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Anomauin. Y pobomi npoananizoeano npoyec po3poOneHHs: MeXHOIO2IYH020 KOMNLEKCY GIOHOBICHHS.
61ACMUBOCIEN NPOKAMHUX 8ATIKI8, AKI OYau 3HUdCeHT nio uac wigpysannsi. Ilpedmemom 0ocaioicen-
HA € 3paA3KU NPOKAMHUX 8AJIKI8, AKI dueomoeneni 3i cmaini 40X.
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Beryn

[IpoGiiema migBUIEHHS pecypcy 00JaaHaH-
HSl 7Sl TIPOKATHOTO BUPOOHHIITBA € aKTyallb-
HOIO, OCKIUTBKH OTPHMAHHS B €JIEMEHTaX TaKOTo
oOMagHaHHs BIIACTUBOCTEH, HEOOXITHUX IS
e(hexkTuBHOI poOOTH, € 3aMOPYKOI0 HOTr0 TpUBa-
JIOTO BUKOPHCTAHHSI.

[TpokaTHi BaJiKu sIK iHCTPYMEHT, SIKUH € elle-
MEHTOM  OONamHaHHA JUIi  NPOKATyBaHHI
00’€eKTiB 3 METalliB Ta CIUIaBiB, MPALIOIOTh Y
BOXKUX EKCIUTyaTallilHUX yMOBax, 30KpeMa 3a
3HAYHOTO HABAHTKEHHS, TEPTS Ta MiABHICHUX
temmneparyp. Ilig gac mporo mporecy BinOyBa-
€THCS IIBUJIKE 3HOUIYBAHHS IXHIX poOOYMX TO-
BEPXOHB, M0 MPU3BOIUTH JI0 MOSBU OpaKy acop-
TUMEHTY. BHaciok mepeBa’kHO BEIMKOI Bap-
TOCTiI TIPOKAaTHUX BAIIKIB iX 32 MOMIJIMBOCTI JI0-
LIUIBHIIIE BIJHOBIIOBATH, HDK 3aMIHIOBAaTH Ha
HOBIi, OCKIJIBKHU II€ BUTiJIHIIIE B €KOHOMIYHOMY
ceHci. Takuil minxig Moxke OyTH peani3oBaHUiA
yepe3 BUKOPHCTAaHHS PI3HOMaHITHUX METOIB
BIUIMBY Ha CTPYKTYpHHH CTaH HOBEpXHI BHPO-
0iB. 3acTrocyBaHHs, HallpUKia, Texaonorii TO3
[1, 2] abo iHmIMX METOMIB 3MII[HEHHS MOBEPXHI
IJIKOM MOXKJIUBE JJIs BUPIIIEHHS MOIIOHUX 3a-
BaaHb. OHAK JOLUIBHICTD 3aCTOCYBAaHHS METO-
IiB  0OpoOJIEHHS BU3HAYAETHCS MOKIMBICTIO
JOCSTHEHHS HEOOX1IHUX BIACTUBOCTEH OJIHOYA-
CHO 3 MiHIMi3alli€l0 BUTPAT Ta AOTPHUMAHHIM
BHUMOT MO0 KOKHOTO KOHKPETHOTO 00’€KTa
3MilHeHHS. Tak, JUIs HEBEIMKHX IPOKATHHUX
BaJIKiB BaXUIMBO MaKCUMAaIILHO 30€perTd HOoMi-
HaJIbHI PO3MIpH, OTXKE, HEOOXIJTHO pPO3pOoOUTH
TaKWi TEXHOJOTIYHMH IpOLeC BiJAHOBIIOBAIb-
HOTO 00pOOJIeHHS, SIKMi 3a0e3rnednB OU BHPI-
HICHHS TOCTABJICHUX 3aBJ/IaHb.

