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OBIIIME YKA3ZAHUSA

Hacrosimiee Mmetoanueckoe nmocodue coCTaBiIeHO ISl CTYACHTOB 3a0YHOMN
dbopmbl 00yuenust no cnenuanbHocTH 7.05040201 «JIuTeliHOe TPOU3BOJCTBO
YEpHBIX U IBETHBIX METAJJIOB U cIiaBoB». Kypc «lIpoekTupoBanue JIUTEHHBIX
IIEXOB CHEIUAIbHBIX BUJIOB JIUThS» SBISCTCS CIEIUATbHBIM U 3aBEPIIAIOIINM B
IIUKJIE TIOJITOTOBKU CTYJIEHTOB IO CIICIMAIBHBIM AUCITUTIIMHAM.

Lenp u3ydeHus: Kypca — 1ath OyIYIIUM CIIEIIUATUCTaM 3HaHUE OCHOBHBIX
MIPUHIIAIIOB TMPOEKTUPOBAHUS JUTEHHBIX II€XOB CIEIHAIBHBIX BHUJIOB JIUTHS,
METOJIOB pacyeTa OCHOBHBIX U BCTIOMOTATEJIbHBIX OT/ICJICHUM.

OcHoOBHas 3ajaya UW3y4YeHMs] JAUCIUIUIMHBI — HAYyYUTh OYIYIIETO
CIelUAJINCTa TPABUIBHO BBIOMpPATh U TEXHUYECKH TPaMOTHO OOOCHOBBIBATH
npejjiaraéMble  TEXHUYECKHE  PEIICHUs TMpU  MPOCKTUPOBAHMHM  IIEXOB
CHELUAJIbHBIX BUAX JIUThS, a TaK K€ MOATOTOBUTH CTYACHTOB K MPOXOXKICHHUIO
NPEAAUIUIOMHOM TMPAKTUKH W BBIMIOJHEHUIO JUIUIOMHOTO TpoekTa. B
pe3yiabTaTe U3y4YeHHs JUCHUTIINHBI CTYACHT JOJIKEH:

1 3HaTh MPUHIMIBI TOCTPOCHHS COBPEMEHHBIX TMPOW3BOJICTB,
OCHOBHBIE METOJMKH U METOJAbl MPOCKTUPOBAHUS MPOU3BOACTBEHHBIX CHUCTEM
W3TOTOBJICHUSI OJIMBOK CIEHUATBHBIMU CHIOCOOAMU JIUThsI, BKIIFOYAS SJIEMEHTHI
CAIIP;

2 yMETh BBIOpaTh U OOOCHOBAaTH ONTUMAJBbHBIA TEXHOJIOTUYECKHUI
MPOIIECC MPOU3BOACTBA OTJIMBOK KOHKPETHOM MPOU3BOJICTBEHHON MPOrpPaMMBI;
OMpeNeNsaTh  HEOOXOAMMBIE  TUIBI  OCHOBHOIO W BCIIOMOTaTEJIbHOTO
000OpyAOBaHMS JJIi Pa3IUYHBIX MEPEAeNIOB TEXHOJOIMYECKOro Ipolecca H
PacCUUTHIBATh €r0 KOJMYECTBO, pallMOHAIHLHO KOMIIOHOBATh OTHEJICHUS IieXa U
1exX B 1eJIOM, JaBaThb TEXHUKO-JKOHOMHYECKOE OOOCHOBAHHME MPUHSITHIX
pELICHUN.

[IpenogaBanne MUCHUIUIMHBI Oa3UPyETCSs HA 3HAHUAX, MOJTYYCHHBIX B
mpouecce  ycBoeHHs — KypcoB  «lIpoexkTupoBaHHe  JIUTEHHBIX  LIEXOBY,
«CnenuanbHble BUIBI TUThA», «TeopeTnyeckue OCHOBBI (OPMOOOPA3OBAHUSY,
«IIpoexkTupoBaHuE M TPOU3BOJICTBO OCHACTKU», «OCHOBBI TEOPUU IUIABKH U
MIPOU3BOJICTBA OTIMBOKY», a TaK K€ JPYrux o0uieoOpa3oBaTeIbHbIX AUCITUIUIMH
B o0OBeMe, HEOOXOAMMOM [l PEIICHHs] TPOCKTHBIX, TEXHOJIOTMYECKUX M
KOHCTPYKTOPCKHX 3a/1a4.

HNucnunnuaa «lIpoekTupoBaHue JUTEHHBIX 1I€XOB CIEHHUAIBHBIX BUIOB
JTUThs» u3ydaercs B 17 Tpumectpe, uMeeT | MOIyib, KOTOPBIM BMEIIAeT B ceOs
OCHOBHBIEC TEMBI U MPAKTUYECKUE PAOOTHI.

VY4eOHbIN TMpollecC OpraHu3yeTcs clieayoumuMm obpasoMm. B mepuon
YCTAaHOBOYHOM CECCHUHU CTYJACHTaM YHUTAIOTCS BBOJHBIC JICKIIMH, TMPOBOISTCS
MpakTUYEeCKHe paboThl M BHIIAIOTCA 3aJaHUs HA BBIIIOJTHEHUE WHIUBUIYaTbHOU
MpaKTUYeCKOM  paboThl.  YueOHble  3aHATUA MO  KypCy  BKIIOYAIOT
CaMOCTOATENbHYI0 paboTy HaJ y4eOHO-METOJUYECKOM JUTEpaTypol H
BBITIOJTHEHHE KOHTPOJILHON PabOTHI.

[IpakTryeckue 3aHATHS IS CTYJEHTOB OPTaHU3YIOTCS B ayJIUTOPHIX
aKaJIeMUH U BBITIOJHSIIOTCS BO BPEMs YCTAHOBOYHOM CECCHH.
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CtyzneHTbl, BBIMOJHUBIINE NPAKTUYECKUE PabOThI, JOMYCKAIOTCSA K caye
DK3aMeHa.

Pexomenayercs cineayromuil MOPSIIOK CaMOCTOSITENILHOM IMPOpabOTKH
TeM Kypca:

- O3HAKOMHTBCS C COAEPKAHUEM TEMBI U METOOUYECKHUMU YKa3aHUAMU,
YTOOBI NMPEACTABUTH 00BEM U MOCIEI0BATEILHOCTD U3JI0KEHUS MaTepuaa;

- IPOYECTh COOTBETCTBYIOLIUE Pa3/ieiibl B OCHOBHOM JINTEPATYPE;

- OTBETUTH Ha MPUBEICHHBIE BOIPOCHI AJISI CAMOCTOSITEIBHON IPOBEPKY;

- JUIsl pacUIMpeHMs] MPEACTaBICHUM O paccMaTpUBaeMOM BOIIPOCE
00paTUTHCS K JOTIOJHUTEIBHON JTUTEPATYPE.

IIpuctynas Kk H3y4eHHIO KakKJIOW HOBOM TEMBI Kypca, pPEKOMEHIYETCH,
IIPEXKJE BCEro, O3HAKOMMUTBCS C COOTBETCTBYIOIIMM pa3[eiIOM HAaCTOSIIUX
yKa3aHUM W YEeTKO MpEeACTaBUTh cebe 00beM TEeMbl M MOCIE0BATEIbHOCTD
pazOupaembix B Hel BompocoB. [locie u3ydeHHs] METOIUYECKUX YKa3aHW
MOXHO TEPEXOAUTh K MPEABAPUTEIBHOMY O3HAKOMIIEHHIO C MATEpHUAIOM IIO
y4EOHUKY.

Korma »stoT mepBbiii 3Tanm paOOThl BBIMOJIHEH, CIEAYET MNEPeUTH K
JETAJIbHOMY M3y4Y€HHUI0 MaTepuana ydeOHuka. Ecimm mocrie TmareabHOro
U3Y4YeHHUs] TeMbl MO YYE€OHUKY C HCIOJIb30BAHUEM METOAMYECKUX YKa3aHW
OCTaHYTCSl HESCHbIE MeCTa, HY)XHO OOpaTUTbCS 3a KOHCYJIbTAllMed K
IIPETI0ABATEIIIO.

YroObl Jierde 3alOMHUTh M YCBOUTH MaTepuall, PEKOMEHAYETCS
COCTaBJIATh KPATKUM KOHCIEKT MO KaXJAOMY U3YYEHHOMY pa3zeiy.

[locne u3ydyeHus: Kakxa0W T€Mbl HY’KHO OTBETUTh YCTHO Ha BOIPOCHI IS
CaMOITPOBEPKH, IOMEIIECHHBIE B METOANYECKUX YKa3aHUsAX. OTBETHI HA BOIIPOCHI
IUIsL CaMOIIPOBEPKU - BaXXHOE CPEICTBO CaMOKOHTpois. OHM ITOMOraroT
3aKpENuTh B NaMATH MaTEpHUaN Kypca.

DK3aM€eH — 3aKJIIOYUTEIbHBIN ATall U3y4eHUsl Kypca. 3ajJ0roM YCIEIIHON
€ro cjaaud SBJSETCS cUcTeMaTudeckas paboTa HajJ KypcOM U BBHINOJHEHHE
U3JI0’KEHHBIX 371eCh TPEOOBaHUH.



1.1 Tema 1. Berymiienue. O01iue 0coOOEHHOCTH MPOEKTUPOBAHUS 1IEXOB CHEIIHATbHBIX
BUJIOB JIUThSA. [IpoeKkTupoBaHNE IEXOB JIUTHSI [0 BHIILIABIISIEMBIM MOJIENSIM

Knaccudukanus  crneuuanbHbIX — croco0oB  juThs.  OpraHuzanus
MPOEKTHBIX paboT. O01mKe 0COOEHHOCTH MPOSKTUPOBAHUS 1IEXOB CHEHUATBHBIX
BUJOB JUThs. Kiaccudukanus 1eXOoB JIUThbS MO BBILIABISEMBIM MOIEIAM
(JIBM). OcHoBHble oTaeiaeHuss 1exa M uX HazHaueHue. OcoOeHHOCTH
COCTaBIICHUS Mporpammbl 1iexa. McxoaHele AaHHbIE Ui MNPOEKTUPOBAHMUSL.
Oco0EeHHOCTH MPOEKTUPOBAHMS OCHOBHBIX OTIEICHHM LIeXa.

Jluteparypa: [1, 2, ¢ 10-16, 197-247, 4, c. 3-29, 5, c. 302-318, 7, c. 43-45,
9, c. 223-228].

MeTtoauyeckue yKkasaHus

CrocoObl  TIOJy4EHHS JUTBIX U3JICIUH, OTHOCSIIMECS K Tpymme
CICIMAbHBIX, HACUYUTHIBAIOT B HACTOSIICE BPEMS HECKOJBKO JCCATKOB
HAaUMCHOBAaHWW. OTH CIOCOOBI IO3BOJISIOT TMOJYYaTh W3JCIUS BBICOKOTO
KauyecTBa, BBICOKOIPOU3BOJUTEIBHB, a BO MHOTHX CIIy4dasx SBJISIOTCS
CAMHCTBEHHO  BO3MOXKHBIMH  JUIA  TIOJYYCHHS HM3ACIMA C  OCOOBIMH
XapaKTepUCTUKAaMU M OKCIUTyaTallMOHHBIMH Mapamerpamu. CrenuaabHbIe
CIIOCOOBI JINThSI HAXOAT BCE OOJIbIIIEE MPOMBINIICHHOE MPUMEHECHHE, TaK Kak,
HapsSAy C BBICOKOW MPOU3BOAUTEIBHOCTBIO, OOECIICYMBAIOT ITOBBHIIICHHE
pa3MepHON M MacCOBOW TOYHOCTH OTJIMBOK, YTO NPHBOJHUT K 3HAYUTEIHLHOMN
HKOHOMHH METaJlJIa M K CHUKEHHUIO TPYTOEMKOCTH MEXaHUYECKOH 00pabOTKH.

Bce cnemumanbHBIC CHOCOOBI JIMThSI MOXHO KJIAaCCH(MUIUPOBATH 10
CJICYIOIIUM TIPU3HAKAM:

- no 6udy @opmer (JIUThEe B METAIMUECKUE (OpPMBI, JIUThE B
KepaMHUYECKHE pa3beMHBIC (OPMBI IO MOCTOSHHBIM MOJEIsIM (IIOY-TIpoIecc),
JUTBE B OOOJIOYKOBBIC (DOPMBI, JTUTHE B TIOCTOSHHBIC YTJICPOIUCTHIC (OPMBI
(yriepoaucTbie KOKUIIN), INThE B TUTICOBBIE (DOPMBI);

- no 6udy npumeHsemvlx Moodenell (JTUThe 1O BHIIUIABISIEMbIM
MOJCIISIM, JIUThE TO Ta3u(HUIMPYEMBIM MOJEISAM, JINThE IO PACTBOPSICMBIM
MOJIEISIM);

- no 6udy 6030elicmeus Ha HCUOKUL UIU KPUCALIUIVIOWUCA
pacnnas (IUThEe TION JAaBICHUEM, JTHUThE IOJ PETYIHPYEMBIM IEpEnagoM
ra3oBOro JAaBJICHUS (JINThe BEDKHMMAHHEM ), JINTHE 1OJ] BCECTOPOHHHM T'a30BBIM
JaBJICHWEM (aBTOKJIABHOE JIUTHE), JIUThE C KPHUCTAJUIM3AIMEH TOJ JaBIICHUEM,
IIEHTPOOCKHOE  JIUThE, JIMThe C TPUMCHCHHUEM  JJICKTPHYECKOTO0 |
AJICKTPOMArHUTHOTO BO3ACHCTBUSA, JHThE C TMPUMEHCHHUEM YIIBTPA3BYKOBOM
00paboTKH pacriiaBa).

[TonoxxnuTenpbHOH OCOOCHHOCTHIO OOJBIIMHCTBA JTHUX CIIOCOOOB JIHTHS
SIBJIICTCS BO3MOJKHOCTH BBICOKOH CTEIICHW aBTOMATH3AIlMM M KOMIUICKCHOM
MEXaHHW3allud TPOU3BOJICTBA, YIIYUIICHHE CAHUTAPHO-TUTUCHUYCCKUX YCIIOBHMA

Tpyna.



OTU TpeuMyllecTBa MNPEAONPEAESIIOT LEIeco00pa3HOCTh OpraHu3aluu
IIPOU3BOJACTB, CIICLUAIU3UPOBAHHBIX KO MEXHOJIOSUYECKOMY NPU3HAKY, B
JaHHOM CiIy4ae no cnocooy aumvs. OJHAKO B HACTOSIIEE BPEMS UCTIOIb3YIOTCS
B IIUPOKMX Maciutabax M pealu3yloTcs B BHJAE CaMOCTOATENIbHBIX
MIPOU3BOJICTBEHHBIX MO/Apa3iesieHni (LI€X0B) UMb HEKOTOPHIE U3 CEIHAIbHBIX
cnoco6oB. Haunbosmpiiee pacnpocTpaHeHne MOTYUUIU LEXH JIUThS IO Pa30BbIM
(BBIMJIABISIEMBIM, BBIKUTAEMbIM) MOJENSAM, JUTh B 000JOYKOBBIE (DOPMBI,
JUTHS TIOJI TABJICHHEM, B KOKWIA U IIEHTPOOEKHOro JUThs. Kaxablii U3 3TUX
CIIOCOOOB MOKET 00€CIeUuTh MTPOU3BOACTBO TOJIBKO ONPEIACICHHON KaTeropuu
OTJIUBOK.

Llexu  JIBM OTHOCAT K  OCHOBHBIM (MpOU3BOJICTBEHHBIM )
3arOTOBUTENBHBIM JINTEMHBIM LeXaM. JlaHHbIE LEXM pa3IM4arT 10 POAY
CIUlaBa, Macce OTJIUBOK, OOBEMY MPOU3BOJACTBA, CEPUUHOCTH, CTENEHU
MEXaHU3aIlUU U CJI0KHOCTH OTIMBOK (cM. Tabm. 1.1).

Tabauya 1.1 - Knaccuguxayus yexos 1umvs no 8ulniasisieMblM MOOeIIM

Bun uexon | XapaKTepruCTUKa
ITo Buay JIMHENHOrO CIIIaBa
CrasnbHOrO JINTHS [Ipou3BOACTBO OTIMBOK OOHIEMAIIMHOCTPOUTEIBHOTO
Ha3HAYCHUS M3 YIJIEPOAUCTBIX U HU3KOJIETUPOBAHHBIX
CTaJICH: NeTalld aBTOMOOMIIEH, TPaKTOPOB,

CEJIBbCKOXO03IMCTBEHHBIX MamurH, CTAaHKOB, HpI/I60pOB,
IIBEHHBIX ManirH, BEJIOCUIICAOB U T. II.

qYI‘YHHOFO JIUTBA HpOI/ISBOIICTBO OTJIMBOK M3 YYyT'YHaA

CHCI_II/IaJIBHOI‘O JINTBA HpOI/ISBOIICTBO OTJIMBOK  H3 KOppOSHOHHO-CTOﬁKHX,
X(apOCTOﬁKHX, JKAPOIPOIHBIX CTaHeﬁ, MAar"duTHbBIX H
APYTUX CIICHUAJIBHBIX CIIJIABOB

HHCTpYMeHTaJIBHOI‘O HpOI/ISBOIICTBO OTJIMBOK W3 CTaJIC M CIIAaBOB BBLICOKOM

JINTBhA TBEPAOCTH H W3HOCOCTOMKOCTH A pexKylero H
MCPUTCIIbHOI'O NHCTPYMCHTA
HBCTHOI‘O JINTBA HpOI/ISBOIICTBO OTIIMBOK H3 aJIFOMHMHHCBbBLIX, MCIAHBIX,

MAaravcBbIX, TUTAHOBBIX W APYIrUX CIIJIABOB HA OCHOBC
OBCTHBIX MCTAJIJIOB

Ilo Mmacce OTJINBOK

MeJKoro IuThs Cpennsis macca oriuBok 110 0,1 xr
CpenHero JIMThS - Cpennsia macca otnuBok 0,1 — 0,5 kr
KpynHoro nutes Cpennsist Macca oTIIMBOK Oosee 0,5 Kr

ITo 0O6bemMy POU3BOICTBA

C manem BeimyckoM |Beimyck 70 1000 T OTJIIMBOK B 1o

Co cpennum Beimyck 1000 — 2500 T OTIMBOK B oA
BBITTYCKOM
C 0obIIUM Brimyck 6omee 2500 T OTIIMBOK B O




BBIITYCKOM |

ITo cepuiiHOCTH IPOU3BOICTBA

MaccoBoro Beimyck Majol HOMEHKJIATYphl OTJIMBOK B OOJIBIIOM
MIPOU3BOJICTBA KOJIMYECTBE

Cepuiinoro BbIycK MIMPOKOY HOMEHKIATYPHl OTIMBOK B OOJIBIIOM
MIPOU3BOJICTBA KOJIMYECTBE

EnuangHOTO [IIupokass HOMEHKJIATypa OTIWBOK, H3TOTOBIIIEMBIX B
MIPOU3BOCTBA MaJjIOM KOJIMYECTBE OT/ICIbHBIMH 3aKa3aMHu

(roBEJIMPHOE JTUTHE)

IIo crenenu MCXaHHu3allnu

Pyunoro BbINOTHEHNE TEXHOJOTMYECKUX MPOLECCOB B OCHOBHOM
IIPOU3BOJICTBA BPYYHYI0 C TIOMOIIBIO NPOCTEUIIMX MEXaHU3MOB H
WHCTPYMEHTa, OOJeryaliux TpyA U YCKOPSIOMINX
ITPOM3BOJICTBEHHBIN NPOLIECC

MCXaHI/ISI/IpOBaHHBIﬁ BrinmonHeHne TEXHOJOTHUYECKUX mponecCcoB B OCHOBHOM
¢ IIOMOOIbKO MAIIMH W MCXAHHU3MOB, IIOJIYHAOIIUX
OHCPIUIKO0 OT CICHUAJIBHOI'O HNCTOYHHKA. praBJICHI/IC

MalllMHAMH u MEXaHU3MaMH, BBITIOJTHEHUE
BCIIOMOTaTEIbHbBIX MPOLIECCOB u oIepanuii
OCYIIIECTBIISIETCA BPYUYHYIO

KommnekcHo- BeinmosiHeHWEe  BCeX  TEXHOJIOTMYECKHMX  MPOIIECCOB

MEXaHU3UPOBAHHBIM |[OCHOBHOIO M  BCIOMOTATEIBHOIO TMPOU3BOACTBA C
WCIIOJb30BAaHUEM MaAIllMH, MEXaHH3MOB, IPHUOOPOB W
IpyruxX CpeACTB MexaHuzamuu. JlomyckaeTcss Ha
OTJAEJBHBIX ONEpalusiX, Mpoleccax U B MOAPA3CICHUAX

PYYHOH TpyA
ABTOMaTI/ISI/IpOBaHHBI Brinonnenue TeXHOIOTHYECKHUX MpoHeCcCoB OCHOBHOTO
u IMPpONU3BOACTBA C TOMOIIBIO ABTOMATOB, dBTOMATHUYCCKUX

JVMHUWA ¥ IPYTUX CPEACTB aBTOMATHU3ALlUH MIPOU3BOJICTBA.
BcenomorarenbHbie pabOThl M MPOLECCHI BHIOIHIIOTCS C
MIOMOIIBI0  PA3NUYHBIX CPEACTB  MEXaHHU3aUUH C
AJIEeMEHTaMH  aBTOMATHU3allMd  OTHEIBHBIX  paloT.
JlonmyckaeTcs Ha OTIEIBHBIX ONEpanusax, Npoueccax v B
MOAPA3AEIEHUAX MEXaHU3UPOBAHHBIN U PYYHOU TPYI

[Iponiecc  M3roTOBIEHUS OTJIMBOK IO  BBIUIABISIEMBIM  MOJEIISM
OCYILIECTBIIAETCS 10 CXeME, MPUBEAECHHOM B [1].

