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IOnsa yero HyXXeH pac4yeT COOCTBEHHbIX 4YacToT?

-

Ona yyeta u npoMNakTMKuU pe3oHaHCHbIX SBNeHMN B KOHCTPYKLUMAX!

Pe3oHaHc (chp. resonance, oT Nart. resono «OTKNMKAKCh» ) — YacTOTHO-U3BMpPaTENbHBIN OTKNMK KoneBaTtenbHoM CUCTEMBI Ha NePUOANYECKOe BHELUHEe BO3AENCTBIE,

KGTGPI:-IIH NPOABNASTCA B pe3KoM YEenu4eHWM amnnnTyabl CTalUOHaPHBIX koneGaHuiA npu coenageHn 4acToTel BHELLUHEND BO3JElCTBKA C GI'Ipe,D,E.I'IéHHbIMH

SHa4YeHWAMK, XapakTepHeIMK ONA OaHHOoIA cncremsil'], 0na nuHelHbIx KonebaTenbHblX CUCTEM 3HAYEeHUA YacToT pe30HaHCa CoenafaeT C 4acToTamu COBCTBEHHBIX

koneBaHuiA, a X YUCINIO COOTBETCTBYET YMCny cTeneHeil ceoBoasil .
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CooTHoweHue yacror

KoathpmumeHT 3aryxanma
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HeratnBHble nocneacTBus:
PaspyLueHune cTponTenbHbIX COOPYXKEHUIA;
O6pbIB NPOBOAOB;

Bubpauun B Tpybonposoaax;
PackaunBaHne BaroHOB Ha CTblKkaX PEnbCOB;
PackaunBaHue rpysa Ha NOALEMHOM KpPaHE;

Pa3pymeH|/|e MOCTOB...

...bblBanM cnyyan, korga kopabnu BXOAMMM B PE30HAHC
Npu onpedenéHHblx Yncnax obopoTos rpebHoro Bana.

...konebaHusa c¢ vactotom 5-7 U BbI3bIBAET 4YYyBCTBO
cTpaxa 1 NaHuKK y YyerioBeka.
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Kak nocumTtatb?

Ucnonb3ayunTe:

« APM FEM ana KOMMNAC-3D
« APM Studio

« APM Structure3D

« APM Shaft

[#] MuHeiiHeit craTnueckuii pacuet

[ |Pacuet ycroiiuneocr

CobCTEEeHHEIE YaCTOTHI

[#*| vunTeiBaTe npensapuTenkHoe HarpyxeHne

ANA Farpy:eHua | 3arpysedue 0

[ | HenuHeiiHkii pacuer

[ | BuinysaeHHEe kKonefaHus

[ |rapmonnueckie konebaHus

[ | Ycranocreiit pacueT anA ciyuaiHbn: Harpys#eHmi

[ | Pacuet craunoHapHoii TeNNONPOBOAHOCTH

Pacuer HECTaLI,HUHEIFIHUﬁ TENNONPOBOAHOCTH

|3ar|or-1HnTb| ‘ Pacuér ‘ ‘ OTMeHa ‘

CeoAcTED
=l Ax=IBx

ANrOpUTI PELUEHWA...

TouHoCTe PeweHKnA

MakcumansHoe Kof...
OBLENM ONEpaTHEHD...
Pazmep BpemMeHHor..,
HuvxHAR rpaHmua n..
BepxHAa rpaHnua n..

Kon-s0 HeoBXoa4MMBIX ...

JHadeHne
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BepXHAA rpaHULa NOWCKA

BE'p)CHﬂ:H rpaHMUa AManazodHa NnovckKa

HacTtpouka napameTpoB pacyeta «CO6CTBEHHbIX YaCcTOT»
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Y10 BnusieT
Ha COOCTBEHHbIe
4acToTbI?

* [eomeTpua mogenu

* CnocoO 3aKkpenneHus

* HarpyxeHue mopgenu

- Moaynb ynpyroctu matepuana
* [InoTHOCTL MaTepuana

MepBas yacrtoTa 65,5 Iy,

CBoOogHasa 6anka

hy

MepBas yactoTta 10,3 'y \

Bbanka, 3awemneHHas ¢ neBoro TOpLUa
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NMpumepbl COOGCTBEHHbLIX KOrlebaHnmn
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0 3-1 popma, yactoTta 6,69 'y
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AHanuns pe3ynbTaToB pacyeTa COOCTBEHHbLIX YacToT
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3-51 cob¢cTBEeHHas hopma

