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X BCGpOCCHﬁCKaﬂ HAaYy4YHO-TIPpaKTUYCCKad KOH(l)epeHIII/Iﬂ JJId CTYACHTOB U yqameﬁcs{ MOJIOACKHA
«HpOFpeCCI/IBHI)IG TEXHOJIOI'MU U SKOHOMHUKA B MAIlIMHOCTPOCHUN >

HHE TPU ToJla peaau30Ball KpyIIHEHIINHA B MHCTPYMEHTAJILHOM OTpaciu HHBECTHLIMOHHBIH MPoeKT «OpraHu-
3a1Ksl NPOU3BOJICTBA BBICOKOTOYHOTO HHCTPYMEHTa».

EBpona siBisiercst muziepoM 1o Ipou3BOACTBY ¢pe3 st ppesepHoro cranka. Ha nanHom sTane eBporeid-
CKHME TEXHOJIOTMH MPEB30M/IS MOYTH BCEX, YIUIM JajeKo Brepen Onaroiapsi OOJNBIIOMY BKJIAy HEMELKOH, U3-
BecTHOM Komnannu BOSCH.Y stoit komnannu Haxoautest 6osee S000nartenra o BceMy MHUpPY ¥ 0K0JI0 6 MIIpIt
JioJuapoB MHBecTULMA. dpe3epbl, N3roTaBiBacMble B AMEpPUKE MOYKHO NPUPABHUBATH K €BPOICHCKUM MO Ka-
YECTBY, HO OHU CHJIBHO YCTYMAIOT 110 M3BECTHOCTH U3-3a JIOPOTOBU3HBI TPAHCIIOPTUPOBKH.

3a noceiHHe rofbl TPEOOBaHMS K MEXaHUUYECKOH 00padoTKe CyIIECTBEHHO M3MEHWIUCH. Jlomst TpyaHoO-
00pabaThIBaeMbIX MaTEepHaIOB B MalIMHOCTpoeHnH, Bozpocia ¢ 10 %o 80%,a 510 03HaUaeT, 4To TaKkxke yBe-
JIMYWITKCH TPeOOBaHUS K KaUeCTBY M NMPOU3BOIUTEILHOCTH 00padoTku. Bee 910, B CBOIO 0uepesib, 00yciaBimBaeT
BO3PACTAIOIIYIO IOTPEOHOCTh B COBPEMEHHOM MHCTPYMEHTE C YITy4YIICHHBIMHU SKCIUTyaTAllMOHHBIMU XapaKTepH-
crukamu. B [locneanue roapl NepCHeKTUBHBIM HAIpaBIeHUEM SIBIICTCS CO3/IaHUS A TAKOKE UCIIONIb30BaHMs Oe3-
BOJIL()PAMOBBIX TBEP/IBIX CIUIABOB, SBISIETCS HAHECCHHE HA PEXKYIIYIO YacTh (PPE3EPHOTO MHCTPYMEHTA TOHKUX
M3HOCOCTOMKHMX MOKPBITHI Ha OCHOBE HUTPH/IA TUTaHa, KapOuia TUTaHa, OKMCH alOMUHUS,

OCHOBHBIE IOCTONHCTBA HHCTPYMEHTOB C OKPBITHEM:

1. TloBsblmeHue pa3MepHOl CTOMKOCTH PEXYLIETO0 HHCTPYMEHTA,;
2. CHmKCHHE IIEPOXOBATOCTH 00PaOOTaHHBIX JCTaICH.

3axroyeHue:!

B pesynbrare BBINOJIHEHHS JaHHOW KypcOBOW paOOTHI MBI M3YyYHMJIM HECKOJBKO Pa3sHOBHUIHOCTEH
(pe3epHBIX HHCTPYMEHTOB U MX HazHayeHus1. O3HaAKOMIIIKCH C TEOMETPHUEH, a TaKkKe ¢ UX KOHCTpyKUuel. B
UTOTE MOKHO NMPUHTH K TaKOMY BBIBOIY, YTO ['epMaHums sIBISICTCS JIMIECPOM 110 U3TOTOBICHUH (pe3, Hepa-
JieKo oT kotoporo pacnonaraercst CIIIA o kauecTBy (ype3epHbIX HHCTPYMEHTOB.
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MOJEJUPOBAHUE JIUTHSA AJIIOMUHUSA B KOKWJIb
JI.E. Bywyee, cmyoenm epynnet 10B71,3.H. Pacynzooa, cmyoenm epynnet 10860,
Hayunvll pykogooumens. Hopacumos E.A.
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Aunnortanus: Ha ocHOBe MOJeMpOBaHMs MPOIECCa 3aJIMBKH aFOMHUHUEBOTO CIUIABA B METAITHYECKYIO
(hopMy pa3paboTaH TEXHOJIOTUUECKHUIA MPOIECC MUHUMHU3UPYIOIIHN KOJIMYECTBO A€PEKTOB B TENIE OTIUBKH.
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Cexnus 1. CoBpeMeHHbIe POMBIIIIEHHBIE TEXHOJIOTHA

KunroueBble ciioBa: MOIEIHPOBAHKE, KOKUIIb, ATFOMUHUEBBIH CIUIAB.

