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BBeneHue

OCHOBHbIE MOJIOXKEeHUST

Cuctema APM FEM npegctaBnset cobon wuHterpupoBaHHbin B KOMIIAC-3D MHCTpyMeHT ans
NMOAroTOBKM M NOCIeayHLEero KOHEYHO-3NIEMEHTHOMO aHann3a TpeXMepHON TBEpAOTENbHOM MOAenu (aetanu
unm coopkn).

lMoagrotoBka reomeTpuydeckon 3D-mogenn W 3afjaHve maTepumana OCyLecTBNAeTCH cpeacTsamu
cuctembl KOMIAC-3D. C nomowbto APM FEM MOXHO MPUMOXWUTbL Harpy3kM pasfimyHbIX TUMOB, yKas3aTb
rpaHMyHbIe YCroBUSA, CO34aTb KOHEYHO-3NEMEHTHYHO CETKY M BbINOMHUTH pacyet. [lpu aTtom npouenypa
reHepaumy KOHEYHbIX 3NIEMEHTOB NPOBOAUTCS aBTOMATUYECKMU.

APM FEM nosBonseT npoBectu crneayroLwime suabl pacyeTos:

= CTaTUYECKUI pacyeT;

= pac4yeT Ha YCTOMYMBOCTb;

"  pacyeT COBCTBEHHbIX YACTOT U hopM KonebaHui;
=  TennoBOW pacyerT.

B pesynbrate BbiNONHeHHbIX cuctemon APM FEM pacyetoB Bbl MOXeTe MOMyuuMTb CreayloLlyio
MHdOopMaLnto:

= KapTy pacnpeneneHus HarpysokK, HanpsbkeHui, gedopmMauuin B KOHCTPYKUUUK;
= KO3(hpMLUMEHT 3anaca yCTONYMBOCTM KOHCTPYKLIUN;

" 4acToTbl U POpPMbl COBCTBEHHbLIX KONebaHWn KOHCTPYKLUUN;

= KapTy pacnpegeneHus Temnepartyp B KOHCTPYKLNN;

=  Maccy U MOMEHT UHEPLIUN MOLENMN, KOOPANHATLI LLIEHTpa TSXKECTMU.

Cuctema APM FEM paspabotaHa B HTL, AINM (www.apm.ru) Ans MNPOYHOCTHOMO KOHEYHO-
anemeHTHoro akcnpecc-aHanmsa 8 KOMIMAC-3D. bonee paclumpeHHbii hyHKLMOHAN KOHEYHO-3NTEMEHTHOrO
aHanvsa UMNopTUPOBaHHbLIX Modenen goctyneH B cucteme APM WinMachine B mogynsax APM Studio u APM
Structure3D.

APM Studio no3BonsieT BLIMNOMHATL pacyeT He TONMbKO TBEPAOTEMNbHbIX, HO WU 0OOMOYEYHbIX
(nnactuHyaTbix) getanen n cOopox.

APM  Structure3D npepgoctaBnsieT  BO3MOXHOCTb  pefaktupoBaHua  K3-ceTku, cos3gaHus
KOMOVHUPOBAHHbIX (CTEPXHEBbLIX-NNACTUHYATLIX-00BbEMHbLIX) MOAENEN, a Takke pelleHus 3agad 0onbLuon
pa3mepHocTu. MNMoapobHee ucnonb3oBaHue yHkuMoHana APM Structure3D paccmoTpeHo B . 2.4,

Ha4ano pabomsi c APM FEM

MuHumaneHble TpeboBaHusa ansa pabotel APM FEM cooTBeTcTBYIOT TpeboBaHmam KOMIMAC-3D.
Cuctema APM FEM siBnsieTcsa npuknagHon 6ubnunotekon KOMIMAC-3D ans noAkmoueHns KOTOpon

Heobxoammo 3anycTuTe MeHepxkep 6ubnuoTek . n BblbpaTb NyHkT APM FEM: [MpoyHocmHoU aHanus B
nanke Pacyem u nocmpoeHue. Nocne atoro 6ubnuoteka GyaeT NoaknoYeHa M CTaHeT AOCTynHa naHernb
UHcTpyMeHToB APM FEM: lMpoyHocmHol aHanus.

Meregwep BubnuoTex

ButnuoTern KOMIMAC %AF‘M FEM: MNpoynocTHo® ananuz
. Mpumepbl BuBanoTer

Mpouwne

Pacuer u noctpoeqne

Ceapka

E-l1ﬁJ'IL1I:ITEhZL1 KOMMALC l%..-!-.F‘M FEM: MpoYHOCTHOM GHAMMS (D3HAKOMMTENEHEIR NEpUMoa)

Puc. 1. bubnuomeka APM FEM: lNpoyHocmHoU aHanus

Mepen Hayanom paboTbl ¢ Gubnuotekon APM FEM pekomeHayeTcs nepecTpomTb Mogensb (knasuwa
F5).


http://www.apm.ru/

aBa 1. UHTepcenc cuctembl APM FEM

1.1 O6wut eud APM FEM

APM FEM gBnsetca 6ubnuotekon cuctembl TpexmepHoro mopenuposaHns KOMIMAC-3D wu
MOMHOCTBIO UCTONb3YeT ee MHTepdeic, YTo CyLecTBeHHO obneryaeT paboTy.
OcCHOBHbIe 3r1eMeHTbI MHTEepdenca, ucnonb3yemole APM FEM npeacrtaeneHsl Ha pucyHke (Puc. 1.1):
- pepeBo naHenu «lMpoYHOCTHOM aHanmay;
- NaHenb MHCTPYMEHTOB «[TpOYHOCTHOM aHanu3ay;
- MaHenb CBOWCTB;
- noacKasku Ans Tekywen KoMaHabl;
- WH(OPMAaLMOHHbIE COOBLLEHNS.
Bbl MoXeTe ynpaBnATb oTobpaXeHneM naHenen MHCTPYMEHTOB AAaHHOMO peAakTopa, UCMoNb3ys MyHKT
mMeHio Bua / MaHenun nHCTpyMeHTOB.

[epeso mogenun [MaHens NHCTpymMmeHToB [MaHernb ceoncTB

(S KOMNAC-3D V12 - (Kponwrreiin 010_1 (osnakomnrenshbii nepuos)]
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Puc. 1.1. Uumepcgpetic APM FEM
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1.2 KomaHObI 6ubnnuomeku APM FEM

Mpn noakntoyeHnn Gubnuotekn APM  FEM: [IpoyHocmHOU aHanu3 chnpaBa nosiBNsieTcs
OONonHUTENbHag BKNagka co BCeMU KomaHaamu 6ubnvoTeku.

MeHe wep AMENHOTEK

APM FEM: MpoYHOCTHOR aHANMES ﬁ HarpyskH H 3aKpenneHHa

F:l HarpyskH M 3aKpEnneHHA [:I PasfimeHne 1 pacdéT
m PasfHeHHe W pacdgT ﬁ PesyALTaTh
------- te[2] PesynbTaTH [ HacTporin, ..
D MokazaTe NaHenNs pac4éTa
D Cnpagka.. .

EHEHHDTEKH FOMNaC l%.E'.F‘M FEM: Mpo4HOCTHOR aHaM3
Puc. 1.2. MeHto 6ubnuomeku APM FEM: lNpoyHocmHoU aHanu3

Menemep bubnvoTer

APM FEM: MpoyHocTHOW aHanns T 334aTh COBNEARFOLLME NOBEPXHOCTH % Mprno®uTE yrNoB0E yCKDpEHNE
.ﬂ Harpysku 1 3akpenneHun FC 3apate TEMNERATYRY =2 [pUNosNTE YAENBHYH CUTY N0 ATUHE
73 PasBuenne n pacuir {} Mpuno#uTe gaBneHne 2 MpUNo#HTE YAENBHYHD CUY MO NACLLAAN
J PesyneTaThl ﬂ-ﬁ MpUNoXUTE MMHEAHOE YCKOPEHKE % ¥CTaHOBWTE 33KPENNEHNE

- Ly
MpHACHWTE paCNpegenEHHY e CuTy A3 ¥CTEHOBMTE 32KPENNEHME N0 HOPMENK
o) MpWnoNMTE pacnpeaenEHHBIR MOMEHT

Puc. 1.3. l'pynna komaHd Hazapy3ku u 3akpenneHus

MeHeAxep AHONHOTEK

. | APM FEM: Npounactraii ananus || Menepaupa K3 cemin
|3 Harpyskw nsakpennenna %:? MMapareTpel pacuéTa...

- | Pasbnenne n pacuet E¥ Mapamerpel yeranactoro pacuéra..,

3 Pesyneratwi [ Pacuer..

Puc. 1.4. I'pynna komaHd Pa3bueHue u pacyém

MeHeamep BMONHOTER

ﬁ | APM FEM: MpounocTroii aHanus | 2 Brinacka
....... j Harpyzin 1 sakpenneqns Ei FIHe pUpoHHBIE XapakTepUCTHEN MOJEAH...
[ PasGueHne u pacust ﬁ KapTa pesynetatos...

.ﬂ o CoBCTBEHHBIE YACTOTHL.

CoxpaHuTL oTUET.,
,ﬂ, YeToluMBoCTh.

Puc. 1.5. lpynna komaHd Pe3yrnbmamei

1.3 NMaHnenb uHcmpymenmoes APM FEM: lpoyHocmHoOU aHanu3

JaHHaa naHenb npegHasHadveHa Ons YCKoO-
peHHoro BbiGopa KoMaHa MPOYHOCTHOrO aHanuaa.

MepBble TPW KHOMKM KOMMAKTHOW MaHenu npegHa- LN S == G A AR I AR L =
3HayeHbl AN BblbOopa akTuBHbLIX MaHenen (Pwc. a)

1.6): 5 %IBIQ@W%

= :
a)no,u,rOTOBKa MoAaenu; ‘) ™ 80 &3 I =B f e

0) =33 pa3bueHne u pacuér;, Bl
B) i pesynbTaThbl.

APM FEM: MNpoyHOCT HO#M aHANKS v X

Puc. 1.6. lNaHenu APM FEM: lNpo4yHocmHoU aHanus



1.4 Bbi6bop 06bekmos

[ns 3apaHns 3akpenneHun n Harpy3ok TpebyeTcs ykasaHue Unm BblaeneHne o6 beKToB: Kak NpaBumIo,
pebep 1 rpaHen. MNocne akTMBauUM KOMaHAbl B CTPOKE COCTOSIHUS MOSIBNAETCA NoAcKaska «YKaxute rpaHb
(pebpo)...». Ana Bbibopa rpaHn unun pebpa [OCTAaTOMHO HABECTM Ha HEro ykasaTernb MbILW U LWENKHYTb fne-
BOW KHOMKOW MbIlwn. Mpu BeiGope 06bEKTOB cneayeT yunTbiBaeT BUA yKasaTens Mblluv Ans rpaHen n pebep
(Puc. 1.7). LiBeT BblbpaHHbIX rpaHer u pebep CTaHeT KpacHbIM, @ Ha NaHenu CBOWCTB OyaeT yka3aHo obLiee
KONMM4YecTBO OOBEKTOB, K KOTOPLIM NPUITOXEHa Harpy3ka unv 3agaHo 3akpennenue (Puc. 1.8).

Insa ynobcTBa Beibopa MoXHO ncnonb3oBatb dunbTpbl KOMIAC-3D koMnakTHOM naHenu. [Anga aTtoro

HEOBXOAMMO BbIBpaTh NaHerns GUnbTps T, a 3aTeM BKI/BbIKI. UILTP rpaHeil Ii| n pebep IEI
[ns cHATUSA BblAeneHns He06X0AMMO LLENKHYTh MO 0OBEKTY NOBTOPHO.
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Puc. 1.8. lMpumep ebibopa epaHell Onsi 3adaHusi 3aKpernneHul

1.5 3adaHue ceolicme Mmamepuana

3apaHue
Mcnonb3oBaHMEM

CBOWCTB Martepuana ocyuwecTtenserca cpepgcreamm  cuctembl KOMIMAC-3D ¢
6ubnunoTtekn MatepnanoB u CoptameHTOB. [N BbIMNOMHEHMA MPOYHOCTHOrO pacyeTa

Ons matepuana aeTanv OoMmkHbl ObiTb 3a[aHbl criedytoLle CBOMCTBA:

npeden mekyvyecmu, (Mlla);

MOQysib yripyaocmu HopmasbHbil, (Mla);

koaghgpuyueHm [llyaccoHa, (-);

nnomHocms, (ka/m"3);

memnepamypHbIl KoaghbuyueHm fnuHeliHo20 pacwupeHus, (1/*C);
mennonpogodHocms, (Bm/(mC));

npeden npoyHocmu ripu cxamuu, (Mrla);



- nipedes 8biHOcIUBOCMU rpu pacmsixeHuu, (Mla);
- nipedern 8biHOCIUBOCMU pU KpydeHuu, (Mla).

B Tom cnyvae, ecnu gns geTtanu wnu KakMx-To geTanen n3 cOOpoyvHOM eauHuubl MaTepuan u3s
ouonuotekn MatepuanoB u CoptaMeHTOB He 3aJaH, TO MpY reHepaLnm KOHEYHO-3NIEMEHTHON CETKM (CM.
n. 2.4), nosiBnsetcs npeaynpexaeHue (Puc. 1.9) co cnMckoM aTux aetarnen.

APMFEM [

 He scem geTanam HasHaueH matepuan! byser MCMOABSOBaH MaTepan
7'75 no-ymonuanue - "Crane”. Mpogonsute?

DA\Bawmakh_8.m3d

DA\Bawmakh_9.m3d

DA\Bawmakh_11.m3d
D\Bawmak_12.m3d
D\Bawmak_13.m3d
D\Bawmak_14.m3d
D\Bawmak_15.m3d
D\Bawmak_18.m3d

oK ] [ OTmena

Puc. 1.9. lpedynpexdeHue 0 mom, 4mo repeducieHHbiM demarnsm He 3adaH Mamepuar u3
bubnuomeku

Mpu HaxaTum kHomkm OK B 9TOM OKHE BCEM NEpeyYnCreHHbIM AeTansm MpUCBOSATCS CBOWCTBA
maTepuana «Ctanb», cootBeTcTBylowme matepumany Cranb 3kn (C npegenom Tekydectn 235 Mrla).
Haxatune kHonkn Ommera npepBeT npouecc reHepauun K9-ceTku.

