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13anopi3bKuit HalioHanbHWUIA yHiBEPCUTET (3anopixks, YkpaiHa)
2HauioHanbHUIM yHiBEPCUTET «3anopidbka nonitexHika» (3anopixoks, Ykpaia)

3axoau 3 MoepHi3auii cnikanbHOro BigAiNneHHs
arnomepauintoi paépuku MpAT «<KAMET-CTAJ1b»

lMpy BUPOBHULITBI arfioMepary B yMOBax YKpPaiHCbKUX MeTasnypriviHux nigrnpueMcTB A0LiIbHO BUKOPUCTOBYBATU BiTYN3-
HSIHY CUPOBUHY Ta Hamaratucs 30inbLUnNTy MPOAYKTUBHICTb ariioMepaLiviHnx LexiB 0 CBITOBUX OKa3HVIKIB B MeXax Bif
5 go 7 maH 1/pik arnomepary. [Npu ubOMy [0 SKOCTI arnoMmepary CAif npea’saBastvi HACTYrHI BUMOIrn: MakCUmMasibHO
BUCOKUWI BMICT 3aJ1i3a, MiHiMasibHa KiJIbKiCTb LUKIQINBUX AOMILLOK, MOCTINHICTb XIMIYHOro 18 rpaHy/IoMeTPUYHOro ckia-
AiB, BUCOKa 3A4aTHICTb A0 BiJHOBJIEHHS Ta ra3ornpOHUKHICTb, BUCOKA MILHICTb | HU3bKUK BMICT pakuii MeHLue 5 Mm.
Ans nigBuLLIeHHST KOHKYPEHTOCTIPOMOXHOCTI arrioMepaLiviHoro BUpOOGHULTBA CAifi BUKOPUCTOBYBATW HACTYIHI 3acobu:
OyAaiBHULTBO arsioMmepauiiHnx ¢abpuk HOBOro MOKOJIHHS 3 Cy4YaCHUMU arfioMepauiiHuMy MaLLlvMHamMm,; rnpoBeaeHHS
KanitajabHOro PEMOHTY Ta MOAepPHI3aLii OCHOBHUX POHAIB arrioMepaLiviHoro BUPOOHULITBA; 3aCTOCYBaHHS eHepro3oe-
pirato4ux TeXHOOrIVi CriikaHHSI arJioMepary Ta iHwi. Y po6oTi nporoHyTeCS 3axoau 3 MoAepHi3auii crikaibHOro Bif-
AineHHs1 arnomepadiviHoi pabpukmn Ne 2 [NpAT «KAMET-CTAJIb». [ns kanitaibHOro PEMOHTY aryjioMepaLiviHoi MaLuyHu
Ne 7 nponoHyeTbCs BUKOHATU: PEMOHT 0340BXHIX Ta ornepevYHuX yLLisibHeHb arfioMepauifiHoi MaLllnHy, PeMOHT ra3o-
BOIro KOJIEKTOPA, BaKyyM-KaMep, rNI0BUX MILLIKIB, KOMMNEHCATOPIB B 30HI CrlikaHHs1, BaKyyM-KamMep B 30Hi OXOJ104)KEHHSI;
BiAHOBJIEHHS] TEPMIYHOI i30715Li1 HA ra30BOMY KOJIEKTOPI, BakyyM-kKamMepax, nuaoBux Millkax. 3arnpornoHOBaHi 3axoam
J03BOJISIOTb 3HU3UTU BUTPATU €JIEKTPOEHEPrii Ha arnomMepaLiviHivi gabpuLii, NiaBULLNTY NPOAYKTUBHICTb arsioMepaLliv-
Hoi matumHmn Ne 7 o 933,372 tuc. 1/pik arnomepary, 3HU3UTH BMICT ApIiOHULI B ariomepari 40 8 %, 3HU3UTY BUTPaTy
TBepaoro naamsa [0 20 % T1a 36inbLunTy TePMIH eKCrutyaTtawii ycTaTkyBaHHsI (pOTOPIB ekcraycrepa 1a CrikaslbHUX Bi3KiB
3 KOJIOCHUKamMu).

Kno4oBi cnoBa: arniomepar, arfiomepaudiriHa MmalumHa, MoAaepHi3aLis, crikasibHe BiaaifIeHHS!, TEeXHOJIOris CriikaHHSs
arsiomepary.

cmyn. Ha cborogHi npobnema oTpMMaHHsi BUCOKOS-

KicHOro armomepary A4ns noganbLIoro BUKOPUCTaHHS

y OOMEHHOMY BUPOOHULTBI 3anULIAETLCA akTyanb-

Hoto 3agadveto. OCHOBHMM LWNAX 36iNblUEHHA Npo-
OYKTUBHOCTI arnoMepauinHnMx MawvH — ue NigBULLEHHS
rasonpoHMKHOCTI LWapy LUMXTK LUASXOM ii epeKTUBHOIO
OrpyaKyBaHHS. TaKoX BaXIMMBUM MNUTAHHAM 3anuuia-
€TbCs OyaiBHMUTBO arnomepauiiHux ¢abpuk HoBOro
MOKOJiHHS 3 Cy4aCcHMMW arnomepauinHUMM MallnHamu,
Hanpuknag, TakuMu 9Kk Ha 3aBogi Shougang Jingtang
Iron and Steel (Kutan), wo 3actocoBye KoHuUenLil Benu-
KomacLuTabHoro obnagHaHHs, BAKOPUCTAHHSA BTOPUHHUX
MaTepianis Ta eHepro3bepexxeHHs.

Tak, Hanpwvknag, nNUTOMI BUTPaTW EHEproHociiB B
arnomepauiviiux uexax MNpAT «MetanypriiHun kombi-
HaT «AsoBcTanb»» Ta [pAT «Mapiynonbcbkuin meta-

nyprivHun kombGiHaT iMeHi Innivay» cknagatoTe 0,071 Ta
0,108 I'Dx/T npoaykuii BignosigHo [1]. MNpu ubomy cnig
BiOMITUTW, WO Taki TEXHOMOrIYHI NOKa3HMKK arrnomepa-
LinHUX pabpuk YkpaiHu, K SKiCTb KOMMOHEHTIB arrnomMe-
paLinHOI LUNXTW, MMTOMAa BUTpaTa enekTpoeHepril, SKiCTb
CreyeHoro arrnomMepary, NPOAYKTUBHICTb npaui, NUTOMi
WKiaNuMBi BUKMAK Ta iHwi Ha 30—-50 % HuxYe Hixk Ha npo-
BiOHWX 3aKOPAOHHWUX MeTanyprinHmx nignpuemcraeax [2].

Bigomo, o cyyacHa TexHomnoriyHa cxema BUpPOOHK-
uteBa arnomepaty nepegbadae Tpu eTanu: nigrotoBKy
LUMXTW LUASIXOM 3MilLlyBaHHS!, 3BONOXXEHHS Ta rpyaKyBaH-
HS YCiX KOMMOHEHTIB LUMXTW; Mpouec crikaHHA arromMe-
paTty; MexaHi4yHy o6pobKy cnevyeHoro NPoAyKTy Ta MOro
oxonoaxeHHs [3]. Mpu UbOMY OCHOBHWMW NapameTpa-
MM, WO XapakTepuaylTb Npouec cnikaHHa arromepa-
Ty, € TeMnepaTtypa NOBEPXHi 3ananeHol WnxTu, B1coTa
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Lapy, WBWAKICTb CrikaHHs, TeMnepaTypa B 30Hi FOpPiHHS,
Yyac nepebyBaHHS LWNXTU Ha CTPIYLi (LUBMAOKICTb CTPIYKM)
Ta CTyNiHb 3aKiHYEeHOCTi Npouecy cnikaHHS [4].

BucoTa wapy € ogHMM i3 TEXHOMOrYHUX (haKTopIB,
AKi 0O3BOMSATb MOKPALLMTU MOKa3HUKM Ta napameTpu
arnomepauiviHoro npouecy. Bucota wapy BnnvBae Ha
NPOOYKTUBHICTb arfnoMepauinHoi  MaluHK, MilHICTb
arnomepary, BATpPaTK nanuea, ra3onpoHUKHICTb, LWBWA-
KICTb CRiKaHHS, CKOPOYEHHS LUKIANUBMX BUKUAIB, 3MiHY
rpaHynoMeTpMYHOro Cknaay, BMxig npuaaTHoro arriome-
paty [5].

B arnomepauinHin WnxTi yKpaiHCbKuX arnomepawiv-
HUX habpurk B SKOCTi OCHOBHOIO KOMMOHEHTa 3ani3opya-
HOI YaCTUHW BUKOPWUCTOBYIOTb 3ani3opygHuUi KOHLEHTpaT
(nepeBaxHo dpakuii — 0,074 mm). Npuyomy Bukopuc-
TaHHA OiNbLIOT KiNbKOCTI MaTepianiB TOHKOrO nomeny
npuTamMaHHO SK AN YKPaiHCbKWUX, TaK i 3aKOPOAOHHMX
arnomepauiiHux gpabpuk [6].

AHania cy4acHoro crtaHy arnogoMEeHHOro BMPOOHMU-
UTBa NoKasye, WO CTpaTeriYyHnMmn Hanpssmammn po3BuTKY
arnomepauiiHoro BupobHuuTtsa € [7-9] :

— noninweHHs AKOCTi 3ani3opyaHOi CUPOBUHU Ta BOO-
CKOHamneHHs npouecy ii NigroToBKy;

— YOOCKOHANEHHs TexHOornorii BMpobHuuTBa arnome-
paTy (30Kpema 3acTOCyBaHHsI eHeprosbepiratoumx Tex-
HOMOriN cnikaHHs armomepary);

— MONINLWEHHS SKOCTi arnomepary Ta noro ¢i3nmko-me-
XaHiYHNX BNaCTUBOCTEMN;

— iHTeHcudpikauis armomepauinHoro npouecy;

— OTpPMMaHH4 ribpugHoro arnomepary;

— ByniBHMUTBO arnomepauinHux ¢abpuk HOBOro no-
KOMiHHSA 3 CyYyaCcHUMM arnomepauinHiMm MalluvHamu;

— MpOBeOEHHs KaniTanbHOro PEeMOHTY Ta MOAEPHi-
3aLii OCHOBHUX (hoHAIB arnomMepaLinHoro BMpobHULTBa
(3okpema ekomoriyHa MoAepHi3auia arrnomepauinHmx
abpuk);

— BMKOPMWCTaHHS aBTOMAaTM30BaHWX CUCTEMW ynpas-
NiHHA TEXHOMNOriYHMM MPOLECOM Ta CTAHOM OCHOBHWX
choHAiB Ta iHLWi.

3okpema y poborti [10] HaronowyeTbCa, WO Npu He-
MUWHYYi MOAEepHi3aLii TEXHOMNOrYHNX NPOLECiB Ha arno-
mMepauinHmx dpabpukax YkpaiHm noBuHHI ByTv BpaxoBaHi
NPOrpecuBHi TEHAEHLIT NiAroTOBKM arnomMepauiiHol Lnx-
T 3@ KPYMHICTIO, iT 3MilLlyBaHHA, OKOMKYBaHHS Ta 3aBaH-
Ta)KeHHS Ha naneTn arnomMepauinHMx MaLluuH.

Tak 6e3nocepeaHbo y poboTi [11] 3Ha4Hy yBary npu-
AiNeHO BMBYEHHIO MOXIMBOCTI NOMINWEHHS KepOBaHOCTI
npouecamy OKOMKYBaHHS arnoMepauiiHOT LUMXTU LLMSIXOM
BBEOEHHS rpaHyn Benukunx dpakuin (3okpema 1,6—8 mm),
X BMMAMBY Ha KOMKYEMICTb LUMXTW, arnomepauifiHiin npo-
LiecC 3aranom Ta MexaHiyHi BMacTMBOCTI arnomepary.

B pocnigpkeHHax [12] po3rnsHYTO egeKTUBHICTb
arnomepauii npy 3acTocyBaHHiI Apo6neHMX BamHAHUX
KOHBEpTEpHUX LWamis. [NokasaHo, wo aobaeka nogpio-
HEeHOro BunexaHoro (npotdrom 1-3 micsuiB) BanHoBa-
HOro wnamy B KinbkocTi 287,8 kr/T arnomepaTy nokpa-
LLy€E ra3onpPOHMKHICTb WNXTW, 36inbLUye NPOAYKTUBHICTb
arnomMepavuiviHoi yctaHoBkM Ha 54,6 % Ta nigsuye
yOapHy MilHicTb arnomeparty Ha 15,46 %.

AsTopamu pobotn [13] po3rnsHyTO npobnemy ca-
MOPYWHYBaHHA MPOMMUCIIOBUX ONIOCOBaAHNX arrome-

paTiB Npu OXOMOMXKEHHI nicna cnikaHHs. BusasneHo,
LLIO OCHOBHOK NPUYUHOK PO3MILHEHHS € MorniMopdiam
Asokanbuiesoro cunikary Ca,SiO, (C,S): p-Ca,SiO, —
— v-Ca,SiO,. 3anponoHoBaHo Ta BMNpoOyBaHO BapiaH-
TV NiABULLIEHHS MILHOCTI arnomepary LAsSxXoM (pisndHol
Ta KpucTanoxiMmivyHoi ctabinisauii BucokotemnepatypHoi
moaudikauii C,S.

3HavyHun iHTepec NpeacTaBnsAlTb AochigKeHHs [14]
3 BigNpauloBaHHA PeXNMIB CMiKaHHS ABOLUAPOBUX LLUMXT
3 PI3HOKO KiNbKICTIO Ta peakuifHOK 34aTHICTI0 TBepAoro
nanvea y BEpXHbOMY i HUXXHbOMY LLapax LWMXTK, Lo Chi-
KaeTbCs, BUBYEHI Ta BU3HaYeHi onTuMarbHi napameTpu
TBEPAOro nanueBa y BEpPXHbOMY i HWXHbOMY AinNgHKax
Liapy, Lo 3abe3nevyoTb 3HWKEHHS NOro NMMTOMOI BUTpPa-
TV Ta NONINWEHHS METanyprinHUX XapakTepucTuK armo-
mepary.

Y po6orTi [15] npoBeaeHO OOCMIAKEHHS LWoao OTpu-
MaHH4A ridbpMaHoro arnomeparty 3a SANOHCbKOK TEXHOSO-
ricto HPS (Hybrid Pelletized Sinter) [16, 17].

AsTopamu pobotn [18] po3pobrneHo HOBi cnocobu
iHTeHcudiKkauii armomMepauinHoro npouecy, noninweH-
HS SIKOCTi arnmomepary, 3aollafXeHHs MaTepianbHuX Ta
eHepreTM4YHMX pecypcis.

lMuTaHHA BOOCKOHANEHHs OBOLLAPOBOI arrmomepadii
HaBegdeHi B poboTi [19]. ABTOopamn po3pobneHo nep-
CMEKTMBHI HanpsiMM MOAAanbLIOro PO3BUTKY TEXHOMOrii
ABOLLAPOBOI arnomepadii: BBe4eHHS Pi3HOro 3a KpymnHic-
TIO Nanuea 3a Wapamu WUXTW; perynioBaHHs ChiBBigHO-
LLUEHHSI BUCOTWN BEPXHBOIO Ta HMPKHBOTO LUApiB 3anexHo
BiO KPYMHOCTi MaTtepianis, WO cnikalTbCH; onTUMisauis
rPaHyrnoOMETPUYHOrO CKnagy LUXTU 3a paxyHOK 3MiHu
pexumiB poboTn OKOMKYBauiB.

AsTopamu poboTu [20] nokasaHo, WO B BUPOOHNYMX
yMOBax MOPIBHAMbHY OLHKY MUTOMOI MPOAYKTUBHOCTI
arnomMmepauinHoro npouecy AOoLUiNbHO NPoBOAUTU 3 ypa-
XyBaHHSIM CyMapHOro BUXoay NoBepHeHHs1 abo MiLHOCTI
arnomepary.

PesynbTtati gocnigxeHb BNAUBY KiNbKOCTi kanibposa-
HOro 3BOPOTY B LUMXTi HA NPOAYKTUBHICTb arnomepauin-
HOro npouecy Ta AKiCTb arnomMepaTty HaBegeHi y poboTi
[21]. MNokasaHo, Lo 3amMiHa 3BMYAHOIO NOBEPHEHHS Ka-
nibposaHMM nosBepHeHHsM dpakuii 3-5 MM Ta noganb-
LWe 36iMbLUEHHS KOro YacTKu B LUMXTi CYyNPOBOAXYETHCS
NiABULLEHHAM NPOAYKTUBHOCTI arrnomepauinHoro npo-
uecy. OgHak 6e3nepepBHe 3MEHLLEHHSI BMICTY nanuea B
LUMXTI i3 30iMbLIEHHAM YaCTKM KanibpoBaHOro NOBEPHEH-
HS B Hil NPU3BOAMTbL OO 3HWKEHHS BMXOZY NpuAaaTHOro
arnomeparty Ta MOro MexaHi4Hoi MiLHOCTi.

HocnipkeHHsa [22] HanpaBneHi Ha HOBI TEXHiYHi pi-
LWeHHs ApobneHHs arnomepary, ski 403BONSATb 3HWU3U-
TV BUTPATU €NeKTPoeHepril, NiABULLMTI SKICTb FOTOBOrO
arnomepary, TepMiH ekcnnyaTtadii gpobunsHoro obnaa-
HaHHS.

lMocmaHoeka 3adaui. IcHyto4a Ha CboroHi TEXHOO-
ris BUpOBGHULUTBa arnomeparty B arfioMmepauifiHOMy Liexy
Ne 2 B ymoBax MpAT «KAMET-CTAIb» (paHiwe — MAT
«[AHINPOBCbKMI MeTanyprinHnii KoOMBiHaT») Ta TEXHOMNO-
riyHe obnagHaHHA He 3abesnevyloTb BUMOrM BUPOOHM-
LTBa 3a 0DCArom i SIKiCTIO arnmomepary, Lo B CBOI Yepry
Npu3BOAMTbL A0 NEPEBUTPATU KOKCY Ta 3HUMXKEHHS Mpo-
OYKTMBHOCTI BMPOBHMUTBA 4aByHy. TOMY Ha CbOrOfHi
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rocTpo CTOITb Npobnema MoLyKy TEXHOMOTYHUX PilleHb
YOOCKOHaNEeHHs npouecis arnomMepaldii npy BUKOpUCTaH-
Hi eHepro3bepiratoumnx 3acobiB.

Mema po6omu. MeTa po60Th — OLiHKa BNAMBY BAO-
CKOHamneHHs TeXHOMOrii ChikaHHs arnomepary B yMOBax
MpAT «KAMET-CTAJ1b» Ha nigBWLLEHHS SKOCTi arnome-
paTy Ans noganbLloro BUKOPUCTAHHS Y JOMEHHOMY BU-
pPOGHULITBI.

06’°ekm ma memoduka docsidxeHHss. 06°ekmom
dociideHHs1 € NPOLIEC CrikaHHs arnomMepaTty Aans no-
MeHHOro BuMpobHuUTBa. [Mlpedmem OoCniOXKeHHs1 €
BMAMB MoZepHi3aLii arnoMepauinHoi MalmnHN Ha AKICTb
arnomepary Anst JOMEHHOro BUpOBHULTBA.

Mamepianu ma memoduka docnioxeHHs. [pu
BMPOGHUUTBI arnomepary ans notped AOMEHHOro Lexy
MpAT «KAMET-CTAJIb» B AKOCTi KOMMOHEHTIB LUNXTU
(cvpoBuHK) BukopucTtoByBanu (tabn. 1): 3anisHy pyay
(MpAT «Cyxa 6anka»); 3anizopygHuin koHueHTtpat (MAT
«MiBHivYHUM 3K» (66 % Fe) Ta JlebeanHcbkuin 3K (68,5—
70,0 % Fe)); okengHum mapraHueBun koHueHTpat ll-ro
copty (Hikononbcbkuin 6acenH); okanuHy (Fe,O,); BanHo
Ta BarHskK; AOMOMIT; KOMOLHWKOBUA Mun (BnacHa npo-
OyKUist); KOKCOBY ApiBHMUIO; Cyxui 3BOPOT arrmomepary
arnomepadinHoro uexy (BrnacHa npogykuist); wnam; Bia-
CiB BamnHsKy; BYrinns; Wnak KNCHEBO-KOHBEPTEPHOTO Lie-
Xy Ta iHWi maTtepianu. Crig 3a3HaunTy, WO 3AINCHIOETHCS

OO3BOMOXEHHSA LUMXTU: NPU NEPBUHHOMY 3MiLLyBaHHI —
00 6 % (3a noTpeboto), a Npu OKOMKYBaHHI — 80 8 %.

JocnigpkeHHsa XiMiYHOro cknagy KOMMOHEHTIB LUMX-
TV Ta roToBOro arnomepary nposoauny 3a AONOMOroH
XiMiyHOro aHanisy. BusHayeHHs rpaHynoMeTpUYHOro
CKragy KOMMOHEHTIB LUMXTW NPOBOAMIIN METOAOM pO3-
citoBaHHs 3rigHo 3 [ICTY I1ISO 4701:2019 [23]. BusHaueh-
HS BMICTY 3arasnbHOro 3anisa nposogunu 3rigHo 3 ICTY
8811.1:2018 [24]. BonoricTb KOMMOHEHTIB LUXTN BK-
3Havanwm 3rigHo 3 ACTY b B.2.7-250:2011 [25]. Ons Bu-
3HAYEHHS BOSIOrOCTi KOMMOHEHTIB LWMXTK Bpanu 3pasok,
3Ba)kKyBasnu 1Moro B NPUPOAHOMY CTaHi, a MOTiM NomiLanm
B CyLIMIbHY Wwady A0 OTPUMaHHS NOCTIHOT BOMOIW.

3aranbHa ycepegHeHa BOMOriCTb WUNXTW BU3Ha4yana-
Csl 3 ypaxyBaHHSAM KiflbKOCTi BOJIOMM B KOXXHOMY KOMMO-
HeHTi WwunxTn (Tabn. 1) 3a bopmynoto:

W = ann. KOMMOHEHTE LWKMXTK

100

QBDH. LLUMXTK

W=1[(148-0,04 + 590-0,085 + 123-0,074 + 11-0,029 +
+3:0,01 + 74-0,102 + 20-0,07 + 60-0,0249 +
+13:0,0249 + 12-0,0249 + 4-0,0203 + 3-0,0203 +
+42-0 + 14-0,179 + 30-0,025 + 6,8-0 +
+ 31,860,052) -100]/1185,66 = 6,89 %

Tabnuus 1
YcepeaHeHa BONoOricTb KOMMOHEHTIB WWXTU NPpU BUPOOHULTBI armomeparty
Ne Mutoma BuUTpaTa Kinbkictb Bonoru B
HanmeHyBaHHA KOMMOHEHTIB LWNXTN KOXHOMY KOMMOHEHTI
n/n KriT % wuxTty, %
1 | 3anisHa pyga (MpAT «Cyxa 6anka») 148,00 12,48 4,00
2 | 3anisopyaHun koHueHTtpart (MAT «[liBHivHMn M3K») 590,00 49,77 8,50
3 | 3anizopyaHun koHueHTpat (JlebeamHcbkuii '3K) 123,00 10,37 7,40
4 | KonoLwwHWKOBUI Nnn 11,00 0,93 2,90
5 | OkanvHa 3,00 0,25 1,00
6 | BTopuHHi maTepianu 74,00 6,24 10,20
7 | Wnam 20,00 1,69 7,00
8 | BanHsk 3BuyanHum 60,00 5,06 2,49
9 | BanHsk Ha witabenb <5 mm 13,00 1,10 2,49
10 | Biacis BanHsiky 12,00 1,01 2,49
11 | Oonowmit cupui (6yHkepa) 4,00 0,34 2,03
12 | Oonowmit cupun (wtabenb) 3,00 0,25 2,03
13 | BanHo 42,00 3,54 0,00
14 | OkcugHun MmapraHueBun koHueHTpar ll-ro copty 14,00 1,18 17,90
15 | lUnak KncHeBO-KOHBEPTEPHOTO LieXy 30,00 2,53 2,50
16 | KokcoBa gpibHuus 6,80 0,57 0,00
17 | Byrinnga 31,860 2,69 5,20
Bcboro: 1185,66 100,00
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MiuHicTb armomepaTty BU3Havanu MexaHidyHuMm MeTo-
oowm srigHo 3 AICTY b B.2.7-220:2009 [26].

TemnepaTypy arnomepary, WO ChikaeTbCH, BU3Ha4a-
nv 3a gonomorow Bornbdpam-moniégeHoBoi Tepmonapm
(BMT). MNo3nTnBHUM TEpMOENeKTpoaoM CMYXUB YNCTUN
Bonbdpam, a HeratTuBHuM — cnnae monibaeHy 3 4 %
antoMmiHito.

TexHonoriyHi rasu Big arnomepauinHol MalnHW Haa-
XOAATb Ha OYMLLEHHS Big Nuny B BataperHUn LMKIIOH i
eKkcrayctepom npsmyoTe 4o 6opis agnmosoi Tpybu Ha Bu-
kng B atmocdepy. XiMiyHUI cknag rasis, WO BigxoadaTb,
HacTynHun: 4,495-5207 r/um® CO; 0,525-0,572 r/Hm®
SO,; 0,068-0,085 r/Hm* NO,. Ximi4Hnit cknag nuny Ha-
crynHun: 55,8 % Fe; 11,6 % FeO; 8,9 % SiO,; 10,2 %
CaO0; 0,12 % MnO; 0,87 % Al,O,; 1,23 % MgO; 11,28 %
iHWIi gomilwkn. paHynoOMeTprMYHMI cKnag nuny, Wwo Bu-
XOAUThb i3 Konektopa, MmeHwe 10 mm.

Pe3ynbmamu docnidxeHHs1. Ha cborogHi B yMoBax
MNpAT «KAMET-CTAJIb» BCTaHOBMEHO LWiCTb arnomepa-
LiHMX MaLLUVH, WO BMPObNATL arnomepar Ansi LOMeH-

HOTrO Liexy, Npy LbOMY NPOAYKTUBHICTb arnomMepauinHoro
uexy Ne 2 cknagae 3,95 mnH T/pik arnomeparty (Tabn. 2),
O He BigNOBigae PiBHIO EBPOMNENCBHKNX HOpPM (Big 5 oo
7 MnH T/pik). ToMy NpOMNOHYeETbLCA B arnomepauiiHomy
uexy Ne 2 npoBecTu yaoCKOHaNEHHs TEXHOMO T CMiKaHHS
arnomepary 3a paxyHOK BUKOPUCTAHHA eHepro3bepirato-
UYMX 3axogiB, LU0 4O3BOMMUTbL NIABMLLUTU NPOOYKTUBHICTb
uexy o 5,6 mnH T/pik armomeparty (tabn. 3). MNpwn 36inb-
LIEHHi NPOAYKTUBHOCTI arnomepadiiHoro uexy Ha 42 %
NPOMOHYETLCHA BUKOPUCTOBYBATWN TOW CaMUIA CKnag KOM-
MOHEHTIB WNXTK, ane 3aMeHLNT NOro NUTOMY BUTpaTy 3
1195,32 (tabn. 2) go 1185,66 «r/T armomeparty (Tabn. 3).

3okpema y poboTi NPOMNOHYIOTLCA 3aX04u 3 MOAEPHI-
3auil cnikanbHOro BigAiNeHHsa arnomepadinHoi abpuku
Ne 2, aki BKMOYalTb HACTYMHI 0COBNMBOCTI:

1. Ona AKiCHOro 3MillyBaHHA KOMMOHEHTIB arnome-
pauinHOi WKXTN nepegdadvyeHo BCTAHOBMEHHS HOBOIO
iHTEHCMBHOro 3miwysa4va (puc. 1), NpyM UbOMY LUNXTO-
Bi Marepianu B 3MillyBa4y nogaBaTtuMyTbCsi 3 OyHkepa
LUMXTU HOBWUM CTPIYKOBUM BaroBMM A03aTOPOM. Takum

Tabnuus 2
BuTpaTta KOMNOHEHTIB WKUXTU NPU BUPOOHULUTBI ariomepaTty 3a iCHyI4YOK TeEXHONOrie (NoTo4YHe BUPOO6-
HULTBO)
MuTtoma BUTpa- Mpu BUpoGHUUTBI 3,95 MNnH T/pik arnomeparty
Ne HaiimeHyBaHHs Ta (BONorMX | hiyua purpara, \uHa BuTDaTa. | TOAWHHA BU- | roauHHa Bu-
n/n KOMMOHEHTIB LUMXTHN MaTepianis), T/arnocha6pu- p paTa, Tpata, T/arno- | Tpara, T/arno-
Kr/T T/arnomaiwuvHy
Ky dabpuky MaLIUHY
3ani3Ha pyaa
1 (MPAT «Cyxa 6anka) 148,00 584600 97433,33 73,81 12,30
3anisopyaHuWin KOHLEHTpaT
2 (NAT «[igHiuHwi F3K») 590,00 2330500 388416,67 294,26 49,04
3 | 3ani30pyAHNY KOHUEHTpaT 123,00 485850 80975,00 61,34 10,22
(JlebeamHcbkni '3K)
4 | KonowHWKoBUI Nun 11,00 43450 7241,67 5,49 0,93
5 | OkanuHa 3,00 11850 1975,00 1,50 0,25
6 | BropuHHi maTepianu 74,00 292300 48716,67 36,91 6,15
7 | lLnam Ainskkn saniso- 20,00 79000 13166,67 19,97 1,66
BaMHAHUX KOHLEHTpAaTIB
8 | BanHsik 3BnyanHun 60,00 237000 39500 29,92 4,99
9 | BanHsak Ha wTabenb < 5 mm 13,00 51350 8558,33 6,48 1,08
10 | Bigcie BanHsiky 12,00 47400 7900,00 5,98 1,00
11 | Donomit cnpun (ByHkepa) 4,00 15800 2 633,33 2,00 0,33
12 | ODonomit cupuit (wtabenb) 3,00 11850 1975,00 1,50 0,25
13 | BanHo 42,00 165900 27650,00 20,95 3,49
14 | OKoMBHAM MapranLesyi 14,00 55300 9216,67 6,98 1,16
KoHLUeHTparT ll-ro copty
15 | LLinak kncreso-korBsepTep- 30,00 118500 19750,00 14,96 2,49
HOTO Liexy
16 | KokcoBa gpibHuus 8,50 33575 5595,83 4,24 0,71
17 | Byrinns 39,82 157289 26214,83 19,86 3,31
Bcboro: 1195,32 4721514 786919,00 596,15 99,36
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Tabnuuys 3
BuTpaTta KOMNOHEHTIB WMXTWU NPpU BUPOOHULTBI armomepary nicns moaepHisauii arnomMepauinHol MalwnHU
Ne 7
MuTtoma BuTpa- Mpu BUpo6HUUTBI 5,6 MNnH T/pik arnomepaTty
Ne HaiimeHyBanHs Ta (BONOrMX | hiyya purpara, iuHa BuToaTa, | TOBWHHA BU- | roauHHa Bu-
n/n KOMMOHEHTIB LWNXTN maTepianis), T/arnoca6pu- Y para, Tpata, T/arno- | Tpara, T/arno-
Kr/T T/arnomawumHy
Ky chabpuky MalLUHY
3ani3Ha pyaa
1 (MPAT «Cyxa 6anka») 148,00 828800 138133,33 104,65 17,44
3anisopyaHuUin KOHLEHTpaT
2 (MAT «MisHiuHmi F3K») 590,00 3 304000 550666,66 417,17 69,53
3 | 3anisopyAHN# KOHUEHTpaT 123,00 688800 114800,00 86,97 14,50
(NebeamHcbknin M3K)
4 | KonowHnKoBuIi Nuin 11,00 61600 10266,67 7,78 1,29
5 | OkanvHa 3,00 16800 2800,00 2,12 0,35
6 | BTropuHHi maTepianu 74,00 414400 69066,67 52,32 8,72
7 | lWLnam Ainskka saniso- 20,00 112000 18666,67 14,14 2,36
BaMHSHUX KOHLIEHTpaTIB
8 | BanHsk 3BnyanHuin 60,00 336000 56 000,00 42,42 7,07
9 | BanHsak Ha wTabenb < 5 Mm 13,00 72800 12133,33 9,19 1,53
10 | Bigcis BanHsiky 12,00 67200 11200,00 8,48 1,41
11 | QonomiTt cupun (GyHkepa) 4,00 22400 3733,33 2,83 0,47
12 | Oonowmit cupui (wtabensb) 3,00 16800 2800,00 2,12 0,35
13 | BanHo 42,00 235200 39200,00 29,70 4,95
14 | OKCMAHWA MapraHLeBii 14,00 78400 13066,67 9,90 1,65
KoHUeHTparT ll-ro copty
15 | LLinak kncreso-korsepTep- 30,00 168000 28000,00 21,21 3,54
HOTO Lexy
16 | KokcoBa gpibHuusa 6,80 38080 6346,67 4,81 0,80
17 | Byrinns 31,86 178416 29736,00 22,53 3,76
Bcboro: 1185,66 6639696 1106616,00 838,34 139,72

MByHKepM ApobneHoro nanmuBa B ymoBax [IpAT
«KAMET-CTAJb»

m3MiLuyBaq LIMXTOBUX MaTepianis B ymoBax [IpAT
«KAMET-CTAJTb»
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YMHOM, Byae [O30BaHO 3a4aBaTUCS KiNbKiCTb MaTepiany
Ha OKOMKYBaHHS Ta nofasnblue CnikaHHS, i 3aincHoBaTm-
METbCH MOTOYHWUM KOHTPOMb BAUTPATK LLUMXTOBUX MaTepi-
anis. 3i 3millyBayiB, N0 PEKOHCTPyMoOBaHUM (BigHOBME-
HUM 0O NEpPBICHOIO CTaHy), NMOXWMMM KOHBEEpaM arno-
MepaLiiHOI MaLUWHK, 3MillaHa LMXTa NnogaBaTMMETbLCS
B iCHyto4i 6apabaHu-okoMKyBaui.

[HTEHCMBHI 3MillyBaYi iCTOTHO Bigpi3HATLCA Big 6a-
pabaHiB 3MillyBayiB CBOEK KOMMAKTHICTHO, 3HUXKEHO
Bibpauielo, a TakoX BULLMM KOEMILIEHTOM 3MillyBaHHS
KOMMOHEHTIB LWNXTU. Y NpouecCi 3MillyBaHHA yTBOPHO-
I0TbCA LWinbHi MikporpaHynu dpakuieto 1,0-1,5 mMm, dki
CNpUSOTb MPUCKOPEHHIO YTBOPEHHS rpaHyn B 6apaba-
Hi-OKOMKyBa4i, TUM CaMMM MigBULLYIOUYN 3aranbHy raso-
MPOHUKHICTb arnomepaLifiHOi LUMXTK, O OKOMKyBanacs.

2. [Nepepn okoMKyBaHHAM nepegbadeHo niggo3yBaHHSA
TBepAoro nanmea. 3acTocoByeTbCS cnocib iHTeHcudgika-
Lii npouecy 3a paxyHOK 4aCTKOBOIO Hako4YyBaHHS nanu-
Ba Ha NEPBUHHI rPaHynun WNXTW. [Ns UbOoro Ha KOXHin 3
OBOX NiHi nogayvi Ha MicLi BCTAHOBMEHUX paHiwe OyH-
KepiB, AKi BUBedeHi 3 ekcnnyarauii, 6yayTe BCTaHoBIe-
Hi HOBi ByHkepw gpobneHoro nanuea (puc. 2). KoxeH i3
OyHKepiB po3paxoBaHUIN Ha 3anac B YOTUPW FO4MHU MpU
nigao3syeaHHi o 10 kr nanuea Ha 1 TOHHY arnmomepary.

TBepae NanvBo KPYMHICTIO 40 3 MM NogaBaTMMETbCA
B OyHKep y BUIMSAI Cymiwi nanvea KpynHicTio 40 3 MM
Ta asoTy TPyOONpPOBIgHOK CUCTEMOKO 3 BUKOPUCTAHHAM
NMHEBMOKaMEpPHOro Hacoca, BCTaHOBIIEHOMO B KOPMyCi
LUMXTOBMX BYHKEPIB Ta 3anUTaHoro Bif iCHyt04oro byHke-
pa nanuea. na pobotu cuctemn noTpibHa nogaya aso-
Ty pobounm Tckom 0,6 mla, cnoxmeaHHAM 17,5 HM3/XB
Ta BMICTOM KMUCHIO He Binblie 6 %. 3 OyHkepiB, yepes
Bibponivikn, TBepge nanueBo NOgaBaTUMETbCA Ha HOBI
BaroBi CTPiYKOBi Jo3aTopu, a nNoTim byae 4030BaHO BU-
BaHTa)XyBaTUCHA Ha MOXWUITi KOHBEEPA 3MillaHOl LUNXTH,
LLIO PEKOHCTPYIOOTHLCS.

mninﬂHKa arnomepadinHoi mMawuHn Ne 7 B ymoBax
MpAT «KAMET-CTAIb»

lMpn npoBegeHHi PEKOHCTPYKLIi HacTyMHUX arrome-
pauinHUX MallvH PeKoOMEeHOYETbCSA CnoyaTtky BMKOHaTW
cUcTeMy Nigao3yBaHHsS Nanuea A8 BCiX MaLUWH, a nicns
LbOro NOYMHATU MOYEProBY iX PEKOHCTPYKLUit0. Y LbOMYy
BUNaAKy, MOXHa Oyge ogHOYacHo i TOYHO Jo3yBaTu Na-
nMBO ANs1 PEKOHCTPYNOBaAHUX Ta HE PEKOHCTPYNOBAHMUX
arnoMepauiiHiX MalluH, OCKIMbKM MalUMHW, LWO €KC-
NNyaTylTbCs MiCNA BUKOHAHHA PEKOHCTPYKLIi, BUMara-
TUMYTb MeHLle nanvBa, a MaluHW, WO MpauoTb 40
PEKOHCTPYKLUIi, — BinbLue. Tomy, Ha eTani PeKOHCTPYKLi
HACTYMHWUX arfnoMepauinHMX MalluH, 3 KOpnycy LiunX-
TOBMX OYHKEpiB BCHA LUMXTa NOAaBATUMETLCH 3i 3HWMXKe-
HUM BMICTOM NanvBa, a Ha MallnHax, WO NpauioTb 40
PEKOHCTPYKLUii, Bpak nanvMBa KOMMEHCYBaTUMETbCS 3a
paxyHOK niaao3yBaHHA. Ha noganbwomy etani npouec
Nigao3yBaHHA nanuBa AM1s KOXHOI MawuvHu byae 3gin-
CHIOBATUCS BIf4MOBIAHO A0 TEXHOMOrYHMX BUMOT NpoLe-
Cy cnikaHHA. YacTkoBa nogaya nanvea 6e3nocepeqHbo
B 6apabaH-OKOMKyBay Cnpusie MOMinwWeHH npouecy
CMikaHHs, OCKiIMbKM YacTuHa nanuBa HaKOYYETbCA Ha
MOBEPXHIO FPaHyn, TUM CaMnM MPUCKOPHOKYN npouec
BEPTUKANbHOMO ChikaHHA Lapy arnoMepauinHoi WuxTn
Ha MaLUVHi, NigBMLLYIOYKN AKICTb Ta 30inbLUyoYn NNTOMY
NPOAYKTUBHICTb arnomMepauiiHoi MaLlnHN.

3. [ns kaniTanbHOro PeMOHTY arrfomepauinHol Ma-
wmrHu Ne 7 (puc. 3) NpONOHYETLCA BUKOHATU:

— PEeMOHT MO3AO0BXHIX Ta MNOMEePEeYHMX YLUiNbHEHb
arnomMmepauiiHoi MaLLnHW;

— PEMOHT ra3oBOro KOnekTopa, Bakyym-kamep, numno-
BMX MIiLLKIB, KOMMNEHCATOPIB B 30Hi CNiKaHHSA, BaKyym-Ka-
Mep B 30Hi OXONOAXKEHHS;

— BiAHOBMNEHHSI TEPMIYHOI i30MsLil Ha ra3oBOMy KO-
NeKTopi, Bakyym-kamepax, MUoBMX MilLKax.

Y 3aBaHTaxyBanbHOMy OyHkepi wwuxtn 6yge BcTa-
HOBIIEHO PO3MNOAINbHUK NOTOKY WNXTWU. Ha BCiX Bakyym-
Kamepax AiNsHKM cnikaHHa arnmomMepauinHoi MallnHm By-
e BCTaHOBMEHO HOBI LWMBepn 3 py4HUM NPUBOLOM.

