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A.M. AHucumoBa, O.U. NMoHomapeHko, [I.A. [lemuH, T.B. Bepnusesa
HaunoHanbHbIM TEXHUYECKUIA YHUBEPCUTET
«XapbKOBCKUWN MOSNIUTEXHUYECKNUN NHCTUTYT»

XapbKoB

MATEMATUYECKOE MOAENMUPOBAHUE CBOMCTB ®OPMOBOYHOM
CMECMU C UCINOJIb3OBAHUEM BULLOD®UTA

YkpavHa Bnageet pa3BuUTbIM YHMBEpPCASlbHbIM NIMTENHLIM NPOU3BOLACTBOM, KOTOPOE
CrnocoBHO K BbIMYCKY CIOXHbIX OTAMBOK ItoOOM Maccbl M3 BCEX WUCMOMb3yeMblX B
MaLUMHOCTPOEHUM CNaBoB. [JOMUMHUPYIOLWMM TEXHOSNOrMYeCckKMM MpoLEeCcCOM SBISieTCS
N3roToBMNeHWe OT/IMBOK B pasoBble necyaHble (PopMbl, B KOTOPbIX MonydaloT 65-70%
OTNMBOK. V3rotoBneHne popmMm n CTepXXHen M3 XOnogHOTBepAELWMX CMecen NoBbiaeT
TOYHOCTb OTSIMBOK, CBOOUT K MUHUMYMY MOTEpU OT Gpaka no BMHE POPM U CTEPXKHEN,
CHUXaeT TPYAOEMKOCTb NPON3BOACTBA.

OgHMM K13  OCHOBHbIX 3TanoOB  W3roTOBMEHUS  OT/IMBOK  sBNSieTCA  aTan
NpUroToBneHnss (popMoBOYHON cMecu. [na nosyvyeHUs BbICOKOKAYECTBEHHbIX OTIMBOK

(bOpMOBO‘-IHbIe CMecun OoMmkHbl obnagaTth: NPOYHOCTbIO — CNocoOHOCTLIO BblOepXnBaTb

BHELLHWE Harpysku, rasonpoHULAeMOCTbl0 — CMOCOBHOCTbIO MponyckaTb rasbl U
[AONrOBEYHOCTBI0 — CMOCOBHOCTbIO  COXpaHATb CBOM  kayecTBa MpW  MOBTOPHOM
NCMNONb30BaHUN.

B nocnegHee BpemMa OnA  pelleHMs  3adadyn  ynpasBfieHUs  CBOMCTBaMMU
OPMOBOYHbLIX CMecen W ux CcTabunusaumm LWUMPOKO MNPUMEHSETCA  pacyeTHO-
aHanUTU4YeCKU MeTOA Ha OCHOBE MMaHMPYEMOro 3KCnepuMeHTa.

B kauyectBe obbekTa uccnegosaHust Obina BbibpaHa CMecb Ha KBapLEBOM MNeECKe C
pobaBkon MarHesuTa M GuwodUTOM B KadecTBe csasywowero, [Ona mogennposaHus
CBOWCTB CMecK ObIN NpoBeAEH MraHnpyeMbli AKCNEPUMEHT.

HesaBucMmbiMn nepemMeHHbIMU Obiniv BblGpaHbl KONMMYECTBO: KBApLIEBOro necka,
MarHeanta U1 OGuwoduTta. B kadecTBe BbIXOAHbLIX NapameTpoB BbiOpanM OCHOBHbIE
PU3NKO-MEXaAHMYECKNE TMOKasaTenm CBOUCTB (POPMOBOYHBIX CMECEN: MNPOYHOCTb Ha
cXaTtume, XMBYYeCTb, MPOYHOCTb Ha pa3pblB, OCbINAEMOCTb U ra30NpPOHULAEMOCTb.

[Mony4yeHHble ypaBHEHUS perpeccun AokasbliBaT (OYHKLMOHAIbHYO CBA3b MexXay

CBOMCTBAMM CMECU C MWCMOofb30BaHNEM ,D,O6aBKM MarHe3ntTa wmu orBepauTenemMm -—
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XMBYYECTbIO, MPOYHOCTbIO Ha CXaTue, OCbINaeMOCTbl, a3onpPOHNLIAEMOCTbIO U
MPOYHOCTbLIO Ha pPa3pbiB.

Mony4yeHbl cybonTMManbHble pelleHns B BUae rpebHeBbIX NIMHUIA, KOTopble MOTYT
OblTb MCNOSb30BaHbl B Ka4eCTBE HOMOrpaMMbl, MO3BOMSIOWENA OLEHUTb COOTHOLLEHWNE

HeobXoaUMbIX CBOMCTB CMECH.

Cnucok nurtepatypbl

1. Oémmu O.A. MeToabl OUEHKM M ONTUMM3aAUUs nokasatenen aPdeKTUBHOCTU
TexHonormyeckoro npouecca nnaskn / [O.A. [OdemuH /[ BecTHuUK XapbKOBCKOro
rocyiapCTBEHHOro NMOSIMTEXHNYECKOrO YHNUBEpcuTeTa. — XapbkoB. — 2000. Beinyck Ne 117.
— C. 42-44.

Y[OK. 536:539.21:621:664:669.01 (075)
€. . AdTaHginsaHy

HauioHanbHui yHiBepcuTeT BiopecypciB 1 NPUPOLOKOPUCTYBaHHSA YKpaiHu, Knis

3AKOHOMIPHOCTI YTBOPEHHA ®JIOKEHIB B CTAJIEBUX BUPOBAX

®dnokeHn ABNAITLCA HebeaneyHnMu gedekTamMm, OCKINbKM X NPUCYTHICTb B cTani
npu3BOOUTb OO 3HWXEHHS MeXaHiYHUX BracTuBOCTEM | iHTeHcudikauii npouecy
pynHyBaHHA. OrIOKEHM BUHMKAKOTb Yy BESIMKMX MOKOBKaX, SKWO He 6yno gocTtaTHbO vacy
ANS  BUXO4Yy BOAHIO 3 MeTany npu OXONOMKEHHi, TOOTO npwu BWUCOKIA LUBMAOKOCTI
OXONOOKEHHS1 3aroTOBKM Micns rapsyol gedopmadii abo B npoueci TepmivyHOl 00pobKu.
Hanbinblia CXunbHICTb 40 YpaXKeHHS ofIoKeHaMU MatoTb BYrneLueBi cTani i nerosaHi ctani
MapTEHCUTHOro Ta NepniTHOro Kracis.

OCHOBHOIO NPUYNHOKD YTBOPEHHA (PIOKEHIB SBNSETLCA MNPUCYTHICTE B cTani
NiABULLEHOI KINbKOCTI BOAHIO B 30HaX PO3TArylOUMX HarnpyXeHb, SIKi BUHMKaKOTb B NpoLeCi
CTPYKTYPHUX NepeTBopeHb cTani, NnacTuyHin gedpopmadii, HepPiBHOMIPHOMY OXONOXKEHHI,
B MiCLUSX KOHLUEHTpaUil HanpyxeHb, AedeKkTax KpucTaniyHol peLliTKn, rpaHuMusax 3epeH,

HemeTaneBux BKITKOYEHHAX | NiKBaUIMHUX HEOOHOPIAHOCTEN.
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Byaob kM mMeTanypriiHuin gedekT ctani MoXe CTaTu KONEeKTOPOM MOMEKYNAPHOro
BOAOHIO, SIKMA MPU HACTYMHUX NeperpiBax i OXONOMKEHHSX i3 KONEKTOpiB He BMXOOUTb, a
30upae HaBkorno cebe ANQY3iNHO-PYXNIMBMIA aTOMapHUIA BOAEHb Ta 30iNblUye KPUXKICTb
MaTpuL,i.

Mpn ekcnnyatauii BuMpoBY, MONEKYNSPHUA BOLEHb, HAKAN 3HAXoOuTbCs B
KOnekTopax, a TaKOX eKcrnyaTauilHi HanpyXeHHsA, MOXYTb MPU3BECTU OO0 YTBOPEHHS
ekcnnyaTtauinHnx nokeHis, Aki OyayTb mxepenamu 3apopKeHHS TpiwmH y Bupobi B
npoueci ekcrnyarauil.

PO34nHHIiCTE BOOHIO B MeTani 3anexuTb Big TUCKY rasoBol asn, temnepaTypwu,
YUCTOTU MeTany, Noro CTPYKTYpU, po3Mipy 3epHa i xapakTtepy po3noainy gedekTis.

BuaineHHs BOAHIO Mpu 3HWXKEHHI Temnepatypwu ctani BigbyBaeTbCa 4epes3 3MiHy
MNOro pPO34YMHHOCTI, OCOBNMBO IHTEHCUMBHO NPW KpucTanisaudii ctani Ta 1i anoTpPOnHuX
nepeTBOPEHHSX.

Micna HacuyeHHs MeTany BOAHEM, Hanpukrnag, npu B3aemogil napy Bogu 3
PO3NNaBfiIEHO CTanm, B NPOLECi OXONOLXKEHHA BUMMUBKUA CMOCTEPIracTbCs BUAINEHHSA
PO3YMHEHOrO BOAHIO B MOMEKYNAPHIN OPMI, LLIO CYNPOBOAXKYETLCA YTBOPEHHAM YMOB NS
3apO)KEHHS Ta POCTY TPILLMH.

Mpn BmicTi HWx4e 0,001% BoAeHb 3HAXOAUTBLCA B MOMEKYNAPHOMY CTaHi, Ta He
Oyne BuainatTuca B Buai razosux dynbbaluok i3 pigkoi ctani. OgHak uboro BMICTY BOLHIO
AO0CTaTHLO AnA Toro, wob npu Temnepatypi 400°C TUCK BUAINEHHS BOOHIO NEPEBMLLYBaB
rpaHMLI0 MILHOCTI cTasni Ta BUKIIMKaB YTBOPEHHA TpilwmMHK B cTtani. lNpu BMICTI BOOHIO
6inbwe 0,001%, TMCK BUAINEHHSI IHTEHCMBHO 3pocTae Nobnuay iHTepBany 3aTBEpPAiBaHHS |
BUKINUKAE «BOAHEBE KUMIHHA» CTani, 9Ke ypaxa€ BUMMBKY ra3oBUMMU pakoBMHaMW. TinbKu
AyXe HM3bka KoHueHTpauia BogHo (< 0,001%) i makcumanbHO MOXnnBa noBHa andyasis i
aecopbuisi BOOHIO B aTOMapHOMY CTaHi NPU OXONOMKEHHI MOXYTb 3aXUCTUTU BUIMBOK Bif
YTBOPEHHS ra3oBMX PakoBWH, JTOKANbHUX HanpyXeHb i TPILLMH.

ATomMapHu BoOeHb B TBepAin cTtani npu 3pOCTaHHi TemnepaTtypy 4Ynm Ha NpoTa3i
yacy ONdyHOYeE Ha BiNbHY NOBEPXHIO. [pn KOHTaKTI 3 KOMEKTOpPOM, aTOMapHUM BOAEHb
MOXe acouitoBaTnCa B MONEKynun, Wo nepeabavae 3aBeplueHHs andysii. udysia apyrmx
aTOMIB BOAHIO B LIEM KOMEKTop i iX acouiauia B MOMeKkynu npuBoguTb A0 36inblLUeHHS
nokansHoro T1cky go 1000 — 1800 MTlla, wo moxe nepesuLlyBaTK rpaHULIO MiLHOCTI cTani
Ta BUKNUKATW YTBOPEHHS NOKASTbHOI TPILLMHN YN HAMNPYXXEHOI OINAHKN.

YTBOPEHHA MOMEKYNAPHOro rasy i3 aToOMapHOro BOAHIO MOXNMBE TaKOX B

pe3ynbTaTi peakuii 3 kapbigamn Ta HeMeTaneBMMN BKITIOYEHHAMW, HANpUKNaa:
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Fe,C+4H =3Fe+CH,, ....(1)
MnS+2H =Mn+H,S, (2.

YTBOpPEHHI MOMEKYNApPHi BOOHEBi CMOMyKW, TakK AK i MONEKYNSapHUW BOAEHb, He
PO34YMHHI B MeTani Ta He gudyHayoTb. Lle npuBoguMTh OO PO3BUTKY B CepeauHi metany
BENUKUX Hanpyr Ta iX penakcauii npyu BUAINEHHI MOMEKYNAPHUX CNOMYK NpU PyNMHYBaHHI
meTany. Tuck BogHo gocdarae makcumymy 6ina 200°C Ta iHTepBan 400-200°C sBnsieTbCs
Hebe3neyHnm anga yTBOPEeHHSA OIOKEHIB.

[ecopbuiss aTomapHOro BOAHIO MOXe MpOTiKaTU MNpW HOpMarsbHIN Temneparypi,
OAHaK Ansi uboro npouecy notpedyeTbes ayxe fosrun vac. Leunakicte npouecy aecopouii
aTOMapHOro BOAHK 3Ha4HO 306inblyeTbca Npu Harpisi ctani go 200-300°C BHacnigok
3pOCTaHHA AMAY3iNHOT PyXNUBOCTI BOAHK. EdekTMBHICTL aecopbuii BOAHIO 3pocTae npu

BUTPUMLI Ha npoT4asi 6-20 rog.

Y[K. 536:539.21:621:664:669.01 (075)
€. . AdTaHginaHu, K. I'. llonaTtbko

HauioHanbHWi yHiBepcuTeT BiopecypciB 1 NpUpoaoKOPUCTYBaHHA YkpaiHn, Kuis

BIIMAHVE MOOANDPULIMPOBAHUA HAHOYACTULIAMU XEJIE3A HA
MWUKPOCTPYKTYPY HU3KOJIETUPOBAHHOMN CTAIN

Wccneposanu nameHeHne ctpyktypbl ctanu 251 CJ1 B npouecce moanduumpoBaHmg
HaHoYacTMLaMu xenesa, Nony4YeHHbIX 3NIEKTPONCKPOBOM 06pabOoTKOM KenesHbIX rpaHyn B
Boge. HaHouactmubl xenesa coctosann u3 18% anbda xenesa n 82% ramma xenesa.
Pa3mep HaHo4yacTul nameHsancs ot 15 go 60 HM, Npu 3TOM KONMYECTBO YacTuL, pasMepoMm
oT 20 gpo 30 Hm coctaBnano 70-80 %. WN3meHeHne koadpbduumeHTa opmbl HacTuL
(OTHOWeEHMEe MaKkcuManbHOro pasMepa K MUHUManbHOMy) cocTtasnano ot1 go 2.
KonunyectBo yactuy, ¢ koadbdpuumeHTom gopmbl 1 coctasnsano ot 80 Ao 85%.

Cranb 25I'CJ1 Bbinnaenanu B 60 Kr MHOYKLMOHHOW NeYn ¢ OCHOBHOM pyTEPOBKOM Y

pasnvBann B NecyaHo rMUHUCTbIe hopMbl ANs nonydeHns otnmeok maccoun ot 10 go 20
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kr. B npouecce pasfimBkn pacnias Mop,mcbmu,mpoaanw HaHo4YacTuuamMmm rno MeEeTOOUKU

n3noxeHHown B pabote [1].

Puc. 1. BrnivsHme mogmdvumpoBaHna HaHo4YacTMLaMM Xenesa Ha MUKPOCTPYKTYpY cTanm
25I'CJl B nnToM cocTosiHuK: a, 6 — ucxogHas crtanb; B, I - MOANMPULMPOBAHHAA CTarb.
YBenuyenue: a, B - 300; 6, r— 5000

AHann3 pes3ynbTaToOB WCCMEeLOBaHUA MUKPOCTPYKTYPbl B JIMTOM COCTOSIHUM
MeTanna nokasblBaeT, YTO npu moaumduumnmpoBaHnn pasMmep 3epeH nepnurta n depputa
ymeHbliaetca B 1,8 — 2, 0 m 1,2 -1,3 pasa, cootBeTCTBEHHO. Habntogaetca ymeHbLleHne
Konuyectsa nepnuta ¢ 75 % (gna ucxogHonm ctanu) oo 50% (ona moanduumpoBaHHOM
cTanu) u yeenuyeHune cogepxaHusa dpepputa ¢ 25 % 0o 50%, COoTBETCTBEHHO.

B npouecce HarpeBa moanuumpoBaHHOW cTanu HabnwogaeTcsa opmupoBaHue

e I T € .

ANCNEPCHON ayCTEHUTHOW CTPYKTYpPbI (puUC. 2).

Puc. 2. BnnsHue moanuumnpoBaHus
HaHoOYacTULaMU Xenesa Ha ayCTEHUTHYIO
cTpykTypy ctanu 25ICJ1 npn 900 °C:

a — ucxogHas cranb;

6 - MmoanduLUMpoBaHHas cTansb.

YeenuueHue x 300.

Paamep 3epeH aycTeHuTa ymeHbluaeTcs B -1,2-1,8 pasa, a KoaddumuneHT dopmbl
Ha 20-22 %.

MukpocTpyKTypa ctanen nocrne Hopmanusauumn ot 900 °C nokasaHa Ha puc. 3.
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20.00kV__ x5.00k

a 0 B r

Puc. 3. BnusHue moanuunpoBaHua HaHo4YacTMLaMm Xernes3a Ha MUKPOCTPYKTYpY cTanm
25I'CI nocne Hopmanu3aaumm ot 900 °C: a, 6 — ucxogHas ctann; B, T -
mMoamduumpoBaHHas ctanb. YBenudeHue: a, B - 300; 6, r — 5000

AHanM3 MUKpOCTPYKTYpPbl MOANMULMPOBAHHOW CcTanu nocne Hopmanusauuu ot 900
°C nokasblBaeT, YTO MO CPaBHEHWUIO C MCXOOHOW CTanbk HabnogaeTcs yMeHblueHue
copgepxaHus nepnuta ¢ 52 % 0o 38 % w yBenuyeHue konuyectsa pepputa ¢ 48% Oo
62%. Pasmep 3epeH nepnuta noHmxkaetcs B 1,9 - 2,1 pasa, a koadppuuneHT popmbl ¢ 1,9
no 1,6.

B 3aknioyeHun cnegyet OTMETUTb, YTO Npwu moguduumposaHun ctann 250 Cll
HaHo4YacTuUamu xenesa HabnwgaeTca nameHeHme opMbl LEMEHTUTA C NnacTUHYaToOn

(pnic. 36) Ha rnobynapHyto (puc. 3r).

Cnucok nitepatypu
1. MNMaTeHT YKpaiHu Ha kopucHy mogenb Ne70084 «Cnocib moandikyBaHHs meTanis i
cnnasiB HaHo4acTuHkamuy, MK C22C 35/00 / C. M. lMeperiHsk, €.I'. AdTanginadu, K. T
JlonaTbko. - Ony6n. 25.02.2012. Bron. Ne 10.

Y[OK. 536:539.21:621:664:669.01 (075)
€. . AdTaHginaHy

HauioHanbHui yHiBepcuTeT BiopecypciB 1 NPUPOLOKOPUCTYBaHHSA YKpaiHu, Knis

BOCCTAHOBJIEHUE OKAJIMHbI BOOOPOOOM

YpaneHue okKanuHbl CO CTanbHbIX W3OENUN SIBASIETCA akTyanbHoWM npobriemon

MeTannyprm4eckoro u NUTENHOro npon3BoacCTBa. OkanuMHa Ha cTanbHbIX K3gennax
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cocTouT B OCHOBHOM U3 okcngoB (FeO, Fe20s, FesO4) n rugpokempos (FeO(OH)*nH20)
xenesa

O6paboTka cTanbHbIX U34ENU BOAHLIMW PacTBOPaMmn CEPHOM UI CONSIHOW KUCIOT
ABNSIETCA OOHMM W3 PacnpoCTPaHEHHbIX METOAOB yAaneHus okanuHbl. OgHako Takoe
NMPOU3BOACTBO  SBMSIETCA  OKOMOTMYECKM  OMACHbIM,  MOCKOMbKY  COMpPOBOXAAeTCH
ncnapeHnem CepHOM W COMsiHOM KUCAOT, a Takke obpa3oBaHveM, B pesynbraTte
B3aMMOOENCTBUSA KUCMOT C OKCMAAMU Kernesa, CynbuaoB 1 XITOPUAOB Xenesa, KoTopble
3arpsI3HAT OKpYXXatoLLyo cpeay.

BoccTaHoBneHne okanuHbl Ha M3genusx u3 crtanu nyteM obpaboTkm OKMCIEHHOM
NMOBEPXHOCTM BOAOPOAOM SABMSIETCH IKOMOMMYECKM YNCTON TEXHOMOrMYECKon onepaumen,
MOCKOMbKY B pe3ynbTare B3avMOOENCTBUA OKCWMOOB Xefesa C BOLOPOAOM MPOUCXoauT

obpa3oBaHue xxenesa u Boabl B pesynbTaTe peanusauum Cneayowmx peakumi:

FeO+H,=Fe+H,O, (1),
Fe, 0, +3H, =2Fe+3H,0, (2),
Fe,O0, +4H, =3Fe+4H,0 3).

WccnepoBaHue BnvsiHUs BpeMeHU obpaboTkmM CTanbHOM OKUCIIEHHOW MOBEPXHOCTU
BOAOPOAOM (T, MMH) Ha CTerneHb BOCCTaHOBIIEHMSA OKCUAO0B xerne3a (R,%) nokasarno, 4To B
TeuyeHne 2 MUHYT HabngaeTca BoccTaHoBneHne 15 % okenaos (puc. 1a), 3 MUHYT — 25%
(puc. 16), 5 muH — 40% (puc. 1B) oOKCMAOB. 3aKOHOMEPHOCTb BIIUSHUA BpPEMEHM
006paboTkn BOAOPOAOM Ha CTeneHb BOCCTAHOBIIEHMS OKafiMHbl XapakTepusyeTtcd

cnegyroLLen 3aBUCMMOCTbLIO
R =8,03-7, r=0,999, 4),

roe r — KoapnumMeHT napHoOM Koppensaumn.
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Puc. 1. - BnuaHue BpemeHn o6paboTku
(t, MMH) CTanbHOWM OKUCNEHHOW NOBEPXHOCTU
BOAOPOAOM Ha CTeneHb BOCCTAHOBIEHMS
okanuHbl (R, %):
a-1=2MuH, R =15%;

0 - 1= 3 MuH, R =25%;

B B-1t=5MMH, R =40%.

padmyeckoe n3obpaxeHne aHanMTUYeCcKon 3aBUCUMOCTHU 4 nokasaHo Ha puc. 2
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Bpemsa BoccTtaHoBneHUs, M1H

o

Puc. 2- 3akOHOMEPHOCTb BMNUAHUSA BPEMEHU Ha CTeNeHb BOCCTAHOBMEHMSA OKamnuHbI
BOJOPOAOM
AHanua pes3ynbTaToB BbIMOMHEHHbIX UCCIedoBaHuin nokasbiBaeT, YTo obpaboTka

OKMUCMEHHbIX  CTanbHbIX  MOBEPXHOCTEM  BOAOPOAOM  siBNsieTcs  3PdPEKTUBHBIM

Ons

NOBbILUEHUS MPOU3BOAUTENBHOCTU crocoba HeobXxoaMMO NMPOBeAEeHNe UCCNenoBaHUin Nno

3KOMOrMYECKM YUCTbIM CNOCOOOM BOCCTAHOBMEHUSA OKanWHbI Ha U3genusx.

onNTMMM3aLMK NapaMeTPOB NpoLiecca C LieNbio COKpalleHUsl BpeMeHn o06paboTku.
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YOK 621.74
K.3. bBapaHoBckuu, E.B. Po3eHb6epr, U.B. CaneHko

benopyccknin HaunMoHanbHbIN TEXHUYECKNIN YHUBEPCUTET, I. MUHCK

KPACKU Ansd nntbsA no rASUeUNLUNPYEMbIM MOAENSAM C
KOMMNEKCHbIM HANOJIHUTEJNEM

OaHy n3 Begywux ponen B opMMPOBAHUSA CBOWCTB B Kpacku AOns NMTbs MO
rasnguumpyemMbiM MOAENAM UrpaldT TEPMOCTOMKME HanosnHuTenn. MIMEHHO no3aTomy
TEPMOCTOMKMIA HaNoONHUTENb ANS Kpacok npeacTaBnsdeT cobo MHOrOKOMMOHEHTHYH
CUCTEMY, B COCTaB KOTOPOW BXOAAT TEPMOCTOMKME COCTaBNALWIME U TEXHONOrnyeckune
AobaBkn ONA  MOBbIWEHUSA ra3onpPOHMLAEMOCTN, MOMMOWEHNA Xuakon dasbl npu
AECTpyKUMK nonucTupona v gp. HanonHutenu aBnsiTCA NPOTUBOMNPUrapHON OCHOBOW
MOKPbLITUA N NpeAcTaBnsalT cobon nopowkoobpasHble NonuaMcnepcHble mMatepuanbl 13
MUHEepanbHOro Cbipb4, rMaBHbIM 06pa3oM NPUPOAHbLIE OFHEYMOPHbIE OKCUAbI, CUNUKATLI U
T.4.NMpn BbIGOPE HanonHuTenem Ans NPOTUBOMPUrapHbIX MOKPLITUM  Heobxoanmmo
YyYuTbiBaTb WX MOMOXUTENbHOE [OEWCTBME TOMbKO B ONpeaeneHHOM uHTepBarne
TemnepaTtyp v A5l KOHKPETHOro BUaa NuTba

B HacTosiwlee BpemMa OTCYTCTBYeT YHMBEpCalibHbIN COCTaB OrHeynopHoro
NMOKPbITUS, KOTOPbIA MOr Bbl MCNONb30BATLCA NPU U3FOTOBIIEHNN OTIIMBOK Pa3HOM Macchl
M3  pasnu4yHbiX  CMfaBOB. [Mo3TOMYy  COBpPEMEHHbIE  TEHAEHLMU pasBuTUSA
NPOTUBOMPUrapHbIX KPacok ANdA NMTbS MO rasnduumpyemMbiM MOAENaM npegnonaratoT
NPUMEHEHNE KOMIMIIEKCHOIO TEePMOCTOMKOro HamnofHUTENs, COCTOALLEro U3 HEeCKOSbKUX
KOMMNOHEHTOB.BaxkHyt0 pofib B MNOMYYEHUU KAYECTBEHHbLIX OTMIMBOK MNpU NUTbE nNO
rasupuumpyemMbliM  MOAENSAM  UrpaeT naporasoBblii  pexum opMbl, POPMUPYEMBIN
ra3onpoHNLAaeMOCTbIO NOKPbITUSA. B paboTe [1] npMBeaeHbl 3Ha4YEHMS ra3onpPoOHNLIAEMOCTM
NMOKPbITUN.

HanbonbLlen rasonpoHnuaemMocTbio obnagaeTt NnokpbiTMe U3 UCTEH-CUNTIMMOHMUTA,
370 0ByCnoBfeHoO TeM, YTO €ro YacTuubl NpeacTaBfieHbl B BUAE TOHKUX MAACTUHOK, YTO
NPy HaHEeCEeHUM NOKPbLITUSA AaeT BOMbLIOE KONMMYECTBO OTKPbITbIX NOP.

MokpbiTe wn3 Al2Os obecneuMBaeT CpPEOHIOW ra3onNpPOHULAEMOCTb 3a CueT
XapakTepHOn oOpMbl YaCTUL, — OKPYIIbIX KOHIIoMepaToB.

HavmeHbluen rasonpoHULaeMocTbio obnagaeT nokpbiTue n3 UMpKoHUsA (ZrSiOa),

3TO0 0ObACHSAETCS ero KonoTou d)OpMOVI N HanuMumem OOnbLUOro KONM4yecTBa MeInKux
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yacTul. B COBOKYMHOCTM C camMoi GOMbLUOW HAaCbINMHOW MMOTHOCTbIO 2,4 r/cMm3, LIMPKOH
AaeT camyl MSIOTHYH MOBEPXHOCTb HAHECEHHOro MOKPbITUS, NPEensaTCTBYIOLLYIO
NPOHNKHOBEHMIO ra3oB.

B coctaB TEpMOCTOMKOrO HamofHUTENd TakkKe MOryT BXoAuTb Hebonblume
KOnuyectBa TexXHOMNormyeckux AobaBoK, nNpuaarolmx creumanbHble CBOMCTBA Kpackam.
dnatomnT, KOTOPLIN NPU HE BbICOKON TEPMOCTOMKOCTM obecnevmBaeT pe3koe yBernmyeHmne
rasonpoHNLAEeMOCTM 3a CYeT CBOer (PopMbl YacTul, a Takke «BMUTbIBAHME XXWAKOW
dasbl» npu OecTpykuum nonuctupona.Bkpackax wucnonb3yembiX Ans NUTbA cTanen
MOXETUCMNONb30BaTbLCA AONOMUT (MUHEpan M3 Kracca KapboHaTOBXMMMYECKOro cocTaBa
CaCO3*MgCO3) kak TexHonormdeckas pgobaBka, KoTopass npu 3anofHeHun ¢opMbl
MeTannomMm guccoummpyet ¢ BblgeneHnem CO2, 4TO co3aeT OKUCIUTENbHYK aTMocdepy
n cnocobcTyeT 0bpaszoBaHMo NerkoyaansaemMoro npurapa Ha noBepXHOCTU COXHbIX UK
KPYMNHbIX OTSIMBOK MOBbILLASA UX KA4eCTBO.

KonnyecTtBO HanosmHUTENen B Kpackax Ans nuTbs No rasvuuupyemsiM Moaensm
HaxogaTca B npegenax 55 - 65 %. M3 onbiTa NCnonib3oBaHNSA KOMMNIEKCHONO HanosHUTENS
MOXHO caenaTb cregylowme BbIBOAbI:KpAackn 06e3 uUMpKoHa npu nuTbe CcTanuM He
obecneynBaloT TpebyemMyld TEPMOCTOMKOCTb (Hanuyue npurapa OOblMHO Ha KPYMHbIX
OTNIMBKax U B TeNsoBbIX y3nax), 6e3 TexHonorn4eckmx o6aBOK MNONy4YUTb Ka4eCTBEHHYHO
NMOBEPXHOCTb OT/IMBOK CIIOXHO, HamnofHUTENU C BbICOKOW TEPMOCTOMKOCTbI (LMPKOH,
ANCTEH-CUNITMMaHUT, OKCK antoMuHms) obecneymBatoT nonydeHne otnmeok 6e3 npurapa.

KombuHauus BblleHa3BaHHbIX MaTepuarnioBno3BosiieT nornyvarb KOMMEeKCHoe
TEPMOCTOMKOE MOKPbITUE AN NMTbA NO rasuduumpyeMbiM MOAESNSM C Haunyywmnmm
CBONCTBaMM, TaK Kak NpeanoXeHHble mMatepuanbl 06nagatoT BbICOKOM TEPMOCTOMKOCTLIO
N pasHOW CTEeneHbl ras3onpoOHNLAEMOCTN, YTO MO3BOMSET, METOAOM KOMOMHaumm
KOMMNOHEHTOB, AOBUTLCS HY)XHOM ras3onpoOHULAEMOCTM MOKPbITUS MO KOHKPETHbIEe
yCrioBusi NPOM3BOACTBA.

Cnucok nutepatypbl

1. WuHckun  N.0.  CoBpemMeHHble  HanpaBfeHUs  COBEPLUEHCTBOBAHMA
NPOTMBONPUrapHbIX MOKPbITUA ANA TEXHOMNOMMW NUTbA MO rasvuumMpyemMbiM MOAeNam
(JITTM-npouecc) / N.0. WuHckmin, O.U. WnHckun, B.C. JopoweHko // «JInTbe YkpauHbl». —
2014 — http://zno.znaimo.com.ua/docs/3865/index-11473.html.
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Y[OK 621.78.08:66.045.5
B.WU. Benuk, A.l'. NMpuryHosa, J1.M. LLleHeBuabko, T.I. Libip, M.B. Kowenes
PUN3NKO-TEXHONMOIMYEKCKUIMA NHTCUTYT MeTannoB 1 cnnasos HAH YkpauHebl, r. Knes
Ten.: 0444241150, e-mail: belikvi@ukr.net

U3MEPEHUE CKOPOCTWU OXNAXAOEHUA OBPA3LA B UCCIIEAOBAHUAX MO
METOAUKE «CTOIM-3AKAJIKA»

Ona wn3yyeHnsa xapaktepa @as3oBbix npeBpaweHnn u  mMopdonorum as,
ChOPMUPOBABLUNXCA Ha pPasfnNU4YHbIX 3dTanax KpucTannua3auuuM cnnasa, WUCNonb3yeTcs
MEeTo  «CTOM-3aKkanka», 3aknoyawwuncs B ObicTpOM  oxnaxgeHun  obpasua,
BblOEPXXaHHOro B Meyu npu 3afaHHOM TemnepaType B UHTepBane Kpuctannusauuum [1].
Ons nogtBepaxeHns o6OCHOBAHHOCTM MCMNONb30BaHNA 3TOr0 METo4a B MCCeaoBaHUAX
npouecca Kpuctannmsauum npeacraBndeT UHTeEpec U3MepeHne CKOPOCTU OXNaKAeHUs B
pearibHbIX YCIOBUAX SKCNEPUMEHTA.

OKCcnepuMeHTbl NpoBeAdeHbl Ha obpasuax, npeacrtaBnaAlWmMx cobon rpaHynbl
antomuHms maccom 0,2 r.. PaspesaHHyo HagBoOe rpaHyny packrnénbiBanv o obpa3oBaHus
NNacTUHbl TonwmHoW npumepHo 1,5 MM n crmbanu BaBoe. [Ons 3akpenneHus cnas
Tepmonapbl BHyTpu obpasia, NPoOBOSIOKY CO Cnaem BblABUranun M3 CONOMKWU, pasaBuranu,
dopmmpys KonbLo Anametpom 4 - 5 MM co cnaem B uUeHTpe konbua (puc. 1, a),
nomeLann KomnbLo MeXay COrHyTbiIMW MfacTUHaMm M OnpeccoBbiBanun nnockorybuamu.
O6paseL, ¢ BNpeccoBaHHOM TepMONapon HarpeBanu B NeYn 0O 3agaHHOM Temnepatypbl.
Bnarogaps MpoOYHOCTU OKCMAOHOW MSIEHKUM M CUNaM MNOBEPXHOCTHOIO HAaTSXKEHUS Kanngd
pacnnasa yaepxuBanacb Ha KonbLe 13 TepMOnapHOM NPOBOSIOKK. 3akanky npou3Boanu
B BOAE C 3anucbid KPUBOW OXNaXaeHus, ucnonb3yd XA Tepmonapy C TOMLWMHON
nposonoku 0,1 Mm.

[na BbIABNEHUS BO3MOXHbIX OTIMYMIA BO BpPEMEHW, NMpy KOTOpOM Habniogaetcs
nepernd Ha KpMBOM 3aBUCUMOCTU TemnepaTtypa — Bpems (puc. 1, 6), COOTBETCTBYIOLLNI
N3MEHEHNIO CKOPOCTU OXNaXAEHWUs, N (pakTUYecKoro MOMeHTa norpyxeHus obpasua B
BOAY, NPOM3BOAUIM BUOEO3aNUCh NpoLiecca 3akarku.

MoMeHT norpyxeHns obpasua B BOAY, TO €CTb 3akarnku, YCTAHOBMEHHbIA MO
Bngeosanucu ¢ vyactoton 13-15 kagpoB B CeKkyHAy, COBMagaeT C NONoOXeHnem nepernba

Ha 3aBUCMMOCTM TemnepaTtypa — Bpems (cMm. puc. 1, 6) B npegenax 0gHOro BPEMEHHOro
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WHTepBana wusmepeHus Temnepatypbl — 0,833 c¢. PacuyeT CKOpOCTU OXxnaxgeHus

npoun3sogunu no Asym BapmnaHTaMm.

800
700
600
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400
300
200
100

TemnepaTtypa, °C

0 1 2 3
lMopsakoBbLIM HOMEP 3aMepa TemnepaTypbl

Puc.1 — Konbuo ans kpennexusi obpasua (a) n kpmeble oxnaxaeHuns obpasuos (0)

B ogHOM M3 HUX 3a HadanbHbI MOMEHT BpPEMEHM B3ATa TOYKa nepernba Ha KpuBOM
3aBMCUMOCTWN TemrnepaTypa - Bpems, B OPYroMm - cCregywooliasa 3a Hen Todvka 3amepa
Temnepatypbl. [lockonbky Lenb MeTOAUKM «CToM-3akanka» - dukcauusi CTPyKTypbl B
WHTEepBane 3aTBepaeBaHusl, TO UMEHHO B 3TOM TeMnepaTypHOM MHTepBane cregoBarno
Obl 3aMepsTb U CKOPOCTb oxnaxaeHna. OgHako YyacToTa 3aMepoB TemnepaTypbl, KOTopas
obecneunBaeTca MMeEIOLLENCH annapaTtypon, SBNSeTCA HeAoCTaTOuMHOM npu  Tex
CKOPOCTAX OXNaXAeHWsi, KOTOpble MMENU MECTO B SKCMEPUMEHTAX: TeMnepaTypa OT TOYKU
nepernba (MOMEHT nOrpyxeHms obpasua B BOLY) CHWXaETCA 3a OOMH BPEMEHHOW
WHTEpBan 3amepa TemnepaTtypbl Gonee, yemM Ha ABECTM rPagycoB, YTO MpeBblLaeT
WHTepBan 3aTBepaeBaHnst 6ONbLIMHCTBA CMNaBOB.

C y4yeToM BO3MOXHbIX MOrpeLHoCTEN onpeaeneHns BPEMEHM Hadana 3akarnku Ha
KPMBOM 3aBMCUMOCTW TemnepaTtypa — Bpems B npouecce oxnaxaeHus obpasuos (Cm.
puc.1, 6) ycTaHOBNEHO, YTO MUHMMAnNbHAas U MakCcMMarnbHasi CKOPOCTU OXNaXKAEeHUs npu
NCNonb30BaHMM METOAMKM «CTOM-3akanka» Haxogsatca B amanasoHe oT 1800 go 3700
°Clc, 4yto 9aBnseTca AocTtaTtouHbiM Ans UMKCUMpoBaHWSA (as3oBbiX NpeBpalleHnin U

Mopdornornu as Ha pasnMyHbIX 3Tanax Kpuctannusaumm cnnasa [1].

Cnucok nutepatypbl

1. [llpueyHosa A.[. MexaHnam HenTpanusaumu BpPeOHOro BIWAHUA Xernes3a B
cunymumHax mMukpogobaBkamn MapraHua u xpoma // Metannodwuauka u HoBenwme
TexHornormu. - 1998. - T. 20. - Ne 12. - C.25 - 32.
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YOK 621.744
Berlizeva T., Ponomarenko O., Shvets M.
National Technical University

Kharkov Polytechnic Institute, Kharkov

DEVELOPING PROGRESSIVE RODS PRODUCTION TECHNOLOGIES TO
PRODUCE HIGH-QUALITY CASTING

The foundry rod, which is used in the foundry, is a part of the molded form. It mainly
processes internal cavities of castings. In cases where the configuration of the casting
model makes it difficult to extract it from the mold, the casting rod is also used to form the
outer parts of the casting. Foundry rods are manufactured on rod machines, from special
core mixtures, followed by drying or curing, including directly in rod boxes.

In modern conditions of the development of foundry production for the preparation
of thin-walled castings of internal cavities and pudnutreny are used salty-waders of salt
rods. One of the advantages of salt bars is that they do not need to be knocked out, that is,
they can easily be removed from the finished part. The following requirements apply to
such rods: they must have good bending strength, compressive strength, good fluidity,
small shrinkage, and a qualitative surface of the casting.

The main task is to develop progressive technologies for manufacturing rods based
on a salt composition using Recril Slow Set C binder and Dursil C1 hardener, since their
application will allow the production of high-quality castings and improve the state of the
environment. For this purpose, the following tasks were set:

- to study the current state of the question on designing the technological process of
obtaining salt bars;

- to study the properties of salt rods based on the use of methods for determining
the strength of compression, flattening, durability and residual strength of mixtures.

- to experimentally determine and establish the patterns of build-up of the strength
of the mixture, the patterns of change in residual strength, viability and moisture content
using a binder Recril Slow Set C and a Dursil C1 hardener.

The mathematical models of the properties of the mixtures were developed on the

basis of the planned experiment using Recril Slow Set C binder and Dursil C1 hardener,
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optimizing their composition, which improved the quality of aluminum castings in the

foundry industry.

YOK 621.74:669.131.7
0. M. Bepuyk, B. B. by6nukos, B. O. OBcsiHHUKOB
Pi3nKO-TEXHONOrYHUI IHCTUTYT MeTanis Ta cnnasis HAH Ykpainu, m. Kuis
Ten.: (+38044) 424-00-50, e-mail: otdel.vch@gmail.com

KOBLUOBE TA BHYTPILULHBO®OPMOBE NPPA®ITUIYIOHE MOONDIKYBAHHA

B pesynbTaTi gucnepryBaHHs MeTaneBOi OCHOBM 3abe3nedvyeTtbCsA MNOSiMneEHHS
MEXaHIYHUX XapaKTePUCTUK, TakUX SIK MiLHICTb, NNACTUYHICTb, yaapHa B'a3kicTb. OgHMM 3
crnocobiB noapibHEHHA CTPYKTYpW, $SKi  LUMPOKO 3aCTOCOBYHTbCA Ha MpakTuui, €
MoangikyBaHHs. [epexia 3 KOBLUOBOro Ha BHYTPILHbOMOPMOBE MOAUIKYBAHHS, 3aBOSKN
Oinbl BUCOKOMY PiBHIO MOAUQIKYHOYOro BMIMBY OCTaHHLOIO Ha CTPYKTYPOYTBOPEHHS,
A03BONsiE ebekTMBHIWE BNMBaATM Ha CTyMiHb rpaditnaauii i AMCNepCHICTb CTPYKTYpH,
NigBULLYIOYM MNNACTUYHICTD BMCOKOMILHOIMO 4YaByHYy. [logpiGHEHHIO CTPYKTYpU Takox
cnpusie 30inblUEHHS LWBWUAOKOCTI OXONOMAKEHHSA. BnnvB WBMAOKOCTI OXOMNOMKEHHSI Ha
noapibHEHHA CTPYKTYpN OOMEXEHNIN YTBOPEHHAM LIEMEHTUTY NpU KpucTanisauii BUNUBKIB.
Y noefHaHHI 3 BMCOKOK rpadpiTM3yro4o 30aTHICTIO Ni3HbOro MOANAIIKYBaHHS LUBUAKICTb
OXOSNOKEHHA [O03BOSIIE  PO3LIMPUTU  Aiana3oH  YNpaBfiHHA  CTPYKTYPOYTBOPEHHAM
BMCOKOMILHOTO YaByHY.

Bucokun  cTyniHb  rpadpitmsauii  CTPYKTYypu  nNpu  BHYTPILLHbO(OPMOBOMY
MOANMIKYBaAHHI MOACHIOETLCA 3 OfHOro 60Ky edekToM ni3HbOro HabnuxeHoro Ao
KpucTanisauii mMoaudikyBaHHSA, a 3 iHwWoro 60Ky HasBHICTIO Yy cknagi AOCNigXeHnx
MOANMIKATOPIB XiMIYHO aKTUBHUX NYXXHO3EMENbHUX efleMeHTIB ApYroi rpynu nepiognyHol
cuctemn MenpgeneeBa (Ca, Ba, Mg), siki mManopo3uymHHi B 3anisdi. BkasaHi enemeHTu
YTBOPIOKOTb CTINKI XIMIYHI CMOMYKM 3 TakMMU LUKIOAIMBUMW [OOMILLKAMU BUCOKOMILHOIO
YaBYHY SK Cipka, KUCEHb, a30T, BOAEHb, Ta OYMLLYIOTbL Bif HUX MikdasHi rpaHuui. [eski 3
XiMIYHMX CMOMyK, WO YTBOPKOKTLCA, BKITOYatoun okenau i cunikatu Ca, Ba, Mg, cnpusiioTb
YTBOPEHHIO [04AaTKOBUX €(PEKTUBHUX LEHTPIB KpucTanisadil Kynsictoro rpadity.

MMopiBHANbLHI  AaHi  IHOKYMOYOT 34aTHOCTI  MoaudikaTopiB MpUM  KOBLUOBOMY i
BHYTPILUHbOOPMOBOMY  MOAUMIKYBaHHI HaBedeHO Ha puc. 1. [lpu wBugKocCTi
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oxonomxkeHHa 4,3 °C/c, wo Bignosigae TOBLUMHI Nepepidy BunMBKa 5 MM, B ymoBax
koBLLIOBOro MmoandikyBaHHs FeSiBa 36inbLuyeTbes KinbKiCTb BKNOYEHb KYNSCTOro rpadity,

B NopiBHAHHI 3 FeSi, B 1,4 pasu.

1200 ;
BHyTpilwHLObopmoEe
1000 1 MOOMMDIKYBaHHA
800
600 - FeSiBa

. V

FeSi
[

FeSiBa KoBluoge
FeSi MOOMDIKYBaHHA

200 1

KineKicTe BKMKYEHE rpadiTy, T

01 2 3 4 5 6 7 8 9 10 11
LWeuakicTe oxonog:xeHHa, °Cic
Puc. 1 — Bnnne mogudikaTopiB i WWBUAOKOCTI OXONOMPKEHHSA HA KiNbKICTb BKMIOYEHb

Kynsactoro rpadity Yy BWIMBKax 3 BWCOKOMILHOMO 4YaByHY nicns KOBLUOBOro Ta

BHYTPILWHLOGOPMOBOro rpadiTn3yo4oro MoandikyBaHHs

3acTtocyBaHHS BHYTPILWHbO(OPMOBOro MoandikyBaHHst 306inblUye KiNbKICTb BKMHOYEHD
Kynsctoro rpadity B 2 pasu npu mogudikyBaHHi FeSi i 6inbw HixX B 2,5 pasu npu
mMoandikyBaHHi FeSiBa. 3i 36inblieHHsaM WwBMAKOCTI oxonogxeHHa 3 4,3 no 10,5 °C/c
(ToBwMHa nepepisy BunueBka 5 Ta 2,5 MM, BIignoBigHO) e(EKTMBHICTb KOBLUOBOMO
rpaciTnsytouoro moamdikyBaHHA HegocTaTHS Anst 3anobiraHHs YTBOPEHHIO LLEMEHTUTHOI
dasn npu Kpuctanisadii, Toai AK rpadiTnsyrode BHYTPILLHLO(OPMOBE MOANMDIKYBaHHS
edeKkTUBHO 3anobirae yTBOPEHHIO BUBINY y BUNMBKaX 3 MiHiManbHOK TOBLLMHOK CTIHOK 2,5

mMm. Mpn ybomy iHokyntorova gia FeSiBa B 1,5-1,7 pasu 6inbLua, Hix FeSi.
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Ten: 044-424-11-50, e-mail: wwwrogneda@ukr.net

MEXAHU3M ®OPMUPOBAHUA HEQEHOPUTHOWU CTPYKTYPbI

HepeHaputHaa Mopdonorus KpuctannoB B OT/IMBKE SABNAETCA XapaKTepHOW Ans
MeToaoB peonuTbsa. OgHAKO MexaHM3M NpoLecCcoB, NPUBOASALLMX K TakoW CTPYKType, Ha
HaCTOALWMMA MOMEHT He pacKpblT. BbliM BbIMNOMHEHbI TPU CEPUU IKCNEPUMEHTOB MO
3anueke cnnasa AK74 B pasnuyHbIX YCIIOBUSIX, KOTOPbIE NMO3BOMNUIIU BbIYIEHUTDL KITHOYEBOW
MOMEHT [ONsA MOnyvYeHna HeaeHOPUTHOM CTPYyKTypbl. B nepson cepun pacnnas
pas3fiM4yHOro neperpesa 3anuBancsa B HEOOMbLLOW CTanbHOW KOKUMb (MPSIMO TEPMUYECKUIA
meToa peonuTbs). MNpu neperpesBax Bbilwe 10 CO pesynbTupylolwasa cTpykTypa Gbina
AEeHOPUTHOW, HUXKe — HeaeHapUTHOW. Bo BTopoli cepun neperpeTbit Ha 40 C° pacnnas
3anuBancs B HeOOnbLUOW rpaduToBbIN TUrENb, KOTOPbIA MOMELLancs B MUHEpParnbHYH
BaTy AN 3aMeaSieHUss CKOPOCTU oxnaxkaeHusi. B MoMeHT cHATMM neperpesBa go 4 CO B
HekoTopbIX obpasuax pacnnaB MeXaHUYecKn nepemMelnBancs, YTo NpUBOAMMIO K
HeOeHOPWUTHOW CTPYKType OTNMBOK. be3 nepemewmBaHus CTpykTypa OTAMBOK 6Obina
aeHaoputHon. [Ona TpeTben cepumn 6Gbina M3roToBneHa cneuuanbHas dopma, KOTopyro
MOXHO ObINO 3anoNHATL MNNaBHbIM MNOTPY)XEHWEM B pacrnnas, Npe 3TOM OxnaxaeHue
BOOKOBbLIX CTEHOK obecneumBano KpucTannu3auuio BHYTPU OpMbl B NOrPY>KEHHOM
cocTosiHuK. lorpykeHne ocyLlecTBNAMOCh B BaHHY pacnfiaBa C pasfiMyHbIM Neperpesom
— 40 C° n 5 C°, takke ata chopma cTaBunacb BEPTUKAINbHO U 3anvBanacb aHanorm4yHo
nepBoN cepun pacnnaBoM C yKasaHHbIMW neperpesamu. [lpy NNaBHOM MOrpy>XeHUU B
pacnnas (OTCYTCTBMU UHTEHCUMBHOIO NepemMeluBaHng) Npu BCeX neperpeBax CTPYKTypa
Obina OeHOPUTHON, MpU 3anuMBKe — aHanorMyHo nepsoit cepumn — npu neperpese 40 CO
CTPYKTypa Obina aeHaputHol, a npu 5 CO - HegeHapuTHOW. MNonyyeHHble pe3ynbTaThl
rOBOPAT O TOM, YTO AN hOPMUPOBAHUA HEAEHOPUTHOM MOPEONorMm HeobxoanumM NOTOK
(nepemewmBaHmne) pacnnaBsa B MOMEHT Hadana Kpucrtannusauum He3aBucMMO OT TOro,
CO34a€TCH OH MPUHYOUTENbHO UM €CTeCTBEHHO B MOMEHT 3anunBku. Pornb TemnepaTtypbl
neperpesa CBOOUTCA K TOMY, YCMNeeT fv MOTOK B pacnnase 3aTUXHYTb OO TOro, Kak

Temnepartypa npubnuanTcs K MKBUAycCy.
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®OPMYBAHHA HEQEHOPUTHOI CTPYKTYPU NEPBUHHOI ®A3U
B CMNABI AK74 NMPU 3ANUBLUI PO3IJIABY B JINMBAPHY ®OPMY
3 PIBHUMU NUBHUKOBO-XUBUJITIbHUMU CUCTEMAMMU

Ha paHum 4ac B niTepaTypHuUX DKepenax Hemae €OuHOI OYMKU LWOoAO MeXaHi3my
opMyBaHHA HeOEeHAPWUTHOI CTPYKTYpU B OOEBTEKTUYHUX arntoMmiHieBMX crnasax. [lpu
LUbOMY NPOAOBXYKOTb 3 ABNATUCA HOBI rNOTE3W 3 LbOro NUTaHHA. 3a OAHIE 3 HUX Y
dopMyBaHHI HeOEeHOPUTHOI CTPYKTYpPU MNEPBUHHOI asrtoMiHiEBOI ha3n BaXnuBy posib
Bigirpae pyx posnnasy. BpaxoBytoun ue, MeToro poboTK € BCTAHOBIIEHHS BMNIIMBY MNOTOKY
MeTany B (oOpMyBaHHI HeAeHOAPUTHOI CTPYKTYpWU MEPBUHHOI (pa3n B NMBapHOMY cnsasi
Mapku AK74.

Posnnae 3anuBanu B nuBapHy ¢oOpMy, B 4HKi po3MilWleHO ABi MeTanesi
nepneHauKynapHi neperopogkun Tak, Wo NopoXxHMHA dopMn po3firieHa Ha YOTMPU PiBHI 3a

ob’emoM BIACIKN, SKMM NpUCBOEHO HOMepwu Bia | oo IV (puc. 1).

3anueka poarinasy
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| — Il — nnBHUKOBa cuctema 3 BepxHiM niasegeHHaAM metany, Il — Il — 3 HWXHIM
nigsegeHHam metany, Il — IV — BepTukanbHO-LWiNMHHA JIMBHUKOBA cUCTEMa
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Puc. 1 — Cxema nepemiweHHa cnnaBy AK74 no Bigcikax nusapHoi opmu, sika
06’eHyE Pi3Hi NMMBHNKOBO-XXMBUIIbHI CUCTEMMU

Mepwwnn BIiACIK i30N1IbOBaHUN | HE CNOSydaeTbCa 3 TpboMa iHWUMW. [pyrun -
crnony4yaeTbCa 3 TpeTiM 3a AOMOMOroK XMUBUSIbHMKA B HWXHIA YacTuHi dpopmn. TpeTin
BiOCIK CMONy4aeTbCA 3 YeTBEPTUM 3a [OMNOMOrol BepTUKaNbHO-LIMMHHOIO XUBUIbHUKA.
Posnnae 3anuBann B nmMBapHy OPMYy Y BUCOKO- | HU3bKOMNEperpitomy cTaHax.
YcTaHoBNeHo, WO nicnsa 3anvMBKUM BUCOKOMEpPErpitoro posnnaBy y dopMy, CTPYKTypa
nepBUHHOI antomiHieBol dasn (Ala) y BCiX YOTUPBOX BiAcikax Byna aeHapuTHOM (puc. 2 a).
CepeaiHi 3HaYeHHA OeHAPUTHOro napameTpa BKasaHOi CTPYKTYpPW B LEHTPI BUMMBKA, B

cepefHi MOoro 4YacTuHi Ta B MOBEPXHEBIiM 30HI BUNMBKa cTaHoBunu: 37; 33 1a 26 MKM

BiQNOBIOHO.
LR

Puc. 2 — Bnnue notoky metany Ha MikpocTpykTypy cnnasy AK74 y Biaciky 1V npwu
3anuMBLUi poannaBy 3 BMCOKMM (@) Ta HM3bkuM (6) neperpiBoMm B nuBapHy ¢opmy, sika

o6’eaHyeE Pi3Hi IMBHMKOBO-XNBWUITbHI CUCTEMM

3anueka posnniasy y (OpMy 3 HU3bKMM MeperpiBoM cnpusana YTBOPEHHIO B
nepwiomy Biaciky HeaeHOPUTHOI CTpyKTypu Ala 3 po3mipom kpuctanie 50...110 mkm. Y
Apyromy BiAcCiKy dhopMn CTPYKTypa TaKoX € HeLeHAPWUTHO i CXOXa Ha po3eTkonofioHy. B
LEeHTpanbHin 4YacTWHI 3pa3ka TPeTbOoro BIACIKY yTBOpUIiacs MNepeBaXxHO OeHApPUTHa
CTPYKTypa NepBUHHOI a-pa3n 3 cepeHiM 3HaYeHHAM AeHApUTHOro napameTtpa 35 MkMm. Y
cepefHi YacTUHI UbOro X 3paska cTpyktypa Ala € HeAeHAPUTHOW, 3 PO3EeTKONOAIGHUMM
Kpuctanamm poamipom 200...300 mMkm. Y 4eTBepTOoMy BIiACiKYy dopmu yTBOpUacs
HegeHApUTHa rnobynsapHa CTPYKTypa NepBMHHOIO antoMiHito 3 posmipom rnobyns 50...100
MKM (puc. 2 6).

TakMM 4YMHOM, BCTaAHOBIIEHO, LWO MiCNs 3anvMBKM HU3bKOMEPErpiToro cnnasy B
dopmMy 3 PiIZHNMU FIUBHUKOBO-XUBUNBHUMWN CUCTEMAMM (3 BEPXHIM NiaBegeHHAM MeTany, 3

HWXKHIM MigBedeHHsAM Ta BepTuKalbHO-LWiNbOBOI), MOTIK CrnaBy, KWW YTBOPHETLCH NpU
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NPOXOMXKEHHI MeTany 4yepe3 CUCTEMY XXMBWUITbHUKIB i OMMBAHHI XOMNOOHUX CTIHOK KOKIfto,
npuBOAUTL 40 POPMYBaHHA HeOeHAPWUTHOI CTPYKTYPU NEPBUHHOIO PO3YUHY arntoMiHilo y

BUJTUBKY.

YK 621.74:669.131.7
B. b. bBy6nukos, [I. M. Bepuyk
@i3MKO-TEXHOMOrYHUIM IHCTUTYT MeTaniB Ta cnnasiB HAH YkpaiHu, m. Kuis
Ten.: (+38044) 424-00-50, e-mail: otdel.vch@gmail.com

BHYTPILUHbO®OPMOBE MOANDPIKYBAHHA YABYHY
MATIHIA-KANbLIEBOIO JNIIFATYPOIO

[MporpecuBHUM HaNpssMOM  PO3BUTKY TEXHOMOriM  BUCOKOMILHOIO 4YaByHy €
nigBuLWEeHHss  edEeKTUBHOCTI  MOAUMIKyBaHHA  LINAXOM  3aCTOCYBaHHSA  Mi3HBbOro
BHYTPILWHLOOPMOBOro  MoAUMIKyBaHHS B NPOTOYHUX peakTopax, po3TalloBaHUX B
NUBHUKOBIN cUCTEMi. Y MNOPIBHAHHI 3 KOBLUOBUM, MOAUMIKYBaHHA B NUBapHUX doopmax
XapakTepuayeTbCsi Ginbll BMCOKOK EKOMOTYHICTIO, TEXHOMOMYHICTIO i €KOHOMIYHICTHO.
MoawncikyBaHHs 6e3nocepeaHbO B NMBApHIiA GOPMi € €KOMOriYyHO YMCTUM MpPOLIEeCOM, B
pesynbTaTi sKoro 3abeanedyeTbCcsa nepexia 3 niratypu B pigkmn metan Big 70 oo 85 % Mg
NPU CKOPOYEHHI [0 MiHIMYMYy TPUBIIOCTI Yacy Big no4vatky MoaudikyBaHHA [0
Kpuctanizauil posnnasy. OAHoOYacHO 3 UMM BHYTPIWWHbOOPMOBE MOAUMIKYBaAHHS
3abesnevye Hanbinbw onTMManbHe AN BAacTUBOCTEN  BWCOKOMILHOMO  4YaByHY
CTPYKTYPOYTBOPEHHS, WO  [JO03BONSE  OTPUMyBaTM  TOHKOCTIHHI  BUNuBkM  6e3
BMCOKOTEMMepaTypHOro rpadituayoyoro signany.

[ocnigpKeHHs npoBoAUNM 3 BUKOPUCTaAHHAM  3ani30-KpeMHin-mMarHin-kanbuieBol
niratypn XXKMK-4. Kanbui € 6inbll akTmBHMM gecynbypaTopoM i PO3KUCAOBAYEM, HiX
MarHi, 4yepes WO MOKpallyeTbCca Moaudikyroda Ta padoiHyoda 34aTHICTb niraTypw.
LLIBMAKICTE pO3YMHEHHS MarHin-KanbLieBOl niraTypu 3anexuTb Bif B’A3KOCTI | TemnepaTypu
lWnaky, WO YTBOPKETLCA Mpu 11 NMaBMneHHi Ta nepelkogXae MPOHUKHEHHIO PigKoro
MeTany B 3acunky niraTypu i YMOBIfbHIOE Npouecu TenrnomMacoobMiHy MK Hetw Ta
posnnasoM. [N MNOKpalleHHs yMOB MiKdasHOI B3aeMofil MK po3rnnaBoM 4YaByHY i
niraTypolo 3acTocOBYBanu npucagky peareHTy, Lo eMeKTUBHO 3HUXYE B'A3KICTb LUMAKY,

SAKUN YTBOPKOETbCA.
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Poannae 4aByHy, MogucikoBaHWA Yy BiAULEHTPOBOMY peakTopi nmnBapHOl dhopmu,
pO34iNsany Ha OQUCKPEeTHI Npobu, SKi NOCNIAOBHO BiANMBANM Y iHLWIA CUPIA NiLLAHO-TIIMHSAHIN
NUBapHIA opMi, WO MNepemiliany Ha Bi3Ky. 3anuMBaHHA CTaHOAPTHUX KIMHONOAiIGHUX
npo6 3 ToBWWHOK ocHoBM 15 MM BigbyBanocs posnnasomMm, WO MaB TemnepaTypy 1380
abo 1480 °C [1].

Mpn 3anuBaHHi po3nnasy 3 TemnepaTypoto 1380 °C cnocTepiraeTbCsl MOBINbHUN,
HabnwxeHUn [oO niHiMHoro, nepexia Mg i Si B 4aByH BNpoOOBX BCbOro npouecy
MoandikyBaHHs. Bmictn Mg i Si B guckpeTHo Bignntnx npodax BapitoTbCsa NpU LbOMY B
AianasoHax, signosigHo, 0,024-0,048 % i 2,02-2,37 % Ta xapakTepu3ylTbCs HU3bKMMU
Ans npoBefeHux gocnifis cepeHiMu 3HavyeHHaMu (BignosigHo, 0,036 % i 2,2 %).

Mpn 3anuBaHHi posnnaBy 3 Temnepartypoto 1480 °C ymoBWM ONA PO3YMHEHHS
MarHiv-KanbLieBol niraTypu noninwyrTbCa | AOCAraeTbCA NOBHE PO3YMHEHHS BCIEl 403U
niratypu. B npobax, siki 3an1MBatoTbCsl OCTaHHIMKU, CNocTepiraeTbes NigBuLeHHs1 BMicTy Mg
no 0,071 %, a Si o 2,72 %. CepefHin BMICT LUMX €NeMeHTIB Yy CyKYMHOCTI BignuMTux npob
HaMBMLLMK B NpoBedeHux gocnigax i ctaHoeutb 0,051 2,43 %, BignosigHo.

TakMM 4YMHOM eKcnepuMeHTanbHO [JOBeAEeHO, WO NiOBULLEHHS TemnepaTtypwu
po3nsiaBy NOKpaLlye TENIOMAacoOOMIH MiX niraTypoto i po3nnaBoM Ta NiABULLYE LUBUAKICTb
PO34YMHEHHSA MarHii-kanbLUieBoi niraTypu. Takox, NiaBULLEHHSA TemnepaTypu € HeobXxigHo
YMOBOI AN NOKPALLLEHHSA PiAKOTEKYYOCTi B YMOBaX MPUCKOPEHOro TennosigBeaeHHS npu

Ofep>KaHHiI TOHKOCTIHHOrO NMTBa.
Cnucok nitepatypu
1. Bbepuyk A. H., bybnukoe B. b. WccnegoBaHne 0oCOGEHHOCTEN NPOLECCOB
BHYTPU(POPMEHHOIO MOANMPUUNPOBAHUS 4YyryHa MarHuesbiMM nuratypammn Fe-Si-Mg

(PCMr-7) nu Fe-Si-Mg-Ca (XKKMK-4) // BicHuk JoHbBacbkoi AepaBHOi MalnMHOByAiBHOI
akagemii. - 2009.- Ne 1(15).- C. 55-59
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NOBbILEHNE MEXAHUYECKUX CBOUCTB ®EPPUTHOIO BbICOKOMNPOYHOIO
YYT'YHA

Ona  wun3rotoBneHns psga geTtanen  COBPEMEHHOW  TexHuKu  TpebyroTcs
BbICOKOMPOYHbIE YYryHbl C BpEMEHHbLIM CONMpPOTMBEHnemMnpu paspbisecs= 500-600 MlMa n
OTHOCUTENbHbIM yanuHeHnem © = 10-15 %. [loaTtomy BO3HWKaeT Heob6XoOUMOCTb
pa3paboTkn cneumanbHblX Mapok C 0Ooree BbICOKMMU MoKa3aTensamMu MpPoOYHOCTU U
NNacTUYHOCTN,NO cpaBHeHuto ¢ BY450-5 mnn BY500-7(OCTY3925-99) ¢ depputHo-
NeprMTHOM MeTanfMyeckon OCHOBOW, 3aHMMaKLWMX NO MokasaTensaM MexXaHU4YeCcKnx
CBOWCTB MPOMEXYTOYHOE MOMoXeHNe Mexay pernameHTMpyeMbiMyM cTaH4apToOM Mapkamu
BbICOKOMNPOYHbIX YyryHOB (DEPPUTHOIO M NEPSIMTHOIO KNaccoB. YKasaHHble Bbonee BbicOkne
MexaHuyeckne CcBOMCTBa MOryT OblTb AOCTUTHYTbI MNpU  MeTanfIn4eckon OCHOBE,
COCTOSILLEN W3 HaxXOASALWMXCA B OMNpedeneHHOM COOTHOLLIEHMM KONMu4ecTB depputa u
nepnuta, unu npu eppuTHOMN MeTanIM4eckon OCHOBe, YNPOYHEHHOWN NermpoBaHNEM.

Llenbto HacToswen paboTbl ABNAMOCH OnNpeaeneHne TEeXHOMNOMMYECKUX peLueHui
nony4YeHns BbICOKONPOYHOro vyryHa cos = 500-600 MIMa n & = 10-15 %.

YyryH Bbinnaenanu B anektporneun MCT-0,16 n3 4ylwikoBOro nUTEMHOro 4yryHa
mapku JIP6, padumHupoBaHHOro npogyeBkonM MarHuem, ¢ cogepxkaHuem 0,011-0,014 %
cepbl n 0,060-0,072 % docdopa.MoguduunposaHme npoBOAUNIM  KOMMIIEKCHbLIM
moaundmkatopom XXKMK-4Pba.MexaHnyeckne cBOMCTBA BbICOKONPOYHOroO YyryHa B fINTOM
COCTOSIHUM 1 nocne Tepmudeckon obpaboTkn onpedensany Ha obpasuax, Bbipe3aHHbIX U3
KNUHOBUAHbLIX Npo6 C TONWMHON OCHoBaHMA 15 Mm n maccon 4,85 kr.

B pesynbTate nepennaBa padMHMPOBAHHOIO YyLWKOBOro 4yryHa mapku JIP6 wn
MOAMPULMPOBAHNSA KOMMMEKCHBIM MOOUMUKATOPOM, CoAepXallumMm Hapsagy C MarHuem u
KPEMHMEM  [OOMOMHUTENbHbIE  BbICOKO3I((EKTUBHbIE  MOAUMUUUPYIOLLNE  3NIEMEHTHI
(kanbuun, P3M, Gapwuit),nony4yeH BbICOKOKaYeCTBEHHbLINBBLICOKOMPOYHbLIN YyryH C HU3KUM
cogepXaHuem cepbl U ApPYrnx BpeAHbIXx npumecen.CTpyKTypa MeTansimyeckon OCHOBBI
HEeNnermpoBaHHONO W NErmpoBaHHOIO HUKENEeM BbICOKOMPOYHbLIX YYryHOB B JIUTOM

COCTOSIHUKM Obina NMPaKTU4EeCKHN Ct)eppMTHOVI. AB BbICOKOMNPO4YHOM 4yryHe, nermpoBaHHOM
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Meablo, konmyecTBo nepnuta coctasnano ~20 %. 31o obycnosuno OGnaronpuaTHoe
COOTHOLLUEHME MPOYHOCTHbLIX U MNAACTUYECKUX CBOWCTB MUCCIeQyeMbIX YyryHOB B JIMTOM
cocTosiHuM (cMm. Tabnuuy). B nutom coctoaHun nermpoBaHue 0,5 % Ni He3HauUUTENbHO
NoBbILWAET MNPOYHOCTHbIE NokasaTtenu (OB, 0o,2) U HECKOSNbKO CHWXaeT OTHOCUTENbHOEe
yanvHeHne (8).3HauntenbHo addekTnBHee nposaBnaeTcs nernmposaHue 0,5 % Cu, B
pesynbTaTte KOTOPOroosBbICOKOMPOYHOro YyryHayesenuumsaetcsa ¢ 500 go 595 Mla, oo2—
¢ 365 0o 420 MIla npu cHmxeHun & ¢ 23,4 oo 17,0 %.

KonunyectBo nepnuta B MeTasn/in4eCKoM OCHOBEe U MeXaHUu4ecKkue CBOMUCTBaA

nccecrnenoBaHHbIX BbICOKOMNPOYHbIX YyryHoB B JINTOM COCTOAHUU

KonunyecTtBo MexaHunyeckne cBoncTBa

Bug BbICOKOMPOYHOro YyryHa nepnuTa, % | o8 MMa | 0oo MMa | 6. %
1. HenernpoBaHHbIN 3 500 365 23,4

2. IlernpoBaHHbin 0,5 % Hukens 6 505 376 20,5
3. JlermposaHHbin 0,5 % mean 20 595 420 17,2

[na noBbIWEHNS NPOYHOCTHBLIX Nokasatenen eppuTHOro BbICOKOMPOYHOro YyryHa
paspaboTtaHa cneuuanbHas Tepmuyeckad obpaboTka — FOMOreHU3UPYLWNUA OTKUT C
oxrnaxaeHnem n3 TpexdasHoW 30Hbl, COCTOSAWEN U3 aycTeHuTa, dpeppuTta U rpaduTa,
KoTopasa obpasyeTcsa B COOTBETCTBUM C TPOWHOW guarpammon coctosiHus Fe-C-Si, n noa
BNMUAHMEM KPEMHUSI WHTEHCMBHO pacluMpseTcsd, a ee TemnepaTtypa MoBblaeTcs
[1].Nocne Tepmudeckon o6paboTKM MexaHu4eckue CBOWCTBA NErMpoBaHHONO HUKENeMm
BbICOKOIMPOYHOro YyryHa Haxogdarcs B criegytowmnx npegenax: os=580-610 Mlla, 0o0,2=410-
435 Mla, 6=17-19 %. B nermpoBaHHOM MeAbl0 BbICOKOMPOYHOM YyryHe MPOYHOCTHbIE
nokasatenu 3HaunTesnbHo Bblwe (o = 670-720 MIa, 002=450-475 MIa npu 8=11-16 %),
YTO C YYETOM 3HaYUTENbHO MEHbLUE CTOMMOCTU Medu, MO CPaBHEHUIO C HUKENeM,
no3BonsieT pekoMeHOoBaTb e€e AN  YNPOYHSAILWEro JerMpoBaHNsa BbICOKONPOYHOIo

yyryHa.

Cnucok nutepatypbl

1. CnpaBOYHUK nO 4yryHHomy nutbto. / loa pea. H. . lupwosuya. — Jl.:

MawwmHocTpoeHue, 1978. — 758 c.
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AOCNIAXEHHA BIMJINBY CKNALY MATHIEBUX NIFATYP | METOAIB
MOOUNDIKYBAHHA HA CTPYKTYPOYTBOPEHHSA | MEXAHIYHI BIACTUBOCTI
BUCOKOMILHOIO YABYHY

OTpuMaHHA 3 BUCOKOMILHOrO 4aByHy BWAMBKIB 6e3 BMOINy 3 onTuManbHUM
NOEAHAHHAM MILHICHUX XapaKTepUCTUK i NNacTUYHOCTI — Le BUMOra CbOrodeHHs Ans
BUNYCKY HafiNHOI, JOBrOBIYHOI Ta KOHKYPEHTOCMPOMOXHOI NMPOoayKLUil.

[MokpalleHHss  CTPYKTYpPOYTBOPEHHS MOXMMBO  LOCHATHYTU NigBULLEHHAM
eeKTUBHOCTI MoanikyBaHHSA. [poBedeHi OOCNIAXKEHHS rpaHuUb MOXIUBOrO BMUBY
CKMnagy MarHieBux niratyp Ta IX BUTpPaATU Ha CTPYKTYPOYTBOPEHHS, CMiBBIOHOLIEHHS
depuT/nepniT B MeTaneBin OCHOBI, 3MiHY CTaHy rpaHuLUb 3epHa Ta iHLWi dakTopu, SKi Npu
KynacTin cpopmi rpadpiTy BU3HayalOTb piBEHb MeEXaHIYHUX BacTUBOCTEN BUCOKOMILHOMO
YaByHY.

JocnimkyBanu koMmnnekcHi dpepocuniuin-mardiesi niratypn tuny ®CMr Tta 3aniso-
KpeMHin-kanbuiesi niratypn Ttuny XKMK. B 3anexHocTi Big cknagy, LOcnigxXeHi
KOMMMEeKCHI Moandikatopn BIiOPISHAKTLCA 3a BMIMBOM Ha CXWUMbHICTb O YTBOPEHHSA
BMGIiny i cniBBigHOWEHHA hepuT/NepniT B MeTanesin matpuvui. 3 NiABULWEHHAM BUTpPaTU
MoaudikaTopiB NiABULLYETLCSA CXUIbHICTb A0 YTBOPEHHS BMUBINy, 36inbluyeTbCs KinbKiCTb
nepnity, B pesynbTtaTi NigBULEHHS B YaByHi BMICTy MmarHito, 6apito i P3M, a kinbkicTb
BKMOYEHb rpaduiTy CYTTEBO 3MEHLWYETbCA. 30inblUeHHS KiNbKOCTi BKMOYEHb rpaquiTy
KOPEnETbCA 3i BMEHLLEHHAM CXUITbHOCTI 40 BMOINY i NiABMLWEHHAM CTyneHo deputmaadii
MeTaneBol OCHOBM.

3  [ocnimpkeHuMx  KOMMNEeKCHMX  mogudikatopiB  Hambinbw  eekTMBHUM
AecynbgypaTtopoM YaByHY Ta 3a MOAMMIKYIOHUOK AIE0 Ha YTBOPEHHS Npu KpucTtanisauii
Kynsictoro rpacpity € niratypa mapkm XXKMK4P, ska BigpisHseTsca Big niratyp tuny ®CMr
BUCOKMM BMICTOM KanbLUito. lMopag 3 nigBuLeHHsaM CTyneHw rpaditnsadii YaByHy i
depuTn3alii MeTaneBol OCHOBU, KanbLi CNPUSE OYULLEHHIO, paddiHYBaHHIO po3nnaBy Big
WKIOMBMX OOMIIOK (CipKM, KUCHIO Ta iH.). MakcumarnbHi MOKa3HMKM  MeXaHi4yHUX

BNAaCTUBOCTEN AN KOXHOro 3 mopgudikaTtopie gocsratotecs npy CCI Ginbwe 85 %:
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Hanbinblle 3HAYeHHSs TMMYacOBOrO OMOpPYy MNPU  PO3TAryBaHHI  OTPMMaHO Npwu
MoandgikyeaHHi niratypoto mapku XXKMK4P, Ttogi sik HanBuwe BiOHOCHE MOLOBXEHHA —
npyn moandikyBaHHi niiratypoto mapkun PCMr7.

Y NOPIBHSHHI 3 KOBLUOBUM, NPU BHYTPILLHLOGOPMOBOMY MOAMMIKYBaHHI BHACNILOK
3MEHLUEHHA MNPOMDKKY 4acy MK MOAMIKYyBaAHHAM | KpucTanisauieo posnnasy
IHTEHCUIKYETbCA HOKYNAUIS Ta B 3...6 pasiB NigBULLYETLCH LWINbHICTL po3noainy B
CTPYKTYpPi BKMIOYEHb KyNACTOro rpadity, WO CKOpoYye LWnsaxu Andysii Byrneuw 3
ayCTeHiTy 00 rpadiToBMX BKMOYEHb i 3abesneuvye 36inblUEHHS KinbKOCTi eputy B
MeTanesin ocHoBi B 2,5...5,0 pa3. 3a Takux ymoB y BunmBkax popMyeTbca noAapibHeHa
CTPYKTypa 6e3 BKIOYEHb €BTEKTMYHOIO LEMEHTUTY 3 NepeBaHO (PepuUTHOK MeTaneBok
OCHOBOK i3 3a4aHUM piBHEM MeXaHiYHMX BnacTmBocTen 6Ge3 3acToCcyBaHHS TepPMiYHOI
0bpobKkn.

CTBOpPEHHS B NMPOTOKOBMX peakTopax Pexunmy BiOLEHTPOBOro pyxy, Ha BiaMiHYy Big
NPSAMOTOYHOIO, aKTUBYE PO3MUBAHHA MoaudikaTopa Ta NPUCKOPKE YTBOPEHHS PYXOMOro
pioKO-TBEPOOro cepeagoBuvwia, B SAKOMY BigbOyBaeTbCA iHTEHCUBHWIA TENIOMacOOOMIH.
O6'emHnn xapaktep MixdasHoi B3aemogil 3abesneyye BUCOKMW PpPiBEHb HACUYEHHS
po3nnaBy 4YaByHY MOAUMIKYIOUYMMW efneMeHTamMu B MNOYaTKOBUA MOMEHT 3armBaHHS.
3acTocyBaHHS BiALEHTPOBOro peaktopa [03BONsA€ 30inbWMTU CTYNiHb MOrO 3anoBHEHHS
niratypoto 3 50 go 75 % i, BignoBigHO, NiABUWNTX BUXig npugaTtHoro nuTtea. [lpouec
MOANIKYBaHHA MEHLU YyTNMBUMA 0O KONMMBaHb TEXHOMOMYHUX NapaMeTpiB i JO3BOMNSAE Ha
30-50 % 36inbWwWnTK Nepexia MarHito Ta kpeMHito 3 niratyp Tuny ®CMr y meTtan Bunmeka 3
BUCOKOMILHOIO YaBYyHY.

B npoTtokoBux peakTopax OAHOYACHO MNPOXOAATb npouecn MOANMIKYBaHHS,
MiKporieryBaHH4 i paiHyBaHHS 3a paxyHOK BMICTY 404aTKOBUX MOOUMIKYOUNX eNleMEHTIB
y cknagi FeSiMg niratyp. byno BctaHoBneHo, Lo B npoueci pagiHyBaHHSA pPigKoro YaByHy
Mg, Ca i P3M 6inbw akTMBHO BCTynatoTb B peakuito 3 cipkoto i razamm (O, N, H), Hix 3
OCHOBHMMM KOMMNoHeHTamn 4YaByHy (Fe, Mn, Si, C, P), yTBOploOYM HemeTanesi
BKMNtoYeHHSA. Npun B3aemogaii niratyp 3 YaByHOM B MepLuy Yepry BiabyBaeTbCa BUAANEHHS

KMCHIO, MOTIM CipKW, a30Ty | BOOHIO.

39



JIMTBO.METAJIYPTIA. 2019

YOK 669.162.275:620.17
B. B. by6nukos, 0. [1. BaunHckun, C. H. MegBeab, H. . MouceeBa
DUN3NKO-TEXHOSTOrMYECKUA MHCTUTYT MeTannos 1 cniasoB HAH YkpauHbl, r. Knes
Ten.: (+38044) 424-00-50; e-mail: otdel.vch@gmail.com

TEXHUKO-3KOHOMUWYECKUE NMPEUMYLLECTBA TEXHONOI'MK NONYYEHUA
BbICOKOMPO4YHOI'O YYrydA BHYTPU®OOPMEHHbIM MOAND®PULINPOBAHUEM

OAHUM M3 9BOMIOUNOHHBIX 3TanoB Pa3BUTUS TEXHOMOMMN BbICOKOMPOYHOrO YyryHa
cTano cosgaHue meToga MoanMUUUMPOBaHUS pacnsiaBa B NOnocTy NUTenHon opmbl («in-
mold» npouecc). lNpouecc obpaboTkM pacnnasa MarHumicogepXawmumm nuratypamm B
nutenHon copme npotekaeT 6e3 nupoadpdekTa n abima, ycTpaHseTca noteps adpdekra
MoanuumpoBaHusa. B pesynbTate MUHUMU3aAUMW  UHTEpBana BpeMEHU Mexay
MOANMUUMPOBAHMEM W HayarnoM  KpucTannmsauuu  pacnrasa  3HAYUTENbHO
YyBENMNYMBAETCA KONMMYECTBO BKIIOMEHMW LIAPOBMAHOIO rpaduTta, MHTEHCUULMpPYETCS
rpapuTn3aumsi CTPYKTypbl, YTO CMOCOOCTBYET CHMXEHWUIO CKITOHHOCTU K obpasoBaHuio
oTbena, yMeHbLUEHMIO YCaaKM 1 yny4lweHuto obpabateiBaemMocTn pesaHmem. NonyyeHHas
B OTNMBKax  AuCNeprupoBaHHas CTPYKTypa BbICOKOMPOYHOIO 4yryHa cnocobcTByeT
NOBbILLUEHNIO MEXaHNYECKNX CBOWNCTB.

MeTogamm CTaTUCTUYECKOrO aHanmsa npoBeaeHo nccrnegoBsaHue
3aKOHOMEPHOCTEN pacnpeernieHnss CTPYKTYpbl U MeXaHUYeCKUX CBOWCTB OT/IMBOK U3
BbICOKOMPOYHOrO YyryHa, noriydaemMoro BHYTPUPOPMEHHBbIM MOANMULMPOBAHNEM B
YCIOBUSIX NMPOMbILLIIEHHOrO NPOM3BOACTBA. TEeXHONOrnsa NPUMEHSIETCA ANA U3roToBEHUS
KOPMNYCHbIX OTSIMBOK C TOSILLMHON CTEHOK OT 4 0 15 MM. MUKpPOCTpYKTYpa U MexaHnyeckmne
CBOMCTBa BbICOKOMPOYHOrO YyryHa onpeaensanncb Ha obpasuax meTanna M3 CTEHKU
TonwuHon 10 MM OTNAMBOK, OTOBPAHHBLIX A4S KOHTPOMS U3 KaXK40W NIaBKy.

CTpykTypa OTNMBOK cocTosina m3 rpacuta waposmaHon cdopmbl W4, LWITS n
deppUTHO-NEPSIUTHOMN MeTannM4Yeckom OoCHoBbI. [1NOTHOCTb pacnpeneneHnst BKNOYEHUN
LIApOBUAOHOIO rpaduTa B CTPYKType Haxoaunacb B npegenax 430-610 wt/mMm?, yto B 4-5
pa3 Gornblle, N0 CPaBHEHUK C BapMaHTOM KOBLLUOBOro moauduumpoBaHusi. Benegcrteme
3TOro npu pacnage aycteHuTa 3HauuMTenbHO COKpallarTcs Nyt anddysumn yrnepoga K
rpaPuTHBIM  BKIIIOYEHMSIM, 4YTO oObecneymBaeT MOBbLILWEHNE CTeNeHn depputrusaumm

MeTanan4eckom OCHOBbI BbICOKOMNPOYHOro 4yryHa B OT/InBKax rnpmMMepHo B 2 pas3a.
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B cBaA3M Cc Tem, 4TO MeTannmMyeckad OCHOBa COCTosifla U3 [OBYX CTPYKTYPHbIX
cocTaBnawwmx (depputa u nepnuta), paccMaTpumBanu TOMNbKO pacnpeneneHne
npeobnagatmowen M3 HMX, a UMeHHo cepputa. Konnuectso chepputa BapbnpoBanoch B
AnanasoHe 55-95 % npu cpegHem pacyeTHOM 3HadeHun 75 %. PacnpepeneHue
KOHTPONUPYEMbIX MoOKa3aTenen MexaHU4YecKMX CBOWCTB B aHanuaumpyemomn BblGoOpke

nnaBoK npeacTtaBJ/ieEHO B Taobn. 1.

Tabnuua 1 — PacnpegeneHne mexaHmyeckux ceoncts BY no nnaeskam

MexaHun4eckune cBomncTBa
lNokasaTtenb
os, MlMa 00,2, MlNa 0, % HB, en.
[nanasoH BapbUpoBaHUS 464,8-607,5 |342,4-457,5| 8,6-20,0 | 160-210
Pac4yeTHOoe cpeaHee coaepxaHune 538,9 398,2 13,4 185

YCcTaHOBNEHO, 4YTO B pe3ynbTate BHYTPUGOPMEHHONO MOAUMUUMPOBAHUSA, MO
CpaBHEHMIO C KOBLLOBbIM, MpegoTBpallaeTcss obpasoBaHME CTPYKTYpPHO-CBOOOAHOrO
LEeMEeHTUTa B CTEHKE OTNUBKM TonwmHoM 4 MMm. BcrneactBme M3MenbYeHUs CTPYKTYPbI
YMEHbLUAETCA MEXKPUCTaNNMTHaA fUKBaUMs, yBENMYMBaETCA KOnmM4yecTBo ceppuTta B
MEeTannuMyeckom OCHoBe, obecneuymBaeTca 6onee onTMManbHOE  COOTHOLLEHUE
MPOYHOCTHbLIX MOKa3aTenem (Os, Oo2) W OTHOCUTENbHOro yanuHeHus (8). Bbicokas
OAHOPOOHOCTb CTPYKTYPbI U CHWXeHne ee TBepaoctn HB ynyywatoT obpabaTbiBaeMOCTb
OTNMBOK pe3aHneM.

