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OOCNIMKEHHA BNINBY PEXXUMIB KOHTPONbOBAHOI
NMPOKATKU TANMPUCKOPEHOIO OXONOOXEHHA HA
MEXAHIYHI BIIACTUBOCTI | MIKPOCTPYKTYPY
HU3bKONErOBAHUX CTANEN

IIpogedeno nopieHANbHe OOCNIONCEHHA GNAUBY MEXHON02I] KOHMPOIbOBAHOI NPOKAMKY | KOHMPOIbOBAHOL
NPOKAMKYU 3 NPUCKOPEHUM OXOJOO0NCEHHAM HA MEXAHIYHI 8IACMUBOCHI | MIKDOCMPYKMYPY HUILKOAE208AHOI CIAll.
Iokasano, wo cmane nicia KOHMPOTLOBAHOT NPOKAMKU 3 NPUCKOPEHUM OXOJIOONCEHHAM MAE GUUUT KOMNIEKC
Mexaniunux eacmugocmei.
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Beryn

KonTtpomsosana mpoxarka (KI1) € HaiiOinbm epexTHB-
HHUM CII0COOOM TIABHIICHHS SIKOCTI 1 HAAIHHOCTI JINCTOBO-
TO TPOKATY, 4 TAKOK MOHIKCHHA HOTO coOiBapToCTi. SK
BHJ TCPMOMECXAHITHOI OOPOOKH CTaJIi, Cy9acHA TEXHOJIOTiA
KII 3 mactymHEM pHCKOpeHIM oxonomkeHEM (YO) 103-
BOILsI€ (DOPMYBATH ONITHMAIIBHHH CTPYKTYPHHH CTaH CTANI
1 THM CaM¥M HiABHIIYBATH PIBCHb MEXaHIUHIX BIACTHBOC-
TCiH HU3BKOBYTIICHeBOi cTai [ 1, 2]. CaMe ToMy IILIIX 10 OT-
PUMAaHHS BUCOKOSKICHOTO IPOKATY JICKUTD Yepe3 LiIeCII-
PSAMOBAHE YIIPABIIHHS TEXHOJIOTI YTHUMH TTAPAMETPAaMH HA
Beix eramax KI1. TTpote B miTeparypi HEIOCTaTHBO TAHUX
PO MEXaHI3MHU (OPMYBAHHS MIKPOCTPYKTYPH 1 BIIACTH-
BOCTCH HH3BKOBYIIICHICBUX MIKPOJICTOBAHMX CTAJICH HA OK-
pemux eramax KI1. 3okpema, HE BU3HAUCHHH B3a€MO3B -
30K MDK OKPEMUMH TEXHOJIOTIMHUMH JISIMH 1 CTAHOM Tapsi-
uee(popMOBAHOTO AYCTCHITY; HE BUBUCHHUI BIUTHB HU3KA
TexHonorivHux mapamerpis KI1 Ha noapiOHEeHHS 3epHa i
PI3HO3CPHUCTICTH KiHICBOI MiKPOCTPYKTYPH.

3apmanss Texaonoriyaux eramnis KI1 nomsirae B otpu-
MAaHHI CTPYKTYPH, IO 3a0e31edy€e BUCOKY MIITHICTh CTai
TIPH JOCTATHROMY PiBHI INTACTHYHOCTI 1 B SI3KOCTI. JlocsrTi
BHCOKHX MOKA3HHUKIB MEXAHIYHUX XapaKTCPUCTHK MOKIIA-
BO MOAPIOHECHHAM CTPYKTYPH, PETYIIOBAHHIM BHIIICHHS
KapOOHITPHIIB, YIPABTIHHAM IPOIICCAMH PEKPHCTAI AT
H KIHETHKOFO TIEPETBOPECHHS ayCTEHITY, MAJAHOTO Tapsii
mracTA4Hii aeopmamii [3], i Tak aami. OcroBHi eramu KI1
BKJTFOYAIOTH AyCTCHIBAMLII0 a00 HATPIB CIIA01B TIEpe mpo-
KATKOK0, TIOMICPCIHIO Te(hopMairo (FOPHOBY CTAIFO TPO-
ecy) IPH TEMIIEPATypPi, BUIMIH 32 TEMIIEPATyPy PEKPHC-
Tami3amii ayCTeHITY, MACTYPKYBAHHS I AKATY, OCTATOYHY
aeopManiro (YHCTOBY CTAMIFO MPOILECY) B 00IACTI TaJIb-
MYBaHHA PCKPHCTATI3aIl] ayCTCHITY a00 B ¥ + ou- 001acTi i
TIPUCKOPEHE OXOJIO/LKCHHS TTPOKATY.

