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®I3YHE MOJIEJTIOBAHHSI TOMOTEHIBALIIL CTAJII
ITPY ®IHINITHOMY JIET'YBAHHI YV BUJIIMBHUIII

Anpnproxiu P.I1.Y, MonyanoB JI.C.2 K.T.H., CuHeriH €.B.! K.T.H., I01I.

'HalioHa/ibHa MeTaIypriyiHa akagemisa YKpaiHu
2[HCTHTYT YopHOI MeTaayprii im. 3.1. HekpacoBa HAHY

OCHOBHOIO 3aJlayel0 BBeJEHHS JIeTyIUMX MaTepialiB y BMJIMBHUIIO IIiJ 4ac
pPO3JIMBAHHS € YTBOPeHHSI HOBUX ¢a3 (KapOimHux, HITpUAHUX, KapOOHITPUAHUX) Ta
CTPYKTYPHMUX KOMIIOHEHTIB, SIKi IiIBUINYIOTh 400 HaJalOTh MeTaly CIeliaJbHUX
BIACTUBOCTEN. IX BBeJeHHd Yy pO3IUIaB Hajyacrime 34ifiCHIOITh y  QopMi
MOPOLIKOBOTO JAPOTYy abo BMCOKOJErOoBaHOTO cTajeBoro npoby [1,2]. OmHum 3
Pi3HOBUIB TEXHOJIOTiN I1X BMKOPUCTAHHSI € MiKpOJIeTyBaHHS, IIiJi SKMM PO3yMilOTb
BBe[leHHSI y MeTajleBUIi pO3IJIaB HeBeJIMKOI 10 1 KI/T KiJIbKOCTi Jieryroumnx ejieMeHTiB
IJ1s1 3MiHeHHS BlacTUBOCTel criaBy. Crieliudiky orepailii MikposeryBaHHs YaByHY i
CTaJli IeTaJbHO PO3TJISIHYTO aBTOpaMu poobit [3,4,5,6].

PaHime mnpoBoguancs OOCTIMKEHHS TiJIbKM I0 OOCTIIKEeHHIO BUIATEeHHS
HeMeTaseBUX BKJIIOUEeHb 3 PO3IJIaBy Y BUJIIMBHUII [7] B 1[iif CTATTi aBTOPU BUBYAIN
BIUIMB TIapaMeTpiB pO3JMBAaHHSI Ha BUOAJTEHHS HeMeTaJleBUX BKIKYEHb Y
BUJIMBHUII, TaKOX BUBYaAAOCI (OpMYBaHHSI HeMeTaJeBMX BK/IIOUEHb IIpU
pPO3/MBaHHI yepe3 OroJieHHS [O3epKajia MeTaslly B BWIMBHMLI [8], HOCIigKeHHS I10
pPO3IOLiIeHHI0O HeMeTaJleBMX BKIIOUEHb B 3aJ]eXHOCTI Big ix posmipy [9], a
BYBUEHHS BMUIAJIEHHSI METOIOM rOMOI'€Hi3allii B caMili BUMBHMUIII BUBUEHO He OYII0.

BaxknmnBUM IMMOKa3HMKOM peasi3allii 3arpoIriOHOBAHOI TEXHOJIOTI1 € JieryBaHHS
cTasi Y BWIMBHUIII JIJIT OTPUMMAaHHSI CTajli TeBHOI Mapky B Majaux 00'emax.

MeTol0 AOCTimKeHHS] BM3HAUUTU pallioHaJbHe Miclle BBeIEHHS JIeTYIoUuMX B
00’eM pO3IUIaBY i CITOCi6 PO3IMBAHHS, [IJIT HAMKPAIIOrO0 PO3UMHEHHSI.

