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4. lpyrue BO3MOXXHOCTHU
BbICOKOTOYHbIE KOHEYHbIe 3N1eMeHTbI

Tun pacyeT Mo <

OMTHMHZAUMA  AETOMATHYECKM BRIBH ™

T ouHOCTE PasN0HEHHA e
FATPHULEl HECTKOCTH

T oyHOCTE PEWEHHMA e
OMHANMYECE DN 530,344

Mcnonk30EaTE MHOMONROLECCOpHEIN
pACYET

v Meononezoeate B cTenenel ceodonkl 6
K3 ofonoyku

McnoneZ0EaTE KOHEYHEIE 3 NEMEHTEI C
SonNanHETENEHEINMI Y303k

A MpH YCNEWHOM PacYeTe BEINOIHATE
PACYET KOHCTPYKLMHEA

r F i) 2anYcTuTE pacyeT

MNepexoguTe B PESYNETATEI NOCE
YCMEWHOND PACHETa
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| KOHeYHble 3fIeMeHThIC

KoHeuHble anemeHTbl AMHEUHOMN cTaTUYecKoi 3agauum [1, 2, 3]

TIOPAI0K TIPOI3BOIHBIX 771 |

00MMacTh (2, 3aHIMAEMYI0 KOHEUHBIM »JIEMEHTOM, I €TI0 V3Bl X |

MHOKECTBO V3JIOBBIX HEI3BECTHBIX,

MHOKECTBO /7, MIHCIHHBIX KOMOIHALIIT Oa3NCHBIX (DYHKINII 4/, T IX SBHBIIT BILT,
Oo0o3HauM P (€)) - MHOKECTBO MHOTOUWICHOB CTEIICHII HE BBHIIIIE 77 Ha ()

Q (€)) - MHOKECTBO IIPOIM3BEIACHINT MHOTO'WICHOB CTEIEHII HE BBILIE 7 IO KaiKJOIH IICPEMEHHOIL,

Ba3ucHblie PyHKUUMK:
TpeyronsHuk [4]:
H,=P(Q), r=1.
bazucHbie GpyHKIIHI
Ha (), HMET BUI ) ,
4 =l—s —s,. My, =—s, +2s7, y, =—s,+2s;,

TpeyroipHHUK ¢ ¥3JIaMH B cepeJHHAX CTOpoH [3]:
H, =P,(Q2), r=2. basucHsle QyHKINH Ha (), HMEIOT BUJ

M, =1-3s, —3s, +2512 +4s,5, +2522 ,

L =5, W =s M, =4ss,, M. :457—43157—453,;16 :451—4513?—452
2 1= 3 2° - - - - -

1 -

1. Cbapne ®. MeToa KOHEYHbIX 3/1IEMEHTOB A4 SANIMNTUYECKNX 3adad. - M.: Mup, 1980. -512 c.

2. Kapnunosckuii B.C. YeTbipexyronbHbii BOCbMMWY3/10BOM KOHEUHbI 3n1eMeHT NanTbl // CTpouTenbHaa MmexaHuKa 1 pacyeT
coopyxeHun, 1990. — C. 13-17.

3. EB3epos U.[l. HeKOHPOPMHbIE KOHEYHbIE 3/1eMEHTbI AR HEJIMHENHbIX YPaBHEHNI C MOHOTOHHbIMKM onepatopamu// YncneHHolie
METO/ibl MEXaHMKW CNAOLWHOM cpedbl. —1985. — T.16. - Ne5. - C. 49-56.

4. Courant R. Variable methods for the solution of problem of equilibrium and vibration. — Bull. Amer. Math. Soc., 1943, Ne1.




PA3ZE/1 7 MATO/IOMMYECKUE TECTbI. BEPUDUKALINSA A

TECT 7.1 PAMOJIMHEUHAA
KOHCO/IbHAA BAJIKA o4 AEVUCTBUEM
HA CBObO/HOM TOPLE
COCPEJOTOYEHHUX MPOAO/IbHbIX U
MNMOTIEPEYHBIX CU/T U KPYTALLETO
MOMEHTA

UcxoOHbie OaHHbIe:

L=6 m; b=0.1 m; h=0.2 m;

Xapakmepucmuku mamepuana:

E= 1x107 klla, p=0.3;

[paHu4HbIe ycnosus:

Y3noi 3a0enku: w =u=v =0, =60, =0, =0.
Hazpy3ka:

P,=1000 H ; P,=1000 H ; M,,=1000 H-m ;

UctouHumK: R. H. Macneal, R. L. Harder, A proposed
standard set of problems to test finite element
accuracy, North-Holland, Finite elements in analysis and
design, 1, 1985, p. 3-20.
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TECT 7.1

Bupg,
HarpysKu

Py
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P,
My

UcKomasn
Be/INYUHA

By, Paa

3
0.1080
-0.4320
0.02340"
3
0.1080
-0.4320
0.02340"
3
0.1080
-0.4320
0.02340"
3
0.1080
-0.4320
0.02340"

Pesynbtatbl pacuérta J/iupa 10.4

MOZeNb a

2.9863
0.010088
-0.426230
0.022733
3.0046
0.10579
-0.42761
0.022813
2.9768
0.003418
-0.421265
0.018560
3.0093
0.10627
-0.426575
0.023023

mogenb b

2.9871
0.002898
-0.425420
0.020509
3.0049
0.10302
-0.4278
0.022746
2.9744
0.001615
-0.42107
0.018771
3.0071
0.10388
-0.426035
0.022994

MOZAEeNb C

2.9871
0.003685
-0.425465
0.020563
3.0049
0.10414
-0.4278
0.022749
2.9791
0.002404
-0.42172
0.019384
3.0118
0.1049
-0.42695
0.02305

