84 I0.I. I'ypeBuu

TEXHOJOI'ust MAITMUHOCTPOEHMU S

YK 669.131.621.765.6

I0.T'. I'ypeBny

H3HOCOCTOMWKHE JIETAJIA W3 TIOPOIIKOBOM CTAJIHA

Lesr padoThl HCIONB30BATH KOHTaKTHOE (9IB-
TEKTHYeCKOE) IUIAaBIeHHE [JI1 HaHeCEeHHsA Oe3IopHC-
TOTO CJIOsI Oenoro 4yryHa Ha JETalM U3 IOPHCTOMH
MOPOLIKOBOI cTamu A1t uX paboThl B YCIOBHAX Tpe-
HMSL M U3HOCA

H3BecTHO, 4TO OJHHMM H3 JIydIIHX MaTepHAJIOB,
paboTalolHUX B YCIOBHAX TPEHHA, ABIAETCA OEIbIil
4yTYH, KOTOpBIH 00nanaeT HU3KHUM KOIDPHIHCHTOM
TPEHUSI H BBICOKOH H3HOCOCTOMKOCTBIO [1].

IMosromy merans u3 denore 4yryHa, paboraromas
B YCIOBHSX TpeHHUs, 00IajaeT He TOIBKO MOBBIMICH-
HOH M3HOCOCTOMKOCTBIO, HO M 3((EKTHBHBEIM BHIOM
H3HAIIMBAHHA.

BMecTo W3HAIIMBaHUA, CO CXBAaTbIBAHUEM, KOTO-
poe yacto HaO/onaercs nNpH paboTe cTalbHBIX JAeTa-
neH, HabnronaeTcst aOpa3sHBHOEC M3HAIIMBAHHE [PU
TpeHuu geraneit u3 Gemoro uyryna. Takue cBoiicTBa
Gesloro uyryHa oOycJIOBIEHB! BBICOKOIlI TBEpAOCTHIO
TeAeOypHTHOH BTEKTHKH, a Takke HalW4HeM KapOu-
J0B (LIEMEHTHTA) B CTPYKTYPE 3a3BTCKTOMJHOTO 4y-
r'yHa.

Pe3yabTaThl HCCIeJOBAHMS H X 00CYIK/IeHHE
YyryH ¢ nenedypUTHOH CTPYKTYpOil MOXKeT ObITh
MOJIydyeH JAByMs crHocodaMu: OTOEIOM COOTBETCT-
BYIOIIMX 30H JIeTallil B Npollecce ¢ OTIMBKH H METO-
JI0M MECTHOTO 3BTEKTHUYECKOro (KOHTAKTHOIO) I11aB-
neHus [2].
Hccnenosanus nokasand, 9ro 00a BapHaHTa Jie-

NeOypHTHOH CTPYKTYphl HMEIOT OJHHAKOBYIO pado-
TocnocodHoCTh [3].

Mexay TeM, CIoco0d MECTHOrO 3BTEKTHYECKOrO
[UIABICHUA MMeEeT IPEUMYIIEeCTBa, COCTOALIHE B
Gonbieid TOYHOCTH M CTaOMIBHOCTH PE3YNIbTATOB,
CYLIECTBEHHO OOJIbIIeH IPOH3BOAHTEIBHOCTH, BO3-
MOKHOCTH aBTOMAaTH3aLKUH [IPOU3BOJICTBA U MeHbIIel
CTOUMOCTH 00pabOTaHHBIX ITUM METOIOM JIeTaleH.

Paspaboranuelii  cnoco®  9NEKTPOKOHTAKTHOIL
XUMHKO-TepMHuyeckoii oOpaborku (DKXTO) nera-
Jedl W3 NOPHUCTHIX HOPOIIKOBLIX CTallel, B pe3yibTare
KOTOpOH Ha MX MOBEPXHOCTH oOpasyercs cioil Gerno-
ro 4yryHa, MpocT, HAaJEKEH W MO3BOoNsAeT (hOopMHpPO-
BaTh IJIOTHBIE, OECHOPUCTBIE H3HOCOCTOHKHE [0-
KPBITHSI, XOPOLIO CLEILISIEMbIE C OCHOBHBIM METaIlJIOM
[4,5].

