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'®i3nKo-TeXHONOrIYHMIA IHCTUTYT MeTaniB i cnnaeiB HAH Ykpainn, Knis
2HauioHanbHui yHiBepcuTeT BiopecypciB i NpupoaokopucTyBaHHs Ykpainu, Knis

B cmammi pozensinymo enaue nopmanizayii na maxi OCHOGHI KINbKICHI napamempu
MIKpOCMPYKMYpU AUMOoi KOHCMPYKYIUHOI cmani, AK O008X#CUHA, WUpUHA, Koeiyienm ¢opmu,
naowa 3epen ma 3a2anbHa niowa sepen gepumy ma neprimy. Ilokasano moocnueocmi ananisy
MIKPOCMPYKIYPU 3d 00NOMO2010 KOMN 10MEPHOI Npozpamu ananizy 300padcents, 6 NOpiGHAHHI 3
00CTIONCEHHAM MIKPOCMPYKMYPU WLIAXOM SUKOPUCTNAHHA eMAlOHHUX wikai. Bemanoeneno, wo
nicna Hopmanizayii 8io 865 °C Odosxcuna i wupuHa 3eper epumy 3MeHuyeEmuvcs, 8i0N0BIOHO,
6 1,88 i 2,33 pasu, koegiyicnm gopmu na 10-12 %, cepeous niowa gepumnoeo sepua 6 4,78-
5,18 pasis, a 3aeanvra naowa gepumy 36ireuiyemoca 6 1,3-1,5 paszie. [losocuna i wupuna 3epem
nepaimy smenuyemncs, 6ionosiono, ¢ 2,21 i 2,01 pasu, xoegiyicnm gopmu na 3-12 %, cepeons
naowa nepnimmnozo zepua 6 3,96-4,02 pasu, a sazanena niowa neprimy —na 2-15 %. Iokasano, wo
oucnepay8anHs MikpoCmpyKmypu cmaii 8i00y8aemuvcs 6HACAIOOK 30i1bUEeHHS 8I0COMKY eleMeHmi8
CMPYKMypu, aKi mMaromos menwi posmipu. J[oexcuna i wiupuna 3eper gpepumy 8 inmepsani 3HaueHs
6i0 10 00 20 mxm 36invuyemocs, 6ionogiono, 3 39 i 85 % ons euxionozo cmamny oo 91 i 97 % nicas
nopmanizayii, moomo 6 2,3 pasu i na 14 %. Koeghiyiecum opmu npu 3navenni 2 36inbuyemocs Ha
8 %, a niowa 3epen pepumy 6 inmepsani 6io 100 0o 300 mxm? ckraoae nicis nopmanizayii 94 %, wo
6 2,1 pasu Oinvute Hidc 8 uUXiOHOMY cmani. Bemarnogneno, ujo po3nooin nepiuimy 8 Mikpocmpykmypi
JUMOI cmani nicis HOpMANi3ayii XapaKxmepuzyemvcsa mum, Wo 008HCUHA | WUPUHA 3epeH nepiimy),
6 inmepsani 6i0 10 0o 50 mxm, 3mintoemovcs, 6i0nogiono, 3 85 0o 100 i 3 95 oo 100 % eunaoxis,
Koeiyicnm opmu 'y 99 % eunaokie 6 inmepsani 1-4. 3nauenns cepednvboi niowi neprimmnozo
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sepna y aumomy cmani y 98 % eunaokise snaxooumoecs 6 inmepeéani 6i0 0 0o 1750 mxm’, a nicis
nopmanizayii y 99 % eunaokie — 6io 0 do 1250 mxm?’. Tokazano, wo 3azanvha niowa gepumy 6
aumomy cmani ckaadae 100 % 6 inmepeani 6i0 15 00 30 mxm?, a nican nopmanizayii 6id 15 0o 45
MKM?, 4 3a2a/1bHA NAOWA NEPAIMY 6 AHATIO2IYHOMY THMEPEAL 3MIHIOEMbCAL, 8i0N08I0HO, 3 75-90 mrm’
00 60-90 mxm?. Mamepiaru cmammi moxicyms Oymu UKOPUCIAHT HAYKOBUAMU OJIs KiIbKICHO20
aHaizy 6NAUSY 306HIUHIX PAKMOPI6 HA MIKDOCMPYKMYPY MEMAiié i CNiA6is.

