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BILIUB TEPMIYHOI OGPOBKH HA OBPOBJIIOBAHICTh BUCOKOMIITHOT'O
YABYHY

Jlanazaposa H.O., lonuenko [.0., XHAY, Ilyrarina JL.L.,
YxkpaiHcbkuii 1ep:KaBHU YHIBepCHTET 3aJi3HMYHOI0 TPAHCIIOPTY

Anomauis. Buxopucmanns 6UCOKOMIYHO20 HABYHY 3 KYJIACMUM 2PAPIMom 6 MauunoO6yO0yE8anHi
CMPUMYEMbCSL HEOOCMAMHBOIO 1020 00POOISaHicMIO pizanHam. HagyH Xapakmepuzyemocs 3HA4HOI0
XIMIUHOIO MA CMPYKMYPHOIO HEOOHOPIOHICMIO, WO OOHO3HAYHO MO8 SA3aHA 3 00poOII0eanicmio i Gu-
3HauUaEmMbcsl Koeiyienmom HeoOnopionocmi. Jis nokpawenns o6poooeanocmi  3anponoHO8aHA
mepmiuHa 06pooKa, 3a OONOMO20I0 K0T MONCIUBO CHPAMOBAHO IMIHIOBAMU CIMPYKMYPY, Moomo 3me-

HULy8amu HeOOHOPIOHICMb.

Knrouoei cnosa: sucokomiynuti 4agyu 3 Kyasacmum epagimom, HeoOHopioHicms, 06pooOI08anicmo,

mepmiuna 0o6podKa.

Beryn

CyuacHu# piBeHb PO3BUTKY TEXHIKH BUMArae
BUKOPHCTaHHS BUCOKOMIITHMUX YaBYHIB 3 KYJIsiC-
tuM rpaditom (BUKT), mo maroTh BUCOKHH pi-
BEHb KOHCTPYKIIHHOT MIITHOCTI, a came: BHUCOKY
TBEPAICTh 1 MIIHICTh B MOEJHAHHI i3 3HAYHOIO
TUTACTUYHICTIO 1 yJTAPHOIO B’ SI3KICTIO.

BUKI mae mupoxuii Iiama3oH eKcIuryara-
[MIHHUX BIIACTUBOCTEH. Y 3B’S3Ky 3 MM HOTO
BUKOPHCTOBYIOTH B 0araTh0X OONACTSAX TEXHIKH
3aMiCTh JIUTOI 1 KOBAHOI CTalli, Ciporo Ta KOBKO-
ro 4aByHiB. Hampukian, HOMeEHKIaTypa BiyIU-
BOK 3 BUCOKOMILIHOTO YaBYyHY, OCBO€HA B aBTO-
MOOiIeOyAyBaHHI 1 CLIBCHKOTOCIOAAPCHKOMY
MAaIIMHOOYAyBaHHI: KOJIHYACTI 1 pPO3MOiIbHI
BaJM;, OJIOKM IFUTIHAPIB; KPOHIITEHHHU 1 MaibIli
pecop; KPWIIKYA MiAMUIHIKIB; TOPIIHEBI Killb-
Is; KapTep 3aJHBOr0 MocTa; 3y0dacTi Koieca;
maryau Ta iH. BUKD' 3HaX0AuTh BXXKMBaHHS MIPH
BUTOTOBJICHHI JieTanell BUCOKOT BTOMHOI MilHO-
CTi, 3HOCO- Ta KOPO3iiHOI criiikocTi [1-5].

OpHak OiNbII MIMPOKE BUKOPHCTAHHS BUCO-
KOMIIIHOTO YaBYHY CTPUMY€TbCS HOTO HEBHCO-
KHM piBHEM 00poOroBaHOCTI [6].

AHani3 myOJikauii

OOpoOIIOBaHICTh Pi3aHHAM — 1€ KOMIUICKC
MOHATH, [0 BU3HAYAETHCSI CTAHOM O0OpOOIIOBa-
HOT'O MaTepiaiy, pi3aJlbHOTO iHCTPYMEHTY i Xa-
pakTepoM ix B3aemoii. BoHa € HaliBaXXTUBIIIIMM
YUHHUKOM, IO BIUIMBA€ HA TPOAYKTHUBHICTB,
AKICTH 1 cOOIBapTICTh MPOAYKIii. B sKOCTI MoOKa-
3HUKIB OOPOOJIFOBAaHOCTI JOIIJIHHO BHKOPHUCTO-
BYBaTH HACTYITHI, SIKi XapaKTepHU3YIOTh:

1. cram 0OpobmOBaHOTO MaTepiany (AKiCTh
MOBEPXHi);

2. cTaH iHCTpYMEHTy (3HOC, CTiHKicTh abo
HIBUJKICTH Pi3aHHs);

3. B3aeMoir0 0OpOOIIOBAHOTO MaTepially Ta
THCTpYMEHTY (BHI CTPYXKH, KOoe(DillieHTH yca-
KU 1 TepTsl, CWy pi3aHHA Ta ii AUHAMIYHY CKJla-
JIOBY).