Ha ceropnsiuiauit JeHb M3rOTOBJICHHE HOBBIX BHIOB MPOAYKLHH Ha MPEANPHATHAX METaJUTyprude-
CKOHM OTpaciu TpeOyIT 3HAYHTEIBHBIX 3aTPAaT BPEMEHHBIX W (DHMHAHCOBBIX pPecypcoB. B mepByro odepens
9TO CBSI3aHO ¢ pa3paboTKOil, BHeApPEHHEM U OTPAOOTKOH HOBOIO TEXHOJOTHYECKOrO MpOIecca, 4To, Kak
MPaBUIO, BEACT K OONMBLIMM MOTEPSM B BUIe Opaka. YMEHBILIUTH BpeMsi Ha pa3paboTKy TEXHOJIOTHYECKOTO
nporecca JUThs BO3MOXKHO C MPHUMEHEHHEM HHCTPYMEHTOB KOMIIBIOTEPHOrO MonenupoBanus. Ha cero-
JHSAIIHAN ACHb PHIHOK HACBHIIICH 3HAYMTEIBHBIM KOJINYECTBOM MPOrPaMMHbBIX MPOAYKTOB ISl PEIICHHUS 3a-
a4 MOJCIHMPOBaHHS JIUTCHHBIX MPOLECCOB, YTO MO3BOJSIET KOHEYHBIM IMOJB30BATEISIM [0OA00paTh Mpo-
rpaMMHOE 00ecTieyeHIe o] Y3KOCTIeHaTu3uPOBaHHbIN KpyT 3a1ad4 [1-3].

Haubosee pacnpocTpaHSHHBIMHE SBJISIOTCS MPOrPAMMHBIC TIPOAYKTHI BBIMONHSIIOLINE PAaCYeThl METO-
JIOM MOJEIHMPOBaHMsI KOHEYHBIX pasHOCTEil. Beck mporiecc mpoeKTHPOBaHHs CBOAUTCS K HECKOJIBKHM MO-
ClleIOBaTENIbHBIM 33]]a4aM, KOTOPbIE MOXHO TPEACTaBUTh B BUIe cxeMsbl (Puc.1).

Pazpabotka ITocTpoenne MonensHbIH PeantHrple
HqepTexa :> 3D mozenn :> pacTeT mpomecca ﬁ HCIBITAHHSA
OTAUEKM THTeHHOH 3aTHBKH MeTalia

Puc. 1. Cxema npoyecca unmezpayuu HOBOU MEXHON02UU JIUNMbSL

Ha ocHoBaHue uepreka roToBoro m3nenus «Kopryc Hacoca» paccunTaHa TeOMETPHS OTJIUBKU C y4e-
TOM YCaJKd WM MpPUITYCKOB. Jlanee B mporpaMMHON cpele TBEPAOTEIBHOTO MOJCIHPOBAHUS IOCTPOCHA
3D-Mo1eIh OTIMBKH ISl TUThS B KOKIIb (Puc2).

Puc. 2. 3Dmooenv omausxu «Kopnyc nacoca»

I'panuyHbBIC yCIOBUS MAaTEMaTUYECKOrO pacydeTa IMpoIecca 3alOJHCHUS KOKWIS M KPHCTAILIH3alUN
CIUIaBa MPE/ICTABICHBI B Ta0MI. 1.

Tabmuma 1
TexHUYeCKHE YCIOBHSI JIUThSI B KOKHJIb

HaunMeHoBaHue napamerpa 3HaueHHe napamerpa
3ajMBaeMblii CILJIaB Ax9q
Temneparypa cruiaBa repe]| 3aJ1MBKOi 730C
Marepuain Gpopmsl Cranb
Temneparypa ¢hopmbl iepes 3aIMBKOH 250C
CkopocTh 3alI0JIHEHHSI METaJLIa CBoOopHas 3aI1BKa
ToJyHa €105l OTHEYIIOPHON Kpacku 0,1Mm

