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«BOJIbLUAA KPACHAA KHOIMKA 2: Bo3spalueHue»

Tononornyeckasa onTMMun3aunsa KOHCTPYKLUW
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[ONna yero 3To HYXXHO

Tononorn4yeckasa ontuMusauumsa

NMpoekTupoBaHUe HOBbIX U3aenun, OnTMMsaumsa cywlecTByrowlero
nccreaoBaHue CUIOBbIX CXEeM o6opyaoBaHusa/paborarowmx nsgenmm

Ilapunpet Kontyp roneca Bepxauii ppaar
TOABECKI

OnpeaeneHne obactu
P! POEKTUPOBAHUSA, MOCTAHOBKM 3a4a4H,
FPaHUYHbIX U Ha4anbHbIX YC/T0BUI

Y
| ‘
N - Hipkamii peruar

MK3, anroputmM ontuMmsaumm, NocCT-
obpaboTka pe3ynbTaToB

l

NHTepnpeTauusa pe3ynbTaTos,
KOHCTpYKTOpCKasa obpaboTka,
NpoOBEepOYHble PaCYEThI




NMpumeHeHUe

BMW 3D PRINTED

ALTAIR complex, crash relevant
S1000RR SPORT BIKE

vehicle front structure of a VW
CADDY | youngtimer

AUTODESK (FUSION360)
PAX CHAIR FRAME
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AnckpeTHaa NoOCTaHOBKa 3ajauu

NMocTaHOBKa 3aaaum

3apgaua: HalTK Takoe pacnpenesnieHne Matepuana B obnactu npoektnuposaHusa (OM), uTobbl ueneBas GyHKUMSA Gblla MUHUMasbHa NMpY 3a4aHHbIX OFrpaHUYEHUAX W Harpyskax

5afis apn s apysaps afis 2 s agys s

N N=10,M =5 = (=252

C=womm

N =100,M =50 = C = 10%°

NpaagneHTHaA NOCTaAaHOBKaA 3ajauu
( min ®(p)
P

N
<Cr.y.:zvi*f3£ < f Vo
i=1

K+«U=F
\ 0=p.=1

min F(p)
P
N
] T.V. zvi*pisf*VOJ

i=1

K+«U=F

i = {1, eCTh MaTepuaJl

;=

0, "eT marepuasa

MHoro Bap1aHTOB pelleHus Aaxe Ans cpeaHuX no
pasMepHOCTM 3ajau.

[Na CHMXEHUS pecypCOEMKOCTM UCMONb3YITCS rpagueHTHbIe
MeToAbl peLleHus.

AHanus YyBCTBUTEJIbHOCTEMN:

dd oF Y (G(D U+ oF
P * [ —— % R
i ap; 0p;
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NMocTaHOBKa 3aaaum

NHnumnanmnsaums KOHCTpyKummn, obnactm
NPOEKTUPOBAHUSA U NEPEMEHHbIX: *i

%4

NMocTaHOBKa 3aaaumn

. N
. — T —_ . t
minc(x) =UT <K+ U _ZE‘*(‘O") * U * ko * U K3- pacuer <
e=1
N
4 O
I‘.Y.:Zvi*pgi:f*Vo —3C ov
o OnpeneneHne YyBCTBUTENbHOCTEN: 35 ;ax,
K+~U=F
\ 0<p; =1 G

OunbTpaums 4yBCTBUTENbHOCTEW/
nepeMeHHbIX

3apaJda: MMHMUMM3auund
noaaT/IMBOCTU KOHCTPYKUUN

O6HOBJIEHME MEPEMEHHbIX C MOMOLLbIO METO0B
npm 3agaHHOM KOHEYHOM obbeme. MaTeMaTM4YecKoro NporpamMMMpoBaHus
T C
Konnuectso
nTepaumi

MeHblLlEe
MaKCUManbHOro?

@

Ka>xgoMy anemMeHTy npmcBamBaeTCcs
3Ha4YeHuMe NAOTHOCTHU P,

KOTOpOEe onpeaenser ero Bkiag, B
061y XXEeCTKOCTb.

g

noctobpatboTka, Ko3-pacuert 6
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0 0,25 0,5 0,75 P; 1

[Onsa Toro, ytobbl 66110 HEpAUMOHABLHO
OCTaB/IATb 3/IEMEHTHI
C NPOMEXYTOYHOM MAOTHOCTbIO, UX
KECTKOCTb 3aBUCUT OT
MJIOTHOCTU MO CTEMNEHHOMY 3aKOHY.

