
R R $ %% & & +$1S . ) * 4*-$) %+ .31 Y%+ #$
+&()%+ $9"% (1 +'$$ .

A+ + & $3$"'SHH 4. -, &&* HTHY  *$& HYo+#

& *H0o+$$ 033&"+$ *H00+$ 4 TH+ *H#2  &+HS'S % &'$ ($4S # B,
$U(&H# +&0)%"H, #O | H#,  "H#, (&"%& ( ) «<ANSYS- »,
4 TH+ ¥, % TA&K1*$ & % ()HOH# «+18&(HOH "#, (&% ANSYS Me-
chanical $ %#.& 8 6&, &+ $4# **/& HYO+ *%+ &*/& $* $-8%"$&

-HE&S ! %H&*H —«+8&" »$ «#U+I"+# ».
QAN+ +  HT'SS 4 TH+OH2  &+HS'S * HAK&MH, | -
Yolt+*#,4. *$$ — «$$87() »%/1(&*,$ (# &410++, () -
+&*+$*  HT%(&# *$2) #+%+! (&*$1,$ #+ #&"+ , #'4 ;1 "' T($-

AH%+)-$%(&* S $A,& &M - Y%+#+$ 3,  SHW, S A& - -
Yottt " S« #196" » 1. -%+#4$ 34, $ *&"-&Y%+ &, (*$# *$$
$4,& 8&*$2.



AN+ +  $%%(&# *$1-! Yo+ $+&()*HY+$S %o+ | &*+ () HOH# &+#
$* $-&U"HOH HSHES0 " $'$1, & H# %$Y+& #+ Yo+&*F H#
| #.8&(&2 # & ()HO# [%H+*HOHA. *$1 .

(& 1+ %./2%-1 |, B%!" S HWMHY &AM+ +# [ H(&* -
HOH $%0%(&.H *$1 #$4 &.&*  $.& H'(H ¥ 1.& XM -+& *$-8%"$
38 &¥$2 |, %S, HABIH S %&S* # , +H, -$%(&

&B.IF #X& %S, #ASl/ "+ (Y&  HT(&] H#, )5+&*H# -
O# #.&(S# *$1  "#0%+ 1"$2  $ %o## 18&*$2» (Il — ##-& " %%" , 20100,
IV — &(17$*%", 20120.);

&B.IF #4&  H*B&&MPS ¢ +&, +$-&WHE& H.&($# *B&
& & Y (B % &* HUMH&&HHH 0 *$H  $HEH  9(&,&*-
+#. BEM&FEM”, -&+&7'0 (XX — «BEM&FEM-2003», XXIlI —

«BEM&FEM-2009», XXIV — «BEM&FEM-2011»);

,&8.1* #.*/& - "+8-8%"$& "H#*3& &M'PP «&H#PL $ " -
+$" %-&+ 4.*$2 , %o## 18&*$2 $ (&, &*+# "#H*%+ 1"$2 . * ($+P$-&%"$&
$ -$%(&**/& ,&+#.] », , #%"  (20080., 20100.);

*1K&  %&$* | = "#,)5+& *HO0#  H#.&($# L I*$" ()
4.*$2 , %ottt 18&*$2 $ "#, (&"%# (2009-201200).

/&1 .11 L H O +&, +$& $%NWE& + S 1T($H H W%&* . +)  THT,

+#, -$%(&&%+) 7#+ $4.*$1 |, "(6-&**/ & &-&*) &"#,&*! -
&,/

( I(. P &7) (& - . $%%&+'$#*1 T#+ %HY+HPE &.&-
*$1, 1+$ 0( (%/#..$ # "8#2 0( &), 4"(5-&*$1 , % $%" ($+& +! -
[ . 76$2 #7<&, .$%%& + '$$— 149%+ *$', 60 $%!*"# , 24+ 7($ .

## 3 %!l $H#$+%NL #7THUWH# *$& "+ ()J*H%+$ THH | # &&(&-
 &,&t &S $4.-3 $%%(&H *$2 & &F%(&* #Y%*# */& *1-*/&
$ "+$-&%"$& &4+ 4+ , $&EH " +'HE& %#H.& 8 *$& .$%N%& + '$$ #
oC ,

,#" *H $#.$+%1L * ($+$-&%"$2 #74# %o#t &, &**HO# Yo#%+H#1
*$1 # #% IS0 *&%I6S "#%+ 1"$2  I*E () . tH#, -$%(&
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[%H#+%  4.%$2 . %% H+ & $# 1 "+$" $ % &SP #%%$S2%"HOH
%+ #$+&()%+ [%#+*  4.*$2 . &+%1+ "8& "$+$-&%" 1 #&*" .&2%+ L
56$  #%%$2%"$# , +$ */ L&+ HT(%+SHS+H# S0 S () -
| 4.%$2 .

#HO#H&  *$,*$&  L&(&*H 4 TH+'& .&" +¥/ H%+ *Yot+ &**/
%-&+*  #.&(&2 "#%+1"$2 , 4.*$2 $ %o 18&*$2 .(1 %+ .$$ #&"+$ -
# 51 $ %l-&+#, 3"+$-&U"HOHYHY+H1*$1P &.&* S %$%+&, +$4S # *
*T#H PF$&% (Y S%E&S($4SH N "HE&HI&&*+H  #O ,, -
X # (&"%H# , $% #()41&,/ SHH2 $H+&-&Yo+ & H2"+$'&  %-&+
HO# HTHY H *$1 [%H+*  4.*$2 . +,&-&* 4*-$/& = "+$-&%"$& &-
AN+ + # %#HA. *$5 $ $% #()4# *$5  $*%+ L,&*+ ()X | &+H#H S+ -
$0 ("6G-1 .$*,$-&%"$&) *$" ()*/ %o 188*$2 9*& 0&+$-&%"#OF
0 8.*0"#0# %+ #$+&()%+

#O# (" *# $H#S+%L  #I%*B& 4 TH+ PH2 %o-&+*1
9"% & $,&*+ ()*#2 &+#.$'S HSHHS0  *&%I6S "#H%+ I"$2  [%bH+Y/
4.%$2 | #%*# H#2 * &+ () THO:& 4,&* #%+ *Yo+ & B+ -
$-8%"$ : -#&(1 , &+ $41&/ (1 %& 4*-$,/ %+ .$2BPA*& -
O#'$"( »#7<&"+$ . +$1&,/ # . $0%+ &+ ()Y *7(5.&*$2
( +#, -$%(&* #Y%*# &IT *#0#  &+#. Qo+#1-$ #(* »).

(4" *# &%+ (& #3% *$& % &'S ($4S# “#HO# $%%(&#

+&()%"#0# #0 ,HO#  "#, (&% ( ) <ANSYS- » & ($ -
AI56&0# 4 T#H+*15  &+#.$"l * T A&I*$ & % ()*#0# "H*&-*#9(& &*+ -
HO# #O | *#0#  "#,(&'% ANSYS Mechanical& $3$'$ # **#0# %$

%+8,& (L *IH&"S %+ #S+&(OH 4 .- .

2 # (" *H#  SAHS&H &AM+ + & $3$"'SS 4 TH+ PH2
GHES'S | [HO&M2  * 1 # A+&0Y  %+& #| H&(DL  «#* -
Yot I"+# » $ «+8&" » (48&*+/ = #$HE$0 ) $.&

O, »$"#+#$1&# .&3&"+*  $% #(*&*$1 .

10



AT $&&H &AM+ HT'SS A4 THHPH2  &HES-
"S OSSO * [%HME, H (&'%&, #4&&™H, % /1 (&,  #+
%o+l (&*$1,$ #+ #H&"+ .

VoM *& [H#]  # #+.&(0%, O , HTHT6& . 82 %!

11



&*.&*'$1 4 $+$1l S$HH#2 Yo+ #P+&()H2$*.1%+ $$ #T71%((# (& #-
1 (&*$&, T#H()#HOH# "#($-&%+ [Y%#+*  4.*$2 %HW(#8*,$ *&%S$,,&+
$-*$  3#,,$ . 10#! #78&% &-&*$1 $+&"+! *#2 | AS+&()*H%+S $
¥$" ()*#%+$  [%#+*  4.*$2 4 T+ 5+%1  *#/& #&"+& &&*$1,
*& $,&56$& *(HO# . $  H&'+SH *$S  +"$ HT<&"+# HWHTHES, *$&
%(&1&+!L.&(1+) * .&8*#%+$ $ 8% -&%+$ *&%!6S "#*U%+ I"$2  [Y#+*/
4.*$2 .

1.1. - %- '$.0%01+ —)I(#" - LM+ , 151,

1.1.1.

4 $+8& "H%+ 1"+ *  %$%+&,. *$2 +&%*Ho 14 *#% 4 $+$&, 9"#-
#,$"'$ $rIH2  +& *HHOPE . &*FB&  &,&*F %+ #$+&()%+ #HO#O+ 8 -
o 4.*$2 TI(# #O *$-&*# % #2%+ $$% #()41&,/ ,+&S#H $*&#-
%+ +#-*, 4**$&, $ H#H-H#H%+*/ "+& $%+3$" . + #$+&() %+ # &(#%)
&$,16&%+ &*# $4.& & ,"*1 ,"$ $- "%+ I"$S %N+&H(!- ($%)
0##4."$,$ |, *I+ &*&& #%+ *%+#, (&*)"S, . +#$+&()%+ # /%H+*/
4.%$2 *#H#2 O# 3P *- (#%) 80-&O0#./ XIX &" . #8*# [.&S$+) +$
O+  4$+3$1 [%H#+HO# Y%+ #$+&()%+ & /2 9+ —UB0- O0#.# XIX &-

Hr-( 30- 0## XX &" . &$# 9HHB-&N"#2.& &NYNIBO-
O## . . +#0# &" %+ #$+&(0)%+ #o#+*  4.7$2 &" +$(#H%) #
HUH- Sl HHH2 SHH2  H#2% . +HH#2 9+ —UH60- # 80- O## XX &-
" &+$2 9+ —UP0- O#A# XX &" #*:;$ *&2.

& /& *HO#9+ 8*/& 4.*$1 %+ ()*/, *&%!6$, " "%#, T/($ #-
%+ #&* ,&$"'& , 1883 $"0# — 119+ 8*#& 4.*$& City live, 1889
109+ 8*#& 4. *$& Rand-McNall. & &4 . 0#. #%+ #&*#4. *$& Masonic
($%1.1), "#+##, 7/( $#)AH * " "% $.& &+$"()#2 3&,/ %
%'#% .,$,$ & /& -+&*# ($1*$& &+##2 *014"$ # [%#H+&4.*$1 .
7 T & 12 ;0 # 1(1&*F5 % H#WHT #&"+$# *$1 b +& *#(#0$S

12



#4 &.&*$1 Y%+ #S+&()* "# %+ 1"$2 % H#O# [%H#'#OH 4.*$1 +HO# &,& -
*$.  19090#.! #%+ #&*#509+ 8*#& 4. *$& Metropolitan ($%1.2). /%#+

#33%*#0#4. *$1 City live )5 -#"& 213, 4.*$& Woolworth — 241 -
19130#. #%+ #2"$ ($%1.3). 1913 # 19290#. #%+ #&*| .& 1+)
1%#+%  4.%$2 | [%#+ "#+#] &/ ( 200, +#, -$%(&4. *$& Em-
pire State Building )5 -#"& ($%1.4).

1.1 Masonic Temple, : 1.2 Metropolitan, "#3$ -%
: , 1892, 21 . , 1909, 50 &

.1.3 Woolworth Building,#$ - 1.4 Empire State Building#$ -
% , 1913, 57 & % ,1931,102 &

13



8 &*$& $ 4 $+S& SQ(KAHTEHH "H O+ 1"$2  H$Y% #.B(#H ,&.(&*#

$%N& &/ ,$

1*_$*1

IWXIX &" .

’/1

& 1,

[%#+*],

8&(&AH#HT&+#*%-$+ &+UABI+ 8*#& 4. *$& Ingal =$*$** +$

19310#. % ,/,

4. *$& Exchange

$A(#HB&**H#2 [:&
CHH,$-&%" 1

%" &T#. #%(& +##2 S#HH#2 #2*/

HARHTH (&*H *
0 &%%! 4*/

$+3 (

Vot ()H2 "H %+ I"+$ *H#2 %$%+8&,&
& &%%$I130- O#H# 4 "#*-$(

+& *HH(HOS$-&%"$*# #,

HT(%+1 * IS | #$4H;(#

1(1-:8*$&

O#!

%+ #$+&() %o+ #%H+*/
l#*& , 7T(0#. 1 T#H(O#,

4.
(

#0 #,*/

" -&%+

*$&, $4
). #

1%H#'S, 4.*$8, $AB&(KAHTE+HVYo-$+ (HYP3 O+ 8*HE
), "HR+ I"+S * 1 0% &, "HHH HO#TI(

HHAT

, +&$ (#

*&TH#
4.%$2 7I(#
#H -

#(1-$($ 4 $+3& *# /& "#%+ "+$*/& %$%+&E $H&"+H */&  3#,
1 &($-$( %) [%#+ 4.%$2 . +7($& 1.1 $#.1+%1 .&%1+% ./  [%#'$
4.*$2  #%+ #&**/ & $#. %1906 # 19560#..
( 1.1.
, 1956.
( - 6 - - '%.2
1) % #.%! ($ %. $ % 4 ) %!
Empire State * *
1 Building )5 -# 1931 102 381 3$%*H&
2 | Chrysler Building )5 -# 1930 77 319 33%*#&
Cities Service Build-
3 |ing (American Inter-| )5 -#" 1932 67 290 3$%*#H&
national Building)
40 Wall Street " .
4 (Trump Building) )5 -# 1930 70 283 3$%*H#H&
RCA Building (GE .
5 Building) )5 -# 1930 70 259 3$%*H&
6 | Woolworth Building| )5 -#" 1913 57 241 3$%*#H&
Moscow State " 7 A#
7 University #% 1953 36 240 +&()H&
Palace of Culture #() - 7 A#
8 and Science ; 1955 42 231 +&()*#H&
9 | 20 Exchange Place| )5 -#" 1931 57 226 3$%*#H&
Metropolitan Life
10 | Insurance Company| )5 -#" 1909 50 213 3$%*#H&
Tower

14




& $#. %60-80& #1 $(#%) ,*#0# "#*%+1"+$*  %P%+&;+# #%(!-
8S(# %" -"#, 4 $+$$ %+ #3+&()%+ [%H#+*  4.*$2 . #%+ #&*H 46 4. -
*$2 [%#+#2 T#(&&200, .  19690#.! #%+ #&*#4. *$& John Hancock Center
($%1.5), | #(&*#& $4+I17-+ (& &+ %*&*&2 H#2 $ %"#%-
$. 1973, )5 -#"&  #%+#&* 4.*F1 %&,$ *#HO# +# O# #O0# '&*+
($%1.6), $% H(*&**I& $4 H2 +17- +#2 "#%+ I"$$ %l 10$,$ # -
+$4 +# | $ . 11 %&*+17 B+$4.*$1 7/($ 4 ,&*/ #.& +& "+ . 1974
O#.! $"0# #%+ #&*#4.*$& Sears $%1.7), [ #(*&**#& +"8& $4+17 -
-+ O(&,&*HE , +# HAHSH 1,&%):$H) % #. %+ ($* 20% # % *&-
*$5 %Empire State Building.

I
|

)

.1.5John Hancock Center, - 1.6 World Trade Center,"#$ -
, , 1970, 100 & % ,1972,1973, 110 &

. 1.7 Sears Tower, ,
, 1974, 110 &




& $#. # 19800#. +"8& T/(# #%+#H&#H# 1" 134.*$2 $48&(&4AH#T&
HER) 0+ 1MS2 | [%#H+ “HH#] & [, &+ 200, ,$184.*$2 $4%+
(&B&(&AHT&+#** (&, &*+# , #4 #(156%  933&"+$ *# $% #()4# +) & -
$,168%+ %+ ()*/ S B&(&AHT&+H* "#*%+ 1"$2 . % #()A# *$& 9+$
"B+ 12 HAH(S(H 1,&%):$+H)  WHTY%+ &**28%1%"# $+) Yo+ #$+&0)
%+ #1,&%);$+)  (#6.) *&%I6S "H%+ I"$2 . &AI%#H *#,! 9+$ "#* -

%o+ 1"$2 +#B&EY+Yb HE & H%+ +'$ P #+ &TH (H%) # &Y+$TH()H#& "#-
($-8&%+ #3%Y0(&.# *$2 .(1 $41-8&*$1 %& % #2%+# #O# Yo+ #S+&()*#O# -
+&$( . $8& $H$+W1 +7($ %, [%#H'$S 4.%$2 $ * 19760#..

( 1.2.
- 1976
1) % #.%! ($ (.%. $ %6 4' i ) '%.2 %!

1 | Sears Tower $" 0# 1974 | 110 442 3$%*#&
One World Trade " 0fk

2 Center )5 -# 1972 | 110 417 3$%*#&
Two World Trade " N

3 Center )5 -# 1973 | 110 415 3$%*H#&
Empire State " 0%

4 Building )5 -# 1931 | 102 381 3$%*#&
Standard Oil (now " .

5 Aon Center) $" O# 1973 83 346 3$%*#&

g | John Hancock $" ot 1970 | 100 | 344 | & *#&
Center

7 | Chrysler Building )5 -#" 1930 77 319 3$%*#&

8 | First Canadian Place # #*+# *, 1975 72 298 3$%*#H&
American Interna- " ofk

9 tional Building )5 -# 1932 67 290 3$%*#&
40 Wall Street (now " Ok

10 Trump Building) )5 -# 1930 70 283 3$%*#&

90- O#.# >> &' 9$&+ Vbt #$+&()%+ %+ 4.*$2 %,&6 &+%$4
&&*H2 &$"$S  4$5 . 19960#.! O##.& !*8#  ($+2) #%+ #H&
*H 80-+$ O+ BH& 4. *$& «BI*%$¥) » [Vo#+#2391, . . *$& [H(*&*H#  #( -
HY0+)5 $4 B&(EAHTEHHF "#* 0%+ 1"$2 . 19080#.) (& -11& ( -
(24%$1) #%+ H&*HH3SU HEL. *$& 889+ 8&2 452, ($%1.8),$ 20030#.!

O# #.& 2792 #Y%+ H&* &8.1* #.52  3%**0# /2 '&+ — 1019+ 8, 455
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 ($%1.9). 4% . A4S [H(&  $4%,& *  "#%+ 1"$2 . :33&" -
+$ *H& HT<& $*&*$&Yo+ ()% (&, &*+# UD(&,&*+ ,$ $ATE+H* $ B&(&AHT&
HF HAH(15+ HY+SOM4)H +$, )HOH  YoHH+HELISLH S &+ #
HAH00+) | 106+H#2-$ #Y0+).H(0# &-*HY0+), T&AH Yo*HY%-Y O"HH,$-H%+) .

( 1.3.
- 2012
6 -1 ] %2
'H 04l 'S 0l 0,
S#.%! $.%!+ ($ (.%. $ % 4 ) , %!
. . & *

1 | Burj Khalifa 7% : 2009 163 828 | ;#&
2 | Taipei 101 2792 2 %) 2004 101 508 | 3$%*#&
Shanghai World * ok
3 Financial Center 2 $+2 2008| 101 492 | 33%*#H&
International . & *

4 Commerce Center| HEHO $+2 2010\ 108 484 H&
International s & *
S Commerce Center| HEHO $+2 2010) 118 484 H&

6 | Petronas Towers 1 ! ( ! (24%1 1998| 88 452 | 33%*#&
7 | Petronas Towers 2 ! ( ! (24%1 1998 88 452 3P%*#H&
Nanjing Greenlang s & *

8 Financial Center 3 $+2 2009 72 450 *#&
9 | Sears Tower $" 0# 1974 110 442 | 33%*H&
10 | Kingkey 100 9*)-89%) $+2 2011 100 440 | 33%*#H&

& )& -& 4 . .'+)  (&+ A$S #Yo+ HE&MHAA &THYW" &T», +#,
“$96(& "HHSFEFH (), S+ & —24, #HHO0& — 5% 2 *& —2.4 .&%1+$
%, I%H'S 4.*$2 & 1+) #H%+#&Y  4$$ 4 #%(&*$& 15 (&+
(+7(.1.3). +*# $+%1 #-& $*, , -+# 4S1 ( HYHTEH%+$+2 ) %o+ ( #%
MR 2, Yo+ #S+&() Yo+ Yot 4. %52

17



. 1.8 Petronas Tower}, -* : 1.9 Taipei 101, #

1* & 20100#.! %#%+#1( %) 8&%+ &** 1'& & #*$1 #+" [+$1 *&T#
%" &7 1.8 ->($3 "1*&2;&, O# #.& 7<&F*&**/ 7%'$  $ -
H — 178& ($%1.10). /%#+ %t 18&*SL %oHYo+ (1&828 , "#($-&%+ #
9+ 8&2163,#761 (#6.) 344000" .,. 4 «&"# . # » %# & ;& - -
Vo+$-& *H(HOSS Yo+ HS+&()HOHHSA #.%+  Yo(&.1&H+,&+5+)%(&.156$& :

1. &30 (1 «'.8 —>($3 »7/( 4 T#+* #%#71 "
T&+H#*, "#H+# /2 /.& 8% &+ +&, & +!! # +50°C. &+#**15 %,&%)"(
J($  +#0"# *#-)5 , %+# H#H7 (LS (&..

2. +.&(" 4.%%1 [H#H(*&* % &SNS , HESH S %+&"(1*
1% +& # *&(1L,$ , 1,&%);56%$,$ *0&  #,&6&*%2 *+$ | -+#
L&*); &+  #+ &7T*#%+) "#* SIS # *$$ P #4#(L&+ #.&8% +) # -
+$, 0%15  +& & +1 4.%$$ .

3. HH($-$&#+¥)5 24 "%"$ *&THYW" &TH, 3I*. &+ «1.8 —> -
($3 »*&4" & (&* %" (*, OM+& (* % 1 %+#2"), [#(*& * $-
%1-$% 1 .($*#2 45 $.$.&+#, 15.

18



4. STHO: L  [%#H+ *0*&+*$1 T&+#*H#2%,&%$ 601,0 ( &[] -
632 &'#. —449,2 $ Y+ #S+&(%HETHY" &7 2792 101).

1.10+ & -, - ,828,163' & ,.( ,/
1.2.1 - #
(&1 $#/,  +&*&FSL, [%H+*HOH #HY%+ HE'SL  HU%$SS
- U HHY+S HU" &, HO(&*$&20(&+TIE +&8.&* $ & ($415+%1 (" "
SH , %%8&)&AM,$ $4,8&*&*$LS # % *&*F5 %% #X, S+, )
%(&.156$& #0 ,,/
1) +#$+&()%+ # HYO"H %"HO# &B.1* #IHO#  &(H HOH '&*+
CHU" -$+E» (= «HW" -$+$»,0( H2  HY+ "+ —. 4x. #3 |
E W = «HW" - $+$ » YoHd. &V &HH2 -
19



+$ HY+$ "HH 1 HT<Q$'+ T4  + &+ #8% *$1  $ #%lQ

+HSHR()Yo+ # &80T 8UFEIUH2* T& &B*H2 ¢ &%+& &2 " & -

S ¢ +& SHHSS #7682 (#6 )5 H'H(# 10008&"+ # , $4"#+#/ 60
H(&8 + *HH2 4%+ #2'&

.1.11.0 -

7% 14
« &T#HYW" &7/ » = <H%" -$+P»
? # - # -
- (# +8 -
R Y ( & | 1o+ 6.) $.& *$&
" %-+- Ot *#%+) . ).’
0| #1 2000 1998 |2001 | 104 | 34 | 61057
0, Z

3 | (#(5'$1 2007 | 2014 | 249 | 48 | 169000 9++#8$+ w1172
4| 83 2006 | 2011 | 239 | 60 | 287723 -

& $1

9 .

4| s | 2000 [200x | - - - | ##ss

$%+ #2"

HH -
9 | @ - e | 2005 |2008 | 70 17 .

HH - ) )
9 |(®: *+ -| 2003 (2009 | 255 | 55 | 288680 &'6%; 2*8;%

8&+& 710 -
9 ##('$. -1 2003 |2010 | 302 | 76 .

20



H9%"

;*1 *

10| ‘5 . | 2003 |2004 | 80 17 -
10| 1 :B | 2004 |2005 | 127 27 | 254000 |-
10| *1 :C | 2005 |2007 | 264 59 -

& 8 ( %ot 4" T:&* -

11| S50, | 2012 [2015 | 85 22 AN

& ,$* ( 228000 | + #1+%1#.4&, -

11| %70, | 2012 2014 | 135 33 T e
& $* ( + #1+%1 #.48, -
11| %705 | 2012 2015 | 169 42 T o
12 4$1 2004 | 2013 | 309 72 | 207542
13 | && 9L 2003 | 2008 | 242 62 -
: 423000
&.& '$1 + #$+%1722
13 | 5. | 2004 |2014 | 360 93 M
&.& '$1 # #88&*
13 2004 | 2014 | 509 - .
$0 (150 )
&"1$2 @+ #0+ & (87 $3&
14| gie 10 2007 | 2013 | 339 75 | 158528 ;g
: 8 - + #$+%116-2
16 | .1 7. | 2011 |2014 | 335 85 or g
D &- + #$+%116-2
16| &*1 2011 | 2014 | 195 44 | 429600 | 9+ 8, &.@+%1
71 H0+&"(&*SE *$
. - + #1+%1 #.48, -
16 | ugig 2012 |2013 | 30 9 A
19| %871 | 2005 |2007 | 130 | 27 | 73800 -

**[& +7(%& $&& # %HW+HH#1*$S 3*#17 1 20120#. , 7&4
1O+ 2 4,15, 17, 18, #&"+ 4 %+ #2"S"#+#/ TIS #+.8&*8* $($
4 &*&* . I-%+" ? 6,7, 8#%+#&*H#=&+ (*#& 1.# #%" -$+3,
#X4 $4% .,/ Y%#HB* # "#%+!"$S %+ #&*$2 =

21



.12 1 « - » (# 2012

2)  HO,,  «HH& "HO® HW"] », " HHHH2 & #( -
0 (H#%) #$4 &Y%+$%+ #S+&()%+ BO*#/  [%H+#", 7/( 1+ &8.&* &6&
1000 O#.!. +H#$+&()%+ # &Y%+$.8%1+$8THY" &T#H [ H#HM2 # -
0,/ — O+#.&2%+ $+&()*#,*HO0# , . 8& # HW'#%"S, &", . #O+#,
HO |, «HH& "HOH HW"| » #T%I8. (%) * %+ .$$ H&"+$# *$1
& #E* OH.. *  HOHHH(&* * HWHE& 4 TH+PH2  *&& "#7&'$$
4,868*$1 HOHIF"SH* ()4 1%+ H#, (&%H % &$VH, $ &-
$3& $2%/  #1% #%"/ . 20030#. #$% #.$+ "+$*1 34 & ($4 -
'$$ #0 ,/ . &5 #&&) T #H%+ (& $ I#(*&* 4.- #

4 THH'& *HH2 *# +$*2 T4 (1 [%H+*  4.%$2 (:& 75,), 7&4
"B HD *& &Y%+ (L(H%) T/ HAHBH, Y%+ HS+&()%+ Bo#t &,&* | -
Yo+ 4.*$2 . 2006 # 20110#./ 7/(# #%+#&*##1."  .&%1+$Yott+-

o HT<&"+#. & &-&*) *&"H+H#]  $4 *$ «.&() &2% » ($%1.13),
« 33 - (% », «Well House», # .&%! ;( I"# ,
72-74, «& & */2 " o» # L &%! &0 %"#& ; . 25 ($% 1.14),

# .&%! - &&71"# ,11-13, # .8&%! &#7 8&%"1 ( ., 8,

«$$87() »# .&%! #3%#54*1 I( ., 64-66%.
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1.14 32) « »
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3) "#*& 2000- O#.# # 7+ (%l #&"+ %+ #P+&()%+ .&-
##HOHE" +( «+ &+ »  WH0 .&2%"#, 2#*& *'+ -&+&7!0
* 48 %"#, [%&. .&"7 & 20100#. #%(&.($+&()*  .$%"1%%$R# #. -
WN"HE"#H #.Y%+#  PLH &&FP& & &*F&Y%+P& ($4'$5  * #" 1 O# #.

