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NaGopatopHan (pacyeTHan) pabora Ned

«PA3PABOTKA TEXHONOIMMYECKOIO NPOLEECCA
®OPMOOEPA30BAHUSA 3ArOTOBKW CNOCOEOM NIUCTOBON
LWTAMMOBKW»

LUenb paboTbl: U3y4uTb METOAWKY pacyeTa OCHOBHbIX TEXHOMOMU-
YEeCKUX napameTpoB onepauvii BbipyGKU W BbITSXKKM NPU NTUCTOBOW
wramnoeke. Ha ocHoBaHUW aHanuia NOMyYeHHbIX PacyeTHbIX AaHHbLIX
uccneposaTth U3MeHeHWe cTeneHun aecdopmari NpM MHOrOKpaTHOWN Bbi-
TSKKE.

4.1. NuctoBana wramnoeka. O6wue ceeaeHUs

JNucToBas wWTamMnoBka — Npouecc Nony4yeHus u3genui unu aaroto-
BOK U3 NUCTOBOro Unu hacoHHoro npokata 6e3 06ycnoBneHHoOro 3Haum-
TEeNLHOro nepepacnpefeneHns mMertanna B NONEpPeYHOM CeYEeHUW uc-
XOAHOW 3aroTOBKM,

[eTtanu, W3roToBNeHHble NMCTOBOW LUTAMNOBKOW, LUMPOKO NpuMe-
HAIOTCA B aBTOMOOWMNBHO NPOMBIWNEHHOCTU. 3TUM METOAOM MOXHO
U3roTaBnuBaTb CNOXHble NO hopMe W3JEenus; Hanpumep: aetanu Ky3o-
BOB asToMobuneln, kanoTel ABUraTenei, TonnueHble Gakwu, pasanuyHble
NPOKNagKvu u T.4.

K npeumyuiecTeam npouecca oTHocATca: HeGonbilas macca gerta-
nei, NonyYeHHbIX LWTAMMNOBKOW, 3KOHOMWYHbLIV pacxon MeTanna, Xopo-
Lan YncToTa NOBEPXHOCTU U3AENUA, BOIMOXHOCTb NOMNYYEHUR U3AENUNA
CNOXHOMR KoHhUrypawmm (B coMeTaHumn C NanKoi, CBAPKOW, KNENKOWM).

[ns geranei, nony4yaemeix MUCTOBOI WTAMMNOBKOW, XapaKTepHO TO,
YTO TONLMHA WX CTEHOK HE3HAYUTENBHO OTMMMAETCH OT TOMLWHbLI MC-
XOAHOW 3aroToBkW. [lpU W3roTOBNEHWW NUCTOBOW LUTAMMOBKOW Mpo-
CTPAHCTBEHHbIX AETaneid 3aroToBKa MCNbITbIBAET 3Ha4MTenbHble nna-
cTudeckwe pedopmauun. 310 0B6CTOATENLCTBO BbIHYXA3ET Npeabss-
MATL K Marepuany 3aroToBKU AOCTaTOYHO BbiCOokve TpebGoBaHus no nna-
CTUYHOCTW.
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Mpy NUCTOBOW LUTAMMNOBKE Yallie BCEro UCMOMNb3yHT HW3Koyrnepo-
AUCTYIO CTanb, nNNacTudHble NervposaHHble CTanW, Meab, NaTyHb, Co-
Aepxallyto 6onee 60%Cu, anioMUHWA U ero cnnaebl, MarHWesble cnna-
Bbl, TUTaH U apyrue. JIUCToBOW WITaMNOBKOM nony4arT u3genus us nuc-
TOBbIX HEMETaNMUYeCKUX MaTepuanos, Takux kak Koxa, Lennynova, op-
raHuyeckoe cTekno, heTp, TeKCTONUT U apyrue.

B kayecTsBe 3aroToBKU NpuW NIMCTOBOW LUTAMMNOBKE MCNonb3ykT nony-
YeHHbI NPOKaTKOW NUCT, Nonocy Wnu nexTy. TONWMHA 3aroTOBKM npu
XONOAHOW WTamnoske o6bl4HO He Gonee 10 MM, uHorga 10...20 MMm. Oe-
Tanu 13 3aroToBok TonNwuHo 6onee 20 MM LUTaMNYKOTCA C HAarpeBoM A0
KOBOYHbIX TeMnepaTtyp (ropsivas NUCTOBas LWITAMNOBKa), HTO NO3BOMAET
SHAYUTENIbHO YMEHbLWNTL yCunus AedopmaLiuv No CpaBHeHUIo ¢ Xonoa-
HOW WTamnoBkoW. XOonogHas nWUCToBas LITaMMOBKa nonyyuna Gonee
LUMPOKOE pacnpocTpaHeHue, Yem ropsiyas.

Mpu NpoeKkTMpOBaHUM TEXHONOrUYecKoro npolecca W3roToBMEeHWUs
AeTanen NUCTOBOW LUTAMNOBKOW OCHOBHOW 3afjayel ABNSeTcs Bblbop
Haubonee pauvoHarnbHbIX onepauuii U NOCNEefOBaTENLHOCTH MX npume-
HEHWA, NO3BONAIOLLMX Nony4aTe AeTanu ¢ 3agaHHbIMU 3KCNNyaTaLUMoH-
HbIMW CBOWNCTBAMMU NPU MUHUMATBbHOR ceBecTOMMOCTY U XOPOLKnX ycno-
BUAX TPyAa.