* Mcnonb3oBaHMe K3 ¢ y3namm Ha CTOPOHax

OTKNOHEeHue, %

a

0.46
90.66
1.34
2.85
0.15
2.05
1.02
2.5
0.77
96.84
2.49
20.68
0.31
1.6
1.26
1.61

b
0.43

97.32
1.52
12.35
0.16
4.61
0.97
2.79
0.85
98.5
2.62
19.78
0.24
3.81
1.38
1.74

C

0.43
96.59
1.51
12.12
0.16
3.57
0.97
2.79
0.70
97.77
2.38
17.16
0.39
2.87
1.17
15




TECT 7.1

-- -

Bupg,
HarpysKu

Py
P,

<

P,
My
Py

P,

<

P,
My
Py

P,

<

P,
My
Py

P,

<

P,
My

UcKomasn
Be/INYUHA

0., paz

0.1080
-0.4320
0.034109
3
0.1080
-0.4320
0.034109
3
0.1080
-0.4320
0.034109
3
0.1080
-0.4320
0.034109

Pesynbtatbl pacuérta J/iupa 10.4

MOZeNb a

2.9568
0.01043
-0.010882
0.02682
3.0017
0.10488
-0.41511
0.029017
2.9497
0.003362
-0.01106
0.002479
3.0032
0.10467
-0.4149
0.028970

mogenb b

2.9576

0.002764
-0.004516
0.01617
3.0023
0.095738
-0.39735
0.029013
2.9501
0.001616
-0.00511
0.004106
3.0002
0.10241
-0.41013
0.029018

MOZAEeNb C

2.9575
0.003409

-0.006154

0.01103
3.0024
0.10453
-0.40671
0.02901
2.94845
0.002129
-0.00590
0.006401
3.0077
0.10315
-0.40987
0.028964

* Mcnonb3oBaHme K3 c y3namm Ha CTOpOHax

OTKNOHEeHue, %

a

1.44
90.34
97.48
21.37
0.057

2.89

391
14.93

1.68
96.89
97.44
92.73

0.11

3.08

3.96
15.07

b
141

97.44
98.95
52.59
0.077
11.35
8.02
14.94
1.66
98.50
98.82
87.96
0.01
5.18
5.06
14.93

C

1.42
96.84
98.58
67.66

0.08

3.21

5.85
14.95

1.72
98.03
98.63
81.23

0.26

4.49

5.12
15.08




BbICOKOTOUYHbIE KOH¢

[ LRl Nopaverpoipaciera |
A Ocoswee

Twn pacueT Mo nHLIA A\

ONTaMUSEUIMA  ARToMaETHYECKM BRIGE ™

TouyHOCTE PESNOKEHA 1e-
METPHLbI KECTKOCTH

ToyHOCTE peLIEHMA 1e-
OMHEMWYECKDA 330340

vl Mecnonk=sosats MHOMrONpoOLECCOpHEIN
pacueT

0 Mcnonezoeate & cTeneHei ceoboms
B K3 ofonouki

v MenonbsoBate KOHEYHEIE 3NEMEHTEI
C OONOMHWTENEHEIMK YSNEMA

MM YCNEWHoM pacyeTe BbINONHATE
PACYET KOHCTDYKLAA

AEEWCTHTI: pacueT

™ MNepexoguTs B pESYNLTATE NOCHE
YCMEWHOMD PAcYETa

3apava Neol (pasbuska 1x2)

3apava No4 (pa3buska 4x40)

3agava No2 (pasbuska 1x10)

3apaya No5 (pa3buska 8x80)

3apgaya No3 (pa3buska 2x20)

3apava Nob6 (pa3buska 16x160)

Mcnonb3oBaHue aNeMeHTOB C y3namu Ha pebpax




BbICOKOTOUYHb

Mepemewenne saonb 2/ NCK (mm)

-131.51 -105.21 -78.909 -52.606 -26.303 0

1... Cransueckoe samyxenne
min=-131.5 (65}; max=0 {45

nepemMeLleHne (MM 1
TPaAMUMOHHEIE INEMEHTEl | e— 11,48
BbICOKOTOYHBIE INEMEHT | — 122.3
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2. UHTepodeitc
OpenGL 3.3
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EomHaa niterpuposaHHas cpena

ApmupoBaHue /6 KOHCTPYKL U

Tnowaam npeaonsHORo apmupoaanis K6 nnactim / Mpogonesan apmarypa (ASTX) (om™2/v)
5200d10s200d14  s200d18 s20

)0d32

039 72 13

KOHCTPYKTOp ceyeHum

Pepaktop NPYHTA

19397 m

Creaxuma N1

|

MK JINPA 10x

MpoueHT ucnonssosadna MK / (o,Txz onp.ob,o(e)y o(e)z,oc oeyz) (%)
1

20
min=1 (3777): max=40 (56

40

i G
S A5 @ e e[ -

e

* « 23%  [poBepKa NPOSHOCTH MO/ AEMCTEMEM OCEB0M CHITb! € H3TGOM B 2-yX NINIOCKOCTA - YEroBve oecneueHo

N . -Myz,
ARy LRy

0.152 b —-1.415 * 97 . -0.03844 * -7.5
39.01 * 24473189 * 1~ 2690 * 24473.189 * 1 ~ 507.1 * 24473.189 * 1

£ 1

Mopb6op n nposepka MK
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Kb

MNpWEAZKE LEHTpE TAXECTW 8pMaTYpPL K

AprupoeaHue /

BepxHei 3 cM () Mo yMonuanmi

N

HuzHeR 5 cM (®) Monb=oBaTensckoe

ApMaTypHLIE BCTEBKA

Hau. Makc. Hau. Makc.
" Touka puBA3K: TpUBA3KE nnowanes Nnowaas NNowaas nnowais
ipueAskn X, cM Y, cm (Ax), (o), (Ay), (Ay),
cM™2m  cMm™2im cmT2im cmT2im
As1 1 v |5 5 [] |o79 0.79
As2 |3 V|3 3 ] |om 0.79
» o As3 |1 v 8 [] |o79 0.79
* [l

ToueuHaA apMaTypa

KA JEEsl i daz, — OK. ::f n:i:,-m nhgau::ﬁl ::;x .

