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1. Ieau 1 3a1a4u TUCHUILIHUHBI

— J1aTh CTYJACHTaM 3HaHUs O COBPEMEHHBIX METOJAX MOJEINPOBAHNS TEXHOJIOTMUECKHUX
MPOLIECCOB B METAJUTYPIHH; — JaTh CTYJIEHTaM 3HaHUs 00 UCIOJIb30BAaHUU COBPEMEHHBIX
CAD/CAM/CAE-nakeToB B METAJUTYpPIyH; — IPUBUTH YMEHUE U HABBIKU MUCIIOJIb30BaHUS
CUCTEM KOMITBIOTEPHOTO MOJEIUPOBAHUS TEXHOJIOTHYECKUX MPOLIECCOB B METAIITYPTHUU.

KparTkoe cogepxxanue 1uCUMILIIMHBI

B xo7e uzyuenust IUCHUIUIMHBI CTYJIEHTBl pACCMAaTPUBAIOT OCOOCHHOCTH MOJACIUPOBAHUS
METAJLTYPTUYECKUX MPOLIECCOB U BRIYUCIUTEIBHBIE AITOPUTMBI, U3y4aIOT CTPYKTYPY
coBpeMeHHoro TexHojoruueckoro kommiekca u CAD/CAM/CAE-cucremsl. Yuatcs
paboTaTh B COBPEMEHHBIX Mporpammax 3D-KOHCTpYHpPOBaHUS U KOMIIBIOTEPHBIX MaKETax
MOJICTUPOBAHUS TEXHOJIOTUYECKUX MPOLIECCOB B METAJLTYPTHUHU.

2. Komnerenuuu ody4yamomerocsi, popmMmupyembie B pe3yjibTaTe 0CBOCHUSA

ANCIHUIIINHBI

[Tnaaupyemblie pe3yabTaThl OCBOCHUS
OII BO (xoMneTeHI1n)

[Inanupyemslie pe3ynbTaTsl
00yueHHs M0 JUCUIUIUINHE

[1K-2 Criocob6eH npoBOUTh aHAIIN3
TEXHOJIOTHUECKUX U (PU3UUECKUX MPOIECCOB MPH
HENPEpBhIBHON PA3JIMBKYU CTAJU /7S BBIOOpa IMyTeH,
MEp U CPEJICTB yNPABICHUS KAUECTBOM IIPOAYKIIMH
C pa3pabOTKOH MPEUIOKESHHIA IO
COBEPUIEHCTBOBAHUIO TEXHOJIOTMYECKUX IIPOLIECCOB

3HaeT: Kak MPOBOJIUTh aHAJIN3 TEXHOJIOTMYECKUX U
(U3NYECKUX MPOLECCOB IPU HETIPEPHIBHOM
Pa3JIMBKU CTaIU

YMeet: BRIOUpATh IyTH, MEPHI U CPEACTBA
YIIPABJICHUS] KAYECTBOM IIPOLYKLHHU C y4ETOM
TEOPETUYECKUX U ITPAKTUYECKUX JOCTHKECHUU
VmeeT mpakTUYEeCKHiA OTIBIT: pa3padbaThiBaTh
[IPEIJIOKEHUS 110 COBEPILIEHCTBOBAHUIO
TEXHOJIOTHYECKUX IPOLIECCOB C YYETOM
[MPAKTUYECKUX TOCTHKECHUI

[1K-4 Criocob6eH npoBOIUTH aHAIIN3
TEXHOJIOTUYECKUX MPOLECCOB JIJIsl BHIPAOOTKU
NPEJIOKEHUH 10 YIPaBJICHUIO KAYeCTBOM
IPOYKITUH

YMeeT: IPOBOJAUTH AHAJIN3 TEXHOJIOTHYECKUX
[IPOLIECCOB JIJIs1 BBIPAOOTKHU MIPEIOKEHUH 110
YIIPABJICHUIO KA4€CTBOM MPOMYKIIMH, UCIIOIb3Ys

MO/IETUPOBAHUE METAJUTYPrUYECKUX ITPOLIECCOB

3. Mecro aucuumiannsl B crpykrype OII BO

[Iepeuens NpeALIECTBYOMMX TUCLIUIUINH,
BUJIOB pabOT y4eOHOTO T1aHa

[Iepeuens nocneayrOMX AUCUUILINH,
BUJIOB paboT

Her

DKcnepTu3a METAJIIOB U METAJIJIOU3/1ETHH,
ABTOMaTH3alMs IPOKATHOT'O MPOU3BO/ICTBA,
Teopus 1 TEXHOJIIOTMH HENPEPBIBHOW pa3IMBKU
CTaJu,

JInTenHO-IIPOKATHBIE arperarsl,
MoauduuupoBaHue MOBEPXHOCTEMH,
[{udpoBu3zarys nporecca HempepbIBHON pa3IMBKU
CTaJu,

CriennanbHble UYyT'yHBI U CTaJIH,

[{udpoBbie ABOHHHUKH B TPOKATHOM MPOU3BOJICTBE,

CoBpeMeHHbIE KOHCTPYKIIMOHHBIE U




[Iepeuens NpeALIECTBYOMMX TUCLUIUINH,
BUJIOB pabOT y4eOHOTO T1aHa

BUJIOB paboT

[Iepeuens nocneayrOUX AUCUUILINH,

HMHCTPYMCHTAJIbHBIC MAaTCPUAJIbI,
[Ipon3BOACTBEHHAs IPAKTUKA, HAYYHO-
rccueaoBaTelbekas padbora (4 cemectp),
[Ipon3BOACTBEHHAs PAKTUKA, IIPEAIUATIIIOMHAs
[paKTHKa (4 cemecTp)

TpeOoBaHus K «BXOJIHBIM» 3HAHUSIM, YMEHHUSIM, HaBbIKaM CTYCHTA,
HEOOXOJIUMBIM MPU OCBOCHUM JAHHOUM AUCIUIIIMHBI U TPUOOPETEHHBIM B pE3yJIbTaTe

OCBOCHM:A NPCACCTBYIOINX AUCHUIIINH!

Her

4. O0b€éM u BUABI y4eOHOH PadoThI

OO6miast Tpy10€MKOCTh JUCHUIUIUHBI cOCTaBisieT 3 3.€., 108 4., 38,25 u.

KOHTaKTHOU padOThI

Pacnpenenenue
Bceero |10 cemecTpam B yacax
Bun yueGHOMI paboThI
4acoB Homep cemectpa
1
Oo6mas TpyA0EMKOCTh TUCITUTUTHHBI 108 108
[AyoumopHnule 3anamusi. 32 32
Jlexuuu (JI) 0 0
[TpakTUyeckue 3aHATHS, CEMUHAPHI U (WIIN) IPYTHE BUIBI 16 16
ayuTopHbIx 3aHsaTul (I113)
JlaGopatopusie padotsi (JIP) 16 16
Camocmosmenvras paboma (CPC) 69,75 69,75
C IPUMEHEHNEM JHCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTUN 0
Bri6path u pazpaboTaTh TEXHOJIOTUYECKHIA IPOIIECC, PACCUUTATD €TO0
[apaMeTpsl, C y4ETOM KOTOPBIX NOCTpouTh 3D-Monens s 69,75 69.75
KOMITBIOTEPHOT'O MOJICTUPOBAHHS METAJUTYPTrHUECKUX MPOIIECCOB
KoHCynpTanuu 1 NpoMeKyTO4Hast aTTeCTalMs 6,25 6,25
Bu koHTpoIIs (3a4eT, qud.3aueT, IK3aMeH ) - 3auer

5. Conep:kanue TMCHUILIUHBI

O0beM ayIUTOPHBIX 3aHATHH 1O

pa3erna HawnMeHoBaHue pa3aeaoB AUCIATLUIAHBI BHUlaM B Hacax
Bceero J | I3 JIP
1 CoBpeMeHHbIH TexHoJorndeckuii kommieke. Cucrema ) ) 0
yrpasyieHus TaHHbIME 00 u3nenuu (PDM).
) Cospemennsiii kommieke CAD/CAM/CAE-cuctem u ero 4 0 4 0
MCII0JIb30BAaHNUU B METAJLITypIUH
3  |CnenmanusupoBaHHbIE rpauUecKUe MaKeThl 4 0 4 0
CrienmanusupoBaHHble aKkeTbl 3D-KOHCTpyHpOBaHUS 4 0 4 0