B 3asucumocTn ot cnocoba AeicTBUS BHELUHWUX cun ¢ xapakrepa
HanPAXeHHO-AeOPMUPOBAHHOTO  COCTOSHWA  Onepauuu  NWUCTOBON
WTamMnoBkW AENAT Ha paspensiowue (otpeska, BblpyGka, npobuska,
npocevka u gp.) u hopmonameHsiowme (rmbka, BLITSKKA, oTbopToBKa U
ap.)

Bbipy6ka — ecTb NonHoe oTaenexve 3aroToBKU Unu 1U3genus oT uc-
XOQHOW 3aroTOBKM MO 3aMKHYTOMY KOHTYpY NyTeMm caswra. Bbipy6bka
NPOU3BOANTCA C NOMOLLUBIO LWITAMMNOB HA MEeXaHUYECKUX WNW ruapasnu-
YecKux npeccax.

Mpu Bbipy6ke oTaensiemas 4YacTe MeTanna, KoTopas NpoxXoauT ye-
pes oTBepcTve B MaTpule, ABNAETCA U3NENWeMm, a OCTaBLUAsACH — OTXO-
aom.
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B wWTamnax pofib BEPXHEro nepemMeLyalollerocs Hoxa ebinonHaeTt
fyaHCoH 2, a HWKHero — Matpuua 4 (puc. 4.1).

MyaHcoH BA@BNUBAET 4YacTb 3aroTOBKM B OTBEPCTUE MAaTpWLbI. B
HayaneHOW cTaauu AedopMUPOBaHWA NPOUCXOAWUT Bpe3aHue pexyLiux
KPOMOK B 3aroTOBKY W CMELeHUEe OAHOM YacTu 3aroTOBKM OTHOCUTENBHO
apyron 6e3 BUAMMOro paspyLlenus.

Mpu onpegeneHHoi rnybuHe BHEAPEHUA PEXYLIUX KPOMOK B 3aro-
TOBKY 3apOXAalTCA TPELUMHb!, HaYuHaeTcsi (OpMUPOBaHUe MOBEPXHO-
cT1 cpesa. CocTosiHME NOBEPXHOCTW Cpe3a 3aBUCUT OT MpasubHOCTH
BbiBGopa 3a3opa MeXay NyaHCOHOM 1 maTpuuen Z. 3a3op Z HasHa4aloT B
32BUCMMOCTYA OT TOMLLMHLI W MEXaHWUECKUX CBOWCTB marepwana 3aro-
TOBKM.

Mpu paboTte npecca Ha cpefHUX CKOPOCTAX ANA MaTepuanos Ton-
wuHon S=0,5..1,0 MM 3Ha4YeHUs ABYCTOPOHHUX UNU NapameTpueckux
3asopos coctasnseT oT 5 Ao 15% oT ToNwuHLl NucTa S. MNpu aTtom pas-
mep oTBepcTus maTpuubl Dy paBeH HOMWHANLHOMY pasmepy sbipybae-
moro usgenusi Dy, a pasmep nyaHcoHa Dp MeHbLUE Ha BENUUWHY 3a30-

paZ
Dy=Dii D =By ~Z,

rae Dy, - HoMUHankLHLIA pasmep BbipyGaemolii 3aroTOBKU, MM;

D, - AvameTp OTBEpCTUA MaTpuLibl, MM;

Dp, - AMameTp NyHCoHa, MM;

Z - puameTpanbHblid 3a30p Mexay nyaHCoOHOM U Marpuuen, Mm.

Ha puvc. 4.1 nokasaH BbipyBHOM WTamn ¢ napanfensHeIMi pexyLiu-
MKW KpOMKamu. Yron ckoca pexyLiux KpoMoK nyaHcoHa =0, a yron pe-

3anus 0=90". Ycunue BbipyOku B 3TOM cnyvae onpepensiercsa no thop-
myne

Py =Fg0cp=MS+0cp, kremm? (H),
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rae F,-nnowagb cpesa,Mm?;

1 — pnuHa KoHTypa (nepumeTp) BolpyBaemMoit AeTanu, Mum;

S - TonwmHa matepuwana, M,
Gep - ConpoTuBneHue cpeaa, klc/ mm? (MMMa).
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Puc. 4.1. Cxema BbipyGKu 3aroToBky B BbIpyGHOM LUTamne:
1 - non3yH npecca; 2 — nyaHcoH; 3 — maTepuan; 4 — MaTpuua;
5 — cTon npecca
ConpoTusneHune cpesa, B CBOK 0YepeRb, 3aBUCUT OT MEXaHUYecKuxX
CBOWCTB MaTepuana 3arotosku. OBbiMHO ero 6epyT pasHbIM

Ocp =(0.80...0.86)s 0 , kc/mMm® (MMa),

rae og - BPEMEeHHoe ConpoTueneHue matepuana, klc/ mm%(Mna).
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Ycunue BbipyGKM 3aBuCUT OT paga akTopoB. MexaHWUHecKux
CBOWCTB Martepuana, TOnNWuHbI NUcTa, hopMbl ¥ pasmepoB Bbipybaemo-
ro KOHTYpa AeTanu, a TawKe BENUUMHbI 3a3opa Mexay NyaHCoHoOM U
maTpuLeit, ckopocTu AedopMUPOBaHWUA, CMa3Kku UHCTpyMmeHTa U T.4. B
MNPOU3BOACTBEHHbIX YCMNOBUAX BNWAHWE [ONOMHWUTENLHLIX (haKTOPOB
yuuTbiBaeTCA BBEASHUEM B chopmyny koadhduumerTa k=1,0...1,3. Torga

AeicTBUE ycunus BbipyGKu MOXHO nocHuTaTe no hopmyne

Pgb”: = (10113)-10 S *Ocp Kc/mm? .

