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O CBEPJEHHUHU CTAJIHA IH-316 CBEPJIAMMU,
OCHAILEHHBIMH AJACTUHKAMH TBEPAOrO
CILJTIABA

) O. B. KOKEBHHKOB, 10. B. IHIENETHJLHUKOB

(ITperctapiaeHa oGbeAHHEHHBIM HAyUHBIM ceMHHApOM Kadelp CTAHKOB U Pe3aHHs MeTa/jloB
H TeXHOMOTHH MALIHHOCTPOeHHUS)

Craanr OM-316 oTHocHTCs K K/1acCy JKApONPOYHBIX CHJIaBoOB, oGpador-
Ka KOTODbIX pe3aHueM BBHAY MJIOXOHl HX TENJONPOBOAHOCTH, 110 CPABHEHHIO
C KOHCTPYKUHOHHBIMU CTaJIsIMH, BbI3bIBA€T 3HAUYHTEJbHLIC 3aTPYyILHEHHS.

HecmoTpsi Ha mpenMyliecTBO TBEPABIX CIVIABOB MNepel ObICTPOPERy-
LIMMH CTaJjsiMH IO H3HOCOCTOHKOCTH M KPaCKOCTOHKOCTH, TBEpAbie CILIaBBI
flouTu He NPUMEHSIOTCS NpPH  CBEpJEHHH  cTaJd. DTo obbscHserca Gojee
HU3KOH, yeM y OBbICTPOPEXYIUUX CTaJeH HX NMPOYHOCTLIO HA H3THG KM 4YBCT-
BHUTEJLHOCTBIO K TEPMHUYECKHM HampsakeHHsiM [1], 4To Beger K ckoaam
BLIKDAWIMBAHUAM TJIACTHH TBEPAOTO CHJABA B TNPOLECCE CBEpJIEHHS.

3HauuTesNbHOE INOBBILIEHHE TPOU3BOAMTEIbHOCTH H CTOHKOCTH CBeEp.T, -
OCHAUIEHHBIX MJACTHHKAMHU TBEPAOrO CIJjaBa, NMPU CBEPJEHHH KAPOMPolU-
HBIX W HEePKABEIOUIUMX CTaJeld MOXKHO IOJYUHTbL. IpH 3aMeHe OXJaxKIeHUsI
NOJAHUBOM BHYTPEHHHMM HAMOPHBIM oXJaxkjexueM [2] ¥ mpHMeHeHHEM HOBbLIX
MapOK TBEpPAbIX CIJIABOB, HMEIOLUHX IOBHIILIECHHYfO TPOYHOCTH NPH H3TrHGE
H MaJylo YyBCTBHTE/JIbHOCTb K TEPMHYECKHM HANPSIKEHHSIM.

B na6opatopun pesanus metasnoB TIIM 6wvi1o mposeneno uccaeno-
BaHue paboTOCOCOOHOCTH CBepJl, OCHALIEHHBIX MJACTHHKAMH TBepPAOro
cnJjiaBa, TPH CBEPJICHHM JIMTOH xapompouHoil cranu IU-316, conepxamieit
0,18% C; 129 Ni; 26%Cr; 0,75% Si; 0,46% Mn. DxcnepHMEHTHl TPOBO-
JAWJIHCh CTAHAAPTHBIMHU cBepaaMu 12 mm u P20 mm, ocHALEHHBIMH TJia-
cTHHKaMH TBepporo cniasa BKS, a Takxe cBepsamu 20 mm ¢ npokaTaH-
HBIMU OTBEPCTHSMH W IJIaCTHHKaMu TBepaoro cmiiaBa BK8 mpoussoactsa
CecTpopelkoro HHCTPYMEHTAJALHOIO 3aBoja W cBepiaaMu & 12 mm ¢ naa-
cruikamu crmiaBa TT10K8B. [na cpaBHeHHs 1O NPOH3BOAHTENBHOCTH ObI-
JIH TIPOBEJICHBl 3KCIEePHMEHTHI CBepiaMu H3 OGbicTpopexyuleit cranu. Cpep-
Ja 3aTayuBajJHCh IO JBYM ILIOCKOCTAM M HMeJH CjeLyIOULYI0 IeOMeTpHIO:
yroJ npH BepuminHe 2¢ = 120° s3anuuit yroa a = 12°, nepembiuyka y cBepa
nojirayuBanace Ao AJHHB, paBHoil 0,09+0,1 auamerpa csepsa. CaepJe-
HHe OCYLIeCTBJIANOCh Ha IAyOuHy, paBHYI0O [ABYM JnaMeTrpam AjIsi CBepJ
& 20 mm u Tpem AuamerpaMm Ias cBepa & 12 mm. B KauecTBe oXJaxKiaa-
I01IEeH KHAKOCTH npuMeHsiics 7% pacTtBop amyJsbcosia B BOJe.

