ISSN 2079-5459. Bicnux HTY «XI1I». 2013. Ne 43 (1016)

VJIK 620.172

C. b. BEJTUKOB, noxrt. TexH. HayK, pektop, 3HTY, 3anopoxse;
B. I'. HIEBYEHKO, xann. TexH. HayK, 3aB. kadenpoit, SHTY, 3amopoxne;
C.JI. PAAITHH, xaua. TexH. Hayk, fnou., 3HTY, 3anopoxbe.

BJIMSTHUE TEMIIEPATYPBI U CKOPOCTH JE®OPMALINN
HA MEXAHUYECKHE CBOVICTBA CTAJIEW,
IMPUMEHSIEMbBIX B KPAHOCTPOEHUU

OKCIIEpUMEHTAIBHO M3Y4YEHO BIMSHUE TEMIIEPAaTYphl U CKOPOCTH AedopMaLuy Ha MEXaHUYECKHE CBOWCTBA
cramu 091°2C. Tloka3aHo, 4TO BIUSHHE TEMIEPATyphl H CKOPOCTH JeOpMallii Ha MEXaHUYeCKHUE CBOWCTBA
KOHKPETHBIX CTajiel MOXET HE COOTBETCTBOBAaTh KIIACCHMYECKMM IIpeAcTaBieHusiM. Ilmactuueckoe
neGopMUpOBaHKE IPOUCXOTUT U TIPH MMOHMKEHHOU TeMIeparype.

KiroueBble cioBa: TeMieparypa, CKopocTs aAehopMalui, MEXaHUYECKHE CBOHCTBA.

BBenenue. TouHBIM yuyeT OCHOBHBIX (PaKTOPOB, BIUSAIOIIMX Ha MEXAaHUYECKUE
CBOMCTBa MaTepHalIoB, HEOOXOAUM JIJIsi OOECreYeHUsl KayecTBa MPOCKTUPOBAHUS U
NOTOMY CBSI3aH C BaXHBIM HAy4YHbIM M NPAKTUYECKUM 3aJaHUEM [OBBILIICHUS
KOHKYPEHTOCIIOCOOHOCTH MPOYKIIMH OTEYECTBEHHOTO KPAHOCTPOEHHUSI.

AHaIM3 MOCAeIHUX HCCIAeA0BAaHMA M JurTeparypbl. 70 et Hazag B
coopHuke [1] ObLJIO TOKA3aHO, YTO CHMYKEHHUE TEMIIEpaTyphl U, B MEHBIIICH CTEICHH,
YBEIIMYEHHUE CKOPOCTH JiepopMariiyu IpuUBOAUT K yIPOUHEHHIO cTanei. B kuure [2],
CO CCBUIKOM Ha elie OoJiee paHHuE paOOThl aBTOpa [1], yKa3pIBaeTcs, 4TO «Ipeaesn
TEKYUYECTH KEJI€3a B YCIOBHUIX KOMHATHON TeMIEpaTyphl MOBBIIIAECTCS MPUMEPHO Ha
30% mnpu yBEIUYEHHH CKOPOCTH B IMpeAeNaX BO3MOMXHOCTEH CTaTUYECKOM
WCTIBITATENIbHOW MAIIUHB», a TaKXEe MPUBOMASITCS 3aBUCUMOCTH MEXAY STHUMHU
nokazatessiMi. OHAKO YKa3bIBAE€TCS, UTO IPH 3TOM «IIPEAEN MPOYHOCTU MOYTH HE
U3MEHSETCS». 3JI€Ch K€ OrOBApUBAETCS, YTO MMEHHO OXPYNMYMBAHHE MeETajuia IpH
MOHMW)KEHUH TEMIIEPATyphbl U YBEIUUYEHUH CKOPOCTH AehOpMALMK SBISIETCSI OCHOBOM
«HMCTBITAHUNA Ha M3rub ynapom». Te ke MpelcTaBleHHus CO BPEMEHEM BOUUIA U B
yaeOHyr0 smTeparypy. Hampumep, B [3] OoHM 0OOCHOBaHBI C TOYKH 3pPCHUS
MaTepuaiioBe/ieHns. B cnpaBouHoM mocoOuu [4] ykas3pIBaeTcs, YTO YBEIHMYCHUE
CKOpocTH AedOopMalKi COMTPOBOKIAETCS POCTOM HE TOJIBKO Mpejena TEeKYy4ecTH, HO
U Mpenesia MPOYHOCTH, YTO MPOTUBOPEUYUT AAaHHBIM KHUTH [2]. [lomydaercs, 4dto
JaXe B KJIACCUUYECKOW JUTEpaType UMEIOTCS OTHAENIbHBbIE Pa3HOUYTEHHUS IO MOBOIY
BIUSIHUS TEMIIEPAaTypbl W CKOPOCTH JAedopMaliki Ha MEXaHUYECKHE CBOMCTBA
craneil. Kpome Toro, B 310l auTeparype oTCyTCTBYET MH(MOpMAIIUS sl KOHKPETHBIX
CTajeil, a JaHHble MApPOYHUKOB CTajled M CIUIaBOB HMEIOT, Kak MpaBuio,
OTPBIBOYHBIN XapaKTep.