VcTaHOBKa CKIaganacst 3 MoAesi BUAMBHMIL y MacirTabi 1:3,5 3 cudoHHOIO Ta
BEPXHbOIO PO3JIMBKAMM, HaJ BWIMBHUIEI Oyna mpoBeleHa TpybOKa, IO iMiTye
Mofe/ib PO3JIMBHOIO CTaKaHy CTa/JIepO3JIMBHOTO KOBIIA, JJIsl MOAA4Yi BOOM 3BEpPXY,
SIKy MOSKHA OyJIO IepeMiCTUTHK JIJISI PO3JIMBKYU 3Bepxy abo cudoHoM. [ iMiTyBaHHS
PO3YMHEHHS JIETyIo4oi J00aBKM Y CTali BUKOPUCTAIM YIbTpadioseToBuii 6apBHUK
Losa glow (manbTomeKcTpuH, puboduiaBiH). s migcBiuyBaHHS OapBHMKA 3 000X
60KiB BUJIMBHMUILI Oy/IM BCTAHOBJIEHI yabTpadioseToBi mammu, moTyxHicTio 40 BT i 3

IOOBXKMHOIO XBWIi 365 HM koxkHa. 3i/toMKa 37ilicHIOBasach Ha Kamepy 3 pOo3iIbHOI0
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smaTHicTiIo 1280x720, ska Oysa BCTaHOBJeHAa Ha INTaTUB. B XoAi KOKHOrO
eKCIIeEpMMEHTY 3MiHIOBAJIOCS Miclle BBeIeHHSI 0apBHMKaA (1IeHTp, 50% pagiycy i mig
CTiHKY BMJIMBHMIII) i MOMeHT BBemeHHS (25%, 50%, 75%, 98% BUCOTM HAIIOBHEHHS
BWIMBHUIN). Byno mpoBemeHo Tpu cepii JowrigiB 3 pisHMM CITOCOO0OM PO3JIMBKU Ta
BBeJleHHs OapBHMKA: 1) po3/IMBaHHS 3BepXy 3 BBeJeHHSIM OapBHMKA Y BUIMBHMUIIIO;
2) po3nuBaHHSI cCMDOHOM 3 BBeOEHHSIM OapBHMKA Yy BWIMBHMUIIIO, 3) PO3IMBAHHS
crdoHOM 3 BBeIEHHSIM OapBHMKA Y IIeHTPOBY. Ilic/iss mpoBeIeHHsST eKCIIEPMMEHTIB,
3a BIA3HSITMMM BiZleo, BM3HaAya/JM 4Yac TOMOTeHi3allii BiT MOMEHTY BBeJIeHHS
OapBHMKA. 3a Yac MOBHOI TOMOreHi3alii IpuiiMaauM MOMEHT pPiBHOMipHOTO
3a0apBJIeHHSI YCbOTO 00’€MY PiIVHNA.

3a pesynbTaTaMu IIPOBENEHMX eKCIIepUMEHTIB 0yyio MMobymoBaHo Trpadik
3aJI€;KHOCTi 4acy ITOBHOTO yCepeaHEHHS Bill piBHSI piAMHM IIPU BBeAeHHI OapBHUKY

JIJIST KOSKHOI 3 TPbOX cepii gociiaiB.

PucyHoOK — 3aneXXHicTp 4acy MOBHOTO ycepeqHeHHs Bif, piBHS pifuHU
TIpy BBeJIeHHi 6apBHMUKA

[lo rpadiky Oyn0 mpoaHali30BaHO, IO YycepegHEHHS OapBHUKY OisIbIil
eeKTUBHO IIpM MEHILIOMY pPiBHIO PiIMHM B BUWIMBHMIN, ajkKe IepeMilllyBaHHS
BiIOYBA€THCS 3aBASKM IMOTOKAM PiAMHM B BUAMBHMILI, UMM BUIIil piBeHb PiIMHU Y
BWIMBHUII, TUM TMOTOKM mepemimryBaHHs cjabmri. Ha rpadiky criocrepiraeTbes
MiHiMi3allis yacy ycepegHeHHSs IIpU ONTUMAaJIbHOMY PiBHI pigvHu. /151 po31MBaHHS

