|IOBEAEHWE
CTPOEHWE

K.®. Ctapoay6os
1904-1984
0.T.H., npogecop, akagemik HAH YkpaiHu,
3acny>KeHu Oisay HayKn i TEXHIKK YKpaiHm

]l . «<N# 1i 1
L cl | él/l'e%(bcv



CTpouTenbCcTBO, MaTepranoBeaeHne, MalMHoCTpoeHne: CTapogy60BcKue uTeHns-2018 ISSN 2415-7031

YOK: 669.14.018.294:669.017
DOT: 10.30838/P.CMM.2415. 200418.31.3

PO3POBKA MATEMATWYHOT MOAE/I PO3PAXYHKY TEM/IOBOIO
MONS 3A MEPETUHOM 3AIBHUYHOT PEVKW NMPU TEPMIYHIN
OBPOBLI|

BABAYEHKOQOO. 1.1, a. T. H,
KOHOHEHKO I A2 K T. H,
®LIOHEHKO H. KOl K. g-M. H,,
XYJTIH A. M .4% K. T. H.

1Biaain npobnem aedopmMaliiHO-TEPMIYHOT 06POOKN KOHCTPYKLiAHUX cTaneid, IHCTUTYT YopHoi meTanyprii im. 3. |. HekpacoBa
HAH YkpaiHn, nn. Ak. Ctapogy6osa K. @®., 1, 49107, [OHinpo, YkpaiHa, Ten.+38 (056) 790-05-14, e-mail: A_Babachenko@i.ua,
ORCID: 0000-0002-2869-3478

2 Bigain npobnem aeopmaLiiHo-TepMiYHOT 06P0O6KM KOHCTPYKLIAHUX CTanei, IHCTUTYT YopHOi meTanyprii im. 3. |. Hekpacosa
HAH Ykpainu, nn. Ak. Ctapogy6osa K. @., 1, 49107, [Hinpo, YkpaiHa, Ten.+38 (056) 790-05-14, e-mail: perlit@ua.fm. ORCID:
0000-0001-7446-4105

3 Kadeppa Meguko-6ionorivyHoi ¢isvkn i iHpopmaTukM, [epxaBHuUi 3aknaf «[HinponeTpoBcbKa MeauyHa akagemis MO3
YKpaiHu», nn. CobopHa, 4, 49600, AHinpo, YkpaiHa, Ten. +38 (056) 713-59-51, e-mail: natph2016@gmail.com, ORCID ID: 0000-
0003-1219-348X

4 Bigain npobnem fegopmayiiiHo-TepMi4HOT 06P0OKM KOHCTPYKLiAHMX cTaneid, IHCTUTYT YopHoi meTanyprii im. 3. |. Hekpacosa
HAH Ykpainu, nn. Ak. Ctapogy6osa K. @., 1, 49107, [AHinpo, YkpaiHa, Ten.+38 (056) 790-05-14, e-mail: ahulin81@ukr.net;
ORCID: 0000-0002-6707-0877