Texnonorunueckuit nmpouecc JIBM Bkitouaet B ce0s 00JIbII0€ KOJIMUECTBO
MEepENEIoB, B COOTBETCTBUM C OSTUM B COCTaB I€Xa BXOJAT CIIECIYIOLIHE
MIPOU3BOJICTBEHHBIE OTHEJICHUS (Y4acTKH), BCIIOMOTaTENbHbIE OTACICHUS
(yuactku) u ckiaabl. OCHOBHBIE TMPOU3BOJCTBEHHBIE OTIEICHUS, TJIE
BBITIOJIHSIETCS COOCTBEHHO TEXHOJOTUYECKHM MPOIIECC M3TOTOBIIEHUS OTJIMBOK,
npuBeAeHbI B Ta0. 1.2.




Tabnuya 1.2 - Ocuosnvle omoenenus yexa JIBM u ewvinonnsemovle

onepayuu

HaunmMenoBanue oTaeaeHun BrimostHsIeMbIe oniepanum

MopenbpHOE [Ipurorosnenue MOJEJILHOTO COCTaBa,
W3TOTOBJIEHHWE Mojeneil, cOopka Mojened B
0JI0KH.

Otnenenue  usrotomieHus | [[purotoBiaeHne  CyCneH3WH,  U3TOTOBJICHHUE

000J104YEeK 000J1049€eK, y/IaJIeHUe MOJICIbHOT'O COCTaRBa.

[Tpokanounoe ®opmoBKa 000JI04€K B OMOPHBIA HAIMOJIHUTED,
MIPOKaJIKa 000JIOYEK.

I1aBuIBHO-3aJIMBOYHOE [TnaBka pacriaBa, 3anuBKa GOpM, OXJIakKACHUE U
BBIOMBKa OJIOKOB OTJIMBOK.

TepmooOpyOHOE OuncTka OTIMBOK OT OCTAaTKOB 00O0JIOYEK,
OTAEJICHHE JIMTHUKOBO — IIMTAIONIUX CHCTEM,
3a4UCTKa, TepMOOoOpaboTKa W  HCIpaBJICHUE
ne(EKTOB OTIUBOK.

K BcnomMmorateiabHBIM OTHCJIICHHUSIM OTHOCSAT OTJACICHHS HOJATOTOBKH
(GOpPMOBOYHBIX MaTEepUAIOB M IIHUXThI, pPEMOHTa Tpecc-GopM H JPyrou
TEXHOJIOTHYECKON OCHACTKH, MACTEPCKUE MEXAHHUKA U DHEPTETHKA, LIEXOBYIO
1a00paTOPHIO, BEHTUISAIIMOHHBIE U TIbUICOUHCTHBIE ycTaHOBKU U KJII1.

K ckmagam 1nexa CBJI OTHOCAT 3aKpbIThleé CKJIAAbl MIMXTOBBIX,
(hOpPMOBOYHBIX, TOPIOUUX MATEPUATIOB, TOTOBBIX OTJIMBOK.

B 1mexe mpegycmMaTpuBamOT Takke IOMEIICHHUS CAaHUTapHO-OBITOBOTO
HAa3HAYEHHUS, 3APABOOXPAHECHUS U YIIPABJICHUM.

HNcxonHpIMM  JAaHHBIMUA JJI1  pa3pabOTKM MpOEKTa Iexa CIyxkar
MPOU3BOJICTBEHHAS MPOTrPpaAMMa; YEPTEKU U TEXHUUYECKUE YCIIOBUSA HA OTJIMBKHU.
B 3aBucuMocTH OT CEpUMHOCTH TPOM3BOJCTBA, IpOrpaMMa MOXET OBbITh
TOYHOM, TIPUBEICHHOM WIM yciaoBHOW. Ilpu mnpoekTupoBaHuM 1EXa, B
3aBUCHUMOCTH OT CEPUMHOCTH IMPOU3BOACTBA, HOMEHKJIATYPY BBIITYCKAEMBbIX
OTJIMBOK PEKOMEHJyeTCs pa30uBaTh Ha TEXHOJOTMYECKHWE TPYIIbl B
3aBUCHUMOCTH OT HMX MAaCChl, CEPUHHOCTU U MPUHATOTO TEXHOJIOTMYECKOTO
npouecca. Takoe JeeHrue OnpaBaaHO TEM, YTO JJIA KayKIOW TPYIIIbl OTIMBOK
XapakTepPHbl CBOU TEXHOJIOTUYECKME HOPMATHBBI U TToKa3arenu [1, 2].

HcxonHple TEXHOJOTHYECKUE JTaHHBIC OMOEIbHO NO KaXdCcOOoU 2pynne
PaCCUUTHIBAIOT M 3aHOCAT B TEXHOJIOTHYECKYIO BEIOMOCTh, (hopMa KOTOPOM
npenacrasieHa B Taou. 1.3.

Tabauya 1.3 — Texnonocuueckas 6e0omMocms yexa
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W ogla—lly OEEH Ha

®) MOJIETb 6ok | POTPAMMY
Komsio | A | B [B=AxB| T |J=B/T|E=A(p/py)* Xj;’;l” V=XKx]]
Kynuca

3

* P1,P2 — IIIOTHOCTU MOJCIIBHOI'O COCTAaBa U MaTCpUualla OTIIMBKH, KT /M )
o 3
V — 00bEM JTUTHUKOBO — IIUTaromcu CUCTCMBI, M .

[Ipy  3amoJHEHWH  TEXHOJOTMYECKOHM  BEAOMOCTH  HEOOXOIUMO
PYKOBOJICTBOBATHCS CIEAYIOLIMMU PEKOMEHIAIUSAMMU:

- 3HaueHus sueek A, b u B nmpuHMMaroT U3 nporpamMMbl MPOEKTUPYEMOIO

Lexa;

- aueiika ' 3amonHseTCs B COOTBETCTBUU C pa3pabOTaHHON TEXHOJIOTHEH

JUISL KQXK 0N KOHKPETHOW OTIIMBKY;

- 3HaYeHUE sTYeUKU [| paccUUTBIBAETCS KAK YaCTHOE OT JCJICHUs 3HAYCHUU

ssueek bu I

- 3HayeHue s4Yeruku E paccuMThIBaeTCs I0 BEJIUMYUMHE COOTHOLICHUS

IJIOTHOCTEW MOJIEIILHOIO COCTaBa U MaTepuasa OTIUBKY;

- B sueiike JK paccuMThIBaeTcs Macca MOJEIBHOTO COCTaBa OJHOIO

MO/IEJILHOTO OJIOKa C y4ETOM CYMMapHOM Macchl MOJIENIEH, pacnojlaraeéMbIX B OJIOKe,

M MacChbl MOJEIBHOIO COCTaBa, PAacXOAYEMOI0 Ha JIMTHUKOBO — IIHATAOLIYIO

CUCTEMY;

- Macca MOZEJIBHOIO COCTaBa Ha IPOrpaMmy Uil KaKIO0r0 HAauMEHOBAHUS

omMBKH (stueiika M) onpenensercs npousseneHreM 3HaueHuit ssueek K u /1.
3anoJIHEHHAs! TEXHOJIOTNYECKasi BEIOMOCTh COAEPKUT TOJIBKO HCXOJHBIE

TEXHOJOTMYECKUE JaHHbIE M  MCIOJb30BaTh MX JUIA pacyeTa 4Yucia

o0opyaoBaHUsl Henb3s. B 3TUX JaHHBIX HE YYTEHbl HEW30€XHble Ha

MPOU3BOJICTBE NOTEPU M Opak H3-3a HEKAYECTBEHHBIX MaTEpHUalOB, OUIMOOK

paboyero, HEMCIPABHOCTU 0OOPYIOBAHUS U IPYTUX MPUUMH.

Jlist onpenienieHus: yKcliia moaAjexalinX U3roTOBICHUI0 Mojienel, hopm u
OTJIMBOK, Ha KOTOPOE PACCUUTHIBAIOT 00OpYyIOBaHME, BBOAAT KOA((PUIIUEHTHI
TEXHOJOTUYECKUX TMOoTepb k. JIns Kakaoro mMpoU3BOACTBEHHOTO YydyacTKa
(Tpymnmbl onepainuii) pacCYUTHIBAIOT CBOM k, YUMTBIBAIOIIMM TOTepU U Opak He
TOJBKO 3TOM TIpPYNIBl ONEpalUd, HO U Bcex mocienyromux. IIpumepHbie
K03 (PUIIMEHTHI TEXHOJOTUYECKUX OTEPh NMpUBeAeHbI B Tabmue 1.4.

Tabnuya 1.4 — [Ipumepnsvie Koauyuenmol mexHonr02UYeCcKUx Nomepb




. KoaddunmenTs
['pynna onepanuii unu Texnomornueckue
. o, | TEXHOIOTMYECKHX
MIPOU3BOJICTBEHHBIN y4acTOK Ilexa  |[oTepH u Opak, %
MoTEPh
H3roroBieHne MOIEIbHBIX OJIOKOB 15 ks=1,32
UzroTtosnenue Gpopm 3 ks =1,17
O6:xur ¢opm, TUIaBKA U 3aJTUBKA 5 ky=1,14
MeTasia
O6py0Oka, TepMo0OpabOTKa U OTHIEIIKA 9 ki =1,09
OTJIUBOK

OnpenenuB 3HadeHUs: K03POUIMEHTOB k| — k4, COCTABIISIIOT BEJIOMOCTh
00BEMOB TIPOU3BOJICTBA IS pacdyeTa OCHOBHOTO oOopymoBaHus 1o (opme,
npuBeAeHHo B Tabmuue 1.5.

B w™openpHOM otnenennn nexa JIBM - BBINOMHSIOTCS — CIIEAYIOLIUE
TEXHOJIOTUYECKHE Olepalliy: MPUTOTOBJICHWE MOJCIBHOIO COCTaBa |
MOJITOTOBKA €ro JIJIsl 3alpEeCcCOBKH, 3alpeccOoBKa cOCTaBa B Mpecc-(hOpMEI,
OXJIAKJICHHEC MOJCICH M W3BJICUCHHE WX U3 Tpecc-popM, H3TOTOBIICHHUE
2JICMCHTOB  JINTHUKOBBIX CcHUCTeM, cOopka Moxened B Onoku. Ilpwm
MIPOCKTHPOBAHUHM HSTOTO OTICICHUS HEOOXOJMMO MpopadoTaTh CIEAYIOIIHEC
BOIIPOCHI:

- OTIPEICTTUTh YaCOBOW PAacX0]l MOJIEITHHOTO COCTABA;

- BBIOpaTh OOOpYAOBaHHUS [IJIi TPUTOTOBJICHUS MOJICIBLHOTO COCTaBa,
pacIUTaBICHMST MW CMENIMBAaHHUS €ro KOMIIOHGHTOB, OYKCTKH BO3BpaTa
MOJICJIBHOTO COCTaBa, MPUTOTOBJICHUS BO3IYXOHACHIIIICHHON TACTHI;

- pacCUYMTaTh KOJUYECTBO BRIOPAHHOTO 000OPYAOBAHUS.

- 000CHOBaTh CIIOCOO TPAHCITOPTHPOBKH MOJIEICH K COOPOYHBIM y4acTKaM;

- BBIOpaTh U 000CHOBATH CIIOCOO COOPKU MOJieiel B OJIOKH;

- pa3paboTaTh CXE€My pa3MCIICHHS OCHOBHOTO  TEXHOJOTHYECKOTO
000py10BaHMUS;

- pacCUMTaTh IUIOMIAb MOACIBHOTO OT/ACIICHHUS 1IeXa.

Ha yuacTtke cOopku mMojeneld B OJOKH MpeIycMaTpHUBAIOTCS COOPOYHBIE
CTOJIBI, KOJIMYECTBO HMX 3aBHUCHUT OT cmocoba cOopku. B oTmenmeHun Tak ke
MpPeIyCMaTPUBAIOTCS MECTa JIJIsi XpaHEHHUs OJIOKOB Tepe]] HAHECCHHUEM Ha HUX
MOKPBITUU. XPaHAT OJIOKH Ha CTelIaXkaX, dTaKepKaxX WM B TepMOCTaTaX. DTH
YY4aCTKM H3OJUPYIOTCA OT JAPYTHX | OOOpPYAYIOTCS YCTAaHOBKAMH IS
KOHJUITMOHUPOBAHUS BO37yXa. XPaHCHHE MOJCIBHBIX OJIOKOB B YCJIOBHUAX
MOTOYHOTO TPOM3BOJICTBA OCYIIECTBISACTCS Ha IIOJBECKAaX KOHBEHEPHBIX
YCTaHOBOK.
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Tabauya 1.5 — Bedomocmov 06vemo8 npouzeo0cmeda

Yucno Ha nporpammy ¢ yuetom norepb
IIporpamma | Ha mporpamm s
2 pPOrpanmy. = Yuco, IT. Macca, kr
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5 = : : g
g iz 2 g = : :
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— —
- | 2| g| | < | < < | % |7
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~ =

I[IpumMeuvaHnus:
1. kK — ko3 PpuueHTH TEXHOJOTUYECKUX MOTEPb.
2. Maccy cycleH3uM pacCUMTHIBAIOT B 3aBUCMMOCTH OT YMCJIA CJIOEB M0 YKPYIHEHHBIM MOKa3aTeNIIM WJIU, €CJId HOMEHKJIATypa
OTJIMBOK HEBEJIMKA, 10 TOBEPXHOCTH OTIUBOK.
3. Maccy HJIKOro MeTajljla ONPEAEIISIOT M0 BEIMYMHE 3HAYEHUSI TEXHOJIOTUYECKOT0 FOJTHOTO ISl KaXA0M IPyMIbl OTIIMBOK.
4. Macca MeTayu103aBajIKi ONPEAEIIAETCS B 3aBUCUMOCTH OT BEJIMYMHBI yrapa.




B ornenenun HaHeceHus 000y04eK (OTACICHUU TOKPBITUH) HEOOXOIUMO
npeaycMaTpuBaTh  BBIOJHEHHWE CIEAYIONUX OIlepaluii: MOATOTOBKAa MaTepHalioB
MOKPBITHSI, TPUTOTOBJICHHUE TOKPBITHSA, HAHECCHHWE TIOKPBITUS Ha MOJCIbHBIE OJIOKH,
BBIICP)KKA WM CYIIKAa TOKPBITHS, W3BICYCHHE CTOSKOB W BBIIUIABICHHUE MOJCIBHOTO
cocrasa. [Ipy mpoeKTHPOBaHUU ATOTO OTETCHHSI HEOOXOIUMO:

- ONPENETUTh PACXOJ] CYCICH3WH ¥ OOCBHIIOYHOTO MaTepuaja Ha TOKpPBITHE
MOBEPXHOCTEH MOJIEIBHBIX OJIOKOB;

- paccuuTaTh KOJIWYECTBO UCXOJHBIX MaTepUaIoB, HEOOXOIUMBIX IS IPUTOTOBIICHUS
MTOKPBITHS;

- BBIOpaTh M pPacCYUTATh KOJIMYECTBO OOOPYAOBaHHWS I TOJATOTOBKH TBEPIBIX
MCXOJIHBIX MaTEPHAJIOB;

- BBIOpaTh U PACCUMTATh KOJIWYECTBO OOOPYAOBAHUS ISl IPUTOTOBIICHUS CYCIICH3MH,
HAHECCHMsI TIOKPHITHI Ha MOJIEIbHBIC OJIOKM, CYIIKH TIOKPHITHS ¥ BBITUIABICHUS
MOJIETTHHOT'O COCTaBa;

- pa3paboTaTh CXeMy pa3MelleHus 000pyI0BaHNUS;

- paccuuTaTh IJIOMAAb OTACTICHHUS.

Pacxon cycneH3uu Ha TOJOBYIO MPOTPaMMYy OIPEAEISETCS MO YASTbHOMY PacXony
Ha 1 M° IUIONIAM TTOBEPXHOCTH OTIHBOK M JMTHHKOBO — MHTAIONICH CHCTEMBI C Y4ETOM
TEXHOJIOTHUECKUX MOTeph. [lnomans moBepxHOCTH | T OTIMBOK MOXHO OMPEACIUTH IO
HOMOTpaMMaM B 3aBUCHMOCTH OT TOJIIIIUHBI CTEHOK BBIITYCKAEMBIX OTJIMBOK [ 1, 2].

[logroToBka TBEpAOro MaTepuana (MapliajIuTa) COCTOMT B U3MEJIbYCHUH,
NPOMBIBKE, TIPOKAJIMBAaHWUM W TMpoceBe. M3MenbdeHHWe TMPOU3BOIUTCS B IIAPOBBIX
MebHHIIAX, (YTEPOBAHHBIX BHYTPU IUIMTaMH M3 KBapua. J[ias mpokaauBaHUS MOXKHO
UCTIONB30BaTh Me4yn OapabaHHOro THmMA. [IpoceB OCYIIECTBIAETCS C TOMOIIBIO CHT.
ObopynoBaHue AJisi TOATOTOBKM MAaTEpPUANIOB TOJDKHO PACIIONaraThCsl B M30JIHPOBAHHOM
MOMEIIEHUH C BEHTUIISIIIHCH.

CMemmBaHue TMOPIUKA KOMIIOHEHTOB CYCIICH3WH, HAaHECEHHE TOKPBITUHA Ha
MOJIeTIbHBIE OJIOKH, CYIIKa W BBIIUIABICHHE MOJCIHHOTO COCTaBa OCYIIECTBISIOTCS Ha
CHEIMATU3UPOBAHHOM 000pYyIOBaHUM.

Yucno Kaxxa0ro BUIa OCHOBHOTO TEXHOJIOTHUECKOTO 000pYI0BaHUS OTMPEACIISIOT 110
CTaHJAPTHON METO/HKE.

B mpokamodyHOM OTIENeHWH TPOU3BOAUTCS KOMIUIEKTOBAHME MOJECIBHBIX OJIOKOB,
yCTaHOBKA HMX B OIOKH, 3aChiIKa HAIOJHHUTENEM, YIUIOTHEHHWE ero, OOXuT ¢opM,
MOJITOTOBKA K 3aJIUBKE.

B 3aBucuMoctm OT cmocoba MOATOTOBKH OOOJIOYKHM 3achIllKa HAMOJTHHUTEIEM
OCYIIECTBISIETCS 10 — pazHoMy. [Ipu 0060109KOBOM CITOCOOE 3aCHINKY MPOU3BOIAT TEPET
3JIMBKOM TPOKAJIGHHBIX 000J04eK, TpU O0O0O0JOUYKOBO-OIMIOYHOM CIIOCOOE — mepen
npokasiuBanuemM ¢gopM. O6opynoBanue st GOpPMOBKH OJOKOB Mojejeil moadoupaercs B
3aBHCHUMOCTH OT BHJAa HamoidHUTENs (Cyxol wunu >kunakwii). JKuakuil HamodHUTENIb
U3TOTOBJSIETCS B CMECHTENSIX, 3aTe€M UM 3allOJHAETCS ONOKa W YIJIOTHAETCS Ha
BUOpocTone. UMcmo KakIoro BHIAa OCHOBHOTO TEXHOJOTHYECKOTO O0OpYyIOBaHUS
OTIPENIETISIOT TI0 CTAaHAAPTHON METOTUKE.

[lpy TPOEKTUPOBAHMM IUIABHJIBHO - 3aJMBOYHOTO OTHEJCHHS HEOOXOIUMO
00OCHOBAaTh M BBIOPATh THUI M €MKOCTH (ITPOM3BOAMTEIHLHOCTD) TUIABIIBHBIX arperaTros, a
TaKXKE PacCYMTATh UX KOJMUYECTBO. THIl TJIABMIBHOM MEYN OMPEeNsIeTCs BUIOM CILIABa,
NPUMEHSEMOTO ISl 3aluBKH (OpM, MacCOd OTJIMBOK, MacimiTaboM TMPOM3BOACTBA U

CTCICHBIO MCXAaHHU3AIUH.
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PacueT xonMuecTBa MIaBUIbHBIX arperaToB BEJAETCS MO CIEAYIOIIEH METOIUKE:
1) cocTaBnsieTcst BEAOMOCTb pacdeTa MeTajj03aBajKy,
2) noaOuparoTCss KOMIIOHEHTHI HMIMXThI, PACCUUTHIBAETCS MX COAEP)KAHUE C yUYETOM
yrapa B MeTajjl03aBajke,
3) cocTaBisieTcst BEAOMOCTb IIUXT U OanaHca MeTallia,
4) paccuMThIBa€TCA KOJUYECTBO IJIABUIIbHBIX MEeYEH,
5) paccuuThIBaeTCS MapK KOBIIEH.
[locne 3anuBku GOpM SKUIKUM METAIUIOM HUX HEOOXOJIMMO OXJIAJUTh TIepe]
BBIOMBKOM. J[J11 3TOr0 B MEXaHM3UPOBAHHBIX 11€XaX YCTAHABIMBAIOT HANIOJIbHbBIC JTUTEIHBIC
KOHBEWEphl, MPOXOJHbIE OMHOPSIHBIE WM MHOTOPSJIHBIE OXJAAUTENIbHbIE KaMephl
Pa3TUYHBIX KOHCTPYKIIHH.
B TepmoobpyOHOM oTnenenun 1exa JIBM MoOryT BBINOJNHSATBCS —CIEAYIOIINE
oTepanuu:
1) otouBka wnu otpeska JIIIC (BpyuyHyro, B TalTOBOUHBIX OapaOaHax, Ha
KPUBOIIMIIHBIX TMpeccax, C IOMOIIbI0 TMpecc-Kycayek, CTAHKOB C JIEHTOYHBIMU H
JUCKOBBIMU MWJIAMH, IJIAMEHEM Ta30KUCIOPOHBIX PE3aKOB U JIP.);
2) OYMCTKa JHUThS OT TMpuUrapa M OKaIMHbI (TaNTOBOYHBIMU OapabaHaMu,
IpoOeCTpyHBIM, JpOOEMETHBIM, BHOPALMOHHBIM, THAPABINYECKUM, XUMHUYECKHUM,
ANEKTPOTUIPABINYECKUM, SJIEKTPOXUMUYECKUM, Ta30BbIM U APYTUMH METOJIAMU);
3) oOpyOka W 3auMcTKa OTJIMBOK CHEIUATbHBIMH YCTaHOBKaMH, CHA0XEHHBIMU
aOpa3uBHBIMM KpyramH, CHElUUaIbHBIMM BHOPAIMOHHBIMU MAallMHAMU W Ha 3aTOYHBIX
HUTH(OBAJILHBIX CTAHKAX;
4) ucnpapneHue Ae(EeKTHBIX OTIUBOK;
5) Tepmuueckass 00paboTKa OTJIMBOK (ONEpalud W PEXKUMBl TEPMUUYECKON
00pabOTKM HA3HAYAIOTCS C Y4YeTOM TpeOOBaHMU K KAayecTBY MOJIy4aeMbIX OTJIMBOK H
BBITIOJTHSAIOTCS] B TEPMUYECKHUX ME€YaX Pa3IMUHbIX KOHCTPYKIUN);
6) rpyHTOBKA OTJIMBOK JJIs MPEJOXPAHEHUS UX OT KOPpPO3UU (B MPOXOJIHBIX HIIU
TYIHUKOBBIX OKPACOYHBIX KaMepax);
7) KOHTPOJIb OTJIMBOK (MPOMEXKYTOUHBIM — B TPOLECCE OYUCTKH, OOpYyOKH H
3aUMCTKU JIUThS, U OKOHYATEIbHBIN — Mepe TPYHTOBKOM).
[Ipy TPOEKTUPOBAHMM OUYMCTHOTO OTAEJICHHS BBINOJHAIOTCS TOCJIEI0BATEIbHO
CJIEYIOLIUE ONEPALNH:
1)  pa3OuBKa OTJIIMBOK Ha TPYNIBI C OAMHAKOBBIMU OINEpalusMH (C y4eTOM BHJa
CIUIaBa, Macchl U KOH(UTypaluu OTJIUBOK);

2)  ompeneneHUE ONTUMAILHON MOIIHOCTH MOTOKA JIJISl KaXK0M TPYIIIbI;

3)  BbIOOp palMOHAIBHOIO TEXHOJIOIMYECKOro Mpolecca U O0OpyAOBaHMS s
JAHHOW TPYIIIIbL;

4)  pacder KoJgu4ecTBa 00OpyAOBAHUS.