AHaui3 myosikamiii
ITutaHHS BAOCKOHAJIICHHS TIPOKATHOTO 00JIa-
JHAHHS JOCTIIKYEThCS TPUBAIINI dac OaraTbMa
JMOCHTIMTHUKaMH. 3Ha4dHa yBara MPHUAUIIETHCS
MPOKATHUM BaJlaM, sIKi € BKJIMBOIO CKJIaJI0BOIO

Takoro oOnamHaHHs. [limBuIenHs iXHBOI pobo-
TO3/IaTHOCTi € OJHUM i3 MPIOPUTETHUX MHUTAHB,
TOMY B JIiTEpaTypi 3’sIBISIOTHCS Pi3HI HAYKOBI
imei momo peamizamii 3a3HaueHOi MPOOIEMH.
Hanpuknan, po3risgaroTbesi TEXHOJOTIUHI ac-
NEKTH 3aCTOCYBAaHHS HAIIaBJICHHS MPOKaTHUX
BaJIKiB, JI¢ OCHOBHUM € BHOIp MpHUCATHOTO Ma-
Tepialy Ta CKJIJAy YTBOPEHOTO HAIIaBICHOTO
mapy, peXUMIB BIIHOBJICHHA W TepMOOOpOO-
JIeHHs. 3a3HayeHo, 10 Ha MeTalypriiHuX Miar-
pUEMCTBax y mporeci poOOTH TMPOKaTHI BalKH,
HaBiTh OJIHOTUIIHHUX NMPOKATHHUX CTaHIiB, 3HOINIY-
10ThCS HeomHakoBo [3]. B yMoBax mocTiifHOTO
TEpTs, HarpiBaHHS Ta HEPIBHOMIPHOTO HaBaH-
TQKEHHS Ha TIOBEPXHSX BAalKiB MOXYTb
3’ABIATUCS NeEeKTH, IO MOXE IPHU3BOAUTH
HaBiTh 10 OpaKyBaHHs IOTOBUX AeTanedl. Mox-
Ha JIMTH BUCHOBKY, IO IiJl YaC 3HOILICHHS JI0
IMM He TOTPIOHO HATUTABISTH MOBEPXHI BAJIKIB,
a iCHye MOXJIMBICTh BITHOBUTHU X MOBEpXHI Ue-
pe3 mepenuripyBaHHS. A HarUIaBICHHS JeTali
JIOIUTEHO 3IIHCHIOBAaTH 32 YMOBH OLIBIIOTO
3HOIICHHS. BU3Haue€HO  TaKOX, ONTHUMAaJbHI
YMOBM HAaIlIaBJICHHsS JJIs1 HPOKATHUX BAaJIKiB.
3anpornoHOBaHUN MiAXiJ JEMOHCTPYE, L0 B
mpolieci HarutaBieHHS BaikiB 3i ctanmi 40X mo-
uinpHO AomaBatH y ¢diroc 25 % rpaditoBoro
MOPOIIKY Ta HAHOCUTH HOTO MIapOM, TOBIIMHOIO
Oym3pko 1MM, 110 3a0e3neunTsh NOTPiOHY TBEp-
JICTh HAIUIABJIGHOT'O WIapy Ta JIO3BOJHUTH HE
37iiiCHIOBAaTH TepMiuHe 00pobieHHs [3].
I'pymoro [oCHigHHUKIB NpoaHai30BaHO M-
TAHHSA 3aJIEXKHOCT] «IIHA-SIKICTHY» 00 BUTOTO-
BJICHHSl Ta BUKOPUCTAHHs NMPOKATHUX BAJIKiB Y
pi3HHX KpaiHax cBiTy [4], OCKiIbKH BHCOKa Bap-
TICTh EHEPropecypciB BHMAara€ BpaXOBYBaTH
€KOHOMIYHI aCHeKTH MiJ 4ac BUTOTOBJICHHS Ta
BHKOPHCTaHHS MPOKATHOTO oOnIagHaHHs. 3a3Ha-
YEeHO, IO IIiJ] BIUIMBOM BEJIIMKOI KUIBKOCTI IIUK-
JIiB HATPiBaHHS Ta OXOJOKEHHS poboda JacTH-
Ha BaJIKiB MIANA€THCS 3HAKO3MIHHIA Hampysi,
BHACIIZIOK YOTO YTBOPIOETHCA piOHA CiTKa po3-



Bicunk XHALLY, Bun. 97, 2022

najy, 10 MOCHIIOE 3HOIIyBaHHS. OTxe, MpoKa-
THI BaJIKW TOBMHHI MAaTH BUCOKY CTIiHKICTH IO
3HOIIEHHS Ta J0 Aii yJapHUX HaBaHTaKEHb 1
TEeMIIEpaTyp, 3THHAIBHUX 1 KPYTHUX MOMEHTIB
[5]. B Ykpaini Takok po3po0ieHui TEXHOIOTi-
YHUH TIpolec BUPOOHUITBA BAJIKiB JIMCTOBUX
CTaHIB Taps90i MPOKATKH 3 POOOYHMM ITapoM 3i
crieriaabHOro YaByHy [6, 7].

