Ned, 2022

ISSN 1028-2335

¥ % e

YK 669.18

€.B. CuneziH, C.B. CyxogeybKull

AHAJIITMYHI JOCJIIKeHHS | XapaKTepUCTUKA MeTOAIB padiHyBaHHS

ctauai y npomkoBmi MBJI3
Y.V. Synehin, S.V. Sukhovetskyi

Analytical studies and characteristics of steel refining methods in the

CCM tundish

AkmyanbHicmb: [TocmiliHo 3pocmarodi sumoau 0o sikocmi Memasnonpodykuii ma i cobieapmocmi crioHykatoms 00
cmasioeo po38uUMmKy mexHosioeill paghiHysaHHsI cmarii, 30Kpema U 8i0 HeMemaresux 8KIMOYEHb, MPUCYMHICMb SKUX 8
cmarii Cymmeso 3HUXYeE MexaHiYHi erracmueocmi cmarnesoi npodykuii. Hapasi pachiHysaHHs1 cmarni 8i0 Hememarneaux
8KIT0Y€EHb 30iliICHIOEMbCS MOYUHaroYU 3 1o3ariyHoi 06pobKu cmari y cmasnepo3nugHOMY KO8WI | 3aKiHYyembCsl Ha ema-
ni poanueaHHs cmari. Halbinbw ecpekmusHuMu memodamu paghiHysaHHs cmarii, Wo 3yMO8UsIO iX WUPOKe 8UKOPU C-
MmaHHs 8 MPOMUCII080CMI, € IPOOY8Ka IHEPMHUM 2a30M, e/leKmpoMazHimHe nepemillysaHHsi, MoOUGIiKy8aHHSI ma iH.
Hadibinbw echekmusHuUM 3 ro2nsdy pachiHysaHHs1 cmarii € 06pobka Ha ¢hiHilWHUX emarnax eupobHuUumea, 30Kkpema npu
posnusaHHi cmai Ha MBJ13 y npomixHomMy Kosuwi.

M ema po6omu: 3 02rs10y Ha Wupoke pisHomaimmsi mexHosnoeilii Memodie pacghiHysaHHs cmari, 3okpema U Ha emani
besnepepeHoO20 posnueaHHsi cmarni, 8UHUKae nompeba 6 ix cucmemamu3auii i knacugikauii, wo 0o3eonumse Kpawe
ouiHo8amu i nopigHr8amu ix egpekmugHicmes.

Haykoea Hogu3Ha: cucmemamu3ogaHi i KracucgbikosaHi Memodu paghiHysaHHsicmarii npu 6e3rnepepeHoOMy po3fu8aHHI
cmarni. Ha npuknadi ceimoegozo doceidy, rpyHmMy4YUCh Ha 021si0i 0cmaHHiX 3akopOOHHUX nybriikauyjid, po32/1sHymo KOH-
KpemHe 3acmocysaHHs i eqhbeKmueHicmb KOXHO020 mury Memodis.

Haykoei ma npakmuyri pe3ynbmamu: 3anpornoHogaHa knacucgbikauiss memodie 00380/1Umb Kpalye ouiHoeamu ix
eghekmugHicmb ma payjioHanbHo obupamu AouinbHi Memodu ma ix kombiHauii 05s1 KOXXHO20 OKPeM0o20 8upobHUUMSa,
30KpeMma i3 ypaxysaHHsIM MapKu cmarii. Takox, auxo0s14u 3 OUiHKU egbeKmugHOCmi po3ansHymux memodig, MOXHa 8 u-
3Hayumu do0amkosi pe3epau wodo ix 800CKOHANEHHS.

Knroyoei cnoea: MBEJ13, MoOugpikyeaHHSI, enieKmpomazHimHe rnepemiwlysaHHsi, pagiHysaHHs, Hememaresi 8KIIYeH-
HSl.