3BepXy Ta CM(OHOM 3 AOJaBaHHSIM OapBHMUKA Y BWJIMBHMIIO ONTHMAaJbHUIT piB€Hb
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ckiagae 33%. Ilpu BBemeHHi OapBHMKA Y LIEHTPOBY BimOyBaeTbCsl HE3HAYHE IIPSIMO
MIpOIIOpIIifiHe 306iJbIIeHHS Yacy IIOBHOTO YycCepemHeHHS 3i 30iJbIIeHHSIM pPiBHS
pimuaM y BuauBHMIL. Cepep IpoaHai30BaHMX CIIOCOOIB PO3JMBAHHSI CTasli
HalteeKTUBHIIIMM 3 TIOMISAY TOMOTeHisallii Jieryouoi m00aBKM € PO3JIMBAHHS
cudonoM. Ha pucyHKy 3-5 306paskeHO Kafpy 3 3a0apBAeHHSIM PiauHM Ha Pi3HUX
eTarax HallOBHEHHSI BUJIMBHUIII MPM BBeJEeHHi OapBHMKA Ha piBHiI 25% Bim BucoTH
BUJIMBHUIII.
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Materials Transactions b. — 2020.
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JIABOPATOPHHUX OCbOBHUX IIJTABOK
Babauenko O.I., Kononenko I'.A., Ibomina K. T.,

IMomonbcbkuit P.B., Cadpponosa O.A.

Uucrutyr yepHoyt mera/urypruu uM. 3.1, Hekpacosa HAH YkpawHei, /[Hernp

3a PaxXyHOK i IBUIIIEHHS BAHTaXHOCTI BaroHiB TiIBUIILYETHCS
dbakTMUHe HaBaHTAa)KeHHSI Ha Bich, a 30UIbIIEeHHS IIBUIAKOCTI Beme 10
3pOCTaHHS IMHAMIYHOTO BIUIMBY KOJIii Ta PyXOMOTO CKJIaay, a TaKOX 4ucjia 3MiHU
LIMK/IiB HampyXeHb B OOMHMIIO 4acy, IO BUKJIMKAE MiJBUILEHHS HAIpyXeHb B
JeTa/lsIX BaroHiB i JIOKOMOTMBIB, a TaKOXX peKOBOro LUISIXy. Bce 1ie BM3Hauae
HeOOXiHiCTh 30i/IbIIIEHHSI MIIIHOCTi Ta CJIYy:KO00BOi HamiliHOCTI By3JiB i meTaseii
pyxomoro ckiaazny [1, 2].

V 3B'SI3KYy 3 IIBUIKMUM CKOPOUYEHHSIM CTPOKiB OCBOEHHSI BUPOOiB Y BUPOOHUIITBI
BeJiMKe 3HAueHHS Ma€ BUKOPMCTAHHS €JeKTPOHHOI Ta  pO3paxyHKOBOI
TexHiku. Tomy IpoBigHi (ipMM 3aCTOCOBYIOTh THYYKi BMPOOHMYI CUCTEMM, SIKi
0a3yI0TbCS Ha aBTOMAaTM3allii BCbOTO JXUTTEBOTO IIMKJA BUPOOIB [3]. MoaentoBaHHS
IIO3BOJISIE CYTTEBO CKOPOTUTM BUTpPATM dYacy Ta MaTepiajJbHUX pecypciB Ipu
OCBOEHHiI HOBUMX BU[iB IPOAYKIii a60 BAOCKOHAJEHHI TEXHOJIOTii BUPOOHMIITBA.
HaiinomupeHimymy IporpamMamMu IJisi MOJIEJIOBAHHS IIPOLECiB Yy MeTasli IIpu
nedopMalliitHilt Ta TepmiuHiit 06po01i € Taki: QForm, Momysib Magics [4] mporpamu
Materialise, ANSYS, SOLIDWORKS.

HocnimkeHHSIM BIUIMBY peXuMiB nedopMailii Ha MpPoOpo6TeHHSI CTPYKTYpu
TrOTOBMX BMPOOIB 3aiiMasiocss 6araTo BMIATHMX BYEHUX Y Tally3i IIPOKATHOTO
BUPOOHMIITBA Ta B rajiy3i KyBajabHOTO BUPOOHMIITBA [5, 6]. [HTeHcubikallisi pexkuMiB
medopMallii MpPaKTMYHO 3aBXKOM ITIO3SUTUBHO II03HAYAETHCSI HA MPOPOOIEHHI
BHYTpIllIHiX [OiJISHOK BUpO6iB, mo Aedopmytorbesi [7]. s MiABUILEHHS SIKOCTi
3ai3HMYHMUX OCeil HeoOXimHO IMmimBuinyBaTu nedopMalliiiHy ITpPOpOoO6IIOBaHICTh
yepHOBOI oci rmpu I'TI/.