+1 . 201204 4 TH+*  $ %HO(%# * ( 0#%9"% & +$4#2 #%%$S
#&"+ 4.*$1 « ;*1  » [%#+#2 462  FHOHISHF ()*HO# "#, (&"%
« + =&+ » ($%1.15). *  $4$4 &%+ #%HT & H#Yo+&@+ #S+&() %o+
't - &+& 71 0& (HYHTE&*H  $7 &8*#2 A#*E — W(7/& #.#* %l6&**/&
O*+/ |+ &7'56%& #/;&**#0# *$,*$1 " 1%+ #2%+ 13I*, ,&*+

1.15 & 1 », . -0 (

4) 108 "1 O##.  #%%$PH "8& #&"+$!5+%1 $ %+ #
1+%1%#+*/& 4.*$1 # $0$* ()*/ $+&"+! */ 3%, $"#%+I"+$ ¥/
&&*$2 (00 "+&$7'0 , ($#%+H#" , 4%) , 5&") , &,) , %W# -
1%"$. ).

#.#.1 S$H#0$ $&.&*HOH #T74#  Uo# &,&*HOH #%%$2% " "HOKH+*H#0#
%+ #$+&()%+ #.-& "*&,  8*#%+) .&" +*#HO# H$+# 0  *&%!I6$ "#* -

24



%+ 1"$2 , 19%6$(&**I5 *&0 +$*/,$  #%%$2%"$, E%6HT7 & #%+1, $+%!+%+ $&
THOHO# #/+  #&"+$# *$1 |, %o+ #3+&()%+$ 9"% (1 +'$$ |, #+%+! (&*$1
#+ #&'+ |, .($+&0*& % #'$%+ #$+&()%+$ .

1.2. " #80! (" % (). W% (& #.%!+
&.&*$8&, &.& (HO# 4"#* « +& *$-8%"H#, &OISH# *$$ » #+
27.12.2002? 184-  #%%+#2  # +&T# *$5 $*5%+ 7I( M8 -

&* %1$5(1 2003 0#. #+,&*$+) 7 4# /& %+ #$+&(0*&*#,] $ ¥
$ 10.01-04 &$%+&, *#,+$*/ A&+ %+ #$+&()%+ &o*#
& H#HHB&*$PL ». "+3-&%"'$ W&*#,+$*/& A&+ |, &O(,&*+$!
56%& %+ #$+&()*H& #$4 #.%+#, T/($ & & &.&*/ 41. &"#,&*.1& -
J o HH, &1% #+ &*#  &.&*P& +& *$-&%"$ &O(,&*+# +&-&*$&
%0&, $(&+ Wott*1 %+ (&*$1 4"#*  %$(L  1%H$L %#A. &OH%IH, -
+$*HOH "I, HAS"( *EHT #.5,H%+)  $(&-&*SL % &'S ($%o+#-
9'06 & +# $ 1-&%  *  %& %+ .$1 Yo+ HS+&()HOH HSA H.%+ | +&, TH(&E&
(1 <HOHII"$H* () [%#+% S ST ()% %H# 18882, $  O+#,
4 TH+" ("##.169&  H'L&+ %+ #$+&(%HE& (. -
$( ), % #%H#T%+ 1565 # &.&(&*S5  $(  $,&+H$" #%6&%+ (& SIS -
S0 Rl +& *B-&00"HOMH # H#B.&*S1 Yo+ #B+&() %+ #(!
$( HUWOHTID 8*#HYo+). O+H+& $H. H#AHW(SHT<&,] %+ #16$ %T*$" ()
XS (%R HT<Q'HH, +# N HSH-& &) H+ &TH (H $+& %S H2 4 -
TH+"'$ #',&*+#  #714/ 56  #O0*PA#/ +)  #SHH IO * %& %+
$1 %+ HS+&()%+  +"$, H'L&F+,  HBH H#+HEY%+S 4.19-2005,
31-332-2006 : 22.1.12-2005, 02-08.

"8.#, $49+$ *#,+$*/ A&+ # &&&* 4($H&  + &
TH*$1 # & ($4'$S  $4%+ L& +# "HHH(L %+ #2$%.1%+ $$
4.19-2005 %&OH#.*1*$2 &%) O+#+H#"I.&*+ #+&*&*) & I& T/( #. -
*1+ +&, #0*$4'$S %+ '$#* *#H2 %+ *¥$S #S+H P00 ,H# & &&H &-
Yo+##*$+# S0 """ PP ()# *QHT #.$H2 "#, #X &+ [Y%#+*#,
Vot #$+&()%+ & 22.1.12-200% &.&$( $./ % 14$"*(| && -$
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$*3H,'$S # S+ S0& * H#+ &+%+ &FH HT<&'+8$ . &% #(- +&(1

M % 7(5.8%62 | "(5-1  %$0* (+&#O0$ %(-& S22 %S+ '$S.
31-332-2006 7 %+ ($ $#*& ,$  %3& && $HHS ()Y %+ #$+&0

Wk # &&S S/ S+ S0 (1 [%H+H  4%SL e -

&+& 710 . HUoH T3S 02-08 7/($ #% &6&* $ "#*" &+$4$ # */
+& *$-&%"$& +& *H#(#H0$-&%"$&# 0 *$4 '$H*/&  $ 9"#HH#,$-&%"$& #%0*# /
& ($4'$$ A$+H# S0 , """ %HY%+ *H2Z %+ * 1 -+& *$-&W"HOHPH #-

#8.&*$1 %+ #$+&()%+

&.&* P&  .&2%+ $&&.& ()*#O#  "#* ? 384 «& *$-&%"$2 &O( -
&*+ # T&4# %*#H%+8. *$2 $ %## 18&*$2», $.(#  HI+# S0 %+ +1%
#714 +&()#2 #8&)1 . (1 "(5-&$1  #&"'+*5 #1&+'$5 # (5 -
TH,! Y%+ #E+&()H,! #T<&"+[109].

$&& HWH*E& # & &(&*PL #*1+P1 «#*$+# $*0 », + "+1&,/&

&2%+156%$,$ *#,+$*/$ #'L&*+ |$

« - O+#%$%+&, +$-&%"8® & $#.$-&%"#&%(&B&*$&
(*7(5.&*$& )4 .&3#,'$## -+ 18@*/,  YoHU+#H1I*S&H Yo+ I"$2 |, $($
&3 ,'$1,$ 4752 (B( Yottt 18&*$2) '&(H, , 4 YoHY%+HL*SR, X+ | #%
A$2 S HARY  H. AH&Y+ #E+&()%+ % #& &,& 1 3$"% '$1 $
HE"  #+%+! (&*$2#H+ #&"+ |+ &T# *$2 *# ,+$*/ H&*+HH | Yo #
%o+ (&*$&&AI()+ +#  #O*HA 4 $*#O0# (PL*$1 #7<&"+ $#" 18 56&2
% &/ %&AM()++,$ *7(5.&*$2 U&()5 #& +$*#0# &.! &8.&*$1
$($ 1%+ *&*$1 /1 (&  *&0+$*  1(&F2 $ #8&%%WH...» [75]

« # &
%$%+&,* 7(5.&*$1 S "#+#(1, ##$,1 # # &&E&H2 #0 ,&
(1 #78&% &-&*$T7&A# Y%*#OH3*"'$#*$ # *$1 4.%$2 $ %## 18&*$2 4
%-& P06 #& & &**#O# #7* 18&*$1 * **&2 %+ .$$*&0 +$ *#0# $4,&*&*$1

"#0%+ 1"$2 $0 *+#  #%H *$2 $($ " &* ...» [40]

%#8 (&*$5, #*3,*$$  %!+$ #4 #8*#H%+&2$ #0 *$-&*$2 $*,$ -
-&%"#O##*$+# $*0  *& #£.305+ P %, /& «0 &8P& *#,+$*/& + &T#
*$1 53778-2010, &. $%/ 563&  «...3$"%$# +) 4*-&*$1 (&-
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S#. S (HO $3,3-QUHOH &" &,&*+ ) HUbM HOH+#* Yo T%+ & "H(&T -
*$2 «# + & #%1,88%+"H%4$*$1 » ($%1.16). 8& *"# (&2  #/+ O#
B+ #A&HYE HHAHYHS HOH HH. | HAHI2  HB&F W'H, H&+SH# +)
%, $.85 .$* $-&%"HO# H*$+# $*0

Mpnrosenme M
(oBazaTeIBHOR)

POPMA SARTHOUEHHA (TEKYIIET O) IO 3TAITY MOHHTOPHAT A TEXHHUECKOT'O
COCTOAHIA OFLEKTA ITPH OBIIEM MOHHTOPHHIE 3 TAHHH (COOPYRKEHHIH)

3AKTHOUEHHE T10 3TAITY MOHHTOPHHT A TEXHHYE CKOTO COCTOSHHA
OFBEKTA ITPH OBIIIEM MOHHTOPHHT E TEXHAYECKOTO
COCTOAHIA 3TAHNI H COOPYKEHHIT

Anpec 00BEKTa

HOMEp 3Talla MOHHTOPHHETA

ad | b |

BpeMs IpoBeIeHHA ST
MOHHTOPHHTA

4 OpraEH3aUEi. NPOBOJHBINAA 3Tal
MOHHTOPHHT3

W

[Ipegsrmymee 3HAYEHHE KPEHa
00BEKTa BIOIE DONBINGI OCH

6 Texymee 3Ha9eHHE KpeHa 00BeKTa
BI0MIE OOIBIIOH OCH

7 Ilpemeimymiee 3HaUeHHE KPEHA
00OBEKTA BIOIE MAIOH OCH

8 Texymee 3Ha9eHHe KpeHa 00BEKTa
EJ0IE MATOH OCH

9 Ilpemeimymiee 3HaUeHHE MepHOIA \
OCHOBHOTO TOHA COOCTEEHHEIX
HoIetaHHil BIoIs GOMeIIold ocH

10 Texymee 3Ha9eHHE NEPHOIA
OCHOBHOTO TOHA COOCTEEHHEIX
HOIeOaHHi BIoas OOMBIIoH ocH

11 Ilpegsigymmes 3HaUeHHE NePHOIA
OCHOBHOTO TOHA CODCTBEHHBIX
KOMe0aHHH BIOIE MATOH OCH

12 Texymee 3Ha9eHHe NEPHOTA
OCHOBHOTO TOHA COOCTBEHHBIX
KOMe0aHHA BIOTE MATOH OCH

13 IIpegeimymiee 3HaUeHHE NEPHOIA
OCHOBHOTO TOHA COOCTESHHEI
KOIe0AHHH BIOIE BEPTHEATEHOH OCH

14 Texymee 3Ha9eHHE NEPHOIA
OCHOBHOTO TOHA COOCTBEHHEIX
\\1\'0.1':6:1}11;1'{ BIONE BePTHEATEHOH OCH

.1.160 « » (

1.3. 1 %% ) $- (2. C(2% 1 1] 2 %-
01 % (" # %1 '$.9%!"

=&*+ ()#& ,&Yb+# HYo+ HE&*S$* 1 HTHYUH *H2 %$%+&, [#H*S -
S0 A4S, &+ 4 TH+" &'+ H%+ U+ & #.&(&2 $,&-
A Y-&+ "H+ 1"$2 | 4,752 $ Wttt 18&*$2 (1 %+ .$$ #&"+$H# -
*$1 $ 0d-&+#, 3 "+$-&%"HOHYHYH1*$1
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$4* **[& ($.& /1  #+&-&%+ &** | &+#.$-&%"$ $ #O ,H -
(0# $+,$-&%"$S 4 TH+#" #%(&*$ 208 (&+.(1 /[%#H+* 4.7$2 -

. &H%H#"$2 [6-31], . . ##.&"$2 [39], . . 17$*%"$2 [18-21],
7%&  [50-51], . . &*# [52,53], .. &"# [54],
"+-&  [69, 70], . . & &(),)+& [84-86], . . &&# [2, 78-80, 91],
. [101-106], . . $3#*# [107], . . $("# [110-112].

& . 1%) &+ (3 S HHE YA .- $U%E& + 'SHHD THH | #H+
&+$, ($)  # 4$+&(0M2  HO&%% &+ B % &%+  %-&+: #+
*($+$-&U"HOH %-&+ H#U+&2$ %+& 8*&/ % &, &6&40 (&+* 4. #
HY+ *%o+ &% %SU+&HUH *$&-4. *$&», & ($41&,1  &HH, "#-

*&+  O(&,&*+#  H6*  #O ¥ (&% ¢ [%H"H HSA# -
S$H&OY . % % &.&(&*,$ (&0*.$ [-$%(&*$1,$ — %&O#
1.

1.4. % (/) % . 4%- ) $- )% (1%t % /01 % (/!
# %1 '$.00"

$&.8& &B6&. & '$++ $4.82%+ 156 *#,+$H  H'L&*+#

%t 1L&FH (X2 HSHE SO "B+ 1"$2 4. *$L T 4$ 1&+%T 1-&-
+&* 0 14#" $$4,& &S .&3#,'$2  "HOo+ I"$1  3lx. &*+#  $* .4&, -
H2 - %+G %$% #()4# *$&, O0&H.84%-8%"$ %&2%,$-8%"S $7 '$H
"106+$-8%"$ $. 108 &+H# » [75].

&() S0 - #HE&ED& *T(5.&%$2 4 YoHYHHL*SE %o #HE &
&FHE 1 (&*F& *&# 1%+, HH(HEI2  YHUHHLEE% (1 +$ 1&,/
1%#+*  4.%$2 $ “#, (&"%# , TH()& #(&+* %o 18&*$2, +"8&
#' 185682 4 %+ #2"$ [72].

1.&(15+%1 %(&.156%& ,&+#.] [+$/ Yok & &*HOH $*%+ | &%+ ()*HOH#
FH*S+# $*0

1) 0&#.84%-8&%"§2*$+# $*0 ;

2)  0&H+& *$-&%"$2*$+# $*0 [74,75];
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3)  HY+ o+ &VH-HHE $F M2 S0 % ##6)5  GPS-
S [73);

4) WSSO 4 UHWAHL LY+ "2 | %$% #HO)AH *$&, H+&-&
Uo+ &** $4 17&8% O*$HH 108 $%+ I +$H  )&-
MES* H&+H o FRIM&FH#: HOSTH&H# . #+$"H HH"#
LS $. 1%+ #2%+

5) ( $*+ —%8&2% #,8&+ $-&%"$2*$+# $*0 :

6) $.8#%4,& $+&()* 1 %$%+& #$+# $0  [72].

4

* $+&()* 2  #7<&, $*%+ |, &%+ ()*#0# #$+# $*0 & $#. %+ #$
+8&()%+ $9"% (1+'$$ [ #H(*1&+%1 08&#.843-8%"$,$&+#. $ . &#.&4%$-&
%"$,$ ,&+#.,$ # &.&(15+%1"" ,&%+*/& +" $HT76$&.&3# ,'$S 4. *$2
$ Voi# 188752, #+"(#*&*$1 *&%!6$ , #0 8.56%  "#HUo+ I"$2 #+ & +$" -
($ $ #&"+*#0# #HB&*PL , #% ."$ 31*. &*+# SO I*+# | # "#+#/, "H#*-
" &AH Yl1+# +& *$-890"H, YoHYo+#1*$E *$1 $($ You# 18&*$1 [72]. # & -
&1 $TH*L T4 &%+ (& : 9&"+#$  + &H.&+ S , '$3# -
1$ *$&S .S ., (4&*,$  %"*& S . &H.8A$-8Y"$2 HUb+ *Uot &*HH-
"t $* +*/2 HS+# 0 #B8&+ [#(*1+)%1 +#, +$-&%"#, &8%,&
$  HHES  HTHSASH )+ &H&+H#  ($%L.17). (&I&+ #+&+$H)
#0 *$-8&*$1 # $% #()A# *$5 O+HOH&+HH. * %+ .$1 9% (1+'$$ - -
%+$H#*S+# $*0 ,&%+*  &3#,'$2  *&%!6F "H*U+1"$2 " "%  [YH+-
X 4.%$2 .
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08H+& *$-8U6"HOM*S+# $*0 [ #(*15+%1 9%(&.156$& $./

$*8&*& */ TH#+:

- $*8&*& *# -0&#.8&43-&%"§2*$+# $*0

- $*8&*& *# -0&H(HO$-&%"$&4/%" *$1, "(5-1  #T%(&# *$& 31*. -
&X+HE $ S+ S0 ;

- $*8&*& *# -9"#(#0$-&%"$&4/%" *$1 ;

- 0%. #0&#(#0$-&%"$&%% (& # *$1YP0H%+ (&*D&, #O*HA#H $ #'&*"#2
$%"# .

0 - 5#% GPS-

S+ S0 YoHOb+HHL*RL *S1 %$% #AH *$&, % 1HFS'H/  +& *H(#-
032 1 (1&+%H +$, )%/,  H#HH#(*&*$&, +"$ + $$#%  %$%+&!"
L& AH&H [, "HH&] , FUEH&]  , + S 0&#.84%-8%"$
*7(5.8*62 4 #%.".$ $"&*$ 4.%$2. 2 &+ *7(5.8&*$2 . &+
HAHEHY+) # &.&(1+) H(HB&*S& 3$'%S# **  +#-&" Yo+ HS+&()
OO+ IMS2 4. *$2 (UbH# 188*$2) & )H, &&'$ , +"8& .&+ #AHS -

*H00+) #(1-&*$1 &+ ()HO# # $% *$1 9"% (I + '$H*/ "+& $%+$" Yok
#188*$1  +&-&*$&(SH&()HOH & BH.  &&'S . &$,168%+# +"HOH
S0 YoHUHHSHRONE & | *#, "+& & , +#, -$%(& & ()*#,

&.&*F , +"8& *($-$ H#AHEHYU+SH# # &6& DL 4 $++8& &Yt | ($

# H%+$BE SS" $+$-8%"$S .&3H#,'$2 . HSH . *  HTHT6&, $4,&%&

*$$ HHB&*SL 4.*$1  H%+ *Uo+ & Ut&-&*$E, &&*S , HS+# S0 US%

#OAH *$&, OHT O  * $0'$#* % I+*$"#H/  %$%+&, ) .&+

HA HEHY+) SU(&H +)5 * (PAS # +)  "H(&T*$L1 [%H#+*  4.%$2 [73].
#

S K& %S%+&, HSHE S0, HY+ H&M& * $% #H()AH *$$
ASHOH B, . +-$H L * $& 0B+ 108 $ %+ +$H
)8AHS* H&+H#  +&FAH&+H# HOSTH&#H | #+SHHBHHN . +$ -
S, 1%+ #2004 T&AV(H *H #A H(15+ H(I-+)  HY+ +H-A2 HT<&, $*-
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3 ,'$S (1 #%+ H&SL. +$H2  HEHI(&E&HH2 #.&S 4.*$1,*#
&%+.$* 4*-$,/2 & H#%+ +# #AT*1 + L %I%+E&F& HB&+
7+) $, (*+$# * 18& #%+ #&#&A. *$& . % &'$3%"  #%%$2%"#0#
#+  [%H+HOH# Yo+ #5+8&()%+4 "(5- &+%1  +#,, -+#H TH(); 1 - Y%+) [Yo#+-
o 4.%$2  #HU%+ HE&* T&4 & $+&()*# 4 T#H+**#2 $ *&. &**#2 -
(&O*#  #4 &.&*$5 *&Y%I6$ "# %+ I"$2  %$%+& HAPSHH S0 H* -
%+ 1"$2 ( ) [71].
( - )

$* $-&%"$2  #S+# S0 %3$% #)4# *$&, %&2%,#,&+ $-&%"$ $ -
T#H#  [%#'H2 -l %o+ $+&()*HY%+S # * &, F&*E5 4 %(18% &+ #UHTHO#H
*$,*$1 |+ &+ HAH(LE&F #HT%(&H +) 4.*B&  '&(#, $ /13%+) 4* -
-$,/&  $4,&*&*$1  *&%!6$ "#%+1"$1l  7&AF*%+ | &*+ ()*HO0H #4.&2-
%+ $1$ $4! )*#0# #% #+ " B8HO# *&%!6&0MDO(&,&*+ "#*%+!"$S . # -
&.&* & 9"% & $,&*+ * %+&*#/ H#&IL $ #7'S1 * &)
HT<&"+ #.+& .53 & % &"+$ *#%+)9+H#HOH&+H. .

6 #

$.8#54,& $+&()* 1 %$%+&I$+# $0  #8&+ $% #()4# +)%1.(1 $4
& &Pl & &,&B&*$2 (5TH2 +#-"$ 4.*$1 | * “H+# #2 &Y%+)HA HB* H%+)
%+ *# $+) $4$*5 "L ('S ). ##6)5  O+HH2%S%+&,[H#8H  # -
$4 #.5+) #*$+# $*0 #0 8.56% "#0%+ 1"$2 4.%$2 , & &,&6&*31 &
4.*62 , $ (57#2 .10#2 $4! )%  H%+! *#2 "#%+ 1"$S %## 18&*FL Y%-
*# */, &3$,16&%+ #, # #+*#,&*$5 " 133 +$! #P+HH# 0 %(&.!&HH+
*&%+$+HH%NS+&()H&TH();!5  %+#3#%+Y0$%+&,/ 4*F # %+#3 #%+$
HB&H+ HH($- H)%L* HLH' . *&HY+ +", O+H2%$%+8, Mo(&. I&HH*EY+S
&&*&)*$ & % ()*#%+) , 4 $%$,#%+)#+ #O#.*X  1%#H$2 $*TH #O *$-& -
*$2 % 14 **/  %#*+ 8#,
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1.5, 12 4061 % /011 % (/ I" %, (-
2 %1 )% ", $%%) 1% ()%.4%1  %.&8$ %!"

# H#% , +&, +5-&WHOH #.&(SH *$1  HWH &S Yo%+ &$%+&,
HSHESO S (O %oHH# 18852 ( &8.&  %&OHO*& 08&+$-8%"$— 0S.-
H+& *$-&%"S $ Y ) $ 4. *B2 ( +H#, $%(&— I%H+H ) 4 T+ -
($%) #%(&.*$& 20 (&+ #%%$$ . . &H%+#"$, [6, 8,9, 11,12], . . -

1%+1* [76, 81,], . . #0$*#2 [59], . . 1.$:$%/, [61, 62], . . 14*& -
#/, [63-66]$.!10$,$ % &S ($%+.$, $& — . H&TH#H , . $+ -
+#, $. .[56].

=&*+ (H& &Y+H# S O+#, 4*$, &+ #T(&, . +'$$  (+& $HH# -
0$-&%"$&* (H0$ — " ($7T#"$ , "+ ($4'$$ , $.8&5+$3$"'$$ ) %-&+*/
H&&2 # &M+ +, $%+ L&+ (HOH# HT%(&# *$1 $(S($) H$+# $* -
0 %HU+#1*BRIOI6S "#0%+1"$2 — #7(& , &%), .(&"1 #+% H&OH&-
&*$1 .

Yottt+ &+%+ 8B 1 (& *#2 +&#2 %%, H#+$, #4#8*#%+$ $.&*+$3%-

"'$F 3 "+P-&%"HOHYHY+HL*IE | *Y/, $4,& &*$1 .$* ,$-&%"$ "+& -
$%+$"— WoHTY+ &**/ - Yo+t 3t , "H(&T *$2 . #8*  [.&($+) . & HUWMH-
& 01/  ### ,$%#H)A&I $ . +'$S  %-&+  (# 3"+ —
"R HHO(&,&* ) H.&(&2:

1) $*+I$+$ *# -$*8&*& */& »;

2), +&, +$-&%"$ 3#, (34# **I& , (O#S+$4S# /& $ #0 , -
& ($4# &

"t$'8 (1 Yo(HB*  HOH'H, HE&*Y  %$%+&) "HHH# [, #H+
*#%01+%8L /%#H+*& 4. *$1 -"#, (&"%/ , Y&0O#.*1#,$*$ 15+ B, # $.8.#!
&68& &%), #(O0# 7.+ $,&*1+)%1 &+#.$"'$S & #2 0!/ ,#%+ (11;$ -
#'$2  #%+# (1 $+& &+'$S  %-&+Y  $ $4& & .$* ,$-&%"$

"+& $%+$" . <" " #' 4] &+ "+$5-8&%"$2 #/+ %,&8* #+ %
(1 %+ #$+&()%+ $ , [ $H%+ #&*$L | *& %(&.I&+ &*&T &0 +) #4#8* # -
%+1,$«$*8&*& *#2 » $.&*+$3$" '$S 3 "+$-&% " HOHYHYHHL*RL(5- 1 (#-
"($4'$5  &3&"+H)HI+HS  %-&+$".$ $9'% & $,&*+ +# .S .
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&$ AT 4% SAH#H +HH#2 01 ] #+&+P, * STH(&E Yo+ #
05&$ & % &"+$ */& , #Y%o*# **/& * -$%(&**#, &&*$$ *&"# &"+*  #T-

+¥ 4.~ &+H#, &ON1$4'$S . . $##  [98-100]. #*1+$& *&
"W O&HYS $.&IH&(H " HT M, 4.-,  +&#S$S! 10H%+S %%, +
$ &+%1* $.& , HH0 3$$ . . +()1* [36],0.& $#.1+%1 &+#
I && L & &'+ 4.- |, +"8& ,+&, +$-8%"$8& #%+ *#"$ 3$4%-

-&%"$ 4.- , % &$"H+# /] - $.&+F3$" Pl (&2 .$*F $-&N"$  %$
%+&,

#0:$*%+# 1/  4.- %++$'H .5 $S & B +& HOH# +&
( ("#%+1"$2 ) |, +&, +$-&%"#2 #%+*#"& "# &"+* . (1 #7 +* 4-
Co RS ()2 $ .S &HH2 #%+ Y & I+ & 8.&%$&  TH()-
5%+ & %(!- & *& & *#.