Relevance: Constantly growing requirements for the quality of metal products and their cost price encourage the
sustainable development of steel refining technologies, in particular, from non-metallicinclusions, the presence of which
in steel significantly reduces the mechanical properties of steel products. Currently, the steel refining from non-metallic
inclusions starts from steel processing in the ladle and ends at the steel casting. The most effective methods of steel
refining, which led to their wide use inindustry, are argon blowing, electromagnetic stirring, modification, etc. The most
effective from the point of view of steel refining is the processing at the final stages of production, in particular, when
casting the billet at the CCM tundish.

The aim of the work: inviewof the wide variety of technologies and methods of steel refining, in particular at the con-
tinuous casting, there is a need for their systematization and classification, which allow better evaluation and
comparison of their effectiveness.

Scientificnovelty: systematized and classified methods of steel refining during continuous casting of steel. On the
example of world experience, based on a review of the latest foreign publications, the specific application and effec-
?iveness of each type of method is considered.

Scientific and practical results: the proposed classification of methods makes it possible to better assess their
efficiency and rationally choose appropriate methods and their combinations for each individual production, in particular,
taking into account the steel grade. Also, based on the evaluation of the effectiveness of the considered methods, it is
possible to determine additional reserves for their improvement.

Key words: CCM, maodification, electromagnetic stirring, refining, non-metallic inclusions.

JIleopis i nNpaKmuKg Memarypeii

HasBHicTb HemeTaneBux BkmtoyeHb (HB) B cTani
NpPU3BOAUTL OO0 MOTipLUEHHS MEXaHIYHUX Xapaktepuc-
TVK CTami, a B AEesKUX BuMagkax MOXe NocuroBatm
BM/MB KOPO3ii Ha MeTan. Ha cborogHi Bigomo 6arato
meToaiB BuaaneHHa HB 3i ctani, Hegonikam Akux €
BMKOPUCTaAHHS CKMNagHoro obnagHaHHs, OOporux [Ao-
AaTKoBMX MartepianiB gns obpobku ctani tow,o. Tomy
po3pobka Hegoporux i BogHo4Yac edeKTMBHUX METO-
AiB BuganeHHs HB 3i ctani € akTyanbHOK 3agadeto.

Ha nigctaBi nposefeHoro ornggy MeTodiB BuAa-
NeHHs HemeTarneBuX BKMOYeHb 3i cTami B npoueci no-
3aniyHoi 0bpobkM W  Ge3nepepBHOrO  PO3NMBAHHA
CcTani 3anpornoHoBaHa iXHsi knacudikauia Ha ABi rpy-
nn: MexaHiyHi N dismko-xiMivHi (pucyHok 1). o nep-
LWOI rpynu 3anpornoHOBaHO BigHECTW MEeToawu, Lo ne-

penba4aloTe 3MiHY KapTMHWU LMPKYNAUIMHMX NOTOKIB Y
KOBLUi TAaKMM YMHOM, LW 006 npuckoput1 cnnmBaHHs HB
y wrakoBy ¢asy abo ix BNOBMOBaHHSA crneujanbH1UMM
KepamiyHumMun dinbTpamu. o uiei rpynu Hanexartb
npodysBka iHepTHUM ra3om [1-6], enekTpomarHitHe
nepemiwyBaHHs (EMI) [1,3,4,7-11,12,13], dinbTpa-
uis [1,14-17] n yctaHOBKa B NPOMKOBLUI Neperopogok
i noporis [1,18,19]. MeTtogu apyroi rpynu, Ha BigMiHy
Bi nepLuoi, nepegbadyaoTs BMAMB Ha XiMivHWIA i dha-
30BUM CKMaf, a TakoX arperatHuin cTaH BKINOYEHb.
MigBuLLeHHs edpekBHOCTI BMaaneHHs HB y upomy
BMMAOKy AOCAraeTbCsA 3a PaXyHOK 3HWXKEHHS iXHbOI
TeMnepaTtypu NnaBneHHs N NepeBeaeHHs iX Yy pigkun
arperaTHui CTaH, WO Moserwye ixH arperawjio Ta 3a
paxyHOK YKPYMHEHHsSI NMPUCKOPOE cnymBaHHA. [o uiel
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rpynM MeTodiB Hanexats mogudikyBaHHs [1,20-22],
06pobka wnakoBumu cymiwamu [23,24] i metoam pa-
LiOHanbHOro PO3KUCIIEHHA 1 neryBaHHs [25,26]. [Oo-
OaTKoBMIN edekT MoaudiiKkyBaHHA MONsrae B HagaHHi
HEeMeTaneBMM BKJIOYEHHAM rrobynspHoi dopmu, Lo
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3HWXKYE Hanpyrn B ob’emi TBepaoro metany. Posrns-
HEMO [eTanbHiwe ocobnMBOCTI Ta edeKTUBHICTL 3a-
CTOCYBaHHSA LUMX MeTogiB npu po3nuBaHHi Ha MBJ13
(y mpomkoBLWi i B KpucTanisaTopi) BiANOBiAHO 4O 3a-
NPOMNOHOBAHOI Kriacudikadyji.