HeobximHO po3poOUTM MOJe/b PO3paxyHKy 3MiHM (i3MKOo-MeXaHiUHUX
BiactuBocTeii mpu I'TIJ] oci mo nepepi3y. Ha gaHomy eTarii 3aBOaHHSIM AOC/IiIXeHb

6ysa po3pobKa Mojeni po3paxyHKY pO3MOIiay (i3sMKo-MeXaHiYHMX BJIACTUBOCTEI
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cTauti a1 3anisHMuHuX oceir mipu I'TI Ha 50% mo mepepisy UWIIHAPUUYHMX 3Pa3KiB
(124,9mmx@31mMm) B mporpami QForm Ta ¢akTMuHO IIpoBefieHO Hedopmalliio
3pasKiB B JaO0OPaTOPHMX YMOBAX Ha YHiBepcaabHili BUIIPOOYBa/IbHil MaIlIMHi.

Ha matdopmi QForm mpoBoam/ioch MOJe/IOBaHHS €KCIIepUMEeHTY Ipoliecy
rapsyoi mnactuuHoi gedopmarii  (ITIA) ©Ha 50% wMIIHAPUYHUX 3pas3kiB
(124,9Mmx@31MM) 1a60paTOPHUX OCHOBUX IIABOK JJjis1 3MiHM MOpQOJorii JauToi

CTPYKTypy. ®aKTUUHMIA XIMiYHMI CKJIa[ TTpeicTaBIeHui B TabmiIi 1.

Ta6muus 1 - @akTUIHMI XiMiYHNUI CKIa[] 1ab0paTOPHOI OCbOBOI TIJIABKM

C Si Mn Cr Ni Mo Al Cu \Y Ti

0,59 |0,31 0,73 0,057 0,087 |0,008 |0,01 0,141 | 0,002 | 0,002

B gKocTi BUXigHMX YMOB 3aJiaBajiuCs TUIIM Omepaliiii — po3paxyHOK TepMoO-
TIPYKHO-TIJIAaCTMYHA 3a7aua. [TobymoBa reoMmeTpii 3paska MPOBOAMIIOCS B IIporpami
KOMIIAC. Kpecnennsi exkcrioptyBasiocss B dopmati *.stp B QForm. TemrmepaTypa
medopMmarii BctaHosieHa 1250°C. Iloka3aHO TIpolec 3MiHM iHTEHCUMBHOCTI
Haripy>keHHss B Marepiani npu [TIl, cepegHe HampykeHHSI Ta IJIaCTUYHA

nmedopmailist (PUCYHOK 1).

PucyHoK 1 — MoenoBaHHS rapsuoi miacTuaHoi gedopmaiiii mpobu 3 1a60paTopHOTro
3JINTKA CTaJTi )1 3a/Tli3HUYHUX oceii B pobouomy mmpoctopi QForm

Ha migcraBi ;aHOro MOJe/n0BaHHS OTPMMAaHHI pe3y/jbTaTy MO iHTEHCUBHOCTI
HaIpy>KeHHS, SIKi CKiaau 6m3bko 45-50 Mlla, Ta po3Iofmis Hampy>kKeHHS 10 3pa3Ky
JOCHigHOI cTati od 3aIi3HMUYHMX Oceil, aKi ckaaau 6amu3bko 40-50 MIIa B obacti