Hap armomepauinHoo MawnHow Oyae BCTaHOBMEHO
HOBE YKPUTTH Ha BCbOMY ii MPOTHA3i Big ropHa Ao XBOC-
TOBOI YaCTMHK, 3@ BUHATKOM JiNsHKU nepeq po3BaHTa-
XKyBarnbHOK YacTWHOW, Ae NPOBOAUTUMETLCH 3aMmiHa
3HOLWLEHWX naneT Ans iX BigHOBMIOBANbHOIO PEMOHTY.
YKpuTTS npeacraeBnaTume cobor MeTaneBui Kapkac i

[T Cxeva PYXy HarpiToro noBiTpsi OXONOMKEHHS Haf, Wa-
pom arnomepary
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Kopnyc 3MiHHOro nepepisy no BUCOTi, MOKPUTKI 30BHI Te-
Nnoi3onsAuUinH1M MaTtepianom 3 TemnepaTyporo NOBEPXHi
He Binbwe 60 °C. Mo bopTax ykpuTTa OyQyTh pO3TaLlo-
BaHi MO340BXHI YLWiMbHEHHHA, @ B TOpPUAX — MONEPEYHi.
BcepeauHi ykputTa Byge BCTaHOBMEHO crneuianbHWiA ra-
30pO3MNOAINBHUA NPUCTPIN.

Bci armomepauinHi Bi3ku ByayTb CXUMbHI OO PEKOH-
CTPYKLUii: BCTAHOBNEHHS NO300BXHbOI MeTaneBoi nrac-
TUHK ona 3abe3neyeHHs yLiNbHEHHS MiXX CNanbHUM Bi3-
KOM | YKpUTTSAM.

4. YacTmnHa rasoBoro Konekropa (icHyroda 30Ha 0xo-
noaxeHHs1) byge gemoHToBaHa. Ha yacTuHi konekTopa
(30Ha cnikaHHSA), Wo 3anuwunacs, byae BUKOHAHO Bif-
HOBINIOBANbHUIN PEMOHT, y TOMY YMCHi, BiAHOBIEHHS Tep-
MOI30M5Lii MOro KOpnycy i MMIOBKX MiLLIKIB.

Mpy peMoHTI ra3oBOro konekTopa HeobxigHoO nepen-
0auMTK 3aMiHy iCHYHOUYMX KranaHiB-MUranok Ha KranaHum-
MUranku KOHycHoro Tuny. Lie gacTb 3HWXEeHHS WKigmBmx
NigCMOKTYBaYiB i NiABULLIEHHS TeMnepaTypu B ra3oBomMy
KOMEKTOPi, L0 NOKpaLnTb poBOTY CMCTEMMU TEXHOMOTIY-
HOrO ra3oo4unLLEHHSA, 0COBMMBO B 3MMOBMIA Nepiog vacy.

5. Ha ginsHui nonepegHbLOro oXonomkeHHs arrnome-
paTy, B 30Hi EMOHTOBaHOrO Konektopa, byge posrailo-
BaHUN HOBMI KONEKTOP MOBITPS OXONOmXeHHS. MoBiTps
B HbOrO NOAABaTUMETBLCS TPbOMa HOBMMUW BEHTUNATOPA-
mu. [NMoTpeba y Boai Ha OXONOMXKEHHS MiALMMNHUKIB BEH-
TUNATOPIB AN OQHIET armoMepauinHoi MalmHK cknaa-
Tume 1,8 m3/roa.

3 HOBOro KoMnekTopa XOorogHe NoBiTPs Yepes iCHYHou
BaKkyyM-Kamepu nogaBaTUMETbCS 3HM3Y Mid KONMOCHUKO-
Bi rpatu i nig TUCKOM NPOHMKaTMME Yepes Lap arriome-
paTty 3Hu3y Bropy. [1oTiM MOBITPA B HarpitToMy cTaHi 4o
~380 °C, nig ykpuTtTam byae nepemiwatnca Ha ginsHky
ChikaHHS i Yepes rasopo3noainbHUn NPUCTpPIn noTpanns-
TN Ha BEPXHIN LWap Crneky, HagxoauTh Yepes Lwap 3Bepxy
BHM3 Ha CMiKaHHA NO BCil MPOTSHKHOCTI 30HWU CriKaHHS
arnomeparty (puc. 4).

Ha konekTopi noBiTps oxonomxeHHst byae nepenbda-
YyeHa Bugaya nuny Ta ApibHMX 4YacTMHOK arnomepary, Wwo

NoTPannaKTb Y KOMEKTOP MOBITPS OXOMOMKEHHS Yepes
KOMOCHMKOBI I'paTu, Ha iCHYIO4MIA KOHBEEP Ny ra3oBoro
KonekTopa.

[na gosoBaHoi Bugadi nuny ta 3anobiraHHA LWKianm-
BOrO NiACMOKTYBAHHS B KOJIEKTOPI MOBITPA OXONOMXKEH-
HS Ha NUNOBUX Millkax ByayTb BCTAHOBMEHI HOBi KOHYCHi
KnanaHu-Murarnku.

Takum YMHOM, 3anpPONOHOBaHa TEXHOMOrIA Nogadyi Ha-
rpiTOro NOBITPS B 30HY CrikaHHS arnomepary 403BOMNUTb:

— BMKOPWCTOBYBATM TEMNIO Bif OXONOMKEHHS arnome-
pary;

— NiABULLNTY BEPTUKAIbHY LUBUAKICTb CMiKaHHS armno-
MepaTy 3a paxyHOK Mofadi rapsiioro noBiTpsA Ha BCbOMY
NPOTA3i 30HN CNiKaHHS;

— 3HU3UTW KiNbKICTb APIGHMLI, YTBOPEHOI Y BEPXHbBO-
My LL@pi arnmomMepary Yy 30Hi CriKaHHS;

— 3HATW Hanpyry B LWapi arnomepary npu NOBTOPHOMY
Nponycky Tenna 3HW3y Bropy Ha AiNsHLi OXONOAXEHHS,
LLIO TaKoX CNPUSATUME 3HWXKEHHIO YTBOPEHHS ApibHMLI B
arnomepari.

6. [1na edeKTMBHOro COpTyBaHHSA MicnsA ogHOBanKo-
BOi 3yByacToi gpobapku, Ha 3amiHy CTauioHapHMKX rpar,
Oyae BCTAHOBMEHO HOBMWI €NEKTPOBIOpaUinHUA TypKIT 3
nepecyBHUM Bi3KOM. ['ypkiT Byae maTtu KOMipky 5 MM, i Ha
HbOMY BiACIOBAaTUMETbLCA APIOHMLUSA -5 MM, WO yTBOpPU-
nacs npw cnikaHHi armomepary. ['ypkiT MaTuMe enekTpo-
NPVUBOAHUIN NEPECYBHUN Bi30K, AN NOTO NEepPeMILLEHHS
3a MeXi arnomMepauiiHoi MaLMHK Nif iCHYIYMIA MOHTaX-
HWW MpOpI3 ANs 3aMiHW NONOTHA, WO NpPOCiBae, i BUKO-
HaHHS PEMOHTHUX POBIT.

Takum 4YMHOM, 3anpornoHOBaHa MOAEpPHi3aLis arno-
MepauinHoi MawunHn Ne 7 no3sonuTb (Tabn. 4):

— BugaeaTu 3 arfoMepauiiHoOl MalnHW NPOAYKT i3
Temnepatypoto ~ 200 °C;

— NpoBOAUTU TepMiyHy 0BpobKy arnomeparty (3Hu-
XKYIOUM MOrO KPUXKICTb, MiABULLYIOYM NIACTUYHICTL Ta
36inbLUyoYM BUXiO NPUAATHOrO NPOAYKTY);

— 3HWXyBaTM NMUTOMY BUTpaTy TBEpOoro nanuea Ha
cnikaHHsa arnomepary;

Tabnuus 4
MopiBHANBLHI NOKa3HMKN BUPOOHMLTBa arnomepary
Ne | HanmeHyBaHHsI NOKa3HUKIB po60TK arnomMepauifHOI MoTouHe BUPOBHULTEO Micnsa MopepHizaLlji
n/n maLumHu Ne 7 arnomepauinHoi mawmHu Ne 7
1 | NpoaykTnBHICTL BUPOGHMLITBA arnomeparty, T/pik 83,253 117,850
2 | KpynHicTb arnomepary, MM 5-120 5-120
3 | KinbkicTb NOBEPHEHHS, T/T arnomeparty 0,214 0,200
4 KinbkicTb apibHuLi (-5 Mm) armomepaTty HEM BMBaHTaXEHHI 14,100 < 8,000
Ha GyHKepHy ecTakagy AOMEHHOro uexy, %
5 | TemnepaTypa rotoBoro arriomepary, °C ~ 700 ~ 200
6 | NMutoma BUTpaTa TBEPAOro Nanuea, Kr/T arnomepaTy 48,320 38,660
7 | 36inbleHHs TepMiHy cnyx6u KonocHukis, % 0 + 10,000
8 SaJ'II/ILUK"OBI BUKUAM MUY TEXHONONYHOIO ra3004mLLEeHHS (3 381,000 < 30,000
OMMOBOI Tpy6u), Mr/Hm®
9 3anuLuKoBi BUKMAK CO nicns TeXHOMOriYHOro razooym- < 6500,000 < 6500,000
LLEHHS (3 AMMOBOI Tpy6H), Mr/HMm®
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— BMKOPWCTOBYBATM BCE rapsiye NoBiTps Bif 30HU OXO-
NOMXEHHs arnmomMepary A Npouecy Moro cnikaHHs, TUM
caMuM MiABULLYIOYN eHeproedeKkTUBHICTbL npouecy cni-
KaHHS;

— MNOCTINHO OXONOMPKYBATN KOPMYCK Ta KONOCHWKW na-
neT, TUM caMUM He JonycKakun iX TpUBanoro neperpisy
Ta 30inbLUyoYn TEPMIH Criyxbu;

— 3HM3UTW 3aranbHy KinbKiCTb MUY, WO BUAINSAETLCA
BiJ LUIApy CreYeHoro arnomepary, Npu Noro BUBaHTaXeH-
Hi 3 arnomepauinHOT MaLLNHW.

BucHOBKM Ta nepcnekTMBM JocnigkeHb

1. Ha ocHOBI CBITOBOrO TEOPETUYHOrO Ta MpaKTW4-
HOro JOCBigy arnomepauiiHoro BMpobHULUTBA 3anporno-
HOBaHO MopepHi3auilo arnomepadiviHoi dabpukm Ne 2
B ymoBax [NpAT «KAMET-CTAJIlb». 3okpema nponoHy-
€TbCsl MOAEPHI3aLis cnikanbHOro BigaineHHs 3a paxyHoK
BUKOPUCTaHHA eHepro3bepiratoumx 3acobis.

2. 3anponoHoBaHO ANA KaniTanbHOro PEMOHTY armo-
MepauiiHoi mawmHn Ne 7 B ymoBax [NpAT «KAMET-
CTAJIb» BMKOHaTV HacCTyNHi eTanu:

— PEMOHT MO3A0BXHIX Ta NOMEepPeYHUX YLLUiNbHEHb
arnomMepauiiHoi MaLlluHW;

— PEeMOHT rasoBOro KOrnekTopa, BakyyM-kamep, nu-
MOBUX MILLKIB, KOMNEHCATOPIB B 30Hi CNikaHHS, a TakoX
BakyyM-Kamep B 30Hi OXONOMKEHHS;

/
—_ TITEPATYPA

— BIAHOBIMEHHSI TEPMIYHOI i30MsLil Ha ra3oBOMYy KO-
NEKTOpi, BakyyM-kKamepax, NUIoBmnx MillKax.

3. BcTaHoBneHo, WO MogepHisauis crikanbHOro Big-
[iNeHHs i BignoBiAHO BAOCKOHANEHHSI TEXHOMOTriT crikaH-
HeA arnomepaTty B ymoBax [MpAT «KAMET-CTAJb» go-
3BOMNUTh:

— 3HU3NTK BMICT ApidHuui B arnomepari 3 14,1 % go
8 %;

— 3MEHLWNTN Ha 6,5 % KiNbKiCTb NOBEPHEHHS;

— 3HU3UTW NUTOMI BUTpaTM TBEPAOIo nanuea Ha cni-
kaHHs arnomeparty ao 20 %;

— 3HU3WUTU BUTPATU KOKCY Ha 3,4 %;

— BMKOPMCTOBYBATM BCE rapsiye NoBiTps Bif 30HU OXO-
NOMPKEHHS arnomepary Ans npouecy Noro CrikaHHsA, TUM
CaMMM MiABULLYIOYN eHeproedeKkTUBHICTb npouecy cni-
KaHHS;

— BMaaBaTu 3 arnomepauinHoi MalluHU NPoayKT 3
Temnepatypoto ~ 200 °C;

— NPoBOANTM TepMiuHy 06poBKy armomeparty (3HWXyY-
HOUM MOTO KPUXKICTb, NiABMLLYHOYN NIACTUYHICTD | 30inb-
LUYHOYM BUXiO NPUAATHOrO NPOAYKTY);

— NiABULLNTM NPOAYKTMBHICTb arnoMepauinHoi MaLin-
HU Ne 7 go 933,372 Tuc. T/pik arnomepary.

4. 3anponoHoBaHi 3axoau 3 MofepHisalii armome-
pauinHoi mawunHyu Ne 7 moxyTb ByTn BUKOpUCTaHi npwu
PEKOHCTPYKLUii iHWMX arnomepauinHux mawwuH [MpAT
«KAMET-CTAJTb».
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Measures to modernize the sintering department of the sinter plant of PJSC “KAMET-STEEL”

When producing sinter in the conditions of Ukrainian metallurgical enterprises, it is expedient to use domestic raw materials
and try to increase the productivity of sintering shops to global indexes in the range of 5 to 7 million tons/year of sinter. At the
same time, the following requirements should be made to the quality of sinter: the highest iron content, the minimum amount
of harmful impurities, the stability of the chemical and granulometric compositions, high reducibility and gas permeability, high
strength and low content of the fraction less than 5 mm. To increase the competitiveness of sinter production, the following
means should be used: construction of sinter plants of a new generation with modern sintering machines; carrying out major
repairs and modernization of fixed assets of sinter production; application of energy-saving technologies of sintering et al. The
paper proposes measures to modernize the industrial department of sinter plant No. 2 of PJSC “KAMET-STEEL”. To modern-
ize sintering machine No. 7, it is proposed to repair longitudinal and transverse seals of the sintering machine, gas collector,
vacuum chambers, dust bags, compensators in the sintering zone, vacuum chambers in the cooling zone, the recovery of
thermal insulation on the gas collector, vacuum chambers, and dust bags. The proposed measures make it possible to reduce
electricity consumption at the sinter plant, increase the productivity of sintering machine No. 7 to 933.372 tons/year of sinter,
reduce the content of fines in the sinter to 8 %, reduce the consumption of solid fuel to 20 %, and increase the service life of
the equipment (exhauster rotors and pallet carts with grates).

[ ]
Sinter, sintering machine, modernization, sintering department, sintering technology.
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'IHcTMTYT enekTpo3BaptoBaHHs iM. €.0. MatoHa HAH Ykpainn (Knis, YkpaiHa)
2HallioHanbHMI TeXHi4HNIA yHiBepcuTeT YKpaiHu «KNiBCbKUIA NONITEXHIYHUIA IHCTUTYT iMeHi Irops Cikopcb-

Koro» (Kuis, YkpaiHa)
Komn’roTepHe mopentoBaHHA npouecy CU(DOHHOI0 BiAIMBaHHA
KPYNHOro cTaneBoro UMniHapPUYHOro 3/IMBKa

EnektpolunakoBuii nepernias € O4HUM 3 OCHOBHUX CIIOCO0IB OTPUMAHHSI BUCOKOSIKICHUX KPYIHUX 3/IMBKIB 3i crieliasib-
HuX cTaneri Ta crnnasiB, 30kpema /151 NoTpebd eHepreTUYHOro MalMHOBYAyBaHHS. BinnnBaHHS y BUIMBHULI € HabIrbLL
roLNPEHUM CrIOCOBOM OTPUMAHHSI BEIMKOrabapuTHUX BUTPATHUX €J1EKTPOAIB /1 34IHCHEHHS] e/1eKTPOLLIaKOBOIro
rnepenaaBy. 3 METOI0 BU3HAYEHHSI PALiOHaIbHUX NapamMeTpiB npouecy Bi/INBaHHS KPYMHUX UWIIHAPUYHUX 3/INBKIB Y
BUJINBHULIIO CUMOHHUM criocobom Oys10 npoBeaeHo KOMIT'IOTePHEe MOAE/I0BaHHS. Y AaHivi poboTi npeacTaBieHo pe-
3ynbTaTv MOAEJIOBAHHS PYXy MNOTOKIB piaKOro Metasy nif 4ac 3arnoOBHEHHST BUINBHULI PIiAKUM METasIoM Ta npoLecy
¢opmyBaHHSI CKOPUHKM TBEPAOIro MeTasy B LieVi 4ac B YMOBaX BigJIMBaHHS CUPOHHUM CriOCOOOM KPYr/ioro cTajaeBoro
3mBKa giametTpomMm 1 M 3 BiJHOLLEHHSIM BUCOTU 0 AiameTpa piBHuM 6,5 i Mmacoto 65113bko 40 TOHH. AHai3 pesy/nbTaris
KOMIM'IOTEPHOIr0 MOLEIOBAHHSI NOKA3ye, LU0 Y BaHHI PiaKOro MeTtasy y BUIMBHULI CIOCTEPIraETbCs HECTaUiOHapHa rig-
poaviHamiyHa KapTuHa, sika 3MIHIOETLCS B MipY 3ar0BHEHHS BHYTPILLIHBOIro 06 'eMy BUIMBHUL piakum meTasiom. 3aTsep-
AiHHSI MeTaJly NoYNHAETbCS BXE Ha r104aTkOBOMY e€Tari 3arnOBHEHHSI BUNBHULI. [1poTe nig BrinBOM rOTOKIB PigKOro
meTasly YyTBOPEHHSI CKOPUHKM 3aTBEPaioro metasy BigbyBaeTbCsi HEPIBHOMIPHO BHAC/A0K HEOAHOPIAHOro po3roainy
Tern/J0BOro noToOKYy Bif PiAKOMETasneBOi BaHHU 110 NepuMeETPY i BUCOTi CTIHKM BUIMBHWLI, LLIO CTBOPIOE YMOBUW /15 PO3-
BUTKY rapsiynx rnoBepxHeBux TPILUMH. [11s 3anobiraHHs! yTBOPEHHIO NOBEPXHEBUX AEHEKTIB PEKOMEHAYETLCS BXUTY 3a-
XxoaiB 3i cTabinizauii BUCXigHOro rnoToky pigkoro metasy. Takox AO0C/iAXeHO BB rNornepeaHboro nigirpisy BUINMBHULL
Ha IHTEeHCUBHICTb 3aTBEPAIHHS B XO4i ii 3an0BHEHHSI piakum meTtasaom. [lonepeaHiv nigirpis 3MeHLLYE KiflbKiCTb TBEPAOT
¢asu, L0 yTBOPIOETLCS MPOTSroM 3ar0BHEHHS BUIMBHUL PiKuM MeTanoM. HalibinbLu cyTTeBe NpUrHidyeHHs yTBOPEHHS
TBEPAOI pa3u 3i 3MEHLLEHHSIM 06’ EMHOI YacTku 3aTBepaisioro metasny binbLue Hix Ha 40 % crniocTepiraeTbcsi 3a yMOBU
ronepesHbLOro HarpiBy CTiHKM BUIMBHULI He MeHLUe Hix a0 550-600 °C.

Knio4osi cnoBa: komr’loTepHe MOAEOBaHHS, CUPOHHE BigJINBaHHS, KPYITIMV CTaaeBui 37IMBOK, 3aTBEPAIHHS, MO-
TOKW PigKOro metasy, TBepaa CKOPUHKA, BUIINBHULIS.

cmyn. Enexktpownakosun nepennas (ELWM) [1] €

OOHWM 3 OCHOBHWMX CMOCOBIB OTPUMAaHHSA BUCOKOSI-

KICHMX KPYMHMX 3MMBKIB 3 BUCOKONEroBaHUX ctanen

Ta cnnaeiB, 3okpema Ans notpeb eHepreTnyHoro
MaLwmHobyayBaHHS. Y Npoueci enekTpoLunakoBoro ne-
pennasy 3aBAsKM OCOGNMBUM ymoBam TBEpAiHHS BOa-
€TbCA OTpUMAaTM MeTan 3 MOKPALLEHO KpUCTanivyHo
CTPYKTYpPOLO, BinbLUol XiMiYHOK Ta (pi3nyHOO oaHOpIA-
HICTIO, MNOPIBHAHO 3 NUTUM MeTanom [2].

OTprMaHHs SIKiCHMX 3aroTOBOK A1 NOAANbLUOIO enek-
TPOLLTAKOBOro nepennasy (BUTPaATHUX enekTpogis) € ay-
€ BaXNUBUM 3aBOaHHAM B npoueci BUpobHULTBa BUCO-
KosikicHUX KpynHux 3nmekiB ELLUIM 3 nerosannx cranen [3].
ButpatHi enektpoan onsa 3gincHeHHs npouecy ELUM, sk
npaBuo, OTPUMYIOTb LLASAXOM CUCHOHHOT PO3NMBKK CTani y
BunmBHMUI [4]. 1o ogHOpPIAHOCTI MeTany BUTPAaTHUX enek-
TPOAiB, iX reoMeTpii Ta CTaHy NOBEPXHi BUCYBalOTb JOCUTb
YKOPCTKi BUMOTM, OCKIfNbKM iX SIKICTb 3HA4YHOK MipOH0 BMNn-
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Ba€ Ha pesynbrar nepennasy [5]. 3okpema, xiMiyHa Heo-
OHOPIAHICTb MeTarny BUTPATHOMO enekTpoga Crpusie pos-
BMTKY NiKBaLii B OTPMMaHOMYy BHACMigoK nepennasy 3nuBe-
Ky, @ nposiBM (Pi3NYHOT HEOAHOPIAHOCTI — A0 MOpyLUEHb
CTabiNbHOCTI €NEKTPUYHOIO PEXMMY NMAaBKu i MOripLUEHHS
OOHOPIOHOCTI KpUCTaniyHoi CTPYKTYpPU Ta SKOCTi NOBEPXHI
anueka. [pn LbOMY YCYHYTU MOXHa NuLe NOBEPXHEBI Ae-
dexTun. JInTi enekTpogn 3 NOBEpXHEH MOraHol AKOCTI, SK
npaswuno, NiggatTb NONEpPeaHii MexaHiyrin obpobui, ane
Le nNpu3BOAUTb OO BTpaT Metany Ta 36inblleHHs BuTpaT
Ha BMpobHULTBO. [TpoTe BUPOBHMKM BUMYLLIEH Lie pobuTy,
Yyepes BUCOKMI piBeHb BMMOT 80 sikocTi metany ELUM. Ha-
npuknag, oauH 3 NPOBIAHMX CBITOBUX BMPOBHWKIB iHCTPY-
MeHTanbHux ctanen komnaHia Uddeholms AB (LLBseuis)
3anpoBaguna o60B'A3KoBE 3a4MLLEHHS MOBEPXHi BUTpaT-
HUX eNeKTPOAiB Nepea nnaekoto [6].

[MeBHOIO anbTepHaATUBOK CUAOHHIN PO3NMBLLI MOXe
OyTn OTpMMaHHS 3MMBKIB ANS BUTPaTHUX ENeKTpoaiB Ha
MaLlumMHax HanisbesnepepBHOro NUTTA [7], ane ons Lboro
HeobxigHa HasBHICTb CneuianbHOro ycTtaTkyBaHHS, LUO
CTPUMYE MOLLMPEHHS LiET TEXHONOTII.

Taknm YMHOM, OTPUMMAaHHA KpynHorabapuTtHuUX Bu-
TpaTHMx enektpoais ans ELUM wnsxom BignveaHHs y
BUNMBHML 3anvaeTbCa HanmbinbLw NOWMPEHUM i €KO-
HOMIYHO MpuBabNMBMM cnocobom ix BMpPOOHUUTBA. 3
METO BM3HAYEHHS paLljioHanbHUX NapameTpiB npouecy
BiANMBAHHS KPYMHUX LUUNIHOPUYHUX 3NUBKIB Y BUNTMBHU-
Lo cMdOHHMM crnocobom Byno NpoBeaeHO KOMM'IOTEPHE
MOZenoBaHHA. Y faHin poboTi npeactaBneHo pesyrib-
TaTn KOMM'HOTEPHONO MOAENIOBAHHA TiAPOANHAMIYHOI
KapTMHM Yy BaHHI pigkoro Metany nig 4ac 3anoBHEHHS
BUMMBHULI pigKMM MeTanoMm Ta npouecy (POopMyBaHHS
CKOPWHKW TBEpOoro Merarny B Leu nepioa.

lMTocmaHoeka 3adayi. BianveaHHs Ge3gedekTHUX
KPYNMHUX UUNIHOPUYHUX 3NUBKIB 3 BENUKMM BigHOLLEH-
HAM BMCOTW OO AiaMeTpa € HEeNpOCTUM TEXHONOriYHUM
3aBaaHHaM [1]. Ak nokasye npomucnosun [ocsid, 3a-
TBEpAiHHA Takux 3rUBKIB Y BUIMBHULAX MOXE CyrnpOBO-
OKyBaTUCb He TiNbKM PO3BUTKOM YCaaKoBMX AedeKTiB Ta
Makponiksauii, ane i yTBOPEHHsIM rapsiinx noBepxHeBuUX
TpiwmH [8]. Taki TPILWMHN MOXYTb YTBOPIOBATUCS BXE Ha
Nno4YaTKoOBOMY eTani 3anOBHEHHS BUNMBHULI PigKkUM me-
Tanom BHacMigoK po3pMBY TOHKOI CKOPUHKM 3aTBEpPAino-
ro metany nig gieto HanpyxeHb, WO BUKNMKaHi epoc-
TaTUYHMM TUCKOM i rpagieHToOM TemnepaTyp no nepepisy
ckopuHkn [9]. MNosiBa NOBEPXHEBUX TPILLUMH MOXe ByTn
CNpUYMHEHa MoKanbHUM MiAMUBaAHHAM TBEpAOi CKOPUH-
KM noToKamu pigKoro metany, xapaktep po3noginy i iH-

TEHCMBHICTb SKMX 3aNEXMWTb BiJ LUBUAKOCTI PO3NMBAHHS,
reoOMeTpUYHMX NapamMmeTpiB BHYTPILLHbOrO NpOCTOpYy BU-
nvBHUUI Ta cudoHHOI nNpoBoaku. MMig giet HanpyxeHb
CTOHLUEHI AinsHKW TBEpAOoi CKOPUHKM OedOpMYyHOTbCS.
Yum Ginblue MiHIMHWA po3Mip 3NMBKa i MEHLUEe MPOTSK-
HICTb ONnaBneHoI AiNAHKM CKOPUHKW 3aTBEPAINOro mera-
ny, Tum BinbLue ii BigHOCHa gedopmadis i, BianoBigHo,
BinbLue 11 CXMnbHICTb 4O pO3TpicKyBaHHsS [8].

BignosigHo, Wo6 MiHiMi3yBaTh pU3NK BUHUKHEHHS ra-
pAYMX TPILLMH Mig Yac BignMBaHHSA 3rMBKa, Crig peTenb-
HO MigxoauMTn 0O BMOOPY TEXHOMOrYHUX napameTpiB i
opraHisauii BBeAEHHS MeTany y BUnvMBHWULIO. 3acTocy-
BaHHHA KOMM'IOTEPHOro MOAENOBaHHA A03BONISE CYTTEBO
MOMerwmTN po3B'a3aHHs LbOro 3aBAaHHS.

Y paHin poboTi LWISAXOM KOMM'IOTEPHOIO MOAENto-
BaHHSA AOCNigXyBanu ocobnnBOCTI Pyxy NOTOKIB PiaKOro
mMeTany i npouecy opMyBaHHS CKOPWHKWN 3aTBEPLINoro
MeTany nig Yyac 3anOBHEHHSI BUSIMBHULL PiAKMM METarnom
nig Yyac cUOHHOro BiANMBAHHS KPYMHOMO LMAIHAPWUYHO-
ro 3anuBka giameTpom 1 M 3 BiAHOLUEHHSIM BUCOTK 40 Oi-
ameTpa, sike JopiBHIOE 6,5. Po3paxyHkoBa Maca Takoro
3rMBKa CTaHOBUTb Onn3bko 40 TOHH.

Memoduka modentoeaHHsi. [ns nobynoBu reo-
MeTpuUYHOI Mogeni ob’ekTa AOCNIAXEHHS BUKOPUCTOBY-
Banu nporpamHun naket CAD SolidWorks. 3aransHum
30BHILUHIN BUIMSA4 CTBOPEHO|I reOMEeTpUYHOI Mogeni no-
KasaHo Ha puc. 1a.

I
|

il

a 6

m 3O0BHILLHI BUrNS4 reoMeTpUYHOT Mogeni (a) Ta pospa-
XyHKOBa CiTka (6)

Tabnuys 1
XapaKTepuCcTUKM CKNagoBUX reOMEeTPUYHOI moaeni
KomnoHeHT MaTtepian MNouyaTkoBa Temnepartypa, °C
MeTan Cranb AISI 1040 1530
BunueHuug Cipwuin vaByH EN-GJL-300 150
TennoizonaTop 1 Bknaguwi Foseco 150
TennoiszonsTtop 2 MyniToBuiA nopoLuok 150
LLlap ek3oTepMi4HOI CyMiLLi Ek3oTepmivHa 3acunka (EM) 150
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Tabnuus 2
BnactuBocTi maTepianis
Napamer Cranb YaByH Bknaauuwi MyniToBui no- Ek3oTtepmiyHa
P P AISI 1040 GJL-300 Foseco poLiokK 3acunka (EM)
Tennonposiaricts [T)] 23...36 20...36 0,45 71..38 0,2...0,37
B1/m-K
I'yctuna [f(T)], kr/m® 7845...6795 7200...6300 400 3150 500
EnTanobnis [A(T)], kOx/kr 142...1428 153...1468 1,5 0,554...1,202 0,9
Temnepatypa conigyc, °C 1498 1245 - - -
TemnepaTypa niksigyc, °C 1429 1129 - - -
TemnepaTypa noyatky
T h - - - - 500
eKk3oTepMiyHoI peakuii, °C
EHepris eksoTepMivyHUX
peakuin, KIx/kr - - - - 1900

MogentoBaHHA npouecy BiANMBaHHA 3MnMBKa 34iN-
CHIOBanu 3a JOMOMOroK crewianisoBaHoi MporpamMmHoi
cuctemn ProCast. 3 meToto onTuMisauii cniBBigHOLEHHS
«TOYHICTL/MPOAYKTMBHICTbY Mig 4Yac po3paxyHkiB, po3-
MipM CErMeHTIB CKiHYEHO-eNeMEHTHOI CiTkW B npoueci ii
nobynosu 3agasanu B mexax 0,01-0,1 m, 3anexHo Big
NiHINHMX PO3MIpIB i KOHIrypauii KOHKPETHNX eNeMeHTIB
reomeTpudHoi mogeni (puc. 16). MogenioBaHHs 34in-
CHIOBanu Ans noBHoI TPMBUMIPHOI Moaeni 6e3 Bukopuc-
TaHHS YMOB OCbOBOi CUMETPII.

Ha etani nigrotoBkn mogeni Ans BCix 1i CKNagoBux
3afaBanu No4YaTkoBi TEMMNEpATypu i BU3HAYaNM maTepi-
arn, kopuctyumcb 6a3ol0 JaHUX NPOrpamHoi cuctemm
ProCast (Tabn. 1).

TepmoagmHamivHi Ta isnyHi BNacTMBOCTI 0GpaHux
mMaTepianis po3paxoByBanu 3a JONOMOro BigmnoBigHOro
Moaynsi nporpamHoil cuctemmu ProCast (Tabn. 2).

KoediuieHTn Tennosigaayi 4ns KOXXHOro KOpAOHY Te-
nnoobmiHy BM3Ha4Yanu Ha nigctasi aHanisy niteparyp-
HUX gaHux. MNpun ubomy Byno 3pobrneHo MpunyLLEHHS,
LLIO 30BHILLHSA NOBEPXHS BUMMBHWLI N 30BHILUHS NOBEPX-
HS Wapy, SK1A yTenmnoe g3epkano metany y BUITMBHUL,
BiflbHO OXONOMKYHOTbCA MOBITPSAM LUNAXOM KOHBEKTUB-
HOro TennooOMiHy Ta BTpaTh Tenna BUMPOMIHIOBAHHAM.
Tennosi BTpaTu B IMBHUKOBIN CUCTEMI Ta 3 «A3epKanay
Yy BUMMBHUL, Mig Yac ii 3anoBHEHHSA HE BpaxoBYyBarwu.

MogentoBaHHSA rigpoguHaMiYHUX SBULLY Y NPOLIECi 3a-
NMOBHEHHSA BUMMBHULI PiOKMM MeTanom 34ilncHioBanu 3
ypaxyBaHHAM MOTOYHOrO OXOMOMAXEHHS W 3aTBepAiHHSA
MeTany, wo 3abesneyyBano oTpMmaHHs OinbLl [OCTO-
BipHMX pesynbrartis [10]. Takox nig Yac po3paxyHkis bys
3agdigHuii nporpamHnin mogynb Stress cuctemm ProCast,
LLIO JO3BONAMNO BPaxoByBaTN TEPMIYHY ycaaky mertany h
YTBOPEHHS MOBITPSHOIO 3a30py Mi>K MOBEPXHEID 3NMBKa
N CTiIHKOIO BUITMBHMULLi.

MacoBy LWBMAKICTb PO3NMBAHHA 3adaBanu Takoto,
Wob niHiMHa WBMAKICTb NigNOMY po3nnaBy Y BUITMBHULI
ctaHosuna 0,2 m/xB (Macosa 1,25 1/xB). [Mpn uboMy pos-
paxyHKoBa TpWBariCTb 3aMOBHEHHSI BUIMBHULI PigKnM
MeTanom ctaHoBuna 32 XBUMuHU.

Pe3ynbmamu modesiroeaHHs1 ma ix 062080pEHHSI.
AHani3 pesynsraTtiB KOMM' IOTEPHOTO MOAENIOBaHHS MOKa-
3ye, WO Mif Yac BiAnNMBaHHA 3NMBKa y BaHHI pigkoro me-

Tany y BUIMBHULI CMOCTEpPIraeTbCsa HecTauioHapHa rig-
poAavHaMiyHa KapTuHa, sika 3MIHIOETLCH B Mipy 3anoBHe-
HHS1 BHYTPILWHBOrO 06'€MY BUNUBHUL PiAKUM METaNom.
Yepes ocobnmeocTi OygoBM NMBHUKOBOI CUCTEMM
CTPYMiHb PigKOro MeTany, WO HagxoauTb Y BUITMBHULIO,
3a iHepui€elo BIAXMNSETLCA Bif BEPTUKanbHOI OCi i dop-
MY€E€ HECUMETPUYHUA Ta HecTabinbHMn TypOyneHTHWI
noTik B 06’emi pigkoro metany (puc. 2a, 6). INluwe nicnga
3aMoOBHEHHSA BUNUBHULI Ha ABi TPETMHU BUCXIOHWIA CTPY-
MiHb MeTany ctabinidyetbcsa nig gieto hepocTaTuyHoro
TUCKY, W rigpogMHaMiyHa KapTuMHa CTa€e MPaKTUYHO He-
3MIHHOIO @X [0 3aBepLUeHHS 3anoBHEHHS BWMMBHWLI
mMeTanoM. Mpu uboOMy HM3XiAHI NOTOKM BifbLU XONOAHOIO
MeTany, ki pyxalTbCs B34OBX CTIHOK BUIMBHWLI, NeB-
HOIO MIpOIO CTUCKalOTb BUCXIOHWUM NOTIK, LLO NPU3BOAUTL
00 36inbLUEHHS NOro NiHIMHOT LWBWAKOCTI | CNpUsie Haaxo-
OXXEHHIO rapsivyoro MeTany y BEpXHI0 YaCTUHY BUNMBHUL.
3aTBepAiHHA MeTany NOYMHAETLCA BXE Ha MOYaTKOBO-
My eTani 3anoBHEHHS BUIMBHULi 3 YTBOPEHHSAM CKOPUHKM
3aTBepainoro metany B AOHHIN YaCTWHI BUNUBHWL (puc. 3).
HanbinbLw iHTeHcuBHUI nNpupicT 06’emy TBepAoi da-
31, 0o 6nm3bko 5 %, cnocTepiraeTbea Mig Yyac 3anoBHe-
HHSI BHYTPILUHBOIO MPOCTOPY BWAMBHWUI PigknM meTta-
nom Ha 15-20 % (puc. 4), wo, BoveBnab, 0byMoBneHe
CMINbHMM OXONOAKYHUMM BNAMBOM MiQOO0HY Ta CTiHOK
BUNUBHMLI. B npoueci noganbLluoro 3anoBHEHHA BUNUB-
HULi WBMAKICTb 3aTBEpAiHHA MeTany AeLo YnoBifbHIO-
€TbCS, | HA MOMEHT 3anoBHEHHSA BUNUBHULI Ha 90-95 %
Bucotn ob’eMHa 4vactka TBepaoi ha3n He nepesuye
7 %. Ilvwe nicns 3anoBHEHHSA BUNUBHUL BinbLue HiX Ha
95 % cnocTepiraetbcsl CTpiMKe 36iNblUEHHAM 00’ €MHOI
YacTku TBepaoi hasn 1 yTBOPEHHS CKOPUHKM 3aTBepgi-
Noro MeTany y BepXHii YaCTUHi CTIHOK BUNMBHMLL.
BHacnigok B3aemopmii HU3XigHMX i BUCXiOHUX MOTOKIB
BinbL rapsyoro metany, WO HaAXoAWTb 40 BUMMBHULI 3
NVBHWKOBOI CUCTEMM, YTBOPHETLCH HECMMETPUYHA Tia-
poavHamiyHa KapTuHa (puc. 2), HanbinbLlw HecTabinbHa
Y HWXHi YaCTUHi BaHHW pigKoOro metany, 3 BignoBigHNM
TEeNnoBMM MONEM i HECUMETPUYHMM PO3MNOAINOM Tenmno-
BOIO MOTOKY Y CTiHKY BMIMBHMLI. 3a LMX YMOB BignoBig-
HO CnocCTepiraeTbCs HEPIBHOMIPHE YTBOPEHHSA CKOPUHKM
3aTBEpPAINoro MeTany Sk 3a i po3tallyBaHHAM, TaK i 3a ii
ToBLYMHOLO (puc. 36).
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3anoBHEHHS BUNUBHULL, % 06'eMH.

42,5

77,5 100

m Monsi WBMAKOCTEN NOTOKIB PiAKOro MeTany Ha Pi3HUX CTafisix 3an0BHEHHS BUMNMBHUL: NO3A0BXHI OCbOBUIA NEPETUH (a)
i nonepeyHuii Nnepepia Ha BiacTaHi 1 M Big AoHHOT YacTuHu (6). MNprbyTkoBa YacTMHa He MoKa3aHa.

3anoBHeHHsA BUAMBHWUI, % 06'eMH.

20 25 37.5 42,5 50 57,5 775 100

m TemnepaTypHi nons B No3goBXHLOMY OCbOBOMY Mepepisi (a) Ta popMyBaHHSA CKOPUHKM 3aTBepginoro merany (6) Ha
Pi3HMX CTafisix 3aNOBHEHHS BUIMBHUL

Ha puc. 5 nokasaHo po3nogin temnepaTtyp No BUCO-  MOMEHT 4acy, KM BigNoBiga€ 3anOBHEHHIO BUIMBHUL
Ti CTIHKM BUINMBHULI Ha BigcTaHi 25 MM Big 11 BHYTpiW- Ha ABi TPeTMHU. HaBefeHi AaHi NokasyloTh, WO Y HUXK-
HbOI MOBEPXHi B3AOBX YOTMPLOX BEPTUKANIbHUX OCEN HA  Hill YaCTWHI CTiHKM BUIMBHUUI Ha BigcTani go 0,025 m
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m [vHamika yTBOpeHHs TBepaoi dpa3u B Npoueci 3anoOBHEHHSA BUMMBHUL (BiACOTOK 3anoOBHEHHS) 3a Pi3HOI NOYaTKOBOI TeM-

nepaTtypy BUNMBHUL
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BiacTaHb Big AHS BUNMBHULI, MM

w= [Nepepis 1-1

= [epepis 2-2

Mepepis 3-3 == [lepepis 4-4

m Posnogin Temnepatypu No BUCOTI BUNMBHULI (Y MOMEHT 3anoBHEHHA Ha 2/3) Ha BigcTaHi 25 MM Bif Ti BHYTPILLUHLOT

NOBEPXHI B3LOBX YOTMPbOX BEPTUKASIbHNX OCEN

Bi OCHOBM NPOSIBASIETbCA CUITbHUIN  OXOMNOMXYOUUIA
edeKkT MacvBHOro MigaoHy, i Temneparypa CTiHKU npak-
TMYHO He 36inbLyeTbCa. Y Mipy BigganeHHs Big OCHOBU
Ta 3MEHLUEHHS] OXOMOMKYKYOro BMAMAMBY MigdoOHY 3Ha-
YEHHS1 TeMnepaTypu CTiHKA BUNMUBHULI Y KOHTPOMbHUX
TouKax CTPiMKO 36inbLuytoTbes i gocararotb 600-730 °C
Ha BifcTaHi Big piBHA ocHoBu Ha 0,06-0,10 M. Ha umx
ropu3oHTax CTiHKa BCTUrae nporpiTuce Hanbinbwwe. MNpu
noganbLlIOMy BigdaneHHi Bif, OCHOBWU CTiHKM CTyMiHb i
NporpiBy NMaBHO 3MEHLLYETLCS NO BCix ocAx. [pu ubomy
B 30Hi MakcuMManbHOro MporpiBy pos3noain temnepartyp
no nepepidy (N0 ocsix) € Bkpawm HepiBHOMIpHUM. [Mepe-
nag TemnepaTyp MiX TOYKaMu Ha Pi3HUX OCAX B OOHOMY
ropusoHTaneHomy nepepisi carae 140 °C (19 %), wo €
Hacrnigkom po3noginy MnoToKiB pigkoro mMetany Ta Big-
MoBigHOro Nons Temnepatyp B 06’eMi MeTaneBoi BaHHU
Ha umx piBHAX (puc. 2). Taka HeogHOPIAHICTE po3noginy
TemnepaTyp Yy CTiHUi BUIMBHUWLi BMMMBAE Ha xapaktep
npouecy 3aTBepAiHHA MeTany W Crnpusie BUHUKHEHHIO
TEePMIYHOT Hanpyr B CKOPUHLIi 3aTBEpAINoro metany i, K
Hacnigok, Hebesneky yTBOPEHHA MOBEPXHEBUX rapsymx
TPILMH Yy Ui 30HI NOBEPXHIi 3rMBKa.