Pacuer konmyecTBa HEOOXOJMMOIO TEXHOJIOTMYECKOTO OOOpPYAOBAHMS OTACIICHUS
BBITIOJIHSIETCS 110 CTAaHAAPTHON METOJIHKE.

[Ipy mpoeKkTHpOBaHUU CKIIAJIOB lieXa HEOOXOJMMO IMPOU3BECTH pacyeT IUIouajaei
JUIsL XpaHEHUsi MaTepuaioB, OOOCHOBATH BBIOOP HEOOXOJUMOIO TEXHOJOTUYECKOTO H
TPAHCHIOPTHOTO O00OPYIOBaHUS, PACCUUTATh €ro KOJUYECTBO, pa3padoTaTh CXeMy
pa3MmelieHns 000pyA0BaHUs Ha CKIIaJIe.

[IpoexkToM 1exa Tak K€ JOKHBI 00eCreYrMBaThCd HEOOXOIUMbIE MEPONPUATHS TIO
TEXHUKE 0€30MaCHOCTU U rurueHe tpyaa [16].

[Tpumep npoektHOro pemenus nexa JIBM npusenes B [9].
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Bonpocsl 1151 camonpoBepku

1  Kakue ciocoObl TUThSI OTHOCSAT K CHIEIIHAIbHBIM ?

2 Ilepeuncnute NpeUMYIIECTBA U HEJOCTATKHU CHEIMAIBHBIX CIIOCOOOB JIUTHA.

3 Tlo kxakuMm MpU3HAKAM MOXHO KJIacCU(PUIMPOBATh CHEUATbHbIE CIOCOOBI
JUThA?

4  Kakue CIIEUAJIbHBIE COoCcOOBl  JIUThS  TOJYYWIM  HauOoJbllee
pacnpoctpanenue? [louemy?

5 Kak knaccupunupyrort nexu JIBM?

6 Kakue otnenenus nexa JIBM oOTHOCATCA K OCHOBHBIM IPOW3BOACTBEHHBIM
OTZEJICHUSIM ?

7  Kaxkue ortnenenus uexa JIBM oTHOCATCS K BCIOMOTATENIbHBIM OTIEICHUSM ?

8  Uro sABigeTCS UCXOAHBIMU JAHHBIMU MpU pa3paboTke npoekra uexa JIBM?

9  3aueM He0OX0IMMO BBOJAUTH KOA(DPUIIMEHTHI TEXHOIOTMUECKUX MOTEPDH?

10 Kaxkue onepannuu BBINOJHAKOTCA B MOJEIBHOM OTJIEJICHUH 1ieXa?

11 Kakue Bompockl mnpopadaThiBAlOTCS NPU MNPOEKTUPOBAHUU MOAEIBHOIO
orneneHus uexa JIBM?

12 Kaxkue onepauuu BBIIOJHSIOTCS B OTIECJICHUH HOKPBITHIA?

13 Kakue Bompochl MNpopadaThIBalOTCA MPU  MPOCKTUPOBAHUM  OTAEJICHUS
MTOKPBITUI ?

14 Kaxkue onepanuu BBINOJHAKOTCA B IPOKAJIOYHOM OTAEJIECHUU Liexa?

15 Kakue Bompockl HEOOXOAMMO PEUIUTh MPU NPOESKTHPOBAHUU IJIABUIBHO -
3aJIMBOYHOTO OTAeliceHud nexa JIBM?

16 Kakue omepamuu MOTYT BBINOJHATBCS B TEPMOOOPYOHOM OTAENEHUHU IieXa
JIBM?

17 Yrto paccuuThIBaeTCA NpU NMPOEKTUPOBAHUU CKIIAJIOB LieXa?

18 Kakue MEPOIPUATHUS o TEXHUKE 0e3omacHOCTH  HEO0OXOIUMO
IpeaycMaTpUBaTh NPU MPOEKTUPOBaHUM Liexa JIBM?

1.2 Tema 2. IIpoexTpOBaHME LEX0B JUThS B 000109KOBbIe (DOPMBI

Oco0OEHHOCTH TEXHOJOTMUYECKOro Mpolecca JIUThd B 000J04KkoBbie (hopMbl. Cxema
TEXHOJIOTUYECKOr0 Mpollecca M3roToBleHHs OTIMBOK. (CocTaB 1€XOB JIUTh B
00o0soukoBbie Gopmbl. CocTaBiIeHUE BEIOMOCTH OOBEMOB MPOU3BOJCTBA IMPHU JUTHE B
o0osoukoBbie (Gopmbl [IpoexkTHpoBaHUE OTHENEHHS MPUTOTOBICHUS NECYAHO-CMOJISTHOM
cmecu. [IpoektupoBaHue OTAeNIEHUS M3TOTOBIEHUS W cOopku QopMm. OOopymoBaHue,
MpUMEHSIEMOE JUIsl U3TOTOBIEHUsI 0005104KkoBBIX (hopm. Kiaccudukanus obopynoBaHus.
[IpoekTpoBaHKe IUTABWIIBHO — 3aJMBOYHOIO U CTEP)KHEBOTO OTACICHHUH Iiexa
000JIOYKOBOTO JUThs. PexomMeHJanuu 1no TeXHUKE 0e30MacHOCTH MPU MPOEKTHUPOBAHUU
LIEXOB JIUThSI B 000JI0UYKOBBIE (DOPMBI.

Jluteparypa: [1, c. 342-346, 2, c. 152-183, 6, c. 318-325, 7, c. 176-180, 8, c. 45-46,
10, 16].
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MeTtoauyeckue ykasaHus

O6osoukoBbie ¢Gopmbl (OD) HANUIM TPUMEHEHUE IPU H3TOTOBJICHUU OTIMBOK
MacCoOi OT COTEH IPaMMOB JI0 COTE€H KMUJIOTPAMMOB U3 JIFOOBIX JTUTEHHBIX CIUIaBOB. Tak Kak
TEXHOJIOTUYECKUI TPOIECC JUThI B 000JIOYKOBBIE (DOpPMBI TpeOyeT s pean3aluu
JIOPOTOCTOAIICH HAarpeBaeMoil OCHACTKH, €ro IeJecoo0pa3HO MPUMEHSTh B YCIOBUSX
KPYITHOCEPUHWHOTO MU MAacCOBOTO IPOM3BOJCTBA NPH TOJYYEHHUU OTIMBOK MAaccod B
OCHOBHOM J10 50 Kr.

[TpousBosicTBO 0TIMBOK B OD uMeeT psijl NPEUMYIIECTB M0 CPABHEHUIO C JINThEM B
necuanbie (opMbl: Oonee HU3KMM pacxoll (POPMOBOUHBIX MaTE€pUaIOB, IOBBIIICHHBIC
TOYHOCTh M YHCTOTA TMOBEPXHOCTU OTIUBOK, YMEHBIIECHUE TPYIOEMKOCTH H3TOTOBJICHUS
dbopM U BBHIOMBKH, COKpallleHHWE MPOU3BOJACTBEHHBIX IUIOMIAJCH M Mmapka omok. Kpome
3TOTO, MaJOOMEPAIIMOHHOCTh MpOoIlecca CO3/aeT YCIOBUS ISl BHEIPEHUS MEXaHU3AIUU U
aBTOMAaTH3allUU, a TAK)KE OpPraHU3alMK TOTOYHBIX METOA0B Ipou3BojicTBa. K HemocTaTkam
TeXHOJIOTUHU JUTh B OD crielyeT OTHECTH BBICOKYIO CTOUMOCTh KPENUTEeH, CI0KHOCTh
HarpeBaeMoi MOJEIbHO-CTEPKHEBOH OCHACTKH, MOBBIIICHHOE BBIJEICHUE BPEIHOCTEH U
yXyAIICHUE CAHUTAPHO-TUTUEHUYECKUX YCIOBUM Tpyaa. Tak jke HeJoCTaTKOM JUThbs B OD
SIBJISIETCSL CJIOKHOCTH BBOJIA B TEXHOJIOTUYECKUH TTOTOK OTJIMBOK HOBOT'O HAMMEHOBAHMUSI.

TexHomorn4ecKkuii mpolecc JUThs B 000J0YKOBBIE (hOPMBI BKIIOYAET B CEOS psif
nepenenoB [1, 2], B COOTBETCTBMM C O3TUM B COCTaB I€Xa BXOMAT CIEIYIOIIUE
MIPOU3BOJICTBEHHBIEC OTACNCHUS (y4acTKH), BCIIOMOTATENIbHBIE OTHAENICHHsS (Yy4acTKu) U
ckJajbl (Tabnuia 1.6).

Tabauya 1.6 - OcnosHble omOenenus (yuacmku) yexa 1umovs 6 000104K08bie Popmbl
U 8bINOIHAEMbLE ONepayuu

HanmenoBanue BeimonHsiembie oneparu
OT/ICJIICHUN

CwMmecenpuroroButenbHoe | [IpurotopieHue nmecyaHo - CMOJISTHONW CMECH.

®opMOBOYHOE H3rotoBienne u coOopka 000JI0UYKOBEIX (HOPM.

CrepxHEBOEC W3rotoBieHne u cOOpKa CTepKHEH

[TnaBunbHO - 3anuBouHOoe | [ImaBka pacmuiaBa, 3aauBKa (HOpM, OXJTaKIEHUE W BEIOMBKA
OTJIMBOK.

TepmoobpyOHOE OuncTka OTIMBOK OT OCTATKOB OOOJIOUEK, OTIEJICHHE
JUTHAKOBO  —  THTAOIUX  CHUCTEM,  3aUMCTKa,
TepMOOOpabOTKa, TPYHTOBKA, KOHTPOJIb KadecTBa U
ucrpaBieHNe 1e()EeKTOB OTIUBOK.

K BcmomorarenbHbIM OTHOCST CIEAYIOIINE OTACICHUS:

-  TOJATrOTOBKH (POPMOBOUYHBIX MATEPUATIOB U IITUXTHI;

- pereHepanuu CMecH;

- PEMOHTA TEXHOJIOTUYECKON OCHACTKH;

- MacTepCKHe MEeXaHWKa W SHEpPreTHKa, IEeXOBYIO JIa0OpaTOpUI0, BEHTHIISIIMOHHBIE U
MBUJICOYUCTHBIE YCTAHOBKH;
K ckimamam OTHOCAT 3akphIThie CKJIaAbl IIMUXTOBBIX, (HOPMOBOYHBIX, TOPHOYUX

MaTepHUaIoB, TOTOBBIX OTIUBOK.
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HcxonHpIMU AaHHBIMU JUIS pa3paOOTKU TMPOEKTA IieXa CIyKaT MPOU3BOACTBEHHAS
mporpaMma; 4epTeXd M TEXHUYECKHUE YCJIOBHUS Ha OTJIMBKA. Ha OCHOBAaHUM HCXOIHBIX
JAHHBIX Ha KaXXIyI OTJIMBKY COCTaBJISIIOTCS BEIOMOCTH OOBEMOB IPOU3BOJCTBA IO
dbopme, npuseaeHHod B Tabn. 1.8. Ilpu cocraBienuu ¢GHopmbl ClEIyeT MOJIb30BATHCA
CJIEIYIOIIMMHU PEKOMEHAAIUSIMU:

- 3HaueHus ssueek A, b, E, VI, mppuHUMAaoT U3 nporpaMMbl TPOSKTUPYEMOT O 11eXa;

- 3HaueHUe B s4eiike B paccumteiBaercs ¢ yderoMm 3...5% Opaka BBITyCKaeMBbIX
OTJIUBOK;

- KOJIMYECTBO OTIUMBOK B ¢opme (suerika [') mpuHHUMAeTcss B COOTBETCTBUH C
pa3pabOTaHHON TEXHOJIOTHEHN JJIsl KaKI0M KOHKPETHOM oT/IuBKH (Tadm. 1.7);

Tabnuya 1.7 — OpuenmupogoyHoe Koauyecmeao omiusox 8 gpopme

KonunuecTBo oTiiMBOK B hopme, 1T
Pa3zmep mmTsl,
MM I'pynmel OTIIMBOK O Macce
nolkr | cB. l...5kr | cB.5...10kr | cB. 10...25 kr CB. 25 KT

400X250

400X300 4...8 1...2 1 - -
460X400

550X450 4...10 2.4 1...2 - -
850X400

600X320 5...10 3...6 1...4 1...2 -
600X400

650X550 6...12 4...8 2...6 1...4 -
900X700

1000X450 - 8...12 4...8 l1...4 1...2
1100X500

- grcno GopM Ha TpOrpaMMy C ydeToMm Opaka (sueiika []) paccumThIiBaeTcsi Kak
YaCTHOE OT JIeJICHUs] 3HaueHui stueek B u ' u yBenuuuaercs Ha 2...4%;

- YHICJIO CTEp)KHEW Ha mporpamMmy c yderoM Opaka (sueiika JK) ompepnensieTcss kKak
npousBefeHue 3HaueHW siueek E m B ¢ yuetom kosddummenta, yuuThiBarommuM Opax
CTEpIKHEN;

- Macca OTIMBOK Ha mporpammy (sdeiika K) onpenensercs: mpousBeneHneM 3HAUYCHUN
stueek U u B;

- Macca XHAKOTO Metaiia Ha (GopMmy (stueiika JI) ompenensercss B 3aBUCUMOCTH OT
MacChl OTJIMBKH, KOJMYECTBAa 3TUX OTIMBOK B ¢opMe u 3HaueHus TBI' mo kaxmomy
HAaMMEHOBaHWIO OTNIMBKY. 3HadeHue TBI" ompenensercs Mmaccoll OTTMBKH, BUJIOM CIIJIaBa U
pa3paboTaHHOM NUTEHHON TexHoJoruew [1];

- MaccCy JKHIKOTO MeTajjla Ha mporpammy (sueiika M) Iuisi KaKIoro HaMmMEHOBaHUS
OTJIMBKA MOXXHO OIpEACIUTh KaK MpOoHW3BeJAcHHE 3HaueHui sueek JI (Macca >KUAKOTO
Metasuia Ha popmy) u Jl (koaudecTBo popM Ha porpamMmy);

- Macca MeTajllo3aBajku (3HaueHue siueriku H) ompenensiercs B 3aBUCHUMOCTH OT
BEJIMUMHBI yrapa, KOTOPBIA B CBOIO OYepe/ib 3aBUCUT OT BHUJIA CIUIaBa U TUIIA IJIABHIIBHOTO
arperara;

- Macca cMecH Ha GpopMy ISl KaXKI0T0 HaMMEHOBaHUs OTJIMBKY (3HaueHue sueiiku I1)
pPacCUMTHIBAETCA C YYETOM CPEIHEro pacxoja CMECH, MAacChl M KOJIMYECTBa OTJIUBOK B
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dbopme (B cpeaaeM MoxkHO TipuHUMaTh 750...850 kr Ha 1T rogHbIX OTIIMBOK| 1]);

- Macca CMECH JUIsl M3roToBIIeHUs: popM Ha mporpammy (sueiika P) onpenensiercst kak
npousBeneHue 3HaueHuil syeek Il (macca cmecu Ha dopmy) u I (uucio dopm Ha
porpaMmmy);

- Macca TUTAaKUPOBAHHOW CMECH, PacXOAyeMON Ha W3TOTOBJICHUS CTEP)KHEH (sueiika
C), ompenensieTcss MO KaKIOMY HAMMEHOBAaHUIO OTJIMBKM B 3aBUCUMOCTH OT MAaccChl
Ka)XJIOTO CTEPXKHS M UX KOJIMYECTBa Ha nporpammy. CyMMapHbIN pacxo]l IUIAaKUPOBAHHOM
cmecu 11 popM u ctepxkHelt (srueiika T) cnenyer yBenuuuth Ha 3...5% it ydeTa noteps;
- IIPU pacyeTe MacChl PErEHEPUPYEMOro MecKa NPUHUMAKOT ero Bo3BpaT 10 80% ot
MacChl CMECH.

[Ipy NpPOEKTUPOBAaHUM CMECENPUTOTOBUTEIILHOIO OTIEJIEHUs 1eXa JHUThs B
000J104KOBbIe (OPMBI TpeOyeTCs 3HaTh OOIIMIA pacXo/] TUIAKUPOBAHHOW CMECH Ha T'0JIOBYIO
nporpaMmy. TEeXHOJOTMYECKH TpPOLEeCcC MPUTOTOBICHUS MECYaHO-CMOJISIHBIX CMece
onucad B [1, 2]. JIns cyliku 1 npocesa necka UCHOIb3YIOT TaKoe ke 000pyJoBaHUE, KaK B
exax JHThs B 00ObeMHbIe TecyaHble (OpMbl. I MPOCYIIKM TECKa PEKOMEHIYeTCs
MPUMEHSTH CYIINIa HENPEPHIBHOTO JEUCTBHS C aBTOMAaTUYECKOU 3arpy3KOil U BBITPY3KOM.
[locne cymkuM TMEcCOK TMNPOCEMBAIOT Ha BUOpPAMOHHBIX cuTax. [IpuroromneHue
IUIAKUPOBAHHBIX CMECEH OCYHIECTBISIETCS B CIELUAIbHBIX HEHTPOOEKHBIX CMECUTENAX
NEePUOJUYECKOTO WM HENpPEephIBHOTO JeHCTBUA. YMCIIO CYyNIWIBHBIX [€4YeH, CHur,
MAarHUTHBIX CEeNapaTopoB M YCTAHOBOK JUIsl IUIAKUPOBAHUS CMECH PACCUUTHIBAIOT IO
00111e1i METOUKE.

OcHOBHOE TexHOJOTHMYecKoe o0opyqoBaHue (OPMOBOYHOTO U CTEPKHEBOTO
OTJEJCHUI 1eXa MPEMMYIIECTBEHHO BBIMOJHIETCS B BHJE€ NOTOYHO-aBTOMATUYECKHX
JUHUN, KOTOpbIE CHEHUATU3UPYIOTCS MO MPEAMETHOMY NPHU3HAKY U BBIIMYCKAIOTCS
cepuitHo. M3roToBineHne o000JOYKOBBIX (OPM U CTEp)KHEW OCYIIECTBISETCA Ha
000pyAOBaHUH, KOTOPOE PA3IUYAIOT:

- M0 METOJy U3rOTOBJIEHUS 000JI04YeK (HACKIITHOW, HACKIITHON € MOANPECCOBKOM,
HaJIyBHOM);

- 1o crnoco0y HachINKU (OyHKEpHBIN, paMOYHBIN);

- M0 YMCIY MO3ULUH (OHOMO3UIIMOHHOE, MHOTOTIO3UIIMOHHOE);

- Mo crnoco0y MepeMelleHus MOJEIbHON IUIMTHI (YEITHOYHOE, KapycelabHOeE,
KOHBEHEepHOe).

Jis  ckineuBaHUs OOOJIOYKOBBIX MONYPOPM OOBIYHO MPUMEHSIOT OAHO- U
MHOTOIMO3UILIMOHHBIE IITHIPEBBIE MTPECCHI.

KonudectBo 060pynoBanust 17151 M3TOTOBIEHUS 000JIOYKOBBIX (OPM U CTEpIKHEH Tak
K€ PacCUMTHIBAIOT MO oOmel metoauke. MCXOQHBIMU JaHHBIMHM JJISI PACUETOB CIYKaT
JaHHBIE U3 BEAOMOCTH 00BEMOB MTPOU3BO/ICTBA.

[Ipy NpOEKTUPOBAHUM IJIABUIBHO - 3aJMBOYHOIO OTIEJIEHUS HEOOXOIUMO B
3aBUCUMOCTH OT BHJAa CIulaBa OOOCHOBaTh W  BBIOpaTh THUO W €MKOCTb
(MpOM3BOUTENBHOCTD) IUIABMIIBHBIX arperaToB, a TaKXe pacCUUTaTh HX KOJIUYECTBO.
Meronuka pacdera KOJIMYECTBA MIIABWIBHBIX arperaToB aHaJOTMYHA METOJMKE PacyeToB
IJIABWJIBHOIO oTxesenus nexa JIBM.