BhiTAXKa — 3T0 npouecc o6pa3oBaHusA NOMO 3aroTOBKA MU M3ae-
VA U3 NNOCKOW UMK NOMOA UCXOAHOW NUCTOBOI 3aroTOBKW, OCYLLECTB-
NAEMbIA B BbITAXHbLIX LUTamMnax.

B 3asucUmoCTM OT MaTepwana 3aroToBku W rnybuHbl nonoro uage-
NWA NPOUECC BLITFXKM MOXET BbINOMHATLCA Kak 3a OAWH nepexoa, Tak u
3a Heckonbko. Cxema nepsoro NeEpexofa BbITAKKW NPUBEAEHa Ha puc.
4.2. VicxofHyIo NOCKYH0 3aroTOBKY BbIKNaAblIBaOT Ha NNOCKOCTb MaTpu-
ubl. IlyaHcoH HapaBNUMBaeT Ha LIEHTPanbHYO YacTb 3aroTOBKM U CMeLla-
eT ee B oTBepcTUe maTtpuubl. LieHTpanbHas YacTb «TAHET» 3a coboi ne-
pubepuriHyio; nocneaHas, cMellancb B MaTpuLy, obpasyeT CTEeHKU Bbl-
TAHYTOro U3fenus.

1 5

Puc. 4.2. Cxema onepauuu BbiTAXKWA 32 O4UH NEPEXOA;

1 — nyaHcoH; 2 — 3aroToBka; 3 — marpuua
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Ycnosua Aedopmauui npu 3ToM TakoBbl, Y4TO KaXKaas anemMeHTap-
Has 4acTb 3aroTOBKY, paavanHO PacronoXeHHas, BKIMHUBASTCH MeX-
Ay COCefHUMU Takumu Xe YacTamu. B peaynbraTe 3Toro B KONbLEBOM
HanpasneHW NoABNAITCA HANPSHKEHUA CKATUS, BbidblBaloLLME MOsBNe-
Hue cknanok. Cknagkv MOryT NOSIBUTLCS NPy YCHOBUM

(D-D,)=(18...20) -S,

roe D — anameTp 3aroToBku, MM:

D,,— avameTp nyaHcoHa, MM;

S - TonwwmHa nucra, Mm.

Ains npenoTepalyeHus NOSBNEHUs CKNaaoK NPUMEHSIIOT NPUXKUM,
KOTOPbIN C ONpeaeneHHoN CUNoi NpWKUMaeT dnaHew 3aroTosku Kk nnoc-
KOCTU MaTpuLibl. Cxema BbITSIKKMA C NPUKAMOM NpeACTaBneHa Ha puc. 4.3.

ANA yMEHbLEHUs KOHUEHTPaLUMU HanpskeHUs W COOTBETCTBEHHO
ONAacHOCTW pa3pyLUeHWs 3aroToBKU KPOMKU 3aroTOBKW W MAaTpuLibl CKpyr-
nAlTCA No paguycy, pagHomy S — 10 TonwUHam 3aroToBKU.

|
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Puc. 4.3. Cxema BbITSKKW C NPUXMMOM MaTepuana:
1 — NyaHCoH; 2 — NPWKUMHOE KONbLO; 3 — BLITAXHAS mMaTpuua

Ans yMeHbLUEeHUs CUNbl TPEHUS BBITAXKY 06bIYHO BEAYT CO CMa3KoW
3aroTosku. CocTas cMa3ouHOro Martepuana BbIGMPaeTCs ¢ yyeToMm Ma-
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Tepvana 3aroToBku, CTeneHn Aedopmauuu v hopMbl BbLITATMBAEMbIX
naaenvi.

PasnuualoT ABa BUAA BLITSKKY: 6€3 YTOHEHNA CTEHOK 1 C YTOHEHW-
eM CTeHOK. BbITsxKy 6€3 YTOHEHUS CTEHOK NPOV3BOAAT B Cry4ae wram-
noBkv rnyGOKUX WIAENUI U3 TOHKOro Marepuana, npu atom cobnionaeT-

ca ycnosue
S S
2 .100%<15% u ——*100%<10% ,
D dn-1
roe S — TonwwHa nucTa, MM
D - avameTp WCXOAHO NMOCKOK 3aroToBkW, MM,

dnq — Anametp MONo¥A 3aroTOBKM NpY NocreAHen BbITSHKKE, MM.
Mpw WU3roTOBMEHUN HernyBokux Msaenuin us ToncToro martepuwana
coBbniopaeTcs ycrnosue

S
—3—-100%>2,0% " E—°100%>1,5% {

n-1

Mpu aTOM BbITSKKY BEAYT Be3 npuxmma.

