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BJIHSHUE U30TEPMHUYECKOM 3AKAJIKA HA CTPYKTYPHOE
COCTOSIHUE Y CBOMCTBA APMATYPHOI'O IIPOKATA M3 CTAJIH 30I'C

Hnemumym yepnoni memannypeuu HAH Vipaunol

HccnenoBaHo BIUSHHUE HW30TEPMUYECKOW 3aKajKH Ha CTPYKTYPHOE COCTOSIHHUE H
cBoiicTBa apMarypHoro npokarta u3 cranu 30I'C. YcraHOBIEHO, YTO M30TEPMHUYCCKAs
3aKajKa TO03BOJSCT MOJMYYHTh PABHOMEPHYI OCHHHTHYIO CTPYKTYypy IO CEUYCHUIO
MpoKaTa, 0OECIECYNTh BBHICOKHII KOMIUICKC CBOMCTB apMaTypHOTO IMpoKaTa M3 CTalld
30I'C ManblX OUaMeTpoB, a UMEHHO MpeAe TEKy4YeCTH U OTHOCUTENIBHOE yAJIMHEHUE
CTaju.

KimioueBble  cjioBa:  apMaTypHbIii  npokar, OedHHMTHast  CTPYKTYypa,
H30TepPMUYECKasl 3aKaJIKa, CBOCTBa

BBenenne m mocranoBka 3agavyd. B HacTosmee apMarypHbBIA IpoKar
kiaccoB npouHocTH A500 u A600 HeoOXoaUM ISl M3TOTOBJIIEHUSI aHKEPHOTO
KpeIIeHus! TOpPHBIX BbIpaboTok [1]. MexaHnueckne cBoiicTBa Ipokara Kiacca
A600 B COCTOSHMH TIOCTaBKM JOJDKHBI COOTBETCTBOBATH CJIEAYIOIIMM
TpeGOBaHMAM: Mpenen TeKydecTH — He MeHee 600 H/mm®; BpemeHHOE
conpotusieHne — He Menee 800 H/MM’; MONHOE OTHOCHTENBHOE YIIHHEHHE
MIPH MaKCUMaIbHOH HAarpy3ke (Om,) — HE MeHee 8; OTHOCHUTEIHHOE yITHHEHHE
mocine pa3peiB (8s5) — He MeHee 20% [1]. B pabote [2] 6pUIO mMOKa3zaHO, YTO
TpeOOBaHUSI K BpPEMEHHOMY COIPOTHBIEHHIO TNpokata kiacca A600 sBHO
3aBBIIICHBl U PEKOMEHIOBAHO G > 750 H/MM’. OfHAKO TOTydaeMblii mpu
aTOM mpokaT kinacca A600, mpousBenenHslit [IAO «MM3y, nmen npenensHo
HHU3KHE 3HAYCHHS OTHOCHUTENILHOTO yTHEHHS (85 MeHee 20%).

B cBa3u ¢ 3TuUM, IpeACTaBiIseT MHTEPEC NPUMEHEHUE H30TEPMUYECKOU
3aKaJKH, KaK HHCTPYMEHTA, ITO3BOJISIOIIEr0 c(hOPMHUPOBATH 10 BCEMY CEUCHHUIO
apMarypsl OCHHHTHYIO CTPYKTYPY C BBICOKHM KOMIUIEKCOM MEXaHHYECKHX
CBOMCTB [3,4].

B nactosme#t pabote ucciie0BaHO BIMSHAE N30TEPMUUCSCKOM 3aKaIKK Ha
CTPYKTYPHOE COCTOSIHHE U CBOMCTBA apMaTypHOro mpokata n3 ctanu 30I'C.

Martepuan u MeToAMKA HcciaeAoBaHmii. B kadecTBe Marepuana
HCCIIEOBAaHMS MCIONB30BaIH apMaTypHbId mpokat NelO m Ne 22 u3 cramm
30I'C. B Tabmmme | mnpuBeOeH XUMHYECKHA COCTaB pPaccMaTPHBAEMOTO
apMaTypHOTo MpoKara.