TemmepaTypHuit iHTCPBA 3aKIHUCHHS YHCTOBOT CTAIL
KOHTPOJILOBAHOI POKATKH MA€ BH3HAYAIBHE 3HAUCHH, 110
ICTOTHO BIUTMBAE HA KIHIIEBY MiKPOCTPYKTYPY H MEXaHI1HI
BJIACTHBOCTI TOTOBHX JIUCTIB. [ Ipr BHPOOHHMIITBI HH3BKOIICTO-
BAHOTO ITPOKATY IIMPOKO 3aCTOCOBYIOTHCS ABi cxemu KIT:

- BucokoremneparypHa KII, mo Xapakrepuzyerncs
TTi IBHIIICHOFO TEMIIEPATYPOFO KiHII MPOKATKH 1 3aKiHUCH-
HaM nedopMamii B aycreniTrii obnacri (7 > At,). Sk mpa-
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Puc. 1. Texuonoriuna cxema Bucokotemmnepatypuoi KIT + YO
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BHJIO, 3aCTOCOBYETHCS B CYKYITHOCTI 3 iHTCHCHBHIM CIPCH-
EPHHUM 1 IJAMiHAPHAM IIPHCKOPCHUM OXOJIOIKCHHSM,

- HrbroTemrieparypaa KT, sixa xapakrepr3yeTsest 3HIKe-
HOFO TCMIICPATYPORO KIHIII TIPOKATKH 1 3aKiHICHHIM 1edop-
manii B aycTeniT-(hepurrii oomaci (77 < Ar,). Yactenbro pea-
T3Y€THCS Y TIOETHAHHI 3 MCHIII IHTCHCHBHAM JIAMIHAPHHM ITPH-
CKOPCHHM OXOJIOKCHHAM 1 PEIIAMCHTOBAHMM BiTHOCHHM
OOTHCKAHHSM B OCTAHHBOMY YHCTOBOMY IPOX0i (5).

Crnpobu BUKOHATH BAXKIIMBY KUIBKICHY OIIHKY TEMIIC-
PaTypH ayCTEHIT-(DEPUTHOTO NEPETBOPEHHAS AT, IO XaPaK-
Tepu3ye npoekroBaHi peskumu KII, cympoBomKyroThCsa
3HAYHAMH TPYAHOIIAMH, OOYMOBJICHUMH CKJIATHUM 3B 13-
KOM MDXK TapaMeTPaMH HPOIIECY, TEMIICPATYPHIMH 3MiHA-
MU TIPH IPOKATII 1 HEJAOCTATHRO BUBUCHUMH MPOLIECAMHU
(hOpMyBaHHS 1 IEPETBOPESHHS MiKPOCTPYKTYPH CYHaCHUX
HU3BKOJICTOBAHUX CTaJICH [4].

[TpuaImmosi cxemu pizaux cxem KI1+YO Hu3pKonero-
BAHHX CTAJICH MPSICTABIICH] HA PHCYHKAX 112,

Merta poGoTH—TIPOBSCTH MOPIBHAIBHS JOCTHKCHHS BILTH-
BY TEXHOJIOTii KOHTPOTLOBAHOI MPOKATKH 1 KOHTPOTEOBAHOT
TIPOKATKH 3 MPHCKOPSHEM 0x0710pkeHHEM (KTT+YO) Ha Me-
XAHIYHI BTACTHBOCTI 1 MIKPOCTPYKTYPY HU3BKOJICTOBAHOT CTAJI.