Eme Oonee mnpoTMBOpeyYaT KJIACCUUYECKUM  MPEACTABICHUSM  JIaHHbBIE
HEKOTOPBIX HCCIEeN0BaHM. B 4acTHOCTH, B cTaThe [5] mpUBENECHBI TEMIIEPATYPHO-
CKOPOCTHBIE 3aBUCUMOCTH MeXaHU4eCKuX cBONCTB cTanu 0X14®I'12M, noaHoCThIO
HE YyBs3bIBaloIIMecss ¢ naHHbiMU [1—4]. B cratbe [6] mpuBeAeHBI pe3yJabTAThHI
ucnbiTannid ctanu 0912C mocne AIMTENBHOM JKCIUTyaTallUH, COTJIACHO KOTOPBIM
«CHUXEHUE TeMIepaTypbl UCIBITAHUNA TMPAKTUYECKHM HE OKas3ajlo BIMSHUSA Ha
MPOYHOCTh U MJIACTUYHOCTh CTAJIM MPH pacTsiKeHUn». Pe3ynbTaTel [6] mpoTuBOpeyat
Kak JaHHbIM [ 1—4], Tak 1 3aBucUMOCTSM [5].
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Hear wuccaenoBaHuii, mNocTaHOBKAa mpoodgemMbl. TakuM  oOpazom,
JUTEPATYpHbIE HMCTOYHUKH HE JalT €JUHOr0 IMPEACTABICHHUS O BIMSAHHUU
TEMIIEPATypbl U CKOPOCTH IedopMalnd Ha MEXaHHMYECKHUe CBOMCTBa cTaieil. B Tom
gucie, 1 g ctand 0912C, mmpoko MpUMEHSEMON B KpaHOCTPOEHUU. PelieHuro
3TOU IPOOIJIEMBI MTOCBSAIICHA JaHHAS CTAThA.

Llenpr0 cTaThu ABJISETCA HSKCIEPUMEHTAIBHOE IMOJYYEHHE JIOCTOBEPHBIX
JAHHBIX O BIUSHUU TEMIIEpaTypbl U CKOPOCTHU Jedopmanuu Ha MEXaHUYECKUE
CBOWCTBA CTaJI€l, IPUMEHAEMBIX B KPaHOCTPOECHHH, Ha pumepe ctanu 0912C.

Marepuanabl ucciaegoBanmid. Ja 1npoBeAeHUs HCCIEAOBaHUN  ObLIU
HCIIOJB30BaHbl 00pa3lbl, U3TOTOBIEHHbIE U3 JucToBOUM ctamu (0912C. McnbiTanus
MPOBOAWIUCH Ha pa3pbiBHOI Marmue MP-100. U3menenne ckopoctu nedopmanuu u
MOJJIEP)KaHUE €€ TMOCTOSIHCTBA O0ECIEeUUBAINCH PEryJIHMpOBAaHHEM IMOJauyd Macia.
JIns  [IOMOJHUTENBHOTO PACIIMPEHUS JIHana3oHa CKOPOCTEM OTHOCUTEIbHOU
nedopmalii  OTOMpPATUCh 00pa3ibl C Pa3IMYHOM JJIMHOM pabouel dYacTH.
WcnpiTanus npoBOAMIUCH MPHU LIECTU TeMIepaTypax (KOMHATHOW U TIOHUKEHHBIX ).