MeTtoav Bnnuey Ha HB

|

MeXxaHiyHi

[MpogyBka
iHEPTHUM razom

EMIM
dinbTpauis

LieHTpudyryBaHHs

YcTaHoBKka
nNeperopoaok

|

®di3unko-ximiuHi

MogudikyBaHHS

O6pobka wrnakoBumMm
cymiluamm

PauioHanbHuii pexnm
PO3KUCINEHHS

PucyHok 1 — Knacudiikauis metogis suganenHs HB 3i ctani

MexaHiuHi MeTOaU

MpoayBka iHepTHUM rasom. [lpogyska cTani
iHEPTHMM ra3oM € HanbinbL pO3NOBCHOOXKEHUM Me-
ToAoM nosanivyHoi 06pobkn. OCHOBHa MeTa Ujei one-
pauii — CTBOPEHHSI BMMYLLEHOI UMPKynAuii meTtany,
WO Crnpusie MOro roMoreHi3adii Ik 3a TemnepaTtypoto,
Tak i 3a XiMiyHUM ckragoM. OKpiM LibOro BMpILLYOTb-
ca N gedki iHWI 3agadi nosanivyHoi 06pobku cTani, 30-
Kpema BupganeHHa HB 3a paxyHok dioTauii Ta cnps-
MOBYBaHHS MOTOKIB MeTany [0 Lufaky, Lo crpusie
wengwin i edektMBHiWIN acuminauii HB wnakom.
MeBHOW Mipoto BigbyBaeTbcs W perasauis metany
[27].

Mpn Ge3nepepBHOMY PO3NMBaHHI € 3 MPUHLMNOBI
MOXIMBOCTI BAYBAHHA rady B po3MnsaB: Yepe3 NopucTi
BCTaBKM B [HMLLi KOBLUA, Yepe3 NMOPOXHUCTI cTonopw,
AKUMKW 3a3BMYal perynoTs BUTPATYy cTani 3 MpoMm-
KOBLUA Ta Yepes3 cneuianeHe KinbLe y BEepXHi YacTu-
Hi CTiHKM 3aXMCHOI Tpy6m [2,5,6].

Binbwict HaykoBux poliT akUeHTye yBary came
Ha gocnigxeHHi dnoTauii HB rasosvmun Oynbbaluka-
Mu. Tak y pobotax [2,5] po3pobrieHo mateMatudHy
MoAenb Ans OuiHKM edeKmMBHOCT BuaaneHHs HB
npy npogysui. [Ona uporo 6yno BU3HAYEHO KMOBIp-
HicTb npukpinneHHsa HB go Gynbbawku, gka 3a pe-
3ynbTaTaMu PO3pPaxyHKIB 3anexuTs nuuwe Big po3Mmi-
pie 6ynbbawkn 1a HB. 3a pesynbratamym mopento-
BaHHSA OyNno BCTAHOBMEHO, WO Npu O0’EMHIN BUTpaTI
razy 15 Hn/xB. Gynbbawkm pos3mipom noHag 5 mm
MOXYTb BugarmMm He Ginblue Hix 10 % BknoyeHb. 3a
TiET )X BUTPaATU rasy 3MeHLLEHHSA po3Mmipy Gynbbaluok
Ao 1 MM gossonsie Bugamum maike Bci HB posmi-
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pom noHag 30 mMkm. OgHak, y UbOMY BMNagKy € pu-
3MK, WO OynbbalKkyu TakMx Po3MipiB, NOTpanuBLUM Y
KpucTanizatop, He BCTUrHyTb BCMMMBCTU | MpusBe-
OyTb [0 YTBOPEHHS rasoBMX MyxupiB nig Kipkow 3aro-
ToBKW. ToMy, sIK OnTUMasnbHWA BapiaHT, aBTopu pe-
KomeHayoTb Bynbbalikn po3mipoM 2-4 MM.