Pesynbrarhl pacdera 3anoaHeHus GOPMBbI M KPUCTALIM3ALNH CIUIaBA MPEICTABICHbI HA PUCYHKaX 3, 4.
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Puc. 3. Hpouecc 3ANnOJIHEHUA KOKUJIAL CN1a8oOM

f\g\
3

Ilo pe3ysibTaTaM pacdye€Ta BUAHO, YTO B MPOLCCCC KPUCTAIIU3ANHU CIlJIaBa IPOUCXOAUT (l)OpMI/IpOBa-
HUEC U30JIMPOBAHHLIX OTHOCUTCIIbHO KPYITHBIX TEIIJIOBLIX Y3JIOB, B KOTOPLIX CIJIaB 3aCThIBACT B MOCJIICAHIOIO
oyepceab. ,HaHHLIﬁ (l)aKT MO3BOJIACT NPCAIOJIOKUTH, YTO B JaHHBIX MECTAxX TCja OTIUBKU 6y,£lyT O6pa3OBLI-
BaTbCA KPYITHbIC Zle(l)EKTLI YCaa0o4YHOT' 0 XapaKTepa, 4TO MOATBEPKAACTCSA IIPU aHAIN3C YCaAKU (PI/IC. 5)

\ Ycanka, 2% ' Ycanka, %
; -

90.00
90.00 70.00
70.00 50.00
50.00 45.00
45.00 40.00
40.00 30.00

25.00
30.00 P ‘ 20.00
25.00 15.00
20.00 & —— 10.00
15.00 5.00
10.00 4.00

W3 npencraBieHHBIX pacyETHBIX AaHHBIX BHJHO, YTO IPU JAHHOW I€OMETPUU KOKWIA M COOTBETCT-

BYIOIIUX TEXHOJOTHYCCKUX YCJIOBUAX B TCJIC OTJIMBKU HC o6pa3yeTcx CYIIECTBECHHBIX ,Z[e(l)eKTOB ycaao1Horo
XapaxkTepa. Pacnonoxxenne JIUTHUKOB, nUTaTele u l'[pI/I6LIJ'II>HI>IX yacTeil 00eCIeUYrBaIOT AOCTATOYHYIO
NOANUTKY METAJUIOM, IpU KOTOpOﬁ KPpYIHBIC yCalO0YHbIC Zle(l)eKTLI YXOZIAiT B HpI/I6BIJ'II>HyIO 4acCThb U IIMTATC-
. Ha ocHOBaHHMM JAaHHBIX MAaTEMATUYCCKHUX pacucTOB B ,ElaJ'ILHeﬁI.HeM ObLIN JAaHbl PpEKOMCHAAIUN 1JIs1 U3~
TOTOBJICHUSA PCAJIbHOTO KOKUJIA B COOTBETCTBUU C I[aHHOﬁ KOH(I)HpraLIHeﬁ. ,HaHHLII;'I Ioaxod I103BOJIMJI 3Ha-
YUTCJIIBHO COKPATUTH BPEMA pa3pa60TKH KOHCTPYKIIUH KOKWJII U MUHUMHU3UPOBATH MOTCPU MaTEpUaia Mnpu
€ro U3roToOBJICHUU.

Puc. 4. IIpoyecc kpucmanuzayuu omiueKu

5.00 3.00

4.00 200

3.00 1.00

2.00

1.00 70.00
— 8.82

Puc. 5. Ananus ycaoku

CHucoK JTUTepaTyphl:
1. SOLIDCast -IIporpamMmmuoe obecrieueHre A1 MOACTUPOBAHUS JIUTCHHBIX TEXHOJIOTHI [DNEeKTPOHHBIH
pecypc]: http://www.solidcast.ru/fata obpamenus: 10.03.2019).
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3. ILMW. Ianemes, A.C. Jlenues, K.B. Hukutun, M.A. Skosnes, [.®. CanaxyrnnHoB MojaenupoBaHue
JIMTHUKOBOU CHUCTEMbI KOKHMJIBHBIX KOPIYCHBIX OTIUBOK u3 crutaBa AK9u [Dnexrpounsiit pecype] //
Jluteitnoe npouseonctso. 2012 .Ne7 http://lvmflow.ru/images/docs/Ip072012.pdf

NPUMEHEHME PID PETYJISITOPOB B ABTOMATUYECKHUX
CUCTEMAX MAHIMHOCTPOEHUS
3. M. I'anumos, cmyodenm ep. MP-17 , nayunwiti pykosooumens. C.O. [Ipunenckuii k.n. H..
FOpaunckuii mexnuKym mMawunocmpoenus u UH@OOPMaYUOHHBIX MEXHONOU.
652055 ¢.FOpea yn. Jlenunepaockas 10men. 8 (384) 5 14-06-06
E-mail: zaur-yrga@mail.ru