AHoTauisn. MeTa. Po3pobka mMogeni 3miHV TemnepaTypu 3a NepeTMHOM B NPOLECi TEPMIYHOro 3MiLHEHHS 3a YMHHOK B YKpaiHi
TEXHO/OTIE, AN HACTYMHOrO BAOCKOHANIEHHS PEXMMIB TepMiYHOT 00pPO6GKM peiokK, BUFOTOBMEHMX 3i CTani, XiMIYHWIA CKnag AKoi
Bignosigae Bumoram umHHoro [ACTY 4344:2004. MeToamka. 3pa3oK [OCHiMKyBaHOI CTani nigndaraB BMMPOOGYBaHHIO Ha
nporapToBYBaHiCTb METOAOM TOPLEBOrO rapTyBaHHA (3a meTogom [komeHi) (FTOCT 5657). MogentoBaHHS rapTy peiiku NpoBOAMNOCS
3a ONOMOroK MeTofy KiHueBux enemeHTiB (MKE) B cepefoBulli nporpamMHoro komnnekcy ANSYS. PesynbTaTu. PesynbTatom
MOZENtOBaHHA NPOLLECY 3arapTyBaHHS 3ani3HUYHOT Pelikn € 3aKOHOMIPHOCTI 3MiHW TemnepaTypu mMeTany B MpoLeci ii NPUCKOPEHOro
OXO/MIOMKEHHA. BCTaHOB/EHO, IO Ha NOBEPXHI KaTaHHSA PeiKuW LUBUAKICTb OXONOMKEHHA MeTany AOoCUTb BUCOKa, 6au3bko 12 °Clc.
OfHaK Ha ramMbuHax noHag 11 Mm pelika He BCTWrae OXONOAWTUCS A0 TemnepaTyp 6am3bko 500-550 °C, siki HeobxigHi ans
OTPUMAHHA TOHKOAMCNEPCHOI MepRiTHOT CTPYKTYpUW. 3aMicTb LbOro Temnepatypa MeTany Nicns 3arapTyBaHHS CTAHOBUTb MOHaf
700°C, T06TO CcTanb MPOAOBXYE NepebyBaTV B ayCTEHITHOMY CTaHi. Lle BKa3ye Ha HEOOXiAHICTb KOPUryBaHHS CMOCOGIB i peXXumiB
TepMiyHOT 06pPO6KN PeinoK B CTOPOHY 6iNbll iHTEHCMBHOIO OXONOMAXEHHA BHYTPILLHIX LIApiB FON0BKW pelikn. HaykoBa HOBU3HA.
YCTaHOBNEHI 3aKOHOMIPHOCTI 3MiHM TeMmepaTypyu 3a NepeTMHOM 3ai3HWYHOT pPeliku B NPoLEeci TepMivyHOT 06po6KM. MpakTUYHa
3HauyLWicTb. [laHa Modenb Moxe 6yTW 3aCTOCOBaHA f/19 BU3HAUYEHHA HeObXifHMX napameTpiB OXONOMKEHHS B MPOLEC TEPMiYHOro
3MiLHEHHA 3 METOI OTPUMAHHA HEeOoOXiAHOro CTPYKTYPHOrO CTaHy i KOMMAeKCy BnacTuBoCTeil. Lle B CBOIWO uYepry [03BOMUTb
BMOGpaTV ONTUManbHi pexumn andepeHLiioBaHOT TePMiYHOT 06pPO6KM 3 OTPUMAHHAM MaKCMMaslbHO OAHOPIAHOMO CTPYKTYPHOro
CTaHy i, IK HacnifoK, BNaCTUBOCTEN 3a NEPETUHOM FO/I0BKUN PEMKN.