SIMP noaxon

Pa3MbITble rpaHuLbl

OnTuMarnbHbIM BapuaHT

CaMble pe3Kkune rpaHuLbl,
HO CJIOXHO A06UTbCA CXOAUMOCTHU
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Knaccuyeckne KOHCTPYKL UMK
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OAlHO 3arpy)eHue

on

OAHO U3 ABYX
3arpy>xeHummn

on

KOMb6uHauuna
3arpy>xeHummn
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3arpyxeHusi/PacyeTHble cnyyau
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TO 6e3 HensMeHAeMbIX 3JIEMEeHTOB

MoBTOpHOE 3apaHMe I.y.
nocrobpa6borka M oLueHKa NPOYHOCTU

TO Cc HeM3MeHAeMbIMU 3JIeMeéHTaMMU

nocrobpabortka

=)

oLleHKa
NPOYHOCTH

SVMQ‘VMM"Q]

937
8,386
7.835
7.284
B.734
6.183
5632
5.081
463
3979
3.429
2878
2327
1776
1226
06744
01235

ObnacTtu npoektnposaHnsa/HenameHssemble obnacTu
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AHM PunsTpauunsa

®dunbTpauusn ®unbTpauns o
YYBCTBUTEJIbHOCTEN NJ1IOTHOCTEMU
H; Z
1% ZHf*pf*éig; zHef on 3
o= E;=pl(Eo) Pe=

i N
dp; - Z i,
o Z ! : 200 MM )
f=1 \ |

Mpobnema
«LWaxMaTHOM
NOCKU>»

Takas CTpyKTypa He sABNsieTcs 11
ONTUManbHOM N eé HEBO3MOXHO
MHTEpPNPEeTUPOBaTb



JononHuTenbHble OrpPpaHN4YeHUS:
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WITaMNOBKa

UcxopgHaa 3apava 6e3 v16

OrpaHUYeHUn

Ilqull

NleomeTpusna c
Y4YEéTOM
HanpasBJsieHus
LUTAaMMOBKM C
nocr-o6pa6oTkoin

12



>
—
=

|
Ll
T

UcxopgHasa 3apgava
6e3 orpaHMYeHum

[JononHuTenbHble OrpaHN4YeHUS:

MaKCUMaJibHas TOJILLWNHA

Ripax=2-1MM Q
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NMPUMEHEHNA:

AnAa 3a4a4y € CUMMETPUYHbLIM PELLIEHNEM:
® YMEHbLIEHUE YNCJ1a NMPOEKTHbIX NEPEMEHHDbIX
® TapaHTua CUMMETPUN

ana 3agay4 ¢ HECMUMMETPUYHbIM DELLIEHNEM .
® BO3MOXHOCTb CAeJlaTb €ro CMMMETPUYHbIM

[JononHuTtenbHble OrpaHN4YeHUS:

CUMMeETPUS

v16
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OnTuManbHbIE

3HaA4YeHus

YnpaBnsoowmnmn napameTp:
noporosoe 3HaueHue O] - 3a4aeT rpaHuuy
NOBEPXHOCTM paBHbIX MJIOTHOCTEN. Bce ToUukM C
6onbwen O 6yayT nexatb BHYTPU NOBEPXHOCTU, C
MeHbwen Ol — CHapyXu.

lMNocTobpaboTka

YnpaBnswLwun napameTp:
war oAMCKpeTmnsaumm - onpegensiet pasmep
AYEMNKM HOBOM NOBEPXHOCTHOM CETKU, U, KakK
cneacTeme, pa3Mep 3/IEMEHTOB Ha MOBEPXHOCTU
06BbEMHON CETKMU

15
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MunHUMM3auua Maccbl C OrpaHUYeHNEeM HanpsXXeHnn

v16

MocTaHoOBKa 3apgayuu

s N
min Z m;(pi)
i=1

rp ; MakKc.
0;" < Opom J=1.. k oo Gzon = 78,3 MITa

0 <p; <1, 1

MakKc.
XeCTKOCTb

I
=

SYM[H/mn2]
"7z

1104
103

nocrobpaborka, [ ["