Onepatyu, BHIOIHIEMbIE B TEPMOOOPYOHOM OTAeNeHUH 1iexa JuThs B OD, 3aBucst
OT BUJA CIUIaBa, Macchl U KOH(UTypaluu OTIMBOK, TpeOOBAaHUU K KAaYECTBY OTJIMBKHU.
MeTtonuka MPOEKTUPOBAHMS TEPMOOOPYOHOTO OTIENEHUS U PpacyeThl KOJIMYECTBA
HEO0OXOIMMOT'0 TEXHOJIOTUUECKOr0 000PYI0BaHUS CTaHIaPTHHI.
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Tabauya 1.7 — Bedomocmov 06vbemM08 npouzeo00cmea npu iumse 8 000104K08ble hopmul

Yucino oTJIMBOK

Yucno popm Ha

Hucio crepkHen

u Ha Ha IpOrpaMmy ¢ B pOrpaMmy ¢ Ha Ha MporpamMmy ¢
aUMEHOBaHUE OTJIMBKHU
nporpammy yueTom Opaka dopme | yueToM Opaka GOpM | OTIHMBKY yueTom Opaka
CTEpKHEU
A b B I )| E K
Kopnyc =bx(1,03...1,05) =(1,02...1,04)xB/T =(1,02...1,04)xExB
HA ITPOTPAMMY - ) - T - p)
IIpoooncenue mabn. 1.7
Macca, kr
HaumenoBaHue OTIMBKU OTJIUBKHU OTJIMBOK Ha KHUJKOTO METalljla Ha | JKMJAKOrO MEeTajljla | MEeTajIo3aBaJIKu Ha
porpaMmy bhopmy Ha MPOTrpaMmy porpaMmy
A 41 K JI M H
Kopnyc =l1xB =100x(1xI")/TBI' =JIx/] =(1,02...1,06)xM
HA ITPOTPAMMY - ) - p) p)
IIpoooncenue maobn. 1.7
Macca, kr
HanmenoBaHue OTIUBKH | cMecH Ha Gopmy CMECH Ha cMecH ISl cMmecu 11t popM u pEreHepupyeMoro
[porpamMmy CTEpIXKHEH CTEpIXKHEH reckKa
A I1 P C T Y
Kopnyc =(0,75...0,85)xU1UxI" =I1x]1 =X x m crepxkns™ | =(1,03...1,05)x(P+C) =0,8xT
HA ITPOTPAMMY - ) ) p) p)
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B 1nexax mutbs B 0007104YKOBbIE (QOPMBI PEKOMEHIYETCS OPraHu30BBIBATH
pereHepanuio necka. Perenepanus 3akmouaeTcs B Harpese Bo3spara cvecu 10 900° ¢, mpu
HarpeBe CMOJIa BBITOPAET, a MECOK MOCIIE OXJIAXKIACHUs, pacceBa U 00ECIIbUINBAHUS MOKET
OBITH UCIOJIb30BaH BHOBb. [IpH MpoeKTHUpOBaHUU OTHAENEHUS pEereHepalud HeoOXOAUMO
000CHOBaTh M BBIOpaTh THUM MEYU MAJiI TEPMHUECKOW pereHepalud CMecH, a TaK Ke
paccuMTaTth UX KOJIMYECTBO. VICXOMHBIMU JaHHBIMHM JIJISi PAcueTOB CIIYyXaT JaHHBIC W3
BEJJOMOCTH 00bEMOB IIPOU3BOICTBA.

[Ipy mpOEKTHUPOBAHUU CKJIAJ0B II€Xa HEOOXOAUMO MPOU3BECTH pacyeT KOJIUYECTBA
OCHOBHBIX M BCIIOMOTaTEJbHBIX MaTepUaIOB AJI BBHIIOJIHEHHS TOAOBOW MPOrpaMMBbl Iexa
(mecka u Ipyrux KOMIIOHEHTOB CMECH, IIIMXTOBBIX MAaTE€PHANIOB, Ipo0OHU), IIIOMAAEH I UX
XpaHEHHs, OOOCHOBAaTh BBIOOP HEOOXOJMMOIO TEXHOJOIMYECKOr0 W TPAHCIIOPTHOIO
000py10BaHUs CKJIa/la, PACCUUTATh €ro KOJIMYECTBO U Pa3paboTaTh CXEMY pa3MEILEHUS.

ITpouecc 3anuBKKU MeTauia B 000JIOUKOBBIE (POPMBI COIPOBOXKIAETCS BHITOPAHUEM
CMOJIBI, B pe3yJIbTaTe YEro UAET HHTEHCUBHOE ra3000pazoBanue. [Ipu 3ToM BbLAEIAIOTCA:
napsl (peHosa, OKUCh yriaepoia M NPOMEXKYTOYHbIE MPOAYKThl TEPMHUYECKOTO pacmaja
CMOIJIbI, pa3JInyHbIE YIIIeBOOpoAbl. [T03TOMY MpU MPOEKTUPOBAHUU 1I€Xa CIEAYET yIENsATh
0c000€ BHUMaHUE MEPOIPUATUSAM [0 TEXHHKE 0e30macHOCTU U ruruene tpyna [16]. Ilpu
MPOEKTUPOBAHUU OTIEICHUM 1Iexa He0OX0AUMO MpeyCcMaTpUBaTh YCTPONUCTBO MPUTOUHO-
BBITSDKHOM BEHTUJISILMKM C MECTHBIMU OTCOCAMU OT OOOpPYIOBaHUS IJisi MPUTOTOBIICHUS
MeCYaHO-CMOJISTHOM CMECH, M3TOTOBJIEHHUS W CKIEHUBAHMS OOO0JIOYEK, OT MECT 3aJMBKH,
OXJIQXKJIEHUS U BIOUBKH (OPM.

[IprMepbl MPOEKTHOTO PEHICHUS LIEXOB JUThS B 000JI0YKOBbIE (DOPMBI IPUBE/ICHDI B

[9].
Bonpocsl 1151 camonpoBepku

1 Ilepeuncnute nperMylIecTBa U HEAOCTATKH JIUTh B 000JIOUYKOBBIE (POPMBI.

2 Tlouemy nuThe B 000JI0YKOBbIE (DOPMBI 11€J1€CO00PA3HO MPUMEHSTH B YCIOBUSIX
KPYIHOCEPUUHOTO U MAacCOBOTO MPOU3BOJICTBA?

3 TloueMy auTheM B 000JI04KOBBIE (HOPMBI 3aTPYAHUTENIBHO MOITYYaTh TSXKEJIbIC
OTJINBKHU?

4  Kakue oTneneHus 1exa JUTbsi B 000JI0YKOBbIE (POPMbI OTHOCAT K OCHOBHBIM?
Kaxkue onepanyy BbIOJHAIOTCS B TUX OTAEJICHUSX ?

5 Kakue otneneHuss 1exa JUTbS B 0OOJOYKOBBIE (OPMBI OTHOCAT K
BcriomorarenabHbIM? Kakue onepanuu BbIIOIHAIOTCS B 3TUX OTAEIECHUAX ?

6  UYrto sBisieTcst ICXOAHBIMU JJAHHBIMU NIPU pa3pabOTKe MpoeKTa mnexa’?

7  Kak omnpeaenuts KOJIM4ecTBO OpPM Ha TOJOBYIO MPOrpaMmy?

8  Kakum 006pa3zomM MOXKHO OINpEAEIUTh MACCy KUIKOro MeTajmia Ha (Gopmy U Ha
rOJIOBYIO MpOrpaMmy?

9 B 3aBUCHMOCTH OT 4Y€ro ONpENEeNseTCs Macca METAJJI03aBajKh Ha TOJIOBYIO
nporpammy nexa?

10 Kakum 00pa3oM MOXKHO ONpPENENUTh CYMMApHBIM pacxoja IUIAKUPOBAHHOU
cMmecH 11t popM U CTep>KHEN Ha TOJ0BYIO porpaMmy?

11 Kakue BOIIPOCHI npopadaTbIBalOTCS npu MPOEKTUPOBAHUU
CMECEMPUTOTOBUTEILHOIO OT/ACJICHUS 11€Xa JUThS B 000J0YKOBbIE (POPMBbI?

12 Tlo xakuMm MpU3HAKAM KJIacCU(UUUPYIOT 00OpYyIOBaHUE JiI M3TOTOBIEHUS

000JI0YKOBBIX (hOpPM U CTepKHEHN ?
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13 B 3aBuCMMOCTH OT 4ero BHIOMPAIOTCS TUIT U IPOU3BOIUTEIBHOCTD IIABUIIBHBIX
neyei?

14 Kak mnpou3BecTM pacyueT KOJIMYECTBA OTHEYNOPHBIX MaTepuanoB s
(hyTEepOBKH IUIABWIILHBIX U HarpeBaTeJIbHBIX Teueii?

15 Kak nmpou3BecTH pacdyeT KOJIUYECTBA IMIMXTOBBIX MATEPHUATIOB IJIsl BBIITOJHEHUS
rOI0BOM IPOTrpaMMBbI 1iexa?

16 Kak mnpousBectTn pacuer KojaudecTBa (HOPMOBOUYHBIX MATEPHATOB IS
BBITIOJIHEHUS TOJJOBOM MPOrpaMMBbI 1iexa’?

17 Kakue meponpusiTus Mo TeXHUKE 0€30MaCHOCTH U OXpaHe OKPYIKAIOIICH CpeIbl
HEOOXOUMO TIpeAyCMaTpUBaTh IMPU MPOCKTUPOBAHUM I1I€Xa JHUThI B 0O0OJOYKOBBHIC
bopmbl?

1.3 Tema 3. IIpoekTUpOBaHHKE LIEXOB JUThS MO/ AABJIEHUEM

Cxema TEXHOJOTMYECKOTO TIpolLlecca HW3TOTOBICHUS OTJIIMBOK JIMTHEM  TOJ
nasienueMm. llpeumymnecTBa u Hegoctatku crnocoba. CTpykTypa Ii€xa JUThs IOA
nasieHueM. OcHoBHOe oOopynoBanue. CocTaBieHHEe BEJOMOCTH 00BbEMOB MPOU3BOJICTBA
Ipy MPOEKTUPOBAHUU LEXOB JIUThbS TMOJ JAaBieHueM. lIpoexkTupoBaHue IUTEHHOTO
OTJEJICHUS 1IeXa JUThs Mo faBieHueM. [IpoekTupoBanue ydacTka 1o JOBOJKE U PEMOHTY
npecc-popM. [IpoexTupoBaHue IUIABMIBHOTO OTAeiAeHUs. PacueT CKIagoB HMIMXTOBBIX
marepuasioB. IlpoexkTupoBaHue ydacTka GUHUIIHBIX onepanuil. Pekomenmauuu 10
TEXHUKE 0€30MaCHOCTH MPU MPOSKTUPOBAHUH 1IEXOB JIUThS O] JABJICHUEM.

Jluteparypa: [1, c. 170-224, 2, c. 248-366, 6, ¢ 325-333, 8, c. 46-47, 10, 13].
MeTtoauyeckue yKkasaHus

[Mpunuun npouecca authsa noa nasieHueM (JIIIJ]) ocHoBaH Ha TPUHYIAUTEIHHOM
3alOJIHEHUM ~ pabodyell  TOJIOCTH  METaJUIMueckor  mpecc-popMbl  pacIijaBoM U
GbopMUPOBAaHWUU OTIUBKH TOJ ACHCTBHEM CHJI OT MPECC-TOPIIHS, NMEPEMEIIAIONIeTocs B
KaMepe MpecCOBaHMS, 3aII0JTHEHHOM pacIljiaBoM.

JlutbeM moxd AaBICHHEM HW3TOTOBIISIOT HEOOJNBIINE IO Macce, TOHKOCTCHHEIC H
CJIOKHBIE TI0O KOH(PUTYpalluy OTJIMBKYU U3 IIBETHHIX CIIJIABOB Ha OCHOBE IIMHKA, aJTIOMUHUS,
MarHusi, MeJld, CBMHIIa U 0JioBa. B cBsi3u ¢ Tem, 4yTO 00OpyAOBaHME M TEXHOJIOTHYECKas
ocHactka g JIIIJ] ornamgaroTcs BBICOKOM CTOMMOCTBIO, JAHHBIM CIOCOO JIUTHS
SKOHOMHUYECKH OMNpaBlaH B YCIOBUSIX KPYIMHOCEPUMHOIO W MAaCCOBOTO IPOW3BOJICTBA.
Macca OTIMBOK B 3aBHCUMOCTH OT CIUIaBa, KOHCTPYKIIMA M HA3HAUYCHUS MOXKET
KOJIe0aThCs OT JECATKOB IpaMMOB 10 90 Kr.

OCHOBHBIE TIPEUMYIIECTBA CIIOCO0a: BBICOKAs IPOM3BOJIUTEIBHOCTh IMpoOIlecca,
BO3MOXHOCTb MOJIYYEHUS CJIIOKHBIX TOHKOCTEHHBIX OTJIMBOK C MUHUMAJIbHON BEJIMYMHOU
MPUITyCKa HAa MEXaHUYECKYIH 00paboTKy, KaueCTBEHHON MOBEPXHOCTHIO U BBICOKUMU
MexaHnyeckuMu cBoiictBaMu. K Hemoctatkam JITIJ[ MOKHO OTHECTH BBICOKYIO CTOMMOCTD
npecc-GopM, CIOXKHOCTh U JJIMTEIBHOCTh HMX  M3TOTOBJIICHUS, OTrPAHUYCHHYIO
HOMEHKJIATYpY NPUMEHSAEMBIX CIIJIABOB.
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Ilex nUThS TOA  JABJICHHEM OOBIYHO COCTOST M3 TPEX  OCHOBHBIX
MPOU3BOJICTBCHHBIX  TOJPA3JICICHUHA B  COOTBETCTBUM C OCHOBHBIMHM  3TallaMH
W3TOTOBJIEHUS OTIMBOK (Tabm. 1.8).

Tabauya 1.8 - Ocnosnvie omoenenus (yuacmku) yexa JIIIJ] u evinoansemvle

onepayuu
HaumenoBanue BrinmonHsemsie onepanuu
OTACICHUMN

[InaBunsHOE IimaBka ¥ MOArOTOBKA pacIliaBa

JIuteiHoe H3roroBnenne OTIMBOK Ha MallMHaX JIMThS TOJ
JIaBJICHUEM

TepmooOpyOHOE OTtneneHyue JUTHUKOBO — MUTAIOMIUX CHUCTEM, 3aUMCTKa,
TepMO0OpPadOTKA U OTJEIKA OTIUBOK.

[loMmumMO  OCHOBHBIX  OTHEJIEHUH B  1exe OObIYHO  MpeaycMaTpUBalOT
BCIIOMOTaTeJIbHbIE YYaCTKHU, CKJIAJbl U TAOOPaTOPHUU:

- Y4aCTOK I10 JOBOJKE U PEMOHTY Ipecc-hOopM U IPYyrol OCHACTKH;

- Y4aCTOK peMOHTa 000pyAOBaHUS;

- CKJIQJIbl 111 XpaHEeHHUs 3a11aCOB MaTEPHUAJIOB,

- CKJIaJIbl I XpaHeHus npecc-(hopM U Mpoveil OCHACTKH;

- T1abopaTopuH.

HcxXoaubIMU  JTaHHBIMU IS MPOEKTHUPOBAHUSA IIE€XOB JHUThA TOJ JIaBIICHUEM
ABJIAIOTCS MPOU3BOJACTBEHHAs MPOTpaMMa, YEPTEKH M TEXHUYECKUE YCJIOBHSI Ha JIUTHIE
netand. Ha ocHOBaHMM MCXOAHBIX NAHHBIX MO KAKIOMY BHUJY CILIaBa, IPUMEHSIEMOTO B
MPOEKTUPYEMOM 1I€XE, COCTABJISIIOT BEIOMOCTb OOBEMOB MPOU3BOJCTBA MO (opme
npuBeAeHHoN B Tabu. 1.9. Ilpu coctaBnenun Gpopmebl clielyeT M0JIb30BaThCs CIAEAYIOIMUMHU
PEKOMEHIAIUSIMU :

- 3HaueHus sueek A, b, )K npuHumaloT u3 nporpaMMbl IPOEKTUPYEMOTO 1I€Xa;

- 3HaueHue B suelike B paccuuthiBaercs ¢ ydetoMm 3...5% Opaka BBITYCKaeMbIX
OTJIUBOK;

- MOJ/IeJIb MAalluHBl JUThS TOJ JaBieHueM (suelika [) BbIOMpaeTcsi Ha OCHOBE
peKOMEeHJalui, NPUBEJCHHBIX HIKE. B 3aBUCUMOCTH OT BbIOpAaHHBIX THUIIA U MOJEIH
MalIuHBl JIUThsl TOJ JAaBICHHEM YCTaHABIMBAIOT KOJMYECTBO THE31 B mpecc-hopme
(staetika J1);

- YHCJIO 3allPpEeCCOBOK Ha mporpammy (siueiika E) ompenensiercs Kak pe3yiabTat
JIeJIeHHs] KOJIMYeCTBa OTIMBOK Ha MPOrpaMMy C ydeToM Opaka (siueiika B) Ha KoiaudecTBO
rues3]| B nmpecc-popme (srueiika Jl);

- nopuuio crjasa B popme (saueiika M) MOXKHO ONpeeTuTh B 3aBUCUMOCTH OT MacChl
OTJIMBKH, KOJIMYECTBA THE3[ B mpecc-popMme u 3HaueHust TBI' nmo kaxxqoMy HauMEHOBaHUIO
OTJIUMBKH. 3HaYEHUE TEXHOJOTUYECKOI0 BBIXOJIa TOJHOIO OMpPENENseTCsS MacCol OTJIMBKH,
BUJIOM CILIaBa M pa3pabOTaHHOM JTUTEHHOU TexHooruew [1, 2, 10];

- Macca OTJIIMBOK Ha mporpammy (suelika K) onpeznensiercst mpousBeaeHneM 3Ha4eHU N
ssueek K u B;

- JUTSL OTIPENICTCHUS] MacChl KUIKOTO MeTajlla Mo KaXKJOMY HaUMEHOBAHUIO OTIMBOK
Ha nporpammy(siueiika JI) HeoOXoIMMO Maccy MOPILUM CIUlaBa B popMe (3HAUCHHUE STYEHKU
W) yMHOXUTH Ha KOJIMYECTBO 3aMpeccoBOK (siueiika E)
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Tabauya 1.9 — Bedomocmov 06vem08 npouzeo0cmea npu iumse noo 0asjieHuem

Uucno OTImMBOK Yucno
HaunmenoBanune
OTIBKIL Ha MPOTrpaMmy Ha MporpaMmmy ¢ Mojenp MalmHbI THE3] B Ipecc- 3alpecCOBOK Ha
y4eToM Opaka dbopme IpOrpamMmy
A b B I | E
bnox =Ax1,03 =B/]]
HA TTPOT'PAMMY - ) - )
IIpooonscenue mabn. 1.9
Macca, kr
HaumenoBanune
OTIBKIL OTJIMBKH MOPIIMU CIIaBa B OTJIMBOK Ha KUJIKOTO METajla | METajlo3aBajkKH Ha
dbopme porpaMmy Ha MPOTrpaMmy porpaMmy
A XK " K J M
biox =100x(IxK)/TBI' =BxK =ExU =11*(1,03...1,05)
HA TTPOT'PAMMY - - ) T )
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- Macca MeTayulo3aBaJIKM (3HaueHue s4yerku M) ompenensieTcs B
3aBUCUMOCTH OT BEJIMYUHBI yrapa, KOTOPBI B CBOIO OYEpEb 3aBUCUT OT BUAA
CIUIaBa U TUIIA IUIABWJIBHOTO arperara;

[Ipu npoektupoBanuu nutedHoro otnenenus uexa JIIIJ[ Heob6xomumo
000OCHOBaTh W BBIOpPATh THUN W MAapKy MAaIIMHBl JUThS TMOJ JaBJICHUEM U
paccuMTath MX KOJnuecTBO. OCHOBHBIMU KPUTEPUSMH NPHU BHIOOpPE MaLIUHBI
JUThS MOJ JABJICHUEM SIBIIIIOTCS THI 3aJMBAEMOTO CIUIABA, YCUJIME 3allMpPaHUs
(dhopmbI 1 HauOOJIbIIIasi Macca MOPIUH CILJIaBa.

MamuHsl a5 IMThs TOJ 1aBJIeHWeM ObIBAIOT C ropsiuei WK C XOJOIHON
KaMmepol mnpeccoBaHus. llepBble NPUMEHSIOT B OCHOBHOM [Jisi TOJYyYEHUS
OTJINBOK W3 CIUIABOB C HU3KOM TEMIIEpATypOil IUIABIEHUS HA OCHOBE CBUHIIA,
0JIOBA WJIM IIMHKA. {1 MONMy4YeHHs OTIMBOK M3 CIIABOB HA OCHOBE aJIOMUHUSA,
MarHusi 1 MeIu MPUMEHSIOT MAIUHBI C XOJOJHBIMU KaMepaMH MpPeCcCOBAaHMS
(ropu3OHTANILHBIMU U BepTUKaNbHBIMU). Hanbonee pacrpocTpaHeHbl MaIlIMHBI €
TOPU30HTAIBHBIMU KaMepaMu IpeccoBaHusl, Kak Oojiee MPOU3BOAMUTEIbHEIE,
MMEIOIIIME MEHbIINE MOTEPU TEIUIOTHI U IABJIICHUS B JINTHUKOBOW CHCTEME.

OObIlYHO B TMacmopTe MAaIIMHBI JJIA JUThS TMOJ JaBICHUEM MPUBOAST
rpaduk s onpeaesieHus MPOU3BOJUTEIBHOCTH MAaIMHBI B 3aBUCHUMOCTHU OT
BPEMEHHU 3aJMBKH MeTalla, KPUCTAUIU3ALUU OTIMBKM W MOJATOTOBKH IpeEcC-
dbopmbl. YCpenHEHHbIE 3HAYEHUS PACYETHOW MNPOU3BOJUTEIBHOCTH MAIIUH
JIUThSA MOJ JABJIEHUEM C XOJIOJHOW KaMepoil IPECCOBAHUS IPUBEAECHBI B [6].