KntouoBi cnosa: 3anisHW4YHa peiika; Mojenb pPo3noAiny Temnepatypy No NepeTuHy BupoBy; LUBMAKICTb OXONOMKEHHS; TepMiuHa
06po6Ka; TBepAiCTb
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AHHOTauma. Llenb. PaspaboTka Mofenn U3MeHeHUs TeMmmepaTypbl MO CEYeHMI0 B MNpoLecce TEPMUYECKOrO YMPOYHEHWUs Mo
[eiicTBytOWel B YKpauHe TEXHOMOruMW, NS MOCNefytoLLero COBEPLUEHCTBOBAHUS PEXMUMOB TepMUUecKol 06paboTKM penbcos,
N3roTOBMEHHbLIX W3 CTaM, XMMUYECKWUIA COCTaB KOTOPOM COOTBETCTBYET TpeboBaHusM peictytowero ACTY 4344: 2004.
MeToguka. O6pasel, nccnefyemoli CTanu NoAnexan WUCMbiTaHWI0 Ha NPOKaNMBaeMOCTb MEeTOAOM TOPLEBOM 3akanku (Mo MeToay
xomenn) (FTOCT 5657). MogennpoBaHue 3akanku pefbCbl MPOBOAWMMIOCH C MOMOLLBIO MEeTOAa KOHeYHbIX anemeHToB (MKQJ) B
cpefie nporpaMmHoro komnsekca ANSYS. PesynbTaTbl. Pe3ynbTaToM MOZENMPOBaHWA MpoLecca 3aKankuy Xene3HOA0p0XKHOro
penbca ABAATCA 3aKOHOMEPHOCTU W3MEHEHWs TemnepaTypbl MeTansia B MPoLecce ero YCKOPEHHOro OXNaXAeHWUs. YCTaHOB/EHO,
4TO Ha MOBEPXHOCTW KaTaHWs penbca CKOPOCTb OXNXKAEHWA MeTannia AOCTaTOYHO BbICOKa, 0Kono 12°C/c. OpHako Ha rny6mHax
6onee 11 MM penbC He YCrneBaeT OXNaAuTbCs A0 Temnepatypbl okono 500-550°C, KoTOpble Heo6X0AWMbl ANA NOAyYeHWs
TOHKOAMCMNEPCHOW NepAUTHON CTPYKTYpbl. BMecTo 3aToro Temneparypa MeTanna nocne 3akanku coctasnset 6onee 700°C, To ecTb
CTanb NPOJO/MKAET HAXOAUTbCA B ayCTEHWTHOM COCTOSHWM. ITO YKas3blBaeT Ha HEOOXOAMMOCTb KOPPEKTMPOBKM CMNOCOBOB U
PeXUMOB TepMUYecKol 06paboTKM penbcoB B CTOPOHY 60Mee WHTEHCMBHOFO OXNXAEHWS BHYTPEHHWUX CNOEB FOMOBKM pefbea.
HayyHas HOBM3HA. Y CTaHOB/IEHbI 3aKOHOMEPHOCTU M3MEHEHUs TeMMePaTypbl MO CEYEHUIO >KeNe3HOLOPOXKHOro pefibca B npoLiecce
TepMUYecKoi 06paboTku. MpakTunyeckas 3HaYMMOCTb. [laHHas MofeNlb MOXET 6bITb MPYMEHeHa Ans onpefeneHns Heo6XoANMbIX
napamMeTpoB OX/IKAeHMS B NpoLecce TEPMUYECKOT0 YNPOUHEHUS C LieNblo MOMYyYeHUs HeO6X0AMMOro CTPYKTYPHOIO COCTOSHUS U
KOMM/eKca CBOWCTB. JTO B CBOK O4epedb MO3BOAUT BblOpaTb ONTUMabHbIE PEXWUMbI ANDGHEPEHLMPOBAHHON TEePMUYECKOL
06paboTKM C NONyYeHVEM MaKCUMallbHO OAHOPOAHOr0 CTPYKTYPHOrO COCTOSIHWS W, KaK CnefcTBue, CBOWCTB MO CEYEHWIO FOMI0BKM
penbca.

KtoyeBble cnosa: XKenesHoAopoXHbIi penbc; MOfenb pacnpefeneHns TeMnepaTypbl No CeUeHUIo U3aenus; CKOPOCTb OXNAKAEHWS;
TepMmuyeckas 06pa6oTKa; TBEePAOCTb

DEVELOPMENT OF A MATHEMATICAL MODEL FOR
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Abstract. Goal. The Development of the temperature change model by intersection in the process of thermal strengthening under
the current technology in Ukraine, for the further improvement of thermal processing modes of rails made from steel, the chemical
composition of which meets the requirements of the current DSTU 4344: 2004. Method. A sample of the investigated steel was
subjected to a hardenability test by end quenching (Jominy test) (GOST 5657). The simulation of the rail's quenching was carried out
using the finite element method (MKE) in the environment of the ANSYS software complex. Results. The simulation of the
quenching process of the rail is the regularity of the temperature change of the metal in the process of its accelerated cooling. It is
established that on the rail's rolling surface or tread, the cooling rate of the metal is quite high, namely about 12°C/s. However, at
depths of more than 11 mm, the rails do not have time to cool down to temperatures of about 500-550°C, which are necessary for
obtaining a tine pearlite structure. Instead, the temperature of the metal after quenching is more than 700°C, that is the steel continues
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to be in austenitic state. This indicates the need to adjust the methods and modes of rails' heat treatment in the direction of more
intense cooling of the inner layers of the rail's head. Scientific novelty. The regularities of the temperature changing at the
intersection of the rail in the process of heat treatment are established. Practical significance. This model can be used to determine
the required cooling parameters in the process of thermal strengthening in order to obtain the necessary structural state and complex
of properties. This, in its turn, will allow us to choose optimal modes of differentiated heat treatment to obtain the maximum

homogeneous structural state and, as a consequence, the properties at the intersection of the head of the rail.