TexHonorma nonyyYyeHns BbICOKOMPOYHOrO YyryHa Ha OCHOBE MPUMEHEHUS
BHYTPUGOPMEHHOIO MoaMdmumpoBaHus obecnevmBaeT 3HaYUTENbHbIE MPEeMMyLLECTBa,
MO CPaBHEHUIO C KOBLUEBbIM MOAUMUUMPOBAHMEM: pacxo MarHMeBoW nuratypsbl
CHuXaeTcs B 2-2,5 pasa; B pe3synbTaTe OTCYTCTBUA NMpoaddekTa U BblAeneHust abima m3
OKCMAa MarHMa pagukanbHO Yry4ylaeTcs 9KOMorusi B NUTEMHOM LEXy; YCTpaHAeTcd
noteps adpdekta mMoamdMUNMpoBaHNS; KapauMHanbHO YIy4yllaTCsa YCMOBUS MNOMyYeHus
0e3 oTbena TOHKOCTEHHbIX OTIIMBOK C MUHMMAIbHON TOSLLUUHON CTEHKU 3-4 MM. DKOHOMUSA
OT BHELpPEeHUs AOCTUraeTcs 3a CYET CHWXKEHUSI pacxoda nuraTypbl, NOBbIWEHUSA BbIXo4a
rOOHOro, Yny4ylweHUs KavecTBa M CHMXeHus ©Opaka OTNMBOK, NMKBMOAUUKW ornepauun
9HEpProemMKoro rpadouUTM3NPYHLLEro OTXNra, NOBLILLEHUS CrY>XeOHbIX CBONCTB M34enun 13

BbICOKOMPOYHOTO YyryHa.
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BNMUAHUE CKOPOCTM OXJITAXXOEHUA HA MEXAHUWYECKUE CBOUCTBA OT/IMBOK
N3 BbICOKOMNPOYHOI'O YYT'YHA, NIETUPOBAHHOIO MEALIO

[na nccnenoBaHns BAUSIHUSA CKOPOCTU OXINaxaeHUs (TOMWWHBI CTEHKU OTNIMBKN) Ha
MexaHn4yeckune CBOMCTBA OTSIMBOK M3 BbICOKOMPOYHOro 4yryHa, nermposaHHoro 1,0; 2,0;
3,0 % Cu, 6bInn OTNUTBLI KOMMNIEKTbI KITMHOBUAHbIX NPO6 (knnbbs1oKkoB) ToNwmHOM oT 8 0o
45 mm. [Ing nonydYeHns B CTPYKType OTSIMBOK LLUAPOBUAHOM (POpMbl rpacmta NpuMeHsanm
MoaudmumpoBaHne B KoBLle MarHuun-kanoumeson nuratypon XKKMK-4P B konuyectse 2,5
% OT Macchl xuakoro vyryHa. Cogep)kaHme KpeMHUs B OTSIMBKaX HaxXo4MNocCh B npeaenax
2,60-2,95 %. Bo Bcex Tpex BapmaHTax fermpoBaHnsa MUKPOCTPYKTYpa KIIMHOBUOHbIX NPO6
cocTosifia U3 NeprMTHON MeTanIMYecKkon OCHOBbLI (KONMYECTBO heppuTa He npesblllano
6 %) n waposuagHoro rpacgputa WIS, W4 (TOCT 3443-87). MNoaTtomy Habnogaemoe
OTNYMEe  MEXaHWYEeCKUX CBOMCTB  OTSIMBOK  pasHOW  TOMLWMWHBLI  Oonpeaensanoch
0COBEeHHOCTSIMU  CCOOPMUPOBABLLENCH TOHKOW CTPYKTYPbl MeTannmMyeckon OCHOBbI U
BNMAHMEM macTabHoro caktopa, NposBNSAIOLWEroca Yepes CTeneHb NiMKBauuun, ypoBeHb
MMKPOMNOPUCTOCTH, obpasoBaHue pasfinyHbIX HEeOOHOPOAHOCTEN. CHuxeHne
MEeXaHN4YeCKNUX CBOMCTB NErMpOBaAHHOINO MeAbl BbICOKONPOYHOrO YyryHa C yBefiMyeHueMm
TONMWMWHbI  CTEHKM OTNMBKM  (puc. 1) o0ObAcHAETCA W3MenbYeHMEM  CTPYKTYpbl,
YMeHbLLEHNEeM NMKBaLUK, NOBbILLEHMEM ANUCMEPCHOCTU Nepriuta B YCrOBUSAX YCKOPEHHOro
TennootBoaa. 1o mepe yBenuyeHus TOSWMHbI OTIIMBKU YBENUYMBAIOTCA pa3Mepbl 3epHa,
ycunmBaeTcs IfuKBauua nNpuMecerd B MeX3epeHHOe MNpPOCTPaHCTBO, MOBbLILWAETCS
HEeOQHOPOAHOCTb CTPYKTYPbl, pa3BMBaETCsd MUKPOMOPUCTOCTb, YTO B KOMMIeKce NpuBOANT
K ABMIEHUI0, Korga ¢ yBenuyeHnem TonwmHbl Ce4eHN OTNIMBKN OLHOBPEMEHHO CHUXAaKTCA
Kak MNPOYHOCTb, Tak M nnacTu4HoCTb. B ycnoBuax npoBegeHHOro wuccrnegoBaHus
MPOYHOCTb  BbLICOKOMPOYHOrO 4YyryHa C LWapoBUAHbIM rpacputoMm U NeprvMTHOMU
MeTannmyeckon ocHoBon cHmxaetcsa ¢ 950 go 750 MlMa ¢ yBenvyeHnem TOMLWMHBI CTEHKU
otnmBkn ¢ 8 go 45 mm. Mpn aTom HabnwgaeTca Takke He3HaYNTESNbHOE YMEHbLUEHUEe

OTHOCUTEJIbHOIO YaArIMHEHUA.
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Puc. 1 — BrimsgHue TONWMWHBbI CTEHKM OTNUBKM Ha MEXaHU4Yeckune CBOWCTBa

ncxogHoro HenermposaHHoro (1) wu nermposaHHoro 1,0 % Cu (2), 2,0 % Cu (3),

3,0 % Cu (4) BbICOKONPOYHOrO YyryHa

Taknm o6pa3om, nonydYeHHble pe3ynbTaTbl CBUMAETENbCTBYOT O TOM, 4TO, B
YCrOBUSX NPUMEHEHUSA LWMXTbl OObIMHOrO KadectBa C copepxaHnem 0,035% S u
LUMPOKOMHTEPBANbHOIO BapbMpPOBaHNSA CKOPOCTU OXNaXKAeHUS (TOMLWMHA CTEHKU OTIIMBKU
8...45 MM), Npu KOBLUOBOM MOANMULMPOBAHMM pacniaBa MarHum-kanbuneBomn nmratypon
XKKMK-4P un nernpoBaHum megbto 0o 3 %, B CTPYKType OTMIMBOK CTaburbHO
obecneynBaeTcsa nonyveHne wapoBuaHon dopmbl rpacduta WIS, WIdp4. YumtbiBas
BbICOKYHO CTOMMOCTb MeAM U 3aKOHOMEPHOCTU €€ BINSHUS Ha MeXaHW4eckue CBOMCTBaA
BbICOKOMPOYHOrO YyryHa, npeacrtaBnseTcs pauuoHasnbHbiM ee  MNpUMeHeHue Ans
nernposaHus B konudectee o 1,0...1,2%. [lNpn nuTbe TOHKOCTEHHbIX OTMMBOK

coaepxaHmne megn B BbICOKONMPOYHOM HYIryHE MOXEeT ObITb MEHbLLUE.
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YOK 669.131.7
B. b. bBybnukos, A. A. AcuHckui, E. A. flcuHckas
PU3NKO-TEXHONOIMYECKUIA MHCTUTYT MeTannos u cnnasoB HAH YkpauHbl, r. Knes

Ten.: (+38044) 424-00-50, e-mail: alexyasinskyi@gmail.com

BJIIMAHUE CKOPOCTU OXNAXAOEHUA HA CTPYKTYPY U MEXAHUYECKUE
CBOMWCTBA OTJINBOK U3 BbICOKOMPOYHOIO YYITYHA, NETMPOBAHHOIO
HUKEJIEM

[na vwccnenoBaHNa BAMSIHUS CKOPOCTM OXNaXKAEHMS HA MeXaHW4yeckme CBOWCTBa
NErMpoBaHHOrO0 HUKENEeM BbICOKOMPOYHOrO YyryHa OTAMBanu KIWHOBWUAOHbIE NPOO6bI
(kmnbbnokn) TonwuHom ot 8 fo 45 mM. Bbinnaeky pacnnasa NPOBOAMAN B 3fieKTponeymn
NCT-016 Ha wunxTte n3 nepeneribHoro YyLkosoro YyryHa mapku M2 (70 %) v nutenHoro
YyywikoBoro 4yryHa mapkm J12 (30 %). MoauduumpoBaHue pacnnasa npoBOAMIIOCL B
koBwe nuratypon >XKMK-4P. Xvmuyeckun cocTaB HenermpoBaHHOrO BbICOKOMPOYHOro
yyryHa (8 mac. %): 3,4-3,7 C; 2,5-2,8 Si; 0,37-0,42 Mn; 0,015-0,025 S; 0,09-0,10 P; 0,023-
0,037 Ti; 0,04-0,062 Mg.

CteneHb chepongmsaumm rpacputa (CCIN) B oTnmBKax ¢ TOMLWMHON CTEHKU OT 8 A0
20 mm 6bina 6onee 90 %, a B oTnMBKax ¢ TonwmHoOM cTeHkn 30 n 45 MM 3HaYUTENBbHO
HwKe — 86 n 83 %, cooTBeTCTBEHHO. [pn yBenMYEeHUN TOMLWMHBLI OTAMBKU (CHUXEHUU
CKOPOCTU OXJIaXAeHWs!) YMEeHbLLaeTCs KONMMYecTBO rneprvta B MeTarnnmyeckon OCHOBE,
CHMXalTCA BPEMEHHOE COMNPOTUBMIEHNE MNPU PACTSHKEHUM OB M YCMOBHbIN Npeaen
TekydectTn Oo2 (puc. 1). OTHOCUTEnbHOE yanuvHEHME O C MOHWXEeHUEeM KOonn4ecTsa
nepnuta B MeTanfIM4ecKo OCHOBE CHavana mnoBbIlWAeTCHd, OOCTUraeT MakcMMmyma B
oTnueBkax TonwuHon 20 MM M ganee cHuxaeTca B bonee MeaNieHHO oxnaxaakoLuxcs
oTtnuekax TonwuHon 30 1 45 mm.

OTMeYeHHbI XapakTep N3MeHEHNA OTHOCUTENBHOIO YAMMHEHUS MOXHO OO BbACHUTD
cnegyowmum obpasom. B cTpykTtype otnmeok TonwmHon ao 20 mm npmu CCIT > 90 % no
Mepe YMEHbLUEHNUA CKOPOCTU OXMNaXKOAEeHUs YBEnuMyYMBaeTCA KONMM4ecTBo depputa U
COOTBETCTBEHHO OTHOCUTENbHOE YyAnuMHeHne. B 0Gonee megneHHO oxnaxaarowmxcs
otnuekax TonwmHon 30 u 45 MM, HECMOTps Ha yBenunyeHue KonuyecTsa eppuTta,
BennYMHa OTHOCUTENBbHOrO YANWHEHUS YMEHbLUAeTCA KaK MO MNPUYMHE CHUXKEHUS
nokaszatensa CCI, Tak u B pe3ynbtate [AenuctBud MacwTtabHoro daktopa,

npoAaBnAOLLErocAa Kak criegcrsmne fonbluen cTeneHu Pa3BUTOCTU NMMKBALMKN, MOPUCTOCTU U
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Puc. 1 — BnusiHne TOMWMHBbI CTEHKM OTIMBKU Ha CTPYKTYpPY W MeEXaHu4yeckune
CBOMCTBA UCXoQHOro HenernposaHHoro (1) n nermposaHHoro 1 % Ni (2) BbICOKONPOYHOrO

YyryHa

Mo cpaBHeHMIO C HenerMpoBaHHbIM, B nernpoBaHHOM 1 % Ni BbICOKONPOYHOM
YyryHe B WCCNedoBaHHOM [uana3oHe CKOPOCTeN OXNaXAdeHus  yBervyumBaeTcH
KONMMYeCTBO MepriMta B MeTannmMyeckon OCHOBe, MOBbLILLAKTCA MokasaTenu os, Oo2 M
CHMXaeTcs 0. BbICOKOMPOYHbLIA YYryH NermpoBaHHbIN HUKENEM B OTMMBKaX C TOMLLMHON
cteHkn 20-30 MM MMeeT BbICOKYI MPOYHOCTb OB = 735-705 MIa, 00,2 = 522-520 MlMa u
nnactmyHoctb 6 =7,4-6,8 %. Xapaktep BnuaHua nokasatens CCI u macwTtabHoro
daktopa B nernpoBaHHOM 1 % Ni BbICOKOMNPOYHOM YyryHe, MO CpaBHEHUK C
HEenernpoBaHHbIM, CYLLECTBEHHO HEe W3MEHSIeTCH, O YeM CBUAETENbCTBYET Hanuvuve
MakcuMyma Ha rpaduke, OMUCbIBaKOWEM W3MEHEHWEe OTHOCWUTENbHOrO YANMHEHUS B
3aBUCMMOCTU OT CKOPOCTU oOXnaxaeHusi. YCTaHOBMNEHHOEe 3HauyuTenbHoe BrnsHUE
CKOPOCTU OXNaXOEeHUs1 Ha CTPYKTYpYy M MexXaHU4eckue CBOMCTBA KaK HererMpoBaHHOro,
Tak u nermpoBaHHoro 1% Ni BbICOKOMPOYHOro YyryHa cnegyeT yunTbiBaTb Npu pa3paboTke

KOHCTPYKUMI AeTanen MallivH n obopyaoBaHus.
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YOK 537.84:669.18:621.746.5
Bepaunos A.ll., Kynuw O.10., lonpa [1.U.
PUN3NKO-TEXHOSTOrMYECKUA UHCTUTYT MeTannos u cniasoB HAH YkpauHbl, r. Knes

Ten./dakc.: 0669199089, e-mail: verzilovalex@gmail.com

®USNYECKOE MOAEJIMPOBAHUE MNMPOLIECCOB UCTEYEHUA METAJINIA B
LLEHTPU®YTANIbHOU KAMEPE OBYXKAMEPHOIO MArTHUTOOAUHAMUYECKOIO
NMPOMEXYTOYHOI'O KOBLLA

TexHonornyeckas uenoyka MUKPO-MEeTanypruieckmx 3aBOAOB nveet
CYLLIECTBEHHbIE OTIMYUNA B CPAaBHEHUN C BEPTUKANbHO-MHTENPUPOBAHHBIMW NPEANpPUATUSMUA
N XapaKTepusyeTcsi OTCYTCTBMEM aBTOHOMHOIO arperata ans BHenevyHou obpaboTku, 4To
0OBACHAETCS HEBO3MOXHOCTBIO 0becneynTb NogorpeB CTanu Ha YCTAHOBKE KOBLU-MEYb U
BbINOSTHNUTL BakyyMMpPOBaHWE B CUIly Marioro obbema MnnaBkM B HECKONbKO TOHH. B aTon
CBSA3M BO3HUKAET HEOOXOAMMOCTb B MEpPeHOCce 3TMX onepauuri B MPOMEXYTOYHbIA KOBLL
MHJ13 v MIMHNS [1].

ABTOpamn Obina cosgaHa duandeckas Moaernb M BbIMOMHEH BbIOOp pabounx cpeg,
obecrneyvmBaloLLMX COBMELLEHHYIO OLEHKY [OWHAMUKM UCTEYEHMS] MOTOKOB  BHYTpWU
ABYXKaMEpPHOro  MPOMEXYTOYHOMO KOBLUA C  WCMOMb30BaHMEM  3NEKTPOMarHUTHOro
nepemMeLunBaHng, kotopbin ncrnonbdyetcsa Ha MHJI3 n MIMNHJI3 B ycnoBmusix coBpeMeHHOro
MUKpO-3aBoga. [NokasaHo, 4To paspaboTaHHas onandeckas Moaenb NO3BOSISET BbIMNOMHUTD
OLEHKM 3PIEKTUBHOCTN UCMONb30BAHUSA Pa3fMYHbIX KOHCTPYKUMIA MEeTasnnonpueMHUKOB,
XapakTepa ABWKEHUSA MOTOKOB B KAMeEpPE MPU N3MEHEHMM CKOPOCTM BPaLLIEHUS N MOSTOXEHUA
30Hbl MPUNOXEHUSI YCUINA, a TakKe OLEHUTb pe3uaeHTHoe BpeMsa U 3(EeKTUBHOCTb
yOaneHusi BKNIYEHWN.

Ha 6a3e paspaboTtaHHON GU3NYEeCKOM MOAENU MUccneaoBaHbl OCOOEHHOCTM
nepemMeLLBaHNS XNOKOCTU B KOBLUE MPU HanNOXeHUM Ha XMUAOKY0 BaHHY MarHUTHOro Nons:

1. BbINonNHeHa oOueHKa BSIMSHUA BbICOTbl HanmMBa XWAKOCTU B LEeHTpudyranbHOm
Kamepe, KOTOpasi noaBepraeTcss MNpPAMOMY BO3AEWCTBUIO 3MEKTPOMArHUTHOrO Mons.
YcTaHoBnNeHo, 4To adhekT BpaweHns Bcero obbema XMOKOCTU LOCTUraeTcsa Yyxe npwm
BbICOTE BO3OENCTBUSA MarHUTHoro nons, pasHon 0,2-0,3 obwen BbICOTHI HanuBea.
[MoBLILWEHNE BbLICOTbI  HaNOXEHWs1 MarHUTHOrO Nons  nNpUBOAMT K 3axBaTy B

nepemMellnBaHne BEPXHUX CIoeB XMOKOCTU B MPOMEXYTOYHOM KOBLLE. OTO sBMeHue
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MOXeT CTaTb MCTOYHWKOM AOMNOSIHUTENBHOrO 3arps3HeHns ctanu vyactmyaMmm nokpoBHOMO
Lwnaka.

2. BbinorHeHa oOueHKa MepeMelleHUss HeMeTannnM4yecknx BKIIYEHUW npu
BpallaTeNbHOM [OBWXEHUN XXMOKOW BaHHbl B MPOMEXYTOYHOM KoBle. B kadectse
HeMeTanIMyecknx BKIHOYEHUA UCNONb30OBanuM NMacTUKOBblE LUAPWUKA  pasfnn4yHOro
AnameTpa. NokasaHo, 4To ueHTpudyranbHbin addeKT B GonbLluen cTeneHn nposBnsaeTcs
ANSA WwapukoB ¢ bonblwnm guameTpoM. Ha cenapaunio BKIOYEHUI OKa3blBaeT BIUSIHWUE
CKOPOCTb BpaLlaTesibHOro ABMXEHUS.

3. BbInonHeHa oueHka noBefdeHUs CTPyM XUAOKOCTU, Najarolen u3 pasnmBOYHOro
KOBLUA B LEHTpUdyranbHyto kamepy. ekt nepemMelinBaHus nagawowen cTpym wu
LUUPKYNALMOHHBIX MOTOKOB OLeHMBAarncs npu BBeOEHUM B CTPYIO LBETHbIX YepHun (puc.1).
[MokaszaHo, 4TO apeKkT nepemMelmBaHnUs [OBYX TMOTOKOB >KMAKOCTU 3aBUCUT OT
WHTEHCUBHOCTU BPaLLEHNS LIMPKYNALUMOHHBIX NOTOKOB. O(PeKT roMoreHm3aumm XnaKkoctu
B NMPOMEXYTOYHOM KOBLLE OnpeaensieTcsi ckopocTbio BpaweHus (5-10 o6/muH). MonHas

romoreHusaums pacnnaea gocturaercs 3a 2-2,5 obopora.

oc 6c 9c¢

Puc.1 — KuHOorpamma [OBWXEHUSI MOOENUPYIOLLEN XMOKOCTM B obbeme

ueHTpM(*)yFaﬂbHOﬁ KaMepbl ABYXKaMepPHOro npomMeXKyTo4Horo Koswia
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4. OTtpaboTaHbl peXxnmMmbl NEPUOANYECKOrO BO3AENCTBUNSA BpaLlaTeSibHbIX NOTOKOB Ha
cenapaumio HemeTannyecknx BKNYeHUn. MNMokasaHo, YTO Npu onpeaeneHHbIX pexmnmMax
0b6paboTkn gocTuraeTcs yBenuYeHne cenapaunm HeMeTanImM4yecknx BKITHOUYEHUNA.

BblinonHeHHble Ha du3ndeckoM MOAEeNnn UccrnefoBaHUA  MOKasbiBalT, YTO
BpallleHne  >KMAOKOCTM B MPOMEXYTOYHOM  KOoBLIEe obecneumBaeT  cenapauumio

HeMeTannMYecKnx BKNOYEHU U NOBbILLIEHWE Ka4YeCcTBa 3aroTOBKM.

Cnucok nutepartypbl
1. Ayb6odenos B.U., CmupHoe A.H., Bepsunos A.l1., Kynuw FO.FO., [otuda A.N.
[MpMeHeHne 3neKTPOMarHUTHBLIX BO3AEWCTBUIA MpU HeEnpepbiBHOWM pasnueke ctanu //
Mpouecchl nuTba. — 2019. — Ne1 (133). — C.10-22.

YK 621.7.06
Bepxosniok A.M., LLlepeuknn A.A., CeprueHko P.A., NMeTpoBckun P.B.

PU3NKO-TEXHONOTMYECKUI MHCTUTYT MeTannoB 1 cnnasoB HAH YkpauHsbl, r Knes
044 424 34 02, e-mail: vam@ptima.kiev.ua

OBOPYOOBAHUE U TEXHONOIMU Ansa nony4yeHnNA MATEPUAJIOB C
PA3JINYHbIMU CBOUCTBAMMU

MporHo3bl pasBUTUS TEXHUKM MOKa3blBalOT, YTO MPOM3BOACTBO M NoTpebneHve B
MaLUMHOCTPOEHUN MeTanfMyYeckux maTepuanoB C pasfMyHbIMU CBOWCTBaAMW pacTeT.
MoBbIEHME KayYecTBa OT/MBOK M3 HUX MMEET MepBOCTEMEHHOE 3HayYeHue AN MHOrmx
oTpacnei NPOMbILMEHHOCTM, Tak Kak MO3BOMSET YBENUYUTb CPOK CryXObl mM3genuin,
CHU3UTb MX METanNOeMKOCTb M B LIESTOM COKpPaTUTb MX NOTPEBHOCTD.

B pabote npeacTtaBneHbl [[aHHble MO KUMHETUKE PaCTBOPEHUS PasfnyHbIX
mMaTepuanoB B pacnfiaBax Ha OCHOBE >ene3a W antoMuHus. ViccnenoBaHus NpoBOAMIM
METOAOM BpalllaroLLlerocs AvMcka C paBHOOOCTYMHOM MOBEPXHOCTbI. Bbino onpepeneHo
BNMsIHME yrnepoda U KpeMHMSI Ha NapaMeTpbl PaCTBOPEHUS! pasfiMYHbIX Mapok rpacdmToB
B )KENesoyrnepoaucCTbiX pacnnaBax M B pe3ynbTate 4Yero npeasiokeH MexaHu3m
pacTBOPEHMS. Ha ocHoBaHMM TepMOOuHaMMYeckux pacyeToB BblbpaH psa

OOCTYMHbIX OrHeynopoB AnA Un3yyYyeHus Me)K(ba3HbIX CBOWCTB B cucTemax pacnnaBbl Ha

48



JIMTBO.METAJIYPTIA. 2019

OCHOBE LIMPKOHUS - OrHeynopbl. QKCNEPUMEHTbI NOKa3anu, YTo yBenunyeHme temnepartypbl
N BPEMEHMN BbLIOEPXKKN K YBEMUYEHUIO MeX(a3HoOro B3aMMOAENCTBUSA. YXKe, npu
Temnepatype 1258 K KOHTakTHbIM yron cmadmBaHua (©) medbwe 90 rpaa. Ons
LUMPKOHMEBBLIX pacnfiaBoB C Pas3fMYHOW KOHLUEHTpauuen marHua v UTTpus yBenuveHue
TemnepaTypbl NPUBOAUT B HayarnbHbIA MOMEHT K TMOHWXKeHWo ©, a 3atem, npu
Temnepatype 1443 K, k ero pesakoMy noBbILLEHNIO. PaspaboTtaHbl
TEXHOSOrMYECKNE PEXNMbI MOMYYEHNSA HOBbIX MOHETHbIX CNaBoB C (PYHKLMOHANbHbIMU
CBOMCTBaAMM.

lMpeonoxeHa  TexHoNorms  MNOMyYeHUss  BbICOKOTEMMepaTypHbiX  kapbuaos
Bonbpama c Kybudeckom WCix u rekcaroHanbHom W2C CTpykTypamum MeTOoA0M
nnasmMeHHoro paspsga B yNbTpasByKOBOM KaBUTALMOHHOM MOJSi€ OPraHMYyeCcKoOn KULAKOCTU
N aMOpdHbIX MeTanInyeckux crnaBoB. HWU3KOBOMbTHLIA MNfIa3MEHHbIN paspss Mexay
aneKkTpogamMm  MHUUMKMPOBANca B 3TUMNOBOM  civpTe Grnarogaps  yBenuYeHuto
3NEKTPMYECKON NPOBOAMMOCTM XMAOKOCTM B ynbTpa3BykoBom none. OHa nossonset
nony4aTtb pasfiMyHble KOHCTPYKLUNOHHbIE MaTepuanbl, MoandukaTopsl U Ap.

PaspabotaHa TexHonormss u npeanoxeHo obopygoBaHve Ans  NOMyYeHus
MaTepuanos B aMOPPHOM N HAHOCTPYKTYPHOM COCTOSIHUSX.

YcoBepLUIEHCTBOBaHa TEXHONOMS M3roTOBEHMSI KOHTAKTHOTO MeaHOro NpoBoaa, B
KOTOpPbIN JONONHUTENBHO BbINO BBEAEHO cepebpo n 0noBo, cymma ux coctasngana ~ 0,1
%

PaspabotaHa TexHOMorus nonyvyeHuss MNOpPUCTbIX MeTanfM4yeckux Matepuanos
MEeTOO4OM TpaBNEeHUs AUCNEPCHOrO0 HamosHMTENst U3 KOMMO3MUMOHHONO MaTepuana,
NMONy4eHHOro MeTOAOM BaKyyMHOW KOMMPECCMOHHOM NPONUTKX. [lonyyeHHble, Takum
obpasoM, mMaTepmanbl MOXHO WCMONb3OBaTb B KayecTBe QUNLTPOB, CMECUTENEWN,

AeMndupyoLmx MaTepuarnos n ap.).
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YOK 621.365.5
Bornouwyk K.B., OctpoBepxoBa K.B., Koctuk K.O.
HauioHanbHUn TeXHIYHUNYHIBEpCUTET

«XapKiBCbKUM NOSTITEXHIYHUNIHCTUTYT», XapkiB

OCOBJINBOCTI 3ACTOCYBAHHSA IHAYKUIMHUX TUTENTbHUX NEYEN

[HOYKUIAHI TUrenbHi nedi WKWPOKO 3aCTOCOBYKTHCA B MPOMUCIOBOCTI AN MNaBKu
YOPHUX i KONbOPOBUX MeTaniB SIK Ha NOBITPI, TaK i Y BaKyyMi i B 3axnMcHUX atmocdepax. B
AaHUN 4ac BUKOPUCTOBYKOTbLCA MeYi EMHICTIO Bif [OeCATKIB rpam [0 [OeCATKIB TOHH.
[HOYKUiNHI TUrenbHi nedi 3acTOCOBYIOTb, FOSIOBHUM YMHOM, AN NSaBKM BUCOKOSIKICHUX
cTanen Ta iHWuMX cneuianbHUX cnnaeiB, SKi BUMaratoTb 0COBMIMBOI YNCTOTWN, OAHOPIAHOCTI |
TOYHOCTI XiMIYHOro cKfagy, Wo HeOOCSXKHO MpW nnaBui B NOMYM'AHUX | AyroBUX nevax.
Tomy meTo0 pgaHoi poboTM € BUBYEHHA OCOONMBOCTEN 3aCTOCYBaHHA iHAYKUIMHUX
TUreNibHUX Nevyen.

Posrnag nutaHHA nokasas, WO B JaHWW Yac iHOYKUIMHI TUrenbHi nedi NigBULEHOoI i
NPOMUCOBOI 4YacTOTU LUMPOKO 3aCTOCOBYIOTbH AN NIIaBKN 3BUYANHUX BaXKKUX | NErkux
KONbOPOBUX MeTarsniB Ta ix cnnaeiB y BUPOOHULUTBAX 3 NEpPiOgUYHUM pexmmom poboTn Ta
LWMPOKMM aCOPTUMEHTOM BUMMABNSEMUX CMMaBiB, a TakoX ANs MfaBku  CUNbHO
3abpygHeEHOl WKUXTM 3 BENUKAM BMICTOM CTPYXKM abo cnnaBiB, $ki noTpebyroTb
MOONIKYBaHHSA, OCKINbKM B KaHanbHUX MeYyax HasiBHICTb KaHaniB YCKNagHKE nepeBos
neyen NnaBkM 3 OAHOrO CrfaBy Ha iHWWUK, | B TOW Xe Yac dnocu i mogudikytodi coni, a
Takox OpyaHa ApibHa wuxta cnpusde 3apocTaHHo KaHanie.B poboTi geTanbHO BUBYEH i
Bil3HA4YeHi OCHOBHI MepeBary i HeOONIKM IHAYKUIMHUX TuUrenbHUx neyen. lNpu ubomy
Bil3HAYeHO, WO I[HTEHCMBHA enekTpoauHaMmivyHa UuMpKynsauia posnnaesy B Turni, Wo
3abes3neyye LWBMAKE nNaBreHHsa ApiGHOT WwuxTn i BigxoAis, WBMAKE BUPIBHIOBAHHS
TemnepaTypu no ob'eMy BaHHW i BiACYTHICTb MiCLEBUX NeperpiBiB, rapaHTye OTPMMaHHS
©araToOKOMMNOHEHTHUX CMNaBiB, OAHOPIAHUX 3@ XiMIYHUM CKIlaZoM.

BWBYEHHS LbOro NMUTaHHA 403BONSIE 3pOOUTU BUCHOBOK, WO iHAYKUiAHI TUrenbHi nedvi
K MnaBuUNbHI NPUCTPOI BOMNOAIIOTbL BEMWKAMU MNepeBaramMu, HamBaXKIMBIWI 3 SKUX €
MOXIUBICTb OTPUMaHHA OOCUTb YUCTUX MeTaniB i crnaeiB TOYHO 3adaHoro cknagy,
cTabinbHiCTb BNacTMBOCTEN OAEP)KYBAHOro MeTany, Manuin yrap mMetany i neryBanbHuUX

erneMeHTIB, BMCOKa MNPOAYKTUBHICTb, MOXIIMBICTb MOBHOI aBTOMaTmM3aLii, XopoLli yMOBM
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npaui oGCnyroByl4oro nepcoHany, Mmamna CTyriHb 3abpyOHeHHSI HaBKOMMLLHLOIO

cepeposuniia.

YK 669.112:546.621
BopoH M.M., MaTBuey E.A.
OTUMC HAH YkpauHsbl, r. Knes

mihail.voron@gmail.com

nPON3BOACTBO AINTIOMUHUEBBIX JIUTATYP C BbICOKUM COOEP>XXAHUEM
TYTOMMABKUX U BbICOKOPEAKLUMUOHHbLIX METAJIJ1IOB

B coBpeMeHHOM Mupe NocTOSAHHO HabngaeTcs TeHAEHUMS K NOBbLILLEHNIO YPOBHS
CBOMCTB M 9KCMNyaTaUMOHHbIX XapakTepUCTUK pasnunyHbiXx MatepuanoB. [Ona Takux
XOpOLIO 3apekoMeH0BaBLUMX ceB0s1 OCHOBHbIX KOHCTPYKLMOHHBIX MaTtepuanos, Kak cTarb,
YyryH, anioMWHWEBbIE U TUTAHOBbIE CNSiaBbl, BCE Yalle NPUMEHSIOT pasfivMyHble BuAbl
MOANMULMPOBAHUS, CMOCOOHbLIE 3(P(EKTMBHO NOBMUATL HA CTPYKTYpPY M CBOWCTBA
CMnaBoB.

[na anioMuMHMEBLIX CMNaBOB, Kak M3BECTHO, MNOCTOAHHO BedeTtcs pabota no
MUKPOSIErMpoBaHMio 1 MOAUMUUMPOBAHUIO LLIMPOKOro psga Komnosmuuin. Hekotopble
mMoamdukaTopbl U MUKponerupyrowme [obaBkM CnocobHbl OKasbiBaTb KOMMIEKCHOE
BNUSIHWE Ha CTPYKTYPHO-(ha30BOE COCTOSIHME CMNIIaBOB U LUMPOKUIN PSA SKCMyaTaUMOHHbIX
XapakTePUCTMK. XOpPOLIO M3BECTHbIMM WU MONOXWUTENBbHO 3apeKkoMeHOOBaBWMMKN cebs
mMoandukaTtopamum Ans antoMUHUMEBLIX cnnaeoB asnsawTca Ti, Zr, V, TiBz, Ce, Sc, Sr u
HekoTopble Apyrne [1, 2]. Ha psgy c knaccuyeckumu mopudumkaTopamu, nocnegHee
BpeMsi 60nbLLOe BHUMaHWe yaenseTcs BBEAEHMIO B COCTaB antoMUHUEBDLIX CMaBOB TaKMX
TYronnaBKnX U BbICOKOPEAKUNOHHbIX aremMeHToB kak Mo, Hf n Nb, koTopble cnocobHbI
3HaYUTENbHO MOBLICUTL XAapPOMNPOYHOCTb U COMPOTUBIIEHME MON3YY4eCTU aritoMUHUEBLIX
CnnaBoOB Ha psgy C M3MEerbYeHUEM MUKPOCTPYKTYPbl U MOBbILEHMEM MPOYHOCTHBLIX
xapakrepuctuk [1, 3].

CywecTtBylolime nccnegoBaHvst No BBEOEHUIO TYronsiaBKUX 3f1eMEHTOB B COCTaB
artoMUHMEBLIX CMMaBOB [AEMOHCTPUPYIOT MepCneKkTBbl MNPOMBILLNIEHHOO BHEAPEHUs
Taknx ngen, HO Npu 3TOM OCTaeTCcHa TPYAHOCTb BBOAA NOAOOHbIX A06ABOK U UX YCBOEHME.

Ha cerogHsaWHWA OeHb NpakTn4eckn He CyuleCcTByeT Gq)(beKTI/IBHbIX MeToO0B MNoJTydeHUnd
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nuratyp Ha OCHOBE aSilOMUHUSA C TYronsaBKMMU U BbICOKOPEAKUMOHHBIMW MeTarnnamu.
Nmetotomecsa TexHonormm, npuMeHsieMble ans nonyydenunsa nuratyp cuctem Al-Ti, Al-Zr un
Al-V MOryT no3sonutb MosfyuyuMTb aHanorn ¢ cogepxaHnem monubaeHa unu radHusa Ha
ypoBHe 1% macc [4, 5].

Bo ®TUMC HAH YkpaunHbl Obina co3gaHa TEXHOMOrMs NoslyYeHnsa nuratyp cuctem
Al-Ti, Al-Zr, Al-V, Al-Mo n Al-Hf ¢ copepxaHnem ©onee TyronnaBKOro KOMMOHEHTa Ha
ypoBHe 5-15 % macc. CopgepxaHve monumbaeHa u ragHus, NoO COCTOSAHMIO Ha cewnyac,
HaxoguTcs Ha ypoBHe 8 % Macc., HO BegyTcsa paboTbl MO OoTpaboTke TexHonornmm Ons
obecneyeHnsa cTabunbHOro cogepXxaHusa aTux anemeHToB Ha ypoBHe 10% macc.

B ocHoBe meToda NEXWUT SMNEKTPOHHO-NyyYeBas NMTEMHAa TEXHOMOMMd, nodTomy
nuratypy MOXHO nonydatb B BUAE OTMBOK Pa3fMYHOrO BMAa — NpyTKa, YYLIKW, LUTAH,
«wokonagku» wn ap. Pasmepbl MoanuUUMPYOWKNX BKKOYEHUA UHTEPMETanngHoOro
NPOUNCXOXAEHNA, 0BpasyloWnXca B NUTON nuraType, Haxoaatcsa B npegenax 3-20 Mk, B
3aBMCUMMOCTM OT coOCTaBa nocrniegHen. Takve pasmepbl WHTepMeTanMgHon asbl
ansaTca 6onee yem npuemnembiMM ANA NPUMEHEHUS nuratypbl B UCXOOHOM JIUTOM

COCTOAHUMN.

Cnucok nutepaTtypbl

1. benoe H.A., AnunbumH A.H. TlepcnektnBHble antOMUHWEBbIE CnNMaBbl C
MOBbILLIEHHON XapOMNpPOYHOCTLIO Af1s1 apMaTypOCTPOEHMS KakK BO3MOXHasi anbTepHaTuBa
ctanam u vyyryHam // MaTtepuanel B MawmHocTpoeHuu. - Ne2 (65). — 2010. — C. 50-54.

2. 3onoTtapescknin B.C., benos H.A., MeTannosegeHne nNUTENHbIX antOMUHUEBBIX
cnnasoB. — M.: MUCunC. — 2005. — 376 c.

3. Alessandro Morri et al. Mo Addition to the A354 (Al-Si—-Cu—Mg) Casting Alloy:
Effects on Microstructure and Mechanical Properties at Room and High Temperature //
Metals. — 2018. — Ne 8. — P. 1-18.

4. MateHT PO RU2232827, C22C1/03; C22C21/00, C22F3/00; 20.07.2004.

5. MateHT P® RU2448181, C22C1/02; C22C21/00, C22C35/00; 20.04.2012.
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YOK 669.13 (03)
B. A. NHaTtyw, B. C. [lopolueHko

PN3NKO-TEXHOSTOrMYECKUA MHCTUTYT MeTannos 1 cnnasoB HAH YkpauHbl, Knes

POCT NPOU3BOACTBA OTJINBOK U3 AITIOMUHUEBbDLIX CIMJIABOB B MUPE

MwupoBon pbIHOK OTIMBOK M3 aniOMWHUEBBLIX CMnaBoB B Havarne XXI| Beka pacTer.
O6bem npomssoactea 2017 r. - 19,1 mnH. T B 2,4 pasa Bbiwe nokasatens 2000 r. (puc. 1)

[1, 2], uTO KOppenupyeT ¢ koadpdpuumeHTom 0,95 pocTa BbiNycka NEPBUYHOIO antoMUHUA.
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=0=[1pOKU3BOACTBO NEPBUYHOTO aNOMUHWS, MIH. T
—B-[1pon3BoACTBO OTAMBOK U3 anMtOMUHUEBLIX crnaBoB (Modern Casting), MnH. T
—4— Cpe[Herogosas LieHa nepsu4Horo anomwHng Ha JIBM (World Bank), USD/T

Puc. 1. AduHamuka MUPOBOIO pblHKa NepBUYH. alllOMUHNA N aNntOMUHNEBBLIX OTJTMBOK.

Tabnuua 1. MNpon3BoanTenNn OTNNBOK N3 antoMmuH. cnnasoB 2013 /2017 rr. [1, 2]

Tor 2013 Tor 2017 2017
2013 Crpana Hpowussozcteo,| dous, | 2017 Crpana | Mpoussoxcrtso, | Joms, | 2013,
THUC. T % THUC. T % %
1 Kuraii 5200,0 33,86 1 Kuraii 7300,0 38,27 | 1404
2 CIHIA 1682,0 1095 2 CIIA 1679,1 8,80 99,8
3 SInouust 1382,0 9,00 3 SInonust 1489,7 7,81 107,8
4 Nnnns 950,0 6,19 4 Nunns 1305,4 6,84 137,4
5 | T'epmanus 885,7 5771 5 Tepmanus 1137,1 596 | 1284
6 Uranusa 695,7 453 6 Uranus 856,4 4,49 123,1
7 Mekcuka, 2011 600,5 3,91 7 Mekcuka 817,9 4,29 136,2
8 Poccus 600,0 3,91 8 Poccus 725,0 3,80 121,0
9 Ilf;’cplf;'ﬁmm 560,9 365| 9 g:cplf;'ﬁmka 629,4 330 | 112.2
10 | IMosmpmra 340,0 2,21 | 10 | Typuus 380,0 1,99 | 140,7
BMmecre 12896,8 83,98 Bmecre 16320,0 85,55 126,5
Hpyrue 27 ctpan 2460,6 16,02 Hpyrue 27 2756,3 14,45 112,0
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CTpaH

Bcero 15357,3 100,00 Bcero 19076,3 100,00 | 124,2

B Tevenne 2013-2017 rr. cywectBeHHbIX W3MeHeHMn B TON-10 MMPOBBLIX
npomnssoauTenen OTNIMBOK U3 antOMUHUEBBIX CMMaBoOB He cnyyunocb (tabn. 1). MNepsas
Tponka: Kutan, CLLUA n AnoHus, koTopble cBoen gornien no utoram 2017 r. 3aHumanm,
cooTBeTCTBEHHO, 38,3; 8,8 n 7,8 % mupoBoro npoussoactsa. CpaBHUTENbHbLIA aHanun3
PENTUHIOB CTpaH npousBoauTenen n akcnoptepos / umnoptepoB no 2017 r. (tabn. 2)
No3BOSISIET BbIABUTL OnpeaeneHHble 3aKOHOMEPHOCTU. Tak, NIMaAepoM cpean 3KCNopTepos
ToBapoB no kogy YKT B3[] 7616 asnsaetca Kutan (16,8 % mupoBoro akcnopTta), a ganee -
Fepmanus (10,5 %) n Utanua (9,1 %). 3K cTpaHbl 3aHMMarlroT BUAHOE MECTO U cpeam

npoussoautenen, Kutam Ha 1-m mecte, a 'epmanus n Utanna — Ha 5-m u 6-m mecTax.

Tabnuuya 2. CpaBHUTENbHbIE PENTUHIX MPOM3BOAUTENEN OTMAMBOK M3 arntOMWH.

CMMaBoB, a Takke aKkcnopTepoB / nmnopTepoB ToBapos no koay YKT BAL 7616 B 2017 r.

IIpon3BoacTBO OKCIIOPT TOBApOB Wnmopr
Ton Crpansl p A Crpansl P P Crpansl TOBApOB (KO
- 10 | mpousBoauTEH OTIUBOL, SKCIOPTEPBI (xon 7616), HMIIOPTEPHI 7616)
% (USD)
1 Kuraii 38,27 Kuraii 16,76 CIIIA 11,74
2 CIIA 8,80 I'epmaHus 10,49 T'epmanns 10,80
3 SInouus 7,81 Hranua 9,14 Dpanuus 6,23
4 J%050107¢: 6,84 CIIA 7,41 Kurait 5,01
5 'epmanus 5,96 @pannus 4,47 Mekcuka 4,58
6 Uranmusa 4,49 ABcTpus 4,14 Taitmann 3,64
7 Mexkcuka 4,29 Toanma 4,05 BesnkoOpuranus 2,68
8 Poccus 3,80 TaHBEle’ 3,25 ITonpmra 2,54
Kurait
9 Kopes 3,30 Yexus 3,14 Brernam 2,51
Pecny6Jinka
10 | Typums 1,99 Ucnanns 2,97 Hunepranabt 2,50
YxkpauHa 0,01 Yxpauna 0,02 YkpauHa 0,27

[MpumeyvaHue. NicxogHble gaHHble oT Modern Casting [2] i International Trade Centre [3]

OcHOBHbIM NOTpeBUTENEM anioOMMHUEBBLIX OTIMBOK SBMSIETCA TpaHCNopTHas
oTpacnb (gonsa 75 % B 2011 r.), B TOM 4ncrne aBTomobunecTtpoerHne — 57 %. CtpaHamu
nugepamu no Npouns3BOACTBY antOMUHUEBBLIX OTNMBOK aBnseTcs Kutan, CLUA n AnoHwms.
JlntennHoe npom3BOACTBO aBTOMOOWMMBHOM OTpacnM  MCNONb3yeT  MPOrpecCUBHbIE
TEXHONOrMM, KOTOpbl€ NOCTOSIHHO COBEPLUEHCTBYHOTCA, YY4EHbIE CO34al0T HOBbIE MPOLIECCHI
0b6paboTkn cnnaBoB, NMUTbA U NUTENHbIE CMMaBbl C NOBbLILWEHHBIMU 3KCMyaTaUMOHHBIMU
XapakTepuctukamum, Kak, Hanpumep, TexHonorna Rotocast, cnnaebl cuctembl Al-Ce-X u

pan CcnocoboB NTbs NOA AABIIEHNEM.
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Cnucok nutepatypbl
1. 48th Census of World Casting Production // Modern Casting, December 2014, p.
17-21.
2. 48th Census of World Casting Production // Modern Casting, December 2014, p.
17-21.
3. International Trade Centre. URL: http://www.intracen.org
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PUN3NKO-TEXHOSTOrMYECKUA MHCTUTYT MeTannos 1 cniasoB HAH YkpauHbl, Knes

PEATUHI CTPAH-NPON3BOAUTENEN OTNIMBOK B MUPE B HAYATNE XXI BEKA

Mpounssoacteo metannootnueok B mupe 3a 2000 - 2017 rr. yBenuuunocs ¢ 64,8 go

109,9 mnH. Tunu B 1,7 pasa [1, 2] (puc. 1). PeATnHr cTpaH nokasaH B Tabn. 1.
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Puc. 1. lnHamunka nponssoactea OTANBOK B mupe [1, 2].

Tabnuya 1. PentuHr mmpoBbix npounssogutenen otnmesok B 2013 n 2017 rr. [1, 2]

2013 2017
Ton Ton 2017k
2013 CtpaHa MpoussoacTso, | Hons, | 2017 CrpaHa Mpon3BoacTeo, o, | 2013, %
0 Oong, % ’
MIH. T % MIH. T
1 Kutan 44,500 43,11 1 Kutan 49,400 44,96 111,0
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2 CLUA 12,250 11,87 2 WHansa 12,055 10,97 122,9
3 Nupus 9,810 9,50 3 CLUIA 9,668 8,80 78,9
4 AnoHusa 5,538 5,36 4 FepmaHus 5,482 4,99 105,7
5 FepmaHus 5,187 5,02 5 AnoHusa 5,454 4,96 98,5
6 Poccusa 4,100 3,97 6 Poccus 4,225 3,85 103,0
7 Bpasunusa 3,071 2,97 7 Mekcuka 2,909 2,65 ~176,1
8 Eg;g;’ﬁn“"a 2,562 2,48 Eggg;"s”“"a 2,536 2,31 99,0
WUtanusa 1,971 1,91 9 Utanusa 2,243 2,04 113,8
10 Typumsa 1,543 1,49 10 Bpasunusa 2,216 2,02 72,2
Bcero 90,532 87,70 Bcero 96,188 87,55 106,2
';'g‘é:;; 12,698 12,30 g'g‘;‘:‘;; 13,676 12,45 107,7
WUtoro 103,230 100,00 Wtoro 109,864 100,00 106,4

3a 2013-2017 rr. npoM3BOACTBO OT/IMBOK B MUPE M3 CMMaBOB LBETHbIX METasnsoB

yBenuuunockb Ha 20,7 %, a n3 YyepHbix meTannos — Ha 3,0 % (puc. 2).

MarHueBble cnnasbl 8*%%
’

LiBeTHbIE CNAABbI !l 0,34

npoune 0,51
LLMHKOBbIE cnAaBbl H 8:‘?& m 2017
YyryH KOBKMIA El %76% 02013

MegHble cnnasbl E %,g%
’

10,29
ASIHERE R 1710
cnnasbl 14,88
SyfyH CLEROBARHEIM I 24,11
rpapuTom | - - 24,27
4 44,75
UyryH cepbidi _—I 46,33

0,00 10,00 20,00 30,00 40,00 50,00

Puc. 2.
MpounsBoacTBo NUTbS B Mype no Buay metanna B 2013 un 2017 rr., (%) [1, 2].
MHTepecHbl nporHo3bl American Foundry Society (AFS) Ha 2018-2021 rr. n 2018-
2027 rr. o pocTe npoussoacTtea otnueok B CLUA (Tabn. 2) [3].

Tabnuya 2. NMporHosbl AFS o pocTe Bbinycka B CLLUA otnusok (% B rog) [3]

JInTbe no Bugam cnnasoB 2018 - 2027, % | 2018 - 2021, %
AntoMuHMeBbIE cnnasbl 3,4 2,2
Ctanb Anga nuTbsa NO BbINMA. MOAENAM 3,3 3,8
MarHueBble crinasbl 3,3 3,6
YUyryH ¢ WwapoBuaHbIM rpacomuTom 2,2 2,1
CnnaBbl UMHKaA U CBMHLA 2,2 2,5
CnnaBbl HUKens, kobanbTa 1 TMTaHa 1,9 2,5
YyryH ¢ KOMNaKTHbIM rpaconuToMm 1,8 1,9
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Cnnasbl mean 1,6 1,6
YUyryH cepbit 1,1 1,3
Cranb 0,7 1,6
YyryH KOBKUM -0,7 -0,4

OnncaHHble pe3ynbTaThbl BbiMyCKa OT/IMBOK U MPOrHO3bl OTpaXarkT 3aKOHOMEpHOe
CTpemMmineHne npom3BoaunTb OTIIMBKN U3 bonee NPOYHbLIX MeTanyioB C MEHbLUEN

CTOMMOCTbIO W TMJIOTHOCTbIO ANnA peann3aunn  ogHoro w3  BaXHENWWX pPe3epBOB  CHWKEHWA

cebecToMMOoCTM roToBoW npoaykunn.

Cnucok nutepatypbl
1. 48th Census of World Casting Production // Modern Casting, December
2014, p. 17-21.
2. 52th Census of World Casting Production // Modern Casting, December
2018, p. 23-26.

3. U.S. Casting Sales Reach $33.1 Billion. Casting Design & Purchasing. Jan/Feb 2019, p.
21-22.
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AHAIN3 HAMPABJIEHUA HAYYHbIX UCCNEQOBAHUA
B JIMTEAHOWN OTPACIIN YKPAUHBI

Mpon3BOACTBO OTNMBOK B MUPE M3 pasfnUyHbIX METansfioB M ChAaBOB MOCTOAHHO
MOBbLILLAETCA Ha MPOTSXKEHUN MOCNEeOHUX OEeCATUNETUN, XOTA 3TOT POCT He SABMSeTCS
paBHOMEPHLIM: NIMANPYIOLLME CTPaHbI-NPON3BOAUTENN NUTbSA CTabUITbHO HapalMBaloT ero
BbIMYCK, OCTallbHble — CTapalwTCa yaepXuMBaTb Ha MOCTOAHHOM ypoBHe [1]. JluTenHoe
NpoM3BOACTBO YKpauHbl B NOCreAHME rofbl XapakTepuayeTca 3HaunTenbHbIM cnagom [2],
HECMOTPSA Ha TO, YTO PbIHOK NUTbA B HaweW cTpaHe uMmeeT 6onblume nepcrnekTUBhbI.
[NepeopueHTaumnio Ha pasBuUTME MPOM3BOACTBA COBCTBEHHOrO NUTbSA, BOCCTAHOBMEHWE

MalIMNHOCTPOUTENNBHOIO KOMMJ1EeKCa WU YyMEeHblleHune Aonn mmMnopta Heob6xoanumo
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OCYLLECTBNATb C MCMOMb30BaHWEM MepefoBblX Hay4YHO-TEXHUYECKUX pa3paboTok W
COBpPEMEHHOro 060pya0oBaHuS.

B paboTte 06006uieHbI 1 NpoaHanM3npoBaHbl HaNpaBnNeHUs Hay4HbIX UCCrea0BaHNN B
NNTENHOW OTpacnu C UCMNOMNb3OBaHMEM MaTepuanoB AOKMaA0B Ha Hay4YHO-MPaKTUYECKUX
KOHbepeHuuax «Jinte€. Metannyprusy» (r. 3anopoxee) [3] B nepmog ¢ 2012 no 2017 rr.
no pasnuyHoiM Tematukam (PucyHok). XoTa B YKpauvHe npoBOAATCH exerogHo 4-6
KOHgbepeHUUn no nutenHon temaTuke [4] ¢ obwmm konmyecTBoM Aoknagos okono 500,
ANa aHanusa BblbpaHbl JaHHble yKa3aHHOW Bbllle KOH(epeHUUn Kak ogHou M3 Hanbonee

npencraBuTenbHblX (B cpegHem 130 goknagos B rog).
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Pacnpepenexune pabot no rogam

PucyHok. KonunyecTBeHHOe pacnpeferneHve OOKMafaoB, MpeAcTaBfeHHbIX Ha HayyHo-
npakTn4ecknx koHdepeHuuax «Juteé. Metannyprusa» ¢ 2012 no 2017 rr. no crnegyrowmm
TemaTukam:

1 - Teopuss n TexHomnorus nutemHon ¢opmbl. 2 - TexHonoruu, obopymoBaHue U
N3roToBfieHME PasfnYHbIX TUNOB OTANBOK. 3 - MawmnHbl 1 MexaHn3Mbl A9 U3rOTOBMEHUS
nmtea. 4 — [lpoueccbl 06pabOTKM KUOKOTO W KpUCTannuaylowerocsa Metanna,
CTPYKTYpOoOOpasoBaHne, MexaHU4eckne u IKCniyaTauMOHHble CBOWCTBA OTMMBOK. 5 -
OKOHOMMKa, 9KONorMs M oxpaHa Tpyga. 6 - MopgenvpoBaHue, aHanu3 U pacyeTbl B

NUTENHOM npon3BoacTBe.

AHanu3 npeacTaBneHHbIX [OaHHbIX MOKasblBaeT, YTO MO TemaTuke [OKNagoB
KONNMYECTBEHHO CyLLeCTBEHHO npeobnagatoT uccnenoBaHus M pa3paboTka TEXHONOorunw,
o6opyaoBaHUA U U3roTOBIIEHWE pasnMyHbIX TUMOB OTNMBOK (KpuBas 2) — 6onee 30% oT
obLero yMcna goknagoB nNpu ypoBHE OCTanbHbIX HanpasneHun B npeaenax 5-20%. Mpwu

aTom B 2016 rogy pesynbTatbl Takux wuccrnegoBaHuin (2) 6binn  npeacTaBfeHbl
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MakcumarbHO Wwnpoko — 45% poknagos, a B 2017 oHWM ocBewanncb MMHUMAaribHO — OKOSO0
31%. Kputnyeckm mano wuccnegoBaHun (2-6%) MNOCBALWEHO TakuM BaXXHEWULIUM
HanpaBnNeHUAM Kak 3KOSOrMsi U oxpaHa Tpyada, a Takke akoHoMuka (5). OTcyTcTBME Takmx
AaHHBIX MOXeT caepXuBaTb YMydlleHWe 3SKOMOrMYHOCTM OTEeYEeCTBEHHOIO JIMTENHOrO
Npov3BOACTBA, a Takke BHegpeHue bonee nepcrnekTUBHbIX TEXHONMOrMn. TpaanunoHHbIE
ANA NMTENHOro nNpoM3BOACTBA HanpasneHus uccrneposaHun (1,3,4) no Konu4yecTsy
AOKNagoB 3aHMMalT MPOMEXYTOYHOe nonoxeHne (6-16%). Heobxogumo oTmMeTUTb
OTHOCUTENbHO BbICOKME MoKa3aTenun obbemoB pabot (13-20%) no mogenupoBaHuio,
aHanusy u pacyetam B NIMTENHOM npousBoacTse (6). STOT dhakT CBMAETENLCTBYET O BCE
Gonbwem npuBNeYEeHNN WHMPOPMALIMOHHBIX TEXHOMOrMM W MeHee 3aTpaTHOro, no
CPaBHEHWIO C HaTypHbIMM  3KCNEPUMEHTamMW, MOLENMPOBaAHUA  TEXHOMNOMMYECKUX
NMpoLLeCcCcoB B NMpakTUKy NUTENHOro npoussoacTtea. besycrnoBHo, aTa TeHOAeHUUNA aBnseTcs
NOMNOXUTENBHOW C 3KOHOMWYECKOW TOYKM 3pEHUs, a TakKe MOoAYEepKMBaeT BaXHOCTb
HanpaBneHus AOns  MNpPOrHO3UpPOBaHWUS  pe3ynbTaToB  TEXHONOMMYEeCKUX MNpoLLeCcCcoB,
NOBbILLEHWS Ka4yecTBa NUTbS M ANs Bblbopa onTumManbHOro obopygoBaHus.

PesynbTathl NpoBeAEHHbIX aHanuMTMYyecKnx nccnenoBaHum nokasanu
npesanupyroLlmMe HanpaerneHuUs HayYHbIX MU3bICKaHUMW B YKpavHe B 006nactu nUTerHoro
NPOU3BOACTBA M MOryT BbiTb y4YTeHbl Npu pa3paboTke MeponpuATU ANs NPeononeHus

TeKyLlero noJjioxXeHmna oTpacnu.

Cnucok nutepaTypbl

1. 52th Census of World Casting Production. Modern Casting, December 2018,
pp. 23-26.

2. THamyw B. A., [JopoweHko B. C. TeHOeHUil CBITOBOro Ta YKpalHCbLKOro
PUHKIB BUSIMBKIB i PO3BUTKY TexHonoril nuTTa B A3epkani 2016 p. // Metann v nutbe
YkpauHbl. - 2018. - Ne1-2, C. 29-34.

3. Martepianu MixxHapogHUX HayKOBO-MNPaKTUYHUX KOHdpepeHL,in
«JlntBo. Metanyprisa». TTI 3anopixksa. — M. 3anopixka. — 2012 — 2017 pp.

4. C.B. M'Hunockypexko, E.[1. benoycosa. QJuHamuka Hay4HbIX UCCnegoBaHuin B
nntenHon otpacnu. / Matepianu XIV MixxHapogHOI HayKOBO-NpPakTUYHOI KOHpepeHuii
«JlntBo. Metanyprisa». 2018: — 3anopixka, 3TMMN-OTIMC, 2018, C. 55-57
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YOK 669.71:532.694:539.216

C.B. MunockypeHko!, M.B. CemeHoB?, O.B. BsikoBa?
ldisnko-TexHonoriyHMm iHCTUTYT MeTanis Ta cnnasis HAH Ykpainu, m. Kuis

2|HcTUTYT Npobnem matepianosHasctea HAH Ykpainu, m. Kuis

METOAW OOEP>XXAHHSA CMNIHEHUX AJNMIOMIHIEBUX CTJTABIB
TA IX OBMEXEHHSA

3MEHLUEHH MaTepPianoeMHOCTI TPAHCMOPTHMX 3acobiB Ta iIHXXEHEPHUX KOHCTPYKLIN,
3okpeMa y OyaiBHMUTBI, Npu  30epexeHHi piBHA X MexaHiYHMX Ta cnyxboBux
XapaKTePUCTUK € aKTyarbHOK 3ajadero MawnHobyayBaHHs, ByaiBensHOl iHAYCTpil TOLWO.
i BMpIlIEHHS MOXNMBE [EKiNbKoMa LINAXaMu: MPOEKTYBAHHSAM 6inbll TEXHOMOrYHNX
aetanen, By3niB Ta €NEeMEHTIB KOHCTPYKLUiA Ta po3poOKOK i 3aCTOCyBaHHAM ANSA HUX
HOBMX BinbLL Nerkux ane, B TOW Xe 4ac, MiuHMX maTepianis. B AKoCTi Takux maTtepianis
MOXYTb BUKOPUCTOBYBATUCS BUCOKOMOPWUCTI KOMMO3UTW, 30KpPEMA, Ha OCHOBI CRiHEHUX
aniomiHieBux cnnaeis. Mana nutoma Bara Ta yHikanbHa 6araToyHKLUiOHaNbHICTb TaKMXx
Matepianie 06yMoBneHa iX KOMIpYacToOK CTPYKTYpOK, CHOPMOBAHOK ra3oBMMM MopamMmm
Ta MeTaneBMMW neperopogkamMmm MK HUMK, WO 3abe3neyye HOBi Pi3NMKO-MeXaHiudHi
BNacTMBOCTI. 30KpeMa, BOHW XapaKTepU3yrTbCs HEOOCSHKHOW ANS WiNbHUX MaTepianis
NMMTOMOK XOPCTKICTb Ta MILHICTIO, 34aTHICTIO BUTPUMYBATU B YMOBAX CTUCHEHHSI 3HA4HI
(o 60-80%) pedbopmauii maxke npwu CTanoOMy HanNPYXeHHi, WO Hagae MOXIMBICTb
NnorrmMHaTn 3Ha4yHy MexaHivyHy eHeprito [1].

Hatenep po3pobneHa Benuvka KinbKiCTb METOAIB CniHoBaHHSA cnnasis [2,3], HanbinbLu
PO3MOBCIOMAKEHNMU 3 AKNX € 06pobKka MeTaneBmx po3nnasiB CMiHIOBaNbHUMWN peareHTamm
abo HarpiBaHHSI Ta CMiHIOBAHHA Y HaMiBpiAKOMY CTaHi MOPOLLKOBMX KOMMaKTOBAHUX
3aroTiBOK MaTPUYHOro cnsiaBy 3i CriHOBayeM. ToproBMMuM Mapkamu Takol Npogykuil €
Alcan/Hydro, Alporas, Alulight, Shunk [4-6].

3HayHuMm Heponikom metogy Alcan/Hydro € Benukum BMICT KepaMidHUX 4YacToOK,

HeobXigHMX ONA ChiHIOBaHHA anoMIiHIEBMX CMNNaeiB Mig 4Yac NpAMOl iHXeKUil rasy, LWo
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3HAYHO YCKMagHKE MexaHiyHy obpobKy kKiHueBoro npoaykty. Cepen HeposnikiB MeToais
Alporas, Alulight, Shunk Hanbinbw 3Ha4YHMM € 3aCTOCYBaHHS [OOPOroro riapuay TUTaHy
(TiH2) B sKOCTi cniHoBa4a Ta rpaHynboBaHoro Ca ans 3rywlyBaHHs po3nnaBy Yy crnocobi
Alporas. Xo4a nocTinHO NPOBOANTLCS MOLUYK anbTePHATUBHUX MiAPUOHMX CRiHIOBaYiB, Le
He Npu3BENO [0 3HA4YHUX pes3ynbTaTtiB ToMmy, WO pAedki 3 Hux (NaBHs, KBHai) He
3abesnedvyBanu HeobXxigHy SKiCTb cniHeHoro maTepiany, a iHwi (LiAIH4) manu 6inbw
BWCOKY BapTIiCTb, HiX rigpug Tutany [7].

[MeBHi TeEXHIYHI OBMEXEHHA METOAIB 3BYXXYIOTb NEpPenik 3aCTOCOBYBaHMX arntoMiHIEBUX
cnnasiB: y metodi Alcan/Hydro nepeBaxHoO BukopuctoByeTbcs cnnae Al-Si (A356), a B
nopowkosmx metogax - cnnasu Al-Si-Cu (A356) ta Al-Mg-Si (6061). 3 ornagy Ha ue
3HayHi nepeBarn Mae meTopq cniHoBaHHA “Alporas” [8], SKMI NOTEHUIMHO NPUCTOCOBAHUN
A0 BUKOPUCTAHHSA CrnasiB arntoMiHit0 pPi3HOMaHITHOro cknagy, Wo [OO03BOSIE KepyBaTu
MeXxaHiYHUMN BNacTUBOCTAMM KiHLEBOro marepiarny.

He onTumanbHUMK € 3ragaHi MeToau i 3 TOYKM 30pY BMSIMBY TEXHOMOMYHUX AoAaTKiB
Ha MIKPOCTPYKTYpPY MaTepiany i ik Hacnifok Ha NOro MexaHiyHy nosefiHky. BctaHoBneHo,
Lo y pasi 3acTocyBaHHs rigpuay TutaHy (TiHz), a Takox Ca B psai BunagkiB 3MeHLYeTbCS
MILHICTb CnNnagiB Ta, sk Hacnigok, eHepris abcopbuii [6, 9].

3 ui€l TOYKM 30py NEepCrnekTMBHUM € BUTOTOBSIEHHS CMIHEHOrO antoMiHIlO i3 po3nsiasis
Ta MOPOLLUKOBUX CyMillen i3 3acTOCyBaHHSAM B $KOCTi anbTepHaTUBHOrNO CniHioBa4va
kapboHaTy kanbuito (CaCOz), sk Ha 4oAaToK Cnpusie NiaBULLEHHIO cTabinbHOCTI pigkoi

NiHW, @ TaKOX 3MEHLLUEHHIO PO3Mipy KOMIpPOK LWoHanmeHw B 1,5-2 pasu [8,9].

Cnucok nitepatypu
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15, 1987.
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and Processing Route in the Mechanical Performance of Fabricated Aluminum Foams /
Metals. — 2012. — V. 2, No. 2. — P.95-112.

7. J. Banhart, G.S. Vinod-Kumar, P.H. Kamm et al.Light-metal foams: Some
recent developments / Ciéncia & Tecnologia dos Materiais. — 2016. — V.28. — P.1-4.

8. S. Gnyloskurenko, A.Byakova, A.l. Sirko et al. Advanced Structure and
Deformation Pattern of Al-based Alloys with Calcium Carbonate Agent / — Porous Metals
and Metallic Foams, ed. D.C. Dunand. — 2007. — P.399-402.

9. A. Byakova, |. Kartuzov, S. Gnyloskurenko et al. The Role of Foaming Agent
and Processing Route in Mechanical Performance of Fabricated Aluminum Foams / //
Advances in Materials Science and Engineering. — 2014. — V.2014. — Article ID 607429.

YK 669.018.28:669.715
FonosayeHko B. M., Alyka B. M., Uup T. I'., BepHunay6 A. I'., UcanyeBa H. IN.
PU3MKO-TEXHONOrMYECKUIN MHCTUTYT METansoB 1 CniaBoB
HAH YkpauHbl, r.Knes
Ten. (044) 424-68-23, e-mail: onmlptima@ukr.net

HEKOTOPbLIE OCOBEHHOCTU NIUTbA YACTUYHO 3ATBEPAEBLUUNX
ANTIOMUHUEBDbIX CIMJTIABOB (PEOJIUTBE)

MeTannuuyeckasa cycneHsna ¢ rnobynsipHon mopdoonornen a-asbl antoMUHUA
obnagaeTt pssAOM OCOBEHHbIX CBONCTB:

-obnagaet CBEPXTEKYYEeCTbo, bnaropaps Xngkom COCTaBnAoLLEN,
obBonakuarwowen rnobynn o-TBEpAOro pacTBopa, 4YTO MO3BONAET  nonyyaTb
TOHKOCTEHHbIE OTNUBKN (2 MM);

- TBepgasa (pasa HaxoauTca B BuAe rnobyrnen npakTUyecknm He CnmnaroLLmxcs
Mexay cobon u He o0Opasyllwmx 3aMKHYTOro kapkaca B [AByxdpasHonm obnactu
TemnepaTtyp, OTBETCTBEHHOIO 3a ropsi4esIOMKOCTb, YTO MO3BOMSAET NUTb BbICOKOMPOYHbIE
Kak nuTenHble, Tak n gedopmupyembie anommHmeBble cnnasbl (BA110, B95, 116 n gp.)

[7,8].
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- B MuKpornobynsax B npouecce pasoBoro nepexoga M3 XUAKOrO B TBEPAOE
COCTOsSIHME npoucxogut MuHmycagka: (60x0,06)=3,6 mkm, roae 60 — cpegHu pasmep
rnodyns, mkm, 0,06 — o6bemMHada ycagka antoMuHus. Takum obpa3om, B 3aBUCUMOCTU OT
coaepxxaHusi TBepaon dasbl CymMMapHas OKOHYaTenbHas ycagka cnnaBa YMeHbLuaeTcs, a
TOYHOCTb NUTbSA yBenuumBaeTcd. [JonyckalTcs NUTENHbIE YKNOHbI A0 15 MUHYT, 4yTO B 3
pa3a MeHbLUlEe MO CpaBHEHWUIO ¢ opauHapHbIM J1T;

- BbICOKasi BSA3KOCTb MeTannMyeckon cycneHsum obecneynBaeT 3anosfiHeHue
nonocTn hopmbl B TAMUHAPHOM pPeXUME, YTO UCKNIOYaEeT 3axBaT rasos,;

- HOBbIA COBMELUEHHbIA MPOLECC PEeo-TUKCONUTbA MO3BOMSET NPOBOAUTH
YNPOYHSIOLLYI0 BbICOKOTEMMNEPATYPHYIO 006paboTKy OTNMBOK 6€3 «B3QyTUNY» NOLKOPKOBbLIX
rasoB 1 CnocoBCTBYET NOMYYEHMIO FEPMETUYHbBIX OTIIMBOK;

- 3a cyeT rnobynapmusaumm o-TBEPLOro pacTBOpa CyLEecTBEHHO, B 3-4 pasa,
NOBbILLAKTCA NNacTUYeCcKne CBOMCTBA NIMTOro Mmatepuana;

- B pesynbTaTte CHWXeEHUs TemnepaTtypbl JMTbS [LOCTUraeTcad 3KOHOMUS
anekTpoaHeprun (~15-20 %), nosblwaetca pecypc pabotbl npecc-goopm Ha 20 %,
MOCKOSbKY YMEHbLUAETCA 3pO3MOHHOE BO3AENCTBME HU3KOTEMMNEPATYPHOW CYCMNEH3UN Ha
pabo4yto NOBEPXHOCTb Npecc-hopMbl.

Taknm obpasom, HOBbI npouecc peonuTtba oObnagaer HeOCNOPUMbIMU
npenmyLecTBaMm No cpaBHEHUIO ¢ opanHapHbim J1MA.

YK 621.746
A.B. NonoBHs, T.A. CbipeHko, 1.®. KnumeHko

XapbKOBCKMA MALLMHOCTPOUTENBHbIN KONNeaX, Xapbkos

CMNJIABbl MAPIAHELI-ME[Jb. OCOBEHHOCTU 3ABAPKU NUTENHbLIX JE®EKTOB
OTNINBOK

MapraHueBomMeaHble ChnfnaBbl OTHOCATCH K Tak Ha3blBAa€MblM «HEMbIM» CrfaBam,
CMOCOBHbI NOrnoLwaTbh 3HEPTNI0 MEXaHNYECKNX KonebaHui, Ha ypOBHE CepbiX YyryHOB, HO
npv 3TOM UM CBONCTBEHHbI MEXaHWYECKMNEe XapaKTEPUCTMKUN, Ha YPOBHE KOHCTPYKLMOHHbIX
cTanewn, HeMarHUTHbI 1 KOPPO3NOHHOCTOMKM B MOPCKOM Boae [1].

OTHOCUTENBLHO HEBbLICOKME TemnepaTypbl nnaesneHus n 3anmekm 1150°C - 1350°C,

BbICOKaA TEKy4eCTb 1N XOpoLlaa 3anoyiHAEMOCTb (bOpM, NO3BONAKOT MoJ1y4aTb CJIOXHbIE MO
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KOHQUrypaumm OTiMBKK, U B TOXE BPEMS , MPaKTUYECKM BCEM LBONHBbIM M NErMPOBaHHbIM
cnnaeam Mn-Cu, c cogepxaHnem Mn 50-80%, no macce, CBOMCTBEHHbl 3HAYUTESIbHbI
ycagkm:.obbemHon 2,7-3,5 % n nuHenHon 1,8-25 %, a TaKk XKe BbicoKas
ra3oHacCbIWEHHOCTb, OCHOBHbLIX KOMMOHeHTOB cnnasoB Mn u Cu BogopogoMm W
KMCNopoaoM, KOoTopble cnocobcTByeT obpas3oBaHMIO TPeELMH UM ra3oBOW NOPUCTOCTU B
TEeNnnoBbIX 30HAX, YrNOBbIX N TABPOBbIX Nepexoaax.

B Tex cnyyasax, korga He ygaeTrca wusbexaTb agedektoB  BblIGOpPOM
COOTBETCTBYIOLLEN TEXHOMOrMMU NUTEMHON (OPMbI, OTMMBKN MNOABEPratT «J1I€YEHUIO»
metogamu cBapku [1,2].NMpuBbIOOPE TEXHOMOrMM CBapkM HeobXoaMMO YyyuTbiBaTb
TpeboBaHMsT K MEXaHW4YeCKUM XapaKTepUCTUKaM u3genun, U3NKO-XMMUYECKMe |
MeTannyprmyeckum oCobeHHOCTH CNaBoB N NX KOMMNOHEHTOB,

K meTannyprnyeckmm oCobeHHOCTAM, KPOME CKIOHHOCTU K paCTBOPEHUIO ra3os, TaK
Xe,HeobXxoauMMO OTHECTUM BbICOKYKD YMpYrocTb MapoB MapraHua npu Temnepartype
nnaesnexus (1256°C)-133 [la, cpaBHeHne - aonsa xenesa n meau no-1,3 MNa.llpn cBapke
NNaBsWUMCA NOKPbITbIM 3NEKTPOAOM, BbICOKOE AaBfeHWe NapoB MapraHua NpuvBOAUT K
3HaYnNTENbHbIM MNOTEPSAM JfeMEeHTa W 3arps3HeHWe LBa OKcugamMu MapradHua, He
pacTBOpMMbIX B cnnasax. [aHHaa TexHonorna nossonser obecnevntb XMMUYECKUN
COCTaB M MexaHUYeCKMe XapaKTepUCTUKM PEMOHTUPYeMoro ydvactka O6nuskumn K
OCHOBHOMY MeTansy OT/MBKKW, YTO HEOBXOANMO ecnn AedekT BNnseT Ha MexaHu4eckue,
N B YaCTHOCTU, AeMPUpPYIOLLNE XapaKTEPUCTUKN U3OENUS.

B Tex cnyyasx, korga nutenHble gedeKkTbl HEe3HAUYUTENbHbIM OHU HE BIIUAIOT Ha
PU3MKO-MEXaAHNYECKNE XapaKTEPUCTUKM B LESIOM, NpeanoyvTUTenbHO BOCMNOSb30BaTbCS
elle ogHonm ocobeHHOCTbIOMapraHueBOMeOHbLIXCMaBoB — co34aBaTb psa pPacTBOPOB C
MeObl0 HUKENEeM, Xenes3oM, Kak B pacniaBrieHHOM, Tak U B KPUCTaNIMYECKOM COCTOSHUAX

M BbINOJTHATb PEMOHTbLI OTJIIMBOK C NMOMOLLbIO NMPMCago4HbIX MmatepunanoB Ha OCHOBE Meu.

Cnucok nutepatypbl

1. N'onosHA A.B. OnbIT CHWXEeHUSA YPOBHA BUOpaLMK C UCMOSTb30BAHMEM NNTbIX
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— 2003.-Ne.2-C.86-93.
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YOK 621.742.4
1. A. fan, J1. A. Tpochumosa, A.I'. NoaopoxxHUN

BY3 «[1pna3oBckuin rocygapCTBEHHbIN TEXHUYECKUI YHUBEpCUTeT», . Mapuynonb

ONTUMUIALUNA COOEPXAHUA OTXOAOB IrPAHYJINMPOBAHHOIO
NMOJNIMCTUPOJIA B MECYAHO-ITMMHUCTOU CMECH

CouyeTaHne BbLICOKOrO YPOBHS MEXAHWYECKMX CBOMCTB (POPMOBOYHBIX W
CTEPXKHEBbLIX CMECEN C XOpOoLUern UX NogaTnMBOCTBIO U BbiOMBaemMocTblo obecneymBaeT
nony4yeHne Ka4eCTBEHHbIX OTIMBOK.

B npegbioywmnx wmuccnegoBaHUsiX B NECYAHO-TNUMHUCTYIO CMeCb B KayecTse
YNPOYHSIOLLE-Pa3yNpPOYHSIIOLLEN nobaskn BBOAUNMN oTXoabl BucepHoro
(rpaHynupoBaHHoro) nonuctmpona B konuyectee 1,5 n 3,0% [1, 2]. bbino yctaHoBneHo,
YTO C NOBbILLEHNEM COAEPXKAHUSA OTXOAA B YKa3aHHbIX nNpegenax KoMnmnekc MmexaHu4ecknx
CBOWCTB CMecen 3aMeTHO yryyllaeTcs.

B HacTosiwen paboTe konM4ecTBO BBOAMMOIO rpaHynMpOBaHHOMO MonmMcTupona
yeenunumnu o 4,5%. Kak n B pabotax [1, 2] wuccnegoBaHnsa NpoBOAUAN Ha MecYaHo-
rMMHUCTON cmecK, coagepxawen 93 % macc. keapuesoro necka KO2 n 7 % macc. Yacos-
Apckon  rmuHBbI. CraHgapTHble o6pasubl UCNbITbIBANM Ha o©xXaTue cpasy nocne
N3roToBrieHusi, nocne cywkn npu 60 °C, B TedeHne 1 4, a Takke HarpeBa oo 250, 500 u
750 °C v BblaepXkn B neun 1 4.

OnbITbl U CpaBHEHNE UX pe3yrbTaToB C pe3ynbTaTaMmun npeablayLmx nccregoBaHni
nokasanu cneaywowee (puc. 1). B otnumumne oT npegpiaywmx paboT, koraa npegen
NPOYHOCTN M ONbITHBIX U KOHTPOSbHbBIX 06pa3LoB B CbIpOM COCTOSIHUM Obin NPaKTU4eCcKn
ognHakoBbiM (0,05 — 0,06 MIlla), obpasubl, cogepxaswune 4,5% oTxoqoB nonucTupona
nmenun npegen npodHoctn Ha cxatme 0,03 MlMa.. MNMocne cywku npu 60 °C NPOYHOCTb
ONbITHbIX 006pa3yoB, cogepxawmx kak 1,5, Tak n 3% oTxoga nonucTupona Takke marno
oTnnyanacb u 6eina Ha yposHe 0,3 Mla, a cogepxawmx 4,5% - 0,2 MlNa, KOHTPOSNbHbIX -
0,22 MMNa. Mocne obpaboTkm npu 250 °C, cCOOTBETCTBEHHO, - 1,34; 2,09; 0,252 n 0,4 Mla;
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nocne Harpesa go 500 °C - 0,4; 0,4; 0,207 n 0,3 Mla; nocne Harpesa go 750 °C — 0,26;
0,05; 0,05 n 0,23 Mna.

MonyyeHHble pe3ynbTaTtbl MOTYT ObiTb 06 BACHEHBI N3MEHEHUAMMW, NPOUCXOAALLMMM
B MONUCTUPOSIE C yBENUYEHNEM TemnepaTypsbl [3]: onnaBneHnem rpaHyn, NpUBOASLLNM K
AOMNONMHUTENBHOMY CBSI3bIBAHMIO 3€peH Necka C Mocrneaylowen LecTpyKumen rpaHyn,

Bbl3blBaloLLEN pasynpo4YyHeHne cMecu.
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Temnepamypa obpabomku, C

Puc. 1 — MNpoyHOCTb Ha cxaTme PopMOBOYHbBIX CMecen nocne obpaboTkm npu
pasnu4yHoOn TemnepaType: o — KOHTPOSIbHasi CMech; * - onblTHasA cmecb, 1,5% oTxoaa
nonuctnpona [1]; e — onbiTHas cmeckb, 3% oTxoAda nonmvcTupona [2]; A — onbITHas CMech,
4,5% oTxoga nonuctupona

BeiBog. OntumansHoe cogepXaHue OTXOL4OB rpaHyNMpPOBaHHOrO MOMAMCTMPONa B
nec4aHo-rNMMHNCTON cmecH, obecneumBaoee  3HaYUTENbHbIN yrnpo4HsoLLe-

pasynpoyHsaowmnn agpdekt — 3,0%.

Cnucok nutepaTypbl

1. Oan J1.A. MexaHu4yeckme CBOMCTBA NECHAHO-TMUHUCTBLIX CMEeCceun, cogepXxawmx
oTXoAdbl rpaHynupoBaHHoro nonuctupona / J1.A. OaH, JI.A. Tpodwumoa // Jlutso.
MeTtanypria. 2017: Martepiann XllI MixHapogHOi HaykOBO-NPaKTUYHOI KOHMepeHLil
«JlntBo 2017». — 3anopixeks, 23-25 TpasHa 2017 p.— C.43-44.

2. OaH J1.A. BnusaHue copepxaHns OTXOLOB rpaHyrnmMpoBaHHOIO NonucTupona Ha
NMPOYHOCTb M OCTATOYHYI MPOYHOCTb MecHaHo-rMMHUCTLIX cmecen / J1.LA. Oan, J1.A.
Tpodmmosa // JntBo. Metanypria. 2018: Matepiann XIV MixHapogHOi HayKoBO-
NpPaKTUYHOI kKoHdepeHLUii «JInTeo 2018». — 3anopixoksa, 22-24 TpaBHa 2018 p.— C.63-64.
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3. Tarep A.A. dusumko-xmumusa nonmmepos / A.A. Tarep. - M. : Xumus, 1978. - 544c.

YK 669.13 (03)
B. C. lopolueHko

PU3NKO-TEXHONOMMYECKUIN MHCTUTYT MeTannos n cnnasos HAH YkpauHsl, Knes

CMNOCOB NUTbSA BbICOKOMPOYHOIO YYI'YHA C TEPMOOBPABOTKOWU OTJIMBOK

Mpn BbINONHEHUWN wUccnegoBaTenbCckon paboTbl «HayuHble M TexHonorudeckue
OCHOBbI CO3[aHUSA BbICOKONPOU3BOANUTENBHbIX JIMTENHBIX MPOLLECCOB MOMYYEHUS NUTbIX
KOHCTPYKUMA U3  XenesoyrnepoauctblX W UBETHbIX CNfaBoB» Af  OTMMBOK U3
BblCOKONPo4YHOro 4yyryHa (BY) paspabotaH cnoco® nutbas B coyeTaHunm C
TepmoobpaboTtkon (TO) [1]. MNMocne mnsotepmuyeckon 3akankm BY (Austempered Ductile
Iron) gocturaet os = 1200...1300 MMMa (puc. 1 a), kak ykazaHo Ha cxeme bobpo 1O. I. [2].
A oprpacd (B Buae aepeBa ONOKOB M TOYEK COYNIEHEHUS) MpeBpaleHuin B TBEPOOM
COCTOSIHUM MeTannuyeckon matpuubl BY npu oxnaxgeHun 4yryHoB B nMTenHoOW ¢hopme

nnu npun TO, nokasaH Ha puc. 1 6 [3].
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Puc. 1. MexaHnyeckne csonctea (a) [2] u cTpykTypoobpasoBaHune BY (6) [3].

Cnocob [1] ocHoBaH Ha nuTbe BY no rasnguumpyemsiMm mMogensm C yganeHuem
OTNIMBOK M3 Nec4aHon hOpMbl B ayCTEHUTHOM COCTOSHUM U NEPEHOCOM B TeveHue 5-15 ¢
MX Ha 3akanky C W30TEepMUYECKOM BbIAEPXKOW Npu TemnepaType, onpegendemMmomn
TpebyeMbiM TUNOM CTPYKTYPbI.

Cnucok nutepatypbl

1. Matent 123731 YkpaiHa, B22 D7/00, B22 D23/00 / B. C. HopoweHko, B. O.
LluHcbkud. Cnocib BUrOTOBMEHHSA BUMMBKIB 3 BenHITHOro abo aycepuTHOro 4aByHy 3
Kynsctum rpacditom. Ony6n. 12.03.2018, biton. Ne 5.

2. bobpo KO. . MeTannoBefeHne NUTENHLIX cnnaBoB. [JocTmxkeHus n npodnems //
bubnunoteka nutenwmka. — 2018. - Ne 3. — C. 9-15.

3. MakaperHko K. B. PaunoHanbHoe CTpYKTypupoBaHue rpadouTu3npoBaHHbIX
yyryHoB // Tpygbl HI'TY nm. P.E. AnekceeBa. - 2014. - Ne 2. - C. 196-205.

YOK 621.74/517.3

B. C. opoweHko, B. . KpaB4yeHko, B. O. LLIMHCbKUN

®i3nKO-TEXHONOrYHWM IHCTUTYT MeTanis Ta cnnasiB HAH Ykpainu, Knis

PO3POBKA IH®OOPMALIMHUX TEXHOJOTIW ONEPATUBHOIO
OUCTAHLUIMHOIO MOHITOPUHIY CTAHIB OB'EKTIB JIMBAPHOIO BUPOBHULITBA

CyyacHe nuBapHe BMPOOHMUTBO Mae po3ranyXeHy iHpacTpykTypy i Bumarae
e(PeKTUBHOIo YynpasJliHHA Ta KOHTPOSMIO BUMKOHAHHA TEXHOSIOMYHUX MpoLeciB i onepauin.
KoHTponb AKOCTi BUNUBKIB, MiHIMi3auisi pecypciB OOCAraeTbCA 3a paxyHOK NiATPUMKM B
3aaHnX Mexax TennogisnyHMx Ta IHWKUX napamMeTpiB TexHonoriyHux npouecis. Ll
3aBOaHHA BMMarawTb 3aCTOCYBaHHS aBTOMAaTU30BaHWX KOMMIIEKCIB YNpaBniHHA Ta
KOHTpon Ana ©e3nepepBHOr0 MOHITOPUHIY curHanie, Sk BigobpaxalTb AnHaMiKy
TEXHOMOriYHMX NapameTpiB, KogyBaHHA i nepegadvy iHpopmauii B BigganeHy 6a3y gaHux
abo B UeHTpanbHU Komn'toTep, WO Bigobpaxae BeCb Npouec BMPOOHMUTBA y BUrNAA
rpadpiuHnx obpasie (rpadikis, rictorpam, Tabnuub, Ta iH.). B nuBapHux uexax OCHOBHMUM
BUPOBHMYMM obBnagHaHHAM € NnaBwuIlibHI arperaty i aBToMaTtu3oBaHi doopMyBarbHi NiHil
(ADJ1). Ona edeKkTMBHOro yrnpasniHHA BUPOOHULTBOM akTyarbHOK SBNAETLCA 3ajada

aBTOMATU30BaHOIO KOHTPOM 3a NPOAYKTUBHICTIO (BUpOBGHMUTBOM) ADJT i poboToto
68



JIMTBO.METAJIYPTIA. 2019

oKpeMnx MexaHiamis i gingaHok A®J1. KoHTposnb 3a BUPOOHMLTBOM NPOBOAUTLCSA HA OCHOBI
iHdopmaLii Npo KiNbKiCTb 3anMTux opM abo BUMBKIB i KiNbKIiCTb LMKMIB onepauin, Wwo
BUKOHYIOTbCS POPMYBasNibHUMKU YCTaHOBKaMU. B SKOCTI NepBUMHHUX OaTUMKIB B NIMBAPHUX
Luexax [OUuinNbHO 3acTocoBYBaTU iH(OpaYepBOHi SaTUMKK, 3a ONOMOIoK SKUX (PIKCYETbCA
3anmBka dopMn, gaTtymkm abo BMMMKaWi ONsi BU3HAYEHHS1 Yacy MpocToiB AingHOK abo
MexaHiamis A®PJ1, piBHEMIpU CUMKMX YM PIOKMX MaTepianis, BOSIOrOMIpU Ta OaTyUKm
KOHTponto Temnepatyp. [Ana obniky BMnmMBKiB NnpuaaTtHi Bigeo gatyunkn. KoHTponb po6oTu
OKpPEeMMX MeXaHi3MiB NPONOHYETLCA 34IMCHIOBATN C BUKOPUCTAHHAM AaTyMKIB MEXaHIYHNX
BeSfiMYMH. KOHTPOMIo TakoX NignsralnTb napaMmeTpu ra3ognHamiyHMX Ta TensIoBMX MOTOKIB,
HeobXigHMX ONsi OXONOAXKEHHSI BUIMBKIB, TEMMNOMIi3nMyHi napaMeTpun BUIMUBKIB, NMOKA3HUKN
3ara3oBaHOCTI NOBITPSA B LieXy, iHLWi ekonorivHi Ta 6e3nekosi nokasHuku 3rigHo ACTY.
lMponoHoBaHa koHUenuia peanisauil iHPopMauinHOI TexHonorii onepaTMBHOIO
MOHITOPUHIY CTaHy O6'eKTIB NMMBApPHOro BMPOOHMLUTBA akTyanbHa B MNPOLECI BUKOHAHHS
HayKOBMX AOCNiAXeHb i po3pobOK HOBMX TEXHOMOrIN ANs CTBOPEHHS Ha UuxX eTanax

nepenymoB BrnpoBagXeHHA Takoro MOHiTOpI/IHFy B NInBapHe BVIpO6Hl/ILI,TBO.

YOK 517.3/621.74
B. C. lopoweHko, B. O. LUMHCbKNIK

Pi3nKO-TEXHONOrYHMIM IHCTUTYT MeTanis Ta cnnasis HAH Ykpainu, Kuis

KOHUENUWIA KOMNNEKTALIT POTOPHO-KOHBEEPHOI NIHIT

Mo TemMi CTBOPEHHA KOHUENUil NMBapHUX POTOPHO-KOHBEEPHUX niHin (PKJ1) anga
peanisauii HOBMX TEXHOMOrIN PO3rNaAHYTO TEXHOMOMYHUMA MPOoLEeC, Ta CXeMy Takol niHii
(puc. 1) [1]. MNMpobnema po3pobkn nueapHmx PKJT nonarae y 3actocyBaHHi Ha HUX cnocobiB
iHTeHcUiKaLilT OXONOOXXEHHA BUNUBKIB Y (POpMi A5l 3MEHLUEHHA KOHBEEPHOI «Tifknuy», ae

BUKOHYIOTb Take OXONOOXKEHHS, LLO6 nepeBecTy Lo onepawito Ha POTOPHI NPUCTPOI.
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Puc. 1. Cxemu: TexHonoriyHa (a) Ta komnnekrtauii PKJT (6) [1].

TexHonoriyHa cxema (puc. 1a) Bknoyae: | - dopmyBaHHS, |l - BCTAHOBMEHHS
Kamepwu npecyBaHH4, Il - 3anvBka Ta BAasnoBaHHA pigkoro meTtany, IV - BuaaneHHs
kKamepu npecyBaHHs, V - nig'egHaHHa popaTkoBoro OyHkepy, VI — BunyveHHa Ta

pereHepauia Micky; BKaszaHO no3uuii:1 - KOHTenHep; 2 - nonictuposioBa mMopenb; 3 -
NUBHUKOBA cucTemMa; 4 - BiOKpUTI xantoa3i; 5 - nicok; 6 - gogaTtkoBu GyHKepP; 7 - NOPLLEHb;
8 - pigkun metan; 9 - sunueok; 10 - cTosk.

Cxema komnnekTauii (puc. 16): 1 - cuctema oxonogxeHHs; 2, 6 - akymynatopu; 3 -
pPOTOP NOBOPOTY KOHTEMHEPIB; 4 - peakTop AonantBaHHS LWKIANUMBUX rasie; 5 - BakyyMHa
ycTaHoBKa; 7,15 - kKoHBeep-TpaHcnopTep; 8 - KoHTenHep; 9, 10, 13 - TpaHcnopTyBanNbHUM
poTtop, 11 - poTop 3anuMBKM Ta KpucTanisauii meTtany nig TMCkoM; 12 - poTOp YCTaHOBKM
KOHTEeWNHepiB; 14 - MmarHitogMHamiyHa cuctema; 16 - cuctema pereHepadii nicky.

lMpoektHa npoaykTmeHicTb PKJ1 B 1.5-3.0 pa3su nepesepluye 3a NpPOAYKTUBHICTIO
Cy4acHi aBTOMaTWYHI NUBapHI NiHiT i 3abe3neyye ogep)xaHHA BUIMBKIB 3 3ani3oByrieLeBnx
Ta KONbOPOBUX crrasiB Maco A0 50 Kr 3 BUCOKMMW CNOXMBYMMU XapakTepuctukamm [1].
CTBOPEHHSA TUCKY NPV BAABNIOBAHHI PiAKOro MeTasny nNpUCKOPOE TBEPLIHHS i OXONOAXKEHHS
MeTany Ta [Jewo CKOPOYyE Yac OXONOMKEHHA BUMMBKIB Yy OpMi, a HasiBHICTb
akKyMynaTopiB  JO3BONSAE HakonuvyBatu (QOpMM, WO HanpaBnslTbCA Ha 3anuvBaHHSA
MeTanoMm, a TakoXX opMU, B SKUX OXOSTOLKYIOTb BUITUBKN.