[aHHoe okHO npepynpexaeHus ByaeT NosIBNATLCA B TOM Criydae, €Cnv B KOHTEKCTHOM MEHH0 Mnpu
Lenyke NpaBoi KHOMKOM MblwK Ha nanke «KQ ceTka» B AepeBe MPOYHOCTHOrO pacyeTa CToUT dnaxok B
onuun MNMpoBepsaTb Hanuuue Matepuana y getanen. [1o ymonyaHuio, naxok B 3TOW OMNUUWN YCTAHOBMEH.
Mpu oTcyTCTBMM hbrnaxka B 3TOW ONuUMM OKHO mpegynpexaeHus (cm. Puc. 1.9) BbigaBatbca He 6Gyaet, u
cBouicTBa matepuana «Ctanb» 6yayT npucBanmBaTbCsA Takum AeTansiM aBToMaTUYeCcKu.

Ecnu kakon-nnbo 13 nyHKTOB CBOMCTB MaTepuana B 6ubnuoreke Matepuanos n CoptamMeHTOB He
3adaH (HeKoppeKTeH), TO MO YMON4YaHWIo NMPUHMMAIOTCS CBOMCTBa maTtepuana «Ctanb», COOTBETCTBYHOLLME
maTepuany Crtanb 3kn (c npegenom Ttekydectn 235 Mlla), n cuctema BbIJaéT npegynpexaeHne o6
OTCYTCTBUM (HEKOPPEKTHOCTW) CBONCTB.

Coobuenue BubnoTexn X

OwwbKa B napameTpax MaTepuana YM1,8 OCT 1-90077-72. PacuéTt MoxeT BbiTh
# ! \, HeKoppeKTHbiM!
" He3apaHo: Mpeaen Teky4ecTi

He 3agaHo: Moaynk ynpyrocTi HOpManbHbIA

He 3apaHo: MnoTHOCTL

He 3aaaHo: KoadduumeHT MyaccoHa

He 3agaHo: TeMnepaTypHbiit Ko3hOULEHT NMHEMHOro PaclUMpEeHns

He 3apaHo: TennonpoBoAHOCTL

He 3apaHo: Mpeaen NpoYHOCTM NPKU OKaTUK

He 3aparo: Mpeaen BLIHOCAMBOCTH NPY PACTSKEHUN

He 3anaHo: Mpeaen BLIHOCAMBOCTH NPU KPYYEHUM

Puc. 1.10. lNpedynpexdeHue 0 momMm, 4mo rnepeducrieHHble ceolicmea Mamepuarna He 3a0aHbl 8
bubnuomeke

YuntbiBad, 4TO MpakTUYecKu AN BCEX CTanen TakMe CBOWCTBa, kak Moaynb HOHra, koaddpuuuneHTt
lMyaccoHa 1 NNOTHOCTb OAMHAKOBLI, TO Pa3NUYMIA B KapTax HanpsbkeHUn U nepemeLleHuin ona getanen m3
pasHbIX cTanenh He OygeT, MU MOXHO WCMOMb30oBaTb Martepuan Mo ymonyaduuio. Pasnuuma 6yoyt npwm
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nMpocMoTpe KapT KO3(pPMUMEHTOB 3anaca, MNOCKONbKY Npefernbl TeKydecTu, MPOYHOCTU, a TaKkke
BbIHOCIIMBOCTM MPY PACTSKEHUN U KPYYEHWUM 3aBUCST OT Mapku CTarnu.

1.6 OcobeHHOoCcmu pac4yema demarneu u c60pok

T 00000000 |
BeibpaTh KoMnoHeHT

YcnoBHo, Bce getanu Bxoaswme B cbopky KOMIAC-
3D MOxHO pasgenuTb Ha ase rpynnel. K nepson rpynne oT-
HOCATCA [JeTanu, KoTopble Heobxoaumo paccyuMTaTe Ha
NPOYHOCTb, WCMOMb3yd KOHEYHO-3MEMEHTHbIN aHanuni3. Ko
BTOPOW rPynne OTHOCATCS KOHCTPYKTUBHbIE 3NIEMEHTLI U Ae-

% CeolicTBa

CKpBITE

BRNOUTE DHKCELMID

Tanu, KoTopble Heo6Xo0AMMO UCKMIOYNUTL U3 pacyeTa. MekniouiTs U3 pacieTa
Ans ncknioveHns obbekTa unu Lenon getanu us pac- A "5
yeTa Heobxoammo B AepeBe moaenu BbibpaTh komaHay Uc-
KMIOYUTb U3 pacyeTa. Puc. 1.11. UcknovyeHue u3 pacyema

K KOHCTPYKTVMBHbLIM 3nemMeHTaMm, KOTopble HeoOXOAMMO WUCKM4YMTb M3 pacyeTa, OTHOCATCH dackw,
KaHaBku, Hebonblune oTBEpCTUS M Apyrme obbeKkTbl, KOTOPble HE OKa3blBalOT 3HAYMTENbHOMO BAUSHUS Ha
MPOYHOCTb, OOHAKO ANS WX KOPPEKTHOro onucaHuws notpebyeTcs 3HauuTenbHOe yMeHblueHWe pa3MepoB
KOHEYHbIX 3N1IEMEHTOB.

Heobxoaumo ucknountb M3 pacyeTa Takke AeTanu, NPOYHOCTb KOTOPbIX HE BbI3bIBAET COMHEHNS UMK
MOXeT OblTb oOnpederneHa MWHXeHepHbiMM MeTodamu. Hampumep, npu BbINOMHEHWWM pacyeTa COOPKM
UCKMIOYaloT M3 pacyeTa aneMeHTbl Kpenexa, NPOYHOCTb KOTOPbIX MOXET ObiTb onpeaeneHa MHXeHepHbIMU
MeTogamu pac4yeTa.

Mpu reHepaunn K3-ceTkm cbopkn Kaxxgas geTanb nomMellaeTcs B OTAemNbHbIN Cron. 370 no3sonseT
npocMmatpuBaTb pesynbTaTbl pacyeTra TONbKO AN OOHOW WU HECKONbKUX AeTarnen BKNoYasa-BblKo4vas
oTAerbHbIe CIow.

1.7 NaHenb ceolicme

Ons 3agaHuns napameTpoB koMaHg ucnone3dyetcsa [Manens csoncte KOMIMAC-3D. Mo ymondaHuto,
naHenb CBOWCTB pacrofioXXeHa ropusoHTanbHO B HWXKHEW 4acTu dKpaHa. Y4uuTbiBas, 4TO mapameTpbl Ans
BOnbLUNHCTBA KOMaHA PacrnonoXeHbl BEPTUKaNbHO, MOXHO PEKOMEeHAOBaTb BEpTUKanbHOE pacnofioXeHue
naHenu ceomncte (Puc. 1.1).

3agaHne Harpysku ocyllecTBnseTcd B rnobanbHOM cucTeMe KoopaAuHaT WAM No Hopmanu K
noBepxHOCTU. [ns M3MeHeHMs HampaBrieHus 3Haka Ha NpPOTMBOMOSIOXKHOE HEeoGXOoAMMO W3MEHWUTb 3HaK
nepen 3HayeHWEM Ha MpPOTUBOMOMOXHLIA. [lpy 3TOM WUCTUMHHOE HarnpaBreHne [eVcTBUS Harpysku
oTobpasntcsa Ha 3D-mogenu.

[nga 3aBeplueHnsa BBOAA 3HAYEHMIN NapaMeTPOB HAXMUTE KHOMKY ~= (Ctrl+Enter).

[nsa oTkasa OT 3agaHusi NnapameTpOB U NPepbIBaHNS KOMaHAbl HAXKMUTE KHOMKY e (Esc).

1.8 Hacmpoliku macuumaba uzobpaxkeHusi CmpersioK, 3aKpernsieHuUll U Ha2py30K

Pa3mepbl 306pakeHUst CTPEroK, 3aKpenneHuii 1 Harpy3ok Ha MOAenv onpeaenstoTcs aBToMaTuye-
ckn. Mpu atom naHenb CBOWCTB BCEX KOMaHZ COOEPXWT Mone Ans BBoga MacliTtaba nsobpaxeHus. Mac-
WwTab n3obpaxeHusi NO3BONSIET U3MEHUTb pa3Mepbl CTPENOK, 3aKPenneHuii U Harpy3ok Nnpu oTobpaxeHun Ha
mMozenu. [JaHHbIN MHCTPYMEHT NO3BONMSIET YNyYWWUThL BU3yanu3aunio, ecnu pasMmepbl n3obpaxeHust CTpenok,
3aKpenneHuid U Harpy3oK Ha MOAENW He BUAHbI UMK, HA0GOPOT, CIIULLIKOM FPOMO3JKM.

1.9 Hacmpouku APM FEM

KomaHga HacTtponku (MeHemkep 6ubnuotek — APM FEM: [lpoyHocmHoOU aHanu3) Bbi3biBaeT
AVarnoroBoe OKHO HAaCTpOeK WCMONb30BaHUS MHOrOSAEpHOro npoueccopa (QOCTYyMHO, €Crv Mpoueccop
BalLLero KoMmnblTepa sBNAETCA MHOrOSiAePHbIM).

B pguwanoroBom okHe HacTpomkum MOXHO Takke ykasaTb OUPEKTOPUIO AN BPEMEHHbIX (hannos
pacyeTa. lMpu pabote ¢ GonbwMMKM MOAENAMM (UNU NPU BLINOSIHEHUN HEKOTOPbLIX BUAOB pacyéTta) Ans
BbINOSHEHNST pacdeTa MOXeT MoTpeboBaTbCA [0 HECKONbKUX LEecATKOB rurabavt cBobogHOro mecTta.
HeobxoauMoCTb M3MEHEHUSA ONPEKTOPUN AN BPEMEHHbIX (halioB pacyeTa BO3HUKAET, ECNIN HA CUCTEMHOM
ancke (No ymon4yaHuio) HegocTaTo4HO CBOOOAHOro MecTa Ans BbINOJIHEHUS pacyeTa.



NaBa 2. KomaHasi APM FEM

2.1 O6bwuii nopsidok pac4yema meepdomesibHOU Modesiu

MopsiAoK MOArOTOBKM MOAENW U BbIMONHEHMS pacyeTa:

MoakntoueHne onbnuotekn APM FEM: lNpoyHocmHoU aHasu3.

MoproToBka MogenNu Kk pacyeTy — 3afaHne 3aKpensieHnin U NpUnoXeHe Harpysku.
3apaHue coBnagatolwmx rpaHen (ona K3-aHanusa coopkm).

eHepauusa KO-ceTku.

BbinonHeHue pacyera.

MpocMoTp pe3ynbTaToB B BMAE KapT HaNpshKeHUN, nepemMeLLeHni.

ogakrwnPE

2.2 [NTodzomoeka modenu Kk pacyemy

KomaHgbl naHenu loaroToBkM mMoaenu npegHa-

3Ha4yeHbl ONA 3a4aHusa HarpyskM M YCTAHOBKWM 3akper- APM FEM: Mpo4HOCT HOll aHaNKS - X
JIEHUN.

f_il " L] [
OTpenbHble Harpys3kn umnun 3akpernyieHnAa MOXHO ! g | {:E F# ¢ % = ﬁl m EC % ”\I"’ﬁ =

noKasaTb UM CKpbITb, UCNONb3yA AepeBO NPOYHOCTHO-

ro aHanmsa. lpn aTom B pacyeTe y4yacTBYHOT TOSbKO Puc. 2.1. lNaHenb uHcmMpymeHmos
BUAOMMbIE Harpyskv u 3akpenneHus. 9Ty 0COBEHHOCTb lNodzomoska modenu
MOXHO MCNoNnb30BaTb ANS BapuauMm pacyeTHbIX Moge-

nen.

{2‘ Mpunoxumpe O0aesnieHue — BbIGpaB AaHHY0 koMaHay, Bbl cMoOXeTe NpuUnoxuTb paBHOMEPHO pac-
npeaeneHHoe gaBneHne K NOBEPXHOCTAM TPEXMEPHON MOAenwu.

YKaxute MOBEPXHOCTM, K KOTOpbIM OyaeTr npunoxeHo paaeneHue. [locne 4ero BbiOpaHHada
NoBepxXHOCTb ByAeT 3aHeceHa B CMMCOK rpaHen, 6yaeT BblgeneHa LUBeToM 1, KpoMe TOro, Ha Hew OTPUCYIOTCH
CTpenKu KpacHOro LBeTa, ykasblBalolme HanpasneHue genctaeytowero gasnenns (Puc. 2.2).

HasneHue o x

~ © 0

EmrmLe

G

Hasneqne
is |

[panu

|nxrn:2 |

MacwTat nsobpaikeHtA
10 |

Puc. 2.2. YkazaHue nogepxHocmu, Ha Komopyro 6ydem npusnoxeHo dasneHue

B cnyuyae, ecnu Takoe xe OaBneHve OeWCTBYeT M Ha OpyrMe MOBEPXHOCTH, LienecoobpasHo ux
[o6aBuTb B CNUCOK rpaHew, aHanorMyHo ToMy, Kak 9To Oblfio caenaHo Ansi NnepBov NOBEPXHOCTW.