[omimmutu 06pobmosanicte BUKI moxHa
TaKUMH HUISXaMU:

1. He3aneXHO BiJ MpOIECy pi3aHHS 32 paxy-
HOK pi3HUX BIUIMBIB Ha MaTepiall BUpoOy: 3MiHH
BJIACTHBOCTEW 00pOOIIOBaHOTO Martepiary, Tex-
HOJIOTIi OTPUMAaHHA YaBYyHYy (JI€TyBaHHA), TeX-
HOJIOTi1l BHUTOTOBJICHHS 3arOTOBKH, TEpMIYHOI
00poOKu;

2. BIUIMBAIOYW Ha IHCTPYMEHT 1 YMOBH 00poO-
OKkM B TpoIleci pi3aHHS: 3MiHHU BIACTHBOCTEH
Ppi3aibHOTO 1HCTPYMEHTY, 3MiHHM B3a€EMOIi 3aro-
TOBKH Ta IHCTPYMEHTY.

[lepmia rpyna o0’eqHye MeTOIN 3MiHE 00pO-
OJIFOBAHOCTI, SIKI BUKOPHUCTOBYIOTH IO TIPOILIECY
MEXaHIYHOI OOpOOKM 1 HE3aJeKHO BiJ HBOTO,
HAIPUKIIAA, TIPU METAIypriifHOMY MK 32 pa-
XYHOK 3MIHM XIMIYHOTO CKJaxy TpPH BUTOTOB-
JICHHI 3arOTOBKH, 32 PaxyHOK TepMidHOi 00po0-
kd. Lli MeTomu MOXYTh BHUKOPHCTOBYBATHCS B
TOMY BHIIQJIKy, SIKIIIO TEXHOJOTIYHO 1 €KOHOMi-
YHO MOXXIIUBO 3MIMCHATH 3MiHYy TEXHOJOTI]
OpoIecy JHTTS, SKIIO HPOLECH T0JAaTKOBOTO
JIETYBaHHS 1 TepPMOOOPOOKH HE MAIOTh HEraTHB-
HOTO BIUIMBY Ha OTPHUMAaHHS HEOOXiTHOTO KOM-
IUIEKCY BJIACTUBOCTEH 0OpOOIIOBaHOI JeTali.
TepmooOpoOka 3 MeTOI MOKpalieHHsT 00poo-
JIOBAHOCTI 3a3BUYAll € MTPOMIXKHOIO OMEpaIli€ro,
micnst sIKoi HEOOXiAHO TPOBOJUTH OCTaTOYHY
00poOKy, M0 3HAYHO TOAOBXKYE 1 3JIOPOKYE
nporec.
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OnTuUMansHUM € TaKhid PEeXAM TepMIdHOI
00poOKH, KOJM 3aJ0BiJbHA OOpPOOIIIOBAHICTH
HOETHYETBCS 3 OTPHMAHHSAM BHCOKOTO pPIiBHA
MEXaHIYHUX BIIACTUBOCTEH.

BUKT B nuToMy CTaHi Ma€ MOPiBHSIHO HU3b-
KWW piBeHb MEXaHIYHHMX BIACTUBOCTEH, Xapak-
TEPU3YETHCS 3HAYHOIO JIKBAILEKD XIMIYHHX
€JIEMEHTIB Ta CTPYKTYPHOIO HEOIHOPIIHICTIO.
ToMy po3poOka paiioHaJbHUX, 3 TOYKH 30PY
KOMIUIEKCY eKCIUTyaTalliifHuX BIACTHBOCTEH,
PEXHUMIB TEPMIYHOT OOPOOKH € MEePIIOYEPTOBUM
3aBJIaHHSIM.