Ha BigganeHHi Bia ocHoBu GinbLue Hix 0,1 M, CTiHKa
BUMMBHULI NPOrpiBacTbCs Ginbll PIBHOMIPHO MO Pi3HMX

HanpsiMkax. [licnst NOBHOro 3anOBHEHHSI BUNMBHUL, pifd-
KMM MeTanom nepenag Temnepatyp MiX BignoBigHVMU
TOYKaMM Ha Pi3HUX OCAX B HUXKHIN YaCTUHI CTIHKW BUIUB-
HULi LUBMAOKO BUPIBHIOETBLCA.

Okpim TennoBoro NOTOKY Y CTiHKY BUNWBHWLI Ha CTaH
CKOPWHKWN 3aTBEpAinoro Metany MOXyTb Takox 6esno-
cepedHbO BMMAMBAaTU NOTOKM pigkoro metany. KonveaH-
HS 3aTOMNMEHOro BUCXIQHOIO MOTOKY 3 BigXMIEHHAM Y Bik
CTiHKM BUMNMBHULi NpU3BOAATE A0 NOKanbHOro nigMuey
CKOPWHKW, aX A0 ii «3MMBaHHA» Ta yTBOPEHHS BiJOKpeM-
neHnx ocTpiBLiB 3aTBepainoro metany (puc. 36, nosHa-
YEHO CTPIMKOK), WO CTBOPIE MepegymMoBM ANs YTBO-
pPeHHS NOBEpPXHEBUX AedeKTiB Ta rapaynx noBepxXHEBMX
TpiwuH. ToMy Npu BiANMBAHHI KPYrnuX 3NuBkKiB 3 Benu-
KM CMiBBIOHOLEHHAM BMCOTK A0 AiameTpa i BHacnigok
LUbOro CXWUMbHUX OO YTBOPEHHS MOBEPXHEBUX TPILLUH,
cnig BXWTK 3axofiB 3 onNTMMi3auil pyxy MOTOKIB pigKkoro
MeTany nig Yac 3anoBHEHHS BUITMBHUL.

CyTTeBO 3mMeHWMTM abo 30BCiM BUKNIOUMTU Ge3no-
cepefHin BMMMB 3aTONMEHOr0 CTPYMEHS pigKoro mera-
ny Ha 3aTBepAiny CKOPMHKY B MPOLECi 3anOBHEHHS BU-
NMBHUL MOXHa 3a paxyHoOK cTabinisauii NOToKy pigkoro
MeTany, WO HaaXxoanTb Y BUIMBHULO. AK NoKasyoTb 4O-
CRigKeHHs, AOCArTU LbOro MOXIIMBO LUMSXOM BCTaHOB-
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TeMnepatypa nigirpisy BUNKUBHWLI, 'C

20 150 400 690

m OcobnmBocTi hopMyBaHHA CKOPUHKM 3aTBepainoro
MeTtany (Ha MOMEHT 3aKiHYeHHS 3aMOBHEHHS BUNTMBHULi PiOKMM
MeTarnomMm) 3a pi3HOI MOYaTKOBOI TeMnepaTypu BUNNBHUL

NEHHSA Ha BuXodi 3 CMAPOHHOI NPOBOAKN Y BUITMBHULIO
CTakaHiB cneujianbHOI KOHCTPYKUiT — nogoBxeHux [11],
3 po3cikaHHAM cTpyMeHs [12, 13, 14], 3 3akpy4vyBaHHAM
notoky [15], abo BMKOPUCTaAHHSAM MPOBOAKN 3 TaHreHLi-
anbHMM nigBegeHHamM metany [16]. 3acTocyBaHHSA Takmx
KOHCTPYKLUi A03BONSE MiHiMidyBaTh abo MOBHICTIO yHe-
MOXINMBUTW BIiOXWUMEHHS CTPYMEHs pigkoro metany Big
BepTUKani nig Yyac 3anoBHEHHS BUIMMBHUL.

B xogi mogentoBaHHA Takox Oyno AocnigXeHo MOX-
NMBICTb 3MEHLUNTK HeGaxxaHWI BNMB TypOYyNeHTHMX no-
TOKIB pigKoro MeTany Ha CKOPUHKY 3aTBEPAINOro metany
nig Yac 3anoBHEHHA BUNUBHMILI Yepes LUTYYHe YMOoBifb-
HEHHS Mmpouecy YTBOpPEHHs TBepdoi a3 3a paxyHoK
nonepegHbOro nigirpisy BunMBHWUI. [pyn LUbOMY NeBHe
3MEHLLEHHS rpagieHTa TemnepaTtyp Mix pigkum metanom
i BANMMBHMLEIO MOBUHHO BMIMBATU HE TifTbKM Ha IHTEH-
CVBHICTb 3aTBepAiHHA (LWBUAKICTb (POPMYBaHHS CKOPUH-
Ku), ane n gewo 3MeHLyBaTh TepMidHi Hanpyru, Ski BuU-
HMKalOTb B CKOPWHLL, LLO YyTBOpUIach.

[nsa BUBYEHHS BNMAMBY MigirpiBy BUNUBHULI Ha cop-
MyBaHHS1 CKOPUMHKM Bynv npoBeaeHi cneuianbHi YncenbHi
€eKCMepUMEHTH, Yy XOAi SKUX 3MiHIOBanM no4yaTkoBy TeM-
nepatypy BunueHuui. Bynu posrmsHyTi BapiaHTu 3 no-
YyaTkoBot TemnepaTtypoto BunmsHuui (°C): 20, 150, 400,
650. Ha puc. 4 npeacraBneHo pesynstatv po3paxyHkKiB
3MiHM YacTku 3aTtBepginoro metany (y BigcoTkax) Big
CTYNEeHs 3amnoBHEHHS BWUMMBHWUI (y BigcoTkax) pigkum
MeTarnom 3a pi3HOi NOYaTKOBOI TemMnepaTypu BUITMBHUL.
AHani3 oTpumaHunx pesynbsTraTiB nokasye, Wo 36inbLueH-
HS MO4YaTKOBOI TemnepaTypu BWUMMBHULI 3aKOHOMIPHO
Npu3BOoaANTb A0 3MEHLUEHHSA 06'€EMHOI YacTku 3aTBepai-
fnoro metany.

Mpn uboMy xapakTep i AuHaMika 3aTBepaiHHA NPUH-
LMNOBO He 3MIHIETbCA. HepiBHOMIPHICTb HapOCTaHHS
CKOPUWHKM Takox 36epiraeTbcs (puc. 6). Bxxe 3a Temnepa-
Typn 450 °C cnocTepiraetbcsa aesike 3MEHLLEHHS iHTEH-
CVBHOCTI YTBOPEHHS TBepAOi ha3n Ha novaTKy 3anoBHe-
HHS BMITMBHMLI, @ 3a NO4YaTKOBOI TemnepaTypu BWUMWB-
HuUi piBHOI 650 °C [OCArHYTO Hambinblue 3MEHLUEHHS
06'eMHOI YacTkM MeTany, 3aTBEPAINOro BNpogoBX 3arno-
BHEHHS BUNUMBHULUI, — BGinblwe Hixx Ha 40 %, NOpiBHSAHO
3 BapiaHTOM 3 MO4aTKOBOK TemrepaTypor BUNMBHUL

150 °C. Cnig 3a3HaumTu, wo npu 650 °C Takox cnocte-
piraeTbCa YMOBINbHEHHS YTBOPEHHSA TBepAoi a3 Ha
no4YyaTKOBOMY eTari 3anoBHEHHS BUIMBHWLI (3anoBHe-
HHS o 20 % o6’emy), a TakoxX He BigbyBaeTbCs piske
NPUCKOPEHHS 3aTBEPAiIHHA Ha 3aBepLuanbHOMY eTani ii
3anoBHeHHS (puc. 5, 6). Npn ubOMYy Yy BCiX PO3MMISHYTUX
BapiaHTax OCHOBHA KiflbKiCTb 3aTBEpAifioro metany 30-
cepemeHa B JOHHIN YaCTWHI BUNMBHUL.

Takum 4MHOM, SK MOKa3ylTb OTPMMaHi pesynsraTw,
nigirpis BUNMBHULI Nepes pPO3nvBKOIO BMNMBAE Ha nepe-
Oir npouecy 3aTBepaiHHA MeTany nig 4Yac 3anoBHEHHS
BUNUBHMLI, ane CyTTEBUM BiH CTae NuLie 3a yMOBU Ha-
rpiBy BMRMBHMULI OO OOCMTb BMCOKUX Temnepatyp. [Ons
YMOB pO3paxyHKy — e He MeHwe 500-600 °C. lNpote
Take HarpiBaHHA BUIMBHWULI MOXE 3MEHLUMTU Biporig-
HICTb YTBOPEHHA rapsymx TpiwuH, abo iHWMX noBepx-
HeBUX dedeKTiB, NoB’A3aHNX 3 AedopMaLieto CKOPUHKM
3aTBepainoro metany.

BucHoBKM Ta pekomeHaauii

B npoueci BignuBaHHA KpPYMHOro KpPyrmoro 3nveka
3 BEMKMM BiOHOLUEHHAM BWCOTM OO AiameTpa nig 4ac
3aMOBHEHHS] BWMBHULI PigKMM MeTanoMm BHacMigok
B3aEMOZil HU3XIOHUX | BUCXIOHWX MOTOKIB YTBOPHETLCSA
HECUMETPUYHA BiOHOCHO BEpTMKANbHOI OCi BUIMBHWLI
KapTuHa ix po3noginy, HanbinbLw HecTabinbHa y HUXHIN
YaCTWHI BaHHW pigKoro metany, 3 BignoBigHUM TEMMOBUM
nornem i HeCUMEeTPUYHUM PO3NOLINIOM TEMNSOBOro NOTOKY
y CTiHKy BunuBHuUi. Lle npu3soanTb 4O HEPIBHOMIPHOrO
hopMyBaHHSA CKOPUHKKX 3aTBEPAiNoro merany h 4o MOX-
nuBOCTI Ti NoKanbHOro NigMuUBY, WO Y CYKYMHOCTI CTBO-
ptoe NepeaymMoBU Anst YTBOPEHHSA MOBEPXHEBUX Aedek-
TiB Yy 3MMBKY.

Tomy npw BignMBaHHI KPYrmuX 3MMBKIB 3 BENUKUM
CMiBBIAHOLLEHHAM BMCOTU A0 diaMeTpa i BHaCNigoK Lbo-
ro0 CXUINbHUX OO0 YTBOPEHHHA MOBEPXHEBUX TPILWMH, Crig
BXWUTW 3axofiB ansa ctabinisauii noToky pigkoro metany,
L0 HAgXoauTb Y BUNUBHULIO. 30KpemMa, YCTaHOBKOI Ha
BMXOAi 3 CU(OHHOI MPOBOOKW Y BUIIMBHULIIO CTakaHiB
cneujianbHOT KOHCTPYKLIi, 60 BUKOPUCTaHHSAM NPOBOAKU
3 TaHreHuianbHMM MigBegeHHAM MeTarny.

MonepeaHin nigirpie BUNMBHUL 3MEHLLYE KifbKICTb
TBEpAoi asu, Lo yTBOPKETLCS 3a Yac 3anOBHEHHS BU-
nuBHWUI pigknm meTtanom. Npu UboOMy HEPIBHOMIPHICTb
HapOCTaHHA CKOPWHKKM 30epiraeTbca. Hanbinbw cyT-
TEBUM BNIMB Ha nepebir npouecy YTBOPEHHS TBEPAOI
da3m cnocTepiraeTbCs 3a YMOBM JOCUTb 3HAYHOTO none-
PeaHbOro HarpiBy CTiHKM BUNMBHULI OO TeMnepaTtypu He
MeHLwe 550—600 °C. NMpu ubOMy 3MEHLLYETHLCA KINbKICTb
3aTBepAINoro metany y QOHHIN YaCcTVHI BUNMBHWLI i cnig
O4iKyBaTW 3MEHLUEHHS BipOriAHOCTI YTBOPEHHS rapsiymx
TpiWwwuH, abo iHWKMX NOBepXxHeBMX AedeKTiB, MOB’A3aHNX
3 gedopmMalLliero CKOPUHKM 3aTBEPAINIOro MeTany.
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Computer modeling of the process of siphon casting of a large metal cylindrical ingot

Electroslag remelting is one of the main ways to obtain high-quality large ingots from special steels and alloys, and in particular
for the needs of power engineering. Casting in a mold is the most common way to obtain large-sized consumable electrodes
for electroslag remelting. Computer modeling was carried out to determine the rational parameters of the process of casting
large cylindrical ingots by the uphill casting. This paper presents the simulation results of the movement of liquid metal flows
during the filling of a mold with liquid metal and the process of forming a crust of solid metal at that time under the conditions
of the uphill casting of a round steel ingot with a diameter of 1 m with a height-to-diameter ratio of 6.5 and a mass of about 40
tons. Analysis of the results of computer simulation shows that in the bath of liquid metal in the mold there is a non-stationary
hydrodynamic picture, which changes as the internal volume of the caster is filled with liquid metal. Solidification of the metal
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begins already at the initial stage of filling the mold. However, under the influence of liquid metal flows, the formation of a crust
of solidified metal occurs unevenly due to the uneven distribution of the heat flow from the liquid-metal bath around the perim-
eter and height of the mold wall, which creates conditions for the hot surface cracks occurrence. To prevent the formation of
surface defects, itis recommended to take measures to stabilize the upward flow of liquid metal. The effect of mold preheating
on the intensity of metal solidification during the filling of the mold with liquid metal was also investigated. Preheating reduces
the amount of solid phase formed during the filling of the mold with liquid metal. The most significant inhibition of the formation
of a solid phase with a decrease in the solidified metal volume fraction of 40 % is observed under the condition of preheating
the mold wall to at least 550-600 °C.

Computer simulation, siphon casting, round steel ingot, solidification, flows of liquid metal, hard
crust, mold.
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BoockoHaneHHs (PyHKUiOHANbHUX | TEXHONOTIYHUX pilleHb ang
MOJepHi3auii nigirpisy cTani B npOMiXXHOMY KOBLUI MALUUHM
besnepepBHOro NUTTH

JlocuTtb nepcrnekTuBHOO B ryiaHi BAOCKOHAIEHHSI TEXHOJIOr i 6e3rnepepBHOro PO3/IMBaHHS CTasli € BAKOPUCTAHHS CUCTE-
MU 1171a3MOBOr0 nigirpiBy metasny 6e3rnocepeaHbo B MPOMIXKHOMY KOBLUI. [1py 4bOMy Ha e(EKTUBHICTb Takoi TEXHOOT T
3HaYHWV Br/INB MA€e KOHCTPYKLISI IPOMIXKHOIO KOBLLA, MiCLie pOo3TaLlyBaHHS a3MOTPOHa, CrPsSIMOBAaHICTb PYXY LIMPKY-
JISILIVIHUX MOTOKIB Ta iX LWBUAKICTb, HASIBHICTb MPUMYCOBOI0 rnepeMilllyBaHHs PiAKOMETa1eBOoi BAHHU Ta IH.

Y KOHCTPYKTUBHOMY r/1aHi OCHOBHI TEXHIYHI PILLIEHHSI, SIKi MPOMOHYIOTLCS 4151 1a3MOBOro nifgirpiBy ctasii B POMIKHOMY
KOBLLUI, 6a3yr0TbCS Ha CTBOPEHHI MPOMIXXKHOI0O ABOKaMEPHOro KoBLua. [Mpu4omy HarpiBaHHs cTasi 34iiCHIOETLCS Y CrieLi-
asbHivi MPUOMHIN kamepi. Taki HarpiBasibHi MPUCTPOI AOCUTL KOMMAKTHI, 11406 OyTy BOYA0BaHUMU B MPOMIKHI KOBLUI 6€3
6y ab-sIKUX ICTOTHUX Moangikauiv. binbL Toro, Taki HarpiBaabHi MPUCTPOI NPaKTUYHO HE 3MEHLLYIOTb KOPUCHOIro obesiry
MPOMIXKHOIO KOBLLIA.

LLInpoke noLumpeHHs1 TEXHOJIOrIi Maa3MoBOro nigirpisy Metasy B rpoMiKHOMY KOBLLUI MaLLUMHN Ge3rnepepBHOro JnNTTs
3arotoBok (MBJ13) Ha psiai meTanypriiHnx 3aBofiB CBITY 0O0YMOBIEHO HEOOXIAHICTIO NiaABULLIEHHST cTabislbHOCTI napa-
MEeTPIB NPOLECY JINTTS Ta MNOKPAaLLEHHS SIKOCTi 3aroToOBKU NPy O4HOYaCHOMY 3HUXEHHI MATOMUX €HEPreTUYHUX BUTPAT.
lMpy UbOMY CTBOPIOKOTHCS AOAATKOBI rnepenymMoBu AJis1 TpaHcHopmaLii MPOMPKHOrO KOBLUA B MY/IbTUQYHKLIOHAIbHU
Oco6/mBO aKkTyasibHUM € BUKOPUCTaHHS M/1a3MOBOro rigirpiBy y npoOMIKHOMY KOBLUI B yMOBaXxX MiHi-3aB0OAIB, L0 eKC-
rnyatyroTb TEXHOJIOTYHI arperatyi HEBEJINKOI MICTKOCTI, AJ151 IKUX peanidavis TpaanliiHuX BUCOKOE(pEKTUBHUX PilleHb
10410 rno3sarni4yHoi 06pobKM, a TakoX 0OPOOKM Ha arperarax KiBll-rid He 3aBXAW YSBISETbCS MOXJ/IMBOK BHACJIAOK
CKaAHOCTI opraHi3auii npouecy HarpiBy, BEJIMKUX BTPAT Teria 1a BUCOKUX MMTOMUX BUTPAT Ha BOrHeTpusu. Kpim Toro,
Takuvi MPOMIKHWI KiBLL MOXe OYTu JOCUTb €EKTUBHUI NPy PO3/INBAHHI SIKICHUX MapOK cTasievi Ha 3aroToBKy Masvix re-
pepi3iB, ki BUPOBASIIOTLCS, SIK MPaBuIIo, MNOPIBHIHO HEBEJSIMKUMU NMAapPTISIMU, LLIO YCKIAAHIOE iX J0BEAEHHS] B HEBEJTMKUX
CTazIepPO3/IMBHUX KOBLLAX.

KnioyoBi cnoBa: 6e3riepepBHe PO3JIMBAHHS, MPOMIXHWI KiBLU, 1M1a3MOBUI Nigirpis, Temnepartypa ctasi, MiHi-3aBoj,
3arotoBka, nepemiLlyBaHHsi, aproH.
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OCTaHHi ABa OecAaTUniTTa B MawwunHobyayBaHHI Mo-

MITHO MOCUIOITLCA BUMOMM A0 SKOCTi 6esnepeps-

HOMWUTUX 3aroTOBOK, LLO 0BYMOBIEHO SIK KOHKYPEHLLi-

€10 Ha CBITOBOMY PWHKY MEeTanonpoaykuii, Tak i Ho-
BMMMW TEXHOMNOTYHUMUN NpoLecamm, B SKUX NOEOHYIOTLCH
NpoLiecu po3nMBaHHS i NO4anbLLIOI NPOKAaTKM.

Cy4yacHuin NPOMDKHUIA KiBLL MaLLWHW Be3nepepBHOro
nutTa 3arotoBok (MBJI3), skni no cyTi BUKOHYE OCHO-
BHi onepauii woao crabinisauii npouecy po3nuBaHHS,
€ MyNbTUAYHKLIOHANBHUM  METanyprinHuM arperaTtom
BesnepepBHOI Ail, PYHKUIT AKOro y HOBWX Ta BOOCKO-
HaneHux MBJI3 cyTtTeBo poswmpeHo. KpiM cymilleHHs
OVCKPETHOI nogadvi meTtany Big NNaBWIbLHOrO arperaty
i KBagibeanepepBHOro nepenvey B KpucTanisatop Ha
NpaKTULi 34INCHIOETLCA JOBEAEHHS CTani B MPOMKHOMY
KOBLUi, @ TaKOX AoAdaTtkoBe padyiHyBaHHsS Ta Mikponery-
BaHHsS MeTany.

Y pamkax Takoi ModepHisauii Ta po3LmMpeHHst yHKL-
OHanbHOCTI Ha BaraTbox MeTanypriiHux BUPOOHULTBaxX
BiAOYyBaETLCHA OCHALLEHHSA MPOMDKHUX KOBLUIB CUCTEMa-
MW nigirpisy metany. HasBHICTb MOXNMBOCTI, B OCTaH-
HiM nNepepg KpucTanisatopom yTepoBaHin EMHOCTI Ans
PO3MilLEeHHs1 MeTany, 4o4aTKOBOro nigirpisy A03BOMsE
3HAYHO MIABULLINTW SAKICTb i CTABINbHICTL BAacTUBOCTEN
ogepxXyBaHoi 6e3nepepBHONMTOI 3aroTOBKM i 3HU3UTY Ti
cobiBapTicTb [1-3].

PiBeHb Temnepatypu ctani y npoMiKHOMY KOBLUI ic-
TOTHO BNSIMBAE Ha AKiCTb 6e3nepepBHONUTUX 3aroTOBOK,
CTabinbHICTb po3nMBaHHA Ta npoayktusBHicTb MBJI3.
Tak, 3aHagTO Manun piBeHb Neperpisy mertany, Wo pos-
NMBAETLCA, HaA NiKBIAYCOM MOXe CTaTu NPUYMHOK «3a-
MOPOXYBaHHS» CTPyMKa i He3annaHoBaHOro (aBapifiHo-
ro) NPUNMHEHHS Npouecy po3nuaaHHs. [Npu HagMipHOMY
neperpisi onepatopam AOBOAUTLCH 3MEHLLYBaTW LIBUA-
KICTb PO3NMBAaHHS, OCKiMNbKW B iHLLOMY BUMNaAKY MigBuULLLY-
€TbCHA MIMOBIPHICTb NPOPUBY CKOPWHKW, LWLO TBEPAHE Nig
KpucTaniszatopom. Npu ubomy BigOYBaETLCA 3HUKEHHS
BMXOQY NPUAATHOrO MeTany Ta 3MEHLUEHHSI MPOaYKTUB-
HocTi MBJI3. 3asBuuan kOXxHi mMapui cTani Bignosigae
NMeBHWM piBeHb Meperpisy, WO pernameHTyeTbCs, Haa
NiKBIAYCOM MNpW PO3MMBaHHI, NpW SKOMY [AOCAraeTbes

a 6

onTMManbHe MOEAHaHHA AKOCTi meTany GesnepepsBHO-
NWTOT 3aroTOBKW i NPOAYKTUBHOCTI po3nuBaHHs [4, 5].

Y3aranbHIoYN YUCTIEHHI pe3ynbTaTh, BUKOHaHI pi3-
HUMMK JOCAiOHUKaMKU y MPOMUCNOBUX yMOBAaXx, Cnig 3a-
3Ha4MTK, WO TemnepaTtypa ctasni B NPOMDKHOMY KOBLUI
NPOTArOM PO3MMBAHHSA OOHOMO CTanepo3fIMBHOIMO KOB-
lWa NOMITHO KONMMBAETbCA. 3 novaTky BOHA NiaBULLY-
eTbecsa (npotarom 20—25 xB) npubnusHo Ha 15-25 °C,
Wo oBbymMOBfIEHO NPUCKOPEHMM HanoOBHEHHSM MPOMiX-
HOro KOBLUA OO HOMIHANbHOrO pPiBHS, @ MNOTiIM MNaBHO
3HWXYETBCA B Mipy CMYCTOLUEHHS CTanepo3fMBHOIO
KOBLLA BHACMIOOK 3HWXKEHHSA BUTpaATW cTani Ta BTpaT
Tenna, Wo MakwTb MiCLe Yepe3 KOHTaKTYoui 3 MeTanom
NOBEPXHI MeTanypriitHUX €MHOCTEN, OOCAraryn MiHi-
MarbHOro 3Ha4YEeHHSA B Mepiof 3rMBaHHSA OCTaHHIX (XO-
nogHux) nopuin ctani. licna 3amiHM NOPOXHLOrO CTa-
NeposnMBHOrO KOBLLA Ha MOBHWUW MpU CEpPiNnHOMY pO3-
NMBaHHI PO3MMAHYTUI UUMKN 3MiHW TemnepaTtypu ctani
NoBTOPLETLCA (pUC. 1).

Y meTanyprivHin npakTuui BUKOPMUCTOBYIOTBCA TpU
Hambinbl NOLWMPEHi BapiaHTW BUpillEeHHS npobrnemu
NiATPMMKN TemnepaTypu MeTany: XiMiYH1MI, AyroBun Ta
iHaQykuinHuin nigirpis. MNepwi gBa cnocobu, 9k Bigomo,
BMNMBaKOTb Ha XiMiYHWWA cknad, a TPeTin Bumarae Bu-
KOpUCTaHHs eHeprosutpaTtHoro (8o 15 kBt-roa/T crani),
CKnagHoro B ekcnyaraudii Ta peMoHTi obnagHaHHA. B
OCTaHHi poKku BUHMKaE BCe Binbluni iHTEpEeC A0 BUKO-
PUCTaHHS Nna3MoBOro HarpiBaHHsA pigkoi ctani 6esno-
cepeaHbO Yy MPOMiKHOMY KoOBLWi. lMnasmoBui nigirpis
MeTany B MPOMIKHOMY KOBLUI Ma€ psig nepesar y yac-
TUHI JOCATHEHHS! ONTMMarnbHOT MakpOCTPYKTYPU 3rmBKa
B NOPIBHAHHI 3 METO4OM €MEeKTPOMarHiTHOro nepemity-
BaHHSA | € anbTepHaTMBOK XiMiYHOMY Nigirpisy B cTane-
PO3MMBHOMY KOBLUi Ta 06poOui MeTany Ha yCTaHOBLI
KiBw-niy [1, 2].

Y npomMmncnoBmx nnasmoBUX YCTaHOBKax 3aCTOCOBY-
HOTbCA Pi3Hi cucTeMy nigirpisy ctani, Ski NpauiooTb K
Ha MOCTIHOMY, TaK i Ha 3MiHHOMY cTpymi [6, 7]. [pwn
BMKOPWUCTaHHI NOCTINHOrO CTPyMy MMa3MOBUI ManbHUK,
LLIO BMCTYNae AK Katofd, OMyCKaETbCHA Y BEPXHIO YACTUHY
dyTepoBaHOi Kamepwu, pO3TallOBaHOI Hag O3epKarnom

8 e

m MepiognyHa 3amMiHa cTanepo3nMBHOINO KOBLUA B MPOLECI NMUTTSA: @ — LUTATHUI PEXUM PO3NMBaHHSA; 6 — PO3NMBaHHSA 3
NMOPOXHIM CTanepo3nvMBHUM KOBLLUEM; 8 — HOBU MOBHWUI CTanepo3nunBHUI KiBLU (3aNOBHEHHS NMPOMIXXHOIO KOBLUA); & — LUTaTHUN

PEeXNM po3nmBaHHA
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m CxeMa nna3moBOro nigirpiey crani B NpOMiXXKHOMY KOBLUi: 1 — cTaneposnuBHUi KiBL; 2 — LUMGEpHUIA 3aTBOP; 3 — 3axm1cHa
TpyOa; 4 — meTanonpunmad; 5 — nnasmoBuin reHepatop; 6 — kamepa nigirpiBy; 7 — npoayBHUIA Brok; 8 — Tennoi3ontowya CyMily;
9 — ctonop; 10 — pigkomeTanesa BaHHa; 11 — cTakaH-go3artop; 12 — 3aHypeHui ctakaH

MeTany B MPOMiXHOMY KOBLi. M nanbHUKOM Ta po3-
NNaBneHO CTanmlo 3ananeTbCa enekTpudHa ayra,
ska 6esnocepegHbO KOHTAKTYE 3 pO3nnaBneHuM MeTa-
fnom, Wo, No cyTi, pobuTb aHO4OM BCIO pigkoMeTaneBy
BaHHy (puc. 2).

Mna3moBui nanbHKK (Katog) Ta aHopg Nig’edHaHi ao
Jxxepena nocTinHOro cTpymy. lanbHUK BUrOTOBMASIETb-
Cs1 3 BOAOOXONOMXKYBaHOI MigHOI Tpybu 3 Bonbgpamo-
BMM HakoHeuyHunkoM. CepefHsi TpmBanicTb ekcnnyartauii
BONb(PaMOBOr0 HaKOHEYHWKa CTaHOBUTb NPUBIM3HO
100-120 roguH [8]. OxonomkeHHA nanbHUKa 34INCHI0-
€TbCS [€eiOHI30BaHOO BOAOIO, WO [03BONSA€e 3anobiratu
YTBOPEHHIO BigKNageHb Y MOro BHYTPILLHIN MOPOXHWUHI.
[lna CTBOPEHHS CTIMKOrO CMONOCKMNa HeobXiaAHWIA iOHi-
30BaHWU ras, wo 3abesnevye popmyBaHHA MNasmoBoi
ayrn. Tum yacom GinbLIiCTb MPOMUCNOBUX rasiB MakTb
BMCOKWI MOTEHLian ioHi3auii Ta HenpuaaTHi Ons BUKO-
PUCTaHHS Yepe3 OKUCIEHHS BONbdPaMOBOro HaKOHeu-
HWKa, a TaKOX MOripLLUEHHA SIKOCTi MeTany.

Hanbinbw nepcnekTnBHUMU razamu Ansi hopmyBaHHS
nnasmoBOi Ayrv € aproH i a30T, BUKOPUCTOBYBaHi 3a3Buyai
AK cymiwwi [9]. MpryomMy Ha NpakTuLi BCTAHOBMNEHO, LLO AO-
BXMHA Oyrn 36inblUyeTbCA 3 NiABULLEHHAM BENUYMHU Ha-
npyrM Ta KOHUEHTpaLii a3oTa y rasosin cymili. Bignosia-
HO Ans TiEl ) cunu cTpymy 3i 36inblIEHHSM Hanpyrn gyrv
3pOCTaE NOTYXHICTb NNa3MOBOro gpakena, LWo 3abesneyye
BinbLU BUCOKY LUBUAKICTb HarpiBaHHSA. TOMy 3aCTOCYBaHHS
asoTy B ra3osiil CyMmilli € ayxe npuBabnueBuM pilleHHAM 3
TOYKM 30pYy NiABMLLIEHHSA NOTYXHOCTI gyroeoro Bysna. Oa-
HaK cnif 3ayBaxuTw, WO Ans 6aratbox SKiCHUX Mapok cTa-
ni a30T € WKigNMBOK AOMILLIKOHO, L0 NpM3BOANTb A0 YTBO-
peHHs HiTpuais. OTXe, MOXNMBICTb BMKOPUCTaAHHSA NOro
y CKnagi rasoBoi CyMmilli MOBMHHA BM3HAYaTUCS XiMiYHUM
CKIagom cTani, a TakoX BUMOramm fo ii SKOCTi. Y upomy
BMNaAKy AOUINbHO BUKOPUCTAHHSA CUCTEMU pErynoBaHHSA
cknagy poboyoro rasy ons sabesnedyeHHs pobotu nanb-
HVMKa Ha aproHi, a3oTi abo ix CyMmili 3 METOK 3Ha4HOro
3MEHLLEHHS eKcnnyaTauinHUX BUTpaT Ta HaCM4eHHs cTani

Tabnuusi
OCHOBHI TeXHi4YHi napameTpu cucTemu nigirpiy nnasmm
MapameTp BennuuHa
[LiameTp nanbHuka, Mm 108

Twun cTpymy oaHOMasHNA 3MiHHWI
Cuna cTpymy (Makcumym), KA 7,5
Hanpyra (makcumym), B 350
MoTyxHicTb, MBT 2,4
Po6ouun ras aproH
ButpaTta oxonogxyBanbHoi Bogu, M3/rog 30
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asotom [10].

Cnig 3asHauntn, WO edeKTUBHICTbL poboTn nnas-
MOBOIO MarbHWKa 3HAYHOK MIPOIO 3anexuTb Big PiBHA
TennoBux BTpaT. 3a OaHUMU Pi3HUX LOCNIGHWKIB MNpu
nnasMmoBoMy nigirpisi npnbnuaHo 60-80 % Tenna 3acso-
HETLCA pigkuM meTanom [11, 12], a pewTa BTpavyaeTbCs
3 OXONOMAXyBarbHOK BOAOK i Yepe3 (pyTepyBaHHs Ha-
rpiBanbHOI kKamepu, Temneparypa skoi gocsirae 1800 °C.

Tak, Ha meTanyprinHomy 3aBogi Kobe Steel (AnoHis)
BMKOHAHO BenuKkuin obcar AocnigkeHb Woao BUKOPUC-
TaHHSA 0gHOMA3HOro 3MiHHOMO CTPYMY ANS MnasMoBOro
nigirpisy ctani y npomikHomy koswi [13]. OcHOBHI Tex-
HiYHi NnapameTpu cucTemm nigirpisy nnas3mu npeacrasne-
HO B TAbNuu,.

Ba3oBy KOHCTPyKUi0O MNasMOBOro nanbHUKa MoKa-
3aHO Ha puc. 3. [asonogibHun aproH NpPoxoanTb Yepes
nanbHWK i cTapTep, MiCNA Yoro cnanaxylTb AyrM OCHO-
BHMX enekTpoAis. [lyra noTiM nepeHocuTbCa Ha meTan,
i CTPYM Mae MiXXK OCHOBHMM €NeKTpoaoM Ta MeTarioMm y
NPOMIKHOMY KOBLLI.

Cwuctema nigirpiBy cknagaetbca 3 ABOX MSIA3MOBUX
nanbHukiB giametpom 108 MM Ta JOBXMHOW 4,2 M, pO3-
MILLEHMX Yy KpuLLLi NPOMIKHOIO KOBLUA Hag MOBEPXHEID
ctani. Y sKOCTi nnasmoyTBOPKKYOro rasy BUKOPUCTO-
BYETbCS aproH 3 MOXIMBICTIO perynioBaHHS BUTpaTu B
mexax 9-20 m3/rog (Ha 1 dypmy).

TexHonorito NNasmMoBOro Nigirpisy crani B MPOMiKHO-
MY KOBLUi BUKOPUCTOBYIOTb BaraTto BigomMux 3apybikHmX
dipm: Nucor Steel, CLUA; Nippon Steel NKK, AnoHis;
SOLLAC, ®paHuis; Danieli, Prime Metal Ta iH. Tenno-
B KoediuieHT kopucHoi gii (KKO) HarpiBy reHepaTopa-
MUK nnasmu (NNasmMoTpoHamMK) y 3a3Ha4YeHUX TEXHOSOri-
AX BapilETbCS B LUMpokoMy fdianasoHi (Big 50 0o 80 %).
HarpiBaHHsa meTany 3abes3nevyeTbCca TEMMOBMM BUMPO-
MiHIOBaHHSAM MMa3Mu i TennoBMM MOTOKOM B OMOPHMX
nnsMmax ayrv Ha noBepXHi piakoi cTani, a npu 36inbLueH-
Hi NOTYXHOCTI Ayrn 36inbyeTbCca KoedilieHT KOPUCHOI
aii. Tunoea goBxuHa Aayrn ctaHoBUTL 6nmnseko 30 cm, a
cepegHin TepmivHun KKO — 55 %. EdbekTuBHiCTb HarpiBy
BM3Ha4YaeTbCs BaraTbMa TEXHOMOTYHMMM hakTopamu, y
TOMY YMCHi TaKMMMI, SIK: HANPAMOK i WBMAKICTb PyXy Mo-
TOKIB MeTany B NPOMDKHOMY KOBLUI, KiNbKICTb LUNAaKy Ha
NnoBepxHi MeTany, LWBUAKICTb PO3NMBaHHS, KOHirypa-
Ui NPOMIXKHOro KOBLUA Ta MOro 3BoAy, AOBXWHA Ta cuna
CTpyMy Ayru Ta iH.

Bepyun oo yBaru Tow hakT, Wo Harpis meTany nnas-
MOBVMM NanbHUKaMW 34INCHIOETLCA NEepPEBaXHO B NeB-
HiM 30Hi pigkomMeTaneBoi BaHHW, AN NiABULLEHHS AOro
€(EeKTMBHOCTI [O0UINbHO 34INCHIOBATU O0AATKOBY MNpw-
MYCOBY FrOMOT€Hi3aLito cTasni B MPOMiIXXHOMY KOBLUi LUAS-
XOM CTBOPEHHS LIMPKYNAUIMHMX NOTOKIB, LLO JO3BOMSAOTh
NigBOANTM HOBI NOPLiT MeTany 4o BUCOKOTEMMEPATYPHOI
obnacti nnasmu. [Ina dpopmyBaHHA CNPAMOBAHMX KOH-
BEKTUBHWUX MOTOKIB Yy MPOMIKHOMY KOBLLi MOXYyTb ByTu
BMKOPWCTaHI cneuianbHi NOporv i neperopoaku, a Ta-
KOX npoAyBHi 6rnokn Ta Ganku, siki BCTAHOBMOKTLCA B
OHuwe 6e3nocepenHbO B 06nacTi nna3moBoro nigirpisy.
Takox JocuTb NepcnekTMBHUM Y NMaHi nigirpisy crani €
BUKOPWUCTaHHS CUCTEMW €NEKTPOMAarHiTHOro nepemilly-
BaHHS (EMI) pigkoro metany. Bci Ui cuctemn cnpusioTb
NiABULLIEHHIO e(heKTUBHOCTI NPOLEeCy HarpiBaHHs Ta 4O-

m MpyHUUNoBa cxema NNasMoOBOro ra3oBOro nanbHUKa:
1 — cTapToBUI eNEKTPoA; 2 — aproH; 3 — OCHOBHUI €NEKTPOL;
4 — crakaH-go3aTtop; 5 — cTapTtoBa ayra; 6 — OCHOBHa Ayra;
7 — cTanb

3BOMSAOTb NIATPUMYBATU TemnepaTypy crarni Ha Buxogi 3
NPOMIXHOIo KoBLla Ha piBHi = 1 °C npu cTauioHapHOMY
pexumi poanusaHHs [14].

BucHoBku

1. Wnpoke nowmMpeHHs TexHOoNorii NnasmMoBoro nigi-
rpisy metany B npomixHomy koBwi MBJI3 Ha psai me-
TanyprinHnx 3aBopgiB CBiTy OByMOBMEHO HeOobXigHICTO
nigBvLWeHHs cTabinbHOCTI napameTpiB npouecy nUTTH
Ta NOKpaLLLEHHS SKOCTi 3aroTOBKM NMPY OOHOYACHOMY 3HU-
XKEHHi NUTOMUX eHepreTnyYHNxX BuTpar. [pu Lubomy CTBO-
PIOKOTLCHA OOAATKOBI MepeaymoBu Ans TpaHcdopmalii
NPOMIKHOIO KOBLIA B MYNbTU(DYHKUIOHaNbHWUIA arperat
ANS KOpWUryBaHHSA TemnepaTtypu ctani Ta MOXNUBOCTI 1T
pacdiHyBaHHS.

2. TexHonoria nnasMoOBOro nigirpisy Hacamnepep
3aCTOCOBHa MpKW PO3MMBaHHI BignoBiganbHUX Temnepa-
TYPHO YyTNMBUX MapPOK CTani, CXUINbHUX OO YTBOPEHHS
aedekTiB ©6e3nepepBHONUTOI 3aroTOBKW, Yy TOMY YUCHi
Pi3HOro pogy TPIWMH i NOpyLLEeHb reoOMETPUYHOI hopmMu
(Hanpwvknag, poMBiYHICTL COPTOBOI 3aroTOBKM).