Y pobotax [3,28] 3anpornoHoBaHe pPO3MiLLEHHS
NpOAYBOYHMX BMOKiB y AHULL I NpOMKOBLUA Yy ¢hopMi Ki-
NbLUEBMX BCTaBOK HaBKOIO PO3MMBHMX CTaKaHiB Yy
OHUW i nNpomKoBLUA. 3a paxyHOK LbOro HaBKOMO CTa-
KaHy CTBOPIOETLCA 3aBica 3 rasoBux Gynbbawok, a
0o6pobui niggatoTecs came Ti nopuii MeTany, Wo BWTI-
KalTb 3 MPOMKOBLUA Yy KpucTtanizatopu. Metogamu
MaTeMaTM4yHoOro i hisMYHOro MoZentoBaHHs aBTopa-
MU pobom [3] Oyno TakoX MiATBEPOKEHO HE3HaYHe
30inMbLUEHHS pe3uaeHTHOro yacy nepebyBaHHA MeTa-
ny y npomkoBwwi MBJI3, wo Takox no3vmeHO Biabu-
BaeTbCA Ha BuAaneHH HB.

EnekTpomarHitTHe nepemiwyBaHHA. Ha MBJ3
3actocyBaHHs EMIT MOXnvMBO y nNpPOMKOBLII i Ha
cTpymkax (y kpucTtanizatopi, 3BO Ta 30Hi ocTtatovHo-
ro TBEPAHEHHS1) NPUYOMY HaMOINbLIOrO MOLUMPEHHS
oTpumano came gpyre. [nsa iHTeHcudikauil BuganeH-
Ha HB 3 pigKoi NyHKn 3aroToBkK Y KpucTarnisaTtopi 3a-
cTocoBYytOTb TexHosorito MEMS (mold electromagnet-
ic stirring) — pi3HOBMA iHOYKTUBHOIO MEpPEMiLlyBaHHs
CNpsIMOBaHMI Ha CTBOPEHHA 00epTarbHOro pyxy pia-
KOro metany y KpucTtanisatopi, L0 MOXe 3acTOCOBY-
BaTUCA 3a PO3NMBAHHSA YCiX TUMiB 3aroTOBOK, 3BUYal-
HO HW3bKONEroBaHuX, MPYXWHHWX, XOOAHOKaTaHWX
Ta cepeaAHbOBYIELEBUCTUX MapOK CTarli.
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3a paxyHOK oOOepTaHHsi CTani HemeTaneBi BKIO-
YEHHA Ta rasu i3 MeHLLOK Yy MOPIBHAHHI 3 MeTarnom
r'YCTVHOIO CMNPSIMOBYIOTbCA A0 LEHTPasibHOI YacTuHW
6e3nepepBHONUTOI 3aroTOBKW, 3BiAKN KOHBEKLiNHWMU
noToKkaMu NepeHOCHATLCS [0 A3epkana meTtany i acu-
MinTeCca  wnakom [7,8,10]. 3rigHO 3  AaHuMuK
KOMM'IOTEPHOr0 MofenoBaHHs [12] enekTpomarHitHa
miwanka MEMS, gka npautoe i3 cunoto ctpymy 200 A
Ta yacTtoTol 4 U, reHepye B pigkoMy sapi 3aroToBKU
rOPU30OHTaNbHUA BUXOP i3 MaKCUMarnbHOK LUBUAKICTO
obepTtaHHa 0,27 m/c Ta rimbuHoto 6nm3sbko 1,3 M. Y
poboti [11] WMSIXOM MPOMMUCIIOBOIO EKCMEPUMEHTY
BM3HAYEHO onTumarbHe posTawwyBaHHs EMI, Heob-
xigHe ons BupganeHHa HB Ta 3MeHLWeHHs1 cerperadi,
wo ckrnagae 510 MM Big BEPXHbOI KpanKu Finb3u Kpu-
cTanisartopa.