Jlo npyroi Tpynu Hajexarb METOAW IIiJ[BH-
IIeHHS OOpOOIJIFOBAHOCTI, SKi PEai3yroThCS B
nporeci 00poOKM pi3aHHAM: 3MiHA BIACTHBOC-
Tel, KOHCTPYKIii, reoMeTpii iIHCTpyMEHTyY 1 Xa-
pakTepy B3aeMOZil iHCTpYMEHTY 3 00poOioBa-
HOI 3arOTOBKOIO (peXXVMH Pi3aHHs, 3MallyBallb-
HO-OXOJIOXKYBAJIbHA PiJIHA, pi3aHHs 3 Migirpi-
BOM, 3 BUIIEPEKAIOYNM TUIACTUYHUM AehopMy-
BaHHSM Ta iH.).

[MokpameHas o0poOIIOBAHOCTI MOXKE 3Ailic-
HIOBATHUCA NIUIAXOM 3aCTOCYBAaHHS 6y,[[])-$IKOFO
OIHOTO MeTOAy (HampHKiIaz, TepMOoOpOOKH).
Binbmioi epekTHBHOCTI MOXKHA TOCATTH MPH BU-
KOPHCTaHHI OJIHOYACHO JEKUILKOX METOiB. Tak
K 00pOOITIOBaHICTh € KOMIUIEKCHUM MOHSTTSIM,
TO IS 11 TIOKpaIIeHHsS HEeoOXiTHO po3poduTH
KOMIUIEKC METOJIIB, SIKi CTOCYBaJIUCS O 1 BIacTH-
BOCTEH 00pOOIIIOBAHOTO MaTepiaiy, i BIaCTUBO-
CTel IHCTPYMEHTY, 1 XapakTepy iX B3a€MOii.

IIpoBeneni B pobotax [6, 7] AOCHIIKESHHS
MOKa3aJu, 1110 HEOHOPITHICTh YaBYHY € BH3Ha-
yanbHUM  ¢akTopoM  o0OpoOmoBaHOCTI. VY
3B’S3KYy 3 IIMM BCi METOJU MOKpAIICHHS 00po0-
JIFOBAHOCTI TaK Y iHAKIe MOBUHHI BIUTUBATH Ha
HEOJTHOPIAHICTh YaByHy Oe3mocepenHso abo
no014HO.

Metoau, sIKi BITHOCATBCS O TEpIIOi IPymy,
JTO3BOJISTIOTH O€31ocepeiHhO 3MIHIOBATH CTPYK-
TypHY 1 XIMiYHYy HEOIHOPITHICTh YaBYHY B MPO-
1eci JeryBaHHs abo TepMiuyHOT 0OpOOKH.

TakuM YMHOM iCHY€ MpoOJieMa MOKpaIIeHHs
00pOOITFOBAaHOCTI YaBYHY NLISXOM IPOBEICHHS
TepMigHOI 0OPOOKH.

Mera i nocTaHOBKa 3aB/IaHHA

MeTtoro po0oTH € ITOCIiIKEHHS BIUIUBY TEp-
MiqHOT 00poOKH Ha 06podmoBanicTs BUKT.

Jlnst JOCATHEHHS 11i€1 MeTH OyJIM MOCTaBJICHI
HACTYITHI 3aBAaHHS: 1) TPOBECTH JOCITIIKCHHSI
BIUIMBY PEXHUMIB TepMidHOI 0OpOOKH Ha HEOM-
HOPIHICTh YaBYHY; 2) BH3HAYUTH KOe(illi€HT
00poOIroBaHOCTI; 3) mMpoaHai3yBaTH 3aJIeK-
HICTh M)XK TMOKa3HHKaMH OOpOOIFOBAHOCTI 1 He-
OTHOPITHICTIO YaBYHY.

IHokpameHHs: 00po0/II0BAHOCTI
BHCOKOMIIIHOTO YaBYHY

Jns mpoBeneHHS IOCIHiIKeHbs OyB OOpaHWMit
BHCOKOMIIIHAN YaBYH HACTYMHOTO XiMi4HOTO
ckaany: 3,3-3,8 % C; 2,4-3,2 % Si; C+1/3 Si =
4,25-4,35 %; 0,004-0,007 % S; 0,5-0,9% Mn;
0,045-0,008 % P; 0,05-0,1 % Cr; 0,1-0,15 % Ni;
0,04-0,09 % Mg. lleit yaByH HIUPOKO 3aCTOCO-
BY€ETHCSI B MIPOMHCIIOBOCTI, TOMY IO JJIsI HOTO
OTPUMAaHHS HE MOTPiOHO MeIlUTHIX JETYIUNX
00aBOK 1 MOAH(IKaTOPIB.

