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BAUAHUE CPEADbI HA NPOLECC PE3AHHUA
TUTAHOBbIX CIIJIABOB

A HU. AGOHACOB

(Hpencrapnena o6beAHHEHHBIM HAYUHBIM CEMHHApoM Kadeiap CTAHKOB H Pe3aHHA
MeTaJ/J10B H TEeXHOJOrMH MallHHOCTPOEHHS)

ITpu o6paboTKe pesanHeM THTaHA M €ro CHJIABOB MOAMEUEH LEJAbIH psij
HHTEPECHBIX OCOOEHHOCTEH: YPE3BBIYAHHO MaJas ycaaka CTPYXKKH, BHICOKas
TeMiepaTypa pesaHHs, Manas IJIOWIAafKa KOHTAKTa CTPYXKH c pes3low,
HU3Kasi TEMJIONPOBOJHOCTb, $0/IblLIOe YNPOYHEHHe CPe3aeMoro ¢Jos, uTo B
CBOIO OYepelib BhI3bIBAeT NOBLIIIEHHOE y/eJbHOe AaBJeHHe Ha TPaHsx Pexy-
IIEr0 HHCTPYMEHTA; BBLAENANOIIAACH NPH PE3aHHH TEIIoTa KOHIEHTPUPVET-
€A HA MeHblIeH IVIOWIAa[H, YTO MPHBOLUT K HAarpeBaHHIO HHCTPYMEHTa [0 Bbi-
COKOH TeMmepaTyphl.

[Ipaktuka 06paGOTKH THTaHA M €ro CnJaBoB mokKasbiBaer [1], uTo
XapakTep BJUAHHA CMa30UHO-OXJAXKIAIIIKUX KUIKOCTEH Ha mpollecc pesa-
HHUsl COBEpPIIEHHO HHOH, YeM INpH pPe32HHH YIJIEPOAUCTHIX U JETHPOBAHHBIX
cTaJjeii.

Ecan npu 06paBoTke cTajelt BausiHue Cpeibl, B KOTOPOH OCYILECTBISAET-
CA TIpoHecc pesaHHsl, cKashlBaeTcs BecbMa CHAbHO [2], To mpu o6pabGoTke
THTAHOBBIX CIIAABOB MHOTHMH HCC/ELOBATENSIMH ITOJAMEYEHO caaboe BJMsA-
HHE Cpedbl Ha NpPOUeCC pe3aHusi THTAHOBHIX CIIJIABOB.

Tak, M. ®. Ilosetuxa ucciaenoBan BJAHAHHe KHIKHX cped (Boaa, GeH-
301 U 4- XJIODHCTLIH YT/1epoA) NPH CBOGOAHOM CTPOTAHWHM THUTAHOBOrO CIi1a-
Ba BT-2 ma muxpockopocTsax. MM oBHapy:KeHO MOYTH IIOJIHOE OTCYTCTBHE
BJAHAHMS CMa3kKu Ha mpornecc pesanusa. OcobGeHHocTH, HaOMOAAIINECH NPH
pe3aHHH THTAHOBLIX CIJIABOB: MaJjas ycaJka CTPYKKH, Magble Ko3(punuen-
Thl ¥ YAE€JbHBIe CHJIbl TPEHHUs, cnabast YyBCTBHTENBHOCTb NPOIECCa PE3aHus
k jgeficteuio cpell. M. @. TTonernka oObACHAST BLICGKOR aKTHBHOCTHIO THTA-
Ha MO OTHOMIEHHIO K KHCJOPOAY H a3oty Bo3ayxa. Yrobul nmosyuuth Gosiee
yOeauTenbHEIe  10KA3aTe/bCTBA 3TOrO  NPEANOJOXKEHHS, OH MOJHOCTLIO
M30JIHPOBaJ 30HY KCHTAKTa OT BO3[yXa, AJs 3Toro pesen ¥ obpabatbiBaeMan
IJaCTHHA TMOTPYKAAHCh B BAHHY C KUAKOCTbIO. Ho u B Takx yCJa0BHAX
JKHAKAas cpela He MOBJMSAJA HAa TPEHHE CTPYXKKH O pesell NpH pe3aHun
THTAHOBOI'O CIJ1aBa.