HccnenoBaHue BIMSHUSA CKOPOCTH OTHOCUTEIBHOW JedopMalvi B JUana3oHe
or 0 mo 0,06c’ Ha MexaHHYeCKHME CBOMCTBA MPOBOMMIOCH MPH KOMHATHO!M
Temrieparype. lccnenoBaHue BIMSHMS TEMIEPATypbl Ha MEXaHUYECKHE CBOKCTBA
MIPOBOJIUJIOCH MPU CKOPOCTU OTHOCUTEIBHOW Jedopmaliui B JHAMA30HE MPUMEPHO
ot 0,025 510 0,035 ™.

I'OCT 11150-75 mnpenmosaraeT TOAACpPKaHWUE B 00pasre  3aJaHHOMN
TEMIIEpaTypbl B IIPOLIECCE €0 MCIBITAHHUA B OXJaXJarommew >xuakoctu. OgHako B
peanbHOCTH M3Jeire OOBIYHO MOJBEPraeTcsi HarpyXeHuto 0€3 JOMOJHUTEIBHOrO
TEIUIOOTBOJA BO Bpems ero jaepopmanuu. [loaToMy B JaHHOM HCCII€OBaHUU
oOpa3lpbl 3apaHee OXJIAKIAINCh JKUJIKHUM a30TOM B CHEIUAIBHOM TEPMOCE M0
HY>)KHOM TeMIlepaTypbl, a 3aTeéM B TEPMOHM3OJMPYIOIIEM KOHTEHHEpe OBICTPO
yCTaHaBIMBAJIUCh B 3aKMMbI. HemocTaTkoM 3TOro MeroAa SBISIETCS BOSHUKHOBEHHE
JIOKaJIbHBIX TEPMOHANPSIKEHU B MECTE€ KOHTAaKTa Hepaboued yacTu o0pasloB C
3akuMamMu. YTOOBI OHM HE yCHeNM CYIIECTBEHHO MOBJIMATH Ha pabodyl0 4acThb M,
COOTBETCTBEHHO, Ha PE3yJbTaTbl HUCIBITAHUH, TyOKHM 3aKMUMOB YacCTUYHO
OXJIKJAJINCh, BpEMs Ha YCTaHOBKY 00pa3loB ObUIO orpaHmdyeHo 12 c, a Bpems
UCIIBITaHUI He mpeBbiano 7 c. IlpenBaputenbHO ObUIO YCTAHOBIEHO SMIMPUUYECKH
C IMOMOUIBIO TEPMOIIAPBl «MEAb-KOHCTaHTaH», 4YTO B 3TOM Clly4ae TEMIIeparypa
paboueit yactu o0paslia OCTaeTCsl MOCTOSTHHOM, ¢ YYETOM MOTPEIIHOCTH U3MEPEHMIA.
B kaudectBe TemmepaTypbl HCHBITaHUN | (UKCHpOBaJach TemIeparypa oOpasiia Ha
MOMEHT HavaJla HarpyXeHUsl.

HauanpHbie pa3mepbl 00pa3lioB M pe3yJbTaThl MPOBEIACHHBIX HCIBITAHUN
npUBEACHBI B Ta0I.

Pesyabtarsl  ucciaenoBanuil. [lo naHHbiIM  Tabna. OBUIM  MOCTPOEHBI
3aBUCHUMOCTH IIPOYHOCTHBIX U IIacTUYecKux cBOMCTB ctanu 0912C ot Temneparypsl
U CKOPOCTH OTHOCHUTENIbHOM Aedopmaiiii. DT 3aBUCUMOCTH MOKa3aHbl Ha puc.l-4.
[Ipu noctpoennu rpaKoB UCIOIB30BAJICA METOA HAMMEHBIINX KBAAPATOB.