Kak u3BecTHO, Ha CTOHKOCTb CBEpJ, OCHALEHHBIX TJIACTHHKAMH TBEp-
J0ro cmiaBa, Gosblioe BJAHSHHE OKa3piBaeT nojpava. [lpoBemenHble Hccae-
JIOBaHHUs T0Ka3asau, Y4TO CBepJid, OCHALIEHHBIE IJACTHHKAMH TBEPAOTO
cnnaBa TTI10K8DB, B oTiinuuie OT Apyrux ¢n/aBoB, YCTOHUHBO paGoranu
¢ nosiyyeHneM (acKku HOpMaJabHOro u3aHoca 0,5 ma no 3aaHelr rpaHd 0pH
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yeesudenud nonaun go 0,09 mm/o6. Ilpu stom c¢acka usnoca 0,5 mm 10
zaJHell rpaHH COOTBETCTBOBA/1A, KaK NMPAaBH/O, IIOJHOA yTpaTe peXYyMHX
CBOHCTB CBepJioM: HAO0J/I0/1a710Ch 3HAYHTEIbHOE OKPYTJEHHE PEXYIUHX KpO-
MOK C MEJKHMH BBIKDALUMBAHHAMY MO BCeH IJHHe PEXYWUX KPOMOK.
IMonbiTka TIPOAOJKATH CBepJeHHe TAaKMMM CBepJaMi TIPUBOJAH/IA B  pe-
3yJAbTATE 3HAUUTENLHOTO MOBLIIIEHHS TeMIepaTypbl B 30HE pe3aHus K NO.-
HOMY BLINIaBJeHHI0 npunost (Mean). CuenyeT OTMeTHTb, 4TO HabmioxaB-
HIHecsl WHOTAA B Npollecce CBepJeHHs HeOOoJIbLIHe BbIKPALIHBAHHS H OTCJIO-
€HMs TBEPJAOTO CIJlaBa He NPUBOAHJIH B HaJjbHeillllem K 06pa3oBaHuio Tpe-
IHH M BbIKpAMMBAaHHI [1ACTHH, 9TO XapaKkTepHO AJs TBepAoro citasa BKS.
TIpu ceepaennn ¢ nmogauamu cBuite 0,09 mmfo6 wnabmozanoch nospicHue
Bubpanuil M gaxke NOJOMOK KOpHyca CBepsa B pe3ynbTare BO3pacTaHHsd
CUJ pe3aHHs.