Jlnsg pacyera KOJWYECTBA MAIIWH JUIA JIUThSA MOJ JAaBICHUEM BCHO
HOMEHKJIATypy OTJIMBOK pa30MBaIOT Ha IPYIIIHI [0 Macce, rabaputam, TOJIINHE
CTEHKHU, B COOTBETCTBUU C KOTOPBIMH OIPEIEISIIOT YCUIINE 3alTUPAHUS, Pa3Mephl
npecc-QpopM, MPEcCOBbIX KaMmep, JABICHHE U CKOPOCTh IMPECCOBAHUSA U JIp.
napameTpbl MamuH. OTIMBKY KaXJI0M TpyNIbl HEIeco00pa3HO U3TOTOBISThH HA
MalIuHaX OIpPEAEICHHOI0 TUIOpa3Mepa, XapaKTEePUCTUKU KOTOPBIX SBISIOTCS
JUISL TaHHBIX OTJIMBOK ONTUMAJIbHBIMHU.

[Ipecc-popMbl — OCHOBHasi OCHAcCTKa B II€Xax JHUThS O] JIaBJICHUEM.
B3zaumoneiicTBue ¢ KUIKUM METAUIOM CIIOCOOCTBYET pa3pylICHHIO padoyeit
MOBEPXHOCTH Tpecc-PpopM. st nmpopunakTuku yepes Kaxasie 10 ThiC. 3aTMBOK
npecc-popMy pEeKOMEHIyeTCsl CHMMaTh C MAIllMHBI, pa30uparb, OYMIIATh, a
3aTeM mnoaBeprath oTnycky npu 550° C. B mnpoektax MHexXoB CleayeT
peaycMaTpuBaTh MOMEIIECHUS I HaNaJKd U Npo(UIAKTUYECKOTO0 PEMOHTA
npecc-popMm. B kauecTBe MOBEpXHOCTHON 0OpaOOTKH, YIJIUHSIONIEH CpPOK
ciykObl mpecc-(hOpMBbl, PEKOMEHAYETCSl OTIYCK B Cpelie BOJASHOrO Iapa, B
pesynbrate 4ero oOpa3zyeTcss NpPOYHBIM M TMOPHUCTHIA CJIOH OKUCH jKelle3a
TONMMHOW —2,5 MKM. Takol U30IUPYIOUMHA CIOM Ha TIOBEPXHOCTH
amoptusupyeT Tepmuueckuit yaap. IloaroroBka mpecc-popmbel K pabote
3aKJIIOYaeTcss B ee mojaorpeBe M cmaske. g moporpeBa mpecc-(hOpMbl
HCIIOJIb3YIOT CIIelMaibHbIE Ta30BbIE€ TOPEJIKU, HArpeB BEAYT MEMJIEHHO, YTOOBI
o0OecreynuTh pPaBHOMEPHOCTH TporpeBa. B nanpHelmedt pabore HYKHYIO
TEMIIEPATYPY MNOAAEPKUBAIOT C IMOMOULIBIO BOJIAHOrO oxnaxiaeHus. llpecc-
¢dbopmbl B iporiecce paboThl cMa3biBatoT. HazHaueHne cMa3ku — MpeloXpaHUuTh



paboune TMOBEPXHOCTHU OT IPO3MOHHOTO BO3JCUCTBUS CTPYH PACILJIABICHHOTO
METaJllIa, a TAKXKE CMSITUYUTh TEIJIOBOM YJIap B MPOLIECCE 3aMOTHECHUS.

[Ipecc-popmbl XxpaHsT Ha cKilaje B creiuiaxkax. [lnomaas ckinaga npecc-
dhopm puHUMAIOT 4...8% 00111e# TUIoIaaY 1Iexa.

becnepeboiitHoe cHaOKeHNEe MAITUHBI JUIS JTUThS O] TaBJICHUEM >KUIKUM
METaJIJIOM 00eCIieYuBaeTCsl IPUMEHEHUEM Pa3IaTOYHBIX MeUeH, HaXOSIIUXCS Y
pabounx MecT 3aIuBIIMKOB. K pa3gaTouHbIM medam >KUAKUA METall MoJaeTcs
Y3 TUIABWJIBHOTO OTAeNeHus. KoJndecTBO pa3faTOyHbIX IeYeid NPUHUMAIOT
PaBHBIM KOJIMYECTBY MallluH. B kauecTBe pa3gaTOUHBIX MeYel s CIIAaBOB Ha
OCHOBE QJIOMUHUS U IIMHKA MOJIYYWIN PACIPOCTPAHCHUE DJICKTPUUECKUE TIEUU
CONPOTHUBIICHUS. B 3aBUCUMOCTH OT BHUJA CIJIaBa TaK K€ MOTYT NMPUMEHATHCA
WHIyKIMOHHBIC BepTuKaibHbIe eun (BUII-1...BUII-6). EMkocTh pa3zmaTouHbIx
neyeil npunumaercs 50...80 % yacoBoif MOTPEOHOCTH B XKUAKOM METaILIE.

B mpoekrtax cnenyer mnpeaycMaTpuBaTh aBTOMATHU3ALMIO 3AJIMBKU
MeTaJula B MAaIWMHBl IS JIUThs MOJA JaBjieHueM. B 1exax MaccoBoro
MPOU3BOACTBA C OrPAHMYECHHOM HOMEHKJIATYpOM JIUThsl MPUMEHSIOTCS
MOTOYHBIE JIMHUU. B OHY JIMHUIO YCTAaHABIMBAIOTCA MAIIWHBI JIS JUThS MO
JaBJIGHUEM, TPECcChl i 0Ope3ku 00JI0S W JIMTHUKOB, CBEPJUJIBHBIE CTaHKH,
nudoBagbHbIe W Ap. ABTOMaTH3allUusl MAIIWH JJIS JIMThS TOJ JaBJIEHUEM
MO3BOJISET MOJHOCTHIO OCBOOOIUTH PA00OUYMX OT BBHITIOJIHEHUSI TaKUX OIEpaIluii,
KaK OYKMCTKAa M CMasKa mpecc-hopM, 3aJIMBKa CIUIaBa, W3BJICUYCHUE OTIMBOK M
nepegaya ux Ha oopyoOHoi mpecc. M3BiedueHrne 0TIIMBOK MOXKET 00eCIeunBaThCS
au00 TOJ JEWCTBUEM CHJIbI TSDKECTH (OTJIMBKU BBITAJIKUBAIOTCA W3 IIpecc-
dhopMbI HA KOHBEHeEp), MO0 CHEeNHATBHBIMU YCTPOMUCTBAMH (IKCTPAKTOPAMHU U
MIPOMBIIIJIEHHBIMUA POOOTaMM).

Bce pacuersl nureniHoro oraenenus uexa JIIIJ[ cBomsar B cienyromyro
bopmy.

Tabnuya 1.10 — Ceoonas sedomocms numetino2o omoenenus yexa JII/[

o g KomnuecTBo
ST KoanuecTBo OTIMBOK, IIT s —
g = S Z MallluH
s g = S
= B g c% = o
o o K = o
= Ha O O an) =
o = Ha QS = = =
T 2 MporpaMmy C == = 9 o
S £ fporpamMmy eToM Gpaka | © = 2 )
) S
= yq P & =
Jo 1 kr
Cs. 1...5
Bcero z

[lonroToBka criaBa Juisl pa3laTOYHBIX TeYed NPOU3BOAUTCS B
IUTABWJIBHOM OTJeNeHNH 1iena. C LeIblo COKpallleHUsl TPAaHCIOPTHBIX ONepanuil
IUIaBUJIBHOE OTJEJIEHHE pacroyiaraeTcs BOJM3M JMTEHHOro. THI MIaBUIBHBIX
neyeil Uil TMOATOTOBKM JIMTEWHBIX CIUIABOB OIpEJeNsieTcsl Macitabom
IPOU3BOACTBA M TUIOM cIulaBa. Jlng Kaxagoro cruiaBa LiejaecooOpa3Ho
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yCTaHABIIMBAaTh CBOM IUIABWIbHBIC TMeud. Eciiu B Iiexe IIaHUPYETCs OTIUBKA
JeTajiel U3 pa3HbIX CIUIABOB, TO 0CO00E BHUMaHHUE clielyeT oOpamiaTh Ha TO,
9TOOBl  WCKJIFOYUTHh BO3MOXXHOCTh IE€peMeliuBanus ciiaBoB. Cremyet
yCTaHABJIMBATh HECKOJBKO IUIABWJIBHBIX MEYEeH MaJlo €éMKOCTH B3aMEH OJHOM
— OoJblIeld eMKOCTH. DTO MO3BOJIUT yBEJIWYUTh MAaHEBPEHHOCTh B UX padoTe.
HauGonee mpuemiaeMbl ISl IEXOB JUThS MO JaBICHUEM 3JICKTPUUECKHE TeUH
conpotuiieHus. [lotepu Metanna Ha yrap B TaKuX Iedax HEOOJbIINE, U OHU
yIOBJICTBOPSIOT CAHUTAPHO-TUTUEHUYECKUM YCJIOBHUSM TPY/a.

Pacuer konuuecTBa TIUIAaBWJIBHBIX TI€YEH BEAETCA 10 CTaHIAPTHOM
METOJIUKE.

Mertann U3 MIaBWIBHOTO OTIENEHUsI K Pa3IaTOYHBIM MeYaM I0JaeTcs B
KUJKOM COCTOSIHUH. JIerkue cIuiaBbl MOTYT TPAaHCHOPTHPOBATHCS B 3aKPBITHIX
KOBIIIAX C TOMOIIBIO TMOJBECHOTO MYTH WM JJEKTPOKAP C MOABEMHUKOM, C
MOMOIIIBI0  DJICKTPUYECKUX TMEpPEeNaTouHbIX Teueld - wmukcepoB. Ilepemauy
IIMHKOBBIX CIUIABOB MOJKHO OCYIIECTBJISITh B  3aKPBITHIX Kejaobax ¢
ANEKTPONOAOrpeBOM. D(PGHEeKTUBHOCTh TAKOTO BHJIAa TPAHCIIOPTUPOBAHUS
MeTaja YCHJIMBACTCS MIPUMEHEHUEM aBTOMAaTHYECKUX WIn
MOJTyaBTOMATHYECKHUX JTO3UPYIOMIUX YCTPOUCTB B MaIlIMHAX.

[lepenaya OTIMBOK OT JIMTEHHBIX MAIIMH HA 3aYUCTKY U MEXaHUYECKYIO
T0pabOTKY MPOU3BOJIUTCS C TTIOMOIIIBIO MOJBECHBIX KOHBEHEPOB C aIpeCOBAHUEM
WU JPYrux cucteM TpaHcnoprta. [IpuMeHeHne MOABECHBIX KOHBEMEPOB HE
TOJIBKO TTO3BOJISIET OCYIIECTBIAThH TPAHCTIOPTUPOBAHKE OTIUBOK, HO M CO3/1aBaTh
OTIPENICNICHHBIA 3alac M XpaHCHHWE HX HEMOCPEICTBEHHO Ha KOHBelepe.
OTtneneHHbIe OT OTIIMBOK 3JIEMEHThI INTHUKOBON CUCTEMBI M 00JI0M MepenaroTcs
Ha [IUXTOBBIN JBOP MEXaHU3UPOBAHHBIM HEMPEPHIBHBIM TPAHCTIOPTOM.

VY ropsianx OTIMBOK MUTATENU U JIETKO 00JaMbIBatoTcs. [loaToMy B 1iexax
KPYITHOCEPUHHOT'O U MacCOBOT'O MPOU3BOJICTBA MPECCHI IS JIOMKHU JINTHUKOB U
oOpyOHBIE Tpecchl PEKOMEHIYETCS YCTaHABIMBATH pPAJIOM C JIUTEHHOU
MalllUHOW ¥ COEIMHATh C HEW CKIM30M, KOPOTKHM pOJIbTAHTOM WM
KOHBENEPOM.

[Ipu BbIMOTHEHUH OOPYOKM OTJIMBOK TMEPCIEKTUBHO NPUMEHEHUE
IITAMIIOB, B KOTOPBIX OJHOBPEMEHHO C OOpYOKOW JIMTHUKOB BBIPYOArOTCS
00JIOl, 3ayCeHIbl, 3alluBbl W TMPOIIMUBAIOTCS OTBEPCTHS. [ WapaBinuecKue
MPECChl TMPEANOUTUTENIPHEE IPECCOB JIPYTMX BHUIAOB TEM, UYTO OHHU Ooiee
MOIIHBIE M TIO3BOJIAIOT 0OpyOaTh Iiefible OJIOKHM OTJIIMBOK HU3 MHOTOMECTHBIX
npecc-popm. Illupoko wucnonb3yroT it oOpe3ku NpuObLIEH TOKApHBIC H
(dbpe3epHbIe CTaHKHU.

JIist OYMCTKM MENTKHX OTJIMBOK HMCIOJIB3YIOT TaJITOBOYHBIE OapabaHbI ¢
MOKpBIM a0pa3uBoM. ['anToBouHbIe OapabaHbl JIETKO BCTPAUBAIOTCS B OTOYHBIC
nuHAUd. BpeMs TaaToBKM B 3aBUCMMOCTH OT KOH(UTYypaluu W MaTepuasia
OTNIUBKU KoJiebnercs B mpenenax 0,5...6 4. Tak ke JJIs 3a4UCTKH OTJIMBOK
MOXHO TIPUMEHSTh JIBYCTOPDOHHUE OOJUPOYHBIE CTaHKH C aOpa3suBHBIMHU
Kpyramu ¥ IMHEBMaTUUYECKHUE IIapOIIKH.

Jns  mpoBeAeHHs — onepanuid  TEPMHUYECKOM  0OpabOTKM  y4acTOK
0o0OpYIYIOT T€YaMM pPa3IUYHBIX KOHCTPYKIMH. B KpymHBIX Iexax HHOTIA
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BbIICNIACTCS JJIi TepMOOOpabOTKHM cHelualbHbIA Yy4yacTok. B oraenenun
¢buHUIIHOW 00pabOTKU TakKe HUCHpaBiIsAloT AePeKTbl OTIMBOK. OOBIYHO
UCIIPABIISIIOTCS TOJIBKO CPETHUE U KPYIHbIE OTJIMBKHU.

KonuuectBo eauHul; o0OpyAOBaHHS TEPMOOOPYOHPro  OTIEICHUS
ompejensieTcss Mo OOIIENPUHATHIM METOAMKAM a IUIONaJb OTIEJICHUs
OTIpeJIeNISIeTCs] PACUETHBIM KOJIMYECTBOM 000PYAOBaHUS.

3anachl MIMXTOBBIX MaTEpUAJIOB XPAaHAT HA IEXOBOM CKJaje, KOTOPbIN
pacnosiaraeTcsi BOJU3M IUIaBWIIBHOTO oTheneHus. [lmomans 1mexoBoro ckiaaa
paccuuThiBaeTcsi Ha  xpaHeHue 3...10-mHeBHOro 3amaca = Marepuaia,
o0ecneunBaoIero HOpMajbHy0 paboTy uexa. Pacuer muomanedt ckiazna
HIMXThI TPOU3BOAMUTCS MO CTaHAAPTHOU MeTojuKke. Ha ckiane ycraHaBiuBaeTcs
TEXHOJIOTUYECKoe 000pyI0BaHUE, HEOOXOAMMOE IJisi MOATOTOBKU HIMXTOBBIX
MarepuasioB (ApoOsieHusi, OPUKETUPOBAHUSA, OYMCTKM OT HEMETAUTMYECKUX
BKJIIOUEHH, Cemnapaluu U COPTUPOBKHU), a TAKXKE 3aKpoMa U JIapu.

B nexe JIIIJI Tak ’xe mnpexycmMaTpuBacTCs OTHAEICHUE IO PEMOHTY U
J0BOJKE Tpecc-popM ¢ MexaHOOOpadaThIBAIOIIUM O0OpPYAOBAHUEM: TOKAPHO-
BUHTOPE3HBIMH, YHUBEpPCAIbHO-(PE3ePHBIMH, CBEPJIMJIbHBIMU,
NUIM(QOBAILHBIMUA ~ CTaHKaMHM, BHHTOBBIMH  TpeccaMd M CI€CapHBIMU
Bepctakamu. llpecc-hopmbl mociae WX HUCHONb30BaHUS B PabOTE MPOXOMST
OCMOTp, 3aYUCTKY M PEMOHT U MOCTYMAOT Ha CKIJIaJ, KOTOPbIA obopymyercs
cresmaxamu. [Ipu mpoekTUpOBaHUU OTAECHCHHUS [JIS KaKI0ro HauMEHOBaHUS
OTJIMBOK HEOOXOAMMO PACCUUTATh MEPBOHAYATIBHBIN MapK Mpecc-PhopM.

[IpoekToM 1I€Xa Tak K€ JODKHBI O0ECreyrMBaThCid HEOO0XOIUMbIe
MEpPOTPUATHUS 110 TEXHUKE O€30MacHOCTU U TUruene tpyna [16].

ITpumep npoektHOro pemrenus nuexa JIIJ{ npusenen B [9].

Bonpocsl 1151 camonpoBepku

1 Tlepeuncnnte NpeuMyIIeCTBA U HEJOCTATKU JIUThS TIOJ] JABICHUEM.

2 Tlouemy nuThe B MOJ AABICHUEM II€JIECOOOPA3HO MPUMEHATH B YCIOBUSIX
KPYIMHOCEPUHHOIO U MaCCOBOI'O MPOU3BOJICTBA?

3 Kakue otmeneHHMsd LieXa JIMThI MOJ JaBJICHHUEM OTHOCSIT K OCHOBHBIM?
Kakue onepanyu BBITIOTHSIOTCS B 3TUX OTJIEJICHUAX?

4 Kakme otTaeneHHS Ii€Xa JIMTbS IIOJX  JaBJI€HHEM  OTHOCAT K
BcriomorateabHbIM? Kakue onepanuu BBITIOTHSIOTCS B 3TUX OTJCJICHUAX?

5 Uro siBsieTCS UCXOHBIMU JAHHBIMU MPU pa3paboTKe mpoekTa 1exa’?

6 Kak BbIOpaTh TUI MaIIWHBI JIUTHS IO JaBICHUEM?

7 Kakum 00pa3oM MOXKHO OINpPEACIUTh MAcCy *KHUIKOI0 MeTajjla Ha OJHY
3alpeCCOBKY M HA TOJIOBYIO ITporpamMmy?

8 B 3aBUCMMOCTH OT Y€ro ONpeaeNsaeTcss Macca METAUIO3aBaJIKh Ha
rOJIOBYIO MporpamMmy 1exa?

9 B yem 3akirouaeTcst IOArOTOBKA Mpecc-Gpopmel K padboTte?

10 Kakue Bompochkl mpopabaThiBalOTCS MPU MPOSKTUPOBAHUHU JIUTEHHOTO
OTCJICHUS 11eXa JIUThS I10J1 JaBJICHUEM?
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11 B 3aBucMMOCTH OT 4Yero BBIOMPAIOTCA THUI W TPOU3BOAUTEIBHOCTH
TUTABUIIBHBIX TIeUeii?

12 Kakum 00Opa3oM OCYIIECTBISETCS CHAa0XKEHUE MAaIlWH JJIs JIUTh TMOJ
JaBJICHUEM >KHJIKUM METaioM?

13 Kak mpousBecTH pacyeT KOJIMYECTBA IIUXTOBBIX MATEpUATIOB IS
BBITIOJIHEHUS T'0JI0BOM MpOrpaMMbl 1iexa?

14 Kakum 00pa3oM oOcCyIIECTBISETCS Iepeaya OTJIMBOK OT JIMTEHHBIX
MallIuH Ha 3aYUCTKY U MEXaHUUYECKYIO 10paboTKy?

15 Kakoe oOopynoBaHue HEOOXOIMMO MpelycMaTpUBaTh JJIA 3a4UCTKH U
00pyOKH OTIUBOK?

16 Kakue Mepornpusitus Mo TEXHUKE 0€30MaCHOCTH U OXpaHEe OKPYXKaIoIIeH
cpelnbl HEoOXOAMMO NpeaycMaTpUBaTh NpPH MNPOEKTUPOBAHUU L€Xa JIUThbS MO/
JABJICHUEM?

1.4 Tema 4. IIpoekTHpPOBaHNE I[EX0B KOKUJILHOTO JIUTHSA

Cxema TEXHOJIOTMYECKOTO IIpolLlecca M3TOTOBIEHUS OTJIMBOK B
MeTtaunyeckux ¢opmax. [lpenmyniecTBa u HeTOCTaTKU, 00JACTh MPUMEHEHHS.
Crpykrypa nexa KOKWIbHOro suThbi. CocTaBieHHE BEJOMOCTH OOBEMOB
MPOU3BOJCTBA. TE€XHOJIOrMYeCKue TOTOKM  OTIUBOK. [IpoexTupoBanue
auTedHoro  oraeneHus 1exa. OcHoBHoe oOopypoBanue. Iloaroroska
MeTauInyeckuXx (Gpopm K 3anuBke, Marepuan Kokuied. [loBbllIeHHEe CTOMKOCTH
kokwied. [IpoekTupoBanue miIaBUIbHOTO oOTaeneHus. [IpoexTupoBanue
TepMOOOpYOHOrO oOTHeneHue uexa. l[IpoekTupoBaHue yyacTka (DUHHIIHBIX
onepauuil. PexomeHmanuu mo TeXHHUKE O€30MacHOCTH NpU MPOEKTHUPOBAHUU
LEXOB KOKUJIBHOTO JIUThSI.

Jluteparypa: [1, c. 96-157, 2, ¢ 74-132, 3, 5, 6, ¢ 333-341, 7, c. 181-193, 8§,
c. 47-55, 10, 17].

MeTtoauyeckue yKkasaHus

JluThe B KOKWJIb- OJWH W3 YHUBEPCAIBHBIX CIIOCOOOB  JIUTHS.
[IpumensieTcss B CEpUMHOM M MAacCOBOM IIPOM3BOJICTBE OTJIMBOK W3 UYT'yHAa,
CTaJlM W MHOTHUX IBETHHIX CIIaBOB. Crioco0 HMCIOJIB3YIOT MPEUMYIIECTBEHHO
JUISL TIOMYYEHUS MEJIKHX M CPeAHUX OTJIMBOK, U3 aFOMUHUEBBIX M MEIHBIX
CIUUIaBOB, OTJMBOK M3 CEPOr0 U BHICOKOMPOYHOT'O YyTyHa C TOJIIMHON CTEHKU
5...20 MM.