N3 puc.1-2 BUAHO, YTO U NMpEAEN TEKYUYECTH, U MPEAEN NPOYHOCTU BO3PACTAIOT
CO CHWXeHUEM Temneparypbl. OTHOCUTEIBHOE YIJIMHEHNWE U, B MEHBLIEH CTEICHH,
OTHOCUTEJIbHOE CY)KEHHE YMEHBILIAITCS CO CHUKEHUEM Temrmeparypbl. B nenom
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TaKue

pEe3yJIbTATHI

COOTBETCTBYIOT

KJIIACCUYCCKHUM

MMpCACTABJICHUAM,

HO

MPOTHUBOPEYAT TAHHBIM CTaThu [6]. BO3MOXHO, 3TO CBSI3aHO C TE€M, UTO B CTaThe [6]
npuBeIeHbI pe3yabTaThl A1l cTanu 091 2C nocne AuTeNbHON dKCIUTyaTal|y.

Ta6numa. Pe3ynprarsl ncnbiTanuii o0pasios u3 crtaau 0912C

Temme-

Kon Pasmeper obpasua, Mm arvpa | BPeMA | Hpenen | Tlpenen
00- | Jnuna Tlnuna I:/ICHYIE_ UCHBI- | TeKy- npoy-
pas- Havasb-Hbii paboueii I[HE‘MGTP paboueii ST Tanuii t, | uectu Py, |HOCTH P,
namerp d meiixu d Tanuu 1,
ma | A PE0 1 gactu o ! yacTu {1 °C ¢ kH kH
3 5,89 77,0 3,53 92,40 20 5,81 10,93 13,90
28 5,97 94,6 3,53 114,90 20 7,83 11,06 14,56
22 5,95 95,1 3,54 114,70 20 8,34 11,25 14,41
27 5,91 94,3 3,56 110,20 -40 6,14 11,60 14,96
0 6,03 74,5 3,60 91,20 -60 6,16 12,89 16,10
25 5,95 95,0 3,60 111,50 -80 6,77 12,94 15,39
21 5,95 95,0 3,58 109,00 -110 5,53 13,16 15,32
20 5,94 95,6 3,62 113,25 -110 6,79 13,30 15,68
8 5,93 75,7 3,60 85,10 -160 4,06 - 17,30
26 5,93 94,5 3,62 107,40 -160 5,57 — 17,00
4 5,96 75,4 3,59 87,70 20 150,42 11,52 14,60
23 5,96 94,8 3,46 117,10 20 152,81 10,73 14,28
29 5,87 94,3 3,48 111,70 20 48,50 10,86 13,78
9 5,91 75,2 3,54 89,00 20 31,08 11,18 14,40
24 5,93 94,3 3,43 115,10 20 25,90 11,26 14,06
1 5,94 77,3 3,52 93,50 20 12,27 11,33 14,40
44 5,84 54,7 3,44 65,30 20 4,28 10,99 14,01
45 5,81 54,1 3,38 64,80 20 4,09 10,76 13,72
43 5,78 49,2 3,50 59,10 20 3,68 10,23 13,48
46 5,87 444 3,53 53,50 20 3,52 11,10 13,96

coiictBa ctaau 0912C XOTb W CHM3UJINUCH,

00BSACHATHCS

[Tpu temneparype -110 °C muomaaka TeKydecTH €Ie COXpaHsiach, HO HE
Habmoanack npu -160 °C. Oxnako npu Toii ke Temnepatype -160 °C mactuueckue
HO Bce ke Oousblell 4YacTbio
COXpaHWINCh, W O0pa3oBaHHWE MIEWKH HE MpeKpaTwioch. OTYaCTH 3TO MOXKET
UCTIOJIH30BAJICS

TEM,

JOTIOJIHUTEIIbHBIA UCKYCCTBEHHBIN TETIJIOOTBO/I.
(¢

MIla

-150

-100 -50

YTO [pPU NOPOBEACHUM WCIIBITAHUN HE

0 T.0C

Puc. 1 — 3aBucumocTs npenena NnpoyHocTH Oy U Ipesiena Tekydect Oy ctanu 0912C or

TeMIieparypst T
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Puc. 2 — 3aBUCHMOCTb OTHOCUTENBHOTO YUTMHEHHS. O U OTHOCHTEJBHOTO cyxenus \J cranu 091 2C
OT Temneparypbl T
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Puc. 3 — 3aBucumocTsb npezesna NpouyHOCTH Oy U npezena Tekydectu Oy cranu 0912C ot ckopocTt
OTHOCHTEIIbHOH Aedopmanuu Vs
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Puc. 4 — 3aBHCUMOCTH OTHOCHTENBHOTO YUIMHEHHS O U OTHOCHTENBHOTO cykenus Y cramm 091 2C
OT CKOPOCTH OTHOCHUTEIbHOU Aedopmarun Vs