3a paxyHok BukopucTaHHs MEMS 3MmeHyeTbes
Kinbkicte HB, ocobnmBo manux po3mipiB, Ta 36inbLuy-
€TbCs rMMbMHa iX po3TallyBaHHSA Nif KipKOK 3aroToB-
ku [29]. Oo Toro xx MEMS npurHiyye 3aHypeHHs1 CTpy-
MEHS1 y piaKy MyHKY 3aroTOBKM, WO MO3UTUBHO BMIU-
Bae Ha BuaaneHHs HB Ta ymoBu dropMyBaHHA KipKu
[8,12]. MpoTte 3a gaHumm pobotm [12] HagMipHO iHTe-
HCMBHE MepeMilllyBaHHs MOXe npu3BecTM A0 YTBO-
PEHHSI 30HW HEratMBHOI fiKBaUji BYrneuo nig Kipkoro
3arotoBku. Kpim Toro, 3actocyBaHHs MEMS Ha cnsi-
BoBMX KpucTanizatopax NpuU3BOAUTL OO0 HEOAHOPIA-
HOCTI TOBLLUMHM KipKM MO nepepi3y 3arotoBku (yTBO-
PEHHS MOPIBHSAHO TOHKMX oObGnacten Ha nepudepii
LUMPOKOI CTOPOHK) Ta 36inblieHHst KinbkocTi HB Ha
rivbuHi 0-20 MM Mg NOBEpPXHEto LLMPOKOI rpaHi (y Ton
Xe yac Ha rmbuHi 20-40 MM cuTyauis kapguHanbHO
3MiHeTECA) [9].

MopiBHAHO i3 MonepegHiMu meTogamu, BUKOPUC-
TaHHA EMI ong kopuryBaHHS NOTOKIB y NPOMKOBLUI €
JoBoni obmexeHMM. 3a pesynbTaTamu aHanTMyHoOro
ornsify 3Hai4eHO NWWe OAWH METO[ BUKOPUCTAHHS,
wo mae Hasy CF-Tundish (Centrifugal Tundish), Bu-
HavgeHun SnoHcbkummn ByYeHumn [1,13]. TMpomkisL
npyv UbOMY PO3AiNeHO Ha ABi Kamepu: poTauinHy, y
AKy 3i CTanepo3NMBHOrO KOBLUA BUTIKAE MeTan Ta y
AKi BifOyBaETbCA YTBOPEHHS TOPWU3OHTANbHOIO BU-
XOpYy 3a paxyHOK eneKTPOMarHiTHoOro rnors, Ta po3nu-
BHY, B SKid MeTan po3nogingaetbca Mno CTpyMKax
MBI13. BMKOpUCTaHHSA EnEeKTPOMAarHiTHOro nepemi-
WwyBaHHA 3a TexHonorieto CF Tundish gosBonsie re-
HepyBaTu ropuU3oHTanbHUMN BUXOP 3i WBMAKICTIO A0 45
06./XB., WO [03BONse eeKTMBHO BUOANATM Maxe
50 % HB [1]. O4eBMgHUMKN HeaonikaMn Li€i TEXHOSO-
rii € HeobXigHICTb Y NEBHOMY BAOCKOHANEHHi MPOMiX-
Horo koBwa MBJ13, wo ycknagHoe il BNpOBaaKEHHSsI
Ha pitounx MBJ13, BcTaHOBNEHHSA [004aTKOBOro ckna-
OHOro i BapTiCHOro 0oGnagHaHHs, a TakoX A04aTKOBI
eKkcnnyartauiiHi BuTpatM (ENeKTpuYHWA CTpyM, BOAa
Ta iH.).