Ha nopepxHoCTh jeTanM M3 NOPUCTOH  cranu
HAHOCHTCA IpadUMTOBBIH MOPOLIOK, IIOCIIE Yero K Hel
NPHKUMAETCS POJIHMK- DIEKTPOJ H IPOIyCKaercs
aneKTpHuecKuii Tok (puc.l).

Takum oOpa3oM, B Ka4eCTBE KOHTAKTa HCIIOJNb-
3yercsi coeMHEHHMe aeTanb-rpadur. B pesynbrate
HarpeBa KOHTaKTa 10 1200°C Bo3HHKaeT 3BTEKTUYE-
CcKOe (KOHTAKTHOE) IUIABJICHHE CHCTEMBI Kelle30-
rpauT U Ha MOBEPXHOCTH CTAJIBHON JIeTanu obpasy-
eTcs Karisd JKHAKOTO YyryHa, KoTopas u3-3a ObicTpo-
ro OXJaXJIeHUs oTOenuBaeTcs (puc.2).

PacueTsl M sKcIEpHMEHTH! IIOKa3alld, YTO CKO-
POCTh OXJIaKIeHHA cocTasisger Gonee, vem 1000 °C/le
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Puc. I Cxema 31eKmpoKOHMAKmHO20 Hazpesa
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Puc. 2 Cnoii 6enozo uyeyna, na cmanu, no-
nydennvle

[6]. U3meHsA NIOTHOCTH TOKA H CKOPOCTh JBHIKEHHS
pOJHKa-3JIeKTpoia  MO#kHO, B pesyinbrate DKXTO,
MOIYYaTh CIOH JI0IBTEKTHYECKOr0, IBTEKTHUECKOrO 1
3a9BTEKTHYECKOro 4yryHa (puc. 3).

Kpome nocTaToyHO BBICOKOH MPOHU3BOAUTENLHO-
CTH, MpejjaragMelii cnocod HaHeCeHHs H3HOCOCTOH-
KOT'O MOKPBITHSI HMEET CIIEAYIOIIUE MPEUMYILECTRA:

- Hpolecc HAHECEeHMs clIosA Oeloro 4yryHa Ha
CTanbHYK noeepxHocTb MerogoM IKXTO cpasnu-
TEJIBHO JIErKO NOJAaeTCs aBTOMAaTH3al11;

- paspaboranneii nponecc DKXTO ycrpanser
MOBEPXHOCTHYIO TIOPHCTOCTh JIETANEH, CICUEHHBIX U3
MOPOIIKOBBIX CTaleH, 4TO BECbMa CHJIBHO MOBBIIIAET
HX U3HOCOCTOMKOCTD.
memodom IKXTO X 200.

Cnou 6enoro uyryHa HaHOCHIH Ha crans I11K60,
TIK7043 w [IK100/J1. Crans TTK60, nmotHocthio 6,6
r/em3, coznepxkana 0,56% yrnepoaa. MUKpOCTPYKTY-
pa -.45 % deppura, BKIIOUEHUS LeMeHTHTA 1-2 Oan-

Puc. 3 Pexcumor DKTXO, cnoco%cméyiomu.e 06pazosanuio

benozo HYy2YHa pa3iuiHoco cocmas

na wkanel 5 I'OCT 8233-56, ocranbHOE NEPIHUT.
Teepaocte 100-120 HB Crans ITK70/13 minoTHOCTEIO
7,0 t/em3 copepxana yriuepoga 0,81-0,90 %, menu
2,77-2,87 %, Muxkpoctpykrypa - 10-15 % deppura,
BriaroueHusa uementura 1 0ar mkaner 5 TOCT 8233-
56, ocranbHoe nepiut. TBeprocts 135-150 HB.