5  |KommbroTepHOE MOAETUPOBAHUE MPOLIECCOB B METAILTYPIHUHU 18 0 2 16
5.1. Jlekuun
He npenycmorpeHnst
5.2. IlpakTHYecKUe 3aHATHS, CEMUHAPbI
No Ne Koa-
HanmeHoBaHMe WK KPaTKOE CO/IEpIKaHUE MTPAKTUYECKOTO 3aHATHS, CEMHHapa | BO
3aHsATHUsA|pa3aena
4acoB
1 1 CoBpemeHHbIH TexHoornueckuit komriekc. Product Data Management - 2
crcTeMa yIpaBJIeHUs JAHHBIMU 00 U3/1EIHU
2 2 |CAD/CAM/CAE-cucTemsl 1 X UCHOIB30BAHUU B METAILITYPTUU 4
3 3 Crenanu3upoBaHHbIE KOMIBIOTEPHBIE TpaUUecKre MAKeThl U UX 4
MCTI0JIH30BAHNE B METAIITYPTUU
4 4 Crnenanu3upoBaHHbIe MakeThl 3D-KOHCTPYUPOBaHMS U X HCIIOJIb30BAaHHUE B 4
METaJUTypriH
5 5 OCHOBHBIE CHCTEMBI KOMITBIOTEPHOTO MO/ICTTMPOBAHUS TEXHOIOTMYECKUX )
MPOIIECCOB B METAILITYPTUU
5.3. JlabopaTopHbie padoThI
No Ne . Kos-
HaumenoBaHue mim KpaTkoe cojaepkanue 1a00paTopHOil paboTbl BO
3aHsATHUsA|pa3aena
4acoB
1 5 Pazpabotka komnbroTepHON 3D-MOemu 1151 UCTIOTIB30BAHUS B KOMITBIOTEPHOM 6
MOJICIIUPOBAHUH TEXHOJIOTHYECKUX MPOLIECCOB
5 5 KomnbroTepHOe MOAETHMPOBAHKE TIPOLIECCOB C MCIIOJIb30BAaHUEM Pa3paboTaHHOM 4
3D-Monenun
3 5 OneHka pe3yabTaToB KOMIIbIOTEpHOTO MoaenupoBanus. Koppektuposka 3D- 4
MOJICIIH.
4 5 OdopmiieHns oTueTa 0 pe3ybTaTax MOJACIMPOBAHUS U 3aIUTA TPUHATHIX )
TEXHOJIOTHYECKUX PELICHUM.
5.4. CamocTosiTe/IbHAsA padoTa CTyACHTA
Brimonnenue CPC
Crnncok nureparypsl (C yka3aHHUEM Kozn-
[Hoasug CPC pas3nenos, raas, cTpaHuil) / cceiika Ha  [CemecTp| BO
pecype 4acoB
1. Ilopunes, C.B. KomnsrorepHoe
MOJICITUPOBaHUE (PU3MUECKUX TPOIIECCOB B
Bri0pats u pazpaborath TexHonorndeckuii [makere MATLAB. + CD. [DneKTpoHHBI
[IPOLIECC, PACCUUTATh €r0 MapaMeTpsbl, C pecypc] — Dnextpon. aan. — CIIO. : Jlanb,
Y4€TOM KOTOpbIX ocTpouth 3D-moxens  [2011. — 736 c¢. — Pexxum gocryna: 1 69,75
U1 KOMITBIOTEPHOTO MO/ICTTMPOBAHUS http://e.lanbook.com/book/650 — 3ar. ¢
METAJLUTYPITUYECKHUX MTPOLECCOB bkpana?. [lasnos, B.I1.

JIOpOKHOCTPOUTEbHBIE MAILIMHBI.
CucremMHOE MPOCKTUPOBAHUE,




Brinmonaenne CPC

ITogsug CPC

Crncok nureparypsl (C yka3aHHEM
pa3zaenos, TaB, CTPAHUII) / CCUIKA Ha

pecypce

Cemectp

Kon-
BO
JacoB

MOJICTTUPOBaHKE, ONTHMU3AIIMS: YICOHOE
nocobue. 64 [DnexTponusii pecype] / B.I1.
[TaBnos, I'.H. KapaceB. — DnekTpoH. aaH.
— Kpacnosipck : COVY, 2011. — 240 c. —
Pexxum nocryna:
http://e.lanbook.com/book/6027 — 3ari. ¢

bKpaHa.; PykoBojacTBa nonws3oBatens T-
FLEX, KOMIIAC, SolidWorks, Creo,
LVMFlow u ProCAST (ycTanaBnuBaroTcs
Ha OBM BMecTe ¢ mporpaMMHBIM IAKETOM).

6. Tekymuii KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOYHAS ATTECTALUA

KoHTposb kauecTBa 0OCBOEHUsI 00pa30BaTeIbHON MPOrpaMMBbl OCYILIECTBIIAETCS B
cooTBeTcTBUM € [loN0%kKeHNEM 0 OAIIITBHO-PEUTUHIOBOM CUCTEME OLIEHUBAHUS
pe3yJbTaTOB YUEOHOU AeSTEILHOCTH 00YUYaIOIINXCS.

6.1. Kourpouabsnsie meponpusatus (KM)

HazBaunue
KOHTPOJIBHOTO
MEPONPUATUS

Ce-
MECTp

Bun
KOHTPOJIS

Bec

KM oaut

Makc.

[Mopsimox HauncaeHws 6amIoB

Yuu-
THIBA-

ercs
B [1A

Texymun

KOHTPOITH Pedepar 1 1

Pedepar nmposepsiercs nmpernogasarenem. [1o
PE3yJibTaTaM MPOBCPKU CTYACHTY BBICTABJISACTCA
3a pedepar b0 3ader, b0 HezaueT. [1o
pEILICHHIO TperoaaBatens pedepar MoXKeT ObITh
BO3BpAILCH CTYJICHTY Ha JOPa0OTKY.

3auer - 1 Oam.

Hesauer - 0 Oamios.

3a4CT

3amura

boryc pedepara

[Ipu ycnoBuun noxy4eHus 3auera 3a pedepar,
CTYJICHTY MPEJCTABIISCTCS BO3MOXKHOCTh
MyOJMYHON €ro 3aIUThl HA IPAKTUYECKOM
3aHSATHH 10 COOTBETCTBYIOMIEH pedepary. [Ipu
YCJIOBUH YCIICITHOM 3alUThI CTYACHT MOTy4acT
OOoHYyCHBIE OaJUTbI.

3a4CT

PacuetHo-
rpapuueckas | 1 3
pabota

Texymun
KOHTpPOJIb

3 Gata: mOJHOE COOTBETCTBHE BHIOPAHHOM
TEMe, JIOTUYECKOE U MOCIIeI0BATEIbHOE
M3JI0KEHHE MaTepHaja ¢ COOTBETCTBYIOIIUMH
BBIBOJIAMH M 0OOCHOBAHHBIMU TTOJI0KEHUSMH.

2 GaJuta: MOJTHOE COOTBETCTBHE BHIOPAHHOM
TEMe, JIOTUYECKOE U MOCTIeI0BATEIbHOE
M3JI0KEHHUE MaTepHaja ¢ JOCTaTOUYHO
MOPOOHBIM aHAJIN30M, C COOTBETCTBYIOLIMMHU
BBIBOJIAMH, HO HE BIIOJIHE 0OOCHOBAaHHBIMHU
MOJIOKCHUSMU.

1 Gami: moJTHOE COOTBETCTBHUE BHIOPAaHHOM TeMe,
JIOTHYECKOE U TOCIIEA0BATEIEHOE U3JI0KEHNE
MaTepHala ¢ JOCTATOYHO MOJIPOOHBIM aHAIN30M,
HE COBCEM COOTBETCTBYIOIIMMU BBIBOJIAMU M HE

3a4CT




Hasganue -
Ne | Ce- Bun Makc. ThIBa-
KOHTpOJIBHOrO|Bec [Nopsimok HauncieHus 0aIoB

KM|mecTp| KoHTpOIs 6amn eTcst
MEpPONPUSATHS 5 TIA

BIIOJIHE 00OCHOBAHHBIMH HOJIOKEHUSIMH.

0 GayIoB: HE COOTBETCTBUE BHIOPAaHHOM TEME, HE
JIOTMYECKOE U HE TIOCIIEI0BATEIBHOE N3JIOKECHHE
MaTcpuraia, HC COOTBCTCTBYIOIIMMHU BbIBOAAMHU U
He 000CHOBAaHHBIMH I10JI0KEHUSIMH.

[IpoxoHoii 6an s noJyyeHus 3a4eTa paBeH
10

Kputepuu onieHUBaHUs caeayoUIie. 3a4TEHO
(10 GayI0B): TIOJIHOE OCBOCHHE BCEX TEM
BBHIHECEHHBIE HA 3a4€T U 3a MOJIHbIE U
pa3BEpHYTHIE OTBETHI HA BONPOCHI, BBIPAXKEHNE
CBOET0 MHEHHS, UCII0Jb30BaHUE TIPUMEPOB B
[IOITBEPK/IEHUE CBOETO MHEHUS, IPAaBUIIbHOE
ynotpebiaeHue npodeccuoHaIbHON 1 Hay9IHOM
[Ipome- TICKCHKH; JIOIyCKAeTCs HaJlM4ne OO0k, He

5 1 | >xyrouHas 3auer 1 10 [Hapymaronux oOIIei CTpYKTyphl OTBETA. 3a4eT
aTTecTauus JIOTIOJIHUTENBHBIM YCIIOBUEM I0JIy4EHHUS OLICHKU
«3aYTEHO» MOTYT OBbITh yCIIEXH CTYICHTA MPU
BBITIOJTHEHUM CaMOCTOSTEIbHON paboOThI,
BBITTOJIHEHHE JTa00paTOPHBIX PadOT M HAITCAHUE
pedepaToB) U CUCTEMATHUECKasi aKTHBHAS
paboTa Ha MpakTHYECKUX 3aHATHIX. He 3auTeno
(menee 10 6amIoB): HEMOJIHOE OCBOCHUE TEM,
BBHIHECEHHBIX Ha 3a4€T, U HEKAYECTBEHHBII OTBET
(Bompoch! packpeIThl MeHee 4eM Ha 50%) Ha
BOIIPOCHI 3a4eTa.

6.2. IIpouenypa nposeeHus1, KPpUTEPUHU OLICHUBAHMS

Bun
IIPOMEKYTOUHOU [Iponenypa nposeneHus
aTTecTaluu

Kpurepuu
OLICHUBAHUs

3auét nmpoBoaUTCS B yCTHOM (hopme. B aynuropun, rae
IIPOBOAUTHCS 3a4ET, TOJKHO OJHOBPEMEHHO IIPUCYTCTBOBATH HE
6onee 6-8 cTynenToB. Kaxxaomy cTyeHTy 3a1a€TCsl IO OTHOMY
3aJJaHUIO WM BOIIPOCY M3 KaXKJ0W TEMbl, BBIHOCUMOM Ha 3a4€T.
[Tpu He MpaBUILHOM OTBETE CTYJIEHTY MOTYT OBITh 3aaHBbI
YTOUHSIOIINE WIA HOBBIE BOIIPOCHI U3 ATOU TeMbl. Tema
CUMTAETCSI OCBOEHHOM, €CJIM CTYJIEHT CMOI' OTBETUTH Ha 65%
BOIIPOCOB, 3a/IaHHBIX 110 ITOW TeMeE. 3aUTEHO: OCBOECHHUE BCEX TEM,
BBIHECEHHBIX Ha 3a4€T. J|OMOJIHUTENBHBIM YCIOBUEM MOJIYUEHUS
OLIEHKH "3auTeHO" MOTyT CTaTh YCIEXH IIPU BBIIIOJIHEHUHU
TEKYyIIEeH U CaMOCTOSITENIbHOM paboThl B TeueHue cemectpa. He
3a4YTEHO: HE OCBOCHHUE XOTs OBl 0JJHOM TeMbl. CITUCOK BOIPOCOB
BBIHOCHMBIX Ha 3a4eT MPHUBECH BHIIIIE, 110/ OJIOKOM
YCTaHOBOYHOM MH(pOpMAIIHH.