5.4

aHanums -

7375

66,43
59.11
5179
44 47
37.15

29.83
22 51
1519
7.869
0.5489

SM[Hiw2]
7266
69.3
63.54
5355
55 22
50 86
465
42 14
37.78
33.42
23,06
2469
20,33
1597
1161
7252
2892




AHM YyeT 00 BbEMHbIX CUn

v16
NocTaHoBKa 3agaun (Makc. XXeCTKOCTH): NocTtaHoBKa 3agayum (MUMH. Macchbl):
( ) ZNzl Tk(p) N
min —U;: K;(p; )U;
i=1 2 = minz m;(p;)
N i=1
4 4 :
Z Vi (pl) =V O}I‘p < Ogomr ] — 1.k
i=1 K(p) ru=F(p)
K(p) ~u=F(p) 0<p; <1, i=1.N
. 0<p<l i=1.N
N N
N N N _ _
Zm_(p_)a_ _0 m;(p;)a; =0 m;(p;)a; = F
i\Pi)a; = Zmi(pi)ai =F Zmi(pi)ai = 4F ic1 i=1
i=1 =1 i=1 — -
KOHCprKU,VI KOHCprKLWIFI
A
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Pabota B AlNM Structure3D
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HTL «Al'MM» n MI'TY um. H.O.baymaHa

Y3en B KOMNOHOBKE Hecyllel CUCTEMbI COL”-I e H e H H aﬂ pa M a Be3IDIeXO|DIa 6X6

Be3exoAa 6x6 C LULMHAMM HU3KOTO AaBJIeHUs MepeaHnin cunosok ysen

™

BuUpTyasibHbIN L
aBTOMO6MJIb: (Harpy3K") 3aAaHuA CUNI0BOM y3en I lEJ

21
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HTL «AMM» 1 MITY um. H.9.5aymana

CouyneHeHHasa pama Be3gexoaa 6x6

22



banaHcup noaBeckn Be3gexoaa 6x6

BupTyasibHbIiA CTEeHA A1 pacyeTa Harpysok Ha BapuaHT 1:
3aAH00 6a1aHCUPHYIO NOABECKY

solution_3-balansir_r-balansir_vdovin_fem1_sim1-balansir_flexbody_103 Bpesn|
7 BpeMA = 7280 000 war [ o1
3nam, RN SRR S

BapuaHT 2:

0.00

Eant

= AIIM HTL «AMM>» 1 MITY um. H.9.Baymana

CunoBas cxeMma 6anaHcupa noaBecku




HTL «AMM» 1 MITY um. H.9.5aymana




MPOEKTUPOBAHME KPOHLUTEMHA

B pe3synbrate onTMMMU3aLUK:

1.

2.
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TOMONOINMM4YECKAA ONTUMU3ALNA

KonunuecTtBo anemenToB: 180170
Konunyectso y3n08: 110610

Macca KOHCTPYKLMU CHUXKeHa Ha 69,8%

(c 3,03 kr no 0,92 kr)

KoHCcTpyKLMA BblaepXXusaeT MakCMMaibHble
Harpy3Ku ¢ MMHMMa/IbHbIM 3aNacoOM NMPOYHOCTH
n=1,069.

HennHenHbIM pacyeT Npu CxKaTUM NoKasan
OTCYTCTBME NOTEPU YCTOMUMBOCTU 3/1IEMEHTOB
KOHCTPYKLIMWN KPOHLUTEMHA NPU CKATUW.
JencTeylowme HanpaXeHUsa nopaaka npegena
NPOYHOCTU TUTaHa BT-6, pekomeHayeTcA
NPUMEHUTb TUTaH B KayecTBe KOHCTPYKLLMOHHOTO
marepuana, Tem CamblM CHU3UTb maccy ewe B 1,4
pas3a 6e3 notepu NPOYHOCTU.

Pe3synbTat ontTuMusaumm

KpoHwTtenH X13H5K9M4

AdeTtanb B cocrtaBe
KOMMOHOBKM

MpoBepouHbIN pacuert
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Cnacnoo 3a BHUMmaHue!

T _ _ T

KoMmnauua HTLU «AlNMM»
(Hay4YHO-TEXHUYECKUUN LEeHTP)

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

Ten.: (498) 600-25-10, (495) 514-84-19
Internet: www. apm.ru, www.cae.apm.ru

E-mail: com@apm.ru