3nificHenuil aHami3 iHQOpPMaLiiHUX Keper
[8] memomcTpye, 1110 32 KOPAOHOM IIijl Yac BH-
pOOHHMIITBA €IEMEHTIB OOJIaTHAHHS IS TapsIoi
MPOKATKH 3 METOIO ITiIBUIICHHSA E€KCILTyaTaIliii-
HUX BJIACTUBOCTEH IXHBHOTO pOOOYOro IIapy
3aCTOCOBYIOTh BHUCOKOXPOMHCTI CIUIABH, IO
MICTATh y cBoeMmy ckmami 12-20 % Cr,
0,4-0,6 % Si, 0,8—1,2 % Mn, 0,8-3,0 % Ni, a
TaKOX J0 IXHBOTO CKJIaAy JOAAI0Th Y HEBEIUKIH
kimpkocti inmm metamm (V, Ti, Nb, B). Takum
YMHOM, HajiliHa poO0Ta MPOKAaTHUX BAJIKIB BU-
3HAYAETHCA (Pa30BUM CKIIAIOM CILIABY.

Mera i mocTaHOBKa 3aBJaHHS

MeTtoro po0oTH € pO3pOOJICHHS TEXHOJIOT1Y-
HOTO KOMIUIEKCY BiJHOBJICHHS BJIAaCTHBOCTEH
MPOKATHUX BAJIKIB, AKi OyJM 3HIDKEHI B IPOIECi
nuripysanns. [IpeameToM NOCTiIKEHHS € 3pa3ku
MPOKATHHX BAJIKIB, SIKi BUTOTOBJIEHi 3i ctaii 40X.

Jlns ocsATHEHHS METH HEOOX1IHO:

1 BU3HAYMTH TBEPIICTh MPOKATHUX BAJIKIB,
AK1 MOTpeOyBalM BiJHOBJIEHHS Micis ULTiQY-
BaHHS 3a MeToJ0M PokBea;

2 BHUTOTOBUTH HATypHI 3pa3KH HPOKATHUX
BaJIKiB;

3 3miCHUTH TepMidyHe OOpOOIEeHHS HATyp-
HHX 3pa3KiB 3a PI3HUMHU PEKHUMaMH;

4 s3pifichuTn MertanorpadiyHUN aHaliz Ta
BUMIpPIOBaHHS TBEPJOCTI HATYPHHUX 3pa3KiB IIic-
751 IXHBOT'O TEPMIYHOTO 0OpOOIIEHHS 32 PiI3HUMHU
peXHMaMu;

5 BuOpaty onTUMaNBbHUN pEeXHUM, TOOTO Ta-
KHiA, 110 3a0e3ne4nB OW OTPUMaHHS HEOOXiTHUX
BIIACTHBOCTEW Ta MPOBECTH TepMiuHE O0OpOO-
JICHHS TPOKATHHUX BAJIKIB, sIKi MOTpeOyBaIn BiJl-
HOBJICHHSI, 32 IIUM PEKUMOM;

6 3IifiCHUTH KOHTPOJIbHE BUMIPIOBaHHS TBE-
PIOCTI Ha BaJIKax;

7 3MIACHUTH aHaJ3 OTPUMAHUX EKCIIepUMe-
HTaJIbHUX PE3yJIbTAaTiB.

OcHoBHMI MaTepiaj A0CTiTzKeHHs
KitouoBuMm mmTaHHSM Juis  3a0e3meueHHS
OYIKYBaHOTO pe3yJbTaTy OyJo IOCIiIKEHHS
BILTUBY PEKHUMIB TEPMIYHOTO OOpOOJIECHHS TIPO-
KaTHUX BaJIKIiB Ha BiJHOBIICHHS IXHBOI TBEpPHOC-
Ti. HeoOXiqHO 3a3HAYUTH, IO MAaTEPiajioM JJIs
HbOTO JochHipKeHHs € crainb 40X, OCKIJIbKHU