B. ®. Bo6pos npoBej ONBITH HO HCCAEIOBAHHMIO  BJIHSHHSA CMAa304HO-
OXJIAXKAAIOWHNX KHAKCCTEl HA NPOLECC pe3aHHS TeXHHYECKH YMCTOro THTAa-
Ha BT-1. Buio ucneiTano 12 cMmas3ouHo-0XJMaxKIalOMIUX KHIKOCTEH (BoAa,
OJIEMHOBAs KHCJIOTa, BEpPEeTeHHOe MacJ0, aKTHBUPOBAHHBIN KEPOCHH, rpadu-
tupoBaHHoe Macho, 10Y%-Has amyabcus «IMyabcona», cyabhodpeson «B».
15%-Has N1MMOHEAsT KUCA0TA, 4-XAOPUCTHEIH yraepod, 59%-HbIlE pacTBOp HHT-
pura HaTpHA B Bede, cMech: 609% cyabdodpesona + 259% kepocuna + 15%,
ONEeHHOBOH KHCJOTHI, cMech: 80% cynbdodpesona + 20% 4-xgopucroro yrae-
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poaa). Ilo pesyabraram HccneLOBaHHE aBTOPOM CAEJaHBl BLIBOABI O MaJoil
5¢(eKTHBHOCTH BO3/JEHCTBHS NOBEPXHOCTHOAKTHBHBIX CpeJ Ha MpOIEecc pe-
38HHY THTAHOBBIX CIJIABOB MO CPABHEHHIO C pPe3aHMEM Ha BO3yXe.

Mccnenoranus BausiHHS CMas3blBaIOUIE-OXJAaXK JAIOMKAX KHAKOCTCH Ha
TpeHHe npu 06paboTKe TUTAHOBLIX CILIABOB NMPH BHICOKHX CKOPOCTAX pe3aHHs
TakxKe Mokasasau caaboe cmasblBawoliee AeHcTBHe KHAKHX cpen [3,4,5].

B cBfI3M ¢ BbIILEH3JOKEHHBIM TPEACTABJSAI0 HHTEpPeC BBHISICHHTb BJIHSI-
HHE Cpellbl CMa3biBaloLicH, HEHTPaabHOH, OKHCIUTEAbHOA U BOCCTAHOBHTE/b-
HOM Ha Ipouecc pe3aHuss THTAHOBBIX CILJIAaBOB NPHU KOMHATHOH TeMmepaTrype
(pezaHHe Ha MHKDPOCKOpOCTAX) H Temnepatype mnopanka 800°C (pesaHue Ha
BBICOKHX CKODOCTHX).

Takoit BLIOOp cpeld NPOAUKTOBAH CTPEMJIEHHEM BBLISICHHTL KapTHHY
KOHTAKTHBIX SIBJIEHHI Ha nepegHell rpaHd HHCTPyMeHTa npu oOpabCTKe TH-
TAHOBbIX CH/JABOB B CBAI3H C HX [OBLILIEHHON UYBCTBHTEJbHOCTBIO K JEHCTBHIO
KHCJI0pOJa U a3oTa BO3AyXa.

OnbiTel HA MHKPOCKOPOCTSIX NPOBCAWIHCH IpPH CBOOOJHOM CTPOTaHHH
TeXHHUYECKH uHcTOro THTaHa BT-1 mupokum pesnom H3 ObICTPOpexylieH
crann P18 co cnenyrouieil reoMerpueli: nepeanuit yron 7 = 20° 3aasuit yroJ
o = 10° yroa HakJoHa pexyiuell KpoMku A =0°