KOHTAaKTY 3 iHCTpyMeHTOM Ta 6;i13bKo 10-15 MIIa B 6e3KOHTaKTHiii 06/1aCTi.
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B pesynbTaTi MomemoBaHHS Oy oTpuMaHi GyHKILi: BennumHa gedopmaliii B
HAIIpPSIMKy TPUKIaJeHOl CwiM, IMOoAiJleHa Ha I0YaTKOBY MOOBXMHY MaTepiasy.
OtpumaHo KoeillieHT IMOMOBXKEeHHSI MaTepiany 3 GaKTMUYHMM XiMiUHMM CKJIaJ0M
npu Temrepatypi 1250+£10°C, ska cxiana 0,32. OrpumaHo QisuuHy BeIMUMHY, SKa
TpeICTaB/IsIe€ CYTY HAa OOMHMITIO TIJIONII B OTOUEHHI MaTepialbHOI TOUKM Ha peasbHiit
MoBepXxHi abo 300paskeHHi CYIiJIbHOTO cepefoBuina. OTpyMMaHO pPiBHOMIipHICTb
HaIpy>XeHb B 6e3KOHTAKTHI 06J1acTi 6;113bKO 44,76 MIla.

[Ipu TOpiBHSHHI 3HaueHb HaBaHTaXKeHHS, 10 Oyno 3acTocoBaHo mpu [T B
71abopaTOPHMUX YMOBAX i B pe3y/IbTaTiB PO3paxXyHKIB 3 BUKOPUCTAHHSIM PO3P0O0IeHO1
MOJeJIi BCTAHOBJIEHO, 11O BOHM MalOThb O/M3bKi 3HaueHHS 6/m3bKo 45 MIla. ITum
MiATBEPAKYETHCS aAeKBATHICTh OTPUMAaHOI MOJeTi.

B mopanpiioMy OTpMMaHi pesyabTaTu OyAyTh BUKOPUCTAHI PO PpO3poOIi
MOJIeJsli pOo3paxyHKy 3MiHU (i3uKO-MeXaHiuHUX BJIACTUBOCTEN MeTany 3alisHUYHOI
OCi TIpu Po3po01Ii MePCIIeKTUBHUX CITOCOOIB Ta peskumiB ii ITI/I.

BUCHOBOK

[TpoBemeHO MOMeNIOBAHHSI Trapsyoi IutacTuuHoi pAedopmanii Ha 50%
71a60paTOPHOrO OCHOBOTO 3JIMTKY MpU TeMiepaTypi 1250+10°C 3 XiMiuHMM CKJIagoM
0,59%C, 0,31% Si, 0,73%Mn. BusHaueHO KoedillieHT MOAOBXKEHHSI MaTepiany, sIKuit
ckiaB 0,32.
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INVESTIGATION OF HOT PLASTIC DEFORMATION OF
LABORATORY AXIAL FLOATS
Babachenko Oleksandr, Kononenko Ganna, Domina Katerina,

Podolskyi Rostislav, Safronova Olena

Abstract. A review of research in the field of modeling experiments on heat
treatment and pressure treatment of metal and the impact on the physical and
mechanical properties of steel with a chemical composition of 0.59% C, 0.31% Si,
0.73% Mn. A mathematical model for calculating the physical and mechanical
properties of steel in the process of hot plastic deformation has been developed and
prospects for further development of research in this area have been identified. As a
result of modeling, the following functions were obtained: the amount of
deformation in the direction of the applied force divided by the initial length of the
material. The coefficient of elongation of the material with the actual chemical
composition at a temperature of 1250 + 10 ° C, which was 0.32. When comparing the
values of the load that was applied to the GPA in the laboratory and the results of
calculations using the developed model, it was found that they have close values of
about 45 MPa. This confirms the adequacy of the obtained model.

Keywords: modeling, stress, geometry, axis, melting, physical and mechanical
properties.
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3ACTOCYBAHHS MOJEJIIOBAHHS B IIPOTPAMHOMY KOMITJIEKCI
QFORM VX 8.2 /Il BUBHAYEHHS PALIIOHAJIbHUX IIBUAKOCTEN
OXOJIOIPKEHHSA OBOY 3AJIIBHNYHUX KOJIIC

ba6auenko O.I., Kononenko I'.A., Knememos €.C., ITogonbckuii P.B.