Crane TIKG60 wuccrnepoanack nocne 3KXTO no
pexumy, obecrneumBaromeMy obOpazoBaHus Oenoro
YyryHa 9BTEKTHYECKOro coctasa. benblif uyryn umen
CTPYKTYPY TOHKOAUCIIEPCHOH ABTEKTHKH, NMOJ HHUM
nepexonnas 3ona (I13) rtomumuoi 40-50 MKwM,
HMEKILAs CTPYKTYPY MapTEHCHTa (CONIep:KaHue yr-
nepona ~1 %) ¢ BKIIOUEHHUAMH LeMEHTHTa. MHUKpO-
TBepAocTb 3Toi 30HHI - 5000 MIla. [Janee - 30Ha xu-
MHKO- Tepmudeckoro Biausanus (XTB) rinybunoii 200
MKM.

Crans [TK70/13 uccnenoBanack mociie HanjaaBie-
HUS KaK DBTEKTHYECKOTO, TaK U 3aIBTEKTHYECKOIro
yyryHa (puc.4).

Puc. 4-Cnou ssmexmuyeckozo (a) u zazemexmuyeckoeo () 6enozo 4wyeyHa HA NOPOWKOBOU CINAIU

TIK7043, x 200.
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U B TOM, U B IPYroM ciaydae B ICPEXOJHOH 30HE
Ha0II0aeTcs BBICOKOYINIEPOAUCTEIH (CBET/ble y4a-
CTKH) H HM3KOYIJIEPOJHMCTHIH (TeMHbIE Y4aCTKH) Map-
TEHCHUT, YTO MOMKHO OOBACHUTb HEOAHOPOAHOCTBIO
IOPOLIKOBOH cTand. MHKPOTBEpLOCTb MAlOYIIepo-
jquctoro maprencura 5000 MIla, Bricokoyriepogu-
croro - 7000 MIla. B 6onee riaybokux cnosix Map-
TEHCHT NePEXOJHT B ePIMTHYIO CIPYKTYpY.

3oHa XMMHKO-TEPMHYECKOI0 BIHMAHHA, KaK H Ile-
pexoiHas 30Ha, CHOCOOHA HAaNEKHO, YIEPKHBATh
H3HOCOCTOHKHMH Oe3mopHcThIii ci1oii Oenoro 4yryHa
H NPUHUMATbL COKHMAOLIME HATPY3KH B YCIOBHAX
C3KATHA H TPEHHUH

Jlopo:KKH ~ 3JIEKTPOKOHTAKTHOTO  YHPOYHEHHA
HMCIOT TpyOyI0 IICPOXOBATYI0 IMOBEPXHOCTh U IO
BHEILIHEMY BHIY HAIOMUHAIOT, KaK U HOCIE a3epHoi
00paboTku, cBapounble wBbl. lllupuna nopoxku 2-
5 mm, rirybuna go 1,0 mum (puc.5-a.). Jus nonyuenus
HEOOXOJMMOTO KauecTBa  TIOBEPXHOCTH ee HaJo
mngoBath (pue.5-6).

B T1abn.2 npuBeneHb! JaHHbIE, OKA3BIBAIOLIHE
HEeoOXonuMylo Ii1yOuny WIHQOBKH I[OBEPXHOCTH
w3aenuit nocne IKXTO.

MHorue y3abl TPEHHS HEOOXOAUMO H3rOTABIH-
BaTh C BBICOKMMH TPHOOTEXHHYECKHMH XapaKTepH-
CTUKAMH TOBEPXHOCTHBIX CJIOCB KOHTAKTHPYIOLIHX
deraneil. [lo cux nop H3fenHs U3 IOPOLIKOBBIX CTa-
JeH He MOIJIM YIOBICTBOPSTH 3TUM TpeOOBaHHAM U

6
Puc.5 Hosepxnocme demaneii uz nopowrogex cmaneit IIK60 u ITK10043:  a - nocie 3KXTO; 6 - nocne
wiauosKu.

MO3TOMY METO/bl THOPOLIKOBOI METAaLIypruM JUis
MOoNyYeHus JeTanei, paboTalomuUX HAa M3HOC, PellH-
TEJIbHO OTBEPraJllucCh.