Cnucok nutepaTtypbl

1. WuHebkuti O. W. POTOPHO-KOHBEEPHUI KOMMIEKC OAEPXKaHHA TOYHWUX BUIIMBKIB
nig perynboBaHUM TUCKOM Mo mogensx, wo rasudikytoteca (FAMOOAP-npouec). URL:
http://www.ptima.kiev.ua/work/te/rus/te-r40.pdf
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YK 621.746.6:669.046.516.4:669.715
}0.B. OoueHko, B.IO. CenuBepcToB, H.B. [loueHko

HaunoHanbHas meTannypruyeckas akagemmsa YkpauvHbl, [JHenp

NCMNONb30BAHUE METOAOB AKTUBHOIO BO3AEUCTBUA NPU
3ATBEPOEBAHUN ANIOMWUHUEBBIX NIUTEUHbIX CMNTABOB

M3BeCcTHO, 4TO (PU3MKO-MEXAHNYECKME CBOMCTBA NIMTOrO MeTanna 3aBuUCAT OT
uenoro psiga akTopoB pasniMyHon 3HaummocTu [1, 2]. NoaTtomy paspaboTka 4OCTAaTOYHO
YHUBEPCAmNbHbIX  TEXHOSIOTMYECKMX  MPOLECCOB,  HaMNpPaBfEHHbIX Ha  CHWXEHue
HEeNnpPoOM3BOAUTESNbHLIX MNOTEPb MeTanna C OOHOW CTOPOHbl, M Ha MOBbIWEHNE €Ero
KayecTBa-C [Jpyron, HEU3MeHHO 4BMAeTCA akTyarbHOM 3ajaden TexHONOoroB wu
nccnegoBaTenen.

Hanbonee BbicokMe u cTaburnbHble MO CEYEHUKD OTAMBOK CBOMCTBA OObLIYHO
AOCTUraTCs Npu nostydeHNMm OLHOPOAHON M MESIKO3EPHUCTOW CTPYKTYpbl. Yem menbye
pasMepbl MEPBUYHbLIX KPUCTAmmMoB, TeM Bbllle psag BaXHbIX 3KCNyaTauuoHHbIX W
TEXHONOINMYECKMX CBOWCTB OTMBOK. [109TOMY NUTENWMKM 4Yalwe BCEro CTPEMATCA K
nony4YeHunto Hanbonee MenNKO3epPHNCTON N OOHOPOAHON CTPYKTYPbI MeTanna.

OgHuMm un3 Hambonee pacnpoCTpaHEHHbIX CPeACTB [AOCTUXKEHUS 3TOM  Lenu
asnseTca moguduumpoBaHue. Kpome TOro, K mMetogam akTUBHOMO BO3LEWCTBUSA Ha
dopmMmpoBaHne CTPYKTYpPbl CAIMTKOB U OTIIMBOK MOXHO OTHECTM MPOLIECCHI, CBA3AHHbIE C
NnpUMEHEHNEM [aBfeHus, BBEAEHUS B pacnna. Yynpyrux konebaHun, BO3AENCTBUS
KOHLEHTPUPOBAHHLIMA  UCTOYHMKaMKM  3Heprun. [lpu 3TOM, yKasaHHble Mpouecchl
obnagatoT, B TOM 4uicne, onpeneneHHon TEeXHONMOrMyeckom cneundukon, MMeEKT CBOU
JOCTOMHCTBA U HEOQOCTATKM.

O DEKTUBHBIN CNOCOO M3MEHEHUST MOPMOSIOrMM KPUCTaNNM3yLWmxcsa gas - ux
3aTBepaeBaHne B pPe3Ko HepaBHOBECHbLIX ycnosusax. pu aTom cosgarTcsa ycnosusa Ass
N3MernbyYeHNa 3epHa, 3Ha4YNTENBHOIO pacLUMPEHNS PacTBOPUMOCTU B TBEPLAOM COCTOSIHUN,
nogaerieHnst pocTa rpybbix BKNHOYEHUI NEPBUYHbBIX MHTEPMETaNNNOoB.

OaHuM 13 appekTMBHBLIX CNOCODOB BO3AENCTBUSA HA KPUCTANNM3YHOLWMIACA MeTann
ABMSETCH, B YACTHOCTW, rasoguMHamudeckoe Bosgencteue. lMpyn OCyLWecTBNEHUN Takoro

npoLecca K MOMEHTY Havana nogayu rasa Ha NoOBEPXHOCTU pabodert NONoCTU NUTENHON
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dopMbl JOMmKEH cOpMUpPOBaTLCA CrOW TBEpPLOro chflaBa TakoW TOSLWWMHBI, KOTOPLIN
MOXeT obecneynTb repMeTUYHOCTb CUCTEMbl BMMOTb OO0 MOSMIHOMO 3aTBEpAEBaHMS
OTSIUBKMW.

B nabopaTtopun coOBpeMEHHbIX MaTepuanoB ApuU3SbCKOrO YHUBEPCUTETCKOro
ueHTpa (M3pannb) COBMECTHO CO chneunanuctamm kadeapbl NUTENHOrO NPOM3BOACTBA
HaumoHanbHOM MeTannyprmyeckon akagemun YkpauHol Obiv npoBeaeHbl nccneaoBaHms
BNUSAHWS NEPEMEHHOrO ra3oBoOro AaBfieHUSA Ha CTPYKTypoobpasoBaHMe meTanna OTiMBOK
n3 cnnasa A356. Pesynbtatbl nabopaTopHbIX WCCreaoBaHW MNOKa3anu MOBbILLEHNE
MEeXaHWYeCKMX CBOWCTB JIMTOrO MeTanfna W CHWXEeHUe MOPUCTOCTU LMNUHOPUYECKNX
oTnmBok u3 cnnasa A356 guametpom 50 MM wm BbicoTon 100 mm. B nopsgok
TEXHOMOrMYeCcKnX onepaumnin N3roToBNEHNs OTAMBKU ObiNn BKIKOYEHbI CReayloLmne aTansb:
npoBeaeHune paduHnposaHua (npenapat DEGASAL T 200, BBegeHne B pabo4yto NonocTb
dopMbl YCTpOMCTBa ANSA Nojayv rasa opurMHanbHOW KOHCTPYKUWUK, BblOAEpXKKa OTMMBKU C
YCTPOMUCTBOM B TeYeHWe 3aJaHHOro MnpoMeXxyTka BpeMeHu, nogada rasa (aproHa) c
HayarnbHbIMK nokasatensamu gasneHnsa 0,15 - 0,2 Mlla, nocnepylowee HapaliBaHue
pasnenunsa o 1,3 - 1,4 Mla v Bblgepxka nog AaBfieHMEM OO MOSIHOro 3aTBepaeBaHuA
oTnueBkK. [lpuBedeHHble [aHHble CBUOETENbCTBYIOT O TOM, 4YTO B pesynbraTte
rasogMHaMn4ecKoro BO3genCTBUSA yaanocb M3MenbyYnuTb CTPYKTYpHbIE COCTaBnswolune, B
pesynbTaTte 4Yero ysenuuunnuce Ha 20-25% nnactuyeckue cBOMCTBA NUTOrO MeTasnmna u Ha
8-12 % yBenuuunacb ero nfoTHOCTb. Takum obpa3om, razoguHaMm4eckoe BO3AENCTBUE
Ha 3aTBepAeBalOWU MeTans no3BonsieT [obutbcss addekta mMoandumumpoBaHus,
KOTOPbIN MOXET OblTb 3HAYMTENBbHO YCUNEH BBOAOM B pacnnaB AOMNOSMHUTENbHbLIX LLEHTPOB
Kpuctannu3auum B BUAE COOTBETCTBYHOLIMX TPaAUMUMOHHBLIX MOAMEUKATOPOB NGO
HaAHOKPUCTaNIM4YEeCKUX MOPOLLKOB, MOSTYYEHHbIX MeTodamMu MexaHoxumuun. [lpn aToMm

BO3MOXXHO CHUXEHME KONMYeCcTBa pacxogyemoro Moaudumkartopa.

Cnucok nitepatypu
1. HemeHeHok, B.M. Teopuss M npakTUKa KOMMIEKCHOro MoandULMpoBaHus
cunymuHoB [TekcT] / .M. HemeHeHoK - MH. TexHonpuHT, 1999. — 272 c.
2. EdoumoB, B.A. lMepcnektmBbl pas3BuTMA paboT MO MNPUMEHEHUID BHELLHUX
BO3JEUCTBUN Ha XUOKNN N KpucTannuaywwuinca pacnnas [TekcT] / B.A. Edumos. - Kues:
N3a. M1 AH YCCP. - 1983. - C. 3-65.
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YOK 537.84:669:621.74
B. 1. ly6openos, A.B. Hapusckui, B. H. ®ukcceH, A. H. CmupHos, M. C. Noptok, K.
C. boraaH, A. . Bep3unos, B. K. Noropckun, A. KO. CemeHko
DU3NKO-TEXHONOMMYECKMIA NHCTUTYT MeTannos u cnnasoB HAH YkpauHbl, r. Kues
Ten./¢pakc: 0444242050, e-mail: mgd@ptima.kiev.ua

HOBbIE PASPABOTKHU B OBJIACTU MPUMEHEHUA SNNEKTPOMAIHUTHbIX
NONEU U MATHUTOMMAPOAUHAMUYECKUX BO3OENCTBUA
AndA NONyYEHUA CMNIABOB U JIUTbIX SATOTOBOK U3 HUX

Bo ®TUMC HAH YkpauHbl B nocnegHue rodbl NpoBOOATCHA WUCCredoBaHUA Mo
N3YYEHUIO KOMMITEKCHOIO BIIMSIHUS Ha XUOKOMETanNIM4yeckne CUCTEMbl SNEKTPOMAarHUTHbIX
nonen, MI'1-acpbpeKToB 1 NOrpy>KeHHOW B pacnnas niasmol.

B xoge npeabligywmx nccnegoBaHuUn, UCXOAA U3 (PyHOAMEHTaNbHbIX MOMNOXEHUN
TEOPUN  XKUOKOTO  COCTOSHWS, TeopeTudeckn OOOCHOBaH W 3KCNEpPUMEHTANbHO
noateepxaeH addekt komnrekcHoro MI[-TepMOCKMNoOBOro BO3AEUCTBUA Ha KUOKMe
antoMuHueBble crnaBbl (00- N 3a9BTEKTUYECKMX CUITYMUHOB, NIMTENHBIX BbICOKOMPOYHbIX
ChnnaBoB, nUratyp) B MarHUTOAMHAMUYECKUX YCTPOMCTBAX, KOTOpas 3akn4vaeTcs B
HenTpanusaumn npu npuroToBNEeHUM CMNIaBoB BPEAHOro BIIMSHUS MeTannypruieckom
HacneaCcTBEHHOCTU M KapAuMHanNbHOM U3MENbYEHUM MMEIOLLMXCH B pacniaBe pasfinyHbIX
Nno pasmepy M COCTaBy KacTepoB W WX TPYNNUPOBOK, B AalNbHEWLIEM MNPOSBNSETCS B
CYLLLECTBEHHOM YnyudlleHMn CTPYKTypbl (obecneveHnn CyOMUKPO3EPEHHOW CTPYKTYpbl C
TEHOEHUMEeNn K HaHOMaclTabHbIX npeBpalieHMsIM) M MOBbILEHUN OCHOBHbLIX CBOWCTB
cnnaBoB B TBEPAOM COCTOSIHMM, OCOBEHHO nnacTuyHoctn (o 2-4 pas), a nocne
TepMomMexaHndeckon obpaboTkm (MHTEHCUBHOW NNacTuyeckon aedopmMaunn) — nepexone
crnnaBa B COCTOSIHME CBEpXMacTUYHOCTWU, 4YTO MNpefocTaBnsieT HOBble BO3MOXHOCTU
pPa3BUTUSA TEXHOSOMMI U3rOTOBMEHMS 3aroTOBOK MeTOAOM 06paboTkm AaBneHneMm.

lMpMeHeHne norpy>XeHHoOn B MeTannnMyeckue pacnnasBbl Ha OCHOBE antOMUHUA U
MeaN HU3KoTeMnepaTypHOM NnasMbl Takke Mo3Bonuio obecneynTtb, NOMUMO yaaneHus
ra3oB M HEMETaNIMYECKMUX BKIMIOYEHUI, pa3pyLueHne obnacten MMKPOHEOAHOPOAHOCTEN U
rpynnuMpoBOK U, KaK CrneacTBue — CyLeCTBEHHOE U3MeNbYeHne CTPYKTYpbl CNaBoB U POCT
NX OCHOBHbIX (PU3NKO-MEXAHNYECKNX XapaKTEPUCTUK.

[anbHenwee pasButMe coctout B codeTaHun pgencteus Ml A-daktopos c

BNMSIHMEM Nfa3Mbl HA MeTannMyecKkumn pacnnaB Kak Ansd BO3OENCTBMUA Ha €ro Xugkoe
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CTPOEHME, TaKk U ANA CUHTEe3a MNPUHUMNMAanbHO HOBLIX (pa3 HenocpeACcTBEHHO BHYTPU
caMoWn MeTannuyeckon maTtpuubl 1 Kak pesynbTaT — MIT[J-nnasmMeHHOro NonyyYyeHns nnTbixX
KOMMO3MLUMOHHBIX U KOHCTPYKUMOHHBLIX MaTepuanoB. CosgaBaemMble Npu 3TOM BbICOKME
TemnepaTypHble W  KOHUEHTPaAUWOHHblIe rpagueHTbl NpPUBOAAT K  (PopMUpPOBaHUIO
BbICOKOOAMCMEPCHbIX, KOFEepeHTHbIX K MaTpuue 4Yactuy ynpodHswoowen dasbl U
obecneunBaloT UX 3agaHHOE pacnpeaeneHne no obvemy.

Opyrum KnoyeBbIM HanpaefeHnem CcTanu panbHenwue paboTbl MO CO34aHuKo
HOBOIrO MHOMO(YHKLUMOHANBHOrO0 MarHUTOAMHaMUYECKOro npomMexyTtodHoro koswa (M[-
MK) £ns HenpepbiBHOW pasfnvBKM, B YaCTHOCTWU, WCCReAoBaHWA MO BO3MOXHOCTU
afjantaumm ykasaHHoro arperata Afisi TeXHOMNOMMN NonyvyeHust NosTlyHenpepbIBHbIX NUTbIX
3aroTOBOK B YCINOBUSAX MeTarnnypruyeckux MMKPO3aBOAOB, HEMPEPLIBHOIO NUTbA TOHKUX
cnaboB M MNPSIMOro MOSTlyYeHUs1 MeTannMyeckoro nucta M3 pacnnasa Mo TEXHOSormu
pasnNMBKU-NPOKaTKMN B ABYXBAsKOBbLIA KpUcTannuaaTop.

C yyeTom TpeboBaHum ana Takumx npoueccoB, HoBbit MO-MK moxeT ObiTb
peanu3oBaH B OBYXKaMepHOM WCMOfIHEHUU. B Takom criydae OH COCTOMT U3 MPUEMHOWN
Kamepbl, Kyda nocTynaeT pacnnaB M3 CTanepasnMBOYHOrO KOBLUA, U PasfiMBOYHOM
Kamepbl, rae npoMcxoamT Bblgaya Xugkoro metanna B kpuctannudatop MHJ3. Kamepsbl
MAO-NK  coeguHeHbl  WMHOYKUMOHHBIMKM  KaHanamm, B KOTOPbIX  MHAYKTMpYyeTcs
anekTpuyecknn TOoK K obecneumBaeTcsa  HarpeB  pacnnasa. [JONOnHUTENbHO
YCTAQHOBIIEHHbIE 3MEKTPOMarHuUTbl CnyxaT [Ana  YApaBfieHus ABWXKEHUEM XKMOKOro
meTanna. Kpome  ToOTIO, MO-MK  moxeT OblTb  AOOMOMHMUTENBHO  OCHALLEH
cneumanuampoBaHHbIMU 3fieKTpOMarHuTHeIMM 1 MIT-ycTponctBamu. Tak, B NpUEMHON
Kamepe MoXeT ObiTb YCTAHOBMEH 9fIEKTPOMAarHUTHbIA MepemMelunBaTenb, KOTOpPbIN
crnocobeH okasbiBaTb (p3NYECKOro BO3AENCTBUE pasHbIX BUAOB NEPEMEHHOIO MarHUTHOIO
nons (nynecupytowiero, 6eryLiero, BpallatroLlerocs) Ha Xngkum metann. Ha dgpusnyeckmx
Modensix Oblo noKasaHo, 4YTO [OEeWCTBME Takoro nepemewwmBatensa crnocobcTByeT
yaoepXaHuito W BCNMbITUIO B MPUEMHOM Kamepe HeMeTannnyecknx BKITHYEHUH,
HaxoOsLWMXCS B pacnnaBe, U UCKMYaeT MUX nonagaHve B pasfvMBOYHYO Kamepy U B
AanbHenwem — B TeNo HenpepbIBHOMIMTON 3aroTOBKN.

B cBoto ouepenp, B pasnusovHon kamepe MIO-MNK moxeT 6biTb ycTaHoBneHo M-
YCTPOMCTBO OpYroro HasHayeHus, obecnedmBatoliee ynpasfieHue LWMPUHOW, MACCOBbLIM

pacxo4oM 1 HanpaBreHWeMm NIockoro NoToka pacnnasa npuv ero pasnmuBeke.
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A.Tl. EpemeHko, A.C. Jlo3a, A.A. CuBaeBa, B.B.MunbowunHa

[lHenpoBCKUM rocygapCTBEHHbIN TEXHUYECKUA YHUBEPCUTET

r. KameHckoe

NMPUMEHEHUE ®UNbTPOB AN PAOUHUPOBAHUSA BbICOKONETMPOBAHHOIO
M3HOCOCTOMUKOIO YYIYHA

OaHUM K13 pacnpoCTpPaHEeHHbIX BUAOB [edEeKTOB OTMIMBOK U3 NEermpoBaHHbIX
YYr'yHOB SBMSIOTCA 3arpsA3HEHHOCTb MeTanna HemeTanMdeckumn BKYeHusmn. B
oTnuBKax, paboTtarwmx B ycnoBnax abpasmMBHOroO M3HOCa MpU 3HAYUTENbHbIX Harpyskax
13 Benoro M3HOCOCTOMKOro YyryHa, ux Hanuuve He OOMKHO MNpeBbIWaTh onpeaeneHHoro
npegena, ocobeHHO B NPUNOBEPXHOCTHbIX Ccrosix. [Ona paduHupoBaHUs chnaBoB OT
HEeMEeTanNIMYecknx BKMOYEHMA pas3paboTaHbl AO0CTAaTOMHO 3P dEKTUBHbIE CNOCOObI
06paboTKkn, 0OgHAKO MX MPUMEHEHME He Bcerga BO3MOXHO B OENCTBYHOLMX FUTEMHbIX
uexax.

Mpn Npn3BoACTBK OTANBOK «POTOp» M3 6eroro N3HOCOCTOMKOrO BbICOKOXPOMMUCTOrO
yyryHa HeobxoguMmo BblOepXuBaTb XecTkne TpeboBaHUA MO YMCTOTE MOBEPXHOCTU U
KONMUYeCTBY HeMeTansiMyeckux BKIOYeHUW. bpak oTnMBOK no 3TMM Buaam pedpekram
ABNANCA  npesanupylowmMm.  [Ona  yMeHbLleHWs  CTENeHW 3arpsa3HeHns  OTNIMBOK
HeMeTanIMYeCKUMN BKAOYEHUSIMU  ObINIM  UCMbITaHbl HECKONbKO BMOOB (PUNbLTPOB -
neHoKepamMnyeckM Ha OCHOBE OKCMAa KPeMHUS, MeHOKepaMM4eCcKMn Ha OCHOBE oKkcuaa
LUMPKOHA, KepaMniecknin ¢ 4obGaBKoOM okcmaa MarHusl, Kepamuyeckuin Ha ocHoBe Kapbuaa
TuTaHa. CylecTBeHHOe BNUSHWE Ha pe3ynbTaTbl OYUCTKM CNMaBoB MNpu uUbTpaumm
MOXeT OKa3blBaTb TeMnepaTypa 3anmBkM meTanna. BnusaHue TemnepaTtypbl 3anmMBaemMoro
pacnnaBa Ha CTeneHb OYMCTKM M3yyarnacb B MPOMBbILSIEHHBIX YCIOBUSIX Ha CEPUMHBIX
oTnMBKax . TemnepaTypa 3anvBKku YyryHa no ycnosus Texnpouecca JOSMKHa HaxoauTbCs B
npegenax 1440-1520 °C. Mcnonb3oBaHne BceX TUMNOB (PMNbTPOB MO3BOMNIIO YMEHBLUNTL
cTeneHb 3arpa3Hens YyryHa 6onee yem B Tpu pasa. Npun TemnepaTtypax vyryHa 6rm3skmx K
HWKHEMY npeaeny 3anueBkn 3P(EKTUBHOCTbL (PUITbTPOB NpakTU4eckun oamHakosa. [pwu
TemnepaTypk 3anmekn 1480 °C n Bblle CTENEHb OYMUCTKM pacniaBa pPe3ko yMeHbLLAeTCs,
T.e. punbTpbl NepecTatoT 3PPEKTUBHO BbINOSHATL CBOU PYHKUMK. Pe3koe yxyalleHue
cteneHn oumnctkm npu Temnepatype 1500 °C wn Bblwe, CBA3aHO C TEPMOCTOMKOCTbIO
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MaTtepuana n3 KOTOPOro W3rotoBrieH unbTp. Haunyydwune pesynbTatbl NO CTENeHU
OYMUCTKM ObINM NOMyYeHbl NP UCNONb3oBaHMM (bunbTpa Ha OCHOBe kapbuaa TuTaHa,
nokasartenb cteneHn ounctkn ot 0,0112 go 0,0510. dunbTp Ha ocHoBe kapbuaa TuTaHa
npu Temnepatypax 1500°C u Bbiwe 3PEKTUBHO 3adepKMBaeT HemeTannmyeckme
BKMOYeHnsa. Matepuan gaHHoro purnbTpa MMeeT HauvMeHbllee 3HayeHne CMaynBaHus
XUOKMM pacnnaBom - 126° n obnagaeT HavGornee BbICOKOW, CpPeau YKasaHHbIX Bbille

PUnNbTPOB, TEPMOCTONKOCTLIO.

Cnucok nurtepaTypbl

1. YyryH: CnpaBoyHoe wu3ganvve / [Mog pea. A.0.lepwmana, A.AXykosa. — M.:
Metannyprus, 1991. — 334 ¢

2. leoHtveB M.B. [lpakTnka wnCnNonb3oBaHUS KepaMn4yecknx UNbTPoB UPMBbI
"LANIK" B nutenHom npomusBoactse u metannypriun // Jinte€ YKkpaumHbl. — 2004. — Ne4—
C.17-21.

3. OcobeHHOCTN wucnonb3oBaHus unbTpoB "KOpHUHI" ana dunbTpaumm KUAKUX
MeTannos. // JInteé YkpaunHsel. — 2004. — Ne7—C.27-30.

4. Kepamunyeckme punbtpbl OKT // BronneteHb OO0 "TepmocuHTes". -2006.

5. HukutnuH A.M. ®unbTpoBaHme YyryHa B JIMTHUKOBLIX CUCTEMaXxX npu 3anueke dopm //
JInTenHoe npounssoacTteo.— 1981.—Ne7-C.11-13.

6. dnwknH  E.J1. WccnepoBaHne cmMaymMBaeMoCTU (PyTEpPOBOYHLIX MaTepuanos

pacnnaBneHHbIM YyryHoM 1 wnakom // JintenHoe nponssoncteo.— 1971.—Ne5—C.18-20.

YOK 621.771
H. A. XXuxkmHa

JlyraHckuin HaumMoHarnbHbIM arpapHbii YHUBEPCUTET

NMOBbILLUEHUE 3KCMNMYATALMOHHbIX MOKA3ATENEN
BAJIKOB NYTEM COBEPLUEHCTBOBAHUA
TEXHONOI'un nx N3rotToBlEHUA

B JINCTONPOKaTHOM MNponu3BOACTBE BalJiku, UX I3SKCrjiyaTauMOHHbIE T[OKa3aTerlu,

onpeaendrT CKOpOCTb M TOYHOCTb WM3roTOBJIEHUA MeTannonpoaykuun, ee COpTaMeHT.
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OgHumM n3 Hambornee aPPEKTUBHBIX METOAOB WM3rOTOBIEHUS JIMCTOMNPOKATHLIX Basikos,
3KCMnyaTaunoHHbIE MoKa3aTenn KOTOPbIX COOTBETCTBYET COBPEMEHHbIM TpeboBaHMAM
3aKa34ynKoB, sBNsieTCA LeHTpobexHoe nutbe [1]. OgHako B npouecce NUTbs BankoB UX
pacnnaBbl HEM3BEXHO B3aMMOAENCTBYIOT C OKpyXaloLen Cpeaon, YTo NPUBOAMT K UX
HACbILLEHNIO  pasnuyHbIMXM  NpuMecsamMu  (KMCNopogoM,  CeporM) U CHWXaeT
3KCnslyaTauynoHHbIe nokasaTesiv BarkoB.

Wccneposanuna [1], ybeamtenbHO NOKa3biBalOT, YTO BpalleHMe pacnnasa npu
LEeHTPOBEXHOM NUTbE, YBENMYMBAs CKOPOCTb BCMIbITUSA MOrPYXXEHHbIX B HEM BKIHOYEHUMN,
CHMXaeT B 4 pasa Mo CpaBHEHWO CO CTauMOHapHbIM METOAOM €ero 3arps3HeHHOCTb
HemMeTannIMyeckummn Yactuuamm no Bcemy obbemy pacnnaea. Bmecte ¢ Tem gencresue
LEHTPOBEXHbBIX CUN Ha OYMLLEHNE BANKOBOrO pacnnaBa OT HEMETANMYeCKUX BKIHOYEHNN
ABNAETCA HeAOCTAaTOYHbIM ANA CIIOXHOMNErMpoOBaHHbIX MaTepuasos.

B cBA3WM C 9TMM akTyarnbHbIM HanpaBfeHMEM OYULLEHUS BarkoBOro pacnnasa oT
HemMeTanInyeckux BKIHOYEHUN SBNSETCA ero pajouHMpoBaHMe HEMNOCPeACTBEHHO nepes
3anvBKOW BO BpaLLarLLyocs opmy.

[na paduHupoBaHna BankoBOro pacnsiaBa OT HEMETalIMYEeCKUX BKIIHOYEHUN B
paboTe npednoXeHO BBeAEHME B Hero pasfuyHbiX aKTUBHbIX peareHToB (M3BECTH,
NNaBMKOBOrO LWINaTta, KanbUWHUMPOBAHHOM coAbl, Kapbwuga kanbuus w  gpyrux) c
NPUHYANTENBHBIM MepeMeLlnBaHMEM BaSikoOBOro pacnsiaBsa a3oToM. PeareHTbl, akTMBHO
B3aMMOEeNCTByS C NpUMECcsiMU, pacTBOPEHHLIMW B BarikOBOM pacnsiaBe, OAHOBPEMEHHO
MOHMXAalOT BA3KOCTb M TemnepaTtypy nnasneHns obpasyemoro Lwnaka, 4To yckopseT
XUMUYECKNE peakunn, a JONONHUTENbHOE NepeMeLLvBaHMe BarkoBOro pacnnasa a3oToM
MHTEHCUPUUMPYET BbIBOS, HEMETAINMYECKNX BKITHOYEHUI N3 HETO.

B pabote ycTtaHOBNEeHo, YTO BBeAEHWE B pacrnnaB KOMMAaKTUPOBAHHOIO peareHTa,
cocTosiwero u3 kapbuga kanbuus, KanbUMHUPOBaAHHOW COAbl, MNIaBMKOBOro LWNata u
MarHMeBoM  nuratypbl, MO3BOMWIIO  CHU3UTb  COAepXaHue cepbl B  COCTaBe
cnoxHosnernpoaHHoro matepmana meHee 0,02 %, 3arpss3HEHHOCTb HemeTann4YecKUuMmu
BKNoyeHnamn B 1,45 pasa NoO CpaBHEHUIO C HeouulleHHbIM MaTepuanom. [lpn aTom
NpUHyauTensHoe nepemMeLLvBaHue BasikoBOro pacnnasa, npeaBapuTeribHO
06paboTaHHOrO KOMMAKTUPOBAHHLIM peareHTOM, B PasfIMBOMHOM KOBLUE C MOMOLLbO
razoobpasHoOro asota MO3BOSMMMO YCPe4HUTb COCTaB CHOXHOMErMpOBaHHOMO MaTepuana
no BceMy ob6bemy — pasHuua B MoKasaHUsX COOEpPXKaHUA XUMUYECKMX KOMMOHEHTOB He

NPEBbICUIIO NOrPELUHOCTL M3MepeHnin. B pesynbTaTe BankoBoW maTepuan cran bonee
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OOHOPOAHbLIM MO CTPYKType WU MEXaHUYECKUM cBoncTBam. JTO rapaHTnpoBarno

MOBbILLIEHME 3KCMyaTaUNOHHbIX NoKasaTtenen Bankos: HapaboTtkn — B 1,77 pasa.
Cnucok nurtepaTypbl

1. XKuxkuHa H. A. LleHTpobexHoe nNnTbe NUCTONPOKATHLIX Bankos : MoHorpadus /
H. A. XuxkuHa. — bpaHck: BI'TY, 2016. — 180 c.

YK 526.521.3
J1. ®. Xykos, [. A. lNeTpeHko
DUN3NKO-TEXHOSTOrMYECKUA UHCTUTYT MeTannos 1 cnnasoB HAH YkpauHebl, r. Knes
Ten.: +38 050 629-95-71; e-mail: dima-petrenko@meta.ua

BINMUAHUE HENIMHEMHOCTU CNEKTPAJIbHbIX PACMPEQENEHUN
U3NYYATENBHON CNOCOBHOCTU HA METOAUYECKUE NOMPELWIHOCTM 4-
LIBETOBOM NAPABOJIMYECKON MUPOMETPUN U3NYYEHUSA

M3BecTHO, 4TO yBenuyeHuve KonuyectBa paboumx BOMH CYLECTBEHHO CHMXaeT
MeToauYeCcKne norpeLHoOCT! ONTUYeCcKon TepMmomeTpun. Tak, Hanpumep, Npu OTCYTCTBUM
anpuvopHon MHpopMaunm o6 M3nyvaTerbHbIX XapakTepuctukax obbekTa MeToaumyeckue
MOrpeLHOCTN  KMNacCUYECKOW  CMeKTparbHOro OTHOLIEHUA MNUPOMETPUN  U3NYYEeHUSN
MCKIMOYaloTCH B Cryvae «cepbix» 0ObeKToB, a AN TpexuBeToBON NMPOMETPUN — B Criydae
0OBEKTOB C NMHENHBbIMU pacnpeaeneHmsMmn nanydatenoHon cnocobHocTu. lNepexon k 4
LUBEeTOBON napabonuyeckon TEepMOMETPUM MO3BONAET OOMOMHUTENBHO  WUCKNIOYNUTD
MeTOoAMYECKMEe MOrPeLHOCTU, €eCnv  CnekTpasibHoe pacnpegerneHne  uanyvatenbHOn

CNOCOBHOCTU 06BbEKTA TEPMOKOHTPOSIS ONKUCLIBAETCS MOSNIMHOMOM BUAA £(A) =aA?+bA+c.

Llenb wuccnepoBaHuMs — aHannad  BIAUAHUS  KOSPPUULNEHTOB  HENUHENHOCTU
CMeKTpanbHOro pacnpefeneHvs usnydaTteflbHOW CnocobHOCTM Ha  MeToanveckue
MOrpeLuHocTn 4-x LUBETOBOM NapabonmMyeckon onTudeckonm tepmomeTpuun. Ha npaktuke,
Hanpumep, ANd MeTannn4yecknx cnnaBoB, KO3(EPUUMEHTbI HENMUHENHOCTU OObIMHO He

COOTBETCTBYIOT NapabonmyeckoMy OMMUCaHUK ¢(1) W MOFYT CNy4anHO W3MEHSTbCA B

HEeKoTopbIX npedenax. MogenbHbIM pacnpedeneHneM  KanyyYaTenbHoW CrnocoGHOCTY

BbIGpaHo Takoe, CpeAHUN YPOBEHb &, = (&, +¢&,)/2 U KOIMDULIMEHT CENEKTUBHOCTU k =¢, /¢,
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KOTOPOro COOTBETCTBYIOT annpoKCMMUPOBaHHOMY pacnpeaeneHunio Bonbgpama B Bakyyme

Ha rpaHuyHbIX AnuHax BonH 4, =0,5 1 4,=1,1 mkm npu temnepatype 1600 K [1]. B xone
BbIYUCMIUTENBHOIO 3KCNepumMeHTa KO3MULIMEHTbI HEMMHENHOCTU Kr, (1) U Ku, (2) Ha
BHYTPEHHUX AnuHax BonH 4,=0,7 n 2, =0,9 Mkm namenanuce B npegenax ot -0,01072 go
0,01072.

Kiny=¢,-¢,,, ()

Kn,=6,-¢;, (2)
roe &,,,&,- 3Ha4YeHMa CnekTpanbHOM WU3ny4vaTeribHoOW CrnocobHoCT Ha 4,, A, AONA
NMHEapU30BaHHOIO MO rPaHUYHbIM AfIMHAM BOSTH pacnpeneneHms g(A).

Pe3yﬂbTaTbI BbIYUCJTIUTESIbHOIO 3KCNeEpMMeEHTa npeancTtaBJi€Hbl Ha Puc.1.

& 0Ty, %

10,0-]
g0
6,0

40t

0,070

0,015

Puc 1 — 3aBUCUMOCTM OTHOCUTESbHbLIX METOANYECKMX MOrpeLuHocTen 4 LIBETOBOW

napabonuyeckon nupomeTpumn uanyveHns Ha 4, =0,5 mkm, 2,=0,7 Mkm, 4,=0,9 MKwm,

2, =1,1 MKM OT Ku, ¥ Kn,Npyt T=1600 K, & =0,41246, k =1,29929.

OTHOCUTENbHbIE METOANYECKME MOrPEeLHOCTM UCCregyemMoro meToga nnaBHO
nameHstotcsa ot -3,35 % ao 8,06 %. NMpn ognHakoBbIX KOIPPULMEHTAX HENUHENHOCTU
MorpeLHoOCT No Moaynto He npesbiwatoT 0,59 %. Onga Toro, 4To6bl OHM Haxo4uMUChb B

npegenax 1 %, HeobxoauMO BblaepPXMBaTb OTNNYNE KOIDPEDULNEHTOB HENMMHENHOCTU HE

Gonee yem Ha 20 %. [INs WCKMIOYEHUS| METOAMYECKUX mnorpelHocTeln |Ku| n K,
[I0MXHbI COOTBETCTBOBATL NapabonmMyeckoil 3aBUCUMOCTH (1), NpuieM |K,| > |Kn,|, nnéo

xe, |KH2|=|KH1|=0.
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Takum obpa3omM, B pesynbTaTe BbINOSIHEHHbLIX WCCNeLOBaHUA YCTaHOBMEHO
CyLLIleCTBEHHOE BNUSHNE KOIPPULMEHTOB HENTMHENHOCTU HA BHYTPEHHUX OSIMHAX BOSH Ha
METOANYECKNE MOrpPeLLIHOCTN 4-X LBETOBOM MNapabonnyeckon MUPOMETPUUN U3NYyYEHUS.
Ons  MUHMMM3auMM  MNOrpellHocTen HeobxoaMmo COOTBETCTBME KO3 ULIMEHTOB

HENUHENHOCTN Napabonn4yeckon 3aBUCUMOCTU g(1) WU NX PABEHCTBO.

Cnucok nutepatypbl

1. XKykoe JI. ®., KopHueHko A. JI. HoBble TexXHOMOrMM MHOroOLBETOBOM
CUMMETPUYHO-BOSTHOBOM TEPMOMETPUN U  UX METPOSIOTMYECKNE XapaKTepuctukn. //
NHxeHepHo-manvecknin xypHan. — 2014. — T.87, Ne2. — C.473-482.

YK 526.521.3
1. ®. Xykos, [I. A. lNeTpeHko
DU3NKO-TEXHONOMMYECKMIA NHCTUTYT MeTannos u cnnasoB HAH YkpauHbl, r. Kues
Ten.. +38 050 629-95-71; e-mail: dima-petrenko@meta.ua

AHANU3 BIUAHUA N3NYYATEJIbHbIX XAPAKTEPUCTUK METAITTTUYECKUX
CNJIABOB HA METOQWYECKWE NOIMPELLUHOCTU OABYXLIBETOBOW
KOMMEHCALMOHHOW U KNACCUYECKOWU MMPOMETPUU U3NTYYEHUA

MpUMeHUTENBbHO K AOBYXUBETOBOM TEPMOMETPUM, U3MyvaTesNbHble CBOWCTBA

MeTannM4yecknx CnraBoB Kak OObeKToB TEPMOKOHTPOJIA MOXHO KOJINYECTBEHHO

XapakTepn3oBaTb CPEAHUM  YPOBHEM  W3fyyaTenbHoW — CcrnocobHocTn , -4%%2  u
L

KOSCb(bVILl,I/IeHTOM CeJriekKTMBHOCTIU k:ﬁ. B ycnoBudax metannyprun, nog BOSﬂeVICTBMeM
&

MHOXecTBa (aKTOpOB, 3TW XapaKTePUCTUKM MOryT OOHOBPEMEHHO M He3aBUCUMO
N3MeHsATbCs.  [oaToMy, cny4dairHble W3MEHEHUs  U3NyyaTenbHbIX — XapakTepUCTUK
MeTannn4yecknx CnnaBoB B  LUMPOKMX Npedenax CyuecTBEHHO OrpaHuMyvBatoT
NCNONb30BaHME  KIacCU4Yeckon TEepMOMETPUWM BCIEACTBUME BbICOKOrO YpPOBHS €€
METOANYECKMX MOrPeLLIHOCTEN.

Ana nccneposaHni Bbinn 3agjaHbl AnanasoHbl 3aMeHenun ¢ (0,317...0,517) u k

(1,000...1,186), xapakTepHble Ans Haubonee pacnpoCTPaHEeHHbIX B MeTannyprum
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xene3oyrnepoancTtbiX crylaBoB B ONTUMAlibHbIX 30HaxX BU3UPOBaHUA. Onpep,eneHbl

HacTpoeYHble 3Ha4yeHua ¢, ,=0,417 n k, =1,093, COOTBETCTBYIOLUNE cepeanHaM yKasdaHHbIX

p.H
ANanasoHOB M3MEHEHUN u3rnydvaTernbHbIX XapaKTepUCTUK. OTU HACTPOEeYHble 3HaYeHUs
COOTBETCTBYIOT BONb(pamy B Bakyyme npu TemnepaTtype 1600 K B cnekrtpanbHOM
AnanasoHe 0,7...0,9 mkm [1]. CoOTBETCTBEHHO BBEAEHbI TeMnepaTypHble MnornpasBki An4

Knaccumyeckon aHepretmdeckom Ha 4 (31) n 4(32), cnekTpanbHOro OTHOLIEHUS Ha

ﬂmzﬂjﬁzﬂl (CO), a Takke gns AByxuBeToBOoM KomneHcaumoHHown (OKIMA) nupomeTtpun

nanyyeHna. C uncnonb3oBaHMEM MaTeEMATUYECKMX MoAenen ykasaHHbIX MeTOAOB,
paccumMTaHbl UX METOANYECKNE MOTPELLUHOCTU.
AHanua nony4eHHbIX pe3ynbTaTtoB nokasbiBaeT, 4To, B otnuumne ot 31, 32 nu CO

NMUPOMETPUMN U3NYYEHUs, NPU ¢ =g, , NorpelHocTy OKIN MUHUManbHbl 1 npakTuyecku

He 3aBUCAT OT CENEKTUBHOCTM U3Ny4veHus [2]. YCTaHOBMNEHO, YTO B MHTEpPBane 3Ha4yeHui

1,0203 <k <1,1522, B 3aBMCUMOCTU OT COYETaHUN k U ¢

<.+ BBIMOMHSOTCA creayoLve

COOTHOLIEHNS MOTPELUHOCTEN: |67 co| <[67 1| <[0T wamt| <[0T, [T co|=[6Tot| = |0T et | =[6T52| W
[67co|>[6Ton| > [T | >[675o| 32 mpepenmamm  aToro  uHTepeana  oAHO3HA4HO
[6Tco|>[6Ton| > [Ty | >[6T| - WiHTepecHo 1o, ~ 4to  nmpu  1,0203<k <1,1522,
0,317<¢, <0,517, ecnu nany4atesnbHble XapakTEPUCTUKN CBSI3aHbl 3aBMCHMOCTbIO BuAa

k =-0,6450-£2, +1,1974-£,, +0,7055, TO MOrPELUIHOCTN BCEX UCCNEAOBaHHbLIX METOA0B PaBHbI 1

HaxoaaTcsa B gmanasoHe ot -2,33 o 1,90 %.

OTKNOHEHNA (BEPXHEE N HWKHEE) CPEeOHEro ypOBHS M3NyyaTenbHOM CNOCOBHOCTH
OT HACTPOEYHOro 3HadeHud, MNpu KOTOpbIX MeToauyveckne norpewHoctn [OKIMA He
npesblwaoT +1,0 %, coctaBnawT 0,046 u -0,042, cooTBeTcTBEHHO. [ns npegena
norpewwHoctn £0,5 % OTKNOHEeHUs cocTaBnAaAlT cooTBeTcTBEHHO 0,022 n -0,019. B aTnx
Xe ycrnoBusiX, Npu usMeHeHun koadpduumeHta cenektmsHoctn ot 1,000 go 1,186,
norpetwwHoctn CO nupomeTpun nanyvyeHmna gocturaiot 3 %.

Takum obpasom, B pesynbraTte UCCreaoBaHNn KOMMMEKCHOro BAUAHUA CpedHero
YPOBHSA U3rny4yaTeNbHOM CNOCOOHOCTM MeTannuMyeckux CnnaBoB U KoadhdpuumeHTa
CENEKTUBHOCTU Ha METOAMYECKME MOrPELLHOCTU ONTUYECKON TEPMOMETPUN YCTAHOBIIEHDI
BblCOKME MeTponoruyeckne xapakrepuctukn OKMN ona 6ecKoHTakTHOro TePMOKOHTPOMS
MeTanM4yecknx cnrasoB. B oTnnume OT Knaccuyeckon, MeToaudeckume MorpeLHoCcTm

,EI,ByXLl,BeTOBOVI KOMMEHCaLNOHHOM NMMPOMETPUN U3NyHeHUd npakTUu4eCkn He 3aBUCAT OT
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CEeIleKTUBHOCTU W3JTy4eHUA TepMoMeTpupyemblX CrjaBoB. Onpe,u,eneHbl OTKITOHEeHUNA
cpegHero ypoBHA Msnyaneanon cnocobHocTn  OT HaCcTpoe4yHoro, npn KoOTopbIiX

obecneuvnBaeTcsa 3agaHHasa metoanyveckasa norpeluHocTs OKIA.

Cnucok nurtepaTypbl

1. UWedaHdnuH A. E. NanyyaTenbHble CBOMCTBA TBepAblX MaTepuanoB: CnpaBOYHUK.
/I M: OHeprusa, 1974. — 448 c.

2. XXykos Jl. @., NempeHko [. A. BnnaHne cenekTMBHOCTU TEMNSIOBOro U3Sy4YeHUs
MeTanfIM4eckux CrnaBoOB Ha MeTOAUYEeCKMEe MNOrpPeLlHOCTM WX  KacCU4ecKom WU
ABYXLBETOBOM KOMMNEHCAUMOHHON TepmomMeTpun. // MpomblwnieHHas TennoTexHuka. —
2017.-T. 39, Ne1. — C. 79-83.

YOK 621.745.5.06./.07:536.5
1. ®. XKykoB, M. 1. CmupHos, [1. A. NeTtpeHko, A. J1. KopHueHko
PUBMKO-TEXHOMNOrMYECKUI MHCTUTYT MeTannos n cnnasoB HAH YkpauHsl, r. Kues
Ten.: +38 050 629-95-71; e-mail: dima-petrenko@meta.ua

TEXHUKO-3KOHOMUYECKAA 3®PEKTUBHOCTb ACYTIN MHAYKUUOHHON
NNABKWU, MUKCEPOBAHUA U PA3JIUBKU YYTYHA

HenpepbiBHLIN ~ TEPMOKOHTPONb  pacnfaBoB, B  YaCTHOCTW, 4yryHa, B
MeTannypruyecknx neyax v arperatax siBNSeTCA akTyanbHOW M CIOXHOW 3apdaden ans
npeanpusaTUn MeTannyprum n Metannyprum MawwmnHOCTPOEHUSA. TOMbKO HernpepbiBHbLIN
KOHTPOMb  TemnepaTypbl  pacnnaBoB  obecrneymBaeT  cTabunbHOe  nonyyeHue
MeTannonpoaykuMm C 3agaHHblMM  CBOMCTBAMM MPU  MUHUMAIbHO  BO3MOXHbIX
pecypco3aTtpaTax MW co3gaeT Ha[exHyl OCHOBY [Ana asToMartu3auum Haumbonee
TPYOOEMKUX TEXHOMNOrMYeckux MnpoLeccoB M CO3[4aHUA aBTOMaTU3NPOBAHHOW CUCTEMbI
yrnpasneHus TexHonorn4yeckumu npoueccamu (ACYTIT) [1].

Ha ocHoBe HenpepbiBHOrO  CBETOBOAHOIO  TEPMOKOHTPONSA  YCTAHOBIEHbI
3aKOHOMEPHOCTU BINSAHUSA KOHTPONMPYEMbIX OMNpPeaensiowmx napameTpos, B TOM 4ucne
mMaccbl 3ymnda, MOLYHOCTW, COoCTaBa M MacChl 3arpyxaembiX [03 LWKXTbl, PEXNMOB

3arpyskm LWKMXTOBbIX MaTepuanos, TemMmnepartyp W pexummoB HannaelieHnAaA TUurn4
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MeTansnoMm, neperpesa U TepMOCTaTUPOBaHUS pacniaBa M OLUfakoBaHUS yTEPOBKM Ha
pecypco- 1 aHepro3aTpaThbl, a Takke NPOU3BOAUTENBHOCTb MPOLIECCOB NI1aBKX, BbIOEPXKKM
N MUKCEPOBaAHWS MeTanna B MHAYKUNOHHbIX neYax.

C ucnonb3oBaHMeM YCTaAHOBEHHbLIX 3aKOHOMEPHOCTEWN BIIMSHUSA Onpeaensomx
napameTpoB UM  HENPEPbLIBHOrO CBETOBOAHOro TepMokoHTponsa GTUMC HAHY
paspabotaHa ACYTI1 nnaBk1M, MUKCEPOBAHUS U Pa3fIMBKM XUOKOTO YyryHa, B TOM 4ucrie
Ha JMTENHbIX NpeanpuaATUAX aBToMoOWne-, TpakKTopo- W ABUraTenecTpoeHus,
NCNonb3yLWKNX MOHO-, Aynnekc- n Tpunnekc-npoueccbl [1]. OHa npegctaBnsaeT cobomn
MeToObl W TEeXHOSorMyeckne anropuTMbl KOMMIEKCHONO KOHTPOMS UM ynpaBreHus
MHOYKUMOHHBIMKW Npoueccammn, No3BONSALLME CHU3NTb dHepro3aTpaThbl, MCKNOYMUTbL Gpak u
aBapuu, CBA3aHHbIE C OTKIIOHEHUEM TeMnepaTypHbIX PEXUMOB OT HOPMATUBHbLIX, a Takke
MOBLICUTb CPOKM 3KCnsyataumm (pyTepoBKM M NPOM3BOAMTENbHOCTb MeTannyprmyeckoro
obopynoBaHusa. [Mpu  Hanuuum ACYTIl pacxogbl Ha yCTaHOBKY CBETOBOAHOIO
TEPMOKOHTPOJSIS OKYNaKTCs 3a KOPOTKOE BpPEMS.

B pesynbTaTe NpoMbIWNEHHbIX UCnbiTaHu u BHeapeHua ACYTI1 Ha npegnpusatusax
MeTannyprmum n MeTannyprum MalWHOCTPOEHUS YCTAHOBMEHO, YTO OHa CHWXaeT
aHepro3aTpaTbl (20%-80%), Gpak «no Ttemnepatype» (40%-100%), yrap LWUXTOBbLIX
maTepunanoB (20%-30%), a Takke nosbiwaeT cpok cnyxbbl dytepoBkn (50%-140%) u
nponssoauTenbHOCTb rneyen (40%-80%) v ncknioyaeT aBapun, CBA3aHHbIE C NeperpeBom
nnn nepeoxnaxgeHvem metanna. Hanpumep, Ha NpomblwneHHbIx nedax tuna UYT-10
(emkocteto 10 T M MowHOCTbO 2,2 MBT) [OCTUMHYTO pPEKOPAHOE, MNpPaKTU4ECKn
ABYKpaATHOE, CHWXEHWEe pacxona anekTpoaHeprn 0o 434 kBT-4 Ha BbiNfiaBky U neperpes
no 1400 °C 1 T uyryHa.

TexHonormm B coctaBe ACYTI 3awuuieHbl aBTOPCKMMWU CBUOETENbCTBAMU U
nateHtamum B YKpamHe u Poccun, a Takke 29 3apybexHbiMM nateHTamu B ABCTpanuu,
Bonrapuu, Nepmannn, Bennkobputanum, Kanage, CLUA, LWeeunn n AnoHnn, BHeApPEHbI Ha
OTEYECTBEHHbIX W 3apyOeXHbIX NpeanpuUsaTUNX.

Cnucok nurtepaTypbl

1. Zhukov L. F. Based on modern continuous temperature control PCS for
induction processes of receipt, processing and pouring of liquid cast iron at machine-
building foundries. // Project Book of 2017 Qingdao International Technology Transfer
Conference & Aoshan Eurasian Science and Technology Forum. — Qingdao, November
27-December 1, 2017. — P.251-252.
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YK 621.745.5.06./.07:536.5
1. ®. Xykos, A. J1. ToH4aposB, [1. A. leTpeHko
DUNINKO-TEXHOSTOrMYECKUA MHCTUTYT MeTannos u cnnasoB HAH YkpauHebl, r. Knes
Ten.. +38 050 629-95-71; e-mail: dima-petrenko@meta.ua

NEPUOOUYECKUN SKCMPECCHbIA KOHTPOJIb TEMMEPATYPbI PACIMJIABOB
NOrPY>XHbIMUA TEPMOJJIEKTPUYECKUMU NMPEOBPA3OBATENAMU TCIM-LU

Bo MHOrmx cnydasix, B TOM 4uCrie Ha LUMPOKO UCMOSMb3yeMbIX cenvac B YKpaunHe
MeTannypruyeckux rnevyax wu arperatax Marnow €eMKOCTW, TEXHWUYECKM BO3MOXHbIM W
Hanbonee 9KOHOMMYECKN BbIFOAHBIM SABMSETCS NEepuoauyecknini KOHTPONb TemnepaTypbl
NOPTaTUBHBLIMW KOHTAKTHbIMU TEPMOMETPaMN C MOMOLLbIO TEPMOINEKTPUHECKNX CMEHHbIX
npeobpasosatenen (TCIT) norpyxeHus. [Ang aTux uenen nponsBoaAaTCA U UCMOMb3YOTCH
oTedecTtBeHHble TCIl1 ogHopa3oBoro norpyxeHus, B Tom yucne tunos [MTIM-0788, MTIP-
0290 n NTBP-0688, a Takke TCI1 mHoropasoBoro norpyxenus Tuna NMNTBP-2 [1].

HepoocTtaTkm W3BECTHbIX pELUEeHWN, Takue Kak, Hanpumep, HU3Kas MexaHuyeckas
NMPOYHOCTbL  KOHCTpykumn TCI1, HensoTepMMYHOCTbL Tepmopasbema, CyLLIECTBEHHO
orpaHuyMBaloT obnactb NPUMEHEHUS NEPUOAUYECKOrO TEPMOKOHTPOSMS, CHUXaKT
KONMMYECTBO NOrPY>KEHUN, a Takke MOBbLILAKT NOrPELLHOCTb U CTOMMOCTb U3MEPEHUM.

Ana  ycTpaHeHMs  nepeyvucrneHHblX  HegocTaTkoB, aBTopamun  paspaboTaH
TEPMO3NEKTPUYECKMI CMEHHbIM npeobpasoBatenb norpyxenHua TCI-W  (Puc. 1),
npegHasHayYeHHbIn Ans paboTbl B KOMMMEKTe C TEPMOMETPOM NEePEHOCHbIM KOHTAKTHbIM
TIK-05.

228

29
7
220

83+85 65

163

Puc. 1 — KoHcTpykumst npeobpasoBatens TCI1-LU: 1 — paboynin KOHTaKT; 2 —

KBale,eBbIVl HaKOHEYHUK; 3 — Kopnyc, 4 — CTep’XHeBbl€ KOHTaKTbl.
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bnarogapa matepuanam wn KoOHCTpykumm TCI-lWW  OONONHUTENBbHO  CHWXKEH
nokasaTenb ero TeEPMUYECKON MHEPLUKM, a Takke MOBbILEHA CTOMKOCTb K arpecMBHOMY
BO3OencTBuo xuagkoro Metanna. B tepmometpe TIIK-05 npumeHeH creunanbHbIn
anroputm obpaboTkM NEPBUYHON U3MEPUTENBHON MH(OPMaLMK, COKpaLLaloWnn BPeEMS
namepeHna temnepatypbl, B komnekte ¢ TCI-W, go 7-10 c [2]. TepmomeTp TIIK-05
COCTOMT M3 MWKPOMNPOLECCOPHOro BTOPUYHOIO W3MepuTenbHOro npeobpasoBaTtensa 1 c
aBTOHOMHbIM ~ UCTOYHWKOM MUTaHUSE U BCTPOEHHbIM  UUAPOBLIM  UHOUKATOPOM
TemnepaTtypbl, MOrpy>KHON CTanbHOW WTaHM 2, TepMopasbema 3 1 npeobpasoBaTens
TCIM-W 4 (Puc. 2).

Puc. 2 — TepmomeTp nepeHocHon koHTakTHbIN TIK-05 n npeobpasoBaternb
TCIM-L.

B pesynbTaTe uCNbITaHUW B MPOU3BOACTBEHHbLIX YCNOBUAX YCTAHOBMEHO, YTO
npeobpasosatens TCI-lU ob6ecneunBaeT wu3amepeHne TemnepaTtypbl LBETHbIX WU
XenesoyrnepoaucTtbix pacnnasoB B AnanasoHe oT 600 go 1650 °C. [okasaHo, 4TO Ha
ctanax Magdunbga KonmyecTBO NOrpy>KeHU Ha rmyouHy 73...75 MM, Npu ONUTENbHOCTU
nameperHmn 7...10 ¢ gocturaet 20. Mpn atom, ctommocTb npeobpasosatens TCl1-LU He
npesbiwaeT ctoumocTb MNTBP-2.

TexHonorMm nepuognyeckoro 3KCNPEeCCHOro KOHTPONSA TemnepaTypbl 3alluLieHbl
nateHTamMM W BHeApeHbl Ha OTeYeCTBEHHbIX U 3apybexHbIX MeTannyprunyeckmx
npeanpusaTUAX.

Cnucok nutepatypbl

1. Katanor npogykummn HITO «Tepmonpnbop» [ONeKTpoHHbIN pecypc]. Pexum

aoctyna: www.thermo.lviv.ua/ukr/catalog/

2. Xykos Jl. @., lNempeHko L. A., oHuyapoe A. Jl., KopHueHko A. JI. NateHT
YkpanHbol Ne 95334, MIMK GO1K 13/12, GO1K 7/02. YCTpoWcTBO ANA W3MEpeHus
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TemnepaTypbl Xnakux n rasoobpasHbix cpeq. 3aasn. 29.05.2014, onybn. 25.12.2014,
Gron. Ne24.

YOK 621.74+064.89
Xypwuno A. 10.
XapbKkoBckur HaumoHanbHbIn TEXHUYECKUA YHUBEPCUTET PaguOo3SIeKTPOHUKM,

XapbKoB

O NEPCNEKTUBAX MPUMEHEHUA HEUPOHHbIX CETEWA B INTEUHOM
NMPOU3BOACTBE

B nocnegHwe rogbl MWCKYCCTBEHHble HEWPOHHble CceTu nonyuunn BypHoe
pa3suTMe.OHM NO3BONSAOT aBTOMaTM3MpOBaTb MNpPOUECcChbl pacno3HaBaHus o06pa3os,
co3gaBaTb NPOrHo3bl, o6ecneynBaTh IKCNEPTHbIE CUCTEMBbI U Tak ganee. Lnpokui cnektp
3afjay, pewaemMbll HEWPOHHbIMW CEeTAMMUPA3NUYHOrO BWMAA, He MO3BONSET CEroaHd
co3gasaTb yHMBepcarbHble, MOLUHbIE ceTu, BblHYXXdas paspabaTtbiBaTb
crneumanuampoBaHHble CeTU, PYHKLUMOHUPYIOLLME MO pasfIUyHbIM anroputMam.

Kpyr 3agad, ons pelleHus KOTOPbIX UCMOMb3YHTCA HEWPOHHbIE CETU, BO MHOIMOM
coBnajaeTt C 3ajavamu, pelaeMmbiMn TpaauUMOHHLIMU CTaTUCTUYECKMMKU MeTodamu. o
CpPaBHEHWIO C NMHENHbIMU MeTo4aMu CTaTUCTUKN (NMHENHas perpeccus, aBToperpeccus,
NMUHENHBbIN  AUCKPUMWHAHT), HEWPOHHblIE CeTU MNO3BOSMSAKT IPPEKTUBHO CTPOUTL
HEeNUHeNHble 3aBMCUMOCTM, ©Oonee TOYHO ONUChbiBaKLWMe Habopbl AaHHbIX. W3
HENMMHEeNHbIX METOAOB KNacCMYeCKoM CTaTUCTUKM pacrpoCTpaHeH, noxanyn, TOJSbKO
BanecoBCckun KrnaccudukaTop, CTPOSALWMNN KBaapPaTUYHYO pasdensitowyto NoBEPXHOCTb —
HEMPOHHAas CETb & MOXET MOCTPOUTb NOBEPXHOCTb Gonee BbICOKOro nopsiaka. Beicokas
HENUHENHOCTb pa3aenstoLern NOBEPXHOCTM HAaMBHOro 6anecoBcKoro knaccudukaTopa (oH
He uCnonb3yeT KOBapuauWOHHbIe MaTpuubl KIacCcoB, Kak Krnaccuyeckun Oanec, a
aHanuaupyeT rfokasibHble MAOTHOCTU BEPOATHOCTU) TpebyeT 3Ha4YMTEeNnbHOro CyMMapHOro
yucna npUMepoB ANs BO3MOXHOCTU OLEHMBaHUS BEPOATHOCTEN MPU KaKAOM COYeTaHuu
WHTEPBArioB 3HA4YeHU NepPEeMEHHbIX — HENMPOHHAst CeTb e oby4aeTcsa Ha Bcen Bblbopke
AaHHbIX, He (bparMeHTUPYyS e€, YTO NoBbILAaeT aieKBaTHOCTb HACTPOWKM HEMPOHHOWN CETH.

Mp NOCTPOEHMU HENMUHENHBIX Mogenen (Hanpumep, NONMMHOMUANbHbLIX) B

CTaTUCTUYECKUX nporpamMmmax 00bIYHO Tpe6yeTcs=| py4vyHOE BBeaeHue-onncaHne mMmoaenn B
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CUMBOJSIbBHOM BMAE C TOYHOCTbKO [0 3HayeHun napameTtpoB: npy N=10 HezaBUCUMbIX
nepemMeHHbIX NofiMHOM BTopow cteneHun byaet cogepxatb N*(N-1)/2=45 koadpcpmumeHToB
npu nonapHbIX Mpon3BedeHnax nepemeHHblx, 10 npn camux nepemeHHblx, 10 npwu
KBagpaTax 3HaA4YeHW NepemMeHHblX, T.e. 65 (66 ¢ y4eToOM HEOoQHOPOOHOro Craraemoro)
KoappuumenTos. Npn aBaguaT NepeMeEHHbIX B BblpaXeHne BOMAEeT yxke 231 crnaraemoe.
BeBoanTb Takve AnuHHbIE POPMYrbl AOMr0, BENUK PUCK OWNBKN. HenmpoHHasa ceTb ke
cosgaeTcs nyTeM ykasaHus BuAa CTPYKTYPbl, YACHA CMOEB M YMCNAa HEMPOHOB B KaXKaOM
cnoe, 4YTo ropasao ObicTpee. A anropUTMbl NOCTPOEHNSA PACTYLUMXHENPOCETEN U BOBCE HE
TpebylT nepBOHaYanbLHOro 3adaHusa pasmMepa HEWPOHHOW ceTu. AnbTepHaTUBOW
HENPOHHOW CEeTU MNPU MOCTPOEHUU CROXHbIX HENIMHEWHbIX MoAenen SABNseTCs TOSbKO
METOZ rpyrnnoBoOro y4yeta apryMeHTOB.

[na oxkatna n Bu3yanusaunmn OaHHbIX B CTaTUCTUKE pa3paboTaH MeTon JIMHENHbIX
rmaBHbIX KOMMNOHEHT. HeunpoceTn-asToaccoumaTopbl NO3BOMAAT IPPEKTUBHEE CKMUMATb
AaHHbIE 3@ CYET MOCTPOEHUS HEMUHENHbIX OTOBPaXKeHNn N BU3yanu3mMpoBaTb AaHHbIE B
NPOCTPaHCTBE MEHbLUEr0 YNCra HENMUHENHbIX MMaBHbIX KOMMOHEHT.

B nutenHom nponsBoLCTBE HEMPOHHLIE CETU YXKe NMPUMEHAITCA B aBToMaTU3aumnm
NpoM3BOACTBA: ONTUMU3AUUN PEXMMOB MPOU3BOACTBEHHOrO npouecca, KOHTposie
KayecTBa MpPOAYKUMW, MOHUTOPUHIEe W BU3yanu3aumm MHOTOMEPHOW OUCNeTY4epCKOomn
MHpopMaumn, NpeaynpexaeHnn aBapunHbliX CUTyaumi, pobOTOTEXHUKE.

HenpoceTtun - 3TO HOBbIN, TMOKMIA N MOLLHBLIN MHCTPYMEHT peLleHnst pa3sHoobpasHbIX
3agady obpaboTkm M aHanuida gaHHbiX. W ¢ KaxgbiM rogoM oH OyaeTt BocTpeboBaH Bce
BonbLue.

INutepartypa
1. YoccepmeH®..HenpokoMnbloTepHasa TeXHUKA: Teopus U npaktuka. M.: Mup,

2. Henpoundpopmatuka / A.H.MNop6axb, B.J1.AyHnH-Bapkosckuin, A.H.KupamH n gp.
— HoBocubupck: Hayka. Cnbupckoe npegnpuatne PAH, 1998. — 296c¢.
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YOK 621.74+004.925.8
A.T. Xypwuno, E. M. CuBak
HaunoHanbHbIM TEXHUYECKUIA YHUBEPCUTET

«XapbKOBCKU MOMUTEXHUYECKUIA UHCTUTYT», I. XapbKoB

FrEOMETPUYECKOE MOAEJIMPOBAHMUE MNPU
NMPOEKTUPOBAHUU KPUCTAJINIUSATOPOB MIHJI

MawmHa ropusoHTanbHoOro HenpepbiBHOro nutes (MIHIT) aBnsetca ogHuMm 13
Hanbonee nepcrnekTMBHbIX YCTPOWUCTB [ANs1 MOMyYeHUs NUTbIX 3aroTOBOK pPasfnn4HOro
ceyeHus. CepauemMm YCTaHOBKM SBMSAETCA KpuUCTannuvsatop — YCTPOWUCTBO, B KOTOPOM
KpMCTannuayeTcs pacnnaBfeHHbIn MeTani W MNPOUCXOOAUT MNepBUYHOE OXNaxaeHue
OTNIMTON 3aroTOBKM MNeped ee nepuoauvyeckum yganeHmem. [Jo HacToswero BpeMeHn He
cywiectByet  oOLWENpUMHATOrO nogxoda K  MNPOEKTUPOBAHMK  KPUCTannmn3aTopoB
ckonbXeHns. Hawbonee pacnpocTpaHeH METOA4 MOAENUPOBaHUS  KpucTannmsatopa
rmapaBnMYecKMMn Mogernsmu.

'eomeTpuyeckne mopenu kpuctannusatopos MIMHJ1 TpaguUMOHHO CTPOATCA Ha
OCHOBE CpaBHUTENbHO MPOCTbIX FEOMETPUYECKUX Uryp: npsiMbiX, MHOrOYrofibHUKOB,
OKPY>KHOCTEWN, MHOrorpaHHuKoB, cdpep. OaHako 04eBMAHO, YTO 3TOT Knaccmyeckun Habop,
AOCTaTOYHbIN OIS ONUCaHUS dfeMeHTapHbIX CTPYKTYpP, CTAHOBUTCHA Mano MpUMEHUMbIM,
ANSA Taknmx JOCTaTOYHO CIOXHbIX OOBLEKTOB, KakK Morfe ckopocTen B TypbyrneHTHOM NoToke
pacnnaesa, TennoBoe  nore  OTNUBKKW,  dopMa  (POHTa  KpucTanmusauuw,
TEPMOKOHBEKTMBHbIE MOTOKW M T.4. Kak wn3BectHo, dpaktan «koBep CeprnmnHCKOro»
ABNAETCA OOHMM M3 KrnacCuyeckux dopaktanoB BO (opakTasnibHOM reoMeTpumn, KOTopbIn
ABNAETCA ABYMEPHbIM aHanoroM KaHTOPOBCKOrO MHOXECTBa WCKITHOYEHHbIX CpeaHUX

TpeTeun.

(=0

Puc. 1 - KeagpaTHbin koBep CepnuHCKOro cO 3HayeHueMm ppakTanbHom

pasmepHocTu D = 1,8928 1 warn ero nocTpoeHuns
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OcecumMmeTpuYHasi KMAKOCTb (pacnnaBfeHHbI MeTann) B KpucTannusatope
pacrnpocTpaHseTcs Mo 3akoHaM CBOOOOHOM  CTpyM, 3akpyumBasi  OKpYXKaloLLW
pacnnaBrieHHbIi MeTann. 3To NO3BONSET MPUMEHSATb dpakTanbl AN MOAENMPOBaHUS
npouecca nuTbss U OpPMOOGPa3oBaHMs, YYUTbIBATb BIMSIHUE TEPMOKOHBEKTUBHBLIX
NOTOKOB, NOCTyNaTenbHOE ABMXXEHNE OTNMBAEMOWN 3aroTOBKWU, BTOPUYHOE OXNaXaeHue 3a

npeaenamu KpucTannusaropa.

Puc. 2 — Koep CepnuHcKkoro npu MOAENUPOBaHMN TedeHun 6Grnoma B
OLHOPYYBLEBOM KPUCTaNNN3aTop CKOSbXEHUS. 1- MeTannonpuemMHuk; 2 — Kpuctannuaarop;
3 — oTnMBaeMbI GroMm.

Ha ocHoBe reomeTpuyeckoro MoaenupoBaHWA npeasiaraeTcs MNpoeKTUpoBaHME
OCHOBHbIX MapaMeTpoB KpucCTannusaTtopa CKOMNbXEHWs Mnpu nomMowm dpaktanoB. 3OTO
no3sonsieT OOOUTbCA HarnsiAHOCTM, MOBLICUTH TOYHOCTb MPOEKTUPOBAHUA WU BbINTU Ha
YHU(UMKAUUIO OCHOBHbIX MapaMeTpoB KpucTannmsatopa. A 370, B CBOK O4epeab,

noBbIWAET Ka4eCTBO OTIIMBAEMbIX 3aroTOBOK.

Jlutepartypa
1. KpoHoBep P. M. ®paktanbl n xaoc B AnHammyeckmx cuctemax. OCHOBbI TeEOpUMN. -
M.: MNMoctmapkerT, 2000. — 352 c.
2. Xypuno A. . TeopeTnyeckne n npakTmyeckne OCHOBbI NPOEKTUPOBAHUSA MaLLWH
HenpepbIBHOro NuUTba. MoHorpadus / A. . XKypuno, . KO. Xypuno, 0. B. Moucees. X.:
HTY «XMW», 2013. — 174 c.
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YK 621.74.043
H. 1. 3amaTtuH, B. H. 3amaTtuH

Opeccknin HauMoHanbHbIM NONNTEXHMYECKU yHUBepcuTeT, Ogecca

NUCMNONb30OBAHUE UTPOBOMN NITIAT®OPMbI MINECRAFT ANIA MOOENUPOBAHUA
NUTENHBLIX NPOLIECCOB

Mpn MoaenuMpoBaHUN Pa3fUYHbIX OUHAMUYECKMX MPOLIECCOB, B TOM 4uclne U B
NUTENHOM NPOM3BOACTBE, YacTO MCcreaoBaTenb CTankuBaeTcs ¢ npobnemont Bolbopa U
peanu3auun moaenun. MogenvposaHe AUHAMUYECKUX NPOLIECCOB C U3MEHEHNEM CBOWCTB
cpedbl yoobHO MNpPOBOAMTL C UCMONb30BaHMEM MeEToda CXONacTUYEeCKUX KNeTOYHbIX
aBTOMaToB. [laHHbIA MeTO MO3BONSAET MEHSATb COCTOSIHME KIeTKM B 3aBMCUMOCTU OT
HOBOrO COCTOSIHUSI CMEXHbIX KMNETOK, a Takke OT COCTOSIHUSI KNeTOoK BHYTpWU Brioka KneTok

N OT TaKUX XXe CMEXHbIX 6NOKOB.

8 Mncoralt 112 = ]

f”fll
22
33
—— 4 4

T— 55

Puc. 1 — Mogenb kpuctannusauum oTfIMBKK, NOCTPOEHHas B cpeae Minecraft

1 — KOKUnb, 2 — TEPMOCTOMNKAs CUIIMKOHOBAA pe3nHa, 3 — 3akpucTanin3oBaBLUMIACS
pacnnas, 4 — 30Ha Kpuctannmaaumu, 5 — Xugkun metann.

Ons obneryeHnss nporpamMmMupoBaHMa U BU3yanu3auuMm QOaHHOro MeToaa
MOAENUPOBAHUS MOXHO PEKOMEHOOBATb UCMONb30BaHNE FOTOBLIX PELUEHUIA, B TOM YKUCHE
n n3 urp. OQHOM N3 TaKUX UTP MOXET CNYXMTb urpa Minecratft.

Minecraft npegocTtaBnsieT n3 cebs TpexMmepHbI NPoUeaypPHO reHepupyembii Mup,
MOMHOCTBbIO COCTOALMA N3 Kybuyeckux 6nokos. Kaxgomy 650Ky MOXHO 3agaTb TOMbKO
eMy npucyLumMe CBOMCTBA MM co3gaTtb obnactb 6510KOB C OANHAKOBBLIMU CBOMCTBaMU. Tak
e MOXHO YyKasaTb B3aMMOLENCTBME MeXy OriokamMm M uxX peakumio Ha U3MEHeHue

BHELIHUNX yCJ'IOBI/IIZ.
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Mpy nomowm AaHHOM NporpaMMbl OblNl CMOAENMPOBAH NPOLECC KpucTannusauum
ONOBSIHHOFO Cnnaea B KOkuNe C OBNMLOBKON M3 TEPMOCTOMKON CUMMKOHOBOMN PE3UHbI.
PesynbTaTbl pac4yeToB cOBMagany C 3SKCMEpPUMEHTANbHbIMW OaHHbIMK, YTO TOBOPUT O

BO3MOXXHOCTU NPUMEHEHNA AaHHOM Moaenu ans pac4yeToB.

YK 621.774:669.2
.M.3aciHeub, B.M.KponiBHuun, 10.B.6abuny

LleHTpanbHOYKpaiHCbKMIA HaLiOHaNbHUN TEXHIYHUI YHiBepcuTeT, KponMBHULBKUIA

YTUNI3AUIA BIAXoAIB ANOMIHIEBUX CIJABIB HA MALULMHOBYAIBHOMY
nanPUEMCTBI

Cnpuatnuee noegHaHHA  PIBUKO-MEXaHIYHUX | TEeXHOMOrYHUX BNACTUBOCTEN
antoMiHiEBMX CnnaBiB BM3Ha4Yae iX LUMPOKE 3aCTOCYBaHHS B SIKOCTI Martepiany getanen
rigpaBnivyHUX MawmH. Y GiNbLUOCTI BUNAAKIB Taki BiAMBKM BUIOTOBASAIOTLCS Ha NIMBApPHUX
AINbHULSAX MawKnHoOyAiBHMX  NiANPUEMCTB. YTunizauia CTPY>XKMU B MeXxax
MaLnHOByaiBHOro NiANPUEMCTBA A03BOMSIE CYTTEBO MiABULLNTA EKOHOMIYHY €(PEKTUBHICTb
BMPOOHMLUTBA LNAXOM BUKOPUCTaAHHA BTOPUHHUX aroMiHIEBMX CnaBiB  BacHOro
BUPOBHMLUTBA.

BupilweHHs nuTaHb ytunisauii y meTanyprii BTOPUHHOIO antoMiHito MoB'sI3yeTbcs 3
BUKOPUCTAHHAM  €KONoriyHo  Ge3neyHnx  TexHOmoriM  nepepodbkn  HU3BKOCOPTHOI
antoMiHieBoi cupoBuHW. [epennaB CTpykku HebesneyHnn MOXNMBICTIO 3abpyaHeHb
po3nnaBy rasamu i HeMeTaneBUMM BKITIOYEHHAMM, KiNbKIiCTb LUaky, WO YTBOPKETLCSA MpU
nepennasLi CTPYXK/ antoMiHieBuX cnnasiB Moxe gocsratv o 40% Big macu BTOPUHHOIO
cnnasy [1]. HeobxigHoO npoBoaMTW SAKICHY NIArOTOBKA CTPYXKM OO0 nepennasy (CYLUiHHS,
BUOanNeHHs MeTanesBuMx  JOMILLOK YOpHMX MeTaniB i HemeTaneBux BKOYEHb) Ta
nocnigyto4e paiHyBaHHS OTPUMAHOro cnrasy.

O6’ekToM gocnigkeHb Oyna cymill CTPYXXKM antomiHieBux crnnaeiB mapok AK12M2,
AK5M2, AK5M2L14, AK8M3, AKOM2L12, AK6M2L303. lMNMepennas cTpyxkn cknagae 30 T
npUaaTHOro BTOPUHHOIO CMMaBy Ha MicALb, WO B 06’eMi piYHOT BUNNABKX Ha NiANPUEMCTBI
anomiHiesmx crnnasiB ckrnagae 7,5%.

Po3rnsaHyTo HacCTynHi HanpsaMKM MigBULLEHHA SKOCTI BTOPUHHUX  artoMiHIEBUX

nuBapHUX crnnaeis:
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1. 3HWXKEHHA Yy cKnagi WuXTM MNOTeHUinHO Hebe3neyHux Ans HaBKOSMLIHBOro
cepefoBuLLIa KOMMOHEHTIB WSXOM X nonepeaHboi niarotoskn (BuganeHHs 3 MOP npu
OpUKETYBaHHI CTPYXKN);

2. Y[QOCKOHanNeHHs TEXHOMO il NnaBku i padiHyto4oi 0B6pobkn 3 METO 3MEHLLEHHS
KiNTbKOCTI YTBOPKOEMOTO LUAKY.

3. 3acTocyBaHHS OYULLLEHHS IHEPTHUMU rasamu.

3ibpaHy Big 00pOGMOKYMX LEHTPIB anoMiHIEBY CTPYXKY nepen nepennasoMm
Butpumytotb npotarom 10...15 pi6. 3a uen yac BigOyBaeTbCA CTiKaHHA 3anuLLKIB
MacTUIbHO-oxonoaxyBanbHol piguHn (MOP) Ta 4acTkoBe BMMNApOBYBaHHS BOJSOIN.
CTpyxKky nepea nepennaBom npecyloTb y Opuketn giametpom 100 mm Ta Bucotoo 100
MM. [pecyBaHHA Befe A0 pO3irpiBy NakeTy 3a paxyHOK CUi TepTs i cnpude Jo4aTKOBOMY
BnganeHHo MOP. lMepennaBka OpMKETIB NPOBOAUTLCA B ENEKTPUYHIA nedvi  onopy
Naberteh. BpukeTn 3aBaHTaxyloTb Yy nornepegHbO pPoO3nnaBfeHy pigKy BaHHY mMeTtany
macow o 30% Big macu 3asanku 3 Temnepartypoto 750...800 C, aka nokpuTa Lapom
dntocy.. Ona padiHyBaHHA 3acTtocoByBanu c¢nwoc PROBAT-FLUUS AL 224, dipmu
“SHAFER” (Hime4unHa). Temnepartypa padiHyBaHHS i pO3fMBKM po3nnaBy CTaHOBMNaA
740£10 °C. Yac padgpiHyBaHHs cknagaB 30...45 xB. KinbkicTb dnocy 3miHoBanuM B
iHTepani 0,2 - 2% Big macu cnpecoBaHux 6pukeTiB. LLnak, oTpumaHuii npu padgiHyBaHHI
pobaskoto pnocy PROBAT-FLUUSS AL 224 y kinbkocTi noHag 1,5% BigHOCHO macu
antoMmiHieBMx BGpuKeTiB GritoCcy CTae MOPOLUKONOAIGHUM i MICTUTb NULLE OKPEMi HEBESMKI
TBepAi BKNIOYEHHS. 3 nigBuleHHAM [o0aBku brtocy BCTAHOBMAEHO IiHIMHE 3HMXXEHHS
KiNbKOCTI Wwnaky Ao 4%. Ta KinbKOCTi ra3oBmx Nop y 3aTBepainux npobax..

EdektuBHicTb Aii dontocy 3anexuTb Big cnocoby BBedeHHS. ICHyio4a TexHonoris
nepenbavae BBedeHHs pniocy B po3nsaB 3a AOMNOMOrol [A3BiHoYka. [MpoBeaeHHs
pobaekn qritocy A0 CTPYXKU nepen npecyBaHHsAM 3abesneyye nonepenHe pynHyBaHHSA
OKCMAHMX NNIBOK Ta nonerweHe nnaeBneHHs OpukeTiB. 3anponoHOBaHO TEXHOMOTIi0
aerasauil i paiHyBaHHS 3 BUKOPUCTAHHSM BAYBaHHSA (pniocy B pos3nnasB 3a A0NOMOror
iMnenepa, WO CTBOPKOE Yy po3nnasi o6’eM 3 ApibHUMKU GynbGawkamu. Mpu cinuBaHHI
oynbbawok BigdyBaeTbcss Aecopbuis 3 po3nnaBy PO3YMHEHOrO BOAHK. Binblu BUCOKI
NMOKasHWKM padiHyBaHHS Ta gerasadii BTOPMHHOrO antoMiHiEBOro cnnaBy AOCAralTbCs Npu
3amiwyBaHHi ¢nocy 3 po3nnaBoM MNpu npodysui aproHom abo asotom. [Mpoayska
iHEPTHMM ra3om 3abeanevye skicHe npoBeaeHHs padiiHyBaHHA MPU 3MEHLUEHHI BUTpaT
drntocy Ha 30%.
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PesynbTtatv npommncnoBmx BUnpobyBaHb TEXHOMNOriI TepMo-hntocoBOro nepennasy
CTPYXKM arntoMiHIEBUX CMNNaBiB MoKas3anu MOXIIMBICTb BUCOKOMNPOAYKTUBHOIO OTPUMAaHHS

SIKICHOro BTOPUHHOIO antoMiHIEBOro crinasy.

Cnucok nitepatypu

1. MatkoBa A.B., Omutpitok M.B., Llep6a A.B. Pospobka pecypcosbepiratoumx
TEXHONOrin nepepobkn BiaxodiB BUMPOOHULTBA Y TEXHOMOrYHI antoMiHiEBI cnnasu

/IMixBy3iBCbkuin 30ipHMK "Haykosi HoTaTkn". Jlyubk, 2011. Bun. Ne33,- ¢.150-152.

YOK 621.745:539.219.1
A.C. 3atynoBckui, B.A. Jlakees, B.A. LLlepeukun
PU3MNKO-TEXHONOMMYECKUI MHCTUTYT MeTannoB n cnnasoB HAH YkpauHsl, r. Knes
Ten./pakc.: 044 424 35 42, e-malil: kKompozit@ptima.kiev.ua

JINTBIE TETEPOINEHHLIE KOMIMO3UTbl, APMUPOBAHHbIE MAKPO-
SNEMEHTAMU U SHAOTINEHHBbIMU YACTULAMU, CUHTESUPOBAHHbLIMU B
NMPOLIECCE XWOKOTBEPOOW KOHCONMUAOALUN

BonbWKWHCTBO ~ TexHonornn npou3BoACTBA  NUTbIX MeTanIoMaTpUYHbIX
KOMMO3MLMOHHBLIX MaTtepuanoB C apMUpYOLWMMK rpaHynammu 6onee Tyronnaskoro cnnasa
He npegnonaratlT CUHTE3a HOBbIX CTPYKTYPHbIX 3NIEMEHTOB B MpoLecce U3roTOBMEHUS.
Mocne nuTba apMmupyloLLMe 3feMEHTbl COXPaHAT 3apaHee 3afdaHHOe perynsipHoe
pacnonoXxeHue, apMupylolme rpaHynbl MPakTUYECKM He MEHSIOT CBOK CTPYKTYpy WU
dopMy. ABTOpbI Jaxe npefocTeperardT OT U3MEHEHUN B CTPYKTYpe, OPUEHTUPYSCb Ha
KOHKpEeTHble YCrOBUS 3KcnrnyaTauuu usgenuin. BHumaHve ypgensetcsa  co3gaHuio
HaJEeXHOro KOHTakTa Mexay MaTtpuuen u apMupyowmMmmn anemeHTamn. Metogbl co3gaHus
NUTbIX KOMMO3UTOB C MeTarIMyeckKuMuM apMupyroLWMMn YacTuuaMmm OrpaHuyYnBaroTCH
noabopomM  UCXOAHbIX  KOMMOHEHTOB W MPUMEHEHMEM  BHELIHUX  MEXaHUYeCKMX
BO3OEUCTBMA B TeMmnepaTypHbIX WHTepBanax, rae B3auMMOLenCTBME pacTBOPOB
KOMMOHEHTOB He MPOSBISAETCA Ha KOHEYHOW CTPYKTYpe.

Boimas 3a pamMku NpUHATBIX TeMnepaTypHbIX PEXUMOB, NeperpeB MaTpUYHbIv

pacnnae n yeseriMdinMB BpeMA BbIOEPXKKNA, MOXHO MNPoOu3BOAUTbL HOBblE MaTepuarbl, rge B
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CTPYKTYpe nMnoABIAKOTCA HOBbIE 3JIEMEHTHI, O6paSOBaHHbIe B pe3ynbTate 4acCTU4HOro
pacTBOpEHNA NMOBEPXHOCTU apMUPYHOLLIUX 3NeMEHTOB B pacrsjlaBe MaTpu4yHOro criyiaBa, a

Takke BblAENMBLUMECS U3 B3aMMHbIX PaCTBOPOB (pUCYHKM 1, 2).

Puc.1 - Menkne sHOoOreHHble Yactuubl, obpasyromecs B IMTOM KOMMO3ULMOHHOM

maTtepuane, COCTOSILLEM M3 BPOH3bl U CTamnbHbIX FpaHyn pasMmepamu 2—4 MM.

Ha pucyHke 2 wn3obpaxeHa CTpyKTypa JMTOro KOMMO3uTa apMUpOBaHHOrO
cTanbHbIMM YacTuuamm pasmepoMm MeHble 0,5 MM, CMHTEe3MpoBaHHbIMW B MpoLecce
TBEPLOXKNOKOro coBMelleHunsa. KoHTponupyemon gucneprauuu noggaBannucb 3NE€MEHThI
CTanbHOW IMTENHOM OPMbI, B KOTOPYK Obin 3anmMT maTtpuyHbii cnnaB. CuHTE3
nponcxoan BO BpeMs U30TEPMUYECKOW BbIOAEPXKM B WHTepBarne Ttemnepatyp Ha 100-

200°C Bbiwe Temnepatypbl NraesneHna matpuyHoro cnnasa OLIC 5-5-5 [1].
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Puc.2 - [ucnepcHble CTPYKTypbl, dopMupyloLMecs mnpu B3auMOOenucTBun
apMUpYyoLLLEro afieMeHTa u MaTpUYHOro pacnsnasa.

MaTtepuanbl ¢ NogobHbIMKU CTPYKTYpamun obnagatroT yHUKarnbHbIMWU CBONCTBaMU U He
MOrytT ObITb nonydeHbl gpyrumu  metogamum. MoryT OblTb  MCNONb30BaHbl  ANS

Npon3BoACTBa aHTUMPPUKLNOHHBIX U3OEeNUN C rPaMEeHTHON CTPYKTYPOWN.
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Cnucok nitepatypm
1. TMaTteHT YkpaiHm «AHTUPUKLiMHMnKOMNOo3uUinHunmartepian» Ne73017; MIIK
(2006) B22F3/26 (2006.01), C10M103/00, C22C 33/02 (2006.01), C22C 38/00, F16C
33/12 (2006.01); ony6n. 16.05.2005.6t0n. Ne 8.

YK 621.74.074:621.7
A.C. 3atynoBcbkui, B.O.lLepeubkun, B.A. JlakeeB,0.A.KapaHpa
Di3nKO-TEXHOSMOrIYHMI IHCTUTYT MeTaniB Ta cnnasiBe HAH Ykpainu, m. Knis
Ten./cbakc.: 044 424 35 42 , e-mail: kompozit@ptima.kiev.ua

NMUBAPHI TEXHONOIIT OTPUMAHHA ANTFOMOMATPUYHUX
KOMMO3ULINHUX MATEPIATNIB

B paHunm yac 3amicTb TpaguuinHUX aHTUAPUKLINHUX MaTtepianiB Bce 4acTiwe
3aCTOCOBYIOTb KOMMO3WUUINHI MaTepiann,saki ogepXylTb i3 3aCTOCyBaHHAM NUBAPHUX
TexHonorin. JluTi KoMnosuuinHi mMaTtepianu 3apa3 BUMPOONAOTbL NEPEeBaXHO NUTTAM Y
dopmn nonepeaHbLO MiAroTOBaHMX KOMMO3UTHUX CYCMeH3in. ICHye ABa OCHOBHMX cnocobu
NPUroTyBaHHA TaKMUX CYCMEeH3in: ex-Situ - BBeAeHHS B pPidKMA MaTpuUyHUA po3nnas
yacTMHOK (10-100 MKM) abo KOPOTKUX KepaMiYHMX BOMOKOH (5-15 MM); in-Situ - CTBOpPEHHS
3apoakiB KepamiyHux abo iHTepmeTanigHux (asoBUX YACTUHOK BHACMIQOK XiMIYHUX
peakuin MK pigkum meTanesBMm po3nfiaBom Matpuui i TBepaumu abo rasonogibHnumm
peakTMBamu, WO BBOOATLCHA 330BHi. CMHTE30BaHi apmylodi 4acTkM MalTb OOCUTb Mani
po3amipn (0,5-2 mkm). KoxkeH 3 MeToAiB Mae CBOI nepeBaru i Hegoniku. Y pasi in-situ, go
piOKOro MeTaneBoro MaTpM4yHOMY MaTepiany 000alTbCA KepamidHi YaCTUHKKM, 3a3BUYan
npu nepemilyBaHHi MaTpUYyHOro MeTany Miwankamm pisHoro Tuny. lpoctota uboro
MeTody HIBEMETbCA CKMNAgHICTIO OTPUMaHHS CycneHsii HeobXxigHoi sKoCTi nepepg
3anmBkolo 'y copmn. [1] Came TOMYy Hag3BMYAMHO akTyanbHa po3pobka HOBUX
TEXHOSIONYHMX NPOoLECIB ANa OTPUMaHHSA 3HOCOCTIMKMX KOMMO3ULIMHUX MaTepianis.