B cooTBeTcTBHU C
. 2.5, 2.6
[lonoxxenus

3a4ecT

6.3. OueHoyHble MaTEPHUAJIbI

Komnerennuun Pesynbrarsl 00yueHus Ne KM




Komnerennuun PesynbTarsl 0o0yueHus Ne KM

121315
K-> 3HAeT: KaK MPOBOJUTH aHAJU3 TEXHOJIOTMYECKUX U (PU3HMUECKUX MPOIIECCOB MPH N
HEIIPEPBIBHON PA3JIMBKU CTAJIH
K-2 YMmeeT: BRIOUpATh IyTH, MEPBI U CPEACTBA YIIPABICHHS KAYECTBOM MPOTYKIIUU C AN
ly4eTOM TEOPETUYCCKHX M NPAKTHYCCKUX JIOCTHKCHUH
MeeT MpakTUYEeCKHiA OTIBIT: pa3padbaThiBaTh MPEJIOKEHHS 110
[1K-2 COBCPIICHCTBOBAHMIO TCXHOJIOTUYCCKUX MPOLICCCOB € YYCTOM IIPAKTUICCKUX + [+
JTOCTYOKCHUM
YMeeT: IpOBOJUTH aHAJIN3 TEXHOJIOTHUECKUX MPOIIECCOB JUIS BEIPAOOTKH
[1K-4 [IPEAJIOKEHUH 110 YIIPABICHUIO Ka4€CTBOM IIPOAYKIIMH, UCIIOJIb3Ys ulu
MOZCJIIMPOBAHNE METAJUTYPIrU4E€CKUX IPOLECCOB

CDOHI[BI OICHOYHBIX CPCACTB IO KAXKXAOMY KOHTPOJIIbHOMY MCPOIIPpUATHUIO

HaxoOsTCA B IIPUITOKCHUSAX.

7. YueOHO-MeTOAMYeCKOe U HHPOPMAITHOHHOE 00ecrieyeHre JUCHUIINHbI

IleuaTHas yueOHO-MeTOANYECKAS] JOKYMEHTALUS
a) OCHOBHAs TUMepamypa.:

1. 3namenckuit, JI. I'. Teopus nuteinbix npoueccos [TekcT] yueoO.
nocoOue 11 By30B 1o creuuanbHocTd 150104 "JluteiitHoe mp-Bo YEPHBIX U 1IB.
metaioB" JI. I'. 3uamenckuii, O. B. UBoukuna ; FOx.-Ypai. roc. yH-T ; Kad.
JIuteitnoe nip-Bo ; FOYpI'Y. - UensOunck: U3narensckuii Lentp OYpI'Y, 2011. -
146, [1] c. un. 27IeKTPOH. Bepcus

2. JlunueBckui, b. B. Teopus MeTamiypruueckux nporeccoB Y 4eOHUK
JUISL CTY. BBICIL. yue0. 3aBeJIeHUi, O0y4aroIuXcs 10 HalPaBICHUIO
"Metamnyprusa" u cren." @U3NKO-XUMHYECKHNE METOIbI UCCIEA0BAHNUS IPOLECCOB U
marepuanoB" b. B. JIlunueBckuii. - M.: Merannyprus, 1995. - 352 ¢. un.

3. Ismmban, B. II. Marematnueckoe MOAEIUPOBAHUE METAITY PrUYECKUX
npoiieccoB Yuel. mocoOue Jijisi By30B MO crell." ABToMaTu3alys MeTautypr. np-sa'.
- M.: Mertamnyprus, 1986. - 239 c. un.

6) OonoiHumenvHas Iumepamypa:

1. KpacunbHukosa, I'. A. ABToMaTu3anus HHXEHEPHO-TpadhuIecKux
pabot: AutoCAD 2000, Komnac-rpaduk 5.5, MiniCAD 5.1 [Tekct] yue0. I'. A.
Kpacunbaukosa, B. Camconos, C. Tapenkus. - CI16.: ITutep, 2000. - 255 c. u.

2. Kynpsasues, E. M. Komnac-3D. [IpoektupoBanne B MaIMHOCTPOCHUHN
[Texcr] E. M. Kyapssues. - M.: IIMK-IIpecc, 2009. - 435 c. un.

3. Ilypona, A. B. PazpaboTka KOHCTPYKTOPCKUX YEPTEKEH C
ucnosb3zoBanueM nporpammsel "KOMITAC" Vue6. nocobue A. B. lllyposa; FOx.-
VYpai. roc. yu-1, Kad. O0opynoBanue 1 ”HCTpYMEHT KOMIIbIOTEPU3UD. MP-Ba;
IOVYpI'Y. - Yenabunck: U3natensctBo FOYpI'Y, 2003. - 24,[2] c. un.

6) ome4ecmeeHHble U 3apy689fCHbl€ HCYPHAIBL NO OUCZ/;MI’UZZ/{H& umeroujuecs 6 oubnuomexe:

1.  «CAIIP u rpaduxar
«CAD/CAM/CAE Observer»
«Bce o C@IIP»

UYepHas metaiuryprus
IIBeTHas MeTauryprus
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BBEJIEHUE

COBpEMEHHBIN TEXHOJIOTMYECKOTO KOMIUIEKCA, B TOM YHCJIE U KOMIUIEKC JIMTEWHOTO
MIPOU3BOJCTBA, MOKHO MPEACTABUTH CXeMOM, puc.l. B neHTpe 3Toil cXxeMbl HEOOXOAUMO
PaCIONOXKUTh CUCTEMbl KOMIBIOTEPHOUM moanepx ku kKoHctpyupoBanusa (Computer Aided
Design — CAD-cuctemsbl). KntoueBoe MeCTO yKa3aHHBIX CHUCTEM CBSI3aHO C TE€M, 4YTO
MMEHHO B HHUX CTposiTcia TpexmepHble (3D) moxmenu neraneil m mMmenHo 3D mopenu
ABJISIIOTCS.  OOBEKTOM, C KOTOPbIM B TIOCIHEJACTBUM pabOTalOT Ha BCEM JTare
MPOEKTUPOBAHUS U3AENUS (OTIIUBKH).

[IpoexktnpoBanue MOXHO Hadath ¢ co3manuss B CAD-cucreme TpexmepHOR
KOMIIBIOTEPHOW KOIMY OTJINBKM HAa OCHOBaHUU €€ YEPTEXKa.

Hanee 3D-monens MoaBeprarT pasIMuHbBIM MIPOBEPKAM B KOMIIBIOTEPHBIX CHUCTEMAX
unxeHepHoro ananmuza (Computer Aided Engineering — CAE-cuctemsr). B CAE-
CUCTEMAX KOHCTPYKTOP MOJKET BBIIBUTH IPOYHOCTHBIE OLIMOKK pa3zpadaTbiBaeMOn
JE€TaJI, U COBMECTHO C TEXHOJOTOM-JIUTEUIIUKOM, AOOUTHCA HAaWIY4dlIEro BapuaHTa €e
KOHCTpyKIIuu. B cBoro ouepenb, TtexHomor-murevmuk B CAE-cucremax wumeer
BO3MOXHOCTb ~ BapbUpOBaTh TE€OMETPUEN OTIMBKM, MapamMeTpaMd U peKUMaMu
TEXHOJIOTHYECKOr0 MPOLECCa, YTO IO3BOJSAET HCKIIOYUTh NPUHIUIHAIBHBIE OIMIMOKHU
OCBaMBaE€MOM OTJIMBKH €II€ JI0 TOro, KOorja oHa OyIyT MyIleHa B TPOU3BOACTBO.

Jns u3roToBJIEHUSI JAETaJel MeXaHHMYeCKOM o0paboTKoM (pa3iuuHbIMH (pe3amMu)
ucnoyb3yroTea cranku ¢ YIIY. IIporpamMMy MOXHO Hamucarh LEJIUMKOM BPYYHYIO, a
MOXHO €€ CO3/1aTh OBICTPO B aBTOMaTU3UpoBaHHOM cucteme 1o 3D monenu. Takue CAIIP
Ha3bIBAIOTCS CHUCTEMaMM KOMIBIOTEpHOU momanepxku uzrorosienus (Computer Aided
Manufacturing — CAM-cuctemsr). B nurteiinom npowusBojctBe CAM-cucrembl
INPUMEHAOT U1 W3FOTOBICHUS MOJEJIBHONM OCHAaCTH: MOJEJIEW OTIMBOK, MOZEIEH
JUTHUKOBBIX CHCTEM, MOJIENEH MpuObUIel U T.JA., @ TAaKXKe ISl CO3/IaHUsI METAITTMYECKUX
npecc-QpopM U KOKHJIEH.