Mpu BbITSKKE G€3 YTOHEHUS CTEHKM 3a30p MeXy MaTpuLen 1 nyas-
COHOM BbIGMpalOT M3 YCTOBWSA, NPU KOTOPOM MaTepuan 3aroTOBKW He
[OMKEH YTOHATBLCS CxaTnem mexay NOBEPXHOCTAMMA NyaHcoHa W maT-
puLibl. 3TO B CBOK O4epeab cnocobCTBYeT NOBBILLEHNIO CTOMKOCTW MHCT-
pyMeHTa.

Mpu BLITSKKE C YTOHEHUEM CTEHKM 3a30p Mexay nyaHcoHOM 1 MaT-
puLeit aomkeH ObiTb MeHbLe TONMWWHDI CTEHKU, KOTOpas, CXWManAchb
MeXay NOBEpPXHOCTAMW MyaHCOHa W MaTpuuibl, YTOHAETCA U ORHOBPE-
MEHHO yanuHseTcsi. Cnepyer 3amMeTuTb, HTO npyu BEAEHWUN pacyeTos
NPUHMMAIOT, YTO TOMLMHA AOHLA HE MEHAETCA.

YaenbHble yCUnua Ha KOHTaKTHbIX NOBEPXHOCTAX NPV BbITSXKE C
YTOHEHWEM CTEHKN 3HaYUTENBHO Gonblue, YeM Npy BbITsKKE Be3 yToHe-
HUSt CTEHKW.
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Mpu BbITAXKE C YTOHEHWEM CTEHKW €€ TONLMHa 3a oAWH nepexon
MOXKeT ObiTk yMeHbleHa B 1,5 — 2 pasa.

CTeneHb Aedopmaumu Npu BoITAKKE OLeHUBaeTca KoaddULMeHToM
BbITAXKM M, KOTOPbIA NOACUYATLIBAETCA Kak OTHOLWEHWe nocnegylowero
Auamerpa K npedeiayliemy (m<1).

KoadhhuumneHT BbITAXKM 3aBUCUT OT Creaytolux OCHOBHbIX thakTo-
poB: MEeXaHWYEeCKUX CBOWCTB MaTepuana (ero NNacTU4YHOCTH), COCTORHWA
NOBEPXHOCTW 3aroTOBKMW, TOMWUHLI MeTanna S, anameTpa U opmbl Bbl-
TArMBaemoro uagenus, cnocoba BoITAXKKA (C npuxumMoM unu 6e3 Hero),
yucra v NoOpALKOBOro HOMepa onepaunii, paauycos 3aKpyrneHuia nyas-
COHa M MaTpuubl, Marepuana U COCTOAHWUA MNOBEPXHOCTEW 3nemMeHTos
wramna.

Ecnu npu gonyctumom Ans nepeoro nepexoaa KoadduuueHTe Bbi-
TSXKKU HEBO3MOXHO MONY4UTb AETanb C 3a84aHHbIMU pa3Mepamu, ee Bbl-
TArMBAIOT 3@ HECKOMbLKO nepexogos. C KaxabiM NOCneayowmMM nepexo-
AOM cTeneHb AecopMauui yMmeHblUaeTcs, a BenuynHa koadduumneHTa
BbITSKKU pacTerT.,

Kak wasecTHo, npu xonogHol gedopmMaunn MeTann ynpo4yHAeTcs.
MnacTu4HOCTL €ro ymeHbLIaeTcA. 3T ABMEHWE HOCUT Ha3BaHWe Hakne-
na.

[ns BoccTaHoBneHus nepBoHaqanbHbiX CBOWCTE MeTanna npume-
HAIOT TepMmuyeckyro obpaboTky — omkur. Yawe oTxur nposoAAaT nocne
Tpex- YeTblpeX BbITAXHbLIX onepauvii. [IpOBOAUTCA TakKe U OTHUI roTo-
BOIO U3genus.

Omnxur eegyT B Ge30KUCNUTENBHBIX NeYax; Yyacto npumeHstoT Hes-
OKWCNUTENBHBIA (CBETNLIR) OTXUr B aTMocdepe BOAOPOAa, asoTa U apy-
rmx 3aluTHbIX cpegax. [ins ocyLllecTBNeHusl omKWra oTAernbHbIX Hakne-
MaHHbIX 4YacTerl AeTanu NPUMEHSIOT WHAOYKUMOHHBIA Harpee ToKamu
HopmManbHOW 4YacToTel. [locne omxura gnNA CHATAA OKanuHel AeTany noa-
BeprawT TpaBneHuto B crnabbix pacTeopax KUCMOT € nocneayiowen npo-
MBbIBKOW B BOAE.
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4.2, Pa3paboTka TeXHONOrMu NUCTOBOM WTaMNOBKK

MeTtoauka BkniovaeT B ceba cneaywowue aranst:
onpepenexve opMbl U pa3MepPOB 3aroTOBKY,

e onpefeneHve ycunus ebipyoku;

¢ OnpeaeneHve Yucna BbITSHXHbIX onepauuin U KoadPULMEHTOB Bbi-
TRKKM,

e OnpeaeneHne yCUNuin BuITAXK Ha KaXXaoM aTarne;

e BbiGOp paguycoB U 3aKpYrneHuid MaTpul U NyaHCoHOB.