Keywords: railway rail; model of temperature distribution by intersection of the product; cooling rate; heat treatment; hardness

BcTyn. Besneka pyxy noi3gis, 6esneka rpomagsaH i
BaHTAXiB B 3Ha4Hin Mipi 3anexartb Bif CNPaBHOCTI
YTPUMaHHS, SIKOCTi, CTIAKOCTi 3a/li3HNYHOrO MOMOTHA,
30KpemMa, rofI0BHOr0 MOro enemeHTa - peiiok. Mpobnema
MiABULLEHHA Npaue3faTHOCTI pelioK CbOrOfHI CTae Lie
6inbll akTyanbHOW. B cyyacHuX ymoBax ekcnnyaTauii
3aNi3HUYHMX AOPIr iCHye TeHAeHUisd A0 36inblueHHS
HaBaHTAXEHHA Ha BiCb NMpU pyci BAXKOrO TPaHCMOPTY i
LUBMAKOCTI PyXy NacaXunpcbKux noisgis.

EkcnnyarauiiHa  CTiiKiCTb  3a/li3HUYHUX  PeiioK
GaraTo B 4YOMYy  BW3HAYa€TbCid  CTPYKTypol i
MEXaHiYHUMK BMACTMBOCTAMW MeTaly, 3 SKOrO 1X

BUFOTOBNAOTb. Y 3BRA3KY 3 UMM 3pOCTa€  pofb
jocnigkeHb B 06MacTi MeTano3HaBCTBa | TepMiyHOT
06poOKM CTanei, 3acTocyBaHHS Pe3ynbTaTiB AKX 34aTHe
3abe3neunmT  TpMBany  MILUHICTb  BMpOGIB  Mpw
eKcnyaradui.

OCHOBHUM  geheKTOM MpuM  HOpPManbHIA  po6oTi
3aMi3HUYHMX pPenoK € TX 3Hoc. [na 3abesneyeHHs
BMCOKOr0 OMOPY 3HOLUYBaHHIO, TBEPAICTb peiku Mae
6yTV BWCOKOIO, MpW YOMY He JIMLIE Ha MOBEpPXHi, a Ny
LUeHTpanbHUX 06’emax Ti ronoBku. Kpalwi CBiTOBI
BMPOOHUKKN foCAratoTb TBEPAOCTI Ha rAmMbuHi 10 Mm Big,
MOBEPXHI KOYEHHSI TOM0BKM - He MeHwe 360 HB (EM
13674-1:2011 gna mapku A370CrHT) Ta He meHwe 390

HB (EW 13674-1:2011 pna wmapkm $400HT) [1].
YKpaiHCbKUM CTaHZapToMm ACTY 4344:2004
BMMaraeTbCA TBEPAICTb Ha FAMOMHI 11 MM - He MeHLue
321 HB [2]. Mpu upbOMy 3aKOPAOHHI CTaHAapTW
HOPMYIOTb TakKOX TBepAiCTb Ha rAnMbuHi 20 MM: He
MeHwe 340 HB EY 13674-1:2011 pgnd  mapku
A370CrHT) Ta He mMeHwe 370 HB (EK 13674-1:2011
ana mapkn 9400HT); Ha ranbuHi 22 Mm: He meHLe 352
HB (FOCT P 51685-2013) [3]. Takwuii piBeHb TBEPAOCTI
YKPaiHCbKMMW  BUPOGHUKaMW He gocaraeTbecsi.  [pn
LboMy ofHieto 3 Bumor ACTY 4344:2004 € BiACYTHICTb
CTPYKTYPU MapTHCUTY B FOMOBLi Peiiky.