Y Bigaini komno3uuininx martepianis PTIMC HAHY po3pobneHa i 3anaTteHTOBaHa
opuriHanbHa TEeXHOMoria oTpMMaHHs Komno3nTtiB. OCHOBHa igest po3pobreHol TEXHONOTIT
nonsirae B NPOCOYYBaHHI MeTaneBuM pO3niaBoOM-iHPINbTpaToM nNpedopmu, Aka MICTUTb
MeTanesy MNOPOLLKOBY CKMadoBYy CXOXOro XiMiYHOro ckragy 3 po3MnnaBoM, SKUM

NPOCOYYOTb. Y TEXHOMOriYHIA CXemi eTan nNpocodeHHst npedopMu peanidyetbca 6e3 i
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nonepeaHbol  KOHconigauir, TO6TO npecyBaHHA abo  cnikaHHs. BeepneHHs
yNbTPaguUCnepCHUX KOMMO3ULIMHUX CKNadoBMX B MeTaneBy MaTpULO 34IMCHIOETBCA
NPOCOYEHHAM MIKPOrpaHyn, siki OAEpPXKYyoTb XiMiKO-TEPMIYHOK abo MexaHiYHOoK dikcalieto
yNbTpagncnepcHMX YacTUHOK Ha NOBEPXHI antoMiHieBMX NopoLuKiB poamipamu Big 100 Mkm.
3a po3pobrnieHoo TexHonorielo Oyna oTpMmaHa cepis KOMMO3WULIMHUX MaTepianiB 3
Bmictom o 70 06.% auncnepcHux 4yactuHok po3mipom 160-400 MKM i KOMMNNEKCHUMM
HanoBHOBa4YamMn 3 BMICTOM A0 5% ynbTpagucnepcHux 4vactuHok 30-500 Hm. Cepep
HanoBHOBaYiB, kapbian, HITPMAN, OKCMAN, NUIIEYHOC, KBApLOBUK MiCOK. [2]

[na oTpMMaHHA KOMMO3UTIB HA OCHOBI antoMIHIEBMX CMNraBiB TaKOX 3aCTOCOBYETLCA
BiQUEHTPOBE NUTTHA - YHIiKanbHUI CNOCIO CTBOPEHHSA 3aroTiBOK AeTanen 3 LapyBaTo
rpagieHTHOK CTPYKTYPOHK, Y SIKUX 3@ PaxyHOK CrpsSMOBaHOrO OCaXEHHA 4YacTMHOK B
piaKkOMeTaniyHin cycneHsii MoXyTb OyTM OpraHi3oBaHi NOBEPXHEBI 30HU (wapw) 3
NiABULLEHOK KOHLEHTPALIE apMyo4nx YacTUHOK [3-5]. OTpuMaHHA KOMMNO3UTIB METOLOM
BiOLEHTPOBOro NUTTHA 3 rOPU3OHTAsNIbHOK BiCClO 06epTaHHA A4ae MOXIUBICTb OTPUMYBaTU
3aroTiBkM 3 ANdepeHLinoBaHNM PO3MNOA4INOM apMyHUnX efieMeHTIB Mo NepeTuHy BUMNBKA,
3aBOSKM OOHOYACHOMY 3aroBHEHHIO MeTanomM dopMu MO BCIA OOBXWHI BUNMBKA i
BiJCYTHOCTI ocigaHHs 4acTuHoK. OTpumaHi geTani MalTb apMOBaHy 30BHiWHKO abo
BHYTPILLUHIO MOBEPXHIO (30HY), B 3areXHOCTi Big CNiBBIOHOLWIEHHS LWiNTbHOCTI YaCTUHOK |
MaTpPUYHOro cnnasy.

B paHun vac surotoBrieHHa nutnx KM 3amiwlyBaHHAM OUCNEPCHUX YaCTUHOK B
po3nnaB 3anuacTbCs Ha 030POEHHI OOCMIOHUKIB | TEXHOMOrIB, K HANOINbW NPOCTUN i
yHiBepcanbHui cnocid [6]. OgHak, y GaraTbOx BuMNagkax, AOCUTb CKNagHO LOMOrTUCA
PIBHOMIPDHOrO pPO3MoAiny apMyluymx YacTMHOK B NUTBI. TOMy, Ha Hawy AOyMKy, Mae
nepcnekTusmn 3actocyBaHHs MIT[J-o6pobkn, 3 BUKOPUCTAHHAM 3MIHHOIMO MarHiTHOro mnons
(HanpyxeHictb MarHiTHoro nons 0,07-0,09 Tn) pigkoro antoMiHIEBOrO MaTpPUYHOIO

po3nnasy, 3 BBEAEHUMMU B HbOrO KepaMiYHUMU YacTKaMMU.
Cnucok nitepatypu
1. Braszczynski J.Litekompozitnimaterialy s kovovoimatrici.: Slevarnistvi, LIl, #6,
2004, Brno, S. 209-211.

2. Mat. 36091 VYkpaiun, MIK6 B22F 3/00, C22C 1/00. Cnoci6 ogepxaHHs

KOMMNO3NLINHMX MaTepiania 3 pisHUM @pakuinHUM Ta XiMIYHMM CKIlagoOM KOMIMOHEHTIB
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7. 3amynoeckul A.C., Jlakeee B.A., ®ukcceH B.H. ViccnegosaHue BnuaHua MM
06paboTkn 1 BUGpPaLMM HA MUKPOCTPYKTYPY U TPUBOTEXHUYECKME CBOMCTBA NUTLIX invitro
KOMMO3UTHbLIX MaTepuanoB C MaTtpuuen u3 aniMUHUEBBIX cnnasoB. Tpyabl V
MexayHapooHOM  Hay4YHO-MPaKTUYEeCKOW  BbICTaBKU-KOHGepeHunn «Jlutee 2009» T.

3anopoxbe, 3anopoXckas TOProBo-npombILWieHHas nanata, C.172-173.

YOK 621.74.046:669.14

A.C. 3atynoBcbkun, B.O. LLlepeubkun, B.A. Jlakees, O.A. KapaHaa

@i3MKO-TEXHOMOrYHUM IHCTUTYT MeTarniB Ta CnnasiB
HAH Ykpaiun, m. Kuis
Ten./bakc.: 044 424 35 42, e-mail: kKompozit@ptima.kiev.ua

TPUBOTEXHIYHI BTACTUBOCTI LUAPYBATUX BIMETANIB CUCTEMMU
«CTANb + AHTU®PUKLIIMHUIA KOMMNO3UT (NIKM)»

[nsi 3a40BOMEHHA Cy4YaCHUX BUMOr MPOMWUCIIOBOCTI HEOOXiAHO po3pobMTM HOBI
mMatepianu 3 nigeuweHnm B 2-10 pasiB piBHEM 3HococTikocTi. OcobnuBo 3aBOaHHSA

aKkTyaribHe ans By3J'IiB TEPTA, WO eKCrnyaTyrTbCA B EKCTpEMAJIbHNX YMOBax NiaBULLLEHUX
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HaBaHTa)XXeHb, TemnepaTtyp, LBWOAKOCTEN KOB3aHHS, B YMOBax CyXOro TepTs, BMIvBY
abpasnBHMX YACTMHOK.

ICTOTHUM TEXHIKO-EKOHOMIYHUIN edeKkT Moxe OyTM OTpuMMaHWn 3a pPaxyHOK
BMKOPUCT@HHA HOBOrO 3HOCOCTIMKOrO [BOLLAPOBOrO KOMMO3WUTY: CTafilb - OCHOBA,
3HOCOCTIVKMIA NUTUI gickpeTHoapMmoBaHuin komnoauT (JIKM) - nnakytounn wap. MNepesara
GimeTaneBux fgeTtanen nonsrae B TOMYy, WO pobova noBepxHs BUPOBIB Mae BUCOKY
aHTUAPUKLINHICTD, SIKa xapakTepHa Ans komno3uty JIKM, a ocHoBHUI (ONOpHUK) wap —
BONogi€ MilUHicTo cTanesoro Bupoby [1,2].

TpuboTecTyBaHHs npoBOAunM Ha ycTaHoBui MT-68 3a cxemoro: BuMNpobyBaHUN
3pasok Bucoto 15 mm i giametpom 10 mm B napi 3i ctanesum (CT.65IN) KoHTpTINOM, 6€3
nogadi mMactuna B 30HY KOHTaKTy, LUBUAKICTb KOB3aHHA Swm/c, HaBaHTaxeHHA 50H; yac
BunpobyesaHHsa 1800 c. 3pasku OimeTaniB Manu pi3Hy TOBLUMHY MNIaKyk4oro Liapy,
BUKOHaAHOro 3 6poH3un abo JIKM. [1ns nopiBHAHHA BUMKOPUCTOBYBAanM 3pa3ku 3 MOHOCMaBy
6poH3n i JIKM. BuaHavanm iHTEHCUBHICTb 3HOLIYBaAHHA i KOediUiEHT TepTs. AK nokasye
aHani3a oTpumaHux pesynbTaTtiB (guB. Tabnuuio 1), 6imetanu cuctemun «ctanb + JIKM»
MalwTb 3HaA4YHi nepeBarn, $SK aHTUPUKUIMHUKA MaTepian B MNOPIBHAHHI 3  HWWMMK
Marepianamun, Hanpuknag, 3 6imetanom «crtanb + OGpoH3a», MOHOCMMNABOM - BPOH30M0
BpA9X4 (1 = 370mr / km cm2, f = 0,32).

Tabnuua.1 - Pesynbtatn TpnboicnuTtie 6imeTtanis.

Ne ToBwWwMHa nnaky4oro | 3Hoc, 1, | KoediuieHT TepTs, f
3paska wapy, MM MI/KM-CM?

GimeTtan «ctanb + JIKM»

1 2,0 8,45 0,35
2 2,8-3,0 11,43 0,33
3 4,6-5,1 14,12 0,31
4 7,8-8,0 15,1 0,31
GimeTtan «cTtanb + 6poH3a»

5 2,0 32,99 0,34
6 2,7-3,0 47,79 0,28
7 3,9-4,3 117,2 0,27
8 7,3-6,2 124,39 0,28

Lle nosCHIETBCA MIOBULLEHOK  KOHCTPYKUIMHOI  MILHICTIO OCHOBWM  (cTani),

WwapyBaTolo ByaoBo GumeTana i reTeporeHHICTio cTpykTypy nnakytodoro JIKM. B skocTi
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nepeLuKkoa, siKi OrnokyrTb 3apOXKeHHS i 0COBNMBO PO3BUTOK TPILLMH MPU HaBaHTaXKEHHI
KOMMNO3UTIB, CNyXaTb 3MILHIOIOYI YacTkK, MexXi 3epeH, bnokis Ta iHW. e Ginbwot Mipoto
GrnokyBaHHA pPO3BUTKY AedekTiB BigOyBaeTbCs 3@ paxyHOK BMAMBY rpaHuULi po3ainy Lwapis
B Oimetanax. lNoegHaHHa B pobodomy wapi getani (JIKM) TBepamx i nnacTUyHUX
CKNagoBMX MOXe PI3KO CrMOBINbHUTU YTBOPEHHA MIKPOTPILLMH, 3pYLUEHHA TBepanx
apMylumMx rpaHyn i okpeMmx MesodparMeHTiB maTpuui. bimeTaniyHi  nigWwmMnHUKM
KOB3aHHS «cTanb + aHTudpukuinHni JIKM» BMKOPUCTOBYKOTb B BaXXKO HaBaHTaXXEHUX
By3rax TepTs MeTanyprinHoro, ripHM4o406yBHOro, TPAHCMNOPTHOrO Ta iHW. obGnagHaHHS.
3acTtocoBytoun BimeTaniyHi BTYMKA, MOXHaA [OOCArTM 3HA4YHOI EKOHOMIT OediunTHUX
KONbOPOBUX CrnaBiB, NpyY OgHOYacHOMYy 36inblUeHHi B 2-5 pasiB JOBroBi4HOCTI HagiNHOI
po6oTK By3niB TEPTS.

Cnucok nitepatypm

1. Hauodek B.J1., 3amynoeckul A.C., 3amynoeckuli C.C. //B kH. «50 net B
Akagemuun Hayk YkpanHbly», Knes-@TUMC HAHY. 2008. — C. 349-377.

2. Yenypko M.U. u dp.bumetannuyeckne matepuansl. — J1.: CygoctpoeHue, 1984.
- C. 272.
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3axapueHko 3.B.1, Byp6enko A.A.?, CupeHko E.Al*,, FoHuyapoB A.Jl.1, Borgan A.B.?
ldn3sunKo-TexHoNorMYecknii MIHCTUTYT MeTannos 1 cnnasos HAH YkpawnHbl, r. Kues
2YHusepcuTeT Hayku n TexHonorun «FopHo-MeTannyprudeckas Akagemus», r. Kpakos

e-mail: *thermoexp.metal@gmail.com

HOBbIW KOMMNbIOTEPHbLIW METO[, TEPMUYECKOIO 3KCIMPECC-AHAJIU3A
KAYECTBA XUOKUX YYT'YHOB A5nA NPEACKA3AHUA MUKPOCTPYKTYPbI U
CBOMCTB OTJIMBOK C UCMNOJIb3OBAHUEM PE®EPEHCHbIX KPUBbIX
OXNAXAEHUA

Ons addeKTMBHOrO ynpaBreHUsi KayeCTBOM TFOTOBbIX OTNMBOK C 3agaHHbIMU
CBOWCTBAMM U MUHMMU3UPOBaHMS Bpaka Nno BUHE MeTara O4YeHb BaXHO onpenensiTb ero
Ka4yecTBO OO 3anvMBKM JNUTENHbIX (POPM. TakMM MeToAOM onpeneneHust XMMUYECKOro
cocTaBa, MpPoOrHo3a CTPYKTYpbl M HEKOTOPbIX TEXHONOrMYECKUX CBOWCTB JITOrO Crraea,

AIBMAETCA TEPMUYECKNI JKCMpecc-aHanms.
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KneBckum ®PU3MKO-TEXHOMOIMYECKMM MHCTUTYTOM MeTannos u cnnasos HAH
YKpanHbl COBMECTHO C KPaKOBCKMM YHMBEPCUTETOM Hayku U TexHonormm «[opHo-
MeTannyprmyeckaa akagemusi» (dpakynbTeT JUTENHOIO WHXUHUMPUHrA) paspaboTtaH wu
BepMdULMPOBAH HOBbIN KOMMbIOTEPHbBI METOA TEPMUYECKOrO aHanu3a kayectsa XUakmx
YYryHOB AN MpeackasaHus MUKPOCTPYKTYpbl M CBOWCTB OTIMBOK C WUCMNOSMb30BaHUEM
pedepeHCHbIX  KpMBbIX  oxnaxaeHusi.  MakcumanbHasi  TOYHOCTb  pe3ynbTaToB
obecneunBaeTca Torga, Korga COMOCTaBNATCA KpMBble OXNaXaeHus obpasuoB YyryHa,
6rn3KNX MO YCrOBMSAM BbINNaBKM N METaNNypruyeckon obpadboTku.

B paspabotaHHOM MeToOoe He WUCMOoNb3YKTCH Kakne-nmbo perpecCuUoHHble
COOTHOLLEHUST MEXAY KPUTUYECKMMWN TemnepaTypaMu KpMBbLIX U MokasaTensammn kavyecTtBa
pacnnaBoB.

Metog 3anateHtoBaH B  YKkpamHe ([MateHt UANe113333, onybn. B
6t0n.10.01.2017r.) n ycnewHo wucnbiTaH B nabopaTopHbIX U OMbITHO-MPOMbILINEHHbIX
YCINOBUSX HA YyryHax MHAYKUMOHHOWN NIaBKMy.

B3ameH WMpOKO npuMeHseMbiX 3a pybexXoM 3KOMNOrMYecKM BpenHbIX HanuBHbIX
nec4aHo-CMOMNSAHbIX NPOBOOTOOPHNKOB B HOBOM MeETOAEe WCMOMb30BaHbl 3KONMOMMYECKM
GesonacHble U1 Gonee 9dEKTUBHbIE  CTafbHble  TOHKOCTEHHbIE  MOrPYXHble
Npo600TOOPHMKN.

B uenom HOBbIN MeTO4 TEepMUYECKOro SKCMpecc-aHanm3a Xapakrtepusyercd
YHMBEPCanbHOCTbO (MPUroAeH He TOMbKO ANS YYryHOB HO U A5t MHOTUX APYrMX CrnaBoB),
caMmoaganTMBHOCTbLIO (obecrnedynmBaeTcsl 3a CYET UCMNOMb30BaHUA pedIepeHCHbIX KPUBbIX
oXnaxaeHnsa ¢ MeTannypruiyeckon npeanctopuen, oTeBevarollen pearnbHbiM YCOBUSM
KOHKPETHOro NnUTEMHOro npeanpusatms u TpeboBaHMAM OEWCTBYIOLWMX CTaHOapToB),
ObicTpoTOM WU npocToTOM (He TpebyeTcs TPYLOEMKUMN PErpecCUOHHbIA  aHanus,
ncnonb3dyetcsd HbIOTOHOBCKUMIM BapuaHT TepMoOaHanu3a C O4HOW TepMonapon U nepBown

NPOM3BOLHON MO Temneparype).
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TEHAEHUUMN ONTUMUIALMN COCTABOB MOOND®UKATOPOB MgLaFeSi
ansA 3®PEKTUBHOIO NPOU3BOACTBA YLUIN KOBLUOBbIMKX CMNOCOBAMU

JlaHTaH copgepxawime KomnrekcHole moaudukaTopbl MglLaFeSi, ncnonesyorca B
Npon3BoACTBE YyryHa C wwaposuaHbiM rpacgutom (YLWUIM) B TeyeHne 40 net. CHadvana
NCKMIOYMTENBHO A4 npoueccoB «in moldy, a 3atem B nocnegHue 12 neT ero cranuv vatle
nucnonb3oBaTtb Afs 06paboTkM B KoBLWIAX. ATU chnaBbl NpUodpenn MNonynspHOCTb Mo
HECKOJTbKUM MpUYMHaAM, TakUM KakK: YMeHbLUEeHMEe yCaaKu, ynydlleHne MUKPOCTPYKTYPHbIX
CBONCTB M Gonee HU3KMA ypOBEHb flaHTaHa B CnfaBe MO CPaBHEHMIO C OOLLUMM YPOBHEM
pegkosemenbHblx anemeHtoB (P3M) B cnnaBax Ha ocHoBe muwmeTanna. Bo Bpewms
Kpuamca ueH Ha pegkosemenbHble anemeHTbl B 2010-2012 rogax 3TO NpeBpaTunochb B
3aMeTHOe OKOHOMWYEecKoe npPeuMyLecTBO ANns  MarHun-naHTaH-peppocMnuumeBbiX
nuratyp. B 2004 rogy goknag goktopa T.CkanaHga «HoBbIi MeToq KOHTponsa otbena u
ycagkm YL nonydeHoro kosLioBov obpaboTkom» 6bin npeactaBneH Ha BcemupHoM
KOHrpecce NUTENLLMKOB, NOMy4YMB Harpagy 3a fyyLlyo CcTaTbio.

B noknage 6bino nokasaHo, 4To mogudukatopbl MgLaFeSi nmetot ropasgo 6onee
LLUMPOKOE NPUMEHEHME, YeM B npoLecce MH-Mong.

3a nocnegHne 12 net moamdukaTop Ha ocHoBe naHTaHa MgLaFeSi npeBpaTuncs
N3 y3KOoLeNneBoro npoaykra B cepomansatop mMaccoBoro npoussogcrtea bonee 1,5 mMnH.
TOHH OTNMBOK 13 YBI, cxoaa N3 TeKyLUX PbIHOYHbLIX AAHHbIX.

[MepBoe ucnonb3oBaHWe nNaHTaHa B KadecTBe €AWMHCTBEHHOro uctoyHuka P3M B
MgFeSi BocxoaMT K paHHUM rogam npouecca OPMOBKM, Korga TeHOeHUMs K
YMEHbLUEHNIO ycaakn Oblna NpoLeMOHCTpUpOBaHa C MoMoLblo Ynctoro LaMgFeSi 6e3
ncrnonb3osaHus gpyrnx P3M. Bbinyck aTux MoandukaTtopoB yBENUYMUIT CBOKO OO0 PblHKA
Gnarogaps ycnexy 3a cyeT YMEHbLUEHUS YyCafku YNnydleHUss MEXaHUYeCKMX CBOWCTB U
YNYYLWEHNS KadecTBa MexaHudeckonm o6paboTkM MOBEPXHOCTM OTNMBOK. BbisicHunach
yCTOMYMBasa TEHOAEHLUNSA COKpaLLEHUs N yCTpaHeHnn ycagku. cnonb3oBaHne naHTaHa, Kak

ObIno YyCTaHOBJIEHO, yCUNMBaeT BblAelleHne BKINKOYEHUI rpacbvlTa Ha No3aHuX Cctagundx
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3atBepaeBaHnsa YLUIM, pgobaeBnas adpdbekT no3gHero paclumMpeHns Ons yMeEHbLUeHUs
ycaZj0MHOM MOPUCTOCTN.

lMepBoHayanbHas pabota no paspaboTke npoBogunacb Npu pacxoge MglLaFeSi
1,5% macc. n Beoge B coctaB MgFeSi 0,5% naHTaHa. CpegHee konun4yecTBo fobaBku
MgFeSi B KOBLLOBOW MpakTUKe B HacTosiLee BpeMs oueHnBaeTcs npumMepHo B 1,2%.

ObcyxpatoTea pesynbTaTbl UCCNeAoBaHMM KOHUEHTpaumm La B MgFeSi n BnuaHus
Ha KONU4ecTBO rpadoMTOBbIX BKIHOYEHUN.

Haunbonblee konuyecTBo 3apoaplen bbio obHapyxeHo npu 0,5% La B MgFeSi,
npuyem Gornee HU3Koe 3apopbilleobpasoBaHne Habnoganocb Kak npu 6onee BbICOKUX,
Tak 1 Npu 6onee HU3KNUX YPOBHAX NaHTaHa.

CnepnyeT 6ObiTb OCTOPOXHEE MPU UCMNONb30BAHUM OAHOrO U TOrO Xe YPOBHA AN
nwoboro npouecca. YuuTblBasd BaXHOCTb JlaHTaHa B YpaBHOBELLUMBAHUW BpeaHbIX
3NeMeHTOoB, crneayeT MpUHMMaTtb BO BHUMaHME KaydeCTBO WUCXOOHOrO pacrnasa u4yryHa.
[Ona npumeHeHus naHTaHa [ormkeH ObiTb paccuynTaH cTexnmomeTpudeckun ©HanaHc,
KOTOPbI MOXHO oueHnTb kKak P3M / SubversiveElements = 0.5. (Sub.Elem. = Pb, As, Bi u
Sb). O6wasa koHueHTpauusa Pb, As, Bi, Sb 0,008 notpebosana 6bl gfobaBrneHuss naHTaHa
0,004%.

Mpn nepexoge ¢ MgFeSi Ha ocHoBe P3M rnyylle He KOMMEHCUpoBaTb CHWXEHUE
konuyectsa P3M npu nepexoge Ha Knaccbl Ha OCHOBe naHTaHa. [1pu Hanuuum ypoBHen
COAepXaHusi naHTaHa B ChfaBe Bbllle ONTUMarnbHOro, MHOrnMe w3 Habnwgaembix
NpevMMyLLecTB, KacalLlMXCs ycagku U CTPYKTypbl, 6yayT yMeHblUeHbl, B AOMOSIHEHUE K

NoBbILLEHNIO CTOMMOCTU CrnJaBa.

YOK 621.74: 669.13.018

1. X. IeaHoBa, A.10. KanawHikoBa, B.O. TepexiH

HauioHanbHa meTanypriiHa akagemia Ykpainum, M. [JHinpo

PO3POBKA TEXHONOT I BUTOTOBNEHHA ABOLWAPOBOIO MPOKATHOIO BAJIKA

YaByHHi Banku € OCHOBHUM 3MiHHUM iHCTPYMEHTOM MPOKaTHUX CTaHIB, ke 3Ha4YHOI0
MipOIO BNNMBa€e Ha €PEKTUBHICTb i AKICTb NPOKATHOro BUPOOHMLTBA. Y CydacHUX yMoBax

BiJ YaBYHHMX BarnkiB MOTPIOHO BMCOKI MeXxaHiyHi i ekcnnyaTauiHi BNacTMBOCTI. ICHYIOTb
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Pi3Hi MeToaM niABULEHHSA BMAcTUBOCTEN MPOKATHUX BarnkiB, OOHUMU 3 SKUX €
MoaMdiKyBaHHS | TepMmiyHa ob6pobka.

Y poboTax [1-2] geTanbHO PO3rNsAHyTa MOXMIMBICTb OOpPOOKM BankoBMX YaBYHIB
KOMMNSIEKCHUMM MoaudpikaTtopamn, wo wmictate P3M, Ta iHameigyansHumn P3M, ane
Martepian gBOLapoBMX NPOKaTHUX BarkKiB MOAUMIKYBAHHIO OO CbOro4HI LWe He nigaasanu.
[na neroBaHnx MapTEHCUTHUX YaBYHIB Mig 4Yac TennoBoro 06pobneHHsa 3aroToBOK BaskiB
yacTille peKoMeHAOyTb NOBiNbHE HarpiBaHHA 3i weuakicto 15-25 °C/rog oo temnepartypu
250-350°C, BuTpnmMKa npoTaromMm 8-12 rof Ta NOBiflbHE OXONMOMLKEHHS Yy nedi 3i LWBUAKICTHO
15-25 °C/rog, ogHak gocnimkeHb 3 TenmnoBoro o6pob6rieHHs ABOLIAPOBMX MPOKATHUX
BasnkiB 4O Tenep Mamxe Hemae.

MeTtoto poboTn 6yno [OCNIAXKEHHS | YAOCKOHANEHHA TEeXHOMOorii BUrOTOBIEHHSA
ABOLLAPOBOr0  MPOKaTHOrO  Banka 3  3aCTOCyBaHHAM  KOMMSIEKCHOI  0Opo6ku:
MOANMIKYBAHHS KOMMMEKCHUM MoaudikatopoMm, wWwo mictute P3M, gna nigBuweHHs
BNacTMBOCTEN Ta TEpPMiYHOro oO6poGNEeHHA 3aroTOBKM Banka, WO HeobxigHO Aans
3abes3neveHHs NigBULEHOI ekcnnyaTauinHoi HagiHOCTI.

[ns npoBeaeHHA OOCMiMKEHHS BNNAMBY MOoAM@iKyBaHHA Ha BNacTMBOCTI pobo4voro
Wwapy npokaTtHux BankiB BukoHaHHA JINXHA-71  3actocoByBanu  KOMMMEKCHUN
mMoaundikatop Mapkm ®C30P3M30 HacTynHoro ximiyHoro cknagy, %: Si - 44%; Al - 9%;
P3M - 32%; Fe < 15%. NnaBky gocnigHoro YaByHy NpoBOAMMN B iHAYKUINHIA nedi moaeni
IYT-6 B ymoBax BanbLenvMBapHOro Lexy, Temnepartypa po3nnasy nepen sunyckom byna
1430-1500°C. JleroBaHuni YaByH 3 enekTponedi anMBanu y KB 3 noapibHeHnM Ao dpakuii
30-50 mm KomnnekcHUM moandikatopom y kinekocTi 0,15% Big macu posnnasy.

Hocnigunu npouecw, WO BMHUKAOTb B YaBYHi pobo40ro wapy ABOLLAPOBOro Basnka
npyn oxonomxeHHi B aianasoHi weungkocten 300...2,5 rpan/xs, a TakoX BNSIMB LMKMIYHOMO
Bignany, ski nposogmnu Ha yctaHosui BOTA-8M. MeTtanorpadiyHuin aHanis nokasas, WO 3i
30iNbLUEHHAM KiNbKOCTi LUMKNIB A0 OECATM Y MOPIBHAHHI 3 NUTUM cTaHOM 30inbLuyBanacs
KiNnbKiCTb bepuTy y 2,5 pasis, TOMy Npu LMKIiYHOMY Bignani BankoBux YaByHiB B poboTi [3]
He peKkoMeHOOoBaHO 36inbLUEeHHS KiNbKOCTI UuKMiB Ginblie YoTUpbOoX. Takum YmHom, 6yno
NPUNHATO, WO Ana ABowapoBoro Banka giametpom 500 MM pexuym TeEnnoBOro
06po6neHHA NOBMHEH CKNagaTucAa 3 HarpiBaHHA 3i wBuakicTio 25°C/roaq Ao Temnepatypu
150°C, BuTpumMmkm npotarom 9,5 roag (3 ABOKPaATHOK LUMKMIYHICTIO TemnepaTtypu 250
< 150°C) Ta OCTaTOYHOro OXONOMKEHHS Y Mevi 3i WwBMAakicTio He Binblwe 3a 25 °C/rog Ao
80°C.
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AHanis CTpykTypu B Ppi3HUX nepepidax O604OK BasnkiB cepitHOro i AocnigHoro
nokasaB, WO KOMMMEeKcHa o6pobka npu3Boauna OO0 3MEHLUEHHS MIKPOTBEPAOCTI
CTPYKTYPHMX CKNagoBux, €ke Oyno noe’sisaHO 3 npouecamu Bignycky OGenHiTHO-
MapTEHCUTHOI CTPYKTYpU MaTpuui. [MOpPIBHANBHUA aHani3a CTPYKTYPU HWXKHIX | BEpPXHiX
LUMNOK CEPINHOro i AocnigHOro BasnkiB nokasas, LIO KOMMfekcHa obpobka He npuBoguna
A0 3HAYHUX CTPYKTYPHUX 3MiH.

OTpumaHi pesynbTaT AOCHiXKEeHb MokKasanu AOUuiNbHICTb 3acCTOCyBaHHA Afis
MoaMdiKyBaHHA YaByHY pobo4yoro Lapy [BOLIAPOBUX MPOKATHUX BaskiB KOMMIIEKCHOro
MOAUMIKaTOPy Ha OCHOBI pigKO3eMeNbHUX MeTaniB Ta TepMidHOl 0Opobkn nuTux
3aroTOBOK BaskiB i iX MO3UTUBHUIN BNAMB Ha (Pi3NKO-MeXaHiYHi Ta cnyx00Bi BacTUBOCTI:
mMaTepian gocnigHoro Barnka (nicns KomnrekcHoi obpobkun) y MOPIBHSAHHI 3 CepinHUM Ha
BiactaHi 10-30 mm Big noBepxHi 604kM MaB NigBULLEHI BNACTMBOCTI: rpaHnus MiLHOCTI nNpwu
po3TaAry os Oyna Oinblwow Ha 3-7, rpaHuus MILHOCTI NpW BUMMHI Ou - Ha 2-3, yaapHa

B’AI3KICTb ax - Ha 4-15, a TEpMOCTINKICTb - Ha 27 %.

Cnucok nitepatypu

1. benan, I'.E. UccnepoBaHne BnusiHna mMoandunumMpoBaHUsS Ha KpucTannusaumio
4yyryHa, CTPYKTypy M CBOMWCTBa SIMCTONPOKATHbIX BankoB: ABToped. AMWC.... KaHd. TeXH.
Hayk: 05.323/ bBbenan [puropmn EmenbaHoBu4; [dHenponeTp. MeTanmiypr. WH-T.—
AHenponeTpoBck, 1967.— 23 c.

2. Konotuno, E.B. MWccnegoBaHnme w ycoBepLUEHCTBOBaHWE MNpoLEecCoB
NPOM3BOACTBA JIMCTOMPOKATHLIX BankoB M3 MOAUMUUMPOBAHHLIX 4YyryHoB: ABTOped.
amc.... Kang. TexH. Hayk: 05.16.04 / Konotuno EBreHunn Buktoposudy; [HenponeTp.
MeTannypr. uH-T.— [iHenponeTposck, 1977.— 24 c.

3. VBaHoBa, J1.X. BnusaHue oTnycka Ha CTPYKTYpYy U CBOWCTBA [BYXCIOWHbIX
npokaTHbix BankoB / JL.X. WBaHoBa, A.l0. KanawHukoBa // [lpobnemsl
BMCOKOTEMMNEPATYPHON TEeXHWKM: ¢6. Hayd. Tp. OHY um. O.loHyapa.— [HenponeTpoBcCk:
Moporu, 2013. — C.97-100.
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YOK 536.717:532:739.2
B. B. KaBepuHckun, 3. . CyxeHko

NHcTuTyT npobnem matepuanosegeHna HAH YkpauHbl, Knes

MOOEJNIMPOBAHUE CTPYKTYPOOBPA3OBAHUA NPU HOPMAJTU3ALIUN
N 3AKANKE BTYJTIKU U CTAJIN 30XICA

AcKn3 BTYIKM npuBeeH Ha PpPUCYHKe 1. Ha nnockoCcTM cCcevYeHusi OTMEYEHbI
NpoHymMepoBaHHblE TOYKU, AOJ1A KOTOPbIX OCYLUECTBIANOChH MoAeMpoBaHNE KUHETUKU

pacnaga nepeoxnaxgéHHoro aycteHuta. Matepuan — ctanb 30XICA (cocTtaB cornacHo

[1].

230
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ne |
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Puc. 1. — Ockus BTYJ1IKK, C YKa3aHMEM XapPaKTEpPHbIX TOYEK

MoaenupoBanucb NpoLeccbl HopMmanusaumm (oxnaxgeHne Ha BO3ayxe) U 3aKarku
(oxnaxgeHue B Bode). TemnepaTtypa Harpesa B oboux crniydasix coctasnsna 880 °C.
KoacbpmumeHT Tennootgaum npu  OXMaxXdeHUW Ha BO3gyxe MNpUHUMArcs pasHbIM
10 B1/(M?>-K), B Boge — 5 kBT/(M?-K). MopgenupoBaHue OXNnaxgeHusi Berocb MEeTOAOoM
KOHEYHbIX 3NeMeHTOB. B xapakTepHblX, OTMEYEHHbIX Ha 3CKM3e, TO4YKax CeveHus
3anuncaHbl Kpuble oxnaxaeHns. OHW CAYXUnM UCXOO4HbIMU AaHHLIMU YCITIOBUW npouecca
AN MoAenvpoBaHUA KUMHETUMKM pacnaga aycteHuta. [JOononHUTENbHbIM pe3ynbTaToM,
nony4aemMbiM B Xo4e MOAENUPOBaHMUSA, SABNAOTCA OaHHble O XapakTepe obpasyroLencs
CTPYKTYpbl. Takum obpas3om, B XO[4e pacyéToB npeackasaHo pacnpeneneHve CTPyKTypbl
No CeYeHuo faHHOW BTYnkW. [nsg moaennpoBaHUA KMHETUKM (pa3oBbIX MpeBpaLLeHUn
ncnonb3oBanacb paspaboTaHHas HaMmn paHee nporpamma [2].

Kak nokasan Tennousanyecknn pacdeTr, npu oxnaxaeHum Ha BO34yxe KpuBble
OoXnaxaeHnsa BO BCEX TOYKax OTNMYanucb KpanHe HesHauduTenbHo. CneposaTensHO, nNpu

HOpMaln3aunn oxnaxageHume AaHHOMN BTYJTIKW MOXHO CYHMUTaATb OAHOPOAHbLIM MO CEeYEHUIO.
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KpuBas oxnaxgeHunsa npuBeneHa Ha pucyHke 2 (a). lNpu 3akanke B BOAe UMeET MeCTo
Gonbliass HEeOAHOPOAHOCTb OXMNaXOAEHUS MO CeYeHU — pucyHok 2 (6). Lundpamu

0603Ha4YeHO COOTBETCTBME KPUBbIX OXINaXXgeHnAa To4kam, OTMEYEeHHbIMN Ha PUCYHKe 1.

K 800 -
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Puc. 2 — KpuBble oxnaxageHnsa metanna BTyNK/: a) Hopmanu3sauus, 6) 3akanka

CornacHo pesynbTatam MOOENMPOBaHUs, Mocne Hopmanusauum MmeTtann BTYMKu
NMeeT CreayoLLyto CTpYKTypy: dhepput ~ 67 %, nepnut ~ 32 %, 6eiHnT ~ %. [JaHHble O
CTPYKTYpe MeTanna B OTMEYEHHbIX TOYKax, MOCne 3akarnku npueeaeHsl B Tabnuvue 1.

Tabnuua 1 — PacnpegeneHne xapakTepuCcTUK CTPYKTYPbl MO CEYEHNIO BTYIIKM

Ne Touykn Pepput, % Mepnut, % MapTeHcuTt, %

1,2 1,6 0,2 98,2

3 3,8 0,4 95,8

4 13,0 0,6 86,3

5 3,3 0,5 96,2

6 13,6 0,7 85,7

7 21,3 0,7 78,0
8,9 25,0 1,1 73,9
10,11 2,1 0,5 97,4
12 8,8 0,7 90,5

N3 nony4yeHHbIX pe3ynbTaToB BMAHO, YTO B HaMGOmblUEN CTENEHW Ha MapTEHCUT
3akaneH MeTann BbiCTyna, a Takke yrrnoBble obnactn. Matepuan cpefgHeln yactu Tena
BTYIIK/ 3aKaneH B MEHbLUEA CTeNeHu, NPUYEM He TOSNbKO BO FMYOMHHBLIX CNosiX, HO U Ha
NoBEPXHOCTU. KonmyecTBO MapTeHcMTa BO3pacTaeT no Mepe NpUBNMKEHUs K TOpLEBbIM

NOBEPXHOCTAM. O6pasoBaHme BENHUTHBIX CTPYKTYp MoAersibio He rnpeacka3aHo.

Cnucok nutepatypbl

1. CopokuH B. I'. Mapo4Huk ctanen n cnnasos / B. . CopokuH, A. B. BonocHukoBa,

C. A. BatkuH. — MockBa: MawmnHocTpoeHue, 1989. — 640 c.
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2. KaBepuHcbknn B. B. Komn'loTepHa nporpama Ans mMopentoBaHHs ¢as3oBux
nepetsopeHb / B. B. KaBepuHcbkun. — Ykpaina, 2017. — (02.19.2017; Ne 70573).

YK 621.74.669.131.622
KanuuuH B.T., KpnBoweeB B.A., Mensuno E.B., fipyros [1.C., HoBoapaH A.B.

HaunoHanbHas metannypruyeckas akagemus YkpauHsl, OHenp

ONTUMN3ALUMNA NAPAMETPOB TEXHOJIOTMKN PA®PUHUPOBAHUA
NMMTEUHBIX AOMEHHBbIX YYTYHOB, JIETUPOBAHUA U
HAHOMOOUD®ULIMPOBAHUA UX PACIINIABOB AJiAd NOBbILLEHNA KAYECTBA
OTNINBOK

Mpn npousBogCcTBE NMTOM MNPOAYKUMM KAYeCTBO OTAMBOK popmupyeTcs B
npoueccenogbopa LWKMXTOBOrO  YyryHa, paspaboTku  paunoHanbHbIX  PEXUMOB
npoBefeHna NNaBKK, NErMpoBaHNA U HaHOMOAUMULNPOBAHUSA NIUTENHbBIX PacnnaBoB B
ne4m, KosLle unun opme.

[ns ycTaHOBNEHNA BO3MOXHOCTU 3P(EKTUBHOIO BANAHUA HA KaYEeCTBO OTIIMBOK
Ha BCex 9aTanax Wx npousBoacTBa ObiNn uccnegoBaHbl M MPOLWM  ONbITHO-
NMPOMBILLIIEHHYKD  MPOBEPKY  npoueccbl  padMHMPOBAHUS  AOMEHHbIX  YyryHOB,
nernpoBaHnsa N HaHOMOANMUUNPOBAHUS NUTENHbLIX PacnaBoB.

WccnepoBaHua npoBoauniv B nlabopaTopHbIX,  OMNbITHO-MPOMBILUSIEHHbLIX U
MPOMBILLIIEHHbIX YCMOBMAX NpUM  MNPOM3BOACTBE OTBETCTBEHHOrO NUTbs Ha psge
yuypexgeHumn n npegnpusatun: HMetAY, MYM HAHY, MNMAO «MK «Asosctanb», NAO
«[JHenponeTpoBCkMn 3aBof NpokaTHbIX BankoBy», NMAO «ApcenopMuttan Kpuson Pory,
MenuTononbCKOM MOTOPHOM W XapbKOBCKOM  MaLUMHOCTPOUTENBbHOM 3aBopgax.
O6bekTom uccrnenoBaHuin Obinn BolbpaHbl Hanbonee OTBETCTBEHHbLIE OTIIMBKW, LUMPOKO
NpUMMEHAeMble B HapOAHOM XO3SMCTBE: KOMNeH4yaTble Banbl, LUWIUHOPOBOE IUTbE,
aBTOMOOUNbHbIE  OT/AIMBKM U3  BbICOKOMPOYHOTO UM CEPOro  YyryHoB, MPOKaTHble
oTOeneHHble U1  oTbeneHHo-MarHMeBble  BasnkW, YyryHHble  cTanepasfvBOYHbIE
N3NOXHULbI, MEMNIOLLME LWapbl 1 Ap.

YcTaHoBMNEHbl ONTUMarnbHble MapaMeTpbl TEXHONOrMM MNPOM3BOACTBA OTMMBOK:

NPUMeHeHMe B LUMXTE HU3KOCEePHUCTOro YyryHa mapku J1IP7 ¢ cogep>xaHmem cepbl MeHee
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0,01%, 4uncTtoro no rasam u cnenu, nerMpoBaHne nuTenHoix pacnnasos 0,2% W vnn Nb,
HaHomoaudunumpoaHme 0,05% Ti(CN) ana oTnnBOK 13 6enoro YyryHa n nofioBUHYaATOro
yyryHoB 10,05% SIiC - ons oTnMBOK M3 CEpOro YyryHa, npuMeHeHue nact v NpunbInos,
cogepxalwmx HaHomatepuanbel, ANA MOKPbITUS (OPMbl B MecTax BO3HUKHOBEHMS
«rOpsuYMX TpewuH» ANnA  YNPoOYHEeHUs MOBEPXHOCTHOro Crosi  KpUcTannmusyloLllencs
OTSINBKMW.

OnbITHO-NPOMBILMIEHHAs MNpOBepKa KOMMMEKCHOW TeXHONOorMM nokasana, 4To
AOMOMHUTENbHOE  NlerMpoBaHWe BarikoBOrO  YyryHa nMONOXWUTENbHO BNUSET Ha
nepekpuctannuaaumto npu 200-300°C, cHMXas CKOPOCTb NpeBpaLleHunst, YTO YMEHbLUAeT
BEPOATHOCTb BO3HUKHOBEHUS «BOSTIOCOBUAHBIX TPELLMHY.

HaHomoandumumpoBaHme  4yyryHa  Cnocob6CTBYEeT — YCKOPEHWIO npoLecca
KpucTannuaauum, ocobeHHO B NOBEPXHOCTHOM YacTu OT/AIMBKM, CNOCOBCTBYET NOMYYEHNIO
MEJSTKO3EPHUCTON  CTPYKTYPbl, YMEHbLUEHUIO  TPAHCKPUCTANNIMYHOCTWN,  CHWKEHWIO
ycago4HOM MOPUCTOCTU W, KaK CrieacTBme, NOBbILEHNIO NPOYHOCTHbLIX XapaKTEPUCTUK.

Mpn cobniogeHnn pekoMeHayeMblX MapaMeTpoB KOMMMEKCHOW TEXHOMOrmm
9KCNfyaTauuoHHAA CTOWKOCTb CTanepasfnMBOYHbIX WU3NOXHUL yBenuyunace Ha 30%,
mMenoLwmx wapos — Ha 20%, Bpak BankoB CHU3UMICA Ha 5%, a Bpak KoneH4YaTbIX BankoB U

nopwwHen gsuratenen — Ha 20%.

YOK 621.742.44
B. IN. Kapruxos, B. I'. UBaHoOB
00O «HIM «COKO3», OHenp

3anopoXXCKM HALUNOHAMNbHbIN TEXHUYECKUI YHUBEPCUTET, 3anopoXxbe

NOBbIWEHUA KAYECTBA YYT'YHHOIO JIUTbA C UCMNMOJIb3OBAHUEM
CNEUMNANDBHBIX YITMEPOOCOAEPXALLUX OOBABOK
B MECYAHO-TMIMHUCTbLIE CMECHU

YcTpaHeHue npurapa n nosiydeHne KavyecTBEHHOM MOBEPXHOCTU YYTryHHbIX OTIMBOK
npu nuUTbe B MNEeCYaHOo-MMMHUCTbIE (OPMbl JOCTUraeTca MnpUMEHEHNEM B COCTaBe
POPMOBOYHbIX CMECeN yrriepoacoaepxalumx BewecTs. TpagMumoHHO Takon aobaskon B
NUTENHbIX Lexax CAyXun MosoTbin yronb. OgHako 3a4acTyto ero npyuMeHeHue He nmeet

Tpe6yeM0|7| 3de)eKTI/IBHOCTVI, YTO CBA3bIBAKOT C HEOAOCTATOYHbIM KOJMIM4ECTBOM B €ro
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coctaBe «bnecTtawero» yrnepoga, T. €. yrnepoda oOcaxOalroLerocs Ha MOBEPXHOCTU
KBapLeBOro rnecka M Yyxy[wawlwero CMayuBaemMocTb, a 3HauyuT npegoTBpallarolliee
aKTMBHOE B3auMogencTeme meTtarnna ¢ opMon.

WccnepoBanu yrnu  yKpauvHCKMX MecTopoxaeHun ([JdoHeukon, [HenpoBCKOW U
JlbBOBCkOM o6Gnacten) Ha BO3MOXHOCTb MPUMEHEHUS B JIMTEMHOM MNPOU3BOACTBE.
OueHuBanucb yrnu nNo HeobxogMmbiM TpebOoBaHWAM: NokasaTensam Bbixoga Grectawiero
yrnepoga, cogepxaHus IeTy4mx BeLlecTB, Cepbl, 30fIbHOCTU, TOSLWMHbLI MacTUYeCcKoro
cnosi, TemnepaTypHOro nHtepsana pasmsardyeHnsa n ap. Ocobbli MHTepec nNpeacTaBnAno
onpegenuTb BbIXOA4 OnecTsAwero yrnepoda, Tak Kak AaHHbIM MNokasaTernb SABMsSeTcH
OCHOBHbIM (PaKTOPOM, OKa3blBalOLWUM BfIUAHWE Ha Mpurap YYryHHbIX OTMIMBOK. JTOT
nokasartenb He onpegenseTcs B NpakTUKe OTeYeCTBEHHOro NIMTENHOro NpovM3BOACTBa U3-
3a  OTCYTCTBMSA  MNPUHATON  MeToaukum  ero  onpegenexHunsa.  OdpdekTMBHOCTb
NpoTMBONPUrapHbiX A406aBOK B NMUTENHbIX UexaX OObIYHO OLEHMBAKOT MO MokKasaTensm
notepb MNpu npokanMBaHUnm (OPMOBOYHLIX CMeCeKn, KOoTopasd [OfbPKHa Haxooutcs B
npegenax 4 — 6 %. OcTanbHble nokasatenu yrrnen obbl4HO MMEKTCA B cepTudumkaTax
reHeTU4YEeCKUX, TEeXHOMOMMYECKUX U KavyeCTBEHHbIX XapaKTepUCTUK Ha  YrorbHY0
NPOAYKUMIO, KOTOPbIE BblAATCA COOTBETCTBYIOLLMMN flabopaTopnuamu.

[ns  3KCnepuMeHTOB WCMOMb30OBanM  YCKOPEHHYKD MeToAuKYy onpeneneHus
BGnecrtawero yrnepoga 1 TBepaoro ocrtartka, NpuHATY0 B [epmaHumn m MNonblue n3BecTHOM
kak MERKBLATT P-85, a Takke onpenenanu notepu npyv npokanueaHum oOpMOBOYHbIX
cMmeceun ¢ AaHHbIMU yrrisaMmn. [JonosiHUTENbHO OUEeHNBanNu BENUYUHY nNpurapa Ha YyryHHbIX
obpasuax, oTnMBaemblXx B MecyaHo-6eHTOHMTOBbIE (hopMbl C AoGaBkoM mccnegyembix
yrnen.

YcTtaHoBneHo, 4Yto obpasupbl yrren YKpamHCKUX MECTOPOXOEHUIA YAOBNETBOPSIOT
HeobxoaMMbIM TpeboBaHNSAM He B NOJSTHOW Mepe. Ecnu nokasaTtenu cogepxaHusa neTydmx
(30 — 40 %), cepbl (1,0 — 1,6 %) n 30nbHOCTM (10 - 20 %) HaxoOATCA NPaKTUYECKU B
npuemMnemMon 30He, TO 3HayeHwe Bbixoda Gnectdwero yrnepoga (He 6onee 3-5 %) He
COOTBETCTBYIOT HeobxoaMmoMy YpoBHI. [loTepu npu npokanuBaHum OPMOBOYHbLIX
cMecen C JaHHbIMKM yrnsamMu coctasnanu bonee 7,0%, a BCe YyryHHble obpasubl, OTAUTbIE
B NecyaHo-6eHTOHMTOBblE (hOpMbl C A0GABKOM 3TUX Yrnewn, OTAMYanucb 3HaAYUTENbHbIM
npurapom.

Moatomy ana obecnevyeHnss BbICOKMX aHTUNPUrapHbiX CBOWCTB Yrnv Heobxogumo
nogsepraTb CyLeCcTBEHHON popabortke: mMoanunumupoBaTh KOMMOHEeHTamMu,

noBbIWAKLWMUMN  BbIXOA 6necmu1,ero yrnepoaga, noBepxXHOCTHYHK TPOYHOCTb W AOpyrne
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HeobxoaMMble NokasaTenu, He yxyalwlas npyu 3TOM PU3MKO-MEXAHNYECKMUX XapaKTEPUCTUK
OPMOBOYHOM CMECH.

OO0 HIMM «COKO3» 6bina paspabotaHa crneumanbHas CUHTETUYECKas
KOMMNSiekcHaa  npotmBonpurapHas  gobaeka, nonyumBwasi  HasBaHne  MK10nA
«KoHTpacaHg», koTopas ygoBneTBopsieT BCeEM HeobxoguMMbiM TpeboBaHMSM K Takum
MaTepuanam u He ycTynawowiaa MMNOPTHbIM aHanoram. Bbixog Gnectswero yrnepona
Haxogntca B npegenax 10...13%, copgepxaHue netydunx - pgo 40%. [llo
rPaHyrioOMEeTPMUYECKOMY N XMMUYECKOMY cocTaBy «KoHTpacang» - aHanor 3apybexHbix
npemukco «KAPBOJTYKCOH», « AHTPAMYP», «HAMBOK» u ap.

Hob6aBka MK10nA «KoTpacaHg» npowna npoMbILSIEHHbIE WUCMNbITaHUS Ha psge
OTEYECTBEHHbIX MpPeanpuATUA W MNoKa3ana CBOK 3(PEEKTUBHOCTL: CHU3MMNA UK
MOMHOCTBIO yCTpaHuna npurap, YXXMMWHbI, CUTOBUAHYKO MOPUCTOCTb, COKpaTuia Bpems
ApobGeMeTHOM OYUCTKM; YNpocTuna TexHonormwo BBoga [f[obasku (pasBec pobasku
dacyeTcs B COOTBETCTBUN C OO BEMOM CMECUTENS 3aKasumka).

Takum obpasom, npoTtuBonpurapHas pnobaska MK10nA «KotpacaHa» sBnsetcs
OOHUM U3 Pe3epBOB MOBbLILWEHNS Ka4eCcTBa NMOBEPXHOCTU YYryHHbIX OTAMBOK, YNYYLIEHUS
ee TOBapHOro BMAa, CHWXEHUS pacxodoB Ha (PUMHMLLHbIE onepaunn 1, B KOHEYHOM UTOre,

NnoBbILLEHNA KOHKypeHTOCI'IOCO6HOCTI/I NUTENHON npoaykunn.

YOK 669.18-412:621.746
C. €. Kongpariok, XX. B. Napxomuyk, B. |. Beunc
®i3nKo-TeXHOMOri4YHUI IHCTUTYT MeTaniB Ta cnnasis HAH Ykpainu, m. Knis
Ten.: +38(044)424-41-42, e-mail: zhanna.mom@ptima.kiev.ua

CTPYKTYPOYTBOPEHHS | BNACTUBOCTI JIMTOI NEPErPITOI CTANI

lMpakTMkol  NMBAPHOrO  BUPOBHULTBA BU3HAYEHO ONTUManbHWUA  iHTepBan
TemrnepaTyp poO3NMBaHHA po3nnaeBy cTanend Yy nuBapHi ¢GopMuM 3 MepeBULLLEHHSM
TemnepaTtypu piBHoBaxHoro niksigycy Ha 30 — 50 °C. 3a neBHOro nigBULLEHHS
TemnepaTtypu neperpisy po3rnpaBy po3Mip 3epHa Yy cCTaneBux BUNUBKaAxX CYTTEBO
30iNblWYETbCA, 3YMOBIIOKYN 3HMXKEHHA OMOPY JNMTOI CTani KPUXKOMY PYWHYBAHHIO.
Buxogaum i3 cyvyacHuX ysiBfieHb LWOAO MNPOUECIiB  NnaBfeHHa | KpucTanisauil,

BiOKPMBAKOTLCA HOBI  MOXIMBOCTI  UiSIECNPAMOBAHOI  3MiHM | KepyBaHHS (©a30BoO-
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CTPYKTYPHMM CTaHOM | BfacTUMBOCTSIMW CTanieBMX BUMMBKIB 3a paxyHOK ONTUMi3auil
TemnepaTypHO-4acoBUX NapamMeTpiB po3npasy Nif Yac nnaBrieHHs | KpucTanisadii ctanen.
Ha ocHOBI CUCTEMHUX AOCHIDKEHDb KOHCTPYKUiNHMX cTanen 2511, 451, 25XTCTOJT i
45XI'CTOJ1 BCTAHOBMEHO 3aKOHOMIpPHi  3MiHM X NUTOI CTPYKTYpU | MeXaHiYHUX
BNacTMBOCTEN 3anexHo Bifg neperpisy poannasy npu temnepatypax 1520, 1570 °C, 1620
°C 11670 °C Ta 3miHKn wBmakocTi oxonomkeHHs Big 5 go 350 °C/c nig Yac kpucTtanisauii.
ExcnepnmMmeHTanbHO MokasaHo 3HadHe NiABULEHHA XapakTepUCTMK MILHOCTI cTani,
3yMOBJIEHE 3pOCTalyMM CTyNeHeM NepeoxOornoMXKeHHA po3nnaBy 3a BCIX OCHIOKYBaHUX
YMOB OXOSOLKEHHA po3nnasy npu Kpuctanisauii. [MpoTe, 3a HWU3bKOI LUBWUAKOCTI
OXONOAKEHHA popMyeTbCsa rpybo3epHMcTa nuTta CTpykTypa i cytteBo, y 1,5 — 2,0 pasn,
3HWXKYIOTbCS MNOKa3HUKM yOoapHOI B’A3KOCTI. [1igBULLEHHA X LWBUAKOCTI OXOJIOAXKEHHS
po3nniaBy CYNpPOBOMKYETLCA MNOAPIOHEHHAM 3epHa i CyTTEBUM MiABULLEHHSM OMOpy
cTanem KpuUxXKOMy pynHyBaHHWO. OpepxaHi Ha OCHOBI MpPOBEAEHUX EKCNEePUMEHTIB
PIBHSIHHSA perpecii B3aEMO3B’'si3Ky TemnepaTypy neperpisy poannasy, LWBWUAKOCTI MOro
OXOSNOKEHHSA | MeXaHiYHUX BNacTMBOCTEN LO3BONATL MNPOrHO3yBaTH i LiflecnpaMoBaHO

3MiHIOBaTK CTPYKTYPY i BNACTUBOCTI NNTUX CTaneBux BUpobis.

YOK 621.745: 669.714.1
C. B. KoHoHuyK, B. B. lNykanos., O. B. CKpunHuk

LleHTpanbHOYKpaiHCbKMIA HaLiOHaNbHUN TEXHIYHUIA YHIBEpCUTET, M. KpOnnUBHULIBKUI

AOCNIAXEHHA BMNJMBY XIMIYHOIO CKIALY PA®IHYIOYUX MPEMNAPATIB HA
IHTEHCUBHICTb NPOLIECY PA®IHYBAHHA AJNTIOMIHIEBUX CIJTABIB

AntoMiHieBI cnnaBu LUMPOKO BUKOPUCTOBYOTBCA B NPOMUCAOBOCTI. OCKiNbKn, npu
nnasyi antoMiHIEBUX CrnaBiB A1 OYULLEHHSA po3nfaBy Bif BKIOYEHb i rasiB NnpoBOAATb
padiHyBaHHSA, [LOCMILKEHHA, ChNpsiMOBaHi Ha YOOCKOHaneHHs uuxX npoueciB €
aKTyanbHUMU. AHani3 TepMOANHAMIYHUX XapakKTEePUCTUK XIMIYHUX peakuin, Lo NpoTiKalTb
nig 4Yac padpiHyBaHHS [03BONHAE€ BUpilyBaTW 3adadi BAAMBY 3O0BHIWHIX (pakToOpiB Ha
IHTEHCUBHICTb Npouecy, po3pobnaTn pekomeHgauil no CcnpsMyBaHHIO npouecy B
HeobXigHOMY HanpsIMKy.

Hocnigntn BnnmB XiMiYHOro cknagy padiHyrouMx npenapaTiB Ha IHTEHCUBHICTb

npouecy pacdiHyBaHHS antoMiHIEBUX CrraBiB MOXHa 3aCcTOCyBaBLUM [0 TepPMOAUHAaMIYHOT
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CUCTEMU MPUHUMN agUTMBHOCTI. 3rigHO 3 UMM MpuvHUMNOM Oyab-gKa €eKCTEeHCUMBHa
XapakTepuctmka CUCTEMW, HanpuKnag eHTanbnis, Oyae BM3Ha4aTUCb 3 ypaxyBaHHAM
aHanoriYyHNX xapakTepuUCTUK KOMMOHEHTIB CUCTEMMU Ta IX KiNbKOCTI.

Ona npuknagy posrnaHemMo npouec pacdhiHyBaHHA antoMiHiEBUX CnnasiB  3a
AOonoMoro pntocy, SKUNM CKNagaeTbCs 3 ABOX KOMMOHEHTIB: XNOPUCTOro UMHKY ZnClz i
xnopuctoro mapraduto MnClz. puyomMy npoueHTHe CniBBIAHOLWEHHSA LMX KOMMOHEHTIB Y
CyMiLLi MOXe 3MiHIOBaTUCh.

EHTanbnis npouecy padiHyBaHHA antoMiHIEBMX CnfaeiB 3rigHO 3  peakuismu
3ZnCl2+ 2Al = 2AICIz+ 3Zn, 3MnCl2+ 2Al = 2AICIs+ 3Mn 3 ypaxyBaHHSAM KiflbKOCTi KOXXHOIO

3 KOMMOHEHTIB padiHyto4oro npenapary:

AH_ =Y AH,-X,, Dx/monb,

cym
ne AH; — eHTanbnia npouecy padiHyBaHHSA i-ro KOMMOHEHTa padiHy40oro qostocy;
Xi — MOnbHa YacTKa i-ro KOMnoHeHTa pacdiHyto4oro cntocy.

Topai, Ana 4BOKOMMNOHEHTHOro padpiHyo4oro npenapary:

AHcyM = AHZnCIZ ) sz2 + AHMnCIZ - X MnCl, ? [x/vone,
ae, BiANoBigHO, AHZnC,2 , AHMnC12 — eHTanbnii npoueciB pacdiHyBaHHA antoMiHito
XNOPUCTUM LIMHKOM i XSTOPUCTUM MapraHuem; XZnCIZ, XMnClZ — TX MOnbHi YacTKu.

AHanoriyHo po3paxoBylTb eHTponito AS, BinbHy eHeprito lNbca AG, norapugm
KOHCTaHTK piBHOBarn InKp BKasaHoro npouecy. Po3paxyHOK 34iIMCHIEMO Afs Pi3HUX
cniBBigHOLWEHb KOMMOHEHTIB padiHytodoro dontocy B iHTepsani Temnepatyp 298...1198 K
CKOPUCTaBLUMCb OOBIOKOBMMU OaHUMW TepMOOMHAMIYHUX BracTMBOCTEN peareHTiB [1].
MeToauka po3paxyHKy onvcaHa B [2, 3]. Pe3ynbTatu po3paxyHKy npencrasfeHo Ha puc. 1
- 4.

©—1ZnCl, - 0%, MnCl, - 100%; & - ZnCl, - 40%, MnCl, - 60%; x> - ZnCI2 - 80%, MnCEZ - 20%:

o - ZnCIZ -20%, IVInCIZ -80%; °— ZnCl2 - 60%, MnCIZ -40%; x = ZnCI2 - 100%, IVInCIz -0%

3 rpadpika 3anexHocTti AH = f(T) (puc. 1) BUAHO, WO peakLis ek3oTepMiyHa, Npo
cBigyaTb Bif'€MHI 3Ha4YeHHs1 eHTanbnii. XapakTep 3anexHocCTi eHTponii (puc. 2) B Lint
Takun xe, 9K i y eHTanbnil. Buxogaum 3 nepworo cnigcrea 3 npuHumny MotunuunHa-—
LWanense—-bpayHa ([MJ16) nigeuweHHs Temnepatypu Oyae ranbMyBaTu NpOTiKaHHA Oa

peakuii.
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Omxke padiHyBaHHs HeOOXigHO MPOBOAUTU MPWU BIQHOCHO HEBMCOKI Temnepartypi
meTany. BinbHa eHeprisa N6ca Big’eMHa Ha BCbOMy TeMnepaTypHOMY iHTepBani, cnagat4a
dyHKUIA 3 MiHIManbHUM 3HadYeHHAM npwu TemnepaTypi 1005 K (732 °C). 36inbLueHHs
BMICTY XJIOPUCTOrO UMHKY B CYMillli CpUSie 3MEHLIEHHIO 3Ha4YeHHs BinbHOI eHeprii lNbca
(puc. 3). Omke, Yim BinblWKMA BMICT XFOPUCTOrO LMHKY B pacdpiHyrodoMy npenaparti, TUm
iHTeHcMBHIlWe 6yae npoTikaTu npouec pacdhiHyBaHHA. Lle Takox nigTBepoXyeTbes

BiNbLUMMKW 3HAYEHHAMW NorapugmMy KOHCTaHTK piBHoBaru (puc. 4). 3 gpyroro crnigcrea 3
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npuHuuny MNJB cnigye, Wo nNpy 3MEHLEeHHI TUCKY B CUCTEMI MOBUHEH NPOXOAUTU NpoLuec,
SIKUA  CYNPOBOAXKYETLCA 30iMNbLUEHHAM KiNbKOCTI ra3onogibHMx Monekyn i Hasnaku.
Ockinbku, 3rigHO 3 peakuisiMn BiabyBaeTbCs 30iNbLUEHHS KiNbKOCTI ra3onoibHnx monekyn,
a came AICl3, To gns iHTeHcudikauii gaHoro npouecy HeobXigHO 3MeHLyBaTU TUCK i
padgiHyBaHHA OOUINBHO NOELHYBATU 3 BaKyyMYBaHHSAM.

TakuM YMHOM, 3MIHIOKYM XIMIYHUIA cKnag padiHyoumMx npenapaTiB B CyMilli MOXHa
perynioBaTy IHTEHCUMBHICTb npouecy padiHyBaHHA: npu nigBuwieHHi BMmicty ZnCly,
IHTEHCMBHICTb npouecy padiHyBaHHS 30inblwyeTbcsd, npu nigBuweHHi Bmicty MnCly,
IHTEHCUBHICTb npouecy padiHyBaHHA 3MEHLLUYETbLCS.

OnucaHa wmeToAMKa [03BONSE OTPUMYBATM aHanoriyHi  CniBBiQHOWEHHS Ans

AOBISTbHOI KifTbKOCTi KOMMOHEHTIB padpiHyto4oro qonitocy.

Cnucok nitepatypu

1. TepmognHamuyeckme CBOWCTBa HeopraHuyeckux BewlectB: CnpaBodHuk / oa
pea. A.ll. 3egpuposa. — M.: Atommnsgar, 1965. — 460 c.

2. KoHonuyk C.B., lNMykanos B.B. [JocnigpxeHHs TepMoaUHaMIYHUX XapaKTepPUCTUK
npouecy padiHyBaHHS anoMIiHIEBUX cnnasiB xfopuctum uuHkom /[ Matepiann  XIll
MixxHapogHOI HayKOBO-NPakKTYHOI KoHdepeHUil «JluTBo-2017» 23-25 TpaBHa 2017 p. —
3anopixoka. — C. 137-139.

3. CabipssHos T.I. TennoTexHika nMBapHMX npouecis [HaByanbHMn NOCIOHMK NS
ctyaeHTiB-nuBapHukiB] / T.I. Cabip3sHos, B.M. KponisHut. — Kiposorpag: KHTY, 2005. —
402c.

YOK 621.74.043.1
C. B. KoHoHuyk, B. B. lNykanos

LleHTpanbHOYKpaiHCLKMI HaUiOHaNbHUN TEXHIYHUIA yHiBepcuTeT, M. KponuBHULIBKUIA

SMEHLUEHHA METAJTOEMHOCTI BUITUBKA HA OCHOBI AOCHIAXEHHA
3D-MOAENI HA MILHICTb CEPEAOBMULLI SOLIDWORKS SIMULATION

[Ons  BM3HAYeHHs WNAXiB  YOOCKOHANEHHA  TeXHOMorii  NuTTa  HeobXxigHo

npoaHanisyBatM MOXIMBICTb 3MiHM NapameTpiB, $AKi BANUBaKTb Ha 3MEHLUEHHS
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cobiBapToCTi BUPOOHMUTBA (3MEHLUEHHS eHeproBuTpaT, MaTepianoeMHOCTI, MigBULLEHHS
NPOAYKTMBHOCTI) Ta NiABULLIEHHA SKOCTI NNTBA.

LLle Ha eTani npoekTyBaHHS NMpX aHani3i KOHCTPYKUIi AeTani Ta po3pobui TEXHIYHNX
BUMOI Ha BWIIMBOK MOXHa nependaumtn pedpa XKOpCTKOCTi (MO MOXIMBOCTI) Takoi
KOHcpirypauii, npn €Kin [ocsaractbCs MakCcMmanbHa MIUHICTb NpyM MiHiManbHin BUTpaTI
meTany [1].

HeobxigHiCTb BNpOBagKeHHSA Y BUPOOHULTBO HAWCKNAOHIWOI TEXHIKM B KOPOTKMM
TEPMIH MpMBOAMTbL OO0 CTBOPEHHS CUCTEM  KOMM'IOTEPHOrO  aBTOMaTU30BaHOro
NpoeKkTyBaHHA. BaxnmBy ponb y UMX cCUCTEMax BigirpaloTb 3acobu MoaentoBaHHs
AOCnigKeHb, 30KpeMa Ha MILHICTb.

Ha ocHoBI pe3ynbTatiB TBEpAOTiNbLHOro MoaesntoBaHHs Bunueka «Kopnyc HLLU32YK»
npoBeAeHO AocnigXeHHs Ha MiuHicTb B Cad-moayni Solidworks Simulation, wo €
dyHKUiOHaNbHUM  KOMMNoHeHTOM Solidworks, Ta po3pobneHo pekomMeHaauil LWwoao
3MiUHEHHSA BUNUBKa pebpamu >KOPCTKOCTI B HaWbinbll HaBaHTaXXEHMX MiCLUSAX, a TaKoX
3MEHLUEHHA NOro MeTarioEMHOCTI B HAMMEHLL HaBaHTaXXEHUX.

Mogynb Solidworks Simulation go3sonsie Ha ocHoOBi po3pobneHoi 3D-mogeni Ta
BBEAEHNX NOYATKOBMX HaBaHTaXeHb nobyayBaTu giarpamMmm ekBiBaneHTHUX gedopmadin,
CyMapHuX nepemillieHb, po3noginy koediuyieHTa MiHiManbHOro 3anacy MiLHOCTI, Hanpyru,
CYMapHUX NepemillieHb i po3noginy HaBaHTaxeHHs B 06’emi BunmBka [2].

[na BU3HA4YEeHHS HANBINbLU HaNPY>XeHMUX YacTUH BUIMBKA NPOBEAEHO LOCIIOKEHHS

Ha po3nopain HaBaHTaxeHHs B 06’emi getani (puc. 1).

s By crugninuge o orenr
gy sessga = |

FERECE

Wigre | Tpouspmees pag | Vicrsgaannt pramenma] ] b Carrars snd anous ||

Puc. 1 — Po3nopain HaBaHTaXXeHHs B 00’eMi BUNMBKa
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AHanisytoun pesynbTati, NOMITUMO, LLIO BUIIMBOK Mae MakCUMarsbHi HaBaHTaXKEHHS
B LIEHTPanbHi YaCTUHI HABKOMNO BHYTPILUHIX LMNIHAPUYHUX NOBEPXOHb (TeMHI obnacrTi). Lle
O3Havae, WO came ui obnacTi 330BHI HEOOXiAHO 3MIUHUTM pebpammn KOPCTKOCTi. He
3adpapboBaHi obnacti (3ropy i 3 OOKIB) MOXHa 3pOOUTU TOHLWWMMW, agXe BOHU He
CMPUAMAlOTb HAaBaAHTaXEHHS, | TUM cCaMUM 3aoLaanTn MeTarn.

Pesynbtatv pocnigXeHb Ha MIUHICTb A03BONMAN PO3POBUTN HOBY KOHCTPYKLIiKO
Kopnycy, siky BAanocs 3poOMTU TOHLUOK B HAWMEHLl HaMnpPyXeHUX MiCuaX i 3MILHUTK
pebpamMn XOpPCTKOCTI B Hanmbinbll HaBaHTaeHux Micusax. lMpyu ubOMy 3anac MiLHOCTI
BUNMBKa 3pic Big 5 Ao 5,4, a macy BAanocb 3MeHWnTN Ha 276 rpam, ado 13%.

Takum 4YMHOM, MpPOBEAEHHS AOoChigKeHb Ha MiuHicTb y cepepoBuuli Solidworks
Simulation posBonsie BUABUTU Ha cTafil NpoekTyBaHHA (OO0 BUrOTOBJIEHHA OCHACTKM)
HeZoNiKN B KOHCTPYKUIT geTanen, WBUOKO N edpekKTUBHO BBECTU 3MIHU B KOHCTPYKLIilO, 3

HaMMeHLMKU BUTpaTaMm Yacy, MaTepianbHUX i eHepreTUYHMUX pecypcis.

Cnucok nitepatypu

1. C. B. KoHoHuyk, B. B. lNykanos. Y4oCKOHaNeHHs1 TEXHOMOrMYHOIro NpoLecy nuTTs
B KOKiNb antoMiHieBux cnnaeiB // Matepiann XIV MixHapooHo! KoHdepeHuii «JlnTteo-
2018». 22 — 24 tpaBHAa 2018 p. — 3anopixxka. — C. 119-120.

2. Anamosckui A.A. NHxeHepHble pacyeThbl B SolidWorks Simulation. — M.: MK
Mpecc, 2010. — 464 c.

YOK 621.74
KoceHko O.I1., MoHomapeHko O.U., KopbiTknH B.B., EBTywueHko C.[.
HaunoHanbHbIN TEXHUYECKN YHUBEPCUTET

«XapbKOBCKUM MONMUTEXHUYECKUIN UHCTUTYT», XapbKOoB

NMPUMEHEHUE KOMIMbIOTEPHO-UHTETPUPOBAHHOIO NPOEKTUPOBAHWUA ONA
HETEXHOJNIOIM'M4YHbIX OTJINBOK

CerogHsa B nNpakTUKke MPOEKTUPOBAHUSA NUTbIX AeTanen npuMeHsieTcs  psig
cneumanbHbIX MPOrpaMMHbIX NMakeTOB TPEXMEPHOro MPOEKTUPOBAHUS, a ANs peLueHUs

3afad no MoagesrnMpoBaHUIO NMpouecCoB KpuUcTarsiM3aumn UCnosfib3dyeTcd rnporpamMmma LVM
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Flow. YunTtbiBas, 4to BbI6Op MCXOAHBIX NapaMeTpoB AN KOMMNbTEPHOrO MOAENMPOBaHUS
OCYLLIECTBNAET HENOCPEACTBEHHO KOHCTPYKTOP UMM TEXHOSON HA OCHOBE JIMYHOrO ONbITa,
OblBaeT npobrnemaTtuyHbIM 3apaHee C OOnbLUOM CTENEHb BEPOATHOCTM OMpPeAenuTb
NPaBUIIbHOCTb  BbIOPaHHbLIX  TEXHUYECKUX  pelleHnin. Bonpocbl, CBs3aHHble C
dopmanusaumen  npouUeccoB  rokanusauum  BHYTPEHHUX  OeddeKTOB  JNIMTEMHOro
NPOVCXOXAEHUS, LOMKHbl 00s3aTenbHO pewaTbCad  Ha 3dTane  KOMMbTEPHOro
MOLENVPOBaHUA npouecca Kpuctannusaumm nuton petanu. [loatomy nonyveHue
KayeCTBEHHbIX OTMMBOK Ha OCHOBE WCMOSIb30BaHMUS HOBbLIX METOAOB U MPOrpaMMHbIX
npogyktoB Solid Works n LVM Flow sBnsetca akTtyanbHOW 3agaden nuUTEeNHOro
npo13BOACTBA.

B kauectBe obbekta nccnegoBaHusa Gbina BolbpaHa HeTEXHONorn4eckass OTnMBKa
ANS WaxTHOoro obopyaoBaHus.

OgHMM M3 BO3MOXHbIX MNyTEN pelleHus 3aJavv MOBbIWEHUA KadecTBa TaKuX
OTNIMBOK 4BMSIETCS MNPUMEHEHME MaTeMaTU4eCKUX W KOMMbTEPHO-UHTErpPUPOBAHHbIX
npoektnpoBaHunda. Wcrnonb3oBaHne CAD\CAE nporpamMm 3Ha4uMTenbHO COKpallaeTtcs
BpeMs Ha pa3paboTKy TEXHONOrMYeckux NpoLeccoB 1 N3rOTOBEHNE OCHACTKU.

CHavana HeTexHonorndeckasi oTnmBkn «HanpaBnsowas» Gbina npeacraBneHa B
3D cucteme ¢ nomowpbto nporpamm Solid Works LWM Flow. OTtnuBka umeeT Bug
nepeesepHyToro Tabypeta C 4eTbipbMs HOXKamu. B oTnuBke umeetca 6onbluoe
KONMMYECTBO TOHKMX M TOMCTbIX CTEHOK, KOTOpble YyepenylTca mexay cobon. B mectax
nepexogoB ObINM yCTaHOBMNEHbI ranTenu. [nsa nukemaaumm Bo BHYTPEHHUX yriax OTINBKU
CKOMMNEHNs rasoycagkoBOW MOPUCTOCTM ObiNO NPEeAnoXeHO HECKOSNbKO YBENUYNUTb
TOSLNHY HOXEK.

lMockonbKky oOTnMBKa MMeeT 6ornbliyd BbICOTY, 3TO TpeboBano cneumanbHbIX
COCTaBoB (POPMOBOYHLIX U CTEPXKHEBBLIX CMecen, YTOObl BblaepXaTb rMapocTaTU4ecKum
Hanop 3anuMBaemMoro meTanna. bbino npeanoXxeHo MUCnonb3oBaTbh MNECHYaHO-CMOMSAHYIO
CMeCb.

Ona nukengauumn ropsymx TpewuH B OTNIMBKE MpU KpucTannmsaumm B MecTax
CONPSKEHNSA KPbIWKA U HOXKaMM ObINo NPUHATO pelleHne YCTaHOBUTb CrneumanbHble
CTSDKKM MeXAy HOXKamu. Takoe TexXHONOrMmyeckoe pelleHue YCTPaHWNo MnosiBreHne
TPELUWNH B OTNMBKMN.

Ona nukeMaaumm ycafoyHbIX pPakoBMH B Tene OTNuBkM Oblv onpoboBaHbl ABe
ak3oTepmuyeckme BctaBkn mogenen OBG7 m OBG7/300 (oTkpbiToro Ttuna) upmbl

«Cukurova Kimya Industrisi», [Ona atoro 6bina ucnonb3oBaHa nporpamma LVMFlow.
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Ok3oTepmmyeckast BctaBka mogenn OBG7/300 nossonuna He gonycTutb obpasoBaHus
ycagkn.B Tene OTAMBKM, a Takke nosbicuna 3gdekTMBHOCTb paboTbl NUTATENbHbIX
Npubbinn 3a CYET 3K30TEPMUYECKOM peakumMu MNpu KOHTaKTe pacniaBa C 3f1EMEHTOM U
rasoBblM AaBreHveM B npubbinu; cHu3mna 6pak no gedekram ycagodHOro xapakrepa;
yMeHbLuMna meTannoeMkoctTb npubbinn (8o 40%) v TexHonornyeckne npunycku Ha
MexaHn4eckyto 06paboTky NpubbIbHbIX MecT ¢ 15 ... 20 MM o 4 ... 5 mm.

OTO NO3BONMUIIO CIKOHOMMUTbL Pacxop CnriaBa 3a CYeT NPOrHO3MPOBaHUSA MNOSIBNEHNUS
MeCT Aucnokaumm [edeKToB, YyMeHbWUTb Bpak OTNMBOK, a Takke [ano BO3MOXHOCTb
NpOBEepKN AeTanu Ha pasnuyHble BUAbl MPOYHOCTHLIX HAarpy3ok Ha ee BUPTyarbHOW
Mogenu.

Bonpoc 06 ynydyweHWn  TEXHUKO-IKOHOMUYECKMX MoKasaTenem nosnyyveHus
N3HOCOCTOMKMX CTanen BO3HUK OAaBHO M OCTaeTCA akTyaneH A0 CerogHsIlHero AHS.
PacnpoCcTpaHéHHbIM MPMMEPOM MOXET ChyxuTb — «ctanb [agdowvnega» (11001301).
OcHoBHOE ee CBOMCTBO 3akfyaeTcs B CNOCOOHOCTM K Hakneny, 6narogaps KOTOpoMmy
Aetanu, B npouecce 3Kcnnyatauuu, MosyvyalroT BbICOKYHO TBEPAOCTb U He obpeTtaroT
XpynkocTb. Haubornee 4acto ee npuMeHAOT AN9 OpobAWMX YCTAaHOBOK, KOBLUEW
9KCKaBaTopa Ha ropHoAoObIBaOWNX NPeanpuUATUSX. AT NPeanpuUATUS 3aMHTepPecoBaHbl B
nony4yeHnn getanen ¢ MakcMmarnbHbIM PECYPCOM UCMNOSNb30BaHUS.

Llencto paboTbl saBNsieTca onpegeneHve BNUsHWE nervpyowmx [obaBok Ha
CTOMKOCTb 3yba KOBLIA KapbepHOro aKckaBatopa W nosiyvyeHue ONTUMasibHOro
XMMUYECKOro cocTaBa ctanu Ans paboTbl B 3a4aHHbIX YCITOBUSAX.

[na npoBegeHuss aHanu3a u pacyeToB Obinn BbibpaHbl nervpylowme [o6aBky,
crnocobHble NOBNUATL Ha CTOMKOCTb cTanu [agdwunbga B ycnoBusx pyaonodbium npu
paboTe Ha KapbepHbIX 3KCKaBaTopax. B kayecTBe OCHOBHbLIX NErMpyloLmMx 3MeMeHTOB
ObInn BbIBpaHbl MoONMBAeH, BaHaaun, MapraHel, yrinepoa u KpeMHUNR.

B xome vccnemoBaHui ObiNno onpefeneHo BAUSIHUE NErvpylowmx 31eMeHTOB Ha
CTOMKOCTb OT/IMBOK B YCNOBUAX paboT ¢ TBepAbIMM NOPOAaMK - COOTHOLLEHUS yrrepoaa K
MapraHuy M onTuMarnbHOe KOMMYEeCTBO KpPeMHUS, BNusHWe monuvbaeHa u BaHagusa Ha
CTOMKOCTb OTIIMBOK, pasmMepa 3epHa U CTPYKTYypbl MeTannuyeckon pewetkn. NpoBeneHsbl
NPOM3BOACTBEHHbIE UCMbITAHWUS OTIMBOK.

Mo nonyyYyeHHbIM [AaHHbIM MOCTPOEHbI: AuMarpaMmbl, onpegeneH OonTUManbHbIN
XUMUYecKMn coctaB cTanu [agdwunbha, onpegeneHbl  TEXHUKO-3KOHOMUYECKue

nokasartenu moandukaumn cranu.
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YOK 669.715:543.226
M. B. Kowenes, A. I'. lpuryHoBa
PnN3NKo-TEXHNYECKUN MHCTUTYT MeTannos 1 cnnasoB HAH YkpauHebl, r. Kues
Ten./dpakc.: 0444241150, e-mail: adel_nayka@ukr.net

OEPUBATOMPA®UYEYKOE UCCIEOOBAHUE OTIIMBOK MNPU
MOANDPULIMPOBAHUN PACIIIABA Al —-1.2 Fe—8Si UMMYJIbCHbIM
ANEKTPUYECKUM TOKOM

[MepcnekTMBHbIM  HanpaBfeHNWeM YCOBEPLUEHCTBOBAHUA JIUTOW  CTPYKTYpbl U
9KCMNMyaTauNOHHbBIX XapaKTepUCTUK OTMIMBOK W3 CUMYMUHOB sBnsieTca obpaboTka
pacnnasa UMMNYNbCHbBIM SNEeKTPUYECKUM TOKOM. B paboTe MeToa0oM
aepuBaTorpadpuyeckoro TEpPMUYECKOro aHanmsa WuccrnegoBaHo BnunsiHMe obpaboTku
pacnnaBa OOHOMOMSAPHbIM  UMMYIMbCHBIM  3NIEKTPUYECKUM TOKOM MO  cneuuansHo
pa3paboTaHHbIM  pexumam  (OTNMYarTCa NepuoauYHOCTBID U MNMIOTHOCTLIO  TOKA,
obo3HauyeHbl kak |,j1 u 11,j11) Ha TemnepaTypbl U1 TEPMOANHAMUYECKNE XapPaKTEPUCTUKU
drasoBbIxX npeBpalleHnn B cnnaee Al - 1.2 Fe - 8 Si npu ero HarpeBe 1 OXNaXXaeHuu.
KpuBble OTA cHumanu Ha npubope Derivatograph Q —1500-D (MOM BeHrpusa) npwm
NIMHENHON CKOPOCTW Harpesa u oxnaxaeHna 5 K/muH B gnanasoHe temnepatyp 300-1000
K Ha Bo3ayxe, npu HaBecke Npobbl 70 mr. MNapameTpbl ha3oBbIX NPeBpaLLEHNIA YTOYHANMN
andpdepeHumposaHem curHana [OTA no M3MEeHeHuK 3Haka Mpou3BOOHOM Ha
3asucumoctn d(AT)/dt = f(1). OB6bemMHy0 JOM0 KpUcTannmMayrwmxca a3 onpegenanu
nyTeM MNOCTPOEHUS UHTErpanbHbIX KPUBbBIX U3MEHEHUs Nrowagu TennoBblX 3ddeKTOB
npouecca Kpuctannusauuu, Tak HasbliBaeMble KpuBble «J0rS XUOKOCTU OT TeMnepaTtypbi»

nnn [IDKT-kpusble.

Mpn HarpeBe wucxogHOro anwMUHUEBOro cnnaea (puc. 1 a, kpumBaa 1)
9HOOTEPMUYECKMI MpPOLECC NNaBfEHUA HavMHaeTcsa npu  Temnepatype 572 °C.
TemnepaTypHbI UHTEpBan nnaBneHuUst TPOMHOM 3BTeKTUKM 576 °C — 597 °C 4etue
dukcmpyeTtcsa Ha kpmBon LOOTA: Hadano npu Temnepatype 576 °C, ¢ MakCUMMymOMm
npouecca npu TemnepaTtype 583 °C. [naeneHue d¢a3bl a-Al Habnwogaetca B
TemnepaTtypHoMm mHtepBane 598 °C — 630 °C, ¢ makcumymom npu Temnepatype 608°C.

Mpn oxnaxgeHun pacnnasa (puc.1 6, kpmBas 1) KpucTannmsauus dasbl a-Al
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dukcupyeTcs npu Temnepatype 598 °C, ¢ makcuMmymMoMm npouecca npu Temnepartype 593
°C. MNMpwn atom obbemMHas gona xunakoctn (puc.1 B, kpmBas 1) cHuxaetcs go 64 %. Poct
KOHUEHTpaLMM aToOMOB >efne3a W KPEMHWst B pacnraBe Co34aeT YcrnoBuss Ans
obpasoBaHuna xenesocogepxawmx a3. Hebonbwon nmk Ha kpuson [LOTA npu
TemnepaTtype 576 °C MOXHO OTHECTM K KpucTannuaaumm gasbl AlsFeSi (B-dasa), koTopas
npeaLwecTByeT KpucTannu3auum TPOMHOW 3SBTEKTUKW. JTO cornacyetca C NCeBAo-

BGuHapHon hasoBon guarpammon coctosHusA Al-Fe npu copgepxaHmm kpemHmst 8 % macc.

AT, v
-0,3 60- L 1,0
00 50 i
I ] L 0,8
L0340 s
L g i
--0,6= 304 1068
L ] g
L -0,95 204 |l 04o
= 5
--1,2 104 I =
I ] L 0,2
L 15 O I
-60- HarpeBaHI1g [ 18 -10] oxnaxgeHne o204 : oxnaxaenve 0.0
570 600 630 660 520 540 560 580 600 620 520 540 560 580 600 620
Temnepartypa, °C Temnepartypa, °C Temnepartypa, °C

Puc.1 - BnuaHue moguduumpyrowien o6paboTkn pacnnasa Ha TensoBble 3deKTbl
nnaenenns (a) kpuctannusauum (6) M obbeMHylo OONI0 KpucTannuaylowmuxcs gas (B)
anomuHuesoro cnnasa AL - 1.2 Fe - 8 Si

Mo cpaBHeHUIO C UCxodHbIM, 0b6paboTka pacnnaBa UMMYNbCHBIM 3MNEKTPUYECKUM
TOKOM Mo pexumy |, jt (puc. 1 a, KpmBas 2) NpuBOOUT K yMeHblleHuo Ha 4,96 %
TennoBoro addekta nnaeneHus (nnowagab noa kpueon [OTA) v cokpalleHuro
TemnepaTypHOro WHTepBana nnaeneHus. B To ke Bpems, uccnegoBaHUs B pexume
oxnaxgeHna (puc.1 6) nokasanu, 4YTO BO3OEWCTBME Ha pacnnaB UMMYMAbCHbIM
3NEeKTpUYECKUM TOKOM No pexunmam |, j1 u ll, j11(KkpmBble 2 1 3 COOTBETCTBEHHO) NPUBOAUT
K pacluMpeHuio TemnepaTypHOro AuanasoHa Kpuctannusauuu. TennoBble 3dpdeKTbl
Kpuctannusaumm a-Al asbl ymeHblLaOTCH, nponagaeT MUK KpucTannmsaumm doasbl
AlsFeSi (B) n HabnwogaeTcss pocT TennoBbiX 3PEEKTOB KpuCTannusaumm TPOWHOMN
9BTEKTUKU, ee obbemMHoun gonu (puc.1s).

YuntbiBad npocToTy peanu3aumm obpaboTkm pacnnaBa  O4HOMNOSISAPHbBIM
UMNYNbCHLIM  ANIEKTPUYECKMM TOKOM B YCMOBUSX MPOMbILSIEHHOrO MNPOM3BOACTBA,

OTCyTCTBUE GonbLunx QHEPreTn4eCKmnx 3aTpaT U BbICOKYHO MNpoOn3BOAUTESIbBHOCTb MeToaa,
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MOXHO 3aKJ04MTb, YTO TakKon crnocod ynpaslieHUA q)a3OBbIM COCTaBOM, CprKTypOIZ n
COOTBETCBEHHO CBOWCTBaAMU JUTEWHbIX CMMAaBOB WMEET GonbLion noTeHumnan

NpPaKkTn4eCcKoro Ncnosfib3oBaHUA.