Marepiam Ta METOAMKA XOCTIKEHb

J14 BUpITIICHAS TIOCTABJICHHX Y POOOTI 3aBIAHB 32 00 €KTH
JOCTIZZKCHHS OyITH B3SITI JOCIHIAHO-TIPOMHUCIIOBI IIABKA
CYYaCHUX HU3BKOJICTOBAHHUX CTAJICH, BUTOTOBJICHI BiAMOBI-
JTHO JI0 IOCTABJICHOTO B POOOTI 3aBIAHHSA 1 I IXOY, 2 TAKOK
EKCTICpUMEHTAJIbHI CTai T1a00PATOPHOI BUIIABKH, BHKO-
PHUCTOBYBAHi A1 BUBUCHHA BILTUBY KOMITO3HIIIH XiMiTHO-
TO CKJIAJy 1 TapaMeTpiB CTPYKTYPH (PO3MIpY 3epHa, 00 €MHOL
JIOJT CTPYKTYPHHX CKIAA0BHX). JIJ1s1 TOCATHCHHS He0OXia-
HOTO PiBHS BIIACTHBOCTCH Y CTaTb OYITH BBSIACHI CIICMCHTH,
IO BIUTHBAKOTH HA KIHCTHKY MEPETBOPCHHS ayCTCHITY, LI0
3MIIHIOOTH CTAJIb IO TBEPAOPO3UNHHOMY 1 AUCTICPCIHHO-
MY MEXaHi3MaXx.

JIns1 eKcriepIMEHTATbHIX IUIABOK OYB 3aIpONOHOBA-
Huit 6azoBuit ckian crami: 0,07-0,14 % C; 0,25-0,50 % Mn;

<0,07 % Si; 0,1 5% Cr, 10JaTKOBO JICTOBAHHM MOTiOIC-
HOM, V Pi3HHUX MOETHAHHAX . BUITaBKY TaO0PaTOPHIX I1a-
BOK IPOBOAMTH Y BAKYYMHIH 1HAyKIiFHIHM ricyi. Maca miaBok—
10 Kr; po3Mip 3aroTiBOK mia MPOKATKy — 50 x 40 x 70 MM.
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TEXHONOT T OTPUMAHHS TA OBPOBKU KOHCTPYKLINHX MATEPIATIB

[TpoxaTKy AOCITTHHX 3AHBKIB HA IITa0y 3aBTOBIIKA 10 MM
3IIMCHIOBAIH HA TAOOPATOPHOMY IPOKATHOMY CTaHi. Harpis
METaJy IT,T MPOKATKY IPOBOIIIM B KAMEPHIH Iieti; 3arajb-
HHI{ 9aC HATPiBY 1 BATPHMKH CTAaHOBUB 1,5 rowmH; Temmepa-
Typa MeTaNy MePS MPOKATKOFO CkIanama 1160-1180 °C. Uop-
HOBY CTA/IiFO TIPOKATKH 3IIHCHFOBAIH 32 OIHH IPOXi T 3 aeop-
Martiero 40 %, moriMm CitigyBana may3a Aad mACTYKYBaHHSA
METAJy, HICIA H0TO MPOBOMMIIM YHCTOBY HMPOKATKY 34 TPH
TPOXOM A0 OCTATOYHOI TOBLIMHH 3 CYMAPHHM CTYIICHEM Jic-
(opmamii morax 70 %. [TpOKATKy 1 MPHCKOPCHS OXONIOHKCHHS
3HIHCHFOBAIA 32 HACTYITHHMH CXEMAMH. @ — KOHTPOJTBOBAHA
MPOKATKA 13 3aBSPLICHHSM Y Y + 0t~ 00J1ACTi; 6 — KOHTPOJTBOBA-
HATIPOKATKA 13 3aBCPIICHHAM Y Y- 0ONIACTI 3 HACTYITHHM IIPH-
cropeHmM oxonomieHHM (20 °C/C); 8 — KOHTPOTHOBAHA IIPO-
KATKA 13 3aBCPIICHHAM BY-+0(- 00JIACTI 3 HACTYITHAM HPHCKO-
permM oxonmomkeHHM (20 °C/C).
AHaJTi3 OTPUMAHIX Pe3y.ILTATIB