dinbTpadin. Mig dinbTpauielo MaeTbcs Ha yBasi
ocagkeHHst HB Ha cTiHkax kaHamiB kepamidHux dinb-
TpiB 3a paxyHOK noBepxHeBux cun. OKpiM Uboro, no-
3UTMBHUIN edekT Big X BUKOPUCTaHHA 0ByMOBREHUI
TakoX 30iNbLUEHHSIM pe3naeHTHOro Yacy nepebyBaH-
HS MeTany B MPOMKOBLUI, 3MEHLUEHHsSIM OO’'emy 3a-
CTIMHMX 30H Ta CNpsMyBaHHAM MOTOKIB MeTany y Ha-
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NpsIMKY LWaky ans acuminauii Hum HB. 3okpema Bi-
poma pobota lNonbcbkux BYeHMX [14], gki y npomumc-
noBMX Ta HaniBNPOMMUCIIOBMX YMOBax nigTBepaunu
€eKTUBHICTb BMKOPUCTAHHSA MYIITOBMX i KOPYHOOBUX
GinbTpiB, AKi 403BOMAIOTL 3HU3UTU BIGHOCHY MOLWLY
HB Ha 43-50 % i 53 % BiANOBIAHO, 3HU3UTU 3aranbHy
Kinbkicte HB npubnusHo Ha 50% ana obox dinbTpis
Ta 3HU3UTU 3aranbHU BMICT KUCHIO B MeTani Ha 22%.
Y poboTi KUTaCbKUX BYEHUX [17] wnaxom matema-
TUYHOTO MOAESOBaHHA NigTBEPAKEHO 30iNbLUEHHSI
edrekmBHOCT BMaaneHHsa HB poamipom 1 mMkm 3 59,3
% (i3 BMKOpUCTaHHAM MoporiB i neperopoaok) go 72,0
% (i3 BUKOPUCTaAHHA KepamidHux dinbTpiB). PewTa
3HargeHnx pobiT [1,15,16] npucBsYeHa BU3HAYEHHIO
ONTMMarnbHOro posTallyBaHHA iNbTpiB Ta iX KOHC-
TPYKUiT, 30Kkpema dopmu, po3MipiB Ta po3TallyBaHHA
KaHaniB. He3HayHUM HepgonikoM GnbTPIB € 1IX HU3bKa
CTiMKiCTb, BUCOKa BapTiCTb Ta WBMALIE MNafiHHA TeM-
nepatypu meTany npu ix BUKOPUCTaHHI [17].

LleHTpudyryBaHHs. [o uiel rpynn MeToaiB MOX-
Ha BigHeCTV po3rnsHyTe Buwe EMI, w0 ctBoptloe ro-
PU30OHTarbHI BUXPW, ¥ CepeanHy siKMX 3a paxyHoK Bi-
OUeHTpoBOI cunm 3atarytotecs HB, a Takox metogw,
YTBOPEHHSI BMXPIB 3a pPaxyHOK KOPWUryBaHHA rigpogu-
HaMiYHOI KapTVHW MNOTOKIB SIK B MPOMKOBLUI, TaK i B
KpucTanisatopi. 3okpema YTBOPEHHSI FOpPU3OHTarnbHO-
ro BMXOPY Yy NPOMKOBLUI po3rnsHyTo y poboTi [30], B
SKIM 00 TPaaWUINHOI KOHCTPYKLiI MpoOMKoBLUA 3anpo-
NMOHOBAHO A04aTV UMMIHOPUYHY Kamepy, OO0 SKOi Me-
Tan 3 nNPOMKOBLIA MiABOAMTbCA TaHreHujansHo.
YTBOPEHWU y Ui Kamepi BUXPOBUI PyX PiAvHU nepe-
[aeTbCsa 3axXMCHO TpyObolo y KpucTanisatop.