PHBEASK M cM rgynna nowaEa; o2 o2 3
Aul |3 w3 3 [l |m. v|o 0 1
Auz |2 w3 3 [] |n.. v|o 0 1
Auz |4 w|3 -3 [l |m. v|o 0 1
Aud |5 w3 -3 [] |n.. v|o 0 1
Au_. |1 ~lo o - ] |n. vlo 0 1 v

PazmazaHan apmyTpa
)
Mma Ig::: {F:fmt COJCTYI COJCTYI Ir'lpc;rl;"a BEnok. E::Lua ﬁc:;a Monox
i n cM™2  cm™2

As?2 |4 v |3 8 ] (] o 0 — v
As3 |4 v |3 8 8 1 |o 0 | v
Asd |2 v 8 8 L[] |o 0 | v
Am.. |2 ~[10 8 8 1 |o 0 — v

1 v L] |o 0 - vy




Kb

@ Mnasuwitema | Ceuennn
MpoueHrT ncnonesosanna / [poueHT ncnonesosanma (N.M.Cx.Qy) (%)

1.642 20 40 60 81.48 100 124.7
m&nzwﬁm:m&g%ﬂv&a w w w w w
Facvermo PCY . r . T
() Crepuieasie
[_l |:| I.lbpuﬂa PACcKpPLITUA TPEWMH
MNokasats 559
OKANbHEIE PESYNLTATEI
¢ - liar nonepesHoR apMaTypel
[100 -]
Peammm no:
= P&y e

@ @D @D (B (5k




« b [EISENETTT

e — JKcnopTt nogobpaHHOMU %

 Mosotpasommwe romtpaseoccoven 83 Toep ommaeoretih (I
64. Tasp cummeTpunbit (0.7...
Boiepure Tpebyembie CNOBHIE PAKTOPLI ANA: =65, Mnacwa (0.2)

£ 66. NMnacvwna (0.2)

receeve  gDMATYPbl B UCXOAHbIE

i
é
?

wececewe  (AAHHDIE OJ1A MPOBEPOK

= 67. Nnacwna (0.2)

Unn dGUsnyecku

HEe/IMHEeMHOoro pacyera.

< — =
-+ 5 o ) Macsnt *

& ) {7} Npeobpasosams pesynuTaTei 8 mowapbie AaHHbIE
g
%

g Copom  Crgus
e I NNE }nx
-r-.innzu POUMNUT 2

Pemiens e . - s o 0L A ey o o
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Cuctema NPYHT

Pacuet k03¢. nocrenu 8

cucteme PYHT pna
KOMOMHUPOBAHHbIX
dyHAameHTOB

“ Inaeubit Bua. % [pyrr

++ 3arpyxeHns

Koahhuunentsl noctenu Gz (te/im™3)

165.37

191.39

287.08

12 L8

PacuertHule cBoicTEE
Mnowans A, MoMeHT uHepLK Hopoeeie
cn"2 Iy1, cm™4 lz1, em™4 Ix1, em™4 Y+ cM Y-, cM
Y
6E+03 1.8E+06 5E+06 4 68E+06 16.7 -16.7 l
X
: 3
() HecuMmeTpuuHoe Bepxren (®) na npouenTy ot
() CUMMETpUUHOE Huskren 3
421 I+ MNonszoBaTensckoe Bokason 3 () no paneTpy
ToueyHan apMmaTtypa
av, iz, Hor. Cnoco6 Hay. Makc. Kon-so
WMma  T.np. i i il Brok. Hap. nowagk Nnowank TEpKHEl
Py nowapy cM"2  cM™2
Aul 13 v|3 3 (1 |n.. v|o 0 1
A2 |2 w3 3 ] |n. v|o 0 1
3 4 W n. v
» A 5 v I ¥
- 1 L¥ |:| M. v|0 i 1
PacnpenenenHan apmatypa
Hau. Makc.
Mma T.np. (F)’:oc‘rc g;rcwr ((;)”Tcryr I:o:“a Bnok. nnowa, nnowa, MNonox
i 24 o2 om2
Al |2 w3 800 |8.00 . O o 0 |- v
»o(As2 4 w3 8.00.. (8.00 . [1 |o - v
4w | W
2w | W
- + v ] o 0 e M
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3. Moaynu
MoHTam ¢\ Qaiin  Bug Pacuer  Pegaktopel  BeiBop  Pesy Konerpyup i p Cepenc  Cnpaska

AEHERO9 - pA SR 2 (e GE MA@ LELL OO TG 8 SN
@mﬁ{}m& TTi11. CTaLMs E03EEAEHMA COOPYHKEHUA |
D—I'W WcTopiA BO3BEASHNA COODYKEHUA 2”1‘{’1%’ ?;;aﬁ E"{fﬁ f =

o ha s
1. CTapn B035E08HUA COOPYXEHWA Lt oo

HaSh | byt

= - =&

| 2.0 COOPYKEH. =
23 =l Ta6miUE MOHTEXHBD CTamAN | 5 CEJ;"M: :::m: 2 =
4. CTa0MA BOSBE0EHR COOPYHREHWRA e KEHAT

MoHTa¢HaR CTaAMA:

5. CT8MA BOSBEASHWA COODYXEHNS
€. CTe MR BO3BEAEHWA COOPYXREHMA
7. CTapMA BOSBE0EHAR COOPYHREHWR
8. CTaoMA BOSBE0EHR COOPYHREHWR
9. CT8MA BOSEEASHWA COODYXEHNS
10. CTapin B038€ASHNA COOPYXEHNA