3. OcHalLeHHsi NPOMIDKHOro KOBLUa CUCTEMOI Mnnas-
MOBOIO MigirpiBy cTani € 0cobnMBo akTyanbHUM pilleH-
HAM CTOCOBHO 6e3nepepBHOro Po3nMBaHHA cTani 4OBru-
MU | HAQOOBMMMU CepiMK, a TakoX y pasi OTPUMaHHS
cneujianbHMX BMAIB MeTanonpoaykuii (Hanpvknag, Tpyou
BiNOBI4ANbHOrO NPU3HAYEHHS, BENUKI 3MTMBKM) B YMO-
Bax Cy4aCHUX MeTanyprinH1X MiHi-3aBogis.
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Improvement of functional and technological solutions for modernization of steel heating in
the tundish of continuous casting machine

The using of the system of plasma heating of metal directly in the tundish is quite promising in terms of improving the technology of
continuous casting of steel. At the same time, the efficiency of this technology is significantly influenced by the design of the tundish,
the location of the plasmatron, the direction of movement of the circulation flows and their speed, the presence of forced mixing of the
liquid metal bath, etc.

In terms of design, the main technical solutions proposed for plasma heating of steel in a ladle are based on the creation of two-cham-
ber tundish. Moreover, steel is heated in a special receiving chamber. Such heating devices are compact enough to be built into tundish
without any significant modifications. Moreover, such heating devices practically do not reduce the useful volume of the tundish.

The widespread use of the technology of plasma heating of metal in the tundish of the continuous casting machine (CCM) at a few met-
allurgical plants in the world is due to the need to increase the stability of the parameters of the casting process and improve the quality
of the workpiece while simultaneously reducing specific energy costs. At the same time, additional prerequisites are created for the
transformation of the tundish into a multifunctional unit for adjusting the steel temperature and the possibility of its refining.

The using of plasma heating in the tundish is especially relevant in the conditions of mini-mills operating technological units of small
capacity, for which the implementation of traditional highly efficient solutions for out-of-furnace processing, as well as processing on
tundish-furnace units, is not always possible due to the complexity of organizing the heating process, large heat losses and high spe-
cific costs of refractories. In addition, such tundish can be quite effective when pouring high-quality grades of steel into billets of small
cross-sections, which are produced, as a rule, in relatively small mixer-batches, which makes it difficult to prove them in small steel
pouring ladles.

]
Continuous casting, tundish, plasma heating, steel temperature, mini-mill, billet, mixing, argon.
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[HCTMTYT Npo6nem marepiano3Hasctsaa im. .M. ®panuesunya HAH Ykpainun (Kui, Ykpaina)
lapameTpu3adia maTemMaTU4HOI MOAENi KIHETUKK

pekpucTanisauii HU3bKoByrnewesoi cTani y hepuTHin o6nacrti B
npoueci Bignany

BuikoHaHO ekcriepyumMeHTaibHe AOCIIAXEHHS KIHETUKWU pekpucTanidauii 4poTy i3 HU3bKOBYrJieLeBoi cTani (BMICT Byrie-
uto 0,06 %), oTPUMaHOro LLJISIXOM XOJ/104HOro BOJIOYIHHSI. BuB4aBcs BriivB cTyneHs gegopmadiii Ta Temrneparypu Biana-
71y y QepUTHIVi 06.1acCTi Ha LUBMAKICTL MPoLecy nepBuHHOI pekpucTanidauii. 3rigHo 3 Mogesnio Ui napameTpu € HavbinbLu
3HaYyLMMM 3@ YMOBU 0AHAKOBOI0 XiMiHHOro cknaay. JocnifKeHHs JO3BOJINIIO0 OLIHNTM 3Ha4YEeHHS napamMeTpiB maTtema-
TUYHOI MoAesni, 3arporoHOBaHOI HaMu paHilue, i TUM caMuM 3p00UTY ii 3aCTOCOBHOK TakOX i /151 ONMUCY CTPYKTYPHUX
npowuecis, O MaKTb MiCLIE y BUNaaKy PeEKpUCTani3auiviHoro signany crasa @epuTHOro Kiacy npy remrneparypax HuxXx4e
A,. lpoaeMoHCTPoBaHO 3iCTaB/IeHHS Pe3y/ibTaTiB OHOBEHOI MaTeMaTnyHOI MOAEsli 3 OTPUMAaHUMU eKCriepUMeHTaslb-
HUMU JaHUMU. AHasi3 OTPUMaHUX PE3yJbTaTiB Nokasas, LU0 3a YMOBU HUXYuX Temnepartyp Bignany (620-630 °C) Brims
CTyrneHsi nonepeaHboi gepopmadii Ha LWBUAKICTb pekpucTanidauii € 6inblu 3Ha4YHUM, a came, 30inbLIeHHs Aepopmadlii
MPUCKOPIOE pekpucTaidadito. Y pasi niaBuLLeHHs TeMrepartypu WBUAKICTb NPOLEeCy pekpucTanidauii ICTOTHO 3p0CTaE.
lMpy uboMy CTyniHb NonepeaHbLOoi gepopmadii NoYMHae HagaBaTy 3HAYHO MEHLUWV BrivB. PakTu4Ho, npu Temnepa-
Typax Bianasay 690-700 °C uevi BNivB mavike 3HUKAE A1 PO3IJIsSSHYTOro giana3oHy CcTyrneHiB gegopmadii (73-84 %).
Takox OTPUMaHO KOHKPETHI AaHi rnpo HYac rnpoTikaHHS NepBUHHOI pekpucTani3adii B xonoaHoaedopMOBaHI cTasi po3-
rISHYTOro Turny, 3okpema: npuv temneparypax sianaay 620-630 °C nporec noBHOI NepBUHHOI pekpucTaniauii notTpe-
6ye 100-120 cekyHa 3a yMoOB riorniepefHboi xonogHoi anepopmadii 84 % i He meHw 400 cekyHa, SKLO Aegopmadlis
cknagana 73 %. lNpu Temnepartypi Bignany 690—-700 °C nepBuHHaA pekpucTasisaLis Takoi cTasi 3aBepLuyeTbCsl Yepes
50-60 cekyHa.

Kno4oBi cnoBa: nepBuHHa pekpucTtanidauis, MatematnyHa Mogesb, KIHeTUKa pekpuctanisadii, Apit, xoao4Ha ge-
popmauis, pekpucTanizoBaHni Bignal.

cmyn. B po6ori [1] Hamu gocnigxyBascs BNAMB CTy-

neHs gedopmalinHoro 3MilHEHHS1 Yy NpoLeci Xonoa-

HOro BOSOYIHHA Ta TeMnepaTypm Bignany Ha CTPyKTy-

py i MexaHi4YHi BMacT1BOCTiI OPOTY i3 HU3bKOBYrnevLe-
BOI cTani. BogHoyac nutaHHs KiHETUKM pekpucTanisauii
He niginmanocs y 3ragaHoMy JOCrigaXeHHi. ToyHiwe, sk
nokasanu npoBeAeHi Aocniau, 3MiHa vacy Bignany Big
2,5 po 5,5 roavH He YnHMNa 3HaA4YHOro BMAMBY Ha Bnac-
TMBOCTI MaTepiany, 3a iHwnx piBHUX yMOB. Lle gossonse
3pobuTn BUCHOBOK MPO Te, L0 Npouecy pekpuctanisaduii,
0cobn1MBO NEPBUHHOI pekpucTanisadii, 4eopMOBaHOro
MeTany BigbyBalTbCA 3HAYHO wWBMAWe. Takuin Tpuea-
M Yac BATPUMKKM Npw Bignani y Tik Hawin poboti Byno
3yMOBIEHO iMiTaLi€elo B NabopaTopHnx ymoBax vacy Ha-
rpiBaHHS Ta OXONOOXKEHHS CagKku Y NPOMMUCIIOBKX NeYax.

®i3nyHO 0BrpyHTOBaHa HaniBemmnipMyHa maremartuny-
Ha Modenb NepBUHHOI pekpucTanisadii AedopmMoBaHoro
MeTany Ta ii koMmn'toTepHa peanisauisi 3anponoHOBaHi B
Hawin poboTi [2], 6a3yuncb Ha TEOPETUYHIN OCHOBI 3
pobiT [3-5]. OgHak, po3rmsiHyTa y BuULLe3ragaHin poboTi
peanisauis gaHoi mogeni Ha To MoOMeHT Byna napame-
Tpu3oBaHa TifbKM Ans aycTeHiTHOI obnacTi, To6To dhak-
TUYHO AN YMOB pekpucTanisauii npy rapsadin obpobui
Tuckom. [lpocTe nepeHeceHHA NpPeACTaBneHnxX Tam
napameTpiB Ha CTaTMYHy pekpucTanisauilo xonogHoae-
dopmoBaHoro eputy gasano Ayxxe CyTTEBY MOMUIIKY.
TakMm YMHOM, 3aBAAHHAM MOTOYHOrO AOCHIAXEHHS cTa-
no eKkcnepuMeHTanbHe AOCIiAKEHHsS] KIHETUKN NepBUH-
HOI pekpucTanisauii gecopmoBaHoro depuTy, Ha npu-
Knagi opoTy HM3bKoByrneuesoi ctani. Cnig 3asHaunTy,
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Tabnuusi
XimiyHnm cknap gocnigxeHoro matepiany (%mac.)
(o3 Mn Si Ti N S P Fe
0,06 0,20 0,03 0,002 0,001 0,001 0,009 0,012 OCHOBa

WO B Hawmx poboTax [2, 6] 3Ha4YHWI BNAUB NpUaINsaBcs
BMMMBY AUCNEPCHOI kapbigHol Ta kapBoHiTpuaHoi dasu
Ha KiHETMKY pekpucTanisadii, Wwo, ogHak, He po3rnsga-
€TbCHA Ha JaHWA MOMEHT y pamKax LbOoro OCHiAKeHHS,
OCKifNbKM AaHa cTanb NpakTUYHO no3baeneHa kapbigHoi
dasn, ocobnmeo, cneujianbHUX Kapobigis.

Xapakmepucmuka docnidxyeaHo20 Mamepiasy.
OcHOBHMMMK akTopamu, WO BMMAMBaTb Ha npouec
pekpucTanisauii, po3rnsHyTUMK B AaHin poboTi, BUCTY-
nanu TemnepaTtypa Bignany i CTyniHb nonepegHboi Xo-
nogHoi gedopmadii. 3rigHo 3 MOZenn Ui napameTpu
€ HanbinbL 3HaYyLWUMKN 38 YMOBM BNMN3bKOro XiMiYHOro
cknagy. Bnnme ximiyHoro cknagy, 6e3ymoBHO, BaXnusum
HanpsM, ane He pPo3rMAHYTUA HaMW Ha AaHWUA MOMEHT
i € NpegMeToM nofanblMX AOCNIAXeHb. YcepeaHeHun
XiMiYHWIA cKnag opoTy, MPUNHATUIA TaKoX Nig Yac moae-
NOBaHHSA, HaBeaeHOo y Tabnuu,.

Ak BugHO 3 Tabnuui, Le HU3bKOBYrNeLeBa cTanb
npakTnyHo 6e3 nerywunx KOMMNoHeHTiB. BoHa mamke He
MiCTUTb NepniTy, Tak camo §K i cneuianbHUX KapBigHWXx
abo HiTpmaHux ¢as. Takum YMHOM, OTpMMaHi B AaHin
poboTi pesynbratn MOXYTb CTaTh OCHOBOK AN nodarnb-
LWMX JOCHiAXeHb, B AKX PO3rNSAaTUMETLCS BMNVB ene-
MEHTIB XiMi4HOrO cknagy.

Kopomkuli onuc mamemamu4Hoi modeni. Bigno-
BigHO g0 Teopii [3, 5], 3MiHa B Yaci YacTku pekpucTani-
30BaHOro obcsary gedopmoBaHoro metany moxe Oytu
onuncaHa piBHAHHAMM (1-2):

X(t)=1-e "ext") (1)
¢ 3
Xt (£) = Nipoy - I Grex(t)dt , )
0

Ae N_ — ofb’emMHa WinbHICTb 3apoaKiB pekpucTanisosa-
HUX 3epeH; V/®(t) — WBnAKICTb NepeMmilleHHs rpaHunLb
3epeH.

LLiBnakicTe nepemilleHHs rpaHuLpb 3epeH Moxe ByTn
npegcraeneHa sk JobyTok ABOX haKTopiB: PyXSIMBOCTI
rpaHnub 3epeH M (M%/C) i pywinHOi cuv pekpucra-
nisauii P_ (1)

Grex(t):M(,’;‘eg ' rex(t)' (3)

PyxnuBicTb rpaHnupb 3epeH € hakTopomMm, L0 TEPMIYHO
aKTUBYETbLCSH, i, 3rigHO 3 [7], 3aNeXHiCTb SIKOro Big Temne-
patypu Moxe ByTn BUpPaXXeHO HacCTyNHUM YMHOM (4):

rex rex
SG G GG

o8 =My~ -eR -eRT, (4)

Ae M,® — eMnipniHU NepeaeKCnOHEHLINHNA MHOXHUK;
S — 3MiHa eHTponiT Npu NepeMmilLieHHi rpaHunui 3epHa,
Dx/monb K; Q. — eHeprisi akTvBauii npouecy yCyHeH-
HA Mexi 3epHa, [x/mMonb.

PywinHa cuna pekpuctanisauii P (t) sanexutb Big
MOZYMO 3CYyBY, KpUCTaniyHWX rpat, 30Kpema, MOAYIo
BekTopa broprepca, i WinbHOCTI ancrnokauin nobnuay
rpaHuui 3epHa. BignosigHo oo po6otu [3] BoHa moxe Oy-
TV NpeacTaBneHa HacTyNHUM YuHoM (5):

Po.(t) = 0,5 wb%p (1) (5)

Mogynb 3cyBy i mMogynb BekTopa bioprepca 3a-
ranomM Bigomi. Binbl TOro, iX 3anexHicTio Big Temne-
patypu y pO3rMsHyTOMYy TemnepaTypHOMy iHTepBarni
HexTyBanu. LWinbHicTb gucnokauin nobnuady rpaHui
3epHa 3MIHIOETBCA Yy 4Yaci Mig 4ac CynpoBOOKYHYOro
pekpucTanisauii npouecy noBepHeHHA. Ller nokasHuk
NOB'sI3aHUN 5K i3 CEPEeAHbOIO LiMbHICTIO AMCNoKauin, Tak
i 3 4YaCTKOI BXE PEKPUCTanNi3oBaHOro A0 LibOro MOMEHTY
MeTarny HacTynHUM YnHom [8]:

_ 4 —aX(t)
pd(t):ad1'pd'(1+ad1'e 9 )

, (6)

Ae: o, Ta o, — eMnipuyHi KoeiuieHTw; Bd — cepegHsA
WiNbHICTL ancnokauin B 06'eMi HepekpmncTanisaoBaHoOro
[0 UbOro MOMEHTY MeTany, m™.

LWinbHicTb  gucnokaudin, yTBOpeHa B pesynbrari
nnacTuyHoi gedopmalii, 3MIHIOETBCA B X0o4i npouecy
BiAnNany BHACMiAOK NoBepHEHHs. Ii NOTOYHY BenuunHy
MO>KHa ouiHnTK [9] 3a dhopmynoto (7):

2
AG

Py = —ap-M-u-b ; (7)

Ae Ac — pi3HMLA MK Hanpyrow niacTUYHOro NivHy Ta
MeXXeto NANHHOCTI Npu AaHii Temneparypi, Ma; M — dak-
Top Tennopa; u — Mogynb 3cyBy Npw AaHin Temnepartypi,
Ma; b — moaynk BekTopa bioprepca; o — eMMipuiHNi
KoeqiLieHT.

Cnig 3a3HauMTK, WO Nig Ac MaeTbCA Ha yBa3i came
MeXxa NAVHHOCTI NpWU 3agaHin Temneparypi i NOTOYHOMY
CTYNEHi PO3MILHEHHS, L0 NOro OCArHYTO Ha AaHWUA MO-
MeHT Bignany. Lia BennyunHa, sK i HanpyXeHHs nnactuny-
HOrO MIIMHY, anpiopi, K NPaBunmno, HEBIAOMI | OLiHIOITLCH
B pamkax pospaxyHky mogeni. OuiHka HanpyXeHHs
NNacTUYHOrO NIAUHY MeTany PO3yMIETbCH SK Pi3HULSA
aecopmalinHoro 3milHEHHs Ta JOCArHyTOI penakcauii
Hanpyrn. [ocarHyta BenvunHa  gedopMaLiiHoro
3MiUHEHHS1 B NPUHUMNI BigomMa 3 eKCnepuMeHTanbHUX
AaHnx. OgHak il MOXHa OUiHUTK 3a eMnipu4HUMK op-

ISSN 2077-1304. Met. lite Ukr., vol. 31, 2023. N1 (332) 35



TENNO®I3NYHI TA ®I3VKO-XIMIYHI TPOLECK TBEPAIHHA METANIB TA CTITABIB

mMynammn 3 pobotn [3]. BignosigHo go po6it [10, 11]
CTYyNiHb penakcadii Hanpyrn Moxe B6yTn BU3Ha4YeHUn Ha-
CTYMHUM YNHOM:

Ac,=B"F,, (8)

Z\"
B’:B il —= p 9
0 (Aj (9)

o
E—0l €

FDRX:’]_exp _k[#J , (10)

%5

ne Z — napametp 3eHepa-XonomoHa; & — CTYNiHb
aedopmadii; €, — nikosa gedopmadisi, BignosigHa mMak-
CMMarnbHOMY HamMpy>XeHHIO0 Ha KPUBI NAacTUYHOro Niu-
Hy.

MapameTpu k Ta m' 3 dopmynum (10) Takox 3anexarb
Big Z i A HACTYNHUM YNHOM:

X
Z
k=k. - k| £
° exp[ * [Aj J
m'=mg -exp| m; - E
0 VA )

MapameTp 3eHepa-XonomoHa Z 3anexuTb Big Tem-
nepatypu (13):

(11)

(12)

Qy

Z =g-eRT, (13)

Ae & — WwemnakicTb aedopmalii; Q, — eHepria aktusawii
aedopmadii, Ix/monb.

MapameTp A TakoX 3anexuTb Big eHeprii akTuBauii
aedopmadii [6]:

K-
AQd_ (14)

A=A, -e

Mpy UBOMY MHOXHUK A 3anexuTb Big XiMi4HOro
cknagy, Tak camo sk i Q, [3, 6], wo npote sk 3ragysarno-
CA BuLLE, HA AaHUN MOMEHT MOKM He POo3rMsagaeTbes B
MOTOYHIN poBoTi.

MapameTp g, (nikoBa gedopmalist) ouiHOBaBCA B
pamkax mogeni 4yepes Z i A HacTynHUM YuHom [3, 12]:

P (2" (zYe
SPZSO.[%J (ZJ )

o

(15)

Ae D, — po3mip 3epHa, MKM.

Mpu ubomy Bigomo [3], Lo koedilieHT & 3 (15) 3anexuTsb
Bifl XapaKTepHOro po3mipy 3epHa, Lo, 0gHaK, irHopyBanocs
B paMKax LbOro OOCMiXKeHHS Yepe3 BnmnsbkiCTb po3mipy
3epHa y BCiX JOCMiMKEHNX Ha 4aHUA MOMEHT 3paskax.

3MiHa pi3HULi MiXX HAMPYXEHHSM NNAaCTUYHOIO MIIMHY
i MexXel NAWHHOCTI NpW AaHii TemMneparypi 3a paxyHok
NMOBEPHEHHSsI BU3Hayanocs piBHAHHAM (16) 3 poboTw [4]:

dAG__ .
dt 9-M3-oc§-E

64-Ac?- Yrec :
C™ V4 e RT -sinh[%),(m)

ae U — eHepria aktusauii nosepHeHHs, [hxk/monb; V. —
aKTMBaLiNHMI 0B’eM Mpouecy MNOBEpPHEHHS (3anexuTb
Bio Temnepatypu i Tuny kpuctaniyHoi rpatku) [3], M3 v, —
vactota [ebasa, v, = 2.0110" c¢'; E — mogynb HOHra
matepiany npu 3agaHin Temnepartypi, MNa; M — dakTop
Tennopa; o - emMnipnyHui koediuieHT (ams. dopmyny (7)).

Tak sk Ha gaHW MOMEHT MU NMOKN HE MaEMO BernKo-
ro Habopy ekcnepuMmeHTanbHUX gaHWX 3 YCboro Habopy
napametpis 6ynu BigibpaHi Taki, BNNMB sKNX BAAaBaB-
ca Hanbinbl 3Havywmm: S, i Q ., 3 chopmynu (4),
eHepris akTmeauii aecpopmadii Q, (BxoanTb A0 POpMyT
(13)i(14)), dakTop Teinopa M Ta koedillieHT o, 3 chop-
mynm (7), g, ng, 1@ kg 3 popmynu (15). 3HaYeHHS iHLLINX
napamMeTpiB 3anuvLeHi TakuMm, SK y Hawmx poboTax [2,
6], abo, Akwo BiJOMO, B3ATI BiAMOBIAHI 3HA4YeHHA OIS
o-3anisa.

Pe3ynbmamu ekcrniepumeHmy i ix aHani3s. Exkcne-
pUMeHTanbHe AOCNIMKEHHA KiHETUMKM pekpucTanisadii
Oyno npoBefeHo A5 HAaCTYMHUX 4 BUNaAKIB:

— CTyniHb xonogHoi gedopmaldii ~ 73 %, Temnepary-
pa Bignany ~ 620 °C;

— CTyniHb xonogHoi gedopmaldii ~ 84 %, Temnepary-
pa signany ~ 630 °C;

— CTyniHb xonogHoi gedopmaldii ~ 73 %, Temnepary-
pa Bignany ~ 690 °C;

— CTyniHb xonogHoi gedopmaldii ~ 84 %, Temnepary-
pa Bignany ~ 700 °C.

lMpoBoanBcA Bignan 3paskiB 4POTY NPOTArOM Pi3HOro
yacy (Big 20-25 ¢ pno aecaTkis xBunuH). lNicnsa 3asepLueH-
HS BCTAHOBMEHOro A58 3pas3ka Yyacy BiH LUBUOKO BUTArY-
BaBCSA 3 Mevi i pi3ko 0XOMNoAXXyBaBCs B COMOHIN BOAi, Wwob
MiHiMi3yBaTun NOXMOKY, NOB'A3aHy 3 YaCOM OXONOMKEHHS.
Ha oTpumaHux B Takui cnocib 3paskax gocnigxysanacs
MIKPOCTPYKTYpa, BUXOOAYM 3 SKOI MOXHAa YiTKO mpocTte-
XWUTU 1T AKICHY 3MiHY — nepexig Big AeOpPMOBaHNX BUTAT-
HYTWX 3€peH 00 PIBHOBICHUX (MOMIEAPUYHNX, OKPYIINX).
Takox 3 BukopucTaHHaM nporpamu JMicroVision moxHa
Oyno npuBNU3HO OUIHUTKM 4acTKy PEeKPUCTanis3oBaHoOro
MeTany B CTPYKTYpi MO nnow,i Ha wnici (ana 3paskie 3
nepexigHo, YaCTKOBO PEKPUCTaNi30BaHO CTPYKTYPOLO).
Ha puc. 1 HaBegeHo Tvnosi hoTorpadii MiKpOCTPYKTYpK
B AedopmoBaHOMYy CTaHi (a), 3 4YactkoBow (6, 8) i no-
BHOI pekpucTanisauieto (2).

[ns BM3Ha4YeHHHA Ta YyTOMHEHHS 3Ha4YeHb NapamMeTpis
mMogeni Oyno HanucaHo cneujanbHUN NPOrpaMHUn MO-
aynb. BiH 3pivicHoe 3anyck nporpamu, Onst MOLEnto-
BaHHSA MpoLecy i3 3agaHUMKU BUXIOHUMU NapaMeTpamu
Ta noyatkoBumun ymoBamu. OTpuMaHui y BUMA4i AWC-
KPETHOro 4acoBOro psAay pesynbTaT NOPIBHIETLCS 3 Hal-
Gnvxxummmn (3a Yacom) 3agaHnmMun y cneuiansHomy danni
TouKamu aAng 3sipkn. Moxxe 6yTn 3agaHo Ckinbky 3aBrog-
HO BapiaHTiB MOYaTKOBMX YMOB, BiNoBigHWX 0 eKcnepu-
MeHTy (Temnepatypa, CTyniHb gedopmalii, WBUAKICTb

36 ISSN 2077-1304. Met. lite Ukr., vol. 31, 2023. Ne1 (332)



TENNO®I3NYHI TA ®I3VKO-XIMIYHI TPOLECK TBEPAIHHA METANIB TA CTITABIB

m Tvnosi MIKPOCTPYKTYpU JOCNIMKEHNX 3pas3kiB: a — AedpopmoBaHuin meTan; 6 — yacTkoBa pekpucTanisauia (~ 15 %); 8 —
YacTkoBa pekpucTanisauis (~ 90 %); e — pekpucranisadis, WO 3aBepLunnacs

nedopmaldii, cknag matepiany). Takox B iHwomy danni
BKa3ylOTbCA napameTpu, 3Ha4YEeHHA SKnx nigbupatotbes,
NSt KOXKHOTO 3 HUX BKa3ylTbCs iHTepBanu A4onycTMmMoro
BapitOBaHHSA i CTapTOBI 3Ha4YeHHS. LlinboBoto hyHKLi€e,
wo nigndrae MiHimisauii, ©6yna cepegHs BigHOCHa
PO36iKHICTE 3HAYEHb YaCTKN PEKPUCTani30BaHOro Meta-
ny MK eKCNepuMeHTOM i MOAENII0, B TOYKAX 3BipSHHS
ana Bcboro Habopy noyatkoBux YMmoB. [ligraHsiHHA
3HayeHb 3adaHMX MapameTpiB Mogeni nposogunacs
LNAXOM rpafieHTHOro Crnycky B 3ajaHux iHTepBanax
BapitoBaHHA 3 aBTOMATUYHUM MacLUTabyBaHHSM KPOKY.

Takum 4uHOM, OynM OTpMMaHi HaCTYMHi 3Ha4YeHHS
napameTpis, WO WykawTbeA: S, = 4,55 [x/monbK;
Qg™ = 5486,9 x/monb; Q, = 274312,6 x/monb; M =
=2,943; o = 0,1113; &, = 0,145; n, = 0,065; k, = 0,375.

OTpuMaHi 3Ha4YeHHs1 NapaMeTpiB AOCUTb NPUONU3HI i
YTOYHIOBATUMYTbCSA Hagani B Mipy HakoMU4YeHHsI ekcre-
PUMEHTANbHUX OAaHWUX, TaK caMo K i 3HAYEHHs iHLWKnX
napameTpiB mogeni. HaBegeHi Bule 3HAYEHHs1 4O3BO-
NN JOCUTb TOYHO HABNU3NTW KIHETUYHI KPUBI, WO OT-
PUMYIOTLCA 3a OOMOMOroK KOMM'HOTEPHOI mogeni go
ekcrnepumMeHTanbHuMx gaHux. OgHak cnig posymiTtu, Lo
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m 3icTaBneHHs ekcnepMMeHTanbHNX aHuX 3 KIHETUKU pekprcTanisauii (To4kun) 3 pesynsratamu KOMM'loTEPHOI Mogeni nicns

KanibpyBaHHs (MiHii)
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ue akTM4YHO MpunacyBaHHSA, OCKiNbKM Kpoc-Banigauis
He npoBoaunacs (3BipAHHA pe3ynbTaTiB MoAerni 3 ekcrne-
pUMEHTaNbHUMKN OaHWMU, SKi HE BMKOPUCTOBYBanucs
Be3nocepeaHbo Ans ii kKanidpyBaHHs). TUM He MeEHLL,
B paMKax aHarni3oBaHOro giana3oHy 3MiHM MOYaTKOBUX
yMOB (TemnepaTtypa Bignany Ta CTyniHb gedopmadii)
MOXHa OYiKyBaTK SKICHO BipHi pesynbratu. [MopiBHAHHS
pesynbraTiB KOMM'OTEPHOI MOAENI Nicns kanibpyBaHHA 3
eKkcrnepuMeHTanbHMMK JaHMK NoKa3aHo y BUrMsAgi Ha-
Bopy rpadikie Ha puc. 2.

AHanis oTpymaHnx pesynsraTiB NoKasye, Lo 3a HUX-
ynx Temnepartyp Bignany (620-630 °C) BnnmB cTyneHs
nonepeaHbOil Aechopmalii Ha WBMAKICTb pekpucTanisauii
Oinbw 3Ha4YHMM — 36inblweHHa aedopmalii NpUckoproe
pekpucTanisauito. Y pasi nigBuleHHs Temnepatypu
WBMAKICTb Mpouecy pekpucTanisauii iCTOTHO 3pocTae.
Mpu uboMy CTyniHb NonepeaHbLOI Aedopmauii nounHae
HagaBaTu 3HA4YHO MeHWW BNNnB. PakTUYHO MpU TeMm-
neparypax Bignany 690—-700 °C uen BNAMB NPaKTUYHO
3HUKaE Ansa po3rnsHyToro gianasoHy (73-84 %). OgHak
cnig TakoX po3rnaHyTU B ManbyTHbOMY i MEHLUi CTyneHi
aedopmalii, oe BiH MOXe BUSIBUTUCH BinbLl CYyTTEBUM.

<
‘ '// JIITEPATYPA

BucHoBku
MpoBeneHo eKkcrnepumeHTanbHe OOCHiOKEHHS
KIHETUKM  pekpucTanisaudii  xornoaHogedopMoBaHOro

OpOTY i3 HU3bKOBYrNeLeBoi ctani. Po3rnsHyTo nepBuH-
Hy pekpucTanisauito npu Temneparypax Bignany, Lo
Bi4NOBIAAOTb Y hepUTHIV AinaHui ana aaHoi ctani. 3o-
Kpema Temnepatypwu Bignany 620, 630, 690 i 700 °C i
CTyneHi xonogHoi gedpopmauii BOnMoviHHAM ~ 73 Ta
~ 84 %. OTpumaHi B pesynbraTi aHanidy dotorpadin
MIiKPOCTPYKTYP, WO BiANOBIgaloTb Pi3HOMY Yacy Bignany,
OaHi Mpo 4YacTKM pekpucTanisoBaHoro metany Oynu
BMKOPWCTaHI Ans napamerpu3adii po3pobneHoi paHiwe
HaniBemnipnyHoi pisnyHO O0BrpyHTOBaHOI KOMM'HOTEPHOI
MoZerni NepB1HHOI pekpucTanisauii 4edopMOoBaHOro me-
Tany. bynu oTpuMmaHi HacTynHi 3HayeHHs napameTpis,
wo HanawrosyoTbCs: S, = 4,95 [Dx/monb'K; Q% =
= 5966,8 [Dx/monb; Q, = 273785,1 [x/monb; M = 2,958,;
o, =0,1155; ¢, = 14,284; n = 0,81; k= 0,3695.

KinbkicHO nokasaHo CTyMiHb NPUCKOPEHHS
pekpucTanisauii 3i 36inbleHHAM Temnepatypu Ta CTy-
neHs pgedopmadii. Mpu ubomy BrnmB pedopmadii
NPOSBMSETLCA NEPEeBakHO NPU HMXKYMX TemnepaTypax
Bignany.
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Parameterization of the mathematical model for low-carbon steel recrystallization kinetics in
the ferrite region during annealing

An experimental study was performed for the case of recrystallization kinetics of low-carbon steel wire (0.06 % of C) obtained
by cold drawing. The influence of the deformation degree and the annealing temperature in the ferrite region on the rate of
the primary recrystallization process was studied. According to the model, these parameters are the most significant in the
case of the same chemical composition. The study allowed us to estimate the parameters values needed for our mathematical
model proposed earlier and thus made it applicable for the structural processes description that occurs during recrystalliza-
tion annealing of ferrite steel at temperatures below A,. Comparison of the results of the updated mathematical model with the
obtained experimental data is demonstrated. The analysis of the obtained results showed that at lower annealing tempera-
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tures (620-630 °C), the influence of the preliminary deformation degree on the rate of recrystallization is more significant:
an increase in deformation accelerates recrystallization. Increasing the annealing temperature significantly accelerates the
recrystallization process. At the same time, the degree of the previous deformation acquires much lesser effect. In fact, at
annealing temperatures of 690-700 °C, this influence almost disappears for the considered range of deformation degrees
(73-84 %). Specific data on the time of primary recrystallization for work-hardened steel of the considered type were also
obtained, in particular: at annealing temperatures of 620-630 °C the process of complete primary recrystallization requires
100-120 seconds if a previous cold deformation was 84 % and at least 400 seconds if it was 73 %. At an annealing tempera-
ture of 690-700 °C the primary recrystallization of such steel takes about 50-60 seconds.

I
Primary recrystallization, mathematical model, recrystallization kinetics, wire, cold deformation,
recrystallization annealing.
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Influence of heat treatment on the structure and wear resistance
at abrasive wearing of high-carbon chromonickel steel of
150H15NSVM type

The article is devoted to the improvement of heat treatment regimes of steel 150H15N5VM type to ensure the necessary
operational characteristics of the tool. The wear resistance of the alloys during abrasive wear was studied by the method
of friction against a fixed abrasive. Formation of different structural states was performed by annealing of cast steel at
temperatures of 550-900 °C, as well as quenching from temperatures of 950-1100 °C, followed by tempering in the
range of 550-850 °C. The structure of the steel was studied by optical metallography and the morphology of the wear
surfaces — by scanning electron microscopy.

As a result of research, it was established that high-chromium steel with nickel addition in the cast state has increased
stability of retained austenite. To obtain maximum hardness, cast steel should be heated in the temperature range of
740 ... 790 °C for 2 ... 4 hours. As a result of annealing and following quenching with tempering, two variants of the
structural state with increased wear resistance are formed — martensite and retained austenite immediately after tem-
pering and the products of tempering of martensite and decay of retained austenite at high tempering. Wear resistance
increases with increasing of quenching temperature. The main mechanism of wear is microcutting of the surface by
hard abrasive particles. The drop in wear resistance at tempering temperatures of 550-650 °C is a consequence of a
decrease in hardness and is accompanied by changes in the micromechanism of the wear surface destruction — the ap-
pearance of local centers of destruction. A significant increase in wear resistance with a further increase in tempering
temperature, especially at small specific loads, can be explained by the formation of special carbides of alloying ele-
ments in the matrix.

Keywords: abrasive wear, high-carbon chromium-nickel steel, annealing, quenching, tempering, wear resistance,

specific load, special carbides.

ntroduction. Quality and reliability characteristics are

the main requirements for wear-resistant parts, for

the manufacturing of which cast wear-resistant alloys

retain a dominant role. Simultaneously with the grow-
ing demand for such alloys, increased requirements for
physical and mechanical properties, dimensional accu-
racy, durability and other quality indicators are applied
[1,2].

According to [3-5], abrasive wear is one of the most
common types of surface degradation of materials in the
conditions of hydraulic mining, hydraulic transportation
and beneficiation of coal, and the operation of equipment
in the mining, cement, and energy industries. Abrasion-
resistant material must have certain mechanical and
technological properties, and in some cases, erosion and
corrosion resistance. The ability of the material to resist
wear is a structure-sensitive characteristic and depends
on the structure, which is determined by the chemical
composition and heat treatment [6—7]. The structural fea-
tures of material’s resistant to abrasive environments in-

clude, first of all, the necessity to obtain a heterogeneous
structure consisting of hard inclusions located in a tough
base (matrix) that has sufficient damping characteristics
[8—11]. An important factor that determines the material's
resistance to wear is the nature of the connection of indi-
vidual components of microstructure. Hard inclusions are
firmly held by the matrix only if the type and dimension
parameters of their crystal lattices are close. Therefore,
research to identify the features of the formation of the
structure of wear-resistant alloys during heat treatment is
of great importance.

Formulation of the problem. High-chromium high-
carbon steels are widely used for the production of wear-
resistant parts. To improve their operational properties,
they are subjected to a special heat treatment, which
consists in quenching followed by tempering.

Since nickel, when introduced into steel, increases its
hardenability, toughness, as well as the stability of aus-
tenite, it can be assumed that its addition to high-chro-
mium high-carbon steel will provide the improvement in
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the complex of product properties, primarily due to an
increase in the toughness of the matrix alloy. An increase
in the energy dissipation during wearing can be achieved
by the formation of a structurally unstable state in the
matrix (steels with metastable austenite) or the formation
of austenite with a high capacity for strengthening dur-
ing shock-abrasive wear (as occurs in high-manganese
steels such as Hadfield steel). A debatable issue is the
possibility of using the effect of deformation martensite
formation in the process of predominantly abrasive wear,
when the specific value of mechanical energy applied to
the wear surface is relatively small [12—15].

Taken into account the lack of information on such
effect of nickel on the properties of tool steels, it is nec-
essary to study its effect on the processes of structural
transformations in steels. The purpose of this work is to
study the influence of heat treatment parameters (time
and temperature) of steel 150H15N5VM type on its struc-
ture and properties to improve the heat treatment regime
of steel to ensure the necessary operational characteris-
tics of the tool.

Investigation material and methodology. Cast steel
50H15N5VM (1.46...1.54 % C,14.5..15.5% Cr,4.6..5.4
% Ni, 0.4...0.8 % Mo and W) was taken as an object of
research. The diameter of the cast ingot was 300 mm.
For investigation, samples with a diameter of 20 mm and
a height of 30 mm were cut out by the method of elec-
troerosion processing. Then the samples were heated to
temperatures of 550, 650, 750, 790, 830, 900 °C and for
one, two, and four hours in electric resistance furnaces
of the SNOL type. At the second stage of research, the
same steel was subjected to heat treatment in the state
after previous high-temperature annealing at 1100 °C. To
form a different structural state, quenching was carried
out with heating temperatures of 950, 1025, 1100 °C with
cooling in oil followed by tempering at temperatures of
550, 650, 750 and 850 °C.

The microstructure was studied using a Neophot 21
microscope at magnifications of x 100, x 200, x 500,
x 1000. Pictures were taken with a digital camera with a
resolution of 5 MP, and the digital image was processed
using the ScopePhoto software. Morphology of the wear
surfaces were investigated with using of scanning mi-
croscopy technique in backscatteres electrone image
mode. Hardness was measured by the Rockwell method
on a TK-2 device, microhardness was measured on a
PMT-3 microhardness tester with a load of 0.5 N. The
wear resistance of alloys during abrasive wear was in-
vestigated by the method of friction against a fixed abra-
sive using the "pin-shaft" kinematic scheme at specific
loads of 3.66 N/cm?, 7.3 N/cm?, 14.5 N/cm?2. The scheme
of the installation for tests on abrasive wear is shown in
Fig. 1.

A vertical cylindrical sample (2) of the tested mate-
rial is brought into contact with the abrasive material (5)
mounted on a horizontal shaft (1), which rotates at a con-
stant angular velocity, through the contact surface (4).

The sample (2) is fixed on the loading head (6), the
elastic fastening of which ensures the adaptation of
the sample (2) in relation to the abrasive surface (5) of
the shaft (7), which ensures the stability of the nominal

—
7.

\
X w = const
\9

m Scheme of the installation for tests on abrasive wear

contact area of the sample. The device (7) ensures the
movement of the sample parallel to the longitudinal axis
of the shaft (7). Axial normal load is provided by loads 8.

The quantitative characteristic of the wear resistance
of each sample was determined from the ratio:

- ~d

I =LIm, (1)

where /- is the mass wear resistance, L, —is the length
of the friction path during tests, m — is the decrease in
the mass of the sample during friction along the L, path.
For the convenience of the analysis, the relative wear
resistance y,, was also determined by the formula:

Pt
Wig = m/" m 100, %, (2)

m

where I/ — is the wear resistance of the tested sample,
19 —is the wear resistance of the reference sample, as
the sample after homogenizing (high-temperature) an-
nealing was used.

Obtained results and discussion. In the cast state,
steel 150H15N5VM has a structure formed by an auste-
nitic matrix with eutectic carbides. A typical microstruc-
ture is shown in Fig. 2.

When cast steel samples are heated to temperatures
of 550...650 °C and held for 1...2 hours, no visible struc-
tural changes occur, the austenite matrix remains stable.

Noticeable changes in the structure are ob-
served when the heating temperature is increased to
750...790 °C. The main process is the transformation of

m Structure of cast steel 150H15N5VM, x 100
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a, x200

b, x1000

m Morphology of the steel matrix after heat treatment: a — exposure at a temperature of 790 °C for 4 hours; b — exposure

at a temperature of 830 °C for 1 hour

austenite with the formation of acicular structures. The
obtained structure is the result of shear transformation
of the austenite matrix into ferrite with the simultaneous
formation of carbides, so it can be classified as a bainite
type structure.

The development of the transformation depends on
the exposure time. With exposure for one hour, the aus-
tenite decay process is not visually recorded, with an in-
crease in exposure to two hours, the appearance of nee-
dle-like ferrite crystals in the central part of the austenite
grains is noted, with a further increase in the exposure
time, the decay process begins to cover areas close to
the grain boundaries.

A further increase in the heating temperature to
790 °C does not lead to a change in the type of structure;
it is formed by an austenitic-bainite matrix with the allo-
cation of large eutectic carbides along the grain bounda-

ries. Dispersed carbides are formed inside the grains,
which are released during the transformation of austen-
ite (Fig. 3a).

However, a further increase in the exposure tempera-
ture to 830 °C leads to a qualitative change in morphol-
ogy. Even after relatively short exposure times (1 hour),
the needle-like morphology in the alloy matrix disap-
pears (Fig. 3b). This may be related to the development
of recrystallization processes in ferrite, formed after the
decay of austenite.