YK 620.22
B. M. Kponisuuu, M. B. Bocuu, O. B. Ky3uk, A. B. KponiBHa

LieHTpanbHOYKpalHCbKMN HaUiOHaNbHUMA TEXHIYHUM YHIBEpCcUTET, KpONUBHULIBKUIA

AEAKI 3AKOHOMIPHOCTI MDK®A3HOIO PO3MoAiy ENIEMEHTIB MNMPU
KPUCTANI3ALIT BUCOKOMILHOIO YABYHY

Lnpoke 3acTocyBaHHA BMCOKOMILHUX YaBYHIB AN AeTanien MaluvH Ta MexaHi3MmiB
006yMOBMNEHO MiABULLEHMMWN MILHICHAMW BNAcTUBOCTAMW, SKi OOCAraloTb 3@ paxyHOK
KOMMNakTHOI opMu rpadiTHUX BKMNHOYEHb, fEeryBaHHs Ta TepMidHOi 0B6pobku. [poTe
BBEeAEHHSA Oyab-AKOro Neryr4yoro eneMeHTa 3MiHKe TEpMOANHAMIYHI YMOBMK KpucTanisauii
Ta hopmyBaHHA dhas. Mpu KpucTanisadii i 3aTBepAiBaHHi BUHMKAE XiMiYHa HEOAHOPIAHICTb
cnnaBy — 30HanbHa Ta AeHApPWTHaA nikBauis, 0COBNMBO TakMX €neMEHTIB, sIK BYrneup,
KpeMHin Ta mapraHeub [1, 2]. CknagHui Komnnekc qi3anMKo-XiMiYHMX MpoueciB, 4Ki
BigOyBaloTbCA Npu rpadiTM3auil BUCOKOMILHOMO YaByHy, HE Aal0Tb AOCMigHMKaM LOCArTU
€OVHOI TOYKM 30pYy LWOAO MeXaHi3aMy (POpMyBaHHSA BKMOYEHb KYMACTOI Ta KOMMAKTHOT
dopm rpadity.

KpucTanisadis rinok geHapuTiB aycTeHITy (POPMYETLCA 3 KOHUEHTpAaUIEn ByrneLr
HUX4YOK 3a WOro BMICT Yy po3nniasi i BIOTICHAKYM Byrneub BOHU MNEPecUYyoTb LUM
enemMeHToM MDKOAeHOPUTHI 30HM. B 3anexHocTi Big XiMiMHOro cknagy posnfiaesy Ta
Xapaktepy Moro MoaudikyBaHHS Ha UMX AingHkax (opmyoTbCa rpadiTHI BKITHOYEHHS
BiANOBIOHOI KOMNAKTHOCTI. MiKpopeHTreHocnekTparnbHi OOCHIAKEeHHS cBigyaTb, WO Ans
OINAHOK ayCTeHiTy, $Ki 3aTBepAiBanu nepwmMu, XapakTepHUM € nNigBULEHUA BMICT
KPEMHItO i OpPMYBaHHS NPU HaCTyNnHOMY €BTEKTOIQHOMY NepPEeTBOPEHHI 3epeH depuTy [3].

3rigHO MeTOAMKN PO3paxyHKy HEPIBHOMIPHOCTI MiXXd)a3oBOro po3rnoAiny KpeMHIto Ta
MapraHul MK aycTeHiToM Ta piguHolo [4], npoBedeHi po3paxyHKU BianoBigHUX
KoedpilieHTiB po3noainy Ta ogep)kaHa 3anexHiCTb B3aEMO3B'A3KYy KoedqilieHTa po3noainy
TPETbOro efieMeHTa MK ayCTEeHITOM i piduHOK  3i 3MIHOK TemnepaTypu ayCTeHITHO-
rpaiTHOI €BTEKTUKN AN ABOX NOTPiNHMX cucTem Fe-C-Xi (Xi =Mn, Si).
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[Moka3aHOo, WO KPeMHIM 3 KoediuieHTOM po3noaisly MK ayCTeHiTOM Ta piguMHOM0
KOHLIEHTPYETLCA B ayCTEHITi, @ koedilieHT NnikBauil Noro B ayCTeHiTi CTaHOBUTb , TOMY Si
nikBye B UEHTP AeHapuTy. MapraHeub 3 KOeiuieHTOM po3nofinly MK aycTeHITOM Ta
PIOWHOK  KOHLEHTPYETbCA B PigMHI, NpU LbOMY KoedilieHT nikBauili MOro B ayCTeHiTi
ctaHoBUTL | Mn nikBye Ha nepedepito geHgpuTa.

BctaHoBneHo, wo 3miHa eHeprii lNGca aycTeHiTy i piguHu Ang KpemHilo Ta
MapraHul OOpPiBHIOE Ta BigNOBIiAHO. AHani3 noBediHKM TepMOoOMHaMIYHUX XapaKTepUCTUK
a3 npu HasBHOCTI Yy cnnasi Fe-C TpeTboro erfiemMeHtTa rMokasas, LWO He3MiHHa
TemnepaTypa piBHOBarn npu3BoauMTb 0O 3MEHLUEHHA eHepril [NbGca aycTeHiTy i piguHum,
BPaxoBYO4MU, LLO rpadiT He PO3YMHSE JOMILLOK.

Taknn xapaktep 3MiHM eHeprii [Gca 0OymMOBMOE HanpaBneHHs nepepo3noginy
efieMeHTa MiX PiANHOK | ayCTEHITOM: efleMEHTOM HacuyyeTbcsa Ta pasa, eHeprisa Nbca
AKOI BiA OOMILLKN enemMeHTa 3MEeHLUYETbCA CUMbHile, WO Npu3BoAuTb A0 3MEHLUEHHS
eHeprii lbca Bciel cuctemn. Cnig 3asHaumTty, WO Oinbl BigHOCHA 3MiHa eHeprii lNbca
ayCTeHITy i pianHM Npu3BOoaUTb A0 OBiNblIOI BiAMIHHOCTI KOHLEHTpauii B HUX TPeTboro
enemeHTa, To6TO 36inbLleHHIo pisHuUi |KX — 1.

TakMm 4YnHOM, 3rigHO TepMOAUHaMIKM piBHOBArM a3 KPeMHi CUrbHille 3MeHLUye
eHeprito [6ca aycTeHiTy, a MapraHeub — eHeprito [bca piguHu. Xapakrep 3MiHW eHeprii
bca obymoBnoe HanpaBreHHs nepepo3noginy Si i Mn MiX piguHol i aycTeHiTom,
BiAMOBIAHO KpeMHieM abo MapraHueM Hacu4vyeTbcsl Ta pasa, eHepria [b6ca sKkoi Bia
OLHOr0 3 [aHUX €ENeMEHTIB 3MEHLUYETbCA cusbHiwe. CniBBIQHOWEHHS MK XiMiYHUMMK
noTeHuianamun Byrneuw Yy dasax AUKTYIOTb 3MiHY Temnepatypu eBTEeKTUYHOro
nepeTBOPeEHHs, a came, Ansg eneMmeHTiB 3 kX>1 Temnepatypa eBTEKTUYHOIO
NnepeTBOPEHHS MNOBMHHA nigBuwyBatncd, a 3 kX<1 - 3HMXKyBaTMCH, Taka 3MiHa
TemnepaTypu oOyMOBIOE 3MiHY cknag as, Lo Npu3Beae A0 BUKOHAHHS YMOB piBHOBaru

(bas npu HasIBHOCTI TPETbOro eyfieMeHTa.

Cnucok nitepatypu

1. BospswxkeHckmin B.B. JluTenHble cnnaBbl WM TEXHOMOMMSA WX MNaBkM B
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nocobue. — M.: MawwnHocTpoeHne, 1984. — 432c.
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PU3MKO-TEXHONOrMYECKUN MHCTUTYT MeTannos 1 cnnasoB HAH YkpauHbl, Kues

NCNoJib3OBAHUE OTEYECTABEHHOI'O LUMPKOHUA B
AOEPHO-TOMJMIMBHOM LUMKINE YKPAUHDI

B HacTtosiwee Bpems B YkpamHe yHKUMoHUpyoT 15 6nokoB ASC, koTopble
BblpabaTbiBaloT 6onee MnosioBUHbI 3MEKTPOIHEPTMM U SAepHOe TONMUBO Af1S KOTOPbIX
TpaguLMOHHO nocTaensnocb M3 Poccun. B nocnegHve rogbl  Hapsgy € TOMAMBOM
poccunckon koprnopauum «TB3JI» ctano  mcnonb3oBaTbCA TOMMAMBO aMEPUKAHCKOW
komnaHum Westinghouse. B npownomMm rogy CMellaHHble akTUBHbIE 30Hbl C TOMSIMBOM
yKa3aHHbIX MOCTaBLUMKOB 3KCMNyaTUPOBANMUCh yXXe Ha LecTU 9Heprobriokax yKpanHCKUX
A3C [1], n B Gnvxkanwme rogbl NpegycMaTpuBaeTcs pacluMpeHne ncnonb3oBaHns cOopok
komnaHum Westinghouse BnnMoTe OO0 cTpouTenbCTBa 3aBoda 3TOW KOMMAHUW MO
npomsBoacTey  agepHoro  tonnmBa  [2].  OpgHako — abconoTHad  3aBUCMMOCTb
paboToCNOCOBHOCTM  3HEpProbsiokoB  OT  BHELWHMX MNOCTaBOK TOMMAMBA  yrpoxaeT
9HepreTnyeckon 6e3onacHOCTN CTpaHbl. ATO obycnoBnMBaeT HEOHBXOAMMOCTb CO34aHUNSA
OTEYECTBEHHOIO  dAepHo-TonnMBHOrO uukna (ATL), 4to 6bINO  NpeaycMoTpeHo
COOTBETCTBYIOLUNM peELLUEHMEM NPaBUTENbCTBA €eLle B Havane HyneBblX roAo0B TeKyLlero
ctonetus [3], HO He peann3oBaHO 40 HACTOSALLEro BpEMEHN.

HeoTbemnemon coctaBHon YacTtbio ATL aBnaeTca nonyvyeHne UUMPKOHUA S0epHOMN
YACTOTbI U OpraHu3auusi NPOM3BOACTBA M3 HEro ChraBoOB AN U3rOTOBIEHUS 3aLUUTHBIX
Tpy6-o6onoyek Tennosbigensawowmx anemeHToB (TB3J1), kaHanbHbIX M HanpaBAALWNX
TpyD, KacceT W [Opyrux AeTtarnen akTMBHOW 30Hbl aTOMHbIX peakTopoB. PaboTbl Mo

pewweHnio npobnembl umpkoHns gns ATL BeinonHsnuce coBmectHo UOTTMT HHL,
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«HUTUN nm. A.E. Ocagbi» n @TUMC

B ocHoBe npoBOANMbBbIX

«XPTU» HAH Ykpauubl, THMM «UnpkoHniny, I
HAH YkpaunHbl

nccneaoBaHum nexanm npegnoXeHnd no MCrnosib30BaHMA OTE€YEeCTBEHHbIX TEXHOSOrnm

no 3agaHnio MUHTOM3HEpPro YKpauvHbl.
KanbLMUTEPMUYECKOrO BOCCTAHOBMNEHNSA UUPKOHUS U3  TeTpadTopyaa LMPKOHUSA,

paUHUPOBaHUIO  3TOrO  MeTanna  MEeTOAOM  ONEKTPOHHO-NyYeBOM  MfaBkM  C
NMPOMEXYTOYHON E€MKOCTbIO M MNOCneayrLero nofyydeHns nuTbliX TPYOHbIX 3aroTOBOK C
NCMNONb30BaHMEM JNIEKTPOHHO-TY4EBOW rapHUCaXXHOW Nnaskn. PesynbTaTbl uccrnegoBaHnn
npeactaeneHbl B otyetax o HWP un nybnukaumsax B Hay4yHOM neyaTu, KOTOpble B
B [4],
cchopmynmnpoBaHbl B [OKMage Ha KOHdepeHuuun, nocssileHHon 60-neTuo cosgaHus
STUMC HAH YkpauHbl [5].

3alUMLLEeHbl JOKTOPCKME U KaHauaaTckue anccepraumm [6-9].

00O0OLLEHHOM BUOE WU3NOXEHbI a nocnegHve nNo BpPeMeHW npennoXeHus

OTmeTuM Takke, 4TO NO pesynbTatam WccregoBaHUm

B npoBeaeHHbIX nccnegoBaHnda nornydvyeHue pr6HbIX 3aroToBOK OCYLUECTBIIANIOChb

cnocobamm nNUTbss B  KOKWMb, LEHTPOOEXHOro nuUTbS W NUTbS C  HaNoXeHWem
3MeKTPOMarHUTHbIX Moner Ha 3aTteepgesawowmin B dopme pacnnas. Bo Bcex atmx
cnocobax WUCKYaeTca onepauus KOBKM CrivMTKa, 4YTO npeacTaBnsetrca Haubonee
NepcnekTUBHbLIM A115 peLleHns npobrnembl TPYOHbIX 3aroTOBOK U3 LIMPKOHWEBBIX CMNaBOB U
n3genun n3 HUX B Hawewn cTpaHe. K HacTosuwemy BpeMeHu npakTU4eckn yaanochb
peann3oBaTb TEXHOMOMNIO MOMYyYEHUss NUTbIX TPYOHbIX 3aroTOBOK Cnocobom nuTbs B
KOkunb 13 cnnasa ZrlNb © M3roToBneHUs M3 HUX TpPeKkc-TPyOd WM TBESNbHbIX TPYOOK.

MexaHunyeckne cBonctBa Tpyb-obonodek TBOIJ1 m3a cnnaea ZrlNb npencraeneHbl B

Tabnuue.
3aBoga- MpogonbHoOEe HanpaBrieHne NMonepe4vHoe HanpaBneHue
N3roToBUTENb os, MlMa Oo2, MlMa 0, % os, MlMa | ooz, MlMa 0, %
Temnepatypa ucnblitaHmn 293 K
O3 1T «<HUTU» | 580-590 | 415-425 | 34-36 | 550-600 | 500-533 | 16,1-16,7
OAO OT3* 615-650 | 480-495 | 30-33 | 605-650 | 560-595 | 13-13,3
BAOM - - - 294 210 29
TY 95-105-89 410 240 20 - - 12
He MeHee
Temnepatypa ncnbitaHnn 653 K
O3 I'M «HUTU» - - - 226-235 | 222-226 27-30
OAO IOT3* 235-265 135-153 - 225-240 | 190-200 27-36
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BAOIM - - - 225 195 47
TY 95-105-89 - 80 - 148 130 33
He MeHee

B uenom pesynbTatbl BbIMNOMHEHHbLIX WCCNEOOBaHWIA MNO3BOMSANT YTBEPXAaTb O
peanbHOW BO3MOXHOCTM MOSyYEHUS W3OENMM M3 CNMaBoOB Ha OCHOBE LMPKOHMS
KanbLUMNTEPMUYECKOrO BOCCTAHOBMIEHUA B paMKax Cco3fgaHust oTtedectBeHHoro ATLL.
OpHako Aans KOMMIIEKCHON OLEHKM KadecTBa mnony4vyaembix Tpyb-obonoyek TBOIJI
Heobxo4MMO NPOAOIMKUTL NCCNEA0BaHUS X KOPPO3MOHHOW CTOMKOCTU, ManoLMKIIN4YEeCKON
yCcTanocTtu, non3y4ectm u pagvauMoHHOM CTOMKOCTM B YCMNOBUSIX 3KCnnyatauum B
AENCTBYIOLLNX peakTopax.

[anbHenwune paboTbl MO uUMpKOHMEBOM npobrneme cnegyet nMpoBOAUTL B
HanpaBneHUaX MNOMyYEeHUS LUMPKOHUS KanbLUUNTEPMUYECKOrO BOCCTaHOBMEHUS C Gonee
HU3KMM cofepXaHnem Kucnopoga, oTpaboTkM TEXHOMOMMIM BbINIABKM HA OCHOBE 3TOro
uMpkoHusa cnnasoB Tuna Zr2.5Nb n cuctemol Zr-Nb-Fe-Sn, a Takke cnnasoB Tuna Zircaloy

C NONyYeHneM nx HUX TPyOHbIX 3aroToBoK U Tpy6-o6onovek TBIJ1.€

Cnucok nutepatypbl

1. 3BiT nNpo gisnbHiCTb HauioHanbHOI akageMii Hayk Ykpainm y 20017 poui / HAH
YkpaiHn. — KuiB: Akagemnepioguka, 2018. — 552 c.
2. https://ZN.UA/Economics/30387.html

3. KomnnekcHa nporpama CTBOPEHHA SOEPHO-NANMBHOINO UMKIY B YKpaiHi.

NMoctaHoBa KabiHeTy MinicTpiB YkpaiHu Ne 267 Big 12.04.2005 p.

4. JlapoxuH C. B., Baxpywesa B.C. [NpymeHeHne anekTpoHHO-ITy4eBOM NnaBkn Ang
nonyyYeHusi CnraBoB LUMPKOHUA B YKpanHe // CoBpemeHHas anektpomeTannyprus. — 2018.
-Ne 4.- C. 36-41.

5. BaxpyweBa B.C., BoesoanH B.H., Jlagoxun C.B., Myxayes A.ll., [MununeHko
H.H. MNonyyeHne Tpy6-o60noyek TennoBblIAENSAOLWMX INIEMEHTOB aTOMHbIX PeakTOpOB U3
nnTbIX 3aroToBoK cnnasa ZrlNb 3anekTpoHHo-ry4eson Bbinnasku // Metann u nutbe
YkpanHbl. — 2018. - Ne 7-8.- C. 101-111.

6. Baxpywesa B.C. ®opMyBaHHA CTPYKTYypu Ta BNlaCTMBOCTEN CTani i cnnasiB npu
BUIOTOBIEHHI TPYO ANA S4epHMX eHepreTUYHMX yCTaHoBOK: ABToped. AuC. ... A-pa TeXH.
Hayk. — [IHinponeTpoBcbk, 2003. — 36 c.
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7. bypsak T.M. CTpyKTypoyTBOpEHHsi i (OOpPMYyBaHHS BriacTUBOCTEN TPyOHOWM
3aroToBkM i Tpy® AOnNA aTOMHOI €HepreTMkM 3 BUMKOPUCTAHHSAM HOBUX  CMocobiB
BUPOBHMUTBA. ABTOped. ANUC. ... KaHA. TeXH. Hayk. — [JHinponeTpoBcbk, 2005. — 20 c.

8. nmagkoB A. C. OcobnmBOCTI €neKTPOHHO-MPOMEHEBOI TapHICaXHOI NaBKn
cnnasy Zr-1Nb i po3pobka TexHonorii BUroToBreHHs1 TpyoOHMX 3aroToBoK: ABToped. auc.
... KaHA. TexH. Hayk. — Knis, 2009. — 20 c.

9. TlununeHko M.M. ®i3nKO-TEXHOMOrYHI OCHOBM CTBOPEHHS  LIMPKOHIEBUX
Martepianis Ta ragHito gna akTUBHUX 30H A0EePHO-eHepreTUYHMX ycTaHoBOK. ABToped.

Auc. ...O-pa TexH. Hayk. — Xapkis, 2012. — 32 c.

YOK 629.11.012.3 : 669.14.083.74
B. A. JloktnoHoB-PemunsoBckuu, H. B. KupbsikoBa, H. H. F'pu6os,
B.®d.CmonsHckas
PU3MKO-TEXHOMNOrMYECKUN MHCTUTYT MeTannos n cnrasoB HAH YkpaunHbl

loktionov @ ptima.kiev.ua

M3HALUMBAHUE XEJNIESHOOOPOXHbIX KOJIEC U PEJIbCOB

B MeTannosegeHuMn cyuwlectByeT (pyHOaAMeEHTanbHbI  3aKOH CBA3bIBAKOLLNN
CBOWCTBa CMNfaBOB C WX COCTAaBOM W CTPYKTYPHbIM COCTOSHMEM — 3akoH KypHakoBa.
OgHum un3 6asoBbiXx MONoOXeHUM 3akoHa KypHakoBa €BMSeTCs OTCYTCTBME paspbiBa
dyHKUMM B npegenax ogHon dasoBor obnactm guarpammbl COCTOsIHUS. B pabGotax
crneunanucToB YkpanHbl 6binv nokasaHbl 0COBEHHOCTU OenCTBMSA 3akoHa KypHakoBa npu
dopMUPOBaHNUM  (PYHKUMWN  KOHLEHTPaAUMOHHbLIX 3aBUCUMMOCTEM WN3HOCOCTOMKOCTU WU
KOadhuUMEHTa TPEHUS CNNaBOB 3BTEKTUYECKUMX CUCTEM MeTann - asa BHegpeHus. B
pabote A.A. XykoBa C Konneramu npoBedeHo o606weHne psga nyénukauun u
npeacrtaBneHbl  obwme  cxembl dYHKUMI KOHUEHTPALMOHHbIX  3aBUCUMOCTEN
MEeXaHM4YeCKMX CBOMCTB M M3HOCaA CMMaBOB 3BTEKTUYECKMX CUCTeM MeTann-gasa
BHegpeHus (Puc. 1). N3 npuBegeHHbIX MaTepuanoB crefyeT, YTO KPUTUYECKUM TOo4YKam
AnarpaMmmbl COCTOSIHUS COOTBETCTBYHOT 3KCTPEMYMbl U nepermbbl. OCHOBOW MHOXeCTBa
npoLeccos, BCneacTeme 9HepreTMYecKkoro, MEeXaHU4YeCcKoro, KOPPO3MOHHOTrO,
TEPMUYECKOro, paspyLLeHUs Xene3HOAOPOXHOro TpaHcnopTa ABNSeTCH B3auMoaencTeme

koneca u penbca. Mpu akcnnyaTauum Kkoneca n penbca (opMUpPYHT Napbl TPEHUS
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A—1n3Hoc obpasuya; b —m3Hoc koHTpTEna.
pasti P Puc.2. 3aBncuUMocCTb BSA3KOCTU

Puc. 1. 3aBucmmocTb .
paspylleHms W1 KU3Hoca  cTtanem  oT

MeXaHNYeCKnX CBOMCTB U U3HOCa
cogepxaHus yrnepoga

Ha puc. 2 npeacraBneHo conocTtaBnieHne QYHKUMA  KOHLLEHTPaLMOHHbIX
3aBMCUMOCTEN YyCpeOHEHHbIX 3HAaYeHUW BA3KOCTM paspylleHns (yoapHOW BHA3KOCTM)
cpeaHeyrnepoancTbIX CTanen M BefIMYUHbl U3HOCa KOMeC M pPenibCoB M3 TakKUX CTanen C
AnarpaMmmon COCTOSIHUSA XKereso - yrrepos B ctanbHon 06nactn KoOHUEeHTpaunn yrnepoga.
PesynbTaTbl CTEHAOBBLIX UCMbITAHUA MNOKasanu, YTO NOBbILLEHWE CoAepXXaHna yrinepoga B
penbCoOBOM CTann He OKa3blBaeT BUSHUS Ha MOBbLILWEHWE M3HOCA KOSiec, a NoBbleHne
yrnepoga B KONIeCHOW CTanu noBbllaeT M3HOC PenbCoB, NPy (PUKCUPOBAHHOM yrnepoae B
penbcoBon ctanu. Ha npsMonnHenHbIX ydacTKax MNoroTHa [ONS M3HOca Npu TpeHumn

KayeHun napbl KONeco-pesibC B CYMMapHOM M3HOCE Napbl JOMUHUPYET.
Ha KpWBOMMHENHbIX yyacTkax MOfoTHA CYMMapHbIA M3HOC napbl KOMeCco-pesibe
CYLLLECTBEHHO [OMOSIHAETCA W3HOCOM TPEHUS CKONbXeHud. M3aMeHeHne COOTHOLUEHUS
Aonen n3Hoca Npu TPEHUW KayeHUM U U3Hoca NpW TPEHUU CKOMbXEHWUW, B npouecce

p860TbI napbl Xene3HogopoXXHble KOoreCo-peribe, 06ycnaan|BaeT M3MEHEHNE YPOBHA

M3HOCa 3N1eMeHTOB Nnapbl.
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Bua yHKUMIN BA3KOCTU paspyLllEHNs U U3HALLMBAHUS KOSleC U pesibCoB OAUHAaKOB
N OYHKUMU XapaKTepusylTCs Hanndmem HUCXoAslen BeTBW, nepermbom B obgactu
KOHLUEHTpauuu yrrepoga, COOTBETCTBYKOLIEN COCTaBy 9BTEKTOMAa, W BbIXOOOM Ha
ropusoHTarnb npu cogepxaHum yrnepoaa 6onee 0,8% no macce.

dakTnyeckn puc. 2 gaBnsgeTCs gMarpaMMon COCTaB — CTPYKTypa — CBOWCTBaA WU
Nno3BOSSEeT CBA3aTb COCTaB PENbCOBbLIX N KOSIECHLIX CTanewn rno yrnepogy, Ux CTPYKTYpHoe
COCTOSIHME, MexaHN4eckne CBOMCTBA (yOapHYH BA3KOCTb) U BEMUYMHY U3HOCA 3N1EMEHTOB
napbl TPEHUS KOMeco — pernbc, 4YTO noaTeBepxaaeT yHOaMeHTanbHOCTb 3akoHa

KypHakoBa, no3BonseT NporHo3npoBaTb YPOBEHb CBOMCTB M XapakTePUCTUK CMI1aBoB.

YOK 621.74
T.B. Jlucenko, M.l. 3amarTiH, B.IN. JoueHko, M.I. Typ, O.10. Mopo3oB

Opecbknin HauioHanbHUI NoniTexHiYHMIA yHiBepcuTeT, Ogeca

MOJOENIOBAHHSA TEXHONOI NNTTA B OBNULbOBAHI KOKISI

OcobnmBocTi TexHonorii NMTTa B 06NMUbOBaHI KOKiNi NoB'A3aHi, nepw 3a Bce, 3
HEOOXiAHICTIO HaHeCeHHs Ha KOKiflb OOMMUIOBaHHA ONs OTPUMAHHS KOXHOI 4eproBoil
BUNMBKKU. AK maTepian ans obnuuoBanbHOro Wwapy BUKOPUCTOBYHOTL dOPMYBarbHi CyMmiLui
nigBuLWEHOI NAnHHOCTI. Llen meton nuTTa O03BOMSIE OOepXyBaTW BUIIMBKU 3 YOPHUX i
KonbopoBux cnnasis. OgHaK Npu nUTTI HU3bKOTEMMEPATYPHUX CNriaBiB HA OCHOBI LUHKY i
oroBa, daHUn MeTod NUTTA He [O03BOMNde OTpUMyBaTW XYOOXHI BUIIMBKW 3 BMCOKOHO
YNCTOTOK MOBEPXHI.

[ns1 yCyHEHHS unx HeJonikiB 3anponoHOBaHO B SIKOCTI 06MMLItOBaHHSA BUKOPUCTaHHS
cunikoHoBol rymn SK 766. OTpumaHy opMmy MOXHa ekcnnyatyBatv npotsarom 500-550
3anunBokK, npu TemnepaTtypi go 400 °C, niHinHa ycagka cknagae 0,2%.

Po3pobneHo TEXHOMOorito OTPUMaHHA Takoro obnuutoBaHHA. daHun meton nnuTTd
Aae MOXMMBICTb GaraTopasoBO BMKOPUCTOBYBATU OBMULIOBAHHS KOKWIIO, LLO CMAPOLLYyE
TEXHONOrit0 BUFOTOBMEHHS BUMMBKIB, @ TaKOXX MOXHa OAepXyBaTu BUIIMBKUA, B AKUX €
3BOPOTHI YXWUNW CTIHOK Ta NiOQHYTPEHb.

[na BM3HayeHHs napamMeTpiB TEXHOMOrYHOro NpoLuecy BUrOTOBMEHHSA BUSIMBKIB 3i
cnnasy LIAM4-1B BukopuctoByBanu nporpamHui komnnekc LVMFlow (aemo-Bepcisi). B

SAKOCTi 06‘€KTy mMoaentoBaHHA 6yJ'IO Bl/l6paHO BUIMNBOK «J1aHKa JNaHuora».
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Mpun BWKOHAHHI MoOAENOBaHHS BpaxoByBanM CKnag chnnasBy, martepian dopmu,

Temnepatypy dopmn, TemnepaTypy HaBKOMULWIHLOIO CepeaoBuLlia, Crocid 3anmBKWu.

MapameTpun TexHonorii BkadaHi B Tabnuue 1. HeobxigHo Byno B1M3HaunTn po3paxyHKOBUM

Yyac TBepLiHHS BUNMBKA Ta NpoaHanisyBaTu NoBepXHeBi Ta yCaaKOBI edeKTu.

Mpwn BigNpautoBaHHI TEXHONOTII NfiaBka nposoamnacs B iHAYKUiNHIA nedi ARGENTA

APT 1,7. Temnepatypa MeTany Ha BUMNYCKYy KOHTpoOroBanacsi TepMonapor 3aHypeHHS.

3anueka 3givMcHioBanach nig HU3bKUM TUCKOM. BignpautoBaHHS TeXHOMOriYHOro npouecy

noyanacs 3 OTPMMaHHS Ha KOKifi sIKIiCHOT NOBEPXHi 06IMLbOBaHOrO LLapy.

MapameTpu TexHonorii

Tabnuuygsa 1

BnacTtusocTi MNapameTpu
Cnnas LUAM4-1B
MaTepian dpopmun YaByH
Temnepatypa meTtany 380°C
Temnepatypa dpopmu 95°C
TemnepaTtypa HaBKONULIHBLOrO cepeposua | 27°C

Cnocid 3anuBku

JINTTA Nig HU3bKUM TUCKOM

3D-reomeTpia BUNMBKKU Y bOpMi HaBedeHa Ha puc.1.

Puc. 1. - 3D-reomeTpist BUNUBKKN Yy popMi

Mo pesynbTaTaM MofentoBaHHA Gyno npoBefeHo cepito 3anmBok. OTpumaHi gaHi
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cBigYaTb MPO BMCOKY SIKICTb BUIMBOK MO MOBEPXHEBUM Ta ycagkoBum aedpektam. [daHa
TEXHONOris MOXe YCNilWHO BWKOPUCTOBYBATUCb MNPW  BUFOTOBIIEHHI BUMMBKIB i3

HM3bKkoTeMNepaTypHUX CrraBsiB.

YOK 621.744.3
T.B. llbiceHko, A.A.boHaapb, K.A. Kpenuep, E.H. KoanwkypT, A.J1.Mopo3oB

Opeccknin HauMoHanbHbIM NONNTEXHMYECKU yHUBepcuTeT, Oagecca

UMNYNbCHAA CACTEMA BEC®J1H0COBOU 3ALLNTLI MATHUEBbIX CMNJIABOB OT
BO3INOPAHUA

Bbina cosgaHa HoBasi MMMyNbCHas cucTemMa 3alMTbl MarHuMeBblX CrnaBoB OT
Bo3ropaHus. Cuctema no3sonuna nogaBaTb HA NOBEPXHOCTb MeTanna CMecb 3alMTHbIX
ra3oB MMMYNbCHO, HE AOMNycKasa BO3ropaHnsa MarHMeBoro cnnaea [1].

Mcnonb3oBaHne MNOCTOAHHOM MOA4ayYM CMEeCcUM 3allMTHOrO0 rasa Ha MNOBEPXHOCTb
XMOKOro cnnaBanpuBoaUT K MOCTOSAHHOMY POCTY TOSIWMUHbLI CMOS 3aWUTHOW MNMEHKN.
YBenuyeHne nepenaga TemnepaTypbl Ha rpaHuuax MfeHKM co3gaeT HapacTarolme
HaNpsPKeHNA B NfeHKe, NPUBOAALLME K ee paspylieHunto. [oaBnsoTcs TpewuHbl, vyepes
KOTOpble NPOXOOAT HapyXy napbl MarHWa, a B XWOKAW Cnnas nonagaeT Kucnopoa.
MMeHHO Takoe COCTOSIHME CIY>KUT OCHOBHOW MPUYMHOM BO3ropaHus. [pu aTtom, TepsatoTca
3alNTHbIE CBOWCTBA MMEHKM KU3-3a HapyleHus ee repmeTnyHoctu. OQHOBPEMEHHO C
9TUM, U3-3a HENpepbIBHOrO npouecca Anddy3nmm 3amnTHOro rasa U MarHMeBOro Cnnaea,
Macca MreHKM yBernMyunmBaeTca U YacTb NNeHku ToHeT. [anee npouecc nostopsieTcs. K
KOCBEHHbIM HeJocTaTkaM Takoro npouecca crnenyeT oTHecTu 6onbloe noTpebrneHve
aKTUBHbIX ra3oB, MOTEPWU ChfaBa, CHMXEHME KadecTBa MarHMeBOro crnraea, 3acopeHue
HemMeTanIM4YeckMmMmn BKIIOYEHNSMM U KaK CreACTBME, CHKEHME KadecTBa nNntbs [2].

®opmynbl (1) u (2) BblpaxatoT 3aBUCUMOCTb BPEMEHU CYLLECTBOBAHUS 3aLLUTHOM
nneHkn (4O BO3ropaHns) OT MOBEPXHOCTHOIrO HaTSHXKEHUS U TeMnepaTtypbl Cnrasa, a Takke
COCTaBa 3alUNTHbIX ra3oB.:

$=1277,7 — 2,18T + o + 133,3x, + 3652,33x, (1)
¥ =-—2098.14 + 3.41T + 0950 —700,08x, (2)
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Pabounn ananasoH XWAKOro cnnaea Haxoautcs B npegenax 650 — 760 *C . o 350
*C nnaeka NPOM3BOAMTCHA C UCMOSb30BaHMEM TOMbKO CYXOro Bo3ayxa, cogepxanune Oz —
4%. PadmHnpoBaHue cnnasa NponsBoAnNTCA Npu TemnepaTtypax 665 — 685 °C .

[Ons onucaHna WMNyNbCHOW CUCTEMbI OblMM MNPUHATBHI  CreayloLlmMe YCNOBHbIE
0603HaveHuns:

Y — OTKNKMK (BbIXOOQHOW NapameTp Texnpouecca —BpeMs CyLeCTBOBaHMSA 3aLUTHOWN
NNeHKn (0o BO3ropaHus);

AY _ OTKMNOHEHWE OT ONTUMAanNbHOIO 3HaYEeHNs 13-3a OTKNOHEHUS (PaKTOPOB;

Xi — BXoaHble napameTpa TexnpoLlecca:

X1 — Temnepartypa cnnasa(T);

X2 — NOBEPXHOCTHOE HaTsxeHue cnnaea(? )

X3 — %copnepxaHne SO2;

X4 — %copepxaHue SFe;

Xi€ lai: Bi]l — obnacTb onpeaeneHns yHKUNK;

Xio — napameTpbl, obecneuynBalOWMe ONTUMAnbHblE 3HAYEHUST  PYHKUMMK
MaTtemMaTU4eckon Moaenn TexnpoLecca.

Mcnonb3oBaHMe Ha KOMMMEKCe NUTbS Mo AaBMEHUMEM MHEPLMOHHbLIX NapameTpoB
TemnepaTypbl crnasa X1 U NOBEPXHOCTHOIO HaTSXKEHUST X2 MOMOraeT onpeaennte MOMEHT
BO3ropaHusa. [ns komneHcauum 3Tux konebaHmin B MpoOLECCE M3MEHSETCHA KONMMYECTBO
nogaBaemblx rasoB Xz M Xa. Mcxogss m3 3TOro, CUCTEMOM CO3OAlOTCA 3HAYEeHUs Ans
perynupoBaHmna Xsi U Xai, C COOTBETCTBYHOLEN obnactbto onpegeneHvs. AganTuBHas
cucteMa ynpaBrieHuMs MO3BOMSeT  ONTUMU3NPOBATL  TEXHONOrMyeckMe napameTpbl

npotiecca.

Cnucok nuTtepartypbil

1. [AywHosa, B.A. WccrnepoBaHne BOCNSIaMEHAEMOCTU JIUTEMHbIX MarHueBblX
cnnaesoB cuctembl Mg—Zn—Zr / B.A. [lytoHoBa, 3.T1. Ypuansa//fintenwmk Poccun. - 2012. -
Ne11. -C. 21-23.

2. AHmurnos, B.B. CtpaTernsa pasButusa TUTAHOBbIX, MarHMEBbIX, 6epunnmMeBbIX 1
antomuHmeBbIX crnnaesoB / B.B. AHTunoB //ABMaunOHHbIE MaTepuanbl U TEXHOMOTUWN. -
2012. - NeS. - C. 157-167.

131



JIMTBO.METAJIYPTIA. 2019

YOK 621.744.3
T.B. JlbiceHko, K.A. Kpenuep, B.B. Acrokos, E.H. KosnwkypT, A.J1.Mopo3oB

Opeccknin HauMoHanbHbIM NONNMTEXHMYECKU YHMBepcnTeT, Ogecca

OCOBEHHOCTU BAKYYMUPOBAHUA ®OPMbI NMPU JINTBE NOA
AOABJINIEHUEM MAIrHUEBBLIX CINJ1IABOB

C uenbl CHWKEHWA 3ara3OBaHHOCTM B OTAMBKAaxX Mpu NUTbe Nog LaBreHueM
npegycMmatpuBaeTcs BakyyMmpoBaHue hopMmbl.

AKTMBHbIE ra3sbl, Takne, kKak BOAOPOS, a30T NOCTynakT B OTSIMBKY, CMELUNBASACH NpU
3anonHeHnn ¢opmMbl  TypOYNeHTHbIM M OUMCNEpCHbIM  NoTokamu. Mcnonb3oBaHue
BaKyymMupoBaHuss pOpMbl, Kak 3TO Aenaetcs npu NUTbe antoMWHUEBLIX CMaBoOB, HEe
npeacTaBnAeTCca BO3MOXHbIM, TaK Kak MarHuin ncnapsetcs[l,2].

[ns CHWXeHus 3ara3oBaHHOCTU B OT/IMBKE, HaMW MNPeasiIoKEHO TeXHONormyeckoe
peLleHne No UCMnofb30BaHMIO BaKyyMUPOBaHUS DOPMbI B PEXMME UCKIIOYEHNS BbIXxoda U3
dopMbl NMapoB MarHus. TexHONornM4yecku npouecc npegycmMaTpmBaeT WCNofb3oBaHWE
nabupmHTHOro oOTcoC BoO3dyxa W3 ¢opMbl. bBbiNnnM npoBedeHbl uccnegoBaHUs Mo
onpegerieHnio MMHUMarnbLHOro Mo BbICOTE CceYeHns nabupuHTa oTcoca, KonmyecTsa BOJSH
nabuvpuHta n nx WupuHy. PaccuntaHa gocratodHasa TemnepaTypa nabupuHTa no KOHTypy
oxnaxgeHus. MiccnegoBaHbl NoTepu cnnasa npu 3anpeccoBKe.

Mpecc - opma 6Gbina obopygoBaHa NabUPUHTOBBIM — KaHarnom  Ans
BaKyyMUpoBaHUa (popMbl B MOMEHT Hadana 3anpeccoBku. [1paBUIIbHOCTb NPUHATUSA
noaobHOro pelleHns MOATBEPXKAEHA 3JKCNEepUMeHTanbHO. JIabMPUHTHBLIM KaHan wumen
HU3KYI0 TeMnepaTtypy, Bo3ayx 13 popMbl yaanancs, ucnapeHns marHnsa He Habnoganoch.

Boinn  npoBegeHbl  paboTbl N0 npoBepke  3(PEPEKTUBHOCTU  CUCTEMBI
BaKyyMMpoBaHWA, a Takke Oblna ocyuecTBneHa npoBepka CUCTEMbl FepMeTUHHOCTU
NNOCKOCTN pasdbemMa (PopMbl.

MpeumywectBa nNUTbA MO4 [AaBfiEHMEM C MCMNOMb30BAHMEM BaKyyMUPOBaHUS
OpMbI 4OCTATOYHO U3BECTHBI:

- CHWXEHWe rasoBon MOPUCTOCTU W, KaK CreacTBue, NoBblLLEHWE FEPMETUYHOCTU U
MeXaHW4YeCKON NPOYHOCTU OTIINBOK;
- ynydleHme ycrioBUN 3anosiHeHns opmbl (KMOKOTEKYYEeCTU) U, Kak cnencreue,
BO3MOXHOCTb CHWXEHWS TemnepaTyp cnnaBa U (popMbl, YTO MPUBOAMUT K YMEHbLUEHWNIO
TYpOYyneHTHOCTU, rmapaBfMyeckoro ygapa n tTemnepaTtypHbIX Harpy3ok Ha hopmy;
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- pe3koe CHUXXEHWNE 3acopeHus OTIIMBKM 3a CYeT oTcoca M30bITOYHOM CocTaBnsAoLLEN
TEXHONMOMMYECKMX 3aLLMTHBIX CMa30K — WUCKIMIOYEHME Ha MOBEPXHOCTU OTMIMBOK CNEAOB,
NATEH U CNaes;
- MCKIMIOYalTCsl MPOMbIBHUKM, YTO AaeT 3KOHOMMUIO crnaBsa.

BakyymupoBaHvue opMbl B LIENIOM, KPOME YKa3aHHbIX Bbllle MPeENMYLLECTB,
NO3BONSIET MCMONb30BaTb TakMe TEeXHONOorMYyeckne npoLecchbl kak TepmMoobpaboTky,

repMeTnyHyro CBapKy " Ka4eCTBeHHble rafibBaHN4eCkne noKpbITUA. Cxema npencrtaBlieHa
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Puc. 1 - Cxema BakyymumpoBaHus npecc — (popmbl U pa3gaTovHOM neyu.
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YK 621.742.4
T.B. JlbiceHko, U.B. MNMpokonoBuy, B.B. fAAclokos, J1.1. ConoHeHko

Opeccknin HauMoHanbHbIM NONNTEXHMYECKM yHUBepcuTeT, Oagecca

OCOBEHHOCTU TBEPAO®A3HOIO CNEKAHUA COJIEKEPAMUKU

Pa3BuTME KOHCTPYKTOPCKUX pa3paboToK, HanpaBneHHbIX Ha CO3AaHMe KOMMNAaKTHbIX
y3I10B 1 arperaToB C BbICOKOW yAeNbHOW MOLLHOCTbIO, B 3HAYUTESNIbHOM CTEMNEHN CBA3AHO C
YCNOXHEHNEM KOHCTPYKUMW [eTanen, WUMeWmx BHYTPEeHHWe noroctu, Tpebyrowme
BbICOKOW 4YMUCTOTbl MOBEPXHOCTU. Takme nOSIoOCTU XapakTepusyTcs OTHOLUEHWEeM
MWHMMAaIbHOro NPOXOAHOro ceyveHus K arnvHe He MeHee 1:50, K TONWWHE CTEHKU OTINBKU
1:1; abcontoTHble pa3mepbl B nonepevyHom ceyeHun 0,6-3 mMM. XapakTepHble
npeacTaBUTENN TakMx OTAMBOK — 3akpbiTble JloOnNacTHble Koneca C  pagnansHo
pacrnonoXeHHbIMM  NonacTaMn, OXNaxgaemble MNOPLIHW  ABUratenen  BHYTPEHHEro
CropaHusi, BOSIHOBOAHble anemeHTbl CBY-pagmonpubopoB, oOxnaxgaemble nonaTku
TYpOUH HecTauMoHapHbIX YCTAaHOBOK WM Ap. [Ona opMupoBaHUA TaKMX MNOSIOCTEN
HeobXxoOuMMbl  CTEPXHW, CTabunbHble MO reoMeTpU4ecKoM TOYHOCTM  (KayecTBO
NOBEPXHOCTU, pasMepHad TOYHOCTb, MNPOCTPAHCTBEHHbIE OTKNOHEHUSl, TOYHOCTb
KOH(pUrypaummn), nmerLime BbICOKYHD MEXaHWYeCcKyt MpOoYHOCTb. Ha doumHuwHOM ctaguum
Takne CTepXHW LOMKHbl YAaCTUYHO PasynpoOYHATHECA WU MNOSIHOCTLIO PacTBOPATLCS B
HearpeccuBHbIX cpedax nNpu yaaneHum u3 oTnmnBoK. ATO OCOBEHHO BaXXHO ANs OTIMBOK U3
artoMUHMEBLIX CNS1aBOB, NOCKOSbKY 3TU CNfaBbl NoABepraTh BbllenadnBaHnIo HeMb3s.

PeweHne oaToM 3agjayn cTano BO3MOXHbLIM MPU  UCMOMb30BaHUM  CTEPXXHEMN,
Ha3BaHHbIX  conekepamuyeckmmn [1]. B kKayecTBe OrHeynopHoro MmaTepuana,
obecrneynBaloLero KOMMMEKC CBOWCTB, HEOOXOOAUMbIX AN MNOSyYEeHUS KayeCTBEHHbIX
OTIIMBOK M3 afitOMUHUEBBLIX CMMaBOB, MCMOMb30BaNu XM0PUCTbIA HATPUN NPOMbILLIIEHHOMN
ynctotbl. Cornekepammka OTNMYaAETCA OT KepaMUKU Ha OCHOBE OKCUAOB MeXaHW3MOM
ctabunusaummn cycneHsun, SBrSOLLENCA OCHOBOW CTEPXXHEN-ChIPLOB, NOABEPratoLNXCs
nocnegyouwiemy TeepgodasHoMy crnekaHuio B 3acbinke agcopbeHta. CeanmeHTaunoHHas
YCTOMYMBOCTb CYCMEH3UN [O0CTUraeTcd BBeAEHWEM MOBEPXHOCTHO-aKTUBHbLIX BeLLECTB
TMMa XUPHbIX  KUcnoT. [lpu 3TOM  XupHas  kucnoTta  (Hanpumep, CTeapuviH)

B3aMMOLENCTBYET CBOEW MONSPHON rpynnon rno peakuumu:

C17H3sCOOH+NaCl—C17H3sCOONa+HCI . 1)
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Mnactudukatopom  cycneHsum  sBnsieTcd  napaduH, obbeguHsemblin  C
yrnesogopoAaHbiM  pagukanom  CizHss.  CnpaBegnveBocTb  3TOro  npencTaBreHus
NOATBEPXKAAETCA PEHTreHOCTPYKTYPHbIM aHaNM3oM CYCMNEH3UW, KOTOPbIA MoKasbliBaeT
N3MeHeHne NOoCTOSIHHON pelleTkn Aa B aebaerpammax 3a cyeT 06pas3oBaHUsA CoeaUHEHNS
Ci17H3sCOONa. [Mpu wucnonb3oBaHWM B KayecTBe crabunmsatopa nonvaTuneHa
obpa3oBaHMsi  XMMUYECKMX  COeAMHEHUW He npoucxoaumTt. OkcuagHas  Kepamuka
cTabunmanpyeTcsa NONMITUIIEHOM, KOTOPLIN, pacTBOPSACH B napadvHe, yBenuumBaeT ero
BA3KOCTb U MPenATCTBYET paccnamBaemMoCTu cycneHsnn [2]. Hannyne xmuMmnmyeckmx cBssemn
OPraHvKM C COJbi0 MOSIOXUTENBbHO BIWSAET Ha TEeXHOorMyeckne CBOMCTBA CYCMNEH3UU U
KayecTBa CTepXXHeWn B LieNoM: Bo3pacTaeT TeKydeCTb CYCNneH3nMn U 3anofHAEeMOoCTb npecc-
dopM; CHMXKaAeTCa paccrnavBaeMoCTb; CTabunNuanpyeTcs OorHeBasl ycagka CTEPXHEW, 4To
CrnocobCTBYET NOBbLILLEHUNIO FEOMETPUYECKON TOYHOCTMW.

TemnepaTtypa cnekaHusa cornekepamMmyeckmx ctepxHen pasHa 720-730 °C (0,8-0,9
Tnn conun). BM3ocTb TemnepaTypbl CNekaHnsa 1 nnasneHnsa obycnaBnnMBaeT MHTEHCUBHOE
passutne AN dPy3MOHHbIX NPOLLECCOB, NPOXOAALMX C U3MEHEeHNeEM (PopMbl U pa3MepoB
nsgenusa. B npouecce cnekaHus kpuctannuyeckaa cTtpyktypa NaCl npetepnesaet
M3MEHEHNs,  BbI3BaHHble  pekpucTannusauuen. [lepBuyHaa  pekpucTannmsaums
3aKaH4YMBaeTCs MocCne COMNPUKOCHOBEHUS pacTywmx 3epeH. [lpy aTOoM 3epHa HOBOW
NONUKPUCTaNIMY4ECKOM MacChbl HaYMHAKOT «nornowaTtb» Apyr gpyra, YTo ConpoBoXaaeTca
YMEHbLLUEHNEM 00LLEeln NOBEPXHOCTU U NX NOBEPXHOCTHOM SHEPIUN. YKPYNHEHME 3EPHOBOW
CTPYKTYpbl NpeacTaBnaeT cobon BTOPUYHYKO pekpucTannuaauuio. Ecnv HekoTopas yacTb
3epeH OecnpensTCTBEHHO pacTeT 3a CYeT  «coceden», TO BO3HMKAET sBMEHue,
Ha3blBaemMoe NpPepbIBUCTOM BTOPUYHOM pekpuctannmsauuen unm 4YpesmepHbIM pPOCTOM
3epeH. JTomy cnocobCTByeT Hanmune B obbeme cnekaemoro marepuana rferkonnaBKkux
npuMecen 3BTEKTUYECKOro Xapakrepa, pacrnonaralowmnxca Ha rpaHvuax 3epeH, Hanpumep
«HaMOSbHOro» enesa. JTO ABNEeHWe BneyeT 3a cobon yBenuyeHWe OrHeBOW Ycaku
ctepxxHen. CHuMxeHne n ctabunusauymnsa ycagkm OOCTUraloTca BBOAOM B cocTaB a-Al2Oz €
pasmepom 3epHa Ao 10 mkm. MexaHn3m BO34encTBms cTabunmsaTopa 3ako4yaeTca B TOM,
YTO NPUCYTCTBME YacTuL Apyron dasbl NPEnSaTCTBYET POCTY 3epeH, Tak Kak npu OBMKEHUN
MeX(asHON rpaHuLbl MOBEPXHOCTb YacTuubl CTAHOBUTCSA  €e 4acTbi. YBenunyeHue
NMOBEPXHOCTU rpaHuLbl TpebyeT ONOMHUTENBHON aHeprun. MoaTomy, Koraa npy ABMKEHUN
rpaHvLa okasblBaeTCs pSaoM C BKIIHOYEHMEM, OHO obpasyeT B Herl «SAMOYKM», NpuvemM
NMOBEPXHOCTb MPOAOIPKAET ABWXEHWe B OPYroM MecTe OO Tex Mnop, fnoka He NnosiBUTCH

BO3MOXXHOCTb 060MTK 3Ty NPpUMeECH.
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[MpoBeOeHHble nccnegoBaHUs MO3BONUMAM paspaboTaTb TEXHOSOMMK MONyvYeHus
conekepamMmyecknx CTepXXHeEN AN TOHKOMOMOCTHbIX OTMIMBOK U3 antOMUHUEBBLIX CMaBOB —
nonacTHbIX KOMeC, KrnanaHHbIX WAUT AONS  XONOAWSbHbIX arperatoB, BOMHOBOOHbIX
3r1eMEeHTOB CBY-pagmnonpunbopoB. YpaneHue CTEPXHENW W3  MNONOCTEN  OTIMBOK
OCyLLeCTBNANM B MPOTOYHOW BOAE  MPU KOMHaTHOW TemnepaTtype 3a 5-17 MuH.
LLlepoxoBaTOCTb MOBEPXHOCTM MONOCTEN cooTBeTcTBOBana 5-6 knaccam NOCT 2789-95,
pas3mepHasi TOMHOCTb Haxoaunack B npegenax 10-11 kBanuTeToB.

Conekepamunyeckme CTEpPXHW NEepCneKkTUBHbI ANA NPUMEHEHUS B TOHKOMOMOCTHbIX
OTNIMBKax M3 CcTanenm wu CcnnasoB chneuuanbHOro HasHadeHusa. CyLlHOCTb 39TOro
TEXHONOrMYeckoro mnpuecca COCTOMT B TOM, YTO Ha COSfieKepaMUYECKUA CTpexXeHb
HanbIfieHMeEM UMW OocaxdeHueM B BaKyyme HaHocuTcs ToHkas obonouka (0,1-0,5 mm),
COCTOSILAsa U3 CMeCcU NOPOLLKOB, BINM3KUX MO CBOEMY XMMWYECKOMY COCTaBy MaTpPUYHOMY
meTtanny [3]. CTepXXHn ¢ Takon Tennoguanyeckon 3almnTon yCTaHaBNMBAKTCA B NOSIOCTb
dopmbl 1 3anuBatotcs cnnasom npu 1520-1580 °C. CoegnHeHne MeTannnyeckom
060M0YkN C OTNUBKOM MNpoucxoanT AnPEY3MOHHbIM nyTeM. [lonyyeHne KavyecTBEHHbIX
OTNIMBOK MNOATBEPXKOEHO pacyeToM TemnepaTypHbiXx nonen Ha OBM, a Takke

JKCnepunmMmeHTarnbHbIM NyTEM.
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YK 621.742
P.B. Iliotun, M.B. CknpaeHko, 1.B. Jlrota
KMl im. Irops Cikopcbkoro, M. Kui

HAYKOBI OCHOBMU KITACU®DIKALIT 3B’A3YBAJIbHUX KOMIMOHEHTIB Y
JINBAPHOMY BUPOBHULTBI

Y nuBapHomy BMpOGHMUTBI BigomMo noHag 100 pi3HMX 3B’A3yBanbHUX KOMMOHEHTIB
(8K) ona npurotyBaHHS OpPMYyBasibHUX i CTPWIKHEBMX Ccymiwen. [ns 1x 3aranbHoi
Knacudikauii i nopiBHAHHSA HanWbinblie BM3HAHHA AicTana cuctema npodecopa A.M.
Jacca.

OcHoBoto anga uiei knacudikauii € npupoga 3K, ix xapakrep TBEpPAIHHA Ta nMTOMa
MibHicTb [1]. KinbkicTb po3pobneHux i BnpoBamkeHux y BupobHuutBo 3K 3 yacom
36inbLIYETBCA, a HAYKOBI OCHOBW Kriacudikauil 4eCATKU POKiB 3anuwatoTbCs HE3MIHHUMN.

[Ons ycniwHOI peani3auil y nMBapHUX uexax MpoLeciB BUrOTOBMEHHA ¢OpM i
CTPWXHIB, 0OCOBNMBO SKLWIO MOBa MAae npo BNPOBaKEHHS HOBMX MaTepianiB, HeobXigHO
YiTKO YCBIAOMMIOBATU CYTHICTb Qi3MKO-XIMIYHMX MpoueciB, Sk BigbyBawTbCcA nig 4vac
3MiUHEeHHs cymiuwi. Lle nae 3mory ans BCTaHOBMNEHHS e(PekTUBHMUX METOAIB BMNAUBY Ha AaHi
npouecn 3 MeTO KepyBaHHS BIaCTUBOCTSAMWU (POPM, a yYepe3d HUX i NigBULLEHHST SKOCTI
nuTea.

Cnpobu knacudpikysatn HoBi 3K, ski po3pobneHo y KIl im. I. Cikopcbkoro, 3a
TpaguuinHAMM  O3HaKamu nokasanu, wo knacudikauia A. M. Jlacca Ha cborogHi €
HeJOCKOHano i NoTpebye yTOYHEHD.

Mo-nepwe, HE3PO3YMINUM € TEPMIH «MPOMDKHUIA XapakTep TBEpAiHHA». ToOTO npu
ogHnx ymoBax 3K 3MiyHIOETbECA 060POTHO (MOXITMBMM € MNOr0 NOBTOPHE BUKOPUCTAHHS), a
B iHWMX BMNagkax — Hi. Lle npoTupiunTb npupoai matepianis: iXHiM xapakTep TBepAiHHSA
YiTKO BUPAXKEHUN, i «MPOMIXKHOro» B6yTn He Moxe. Llen TepMiH BUHUK Yepe3 HeoOXiaHICTb
po3noginuTn MaTtepiany 3a NUTOMOK MIUHICTIO. BBaxaeTbCs, WO Ti MaTepianu, 4Ki
3MILHIOTbCA HEOBOPOTHO, MalOTb HAMBULLY MUTOMY MILHICTb, a Ti, WO MatoTb 060POTHUN
Xapaktep TBepAiHHA — HauHwxk4dy. Toai matepianu 3 NPOMDKHUM TBEPAIHHAM 3anMMaloTb
cepedHe nornoxeHHs. Ane caMm TepMiH € HeBdanum 3 Qi3UYHOI Ta XiMIYHOT TOYKM 30pY,
TOMY MOrO Crig BUITy4uTH i3 cucteMmn knacudikauii.

Mo-gpyre, gesiki 3K noMmMnkoBO po3TalloBaHi Yy KracudikauinHin tabnuui He Ha

CBOIX Micuax. Hanpuknag, uemeHT BigHeceHo 4O 060OpPOTHOro xapaktepy 3MiLHeHHs. Ane
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TiNbKM TOMY, LLO MOro NUTOMa MiLHICTb MiHiManbHa. Bigomo, wWo Hacnpasgi BiH TBepaHe
HeobopoTHO. dPocdaTn BigHeceHO 00 HeobopoTHux 3K, ane sKkwWo 3ragaTtu, Hanpuknag,
Tpunonidgocdart HaTpito, TO BiH MOXe OyTM BMKOPUCTaAHUIKA MNOBTOPHO. AnNOMIHAT HaTpito
TakoX Mae 06OPOTHUIN XxapakTep TBEPAIHHS [2], a noro nMtoMa MiuHIiCTb (Npu 1% y cymiLwi)
AyXXe HU3bKa, WO NigTBEPIKEHO HAMU eKCrepuMeHTarbHO.

CucteMHM aHania Ta psa  eKcnepuMeHTanbHUX OOChifXeHb Janu  3Mory
YAOCKOHanNUTK i BUAO3MIHUTM cucTeMy knacudikauii 3K ans nueapHoro supobHuuTtea. il
300paxeHo y Tabn. 1, XXMpHUM LIPUTOM Y Hin BUAINeHo matepiann, po3pobneHi B Kl im.

I. Cikopcbkoro npotsarom 2010 — 2018 pp.

Tabnuua 1 — YpgockoHaneHa Ta [JOMOBHeHa Knacudikauis  3B’A3yBarnbHUX

mMaTepianis 4ns nMBapHOro BUpobHULTBa

XapakTtep Mutoma o Knac b
. - Knac A (opraHiyHi L o
TBEpPLiHHSA MILHICTb, . (opraHiyHi Knac B (HeopraHiyHi)
HEeBOAHI ) .
Mlla BOAHI)
- CUHTETUYHI . - pigke cKno
: - CUHTETUYHI
BMCOKA |CMOJSIM HEBOLHI . - MmeTanodocdartn
. CMONN BOAHI - 0
>0,5 - POCRUNHHI Macna eTUNCURIKAT - nipodoccpar Si
- pocdcpar Al°
- Ha(pToBI Macna
HeobopoTHe ® , _
cepefHsi |- cnaHuesi Mmacna | - NONiBiHUI-
. - MmeTanodocdartn
0,3...0,5 |- noniBiHWUN- auertart
OyTnpanb
HM3bKa |- NONICTMPON - LEMEHTH
<0,3 - rinc
- conesi Ta
conekepamiyvHi 3K
BMCOKA 3 3 - nipodpoccpaT Na®
>0,5 - Kap6oHaTt Na + H3PO,
- hoccpart K*
- pochocynbart Al°
O6opoTHe - KOMMAEKCHi Ha | - cynbdaTn Al i Mg
cepeaHA _ 6a3i JICT - okcuHiTpaTn Al, Ca, Cr
0,3..0,5 - nonicaxapvau
- NeKn - INIMHa KaorniHoBa
HU3bKa |- OpraHoqiNbLHUM neT - rnMuHa 6eHTOHITOBA
<0,3 OEHTOHIT - IMWHa noniMmiHeparnbHa
- BiTymu - anomiHaTm

MpumiTku:
1. TlMipohoccaT KpeMmHilo YTBOPKETLCA BHACMIAOK HarpiBaHHA KOMMO3uuii i3

opTodocdopHoi kucnoTn i nunonogiéHoro keapuy go 300...320 °C [3, 4].
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2. ®ocatn anoMiHito YTBOPKOKWTLCA BHACNIAOK HarpiBaHHS KOMMO3WUii HiTpaTy
antoMmiHito 3 opTodocdopHoto kucnoToto Ao 250 °C, HarpiBaHHA KOMNO3MUiN NUNoNoAibHNX
anomocunikaTtie (Hanpuknag, AWUCTEH-CUMIMaHITy) 3 OopTOdPOCEHOPHOK KUCMOTOK A0
300 °C abo npu 3MiwyBaHHi antoMiHieBOI nyapu 3 OpTOGOCKHOPHOI KUCIIOTOK Npu
HOopManbHin TemnepaTypi [3, 5, 6, 7].

3. MNipodbocdaT HaTpil0 CUHTE3YETLCA NPU HarpiBaHHI KOMNo3uuii TpunosidgocdaTty
HaTpito 3 opTodoccopHo kucnotoo Ao 150...200 °C  (HMHI NpoxoanTb CTafito
NnaTeHTyBaHHSA).

4. docdaT Kanilo CUHTE3YETbCA BHACMIAOK HarpiBaHHA kKoMno3wuuii xnopuagy abo
Gpomigy kanito 3 opTodocdopHoto kncnotor go 250 °C [8].

5. ®ocdocynbdaTr anioMiHilo  YTBOPKETLCA MPU  HarpiBaHHi  KOMNO3wuLil
KpucTanorigpatHoi popmu cynbdaty antominito 3 optodoccopHoro kucnototo go 200 °C

(HVHI NpoxoanTb CTagito NaTeHTYBaHHSA).
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2. Cbives M.M. Heopranudeckmne knen / M.M. CbiveB M.M. — J1.: Xumusa, 1974. —
160 c.

3. Keyw [].B. 3akoHOMepHOCTN 06pa3oBaHNs CBA3YIOLLIMX U3 OPTOGOCHOPHON KUCHOTbI
n orHeynopHbIX Hanonnutenen / [.B. Keyw // Mpouecchl nnTbsa. — 2015. — Ne4(112). — C. 40—
46.

4. [llombit P.B. ®OpMOBOYHbIE U CTEPXHEBBLIE CMECU C pocaTHbIMWN CBA3YHOLLMMN
N KOMOUHMPOBAHHBLIM HaMoONHUTENEM, OTBepXxaaemble npwu Harpese / P.B. Jllomeil P.B.,
A.C. Kouvewkos, [].B. Keyw I/ BectHuk OI'MA. — 2011. — Ne1 (22). — C. 203-206.

5. Jllomeit P.B. AntomodocdaTtHble popmoBoYdHble cmecun / P.B. Jllombit, A.C.
Kovewrkos, [.B. Keyw, K.FO. Aymuesa /| BectHnk OIMA. — 2011. — Ne4 (25). — C. 104—
110.

6. Jllomut P.B. Bu3Ha4YeHHs ONTUMarnbHOro cKragy CTPWXKHEBUX CyMillend 3 HOBUMM
3B’A3yBallbHNMN KOMMOHEHTaMK, SiKi yTBOPKOTLCA Npu B3aemMopii opToddoCcdOpPHOI KUCIOTU 3
HeopraHiyHMMK consmu antomidito / P.B. Jlromud, I.M. ypia, O.B. Keyw, O.A. AHicimosa I/
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BUFOTOBJIEHHA NIHOKEPAMIYHUX ®IIbTPIB 3 MOOU®IKOBAHOI
KEPAMIKU

Baxnueum pesepBOoM NigBULLEHHA SKOCTI NUTTA € dinbTpauiiHe padiHyBaHHS
po3nnasiB, MpU SKOMY BOHW MPOMYCKalTbLCS 4Yepe3 LWap BOrHETPUBKOI Kepamikm 3
PO3BMHEHOIO MOBEPXHEID AN1F OYMLLEHHS 1X Bif HemeTanesux BkroYeHb (HB) Ta rasie.Tak
AK nicna  inbTpauil MeTtan MNOBUMHEH MaTUM TemnepaTypy BuLle IiKBigyc, To npu
padiHyBaHHI po3nnaBy (iNbTPOM MOXYTb 3aTPUMYBATUCS TiNIbKN NEPBUHHI | BTOPUHHI HB.
3 yboro BMNAMBaE, WO Npu iNbTPyBaHHI cnnae Moxe OyTn ounllieHWiA, nepLu 3a Bce, Big
OKCUAHMX, HITPUAHMX Ta KapbigHUX BKMOYEHb. TakMM YMHOM, RiHOKEpaMivHi inbTpn
A03BOSIAKTb CYTTEBO NIABULLINTA SKICTb OYULLEHHS PO3MNnaBiB Ta 3HN3UTK Bpak BUIMBKIB.

ABTOpn poboTu npu BMOBOpPI MaTepiany Ana QiNbTpyrYOro By3na KepyBanucs
dpakTopamu, WO BU3HaAYalOTb MOro MeXaHiYHi XapaKTepuCTUKU, MNPOMYCKHY 30aTHICTb,
BapTICTb BUrOTOBJIEHHS, TEPMOCTINKICTb.

[ocnigxeHHs, ski npotarom 6araTbox pokiB 3aincHowTbes y PTIMC HAH Ykpainm
(Bigain disuko-xiMii MMBapHMX npouecis, A.T.H.,npod. LnHcbkuin O.W.), 3 po3pobku
TEXHOMNOrYHMX 3acag OTPUMAaHHS CKNagHO NPodifibHUX BUSIMBKIB 3 XapOMILHUX CnnasiB
Ha OCHOBi 3ani3a, Hikeno, kobanbTy, 30cepemXeHi SK Ha BAOCKOHaneHHi MpoLeciB
POPMOYTBOPEHHSA, TaKOX Ha BUrOTOBSIEHHI NIMBAPHOI OCHACTKU NS 3anvMBaHHA CnrasiB, B
AaHOMY BUNagKy B Garatowwaposi kepamidHi 060noHkoBi hopmu. Tomy po3pobka HOBOro

MOKOSIHHA Binbl XiMIYHO- Ta TEPMIYHOCTINKMX BOFHETPMBIB 3 MOHO- Ta KOMMEKCHUM
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MOANMDIKYBAHHAM OUCNEPCHUMU MOPOLLIKaMN MeTarsniB 3 METOK YTBOPEHHS BinbLU CTIMKUX
Cronyk, Aano 3MOry 3HayHO MOKpaLMTU eKkcnnyaTauinHi BractTmBocTi ¢opMm, Turnis,
CTEPXXHIB Ta piNbTpauiHNUX BY3niB.

Heponikom paHil BUMKOPUCTOBYBaHMX MNiHOKEPAMIYHUX INbTPIB, WO MICTATb
rMMHO3eM, BEHTOHIT, KaoniH, kapbokcumeTunuentonosun, antMmoxpomdocdaTHi 3B’a3ytodi,
€ Te, WO Mpu iX BUIOTOBMEHHI CNOCTEPIraeTbCA Pi3HOTOBLUUHHICTL CTIHOK MOPUCTOro
Kapkacy (inbTpiB, NOSABMEHHS KAaBEPH.

MeTtoto 3anponoHoBaHoi y ®TIMC HAH YkpaiHu po3pobku 6yno niaBuLLEHHSA
MILUHOCTI niHOKepaMiyHMX inNbTpiB HOBOro CKMagy Ta iX XiMIYHOI CTIMKOCTI B yMOBax
BMIMBY BUCOKOTEMMEPATYPHOro po3nnasy, SKUW MICTUTb, Yy BUMNAAKY PO3rIISHYTUX
XapomigyHux cnnasis (UC88 i UC104-Bl), Taki akTMBHI enemMeHTu, SIK antoMiHil, XpoMm,
TMTaH. B akocTti martepiany @inbTpiB OyB BUMKOPUCTaHUMA KOPYHOOBMWI HamMoBHIOBAY,
MOAUIKOBaAHUMA OUCMEPCHMM MeTaneBMm nopowkoM. [lopucti kepamivHi  pinbTpu
BUIOTOBNSANN LUMIAXOM HAHECEHHSA KepaMmiyHOl nynbnu /wnikepy/ Ha OpraHiyHy MiHHY
OCHOBY, WO Mae€ MOBHICTIO ciTyacTy CTPykTypy. CyllKy Ta BUNaneHHs npoBoaunv npu
Temnepatypax He MeHLL TemnepaTtypu ekcnnyaTtauil inbTpiB, TO6TO B 4aHOMYy BMNAaAKy
npu Temnepatypi 6inbw Hix 1550 °C.

Mocunaroumcb Ha  pesynbTaTy  MNOMepedHiXx  AOCNIAXEeHb,  MaKCUMaribHY
eeKTUBHICTb (pinbTpauil gocaranu, perynioyn TOBLUMHY Ta nnowy dQinbtpa npu
NOCTIMHIN NNTOMIN NOBEPXHI PINbTPY | Maci cnnasy. [1nsa eKkcnepuMeHTy BUKOPUCTOBYBanun
dinbTpn pisHoI ToBLWMHK (20, 30, 40 MMm) Ta 3 pisHUM giameTpom nop (Big 1 4o 5 mm).
Byno BcTaHoBneHo, wWwo npu ToBWMHI GinbTpy 40 MM Ha noBepxHi nop nicng
BUKOPUCTaHHA QinbTpy cnocTepiraetbCa Mikponpowapok HB, wo npussoauTs A0
3apoCcTaHHA KaHanis B npoueci 3anmBaHHsA. [Npu ToBwuHi 20...30 mm Ta giameTpax nop Big
1 0o 5 MM posnnae 4OCUTb BiflbHO NpoxoanTb Yepe3 dinbTp. JlorivHUM € niaTBEepaKEHHS,
LLO 3i 36iNblEHHAM TOBLUMHM (DiNbTPY MOXE NOCTYNOBO 3p0OCTaTh B’A3KICTb po3nnaBy, LLO
NpoTikae, MPUYUMHOK YOro € nadiHHA Temnepatypu MeTany Ta, SK Hacnigok uboro,
3HMXKYETBCA WBUAKICTb inbTpauii. [ocnigpkeHHs MOoKasyklTb, WO Hanbinbw CyTTEBUM
YMHHNKOM, KWW BMNNBAE Ha LWUBUOKICTb NPOTIKAHHSA po3nsiaBy, € po3Mip nop ginbTpa. Tak,
npyu NPOXOMKEHHI MeTany vepes inbTp 3 diaMeTpoMm Mop 2 MM crocTepirany 3a piskim
nagiHHAM LWBWAKOCTI, TOMY Uen po3Mip nop Cnig BBaXaTu KPUTUYHUM, OMTUMAlibHUM
AiameTpoMm nop cnig BeBaxatm 3 — 5 MM. [lpy Takux napameTpax CrnocTepiraeTbcA

MiHiManbHa KinbkicTe HB Ta rasiB y gocnigHux nMTnx 3paskax. Tak Kak 3Ha4yHUW neperpis
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MeTany HeaouinbHWA, TO BUpianbHy porib rpae Temnepartypa nigirpisy dinbTpa, B

AaHOMy BUNaaKy, onTMMaribHOK € TeMmnepartypa nigirpisy ginstpa go 950 — 1000 °C.
BurotoBneHun i3 po3pobneHoi cymiwi inbTpytounin By3on 4O3BOSMIMB 3MEHLLUTU B

aocnigHux nuTux 3paskax Bmict HB 3 7 — 9, % o6’em. (6e3 dinbTpauii) 4o 4 — 5, % ob’em.

3 3aCTOCYBaHHAM (PINbTPIB, K y NOBEPXHEBOMY LUAPi BUNMBKA, TaK | B CepeunHi.

YK 669-154:539.55:547.451
A. T. MansaBuH, A. A. KyabmeHKko, A. C. 3atynoBckun, B. A. LLlepeuknn
DU3NKO-TEXHONOMMYECKMIA NHCTUTYT MeTannos u cnnasoB HAH YkpauHel, r. Kues
Ten./¢pakc.: 044 424 35 42, e-mail: rnmptima@ukr.net

WCCNEQOBAHUE BA3KOCTU U INTEUHBIX CBOMNCTB OKCU®TOPUOHbIX
PACIJIABOB

BbI  n3yyeHbl BA3KOCTb W OCHOBHbIE JUTEMHblE CBOMCTBA OKCUAPTOPUAHBLIX
pacnnaBoB — XNOKOTEKy4eCcTb U ycaaka (06 beMHas u NMHENHas).

BA3koCcTb M NUTEerHble CBOWCTBA OKCUPTOPUAHBLIX pacnfaBoB M3ydanu Ha
dTopdrioronMToBLIX MaTepuanax 1-3, XMMnyeckui coctaB KOTOPbIX NpuBEAEH B Tabnuue
1.

Tabnuua 1
Xnmmyeckui coctaB TOPEPNOronMToBLIX MaTepunanos
MaTtepuan M CogepxaHne KOMMNOHEHTOB, Macc. %
SiO2 | AlO3 | MgO K20 Na:0O | Fex0O3 | CaO F F2=02 P
1 1,91 | 370 | 164 | 281 | 108 0,2 0,4 1,3 10,1 4,2 | 100,1
2 2,99 | 41,3 | 11,7 | 283 | 105 0,4 0,3 1,1 10,6 4,5 99,7
3 3,92 | 43,7 | 95 28,5 | 10,1 0,3 0,3 1,4 10,3 4,3 99,8

[Ona  xapakTepuCTuKM  Mn3ydaemblXx MatepuanoB MNPUMEHUNM  CneuunasnbHbIN
KPUTEPUIA, YYUTBIBAOLLIMIA OCOBYHO POfb COOTHOLLEHUS CETKOODpasyroLLMX KaTMoHOB Sit*u
AP, nposiBnsalLyocsa npyu popmMupoBaHim dTopdroronnTta, antoMOCUNUKaTHBIA MOaYMb
(M) []:

M=Si**/AIR* ()

OnpepgeneHve BA3KOCTM NPOU3BOAUAM  C  MOMOLLBIO  MOAEPHU3MPOBAHHOIO
Buckosaumetpa Tuna OPIMPOC. Xapaktep TemnepaTypHOro W3MEHEeHUsi BHA3KOCTU

OKCU(PTOPMOHBLIX pacnnaBoB WOEHTUYEH: MeaneHHoe HapacTaHue B uHTepsane 1400-
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1520 °C, nepexogHas obnactb npu 1300-1400 °C u 6bICTpoe HapacTaHWe BA3KOCTM Mpu
CHWXeHun Temnepatypbl Hwke 1300 °C. WccnegoBaHHble pacnfnaBbl OTHOCATCH K
«KOPOTKMM», C MarnbliM MHTEPBANOM 3aTBepAeBaHUS U PE3KMM MOBbILEHNEM BS3KOCTU B
obnacTtu KpucTannmsauuu.

KunakoTtekydecTb M3ydanm ¢ NOMOLLbIO YCoBepLLUeHCTBOBaHHON U-ob6pasHon npobbl,
NPUMEHAEMON Ons  OonpedenieHns NUTEeNHbIX CBOWCTB  MeTannuMyeckux CrnaBoB.
O6bemMHyo ycagky OKCM(PTOPUMAHOrO pacnfnaBa oOnNpeaensanu no pasHOCTU  Mexay
TEOPETUYECKON U pearnbHON Maccoil TexHomnornyeckux npobd obbemom 650 u 690 cwmd,
KOTOpble UMeNiM KOHUrypauuo yceyeHHOro KOHyca. JIMHEeWHy ycagky wusydanu no
MeToAUuKe N Ha yCTaHoBKe, pa3paboTaHHom B NHcTMTyTe npobnem nutess AH YCCP [2].

MaTtemaTtmnyeckasn obpaboTka aKCnepmMeHTarnbHbIX AaHHbIX NO3BOMMA NONYy4YUTb
ypaBHeHWe perpeccuu, ceasbiBatolee B nHtepane 1350-1500°C xngkoTekyyecTb C
BENNYMHOWN artoMOCUITMKaTHOrO Moaynsa U TeMmnepaTypomu:

A =(1,095-0,095) t-(1051°-104 M), (2)
lae A - XXMAKoTeKy4yecTb, MM, M — BennumMHa antoMmocunmkaTHoro mogyns, t —
Temnepatypa, °C.

XKunakoTekydecTb U3ydeHHbIX pacniaBoB Mpu TemnepaType 3anuBkvM B MHTepBane
1400-1450 °C coctasnset 360-480 mm.

ObbeMHasa ycagka peanuayeTcs B BuAEe SPKO BbIPaXEHHbIX COCPeaoTOYEHHbIX
KOHLIEHTPUPOBAHHBIX YCaAO4YHbIX PaKOBUH B BEPXHeEW 4YacTu npob, pacnpocTpaHAsach, B
3aBMCUMOCTU OT UX POPMbI, Ha rMyOuHy, ANs KOHYCHbIX Ha 15-20 %, UMNMHAPUYECKMX -
20-25%  wux BbIcOoTbl. [log ycago4dHOM pakOBMHOW pacrofioxXeHa CcocpefoTOoYeHHas
ycagodHasi NnopuctocTb, rMybnHa pacnpocTpaHEHNS KOTOPOW B LUITMHAPUYECKUX CIINTKaXx
coctaBnseT 30-50 % wux BbicoThl, guameTp - 20-30 % amameTtpa npodbl. B KOHYCHbIX —
ycagovHasi NOPUCTOCTb MMEET He3HauuTernbHoe passuTtue. [ns obpasuyoB KaMHENUTOro
dTOpdrIOroNMTOBOrO  MaTepuana XapakTepHo o00pas3oBaHME  KOHLUEHTPUPOBaAHHON
yCaJOMHOW pPaKOBUHbI B BUAE MOSIOCTU, pa3feneHHoNn «MoCTaMuy», KOTopble, Kak Npasurio,
He CMMoWHble, a WMelT OTBepcTUs. ITO CBUOETENbLCTBYET O nocrefoBaTelibHOM
XapakTepe 3aTBepAeBaHVWs OKCUPTOPMOHOrO pacnnasa, Mpu KOTOPOM, HAaXOASLWMICH B
LUEeHTpanbHOM  4aCcTM  OTNIMBKM  pacnnaB,  SBMSeTCA  UCTOYHMKOM  NUTaHUS
Kpuctannuaytowierocs oobema.

BA3kocTb OKCcMTOPUOHLIX pacnnaBoB B WHTepBane Temnepatyp NpUroToBreHUs
pacnnasos (1400-1500 °C) cocTaBnseT 0,25-0,55 Hecek/M?. B nuTeiHom (BblpaboTOUYHOM)
nHTepsane Temnepartyp (1400-1450 °C) BaskocTb coctaensieT 0,4-0,72 Hecek/M?.

143



JIMTBO.METAJIYPTIA. 2019

B pesynbrate un3ydyeHuss o6GbEMHOW ycafku pacnnaBOB YCTAaHOBIEHO, YTO A
Nony4YeHnss KaMHeNUTbIX (PTOPdNOroNUTOBLIX OTMAMBOK 3anuBKY pacnsfiaBa B NUTENHbIE
dopmMbl Heo6x0aMMO nNponsBoanTb Npu Temnepatype 1400-1450 °C.

JInTenHble cBoMCTBa pacnnaBoB HAaXOO4ATCA B HEMOCPEOCTBEHHOM 3aBUCUMOCTU OT
NX XMMUYECKOro cocTaBa U TemnepaTypbl.

OkcudTopmnaHble  pacnnaBbl  XapaKTEpPU3YOTCA  BbICOKOM  >KMAKOTEKYYECTbHO,
koTopas no U-obpasHon npobe coctasnset 370-480 mm B nHTepBane temnepatyp 1430-
1520 °C, a Takke XOpOoLlen 3anosIHAEMOCTbIO JUTENHON OpMbl. YCTaHOBMEHa
aMNUpUYECKas 3aBUCUMOCTb XXUAKOTEKYYECTU OT TemnepaTypbl U XMMUYECKOro COCTaBa,
Bblpa)aeMoro antoMOCUMKATHbIM MOAYNEM.

Obwan obbemHasa ycagka OKCMPTOPUAHOrO pacrnnaBe B WHTepBane Temneparyp
1400-1520 °C coctaenset 4,7-9 %, nuHenHas ycagka okono 1,0 %. OnTumanbHbIn
NUTENHbLIN MHTepBan TemnepaTyp — 1400-1450 °C.

YCTaHOBNEHO, YTO MO CBOUM (PU3MKO-XMMUYECKUM U TEXHOSOMMYECKUM CBOMCTBAM
oKCUTOpMAaHbIE pacnnaBbl MOryT OblTb MCMNOMNb30BaHbl B Ka4YeCcTBE NIMTEMHOro cnnaBa
AN U3rOTOBSIEHUA CMOXHbLIX (PACOHHBLIX KaMHENUTbIX (OTOpPdOronUTOBbIX WU34enui

mMeTogamMun NMIMTEMHON TEXHOMOIMHN.
Cnucok nutepatypbl
1. MapxomeHko M.A. ViccrnegoBaHma nNo NOSTYYEHUIO CUHTETUYECKNX CItOL U HOBbIX
MaTepuanoB Ha ux ocHoBe. — ABTopecdbepat kaHa. TexH. Hayk. — Knes. — 1965. — C.18.

2. BapeHuk B.A. u gp. MeToguka onpefenexHnst ycagkm nutenHbix cnnaeos. - C6.
JlutenHble cBoncTBa cnnaeos, - N3a-so UIMJT AH YCCP, Kues, 1972, C. 230-234.
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YOK 621.746: 669.18
B. A. Mamunwes, O. U. lLUuHckun, J1. A. CokonoBckas
PU3NKO-TEXHOSTOrMYECKUA MHCTUTYT MeTannos 1 cnnasoB HAH YkpauHbel, Knes

E-mail: vmamishev.gmail.com

OCOBEHHOCTU BIIUAHUA TEMJIOAKKYMYIIUPYHOLLUX WU
TENnoneposoAAlLNX ®OPM HA PEOTEPMUYECKUE MNMPOLIECCHI
®OPMUPOBAHUA CTPYKTYPbI JINTbIX 3ArOTOBOK

[Ons nonyyeHuss KayeCTBEHHbIX CIIMTKOB W (PACOHHLIX OTSIMBOK Pas3HOM Macchl,
KOHGUrypaumm n rabaputHbIX pasmMepoB MPUMEHSIIOTCS YYryHHbIE U3NOXHULbI, CTanbHbIe
N YyryHHble KOKMNW UNWU rpacuToBble, kepamuyeckne u necyaHole opmbl. CUCTEMHBIN
aHanua nokasar, 4YTo Tennoakkymynupylwme n Tennonposoaswmne opMbl B pasHOU
CTerneHu BbIMOMHAT CBOU OCHOBHbIE TEXHOSOrMYeckne yHKLMN:

1) npn 3anuBke pacnnasa B MOMNoCTb POPMbl €e MNIOCKME UMN KPUBOJSIUHENHbIE
CTEHKM OrpaHMynBaloT CaMONpPON3BOSIbHOE pacTekaHne XnaKkoro metanna;

2) npoctas unn CnoxdHasi reoMeTpusa BHYTPEHHEN MOBEPXHOCTM (hopMbl obpasyeT
HY>KHYIO KOHCOUTypauuio nornyy4yaemMon 3aroToBKM (CnuTKa Unm oTIMBKN);

3) nopatnueBas opMa W3 OUCNEPCHbIX MaTepuanoB CHUXaeT TepMuyeckune
HanNpsPKeHWs B KOHTAKTHOW 30He 3aroToBka-popMa, YTO YMeHbLlaeT BepOSATHOCTb
BO3HMKHOBEHMWS NOBEPXHOCTHbIX TPELLUMH B 3aTBEpAEBalOLLEM CIIUTKE NN OTIIUBKE;

4) kanMnnspHO-NOpUCTble CTEHKU (popMbl 06ecneyvmBaloT OTBOL BO BHELLUHIOW cpeny
rasos, obpasyroLmMxcsa Npu KpucTannmsaumm MeTann4eckoro cnnaea;

5) cTeHkn nuTerHon OpMbl CMOCOBCTBYIOT PEryfiMpoBaHMi0  MHTEHCUBHOCTMU
BHELLUHEro TennooTBoda OT 3aTBepAeBaloLLEen 3aroTOBKU B OKPYXXatoLLLYIO cpeay.

B TONCTbIX TensoakkyMyrnmpylowmx CTEeHKaxX MOCTOSIHHbIX MeTannnyecknx gopm
(M3NOXHWUBI N KOKUIM), MNONYNOCTOAHHBLIX (MepeTadynBaemMbix) rpadUToBbIX OPM U
pa3oBbIX (paspyllaemMblx) MecyaHbiXx OpPM HakannnMBaeTca TepsieMas CIUTKOM WUIu
OTNMBKOW TensioTa neperpesa pacnsiasa, TENNoTa XUOkonu n TBepaon a3 B uHTepsane
TemnepaTtyp nuMKBMOYC — CONMAyC, CKpbiTasg TennoTa Kpuctannusaumm u Tennota
oxnaxpgaroLlenca Kopku 3aTeepeBLUero metarnna.

TOHKMe, HarpeTble >KUOKUM W KPUCTanNu3yrwuMmca MeTannoMm novtu Ao
TemnepaTypbl  MOBEPXHOCTU  CrMTKA WU OTNUBKW, TENMONPOBOASLINE  CTEHKM

Hepa3pywaemMblX MeTaryin4eCKmnx CbOpM (TOHKOCTeHHbIe KOKI/IJ'IM) M paspywlaemMbiX
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Kepamumyeckmx ¢opm (OrHeynopHble 0O0O0MOYKM) 3HAYUTENBHOE KOMUYECTBO TEMNNOTHI,
KOTOpYIO nony4aeTt popma OT 3aTBepAeBaloLlen 3aroToBKN, OTAA0T BO BHELLUHIOW cpeny
MO MEXaHU3My CyMMapHOro NTy4YUCTOro U KOHBEKTUBHOIO TennoobmeHa [1].

Tepmuyeckoe conpoTUBNEHWE TENSIOBOMY MOTOKY OT pacnnaBa 4epe3 CTeHKU
TENNONPOBOAAWMX (OPM MEHbLUE, YeM Y Tenmnoakkymynupywowmx dopm [2]. [Mpwu
nony4YeHnn OTNUBOK HeOONbLUON MacCbl TOHKME CTEHKM TennonpoBoasAwmx dopm
HarpeBalTCa A0 TemnepaTtyp OnuM3kuMx K TemnepaTtype NOBEPXHOCTU NUTbIX 3aroTOBOK.
Mpu BbICOKMX TemnepaTtypax (POpMbl UHTEHCUBHOE TEMMOBOE U3My4YeHUe BO BHELLHIOW
cpedy YCKOpsSieT Mpouecc OxXNaxAeHus 3aTBepeBarollert 3aroTOBKW, 4YTO Mo3BonseT
nony4nte 6onee Menkyr CTPYKTypy nuMToro metanna. OTtoT 3deKT MOXHO yCunuTb 3a
CYeT  MHTEHCUdUKaLMM  KOHBEKTMBHOrO  TennooTBoga  OT  FOpPSYMX  CTEHOK
TennonpoBoasLen opMbl Npu nx 064yBe XONOAHbIM BO34YXOM.

[Mpu 3aTBepAeBaHUN 3aroTOBOK B TeMNOaKKyMynupylowmx gopmax ms-za 60nbLoro
TEPMNYECKOTO COMPOTUBIIEHUS UX CTEHOK pacrnpegeneHve Temnepatypbl MO ToswuHe
dopmbl HepaBHOMEpPHOE, OCOBGEHHO B CTEeHKax MecyaHblXx QOpPM MO CpPaBHEHMIO C
YYrYHHbIMU U3NOXHULAaMKU. Paboyne cnon TennoakkymynmpyoLwmx opM HarpesatTcs 40
BbICOKUX TemMrnepaTyp, a UX HapyXHble CIoM HarpeBaloTcHa A0 bonee HU3KMX Temnepartyp,
npu KOTOpbIX TEMnsioBOe U3NydYeHUne OT CTeHOK OopMbl BO BHELLHIOW cpefy
HEeUHTeHcMBHOe. B utore, HEBbICOKAs MHTEHCMBHOCTb TEMNOOTBOAA OT 3aTBepAeBaloLmx
B Tennoakkymynupylwmx ¢opmax nuUTbiX 3aroTOBOK NpuBOAUT K obpasoBaHuio
KPYMHOKPUCTanNIM4eCcKon CTPYKTYpbl MNTOro MeTanna.