Knrouosi cnosa: cmanv, XimiuHuil CKIA0, HOPMAN3ayis, KIILKICHUN aHaniz, gepum,
nepiim, 3epHo, po3mip, Koegiyicnm gopmu.

OuiHKa MiKPOCTPYKTYPU JIUTUX Ta HOPMaJi30BaHUX KOHCTPYKIIMHUX
cTajiel MPOBOJUTHCH, AK IMPABUJIO, NIJISAXOM TOPIBHAHHA JOCJI/KYBAaHUX
MiKPOCTPYKTYP 3 €TaJJOHHUMHU CTPYKTYpaMu, gKi HaBe/leHi y YMCJIeHHUX poOOTax,
nanpukaaz [1-3].

B pesysbTaTi TOPIBHAHHS BU3HAYAKOTHCS, HANPUKJIAJ, AUCIEPCHICTD
MJIACTUHYACTOTO Ta 3€PHUCTOTO MEPJITY, PO3MipH TOJOK MapTEHCUTY, HiTPUIH,
CHiBBiIHOIIEHHST (DEepUTy Ta TEpJiTy, 3€pPHHCTOTO Ta IJACTUHYACTOTO TEPJITY,
MapTEeHCUTY, TPOOCTUTY, YHMCJO 3ePeH, MiHIMaJbHUM, Cepe/lHill, MaKCUMaJbHUI
JliamMeTp 3epHa Ta iHIi KiJIbKICHI IIapaMeTpu.

OpHak aHai3 MIKPOCTPYKTYP HIJISXOM TIOPiBHAHHA 3 €TAJOHHUMU
MIKaJaM¥ JIOBTOTPUBAJINIL, BUMara€ BHCOKOi KBasiikarii Aoc/iHUKIB i He 1ae
MOJKJUBOCTi KiJIbKiCHO OI[iHUTU TapaMeTpu CTPYKTYPHU, HANPUKJIAL KoedillieHT
(opmu, gki icTOTHO BIJIMBAIOTH HA BJACTUBOCTI cTtasi. OcTaHHIM 4acoM IMHUPOKOTO
MOMMpeHHsd HaOyJI0 [IOCTi/PKEHHS Ta BHU3HAUYEHHS KiJbKiCHUX TIapaMeTpiB
CTPYKTYP 3a JIOMOMOTOI0 KOMITIOTEPHUX MPOTPaM aHaJli3y 306paskeHHs [4, 5].

Metoro po60OTH € BU3HAYEHHS KiJIbKICHUX TapaMeTpiB MiKpPOCTPYKTYypHU
KOHCTPYKIIIMHOT CTaji B JIMTOMY Ta HOPMaJIi30BaHOMY CTaHi Ta MOPIBHIHHS X
3HAYEHb 3a JOMOMOTOI0 KOMIT IOTEPHOI MPOTpaMu aHaJli3y 300pasKeHHs.

3aroToBKM JIOCJi/IHUX 3PasKiB /g aHaJi3y MiKpOCTPYKTYPHU BUpi3ain
3 CTiHOK BWJIMBKiB TOBIMMHOIO 10 MM Ta Macow — 7 kr. XiMiuyHuWii ckjaajy crayi
BUJIMBKiB HacTynHuii (Mac. wactka, %): C = 0,415; Si = 0,399; Mn = 0,813; Al
=0,0748; Cr = 0,253; P =0,0192; S = 0,0311.

Crasp BumaBssyau B iHAyKiidHiN enexktporneudi 1CT-0,16 3 ocHOBHOIO
(pyTepoBKOIO 3 BUKOPUCTAHHSAM CTAJEBOTO i YaBYHHOTO OPYXTY, 3BOPOTY BJIACHOTO
BupoOHHITBA Ta (pepocmiasiB. Posmias posnmBanm y ¢gopmu i3 razudikoBaHIMI
MOJICJIAMU.

TemmnepaTypHO-4acOBi peXKUMU HarpiBaHHS, BUTPUMKHU Ta OXOJIO/KEHHS
3pasKiB mpu HOpMaJi3alii HaBegeHO Ha puc. 1.

[ocaizkeHHs MiKpOCTPYKTYpH 3iliCHIOBaIu Ha Mikpockoni Epitip mpu
36iburenni 100, 200 i 400 pasis. Kiabkichi napamerpu crpykrypu (nosxuna (1)
ta mupuna (b) sepen, moma depury (S, ), mioma nepairy (S )) BusHauam 3a
JIOTIOMOTO00 KOMTI'FOTePHOT TTporpamMu anamridy 3o6paxenus “Image]” [5].