" ; =

CoDCTBEHHBIE YACTOTHI

MofankHble Maccsl (M.M.) W CyMMbl MOAGNEHLIX MACC (C.M.M.) N0 HANPABNEHHAM

N [pap/c] [ru]l [e] M.M. X [%] c.M.M. X [%6] M.M. ¥ [%] C.M.M. Y [%0] M.M. Z [%)] C.M.M. 7 [%]

1 887.148 141.194 0.00708246 7.63e-06 7.63e-06 9.53 9.53 5.59e-07 5.59e-07

2 966.311 1533.793 0.006850224 9.42 9.42 3.84e-00 9.53 1.33e-07 6.92e-07

3 2852.59 469.92 0.00212802 3.92e-05 9.42 30.7 40.2 0.000199 0.0002

4 3602.5 573.356 0.00174412 33.8 43.2 0.00013 40.2 0.00011 0.00031

5 3671.63 584.358 0.00171128 0.0022 43.2 1.57e-05 40.2 2.18e-08 0.00031

6 6241.91 993.43 0.00100661 3.59e-05 43.2 0.000152 40.2 0.00026 0.000571

7 6551.19 1042.65 0.00095909 0.00076 43.2 0.00302 40.2 67.4 67.4

8 6676.4 1062.58 0.000941104 1.04e-05 43.2 3.04 43.2 0.096 67.5

9 8721.14 1388.01 0.000720455 5.52 48.7 1.84e-07 43.2 2.01e-07 67.5

10 8943.53 1423.41 0.00070254 0.00109 48.7 7.38e-05 43.2 3.1 70.6

11 9264.57 1474.5 0.000678195 0.895 49.6 7.54e-06 43.2 0.000287 70.6

12 10574.2 1682.94 0.000594199 0.000239 49.6 1.02 44.3 5.07e-05 70.6

13 10858.3 1728.15 0.000578654 19.5 69.2 8.67e-06 44.3 0.0101 70.6

14 11185.6 1780.25 0.000561719 0.00461 69.2 0.00204 44.3 12.3 82.9

15 11572.2 1841.77 0.000542955 14.9 84.1 0.0014 44.3 0.00893 82.9

16 11922.5 1897.53 0.000527002 0.000791 84.1 6.92 51.2 0.00284 82.9

17 13058.7 2078.35 0.000481151 0.00023 84.1 0.198 51.4 0.000127 82.9

18 139434 2219.17 0.000450619 0.000199 84.1 12.3 63.7 0.000187 82.9

19 14113.7 2240.27 0.000445183 0.0144 84.1 0.00134 63.7 0.000488 82.9

20 15300.4 2435.14 0.000410654 6.9%9e-05 84.1 7.21e-05 63.7 6.67e-06 2.9

21 15656.9 2491.87 0.000401306 0.000603 84.1 0.000481 63.7 7.73e-06 82.9

22 15846.2 2521.99 0.000396512 0.00035 84.1 0.000385 63.7 0.14 83.1

23 16732.2 2663.02 0.000375514 1.45 85.5 0.000169 63.7 9.4e-05 83.1

24 18403.6 2929.02 0.000341412 0.159 85.7 0.000104 63.7 0.000374 83.1

25 18469.7 2939.55 0.000340188 0.062 85.8 0.000191 63.7 9.42e-05 83.1

26 19238.9 3061.96 0.000326588 5.71e-07 85.8 9.66e-05 63.7 4.7e-07 83.1

27 19627.7 3123.85 0.000320118 2.21e-05 85.8 4.76 68.5 0.000503 83.1

28 20005 3183.89 0.000314081 0.00158 85.8 4.8e-05 68.5 1.07e-06 83.1

29  20657.2 3287.69 0.000304165 0.000132 83.8 0.0377 68.5 2.18 85.3

30 210414 3348.85 0.00029861 2.77e-05 85.8 8.75 77.3 0.00316 85.3
DopMa...
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Cnocobbl y4yeTa COOCTBEHHbIX YacTOT B JIMHEUMHOM CTaTUYECKOM pacueTe,
a TaKkxe pac4yeTe BbIHY)XOEHHbIX KonedbaHun, rapMoOHMYeCKOM aHanu3se