Tennodguanyeckoe Bo3gencTtene (OpM Ha npouecc 3aTBepAeBaHUs 3aroTOBOK
no3sonseT ynpaenaThb [3] NpuHyauTENbHLIM NepeMelunBaHneM pacnnasa B XUOKOM aape
CMNTKA UK KPYMHOW OTIIMBKW. OTOMY CNOCOBCTBYET 3axonaxvnBaHue pacnnasa TBepabiMu
YacTuuamum B BUAE TEnnoakKyMyrmpyloLwmx MUKPOXONOAMUMbHUKOB U 0B6NOMKOB BeTBeW

OeHapuToB Unnm B snae noBepxHOCTHO-aKTUBHbIX MO}J,I/I(bI/IKaTOpOB.

Cnucok nutepatypbl

1. Mamuwes B.A. O ponu KpUtepmusa Kadectsa NUTbS N9 OLEHKN CTPYKTYPHbIX 30H
CNNTKOB B YCNOBUSIX UX 3aTBepaeBaHnsa n nognutku // Pasnueka ctanu B cnutku: CO.
HayJy. TpyaoB / AH YCCP. UH-T npobnem nutba. — Knes, 1987. — C. 23-26.

2. Mamuwes B.A., Cokonosckas JI.A. O TeopeTU4eckoM nNPOrHO3MpoBaHUn

TEPMUYECKUNX yCJ'IOBVII7I noBbllWEHNA Ka4deCTBa MaKpPOCTPYKTYpbl W« SCb(beKTI/IBHOCTVI
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3aTBepAeBaHNs cTarnbHbIX CIIUTKOB U cnsidos // [pouecchl pasnnBkA U KpucTannunasaumm
ctanu. C6. Hayy. Tpyaos / AH YkpauHbl. MIH-T npobnem nutbsa. — Kues, 1991. — C. 72-82.
3. Mamuwee B.A. PeoTtepmuyeckass KoHUeNUWA YrpasreHna Kpuctanimyeckum

cTpoeHnem nutbix nagenun // Mpouecchl nuTbsa. — 2004, — Ne 3. — C. 43-48.

YOK 621.74
MapuHeHko [I. B, MoHomapeHko O. |., PycabpoB A. €.
HauioHanbHu TexHiYHn YHiBepcuteT
«XapkKiBCbkui MoniTeXHIYHUIA IHCTUTYT»

XapkiB

3ACOBM 3AMNOBIFAHHA YTBOPEHHA TPILWWIH Y BUITUBKAX

Ockinbkn TpiWUWHM B geTandax Henpunyctumi, To IX cnig ycysaTu LWe Ha eTani NIMTTS.
BiacyTHICTb MpPOCTMX | TOYHUX METOAIB NPOPaxyHKY BWHUKHEHHS TPIWWH i 3acobis
aBTOMATUYHOIO  BUKOHAHHA  3aBAaHHA  IX  YCYHEHHS,  3MyLWYylTb  TEeXHOsoriB
eKcrnepMMeHTarbHUM LUSISIXOM BUpIiLLYBaTW MOCTaBfeHi nepen HUMW 3aBAaHHA. Bce ue
YCKINaZHE CTBOPEHHSA AKICHOrO BUNUBKA.

Baxnueum 3aBOaHHAM € CTBOPEHHS anroputMy poO3paxyHKy TPILUMH Y BUNMBKaXx, Ha
OCHOBI ICHYIOUMX MpPaKTUK, Teopisx W rinotesax. [Ons uboro HeoOXiAHO BUPIWMTK Taki
3aBaaHHS:

— [aTun BU3HAYEHHS TPILWHK, BiONOBIAHO NOCTaBMEHOro 3aBAaHHS;

— onucaTtn OCHOBHI (pakTopu, WO BMAMBaOTb Ha YTBOPEHHSA TPILWMH, i CTYMiHb 1X
BMMMBY;

— iCHyt4YMMKM hopmanisoBaHMMM MeTo4amm onucaTy BNnmMB obpaHnx akTopiB Ha
TPILLNHY B NATBI;

TpiwmHn GyBaloTb ABOX BMAIB: xonogHi i rapsdi. Ockinbku MixdasoBuin nepexis
BinOyBaeTbCA B iHTEpBani Temnepartyp, HEMOXIIMBO TOYHO CKa3aTh B KM MOMEHT novana
3apoaxyBaTuCA TpilmHa.

OcHoBHI 3axoaum, WOoJ0 YCYHEHHS TPILLWH, €:

— BUKOPUCTOBYBATU CNPSIMOBaHy KpucTanisadito.
— obupatn popmyBanbHy Ta CTPUXKHEBY CyMill 3 4OCTATHLOK NOAATNMBICTIO, AN

CTBOPEHHS BiNbHOI ycaaKu BUSTUBKMW.
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— B MiCLSIX JTOKanbHOro Neperpisy BCTAHOBMIOBATU XONOANINBbHUKNA.

— NPV NPOEKTYBAHHI NIMBAPHOI TEXHOMOTII, XXUBMEHHS BUIIMBKABMKOHYBATM B TOHKI
CTiHKMW.

Lle gno3BonuTb OTpMMyBaTK SIKICHI BUIMBKM 6e3 TPiWMH 3 YOPHUX Ta KONbOPOBUX

cnnasi..

YK 669.131.622:669.74
0.B. Mensuno, 10.C. lNpounpak, B.€. XpuuukoB

HauioHanbHa meTanypriiHa akagemis YkpaiHn, JHinpo

NONEPEAXEHHA YTBOPEHHA TAPAYUX TPILLWMUH Y MOBEPXHEBOMY LUAPI
YABYHHUX MNPOKATHUX BAJIKIB

Mapsya TpiwuHa — ue [edeKT NUTOI CTPYKTYpU Ha MNOBEpXHi BUMUBKA, SKUN
YTBOPKETLCS B iHTEepBani TemnepaTtyp nikBigyc-conigyc y TBepao-piakin YacTuHi BUNMBKA.
MpryMHOK ULbOro € ranbMyBaHHS WMOro niHinHOI abo 06'eMHOI ycagku, SIKe Hepigko
Npu3BOaUTb 0O YTBOPEHHSA Y NUTOMYy BMpODi, 3BaptoBaribHOMY LB abo y 6nM3bKOLLIOBHIN
obnacTi rapsumx TPILLMH.

[na nigBuWeHHs CTIMKOCTI maTepiany BWUITMBKY OO YTBOPEHHA rapsiynx TPIWMH
PEKOMEHAYETLCSH: 3MEHLUYBaTM PO3Mip NEPBMHHOIO 3epHa BUMMBKA, Hanpuknag, LWiasxom
MOAUGIKyBaHHA CnnaBy;  BNAvMBaTW Ha po3nnaB, WO KPUCTani3yeTbCsa QisNYHUMM
MeTodamu, Hanpuknag, yrnbTpa3BYKOM, eriekTpoMarHiTHAM nofiem i T.n.; 3abe3neuntin
YTBOPEHHS Apyroi ¢asu npu Kpuctanisauil cnnasy, fka CTBOPUTb [0AATKOBI LEHTpU
Kpuctanisauil; niaBUWNTM MILHICTE MDKKPUCTaNIYHUX KOPAOHIB 3@ paxXyHOK 3MEHLUEHHS
BMICTY 5erkonsiaBkMx [OOMILLOK;  3MEHWWUTU TemnepaTypHUM [HTepBan Kpuctanisauil
crnnaBy; BBOAUTM Yy pO3nfiaB yrbTpPaaUCNEPCHI YaCTUHKN, siKi € 40OAaTKOBUMU LIEHTpaMu
KpucTanisauii i 3abeanevyoTb OpiOGHO3EPHUCTY CTPYKTYpYy MeTany; BBOOMTM Yy pO3nnas
P3M abo iHWi noOBEpXHEBO aKTUBHI €MNeMEeHTU, WO MNiABULLYIOTb MILHICTL MeTany;
MPUCKOPUTM 3aTBEPAIHHA CnnaBy Yy 30HaxX YTBOPEHHSA TPILMH 3a paxyHOK 36inblUeHHS
TEnnoBigBeEeHHST B OKPEMUX YacTUHax JfimBapHOi dopmMu (BCTAHOBUTM  30BHILUHI
XONOAUITbHUKM, BUKOPUCTOBYBATM XPOMOMAarHe3nToBi popmyBarbHi CymiLli i T.M.); 3MIHUTK
KOHcpirypauito BMnNuBKa, 3MeHWUTM "rOCTpi" KyTM Ha NuBapHin dopmi, noctasutn pebpa

XXOPCTKOCTI i T.N.
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OpHak, He OUBMSYUCH Ha HasiBHI rinoTeswn, 3axo4u Ta TEXHOSOriYHi NpurnoMKn no
nonepeXeHH BUHUKHEHHS rapsaymx TPiWWH y nuTMx Bupobax, npobnema rapsvmx
TPILLWMH OO0 TenepiwHboro 4acy He BupiweHa. Tomy npobrnema nNPOrHO3yBaHHS i
nonepenXeHHs1 YTBOPEHHS rapsumnx TPILLMH Y BUNMBKaX i 3NUTKax, € akTyanbHOH.

3 nepepaxoBaHux Buwe cnocobiB NigBULEHHA  TPILMHOCTIMKOCTI  NIUTOI
nonikpucTaniyHoi CTpykTypyn Hanbinbw edektmBHuM € 1i noapibHeHHsA. BignosigHo Ao
Cy4YacHUX ysBMeHb, 3MEHLLUEHHSI PO3Mipy MakKpo3epHa Yy NnMTux Bupobax 36inbLuye CTyniHb
di3nYHUX BNacTnBocTen. Ak pesynbTar, 3a PisHUMU HanpaAMamu Yy BUITUBKY 3HUXYETbCS
Pi3HNLSA BENWYMH MOro MiHIMHOI yCaaku i 3pocTae nNnacTUYHIiCTb MaTtepiany. MNoapibHeHHs
3epHa NpU3BOAUTb TaKOX A0 30iNbLUEHHA NPOTSXKHOCTI MiXK3epEeHMX KOPAOHIB, 3MEHLLEHHS
X TOBLMHMK, WO OOYMOBNIOE 3HMXKEHHS KOHLEHTpauii OOMIWOK, sKi € nikBatamu. Tomy
NiABULLYIOTLCA MILHICTb | TYronsiaBkiCTb MbK3epeHUX KOPAOHIB, a TPILLMHOCTIMKICTb NINTOro
MaTepiany nigBULLYETLCS.

OagHum 3 bakTopiB, WO BNAMBAKTb HA YTBOPEHHA rapsynx TPiMH Yy BUNUBKaX, €
HepiBHOMIPHICTb 3aTBEPAIHHA Wapy MeTany Ha noyaTtky Kpuctanisadii. Tak, npy nuTTi
YaBYHHMX MNPOKATHMUX BasnkiB 4acTO BWHWKAE rapsya TpilMHa Yy 30HI BepTMKanbHOro
pO3'eMy KOKIiMO 3 NUTUM Kanibpom. [i BUHUKHEHHS 0BYMOBIEHO MOBITPSIHUM 3a30POM MiX
ABOMa MMOSIOBUHAMM KOKINiB, AKUA Mae MeHLUY TeNrnoakymyrowyy 34aTHICTb Yy MOPIBHAHHI
3 YaBYHHUM KOKinem. TOMYy Ha CTUKY KOKifliB TOBLUMHA Wapy MeTany, Lo TBepaie, MeHLa,
y MOPIBHAHHI 3 WIapoOM MeTany Ha CTiHkax hopmn. B npoueci ycagkm metany, Skun mae
MEHLLY TOBLLUMHY Y MOPIBHAHHI 3 LLApOM 3aTBEpAINoro Metany HaBKOMO CYLifbHIN NOBEPXHI
KOKINI0, BUHUKAOTb HanNpyru, ski peanisyloTbCa y rapsdi TPiLUHA.

[Ona yCyHEHHA nMOBITPAHOrO 3a30py MK [OBOMa MOSIOBUHKAMWM  KOKIiniB
BanbLENMBApPHMKMA  3aroBHIOTb  LWINIMHY CYCMNEH3IE0  KAOMHOBOI MMHKM, a noTiM
NpoCyLyTb rasoBuM nanbHUMKoM. OAHaK LWwap 3aTBepaisioro meTany y 30Hi LWinvHM
MEHLUMA, HDK Ha MNOBEPXHi 4YaBYHHOMY Kokinw. Lle o6ymMOBNeHO MeHLIOo
TENNoakyMysitolo4o0  34aTHICTIO  CYCreHsii 3 KaosiHOBOI  rMuHU.  BukopucTaHHs
XPOMOMAarHe3nToBOl  PIiAMHOCKNAHOI  dpopMyBanbHOI  CyMiwi, ska Mae Oinbly
TENSI0aKyMysnioYy 34aTHICTb Y NOPIBHSAHHI 3 NiLAHO-TIIMHUCTOK CyXOK (DOPMOID, TaKOoX
He 3abe3nedye BUHUKHEHHS rapsYvoi TPILLMHM.

YCYHYTU MNOBITPSAHMUI 3a30p Ha CTUKaX OBOX YaCTMH KOKINiB NPaKTUYHO HEMOXIUBO.
ToMy 3anponoHOBaHO Ha CTUKaxX YaBYHHMX KOKifiB po3millyBaTn MigHi nnactnHun. CepegHs

CymapHa Tennoakymymnwya 34aTHICTb MNOBITPAHOro 3a3opy i Migi 3abesneunTtb
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BUPIBHIOBaAHHSA TOBLUMHW 3aTBepAiNoro wapy metany Ha pobodin noBepxHi 604kM, LWO
TaKoX MigBULNTL eKCcnslyaTauiviHy CTiMKICTb Barka.

TakMm YMHOM, NIABULLEHHS MILHOCTI YaCTMHW BUMMBKY, AKi PO3MILLEHI Ha CTUKax
KOKifiB Yy 30HI BepTUKaNbHOro po3'eMy, 3MEHLWWUTb BIipOrigHICTb YTBOPEHHA rapa4vol

TPILWUHN.

YOK 621.74
MyxTtap3ane Bycan, Kpasuosa H. B. Koctuk K.O.
HauioHanbHU TEXHIYHUI YHIBEpCUTET

«XapKiBCbKUM NOSIITEXHIYHUI IHCTUTYT», XapbKoB

OCOBNMBOCTI NICKOAYBHOIO NMPOLECY B CTPMXXHEBIA MALLUHI

MickogyBHMIN npouec 6a3yeTbCA Ha BUKOPUCTAHHI KIHETMYHOI €Heprii CTUCHEHOro
noBiTps. CyyacHi 3acobn aBTOMaTMKM [03BOMAKOTbL 3abesneyyBaTu perynoBaHHS 4Yacy
HagyBY B LUMPOKUX MEXax, a caMe Bif OeCSATUX YaCTOK CEKyHOM OO0 AeKinbKox cekyHa. Mpu
po3pobKkax CTPWMXKHEBMX MaLUMH CTOITb akTyanbHe 3aBAaHHS CTBOPEHHS BCEPEaMHI
MaLUWHM CUCTEMWN FTEPMETUYHUX NMPUCTPOIB, AKi 3abe3neyvytoTb NPoXig CTUCHEHOro MOBITPS
yepe3 aKyMynatop CTPWXKHEBUW CyMiwli, 11 3axOnfeHHs CTUCHEHUM MOBITPAM |
TPaHCNOPTYBaHHSA MOTOKY CyMilli 3 MakCUManbHO LBUAKICTIO B CTPMXKHEBE OCHALLEHHS 3
METOI JOCArHEHHSA TEXHOMNOTMYHO HEOOXIAHOI LWiNbHOCTI CTPUXKHS.

MeToo paHoi poboTm € [ocnigpkeHHs ocobnMBOCTEN NICKOAYBHOMO npouecy B
CTPWXKHEBIN MaLUVHI.

Ona pocaArHeHHs MeTu B pobOTi pPO3rNsHYTO CYTHICTb MiCKOAYBHOro npouecy. BiH
nonsirae B TOMy, WO Lien Npouec B CTPMXKHEBIM MaLUVHI 30IMCHIOETLCSA 3a paxyHOK eHepril
CTUCHEHOro NOBITPSA LWBUAKICHOrO TpaHCNOPTYBaHHA CyMilli 3 MICKOAYBHOro pesepByapa B
CTPWXKHEBY OCHAcCTKy i 3abe3neyeHHi 1i HeobXigHOI LWifTbHOCTI B CHOPMOBAHOMY CTPUXKHI.
[MickogyBHWUI Npouec ayxXe WBUAKONSIMHHUA, OCKINbKX LWUBUAKICTbL MOTOKY CTUCIOrO NOBITPA
CTaHoBUTb A0 12-16 ™m/c. Takuin npouec B CTPWKHEBIN MalUMHI peanisyeTbcs 3a
AOMNOMOrod CMCTEMM MiCKOOAYBHMX MNpuUCTpoiB. BoHa Bknovyae B cebe HakonudyBad
CTMCHEHOro MoBITPS, KNnanaH Haaysy, NepexigHy €MHICTb, HadyBHY MMUTY 3 HagyBHUMU

conflamMn Onsa 3aMUKaHHSA BCiX enemeHTiB I'IiCKO)J,yBHI/IX I'IpI/ICTpO.I'B B €0UHY TepMeTU4Hy
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cuctemy i 6esnocepedHbLOro BAYBAHHS CyMilli B CTPUXKHEBY OCHAacTKy. BigmideHo, wo
BEHTU, SKi BMOHTOBaHi B CTPWXXHEBY OCHALLEHHS, MpU3Ha4veHi Ana BiflbHOro BUXody 3
OCHaLLEHHA CTUCHeHoro nosiTpsA. [lokasaHo, WO KnanaH BUXIONY chpauboBYeE Micns
3aMoOBHEHHS1 OCHALLLEHHSA CyMilLwto i 3abe3nevye po3repMeTm3alito CUCTEMMU MICKOAYBHUX
NPUCTPOIB | NPUCKOPEHHS CKUAAHHSA HALAMULLKIB CTUCHEHOrO NOBITPS.

Taknm 4ymHOM, cucTemy MiCKO4YBHUX MPUCTPOIB NPOTArOM YCbOro 4acy BAYBY CyMiLli
MOXHa po3rnagaT 9K repMeTUyHO 3aMKHYTY Tpyby 3MiHHOro nepepisy, Wo NoYMHAETbCS 3
pecuBepa i 3aKiHYyeTbCS BEHTaMW, Yepes SKi 34INCHI0ETLCS BiNTlbHUW BUXiO, CTUCHEHOro

noBiTps B atMocdepy.

YOK 669.141.266:621.65
Hoeuukuu, C. A. lWunuusiH, B. J1. JlTaxHeHKo, B. A. JlokmuoHoe-Pemu3oeckul,
H. A. Kanbuyk, H. H. 'pu6oe
®PU3NKO-TEXHONOTNYECKUIA NHCTUTYT MeTannos n cnnasoB HAH YkpauHsl, r. Kues
Ten. 044 4242450, e-mail: v_novytskyy@ukr.net

NMPUMEHEHUE NINTOU CTAINN 120X15t0 ANA OETANEA NPOTOYHOU YACTM
HACOCHOI'O ObOPYONOBAHUA

OaHUM 13 rmaBHbIX HanpaBneHUNn pasBUTUSA TONNIMBHO-3HEPrEeTUYECKOro KOMMMeKca
Ha [ONUTENbHYK MEepPCnekTUBY SABNSETCS MOBbIWEHNE HaOeXHOCTU, 3KOHOMUYHOCTU,
AOJSITOBEYHOCTU U OPYrUX TEXHUKO-IKOHOMUYECKUX MOKa3aTernen HacocoB, Kak OAHOro 13
OCHOBHbIX 3fIEMEHTOB TEMMOMEXaHN4YeCKoro obopyaoBaHUS TENMOBbIX W aTOMHbIX
anekTpocTaHuun. B HacTosiee BpeMsi IKCNyaTUPYOTCS ThICAYM HACOCHbLIX arperaTtos,
PEMOHTbI KOTOPbIX CBSi3aHbl C OFPOMHbLIMW MaTepuanbHbIMXU U TPYAOBbIMU 3aTpaTamu.
HapexHocTb " 3KOHOMWUYHOCTb paboTbl 3TUX  arperaTtoB onpegendaeTcd
paboTOCNOCOOHOCTBIO Y3M0B YMNNOTHEHUIA, 3KCMIyaTUPYIOLLUMXCHA B CROXHbLIX YCMOBUSX
TPEHUS  CKOSbXEHUSA n KOPPO3NOHHO-3PO3MOHHOIO  pa3pyLUEHUS. N3ydeHne
MHPOPMALIMOHHBIX MaTepuanos BeAyLMX HAaCOCOCTPOUTENbHbLIX oMpM Mupa: «Sulzer» -
Weenuapusa, «KSB» — ®depepatnBHas Pecnybnuka [epmanns, «WIER» -
BenukobputaHua u gp. nokasano, YTO Ha MNPOTSKEHMM NOCNEeAHUX NeT MPUMEHSIOTCS
crneumanbHble cTanu, KOTOpble He CKIMOHHbI K CXBaTblBAHUIO B MOMEHT KOHTaKTMPOBAHUS

Bpalwarwmnxca n HenoaBm>XHblX aetanemn, npouncxogduiero B MOMEHT MyCKa U OCTaHOBKE
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Hacoca. /icnonb3oBaHne B 0Te4eCTBEHHOM HAaCOCOCTPOEHUU ANSA YNNOTHUTENbHbLIX Konew,
ctanen 20X13 wn 30X13 He nos3sonseTr obecneuntb TEXHONOIrMYEeCcKne 3a3opbl,
oTBevawLue MMPOBbLIM CTaHAapTaM. OTW cTany obnagarT CKITOHHOCTLIO K CXBaTbIBaHUIO
N CUMBbHOMY M3HOCY, YTO HE MO3BONSET YMEHbLUTb BENUYMHY 3a30POB B YNSIOTHEHUAX
paboumx konec u cuctemax rMapopasrpyskm A0 MWHUMAIbHbIX BeNMYUH. ITO He
no3BonsieT YyBENMWYUTb KN4 HaCOCOB W YMEHbLUMTb pacxod notpebnsemMon umm
3NEeKTpoaHeprum (noTpebnsemasi MOLWHOCTb OQHOr0 3HEPreTUYECKOro Hacoca CocTaBnsaeT
~ 1400-9000 kBT).

[nsa pelwweHna aton npobrnembl UccrneaoBanvcb CpaBHUTENbHbIE Tpubonornyeckme
xapaktepuctukm nuton 120X15K0 mn cranHgaptHon pgedopmmpyemon 20X13 ctanen B
YCIOBUSIX TPaHUYHOIrO TpeHus (B 30HY KOHTakTa nogasanu Body) W npouecc
dopMUPOBAHNSA BTOPUYHOW CTPYKTYPbI MPU TPEHUN.

NcnbiTaHna obpasuyoB Ha M3HOC B YCNOBUAX TPEHUSA CKONbXEHUS NPOBOAMIN MO CXeMe
Ban (koHTpTeno — cranb 20X13) — Bknagbiw (uccregyemble ctanu). CKopocTb
CKOnbXeHusa coctaensana 1 m/c n ygenoHasa Harpyska 5 MlMa. N3yyeHne MUKpPOCTPYKTYpbI
NpPoOBOAMSIM Ha ONTUYECKOM MUKPOCKOMe, pas3oBbIn COCTaB WM MapamMeTpbl TOHKOWM
CTPYKTYpPbl WUCCnegyeMblx cTanen onpegensnyd npu MnoMoLM pPeHTreHOCTPYKTYPHOro
aHanuaa B XenesHom Ko-nsnyyeHuu.

MukpocTpykTypa ctanm 20X13 npeactaBnaet cobon depputo-kapbnaHyo cMmecs,
COCTOSILLYIO M3 BbICOKOXpOMUCTOro depputa u kapbuga tuna CrsCs, @ nNuTton cranu
120X15K0 — hepputo-kapbugHyto CMeCb, COCTOSILLYIO U3 BbICOKOXPOMUCTOro hepputa 1
kapbuaa tuna Cr7Cs ¢ aBTekTukom (o + Cr7Cs) no rpaHuuam 3€peH.

PesynbTatbl UCNbITaHWA CTaneh B YCMOBUAX FPAHUYHOrO TPEHWUS Mnokasanu, 4To
WHTEHCMBHOCTb WM3HawmBaHna nuton ctanu 120X15K0 B 3 pasa MeHblue, Yem
aedopmmpyemont ctanu 20X13. MoxXHO NpeanonoXnTb, YTO YMEHbLUEHNE MHTEHCUBHOCTU
n3HawmsaHna nuton ctann 120X15K0 obycnoBneHoO NosiBNEHWEM 3BTEKTUKM B MCXOOHOM
CTPYKTYpe, a TaKke npeaBapuTernbHbIM HakonneHnem AedeKkToB KpucTanindyeckon
CTPYKTYpbI B edopmupyemon ctanm 20X13 B npouecce e€ nonyyeHus.

CnegyeT OTMETUTb, YTO B MOBEPXHOCTHLIX criosix ctanu 20X13 nocne TpeHua He
HabnogaeTcs a«y NpeBpalleHnsi, 1 AUCCUMNaumnsa SHEPrMnM TPEHUSA OCYLLecTBseTCcs 3a
CYET TensiIoBbIX NOMEen U N3MEHEHUs TOHKOW CTPYKTYpbl a-cpbasbl. B npouecce TpeHus atu
N3MEHEHNS BbLIPAXAlOTCS B yBenMyeHnn mukpouckaxerui Il poga (V02)« B 1,5 pasa u

NNOTHOCTU aucnokauun (p)a B 2,2 pasa, npu 3TOM pasmep obnacterm KorepeHTHOro
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paccesHnsa peHTreHoBcknx nyden (OKP) Da He n3aMeHAeTCcs No OTHOLUEHWUIO K UCXOOHOMY
COCTOSIHUIO.

Onsa nuton ctann 120X15K0 Takke HabnogaeTca yMEeHbLUEHNE KOonnyecTa a-dasbl B
2 pasa, pasmep OKP Da ymeHbliaetca B 4 pasa, MukpouckaxeHus |l poga (Aa/a)q
yBenuymarotcs B 1,8 pasa, NNOTHOCTbL AUcrokaumn (p)a yBenuumeaetca B 12,6 pasa.
[ononHutenbHbIM (pakTOpoM ANA AUCCUNALMK SHEePrum TPeHUs SBNSeTCa npoTekaHue
Q<Y npeBpaleHnii B MOBEPXHOCTHbLIX CIOSX TpeHus. B aTom criyyae B NOBEPXHOCTHOM
crnoe TpeHus NUTOW CTanu ycTaHaBfMBaeTCs OUHAMUYECKOEe paBHOBECUE Mexay O- U
y-thazamun, a Takke HabnogaeTcs paBeHCTBO NNIOTHOCTEN AMUCIOKAUWIA B HUX.

Mony4yeHHble pe3ynbTaThl MOryT ObiTb MCNONBb30BaHbl NpU pa3paboTke NUTbLIX CTanemn

Ans getanen NnpoToYHOW YacTu aHepreTudeckmx Hacocos Tuna M3, YH, KcB n ap.

YK 621.74:539.216
A.C. HypaauHos, A.B. HoroBuubiH, U.A. HypaguHoB, H.®.3y6eHunHa
PUN3NKO-TEXHOSTOrMYECKUA MHCTUTYT MeTannos 1 cnnasoB HAH YkpauHbl, Knes
+38 (044) 424-25-96; nla_73@ukr.net

BINMUAHUE TEPMO-CUITOBbIX BO3OEANCTBUA HA ®OPMUPOBAHME JNIUTbIX
3AroToBOK

B xope neperpeBa MeTanMyeckMx pacnnaBoB ANA  UX nepeBoga U3
HepaBHOBECHOrO COCTOSIHUA B paBHOBECHOE MHorga HeobxoamMmo obecneuynTb BbICOKME
3HavyeHUs TemnepaTypbl neperpeBa, YTO SABMSETCA rNaBHOW NPUYNHOM POPMUPOBAHNA
KPYNHO3EPHUCTON KpucTannmyeckon CTpykTypbl [1]. Tloatomy, 4T06bLI 06ecneynTb
dopmupoBaHmst GnaronpuaTHOM CTPYKTYPbl M CBOWCTB NUTOrO MeTanna, 3ToT akTtop
HeobXx0aMMO yuuTbIBaTb.

B naHHon paboTe n3y4eHO KOMMIIEKCHOE BINSIHNE PasfiMyHbIX BHELUHUX DaKkTOpOB
(temnepatypbl neperpeBa Afnep., WHTEHCUBHOCTU oxnaxgeHus Woxn U Bubpaumm) Ha
dhopmupoBaHme CTpyKTypbl MOAENBbHOMO Cnrasa.

YCTaHOBNEHO, 4TO OTpuuaTenibHoe BnMsHME OOonbluMX  MNeperpeBoB  Ha
ANCNEPCHOCTb OEHOPUTHOW CTPYKTYPbl MOXHO MPaKTUYECKU HUBENUPOBATb, perynupys

MHTEHCMBHOCTb Tennooresoga, T.e. nepeoxnaxaeHne unu CKOPOCTb Kpuctannm3auunn.
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OpHako onTuMarnbHble MX PeXuMbl OOMKHbI TWaTenbHO oTpabaTtbiBaTbCA ANA KaXaou
rpynnel ctanen, obbema n hopmbl OTAMBaEMbIX 3aroTOBOK.

[Mpn 3TOM TakxKe YCTAHOBIIEHO, YTO, HE3aBMCUMO OT YPOBHS Neperpesa pacnnasa u
WHTEHCMBHOCTU TennooTBoda, obecneyntb QOpPMMPOBAHUE LUCNEPCHOW OEHAPUTHOWN
CTPYKTYpPbl Npu 3aTBepAeBaHWN MeTannuMyeckux CnriaBoB  MOXHO, BO3OEWCTBYS
Bubpaumen. [axe p[ns oyeHb OonblMX MNeperpeBoB pacnfaBa (3KBMBANEHTHbIX
neperpesy yrnepoaucTbix ctanen Ha 250-300°C) Bnubpauna kapauHanbHO MEHSIET Makpo-
M  MWUKPOCTPYKTYPY MoaenbHoro cnnasa (puc. 1). B KOHTPONbHOM 3KCNepuMeHTe
MaKpOCTPYKTypa COCTOMT U3 KPYMHbIX PABHOOCHbLIX KPUCTanNsoB HeNpaBuiibHOW OOPMbI, B
TO BpeMs Kak noa gencrsmem sBubpauumn opmmpyeTcs paBHOMEPHAs MeENKO3epHUCTast
CTPYKTYpa BbICOKON AncnepcHocTn. Kpome atoro, nog Aencrtesnem Bubpaumm nameHeHns B
OEHOPUTHOM CTPYKTYpe nMpuUBOAAT K 3HAYUTESIbHbIM  U3MEHEHUSIM  MUKPOCTPYKTYPbI
MoaenbHoro cnnaea (puc. 1, 8 u 2). Npn 0bbIMHOM 3aTBEpAEBaHMM chiflaBa OpMUPYeETCS
MUKPOCTPYKTypa C HebnaronpuaTHbIM GfOYHBIM CTPOEHMEM, NMpU 3TOM Mexay Grokamu
4YeTKO BMAHAa rpaHuua pasgena (puc. 1, 8). lNocne genctena Bubpaumm MMKPOCTPYKTYpa
crraBa xapakTepusyeTcsa OTCYyTCTBMEM BITIOYHOrO CTPOEHUS U YETKUX FpaHuL, NepBUYHOIO

3epHa, a Takke ux 6onbLuen 0QHOPOAHOCTLIO U ANCNEPCHOCTLIO (puc. 1, 2).
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Puc. 1 - Makpo- 1 MMKpOCTPYKTYypa MOAENbHOro crnnasa npu neperpese pacnnasa Afqep.=
12°C n ckopocTh ero oxnaxaeHust Voxn.= 6°C/MUH.:
a, 8 — 6e3 Bubpauuu; 6, 2 — npu gencTemm Bubpaymm
[Mony4eHHble pesynbTaTbl CBUAETENBbCTBYOT O BO3MOXHOCTU 3PIEKTUBHOIO
yrnpaBreHns CTPYKTYpOM NUTOro MeTanfa Ha nepBoM 3Tane NpovM3BOACTBa 3aroTOBOK
nyTem BO3gencTBusa BuOpauven M perynmpoBaHUs WHTEHCUMBHOCTW TennooTBoga npu
Kpuctannusaummn ctanen.

Cnucok nutepatypbl

1. baym Bb.A. Metannuyeckne Xuakoctn — npobnemsl U rmnotesbl. — M.: Hayka,
1979. - 120 c.

YK 621.742.4
. A. OcuneHko

HaunoHanbHas MeTannyprumvyeckasa akagemMmuma praI/IHbI, ﬂ,HeI’Ip

NCMNOJIb3OBAHUE MNbIJIN TEXHOMEHHOIO NMPOUCXOXAEHUA
B NPOU3BOACTBE XUMUYECKU-TBEPOEIOLWUX ®OPM

PaspaboTtka © u1CNONb30oBaHWE BbICOKOOTHEYMOPHbIX XUMUYECKN-TBEPLEHOLLNX
CMecen B NUTEMHOM MNPOU3BOACTBE AUKTYETCS HE TONbKO HEOOXOOMMOCTBIO CHUKEHUS
3HepreTUYeCcKnX 3aTpaTt 1 NosblleHna TpeboBaHMin K NorydaemMbliM B HUX OTIIMBKaM, HO U
NCMonb30BaHMEM B COCTaBaXx XMMmUYecku-teepaeromx cmecen (XTC) BbicOKkOANCNEPCHBIX
OTXOAO0B MeTannypruyeckoro npoussoactea [1-3]. Wcnonb3oBaHne B coctaBax XTC
ancnepcHblx matepunanos (nbinen) texHoreHHoro npoussoactea (MTI1) obecneumBaeT He
TOMNbKO  YTUAM3aUMIO NbIIEBUAHBIX 3aXOPOHEHUMA W, KakK CreacTBue  ynydlleHue
aKonornyeckon OOGCTAHOBKM B pPErnMoHe, HO M SKOHOMMUIO MaTepuanbHbIX PecypcoB U
noBbilleHne npousBoauTernbHocTM Tpyaa. doccatHble XTC ana gopm v cTepxHen C
ncnonb3osaHuem NTI1 obnagatoT 4OCTAaTOYHO BbICOKOW MPOYHOCTBIO U TEPMOCTOMKOCTBIO,
He coaepxaT TOKCU4YHbIX BewecTB [3-5]. [lpy BbicOKOTEMNEpPATYpHOM Harpese W
nocnegyowem oxnaxaeHum docdatHole XTC c MTI, pasynpoyvHssace, obecneumsaioT
nerkyto BblbnBaemocTb. VX HM3Kasa ra3oTBOPHOCTb COKpalaeT 6pak OTNMBOK MO ra3oBbiM

pakoBWHaM U yrydllaeT CaHUTapHO-TUIMEHNYECKNE YCIOoBUS Tpyaa.
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YnyJdweHne kayectBa U CHWXKEHME CTOMMOCTM (POPMOBOYHBLIX CMecen 3a cyeT
NCNONb30BaHUSA Pa3fiMYHbIX MNbINIEBUAHBIX OTXOO40B METansypruieckoro nNpov3BoACTBa -
OLHO M3 MNEpCrneKTUBHbIX HanpaBfeHWn, a Takke WCCredoOBaHWUSA, HanpaBfeHHble Ha
pa3paboTky u BHegpeHue 3I(PPEKTUBHON TEXHOMOMMU YTUNMU3aUMU OTXOOOB, SABMSHOTCS
BaXXHbIMU U aKTyarbHbIMU.

B paboTe ctaBunack 3agaya uccrnefoBaHum — onpefernieHne BAMsiHUA NblfeBUaHbIX
MaTepuanoB  TEXHOrEHHOro  MPOMCXOXOEHUST Ha  MNPOYHOCTHblE  CBOWCTBA MU
rasonpoHunuaemocTtb paspabotaHHbix XTC. Wcnonb3oBanu B coctaBax XTC takue [MTT1
Kak: MNblflb ra3oouncTkn npomnssoactea dpeppocununums (MNIMP); nbifib ra3o04MCTKN NNaBku
HopmanbHoro anektpokopyHga (MIMIH3); nbinb acnupauMoHHON YCTaHOBKM LpoGneHus
6okcuta (MAYOB); nbinb 6Gokcuta cnekaHus Ha MynbTuuuknoHe (MBMU); nbinb
ra3oouMCTKN acnMpauMOHHbIX YCTaHOBOK nnaeku deppomapraHua (FAC-2 n M'AC-3). Mo
pesynbTataMm WCCreaoBaHW YCTAHOBIIEHO, YTO C yBenudeHvem copepxanus MNTI (go
10%, no macce) npeaen NPOYHOCTN Ha cXkaTue Yepes BpeMeHHble nHTepsanbl (1,3 n 24 y)
noBblwaeTcda Ansa scex coctaBoB XTC, a BeNMYMHbBI OCbINAaeMOCTU U ra3onpoHULLaeMOCTH
CHMXalTCs B 0OpaTHONPOMNOPLUMOHANbHOM 3aBUCMMOCTU OT XapakTEPUCTUKU MPOYHOCTU
Ha cxaTtue. Mo pesynbtatam 06pabOTKM MNOSMYYEHHbIX [AaHHbIX YCTaHOBIIEHa
3aKOHOMEPHOCTb  U3MEHEHUSI  OCbIMAaeMOCTM OT  BENWUYMHbI  ra3oMNpPOHULAEMOCTH,
NMPOYHOCTN MPU CXKaTUM U BPEMEHEM C MOMeHTa M3rotoereHna uccnegyemboix XTC. B
paboTe BbiCka3aHO NpeanonoXeHne, YT0 OCHOBHbIM (PakTOPOM, OO BACHAIOLLNM MEXaHU3M
TBepaeHna paspaboTaHHbix XTC gaBnsaetca yaenbHas noBepxHocTb ceaaytowero (MTI).
lNpuBeaeHHble Bbile uMccregoBaHuMs  no3sonunu  obocHoBaThb  LEenecoobpasHoCTb
NCNOMNb30BaHNA B Ka4eCTBE OCHOBbI OrHEYNOPHbIX PacTBOPOB Ha POoCEaTHbLIX CBAIYHOLLMX
nccnenoBaHHbIx MNTT.

Cnucok nurtepaTypbl

1. Poeayes, U. 1. B cb. «DPU3MKO-XMMUYECKME WCCNEOOBaAHUA ManoOTXOAHbIX
npoueccoB B anektpotepmumn / U.IN. Poraves, A.H. OBuapyk. — M. : Hayka. 1985. C. 65-67.

2. byoHukos, I1.l1. OrHeynopHble 6eToHbI Ha bocdaTHbIX ceAskax / 1.I1. byaHukos,
J1.B. XopowasuH — M. : Metannyprus, 1971. — 192 c.

3. KonetikuH, B.A. MaTtepuanbl Ha ocHoBe MeTannnodgocdgartos / B.A. KoneunkuH,
A.l. MNetposa, W.J1. PawkosaH — M. : Xumunga, 1976. — 200 c.

4. )Xykoeckud, C.C. ®opMOBOYHbIE MaTepuanbl U TEXHOMNOMNSA NUTENHON hopMbl /

C.C. Xykosckuin — M. : MawmnHocTpoeHune, 1993. — 432 c.
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5. bepe, I1.[1. PopmoBoyHble matepuansl / .M. Bepr — M.: MawunHocTpoeHue,
1963. — 408 c.

YOK 621.365.5
OcTtpoBepxoBa K.B., Bonowyk K.B., Koctuk K.O.
HauioHanbHW TeXHIYHMIYHIBEpCUTET

«XapKiBCbKNIN NONITEXHIYHUWIHCTUTYT», XapbKOB

OCOBNMBOCTI IHAYKUIMHUX KAHATNTbHUX MEYEN

Y nnuBapHOMy BUPOBHUUTBI akTyarbHUM MUTaHHAM 3anuwaeTbes BMOIp NnaBunbHOro
obnagHaHHA, siKe MNOBUHHO OYyTM EKOHOMIYHMM, MOOBiNbHUM, 36epiratm meTan AO0CUTb
TpMBanMi 4Yac B po3niaBfeHoMy CTaHi 6e3 OoKMCneHHs | npu HeobxigHoCTi maTu
MOXIUBICTb JOCTaTHLO LWBWAKO NIArOoTyBaTU MOro AN BUKOPUCTAHHA B TEXHOMOrIT. Taknm
BMMOram BinoBigatoTb iHOYKLIMHI KaHarbHI nevi.

MeToto faHoi poboTn € BUBYEHHSI OCOBNMBOCTEN IHAYKLINHNUX KaHANbHUX NeYen.

3a3Ha4yeHo, WO Npu BEeNUKiN PisBHOMAHITHOCTI TUNIB IHAYKLIMHNX KaHANbHUX neYen ix
OCHOBHi KOHCTPYKTUBHI BY3nn € 3aranbHUMU AN BCiX Pi3HOBWUAIB: TpaHcopmaTop nedi,
doyTepoBka, KOpnyc, BEHTUNALINHA yCTAaHOBKA, MeXaHi3M Haxuny.

B poboTi po3rnsHyTO MNpouecu NepeTBOPEHHS ENEKTPUYHOI eHeprii B iHWi Buaun
eHeprii 3 OoJHOYaCHUM 3IMCHEHHAM TEeXHOMOrYHMX MpoueciB, B pe3ynbTaTi AKUX
3MIHIOKOTBCA BIIaCTUBOCTI BUXIAHOrO MaTepiany. TakoX AeTanbHO BMBYEHI i Big3HaYeHi
OCHOBHI nepeBarn i HeJonikKN IHOYKUINHUX KaHamnbHUX neyen. MNpu uboMy XiMiYHUIW cknag,
po3nniaBy BMXOOUTb OAHOPIOHUM Yy BCiX TOYKax oB'eMy, SIK Yy BaHHIi, Tak i B KaHani. Takox
A0 nepeBar iHOYKUINHMX KaHanbHUX MNevyen BiOHOCATbCA Taki, siK MiHiManbHUW yrap i
obmMexeHe BMMNApOBYBaHHA MeTany, Tak 9K HarpiB BigbyBaeTbCs 3HM3Y; BOHW MaloTb
BUCOKNN €NeKTPUYHMUN KoediLiEHT KOPUCHOI Ail 3aBOAKM BUKOPUCTAHHIO 3aMKHYTOro
MarHiTonpoBoAy; HMU3bKi BUTpaTa eHeprii Ha po3nnaBfieHHs, Neperpis i BATPUMKY MeTany.
BiamiHHOIO pycolo KaHanbHUX NeYen € NPocToTa IX MOHTaXy Ta 0bCrnyroByBaHHS.

TakMMm 4MHOM, IHOYKUIMHI KaHanbHi nedi € HanWbinbw EeKOHOMIYHUM  TUMOM
nnaBunbHOro obnagHaHHA NEePEeTBOPEHHSA €neKTpUYHOI eHeprii B TennoBy. HasBHICTb

BOOSIHOIO OXOSNO4KEHHS [O3BOMSIE HAAIMHO BiABOAUTM 3aMBe TENo npu poboTi iHAyKTopa.
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BuBYEHHS LUbOro NUTaHHA 4O3BOMSE 3pOOUTU BUCHOBOK, L0 HAsIBHICTb B IHOYKLIMHUX
KaHanbHUX ne4yax eneKkTpoauHaMmiyHOro Ta  TEenmoBOro  pyxy  PoO3nsaBfeHoro
MeTany3abesneyye ogHOPIQHICTb XiMIYHOro cknagy i piBHOMIPHICTb MOro TemnepaTtypu y

BaHHI Meyi, a TakoX Cnpusie NPUCKOPEHHIO NPOLIECY MaBMNEHHS.

YK 621.74.046:620.16
Menikax, [. B. Nywkos, B. . Jluxowsa, J1. M. KnumeHko
@i3MKO-TEXHOMOrYHUM IHCTUTYT MeTaniB Ta cnnasiB HAH YkpaiHu, m. Kuis
Ten./dakc (044) 424-32-30, E-mail: otmlp@ptima.kiev.ua

rMsPUAHA INBAPHO-SHSTEXHONOIA OTPUMAHHA NMITACKUX BIMETAJIEBUX
BUPOBIB 3 NOAOBXEHUM TEPMIHOM EKCMIYATALLT

Ha nigctasi y3aranbHeHuX pes3ynbTaTiB BUKOHAHUX OOCHIXEHb KIHETUKM rpouecy
TBepaOoa3HOro ropiHHA B yMoBaxX MNnackoro nolnpeHHsA XBUNi, 3MiHIOBaHHA TeMmnepaTtypu
TBEPAOI MeTaneBol NiAKMagkM, a TakoX KIHETUKM npoueciB 3anvMBaHHA Ta TBepAiHHA
po3nnaBy Ha PO3irpiTin MeTanesin nigknagui po3pobneHo TEXHOMNOriYHy CXemy npouecy
ofepxaHHa nnackux OimeTanesmx BupobiB nuBapHO-SHS metogom. OCHOBHMMU
TEXHOMNOrYHMMKN onepauisiMym BU3HAYEHO HAaCTYMHi: BUrOTOBIIEHHS NUBapHOI opmu;
niarotToBka TBepAol MeTaneBol Niaknazky; NiarotToBka eK3oTepMIiYHOI CyMilli; 3acuMnaHHSA
Ta YWiNIbHEHHA €K30TEePMIYHOI CyMilli y KaMepi ropiHHA nmMBapHOl OOpPMU; PO3MILLEHHS
TBEpOOi MeTaneBol MigKnagkM Yy MOPOXHUHI NMBapHOI POpMW; CKNnagaHHs fnuBapHOI
dopmu; BUMMNaBKka pigkoro metany; nignan ek3oTepMivyHOl CyMilli Ta 3anMBaHHSA PigKoro
MeTany y nuBapHy ¢opmy; BUOMBaHHA roTtoBoro OimeTaneBoro BMpPoBY i3 nmMBapHOI
dopmu; NpoBeaeHHS diHILLHMX onepauin; NnpoBeAeHHs1 TEPMiYHOT 06pPOOKN.

Po3pobneHo  pauioHanbHi  TEXHOMOrYHI  PEXUMM  BUIOTOBIEHHS  MNACKUX
GimetaneBnx BupobiB nuBapHO-SHS wmeTogom. BcTtaHoBneHo, WO onTuMarnbHa
TemnepaTtypa HarpiBy ctanbHoi nigknagkm ctaHoButb (0,7 — 0,8)Tcer. [Ans 3abe3neyeHHs
BKasaHOi TemnepaTtypy Maca eKk3oTepMivyHOI cyMmiwi noBmHHa cknagaTtu 0,8 — 1,2 Big macu
nigknagkn. BudHayeHo, WO onTuManbHa TemnepaTtypa 3anMBaHHA  po3nnaBy
3HOCOCTINKOro YaByHy Ha po3sirpiTy nigknagky ctaHoButb (1,09 — 1,12)Tnuae.

CknageHO TEeXHOMOriYHy iHCTPYKLit0 Ha Mpouec OTPMMaHHSA nnackux BimeTtanesux

BUpobiB ribpngHum nmBapHo-SHS meTtogom. Po3pobneHo TexHivyHi pekoMeHngauii woao
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BUKOPUCTaHHSA NMBapHO-SHS mMeToay Yy pidHMX ranys3sax NpoOMMCIOBOCTI, B T.4. aBiauinHin,

MeTanyprinHin, ripHnyogobysHin, yaiBenbHin Ta iH.

YOK 539.3
A.l'. MpuryHoBa

Pi3KO-TEXHOMNOTYHUI IHCTUTYT MeTanis Ta cnnasisB
HAH Ykpaiun, m. Kuis
Ten./cpakc.: 0444241150, e-mail: adel _nayka@ukr.net
B.[. bBa6rok
Pi3nKO-TEXHOMNOTIYHUI IHCTUTYT MeTanis Ta cnnasiB
HAH Ykpainu, m. Knis
€.A. XngkoB
@i3NKO-TEXHONOMYHMI IHCTUTYT MeTanis Ta CcrnnasiB
HAH Ykpaiuum, m. Kuis

BMJinB MOAN®IKYBAHHA APIBHOKPUCTAJIIYHOIO TA PIAKOIO JIIFTATYPOIO CuP
HA MIKPOCTPYKTYPY TA 3HOCOCTIMKICTb 3AEBTEKTUYHUX CUNTYMIHIB

JieBum akTopoM BMnMBY Ha CTPYKTYPOYTBOPEHHA € BBEOEHHA [0 po3nnasy
HEeBENUKNUX NPUCAAOK Pi3HUX eneMeHTIB, SKi JOKOPIHHO 3MIiHIOKTb nNpouec Kpuctanisauii i
TBEepAHEHHS BUNuBKIB [1, 2].

3aeBTEKTUYHI CUNYMIHM $SIK KOHCTPYKUiWMHI MaTepianM MmalTb psag nepesar, LWo
3yYMOBIOE X 3aCTOCyBaHHA B MaluMHOOyayBaHHI, 30kpema, B ABUryHobyayBaHHi. [Ond
NigBULLEHHS TX BNAcTUBOCTEN LUMPOKO BMKOPUCTOBYETBLCA NEryBaHHs, sike, nepLl 3a Bce,
3abe3neyye 3MiLHEHHA TBEpAOro pPoO34YMHYy anioMiHilo, 0cobnmMBO 3a  paxyHOK
aucnepcinHoro TeepaHeHHs [3]. Npu TpaguuiMHUX TEXHOMOrigX OTPUMAaHHA BUSUBKIB i3
3aeBTEKTUYHUX antOMiHIEBO-KPEMHIEBUX CMnaBiB y NPOLECi IX KpucTanizauii gopMyrTbCS
rpyboronyacta eBTEKTMKA Ta TMEPBUHHI KpUCTanu KPeMHito y ¢opmi nnactuH 3
PO3BUHEHUMU TPaAHAMM, LLO MPU3BOAUTL A0 OKPUXYYBaHHS, SiIKe NMOCUSIOETBCA 3 POCTOM
BMICTY  KpeMHito. Lle ICTOTHO 3HMXYyEe MexaHi4Hi  XapakTepucCTUKW, noripye
006pOo6NIOBaHICTb BUNUBKIB i SIKICTb MOBEPXHI, 36iNbLUYE 3HOC PiXKYHOro iHCTPYMEHTY.

Y poboTi po3pobneHo TexHONOorivHi cnocobu oaep)KaHHA Ta BBEAEHHS 40 po3nnaBy

rpaHynboBaHMX ApibHOKpUCTaniyHMx MoaudikaTopiB, BUFOTOBMEHUX PO3MNOPOLLUEHHAM
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niratypu CuP  HuM3bKOTEMMNEpaTypHO MNfasMo Ha MigHY nigknagky, a Takox
MOANMIKYBaAHHS PIgKOK NiraTypolo, OTPUMAHOK PO3NSIaBfiIEHHSAM MIIa3MOK CTPUXHIB 3
mMatepiany moaudikatopa. BukopmuctaHHa Takux cnocobie MoamdikyBaHHS NpMBOANTL A0
3Ha4yHoro (mMamxe Ha 80 %) 3MEeHLEeHHA pPO3MIpiB MEPBUHHUX KPUCTariB KPEeMHilo B
3aeBTekTUYHOMY cnnasi AlSi19Cu5Mg1 nopiBHAHO 3 MOAUQiIKyBaHHAM 3a TpaguuinHOK
TexHonorieto (puc.1), Npy 3MeHWeHHI OeHOPUTHOro napamMeTpy TBepAoro pPOo3YuHY
anominito B 1,3...1,5 pasn. lNpn uboMy cumna cyxoro TepTsi 3aeBTEKTUYHOrO CUIYMiHY
(pnc.2), mogudpikoBaHoro pigkoto niratypoto CuP, BBeaeHO B po3nnaB y NoToui nnasmu,
B 1,7 pasiB MeHWwa, HiK B napi 3 HemogudikoBaHMM CnsaBsoM, Mpuv TpUpasoBOMY

3MEHLLUEHHI 3HOCY.

a - 6e3 mogudikyBaHHsi; 6 - MoaudiKyBaHHA 3a CTaHOAPTHOK TEXHOSOTIED;

B - BBEEHHSA niratypu B po3nnas Yy NoToLi nriasmu

Puc.1 - Mikpoctpyktypa cnnasy AlISi19Cu5Mg1 npum pisHux cnocobax
MoaMdIKyBaHHSA
300
250

N
o
o

Cuna Tept4, rc
= =
o U
o o

U
o

0 I I I I
0 1 2 3

0 - BuxigHMn HemogidpikoBaHun cnnae; 1 — MoAudiKyBaHHS 3a CTaHL4APTHOW

TEXHOJOri€l; 2 — MOAUMIKYBaHHA rpaHynbOBaHOW niratypoo; 3 — BBEAEHHSA niraTtypu B
po3annas y noToui nriasmu

Puc. 2 — Cuna tepta cnnasy AlSi19Cu5Mg1 npu pisHnx cnocobax MoangikyBaHHs

Cnucok nitepatypu
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Y[OK 669.715:678.04
A.l".MpuryHoBa, €.A. XXugkos, B.[l. ba6iok, J1.K. LLleHeBiabKo, A.M. Heayxun
Pi3nKO-TEXHOMNOrIYHWUI IHCTUTYT MeTanis Ta cnnaeie HAH Ykpainu, m. Kuis
Ten./cpakc.: 0444241150, e-mail: adel_nayka@ukr.net

MIKPOCTPYKTYPA CIJTIABY BAJ110 NMPU MOAOAN®DIKYBAHHI
APIBHOKPUCTANIYHAMU NOBABKAMU

Cnnas BAJ110 BigHocuTbca oo cuctemu Al-Cu-Mn i 3aBOsiku BUCOKMM  (Pi3nKo-
MEXaHiYHUM BIACTUBOCTAM LUMPOKO BUKOPUCTOBYETLCH B PI3HUX rany3ax TexHiKU i
npomucrnoBocTi. [Mpy NOCTINHO 3pocTayMx BUMOrax 4o NUTUX BUPOBIB TpaauLiriHi WNSXn
NiABULLEHHS X SIKOCTi CTaloTb BCE MeHW edekTMBHMMKU. B poboTi OCNIAXKEHO CTPYKTYPHI
0CcobNBOCTI MIKPOCTPYKTYpU cnnasy BAJ110 npu MOANIKYBaHHI noro
ApibHOKpUCTaniyHMMKM  gobaBkamu, OAEPXKaHUMU  BUCOKOLUBUOKICHAM  OXONOMAXKEHHSA
po3annaBy (Voxon= 10° °C/c) Toro x cknagy Ha migHomy GapabaHi. OCHOBHOIK CTPYKTYPHOLO
CKNagoBoOK OTpUMaHuX MeTanesux nniBok ToswmHo 100 — 150 MKM € TBepaun po3ymnH
arnoMiHilo NepeBaXHO Po3eTKoNoAibHOI Ta rnobynsapHoi popmm 3 PO3MIpOM KpucTanis
1000 — 200 HM, pO3MipHUI dhakTop AKX 6Nn3bknin 4o 1.

Api6HokpucTaniyHi ao6askn BBOoANNM Ao posnnasy BAJ110 npu Temnepatypi 720 °C
B KinbkocTi 0, 3, 6, 9, 12 mac. %, nicnsa Yyoro 34iNCHIOBaNM OXONomKeHHs 3i weugkictio 0,4

°C/c, wo BignoBigae ymoBam TBepAHEHHS B niwaHin gopmi (puc. 1).
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a — BuxigHu cnnae; 6 — 6 mac.% p,o6a|30|<, B - 9 mac.% pobaBok; r - 12 mac.%
nobaBok

Puc.1 — 3miHa wmikpocTpykTypn cnnasy BAJI10 npu BBeOeHHi OO poannasy
ApibHoKpucTaniyHmx obaBokK, Voxon = 0,4 °C/c

MikpocTpykTypa BuxigHoro cnnasy BAJI10 (aus. puc. 1 a) npencraeneHa
BUPOKEHUMU AeHOpUTaMn TBepAoro po3dnHy antoMiHito (Ala) 3 cepeaHiMm po3mipom 256
MKM (puC. 2), NO rpaHuuaM SIKMX po3TalloBaHi YyacTuHkM dasm AlsTi Ta eBTeKTUKM, Lo

MicTaTb Ala Ta iHTepmeTanigun 3 migato - CuAly, AlioMn,Cu.
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Puc. 2 — Poamip i mikpoTBepgaicTb kpuctanis Al, B cnnasi BAJ110 y 3anexHocTi Big
o6’eMHOT YacTku gpibHOKpucTaniyHmx 4ob6aBok, BBeAEHNX 40 po3nnasy
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BBegeHHa go poannasy ApibHokpucTaniyHMx o0aBoOK MpuMBOAUTL OO0 CYTTEBOrO
3MeHLUeHHA po3Mipy Kpuctanis Ala (aus. puc. 1, 2), 3okpema, nNpu MacoBi 4acTLi
pobaBok 12 % - mamxe B gBa pasun (3 256 mkm o 134 mkm). BoHu cTtatoTb GinbLu
PIBHOOCHi, nNepeBaxHO po3iTkonohibHoi Ta rnobynapHoi dopMK, 3MEHLLYETLCA 1X
po3mipHun daktop: 3 2,14 — y BuxigHomy cnnasi go 1,5 — 1,55 — npun BBegeHi
ApibHOKpucTaniyHnx pobasok. [lpuyomy, He3anexHo Big CTyneHa noApiOHEeHHS,
00yMOBMNEHOr0 MacoBOK 4acTKow [006aBku, po3MipHUn hakTop KpuctaniBs Ala B HUX
NPaKTUYHO ogHaKoBUN. 36iNbLUYETHCA MIKPOTBEPLICTL PO34YMHY arntoMiHilo, sika HambinbL
BMUCOKa B cnnaei, MoandikoBaHoMy 12 mac. % pobasok (gus. puc. 1).

3 ornagy Ha ofepaHi pesynbTaTu MOXHa BBaxaTw, WO MOAUMDIKYroUMn edrekT
ApibHOKpucTaniyHx fobaBok Ha cnnae BAJI10 noB's3aHun 3 ABULLEM CTPYKTYPHOI
cnagKkoBoCTi. 3Ha4YHe NOAPIOGHEHHA CTPYKTYPHUX CKIafoBUX Y MeTaneBux nniBkax cnpusae
HaOXOKEHHIO A0 pO3nfaBy BEMUKOI KiINbKOCTI FOTOBMX LEHTPIB Kpuctanisadii. Llen dakt
pa3oM 3 TMOBHOK CTPYKTYPHOK Ta pPO3MIPHOK BiAMOBIQHICTIO €fleMEeHTIB CTPYKTYpWH
£o6aBoK, WO BBOAATLCS A0 po3nfaBy, Ta Cnnasy, WO MOAUMIKYHTb, CTAHOBMATb OCHOBHY

NPUYMHY NOAPIGHEHHS MIKPOCTPYKTYPU BUIUBKA.

YK 669.2/.8017:536.46
A.T'. MpuryHoBa
@i3MKO-TEXHOMOrYHUIM IHCTUTYT MeTaniB Ta cnnasiB HAH YkpaiHu, m. Kuis
Ten./cpakc.: 0444241150, e-mail: adel_nayka@ukr.net

BMinB TEMMNEPATYPHU, HACY BUTPUMKU B PIOKOMY CTAHI TA
WBUAKOCTI OXOJNIOMXEHHA HA XAPAKTEP ®A30BUX NEPETBOPEHbDb MNPU
KPUCTANI3ALIT CUNYMIHIB

Bnnue TemnepaTypu, Yacy BUTPUMKM B PIOKOMY CTaHi i LUBUOKOCTI OXOSTOAXKEHHS Ha
CTPYKTYpPY MeTanis i cnnaeiB LWUMPOKO BigobpaxeHo B niTepaTypi. B poboTi BCTaHOBNEHO
paHille HeBidOMi  3aKOHOMIpHOCTI  KpucTanisauil Al-Si cnnaBiB, 00yMOBEHI
ocobnmnBocTaAMK 1X ByA0BM B PiAKOMY CTaHi.

3 nigBuUwWEHHAM TemnepaTypu po3nnaBy 36iNblIYETLCA MOro NepeoXOonOKEHHS,

3HMXKYETbCA Temneparypa niksigycy. Bnnue nepeoxonomXeHHs Ha ocobnmBoCTi npouecy
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KpucTanisauil Jocnig)XeHo MeTo4oM CTOM-rapTyBaHHSA, iKUK nondrae B neperpisi cnnaBy
AKOM2 3 0,9 % Fe po temnepatyp 800, 750, 700, 680 °C, BuTpumMuUi Npu 3a3HayYeHUX
Temnepatypax 30 xB., oxonogxeHHi 3i weuakictio 40 K/xB oo hikcoBaHoi Temnepartypu
piako-TBepgoro crtaHy 550 °C i ckumagaHHi kpanni po3nnasy B BogHuhi po3umH NaCl.
Xapaktep ¢a3oBux NepeTBopeHb, AKi BiabOyBalTbCA B iHTepBani: Temnepartypa nikeigycy
— 550 °C, Bn3Ha4anu no CTPyKTypi «3aMOPOXEHOT Kpansii».

BHacnigok cyTTeBOro nepeoxonogXeHHs, CIpUYMHEHOro neperpisBoM posnsasy [0
800 °C, npu Temnepatypi 550 °C 3acpikcoBaHO nuule NoYaTKOBUM eTan KpucTanisauii —
BUOINEHHA 3 PIAVMHU NEePBUHHUX OEeHOPUTIB TBEpOOoro po3ynHy asniomidito (Ald). 3
NMOHWXKEHHAM TemnepaTypy posnnasy o 750 °C cTyniHb NOro nepeoxonomXeHHs
3MeHLyeTbes, | npyn 550 °C, KpiMm nepBuHHUX KpucTtaniB Ala, NMPUCYTHSA €BTEKTUKA, OO
cknagy akoi BxoguTb Alq Ta 3anisoBmicHa ronkonogibHa casa B-FeSiAls (B).

Mpn oxonomxkeHHi posnnaBy Big 700 °C O0 nepepaxoBaHUX CTPYKTYPHUX
CKNagoBmX OodaeTbCcsa noTpiviHa eBTektMka B + Ala + Si, a npu neperpisi cnnaey [o
680 °C i oxonomxkeHHi noro go Temnepatypu 550 °C  3’aBnseTbcsa iHTepmeTanig
n-FeMgsSi Al () — NpoAyKT NepuTEKTUYHOI peakLii 3a y4acTio asu 3, Aka yTBopunacs
Ha nonepegHbLOMY eTani KpucTanisauii.

3a [JaHMMKW  PEHTreHOCTPYKTYPHWUX OOChifAKeHb CTPYKTYpHi nepebynosn B
AO0EBTEKTUYHUX anioMiHIN-KpEMHIEBUX po3nriaBax B MpoLeci iX HarpiBaHHA MOYMHAKOTLCA
npu Temnepartypax 6nm3bkux go 750 °C. Hanbinbw KapguHanbHi CTPYKTYPHI  3MiHK
BinbyBatoTbCa B fiana3oHi TemnepaTtyp 800 ... 865 °C.

JocnimkeHHa BNNuBY TemnepaTtypu Ha ha3oBi NepeTBOPEHHSA Npu KpucTanisauil
nokasanu, o npu oxonomxkeHHi cnnasy AKOM2 sig temnepatyp 680...740 °C 0OCHOBHUMU
CTPYKTYPHUMW enemMeHTamMn € MNEepBUHHUW TBEPAUW PO3YMH asioMiHil0 Ta MPOAYKTU
eBTEeKTUYHOro poanagy X — f + Ala + Si. Y TOM Xe 4ac, npu neperpisi posnnasy [0
TemnepaTtyp 800...865 °C casa [ He yTBOPHETbCH, a 3'9BNSETbCA (pasa o-
(Fe,Mn,Cu)sSi2Al15 (o), Wo BXoAuMTb 00 cKnagy NoTPiMHOI eBTeKTUKM o + Ala + Si. 3
nigBMWeHHsAM KoHueHTpauii Mg o 2,0 % 3aebinbworo NpucyTHIA He iHTepMeTania o, a
dasa =n. lNopiBHAHO 3 P-ha3od  BOHWM MakTb Binbll COpUATAMBY MOPAOSIOrito, WO
3abes3neyye nigBULWEHHS MiUHOCTI Ta nnactuyHocTi y 1,3..1,5 pasun. Y Bunuekax,
OTPUMaHUX OXONOMKEHHAM posnnasy Big TemnepaTtyp 750...790 °C, 3adikcoBaHO
3MilLlaHMI TUN CTPYKTYPU, KONK Y Cnnasi NPUCYTHI BCi BULLIE BKa3aHi dasu.

"KputnyHa" obnactb Temnepatyp (800...865 °C) Bigobpakae icHyBaHHSA 3aranbHOi
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3aKOHOMIPHOCTI. Y BMMagKy, KO OCHOBHOK 3ani30BMICHOK CKIMagoBOK € dua3a o, SK Y
crnasi AK12M2MrH, Harpis posnnasy go 800...865 °C cynpoBOOXYETbCHA HE TiNbKu
3MIHOO TI MOopcbonorii, ane N MexaHiamy Kpucrtanisauil.

[JoTpumMaHHs YyMOB TemnepaTypHOro pexmmy o6pobknm B pigkomy cTaHi €
HeobXigHO, ane HeJOCTaTHLOK YMOBOW A4 perynioBaHHs (bas3oBOro ckrnagy BUNMBKa.
[Mpn [ocarHeHHi 3agaHoi Temnepatypy 3MiHWM B npoueci KpucTanisauii, obymoBneHi
nepebynoBoto GNMXXHBOro NOPSIAKY aTOMIB Yy po3nnasi, MOXyTb BigdyTuca nuwe nicnsa 30-
XBUINWHHOIO BUTPUMYBaHHSA B PiAKOMY CTaHi Ta LWUBMAKOCTI OXOMNMOOXEHHA HEe MeHLe, HiX
80 K/xs.

PeHTreHOCTpYKTYpHi  OOCRifXeHHs  ceigyaTb, WO nobnudy Temnepatypu
KpucTanizauii po3nnaBu CKNagHOMEroBaHMX CUNYMIHIB TpuBanuin 4ac 3bepiratoTb
CTPYKTYPHO-HEPIBHOBaXXHWIN CTaH, 0OyMoBreHnn 36epexxeHHaM dpa3 nepennasneHHs. 3a
XapakTepoM 3MiHM CTPYKTYPHUX napamMeTpiB BUTPUMYBAHHA cChfaBy B pPiOKOMY CTaHi
aHanoriyHo nigBuLLEHHIO noro Temnepatypu. Migb, MarHin, 3aniso 36inblWy0Tb CTYMiHb
MIKPOHEOHOPIAHOCTI po3nsiaBiB CUNYMIHIB i Yac nepexoady B PIBHOBAXXHM CTaH. BOHM
YTBOPIOKOTb CTasli MiKpOyrpyrnoBaHHA aToMiB, WO B3aEMOAIOTL 3a TUMOM iHTepMeTanigHnX
cnonyk i cuniumgis. LMHK npuckoproe nepexig cuctemMy B PIBHOBaXHUA  CTaH,
nocnabnoyn MiKaTOMHI 3B'A3KN B MIKPOYrpyrnoBaHHSAX, LLO NPUBOAUTL A0 iX pyVHYBaHHS.
[MigBUWEHHA TemnepaTypy | 4Yacy BUTPUMKU B PIiAKOMY CTaHi MOCWUNIOE MeTarisauito
MKaTOMHUX 3B’A3KiB Yy Si, BHACnigok 4oro niaBULLYETBCA CTYMiHb PO3rany>XeHocCTi as,
LLO MICTATb KpeMHin — i, Mg2Si, crocTepiraeTbCsa nepexig Bid KOHrnomepaTHol CTPYKTypu

artoMiHIEBO—KPEMHIEBOT €BTEKTUKMN [0 KOONEepPaTUBHOI.
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YOK 669.2/. 8.017 : 537.3.39
A.T'. MpuryHoBa
DUN3NKO-TEXHOSTOrMYECKUA UHCTUTYT MeTannos u cniasoB HAH YkpauHbl, r. Knes
Ten./cpakc.: 0444241150, e-mail: adel _nayka@ukr.net
.M. 3enuHckas
UHcTuTYT MmeTannoduauku um. I.B. Kypagtomosa HAH YkpauHsl, r. Knes
M.B. KoweneB

PU3NKO-TEXHONOIMYECKUIA MHCTUTYT MeTannos n cnniasoB HAH YkpauHbl, r. Knes

PEHTTEHOCTPYKTYPHOE UCCINNEAQOBAHUE CIJIABA AK5M2, OBPABOTAHHOIO
ANEKTPUHECKUM TOKOM B XKUAKOM COCTOAHUU

PeHTreHOCTPYKTYpHbIMK  UccnegoBaHuaMn (pyuc. 1) yCTaHOBMEHO, YTO ChnaB
AK5M2 nmeet cnegytowmn gasosbin coctas: Ala (1), Si (2), 6-CuAlz (3), Mg=Si (4), B-
FeSiAls (5), n-FeMgsSisAls (6).

=]

HHTOHSHBHECTE A HOHKUA, MMA,

T r r T r r
10 Fa | an 40 Sl Lil1]

Yron oTpaXeHNA pEHTIEHO BCEDID NINyueHwn 2teta, rpaj

Puc. 1 — Qudpakrorpamma cnnasa AKSM2, nonydyeHHaa B Mo-Ka nanyveHun

Mpn obpaboTke pacnnaBa MMMYNbCHbIM 3MEKTPUYECKMM TOKOM (pUC. 2) BMECTO
urnonogobHoro nHTepmetTannuaa B obpasyetcs pasBeTBrneHHas dasa o-
(Fe,Mn,Cu)sSi,Al;s (a) (7), obbemHas gons KOTOpoW pacTeT C yBenuyeHUem BpemMeHU

o6paboTkm ¢ 6 ¢ go 13 ¢ (puc. 3). EanHoro mHeHus o npupoae dasbl a HeT. H. Phillips un

G. Phragmen paccmatpvBann ee Kak HenpepbiBHbIA psia TBepabix pactBopoB Mn B
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coeanHeHun FezSiAls. C no3uuunm C. Sun n R. Kowatschewa a-hpasa — 310
TBepabli pactBop Fe B coeamHeHun MnsSiz2Alis ¢ npocton Kybudeckon pewletkon. Mo
nonyyYyeHHblIM  pesynbTatam (cm. puc. 3)  KpucTannorpaduyeckas CTpyKTypa
obpasoBaBLuenca a-hasbl COOTBETCTBYET WHTEepMmeTannuay Fe2SiAls, 4To coBnagaeT co

B3rnsagamm H. Phillips, G. Phragmen.

5000
g ; F 00pad. 13 cek.
= 4000
© 117 6 |
S ] 1L 6
i 16 1 |k
<. 30004 1
= q1 |[l6
e 316
£ 2000 7
5 7 2
Tl |
s} 6 6
oo g il

0 T T T T T T T T T T
10 20 30 40 50 60

Yron OTPpaKeHUA PEHTTeHOBCKOro Usnyy4eHna 2teta, rpag.

Puc. 2 — Oudpakrorpamma cnnasa AK5SM2, o6paboTaHHOro B XXMAKOM
COCTOSIHUM OLHOMNOMNSAPHBIM UMMNYMBbCHBIM 3N1IEKTPUYECKMM TOKOM
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Yrorn oTpaxKeHus PEHTTEHOBCKOrO 1aryyveHnst 2teta, rpag.

Puc. 3 — CpaBHeHne andpaktorpamm obpaboTtaHHoro Tokom cnnasa AK5M2 (
Mo-Ka unanyyeHune) ¢ gudppakrorpammon ¢asbl MnsSiz2Alis, a Takke C NOMOXeHneMm wu

WHTEHCUBHOCTBLIO OTPaXKeHUn oT pasbl Fe2SiAls (BepTukanbHble NUHUK)
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Mo peHTreHocnekTpanbHbiM AaHHbIM B chinaBe AKS5M2, obpaboTaHHOM TOKOM,
dasa a umeet cocrtas, mac. %: Fe — 20,05; Mn - 8,6; Cu — 2,47; Si-9,01; Al - 60,03, a
cymmapHoe cogepxanve Fe, Mn u Cu (31,12 %) npakTudecksm COOTBETCTBYET
copgepxanuto Fe B coegmHeHun FezSiAls (31,6 %). C y4eTOM BbILLE N3NOXEHHOIO, MOXHO
yTBEpPXOaTb, YTO pa3BeTBNeHHas ¢asa a, obpasoBaBLluasacs nocrne obpaboTkm pacnnasa
OLHONOSMAPHBLIM MMMYNbCHBIM 3NEKTPUYECKMM TOKOM, SIBNsieTcs TBepAbiM pactBopom Mn
n Cu Ha ocHoBe uHTepmeTannuaa Fe:SiAls, B kOTOpoMm 4acTb aToMoB Fe 3amelleHa

atomamu Mn un Cu.

YOK. 621.74
A. A. PagueHko?!, O.U. NMoHomapeHko?, A.B. Canuyk®

ocynapcTBeHHOE npeanpusaTme «YKpanHCKMn HayYHO-TEXHUYECKUIA LIEHTP
MeTannypruyeckon NPOMbILLITIEHHOCTU «QHeprocTanby, r. XapbKos
2HaumoHanbHbI TEXHUYECKUI YHUBEPCUTET « XapbKOBCKUIA NMOMUTEXHUYECKUNA UHCTUTYT»,
r. XapbkoB
3XapbKoBCkuin HaumoHanbHbIN TEXHUYECKUIA YHUBEPCUTET CENbCKOro X03ANCTBa UM.

[MeTpa BacuneHko, r. XapbkoB

3AKOHOMEPHOCTU PA3BUTUA COBPEMEHHOIO JINTENHOIO
NMPOU3BOACTBA

MeTog nonyyYyeHUs (PaCoOHHbLIX 3aroTOBOK 3anuBKoW MeTanna B ¢opmbl [0
HacTosILero BpemMeHun — Haubonee MpoOCTOM M LOCTYNHbLIN, MO3BOMSKOWNA U3rOTOBUTb
OTINIMBKY CIOXHOW KOHurypaumum. B npouecce npousBoacTBa nUTbIX OeTanen
M3roToBUTENM BCE Yalle CcTankuMBalTCa C Bonpocamy Tpebyemoro KayecTtBa,
cebeCcToOMMOCTbIO OTAIMBOK Y YPOBHEM Crneumannuctos, paboymx.

MoToMy HeobxoauMO OTMETUTb, YTO B COBPEMEHHOM NUTEWHOM MPOU3BOACTBE
HameTunacb TEHOEHUMS, C TEXHNYECKON U IKOHOMUYECKOM TOYEK 3PEHMUS, HA U3MEHEHMNE
CTPYKTYpPbl MNPOU3BOACTB. OTU U3MEHEHUS 3aKnyalTcs B TOM, 4YTO Ha ©ase
CYLLLECTBYIOLLUMX NPeanpusaTUiA OCYLLECTBRATCS NMbo MoaepHM3aums NUTENHbIX LIEXOB,
NCNONb3YOLWNX NOCneaHne AOCTMXKEHUA TEXHOMNOrmm MNpPOM3BOACTBA JIMTbIX 3aroTOBOK
(nnaBka, dopMOBKa, (UHULIHbIE Onepauun, YynydlweHue 9KOrormm Wu.T.n.), nmbo

WUCKITIOYEHME UX U3  TEXHOMNOrMN 3aroToBUTENbHOMO npom3eoactBa W nepenava
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M3roTOBMEHMA  NUTbS  Ha  ayTCOPCUMHI, T.e.  OPYrMM  KOMMaHUAM  KOTOpble
crneunanuanpyoTca B 4aHHOM GuaHece.

B ocHoBe 9TMX M3MEHEHWW, KakK NpaBuio, MEPOMNPUATUS HamnpasBfieHHble Ha
peLLeHne BOMPOCOB CBSA3aHHbLIX C BO3POCLUMMU TPEOOBaAHUAMU K KAYECTBY U CHUKEHUIO
3aTpaT Ha NPOV3BOACTBO OTNMBOK. [pn 3TOM, cneunanucTbl NUTENLUNKA CTOSMKHYMUCHL C
cuTyaumen, Korga npakTUYecKn npekpaweHo ¢QyHKUMOHMPOBaHNE OTEe4YeCTBEHHON
NpUKNagHou Hayku B obnactu nMTEMHOro NpOV3BOACTBA, NPEKpaTuin CyLleCcTBOBaHMS
HNWN, KB, cywecTBeHHO COKpaTUNOCh KONMMYECTBO crneumanuctoB M paboumx. Bcé aTo
ewé donbLue ycyrybunocb COCTOSAHMEM NNTENHOrO 0BOpPYyaAOBaHMS, KOTOPOE MOparnbHO U
don3nyeckn yctapeno.

[Ons copoenctBus WMHHOBAUMOHHOMY pPa3BUTUIO NUTEMHOrO MpOuM3BOACTBa B
YkpanHe un OnuxHem 3apybexbe Beaywumm cneumanuctamm BY3oB, Hay4yHo-
TexHn4ecknx ueHtpoB (HTL) n npeonpustuii XapbKOBCKOrO permoHa, 00beauHEHHbIX B
Accoumaumio JINTENWNKOB YKpauHbl, NPOBOANTCS, HA OCHOBE ONbiTa paboTbl yCNeLHbIX
KOMMNaHW1 N OaHHbIX N3 TEXHUYECKON NuTepaTypbl, MOHUTOPUHI COBPEMEHHbBIX TEXHONOMN
nonyyYeHnss NUTbIX 3arOTOBOK W TeHAEHUMA WX [JanbHenwero COoBepLUeHCTBOBaHMS,
pe3ynbTaTtbl KOTOPOro WCMOMb3YyTCA MpU MOAEpHM3auMuM NPOU3BOACTB U BHeOpeHUU
COBPEMEHHbIX TeXHomormm, obopyaoBaHnst 1 NPUBOPOB KOHTPOIS Ka4ecTBa MaTepuarnos 1
n3genun.

K npumepy, nHxuHupuHroBass komnauusa [Tl «YkpHTL, «OHeproctanb» umeeT
MHOFONETHUN NPaKTUYECKUI OMbIT peanu3aumn NPOEKTOB, B T.4 COBMECTHO C BeAyLUMMU
3apybexHbiMn komnaHusmmn (Danieli. Primetals n gp.) B obnactu cos3gaHusa HOBbIX,
PEKOHCTPYKUMN N MOLEPHU3AUUN OENCTBYIOLLMX METaNypruyecknux npeanpuaTuin.

OgHum 13 HanpaeneHun pestenoHoctn HTL|, sBnseTcs BbINONHeHWe paboT
HanpaBlieHHbIX Ha CO3[aHWe HOBbIX W MOAEPHU3aUMI0 OEeNCTBYIOWMX JIUTENHbIX
NpPOM3BOACTB, Ha4yMHas C COBEPLUEHCTBOBAHMS TEXHOSOMMIN MPOM3BOACTBA, pa3paboTku
OCHOBHbIX TexHu4yecknx peweHun (OTP), TexHuko-akoHoMuyecknx obocHoBaHui (TI0),
NCNoNb3ys COBPEMEHHbIE TEXHOSOrMU N3rOTOBIIEHUSA OTMIMBOK C NMPUMEHEHMEM XOJTO4HO-
TBepaeowmx cmecen (XTC), nutba no rasnduumpyemsim mogensam (J1'M), agoutmBHbIX
TexHonormi (3D npuHTEpoB) M AOp., OOHOBPEMEHHO pellasi BOMPOCHLI 3KOMOrmu,
3HeprocbepexeHns n yTUnu3auum BTOPUYHbIX pecypcos. Mpw 3TOM
BbICOKOKBanMuumpoBaHHbIMK cneunanuctamun LleHTpa npy BbiNONHEHUN paboT akTUBHO
NCNonb3ylTCa ANA NoBblWeHna 3¢pEeKTUBHOCTU NIMTENHOIO NPOU3BOACTBA, crnegyloLime

pekoMeHaaLun:
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- pacwumpeHne WCnonb3oBaHMA MPUMEHSAEMbIX MaTepuarioB M COBPEMEHHbIX
TEXHOMNOIMUMN;

- paunoHalribHo€ UCnoJib30BaHME MaTepumaros, B.T.4. NOBbILLUEHNE BbIXO4a roaqHoro

NnUTLS;
- Ucnorb3oBaHne 6e30TX0AHbIX TEXHOMOMMIA;
- NPUMEHEHNE KOMMbIOTEPHbLIX TEXHOMOTUIA;
- 3aMHTEepecoBaHHOCTb W MPUBMEKATENbHOCTb 3a CYeT MOMHON aBToMaTu3aLuu
NPOLIECCOB;

- yBennyeHne o6bLEMoB NPOM3BOACTBA M NPON3BOANTENBHOCTU TPYAA;

- BbIMYCK NpOAYKUMN NOBbILLEHHOW NPON3BOACTBEHHOM FOTOBHOCTY;

- UICNONb30BaHNEe 060PYAOBaAHUS, TEXHOMOMMA N MaTepuanosB U3BECTHbLIX BEAYLLMNX
dupm OMEGA, FAT v agp.;

- MOBbILLEHNE KYIbTYpbl NPOU3BOACTBA.

Mcnonb3oBaHne npuvBEAEHHbIX  pPeKOMeHZaunin  no3BonsieT  CyWeCTBEHHO

NOBbICUTb KAa4eCTBO OTIJIMBOK N CHU3NTb 3aTpaTbl HA X NMPON3BOACTBO.

YOK 621.74
Pyca6poB A. E., NloHomapeHko O. U., MapuHeHko A. B., JlInbepr WU.T".
HaunoHanbHbIM TEXHUYECKUIA YHUBEPCUTET
«XapbKOBCKNIN MONMUTEXHUYECKNN NHCTUTYT»

XapbkoB

NMOBbILWEHUE CTOUKOCTU OTJINBOK U3 CTANN 1101311

Bonpoc 06 ynyuyweHWn TEXHUKO-IKOHOMUYECKMX MoKasaTenem  nonyyveHus
N3HOCOCTOMKMX CTanen BO3HUK OAaBHO M OCTAeTCA akTyaneH A0 CEerogHsIlHero OHS.
PacnpoCTpaHéHHbIM MNPMMEPOM MOXET CnyxuTb — «ctanb [agdounega» (11001301).
OcHOBHOEe ee CBOWCTBO 3akrto4aeTcsi B CNOCOBHOCTM K Hakneny, Grnarogaps KOTopomy
Aetanu, B npouecce 3Kcnnyatauuu, MosiyvyaroT BbICOKYHD TBEpPAOCTb U He obpeTtaroT
Xpynkoctb. Hambonee 4acto ee npuMeHAT ANd OpobAWMX YCTAHOBOK, KOBLUEW
9KCKaBaTopa Ha ropHoAoObIBaOLWNX NPeanpUATUSX. ATU NPeanpUATUS 3aMHTEpPEeCcOBaHbl B

nonyyYeHun getanemn ¢ MakcumanbHbIM PECYPCOM MCMOSb30BaHMS.
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Llenbto paboTbl siBNsieTCs onpefeneHne BnugHue nermpywwmx [obaBok Ha
CTOMKOCTb 3yDOa KOBLIA KapbepHOro 3KCckaBaTtopa W MoslyvyeHue ONTUMaribHOro
XMMUYECKOro cocTaBa cTanu Ans paboTbl B 3a4aHHbIX YCITOBUSAX.

[ns npoBegeHns aHanm3a u pacdeToB ObiM BbibGpaHbl nervpylowme [obaBku,
CrnocobHble NOBNUATL Ha CTOMKOCTb cTanu [agdwunbia B ycrnoBusx pyaonodbiuv npu
paboTe Ha KapbepHbIX 3KCKaBaTopax. B kauyecTBe OCHOBHbIX NErMpyloLmx 3MeMEHTOB
Ob1nKn BbIGpaHbl MONMBAEH, BaHaauMn, MapraHel, yrnepog n KpeMHUN.

B xome vccnepoBaHui Obino onpefeneHo BAWSHUE NErvpylowmx 9feMeHToB Ha
CTONKOCTb OT/IMBOK B YCNOBUSAX paboT ¢ TBepAbIMM NopogaMu - COOTHOLLEHUS yrriepoaa K
MapraHuy M onTUManbHOE KONMMYECTBO KPEMHUS, BNusHME monvbaeHa u BaHagusa Ha
CTOMKOCTb OTSIMBOK, pa3Mmepa 3epHa M CTPYKTYpbl MeTannmyeckon peluetku. [NposeneHsl
NPOV3BOACTBEHHbIE UCMNbITAHUS OTSIMBOK.

Mo nonyyYyeHHbIM [OaHHbIM MOCTPOEHbI: AMarpaMmmbl, ornpeneneH OnTUManbHbIN
XMMmudecknn coctaB ctanu  [agdwunbha, onpegeneHbl  TeXHUKO-3KOHOMUYeCcKue

nokasatenu mogudukauum cranm.

YOK 621.742.22
CeuHopoeB! 0.A., Batbiwes? K.A., Oees® B.B, CemeHoB* K.T.
KameHckuii TexHonorm4ecknuii UHCTUTYT (punman) KOXKHO-POCCUINCKOro
rocyaapcTBEHHOro nonutexHunyeckoro ynmsepcuteta (HMN) um. M.U. MNMnaTtosa,
r. KameHck - LLlaxTuHcKkum
2MOCKOBCKUIA roCyAapCTBEHHbIN TeXHUYECKUiA yHuBepcuTeT uMm. H.O. BaymaHa, Mocksa
SHauuoHanbHbI UccnegoBaTenbCKUA TexHonornyeckuii yHnsepeuteT « MMCuCy», Mocksa,

4HauunoHanbHbIN nccnenoBatensckuin yHueepcuteT MITY um. H.3. Baymana, Mocksa

BUOKOMMNO3UTHBLIE CBA3YOLWUX HA OCHOBE TEXHUYECKOIO JINTHUHA ONA
NMPOU3BOACTBA OTJINBOK

Mpo6nema. [JOMWMHMPOBaAHME CMOSSHbBIX CBA3YKOLMX MaTtepuanoB, Ha AaHHOM
aTane pasBUTUS NUTEMHOTO MPOU3BOACTBA, OOBACHAETCA WX TEXHOSNOMMYHOCTLIO,
NPUBNMXKEHHON K naeanbHOW, CNOCOOHOCTLIO peanv3oBbiBaTb CaMble CIIOXHbIE dOPMbI U

KOH(burypaumm ¢opmMm 1 CTepXHEeW W Npou3BOaUTb, Takmm 06pas3om, CKOMb YrogHo
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CNoXHble oTnMBKK. [MpMMepoM 3TOMYy SABMSKTCSA OTNMBKM PasHOOOpasHbIX 351EMEHTOB
aBTOMOOUIIbHBIX, M HE TOMNBKO, ABUraTeENeNn.

B 1O Xe Bpems, npumeHdemble CMOfsHble cBA3dywme, Alphaset npouecc, B
npomnsBoacTBe nNuTenHbix popm, n Cold-Box Amin npouecc, B NpOM3BOACTBE CTEPXKHEN,
UMEIOT BbICOKYHD CTOMMOCTb cBsA3yowmx (3,5-5,0 eBpo 3a Kr.) n sIBNAKOTCHA OnacHbIMU B
ncnonb3oBaHun. CornacHo ANPEKTUBE €BPOKOMMCCUMM MO BOMNPOCaM 3KOSIOMMM U OXpaHbl
OKpyXXatLlen cpegbl CMOfbl Ha EHOMNbHOM OCHOBE [OSKHbl OblTb M3bATHI U3
Npon3BoACTBEHHbIX npoueccoB B cTpaHax EC go 2020r., n 3amMeHeHbl anbTepHATUBHBIMU
MaTepuanamu, He coAepXallMMn BbICOKOTOKCUYHbBIX KaHLUEpOoreHHblx BellecTs. B
4YaCTHOCTW, B AOKYMEHTE rOBOPUTCS, YTO coaepxaHmne dypdyprnoBoro cnmpta B cOcTaBe
cBAsyowero He OomkHO npesbiwate 30%, nNpu oNTUManbHOM €ro cogepXaHuu, A
obecneyveHns Tpebyemon npovHocTn, B 70-80%. STOT umMnepaTtne npegonpeaensdeT nomck
anbTepHaTUBHbIX PeLUeHUN.

AKTyanbHa 3agada novcka anbTepHaTUB, NpUYeM, Kak AN POCCUNCKUX, Tak 1 Ons
€BPONENCKUX NMNTENLLINKOB.

