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NCCJIEJOBAHUE BJIMSIHUSI CKOPOCTHBIX TAPAMETPOB
BOJIOYEHHUSA HA KAYECTBO ITPYKUHHOMU ITPOBOJIOKHN

HccnenoBaHo BIUSIHUSI CKOPOCTH BOJIOUCHUS HAa KQUECTBO MPYXKMHHOW MPOBOJIOKH.
IlokazaHo, YTO NPSAMOM BOJIOYEHHM HA MOBEPXHOCTU MPYNKHHHOH IPOBOJIOKH
muametpoM 2,20 MM u3 kataHku craimd 70-1 OAO «MM3» nmmamerpoMm 6,5 MM
BO3MOXKHO 00pa3oBaHME 3aKaJeHHOTO CIOS W MAapTeHCHTa, YTO CHIDKAeT
TEXHOJIOTHYHOCTh H3TOTOBJIEHHS MEOETBbHBIX MPYXXHH M MOXET IPHBOIUTh K HX
XPYHKOMY pa3pyIICHUIO.

NPYKUHHAsl NPOBOJIOKA, CKOPOCTh  BOJIOYEHMS, 3aKaJleHHbIN  CJIOH,
TEXHOJIOTHYHOCTH H3TOTOBJIEHHS

CoBpeMeHnHoOe cocTosiHHe Bompoca. [lepepaboTka KaTaHKH B TPOBOJIOKY
Ha COBPEMEHHBIX METH3HBIX MPEANPHATHIX OCYIIECTBISIETCS Ha CTaHax
MHOTOKPAaTHOTO BOJIOUEHHMS MPSIMOTOYHOTO THMA. Tak Kak Ul W3TOTOBIICHHS
NIPY’KUH TIPUMEHSAETCS BBICOKOIPOYHAsI BBICOKOYTJTIEPOAMCTAs MPOBOJIOKA, TO
TIpU ee TepepaboTke cymMmapHas aedopmMarus gocturaet oonee 90 %.

Ha kadecTBO NMpyXMHHOW IPOBOJIOKU CYIIECTBEHHOE BIIMSIHUE OKA3bIBAIOT
(axTophl, BO3HMKAIOIIHME B Tpolecce NepepabOTKH KaTaHKH Ha METH3HBIX
OpenpusaTuiIX. B CBI3M ¢ O3TUM TPENCTaBIATIO MHTEpeC IPOBECTH
UCCIICIOBaHUE BIIMSAHUS CKOPOCTHBIX IapaMeTPOB BOJOYEHHUS Ha KadyecTBO
MIPY’)KUHHOW TIPOBOJIOKH, a Takxke (HaKTOpOB, BIMSIOIMX Ha OOpa3oBaHHE
MTOBEPXHOCTHBIX 1e()EKTOB IPH CBUBKE NPYXHH ThMa bonnell.

B mnpomecce BomodeHus u3-3a HapyLIeHUs MOJAaYM CMa3Kd B ouar
nedopmanmy MeXIy HOBEPXHOCTSIMU BOJIOKH M ITPOBOJIOKH PE3KO BO3pPAcTaeT
CHjla TPEHUs, B pe3yjbTaTe 4ero MPOHMCXOIUT pa3orpeB IMOBEPXHOCTEH, Kak
TIPOBOJIOKH, TaK W BOJOKH. VIHOTZa pa3orpeB DOCTUTACT TaKWX TEMIIEPaTyp,
YTO B pe3ydbTaTe Ha MOBEPXHOCTH NPYXHMHHOH MPOBOJIIOKH 00pa3yroTcs
3aKaJeHHblE (MapTCHCUTHBIE) CTPYKTYPbl, TaK Ha3blBa€MbI IIOAKAI.
OO0pa3zoBaHue TOJKala PEe3KO CHIDKAeT MEXaHWYeCKHE U TEXHOJIOTMUYECKUE
CBOICTBA NPY>KUHHOM IPOBOJIOKHU.

B ycnoBusx npennpustus OOO «bycom» MpH BOJOYEHUM KaTaHKU W3
ctaimu Mapku 70-1 (mpousBomurens — OAO «MoONIaBCKUH METaLTyprHUYCCKHA
3aBOJ») IUaMeTpoM 6,5 MM Ha JuaMeTp IPOBOJIOKH 2,2 MM Ha HENPEPHIBHOM
BosounabHOM crane ¢upmbl Koch (ckopocts Bosmouenust — 12 m/c, cMmaska
TRAXIT) BO3HHKIN CIy49an OOPHIBHOCTH IIPOBOJIOKM B TIPOMEKYTOUHBIX
quaMeTpax. XuMHudeckuii coctaB karaHku, %: C — 0,728; Mn — 0,567; Si —
0,1694; P — 0,0073; S — 0,0060; Cr — 0,0298; Ni — 0,0664; Cu — 0,1304; N, —
0,093.