U3 puc. 3-4 BUIHO, YTO YBEIUUYEHHUE CKOPOCTH OTHOCUTENIBHOM JedopMauu B
mquanazone or 0 mo 0,06 ¢t («B  mpemenax BO3MOXKHOCTEH CTaTHYCCKOM
HCIIBITATEIILHOM MAIIUHbB [2]) He OKa3bIBaeT 3aMETHOTO BIIMSHHS Ha MPOYHOCTHBIC
n mactnueckue cporictBa cranm 091 2C. DTO NpOTUBOPEUYUT AAaHHBIM KHUTH [2] 1O
KpaiiHel Mepe JJIsl OHOW cTaiu. MOKHO MPEaNnoIoKHUTh, 4TO A (PEKTHl YIIPOUHEHHUS
u oxpymuuBanus ctanu 0912C BO3HUKHYT mpu erie 0oybmux ckopocTsix. C apyroi
CTOPOHBI, TOJIy4YEHHBIE PE3YJNbTaThl KOCBEHHO MOATBEPXKIAIOT W JOMOJIHSIOT
IpeIbIAYIIYI0 CTaTbi0 aBTOPOB [7], B KOTOpPOW OBUIO IMOKa3aHO, YTO MPOLECCHI
MJIACTUYECKOTO Je(OPMUPOBAHUS UMEIOT MECTO M UTPAIOT BaKHEUIIYIO POJIb U BO
BpEMsl HWCIBITAHUN Ha YyJIAapHBIM M3rM0 MNpU MOHMKEHHBIX TEMIlepaTypax CTaju
091°2C.

BoiBoabl. bputM  SKCIIEpUMEHTANbHO MOJYYEHbl JAaHHBIE O  BIMSHUU
TEeMIIepaTypbl U CKOPOCTU AedopManuyu Ha MexaHumdeckue cBoiictBa cranu 0912C,
IIMPOKO TNPHUMEHSIEMOM B OTEUYECTBEHHOM KpAHOCTpPOEHUW. I3 momydeHHbIX
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3aBUCUMOCTEl BUIHO, YTO BIUSHHE TEMIIEPATyphl M CKOPOCTU JedopMaluy Ha
MEXaHUYECKHUE CBOWCTBA KOHKPETHBIX CTalle MOXET HE BO BCEM COOTBETCTBOBATH
OOIMM KJIACCUYECKHM TMpelAcTaBieHUusM. lIpu TOHMKEHHOW TemmepaType u
noBbIIEHHONW ckopoctu Aedopmaruu ctamd 0912C uMeoT MecTo MpoLecCH
MJIACTUYECKOTO J1e(hOpMUPOBAHHUS.

B mepcnekTuBe 1eIecOo00pa3HO YTOYHHTH BIHMSHME HAa MEXaHUYECKHe
coiictBa ctanu 091"2C Gosee BEICOKMX CKOPOCTEH JedopMaIu.