OtnuunTenpHass OCOOCHHOCTH CIIOCO0A COCTOMT B TOM, 4YTO IS
oOopMIICHHS TOJOCTEH B OTJIMBKAX UCIOIB3YIOTCS KaK METANTMYECKHUE, TaK U
MecYaHble CTePKHHU.

[To cTpykType 1exXu JHUThS B KOKWUJIb AHAJOTUYHBI II€XaM JIUThS O]
JABJICHUEM M TaK)K€ UMEIOT TPU OCHOBHBIX MPOU3BOJICTBEHHBIX OT/ICJICHHUS:

- IUIaBHIIBHOE,
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- 3aJIMBOYHOE,

- (buHUIITHON 00pabOTKH OTIMBOK (TEPMO-00pyOHOE).

B 3aBucuMOCTH OT MOTPEOHOCTH 11€Xa B MECUYAHBIX CTEPKHSIX B MPOEKTE
MOXKET OBITh MPEYCMOTPEH YYACTOK WJIM OT/EJICHUE U3TOTOBJIECHUS CTEPIKHEM.
Meroauka pacdeTa CTEPKHEBOTO y4acTKa WM OTHEJIEHUS Ta KE, YTO U JJIA
LIEXOB JIUThS B NeCYaHble 00BEMHBIE (POPMBI.

[loMuMO OCHOBHBIX OTJEJICHUH, B IE€Xe OOBIYHO TNpPelycMaTPUBAIOT
BCIIOMOTATEIbHBIE YYaCTKUA JUIsl JOBOJKM M PEMOHTAa KOKWIEH, pEMOHTA
pa3aTOYHbIX MeYel, peMOHTa KOKUJIbHBIX MAaIllMH U JIPYyroro o0opyJaoBaHus, a
TaK K€ CKJIaJbl Il XpaHEHUsI IIUXTOBBIX, (DOPMOBOUYHBIX U BCIIOMOTATEIIbHBIX
MaTepuasoB.

HcxonHbIMM JaHHBIMU 711 NPOEKTUPOBAHUS LEXOB JUThbA B KOKHUIb
CIy’)KaT CBEJCHMs, IMOAOOHBIE TeM, KOTOpble HEOOXOAMMBI U A
MIPOCKTUPOBAHMS LIEXOB JIMThS MOJ JAaBieHUMEeM. Ha OCHOBaHMM HMCXOIHBIX
JAHHBIX HA KX]YI0 OTJIIMBKY COCTABIISIOTCS BEJOMOCTh 00bEMOB MPOU3BO/ICTBA
no ¢opme, npuBegeHHod B Tabn. 1.11. Tlpu coctaBnenun ¢Gopmbl cieayeT
MOJIb30BATHCS PEKOMEHIAMAMU, aHamornuHbIMy 1. 1.3. Kpome aroro, ciegyet
oOpaTUTh BHUMAaHUE Ha CJEAYIOIIEee:

- CTOMKOCTh KOKMIA (stueiika E) onpenensercs maccoit Oyayuieit OTIMBKY U
BUJIOM cruiaBa. OpUEHTUPOBOYHBIE JAHHBIE 10 CTOMKOCTH YYT'YHHBIX KOKHJIEH
npuBeieHbI B Ta0. 1.12;

Tabauya 1.12 - Cmouxocms 4yeyHHO20 KOKUIAL (YUCTIO 3AIUBOK)

Macca OTIuBKH, KT Marepuan OTJIIMBOK
cTajb YyT'YH ATIOMUHUN
Jo 5 500...1000 Cs. 5000 Cs 30 000
Cs. 5...20 300...500 1000...5000 5000...30000
Cs. 20 100...250 200...500 3000...5000

- KOJIMYECTBO OTJIMBOK B MeTalmnueckoil ¢dopme (sueiika ') u 3HaueHUs
TBI' nans omnpenmeneHuss macchl mopiuu criaBa B gopme (sueiika K)
MIPUHUMAIOTCA CorjlacHO pexoMenaauusm [1, 2, 3, 10]. KonnuecTBo OTIMBOK B
dbopme BbIOMpaeTcs B 3aBUCUMOCTH OT HMX KOHCTPYKTHUBHBIX OCOOEHHOCTEH,
Macchl 1 MaKCUMAJIbHOW MOPIMH CIIaBa, 3aJIMBaeMoro B GopMmy sl JaHHOTO
TUna MamuHbl. OpUEHTUPOBOYHBIC JAaHHBIC ISl OTJIMBOK, IOJIYy4aeMbIX
KOKWJIBHBIM JIUTHEM M3 CIUIABOB HAa OCHOBE aJIOMHUHUS, MPEJCTABICHBI B Ta0.
1.13;

- sueiiku I1 — Y BemoMocTu 00bEeMOB MPOU3BOJICTBA 3aAIOIHSIIOTCS B TOM
claydae, €ClIi B TEXHOJIOTUYECKOM TMPOILIECCEe U3TOTOBICHUS  OTJIMBKHU
MPEyCMOTPEHO MPUMEHEHUE MECYaHbIX CTEPKHEH.
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Tabauya 1.11 — Bedomocmb 00bem08 npou3soo0cmea yexa Jiunbs 8 KOKUlb

KonngecTtBO OTIMBOK KonngecTBo KomngecTBo CTOHKOCTB I'ogoBas
HaumeHOBaHUE OTIMBKY | Ha IpOTrpamMmy Ha MporpaMMmy ¢ OTJIUBOK B 3aJTUBOK Ha KOKHJISI MOTPEOHOCTH B
ydyeToMm Opaka dbopme porpaMmmy KOKHJISIX
A b B r | E K
Bunka =bx1,03 =B/’ =JI/E
HA TTPOTPAMMY - ) - ) - )
IIpoooncenue maon. 1.11
Macca, kr
HaumenoBanue oTIMBKH OTJINBKH MOPIIY CIUTaBa B OTJIMBOK Ha KUIKOTO METAJIJIa HA | METaJNI03aBaJIKU Ha
dbopme porpaMmmy MPOrpaMMy MPOrpaMMy
A 41 K JI M H
Bunka =100x(1UxI")/TBI" =BxI1 =JIxK =Mx(1,03...1,06)
HA TTPOTPAMMY - - ) ) )
IIpooonscenue maon. 1.11
KonmuecTBo crepxkHei, mt Macca, kr

HaumeHnoBaHue OTIUBKU

Ha | oTimBKYy

Ha [IporpaMmmy

Ha [IPOrpaMMy C y4e€TOM

OJIHOTO CTEPXKHS

CTEp>KHEHN Ha

Opaka cTep)KHel IPOrpaMmy
A IT* p* C* T* Y
Bunka =[1xB =Px(1,02...1,04) =TxC
HA TTPOTPAMMY - - ) ) )




[Ipy NpOEeKTUPOBAaHWU JUTEHHOIO OTACICHUS L€Xa KOKUIBHOI'O JIUThS,
KaK W TMpU MPOEKTUPOBAHUU JuTeHHOro otaenenusa nexa JIIJ, nHeo6xomumo
000CHOBATh U BBIOPATH THUIl U MAapPKy KOKWJIBHON MalIMHbI U IPOU3BECTH pacyeT
KOJIMYECTBa BHIOPaHHBIX MAIIUH JJIs1 BHIIIOJHEHUSI IPOTPAMMBI 1I€Xa.

Tabauya 1.13 - OpuenHmuposounvie OaHHble NO KOJIUHECMBY OMIAUBOK 8
Gopme u 3navenuio TBI

TexHomornueckue noToku | KoJimuecTBO OTINBOK B 3nauenus TBI', %
OTJIUBOK, KT dhopme
o 1 kr Jlo 6
1...5 4...6 45...60
5...10 2..4
10...20 1...2 3370
Cs.20 1 65...80

MammHbI 4711 KOKHJIBHOTO JINThS TOPAa3AesSIOT Ha OJHOMO3UIIMNOHHBIC U
MHOTOIO3UIIMOHHBIE (KapyCelabHbIE), C BEPTUKAIBHONW WM TOPU30HTATBHOM
IJIOCKOCTBIO pa3zbeMa KOKMIIeH. B mexax ¢ CEpUuMHBIM BBIIYCKOM OTJIMBOK
OOBIYHO HCTONB3YIOT OJHOMNO3UIMOHHBIE MAlIMHBI, a B II€XaX C MacCOBBIM
XapaKkTepoM IPOU3BOJICTBA PEKOMEHIYETCS MPUMEHATh MHOTOIMO3UIIMOHHBIC
MAIIHHEI.

[Tpon3BOANTENEHOCTh KOKMJIBHBIX MAIlIMH HAXOJIUTCS B 3aBUCUMOCTH OT
BPEMEHU TEXHOJIOTUYECKOro Hukia [3, 6, 7]. BpeMs TeXHOIOrMYECKOro IUKIiIa
OJTHOTIO3UIIMOHHBIX MAIIMH SIBISIETCS M BPEMEHEM W3TOTOBJICHHUS OJHOM
oTUBKU. [IpoM3BOAUTEIHLHOCTh MHOTOMO3UIIMOHHBIX MAIIMH TMOBBIIIACTCS 32
CUET TMEpPEeKpPbIBaHUA BPEMEHU TEXHOJOTHYECKOrO IHMKJIAa 1O TO3UIHUSM.
[IpumeHeHne BOIOOXJAXKAAEMBIX KOKHUJIEH, HMEIoMmMUX O0Jee BBICOKYIO
o0opaunBaeMocTb, oOecreunBaeT 0oJjiee BBICOKYIO IMPOU3BOAUTEIBHOCTD
KOKWJIBHBIX MAIIMH TI0O CPaBHEHUIO C UCIOJIB30BAHUEM TOJCTOCTEHHBIX
HEBOJ00XJIAXKIAEMbIX KOKHIIICH.

TexHonornyeckuit mporecc MOJyYeHUS OTJIMBOK B METaNIMYECKHUX
dbopMax COCTOUT M3 CIEAYIOIIUX ONEpalUil: MOATOTOBKM KOKWIIS (OYUCTKH,
MOJIOrpeBa, HaHeceHHWEe Ha paboyue MOBEPXHOCTU OOJIMIIOBKM W KpPACKH),
U3TOTOBIICHUS T€CUaHBbIX CTep)kHel(ecin HeoOX0oAuMo), COOpPKH KOKHIIS,
BBITUIABKU paboyero CIujiaBa, 3aJIMBKU JKUJIKOTO METajla B KOKWJIb U BbIICPKKH
OTJIUBKM B KOKWJIE, Pa300OpKH KOKWJIS, YAAJICHHUS OTIUBKU U3 (POPMBI U €€
OXJIQXKICHHSI, BHIOMBKU CTEp>KHEH, OOpyOKH, OYUCTKM W MPH HEOOXOIAUMOCTH
UCIIpaBJICHUs 1e(PEKTOB, TEPMHUUECKO 00pabOTKU OTIIMBOK.

Kokunu 0OBIYHO BBITIONHSIOT CO CMEHHBIMH BCTaBKaMu. Takas
KOHCTPYKIIUS MO3BOJISIET TI0 MEpe M3HOCA KOKWIIEH 3aMEHSATh JUIIb OTJEIbHBIC
4acTH. DTO BaXXHO, TaK KaK H3-3a BBICOKOW CTOMMOCTH KOKUJIEH CHM)KAeTCs
peHTabenbHOCTh nponecca. Kpome Toro, cOOpHbIN KOKUIIb MEHBIIIE MOABEPKEH
KOPOOJIEHUIO, YTO YMEHBIIAET 3aIUBBI 1O MJIOCKOCTH pa3beMa U, Kak CJIe/ICTBHE,
CHIDKAeT TPYAOEMKOCTh (MHUIIHBIX omeparuii. O00MBI COOPHBIX KOKHIICH




U3TOTOBIIAIOT U3 YYT'YHOB U YIJIEPOJUCTBIX CTallel, a BCTABKM — U3 YyT'yHa U
CTaJId, JICTUPOBAHHBIX XPOMOM M MOJHMOJIEHOM. [[nsi modyyeHus: OTIUMBOK U3
LBETHBIX CIJIABOB MHOT1a IPUMEHSIOT aIFOMUHUEBBIE AHOJUPOBAHHBIE KOKHIIH.

Bce pacyeTsl TUTEHHOr0 OTAEICHUS 11eXa KOKUIBHOTO JIUThS MO KaXA0OMY
TUITy CIJIaBa CBOJAT B (popMy, MpecTaBieHHYIO B Tab. 1.14.

Tabnuya 1.14 — Ceoonas 6edomocmv aumelno20 omoeneHus uexda
KOKUIbHO20 UMb
o 2 = g| KomawmuectBo
g o KonmyecTBo OTIHMBOK, T m = x S %
8 8 a S| 2 Sz d MalIuH
O A x 58| 53|33 =
To= < 8 PN 5 T § =
SIS BER|EE ISENS
8 & =) () = = E § Q Q 4 K3
= Ha ©c O K 2 S| o 0 = = &=
o 5 Ha — & S 2 s = N =
o X IIporpaMmy ¢ 5 2| E s o g o =
5 2 [IporpamMmmy 6 =2 e S g & 5 5
= S yueToM Opaka g9 g =
Ho 1 kr
Cs.1...5
Bcero ) z

MeTtasni B KOKWJIb OOBIYHO 3aJIMBAETCSI TIPU MOMOIIY 3aJTMBOYHBIX MAIIIVH,
MO3BOJISIOIIUX JO3UPOBATH MOPILHHU CIIJIaBa.

IIpu pacyere TNNABWIBHOIO OTIEJICHUS 11€Xa KOKWJIBHOIO JIUThA
HEOOXOIUMO BEIOMOCTH OOBEMOB IMPOU3BOJCTBA TMEPErPYINHUPOBATH IO
KaXJI0MYy BHUJIY 3allUBA€MOro crJiaBa. B pganpHeilleM pacyeTbl BenyTCsl MO
CTaHJIAPTHOW METOJUKE:

- COCTaBJISIETCS BEJIOMOCTh pacyeTa METAJJI03aBaJKU IO KaXKIOMY
BUJY CIIaBa,

- BBHIOMPAIOTCSI KOMIIOHEHTBHI IIUXTHI W PAcCCUUTHIBACTCS HMX
KOJINYECTBO Ha FOJ0BYIO IPOTrpaMmy;

- COCTaBJISIETCS BEJOMOCTh IIMXT U OajlaHca MeTaia,

- BBIOMPAETCS THUII IJIABIWJIBHOTO arperara u €ro eMKOCTh

- M0 KOJIMYECTBY JKHUAKOTO MeETaia OINpPEIeNsIeTCS KOJIUYECTBO
TJIAaBUJIBHBIX TIEUEH.

3arpy3Ky MIMXTHl B TUIABWJIBHBIE TIEYH CJIEAYET MEXaHU3UpOBaTh. JIJis
ATOTO HaJl MEYbI0 WM COOKY HEe YCTAHABJIMBAIOT OYHKEPHI WM MPUMEHSIOT
CKHUIIOBBIE TMOJBEMHHUKH C caMopasrpyxaromieiics Oaaped. MeTtamn u3
MJIABUJIBHOTO OTJICJICHUSI K Pa3IaTOYHBIM TeUaM MOJaeTCsl B KUIKOM COCTOSTHUM
a"aimoruuHo nexam JIITJI.

3amachl MIUXTOBBIX MAaTEPUAJIOB XPaHAT HAa IIEXOBOM CKJIaJie, KOTOPBIM
pacnosiaraeTcsi BOJU3M IUIaBWIIBHOTO oTneneHus. [lmomans 1mexoBoro ckiaaa
paccuuThiBaeTcsi Ha  xpaHeHue 3...10-mHeBHOro 3amaca = Marepuaia,
oOecreynBaroIlero HopMajabHyl0 pabory uexa. Ha ckmange ycrtaHaBiuBaeTcs
TEXHOJIOTHYECKOE O000pYy/I0BaHUE, HEOOXOIUMOE MJi TMOJTOTOBKM IIMXTOBBIX
MaTepUaIoB.
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HpO@KTI/IpOBaHI/IC TepMOOLII/ICTHOFO OTACICHHUA I€Xa KOKHUIIBHOI'O JIMTBA, a
TaK K€ CKJIaJOB HIMXTOBBIX, q)OpMOBOIIHBIX N BCIIOMAIraTCJIbHBIX MaTepI/IaHOB
HpOBOIII/ITCSI I10 CTaHI[apTHBIM MECTOAHUKAM.

HpI/I HpO@KTI/IpOBaHI/II/I HexXxa KOKHJIIBHOI'O JIMThbA TaAdK K€ OOJIDKHBI 6BITB
HpCIIYCMOTpeHBI MepOHpI/IHTI/IH I10 TCXHHKC 6630HaCHOCTI/I N TUTHUCHC pr):[a
[16].

[IpuMep MPOEKTHOIrO peLIEHUs 1IEXa KOKHIIBHOTO JINThS TPUBENIEH B [9].
Bonpocsl 1151 camonpoBepkHu

1 Ilepeumncnure npeuMyIiecTBa U HETOCTATKHA KOKHIIBHOTO JIUThSI.

2 Kakue oTaeneHus 1exa KOKWIBHOTO JUThsl OTHOCAT K OCHOBHBIM? Kakue
OIepalyy BbIOJIHAIOTCS B 3TUX OTAEIECHUAX ?

3 Kaxkue otaeneHus nexa KOKHIBHOTO JIUThS OTHOCST K BCIIOMOTaTe€NbHbBIM ?
Kaxkue onepanuy BBIOJHAIOTCS B 3TUX OTAEJICHUSIX ?

4 Yo aBiseTcss HCXOAHBIMU JAHHBIMU MPU pa3pabOTKe MpoeKTa mexa?

5 Kak BbIOpaTh TUIT KOKWJIBHOW MallIuHBI?

6 Kak MOXHO onpenenuTh IPOU3BOIUTENLHOCTh KOKMIIBHON MallluHbI?

7 Kakum 00pa3zoM MOXHO ONpPENETUTh MAacCy >KUIKOrO MeTajla Ha OJIHY
3aJIMBKY U Ha TOJIOBYIO IIpOrpamMmy?

8 B 3aBucuMocTH OT 4Yero OmpelnensieTcs Macca MeTaUIo3aBajKh Ha
roJI0OBYIO IporpaMmy nexa?

9 Kakue Bompochl NpopadaThIBAIOTCS NPU MPOESKTUPOBAHUU JIUTEHHOTO
oTaeeHus 1exa?

10 OT kakux mapameTpoB TEXHOJIOTHMYECKOTO MPOLEcca 3aBUCUT CTOMKOCTH
KOKHUJIen?

11 B 3aBuCMMOCTH OT 4Yero BBIOMPAIOTCS THUI U TPOU3BOJAUTEIBHOCTH
TUTABUIIBHBIX TIEeUeii?

12 Kakum 00pa3oM OCYHIECTBISETCS CHA0KEHHE KOKWIbHBIX MAalIuH
KUJKUM METaJIIOM?

13 Kak mpousBecTd pacyeT KOJMYECTBA IIUXTOBBIX MATEpUATIOB IS
BBITIOJIHEHHUS T'0JI0BOM MpOrpaMMbl 1exa?

14 Kakum 00pa3oM oOcCyHIeCTBISIETCS Iepeada OTJIMBOK OT KOKHIIBHBIX
MallIyH Ha 3aYUCTKY U MEXaHUUYECKYIO 10paboTKy?

15 Kakoe oOopynoBaHue HEOOXOIMMO NpeaycMaTpuBaTh ISl 3aUUCTKU U
00pyOKH OTIUBOK?

16 Kakue Mepornpusitus Mo TeXHUKE 0€30MaCHOCTH U OXpaHEe OKPYXKaIoIIei
cpellbl HEeOOXOIMMO MpeayCMAaTpUBATh MPU MPOECKTUPOBAHUU I1€Xa KOKUIBHOTO
AT ?

1.5 Tema 5. IIpoekTHpOBaHKE 1IEXOB LHEHTPOOEIKHOTO JIUThS

Cxema TCXHOJIOI'MYCCKOT'O mponecca HN3IrOTOBJICHUA OTJIIMBOK
I_ICHTpO6e)KHBIM JIUTBEM. HpeI/IMYH_ICCTBa U HCAOCTAaTKU, 0071aCThb MMPUMCHCHMU:I.
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Pa3HoBUIHOCTH TEXHOJOTUM IEHTPOOEKHOrO JIMTh. BwiOOp cmocoba
U3TOTOBJICHUS OTJIMBOK HEHTPOOEKHBIM crnocodboM. CocTaBieHHE BEIOMOCTH
00BEMOB MPOMU3BOJCTBA. TEXHOJIOrMYECKUE TMOTOKM OTIMBOK. (OCHOBHOE
o0opyaOBaHHeE. [IpoexTrpoBanue JUTENHOTO OTZCIICHUS uexa.
[IpoexTupoBanme MWIABMILHOTO OTACHCHUS. [IpoekTpoBaHne TEPMOOOPYOHOTO
ornenenue 1exa. I[lpoexkTupoBaHue yuacTka (QUHUINHBIX omnepanuii. Pacuer
CKJIaJIOB IIMXTOBBIX MaTepuaioB. PexoMeHIanuu 1o TeXHUKE O0€30MacHOCTU
MIPU TPOCKTUPOBAHUHM IIEXOB IIEHTPOOEIKHOTO JIUTHSI.

Jluteparypa: [1, c. 270-296, 2, ¢ 367-391, 5, 6, ¢ 333-341, 7, c. 193-196, 8,
c. 47-55, 10, 16].