Tabmuna 1
XUMHUECKHIl cOCTaB HCCIeyeMOro apMaTypHoro npokara u3 cranu 30I'C
Howm Copep)kaHue XMMUYIECKHUX 3JIEMEHTOB, %o
°P C Mn Si S P
npoduis
10 0,30 1,28 0,85 0,021 0,010
22 0,30 1,22 0,85 0,005 0,013
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ApMmarypHblii TIpoKaT B JIaDOpaTOpPHBIX  YCIOBUSIX  IOJBEprajics
TEPMHUYECKON 00paboTKe MO CIEAYIOIEMY PEXHUMY: HarpeB JI0 TEMIIEpaTyphl
775°C - BwlAEpKKa @pH 3TOH Temmeparype cocTtaBiasina 30 MuH u
nocienymomas Hu30TepMuueckas 3akainka 1npu  Temneparype 400 °C.
Mertamiorpadguueckie HMCCIEAOBaHMS 00pa3lOB MpPOKaTa BHIMOJHEHB Ha
Mukpockone "Axiovert 200 M MAT” mnpowmsBonactBa ¢upmel "Carl Zeiss”,
KOJINYECTBEHHBIN aHAIN3 BBIIIOJIHEH B TIporpaMMe "AxioVision 4.6.3".

Pe3yabTaTsl HCcIe10BaHMIA.

ITo pe3ynbTatam MeTamiorpaduyeckoro UCCIeI0BaHUs YCTAHOBJICHO, YTO
obpa3mpl  apmarypHoro mpokata Ne 10 yCKOPEHHO OXJIaXIEHHOTO C
MPOKATHOTO HarpeBa HMMEIOT Yy IOBEPXHOCTH TEMHOTpABSIIUICA 0000K
riyouHol mpuMepHO 1-1,2 MM, CO CTPYKTYpOH OTIIYIIEHHOTO MapTeHCUTa
(puc.la).

Puc. 1 Mukpoctpykrypa apmaryproro npokara NelO (a, B) u Ne22 (B, r) 1o
M30TEPMHUYECKON 3aKaJKH: a,0- MOBEPXHOCTHBIN CIIOW; B,I- IIEHTPAIbHAS 30HA,
x200

OCHOBHOE CeUeHHE NPOKaTa COCTOUT U3 COPOUTHOM CTPYKTYpHI U (eppuTa
mo rpaHunaM 3epeH (puc. 18). Cpennuil pasmep 3epeH coctaBisieT 23-27 MKM.
Oo6wemuast nomst peppura coctasisieT 4-10%. Takoe CTpyKTypHOE COCTOSTHHE
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obecrieunBaeT MeXaHMYEeCKHEe CBOMCTBAa apMaTypHoro mpokara Ne 10
MIpeiCTaBlIeHHbIE B TabnuIe 2.

Tabmuma 2
MexaHnueckue CBOMCTBa apMaTypHOTO MpoKaTa
3HaYeHUs: MEXaHUYECKUX CBOUCTB
Howmep
npodus q /Mifz’ - /Mf/[%’ s, % op/oT
10 605 787 22 1,3
22 603 805 21 1,33

st 0Opa3noB apMaTypHoro mpokara Ne 22, yIpOYHEHHBIX C IPOKATHOTO
HarpeBa, TakXKe XapakTepHa TpaJWCHTHAas CTPYKTypa: Yy IIOBEPXHOCTH
TEMHOTpaBALIMNCS 00010k mryOnHOM mpumepHO 0,9-1,2 MM, cO CTpPYyKTypoit
OTITyIIEHHOTO MapTeHcuTa (puc.10).