OnpegeneHne pa3mMepoB 3aroTOBKM MNPY BbITSXXKE OCHOBAaHO Ha 3a-
KOHe NocTosHCTBa o6bemMa MeTanna Ao W nocne nnactuyeckoi aedop-
mauuu. Mpu 3TOM UCNONL3YIOT:

e METO/ paBeHCTBa NOBEPXHOCTEN,
e MeToA paBeHcTBa 0GHLEeMOB (NpW BLITSKKE C yTOHEHUEM CTEHOK),
e MEeTO[ paBeHCTBa BECOB.

MeToq paBeHcTEa NOBEPXHOCTeR MOXHO WCNONbL30BaTk AN crny4yas
BbITAXKA 6€3 YyTOHEHWA CTEHOK M3AennA, CUUTas, YTO TONLUUHBLI CTEHOK U
OHMLLa uagenus paBHbl mexay coboit. CywHOCTb MeToga COCTOUT B
TOM, YTO MOBEPXHOCTb W3JENnWs YCMNOBHO Pa3fensaloT Ha pafd NPoOCTbiX
reomeTpuyeckux duryp. 3aTem, npupasHUBas CyMMbl BCEX arnemeHTap-
HbIX NOBEPXHOCTEN K MMOLaAn 3aroToBKM, HAXOAAT ee pasmep no ¢op-
myne.

Ecnu Teno coCTOUT U3 N NPOCTBIX NOBEPXHOCTEN, NNoLaab KOTOPbIX
Fy,Fp,....Fy, @ UCXoAHaA 3aroToBka umeeT hopMy Kpyra, TO Ha ocHose
paBeHCTBa NOBEPXHOCTEN MOXHO CYnTaTh, YTO

2
(F +Fy 4ot F) = T

rae D - agnameTp Kpyrnow 3aroToBku, MM,
Fi,F2,....,Fy - NNOLI@AN NPOCTLIX rEOMETPUYECKINX PUTYP, MM,

[JuameTp Kpyrfon 3aroToBku onpeaensem no gopmyne

38



D=\/%(F1+F2+..,+Fn).

B kauecTtee npumepa paccMoTpum croco6 onpeaeneHus pa3Mepos
3aroTOBKW MpPU BbITAXKE UWNWHAPA, ¥ KOTOPOro AHO WU CTEHKW UMET
OAWHAKOBYIO TONLLUUHY U CONPSXXEHDI (YCNOBHO) NOA NPAMBIM YoM (puc.
4.4).

Puc. 4.4. Cxema pa3bueku LNMHAPUYECKOTO M3AENWS HA 3NEMEHTI
npy pacyeTe pa3MepoB 3aroToBKU
Wcxoas 3 reomMeTpuyeckux COOTHOLLEHWIA, CYMTas MOBEPXHOCTL

uununapa no cpeatemy auametpy (Aep =dgy +S unu dep =dy = S),

nony4yaem
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dZ . D2
For = Fan+ Foox =g+ ol +h') =F =T

rae Fer  — nnouwaps noeepxHocT cTakaHa, mm?;

Fan —nnowans axvuia, mm’;

Feox — Nnowuaas cTemok, MM,

F  — nnowaab Kpyrioii 3aroToBkY, MM,
D - avameTp NMOCKOW 3aroTOBKW, MM,
h  — BblCOTa cTakaHa, MM;

dep — cpepHuit AvameTp cTakaHa, Mu;

h' — npunyck Ha obpe3Ky npu BbipaBHWBaHWK KPas, MM.
OTcoga

D=,/dZ, +4dep(h+h').

Benuunha npunycka h' 3aBucuT OT BbICOTHI (DOPMbI U3AENUA, POAA U
TONLMHBI MaTepyana, a Takke OT Ynucna BbITHKHBIX onepauuii. MNpw Bbl-
TsKKE UunuHapa h=6...150 Mm h'= 1,2...6,5 MM, npu h=150...200 mm
h'=4...5%0T BbicoTb! h.

Mpu onpeaeneHny Ymucna BoITAXKHBIX onepauuiti UCXOAAT U3 yCnoBus
MaKkCUManbHOTO WCMONb30BaHUA NNAcTUdeckux CBOWCTB MeTanna.
YMeHbLUEHWe Yncna Nepexoaos BEAEeT K COKpalieHuo Npou3BOACTBEH-
HOro LMKna. MpaBunbHbIA BbIGOP KOAPHULMEHTOB BLITAXKMA NOIBONAET
yCTaHOBUTL ONTUMAnNbHOE Y1CNo onepauun.

KoathuumeHT BLITSKKK ANS NocneaoBaTentHo BbINOMHAEMbIX One-
pauui NoACHUTLIBAETCA Kak

rae d1.d2...dn- [VaMeTpPbl NPOMEXYTOUHBIX 3aroTOBOK, MM;
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D - auameTp UCXOaHOM 3aroToORKM, MM:
m1,rr12...mn <1,
KoacbpuumenTsl BbITSXKM 0BLIYHO YCTAHABMUBAIOT Ha OCHOBAHMU

onbita. B Tabn. 4.1 npueeneHbl 3HaueHUs KoIDDULMEHTOB BbITSKKM
ANA MaTepuanos, Ucnonb3yembiX B HacToswen paboTe, B 3aBUCUMOCTH

OT OTHOCUTENbLHOM TOMAWMHBI % -100%.