3aknioYnTenbHLIM 3TaNoM ABMASETCH yKasaHne 3HaYeHns OaBrieHns, OEeCTBYIOLEro Ha MOBEPXHOCTb.
[ns aToro Heo6xoAMMO BBECTM C KNaBMaTypbl YMCIIOBOE 3HAYeHMe B Mofie psiaoM ¢ Haanucbio [aBneHwe.
3HaueHue Harpysku MoxeT BbiTb 3aAaHo kak B H/mm? (MIMa), kak aTo npegnaraeTcst caenatb Ha (Puc. 2.2),
Tak 1 B BUAE BENWYMHbI CWMbl, AENCTBYIOLWEN Ha AaHHYIO rpaHb. [ns 9Toro Heob6XxoaAMMO HaxaTb Ha KHOMKY
(H/MMA2 nnn H).
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Mpun BLIGOpPe cnocoba BBOAA AaBreHus yYepes cuny (H) BBeaeHHoe 3HayeHune cunbl OyaeT 3agaHo Ha
BCe BblOpaHHble rpaHW paBHOMEPHO. TakoW NOAXOA MO3BONSET C MOMOLLLI0 OOHOW KOMaHAabl 3adaTb
CYMMapHYy Harpysky Ha rpynny pasHbix No nnowaamn rpaHen.

BaxHo MOMHWTBL, YTO OaBneHWe Bcerga MOAENUPYETCS Kak cuna, OeWCTBYLWas Ha BblOpaHHyo
MOBEPXHOCTb W HanpaBneHHas No HoOpMarnu K KaXaon ToUKe NOBEPXHOCTY.

Ons Toro, 4yto6bl y6paTb U3 cnmcka rpaHelt paHee BbIGpaHHY NOBEPXHOCTb BbIAENEHNE C HEE HYXHO
CHATb. [ns 3aToro noABOAMM YyKasaTerlb MbIUM K WUHTEPECYIOWEN rpaHM B paboyemM OKHe pepakTtopa U
HakuMaem OOUH pas NEBYHO KHOMKY MbILLIN.

#'!1 PacnpedeneHHasi cuna — BbiOpaB AaHHYO komaHay, Bbl cMoXeTe Npunoxmtb paBHOMEPHO pac-
NpeaeneHHyo cuny K rpaHn unn pedpy TpexmepHon Mogenw.

Heobxoaumo ykasaTtb Te rpaHu unu pedpa, kK KoTopbiM OyAeT NpunoXxeHa pacnpeneneHHasi cuna.

Cwvna, kaK 1 gaBneHuve, BNSeTCS pacnpegeneHHon, HO B OTNnYMe OT AaBneHus 3agaeTcs B rnobanb-
HOW cucTeme koopauHaTt. 3agatb HanpaBneHue OeWCTBUSI CUibl MOXHO Mo pebpy nnu oTpesky. [ns atoro
HeobxoaMMo BbiOpaTh onuuio "B3ATb BEKTOp C OTpe3ka" M ykasaTb COOTBETCTBYHOLEE pebpo unm OTPEe3oK.
KHonka "MHBepTMpoBaTh BEKTOP" NO3BOMSET N3MEHUTb HaNpaBeHne BEKTOpa Ha NPOTMBOMNOSIOXHOE.

PacnpeAenéHHan c4na: Pacn.. X i
~ $

BenuuuHa sexTopa cHnel [H]
2528 4271 |

| MHEEPTHPOEATE BEKTOR |

[[]Bsate sectop c oTpezca

K.ornoHEHTS 24
[2000.0 |

KomnoHeHTa Y
E |

KownoHeHTa 2
[2000.0 |

TpaHu

| [paHn: 2 |

Pédpa
| Pétpa: 0 |

Macwrat usobpakeHrs
1o |

PacnpeasnéHHan cina

Puc. 2.3. 3adaHue pacnpedeneHHoul cusbi

B cnyyae, ecnu pacnpegeneHHas cuna AeUCTBYEeT Ha pasHble MOBEPXHOCTU, LienecoobpasHo ux fo-
6aBuTb B CMUCOK rpaHeil, aHanormyHo ToMy, Kak 3To 6bIno caenaHo Ans nepsor NoBepxHocTu. MNpu aTom
BBeEHHOE 3HaueHWe cunbl 6yaeT 3aAaHo Ha Bce BblGpaHHbIe rpaHu unu pebpa paBHoMepHO. Takol noaxon
NMo3BONSET C NMOMOLLLIO OAHOM KOMaHAbl 3a4aTb CYMMapHY Harpy3ky Ha rpynny pasHbix no anuHe pebep
(nnowaam rpaHen).

3aknounTenbHbIM 3TaNOM SBMSIETCS yKa3aHue 3HaveHus cunbl. Onsg aToro HeobxoaMmo BBECTU C
KnaBMaTypbl YMCnoBble 3HadyeHns B nons X, Y, Z, COOTBETCTBYHOLLME MPOEKLUAM CUIbl B rnobanbHom cucTe-
Me koopauHaT. [InMHa BekTopa onpenenutcs aBToMatuyeckn. 3HayeHne Harpysku 3agaetcsd B HbloToHax.
MepecyeT 3HaYeHUst CUIbl B KaXabll y3en KOHEYHO-3MNIEMEHTHOW CEeTKM NMpu pa3bueHnn GyaeT npoBeaeH aB-
TOMaTU4eCcKm.

[Ons Toro, 4yTo6bl YOpaTh U3 cnucka paHee BblOpaHHYIO rpaHb (pebpo) BbiaeneHne HYXXHO CHATb.

‘Q’f JluHeliHOe yckopeHuUe — JaHHas KOMaHOa Bbl3blBaeT AMAnoroBoe OKHO AnNs 3afaHus BeKTopa
NNHEHOTO YCKOpEeHUus. 3HadeHne TNUMHENHOro YyckopeHus BBogutca B nonst X, Y, Z, COOTBETCTBYyHOLINE
npoekumam B rnobanbHOW cucTeMe KoopauHaTt. 3agaTb HanpaBneHue AeWCTBUS NMHENHOro YCKOPEeHMUs
MOXHO Mo pedpy unu oTpesKy. [ns 3Toro Heob6xoaumMo BeiGpaTh onumio "B3sTb BEKTOP € oTpeska" u ykasaTb
cooTBeTcTBylOllee pebpo wunm oTpe3ok. KHomka "MHBepTupoBaTb BeEKTOP" MNO3BOMSET WM3MEHUTb
HanpasrieHne BeKTopa Ha NpoTUBOMOMOXHOE.
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[nnHa BekTOpa onpenenuTcs aBToOMaTUYEeCKU. YCKOpeHue OeNCTBYeT Ha BCHO KOHCTpyKUMo. BekTop
ycKopeHus nsobpaxaeTtca kpacHon ctpenkon B Touke (0; 0; 0).

C nomoublo AaHHOW KOMaHObl Takke MOXHO 3afaTb YCKOpeHue CBODOAHOro nageHust u, Takum
obpasom, yyecTb gencrteme cunbl Tshxkectn. Hanpumep (Puc. 2.4), nuHelHoe yckopeHue 3adaHo no ocu Z
BBEPX, N B Ty )Xe CTOPOHY OyaeT AeNCcTBOBaTb 9KBUBANEHTHas el cuna THXeCTU.

JIMHeAHoe YCKopeHWe: JIMHEeHHD... X

~ @06

BenuuiHa BekTOpa Yok opeHUa [micz]
[5.810 |

| WHEEPTHPOBATE BEKTOP |

[]Bsate BexTop c oTpeska

K.orMnoHeHTa 3
[0 |

F.ornoHerTa Y
[0 |

F.ornoHerTa 2
[5.810 |

M acwraf MzotpakeHua
[10 |

NMMHEFHODE YOROPEHHE

Puc. 2.4. 3adaHue nuHelHO20 yCKOPEeHUsI

EC; Yanoeoe yckopeHue — paHHas KOMaHAa MO3BONSET 3adaTb YrNOBYHO CKOPOCTb W YrioBoe
yckoperue (Puc. 2.5).

Touka oTcyeta u HanpaBneHue 3apatotcd B nonax X, Y, Z, COOTBETCTBYHOLUMX MPOEKUMAM B
rnobanbHOM cucTemMe KoopauHaT. 3HayeHust YrnoBOW CKOPOCTM W YIMIOBOrO YCKOPEHUS 3ajaloTcs
OONOMHUTENbHO. HanpaBneHne yrnoBoW CKOPOCTU M YCKOPEHUS OnpeaensieTcs no npasuiy NpaBoro BMHTA.
BekTop yrnoBoro yckopeHus n3obpaxkaeTcs XenTon CTPenkon B ToOUke oTcyeTa.

YrNoBOE YCKODPEHHE b4
~ &0

Touka oTCHETa X
o3 |

Touka oTcHéTa
E |

Touka oTCuETa Z
00 |

KomnoHewTa X
E |

Komnonerra 'y
[o2 |

KomnoHerTa Z
o3 |

Yrnosaa cropocTs [rpanyc/c]
E |

Yrnoeoe yckopeHue [rpagyc/c”2]
00 |

Macwrat usobpateHus
[1s |

¥rNOB0E YCkopeHie

Puc. 2.5. BadaHue yanoeoli CKopocmu U y2r108020 YCKOPEHUS C Kiiaguamypb!
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Touky oTcyeTa MOXHO TaKKe yKasaTb Ha Mofenu Ha nepecedveHun pebep. lMpussAska Mo Touke
JeVicTByeT K nepeceyeHmnio pebep.

" [punoxums yOenbHYrO cusly no AnuHe - BoiOpaB faHHy0 koMaHay, Bbl cmMoxeTe nNpunoxutb
paBHOMEPHO pacnpenernieHHylo cuny K pebpy TpexmepHowm mogenu. Ykaxute pebpa, K KoTopbim Oyaet
npunoxeHa cuna (Pwuc. 2.6).

B cny4yae, ecnu Takasi e cuna AencTByeT U Ha apyrue pebpa, uenecoobpasHo ux obaBuTb B CNNCOK
pebep, aHanorM4Ho ToMy, Kak aTo GbINIo caenaHo Anst nepeoro pedpa.

3akniounTenbHbIM 3TaNoM SBMASETCHA yKadaHue 3Ha4yeHus OeWCTBYIOLLEN Cumbl U e€ HanpaBrneHue B
npocTpaHcTBe. [1ns 9Toro 4OCTaTouHO BBECTU NPOEKLMM 3TOM cunbl no ocsm X, Y, n Z B rnobanbHom cucte-
Me, TEM cambiM, 3aaB Kak 3HayYeHue, Tak U HanpaBreHne OeNCTBUA Cunbl. 3agaHue NepBor NpoeKkumMm no
nobon 13 ocen npuBeneT K MOSIBIEHUIO Ha BblAeNeHHbIX pebpax CTpenok, nokasbiBalolWMX HanpaBrieHune
OEVCTBUSI CUMbl B JAHHOM KOHKPETHOM Criyyae.

3agaTb HanpaBneHne AeNCTBUSA yaeNbHOW CUMbl MO ANIMHE MOXHO No pebpy nnu oTpesky. [ns aToro
HeobxoammMo BbibpaThb onuuio "B3siTb BEKTOp C OTpe3ka" M ykasaTb COOTBETCTBYHOLLEe pebpo unm OTPes3ok.
KHonka "MHBepTMpoBaTh BEKTOP" NO3BOMSET N3MEHUTb HanpaBfieHNne BEKTOPa Ha NPOTUBOMOSIOXHOE.

VYAEnEHAA CHRAa NO NAoWaAH x
A

BenuuuHa BexTopa HarpyskeHua [H v "2]
[100.0 |

| MHEEPTHPOEATE BEKTOR |

[ClBzate sekTop c oTpeska

FaotnoHeHTa #
[-100.0 |

KamnoHerTa v’
63 |

KamnoHerTa £
o0 |

[patu

| FpaHk: 1 |

Macwras WaofpakeHua
10 |

¥AENEHAA CMNa NO NNOWaH

Puc. 2.6. 3adaHue ydenbHoU curibl o O5iuHe

f’i} YdenbHas cuna no nnowadu — BbIGpaB AaHHYO komaHay, Bbl cMoxeTe NpunoxuTb paBHOMep-
HYI0 yOesnbHyt0 cuny o raow,adu K NOBEPXHOCTU TPEXMEpHOW Modenu. 3ajaHne AaHHOW Harpysku aHaro-
rMYHO 3agaHuio PacnpegeneHHom cunbl, TONbKO 3Ha4YeHNe yaenbHOM CUibl BBOAUTCA B H/MMA"2.

Mpunoxumse pacnpedeneHHbIl MOMeHm - BbibpaB AaHHYH koMaHay, Bbl cMoxeTe npunoxuTs
pPaBHOMEPHbIV MOMEHT 10 row,adu K MOBEPXHOCTU(SIM) TpeXmepHon moaenu, nnbo no AnuHe K pebpy(am).
OpHoBpeMeHHO, B pamKax OOHOW KOMaHAbl, MpUMNOXUTb pacnpefeneHHbli MOMEHT UM K rpaHu, n Kk pebpy
Henb3si. 3a4aHue OaHHOW Harpy3ku aHamnoruMyHo 3aJaHuio SMeMEHTapHbIX CWM, CO3dalowmx 3adaHHbIA No
BENMYMHE MOMEHT BOKPYT LieHTpa Macc BblIbpaHHbIX MoBepXHOCTel nnmn pebep.
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P = =

-~ & )

JPacnpenenéHHblﬁ MOMEHT l

Benvunna sextopa momedTa [Hmw]
[1o

| MHBEpPTHUPOBATE BEKTOP
B3ATE BEKTOP C OTpeska

Karmnoneqta Mx
[o.0

KaoranonenTta My
[00

KornoHenTa Mz
[1o

MpaH

| Mpanu: 2

Pedpa

| PEGpa: O

MacwTtal nsobpaxeHina
[10

Puc. 2.7. BadaHue pacrnipedesieHHo20 MOMEHMa K nosepxHocmsm (pébpam)

Heobxogumo ykasaTtb Te rpaHu unu pebpa, kK KoTopbiM ByaeT NpunoxeH pacnpeaeneHHbIn MOMEHT.