Oob6pabotke co ckopoctbio V ==0,098 wm/mun mnoasepraauch cOpasubi
NPsiMOYTOJABHOIO CeUEHHsT TONMMHON b= 3 mu. Toauiuua cpe3aeMoro cJjos a
nasmensnace B npepenax or 0,05 <+ 0,35 mm. CocraBisiioliHe CHJBI pe3aHus
P, w P, usMepannch NBYXKOMMAHEHTHLIM HHAYKTHBHBIM AHHAMOMETPOM
koHctpykunu J{. B. Ko:xeBHHKOBa. 3anuch CHJI NPOH3BOJAMJIACH € MOMOILBIO
ocrianorpagda MITO-2. B kauecTBe ¢Ma3bIBAIOLHX XKHAKOCTEH OblJH B3ATH
BOJZ, MbIJAbHBIH PACTBOP, KEPOCHH aKTHBHPOBAHHBIA U 4-X XJODHCTBIH yIJe-
POI; KAaK OKHCJsIOLUel cpeaci Mbl nosab3osanucs 30%-Ho# nepexucbio BO-
JA0poja, 3a HeHTpaJabHYK cpedy Obll B3AT aLETOH, a BOCCTAHOBHTEJIb —
pacTBOp nuporajiona. Bee onbiThl B cpefax, Aas NMOMAHOA H30JSAUHH 30HHI
KOHTAKTa MHCTPYMeHTa, OblIH NpOBeJeHbl B BaHWde, KOT4a 30HA pe3aHHs
10JHOCTLIO MOCPYXkKaaach B KUAKOCTb. Jlisi cpaBHeHHs ObLLJIM MPOBEAEHE
ONb!'THl HA BO3LyXe.

Ha puc. | npuBesensl pesynabraThl ombiToB. K3 rpagukos BHIHO, 4TO
riaBHasi cocTaBJasiolasi P, CHJIbl pe3aHHss HMeeT He3HAYHTeJbHBIe OTKJIO-
HeHHsi B 3aBHCHUMOCTH OT NPHMEHEHHs TOH HJIM HHOIl cpeAbl H TOJbKO Haubo-
7ee 3((eKTHBHON CMAa3bIBAOLEH CHOCOGHOCTHIO OTJIHYAeTCsl 4- XJIOPHCTHIH
yraepod. Ilogo6uasi kapTHHa HAOJI0aeTCs M Y BEPTHKAJIbHOH COCTABJSAIO-
well cuibl pesanus P, . Takoe moselerne THTaHa He AHOMAJIBHO, H ¢ NMOA00-
HbIM fAABJEHHEM, KaK yKe TOBODHJOCH paHee, CTOJKHYJ/JIUCh U JpyrHe HCC/aeLo-
Batenau [6, 7].

Cnabas uyBCTBHTENBHOCTL Mpoliecca pe3aHMs K IeHCTBHIO cpefi 00bsic-
HAETCs BLICOKOH AKTHBHOCTHIO THTAaHA IO OTHOLIEHHIO K KHCJIOPOAY U a30Ty
BO3/yXa. DTH rasbl IPOHHKAIOT B 30HY KOHTAKTa CTPYXKKH C Pe3LOM H BCTY-
NalOT B PEAKLUHUIO C IOBEHHJbHOIN IOBEPXHOCTBIO CTPYXKKH, 06pasys OKHCHbIE
1l HUTPUAHBIE TJIEHKH, KOTOpble MPENATCTBYIOT HENOCPeACTBEHHOMY KOHTAaK-
Ty ob6pafaThiBaeMOro Marepuasna.

[lioxas UyBCTBHTENBHOCTb THTaHa K JEHCTBHIO CPeA IIPH H30JMPOBAH-
HOM KOHTakKTe OT BO3Ayxa OOBsICHseTcA, MO-BHAHMOMY, Te€M, YTO KHJKOCTH
le MOJIHOCTHI0 CMA4HUBAIOT METaNJUUECKYIO T[OBEPXHOCTb, M BOJH3H 30Hb
KOHTAKTa OCTAIOTCs OTHEJbHble YUaCTKH, HOKPHITbE BO3AyXOM. B0O3MOXKHO
TaKyKe, YTO IOBEHHJIbHAs IOBEPXHOCTH CTPYZXKKH NOTJIOUlAaeT aTOMbf KHCJ/O-
pola ¥ asoTa, aacopOHPOBaHHbIE, HO HE CBs3aHHBle XHMHYECKH, CO cBOOOI-
HOi{l moBepxHocTH obpasua, T. €. NpH BO3HHKHOBEHHH HOBOH MOBEPXHOCTH
HAaYHHAETCS HEKOTOpOe HepepacrnpejesieHve paHee NPHCOEIMHEHHDBIX aTOMOB
Ta30B.