YaByH y BUXiTHOMY CTaHi XapaKTepU3y€EThCsI
PO3BHHEHOIO JIKBAIli€l0 BCIX XIMIYHUX €JIeMEH-
TiB, IO BXOIATH O WOTO ckiamy. Jlutwii vaByH
HEOJTHOPIAHMI 1 3a CTPYKTYpOIO, 1 3a PO3MOJi-
JoM XiMiyHHX eneMmeHTiB [1]. ®Depur 3ocepe-
JOKeHHA B OCHOBHOMY B KosorpadiTHIN 30HI

(puc. 1).

Puc. 1. MikpocTpyKTypa AOCIHiAKyBaHOTO Ya-
ByHY B JINTOMY CTaHi, TpaBieHHs 4% a3o0T-
HOIO KHCJI0TOI0, X450

B sixocTi iHCTpyMEHTaIBHOTO MaTepiany BH-
KOPUCTOBYBaJIM HAATBEPIUH 1HCTPYMEHTATIBHUH
MaTepiaji Ha OCHOBI HiTpuay Oopa Toman-10.

BumiproBaHHA MiKpOTBEPAOCTI MTPOBOIMIN
Ha MikpoTBepaoMipi [IMT-3 3 HaBaHTa)KeHHIM
50 r. JocmikeHHS CUTK Pi3aHHs Ta ii KOTUBaHb
BUKOHYBAJIM Ha YCTAHOBIIi HA OCHOBI BHCOKOYY-
TIMBOTO OJHOKOMIIOHEHTHOTO JHHAMOMETpA.
TBepaicTs BuMmiptoBanu Ha TBepaomipi bpinen-
st mozeni UIT HBW-1.

BrnactuBocti Marepiany Bu3Hadae HoOro
cTpykrypa. YaByHH, Ha BiIMiHY BiJ cTaieH,
MaroTh HEOJHOPIIHY CTPYKTYpY: MeTajleBa MaT-
pHLS y HUX NPOHU3aHA BKIIOYEHHSIMH Irpadiry,
Mae€ MicIie JKBaIisg XiMIYHAX €JIEMEHTIB, HEO/-
HOpiJIHA CTPYKTypa MeTaneBoi Marpuili. 3aBisi-
KM Takii HEOJHOPIMHIA CTPYKTypi B JUTOMY
crani BUKI' mae HemocTaTHbO BHCOKWH PiBEHb
MOKa3HUKIB MIIHOCTi, YAapHOi B’S3KOCTi, 3HO-
COCTIHKOCTI.

CrpykTypHa Ta XiMi9Ha HEOIHOPIAHICTH Ya-
ByHY BH3Ha4ae OOpOOJIIOBAHICTb, MPHU3BOJUTH
JI0 yJapHUX HAaBAaHTA)KCHb Ha 1HCTPYMEHT Ta JI0
inTeHcuikamii #oro 3HOCy. YnapHi HaBaHTa-
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JKEHHS 0COOJIMBO HEOe3MedHi ISl TBePAOCILIAB-
HOT0, MiHEPAJOKEPaMIYHOTO IHCTPYMEHTY Ta
IHCTPYMEHTY 13 HaITBEPINX MaTepiaiB.

Jns oTpuMaHHS Pi3HOTO CTYIIEHS HEOJTHOPI-
JHOCTI Ta TBepIOCTi OynM 3amporoHOBaHI Ha-
CTYIHI PeKUMH TepMiuHOi 00poOku (Tabdm. 1).

Tabmums 1 — Pexxumu TepMigHOT 00pOoOKH YaByHY

YMoBHu# HOMep yaByHy | HBW K, K/

Ta oro ctan Vo
1. JIutuii cran 210- 1,7 0,6/
220 3,0

2. [ongitiHa HOP-
Matizamis: HarpiB 110 260- | 11,26 0,8/
890°C, ButpuMKa 1,5 270 4,0

TOIUHU, OXOJI0KEHHS
Ha IOBITPI, HATPIB JI0
860°C, Butpumka 1,5

TOIUHU, OXOJI0KEHHS

Ha MOBITpI

3. Hopmaui3aris 3 MKI:
HarpiB 10 860°C, But- 275- 1,36 0,73/
pumka 1,5 roaunu, oxo- | 285 3,6
JIOJPKEHHS B CTPYMEHI
HOBITPs