3akniounTenbHbIM 3TanoM SBNSETCA yKka3aHve 3HadYeHus OEeNCTBYILWEro MOMEHTa M BeKTopa ero
HanpasneHus B NpocTpaHcTBe. [ns 3Toro 4oCTaTovHO BBECTM NPOEKLMUN BEKTOPA 3TOF0 MOMEHTa Mo ocAM X,
Y, n Z B rmobanbHOn cucteme, TeEM cambiM, 3a[1aB Kak 3Ha4YeHNe, Tak U HanpaBneHne AeiCTBMS BEKTOpa MO-
MeHTa. 3afaHve nepBoW Npoekuun no nbor M3 ocel NpuMBEAET K MOSIBMEHWIO Ha BbiAENeHHbIX pebpax
CTpEesokK, NokasblBaoLLNX HanpasneHne JENCTBMS BEKTOpA MOMEHTA B JaHHOM KOHKPETHOM Criyyae.

3agaTb HanpaBneHne OENCTBUS BEKTOPA MOMEHTA MOXHO no pebpy unu oTpesky. [na atoro Heobxo-
anmo BbibpaTh onumio "B3ATb BEKTOP C OTpe3ka" M ykasaTb COOTBETCTBYyHOLLee pebpo unm otpe3ok. KHonka
"MiHBepTUpoBaThL BEKTOP" NO3BOMNSAET U3MEHUTb HanpaBrneHue BEKTOpa Ha MPOTUBOMOMOXHOE.

-]

i': lMpunoxumb memnepamypy - BbIOpaB AaHHy0 KoMaHAy, Bbl cmoxeTe NpunoXxmts paBHOMEPHO
pacnpefeneHHylo TemnepaTtypy K pedpy, K MOBEPXHOCTU U K y3Ny paHee CO3[4aHHON TPeXMEpHON MoAenu
(Puc. 2.8).

Onuus "BbibpaTb Teno" no3sonsieT BbIbnpaTh geTanu Lenmkom npu pabote co cbopkamu.

KHonka "3agaTb BceM" 3apaeT Temnepatypy BCEM MOBEPXHOCTAM OLHOMN AeTanu unm coopku.

YKaxute noBepxHOCTW, pebpa, y3nbl uNM JeTanu LUenukoM, K KOTopbiM ©Oyaer npunoxeHa
Temneparypa, U BBEAUTE YMCIOBOE 3HAYEHNE AeNCTBYIOLLEN TeMnepaTypbl B rpagycax Lienbcus.
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Temnepatypa X
~ @ B

TemnepaTypa

Temnepatypa [rpaa. Uenscwa]
[os |

| Sa0aTh BCEM |

E]EbﬁpaTbrpaHb,peEpo,y3en
BrifipaTe Teno

[paHm
| paHu: 12 |

Pedpa
|Péﬁpa:u |

¥ane
|¥3nm:ﬂ |

Macwtaid nzofpakeHun
10 |

Puc. 2.8. BadaHue memnepamypsbi

% YcmaHoeumb 3akpensieHue - BbiOpaB faHHY0 KoMaHAy, Bbl cMoxeTe ycTaHOBUTL 3aKpenneHme
K pebpy 1 K NOBEPXHOCTN TPEXMEPHOW MOAENMN.

YKaxuTe NoBepXHOCTU N pebpa, Ha koTopble ByayT ycTaHoBneHb! 3akpennenns (Puc. 1.1).

3akniounTenbHbIM 3TanoM SIBNSETCA yKasaHwe, B KakOM HanpaBfieHUMn 3anpeTuTb nepemMelleHun, 1
BOKPYI KakoW ocu rnobanbHOM cUCTeMbl KOOPAWHAT 3anpeTuTb NOBOPOT ANs paHee BblIOpaHHbIX pebep u
NoOBEPXHOCTEN.

Kpome TOro, mcnonb3ys MHCTPYMEHT 3aKpemnsieHue, MOXHO MPUIOXUTb Takou cneumduyecknii Bug
Harpysku kak CmeuweHue. Ecnv psgom ¢ 3adpUKCMpoBaHHbIM NepemMeLLeHneM/NoBOPOTOM B aKTMBHOM 6enom
none nocTaBUTb YUCMO, TO 3TO OyaeT paccmaTpuBaTbCA Kak CMELLEeHMEe/MOBOPOT paHee BbIOpaHHbIX
3NEMEHTOB Ha yKasaHHOe 4u1Cro.

A Yemaroeums 3akpenseHue Mo HopmMasu - BbiGpae AaHHy0 KOMaHay, Bbl cMoxeTe ycTaHOBUTb
3aKpenneHue Mo HopManu K MOBEPXHOCTAM TpeXMepHon mogenu. C NMoMoLLbio 3TOro BuAa 3aKpenneHui
MOXHO MOZENMPOBATL OMOPbI TUMa NOALLUMHUK.

YkaxuTe NnoBepxHOCTU, Ha KoTopble ByayT ycTaHoBneHbl 3akpennenus (Puc. 2.9). MepemelueHus no
HOpMarnu K 3TUM MOBEPXHOCTAM ByayT 3anpeLueHs.

Kpome Toro, MOXHO NMpUNOXWTb TaKoW crieunduieckuini Bua Harpysku kak CmeweHue. Ecnu B none
«CmMmeLleHre [MM]» NOCTaBMTb YNCHO, TO 3TO ByAeT paccMaTpuBaTbCs Kak CMELLEHWe Mo HopMmanu paHee
BbIGPaHHbIX 3MIEMEHTOB Ha yka3aHHOe YKCIo.
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JakpenneHye No HopMany X
~ $ 6]

3EIK|:IEI'I.I'IEHHE N0 HOpManHA

CragL EHHE [Fid]
oc |

Mpatu

|FpaHH:1

b acwman WaotpakeHKa
ic |

Puc. 2.9. 3a0aHue 3akperneHus no Hopmarsu

= 3adamb coenadaroujue rMoeepxHOCMU — KOMaHOa OCYLLECTBMSIET aBTOMATUYECKWIA MOUCK U
pyyHOE 3afaHue CoBMadaloLLMX rpaHel conpukacatoLmnxcs aetanei B cGopke.
HaxaTne kHomku «ABTOMOMCK» B OkHe «CoBnagatliMe NoBepXHOCTU» 3anyckaeT aBTOMaTUYeCKUi
MOWUCK COBMaJaloLLMX NOBEPXHOCTEN, Kak 3To BObino caenaHo B 6onee paHHUX Bepcusix (Puc. 2.10).

Bbawmak_ nepekugan bonrtei_1 =

MpodHocTHOM AHanus 3 =

Bﬁ‘ MpourocTHoi Ananus
D Harpyskn n sakpennenn
(-3 CoBnagarolyme nosepxH
--Faly Jetane - Jetane
Py detane - Jetane
ol JeTans - Jetane
Ty OeTans - Jetans
--Faly fetane - Jetane
ol Jetans - Jetans
Ty OeTans - Jetans
--Faly Jletane - Jletane
- Foly fetans - Jetans
--Co fetane - Jetans
--Faly Jetane - Jetane
I&h fetane - Jetane
Py feTans - Jetane
Ty OeTans - Jetans
(2] K3 cetku Ha geTansx
H K3 cetka
-] Cnon
(¥ Kaprel pesynetaros

4 LIS L

e i —_ [

Puc. 2.10. Cosnadaruwiue epaHu, onpedereHHbIe asmomamu4ecKu

Mocne aBTOMaTU4eckoro mnoucka BCe coBnajawowme rpaHu OyayT pasmelleHbl B gepeBe
MpoyHocTHOro aHanusa. MNpu BbIbope B AepeBe OHWM NoAacBeyvMBaloTca Ha camon mogenu (Puc. 2.10). Takum
0o6pa3oM, MOXHO MNPOKOHTPONUPOBaTb W OTpedakTupoBaTb OOyl M3 aBTOMATUYECKM CO3OaHHbIX
coBnajaLLmX rpaHen.
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CoBnafarounme NoOBEPXHOCTH X
o O

CoBnanarowme NoBepxHoCTH

ABTOMNOMCK
[¥| Nepeoe Teno
[~ Bropoe Teno
OurCcTTE
Letane
Mparia: 1
I'patm sToporo Tena
Mpari: 0

Tin koHTaKTa

(7] eEcTianl koHTakT

| CKOMb3AWMIA KOHTEKT

[ Mone30BaTEnsCKUA BapHaHT

HopmansHas xécmkocTs [Hoam]
10000.0

KacatensHan x&cTkocTs [Him)
1000.0

Pamyc [Mm]
2.0

Puc. 2.11. 3adaHue cosnadarouwjux nosepxHocmel nepeozo mena

Mpn pyyHOM 3agaHun coBnagarolmx nosepxHocten (cm. Puc. 2.11) HeobxoouMo ykasaTb cHavana
nepBoe Teno, Bbiaenvs ero B cbopke. OcTanbHble Tena crtaHyT npo3padvHbivn (Puc. 2.11). Ha atom Tene
YyKasblBalOT Te rpaHu, KoTopble ByayT HAaXOOUTbCHA B KOHTAKTE C APYrMMK TeNamu.

Haxatmem kHomku «OuuctuTb» Ansg BblOpaHHOro Tena BblIbop 3Ttoro Tena OygeT OTMEHEH, U
BblOpaHHbIe paHee rpaHn 3Toro Tena 6yayT OTMEHEHbI.

CoBnafjatoume NoBEPXHOCTH x
~ &0

CoBNanatolmne NoSEPXHOCTH

ABTonouck
[T nepsoe Teno
[V Bropoe Teno
OumcTiTe
Oetane
MpanHm: 1
Letans
Mpanm: 1
¢ | Tun koHTaKTa
[7] WECTRIMA KoHTaRT
[ Cronb3swmit koHTaKT
I Nons3oBaTensckui BapuaHT
HopransHan wéccocts [Him]
10000.0
KacaTensHan kécTkocTs [Hiam]
1000.0
Pamgyc [mn]
2.0

Puc. 2.12. 3adaHue cosnadarouwjux nogepxHocmeul emopoao mena

AHanornyHbIm 06p330M BbI6MpaeM BTOpO€e Tesyi0 U yKa3blBaeM Ha TeM Te IpaHu, KoOTopble 6y,D,yT B
KOHTaKkTe C nepBbIiM TeJ1IOM.

Ecnu BbibpaHbl Tonbko Tena (6e3 ykaszaHus rpaHen), TO NPWU HaxKaTuM KHOMKW «ABTOMOWUCK» OyaeT
npoBeAeH NOWCK COBMNagatrLwmnx rpaHen TonbKO cpean BblOpaHHbIX Ten.
Hanee, He06X0ANMO BbIOPATL/YTOYHUTD TUMN KOHTAKTa:
®  KECTKUW KOHTAKT;
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e  CKOJIb3ALLWN KOHTAKT;
e [0Mb30BaTEerbLCKNA BapuaHT.

Mpu JXXecmkom koHmakme — OygeT paccMaTpuBaTbCA Criyyaw, Korga CABWM OOHOW JgeTtanu
OTHOCUTENBHO APYro HEBO3MOXEH, U MPKU BbIMOMHEHUN CTAaTUYECKOro pacyeTa JaHHaga napa getanen oyget
UMEeTb CoeQUHEHNe OpYr C APYroM, Takoe, Kak Npu ux ckneveaHun. [JaHHbIA TUN KOHTakTa byaeT nepegaBaTb
OT OOHOW AeTanu K ApYrov n HopMarbHble, U KacaTenbHble YCUNus.

CKonb3Aawull KOHMakT — npegnonaraeTt, YTo OAHa AeTallb MOXET MepemeLLaTbCs Mo MOBEPXHOCTU
apyron getanun 6e3 oTpbiBa. B aTom cnyyae 6yaeT ocylwecTBASATLCA Nepeaaya TONbKo HOpManbHbIX YCUIUA.

lNonb3oeamenbckull eapuaHm — npeanonaraeT 3agaHwe nonb3oBaTenem oTAeNbHO HOPManbHON U
KacaTenbHOW (TaHreHumnanbHON) XeCTKOCTEN KOHTaKTa.

BenuunHa Paduyca 3agaeT BENUUMHY BO3MOXHOIO 3a30pa MeXay NOBEPXHOCTAMWU KOHTaKTUPYHOLLIMX
getanen. 3a3op MOXET NOSIBUTLCA B CUMYy OLIMOOK reOMEeTpUYECKOro MOLENMPOBaHMUS, HO MOBEPXHOCTH,
Haxogdsiwmecss [Opyr OT Apyra Ha pacCTOsHMM MeHbLUeM 3afdaHHOW BenuuMHbl paguyca, OyayT
paccMmaTpuBaTbCs, Kak HaxoasALMECs B KOHTaKTe.

CnepyeT OTMETUTb, YTO MOMHOLIEHHBbIN pacyeT 3afayvy KOHTaKTHOro B3aMMOLenCcTBUs (onpegeneHve
30Hbl KOHTaKTa, BeNUYMHbI MPOHUKHOBEHWUS MOBEPXHOCTM OOHOW [eTanu B APYryld U HanpsbKeHwuwn,
BO3HMKAKOLWMX B KOHTaKTe [AONns KaXOoW M3 aeTanen) BO3MOXEH TONMbKO B pesynbTaTe crneuuanbHoro
HENMHeNHOro pac4yeTa, KOTOPbIA MOXeT BbiTb MPOBEAEH TONMbLKO B Bornee «Tsxernom» mogyrne npoYHOCTHOrO
pac4yeTa, Takom kak APM Structure3D, Ansys u nogobHbIx, nocne nepegayn B HUX KO-ceTok ¢ Harpyskamum.

2.3 Paboma c depeeoM NpPOYHOCMHO20 aHasu3a

HepeBo mopenu [MpoyHocmHOU aHasu3 SBMSETCH OTAENbHOW BKNAgKkon u cogepxuT 5 rpynn
00bekToB: Haepysku u 3akpenneHusi, Coenadarowue nosepxHocmu, K3-cemka, Crou wn Kapmbi
pe3ynbmamos.

Ons paboTtbl ¢ rpynnamum (cm. Puc. 2.13) n obbektamm (cMm. Puc. 2.14) gpepesa MOAENU NCMOMb3YOTCS
KOHTEKCTHbIE MeH0. KoMaHabl KOHTEKCTHOIO MEHHO rpynnbl MPUMEHMMbI KO BCEM OObEKTaM rpymnnbl.

