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Berym. HemeTasieBi BK/IIOUEHHS € KOHLIEHTpAaTOpamMy HAIIPYy)XXeHb i CYTTEBO
BIUIMBAlOTh Ha MeXaHi4Hi, TEXHOJIOTIYHI Ta eKCIUlyaTalliliHi BJaCTMBOCTI CTajeii,
CTaJbHUX BUPOOIB i KOHCTpYKLii [1, 2]. B cransgx, kKpiM ogHOodasHMUX BKIIOUEHb
OKCUIIB, HITPUIiB, CyabdimiB, CWIiKaTiB TOIIO 3aBXIM MPUCYTHI TreTepodasHi
BK/IIOUEHHS [3-5], sIKi MalOTh CKJIagHY CTPYKTypy. OTske, HeoOXigHi moCimkeHHS
MOBEAiHKM TaKMX BKJIIOUEHb 3a pi3HMX yMOB naedopmarii mig yac oO6pobaeHHS
cTaJieil TMCKOM, 1[0 Ma€ BeJIMKe 3HaUeHHS 7151 3a0e3I1e4eHHSI BMCOKOTO PiBHS iXHbOI
TeXHOJIOTIYHOI MJIaCTUYHOCTI.

MeTta po6GOTM — BMBUYEHHSI MPUPOAM Ta PiBHS IUIACTUUYHOCTI reTepodasHux
BKJIIOUEHb B CTAJISIX 32 YMOB Trapsiuoi Ta X0JIoAHOi Jedopmaliii.

Marepian i MeTOAUKM AOCTIIKeHb. [I0BeliHKY BK/IIOUEHb BMBYAIM 32 YMOB
pO3TSITHEHHST Ta IpokaTtyBaHHs crajneit 08k, 0810, 08T, 45, R7 3a Temmepatyp 25-
1100 °C. ITapameTpu medopmallii BKIIOUeHb BM3HAYAIM 32 METOAMKAMU, 1110 HaBeIeHi
B poborax [1, 5].

PesynbTaTi gocaimkeHb. ['eTepodasHi BKIIOUEHHS B CTAJISX MOMISIIOTh Ha
IU'SITh TPYI [3-5]: BKIIOUEHHS TIepIIOrO TUITy «TyromviaBka ¢asa, oOToueHa
JIeTKOIJIaBKOI0 000JIOHKOIO»; BKJIIOUEHHS IPYroro TUITy «dasu mopyd»; BKIOUEHHS
TPETbOTO TUIY «EBTEKTUKMU»; BKIKUYEHHS UYETBEPTOTO TUIMY «AUCHepCHi ¢asu B
HeMeTa/IeBili MaTpulli»; BKJIKYEHHS II'ITOTO TUIy «EBTEKTUKA BKIKOYEHHS -
MaTpPULISI».

leTepoda3Hi  BK/IIOUEHHS  MPeACTaB/IsIIOTb  CO00I0  MiKpPOKOMITO3UTHI
dbopmyBaHHs. Binbmiicte (a3 TakuMx BKIOUYEHb (OKCUAHI, OOpMAHi, TigpumHi,
HITpUIOHI) € TYTOIUVIaBKUMMU, OIS SIKUX XapaKTE€PHOIO BJIACTUBICTIO € KPUXKICTb SIK B
HM3bKOTEMITIEPATYPHill, TaK i B BMCOKOTEMIIEpATYPHill 06/1aCcTsIX, sIka 00yMOBJIeHA
CIIPSIMOBAHICTIO 3B’SI3KiB (a3 BIIPOBAJsKEHHS B PEIIiTIi i BUCOKMM 3HAUEHHSIM CUJI
IMajiepnca-Habappo myis muciokanii. BilbiricTs TakMx BK/IIOUEHb 3a TEMIIEPATYP
rapsiaoro 06po6yieHHs TUCKOM He BUSIBJISIIOTh MOMITHOI TVIACTUYHOCTI i pyHYIOTbCS
KPUXKO, OCKiJIbKM [IJISI HUX TeMIlepaTypa XOJOAHOJAaMKOCTi 3HaXOOUTbCS BUIIE

TeMIiepaTyp rapsuoi medopmaiiii crati [1, 2,4]. VY cynbdigaux das TemrepaTypu
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MJaBjJeHHSI HIWXK4Ye, HDK Yy TyromaBkux ¢a3 BKIWOUEHb, a IIACTUYHICTDb
Buie [1, 2, 4].

