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BBEJEHUE
CoBpeMEHHBIE  PBIHOYHBIC MEXaHU3MBbl  TPeOyIOT TTOBBIIIICHUS
3¢ (HEKTUBHOCTH TPOU3BOJICTBA, IIEXOB M YYACTKOB IO OOpabOTKE IaBJIICHUEM.
OcHOBOU 3(PPEKTUBHOCTH SBISIOTCS HOBBIE CIIOCOOBI M TEXHOJIOTHYECCKUE
npoueccbl OMJI, mmMpokoe BHEAPEHHE KOMIUIEKCHOW aBTOMAaTH3allud |

MCXaHH3all1H.

1. Teopusi 06padOTKH METAJIIOB J1aBJIE€HUEM
1.1. @usuueckue ocHo8bl nIACMUYECKOU Oepopmayuu MEMAlo8 u
CN1a608

HecoBepiieHCTBO KpUCTAJUIMUECKOTO CTPOCHMSI METAJUIOB: TOYECYHBIE,
JUHEHHBIC, TOBEPXHOCTHBIE M OO0BEMHBIC e(DEKTHI, B3aUMOJCUCTBHE MEXKIY
HUMU. JIBwkenue auciokanuii. Cuiel, ACUCTBYIONIME Ha  JIUCIOKAIUU.
BzauMopeiicTBue MeX Iy AUCIOKAIMSIMEU U IPYTUMHU JeheKTaMu KPUCTAILIOB.

[Tnactudeckas nedopmanuss ¥ pa3pylIeHHE MOHOKPHUCTAUIOB: (aKTOPHI,
BIUSIONINE HA BHUJ KpUBOHW ympouHeHus. Ousmko-MexaHudeckas MHTEpIpeTaus
KpUBOW ympo4yHeHUs. TemmepaTypHO-CKOPOCTHBIC 3aBHCHMOCTH XapaKTEPUCTHK
MPOYHOCTH U ITACTUYHOCTH MOHOKPHUCTAIIIOB.

Hedbopmanuisi u  paspylieHHe MOJMUKPUCTAIOB. Ponb TpaHui mpu
macTuaecko aedopmanuu. Ilnactudeckas nedopmaris — OJTHOBPEMEHHOE H
B3aMMOCBSI3HOE TPOTEKAHUE TIPOIECCOB YOPOYHEHUS W Pa3ynpoOdHEHUS,
(dhopMOU3MEHEHUS, TEKCTYPOOOpa30BaHKS M MPEBPAIICHUN CTPYKTYPHI.

CratucThyeckne W JIWHAMHYECKHE IPOIECCHl Pa3yIPOYHCHHUS: BO3BpAT,
MOJIMTOHU3AINA U pEeKpUcTain3aius. TemnoBklaenenre B mpoiecce aedopmaruu.

BricokockopocTHas aedopmarus.

1.2. Memoowi sxcnepumenmanvuulx ucciedosaruii npoyeccos OMJ]

Teopus momoOus W MOACIUPOBAHUS  MPOIECCOB  IJIACTUYECKOTO
dbopmonzmeHeHusi. MeTo/bl MIIaHUPOBAHUS HKCTIEPUMEHTOB.

TeHnzoMeTpupoBaHKEe U €ro UCIOJIb30BaHUE VISl UCCIIEAOBAHUN KOHTAKTHBIX

HaIpPsHKCHUN M yCWIUHA 1epopMHUpOBaHUs, IEPEMEILICHUM, CKOPOCTEH U T./I.



['eomeTpudeckne  METOABI  HCCIEAOBAaHUN  AedOpMAIIHIA: METOJ
KOOPJIMHATHBIX CETOK, IMHUN TOKa, MyapOBbIX MOJIOC, PEHTTEHOCKOMNHS CIIOMCTBIX
MOJIEJIEN U T.1.