" -&%+ &I7&.$+&()HOH $,& *&"# &'+ HYN+$ $&.&, && &
HU%+H#2#7 +*#2 $* $-&%"#2 4.-$ -7 (" ,(#H2 B8&N+"#%+$ *&#( -
A *$$ 0 *$H 19p# $2 % #M#, $A"WYH#  [145].

*%+#16&,! &,&F "#((&"+$ $ &6 N &S ($%+# 41 -
(&**#2 #7(%+$( &($"#7 $+*$$  — M.I. Friswell [126, 127], —- D.C.
Zimmerman [153, 154], *.& - B. Weber, P. Paultre, J. Proulx [150]8 -
*#2 #&& — LH. Yeo, H.S. Lee [133%. .) 4 7#+*  "#"1$1563& (-
O# $+,/ P« +#%"$&> #0 ,,*/& & ($4'$P &&*P1 *&"# &"+*  #T-
+ 0 $* $-&%"'S  4.- , #4#(156%& $.&*+$3$'S# +) 3 "+$-&N"#&
Yo#%+H#1*$B (#" ($4# +) .&3&"+ (1  #%+ ($*&2*#-! 103  %$%+&,
7 @G+ * $(&#HWH H#UWH *$$,3&, , , )UW-&+#, $4,& &*-
I %HT%+ &** - %+#+$ 3H#, "H(&T *$2 .

$%1.18 #"4*# -$%(&*#& &;&*$&, #(-&*#& [133].(1 : -
H.&S$ HW'H2 | % *&%&**/, .&3&"+#, — $4,&*&*$&, 4 6&,(&*$1
HHH2 %t#2"F ; *SHE& #3$ *& ,* $%1.19 -4 .- $.&*+$3$" 'SP
&3&"+ (I (&**#0# 9(&,&*+ ) .(1 #%+ *%+ &**#2 3&,/ [150].

33



5 18 10 19 15
‘ THREETSE B T30)
(4 (8) (12)
9 14
0.3m 1 1
(3) (7)
(11)
| 16 8 17 13
' L L L _
(13) a4 | a9 (16)
2) (6) (10)
7 12
0.3m Damage 1 1
\ (1) () (9)
6 11
— wh 4 W o 724
L 0.3m ] 0.3m A
I~ ™ A
1.2 T T T

para meter

Baseline Value

stimated system

0.8

0.6

04

—*—LEstimated Parameter _

=== Standard Dewviation
-=-= Baselne Value

gl ezt _ a
it 8 b ey ~ [
", FoY LR o PO T L,
o e T e e Ih D e
5 10 15 20
No. of Element
1.18.. ! & - - (

34



13 14
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(a) o] 5 10 PEWHE 20 5 30 (b) o 5 10 |:h15 20 25 30
1.19.3 .- - ( -

) 7 21) (
1.6. #() %%- ,(*(.)%- ), - , (. /80! (2 %

& %#%! # %1 '$.%!"

$.! T#1*+#0# 1.5 #+%!1+%+ $H+# ] #0 & ($4# * -
o &&*P2 # $.&F+$3$" 'SP 3 "+5-&%N"H#HOHYHY+HL*BRY!16 "#H %o+ 1" -
'$2 ("(5-1 (#'($4'$5  $%+& &*)'+188%FBEI& HH) # ., HT%(&
AL [ S+ S0, #0 *$-$,%1 " +"$, #HT7A##, " [ " *STH(&E& # -
. $*I+/ $ #1117 %# &&**  "#,&-&%"$ " #0 ,*/ "H#, -
&%t () .(1 %+ +$-&%"HEBES* $-8%"HO# %-&+ Yo(#8*  #Y%+ * -
Vo+ & %$%+&, S O+H, | #,1*&, +H()'H# +8$A*S | "H+# & $% HOAH# -

($%) H%%SHL HTHY* *SLIS" (), +#, -$%(& /%H+*  4.%$2 .
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1*$

Yo#tH+ &+%+ $BHP0(#8% ;$,$%1 &%+ (&*$1,$ $.(1 (I-;&0#
% &'$3$"$ | #,1*1+/&

1
1) *$ & % ()*/&
2) % &'S (34 # **/&

#$ -
HOH  4.&($+) * L& HUWMHH& O/
("+18&(/&") "H*&-*#I(&,&*+*/& (+ 7(.1.5);

("%b+ #$+&()H&) "H&-HI(&,&*+4& (+7(.1.6).

$%1.20 #'4* *T# ,9"% (1 +$1&,/2 = "#,)5+& *#O#
HE&S# *$1 *$" () 4.*$2 |, %## 18&*$2 $ "#, (&"%H (= )
, "(5- 56%$2 L#,1*1+/& #0 ,,*/& % &.%+.
7($ 1.5
*$&% ()&  ("+18&(/&") "#H*&-*#9(&,&*+*/&
4 T#+-$" |, %+ * ++1%  #%%$$
. & $3$'S # *
*
ANSYS Mechanical® ANSYS Inc., LRV ¢ HOYE& * A &
Dassuut (*$1 ), ##.$5+ & P$3%"'$5
ABAQUS/Simulia *&& ABAQUS,
++8&%+# * #%+& * 4AH#H &
MSC NASTRAN | MSC Softwear, ++&%+# * #%+& * 4AH#H &
LS-DYNA LSTC, -
» N = +3% |, #% | ++&%+# * H#U+&* 4AH &
' %$1 & +$3$'S # * =
* $0% #()4# ($%) %-&+*#H2 "+$'& .$%%& + *+
7($ 1.6
&'$ (P4 # **& ("%+ #$+&()*/&") "H*&-*HI(&,&*+*/&
#0 ,*/2 "# - 4 T#+-$" |, %+ * + +1%  #%%%$$
(&"%
" ++&%+# * #%+& * 4AH#H &
) $ 4 ¥ &+$3$$4 ¥ =
. T ++8&%+# * #%+& * 4AH#H &
SCAD SCADSoft," $ & +$35'S # * _
& %#3+ #%%$H1
! & P38 # *
icrafet Krots Sortwarog | FHEYH T #re* 4K E
*$1 ’ & +$3$|$# * =
Stark ES* #%0#3+ , #%%$1 & +$3$'$ # * =
Robot Structure* AutoDesk, & +$3$'$ # * =
(* (+3#,& ANSYS)
MIDAS Civil MIDAS, .#&1 & P38 # *
* $% #()4# ($%) %-&+*#H2 "+3'& .$%%& + *+
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' 4 ( 8 r
Cuctemsl,
«TAxeAbIe» 06beKTHoO- HccneaoBarenbchue
YHUBEpCAAbHbIE OpMEHTUPOBaHHbIe | || «HeKoMMepueckue» | || OPHEHTHPOBAHHLIE | |CANP K koHBEpTOPDI
CHCTEMDI KOMMAEKChI CHCTEMDI Ha pellléHHe
YACTHbIX3apaun
( ) 4 ~\ (" )
ANSYS/CivilFEM
PLAXIS
ANSYS AutoCAD
ANSYS/CFD Robot Structure ____
ANSYS/LS-DYNA CTAAHO ———
ANSYS/AUTODYN
ACTPA-HOBA FlowVislon ( 3
\. Y,
- N MicroFE — ||| —/—/—— PDS
ABAQUS/ e Y oM
SIMULIA SCAD «XKenezo6eToH» ~——
Ty
———————
[ A AHPA )
MSC NASTRAN 3eMan SmartPlan
Stark
\_ W, \ Y,
D J -y - -y
.1.20. , |
1 ) 48
4! &&+%1 $ &.&**/2 % $%#" #0 ,*/ "#, (&"%H  *& #H(#
(+", " &%&"+$ %, «+18&(/, » #8*# #+*&%+$ COMSOL, DIANA,

ADINA, " «% &S ($4$# **/,  » %+ #$+&()*/, — SAP-2000, Etabs, SoFistk)

&(&*S& Vo *H. &, *& &*&& H#* . &+ &.Yo+ (&*$& # HAHEHY+S #-
%(&.I5680# I7T# $ 4$+$1 74##0# (O 3).(1 &&*'$L .$%%& +
'$# 4. - .

1.7. -# $- , *H#

&.%+ (&**/2 *0+#16&20( & * ($+$-&%"$2 #74# Y%o# & & #HO#
Yot %+#L*SWT (&,  #HS+# S0 *&%!6$ "#*%+ "$2  [%H+* 4. *$2
HAH(L&+ #.+ & .$+) $"H"&+$ASH +) 4.-5 $%%& + '$HHHOH$U0(&
61

1) 4 T#+"  -$%(&*#2 &+#$"$S * 74& &+ $41&,/ $ . +$ -
&,/  (# &40)++, $4,&8&'$2 $* $-8%"$ "+& $%+$" HT<&'+)

37



R IHO(&, &MY H.&(&2, #AH(15682 #E&*$+) YoHU+HH1IBRIOIGS "H* -
%+ 1"$2  [%H+*  4.*$2 %!-&+#, #+%+! (&*P2H#+ #&"'+ * 4*-$/
%+ .$1 %+ #3+&()%+$9"% (! +'$$ ;

D) IT#H T M HO# $*%+ &%+ ()'HOH# &+#. 3% $-8U0"HOH H*G+# -
$*0 , L# (&+# 156&0# + &7# *$1, #(*#+ , +#-*H%+$ # & +$ *#%+$
$4,& &*$2 (1 [%#+* 4. *$2 :

3) #0 ,*1 & (34'SL  -$U6(&MH2 &+H.S'S % #0b+ #&*$&, -
&+ $AI&) - #.&(&2 9'% & $,.&%+ () %+&*#, &%+ $+&()*
(1 4. $%%(&# *$2

4) &$3%" 'S &HAS'S * I#1M+  %+&*#/ H&(L — HAHS -
*HU+HH &S 3 "+$-&%"HO#YH YA AT 18&*S1L  4* -$,/ &3&"+# %
$% #()AH# *$&, [7 *HO# $Uo+ |,&*+ ()HO# &+

B) H#7'S1 4 TH+™#2 # (&'%H2 &+#S$'S * &0, H#4&
&, (%t 4.%$S %/ (&S (# &A++, HT%(&H# *$2) #+
%+! (&*$1,$ #+ #&"+ $ 0% #+&+5-&%"$,$&3&"+ ,$ .
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21.801 , 6%+ , (/ (%.+ 1) ) $!

Fraeg % & B *HCRIBE 4 THE D 081
9"% & $,&*+ ()*#2 ,&+#.$"$ .$* ,$-&%N"#O# #E+# 0 *&%!I6$ "#* -
%+ 1"$2 [%#+*  4.7$2 &%+ (& * $%2.1.

@ HEHD » 1 (184%L -#&() (&S ), 4 TH+™1 (1 HTHYWH -
*$1 *QI6I682% HOGHTHYLF! (" HO#  #&'+HO# $*+ . (1 "8H2 4 -
$H2 Yo+ $SBSMEIHOE 'S » 4. *FL (9 | Yo+ #E+&()%+S 9% (1 + -
'$$ ) %+ #$+%E. 3PP 1&+%1 |, & $3FF1&+%1 $ . +$1&+%1 # +&"16$,
S0+ 185 (% *T7(5.8482 &+ S$AI& 1 #Y%+ "o+ & 1
B 589" 1 «#HSHHSOH L » 1 - H#&() . $ 9+HH, HWHH, . +'$ -
#* " $+& P&, $*P, &+%1 %HH+ &+%+ $Bo-&+*HOHS $4,& & HOH % &*
+  %#T7%+ &**/ - %+#+$ 3#, # %&,.$ A& -%+#H+4*-$#, "' .(1
HEMS HT6RY%SUHE ] B4,8¥8*E2, +" $ $.8*+$3F" 'S (4" (B4'SS  #4-
H#8*/ &3&"+H .

%-&+* 1 #'&*" *&%!6&2% #%HT*#%+8*%+ 1"$2 [ #(*1&+%1 %#
#+ &+%+ $Po*# | +$ ¥/, $ "$+& LS # . -H#.&($ , H.& 8 6&2 -
&t " +&M6&2 « #HASHH SFOH H2 », + " $ % HIH2 « #H&E" "+ H2 » #.&(S .
B(B*  TI4) "(5-&*  #HCSHEOME  (# % *&*F5 %$* S-8%"H2 # -
805 ) %#2%+ — & $%HS'S #UM *$1, 8&Ye+ H%HB * 014" S .
H$S S H&) *0/6&+%L# &AM+, %& $#  #S+H 0

%H#T&**#%+P& ($4 '$$ " 8.#2 P4 %#%+ (156% &.(H#B8&™*#2 &+#-
3" %%, #+ &* *$8&, . 2.2-2.6.
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(&re1 - [@], IM8)]) [, =
[A’J"]1L =diag(w,? w52, ..0n%).
[@1 - [{‘Pi};{f.ﬂz};--- {‘Pm}]L

13 -&+ 3"+ H#(#*&*$2

& F8IB82% HUHT H%+$ |t P | L g#é&‘f $'&%£$ X
1 2. $A%4 - & *$-&Y"

[ (*s# *s&  $4,8 &2

((x@,)1- [2],1M6,)1) 121, = |

[-{j]g = diag(wlzj w52, .. wﬁz)z l (wq, @, ...0)5 ﬁ
(@], = [{@1}.{1??2}, {{Pp}]z l Lo, 1 {@,), . [0s)), |

T ' | ]
'&*" *&9%!168&2% #%#H7*H#Y —"
J

[Cs# s&  $4,& &*$2 |

(nim ),

({@1}, {@2},-. {qoj-})

n+i

[K]nH = [K]n T [J:"K]I
[M‘n+:’ = [Mr n [ﬂMi
((K(@,. 1~ [Z] , [ME,.)]) [ D5, =

L 2
& *&YOIB&2Y0 HYH T Yo+ [y

1

| (*$# *$&  $4,8 &*$2 |

G — &+ Y%H%+#1*$1 #t *;%# ﬁif‘_
+# $*0
o =tey={e¢ .}
2.1.
( ) - # S
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2.2..() (")- %2%3)%% )$ !  # %1 '$.%!"
(1 .$%"&+$4'$$ # #%+ *%+! $ & &*$1 %#H#+ &+%+ 156%" & -
I 4.- $&1&+%1L*$& % ()2 $ #6*2 %# & &2 -$%(&**/2
&+ & *$'$  — &+ H&*  9&&# (: ) [38, 48]. +$-#&
| *&*$& . $8&*$L 0&#H,&+ $-&% K &2 #2 %$%+&A, (I& & & &6&*$1
$.&3#,'8% ) 3H#,& &t & &,&6&*$2

[M Ku()} + [CKue) + (K] + [Ke [u(} ={F ()} +{R(u,u)}

1§+ &+ "$&, +$-8%"$&0 *$-¥& 106#H L S M &.&(1&+%L*-() -
S 1%HSLS (34 &&FL %+ +$-8%HR.-$ S t=ty). .&%) [M], [C],
(K] $ [Ko] — %$,,8+ $-41& TEH-* - &."#4 #(&& ,+$1 %% &, -
3G # *SL , ($HE2M2 (*- 02 ) $ 0&H,&+ $-8%" HBEY+"HY%+$*&-*HO(& -
SR H&S (0 ) WSWHE St — &1, “HH" " HA* - &+ $33& &Y H -
*$& #  &&'S , {F()} — &+# 4.% %+ +$-8%"$$ $* $-8%"$
01 [Ruu) — &"+# %& # 014" | #.8(515652  3$4$-8%"$&($-

8258 9338+, {Ult)} — $%"#/2 &"+# #THTE&™ $* $-8%"$ & &-
&6&*$2 1 . $&E&™ L HIBL $* $&UW" L HY+ " &Y+&%+ &,
HT A, %HS+%T 84,  -%+*, 4.-, — %+ +$-RU"HD UHT%+ &&
4% -8*$L (YHT%+ &**I& Yorit+] $ 3# | "H(&T*$2 $ " $+$-8%"$&-$%( $
3, HH&S *- (H2  1%HE2-SHUSS % &"+ (), 3# N(SH'S  .$-
* B8U'S A.- — $ Ottt &+%+ 1568, $.8 *0 144" $ &&*$2 I+&,
HTH(&*SL *&4*-$/  +§

+$1 K] [Kel [M] $[C], {F} $ {R} %+ #1+961 #9604 &, +$  %o#
% &#+#-&* 3"+## [M]-, [C]S K]S {F}- $ {R"$,+$ "#&-*
9(&&*+# [m®, [c° [KS [kel®, (e $ {r}e, I-$%(1&,] , #76& %(-&, %
$,&*&*$&, " . +! #+$, O*#2  +H#-H%+$

(1 & +#2 $ 0$7'#2 #'%$,'S$  0&H &+ $'#88%+"#%+*
$& S B .$%%S +$ % #2%+ %o+ +$-8%"SS B¢ ,$-&%"S *O! -
44" $ &41()+$ 15680# AHHT 4% H#%+ %+ & RIS H -
w p$%+&,4 TH* &Y%+ $H&O2  *TH %+&8&[ , &T * -
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Ko (S HTHE&H L&Y $+& &M (HT<&M ), YoH &
%+$,)  &$H2 %-&+H2 #.E&S $ #1%"56$  ()+&*+$¥&  #& -
A %7#"S

HY%+ *Uot+ &** 1 HTH(H-&H#-%+8& 8*& 1 -#.&(0) (H#.&S ) "#HY%*# -
*$& - 4.*$&", 4 TH+**1 (1 #7#%*# *$1 &+ # * 18&**# -
&3 SH# HOH  WHUHHL*SL ) $ *&YI6&2 Y HYHTHY+SH! (J*HOH
H&HOH S+ 1 (1&+%X%%+ +##D (1 . ()*82:&2 &+ $4'$$
$.+'8$

&"+# &+ # CHSHESOHH2 » ¢ - #H.&(S

gA{g ={0:020s ...}

(1 "8H2 A% -$H2 %+ $ %+ HS+&(%+S$ 9% (1+'$S | = 1,2,...
((1 "B+##2 [ #(*18+%1 $*00+ &%+ (%2  #$+#$%0 ), #8&+ "(5-+)
00(8.156$& 3 "+$-&U"$&. /& , HH(SH& #H+ H&+M A +$ ¥/ (1
[%#+* 4. *$2 .

g1 —.$* ,$-&%"$&  "+& $%+$"$ #%*H *$1;

G — 334%"4-.8 *$-8%"S& Y #2%+ Yo+ #S+&()* , +& S (#  (T&+H*,
o+ $. )

Oz — 0&#,&+ $1*&%!6$ "#*%+ 1"$2 (- %+*#%+3$9"%'&*+ $%$+&+H
*UH %+&S "HH);

s —$4,& &**/1& *014"$ $ #4.&2%+ $1

s — 8&Y0+"H%8) , %% *#,$* ()4  *&*&%I6S "H*0o+ I"$2 (& &O# #-
#3% X B, ), "(5-& S5 B80S THH S (7 «B3#-
*# » #4.&2%+ $1;

Qo— TH#+ 1. 14(# $%H&S*&*$2H % &, , , #+($*, #+ $*1+/
H&'H& (* $.& L1101 4.&(" &%+ *S ), HWHT&MH S %( 7/
B, $5-&%"$  #4.&2%+ $1.

& ($4'5+%1 $4 &%+*/& $&,/  #%+ #&*$1 #%+ *%o+ &**  H#HTH(H-
& -%+& 8*& | $* $-&W'S -H.&&2 Yl-&+#, & &$%(&** 3" -
+HH# . ", %EB&IBE (%% TE&HHF #+ HE&'+HOH# -$+ &+%1 YoHH+ &+%+ !
56$, #*$8&*$&, HIL | 10#%+$, #+"(H*&*$& 0&H#, &+ $-&Yo"HOHH(H -
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8&}SL "HH™* S %+&E B&Y+'S,S Yo+ " S », +# #4#H(1&+ 1-8%+)"" %,&
BE&*$&I(&,&*+H#  (*& ,+" $$ *'H .

STHE& #T(&*, 1 (1&+%1-&+ 88Y6+"HYo+& &O# ##" (HUHT&
14§ +$ % )$3% .4 "H0+E1"$2 (1 %+ .$29"% (1 +'$S , $

%(7/ 3 #4.&2%+ $1, "(5-&**/ S5 $-8%"5  THH %$%+&
I HAHBE* MU "$*&0 (M2 " H.#. (HESHOHE ) &($-&$&
8&Yo+"HY%+G +$" ()F/  *&%I6S "H%+ 1"$2 ), +" $ &.&*$& . -H#.&()

"8H#2 *&*&%%N!6&2"H#* %+ 1"$S % $&&EH2 .$* $-&%"#2 8&%+"#%+)5
(-+# #8&+ 4 1&($-$+) /-$%($+&(*5  4,& *H%+) #.&($ ).

HOHE  9%,/%(8& #% (& +&()HOH HYo+ HE*SL .&" +H2  « MG+ -
SOHH#2 » H&S HUHTENHEY O+ | Yor #S+&()%+ (L "#+#]  HEH
HY%o+ HEH HHH B &&(SH)  3'+$-8%"HE % &.&(&*$& 8&Yo+'HY+
$*& 'S/ $*0 14#-*/ "+& $%+3$"  [%#+*#0#4. *$1 .

(1 &+ $AH# **H2 D - H&(B %t $+%B & &+%1 - %+* 1 (- -
0+$* 1) HT(&  YoHT%+ & 4% -&*$2 —# &.&(&*$& 4* -$#H2 "#'$$ "
UOHT%+ &%/ - Yo+#49, $3#, {/ 1} "H(&7 *$2 .$* $-8%"H2 %$%+&,/

[K@IF]=W|m@)]F] 2.1)

o0& [Fl=[iL.-4})  [wWl=diadw?,..s) .
[K(g@)]—,+$  8&%+"#%:# ()] —,+$ , %%%$%+&,/
&+%1 #.5* $4%(&.156% " $+& $& * #8.8&*$1  UHTY%+ &**/ - Yo+#+

$3#, "H&T*$2:

— "#($-&%+# (En) #.(&86%  # &.&&*$5 ,$*$, (Y (*$4:$ )
VOHT Yo+ &**/ - Y%+#49, $3#, {/ };

—.$ 4 - %+t W # W, P+ S HHE HOH %(&1&H &.&($H) W&
Vot T%+ &**/& Yo+#+ $ 3# |

—.$ 4B - %+ W H# W S H(S-&%+ # #.(&8 6% # &.&(&*$5
$*$, 0¥/ Ut T%+ &** - Yo+#4$ 3,  *1+ S O+HOHS 4#*
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W($ 4.* S A - Yorit %(8.I&+$E% #()AH +) %.$0B $ +$ 0! -
(1'$$ ,+$/  BRU+"HYED -$U6(&*SS YoHTYo+ &* - Yot#t+$ 3, . &"#-
&* & H#HE& 4% -&*$& %. $0 % &'+
_ WP W

2
" &%+ &7 A# 7 T ¥/ *STH(&E& #. $*1+& $ "S5 -
69& ,&+#.] &;&*$1 HTHTO&**H#2 - Yo+*#2 #T7(&,/ Yo#T1%+ &** 4* -&*$2
C$H& $2 H# HY+ o+ $ T2 &+ MH . HOH-S%(&H&
-$%(S+&0M8& 9% & $,&%+ |,  +#, -$U(&.(1 "HY+ Y%+t " (## #T)-
Uo(# (&%  %$%+8D %$%+&%" +4,$ - Yo+#+ S, HAH(15+ %).$+) #
* &B*HY+$ $ 033&"+$ HU+SVeH &,&* & ($4'$2 9+$ | &+E# [111].

#' 4 ( %-&+*1 "+$" ,.(1 7THOS 4.-, "+&* @ -
*($4 [9%H+H  4.%$2 (# 10,(* . *&$4 8%+ — $* $-RUW'S  %+& &*&2
% #7#.1) T(#-*2 | &+#. *'#; $,&&+*8&#H% # $,/& &$,16&%+ %"#
#o%0+F &.&(&*P1 4. ¥*#HO# "H($-&%+ Y%HT%+ &**/ - Yo+#4$ 3H, .

HOOHH & (O S+, — HY%+ H&¥S&I(H-*  &"+##  *#,  [Q]. # &-
&(1&] M —#+HO#* ($4'$82 T(H-*  &'+##  # #%+ "%+ & | -
(#

Hk. I MLIRL)= Rl [<. T MIR], ... (k. T M])[R],

[k =(K]+s[M]* $. (@& /#¢ars8 #81/  $+& '$$  #. -
B+ %+ & H & &&H2 4.8 *H%+$.

%($ & #( 0 &+ , —+# Yo T%+ &**/& Yo+#t+ #HO+ #' 4 +)%1" +% -
S, SH*XL  H& " HH%+$m HB&+ T7/+) 4.*  $ $% H()AH# *
4.8 TEH' TH*  &+#H# $,+§

(O# $+,  *#; [-$%(1&+ #%(&H# +&()HYo+)T(H-*  &"+H## Yo#
% &$ ()%, Y% #2%+ #,
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[ [MIQl« =ai[E] . (2.2)

0.&[E] - &$*$*1 ,+$ #1." m.
[#.  SAS+& 'SHHOH  #'E&Y%

@)  [Ql[8]..=IRl...

b ], =[k.F'IvId]; .

© M= ]-[Ql.[El

@ [l =[ef[IMIv];.

@ [l =1Lkl --[a], ]

® [l =[ulfmIk, MYl

@ [r]Is] =[sll4l; .

o [l =lls] .

M Rl =] -[Q][A]; .

0 [Rl; =[R];- [v], V[ IMIR]; .