JKcnepuUMeHTLl, TIpOBeAeHHBIe CTAHAAPTHHIMH CcBepaamu & 12 au
¢ njactuHkamu TBepaoro cniaasa BKS8 mokaszasmn, 4TO yBeJIHYEHHE TIOAAUH
cbime 0,057 mm/06 NPUBOAMT K MOSIBJICHHIO BBIKPALIMBAHHA M OTCAOEHHI
Ha peXyHlMX KpoMKax. Ilpopo/keHHe CBepJIeHHSI CBepJaMH, HMeEIOWHMH
JlaxKe He3HauuTe/bHbie BLIKPALIMBAHHS, TPHUBOAMIO OOBIMHO K MOJHOMY
paspyLIeHKI0 MJIAacTHH TBepAoro cmaasa. Iast Teeproro cmiasa BK8 mpe-
JeJBHBIM H3HOCOM CJlefyeT CuuTaTh (acky u3HOCA MO 3aJHeill NMOBEPXHO-
ctu 0,3+0,4 mn. Ilpu Gosblieil BeJHUHHE H3HOCA, Jaxke TMPH CBepACHHH
¢ nogauamu menbuie 0,057 mm/o6 HabM0AAJ0Ch NOSABJAEHHE BbIKpaIHBaHUI
TBEPJOro Cnjana. '

AHanu3 3aMepoB H3HOCA NMOKA3aJ, 4To TBepAwil cnias BK8 npu Goun-
mefl CKJAOHHOCTH K XPYNKOMY paspyuleHuio obaagaeT OOJblIeH H3HOCO-
CcTONKOCTbIC, ueM crsia TT10K8D. dtum obbsicusercs 6ogbluasg CTOHKOCTb
CTAHAApTHBIX cBeps ¢ miactunkamu BK8 mo cpapHeHHi0 €O CBEpJIaAMH
¢ naacrunkamu TT10K8D npu cBepneHMH ¢ MajibIMM TIOZaYaMH H CKOpPO-
cramu pesauns (puc. la, ¢). Ha noBLINEHHBX CKOPOCTAX PE3aHHsl MO CTOH-
KOCTH Jvulne nokasniBaeT cebst TBepabiil civias TTI0K8D, uto obbscusiercs
MeHblIeil yyBcTBHTETbLHOCThIO cniaBa TTI0K8bB x Tepmuueckum nHamnpsxe-
HusiM ¥ 6oJbHIell ero mpouHocTbio Ha u3ru6 [1]. Cpasuenue mo. Npou3Bo-
JUIMTEIbHOCTH, MPHBEJEHHOE Ha pHC. 2a NMOoKasblBaeT, 4To CBepJ/a, ocHa-
[leHHBIE NJACTHHKAMM TBEPAOro CJjaBa, HMET TNPEeUMYIIeCTBO Ieped
OBICTPOPEKVILHIMH CBEPJAMH TOJILKO Ha TOBLIUIEHHBIX CKOPOCTAX pe3aHHdi.
{OIHAKO Ha BHICOKHX CKOPOCTSIX pe3aHHs Maja CTOHKOCTh CBEPJ BBUAY Masno-
sdhekTUBHOCTY OXjaaxKAeHUs moauBoM. OxJaxpawonias XHUAKOCTh NPH 3TOM
NPAKTHUYECKH HEe JOCTHCAeT 30HbI pe3aHHs H3-3a OOJbIIMX CKOPOCTEl CXO-
Astuleli CTPYKKM H WHTEHCHBHOro napoofpas3oBaHks IPH KOHTAKTE ee C Ha-
I'PETHIMH UYACTSIMH CBepJjia. DTO OOCTOATENbCTBO BeJeT K 3HAUHTETbHOMY
VBEJAMUEHHIO TeMIepaTypbl B 30HE pe3aHus, a, CJAeIOBATENbHO, W K HHTEH-
CHBHOMY a[Te3HOHHOMY M AH((Y3MOHHOMY H3HOCY M YBEJHYEHHIO TEPMH-
YeCKHX ‘HANPSIXKEHHI B IJIACTHHE TBEePAOro CIJIaBa.