Busnauamm takox koediiieHT GopMu eIeMEHTIB CTPYKTYPH SIK BiTHOTIECHHS
JIOBXKHHU CTPYKTYPHOTO esiementy jio iioro mmpunn (K, = 1 /b). Koediuienr
(bopMu BUKOPUCTOBYETHCA JIJIST XapaKTEPUCTUKU (POPMU CTPYKTYPHUX CKJIATOBHUX
pu KiJbKicHiH ominii ctpykrypu [6, 7]. B 3anesxHoCTi Bijf cepelHbOTO 3HAUEHHS
Koedirienta GopMu CTPYKTYPHI CKJIAI0BI KBamiiKyOTh, SK i30MeTpUYHi MpH
K < 1,3, npomixni npu 1,3 < K < 2,0 i romyacri npu K,> 2,0 [8].
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Fig. 2. Microstructure of steel samples in the as-cast (a) and normalized (6) conditions.
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Pesynbratn kizbKicCHOrO aHasizy MiKpOCTPYKTYpH Ha OcHOBI 6202 BuMipiB
IIOKAa3yI0Tb, 110 MiKPOCTPYKTypa JIMTOI CTaJi Iic/ad HOpMaJisallil 3MiHIOETbCA
HAcTynmHUM ynuHOM. /[oBXKWHa i mmpuHa 3epeH (epuTy 3MEHNIYIOThCS, BiJIOBIIHO,
B 1,881 2,33 pasu, koedimient dhopmu ma 10-12 %, a cepenns mioma (GepuTHOTO
3epHa B 4,78-5,18 pasis. 3araspna maoma depury 36iabmryerbes B 1,3-1,5 pasis.
[loBxnHa i mupuUHA 3€peH MepJiTy 3MeHIIyeTbcs, Bifnosiano, B 2,21 i 2,01
pasu, koedimient opmu Ha 3-12 %, cepemHs IoIa MepiTHOTO 3epHa B 3,96-
4,02 paswu, a 3arajbHa TJIOIIA TTEPJiTy — Ha 2-15 %.

Posnozinn mapameTpiB MiKPOCTPYKTYPHM 3a iX 3HAYEHHSIMU HaBeJleHO Ha
puc. 3-5.

Anasi3 JaHuX HaBeJeHUX Ha pUC. 3 [I0Ka3ye, L0 Iic/sd HOpMaJisalii Bij
865 °C mucriepryBaHHS MiKPOCTPYKTYpPH CTasi BiGyBaeTbCcs BHACIOK TOTO, IO
361TBITYETHCS BiZICOTOK €JIeMEHTIB CTPYKTYPH, SKi MAlOTh MEHIII PO3MipH.

Hanpukaan, y Bunanky geputy AOBXKWHA i MHUPWHA 3epeH B iHTepBaJi
suavenb Big 10 10 20 MKM 36i/bIMy€ETHCS, BiAOBIAHO, 3 391 85 % st BUXiAHOTO
crany 70 91 i 97 % micas Hopmadisartii, To6To B 2,3 pasu i Ha 14 %. Koedirtient
dbopmu ipu 3HaYeHHi 2 30iIbIIyETHCST HA 8 %, a 1roma 3epeH (eputy B iHTEpBai
Bix 100 m0 300 MrM? ckjaazae micas HopMadmisaiii 94 %, mo B 2,1 pasu Gijblie
HIK Y BUXIJIHOMY CTaHi.
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Puc. 3. Po3noain goexuHu (a), wmpuHum (6), koedilieHTa chopmu (B) Ta nnoLwi 3epeH (r) pepuTy B nuTomy
() Ta Hopmanisosaromy () crawi ctani.

Fig. 3. Distribution of the length (a), width (6), shape factor (), and area (r) of ferrite grains in steel in the
as-cast ((J) and normalized (lll) conditions.