IIpy BHICOKHX CKODOCTSIX pe3aHHs 06pasoBaHHe CTPYXKH H ee NpOXOXK-
JeHue Mo MepedHell TpaHH HHCTPYMEHTa COBeplllaeTcss MeHee UeM 3a
138




107 cex. BricTpoTe CKOMbKEHHA CTPYKKU 110 IepelHel TPpaHH COMyTCTBYeT
BbICOKasl TeMilepaTypa B 30He KOHTAKTa ¥ BLICOKHE YIAeNbHble IaBJIeHHs,
npHyeM [AJs THTAHOBBIX CILIZBOB 3TO NPHUCYIIe B OOJbILEH CTENEHH, ueM AJIS
APYTHX METaJlJIOB U CILJIaBOB.
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J.s1 necJie1oBaHUs BAUSHKSA CPeAbl HA IIPOLECC Pe3anHs THTAHOBBIX CJ/la-
BOB MPH BHICOKHX CKOPOCTSIX B KauyecTBe CMasbiBarolliell cpeabl Gbi B3SIT
4-xJIOpHCTBIR yraepod (mokasaBuunil cebs 6osee 3¢ (exTHOH CMA3KOH TPH pe-
3aHHM THTAHOBLIX CIMIABOB Ha MaJblx ckopoctsaX). Oxucnurenem Obla BbIO-
paH YHCTBIH KMC/a0poA. HelitpanpHas cpela co3faBajiach aproHOM W yrie-
kicapiM rasoM. OnbiTel npoBoauaHchk co criiasom BT-1. 3aroroBka nomeina-
Jach B CNEUMaJbHyl0 KaMmepy, Kylda HajauBajcs 4-XJODUCTBIN Yriepoj Wi
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BAyBaJics MOA [AaBJeHHeM D ara Ta3 uepe3 COMJO, HalpaBJeHHOe BLOJE
flepefHell NOBEPXHOCTH HHCTpyMeHTa. KOHCTpyKuns Kamepel ofecneuusana
M30JIAALMIO 30HBI pesaHns OT aTMocdepbl M MO3BOJAJNA B MPOIeCCe pesaHust
H3MepsATh COCTABJsIOWIHe CUIbl pe3anns P, ; P,; P, , KoTopbie H3MepAauCh
¢ MOMOIIBI0 HHIYKTHBHOTO AHHAMOMeTpa KoHcTpykuuu B. B. JluBuwnu. 3a-
[HCh COCTABJAIOILMX CHJI pe3aHHs, TEMIepaTypbl H BPeMeHH ONbiTa Ipo-
u3BOAMIaCh Ha ocuuanorpadpe MIIO-2. B kauecTBe pexyllero HHCTPYMeHTA
IpUMEHsach MJIACTHHKA TBepjaoro cmiaasa mapkn BK6M co menymmeg{
reoMeTpueli: nepegHnit yron Y = -+ 10°, rnaBmpiii 3agnuii yroa o= + 100,
rAaBHBEI yroJ B IUiaHe ¢o==70° yTros HakJoOHa pexyluied KpoMkd A =07,
r1y6uHa pesaHus = 2,5 Mm n nogaua s==0,26 mm/06 ocraBajuce BO BCex
ONbITaX TNOCTOAHHBIMH, H3MeHsJMach TOABKO CKOPOCTb pe3aHuss o OT
10 + 220 m/mun.

! IBT—II ,._éRHﬁ/ﬂ 5‘=+jﬂ‘l G=70% ot =10 ¢ =28mm
08 I ““5;—55:025- e — fasdyx
0= g + ~ Kucngpad
8 i . = T O e N — 4‘(—"1'1{177%;2@8;1
05 AN | b dd— 4 - apeoy
L*\ X - gﬂa;:e i}u? f?as
%-Q-BT—I = M 4- o35y
04 \ <__tz\_ — A )
03
T~ o
0,2 Qt’@m‘m;hi*
"o l |