[Ipy moMoIy KOHTPOJIBHO-U3MEPUTEIBHBIX MAIINH ONPEACIISIIOTCS Pa3Mepbl IETAINA U

CPAaBHHBAIOTCA C pasMepaMH ee 3 MepHOro amasnora. IIpy HeOOXOAUMOCTH pPa3MephI



MOJEIN KOPPEKTHPYIOTCS. 31eCh JK€ MOXKHO HU3MEpPUTh JIOOYI0 JeTalb-aHaJor,
our(ppoBaTh, MPEACTABUTh BUIE CETOYHOU Mojenu u uMmnoptupoBath B CAD-cucrtemy,

YTO CyIIECTBEHHO ynpocTuT 3D noctpoenue.

YepTe:k OTIHBKH ApxHE

TeXHOJIOTHIECKOH

ApxHB
KOHCTPYKTOPCKOH

JOKYMEHTAllHH, H JOKYVMEHTalHH,
pe3VIBTaTOR VIPaBIAIONIHK
HECKeHEPHOTO aHATH3a TIPOTrpaMM H OCHACTKH

CAE-cHCTEMBI

CAM-cucteMbl

|
V3roTOBIEHHE OCHACTKH H :
KOHTPOJIBHO- :

|

|

w

VIn:KeHepHBIH aHATH:

|

|

| auTEA Ha OBM
, H3MEepHTEeIbHbIE OIepallHH
|

RP-T(‘XHOJ'IO]"I[I[

Pucynok 1 — Cxema COBpEMEHHOI'0 TEXHOJIOTHYECKOTO KOMILIEKCA

Pe3ynbTaToM akTUBHOIO pa3BUTHUS MH(OPMAIIMOHHBIX CUCTEM B KOHILIE MPOIJIOTO BEKA
CTaJIO TOSIBJIIEHHE METOJI0B ObIcTporo nportorunupoBanus (Rapid Prototyping — RP).
Brepsrie Texnomorus RP Obila peanu3oBana B KoHue 80* romoB aMepHKaHCKOI
komnanuend 3D Systems. KoMmmanus BbIBena Ha pPBIHOK CBOKO IIEPBYIO YCTaHOBKY
MOCJIONHOTO OTBEpAEBaHuUs (POTONOIMMEpPA BO3ICHCTBUEM JTyya jazepa. DTOT TEXHOJIOTHs
nojlyuuiia Ha3BaHue «ctepeosnutorpadus», a ycraHoBka — SLA (Stereo Lithography
Apparatus).

beictpoe nporotunupoBanue (RP) mnpencraBaser coboil mporecc MOCIOMHOIO
MOCTPOCHUST (PU3MYECKOM Mojenu (MpoTOoTura) B cooTBeTcTBUU ¢ reomerpueit CAD-
Mozenu. OCHOBHOE OTJIMYME 3TOM TEXHOJOTUH OT TPAJULIMOHHBIX METOJ0B U3rOTOBJIECHUS
MOJIeJIEH 3aKJIIOYAaeTcsl B TOM, YTO MOJENb CO3/Ia€TCS HE OTICICHUEM «JIHUIIHET0»
Marepuana OT 3aroTOBKHM, a IOCJIOWHBIM HapallMBaHUEM MaTepuasa, COCTAaBJISIOLIEIO
MOJIeJIb, BKJIIOUYas BXOJSILIME B HEE BHYTPEHHHUE M JaKe MOABWXKHBIE YacTH. Mojenw,
BBINIOJIHEHHBIE IO TEXHOJOTUsIM RP, MOryT M3roTraBiuBaThCsl U3 pa3MYHBIX MaTE€pUAJIOB
(bymaru, amtomuHust W ap.). lIpoliecchl TOCTPOCHUS B 3HAYUTEIHLHOM CTENEHU

ABTOMATU3UPOBAHBI U TO3BOJIAIOT IMOJIYUdTh KAYCCTBCHHBIC U CPAaBHHUTCIILHBIC HEAOPOTHC



MOJIEJIM, 3aTpayuBas Ha UX M3rOTOBJIEHUE Yachl, a HE JHM M HEAENH, KaK 3TO ObLIO MpHU
MCIIOJIb30BAaHUU TPAJIULIMOHHBIX METO/OB.

OOBIYHO yKa3aHHbBIE BBILLIE CUCTEMbl aBTOMAaTU3UpOBaHHOrO npoekThupoBanus (CAIIP)
paboratror B cBsiske — CAD/CAM/CAE. B mpouecce ux pabOThl HakaruiMBaeTCs
COOTBETCTBYIOIIAsl PACUYETHO-TEXHOJOTUYECKAsl JIOKYMEHTalUs, KOTOpas COCTaBIsET
apxuB WM 0a3y JaHHBIX 00 M3AENIHMH, YTO YIOPOLIAET U YCKOpSAET CO3/JaHHE MOXO0XKHX

TEXHOJIOTUU.

2 KoMIIbIOTEpHOE MOAENUPOBAHUE JTUTENHBIX MPOLIECCOB

bypHoe pa3BHTHE KOMIBIOTEDHOW TEXHUKM W NPUMEHEHHE MaTEMaTHYECKOTO
MOJICJIMPOBAHUS B JINTEWHON MPOMBIIIJIEHHOCTH MPUBEIU K MOSIBICHUIO OOJBIIOrO YUCIA
porpamm, MOCPEICTBOM KOTOPBIX Oojiee WM MEHEE YCIELIHO pEeIIaloTCs 3aJadud, C
KOTOPBIMH JIMTENIIUKH CTAIKUBAKOTCSA B IOBCETHEBHOM MPAKTHUKE.

CeromHs B MHpE HacuMTbIBaeTca OoJjiee JECSITH CHUCTEM  KOMIIBIOTEPHOIO
MozenupoBanus autedHbix nporeccoB (CKM JIIT). CnemnumanuctaM XOpOIIO W3BECTHBI
HeMelkass nporpamMmMa Magma u amepukanckas Procast, B 3TOM e psay HYKHO
ynoMmsiHyTh amepukanckyro SolidCast, ¢punckyro CastCAE u nHemeukyro WinCast. J[Be
pa3pabotku — «Ilonmuron» u LVMFlow — uMmeroT poccuiickoe MporCcX0oxkaeHHE.

OmneiT npaktrnueckoro npuMenenuss CAM JIIT nokasan, 4To nmporpaMMHbIE MPOIYKTHI
3apyOeKHBIX NPOU3BOAMTENEH HE TMOJYYMIIM CEpPhE3HOr0 PpaclpoOCTpPaHEHUsS Ha
poccuiickoM pbIHKE. [IpuumHONM TOMY — BBICOKas I€HAa IPOrpaMM, OTCYTCTBUE B
OOJIBIIMHCTBE CIIYy4YaeB PYCCKOSI3bIYHOIO MHTEp(elica U OTeUeCTBEHHOW 0a3bl JAHHBIX IO
MaTepHuaaM U CIIJIaBaM, a TAK¥Ke CI0KHOCTh OOyUEHHUS.

[IporpamMmel Juisi MOJEIVMPOBAHMS JIMTEUHBIX MPOLECCOB, HUCIOJIb3yEMBbIE CETOAHS B
Poccun, B OCHOBHOM pa3iu4arOTCsl CTENEHbIO MOJHOTHI (PAKTOPOB, YUHUTHIBAEMBIX HPU
MOJEIUPOBAHUU, U, COOTBETCTBEHHO, CTOMMOCTBIO. BTOpO€ CylIecTBEHHOE pasindue
CBSA3aHO C METOAAMM IIOJYyYEHUS W PEIICHUS pPa3HOCTHBIX YPAaBHEHUM: YpaBHEHUS
TEIJIOMaccolepeHoca MOTYT ObITh 3amucaHbl B TU(PEepeHIMaTIbHOM WIH UHTErPaJbHOM
BHJIE.

Meton  koHeunblx  pasHocted (MKP)  Oasupyercs Ha  ypaBHEHHUSX B
muddepennmanso  popme, npu 3ToM AuddepeHInaIbHbIe ONEpPaTOpPbl 3aMEHSIOTCS
KOHEYHO-Pa3HOCTHBIMM COOTHOLICHUSIMH DPa3JM4YHOM cTeneHu ToyHocTu. Kak mpasuio,

OHH CTPOSTCA Ha OPTOTOHAIBHBIX CETKaX (MPAMOYTOIbHOM, MIMHIPUYECKON U T.1.). DTO



MO3BOJISIET (PAKTOPU30BaTh ONEPATOPbl M CBECTH pEIIEHME MHOIMOMEPHOM 3aJauu K
MOCJIEIOBATEIbHOCTH OJJHOMEPHBIX 3314, a 3HAYUT, CYLIECTBEHHO YIPOCTUTh U YCKOPHUTD
penieHue oouel cucteMsl ypaBHeHui. K HeocTaTkaM MeTosa cienyeT OTHECTH IIOXYHO
anIpOKCUMAIMIO TPaHUI] CIOXKHBIX 00JIaCTel, YTO HE CIMIUKOM MPUHUMUIIHAAIBHO MJIs
YpPaBHEHUN  TEIUIONPOBOJHOCTH, HO  BE€CbMa  CYUIECTBEHHO i1  ypaBHEHUU
ruapoauHaMuKku. Kpome Toro, MeTos mioxo padboTaer B cilyda€ TOHKOCTEHHBIX OTJIMBOK,
KOI'/Ia TOJIMHA CTEHOK CTAHOBUTCS CPABHUMOM C I11arOM CETKH.