MeTa. Po3pobka mogeni 3MiHM TemnepaTtypu 3a
NepeTMHOM B MPOLLEC TEPMIYHOIO 3MiLHEHHS 38 YNHHOD
B YKpaiHi TEXHO/OTIE, ans HacTynHoro
BLOCKOHANIEHHA PEXMUMIB TepMi4HOT 06pO6KM peiioK,
BUIOTOBMEHMX 3i CTani, XiMiYHWUIA cKnag SKOi BignoBigae
BUMoram YnHHoro ACTY 4344:2004.

Martepian gna gocnigkeHb. CTanb mapku K76d
BUpo6bHuyTBa MAT «MK «A30BCTanb». 3pasku Aans
BiANpaLboBYyBaHHS napameTpis mogeni 6ynm
BUrOTOB/IEHI» 3 MeTally rOM0BKW peikn Tuny P65,
XiMiyHWMIiA  cknag [AOCNifAKYyBaHOI CTani HaBeAeHO B
Tabn. 1

Tabnmys |

XimMiYHWMIA cknag focnifgXXyBaHoi cTani 4nsa 3ai3HUYHUX perok, mac. %o/

Chemical composition of the investigated steel for railway rails, mass. %

C Si Mn P S Cr

080 025 097 0011 0,007 004 003 003 0006 0,005

Pe3ynbTaTu fOCAigKEHD.

[na pocarHeHHs nocTaBneHoi meTu, B poboTi 6yno
po3p0o6neHO MEeTOAMKY [ANA BM3HAYeHHA HeobXigHMX
LUBUAKOCTE OXOMOMKEHHS, LIO NOASrae B HaCTYMHOMY.
3pa3oK JocnigpKyBaHoi cTani nignaras BUNpobyBaHHIO
Ha nporapToByBaHiCTb [4] MeToAOM  TOpLEBOro
rapTyBaHHA (3a mMeToZoM JKoMmeHi). Byno BCTaHOBNEHO
3aKOHOMIpHICTb 3MiHW TBEPAOCTi Bif BiACTaHi 4o Toputo,
3 KOro MpOBOAMNOCA OXONOMKEHHS, Ta BW3HAYeHO
Micusi, B SKUX TBEpAICTb BifmnoBigana BMMOram CBITOBUX
BUPOOHUKIB. Ha HacTynHomy eTtani JocnifXeHb 6yno
3a4eKaHeHO TepMoMapy Yy BW3Ha4YeHMX TOYKax Ta
3anmMcaHo  KpuBi  OXONOMKEHHS, WO  [03BOMIIO
BU3HAUUTU  LUBMUAKOCTI OXONOMKEHHS: MaKCUMasbHO
npuNycTUMy Ans NOBEPXHi KOUEHHS FO/I0BKM peliku, Npu
AKil He BigbGYBaETbCS YTBOPEHHA MapTeHcuTy (9 MMm:
cepefHst yoxon B iHTepBani 900...500°C ~12,5°C/cek, B
iHTepBani 900...20°C ~8°C/cekK); MiHiManbHO HeobXigHYy
ANA  OCbOBMX [LiNSAHOK Ha rmbuHi >20 MM ang

Ni Cun Al Ti Mo \

<0,01 0,055

[OCArHEHHA TBEPAOCTI Ha PiBHi CBITOBMUX aHanoris (43,5
MM: cepefHs Yoxan B iHTepBani 900...500 °C ~2°C/cek, B
iHTepeani  900...20°C  ~1,5°C/cek); MiHiManbHO
HeobXigHY AN OCbBMX AINAHOK Ha rAnbuHi 11 mm gns
[OCATHEHHs TBEpAOCTi Ha piBHI BMMOr YKpaiHCbKOro
ctaHgapty (55,5 wMM: cepegHa Yoxan B iHTepBani
900...500°C  -1,5°C/cek, B iHTepBani 900...20°C
~1°C/cek) [5].

Pe3ynbTat UMX AOCAiAKEHb OynM BUKOPUCTaHI $K
MOYaTKOBI YMOBM [ MaTeMaTU4YHOr0 MOAENOBaHHS
npouecy  AudepeHuinoBaHOI  TEPMIYHOI  06POBKM
rOIOBKN  PEeiKM  npum  pisHUX  Cxemax  nogaui
oxonomxysaya (TennoBiABeAeHHs), PO3POOKM METOANKM
pO3paxyHKy TEXHOMOTIYHMX napameTpis X
ANdepeHLinioBaHOr0  OXONOMKEHHA MpY  3MILHIOOYIl
TepMiyHiin 06pobui.