Uenb paboTtbl. PaccmoTpeTb BO3MOXHOCTb MPUMEHEHMS B  KadecTBe
anbTepHaTuBbl, XOTS Obl B OTAENbHOM CerMeHTe MNpUMEHEHUa (Menkune u cpegHue
CTEPXXHW AN YYT'YHHOro U antOMUHUEBOrO NNTbS) MaTepuanoB Ha OCHOBE TEXHWYECKOro
NUrHWHA, Ha NpuMepe TexHuyecknx nurHocynsgoHatos (JICT).

OcHoOBHbIe pe3ynbTaTbl paboThbl.

JIUrHMHHBIE MaTepuarnbl, MOXHO paccMaTpuBaTb Kak TUMUYHbBIA GUOKOMMNO3UTHBIN
maTepuan. lNpumeHeHne nogobHOro poda marepuanos, siBfisieTcsa Habupawowum  cuny
HanpasneHueMm. Liutata ns otyeta Munuctepctea aHepretukn CLIA: «...1,3 munnuapda
MOHH buomaccbl exe200HO OoCmyrnHO Orisi MPOMbIWIIEHHO20 UCMOMb308aHUSI 8
CoeduHeHHbIx Llimamax. 3Omo konuyecmeo buomaccbl MOXem nomeHyuasbHO
npoussecmu 130 munnuapdOoe8 2an/ioHo8 XUOKO20 mpaHCrnopmHo20 mornsuea (3maHosl,
CMewaHHble crnupmel, 3er1eHbll 6€eH3UH, 6uoduserib u 3ereHbll
ousesnb)....3HayumernbHblE HOBblIE MEXHOI02uU4Yeckue paspabomku 6 amol obnacmu
Heobxodumbl, 4mMobbl MaKkcuMu3uposamb MpPoOU3BOOCMEO U 3axeamumb pPeCcypChl.
...00HO20 U mo020 Xe pecypca (mexHU4ecko20 JlugHuUHa) O0oCmamoy4yHO Mo pasmepy,
umobbl nocmasnsme pakmu4yecku ece cbipbe, HeobxoOumoe Onsi XumMuydeckou
npombiwneHHocmu CLLUA».

TexHuyecknn NUrHWUH MOXeT CcTaTb anbTepHaTMBOM AnA pa3paboTku HOBbIX

CBA3ywOLMNX MaTepunanos. Ero oTnnuntencHble 4yepTbl: AOOCTYNHOCTb Ha pPblHKE,
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NpoM3BOACTBO M3 BO30OHOBMNSIEMOrO Cblpbsi; HW3Kasi CTOMMOCTb, HE CKIMOHHOCTb K
yAOPOXKaHUI0; aKoNornyeckas YmcroTa.

WccnepoBanna n pesynbTaTbl, AOCTUTHYTbIE B UX UTOre, MO3BOSISOT rOBOPUTH O
TOM, YTO OCHOBHbIE TPYAHOCTM MOTYT ObITb NMPEOAONEHDI.

Mpobnembl cTabunbHOCTM U NOBLILLEHUS MPOYHOCTN CBOWCTB peLuaroTcsa nogbopom

MoAnuUKaTopoB, cM. puc. 1, n puc. 2.
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KanennapHbIiI MecsIl

Puc. 1. CtabunbHocTb cBA3ytowen cnocobHocTtn komnosmumin JICT npyu npoeepke B
TeyeHue kaneHgapHoro roga: 1 — komnoauuma JICT — HMAB, 2 —JICT (6e3 kakon-nmubo

0bpaboTkn).

Spa NITTa

T 3,00

».39

Puc. 2. MNokasatenu OelCTBUSA BELECTB pPasfvMyHbIX KNaccoB (KUCIOTbI, COMMW,
wenoun) Ha ceasywwyw cnocobHoctb JICT, kpuBble: 1. — HEWOHOrEHHblE
noBepxHOCTHOAKTMBHbIE BelwlecTBa (HIAB); 2. - congHasa kucrnoTa; 3.- cepHasi KNCnoTa;
4.- a30THada kucnota; 5.- cynbgoHoBas kucnota; 6- cynbdar aMmmoHunsa (12% BOAHbIV

pacTBoOp); 7- pacTBOP €KOro Kanu; 8 — pacTBOp eKoro HaTpusi.

BbiBoAbI. npe,D,CTaBJ'IeHHbIe MaTtepumarsbl nccrnenoBaHNn NMoKa3bIiBakOT

NPUHUUNMNANbHytO BO3MOXHOCTb WCMOJIb30OBAHNUA TEXHUYECKNX J'IVIFHoch'IbeOHaTOB B
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KayecTBe WCXOOHOro Cbipbs AN CO3[aHMSA COBPEMEHHbIX CBA3YOLUX MaTepuanos.
PaspaboTka TpebyeT ageKkBaTHOrO TEXHOMOrMyeckoro obecrneveHus Ans peanvsauuu

JINTHNH-NPOLIECCOB.

YOK 621.742.22
CBuHopoeB 0.A.
KameHcKkuin TexHonormyeckmim WMHCTUTYT (domnunan) KOXXHO-pOCCUMINCKOro
rocygapCTBEHHOro nonutexHuyeckoro yHnsepcuteta )HIN) nm. M.W. lNnatos.a,

r. KameHck -LUaxTuHckumn

NMUTEUHBIE CBA3YIOLWME HA BMOMOJIMMEPHON OCHOBE ANA
TEXHOJIOMMU NONYYEHUA NUTbIX KOMMO3ULUUOHHbIX MATEPUAIIOB

AxkmyanbHocmsb. B HacTosiLLee BpeMs, Hay4YHble pa3paboTkun, B 06nacTu NoBbILLEHUSA
3PPEKTUBHOCTN NPOM3BOACTBA NNTbS!, B YAaCTU UCMOSb30BaHNS (POPMOBOYHbBIX MaTepunarnos,
N  HEenocpeaCTBEHHO JIMTEMHbIX CBA3YHOLWMX, MOCBSALWEHbI COBEPLUEHCTBOBAHUIO YyXe
UMEIOLLMXCA  KOMMO3WUUKW, KakK npaBuo, Ha CMOMSAHOWM oOcHoBe. Takonm noaxon
TEXHOMOIMYECKM COBEPLUEHCTBYET MNPOM3BOLACTBO, HO He peLleT npobnem 3Konormu,
BGesonacHOCTK Tpyaa, CHMXeHus cebecTommocTn. NToMMMO 3TOro, akTUBHO pa3BMBatoOLLMECS
HanpaBneHusi, K KOTOPbIM OTHOCATCA TEXHOSIOMMW  MOMYYEHUSA JNUTbIX KOMMO3ULIMOHHbIX
mMatepuanoB, TpeOylT adeKBaTHbIX TEXHUYECKMX peLleHur, Basupyromxca  Ha
WHHOBAUMOHHbLIX MNOAXo4aX, OTBEYaloLMX COBPEMEHHOMY YPOBHIO pPas3BUTUS JIMTENHOIO
NPOM3BOACTBA M BbI30BaM CTOSILLUM nepen CTPaHoN.

AnbTepHaTUBHbIE peLleHns MOryT ObiTb HaWAEHbI 3@ CYET pacLUMPEHNS UCNONb30BaHUS
NpoayKTOB, NepepaboTkn pacTUTENbHOrO Cbipbs. AKTMUBHOE BOBMEYEHME KPYMHOTOHHAXKHbIX
TEXHOrEHHbIX OTXOLOB OTEYECTBEHHbIX NPOM3BOACTB B TEXHOMNOIMYECKNE LIEMOYKM CO34aHUsA
WHHOBALIMOHHbIX TEXHOMOIMI, K KOTOPbIM OTHOCATCS MPOM3BOACTBO JIUTbIX KOMMO3ULIMOHHBIX
MaTepuaroB, SIBMSETCS NPUMEPOM KOMMIEKCHOrO peLUeHUst MeXoTpacrneBbix npobnem
Poccumn: mmnopTo3amelleHne, CHUKEHME BpedHbiX BblIOPOCOB, CO34aHME HOBLIX NUTbIX
KOMMO3UTHbIX MaTepuanoB W JgeTanem Ha WX OCHOBE, Kak npuMep NpoayKuuu
OTEeYEeCTBEHHOro NPoOn3BOACTBaA C BbICOKOW A0OABOYHOM CTOMMOCTLIO. Becb nepeuncneHHbin

KOMIeKkc peI.IJeHI/IIZ BreyeT co3gaHne HoBbIX paﬁot—mx MecCT.
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Lens uccnedoeaHull. ViccnegoBaHus NpoOBOAUNMCL  C LEMbd  OOBeAEHUs
CBSI3YHOLLEN CMOCOOHOCTM BMONONMMEPHbBIX FIMTHUHOCOAEPXKALUMX MaTepuarnos, B YaCTHOCTM
TexHn4yeckmx nurHocynbgoHatoB (JICT), A0 yYpOBHA BbICOKOI(O(EKTMBHBIX CBA3YHOLLNX
mMaTtepuanos U crTabunusaumm Mx CBOWCTB, C MocrefyroLern BO3MOXHOCTLIO ajanTtaumm
nory4yaemMon CBSA3YIOLLEN KOMMOo3uumMn [0 TpeboBaHUS KOHKPETHOrO TEXHOSOrM4Yeckoro

npouecca rnpon3soacrtea OTIIMBOK.

Pesynbmamsbi uccnedoeaHusi. PaccMoTpMMm crnocoObl MOBbLILEHNS]  CBSA3YHOLLEN
CnocoBbHOCTM BMOMONMMEPHOro CBA3YIOLWEro — TexHudecknx nurHocynbgoHatoB (JICT). K
Hambonee a(peKTMBHLIM OTHOCATCA METOAbl KOMMMEKCHOro BO34encTBUS. VX CyHOCTb
COCTOMT B CreayloLeMm:

1) JICT nogseprarTcs Modugbuyupo8aHuto - KOMBUHUpPOBaAHHOMY
BO3OEWNCTBUIO, COCTOSILLEMY BO BHECEHUMW B OMpederieHHbIX MpornopumsxX XUMUYECKUX
KOMMOHEHTOB  KOMIMIIEKCHOro  AEWCTBUS,  MO3BOMSAIOWMX  UHALMMPOBATb  NpOLECChl
obpasoBaHus TpEeXMepHon NosIMMEpPHON CeTKu, 4yTOo obycnaenueaeT
CYyLLIECTBEHHOE (Ha NopsIAOK) yBEnMYeHune CBA3YOLLEN crnocobHocTn
nony4aemblx KOMNO3ULMA; U B NOcCneayoLwen temnepatypHon obpaboTke coctasa, C Lienbio
roOMOreH13aumm KoMmnosmuumn, ansa obecneveHnss ctabunusaumm ee CBONCTB [5].

2) pgns obneryeHuss M YCKOPEHWSA NPOLIECCOB CTPYKTypooOpasoBaHuMsi Heobxoammo
co3faTb aKTUBHbIE LEHTPbl MHMLMAUMN NONMMEPU3aLMOHHbBIX NPOLECCOB, YTO AOCTUraeTcs
o6paboTkon JICT Ha BbICOKO3HEPreTUYECKNX OE3NHTErPATOPHbIX YCTaHOBKaxX [6].

OTO [aéT BO3MOXHOCTb adanTMpoBaTb MOfyyYaemble CBA3YKOLME KOMMO3NLUMK K
YCNOBUSAM pasnMyHoro npou3sogctBa M obecneyvBaeT BCEBO3MOXHblE TpeboBaHUA
PasfNyHbIX TEXHONOMMYECKUX NPOLLECCOB NUTbA.

PaspaboTka peanusoBaHa B TEXHOMOMMU MPOM3BOACTBA OTIIMBOK «3aALLUMTHOMO KOXYXa».
3agaya cocTosina B 3aMeHe MacCMBHOW CTaflbHOW AeTanu  CenbCKOXassanCTBEHHOro
arperata 6onee nerkMM, HO MpPOYHbIM  aHanoroM. [lpeanoxeHo UCNoMb3oBaTb
TPaOWUMOHHbIE  antoMWHMEBBIE CMMaBbl ApPMUPOBAHHbIE CTalflbHbIM CEePAEYHUKOM, YTO
obecneunBaeT MNPOYHOCTb WM HAOEXHOCTb KOHCTPYKUMM AeTann COU3MEPUMOW MO 3TUM
nokasatenam cO CTanbHOW pJeTanbio. B npouecce peanmsaumMm npoekTa BO3HWUKNA
npobnema, cocToswasa B perynsapHoM obpasoBaHuM TpeLMH nnn BbiICTPOM paspyLleHum
Aetann B npouecce akcnnyatauun. TpelwimHbl B OTAMBKE UMW paspylleHuss B AeTanu
BO3HMKaNM B MeCTax COYNIEHEHUS TOHKOCTEHHbIX WU TONCTOCTEHHbIX YacTeN KOHCTPYKLMM.

OTnmnBka n3rotaenmeanacb MO TEXHOMOMMU NUTbSl B NecYaHble CbOprI, HenocpeacTtBeHHO

175



JIMTBO.METAJIYPTIA. 2019

dopma no MNMIFC-npoueccy unu anbgaceT-nNpPoLeccy,a CTEPXKHU MO aMUH —NpoLeccy unm s
YKCC. YcTtaHoBMNK, YTO NpUYMHON OedeKToB fABffdnacb HU3Kasi NoAaTiMBOCTb JIMTEMHbIX
CTepXHen, AN ee YycTpaHeHuss Obin  paspaboTaH cocTaB cMmecu Ha OCHOBe
MOONMPULIMPOBAHHBIX TEXHUYECKUX FUFHOCYNb(OHATOB C MOBbILWEHHBIMA MPOYHOCTHLIMM
CBOMCTBAMU[S]. DTO NO3BOMMIMO MOMHOCTLID YCTPAHUTL BO3HUKLLYH Npobremy. YKasaHHbIN
coctaB BkMoyan 2,8-3,8 MaccoBblX 4YacTen CBA3ylLero, POpMOBKa OCYLLEeCTBMsSNach
BPYYHYIO (ONbITHOE NPOM3BOACTBO), OTBEPXAEHME NPOM3BOAUNOCH Tpems cnocobamu:
TENMOBOW CYLLUKOW, NpoayBKol ropsaunm Bozayxom (120-160 °C), xonoaHbIM OTBEPXKOEHNEM.
MNMocnegHee TpebyeT katanu3atopa — OTBepAUTENS, B KavyeCTBE KOTOPbIX BbICTYNalOT
BbICOKOPEAKLMOHHbIE XMMWYECKME BELLECTBA, KOTOPbIE SABMAIOTCA TOKCMHAMW MO CBOEN
npupoge. Cnegyet ocobo oTmMeTuTb bakT 6e3onacHOCTM Tpyda, W akueHTMpoBaTb
BHUMaHWE Ha TOM, YTO TPagUUMOHHO W MacCOBO  MCMONb3YKLMNCA B JIMTENHOM
NPOU3BOACTBE aMUH-NMPOLECC HECEeT OrPOMHYI0  MOTeHUManbHyl  yrposy. AMWHbI,
MCMNOMb3ylLMECS B HEM B KayeCTBE KaTanm3aTopoB, MOPaXalT HEPBHYHD CUCTEMY,
BbI3bIBAOT HAPYLUEHWS MNPOHULLAEMOCTM CTEHOK KPOBEHOCHbIX COCYAOB M  KIETOYHbIX
MeMbpaH, YHKUMIA nevyeHn n passutue ANCTpodun, B OTAENbHbIX Cryyasix Bbi3blBAKOT
obpasoBaHMe MeTreMorriobuHa, yrHeTaroLwero LeHTpanbHyo HEepBHYO cuctemy. [encteme
BELLECTB 3TON rpynnbl CNOCOOHO BbI3BaTb pak MOYEBOrO My3blpsl y Yyenoseka. He cmoTps Ha
9TO0, (peHOMEeH amuH-npoLecca, €ero MaccoBoe MNPUMEHEHWE, OCHOBAHO Ha XOpOLUO
npogyMaHHOM anropuTMe OCYLLECTBMEHMS NpoLecca, peann3oBaHHOM B TEXHONOMMYECKOM
obopygoBaHun. [Mpouecc oTpaboTaH M «ogeT B Kenesoy», MNo-BMAMMOMY MepcrnekTMBa
pPasBUTMA N LUMPOKOTO MPUMEHEHUSI HOBbLIX NUTENHBIX CBA3YKOLWMX Ha 6GrononnmepHon
ocHoBe Oyget BO MHOIOM OnpeaenartbCad  MawWHHbIM - OCHaLLEeHMEM  MpOoLEeCCOB
dopmoobpaszoBaHUsA IMTENHBIX POPM N CTEPXKHEN.

Takum o6pa3oMm, MNpUMEHEHME §UTbIX KOMMO3ULMOHHBLIX MaTepuanoB MO3BOMNUIIO
Npou3BeCT 3aMeHy MacCMBHOW CTanbHOW [eTanu, €e aHanorom, HO Ha OCHOBE
antoMMEBOro KOMMO3MLIMOHHOIo MaTepuvana.

Monyyaemble KOMMO3MLMWM MO  3KOMOrMYEeCKUM nokasaTtensaMm npeBOCXOA4AT BCe
CBA3YOLLME MaTepuarnbl, NPOM3BOACTBO KOTOPbLIX OCHOBAHO Ha YrneBo4OpPOAHOM Cbipbe. B
OCHOBE BCeX Mony4aemblx, No npegnaraemon pa3paboTke, KOMMO3ULMA NEXUT JIUSHUH -
NPUPOAHBIN BuononNMmMep He BblSENAIOLLNIA TOKCUHOB.

BbieoOdbl. Takne nokasatenu adeKTMBHOCTM Oat0T Npeanocbinky Ans nocTteneHHoro

BbITECHEHUA N3 TEXHOJIOTMYECKUX MpouecCOoB AOOPOroCToAnX M 3KOITOrMYeCckn OnacCHbIX
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CBA3YHOLLMX MaTepuanoB (CUHTETUYECKUX CMON), U SBMSOTCS aaekBaTHbIM MHHOBALMOHHBIM
TEXHUYECKMM pPEeLLEHNEM ANS MPOM3BOACTBA NUTLIX KOMMO3MLMOHHBIX MaTepUanos.
PaspaboTka peanusoBaHa Arnsi TEXHONOrMN U3rOTOBMNEHNS CTEPXKHEN NPU NPOU3BOACTBE
apMUPOBaHHbIX OTMIMBOK U3 antoMUHMEBBLIX CMNaBOB WMEIOLMX COYUNEHEHUSI TOHKUX W
MaCCUBHbIX CTEHOK, B y3rax KOTOpbix 0bpasoBbiBanncb AedekTbl (rasoBble pakoBUHbI U

TpeLLl,I/IHbI), 4yTO O6yCJ'IaBJ'IVIBaJ'IO He BO3MOXHOCTb NMpon3BoacTBa Ka4eCTBEHHbIX OTJIMBOK.

YK 669.131.622:669.74
0.4. CemeHoOB

HauioHanbHa meTanypriiHa akagemia Ykpainu, [Hinpo

METOAUKA BUKOPUCTAHHA CUMIJIEKCY B.B. N'YNIAEBA OANA AHANI3Y
PE3YJIbTATIB EKCMNEPUMEHTAJIbHUX TEMMNEPATYPHUX BUMIPIB

MaTemaTuyHe MoentBaHHA MpPOLECiB  3aTBEpPAiHHA Jornomarae  TexHonory
weunawe npuUAHATU npaBuibHe pilleHHA | J03BONSE Ha SKICHOMY piBHI BCTAaHOBUTU
po3TallyBaHHA TENMOBUX BY3MiB, 30HM Ail HAANWUBY i WBUAKO PO3POOMTM TEXHOMOrIYHUN
npoLec BUrOTOBIEHHS MOOENbHOIO0 OCHalweHHs. OgHak KogHa KOMM'loTepHa MoeNnb He
obxoanTbcss 6e3 MNOpPIBHAHHA 3 pe3ynbTaTaMu  eKCnepuMeHTanbHUX TemnepaTypHUX
BUMIpiB, a BWUABMEHi MOXWOKM BUMPaBnAlOTbCA 3@ PaxyHOK 3MiHW 3Ha4YeHb OCHOBHUX
TennoisnyHnx KkoediuieHTiB MaTepianis BUNMBKY, NMBapHOI (dOpMU | yCaZIKOBOro 3a30py.

[MpoTe ekcnepuMmeHTarnbHi OOCMIMKEHHA TemnepaTyp KpucTanisauil cnnasiB y
BUIMBKaxX 3a JOMOMOro TepmMonap, Aki CyMilleHHi 3 BUNIMBaHHAM po3nsiaBy vYepes pisHUn
NPOMIKOK 4acy, MOXIMBO BUKOHATU NMLLE ANs 0OMEXEHOT KiflbKOCTi po3MmipiB BUNUBKIB. Lle
06YyMOBMEHO 3HAYHMMMK TpyZOBUTPaTaMMU MO 3aXUCTY rapaynx cnais Tepmonap, TOYHOMY
BCTAHOBJIEHHIO X Y NMOPOXHWHI NIMBapHOI (OOPMU, a BUINMBAHHSA PO3NnsiaBy 4vyepes3 Pi3HUN
NPOMIKOK Yacy notpebye OekinbKoX eKCnepuMeHTIB. BMkopucTaHHSa aHaniTu4HMx MeToaiB
po3paxyHKy npoLeciB TBepAiHHA NO 3aKOHY KBagpaTHoOro kopeHs, opmyni M.l.XBopiHoBa,
LLO YTOYHIOE PO3paxyHOK KoedilieHTy TBEPAIHHSA, iHTerpanbHMMm Tennosum 6anaHcom no
A.l. BeH1Ky 0BMeXeHO HU3bKOK TOYHICTIO pe3yrbTarTiB.

b.5. lyngeB Bnepwe nokasas, WO PIBHAHHA ONA BU3HA4YEeHHA KoeilieHTy
TBEPAiHHA MOXHa NpeacTaBuUTN y BUrMSAAi 3aneXHOCTi Mk 6e3po3MipHMMN BENUYMHAMU:

BIJHOCHOIO TOBLUMHOKW 3aTBepainoro metany x/R i kputepiem ®dyp'e (Fo), Ak 3amiHeHUN
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cumnnekcom 1/R?, amke 3HaYeHHs1 TemnepaTyponpoBiAHOCTI ANs O4HAKOBUX NUBAPHMX
MaTepianie Moxe OyTn BBeAeHO y MacwTtabi BignoBigHUX AiarpaM KiHETMKM NPOCYBaHHS
dpOHTY TBEPAIHHA — i30MiKBIAYC, i30conigyc Ta rpaHuuUi BUNMBaHHSA. Tomy po3pobneHy
b.b.l'ynsesum mMeToaMKY YCNILWHO BMKOPUCTOBYBaNW AS1 aHanidy ekcnepuMeHTanbHUX
BUMIpIB TemnepaTyp | po3paxyHKy npoueciB TBepdiHHa BunuekiB M.l XBopiHOB,

B.B.HasapariH, 1.®. Bacunescbknin, a y HMeTAY — B.€. Xpuunkos.

YOK 532.7:542.65
CeprueHko'?, A. A. LLepeuknin®, A. M. Bepxosniok!, B. 0. 3aaopoxHbin?3
1®n3nKO-TEXHONOTNYECKUIA MHCTUTYT MeTannoB 1 cnnasoB HAH YkpauHbl, Knes
2HauuoHanbHbliMccnegoBaTenbCkuinTexHonorndyeckninyHmsepceutet «MMCuC», Mocksa
3Erich Schmid Institute of Materials Science, Austrian Academy of Sciences, Leoben,
8700, Austria
Ten./¢pakc.: (+380 44) 452-97-36, e-mail: ruslan@ptima.kiev.ua

WCCNEOOBAHUEKPUCTANNIM3ALMUOBE BEMHOIOAMOP®HOIOCIIABA
Zrs5CuzoAl10NisMETOAOMOANHAMUYECKOIO MEXAHUYECKOIO AHAJIU3A

BHacTosiLee BpeMsa 06bEMHbIE MeTannnyeckme ctekna NpueneKkarT NOBbILLEHHbIN
NHTEpec, 4TOo06 YCMNOBMEHO YHWKAmNbHbIMU MEXaHUYeCKMMU CBOMCTBAMW aMOPEHMX
CNnaBoOB — 3TO BbICOKas TBepAOCTb, HonbLUOe ynpyroe yarMHeHue, BbiCOKas B’A3KICTb U
BbICOKasd yCTariocTHas [MpPOYHOCTb, a TakkKe MOBblWeHHas W3HOCOCTOMKOCTb W
KOPPO3MOHHasa cTonkocTb [1, 2]. HaHOCTpyKTypHble MaTepuanbl Ha OCHOBE LIMPKOHMS,
nony4YeHHble Mocrne TepMmuyeckon 06paboTkm amopdHUX cnnaesoB, Koryt 6aTb
NepcrnekTUBHbLIM KaHAMOATOM AN MMNIaHTaToB MpunedeHnn neperiomoB kocten [3].
Llenbto aton pabotbl 6bino MccnegoBaHue npouecca nepexoda cnnasa ZrssCusoAlioNis
n3amMopHOro B KpuUCTannuMyeckoe COCTOSHME C WCMNOoSib30BaHWEM OUHaMWUYECKOro
TepmomMmexaHudeckoro aHanusa (OMA). Meton OMA wncnonb3oBanu HenornpsaMomy ero
HasHavyeHuto — onpegeneHve abCoONITHUX 3HAYEHUN YNPYrnx XapakTepucTuk, a And
nccnenoBaHust 0COBeHHOCTEN CTPYKTypoobpasoBaHMs B aMOpdHOM crinase B npouec ce
ero Tepmudeckon obpaboTtkm u Harpysku. OMA wuccnegoBaHna npoBOAMAN METOAOM
ogHonne4veBoro m3rnba Ha npubope DMA 242C dmpmbl NETZSCH npu Takux pexmnmax:

AOnHamnyeckaa Harpyska — 5 H, cratmdeckaa Harpyska — 0,5 H, koadpduumeHT
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nponopumMoHansHocTM — 1,5, MmakcumanbHas amnnityga aedopmauumn — 50 MkM, YyactoTa
npunoxeHus Harpysku 1 'y, ckopocTb HarpeBa — 2 K/MuH. BpesynbTate AMHaMMYeCcKoro
MEXaHWYECKOro aHanm3a U3MepsitoT KOMMIEKCHbIM AMHaMMYeckuii moaynb casura E =
E+iE", rne E' — moaynb HOHra unu moaynb ynpyroct — 3TO ynpyras cocTaBnsioLLlas
KOMMIIEKCHOro MOAYNsA caBura, KoTopasi XapakTepuaye Tynpyrie CBOWCTBa MaTepuana, a
E" — aMHamunyeckuit Mmoaynb MOTepb, KOTOPbIA XapaKTepusyeT nnacTtuyeckue CBOWCTBA
matepuana. B cBow ouepeab M3 cooTHoweHus E'YE' onpegensioT koadduUMEHT
MexaHudeckux notepb tand® (MMM KO3GPUUMEHT BHYTPEHHEro TPEHUSHA), KOTOPbLIN
XapaKkTepusyeT MexaHuveckoe [AeMndupoBaHne WM BHYTPEHHEE TPEeHW CUCTEMDI.
Bbicokoe 3HayeHue tan & xapakTepHo Ans MaTepuanoB ¢ GONbLUIOK AOMel NnacTUYeckom
necdopmaunn. Bece atu napameTtpbl (E!, E", tan ) cBsAi3aHbl CNoOABMXXHOCTbIO aTOMOB B
mMaTtepu ane u galT BO3MOXHOCTb MccrefoBaTb 0COGEHHOCTU (DOPMUPOBAHUS CTPYKTYPbI
amopdHux cnnaesoB. MeTon AMHAMMYECKOro MeXaHW4ecKoro aHanmsa MOCPaBHEHWIO C
anddepeHumnanbHOM CKaHMPYHOLLIEN KanopumeTpuein sensietcs 6onem YyBCTBUTENbHbLIM K
npoueccam, KOTopble NMpoTe KatT npu TepMmmnyeckon obpaboTke amopdHoro cnnaea. o
XapaKkTepy U3aMeHeHus Mogyns ynpyrocti E' n koadpguumeHTa BHyTpeHHEro TpeHus tan &
MOXXHO CyauUTb 06 M3MEHEHUW YMNPYTMX U NIacTUYECKUX CBOWCTB MaTepvana npu Harpese.
YcTaHoBMEHo, 4YTO MpU TemnepaTypax HWxe TemnepaTtypbl cTeknoBaHusi Tg=661 K B
mMaTtepu ane MpoMCXOOWUT  CTPYKTypHass  penakcauusi, 4YTO  XapakTepusyeTcs
He3HauuTenbHbIMM 3MeHeHneM moayns ynpyroctu E' un koaddpmumeHTa BHYTpeHHero

TpeHus tan & (puc. 1).

~ 661 K Los0 _

— 104 U=
L L 0.25 ‘E’
é [ 000 &
& oo 0.20 :
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P . ]
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Puc. 1 — TemnepaTypHasi 3aBUCMMOCTb OTHOCUTENbHOrO MOZyNs ynpyroctME/E'«(1) w

KoaddmnumeHTa BHYTpeHHero TpeHusatan & (2) Bo Bpemsi HarpeBa. 1 — MoAynb Yymnpyroctu

OTHOCUTENIbHO KOMHATHOW TemnepaTypsbl (It); 2 - KO3DULMEHT BHYTPEHHETO TPEHUS.
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Hapsay ¢ aTmm, npu TemnepaTtypax Bbllle TemnepaTypbl CTEKNOBaHWUA, Korga B
cnnaee ZrssCusoAlioNis HauMHAT NPOUCXOOUTb 3HAYUTENbHbIE CTPYKTYPHbIE U3MEHEHUS
n amopdHbii cnnae ZrssCuzoAlioNis nepexoguT B KpuCTannuMyeckoe COCTOSIHWE Bbllle
Temnepatypbl Tx=708 K, a napameTpsbl E!, tan dpeskonsmensitotcs(puc.1). Mpu noBTOpHOM
HarpeGe ob6pasua B KpUCTannm4yeckoM CoCTosiHMKM 3aBucumoctb E!, tan & oT TemnepaTypbl

npuHarpese CyweCcTBeHHO OTiin4aeTcAa OT MCXOOHOro aMOpCbHOFO cnnasa.

Cnucok nutepaTypbl

1.Inoue A.High strength bulk amorphous alloys with low critical cooling rates
(Overview) // Mater. Trans. JIM — 1995. — Ne 36(tom 7). — P. 866-875.

2.lInoue A., Wang X. M., Zhang W.Developments and applications of bulk metallic
glasses // Rev. Adv. Mater. Sci. — 2008. — Ne 18. — P. 1-9.

3.CornosbegaA. B.,
LepeukudA. A.lNpurotoBNeHNEeHaHOCTPYKTYPHbIXMaTepmnanoBHaAaOCHOBELMPKOHUSC3a4aHH

bIMypoBHeMYnpyrxcsoncTs // MNMpoueccbinntbs. — 2013. —Ne 1(tom 97). — C. 65.

YOK 621.745.5/435:669.35:621.365.52.029.45
B. O. CepeaeHko, O. B. CepeaeHko, O. A. lNMapeHtok
Pi3nKO-TEXHOMNOTIYHUIA IHCTUTYT MeTanis i cnnasiB
HAH Ykpaiun, m. Kuis

BUMJTABKA METAIJIB TA CIJ1IABIB 3 BUCOKOIO
ENEKTPOMPOBIQHICTIO B IHAYKUIMHUX TUTENbHUX MEYAX

[ns nnaBneHHs YNCTMX BMCOKOMPOBIAHMX MeTaniB abo OTpMMaHHSA cCnnaBeiB Ha iX
OCHOBI LULMPOKO BMKOPUCTOBYHOTb iHAYKUiHI TUrenbHi nedvi (ITM). OgHak Harpis maTtepianis
3 BMCOKOK €NeKTPOrnpoBIAHICTIO B iHAYKUINHUX yCTaHOBKax BiabyBaeTbCA He e(eKTUBHO
[1]. Lle nosicHioeTbCA ManMm KoemilieHTOM MOrfIMHaAHHSA enekTPpoMarHiTHOI XBUni, Yyepes
HEeBENMKNN NUTOMWUIK enekTpoonip mMartepiany, WO NpUMBOAUTb OO0 HE3HAYHOrO BUAINEHHS
Tenna y wuxTi. [lna nnaBneHHs meTtarniB 3 BUCOKOK €NeKTPONpoBIAHICTIO BUKOPUCTOBYOTb

ITM 3 rpacditoBum Turnem. OgHak, y BMNAAKy KOMWM TOBLUMHA CTiHKM rpad)iToBOro TUMMO
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GinbLwa 3a rMubuHy NPOHUKHEHHS enekTpomMarHiTHoro nong (EMIM) B rpadiT, BinbyBaeTbca
ekpaHyBaHHA cagku Big Brnvey EMI.  BHacnigok 4oro iHOYKOBaHUW  CTpPyM
30CepeKyeTbCs Yy CTiHUI TWUrMN, cagka nporpiBaeTbCs MNepeBakHO 3a paxyHOK
Tennonepeaadi, npu ubomy cunosuin BnmMe EMI 3Ha4YHO 3MEHLLYETLCA, OCNabneTbLCA
nepemillyBaHHsa po3nnasy, WO € 3Ha4YHUM HEeAOSiKOM Npu OTpUMaHi cnnaeiB. 30Kpema, B
ITM  manoi  MICTKOCTi, WO BUKOPUCTOBYIOTbCA B nabopaTopHin npakTtvui Ta
MiKpOMeTanyprinHoMy BUPOBOHULITBI BUKOPUCTaHHSA rpaddiToBOro TUMMK0 CYTTEBO 3MEHLUYE
o6’em cagkun. [Ana nigBuweHHs edeKTMBHOCTI npouecy nnasku B ITI BUKOpUCTOBYIOTH
rpadoiToBi efieMeHTn, AKi posirpiBaloTbCs iHOYKOBaHMMKU CTpymMamu. Hanpuknag sigomuin
crnocib nnaBkM 3 BUKOPUCTaAHHAM rpaditoBoro cTpwxkHsa (giametpom 0,3-0,5 Big
BHYTPilWWHbOrO Aiametpy Tturng). OaHak Heponikom Uboro crnocoby € po3MilieHHs
HarpiBada BigganeHo Big Kpaw iHAYKTopa Y 30HI 3MEeHLWEHHA  HarnpyXeHHS
eeKTPOMarHiTHOro Morns, Wo nNpu3BoAuTb OO CYTTEBOrO 3HWKEHHSA BWUAINEHHS TennoBoi
eHeprii y TakoMy HarpiBadi, a TakoX 3MEHLLYE KOPUCHUIA 06’ €M TUTTIHO.

3 MeTo BCTAHOBMEHHS pauioHanbHOro crnocoby nnaBfeHHA Ta CKOPOYEHHS
TPUBASIOCTI i 3HMXEHHS €HEepProeMHOCTI Mpouecy MNpPOBEeLEHO Cepitd eKCNEepUMEHTIB Ha
MigQHOMY cnnasi 3 3ani3o-ByrneueBol npucagko. Bunnaeska nposogunacs B 1Tl 3
yacTtoToto 42 kl'y, npu maci cagkm 300 r. Bci ekcnepuMeHTn npoBoaMAN MpuU OQHaKOBUX
eIIeKTPUYHUX HaBaHTaXEeHHAX Ha iHAYKTop nedi. TemnepaTypy BU3Ha4anu 3a LOMOMOror
Tepmonapn TXA 3 noTeHuiomeTpom M4213 (norpiwHicTeb BuMiptoBaHHA 5°C). Yac
BUNNAaBKN BU3HA4YaBCS 3 MOMEHTY MoYaTKy NnaBku 3a gonomorot cekyHaomipy COCnp-1
(TouHictb 0,1 cekyHau). CnoyaTky 6yno npoBeOeHO KOHTPOSbHWUMA eKcnepuMeHT 6e3
rpadpiToBoro gucky. Micnsa 1,5 rog noro npoeeaeHHs Migb He po3nnaBunach, Lo CBiaYMno
npo HeedeKTUBHICTbL Takoro crnocoby nnasku. [lpy HaACTynHUX ekcrnepumeHTax Yy
BOHETPMBKOMY TWUMMi IHOYKUIMHOI neyvi poamiwyBanu rpadiToBUM OUCK, @ Ha HbOro
3aBaHTaxyBanu MigHy wWuXTy i BMukanu niv. [licna posnnaBneHHs rno4yaTkoBOl nopuil
LWMXTM NOPUIMHO AodaBann LWKUXTY A0 OTPUMAaHHA HeoOXigHOl KinbKOCTi pigkoi Mmigi.
Temnepatypy poannasy gosoaunu o 1380°C i notim gogasanun 1% FeCrC (16-18 % Cr,
1,4 % C, iHwe Fe i gomiwkn). HesHayHa KinbKiCTb NpUCagkM He 3MiHIOBana Xapakrep
B3aemogii MigHoro posnnaeBy 3 rpaditoBuMm HarpiBadyem (To6TO Mmartepian AUCKY He

pO34nMHABCA Yy po3nnasi). [laHi ekcnepuMeHTiB BigobpakeHi B Tabnuui.
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Tabnuusa — [laHi ekcnepumeHTiB

Homep CniBBigHOLWEHHS reomeTpuyHmx | MakcumarneHa Yac smnnasku
eKCNepUMeHTY | napameTpiB rpaditoBMx HarpisadiB | WWBUOKICTb cnnaey, XB
(auckiB) 3 po3mipamun TUrNs HarpiBy, °C/c

BigHocHuIn BigHocHa

aiameTtp BMcoTa
1 - - 0,3 -
2 0,6 0,18 6,0 43
3 0,6 0,20 5,8 44
4 0,6 0,10 5,7 45
5 0,5 0,30 4,8 54
6 0,5 0,38 4,7 56
7 0,5 0,05 4,0 64
8 0,9 0,18 6,4 40

3 ypaxyBaHHAM OTPpUMaHUX AOaHUX BU3HA4YEeHO MNapamMeTpu Fpaq)iTOBOFO ONCKY,

BiQHOCHI Big po3MipiB TUIMO, ki 3a6e3nevyoTb MakcumarnbHy edekTuBHicTe pobotu ITTT:

piameTp 0,6-0,9 Tta Bucora 0,1-0,2.

Cnucok nitepatypu

1. LibleaHos, B. A. TllnaBka UBETHbIX MeTarsIoOB B WHAOYKUMOHHbLIX nedax. — M.:

MeTtannyprus, 1974. — 248 c.

YK 669.017.12/15:621.745.56:537.84
E. B. CepeneHko, B. A. CepeneHko

®PU3NKO-TEXHONOMMYECKUIN MHCTUTYT MeTannoB 1 cnnasos HAH YkpauHsl, Knes

N3MEHEHUWE ®OPMbl MIHTEPMETANNNAOB B CIMJIABE AJTIOMUHUA
C MEALIO U PEOKO3EMEJIbHbIMU JIEMEHTAMU HANOXXEHUEM
NMNOCTOAHHOIO MArHUTHOIO NOJIA HA OXJNTAXXKAAIOLMACA U
3ATBEPEBAIOLLUA PACIIIAB

CeoncTBa CNNaBoOB OMNpPedenstTcsa MX COCTaBOM U (POPMOM  CTPYKTYPHbIX

coctaBnsawwmx. OgHMM M3 HanpaBneHun obecneyeHusi ypoBHS TpebyemMbliXx CBOWCTB

cnnaBoB Ha ocHoBe Al — Cu, siBngeTca nx iermposaHune peagko3emMeribHbiIM 3Jf1ieMEHTAMM
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(P3M). OgHako, B nuTbix cnnasax npu 10 -15 % macc. P3M obpasytoTcs KpynHble (bonee
100 MKM) KpucTannbl NEPBUYHbIX MHTEpMeTannuaoB Ha 6ase coeanHeHunsa Al-P3M,
UMEeLWNX rragkue rpaHu 1M octpble yrnbl. [Ona ycTpaHeHus nogobHbiX HeaoCTaTKoB
CTPYKTYpbl MpuMeHsieTcs 6onee OOpPOroCToAWMN MeToq - rpaHyfnbHas MeTannyprus.
[MoaToMy akTyanbHbIM SBRsieTCA pa3paboTka Hegopororo MetToga Bo34encTBus Ha hopmy
NHTEpMETanNNAoB Npu 0bbIYHBIX METOAAX JIUTLS.

M3BecTHO, 4TO (popmMy dpoHTa KpuUCTanMsaumn onpeaensoT SNeMeHTHI,
obpasylume y ero rpaHmubl oborawéHHbIN UMK cnon TonwmHon nopsgka 0,1 — 10 mMkm.
KoHUueHTpaumna KOMMOHEHTOB B [aHHOM crnoe onpegensetr ¢gopMy  poHTa
Kpuctannuaaumm — rnagkyro unm adenctyr. dopmupoBaHuMe SYEUCTOM  CTPYKTYPbI
COMPOBOXOAETCA W3MEHEeHWEeM KOHLEHTpauun KOMMOHEHTOB B YKas3aHHOM Crioe W
pasBMTMEM BbLICTYNOB Ha MOBEPXHOCTU (POHTA KpucTannusaumu. [pu BO3pacTaHuu
KOnn4yecTBa nervpyowmx KOMMOHEHTOB B OObEéMe He3aTBepAeBLUEero MeTtanna nepepg
PPOHTOM KpucTannuaauum B HEM MOryT 06pa3oBbIBaTbCA PaBHOOCHbIE 3EpHA.

OaHUM n3 coBpeMeHHbIX MeTOOOB BO3OEUCTBUSA Ha JNUTYKD CTPYKTYpy ChnnaBoB
ABNSAETCA MNOCTOSHHOE MarHUTHOEe nofle, HaknagblBaemMoe Ha pacnnaB npu  ero
oxnaxgeHun n 3aTBepAeBaHuU. Psa OaHHbIX CBUOETENbCTBYIOT 06 M3MeHeHuu opMbl
KpuUCTannoB B pesynbTaTe Aencteus nons. B yacTtHocTu, npn o6bEMHOM 3aTBEpPAEBAHUM
cnnaea Al — Cu poBHasi NMOBEPXHOCTb 3BTEKTUYECKUX NIACTUH a-TBEpAoro pacteopa Al
N3MeHsanacb Ha BOJSIHUCTYH. B HanpaBneHHo kpuctannuiaoBaBLumxca cnnaBsax Al — Cu
YOSIMHEHHbIE TOHKME OCWU AeHAPUTOB a-TBEpLoro pacteopa Al npeobpasoBbiBanuchb B
KOopoTkne okpyrnble. CnomMm Bepxyllek OeHOPUTOB a-TBEpAOro pacrteopa Al npoucxogun
nog OeWCTBUMEM 3NEKTPOMarHUTHOW CUnMbl, BO3HUKAaKOLWEW npu B3avMOLenCTBUU
TEPMO3NEKTPUYECKOrO TOKa C BHELUHUM MarHUTHbIM NOJSIEM.

Llenbto paboTbl ObI510 N3yveHne BAUSHUSA NOCTOAHHOIO MarHUTHOro Nons Ha opmy
WHTepMeTannuaoB B cnnase Ha ocHoBe Al — Cu ¢ P3M. CnnaB rotoBuncs B neun
anektpoconpoTtueneHns. B xugkmn cnnae Al — Cu BBogunucbe P3M, nocne
nepemewnBaHua metann Bbigepxusanca 10 muH npyu 820°C. Pacnnae 3anueancsa B
dopmy, oxnaxaganca co ckopocTblo 10 ©C/c 6e3 (KOHTpPONbHbIA cnnaB) W noA
BO34eNCTBMEM MOCTOAHHOIO MarHUTHOro nong ¢ nHaykumen ~0,1 Tn. Cnnas cogepxan, %
macc.: Cu — 3,7; P3M - 13,0 (Ce — 7,5; La — 3,2; Nd — 1,6; Pr — 0,70); Mn — 0,35; Fe —
0,31; Ti — 0,13; Si — 0,11; Pb — 0,10; Zr < 0,10; Sn < 0,10. Ha mukpoaHanusaTope
REMMA-102 6bi510 onpedeneHo coaepXaHue KOMMOHEHTOB B BblAENEHHbIX 30Hax

nHtepmetannuaos Al-P3M un ocHoBbl cnnaea. 3oHa 1 - BHyTpu BkMoveHus Al-P3M Ha
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pPacCTOAHUN ~2 MKM OT ero rpaHuubl. 3oHa 2 - rpaHuua MHTepMeTannMia U OCHOBbI
cnnaBa. 3oHa 3 - B OCHOBe crnsiaBa Ha pacctosHum nopggka 10 MKM OT rpaHuubl
MHTepMeTannuaa.

MeTtannorpacuyecku B CTPYKType  KOHTPOSNIbHOrO  CnfaBa  BbISABMEHbI
UHTepmeTannuabl Ha ocHoBe AlI-P3M c pasmepamu go 200 MKM, MMeBLUME rnagkue
NOBEPXHOCTU, OCTPbIE Yribl COEAUHEHNS rPaHen N OAHOPOOHOE OKpalLUMBaHWE B CEYEHUN.
B pesynbtate gencteua nona ux 4vactb (~ 50 %) npeobpasoBanacb BO BKIHOYEHMS
CNOXHOW (POpMbl, C SAYEUCTOW MNOBEPXHOCTBID U MNPOHM3bIBAOWMMM TpewmHamu. Y
rpaHvLbl HEKOTOPbIX M3 HUX pacnonaranacb obnacte Menkux (~ 5 MKM) paBHOOCHbIX
KpuctannoB. OcTanbHas YacTb MHTEepMeTannuaoB Obina paspyleHa B MarHATHOM none
Ha KOMNaKTHble KOHrrnomepartbl pasmepamu 15 — 5 MKM u paccesiHa B matpuue. B
nccneoBaHHbIX 30HaxX MO CPaBHEHUK C  KOHTPOSbHbIM MeTansioM [OenCTBuMe Mons
NpvBENO K W3MEHEHW0 CpefHero coaepXaHus KOMMOHeHToB. B 3o0He 1 Hambonee
XapakTepHbIM Obin pocT konunyectBa Fe — B 2,4 pasa u cHmwxkeHne Ti — B 4,3 pasa.
Haunbonee cywecTBeHHO B 30He 2 noBbicuriocb konuyectso Fe — B 6,0 n Cu B 1,3 pasa,
noHmsunocb Pb — B 45,0, La — B 3,6  Sn — B 3,0 pasa. Metann B 30He 3 6bin
cywiectBeHHo oborawéH P3M - 6Gonee, yem B 10 pa3 no cpaBHEHMIO C 30HOW 3
KOHTPOSbHOro cnnasa. BepoATHO, 3TO GbINO NPUYMHON BO3HUKHOBEHUS B 30HE 3 MENKMX
BKMOYeHUn. Nog BNusHMEM nonsa paclumpunca agnanasoH KOHUEHTpauun KOMMNOHEHTOB B
30Hax 1 1 2 - (pasHuUuUbl MexXOy MakCUMasibHbIM W MUHUMarbHbIM COAEPXaHUEM B
nokanbHbIX MMKpo3oHax). B 3oHe 1 go 2,0 pas gna P3M, Mn u Sn, a B 30He 2 gMana3soH
KoHueHTpauun P3M un Sn pacwwupunca B 2,0, Mn — B 3,0, a Cu un Fe — B 5,0 pa3 no
CPaBHEHMIO C KOHTPOSbHbIM CMf1aBOM.

Takum obpasom, B cnnase Al — Cu ¢ P3M, dopma nHtepmetannngoB Ha ocHoBe Al-
P3M nog gpenctBueM MarHUMTHOro nons moauduumnpyetcs, B pesynbTaTe OenCTBUSA
3NEKTPOMarHUTHOM CWnbl, BO3HMKAOLWEN NpU B3aMMOLENCTBUM SNIEKTPOTOKA, BbI3BAHHOMO
TEPMOINEKTPUYECKMM I(PPEKTOM, C BHELIHMM MarHUTHbIM NofieM. OTa cuna co3gasana
nokarnbHble TeyeHWa pacnnasa BOMM3M  MHTEpPMETannMaoB, MNpPUBOAUBLUME K
nepepacnpefeneHnio anemMeHToB Mexay dasamu cnnasa. B pesynbTaTe 4ero poct
rnagkux rpaHen MHTepmeTannMaoB Npeobpas3oBbiBaNCA B SSMEUCTBIA U BO3HMKaNa 30Ha
MEIKnX BKITHOYEHNN y NOBEPXHOCTU WHTEpMETannMaos. JlokanbHble
MarHuTOrMapoauHamMuyeckne TevyeHuss  pacnnaBa  CnocobCTBOBaNU  paspyLUEeHUio

BKJTIOYEHMI N paccesiHnIo UX hparMeHToB B 06bEME OCHOBBLI CrlaBa.
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YOK 678. 652: 66.022.32
O. B. CkpunHuk, B. B. CBAubkun, C. B. KOHOH4YyK

LleHTpanbHOYKpaiHCbKMI HaUiOHaNbHUN TEXHIYHUIA YHiBepCcUTET, M. KpOnnUBHULIBKUIA

3ACTOCYBAHHA NbOAOrA3riaAPATHUX KAMCyn ABOOKCUAY BYTJTELUO
NP BUPOBHUUTBI CMIHEHUX ®INIbTPIB

MpoaykKuis nMBapHOro i MmeTanypriiHoro BUpoGHULTBA, SIka NpeTeHAYE Ha Cy4acHUn
piBEHb SKOCTi, MOBWHHA MaTM BWUCOKY MIpY OYMLLEHHA po3nnasy B rnpoueci i
BUIOTOBMNEHHS. 3acToCyBaHHS CMiHEHMX PINbTPIB Npy 3anmBLi NiLAHOMMMHUCTMX opM
A03BOSISIE JOCArTU HEOOXIAHOT MipM YACTOTM MeTany i rapaHTyBaTu siKicTb nuTBa. Pasom 3
edeKToM (inbTpyBaHHA CniHEHi KepaMidHi  iNbTpU NOKpaLWyTb PIANHOTEKYYICTb
po3nnasy.

Y npaktuui nuBapHoOro BMPOOHMLUTBA B OCTaHHE OECATUNITTA 3auikaBneHiCTb A0
dinbTpauinHoro padiHyBaHHsS po3nnasiB 3HAa4YHO 3pocna. Ha nignpuemcTtBax YkpaiHu, siKi
BUPOONAOTE NUTI AeTani, CniHeHi QinbTpiB 3aCTOCOBYIOTbCSA MEPEBaXHO MNpU  NNATTI
anomiHieBux cnnasiB. Lle nos'a3aHo 3 manumu ob6'emMamMy BUTrOTOBIIEHHS BiTYU3HAHUX
GinbTpiB, BUCOKOIO LiHOK 3apybixHMX aHanoris. [NpoBeaeHnin aHania nitepatypHuUx gaHmx
nokasye, Wo Ansa NigBULLEHHA edeKTUBHOCTI (bifibTpauiiHoro padiHyBaHHA MeTaneBux
posnnasiB HeOOXigHO OOTPMMYBATUCH HacTynHUX pekomeHaauin [1 — 3]: 3acTtocoByBaTu
ApibHonopucTi inbTpy; 36inbwyBaTM TOBLMHY (iNbTpiB; MaTepian inbTpy MNOBUHEH
MaKc/MmMarbHO 3MOYYyBaTUCA HEMeTanYHMMU BKIIOYEHHSAMMN, SKi 3HAaXOAATbCA B pO3nnasi, i
MiHIManbHO caMWM PO3MnaBoM; MOPUCTICTb, AiaMeTp nop i rigpasnidHun yxun ginbTpa
MOBUHHI 3abesnedyBat (iNbTpyBaHHS po3nnaBy 3 MakCMMarnbHOK LUBUAKICTIO Mpu
AOTPUMaHHI namiHapHOro pexumy dinbTpauii; nnowa @inbTPy NOBUHHA rapaHTyBaTu
3anoBHEHHS NMBapHOI hopMmn MeTarnom 3a onTumarnbHUIN Yac.

Ona  ginbTpauinHOro o4YuLleHHA pigkoro Metany BcepeauHi PopMU  MOXYTb
3aCTOCOBYBATUCA PIi3HI TUNN INbLTPIB: CiTYACTi CKMNOBOJSIOKHOBI; Y BUMMA4i KepamMidHUX
NNacTUH 3 HACKPI3HUMKU OTBOpaMu (MPSMOTOYHI); Y BUrMSAi 3epeH Pi3HUX BOTHETPUBKUX
MaTtepianis, poO3TaAllOBaHMX MK [ABOMA KepaMiYHMMKM nnacTMHamu  (3epHUCTI); i3

BIAKPUTUMWN KOMIpKaMU.
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[Mpouec oTpuMaHHA Tennoi3onsAuinHoOro inNbTpyYoro matepiany Ana ChiHEeHUX
QinNbTpiB MOXHaA po3ginuTu Ha ABi ctagil [4]: nepwa: OTpUMaHHS rpaHyfbOBAHOroO
HaniBpabpukaTy; Aapyra: oOTpuMaHHa 6nokoBoro Mmartepiany. Cno4yatky roTylTb
3’egHyBaNbHUN MaTepian LWNAsSXoM 3MillyBaHHA pPIigKoOro ckna 3 rasoyTBOPHBAYEM,
ctabinizatopom i oTBepaxyBayem. [loTiMm 3’egHyBanbHUK MaTepian 3MiWylTb 3
rpaHynamu, opmyoTb GfOK i CMiHIOKTL NOro B NeYi HagBUCOKOI YacToTu. B pesynbTari
BiQOYBa€eTbCs CMiKaHHS rpaHyn Mk cobot, MNpPOCTip MK rpaHynaMmym 3anOBHIOETLCS
BCNiHEHMM 3’€QHYBanbHUM MaTepianoM, TakMM YMHOM OTPUMYIOTb AOCUTb MILHUA i
CTPYKTYPHO OJHOpPIgHWA TennoisonauivHnn matepian. o Hegonikie TeXHOMOriYHOro
npouecy BiAHOCATLCS: NEPIOAMYHICTb Ail TENNOBOro arperaty, Besimka KiflbKiCTb NPOMKHUX
TEXHOMNOrYHMX onepaLin, BUCOKI eHepreTU4Hi BUTpaTu.

ABTOpamu 3anponoHOBAHO Ha eTani NpUroTyBaHHSA 3’€4HyBanbHOro mMartepiany B
Moro cknaj BBOAUTU NbogorasrigpaTtHi Kancynu gsookcuay Byrneuto [5, 6], wo agactb
MOXIUBICTb CMPOCTUTU TEXHOSIOrI0  BUFOTOBSIEHHA MOPUCTOrO MaTtepiany  LASaXoMm
CKOPOYEHHS KiNbKOCTI onepauii, 3HM3UTU cobiBapTiCTb KIHLEBOro NPOAYKTY 3a paxyHOK
3MEHLUEHHA EeHepreTMYHUX | MaTepianbHUX BUTpaT, NIABAWMUTU  edeKTUBHICTb
Tennonepeaadi Big TENMOHOCIS 4O CUPOBUHHOI Macu, NPOAYKTUBHICTb LUMIIXOM CTBOPEHHS
Ge3nepepBHOI TexHoNorii i 36iNblIeHHA LWBMAKOCTI (POPMYBaHHA Ta MPOCYBaHHS
MaTepiany B TensoBOMYy arperaTi, CTBOPUTM YMOBW Afi8 MOBHOI aBTOMaTu3auil

BUPOBHULTBA TENMOI30NALINHOrO MaTepiany Ha OCHOBI pPigKOro ckna.

Cnucok nitepatypu

1. Ayb6posuH B.K. TlloBbllleHne KadecTBa OTNIMBOK W3 XXapOMpoO4HbIX CriaBoB
nyTem punbTpaumoHHom oumcTkn // BectHuk KOYpIY. — 2008. — Ne 24. — C. 55-59.

2. Tan 3.b. PadumHupoBaHne mMeTannnyeckux pacnnaBoB dqunbTpoBaHuem //
YepHasa metannyprus. — 1991. — Ne 3. — C. 63-65.

3. Pbimap T.3. BcneHeHHbl MaTepuarnbl Ha OCHOBe Xwuakoro ctekna // BicHuk
CxigHoyKpaiHCbKOro HauioHanbHOro yHiBepcuteTy iMeHi Bonogummpa [Odansa. — 2013. —
Ne14 (203). — C. 89-93.

4. TexHonorus Tennousonaumn. MaTepuanbl Ha OCHOBE BCMYYEHHOrO XWOKOro
ctekna [OnekTpoHHbI pecypc] — Pexum pgoctyna: http://msd.com.ua/texnologiya-

teploizolyacii/materialy-na-osnove-vspuchennogo-zhidkogo-stekla/.
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5. CkpunHuk A. B. 3kcnepuMmeHTanbHasi OLeHKa MpoueccoB 3aMOpaKUBaHUS
cmecn "H20 + rasosble rugpatbl CO2” / A. B. CkpunHuk, B. B. KnumeHko // XonoaunbHa
TexHika i TexHonoriga. — 2007. — Ne 1 (105). — C. 87 — 89.

6. CkpunHuk A. B. OkcnepuMmeHTanbHOe  uccregoBaHMe  NnaBneHus
neporasrugpatHbeix kancyn / A. B. CkpunHuk, B. B. KnumeHko // XonoaunbHa TexHika i

TexHornoria. — 2010. — Ne 5 (127). — C. 54 — 57.

YK 504.062
O. L. Skuibida

Zaporizhzhya National Technical University, Zaporizhzhya

ENVIRONMENTAL MANAGEMENT SYSTEM FOR PRODUCTION ENTERPRISES

Today, Ukrainian metallurgical enterprises are faced with the problem not only to
provide output of high quality, but also to ensure environmental safety and implement
programs aimed to reduce the negative impact on the environment and decrease the
amount of waste products within all applicable legal and regulatory requirements.

Management decisions should take into account environmental aspects and in
general they can be based on the following principles:

* identification and assessment of environmental risks, setting objectives and work
planning taking into account environmental risk management issues;

« compliance with environmental requirements and voluntary obligations in the field
of environmental protection;

* establishment, measurement and assessment of environmental indicators;

* regulation of greenhouse gas emissions and their reduction;

« providing reliable access to renewable energy sources (for example, the use of
hydroelectric power);

 creation of systems of closed circulating water supply for the main production
processes;

* replacement of outdated gas cleaning equipment;

» modernization of the existing production cycle;
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» using the best available technologies and methods for preventing pollution,
minimizing the risks of environmental accidents and other factors of negative impact on the
environment;

* increase the share of processing and use of wastes, safe storage and dislocation;

 organization of employees’ trainings in environmental protection with the aim of
forming an ecological culture and understanding of social responsibility, as well as the
consequences for nature in case of their violation;

e taking into account the opinions and interests of stakeholders, setting

environmental requirements for selection of contractors.

YK 669.714
A. T. Cnyukun, B. A. LlenHepT, 6. M. HemeHeHOK, A. . [laHunoBa

Benopycckuin HaunMoHanbHbIN TEXHUYECKUI yHUBepcuTeT, MUHCK

NMEPCMNEKTUBbI MICMNOJIb30OBAHUSA BAHAOVUACOOEPXALLMX OTXOO0B
AnA NErMPOBAHUA XXEJNE3OYITNIEPOAUCTBLIX CMJIABOB

CoBpemeHHOe aBTOMOOUNE- U TPaKTOPOCTPOEHME  ABNAOTCA  KPYMHbIMU
noTpedunTensiMmn NUTLIX 3aroTOBOK U3 CM/laBOB Ha OCHOBeE enesa. [1pn 3ToM HenpepbIBHO
BO3pacTaeT Aons IermpoBaHHOro YyryHHOro nuntbs AnNS WU3Oenun OTBETCTBEHHOro
Ha3Ha4YeHns - rmnb3bl LUIMHAPOB, NOPLUHEBbLIE KOMbLa, KOpnyca ABuUraTtenen BHyTPEHHEro
cropaHus, getanm TOPMO3HbIX CUCTEM.

B uensix noBblleHWs1 3KCNNyaTauMOHHbIX XapaKTEPUCTUMK TakUX OTIMBOK LUMPOKO
ncnonb3yeTcs nermpoBaHMe pacnnaBa XpPOMOM, HUKeNeMm, Meabk, MonubaeHom u
BaHagMeM. YumnTbiBasi BbICOKYHD CTOMMOCTb NErmpyroLlmx 3MeMeHTOoB, LenecoodbpasHo
3agencTBoBaTb OTXO4bl MPOM3BOACTBA C AAHHLIMU 3fIEMEHTaMMN UM NX OKCUAAMM.

OCHOBHbIM UCTOYHMKOM BaHaaus B cTpaHax CHI aBnsoTcs TMTAHO-MarHeTUTOBbIE
pyaobl KaykaHapckoro mecTtopoxaeHus, cogepxawime okorno 16 % xenesa, 1,3-1,4 %
okcuaa TutaHa m okono 0,12 % okcupa BaHagus. M3BnevyeHve BaHagus M3 Takux pyg
peanuayeTcs NO CROXHOW MHOroonepaumoHHOW TEXHOSOrMK, C MOSlyYEeHMEM KOHEYHOro
npoaykta nepepaboTtkn B Buae cdeppoBaHaaus. MNMpn aTom 06pasyroTcsi MPOMEXYTOUHbIE

npoaykTtel B BuWAE BaHaAMEBOro 4yryHa, KOHBEPTEPHOro uwjiaka W MeTaryiooTceBa
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BaHaaueBoro wnaka. Kak nervmpylowmn matepuan MeTannooTceB He UMeeT NPUMEHEHNS,
XOTH N3BECTHbI NOMbITKA €r0 NCMOMb30BaHUS B BarpaHkax.

[MepcneKkTMBHOCTbL  MCMNONb30BaHUA  LUMakomeTannudeckon dpakummn  (LLMOD),
cogepxawen BaHaoun, onpegenseTca UenbiM  PSAoOM  NOSIOXKUTENbHLIX  (hakTopos,
OCHOBHbIMW U3 KOTOPbIX SBASOTCS:

- yTUnmMsaumus oTxogos, cogepawmx 0o 2 % BaHaaus;

- MarHUTHble CBOMCTBA MaTepuara, No3Bosisiowme NPUMEHATb MEXaHN3UPOBAHHYIO
3arpysky;

- bonee Huskaa crtoumoctb B (1,5-2 pasa) BaHagusi MO CPaBHEHUK C
deppocnnasamu.

XMUYeckMn aHanms MeTannmumyeckon ppakumMm nokasarsi, YTO B HEN COOEepPXUTCS
okono 1,4 % C; 0,14 % Si; 0,1 % Mn; 0,03 % Cr; 0,04 % V; 0,03 % S u 0,035 % P.
LLinakoBasi cocTaBnsowan npeacraesneHa (B %): 18,4 SiO2; 2,18 Al203; 5,32 CaO; 5,32
MgO; 15,7 V20s; 7,76 TiOz2; 2,14 Cr20s3; 5,32 MnO 1 31,8 Fe (o6w,.).

®pakumoHHbI coctaB LLIM® xapaktepudyetca 4actuuamu meTanna u waka c
pasmepamu B gnanasoHe 1,0-7,0 mm. MNpun atom gons metanna coctaenset 70 % v gons
wnaka - 30 %. B cpegHem B LUM® copepxutcsa 2,5-3,0 % V.

BTopbiM NEpCNeKTUBHbIM MCTOMHMKOM BaHaaMa SBASKOTCA LWMAamMbl U OTXOAbI
Apo6eoUNCTKN NOBEPXHOCTWN Harpesa KOTMOB TEMMOBbIX 3NEKTPOCTaHUMn. Takne ctaHumm
ABMAKTCA KPYNHLIMU NOTPEOMTENAMM OpraHNYeckoro Tonnmea - MasyTa. B konotn masyta
cogepxutca okono 18 % V20s, a Takke coeanHeHUs Mean, HUKENs, MapraHua u TuTaHa.
[na 60pbObl C HACNOEHMAMM KOMOTU MPUMEHSIOT BOAHYHO OOMBIBKY M MOCNeAyLLyto
ApOBECTPYNHYIO OYMCTKY KOTNOB. B nmpoaykTax oOMbIBKM KOTNOB COAEPXKaTCS dNEMEHTHI,
BXOAsLLME B COCTaB MasyTa, B TOM YMCIe N BaHagUMN.

MNocne COOTBETCTBYHOLLEN HenTpanuayoLen XUMUNYECKOMN obpaboTkn
BaHaguncogepXxawun wnam cobnpaetca B oTBanbl. 3a nocnegHve rogbl aKcnnyataumm
TENSIOBbIX 3NEKTPOCTaHLUMIN CKOMUIOCH 3HAYNTENBHOE KONMMYEeCTBO BaHAAMEBOrO WnamMa u
OTX0OO0B ApobBeouncTkM  KOTMOB, Tpebywwmx nepepaboTkm M paunmoHanbHOro
NCMOnb30BaHUS.

JlernpoBaHne TakMMu OTXO4aMM YyryHa U CTanu BO3MOXHO Kak Yepes LUMakoBYH
dasy, Tak M 3a CYEeT WCMNONb30BaHUSA chneuuanbHbiX OpukeToB. 3TO NO3BOMMUT
paunoHanbHO 3agencTBoBaTb oObOpasylowmecs oTxXodbl M CHU3UTb CceBecToMMOCTb

nony4vyeHunsa nermpoBaHHbIX XXere3oyrnepoancTbiX CrjiaBOB.

189



JIMTBO.METAJIYPTIA. 2019

YOK 621.742.42
J1.1. ConoHeHko?, C.WU. Pensax?
1 Opecckuii HaUMOHanbHbI NONUTEXHUYecKUin yHnBepcuteT, Opecca;

2 HaumnoHanbHas MeTannypruyeckas akageMmus YkpauHbl, OHenp

BITMAHUE CBY-U3NTYYEHUA HA PACIMNPELOENEHUE BITATMN B NECKE,
HAXOASLEMCA B EMKOCTU TPYBYATOIO TUMNA

B  wnccnegoBaHMM  ucnonb3oBanM - KBapueBblin  Mecok  BonbHoOropckoro
MECTOPOXAEHNA C rnpeumyulecTBeHHon dpakumen 3épeH 0,16...0,20 mm (cogepxaHue
rmMuHbl MeHee 0,5%, no macce) n npecHyto Boay. Maccy onpefenanu B3BeLUMBAHWEM C
ToyHocTbio 0,1 1, Bpema ukeupoBanu ¢ TodHocTbo 1 ¢. O6paboTky necka npoBoaunu B
CBY-neun ¢ mowHocTbo MarHeTpoHa 700 BT M 4acTOTOM CBEpPXBbICOKOYACTOTHOIO
paguousnyyeHuns 2450 ki u.

PacnpegeneHve Bnarm B necke nog pencteuem CBY-manyyeHuss oueHumBann no
pesynbTaTtam onpeaerneHns U3MeHeHNs BIaXXHOCTU necka BOOoMb npucnocobneHnsa Tpyéyaroro
™na. [na uccnegoBaHMn CyXOM KBapLUEBbLIM MECOK 3achbinany U BUOPAUMOHHO YNIOTHANN B
npucnocobneHnn, KoTopoe npeactasnsano cobon nnactmaccoByto Tpyby n3 10 cnapeHHbIX
mMexay cobon konew, AnvHon 24 mm, BoasiHou 3apsg (B3) Ha ogHOM Topue M NOPOSIOHOBYHO

NPOoOKy (BEHTY) Ha NPOTUBOMOSOXKHOM TOpLIE, YTO CXEMATUYHO NpeacTaBneHo Ha puc. 1.

IIECOK TpyOa IIacTUKoBas
BOJSHOI 3apsjl 240 BEHTa

Puc. 1 — Cxewma

R B L LT SRt REBE SRR

2% DRI Do P o gD K P e B SO Sl Bl K L6 npmcnoco()'neng
1 2 3 4 5 6 7 8 9 10
HOMeEp yJacTKa

[ns nccnepoBaHuin npucnocobneHme pasmewany B paboyem npoctpaHcTee CBY-

neym B COOTBETCTBMN CO CXeMaMu, npeacrtaBiieHHbIMWN Ha pUC. 2.
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Puc. 2 — PacnonoxeHune npucnocobnenuns s CBY-neun (B nnaHe) npu BpalleHUn
(@) n B ctatuyHom (6 ... r) coctosiHun: 1 — BonHoBOA4; 2 — nond MakcumymoB CBY-
n3nyyeHust; 3 — BOAAHOWN 3apsag

Bo Bcex akcnepuMmeHTax macca necka B npucnocobnenun coctaenana 230+1 r um
Boabl B B3 — 1 r. lNpucnocobnenus nomewanu B padoyvee npoctpaHcteo CBY-neum un
BKMOYANM rneyb Ha MNOJSIHYI MOLWHOCTb. [lo npowecTBun onpenenéHHoro BpeMeHU
npucnocobrieHne u3Bnekanun u3 neus W nNo pesynbtatam B3BewmBaHus CBY-
06paboTaHHOro N CyXOoro necka B KaXaoM U3 Konew, paccyuTbiBanu cogepxaHue Bobl B
necke Ha Kaxaom y4vacTtke npucnocobneHus. Pesynbtatbl pacyéToB npeactaBrieHbl Ha

puc. 3 n puc. 4.
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Puc. 3 — PacnpeneneHne Bogbl B necke Puc. 4 — PacnpegeneHne Bogbl B necke

npucnocobneHus, BpalLlaloLLerocs B HENOABWXHOro npucrnocobrnexHms nocne 3-x

TeyeHue 1, 2, 3 n 4 mmHyt B CBY-neun MUHYT ero obpaboTtkn CBY-uanyyeHnem B
NMONOXeHUN, COOTBETCTBYHOLWEM cxeme “6”
(1), cxeme “B” (2) 1 cxeme “r’ (3) Ha puc.2

3 aHann3a nonyyeHHbIX pe3ynbTaToB cnegyet, yTo:

1 — KMHETMKa nNepeMeLLeHns Bnaru B necke nog gencrsnem CBY nanyyeHnsa Hocnt
BOJSIHOBOW XapaKTep;

2 — B CTAaTU4YHOM COCTOSIHMM pacnonoXXeHne npucrnocodbneHns Boonb pacnpocTpa-
HeHnst BONH obpabotka CBY B TeueHme 3-X MUHYT NpakTU4ECKN HE U3MEHSIET BIIAXXHOCTb
necka Ha paccTtosHun 6onee 24 mm oT B3, TO ecTb 9TV CxemMbl BO3OENCTBUS He
3(PEKTMBHbI B 4acTu YynNpaBfieHUs MNepeMeLlleHMeM napa Mo KanunnsipHbiM KaHanam
KBapLLeBOro necka;

3 — nocrne 3-x MMHYT 06paboTkn Hanbonee paBHOMEPHOE pacnpeaeneHne Bnarn B
necke BOOMb npucnocobrneHmss obecneynBaeT CTaTUYHOE MOSIOXEHWE NpUcnocobneHns,

OCb KOTOPOro pacrnonaraetca MNonepék HanpaBneHus pacnpocTpaHeHus BonH CBY-

N3Ny4vyeHuna;
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4 — BpaweHue npucnocobneHns npu CBY umsnydyeHum paxe K 4-om MUHYTE
0b6paboTkn He obecnevynBaeT paBHOMEPHOCTU Brarn B necke v NpuBOAUT K HAKOMIEHUIO
BNaru B LLEHTpe 1 Ha Topuax NpnucnocobneHns;

5 — Bblgepxka npucnocobnenust B CBY none B teyeHme 3-x MUHYT NpakTUYECKN HE
N3MEHSIET coaepaHme B HEM BOoAbl (BO BCex crnyyasx fo obpaboTtkm CBY msnyyeHuem
ob11o Boabl 0,44%, nocne obpaboTtkm 0,39...0,40%, no macce), HO MeHSAEeT xapakTtep eé

pacnpegernieHna Baorsb I'IpI/ICI'IOCO6J'IeHVIFI.

YOK 621.742.4
J1.1. ConoHeHko?, C.WU. Pensax?
1 Opecckuit HauMoHanbHbIA NONUTEXHUYECKMIN YHBepcuTeT, Oaecca;

2 HauunoHanbHas MeTannypruyeckas akagemust YkpauHsbl, JHenp

XPYMKOCTb CTPYKTYPUPOBAHHbIX CMECEN
NMMTEUHBIX ®OPM N CTEPXHEN

XpynKoCTb — OAMH M3 rnokasaTenen TeXHONOMMYHOCTU CTPYKTYPUPOBAaHHbLIX cMecen AN
nMTENHbIX OpPM N CTepXkHen. Bbicokas XpynKkoCTb CTPYKTYPUPOBAHHOW CMECU MOBbIAET
ONacHOCTb €€ pa3pyLUeHUs Npu NPOTSKke Mogenn, cbopke bopmbl, crapyBaHnm Nonygopm,
AVHaAMMYECKOM BO3OENCTBUM Ha HEE CTPyW pacnnasa u T.n.

Mo MHeHVIO aBTOPOB XPYMKOCTb NOOOM CTPYKTYPUPOBAHHOW CMECU LienecoobpasHo

OLeHVBaTb OTHOCUTENbHON BennumHoW cTpenbl mporwba (&/l, roe € — crpena nporuba

obpasua 6anoyHoro TMna, | — paccTositHne Mexay ornopamMu Ha KOTopble onMpaeTcsa obpasel)
obpasua 6ano4Horo TMna B MOMEHT ero paspyLleHus nog AencTBMeEM BHeLLHen Harpysku (P).
MNpn oTOM ONg npoBedeHVs UCMbITaHW npegnaraeTcsd  WUCMoMnb3oBaTb  U3BECTHYIO

TPEXTOYEYHYIO CXEMY HarpyxeHusi obpasLa, cxemaTuyHO NpeacTaBeHHyo Ha puc. 1.

M 1 Puc. 1 — Cxema npornba 6anku:

3—:\ i 3 1 — Bua 6ankn (obpasua) oo

1/2 A 2

A
Y

ucnbiTaHun; 2 — Bua 6anku B

!
/

MOMEHT paspyLleHus; 3 — onopa

obpasua
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[na oTHOCMTENbHO ManbIx Npornbos 6anku, ecnu BenuynHa mogynsa ynpyroctu (E)
N MOMeHT mHepumn (1) NOCTOSIHHBI BOONb ocu 0-X, dopmy 6ankm onucbiBatT JIMHENHBIM
AndbdepeHumanbHbiM - ypaBHEHUEM 4-T0  nopsaka (anddepeHumanbHbiM  ypaBHEHNEM

onnepa-bepHynnn) [1]:

—P. (1)

JTobon BapuaHT pelleHna ypaBHeHus Junepa-bepHynnm (1) npuBoauT K
3aBMCUMOCTU CTpenbl npornba oT pacctosiHus mexay onopamu 6Ganku (l), a Takke
napameTtpamu, Bxogawmmu B dopmyny (2). To ectb dopmyna (1) He yuuTbiBaeT
OCOBEHHOCTN CTPOEHUS CTPYKTYPUPOBAHHbBIX CMecen, rae pasmepbl MU 00bLEM nop
COn3MepuMbl ¢ pasmepamm 1 06bLEMOM Banku.

[Ona onpeneneHvss  3aKOHOMEPHOCTEW  BIIMSIHUA  OCHOBHbIX  MapameTpoB
CTPYKTYPMPOBAHHOM CMeCH Ha npeaenbHo-gOonycTumyto cTpeny npormba obGpasua
Gano4yHoro TMna MCnonb3oBanM MeTOA aHanu3a pasMepHOCTen. B uucne nepemMeHHbIX
npegnonaraemont 3asucumoctn: K — rasonpoHuuaemocTb obpasua (xapakrepuctuka
CTPYKTYpbl OTBepXaEHHoW cmecu), MY (kr-c); Oc — ocbinaeMocTb (XapakTepucTuka
NOBEPXHOCTHOW MPOYHOCTU MaTtepuana CtepxHs unu opmbl), Kr/(M2-C); p — Kaxyllascs
NNOTHOCTb OTBEPXAEHHOM CMECU (XapaKTepucTuKa cocTaBa U CTPYKTYPbl OTBEPXAEHHOM
cmecu), Kr/m3; | — paccTosHMe Mexay onopamMu Ha KOTopble OnvMpaeTcs ropuU3oHTanbHO
pacnonoXeHHbI obpasel, 6Gano4yHOro TMna (XxapakTepucTMka reomeTpU4EeCcKUxX pasMeposB
obpasua cmecu), m.

B pesynbTate pac4y€ToB nony4deHa criegyowasa opmyna:

, K

c=17 -|- —
P Oc

&

(2)

roe z: — 6espasmepHbIn NoNpPaBoOYHbI KOIMMULMEHT.
Ecnn npaByto 1 neByr 4acTtb dopmynbl (2) pasgennTb Ha paccTosiHUe Mmexay
onopamu (I), To nony4nm dopmyrny Ans pacdéTa OTHOCUTENbHOW NpeaenbHO-A0MYyCTUMON

BENUYNHBI CTpenbl npormba:
= Zg ' p T (3)
roe Zz — 6e3pa3mepHbI NONPaBOYHbIA KOIDULIMEHT.
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N3 aHanusa dgopmynbl (4) cnegyeT, 4TO OTHOCUTENbHas NpeaenbHO Jonyctumas
ctpena npormba ©Opyca Bo3pacTaeT (yMEeHbLlaeTCss XPYMNKOCTb) C  YBENMYEHUEM
KaXyLLlehcsa NroTHOCTM U ra3onpoHMLaeMocTn matepmana 6ankm n ¢ yMeHbLUEHUEM ero
OCbINaemMocCTW.

Cnucok nutepaTtypbl
1. lMpuknagHaa mMexaHuka gedopmupyemoro TBEpaoro tena: Yueb. nocobue ans

cTyaeHToB By30B. — M.: Bbicw. wkona, 1983. — 349 c.

YOK 621. 74: 389. 6
B.O. CtpuryH, H.M. BonowwuH, C.B. N'HunockypeHko, J1.C. YannuriHa
@i3nKo-TEXHOSOrYHUIM IHCTUTYT MeTaniB Ta cnnasiB HAH YkpaiHu, Kuis
Ten.: (+38044) 424-12-50, e-mail: standartftims@gmail.com

CTAHOAPTU3AUIA Y IMBAPHOMY BUPOBHULITBI

[MpUCKOPEHHA EKOHOMIYHOro pPO3BUTKY YKpaiHM noTpebye YCYHEHHS TeXHiYHUX
Gap’epiB y TOpriBni, NIATPUMKA pPO3BUTKY | MiIKHApPOAHOI KOHKYPEHTOCMPOMOXHOCTI
NPOAYKLUil, 30KpemMa Takux cTpaTeridyHux ranysemn 9K MeTanypris Ta nuBapHe BUpOOHMLUTBO.
Lli nonoxeHHsa BigoGpaxeHi B 3akoHi YkpaiHn «[lpo crtaHgaptmsauito» [1], skun
3abe3neyye hopMyBaHHA Ta pearnis3auilo gep)kaBHOI NOMiTUKM y cepi cTtaHaapTuaauii i
CTBOPEHHS nepeaymMoB HabnmKeHHs HauioHanbHOI cuctemMu CcTaHgapTmsaudii oo
MDKHapOAHUX | EBPONENCBHKUX HOPM Ta npasurl.

YkpaiHa BnpoBagXye 3Big €sponencbknx ctaHgapTiB (EN) sk HauioHanbHMX
CTaHOapTiB Ta rapMOHI3ye €BpOMEencbki CcTaHaapTM B CUCTEMY  HauiOHanbHOI
cTaHgapTtusauii. Pasom 3 Tum, noctaHoBot KabiHeTy MiHicTpiB YkpaiHu [2] B YKpaiHi
MOCTYNOBO CKacoBYlTbCA MixaepxaBHi ctaHgaptu (FTOCT), pospobneHi ao 1992 poky.
Hapasi Tucayi ctaHgapTiB cKkacoByOTbCA WOpPiYHO, a y 2020 poui B3arani dyae npMnmHEHO
Aito BCix, 3ragaHux suwe. o6 ue He npu3Beno 4o pi3koro cnagy BUPOOHUUTBA, 3YMUHKN
nignpuemMcTB, 30Kpema, NMBapHOI ranysi, 3a NPUYUHU He BIOMNOBIAHOCTI SAKOCTI NWUTBA,
HeoOXiaHi piwyyi gii Woao OHOBNEHHS CTaHAapPTIB.

TexHiyHnn KomiTeT cTaHgaptmsauii 177 «JlmBapHe BupoOHuutBo» (TK 177),
ctBopeHun y 2016 poui Ha 6asi ®TIMC HAH YkpaiHu, akTMBHO Beae LOCHILKEHHA Ta
poboTn wWwoao po3pobku aepxaBHux crtaHaapTiB YkpaiHn (OCTY) B ranysi nuBapHoro
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BUPOBHULUTBA [3,4] Ta po3WMPIOE CBOK AiANbHICTb. Tak, Ao noro cknagy y 2018 poui
BBeAeHo HoBui nigkomiteT MK 5 «MeTanu 4opHi BTOPUHHI» Ha 6asi YkpaiHcbkol acouiauii
BTOPUHHUX MeTani..

Y pesynbTaTi aHanisy iCHyH4Ynx CTaHOapTiB BCTAHOBIEHO, LLIO OCHOBHUMW JoTenep
oynn wmixgepxasHi ctaHaapTi (FTOCT), ki Bigpi3HAOTLCA Bid EBPOMNENCHKUX; AAneko He
Ha BCi MaTepianu Ta TEeXHOSMOrYHI npouecn, $Ki BUKOPUCTOBYIOTLCA B JIMBApHOMY
BUPOOHMUTBI YKpaiHu, iCHYOTb EBPONENChKI CTaHOapTu.

Tomy TK 177 Hapasi po3pobnsie Hanbinbw HeobxigHi HauioHanbHi cTaHO4apTU Ha
ocHoBi OCTiB, 30kpema cTBOptOHYM Tabnuui BigMNOBIAHOCTI MapoK BUIMBKIB 3a 1X
XiMiYHUM CKNagoM Ta MexaHiYHMMKU BNAacTUBOCTAMU €BPONENCHKMM NMOKa3HMKaM.

Y xofi OocCnigpKeHHs NONOXeHb MDKOEepXaBHUX Ta €BPOMNENCbKMX CTaHOapTiB Ha
MapKkM cTanen Ta 4YaByHiB, MPOBELEHO MOPIBHAMNbHUM aHani3 X MapokK 3a XiMiYHUM
CKNnagoMm, MeXaHiYHMMK BACTMBOCTSAMW B 3aneXHOCTi Big cnocobiB obpobneHHa. Y
pe3ynbTaTti po3pobneHi nepesigHi Tabnuui MapKyBaHHA CTanemn Ta YaByHiB HaLiOHANbHUX i
€BPOMNENCLKUX CTaHOapTIB.

MpoBeaeHi poboTn [o3BoOnMNM  PO3POOUTU  HACTYMHI NPOEKTU HaLioHaNbHUX
cTaHaapTiB:

- Bunueku 3i ctani. 3aranbHi TEXHIYHI YMOBM (HagaHO YMHHOCTI 3a Homepom ACTY
8781:2018).

- Bunuekn 3 ciporo 4yaByHy 3 nnactuH4YactMm rpacditoM. 3aranbHi TEXHIYHI YyMOBU
(HagaHo YnHHOCTI 3a Homepom ACTY 8833:2019).

- BunuBkn 3 neroBaHoro 4aByHy 3i cneuianbHMMKW BlaCTUBOCTAMU. 3aranbHi
TEeXHiYHi yMOBM (NPOBOAUTLCS ekcrnepTn3a HauioHansH1UM opraHom ctaHgapTuaadin).

- MeTanu 4YopHi BTOpPUHHI. 3aranbHi TEXHIYHI yMOBKU (pO3pobrieHO nepLuy penakuito
NPOEKTY HOBOro CTaHAapTy Ta po3milieHo Ha canTti PTIMC HAH Ykpainun).

Y 2019 poui nnaHyTbCs 4O PO3POOKN HACTYMHI NPOEKTUN AepXKaBHUX CTaHOapPTIB:

- «Bunuekun i3 yaByHy Ta cTani. TepMiHM Ta BU3HaAYeHHA OedeKkTiB» 3i cKacyBaHHAM
rOCT 19200-80;

- «Bunuekn. HomeHknaTypa nokasHukiBy 3i ckacyBaHHsaMm TOCT 4.439-86;

- «Bwunusku i3 metaniB Ta cnnasise. [lonycku po3mipis, Macu Ta Npunyckn Ha MexaHiuHy
06pobky» 3i ckacyBaHHAM [OCT 26645-85;

- «MeTanu YopHi BTOPWHHI. 3ararnbHi TEXHIYHIi yMOBU» 3i CKacyBaHHSM
ACTY 4121-2002.
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Pospobka Ta BMMOYyCK 3a3HayeHMX HauioHanbHUX CcTaHgapTiB  cipusaTume
BNPOBAMKEHHIO NEPeaoBNX TEXHOMOTIN NUTTS Ansa 3abe3neyeHHst NoTped BITYM3HAHMX Ta
3aKOPOOHHUX CMNoXMBadiB, a TaKoX MigBULLEHHS CTyneHs BigNoOBIOHOCTI NpoayKuii
JYHKLiOHANTbHOMY NPU3HAYEHHIO.

HeobxigHO Tako) 3a3Ha4YMTW, WO BUKOHAHHSA HaABaXNMBMX 3aBdaHb  3i
cTaHgapTuaauii y nmBapHoMy BMPOBHULTBI, 0COONMBO Ha Cy4yacHOMY eTani, HanpaBneHo
Ha 3abe3neyvyeHHs1 BUKMBAHHSA ranysi Ta notpebye LUMPOKOro 3anyyeHHsa nianpuemMcTtB siK
A0 4acTKOBOro dpiHaHCyBaHHS Takux pobiT, Tak i 4O aKTMBHOrO peueH3yBaHHsS MPOEKTIB
cTaHfapris.

Cnucok nitepatypu

1. MNpo ctaHgapTusauito: 3akoH YkpaiHu Big 05.06.2014 p.Ne1315-VIII/ BigomocrTi
BepxosHoi Pagu (BBP), 2014, Ne 31, cT.1058.

2. NMoctaHoBa KabiHeTy MiHicTtpiB Ykpainn Big 09. 12. 2014p. Ne 695 «[po
3atBepaxeHHsa Nporpamu gisnbHocTi KabiHeTy MiHicTpiB».

3. B. O. CmpueyH, H. M. BonowuH, C.B. HunockypeHko. JocniopkeHHs 3 nuTaHb
ctaHgapTtuaauii B gisnbHocti TK 177 «JIMBAPHE BWPOBHWUUTBO». Matepiann XIV
MidkHapoaHOT  HayKOBO-MPaKTUYHOI  KOHdepeHuii  «JlutBo. MeTtanypris». 2018: —
3anopixoka, 3TMM-GTIMC, C. 187-189.

4. B. A. CmpbiayH, J1.C.YannbizuHa. Pa3paboTka HauMoHanbHOro cTaHgapTa

YKpauHbl Ha cTanbHble oTnMBKK. MeTann n nutbe YkpaunHbl. 2017.- Ne 8-10 - C. 84-86.

YOK 621.746.047:62-418
H.U. TapaceBuy, A.B. HoroBuubiH, U.B. KopHueun
PU3NKO-TEXHONOMMYECKUN MHCTUTYT MeTannos u cnnasos HAH YkpanHsbl
Ten.: (044) 424-34-50; E-mail: ivk@ptima.kiev.ua

BbIEOP MAPAMETPOB PA3JIMBKX NP ®OPMUPOBAHUU TOHKOW NONOCHI B
BAJNIKOBOM KPUCTAJIJIU3ATOPE

B COBpeEMEHHOM TMpoun3BoacTee AOJ1A MOoJTydeHUd antoMUHMEBOWN MOMOCHI LLUNPOKO
npuMmeHAaeTCcd OByXBalJikoBad pasrinBKa. D,J'IFI aBTOMO6MJ'IeCTpOGHI/IF|, asMaumMn "
KOCMWYECKON TEeXHUKU HambonbLumin MHTEPEC NpencTaBliAI0OT BbICOKOMPO4HbIE CrJ1aBbl

cuctem Al-Cu-Mg-Zn. OgHako TEXHOMOrMA Nony4YeHnst NONOC U3 yKa3aHHbIX MaTtepuanos
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cnocobomM BankoBOW pasfMBKM OO0 CUX MOpP He pa3paboTaHa, YTO CBHA3AHO C BbICOKUM,
6onee 100 °C, uHTepBanom Kpuctannmsaumm aTMx CrnnaBoB.

