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[Ipoceuno-BoiTsKkHBIE  ceTku  (manmee IIBC) 3anumairor ocoOeHHOe MecTo B
HPOM3BOJICTBE METAJUIMYECKUX CETOK. X m3rortoBneHue He TpeOyeT OONBIIMX 3aTpaTr, OHU
ormuuaroTest  100% ko3 (UIMEHTOM  WCIONB30BaHHWS ~ METaJla,  IOBBIIICHHBIMU
MEXaHUYECKUMH XapaKTEPUCTUKAMU — MPOYHOCTHIO U JKECTKOCTBIO, a TaKKe — BBICOKMMHU
9KCIUTyaTallMOHHBIMU XapaKTEPUCTUKAMH, B YAaCTHOCTH, BBICOKOW CIOCOOHOCTBIO MPOITyCKa
MacJIIHOTO MWJIM BO3JAYIIHOTO TIOTOKAa Ui TPHUMEHEHHs B KapKacaX BO3IYLIHBIX U
YKUJKOCTHBIX (PHIIBTPOB.

IIBC yxe ceifuac sBIAIOTCS KOHKYPEHTOCIIOCOOHBIMM 110 CPAaBHEHHIO C IUIETEHBIMH,
KPY4YEHBIMH U CBapHBIMH ceTKamu. OJHaKO pacHIMpeHHEe MX MPOM3BOJCTBA CIEPKUBACTCS
(akTOPOM HECTALIMOHAPHOCTH MpOLiecca MPOCEUKU-BBITSKKH, BRIPAXKAIOLIEHCs, B YACTHOCTH,
B TOM, YTO MpH CYIIECTBYIOMIMX criocobax mpomsBojcTBa [IBC mHCTpyMeHT coBepmiaer
BO3BPATHO-NIOCTYTATENIbHBIE  JBM)KEHUS] OTHOCUTENIBHO 3arOTOBKM B  HalpaBJICHUH,
MIOTIEPEYHOM HANPABJICHUIO TOAAYM ISl MOJyYEHHsI PAJOB SYEEK B IIAXMATHOM TIOPSIIIKE
(puc. 1). Oto BieyéT 3a COOOW YCIOXKHEHHE U YJIOpOXKaHME OOOpYyIOBaHUS, W,
COOTBETCTBEHHO, C€0ECTOMMOCTH TOTOBBIX JIETaJeH, a TaK )K€ CHI)KCHHE KayecTBa 3a CUET
YMEHBUIEHUs] TOYHOCTH U3/IeNUil U CTaOMIIBHOCTHU MPOLIecca MPOCEUKHU-BBITSKKH.
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Puc. 1. llITamm st MPpOCEYKU-BBITSKKH 110 CYIIECTBYIOMIEH TEXHOJIOTHH 00pabOTKH.

Haubonee pamuoHalbHBIA yrom peXyLlero HWHCTpyMeHTa ¢ (puc.2) mpu
usrotosyieanu [IBC — 90° mo mpuunHe HanOOJBIIEH WTOTOBOHM IUIONIANA SYCHKHA CETKH B
CBETYy © OONBIIUM YIJIIOM pe3a MpHU MPOCEUYKE-BHITSDKKE, YTO CHIDKACT HEOOXOAMMOE
TEXHOJIOTHYECKOE YCUITHE.
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Puc. 2. Cxema npoCeUKU-BBITSKKH.
1 — 3aroToBka, 2 — ¢parMeHT STYeUKN MPOCEUHO-BHITSHKHOMN CETKH, 3 — IMyaHCOH.

Onnako, monydeHue naHHOTO yria mnpu wu3rotoBieHuss [IBC 6e3 mpumeHeHus
JIOTIOJTHUTENBHBIX YCTPOMCTB, NMPUHYAUTENBHO (OPMYIOIIUX SYEHKH, HE MPEICTaBIIsACTCS
BO3MOKHBIM ~ M3-32 AHU30TPONMM CBOWCTB KaTaHOTO JINCTa MW  HEPABHOMEPHOCTH
pacnpenenenus aedopmanuii BIodab npoduis sdeiku (puc. 3), BEAyHMIHUX K pa3pylICHUIO
Marepuaia.