VKazaHHble BblIe OTPUIATENbHBIE SABJACHUA YLAETCA YCTPaHHTh MpPH
Nofdve OXJAAXKAAIOWEH KHUAKOCTH uepe3 BHYTPEHHHE KaHaJbl CBepja He-
TIOCPE/CTBEHHO B 30HY pe3aHus. B aToM cjydyae cBepJ/icHHe [LaxKe Ha Bhbl-
COKHX CKOPOCTSIX pe3aHud W IpedeJbHbIX AJsl TBEPJOro CIiaBa mnojaudax
npotekaer cTabuibHo Ge3 BbiKpamusaHuit. Tak, npu NpOBELEHHH 3KCHEpPH-
MEHTOB B GOJbUIOM [HANasoHe ckopocTeil pesauust ¢ nogauedt 0,1 ma/o0.
(puc. 3) cBepiamu & 20 mam ¢ OTBEPCTHAMH NS OXJAXKIEHHA, OCHALIeH-
HblMH TBepAbiM crsiaBom BKS8, npu noapozse oxmnaxjpatouleid XUAKOCTH B 30-
Hy pesanus noj AasieHHeM 30 x2/cm? BHIKDALUUBAHHA W OTCJIOEHHS TBEp-
JOTO CIIaBa Ha PEXYIHX KPOMKaX OTCYTCTBOBAJH Jaxe MpU (acke H3-
-noca no saaueir rpanu 0,5+0,6 mm. 10 OObBsCHSETCS, MO-BHIHMOMY, OT-
CYTCTBHEM ajiFe3HOHHOTO HM3HOCA B Pe3y/AbTaTe 3HAYHTEIbHOTO CHHIKEHHS
TeMnepaTypbl Ha KOHTAKTHBIX MOBEPXHOCTSIX NPH BHYTPEHHEM HamOpHOM
oxaaxaennu. CTpyxKOOT/AejeHHe NPH JaHHOM MeTOJe MOABOAA OXJaxKae-
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Puc. 2. Iponssoguteasnocts npouecca CBEPJEHHS GbICTPOPEKVILHY 1 TBEpIO-
CIIABHBIX CBEPJ IIPH Pa3Holl CTORKOCTH
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HHSL 1IPOXOAHJO GoJjiee CBOOOMHO, YeM IIPH OXJIaXKJAEHHH TOJHBOM, BHUOpa-
MK H NAKeTHPOBAHHE CTPYKKHU B KAHABKax CBepJa OTCYTcTBoBaaH. B pe-
3yJbTaT€ 3TOT0 3KCOEPUMEHTHI 3TUMH CBepJaMH TOKasa/JH YBeJHueHHe
IIPOM3BOAUTENBHOCTH N0 CPABHEHHIO CO CBEPJaMH H3 ObICTPOPEXYIUHX CTa-
geit P18 u P9 B 2+2,5 paza (puc. 26 u puc. 3). CepaeHue e cranmapr-
ubiMH cBepaamu & 20 mm ¢ naactuHkamMu BK8 npu Tex xe pexumax pe-
3aHKs, HO MPH OXJaXICHWH IOJHBOM IIPOTEKAET O4YeHb HEecTAaGHJIbHO H3-34
BLIKPAUIHBAHHI TMJACTHH TBEPIOrO CIJlaBa NOCJE NEPBBHIX K€ OTBEPCTHH.

Taxkum o6pasoM, B pe3yJbTaTe NPOBEACHHLIX HCCJIEAOBAHWH YCTAHOB-
JIEHO, 4TO [JsI NPOH3BOAMUTEALHOrO CBEpPJEHHs KapONpOYHLIX CTaJiedl THNa
3H-316 caeayer npuMeHsTh OOJee TPOYHble HA H3THOG TBepjbie CIJIABHI
TTI0K8D wu BbicOKOHANOPHOe BHYTPEHHee OXJa)KaeHHe.

[MpumeneHue CTAHAAPTHBIX CBepJ, OCHALLEHHbIX MJIACTHHKAMH TBepJO-
ro cnjiaBa, JJsi CBEpPJEHHS KAPONPOUHBLIX CTajJeH IpH OXJaXKAEHHH NOJIH-
BOM Hellesiecoo0pasHo.
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