Metoasl koHeuHbIX 31eMeHTOB (MKD) u koneunsix o0bemoB (MKO) 6a3upyroTcst Ha
YPaBHEHUSX TEIJIOMACCOINEPEHOCA B HHTErpajibHOM BHie. O0JIacTh, B KOTOPOM pelarTcs
ypaBHEHUs, pa30MBaeTCsd Ha 3JIEMEHTHI, BHYTPH KOTOPBIX CTPOSITCS alIPOKCUMAHTHI
GyHKIIMI Ha OCHOBE CHCTEMbl Oa3UCHBIX (YHKIMI, ONpEACICHHBIX Ha DJIEMEHTE.
«IIpoenupys» UHTErpalibHbIE YPABHEHUS HA 3TU 0a3KChl, OIYYAIOT CUCTEMY PAa3HOCTHBIX
ypaBHeHuH. CucreMa 3HAUUTENbHO ciokHee npuHATO B MKP, ee pemenue TpeOyet
OOJBIIMX PECYPCOB MAaMATH U HEMAJIOTO BpeMeHU. OJJHO U3 TJIaBHBIX JOCTOMHCTB METO/A
KOHEUYHBIX 3JIEMEHTOB — XOpOIIasi allIpOKCUMAIUs TPAHULIbl, @ OCHOBHbIE HETOCTATKU —
HEO0O0XOJIUMOCTh B JOOPOTHOM T€HEPATOPE KOHEUHBIX JIEMEHTOB.

Kak yxe  ckazaHo, OTe€UeCTBEHHbIE  pa3pabOTKM B  0O0JacTH  CHUCTEM
aBTOMATU3UPOBAHHOTO MOJEIUPOBAHUSA JINTEUHBIX MPOLECCOB MPEACTaBIECHBI JIBYMs
nporpaMMHbeiMu  TipoaykTtamu: «llomuron» (paspadotunk — OOO «®Dokan», CaHKT-
[TerepOypr) u LVMFlow (pazpabotuuk — 3A0 «HIIO MKM», MxeBck), KoTOpbIe
MPUMEHAIOT pa3nnyHbie MaTeMatrudyeckue Metoabl: MKD u MKP cooTBETCTBEHHO.

Jns pacuera Hameld otauBkuM OyaeM wucnosib3oBaTh CKM  «llomuron». s

MOJICJIMPOBAHUS CETKH BOCIONb3yemcs nmporpammoit Hyper Mesh.

3. Solidworks

Cucrema  TBEpAOTENBHOrO  mHapameTpuueckoro  MozenupoBaHus  Solidworks
pa3paborana amepukanckoil kommanued Solidworks Corporation. 9To HOBas cucTeMa
KOHCTPYUPOBAHUSI CpPEAHETO KJacca, CO3/aHa CHENHadbHO JJIsS KCIONb30BaHHUS Ha
NEPCOHANBHBIX KOMITBIOTEpAxX TOJ] YMPaBICHHEM OIMEpalMOHHBIX cucteM Windows.
Solidworks gaeT kaxxaoMy KOHCTPYKTOPY BO3MOKHOCTb MCIIOJIb30BAaTh HA CBOEM pabouem
Mecte nocineanue aoctiwxkeHuss CAD/CAM - texnonoruil juisi pa3paOOTKH CIOKHBIX

neTaned U cOOpok u3aenuii MamumHocTpoeHus. [Ipu 3ToM MpoeKkTHpoBaHUE C MOMOUIBIO



Solidworks siBisieTcst A1 KOHCTPYKTOpa UHTYUTHBHO HPOCTBIM U yIOOHBIM, MOJHOCTHIO
COOTBETCTBYS €r0 MPUBBIYHBIM HABBIKAM U METOJIaM PadOThI.

Co3nanue rcku3sa.

[Tpouecc coznanus moaenu B Solidworks HaunHaeTcst ¢ MOCTPOEHMSI OIOPHOTO TeJa U
NocJIeTyouiero 400aBIeHus UM BbIUUTaHUs MaTtepuaia. /s nocrpoenus

TeJaa IMEePBOHAYAIBHO CTPOUTCS 3CKU3 KOHCTPYKTHUBHOIO 3JIEMEHTAa Ha IUIOCKOCTH,
BIIOCJIEICTBUH MPe0Opa3yeMblii TEM MIM UHBIM CITIOCOOOM B TBEPAOE TEIO.

Solidworks mpenocTaBisieT Mob30BaTENIO NOJHBIA HA00P QYHKUMNA FeOMETPUYECKHX
MOCTPOCHUH U onepaiuil pegaktupoBanusi. OCHOBHOE TpeOOBaHuUeE,

NPEABABISIEMOE CUCTEMOM K 3CKU3y Hpu paboTe C TBEPABIMH TEIaMU - 3TO
3aMKHYTOCTb U OTCYTCTBHE CAMOIIEPECEUEHUH Y KOHTYpA.

[Ipn co3naHuM KOHTypa HET HEOOXOJUMOCTH TOYHO BBIAEPKUBATH TpeOyeMble
pa3Mephl, caMo€ TJIaBHOE Ha ATOM I3Tame - 3aJaTh MOJOKEHHE €ro 3JEMEHTOB. 3aTeM,
Omaromapss TOMY, YTO CO3JaBaE€MbIil 53CKM3 TMOJHOCTBIO MapaMEeTPU30BAH, MOXKHO
YCTAaHOBUTH IS KaXJOro 3JIeMeHTa TpeOyeMbld pazMep. Kpome Toro, nnsi 31€MEHTOB,
BXOJSIIMUX B KOHTYpP, MOTYT OBITb 3aJaHbl OTPAaHUYEHHUS Ha PACIOJIOKEHUE U CBSI3U C
JOPYTUMU 3JIEMEHTAMH.

Co3paHne TBEpIOTEIbHON NapaMeTPUUECKON MOJIETIH.

Solidworks comepxxutr BbicOKOA(h(PEKTUBHBIE CpEeACTBa TBEPAOTEIBHOIO MOjIe-
JUPOBAHMSI, OCHOBBIBAIOILIMECSA HA TOCTENIEHHOM JI00ABICHUH UJIM BBIYMTAHUH.

0a30BbIX KOHCTPYKTHUBHBIX TeJ. DCKU3 AJIA MOJydyeHHs 0a30BOro Tejla MOXKET ObITh
MOCTPOEH Ha MPOU3BOJILHON paboueil MITOCKOCTH.

TunoBble UHCTPYMEHTHI JJIs MOTYUYEHUs1 0A30BbIX TEJ MO3BOJISIFOT BBIIOJHUTH!

- BBIJIABJIMBAaHUE 3aJaHHOTO KOHTYpa C BO3MOXXHOCTBIO yKa3aHHUsSl yrIJla HAaKJIOHa
oOpazyronieu;

- BpallleHuEe KOHTYpa BOKPYT OCH;

- CO3/aHHME TBEPJIOIO Teja, OrPAHMYMBAEMOrO0 IOBEPXHOCTBIO IEpEXoja MEXKIY
3aJlaHHBIMU KOHTYpPaMH;

- BBIJJABJIMBAHUE KOHTYPA BIOJIb 3aJaHHON KPUBOWU;

- IOCTPOEHHUE (PACOK U CKPYIIIEHUI pa3IMYHOrO BUAA;

- IOCTPOEHUE YKIIOHOB;

- CO3JaHUC PA3JINIHOIO TUIIA OTBCpCTHﬁ;



- IOJIy4Y€HHUE Pa3BEPTKU T€J PAaBHOMEPHOM TOJIIINHBI.

OCHOBHBIE METOABI CO3/IaHUSI TBEPAOrO TEla COYETAIOT B ce0e TakkKe BO3MOXKHOCTb
KOMOMHAIMU BCEX NEPEUUCIEHHBIX CITOCOO0B KaK IMPH T0OABICHUH

MaTepHaiia, Tak U IpH ero cHATUU. EcTecTBEHHbIN MOPsI0K paboThl KOHCTpYKTOpa 0e3
TpyZJa MMO3BOJISET CO3JaBaTh CJIOKHBIE TBEPAOTEIbHBIE MOJENIH, COCTOSIINE U3

COTEH KOHCTPYKTHBHBIX 3JeMeHTOB. Ilpm HeoOXxoaumocTn BO BpeMs pabOThl BO3-
MO>XHO BBEJICHHE BCIIOMOraTeIbHBIX IUIOCKOCTEH M OCEll ISl HCIOJb30BaHUS B
JaNbHENIINX OCTPOEHUSX.

[TapameTpbl BCceX CO3AaHHBIX KOHCTPYKTUBHBIX JIEMEHTOB JOCTYIHBI AJI1 U3MEHEHHMS,
TaK 4TO B 1000 MOMEHT pabOThl MOXHO U3MEHUTH MPOU3BOJIBHBIN MapaMeTp 3CKU3a WU
0a30BOr0 TEJIa U BBIIOJIHUTD 3aTE€M IOJIHYIO IIEPECTPONKY MOJEIH.

Kpome coznanust TBepabix Ten, B Solidworks cymiecTByeT BO3MOKHOCTb IMOCTPOEHHUS
pa3IMYHBIX  [OBEPXHOCTEH, KOTOpPbIE MOTLYT OBITh  HCIOJB30BAaHbl  Kak IS
BCIIOMOTATENIbHBIX MOCTPOEHUM, TaK M CaMOCTOSTENbHO. IloBEpXHOCTHM MOrYyT OBITH
UMIIOPTUPOBAHBI U3 JH000M BHEIIHEH CUCTEMBbI WIIM IOCTPOEHBI TEMU K€ CIOCO0aMu, YTO
U TBepAble Tena (BbIAABIMBAHUE, BpallleHHE, IMEPEXOJl MEXIy KOHTypaMu U T. IL.).
JlomyckaeTcsi oJlydeHHEe ClIeTKa JIF000W M3 MOBEPXHOCTEN YK€ MOCTPOEHHOIO TBEPAOIO
Tena.

B pamkax naHHOHM cnenMaibHON 4acTH Bce Mojaenu Obuth noctpoeHsl B SolidWorks u
B KQYEeCTBE MMPUMEpa MOJEIb OTIMBKH C JIMTHUKOBO-MUTAIOLIEH CUCTEMOW MPECTaBICHBI
Ha PUCYHKE 2.