4. TapryBaHHs 1
BIJIITYCK: HarpiB 10 470- 11,9 0,5/
860°C, Butpumka 1,5 480 2,8
TOJIMHH, OXOJIOJKCHHS B
Macii. Biamyck mpu
220°C Ha npoTs3i 2-x
TOJIMH, OXOJIOJDKCHHS Ha

TOBITPI.
5. Cipwuii 9aByH i3 I01a-
CTHHYACTHM TpadiTomM 190- 11,0 | 11,0/
CY20 200 5,04

Tepmiuna 00poOKa 3 MIKKPUTHYHOTO iHTEp-
Bany A, "-A. " 3HAYHO BIUIMBAE HA 3MiHY HEOJ-
HOPITHOCTI YaByHY. Y IIbOMY IHTEpBaI TEMIIe-
paTyp B piBHOBa3i 3HaXOAATHCA TpH (a3u — ayc-
TeHit, ¢pepur i rpadir [1].

B mepury yepry npu HarpiBaHHi ciix Bpaxo-
BYBaTH TEPEPO3NOAiN XiMIYHUX €IIEMEHTIB, Ta-
KHX K ByIJienb i KpemHiid. [lepepo3nomin Byr-
JIENI0 TIOYMHAETHCS B YMOBaX JIOCHTH HHU3BKOI
temrepatypu (Hmwkde A.;"). OCKUIbKHA PO3YHH-
HICTh BYTJIEIIO B (pepuTi 13 3pOCTaHHIM TeMIIe-
paTypy TIOMITHO HE MiIBUIIYETHCS 1 BMICT Kpe-
MHIIO JIOCUTh BEJIMKHH, TO BIIBHUN BYTJCIb, L0
YTBOPIOETHCS TIPH PO3MA/Ii IEMEHTHTY, CHPSMO-
ByeThes 70 rpadity. Mme mporiec 3BinbHeHHs
BiJl BYIJICIIO METaJIeBOi MaTpPHUIl OCHOBH 1 30i-
JBIICHHS BKIIOYEHB Tpadity. Posmany memeH-
TUTY Tepenye horo cdepoimuzanis. Bixgcrans
MiX IUIACTHHAMHU IIEMEHTUTY 301IbINYETHCS, a
BYTJICIb BiIBOAMTHCS A0 TPadiTHUX BKIIOYCHb.

Haii0inpmn akTHBHUA po3maj IIEeMEHTUTY Bim0y-
BAETHCS MPH TEMIEpaTypax ONU3BKUX O TOYKH
Acln.

Ilpu nocsrHeHHi Temmeparypu Ag" a—y
HEPETBOPEHHS HacamIiepe]] MOYNHAETHCS B -
JSTHKaX TEpIiTy, sIKi MaloTh IMiJBUIICHANA BMiCT
BYTJICIIO 1 3HWKEHUI KpemHito. [lotim aycreHi-
3aIis MOMMUPIOEThCA Ha GeputHi minsHkA. On-
HaK OCKIJIBKH BMICT KPEMHIIO B OKPEMHUX 3€pHAX
o-(a3u BiIPI3HAETBCA, TEMIEparypa MOYaTKy
0—>Y meperBopeHHs Oynae pi3How. B pe3ynbrarti
npu HarpiBanHi B MKI cmiBicHyroTh 00macTi
aycTteHity, rpadity i ¢epuTy 3 MiIBUILICHUM
BMIiCTOM KPEMHII0.

IIpu 30inpmIeHH] BUTPUMKH 3I1HCHIOIOTHCS
NpOIIeCH HACHYECHHS BYTJICIIEM ayCTEHITy 1 Tie-
peposnoait kpeMHito. OCKUIBKH PO3YMHHICTh
KpeMmHito B (hepuTi 3HAYHO Oinblne, HiX B ayc-
TEHITi, y Mipy PO3BHTKY O—>y MEpPETBOPEHHS
KpEeMHIl BIATICHSAEThCS BiA rpaHumi y-¢aszu y
tdhepur, mo 36epirca. OmHAK OCKIIBKY TpH Tie-
pexomi yepe3 A" 3'ABIAETHCS BEIMKA KUIBKICTh
3apOJIKIB ayCTEHITY, TO YTBOPIOETHCS CTPYKTypa
3 BiJTHOCHO ApPIOHMMH IUISHKAMH, IO Yepry-
IOTBCSA, 3 MIABUIIEHUM 1 3HIKEHUM BMICTOM
KpemHif0. TakuM dYWHOM, HEOTHOPITHICTH 3a
KpeMHIEM BHpiBHIOEThCS. UnMm Oinmbine (opmy-
€THCS 3aPOJIKIB ayCTEHITY, THM TOHILE 1151 HEO -
HOPIIHICTb.