Structural changes during heat treatment are also ac-
companied by a change in the hardness of steel. Table
1 shows the values of microhardness of structure com-
ponents, and Table 2 shows the hardness of steel after
various treatment modes.

It can be seen from the given data that the process
of austenite decay is accompanied by an increase in the

Table 1
Microhardness of the structural components of the studied steel, N/mm?
Temperature of heating, °C
Structure component
750 790
Center of matrix grain 3210+£230 30321308
Near-boundary regions of matrix grain 43151264 47201361
Eutectic regions 4220176 42901324
Table 2
Hardness of steel after different heat treatment regimes
Hardness, HRC
Temperature of heating, °C
Exposure time 1 hour Exposure time 4 hour

550 34...38 -

650 37...39 -

750 36...38 46...48

790 37...40 44...46

830 36...39 39...43

900 32...33 -
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Table 3

Hardness of steel after homogenization and subsequent hardening and tempering, HRC

Temperature of quenching, °C
Temperature of tempering, °C
950 1025 1100
Without tempering 59 59 49
550 36 38 38
650 31 30 31
750 40 39 44
850 50 47 46

hardness of the steel, while the microhardness of the
eutectic component remains almost unchanged, and the
change in total hardness is related to the processes oc-
curring in the matrix.

Analysis of the effect of heating steel in the cast
state showed that it is characterized by a fairly high sta-
bility of retained austenite and the hardness of steel in
the entire temperature range remains low enough to be
used as a material resistant to abrasive wear. There-
fore, at the next stage of research, the samples were
subjected to high-temperature homogenizing anneal-
ing followed by quenching in oil. Conducting high-tem-
perature annealing affects the nature of the change in
hardness during subsequent hardening and tempering.
This is due to homogenization of the solid solution and
a decrease in the degree of dendritic liquation. The de-
pendence of hardness on the heat treatment regime is
shown in Table 3.

The data show that homogenization leads to an in-
crease in hardness during subsequent quenching from
temperatures of 950 and 1025 °C. This is due to the fact
that at these temperatures complete dissolution of car-
bide phases formed in the process of preliminary homog-
enization annealing does not occur. The degree of alloy-
ing of the solid solution at the heating temperature for
quenching is relatively low, which leads to a fairly com-
plete martensitic transformation. Increasing the quench-
ing temperature to 1100 °C intensifies the processes of
dissolution of carbides, which increases the stability of
austenite and increases its content in the structure after
quenching. This leads to a decrease in hardness.

The quenching temperature range of hardened steel
studied in the paper was chosen based on the data ob-
tained during the study of the influence of the heating
temperature on the structure of the steel in the cast state.
Data from table 2 and table 3 show that the tendency
to increase hardness when heating the samples, previ-
ously subjected to quenching, in the temperature range
of 750...850 °C, found in cast steel, remains. At the same
time, the higher the quenching temperature, the lower
the hardness, which may be associated with an increase
in the stability of austenite and a slowdown in its decay
during processing.

Thus, by changing the temperature of quenching and
tempering, it is possible to change the hardness and struc-
ture state of steel within wide limits. However, not only
the phase and structure composition changes, but also
the properties of the structure components themselves.
Therefore, in highly alloyed steels with increased austen-
ite stability, the relationship between hardness and wear
resistance is complex. The values of the relative wear re-
sistance of samples hardened at temperatures of 950,
1025, and 1100 °C at different specific loads are shown in
Tables 4...6, respectively. It can be seen from the tables
that the maximum wear resistance is observed not only
after quenching, but also after tempering at 850 °C, while
the degree of manifestation of the effect depends on the
specific load. This trend is even more pronounced when
the temper temperature increases to 1100 °C. Table 5
shows that relative wear resistance firstly decreases with
increasing tempering temperature, and then begins to in-
crease. It also decreases with increasing specific load.

Relative wear resistance of steel after homogenization and quenching from 950 °C revle
3,66 N/cm? 7,3 N/cm? 14,5 N/cm?
Temperature of tem- -
pering, °C \Vi,o Wig = m[° m 100
m
Without tempering V., +44 % +12 % +17 %
550 Viio +70 % 0% -32 %
650 (T -56 % -64 % -60 %
750 (T -47 % -56 % -51 %
850 Vieo -33 % -44 % -38 %
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Relative wear resistance of steel after homogenization and quenching from 1025 °C rable ©
3,66 N/cm? 7,3 N/cm? 14,5 N/cm?
Temperature of tem- i 0
pering, °C Vio V= Im ;Im 100
, L
Without tempering Y, +181 % +41 % +15 %
550 WVaio -16 % -33 % -36 %
650 Voo -56 % -65 % -60 %
750 Voo -48 % 57 % -53 %
850 Waeo +301 % +7 % 1%
Table 6
Relative wear resistance of steel after homogenization and quenching from 1100 °C
3,66 N/cm? 7,3 Nlcm? 14,5 N/cm?
Temperature of tem- i 0
pering, °C WVio W = Im ;Im 100
: L
Without tempering V., +230 % +49 % +28 %
550 WVsio +60 % -10 % -22 %
650 Vo -40 % -54 % -51 %
750 Wi +181 % +22 % 11 %
850 Yoo +125 % +19 % -36 %

Additional information on the features of the influence
of the structural state can be obtained from the analysis
of the morphology of the wear surface. The research was
carried out on the surface of the samples that passed the
abrasive wear test with the maximum specific load. The
microstructure of the tested samples is shown in Fig. 4.

The morphology of the wear surfaces is shown in
Fig. 5. The research was carried out by the method of
scanning electron microscopy on a JEOL 640 micro-
scope in the mode of backscattered electrons, in which
the contrast is created both due to the relief and due to
the difference in the atomic numbers of the elements that
form the material.

From the comparison of Figures 4 and 5, it can be
seen that despite the significant difference in the micro-
structure of the samples, there is no direct relationship
between the type of microstructure and the structure of
the wear surface. The relationship between hardness
and wear resistance is traced, which is quite trivial. At
high specific loads, the main mechanism of destruction
is microcutting of the surface of the sample by abrasive
particles. The cutting marks pass through both the rela-
tively soft matrix and the harder carbide eutectic without
changing the geometry. Therefore, an increase in hard-
ness leads to a more difficult cutting process and an
increase in wear resistance. However, comparing the
appearance of the surface of samples with maximum
(Fig. 5 a, b, ¢) and minimum (Fig. 5 d, e, f) wear resistance,

it can be concluded that with a decrease in resistance, in
addition to relatively uniform cutting of the material, the
depth of cutting abrasive particles penetration increases
and the formation of destruction centers begins (Fig. 6).
It can be seen in Fig. 6a that during microcutting, when
passing from the matrix to the area of carbide eutectic,
the material retains integrity, while in a softer state, numer-
ous fracture centers are formed on the traces of cutting
(Fig. 6b). The mechanism of the appearance of fracture
sites in a material with lower hardness, while the struc-
tural state with higher hardness does not lead to the ap-
pearance of local fracture foci, requires further research.
However, it can be assumed that this is due to a sharp de-
crease in the strength limit of the matrix material due to the
transformation of quenching structures during tempering.

Conclusions

High-chromium steel with the addition of nickel in
the cast state has increased resistance of retained aus-
tenite. To obtain maximum hardness, cast steel should
be heated in the temperature range of 740 ... 790 °C
for 2 ... 4 hours. As a result of annealing and quench-
ing with tempering, two variants of the structural state
with increased wear resistance are formed — martensite
and retained austenite immediately after quenching and
the products of tempering of martensite and decay of re-
tained austenite at high tempering.
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a) quenching 950 °C ¢) quenching 1100 °C
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h) quenching 950 °C, tempering 850 °C i) quenching 1025 °C, tempering 850 °C

m Effect of hardening and tempering on the steel structure 150H15N5VM, x1000
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a) quenching 950 °C, relative wear resistance  b) quenching 1025 °C relative wear resistance ~ ¢) quenching 1100 °C relative wear resistance
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d) quenching 950 °C, tempering 650 °C relative
wear resistance -60 % hardness 31 HRC
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h) quenching 950 °C, tempering 850 °C relative i) quenching 1025 °C, tempering 850 °C relative j) quenching 1100 °C, tempering 850 °C relative
wear resistance -38 % hardness 50 HRC wear resistance -1 % hardness 47 HRC wear resistance -36 % hardness 46 HRC

m The influence of quenching and tempering on the morphology of the wear surface of steel 150H15N5VM, x500
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a) quenching 1025 °C relative wear resistance
+15 % hardness 59 HRC

b) quenching 1025 °C, tempering 650 °C relative
wear resistance -60 % hardness 30 HRC

m Changes in the morphology of the wear surface of steel 150H15N5VM with a decrease in hardness and wear resistance,

%3000

After high-temperature annealing and following
quenching at temperatures in the range of 950...1100 °C,
the hardness of the steel increases compared to the cast
state. Wear resistance increases as the quenching tem-
perature increases, but as the specific load increases,
the degree of increase in wear resistance decreases.

Tempering of steel in the temperature range of
550...650 °C leads to a sharp drop in wear resistance,
which is accompanied by changes in the micromecha-
nism of the wear surface destruction — the appearance

NITEPATYPA

of fracture centers. At the same time, the degree of influ-
ence of the structural state on the wear resistance in-
creases with a decrease in the specific load during abra-
sive wear.

A significant increase in wear resistance with a fur-
ther increase in tempering temperature, especially at low
specific loads, can be explained by the formation of spe-
cial carbides of alloying elements in the matrix, but this
mechanism requires further research.
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TexHiuHul YHisepcumem «MemiHgecm [MonimexHikay» (3anopixxs,
YkpaiHa)

Bnnue TepMiuHOi 06POOKM Ha CTPYKTYPY Ta 3HOCOCTIMKICTL NPU abpa3MBHOMY 3HOLLYBAHHI
BMCOKOBYrneLieBoi XxpomoHikenesoi ctani tuny 150X15H5BM

CTarTIo NpMUCBSIHEHO BAOCKOHAIEHHIO PEXMMIB TepMoobpobku ctani Tuny 150X15H5BM a5 3abe3neqyeHHs] HeOOXiaHNX eKc-
nnyarauiviHnx XxapakTepucTuK iHCTPYMEHTY. 3HOCOCTIViKICTb crinasiB npy abpa3nBHOMY 3HOLLYBaHHI AOCiAXyBaiu METOA0M
TEepTs 00 3akpinneHni abpasus. @opmMyBaHHS PI3HOIr0 CTPYKTYPHOIrO CTaHy BUKOHYBAJI0CS LLISIXOM BifnaJty anToi cTasni npu
Temneparypax 550-900 °C, a Takox raptyBaHHsIM Bia Temnepatyp 950—1100 °C 3 HacTyrnHuM Bifrnyckom B iHTepsasi 550—
850 °C. CTpykTypy cTasni 4ocaiaxysaim MetToaamMu ornTuYHOI MeTanorpaii, Mopgoorio NnoBepxoHb 3HOLLIYBaHHS — MeToAa-
MU PpacTpoOBOI €/1eKTPOHHOI MIKPOCKO(TIi.

B pe3ynbtarti gocnigkeHb BCTaHOBJIEHO, LLI0 BUCOKOXPOMMCTA CTaslb 3 100aBKOKO HIKeJsII0 B INTOMY CTaHi Mae niaBuLLeHy CTili-
KICTb 3a/IMLLKOBOIro ayCTeHiTy. [ OTpUMaHHs MakCumasibHOI TBepPAOCTI INTY CTaslb CAiA niagaBaty HarpiBaHHIO B IHTEP-
Basi Temneparyp 740 ... 790 °C npotsirom 2 ... 4 roavH. B pe3ynetarti Bignany i 3araptyBaHHS 3 BiArmyCKOM (OPMYIOTbCS ABa
BapiaHTV CTPYKTYPHOIro cTaHy 3 MiABULLEHOIO 3HOCOCTIVKICTIO — MapTEHCUT i 3aMLLIKOBMI ayCTeHIT 6e3rnocepeaHbo ricsisi
rapty i npoAyKTY BiAnycKy MapTeHCUTY i po3naay 3a/IMLLIKOBOro ayCTeHITy npy BUCOKOMY BiarnycKy. 3HOCOCTIViKICTb 3pocTae
3 NiABULLIEHHSIM Temrepartypu raptTyBaHHs. OCHOBHUM MEXaHi3MOM 3HOLLYBaHHSI € MIKPOPI3aHHSI MoBepxHi TBepAnMu abpa-
3UBHUMU YacTkamu. NaaiHHs 3HOCOCTIKOCTI npu Temnepartypax Bignycky 550-650 °C € HacnigkoM 3HUXEHHS TBepPAOCTi i
CYrnpPOBOAXYETbCS 3MIHAMU Y MIKDOMEXaHI3Mi PYVIHYBaHHSI MOBEPXHI 3HOLLYBaHHS — 0SIBi JIOKA/IbHUX OCEPELKIB PYVIHYBaHHSI.
3HayHe 3pocTaHHs 3HOCOCTIVIKOCTi NMpy noAasbLIOMY MiABULLIEHHI TEMIepaTypu BiarycKy, 0COB/IMBO NPy HEBETNKUX MATOMUX
HaBaHTaXEHHSIX, MOXe MOsICHIOBAaTUCS] POPMYBaHHSIM B MaTpUL criewiasnbHux kapbigiB 1eryioqymx es1eMeHTIB.

AbBpa3nBHe 3HOLLIYBaHHSI, BUCOKOBYI/IeLIEeBa XPOMOHIKeneBa CcTasb, Bianas, rapTyBaHHs, Bid-
nyckK, 3HOCOCTIUKICTb, MATOME HaBaHTaXeHHs, crieliasabHi kapoiau.

KnrouvoBi cnoBa
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Prerequisites for the use of electromagnetic forces in
technologies for refining aluminum alloys from non-metallic

inclusions

In the production of aluminum castings, the problem of removing non-metallic inclusions (NMls) is very relevant. A
modern efficient way of refining aluminum alloys is filtration through ceramic foam filters. However, their capabilities
for retaining small NMls are limited, since the dimensions of the smallest cells are much larger than the dimensions of
the NMis to be retained. The retention of such particles occurs due to their coagulation and adhesion inside the filter.
To enhance the role of these two processes, additional effects on the melt passing through the filter are required. An
analysis of current trends shows that at present the most promising application of electromagnetic factors is to create
physical conditions in the filter cells, under which the role of coagulation and adhesion will significantly increase. The
article describes the main electromagnetic phenomena, using which the task can be solved and specific ways can be
outlined to create a technology for the separation of NMls in aluminum alloys using electromagnetic factors. The basis
of electromagnetic influences is the interaction of electric current with a magnetic field. Electric current can interact with
both its own and external magnetic field. In both cases, the Lorentz force arises, which creates a pressure gradient in
the liquid metal. The direction of the vector of this gradient can be chosen arbitrarily. In a particular case, it may coincide
with the direction of the gravitational gradient or be opposite to it. A force opposite to the direction of the vector of the
artificial pressure gradient will act on the NMIs located in the pores of the filter. As a result of this factor, it is possible to
control the direction of movement of the NMIs. For example, if the pressure gradient vector is directed away from the
pore walls, then the role of NMIs adhesion to the filter material will increase and favorable conditions will be created for
their coagulation. As a result, an increase in the probability of retaining NMls, which are much smaller than the pore sizes

of the filter, is expected.

Keywords: aluminum alloys, non-metallic inclusions, refining, electromagnetic force, pressure gradient, ceramic

foam filter, filtration, coagulation, adhesion.

on-metallic inclusions (NMIs) have a negative im-
pact on the properties of aluminum alloys starting
from their pouring into casting molds, especially into
chill molds. A melt containing a lot of inclusions fills
casting molds worse than a refined one, which increases
the rejection of underfilling. It also increases the tendency
of castings to hot crack. In finished products, due to the
presence of non-metallic inclusions in them, mechanical

properties, including fatigue strength, are reduced. In ad-
dition, in the obtained products, as a rule, corrosion resist-
ance decreases. This is especially true for high-strength
alloys of the Al-Cu system. In metallurgical practice, the
main methods for refining the melt from NMIs are purg-
ing with argon, processing with special fluxes, and filter-
ing. Despite the successes achieved, technologists still
have a serious need to improve the efficiency of refining
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m Typical ceramic foam filter with dimensions 180%x180x50 mm (a), photo of the surface (b) and flat section of this filter (c)

[1]. The geometric shape of the elementary cell of the filter (d) [2]

technologies. First of all, it is necessary to increase the
completeness of the removal of NMls, especially those
with dimensions less than 20 ym. Currently, refining by
filtration through ceramic foam filters is most often used
in production. Usually they are square slabs with a side
from 180 to 660 mm and a thickness of 50 mm (Fig. 1a).
They are made by introducing a polymeric cellular foam
into a liquid ceramic pulp. This foam is then dried and
fired to burn out the polymer base. As a result, a ceramic
replica of the original organic foam structure is obtained
(Fig. 1b, c¢) [1]. Each pore is an elementary cell of the
filter. In an idealized form, its geometric shape is shown
in Fig. 1d [2].

To trap small particles, it is necessary to use filters
with a small mesh size. However, firstly, the smaller the
filter cells, the lower its throughput, and secondly, the
smallest cells have dimensions many times larger than
the dimensions of the small NMIs to be retained. It is
possible to detain such particles due to adhesion. How-
ever, the probability that a fine particle will be retained in
one pass through the filter is small. Most of the inclusions
will pass through the filter unhindered, so it is necessary
to use additional control factors to increase the probabil-
ity of retaining small particles. At present, such factors
can provide the means of magnetohydrodynamics.

There are a number of experimental and theoretical
works on the study of the behavior of non-metallic par-
ticles under the action of bulk electromagnetic forces.
Their appearance was due to the fact that in induction
channel furnaces and electromagnetic pumps, the pro-
cess of overgrowing of channels with deposits consisting
of NMls is observed. In [3], a theoretical analysis of this
process was carried out. The substance that is deposited
on the walls of the channels looks like a gray powder
formed from non-metallic particles. This phenomenon
has long been the basis for the conclusion that induc-
tion channel furnaces and electromagnetic pumps to a
certain extent perform the function of refining aluminum
alloys from non-metallic inclusions. In other words, they
are electromagnetic devices that detain some of the
non-metallic inclusions in the alloy. This fact served as
the basis for the work on the creation of electromagnet-
ic filters. Unfortunately, it has not yet been possible to
create an effective electromagnetic filter, so ideas have
appeared, the essence of which is that electromagnetic
influences are superimposed on a ceramic filter through
which a metal melt flows, for example, [4] (Fig. 2). The
essence of the idea is that the liquid metal is poured into
the receiving funnel 6, from where it enters the electro-
magnetic force creation zone 4, including the ceramic fil-
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m Scheme of an electromagnetic device for separating non-metallic inclusions from a metal melt [4]: 1 — C-shaped magnet-
ic circuit; 2 — coil; 3 — electrodes supplying electric current; 4 — zone of creation of electromagnetic force; 5 — ceramic filter;

6 — receiving funnel; 7 — perforated refractory plate

ter 5 location zone. The electromagnetic force is created
by the interaction of an electric current supplied by elec-
trodes 3 with a magnetic field directed perpendicular to
the plane drawing. According to the rule of the left hand,
the force will be directed either down or up.

The obvious disadvantages of this device are that
it uses a conductive supply of electric current, and the
electromagnetic force acts only along the melt flow. That
is, it either speeds it up or slows it down. In recent years,
in a number of European countries and the People's Re-
public of China, studies have been carried out on the
effect of the magnetic field created by the solenoid on
increasing the efficiency of NMIs separation in a ceramic
foam filter installed inside the solenoid [5, 6]. A device
based on this principle has been tested at Giant (PRC)
in semi-continuous casting of wrought alloys. Encourag-
ing results have been obtained, but further development
is still required.

The Physico-technological Institute of Metals and
Alloys of the National Academy of Sciences of Ukraine
(PTIMA NASU) also carried out experimental work on fil-
tering aluminum alloys through a ceramic foam filter with
the imposition of electromagnetic effects on it, however, a
fundamentally different technological scheme was used
(Fig. 3), since the process was carried out in a magne-
todynamic installation [7]. The refining of the AK7 grade
alloy obtained from the Antonov State Enterprise serial
plant was carried out in the form of defective castings.

<] [X
| e

2 4

msmematic diagram of the removal of non-metallic
inclusions from aluminum melt, built on the basis of a
magnetodynamic unit [7]: 1 — crucible; 2 — canal; 3 - liquid
metal bath; 4 — electromagnetic pump; 5 — inductor; 6 —
ceramic foam filter; 7 — liquid aluminum alloy stream;
8 — alternating electric current 50 Hz

The melt circulated under the action of an electromag-
netic pump 4 along the contour shown by arrows 7: "bath
3 — ceramic foam filter 6 — channel 2 — electromagnetic
pump 4 — channel 2 — bath 3". An alternating electric cur-
rent passes through channel 2 and bath 3 and filter 6,
which is induced by inductor 5. The studies of cast sam-
ples obtained from the alloy according to the technologi-

Table

Comparison of mechanical properties of factory and experimental samples

Facility where the samples were

Strength, ¢, MPa

Relative extention, 3, %

obtained
State Enterprise “Antonov” 218.4 4.0
PTIMA NASU 2448 13.9
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cal scheme (Fig. 3) were carried out in the laboratory of
the State Enterprise "Antonov". The results of the study,
shown in the table, showed that the quality of the metal
has improved significantly compared to the samples ob-
tained at the factory.

Aluminum alloys always contain non-metallic inclu-
sions, the presence of which impairs their performance
properties. The most typical among them are oxide AlL,O,,
MgO, AlLMgO,, SiO, and non-oxide Al,C,, SiC, AIN. Com-
pact inclusions are 5—-100 um in size, and oxide films are
up to 5 mm in size [8]. The density of these inclusions is
higher than the density of liquid aluminum alloy, but they
settle very slowly due to their small size. In addition, con-
vective currents prevent their settling. The overwhelming
majority of NMIs are not electrically conductive. Some
of them, for example, SiC particles, are still electrically
conductive, but their electrical resistance is much higher
than the resistance of liquid aluminum alloy, so when an
electric current is passed through the melt, they behave
almost the same as dielectric particles.

The forces of Archimedes, Stokes and Magnus act
predominantly on non-metallic particles in liquid metal [9].

The Archimedes force is due to the static pressure
gradient created by gravity.

The Stokes force is mathematically expressed by the
dependence of the rate of its settling or floating on the
difference between the densities of the liquid and the
particle, the viscosity of the liquid and the size of the par-
ticle.

The Magnus force arises from a combination of trans-
lational and rotational motions of a particle.

The electromagnetic force (Lorentz force) causes a
change in the pressure gradient in the electrically con-
ductive medium and acts on the metal melt, and not on
the non-conductive particle. In order for a particle whose
density is greater than the density of the melt to float, it is
necessary to increase the static pressure gradient. This
can be achieved by creating a bulk electromagnetic force
in the liquid metal, the direction of action of which coin-
cides with the direction of gravity. There is an effect of an
apparent increase in the density of the liquid at a con-
stant density of the particle. When an electromagnetic
force of the opposite direction is created, the effect of an
apparent decrease in the density of the liquid occurs, so
a particle having a lower density than the liquid will sink
in it [10]. To create an electromagnetic force, an electric
current must flow through the melt, and a magnetic field
must pass perpendicular to the direction of the current.
The magnitude of the electromagnetic force that acts on
the elementary volume and its direction are determined
by the vector product:

F =1[B], (1)

where F is the electromagnetic force vector, Newton, j is
the electric current density vector Amp/m?, B is the mag-
netic induction vector, Tesla.

Let us agree to consider the direction of the electro-
magnetic force as positive if it coincides with the direc-
tion of gravity. According to [10], the apparent specific
gravity of the elementary volume of the melt, provided

that the magnetic field and electric current are homoge-
neous, is determined by the equation:

y=pg £ jB=+gradp, (2)

where y is the apparent specific gravity of the melt, j
is the electric current density, B — magnetic induction,
grad p — pressure gradient, Pascal/m.

The pressure gradient in a liquid metal also arises un-
der the action of two types of pinch effect, which manifest
themselves as axial compression of the conductor [11].
In both cases, the electric current interacts with its own
magnetic field.

The first type, the linear pinch effect, occurs when a
direct or alternating electric current passes through a lig-
uid conductor. If the conductor is round and has a radius
r, then the pressure p on the axis of the conductor is
determined by the equation:

pz_%.jz

2
4 T+ P, ©)

where p is the magnetic permeability of the liquid metal
(dimensionless value), u, — magnetic constant equal to
47107 H/m, j — current density A/m?, r is the radius of the
conductor m, p_is the static pressure in the melt when no
electric current flows through it, Pa.

The minus sign on the right side of the equation
means that the pinch effect creates a pressure opposite
to the gravitational metallostatic pressure p,. Metallo-
static pressure presses the melt against the walls of the
channel in which the melt is located, and electromagnetic
forces tend to squeeze the melt away from the walls. The
particles will then move towards the walls. It follows from
equation (3) that the melt will move away from the walls
when the absolute value of the negative term becomes
greater than p..

The second type is the 6-pinch effect, which operates
in a liquid conductor placed in an alternating current so-
lenoid. With direct current, the effect does not appear.
The pressure p on the axis of the conductor is:

A2
P CLY) (4)

2u

When an electric current flows through a solenoid, an
axial compressive force acts on the liquid rod. The par-
ticles will then move in the direction of the walls. If the
current strength in the solenoid is increased, then the
liquid metal will be squeezed out from the walls as soon
as the absolute value of the negative term exceeds the
value of p_.

In industrial practice, a linear pinch effect occurs in
induction channel furnaces, since the electric current
flows along the channel and causes melt compression.
As a result, a static pressure gradient appears, directed
towards the longitudinal axis of the channel. The above
example shows that as a result of the action of electro-
magnetic forces on a liquid metal, it is possible to create
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a movement of non-metallic particles in a given direction
using a linear pinch effect. It should be noted that in the
technological scheme (Fig. 3) a linear pinch effect oper-
ates in the volume of the ceramic foam filter.

The idea of using the 6-pinch effect to remove non-
metallic particles is reflected in a number of theoretical
works. For example, in [11], the separation of non-con-
ducting particles in a channel passing through the field
of a current ring (solenoid) was considered. A formula is
obtained for calculating the required magnetic field in-
duction for given particle sizes to be removed.

In [10, 12], a theoretical analysis of the use of a mag-
netohydrodynamic (MHD) machine in general and its
various modifications in particular as a separator of non-
conductive particles in a liquid metal is carried out. There
are also experimental works on electromagnetic effects
on liquid metals to improve the efficiency of refining from
NMIls, for example [13, 14].

Thus, over the past decades, various researchers
have created a solid theoretical basis for the electromag-
netic separation of NMIs from liquid metals. Promising
practical results have also been achieved in the refin-
ing of aluminum alloys from NMIs using electromagnetic
factors, including the development of the PTIMA NAS of
Ukraine.

Conclusions and research perspectives

Many years of production experience in the opera-
tion of induction channel furnaces and electromagnetic
pumps has shown that MHD factors create conditions in
the liquid metal under which the NMIs move to the chan-
nel walls.

Theoretical works of many researchers have revealed
the physical nature of the forces acting on non-conduc-
tive NMIs and have shown that using electromagnetic
forces it is possible to control the process of movement
of non-metallic particles in metal melts.

Ceramic foam filters widely used in production do not
retain small non-metallic inclusions, the dimensions of

—
l‘/w AITEPATYPA

which are many times smaller than the pores of a ceram-
ic foam filter with the smallest cells. For their retention,
additional external influences are required that promote
the coagulation of NMIs and enhance the role of adhe-
sion.

To date, specialists in the field of applied magneto-
hydrodynamics have not been able to create an effec-
tive electromagnetic filter due to the influence of scal-
ing factors. The problem can be solved if an additional
functional element is used, which divides the total melt
flow into many small jets. In each such jet, it is possible
to effectively carry out an electromagnetic effect on the
melt due to a decrease in the influence of scale factors.
Such an element can be a ceramic product with many
channels, for example, a ceramic foam filter.

In the development of the above concept, it is advis-
able to continue the research and development of the
technology developed in the PTIMA NAS of Ukraine us-
ing the magnetodynamic pump (MDP) according to the
scheme (Fig. 3). In MDP, it is easy to create conditions
under which an electric current passes through the ce-
ramic foam filter; therefore, at the first stage of research,
it is necessary to focus on studying the influence of this
factor.

To develop a filtering technology in crossed magnetic
and electric fields, it is necessary to create an autono-
mous filter box designed for two use cases. The first op-
tion is the pouring of the melt into the mold from an elec-
tromagnetic filter box, into which the melt enters from
the MDP, which is switched on in the mode of controlled
electromagnetic pouring. The second variant assumes
the use of a circulation circuit: "MDP — filter box — MDP".
The filtration process continues for a predetermined
time, and then the refined alloy is electromagnetically
poured into the mold.

Studies of the quality of the metal after refining should
be carried out using a set of modern technological sam-
ples presented in [15].
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'®i3uko-mexHonoaiyHul iHcmumym memarnie ma cnnaeie HAH YkpaiHu
(Kuis, YkpaiHa)
HaujoHanbHut yHisepcumem «O0ecbka nonimexHika» (Odeca, YkpaiHa)

MepeaymoBy BUKOPMCTAHHSA €NEKTPOMArHiTHUX CUN Yy TEXHOMOriAX padiHyBaHHA
anoMiHieBUX cnnae.iB Bif HeMeTaneBUX BKNHOYEHb

Y BUPOOHULITBI a/toMiHIEBOro NINTTS AYXe aKTyaslbHOK € rpobnema BUAaIEHHS HEMETaNeBux BkIOYeHb (HB). CyyacHum
epeKkTUBHUM criocobom pagiHyBaHHS antoMiHIEBUX CriiaBiB € QibTpyBaHHS Hepe3 niHokepamidyHi Qinbtpu. OgHak an1s 3a-
TPUMaHHS ApibHUX HB ix MOXMBOCTI OOMEXEHI, OCKiSIbKY PO3MIiPY HAaMEHLLIVX KOMIPOK 3HaYHO BinbLui, Hix po3mipy HB, ski
HeobxigHo 3aTpumMmati. 3aTpuMaHHs Takux 4aCTUHOK BigOyBa€eTbCsi BHACIAOK iXHbOI koarynsauii Ta agresii BcepeanHi inb-
Tpa. [ nocuneHHs poJii Lnx ABOX rpoLeciB HeoOXiaHI 4OAATKOBI BI/IMBM HA PO3I1/1aB, LU0 MPOX0oAsiTh Yepe3 QiibTp. AHali3
Cy4acHuUX TEHAEHLIV nokasye, LU0 B AaHWVi Yac HaKbinbLL NepCcrnekTUBHUM € 3aCTOCYBaHHSI €/1IeKTPOMAarHiTHUX akTopiB ass
CTBOPEHHSI B KOMipKax @inbtpa QiandHux yMmoB, 3a sikux iCTOTHO 3pOCTe poJib Koarynasuii Ta aaresii. Y ctarti onucyroTbcs
OCHOBHI e51eKTPOMAarHiTHi SBuULLA, NMpy BUKOPUCTaHHI SKUX MOCTaB/eHe 3aBAaHHs MOXe OyTy BUPILLEHO Ta HAMiYeHO KOHKPET-
Hi LLIISIXM CTBOPEHHSI TEXHOOTIT cenapadii HB B antomiHieBux criiaBax i3 3aCTOCYBaHHSIM €/1eKTPOMAarHiTHux gpakrtopis. OCHoO-
BOIO €JIEKTPOMArHITHUX BI/INBIB € B3AEMOIS ENIEKTPUYHOIO CTRYMY 3 MarHiTHUM nosem. ENeKTpuyHui CTpyM MOXeE B3aEMO-
JISITN 5K i3 BIACHUM, Tak i i3 30BHILLIHIM MarHiTHUM riosiem. B o6ox Bunaakax BuHukae cuna JlopeHua, Lo CTBOPIOE Y PiaKO-
My meTasni rpafieHT Tucky. Hanpsimok BekTopa Lboro rpagieHTa MoXHa Buopatu [oBifibHO. B okpeMomy BUnaaky BiH Moxe
3b6iratucs 3 HanpsIMKOM rpasiTauiiHoro rpaaieHTa abo 6yt npoTuaexHum iomy. Ha HB, Lo 3HaxoasTecs B nopax ¢inbtpa,
AiFTuMe cuna, npoTuaexHa HarnpsiMKy BEKTopa LUTY4YHOro rpafieHTa Tucky. BHacnigok aii uboro ¢pakropa MoxHa kepysaTtu
HarpssMkomMm pyxy HB. Haripuknas, siKLio BEKTOP rpafieHTa TUCKY CPSIMOBaHW Bif CTIHOK r10p, TO NMOCUJINTLCS POJIb aaresii
HB no marepiany ¢inbtpa, i CTBOPSATLCS CPUSTINBI YMOBU [J151 iXHbOI Koarynsauii. B pe3ynbtarti O4ikyeTbCs nigBULLEHHS FMO-
BipHOCTI 3aTpuMaHHs HB, po3mipu sikux Habarato MeHLLI, HiX po3Mipu rnop GinbTpa.

AnOMIHIEBI CcriiaBy, HEMETAaEBI BK/IIOYEHHS, paiHyBaHHS, eJ1IeKTPOMarHiTHa cuna, rpagieHt
TUCKY, MIHOKepaMiyHui QinbTp, QiUIbTPYBaHHS, Koarynsauis, aaresis.
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Di31KO-TEXHONOrYHUIA IHCTUTYT MeTanis Ta cnnasis HAH Ykpainu (Kuis, YkpaiHa)

Komnnekrauia uexy nuTTa Metany 3a MOAensimu, Lo
rasudpikyrotbcq, cyyacHum 3D-TexHonoriyHum obnagHaHHAM

BuvikoHaHO KOPOTKWUIA Ornisia TUMOBUX M1aHyBaHb LIEXIB JINTTS 3@ MOAENsMU, Lo ra3nikytotecs (JITM). 3a HaBeaeHumn
npuknagamMmu riaHyBaHb LexiB BUAHO, L0 3a KoMriekTauieto uex JIFM 3a pa3oBumMu MOLENSIMU € HE CKIIaAHILLVM 3a
uexv JIMTTS MeTasly 3a rnocCTiViHUMU (4epPeB’SHUMU Y MeTasieBUMU) MOAESISIMU [J151 BUIYCKY BUJIMBKIB SIK CKJ18JHOI, Tak
i npocToi reomeTpii. TpaanuiriHo uexy JIF'M BnacTuBuii MOAY/IbHWV CK1ag 00/184HaHHS | MOXJIUBICTb PIi3HVX BapiaHTIB
po3TaLluyBaHHs AEeSKUX FOro AiJibHULb, 30KpeMa MOAeJIbHOI Ta AiJIbHUL OXO/I0AXEHHS | O4ULLEHHS (pereHepadii) ricky,
SIKi MOXYTb PO3MILLyBaTv 1103a OCHOBHUM MPUMILLIEHHSIM JINBAPHOIO LEXY, LLO CrIPUSIE 3HUXKXEHHIO Karnitajao0eMHOCTI BU-
po6HuuTBA. lMnaH uexy JIFM pekomeHA0BaHO AOMNOBHUTY, BU3HAYUTU Ha riaHi Micus i Bka3atmn obnaaHaHHsS 3D-apyky
mogzenei. Po3pobneHo cnocib nutrsa metany 3 ra3vgikauieto y IMBapHivi Gopmi ApykoBaHoi moaesi 3 nonepenHim
BHVKEHHSIM Macwy Liei mogeni wnsxom ¢pesepyBaHHs ii cepueBuHy. BapiaHT peanidadii 4boro crnocoby onucaHo Ha
npuvknaai mogeni nonatku Typb6iHn. 3anponoHOBaHO KOMIMIEKTALI0 AilbHNL 3 NTapHUM 3acTocyBaHHIM 3D-npuHTepa i
3D-ppesepa a1 BUroTOB/IEHHS BaKyyMOBaHUX rMillaHyX OpM 3a APYKOBAHUMU | HACTKOBO ¢pe3epoBaHnuMm MoLaeis-
MU, a TaKOX roKa3aHo CXemMu aBTOMarn30BaHuX AilbHULb 3 ycTaHoBKkamu 3D-apyky. JITM-npouec y gopmax 3 cyxoro
nicky 3a APYKOBaHUMU MOLENIIMU 3Ha4YHO BUriAHiLLEe 3a nnTTs criocobom Tuny «QuickCast» 3a ApyKOBaHUMM MOLESSI-
MU, L0 BUMNAJTIOIOTLCS B r1edax 3 000JI0HKOBUX KepaMidHux opm. [Toka3aHo ecki3 AilbHULI 3 NapHUM 3aCTOCYBaHHSIM
3D-npuHTepa i 3D-ppesepa A1 BUrOTOBAEHHS JIMBAPHUX POPM 3 CyXOro ricky 3a APYKOBaHUMU MOAEriUeHuMmn Mo-
Aensamu, Lo ra3uikyioTbCsl y Takux IMBapHUX popmax. 3actocyBaHHs 3D-TexHOOorivi 3MILHUTB JTAHLIIOXOK CTBOPEH-
HSI BAPTOCTI JINBAPHOK MPOMUCIIOBICTIO, 3a6€3Me4YnTb KOHKYPEHTOCITIPOMOXHICTb IMBAPHUX MaTepianiB 3 aaantaLieto
MeToAiB BUPOOHULITBA BiAroBiAHO A0 3aMOBJ/IEHb i CpUSTUME LinpPOBIv iHTenekTyanidadii 061a4HaHHs Ta npoLecis.

Kmoyosi cnoBa: 3D-texHosorii; 3D-apyk; TNTTS 3@ MOAESIMU, L0 ra3nikyoTbCsl; BaKyyMHO-J1iBKOBa (POPMOBKaA;
pasoBa MOAE b, INBAPHUM LIEX.

Cy4yaCHOMY CBITi TPUBAE FOHKA HAYKOEMHMUX TEXHO-

noriv i ocsiTU. B TexHonorii npoHnkae umdposisadis,

IO Hagae im KibepisanyHi pucu 3rigHO 3 NPOrHO30-

BaHO YeTBepTOH MPOMUCIIOBOO peBOMOLIED «IH-
ayctpia 4.0», a agng nueapHoro BMpobHMUTBa LMdpPoBY
iHTenekTyanisauito obrnagHaHHA Ta NpoueciB 4YacTo Ha-
smBatoTb «Foundry 4.0» [1]. Cepen nuBapHUX TEXHO-
norin JIM — nuTta Metany 3a Mogensamu, wo rasudi-
KylOTbCSH, YN He HanbinbL cnpuaTnmMBa Ao undposisauii
Ta aBTOMaTtuM3auii BupobHuMLTBa TexHonorid. Kpim Toro,
BOHa LLe He BMYeprnarna CBOro noTeHujiany 4O CTBOPEHHS
Pi3HOBMAIB B MMaHi NigBULLLEHHS THYYKOCTI LWOAO BUMYCKY
OpibHoCcepinHOI, pa3oBoi (30Kpema KacToOMi30BaHOI) Npo-
AyKuii (onsa WBMAKOro pearyBaHHsA Ha NoTpebun puHKy), a

TaKoX B MnaHi ekxonoridauii 3 HabnmxeHHsIM 4O NpMpoao-
NoAiOHNX TEXHONMOTIN, LLIO HE LIKOAATL AOBKINM0.

Tema cTatTi nonarae B ornsagi nfiaHyBaHb TUNOBUX Lie-
xiB JIMM i BigoGpaxeHHi B nnaHyBaHHi uexy JITM gesknx
HOBUWX TEXHOSMOTYHNX PillieHb, 30KpeMa, Lo BiAHOCATLCS
0o 3D-TexHonorin. Takox Ha HAaBEQEHUX HMKYE MpuKna-
Aax BUOHo, Wwo 3a komnnekTauieto uex JIFM 3a pasoBmmu
mogensammu 3 niHononictupony (MMC) € He cknagHiwmm
3a uexum NUTTA MeTany 3a MNOCTINHUMK (OepeB’sHUMU
Yn MeTanesMMu) MOZENAMU ONS BUMYCKY BUMMBKIB SK
CKnagHoi, Tak i npocToi reomeTpii. TpaguuiiHO uexy
JITM BnactuBun mogynbHun cknag obnagHaHHsa [2—4]
i MOXMNUMBICTb PIi3HMX BapiaHTIB pO3TallyBaHHS AEAKMX
MNOro AinbHULUb, 30KpEMa MOAENbHOI Ta AifbHULI OXOrno-
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OKEHHS | ounLLEeHHs (pereHepalii) 06opOTHOro MicKy, ki
MOXYTb PO3MiLLlyBaTX N03a OCHOBHUM NPUMILLLEHHAM In-
BApHOrO LEXy, WO CNpUSAE 3HMKEHHIO KaniTanoeMHOCTi
BMPOBHMLTBA.