OcHOBHBbIe pe3yJbTaThl MccleJoBaHMil. B pesynpraTe mpoBeneHHBIX
HCCIEIOBAaHUHA B TIOMEPEYHBIX M MPOJONBHBIX CEUCHUSX HCCIETyEeMbIX
00pa3ioB HaOIIOAAICS MOBEPXHOCTHBIN Cioi (puc.l u 2), MUKPOCTPYKTypa
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KOTOPOTO OTJIMYAETCSl OT CTPYKTYPBI OCTAILHOTO MeTajla W IPeJCTaBIsLIa
c000M MapTeHCHT TPEHHs, KOTOPBI BO3HUKAET M3-3a «CyXoro» (0e3 cMmasku)
TPEHUs] MKy MOBEPXHOCTSMH IMPOBOJIOKM M BOJIOKM B ouare JaedopMariuu,
YTO CHayaja MPUBOTUT K CYLIECTBEHHOMY Pa30rpeBy MeTamia, a 3ateM (mpu
BBIXOJI€ U3 ouara gehopMaIim) — K MOAKasT

x50 x 500

Puc. 1. MapTeHCHUT Ha HOBEPXHOCTH NMPOBOJIOKH B 30HE U3JI0Ma

Puc. 2. MapTeHCHT Ha TOBEPXHOCTH ITPOBOJIOKH BHE 30HBI U3JIOMa

Takum o0Opa3zoM, Jjsi Tpollecca BOJIOYCHHUS] TEMIIEPATYPHBIA (HakTop
SIBIIIETCSI OTHUM W3 OCHOBHBIX, OTIPENEISIONINM KaK TEXHUKO-KOHOMHYECKUE
MMOKa3aTeN TIPOW3BOJCTBA, TaK M KAauyeCTBO TOTOBOW mpoxaykmmu [1].
OcoOeHHOCTh ITpollecca BOJIOYEHHSI COCTOMT B TOM, YTO B CpPaBHHUTEIBHO
MaJioM o0beMe ouara JeopManud BBIIENSETCS OOJBIIOE KOJIMYECTBO
TeII0THl. Macca HHCTPYMEHTA IO CPaBHEHHIO ¢ KOJIMYECTBOM MIPOTIATUBAEMOT0
MeTa/la He3HAYUTEIbHA, TEIUIOOTBOJ Yepe3 MHCTPYMEHT 3aTPYJHEH M 9acTo
HEYIOBJICTBOPUTENIECH, IOATOMY Mpeo0diaaroniee KOJMIECTBO BBIISIUBILIECHCS
TermoTel mopsinka 90% yHocutcs ¢ mertauioMm. [lpu sTom Temmeparypa
MeTa/Ula 3HAYMTENFHO TIOBBIMIACTCS, YTO OOYCIIOBIMBaeT IOSIBIICHHE
OTpHUIATENBHEIX TochencTBuid [1]. C TOYKM 3peHHS TEXHOJIOTHH BOJIOYCHHS
TTOBBIIIICHHE TEMIEPATYPhl MPUBOJUT K W3MEHEHHIO PEONIOTHYECKUX CBOMCTB
CMa3KH, yXYIIICHUIO YCIOBHH MPOXOXIEHUs ee uepe3 ouar aedopmaiuw,
YaCTUYHOMY BBITOPAHHUIO, a TAK)KE M3MEHEHHUIO CBOMCTB MOJCMAa309HOTO CIIOSI.
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C TOYKM 3peHUs] KayecTBa IPOBOJIOKH IOBBINICHHBIH TEMIIEpaTypHBIA (OH
BBI3bIBAET UHTEHCUBHOE Pa3BUTHE MPOLIECCOB IMHAMUYECKOTO U CTATUYECKOTO
CTapeHMsl, OTBETCTBEHHBIX 3a IOBBIIICHHE CONPOTHBIECHUS nedopmanuu W
CHIDKEHHE TUIACTUYHOCTH, a NPH TeMIepaType MOBEPXHOCTHOTO CJIOS MeTajlia
> Ay (~ 727 °C) BosHukaer sBieHMe mnojkama. I103TOMY KOHTPOIb
TEMIIEpaTypbl M €€ OrpaHHueHHe — O0s3aTeNbHbIE YCIOBHA IIpolecca
BOJIOYEHUs. TemIiiepaTypa, BO3HHKAIOIIAs B oyare JIe(OopMamny, 3aBUCHT OT
clleyonmx (hakTOpOB: JUaMeTpa NPOTATHBAEMOTO MaTepHana, HMPOYHOCTH
MeTayla, YacTHBIX OOXKaTWi, CKOPOCTH BOJIOUCHHMS, YCIOBHH TpeHHs Ha
KOHTaKTHBIX IOBEPXHOCTSX.