OnTudyeckne METOABI HCCICIOBaHWUN AedopManvii W HAIPSHKCHUI:
MOJISIPU3AIIMOHHO-ONTUYECKUH, uHTEephepomeTpus, rojorpadus. Jpyrue mMeroabt
MCCIIEIOBAHUM nehOpMUPOBAHHOTO COCTOSIHUSA: METO TBEPJIOCTH,
PEKPUCTATIIU3UPOBAHHOTO 3epHa, pEHTreHorpapuIecKue. I'panuie
MPUMEHUMOCTH  PAa3JIMYHBIX HOKCHEPUMEHTAIbHBIX METOJ0B. TOYHOCTh U
YYBCTBUTEIBHOCTh SKCIEPUMEHTAIIBHBIX METOJOB M CIOCOOBI €€ 00padOTKH.
DKCIEepUMEHTAIbHO-AaHATUTHYECKUE METOJIbI OIpESICHUs HaNpsKEHU  Mpu
OM/I. CrnaxvBaHue W aNNpOKCUMAalMsS SKCIEPUMEHTAIbHBIX  JIaHHBIX,
MaTEMaTUYECKHE CPEACTBAa AaMMPOKCUMALIMM, CIUIAiHBI U WX BUIBI U 00JACTh
UCIIOJIb30BaHUS.

Hcnonb3oBanue 9BM miisa 06paboTku SKCIIepUMEHTaIbHOM HHPOPMAIIUH.

1.3. Buewnee mpenue npu OMJ]

duznueckas npupoja TpeHus. Buabl U 3aKoHbI TpeHUS. 3aBUCUMOCThH CHUJI
TPEHUS OT TEMIIepaTyphl, CTENICHH MU CKOPOCTH Je(opMHUpOBaHMS, IaBICHUS,
(U3UKO-XUMHUUYECKUX CBONCTB KOHTAaKTHUPYEMBIX TOBEPXHOCTEM U JPYyrux
(dbakTopoB. AHHU3OTPONHUS TPEeHHUSA. METOJbl SKCIEPUMEHTAIIBHOTO HCCIICIOBAHMS
tpenusi. Ilpomeccet OMJI ¢ akTUBHBIM JICMCTBHEM KOHTAKTHBIX CHJI TPEHUS.

Cmasku, UX CBOMCTBA, HA3HAYCHUE M OCHOBHBIE TPEOOBAHUS K HUM.
1.4. Conpomuenenue niacmuyeckoi deghopmayuu

CompotuBiienne nedopmaiiid, METOAbl OMPEACNCHUS TpPU JUHEWHOM U
CJIOKHOM HAMPSHKEHHOM COCTOSIHWM, BIMSIHUE CTETIEHU W CKOPOCTH Jedopmarii,
TEeMIIepaTypbl, UCTOPUU AeHOPMHUPOBAHUS, T€OMETPUUECKOro (hakTOopa BHEIIHEU
Cpenbl Ha BEIWYMHY COMNPOTUBIEHUS aedopmanuu. HaciaencTBeHHBIE Cpenwl,

COIIPOTHUBJIICHUEC Ile(bOpMaHI/II/I IIpH CBCPXINIACTUYIHOCTH.

1.5. [lInacmuunocms u paspyuienue



[InactuyHocTh U A€POPMHUPYEMOCTh METAUIOB U METOABI ONPEICICHUS.
OcHoBHBIE (DaKTOPHI, BIUSIONIME HA IJACTUYHOCTH: TeMIepaTypa, XHUMCOCTaB,
CTPYKTYypa, CX€Ma HaNpPsLDKECHHOTO COCTOSIHMS, BHEIIHSS Cpela U Jp. METOJBI
VIOPABJIECHHS IUIACTUYHOCThIO B mpouecce OMJI. Buael paspyuieHus npu
acTudeckol aegopmanuu. JMcaoKalMOHHBIE MOJENH MPOIecca pa3pyLICHUS.
AHM30TpONIMS  XPYIIKOTO paspylleHus. Bs3koe paspylieHue B YCIOBMAX
JIByXOCHOTO HAIPSHKEHHOTO COCTOSIHUA. BnusiHue OONBIIMX THAPOCTATUYECKUX
JABJICHUN Ha paspymeHue. Kpurepun paspyleHus. YCTaJIOCTHOE pa3pyLICHHUE.
PacnpocTtpaneHne yCTanoCTHBIX TpemMH. MeXaHu3M 3apOKIAEHUs YCTaJTOCTHBIX

TPEILNH.