PexxuMbl Bu3yanu3aldd MOJYYEHHOM MOJENHM IMO3BOJSAIOT IpOCMAaTpUBaTh €€
KapKacHO€ WM peaJucTU4YHOe n3o0paxeHue. JlJig MOBBINIEHUSI KauecTBAa TOHUPOBAHHBIX
M300paKeHUI MOTYT OBbITh U3MEHEHBI (PU3NUECKUE XAPAKTEPUCTUKHA TTOBEPXHOCTH JETAIH

(TCKCTypBI) U Ha3HA4YCHBI JOIIOJHUTCIBHBIC HCTOYHHUKH CBCTA.



Pucynok 2 — Mogens otiinBku «bpOoHs HYKHSSD)

4. Hyper Mesh

[Tporpamma Hyper Mesh Bxoaut B maket Hyper Works. 910 cucrema mporpamm s
CO3/IaHUS CETOK KOHEYHBIX 3JIEMEHTOB, HCMHOJIb30BaHUS B KAUECTBE KOHEUHO-3JIEMEHTHBIX
peliareneil, Tak 1 JJjisi COBMECTHOI'O MCMOJIb30BaHUS C JIPYTMMH KOHEYHO-3JIEMEHTHBIMU
nakeramu. B HameMm ciiydae Mbl BOCHOJIB3YEMCS JAaHHOW MOPOTrpaMMOM Jis CO3JaHUS
KOHEYHOM 3JIEMEHTHOW CETKH.

B xonme paboTbl ObUla MMIOPTUPOBAHA TBEPJAOTEIbHAS MOJACIb OTIMBKH «bpoHs
HIDKHSIS), €€ MOBEPXHOCTU ObUIM Pa3OUTHI HA MMOBEPXHOCTHBIE CETKU TPEYTroJbHUKOB. Ha
0a3e MOBEPXHOCTHBIX CETOK OBUIM TOCTPOCHBI OOBEMHBIC TETPOIAAIBHBIE CETKH. B
mpoiiecce pa3oueHus ObBLTN MOTYYEHBl TPU CETKH : CeTKAa OTJIMBKHU, CETKa (POPMBI M CETKA
OMOPHOM IUIUTHI, KOTOpass B XOJ€ MOJIECIMPOBAHUS MPOIECCAa 3aTBEPACBAHUSA OTIMBKHU
OyIeT BBITIOJIHATH POJIb XONOAWIbHUKA. [lomyueHHas ceTka COXpaHsIeTCs UIsi UMIIOpTa B

CKM «llomurony.

5. CKM «Ilonurony

[Iporpamubie MOJTYJIM CUCTEMBI pa3/ieieHbl Ha TpU OJI0Ka:

IIpoyeccopwi

"[lonuron" mo3BoNS€ET MOJEIUPOBATH CIEAYIOIINE IMPOLECCH. TemnoBbIE MPOIECCHI

Opu  3aTBepJeBaHUM, O0Opa3oBaHWE YCAJOYHBIX PAKOBUH U  MAaKpOIMOPUCTOCTH,



o0pa3oBaHHE€ MUKPONOPUCTOCTH, THAPOJUHAMUYECKHE Mpolecchl Npu 3anuBke. Kpome
TOT0, (POPMHUPOBAHUE U pACUET JIOOBIX "KpUTEpUEB KadecTBa" ISl MPOTHO3a CTPYKTYPHI,
npurapa, pa3MbiBa OpMbI, MEXaHUYECKUX CBOICTB, HANIPSKEHUH, TpEIIKH U ap. bazoBeie
Mojienu (3aTBeplAeBaHUE, ycajka U Jp.), ONMUPasch Ha peadbHyI0 (U3UKY MPOIECCOB,
MaKCUMaJIbHO yHUBEpCAJIbHBI MO CIIaBaM U crioco0aM JuThs. CruiaBbl: altOMUHHUEBBIE,
MarHueBbl€, MEJIHbIE, UYTYHbI, CTalli, HUKEJIEBbIE U JIp. CoCOOBI: B 3€MJIIO, B KOKHIIb (B
T.4. BojooxjaxaaeMbiit), JIBM, BII®, JIII/, JIH/I, xunkas mramMmnoBKa, HapaBJICeHHOE
3aTBepAECBaHMEe U Ap. B TO ke BpeMsl MMeEeTCsA psij CIELUATU3HPOBAHHBIX MOJEIIEH U
(YyHKUMHA: MOJETUPOBAHME UUKIWYECKUX MPOIECCOB, MOJEIMPOBAHUE YCAJAOYHBIX
IIpOLIECCOB IIpU IoABoae Merauia nox nasinenueM npu JIH/L m JIITJI, 3aTBepneBanue B
BAKYYMHBIX Il€4axX MpHU JIYYUCTOM TEIUIOOOMEHE, Y4YeT CKOJIB3SAUIUX CONPSKEHHBIX
IIOBEPXHOCTEN, 3aTBEPAECBAHME C YYETOM IOABOAA DJJIEKTPUYECKOTO TOKAa H Jp.
MopenupoBanue Benercss Ha 0Oaze MmeTona KoHeuHbIX anemeHTOB (MKD), koTopsiit
MO3BOJISIET UCIOJb30BaTh Hanboee aleKBaTHbIE (PU3NYECKUE U T€OMETPUUYECKUE MOJAEIIH
(I'M). Bce mozpenu u ¢yHKuMM peann3oBaHbl A TpexmepHsix (3D) 'M. B pematensx
MOYHO HCIIOJIb30BaTh HE TOJBKO MPSAMOM, HO M UTEPALMOHHBIA METOJ pacyera. IJTO
no3BossieT B 10-15 pa3 yMeHbIIUTh BpeMs pacyeTa U TpeOyeMyl0 ONEpPaTUBHYIO MaMsITh,
yTo B couetannu ¢ MKD nemaer QOCTYmHBIM Ha NEPCOHAIBHOM KOMIIBIOTEPE pacuer
OTJIMBOK JIFOOOH CIIOXKHOCTH.

Ilpenpoyeccop

3D-reomerpuueckuii npemnpoueccop "llomurona" mpu moaroroBke pacueTHbix ['M
MTO3BOJISIET UMIIOPTUPOBATH CETKU NMPAKTUYECKH BCEX M3BECTHBIX reHepaTopoB: FEMAP,
HyperMesh, ANSYS 4.4-5.3, ProCAST, Nastran, GiD, Pro/Mesh, StressLab, renepatop
Unigraphics u np. s renepamun 3D KOHEYHO-’IIEMEHTHBIX CETOK COBMECTHO C
"[IomuroHoM" MOTyT MOCTaBIATHCA aBTOMaTHYecKue reHeparopel cetok FEMAP wim
GiD, xotopeie ucnonszyer ucxoansie I'M B popmarax IGES, PARASOLID, VDA FS,
STL u ap. Oro mo3Bonser coBMmecTHO ¢ "llomuronom" ucnosib3oBaTh Bce HaumboJiee
nonyssipasie 3D CAD-cuctremsi: SolidWorks, Unigraphics, ProEngeneer, Kommac-3D,
EUCLID, CATIA, Cimatron, CADDS u nap. BBoa CBOHCTB OCYyIIECTBISETCS U3
npuiiaraeMoi 6a3bl JaHHBIX MO CIJIaBaM U MaTepuasiaM, KOTOPYIO TEXHOJIOT MOXKET JETrKO
JOMOJHATE M penakTupoBath. llonkiroueH OOWIMPHBIA CHOPABOYHUK IO CBOWMCTBAM

JIUTEMHBIX CIUIAaBOB M MarepuanoB. MMerTcs cpencrtsa aBTOMAaTUYECKOM TIe€HEpaluu



CBOICTB CILJIaBOB (QJIFOMUHUEBBIE, CEPbIE YYTYHBI, CTAJIU U AP.) IO XUMUYECKOMY COCTAaBY.
[ToaroToBKa OTJIMBKHU K pacyeTaM MpeCTaBiIeHa Ha pUCYHKE 3.

Ilocmnpoyeccop

[Toctmponieccopsl "Ilonurona" mnoO3BOJAIOT NPEACTABIATH PE3YJNbTaThl PACUYETOB B
CaMOM pa3JU4YHOM BHUJE: TPEXMEPHOM, JBYMEPHOM, IIBETOBBIM OKpAIIMBaHUEM C
OJIHOBPEMEHHBIM YYETOM TEMIIEpaTypbl M OCBELIEHHOCTH, B BHUJE H30MOBEPXHOCTEM,
BEKTOPHBIX TOJIEH, W30JMHHUM, OLM(PPOBAHHBIX ToYeK, rpapukoB u T.1. B 3D-
MOCTITPOIIECCOPE UCTIONB3YIOTCSI COBPEMEHHBIE Tpaduyeckre OMOIMOTEKU. DTO TO3BOJSET
MPOBOJIUTh BCE BH3yallbHble omnepauuu Ha 3D-00beKTax € BBICOKOM CKOPOCTBIO H
HarasigHOCTRI0. Kpome TOro, BOo3MOkHa 00pabOTKa pacyeTHBIX TEIUIOBBIX TOJIEH MO

JIFOOBIM 3a/1aBaCMbIM I10JIb30BATCJICM MATCMATUUYCCKUM KPUTCPUSM.
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Pucynok 3 — noarotoBka oTiMBKY «bpOHS HIKHSSD K MOJAETUPOBAHUIO
Ha 6a3e 4yuciaeHHOro MOJACNMPOBAHUSI YKa3aHHBIX BBIIIE MPOILIECCOB B TPEXMEPHOMU
MOCTAHOBKE METOJIOM KoHeuHbIX anemMeHToB (MKD), [lonuron B HacTosiiee Bpems
pemaer ciaeayrnme 3a1a4un.
3amaunm 3arBepaeBaHMs W 0Opa3oBaHMs  YCaJOYHbIX J€PEKTOB (PaKOBUHBI,
MaKpOMOPUCTOCTh, MUKPOIIOPUCTOCTh): B OTJIMBKAX JIIO0OON HEM3MEHHOU KOH(UTrypanuu