ﬂl.l. CTaAWA BOSEENEHMA COCPYHEHHAT

|l e mn

INEMEHTL! MOHTEKE:
1-8440 55211-55212 - || &

12. Cramia B0SES0SHWA COOPYHEHNA
TyNECALWORHEA COCTEENAIDLLEA BETROS0MD
- Coceenamwme
"-1% Cocrasnsiouwan 1 {@opma 1)

1. CpeaHAR cOCTEENAKLLEA BETPOBOTD BO;
Cﬁmuecxue SArPYXEeHne Ha CMOHTMPOEaHH
i 1. ComyreTeyowes cTamiveckos sarpyxeH

|
&
2

m-a

4
555 ..@

4

£ 4

3INEMEHTLI AEMOHTEXE! &

< mn | v

BriGepuTe 3arpyskeHne win gopmy, 4tobel
MOCMOTPETE PESYNLTATE PACHETE

‘ NofizenTs 3nemeHTsl 2 | o xiBopa
e
‘ Yaanuts snementsl =g | :I '
‘ BelaenvTe anemeHTsl CTamm (7 }| B ‘ [*2) Acssmnrs sarpycenne =| 7 fo6asime coueramme - [*Y) Vasnume gy POY/PCH (Poccutickan Degepauan: CT1 20133302011 ) -
B SMEMEHTOR P Wheopwaws
. MHmMKawme Teryulei cTamam au:lnenm.ysnam = ?E‘ﬁmﬁ: s::;;ee i Rcoo ] g;g:s%mmwn sm:ﬂé:_wre GyemoiA TN B B "MoGasnTs 3arpywerie”. BeiGMpaiTe COOTEETCTEYIOWMA 1
b 1.Cﬁm‘m JE:’I, wms B sarpyxenva | 06 E IE p |
B _:| ;gzx: = ::m: 111 112 3113 S11% 15 3116 5117 S118 S1 18 S{iaf I TizdH2 32 W rad
& 4. CTapin 503BEAEHIA CODPYXEHMUS m” & D D ] D
2 Tonwmwkaraswavermn 5 Craainsosesmun commmeens. (112 0% | (1 glololo
MNepeHasHayaTe BelASNEHHEIE 3NEMEHTLI g Ezﬁiixﬂiixﬂi i 12 ojojo. o
TEKYLLEA CTALAM MIW TPYTINE, AAKE ECTIA 8 Crenm sosmcsesu cooppwesas | [11 14 €T+ o og o
® o MPYHIANEXET ApYTOA CTEMM MK z 5§ et ﬁ:g g Dalos o B0
rpynne | 11. Crams s038808HMA COODYXEHY :r‘.? CT" | _ o D d D
MrHOpWpOEaTE BRIOENEHHEIE 3NEMEHTEI, &3 nlif:ﬁ::::::ﬂ:m :T‘ pr L & L8 WAL
(7 ECNW OHW NPUHAANEXAT APYT oM CT3 MMM T ™ 37 1. Cpemian cocTaBnsmsas BeTpoe f_ﬁ'g & 2 g = m @
WK rpynne 3. CTaTuieckoe 3arpyKeHIe Ha CMOHTY a El D [} D
- 1. Conyreayowes crammeckos sa|| [ 110 € ) | = e =
[ = Efn e O ool o|g
o Eglzm. ~ (Bl Cers + £ Maciurab ~ iz c oo o o
EH2 Pen B L THRUINT TN AT TINSNT TSR T W[ TR
EH21 e | O T T T T T
@3oml 0| g o|lo|lo|lo|lo|lalo|lol o
31 Coo ST TR | e e e e e e ]
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3. Moaynu -
MoHTax

n
»

| 4

| 4

| 4
i

| 4

.4

AR AR AT AT

MpoponbHoe ycunume (6e3 yueta MOHTaXKa):
Bepx 3aaHua 200 T (pacTakeHue)
Hus 3aaHua 700 1 (cxkaTue)

T
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3. Moaynu -

MoHTax

=5 BubnmoTexa sarpyxeruit

=- j'l' 1. UcTopua Bo3BEASHUA COOPYXEHWUA
1. CTamis BO3BEACHNRA COOPYXEHMA
2. Crapmn Bo3BEASHUA COOPYXEHNA
3. Crapn BO3BEASHMA COOPYXEHNA
4 Crapma Bo3BEASHNA COOPYXEHNA
5. Crapa BO3BEAEHUA COOPYXEHWUA
6. Craons Bo3BEAEHWUA COOPYXEHWUA
[ 7. CTamin Bo3BEACHUA COOPYXEHUA
[ 8. CTanpns BO3BEASHUA COOPYXEHIA
[ 9. CTannna BO3BEASHUA COOPYXEHUA
[ 10. CTamin BO3BEASHNA COOPYXEHUA
" 11. CTamis BO3BEACHWUA COOPYXEHUA
[ 12. oKOHYaTENbHAR HArpysKa

MpoponbHoe ycunue (6e3 yueta MOHTaXKa): MpoaonbHoe ycunue (c yueTom mMoHTaXKa):
Bepx 3aaHua 200 T (pacTarkeHue) Bepx 3gaHua 10 T (pacTaxkeHue)
Hus 3gaHua 700 T (cxkaTue) Hus 3paHuna 870 1 (cxkaTue)

18



3. Moaynu
NunHamuka+

Mii(t)+Ci(t)+ Kiu(t)=qg(t),

_ Z( Ml 100~ 3 (M5 0)

i=4

[na Moayn4d npaAMoro MHTerpupoBaHuA ypaBHeHI/Iﬁ ABUWXEHUA, UCMNOJb3YETCHAH
6€3yCJ'IOBHO yCTOVIHMBaFI Pa3HOCTHAaA CXeMa BTOPOro rnopdaanka TO4HOCTHU

it +Ar)—2i(t)+i(t — Ar)

AnnpoKcUMaLms YCKOPEHWM L‘i(t) —
At?
ANnpoKcUMaLms CKOpocTeil ii(t) = it +Ar ;ZI (r—a)
4
. oyt + Ar)+ (- Ar)
Annpokcumaumsi nepemeLleHnin u(t) =