2. OCHOBBI TEOPHH MPOLECCOB 00PAOOTKH METAJLJIOB IaBJIeHHEM

2.1. Teopus npodonvHoil npokamku

Kunematuka ouara aedopmanmu. KosdduimeHT TpeHHs Mpu MpoKaTKe.
KonTtakTHble HanpspokeHus U (hakTopsl, ux omnpenenstounme. Hdudbdepennuansaoe
ypaBHEHUE TIPOKATKU U €T0 PEIICHHUS.

['eomeTpuyeckue mnapameTpsl ouara JaegopManuu U HaIpsKEeHHO-
neOpMUPOBAHHOE COCTOSIHME TI10 BBICOTE W HIMPUHE TOJOCHI TPU MPOKATKE B
BaJIKax C rJaJKoi Ooukoil. BriusHue ynpyroro cxaTusi BaJKOB U MPOKATHIBAEMOM
MOJIOCKl Ha TapaMmeTpsl odara jgedopmaruu. OcOOEHHOCTH pachpeaeieHus
nedopmariii mpu MPOKaTKe B MPOCTHIX W (pacoHHBIX KamuOpax. OcoOeHHOCTH
yCIIOBHA  Ae(OpPMHUPOBAHUS TIPH TIPOKATKE B MHOTOBAJIKOBBIX KaJHOpax.
HepaBHOMepHOCTS Aeopmany 1 Ka4eCTBO MeTalia Py MpOKaTKe.

VYmmpenue npu nmpokatke u GpakTopsl, €ro onpenensiomue. Pacnpenenenue
yIIUpEHUE B o4are aepopmaliuu.

CUMMETpUYHBI W aCUMMETPUYHBIN MpoIecchl TMpokaTku. OcoOeHHOCTH
KHHEMATHYEeCKUX TapaMeTpoB pachpeneiaeHuss aedopMmarvii ¥ yCWINNA TpHU

aCUMMETPUYHOMN MTPOKaTKE.



CymHocTh  mpolecca HENpepbIBHOM IMPOKATKM W €ro  OCHOBHBIE
3aKOHOMEpPHOCTH. Pacxol sHepruM W MOLIHOCTh HOpH mpokaTke. OCHOBHbBIE
METOJbI ONPEETIECHUS SHEPTUH, 3aTPAYNBAEMOM HA MTPOKATKY.

2.2. Teopus npoxamxu mpyo

[IpommBKa 3aroTOBOK Ha CTaHKaXx BHUHTOBOM mpokaTku. IIpouneccsl
BUHTOBOM IIPOKATKU: CXE€Ma IMpolecca, KUHEMAaTUKa, AJIEMEHTbl KOHCTPYKUUN
cTaHoB. HampspkeHHO-IeOpMHpPOBAaHHOE  COCTOSIHME  MeTalla B odYare
nepopmanuu. KanubpoBka uHcTpyMeHTa. Pacuer oOxaTuii, CUIIOBBIE YCIOBHUSA
MPOKATKH.

['opsiuas mpokaTka MOJBIX 3aroToBok. IIpokaTka Ha aBTOMarax-cTaHax,
pPAacCKaTHBIX, HENPEPBIBHBIX, PEAYKIMOHHBIX M IUJIUTPUMOBBIX cTaHax. CXemsl
IPOLIECCOB, UX KMHEMaTuKa. HanpskeHHO-1e(OpMUPOBAaHHOE COCTOSIHUE METaia
B ouare aedopmanuu. Pacuer cyMmapHbIX oOOXaTWii B MIHOBEHHOM oOdare
nepopmaruu. DakTopbl, JUMUTHPYIOIIME BEIUYMHBI O0XKATUHA MPHU Pa3IMUHbIX
croco0ax MpOKaTKH.