Hopwmamizariisi Bigpi3HA€TbCS HU3BKOIO TPY-
JIOMICTKICTIO 1 JIO3BOJISIE OTPUMATH BHCOKI CIIy-
*KOO0BI XapakTepuCTHKH uaByHy. [Ipm mpose-
JeHHi HopMmamizamii oxonomkeras 3 MKI 3mitic-
HIOETHCS 3 HEBEIIMKOIO MIBHIKICTIO — B CTPYMEHI
noBiTpsi. ToMy BimOyBaeThCsl PO3MAJl ayCTEHITY
3 yTBOpeHHsM (epuro-kapOigHoi cymimm. Bu-
TPUMKa IIiCJIsI HarpiBaHHs 3abe3nedye HeoOXi-
HE HaCHMUYCHHS ayCTEHITy ByTJIeLeM, Iepepo3Ino-
Iin kpemHito. B pesynprari HOpMadmizauii yTBo-
PIOETBCSL JIOCHTH OJHOpPiAHA TMEPIiTO-QepUTHA
ctpykrypa [1]. HeomHopimHicTs y po3momimi
KPEMHII0 HE 3HHMKA€, a CTAa€ TOHIIOI, OCKLIBKHI
OUIIHKA  QepuTy 1 TepiuiTy NOoApiOHIOITHCS,
IUISTHKA BUCOKOKPEMHHCTOTO (PepUTy dYepry-
FOTHCS 3 JUITHKAMH, 1[0 MIiCTSATh MaJIo KPEMHIIO.

BapitoBanns pexumy oxosiomkeHHs 3 MKI
NPU3BOJUTH 10 3MiHU CTPYKTYPHOI HEOAHOPIA-
HocTi. IIlo &k crocyeTbcs HEOMHOPIAHOCTI 3a
KpPEMHI€M, TO SIK MPHU HOpMati3amii, Tak i micius
rapTyBaHHS BOHA 3QJIMIIAETHCS MPAKTUYHO O/I-
HaKOBOIO. binblI icTOTHOT 3MiHM XiMiIYHOI HEOA-
HOPITHOCTI MOXHA JOCSTTH, 30UTHIIMBINN KiJlb-
KiCTh MEPEXO/IiB Yepe3 KPpUTHUHY TOuKy [1], 3a-
CTOCYBABIIIH MOJIBIliHY HOpMai3allio.

Byna 3anporioHoBaHa MeTO/MKa BU3HAYEHHS 00-
POOITIOBAHOCT] YaByHY 3 YpaxXyBaHHSIM CTPYKTYPHOI
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Ta XiMiYHOI HeomHOpimHOcTL. Hai3pyunimoro s
JIOCIIDKEHHST BIUIMBY CTPYKTYpH Ha 00poOIOBa-
HICTh XapaKTEPHUCTHKOI € CHIA Pi3aHHS: 1i cepemHe
3HadeHH: Ta KomBaHHA [6]. CepelHe 3HaUSHHS CHITH
pi3aHHs, cepeTHbOKBAIPATHYHE BIIXUICHHS 1 KO-
edilieHT Bapiallii po3paxoByBalli 3a JJAHUMHU OCIIU-
JorpaM cui pi3aHHA (CKi1amoBoi P,) mipu oOpoOii
YaBYHIB 3 PI3HOIO MIKPOCTPYKTYPOIO.

s xapakTepuCTUKH HEOAHOPIAHOCTI YaBy-
HY BBEJIEHO KOe(illi€eHT HEOTHOPIAHOCTI

K =-—s (1)

Ie V,, — Koe(ilieHT Bapialii MUTTEBUX 3HAUYCHb

cunu pizanns s BUKT; vV, — xoedimient Ba-
piamii METTEBHX 3HAYCHb CHJIM Pi3aHHS JUIS Ci-
pOTO 4aByHY.