[vl]j@ [wd], [Fl@ [F] (=12.....9UM) %(18 + 1%(# $1: |i- (), /() |<EPS (i=

1,2,...p), j<ILIM.
* - ()2 H&+ A, @+%1 %& HU(I-2%/2  TH-*2  &"+i#

[RL, = [[r}.[r.}]] . O @- QR-3"+#$4'$1 ,+" -+#[Q]; \# (&+#1 -
&H2.2), Bii- & *&+&IOH()*1 ,+$
0 (0 /#(*1&+%1 +#()"# $ j>1. + [T]; 3 "+$-&%"$ %+ #$+%1
*& # (f), %#,#6)5 &*%+
SRR
= B

[6l.. [l

]
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23. $., . 1+ (&#. ) %8 ", $%%) 1% (N% -
.4%-1  %.& 8% %!"
" #+ & (#%) 1.5.3%%& +'$$ " * %+#16&,! &,&*S 4 TH+*/
"l $ 15688 (0#$+, S "S%%(&# +&()%"S&H#0 & & ($4'$$
&HHS" -$% (& H0H# &,&*$1 *&"# &"+*  #T7T +*  .$* $-&%N"'$ 4.-
#A #(156%8& $.8*+$38S# +) 3 "+$-8%"H& WHWHHISRY" ($4# +)  .&-
3&"+ $# &.&$+) %+& & "+18&Y%HFF(L .#Y%o+ - #Yo+  ($F&2*H-
1103 %$%+&7 (" S ($+ ¢ $&#W'H, #UH *$$, #Uo+ *Uo+ &*-
*1 3&, , (#H%"1 , ).
& &-3%($, #%*#*& 9+ / $ $&& ,+& +5-&%"$& «/.& 8" »$4
&.(0 & H#O# 933&"+$*HO# $*+  (O#$+, [133], #%*# *#OH# * -$%
(&**#, &;&P$ *&($*&2*#2 4.-$ #+$,34'$$ — $*$,54 '$$
; — +#, -$%(&SO( *,  HT 4#, ((1 .*H2 %+ $$$%%(&.# *$),
(L %S+ &TH# *$2 " +HHYU%+S &.&(&*SL %-&+*  $$4,& &/
VoHTY%+ &**/ - Yo+it$ 3t , "H(&T *$2 :
%?Tail/i '/Ain $ R(@:30
0.&gA{G={a p ..} — *&& &&*2 &"+# &+#  %3$%+&,/
ai — &Yo# /& "#I33$'S&*+/ , j . $ /7, — [-%(&& $ $4,& &*FI&  Yo#T

Minimize P (qg) =
q

Yot &**I&3H | "H(&T *$2 ,R(1) —#O0 *$-&*$1 # &+ ,
(1 &&*$L I"4*#2 *&($*&22 4.-$ #+$,$4'$S  $% #()415+%1
&+ &M %S *HOH " . +SHHOH  HO ,\$H# *$1  , +&TI56$& # &.&-
(&*$1 -1 %o+ $+&()*H%+EI*$S  #$7"S " %$%+&*, &+, —-
#
(2.2)

nmd
P,= __1aiH/' A H / »
%($ %HT7%+ &**/&&"+#  *# , ($4# */ +$&2 %%, +$ -l-
%+ $+&()*#%+Hb & &(1&+%1 "

nmd ./|K,/J )
: — i
wg (/- /')/iTM./'

/i,q:_



0.8 — I-$%(&*& Yo#T%+ &**&$%( (" . +/  "10#/ - %+#}, K —
L+ B&Y%HHYFS — ,+$ L %% . '8 $4,& &*$1 ($))
S Qo+$HH H% HSAH1+ 3, BTS2 F&UHHHE] " — HOHH) *&
| &+001 #% #()A# +)%1 *H# $# *$&,  # ,+$& , %%$ + &7I&+%1H -
$+) $M& *#

4 ) -

&4, (1 '&@&2 . +'$$  1(1&+%D! $#" &+# -
H&S ,  H -$%(& %% #H()AH# *$&, $4 &Y%+t %! & I(& &+ H#.# -
# .

& #(0 &+%1 , -+# : -#.&() 4.*$1 .&" +*# #+ 8 &+ 3 "+$-&%"#&
%#%+#1*$&%!16$ "#* %+ I"$2 #7<&"+. **/& 8& $4,& &*$2 %(!- 2%/,

HT A%, "41(& " — HOHH! SH&S &/& &+  %$%+& M (15+ -
%I6(-24,$  &($-$*,$S . %HOA&+WL &+#. #+& - (# (1 Y%+ +$%+$
R HOHH.&(S # *$1 Y-8+, 4 &B&MHUW+$S$:l,  $4,& &H2 $F3H -
,'$$

CLL&M2 " S48 &2 YoT%+ &2 &+ [ 0&*& $1&+%L# -

7 (&$&, %(-2*#2 #$7"$ $4,& &*$2 " [-$%(&**#,! WHT%+ &**#,! &"-
+HH [ [T % %+& &*1% #7#./ : -#.&($ .

%%, +$ & 1  #7(& ,"" 18& #+&- (#%), 1 (1&+%H$ $-*#2 *&
QD HT PHD 4. -82 . &"H &'+ H%+) 4.-$ ##8.8&+%1 +&,1 $-
8 *&IHH2-$ HYESHY0I+ %0+ $&.&&*SL | *HB&Yo+ &FFHY+)5 (& &.B*-
Vot & HYUH &:&*$2 $IB(S 4/*#%+)5  &&*$L. (1 &HH(&*S$L 9+#2
HT(&,  $% #H()M&+%HE& *$"  &ONL$4'$SS — " '&(&#2 3*"$$  (2.2)
HT (1&+%1*& &/*1  3"'$1  &0!(1$4'$$

P =2 IK(@)- K(g)’

0.&10—*- ()*#& YH%+#1*$8— "#933$'$&*+ &0!(1 $4'$$ .
& %), , &ONL$AS# *1  #7(& $.&*+$33"'$$ $,&&+ $.
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L 1omd b
Minimize P (q)=""" alj,-/\"+_[K(@)- K@) $ R(g)E£0
q 1=
# % && I-- | #,1%1+/2  "#93-
3$$8&*+ K (k—*#,& $+& '$$ ) # &.&(1&+%H "$, #7 4#, ,-+#7/ 31*"$1
#S7"S  #&%%EH +$,$4'$S 7/ %&O. TH():& ,-& 3*$1  &0OI(1 S -

4'$S$ :

"3 MK (@) - K@)

”mdai “/ (@)- 7,
i=1

5

U($ HY+! *# A% -SHE& "H($-8Y+ #S$A& & FTHHE  YeHTY%+ &
- %S 3#, | H#(-&* B 19%# S, 933&"+9"% & $,&%+ () -
D QM &FHYUAS (", ") HB&F TI+) %*$8&*1% &.*&*$&, #(I-&*/
e SRS L+ HAHBHY) HB&+ TI4) &.(HB&* "' #.$* $4
84 "$+&$& [TH &+ S+ L& (HOH S $-RU"HOH S -
+H$0 (%, .2.4).

KU &2 & (L HO *B-&FHOH KTH Y 4+, -
SGHEOM # &&SY) ) 14 $4,8*&*SL &+ #  #O&MHUN+LS $4.&
&*$2 $($ 3"+$-8%"$,$ &3&"+ $ . # % && 5
[ #(*18+%1 $+& '$H* 1 %& $1$.&*+$3$"'$2 &+ #  H&S YW TH-
S %08&*&SH | Y%th(T,$ #4,168*S1$  HHHUNS+E&() 4
& &M &(SSF . 8AIF +& $.8FHB3SS1&I& &+ H&S S
+& &+$ 15+%1 %+ +$%+3-&WeHo #5,5 % &.&(&*$1,$ .

e # " - | YHO( %o* o+ +$%+$-8U'HAE &+ 'SP , # &.& -
(1&+%1"

s, = %9 100(%)

0
0.8 h$ g7 M HE&S HE HHE 4% -&*$1 &+ #  H.&S .
W Yo+ 8%+ (&% 4 .- $* $-8%"HO# #HS+#$*0  #7 65+
* H&TIFS, *B&  SFHIS+S H #8$. &,/& +&TH *$1 (2.2)" +#-H%+$ %-
&AHHOH( .2.2)$ $*00+ |.&*+ ()HO# ( .2.4)# &.&(&*SL *& +H()"H# YoHT%+ &*
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I -%+#+*H# $ 3, "H(&T *$2  [%#+* 4. *$2 &.,&+*# 4% -3 #,
- Yo+H#H+*#, .S A#& .

24. -&( $H#H%" ) B (%" & #%%1 2. !
50  &%!"

" p(&I&+$A 4. HOH $*BE*& *HO# %,/%( $ #.+ &8.&+%1 3# -
O -, +&, +$-8%"$,% /(.S 2.3, 17 *2  %&2% # &+ $-8&%"$2

&+, $4.8 &*$2 H(8&* #T8% & +) $&,(&H& # +HHY+Y & &(&*$&
& +H()"H *$4S  HT68%$%+&,, *# B +& YoHTYo+ &**/ - Yo+#t+$ 3t , "#-
(&7 *$2, "HH# /& $.8*+$38'$ 15+  (H'(0M&  $4,8&*&*SL YoHVo+H1* S -
%+ 1"$2 ("(5-1 A4L&SL ), $ [H(*&*S$S +"8& +&TH *$2 #H& -
+$ 00+ O"HHH,B-&O0"H2 "HF" &* 1% HYHT*HYo+$

S (S4  HUH K SYUHEASH HA( -+ O+, "$+&$1,  * $TH() -
&2 Yo+& &FBH &- &+ &+ Yo+H1-$ H(* (H%+ HE*2 * HYoH & 'S
HOOYo+ *# (&*SLHO& &*+*  Yott%+ (156$ #(#1  #(&2), 4 TH#+*/2
W&+ #,  &HIBAS-8%6"H2%(187/ $T$ %"HOH# #+.&(&*$1 (# #%S$-
TS0 # I"HHEY%+HH# 4. .M [47] ($%2.3). &#HT#S$, 1
H*1 %$%+&*7(5.8*82  &.1%, +$ &+ #M &&M™5  &0$%+ '$$
06"# &*$2  #HH#H2 $H&"HHHH, &Y+ $+E(OH, *THE +H-&" $*$, -
EH+%H.&() ($*&2H2 % LASH(HI  #(&2 .| +H#"  HI<&'+.  HY%#
& $*& #%"#2 3B+ '$S  $ % #2%0+ "HO& &F+ HY+S0+H#1-$ H(* (H(&T -
*$2) 4 TH+*  (O#$+,  %-&+ 380+ # , & &Y%-$+ 56$  "H(&T *$1 $4
B2 S L 10$& +H-"$ %$%+&,F 7(5.8&%$2
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0)

HOO%SBBE * "# (&*  HAS+S M2 H#I+ $% H()MH *S1 O+HOH &+
(L # &&(&*SL YoHTY%+ & - Yorit+$ 3#, "#&T*$2 (H+$* ($%2.4 —
#-*# -0 $+'$#* 1 (#+3* 1*# - 1,&*%"#2 D), H%HH S 4,782
(T#();& #(&+*/ $,  &)&2 %+& &*$ *HO#9+ 8% ). (1 /%#+*/
4.%62 4, (&'YoH  +"HOH #1+ &+ — #HT&( & #(08+%L #% H(*$+)
$%0%(&H *$1,$* & (#, #7<&'+&)( 5).
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syt

reested spotens
Gt

o1 & 1 #.  (-%+#+1.125" ).

§§§§I (S O H96+86,868+2 + 34 %% #Y%+96, 86852

a0

&2 7&8&0 #,&  %&"$$ 2 7&&0 &2 7&8&0 #&  %&"$$ 2

1 # (% 12190 ).

—I + (Bt %' #%+$0,&68*$2 + 34 %##%+%0,868*$2

a0 so

&2 7&8&0 #,&  %&"$$ 2 7&&0 &2 7&8&0 #,&  %&"$$ 2 i&&o

$062.15 .
L ($H. $34 %L H* S (M HET*$2 (ST 1 -1&*%2 : ( 539,).
$ 41 # (-%+H#+8.140" ).

I (S %" #%0+$6,868*$2 + 34 %' #%+%,&68*$2

-

454 ¥ BWNI
i | ac L TR
537 . R ‘éf -ﬂ‘_‘!

a0

. &2 788&0 #&  %&"$$ 2 788&0 &2 788&0 #&  %&"$S 2 788&0

o &t/ *.'+1 M. (- %1+ 9.015" ).

I (S % HY6+90,&687$2 + 34 %% #%+%,8687$2

e a2
o
= I
o T
&2 7&8&0 #8&  %&"$$ 2 7&&0 &2 7&8&0 #&  %&"$$ 2 7&&0
" 1%
$%72.22

o, (S $34 %+HHL-S #H(* (Y "H&T *$2  (#+$* ( 539, ).

- ( - (
(1,2,13 14- )
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25. %. % /0" , &% ! $+5 12 * +061+
Uo-8+* 1 #&*" $ *8Y61682% HUHT HYoYE Yo+ I"$2 | #(*1&+ -
%1 Yottt &+%+ BFH , +$%,$  "$+&SLS # 1 -#.&S , %#.& 86&2
& " H&MIBRD «HGHH SHOHHD », + " SV HIHD « HEFHD » H# -
&($.
++$-89%0"H&S .$* $-8Y"H& ( +H, -$%(& %&2%,$-8% WM& (1 %+
$$ | # &.&(1&+% B4 &:&*S1 %$%+8,(3*82* (087 $-&%"$ | *&*$2
( ) *# &%$1

[K(Q))Hu}. - {uby ] = F (@)} {F (QD)})

$! *&*$2 . $8&*$1

[M(Q)fu}+[c@Q)ful+[K(Q)Kul ={F(Q))}

HE&"  1%+#2-$ #%+F$4$ " $+$-&%"S *0 M4#" 1 $ 3%, #+&$
106+#2-$ #%+$/ 1)) — $4 &;&*SL - %o+$-*H#2 #7(&,/ YoHT%+ & 4* -&*$2

[K(@)IF]=[L]ks@)IF]

0.& [Fl=l}-{}l [L]=diagl,,.....)

$ O+#, "(5-5+%1 HH(S+E(M& (# % *&F5 %5t $-8%"#2
H&O5 ) % H2%+ —  "+& $U+$'S #HUH *$1, BRI+ HILE* 014 $. .
7#  &+#  C) +$$ .S H&) *%/6&+%L # &4+ +,
%& $.# #$+#$*0

&.(0 & #0# #. #. * "8#2 %+ .$P # S+ S0  HB8H

"&PAH H)" S %-&+ *  #O &%%S |56&& #7 I;:&*P& Y%!-&+#, 3"+$-& -
%"#O#O0HY+H#1* BV <&"+.
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)

S0 (+7(.2.1).

$+& $ ()*/& &+ /

H# &.&(&

(1%(# *# — [%#+ h=150,)

' *QUHI6&2% HYHT*HYoHBH(*1&+%1 # .&2%+ 156$, *#,+$ -
"$+&$1, * 74& &+ #

* +&"16&2 %+ .$$

7% 21

*&%!16$ "#*%+ 1"$2  [%#H+HO# 4. *$1

- &+ &($-$* &.&()*# # -

' ’ 4,8 *#%+) | %+$ H8* -&*$&
"%$, 0* 1 #%."

1.1 | (#&0) % ($+%, 3% - s, %, 15
&F+E))

"%$, 0*1  #%."

1.2 | (#.&() %% 2%#- ($+/, s, %, 15
3%, &*+#, )
+*#%$+&()* 1 4*#%+)

2.1 |[#% #" (#.&0) % ($+*, (Ds/L), 0.004
3% &*+#, )
+HH#%$+&()* 1 A*HY%+)

2.2 |#% #" (#.&(0) %H% 2*#- (Ds/L), 0.004
($+*/, 3. &*+#, )

#0$7/  ($+ & &"/+$1

3 |4 ##0#0+8 (#&+ L) o L/213
# $a1+ 0*& & &,86& -

41 |81 & 4.%$1  #() ¢ h/500 =

T '$3#/ #%&2(#.&() % =150000/500=300
($+*/, 3. &*+#, )

# A+ )71& & &,86& -

42 '3%#/& #w?&zﬁi.&o'#oo/o# fo _1503/5’3250_300
% 2%#- ($+*, 3% & - B -
+#,)

c %-&+ 4.*$1 * 1%+#2-$ 5
#%+)3# /

%" H# &*$& Y% HTH*  "H(&-
6 7°$2 & &"/+$1 & *&0O# a ., 1% 80

9+ 8
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2.6. .%!(#.%! " (%!" , ('14.) ) %! (1%*.

(*$# *$&  $4,& &*$2 * +&"16&2 %+ .$$ #$+# S0 %(&.1&+ # -
#.954+) , #%0*#/ 1%) * &40+ + &.1.16&2 %+ .$$ ( &.;&%+ 156%
%+ .$2).

8 B+HISHS *H -$F8&I& *H, #T7* 18&*$S " #.#4 $+&()* " %oHT
%+ &** - %+#+$ 3%, "#(&7*$2 $($ &4I()+ +& $.&+$3$"'$S (#' () -
¥ &3&"+HH | +&, +$-&%"$,$ &+ S ( .2.3)*&HT #.$# 1%+ *# $+) -
%o+ +#-*#&S%(#. +-$"# (+#-&") .(1 .&+ ()*#HO# "H#($-&%+ &**#0#$4,& &*F1
0+$ - %+#+$ 3, .

41,8&&+%1, $ *&/#(*&*$$ #.*HO# $4*H , +$*/ "$+& $&  *&%0!
6&2 % #%HT*#%{$%2.1,+ 7(.2.1),+ &7'&+%1$,&*$+) &/ & &*+$*# -
0#% #2%+.

#.& &$3$"'PP &+ * W& H/ #&ODL O 4) 9% &&
#71'$$  * & (O, [%#HHH, 4.7$$ (0( 5) & #(0&+%1 * %/+$+)
O+$H76D& #(#8&*S1 "+$-&%"$, %,/%(#, .

2.7. -# $- , < H#

1) &.(H8&*  $ +&#H &+$-8U"BTHY  *  %-&+*#9"% & $,&*+ ()* 1
&S S S0 *&%I6$ "H %+ 1"$2  [%#H+r  4.*3$2 .

2) &+#.$" T 4$18+%1 &+ ()Y TH():& 4,&* H%+ *o+ &*-
0 .$* $-&%"$  "H#E&-HI(&,&*+F H.&D  %3$%+& [HYH *$&4. *$&"
(%$% #()A# *$&, &Y%+ $+&()H2 "TST(SH+&"$I(& & +# ", Yo#t ,&Yo+$,/

&$H2 1 -#H&S ), "HH#I& &+ $A5+%L (1 %& 4*-$,] Yo+ .$2

«8PA*&** HOH# '$"( » #7<&"+ $ . +$15+%1 # .*/, %+ &%+ ()
*7(5.8*$2 .

3) #'4* |, -+# &+#. $4,& &*P2 H#H(B&* #7&% &-$ +) ! & &**#H&
# &.&(& D& *& +H()"H *$4;S  HT6&USY+&, ], *H# $ +& YoHTYo+ &**/ - Yor+it+
$ 34, "H&T*$2, "HH#1& $.&+$3$S 5+ (#" ()Y&  $4,&*&*$L Y%+
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*$1 B+ 1M$2  ("(5-1  4L&*$1 ) —O+$, "$+&S1, LH# (&+# 18+ / -
7 %2 &+H. YorH1-$ H(* .

4)  #.8& &$3%"'$S * %+&*H#H/ H&OL O( 4$ #7'$S
& O#, #7<&"+&0( 5) & #(0&+%1 /1$+) $%+$+/2 #+&*$( -
HA HEHY+S S HO *$-87BL — 4 TH+*#2  Q+HES'S 5 $-&UWHOH #HG -
H$0 $&&&YHE 1.1 (+&*+$*  -#HH#(*156$  #. ##
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3.1. '#" # (15! 1( #.%%-" % 2% 3 ) % %-" (*(.))%-"
), ANSYS Mechanical
3.1.1.6 ( (

IT# "7 A# #O# #O |, HO#  H, (&% () .(1 .$%%& + '$#*/
4.- %.&(* #(04! "+18&#0#  ANSYS Mechanical.

%r#*& "$+&$S /T# (1 TH();& 4,&*/ 4.- H#H&S# *$1

$.$*,$-&%"$ "+& $%+3$"  [%#H+*  4.*$2 #-& $.*/

— . 18&%+ &**/& $ FHOHHT 4*1& & #8&%Y# *I1& (#%+ #&*$&Y(#8
* 0&#,&+ $-&%"$ %o# 7%+ &**/,$ % &%+ $$* #WH & - #.&(&2 ,
0&*& '$1 : -#.&&2) $ #%+ #8&%%# */& ( &%+ (&*$& &40+ +# )
#4 #8*#%+$;

— & ($4'$1 H.&(&2 #%#* $#  *&(P&2*H%+&Z3PAP-&%" 1 0&#
&+ $-&%" 1, "#*%+ "+$* 1 $ 0&*&+$-&%")1

— TH#O + 1 7$7(SH+&" "#*&-*  9(&,&*+# $ %# ,&%+$#%  &.F*#2

-#.&($ ;

— H#H6*1& & +&($ , H1(&/  %#T%+ &** 4*-&*$2 $ . 10$
(0&7 $-&%"$ 4.- %! & 7T#()#2 4,&*#%+$;

— #AHBHY%+) #%+ #&*$L #.&(&2 $ * (P4 &4+ +# , "(5-&*$1
%WH#T%+ &** #.&(&2 #&&*$1l ,+&$# %#HHE)S Y%+ #&*HOHLA/"
#0 ,,$# *$1 ;

— 4% -$+&()*2 #/+ | *"H (&2  $%NU& + *+#,$ #.%+ &S  H#(-
(&"+$ . $ = +3% $ = & $3%$"'$$ (%, .3.1.2)
$ $% #()4# *$$ (1 4.- %-&+*#HO#HTHY*# *$1 *$" ()*/ 4.%$2 $
Yot 18&*$2 [11-20].

ANSYS++&%+# *# %(&.!156%5, %+*. +,

- & :

o The ISO-9000 series, especially ISO-9001 and 1S

o Lloyd's Register's software certification.
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o NAFEMS QA certification.
o British standard BS 5750.
The TickIT initiative.

o

10CFR50 Appendix B.

ASME NQA-1.

The ANSI N45.2 series.

The ANS/IEEE series of QA and Software Standards.

ASME NQA-2, Part 2.7.

NUREG/CR-4640 - Hardbook of Software Quality Asswo&a Techniques

© O O O O o

Applicable to the nuclear Industry.
- 4 ( - ),
&0$%+ '$#**2 *#.& YH#+ ++&%+'$$S  ? 145#+31.10.2002
3.1.26 - 0)
2008-200900 "#((&"+$ ,$ % &'$ ($%+# = +$ $ =
| #(*&* & $3%"'$1  #0 ,#0#  "#,(&"% ANSYS Mechan-
ical .(1 *!"#&,"$ 4.- %+ #$+&(\)%+ %$%+E&,&%%$2%"#2 .&,$$ -
$+&"+!/  $ %+ #$+&()* *!I" | ) [37].
$8& S$#.1+%1 $"#,&*+3$15+%1 [.&8"$S BA#714 +&()*#O0# S(# -
8&*$1 " " $.&+&()%+! ? 02/ANSYS/2009# & $3%"'$$  #0 ,*#0#
"#, (&% ANSYS Mechanical'.[37] ($%3.1), $,&56$& *& #% &.%+ &**#&

B8RS " -$U0(&FH,! H.&(S# *$5 $ *8901682% HYHT*HY%H -
Yott+*| 4. *$2 :
"..ANSYS Mechanicat *$ & % ()*/2  #0 ,*/2 " (&% (1

%-&+ %+ +$-&%"#OH+&, & +H *HO# P .B* B-&WN"HO# * 18&*#
&3# $# HO#  UHWHHLDELH +$,54 'S #%+ U+ & "H TS H# -
**/ "B+ I"$2 | 4.*$2 b %oHH 18&*P2 %l-&+#, 933&"+# 3$4%-&%"#2
0&#,&+ $-&%"#2%+ I"+! *#2  ("#*+"+/ %t &*$&,) $ 0&*&+$-&%"#SH%+# $1
#4 &.&*$1 $ *018&*$1 ) *&($*&2*#%+&Z #%*# &, &+H#. "#*&* < 9(&

&*+H
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POCCHACKAT AKADEMIT APXHITEKTTYPBI H CITPOHTITEABHBIX HAYK
FHayunviii cosem «TTpozpammubie cpedcmsa & CIMPOUMEALCMBE U APXUMERITYPE
CBHDEIMEADCIMTBO

Ne 02/ANSYS/2009

o BepHGHKAIAA NPOrPAMMHOTO CPEICTBA, NPHMEHAEMOTO LIS PEINEHHE IR0 TeII0NPoBoIHOCTH
H PRABTPANME, ONPEACIEHAR CTATHYECKOrD B THAAMAYECKOTD HANPS#RenH0-1efopMHPOBAHKOID COCTOSHNR

KoHeTpYRumii, 3naunii 1 coopysennii

[pocpasvnoe  cpedemeo: ANSYS Mechanical —  yunpepcansuuil DporpaMMEbi  KOMIUIEXC I PellieHHs  3azny
TEMMONPOBOIHOCTE #  (PUALTPAUMH, ONPCACHCHHA CTETHYCCKOrD, TCMOCPUTYPHOIO M /AHHAMHYCCKOIO (ANPRACHEG-
DedopMUPOBIIEONG COCTORHHS NPOCTPRHCTREHMKX KORCTPY Kk, Wnanmit i coopymemnli ¢ yaeToM ddderTon dumiriccroil,
reoMETPIMECKO, CTRYKTYPHOR 0 reHeTHYeCkol HeaHHeAnocTell HA DCHORE METOIA KOHEMHELX MIEMEHTOR

Paspatomanc ANSYS, Inc (CILIA)

Fansumens: IA0 “EMT P*, 3A0 HHII Cran0, 000 “T'K Texcrpoii™, TOY BIO MI'CY (Poccus)

Asmop sepuduicayuonnoze omyema; 3A0 HHI Cra/lw0, FOY BIIO MI'CY (Poccis)

Hama exvovenun & peecmp sepugnuguposanisie npozpasessix cpedema: 10 moan 2009 rojxa

Cpox deticmsus candemersemea; 10 10 moas 2019 rona

Tlepeseti, peprpREHpORAITLI BoIMORHOCTE nporpavMioro cpencres ANSYS Mechanical suosen » Ipaunosenim (Ha 4 c1p.),
ARAKIOUIEMEA HEOThEMIEMDI 9acTHio HacToamere Cauaerensersa, W B seprdHKatmomion oriere (4 Toma ra 1200 e1p.)
e

Bie-Tlpeawnent g - BH. Tpuym
Axagesik-Cexperaph - % ib . ”"HI[. Kapnenxo
Mpeacenarens Hayanoro Conera — '"'{‘L-_ ‘BH. Cantopos

.3.1.6 - # 0) ANSYS Mechanical



6 # : &

H$4 #()*/& HYO+ *Uo+ &*&  "HTISSH & (, %%S$ *#-
HTH(H-&-H - ($+H -%+& 8*& 1&$4 43  ,+&$(# -%&), "(5-1
—*4&H& S #HA&ME $ THO:& HE&+HI& | HHGHHE S

&0*& , *+#1& ; &+ (($-&%"$& (%+ )*/&, -10*/& , % (] ), T&+#*
*& | B&(&AHT&+*I& Yo+ (&B&(&AHT&H&' &**I& $"$ $-*/& , .& &-
118 , 8AS# /& $ &ASH,&+ (($-&%"$&, O I*+# /& ; Y(#8*/& "#* %+ " -
+$*/& 14(/ .

4 ( )

& & &,86&*$1 $"$*&, +$-8%"$&% 14D ! 14(# .

— %+ +$-8%"SBT<& *I& , # & *H%+*& , ($*&2*1& $ 1A# /& %$( $
B8+, "(5-1  +&, & +1¥& , &Yo# /& Y%*&O0H 18 % & *$& &+ # /& ;

—10% '$#* 1 ($*,$-&%" 1 ) %#%+ (1561 &+##2 *014"$ ;

— %&2%,3-8%"$&. **/& + & "#, #H* &+ $ % &'+ $ #t &+ $ "%&
(&#0 ,,,$ ;

—%$H 1& .$* $-&%"$& , 4. *&  &&FH2 & ($4'$&2 ;

— $7 &, 4.%&  ,($H.,$ $-%+H#+,$ #4.82%+ $1

—%(1- 2*/& .$* $-&%"$& ,4.*& % &"+ ()*# (PSD).