KoaddhumeHTOM AMHAMHUYHOCTH B TEOPUW KoneGaHui HasbiBarT

Hactporikn nporpammel v 3 X
Be3pasmMepHyr CKaNAPHYH PU3UUECKYHO BEMUUWHY, onpefensemyro H = & O
s apameTpbl/HacTpoikn
CNeayrLLMM BbIpaKeHnenM: =@n /H - -
ﬁ 4 ! ( ] % HacTpofikv NporpaMmsl
= — = 1 Gl g
Ay f—(l I Cedicrnka CHul I-7-81% (CM114.13330.2014) R = ag";’“‘e'p"' pacugros
— =) 4 -4 LME HACTRONKM
v HazsaHue sarpysweHua  Celicmuka CN 14.13330.2014 H-&Y NnHeinan cratnka
- -} JnHeiHan ycToRUMBOCTh
WKUIEIN @npasneH1e o3, CHul II- - - .
rae B sl H Kosd, CHWM II-7-81% (CN 14,13330,2014) __E_ v
Cootiodnas waguonedus —_ Pz HACTOThl COBCTEEHHBIX KONEGaHWIA
+« A —amnnuTyaa ¥ 1 Ko-orseTcrEenHocTy (Ta6. 3) 1 -2~ OAHOCTOPOHHKME ONOPLI/KaHaTb
+ A, — paBHOBECHas aMNnnTyAa, NpeacTaEnaLLas coGol CTaTUYeckyo ¥ 0 K1-nospexaerna (tab. 4) 1 leomeTpuueckas HeaMHeHOCTL
_ - - K_Psi - xapakTepucTika — 2 QW3 HelMHeRHOCTb
eopMalo YNpYyron Ceasn n SHCTBMEM MaKCUManbHOW Cunbl P, = 1.5 -
AepopmaLiio yrpy o84 0 z 0 KOHCTpYRLUM (Tah. 5) £ 0By, HeMHeRHOCTL
¢ W— 4acToTa BO3MYLLEeHUA & Nvnedinoiii konTakr
_ necaumn seTpa CN 20.13330.2016 -—@—
« p— coficTBeHHas YacToTa konebaHui | KonuuecTso coBCTBeHHbIX hopH 15 HioHAs rpaHiy S -] - XFEM
_ o Mogan el e AT AR EOE
o N — KOShUUMEHT, XaPaKTSPUSYIOLLMIA CUMbl BASKOrO TPEHMA tpopr Hasearne sarpyserus - ynscalim setpa CN 20.13330.2015 - L
Careropus ora ; = e corcoan]
KoachhULMEHT AMHAMUYHOCTH NPUMEHAETCA ANA OLISHKK BIIMAHWA YacToTbl BmmrEmetmTEE | o BETPOBOE CTaTIMECKe SarpKEHUE |AMTUIMTYANES T —Fr et TEeT! o
BOZMYLLakoLLER cunbl. Tak e OH NoKasbiBaeT BO CKOMbKO pas aMnnuTyaa - IKcnnqecho CoBCTBEHHBIX thoph 4 I b YetanocTHsi pacugt v
- A "
BbIHYAEHHBIX roneGaHui Gonblue CTATUYECKOrO OTKNOHEHWA. KDOPAMHATE £ HIDKHEN TOLKN COOPYMEHNS, . CrolicTao 3HaueHue
- 1 Ha KOTOPYI AEMCTEYET BETED . .
MonpaseyHsIA KosddMUeHT N - . o000 B [M]{x}" +[Cl. e+ K] {x}={F(t)} ~
Cefcmuka cnekTp oTeeTa VPUIE COOPYEAA Mo FTY obavEs " Anroputm pewenwa CAAY ana [M].{x}"+[.. Sparse
- LnvHa coopyeHns saons acfictenAaseTpa 20000 TouHoCTs peweHus 0.001
HazBaHwe zarpysenda  Celcvuka CnekTp oTBeTa MaKCUMAALHOE KOA-B0 MTepaLi 100
BricoTa coopy#eHHA 9000 MM
Tun rpadwka cnekTpa Of6bém onepaTMeHol namaty, M6 5000
= = = MapameTpel
@) YcKkopeHue () CropocTe () NMepemeweHue XpaHeHWe PaznoxeHua MaTpKLbl AutoDecide
JnHaMHYECKWE 3arpyeHna - = e AT Sana rpadu I R P P Pk
HampaeneHwe EShoeainaiorlidiallicches) __13 a7 - Pazmep epemenHoro ¢arna 1500
THN MECTHOCTW OkoHUaHWe EpeMeHHOro WHTepeana, [ 1
Hassarue Tan x: 0 = (1 z: 0 KoA-B0 MOMEHTOB BpemMeHi 10
Cencmiarka CN 14,13330,2014 Cencuka ANrOpUTI pELIBHNA Paznoxerie No coBCTEeHHbIM hopMan 'I
- u Hanpaenexie seT) = =
CeficMuka CnekTp oTBETa CelcMMEE I KonnuecTso cobcTaeHHsX bopt 15 I = = Baons X SlorapMdMAYecKiA AeKpemeHT KoneBaHuii 0.3
Noray MHECKHI
Mynecawm setpa CN 20,13330,2016  Mynscaw PR ne,{pﬁf:., [0,3—»(16 W KEMEHHEIE COOPYHKEHMS v] Kon-eo cobcreerHsix dopm 8 |
4 | L | [ e L= E MuHUMansHan YacToTa yuéta cobcTeeHHsX .. 0 o
HIOKHAA PaHNLE OTCEYEHNA thopm no 5 Trrmerr i ms e - R
MoAansHoA Macce Yo Anroputm peleHun
[ oK ] ’ OTMeHa l E Pewenne zanaun [M].04"+[CLEd +[K].d={F(t)} anropurmom "PazaoxeHue no cobcTEeHHEIM
dopmam’ TpebyeT NpedEapWTeNEHOMo Pacuéta cobCTEeHHLIX YacToT/GopM 1N He YUMTEIEaeT
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JJononHuTenbHbIe NPpUeMbl
MO UCNOSIb30BaHUIO
pacyeTa COOCTBEHHbIX YaCcTOT
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YacToTbl coBCcTBEHHBIX Konebanwmii X YacToTbl cOGCTBEHHBIX KONebaHni X