XonoaHas npokarka Tpy0. OCHOBHbIE pa3HOBUIHOCTH MPOLIECCOB: MPOKATKA
Ha craHax XIIT, XIITP, nonepeynas mnpokaTka; HX CXEMBI, DSJEMEHTHI
KOHCTpYKUuM obopynoBanus. HanpsbkeHHoe M 1e(OpMUPOBAHHOE COCTOSIHUE
MeTtayia B oyare aegopmaruu. O6GxaThs B MTHOBEHHOM oOuyare, KOHCTPYKLUHU
MHCTPYMEHTa M ero KanuOpoBka. CHIIOBble YCIOBUS MNpOKaTKU. [IpuHIMIBI
BbIOOpa PEKUMOB TPYO M3 CTalM, TSKENBIX IBETHBIX METAJIOB, TUTAHOBBIX U
AJIFOMUHUEBBIX CIJIABOB.

[Ipokarka kozen, Oanmaxker u kojec. OCHOBHBIE CXEMBbI IPOIECCOB,
AJIEMEHTHl KOHCTPYKUMH oOopynoBanus. HampspkenHoe u  nedopMupoBaHHOE
cocTosiHue MeTajuila B ouare nedopmaruu. Pacuer oOxkatuit. CusioBbie U
CKOPOCTHBIE YCIIOBUSI NMPOKaTKU. KOHCTpyKLIMKM MHCTpYMEHTa U €ro KajauOpoBKa.
[TpuHLIKIIBI BBIOOpA PEKUMOB MPOKATKH AJIS1 Pa3IMYHBIX METAJIOB U CILJIABOB.

Teopuss paananbHO-CIBUTOBOM MPOKATKH: NapaMeTpbl M KHHEMAaTHKa

mporecca ouara Aeopmaruy, HamnpsKEHHO-Ie(OPMUPOBAHHOE COCTOSHHUE B



ouare nedopmanuu. KanuObpoBka nactpymenta. CHUI0BbIe MapaMeTphl Ipoliecca u
CHIOCOOBI HX OTIpECIICHUSI.
2.3. Teopus onouenus

Croco6s1 BosodeHus. JlepopmarimoHHbIE yCIIOBUS TMPOIECCOB BOJOYCHUS
kpyriioro npoduis, TpyO u dacoHHbx mnpoduien. HampspkeHHOE cocTOsHUE
neopMaliMioHHOM 30HBI. BrnusHue nepopMarMoHHBIX YCIOBHH Ha OCHOBHBIC
MapaMmeTpbl IPOLECCa.

OcoOeHHOCTH BOJIOYEHHUS CIUIONMIHBIX HEKPYIJIbIX mpoduiet u  Tpyo.
Bosiouenne B BOJIOKax C TMOJABWXHBIMM KOHTAaKTHBIMH ITOBEPXHOCTSIMH.
BubOpannonHoe BOJOYEHME U €ro BIUSHUE Ha YCJIOBUS BoJioueHUs. Buabl
BUOpAIIMOHHOTO BoJioueHHUS. KOHTakTHOEe TpeHHWEe M CMa3KH IIPH BOJIOUCHUHU.
['uapocraTuueckuid U TUAPOJAMHAMUYECKUN MOJABOJBI cMa3ku. OCOOEHHOCTH U
BU/IbI IIPUMEHSIEMBIX CMA30K.

AHaJIUTUYECKUE  METOAbl  OMNpPEACICHUS]  HANpsOKEHUU  BOJIOYCHMS.
[IpenenbHbIE M ONTUMATBHBIC BBITSKKHU ITPU BOJIOYEHHH.

Boso4nIIbHBIN UHCTPYMEHT, €r0 TPOEKTUPOBAHHUE.

2.4. Teopus npeccosanus

Bunbsl npomecca mnpeccoBaHus. TedeHwe MeTalla M HANPSHKEHHO-
ne(opMHUpPOBAHHOE COCTOSIHHE INPU TMPECCOBAHUHU KPYTJIOTO MPYyTKa, MPOQUIICH,
TpyO. BriusiHMe yclioBHII MpecCcOBaHUS U MeOMETPUU MHCTPYMEHTA Ha XapakTep
TCUCHMS METaJa.