TakoX BigOMi YMCReHHi BapiaH™ KOHCTPYKLii Bes-
HanipHUX 3arnMOHNX CTakaHiB, WO iHiLjloloTb 0bepTa-
MbHUIA pyX piAWHW B KpucTanisatopi 3a paxyHOK TaH-
reHuianbHOro posTallyBaHHA BUXiAHWX oTBOpiB [31-
33] Ta posTawlyBaHHA Y MOPOXHWHI CTakaHy apXxime-
poBoro reuHTa [34]. ABTopamu pobot [31] 3a pe-
3ynbTatamu TigpoAUHAMIYHOTO MOLEMoBaHHA MiaT-
BepakeHa MoXnmBicTb BuganeHHs 50-53% HemeTa-
NEBUX BKIMOYEHb 3 PO3NIaBy.

YctaHoBKa neperopogok. OCHOBHa MeTa LbOro
yCTaTKyBaHHA — CMNpPsIMOBYBaHHS MOTOKIB MeTany Yy
HanpsIMKy A3epkana metany, NiaBULLYIOYM TakuM Yu-
HOM eqeKTMBHICTb acuMInsLii HemMeTaneBux BKItO-
YeHb Ta 3MeHLWY4Yn 06’'eM 3acTiHMX 30H. 3a3Bu4an
BVKOPUCTOBYIOTb [Bi MEPEropoaku TakMM YMHOM, LLLO
NoOTiK cno4yaTtky NpoTikae nonig OAHieto, a NoTiM, Ha-
LITOBXYIOYUCE Ha iHWY, O NEXUTb Ha AHi, CIpsaMo-
BYETbCS Bropy [0 A3epkana metany. EdekmmBHICTL
BMKOPUCTaHHSA NeperopofoK CyTTEBO 3anexuTtb Bif iX
po3TallyBaHHs Ta KOHCTPYKLUji npomkoBlia. [ocutb
4YacTo Neperopoaku BUKOPUCTOBYHOTLCHA pa3oM 3 Mpo-
OYBOYHUMW MPUCTPOSMU Ta KepamivyHUMK dhinbTpamu
[1,18,19].

di3nko-xiMiuHi meToan

MoaudikyBaHHA. Metolo mogudikyBaHHa HB €
HagaHHA HUM cdepuyHOI opMU Ta NepeBeneHHs X
y pigkui arperatHui ctaH. leplie 3meHWwye Heratu-
BHUIM BNIMB Ha MexaHiYHi BnacmmeocT ctani x HB,
AKi He Bpanocs Buganumu 3i ctani. [pyre noninwye
YMOBM KoanecueHuii pigkux HB, ix cnnmBaHHA i acu-
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MiNALilo  WnakoBow ¢aso. Hambinbw po3noBcto-
DKEHUMK  mopgudikatopamn € ny>kHozemenbHi (Ca,
Mg, Ba) Ta pigkosemenbHi metarm (Ce, La, Pr, Nd,
Y).

Mo3anmBHUIA BNAMB KamnbLito Ha cdepoigizadito
antomiHaTiB BigmivyeHo B pobori [21]. Mo3umeHUA go-
CBif BMKOpUCTaHHA curnikobapito y KoMnnekci 3 mate-
pianamy, WO MICTATL Kanbljiid, HaBedeHo y poOoTi
[22].

Y pob6oTi [20] BukopuctaHHs P3M He nuvwe 3Mmi-
Hioe coopmy HB, a 11 3meHwwye ix po3mipu. MNpu upomy
aBTOPW HarofowyTb Ha TOMy, WO HaaMipHe 36inb-
weHHsA Butpa™ P3M noripwye skicte ctani. 3okpema
HanbinbLLe 3MeHLleHHs BigHocHoi nrow,i HB Ha 75 %
cnocTepiraetsed npu Bmicti P3M 150 ppm. MNpu BMic-
Ti P3M meHwe 50 ppm MoaudikyoTbCs niie OKCUan
i okcucynbdian, npote He MoanUdIKyTLCA Cynbian.
Mpwn Bmicti P3M noHag 150 ppm BigbyBaeTbcs yTBO-
peHHs Benmkux HB. 3okpema npu Bmicti P3M 2900
ppm cyTTeBO 30inbLUYOTECHA PO3MipK Ta KinbkicTs HB.