[InacTuuHa TOBeMiHKAa rerepodasHMx BKIIOUEHb 3a YMOB OOpPOOKM TUCKOM
(rapstuoro abo XOJIOOHOTO IPOKATyBAaHHS, BOJIOUIHHSI TOIIO) 3aJ€XKUTh Bif piBHS
IJIACTUYHOCTI CKIamoBux ¢da3 Ta ymoB medopmallii (pMCYHOK). YCKJIaJHEHiCTh
PO3BUTKY TIACTUYHOI Aedopmariii B TyromnaBkux daszax BK/IIOUYEHb 00YMOBJIEHA
JIeKibKoMa IpPUUYMHAMM: PO3TallyBaHHSIM aTOMiB HeMeTaqy B MPOMiKKaxX Mix
niapamy aTOMiB MeTaly, IO MepelIKoAKa€e JIerKOMY KOB3aHHIO; CXUJIbHICTIO aTOMiB
HeMeTay pO3TalllOBYBaTMCSl Ha [OMCIOKAIliIX Ta TpaHMUISIX 3epeH i cyb3epeH;
BiOAXWJIEHHSIMM Bif, cTexioMeTpii, 1[0 MOPOIKYIOTb Pi3Hi CIIOTBOPEHHSI B PEIIiTIli;
MOSKJIMBICTIO YTBOPEHHS CIIPSIMOBAHOIO XapakTepy MikaTOMHMX 3B's13KiB [1, 5]. Ciif
3a3HaunTH, 1O Aedopmallisi BKIOUEHb MOKe XapaKTepu3yBaTUCS Pi3HUILIEIO
B’SI3KOCTI MiXXK BK/IIOUEHHSIM Ta CTaJ€BOI0 MaTpPHUIEl0: OiabIl HMU3bKA B’SI3KiCTh
BKJ/IIOUEHb IIPU3BOAUTH A0 Kpaloi ix medopmariii. Jedbopmaliis BKIIOUEHb 3POCTAE
3i 3MeHIeHHsIM Monay/s HOHra. IIpuumMHOO Pi3HMX MOKA3HMKIB IUIACTUYHOCTI ¢as
MyJAbTU(Aa3HUX HeMeTaJeBUX BK/IKYEHb € SBHUILE IXHbOTO Ilepexody Bif
IUIACTUYHOCTI 10 KPUXKOCTI 32 YMOB 3MiHM TeMIlepaTypu.

3a HasIBHOCTI IUTaCTUYHMX (a3 y BKAIOUEHHSIX Pi3HOTO TUITY BM3HAYaM BIJIUB
TeMIriepaTypu gedopmallii PO3TITHEHHSM Ha TOMITHY IUIAaCTUYHICTb, KOJIN
BilOyBa€TbCI MHOXMHHE KOB3aHHS. /IS BciX rmacTuyHuxX (a3 uum BuUIle
TeMIlepaTypa, TUM BHIIe CTYIIiHb HOedopmarii (e, %), 3a SKOTO ITOYMHAIOCS
MHOXMHHe KOB3aHHS. [Ijis1 reTepodasHMX BKIOUEHb YCiX TUIMIB BeIMUMHA & N0
MeHIIle, HiXK Yy omHO(asHMX BK/IOUEHb BiAMMOBIIHOrO XiMiUYHOTO CKJIamy, IO
OB 'S13aHO 3 raJIbMYIOUMM BIUIMBOM Apyroi ¢asu [1, 5].