CunoBble yCIOBUSI NIPECCOBaHUS. AHAIUTHYECKUE W SKCIIEPUMEHTAIbHBIE
METOZIbl OMNPENCIICHUA YCWIUS MPECCOBAHUA M HArpy30K Ha IPECCOBBIN
WHCTPYMEHT. TpeHue u ero 0COOCHHOCTH MpPH MPEeCCOBaHUU. BB cMa30K s
MpeccoBaHMsl, 00JIACTh UX HUCIIOIb30BAHUS.

IIpeccoBblli MHCTPYMEHT, YCJIOBUSI M OCHOBBI IPOYHOCTHBIX PAcCyeTOB U
MPOCKTUPOBAHUSI HMHCTPYMEHTA, MaTepual JJii €ro W3roTOBJIeHUs. BrIOop
TEMIIEPAaTYPHbIX MHTEPBAJIOB MPECCOBAHMS, CKOPOCTEH HMCTEUYEHUS; ONPEACICHUE

OINITUMAJIBHBIX Pa3MCPOB 3arOTOBKH.



OCHOBHbIE  XapaKTEPUCTHKH KayecTBa OTIPECCOBAHHOM  MPOIYKIIHUH;
B3aMMOCBSI3b KaueCTBa U YCIOBUM 00pabOTKHU.

2.5. Teopus c60600HOU KOBKU U 0OBEMHOU UMAMNOBKU

['eomeTpuueckne mapaMeTpbl oyara jgegopMmanuu Uil pa3indHbIX
MIPOIIECCOB KOBKH, WX BJIMSHHE Ha paclpeiesieHne HanpsokeHud u nedopmanuii
IpU TPOTSDKKE, OCajKe, MPOIIMBKE, PA3TOHKE W Jp. HAMPSHKCHUS U AePOopMaIiu
MIPY KOBKE IIOCKUMHU, KOMOMHUPOBAHHBIMH U BHIPE3HBIMU OOHWKaMHU.

Oco00EeHHOCTH TPEHUSI Ha OBEPXHOCTH KOHTAKTa MHCTPYMEHTA C METAJLIOM.
CKoJpKeHHne, TOPMOXKCHHE M 3aCTOM Ha MOBEPXHOCTH KOHTaKTa. BiusHue 30H
3aTpyJHEHHOU nedopmany Ha HEPaBHOMEPHOCTH Ae(opManuy Ipyu OCaKUBAHUU
nunHapa. Pacuer M aHanM3 HAmMpsHDKEHHOTO COCTOSIHUS METallla TPH OCAJIKe.
CpenHee KOHTAKTHOE HAIPSHKEHHME W YCHIIME TIPU Ocafke W BHITsDKke. Ocaaka B
oOosioukax. Pacuer popMon3MeHeHusI Py 0CAIKE U BBITSIKKE.

[TpuntumnBl pa3paboTKH TEXHOJIOTUU KOBKH. PacyeT ymmpeHus npu KOBKE B
OolKax pa3aTuYHON KOH(PUTypaLiH.

OcobeHHOCTH Tpollecca KOBKM MAaJIOTUIACTUYHBIX — CIUIAaBOB.  MeTobl
yIOpaBIeHUS KaueCTBOM B TMpOIeccax KOBKH, BIHMSHHE HEPaBHOMEPHOTO
TEMIIEPATypHOTO TOJs TPU KOBKE KPYIMHBIX MOKOBOK. BiusHHE eIMHUYHOTO
o0xaTusl Ha pacnpe/eieHue HaMpsHKeHU U iehopMaliiy Mpy KOBKE.

HanpsixenHo-neopMupoBaHHOE  COCTOSIHME B MpouUeccax 00bEeMHOM
MITAMIOBKA.  3aMoOJHSAEMOCTh INTAMIIOB B  3aBUCHUMOCTH OT  TOJIOKCHUS
KPUTHYECKON MOBEPXHOCTHU pa3zelia TSUCHUs MeTaluia pu 0ObEMHON ITaMITOBKE.
Onenka naeGoOpMHPOBAHHOTO COCTOSHHUS TIO CTaausaM. MeToasl pacuera
nedopmupyromux  ycunuid.  OCHOBHBIE ~ IMyTH  TOBBIIIEHUS ~ KauyecTBa
[ITAMIIOBAHHBIX U3ACTUA. MeTOAbI peleHnsI TEXHOJIOTHYECKHX 3a7ad.