KoedimieHT HEOTHOPITHOCTI, K KOMITIEKCHA
XapaKTepUCTHKA YaBYyHY, BU3HAUAE HOTO 00poO-
moBaHiCTh K, — xoedimieHT BigHOCHOI 00p00-
JIOBAHOCTI

Kk =l 2
- - K. bl ( )

ne K, — KoeiIlieHT HEOAHOPIIHOCTI CipoTro
cu

yaByny, K, =l1.

cu

JJis mpakTUYHOTO 3aCTOCYBaHHS HEOOXiIHO
3HATU a0COJIIOTHY BEJIUYMHY OOPOOIFOBAHOCTI.
Bynu Bu3HaYeHi po3paxyHKOBI 3HAYECHHS IIIBH/I-
KOCTEH pi3aHHs IpU CTIMKOCTI 60 XB a1 10CITi-
JDKYBaHUX YaBYHIB MpHU 00poOIi HaATBEpIUM
IHCTpYMEHTaIbHUM MaTepialloM — reKCaHiTOM-P

V60:K0'chﬂ (3)

ne Ve, — WIBUAKICT pi3aHHs IPH 0OpoOIIi ciporo
4aByHY, M/C.

B sxocti moka3zHUKIB 0OpOOIIOBAHOCTI BH-
KOPUCTOBYBaIH KOE(illieHT BiTHOCHOI 00po0-
JIFOBAHOCTI Ta IIBUAKOCTI pi3aHHS MPH CTIHKOCTI
60 xB.

Amnari3 3HaueHb Vo, SIKI OTpUMaHi JJs 4aBy-
HIB MiCJIs Pi3HUX BUAIB TEPMiuHOI 0OpPOOKH, I10-
Ka3aB, 110 BEJIMYMHA IBUAKOCTI pi3aHHS 3HAXO-
JIUTHCS Y TIEBHIN 3aJIe)KHOCTI BiJl HEOTHOPITHOC-
Ti yaByHy. Haiikpamty o6poO:iroBanicTh (HaiOi-
JbIIEe 3HAYCHHA V) Mae 4aByH HE 3 HAWHIDK-
YOI0 TBEPAICTIO, a 3 HAIMEHIIINM CTyIICHEM He-
ONHOPITHOCTI — TICNMS TONBIMHOI HOpMaTi3arti
(K;=1,26). Haiiripiry o0poOmroBaHiCTh Mae 4a-
BYH MICJIsl TAPTYBAaHHS 3 HAMOLIBIINM CTyIIEHEM

HeomHOpigHOCTI (K;=1,9). YaByH micns monBii-
HOI HOopMaltizamii XapakTepu3yeTbcs HE TLUIBKH
BHCOKHUM PiBHEM OOPOOIIOBAHOCTI Pi3aHHSM, a i
JIOCTaTHRO BHCOKUM pIBHEM MEXaHIYHHX BIIac-
THBOCTEH — TBEPHOCTI, IO O3BOJSE PEKOMEH-
JTyBaTH Tl PEeKUM B SKOCTI KiHIIEBOI TEPMiYHOT
00po0OKH.

BucHoBku

He3Baxkaroun Ha BHCOKUN PIBEHb CGKCILTya-
TaI[iiHUX BJIACTUBOCTEH BUCOKOMIITHOTO YaBY-
Hy, WOTO BHKOPHCTaHHS B MallWHOOYTyBaHHI
CTPUMYETHCSI HEJOCTATHHOIO OOPOOIIOBAHICTIO
PpizaHHsIM.

Bucokominumii 4YaBYH XapaKTepU3YEThCA
3HAYHOKO XIMIYHOIO Ta CTPYKTYpPHOIO HEOIHOpI-
JTHICTIO, 110 OJHO3HAYHO ITOB s3aHa 3 00pOOIIIO-
BaHICTIO 1 BU3HAYAEThCS KOE(illiEHTOM HEOIHO-
pigHOCTI K.

s omiHkM 00poOIIIOBAaHOCTI B PoOOTI 3a-
NPOTIOHOBAaHO BUKOPUCTOBYBATH YHiBEpCalbHHUN
KpuTepii — BiqHOCHY 00po0roBaHicTh Ko,

OckinbKud 0OpOOJIIOBAHICTh 3aJICKUTh  Bij
KoeilieHTa HEOAHOPIAHOCTI YaByHY, OJHHM 3
NUIAXiB 11 TIOKpAIIeHHs € TepMidHa 00poOKa, 3a
JIOTIOMOTOFO SIKOi MOYKJIIBO CIPSIMOBAHO 3MiHIO-
BaTH CTPYKTYpPY, TOOTO 3MEHIIYBaTH HEOTHOPI-
THICTh. 3 TOYKH 30py OOpOOIIOBAHOCTI, ONTH-
MaJIBHOIO € TOJIBiifHa HOpMalTi3allis, SKa J03BO-
Jsie OTPUMATH YaBYH 3 HaMEHIIUM KoedilieH-
ToM HeoaHopimHocTi (K=1,26), Haiiripuy —
3a0e3reuye TapTyBaHHA Ta HHU3BKHAN BIAITyCK
(K,=0,5).