B03MOXKHOCTE 3HAYMTENBHO PACIIHPHTE HOMEHK-
JaTypy NOPOIIKOBBIX W3JENUil IpU YCIOBHH MpHMe-
HEHHS CPAaBHHTEIbHO IPOCTOrO BBHICOKOTIPOHM3BOIH-
TETLHOTO H JICHICBOTO crocoba HaHeCEeHHs TOBEPXHO-
CTHOI'0 HM3HOCOCTOMKOIO IIOKPBITUS HE BBI3BIBACT CO-
MHEHHI.

H3HocOCTOHKHI MOBEPXHOCTHBIH CJIOH Ha H3jle-
JHUAX JAeT BO3MOXKHOCTh TPOM3BOJAUTHE METOAAMHU
MOPOLIKOBOI METaIypruM HeMaso JeTtaneid uis
LIBEHOH, TEeKCTWILHOH M OOYBHOH INPOMBIIUICHHO-
CTH, Ileé NPHMEHAIOTCA MAaIlMHBI, HMEIOIUE 10CTa-
TOYHO MHOTO MEIKHX JeTayei, paboTaroumux ¢ He-
OONIBITMMH HArpy3KaMH B YCIOBHAX CYXOro TPeHUS U
H3HOCA.

IIponecc uzHamMBaHUA JeTanel 3aBUCHT OT MHO-
rux (aKkTopoB, K KOTOPLIM B MEPBYIO O4Yepelsb Clely-
eT OTHEeCTH: codeTaHue (PU3MKO-MEXaHHUYECKUX
CBOWCTB TPYIIMXCS MaTEpHANIOB; CKOPOCTb HX OTHO-
CUTEIBHOIO IepeMeLIeHus; YIeJIbHOE JaBIICHHE;
cMasKa.

KonnuecTBeHHOE COOTHOLIEHHE 3TUX W JIPYIHX
(akTOpOB omnpeAenser xapakTtep H3Hoca. B To xe
BpeMS B JII0OBIX YCIOBHAX TPEHHS CYIIECTBYET IPO-
Lecc, IPOTeKAIIUA ¢ HAaHOObILEeH CKOPOCThIO, OH U
ornpenensier Bux u3Hoca [7].
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Tabmuua 1. IlpoussoaurensHocts npouecca DKXTO

Nn.n. | Juamerp ponuka- Tonuuua CxopocTb nepe- [lupuna | IIpou3BOAUTENLHOCTD,
3JEKTPO/A, posmKa- MELISHHS TICK- Ba, CM em’/e
cM INEKTPOJA, CM TpOJIa, CM/C
1 8.0 0.2 0.45 0.3 0.135
2 8.0 0.3 0.45 0.4 0.180
3 10.0 0.2 0.15 0.3 0.045
4 10.0 0.3 0.15 0.4 0.060
5 10.0 0.2 0.08 0.3 0.024
6 10.0 0.3 0.08 0.4 0.032
7 9.0 0.2 0.06 0.3 0.018
8 10.0 0.2 0.045 0.4 0.018
Tabmnuua 2. TonuuHa ciios 6e10ro 4yryHa nocsie mian(oBKH
N .o Tonmmua citost 4yryHa Tommumua OTHUTH(DOBAHHO- TommHa clost 4yryHa
nociie DKXTO, mm roclosi , MM rnocie UM OBKH, MM
1 0.1 0.05 0.05
2 02 0.06 0.14
3 0.3 0.05 0.05
4 0.5 0.15 0.35
5 0.8 0.26 0.54
6 1.0 0.42 0.58
7 155 0.60 0.90
8 2.0 0.65 1.35
Tabmana 3. CpeHuii M3HOC MaTEPHATIOB
H3noc, r
Marepuan — [Mpumeuanue
Cyxoe TpeHue Tpenue co cMaszkoii
TTK60 0.270 0.008 O6pa3is! u3cTanu
Crt.45 0,250 0.006 ITK60 ¢ nopuctocTbio
P6MS5 0.060 0.0015 7-12: nponuTaHbI-
[TK60 ¢ nokpeITHEM 0.045 0.0008 Maciaom
Tabnuua 4. V3HoC ONBITHRIX 00pa3LOB
Marepuan Yaenvnas pabota usnoca o, Ji3/mr
Ct1.45 oTOAGKCHHAS 3.26 +0.64
Ct.45 3aKkaneHHas 3.72+0.18
Crt.45 nokpeitas OesbiM yyryHOM (Iuiomans mokpsitist 50%) 6.41+0.17
Ct.45 nokpeiTas OeJIbIM YyryHOM (TLI0MIans MOKPBITHS 25%) 5.39+0.16
Xpomuctelit uyryn *2.8%C; 14.7 %Cr) 6.38+£0.27