Peiikm Ha nignpuemcTBax YkKpaiHW niggatotbes
AndepeHLiioBaHOT TepMiyHili 06pobLi - HarpiB TiNbKu
FONOBKM  peiikM 3 MOfANbLUMM  MPUCKOPEHWUM
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OXONOMKEHHAM [6]. [na aHanisy icHyt4oi TeXHOMOrIT
BMPOOGHMLTBA 3aNi3HUYHMX peliok B ymosax [AT
«MK«A30BCTaNb» 3 TOUKW 30pY (POPMYBAHHA B HUX

TemnepaTtypHux MoAaiB  nNpu  TepMiYHiA  06pobLi i
PO3YMIHHS  MPWUYMHW  HEMOX/MBOCTI B [aHWiA  yac
BUPOGNATN  MpPOAYKLUito, fKa BIAMNOBILAE CBITOBUM

BMMOram, 6yna po3pobneHa MaTemaTuyHa Mofenb
po3noginy Tena0BUX NOJIB 3a NEPETUHOM Peliku.

MogentoBaHHs  rapTy peiiku npoBoAunocs  3a
LOnoMorol  Metogdy KiHuesux enemeHTtis (MKE) B
cepefoBuLi nporpamHoro komnnekcy A”Y 3. MKE €
uncesbHUM  METOAOM,  SKMA  [03BONSE  3BOAUTU
BUPILLUEHHA CcUCTeMU udepeHLianbHUX  PiBHAHb A0
CUCTEMW HaMMNPOCTILIMX anrebpaiuyHmX PiBHSHb.

Pe3ynbTaTtoM MOENtoBaHHA MpOLECy 3arapTyBaHHS
3aMi3HMYHOI peiiku € rpadik 3MiHM TemnepaTtypu, a
TaKoX 31eXKHICTb KoewiLieHTa  Tennosiggadi
oxonogkysaya (Bogu) Bif TemnepaTypu meTaty. [Ons
BUPILLEHHSA KOXHOT TennoBoi 3agavyi B AM3YB 6yna
HanucaHa nignporpamMa mosoto APOb, L0 [03BONSE
aBTOMaTW3yBaTN MOJE/IOBAHHS.

3HayeHHA TemnepaTypu FOMOBKW 3a/i3HUYHOT peiiku
B Pi3HMX i 30Hax micns rapTy npotarom 70 cekyHp 6ynm
OTpMMaHi  LIAAXOM  piLUEHHA  MeTOLOM  KiHLEBMX

6)

Puc. 1 Pe3ynbTaTy po3paxyHKy 3a MaTeMaTUYHOK
MOZEN0 Po3noAiny TemnepaTypu Nno nepeTuHy peiku
[0 (a) i nicna (6) NPUCKOPEHOT0 OXONOA>KEHHSA/

Results ofcalculation by mathematical model of
temperature distribution along the intersection ofthe
rails to (a) and after (b) accelerated cooling
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€/IEMEHTIB AndepeHyianbHOro
TennonpoBigHOCTI (PiBHSAHHA DypE):

PiBHSHHSA

- :ay|-(+_/\_’
ar cp

je X - TemnepaTypa; T - uYac; a - KoOeQilieHT
TemnepaTyponpoBOAHOCTI; ornepatop Jflannaca
(cyma fpyrux 4acTMHHUX MNOXIAHWX); QV - Ki/bKIiCTb
TEena0Tu, WO BUAINAETLCA B OAWUHULI 06'€EMY B OAMHWLIO
yacy; C - TEMJIOEMHICTb; P - LWiNbHICTb.