0 20 40 60 80 100 129 14y 160 180 209 U U
Puc. 2

Ha puc. 2 mpefacTasieHbl pesy/bTaThl H3MeHeHHs Koadduimenta Tpe-
HHsA Ha TepesiHell PaHd HHCTPYMEHTa B 3aBHCHMOCTH OT CKOPOCTH pesaHtis
u cpennl. Kosaddunuent TpeHus Ha mepegHell rpand HHCTPYMEHTA IIOICHHTAH
0e3 yueta cuJI, JeHCTBYIOIIMX Ha 3ajHell TpaHU WHCTPyMeHTa. Boigesenne
CHJ Ha 3aJHeH TpaHH H3 CHUJ, 3aMEDPEHHBIX AMHAMOMETDOM, IPOH3BOAMIOCH
no meroauxe npog. A. M. Pozenbepra [8]. OubiThl MPOBOAKUINCL KPATKOBpE-
MEHHbIe, YTOOBI H3HOC He BJHSJ Ha KapTHHY CHJI, HO, ¢ JPYTOil cTOPOHHI, fa-
BaJIOCh BpeMs Ha YCTAHOBJCHHE TeMIepaTypHOro pexuma. [locae kaxjaoro
ONbITa pe3el; BHOBb JOBOJHJICS.

Ha 3Tom ke pucyHKe 1751 cpaBHeHHs NMpHUBeLeHa 3aBHCHMOCTbL KO3 (-
HUeHTa TPeHHsi OT CKOPOCTH mpH pe3aHuu cranu 40 HA BO3Ayxe IIpH BCEX
NPOUUX PABHBIX YCJIOBHSIX.

13 npuBeAeHHBIX TpadMKOB BHAHO, 4TO KO3(GMHUKHEHT TPEHHS Ha Tie-
pelHeH IpaHH HHCTPYMEHTA NMPH pe3aHHH THTAHA B OOBIYHLIX YCJAOBHUAX HA
BRICOKHX CKOPOCTSIX B 2,0 pa3a MeHblle, ueM NPU PE3aHHM CTaJu IIPH TeX ke
yeaoBuax. BanAHue cpeibl Ha INpolece pe3aHKsy THTAHOBBIX CHAABOB CKA-
spiBaeTcsd cBoeoOpasHo. C POCTOM CKOPOCTH PE3aHHsl pacTeT TeMmieparypa
B 30HE pQSQHHH, d C pOCTOM TeMOeparypbl YBEIHUHBACTCA &KTHBHOCTb THTA-
Ha K OKpyxKalolllel cpeje.

Tak, onbITel B cpefe KHCAOPOAA H BO3AYXa MOKA3AJIH CHHMKeHHe KO3(-
(PRIIHCHTA TPEHHA C POCTOM CKODOCTH pe3aHHs, CMasblBamlas cpena
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(4-XJIOPMCTBIA YIJIEPOA) He Aaja CKOJbKO-+AHOYAL 3aMEeTHOTO yMeHblIeHHSR
KOo3(ppuLUHEeHTa TPEHHS N0 CPaBHEHHIO ¢ BO3AYIIHOH cpelol. Pe3anue B Heli-
TPaJbHOH cCpele aproHa H YIJIEKHCIOrO rasza, Kak H ClelOBasto OXKHUIAThb,
NpHBEJO K YXYAIUIEHWIO YC/IOBHs TPEHHMsl Ha MepelHell rpaHd MHCTPYMEHTa,
3TO JUIHHH pa3 J0Ka3bIBAEeT, YTO OKHCHbIE W HUTPHAHbIE IVICHKH BBIIOJHAIOT
poJsb Haubosee 3¢ (peKTHBHOA cMa3ku npH 00pabOTKe pe3aHHeM THTAHOBBIX
cnnaBos B atmocthepe Bosayxa. [lomoGHble pe3yabTaThl NOJYYEHLI H HPH
KJAaCCHYECKUX HCIBITAHUSIX Ha TpeHue THTaHa U ero cniasos. M. C. KanTior
u B. C. CoinvkoB [9] ormeualoT, 4To Ko3bdUIHEHTH TPEHHs THTaHa MO TH-
T4HY W 10 APYTHM MeTaJJiaM HHXKe, 4eM y JAPYTHX MeTaJJIMUeCKHX Iap.

Pa6unoBuy [10] uccnenoBas TpeHHe TUTaHA H €ro CIVIAaBOB CO CMAa3KOM
U OGHAPYXKHJ, YTO KHAKAasg CMasKka COBCEM He BJHUAET Ha KO3 HIHEHT
tperusi. OH BHIUT NPHUYHHBI TAKOrO NOBEICHHS THTAHOBBIX CIJIABOB B MOCTO-
SIHHOM HAaJ/JHYHH HA TOBEPXHOCTH THTAHA UPOYHOH OKHCHOH MJEHKH.
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