VYcnoBusl TEMIO0TBOAA, TEIUIOEMKOCTh METalIa M psil Ipyrux (pakTopoB
(ucxomHasi TemIiepaTypa, TeMIIepaTypa OKpYXKalolled cpelbl, KpaTHOCTh
BOJIOYEHHSI M T. II.) MOTYT BHECTH CYUIECTBEHHbIE WU3MEHEHHS B KOHEUHYIO
TeMIepaTypy HarpeBa Meramia. MapTeHCUT TpeHHs (IOJKan) MPUBOAUT K
OOpBIBHOCTH TIPOBOJIOKU TIPH €€ BOJIOYEHHH, CHIKAET KaK TEXHOJIOTMYHOCTh
W3TOTOBJICHHUST M3 TaKOW IPOBOJIOKM TMPYXKHH, TaK M HKCIUIyaTal[lOHHBIE
cBoiicTBa npyxuH. [Ipn nccnenoBanny KadecTBa NPy XUHHBIX OiokoB bonnell
(puc.3), N3rOTOBIICHHBIX W3 MPYXHH C MOBEPXHOCTHBIM IOJKAJIOM IPOBOJIOKH
ObuT0 OOHApy)KeHO, dYTO pa3pylmIeHHe NPYXHH IPOUCXOAMIO XPYIIKO C
XapaKTepHBIM H3JI0MOM MpoBostokH (Puc. 4).

@ 2,20 mm

Puc. 4. BuewmHuit BHJI XPYIKOr'0 pa3pyILlEHUs IPY>KUH U3 IPOBOJIOKHU
JnuameTpoM 2,20 Mm.

MuKpoaHaan3 MPOBOJIOKK OT PA3pyIICHHBIX MPYKHH TOKAa3al HaJIWIHe
moJIKaja B MOBEPXHOCTHBIX ciosx riyoumHor 0,0033...0,0050 mm (puc.5, a).
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Ilogkan Ha MOBEPXHOCTU MPOBOJOKH BO3HUKAECT B OJHOM M3 BOJOK BO BpeMs
BOJIOYEHUs. Tak Kak MOAKaJICHHBII MOBEPXHOCTHBIN COH SABIAETCS XPYIKUM,
TO TIpH OOXATHHM IPOBOJIOKH B IIOCIIENYIONIEH BOJOKE OH pa3pylaceTcs |
MIPUBOIUT K OOpa30BaHUIO NPOJONBHBIX ITOBEPXHOCTHBIX MHKPOTPEIIHH
(puc.5, 6). B nanpHeiimem, mpu 3KCIUTyaTaldy MPY>KUH, 3TH MUKPOTPEIHHBI,
SIBISSICH  KOHIIGHTPATOpaMH HANpsDKEHHH pPa3BUBAIOTCS B MAaKpOTPEIIMHBI,
UAYIIMEe OT IIOBEPXHOCTH BIIyOb METaUla, YTO IPHBOIUT K XPYIKOMY

B
Puc. 5. MukpocTpyKTypa XpyIKo pa3pyleHHON NpoBosIokH auaM. 2,20 MM: a,
6 —x400; 8 —x100