OKCNEpUMEHTAJIBHO YCTAHOBIJIEHO, YTO IJIACTUYHOCTH COBPEMEHHBIX METAIIMUYECKHUX
MaTepHuaioB B XOJIOJHOM COCTOSIHUH ITO3BOJISET MOJYYUTh IIPU ONEPALlMU TPOCEUKU-BBITSKKI
yron sueiiku He MeHee 120°. Ilpu cymectByrommx cmocobax o0paboOTKH, BecbMa
npoOJeMaTHYHO TaKKe Tpe/cKa3aTh WTOTOBBIC JKCIUTyaTarmoHHbIe cBoiictBa [IBC, a,
COOTBETCTBEHHO,— U YETKO OYEPTUTH 00JIACTH €€ IPUMEHEHUSI.
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Puc. 3. Hanpsik€HHO-TIehOpMUPOBAHHOE COCTOSIHUE U IIACTUYECKOE TEUCHUE METalIa MPU MPOCEUKe-
BBITSDKKE. | — 001acTh MaKCUMAIIBHBIX OCTATOYHBIX JehOopMaIHid,
A — ouar miacTu4eckoro popmMousMeHeHus, b — 30Ha pasrpys3ku.

Ha xadenpe ,,Aproruract I'ocyruBepcutera — YHIIK 1.0pén paspaboran crocob
usrotoBienuss [IBC, mo3BonSIONMii MOBBICUTH MPOU3BOJUTENBHOCTh, KAaueCTBO W,

COOTBETCTBEHHO, 3(]dexrnBHOCTs wm3roroBieHuss [IBC (cm. pucyHok 4, mareHt PO
Ne2078637).
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CymHocTh crnoco0a COCTOUT B TOM, YTO NMPHUMEHSEMbIH MHCTPYMEHT — CJIBO€HHBIN
IyaHCOH U C/ABOGHHas MaTpulla — T[O3BOJIAIOT  IPOM3BOAUTH  00paboTKy  0e3
JIOTIOJIHUTENBHBIX MTEPEMENICHUI ITyaHCOHA UM MATPHUILIBI B TIONIEPEYHOM HAIIPABIICHUU.
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Puc. 4. Cxema mramna JJI IPOCCYKU-BBITAXKHA 110 HOBOM TEXHOJIOTHH.

Bun A — u3zo0pakeHue myaHcoHa 1; Bug b — u3o0pakeHne MaTpuIib! 2.

[ramn IS WM3TOTOBIEHUS TPOCEYHO-BBITSDKHOW CETKH paboTaeT CleAYIOIIUM
o0OpazomM.

Jlenta 7 mopaercs Ha mo3unuio oOpabotku. Ilpm xome mauThl 9 BHU3 KIMHBSA 8
JEHCTBYIOT Ha BHICTYIBI 10 M mepemMeniaroT OJ0K ¢ MaTpUIlel Ha BEIWYWHY II1ara, PaBHYIO
2/3 TommMHBI 3yO4YaTOrO HOXa, OOPa3yIOUIET0 IUIOCKOCTh PE3aHHs C YeThIPEXyTOJIbHOU
npu3Mon 2, cxkumas npyxuny 12. [Ipu nanpHelnmeM nepeMeleHnu minra 9 HaxuMaeT Ha
Jepkaresib 3 U MPOUCXOJUT MPOCEUYKA-BBITSKKA B IUIOCKOCTH PE3aHUS YETHIPEXYTOJIbHOU
npu3Mbl. BennunHa mara mogaun ycranaBiuBaeTcs orpannuutenem 11. [lpu o6patHOM X078
TUTATHL 9 KIWH 8 BBIXOJTUT M3 KOHTAKTa ¢ BeICTynoM 10 1 OJ0K 1o HelCTBUEM MPYKUHBI 12
nepeMeniaeTcss U nepeMeniaeT JeHTy 7 3a HaJpe3aHHbIE U BBITAHYThIE y4acTKH. [Ipu BTOpOomM
paboyeM XoJle OJHOBPEMEHHO C MPOCEYKOH-BBITSDKKOH B  IJIOCKOCTH  pE3aHUSA
YEeTBIPEXYTOJIbHON MPU3MBI MPOUCXOAUT Mpocedka U (OPMOBKA BTOPHIM 3y0YaThIM HOMXKOM
CABOCHHOTO ITyaHCOHA YK€ BBITAHYTBIX YYaCTKOB B IUIOCKOCTH pE€3aHHsSl IUIACTUHBI C
3y04aTol pexymier KpoMkod u (OpMHpPOBAHHME JBYX PAMIOB SUEEK CETKH OJHOBPEMEHHO.
[Ipu mnocnenyromux paboOYMX XoJax BCe JEHCTBHA MOBTOPSIOTCS C OJHOBPEMEHHOM
IIPOCEUYKON B JIBYX IUIOCKOCTSIX PE3aHUsI.