3aJ]aBaeMoil MOIb30BaTeNeM (OTAENIBHBIE TeJa MOTYT NEPEMEINATHCSA APYT OTHOCHUTEIBHO



Jpyra, HO caMu Teja He JOJKHBI MEHSITh CBOIO KOH(PUTYpalllio) ¢ BO3MOXKHOCTBIO yueTa
CIEAYIOLIETO:

- TEIUIOBBIX MPOLIECCOB B 3aTBEpJICBAIONICH OTIMBKE (Y4Y€T CKPBITOM TEMJIOThI
3aTBEPACBaHMUS, CIIOKHOTO CIIEKTPa TEIJIOBBIACICHUSI B UHTEPBAJe 3aTBEPICBAHUS U T.11.);

- TEIUIOBBIX MPOIECCOB B (opMe, KOTOpasi MOXKET OJHOBPEMEHHO BKIJIIOYATh B CeOs
00BEKTHI U3 JIIOOBIX PA3IUYHBIX MAaTepHUaNIOB (MOJHBIM pacyeT BCEX TEIUIOBBIX MPOIIECCOB
B (dopMe C y4YETOM 3aBUCHUMOCTH XapaKTepUCTHUK MaTEepUaJoB OT TeMIepaTyphl,
OXJIQXJAIOIINX BCTABOK, OXJIAXKJIAIOIINX BOJSIHBIX KaHAJIOB C 3aJJaHHBIM TEMIEPATypPHbIM
pPEXKUMOM, yTEIUIUTENEH, mojorpeBarene u T.1.);

- CJIOXHBIX YCIIOBUM TETJIOBOTO B3aUMOJCHCTBHS HA TPAHUIAX COMPSHKEHUST OTIIMBKU U
GbopMbI B T.4. M C YUYETOM 3aJlaHHBIX TMEPEMEIICHUH OOBEKTOB U «CKOJIBXKECHUS
CONPSKEHHBIX ~ MOBEPXHOCTEH OTHOCUTENBbHO Jpyr JApyra. Jlias  conpssKeHHBIX
MOBEPXHOCTEN BEAETCS y4eT MEXKKOHTAKTHBIX MPOCIOEK 3aJlaHHOW TETUIONPOBOJHOCTH U
TONIIMHBI,  TATEH  IUIOTHOTO  KOHTaKTa,  MSATEH  3a30pa,  TeIUIonepeaadu
TEIUIONPOBOJAHOCTHIO, KOHBEKIMEH, Jy4EUCIyCKAaHUEM U 3aBUCUMOCTH BCEX JTHX
napaMeTpoB OT TeMIEpaTyphl COMPSITraeMbIX MOBEpXHOCTEH). B yacTHOCTH 3TO MO3BOJsET
3a/1aBaTh MEPEMEHHBIM 3a30p MEXIy OTIMBKOM U (OpMOH B 3aBUCUMOCTH OT
TEPMHUUYECKOTO CXKATHS OTJIMBKH, €CIIM OHO OMPEEIIeTCS TEMIIEPATypOl Ha CONMPSIKEHHOM
MOBEPXHOCTH, YTO XapaKTEPHO JJI T€Jl OTHOCUTEIHHO MPOCTON KOH(PUTYpalluu TUIA TEll
BpaIllCHHUS;

- JIy4YUCTOHM Teruionepeauu (akTyalbHO JIJIsi CIOCOOOB JIUThSI B BAaKYyMHBIX I€Uax)
MEK]Iy BCEMU HECOMPSHKEHHBIMU MOBEPXHOCTSIMU C PACUETOM IKPAHUPOBAHUS, B3aUMHBIX
VIJIOB HAKJIOHA U T.J. B T.4. U NPU 3aJaHHBIX MEPEMELICHUSIX OTIEIbHBIX OOBEKTOB
(mosiHast TpacCUPOBKA BCEX JJIEMEHTOB IMOBEPXHOCTEW BCEX OOBEKTOB MO MPUHIUITY
CKAXKJBIN C KaXKIbIM»);

- Teruioneperadyd B T.H. «Cpeay» C pa3HbIMU 30HAMH, 33JIaHHBIM TEMIIEpaTypPHBIM
PEKUMOM KaXKJIOM 30HBI U PEKUMOM MEepeMENIeHUs K01 30Hbl. OT «(OPMBI-OTIMBKI
«Cpelia» OTINYAETCS TEM, UTO €€ TEMIIEPATyPHBIM PEKHUM 3a/1a€TCsl, & HE PACCUUTHIBACTCHI.
[IpuMeHeHue NBUXKYIIUXCS MHOTOCIONWHBIX «Cpel» IMO3BOJISIET peliaTh Kiacc 3ajaad,

CBA3AHHLIX C IICPCMCHIAIOINNMUCA 30HAMHU HArpeBa, OXJAKACHUA U T.I1.;



- CJIOKHBIX HA4aJIbHbIX TEMIEPaTypPHBIX MOJEH, KOTOPbIE MOTYT OBITh pe3yJibTaTaMu
MpeabIAYIIEro pacyeTa, HapuUMep pe3yibTaTaMHu PELICHUs 3aJadyd 3alO0JIHEHUS MOJOCTH
(OpMBI KUAKUM PaCILUIABOM;

- IOJIBOJIA JIFOOBIX 33/1aBAEMbIX BHEIIHUX TEIUIOBBIX MOTOKOB (HAapuMep MpH HAIUYUU
IYTH U3BECTHOM MOUTHOCTH);

- TEIJIOBBIX 3(PPEKTOB B OTIMBKE MPHU MOJBOAE ANEKTPUUECKOr0 TOKa (pa3orpes H3-3a
CONMPOTUBJIEHUS M (OPMHUPOBAHHE COOTBETCTBYIOIIETO CaMOMNOAJIEPKHBAIOLIEIOCs
HaIlpaBJICHHOTO XapakTepa 3aTBEpJECBAHMS H3-32 3aBUCHMOCTH COINPOTHUBICHHS OT
TEeMIIepaTyphbl);

- BHEIIHETO JaBJICHHS (BCECTOPOHHETO «aTMOC(EPHOTro» WM 0 33/JaHHBIM I'PaHULIAM )
C YYETOM «OTCEUKHU» JIaBJICHU MIPU 3aTBEPJECBAHUU [TOBEPXHOCTH;

- (opmMupoBaHMS HM30JIMPOBAHHBIX 00JIACTEH KUAKOTO M TBEPAO-KHUIKOTO MpHU
3aTBEpJIEBAHMM, OOpa30BaHUS M IMEpPEMEUICHUS 3€pKajl Ha MOBEPXHOCTH paciulaBa U B
PaKOBHHAX, U3MEHEHHSI METAJIJIOCTATUYECKOTO JJABJIEHUS ITPU MEPEMEILEHUN 3epKall;

- CJIOKHOTO XapakTepa CTPYKTYpPHUPOBAHHOCTH TBEPIO-KUJIKOM 30HBI B 3aBUCHUMOCTHU
OT J10JIA KUJKOH (ha3bl (yueT U3MEHEHUS MPOLIECCOB 00pa30BaHUs yCAI0UHBIX AE(PEKTOB U
KMHETHKU JBUKEHUS 3€pKall B 3aBUCHUMOCTU OT CTPYKTYPHPOBAHHOCTH TBEPAO-KUIKOU
30HBI).

3ajaun 3amojHEHUs: MPU 3aJUBKE JKHUJKOTO MeETajljla B MOJIOCTh (OpMBI OO0
HEU3MEHHOM KOH(UIypaluu ¢ y4eTOM CIEAYIOLIEro:

- TUJPOJMHAMHUYECKHX TMPOLECCOB B JKUJIKOM METAJIE C YYETOM COBMECTHOIO
JEHCTBUSA BXOJHBIX CKOPOCTEH M CHJIBI TSXKECTH (CKOPOCTh MOCTYMAIOMIEH CTpyH Ha
«IISITHE», COOTBETCTBYIOIIEMY BXOJHOMY JAMAMETPY CTPYH, MOXKET OBITh 3a/JaHa Kak
(GyHKLHS OT BpEMEHH, €CJIM BXOJHbIE CKOPOCTH HE MOCTOSIHHBI), (POPMUPOBAHUS TOTOKOB
MeTasuia, GOpMUPOBAHMS CBOOOAHBIX TOBEPXHOCTEHN B POLIECCE 3AMOIHEHUS U T.]I.

- TEIJIOBBIX MPOLIECCOB B OTJIMBKE C YUYETOM MAacCOIEpeHoca (y4eT MOoJIed CKOpOoCTen
P TEIJIOBOM PACUETE), YUYETOM TEIJIOBBIIEIEHUN TP 3aTBEPACBAHUU U T.JI.;

- TEIJIOBBIX IPOILIECCOB B (popMe, KOTOpas MOXKET OJHOBPEMEHHO BKJIOYATh B ceOs
OOBEKTHI U3 JIOOBIX Pa3INYHbIX MAaTEPUAIOB U T.[.;

- CJIO’KHBIX YCJIOBUHM TEIUIOBOI'O B3aUMOJEHCTBUS HA TPAHUIIAX COMPSIKEHUS OTIMBKU U

(GOpMBI U T.1.;



- 3aMEJVIEHHS] 1 OCTaHOBKH MOTOKOB KUJKOI'0 METaJlla PY HapacTaHUU JO0JU TBEPAOH
¢a3zbl (Bo3pacTanue 3QpPEeKTUBHON BI3KOCTH);

- BO3MOXXHOCTH 33/IaHMs HE TOJIBKO TPaHUI] «BX0Ja» METaIJIa, HO U TPAHULl «BBIXOa,
KOTI'/Ia BTEKAIOIIUNA METaJUI MOXKET BBITEKATh U3 MOJOCTU (DOPMBI.