2
[Moactaenasa (2), (3) u (4) B (1), nony4yaem crnenyroLLyo CUCTEMY YpPaBHEHUN

S a0 =a0)s 2 )| M- -

A2 2Ar 2 N A2 2Ar 2

Mpamoe uHTerpupoBaHue ypaBHeHU ABUKEHUA

19



3. Moaynu

NunHamuka+

—

Pacyet no ceicmorpami

Qaiin  Buag Pacuer Pegaktopol  Buibop Cxema [paska [oxymentuposanme Cepsuc Cnpaska  Kowtpons
: > 131 = & - 5 ] 3 3 2 e Ir e Al - ok %
5 HR O @ R Qe [ a0 W P @MY LALL =P DD W
=] Al aa 64 ll- S - A A T O —F - TR AR LT 3 ras & A T 4 o Co"
P LRy ‘ WEH A PGHWLrV ¥ 2 QU WIW YW
£ 3arpyxesss  [naskbit s v X
a
‘g’ ":}]/10633"75 3arpyxenune v ‘:] Yaanute sarpyxenve I Hopmst npoextuposanus ( Hewcnonbsogars
. % 3 #3 | Dwaminca 80 spemerss - Jmamuxa 80 Bpemveni ( [mamika 80 spemerst )
5 Etnwrea sarpymei Wma [heavunca 80 BpemenHi
8! 1. Cranmeckoe sarpyxenve f)nncame
=@ 2. [ywiamnca B0 BpEMEHI '
& 1. Dumamuueckan Harpyska (ysnossie ¢ .
fx,? 2. NemnovposaHue War wiTerpupoBanua 0 c Bpema uHTerpupoBaHna 0 c
Co dich. BOSMCT;;C&WM&CKMO 300 m/c PesynbTtatel pacyeta MNepemewerng, ycunuan
POPMUPOBEHNE METPHLE MBCC ANS TEKYLLEND IMHAMUYECKOr0 3arpyXEHUA
© Ws sarpyxesms MpeoBpasoBaHme CTATMHECKIX HArPY3OK B Maccsl 'K?_’Z;Gp' 330:;:;"“,
' W nnomiocTi 3nemeHTos - 1

- £ A 4 N, Z
T A

B

Pacuér 60ﬂbLLIEI'IpOerTHbIX COOpPYKEHUMN 20




3. Moaynu

NunHamuka+
YpaBHEHUNSA OBUMXKEHUS NPU pacyeTe No cencmorpammam UMerT Bua;:
Mii(t) + Ci(t) + K(u(t) + v-s(t))=0,
roe v - BEKTOP B KOTOPOM CTOSIT HanpaensaoLmne KOCUHYCbl CEMCMUYECKOTO
BO3LENCTBUS B ONOPHbIX y3nax,
s(t) -3apaHHasa celicMorpamMma 3eMIeTpACceHus.

[10 HacTosILLErO BPEMEHWN OTCYTCTBYET OOLLENPUHATLIN NOAX0A, K ONpeaeneHuto
opAuHaT cercMorpaMm no opavHaTam akceneporpamm

200 Accelerstion
CHO1 [pesk:- 100.8 cmis's)

04

Ace. (emisis)

-200 T T T T T T T T T
: 10

Time {sec)

sssssssssss

o

‘g 1n_ sssssssssss — g
s N T Lattice filter 8
" ' ' ‘ ' T ' ' ‘ - 1'5- Trapezoid rule (linear)
Displacement Time et Trapezoid rule (bi-lingar)
e ] CHO1 (peck 1738855 Trapezoid rule (parabola)
i _ Fl_—r Displacem
= — 4 cm)
& 1 . . . ‘ ‘ . . . ‘ . DOF response 5_,5: :
’ Tim:!ssc'\ e g 4
o o
 E Pesynsrat He nony4ex
0 5 10
Time {sec)

Pacuet no cencmorpammam 3eMNeTpaceHum
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3. Moaynu
Hennnennoctn

OeToH

MV

YyeT NnacTMYECKMY WapHWPOE

CHWM 2.03.01-84" -

CHwil12.03.01-54"

Eepokon 2
Cr52-101-2003
NCTY B B.26-156:2010

—

apmarypa

I

11- AKCMNOHEHUWMENEHD 28BHMCHUMEIRA Matepkan

11 - 3kcNoHeHUMANEHO 38BMCHMMBIA MaTepuan
13 - TpEXNMHERHEA 2aBMCMMOCTE

15 - 3KcnoHeHUWanNEHO 28BMCHMEIA GETOH

14 - KycoOUYHO-NMHERHD e DNUCaHWe

18 - BeTOH NO TeOpMK [ eHWEEES

Teopwuu NpodHocTW AnA K3 drandeckn HENWMHERHLX 050N04ekK

Hawns onbwx rnagHbx HanpAxeHWA @

HanBonsWwmx rnasHex HanpaxeHWA

HawnSonewwx rnaeHex OedopMaumi
HaWBoneWwnx KacaTeNsHLIX HaNPAKEHWRA
JHepreTudeckan [yGepa-KeHkwu-Mizeca
Teopwa Mopa

Teopwa dpykkepa-lparepa

Teopwa lNucapeHko-Tlecensea

Teopwa lenHneea (AnA xenezoGeToHa)

®usmyeckana HeAMHEMHOCTb 22




3. Moaynu
Hennnennoctn

PacueT coopy»KeHus Ha nporpeccupytollee obpylieHme

11 Cramis HamiHeilHorm 53D yweHis

PaspylwieHne KONOoHHbI 23




3. Moaynu
HennHenHoctu

6

6
6@ 20AI1 6E@20Al
\ % ApmaTtypa
le 2000 2000 MNMTeI NepeKkpeTiHaA M

le
\n 50950050450, 5 50,150 350 50 (cm.nncTel KOK-60 n KOK-
o “ “ 13620
e

=]

u’JJ I
¥ L] = = =
. DS BE BB T T §
- |
3 5T 2
xoM @BAl 2 5@ 25All1 =
war. 100;200 = ol @
5 | =y @
XoM.@BAl 3| 2 ] A4
400 < 12.420
war LY 4e12A 22
] SU_AL 0
1
004200, ™ 7g32A]ll
400

Mpeanonaraemoe apMUpOBaHUe NO NPOEKTY 54




3. Moaynu

HenmHemHoctu

PacyeT coopy*KeHunA Ha

1 9.500-1
Barp.l. Jok.3arp.3, mar=7.