CoBCTEEHHbIE YacTOThl MoaaneHbe Macchl (MM, 1 CYMMBI MOAANEHEIX MaCE (C.M.M,) MO HANMDEEMEHAM [T

I | [paafc] | Mu] | [c] MM, X [96] | CMUM, X [F6] |M.M. ¥ [%6] IC.M.M. Y [%] | MM, 2 [36] IC‘MM. Z[%] A
1 170514 271382 0.358484 3.84e-15 3.84e-15 31.9 819 1.25e-31 1.25e-31
2 17.0515 2.71382 0.368484 819 819 3.84e-15 819 1.5e-30 1.62e-30
3 22,1694 3.52837 0.283417 6.1e-21 819 7.8%-21 819 1.13e-31 1.74e-30 v

> >

. 62.9 296 62.9 2.26e-28 2.46e-28
1.83e-27 62.9 2.8%-26 62.9 0.124 0.124

13,6551
32,7448

0.0732326
0.0305392




MM

Cob6cTBEeHHbIe YacTOThbl AN aHanu3a U ONTUMMU3aLNUN «XKECTKOCTU» KOHCTPYKUUU

=kl o SUlfir2]

4508 176.7 34.04

4208 164.9 31.77
390.7 153.2 2951

360.7 141.4 27.24

330.6 1296 ] 24.97
3006 117.8 27

2705 106 — 2043

. 94.26 18.16

. 8247 15.89

: 70.69 13.62

: 58.91 - 1135

. 47.13 7 9.078

. 35.35 —] 6.809

US%MH%M]

6.003

[

SVM =480 MINa PeaynuTaThl SVM =36 MMNa
Usum = 188,5 mm cTaTU4yecKoro Usum = 6,4 mm
Macca = 321kr aHanusa Macca = 533kr




CobcTBEeHHbIe YacToTbl Ans yCTpaHeHUnA «He CBA3aHHOCTU» B PAaCYEeTHbIX MoAdelifAX

e APM Structure3D x64 - kamepa2.FRM - o

¢ Qaiin PepaktvpoBanue Bua Pucoeanve Harpyzku WHcTpymeHTel CeolicTea [Npoektupoeanue PacuéTel PesynsTatel OxHo Cnpaeka
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«BakyymHas kamepa», AO «Hay4HO-nccnegoBaTenbCkMil MHCTUTYT BakyyMHON TexHukn um. C.A. BekwuHckoro», Mocksa




CobcTBeHHbIe YacToThbl AnA yCTpaHeHUnA «He CBA3aHHOCTU» B PAaCYEeTHbIX MoAdelifAX

YacToThl cOBCTBEHHBIX KoneGaHui X
CobcTeeHHER YacTOThI MoaaneHee Maccal (MM, 1 CybMbl MOAAMEHER MACC (C.M.M. ) MO HarmpagneHsm [CR
N \ [pan/c] | [ru] | [c] |M.M. ¥ %] |C.M.M. ¥ [%%] |M.M. Y [%] |C.M.M. Y [%] \ MM, Z [%] ‘C.MM. Z[%] A
1 0858225 0.136591 7.32114 0.000951 0.000951 3.46 3.46 0.024 0.024
2 108347 017244 5.79913 3.71 3.71 0.00533 3.46 0.224 0,248
1_;| d)opMa 3 1.37511 0,218855 4.56923 0.00544 3.71 0.0144 3.47 0.000839 0,249 v
COOCTBEHHbIX < >

Koneo6aHuu Gopua...