[IpumeHeHre HOBOM TEXHOJIOTMHM TMO3BOJSET IOBBICUTH KAdeCTBO H3AEIUN U
CTaOUIIBHOCTH MPOU3BOACTBEHHOTO MPOLIECca, TaK KaK TEXHOJOTHYECKHE MapaMeTpbl MOTYT
OBITh BBIYUCIICHBI CYIIECTBYIOIIMMH MaTeMaTHYECKUMHU cpeacTBamu. Kpome ToOrO,
MPOU3BOJUTENLHOCTh MPOU3BOJICTBEHHOTO MpoIlecca MOXKET ObITh yBEJIMYEHa, MO KpalHeil
Mepe BJBOE 3a CUET OJHOBPEMEHHOI'O BBIMOJIHEHHUS ABYX PSIOB MPOCEYEK, U OTCYTCTBHS
MONIEPEYHBIX EPEMEIICHU HHCTPYMEHTA.

OTnenbHBIA BOMPOC — CHJIA TPOCEUKHU-BBITSKKK.  HauOomblee 3HadeHHe OHa
OPUHUMAeT Ha HayaJlbHOM JTale, KOrja IpoLecC COOTBETCTBYET PE3KE C MPSIMbIMU
NnapajuieJbHBIMU HOKaMM, KOTOPBIA IIPU BBINOJHEHUU TEXHOJOTMYECKOW —omneparuu
MEePEXOUT B PE3Ky TWIbOTHUHHBIMU HOXHHUIIAMH C OJHOBPEMEHHBIM pPaCTSHKECHUEM
OTJIEJICHHBIX YYaCTKOB, MPU KOTOPOM CHJa JUIsl BBIIOJHEHUSI TEXHOJOTMYECKOW OIepanuu
CTAaHOBUTCS 3HAYUTEIbHO MeHbIIe. JlaHHBIM (AaKTOp, KOHEYHO Ke, HE CIOCOOCTBYET
CTallMOHAPHOCTH Ipoliecca U CEPKUBAET BHEAPEHUE HOBBIX TEXHOJIOTUIN B MTPOU3BOICTBO.

Heob6xomgumo  OTMETHTB, dYTO JOCTAaTOYHO TIEPCIIEKTUBHBIM  TMPEICTABIACTCS
npousBoAcTBO [IBC u3 mnactmacc. Kak n3BecTHO, IiacTUYECKHME MAacChl — MaTepuaibl Ha
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OCHOBE TPUPOJIHBIX WIH CHHTETHYECKUX MOJIMMEPOB, CIIOCOOHBIE TI0/] BIMSHUEM HarpeBaHUS
U JaBleHUs (DOpPMUPOBATHCS B M3HCHUS CIOKHOW KOHQUIypaluu M 3aTeM YCTOMYMBO
COXpaHATh npuaaHHyio (opmy. IlmacTmaccel 00sagar0T YCTOWYHBOCTHIO K aTMOC(EPHBIM
BO3/IEUCTBUAM, CTOMKOCTBIO K arpecCHUBHBIM CpeJaM; IUIACTMACChl MOYTH HE IMOJBEpPraroTcs
AIIEKTPOXUMUYECKON KOPpPO3UU U OYEHb CTOWKH MPOTUB arpeCCUBHBIX XMMMUYECKHUX CpEN,
HEKOTOpbIe IJIACTMACChl MO XMMHUYECKOH CTOMKOCTH MPEBOCXOIAT 30J0TO U IUIATUHY;
CTOWKOCTBIO K PE3KUM CMEHaM TEMIIepaTypbl, B YAaCTHOCTH, CTaOMJIBHOCTBIO DPa3MEPOB;
BBICOKOM MEXaHUYECKOM MPOYHOCTHIO IIPU PA3IUYHBIX Harpy3kax (tadmauna 1).

Ta6muma 1. [IpoyHOCTHBIE XapaKTEPUCTUKH TJIACTMACC B CPABHEHUHU C METaJIAMH.