Tabnuua 4.1
KoadhdbrumerTs! BbITSKKM LMNUHAPUYECKUX AeTanei
—Koa:bq:u | 3HaveHus koabPULMEHTOB NPU OTHOCUTENEHOM
UWEHTbI TONLWMHE 3aroTOBKU % -100%

BRITRXIM [72,0-15 | 1,51,0 | 1,005 | 0502 | 0,206 |
‘my 0,46-0,50 | 0,50-0,53 | 0,53-0,56 | 0,56-0,58 | 0,58-60

“m,  [0,70-0,72|0,72-0,74 | 0,74-0,76 | 0,76-0.78 | 0,78-0.80 |

m3  |0,72-0,74|0,74-0,76 | 0,76-0,78 | 0,78-0,80 | 0,80-0,82
ms |0,74-0,76 | 0,76-0,78 | 0,78-0,80 | 0,80-0,82 | 0.82-0,84

L

Ycunue BbITSKKM aHanUTUYECKW MOXHO OMNpeaeniT, YMHOXU1B
fNnowane nonepeyHoro ceveHus BeiTarueaemoro usaenus F; Ha senu-
HWHY HanNpsXeHUs BbITATMBAHWUA Ogr UNKM yaensHoe aasnexve Py, koTo-
poe onpegenseTcs Ha OCHOBE TEOPWM NNACTMYHOCTU W3 aHanw3a Ha-
NPSKEHHO-AehOPMUPOBAHHOIO COCTOAHUSI METanna fpu BbITSHKE. Mpu
3TOM MaKkcumMansHoe ycunue BbITAXKM 6nM3Ko K KOHUY xoaa npecca. Ha

NPaKTuKe e NoNnb3yKTCA YNPOWEHHLIMA ¢ IMNUPUYECKAMW Bbipaxe-
HUAMW.

Ycunue BbITAXKM Ha nepsoi onepauwu (6e3 YTOHEHWs CTEeHOK) nog-
CYuTbIBaETCA no dopmyre

P1 :1l25lk.ﬁ.S'GB(D"d1J :

Ha nocneaytoumx onepaumsix ¢ guameTtpamu d, , nd,
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P, =125+keSemeopld, ~dy),
roe k=1,2..1,3 — KO3pULMEHT, yuuTLIBAIOWMA ACNONHWUTENBHOE YCU-
nue, notpebHoe AN\ NpoTankveaHna U3NeNus Yepes mMaTpully,
S — TonwunHa nucTa, MM,
Og- BpemeHHoe conpoTusnexue, krc/ MM’
D - guameTp NMOCKO 3aroTOBKK;
d,_4 - AvameTp npeabiAyLnA, Mm;

d, - AnameTp nocneayowui, MM.

Paguycbl 3aKpyrneHuid KpOMOK MaTpuLlbl U NyaHCOHa, a TaKke 3a30-
pbl MEeXAy HUMU OKasblBaKOT CyLIECTBEHHOE BNUSHWE Ha npouecc Bbl-
THMKMN.

OHKU BNWRIOT Ha YCUNWEe BbITAXKA, Ka4ecTBO W3AEenus, YACNO Bbi-
TSKHBIX ONEepauyii, a Takke Ha CTOUMOCTb Wramna. Ha npakTuke HyxHO
BpaTh HaWBbLIrOAHEWLWA — ONTUMArbHbIA PaAUYC 3aKpyrneHus, T.e. Ta-
KO HauBonbLUMA paiyc, MPU KOTOPOM CKaakv He obpasytoTcs.

Paauyc 3akpyrreHuit BoiGupaloT B 3aBUCMMOCTH OT poAa W Tonuin-
Hbl MaTepuana, ko3dduuMeHTa BbITSKKA, NOPSAKOBOrO HOMEpa BbITsX-
HOW onepauun. 3HaYeHWs PaauycoB 3aKpyrneHWi npepcTasneHs! B
Tabn. 4.2.

Tabnuua 4.2
Paguycel 3aKpyrneHuii MaTpuLisl 1 NyaHCoHa BBITAXHONO WTamna

Marepuan BenuuuHa paguyca, MM, NpU TOMLWMHE nucTa

; sl $=3-6 §=6-20

Cranb (10-6)S (6-4)S (4-2)S
Megp, na . B

enb Wi:fb (8-5)S . L~

anoMuHUi

[ns nepeoit BLITAXHOW onepauun W Bonee TOHKOro marepuana
crneayet 6paTb NpuBEAEHHbIE 3HadYeHns Bnivxe Kk BepxHeMy npegeny, a
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ANS Nocneayowux BbITAXHLIX onepauuii u Gonee ToncTtoro matepuana
— Bnuxe Kk HWKHeMy npegeny.

Mpwn BoeX BBITAXHLIX ONEpauuUsX, KpoMe NocneaHew, paauychbl nyas-
COHa 1 MaTpullbl paBHbl Mexay coboi. Mpu nocneaHen onepaunu paau-
YC 3akpyrneHus nyaHcoHa GepyT pasHbIM BHYTpeHHeMy paguycy uaae-
nnA, HO He MeHee (3..2)S Ans mMaTepuanos TONLMHOM A0 6 MM 1 He me-
Hee (2..1,5)S ana maTtepuanos TonwuHom ot 6 4o 20 MM.