MIPOKATHI BaJIKH, SKi TOTPEOYBaIM BiAHOBIICHHS,
BUTOTOBJICHI caMe 3 Takoi MapKu cTajii. bynu
BHATOTOBJICHI JiBa HATYPHI 3pa3KH, JOBKHUHOIO Ta
nmiamerpoM 30 MM, II0 HEOOXIAHO IS IOPIB-
HSIHHA TXHBOI TBEPAOCTI MOBEPXHI Ta MPOrapTo-
BAaHOCTI Tix 4ac BUOOPY ONTHMANBHOTO PEKH-
My TEpPMIYHOTO OOpOOJIEHHS Ta 3aCTOCYBaHHS
Horo g peallbHUX MPOKATHUX BAJIKiB, 3TiTHO 3
BUMOTaMU JI0 BiTHOBJICHHS IXHiX BIACTHBOCTEH.
PosrnsiayTi BUIIE 3pa3ku OynH MONEpeaHbO Te-
pMidHO 00pOOIIeHI Yepe3 rapTyBaHHS B Macii 3a
temnepatrypu 860 °C Ta HHU3BKOTEMIIEpaTypHE
BigmyckaHHs 3a Temmeparypu 180 °C. Lle 6ymo
HEOOXiTHO [UTS IMITYBaHHS B 3pa3Kkax BUXITHHUX
BJIACTUBOCTEH MPOKATHUX BAJIKIB, SIKi MOTPeOY-
BaJIM BIJIHOBIIOBAJILHOIO 00poOieHHs. Takum
YUHOM, MCIS TEPMIYHOTO OOpOOIIECHHS IIi TPO-
KaTHI Banku Mamu TBepaicTs 55 HRC, a micus
nuTipyBaHHS BHACTIIOK TMEpeTrpiBaHHs OPi€HTO-
BHO 10 350—400 °C, TBepmicTh iXHIX POOOUHX
MmoBepxoHb 3Hm3MIacs no piBHA 43 HRC, mo
HEJ0CTaTHBO JJISl IXHBOI pOOOTH 3 OTPUMAaHHIM
HEOOXiZHOT SIKOCTI MOBEPXHi MPOKaTy. 3rilHO 3
MPOBEJCHIMH AHATITHYHUMH JTOCIiKEHHIMHI
IIMOMHY 3HEMILHEHHS BaJIKIB Ta 3HIDKEHHSA
TBEPJOCTI BiIOyNOCsS Ha TIHOMHY, OJIM3BKO
1 mm.

Jst BumpaBieHHs 1€l cUTyallil Ta BiJHOB-
JICHHS HEOOXIIHOI TBEPJOCTI BaJIKIB Oynu 3a-
CTOCOBaHi JIBa PEeXUMH TEPMidHOTO 0OpOOIICH-
HS

— 3arapryBaHHs 3 HarpiBoM ;o 860 °C Ta
OXOJIOJPKEHHSIM Y BOJII;

— 3arapTyBaHHs 3 HarpiBom g0 860 °C Tta
OXOJIOJDKEHHSIM B JIECATHUBIJICOTKOBOMY BOJHO-
my po3umuHi cosi NaCl,

Mikponurtidu 1ux 3pa3kiB OyJIM BUTOTOBJIEHI
Ta TPOTPABJICHI 32 CTAHJAPTHUMH METOIUKAMHU.
[y BU3HAYECHHS BIUIMBY IIBUAKOCTI OXOJIO-
JOKEHHSI Ha CTPYKTYPOYTBOPEHHSI Ta TBEPAICTh
cTaji, fIKa JOCTIJDKYEThCS MICHs 3arapTyBaHHS,
3IIHCHIOBAJIOCH OXOJIOJDKEHHS 3pa3KiB y Pi3HHX
Cepe/ioBUINAX, JIe IIBUIKOCTI OXOJOJKEHHS
JIOPiBHIOBAJIH:

= Voxz = 600 °C / ¢ (y Bomi);

= Voxa ® 680 °C / ¢ (y IecATHBIICOTKOBOMY
BogHOMY po3urHi coii NaCl).

BignoBigHo [0 pe3ynbTaTiB BUMIpIOBAHHS
TBepAOCTI oxonomkeHHs B 10-BigcoTkoBOMY
BosHOMY po3umnHi coii NaCl cnpusie orpuMan-
HIO MaKCHMMaJbHOI TBEpAOCTI B cCTali [0
58 HRC.