L_ 1.PacuerTHas cxeM
YpapHeH MR
BNeMeHTOR
Yanop
Sarp Ve M
P33, HeMMHEAHOCTE
MeoM. HENIHHEHHOCTE
- 2.Pacuer:
; = Marope
2. 3,Pecypc: ) )
= - Iuck.NaMATh 120.1660 M
3. - Bpewma pacdsTta 1-2 MuMH.
- PAZPYIWNEHHMA:
B Pa-pymeHNe 3IeMeHTa
PacTaseHue
B TpewmmHH

at
=
5
L4&

..E'.,De.J
DI—‘-"—“-

8
20

|_|)*—' -

[ |
| E T T R N |

OTMeHa

Busyanusauma pacyéra




3. Moaynu
HennHenHoctu

PacueTt coopy*KeHUA Ha Nporp

magHble HanpaxeHus o1 / 2-CpepHuit Cnoi (TeM™2) naBHble HanpsaxeHua o1 / 3-BepxHuii Cnoi (Tc/m™2)

[ MaeHele HA
B
-474.07 =
1... McTopus e 960
min=-474.1

-4 720

Pesynbrathbl pacyérta 2%




4. lpyrue BO3MOXXHOCTHU
CrepeHb NnepemMeHHOro ce4eHuma

Pambl NepeMeHHOro ceyeHMs UCMno/b3yoTcA NPU CTPOUTENLCTBE TOProBbIX LIEHTPOB,
CynepmapKeToB, NPOU3BOACTBEHHbIX 34aHU U CMOPTUBHbBIX COOPYKEHUN

aill]

!
T

i
\

N




4. lpyrne BO3MOXXHOCTU
Crep>keHb nepemeHHOro ce4yeHua

*Pasmepbl ceyeHUs IMHENHO N3MEHAIOTCA NO AJIMHE CTEPXKHS.

*[1pn NOCTPOEHUN MATPULLbI }KECTKOCTU UCNONb3YHOTCA BasnCcHble QYHKLNMK,
YAOB/IETBOPAIOLWME OAHOPOAHBIM YPaBHEHUSAM paBHOBECUA.

'”OCTpOEHbI MaTpUuubl MacCC U yCTOIZHMBOCTM.

*Peann3oBaHbl OCHOBHbIE TUMbI CEYEHUN: 6pyc, ABYyTaBp, wsennep n 1.4.

s s S
VA B <

28




4. lpyrue BO3MOXXHO
Crep:xeHb NepemeHHOro ceYyeHk

b(x) = b, -

h(x) =h, -

R IR

PeanbHbIil KOHCTPYKTUBHbIN 311eMeHT

~ -

L =5.0m

CTyneHuaToe npeacTaBrieHue

h; = 1.0m

3agavya gUHaAMHWKN

1200

1000

800

600

400

200

3

4

5

10

20

‘ —CTVI'I eHuatoe npeLCcTaEneHle —CTep}KeHb nepemMeHHOro ceyeHuA
2 3 4 ] 10 20
—_— 596.71 8231 950 .43 1014.8 1097.3 7
—_— 539.03 7708 87585 927.72 999 .46 1001.1

CpaBHeHuMe pe3ynbraTtos

29




4. [lpyrne BO3MOXXHOCTHU
TOHKOCTEHHbIN CTEPXKEHb

CTepxeHb C cekTopuarbHbIM MOMEHTOM NHepLUMK (Teopus Brnacosa):
CTtaTuKa, yCTOMYMBOCTb, JMHAMUKA.

[LEL (@ )* +GI (@, 1dx, /2.
[

n, :ngz _ng:s'

Peann3oBaHbl OCHOBHbIE TUMbI CEYEHUI: Opyc, AByTaBp, LWUBENep v T.4.,
a TaKKe NnepeMeHHble CeYEeHUs.

[TOoCTpOEHbI MaTpULbl Macc N YCTONYMUBOCTM.

30



4. Dpyrne BO3MOXHOCTU —
TOHKOCTEHHbIN CTePXKeHb -

1.0

58.0

1.0,

Mpumep 31




4. [lpyrne BO3MOXXHOCTH

TOHKOCTEHHbIN CTepPKEeHb

CpaBHeHVe pe3ynbTaToB CTaTUYECcKoro pacyeTa

ANSYS* JINPA 10.0 MIa>*
Yenoel 3aKkpy4yueaHus
MuH 0.0
= | — = | Makc 0.00395
Kpymawue momeHmel
Mun -1000
‘m_.ﬂv I
ﬂ[ﬂﬂn,,w IS 1] i [
T e S ggp T 1y 2 sy s | LI wi | Makc 1000
bumomeHnmel
MuH -791.14
| .. i ——
B gy 299 g 21 gig B0 1000 190 qon [ et | MAKC 1601.43

* - MogenunpoBaHue n pacdeTbl B nporpamme ANSYS

32



4. lpyrue BO3MOXXHOCTHU.

HanpaxeHue Nx (Tc/m”™2)

-25593 -20475 -15356 -10237

["naBHbIA BUA,

KpbiTbli1t KOHbKOGEXKHbIN ueHTp (8 Tbic. mecT), Coun 2014
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 Qaiin  Bug Pacuer Pepaktopel Beibop Pesynetatel  KoHcTpywposanwe [lokymentwposaHwe Cepemc  Cnpaska | Pacwmpenna

BEHEET 90 R QPR ST T T D o= G | ¢ Mmoo
: e m 6{*}’& - W1, Cratnueckoe sarpyketue - % > | 3 t-i.i' IR R ' v seg E |

[IlpyMep pacumMpeHusI

B npouecce ycTaHoBkM Jiupu 10.4 Ha XeCcTkuM OUCK B nanky [INSTALLDIR]+ "\\LiraAPI"
KONUPYETCHA apxXMuBHEM Qpann c npoexTtoM Visual Studio, B KOTOPOM IPOIEMOHCTPUPOBAaHE
npuMepsl ¢ oOwvexTamMu LiraAPI.