[IpencraBnsuio MHTEpec ONpenesuTh pabodhe CKOPOCTH BOJOYHIEHOTO
crana Koch, mpm KoTOpeIX HaunHAeT OOpPa30OBBHIBATHCS MAapPTCHCHUTHAS
CTPYKTypa Ha IOBEPXHOCTH NPOBOJOKH. M3BecTHO [2], 9TO oONTHUMaimbHAas
CKOPOCTh BOJIOYEHHS 3aBHCHT OT JIUHAMETpa NPOBOJOKA H ee Iperena
MPOYHOCTH. BakHyI0 pONb MpH BBIOOPE CKOPOCTH BOJIOUEHHS] HWIPAET THII
ncnoasp3dyeMoit cmasku. B ycmosmsax OOO «bycom» kaTaskKy amam. 6,5 MM u3
ctamu 70-1 B mpoBosioky auamerpoM 2,20 MM Bojoumnu Ha cMmazke TRAXIT
pa3nuuHBIX MoaudUKaIMii co CKOPOCTHIO BojoueHus 8 u 9 m/c. MccnenoBanue
MHUKpPOCTPYKTYpBI TOKa3ajo, 4TO IpH CKOPOCTH BoOJOYeHHs 9 m/c Ha
MOBEPXHOCTH IPOBOJOKH BO3HHMKAeT TMOJKaJl. JTO HEraTHBHOE SBICHHE
yIAJIOCh YCTPaHHUTh MOCJE YCTAHOBKH JIOTIOJHHUTEIBHOM BOJIOKH JHAMETPOM
2,28 MM.
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BriBOaBI

[Ipu mpou3BOACTBE MPSAMBIM BOJIOYCHHEM NPY>KUHHOI MPOBOJIOKH IHAM.
2,20 mm u3 karanku cramu 70-1 OAO «MM3» auamerpom 6,5 MM Ha
TTOBEPXHOCTH TPOBOJIOKK BO3MOYKHO 00pa3oBaHKE MO/IKaNa B BHJIE MapTEHCUTA
TPEeHUs, KOTOPBIA CHMXKAET TEXHOJIOTMYHOCTH H3TOTOBJIEHUS IPOBOJIOKU H
MeOeNBHBIX IPYXKHH, a TAKXKE U IKCIUTyaTal[IOHHbBIE CBOMCTBA MPY>KUH.

Xpynkoe paspymeHne TPYXHH TPOUCXOAWT B Ppe3yJbTaTe pPasBHUTHSA
MIPOIOTIBHBIX MHKPOTPEINNH, BO3HHUKIINX Ha ITOBEPXHOCTH ITPOBOJIOKH H3-32
00pa3oBaHMs MOJKAJA B IIPOIECCE BOJMIOYECHUS.

B 3aBHCHMOCTH OT CE30HHBIX KOJEeOaHWHA TeMIIepaTyphl OKpY’Karomen
cpenbl U Apyrux (pakTopoB (YCTaHOBKAa WM OTCYTCTBUE JOTIOJHHTEIHHOMN
BOJIOKH) CKOPOCTH BOJIOUEHMS MPOBOJIOKH, IIPU KOTOPOH oOpa3yercs MojKali,
MOXeT npeBbimath 11 M/c, a MoxkeT ObITh OrpaHHYeHa 9 M/c.

Hannune mnopkama Ha MOBEPXHOCTH IIPOBOJIOKM MOXHO OIPEAEIUTh
BU3YaJBHO MO TOSBICHUIO METAJUINYECKOTO Oecka.

1.  Kpacumrvwuxoe P.b. JlepopMaunoHHBI HarpeB ¥  NPOU3BOJUTEIBHOCTH
BOJIOUHIIBHOTO 0oOopynoBanus / P.b.Kpacunpmukos. — M. : Metamnyrpus, 1970. —
168 c.

2.  Koxosuxun FO.M.  TexHONOTWs  CTaleNpOBOJIOYHOTO  IPOM3BOJACTBA  /
10.U.KokoBuxun. — Kues, 1995. — 608 c.

Cmambus pekomeH008aHa K neyamu
dokm.mexu.nayk, npog. I.B.Jlesuenxo

B.B.Ilapycos, E.B.Il1apycos, JI.B.Carypa, A.I.CiBak

JocailzkeHHs] BIUVIMBY IIBUAKICHMX mapaMeTpiB BOJIOYiHHS Ha SKiCTh
NPYKUHHOT'O APOTY

JlocnmijpkeHO BIUIMB IIBHAKOCTI BOJIOYIHHS HA SIKICTh HPYXHHHOTO JAPOTY.
INoka3zano, 1110 IIpH NPSIMOMY BOJIOYIHHI Ha MOBEPXHI MPY>KHHHOTO APOTY AiaMeTpoM 2,2
MM 3 karauku crtaimi 70-1 BAT «MM3» niamerpom 6,5 MM MOXJIHMBO YTBOPEHHS
3arapTOBaHOrO MPOIIAPKY T4 MapTEHCHUTY, IO 3HMKY€E TEXHOJIOIIYHICTh BUTOTOBJICHHS
MeOIeBUX MPY)KUH Ta MOXKE TIPU3BECTH [0 iX XPUIIKOTO PyHHYBaHHS.
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