KomaHObI KOHMEeKCMHOo20 MeHH Os1s1 pabombl ¢ 2pynnoli 06bLeKmoas:

Ydanums ece — KOMaHAa ygansieT Bce 06bekTbl rpynnbl.

CKpbimb 8Cce — kKOMaHAa CKpbiBaeT oTobpaxkeHne Bcex ob6bekToB rpynnbl Ha 3D mogenw.

lNokaszamb ece — kOMaHAa BKMNoYaeT oTobpaxkeHne Bcex 00bEKTOB rpynmnbl Ha 3D mogenw.

O6Hosumb 6ce — KOMaHAa no3BonsieT obHOBUTL oToOpaxeHMe obbekToB Ha 3D mogenu. [daHHyo
KomMaHay cneayeT obsi3aTenbHO BbINOMHATL Mocre Nioboro NepecTpoeHns reoMeTpuyeckon mogenu Ans
KOPPEKTHOrO MPUINOXEHWS Harpy3oK 1 3aKpenneHui.

KomaHObI koHMeKcmHo20 MeHto 07151 pabombi ¢ omoesibHbIM 06BLEKMOM:
YOanume — koOMaHaa yoansieT oobekxT.
Ckpbimb/[lokazamb — kOMaHAa NO3BOMNSET BKMHOUYNTL/BbIKMOUYNTE OTOOpaxkeHne obbekTa Ha Mogenu.
Pedakmuposamb — faHHasa KOMaH4a OTKPbIBAeT NaHernb CBOMCTB ObbekTa AN peaakTMpoBaHus na-
pamMeTpoB BblAENEHHOro 00 beKTa.
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POYHOCTHOM AHANK= MpoYHOCTHOH AHANKS

=4 MpodacTHOi Ananis =+ MpourocTHOR Axanis
=23 no (=123 HarpyskH W 3aKpenneHHa
,,,,, ¥ AANKTE BCE o
¥aanHTe
CEpbITE BCE Pacnpe,
..... ﬂ_f-‘l MNMHHE {!.'E' MiHend  CEPBTBINOKEsaTE
MokazaTe BCE
Aaer JaEnsr Peaak THPOEATE
¥aer  OOHOEWMTE BCE 2 ¥ AENEHAA CHNA Mo NNoWaaM: 2
=5 CoBnaastLAe NOBEPXHOCTH =43 COoBNasatiLMeE NOBEPXHOCTH
- Cgly MNacTHHa - JeTane - Oy MNacThHa - JeTane
- Cgly MNacTHHa - JeTane - Oy MNacTuHa - Jetane
- Oy MNaCTHHE - ¥nop - Cgly MnacTHHa - ¥nop
- Oy MNaCTHHE - ¥nop - Cgly MnacTuHa - ¥nop
- Cgh MNacTHHA - ¥nop - L MnacTkHa - ¥nop
- Cgh MNacTHHA - ¥nop - L MNacTHHA - ¥nop
- Cgh AlEeTank - ¥nop L fleTank - ¥nop
- Cgh AlEeTank - ¥nop - Cgh fleTanke - ¥nop
- Cgh AlEeTank - ¥nop L fleTanke - ¥nop
- Cgh fl@Tank - ¥nop L feTanke - ¥nop
Puc. 2.13. KomekcmHoe meo no pabome Puc. 2.14. KoHmeKkcmHoe MeHto no pabome
¢ epynnol o6bekmos ¢ omOesibHbIMU 06beKmamu

2.4 NeHepauusi K3-cemku

eHepaumsa KO-ceTkn ocyLlecTBNSeTCs C NMOMOLLBbIO KOMaHAb! @ K3-ceTka naHenun WHCTPYMEHTOB
Pa3bueHune mn pacuet. [Napametpamn gaHHon onepauun aenawTca MakcumarnbHas OriuHa CMOPOHbI arie-
meHma, MakcumarbHbil KO3ghuyueHm cayweHuUss Ha nogepxHocmu n KoaghguyueHm paspexeHusi 8 00b-
eme.
K3 ceTka X

K3 ceTka

17| 4-x y3noBLIE TETPEsAPL!

] 10-TK y3noBRIE TETPasAPE!

MakcumansHan ONWHE CTOpOHEBI 2NEMEHTE
5.0

MarcuMansHelR KoahmuwaeHT CrylleHWA Ha NOBEEHOCTA
1.0

KosthduweHT paspexeHa B obbeme
1.50

Puc. 2.15. lNapamempbi komaHObl 2eHepauuu K3-cemku

4-x unu 10-mu y35108ble mempa3aopbl — HACTPOWNKa NO3BOMSET BbIOpaTb TUM KOHEYHOrO 3rEMEHTA.
Mcnonb3oBaHme 10-TM y3MOBbIX TETPasgpoB MO3BOMSIET UCMONb30oBaTh Oonbluni war pa3dbueHus mno
CpaBHEHMNIO C 4-X Y3MNOBbIMW, YTO 3KOHOMMUT NaMsATb M PEecypcbl KOMMbKOTEpPA Npyu 0becrneyYeHnn TOYHOCTU
pac4yéTa.

MakcumanbHasi OnnuHa CMOPOHbI 3/IeMeHma — BEeNM4YMHa, XapakTepuayoLwas pasmep KOHEeYHOro
anemMmeHTa (TeTpasgpa) B MM. 3HayeHuMe MakcumaribHOW AfMHbI CTOPOHbI 3MleMeHTa criegyeT noaduvpartsb,
MCXOOSA U3 XapaKTepHbIX YacTer KOHCTpykuuu. Ona ©onee TouyHoro pacyéta Tpebyetcsa Gonee «rycras»
ceTka.
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MakcumanbHbIU KO3(hhuyueHm cayuwjeHust Ha noeepxHocmu — KO3(UUMEHT onpenenser,
HaCKONbKO CreayloLwmin aNeMeHT MOXHO caenaTtb (rge Heobxoaumo) MeHble. Takum obpasom npwu
nepexoge k 6Gonee MeEnNKMM 4YacTsiM KOHCTPyKuuu, reHepatop KO3-ceTkm nonyyaeT npaBo co3gaBatb
KOHEYHbIV 3M1eMeHT B k pa3 MeHbLLe, MO CpaBHEHMIO ¢ npeablaywum K3.

Mpn 3HayeHMM 1 — nNonydaem Tak Ha3blBAEMYH «HeadanTUBHYHO» (PaBHOMEpPHY) pa3bumBky. B aTom
crniyyae 3feMeHTbl KOHCTPYKLUMU C MEHbLUMMK, YeM 3afaHHas MakCcMManbHas OfMHa pasmvepamu OyayT
«npornaTtbiBaTbCA» UNKN orpyonaTbes.

3apaHve 3HadveHus Gonblwe 1 BeOéT K reHepauuu «agantmBHony» pasdusku. [pu atom K3O-ceTka
OyaeT mMakcumarnbHO TOYHO OTpaxaTb reoMeTpuio «y3kux MecT». OOpaTHOW CTOPOHOW TOYHOCTU Oyaet
yBenuyeHne obuiero konnyectsa K3 1 BpemeHn pacyerta.

Koagpgpuyuenm paspexeHusi 8 o6beme — cTeneHb yBennyeHns (YyMeHbLUEHUS1) CTOPOHbI TeTpasapa
npu reHepauum cetku Brinybo obbema TBepaoTensHom mogenu. Yem 6nuke k 1 — Tem 6onee oanHakoBbIMU
ctaHoBATCcA cnou KO. lMpu 3HayeHusx, 6onbwux 1, BHyTpeHHMe KO nomnyyatTcs Gonee KpynHbIMU MO
CPaBHEHUIO C TEMW, YTO Yy MOBEPXHOCTU. OTO BEAET K yMeHbLUEeHMO obuero konnyectea K3, 6e3 cHmkeHus
TOYHOCTM pacyéTa. [inanasoH nameHenms: 0.7...5.

[nsi KOHTpOMsi KayecTBa KOHEYHO-3MIEMEHTHOrO pa3bueHust YacTb CETKM MOXEeT ObiTb CKpbiTa C
NMOMOLLIbIO YCTaHOBKW 271y6uHbl pocmompa. 1o ymonyaHutio, nNnockoCcTb paspesa coBnagaeT C NNoCKOCTbIO
Buga. [ns ycTaHOBKM MONb30BaTENbCKOW MMOCKOCTU paspe3a crefyeT MOBEpHYTb MOAENb Tak, 4TOObI
nnaHupyemasi NroCKOCTb paspes3a coBrana C MMOCKOCTbI0 TEeKyLero BMaa M HaxaTb KHOMKY «YCTaHOBUTb
NMOCKOCTb pa3spesay. [MybuHa npocmoTpa perynupyeTcs ¢ NOMOLLbIO COOTBETCTBYIOLLLEN MPOKPYTKN.

B cnyyae HekoppekTHOro pasbueHus otaenbHbIX getanen B cbopke pekomeHgyetcs B KOMIMAC-3D
OTKpbITb AeTanb, NepecTpouTb U NepecoxpaHuTb ee, a 3aTtem nepecTpouTb BCo cOOopky. lMpu oTcyTcTBUM
N3MeHeHns reoMeTpun AeTanu 3afaHHble paHee Harpysku 1 3akpensieHns ocTalrTes.

resyANTaT pasovenyA pm—
Koweuren anewenTos: 105753

Pesyrurare prsbrens

KomesHoix snewenos: 105753
Vanoe: 29379

Yanos: 29379

Tny6inna npocmoTpa
[nyBia npocroTpa.
PR

| YeTanosuTe nackocTe paspesa

Puc. 2.16. lNpumep ceeHepuposaHHOU cemku Puc. 2.17. YemaHoeka enybuHbl npocmompa

MapameTpbl K3-ceTkn B APM FEM oavHakoBbl Anis BCex geTanen, Bxogswmx B cbopky. bonee pac-
LMpeHHoe 3afjaHue napameTtpoB K3-ceTku npegycmoTpeHo B moayne APM Studio. K paclumpeHHbIM BO3-
MOXHOCTAM paboTbl ¢ KO-ceTkamu B APM Studio MOXXHO OTHECTH:

— 3afaHue To4ek Ha pebpax;

— yKa3aHue TOYeK, BOKPYr KOTOPbIX creayeT BbiNONHUTL AOMOSNTHUTENBbHOE CryLLEHWE;
— 3aJaHve pasnMyHOM CETKM Ha rpaHax 3agaHusa OOHOW AeTanu;

— 3aJaHve pasnMYHOoro wwara Ans pasHbix geTanen.

Pabota co creHepupoBaHHoM K3- E@m
CeTKON MpefycMoTpeHa Yepe3 KOHTEKCTHOe . @ K3« v CoxpaHaTte ceTky B daiin
MEHI0 AepeBa MPOYHOCTHOro aHanusa. [Ons .
coxpaHeHus K3-cetkm B pann KOMIIAC-3D
Heob6Xxo4MMO BKMOUUTL JAHHYHO OMUMIO B KOH- Puc. 2.18. CoxpaHeHue K3-cemku
TEKCTHOM MeHIo nankm «K3-cetka». 310 MO- 8 ¢hatin KOMIIAC-3D

XeT 3HauUTenbHO yBenuunTb pasmep danna,

20



HO WCKMIOYNT HeobxoAMMOCTb MOBTOPHOIO
pa3bueHnss Ha KOHe4YHble JNIeMeHTbl Mmocne | 3 cema 5 8 K3 cenva
oTKpbITVA channa (Puc. 2.18). T ' e '

MkoHka nankm 0T06pa>|<aeT COCTOAHNE Puc. 2.19. Bud UKOHKU 2pynnbl K3-cemka 8 3aeucuMocmu
qana>|<r<a: BKITOYEHO WITN BbIKIIOYEHO CcoXxpa-

Herwe (Pvc. 2.19) om cbriaxxka CoxpaHeHusl

Ecnu BbIGpaTh KOHTEKCTHOE MeHI0 HernocpeacTBeHHo K3-ceTku, To OyayT OOCTyMNHbI KOMaHabl: Yoa-
nume, Ckpbimb/lloka3ame, [lepeco3damb cemky, a Takke KOMaHAbl ANs CoOXpaHeHus ceTku B cdanin APM
Structure3D (Puc. 2.20). CreHepupoBaHHas ceTka 0e3 pe3ynbTaToB UM Nocre BbINMOIHEHNST pacyeTa e C
pesynbTatammn MoxeT bbiTb coxpaHeHa B dann APM Structure3D.

K3 ceTia

¥apanuTe
Crpoire'[NokasaTes

Mepecosgate ceTry

Crppannte daiin APM Structure3D...

Cokpannte dain APM Structure3D ¢ pesynetatanm..,

Puc. 2.20. KohHmekcmHoe MeHto o pabome ¢ K3-cemkoli

HeobxogumocTb coxpaHeHus B dpann APM Structure3D moxeT 6bITb 06ycrnoBneHa pasHbiMy NpUUn-
Hamu:

— PesynbTtaThl pacdeTa cylecTBeHHO «yTsxensoT» mogens KOMIMAC-3D, noatomy yaobHo pesynbTa-
Tbl COXPaHUTb B OTAENbHOM dhanrne.

— MNogroToBka K3-moaenen, COCTOAWMNX U3 pasHbIX TUMOB KOHEYHbIX 3neMeHToB. Hanpumep, fo6asne-
Hue Kk TBepgoTensHon mogenu 3 KOMIMAC-3D nnactuHyaTtbix unm crepxxHebix KO.

— PepaktupoBaHnune mogenu cpegctsamun APM Structure3D. Hanpumep, 3agaHue y3noBown Harpysku unm
3aKpenneHus.

— BeinonHeHune pacyerta, KoTopkin He npeaycmoTpeH B APM FEM. Hanpumep, pacyeT Ha BbIHYyXOeHHbIe
konebaHwus.