Meroauyeckue yKkasaHus

[leHTpoOCXKHBIN  CMOCOO JOCTATOYHO ITUPOKO TMPUMEHSETCS IS
MOJIyYeHUsI OTJIMBOK M 3arOoTOBOK, MMEIOIIUX KOH(MUTYpaIuio Tesl BpalleHUs
(UmMHApPaA, KOJbIA) M3 CIUIABOB UYEPHBIX W IBETHBIX METAJJIOB, a TaKkKe
OMMeTaUTMYeCKUX OTJIMBOK. [Ipu 3TOM pacriaB 3aJlMBalOT B METAJUIMUYECKYIO
WU OOJIMIIOBAaHHYIO TMECUYaHOM CMeEChio (DOpMy, BpaIllalOIIYIOCS CO CKOPOCTHIO
no 3000 o6/mMun. Ilox nelicTBMeM  LEHTPOOEKHOM CHJIBI  pacIliaB
pacripefiensieTcss Mo BHYTPEHHEM MOBEPXHOCTH (OPMBI U, KPUCTAIUIU3YSACH,
oOpasyeT oTJIHBKY. [[eHTpOOEKHBIM CIIOCOOOM MOYKHO TOJIYYUTh ABYXCIOWHBIC
3arOTOBKHM, YTO JOCTUTAETCS IMOOYEPENHOM 3aTuBKOM B (OpMy paszIuyHBIX
criaBoB. Kpucramnmusanus paciuiaBa B MeTaUIMUECKON (popMe moj 1ecTBueM
HEHTPOOEIKHOM CUIIBI 00ECIeUnBaET MOTYyUYCHHE TUIOTHBIX OTJIMBOK. [lpu 3TOM,
KaK TIPaBWJIO, B OTJIMBKAX HE OBIBACT Ta30BbIX PAKOBHH M IIIJIAKOBBIX
BKIIOUeHUH. OCOOBIMU TMPEUMYIIECTBAMU ILEHTPOOEIKHOTO JIUThS SIBISETCS
MOJIy4YeHUe BHYTPEHHUX TOJIOCTeH O€3 MpUMEHEHHUs CTEep)KHEW u OoJiblias
HKOHOMUS CIUIaBa B BUAY OTCYTCTBUS JINTHUKOBOU CHCTEMBI.

Crenuann3upoBaHHbIC XU IIEHTPOOEKHOTO JIUThS MPOCKTUPYIOT s
MIPOM3BOJICTBA OTPAHUYCHHONM HOMEHKIATYPbl HM3JICIHA: YYTYHHBIX TpPYO
muametpoMm ot 50 mo 1000 mMm, BamkoB OyMmarojenaTebHbIX, TEKCTUIBHBIX U
ApPYTHX TMOJOOHBIX MAaIlWH, WIMHAPUYECKUX 3aroTOBOK W3 CTald C
MOCJIEAYIONIEH packaTKOW IJis TOJY4YeHHUs KOPIYCOB COCYIIOB, pabOTaroImmMx
I10J1 BLICOKHM JaBJICHHUEM.

TexHomorust IEHTPOOEKHOTO  JIUTh  OOECIeUrMBaeT IENbIH  pAll
MIPEUMYIIIECTB, IO-CPABHEHHUIO C JPYTUMH CHOCOOAMHU TOJIYYEHHUS OTJIMBOK:
BBICOKAsl U3BHOCOCTOMKOCTh W IUIOTHOCTh METajllla JIUTHIX U3JIeNIUNA, OTCYTCTBHE
PaKOBUH M HEMETa/UIMUeCKue BKIIOUEeHWHM W muiaka. K Hemocratkam crocoba
MOXHO OTHECTH BBICOKYIO CTOMMOCTh (OpM U OOOpYyJIOBaHMs, a TaK >Xe
OTPAaHUYEHHOCTh HOMEHKJIATypbl BBINTYCKaeMbIX OTJIMBOK. Kpome »3toro,
CJIEIYeT YYUTHIBATh TPYAHOCTD MOJYUYCHHUS IIECHTPOOCKHBIM JINTHEM OTIMBOK U3
CILUIABOB CKJIOHHBIX K JIMKBAIIHH.

B cocraB 1exa meHTpOOEKHOTO JIUThSI BXOASAT CIEAYIONIME OCHOBHBIC
OTJICJICHMS :
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- MJIaBUIIBHOE,

- JINTEHHOE,

- OTJIeJICHHE TePMOOOPAOOTKHU U JOBOJKH OTIUBOK.

B 3aBucumoctd OT MOTPeOHOCTH II€Xa B MPOEKTE MOryT ObITh
MIPETYCMOTPEHbl YYAaCTKU H3TOTOBIICHUS CTEPKHEM M MPUTOTOBICHHUS CMECH.
Meronuka pacuera 3TUX YYacCTKOB Ta €, YTO U JJIA LIEXOB JUThS B MECUaHbIe
00BbeMHbIE (HOPMBI.

[fToMmuMO OCHOBHBIX OTHEIEHUH B IeXe OOBIYHO MpeayCMaTPUBAIOT
BCIIOMOTaTeJIbHbIE YUYaCTKH: CKJIaJIbI IITUXTOBBIX, (OpPMOBOYHBIX,
BCIIOMOTaTEIbHbIX MaTEPUAJIOB U TAOOPATOPHUH.

Ecnu B mexe muiaHupyeTcsi OTJIMBKa JeTaledl W3 pa3HbIX CIUIABOB, TO
0oco0oe BHUMaHue clieyeT oOpamaTh Ha TO, YTOOBI MCKIIOUUTH BO3MOKHOCTD
nepeMenInBaHus CIjIaBoB.

B 3aBuCHMOCTHM OT pacmoioXeHdus B MPOCTPAHCTBE OCU BpalleHUS
U3JIOKHUIIBL PA3IMYaloT MallMHbl C TOPU3OHTAIbHOMN, BEPTUKAIBHOW WIH
HaKJIOHHOM OCBIO BPAILICHUS.

B mnepBom ciyyae noiaydamOT OTIMBKH - Teja BpallleHus OOoJbIION
MPOTSKEHHOCTH, BO BTOPOM - Tejla BpAIEHUS MaJIOd NPOTSKEHHOCTH H
(hacoHHbBIE OTJIMBKH.

HaubGonee  pacmpocTtpaneH  cmoco0  JIUThS  BO  Bpalllaroliuecs
MeTauinyeckue (OpMbl € TOPU3OHTAIBHOW OCHIO BpAlllEHHs] ITYCTOTENbIX
HWIMHAPUYecKuX oTIHMBOK. [To aTomMy cniocoOy otinuBka Gopmupyercs B 1mosie
HEHTPOOEKHBIX CHJI CO CBOOOJHOM UMIMHAPUYECKONW MMOBEPXHOCTHIO, a
bopmooOpasyroed  MOBEPXHOCTBIO  CIYXKHUT BHYTPEHHSS  MOBEPXHOCTD
U3NOKHUIIBL.  Takol  cmoco® — XapakTepusyeTcss  Haumbojiee  BBICOKHM
TEXHOJIOTUYECKUM BBIXOJOM TroaHoro (95...98%), Tak Kkak MeTall He
pacxoayercs Ha JUTHUKOBYIO cucteMy. OTIIMBKU ¢ BHYTPEHHEHW MOBEPXHOCTHIO
CJIOHOW KOH(PUTYpalMu MOJIy4aloT C HUCIOJIb30BAaHUEM CTEp)KHEH B (opmax ¢
BEPTUKAIBLHON OChbIO BpamieHus. TakuM 00pa3oM OTIMBAIOT, HApUMEp, BEHIIbI
3yOuaTbix Kosiec. TeXHONOrM4ecKuid BBIXOJA TOJHOTO 3/€Ch MEHbIIE, YEM B
npeabIayeM crnocode u coctasiseT 75....85%.

[Ipy  1EeHTpOOEKHOM  JIUTbE MOXHO  HUCIOJIb30BaTh  IECYAHbIE,
MeTaNInyecKue, 000JI0UKOBbIE U 00bEMHbBIE KEpaMUUYECKUE, KOMOMHUPOBAHHBIE
b opMbl.

[Ipu BbIOOpE cmocoba UM3rOTOBIEHUS OTJIMBOK PYKOBOJCTBYIOTCS
CJIEIYIOIIMMHU PEKOMEHAAIUSIMU:

1 Mertannudyeckue  GopMbl  (M3JIOKHHUIIBI)  0€3  TMOKPBITUS
1eaecoo0pa3Ho MPUMEHATh TPU MAacCOBOM TMPOU3BOJCTBE TPyO CpeaHUX
pa3sMepoB HeOoibIION IuHBL (10 2M). s TpyO ManblXx AuMaMETpoOB H
TOHKOCTEHHBIX, TaK K€ KaK W JJis1 TpyO KPYNHBIX pa3MepOB, TAKOH BapHaHT HE
pPEKOMEHyeTCs.

2 Haubonee nenecoobpasHa mEeHTpPOOEKHAs OTJIMBKA B TECUYAHBIC
dbopmbl (ChIppIE M CYyXHE) ABYXpAcTpyOHBIX, ABYX(JIaHUEBBIX TpyO, TpyO
KPYIHOr'O JIMaMeTpa, a TakKe MPH CEepUHHOM MPOU3BOJICTBE TPYO PA3IHUHBIX
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TUIIOpa3MePOB. B MaccoBOM MpPOU3BOJCTBE OTIMBKA TPYO B NecHaHble (OPMBI
MOXET OBITh MPUMEHEHA 7151 TPYO JUTHOM Oosee 2Mm.

3 B maccoBoM MpOM3BOJCTBE UYI'YHHBIX TPYO MallbIX U CpPEIHUX
pa3MepoB HamboJjee MPOrpecCUBHBIM CIIOCOOOM SBIISETCS M3TOTOBJICHHE HX B
METaUNIMYECKUX U3JI0KHUIIAX C TEIUIOU30JIAIMOHHBIM MOKPBITHEM.

4 Menkue ¢acoHHbIE OTIMBKM B CEpPUWHOM  TMPOU3BOJICTBE
pPEKOMEHyeTCs 3aIMBaTh B IECYaHbIE IEHTPOOEKHBIE POPMBI.

Haubonee BBICOKYIO NPOM3BOAMUTEIBHOCTh HMMEET CHOCOO OTJIIMBKUA B
METaUIMYECKUE U30KHULBI, HO TIPU 3TOM CHMXKAETCSI CTOUKOCTh M3JI0OKHUIL U B
ATOM CiIy4ae HeOOXOIUMO 00s13aTeIbHO MPEIyCMATPUBATh B LIEXE TEPMUUECKOE
oTJeJeHUE U 000pyA0BaHKE JIJIsl ONIEPALIUU OTXKUTaA.

HcxXoaupIMU  TaHHBIMU IS TPOEKTUPOBAHMS 1IE€XOB JIUThS MO
JaBJICHUEM SIBISIOTCS MPOU3BOACTBEHHAs MIPOrpaMma, YEPTEKU U TEXHUUYECKHE
yCIIOBUS Ha JIUTHIE JETAIIH.

[IpumeHsis HEHTPOOEXKHBIH CMOCOO JIUThSI B CEPUHHOM IMPOU3BOCTBE,
clielyeT IPUMEHSITh METO I'PYIIIOBOM OCHACTKH, KOTOPBIN 3aKIIOYAETCS B TOM,
YTO BCA HOMEHKJIATypa OTJIMBOK MO OOIIHOCTU CBOEH (OpMBI U TUIIOpA3ZMEpPaAM
KOMIUJIEKTYETCSl B OTJAENbHbIE rpymmbl. s Kaxkaoil rpynmnsl pazpadbarbiBaeTcs
€ANHBIA TEXHOJIOTMYECKUH mpoliecc X u3roropieHus. OCHOBaH TPYHIOBOM
METOJI Ha TUIMHU3ALMH TEXHOJOTMYECKHUX IPOIECCOB, a ATO, B CBOIO OYEpelb,
CHI)KAeT pacxoibl Ha M3rOTOBJIECHUWE OCHACTKH, YMEHBIIAET MOTPEOHOCTH B
000pyAOBaHUM, TaK Kak TMOBbIIIAeTCS KOA(POUIIMEHT €ro HCIMOIb30BaHUSA HU
CO3JAlOTCS YCIOBUSL JJIS KOMIUIEKCHOW MeEXaHW3allud W aBTOMaTU3alluU
npousBojcTBa. [IpuMeHeHue rpynmnoBoi OCHACTKH MO3BOJSET COKPATUTh MapK
HEHTPOOEKHBIX MAIIUH 10 MUHUMYMa.

B 3aBucuMOCTH OT MOTPEOHOCTH 11€Xa B MECUYAHBIX CTEPKHSAX B MPOEKTE
Mpe1ycCMaTPUBAIOT YYacCTOK WJIM OTIEICHHE M3rOTOBJICHUS CTEPXKHEH, Tak ke
KaK 3TO JieaeTcs B LieXax MpH JUThe B recyaHble 00beMHble hopMmbl. MeToanka
pacdera CTep>KHEBOI'O y4acTKa WM OTIEJEHUS Ta ke, YTO U JJIsSl LIEXOB JUThS B
necyaHble 00beMHbIE (DOPMBI.

[Ipy npoexkTUpOBaHUM I1I€Xa HAa OCHOBAaHMUU MCXOAHBIX JAHHBIX U B
3aBUCUMOCTH OT CMoco0a H3rOTOBICHUS OTJIMBOK COCTaBISIIOT BEIOMOCTb
00BEMOB MTPOU3BOACTBA 1O (hopmam, TpuBeAeHHbIM B Ta0d. 1.15 u 1.16.

LenTpoOexHOe TUThE MPUHAAIEKUT K IUTSHHBIM Mpolieccam, OCHOBHBIE
orepaluy KOTOPIX BBIOIHIIOTCS C UCIIOJIb30BaHMEM MalllMH. B 3aBucumMocTu
OT Ha3HAYEHHUS MAILIUHBI JJI1 HEHTPOOEKHOTO JIUThS pa3IeisioT Ha:

- YHUBEpPCAJIbHbIE, TIPE/IHa3HAYECHHbIE JJISI U3TOTOBJICHUS OTIUBOK
00111ero Ha3HAYCHHS;

- TpyOoJIUTElHbIE, TPeHA3HAUYCHHbIE JJI U3TOTOBJICHHS YYT'YHHBIX
U CTaJIbHBIX TPYO, B TOM 4Hclie TPYO OOJBIIOro 1UaMeTpa;

- CHEIUANTbHOIO HAa3HAYEHUS, MPeIHAa3HAUCHHbIE ISl U3TOTOBJICHUS
OJTHOTUMHBIX OTJIMBOK B MAacCOBOM MPOM3BOJCTBE (TWJIB3bl JABUTATENEH
BHYTPEHHETO CTrOpaHus, OMMETaUIMYeCKUe OTIMBKH U T. 1I.), & TAKKE BaJIKOB
MIPOKATHBIX CTAHOB M OyMarojienaTesbHbIX MalllkH.
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Tabauya 1.15 — Bedomocmb 00bemo8 npoussoo0cmea yexa YeHmpoOeiCHo20 IUumbs 8 MeMmaiiudecKue U0 HCHUYbl

Yucno oTIIMBOK I'onoBas KosmuecTBo crepxkHen, T
HaumenoBanue Ha Ha niporpammy | CTOMKOCTb | NMOTPEOHOCTH | HA OTJIUBKY Ha Ha IPOrpaMmy ¢
OTJIMBKHU porpamMmmy C YYETOM W3JI0KHUILIBI B nporpaMmy | ydeTtoM Opaxa
Opaxa M3JI0XKHUIIAX
A b B I )| E* K* n*
bapaban 300 =bx(1,03...1,05) =B/l =ExB =XKx(1,01...1,05)
HA - 3 - 3 - - )
I[TPOTPAMMY
IIpoooncenue maon. 1.15
Macca, kr
H CTEpIKHEU Ha
auMEHOBaHUE nopuuu KHUJIKOTO
pOrpaMmy ¢ OTJIMBOK Ha METAIIJI03aBAJIKU
OTJIMBKHU 1 crepxHs OTJIMBKHU CIuiaBa B MeTajljia Ha
ydeToM Opaka porpamMmy Ha IpOrpamMmy
. dopme porpamMmy
CTepKHEH
A K* JI* M H I1 P C
bapa6an 300 =KxB =MxB =100xM/TBI" =11xB =Px(1,03...1,06)
HA - b - b - b b
I[TPOTPAMMY

*[Ipumevanue: sUeHKU
M3TOTOBJIEHUS CTEPKHEN.

E, X, U, K, JI 3anonHstoTcs,

€ClIn

B IPOEKTE MpEeayCMaTPUBAIOT YYaCTOK WIJIM OTAEJICHHE




Tabauya 1.16 — Bedomocmb 00bemo8 npoussoo0cmeaa yexa YeHmpooedCcHo20 1umvs 8 necuatvle hopmol

Yucino oTIMBOK KonnuectBo KonnuectBo KonnyecTBo cTep:kHen, T
HanmenoBanne
Ha Ha IpOrpaMMmy C OTJIMBOK B 3aJIMBOK Ha Ha Ha IPOrpaMMy C
OTJIMBKHA Ha OTJIUBKY
porpaMMmy | yueTom Opaka bopme pOrpaMmy IporpaMMmy | y4eToMm Opaka
A b B r )| E X N
Kpbuipuatka =bx(1,03...1,05) =B/’ =ExB =Xx(1,01...1,05)
HA TTPOTPAMMY - ) - ) - - z
IIpoooncenue maon. 1.16
Macca, kr
H CTEp>KHEHN Ha . (dbopMOBOYHOMI
aMMEHOBAaHUE . . . dhopmoBOUHOM
CTEpKHEH Ha CTEpKHEH Ha MPOrpaMMy C ($hopMOBOYHOMI CMECH Ha
OTJIMBKHA CMECH Ha
OTJIUBKY MporpamMmy y4yeToM Opaka cMecu Ha Gopmy MpOrpamMmmy ¢
. porpamMmy
CTepKHEN Y4E€TOM NOTEPh
A K JI M H IT P
=KxB =JIx(1,01...1,03) | =(0,7...1,5)xP =Hx /1 =I1x(1,05...1,1)
HA TTPOTPAMMY - - z - - z
IIpoooncenue maon. 1.16
Macca, kr
HanmenoBanne
OTJIMBOK Ha MOpLMY CIUIaBa B | JKUJKOTO MeTajljia Ha
OTJIMBKH OTJIMBKHA METaJI03aBATIKH
IIporpaMMy bopme IIporpaMMy
A C T Y ) q
=CxB =100xCxI'/TBT' =VYx]1 =dx(1,03...1,06)
HA TTPOTPAMMY - > - ) )
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B 3aBUCUMOCTH OT KOHCTPYKTHUBHOI'O HCITOJIHCHUA pas3jim4aroT
MMIMMHACIBHBIC MAIIMHBI, POJIMKOBBIC MAIIIMHBI U I_ICHTpO6C)KHBIC CTOJIBI.

Kamnaﬂ MallrHa OJOJIKHA YKOMIIICKTOBBIBATHCA CIICHTUAIIM3UPOBAHHBIM
ABTOMATHYCCKUM JO3UPYIOIINM 3aJINBOYHBIM YCTpOﬁCTBOM, O6CCHC‘II/IBaIOHlI/IM
SaI[aHHBIﬁ PECKUM IIOAaYU paciliaBa B IICPHUO 3aIIOJIHCHUA NU3JI0KHUIIBI.

KomuuecTBo I_ICHTpO6C)KHBIX MalllH JId  TOPOCKTUPYCMOI'o IcXa
OIIPCACIIACTCA 110 CTaHHapTHOﬁ MCTOJHUKC.

MCTOIII/IKa IMPOCKTUPOBAHUA OTJICJICHI/Iﬁ nexa ]_ICHTp06C}KHOFO JIUTHA
AHAJIOTHYHAa MCTOIUKC ITPOCKTUPOBAHUSA APYTUX JIMTCHMHBIX OCXOB.

HpI/IMep IMPOCKTHOT'O PCIICHHA IICXa I_ICHTpO6C)KHOFO JINThA IIPHUBCIACH B

[9].
Bonpocsl 1151 camonpoBepKHu

1 KakoBa 0061acTh NpPUMEHEHHUs IIEHTPOOEKHOrO CIOCO0a H3TOTOBJICHUS
oTIMBOK? JIOCTOMHCTBA U HEJIOCTATKHU Criocoba?

2 Tlouemy 1eHTPOOEKHBIM CHOCOO JIUThSI XapakTepuzyeTrcs Haubosee
BBICOKHUM TE€XHOJIOTUYECKUM BBIXOJIOM TOJIHOTO?

3 Kakue otneneHus 1exa HEHTPOOEKHOIO JUThbS OTHOCST K OCHOBHBIM?
Kakue omepauuu BBINOTHAIOTCS B 3TUX oTAeneHuaAx? Kakue otneneHus uexa
[IEHTPOOEIKHOTO JINThSI OTHOCST K BCIIOMOTATEJIbHBIM ?

4 B kakux ciydasx B TIPOEKTe Iiexa IEHTPOOEKHOTO  JIUThS
MPEyCMAaTPUBAIOT CTEPKHEBOE U CMECENTPUTOTOBUTEIBHOE OTICIICHUSA?

5 Kakumu pexkoMeHIalUsIMU PYKOBOJICTBYIOTCS MpHU BBIOOpEe crocoba
M3TOTOBJIEHUS OTJIMBOK?

6 B udem 3akimrodaeTcsa METOJ IPYIIOBON OCHACTKU?

7 Kak BbIOpaTh TUI HIEHTPOOEIKHOM MAITUHBI?

8 Kakum 00pa3oM MOXHO ONPEACTUTh MAcCCy KHUIAKOTO0 MeTajyla Ha OJHY
3aJIMBKY W Ha FOJOBYIO IPOrpaMmy?

9 B 3aBHCMMOCTM OT 4YEro OINpEeaeNsieTCs Macca METaul03aBaJIKM Ha
rOJIOBYIO MporpamMmy 1exa?

10 B 3aBHCMMOCTH OT 4Yero BBIOMPAIOTCS TUI M TPOU3BOJAUTEIHHOCTH
MJIABWJIBHBIX TIEUE?

11 Kak mnpous3BecTH pacuer KOJIWYECTBA IIUXTOBBIX MAaTEpPUANIOB IJIs
BBITIOJIHEHUS TOJJOBOM MPOrpaMMBbI 1iexa’?

12 Kak mpousBecTH pacueT KojuyecTBa (POPMOBOUHBIX MaTepUaoB IS
BBINIOJIHEHUS TOJJOBOM MPOrpaMMBbI 1iexa’?

13 Kakue Mepornpusitus Mo TeXHUKE 0€30MaCHOCTH U OXpaHEe OKPYXKaIoIIeH
cpeabl HEOOX0IUMO TIPeyCMaTpUBATh MPU MPOCKTUPOBAHUH II€Xa IEHTPOOESIKHOTO
JIATHS?