Mpu HasHayeHWn 3a3opa MeXay NyaHCOHOM W MaTpuuen BbiBupaior
OnNTUManbHoe 3HayeHue BenuYuHbl Zg, T.e. BepyT Takol 3a3op, Npu Ko-
TOpoMm He ByaeT oBpa3oBaHns CKNafiok Npu BLITSXKE. BenuuuHy 3asopa
BblIGupatoT no Tabn. 4.3.

Ecnu nocneaHss onepaums BLITSKKM SBASETCS Kanubpyouiei, To
3a3op GepyT GnM3KWUA K TOMLUMHE 3arOTOBKW, YEM AOCTUraeTcs pocra-
TOYHaA TOYHOCTb W raaKas NoOBEPXHOCTb U3RENUS.

Tabnuua 4.3
3a30pbl MEXAY MaTPULIEN U NYaHCOHOM B BbITSKHOM LUTaMMe

Benuuuna 3asopa zg, Mm, npu
Marepuan =
nepsoit onepauumn nocrneayoLmux onepaumsx
Cranb (1,35-1,50)S (1,2-1,3)S
Mede, neniiby (1,3-1,4)S (1,20-1,25)S
anmoMuHun

4.3. NMpumep pacyera

Tpebyetcs BbITAHYTb LUMNWHAPUYECKUIA CTaKaH C conpsxeHuem 6o-
KOBbIX CTEHOK U AHa nof yrnom 90" ua cranu 10 TonwmHoiA S=1 mm,
0g=35 kI'c/ Mm? (350 MMa).

Mapenue umeer cnepyrowme pasmepsi: dy=80 MM, h=140 mm, 3a
Paanyc CONPsXXeHWUA MOXHO MPUHATL paguyc NyaHcoHa U MaTpuLbl Npu
nocnegHen BbITaxKe (puc. 4.5, a).

OnpepennTe AMameTp 3aroToBKW, yeunue BbIPYGKM, YUCHO U ycunus

BCEX BBITAXHLIX ONepaLuii, paguychl 3aKpyrneHui U 3a3opbi NPK BbITAX-
Ke.
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BobiBop npunycka Ha obpesky. MpuHUMasa BO BHUMaHWUE, YTO BbICOTA
umnunapa h=140 Mm yKknaabiBaeTcs 8 AuanasoH paszmepos h=6...150mm,
NPUHUMAaEM BENUYUHY npunycka Ha o6pesky h'= 6 Mmm. Toraa obLyas ebl-
coTa M3genus, NonyYeHHan BbITAKKON, COCTaBUT

H=S+h+h=1+140 + 6 =147 mm.

CpepnHuit AuameTp 3aroToBkiA COCTaBUT

dcp =d,-S=80-1 =79 mm.

PacueT AvMameTpa Kpyrnoi NNOCKoi 3aroToBku D BBegem Ha OCHO-
BaHUW PABEHCTBA NroLazeit 3aroTeekn M3Aenus nocne BbITSKM.

D- ﬁg‘;ﬁ;ﬁﬂ _ J792+4.79(140 +6) =230 mm.
PaccuuTbiBaem ycunue, notpebHoe ans BbIpyOKW 3aroTOBKK
Paup =1,2eT .D.S.ccp =12+ 230 +1+0,8 «35 =
= 24200 k'c (242000 H).

A
o i o
T <
T3 =
b s AR

Puc. 4.5. YepTex nzgenua: a - KOHEYHbI BapWaHT;
6 - nocne BbITAXKM
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OnpepeneHve AvamMeTpoB UMNUHAPOB NO NepexoaaM W yucna one-
pauwii. Beibop koahdULMEHTOB BEITSXKU M BBEAEM, UCNONb3yA Tabn. 4.

dy=m;-D=0,55.230 =127 mm,
dy =my-d; =0,75-127 = 96 mm,
d3 =My 'd2 20,8096 =77 MM.

Tak kak anameTp dg nonyyuncs no pacyetam meHble Tpebyemoro
(d3 =77mm, a d gp = 79MM), TO CTakaH MOXHO BbINOMHUTL 3a TpU nepe-
xopa.

[lanee cneayeT yTOYHWTL 3HaYeHWe KOIDPUUWMEHTA BLITANKM Ha
nocneaHen onepaun my

OnpepeneHWe YCUNuid BbiTSXKKU Bedem Mo amMnupu4eckum opmy-
nam:

P, =1,25-k--S-0g -(D-d,)=1,25-1,3:3,14-1.35.(230 - 127) =

18400 kI"c (184000 H)

P2 =1,25-k-1m-S-0g ‘(d‘l-d2]:1,25-1.3-3,14-1-35-(127-96)=

- 5536 KI"c (55360 H)
Py =1,25-k--S -0y -(D-d,)=1,25-1,3.3,14.1.35.(96 - 79) =
- 3036 «I"c (30360 H)

Papuycel 3akpyrneHus nyaHCcoHoB W Matpuubl BeiGupaem, ucnonb3ys
Tabn. 4.2.

r

1=8-S=8-1=8MM_

r2=r3:6-8=6-1=5MM
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3a3opbl Mexay marpuuen u nyaHcoHom BbiGupaem no Tabn. 4.3,

y4yuTblBas, 4TO onepauuu noyTt 6e3 YTOHEHWA CTEHOK

z;=14-S=14-1=14 mm,
Zp =123 =1,2-S=1,2'1=1.2MM.