Hucruryr yepHosi merautypriuv um. 3.1. Hekpacosa HAH YkpawnHebl, /[Herp

BigmoBigHicTh HOBMM OiJIbII KOPCTKMM BMMOTraM OO 3aJIiSHUUYHUX KOJIiC
MOXJ/IMBA TUIbKM IIPUM KOMIUIEKCHOMY IIiIXOAi MO BIOCKOHAJE€HHS TEeXHOJOrii iX
BUPOOHMIITBA IIpM OOIPYHTOBAHOMY BMOOpi pEXMMIB TepMiuHOi OOpOOKM 3
ypaxyBaHHSM XiMIYHOIO CKJIaZy CTali.

MeTa OOCHimKeHHS - BU3HAUEHHS OOMYCTMMMUX IIBUIKOCTEN OXOJOMKEHHS
000y 3a/Ii3HMYHOTO KoJjieca ISl NOCSITHEHHS BMCOKOTO PiBHS TBepAOCTi ¢hepuTHO-
MepPJiTHOI CTPYKTYPU 3 3aCTOCYBAaHHSIM MO/Ie/TIOBaHHS.

Pesynpratn oTpumari B poOOTi, IKa BMKOHYETHCI BIAITOBIIHO 0 JE€PXKABHOI
[ITbOBOI  mporpamu  <«IliATPHUMKA PO3BUTKY MPIOPUTETHHUX HAIPIMIB HAYKOBHUX
JOCIIIKEeHb», KOJ MPOrpamMHoi Kiracu@ikaiii BuaaTkiB 6541230.

Marepian Ta METOAMKHU JOCILIKEHb. /[0C/TiI3KeHHST TPOBOAMIM Ha CTasli MapKu
ER7 3a EN 13262. 3pa3oK [OOCTiIKyBaHOI CTaji MigjsiraB BUIPOOYBAaHHIO Ha
IIpOrapTOBYBaHICTh METOAOM TOpIleBOoro raptyBaHHsi (3a I'OCT 5657 meTomom
IIbkomeHi). BumiproBaHHSI TBepAaoOCTi IpoBOAMIMCh Ha TBepaoMipi TK-2M.
MopentoBaHHS IPOBOAMIIOCH B IIporpaMmHoMy komriuiekci QForm VX 8.2.

PesynbTaT JociimkeHb. [liciiss BuIlpoOyBaHb Ha IMPOTapTOBYBAHICTh 3a
F'OCT 5657, Bu3Hauanach BifACTaHb BiJi MOBEPXHi, 3 SIKOi BUKOHYBaIM OLHOOIUHE
OXOJIOAKeHHSI, e TBepAiCTh BiAIOBigasa BUMOraM HOPMAaTUBHOI JOKYMeHTallil /1St
KOJlic 3 mociimkyBaHoi crami (puc. 1), Ta BiacTaHb, Je BXke He BigOyBaaoCh
rapTyBaHHS, TOOTO YTBOPEHHS TOMYACTUX CTPYKTYp, B TOMY YMCJIi OeiHITY Ta
BimMaHIITeTTYy. Ha HacTymHOMYy eTarti 6yau po3milileHi TepmMoIiapyu B APYTruii 3pa3oK
3 Ti€l X CTaJli HA TonepeaHbO BU3HAUEHI BiJICTaHi, Ta MPOBOAUIOCHh OXOJIOKEHHS B
TUX CaMMX YMOBaX, SIK i JJis MepIlioro 3pasKa, 3 3allMCOM 3MiHM TeMIlepaTypy Mif
yac OXOJIOMKeHHS (puc. 2, a). 3a pe3yJbTaTOM aHaji3y OTPMMAaHMX 3a/IeKHOCTEeN
BM3HAUABCSI  ONTUMAaJbHMUIA  fdialla30H  MIBUJAKOCTEM  OXOJIOJKEeHHS, IO
3abe3reuyBaTMe 3aI0BiJIbHi 3HaUEHHS TBEPIOCTi B IIeHTPaJbHMX 00’eMaxX 000y Ta
rapaHTye BiICYyTHICTb TOJYACTUX CTPYKTYp Oisisg MoBepxHi KOUeHHs 000ay KoJjieca.

Ane aHaii3 pes3yabTaTiB MOKasaB, IO HeOOXigHe peryaoBaHHS iHTEHCUMBHOCTI
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