CTpyKTypa OCHOBHOTO CEYEHHS IMPOKATa COCTOUT U3 MepiuTa (copOuTa) u
¢beppura (puc. 1r). Cpeanuii pa3mep MepIUTHBIX 3epeH coctaBisier 15-20 MKM.
O6bemHas nons peppura coctanisier 12-19%.

[ ycrpaHeHHs OOJIBIION  pasHUIBI B CKOPOCTH  OXJIAXKIICHUS
MOBEPXHOCTH U CEpALEBUHBl apMaTypHOTO IIpoKaTa, B Ja0OpaTOPHBIX
yclnoBusAxX ObUla IPOBENEHA €ro HM30TepMHYEcKas 3aKajka, NP KOTOPOH
6e3nu¢hy3noHHOE MapTEHCHTHOE MPEBpaIIeHUue 3aMeHsIeTCsT TU(Qy3nOHHBIM
MIPOMEXYTOUYHBIM  MPEBpallleHHeM, KOTOpPOE MpPOTEKaeT IIOCTENeHHO W
OJTHOBPEMEHHO 110 BCEMY CedeHHI0. [Ipy oXia1eHnn mocie n30TepMUIECKOM
BBIJICP)KKH, ~ Onaromapss  3aKOHUMBIIEMYCS  IIPEBPAIICHWIO  ayCTEHHUTA,
CTPYKTYPHBIE H3MEHEHHS YK€ HE IPOUCXOIAT. B pe3ynbraTe m30TepMmudecKoi
3aKkanku  (opmupyeTcs OeWHHTHas CTPYKTypa C BBICOKOH TBEpIOCTHIO,
JOCTaTOYHO BsA3Kas, MpPOYHas M XOPOLIO CONPOTHUBISIOLIASCS yIapHOH
Harpy3ske [4].

CTpYKTYpHBIE HCCIICNOBaHUS MOKAa3ajd, YTO B apMaTypHOM IIpOKaTe
npodunst NelO mociie H30TepMUYECKOM 3aKaIKK Ha IOBEPXHOCTH (popMUpyeTCs
obomok  coctosimuit M3 (peppUTO-OEHHUTO-MAPTEHCUTHOH  CTPYKTYDHI,
OCTalbHOE Ce4YeHHe IIpOoKaTa MpeJCTaBiIseT co0oil OeHHUTHas CTPYKTypa ¢
HeOoNBINM conepxkanneM geppura (~10-15%) (puc.2 a,B).
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B r
Pucynoxk 2 - Mukpoctpykrypa apmarypHoro npokata NelO (a, B) n Ne22
(B, T) mocie W30TEPMHUUYECKOW 3aKalKW: a,0- MOBEPXHOCTHBIA CJOH; B,I-
LeHTpanbHas 30Ha, x200

Pe3ynbraThl MEXaHMYECKHX CBOWCTB IOIy4YeHHBIE Ha apMaTypHOM IpoKarte
Cc OCWHHTHOM CTPYKTYpPOH CBHIETENbCTBYIOT O TOM, 4YTO MPOYHOCTHBIE
CBOWCTBA apMaTyphl IOCTaTOYHO BBICOKH O, = 624 H/MMZ, o, =786 H/MM2,
IUIACTHYHOCTh ~ 3HAYUTENIBHO  Bo3pactaeT 05=33,1%. Takum oOpasom,
n30TepMUUecKas 00pabOTKa IMO3BOJISET CYIIECTBEHHO IOBBICHTh KOMILIEKC
cBOiCcTB apmarypHoro mpokara NelO u3 cramu 30I'C, a umMeHHO mpeaen
TEKy4YEeCTH U OTHOCHUTEIHbHOE Y/UTHHEHHE CTaIH.