HaBaHTakeHHS TeTepoda3HOro Marepianay mpu o6pobseHHI TUCKOM (CTaslb 3
retrepoda3sHMMM  BK/IIOUEHHSIMM)  XapaKTepPU3YETbCSI  Pi3KO  HEOJTHOPIAHUM
po3moAijioM HampyxkeHb Ta Hgedopmaiiiit [1, 6]. B rerepodasHux BKIIOUEHHSX, Y
MOPiBHSIHHI 3 ogHOGa3HUMM, HEOTHOPIAHICTh Aedopmallii MOCUTIOETHCS B 3B'SI3KY 3
HasiBHiCTIO ¢a3, 1[0 MaloThb pi3HMI piBeHb IIJIACTUYHOCTI, & TaKOX BHYTPIllIHi
Mixkda3sHi rpaHutli. [Ipy po3risifii MIacTUYHOI MOBeiHKYM reTepodasHux BKIIOUEHb
B IUTACTUYHIil CcTajeBiii MaTpulli MPUMHUMUIIOBE 3HAUYEHHS MAalOTh MiXkda3Hi IpaHMIIi
BKJIIOUEHHSI-MaTpUIld, a TaKOX BHYTpIilIHI MiK$asHi rpaHuili y caMux
BKIIOUeHHSX [1,7]. 3a yMoB BucOKOoTeMmepaTypHoi mAedopmaiiii BimOyBaeTbCs
MPOCKOB3YBAaHHS Y3[0BX I'DAaHMIIb BKIIOUEHHSI-MaTPUIlS i BHYTPILIHIX MiXdaszHUX

TpaHUIlb Y BKITIOUEHHSX, 110 TIOB'SI3aHO0 3 pyXoM MixkdasHuUX auciokaiiii [1, 5, 8, 9].
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PucyHoxk 1 — I'erepodasHi BKIIOUEHHS B CTAISX ITic/Is1 06po6eHHs TrckoM (%x900)

BucHoBku. KoxkeH Turm rerepodasHux BKIIOUEHb, SIKi € MiKpPOKOMITIO3UTHUMMU
dbopMyBaHHSIMM B CTajIsIX, XapaKTePU3YEThCSI CBOIMM 3aKOHOMIPHOCTSIMU PO3BUTKY
nedopMalliiHMX MPOILIECiB, SIKi BU3HAYAIOTHCS iXHIM XiMiuHMM Ta (a30BUM CKJIA[O0M,
CTPYKTypo1o, naedopMalliiiHOl0 3HaTHiCcTI0O ¢a3 BKIOUeHb. IIporiec medopmarrii
rerepodasHuX BKIIOUEHb ITOBMHEH IPOXOAMUTM 3a YMOB [OBiIbHOI (OpMO3MiHM B
OyIb-IKOMY MiKpOOO’eéMi BKJIIOUEHHS 3a 30epeskeHHSIM Oe3TepepBHOCTI HaMpysKeHb
abo 6e3riepepBHOCTI Jedopmalliiii.
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PECULIARITIES OF INHOMOGENEITY OF PLASTIC DEFORMATION OF THE
HETEROPHASE NON-METALLIC INCLUSIONS IN STEELS
Svitlana Gubenko, Eduard Parusov, Oleh Parusov

Abstract. The nature and level of plasticity of microcomposite heterophase
inclusions in steels under pressure treatment condition was investigated. Plastic
phases in heterophase inclusions of various types under the conditions of hot and cold
deformation of steels were investigated. It is shown that each type of inclusions,
which are microcomposite formations in steels, is characterized by its own laws of the
development of deformation processes, which are determined by their chemical and
phase composition, structure, deformation capacity of inclusion phases. The
generalized of the plastic behavior of heterophase inclusions of various types with a
complex structure have been established and inhibitory effect of non-deformable
inclusion phases on the behavior of plastic phases in a wide range of deformation
temperatures of steels has been established. The peculiarities of the nature of
plasticity of heterophase inclusions with different compositions and structures are
discussed. The use of the obtained results will make it possible to develop
technologies for obtaining steels with a regulated content and types of heterophase
non-metallic inclusions, which will significantly increase their technological
plasticity, as well as prevent the formation of various types of defects during pressure
treatment of steels.

Keywords: steel, heterophase non-metallic inclusions, ductility, structure,
pressure treatment, plastic deformation.
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