2.5 BbinosiHeHUe pac4yema

[na BbiNnonHeHWs pacyeTa CnyXxut KoMaHaa PacueTt naHenun MHCTPYMEHTOB Pa3bueHue n pac-
yeT. I'Iepe,u, BbINOJIHEHNEM pacyeTa cnenyet 06paTVITb BHMMaHME Ha napamMeTpbl pacyeTa.

lMocne BbI3OBa KOMaHAbl Ha 9KpaHe MNoABIIAETCA AuanoroBoe OKHO, 3anpawiunBawuliee BuUa
npon3BogmMMoro pac4yerta.
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Tunkl pacyeTa . :
: o WMagt pacuér
[V]iCr aTuueckui pacyeT -

HenuHENHRIN pacyéTt |

[T YeroiumeocTe CTaruyeckui pacyet

NewopriaunonHeiil pacyer JnemerTos - 38308[11352).

[ CoficTEEHHBIE YaCTOTE! CreneHedi ceotonel - 34056[1142)

CofcTEEHHRIE YacToTRI
C NpeaEapHTENbHBIM Har pYHEHWEN FacyeT neperdeil eHmMi

B bIHY#0EHHEIE KONEGaHHA
P OprMpOBAHHE MATPHUEI SKECTEOCTH

[ Tennosoii pacuét 4E%
HecTauMoHapHeIR Tennosol pacyéT
- |
[ k. ] [ OTrEHa ] [ Cnpaeka Oess
Puc. 2.21. OkHo Turibl pacyema Puc. 2.22. OkHo Ndem pacuyem

2.6 NMapamempsb! pacyema

KomaHnpa % MapameTpbl pacyeTa naHenun MHCTPYMEHTOB Pa3bueHue M pacyeT Bbi3biBAET OKHO C
ycTaHoBKamu Ans pacyeta. [inanorosoe okHO MMeeT 3aknagku, COOTBETCTBYIOLLNE KaXOOMY TUNY pacyEToB.

Cmamudyeckul pacyem.

Mone MeTtopa pelueHWss CUCTEMbl ypaBHEHWM no3sonseT BbibpaTb Hanbonee noaxodsawuin meToA
peweHns. LDL metoan npeactaBnseT cobon akTopu3aumio Matpuubl KECTKOCTU aHcambnsa KOHEeYHbIX
3nemMeHTOB C npuBeaeHuem eé k suay [L][D][L].

Frontal metopg pacuyéta npegHasHayeH ANs KOHCTPYKUMMW, COCTOALWMX M3 BOMbLOro Konmvyectsa
KOHEYHbIX arnemMeHToB. MeToa oTnMyaeTcs Tem, 4YTO MaTpuua >KECTKOCTU aHcambnsd HenocpeacTBEHHO B
onepaTMBHOW NaMsATU KOMMbIOTEPA HE COCTaBMSETCH, a pelleHne CUCTEMbI YpaBHEHUN NAET «PPOHTOM» MO
BCEM cTeneHsMm cBoboapl. [nobanbHas maTtpuua coxpaHsdeTcsa Ha aucke. Cneayowue nons Paswvep
onepamueHoU namsimu (pa3vep paboyen obnactv namsTu Bbigensiemon ansa obpaboTkm «dpoHTay) u
Pasmep cpalina 0Ona xpaHeHuUss mampuubl (yCTaHaBNMBaAETCA B 3aBMCMMOCTU OT TuMa OMEpauyoOHHOW W
¢annoBon CUCTEM) OTHOCATCS TOMNBLKO K (PpOHTaNbLHOMY METOAY peLUeHUs.

OTnnunTenbHon ocobeHHocTbio MT_Frontal aBnseTcs ncnonb3oBaHWe MHOros4epHOCTM NpoLeccopa.

Sparse — ynyudlweHHbIi MeTod paboTbl C pa3pexeHHbIMM MaTpuuamu, obecnedmBarowMin NpuMpocT
CKOpPOCTM BbluncneHun. MNMpu pacdetax MeTodoM Sparse B MaTpuue XeCTKOCTU XPaHSATCS TOMNbKO HEHYreBble
3NemMeHTbl, a BpeMeHHble annbl pasMeLarnTca Ha XecTkoM aucke. [NpegHasHadveH Ana moaenen c
OOnbWNM KONMYECTBOM KOHEYHbIX 3fIEMEHTOB U C GONbLIOW MOMyLUIMPUMHOW MaTpuubl xecTkocTu. Meton
Sparse ucnonb3yeTcs o yMOMN4YaHuio.
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CTaruyeckuil pacyeT | YeTofuMEOCTE | CofScTEEHHEIE KuneﬁaHHn|

K.onuyecTen ceveHMil 008 PacYeTa HanpA#eHHEA 20
FPasfieHme cedeHHa

(@ PaeHOMEpHAA CETEA

M PME AMSHTENEHOE KOAMYECTED 3NEMEHTOE | S203 Mo yronYaHHID
HepaeHomepHan ceTka

nl:lHljJ'IHSHTE.I'IbHDE EONHYECTED 3 NEMEHTOE E00 Mo YrADN43HMID

Meononesoeare UEHTP CAEMME NPM PACYeTE CEYEHMM

MpOEEpATE EOHCTRYELMID HE CEASAHHOCTE NEQED PACYETam

YokopeHHe CEOSO0HOMD NalEHHE Mic 2 .81

TetnepaTupa oTHOCHTENEHOrD HYUNA “F. 29315

Meroa pewena cuctemel spasrerill [Bpase T v |
FPaszrep onepaTMeEHON NarATH 40A patoTel anropuTaa, Mb 300

Fazrep dalinag 0nA #paHeHKA MATPMUE [pastiep cerraenTa), MEB | 1500
1e-016

10000

k. ][ Canicel ] Apply

Puc. 2.23. [Juanoezoeoe okHo lNapamempsbi pacdema (cmamu4eckul pacyém)

Yemodivusocme.

[nsa pacyéTta yCToMYnMBOCTM €CTb BO3MOXHOCTb BbibOpa MeToa peLleHns.

Umepayuu ApHonbdu (Tonbko B 32-x paspsigHON BEPCUM) — METOA pelleHnss 00oBLWEHHOW 3aayun
Ha CODOCTBEHHbIE 3HAYEHWsI, MO3BONAOLLMIA NONYYnTb KO3(PULUMEHT 3anaca ¢ OTHOCUTENBbHO HeGONbLLUMMM
3aTpatamMu MnpoLeccopHoro BpemeHu. OgHako MeTOA4 He MO3BONSET Mony4vaTb peLleHne Onsi CUCTEM C
©onbWKM YMcnom cteneHen csoboabl.

lMouck kopHel demepmuHaHma — 6onee pecypCcoéMKM MeTod, NO3BOSALNA MONYYNTb PELUEHnE
ana 6onbwux cuctem. «MakcumarnbHoe 3HavYeHue koaghghuyueHma 3anaca ycmoudusocmu», «Paamep
onepamusHoli namsimu 0ns pabomsl ansopumma» U «Pasmep cpalina Onsi xpaHeHUs Mampuubl» —
napameTpbl, 3agatoLine obracTb NONCKa peLLEHUs, pa3aMep onepaTMBHON NaMATU, Bblaensemon ansi paboTsbl
anropytMa M pasmMep awroB, CO30aBaeMblX Ha XECTKOM OUCKe B mpouecce paboTbl, COOTBETCTBEHHO.
O6wwin pasmep haninoB Ha XECTKOM AMcke OyAeT 3aBMCETb OT pa3aMEepPHOCTM U TOMOSOMMK 3adayun.

IOna pacyeta OonblwKMx Mogenen uUenecoobpasHo ucnonb3oBaTb MeTon [llouck KopHel
demepmMuHaHma (Sparse), aganTupoBaHHbIi Ans paboTbl C paspeXeHHbIMU MaTpULamu.

MeTtog JlaHyowa Takke aganTMpoBaH A58 paboTbl C pa3peXeHHbIMU MaTpuuamn u apdekTnseH ans
pacyeTa bonbwmnx mogenen. Metoa no3BonsgeT onpefenuTb B pamMKax OOHOrO pacyeTa HecKonbko dopm
notepu yctonuymBoctu. Kpome Toro, oH no3BONsieT HaxO4WTb COOCTBEHHble 3HayeHust BONM3M 3agaHHOro
(nonb3oBaTenem) 3HavyeHus. MeToz Takke XopoLLo paboTaeT ¢ Noxo 06yCcnoBneHHbIMU MaTpULamMum.

MeTtog FEAST. Habop BbICOKOMPOU3BOAUTENBHBLIX YNCIEHHBIX NPOLEeayp Anst peleHns CTaHO4apTHbIX
CUMMETPUYHBIX AX = AX NN 0B0OLWEHHBIX CUMMETPUYHO-oNpeaenéHHbIX 3agad Ax = BAX HaxoxageHus Bcex
COBCTBEHHbIX 3HA4YeHUn A N COBCTBEHHbLIX BEKTOPOB X B 3adaHHOM AuanasoHe noucka [A_min, A_max].
Pelwartenb ocHoBaH Ha WHHOBAUMOHHOM ObICTPOM M YCTOMYMBOM u4ucrieHHoM anroputme [E. Polizzi],
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NPVHUMMMANBHO OTMMYAKLWMMCA OT TPaaWUMOHHBIX uTepauumi noanpocTpaHcTB KpbinioBa (anroputMmbl
ApHonbaun u JNaHuowa [Z. Bai, J. Demmel, J. Dongarra, A. Ruhe and H. van der Vorst]) unu ot gpyrux
noaxopos [asuacoHa-Akoodm [G. L. G. Sleijpen and H. A. van der Vorst].

MeTtog FEAST HaxoauT napbl COOBCTBEHHbLIX pELEeHWA, UCTMONb3YS YUCIEHHO 3dEKTUBHBIA METOoq
KOHTYPHOIrO WHTErpupoBaHMs (MCNONb3yeMbli B KBAaHTOBOW MexaHuke). [lpy 3TOM OCHOBHOW peluaemon
3afjaven SABMSETCS pelleHne HecKomnbkux HesdaBucumbix CJTAY no KOHTypy, M nocrefylollee pelueHue
COKpaLLEHHOM 3a4a4n HaxoXaeHnsi CO6CTBEHHbIX 3HAYEHUI/BEKTOPOB.

CTaTHyeckMi pac'-léT| HeTofeocTe | L ogcTEEHHEIE KuneﬁaHHﬂ|
M eTon pewenma [HDHCK KOpHER GETERMUHAHTa [Sparze] v]
TOYHOCTE PAcHETa HE YCTORMMEOCTE 0.00m
M aKcUManEHNE EOMYEcTED MTERaLME a0
M akcuranEHNE SHAYEHME KOE D, S8NACE YCTONMMEOCTI 10

Puc. 2.24. [Quanozoeoe okHo [Napamempbi pacdema (pac4yém ycmoul4ugocmu)

CobcmeeHHbie konebaHus.

Umepayuu nodnpocmpaHcme — MeToA ucnonb3dyetcs aAnst HebonbLlimx 3agad.

Ons  pacyeta 6GonbwuMx Mogenew uenecoobpas3Ho wchnonb3oBaTb MeTond  Mmepayuu
nodnpocmpaHcme (Sparse), aganTUpoBaHHbIA Ansi paboTbl C paspexeHHbIMX MaTpuuamn. STOT MeToq
no3BofsieT onpeaennTb B paMKkax OOHOro pacyeTa HECKONbKO (0OpM COBCTBEHHBIX YacToT.

MeTog JlaHyowa Takke aganTMpoBaH AN paboTbl C pa3pexeHHbIMKU MaTpuuamn n addexkTMBeH ans
pacyeTa bonbwnx mogenen. Metog no3BomnsieT onpedennTb B pamkax OAHOrO pacyeTa HecKOnbkKo dopm
notepu yctonumsocTtn. Metoa Takke XopoLwo paboTaeT ¢ Nioxo 06yCNoBNEHHbLIMW MaTpuLamMu.

CTaTuyecki pacyét | HcTu:ufi'-lHBDch| CoficTeeHHbIE KonetaHHa |

[ 0.0

[ T OYHOCTE HANOHAEHMA COOCTEEHHEIY YAcToT
K.onM4ecTeD COSCTEEHHER YACTOT A
MeToa peweHka | MTepaum nognpoctpaHcTe (Sparse] -
b Ak crraNEHOE KONMYECTED MTEPALMEA 20
Paztiep onepareHOM NamATH 1A padoTel anropuTia, ME 180
Pasrep daiina 00A spaHEHMA MaTpHUe [pastep cermerTa), ME 1500

Puc. 2.25. [Juanoeoeoe okHo lNapamempsbi pacdema (pac4ém cobcmeeHHbIX KonebaHul)

MapaMeTpbl ycTanocTHoro pacuyéra...

KomaHga MapameTpbl yCcTarmoCcTHOro pac4yeta naHenu MHCTpymeHToB Pa3bueHue m pacuert
Bbl3blBA€T OKHO C YyCTaHOBKaMuW O5nA YCTarloCTHOro pvaéTa KOHCTPYKUUWN. |/|CXOp,HbIMI/I AaHHbIMX  ON4d
pacyéTa yCTanocTHOW NMPOYHOCTU SABIIAKOTCS HanNpPsPKEHHO-AePOPMNPOBAHHbIE COCTOSIHMS,
COOoTBETCTBYKOLLME MaAKCUMaribHOMy U MUHUMAlbHOMY CUITIOBOMY BOS.IJ.GVICTBI/IIO Ha KOHCTPYKUWUIKO npun
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UMKIMYeckoMm HarpykeHun. MpegnonaraeTcs, YTo BCe CUIbl, AEMCTBYIOLLME Ha KOHCTPYKLMIO, U3MEHSIOTCS
Mo OQHOMY 3aKOHY.