PaccMoTpuMm Temeph BIMSIHWE M30TEPMHUYECKON 3aKaJKM Ha CTPYKTYpHOE
COCTOSIHME  apMaTypHOro  mpokara  npoduius  Ne22.  Pe3ynbTarhl
MeTauIorpaguIeckoro aHainW3a TOKa3aJld, YTO Ha MOBEPXHOCTH TaKxkKe
(dhopmupyercs 0000K CO CTpyKTypoi OefiHuTa (puc. 20), IeHTpaldbHAs 30HA
MIpeACTaBIsAeT cOOOH OYEHb MUCHEPCHYIO (epPUTO-TIEPIUTHYIO CTPYKTYPY CO
cpemHuM pa3zmepoM 3epeH 10-15 Mxm.

[Ipu 3TOM 3HaUEHUS Ipeaesa TeKy4IeCTH, H3MEpPEeHHBIE Ha o0pa3iax J5mmM,
BBIPE3AHHBIX U3 CEPEIMHBI apMaTyphl Ne22, 1oBomsHO HE3KH (500 H/MM?). A1o
CBUJICTEILCTBYET O TOM, YTO M30TEpMUYECKas 3aKajJka He MO3BOJISIET
00eceunTh NPOKaIMBaeMOCTh JUIS TAKOTO CEYEHHS apMaTypHOT'o IpoKarta 1 ee
MIPUMEHEHHE HellelIeco00pa3Ho Uist MPOGHIIS TAKOW TOJIIUHEIL.

OpHaKO Npe/CTaBIsIET HHTEPEC MOTydeHne OEHHUTHOTO CJIosl B apMaType
B IIPOLIECCE YCKOPEHHOTO OXJIAXKACHHS MIPOKATa, YTO IMO3BOJIUT 00ECTIEYUTH €T
TIOBBIMICHHBIC INTACTHYECKUE CBONCTBA.

BoiBoabl.

W3oTepmuueckas 3akaika IpokaTa MmMaioro amamerpa w3 cramm 30IC,
MO3BOJIIET OOECNEUYNTh PAaBHOMEPHYIO OCHHHUTHYIO CTPYKTypy IO BCEMY
CEUCHUIO M BHICOKHH KOMIIJIEKC MPOYHOCTHBIX U TUIACTUYECKUX XapaKTEPHCTHK
apMarypsl.
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Cmamus pekomen0o8ana K nevyamu
Ookm.mexu.HayK, npo@., B.B.Ilapycoevim

I'.B.JIeguenko, C.B.booups, O.€.Hegheovesa, A.H.Xynin

Bmuime  i3oTepMiuHOro rapryBaHHsI Ha CTPYKTYpPHHH CcTaH Ta
BJIACTHBOCTI apMaTypHoOro npokary 3i craui 30I'C

JlocmiKeHO BIUTMB 130T€PMIYHOTO TapTyBaHHS Ha CTPYKTYPHHHA CTaH i1
BJIACTUBOCTI apmarypHoro mpokaty i3 ctami 30I'C. BcraHoBneno, mio
130TepMidHe rapTyBaHHS JO3BOJIIE OTPUMATH PIBHOMIpHY OCHHITHY CTPYKTYPY
[0 TIEPETHHY TMPOKaTy, 3a0e3MednTH BUCOKHH KOMIUIEKC BIIACTHBOCTEH
apMatypHoro mpokary i3 crami 30'C mamux giaMeTpiB, a caMe — MEXKY
TUTMHHOCTI 1 BITHOCHE TTOIOBKEHHS CTaJIl.

KirouoBi cioBa: apMaTrypHuii mnpokart, OeilHITHOro0 CTPYKTypa,
i3oTepmiuHa rapT, BJacTUBOCTI

G.V.Levchenko, S.V.Bobyr, E.E.Nefedeva, A.N.Hulin

Influence on bainitic hardening properties and structural states of
reinforcing rolled steel 30GS

The influence of isothermal hardening on the structural state and properties
of rebar steel 30GS. Found that the isothermal tempering allows to obtain a
uniform bainite structure in the cross section rolled combination of properties to
provide high steel rebar 30GS small diameters, namely, yield strength and
elongation of the steel.

Keywords: rebar, bainitic isothermal hardening properties
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