B uccrnenopanusax M.M. Xpymiesa 1 M.A. baou-
yeBa YCTAHOBJIEHA JIMHeHHas 3aBHUCHMOCTb MeXay
YBEIIMUCHHEM OTHOCUTEILHOM H3HOCOCTOWKOCTH H
TBEPAOCTHIO PA3NMYHBIX MAaTEpHATIOB W  CIJIABOB,
[IpUYEM I[IOBLILIIEHHE H3HOCOCTOMKOCTH CB3aHO C
yBeﬂlfll{eHlfleM TBepﬂOCTl/l H CHHXXECHHEM INIACTHYHO-
CTH MOBEPXHOCTHOTO cjos. C Apyroil CTOPOHBI, €CThb
JAHHBIC, YTO MPHMCHEHHE OOPUPOBAHHA WIIH CHIIH-
IMPOBaHUs NpU padoTe Jeraneil NoJ 1aBJICHHEM He-
2 QeKTHBHO, TOCKONBKY HPHBOIUT K YBEJIHYCHHIO
M3HOCa 0€3 MOBBIMIEHHS TPOU3BOIUTETHLHOCTH.

YceTaHoBIICHO, UTO OeNbli UYTYH ABISCTCS CJWH-
CTBEHHBIM MaTepHanioM, KOTOPBIH NPH JIIOOBIX ycio-
BUSX COXpaHsfeT MMEHHO a0pa3HBHBINA, a He alaresu-

OHHBIH XapaKTep U3HOCA, TO €CTh MPH PadoTe JAeTaNlH
HE [POHCXOJIMUT CXBAaTbIBaHHA.. TaKOdl Xapakrep H3-
HOCa ABJIACTCA HauOoJiee OJIAronpHATHBIM, YJIOBIIC-
TBOPSIIONIMM MPEbABISAEMbIM TpeOOBaHHAM IPH pa-
00Te B YCIOBHAX TPEHU IO AABJICHHEM.

Bonslroe npenmyniectso 0enoro 4yryHa mpu pa-
00oTe B YCIOBMSIX CYXOro TpeHUs W abpa3sHBHOTO H3-
HOCA COCTOMT TaKiKe B TOM, YTO OH NPH MOBBINICHUH
TEMMNEpPaTypbl OH HE UCHBITHIBACT OTIYCKA M HE Teps-
€T H3HOCOCTOMKOCTH B OTJIMYME OT 3aKaJeHHOH cTa-
JIH.

HcenbiTaHus Ha U3HOCOCTOHKOCTH 00Opa3loB Mpo-
Boguin Ha MamiuHe TpeHus 2070 CMT-1 no cxeme
"Ban - Bkiaabim". MaccoBblli H3HOC Ompenessics y
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BKJajblllla, B3BEIIUBaHHE IIPOM3BOAMUIM Ha Becax
AJIB-200 ¢ touHoctbio u3Mmepenus go 0,1 mr. Ilo
BECOBOMY U3HOCY ONPEAEISIM HHTEHCHBHOCTL U3HA-
muBaHug [8].