Perncrpaumusi pacumpeHuns

[Ipr nepBoM zanycke Jlupa 10.4 coszpmaeT ¢amyn ¢ riaoOalibHEIMM HaCTPOMKaMM
[ApplicationData]+"\\Lira Soft\\Liral0.4\\VariableEnvironment x86.xml"
[ApplicationData]+"\\Lira Soft\\Liral0.4\\VariableEnvironment x64.xml"

Cpeou npoumMx HACTPOEK B B3TOM (Qanye ecThb napamMeTp AddinsPath comepxammm MNyTb K

mamnke, B KOTOPOM IOOJDKHEL CcomepxaThbcd xml danyiu permMcrpaumm pacliMpeHmy, II0
yMONuaHuw 2T0 [ApplicationData]+"\\Lira Soft\\Liral0.4\\Addins"

12 34



CEPTUDOUKAT:

CepTtuduKkar cooTBeTcTBuUA

CHCTEMA CEPTHOURAIUN I'OCT P

OEITEPAILHOE ATEHTCTBO 110 TEXHHYECROMY PEPYIMPOBAHIIO H METPOIOTHH

o8

0804,
<3

%m”nﬂ*‘

Ne  POCC RU.CI15.H00594

COOTBETCTBYET TPEBOBAHUSIM HOPMATHBHBLIX AOKYMEHTOB
CHull 2.01.07-85%, CIT 20.13330.2011 (CHulT 2.01.07-85%),
CHull 11-7-81%, CIT 14.13330.2011 (CHuIl 11-7-81%), CHull 11-23-81%,
CI116.13330.2011 (CHuIT 11-23-81%), CIT 63.13330.2012 (CHull 52-01-2003),

CEPTUOUKAT COOTBETCTBUSA

000 UCIIC. Opran no cepTHGHKANKN NPOIPAMMHO# NPOAYKUHH B CTPOHTEALCTBE
125057, r. Mocksa, JIeHHHIpaACKHii npoci., A. 63, Tea/paxc (499) 157-46-71

koA TH B3A Poccun:

TNPUIOKEHHE
ercrens Ne POCC RU.CIT15.H00594 o7 21.03.2013
(Ge3 cepruduKara ne AeliCTBHTEALIO)

IMMHO# POLY KNI
JIHPA.

coorpercraun Ne POCC RU.CII

OCTEN TPYHTOBOTO OCHOBAHMA:
POBARHE PE3YILTATOR PacHeTa,

10 1Po,1y Kumu
(€ KOHCTPYKIHEH PASTHUHOTO HAHAYEHHS.

HeCKIX BCTPOBX mpH yueTe nyAbcaitnli Berpa
); 1.9 (s ceficmmuecknx sosaeficrsnit). Coucranmn

rpywron, m.2.2;
/IOBAHMS, MOIEH, KHBOTHBEX, CKAAIMPYCMBIX MATCPHLIOR

Ma KEIE300ETOHHBIX KOHCTPYKIMIL,
MA CTUILHBIX KOHCTDYKIH,

cxp. 2 Fpuaoaenns K cepruduwary

15.H00594

HArpyioK,
HAIPYIOK,

W2 nipi yuEre TREX 1 Goslee KpATKOBPEMEHMBIX HATPYIOK):

o u3geani, n.34.

Crp. 3 Tipnaomenusn K ceprmpuwary
coarnercrnun Ne POCC RU.CINIS.HO0S94

Cpox peiictus ¢ 21.03.2013 no 20.03.2015 m «Standarts, «Pron, «Fully) cooTneTcTBYeT TRESOBAMIM Fomnac pacicruie TpeBosais, pi.1.12° (yier KoxphiiTon
Ne 0896152 MHol POy KiHH 10 cocTosmmio ua 20 mapra 2013 1. Harpyiok 1o aeficrans,
i pacsera n ¥ p n A 1. Obiine OIOACHMN PICIET TLAOCKOCTHAX W NACCHRIMY
OPTAH MO CEPTH®HKALMH  POCC RU.0001.11CIT15 L1 - 1.3, Knacenpuwains narpyaok, mn.l 4 - 17, 18 (uis fem xeacoterons, mm.1.31: 1.32: 1.40;

MY KeaeI00ETOHIBI KOWCTpYKIU. Beron, mn2.1 (wix
Gerowon): 2.2 (Kpowe MIPOK 10 MOPONCTOMKOCTH.
) 2.3 (xpoe npumenciiA Tokesoro Gerona kiaccon B22.5 1
HUBHIH MAPOK 110 MOPOIOCTORKOCTH, BOTOHENPORNIIEMOCTH

W pacuctie xapaxtepucTiin Ocrona, 211 (xpowe
- 2.13 (kpome 1aaea0ro Geroma xisecos B22.S w B27.5); 2.14

i 3 o 3 ; 2.15

MPOAYKLIMS Mporpammubiii kownaexe JUPA 137, CoepeaoTOueiILe HATpY3KIL 1 KATDY3KI Ha DI 1. 3.1 F3'175 epente yacrs npuscncons S ponts Kanaton moetn

s pa M IPOeKT KOHCTPYKIHIi PAIHUHOIO Xxap OK 005 (OKIT): N we); e XAPAKTEPHCTIKH APVaTYPL, 111.225%-2.26° (Kpowe