Y.
Marepuan o, MIla || v, r/em’ AcTbHad TpoaocTy
Gu/Y OtHocureabHo Kk CT. 3
Manoyraepoaucras ctanb Cr. 3 440 8,0 55 1,0
Yyryn 150 8,0 19 0,35
JropantoMuHuii 390 2,8 140 2,5
[Homuxnopun 300 1,7 170 3,1
Bunumnnact 57 1.4 41 0,75
[NomuaTHneH 16 0,92 17,5 0,32

CoBpeMEHHbIE TEXHOJOTUHU IEepepadOTKH IIaCTMACC MO3BOJISIOT 3aMEHSATh METU3bI
U3JETUSAMH U3 TIOJIMMEPHBIX KOMIIO3UTOB. OCOOEHHOE MECTO 3aHMMAlOT KOMIIO3MTHI, B
YaCTHOCTH, IPEBECHO-IIOJINMEPHBIE KOMITO3UThI, KOTOPBIE IIUPOKO UCIIONIB3YIOTCSI BO MHOTHX
OTpacJIAX IPOMBIIUIEHHOCTH.

TepMomexaHuyeckass KpuBas  IOJIMMEPOB,  XapaKTepu3yrollas  3aBUCUMOCTb
negopManuy OT TeMIepaTypbl PHU MOCTOSIHHOM Harpyske (pUCYHOK 5), UMEeT TpH ydyacTka,
COOTBETCTBYIOIIUE TPeM (PU3NIECKHM COCTOSTHUSM TIOJTMMEPOB.

HMedpopntinng

T I. T, TC

Puc. 5. Tepmomexanudeckas KpuBas HOJIUMEPOB (IIACTMACC)

Yyactrok 1 mpu  O0<T. COOTBETCTBYET  CTEKIOOOPAa3HOMY  COCTOSHHIO,
XapaKkTepu3yromeMycs OOJBIINM 3HAYCHHEM MOJYJISl YIPYTOCTH U HEOONBIINMHU yIPYTUMH
negopmanusamu. Ha 3ToM ydacTke miacTMacchl BeAyT ce0sl Kak XpyNKHi MaTepual, TO eCTb
IIPY MOBBILLIEHUH TEMIIEPATypbl AePopMaliys MOYTH HE U3MEHSETCS.

VYuyactok 2. Ilpum npanbHedimeM mnoBsiieHnu Temmnepatrypel (T, < T,;) BHauane
IPOMCXOJUT PE3KOE yBEIMUeHHEe Ae(opManuy A0 ONPEIEeICHHOIO Mpeiena, Mocie KOTOPoro
OHAa OCTAaeTCs IOYTH IIOCTOSHHOM 10 Temmeparypbl T;. DTOT yd4acTOK COOTBETCTBYET
BBICOKOXJIACTUYECKOMY JOCTOSHHIO IIOJIMMEpA, JIsI KOTOPOTO XapaKTEPHBI BBICOKHE, HO
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obpatumeie nedopmaruu. Takum oOpasom, B uHTepBasie oT 0 mo T, B momuMepe UMEIOT
MECTO MPAKTUYECKH TOJIBKO yHpyTue AeQopMaIiim.

Ha ydactke 2 wmartepman BeaeT ce0si KaK BBICOKOAJIACTUYHBIN PE3HMHOIOIO0OHBIN
matepuan. Eciau 3mech mpunate MaTepuany Kakyroo-m1ubo ¢opmy, TO COXpaHUTh €€ MOXKHO
TOJIKO TPU OXJIAKJEHUH, HE CHUMas Harpy3ku. OHaKo Mpy MOBTOPHOM HarpeBe Marepuall
MpPUMET NIEPBOHAYAIBHYIO (OpMY .

Vuacrok 3. Ilpu T, < T, HacTynaer Tak Ha3bIBAEMOE MCTHHHOE TEYECHHUE IIOJIUMEPA,

KOTOPBIN MEPEXOAUT B BI3KOTEKYU€€ COCTOSHHE, COMPOBOXKAAIOUIEECS PE3KUM YBEIUUECHUEM
aehopMalMi ¢ pOCTOM TEMIIEPATYPhI BIUIOTh 0 TEMIIEPATyphl pasinoxkeHus Tp, IpH KOTOpoit
(u BBIIIE) MaTepuan HeoOpaTUMoO u3MeHsieTcs. Ha 3ToM ydacTke maTepuain BeeT cedsi Kak
BBICOKOBSI3Kas )KUKOCTh. 37I6Ch UMEIOT MECTO TIOJTHOCTBIO HeoOpaTuMbIe 1e(hopMaIlvH.
Ha xadenpe Asrommact I'ocynuBepcutera — VYHIIK 1. Opén paspaboran crnocob
uzrotosynieanst [IBC (cm. pucynok 6, mareHt P® Ne2021062), B uactHoctu, [IBC u3
IJIaCTMACC, MO3BOJSIOIIMN TOBBICUTh MPOU3BOJUTENBHOCTh M CHU3HUTH TPYAOEMKOCTh
U3TOTOBJICHHUS, A TaK JK€ MMOBBICUTh KAYECTBO U3JIEIHM.
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Puc.6. Cxema yCTaHOBKH TSI U3TOTOBJICHHSI IPOCEUHO-BBITSDKHON CETKH M3 JTMCTOBOT'O MaTepHalia.
1 — "HenoaBUXKHAas IUINTA, 2 — MaTpULa, 3 — 3aroTOBKa, 4 — HANPABISIIOLINE, 5 — IPUKUM,
6 — POJUK-IIYaHCOH, 7 — PEXKYIIUE BBICTYIHI.