[aHa wmogenb Mmoxe 6yTu 3acTocoBaHa And
BU3HAYEHHA HeoOXigHMX napamMeTpiB OXOMOMKEHHA B
npoueci TepMiYyHOro 3MiLHeHHS 3 METOK OTPUMAaHHS
HeoOXifHOTO ~ CTPYKTYPHOrO  CTaHy |  KOMMAeKcy
BflacTMBOCTe. Lle B CBOWO Yepry [03BONUTL BUbGpaTh
ONTUMANbHI  peXMMn  AudepeHUiioBaHol  TepMiYyHOT
006p0obKM 3 OTPMMaHHSIM MaKCUMa/lbHO OfHOPIgHOro
CTPYKTYPHOrO CTaHy i $IK Hacnigok BnacTMBOCTENA 3a
NepeTVHOM TOMOBKW pelikv. Pe3ynbTaT MaTeMaTUyHOro
MOJe/0BaHHS NPOLEeCY TePMIYHOrO 3MiLHEHHS PeiioK B
ymoBax MAT «MK«A30BCTaNb» NpegcTasneHi Ha puc. 1
i 2.
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Pvic. 2. 3mina TemnepaTypy NO NepeTUHY roNoBKu
peiikn B npoLeci TepmiyHOT 06po6KK (rapTyBaHHS i
coiYiosignyck)/

Temperature change at the intersection of the rail's
head during the heat treatment (quenching and self-
tempering)

3 puc. 2 BUAHO, WO Ha MOBEPXHi KaTaHHs Peikm
LUBMAKICTb  OXOMOKEHHA  MeTasly [0CUTb  BUCOKa,
6nm3bko 12°Cl/c. OfHak Ha ravbuHax noHag 11 mm
(BEpXHA KpuBa) pPeNoK He BCTWrae OXOMOAUTUCA [0
Temnepatyp 6nm3bko 500-550°C, ski HeobxigHi ans
OTPMMaHHS TOHKOAMCMEPCHOT NepMiTHOI  CTPYKTYPM.
3aMmicTb UbOro Temneparypa MeTany nicns 3arapTyBaHHSA
cTaHoBUTL MOoHag 700 °C, TO6TO cTanb MPOJOBXKYE
nepebyBaTn B ayCcTeHiTHOMY cTaHi. Lle Bkasye Ha
Heo6XigHICTb KOpWryBaHHA crocobiB i pexumis TO
PeioK B CTOPOHY Oifbll IHTEHCMBHOIO OXONOMKEHHS
BHYTPILLHIX LIAPIB FOMOBKM Peliku.

BUCHOBKM.
1 B po6oTi po3pobrieHa matemaTtuyHa MOAENb,
[03B0/ISE MPOrHo3yBaT 3MiHy  Temnepatypu,

LUBMAKOCTEl OXOMOMKEHHS MO MEPETUHY TO/I0BKN PEiKM
B MPOLECi 10ro TepMivHOT 06po6bKK. Mogenb MoXe ByTK
BMKOpWCTaHa [ BM3HAYeHHS HEeobXigHWX napameTpis

AKa
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3arapTyBaHHA peilkyu 3 METOK OTPUMaHHSi HeobXigHOro 3. BcTaHOBNEHO, WO Ans 3ab6e3neyeHHs TBEPAOCTi B
CTPYKTYPHOIO CTaHy i KOMM/IEKCY BMaCTUBOCTEN MeTany. OCbOBMX AiNAAHKAX rOMOBKU PEeNKW Ha PiBHI CBITOBUX

2. MoKa3aHO, LWI0 UMHHA TEXHOJOris TepMiYHOro aHanoris  HeobXigHa po3pobKa HOBUX  PEXUMIB
3MiLHEHHS He [03BONSE OTPMMAaTW TBepAiCTb OCbOBUX TepMiyHOi  06pPO6KYK 3 6ibLL iHTEHCUBHUM
LINAHOK TOMOBKM peiKu Ha piBHI CBITOBMX aHasoris OXONOMKeHHAM abo po3pobka HOBUX cTanel ans
uepe3 HefOCTaTHE OXOMOMKEHHS LEHTPanbHUX 06’emiB 3aTi3HUYHUX peliok, Lo MatoTh 6inbLLy
MeTany: TemnepaTypa MeTally Micis 3arapTyBaHHA MporapToBYBaHICTb.
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