Cramp 40X mig 9ac OXOJODKCHHS Yy BOI
Ma€e OUTBII HHU3BKI 3HAYEHHS TBEpHOCTI 10 53
HRC lle MoXxHa MOSCHUTH TUM, III0 TTOBEPXHE-
BH IIap Baja MOKE OyTH 3HEBYTJICIIbOBAHUH.
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Takox Oynu BHSABICHI IUISHKU 31 3HUKEHOIO
tBepaictio 1o 43 HRC. MoxHa 3a3Ha4uTH, 10
1[e 3HEBYIJICHbOBAHI JUISIHKH, SKi yYTBOPHIHCS
BHACIIZIOK BUTOPaHHs BYIJIEIIO MiJ 4ac MOBTO-
pPHOTO HarpiBaHHS.

IMomo cxumpHOCTI ctani 40X mo BimIycKHOT
KPUXKOCTi, TO MPUCKOPEHE OXOJIOUKEHHS B
Mporieci BIAIyCKaHHS MiABHIYe 1i yIapHY
B’SI3KICTb.

Mertanorpadiuni JgocmipKeHHS 37iHCHIOBA-
JCA Ha 3pa3Kax Miclisl BUMIPIOBaHHS TBEPIOCTI.
PesynpTatt  MIKPOCTPYKTYPHHX  JOCIiIKEHB
HaBeZICHI Ha puc. 1, 2.

500 (x 0,5)
Puc. 1. Mikpoctpykrypa crani 40X micns rap-
TyBaHHS y BOAI

x 500 (x 0,5)
Puc. 2. Mikpoctpykrypa ctani 40X micis rap-
TyBaHHS B 10-BiZICOTKOBOMY BOJHOMY pO3-
yuHi comi NaCl

AHaniz MIKpOCTPYKTYpH 3pa3KiB MiCis Tep-
MIYHOTO OOpOOJICHHS JIEMOHCTPYE HAsBHICTh
MEePeBAXHO MAapPTEHCUTHOI cTpyKTypu. OjHaK
piBEHb TBEPAOCTI, IKUI OTPUMAHUH Y IUX 3pa3-
Kax BiApi3HAEThCS. MoOp(hOoJOTriyHO IIi MIKpPO-
CTPYKTYpH BIJIPI3HSAIOTECS HE CYTTEBO, TOMY
BiIMIHHICTh B TBEpPJIOCTI IICJsI OXOJO/KCHHS B
PI3HHX CEpeOBHINAX MOKHA MOSICHUTH PI3HOIO
MOBHOTOKD MAapTEHCHUTHOT'O TEPETBOPEHHS, IO
3aJIeKUTh BiJI OXOJOPKYBAIBHOI 3IaTHOCTI Pi3-
HUX CEPEJIOBHII Y TIPOIIEC iX 3aCTOCYBaHHSI.

TakuM 9UHOM, OXOJIOMKEHHs Y Boi (puc. 1)
Ta 0XOJNOMKeHHS B 10-BiICOTKOBOMY BOTHOMY
posunsi comi NaCl (puc. 2) no3Bonunu oTpuma-
TH TOAIOHI CTPYKTYpHI CTaHM, OJIHAK OXOJO-
JUKYBaJIbHI BIIACTHBOCTI COJIEBOTO PO3YHHY BH-
mi. lle 3abe3nednsio OLTBITY TOBHOTY IIPOTi-
KaHHS MapTEHCHUTHOI'O TMEPETBOPEHHS Ta yTBO-
peHHsT npiOHOrOIYacToi MapTEHCHTHOI CTPYK-
TypH 3 HEBEIUKOIW KiJbKicTIo KapOimiB Cr
(puc. 2), a oTxke, OITBII BUCOKHI PiBeHb TBEP-
IOCTI.

Jns 3HATTS 3aIMIIKOBHX HANpyXeHb HE0O-
X1IHO TicIsl TapTyBaHHS 3MIHCHUTH HU3BKOTEM-
neparypue Binmyckanns (180 °C) 3 mpuckope-
HUM OXOJIOJPKEHHSIM.