OpgHy 3 TMNOBWMX KOMMMEKTauin nepegyciMm BiTYM3-
HaHUM obnagHaHHAM uexy JIMM nokasaHo Ha puc. 1.
OcHoBHe obnagHaHHA Ha NNaBUIbHINA, 3anNNBanNbHO-0XO-
nompKyBanbHin i (bopmyBanbHiA AiNbHULAX YHKUIOHYE
HaCTYMHUM YMHOM. 3aMKHYTUWA POrbraHroBuin KOHBeep 3
3 YyoTMpMa MOBOPOTHUMW CTonamMmn 7 TPaAHCMOPTYE KOH-
TEeWHEepHi NuBapHi niwaHi dopmun 2. BoHn 3anunsaroTbCA
MeTanoMm Bif iHAYKUINHMX nevyen (He nokasaHi), Wwo me-
XyHOTb 3 nnauom 4, abo Big nevi 9. lMNeui Ta iHwe obnag-
HaHHA OXONoAXyeTbCcA Bogok 3 Gaky 5. llicna oxorno-
OKEHHS BUNMBKIB Ha KoHBeepi 3 um Ha nnauy 4 ix Bubusa-
10Tb 3 (DOPM LUMSIXOM BUCUM@HHS CyXOro MiCKY Ha peLuiTui
6 3 HacTynHWM NO4aHHAM MOro NHEBMOTPAHCMNOPTOM 3a
MEeXi LEeXy Ha AiNbHULK OXONMOMKEHHSA i CKnagyBaHHS
nicky (He nokasaHa), sika 3MOHTOBaHa B3OOBX 30BHiLL-
HbOI CTOPOHM CTiHWU LeXy Ta 3 SKoi 06OPOTHUI MiCOK No
noxmnomy Tpybonposoay 7 3acunaroTb B KOHTEWHep 3
mogennio (wo surotosnexa 3 NMC) Ha popmyBansHOMY
BibpocToni, Skui po3TalloBaHui Mig BUCMMHUM OTBOPOM
Tpybonposogy 7. Npn 3anuBaHHi MeTany Ta NpoTAromM
TBEPAIHHSA | OXONOMKEHHSA BUNMBKIB KOHTEMHEPHI MilLaHi
chopMmM BaKyymyloTb 3a JOMOMOTOI0 CUCTEMM 8 3 BaKyyM-
HMMMK HacocamMmu i obnagHaHHAM NS OYULLIEHHS rasiB.

Taknum 4nHOM, Ha puc. 1 nokasaHo npuknag uexy
JIMM, B kaniTanbHin cnopyai SIKOro BUKOHYIOTb onepauii
hOPMOBKM, MMaBKW, 3anvBKW, OXONOMKEHHS i BUOUBKK
BUIMMBKIB Ta iX 06pyBKM-04MCTKN, OiNbHULIO pereHepauii
CYXOro nNiCKy BUHECEHO Ha NPUCTiHHY ecTakagy 3 30BHiLL-
HbOI CTOPOHM LieXy 3a TEpUTOpIlD KaniTanbHOi OyaoBu
uexy, a MogenbHy AiNbHULU0 — A0 NpubyaoBaHMX npu-
MiLLeHb ApYroro i BULLIE NOBEPXIB.

Ha gpyromy npuknagi nokasaHO Cxemy NMBapHOro
Lexy KpynHOCEPIAHOro NMTTA Ha OCHOBI HaniBaBTOMa-
TnyHOI NiKii JITM (puc. 2) [5], wo oxonntoe BCi BUPOBHWUI

AiNbHULI, SKi po3TalloBaHi Ha ogHOMY piBHi. [loknagHo
nokasaHo obnagHaHHS 4N BUTOTOBNEHHS MOAENeWn.

JliHia JI'TM (puc. 2) dyHKUIOHYE TakMM YMHOM, LLO
rpaHynu NonicTMpony NpPoxoadTb YCTaHOBKY-Knacudika-
Top 1, nigcniHoBay 2, ByHKep Ons HaKOMUYEHHs Ta BU-
TpUMKM 3 i Ha aBTOMartax 4 OTPUMYOTb CriKaHHSM rpa-
Hyn IMMNC getani mogenewn, siki KOMMNEKTYOTb Ha cToni 5.
KoHnseepamu 6, 8, 10, 14, 17, 19 BaHTaxi pyxalTbCs No
uexy. MogenbHi 6nokn ckneTb Ha HaniBaBToMarax 7
Ta aBTomatax 9, notim ui 6nokn dapbytoTb B Kamepi 11
Ta cywaTb B kKamepi 12. MaHinynstopaMmu nepeBaHTaxy-
toTb: 13 — mogeni, 20 — dpopmu npu BUBMBLI BUNMBKIB,
21 — BUNUBKN Ha O4MCTKY-00pybKy. Ha dopmyBanbHMX
ctonax 15 BUroToBnsATE NMBapHi opMu, ANg 4Oro no-
AatoTb MiCOK 3 NiHiT 78, Ha SAKiN NOro OXONOOXKYHTb i 04K-
LakTb.

m HocnigHo-npomucnoBuin uex JIMM dismko-TexHonoriy-
Horo iHCTUTYTYy MeTanie Ta cnnasis HAH Ykpainn (PTIMC HAH
YkpaiHu): 7 — NOBOPOTHWI CTiN ponbraHry; 2 — KOHTEMHepHa
nuBapHa opma; 3 — ginsaHka KoHBeepa A51a 3anuBaHHs opm
i OXONOMKEHHSA BUNUBKIB; 4 — nnay Ans 3anueaHHa opm no-
pyd 3 iHOYKUinHMMK nedamu; 5 — Gak gnsa ob6opOTHOI BOAW;
6 — BMCUNHa pewwiTka; 7 — Tpybonposig nogadi nicky Ha dop-
MOBKY; 8 — cCTeMa OUMLLIEHHSA rasiB 3 BaKyyMHUMU Hacocamu;
9 — nnaBunnNbHO-pPO3aaTKOBA MY AN antoMiHiEBUX cnnasiB

m Cxema HaniBaBTOMaTM4HOI niHii JIMM: 1 — yctaHoBKka-knacudikatop rpaHyn nonictupony; 2 — nigcniHoeay; 3 — byHkep
ansa sutpumku rpanyn MNMMNC; 4 — asTomatu-cniHoBaui; 5 — cTin komnnektauii; 6, 8, 10, 14, 17, 19 — koHBeepu; 7 — HaniBaBTOMaTH
CKIeloBaHHs MoaenbHuX Briokis; 9 — aBTomar cknagaHHst mogenen y brnoku; 11 — kamepa dapbyBaHHa mogenen; 12 — kamepa cy-
WiHHA mogenen; 13, 20, 21 — madinynatopwu; 15 — dpopmMyBanbHi ctonu; 16 — AinbHUUA 3annBaHHs; 18 — NiHis OXONOOXKEHHS MiCKy
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m Cxema komMnnekTaLii OCHOBHMM 06nagHaHHAM MoaenbHOI AinbHuui ansa JITM: 1 — yctaHoBKa Ans niacniHoBaHHSA rpaHy-
NbOBaHOro MoMnicTUpony, Wo Mae 2 — BOQHO-NapoBy BaHHY i 3 — aBTokNa.; 4 — HakonnyyBanbHi ByHkepu; 5 — cTeHg Ans cknagaH-
HSA-po3KragaHHs npec-opm; 6 — npuctpin ana 3agysarHs MNIMC B 7 — npec-copmu; 8 — aBToknas; 9 — BaHHa 3 XONOAHOK BOJOHO;
10— mogens; 11 — ctenax; 12— ctin; 13 — npucTpin onga dapbyBaHHs; 14 — cylumnbHa kamepa; 15— yHiBepcanbHWiA cknaganbHUmn
cteHn; 16 — 3D-dpesep; 17 — cknaganbHuii ctenq; 18 — 3D-npuHTep

[loknagHiwe po3rnsgHeMO CXeMy KOMMeKTaujii OCHO-
BHMM obnagHaHHAM MogernbHOI AinbHuui (puc. 3) [2, 4]
Ons opibHocepinHOro BMIOTOBMEHHST BUSIMBKIB B LIEXaX
JIMM Takoro Tuny, ik nokasaHo Ha puc. 1.

MogenbHa ginsHuua (puc. 3) [2, 4] koMnnekTyeTbcs
Takum 4mHoMm. [lo Hel BxoauTb yCTaHOBKa Ans nigcni-
HIOBaHHS rpaHyrnboBaHOro nonictupony 1, sika MiCTUTb
repMeTvyHy BOAHOMAapOBY BaHHy 2 3 BEHTUIIATOPOM Ta
asToknasom 3. MigcniHeHi rpanynu MMNC nogatoTb B Ha-
KonuyyBanbHi 6yHkepy 4, B SKMX NPOXOAUTb CYLUIHHS i
aktuBauis MNMNC npotarom 12...24 roguH. Micns sBunexy-
BaHHsA MIMNC nogaeTbca Ha cTeHa 5 ons cknagaHHA-po3-
KnagaHHeA npec-popMm, Ha SKOMY NPUCTPOEM 6 BUKOHY-
eTbcA 3agyBaHHs MIMC B NopoxHUHY npec-opmun 7, KO-
Tpa 3 [NINC gani nomiwaeTbcs B Kamepy aBToknaea 8, ae
MMNC cnikaeTbca B cepepoBuLLi neperpitoro napy. icns
cnikaHHa MMNC npec-copma 7 3 mogennto (niHomoaen-
n0) BCEpeauHi MOMILLAeTbCA B BaHHY 9 3 XONoAaHOo
NPOTOYHOI BOAOK, a NiCNSA OXONOMXKEHHA npec-hopmMy
7 po3bupatoTb i BUgansawTb 3 Hei rotoBy mogens 10. Ta-
ki mogeni 10 po3miwytoTb Ha ctenaxi 11, oe npoxoauTb
IX CYLWiHHS Ta BWUMeXyBaHHS, NiCns 4Yoro Ha ctonax 712
BMPi3aloTb JIMBHMKOBI CUCTEMW, MOHTYIOTb iX 3 ApiOHU-
MU MOZENAMU YY NpUKNagaTb 4O KPYMHUX | NPUCTPOEM
13 mogeni 10 dapbyoTe NPOTUNPUrapHUM MOKPUTTAM.
Micns cTikaHHA HaANULIKY LbOro MOKPUTTA 3 MoZenen
10 ix cywatb B CcywmnnbHUX kamepax 74. Ona Burotos-
MNEHHSA oguHapHUX, irypHuX, YHikanbHUX mMogenen Ta
€NeMeHTIB JIMBHMKOBUX CUCTEM, CKMEBaHHA Moaenewn
3 JMBHWKOBOKO CUCTEMOIO MpPU3HAYeHi yHiBepcarnbHWN
ckrnagansHun cteHa 15 Ta TpukoopanHatHui (3D) dpe-
3epHui BepcTaT 16 3 nporpaMHUM ynpasriHHAM. B cxemi
obnagHaHHA uexy um komnnekcy JIMM [2], 3okpema Lwo-
00 nnaHyBaHHA MOAEeNbHOI AinbHuui (puc. 3), Hamn BU-
KOHaHO Aesike OCy4YaCHeHHS 3 Ornsay BNpPOBaAXEHHS Y
BUPOOHMYY npakTuky 3D-TexHonorin. [logaTkoBo 3anpo-
noHoBaHO BCcTaHoBreHHs 3D-npuHTepa 18 ona agutme-
HOrO BUrOTOBIIEHHSA MOSTIMEPHUX MOoZenen Yn ix getanen
i cknapaHHSA iX Ha cTenai 17.

[Ona mopenen cknagHoro npodinto (Tuny nonartok
TypOiH), SIKi MOXHA ApPYyKyBaTu 3 OBOX MOMOBWUHOK, PO3-
pobrieHo HOBMI CNOCIO BWUrOTOBMEHHA Mopenen Ans
JIMM, Ak BupiWeHHSA 3agadi OTPMMaHHSA APYKOBaHOI MO-
aeni MiHiManbHOI Macu, 3a Barow Ha oauHuLo ob’emy,
IO HabnwxkaeTbCa YM He MepeBepLuye TUMNOBI Moaeni 3
MrC [6]. TexHiyHe pieHHa nonsrae B HacTynHomy [7].
Ha 3D-npuHTepi ApyKylOTb MOMOBMHY MOAeni nonartku

(B NOB3OOBXHBOMY PO3pIi3i) 3 rMagkol (BULLOT YMCTOTH,
Hx ans mogeni 3 MNMMNC) nosepxHeto. AKWo BuaanTn 3
niB-mogeni xapaktepHi ansa 3D-gpyKy BHYTpPIWHI nignipku
(cepueBuHy, kapkac), To 060noHKa MOXe NOKOpPoOBUTUCH
npuW BUrOTOBIEHHI NilaHoi hopmu, Wo gactb 6pak nuTea.
Tomy gpykoBaHy MiB-mMo4enb MNPOMOHYETLCA OpMyBaTH
Ha MOAEnbHIA NANUTI CyXMM MiCKOM 32 MEeTOAOM BaKyyM-
Ho-nniBkoBOI hopmoskm (BIMN®P) B pamkosin onoui 3 dinb-
Tpamu Ans BakyymyBaHHs. [lepen hopMOBKOK MOBEPX-
HI0 Mogeni apbyoTb MOKPUTTAM, LLO WBMAKO COXHe. Tak
OTpUMYIOTb niBdpopMy (3 niB-MOAENMI), NAOCKI MilaHi
napg i KoHTpnag sKoi NOKPUTi CUHTETUYHOIO MIiBKOIO.

B nabopatopHomy BapiaHTi nignipkm o60noHkn Mo-
Jeni 3 HeBMCOKOK TOYHICTIO MOXHa BuaanuTu 3a Jo-
nomoroto pesn giametpom 8-10 mm, Hanpuknag,
BCTaBMEHO|i B LAHIOBMW 3aTUCK PYyYHOrO KOMMAKTHOrO
enektporpasepa, abo Le BWKOHATM HarpiTuMm nesom
enekTponasifibHuKa 4m TepmoHoxa. B npomwucnosomy
BapiaHTi NPOMOHYETLCS NepeHecTn (Ha nnuTi) nischopmy
Ha cTin 3D-pesepa 3 BiANOBIAHMM MNO3MLIOHYBaHHAM
i 3akpinneHHaM niBpopmMm 4O MOro crona, NigKIYUTH
40 Hei BakyyMm i BuganuTu nignipku (cepuesunHy) moge-
ni cppesoto 3D-chpesepa 3a KOMM'OTEPHOK NPOrpamoto,
aHanorivyHoto ansa 3D-npuHTepa, Wwo ApyKyBaB L0 MiB-
mogenb. Mpu ubomy 06pobkoto Ha 3D-pesepi MoxkHa
oTpumaTn o6onoHky mogeni (ToHwe 1,0-1,5 mm), dyHk-
List SIKOT nonsrae B repmeTmsadii BakyymoBaHOi hopMm
(nogi6Ho nnisui). OTpMMaHHs TOHKOI 060NOHKOBOI MOoAe-
ni manoi macu 3meHwuno 6 BigoMmi paHiwe nepeLuKoam
3acTocyBaHHA apykoBaHux mogenen ang JIFTM — Bucoki
30SbHICTb | ra30TBIPHICTb BiA LiNbHOI ApYKOBaHOI Mogeni
[6] i Biakpuno wnax 3D-gpyky mogenew ans JIFM.

MepeHocutn 3 Mmicua dopmoBkm o 3D-cpesepa
i Ha iHWi BigcTaHi Ha nNnuTi niBOopMM Nagom SOBEPXY
cnig nnaBHO 3 BaKyyMyBaHHAM Big aKyMynaTOPHOro
Hacoca Tuny nunococa, piBHA BaKyyMy sIKOro gocrar-
HbO ANS YTPUMaHHA HEnopyLHWM MiCoK niBchopmu 3
nis-mogennto. A npu 3D-gpyky mogenen posnnas oi-
NaMeHTy MOXHa HaHOCMTU Ha MOMOTHO CUHTETWUYHOI
NNiBKKM, ika repMETUYHO CKrnetoBanacb v 3 ApykoBaHO
MOZennt, a notiMm nokpueana © nazg niwaHoi niedgop-
mu. o cyTi, onucanmm cnocié € nepetsopeHHs JITM y
BlN® y Takii nocnigosHocTi: dopmoBka — BINP no pa-
30BiVl NNACTMKOBIV NiB-MoZeri; BakyyMyBaHHS; BuaarneH-
HA CepueBMHN — OTPMMaHHS OBOMOHKW, sika MOKpMBAaE
pobody (nvBapHy) NOPOXHWHY niBdopMU. 3BUpPaHHSA
dopmn 3 ABOX aHarnoriyHo BUroToBAEHUX niBopm (Jo-
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[aTKOBO BMKOHAaBLUWN NIMBHUKOBO-XUBUITbHY CUCTEMY, 30-
kpema 3a mogenamu 3 INMMNC) gactb oTpuMaHHs hopmu
meTogom BlNd 3 po6oyvoo NOPOXKHMHOK, 0ONULIbOBAHO
obornoHkamu niB-mMogenewn, Wo MiLHO MPUCMOKTaHi [0
nicky BakyymoBaHoi dpopmMu. CKpinneHui 3a 4ONOMOro
BakyyMy nicok Ans o6onoHoK Mmogeri cTae Hecyyoro He-
MOPYLUHOK OMOPOI0, SKY paHille BUKOHYBanu AN HUX
BuaaneHi 3D-pesepom cepueBuHM, WO nNpu POPMOBL
onupanucb Ha MoAenbHY MAUTY.

Bunueku 3a Takowo gpyKoBaHOK MoAdenno B hopmMi 3
CYXOro MiCKy € 3Ha4yHO AeLUeBLUIMMU 3a 3aCTOCOBYBaHUN
3a kopgoHom npouec Tuny «QuickCast» 3a gpykoBa-
HAMW MOZEensMu, WO BUMNanTbCA B nedax 3 Garato-
LIapoBMX KepamiyHux popm, sKi BUTOTOBASAIOTbL NOAiGHO
00 NUTTS 3a MOAensaAMu, L0 BUTOMNMIOITLCA. TexHOono-
ria QuickCast 3anateHToBaHa komnaHieto 3D Systems
(https://www.3dsystems.com) i nonsrae y CTBOpPEeHHi Ha
NnoBepXHi ApykoBaHOI mogeni GaratowapoBoi 060noH-
KoBOI hopmMU, LLO MOBMHHA NPOWTU MpPoLEC Kinbkapaso-
BOIO CYLUiHHA HaHeCEeHWX MpOLLAapKIiB i NpoXaploBaHHSA
6e3 yTBopeHHs TpiwmH [8]. BurotoBneHHss 060n0oHKOBOI
dopmmu TpuBae GNMM3bKO KiNbKOX AHIB 3 3aCTOCYBaHHAM
cneuianbHUX HeAeLWeBNX MaTepianiB i CTyNiHYacTMX pe-
XMMIB HarpiBaHHs.

Takum 4mHoM, po3pobneHo cnocid BN 3a gpykosa-
HOI Pa3oBOI MOAENII, SIKY «MNEPETBOPOIOTbLY B 060-
MOHKOBY i TOBLLMHOK SKOi PerynioloTb KifbKiCTb rasis
npu JIMM. Takox HaseHicTio ans BIM® Bunopis Moxnmeo
perynoBaHHA BMBOAY HaO MLLKIB rasy 3a Mexi dopmu
(41 npuTOKy rasy) Kpisb HUX Npw rasudikadii MeTanom
obonoHkoBoi mogeni [7].

Onsa cnocoby «3D-gpyk-dpes BlNd» 3anponoHoBaHO
BapiaHT AinbHULi NapHoro 3actocyBaHHs 3D-npuHTepa i
3D-dpesepa (puc. 4, a).

3a aHanor ecki3Hoi npono3uuii (puc. 4, a) B34TO 30-
OpaxeHHsa AinbHUU komnaHii Optomec Inc. ana aeTo-
MaTU30BaHOrO PEMOHTY fionaTtok TypOiH [9], Ae B ofHiIn
Kamepi BUKOHYtOTb 3D-Hannaeky nonatok, B Apyrii — ix
iHiLHY 0BpO6KY, @ MiXX HAIMM (PYHKLIOHYE aBTOMaTN30-
BaHa BaHTaXxHa TpaHcnopTHa nnatdgopma. B Hawomy
npoekTi y kamepi 1 (puc. 4, @) NPONOHYETLCA BUKOHAHHS

3D-apyky niB-mogeni i No Hii BUrOTOBMEHHS METOAOM
BlN® niBdopmu (BKMOYHO 3 enemMeHTaMu NMBHUKOBOI
CUCTEMM), SIKY BaKyyMyKOTb HacocoMm 2 i nepenaroTb Ma-
HinynaTtopom 3 (Ha pyxoMmiv nnaTtdopmi) 4o kamepu 4,
ae dpesepytoTb CepLeBuHY Moaeni, wo 3adopMoBaHa
B NiBPOPMI, Ky BaKyyMyloTb 3i CTaLioHapHOT BaKyyMHOI
CTaHUii 5, Ta 3 Hel X po3BOogATbL TPYOONPOBOAOM BakyyMm
no obom kamepam. 3 kamepu 4 niBpopMy nepegarwTb
MaHinynsTopom 3 no konii 6 Ha hopmyBarnbHY OiNbHALIO
Ans 36upaHHsa popM i HaCTYMHUM 3anuBaHHAM iX MeTa-
nom gk y uexy tuny (puc. 1) 4n Ha TpaguuinHUX OinbHU-
uax BMed. Axkwo go kamepu 1 gogaTtkoBo nNigBecT no-
Aady Ccyxoro nicky ans oopmoBku nNiBopM, aHanNoriyHo,
Hanpuknag, 9K ue BMKoHaHo Tpybonposogom 7 (puc. 1)
i BCTAHOBUTW (DOPMYBAIbHUI CTif, TO OTPUMAEMO MOX-
NMBICTb BUrOTOBNEHHS NiBchopM cnocobom Bld.

Bce O6inblwe KomnaHin CBiTY, WO KOPUCTYOTLCH
3D-gpykoM, MnaHylTb CTBOPEHHS aBTOMAaTM30BaHMX
AOiNbHUUB Ha MOro OcHoBi. MMpuknagomMm € nokasaHa Ha
caunTi komnaHii ExOne (www.exone.com) cxema aBToMa-
Tu3oBaHoi ginbHuui 3D-gpyky (puc. 4, 6) 3 3acTocyBaH-
HAM aBTOMaTMYHO PYXOMUX TPAHCMOPTHUX 3acobiB 71, ki
TPaHCNOPTYIOTb APYKOBaHi BUPOOU N0 BCbOMY TEXHOMO-
riYHOMY LUMIAXY: Bif YCTAHOBOK APYKY 2 A0 neden 3 (4ns
cnikaHHs meTanosmpobie abo cywku nusapHux opm)
Ta poboTiB 4 cknagaHHs, a TakoXx A0 neyen 5 octatovHo-
ro CMiKaHHHA YN CMHTE3yBaHHS (SKLLO Le roToBi MeTanesi
4 KOMMNO3UTHI BUpobu), abo o Buaadi 3ibpaHnx dopm
Ha NMBapHY AINbHULIO (AKLO Ue nilaHi ApyKoBaHi nu-
BapHi (bopmMu Ans 3anvMBaHHA B iX po3nnaBoM MeTany).
OcTtaHHi npuknagu (puc. 4) NnokasytoTb BapiaHTN NPOEK-
TyBaHHS aBTOMaTU30BaHUX AiNbHULb 3 3D-TexHonorisMm
AK ANs OPyKy pas3oBux MONiMEpHWX Moaenew, Tak i ans
APYKY NUBapHMX niwaHmx dopM 3i 38’a3yBarnbHUM KOM-
MOHEHTOM 3 HACTYMHUM iX 3aCTOCyBaHHAM Ans nuT-
T metany. [ownpeHHss aBTomMatM3oBaHuX AiNbHULE 3
3D-TexHonorigsMy NPorHO3yeTbLCA AN TIMBapHOro BUpoo-
HUUTBa B ManibyTHbOMY, WO BiobpasntbCcsa B NpoekTax
NNBapHUX LiEXIB.

Weungkmn 3D-gpyk mogenen i oTpuUMaHHS MNo HUX
MeTaneBux BunmekiB metogom J1MM 3 nputamaHHOI Ui

a

m Eckis ginbHuui ans 3D-apyky mofenen i BUAaneHHs «Hagnuwkis» apyky — a: 1 — kamepa ansa 3D-gpyky niB-mopeni i
BUrOTOBMEHHSA MO Hin niBhopmun; 2 — BakyyMHUI Hacoc; 3 — MaHinynsaTop; 4 — kamepa ans pesepyBaHHs Mogeni; 5 — BakyymHa
CTaHLis; 6 — Konis; a TakoX cxema aBToMaTnsoBaHoi AinbHuui 3D-gpyky komnaHii ExOne — 6: 1 — TpaHcnopTHi 3acobu; 2 — ycTa-
HOBKa APYKyY; 3 — niv; 4 — pobOT ANng cknagaHHs; 5 — niv diHanbHa
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TEXHONOrii AOCUTb KOPOTKOTPMBAIOi onepauii GopMoB-
KA B CUMKOMY MiCKy Habnuxae nveBapHe BMPOBHWULITBO
00 MpUHUMNY «NnTTa mMeTanoBupoby sk nocnyra». Ha
canTax OKpeMuX KOMMaHii 3aMOBHWK BXE MOXe pos3-
MICTUTU OHNANH 300pakeHHsA CBOro MeTanosupoly, a
KOMM'l0TepHa nporpaMa B AEeMOHCTPaLUinHOMY PeXuMmi
MOXe MoKasaTu ONTMMI30BaHi BapiaHTU KOHCTPYKUIi BU-
nvBKa, pekoMeHaaLii no matepiany, Burparam, 4acy Bu-
FOTOBMEHHS 3aMeXHO Bif CepifiHOCTI.

BucHoBku

B pesynerati aHanisy nnaHyBaHb uexis JITM 3a-
NPOMOHOBAHO iX MPOEKTU OOMOBHIOBATM OOnagHaHHAM
3D-gpyky mogenewn. Lle npuckopuTb i 3MiLHUTE NaHuto-
XKOK CTBOPEHHSI BapTOCTi TMBapHOI0 NPOMMUCIIOBICTIO, 3a-

i
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Complete set with modern 3D technological equipment of the foundry using the Lost Foam
Casting process

A brief overview of typical layouts of Lost Foam Casting (LFC) foundries was made. According to the given examples of shop
layouts, it can be seen that in terms of equipment, the LFS shop based on one-off patterns is no more complex than metal
casting shops based on permanent (wooden or metal) patterns for the production of castings of both complex and simple
geometry. Traditionally, the LFC shop is characterized by a modular composition of equipment and the possibility of various
options for the location of some of its sections, in particular, the pattern section and the sand cooling and cleaning (regenera-
tion) section, which can be located outside the main premises of the foundry shop, which contributes to reducing the capital
intensity of production. It is recommended to supplement the plan of the LFC workshop, to determine the locations on the plan
and to indicate the equipment for 3D printing of patterns. A method of metal casting with gasification in a foundry mold of a
printed pattern with preliminary weight reduction of this pattern by milling its core has been developed. The implementation
option of this method is described on the example of a pattern of a turbine blade. It is proposed to equip the station with the
combined use of a 3D printer and a 3D milling machine for the manufacture of vacuum sand molds according to printed and
partially milled patterns, and it is also shown the schemes of automated stations with 3D printing installations. The LFC process
in dry-sand molds from printed patterns is significantly more profitable than QuickCast-type casting from printed patterns
fired in kilns from shell ceramic molds. A sketch of the site with the combined use of a 3D printer and a 3D milling machine for
the manufacture of dry sand casting molds based on printed lightweight gasified patterns in such casting molds is shown. The
application of 3D technologies will strengthen the value chain of the foundry industry, ensure the competitiveness of foundry
materials with the adaptation of production methods according to orders, and contribute to the digital intellectualization of
equipment and processes.

]
3D technologies; 3D printing; Lost Foam Casting; metal casting according to gasified patterns;
vacuum film molding; disposable pattern; foundry.
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'Di3NKO-TeXHONOrIYHWIA IHCTUTYT MeTanis Ta cnnaeis HAH Ykpaitu (Kui, YkpaiHa)

TOB «M-JINT» (Hikononb, YkpaiHa)

3afayi nuBapHuX NiaANPUEMCTB Y BiAHOBNEHHI IH(hpacTpyKTYpH
YKpaiHu

lNpoaHanizoBaHo 3aaa4i METanypriiHux, MaLuMHOBYAiIBHWX | INBAPHUX MiANPUEMCTB Y BUPILLEHHI pob1eMy BiiHOBJIEH-
Hs1 iHpacTpykTypu YKpaiHn y BOEHHWV Ta MOBOEHHUI nepioav i wsixv ii BupiweHHs. Y 2023 i HaCTyrnHUX poKax Tislbku
/151 BiJHOBJIEHHSI MOLLKOLAXEHMX BOAONPOBIAHNX MepeXx B YkpaiHi 6yae noTpibHO LopiyHO BinbLue Hix 150 Tuc. TOHH
5MTBa (3anipHoi apmartypu (3acyBok), BOAOMPUIAMATIbHUX PELUITOK, KaHanidauiiHux Ta iHLLUMX AOPOXHIX JIIOKIB TOLLO).
lNoka3aHo, Lo y 3B’S3KY i3 3MEHLLIEHHSIM BUPOOHULTBA CTaJli i METasionpokarty Ha MeTanypriiHux kombiHarax B YkpaiHi
3Ha4YHO MiABULLNAACS POJIb aBTOHOMHUX JINBAPHUX MiANPUEMCTB | TNBAaPHUX LIEXIB Y CKIaai MaluMHOOYaiBeIbHUX 3aBO-
AiB. OUiHEeHO BUPOOHUYI MOTYXHOCTI, TEXHIKO-EKOHOMIYHWI CTaH JINBAPHOI rasya3i i nepcrnekTnBm PO3LLUNPEHHS BUMTYCKY
i yAOCKOHaNeHHs1 NpoAyKuii, MpyU3Ha4YeHoi Ass BiAHOBIEHHS iHHPaCTPyKTypu YkpaiHn. AKLLEHTOBaHO yBary Ha Heobxin-
HOCTi MOCUEHHSI KOHKYPEHTOCIPOMOXHOCTI YKPaiHCbKUX JINBAPHUX MianpuemMcTs. [lepLuoyeproByumM 3aBaaHHSIM Y BU-
pileHHi 3aaa4i 3abe3nedeHHs NoTPeb AepxaBu B JIMBAPHIV npoaykuii, HeoOXiaHI 415 BiAHOBAEHHS iHPacTpyKTypu,
€ 3axuCT BHYTPILLHbOr0O PUHKY Bifi €KCraHCii HN3bKOSIKICHOro iMrnopTy. Po3riisiHyTO cupoBuHHY 6a3y MeTasypriviHoi npo-
MUCJI0BOCTI YKpaiHu B LinomMy i OKpeMo /imBapHoro BUpobHuLTBa. lpoaHanizoBaHo notpedy metanyprii B MeTanobpyx-
Ti, @ TAKOX MOXJINBOCTI 3aroTiBJli, MOCTa4YaHHS Ha BHYTPILLHI PUHOK Ui Ha ekcriopT uiei cupoBuHU. BupobHuLteo y 2022
poui ctani B Ykpaini cknano npnbnusHo 6,5 msaH 1. [porHoau wono obcsris BupobHuyTea ctasi B Ykpaini y 2023 poui
Pi3HATLCS. 3a ouiHkaMmy 6pyxTo3aroTiBesIbHUX opraHisaLivi Bunnaska 4aByHy i ctani'y 2023 poui nporHo3yeTsbCs Ha PiBHI
~4 MmaH 1. epiunty MeTanobpyxty 4518 BUpoOHULTBA B TAaKOMY 00CSi3i 4aByHY i CTasli He O4iKyeTbCS. AKLUEHTOBaHO yBary
Ha MOXIMBOCTSIX 36inbLUeHHS 00CsriB 3aroTii i nepepobku BiticbkOBOro MeTaobpyxTy 3 BUCOKOJIErOBaHUX CTasel,
TEXHOJIOrisI NepeniaBy Koro npuv BUPOOHULTBI YaByHHOIO JIMTBA NMNoTpebdye KopekLii. 3arnpornoHoBaHo TEXHIYHI PiLLeHHS
i nporno3wnuii wono apantauii BUPOOHNYMX YMOB i TEXHOJIOrIi IMBAPHOro BUPOOHULITBA 4O BUKOPUCTAHHS J1IEFOBaHOIoO
MeTasnnobpyxTy rpu BUMNIaBJIEHHI 30KpemMa CUHTETUYHOIO YaByHY B iHAYKUIVIHUX TUreIbHUX rne4ax.

Knioyosi cnoBsa: nuBapHe BupobHMLTBO, 06/1a4HaHHS, MOAEPHI3aLlis, METao00bpyXT, 4aByH, TEXHOJIOrIS, NMPOAYKLis
U151 BiAHOBJIEHHS iHGpacTpyKkTypu, TpybornpoBiaHa apMarypa, YA0CKOHaIeHHS.

OHiEl0 3 KnoyoBux npobnem YkpaiHn y BOEHHMI Ta
MOBOEHHWI MEPIOaN € BiAHOBMEHHS MPOMMUCIIOBOrO
noTeHuiany Ta iHdppacTpykTypu YkpaiHn. Moxnmsoc-
Ti MeTanyprii y BUpIWEHHi uiei npobnemMn B OCTaHHI
POKM CYTTEBO 3HM3WUMMNCSA Y 3aranbHOMY 06Csi3i, NOPIBHAHO
3 TUM, WO Oynun N’'aTb-gecatb pokie Tomy [1-2]. JluBapHe
BMPOOHULTBO, ke MOXHa BBaXKaTu nmigranyssio meTtanyp-
rii, 3a3HanoO MeHLWwuX BTpaT i noTpebye MeHLMX 3yCcurb
ans 3abesneyvyeHHs cTabinbHOCTI NOro OYHKLiOHYBaHHS.
Y 2022 poui BUpobHMUTBO cTani, MeTanonpokary, iHWoi

MeTanonpoaykuii Ha BEeNUKMX MeTanypriiHnx kKombiHaTax
cknano npubnusHo 6,5 mnH 1. 3a nporHosamu O6’egHaHHSA
«Ykpmetanyprinpom» y 2023 poui o4ikyeTbCst 30iMnbLUEHHS
BMPOOHMUTBA cTani. 3a ouiHkaMu YkpaiHCbKOi acouiauii
BTOPMHHUX MeTanie Ta pecypcis (YA Btopmertpecypc)
i BUpoBHMUTBO cTani y 2023 poui Moxe cTaHoBUTK ~ 4
MIH T. Ponb nuBapHux nignpmemcTs y 3abeaneyeHHi gep-
XaBu MeTanonpoaykuieto, HeobXiaHOK ANst BiAHOBMNEHHSA
iHppacTpyKTypK, NOCUMIOETLCH. 3a OPIEHTOBHUMW AaHW-
MU y 2023 Ta HacTynHMX pokax Tinbku ONS BiAHOBNEHHSA

ISSN 2077-1304. Met. lite Ukr., vol. 31, 2023. N1 (332) 63



CNELIANBHI METOAN TATTA

MOLUKOMKEHNX BOAOMPOBIAHMX i BOOOBIABIOHUX MEpPEX B
YkpaiHi NOTPiGHO LLOPIYHO HE MeHLe Hix no 150 Tue. T
3anipHoi apmaTypu (4aByHHMX 3aCyBOK), KaHanidauiiHnux
NIOKiB TOLLO, TOBTO NpoAyKLuii IMBapHUX MiANPUEMCTB.

CwupoBuHo ansa BupobHMLUTBa CTani Ha enekTpo-
MeTanyprinHnx 3aBogax, BUMMAaBNEeHHS YaByHY i BUrO-
TOBMEHHS NUTBA Ha NUBapPHWX MNigNPUEMCTBaxX € MeTa-
nobpyxt. BignosigHO nuTaHHA 3abe3neyveHHs BpyxTom
MeTanyprinHnx, NMBapHMX Ta MawunHOByaiBHWUX nmignpu-
eMcTB noTpebye MiaBULLEHOI yBaru, BKMYa4M nepu
3a Bce po3paxyHkn 6anaHcy ujiei CMPOBUHM.

Mpun nporHo3yBaHHi BUpobHMUTBa cTani y 2023 poui
cnig matu Ha yBasi, Wo Ha BUMpobHMUTBO cTani y 2022
poui CyTTEBO BMAMHYNN 06CAry ii BUNnNaBneHHs y JOBO-
€HHMI nepiog. 3a iHdopMmauieto YkpaiHCbkOi acouiauii
BTOpuHHMX meTanis (YABTopmer) y 2022 poui Ha me-
TanyprivHi 3asogu Oyno noctaeneHo npubnusHo 850—
870 tTuc. T metanobpyxty. Butpatn metanobpyxty Ha
BUPOOHMUTBO ~ 6,35 MnH T cTani cknanu ~ 13,4 %, npu
TOMY LLO Yy MOMepeaHi pokn 3a HasfABHOI CTPYKTYpU rip-
HUYO-MEeTanypriiHoro KoMnnekcy YkpaiHu Butpatu npu-
BE3EHOro MeTanobpyxTy Ha OdHy TOHHY CTani ckrnaga-
nm npnbnumsHo 12 % [3—4]. O6car MeTanobpyxTy, SKui
BMKOPWCTOBYIOTb AN Nepepobkn y YaByH Ta cTanb npu
BUPOOHMUTBI NMBapHOi npoaykuii, cknagae (130-160) %
BiQHOCHO 0B6cary rotoBoro nutea. lNpu MakcumanbHo-
My 3aBaHTaXXeHHi MMBapHUX NignpuemcTe obcsar BUro-
TOBMEHHS NPOAYKLiT ANSA BiAHOBMAEHHS iHPaCTPyKTypu
YkpaiHn moxe ctaHoButh BinbLue 1 mnH T/pik. Bignosia-
HO notpeba B MeTanobpyxTi cknage 6nmn3bko 1,5 MAH T.
O6carm BupobHuuTBa nutea y 2023 poui MOXyTb cTa-
HoBuTK 500—-700 TUC. T, WO noTpebye opieHToBHO (700—
950) TnC. T MeTanNobpyxXTYy.

3a paHmmm O6’egHaHHS «YKpMeTanyprinpom» BUpoO-
HUUTBO CTani Ha AoBOeHHOMY piBHi y 2019-2021 pokax
cknagano no ~ (20,6—21,3) mnH T/pik. [nsi 3a6e3neveHHs
BUPOOHMLTBA Takoro obcary crani MeTanypru BuTpada-
nn WwopivHo ~ (2,9-3,3) MIH T NPMUBI3HOro MeTanodpyx-
Ty. [pn UBbOMY 3a3HaAYMMO, LLIO B OCTaHHI NepPeaBOEHHI
POKU LWopivHO Binblie 1 MrH T 3ibpaHoro B YkpaiHi meTa-
nobpyxty 6yno HesaTpebyBaHUM. YKpaiHCbKi MeTanyp-
riMHi 3aBoan Ta KombGiHaTn Gynu He B 3MO3i 11Oro nepe-
pobuTtun. EkcnopT yKkpaiHCbKOro MeTanobpyxTy 4o KpaiH
€sponencbkoro Cotosy mamke He BigdyBaBCsA BHACNIAOK
YyCKNagHeHHs npoueaypy MMTHOTO OYOPMIIeHHS. A ekc-
nopT OO iHWMX KpaiH, nepLl 3a Bce A0 TypevynHu, 3a-
BnokoBaHO ekcnopTHUM MuToM y posmipi 180 espo/T. He
BMKIHOYEHO, Lo i B 2023 poui Ha pyHKY BTOPMHHOI CUPO-
BMHU BMHWUKHE NPOMILNT 3aroTOBNEHOro MeTanobpyxTy.

3a gaHumKM YKpaiHCbKoi acouiauii BTOPUHHMX MeTa-
nis Ta pecypcis (YA BTopmeTpecypc) noteHuian 3aroTis-
ni metanobpyxty B YkpaiHi y 2023 poui cknage npmbnms-
HO 1,9 MITH T, NOCTa4YaHHA MeTanobpyxTy Ha MeTanyprin-
Hi 3aBogm Gyge ~ 530 Tuc. T, NpoiLMT MeTanobpyxTy
(HeposnogineHun HagnUWokK) — Ha pieHi ~ 1,35 MAH T.
3asHaueHi umdpn € opieHTOBHUMMU. Ane BOHU A03BONSA-
I0Tb OLIHUTU MOXITMBOCTI BUPOBHMLTBA METaNypPrinHMn
i MMBapHMMK 3aBogamMM NPOAYKLUIT ANa BiQHOBMNEHHS iH-
dpacTpyKkTypu YKpaiHu.