3ajaun KpUTEPUAIBHOTO aHalIM3a: PE3yJIbTATOB YHUCIEHHOro MonaenupoBaHus. Ilpu
stoM B Ilonurone MoxHO (opMHpPOBaTh JIIOObIE KpUTEpUM KadecTBa (MOKHO 3a/1aTh
mo0bie (OpPMYJIBI U AITOPUTMBI OOPAOOTKU pacyEeTHBIX MoJieii) 0e3 BHECEHUS] U3MEHEHUN
B IporpaMMHoe obOecrieueHue. PesynbratamMu KpuUTEpUAIbLHOIO aHaiu3a sBistoTcs 3-D
M0JIsI, KOTOPbIE IMOJHOCTBbIO MOJAEPKUBAIOTCA mocThnporeccopamu llonurona, T.e. ux
MO>XHO BHU3yaJM3UpOBaTh M pabOTaTh ¢ HUMM TaK K€ KaK U CO BCEMU pACUETHBIMH
nosisiMu. KputepuanbHblil aHaau3 UCIMOJB3YET HE YHUBEpCAIbHbIE (PU3UUYECKUE MOJIEIH,
XapaKTepHble i1 YHUCICHHOIO MOJCIUPOBAHUSA, a YIPOILIECHHbIE AHAIUTUYECKUE
3aBUCUMOCTH, KOTOpbIE TIOYTH BCETJa COAEpkKaT B ce0e MOMUMO (PU3NYECKUX [TapaMeTpOB
TaKXX€ M «UHTErpalibHbIe» 3(P(GEeKTUBHbIE KOIP(UIMEHTHl C HEABHBIM (PU3HUECKUM
CMBICJIOM, KOTOpPBbIE MOTYT OBITh Pa3HbIMU Ha Pa3HBIX MPOU3BOJCTBAX AAXKE JUISl OJHUX U
TE€X K€ CIJIaBOB M cOCOO0B JINThi. CaM KpuTepHuil OyJeT OTHUM U TEM K€, HO HEKOTOpbIE
YHCIIOBBIE MMapaMeTphl B HEM OynyT pa3HbIMU. C OJHONM CTOPOHBI KPUTEPHAIbHBIN aHAIN3
MO3BOJISIET MPOTHO3UPOBATh CaMble pa3HOOOpa3HbIE MapaMeTpbl B OTIMBKE, C JIPYrou
CTOpPOHBI Yalle BCEro TpedyeT OmpenesieHHON HACTPOWKH HMCIOJb3YyEeMOIo KpUTEepHUs Ha
KOHKPETHBIE YCIIOBUS MPOU3BOJICTBA, HOMEHKIATYDPY, MPUMEHSEMbIE TEXHOJOTHYECKHE
npuemsl U T.A4. B cBsi3u ¢ 3TUM nocrasisgemble BMecTe ¢ [lonMronom kpurepuu, TOMUMO
COOCTBEHHO 3arpyxkaemoro aitia ¢ Kputepuem, OOECIEeUMBAIOTCS JOKYMEHTaIuenl C
MOAPOOHBIM ONHMCAHMEM 3TOT0 KpHUTepus (MCXOAHBIX (POpPMyJ, 3aBUCUMOCTEH T.A.) H
METOJMKON SKCHEPUMEHTAIIHON «IOATOHKW» JaHHOTO KPUTEPHUs TMOJ KOHKPETHBIE
ycioBus. B HCXOAHOM BHE€ MOCTaBisieMble KPUTEPUUM HACTPOEHBI JIMOO HA JaHHBIE
cootBercTByMOIIEro 'OCT, nubo Ha HEKOTOPBIN «CPETHUI» BapUaHT.

B nro6om cnydae mpuMeHEHHE KpUTEPUATbHBIX 00paboTOK 00s13aTeNIbHO TpeOyeT XOTs
Obl MUHUMAJIbHOM HAaCTPOMKH Ha KOHKPETHOE IMPOU3BOJACTBO, 3aBOJ, 1ieX U T.I. [loaTomy
TPYJIHO OXHUJAaTh, YTO KTO-TO «BBIJACT» HE TPEOYIOIIWE HACTPOUKU YHHMBEPCAIbHBIE
KPUTEPUH JI1 KOHKPETHOTO Mpou3BoAcTBa. OIHAKO, OMUPASICh HA OMNBITHBIE (3aBOJICKUE)
JaHHbIE, BIOJIHE peabHO (HOPMUPOBATH AOCTATOYHO 3(PQPEKTHUBHBIE KPUTEPUH Ha Oase

M3BECTHBIX YNpOIIEHHbIX (Gopmyin. Ilpu srom naxke He Bcerma TpeOyroTCS Kakue-TO



JOTIOJHUTENbHBIE 3KCIEPUMEHThl — HHOI/IA JOCTAaTOYHO JAaHHBIX M MPEAJIOKEHHH,
KOTOPbIE UMEIOT CHEUATMCTHI, 3HAIOIINE 3aBOJCKYIO MPAKTUKY, U MPEACTABIISIONINE ceOe
oOuryro pu3nKy (GOpMHUPOBAHUS TOTO WIM UHOTO MapameTpa.

OcTanaBnuBaeMcsl Ha 3TOM TaK NOJAPOOHO, MOTOMY YTO MHOTME HapameTpbl, sIKOOBI
«MOJEIUPYEMBIE» B PA3IMYHBIX JUTEHHBIX CHCTEMax MO CYTH SIBISIOTCA 3aKpPBITOM OT
MOJIb30BATENsl KPUTEPHAIbHOM 00pabOTKOM TEIMIOBBIX WM HUHBIX mojed. Takue
00paboTKku 0053aTENBHO JIOKHBI HACTPAMBATHCSI HAa KOHKPETHOE MPOU3BOJICTBO, HO B
CHWJIy TOr0, YTO 3TH CHUCTEMBl HE MPEAOCTaBISAIOT TaKyl0 BO3MOXXHOCTb, TO YacTO
YTBEPKIAETCA, YTO CHCTEMAa M TAK CUMUTAET BCE «IPaBUIbHO». OCOOEHHO 4acTO 3TUM
«TpelaT» JUuiepbl U3BECTHBIX UMIIOPTHBIX CUCTEM, Yallle BCEr0 KCTaTU CaAMH HE 3HAIOIINE
YTO U KaK CUMTAETCS B paCpOCTPAHIEMON MU CUCTEME.

ba3bl cCBOMCTB CIIaBOB U MaTepuanoB (popm

ba3el cBOICTB cr1aBOB U MarepuainoB [lonurona siBASIOTCS MOJHOCTBIO OTKPBITBIMH,
MOTYT pPEJaKTUPOBATHCS IOJIb30BaTENIEM, HapallMBaThCs, MOAU(PUUUpPOBATHCS U T.A. B
HacTosiliee BpeMs B 0a30BYI0 noctaBky llosurona BXoasaT Teninopuanyeckue cBoMcTBa 1o
60 pa3nMuYHBIM CIUIaBaM, B OCHOBHOM Ha OCHOBE jkejie3a U amoMuHus. Kpome Toro, k

HOJII/IFOHy MOAKIIIOYCH CIIPABOYHUK I10 CBOMCTBaM Ppa3/IMYHbIX CIIJIABOB.

6. OnTuMu3anys TEXHOJIOTHYECKOro mporecca
B pamkax naHHOU cnel YacTH ONTUMHU3ALMS IPOUCXOJUT 10 aHAIU3Y 3aTBEPACBAHUS

OTJIMBKU C oMoUIb0 MoayJisi «Dypre-3D».YciaoBus pacuera npencTaBieHbl B TaOIULE.

Tabnuua — HauvansHbie ycnoBus pacuera «Dypoe-3D»

Crmutas Cranps 110I'13J1
HauanpHas Temneparypa, BEpPX 1450

°C HU3 1450
Matepuan popmsl Cwmecs alfa-set
Havanbnas remneparypa gopmsl, °C 20
[ITar pacuera, ¢ 20

AHaIN3 pe3yabTaTOB MPOBOAUTCS € MMOMOLIBI0 MOy «Mupax-3D».
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Pucynok 4 — Ananu3 npoiiecca 3aTBEpAeBaHUs OTJIMBKY, Oa30BbIi BapHaHT.
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Pucynok 5 — AHanu3 npouecca 3aTBEpAEBaHNs OTIUBKHU, TPOCKTHBIN
Takum o00pazom, TpPOBEAEHBI HCCIEAOBAHUS PACHPOCTPAHEHUS TOPHUCTOCTH B
TEXHOJIOTUM M3rOTOBJIEHUS OTJIMBKM MO 0a30BOMYy BapuaHTy (pUCYHOK 4) U 1O

MIPOEKTHOMY BapUaHTY (PUCYHOK 5).



3AKJIIOYEHUE

[Tocne MpoBEIEHHBIX BBIYUCINUTENIBHBIX UCCIEIOBAHUI POEKTHBIM BApUAHT OKA3aJICs
HaMHOTO Jydiue, 4yem 0a30Bblil. VMcnosnb30BaHnEe OMOPHOM IUVIMTHI B POJIM XOJOIUIBHUKA
00€eCneunsIo UCKIIOYEHHE MOPUCTOCTH B CEPEIUHE Tela OTJIMBKHU, a TAaKKE€ YMEHBUINIO
pacxon XKHUAKOro Meraa. JJaHHOe MPOEKTHOE pelIeHre 00eCIeYrBacT:

— OoJiee kKauecTBEHHOE (DOPMUPOBAHKME OTIMBKH «BpOHS HIDKHSAY;

— CHIKEHHUE Opaka MpH BBIITYCKE PEalbHBIX OTIUBOK;

— CHIWKEHUE TPYJOEMKOCTH 00pyOHO onepanuu;

— noeimenne TBI (¢ 73% no 84%).