Y pesyasrari IpoBSACHHS SKCIICPHMEHTAIBHUX JOCTA-
JKCHB BCTAHOBJICHO, IO 3acToCcyBaHHA TexHOMoTil KIT+YO
JI03BOIAIE HAOY TH TTi IBUILICHOTO 3HAYCHHA G, (Ha 35-53 H/vne?),
HIKIe BinHomenns o/, i KCV prme wa 50-70 Jx/em?
mpu Temmepatypi — 40 °C 1 T80 mmxae — 100 °C. MikpocT-
PYKTypa 3paskiB, 00podieHnx 3a pexximvoM KT, cknanaeTs-
cs13 epury (meopmoBanmii ~ 50 %) i OcitHITY; 3a perku-
MoM KTT+¥YO — 3 momironamsHOTO (heputy (5—10 %), rom-
yacroro (epury i mapreHcuty. OCKUIBKH CTaNh IMiCIA
KOHTPOJIbOBAHOI MMPOKATKH 3 PUCKOPCHAM OXOTOLKCHHAM
Ma€ BHIIAH KOMIDICKC MCXAHIYHHX BIACTHBOCTCH, OV/I0
JIOKJIQ/THIIIIC BUBYCHO BILTHB TEMIICPATY PHUX PSKHMIB TEpP-
MOMEXAHIYHOI IPOKATKH 3 MPHUCKOPEHAM OXOTOPKCHHSIM
HA MEXaHIYHI BIACTUBOCTI. BHIIpoOyBaHO YOTHPH PEKH-
MH KOHTPOJIbOBAHOI IIPOKATKH:

- 112 i3 3aBepHICHHAM Y Y- 0071aCTi 1 HACTYIIHHAM IIPH-
cropeHmM oxonomkeHEM 10 450 °C (1), mo 550 °C (2);

-3 14 13 3aBEpUICHHAM ¥ Y + o~ 00J1aCTi 1 HACTYITHUM
TIPHCKOPCHIM oxonopEkeHEIM 110 450 °C (3), 10350 °C (4, 5).

BcraHOBICHO, O ONTHMATBHA MiKPOCTPYKTYPA, KA 3a-
0c3metye MEXaHIYHI BIACTHBOCT, BIATIOBIIHI KJIACy MIITHOCTL
K65 € cymimr nomrironaeHOTO (=~ 15 %) i romactoro gepury
(pexivu 00poOKH 2 i 3). OnTHMATEHEM PSKAMOM I BH-
POOHHUIITBA MITPHIICA KJIACY MIiIHOCTI K65 B MpOMHCTIOBHX
YMOBAX € TCPMOMCXAHIYHA MPOKATKA i3 3aBEPIICHHAM Y
HIDKHIH YaCTHHI Y- 00J1ACTi 1 HACTYITHIM MPHUCKOPSHAM 0X0-