O6’egHaHHA «YKpMeTanyprnpomy BBaXKae 3a Hedo-
uineHe cdopMyBaHHS Oyab-sIKOro GanaHcy CroXuBaHHS

MeTanobpyxTy W TuMm BinblLue HegouinbHe MOHOBMEHHS
eKkcnopty metanobpyxTy. «YkpMeTanyprnpom» OOrpyH-
TOBY€E CBO NO3uLit0 HeobXigHicTio abatn npo 3abesne-
YeHHsA Ta edekTVBHe (YHKLiIOHYBaHHS MPOMUCIIOBOIO
KOMMeKcy YKpaiHW i ovikyBaHHSA 30iNbLUEHHA CMOXu-
BaHHA NPOAYKUii MeTanyprinHux nignpuemcTs npw Big-
HOBIEHHI 3pyMHOBaHOI iHPPaCTPyKTYpu YKpaiHn. Baxko
NOrogMTUCS 3 BUCHOBKOM, LLO OOpMYBaHHA 6anaHcy 3a-
roTiBni i CNOXUBaHHA MeTanobpyxTy B YkpaiHi BHacnigok
HeBU3HaYeHoCTi obcAriB BUNMaBku cTani B Aepxasi Y
2023 poui € HegouinbHUM. B Byab-skomy pasi Taki pos-
pPaxyHKM € i OOUiNbHUMK, N HEeobXiaHMMK. HexTyBaHHS
nnaHyBaHHAM 3aroTiBfi, BHYTPILHbLOrO CrOXMBaHHSA i
€KCMopTy CUMPOBMHWM MPU3BOAUTbL OO0 MOMMUIIOK Y Mpo-
MUCROBIN noniTuui gepxasu [5]. B uen yac, gk Hikonw,
HeobXxigHO MaTu OepXaBHe BayeHHs pPO3BUTKY MPOMUC-
nosocTi B YKpaiHi: mawunHobyayBaHHSA, meTanyprii, 3a-
Ni3HWYHOro TpaHcnopTy, 06OPOHHOIO KOMMMEKCY TOLLO.
3HalouM nnaHu po3BUTKY MPOMMUCMOBOCTI, MOXHa MNpo-
paxoByBaTn BPYXTOYTBOPEHHS Ta CNOXMBaHHA BPyxXTy B
YkpaiHi. PisHuuto posrnsgaTtv 9k eKCropTHUA NoTeHujian
MeTanobpyxTy.

LLnxTa ansg BunnaBneHHs YaByHy B MMBAPHUX LiEXax,
AK i WnxTa AN BUNNaBneHHs cTani B enekTponnasnib-
HWUX 3aBodax, CKragaeTbcs 3 meTanobpyxry, depocnna-
BiB, kapOtopuaaTopiB ToLo [6]. TexHonoris opmyBaHHS
LUMXTW NOCTINHO YAOCKOHAaMNETLCA. HUHI npu po3paxyH-
Kax LUMXTW ANs BUMNMaBNEHHS YaByHY BUKOPWCTOBYIOTb
He TifNbKN onocepeaHeHi AaHi XiMiuHOro cknagy il kom-
MOHEHTIB, @ HamaralTbCs BPaxoByBaTU B HUX HaBiTb
avcnepcii BMIiCTY XiMiyHUX enemeHTiB. lMpuknag takoro
nigxony 3anponoHoBaHWn y cTaTTi [7].

YaByHHUI Ta cTaneBun OpyxT, BigAXOOM YOPHUX Me-
TaniB NoginstoTb 3a BMiICTOM BYITEL0, HAsIBHICTIO B 1O-
ro cknagi enemeHTiB And fneryBaHHs, 3a NnokasHukamm
akocTi Towo. B ACTY 4121-2002 «MeTtanu 4opHi BTO-
PWHHI. 3aranbHi TEXHIYHI YMOBU» HaBedeHo knacudika-
Lito MeTanobpyxTy, MOro XapaKTepUCTUKU, MOKA3HUKM
SIKOCTI MeTanobpyxTy 3 fneroBaHux cTanen ta chnnaeiB
3a nigBMgamm Towo. HuHi BnpoBagXeHo peaakLito Ho-
Boro [CTY 4121-2022, akun npunge Ha 3amiHy CTY
4121-2002. Y HOBIN pepakuii uen cTanHgapTt € nporpe-
CYBHILLMM Y YaCTUHi 3aCTOCYBaHHS OMOBMEHOCTEN MiXK
crnoXxuBayamu Ta mocTadanbHUMKamn meTanobpyxTy 3a
HM3KOW no3uuin. He Boatoumnck Ao getanisadii BCiX Hio-
aHCiB MOXIMBUX TUMIB, KaTeropin, knacis, rpyn mMetarno-
BpyxTy, 30CEpeamMO yBary Ha BUKOPUCTaHHi BiNCbKOBOIO
MeTanobpyxTy ANs BUrOTOBMEHHS NUTBA, NPU3HAY€HOro
ANS BiAHOBIEHHS iHPPacTPyKTypy B YKpaiHi.

YkpaiHcbka acouiauis BTOpuHHUX meTanis (YABTO-
pmeT) ouiHoBana y 2022 poui 06carv BiiCbKOBOro Me-
TanobpyxTy B YKpaiHi Ha piBHi 18—20 Tuc. 1. Cnig ouiky-
BaTK, WO 0bcsarm Takoro 6pyxTy 6yayTb 36inbLuyBaTUCS.
MoTpibHO noroanTncA n 3 BUCHOBKaMMU Liei Acouiauii, Lo
HaNMNOLUMPEHILNM € MeTanobpyxT, yTBOPEHUN B pe3ysb-
TaTi yTMni3auii GpoOHbOBAHOI TEXHIKW i KU CKNagaeTbCs
Ha 75-80 % 3 BucokoneroBaHux ctanen. lNepepobka Ta-
Koro 6pyxTy mae neBHy crneundiky i cknagHouwi. Ane Bu-
KOPMCTOBYBATU BiNCbKOBUIA METaANobpyxT Ha NuBapHMX
3aBofgax Yy SKOCTi WMXTU Ans BupobHuuTBa NnTBa, Npu-
3Ha4YeHOro Ans BiOHOBNEHHS iHPpaCcTPyKTypu Oepxasu
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Yy BOEHHUWI Ta NOBOEHHMI Nepiogn, MOXHa i HeObXiaHO.
[na BNpoBagXeHHSA Yy MPOMMUCIOBOCTI BigMOBIgHOI TEX-
Homorii NoTpibHO po3pobutn i peanidyBatM edeKTUBHI
TeXHiYHi pilweHHs. Hanbinbw npugatHum ans nepepob-
K/ Ha NuBapHWX NignpuemcTBax € metanobpyxr, yTBoO-
peHun yTunisauielo aBTOMOGINbHOrO TpaHcnopTy. Ak
Bigomo [8], Ky30BHi geTani aBTOMOOGiNiB BUrOTOBNATb
3 HU3bKOBYITELIEBOI LWITAOOBOI CcTani, sika Hankpalle nig-
XOAMTb ANSA BUNSABMAEHHS CUHTETUYHOIO YaByHy B iHAYK-
LiNHNX TUreNbHNUX nevax.

[o cknagy WuxTu ANs BUNMaBMEHHSA 4YaByHy, npu-
3HaYeHOoro Ans BUrOTOBMEHHSA NUTBa, HeOBXiAHOro mpu
BiOHOBNEHHI iH(ppacTpyKkTypn YkpaiHu, BXOASATb TaKoxX
depocnnasn Ta kapbiopusatopu. B akocti kapbropu-
3aTOopiB, WO MICTATb BYyrMeub i BUKOPUCTOBYOTLCS MpU
BMNNaBLi YaByHy B iHOYKUIMHMX i QyroBux nevyax, Ham-
yacTilwe 3acTocoByHOTh 6ill BianpaLboOBaHWUX eNEKTPOAIB.
Mpn BMroToBREHHI Ha nNMBapHUX 3aBogax Tpybonposia-
HOI apMatypu, XiMiYHUIA CKNag YaByHy peryrnowTb Hal-
yacTilwe 3a 4onomMoro pepomapraHuio i oepocuniuito.
YKkpaiHa Mae po3BuHYTY bepocnnaBHy NPOMUCHOBICTb,
siIka CNpoMOXHa 3abe3neynTun NnoTpebun meTanyprinHoro i
nvMBapHoro BMpobHMLTBa AepxaBu y pisHux depocnna-
Bax. pobnema nonsirae nuwe B Tomy, WO depomap-
raHeub i dhepocuniuin MarTb 3HaAYHY HeCTabinbHICTb
BMICTY MapraHuo i KpeMHilo y cBoemy cknagi. Ane Bxe
po3pobneHi TexHomnorii, SKi 003BOMSATb BpaxoByBaTh
HecTabinbHICTL XiMiYHOro cknagy depocnnasiB 6e3mno-
cepedHbO B npoueci nnaeku YaByHy [9]. Bincbkosuii me-
Tanobpyxt BignosigHo go ACTY 4121-2022 3a3Bu4an
CKNagaeTbCa 3i CTanewn i YaByHiB, fleroBaHMX XPOMOM,
HikeneMm, TUTaHoM, Hiobiem, MmonibaeHoMm, BaHagiem, 60o-
pOM, iHLWMMK BapTiCHUMW enemeHTamun. BoueBugb, Lo
3 Takoro MeTanobpyxTy AOUINbHO BUMNMAABASATM YaBYHU
i CTani Ans BWroTOBIEHHs BMPOGIB cneunpuaHavyeHHs
Ta BINCbKOBOIO MPU3HAYEHHs, SIKi NPaLoloTb B yMOBax
BMCOKUX TeMnepaTyp, BUCOKUX HaBaHTaxeHb Towo. e-
pepobka BiICbKOBOro MeTanobpyxTy y BUCOKOTEXHOIO-
riYHy nNmMBapHy NpoayKuito noTpebye 3HaYHMX HayKOBMX
BKMageHb, TOMY LU0 pO3nsiaB 3 Takoi CUPOBMHU HEOOXia-
HO JOBECTU 40 NOoTpiGHOro xiMivHOro cknagy i Bignosia-
HWX BNacTUBOCTEN.

BusHayHa ponb MignpueMCcTB NMBapHOI ranysi npwm
BiOHOBNEHHI iH(ppacTpyKTypn YKpaiHu nondrae B TOMY,
WO Ui NignprMemMcTBa MOXYTb YACTKOBO 3aMiHUTU MeTa-
nypriviHi 3aBoAW HaBiTb B MUTAHHAX BUIOTOBIIEHHSA ap-
mMaTypu, OBOTaBpiB, LUBENepiB, KYTHUKIB, LWiTaboBoil cTani
TOLLIO MPU BiAHOCHO HE3HAYHWX BUTpaTax Ha MigroTOBKY
BMpobHMUTBA. [Mpun peanisauii Takmx piweHb HeobxigHo
OpiEHTYBATUCA Ha NMBapHi 3aBOAM i Lexu, ki Bynu mo-
OepHi3oBaHi B ocTaHHi poku [10—11]. Po3rngHemMo KoH-
KpeTHWA npuknaga.

HanpukiHyi 2020 poky Ha Hikononbcbkomy 3aBo-
4i TpybonposigHoi apmaTtypu (ToprienbHa HasBa TOB
«M-JINT») BBEOEHO B eKcnryaTauilo cyyacHe nuBapHe
BUPOOHMLTBO N5l BUTOTOBMIEHHSI NUTBA BigMNoOBiganbHoO-
ro Npu3HayeHHs, 30Kkpema i3 CUHTETUYHOro YaByHy [11].
Mo cyTi BUpOGHMLTBO Mpoaykuii, HeobxigHoi Ana Big-
HOBMNEHHS IHPaCTPYKTypy OepaBu y BOEHHUIA Ta Mo-
BOEHHWU Nepiogu (3acyBok Ans Tpybonposogis, eneMeH-
TiB ONs pyxoMOro cknagy 3anisHuui, cneusmnpobis gnsi

o6opoHHo-npomucnosoro komnnekcy (OrK) Towo). Tak
3BaHUA «CUHTETUYHUW» NUBAPHUI YaBYyH BUNNABMSIOTb
Ha LbOMY 3aBOAi B €NeKTPUYHNX iHOYKUINHUX TUrenbHMX
neyax 3i ctanbHOro MeTanobpyxTy, AO4AKYUN Y LUMXTY
cneujianbHi gomiwku-kapbiopmsaTtopu, depocnnasm To-
wo. PeanisoBaHa TexHonoria 3abe3nevyye MOXMIMBICTb
OTPMMaHHS MNMBAPHOrO YaByHY 3 MiHIMaNbHUM BMICTOM
CipKM Ta iHWNX HeBaXaHNX eNeMeHTIB Y NOro XiMiYHOMY
cknagi.

OcCHOBOIO BUPOBHULITBA BMCOKOSIKICHOTO IMBApPHOIo
YaByHy Ha LboMy [11] 3aBOAj € TPLOXTOHHA iHAYKLNHA Ny
«Inductotherm» (Benuka bputaHis, 2017 p.), opyra vepra
nepenbadae CnopymKeHHs LWe OAHIEl TPbOXTOHHOI Mneui;
cnekTpanbHa nabopatopisa ARL 3460, «Thermo Fisher
Scientificy (LUsenuapis, 2017 p.); aBTomatnyHa opmy-
BanbHa niHia «DISA MATCH 32x32» (Oanisa, 2017 p.),
po3mip koma 813 x 813 x 650 MM, NPOOYKTUBHICTL —
no 100 cdhopm Ha roguHy; aBTOMaTUYHMIA CyMilLONpPK-
rotyBanbHun komnnekc «Eirichy (Himewunna, 2017 p.);
CTpwkKHeBi mMawwuHn «Leampe» (HimewumHa, 2016 p.),
cnoci6 BurotoeneHHst Cold-box npouec; ginsHka Benu-
koi cpopmoBkn «OMEGA Foundry Machinery» (Benuka
BputaHisa, 2016 p.); oduncHi gpobomeTHi Kamepm i ranTty-
BanbHi 6apabaHu; nivy Ans TepmivyHoi 06pobKkM BUNMBKIB;
obnagHaHHs Ans BUrOTOBMEHHS CTPUXKHEBOIO | MoAenb-
Horo ocHaweHHs HAAS (CLUA, 2017 p.) Towwo.

MoxnuBocTi BUPOOHMLTBA: BUIOTOBMNEHHS BiANMBOK
CKragHoi KoHdirypaLii 3 4aByHy pi3Hux mapok (CH 20-35,
BY 40-50); BurotoBneHHa Bignmeok Baroto o 120 kr 3
MakcumanbHuMn rabaputamm 650 x 650 x 350 mm Ha
aBTomaTtum3oBaHin ninii (A®I) ta Bignusok go 3000 kr,
po3mipamy 2000 x 1300 x 800 MM Ha LinsHUi KPYNHOro
OpMYBaHHS; BUTOTOBMNEHHS MiLLAHUX CTPWXKHIB ANd nn-
BapHOro BUPOBGHMLITBA i3 3aCTOCYBaHHSAM XONOAHOTBEP-
Aitounx cymiwen i obnagHaHHsa dipmmn «OMEIA»; npo-
BefeHHs gpobocTpymeHeBoi 06pobkm BUnmBkiB; apby-
BaHHA BMpob6iB. Ha nignpnemcTBi CTBOPEHO 3aMKHYTWUIA
LMK Big NPOEKTYBaHHSA BiANMBOK OO BUTOTOBIIEHHSA MO-
OEenbHO-CTPMXKHEBOT OCHACTKW. TpuBanicTb LMKy He O0-
BLE 4—6 TWXKHIB, 3aneXHO Bif CKMagHOCTI NUTBa, y TON
yac SK 3BMYaAMHO Ha L0 TEXHOMOriYHY onepaditio BUTpa-
YyaeTbcsa 3—4 micsaui. Mpoaykuia 3aBogy NocTavyaeTbCcs He
TiNbKWN Ha YKPaiHCLKUIA, @ N Ha €BPOMNENCHKI PUHKN.

Takvm 4mHoMm, B YKpaiHi € BiTYU3HSAHI BUPOOHUKM nn-
BapHOI MpoAyKLuii, SKi MaloTb YCi TEXHIYHi MOXITMBOCTI
MOBHICTHO 3aKpUTW NOTPEOM B Hil BHYTPILLUHBOIO PUHKY Y
BOEHHWUM Ta MOBOEHHWUI nepioan. HikononbCbkunin 3aBog
TOB «M-JIUT» — oguH i3 BUpOBHMKIB YaByHHOI TpyboO-
NpOBIAHOI apmaTtypu KOMYHanbHOrO Ta MPOMWUCITOBOIO
NPU3HAYeHHS 3 NOBHUM BMPOOHMYMM LIMKITOM (Y4aBYHHE
nnTBO, MexaHiuHa obpobka, 36opka, apbyBaHHS, rig-
pOTEXHiYHI BUNpobyBaHHS 3aCyBOK). 3aBOA, CIPOMOXHNIA
MOBHICTIO 3a6e3neunTn NnonuTt YkpaiHm B TpybonpoBsiaHiv
apmarypi BignoBigHOro coptameHTy, HeobXiaHOT Ans Bia-
HOBIEHHS iHPPACTPYKTYpW AepaBu y BOEHHUIM Ta Mo-
BOEHHUI nepioaw.

MpoTe cnig 3BepHyTW yBary, WO B MonepegHi po-
K1 3Ha4yHi obcarm TpybonposigHOi apmatypu iMnopTy-
Banucsa B YKpaiHy 3a OeMMIHIOBMMW LiHAMW, HKYUMM
H>X cobiBapTicTb BMPOOHMLTBa 3a3HayYeHO! NpoayKuii
Ha BITYN3HAHUX MignpuemcTBax. BigHOCHO HM3bka UiHa
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NPOAYKLIT 3aKOPAOHHOrO MOXOMKEHHS OOYMOBIHOETLCSA
CYTTEBOI «EKOHOMIE» MaTepianiB Ta iX HEHaneXHUM
00po6NeHHsM npu BUMPOBHULUTBI. PakTUYHaA SAKICTb M-
MOPTHOI 3anipHoi TpybonpoBigHOT apMaTypu He BignoBi-
[ae BuMoram gitoumx B YKpaiHi ctaHaapTie, He 3abesne-
yye HeobxigHi ekcnnyaTauiviHi XxapakTepucTukn Bupobis.
YUepes HesiKicHy 3anipHy apmarypy, no-nepiie, MOXyTb
BMHUKAaTU aBapii BOAOMPOBIAHNX MepeX 3 yciMa Hera-
TMBHMMMW Hacnigkamu, no-gpyre, CKOPOYyHTbCH CTPOKM
BesaBapiviHOi ekcnnyaTauii Mepex.

Poarnagatoun npobnemy BigHOBNEHHS iHPPACTPYKTY-
pv Aep>xaBu Y BOEHHUI Ta MOBOEHHUI Nepiogn 3a y4vacTi
nuBapHUX NigNpPMeMcTB YKpaiHW 40O0AaTKOBO 3a3HauyuMmo
HacTynHe.

ObmexeHHs Ons HesKiCHOI mpodykuii, sika imnop-
TyeTbCa B YKpaiHy, HUHI BiACYTHIi. YkpaiHy 3anonoHuna
TpybonpoBigHa apmartypa iHO3eMHOro BMPOGHULUTBA,
sKa HagxoauTb B YkpaiHy nig BnacHummn 6peHgammn abo
nig 6peHaaMn ykpaiHCbKUX KOMEPLUiNHUX CTPYKTYyp (Mmo-
cepegHukiB). [onoBHI Hegoniku iIMNOPTOBaHNX 3aCyBOK
nonsaratTb B TOMY, O Maca (Bara) iMnopToBaHMX 3acy-
BOK 3HA4YHO MEHLLA, HiXX 3aCyBOK YKPaiHCbKOro BUPOBHM-
uTBa. 3aHmKeHa TOBLUMHA CTIHOK y 3aCyBKax iMNOPTHOIO
MOXOMKEHHS CyTTEBO MOTiPLIYE iX MILHICTb | TpMBanicTb
ekcnnyartauii. 3MeHLLIEeHHA Macu 3acyBOK 334551 €KOHO-
Mii MeTany npu3BOAMTb 4O HEBIAMOBIAHOCTI iX yMOBaM
eKkcnnyaTauii. YLWinbHIoWYi eneMeHTn B 3acyBKax MatoTb
HeOOCTaTHIO TOBLUUHY NTATYHHOrO Kinbusa abo 30BCiM He
MaloTb NaTYHHOTO Kinbus. VIoro 3amiHsoTL HanuneHHsm
TOHKOrO LUapy 3 NOPOLLUKY BPOH3M Yn NnaTyHi, WO Henpu-
NycTUMO 3 TOYKWM 30pYy HaZiMHOCTI ekcnnyarauii Ta pe-
MOHTOMPMAATHOCTI 3acyBOK. JIaTyHHi Kinbusa cknagatoTb
00 20 % uinn 3acyBok. Came TomMy HegobpoCoBiCHI BU-
POGHUKM HamaraTbCA LUNAXOM BiAMOBW Bif, NaTyHHUX
Kineub 3HM3UTM cobiBapTiCTb 3aCyBOK i OTpMMaTU Ha
UbOMYy MpuBYTOK, He3BaXalwyu Ha O4HO3HavHe norip-
LLEHHS X SIKOCTi.

AHani3 puHKYy BMpPOGHWMUTBA Ta MONWUTY Ha 3anipHy
apmatypy B YKpaiHi Ans pemMoHTy Ta OyaiBHMUTBa Tpy-
BonpoBoais Ans BiTYN3HAHMX KOMYHANbHWUX | TPOMUCIIO-
BMX OB’eKTiB CBiAUUTb, WO Yy LN cdepi NnepeBakHO Bu-
KOPMCTOBYIOTbCS iMMNOPTOBaHi 3aCyBKW, HE3BaXkatoum Ha
iX HM3bKY SKICTb. [pnyomy, 3a OPiIEHTOBHMMM OLiHKaMM,
3anipHa apmaTypa K/Tancbkoro BMpobHMLTBa cknagae
~ 30 % Big 3aranbHoro obcsry, a yacTka 3anipHoi Npo-
AyKUii ykpaiHCcbkoro BupobHuuTtea He nepesullye 10 %.
Taka CTpykTypa CNOXWBaHHS 3amnipHoi apmatypu Ans
notpeb pemoHTy i ByaiBHMUTBa TPyGONPOBOAIB BIiTYM3-
HAHMX KOMYHanNbHUX Ta MPOMMUCMAOBUX OB’EKTIB MOXe
NpM3BECTM A0 NOBHOI TEXHIYHOI 3aNEXHOCTI YKpaiHCbKMX
CMOXMBaYiB Big iHO3EMHUX BMPOGHUKIB L€ npoaykKuii,
3HU3WUTU HAZINHICTb Ta CTPOKM eKkcnnyarauii Tpybonpo-
BOAIB i NiABMWUTK iX aBapilHicTb. BuknageHa cutyauis
CTBOPIOE B AEpXKaBi 3HAYHI TPyOHOLLi Ans 4isnibHOCTI
HaBiTb Cy4aCHWX NMBapHUX NianpuemcTs B YKpaiHi i no-
Tpebye He TinNbKn AepxaBHOro pearyBaHHs, BPaxoByHO4M
3ajadi nMBapHOi ranysi Wogo BiAHOBMNEHHS iHpacTpyk-
Typyn gepxaBu, a N GaXkaHHs1 KEPIiBHUKIB Ta BMACHUKIB
nignNnpMeMCTB CTBOPUTU HEOBXigHI HOPMAaTUBHO-TEXHIYHI
ymoBu (po3pobka OCTY Ta iHWKNX HOPMaTUBHUX akTiB),
AKi YHEMOXIMBIIOTb NPOCYBaHHS HESAKICHOI iMMopTo-

BaHOi Npoaykuii Ha pvHOK YkpaiHu. ig yac BUKOHaHHSA
pobiT 3 BigHOBIEHHS IHPPACTPYKTYPU Y BOEHHWUI Ta No-
BOEHHUI nepiogun B YkpaiHi HeobxigHO 3anpoBaguTu Ha-
AaHHSA NpiopuTeTy HauioHanbHUM BUPOBHNKaM.

Mpwn BupiWEHHi 3agay, NOB’A3aHNX 3 BiAHOBMEHHSM
iHpacTpyKTypu YKpaiHM y BOEHHWUI Ta MOBOEHHI Nepio-
AW, HeobxigHO 3BEPHYTW yBary Ha NPOBnemHi NUTaHHS,
O YCKNaAHIWTb y4acTb YKPAIHCbKUX NMMBapHUX nig-
NPUEMCTB y OMpaLioBaHHi 3a3HadyeHunx 3agad. AHanis,
BMKOHaHUM  pomagcbko cninkow «BceykpaiHcbka
acouiauist nMBapHuKiB YKpaiHu», 3acBigumnB, O NEBHOMO
YAOCKOHaNeHHs NoTpebytoTb, 30KpeMa, TEXHIYHI BUMO-
r OO MOKIB KaHanisauinHnx cuctem. 3a pesynsratamu
aHanidy TeHAepHWX 3akynieenb nignpuemcTaamm Ykpas-
Topopy, BogokaHany, YkpTenekomy ftokiB Ansi KaHanisa-
LiNHNUX CUCTEM BCTAHOBMNEHO, LLO TEXHiYHi BUMOrn Ans
Liei NpoaykKuii 3Ha4HO NepeBMLLYOTb eKCnyaTauiriHi xa-
paktepuctukn, HasegeHi B ACTY b B2.5-2.6:2005 Ta Ha-
GnwxkeHi oo mixkHapogHoro ctangapty FOCT 3634-2019
«JTlokn CMOTPOBbLIX KoMnoaueB. TeXHUYecKkne yCrnoBusy,
pO3pOobreHOro Ha OCHOBI OHOBMIEHOrO €BPOMNENCHLKOro
ctaHgapty EN 124-2015. 3a3HauyeHe CTBOPHOE NEPENOHM
AN y4acTi yKpaiHCbKUX NMMBApPHUX NiANPUEMCTB Y TeHade-
pax Ha NocTavyaHHA BKa3aHOi MpoAyKLii Ta CTBOPOE Ne-
peaymoBU MacoOBOrO BUKOPUCTaHHSA BMPOGiB iHO3eMHOro
BMPOGHMUTBA. Acouiauis NMBapHWKiB YKpaiHW NPOMNoHye
po3pobutn HoBi ykpaiHceki TY i ACTY «Jlokm ornsigo-
BMX KONMOASAS3IB i AOLONPUIAMAaYiB 3NMBOCTIYHUX KOMNOAs-
3iB» Ta «Jlokn ana kabenbHux konoasasie TenedoHHOI
KaHanisauii». HoBi pisHoBMAM niokiB Ta gowonpuimadis
po3pobneHi Pi3nKo-TEXHONOrNYHUM IHCTUTYTOM MeTanis
Ta cnnagie (PTIMC) HAH YkpaiHu pasom 3 Acouiaui€to
nuBapHukie Ta TOB «APKOWN.Cl Ykpaina». Bouesngp,
O 3a3HayeHi npono3uuii i po3pobkn NoTpebytoTb He-
BifKragHoro onpautoBaHH4. Nigkpecnumo, Wo B Linomy
YKpalHCbKi NTMBapHi 3aBoAM MpW HayKOBO-TEXHIYHIN nig-
Tpumui PTIMC HAH Ykpainn, akui cneuianisyetbca Ha
Takin TemaTtuui, CNPOMOXHi BUPILLNTY 3a3HaYeHi NuTaH-
HA y npobnemi BigHOBNEHHS iHPACTPYKTypy YKpaiHu y
BOEHHWUI Ta NOBOEHHWI Nepioan.

Aemopu sucnosnorme nodsiky OOKMopy MexHiYHUX
Hayk, npoghecopy LlluHcskomy O.W. i ¢haxisusm acoui-
auit YABmopmem ma YABmopmempecypc 3a HalaHi
KOHcynbmauii, aucrnioeneHi nporosuuji i doriomozy 8 nio-
2omosui 0aHoi cmammi.
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Tasks of foundry enterprises in restoring the infrastructure of Ukraine

The tasks of metallurgical, machine-building and foundry enterprises in solving the problem of restoring the infrastructure
of Ukraine in the war and post-war periods and ways of solving it are analyzed. In 2023 and the following years, more than
150.000 tons of cast iron will be required annually for the restoration of damaged water supply networks in Ukraine (valves,
water intake grates, sewage and other road manholes, etc.). It is shown that in connection with the decrease in the production
of steel and rolled metal at metallurgical plants in Ukraine, the role of autonomous foundry enterprises and foundry shops as
part of machine-building plants has significantly increased. The production capacity, technical and economic condition of the
foundry industry and the prospects for expanding production and improving products intended for the restoration of the infra-
structure of Ukraine were evaluated. Attention is focused on the need to strengthen the competitiveness of Ukrainian foundry
enterprises. The primary task in solving the problem of meeting the needs of the state in foundry products, necessary for the
restoration of infrastructure, is the protection of the domestic market from the expansion of low-quality imports. The raw ma-
terial base of the metallurgical industry of Ukraine as a whole and foundry production separately is considered. The need of
metallurgy in scrap metal was analysed, as well as the possibilities of procurement, supply to the domestic market and export
of this raw material. Production of steel in Ukraine in 2022 amounted to approximately 6.5 million tons. Forecasts regarding the
volume of steel production in Ukraine in 2023 vary. According to estimates by scrap procurement organizations, iron and steel
smelting in 2023 is forecast at the level of ~ 4 million tons. A shortage of scrap metal for the production of this amount of iron
and steel is not expected. Attention is focused on the possibilities of increasing the volume of procurement and processing of
military scrap metal from high-alloy steels, the technology of remelting of which in the production of cast iron requires correc-
tion. Technical solutions and proposals for adapting production conditions and technology of foundry production to the use of
alloyed scrap metal in smelting, in particular, synthetic cast iron in induction crucible furnaces, are offered.

Foundry production, equipment, modernization, scrap metal, cast iron, technology, products
for infrastructure restoration, pipeline fittings, improvement.
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lobynosa piarpamu TepmoauHaMivyHOI piBHOBAru peakuiin B
cuctemi Ni-Cr-Mo-W-0-C cTocoBHO eKONOri4yHo cnpsamMoBaHoi
nepepobku MeTanypridHux Bigxoais Ana NigBULLEHHSA PiBHA
be3neku Ta ririeHu npaui

CrartTio npucBsiHeHo nobyaosi aiarpaMmy TepMoanHamiyHoi piBHoBaru peakuivi B cuctemi Ni-Cr-Mo-W-0O-C wono nepe-
POBKN TEXHOreHHWX BiAXoAiB, LLO CTOCYETbCS MiABULLIEHHS] PIBHSI €KOJI0M4YHOI CK1aA0Boi, a Takox 6e3neku Ta riricHn
npawi B MeTasnypriviHomy BupoOHUUTBI. [1ns AOCSArHEHHS Liei MmeTy 6ys10 po3paxoBaHO YMOBM TEPMOANHAMIYHOI PiBHO-
Barv BiJHOBJIEHHS 3aJ1E€XHO BiA TeMrepatypu rnpoLecy 1a KOHUEHTPaLii MOHOOKCHUAY BYr/leulo, O BKa3ye Ha MOXJIN-
BICTb NMPOTIKaHHS peakuivi. 3aBAsikv yCriLLHO MPOBEAEHUM eTanam 4OC/iAXeHb OTPUMAaHO CyTTEBI pe3ybTaTv 3 BU3Ha-
YEHHSIM TEMIEPATYPHNX YMOB NPV MEBHUX KOHLEHTPALSIX MOHOOKCUAY BYIJ1eLI0 B 30HIi peakuii, L0 AarTb MOXJ/INBICTb
YTBOPEHHSI €/1IeMEHTIB y Bi/lbHOMY CTaHi Ta kapbiaiB. Ha nobyanoBaHivi aiarpami noka3aHo obaacTi piBHOBaru peakuiy, siki
BKa3ylTb Ha CTafiViHICTb NEPETBOPEHD i3 MOHVXKEHHSIM BULLINX OKCUAHUX 3’€AHaHb 0 HUXYMX 3 NOCAIAYYMM AO0BIA-
HOBJIEHHSIM. TakoX BUAHO, LLO AiNISIHKY giarpamu 3i 3MiLLeHHSIM PiBHOBary B CTOPOHY kapbigoyTBOPEHHSI 3HaxoAsITbCsl
rpuv BiAHOCHO HU3bKUX Temreparypax. s 3miLieHHs piBHoBaru peakuii y 6ik BiJHOBIEHHS 10 METaiB y BiflbHOMY CTaHi
HeobXxigHO 3abe3rne4YnTu NiaBULLIEHHS TEMepaTypu Ta KOHLEHTPaLii MOHooKkcuay Byrsieuo. To6To OTPUMAaHHS NPoAYyK-
TiB BiAHOB/IEHHS] 6€3 BMICTY KapbigiB € MaoiMoBipHYM. BpaxyBaHHS 3MiHV TEMI0EMHOCTI KOMIOHEHTIB peakujivi Ta ga-
30BUX repexosiB 3i 3MiHOI TeMreparypu Aasao MOX/NBICTb OTPUMAaTH BibLL TOYHI pe3ysibTatn. 3Ha4yHa KiflbKiCTb PO3-
[TISHYTUX peakwivi i BinosinHux obnactevi piBHoBary Ha nobyoBaHii giarpami B LUIMPOKOMY TEMIEPATYPHOMY Aiarna3oHi
BUCBIT/IIOE BiNIbLL MOBHY KaPTUHY MOXJIMBUX NEPETBOPEHb B MPOLECI BiJHOB/IEHHS JIEFOBaHUX TEXHOMEHHWX BiAXoniB.
Pa3om 3 nepepobKoo i NOBEPHEHHSIM Y BUPOOHULITBO METaslyprifiHux TeXHOreHHUX BiAXOAiB i3 BMICTOM TyroriaBKux
€/1eMeHTIB 3ab6e3reqyeTbCsl BHUKEHHS €KOJIONYHOIr0 HarpyXeHHs Ta rnosinweHHs piBHs 6e3rneku 1a ririeHy npadi y npo-
MUCIOBUX 30HAX.

Knroyosi cnoBsa: piarpamy TepmMoanHamMiyHOI piBHOBaru, OKCuaHI TEXHOreHHi Biaxoau, nepepobka, ekosoriyHe Ha-
npyxeHHs, 6esneka.

cmyn. Nepepobka Ta NOBEPHEHHS Yy BUPOBHMLTBO
TEXHOIEHHMX BiAXOAIB € O4HUM i3 LUNSAXIB OTPUMAHHS
nerytounx matepianis TyronnaBKkMx enemMeHTIB, LiHn
Ha siKi MalTb TEHAEHUi0 A0 3pocTaHHsa [1]. OgHum
i3 WNAXIB pecypco30epeXeHHs1 € OTPMMaHHS Jeryumx
maTtepianis 3 BMiCTOM MonibaeHy, Bonbdpamy, Xpomy,
HIKento LWIsaxXom nepepodkn i MOBEPHEHHS Yy BUPOOHU-
LTBO feroBaHunx TexHoreHHux Bigxoadis. CyTTeBy yYacTky
CKnagarTb OKCUAHI Ta ApibHogucnepcHi Bigxoan — wrii-
dyBanbHMN nun, okanuHa. EdpexktnBHa nepepobka Ta-
Kux BigxopiB ycknagHeHa. Lle Buknukae npobnemu y 3a-

6e3neyeHHi TEXHOMOrYHOCTI BUPOBHULTBA | MPUNHATHOI
cobisaptocTi npoaykuii [2]. CneumndiyHa ocobnmsicTb
BigxodiB nonsrae B NPUCYTHOCTI MEryl4mMx enemMeHTiB Yy
BUMMSIAI OKCUOHWUX i KOMMMEKCHMX cnonyk. Lle oBymos-
noe HeOobXiQHICTb BpaxyBaHHSA CKNagHOrO Xapaktepy
di3nko-xiMivyHOT B3aemogii enemeHTiB npu po3pobui Tex-
HomorivyHMx ymoB nepepobku [3]. Mpu ubomy 36epiraHHS
OKCMAHMX Ta OpibHOAUCNEPCHUX TEXHOrEHHUX BiOXOAiB
CyNpOBOOXKYETbCA Hebe3neKkow MOoTpanisgHHA BaXKKMX
MeTanis y rpyHTn, Bogonmm ta atmocdepy. Lle Hera-
TMBHO BMNAIMBAE Ha E€KOMOTYHUM CTaH HaBKOMMWLUHLOIO
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cepefoBuLLa, a TakoX Ha 6esneky Ta ririeHy npawi B npo-
MUCIOBWX 30HaX.

Buxogsaum i3 3a3HayeHoro, aktyanbHoOK € npobnema
pO3BUTKY pecypco3bepekeHHs Npu eKomnoriyHo crpsiMo-
BaHin nepepobui neroBaHMx MeTanyprinHux BiaXoAis i3
nigBULLIEHHAM piBHA Ge3nekun Ta ririeHn npadi B npomuc-
NoOBUX 30HaX.

lMocmaHoeka 3adayvi. CyvyacHuin ctaH MeTanyprii-
HOro BUPOBHMLITBA XapakTepu3yeTbCsl YTBOPEHHSIM 3Ha-
YHOI KiNbKOCTi BigX0A4iB, sIKi HAKONUYYOTLCS Y BifgBanax,
3anMaroum NNoLli MoXnmeMx obpobnoBanbHUX 3emenb
Ta 3abpyaHtotoun npunerni TepuTopii [4]. Ocobnmeo He-
Be3neyHnM ans HaBKOMMLIHLOrO CepeafoBuLLa € MPUCYT-
HICTb Y Bigxodax BaXKKMx meTanis, 40 Akux Hanexatb Cr
Ta Ni, wo 3abpygHiotoTh I'pyHTHM [5] Ta Nig3emHi Boau [6].
Cr 1a Ni 3a ctyneHem Hebe3nekn BMnMBY Ha >XUBi opra-
Hi3MW Hanexatb [0 2-ro knacy Hebeaneku (MOMipHO He-
BesneyHi) [7]. MpaHMYHO OONYCTUMI KOHUEHTpaUIi B I'pyH-
Ti Cr ta Ni B Takin kpaiHi €EBpocotosy, Ak bonrapis, B xut-
NoBMX panoHax ckragatoTb ignosigHo 200 Ta 100 mr/kr.
Ha npomucnosux Tteputopiax — 300 Ta 250 wmr/kr
BignosigHo [8]. B HimeuuuHi geLwo iHwa cutyauis. B xuT-
MOBUX 30HAX Tam rpaHWYHO JOMYCTUMI KOHUeHTpauii Cr
Ta Ni cknagatote 400 Ta 140 mr/kr, @ HA NPOMUCMIOBMKX
o6’ektax — 1000 Ta 900 mr/kr BignosigHo [7]. MNoTpanns-
to4un B opraHiam noguHn Cr 1a Ni BUKNNKaoTb OTPYEHHS.
TokcmyHicTb Cr 3anexuTb Big noro BaneHTHocTi. Cr Tpu-
BaneHTHMIN Ma€ BiAHOCHO HEBUCOKY OTPYMHY Aito [9]. MNpun
uboMy Cr lwecTnBaneHTHUN YUHUTb FOCTPY TOKCUYHY Aito
i € KaHueporeHoM Ta myTtareHom [10]. [po oTpyWHy KaH-
ueporeHHy gito Ni Ta Cr 6yno Takox 3asHa4yeHo aBTopa-
mMu B pobori [11]. Mpu ubomy Tam Bigmivanocsa cnpuyu-
HeHHs gii Ni Ta Cr Ha opraHiam NAUHN 3 BUHUKHEHHAM
TaKOX 3axXBOPIOBaHb CEPLEBO-CYAMHHOI Ta HEPBOBOI
cucteM. 3 BULLIE3a3HAYEHOro BUMMMBAE, LLO YTMAi3auis
XPOM-HiKernbBMiCHUX BiAX0A4iB MeTanyprinHoro BUpo6Hu-
uTBa AO03BONSAE nonepeanty 3abpygHeHHS 3eMerbHUX
Ta BOAHMX PECYpCiB BaXKUMU OTPYWHUMUN erieMeHTamu.
Mpn UbOMY NonepemXaeTbCA BUHUKHEHHS Y Nioden, ki
6 KoHTakTyBanu 3 3abpyaHeHVM cepefoBuLLEM, 3aXBO-
ptoBaHb CepLEeBO-CYOUHHOI, HEPBOBOI CUCTEM Ta paky.

LLlono o6’emiB yTBOpHOBaHMX BiAXOAiB MOXHA BigMITH-
TK, WO 3rigHO 3 gocnigpxeHHamMu pobotu [12] npu Bupob-
HMUTBI 1 T Npokaty ctani yTeoptoeTbes 0,043 T okanuHm i
wnamy. MNpn 06pobLi B MaluMHax BOrHEBO| 3a4NCTKN BU-
TpaTu MmeTany cknagatTb Big 5 % 8o 15 %. Ak npuknag,
Ha MarHiToropcbkoMy MeTanypriiHomy KombGiHaTi 3a pik
yTBOprOETLCA 404,4 TUC. T OKanNuHK, a Ha YenabiHcbKo-
My MeTanypriiHomy KomGiHaTi — 244,9 Tuc. T BigNoBigHoO.