2 IPAKTUYECKHUE PABOTDI

IIpakTHueckue 3aHATHS MOPOBOAATCS C LEIbI0 Pa3BUTHUS y CTYIEHTOB
HABBIKOB pabOTHI C YepTEKaMH TJIAHUPOBOK IIEXOB, CIPABOYHOM, CIPAaBOYHO -
HOPMAaTUBHOU U IPYrOM TEXHUYECKOU JIUTEPATYPOU U TOKYMEHTALMEH, 4 TAKKE
C LeNbI0 00y4YeHUs! OyIyIIMX CINENHAIMCTOB MOCIEI0BATEIbHO MPOEKTUPOBATH
TEXHOJIOTMYECKUI rpolecc W3TOTOBJICHUS Oyayiein OTJIUBKY,
peaycMaTpuBaTh, OINUCHIBATH U MPOEKTUPOBATH HEOOXOAUMBIE OTACICHHUS
JIUTEUHBIX LIEXOB, PACCUYUTHIBATH KOJMUUYECTBO OCHOBHOI'O TEXHOJIOTMYECKOIO
o0opyAOBaHUs, HEOOXOAUMOTO JJI BBIMOJHEHUS TEXHOJIOTHYECKUX ONEpalnid,
CChUIasACh Ha 0OIIME IKCIUTyaTallMOHHBIE TPeOOBaHUs, HOPMbI IPOECKTUPOBAHMS,
YKa3aHUA U pyKOBOJSIIME MaTEPUAIIbI.

[Ipaktnueckue pabOTBI COOTBETCTBYIOT BCEM OCHOBHBIM  TeMaMm
JUCLUIUIMHBL U IIPOBOJATCS C LEIBIO 3aKPEIUIEHUS TCOPETUYECKUX 3HAHUN U
MPOBEPKH CIOCOOHOCTU CTYAEHTOB MPUMEHATh TEOPETUYECKHM Marepuan Ha
MIPaKTHKE.

TeMaTuka NpakTUYECKUX 3aHATUN IIPUBEICHA HUXKE.

[Ipaktuueckast pabora 1 - IIpoexkTupoBaHre OCHOBHBIX OTACJIICHHUN I€Xa
JIATHSI 110 BBIILJIABIISIEMBIM MOJEIISIM.

[Ipaktuueckast pabora 2 - IIpoexkTupoBaHHEe OCHOBHBIX OTACJICHUN IeXa
JUTBS B 000JI0YKOBBIE (POPMBI.

[Ipaktuueckast pabora 3 - IIpoexkTupoBaHHEe OCHOBHBIX OTACJICHHUN IeXa
JIUTHS TIOJT JABJICHUEM U LI€Xa JINThS B METANINYECKHUE (DOPMBIL.

[Ipaktuueckast padora 4 - IIpoexkTupoBaHHEe OCHOBHBIX OTACJICHHUN IeXa
HEHTPOOEIKHOTO JIUTHS.

PaGota ctporo uHAMBUAYyaTbHAS.

4 3SAJIAHUA K IPAKTUYECKUM PABOTAM

Tembl pabGor mpuBenenbsl B Tabmuue 4.1. Ilpumepsl THIOBBIX
MIPOU3BOJICTBEHHBIX IPOrpaMM — B Tabnuiax 4.2 — 4.6.

Tabauya 4.1 — Bapuanmol 3a0anuti 0151 KOHMPOIbHOU padbomvl

IIpoekTHas
Ba MOIIHOCTb
pua | 3amaHue Marepuan OTJIUBOK Macca uexa?,l T B TOJI
OTJIMBOK
HT TOJTHOTO
JIATHS

1 Iex nmutes | CrmaBel Ha ocHOBe Al 0,2...3 kr |2500

2 o1 Cnnael Ha ocHOBe Cu I...5kr 1000

3 | naBimenueM | CruiaBel Ha ocHOBe Al o 1,5 kr | 5000
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4 CnnaBel Ha ocHOBe Al o 17 xr | 20000
5 Cnnaswl Ha ocHose Zn 1...10 ke | 3000
6 CmmaBel Ha ocHOBe Cu Jlo 5 kr 3000
7 Llex YriaepoaucTteie cTanu 5...10 kr | 2000
8 | uenrpodex | Cepvie uyeymnwi 5..10ke | 4000
9 | HOro MUTHA | Boicoxonpoumsvie uyeyHbvl 5..15xe | 5000
10 Cnnaswl Ha ocnose Cu 3.5 ke 1500
11 Cepble 4yryHbI 0,5...3 kr |2000
12 Cnael Ha ocHoBe Cu 1...10kr |5000
13 Léezojzl;iﬁ CnnaBwl Ha ocHOBe Al o 5 xr 5000
14 Cnnaswl Ha ocnose Cu 0,5..3xe | 1000
15 Jlecuposannvle uy2yHwvl 0,1..8xe | 2000
16 Yrnepoauctele cTanu 0,1...5kr | 5000
17 NHCcTpyMEHTAIbHBIE CTAIN 0,1...3 kr |3000
18 Hex amnes Cepble 4yryHBI 1...5xr | 8000
19 BHHJFII:BH% CrnenuanbHbIe CTaIu 0,01...1 xr | 600
20 MEIM Yrnepoauctele cTainu Ho1lkr |3000
21 Yrnepogucteie u o3 kr | 7000
MOJIEISIM
JIETUPOBAHHBIC CTAIN

20 Jlecuposannvle uy2yHwl 0,5..3xe | 1000
21 BBICOKONIPOYHBIE YYT'yHBI 5...20kr | 15000
22 Lex BoicokoserupoBannble ctany | S...10 kr | 5000
23 | 0005104KOBO | YTIEPOAHCTHIE CTAIH o 20 xr | 7000
24 ro muthsd | KoBkue uyryHsl 5...15kr | 10000
25 Buvicokonpounvie uyeynui I...10ke | 3500
26 CrutaBel Ha OCHOBE Au 1...25r 0,5
27 VYuacrok | CruiaBbl Ha OCHOBE Ag [...100r | 1,0
28 | roBenupHOr | CriiaBel Ha OCHOBE Au u Pt 0,5..5r |0,25
29 O JIUThS CrutaBel Ha OCHOBE Au 0,5..4r 0,35
30 CnuiaBbl Ha OCHOBE Ag 0,5...200r | 1,2

b
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Tabauya 4.2 — Tunosas npouz8o00CmMBEeHHASI NPOSPAMMA Yexa JUumbust N0 0A6IeHUeM

HanmenoBanue Yucno oTmBOK Yucno Macca
OTJINBKU Ha Ha I'me3n B | 3ampeccoBok | OTiMBKY, [Topuun OtnuBok Ha | Kugkoro | Meramio3aBanka, T
Iporp | mporp ¢ | mpecc- | Ha Mporpammy KT CllaBa B | Mporpammy, T | MeTajia
yaeroM | dopme dbopme, KT Ha TIporp.,
Opaka T
o 0,5 kr
Kopmye 56000 0,315
Kppiika Macn 56000 4 0,12
Bcero no rpymnmne
0,5...1 kr
Huadparma 56000 4 0,65
OubTp 99800 2 0,9
Bcero no rpymnmne
1...3
Hunusap 56000 4 1,15
ITnaTuk 48500 1 2,0
ITmaTuk 32000 2 2,2
Bcero no rpynne
3...5kr
Buika 1 33
Konsmo 2 4,1

Bcero no rpynmne

NTOI'O HA
[TPOTPAMMY




Tabnuya 4.3 — Tunosas npou3ze00CmMEEHHAS NPOCPAMMA Yexa YeHMPOOEHCHO20 UMb

HaumenoBanme | Yucio ornuBok | CTOMKOCTh I'ogoBas Macca
OTJIHMBKH Ha Ha U3J0XKHULB! | MOTpeOHOCTh | OriuBky, | [lopumu | OtnuBok Ha | XKuakoro | MeTamio3aBaika,
porp | mporp B KT CIlaBa B | MporpaMmy, | MeTaja T
c M3JI0KHUIAX dbopwme, kr T Ha
y4eTOM nporp., T
Opaka
JluTbe B MeTa/NIMUECKUE U3IIOKHUIIBI 0€3 MOKPBITHS
ITeunoii poouk | 56000 2,2
Brynka 300 12400 5,0
Brynka 550 15000 4.0
[MTogmmmuank | 65000 4.4
Vantka 25000 3,0
bapabaun 300 14350 1,5
Bcero o
rpyI1e
JIuTbe B MeTa/NIMUECKUE U3TI0KHUITBI C IOKPHITHEM
I'une3a 400 12200 8,6
I'mnp3a 450 23550 6,9
Pommmk 660 9000 7,2
bapabau 500 | 19500 12,5
Tpy6a 250 47000 11,0
Tpy6a 350 25600 5,8
Bcero no
rpyI1e
HNUTOI'O HA > > > D D >
I[TPOTPAMMY
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Tabnuya 4.4 — Tunosas npouzeo0cmeeHH A NPOCPAMMA Yexa JIUmbvsi 8 KOKUIb

HaunmenoBanu Hucno oTIIMBOK Komnuects | KosmuectBo CTOMKOCTD l'ogoBas Macca
€ OTJIMBKHU Ha Ha nporp | 0 OTIIMBOK B | 3aJMBOK Ha KOKHIIS notpebHocts B | OmmuBky, | [lopumu | OmmmBok | JKuakor
nporp | ¢ yderoMm dopme porpaMmmy KOKHJISIX KT CIUlaBa B Ha 0
Opaka dbopme, | mporpamMm | meTaiia
KT y, T Ha
nporp., T
Ho 5 kr
lNopenxka 1 25660 6 0,3
I'openka 2 48500 6 0,9
Matpuia 6500 4 3,5
Bcero no
rpynmne
5...10 xr
Buika 22000 2 6.8
Ceppra 59500 4 9,2
Kppimika 70000 2 10,0
Bcero no
rpynmne
10...20 xr
Hancraska 2 14,6
CekTop 1 15,5
Kommak 1 18,0
Bcero no rpymnmne
UTOT'O HA > > z h) h)
[TPOT'PAMMY
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Tabnuya 4.5 — Tunosas npou3zeo0CmMEeHHASI NPOCPAMMA Yexd IUMbsl N0 GbINJIAGNAEMbIM MOOEAM

[Tporpamma . L= Macca MOICIIBHOTO COCTaBa, KT
HaumeHnoBanue 5 - %
M3/IeNHs Macca LT KT 28 glege Ha ofiHy Ha ONlMH Ha
OTJIMBKH, KT Sgc|geg MO/IeJb 0J10K porpamMmmy
0 Sw |5o E
Cnnas 1
1o 0,5 xr
Kosb1io 0,35 1250 10
Kynuca 0,10 5500 6
Bcero no rpynmne
Cn.0,5...1,0 kr
Bunka 0,85 6700 4
Cepsora 0,56 1120 6
Kpsimka 0,80 880 4
Bcero no rpynmne
Cs. 1,0...3,0 kr
Ponuk neBwiit 1,5 5500 2
bapaban npuBoja 2,0 4000 1
Bcero no rpynmne
NTOI'O HA
MTPOTPAMMY > > z
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Tabauya 4.6 — Tunosas npouzsoocmeeHHas npocpamma 000JI0UKOBOTO JTUThS

HaumenopaHnue Yucao OTIMBOK Ywucio Macca, k1
Ha B dopme | crepxkner | OrnuBku | OtnuBok Ha | Cmecu Ha CwMmecu Ha Crepxnelt | CrepxHeit
IPOrpaMmy Ha [IPOrpaMmy bopmy IIPOrpaMmy Ha Gopmy Ha
OTIIUBKY porpamMmy
Ho 5 kr
Kopmye 180000 6 - 2,2 -
[Tanery 250000 8 - 0,8 -
Craxan 950000 4 1 3,5 0,5
ok 155650 4 1 4,9 1,1
SIkopp 174000 4 2 3,3 1,0
Bcero no
rpyImnie
CB5...20 kr
I'mnb3a 35000 4 1 8,5 2,2
Ponuk 400500 2 - 11,0
bapaban 425000 4 2 15,5 0,15
Tpasepsa 555000 1 4 18,0 4.5
Bcero no
rpyImnie
NTOI'O HA by )y )y )y
ITPOI'PAMMY
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5 9K3AMEHAIINMOHHBIE BOITPOCBI

1 Knaccudukauus cnenualbHbIX CIOCOOOB JIUThS MO BUAY (POPMBI U BUIY
MIPUMEHSIEMBIX MOJIeTIeH

2 Knaccudukarus crielUalbHBIX CIIOCOOOB JIUThS 1O BUIY MPUMEHSIEMBIX
MOJEJEN W BUAY BO3JCHUCTBUS HA XKUIKUM WIM KPUCTAIUIA3YHOLIAMNCS
paciuiaB

3 CxemMa TEXHOJOTMYECKOrO0 TIpOIlecca M3TOTOBJICHUS OTJIUBOK IO
BBIIIJIABJIIEMBIM MOJICIISIM

4 Knaccudukaius 1EXOB JIMThS IO BBIIUIABISEMBIM MOJEISAM 10 BUIY
JIMHEMHOTIO CIlIaBa

5 Knaccudukanus 1exXoB JUThS MO BBIIUIABISEMBIM MOJIEISAM IO Macce
OTJIUBOK, 00bEMY U CEpUMHOCTH MPOU3BOCTBA

6 CocTaB 1I€XOB JIMTBbS 110 BBIIUIABISIEMBIM MojaeissM. OCHOBHBIE U
BCIIOMOTaTeIbHbIC OTACICHUS

7 Tlpous3BOACTBEHHass MporpamMmMa IIEXOB JIUThSl 10 BBIIUIABISIEMbIM
MOJEIISIM

8 TexHonornueckue TPYIIbI OTJIUBOK IIEXOB JIUThS IO BBITUIABISEMBIM
MOJEIISIM

9 WcxoaHble TEXHOJOTUUECKHE JaHHBIC TIPU MPOSKTUPOBAHUU IIEXOB JIUThS
10 BBIILIABJISIEMBIM MOJECIISIM

10 PacyeT TeXHOJIOTHYECKUX MOTEPh MPU MPOSKTUPOBAHUU 1IE€XOB JUThHS 110
BBIIIJIABJIIEMBIM MOJICIISIM

11 Benomocth  00BEMOB  MPOW3BOACTBA  JJIi  pacdyeTa  OCHOBHOIO
000pyTI0BaHUS 1IEXOB JIUThS 10 BHITIIABISIEMBIM MOJICIISIM

12 IlpoekTupoBaHue€  MOJCJIBHOTO  OTACJICHUA  IIEXOB  JIUThA  TIO
BBIIIJIABJIIEMBIM MOJICIISIM

13 Pacuer 1mIomamud  MOIEIBHOTO  OTHACJICHUS  IEXOB  JIMThI  IIO
BBIIIJIABJIIEMBIM MOJICIISIM

14 TlpoexTupoBaHUe OTACICHUS TOKPHITHI 1I€XOB JUThHS O BHITLIABISIEMbIM
MozensiM. Pacder konuecTBa CyCieH3UH

15 Pacuer miomaan OTAEICHUS MOKPBITHI 1IEXOB JIUThS 1O BBITLJIABISEMbBIM
MOJEIISIM

16 IlpoekTupoBaHue MPOKAJIOYHOTO  OTIAEJCHUS] IIEXOB  JIUThA  TIO
BBIIIJIABJIIEMBIM MOJICIISIM

17 IlpoekTupoBaHue TIABWIbHO-3JIMBOYHOTO OTIEJCHUS IIEXOB JIUThS IO
BBIIIJIABJIIEMBIM MOJICIISIM

18 Beibop 1 pacueT KOJIMYECTBA 3aJTMBOYHBIX KOBIIEH /IS IIEXOB JUThS 1O
BBIIIJIABJIIEMBIM MOJICIISIM

19 PekoMmenmaiuu mo TeXHUKE O0€30MAaCHOCTH IMPHU MPOCKTUPOBAHHUM IIEXOB
JINTHS T10 BBIIUIABISIEMBIM MOJCIISIM

20 CocTaB 11€X0B JUThsI B 000JI0YKOBBIE (DOPMBI

21 Cxema TEXHOJOTMYECKOTO TMpOIlecCa M3rOTOBICHHUS  OTJIMBOK B
000JI0YKOBBIX (popmax



22 CocTaBieHHE BEIOMOCTH OOBEMOB TPOU3BOJCTBA NPU JIUThE B
000J104KOBbIE (POPMBI

23 O6opynoBaHue, MPUMEHIEMOE JIJIsi U3TOTOBJICHUS O0OJIOYKOBBIX (OpM.
Knaccuduxanus odopynoBanus

24 TlpoexTupoBaHUE OTJIEJEHUS MPUTOTOBIICHHS MECUYAHO-CMOJISIHOM CMecH
JUISI LIEXOB JINThSI B 000JIOUKOBBIE (POPMBI.

25 TlpoexTupoBaHUE OTIEICHUS U3TOTOBIEHUS U COOPKH (QOopM ISl LIEXOB
JUTBSL B 000JIOUYKOBBIE (POPMBI.

26 IlpoexTupoBaHue IUIABHIIBHO-3AJIMBOYHOTO OTACJICHMS 1I€XOB JIUThS B
000JI0YKOBbIE (POPMBI

27 TlpoexkTupoBaHUE CTEP>KHEBOTO OTIECJICHHS 1€Xa JIUThd B 000JIOYKOBBIE
bopMbl.

28 PexomeHaanuu Mo TEXHUKE O€30MaCHOCTU MPU MPOCKTUPOBAHHH LIEXOB
JUTHSI B 000710YKOBBIE (DOPMBI

29 CxeMa TeXHOJOTMYECKOT0 MpoLecca U3rOTOBIEHUS OTJIMBOK JIUTHEM IO
nasieHueMm. [lpenmyiiecTBa u HeAOCTATKU

30 CocTaB LIEXO0B JINTHA 10 JaBJICHUEM

31 OcHoBHOE 000py0BaHUE 1IEXOB JUTHSA MO/ JaBICHHEM

32 CocraBiieHHE BEIOMOCTH OOBEMOB NMPOU3BOJCTBA MPHU NMPOESKTUPOBAHUU
LIEXOB JIUThS MO/ 1aBJIEHUEM

33 IIpoexTupoBaHUE JIUTEUHOTO OTAEICHHUS LI€Xa JIUThS MOJ] JaBICHUEM

34 ABToMaTu3alMs MAIIWH ISl TUThS IO/ AaBJICHUEM.

35 IlpoexTupoBaHUE TUIABMIIBHOTO OT/ICJICHUS 1I€Xa JIUThs O]l JaBJICHUEM

36 Pacuer ck1aJj0B MIUXTOBBIX MAaTEPUAIIOB 1I€Xa JIUThS MOJ] JABICHUEM

37 IlpoextupoBaHue ydacTka (UHMILHBIX OINepauuid 1eXa JUTbi MOJ
JaBJICHUEM

38 IIpoexTupoBaHue ydacTka MO JOBOJKE U PEMOHTY mpecc-hopMm Lexa
JIUTHS TIOJT JaBJICHUEM

39 Pexomenpanuu mno TEXHUKE O€30MAaCHOCTH MPU MPOECKTUPOBAHUM LIEXOB
JIUTHS TIOJT TaBJICHUEM

40 CxeMa TEXHOJOTMYECKOrO Mpoliecca M3rOTOBICHUS OTJIMBOK JUTHEM B
Metauinueckue (opmbl. [IpeumymectBa u HemoctaTtku. CocTaB 1IEXOB
JUTHS. B METANINYECKHE POPMBI.

41 CocTaBieHre BEIOMOCTH O0OBEMOB MPOM3BOJCTBA MPHU MPOEKTUPOBAHUU
LIEXOB JIUThSl B METAJUTMUECKUE (OPMBI.

42 TexHosornueckne NOTOKU OTIMBOK IIEXOB KOKMJIBHOTO JIUThS

43 TlpoexTrpoBaHUE JIUTEHHOTO OTACJICHUS 11€Xa KOKWJIBHOTO JUThS

44 TlpoexTHpoBaHUE TIABMIBHOTO OTACICHUS 11€Xa KOKHIIBHOTO JIUThS

45 TIpoekTupoBaHUE TEPMOOOPYOHOTO OTACICHUS 11€Xa KOKUILHOTO JIUThS

46 Pacuer ckJ1a0OB IIMXTOBBIX MAaTEPUAJIOB 1I€Xa KOKWJIBHOTO JUThS

47 Cxema  TEXHOJOTMYECKOrO  MpoOlecca  M3TOTOBICHUS  OTJIMBOK
HEHTPOOEKHBIM TUThEM. COCTaB LEXOB IIEHTPOOEKHOTO JTUThSI.

48 Pa3HOBUIHOCTH TEXHOJIOTHH LIEHTPOOEIKHOTO JTUThSI.

49 Bri0op crioco0a U3rOTOBIEHUS OTIMBOK HEHTPOOEKHBIM CIIOCOOOM.
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50 CocraBneHue BeJOMOCTH OOBEMOB MPOU3BOACTBA MPU MPOCKTUPOBAHUU
L[EXOB LIEHTPOOEIKHOTO JIUThSI B METANIMYECKUE U3TOKHUIIBI.

51 CocraBneHue BeJOMOCTH OOBEMOB MPOU3BOACTBA MPU MPOCKTUPOBAHUU
L[EXOB LIEHTPOOEIKHOTO JIUThS B NIecHaHble (POPMBI.

52 [IpoexTupoBaHue JIUTEHHOTO OTIEIEHUS 1IeXa LICHTPOOEKHOTO JTUThHSI.

53 [IpoexTupoBaHue MIABUIBHOIO OTAEIEHUS 11eXa EHTPOOESKHOTO JIUThA.
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