Cnucox Jaureparypbl: 1. [asuoenxos H.H. Hekotopple mpoOieMbl MeXaHUKH MaTepHaloB /
H.H.J[asuoenxos. — J1.: Ta3eTHO-XKYpH. U KHIXK. U3a-Bo, 1943. — 152 c¢. 2. Tumowyx JI.T. Mexanuueckue
ucnbiTanuss MetamoB / JLT.Tumowyx. — M.: Meramnyprus, 1971. — 224 c. 3. 3onomopesckuii B.C.
Mexanndyeckue cBoiictBa MetamwioB / B.C.3onomopescxui. — M.: Meramnyprus, 1983. — 352c.
4, [lucapenko I''C. CupaBodHuK 10 comnpotuBiieHnto wmarepuanos / [.C.Ilucapenxo, A.Il.Akoenes,
B.B.Mameees. — Kues: Hayk. mymxa, 1988. — 736 c. 5. Pyoaxos A.A. TemmnepaTypHO-CKOPOCTHAs
3aBUCHUMOCTh MEXAaHHYECKHX CBOHMCTB MeracTaOmnpHOM cramu 0X14AI'12M B cOCTOSHMM 3aKajiKd |
TerioBoro Hakiena / A.A.Pydaxos, U.H.bozaues // Bonpockl METaIOBEACHHS CTAJIM U THTAHOBBIX CILUIABOB:
MexBy3. ¢0. Hay4H. Tp. — [lepmb: [lepmckuit yaus-t, 1978. — C.70-75. 6. Maxymos H.A. OuieHka cocTosTHUS
MaTepraia IMPOIYKTOMPOBOJA TIOCIE €ro AmuTenbHou sKciutyataumu / H.A.Maxymos, B.H.Ilepmsakos,
10.4.Kpasyosa, JI.P.bomseuna // 3aBoackas nadoparopus. Jluarnoctuka Mmatepuanos.— T.73. — 2007. — Ne2,
— C.54-59. 7. benukoge C.b. XapaKTepUCTHKH COMPOTUBICHHUS YIAPHOMY H3THOY IIACTUYHBIX CTalei,
npumeHsieMbix B kpaHoctpoenuu / C.b.benuxos, C.JI.Pseun, B.I1leeuenko I/ Bicauk HTY «XIIl»: 36.
Hayk. nip. Tematnununii Bummyck: HoBi pitnenns y cydgacHux TexHomorisx. — XapkiB: HTY «XIII». — 2011. —
Ne47. - C.125-133.

Haoitiwina oo peoxoneeii 28.10.2013
VK 620.172

Biiusinue TeMmepaTypbl H CKOPOCTH AeopMainy Ha MeXaHHYeCKHe CBOMCTBA CTajell, MPUMeHsieMbIX
B kpaHoctpoenuu // benukos C.b., lllesuenko B.I'., Psirun C.JI. // Bicauk HTY «XIIl». Cepis: Hosi
piieHHsT y cydacHuX TexHouorisx. — XapkiB: HTY «XIIl». — 2013. — Ne 43 (1016) .— C. 32-36.
bubmiorp.: 2 Ha3s.

ExcniepiMeHTanbHO BUBUEHHH BIUIMB TEMIIEpPAaTypH Ta IIBUAKOCTI Iedopmariii Ha MeXaHWdHi
BrnactuBocTi cranmi 091'2C. [lokazaHo, IO BIUIMB TEMIIEpaTypu Ta IIBUAKOCTI aedopmariii Ha MeXaHW4HI
BJIACTUBOCTI KOHKPETHHX CTajell MOXKe He BIMOBIIaTH KIACUYHUM YsBICHHAM. [lnactnune neopMyBaHHs
BiIOYBa€ThCS 1 IPU HU3BKIN TeMITEpaTypi.

Kuarouosi ciioBa: Temrieparypa, mBUAKICTh AedopMarltii, MeXaHHYHI BJIaCTUBOCTI.

Influence of a temperature and deformation speed on mechanical characteristics of 09T2C steel had
been studied. It was shown that influence of the temperature and deformation speed on mechanical
characteristics of specific steels can differ from classical ideas. Plastic deformation take place at low
temperature as well.

Keywords: temperature, deformation speed, mechanical characteristics.
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B3AEMOAIAA TEXHOJOI'TYHUX TAPAMETPIB B OCEPEJKY
AEDOPMAILII ITPHU CTAJIOMY HPOLECI IPOKATYBAHHA

PosrisinyTo ocepenok nmedopmariii mpu  CTANOMY IPOLECi MPOKATYBaHHS, BHKOHAHO CITIBCTAaBJICHHS
neGopMyIOUMX HalpyXeHb 1 CHJ Omopy B’S3KOCTi Tedii B ocepeaky aedopmarii, BU3HAYEHO cepenHi
3HAYEHHS TPaHUIlb TEKYYOCTi MPU PI3HUX PEXKUMaxX MPOKATYBAHHS, PO3PaXxOBaHO MIBHJIKICTh gedopMmallii B
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