AsTopamu pobotu [13] Gyno gocnigXeHo BigHOB-
neHHsa okcupais y cuctemi Fe-Cr-O-C npu  pisHomy
CMiBBIAHOLIEHHI Byrneuo OO0 3anisa Ta Temnepatypax
1373-1523 K. lMigBMLWEHHA TemnepaTypy Npu3BOgUIO
00 30iNblUeHHsA YTBOPEHHS KapbidiB, 3anuLIoK SKUX He-
MUWHYy4Ye MPUCYTHIN y npodykTax BigHoBneHHs [14]. Cty-
niHb BunyyeHHs Cr nigBuwysaecs 3 9,6 % po 74,3 %
3i 306inbweHHsam C:Fe 3 0,8 go 1,4. Pasom i3 uum 3poc-
Tano yTBOpeHHs1 kapbigie. YactnHa kapbigie po3vmHs-
nacsa y ¢asi 3anisa [13]. AsTopamu pobiT [15, 16] BU-
SIBMIEHO MOXINMBICTb yTBOpPeHHs kapbiais Cr,C,, Cr,.C,,

Cr,C, npn Temnepatypax 1273-1773 K. BcraHosrneHo

MOXIMBICTb YTBOPEHHS 3aMi30-XPOMBMICHUX MaTepianis
3 oOMeXeHMM BMICTOM BYrIMeLo, WO Aae MOXMIUBICTb
PO3LUMPEHHST chep BUKOPUCTaHHS, y TOMY YnCni And ne-
ryBaHHs XXapoMilHUX cTanen. Hegonikom € BidCyTHICTb
MOXMBOCTiI MPOCTEXWUTU BNAIMB Ha NpOLEC BigHOBMEH-
HA Ta kapbigoyTBopeHHs Ni Ta iHWKUX Tyronnaekux ene-
MEHTIB, SKi B KOMMNJIEKCI MPUCYTHI B OKCMAHMX Bigxodax
CKragHorneroBaHux ctanen Ta cnnasis.

AsTopamu poboTtu [17] Byno gocnigXeHo BigHOBMNEH-
HA ByrfneueM Hikenb-3ani3oBMIiCHUX NaTepuTHUX pya.
MMicna o6pobkun npotdrom 60 xB npu 1623 K i monsapHo-
My cnissigHoweHHi C:O 1,4 ctyniHb Buny4deHHsa Ni i Fe
cknaB 96,6 % i 97,9 % signosigHo. Mpn LbOMY KiNbKiCTb
Ni Ta Fe y npoaykTi ctaHoBuna 9,4 % ta 87,5 % Bigno-
BigHO. Cx0Xi JOCNIgXEeHHA 3 NnatepuTHUMK pygamm Oy-
no nposeaeHo aBTopamu pobotun [18]. O6pobkoto npu
1773 K npotsarom 90 xB npwm cniseigHowweHHi C:O 1,0 6y-
no otpmmaHo npoaykt 3 8,33 %mac. Ni Ta 84,71 %mac.
Fe. AsTopamn poboTtu [19] BUKOHaAHO OOCRiAXEHHS Bid-
HOBMOBANbHMUX PeakLii 3a y4acTio OKCUAIB i ByrmeLto B
cuctemi Fe-Ni-O npu temnepatypax go 1373 K. 3 nigsu-
LLeHHsAM TemnepaTtypu obpobky NPOAYKTW BiAHOBIEHHS
BUSABNANMCA B HAcTynHin nocnigosHocrti: Fe,O0,+NiO—
—Fe,0,+Ni—FeO+Fe Ni —Fe Ni +Fe(Fe C ). ~ TobTo
crnocTepiranacs BifHOCHO Benuka CXUrbHICTb A0 BigHOB-
neHHst okemay Ni, Hix okengis Fe. Ha okpemux etanax
npocTtexysanocs yrBopeHHs metanesux Ni Ta Fe. Bka-
3aHO MOXNUMBICTb MPUCYTHOCTI kapbigis Fe Ta 3aniso-
HikenbBMICHOI hasun FeXNiy, AKi TAKOXX MOXYTb YTBOpPHO-
BaTMCS NPW BiQHOBMEHHI OKCMAHMX NIEroBaHUX BigX04iB.
To6TO nigTBEPAXEHO MOXITMBICTL BiAHOBMEHHST 3ani30-
HikeneBoi CKNagoBoi 3 BiAHOCHO BUCOKUM CTYMNEHEM BU-
Ny4YeHHs LiNbOBUX enemMeHTiB i3 okcuais. Hegonikom €
BiJCYTHICTb BiJHOBMEHHS KOMMMEKCHUX OKCUAHUX CMOo-
nyK, SKi MOXYTb ByTW y CKnafi TEXHOTEHHOI CUPOBUHM.
Lle MOxxe 3ymoBUTM MOXIMBI BIGMIHHOCTI Nig Yac BigHOB-
noBanbHUX peakuin.

Y pob6ori [20] aBTOpamn nokasaHo, L0 BiAHOBIEHHS
okengis y cuctemi W-O-C BigbyBaeTbca 3 nepexogom
Tpuokeuay Bonbppamy o WO, ,,, Aiokcuay Borbdpamy
Ta W 3 yTBOpeHHsM kapbigi. [MogibHi pesynsratn Ha-
BEAEHO Takox y poboTi [21]. Mpouec BiAHOBNEHHS Y cuC-
Temi Mo-O-C, akui 6yno gocnigxeHo aBTopamm poboTtu
[22], Takox xapakTepn3yBaBCs YTBOPEHHAM NMPOMIKHOIO
npoaykty — giokeuay moniéaeHy. MoO, Hapani nepexo-
anB y monidaeH Ta kapbigHy cknagosy. Heponikom € Te,
Lo hopma NPUCYTHOCTI Bonbpam- i MonibaeHBMICHMX
CMNOMyK B OKCUOHWUX BigXOQ4ax BMCOKOMEroBaHUX cTanemn
Moxe OyTu cknagHiwe i Bigpi3HATUCA Big YNCTUX OKpe-
MUX okcugis. HesupiweHi yacTuHu npobnemu nonsra-
I0Tb Y BM3HAYEHHI YMOB BifHOBMNEHHS OKCUAHOI CKnag-
HOMEeroBaHoi CMPOBMHW 3 OTPUMAaHHAM MNpoaykTiB 6e3
crnonyk Ta das, CxunbHux o cybnimadii. Lie Buknountb
HeOobXigHICTb CTBOPEHHS cneLuianbHMUX YMOB, WO 3anobi-
ratoTb BUNApOBYBAHHIO Ta BTPATI TYronsaBKUX NEryumnx
enemeHTIB 3 ra3oBoto hasolo.

I3 NpoaHani3oBaHNX gXxepern BUAHO 3HAYMMI pesyrib-
TaTn OOChigpKEHHA 0COBGNMBOCTEN BiAHOBMEHHS BYyrIe-
LileM OKpeMO B3STUX OKCUAIB TYronnaBkux enemeHTis abo
B KOMMIeEKCi i3 3anizoM. OgHak HegoCcTaTHLO BUCBITNEHO
0CobnMBOCTI TepMOANHAMIYHOI piBHOBAru BigHOBHUX Ta
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KapbigoyTBOPIOOUYMX MPOLECIB B KOMMIEKCHIN CUCTEMI
3a y4yacTto Cr, Ni, Mo, W. 3a gonomoroto npefcraBneHHst
Ta aHanidy Takux JaHUX MOXHa BM3HAYUTM MOKA3HWKMK,
Lo 3abe3nevytoTb 3MiLLEHHS TEpMOANHAMIYHOT piBHOBA-
m B Bik BigHOBMNEHHS abo kapbigoyTBOpPEHHS npu 3Mi-
Hi TemnepaTtypu npouecy Ta KOHLUEHTpauii MOHOOKCMAY
BYIrneuto B 30Hi peakuiv. Lle gae MOXNMBICTb YTOYHUTU
HanBIiNbL NPUAHSTHI TEXHONOrIYHI NapameTpu ByrneLe-
BOTEPMil KOMMIEKCHO NEeroBaHoi TEXHOTEHHOI CUPOBUHU
Ta 3 A4esiKol BiporigHicTio nepegbadnTtn dasoBun cknag
NPOAyKTiB BigHOBMNEHHSA. PO3BMTOK AOCNiMAXEHb B LN
NAOLWMHI MOXe 3a6e3neunT 3HWXKEHHS BTpaT Tyronnas-
KNX enemeHTIiB Mig 4ac BiQHOBHMX MpoLueciB Ta nNpu Bu-
KOpUCTaHHi oTpumaHoi nerytoyoi gobaskm. Cnvpatouncs
Ha aHani3 mxkepen iHpopmaldii, ZoUINbHUMN € TEPMOAM-
HaMiYHi JocnigpkeHHA 3 NoOydoBoO Aiarpamn TepMoam-
HaMmi4HoI piBHOBaru peakuin B cuctemi Ni-Cr-Mo-W-O-C
BiNOBIQHO LLIOAO BiAHOBHUX peakLUin.

Mema po6omu. MeToto Uiei poboTn Gyna pospobka
OCHOBHMWX TEXHOMOTYHNX NapamMeTpiB BiGHOBMNEHHSA MeTa-
NOOKCUAHNX TEXHOTEHHWX BiAXOAiB, NeroBaHnx Tyronnas-
KAMU enemeHTaMun, a KOHKPETHi 3aBAaHHS LbOro ertany
JocnigxeHb nonsranu y nobygosi giarpamu TepMoguHa-
MidHOi piBHOBaru peakuin B cuctemi Ni-Cr-Mo-W-O-C.

O6'ekm i MemoOduka docnidxeHb. [Na NOpPiBHANb-
HOI OLLiHKM MMOBIPHOCTI NPOXOOKEHHS BiAHOBIIOBArbHMX
peakuin B cuctemi Ni-Cr-Mo-W-O-C npu Temneparypax
300-2000 K 6ynn BMKOpUCTaHI AaHi TepMOgUHAMIYHUX
BenuuuH eHtanbnii (AH), enTponii (S) i TennoemHocTi
(Cp), ki B3aTi 3 goBigHuKKiB [23—26]. Ansa 6inblw TOYHMX
po3paxyHKiB BMKOPUCTOBYBanacs MeToguka 3 ypaxy-
BaHHSIM BNAUBY 3MiHW TennoeMHocTi Cp i MPOXOAXKEHHS
noniMopdHNX NepeTBOpPEHb Y BUXIAHUX KOMMOHEHTAX i
npogyKTax peakuin 3i 3MiHOK TemnepaTypu Ha 3a3Hade-
Hi BULLIE TEPMOOUHAMIYHI BENMYUHM [23].

Pe3ynbmamu docsidxeHb. MNpy BigHOBMNEHHI Npu
Temnepatypax go 1100 K ta emicti CO Big 0 go 100 %
oTpumaTn 6es3ByrnmeueBuMn MPOAYKT TEepMOZUHaMIYHO
He npeacTaBnAeTbCa MOXIMBUM (pucyHOK). [NpoTe B
peanbHUX yMOBax Mpu NPSMOMY BiQHOBMEHHI OKCuAaiB
Bonbdpamy ByrneuemM npu BiAHOCHO HU3bKUX Temnepa-
Typax nigTpyMKa KOHLEHTpauin B CucTemi gyxe ycknag-
HeHa. 3i 36inbweHHsAM TemnepaTypu B obnactax VIII-XI
HWx4e KpmBux 12 Ta 13 TepmoguHamiyHa MMOBIPHICTb
OTpMMaHHs1 6e3ByrneLeBoro NPOAyKTy 36inbLyeTbCS.

Ob6nacTtb | obmexeHa kpmBMy 7 i 8, po3TalloBaHa B
30Hi Temnepatyp 300-850 K i koHueHTpauin CO Big 0 go
40 % (pucyHOK). 3 TOYKM 30py TEPMOAMHAMIKM Y Ui 06-
nacTi MOXNMBE NPOXOMKEHHSA peakuii 8—16, KpuBI SKNX
i3 3HKeHHsaM TemnepaTtypu go 300 K nparHyTe 4ocartm
ropusoHTaneHoil oci. 3i 36inblweHHaM TemnepaTtypu 4o
400-1000 K B iHTepBani koHueHTpauii CO Big 0 go 45 %
B obnactax, obmexeHux kpuBumMu 8—10, yTBOPEHHS
Mo,C 3 MoO, cTae TepmMoanHaMi4HO ManonMOBIPHUM.

Ob6nacTb IV postawoBaHa B TeMnepaTypHOMY iHTep-
Bani 600—-1200 K y mexax koHueHTpauii CO Big 0 go
17 % (pucyHok). Y uin obnacti TepMOgUHaMIYHO MOXMK-
BuI nepebir peakuin 12—16: peakuii BigHOBNEHHS TPUOK-
cvay monibaeHy Ta okeuay Hikerno.

[ocuTtb Benuka y npencraBneHin giarpami obnactb
VIII, wo 3arimae TemnepatypHun inTepsan 900—-2000 K B

mMexxax koHueHTpauin CO Big 0 4o 65 % (pucyHok). Y uin
obnacTi MOXnMBUKA Nepebir peakuii BiZHOBMEHHSI okcuay
Hikento Ao Hikento BinbHoro. [lo Temnepatypu 1400 K Bu-
we kpmBux 74 i 13 BiporigHi peakuii BigHOBNEHHS TPUOK-
cuay moniéaeHy ao Mo ta Mo,C.

Takox HeoOXigHO 3BepHyTW yBary, WO B Temnepa-
TypHomy iHTepBani go 1400 K (pMcyHOK) AOCUTb HU3b-
Ka koHueHTpauia CO (6nusbko 0,1 %), HeobxigHa Ons
peakuii NOHWXEHHsT TpMokcuay moniéaeHy Ao giokemay
(peakuisa 16). Lia obctaBmHa CBigYnTbL NPO BUCOKY MMO-
BipHICTb nepebiry Takoi peakuii y Bue3a3HaYeHoMY
TemnepaTypHOMy iHTepBari.

B obnacrTi X, po3rawoBaHoi B TeMnepaTypHOMY iH-
TepBani 1200-2000 K 3 koHueHTpauieto CO Big 18 go
63 % (pUCyHOK), KpiM peakLin, NPOoTiKaHHS SKUX Biporia-
He B obnacrti VI, MmoxnuBum ctae npouec NOHWXEHHS
Tpuokeuay sonbgpamy WO, go giokenay WO,. Axano-
riyHa peakuis Habysae iMOBipHOCTI B obnacTi V, poaTta-
LLIOBAHOI BULLIE KpUBOI 77, Ha BigMiHY Big obnacrTi IV.

3 NigBULLEHHAM KOHLIEHTpaLjii MOHOOKCMAY BYrMneLo
B CUCTEMI KPMBMMU peakLin 7, 6 i 5 B KOHUEHTpauiiHOMy
iHTepBani 16—96 % CO moxHa Buginutn obnacri Il, VI i
X (pycyHok). PosTalwyBaHHS Lux obrnacten BuLLe Kpusoi
7 pobutb TepMOgUHaMIYHO MMOBIpPHMM nepebir peakuii
BiHOBEHHS Tpuokeuay Bonbgpamy WO, fo Bonbgpa-
My. CxoxXa KapTMHa MPOCTEXYETbCA 3 MiABULLEHHSM
koHueHTpauii CO y cuctemi oo 64-97 %. Buwe kpusmx
peakuin 5 i 6 Ha giarpami MmoxHa BigmiTUTK obnacTi I,
VIl Ta Xl, postawoBaHi y TemnepaTypHOMy iHTepBani
300-2000 K. Y umx obnactax peakuii 5 i 6 ctae MOx-
nVBUM 3 TEPMOAMHAMIYHOI TOYKM 30py nepedir peakuin
BiAHOBNEHHsA Aiokcuay monibaeHy MoO, i Bonbgpamy
WO, oo monibaeny i Bonbgpamy BinbHoro. Mpu ubomy
HeobXigHO BIAMITUTY, WO 3 MiABULLEHHSAM KOHLUEHTpauil
CO, kpiMm NOsIBU MOXMIMBOCTI MPOTIKAHHA HOBUX peakLUin,
NMOBIPHICTb peakLin, KpuBi SKMX po3TalloBaHi Ha Aia-
rpami B 30Hi 3HAYHO HMXKYMX KOHLEHTpAL,in MOHOOKCHMAY
BYIMevuto, MOCUITHETHCS.

0O62060peHHs1 pe3ysibmamie. 3 OTpPUMaHUX pe-
3yneraTie nobygosu giarpamu TepMOAUHAMIYHOI PiBHO-
Barn B cuctemi Ni-Cr-Mo-W-O-C (pucyHoK) BuTiKae, Lo
HanbinbL LikaBUMKU 3 MPaKTUYHOI TOYKM 30py € obnacri,
po3TalLOBaHi BULLEe KpuMBUX 5, 6, B SKUX € BUCOKA Tep-
MOAMHaMiYHa MMOBIPHICTb YTBOPEHHS YMCTUX HiKento,
MonidaeHy Ta Bomnbdpamy, a Takox ix kapbigHux cno-
nyk. Lle npogatkoBo 0ByMOBMOE Mi3epHO Many Biporia-
HICTb OTpumaHHsa Ges3ByrneueBoro npoaykty. MNpuyomy
3i 30iNbLUIEHHAM TemnepaTypu Ta nepexogom 3 obnacTi
[ll B obnacTi VII Ta XI nmMoBipHiCTb yTBOpPeHHs Kapbia-
HUX CMOMYK 3HWXYETbCA 3 NEepeBaxaHHsAM MeTaneBoi
CKMNagoBoi y NpoayKTax peakuin. BigHOBNEHHS OKCUOHUX
CMonyk Xpomy B AOCIAKYBaHOMY TeMnepaTypHOMY iH-
TepBani 3 4OCTAaTHbOK MMOBIPHICTIO NOTpebye KOHLEH-
Tpauii MoHookcuay Byrneuto Buwle 99 % (pucyHok, a),
WO 3Ha4yHO MnepeBuLLlyE HeobXxigHy KOHLUeHTpauilo ans
3abe3nevyeHHs BUCOKOI MMOBIPHOCTI BigHOBNeHHst Mo, W
i Ni (pucyHok, 6, 8).

B uinomy moxHa BigMiTUTK, WO HanWbinbLy MMOBIp-
HICTb BiQHOBIEHHS y PO3MMAHYTIN CUCTEMI MaloTb Tpu-
okemng monibaeHy MoO, Ta okeug Hikento NiO. Mpu upo-
My SIK y BUMaaKy 3 Tpuokcugom monidoaeHy MoO,, tak

ISSN 2077-1304. Met. lite Ukr., vol. 31, 2023. N1 (332) 71



PECYPCO- TA EHEPTO3BEPEXXEHHS HA MIANPUEMCTBAX METANYPTIAHOI FANY3I I'Y IMBAPHUX LIEXAX

pCO.%

100

99,9 1
99,8
99,7
996 1
99,5
99.4 1
99,3 |
99,2
99,1 A

99

pCO,
100 -

90 A

80 A

60 4

50 A

30 A

20 A

200 400

W+Mo,C

[}

800 1000

800 1000

1200 1400 1600

Temnepatypa, K

a

1,2, 3 4
ToC

Mo+W+Mo,C+WC

Ni,C+Mo+W

Vi
/]

1800

Mo+W
X1

Ni+MoO,
Vil

2000

15

1200 1400 1600

Temnepatypa, K

1800

2000

400

MOOZ 16

1000 1200 1400 1600

Temnepatypa, K

8

1800

2000

1.7/33Cr,0, + CO = 2/33Cr,C, +
+27/33CO,;

2.23/93Cr,0, + CO = 2/93Cr,,C, +
+81/93CO,;

3.1/3Cr,0, + C = 2/3Cr + CO;
4.3/17Cr,0, + CO = 2117Cr,C, +
+13/17CO,;

5. 1/2WO0, + CO = 1/2W + CO,;

6. 112Mo0O, + CO = 1/2Mo + CO,;
7.1/3W0, + CO = 1/3W + CO,;

8. 1/3Mo0, + CO = 1/6Mo,C +
+5/6CO,;

9. 1/4WO, + CO + 1/4WC + 3/4CO,;
10. 1/5WO, + CO = 1/5WC +
+4/5CO,;

11. WO, + CO = WO, + CO,;

12. 3/5NiO + CO = 1/5Ni,C +
+4/5CO,;

13. 1/4MoO, + CO = 1/8Mo,C +
+7/8CO,;

14. 1/3MoO, + CO = 1/3Mo + CO,;
15.NiO + CO = Ni + CO,;

16. MoO, = CO = MoO, + CO,

[iarpama TepMoguHaMiYHOI piBHO-
Barm y cucrtemi Ni-Cr-Mo-W-O-C:
a — B iHTepBani napuianbHOro Tuc-
Ky pCO 99-100 %; 6 — B iHTepBani
napuianesHoro Tucky pCO 0-100 %;
8 — B iHTepBani napujianbHOro TUCKY
pCO 0-5 %

i Tpuokecuay Bonbgpamy WO,,
nepLloYeproBUMN  BUCTYNaKOTb
peakuii MOHWKXEHHA BULLe3raga-
HUX okeugis oo MoO, i WO,, wo
nigTBepaXye onucaHuni y pobo-
Tax [20—22] pBocTaginHum npo-
LLeC BiAHOBIEHHS BULLINX OKCUAIB
monibaeHy i Bonbdpamy Byrne-
LeBOTEPMIYHUM Cnocobom.
HanmeHLwy MMOBIpHICTb Bia-
HOBMEHHA B PO3MMSAHYTIN CUC-
Temi matoTb okeupg xpomy Cr,O,
(PUCYHOK, a), BiAHOBMNEHHS SIKOro
3 TEPMOAMHAMIYHOI TOYKM 30pY
CTae MOXIMMBMM MpPU  KOHLIEH-
Tpauisx CO Buwe 98-99 %.
Mpn uboMy y BMNagKy i3 xpo-
MOM HambinbL BiporigHa peak-
uia kap6igmsauii Cr,0, go Cr,C,
(kpmBa 4). Ha gpyromy micui 3a
MMOBIpPHICTIO nepebiry 3Haxo-
OnTbCs  peakuisa  kapbigusauii
Ao Cr,C. (kpuBa 2), wo Buma-
rac nigBULEHHS TemnepaTtypu
Ta KoHueHTpauii CO y cucrtemi.
HanbinbLw Bucoka Temneparypa
i KOHLEeHTpaLjis MOHOOKCUAY BYr-
neuto (>99,7 %) B AaHi cuctemi
3 TOYKM 30py TEPMOANHAMIKM MO-

72

ISSN 2077-1304. Met. lite Ukr., vol. 31, 2023. Ne1 (332)



PECYPCO- TA EHEPTO3BEPEXXEHHS HA MIANPUEMCTBAX METANYPTIAHOI FANY3I I'Y IMBAPHUX LIEXAX

TpibHa ans peakuin nepexogy Cr,O, y Cr,C, i Cr (kpuBi
1i3).

BpaxyBaHHs1 3MiHM TENIOEMHOCTiI KOMMOHEHTIB peak-
Lin Ta dpa3oBMX Nepexois 3i 3MiHOK TemnepaTypu gano
MOXIMBICTb OTPUMaTK GinbLl TOYHI pe3ynbTaTti. 3HayHa
KINbKICTb PO3rMsHYTUX peakuin i BignoBigHWx obnacten
piBHOBarn Ha NnobygoBaHin giarpami B LUMPOKOMY TeMne-
paTypHOMY Aiana3oHi BMCBITNOE Binbll MOBHY KapTUHY
MOXINNBUX NEPETBOPEHb B MPOLECi BiAHOBMEHHS nero-
BaHNX TEXHOreHHUX BioxoaiB.

Pasom 3 nepepobkoto i MOBEpPHEHHAM Yy BUPOGHM-
LTBO METanyprintHNX TEXHOrEHHUX BiAXO4iB i3 BMICTOM
TYronnaBKnx enemMeHTiB 3abe3neyyeTbCa  3HMKEHHS
€KOJMOriYHOro Hanpy>XeHHs Ta NoninweHHs piBHA 6eane-
KW Ta ririeHW npaui y NpoOMUCIIOBUX 30HaXxX. YTBOPEHHS
Ta 3b6epiraHHa OKCUAOHWX AOpiOHOAUCNEPCHUX BIOXOAIB
BMPOBHMLTBA CymnpOBOMKYETbCA HU3KOK Hebesnek sk
ONS NpauiBHYKIB MeTanyprinH1x nignpuemcTB, Tak i Ans
MeLlKaHUiB npunernux teputopin. lNpu 36epiraHHHI Ha
BiOKpMTOMY MOBITPi ¥ 3Banuwax AgpibHogmucnepcHa npu-
poda YTBOPEHUX BiOAX04iB CNPUSIE POCMOBCIOAXKEHHIO Bi-
Tpom. Mpn UbOMY MOXNMBE MOTPanNAHHA NIGHATUX Bi-
TPOM MIKPO4YaCTOK B OpraHy AMXaHHs Ta Ha iHLWi Cnn3oBi
o6onoHkn npauiBHuUKiB. Lie Moxxe cnpuumHuTK noripLueH-
HSl CTaHy 340POB’St 3 PO3BUTKOM 3axBOPIOBaHb AWXarb-
HUX WNAXiB. Taki enemeHTn, siK Hikenb Ta XpoM, pa3om
3 UMM MarTb KOHLIEPOreHHy Ait0 Ha OpraHiam foAanHM.
Tomy, OKkpiM NoapasHioBasnbHOI Ail CNnM3oBMX 06ONOHOK
YacTkamun NuMy, MOXNMBA | TOKCUYHA Ais NPUCYTHIMU B
cknagi enemeHTamu.

Okpim Lboro 36epiraHHs yTBOPIOBaHUX BiAX04iB MOXe
CynpoBOOKYBaTUCA 3abpydHEHHSAM MNpuUnernmMx rpyHTiB
Ta rpyHTOBMX BoA. Pasom i3 rpyHTOBMMW BOogaMm LUKid-
NMBI TOKCMYHI eneMeHTU 3 BigXo4iB MOXYTb NOTpanuTn y
Jxepena nuTHOI BOAM, LLO MOXe CMPUYMHUTI 3aXBOPHO-
BaHHS Y HaceneHHs Npunernmx TepuTopin.

OpaHuM i3 BapiaHTIB 3HWXKEHHS LKIANMBOI Aii yTBOpe-
HUX OKCUAOHWX BIiOXOAIB € YOOCKOHANEHHS OCHAaLLEHHS
Micub 36epiraHHs i3 YCyHEeHHAM KOHTaKTy i3 rpyHTamMm Ta
onagamu. Lle moxyTb 6yTn kpuTi nnowagku abo cknagu.
TakoxX MOXIMBE BUKOPUCTaHHS OiXKOK abo iHLIMX EMHOC-
Ten.

3a3HayeHi BuLLe 3ax0an € TUMYacoBUMM i OAATKOBO
noTpebytoTb BUTPAT 30epiraHHA Ta 0bcnyroByBaHHs. B

<
‘ '4 JIITEPATYPA

LbOMY KITtoui nepepobka yTBOPEHMX OKCUAHMX Biaxomqis
y BNacHOMY BUPOBHMUTBI € MPUHLMNOBO AKICHUM pilleH-
HS iCHyto4OI Npobrnemu.

Tomy yOOCKOHaNeHHs TEXHOMOrYHMX MapameTpis
nepepobKkM TEXHOTEHHMX BigXoaiB 3abe3neyvye He TiNbKu
PO3BUTOK pecypco3bepexeHHsl, a N NOKpaLLEeHHs CaHi-
TapHUX YMOB NpaLi Ta NigBuLLEHHA piBHS ©6e3nekn meLu-
KaHUIiB Npunernux Tepputopin.

BucHoBK#M i nepcnekTuBu gocnigxeHb

MobynoBaHo gdiarpamy TepMogWHaMIYHOI piBHOBa-
i B cucteMi Ni-Cr-Mo-W-O-C, cTOCOBHO BigHOBNEHHS
OKCWHOiI TEXHOMEHHOI CMPOBMHM, LLO Aarno 3agoBiflbHE
YABMEHHS MPO YTBOPIOBaHi NMPOAYKTM peakuiil 3anexHo
BiJ TemnepaTypu Ta KOHLEHTpaLii MOHOOKCMAY BYrmneLto.

BusHaueHo ymoBM, WO 3ab6e3nevyoTb 3MiLLEHHSs piB-
HoBarun peakuiv y 6ik yTBOpeHHA kapbigiB Ta enemeHTiB
Yy BiflbHOMY CTaHi Npu BiHOBMNEHHI MOHOOKCMAOM BYrre-
yto. MNpu uboMy 3 NiaABULLEHHSIM TEMNEpaTypu CnocTepi-
raeTbCH 3MilLleHHs piBHoBaru y 6ik Big kapbigis o meta-
niB y BiNbHOMY CTaHi. CXvMbHICTb 4O NPOTIKaHHA peak-
Ui BigHOBMNEHHSI 3MEHLLYETLCSA HACTYMHOK YEpProBiCTHO:
NiO, MoO,, WO,, MoO,, WO,, Cr,O,. BuaHa4eHo GinbLuy
iMOBIPHICTb NPOTiIKAHHA peakuin BiOHOBNEHHS BULLMX
OKCMAIB, HiXK HMKYMX, LLIO BKA3y€e Ha ABOCTafiiHICTb Npo-
uecy. Npn UbOMY OTPUMAHHS BiAHOBMEHOrO MPOAYKTY
6e3 BMiCTy kapbifiB € ManoiMoBipHUM.

Pa3om 3 nepepobkoto i NOBEPHEHHAM Y BUPOBHNLITBO
MeTanyprinHMX TEXHOreHHUX BIAXOAIB i3 BMICTOM Tyro-
nnaBKNX enemeHTiB 3abe3neyyeTbCa 3HWKEHHSA eKoro-
rYHOrO HamMpyXeHHs1 Ta MOoninweHHs piBHA 6e3nekn Ta
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giarpamum MoxxHa Byge BUKopucToByBaTu B chepi TEXHO-
NOrin OTPMMaHHA MeTani3oBaHWX maTtepianis 3 BigxoAis
Pi3HMX KnaciB neroBaHux ctanen Ta cnnasis.
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Construction of a diagram of the thermodynamic equilibrium of reactions in the Ni-Cr-Mo-
W-0-C system in relation to environmentally oriented processing of metallurgical waste to
increase the level of job safety and hygiene

The article is devoted to the construction of a diagram of the thermodynamic equilibrium of reactions in the Ni-Cr-Mo-W-0O-C
system regarding the processing of man-made waste, which is related to increasing the level of the ecological component, as
well as occupational safety and hygiene in metallurgical production. To achieve this goal, the conditions of the thermodynamic
equilibrium of recovery were calculated depending on the temperature of the process and the concentration of carbon mon-
oxide, which indicates the possibility of reactions. Thanks to the successfully conducted stages of research, significant results
were obtained with the determination of temperature conditions at certain concentrations of carbon monoxide in the reaction
zone, which enable the formation of elements in the free state and carbides. The constructed diagram shows the regions of
equilibrium of the reactions, which indicate the stepwise transformations with the reduction of higher oxide compounds to
lower ones with subsequent reduction. It can also be seen that the sections of the diagram with a shift in the equilibrium to-
wards carbide formation are at relatively low temperatures. To shift the balance of reactions towards the reduction to metals in
the free state, it is necessary to ensure an increase in temperature and concentration of carbon monoxide. That is, obtaining
recovery products without the content of carbides is unlikely. Taking into account the change in the heat capacity of reaction
components and phase transitions with temperature changes made it possible to obtain more accurate results. A significant
number of considered reactions and corresponding regions of equilibrium on the constructed diagram in a wide temperature
range illuminate a more complete picture of possible transformations in the process of recovery of doped man-made waste.
Together with the processing and return to production of metallurgical man-made waste containing refractory elements, a
reduction in environmental stress and an improvement in the level of safety and occupational hygiene in industrial zones is
ensured.

]
Diagrams of thermodynamic equilibrium, oxide man-made waste, processing, environmental
stress, safety.
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CENNO NOXEHKUINI

YneHy peaakuiiHoi Konerii HAyKOBO-TEXHiYHOr0
XypHany «Metan ta nuTTa YKpaiim»

Cenno JloxeHkinni 3akiH4nB enNbCIHCbKMIN TEXHOMNOIYHUIA yHiBepcuTeT (HMHI — YHiBepcuTeT AanTto), hakynsreT
metanyprii, y QiHnaHaii.

Woro pocnigHuubka kap’epa poseuBanach Bif acnipaHTypy, OTPUMaHHS HayKoBOrO CTYMeHs [0 Nocaj CTapLuoro
HayKOBOro cniBpobiTHUKa, af’toHKT-Npodecopa Ta npodecopa i kepiBHUKka nabopaTopii metanyprii B YHiBepcuTeTi
AanTo. Takox BiH obinmas nocagy npodecopa B YHiBepcuteTi Oyny, ®iHnaHgis, i 6y 3anpoweHum npodecopom y
lMiBHiYHO-CXigHOMY yHiBepcuTeTi, LeHbsaH, Kutan (2014-2019).

MpegmeToMm Moro gocnigkeHb Ta chepamm iHTepeciB € MOAENMOBaHHS, CUMYNALIA Ta ONTUMI3aLis MeTanyprinHux
npovecis, 0cObBNMBO AN1A CTanennaBunbHOI ranysi, Bia KOHBEPTEPA 0 rapsAyoi NpoKaTku, BKIHYaro4m o6pobky B KOB-
i, 6esnepepBHe NUTTSA, 3aTBEPAIHHSA, BUBYEHHS MIKDOCTPYKTYPU MaTtepianiB npu OXONOMKEHHI Ta TepMiyHin obpobu,.
OCHOBHO MeTO gocrigKeHb € po3pobka HaykoBUX 3acobiB MOAENOBAHHA BUCOKOIO PiBHA ANst METaNypriiHuX npo-
uecis, ocobnueo ansa 6e3nepepBHOro NUTTS Ta 3aTBEPAiHHA cTani.

Cenno JloxeHkinni € cniBpo3pobHMKoM nporpamHoro 3abesneveHHs, Takoro sk IDS, Tempsimu, CastManager,
SlabManager, FurnaceManager, a Takox cneujianbHOro iHCTPyMeHTY Ans aHanisy suxigHux gaHux OES-PDA gns
pO3paxyHKy CTaHy BKIOYEHb i 3aranbHoro BmicTy kucHio (TOC) B npobax nig Yac BMpobHMUTBA CTani Ha MeTanyprin-
HVX 3aBOfax.

BiH € ogHuMm i3 3acHOBHWMKIB komnaHii Casim Consulting Oy, sika po3pobnsie obuncnoBarnbHi HAyKOMICTKI, ane npo-
CTi Y BUKOPWCTaHHI iIHCTPYMEHTM Ta CUCTEMW AN CTanenmBapHOi MPOMMUCNOBOCTI. HUHI € Kepylounm OnupeKkTopom Liei
KOMNaHii.

Cenno JloxeHkinmni mae LWMpOoki 3B’A3KN K KePiBHUK/MEHemXep NPOEKTIB 3 MiXKHAPOAHOK AOCMIOHULIBKOK CMiflbHO-
Toto (ocobnueo B €sponi, CLUA, Kanagi, IHgii, Kutai Ta bpasunii) i 6epe yyacTb y CninbHUX OCMIAHULBKUX NPOEKTax
B pamkax nporpamu €C (RFCS-Research Foundation for coal and steel) Ta iHWKX MixxHapoaHMX 0OMiHax.

BiH € uneHom peaakuinHOoI Konerii HayKoBO-TEXHIYHOTO XXypHany «MeTan Ta nuTTa YkpaiHny.

PeOkosiezisi Hayko8o-mexHi4HO20 XypHany «Meman ma numms YkpaiHu» eimae npogecopa Cenno JloxeH-
Kinni 3 OHeM HapoO)xeHHs1 ma b6axae MiyHo20 300poe’si, npoueimaHHs ma ycnixie!

SEPPO LOUHENKILPI IS 70 YEARS OLD

Seppo Louhenkilpi graduated from Helsinki University of Technology (at present Aalto University), laboratory of
metallurgy, Finland.

His research careerincludes positions from postdoctoral researcher, senior scientist, adjunct professor to professor
and the head of the laboratory of metallurgy in Aalto University. Also he kept professor position at the University of
Oulu, Finland, as well as an invited concurrent professor at Northeastern University, Shenyang, China (2014-2019).

His research subjects and interest areas are modeling, simulation, and optimization of metallurgical processes
especially for steelmaking area from converter to hot rolling including ladle treatments, continuous casting,
solidification, materials microstructures, as well as cooling and reheating phenomena. The main aim of the research
is to develop high-level scientific simulation tools for metallurgical processes, especially for continuous casting and
solidification.

Seppo Louhenkilpi is co-developer of many software as IDS, Tempsimu, CastManager, SlabManager,
FurnaceManager, and a special tool to analyse OES-PDA ouput data for calculation the status of inclusions and total
oxygen content (TOC) from lollipop or other samples taken from production in steel plants.
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He is one of the founders of the Casim Consulting Oy company, which develops computationally fast, highly
scientific, easy-to-use, and holistic tools and systems for steel industry. At present he is the managing director of this
company.

Seppo Louhenkilpi is extensively networked as a project leader/manager with the international research community
(especially in Europe, USA, Canada, India, China, and Brazil) and involved in joint research projects within the EU
(RFCS-Research foundation for coal and steel) program and other international exchange.

He is a member of the Editorial board of the scientific and technical Journal “Metal and Casting of Ukraine”.

The Editorial Board of the scientific and technical Journal “Metal and Casting of Ukraine” congratulates
Professor Seppo Louhenkilpi on his birthday and wishes him prosperity, to be healthy and successful!
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HANEKA
Bonoaumupa
JleoHTinOBMYA

Pik Tomy nepectano 6utnca cepue BugaTHOro BYEHOrO B ranysi Metanyprii Ta matepianosHascTsa, 6aratopiyHoro
aupekTopa i BeTepaHa Pi3nko-TexXHOMOoriYHoro iHCTUTYTY MeTanis Ta cnnaeiB HAH YkpaiHu, akTuBHOro opraHisatopa
HayKun, AOKTOpa TEXHIYHUX HayK, 3aCIy)XeHOro fisya Haykm Ta TexHiku YkpaiHu, akagemika HauioHanbHoOI akagemii
Hayk Ykpaiin Bonogumupa JleoHTinoBuya Hanpeka.

Hupekuyiss ma konekmue IHcmumymy, Opy3i ma kKosie2u 36epizaromb ceimsly nam'ssimb npo Bosiodumupa
Jleonmitioguya, sikuli € NpPuks1Iadom 8i00aHO20 CNyXiHHSA Hayui.
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YroaA
NMPO NEPEOAYY ABTOPAMU NPABA
HA ONYBJIIKYBAHHA PYKOINUCY

Mu, Wo Hwk4e nignucanucs, asTopu

nepegaemMo 6e3 onnaTtu 3aCHOBHUKaM Ta pegkonerii )xypHany «MeTtan Ta nutTa YkpaiHu» npaso onybnikyBaTtu
pykonuc

(moBa — ykpaiHCbKa/aHrnincoka).

Mwu nigTBEpAXYEMO, WO UA Nybrikauis: He nopylye aBTOPCbKMX MpaB iHWMWX OCi6 abo opraHisauin; He
Oyna paniwe onybnikoBaHa (3a BMHATKOM nybnikauii y BArnagi pestome, yactTnHu onybnikoBaHoi nekuii, Tes,
ornsagy abo gucepTadii); He € MogaHoW B iHWI BUAABHWUTBA ANs nybnikauii; cxBaneHa angd nybnikauii Bcima
criBaBTOpaMu, a TakoX opraHisauieto (IHCTUTyTOM, By30M, 3aBOAOM abo BigMoBiganbHOK YCTaHOBOK), B KN
BOHa BMKOHaHa; He MiCTUTb KOMepLinHOT abo AepXaBHOI TAEMHULI.

Mepenaya npaBa Ha ony6niKyBaHHSA CTATTi OXOMIIOE BUKITOMHE MPaBO Ha BiATBOPEHHS | MOLUMPEHHS CTaTTI,
BKITIOYalouM BigOWUTKW, Mepeknagwn, enekTpoHHi opmu (oH- i ocnarH) abo Oyab-siki iHWI NogibHi dopmm
BiTBOPEHHS K HA TepuTopii YKpaiHK, Tak i B KpaiHax GnmKHbOrO i Aanekoro 3apybixks.

lMicna NpURHATTS pykonucy A0 APYKY (3a yMOBM NOTOMXEHHS BCiX 3ayBaXeHb peLieH3eHTa) 3060B'a3yeMocs
onyonikyBaTu CTaTTO NPOTSAroM 6-Tn micauis.

Y pasi Heobr'pyHTOBaHOI 3aTpMMKK NyOnikauii ctaTTi aBTop (aBTOpW) 3anuwiae 3a cobor NpaBo BigKNUKaTu
pyKonuc 3 pegakLii, npy LboMy pefakuisi BTpayae npaBo Ha nyonikailo JaHOro pyKonucy.

lidnucu asmopie 3as. ped.- sud. cekmopy

(MIB, opraHisauisi, agpeca, KOHTaKTHUIA Ten., e-mail)

(nignwmc)
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