( )

— ($*&2*1& Yo+ +$-&%"$&

— %HTY%+ &**/& %+#+] $ 3# | "H&T*$2  9*& 0&+$-&%"8* -$ #,
- t+#H, S A& (- %+SF L HT(&,  YHT%+ &* 4% -8&*$2);

— ($*&2* 1 19%0+#2-$ #%+)" $+$-8&%"$8* 014"$ $3#,/ #+&$ 1%+#2
$HW+S- %+$+ 1 HT(&,  YWHTY%+ & 4* -&*$2);

—0 #$-8%"$2 *($4 (1%+*# $ :$&%1 "#(&T7 *$1- $7 '$$ );

— ($*&2*#-% &"+ ()* 1  +&# $1%8&2% HYo+#2"H%LB-&+* % &"+/ #+
&+);

— % &"+ (%2 .$* $-&%"$2 *($4 (% A#HB&*$&, # YoHTY%+ &*/,
3,  “H(&T *$2);



- &&#*& .$* $-&%"$& #'&%%/ ( LH#& $+&OPH# *B& | *& -
*$2 . $8&*$1 );

— *&($&24& Yo+ +$-8&%"$R B+, $-&%"S& ( +#, -$%(& “#+8 " $

%-&+*  #0 &% %S 156&&#7 1;,&*$& );

—% &"+ ()52 *($4 %(-24  "H&T *$2;

—#+$,%34'$1 0&#,&+ $-&%"#B# ,/] $%+!"+!/ .

— 0&#,&+ $-&%"PE&($*&2*#%0+$

— 3$34$-&%" 1 *&($*&2*#%+) (( Yo+$-*#%+), #(41-8&%+), 14"# (%+$- -
“H%+)0$ & | 10#%+) );

—%+ "+ * 1 *&($*&2*H%+)"#r+ "+ Yo+ &*$&,);

— 0&*&+$-&%" 18 ($* &2 #%+)$%+# $1#4 &.&*$1-* 0 188&*$1 ).

4

—T#():$& .&3#,'$$

—TH():$8 & &,&68*$1 ;

—1 #*&*$& $ *018&*$$ (stress-stiffening).

($ - 8% # )

— 1 10$& $AH+#H& |+ *% & % ()H# -SAH+ # *I& | # +H+H#H&

— (%+$HHYH) &+ (#  (F&H# $L+&-&*SL1Y%SAH+ #*,  $ "$*&, +$-& -
%"$, ! #-*&*$1L,$ );

— H(A1-8%+) &+ ((#

— 14"# (%+$-*#%+) &+ (#

—#7 4# *$& + &6P* T&+H*&H 8&(&AHTE&+HH&

—*&($*&2* 1 #.&() "$ $-*#2 "(."$ ;

—0$&! 1088 (*&%8S$, &,/& ) &AS*H #HHT*I&

—*&($*8&2*1 #.&() O+ (1"& - 0& ).

( )
&+#. "#H*&-*/ 9(&,&*+# & &,&6&*%1 ((1 4.- # &&(&*$1
) % &%+ $+&()*H2 THT(SH+&#2: , "(5-56$2  933&"+$*/& “ &-
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 +&($ 7 TH()& 4,&7/ %+ +$-&%"$ *&%+ '$H* */ $ .$*,$-&%"$
($*&2*  $*&($*&2* 4.- :

1) &410)+$156%  %$%+&$*&2*  (0&7 $-&%"$ | *&*$2  # -
&%$1$ +&# $$ #(1 ( 1L #2 %-&+#, 4 &8B&**#%+$,+$ b $+& '$H* -
*2 , & ($415652 ,&+#. %o# 18&**/ 0 .$&*+# % &HT!%( ($ *$&, );

2) - %+$-*#2 #7(&,] VoHTY+ &**] 4% -&*$2 (&+#. $+& '$2 #. # -
%+ U+ $ S+ TH-HOH &+H.  H )

3)*&1*& % &/ $+8&0$# *$1 # &&S &IS# */ $ $% #.-
o1 &2 $*.$"8 ()5, ", HHT);

4) % & $*+&0$# *$1 # &&S$ | *&*2 &Y+ BH* *H2 +&# $$
#(1 (>)54 )

5) )oH#* - 3%#H* Y% +#, +$-&%"$, [T#H#, 0 $! #&$ -
56%$,$ $+& '$1,$ .(1 3$43-&%"$H 0&#,&+ $-&%"B&($*&2* 4.- ;

6) “arc-length” ¢" 2,(156$ 10).(1 4.- %7#()#2 O0&#,&+ $-&%"#2
*&($*&2HUH)F "(5-1  1-&+ 4" $+$-8Y%"HOHH# & &*$1 ;

7),&+#.] + 3% 32, #8%+&(&2 0 *8 $$ "HT7$'$S -
%;% &1 .(1 & &1 "#+"+* 4.- ;

8) %o+ +1%B$A%) » $ «0,& +)» (1 &&*$L, +#, -$%(& 0&*&+$-8&%"$
*&($*&2* 4.- ;

9) %! & 9(&,&*+*/& % &,/ HPAH()H2 $& $$ (%+ +3", & & HH/&
#&Y%%/ , ($*82* 1 19%6+#2-$ #%+)#. 0*/2  %$*+&4

" i |
4 #T;$*#2 T7($#H+&"$#, (&% & $3$$# */ T#(&&50% +$ #
"6-1 #*-,.! -$+&,&*& :, +"8& $ #1%+$,/& "#,7%*'$$
#HAH2 . - H.&(S :
1) “! " & : , - $$ "#,7%'$$
2) & ( .. ), TH+56$& *  %+18&*$&B/$($
%8 +$&
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3) ( - &  1-$+ 56$& %+
8&*$& %8 +$& $40ST %. $0, " 1-&*$& , "(5-1 #4H#8Y5 & (*'$5  %&
-8*$1 $ 9"%'&x+ $%P+&+

4) #( % 4($-*/,$ 0B #+&4 ,$ (+#"'#-, % &*& $ +H(Y+#%+&*
*1& (%+$* S HTHH-"$);

5) - & , - -
%#%+#1*$RH# $$! 10#%+$;

6) (< " +&# B3 10#%+$;

7) ( : ) % #+" [+$&, -
4" [+$&, $+&*3$&,;

8) ( +-.,%! & 9(&,&*+/ ).

/ #

“H<&H& T A& H%t$ 1 -#.&S (4#H , 9&& ) S &4I)+S !
56$  /-$%($+&(*  4.- (%+& &*&Do HTH.| , Yot TY%+ &** 4* -&*$2 , ;
O# # &&% $+ )#O *$-&* HW+*#2 #& +$*#2 $ .$%"##2 |1
+)5 1, 41*M%+H)5  #H&%%WH $HE& 'SHH2  %$%+&,] % #H(0&
I, &&*&, %-&+...

HAHBH  && D& 4 .- $ %I6&%+ & HH():&2 4,& *H%+$ (&%1+"$
B(($# *&$4 &%+, +/%L1-$ Yo#T%+ &** - Yo+#43#, ), HWHT&™# $
$% #()4# *$$ H#%+! *H2 FHOH #H&Y%H *H2 $"( Y+& *H2 +& *#(#HO$S " |

$ $%#()4# *$$ 30% 1.& $% #()4A# **#0# "(%+& (CPU: 8 x Intel
XEON 5345 (32 x 2,33Ghz cores); Ram total: 80GB{Hotal: 640GB; System
Network: Rpeak=298.17 GFLOP$)+ +$-&%" 4 .- %15 200 181%+& &*1,$
% #7#.] &&*$& &+#.#, %# 18&** 0 .$&*+# % &#7'%( ($ *$&,
(PCG) #+ &7T# (# #+1328 (+#-*#%+)10%) # 2733 (+#-*#%+)10°).

#

— 4% -$ /& #, # &+ A#] & &&B&*$2 (%t +3"), %"# #%+&S
1%"# &*$2 (.$*,$" );

—&"$S 0B 14 ## ). (&B& * (& HW'HE #%
*H P& ;

62



— *4+ &**$& 1%$($L (%$(/ $ #.&*+ ) +#" $+&0O$# S 0 $
ac
— "#, #&*+ &3 ,'$2 ,0(*& .&3#,'$$ $9"% (&*+M& &
3 ,'$S ($4&%, &%) +#" $+&OS# *$1 : $14( , % 4.&(&-
*$&, * 1 103& ,+& & +1 & , (%+$-8%"$& #(4!-$& Y%o#%+ (156$&
— & % 18&*$2 , O( */& * 18&*$1 $ 9'$ (& +4&
* 18&*$1 ($48%, &%" ) +#" $4&0$# *$1 : $14(
— HTY%+ &*/& Yo+#t+] $ 3t | "H(&T *$2 (+ &T'& H& "H($-&%+ #S($
4. g, - O+#+iH, S A& ),
—"$+$-&%"$& 014"$ $3#,/ #+& P 1%+#2-$ #%+$
— (S & &&B& P2, 1%$($2$ * 188&*$2 (1 4.* - Yot#+
$7H # #4.82%+ $1( > );
— ot HYB A" ($* /T (#6)) L, *014"$ * HH+H H& H# -
%+1, ($*$1  $ 14(
— "#933%$'$&*+/ F+& %NS *#%+$ 18&*$2 $ JF+&0 (I (& *$"
41,&*$1 ),
—#+$,$4% # **/& &+ / "#0+ 1"$$ (3#, ,%&-&$H. ));
=" +$*  H#7 4A# *$1 + &6P*  9(&,&*+ T&HH#* $ B&(&AHT &+
# #
$%$+ #+"(%% (+$ )4 .- , “"-&%+ 7 HY+ HEWH2 ¢ - H#.&$ (%&+
"$) $,  HWHTEHYo+BL *&($*&2% 4 .- | #+ [T *HOH# &+ (% &,/)
&&$L. (1 ($*&2* 4.- $ Yo#H7(5.&*$S $4 &Y%+* $ H#'.&*+$# -
[+ QTH *$2 " H.&SH *$5 HEHYHE &.&(&FL HYMH ¥/ -
&+ # H#H(L, Y%+ +$-8Y0"HEES* $-890"HOH &1;&+ 1%. (1 4.- %
Q(T#'#2 » *&($*&2*#%+)5B(SS) $ %#HSY H#.&(1 3$4$-&%N"#2&($-
*&2*HYo+$ % #8.&*$& YO+ (H$ » &4+ +,$  H#HB&+ #%+$0 +)20%.
6 & # $ ( ! , -
L& ($4# * %HHE)S  $H (S -

&)  #)4# +&O%"'S #. #O |,
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3.1.3.+ ( !
$7(SH+&" "HE&H (&, &*+# ANSY S%#.& 8%+ TH#(&& -
+$# 9(&&+# (1 4.- %+ +$-&%"HOB $* $-&%"HOH *($4
$,856%  *& #90 &%+ & HEL* -&*$& (1 H.&SH *S1  [%H+*  4.%$2 .
H AMHHT A& O(&,&*+# HA#H(1&+  ANSYSH##$+)  %-@+ %+& 8
& | HTHH-& |+ & #+&()*  S"HTISSH# * %$%+&,. |,& *#2
$+@ ,&H2 HW+H'&, +"8& HAH(1&+ & +) *&($*&2%& 4.-$ ,
b RG4S S %-@+ ] %S%+&,HAHEBH  "(5-&*$&

ANSYS%HT%+ & +$#  , #.&(&2 ,+&$H , % &S ($4$# **/
#oY o, & +&(&2 $ #N(&2 #+3,34'$$ . #4. &,/2 +$ . #8&+
$,&+) WH7%+ & /2 TH# “& (0% 7 "+&$%+$", #B4 H#H)H& -$%(#'4-
# $ %+& &* &V #THI, +"8& (5715 $4 #.8&8$ &,/ H&(&2 | +&-
$#H

$/ &$38S# **/ "#&-*  9(&&*+# &%+ (&* *$8&.

(- : . )

LINK1 (2D 2- - ! ) — (#%"$2 %+& 8*& #29(&
&*+, #% $*$, 56$2 %+18&*$&$($ %8 +$&$,&56%2 . & %+& &* P #
T#H  14(&.

LINKS ( & ! , (%5 -

& & ) — #%+ *%+ &**/2 %+& 8*& #29(&,&*+, $,&&+#.*!
#%) #8&+ #% $*$,+)  %+18&*$ES %8 +$&P $,&&++ S %+& &* B0 #7#./
"8#, 14(&.
LINK10 ( & ! , (%5
& & ) — #%+ *%+ &2 %+& 8*& #29(&,&*+ %%

HOM *$&,  TH(S*&H2 ,+$/  B&Y+"HYF #8.5682  H.MHHYH2
O(&,&*+ #% $*$,56$2  +#()"# %+18&*$&($($ +H()"H# %8 +$8. ,&&+
+$ %+& & B HTH] "8H, IM& &&&6&BL * (&S HU&X, Y $
Z VA H2 %$Y+& 11 S+ + .
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+ - & ! ( A )

BEAM3 (2D 2- ( ! ) — (H9%"$2 (L&*2 ) ($-
8252 9(&,&*+ 7 ("$ ,$,&56%2 214( (# 3%+& &P #TH "8H#, ).

BEAM4 (3D 2- ( ! ) — #%+ *%+&*1 1101
70" % LH($*82*H2 #%)5 H8&+ #% $'$,+)  %+18&*$& %8 +$&" ! -
“&*$& S $40$T ,8&+ :8Y+)%o+& &* &P HTH. "B, A&, HT(. &+ % #H2
Yo+ #, $4,8*&*S1 B@%+"H%48 SHB&*SS *0!4#" $TH()S & &,&6&-
*$2.

BEAM24 (3D ( ! ) — O(&,&*+ Yot 442
HY0)5,  H$A #()*/, H& &,  %&-&*S&, M+ [+, (S 4,1+, ),
$,856$, H#HAHBHY+) #% $*$,+)  %+188*$& %8 +$&$A40$TS " 1-&*$&

Vorttt+ &+%+ BB+&H $&2 &* - &* * . #B&+ $% H()AH +)%L H#$A H()HHE&
B [+HE B(S HHY LAHEA "+HE  # & &*HE& W&-& D& (&&*+ $,8&+
&06+)%0+& &*&D #TH# " 8.H, 4(&.

BEAM44 (3D 2- ( ! ) — H%+ *Uo+ &2 ($*&2-
2 9(&,&*+ 7 ("$ , $,856$2 314( : 2 "%#.&8+&)* " 14( % #(05+ -
%Wl*  H%O(&,&+ (# " 1, ), + &+$21 (1&+%14(H#, # $&*+'$S $ #B&+

7I+) #76$, (1 *&%"H()'$S O(&&*+# . "-8&Y%+ &H#H($+&()H2 HAHS -
Y+ 8, &&+WE@+ (PL*SL " +$0*  (%. $O#/ ) .&3#,'$2
BEAM54 (2D 2- ( ! ) — (#%"$2 ((L&*2 ) ($-

*82%2 9(&,&*+ 7 ("$ , $,856$2 214( . **2 (& &%+ $,&&+ #4 HEHY+)
@+ # & &*HOH %.$0 $933&"+ | I0#OH# #HO0*# *$1 (#'SH* )*# ).

BEAM188 (3D 2- ( ! ) — HY%+ *Uo+ &2 ($-
8252 9(&&*+ 7 ("$ , $,&56%2 314( : 2 “%#.& 8+&()* " 14( % #( -
05+%1* #%P(&,&*+ (# " 1, ), +&+$21 (1&+%14(#, #$&*+'$S $ # -
8&+7/+) #76$, .(1 *&%"#()"S 9(&&*+# .

BEAM189 (3D 3- ( ! ) — HY+ o+ &2 " . -
+$42  O(&,&*+ T ("$ , $,856$2 414( ,+$ $AH+#] (&8 + * #%W(&
&+ (0 #" L B W& &.$4E, -&+ @ +2 —1A&( # $&*+'$S .
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0 ( )!

PLANE2 (2-D 6- # ! ) —$% #()41&+%U1 H#.& -
($# *$L "H%+1"$2 % ! &%, L1 HB&+ $% #(4H H)%1 " -
&%+ &(HY"HOH (% (H%"S, * 18&*/,  $($ .&3# $# *¥/, UoHYo+#1*$
&) $($ #%68%$, &+ $HHOM(&,&*+ . ,&&+ 3# ., +&IOH)*$" , # &&(1 -
&+%8-5 14(,$ ($,&56%,$ # .& %+& &b #TH.]).

PLANE35 (2-D 6- ! ) — 1(1&+%16-
4@# ], +&IOHOY,  O(&&*+#, YoH &Y%+$,), % 81A(H#/,  9(& &*+#,
PLANE77 &IO#()*1 3#, .&(&+ &O#### # #.1+ (1 H&S# -
*$1 *& &ONL*  %&+H"(&,&*+ $,&&H¥ Yo+& &* o #TH.] —+&, & +!

"84, 4(&.

PLANE42 (2-D 4- ! ) PLANE42— 9(&,&*+ $% #()4!1&+%1(1
L&HOH  H&(SH S H%HIM$2  UHT<&,, C(&,&*+ HB&+
$% #()A# +)%L " -&Y%+ & (HY"HO# (% (H%"$, * 18&*/,  $($ .&3#.$ -
B HOLHHLYSRS(S " -&Y+ &HY&US, &+ $HHOM(&,&*+ . (1 #-
C(&*$1  HHCSH&)Y 3, & &&6&*$2 $,88+%D6 &S ()*1 #'SL .
% #.4& .*M&  "(5-5+ -&H & 14( ($,856$,$ # .& %+& & b #HTH
1), HH(6$* (0" $ $% #H)AH *$S #'SS  (HW'HOH* 18&*HOH Yot
Vo +#1* QIS Vb #2006+ # +it+ # *40# |, +& $ (

PLANE5S5 (2-D 4- ! ) — 9(&&*+ $,&*1 -
&+%NUL +& (# #O# * ($4 (H%"H2 #%+*#"&, 1%+ *#$:$%] $ &&-
BH HE&Y%YeH (&,&*+ $,8&+-&+ & VA( YHIH2 Y%o+& &*)5% HTH. —
+&, & +! "84, 14(&.

PLANE77 (2-D 8- ! ) — 1 (18&+%1* (#0#,
9(&&*+ PLANESS $,8&+TH#(&& I%#'$2 # 1.#" . (& &+ $,&*1&+%1.(1
(HY"HOH# +& $-QU"HO# * (B34 |, 1%+*#$:$%L $ &&#X  #&%YH

(&, &FF $,&&8+ HO0&) A(H Y H2 Y%+& &*)5% HTH. —+&, & +! "8 -
#, 14(&.
PLANES2 (2-D 4- ! ) — 1(1&+%1* (#0#, PLANE42.

PLANE82 — 9(&,&*+ 2-0# #1." , $,&&+8l4(# # .& %+& &*Po#T#./ .
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78% &-$ &+ THE&+#*& &AM+ + (1 %,& *  %&+#$S #1%" &+
$%" 8&**!15 3#,! 9(&,&*+ T&H6!6&%+ &**#2#+& $ +H#H-*#%+$

PLANE146 (2-D 6- # ! ) — +&I0#O*2 -
O(&,&*+ % "%S$, ()*H2  %+& &*)5$*+8& H(L'SHHO# *#HO#-(&* , *#2 8.
(&,&*+ 0#.& 8%+;8%+) 14# , $,856% # .& %+& &*Bo #HTH . & &,& -
6&*$& * (&P HWEX Y l4(# #2 %P%+& THHE .$* + .

PLANE182 (2-D 4- ! ) — 9(&,&*+ HB&+ $% #()4# +)%1
(1 #&S$# *$1 (H%"#0# * 18&**#0# , HY%"#O# .&3# $# **#0#
HTHT6&**#O# (H%"#O#.&3# ,$# **#0#  $($ #%8&%S, &+ $-*#0#o#%+#1*$1

&.&(1&+%1 -&+/),1 14(,$ , $,856$,$ # .& %+& &P #T#/: & &-
&6&*$L  *  (&*PS  HWEKX BY A(#H #2 %P%+& THHE S+ .

PLANE183 (2-D 8- ! ) — 844 #2  (#%"$2 9(& &*+ 2-0#
1" . &&+ " . +$ME &%+ (&8 & &,&6&*$2 $ $OH&* (1
*& &OWL*  %&+H#"(&,&*+ # & &(1&+%1#%&.,)5 14(,$ , $,856$,$ .&
%+& &*Po #7#./: & &,&6&*P1 * (&*PP  HWEX $ Y 4#H #2 %$%+&,/
"B+ .

I( ! ( - : -

, )

SHELL43 (3-D 4- ( ! ) — -&+ & VAHH2 9(&
&+, #HH#EH  #HS (1 %-&+ ($1&2% , $%"$ (&  #.&(&2 #T#
(H-&" 9,8 &**#2 +H(BSH2 . (&.&*+ $,8&+8%+)%+& &*&Fo #T#.] "8 -
#O14(& &&&6&$L * (&S X, Y $ZAW# #2 %S%+& M .$F+ $
#H#H+H  H#'10 #%EX,Y $ZA#H #2 %P%+E& HH .$F+ .

SHELL63 (3-D 4- ( ! ) — -&+ & VAHH2 9(&
&*+ | $,&8&+ #4 #8*#%+$ 1-&+ &, 7 *#0#  %+18&*$1— %8 +$1$ $40%$7.
(&,&*+  $,&&+ ;&%+) %+& &*&26 #7#./  "8.#, 4(& & &,&6&*$1
* (&S X, Y S ZA#HH2 %S%+& THH .S+ #HHEH#H  #'I0 #W&X,Y
$ZVAHH2 %SU+& THHE $F+ . (&&*+ $,&&+ HAHBHYH) THH YU$S4,&-
*&*$&, 8&%+"#%+$ S(#B&*SS *04#" $T7#H();$$ & & &6&*FLS .
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SHELL93 (3-D 8- ( ! ) — #%),$4#H#2 9(&
&+ HTIH $% #HOA&A%NL(L H&S# *$1  $%"$ (&  HTHH-&".
&+ (&%+) %+& &*&Y #TH "84, 4(& $. &&&6&*$2 1 (1&+%1
"G, HT#S * (&1 (H%"#%+D (&, &*+ .

SHELL99 (3D 8- ( ! ) —  #%+ *h+ &2
(+@ &2 ) ($*82*2 O(&,&*+ *HOHY(H2H2 HTHH-"S , $,856$2 814(# :
4°%#.& 8 +&()* " 14( %H(05+%L # " 1, 9(&&*+ , #Y%+ ()& 414(
1 (15+%1 #&8l+#-*/$

SHELL150 (3D 8- ( ! ) — #%)$4HH#2 p-
O(&,&*+ HTHH-"S % "%$, )*H2  %+& &*)5$+& #H(L'SHHOH# *HOH-(&* |

MO H9).$. &*4A*-&* (1 %-@+ $40$7H HTHH-&". &&+ :8Y%+)
%o+& &*&Do #TH.] "84, 14(&.

SHELL181 (3-D 4- ( ! ) — HTHHEH-&*2 (&
&F+, $,856$2 -&+ & 4( . . *H#,  O(&&*+& & (B4 *  +&# SLHTH(H-
& $*(PF - &2%%*&.

SOLSH190 (3D 8- ! (< ( ) — #%+ * -
Vot &*/2 #96),$IA(H #2 (& &*+ HT<@ *H2HTH(H-"S .
SHELL281 (3D 8- ( ! ) = H#Y+ o+ &2

(+ @ ,&*2 ) HTHH-&2  #%),SIAHH2 "#&*2 9(&&*+ & ($4!56$2
+&# $5 HTHH-&" $*.(3* - &2%%*&. &&+ 8 14(# : 4 “Y%#.& 8 +&()*
14 %#(05+%1 # " 1, 9(&&*+ , #%+ ()¥/& 414( 1 (15+%1 #&8! -
S L 2 9&&* $,8&*15+ (1 *($4 S $($ % &FE2+H(-
6$%  HTH(H-&".

/(< ! ( , ( -

)

SOLID45 (3-D 8- ! ) — 9(&,&*+ (1 H.&S# *$1 +&-
& Y IM$2 . &.&(1&+%L H%&,)5 14(,$ . (&L oH#+ &+
%o+ 15+% (861,  %S%+& M .$*+ 9(&,&*+ .

SOLID65 (3-D 8- ! ) —% &S (2  HI<&*2 &%+$0 *-

X2 #H9) $AHH#2 O(&&*+ %o+ &1 %+& &*1,$% #T#H] 14(& $ HH(S -
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+&0M,$ 3*U$L$ 3, 1+ $9(&,&*+H & &&6&*$2 (1 H#I& -
*$1 +#-*#%+$

SOLID90 (3-D 20- (< ! ) — #%),$ -
A(HH2  HY%+ *Uo+ &2 +&, & +1*2  O(&,&*+ &&+ 204(# Yo 2
%+& 8*)5% #T#/ "84, (+& & + ). (&&*+ ### #H #$+ (L
H&SH *$L  $%"$ (& 0 *$ .

SOLID185(3-D 8- (< ! ) = HY%+ bt &2 | #9%)
SUAHH2 O(&&*+ % #H)M&+  — &+ (&(&"+$ 2 &+#. &ISH * -
HO# $*+&0 S # *$1 ), &+#. & MHOH  &VSH THOE  $H&0SH -
*$1, $($ ,&+H. VS &FH2 3# I(SH"S  .&3#,'$2

SOLID186 (3-D 20- (< ! ) — HT<&M2 (+& & -
2 ) 0&"% 9. $-&%"$2" . +$-*2  O(&&*+ $,&56$2 . .'+)  l4# .
(&,&*+ $,8&+" . +$H& &%+ (838 & &,&6&*F2 $  YHUHHL*EDA
#OA# +) *&&ON1*5 3#,! %&+"$

SOLID187 (3-D 10- (< ! ) —HT<&M2 (+& & -

2 ) +&+ 9. $-8%6"$2" . +$-*2  9(&&*+ &.&(1&+%1 .&%1+)54(,$ .
!

MATRIX50 ( ! / ) —1(1&+%D! #2 & -
S+&O* YHT *  "HE&H  O(&&*HH  HHH 1 %%, +$ &+%1 "-&-
Vot &H+.&(HOH 9(&,&*+ $ &%+ (&  &ISH# */$ +$.$

(8&%0+"H#Yo+P% * 0 14#" ). #%(& Y% #&OBOHA. *$1%! & 9(&,&*+ H#B&+ T/+)
"(5-&* (575 #.&() ANSYSS $% #()4# +)%1 (57#, +$& %-&+,
(1 "B HOH #HA#8H  &OH $,&%&*$& .

) !