Hccenenosaack HHTEHCHBHOCTB H3HOCA 00pa3LoB
B 3aBHCHUMOCTH OT NyTH TpeHHMs M3 crajeil 45 u
P6M35, 3akaneHHBIX HA MAapTEHCHT; MOPOLIKOBOH CcTa-
au [1IK60 no u nocne nokpbitus OenbIM YyTyHOM.
Bai, no xoropoMy Tepcsi BKIaiblll, ObLI clieslaH U3
orosoxeHHOH crtanu 18XH3A. 3a nHawano orcuera
BHIOUpaTH BpeMs CTa0MWIN3AIHY TIpoLecca TPEHUs 1O
BCEM 4eThIpeM MaTtepuanam. Pe3ynbTaThl cpegHero
n3Hoca BKJIaabima Ha nyTd TpeHus 11000 m npen-
craBiieH B Tadu. 3..

Kak crneayer u3 npuBeJCHHBIX JAHHBIX, CPeHHIH
usHoc obpasuos u3 cramu I1K60, nokpertoit H6embim
YYT'YHOM, B YCIOBHAX CYXOTO TpeHHs B 6 pa3 HuUKe,
yem y ctanu [TK60 , B 5,5 pasza - uem y cranu 45, B
1,3 - yuem y cranu P6MS. B ycnoBusx TpeHHUs cO
cMa3Koil cpenuuii usnoc odpasuos u3 I[IK60 nocne
OKXTO B 10 pa3 Huxe, 4em y ctanu [IK60 Heynpou-
HEHHOH , B 7,5 pa3 - ueM y ctanu 45 u B 1,9 pasa -
yem y P6MS.

OpHolt U3 caMbIX OOBEKTHBHBIX XapaKTePUCTHK
MmaTepuana sBIseTcs yJelnbHas pabora ero u3Hoca
(a), onpenensemMas BeTHYWHOH padOTHI A, 3aTpavu-
BaeMOll Ha YMEHbLIEHHE €JUHHLBI MAacchl H3HALIM-
BaeMoro obpasna. AOpasuBHBIH U3HOC 00pasLoB O1-

penessiiacs Ha YCTAHOBKE 11 UCHBITAHUA MaTepHa-
JIOB.

H3mepeHue yaenbHO paboThl M3HOCA OMBITHBIX
o0pasuos u3 cranu [TK60 HeynpounerHoit u u3 [TK60
nocine DKXTO npousBoaunoch UCTHpaHUEM HccTe-
ayemod mosepxHocTH 1o abpasuBHoM nenrte. Cxo-
pOCTH MPOTATHBaHMs a0pa3MBHOMN JIEHTHI Haja 00pas-
LAMM [OJACpPKUBANACh MOCTOSHHOW M COCTaBIsNA
0,015 m/c.

PesynbraThl HCOBITAHUH IIpeACTABICHLL B TA0M. 4.

BriBO1BI

1. Pa3pabotaH cpaBHHTENIEHO IIPOCTOM IIpoLece
MOKPBITUS MOBEPXHOCTH JeraneH U3 TOPUCTOH mno-
POLIKOBO# cTaimu OeCIOPUCTBIM U3HOCOCTOMKHUM CIIO-
eM 0enoro 4yryHa.

2 HM3HoCOCTOMKOCTH IOKPBITHS, IOIYYEHHOIO
MeronoM OIKXTO na nopoukosoii cramu ITK60, B
YCIOBHAX a0pa3UBHOIO M3HOCA COM3MEpPHUMA C H3HO-
COCTOHKOCTBIO BBICOKOXPOMHUCTOTO YyT'yHa..

3. IMoka3aHa BO3MOKHOCTh 3HAYHMTENLHOIO pac-
LIMPEHKs HOMEHKIIATYphl [IOPOLIKOBBIX M3AeNuil npu
YCIOBUH MPUMEHEHHUS CPABHUTEINIBHO MIPOCTOrO BHICO-
KONPOHM3BOJAUTENLHOIO U ACIIEBOro crocofa HaHece-
HUS MOBEPXHOCTHOTO H3HOCOCTOHKOTO TIOKPBITHS.
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