MapameTpel pacd&Ta YCTANOCTHOH NpoY | ]

CTaTHYECK M paciET COOTEETCTEYET

b tHLAR YR [3]

Foag, gnd make, Touku(1] |-

-1

[Mpowmze. Touka [2]

] ] | TreHa
K.oaddumeHT Crant
K.om ¢, YYECTEMTENEHOCTH MATEPMANS K MECTHEIM HANPAKEHMAR 0.5000
Teop. ko3g. KOHUEHTPALMM HANPA#EHME 1.0000
K.oa o, MacwTatHoro fakTopa 1.0000
llepoxoEaToCTE NOBEPXHOCT A2 5.0000
K.oa th. NoBEpRrHOCTHOR 0OpatoTkM 1.0000

Puc. 2.26. [Juanozosoe okHO lNapamempsi pacyéma ycmarnocmHoU npoYHocmu

pynna CTaTuyecKkni pacy€T COOTBETCTBYET MO3BOMSET 3adaTb MakCMMarbHOE U MUHUManbHoe
3HaYeHUsa Harpysku, AeNCTBYOLLEN HA MOAENb KOHCTPYKUUK. Tak, ecriv ctaTudeckuin pac4ET Obln NpoBeaéEH
ANsi cpegHero ypoBHS Harpysku, To Heobxoammo BbiGpaTb paamo-kHomky lMpou3B. Touka (2), a 3aTem B
nonsax eeoga Koagh. dns makc. moyku (1) u Koagh. dnss muH. mouyku (3) BBecTn OespasmepHble
KOahpMUMEHTbI, Ha KOTOpPble HEOOXOAMMO YMHOXWUTb CUCTEMY CUM, 4YTODbl MOMNYyYUTb SKCTpEeMarbHble
cnydam HarpyxeHusa. Ecnn ctatudecknii pacyét Gbin npoBeAEéH ONsi YPOBHS Harpysku, COOTBETCTBYHOLLENO
MaKcMMarbHbIM HanpsbkeHusiM, To Heobxoaumo BbIOpaTb paguo-kHonky Makcumym (1) 1 B none Beoga
Koagh. dnst muH. moyku (3) ykasaTb Ge3pas3MepHblli KO3MULMEHT, HAa KOTOPbIA HEOBXOAMMO YMHOXUTb
cucTemy cun, 4Tobbl MONYYUTb YPOBEHb HArpy3ku, COOTBETCTBYIOLLMIA MUHUMASIBHBIM HANPSHKEHUSM.

B HwxHel 4acTu guanora pacrnonoxeHa Tabnvua kKoad@ULMEHTOB, MCMNOMb3yEMbIX MPU pacyéTe.
Kaxxgomy matepuany moxeT OblTb 3agaH onpefenéHHblnl Habop koadduumeHToB. Bonee nogpobHas
WHopmMauns o KoadhduLmMeHTax HaxoanTcs B JOKyMeHTaummn K cucteme APM Structure3D.

2.7 Pesynbomamsbi pac4yema

lMepBoHayanbHO Ans NpocmoTpa KapT HeobxoAumo BbIOpaTb MaHenb WMHCTPYMeHTOB Pe3ynbTaThbl.

KomaHga @ Kapta Pe3ynbTtaTtoB Bbi3biBaeT AManoroBoe OKHO ANnd Bblibopa pesynbTaToB pacyeta u
janbHeviwero ux npocmoTpa. Kpome Toro, B 3TOM OKHE MOXHO YCTaHaBNMBaTb pPasfuyHble OMNUMU
npeacTaBneHnsi pesynbTaTos.
B rpynne Bsibop pesynbmamoe ycTaHaBnuBaeTcs rpynna pesynbtatoB. B cnucke O6bEMHbIE
351eMeHmbI BbIOMpaeTcs KOHKPETHbIV napaMeTp A NpocMoTpa.
Hwxe npMBOAMTCS OnucaHne HEKOTOPbIX NapaMeTpoB:
= UX - nepemeLyeHne no ocu X rnobanbHON CUCTEMbI KOOPAMHAT;
=  USUM — cymmapHoe nnuHenHoe nepemMeLleHue;
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=  SX — HOpManbHOE HanpsiKeHne No ocu X NokKasibHON CUCTEMbl KOOPAMHAT 3f1EMEHTA;

= SXY — kacaTefnbHOEe HanpshkeHve B nnolwiagke ¢ HopMmanbtko X 1 B HanpasneHun Y CUCTEMbI
KOOpAMHAT SNeMeHTa;

=  SVM — aKkBMBaneHTHoe HanpsbkeHne no Musecy.

Bridop pesyneTaros [Hal‘lpFl}KEHHFl v] CTeptHH S
K.onuyecTeo MsoypoBHERN 18 MM AaCTHHE Sk
M acLLT AGHBIE Ko b ULMEHT 19.03 [ SEEt4HEIE 3 NERMEHTEI [SUM v]
SarpyxeHme 0 v] [ k. ] [ OTrieHa ] [ EnpaBKa] [.ﬂ.u:unu:unHHTeann <<<]

ETP':'HTb *apTy [7] nokazeEaTE HEAEPOPMUPOBEHHUKD KOHCTPUKLLMIO

@ Ha 0edoprAMPOEAHHON KOHCT PYELHM
) NOK.33bIEATE 4ePOpFMPOEAHHYKD KOHCT YK LMD
) Ha HEQEPOPrMPOBaSHHOMN KOHCTPYELMM
YCPEAHATE SHAYEHWA N0 Y303k
Bua kapTel NoEA3EIEATE KAPTY PE3YIeTaTOE

@ WaoofnacT

k | MakcumaneHoE ZHAYEHME B 3 NEMEHTE

Puc. 2.27. Juanozosoe okHO [Napamempbi 8big0da pe3yibmamos

B okHe BBoga MacwmabHbill KoaghuyueHm 3apaetca  KO3PUUMEHT MacwTabupoBaHus
nepemMeLleHnin ang OoTPUCOBKM AedOPMUPOBAHHON KOHCTPyKUuMn. B cnyyae 3agaHua macwTtabHoro
Ko3bhuUMEHTa, paBHOMO HyMHO, NMporpamMmma BblYUCINT AaHHbIV NapaMeTp aBToMaTUYeCcKm.

Onuusi ycpeOGHsIMb 3Ha4YeHuUsi Mo y3naM OTHOCUTCS K MOCTPOEHMIO KapTbl pe3ynbTaToB B BuAe
nzoobnacten. Ecnu ata HacTpomka BKMNOYEHA, TO 3HA4YeHWs BbIOpaHHOro napameTpa B y3ne OyayT
YyCPeaHATLCA MO BCEM 3rieMeHTaM, MMELLMM 3TOT y3er.

3Ha4yeHUs ocTanbHbIX HACTPOEK MOHATHBLI U3 UX HA3BaHUS.

MapameTpbl oTobpaxeHWA

I nyBMHa NpocMoTpa |
1]

2| ¥cTaHoEWTE NnockocTe paspesa ]

| TMNETPEl BMAG
3 Min Ta ][ BlIHOCKH ]

AKanazoH pesyNeTaTOE

4}"Iin 0.032 Max 260,256

6| O [

? MepepacdeT LEETE

& |71 Noctpoetke MsanmHwi

Puc. 2.28. Napamempbsi omobpaxeHus Kapm pe3yibmarnmos
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Mocne Haxatms kHonkn OK oTobpakaeTcsa uBeTOBas kapTa BblbpaHHoro napamerpa. C MOMOLLbHO
3NeMEeHTOB ANarnoroBoro okHa lNapamempsl omobpaXkKeHusi MOXHO YNpaBnATb peXMMaMu NOCTPOEHUS KapThbl
(Pwuc. 2.28).

1. na npocMoTpa pe3ynbTaToB BHYTPW TBEPAOTENbHOM MOLENM YacTb KapTbl MOXET OblTb CKpbITa C
NMOMOLLIbIO YCTaHOBKW 271y6uHbl pocmompa. 1o ymonyaHuto, NnockoCcTb paspesa coBnagaeT C MNNoCKOCTbIO
Buaa. [nmybuHa npocmoTpa perynupyeTcs C NOMOLLbIO COOTBETCTBYHOLLLErO BeryHka npoKpyTKu.

2. lns ycTaHOBKM MONb30BaTENbCKOM MMOCKOCTM paspesa cnefyeTt NoBepHYTb MoAenb Tak, yToObl
nnaHMpyemas nnocKoCTb pa3pesa CoBnarna C NioCKOCTbIO TEKYLLEro BUAA, U HaxaTb KHOMKY « YcmaHoeumab
M/I0CKOCMb pa3pe3sa.

3. C nomowb @unbmpos euda MOXHO BKIOYaTb/BbIKMNOYaTL OTOOpaXeHue ykasaTenewn
MaKCMMarnbHbIX-MUHUMAarbHbIX 3HAYEHWIN, a TaKKe BbIHOCOK.

4. MuHumanbHOe W MakcumarnbHOe 3HadeHue [AuanasoHa pe3ynbTaToB AN 3aJaHusa 3HayYeHus
nonb3oBatenem. YcTaHoBka BBEAEHHOrO 3HayeHusa ocyuectengetcsa no knasuwe ENTER. CuHun uget
WwpudTa - 3Ha4YEeHNe KOPPEKTHO M HaxXoOWTCs B Mpouecce BBOAA, KPacHbI - HEKOPPEKTHOE 3HayeHue. B
cny4dae ero 3aganus (no Enter), 6ygeT yctaHoBNeHoO MakcumanbHO (MUHMMarnbHO) gonyctumoe (Puc. 2.29).

5. YctaHOBKka AvanasoHa pes3ynbTaToB MOCPEeACTBOM Likanbl. [1py COBMeLLEeHMU MOM3YHKOB (Mnwn
3aJjaHMM OAMHAKOBOrO 3HAayeHMs1 B MOMSX MUHMMyMa M MakCMMyma) BbIBOAWUTCS OOHa W30MOBEPXHOCTb,
COOTBETCTBYIOLLLAsH KOHKPETHOMY 3HayYeHu0. COBMELLEHHbBIE NON3YHKN MOXHO nepemMeLLaTtb eauHo. Npu atom
N30MOBEpPXHOCTb ByaeT nepecTpanBaTbCA COOTBETCTBEHHO BbIOpAHHOMY 3HAYEHMIO.

6. Bkn./Bbikn. oTOOpaXkeHWs1 aNeMEHTOB Ha mModenu 0o, 8Hympu W 3a npegenamMmn BbiCTaBNEHHOMo B
n.n. 4-5 guanasoHa.

7. Mpwn BkNtoveHUn donaxka "lepepacyém ugema" CUHEMY M KpacHOMY LIBETaM KapTbl pe3ynbTaToB
CTaHyT COOTBETCTBOBATb BbICTABMEHHbIE B MN.M. 4-5 MUHUMYM 1 MaKCUMYyM.

8. HacTpowika nocTpoeHusi KapTbl pe3ynbTaToB B BUAE U30/IUHUL.

MapameTpel cToGpaxeHnA

I nyBHHa NpacHOTRa

[

[ ¥CTAHOEMTE NAOCKOCTE Paspesa ]

PUNETPEl EHAA
[ Min/Max ][ BhIHOCKH ]

AManazoH pesyNeTaToE

Min 0,02 Max 0.22

0J000000p00R0000]
I — 1]
] ]

[ nepepacuét useta

[T NacTpoetme MsonMHuiA

Puc. 2.29. Kapma nepemewieHul ¢ 3adaHHbiM QuariazoHoM ebigo0a pe3yibmamos: nokasaHbl MOsbKO
anemeHmMsbl co 3HayeHusimu om 0,02 do 0,22 mm

Ons kapT pe3ynbTaTtoB COOPOK MOXHO OTKMOYaTb 3N1EMEHTbI, COOTBETCTBYHOLUNE OTAENbHLIM
aetansam. [na atoro B gepeBe mogenu B nanke Criou HeEOGXOOMMO BKMHOYMTB/BBLIKMIOYMTL C MOMOLLbIO
KOHTEKCTHOrO MeH0 crion, cootseTcTBytowwmmn getanu (Puc. 2.30).
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Ba CoBnagaroLpe NoBepxHoCTH
----- T Bunka - Kporweiin
----- J; Bunka - Oce
----- J; O¢b - Brynea
----- J; Paonuk - Brynka
----- [C3 K3 ceTkn Ha geTanax
—]--@ K3 ceTra
[ K3 cerva [War = 15: Ke = L Kp = L]
]a Cnau

Ml

l_l

=20 _0: "Brnka.m3d": Solid 0
- g=F 0_L "KpoHwTeiiH.m3d"

Crpoite\[lokazaTe

~=F 02 0 "Ocean3d™ Salic 0
~=F 02 L "Panuk.am3d": Solid 0
—d=F 0_2_2: "Brynra.m3d™; Solid 0
-8 Kaprer pesyneratos

----- 7 Hanpaskenna - SYM[MMa]
----- Mepertewenuna - USUM[rar]
-a gopra coBcTBEHHBIE KonebaHni (234

-a gopra coBcTBeHHBIE KonebaHni (751

-2 dopria noTepk yoToivueocti (6129.4

i 3-a dopma noTepw yerolitmeocti (51993

Puc. 2.30. Kapma nepemewieHul 0n1si cO6OpKU ¢ OMKITHOHYEHHBIMU C10MU

= a K aprl [pesynLTaToR

lMocne BbI3oBa pe3ynbTaTbl AOCTYMNHbI B
AepeBe NPOYHOCTHOro pacyeta. HacTtponka
oTOoOpaxeHnss pe3ynbTaToB, AuanasoH M na-
pamMeTpbl pefakTUpOBaHMSA OOCTYMHbI 4epes
KOMaHbl KOHTEKCTHOro MeHto (Puc. 2.31).

¥ aanuTe

Cepeitei[Nokazate

JnanasoH pesynsTaTos...

MapameTpol BbIBOAA PE3YAETATOR. .,

Puc. 2.31. KoHmeKkcmHoe MeHo pe3ynibmamos

Owvana3oH pe3ynbTaTtoB

KomaHaa KOHTEKCTHOrO MEHK0 Mno3BonseT AvanasoH pe3ynbLTaToB B

3agatb guanasoH BbiBoAa pe3ynbTatoB npu OT-
puvcoBke LBeTOBOM KapTbl (Puc. 2.32).