CONTAC12 (2D ! ) —9(&,&*+, &%+ (156%2 %#
THY & #& *HY%+S, "HHH#I& HO+ #.3+) 3$4$-8%"$2H+ "+ $($ / -
#.5+) $4*&0#$ #O0!+ %"#()4S+H)#+H#%S+&()*# 10 .10 . (& &+ %H%+HI+
$4.1 4# ,$,&8&+# . & WH& &P HTH.] "8H#, 4(&: ($*&2*& & &-
&6&* L * (&S X BY AHH#H2 %$%o+& MHH S+ .
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CONTA171 (2D ! # -
#$ ) — $% #()A&+%UL H#.&S# *$1  H+"HHOH 4$-
#.82%+ 31 $ %"#(8&*$L ,&8.! . 1&*.$  #+&+$ H#& *H%+1$
(9(&,8*+ TARGE169S$ .&3# ,$ 1&,#2  #& *H%+)5 , # &.&(&™#2 . *,
O(&,&*+#, . (& &*+ $,&&+. & %+& & Yo #TH.] "84, 14(& ($*&2%& &-
&,868*$1 * (&S XY AHH2 %$YU+& MHHE S+

CONTAL75 (2D/3D ! #$ ) —
O(&,&*+ #B&+ $% #()4# +)%L.(1 &%+ (&$1 "#+"+ $ %"#()8&*$1
&8 11 #& *H%+LS$ (S(S 4A(#, — #8& *H%H)5 , $($ ($v$&2 — #-
& *#%+)5) 2D $ 3D #%+ *%b+ . #*+"+  HIWHS+ S *& &*$$
R RO 14( O(&,&*+ H+ &2 # & *#%+$ TARGE163($ TARGE170
% +&(0*& * 18&*$1 +&*'$1# &.&(15+%1

CONTA176 (3D ! ) — HAEHE2 4 @ VA(H #2
O(&,&*+ +$  “($*SL-($*$L”. &*4*-&* (1 H&S# *$1  "#+"+ %
+@ &S *&&3MH $1&)$  ($*8&2*,$ %&0,&*+ $ (TARGEL7DS .&-
3 .$1&/8 ($*82Y.$ %&0,&*+ .§ &Y%+ (&S % .$, (& &*+#, .

# !

VISCO106 (2-D 4- ! ) — . L&*2  14"#-
1 10$2  9(&,&*+ YA-1 14(,$ . % H#OA&+%L.(1 &&*S$L 4.- (Yo+r$-*# -
%+Par#();$,$  .&3# ,'$1,$

MPC184 &= & ! ( & ( )-
O(&,&*+ "$*&, +$-8%"$ H#O *$-8&*$2 . | &&+ HAHEHYH) H.&SH# *$1

H%+  ( HE& & &,&6& & ; *$& ), +" $ TH(&&%(#HB* % 1482
* $.&  B@Y%H'$HE(B(S "$&, +$-8%"$ % 14828 &.56$,$ . $8&*$&

&8 &3# $1&1S  -%+1,$ H&S *&"HHH/, H#T 4#, . & 9&
&*+ 3# $15+01 * #HObMH &*HE$+&(&2 0 *8
MASS21 |( ) — +H#-&*2 (& &*+ YoH%-&

M- %%, &.&(1&+%L &.$ %+ &%/, 1AW, | "#, #&*+ $  YH%-&
HAH-EFHD %% ¢ (&S HOBRRSYH+EIHH $F+ O(&.&*+ $ HE&F -
+.5 $H&SS HHHUS+E&()HURYSYo+E I $F+ O(&,&*+ .
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INTER202 (2D 4- ! ) INTER202
—L&¥2 &+ @ AHH2 "H&2 9(& &+ #.&($156$2  *&% 14*15
A4 "%+ 1"$S (¢ $,&  +&6%* ).

TARGE169 (2-D ! ) — 9(&&*+ $% #()41&+%1(1
&%+ (&*$1 #+ &+* .1 ,&*/ # & *HY%+&2 (1 % 1A96'#*+ "+*.$
9(&,&*+,$ CONTAL171 CONTAL172 ,&&+ 2 ($7# 3 14( 4 $%3$,#%+$+

$,&*1&,/ DY #E& H%E) "#+# #F( &+%1

TARGE170 (3-D ! ) — 9(&&*+ $% #()41&+%1(1

&%+ (&1 #+8&+ +@ ,&*  #8& *H%+&2 .(1 % 1496'#*+ "+*.$
9(&,&*+,$ CONTALl73CONTA174CONTALYS ,&&+ 4 ($7#814(# 4 $-
%$,#%+8+ $,&*1&,/ CoL* # & H%E) "w#l #*(] &+%l

SURF152 (2-D! I-- ) —

&x 4% -&* (1 HT<&*HOH +& $-&Y"H#O#* ($4 . (& &*+ HB&+ $% #()-
A +)%1.(1 )$# *$1 *0M4#" $ #& HY%+*  933&"+#. *  #B&+
0 %L * H#& *HY%+S (STHO#  #Y+ *Vot+ &HOH +&, & +! *HOH
9(&,&*+ . )$!&,/& *014"$ $ #& *#%+*/& 933&"+/ #HO'+ %!6&%+ #
+) #5#H &&%H# . (&&*+ H#B&+ $,&+) #+4- # 9+34(# .

) ( !

COMBIN40 ( ( & - ) — O(&,&*+, "H,7$*$ ! -
56%$2 %&7&8%* $.&, 3& ,$,&56%52 214( , # 1#H2 %+& &*Bo #7#./

" 8.#,
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3.1.46 & ( 0)
HAHBHY+S [T *#0#  "-&%+ &7 A##0#  ANSYS

Mechanical* $,&& : -#.&$# *$1 "+& *#0# 119+ 8*#H0#
4.4B1 %18+, HU(&# +&()H%+S QO# #4 &.&* 1. .-  *&& TI(
&.(#8&* , #*(34$# * SCAD$ #!7($"# *  #3 . 7%8& -
/, . [50-51]. #%+ *%+ &** 1 8&(&AHT&E&+#** 1"#* %+ 1"$1 4.*$1 *
"8&%+"#, #%*# *$P 3# ,$1&+%1 $4+S#HOH *TH  9(&&*+H — ($+ &-
&' +$2 B #'+$L | %+&N((RYHSIH(SIHEH2 TH" $ -&. 42  9+8),
S $HE

" [HESY) % *S+&OM2 Yo+ +$-8%6"$0%6-&+ & +$" )/
&&&6B&*S2 U, " "% $HWE& | 1%S(G2N "HE™  # [%#H+&4.*$1 (1
I % » S #.&(SH *BL

1) ($*82%-1 1032 T&M-&+ #Y6(&# +&()*HY%+$ (Yot $2*HYN #4 &-
&1 —+ 1 "#AMHHAEHT]L "% &,

2) 0&#,8+ $-8%"% 08*&+$-8U"R($* 82 H& (-&+ 126 Yo+ .$2 #4 &.&-
*$1* 018831 —+ 7(.3.1).

ELEMENTS AN
[ i
25} =! =]
H =21 H 2]
I i i i
. K
.3.2.0 & : &

12



ELEMENTS

-
[

AN

JUN 2% 2005
15:58:55

. 3.3.
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7($ 3.1
#,&
$% *$& - #.&($
%+ .$$
|
[l
.-ELEMENTS AN
e 2
4
b :
) ! ‘
>
L ]
.- 4
Xl, > >
b
XII B -«
T : :
>

#7 (&

%& 0 !4"$
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3
#10) ! 10#%+$ E =316+, 2 —7&+#* B25,"#933$'$&*+ | %%#t*
D=0,2
4
/%#+ 9+8 -3, ,
0 "##™* -7 # X$6, #Y,
&-&*B& "HEH™ =" . + Yoo+ ##250%,
#(6%$* & &"/+$2 —20%,
#(65*  %+&S$ $(HH —40%, ;$$*  $HH — 100%,

/ ) - . (3, %+&HS S(#H #.&($!5+%1  #%+ * -
%+ &**H#HTH(#H-&*,$  "#*&*$ 9(&&*+,$ +$ SHELLE3 "#(#**/
7#*$ : +$ BEAM44:

SHELLG3—-&+ & 14(##2  9(&,&*+, $,8&+ HA#BHY+$1-&+ &7 *
*HO# %+188*$1968 +$1$ $40$7 (0$ #+&4/ $ O#3 -1 ). :(&&*+ $,8&&+
8Y0+)%+8& &*&D6 #TH] "8#, 14(& &&&B&*$L * (&% X, Y$Z
A(# #2 %SYo+& THH $*+  H#H##H  #10 #%EX, Y $Z 4HH#2 %$%+&,/
S+ $,&8+ HAHEHYH) THH Y4 & & S8, 88Y%+HU+E S -
(#8&*$$ * 0 14#" $7#(;$.$ & &&6&*$L,$ .

BEAMA44 —  #%+ *0o+ &2  ($*&242  9(&&*+ T('$ (2(& -
&H(($S ), $,&56$2 314( : 2 b#.&8+&()* »14( % H#H(05+%1 * #%S$
O(&,&*+ (# " 1, ), +&+$21 (1&+%1A(#, #3$&*+'$$ $ #8&+ TI+) #768,
(L *QUWH(O)'S O(&,&*+# . " -8%+ &HAH(S+E(OH2  #4H8*H%+$ $,8&+%1
L@+ ($1*$1 " +$0%  (%.$0#/ ) .&3#,'$2

4.8 *HYo+) HOH2 H.&(S YHY%+ (1845608 14(# $ 5456 "#&-*
9(&,&*+# .

4 — 46&,(&*$& "HH™ , SHH S %+&(B@%+" Y -
&) # (% H%+E = 0, .

1) & +$" )*#& . (&*$& * & &"/+$1 . =1,54, °— $"(./ &+%1
"# o) #A#$/, 3 0,&*+, -9+8, ;

75



2) &+$"(*#& . (&*$& * &&"/+$1 =14, *— $"(./ &+%l
#9%0(& #4 &.&*$1 %&0#H. *$1 .
= . HAST%L %+ +$-8%"$2%-&+ %l-@+#, 0&#,&+
$-8%"#2 *&($*&2* %+ HTH();$ & &,&6&*$2) $ 4 #,$**$&,  0&#.,&+ $
-8 " HO##(HB&*SL "%+ I"$S # &1 #+8  "8#2 -%+$(9+8)
4.%$1 . A#HB&*$& ,+3$/  B@%+"H%ER&*S& ) * "8#, ;0&
| #(*18+%1 %#,#6)5 ,&+#. SPARSE
(1 H#&S# *$1  #8%% #48&.&*$1 4.*$1 *&HT #$# # &&-
($+) 01/ ;| %##+ &+%+ 156 #+$1&,/, 3 0,&+, " "% 4.*$1
# &.&(&*$& +" *4/ &,/ %+ .$2,#+8 ).
#8&($# *$& #&%Y% #4&.8&*$1 4.*$1 %H%N+#IB4 %(&.!56$
%+ .$29+ # :
1. 7*1(&*$& B@Y%+"H%8& : ( #&. «%,& +) 9(&,&*-
+#»), "#,& 10#9+8 ,$4" & (&$& %& 4# , *& $*.(&86% 9(&
&*+, 1-0#9+8 # %&, %+& &*1,% #7#./, % $#B&*$&, *014"$ o *
& &"[+3& 19+8 $ #%(&.156%, %-@+#,
2. #4 + &8*&2 8@%+"#%+t$ ( #&.! «#8.8*$& 9(&
X+ ») 20#9+8 $ 1 (&*$& 4" & (&*$2 4(# , $*.(&86% 9(&,&*-
+, 20#9+8 # %&, %+& &*1,% #T#./, % $(#8&*$&, *014"$ g * &-
&" [+$& 29+8 $ #%(&.156%5, %-@+#,
11 #4 + &8*&2 8@%+"#%+$ ( #&.! «#8.&*$& 9(&
QX+ ») 110#9+8 $1. (&*$& 4" & (&*$2 4(# , $*.(&8 6% 9(&,&*-
+, 110#9+8 # %&, %+& &*1.% #7#./, % $#8&*$&, *014"$ oq* &-
&"[+$& 119+8 (#'/+3& )$ #%(&.!56$, %-@+#, @ ;
120 $(#8&*$8& *014"$ p* %&& &"/+$1 4.*$1 %#%(&
1568,  %-@+#,
"& (&*$& l4(# ,*& $*.(&86% 8% (@*, » 9(&&*+, , # -
$4 #.5+%L(1 «B33"% '$$ » (&, &*+# "H# U+ I"$$ 4.*BL *  H&'+Y  #+
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&+ %B&O5 1-@+ & ()*HO# H#E&Y% #4&.&*'$1 4.*$1 (/&.&'$& &-
&' I+$2 * HE'+H& #+8&+'9).
H =

$+& $ (0*,$ &A1)+ +.,$  %-@+1 (15+%1, "%$, )*/& & +$-
"OME& & &&6&*SL U,4.*$1 $ #H)ME&  1%SGLN CHH*  *$8*&0H
$&*$ 9+8&2 $8& +7($& 3.2%* $%3.3-3.6 $&&H % *&*IP&
A+ +#  %-@+HT&A-&+ (H.&()*H& < H.& HHE » #4 &.8*$8) $ %
-@+#, %%,#+ & 12-$ %+ .$2 #*+ 8

7% 3.2
#H#%+ (898 &AM+ +H#  %-@+ 119+ 8*#0# 4. *$1
« FHH &+ - -@+ 12-$ %+ .$2
&t S 1% & #4- #4 8.8&*$1 E (%)
&.&*$1 ANSYS SCAD

& &,&6&*%& U, , ,, -25,3 -24.,8 -24,2 2,5
BHOHE  1%$(51
"#(#** (1 9.|. 8) -687,6 -870,6 -866,7 0,5
N, +
BHOHE  1%$(S1
"#(#** (10 9+ 8) 199,4 -3,2 -3,1 3,0
N, +

STHEE  AS+&()HE " -&Y%+ & HEH+(S-$& &AM+ +# A4 3$'US# -

“H

H (R
%8 +$5 $

S S
I-&+& %+ $2*#%+$#4 &.&*$1  #+$ #Uo+#$+ «

) &%

O+ 8&2 $ 3P4$-&N"SHTHY* # **#,!
4$+$-&%"#&»

%+188*$& $ *&I-&+8O8&*&+$-8%" HRO&H &+ $-8%"H2&($*&2*H%+$
(&.&+ +"8& #7 +$+) *$, *$&

M5 7($AHWH)RAM )+ +#  #

*

s

H7* 18815
ANSY S SCAD(E).

%-&+ ,$ #+ . -




— * * %
+ = FHBEL+ L % &,)
 NODAL SOLUTION AN
JUN 1% 2009
STEP=1 22:07:46
SUB =1
TIME=1
Ug {AVG)
REYS=0
DMX =.026236
SMN =-.025291
7
-.025251 - - - -.00281
NODAL SOLUTION
JUN 25% 2009
STEP=12 16:02:14
SUB =1
TIME=12
Uz (BVG)
RSTYS=0
DMX =.024502
SMN =-.024792
7
f——————————
-.024792 -.019283 -.013773 -.008264 -.002755
-.022037 -.016528 -.011019 -.0058509

.3.4.6

5
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= ! ( & I &
.LINE STREEZS
JUN 19 2009
STEP=1 22:07:46
SUB =1
TIME=1
NXI NXJ
MIN =-687.596
ELEM=387
MAX =199.437
ELEM=4579
Z
-687.596 -490.478 -293.359 -96.241 100.878
-589.037 -391.919% -154.8 2.319 199.437
= ! (12- ! )
.LINE STRESS
JUN 19 2009
STEP=12 22:20:41
BUB =1
TIME=12
NXT NXJ
MIN =-870.549
ELEM=387
MAX =18.818
ELEM=5329
7
-870.645 —672.99 -475.33 —277.671 -80.012
-771.818 -574.16 -376.501 -178.841 18.818

.350 #
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.3.6.6

- -24.14 -22.48
- -22.46 -20.73
- -20.73 -13.0
- -19.0 -17.28
|:| -17.28 -16,55
I:I -15.55 -13.82
|:| -13.582 -12.09
|:| -12.09 -10.37
|:| -10.37 -8.64
|:| -8.64 -6.91
|:| -6.491 -B18
. 518 -3.46
. <346 -1.73
- -1.73 0.00a000
- -866.72 -803.56
- -803.56 -740.4
- -740.4 -677.24
- 677,24 -614.08
|:| -614.08 -6b0.52
|:| -5E0,92 -187.76
|:| -187.76 -424.8
|:| -4246 -361.44
|:| -361.44 -298.28
|:| -298,28 -2358.12
|:| -23512 -171.96
- -171.96 -108.8
- -108.8 -45,64
- -45.64 1752

ol

80

N,

U,, (0) SCAD)

(0) SCAD)



3.2, (& .%%-" LI #.9%%-" | $# 4" ( -

*(.)%-" ), ( ) /ANSYS- " »
%HY%+ &&+ & % &'S ($4S# **/ $%%(&# +&()%"$ #0 ,, -
X (&% ( ) 4 TH+* «ANSYS- », & ($4! -
56$2  &.(#8&**15 %-&+*#9"% & $,&*+ ()*15  &+#.$"l #*$+# $*0
(O( 2).(1 %+&*#/ #.&(&2 =  #$+#$*0 $ 1(156%$2%1
"k O+ #2"#2" [T *#O# T A##0#  ANSYS Mechanical.
(*2 " $+&"+# "— #0 ,,$%+ %& — O+ 1 *¥$" =
B+t .. 4 THH"& $* #(*&*$$ «ANSYS- »
$*$, (3 I- %+$&%#+ L*$"$ = &+1:& . .$ &+1&
3.2.1./ (

%& $ | #(*&*/ * 7 4&&.$#2 #0 | *#2 (+3#,/ $.&
Web- $(#8&*$1 %$% #()4# *$&, +& *#HOSSAIAX. & &*1 - %+) (%,
$%3.8) & ($4# * * 14/'& python 7#+ #+&%+$# * * (+3#.&
Windows (Windows XP$ Windows 7). *+& &+ +#  python .#%+! &* .(1
T#();#0# "#($-&%+ .!10$ , +#, -$%(&Linux. & &*1 - %+)

-1 (18&+%http & &#,. # 4 #%! "($&*+%"#2- %+$ & &. &+ &2html-
%+ *$/ ,32(] $4#H7 8&*$2 $ #-$& 3 2(/

- 1 (1&+%ISON-RPC %& & #,. # 4 #%! "($&*+%"#2- %+ [ #( -
*1&H" 4**[&  31*$$ A" 4 **)$ 0,&*+.,% $#4 6&+ &4()++
$ /HC&S$L . +$ 3FM$S  HAH(AS+ 3 SH# +) L4 1%"+) $H+%(&8$

1) H#HCESL 4.- (1 T4 L HY%, +$ +) &AIOFH  +H()-
"Hofd &:$:5%1 (S *&& && 4. - .
($&*+%" 1 - %-+) ($%3.8) / #(*&* $.& AJAX S$HBE&*$L %

$% #()A# *$&, 3&2,#"  qooxdoo$ HB&+ TH++) "+$-&%"$ (57#,
Uott &,&* 4, T 148 & . ($&*+%" 1 - %+) +#()'"# #78&% &$ &+ 4 $H#.82 -
Vor $&6 #()M# +&(&, : $*$, &+ #+*&0# &+/ 4.- (1 &&'S$1 $
HAH(1&+ #%, +$ +)  &MO++ . %& %-&+ [H#(*15+%1 * %& &-
D Yot H*&
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=S "B.HO# "B &+HOH & 5+%1 $ ##6S &+ $-& -
%"$ |, " HObH | HIH (& % &S ()Y, HT 4%, $ 4,868 * &
& &». (&& #3# ,(&*1& +"$, #7 M, ,"H% TI.& *4l +) T(# -

XS UHOH . &MHHEHE "H($-8%+ #, " HYH  #%+ (1&+%b -
HOS+&OME& " #Y%  HOW TI+) %H%+ (&* #()4# +&(1,$ .
& &*1 -%+) H(- &+ 4*-&*$1 &+ #  TH | "#%

H+"($&*+%"#2- %+§ $ #.%+ (1&+ 9+$4* -&*$1 ; 7(#* . #%(& #.%+*# -
"$ 4*-&*$2 &+ # #(1- &+%1 O#+# /2 " [#(*&*$5 %" $ +, "#+# /2
& & &+%L(1 [#(*&*$1 #.*#,) $4T7 4#/

3.2.2.3 # (<
(1 #+(."$ (O#S+#  SH S0 *&%I6S "#%+ I"$2
A&+ +$ 9% &S$.E&H+ () %+&*., "(5- 56$ %&7B$4%$-8%"$&

H&S Yo+ HEH&()Y  HT<&'+#, "#Y+ "$$  “#+#/] .5+  HAHSHY+)
# &Y%+$ #. #T*2  $* .&8*2 "H* & HI(&E&* 2 Y%-&+

1)"0 "

2)") "

3)" & "

"4%%)&  3PAS-&N"$&H.&(S %o#.& 8 + 9(& &*+ , $,$+$156%& 4 -
($-*/& .&3&"+ "#*%+1"$2 , +$/ *014#" $ #4.8&2%+ $2 #.&($ H#HT# ! -
#H L +$"$ 3$4%-&%"S &($-$F . & P 0&#,&+ $-&W" LH.&() #.-
HOH $49"% & $,&%+ ()*/  %+&*# —"+8&" "— $&&Y * $% 3.10,
3.11.

«ANSYS- » &*4*-& (1 #& +$*#0# $*0(1. -
HOH HO+ #H&*SL 1 -#.&S $ *($4  * 18&*# -&3t S$# HO#  Yo#
%+#1*$H .$* $-&%"$  "+& $%+$" 1 #,1%1+/  3$4$-&%"$ #.&(&2.
*0o+#168&,! &,&S$ 4 TH+*  $ &$3$SH Y * %+ +$-&%'B
$*,$-&%"$ 4. - O)+& * +$ */& (Yo+& 8*& /&~ HTH(H#-&-*# -
%+& 8*& I8, HTH(H#-&*I& $ #7<&*&) &+ $-8&%"$& : -#&& '#1 -
4+ %+&*# (%,,* $,& , $%3.11-3.13).
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CepeepHad 4acTb

- WEB-cepgep n JSON-RPC - cepeep
AnA uHTepdpeica nporpaMms!

- TeHepHpYeT 3afaHiA n3 WatnoHos

- 3anyckaert ueneekie NPorpaMme!

- [EeHEepUpYeT oT4eThl '

Bazoskie MK i_"'t q
E

XpaHUNUIe pesynLTaTos
pacyeros
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38 (0 . (=t
# 0) + o ." ! & 0)
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5

Yanbi KoHcTpykumin
VA

O nporpamme

CnMCOK peleHHbIX 3a0ay

c L] l I L] I I L] I(l
Wun 3agannn (e e G A, 3
= E Mporpammibie Komnaekcbt
— To— e
I byl S —— [—
| [RTRS. [ T
I it bepl e
JIeE e i el v
v el s
| 1.2 Hexodwsie Oanmbie, Xapaxmepucmuna =
I KoHempywity
= » B0 BGeX CIY4ARX NPUIIAMBATICE HATPYIKH BENIUCHOR i rebancd Imuma 2
|1 B 2000 H » asyx Towes. ToSKi RPIWIOKSEHR 3
I HADpAGRERIA TPIKTATHBAEMAIY MATDYION. VKIIHM B2
cxeme (pie. L1-LA).
+ Monens Guns saKpemiens § HeckoTLs Towax. Ha
Cxeme (puc. 1.1+1.4) yicaus onopie yam, a faxes
CROMATUNHO  MpeACTAANER NOCOGH  SANpEEHA
(cTememi CBOGOIM O XOTOPHM OFAHIHIBAIOTER
Bepevemena).
B COCTARE NCKOMHLD: SHIHX JRATHIFON TPEISTANTENS
ey aTepAT:
1 K9 wosems opmmeeon s w T SCAD odfice —
1 Cove - crmosinn masvarcrn e crsomsse 00 sm ) ' = m
L » P i —] — i p— g p—
C.M.NK. e o -
MoHHTOpUHT |~ CANCOK pelielHbiX 3aAa4
PaspaGorambl cnnFEm Ha OCHOBe M|

.3.94 - - 0 . - (= -
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ABTOoMATHYECCKAA CHCTEMA KOHTPOAA
cocroanmna Hecymux koHcrpykuuii (CKCHK)

Hentpaibubiii MKD2-cactema
OyJbT ynpasJaeaus ) KOHTpO.JIsA
CKCHK

!

OHDPHKFI BBIYHCTHTE/IbHAA CETh COOPYHREHHSA

1 r v 1

30HAIbHBIH KOHTPO.IbHO- 3oHaabHBIH 3oHAIbHBIH
H3MepPHTeNLHBIH KOMIITeKe KHK Ne2 KHK Ne n
(KHK Nel)
3oHanbEBIE | | PermcTpmpylomme | Ileppaunsie
cepsep (KIIK) THPHEGOPBI npeodpasoBarein
ABTOMATHYECKHE DEFHCTPAIHE;
reoTe3nTecKHe * MTHHEHHBIX MepeMENTeHHH
cpeacTsa * YIIOBBIX MepeMerien il
* OTHOCHT. JedopMamuit
* ycummi
TemomeT";J)THl[eclmﬁ * HaNpAKeHHI
KOMILUIEKC
i @ - 1aTuMK 1aBICHHUA IPYHTa
/I\  — TaxeomeTp

f ¥ \

— JATYUK TepeMelleHui
’ — reoie3nyeckas npusma faa P

Q@ suGpomaunua g RN
& Budpomerp \ - TeH3onaTumK
@ —axcenepomerp ‘ — Harpy’aroliee ycTpoifcTBo

. 3.10. ! # " & " ( -



. 3.11! # " &

. 3.12. " & " ( - & ) #
(0) «ANSYS- »).
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.3.13. "0
I (SHELL93) - # & COMBIN14

>
]d>

W0

.3.14. ") & )
( SHELL43
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33.-#%- |, *#

1) "-&%+ &7 4# #0# .(1 '&(&2 .$%%& + '$H**  $%%(&.# *P2#THY%
o 7 IF$ & % ()*/2 #0 ,,*/2 "#, (&"% ANSYS Mechanical
& $3$'$ # **/2 %$%+&,& (1 *1"#&,"$ %+ #$+&()* 4. - .