2.6. Teopus aucmosotl wmamnosku

TexHonorMYeCKre apaMeTphl JINCTOBOM IMITAMIIOBKH ¥ (POPMOBKH. AHAIU3
HANPSOKEHHO-E(OPMUPOBAHHOTO COCTOSIHUS MeTalla Pa3IMYHBIX TPOIIECCOB
JUCTOBOM IITAMITOBKH. DaKTOPHI, OMPEICISIIONINE KauyeCTBO INTAMIOBAHHBIX U

(OpPMOBAHHBIX U3EIHM.



Ouar nedopmanmu M aHalIW3 HAMPSHKEHHO-AE()OPMHPOBAHHOTO COCTOSHUS
npu popmoBKe THYTHIX mpoduiieit u TpyO. Pacuer ycunuii u gedopmanuii npu
¢dopmoBke. TeopeTnyeckre OCHOBBI KaTHOPOBKU BaJKOB ()OPMOBOYHOTO CTaHA U
mTaMioB npecca. JedhopMupyeMocTs U KauecTBO B Mpoiieccax GOPMOBKH.

3. HoBble npouecchl 00padoTKU MeTAJJIOB 1aBJIeHUEM

HNmnynbcHoe ~ (BBICOKOCKOPOCTHOE) — HarpykeHue B Ipolieccax
nehopMUPOBaHUA  METAUIOB. MexaHu3Mbl  JedopMaii, TeMIepaTypHO-
CKOPOCTHBIE YCJIOBHS JAeQopMalii, HEPaBHOMEPHOCTb TEUEHHsS MeTajlla IO
JIEHCTBUEM UMITYJIbCHBIX HAIPy30K.

Hedopmarus METAITNIECKIX MaTeprajoB B COCTOSTHUH
CBEPXIUIACTUYHOCTH.

Oco0eHHOCTH TUIACTUYECKOM JaeQopMaluy TBEPABIX TEA MPU BBICOKOM
THJIPOCTaTUYECKOM JIaBJICHUHM. XapaKTEPUCTHKA TEXHOJIOTMYECKHUX IPOIIECCOB,
OCHOBaHHBIX Ha HCHOJb30BAaHUM BBICOKMX TMIPOCTATHUECKUX JIaBJICHUI
(THAPOCTATUYECKOE M TA30CTATHUECKOE MPECCOBAHNE KOMITAKTHBIX M MIOPOITKOBBIX
MaTepuasIoB, KOMIIAKTUPOBAaHHE TIOPOIIKOBBIX 3aroTOBOK, THUAPOIKCTPY3uS,
BOJIOYCHHE, IITAMIIOBKA, TTyOOKas BBITSHKKA W T.A.). VI3MEHEHHE CTPYKTYpHI U
CBOMCTB TBEpPJBbIX METAUIMYECKUX TeJI TMOJ OJHOBPEMEHHOTO BO3JEHCTBUS
BBICOKHMX THJPOCTATUUECKUX JIaBJICHUI U TEMIIEpaTyp.

TeopeTnueckne OCHOBBI COBMECTHOTO IUIACTHUECKOTO Jae()OpMHUpOBaHHS
OMMETayVIOB PAa3HOPOJIHBIX TEI W KOMIIO3UTHBIX MaTepuanoB. DU3MKO-
XUMHYECKHE TPOIIECCHI, MPOUCXOIAIINE Ha CTHIKE PA3HOPOJIHBIX METAJIOB MPH MX
COBMECTHOM IUIacTHUeCKOM jaedopmupoBaHur. OCOOCHHOCTH TEXHOJIOTHUECKUX
IPOLIECCOB TPOU3BOACTBA KOMIIO3UTHBIX MarepuanoB. [lomydeHue caoucThIX

MCTANIMYCCKHUX MATCPHUAJIOB.
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