USUI)(I[—]
«OTpbIBaroLWanca»
YacTb KOHCTPYKLUU

I0.9375
0.875

0.8125
0.75

Heob6xoaumo ycTpaHeHne «He CBA3aHHOCTUY
3rneMeHTOB KOHCTpyKuuun!!!
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CobcTBEeHHbIe YacToTbl Ans yCTpaHeHUnA «He CBA3aHHOCTU» B PAaCYEeTHbIX MoAdelifAX

YacToThl COBCTEEHHBIX KONebaHWiA

CobrTEeHHBIE HaCcTOThI

X

ModaneHele Macckl (MM, 14 CyMMBl MOAATBHER MaCC [C.M.M. ) 10 HanpagneH st TCK

0

N | [paa/c] | [ru] [ [c] [t X [96]  [cmm X [%] (MY [9%6] |cmm. Y [9] [Mm Z[%] [cmm. Z[%] |
1 10,5724 1.68265 0.594209 952 9a.2 1.0%-11 1.0%e-11 0.000712 0.000712
2 226269 360119 0.277656 6.03e-10 98,2 38.7 33.7 1.91e-09 0.000712
3 58.3242 9.28255 0.107729 0.00195 9a.2 2 54e-03 387 186 186
4 60,8171 9.67934 0.103313 4,25e-07 98,2 2.58a-06 33.7 0.343 18.9
5 61.1578 9.73356 0.102737 2 71e-05 98,2 5.13e-06 38.7 0.00415 18.9
USUMI[-] 1-a cbopma
M (b P JaKpbITh
I0.9375 COOCTBEHHbIX
0.875 -
0.8125 Kone6|-| ._
0.75 :
0.6875
0.625
0.5625
0.5
| 104375
0.375
0.3125
g'fg% Mocne ycTpaHeHUA «He CBA3aHHOCTM»
0.125 3N1eMEeHTOB KOHCTPYKLUN
0.0625 M3MEHUIICA CNEeKTP COOCTBEHHbIX YacToT

M cobCcTBEHHbIEe hopMbI




Pe3oHaHC HaM He cTpalleH?!

Oa, ecnn mbl caenanun pacyeT COOCTBEHHbLIX YacToOT U yoeaunuco,
YTO CNEKTP 4YacToT UsMeHeHUs BHelwHeUn Harpy3ku HE nepecekaetcs

CO CNEeKTPOM COOCTBEHHbIX YaCTOT Hallen KOHCTPYKLuuun!
(B mngearne COOCTBEHHbIe YacTOoThl KOHCTPYKUUU Bbille 4YaCTOT BbIHYXAAOLWNX BHEWHUX CVI.I1)

BAXHO!

Ansa yyeta pe3oHaHCHbIX SIBFIEeHUN
Ha HanpshxeHHo-AedopMUpPOBaHHOE COCTOSIHME s
KOHCTPYKLIMUN HYXKHO NMPOBOAUTbL pacyeTt

BbIHY>XAEHHbIX Koyie6baHMn U rapMOHUYECKUM aHanuns.

]

“Erg¥zds

9TO NO3BONUT BbISABUTD.
v CaBur dasbl mexay COOCTBEHHbIMU KONebaHUAMN N BHELWHUM BO34EeNCTBUEM

v OTKNUK 31emMeHTOB KOHCTPYKUMN Ha BO3MYylLlaloLlee BO34encTBue no BpemMeHU Uuiin no 4acTtoTe



Cnacubo 3a sBHumaHumel!

KoMmnauua HTLU «AlNMM»
(Hay4YHO-TEXHUYECKUUN LeHTpP)

MockoBckas obnactb, r. Kopones
OkTa6pbckun 6ynbBap, A. 14, odbuc 6

Ten.: (495) 120-58-10
Internet: www. apm.ru
E-mail: com@apm.ru