[lani HaBeneni Ha puc. 4 TOKa3ywTb, 10 PO3MNOMiJ TEpJiTy B
MIKPOCTPYKTYPi JIMTOI CTaJi Iic/g HOpMaJidalii 3MiHIOETbCA HACTYIIHUM YMHOM.
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Fig. 5. Distribution of the total area of ferrite and pearlite grains in steel in the as-cast and normalized conditions.
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[loB:xuHa i mmpWHA 3epeH TepJity, B iHTepBasi Big 10 mo 50 MKM, 3MiHIOETBCH,
BimoBiHO, 3 85 10 100 i 3 95 mo 100 % Bumazakis, koedimient dopmu y 99 %
BUNQ/IKIB B iHTepBasti 1-4. 3HaueHHs cepe/lHbOI TJIONI TEpPJITHOTO 3epHa y
jqurtoMy ctari y 98 % BuIaJKiB 3HaXOAWThCS B iHTepBasi Big 0 10 1750 MrM?, a
micsist HopMmadtizarii y 99 % sunazakis — Big 0 1o 1250 mrm2.

3araspra wioma ¢eputy B sutomy cradi ckiaagae 100 % B inTepBasi Bix
15 mo 30 mMrm?, a micasg HopMadisanii Big 15 go 45 mxm? (puc. 5). 3arasbHa
I1JI0111a IIEePJIITYy B aHAJOriYHOMY iHTepBaJli 3MiHIOETHCA BiJIIOBIJHO 3 75-90 Mmrm?
10 60-90 MM

BuxkopucranHg KOMI'IOTEPHOTO TIPOTPAMHOTO  aHaMi3y 300pa’keHHS
CTPYKTYP CTaJIi JIO3BOJINJIO BUSHAUNUTH JI0/IATKOBi IMMOKA3HUKH, 1110 XapaKTepHU3yIOTh
IMiBUIIEHHA i1  OJHOPIAHOCTI 1 JMCHEPCHOCTi, a TaKOX CIHiBBIJHOIIECHHA
CTPYKTYPHUX CKJQJOBUX Ta IX 3MiHM 1IicJad HOpMaJisalii JurToi craji 3
JIOJJATKOBOrO Harpiby.
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Summary

The article examines the impact of normalization on key quantitative parameters
of the microstructure of as-cast structural steel, such as grain length, width, shape
factor, grain area, and the total area of ferrite and pearlite. The capabilities of
microstructure analysis using computer image analysis software are demonstrated, in
comparison with the study of microstructure using reference scales. It was established
that after normalization from 865 °C, the length and width of ferrite grains decreased
by factors of 1.88and 2.33, respectively; the shape factor decreased by 10-12 %; the
average area of a ferrite grain decreased by a factor of 4.78-5.18; while the total area of
ferrite increased by a factor of 1.3-1.5. The length and width of pearlite grains decreased
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by factors of 2.21 and 2.01, respectively; the shape factor decreased by 3-12 %; the
average area of a pearlite grain decreased by a factor of 3.96-4.02; and the total area
of pearlite decreased by 2-15 %. It is shown that the refinement (dispersion) of the
steel microstructure occurs due to an increase in the percentage of structural elements
with smaller sizes. The proportion of ferrite grains with length and width in the range
of 10-20 um increased from 39 % and 85 % in the initial state to 91 % and 97 % after
normalization, i.e., by a factor of 2.3 and by 14 %, respectively. The proportion of grains
with a shape factor of 2 increased by 8 %, and the proportion of ferrite grains with an
area in the range of 100-300 um? after normalization reached 94 %, which is 2.1 times
higher than in the initial state. It was established that the distribution of pearlite in
the microstructure of as-cast steel after normalization is characterized by the following:
the proportion of pearlite grains with length and width in the range of 10-50 pm
changed from 85 % to 100 % and from 95 % to 100 % of cases, respectively; the shape
factor in 99 % of cases was within the 1-4 range. The value of the average pearlite
grain area in the as-cast state was within the 0-1750 um? range in 98 % of cases, while
after normalization it was within 0-1250 pm? in 99 % of cases. It is shown that the total
area of ferrite in the as-cast state was 100 % within the range of 15-30 um?, and after
normalization within 15-45 um?. The total area of pearlite in a similar interval changed
from 75-90 pm? to 60-90 um?, respectively. The materials of the article can be used
by researchers for the quantitative analysis of the influence of external factors on the
microstructure of metals and alloys.
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f KypHan MOM BHeceHo o lNepeniky HaykoBMX haxoBux BUAaHb YkpaiHu N
3rigHo 3 Haka3oM MiHicTepcTBa ocBiTU i Hayku YkpaiHu Ne409 Big 17.03.2020.
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Konito fokymeHTa onnatu Ta BigoMOCTi Mpo oTpuMyBaya
npocMMO HaacunaTu Ao pepakuii,
k BKa3aBLUM HOMEp i AaTy NNaTiKHOro JOKYMEHTA. J
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