HasHA“EHHN 50 4100 i " Uped iy Pt bIX 1t 1I0/mECIBIX Kpanon, 1.4.8 (xpowe yuera kospmumenta yi1); i kanaton 1 mauenii Rse » crame ofaarus); 2.28; 2.30
Wi 1 anan). pa 3 L 05.7;

A Ha g CHT P TAGBHBIX H 6.2 6.7-6.11: OHHBIX 1 ACICIOOCTORKMX KOHCTPYRINA 110 IPEICAbi bz

1p P ssnyex BATEIBCKUX CEUCHHIA). aTiucckie BoscicTns, n.8.1: 8.7, HIX 2IEMENTOR 110 APOWHOCT, 11.3.9 (XPOME MECTHOMO

p ans onpenetenus xoxdpuumentos sanaca n dopm  norepu psuposannan pexaxuns CHull 2.01.07-85% "Harpyskn n cesenuil, HOPMLTBHBIN K NPOAOLNOR Ok AesenTa, 1.3.10;

3 TuBpOBOT, B} "
Yy CIVNIO pacicTa). BHEUSHTDEHNO CAITIE DieMerTh
.19, 320, 321 (no obuwesy caysaio pacuera): 3.24; 3.25
: pacTayTHE DreMenTI )

(I DOGWIX CCMCHINX. BHCUINMX YOLUAX W AW0G0M
apmatypsi). Pacter 1o MpOYHOCTH MPOCTPANCTREHHMX

CHulT 2.02.01-83%, CI1 22.13330.2011 (CHuIT 2.02.01-83%), CI1 50-101-2004, TCH
102-00%*, MI'CH 4.19-05, TOCT P UCO 9127-94, TOCT P HCO/M)OK 12119-2000

M3rOTOBUTEAB 000 "JIUPA codt” HHH 7713761064, 127474, r. Mocksa,
JimuTposekoe mocee, 1. 60A, Tea. (499) 922-00-02; 000 "BET'A KA/L", Ykpanna,
03048, r. Kues, Kanercknii I'aii, 1. 6a, od. 209, rea. (38044) 520-05-23

"
"
HOMepHO pacnpetenenibic Harpyskt. 0. 8.2.2. Mompayien 83.
Ha nepwia, 1.8.3.4. 8.4. Harpyssu or

. 337, 3.38;

e pafoThl COOPYAEHHsS B NPOLCCCE BOIREICHNS NPH MHOMOKPATHOM

» o0
Tomii koncTpyKii 1o oOpuonmo Tpernt, 1.4, 1)
). Pacuer (10 OGPAsORIHIIG TPCUIIH, HOPMRIMHIX K
B PRy ARTATOR pactieTa); 4.7 (5e1 W peiyakTaton
(YO8 10 PACKPWTING TPetn, 1.4.13 (POCUET 110 PUCKPHITIIO
0O TPEUINI, HOPMATLHMX K NPOIOAION 0cH iemenTa,

BAIHA METOMA NPAMOIO MHTCIPHP no

" 3124 Ha ).

BBIX 1 [10BECHBIX KPaHOB, 11.9.8:
o 1.10.12:

CEPTU®UKAT BBIAAH B HITEPAKTHBHOM IpAHYCCKOM perive: 1m.11.12 (nyascaumoniias cocranamomas). 11,15, 11,16, 11.1.8 i o
= MECKHH PaCHeT /Ul PEIICHNA 3a1ad. ONMCKIBAIOMMX paboTy Matepuaia m."" :f'“ R CHNIL SES1208) TheTesn
000 "JIUPA cod1”, 127474, r. Mocksa, /IMHTpoBCcKOE mocee, 1. 60A, e iy ki, 1.12.5: e S
Tea. (499) 922-00-02 ¢ yuerom yitpyrocTi (Geton & ‘L::‘:’::’g::i:;ﬂ::::;“m 12k J: 116.1.10, 6.1.1 1 (HOPNATHRIIE 1 PacSCTISE BIaICHIH
(BanTet, Go: ). 2 < . AR i pHeTIG  Gerona), 1.6.1.12 (yuer koxpdruncuron yeaomit

HA OCHOBAHMU kv, 1n.2.1 (kpoue yuera Moctonsix kpanos); 22 - 2.7: 29; 2.10: BTe epopuaonmse xapartopucra Serous: apescamme

143, OIHOCTOPOHHUE CBA3N. TPEHME):

M X BOZBEICHHH:

i 3arpyRCHRi 1 PaceTILIX CoMCTaHMi you i

CHCTBIA OAHOTO (PArMEHTa COOPYAREHNS Ha JPYroft WM peaxim B

(AHArPAMMIE COCTONHNS BETONS; WASCHIA OTHOCHTEAIMX
ApMITYPS, 1622 (FOPANCKATANAS, TEPMOMEXANIMCCKH
apuarypa). m.6.27 - 6.2.10 (HOPMATHBIBE W PACHETHNE
apMaTypu. yver yeaomit
cui Moxyax ynpyrocTw). mn6.2.13. 6214 (onpeneneime
e )

opyens, nn.d.31, 432
g Pacuetibie

nn.3.13,

3akmouenns 000 LICIIC or 20 mapra 2013 1.

minponamnan peraxuis CHull 11-7-81% *Crponreanerso s
HBOCTI CHCTEME

, n.5.2-a. 5.5 = 5.10; VICMEHTON 10 IPONHOCTH,

" o p: TCOPHAM TP (PEHNO CARTIIX

X XapaKTCPHCTHK CeueHnit Pl ‘
AOTIOAHHMTEABHASL HHOOPMALIMA  Cxema cepr 3. bes p 0 1o mp AL T HBybnons
NeMATLIOUPH/IOKEHHA HA T-H CTP. HACTOSIMKI cepTHdUKAT He AciicTBHTE eH. PCop ARSHCRIY A

éf} dyrvnu IMI3ALIAS CCUCHIE CTAThUhp
{ VKOBOAHTEAL Oprana > T.H.By 6“:““ /71»_“'5’.5“ o
b/ - H0.K.Posennopd

Vi, g
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