Annotamusi: [IM/]-perynsrop naer xopoliee KauecTBO PEryJUpOBaHMs, U B IIPOrpaMMax IMYJIsTO-
pax st ACY sroro nocratouno. Ha npocteix cxemax B nporpamme Proteus VSMpaccmarpusaercs I[TU/] —
perynupoBanue. BoiOop ycrpoiicTBa perynnpoBaHuUs 3aBUCUT OT LEJIH, JJIsl KOTOPOI MCIIOJIB3YETCsl peryis-
TOp. Takoil LEeNbI0 MOKET OBITH:

*  [OA/ep)KaHHE MOCTOSHHOTO 3HAYCHHMS apaMeTpa (Halpumep, TeMIIepaTypsl);
*  CIC)KCHHE 32 U3MEHEHHEM (PU3MUECKHUX XapaKTEPHUCTHK B TEXHOJIOTUYECKHUX MPOIIECCaX;
e  ympaBieHHE AeMII(epoM B pe3epByape C KUAKOCTHIO U T.1.

Karouessie cioBa: [IM]] perynupoBanue, perynstop oseH, Proteus VSM.

MU A-peryaupoBaHue sIBISIETCS PacIPOCTPAHEHHBIM CIIOCOOOM YIpaBieHHs. DTO IMPONOPLHUOHAIBHO-
HHTETpaIbHO- (D PEepeHIHAIBHBII PETYIISTOP — YCTPOHCTBO B LIETIH OOPATHOM CBSI3H, UCIIOJIB3YEMOE B CHCTEMax
ABTOMATHYECKOTO YIPABJICHMS JUIS TTOJUIEpXKaHMs 331JaHHOTO 3HAUYCHUsI M3MepsieMoro napamerpa. Yarue Bcero
MOXKHO BCTPETHTH NpuMepsl, Tae [T /I-peryistop ucnonb3yercs A71s peryImpoBKH TEMIIEPATypBbI.

Ha pucynke 1 npencrasiieHa cxema aBTOMaTHYECKOrO PEryJIsiTopa TEMIIEPaTyphl C IPUMEHEHHEM PUMHU-
tuBa PID B xomIuekTe komrnoHeHToB Proteusu mmuraropa siexrponarpeBarenst Oven. OvereanHCTBeHHBINH
9JIEMEHT, BBIIAIOIINH Ha BBIXO/IE HANPSDKEHHE MPONOPIIMOHAILHOE TEMIIEpaType Harpesa, TEM CaMbIM MO3BOJISIET
OCYILIECTBUTH OOpaTHYIO CBS3b M OCYILECTBISATH KOPPEKTUPOBKY HarpeBa IyTeM IOJaqd WIIM OTKJIFOYEHHMS ITH-
Taromiero HanpspkeHusi. Hanpumep, 200rpanycos Harpesa 3to 200 BonsT Ha Beixoge Ovena.UtoOs! ncnoinb3o-
BaTh HU3KOBOJIBTHBIE ycTpoicTBa T L Tuma, st 00paboTKK JaHHBIX, HEOOXOAMMO CTaBUTH JIEIUTEIb HAIPSDKE-
HUS ¥ IPUBOJNTH BBIXOJHBIC BEIMYMHBI K HEOOXOIMMOMY YpoBHIO HanpspkeHust. PID perymnsrop BelgaeT KopoT-
KHe UMITYJIbChI utsl niporpesa reun Oven. Ovemmeer 4 yposus nporpesa - 100%, 75%, 50% 25%.

Ha perynstop PID nogaercs 25 BonbT, 4TO cooTBETCTBYET 25 rpagycam nporpesa. Ha rpaguke Mel
BUJINM KaK IPOTPEBAETCs Meub U uepe3 25 ceKyH 1 TeMIeparypa ycTaHaBIMBaeTcsl 25 rpaaycos.
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Puc. 1. lemoncmpayus pabomor P1D pezyramopa
Ha pricytke 1 MbI BUIUM B CXEME JIEITHTEIh HATIPSOKEHHS U GoJiee TUIaBHYO KPHBYIO TEMITEpaTyphI rieun 0e3

nieperpesa. [I1aBHOCTL HAOOPa TEMIIEPATypPhI MOMyYeHa HACTPOMKAMU MOIIIHOCTH [€4H, BPEMEHH OIPOCa, a TaKKe
YCTaHOBKaMH HEOOXOIMMBIX HHTETPUPYIOMMX 1 TuddepeHnupyrommx coctapistommx PID perymstopa.
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