BucHoBku

1. Cranp 40X 3pmatHa OyTu 3araproBaHa Ha
MapTEeHCUT B Macii, Boji Ta B 10-BiICOTKOBOMY
BonHOMY posumHi coni NaCl, ognak 3 pi3HOIO
e(heKTHUBHICTIO.

2. TlosiBa 3HEBYIJICIILOBAHOTO IIApy MOXKE
MPU3BOAUTH JI0 3HIDKEHHS TBEPAOCTI, IO MOXKE
OyTH HAaCIiIKOM HEJOCTaTHBOTO 3aXUCTy BiA
OKHUCITIOBAITbHOT aTMocdepu medi.

3.CtpykTypa npokaTHHX BaJKiB 31 cTami 40X
miclisl 3arapTyBaHHS CKJIQAAEThCA 3 APiIOHOro-
4acTOro MapTeHCUTY Ta HEBEJHMKOi KiJIbKOCTI
kapOinis Cr .

4. Haii0inpmr eeKTHBHUM PEXHMOM 3Mill-
HEHHS NPOKaTHUX BaJKiB 31 ctani 40X € rapry-
BaHHSA 3 OXOJIOJDKEHHSIM Y 10-BiZCOTKOBOMY
BosHOMY po3unHi comi NaCl.

5. TexHonoriuHUi KOMIUIEKC BiJHOBJIECHHS
3HIKEHUX B Ipoleci nulipyBaHHS BIACTUBOC-
Tell MPOKAaTHUX BAIKIB MMOJSTaE B TapTyBaHHI
Big Temneparypu 860 °C 3 oxonomxeHHsM y 10-
BiZicOTKOBOMY BoAHOMY po3uuHi comi NaCl 3
HACTYITHUM HHU3bKOTEMIIEPATYpHUM BiJIITyCKaH-
HsaM 3a Temmeparypu 180 °C npotsirom 2 roauH
Ta 3 MPUCKOPEHUM OXOJIOPKEHHSIM.

KpiMm Toro, mist 30epekeHHs BiJHOBIIEHUX
BJIACTHBOCTEH Yy MOMIOHMX IMPOKATHUX BaJIKax
HEOOXiAHO 37iiicHUTH nuTiQyBaHHS iXHIX HOBe-
PXOHb B yMOBax HEpO3IrpiBaHHA A0 TeMIepa-
Typ, siki € puiie Hix 200 °C.
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Developing a technological complex for restoring
the properties of rolled rolls reduced in the
process of grinding

Abstract. Problem. The problem of increasing the
resource of equipment for rolling production is on
time. Rolling mills are a piece of equipment for roll-
ing objects made of metals and alloys. They work in
difficult operating conditions: at considerable load-
ing, friction and the raised temperatures. As a result,
there is a rapid wear of their work surfaces, which
leads to defects. Due to the predominantly high cost
of rolled rolls, it is better to restore them than to re-
place with new ones. This is more profitable econom-
ically and can be realized by using different methods
of influencing the structural condition of the prod-
ucts’ surface. The use of, for example, TFH technol-
ogy [1, 2] or other methods of surface strengthening
is possible to solve such problems. Goal. The pur-
pose of the work is to develop a technological com-
plex to restore the properties of rolled rolls, which
were reduced in the process of grinding. The subject
of the research are the samples in the form of rolled
rolls, which are made of 40X steel. To achieve this
goal, heat treatment of natural samples was carried
out in different modes. Metallographic analysis and
measurement of hardness of natural samples after
their heat treatment in different modes was made.
The optimal mode was selected, which provided the
necessary properties. Heat treatment of rolled rolls
in need of restoration was carried out according to
this mode. Methodology. Two heat treatment modes
were used to restore the required hardness of the
rolling rolls hardening with heating to 860°C and
cooling in water; hardening with heating to 860°C
and cooling in 10% aqueous NaCl salt solution. Re-
sults. The cooling properties of the saline solution
are higher than those of water. This ensured greater
completeness of the martensitic transformation and
the formation of a fine-needle martensitic structure
with a small amount of Cr carbides. Therefore, a
technological complex for restoring the properties of
rolled rolls, which were reduced during grinding,
was proposed. It consists of quenching from a tem-
perature of 860 °C with cooling in 10 % aqueous
solution of NaCl salt. After hardening it is necessary
to carry out low-temperature release at a tempera-
ture of 180 °C for 2 hours with accelerated cooling.
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