YayH micins moJBiHHOT HOpMalTizalii xapax-
TEePHU3YETHCS HE TITBKWA BICOKUM pPiBHEM 00p00-
JIOBAHOCTI Pi3aHHSAM, a 1 JTOCTATHRO BHCOKHUM
piBHEM TBEPAOCTi, IO JO3BOJIIE PEKOMEHIyBa-
TH IIEH PEXKHUM B SKOCTI KiHIIEBOI TePMidHOI 00-
pOOKH.
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HEAT TREATMENT EFFECT ON HIGH-
STRENGTH CAST IRON
MACHINABILITY

Lalazarova’ N.O., Donchenko D.O., KhNAHU,
Putyatina L.I., Ukrainian State University
of Railway Transport

Abstract. Problem. The use of ductile cast iron
(DCI) in engineering is constrained by its insufficient
cutting ability. There is a problem of improving the
machinability of cast iron by performing heat treat-
ment. Goal. The aim of the work is to study the effect
of heat treatment on DCI machinability. Method. The
research has been carried out on the basis of high-
strength cast iron chemistry widely used in industry.
Cast iron is heterogeneous in structure and distrib-
uting chemical elements. The hardness and micro-
hardness of cast iron, average values and oscilla-
tions of the cutting force have been studied. Results.
Structural and chemical inhomogeneity of cast iron
determines its machinability, causes shock loads on
the tool and intensifies its wear. The heterogeneity
coefficient was used as a complex characteristic of
inhomogeneity. It is determined by instantaneous
values of the cutting force. The coefficient of relative
machinability has been defined on the basis of the
heterogeneity coefficient. The machinability of gray
cast iron is taken as 1. Taking into account the ma-
chinability factor the cutting speed has been calcu-
lated with the stability of 60 min for hexanite-R while
high-strength cast iron turning. The heterogeneity of
such cast irons has been changed by heat treatment
according to different modes. Scientific novelty.
Heat treatment allows to change structural and
chemical heterogeneity of cast irons and to effect on
their machinability. That is, DCI machinability de-
pends on the degree of cast iron heterogeneity de-
termined by the heterogeneity coefficient. Practical
significance. The technique for determining the het-
erogeneity and machinability of ductile cast iron has
been suggested. The research of the heat treatment
effect (heterogeneity) on machinability has been car-
ried out. The studies have shown that after double
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normalizing cast iron is characterized not only by a
high level of cutting ability but also by a sufficiently
high level of mechanical properties — hardness. This
fact allows to recommend this mode as the final heat
treatment.

Key words: ductile cast iron, heterogeneity, ma-
chinability, heat treatment.

BJMSTHUE TEPMUYECKOM OBPABOTKH
HA OBPABATBIBAEMOCTbD
BBICOKOIIPOYHOI'O YYT'YHA

Jlanazaposa H.A., [lonuenko JI.A., XHAY,
Iyraruna JL.H.,
YKpanHCKHii rOCYyJapCTBECHHBIN YHHBEPCUTET
7KeJIE3HO0POKHOI0 TPAHCIIOPTA

Annomayusn. Hcnonvzoganue blcOKONPOUHO20
YY2yHA ¢ WAPOBUOHBIM 2pAPUmMomM 8 MAUUHOCHpOe-
HUU coepacusaemcs HedOCMamoyHou e2o obpaba-
mbleaeMocmolo pezanuem. Yyeyn xapaxmepusyemcsi
SHAYUMENbHOU XUMUYECKOU U CIMPYKMYPHOU He0OHO-
POOHOCMbIO, KOMOPAsi OOHO3HAYHO C6:A3aHa ¢ 0bpa-
bamwieaeMocmoio u onpeoesisiemcs KodQp@uyueHmom
HeoOHopoOHocmu. [[na yayuuienus obpabamuviéaemo-
cmu npeonodceHa mepmuveckas oopabomka, ¢ no-
MOWbIO KOMOPOU 803MOIICHO HANPABIEHO USMEHSIMb
CMPYKmMypy, mo ecnv YMeHbUAmb HeOOHOPOOHOCb.

Knrwouesvie cnosa: ablcokonpounwlil 4y2yn ¢ wa-
POBUOHBIM  2papumom, HeoOHOPOOHOCmb, 00paba-
MbIBAEMOCHIb, MEPMUYECKAs 06pabomKa.