O6po6Ka wnakoBuMn cymiwamu. Y poboti [23]
aBTopaMu BUKOHaHe [eTanbHe [OCHiXEeHHS YMOB
BUOAMNEHHs BKIOYEHb, 30KpemMa YMOB IX acuminsauji
WwnakoBot ¢\a3o. 3a oTpumaHuMu pesynbTatamu,
acuminsauia pigknx HB BigbyBaetscs HabaraTto ner-
Wwe, aHix tBepaux. Kpim Toro, noripwysaTtM acumins-
uito Oyab-aknx HB mMoxxe nigBuLLeHHA B’A3KOCTI LWna-
Ky Ta MOro reteporeHxisauis.

Hocnigxytoun Bnmme Rb,O (o 10 %) y cknagi Ko-
BLLOBOrO LUJIAKy Ha yCTaHOBL KiBLU-Mi4, aBTOpW poGo-
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™ [24] aBTOpK 3adiikCyBarnM CyTTEBE 3MEHLLUEHHS Ce-
peaHboro aiametpy 3anuwkosux HB go 3,0 mkm Ta
pi3Ke 3MEHLLEHHS TX KifbKOCTi.

PauioHanbHUM pexum po3KUCneHHA. Llen Ha-
NPsSIMOK BKMOYAE SK PO3pOOKY TEXHOIOrii KoMMnseKkc-
HOrO PO3KWCIEHHS, TaK i pexumiB BBeAeHHA depocn-
naeiB. Tak Ha BAT «BuKCyHCbKMIN MeTanyprinHWn 3a-
BoA» OynuM npoBedeHi ekcnepumeHTM 3 BOOCKOHa-
NEHHS1 TEXHOMOriT KOMMMEKCHOTO PO3KUCIIEHHST Y KOB-
Wi KonicHOI MapTeHiBCbKOI cTani. Havikpalyin pesynb-
TaT nokasarna TexHornoris, Wwo nepegbadae BBeOEHHS
2 «kr/T dpepocuniujto, 256 r/T antomiHito 1@ 1,2 Kkr/T cu-
nikokanbuito. [ns 38’A3yBaHHA PO34YMHEHOro B CTani
KMCHIO Ni Yac BUMYCKY Aasanu anoMiHii. 3a paxyHok
LbOro MiCT KACHIO B MeTari 3meHwyBascs fo 0,004 %
i MOBHICTIO 3HMKaNM KpuXKi cunikam [26].

BucHoBok

Ha aymky aBTopiB, 3Ha4HOI yBaru 3acnyrosyloTb
MeToau UeHTpUdyryBaHHs, peanisauig SKux y npo-
uecax nosanivyHoi obpobku 11 Be3nepepBHOro po3nu-
BaHHA MOXIMBA 3a [JOMOMOrOK ErieKTPOMarHiTHOro
nepemMillyBaHHSA 1M 3a paxyHOK TaHreHujanbHoro nia-
BeAEHHS MeTany B poTauiiHy kamepy. 3a paxyHOoK
TaHreHuianbHOro CMPsSIMOBYBaHHSI MOTOKY MOXIMBO
CTBOPIOBATU BUXPOBUN pyX MeTany Yy MNpPOMiXKHOMY
KOBLWWI Ta KpucTanisatopax. Taki Metog [03BOSSATb
BiOMOBUTUCA BiA BCTaHOBIIEHHSA enekTpoMarHiTHUX
MillarnoK Ta 3MEHLIWTM eKkcniyaTtauiiHi BuTpat Ha
pO3nMBaHHA cTani.
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