2) $.&&  %-&+ "H.&\)*HOH# " HO#O+ 8 HO# 4.*$1 #'4*
8*#%+) ($ #4 #8*#%+$  ANSYS Mechanical #76&, %(!- &, -&+ %+
S$2*#%+$ #4 &.&*$1-*018&*$1 . ", 3P4$-&%"SHTHYH *H#! %8 +$5
"HHE* & *$ 9+ 8&2 $ 1-&+&%+ .$2*H%+#4 &.&*F1 #+$ #Yo+#S+H4* -
-$HE& « 4$+$-&N"HE> %+18&*P& S *&!-&+&0&*&+$-&N"HRO&H#,&+ $-&
%"#2*&($*&2*#%+$

3) 4 T#H+* % &S (PAS# **/2 $%%(&.# +&()%"$2 #0 ,,*/2
"#, (&"% ( ) <KANSYS- », & ($4156$2  &.(#8&**15 %-
-&+*#9"% & $,&*+ ()*!15  ,&+#.$"  #$+# S0 (0( 2) $ 1(156%$2%1
"* Qo+ #2"H2" [T **HO# T 4# #O# ANSYS Mechanical

4) «ANSYS- »* R Or & A$+SL  &* 4% -&*
(1 4.*%1 #.&% $ *($4 $.$* ,5-&%"$ "+& $%+$" + & %+&*
H1 O HE&&2 ("HY%F "+ U8R S (B ¢ FEEMEHEM, 11 -
O#, #%# *$$"), 1%+ *# (&**/ = #$+# $*0 R .
HA HEHY+S HAH(15+ #& +$*H# $* &8  #&Y%+$ #. #T*2

Lok ($A Y%r&*H|  H.&(&2 % )$ &/, *TH#E, &+ #  (0&H,&+
$'# -8&Yo+"HY+H, $*& 'S S *0MHH ), "(5-1 % &S (H *&-
%08**/8.838&"+ .
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4.1. &0! , 6 %!+
4 7H+** 1 %-&+*#9"% & $,&*+ ()* 1  ,&+#.$" .$* ,$-&%"#O0#
FHS+# S0 *&%!16$ "#*%+ I"$2  [%H+*  4.*$2 ,74$156 1%1 *  # -

%o+ *%ot+ & 1 -#&(DL , &+ $41&,/ (1 %& 4*-$,] %+ .$2
«8PA*&**HOH# '$"( » #T<&"+ $ . +$1&,/ #.%, $%+ L&+ ()Y
*7(5.8*62 (* #%* &&+H. Yo+#1-$ #H(* ), &$IFEH *+  * 1 # -
4 +&(0)*  %+&*#/ H.&(1 « »$« & » (4 &*+/
=&*+ & #*$+# $*0 ) «B.&(0), »3*,&&H «&3&"+* » $%
#(*&*$1

%+ I"$S  Vo+&*H# .5+  HAHBHYUH) #8Y%+S # HTH2 $* &S -
2 HAEMHO(&,&FHK2  *($4 (L [T PHOH B -&+"H HY+ (S 1&,HOH#
*TH  O8H,&+ $HBEYo+ HY+* $*& S $ * 0 14#- "+&$ -
%o+ $4$-8%6"$& H.&(S YH.& 8+ 9(&,&*+ , $,$+$ 15638  4($HE& &
3&"+ "H U+ I"$2 | +$/ *O4H" S HA.82%+ S2HTHIH X . +$"$
3$43-&%"$ &($-$* .

+&*, « » ($%4.1) Yoh%+#%4 %o+ ()% %o+& 8*&2' 10(HO#
%&-&*$A.$ &+ 24, ), 4 &Y%%# **/ $4, +$-8%"$& 3(*  (($*
"0p+& 8&F)+ 23(* " —440,, ), %eH&.$*1&,/ .10 % 10#, $UBI*. &*+ -

W2 2 TH(+ & &4 AH & 9(&&*H — <17$'$ » 60x60%60,,
($%4.2). $#'#, .S A& #8&+ )S# +)%L -$%HI(&&*+HE $ # -
Vot *Uo+ &+ 1 "#*3$0! '$S1  %6$%+& (U+& 8*$"17$"S ».  ,&+/  F [1]

. +$ 18,/ L H&(&2 %+&*. HO+ "(5-+)
— % H(HB&*SE $ &($-$* HH(S+&()Y  , %%( - Yo+ H%+SH4,& $-
+&OMH2 1 -+ ),

—H (S HYH) HUMH L (1 # L T(N * TR H($'& )
— $4,&*&*$&3IPAS H- & *$-8%0" Yo #2%1%+& 8*&Zp TH(+#
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—*($B& , (#'($4'5  $ &($-FF W H(S1&HO#  &3&'+ (4

4.1 (() ))_/(5
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4.3 «) »

+&*. « & » &ON1 *# -# +#O#* ()42  *#2  #%+ *%+ &**#2
%+ 1"+ %3# . $#* $4% *  %+& 8*&2(%&-&*P& " . +* 1 + 17
20%x20%1.2,, ), %#.& 8$+12 %+#& % */,  ;O0#, 400, # &$,&+! ), 5
"O+ 8&2'- & &"/[+$2 |, #7 AH# **/ TS TS A& 4T & (&S
$+ 5 (%+$*,$ -($%+,$ (H#(6S* 2, ) #& *$ ($% 4.4).
&+ / > . +$1&,/ D - H#.&(&2 Y%+&*. %#.& 8 +:

— % #(#B&*$& $ &($-$*  HH(S+&(Y %% ("%&(& #,&+ # |, &-
0$%+ +## $" 7&(&2) ($%4.5);

—106#H $L# S *$1 125 %+H&(Y 6&,(&*S&,; *$*#& $. .);

—$4,&*&*$&3P4S"#-,& *$-&%"$ % #2%4%+& 8*&2

—F ($-$& , (#" ($4'$5 B &($-$*1 "#r+ #($1&HOH# .&3&"+ (I. (&*$&
I0(# #2 $I$($ % &.*&2%+#&"( %+$* Y0+ 8&2 #%( 7(&*$&%&-&*$B . ).
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», /(5

&

«

4.4
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42. 4. - # (15011 %. %$ «% (I ( »

*}B&  [-$%(&* . $-&%"$ "+& $%+$"  #Yb+ HE&*
HYO+ *Yo+ &*#-00+& 8*& #2(9(&,&*+ BEAM188 %88%+"$,$ %+ ".$ $
Uoht% & H+H#-&,$ | %% $ MASS21)$ #7<& *#2 (9(&&*+ SOLID185): -
H&E&2 (1 1. "#3$0! '$2  %+&* #'A(H #8$.&5  "+$-8&%"I5
$.8}+$ HY+) &AI()+ +H#  — Yo HB.&*$& # YoHT%+ &, - Yo+H+ , &*&&
0,5%* & #2 $*&TH(&&3%* [%$ 3#, (+7(.4.1) $ H#H(H#, Yo+
&+%+ $BH , "H(&T *$2 .

7% 41
7<€&*1 $%+&8*& 1: -H.&(S Y+&*. " #Yt I"+# .
HT%+ &*/& - Yo+#t+, '

o 7<&*1 +& 8*& 1
' A(# 498280 A(# 357
1 9.7704 9.8088
2 14.045 13.675
3 17.800 17.413
4 32.141 31.388
5 40.365 39.610
6 50.106 48.758
7 55.654 54.143
8 57.255 56.016
9 67.052 65.374
10 74.153 72.349
. +$518,/& &+ 17 ** 7 4% ] HYo+ *Yot &*H -
U+& 8%& [ 1 -H.&(&2 %+&*. "H#*3$0! '$$ , (1 "H+HH2 | H(*&

$4,& &*SL YoHT%+ &**/ - Yor#t+$ 3# |,  &+#H#, Yo+#1-$ #(* (+7(.4.2-4.5,
$%4.1):

_ U #(#B&*$E 6 "WA(& #,&+#  14( ("' HHCSH(Y  UeH%-&
HAH-E %% 2 %%+ *#$):

_ # H(GHY%E) "HYMH *S1" (BRYe+HHMo+8 8*8& 1S HTHH-8* 1 #.&($
M HH2 TS * T&HHCH2H.($& );

— 4] HXHOH SAO# $AH+ () Y%+& 8¥&2
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Vot *# (&*4 , —+# (+ 7(.4.2-4.5, $%4.6):

— HU(&H +&()HY) %-&+*  $ A& & (T*$4S ) YoHTY%+ &
3, "H&T*$2 $.8%+S* (1 %& %% H+ &  H.&(&2;

— "%, ()H&  4*-SH& % #B.&*$& # YHT%+ &, - Yor#t+ , (#
2206 (1 "H(&7*$2  (H%"#%+6$, &+ $$ H#.&( ) % $8 &+%H  "+$-& -
%"$ $&,(&HOH #*1 1-&+#, 1 -H&S HHCSH&OY %% "%&(&
B&+#  (# 18%)S$, O( *#& , #. +($#%+$ #Y*# *$1 (# 8%), "-&%+&
TA##2 ', &+%1 H#&() "+  H#THH" (: SHELL43)* 8&%+"#,
HO# *$$ — %6+& 8*$% %% S

— %-&+¥I& YOHTYo+ &**I& YorHH-3# | *& -1 %o+ $+&()* " % HUHT!
%%+ *#"$ , %06 "V6&(& #,&+ #

_ 82 "%$(M2 " &3&" — 4]  O# $A#*+ (HO# %+& 8*1
HROGH()H2 - Y%+$* 3, 1106&—! & & $.8*+$3$'$ 1&+%1 # *$4:82 YottT
Vot &**H#2- Yo+#+&%*$8& & 10%)$, HWHT&* HYor & 4-2 (%*$8&*$& -
Vo+#+F 3500)$ 52 (* 22%)3# & ,* "H+#H]  *STH(&2 %+& &*$# -
1 (18+%154,8*8*$& 8&Yo+"HYo4% #+& 1 %S, &+ $ %$%+&,/( - Yo+*#%+$
933&"+ 4" 1+"$ ).
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4.6.

«)
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( 4.2
«) ». ( ( )) - ( 4
84 "Yo&(& #,&+ # "0&(& #,&+ / "00&(& #,&+ / "00&(& #,&+ / "00&(& #,&+ [ "% & $,&*+
&Y% +"HE&HY*H *$& # 1-2% &,& # 2-2% &,& # 12 % &,& # 12 % &,& &+, «Qo+#1-$
&Y% +"#E&HW H - &%+"#HE&HAY* H *$& #%*# *$$ #%*# *$$ #(* »
*$& Beam188* Shell43**
?
1 9.1828 8.8435 8.8455 7.9554 8.6825 8.240
2 12.090 11.687 11.688 8.4898 10.785 9.888
3 15.073 14.583 14.574 14.300 14.460 13.67
4 30.316 29.181 29.226 25.469 28.207 26.25
5 38.990 37.575 37.516 37.461 37.543 35.46
6 50.513 49.259 49.307 43.562 48.949 47.42
7 55.540 54.247 54.173 48.472 50.950 50.59
8 58.517 57.528 57.511 53.635 56.021
9 65.641 63.566 63.464 63.412 63.499
10 73.486 70.884 70.849 65.619 70.583
11 77.758 76.217 76.306 70.784 71.843
12 82.351 80.753 80.684 78.658 80.658
13 84.744 82.476 82.429 80.745 81.783
14 88.641 86.655 86.541 83.822 85.246
15 103.66 100.52 100.39 84.920 99.411

(-l
wTH#H" -+
"%&(& #,&+ | 4.*

8&Yo+"H " & (&*

8&Yo+"# " & (&*
VoHY & HH-&*],$

#+H#',

# *$8*&2 (H#%"#Y+BH # +#',

%% ,$  14(

, 90
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+&*,

7($

«#H%+1"t# » (7 (" %4l# ).
LS ($THEY ) L - H&(S . #T%t & & - Yot#Ht, !

4.3

068 (& #,&+ |
# 12 % &&

&Yo+"#E#Y H# *$& HOOMH *$$ . 1+ -

008 (& #,&+ |
# 12 % &&

| (Shella3)**

"% & $,&*+

(,&+#. Qo+#1-$ #(* »)

1 8.0877 7.9673 7.568
2 11.643 10.744 9.766
3 14.403 14.317 13.49
4 21.727 21.566 19.96
5 30.386 30.298 27.59
6 35.508 34.422 32.78
7 45.291 45.036 42.30
8 48.091 45.950
9 50.912 49.478
10 64.128 63.844
11 68.990 68.050
12 77.345 72.967
13 79.682 79.489
14 82.889 81.946
15 84.946 84.032

o4 &Y " & (&

"U&(& #,8&+ ] 4. %

%#% & #H+#-&**1,$ , %% ,$

98

14(

# %&2$8*&2 (H%"#%+$H # +#',

, 900




7% 44
+&*. «#*%+ I"t# ». &+#. WHH#L-$ #(* . 4,& &**&  Yo#T%+ &*FI& Yo+#H+ $3H# ] "H(&T *$2 .

#

f1:8,240 f2:9,766 f3:13,489 f4:26,245

f1=7,568 f,=9,766 f3=13,489 f4=19,958
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7($ 45

+&*. «#H%+ I"+# ». .+ # & -#.&($ . %-&+*& YoHT%+ & I& Yo+#+ S 3# | "H(&T *$2
#
f1=8.6825 f,=10.785 f3=14.460 f,=28.207 fs=37.543
( $
f1=7.9673 f,=10.744 f3=14.317 f,=21.566 fs = 30.298
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43. 4. - # (15! 1 %. %$ «.6(. »
4 TH+* S S%%(&H . +$1&,/&  (%+SH- +H -%+& 8*& /& .S -
* $-89%"$& : - #.&($ (9(& &+ BEAM188, SHELL43, MASS21p6+&*.
W30l '$1 (1 "HHEH2 H(&  $4,& &$L 1%"H &*$2 B, +&, +$-& -
0%6"$ #06%+ *# (&% Yokt TY%+ &**I& Yortt+ $ 3t | "H(&T *$2 &+#t.#, "Yor#l
S #(* " ($%4.9,+ 7(.4.6-4.9):

— % H(HB& D& 65 "W&(&H#,&+# $ 5% &0$%+ +HHH# (" HH(CS -
+&OM  YoH% &HHEEM | %Y 2 %%+ *H"S), 4. KK YoY% & H+H-&*$
L %% ,$, 9000.(1 "%&(& #,&+ $15000.(1 &0$%+ +##. (1 &O0$%+-
HHH & %% #.$+%L*  [%H+&95,, —4.*  YoHH+ &+%+ 156$8%-
Uott & #,&*+ $*&'$SS .5 "N&(& #,&+# $5 &OSVo+ +H## 1%+ *# (&4 *
O+ 88> (& #, B(S & HY(&*&, 4 $%$HU+F+ $F1+H2 %%+ *#'$)
SHS "WA(&#,&+ —* & *&, 9+8&

—106H$LA" & (&L 12-$ %o+H#&(4 6&,(&*$& $; *$HH& )

—"$&(OH2 " $ 2 "&3&"HH " — 1 (&*$& 0 H2 $ % &.*E&2 Y+H&"
*$8*&0# 9+ 8 .

Vor# *& &AM+ + | H(*&* & $3$" '$#**/ $%%(&.# *$2
(+ 7(.4.6-4.9):

— *$(-&&  %HHt &+%+ $&*/,  $4,& &*$2 #(-&# (1 #.&®S
D SO #S Bl %A % #8.&%$& *& TH#H(&E&6Y);

— #%(&# +&()*#%+) %-&+* $ $4.& & (6784, #76&%$%+L,
* ) OHT%+ &% 3#, H&T*$2 $.&+$* (1 %% H+ & -
H.&(&2 ;

— % HHBE P& , %%.(1 .1 %%+ *HH "%&(& H#,&+# $ &0$%o+ -
+HH# H#'4 &+ HH(S-$& #  %-&+*/, YWHTY%+ &/, - Yot#+ , # 6%, -+#
HBH T/+) +&# $ (*$# S (&2 $4,&&2 $,+&, +$ -
QW HHT TH+"& S  &AI)+ +#

— *&%&**/1& "%B()*/&" .&3&"+ —!. (&*$& % &.*&23$ 10(# #2 %+H#H&"
#1 (15+%1 *$8*$  %-&+* $P4,& & #76&%P%+&,* Yot 7%+ &*
¥ Ot (& & * HOHAS &5 &($-$* , ## '$H#* ()*I5
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TR THAD H$A 8F&FHD SRYo+"HYNS, HYHTEHYFSH H(S -
+&OY  %-&+*  YoHT%+ & 3,  (+ 7(.4.9, 441$ 46-), B #-&* -
KO EOM, &+$"0Y,  "H&T*$L1, - %+$9+ 8&"$ *. 1. (&#2
Vo+H2"H2" A**I&  YoHT%+ &*&BH | HOW TI+) | & & H# # &.&(&* $
AHH, "VorH1-$ H(* .

A4.7. « & ». « ».
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4.8.

«

»,

, 4-6-
&(
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&4 .83&"+# (& 10(# 1 %+#2" C(&F % &FL1%+#2"

%-&+*1 1 -#.&() %-&+* 1 1 - #.&() %-&+*1 1 -#.&()

4.9. « & » - _
- & ) - (0) «ANSYS- »)
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7% 4.6
+&*, «+ 88" ». %-&+4& $9"% & $,&%+ ()& YoHTY%+ &**I& Yo+r#+ "H(&T *$2 ,

%-&+* 1 #.&() %-&+* 1 #.&() %-&+* 1 #.&() "0 & $,&%+ "0 & $,&%+ "% & $,&%+

? U00%+ *#"$ , %% | %%+ *#" |, %0%1* %%+ *# " %%1* | % & " &
1%-2%, % & no & . ' '
1 45957 - 4.7322 4.3854 4.5075 4.639 4517 4578
2 4.9385 - 5.0741 4.7748 4.7785 5.188 5.066 5.066
3 6.5380 - 6.6476 6.2869 6.4808 6.897 6.714 6.714
4 17.378 - 16.685 16.833 17.195 15.625 15.259 15.442
5 18.755 - 17.996 18.372 18.553 17.273 17.029 17.090
6 24.733 - 24.102 24.298 24.663 20.142 20.020 19.836
7 25.205 - 25.182 25.205 25.131
8 29.237 - 29.220 29.237 29.200
9 30.287 - 30.291 30.286 30.269
10| 30.288 - 30.306 30.287 30.287
41 63.693 63.630 63.685
42 63.890 63.695 63.887
43 69.461 69.461 69.088
71.381 70.941
45
74.561

47 78.390 74.457 74.508
48 82.782 78.401 79.335
49 84.401 82.873 83.390
50 84.908 84.397 84.078

$,&*$L : %-&+*& 1 -HE&S 4"& (&Y ;S .

* 0%+ " 1 - "%&(&#&+] $ &O$Yo+ +# /[ 1%+ *# (&* * & #W(&*&, @O+ 8& # % &*&2($*$S .
w000+ *H" 2 — "%&(& #,&+ 1 $ &0$%+ +#[ 1%+ *# (&* * & #, O+ 8& # % &*&2($*$S$.
N /&8  «##(S+&()M& »- Yo+#+I3#H ] % &'+ ,$.8&*+$3$'$ 15688 * ($-$& $4#*1 .&3&"+
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7% 47
+&*. «+8&" » T68&%$%+&*1 ( 1(& 1 «$A0$T* 1»)3#,  YoHT%+ &** "H(&7 *$2

&4 &3&"+# (&  10(# 1 %+#2" (& % &¥110%+#2"
) - # .fi=4,5957 ) - # .f,=4,3854 ) - # .f=45075
f,=4.639" f,= 4,517 f,= 4,578
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7($

4.8

+&* «+8&" ». 768&%$%+&,* 1 (& 1 "1+$0*1 )3#, %HT%+ & "#(&7 *$2
&4 &3&"+# (& 10# 1 %+#2" (& % &*11%+#2"
) - # .f=6,5380 ) - # .fi= 6,2869 ) - # .f=6,4808
. f,= 6,897 = 6,714 f,=6,714
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7% 4.9
+&*. «+8&" » H# OMN&  %-&+& 3# .,  YHT%+ & "H(&T *$2
(" %42 3#*), $.&*+$3$'S I56$&  *&Y&*/& .&3&"+/

(& 10(# 1 (& % &*11
0o+#2" 0o+#2"

? &4 .&3&"+#

faa= 71,381 faa= 70,941

f45= 73,155' f45= 72,844I f45 44) — 71,358

f46: 73,755 -
f46= 74,561 $, %! 4%.+ f165= 73,008
5 ().
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44. -#%- , *#
1) 4 7#+**1 %-&+*#9"% & $,&*+ ()* 1 ,&+#.$" .$* ,$-&%"#O#
FHE+H# S0 &3S # * - R £ %+&* #/ #.&1 =&+

HS+# $90 &Y%+ $+&0Y (L 4.- $%%(&H *$2$ #'4(
HAHB HYo+) #HEF'S 3 "+$-8&Y0"HOHYHU+HL | #7* 18&*$1 4*-$) &
3&"H# S UbH &Y+, $% #(4H *$S &+ $4I&/ -, +$1&/ .-

H.&(&2 $ 5%+ |, &*+ ()*HO# &+#. «Qo+#1-$ #(* ».

2) #(-&*1& &AM+ +  HAH(15+ +"8& TH(&&«HH"H» * Yot H$+)
Yo+&* H# 1& ( - Yo+*#%+$5*$,$4% # +) 3"+#/ *&# &&&HW+Y S : -
H&S (L .02 $%%(&# *$2*& +H("H# .$* ,$-8%"S  "+&$ -
%+ *#H S &+ # * 18&**# -.&3# $# PHO#  Y%H#%+#1*F1

3) % LAWSAHBEM,$ &40+ +,$  H+$8S,, H8H %-$++H)$
-$%(&**#& &;&*$& *&"# &"+*# #%+ (&** #7 +* 4.- $.&*+$3$" -
'$$ VHUHHL*GL(5- 1 /1 (&*$& $(H" ($4'$5  .&3&"+#)* #%*# &&O!-
(13483 # $#4#!
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5.1. - %-" ), «)(16.&4  »—( e (L1 1+

/

%%, +$ &2 "+ ()*/2 H&"HH2 S+ [YHHHOH M -
OH3IF"SH* (#0#  SSHO# "#, (&% «$$87() » O #%" ) 1(1&+%1
*$" ()*/, VHT<&*#- (*$ # #-*/,.$ $ "# %+ 1"t$ S &&* LS | *&
$,856%,$ 1,/  * (HO#

(*& 4.*$& $,&&+9(($%#S. 0115 3#,) % 4.& ,$ # A4TS$-
#*,  #9%1,88.5%x23.6, (*.4&*1 -%+), 4.&/  (*& HA&IH2 - -
Uo+P6#%6+ (15+4100,2x35,3. 76 1  [%H+ "#0b+ I"+$*#2 %$%+&, BSHO#
4.%$1 #+ & *&O# #7 &4 3%, &*+*#2  ($+ Yo%+ (18451, .

5.10 32) « &(# » 5.2
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S+ %o+ HE+&()%+ % H(HB&*  &.&(  3(5 $HO(L'S ()*#2 x|
H%(H#8*&**#2 W"(#*#, 4%/ *#0# # 0 * %&&#M & !-%+" . #-
& *H%+$ - Got#" #' I+ *%/*$ O+ .$ . %) %HB&* %IO(S -
b, &&"H#H S %&W'H#, YHTH," S "S-, T&HHE HUWH(" P Yt+&"
( %HB&#2 . & &%$* $+ . #6*#%+) * %/ */ 0 *+# $4,&*1&+%#+1,8
. # 105,. #. *%/*$ OI*+.$ 4(&05+ %I0($*"$, 0($* ,10"#( -
%+$-*#2$ +10# ( %+$-*#2 "#*%$%+&*'$$%! &%B( %+$-*/1& $ &%"$ /(& -
H& , &("$&, % &*&2 (H+HU+$S (H+H& (8& B HH* %/6& &
#o%o*# *$P +& *$-&%"HOM "(5-&*$1 # $*8&*& *# -0&#(#0$-&%"$54/%

"1, [.&(&# 1+) 0&#,& *$-&%"$ 9(&.&*+# (+7(.5.1), $1+/ (1
. ()*&2;$ %-&+#. & /2 (0 1-17) &%+ (15+ +& *#0&**/&
#H7 4# *$1 - %# &&**& *%/*& O0!*+/ |, %(#B8&*/& #+ (,$ $4&%+&
Uo+ &** O +#  UoH%+ #S+&()*, %#H#, , 4 (&056$& & /S  #H+ #-
& *H%+$ 4&,($, % #Y%+ *&*I&  #%&&%+H #(5$ (/& 0($*/
% &*& & *&-&+ & +$-*H0# #4 %+ 3(5$HO(L'S 0M&  &%"$ %I0($*'$
$O0($  4A($#2 "#%P%+E*'EB6 &.*&-&+ & +$-*HO# #4 Y+ HW"H# % HO#
#(&.&*&*$1 S # &*/& 0O($* $ %I0($*"$ 4($-*#2 "#*%$%+&'$P0 &.*&
-&+ & +$-*#0# #4 %+ . P+ 1#7(. &+ 3%4$"#-,& *$-&%"$,$ % #2
%+ ,$, 7($4"$,$ % #2%+ ,0*+ . 16, 17 —# &**#0# %!0($*" , *& #-
% &.%+ &**#O#HY # *$1  H#&"+$ & #O#  H#.4&FHO# "H#, (&% . +H##2

(:  19) - % &*&-&+ & +$-*/& 3(5$HO(L'S )& O+  #'%"#
*& # %"#O#H #(&.&*&*$L &%+ (&**/& (%+$-*,$ ! &%1,$ &+F2

(:  18) —+I0# (%+$-*/2  &%- *$%+/2 WIO($*#" +H#OH#B& #4 %o+ $
0&*&4A$% "-&%+ &-&+ & +#O# © (1 22,23) [.&(&*  *$8*&&(# &
I(& +& O($* $ %!I0($*"$, +10# (%+$-*/& . $8& 4 (&0 5+ &%"$ /(& -
H& (1 24)$ &%"$% &.*&2" | *H%+$ (:  26)*$8*&,&(H HO# #4 Yo+
H7<&.$*&**/& V. *$ &%+ (15+ %#HT7#2& &.!56!5%1 +#(6! [/ -
& 8% # HEHY+S (Yot+# .

$. #O&H#(#0$-&%"$&!%(# $1 !- %+" "+& $4!15+%1 % #%+ *&*S -
&, %(&.156%  #A4H%*  O# $4#*+#: 0 *+#/ #. & ##"$ 7 &%+
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K2 K HE&M2 4% Y& HHE'S T HUHH2* <50%"$2 . KHH#/&  #-
IOt & HH"S T %+ &&H  *%/* O+ * 0(7$*& 1,7-5 (7%
#+,.107,84- 202,04). #,$# *$&  “& HH#"S 7 HSW HI+ 4 %-&B*-
350+ '$$  +HWN3& T H% H S +&"$ $4 #.4&WI6S  #,1F$"$2
i & # RUHHOH  H&HOE  +$ «& HHA'S » %+ &-&Y *
0(17$*& 8 13,15 (7% #+,.190,93- 197,53, ). #.4&*& #./ H%*# *#O#
* <5 OLHOH  #HHUMHOHO# $AH+ Yo+ 8&-&Y * O(17$*& 24,1- 30,2, (7%
#+, 173,43 178,05).

$ ., O&H(HOS-&Y"# 0+ HE&*$SS %!6&%+ I56% 03$. #O&H(#0S
&S 196(#S1 - %+H" H#E&S &+%1 "' T&AH %*/2 " Ot #-
VOIIBHASH  H, H+H&*SS .