PeaynbTaTbl pacyeToB cBOAWUM B Tabn. 4.4.

Tabnuua 4.4
PeaynbTaThl pac4eTos
[lnameTp 3aroToBKYU, MM Yeunue Boipy6ku Payp, KIc(H) |
230 24200 klc (242000 H)
Homep | Koacdu- | Auamerp, Papuyc 35305 | Yeunue
BbITAX- | LUMEHT Bbl- MM maTpuubi T, e BbITSK-
KM Taxkum | dyq | dy MM ku P, H
1 0,55 230 | 127 8 1,4 184000
2 0,75 127 96 6 1,2 55360
3 0,82 96 79 6 1,2 30360

4.4. CopepxaHue oTyeTa

OTYeT BLINOMHAETCA B XypHane Ana nabopaTopHbix U npakTude-
ckux pabot. BapuaHTbl 3apnaHuii npescTasnedsl B Tabn. 4.5, metoauka
COCTaBMneHwus oT4YeTa AOMKHA COOTBETCTBOBATb NpUMepy, NpvBeAeHHo-
My B rnase 4,3 HacToAWMNX METOANYECKNX YKa3aHUNA.

4.5, NMpaBuna TexHUk 6e3onacHoOCTH Npu AEeMOHCTpauuu
npouecca BbITAXKM Ha ruapaBNUYecKoM npecce
Mpexae YeM NPUCTYNUTL K BLINOMHEHWIO aKcrepumMeHTa, y4ebHbii
mactep 06s3aH NPOBEpUTb MCNpaBHOCTb 0GOPYAOBAHWA: HaAEKHOCTb
KpenneHus MaTpuLbl U CMEHHOrO NyaHCoHa, OTCYTCTBUE YyTEe4KWU Macna.
Onepaunio BbITSXKM NpoBOAWT y4yebHbli MacTep wnu CTYAEHT C
paspelueHus npenoAasaTens nof KoHTponem yyebHoro macTepa.
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HaxaTue Ha negans CnenyeT NponsBoAUTL NNaBHO, 6e3 phiBKoB.

Bo Bpemsa npoBegeHus onepauun BbITsKKM cneauTb, utobbl pyku
SKCnepumeHTaTopa U HabnioaawmMx He HaxoAWNUCh B 30He LTaMmna.
He ponyckaetcs nogaepxaHue 3arotosku PYKOM.

loToBOE W3nenue (cTakaHuuk) MoxeT uMmeThb OCTPblE KPOMKW, Npu
ro koHTpone cneayeT 6epeyb pyku oT nope3sos.

4.6. KoHTponbHble Bonpockl ANA camonpoBepKu

1. OnuwuTe NpUMEHeHWe NUCTOBOW LUTAMMOBKA B aBTOTpaKTopo-
CTPOEHUM,

2. MNepeuucnure NPEUMYyLLeCTBa TEXHONOrMIU NUCTOBOW LUTAMMOBKH.

3. faite knaccugukayuio onepauuii NUCTOBOW LUTaMMOBKM .

4. Kakosa onepauws sbIpy6ku: NpUHUWNMansbHas cxema, pacyeT Tex-
Honoruyecknx napameTpos?

5. OnuwuTe onepauuio BLITSKKK: NpuHUMNUaneHas cxema, pacyer
TEXHONOrUYECKUX NapameTpos.

6. YTo npeacraenseT coboii aBTOMaTH3aLMA TEXHOMOMMYECKUX Npo-
LIECCOB NUCTOBOW LUTAMMNOBKW?

7. Kakosbl cnocobbl MMy nbCHOM NUCTOBOM LITaMMNoBKU?
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BapuaHTbl uHAMBUAYanbHLIX 3aaaHui

Tabnuua 4.5

48

Homep BpemeHHoe co-
MaTte- | TonwwHa Paamepb! usgenus
3apa- npoTuBneHue ,
puan nucra 5 —— —
HWA kFc/mm* | MMa | guameTp, Mm |  BbiCOTa, MM
: 5 : - g
| Cramb 1,0 a5 350 80 140 ) |
2 10 1.2 75 120
L 5 ﬂ
3 Crant - 8 38 280 100 150 _
4 15 0,5 80 120 |
5 Cranb 1,0 60 120
42 420 AL, o M
6 20 15 90 150 f
7 Cranb 0,5 85 160
0 500
8 30 0,8 5 80 140
9 2,0 75 1 120
- 1 41 410
10 A 1,5 100 150
11 0,5 60 120
16 - 52 520
12 A 1,0 90 175
| 7
13 i 2,0 5 5k 5 150
14 25 60 145
15 15 8o 40
_ Y | ne2 ' 36 | 360 s
16 | 16 90 150
17 2,0 75 135
n70 33 330 35
18 18 | 60 120
! i
A9 T 20 | 4 adg | 10 [ 155 |
20 25 90 160 1
21 1.2 80 140 i
AM 13 130
22 s 1,0 90 150
23 25 60 | 136
M 8 60 2
24 Al 2,0 75 140
25 18 65 135
AMr2 20 200 |
26 2,2 50 120
27 15 75 150
AMr5 25 250 _
28 12 80 140 |
——
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