VYcraHoBka pabortaer ciemyrommM obOpa3zoMm. [lpenBapurenbHo Harperas [0
TeMIepaTypbl, Onu3koid K temmeparype T,  (CM. PUCYHOK 5) macTMaccoBas JHCTOBas
3aroTOBKa 3 TMOJAETCS B 3a30p MEXIY pAJaMu PEXKYIIMX BBICTYNOB 7 TmyaHCOHa O,
BBINIOJIHEHHOTO B BUJE IPUBOJHOIO POJMKA C PACHOJOKEHHBIMH IO €ro IOBEPXHOCTH B
IIAXMaTHOM TIOPSAKE MPU3MAaTHYECKMMM BBICTYIIAaMH, IIPH 3TOM pPOJIMK BPAILAETCSI C
MIOCTOSIHHOW  YTJIOBOH CKOpOCTBIO. BeIcTymbl, umeromue mpopunb 3y04aroro Hoxka,
NEPEMEIIAsCh, MMPOU3BOAAT IIPOCEUYKY-BBITSDKKY IEPBOIO psfa siueeK. 3aTeM IMPOU3BOIUTCS
nojaya IOJA CIEAYIOIMH pPsA PEXKYIIUX BBICTYNOB M IPOMCXOAUT IPOCEUKA-BBITSKKA
BTOPOTO PsAZla 32 CYET TOTO, YTO BBICTYIIBI PACIIONIOKEHBI B IIAXMAaTHOM IOPSIKE, TP 3TOM
STUEHKM TIPEIBIAYIIErO psiga MPUOOPETAI0OT OKOHYATENbHYI0 poMOOBUIHYIO (hopMy. 3a cyer
BBICOKOM TEIUIOOTJA4YM TEMIEpaTypa W3JeiHs IMOHMXKAECTCA, HUMEIOT MECTO IOJHOCTBIO
HeoOpaTHMbIe nedopMalni, U U3JeNue NPHoopeTaeT HeOOXOTUMYIO KECTKOCTb.

IIperyaraemele crocoObl MPOM3BOJCTBA MPOCEYHO-BBITSKHBIX M3JEIUN TO3BOJISIOT
HOBBICUTH NPOU3BOJAUTEIBHOCTh, KAU€CTBO, CHU3UTh TPYAOEMKOCTh M3TOTOBJIEHUS, OJHAKO,
OTKPBITBIMU OCTAlOTCSI BOMPOCHI 10 CKOPOCTU JAedopMaliy, CBOWCTBAM I'OTOBBIX H3JENUi,
3aBUCALIMM OT MHOTHX (AaKTOpOB, (PU3MUECKUX SBICHUH M MPOIECCOB, MPOUCXOJSAIINX
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BHYTpU 3aroTOBKM, a TaK >K€ Ha CBOOOJHBIX M KOHTAKTHBIX IOBEPXHOCTAX B XOJe€
COBEpILEHHS OTepaIHH.

Taxum 00pa3oM, ISl U3TOTOBIICHUS M3/IETHIA CTIOCOOOM MPOCEUKU-BBITSHKKH Hauboee
pallMOHATIBHBIM ~ CIOCOOOM ~ HEOOXOAWMBI  JIOTOJIHUTENIbHBIE  MCCIEJOBAaHUS,  Kak
TEOPETHUYECKHE, C HaAuOOJbIIEH BEPOSTHOCTHIO MOJCIUPYIONIME MPOLECC IMPOCEUKH-
BBITSDKKH, TaK U 3KCIIEPUMEHTAIIbHBIE, TOATBEPKIAAIOIIUE PE3YIbTaThl MOIEIMPOBAHUS.
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