MuH. ZHaYEHHE IU.'I 077385:
Mo yronyaHKD
MapameTpsbl BbiBOAa pe3ynbTaToB M ake. sHaUEHME |2'34-'3'555"3 [

Fpan-lele SFHa4eHHA

KomaHga KOHTEKCTHOrO MEHHK Bbl3blBaeT

ananoroBoe okHo (Puc. 2.27) gna Bbibopa pe- I—IDk Orrena | Crpaska |

3yNbTaToOB pacyeTa U AanbHEenLlero ux npocmoT-
pa. Kpome Toro, nossonsieT ycraHaenueaTb pas-
NMWYHBIE OMLUMK NPEACTaBMNEHNs Pe3yrnbTaToB.

Puc. 2.32. [lJuano2osoe 0KHO
Juana3oH pe3ynbmamos
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BbiHOCKa

KomaHnpa ~ BblHOCKa NpeaHasHaveHa Ansl yCTaHOBKU BbIHOCOK CO 3HAYEHUSIMU HEMOCPEACTBEHHO
Ha kapTe pe3ynbTaToB. [N yCTaHOBKM BbIHOCKM HEOOXOAMMO HABECTU yKasaTemnb MbIlUM Ha XapakTepHYHo
TOYKY KapTbl pe3ynbTaToB M 3addMKCUMPOBATb MOJIOXKEHNE Ha)KaTUEeM NEBOW KHOMKM Mbllwn. 3aTem criegyet
OTBECTW yKasaTeslb MbIlIM B CTOPOHY U 3adpMKCUPOBaTb MECTO PaCMOSIOKEHMST BbIHOCKM BTOPLIM HaXXaTUeM
NEBOW KHOMKU MbILLIW.

[nsa Tekywero nonoXxeHus ykasaTensi MbilM 3HA4YeHWe BbIBOAUTCS ANHAMWYECKU MPU BKITHOUYEHHOM
onumn [uHamu4yeckoe omobparkeHue Ha naHenu cBOWCTB. [1na npegoTepalleHus 3amenneHmst npym pabote ¢
KOHEYHO-3NEMEHTHBIMU  MOZENsIMU  3HaYUTENBHOW pas3MepHocTM onuma [uHamudeckoe omobpaxeHue
MOXeT ObITb OTKIOYEHA.

KHoMkM Ha naHenun CBOWCTB KOMaHAbl BbIHOCKa MO3BONAT Takke YOasumb 6ce 8bIHOCKU WIN
YOanumpb rnocredHH 8bIHOCKY.

MHepLI,VIOHHbIe XapaKTepucTukmn moaenum

KomaHga ﬁ MHepLI,VIOHHbIe XapaKTepucTtuku mopgenu BbiBOOAUT AManoroBoe OKHO C MchopmaumeVl
O Macce Moaenu, LUeHTpe TAXeCcTth Mmoaernn, MOMeHTax nHepunm moaesnnm n CyMmapHbIX peakuunax B onopax.

| Macca moggnu: 0.175468, [kr]

W' Uentp Takect mogenu: { 0.003768 , -0.001462 , 6.25L837 ) [ran]
MarieHTel HHEpLMW Koggnu:

(103179618, 103.983229 , 195.924589 ) [kr™pama™nrar]

CyrapHan peakupa onop:
(5436.321094 , 495.000000 , 494,999998 ) [H]

r"-'1CIF'.1'E.‘HT OTHOCHUT2NBHO Ll.EHTFIH FAACC
{ 16722733, 15.686355 , -0.000052 ) [H'm]

ABConHTHBIE 3HAYSHWA:
peakupn: 5481207626 [H]
ranteHTa: 25076503 [H m]

Ok

Puc. 2.33. [Juanozoeoe 0kHO MIHepUUOHHbIE XapakmepucmuKku Modesnu

Cob6CcTBEeHHbIe YacToTbl

e
KomaHga &= COoOCTBEHHble 4aCTOTbl BbIBOAWT OKHO C YacToTaMu COOCTBEHHbIX KonebaHuin u
MoZanbHbIMW MaccaMu KOHCTpyKuuu. Haxmute kHOnKy @opma and npocmotpa ¢opmbl konebaHun ans
BblIOpaHHOW YacToThbI.
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* YacToTs: coberaenHsix konebaru

b

CoBCTBEHHBIE YacTOTh MoaanbHbIe Macchl (M.M,) M CyMMbI MOAENBHBIX Macc (C.M.M,) No HanpaeneHram MCK

[paafc] [Fu] [c] MM X [%] oMM X[%] M Y [%] oMM Y [%] 0 Mol Z[%] comam. Z[%] &

2839.05 451.849 0.00221... 0.000327 0.000327 0.552 0.552 0.0070S 0.00705
4519.99 767.125 0.00130... 0.0155 0.0158 21 21.6 0.000354 0.0074
5283.05 840,824 0.00118... 1.68 1.7 0.0565 21.6 38.7 38.7
6175.67 952,889 0.00101... 0.0243 1.72 231 44.7 0.118 38.9
7761.92 1235.35 0.00080... 43.2 44.9 0.09 44.8 0.948 39.8
5104.52 1289.92 0.00077... 2.6 47.6 0.00198 44.8 12.2 52
8563.7 1362.95 0.0007337 0.271 47.8 3.8 48.6 9.99e-005 52
9869.25 1570.74 0.00063... 2.01 49.8 0.00969 48.6 2.58

11678.9 1858.76 0.00053...  0.008687 49.8 0.113 48.7 0.000602

14344.2 2282.95 0.00043... 0.0365 49.9 0.00036 48.7 22.6

a4 PR W mAd A An A AnnAd A Anaran an o a4 an o A Acan

W o~ s W N - =

—_
o

Puc. 2.34. [luanoeosoe okHo Yacmombl cobcmeeHHbIX KorebaHul

MpoYHOCTHOHA AHANHES

[nyBuHa npocmotpa

E--tu_‘ MPOYHOCTHOR AHAMHE
Ela Harpyskm M 3aKpenneHna

..... Sakpennerue: 1 [ YCTEHOBMTE MNOCKOCTE Paspesa ]
PacnpeaenéHHan ckna:l 0.9492 DUNLTPEI BUAA
----- Gn NMrHERHDE YokopeHHe: 1 0.2084 [ Min/Max ] [ oo ]
fAaEneHne:2 03477
-#57 ¥ ABMEHaA CHNa No nnow [lWanasoH pesynsTaTos
0.7969
= COBMNaAaHILHE NOBRPXHOCT "
< oo | e 0.318 USUM[-]
oy MNacTHHE - JeTans 0.7461 e
- Cgly MNacTHHa - deTane 06953
g MnacTkHa - ¥nop 0.5445
MnacTkHa - ¥nop
Loy MA&CTHHE - ¥Nop 05032 Mepepac4éT UseTa
- Cly MNacTHHa - ¥nop 0543 [_]
Oy AeTank - ¥nop - 05 [T Nocrpoetine nsomarmin 0 0 665 U S U M
Ok AeTank - ¥nop 0.457
- Cgly fleTank - ¥nop 04063
Ty AeTank - ¥nop 02555
53 K2 ceTka .04
@ K2 cetka [War = 4; Kc=
E‘"a Cnom 0.2539
-4=F 0_0: "nket 049, m3d": 5o 0.2031
42F 0_1: "nrcT 047.m3d" Sc 01523
- 4=F 0_2: "mcT 047.m3d" Sc DTS
--42F 0_3t "nucT O48.m3d": 5c
" " 0.05072
4% 0_4: "nuct 048.m3d": 5o
4=F 0_5: "nnet 048.m3d" 5o o
- 4F 0 6 "mmeT 048 mad" s
[=-4Z3 KapTe pesynsTaToE
- = 1-A hopMa coBCTEEHHL KonefaHud (782,02 M)
i 1-A thopMa NOTEPK YCTORYMBOCTH (258.55)
- ﬂ HanpameHna - S¥MMNa]

----- Mepemeiwerma - LSUM[mm]

Puc. 2.35. 1-as ¢popma cobcmeeHHbIx KonebaHul

YcTonumBocCTb

OKHO C KO3(ppuUneHTOM 3anaca YyCTOMYMBOCTH,
nonyyawwmmca B pe3ynbTate pacdyeta Ha FoatrUMEHT 3aNaca yYoT OMHMEOCT M 10.098
YCTONYMBOCTb.

Haxmute kHonky ®opma, 4Tobbl MOCMOT-
peTb (hopMy NoTEPU YCTONUNBOCTMU.

Popraa |

Puc. 2.36. [luanozosoe okHO Ycmoliyueocmab
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MpoYHOCTHOM AHAME

[nyGuHa npocmotpa

YCTaHoOBMTE NNOCKOCTL paspesa ]

]

DUNETPEI BUAS
Min/Max

] [ BolHookM

[lManasoH pesynsTaTos

Min | 0 Max| 1

Mepepac-ET UBeTa

[CIMocTpoetie wzomaHwi

EH*,* MPOYHOCTHON AHANHE

Ela HarpyskH M 28KPENNEHKA
----- JakpenneHye: 1
PacnpeaenénHan ckna:l 0.9422
----- G‘q MHMHEAHDE YCKOpEHHE: 1 0.2084
JaeneHne: g
¥ AENEHEA CHNA Na ANoLL

El45 CoBnNasatolme NOBEpxHOCTI Dl
--Cgly MNacTHa - JdeTanke 0.7451
-y MnacTuHa - Jdetanke 06955
--Cgly TINAcTkHa - ¥nop 0.6445
- Cgly TINACTKHE - ¥nop 05058
- Cly MNacTHHa - ¥rop ’
- Cly MNacTHHa - ¥rop 0543
--Cgly JeTane - ¥nop 05
- Oy fleTank - ¥nop 0.457
--Cgly deTane - ¥nop 04063
--Cgly fleTanke - ¥nop 02555

B K3 cetka 02047

i i 13 ceTra [War = 4; Kc -

=-£3 Crow 02530
£F 0_0: "nucT 049.m3d": 5o 0.2031
4£=F 0_1: "nmcT 047.m3d": Sc 0.1523
4=F 0_2: "nucT 047.m3d": Sc BLEE
=% 0_3: "nict 048.m3d": Sc

" " 0.05072

-4=F 0_%: "nucT 048.m3d"; 5o
-4=F 0_5: "nucT 048.m3d": 5o o
4% 0_5: "nMcT 048.m3d": 5o

E-23 KapTel pesynbTaTos

1-A thopra coBCTEEHHER: KonebaHwA (782,02 Mu)
‘ 1-A thopMa NOTERH YCTORYMBOCTH (255.55)

----- Hanpamerua - SYMMNa)
----- Mepemewtems - USUIM[mm]

Puc. 2.37. 1-as popma nomepu ycmouyusocmu

COXpaHVITb oT4yeT

KomaHpa f

CoxpaHUTb OTYeT PopMUPYET paitl oTYeTa C UCXOAHBIMU AaHHLIMK U pe3ynbTaTamu

pacyeTa B chopmaTe html nnm xml. OtyeT B hopmaTte html moxeT BbITb NPOCMOTPEH B NMtobom web-6paysepe
(Internet Explorer, Google Chrome, Opera 1 T.n.) 1 BbiBegeH Ha nevatb. OTyeT B hopmate xml MOXeT ObITb
OTKpbIT TEKCTOBLIM pegaktopoM MS Word (Mnv aHanormyHbeiM eMy) U B HEM e gopaboTaH.

CoxpaHeHue pe3ynbTaToB pacyeTa

Ona nankn «KapTbl pesynbTaToB»
poctyneH donaxok CoxpaHsame pesysribmamas!
8 ¢haun. Tlpun BKIOYEHHOM  pexume
COXpaHeHus pacyeTHas mogenb "
pesynbTaTbl pacyeTa XpaHATca B ddanne
KOMIMAC-3D (Puc. 2.38). WkoHka nanku
oTobpaxaeT COCTOsiHME dhnaxka: BKITHOYEHO
Unu BblkrtoyeHo coxpaHeHue (Puc. 2.39).

Ea KapTel pesynetaTos

Puc. 2.39. Bud ukoHku epynbl Kapmei

E@ KapTal pe3ynstato

Hanpa:#enua -
MepereweHua

¥ panuTe BCE

CEpbITE BCE

v CoxpaHaTe pesyaeTaTel 6 daiin

Puc. 2.38. CoxpaHeHue pe3yrnbmamos 8 ¢halisn
KOMIIAC-3D

Ea KapTel pesyneTaTos

pesynbLmamoe 6 3agUCUMOCmuU om Ghriaxka CoXpaHeHust

[nsa 6onblinx Mmogenen pasmep danna ¢ pesynbrataMmm MOXeT OblTb 3HaunTeneH. B aTom criyyae B

nanke c¢ mogenbto Komnac-3D cospaetcs

¢dann APM Structure3D (*.frm) C¢ aHanorM4yHbiM UMEHeM,
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codepXalwmi pacdeTHyl0o Mogenb W pesynbTaTbl. [lpy noBTOpHOM OTKpbITUM Mogenu KOMIIAC-3D
aBTOMaTUYECKN NoArpy>KaeT pacueTHY Mogenb 13 aTtoro danna. Kpome Toro pacyeTHbii oann MOXeT ObiTb
HenocpeacTBEHHO OTKPbIT cuctemon APM Structure3D.

CoxpaHeHue pe3ynbTaToB NpeablayLiero pacyerta

Ecnu BHECTM N3MEHEHMSA B HArpy3ku 1 3akpenneHnst nnm npocto nepectpoutb K3-ceTky n noBTOpUTH
pacyeT, TO B [epeBe OCTaHyTCA KapTbl pe3ynbTaToOB OAHOr0 npefplayliero pacyera, KoTopble OyayT
nomeyeHbl npedukcom "Mpeablaywmim pac4eT”.

OTO JaeT BO3MOXHOCTb CpaBHEHUS pe3ynbTaToB ABYX pacyeToOB B pamMKax OAHOW ceccun paboTbl C
onbnmnotekon APM FEM. B dhainn coxpaHsatoTca pe3ynbTaTbl TONbKO NOCNeQHEero pacyera.
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