" &0+ &HYME *SL YHHHD - Yo+$S8BHOH 4. *SL  H&"+& $*1+
HITSKSH K2 O 2%- ($+H2 3% &+ | YHOb+H16$84 AT2 TV #/
% 2$ HH(SHH2 B&(KAHTEHI*H2ASH "# #HT- +HOH# %&-&*SHT6&2 Yot -
24600, |, "H00+ I"$1 "HHHH#2 &%+ (1&+.& ($+H (& *11 - +#(6$-
*#2 400 ,, , *$8*11 — 1200, ) %H&.$*&* &7 ,$ 8&%+"HU+R7
8&Yo+"HYHBH 62 600, $400, Y HHB&Y #. HHSHS  *&%!
65,5 %+&*,$$ "HE*$ . . &1 ($+  [H#H(*1&+%1 $4 T&+H#
"(%% 25, W8. , +! "(%% A500C

.5.30

112



%-&+*/& #' 4 +&($ 3$4$"H#-& *$-&%"$

7% 5.1

% #2%+08&#,& *$-&%"$ 9(&,&*+# 08&#(#0$-&%"#2.&($

#2%+ O I*+#

+ . H-H#%+) (#
R N % &3# ,$ 1&,#%+)
: -1 &2 | i -#1 )
$% *$& I 2 e & | W - #933$'$&*+ 3$() -
H0t)| @
| 23 _ #10 & +'$$ "3, , %+
rno%’ | * & tg | c 34 'S
:n: 1
&3,
10($*'$  &("# &%- *1& , W($* - I _
4% &% Y0 $& L687*& . | 9Qd | 16,17| 2,10 0,50 | 0,325 0,045 30 0,01
+10# (%+$-*/& $ #(1+ & /&
Il 1 8%$ Yo(HS%o+&( Yo+$-+/& fQ,o-d 19 2,01 0,59 0,424 0,012 18 0,5
[0S &%- *$%+/& % #%(#-| 1Q,0-d | 18 2,03 0,57 | 0,268 0,032 22 0,01
1,$ &%", +10# (%+$-*/&
7 (& +& % #%(#1,$ 1 22 1,90 0,96 | 0,325 0,050 20 0,001
v &Y%" , +10# ( %+$-*/&
0($*"$ /(& +& % # - 1 23 1,85 0,77 | 0,404 0,040 22 0,01
%(#1,$ &%" , +10# ( %+$-*/&
&%"$ (& +& ,%$*4.$ O($-
5, (BMI& , (8M&  $ B - ) 24 2,01 0,53 | 0,679 0,006 30 0,001
Vv %/68&**/&
&%"$ % &.*$& %U($*4 ,$ 0($* ,
(H¥I& | (8Y1&  $ HA %l - ) 26 2,03 0,48 | 0,781 0,002 43 0,01
6&**/&
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$8*$2  #.4&*2 O+8 (-3) 8SHO# 4. *$1  &* 4*-&* (1 +&*$-&
%'S $ % #.4#0 +&()*  #,&68*$2 ,* -2 9+ 88 % #(#B&* 3+HEWE +
* 10+ 88 % #H(0&+%LT *'&+*2 4( $ +& *$-&%"$EH#,&6&*$1 . 1-2-
#, 9+8 % ##8&* #*1 0! #,&6&*$2 , #3$%*/& #,&6&*$1 $
&+%"$D0 .. Yo+ ()F/& 9+ 8% 1 (15+%183(/,$ ,"#,& 22% 419+882 "#-
+# /& 1 (15+%1+& *$-&%"$,$.

[%#+ #.4&,*/ 9+ 8&2% & /| +& *.4&* 9+ 8&2 & &,&** 1
$ )$!1&+%1  &.&( #+3.25, # 3.7,. [%#H+ +S##0# 9+8 %#H%+
(18+3.3, , /%#+ & *$ O+ 8&2(38-40)%#%+ (183.6, . /%#+ & *&O#
+& *$-&%"#08+ 8 %#%+ (1&3.9, .

#%+1"+$* 1 %$%+&,4.*$1  $*1+ TS H# HH2 " " O0*H -
Vo+&*# HID YoHtUo+HSH "B | S S W+EHT<&.$*&*  88Y+"Ho# 1-
8&**,$ %$$ ($+.$ &&"/+$2 &.$*15  #%+ *%+ &**15 %$W+&,!
#%+ *%+ &** 1 8&%+"#%$)%+#2-$ #%+)%&0H Yot +*#0# 4. *$1 #7&% &
-$ &HOLYoH &Yo+H2 THHH2 & +$" ()%  HHS+  $3 0, 8&%+"#
Uo+$(&Y+*$*  $ ($3+#/  TH'H# , #7<&$*&*  88&Y%+"$,$ #9+ 8*$
HH(SH S B&(KAHTEHHS $%" $ & &"[+$2 . Y% H(HB&*$& "H(H
H7%# (&*# 3# #2 4.*31 (*& $ $*1+# # "#+11 4.*31 * " 2%

3 0,&*+ . %&*&%!6$&"#* %+ "$S 4 #&"+$# */ B4 #H(SHH0E 8&
(&AHT &+

#(#+/ $*1+ %' . HH2 S+ &P&IFH2 3 H2 # & &HOH
%&-&*BL 4,&/ H&&  %&E SZHH™ *$8*S O+ 8&2 %oHl+ (15+
550(600)x60Q $ 350x500, (‘HE™ %+$(#HT +). 230#9+8 %&-8&*$&
"HH* %#H%+ (1&400x400, . (%% 7&+#* "#HEH* # #H%+$ * %8 +$&
$*1+ 25, | +! $*1+ "(%% 500 .

#H(S+H&  %+&* S B(H* $*1+/ & &&FH2 # [Y%#+& 4.*$1
+H#(6S*#H2 , * 18*/&  %+&* #.4&*H2 -%+$ $*1+/ +#(6%*#2 300 ,, ,
"(%%7&+#* #  #H-*H%+S 25 # & &*/&  %+&*4.*$1  $F1+/ U6 # 22
9+ 8% — +#(6%*#2 300,, , %23 # 409+ 8% — +#(6%*#2 250,, . 0 #&-
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&*  *&UI6S Yo+&E #+3,0.# 4.6 . (%% T&HH # HFHU+S * %8 +$&
(1 %+&*$*1+ 25"(%% ,+!/ — 500 .

B+ & &"[+$2 #.4&* ,+&*$-8%"$$ 1. 8%(/ 9+88&2 ($+
H+$1 SFLH (H%'$,$ % (HHOH %&-&*$L+#(6$#2 200, (($+
&&"[+$2 *. -2,-1,2, 21,22, 36,37, 4D419+8.,$ ), ($+ &&"/+$1
* .30+ 8#, $1+  (H%'H2 +#(6$*#2 400,, .

($+/ & &"[+$2 +$#/ O+ 882 $*1+ "&UUHTHOHS &7 .$
"4 ($+H  &&"/+$2 *. 3-219+8.$ S+ % 4& S QY%
1000x1000,, , 1000x750, $ 1000x500,, . #(6$*  "&%%H*#0#& &"/ -
+$1%#%+ (1&210,, , $ O+#, [%#+ &7 "8&%%#%#%+ (18160 ,, ,
+H#(6$*  ($+ —50, . $ &7 "&%N%eH* $*1+  *$8*&2 - %+$120
Lo & *&2 -%+$(1 ($+ ) — 150, . SH#Y  4# %# 18&*$1
"QUVHHHASH B &+$" (0 *WIES "H+I"$2  ($+& 1%+ #&Y
HH(SH& - %+"$ +H(6$#2 210,, .

8%%oH*/& ($+ & &"/+$2 *. 23-359+8.$  $*1+/  * (#O$-+/ -
S 48& S , S O+H, +H(6S* "QUYHHOR &' [+$1 Y%HY%+ (18230, ,
1%#+ &7  "&%Y%HU%HY%+ (18260, , +#(6$* ($+/ - 70, . $$*
&7 "&Y%H* $*1+  *$8*&2 - %+$— 125, , & *&2 - %+$( ($+ ) -
135, . S#H#*  4# %# 18&*S1"8&%VHHASH $ & +$" ()
*QUHI6S "HYU+ IM$2  ($+& 1%+ H&H HH(SHH& I- %+"$ +H(6SHH2 230
b (%% T&HHF # HHY+S * %8 +$&(L ($+ & &' /+$2 9+8&2 $ -
*1+ 25"(%% ,+!/ — 500 .

HE&Y%%&o+ HE+&() Yo+« [%H+"$» TI(S #16&*  017/& * 1:&*$1
+& H(HOSS HBAH.Vo+  HHSH  THE, &AM+ +& H&&™  #T-
Wo(&tt *$2 /1 (&  4*-$,)& #+%+! (&*SLH+ #&'+ # %&,! [YoH+*#,)
4.%$5 1 # "(%9%! T&H#* 1. Y+&HHHEY™ $ & &"/+$2 (# 10 ,&Y%+#
H&"+*|  25)$ # O&H,&+ $$U0+8&S$ "HH* (H+"(H&*$L — 9"%'&*+ $%$+&+
# 135, , +7(. 52). # &M+ +, HTI%&H# *$2 [#(*&*  1%$(&*$1
Uo+&$ "HEH* * 4 — 175 9+ 8  (HT6&E'H($-&%+ #%6$(&* (& &*+#
75).
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7($
HH&FSL HE 11 (&*& #.& #1%(&# *$1
"+ $-80"HE HH"(H& D& (,, )
$ 9(& | % ##HB& P& +"(#*%*$8|Lm *$4 H* - +"(#*8;*$&...& -
&*+ "#*00+ 1"$$ Yot I"$$ Yot 1I"$$
# &%+ # &%+ #2| # ,&%+*#2| # ,&%+*#2
*#2 #%B* #Y%R** #%% #%%
19+ 8, #+, .-0,100
-1 | /3- 104 16 0 0
-1 | /5- -12 -60 -7 -41
-1 | /6- / 13 -98 -9 -66
-1 | /7- 1 30 -130 9 -5
-1 | /8-K 33 -83 23 10
29+ 8, #+, .+3,600
-1 | /10- / 6 48 -6 -19
-1 1/11-/ -5 -62 -15 -48
39+ 8, #+,. +7,200
-1 1/11-/ -26 -108 -57 -84
-1 14- /1 -4 -44 -8 -48
-1 1/14-B 4 -41 -3 -37
49+ 8, #+, .+10,500
-1 1/11-/ -22 -98 -47 -53
-1 1/14-B -12 -43 =27 -49
59+ 8, #+,.+13,800
-1 | /14- -17 -66 -18 0
-1 | /5- -25 -57 -26 -52
-1 | /6- / -30 -50 -32 -23
89+ 8, #+,.+23,700
-1 | /5- -23 -56 -34 -35
-1 1/14-B -17 12 -5 -65
109+ 8, #+,.+30,300
-1 [/1- / 25 -90 19 -29
-1 | /2- 51 -113 28 -32
-1 | /3- -26 -124 20 -35
-1 | /5- -25 -135 -32 5
-1 I /6- / -41 -107 -28 -70
129+ 8, #+, .+36,900
-1 | /14- -29 -58 -12 43
-1 | /5- -15 -56 -5 -25
-1 | /6- / 25 -87 -58 -21
169+ 8, #+, .+50,100
-1 [ ume-1 | -19 | -70 -13 -24
189+ 8, #+, .+56,700
-1 | /6- / 20 -63 2 -2
-1 1 /7- 1 0 63 75 7
219+ 8, #+, .+66,600
-1 | 1/4- | 8 |  -60 | 11 | -50
*_ 4+ *0&*l$ ()*#, * (&*$$
*k__ $ ()*#’ * (&*$$ #+'&*+
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.5.5.6

.5.4.6

«,

& (#

«,

& (#

». 6
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5.2.«$.4%-  »,( %- NS %+, 4. - %. 1.
5.2.1./
%+ .55 #&"+$# *$1  #%+ #&*, & $3'S# */ $ #*($4% -
#*  ()+r&*+$*&  B.& ()& » #%+ U+ &FI& 1 -H&$ &#H.-
HUHME (& # N'HE& HUWH *P& —HTH(H-&*H# -%+& 8*& #2" " Y% » 4. *$1
#0 ¥/ "#,(&"%  ANSYS,./ $ MicroFe, #'4 ;$& 7($4"$&
% &.&(&*$1 * 18&**# -.&3# ,$# *#H0#  WHY+H#1I*FL ) $.$* ,$-& -
%"$  "+& $%+P" P #78&% &-&*P&%& *#,+$*#H - &O(,&*+$ # **/
"$+& $& *&%!6&2% H#%H T*#Y0+S
4 T#+*1&  #.&($ .&" +*# #+ 85+ O0&#,&+ $"#88%+"#%+*/&
$*& '$H*& Y% #2%+ $ * 0 14#-*/& "+& $%+$"'S %+ #B+&()*  "H* -
%+ 1"$2 $ #%*# *$1 %oH#H 18&*SL YHTH #+,&+S,, -+# Y&+" . * *$8*&2
($+& 3%, &*+  *& +H()"H# #T(. &+ *&HT H$H2 #. #T*H%H)5 (1 #%
#$4 &.&*$1 & &,&6&*$2 , %$($ H#,&*+# | H $ B #-&* AR, % 2-
o #(&2. #933P'S&*+/ &M #FHOHE (& # W'HOH# #U%*H *$1, #( -
-&**& * *&($F&2*H2 #.&($ #3 . . . &"#0# (1 + &, &*H2 %$%+&
I BHT-+2 0 3 &*+  —% 2%#-01*+#/2 |, %%$» ( ? ) [20-22],
%HHE)S % &S ()#H2 #0 ./ [-$%(L(3%) $4. (3%) $$3.!(0 -
(L " SHOH " HHOH ¢ 3% &2 ($+ .
$ -$%(&*#, #H&SH# *$S  #WH *$1 :  TIS 4 TH+
— 0&#,& *$-&%" 1 #.&() #%*# *$1$ % #H+  #H#%+$ .(1 "8# -
O#0&H#(#HOS-&%0"#OB(#10 *+ # &A4!)++, +&#%* $% /+*$2 O I*+# -
* (#0#  ($%5.6);
— H7<&* 1 $*8&*& *# -0&H(H0$-&%" 1#.&() O *+##0# , %%$ (# -
6."S Yo+ #HS+&() %o+, *HOHIIF"SH* ()*HO#  8S(HO# "#, (&% |
— #%+*#" 4.- S HWH* S H #%+ #&*PL %-&+*  # -
& (&2 %$%+E& KO *+# #& #U*H *$& - [YoH+HE&E L. *$& »;
— H#Y%+ 0+ &1 %-&+*1 #.&() * 18&*# .&3# ,$# T HOH#
%#%+H#1*PDS%+E& kO *+# /2, %%S$ — ($+*# -% 2*/2 3*. &+ », & -
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($4'56 1 *&(($*&2*5 #.&() 0!+ #3 . &"#O0# .(1 #%*# *$1 #.
3%, &FHH2  ($+H#2 4.*$1 ($% 5.7).
&40+ +& [ #(*&*$1
#+ T3 H#H&&  %-&+
1&  $%%(&# *$1  #%+ * -
%+ &**#O# * 18&**#
&3# \$# HHOH %#%+#1*$1
0 *+# #0# #%*# *$1 %!-&+#,
($1*31 3I*, &*+*/ $
* 3% &*+*/ "#*0p+ I"'$2
4.*$1, (%+$-&%"$ .&3#, -
'$2 O+ |, 9+ # #4 &.&*$1
4.%$1 $ ($1*$1, /#(*&*/
*+1& % 2 $ #&"+$! -
&1 T'#*T$* % 2, # &-
&(&* #%."$ $ #0$7/ 3I* -
&%+ L # o [-$%(&*, &- 5.6 ) - #
&,&68&*$1, # &.&(&* 1%$($1 0 ? )
3, &*+* 2 ($+& $ "#93-
3$'$&*+/  #%+&(H $%5.8).

5.7" )y # 0 ? )
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5.8) I-- i i (0 /)

59 # ) - # ANSYS
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7($' 5.3
“&O*1 " $“3"+$-8%" 1» %-&+*/& ANSYS#.&($

&+ H&S “&( g
$%(# : 161 348 162 166
T % #TH] 833 250 972 990
$/ SHELL63, BEAM4, SHELL63, BEAM4,
LINK8, SURF154 LINK8. SURF154, MPC184

&4* -$H& $4,&*&*$8& &+ H# $% &"+ YHTY+ &** - Yo+#+
$ 34, * #H%(&H# +&)*H %0!6 56$ %1 %&+" (#+ 833 000.# 3 600 000
Vo+& &*&Y #HTH.I , + 7(.5.3) #A#(SH HTHYH *# [T +)  '$#* ()*I5
ot +H#15» 1 -#H&) (1 '&(&2 . ()*&2;&0# #$+# $*0

7% 5.4
H&S H&HOH  $*+ 4L . HT%+ &H& - Yor#H,
$%0(# 14(#

138000 | 288837| 608 363
0.31731 | 0.30598 | 0.30154
0.37822 | 0.37084 | 0.36724
0.66039 | 0.62999 | 0.61700
1.4027 1.3661 1.3498
1.7477 1.7111 1.6945

?

gl b~ W N

#H%+ (&*$& &AI)++# (1 % &, HAHH#E HHO# » ($7&2* 1 4 -
- )$ HO+ *HO# #4&.&S$L (+7(.5.5,79+ # ,#'$1 «B$4$-%,&+H )
4.%$1 % $.&+&()%+ 1&# %( TH#, #1(&*$$ 933&"+# 08&*&+$-8%6"H#R(S-
*&2HY%+$

121



7($ 5.5.

%-@+*1: -#&() (

ANSYS)

$,& *$&

#4 &.&*$& #. -
48 *#2 - %+$$
&/ 5%9+8&2

#4 &.&*$& Yb-O#
# 10-0#9+ 8&2

#4 &.&*$& YR 7-0#
9+8 .# #"/+$1
4.*$1

P(HB&*$&  #-
(&4*#2$ %*&O0# #2
*014"$
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53. .() (2 + )$4 $+ 512 * +0%p!+

(#%! 4%-" %" (/4. # (2%1 | $#%" 1 % /(-
%-11) (%" & #%%-1 2. 150  &%!"

(1 %+ .$$4 & :&*SL Y+ #+&()%+ *&%I6S "#%+1"$2 4 T# -
+5 S SU(&H K &+ BAH & 1 -H&($ ANSY /3 "+$-& -

%"$, % &.&(&*D&, 3B4S"H- & *$-&U"S Yo H2%+T&HH* | 9"%'&*+ $%$+&
+H, $ HH(HEYD, "HE ($%5.10, 5.11, 5.12), + "8& Yd-&+#, HO*#AS -
&, /(S 03 #+8&+$-8%6"BH06( 7(&*$2 %0&-&*SIH(H™ $ & &" [+$2 .

*$BE*SE (%% T&HHF 1. Y+&$ H(H* #H+ HE&"HHOH 1-$+ &+%1
Vorttt+ &+%+ 1565, #*$8&*$&, M1 | 10#%6+S, H+"(H & $& 0&H &+ $-&
U HOHH(HB& S "H(H™ — B&Y+"$,S Yt " », -+# #4 #(1&+ 1-&%+)" "
%,&68*$8(&,&*+#  (*& ,+" $$ *"#* ($%5.10).

Vot *(&* " T(SAHY%H)-$%(&*  (TH*2  *H#H, ) $$4,& &*-
(& QLS H(* ») YoHTY%+ & - Yor#+$ 3, "H(&T *$2  HY%+-
S HE, S P& -%HEE " S« #1%" » 1. - %S 3,  $
(*$# *$$  $4.& &2 T&AHH#] * &AO)++ & S$+&O0  I#( -
*@FHOH "HH&-HHO(&, & HHOH H.&S# *$1  ($%5.13).

$ A& YoHT%+ & - Yor#tH+0 # 14 (200*$4:$  3#, "H(&-
7*$2) 1" A*H8&  A3$'%SH &  «(H' (& » #+Vo+! (&FSLH+ HE'+ *$-
"NOH(S-&06+ & H & H#1 (15+4%1 — - YorH+ #H($- 5+%1 *& TH(&E-&, *
0,5%, %# *1&+%01H%(&.# +&()*#%+) 3#, "#(&7*$2 (+7(.5.6). "8& *&
S8 +$3ISSH ¥/ &%), %168Y%+ &**/& 0 H+&+$S-&Y%"$8Y( 7(&*$1 %&-&
*$1 B2 HEH  (# 1B3%E&-&*HL

H#88& &1, 1-&+ 9"00'&*+ $US+&S *"(HF  "HH* #'4( %!6&
Vot &FHEHA Yot *$& Y%o-&+* Yot +$-&%"$$40$7 565  #,&*+#  *$ |
A HA & B &+ &S & % () HY%+) $* $-8%"HO# (" S & $  $H# )
$ *&HT #.$,#%+) %S +&A A+ $H#  HSHS0 (L SO
HT<&"+# Yo+ #S+&()%+
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54.76% 4  1$9%I15! 1 K12 11 $5 #

[ H(*&*I&  -$%(&*/& 9"% & $,&*+ #'4($ , -+# 03 #+8&+$-8%6"H&
. (&*$& » #}H2 $4*&WI6S "HEH $($ 3 0,&+ &&'/+$1 4*-$#
%" 4] &+%1* 0! & $H#$4,.8*1&,/  $ISS H#HH(S+&0Y  # (Y
3, "H&T*$2, SIH-& " A& 4181 | $ HOW T/+) 1& &
$.&*+$3$'S # */ #.8& $U+ |,&%+ (HOH HSHH S0 &+HH, Yo+l
S H(* » (%, $%5.14.(1 | (&*H#2 "HE™ 100#9+8 ,*-$*1 %172
3#,) * -%+#+ [& 5').

FHAEASL H#+ H&'HH M 4+ 03 56$& 4% -$+&(*5 - %+)
%$%+&.65 ($156$& * &8B&YL+"HUo+*I& $*& 'SHH& Yo #2%+ ("( %%T&
HEF & SU0+S'S HYOM *$1, &($-$F B % H(HB&*SE , %% "(5-&*$&

$* $-806"15  THH! 3#, (0 *&*&UIGS "HU+ I"$2 — & &OH H#.H"

3% .# $. .)+"8& $.&*+$3%'$ 15+%1 - &.(HB&**#2 &+#.$"$ .
5.14. ( - ) - « »  «
» ( 10- ' & ),
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5.5. -# $- , *H#

1) #" 4*# $%+$*H&, &%0+# — #4 #8*#%+F$ $ #0 *$-&*F$1 — 4 7T# -
+ %42 &+#.$"S .$* ,$-&%"#0# #S+# P00 P "H(P-&%+ &*# #.+ & 8.& -
* R&HT #.9,#%+) %P*+8&4 4($-*/ $# IS0 *&%!'6$ "#%+ " -
$2 (1 S O HT<&'+# Yo+ #S+&()%+

2) ", 3"+$-&%"B&«(#" (B4 **I& » #+%+! (&*$LH#+ #&"+  ("( %%
T&H* | "8 + $USH+EE "(H* S #%( T(&*SEY&-&*STHH*  $ Yo+&* Yo( TH
($156%& * 8&%+"#%+*/& "+& $%+$"'$ %$%+&,/4* -$# *& #1 (15+%1
% &"+ &# 7%+ &**/ - Yo+#+$ 3#, . +#B8& &,1 , #(*#& 4,&*$& #.-
#2 $4"#HH#H* $3 0,&%+ "&WNYHHO0& &"/[+$1 |, *H """ P HT76&%F%+E,
& #H+"(H&FBL #+ #&"+¥ . ((%%T&+HHF,  "+& $%+'$ #UMH -
*$1, $4,8%&*$1 &($-$* B % H(HB&*SL , %%S. .) HOM T/+) #& +$*#

$1& & $.&*+$3FS# */ #.& $%+ L. &*+ ()*#0# H#$+# S0 ,&-
+H#, «<Q+#1-$ #(* ».
3) & % ./, ,# #&O0+ "' $,&:9& &%+# &+&*4$S* ' & -

% ()*H%+)S % H#HYo+ +HHY)+ " $ FEHTHYH “HEH+$*$& 14, % &
'$ ($%+# .&2%+ $+&()HOMH+EFS ( &HES" HSHH S0 * HUH &6 -
+&()MHOHH &.&(&*SL $ * (34 Y-8+ HOHS $4,8 & HOH % &"+ YoHT%+ &*
%S 3, "H(&T *$2 .

4) &"#.8&*18&+%1 *& $+)  &.(HB&M5  "#, (&'%*5  %-&+*
9"% & $,&*+ ()*I5  &+#.$"l (1 .$* ,$-8%"HO# #S+# S0 *&UI6S "#* -
Yot I"$2  [%H+*  4.%$2 * %+ $1 $ %+ #$+&()%+$ 9% (1+'$S . $
O+#, + &TI5+ . ()*&2,&0# HTHYU# *$1$ 4$+$1 "" &+#/ $4,& &$2,
+" $ -$96(&*H8& #&./ &+$4'$8 S . +'$S (STH"S -
H&&2 (FSTH®E &% &"+$*, &%+ (1&+%1 &&*$& *&"# &"+*/
HT +5 4. - $.&+$3%"'$S %&ONL$4'$&2 # S#HH#! ).
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B4 (, -+ HYOH & HHB&*SL # .$* $-&W"H,! S+ S0 *&%!6$
WO+ IM$2 %18 5+%1  H &+$4'$S $ A4 B+$S (1 S (OM  ( +#
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2. &.(HB&* B +&H &+$-8U"BTHUH * -$%(&** 1 &+HS" | HUoMH
w1k g $AH2  $ . +SI&H2  (# &4+ +, $4,& &*$2 % &"
+ o OBHTY+ & - Yo+ BH, “H(&T *$2 HT<&"+) TH(& 4,&*H2 B -
$-8&U0"H2 "H & HI(&,&FHH2 H.&S , HAH(I56 1 HE&S+) %HYU+H1 B
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H&"+  ("(%Y% T&HH*, O&H,&+ $-8%"S&H+"(H*&*$1, #Y0( T(&*$L "#e+ "+#
HE S %H&9& & +$1,S $. ) * 4%-$/ %+ .$1 %+ #S+&()%+ S

9"% (1 +'$$ .

3. "-&Y%+ &$*Vo+ L&+ (HO# &+H. .$* $-&W"HO# H$+# $10
7%  $ #' 4( 933&"+$ *#%+),&+#. Qb+#1-$ #(* » $*& , 4 TH -
Y C ), # *&. *&O#  &,&*S $% #H()AH# -

$2%1 (1 # & &(&*$1 .$* ,$-&%"$ "+& $%+$" * #7<&"+ 03. #+& -
*$-&%"#O#+ *% # +*#0# $0 8. *%"#O0# %+ #$+&()%+

4.  $%(&*1 ,&+#.3" & ($4# * % &'$ ($4$ # **#,  $%%(&.#-
+&()%"#, #0 ,*#, "#, (&"%& ( ) «ANSYS- » 4 T# -
+R F 748 S &% ()HOH & $3PSH# HOH  "H,(&"%  ANSYS
Mechanica)] $ %#.& 8 6&, &+ $4# **[& #%+ *%+ &**/& .$* $-& -
%"$&: -#.&S ! 9"% & $,&*+ ()*/ %+&*.# - «+8&" »$
«#*%+ 1"+#  »,

5. A4 T#+*1 %-&PHI%&$&+()*1 &SP & $3PSH# -
ok I# 1R %+&*#  #.&(L ( S$.& (0, »$*,&8&*#
&3&"+* %N H(*&*$L ) S #'4(  #HAHBHW+) #'&*"S 3 "+3-&%"HOHYH
%+H#1*$BH #7* 18&*$1 4*-3$,/ &3&"+# . #(-&**& &4+ + HAH#H-
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