nomKeHEIM 10 Temmeparyp 500-550 °C. Ipu Takomy pe-

SKHMI OOpOOKH CTaIb MA€ BICOKI MEXaHIYHI BIACTHBOCTI 1

J00pY XONMOAOCTIHKICTR, MIKPOCTPYKTYPA CKIATAETHCS 3

TONTITOHATEHOTO 1 TOTMACTOrO (DCPHUTY. 3aBCPIICHHS YHCTO-

BOI IIPOKATKH HIOKIE Bix Temmeparyp 730-740 °C (y aso-

(hazHiti y + o- 007aCTi) MPHU3BOAUTH 0 Pi3KOTO SHILKCHHS

VAApHOI B SI3KOCTI. Y CTPYKTYPl YTBOPIOETHCS 3HAYHA

KIUIBKICTh M sIKOi (pasu (kBazimomiroHambHOTO (Peputy) i

MirHuX (a3 — romdacruii pepur 1 Mmaprencin. OKpiM 3HHA-

SKCHHS YAAPHOI B SI3KOCTI, 3pa3Ku MAKOTH (DePHTO-MAPTCHCHT-

HY CTPYKIYDY, MAOTh HU3bKE BiHOIICHHS MEXI ITHHHOCTI

JI0 THMYACOBOTO omopy (= 0,74). Jloa4 B’A13K01 CKJIAIOBOI B

3nami gocsrae 100 % (B ychoMy JOCTIHKEHOMY IHTEPBAII TEM-

TIepaTyp) PH 3aBEPIICHHI YHCTOBOI MIPOKATKA B 1HTCPBATI

Temreparyp 710-770 °C, mi TemIieparypu 3HAXOIATHCA B IHTEP-

Bami - 20+40 °C six remneparypu Ar,. [Tpu remniepatypi 3a-

BCPIICHHS IIPHCKOPECHOTO OXOMOKEHHES HIDK1il 3a 440 °C

CIIOCTSPITAETHCA Pi3KE SHIDKCHHS JIOMT B’ A3KOKO CKIIAZ0BO1 B

3nami. Lle MOXKHA 3B°13aTH 3 YTBOPSHHSIM Y CTPYKTYPL AULTHOK

MAPTCHCHUTY, BUALICHHS SIKOTO CTIOCTEPITAETHCS TP 3aBEPIIICHHI

TIPACKOPEHOTO OXOMOKEHHS HIbk4oro 3a 370 °C.

BucHoBkn
3ampomOHOBAHMI PSKUM 3a0e31eUye HEOOXi ZHIH

KOMITICKC MCXAHIYHHX BIACTHBOCTCH CTAII 34 PAXYHOK J10-

CSTHEHHSI BCTAHOBJICHOTO KiJIBKICHOTO CIIIBBI1IHOIICHHS

CTPYKTYPHHX CKIan0BuX. ONTHMANIbHA MIKPOCTPYKTYPA,

1o 3abe3nedye HeoOXi/JHI MEXaHIYHI BIACTHBOCTI, € CyMiII

MOMITOHANBHOTO (= 15 %) 1 romaacroro depury.
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IMeiiko C.I1., Tperbsik B.H. HcciienoBanne BJANSIHAS PEKIMOB KOHTPOJIUPYEMOii MPOKATKU H YCKOPEHHOTO
OXJIAXK/ICHHIA HA MEXAHI'ICCKHE CBOCTBA H MHKPOCTPYKTYPY HH3KOJICTHPOBAHHBIX CTAJICH

IIposedeno cpasnumenvroe Uccaeo008anUe IUSHUSL MEXHON02UY KOHMPOTUPYEMOT NPOKAMKYU U KOHMPOTUPYEMOTI
NPOKAMKU € YCKOPEHHBIM OXAAACOEHUEM HA MEXAHUYECKUE CBOTICMEA U MUKPOCMPYKIMYPY HUSKOJESUPOSAHHON CIMAY.
[loxasano, umo cmaiv nocie KOHMPOAUPYeMOl NPOKAMKY ¢ YCKOPEHHbIM OXJadCcOeHUueM umeem 6o0Jiee bicOKUl

KOMNJIEKC MEXAHUYECKUX CEOTICMS.

Knrouesvie cnosa: KOoHmpoJaupyemai npoKamkda, YyCKOpeHHoe oxﬂaofcdeﬂue, HU3KOJIecUposannas cmailb.
Sheyko S., Tretyak V. The research of influence of modes of the controlled rolling and speed-up cooling on

mechanical properties and microstructure of low-alloy steel

Comparative research of influence of technology of the controlled rolling and controlled rolling is in-process
conducted with the speed-up cooling on mechanical properties and microstructure of low-alloy steel. It is shown that
steel after the controlled rolling with the speed-up cooling has a higher complex of mechanical properties.

Key words: the controlled rolling, speed-up cooling, low-alloy steel.
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