OKCnepuMeHTarnbHO YCTaHOBMNEHO, YTO AN hOPMMPOBaAHMS KAa4eCTBEHHOM MOMOCHI
N3 BbICOKOMPOYHbIX CMiaBOB MeTann Nocrne Bbixo4a u3 BasnkoB JOMMKEH ObiTb NOSHOCTLIO
3aTBepAEBLUMM, HO HE NOABEPraThCH CyLEeCTBEHHON gedopmaLmn.

MeTogammn matemaTU4eckoro 1 KOMMNbTEPHOTO MOAENMPOBaHMS NPOBEAEH aHanm3
BNUSAHNS CKOPOCTHBIX PEXMMOB BasnikOBOM Pa3fvBKU Ha yCrnoBusi hopMmpoBaHmst Nonochl
N3 BbICOKOMPOYHbIX antoMuHueBbIx cnnasoB (AO35, AMr5, 116, B95) TonwuHon 2 mm 1 3
mMm. lMpn Temnepatype neperpeBa pacnnasa 5 °C CKOpOCTb pasfnMBKM U3MEHSANN B
AnanasoHe 0,3 — 1,4 m/c.

[MpoBeaeHHble nccrnegoBaHWs MNO3BOSNMMN BbIBUTb TPU COCTOSIHMS MeTanna B
MEXBarikoBOM NPOCTPAHCTBE B 3aBUCMMOCTU OT CKOPOCTU PasfiMBKU:

- MEeTann 3aTBepaeBaET B MEXBASIKOBOM NPOCTPAHCTBE Ha pa3fIMyHON BbICOTE:

(v<vi); (1)

- Ha BbIXOAe W3 BarikoB TOJILLMHA TBepﬂ,OVI KOPOYKM COOTBETCTBYET TOJILLUMNHE

MOJNOChI:
(V=v1); (2)
- Ha BbIXOo4e M3 BArikoB MeTarJi HaxoauTCA B ,EI,ByX(*)a3HOM COCTOAHUNN:
(v >wv); 3)

roe Vv — TeKylas CKOpoCTb pasfnMBKKU; Vi — CKOPOCTb pasnueku, obecnedvvsaroLlas
NnornHoe 3aTteepAeBaHne MeTansa Ha BbIXo4e U3 Bankos.

C TOYKM 3peHMst nonyyvyeHns nonocbl 6e3 JanbHenwwen npokaTku BapuaHT (2)
Hanbornee onTuMarneH.

B pesynbTate npoBedeHVS BbIYUCIIUTENBHOIO 3JKCMEpPUMEHTa Af19 KaXAaoro u3
CnraBoB ObINIM YCTaHOBMNEHbI: CKOPOCTb BpaLLEHNA BankoBOro Kpuctannusatopa, Kotopas
obecneunBaeT NOMHOE 3aTBEpAEeBaHME MeTanna Ha BbIXO4Ee W3 BankoB, rpagneHT

Temneparyp no TOSLLMHE MONOChl U ApyrMe napameTpbl PasnmnBKu.
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Y[K:621.78.062:621.791.725
TumoweHko, B.I1. Jluxowsa, O.A. lNenukaH

PN3NKO-TEXHONOIMYECKUIA MHCTUTYT MeTannoB n cnnasos HAH YkpauHel, r. Knes
Ten. 044-424-32-30, e-mail: Marschal@i.ua,

MMUTALIMOHHOE MOAEJNIMPOBAHUE HATPEBA METAJTMMECKUX U
HEMETANNIMYECKUX YACTUL, B YCNTOBUSAX NTASEPHON U
XUMUKOTEPMUYECKOW OEPABOTKU

B TexHonorusix nasepHowm Hannaeke, MuKporiernpoBaHus, «RapidPrototyping»un
Apyrmx NogobHbIX npoueccax nasepHon Moangukaumm noBEPXHOCTU OYEHb BaXXHO UMETb
npeacraesneHne o6 M3MeHeHUM TemnepaTyp YacTuy Npu pasfinyHbiX MHTEHCUBHOCTSX
HarpeBa B 3aBUCMMOCTU OT (PU3NYECKUX N TEPMOANHAMMUYECKMX NapaMeTpoB MaTepuana
YacTuubl, CKOPOCTM AOBWXEHUS WM ycroBuin obpaboTkn.B nutenHo-nasepHom npouecce
nony4YeHns KOMNO3NLMOHHOIO MaTepuarna cylecTBsyeT Heo6X0AMMOCTb BBEAEHNSA YacTuUL,
B pacnnas B 3aWMTHOW aTmocepe.B kavectBe 3alnTHOM aTtMocdepbl NPUMEHSAIOTCA
WHEepTHble rasbl, TakMe Kak aproH, renun u pgp.. OgHako 9TM rasbl  SABASKOTCSA
AOPOroCcToAWMMM  Ans NOCTOSIHHOIrO ucnonb3oBaHus. CosgaTh 3awmTHYO aTmocdepy
MOXXHO MOCPEeACTBOM peakunm ropeHusi rasoB «BO34yX-nNponaH»./crnonb3oBaHne 3Tmx
rasoB ansa opmMmpoBaHMs ra3onopoOLLUKOBOro MOTOKA W  WHULManu3auum XUMMUKO-
TepMmnyeckon ob6bpaboTkM NO3BONUT BbIAENUTb TEMSIOBYKD 3HEPruilo U cosgatb
AOMNONMHUTENbBHbIN HarpeB Kak obpabaTtbiBaemon MOBEPXHOCTM pacnfaBa, Tak U camux
vyactuy. [pn atom npogyktbl peakumm ropeHms — CO u COz2co3galoT  3awuTHYHO
aTMocdepy B npoLecce nasepHon obpaboTkm NOBEPXHOCTU pacnnaea.

C uenblo NoBbIWEeHNS 3PPEKTUBHOCTM 06pabOoTKM YacTuL NasepHbIM U3ny4YeHnem
pa3paboTaHa KOHCTPYKUMSA confa C AOMOSHUTENbHbIM O06XMMaoLWMM NOTOKOM rasa Aans
NpoLEecCcoB Nas3epHon 06paboTKM YacTuL, U MOBEPXHOCTWN pacniaBa MULLEHM.

MpoBeaeHO UMUTALMOHHOE MOLENUPOBAHWE ra3oAMHaAMMYECKnX, U3NKO-
XMMUYECKMX M TEMMOBLIX MPOLECCOB, NPOTEKAOLWMNX B 30HE NasepHon 06paboTku YyacTul B
nepBoM cryvyae npuv UCMOMb30BaHUM WHEPTHOro rasa (aproHa) B KadecTBe CO34aHus
3alNTHOM aTMocdepbl,aBO0 BTOPOM —TOptoYero rasa (mponaHa) ans OONOSIHUTENbHOro
HarpeBa 4acTul.

ConpshkeHHYl0 MaTemaTUYecKyrd MoAeflb ra3oaMHaMUyeckoro u TensioBoro

COCTOSIHUSI pacyeTHOW cpeabl hopMynMpoBan Ha OCHOBE NakeTa NpuKNagHbIX NporpaMm
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ANSYS, CFX u Thermal. MogenupoBaHue xapakTepuctuk TypOyneHTHOCTU Npon3BeneHo
C NpMeHeHneM k- Mogenu B e€ cTaHgapTHOW peanu3auumn.

B pesynbTate u4MCNEeHHOro MOAENMPOBaHMA MonydeHaTemMnepatypa Harpesa
yacTtuy u3 crtanu, kapbuga sonbgpama 1 kapbunga KpemHus ona guameTpa yactmy: 150
MM, 315 mmu 500 mm.

YCcTaHOBMNEHO, 4YTO npu nasepHon obpaboTke 4acTuy kapbmga Bonbgpama
BCNeacTBME, BbICOKOW TENNONPOBOAHOCTU MaTepuana HepaBHOMEPHOCTb Harpeea Ha ee
NOBEPXHOCTU U B 06BbEME — HAaUMEHbLUAsi N0 CPaBHEHUIO C APYrMMK YyacTuuamm.Hactmupl
Kapbuga KpeMHus MMmeloT Bonee HU3Ky TeNNONPOBOAHOCTb, MO3TOMY HEPABHOMEPHOCTb
UX HarpeBa — Hambonbluasi,0qHaKo BCNeACTBME HEBBLICOKOM MNMOTHOCTM TemnepaTypa
NMOBEPXHOCTM YacTuubl 6onee Bbicokas. Mpn 0b6paboTke cTanbHbIX YacTULB ra3onia3epHoOM
NOTOKE WX TemnepaTypa HaMMeHbluad, npuM 3TOM HepaBHOMEPHOCTb HarpeBa 4YacTul
BblLLE, YeM Yy 4YacTul kapbuga Bonbdpama, HO HUXE YacTul, kKapbuaa KpeMHUS.

lMony4eHHble pe3ynbTaTbl MOAENMPOBAHMSA pacnpeaeneHns TemnepaTypbl YacTul
no NMOBEPXHOCTN n B obbeme COMoCTaBIIEHbI ans nasepHomu n
XMMUKOTEPMUYECKONOBPaboTKN. YcTaHoBneHo,
YTOUCMONb30BaHUEXUMNKOTEPMUYECKONOOPABOTKMNOBLILLIAET 3P PEKTUBHOCTb
BO3AENCTBUS JTA3EePHOro M3ny4yeHnsanpu HarpeBeBbiOpaHHbIX B paboTe Yactuum cosgaet

ahbeKkTnBHYIO 3alLMTHYO aTmocdepy obnacTtn nasepHon o6paboTku.

Y[K:621.791.725
TumoweHko, B.M. Jiuxowsa, M.l. Frony6u4uk

@i3MKO-TEXHOMOrIYHUIM IHCTUTYT MeTaniB Ta cnnasiB HAH YkpaiHu, M. Kuis
Ten. 044-424-32-30, e-mail:Marschal@i.ua,

NO3NULIOHYBAHHA JTASEPHOIO BUINMPOMIHIOBAHHA BIAHOCHO
NEPETAXKU TA30MNMOPOLLKOBOIO NMNOTOKY AnA NiABUWEHHA E®EKTUBHOCTI
NA3EPHOI'O HAIrPiBY YACTUHOK

Baxnnenum acnektom npuOTPUMaHHA [OUCKPETHO apMOBaHUX KOMMO3ULIMHNX

mMaTtepianisribpugHuM  NMBapHO-Na3epHMM  METOAOM €  B3aEMOAis  Nas3epHoro

BUNPOMIHIOBAHHSA | ra3onopoLLKOBOro rMOTOKY, MO3ULIOHYBaHHA (poKyca nasepHoro
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BUMNPOMIHIOBAHHA LOAO MEPETSHKKA ras3onopoLLKOBOro MOTOKY, OOCHIAKEHHS rigpo- Ta
rasognHamiyHuX npouecis.

[ns BMBYEHHA [gaHMX npouecie BuOpaHO [ABi rasonasepHipypmu, sKi
BiPI3HAIOTLCA yMOBaMK nasepHoi 06pobkn yacTMHOK (Ha Buxoai i3 dypmm abo B camin
ypmi).

Ha ocHoBi pesynbTaTiB iMiTaUiMHOrO MOAENIOBAHHA rigpo- Ta rasogvHaMivyHUX
npoueciB OTPUMAHO 3arexHoOCTi 3MiHW LUBWOKOCTI ra3oBOro NMOTOKY Ha pPi3Hiv BigCTaHi Bif
3pidy conna ypMun, TPaekTopis pyxy YacTUHOK B oypMi Ta Ha BUXOZi 3 Hel Ta iH.

BcTtaHoBneHo, WO BUKOPUCTaHHS ¢ypMuM 3 OOpPOOBKOK 4YaCTMHOK NasepHUM

BUNPOMIHIOBaHHsIMHA BMXofi3a0e3leuye BUXPOBUU PyX Ta30MOPOIIKOBAro IOTOKY,

SIKAMYTBOPOELLIMPOKY ra3oByKaBepHy HeBenukoi rmmbuHm Big 10 4o 14 MM B 3aneXHOCTI

BiJ, TWUCKy ras3oBOro mnoToKy. |3 peaynbTaTiB iMiTauiMHOrO MOLEMOBaHHA BUAHO, LLO
PO3CitOBaHHSA YaCTMHOK BiAOYBa€eTbCA NO BCill NOBEPXHiI kaBepHW. BusHayeHo, Wo Harpis
YAaCTUHOK HEOBXiAHO NPOBOANTU B MEPETSXKLI ra3onopoLLKOBOro NOTOKY B A0MOKYCHIN abo
3adpOKyCHi obnacTti nasepHoOro BMNPOMIHIOBaHHSA, WO 3abe3nedye Hanbinb edeKkTUBHY
06pobBKy ra3onopoLUKOBOro MOTOKY. Takmin BUL KOHCTPYKUIT oypMn pekoMeHOYyeTbCA ANn4
CMiBBIOHOLIEHHSA TYCTMHM YacTUHOK i po3nnaBy Oinbw 1, 30Kpema, Ans YaCTUHOK, SKi
CXUIbHi 40 npoueciB Koarynauii abo koanicueHcii B po3nnasi.

JocnigpkeHo, Wo Ans KOHCTPYKUil dypMn 3 0BpobKOK 4YaCTUHOK B CepeauHi
BHYTPILLIHIX KaHaniB,yTBOPKETLCSA CTUCIUA ra30MOPOLLUKOBUIN MOTIK, KM dhopmye BinbLu
rmmboKy rasoBy KaBepHy B po3nniaBi. 3as3HayeHa KOHCTPYKUis [03Bonse 36inbwnTn
BiICTaHb Bif 3pi3y conna 40 NOBepxHi po3nnasy i NiABUWMUTM Yac HarpiBaHHS YaCTUHKM B
razonasepHomy notoui. Hanbinbw edektmBHa 006pobGKa 4YACTUHOK  NasepHUM
BUMNPOMIHIOBAHHAM $K | B rnornepeaHbLOMY BUMaAKy, TaKoX [AOCAracTbCA B nNepeTsKui
ra3onopoLUKOBOro MOTOKYy B 3adOKyCHiM o6nacTi nasepHOro BMMPOMIHIOBAHHS, LUO
[03BOnse obpobnaTM He TifbKM YaCTUMHKKW, ane i 30Hy po3nnasy, Ha SKy NnodarTbCs Ui
YacTMHKU. TaKy KOHCTPYKUi0 oypMU peKoMeHOO0BaHO A1 YaCTUHOK 3 rYCTUHOK, CYMICHOI
abo HuX4ye rycTMHuM posnnasy. Ona paHoi dypmu TpuBanictb 0BpobKM 4YaCTUHOK
nasepHUM BUMNPOMIHIOBAHHAM [OCUTb 3Ha4yHa, WO 3abe3nedyye MOXNUBICTb 0OpPOOKM

TyronmnaBknx 4YaCTUHOK.
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YK 669.715:621.746
. B. Tpery6eHko, B.T. KaniHiH

HauioHanbHa meTanypriiHa akagemis Ykpainu, JHinpo

AOCHNIAKXEHHA TA30BUAUIEHHA BOAHIO NPU ®OPMYBAHHI BUITMBOK 3
ANIOMIHIEBUX CIJIABIB

B pesynbTaTi BUNNaBku i po3nnBaHHSA arntoMiHii B3aeMogie 3 pisHUMU rasamu, Lo €
NPUYMHOK YTBOPEHHA psay AedektiB. OCHOBHUMW 3 SGKMX € rasoBa MOPUCTICTb i
HemeTaneBi BKMOYeHHSA. [@3n, ekcTparoBaHi 3 antoMiHilo, CKNagalTbCA NepeBaXxHO 3
BOAHIO. OCHOBHUM WMOro [mpKepenoM € aToMapHU BOAEHb, WO YTBOPKETLCA NpU
aucouiauil  BoasHol napu. [asoBa MNOPUCTICTb 3HAYHO MOripwye MexaHivHi Ta
eKkcnnyaTauinHi BNacTMBOCTI antoMiHito | noro cnnasis. ToMy MiHiMi3aUis KinbKOCTi ra3oBmx
nip i iX po3MmipiB Npy BUPOOHMLTBI KOHCTPYKLINHUX antoMiHIEBMX NIMBAPHUX CMMaBIiB € Ayxe
BaXXITMBUM | aKTyanbHUM 3aBOaHHSM.

BWHWKHEHHS ra3oBOI MOPUCTOCTI B artOMIHIEBUX BUNUBKaX MOSACHIOETLCS Pi3KOKO
3MIHOK PO3YMHHOCTI BOOHIKO MPWU nepexoi arntoMiHilo 3 pigkoro ctaHy B TBepaun. Tomy
BOAEHb B arOMIHIEBMX CniiaBax 3aBXOW BBaXKaBCH LUKIAMMBOK LOMILIKOK i cnocobam
BMOANEHHS BOAHIO 3 anioMIiHIEBUX PO3nfaBiB NpUCBAYEHa Benuvka KinbKiCTb pobiT sk B
YKpaiHi, TaK i 3a 1T mexamu. [Mopsag 3 umm, noynHawum 3 cepeamnHn XX CTONITTH, novanu
3'aBnaTuca nyonikauil, B SIKMX Big3HaA4Yanuca Ti YW iHWI acnekTu MNO3UTUBHOMO BMSIUBY
BOOHIO Ha npouec oopMyBaHHS BUMUBKIB 3 anioMiHieBUX crnaeiB. byno Bigs3HayeHo, WO
cnnvmBaHHA Oynbballok BOAHIO MNpM KpucTanisauii Cnpusie OuYMLLEHHIO po3nnaBy Big
HemeTaneBux BKMOYeHb. [loTiM no4anu 3'9BNATUCA MOBIOAOMIEHHA, WO B OeAKux
BMNaZKax rasosi MiXypu He MoripwyTb, a HaBnaku, 403BONATL MONIMWNTU MeXaHivHi Ta
eKkcnrnyaTauinHi  BNacTUBOCTI antoMiHieBUX cnnasiB. [ligTBEpMXXEHHAM LbOMYy cCTasno
BIKPUTTS HOBOrO Kracy NMTUX NOPUCTUX CNraBiB - rasdapiB (ra3oM apmMoBaHU Martepiarn).
BoHM MalOTb MILHICTb i MNAcTUYHICTb, SKi HabaraTto NepeBepLUyTbL BACTMBOCTI paHille
BiJOMMX MOPUCTUX MaTepianis.

Takum 4MHOM, ra3oBUAiINEeHHA BOAHIO NPWU KpucTanisauil antoMiHilo Ta Moro cnrasis
MOXe SIK HeraTMBHO, TakK i NO3UTMBHO BMAMBATU Ha Npouec opMyBaHHA BUNMBKIB [1]. Tak
ANS KOHCTPYKUINHMX antoMiHIEBUX JIMBAPHUX CMfaBiB HasIBHICTb ra3oBOl MOPUCTOCTI Pi3KO
noripwye X MexaHiyHi Ta ekcnnyaTauinHi BNacTMBOCTI i HaBiTb Npu3BOAUTb OO Opaky,

ToMy Ans ii noBHoro abo 4acTtkoBoro 3anobiraHHa HeobxigHe npoBedeHHs pagy
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TeXHONoriyHMx 3axogis. [ns rasapis, HaBnaku, BUAiNeHHs 6ynbbawok BOAHIO MpU NEBHUX
ymoBax (QOpPMYy€ BUMMBKU 3 HEOOXIQHOK MOPUCTOK CTPYKTYPOK i YHiKanbHUMKU i3nKo-
MEXaHIYHUMM | eKkcnnyaTauilHUMKM  Xapaktepuctukamn. Tomy ans  3abesnedeHHs
ONTUManbHOI CTPYKTYPU BUIMBKIB 3 artOMiHItO i MOro cnnasiB HEOOXIAHO 3HATU SKi YNHHUKK
i IK BNAMBaKOTb Ha NpoLeC ra3oBUAINTIEHHA BOLHIO.

B pesynbTtaTi npoBedeHnX AocnifXeHb OTpUMaHi BMpasu, Wo LO03BONATb JOCUTL
NPOCTO BM3HA4yaTW BMIIMB Pi3HUX TEXHOMOTYHUX i PI3NKO-XIMIYHUX MapameTpiB npouecy
BUPOBHULITBA BUMBKIB 3 artoMiHito i 1Oro cnnasiB (LLUBMAKOCTI KpucTanisauii, no4aTKoBOro
BMICTYy BOAHIO B pO3Mna.i, CTYyNeHs nepecudeHHs TBEpPAOro pPOo3YnHYy, BeNUYMHM
30BHILWIHLOMO TUCKY ras3oBol a3 i iH. ) Ha MNo4YaToOK i IHTEHCUBHICTb MNPOTIKAHHS
rasoBuAineHHsa nNpu 3aTBepaiHHi meTany.

BuaHayeHo, wo ana 6inblw NisHLOro BUAINEHHS BOAHIO B rasosi Oynbbalukm npu
3aTBEpAiHHI anoMiHilo | noro cnnaeiB HeobXigHO niABULLYBATU CTYMNiHb MNEPECUYEHHS
TBEp4oro Mmetany BoAHeM (36inbLuyiouM 30BHILIHIM TUCK ra3oBoi ¢as3n i LBUMAKICTb
KpucTanisauil, BBOOAYM rigpigoyTBOPOKOYI €NeMeHTH i T.MN.), 3MEHLLYBaTM NOYaTKOBIN BMICT
BOOHIO B po3annasi (NpoBoasuyn pgerasauito TUM YW iHWKM crnocobom), niaBuvLLyBaTu
WiNbHICTb | NOBEepxXHEBMIK HaTAr posnnasy, 36inbliyBaTtn poboTy YTBOPEHHSA 3aponka
rasoBoro Mixypa (3actocoBywoum inbTpauito). BcCTaHOBMEHO, WO ANs  3HWKEHHS
IHTEHCUBHOCTI BWUAiNEHHS BOOHIO B ra3osi Oynbballky npu 3aTBEpPAiHHI antoMiHilo i 1oro
cnnaeiB HeobXigHO 3MeHLWyBaTW LWBMAKICTb KpucTanidauii i CTyniHb NEepecuyeHHs
po3nnaBy BOAHEM.

3acTocyBaHHSA Ha NpakTULi OTPUMaHUX BUPa3iB JO3BOSISE:

- NpY BUPOBHULTBI KOHCTPYKUIMHUX antioMiHIEBUX NIMBApPHUX CMNnasiB ONTUMI3yBaTh
TEXHOMOrYHMA NpoLec 3 MEeTOK MiHiMi3aLil KifIbKOCTI ra3oBux Mip i 1X po3MmipiB, a Takox
OTPUMAaHHS 3aKpUTOI ra3oBOI NOPUCTOCTI HaBITb MiCNA NPOBEAEHHSA TEPMO- ab0 MexXaHiYHOT
06po6Ku;

- NpU OTPUMAaHHI NUTUX MOPUCTUX artoMIHIEBUX CnMaBiB (rasapiB) akTUMBHO
ynpasrigaTh NpouecoM rasoBuifIeHHA BOOHKO NMpU KpucTanisadii i oTpuMmyBaTu BUIMBKA 3

HeobXigHO ra3oBol MOPUCTICTHO.

Cnucok nitepatypu

1. Kotnaposckuii, ®.M. O [BOMNCTBEHHOM pPONM BOAOpPOAA B npoueccax

dopMMpoBaHNA OTNUMBOK M3 antoMmnHueBbix cnnaBoB [Tekct] / ©.M. Kotnaposckui, .11
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Bopucos // 50 net B Akagemumn Hayk YkpauHbl: AT, UMJ1, PTUMC — Kues: dTVMC HAH
YkpaunHsbl, 2008. — C.423-461.

YK 669.187.28
1. B. Tpubywesckuu, 6. M. HemeHeHoK, I'. A. PymsaHueBa, A. I. bexok, M. A. Kynuk

Benopycckuin HaumMoHanbHbIM TEXHUYECKUI YHUBEpPCUTET, r.MUHCK

NMPOBJIEMbI 3KOJIOT'MN U PEHTABEJIbHOCTU NMPOU3BOACTBA
NMPU NMIABKE OKUCJIEHHbIX OTXOO0B AJTIOMUHUA

Ha nonHOTy wu3BneYyeHus anioMUHUSA U3 ero OKUCMEHHbIX OTXogoB 6ornbluoe
BNUAHME OKa3blBaeT 3aCOPEHHOCTb MaTepuarioB U COCTOSIHUE UX MOBEepXHOCTU. Tak, Ans
MEITKON CTPYXKKWU, CTENEHb 3arpsisHeHHOCTH konebnetca ot 14,0 oo 28,0 %, a y wnakos u
CNUBOB JaHHbIN rnokasaTernb HaxoguTtcsa B auvanasoHe 28,0-50,0 %, noaTtomy npu nnaske
CcbeMoB ¢ cogepxaHnem 50 % meTanna yaaetcs nssneyb TOMNbKO NOSIOBUHY antoMUHUS.

Ona Bblbopa oNTMManNbHOrO BapuaHTa nepennaBa OKUCINEHHbIX OTXOAOB
anioMVHUEBLIX CMMaBOB B KOpoTKonnameHHon poTtopHon neuun (KIMPIT) uccneposanu
3aBUCMMOCTb MeTannypruyeckoro Bolxoaa OT CTENEHN OKACIIEHHOCTU LWWNXTbI Npy JobaBke
dontoca, cogepxawero 50 % NacCl; 42 % KCl n 8 % NasAlFs B konudectse 8 % OT Macchl
meTannosasankn. CTeneHb  OKUCMEHHOCTM  WWUXTbl  BapbupoBanu  gobaskamu
artoMUHMEBOrO fIOMa, KPYMHOM U MENKOW CTPYXKN, LUNAaKoB N CIINBOB.

Ha nepBomM aTane uccrnegoBaHWn LUMXTY 3arpyxanm B nevyb BMecTe C oSioCoM,
pobaeka kotoporo coctaensna 50 % ot pacyeTHoro konuyectsa. B npouecce Harpea u
pacnnaBneHns LWKNXTbl CKOPOCTb BpalleHna nedm coctaensna 0,3-1,0 o6/muH. lMocne
pacnnasneHns Mmetanna u grrca npucaxueanu OCTaBLUYOCH YacTb qroca, a CKOPOCTb
BpalweHna neyn yesenuumsanu Ao 5,1 ob/MuH Ona nydwero pasgeneHusa pacnnasa U
wnaka. O6waa pgnuTenbHOCTb nnaBku coctaBnsana 82-85 mMuHyT.  [lonydeHHbIn
MeTannuyecknii pacnnas c Temnepartypoinn 760-780 °C cnvBanuM B KOBW W, nocre
npoayBKU a30TOM, pasnuMBann B YyLKW Ha pas3fnMBOYHOM KoHBeuwepe. LWnak wu3
HaKNMOHEHHON NeYn yaansnuM B KOHTEWHep ckpebkamu. PesynbTaTbl OMbITHbIX MMaBOK
nokasanu, YTo C yBerim4eHneM OKMCNEHHOCTU wnxTbl ¢ 2,0 oo 50 % meTannypruyeckun
BbIXxog B cpeaHeM cHmxkaeTcs ¢ 93 % no 52 %. Mpu atom konnvectBo obpasytoLlerocs

wnaka ysennumeaeTcsa ¢ 107 kr go 390 kr. AHann3 XMmMmyecKkoro coctaBa obpasyroLerocs
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Luaka nokasars, YTo coaepXXaHue B HEM KOPOJSIbKOB aritoMUHUS, HaXoauTca B npeaenax
7,5-9,2 %, 4TO OenaeTt ero ganbHeWWwunin nepennae HepeHTabernbHbIM. YuuTbiBas, 4TO
TakoW Lnak oTHoCcUTCA K oTxodam |V knacca onacHOCTU, OH MOASIEXUT 3aXOPOHEHUIO Ha
crneumanbHbIX NOSIUFOHAaxX C yniaTton COOTBETCTBYIOLLErO SKOSIOMMYECKOro Harsora.

[anbHenwne nccnegoBaHnd, ¢ UCMNOSIb30BaAHNEM MOKPOBHOIO U XXWAKOro onrocos,
NPVBENKM K NONYyYEHUIO pe3ynbTaTtoB, BNN3KNX K NEpBOM CEPUN ONbITHLIX NaBokK. [1oaTomy
ObINO MPUHATO pelleHne 06 uCKNYeHUn drca K3 CcocTaBa LWNUXTbl NPU  NnaBke
OKUCINEHHbIX OTX0O0B antoMuHus. MNpegnonaranock, YTO paspyLleHMe OKCUOHOW MIEHKM
Ha yYacTyuax arnwMUHUEBBIX CNMaBoOB B nNpouecce nnaeBku 6Oyder npoucxoamnTb
MEeXaHM4YEeCKUM NyTEeM MpU BpaLLEHUN NEYN.

[ns oueHkn pacnpegeneHna matepuanos no xogy nnasku B KINPI nposogunn 16
GanaHCOBbLIX MMaBOK C B3BELUMBAHWMEM BCEX KOMMOHEHTOB LUMXTbl W MOSTyYEHHbIX
NpoOOYKTOB B BMAE pacnnaBa, BTOPUYHOrO LIMaka W MNbiK, OCEBLUEN B LMKIOHE.
MeTannosaBanka kaxgow nnaeku coctosdna m3 250 kr ponnet, 200 kr npobkn, 60-70 kr
MESIKOro aritoMMHUEBOrO floMa M3 antoMUHUEBBLIX PagMaTopoB U KoHAeHcaTopoB, U 70 kr
npocesa wWnaka, cogepxawiero 22-25 % Al; 33-37 % AlOs; 6-8 % SiO2; 4-6 % MgO; 1-3 %
Fex0s; 25-30 % (NaCHKCI). O6wasa macca wuxtbl coctasnana 580-590 «kr. [Mepes
npoBegeHMeM 0GanaHCOBLIX MMNAaBOK LMKMOH MOMHOCTbI Oouuliancsa OoT Nbiv, a nocne
OKOH4YaHUs cepumn GanaHCOBbLIX NABOK BCA cCOOpaBLUAsCA B LMKITOHE Mbiflb M3BMeKanach u
B3BewmBanacb. Obwasa macca nbinu no umtoram 16 nnaBok coctaBnsna 496 kr nnu B
cpeaHem 31 kr Ha nnaeky. [Npyn TakoMm BapuaHTe nnaBkM B COCTaBe Mbliv npeobnagatoT
oKCMabl antOMUHUA PasnUYHbIX PopM C 0bLLEen KOHUeHTpauumen okono 75 %, wnuHenu,
cofepxalime B cBoeM coctaBe okcuabl anomMuHus (12 %), n 12 % 4ucToro antoMuHus.
CnenyeT OTMETUTb, YTO Ha A0S0 XNOPCOAEPXKaALLUMX COEANHEHUI NpuUXoauTcsa Tonbko 1,4
%, 4To B 2,5 1 30 pa3 HMXe MO coaepXaHuo XIopMaoB, N0 CPaBHEHUIO ¢ nnaeskon ¢ 8 %
nokposHoro cntoca n 40 % xmakoro donroca COOTBETCTBEHHO. bonblive o6bemsbl
obpasytouencsa nbinm CBS3aHbl C  0cobBeHHOCTAMM KOHCTPYKLMN KMPM,
XapaKTepuayoLencs npssMoOTOYHbIM OBUXEHUEM FOPSAYMX ra3oB C BbICOKON CKOPOCTbIO B
paboyemM npocTpaHCTBe neun. ITo U obycnaBnuBaeT CyLLECTBEHHbIE NOTEPU LUNXTbl C
pa3BMTON MNOBEPXHOCTbID BO BpeMs nnaBku. MeTannypruyeckuii BbIXO4 B CpegHem
coctaBun okono 60 % npu pone o6pasywowmxca otxogoB - 40 %. Ananus
obpasoBaBLlerocd wWnaka W NbiAW nokas3an He3HaunTenbHOe coAepXaHue B HUX
XNOPUCTbIX COEAMHEHUN, 4YTO MO3BONSET WX MOMHOCTLIO WCMOMb30BaTb B COCTaBe

anioMUHNEBLIX packucnuTenbHbix cmecen (APC) npu BHeneyHon obpaboTke ctanu. JT10
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no3BOJIUJ1I0O  NPEeanoXunTb 6e30Txotu+o 6eccbmocosyro TEXHOJIO0IMMKo nepepa60T|<V|
OKUCIIEHHbIX OTXOA4OB aJliloMUHUA, NpU KOTOpOVI 0onAa  ucnosfibdyemMblX MpoayKTOB

npesbiwaeT 95 %.

YK 669.187.28
. B. TpubyweBckun, 6. M. HemeHeHoK, I'. A. PymsiHueBa

Benopyccknin HaunoHanbHbIN TEXHUYECKNN yHuBepcuTeT, MUHCK

rMYBOKAA NEPEPABOTKA ANNIOMUHUEBDBIX LUITAKOB - NYTb K NMOJIYYEHUIO
HOBbIX MATEPUAIOB ONA NIUTENHO-METANNYPMMYECKOIO NPOU3BOACTBA

CywecTBylolime TEXHOMNOMMM nepennaBa anioMUHUEBON CTPYXKKM M LUNAKOB, Kak
npasuno, npegycMaTpmBalroT MUCMNOSMb30BaHUE 3HAYUTENBHOMO KONMYecTBa MOKPOBHbLIX W
pauHUpYOLWNX pNocoB Npu nrasBke, YTO NPUBOAUT K MOBbILLEHUIO MeTanypruyeckoro
BbIXO4a METannMyeckoro pacnnaBa u obpasoBaHUO BTOPUYHLIX LUMAKOB, TPebyroLwmx
AanbHenwen nepepaboTkn NN 3aXOPOHEHUS.

[na nccnepoBaHus 6bInn BblGpaHbl 0TXoAbl NepepaboTkM BTOPUYHOMO artoMUHUS
(OMNBA), cknagupoBaHHble Ha oOTKpbiTon nnowagke HM® «MetannoH». C uenbto
oTaeneHus koponbkoB antomuHuss OFBA nogseprany MNpoCEMBaHUKO 4epe3 CUTO C
KBagpaTHbIMU OTBEPCTUSAMU CO CTOPOHOM 5,6 MM M QMaroHarnblo OTBEPCTUS OKOMO 8 MM.
M3 nonyd4eHHOro oTceBa C pasHbIX FOPU3OHTOB OTOMpanu npobbl Ans pasBepHYTOro
XMMUYECKOro aHanusa, KoTopbi NpoBoAMNU B ucnbliTatensHoM ueHTpe MTHY «AHcTuTyT
nopowkoBon MeTannyprum» HAH benapycu. YcpegHeHHble pesynbTaTbl aHanusa
nokasanu, 4yto B otceBe coaepxutca 80,4 % Alz03 n 19,6 % npumecen, B YMCIO KOTOPbIX
BxoasT 4,1 % SiOz; 5,8 % Fe203; 2,5 % CuO; 1,9 % MgO; 1,4 % ZnO; no 0,8 CaO un
Na20; 0,6 % xnopa; no 0,3 % K20; TiO2; NiO; PbO; 0,2 % MnO. lNpu atom 78-80 %
oTceBa OTHocuTca K dopakuuum 0-3 mm. [Ansa ganbHenwero uccnenoBaHns aton opakunm
ee noaBepranyM BUXPEBOM cenapauum C WUCMNONb30BaHMEM JIEHTOYHOrO KOHBeWepa C
MHOFOMOSMOCHBIM  MarHUTHbIM POTOPOM. [lpyM BpalLEHUM MHOrOMOSIOCHOW MarHUTHOM
CUCTEMbl B MeTanIMyecknx Yactmyax MHAyLMpoBanmncb BUXpPEBbIE TOKU, KOTOPbIE, B CBOIO
oyepenb, cCo3gaBanvM MarHMTHOE MNosie MPOTMBOMOSIOXKHOE MO HanpaBfiEHUIO POTOPHON

MarHMTHOM cucteme. B pesynbTtaTte B3auMoOLENCTBUSA MarHUTHbIX MONen MeTannumyeckue
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yacTuubl, cogepxalumecs B OTCEBe LUfaka, BblibpacbiBanncb M3 OBUXYLLEroca MOTOKa U
OTAENANUCH OT HEJANEKTPONPOBOASLLEN ddpaKUUN.

OTceB antOMUHUEBBIX LUIAKOB C AaHHbIM (PPaKUMOHHBIM COCTAaBOM MOXET ObliTb
Mcnonb3oBaH AN MPOM3BOACTBA pa3XuxuTenen padUHUPOBOYHLIX LUMAKOB  Npu
BHene4yHon obpaboTke cTanen BMECTO 3KOMOrMYeckn OnacHoro nnaBmKOBOro wwnata. [Ans
yaobcTBa BBOAA pas3XkmXnTenem nx MOoXHO nonyyaTb B BUAE OKaTbIWeEn Unn GPUKETOB C
copgepxaHvem Al20s3 ot 50 o 80 %. CocTtaBbl pas3XvwXkutenen Lunaka, nosly4eHHole Ha
ocHoBe OlBA, ncnonbdyemsle B Nonbue n Yexun npueeneHsl B Tabnuue 1.

Tabnuua 1 — CocTtaBbl pasxuxkutenen wnaka Ha ocHose OlNBA

MaccoBas gonst KOMNoHeHTOB, % MoTeps
MaTepuan Maccol npum
Al203 CaO MgO SiO2 | Cr203 | Na2O+K20
cywke, %
ACM 75 70-80 1-3 13-17 2-3 - 1-2 2-5
ACM 65 60-70 6-11 3-8 2-3 - 1-2 10-12
ACM 55 50-60 | 10-15 4-9 2-3 - 1-2 14-17
ACMC 65-5 | 60-70 5-9 3-8 2-3 4-6 2-3 7-10
ACMC 65-3 60-70 6-9 3-7 2-3 2-3 2-3 8-11
ACMC 55-5 | 50-60 8-13 4-9 2-3 2-3 1-2 12-15

Takum obGpasom, rnybokasi nepepaboTka aniMUHUEBLIX LUMAKOB MNO3BONSET B
MofnHon mepe peanu3oBaTb 6E30TXOOHYK TEXHOMOrMK WX nepennaea, C MNonyyYeHnem
HOBbIX  9KOfornyeckn  Ges3onacHbIX  NPOAYKTOB,  BOCTPEOOBAHHbIX  JIMTENHO-

MeTannypruyeckmum npon3BoACTBOM.

Y[OK 669.187.2
. B. TpubyweBckun

Benopycckuin HaumMoHanbHbIN TEXHUYECKUIN YHUBepcuTeT, MUHCK

FPAHYNIUPOBAHMUE AJNTFOMUHUSA MO «CYXOWU» TEXHOJIOIMUN

"paHynMpoBaHHbIM antOMUHUIA LUMPOKO UCNONb3yeTCs AS1S PacKUCIIEHUs CTanw.
Mpn 3TOM NUTYIO anioMMHMEBYO Apobb AnameTpom 1,6-6 MM nony4varoT nNpu cnuee

pacnnaea 4epe3 cuTo-go3atop B Boay. [lpumMeHeHue nuMTon antoMUHUMEBOW LpO6U
206



JIMTBO.METAJIYPTIA. 2019

Nno3BOMSEeT CyWEeCTBEHHO MOBbICUTb PeakUMOHHY MOBEPXHOCTb PACKUCIUTENS, TaK Kak
AaHHbIA nokasaTenb Ana anomMuvHuesblx rpaHyn B 80-90 pas Bbilwe, YeM Yy YyLIKOBOro
anoMuHua 1 coctaensaeT 1,6-8 m?/kr npotus 0,02 mM?/kr.

OpgHako Takasi TEexXHONorMst nonydeHus aniMmHueBon p[pobwu Tpebyetr ee
obA3aTenbHOM CyLWKM W CyLecTBYeT OMacHOCTb HacblWeHUs pacnfnaBa BOAOPOAOM.
Kpome Toro, npu Temnepatype cywku rpaHyn 200 °C npoucxoguT ux AONOSTHUTENbHOE
OKWUCIEHMe.

CotpyaHukamun kadegpbl «MeTannyprus YepHbIX M UBETHbIX cnnaesoB» BHTY,
coBMecTHO ¢ paboTHukamm OO0 «HIMP «MeTannoH», peanMsoBaHa «cyxas» TEXHONOrs
NpoOM3BOACTBA allOMUHUEBLIX rPaHyn M3 OTX0A4OB AedOpMUPYEMbIX antOMUHUEBbLIX
CNnaBoB W CTPYXKW. [Ona 3TUX Uenen WCNonb3oBanuM YCTAHOBKY, COCTOSILLYH M3
BpaLLaloLLerocs Kpyrnoro BO4OOXNaX4aeMoro ctona, YyryHHoro metannonpueMHuka ans
XNOKOro anMWHWEBOro Crnasa, YAApHOro MexaHuama pnns obpasoBaHua Kanenb
MeTanna 3a cyeT npepbiBaHUs CTPYM MeTanna u CUCTeMbl yaaneHus nonyYeHHbIX rpaHyIs
co ctona. PacnnaB anoMuHUS M3 KOPOTKOMNSIAMEHHOW POTOPHOW MeyuM nogasanv B
MeTannonpueMHUK, B HUXKHEN YacTuh KOTOPOro HaxoAUNUCh cneunanbHble OTBEPCTUS OIS
BbITEKaHMs xugkoro metanna. ObpasoBaHue kanenb, TO eCTb 0OpbIB CTpyu pacnnasa,
npoucxoaun 3a cyeT ydapHoro MexaHusma. B 3aBUMCMMOCTM OT MHTEHCUBHOCTU €ro
paboTbl U3MEHANW pasmepbl Moriydyaemblx rpaHyn B auvanasoHe 5-10 mm. [paHynbl u3
Kanenb pacnnasa (popMUPOBaNMCb Ha MOBEPXHOCTW BpallaemMoro BOJOOXMaXJaemoro
cTtona. YpaneHuwe roToBblX rpaHyn Mpou3BOAUIIM HarnpaBfeHHbIM MOTOKOM CXaToro
BO34yXa, YTO UCKNOYano HeobxoaMMOCTb UX NOCNEQYIOLEN CYLLKU.

AnoOMUHMEBbIE TPaHyIibl, 0BNUTLIE MO «CYXOM» TEXHONOMMU N3 OTXOO0B aNtOMUHNS,
MMEenun Heckornbko ©OonbluMe pasmepbl MO CPaBHEHUID C  antOMWHWEBOW ApOOLIO,
NnoslydeHHOM OXNaXkaeHUeM Kanenb pacnnasa B BoAe, HO He npesbiwanu B guametpe 10
MM. Mo XxumMmnyeckomy cocTaBy rpaHysbl COOTBETCTBOBaNM antoMmHuio mapok AB-87 n AB-
97. CymmapHoe cogepxaHue antomuHusa u marHus B AB-97 coctaBnano 97,3% npwu
TpeboBaHusax TOCT 295-98 He meHee 97 %, a ana AB-87 nx cogepxaHue cOoCTaBnsano
93,3 % npu Tpebyemom - He meHee 87 %.

OnbiTHass naptusa rpaHyn AB-87 ¢ pasmepamn o 10 mm B obbeme 20 T Gbina
ucrnone3osaHa Ha OAO «benopycckun MeTannypruieckun 3aBog - YynpasnsooLwas
KoMnaHus xonauHra «benopycckaa metannypruyeckas KomnaHusa» npu obpaboTtke cranu
ANA pacKuUCreHna MeTanna v npeaBapuTeribHOrO ero ferMpoBaHusa antoMuHuem (4o

0bpaboTkn Ha Bakyymatope «RH») B3ameH antoMuHWEBOW kaTaHku. [pucagka onbITHOroO
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MaTepuana ocyuwecTtBnanacb 4epe3 cucrtemy 6OyHkepoB. WcnblTaHuMsi Mokasanu, 4To
ncnonb3oBaHue antoMmmHna AB-87 B rpaHynax go 10 mm npu BHene4yHon o6paboTke cTanm
cnocobeTBYyEeT rnybOKOMY pPaACKUCIEHUID CUCTEMbI «LUNaK-MeTanmn», CrneacTBMEM 4Yero
ABNSAETCA NOBbILUEHNE YCBOEHUS NErMpyowmx 3NeMEeHTOB (COOTBETCTBEHHO CHWXaeTCH
pacxoq deppocnnaBoB) U CTeneHn gecynbdypauumn ctanu. VIHTEHCMBHOE pacKucrieHve
CUCTEMbI «LUNaK-MeTanny» B HayanbHbI nNepuog BHeneyHonm o6paboTkM No3BOMSET B
bonee KOpPOTKME CpPOKM MPOBECTU HeobxoouMmylo Aecynbdypauuio pacnnasa WU
CnocoBCTBYET COKpaLLeHMIO 0bLen ANMTENbHOCTN BHENEYHOM 06paboTku cTanu.

Mpn obpabotke ctanen S355J2, Fe360-1, C45E-3 n Ctlcn ycBoeHue KpeMHus
noebicunocb Ha 5,3-12,5 % no cpaBHeHWto c GasoBon TexHonormen. o ycBoeHuto
MapraHua pasHuua Mexagy OnbITHbIMUA U CPaBHUTENbHLIMM NiaBkamu coctasuna ot -3,45
% 0o 2,1 %.

MpenmyLecTBOM rpaHynMpoOBaHHOIO artoMUHUS, MO OTHOLWEHUID K ApYruMm
maTepnanam wu3 AB-87, saBndetca cpaBHMTENbHO HU3Kas, Heobxogumass Ans
pacnnaBneHnsa rpaHynbl, akkymynupyemasa TennoTa M [OCTAaTOYMHO BbICOKas nnolwiagb
NMOBEPXHOCTU B3auMOAencTBus, 4to U obecneumBaeT ObICTPOE pacKUCEHWEe CUCTEMBI
«LUMaK-meTanny.

Mcnonb3oBaHne AB-87 B rpaHynax go 10 MM 4yepes cuctemy BbICOTHbIX BYHKEpOB
no3BoNisieT aBTOMaTUYECKN (PUKCUPOBATL pacxod U BpeMS OTAauM matepuana, UCKNIYnTb
NPUMEHEHNE pPYYHOro TpyAda, MNOBbLICUTb KOHTPOSMb 3a COGNIoAEHMEM TEXHOMOrnn U
pacxo4oM BTOPUYHOIO armtoMUHUS.

MpumeHeHne rpaHynupoBaHHoro antoMmumHnsa AB-97 npu BHeneyHou obpaboTke
CTanM Ha yCTaHOBKe BaKyyMHOW Aaerasaumm «RH» no3Bonuno cokpaTuTb CpeaHun
yAernbHbIN pacxon antoMUHUACOAEPXKALLMX MaTepuanoB B OnbITHbIX nnaskax 8o 0,75 kr/T

rogHoro meTtanna npotue 0,82 Kr/T No cTaHAAPTHOM TEXHOSTOMNM.
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YOK 621.74
l®deceHko A.H.,> ®DeceHko M. A., *KopcyH B.A.
![loHBacckas rocygapCTBEHHas MalUMHOCTpoUTENbHas akagemus, r. KpamaTopck
2HaumoHarnbHbI TEXHUYECKUA yHUBEpCUTET YKpauHbl «KWEBCKUIA MONUTEXHUYECKUTA

NMHCTUTYT uMeHn Uropsa Cukopckoroy, r. Knes

NCCINEAOBAHUE BJTUAHUA MOOAUPULIMPYIOLLNX OBABOK
HA CTPYKTYPY YYI'YHA B OTJIUBKAX

[ns nonyyeHus YyryHHbIX OTMIMBOK C BbICOKMMM MOKasaTensMyv MexaHU4Yeckux M
3KCnslyaTauuoHHbIX CBOMCTB OAHON N3 BaXXHENLLMX TEXHOSIOrMYECKMX onepauumn SBnseTcs
mMoamnduumpyrowas obpaboTtka pacnnasa.

B Hactosiwee Bpems paspaboTaHbl W HaxogAT npakTuyeckoe MpuMeHeHne
MHOXeCTBO MoanduLmMpyroLwmx 4obaBok 1 cnocoboB MX BBOAA B pacraB YyryHa.

CoBpemMeHHOe pa3BuTME MPOLLECCOB MOAMMULMPOBAHNA YyryHa XapakrepusyeTtcs
TeHOeHUMen nepexona OT MeYHbIX UK KOBLUEBbLIX K 6onee adh(PeKkTUBHbBIM, 3KOSTOMMYHbLIM
N SKOHOMWYHbIM MeTodam Mno3JHero (BHEKOBLUEBOro) MOAUMUUMPOBAHWUS pacrasa.
Cpegon u3BeCTHbIX crnocoboB MOAUPUUMPOBAHUA 3acryXmBaeT BHUMaHUSA MeTo[q
06paboTKM KMAKOrO 4YyryHa mogudukatopamm unuv nuraTypamum HenocpeacTBEHHO B
nutenHon cgopme - «MHMona-npoueccey.

B npegctaBneHHonm paboTe npuBedeHbl pe3ynbTaTbl  9KCMEPUMEHTarnbHbIX
nuccrnegoBaHMn Mo BAUSHUIO  rpaduTU3MpPYOWNX,  Kapbuaoctabunuampyowmx u
chepongunampyowmx moanduumpyrowmnx gobasok ana obpabotkm B nUTENHOW dhopme
pacnnasa onpeneneHHoOro XMMmM4eckoro coctasa Ha YCBOEHWE MM OCHOBHbIX 3fIEMEHTOB,
CTPYKTYPY W TBEPAOCTb YyryHa B OT/IMBKaX.

B kayectBe obObekTa B 9KCNEepUMEHTasnbHbIX WCCNeLOBaHUSX MCNONb30Banuch
otnmekM TMna «KnuH» anuHon 100 mm, BbicoTon 100 MM U TOMLWLMHOWM Y OCHOBaHUSA 20 MM.
OKcnepuMeHTarnbHble OTNMBKM NOoNyYann B pa3oBon NUTENHOM hopMe, 3roTOBIIEHHON U3
necyYaHo-rMMHUCTON OOPMOBOYHON CMech. YTOBbI CKNIOYNTDL BRIMSIHUE OPYrnX (hakTopoB.,
Kpome uccnegyemblX, LWeCTb OOHOTUMHBLIX OTMIMBOK pa3Mellanucb B ogHou obuien
nuTenHon dopme M 3anuBanucb vepes3 oblime CTOSK, LUNaKkoyrnoBUTENb U OTAEMbHbIE
(aBTOHOMHbIE) OIS KaXO0W OTMMBKN COEAUHUTENbHbIE KaHarbl, MPOTOYHbIE peaKUMOHHbIE
Kamepbl 1 nuTatenu. na nccnegoBaHns BNNAHUS COCTaBa MCXOOHOIO XUAKOro pacrnnasa

BblbpaHbl  YyryHbl C cogepxaHnem yrmepoga C=26...28% wn C=3,2...3,4%,
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BbiMfaBngemMble B WHOYKUMOHHOW TureribHom neun Ttuna WMYT-0,016 Ha LWKMXTOBbIX
MaTtepuanax, COCTOSALMX U3 NIMTEMHOro YyryHa mapku J14 un ctansHoro noma crtanu 30.
3anuBKy NUTENHON (POPMbl OCYLLECTBASANU PYYHbIM Pa3fMBOYHBIM KOBLLUOM KOHWYECKOro
TMNa. Temnepatypa 3anmMBKM  MeTamnia B JIMTENHYO  (OpMy  cocTaBnsana
(1450...1480) £ 10 °C.

[Ons wuccnegoBaHMs  UCMNONb3OBanu  pacnpocTpaHeHHble  rpadouTusnpyoLlme,
kapbuagoctabunuaumpyowme wn ccheponamsvpyowme moguduumpylowme pobasku. B
KayecTBe rpadomTmanpyrowmx mogmdnumnpyowmx 4odasok ncnonb3osanv eppocunmumnn
mMapkn ®C75 un cunukobapun mapkm CB20, B KavecTBe Kapbugoctabunuanpytowmx
nobaBok npumeHsnu deppobop mapkun ®b12, Hukenb-marHueByro nuratypy NiMg19,
deppo-uepuesyto pobasky MLS50>)K6 wn kapbug Bonbcpama WC. B kadectBe
cheponansnpyroLmx nobasok ncnosnb3oBanu deppocnnmunm-marHMeBble
moandukatopbl PCMr7 n VLE3M.

Mocne oxnaxpeHust OTNMBKM pa3buBanu Ha ABe NpUBM3MTENbHO paBHbIE YacTu
Ana nonyyeHus msnomoB. OgHa YacTb ucnonb3oBanacb A4S UccnegoBaHUa usrioma u
N3roToBreHns obpasuyoB ANA WU3ydeHUs Makpo- U MUKPOCTPYKTYpbl, BTOpas — Ans
onpegerneHns XMMU4ecKkoro coctaBa u TBepgoctu obpasuoB. CopgepxaHue yrnepoga v
cepbl B 4yryHe npob onpegenanu Ha aHanmsatope CS-230, copepxaHue ocTanbHbIX
3IEMEHTOB - Ha OMTMYECKOM criekTpomeTpe Spectrolab.

Xapaktep MakpoCTPYKTypbl OLEHMBanu Mo W3roMy, MUKPOCTPYKTypa oOpasLoB
n3ydanacb Ha HeTpaBfeHblX MuKpownudax, a Takke MuKpownugax nocrne wux
XnumMuyeckoro TpasreHnsa 4 %-HblM pacTBOPOM a30THOM KUCMOTbI B 3TUMOBOM CrvpTe.
TBepaocTb namepanu Ha npubope bpuHenna npu Harpy3ke npubopa 30 000H, D = 10 mm,
BblaepXka nof Harpyskon 10 cek.

Kak nokasanu pesynbTatbl MPOBEOEHHbIX WCCRefOBaHUN B MOJSTYYEHHbIX U3
MCXOQHOro pacnnaea YyryHa oTnmBkax Ha Oonbluen yactu obpasoBancst Cepbit U3rom,
BennumMHa otbena no KnNuHy coctaesuna 8-12 mMm. MUKpPOCTPYKTypa 4YyryHa B 30HE CEeporo
Nn3roMa XxapakTepusyeTcs Hanuyumem nnactuHyaToro rpadpurta B OeppuUTo-neprnTHOM
mMeTannuyeckon matpuue ¢ TeepaocTtbio 190....220 HB. B TOHKOM 4acTu KrnHa B 30HE
oTbhena B CTPYKType NPOCMaTpuBaOTCS KOHTYPbl AEHOPWUTOB MNEPBUYHOrO ayCTEHUTA,
MeXay KOTOpbIMU pacnonoxeHa negebyputHas aBTEKTUKA.

BHyTpndopmeHHas obpaboTka pacnnasoB FeSi n SiBa, kak n cnegosano oxuaatb,
crnocobcTBoBana nofiHoMy ycTpaHeHuto otbena B knNuHax. o BceMy ceyeHuto KrvHa,

BKNtOYasi TOHKYH YacTb, CPOpPMMpOBanach CTPYKTypa XapakTepHasi Ansi Ceporo YyryHa c
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BblAeNeHMeM nnacTMHyaToro rpacgura B oepputo-nepInTHON MeTannndeckon matpuue.
TBepaoCTb Ha NOMOBMHE BbICOTbI KMMHOBOW NPobbl Nnocne moanduunpoBaHns pacnnaesa
3TMMKU rpaduTUanpyrowmmMm gobaskamm HaxoguTCS Ha ypOBHE TBEPAOCTM WUCXOOHOro
yyryHa — 180...190 HB.

[ocTtaTo4yHo adpeKTUBHOE aencrene nokasarno MoaudnumpoBaHue
chepongunsmpyowimmm mogmcpukatopamn tmna ®CMr7 n VL63, koTtopble obecneunnu
dopmmpoBaHne cepebpuctoro msnoma KnNnMHoBoW npobbl M obpasoBaHue eppuTo-
NnepriMTHOM MeTasnfMYecKO OCHOBbl C BKIMHOYEHUSIMU rpaduTa LWapoBUOHOM (OOPMBbI,
XapaKTepHbIX AN CTPYKTYpPbl BbICOKOMPOYHOIO YyryHa C LWapOBUAHBIM pacuTOM.
TBepaoCcTb YyryHa B LEHTpe KNMHOBOM NpoObl cocTaBuna Ha ypoBHe 180-185 HB npu
obpaboTtke moamndukatopom PCMr7 n 198-205 HB npu ncnonb3oBaHun mogudmnkatopa
VL63M.

Hanbonee addektnBHbIMM  KapbuaocTabunuampyowmmm  mogudurkaTopamu,
crnocobCTBYOWMMN  (DOPMUPOBAHNIO  CBETNO-KPUCTANNIMYECKOrO U3fioMa WU CTPYKTYpbl
Genoro 4yryHa B knvMHoBoW npobe okasanucb gobasku MLS0XK6 mn NiMg19. Mpu atom
TBEPAOCTb YyryHa CyLleCTBEHHO MOBbICMMACh M BUEHTPE KIIMHOBOW NpOoObl HAXOAUTCH Ha
ypoBHe 406...410 HB nocne wmoagunduumposanma nuratypon NiMg19 wn okono
436...440 HB nocne mogudpuumnpoanus deppouepnem MLIS0XK6.

[JocTaToyHO HeoXuaaHHble pesynbTaTbl, KOoTopble TpebywT npoBeaeHus
AanbHeNWNX wuccnegosaHnin u Gornee [feTanbHOro aHanusa, nofydeHbl Hamu  npu
3KCNepuMeHTanbHbIX UCCeAoBaHUAX NPOLECCOB BHYTPU(POPMEHHOrO MogndULMPOBaHNSA
pacnnaea 4YyryHa peppobopom FeB u kapbugom sonbcpama WC.

Kak n3BecTHO u3 nutepaTtypHbiX UCTOYHMKOB FeB ucnonb3yloT gns nonyveHus
Genoro 4yryHa, 4vallie Bcero Ans MOBbILEHUS TBEPLOCTU U U3HOCOCTOMKOCTU 3a cyeT
dopmMmmnpoBaHna  kapbuaHblx Gas. B TOo ke BpemMs N0 pe3ynbTataMm  Hawwmx
9KCMepUMEHTanbHbIX UCCnefoBaHUn BHYTpUdOpMeHHOe MoaudmumpoBaHme [o6GaBKow
FeB He cnocobctBoBano dopmupoBaHuto 6enoro usnoma KIMHOBOW MNpobbl, a M3rom
ocTarncs cepbiM, Kak 1 B Npobax n3 HemoamuumMpoBaHHOro YyryHa. Npu aTom TBEPAOCTb
4yyryHa HaxoguTtcsi Ha ypoBHe — 178-180 HB, xoTa B MUKPOCTPYKTYpe OBHapyxmBaroTCs
BKIMOYEHNSA kKapbmaoB 1 neaebypuTHON 3BTEKTUKMN.

Takke BeCcbMa HeOXuAaHHble pe3ynbTaTtbl  MNOMAydYeHbl HaMM W Npu
BHYTPUgOpMeHHON o06paboTke pacnnaBa 4yryHa kapbugom Bonbgppama WC. [lpwu
MCNONb30BaHUKW 3TOro0 MaTepuarna ans BHyTPUOPMEHHOro MOANMULMPOBaHUSA pacnrasa

aaxe npu ero Beoge B pacnnae B konmvectBe 10% OT macChl NpoxogsiLlero 4yepes
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NPOTOYHHYIO pEeaKUMOHHYIO KaMepy C MOLII/I(*)I/IKaTopOM yyryHa n3siom KITMHOBUHOW I'Ip06bl
nony4yunca cepbim, a TBepaoCTb KfMiMHa noBbiCUNach Nnb HE3HAYUTESTbHO MO CPpaBHEHUIO

C UCXOAHbIM YYryHOM M HaxoguTcsa Ha yposHe 217...220 HB.

YK 621.74
ldeceHko M. A., 2deceHko A.H., 'MorunateHko B.T.
'HaumoHanbHbIN TEXHUYECKUIA YHUBEPCUTET YKpauHbl « KWEBCKMIA MONUTEXHUYECKUT
NMHCTUTYT uMeHn Uropsa Cukopckoroy, r. Knes

2[loHGacckas rocyaapcTBeHHas MallMHOCTpouTenbHasa akagemus, r. KpamaTtopck

MONYYEHME OABYXCIIOMHbIX YYTYHHbIX OTIIMBOK «HOX» U3 OQHOI0
BA30BOIO PACIMJIABA METOAOM BHYTPU®OPMEHHOI'O
MoaANDOULIMPOBAHUA

B pasnuyHbix oTpacnsax NpoOMbILLIIEHHOCTM AeTanun Tuna «Hox» ncnone3yoTca ans
paspesaHns pe3uHbl, Bymaru, KOXu, TKaHW, nnactuka, nopog v Apyrux matepuanos. C
y4eTOM YCNOBWUI 3KCNnyaTaumm pabodasi pexyuias 4yacTb TakouW AeTanun AOfMKHa UMETb
CTPYKTYpY M CBOMCTBA TBEPAOro W3HOCOCTOMKOrO, a MOHTaXHas 4YacTb — BS3KOro
(nnactuyHoro) matepuana.

B kayecTBe M3HOCOCTOMKOrO MaTtepuana BO3MOXHO UCMOMb30BaTb Gernbii YyryH C
kKapbuaamm xenesa n Opyrux 3MEMEHTOB B CTPYKType, a B KayeCTBe BS3KOW OCHOBbl —
BbICOKOMPOYHbIM YYryH C LLApOBUAHLIM rpadouToM heppuUTo-nNepanuTHOro Knacca.

B pabote npeacrtaBneHbl pesynbTatbl UCCNegoBaHWn Mo OTpaboTke HOBOM
TeXHonorum M3roToBMEHMs  ABYXCMOWHbIX  YYTYHHbIX  JeTanen «Hox» c
AnddepeHLMpPOBaHHbIMU CTPYKTYPOM N CBOMCTBAMU B OTAESNbHbLIX YAaCTsX METOAOM NNTbA
B necdaHble opmbl M3 ofgHOro 6a3oBOro pacnsiaBa C MCMNONb3OBAaHNMEM TEXHOSOMUU
BHYTPUGOPMEHHOrO  mogudmumpoBaHus. CylWHOCTb  NpeaniaraemMon  TEXHOMOMmn
3aknivaeTca B BbiNMaBke B OAHOM Meynm ©0as3oBOro pacnnaBa Ceporo 4yryHa u
nocriegoBaTesibHONM 3anMBKe ero ¢ onpefersieHHOM BPEMEHHOW BbIAEPXKKOW B MOMOCTb
nuTenHon opMbl Yepes OBE He3aBUCUMbIE JIMTHUKOBbIE CUCTEMbI, KaXKdasd U3 KOTOPbIX
COAEPXUT MPOTOYHYK PEaKLMOHHYK Kamepy C pasMelleHHbIMW B HEW pasfnyHbIMU O
PYHKUMOHANbHOMY  Ha3HAYeHUId U BO3AEWCTBUIO Ha  pacnnaB  3epPHUCTbIMU

mMogmdpuumpyowmmmn godaskamu. B peakumoHHOM kamepe nNepBor NIMTHUKOBOW CUCTEMDI
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0a30BbLIN pacnnaB YyryHa nogsepraeTcsi BHYTpUOpMeHHON KapbuaoctabunmsmpyoLen
o6paboTKke, nocrne 4Yero MNOCTynaeT B HWXKHIOW YacTb OTMAMBKW, rAe BNOCMEACTBUU
dopmMmpyeTca YyacTb U3 WU3HOCOCTOMKOro 6enoro yyryHa. B peakumoHHoON kamepe BTOPOMU
NNTHUKOBOW CUCTEMbl MOTOK 6a3oBOro pacnnasa nogsepraetca cdeponansnpyrolemy
MOAMULIMPOBAHMIO, MOCIE Yero HanpasnseTcsa B BEPXHIOK YacTb OTNUBKM  ONS
NoNy4YeHUsi BbICOKOMPOYHOro YyryHa C LWapoBUAHBIM rpadouToM.

PeakunoHHble Kamepbl UMMHOPUYECKON reoMeTpu4eckon dopMbl, B KOTOPbIX
pasmelLaTca moanuumpyowme AobasBku, BbINOMHEHbl B BUAE MEHONONMCTUPOSIOBOM
obonoykn TONWMHOM 2-3 MM, aOuameTpom U Bbicotom 60 mM. B kauyectBe
KapbuaocTabunumampyrowero peareHta, pasMeLLeHHOro B peakLMOHHON KaMepe nepBon
NMNTHUKOBOW CUCTEMbI, WCNOSIb30Barncs BbiCOKOyrnepoaucTein deppoxpom X900, B
KayecTBe cdeponaunampyowien nobaBkmn, pacnonoXxXeHHOM B peakuMOHHOM KaMmepe BTOpOW
NMTHUKOBOW CUCTEMbI — (heppocunuumn-marHnesbin mogndukatop PCMr7. Konnyectso
MOANUKATOPOB cOCTaBNANo 2% OT Macchl MPOMYyCKaeMoro Yepes peakunoHHY Kamepy
Xungkoro metanna.

McxogHbeln pacnnaB ceporo 4yryHa BbINaBnsfv B WUHOYKUMOHHOW TUresibHOU
anekTponeyn tuna NCT-006 c kncnown cdytepoBkon. Cyxne necyaHo — rMUHUCTbIE POPMbI
3anmBanu pacnnasoM npu temnepatype 1500+10°C cHayana kanmbpoBaHHbIM Ha 5...6 Kr
KOBLLUOM 4epes3 NepBylo NUTHUKOBYKD CUCTEMY, a 3aTeM AOoNuBanu nocne onpenereHHon
BPEMEHHOW BbIAEPXKKM TeM >Xe pacnnaBoM 4epe3 BTOPYK JIMTHUKOBYHD CUCTEMY MNpU
Temnepatype 1450+10°C.

B ycnoBuax npoBefeHHbIX 3KCMEPUMEHTOB YCTaHOBMEHO, YTO (popmMupoBaHue
ABYXCMOVHbIX NUTbIX AeTanen OCTUraeTcs Npu BpEMEHHOW BblAEPXKKE Mexay 3annBkamu
nopuun pacnnaea 30...120 c. Npn 3TOM B HUXKHEN YaCTU OTIIMBKN YyryH KpUcTannmayertcs
c 6enbiM M3nomom. B cTpykType AaHHOro crnosi NPOCMaTpuBAOTCA KOHTYPbl AEHAPUTOB
NMEepPBUYHOrO aycTeHuTa, MeXAay KOTOpbIMM pacnofnoxeHa nenedbyputHas 3BTEKTMKa.
BepxHue cnoun OTNMBKU KPUCTamNN3YHTCA CO CBETIO-CEPbIM N3NTOMOM, XapakTepHbIM A5
BbICOKOMPOYHOIO 4yryHa C LWapoBUAHbIM rpaduToM, C NPEUMYLLECTBEHHO MEPfUTHON
MeTannmMyeckon OCHOBOW. TBepaoCTb MNOBEPXHOCTEM OTNMBOK K3 ©6enoro 4yryHa
coctasnset 380...420 HB, n3 Bbicokonpo4Horo YyyryHa 220...260 HB.

Mexay BepxHen N HWXHEW YacTbio OTIIMBKUM POPMUpPYETCHA nepexoHasd 30Ha U3
MOMNoOBMHYATOrO YyryHa, CTPYKTypa KOTOPOro COCTOMT W3 BKIIKOYEHWA rpaduta
BEPMUKYNAPHON W LWAPOBUOHOM (OPMbl, LEMEHTUTa B MNEeprIMTHON MeTannmyeckomn
mMatpuue. MNpovHocTb Takon 30HbI cocTaBnseT 360...400 Mlla.
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HoBasi TexHoOnorns N3rotToBneHus oTnneBok «Hox» npeanaraeTcs Ans BHeOpeHUs!
Ha npeanpusaTMaX JNUTEAHON U MaLIMHOCTPOUTENbHOW oTpacnen M MoXeT ObiTb
peanus3oBaHa Ha cylwecTBylleM obopyaoBaHMM 6e3 YCTAHOBKM [OOMOSNHUTENBHOMO
HOBOro 060pyA0BaHUS UM UCMOSb30BaHMSA CrieLmarnbHbIX CIOXHbIX NPUCNOCOBNeHN nnu

YCTPOWCTBM 6€3 JOMONMHUTENbHBIX 3KOHOMUYECKUX 3aTpar.

YK 669.131.622:669.74
B.€. XpuuukoB, A.C. JlaktioHOB

HauioHanbHa meTanypriiHa akagemia Ykpainu, [Hinpo

BMJINB ENEKTPOLUWITAKOBOI'O OBIIPIBY HA PO3rMoAiNn TEMMEPATYP MO
BUCOTI HAUIMBY | BEPXHbOI LUIMAKN B YABYHHUX MPOKATHUX BAJTKAX

TexHonoris enekTpoLuNakoBoro o6irpiBy HaanuMBIB YaBYHHUX MNPOKATHUX BarkiB
BNpoBagxXeHa Ha [HinponeTtpoBcbkoM i JlyTyrmHcekomy (JISMB) 3aBogax mnpokaTHMX
Bankis. [i 0cOBNMBICTb NonsArae y ToOMy, LLO NErkonnaekuii prioc BBOAATL Y BOPOHKY Ha
CTPYMiHb poO3nnaBy, LU0 3anuBaloTb Y BOPOHKY, i MO CUMOHHIA NUBHUKOBIN cUCTEMI 3
TaHreHUinHUM XUBUNBHUKOM MOMajae Yy HWXHIO LUMWKY Barnka. 3a paxyHOK TemnepaTtypu
neperpisy YaByHy (pnOC po3nnaBnAeTbCs i CNIIMBAE YepPe3 HMXKHIO LLUMIKY, BOYKY i BEPXHIO
LUMAKY Y HaOnMB, Tak WO OAHOYAaCcHO BiabyBaeTbCcs padiHyBaHHSA YaByHY Big HEMeTaneBux
BKpanneHb. Taka TexHonoria BigpisHaeTbes Big npouecis ELUM, B akux y cneuianbHUX
neyax 34iINCHIOTb NonepeaHe po3ansiaBneHHs niociB, B OCHOBHOMY, OKMCHO-CONbOBUX
cuctem CaFz-Al203-Ca0 tuny AH®-6 3 BUCOKOI TeMnepaTtyporo NnaBneHHsA. Y AOitounx
BanbLENMBapHMX Lexax 4epe3 O0OMeXeHiCTb BUPOBHWYMX nnow, i TEXHOMOriYHOI
TPYOOMICTKOCTI Ui MeToAWM cknagHo peanidyBatu. ToMy ANS HaBedeHHS pigkol LUMakoBol
BaHHW BukopuctoByoTb e AH-1 i AH-60 cuctemun  SiO2 - MnO - CaO 3
TemnepaTtypoto nnasneHHs =1100°C.

[ns BMBYEHHSA BNNMBY efiekTpoLuriakoBoro ob6irpiBy Ha pos3nogin temnepaTyp no
BUCOTI HagnuMBy | BEpPXHbOI LWWNKM B YaBYHHUX [MPOKATHUX Barikax BUKOpUCTanu
MaTeMaTuMyHy mMogenb, wWo po3pobneHa B HMeTAY i agantoBaHa BignoBigHO [0
eKcrnepuMeHTanbHUX gaHux TemnepaTypHMX BUMIpiB. BuxigHi gaHi i citkoBy obnactb ans
pPO3paxyHKy 3aTBEpAiHHA | OXOMNOOKEHHA UUMIHOPUYHMX BUIMBKIB B KOMOIHOBaHMX

KOKiNIbHO-MiLLaHNX NMBapHNX dhopmMax NpurimManu 3rigHo eTanoHy, skun 6yB po3pobneHuni
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paHile, a Koperysanu TpuBanicTb i NOTYXHICTb 0BirpiBy A3epkana meTtany HaanvBy Basnka
macoto 2200 kr. PesaynbTaTu po3paxyHKy OUiHOBanu no rnmbuHi BUnuBeKxiB Ha 763 MM Big,
piBHA MeTany Yy Hagnmei. BcTaHOBNEHO BMAMB LWINIBHOCTI TEMmoBOro MOTOKY Mpu
ernekTpoLuiakoBoMy 00irpiBy Ha po3noAin Ttemnepartyp No BUCOTI HaanuBy i BEPXHbOI
WMAKM B YaBYHHUX MpOKaTHUX Barnkax, WO [JO03BONUNO OBrpyHTyBaTM 3MEHLUEHHS

TpuBanocTi obirpiBy Hagnmey.

YOK 621.74:669.131.7.001.57
K. U. Yy6uH, C. A. CtopoxeHko, O.A. YybuHa

[HenpoBCKNIN rocygapCTBEHHbIN TEXHUYECKUA yHUBepcuTeT, KamsaHckoe

OTPABOTKA TEXHOJ1ION'M PA®UHUPOBAHUA N MOANDPULINPOBAHUA
NUTENHOIO YYI'YHA B 150-KI" UHOYKLUIMOHHOMN NEYMU

[Mpon3BoACTBO BbICOKOMPOYHOrO YyryHa C LwapoBugHbIM rpacgutom [1] cBsizaHO C
onpegerieHHbIMU TPYOHOCTSIMU, BO3HUKAKOLWLMMW MPU BBOAE MarHUs B >XUAKUWA YYryH U
conpoBoXxgawwmmmca  OpbidaroobpasoBaHnemMm, BblOpocamm  MeTanna M3 KOBLUA,
3HaYUTENbHbIM  ObIMOBbIAENEHNEM W, B  KOHEYHOM cyeTe, HeCcTabunbHOCTbIO
MEeXaHMUYeCKNX, MNIacTUYeCKUX CBOMCTB MNOSTy4aeMoro 4YyryHa M HEeBbICOKOW CTeMNeHbio
YCBOEHUSI MarHus.

Hanbonee BbicOkas CcTeneHb YCBOEHUS MarHusi, Npu 3HAYMTENbHOM CHUXXEHUWN ero
yAesibHOro pacxofa, B CpaBHEHUM C pasfnYHbIMW MeTo4amMu BBOAA YYLLKOBOro MarHus,
NPUMEHEHNS aBTOKMNABOB repMETU3NPOBAHHbLIX KOBLUEW, MarHumcogepXxaiwimx nuratyp,
MoXeT ObITb MonydeHa npw BAOyBaHUM  OUCMEPrUPOBAHHOrO  (rpaHynmMpoBaHHOrO,
bpe3epoBaHHOro) MarHus B pacnsiaB 4Yepe3 oypMmy C ucnaputenem, oTKpbITbIM C Topua
[2]. OgHako, nMpu Takom BapuaHTe, 0bpaboTka HocuT OypHbIM, cnabo ynpaBnsEMbIN
XapakTep, CO 3HauyuTemnbHbIM AbIMOOOpPa3oBaHMEM W OOropaHMeM MapoB HEYCBOEHHOro
MarHusa Hag NOBEPXHOCTbIO BaHHbI.

HesaBucmumo ot cnocoba 06paboTkm MarHMeEM Npu CHMKEHUN KOHLLEHTpaLMK cepbl
B pacnnase MeHee 0,010% npoucxoAuT yBenuv4yeHne COoAepXaHus MarHua B 4yryHe, C
nonyyeHnem tpebyemoro cogep)kaHusi OCTaTOMHOro MarHus. Ha ocHoBe npoBefeHHbIX
BbICOKOTEMMEPaTYPHbIX SKCMEPUMEHTOB NOKa3aHbl BO3MOXHOCTb YNpaBrneHns npoueccom

obpaboTkn, ¢ obecrneyeHnemM CrOKOWHOro xapakTepa MocrnegHel C MCnoNb3oBaHUEM
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dypMbl C UMAMHAPUYECKUM 3aKpbITbIM MCNApUTENeM C Tennonepeaarowen rpadmToBon
CTEHKOW, KOoTopasi cHabxeHa 32 uunMHAPUYECKMMM COMnnamu, pacrnofioKeHHbIMW B ABa
psga nog yrnom 90° Kk BepTUKanbHOM ocu ypMbl, a Takke 4 connamu nog yrnom 45°,
nossonseT npefoTBpaTUTb HEMNOCPeACTBEHHOE B3aMMOLENCTBUE AUCNeprnpoBaHHOro
MarHusa C 4YyryHom n obecneuntb nepeson MarHus B napoobpasHoe COCTOsHUE 3a cyeT
nepegaBaeMoro 4epes CTEHKY Tenma 4yryHa v perynupyemoe BAyBaHMe B 06beM
nocnegHero COOTBETCTBYIOLLIErO KOMMYeCcTBa CTpyW rasoBon cmecwu. [pu Takom cnocobe
BBOL4a CyllecTByeT BO3MOXHOCTb MpefoTBpalleHnss B3pbliBOOOpa3HoOro mnepexoaa
TBEpPAOro MarHnsa B napoobpasHoe COCTOSHUE.

Ana oTpaboTkn TEXHONMOrmn MonyyYeHust YyryHa c wapoBuaHblM rpacutom (YLLUI)
npu MenkocepurMHOM MNpPou3BOACTBE OTNMBOK 6Obina wucnonb3oBaHa nabopaTtopHas
yCTaHOBKa KOMMMEeKCHon o6paboTkM 4vyryHa.B nocTtaBrneHHOM TeXHWYeCKOM 3agdaHumn
npegycmartpmanocb:obecneunTts pekomeHayembln xmmuyeckmn coctas YW (no TOCT
7293-85) mapok BY 35, BY 40, BY 45 npu TonwuHe CTeHkn oTnuekn < 50MM; OCTUYL B
npouecce pauHUPOBaAHUS U MOANMDULMPOBAHUSA NIMTENHONO YyryHa cogepxaHue cepbl n
docdopa Huxe 0,01 % un 0,05 % cooTBETCTBEHHO; MakCUMarbHO CHU3UTb pacxo MarHus
Ha padrHMpoBaHNE N chHeponan3npyroLLyr0 06paboTKy XXMAKOro YyryHa.

Mpn npoBeaeHN NNaBoK ObINN UCMONBb30BaHbI Cneaywmne WNXTOBbIE MaTepuarnbi:
NMUTENHBLIN KOKCOBbLIN 4YyLuKoBbIA 4vyryH mapku J14 (TOCT 4832 — 80), cogepxawui B
cpeaHem 3,95 % C, 2,22 % Si, 0,65 % Mn, 0,058 % P n 0,045 % S; noarotoBneHHbIN No
pasmepam ctanbHon fiom CT 3cn cpegHero xummyeckoro coctasa: 0,17 % C, 0,25 % Si,
0,58 % Mn, 0,038 % P n 0,046 % S; dpeppocunuumn ®C 65 (TOCT 1415-78) xumunyeckoro
coctaBa: 65,1 % Si, 0,05 % P n 0,02 % S; dpesepoBaHHbIN ANCMEPTMPOBAHHBIA MarHUm
mapkun MITI-99 dpakumm 0,67 — 1,00 Mm; CBEXENPUroTOBMEHHAs MNOPOLUKOOBpa3Has
nssectb (ppakums < 0,015 mm) nssecTtkoBo-obxuratensHoro otgeneHna OAO «OMKO»
cpegHero xmmuyeckoro coctasa: 89,21 % CaO, 4,56 % MgO, 1,05 % SiO2, 0,003 % S u
5,53 % n.n.n.; cCBeXenpuUroToBNEHHbIM NOPOLLIKOOOPAa3HbIA NIaBUKOBLIN LWNaT (pakums <
0,015 mm) ®K-85 (TOCT 29220-91), copepxawummn 86,32 % CaFz, 8,75 % SiO2, 0,25 % P u
0,29 % S.

B pesynbTtaTte npoBedeHHbIX 3KCMEPUMMEHTOB OCBOeHa B nabopaTopHOM
MacwTabeTexHonorma pagpuHMpoBaHMa U MOAUMULMPOBAHNA NMUTENHOro YyryHa B 150 —
KI UHOYKUWMOHHOW neyvn nytem npeaBapuTeribHOW Aecyrnbdypauum pacnnasa BOyBaHWEM
nopoLkoobpasHoOn M3BECTM C  3aknNuuTenbHonm ob6paboTkon  CcTpysasMm  cMmecwu

napoo6pasHoro MarHma m HeﬁTpaﬂbHOFO rasa, UCTeKarolwimmMmn mn3 norpyKHoro ncnaputend
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C TennonepeaawoLlein CTEHKOW, C LeNnbl MOMyYeHUss BbICOKOMPOYHOIO YyryHa C

LLIAPOBUAHbIM FpacdUTOM.

Cnucok nutepaTypbl

1. Jlekax C.H. BHeneyHass o06paboTka BbICOKOKAYECTBEHHbLIX YYryHOB B
mMawmHoctpoeHun / C.H. Jlekax, H.U. BecTyxes. - MnHck: HaBykaiTexHika., 1992. - 270c.

2. BopoHoBa H.A. [Oecynbdypaums dyryHa marHuem / BopoHoBa H.A. — M.:
MeTtannyprus, 1980. - 240c.

YOK 621.746.6:621.7.04
LaneBcbka, O. . WuHcbkuin, T. B. LLeBuyk, C. B. Konominues
Di3MKO-TEXHOMOrYHMI IHCTUTYT MeTaniB Ta cnnasiB HAH Ykpainu, Kuis
Ten. +380506191601 (m06.),E-mail: into66@ukr.net

BJIOK-CXEMA TEXHOJIOINYHOIo NPOLIECY OAEP>XXAHHSA NIMBAPHUX
MIHOMNOJICTUPOJIOBUX MOLEJNEWN

AKiCTb  BUNUBKIB  NMPU  BUFOTOBSIEHHI MEeTOAOM NUTTA  3a  Mogendmu, LWo
rasngikyeTbCcs, 3anexuTb Big ©Oaratbox aKkTopiB TEXHOMNOrYHOro MpPOLECY KOXHOro
nepeginy. lMpn uboMy ONA OTPUMAHHSA YiTKOI KOHQirypauil BUIIMBKA BUIOTOBMSIETLCS
niHonosnicTMponoBa MoAeNb, OCHOBHI MapamMeTpu SKOI BNAUBaKOTL NpU 3anuBaHHi MeTany
Ha TennomMacoobMiHHI npouecu y opMi, KiNbKICTb YTBOPEHHS NPOAYKTIB TEPMOOECTPYKLiT
Ta SAKICTb BUNUBKA.

[10 OCHOBHWMX XapaKTePUCTUK SKOCTI MIHOMOMICTUPONOBUX Moenen BiAHOCATbCA
WiNbHICTb, PO3MipHAa TOYHICTb, LWOPCTKICTb MOBEPXHi Ta CYUINbHICTb, $Ki Hanpsamy
3anexartb Big OCHOBHWX TEXHOMOMYHUX XapakTepUCTUK METOLIB OAepXaHHA Moaeneun
(HagNMWKOBMI TUCK Ta TemnepaTtypa napu, 4ac cnikaHHs). Onuc yaocKoHamtoBaHHS
npoueciB Ta ycTaTKyBaHHSA A1 ogepXXaHHA mofenen HasedeHo B poboTax [1, 2].Tox ans
cucTemaTtmsadil JaHnX TEXHOMOrYHOro npouecyB3aemMoilo yCcTaTKyBaHHA AN peanisauil
UMKy BUrOTOBMNEHHA NMBapHUX MIHOMOMICTUPOMOBMX MNOKasaHo Yy BuUrnsagi 6nok-cxemu
(pnc. 1). BignosigHO A0 ui€l BMOK-CXeMMU, KOXHUIA KOMMIIEKC YCTATKyBaHHS MpPU3HAYeHUN
ANa peanisadil TeXHoONoriYHoro nepeainy ta 3abesneyye BUKOHAHHSA KOHKPETHUX onepawin

umnkny. BukopuctaHHsa uiei 6nok-cxemMu ae MOXIMBICTb po3pobuTn anroputmn Bubopy
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HeobXxigHOro obnaaHaHHA Ana oaep)KaHHSA NiHOMOMNICTUPONOBMX 3 3a4aHUMM NMOKa3HUKaMu

XapaKTepUCTUK SIKOCTI.

( h (" 8.YcTaTKyBaHHA AN | (9. YcTaTKyBaHHA gndA
1. YcTtatkyBaHHA anA BUTOTOB/IEHHA roTyBaHHA i
nonepeaHbLOro NiHOMNONICTMPONOBUX HaHeceHHA
CNiHIOBAHHA mogenen Ha NPOTUNPUTAPHNX
niHonoaicTupony HanisasTomarti NM- NOKPUTTIB Ha BAOKK

\ ) \ 5M1 y \ mogenen y

( ) (7. YcTaTKyBaHHA ans A r10.ycTaTK\,fBaHHH ,u,;mw

2. YeTaTKyBaHHA ANA BUAANEHHS TpaHCNOPTYBaHHA 1

Tpch'?OpTVBaHHH NIHONONICTUPONOBUX 36epiraHHs

. CMIHEHOTo mogenem i3 npec- NiHONOAICTMPONOBUX
niHonoAaicTupony bopm mozeneii

. S . S .

(3. YCcTaTKyBaHHA ana A (6. "YcTaTkyBaHHA anA A (11. YcTaTKyBaHHA p,nﬂw
36epiraHHa Ta OXONOAMEHHA 3aCTOCYBaHHA
BUNEKYBAHHA NiHONOAICTMPONOBUX Biaxoais

cniHeHoro MoAeneny npec- niHononicTUpony Ans
niHonosicTUpony X dopmax ) BMp06HMLLIBa
L mogenemn )

(" 4.YcTaTKyBaHHA gNA | [ 5.YcTaTKyBaHHA AnA )

CKNagaHHA npec- CnikaHHA [ )
dopmi HacTynHoro NiHONOAICTMPONOBUX 12.YcTaTKyBaHHA gns
IXHBOTO 3aNOBHEHHA Mmogenem yTuAi3auii Biaxoais

CNiHEHUM ABTOKNABHUM niHonoaicTupony

\__niHononictTMponom \ METOL0M y X )

PucyHok 1 - Briok-cxema cknagy TEXHOMOrYHOro yctatkyBaHHS Ta MOro B3aemopil
Npu BWUKOHAHHI TEXHOMOrYHUX onepauin BUrOTOBMNEHHA IMBAPHMUX MiIHOMONICTUPONOBUX
MOZenen, 3aCToCyBaHHA NPOTUNPUrapHMUX NOKPUTTIB, BUKOPUCTAHHA Ta yTuNi3auil Biaxoais

niHononicTupony
Mepenik nitepatypum
1. Gepobiee K. X., [HopoweHko B.C.CoBeplieHCTBOBaHMe obopyaoBaHus Ans

Npon3BOACTBa MoAenen u3 neHononuctupona // JlintenHoe nponssonctso. - 2014. - Ne 1.
-C. 32-34.
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2. LHopoweHko B.C., luHckut Y. O., bepdbies K. X.0606L1eHne onbiTa N3rotoBneHns
NEeHOMNONUCTUPOSOBLIX NMUTENHbIX Moaenen // Metann v nutbe YkpanHbl. — 2010.- Ne5. —
C. 14 -109.

YOK 621.375.826
A. . WaTpaga, B. I. Jluxowsa
DUN3NKO-TEXHOSTOrMYECKUA UHCTUTYT MeTannos u cniasoB HAH YkpauHebl, r. Knes
Ten./gpakc.: +38044 424-3230, e-mail: shatrava@ptima.kiev.ua

HOBEMLLUUE METOAbI NPOU3BOACTBA BUMETAJINIMYECKUX MATEPUAIIOB

Bnarogapsi CBOMM yHUKanbHbIM KOMMSEKCaM CBOWCTB (BbICOKasi MBHOCOCTOMKOCTb,
KOPPO3NOHHOCTOMKOCTb, MPOYHOCTb, >KapOMpPOYHOCTb, 3NEKTPONpoOBOAHOCTL U  Ap.),
BumeTtannunyeckme um3genusa, nonyyvyalwwT Bce Oonbliee  pacnpocTpaHeHue  npu
NpPou3BOACTBE U BOCCTAHOBMEHUN AeTarnen B XMMUYECKON, HEPTEXMMNYECKON, MULLIEBON
NPOMBILLITIEHHOCTM U MALLUMHOCTPOEHUMN.

Mo OCHOBHOMY Ha3HaA4YeHMIO COBPEMEHHbIE BUMeTanbl MOXHO pas3fenuTb Ha Tpu
rpynnbl: U3HOCOCTONKNE, KOPPO3IMOHHOCTONKNE U aHTUPPUKLMOHHbBIE.

Bce pasHooOpa3sve 6GumeTannoB pasnuyalT Takke M0 XMMUYECKOMY COCTaBy
cnoes, Mo opme n3genuin, no cnocoby nony4yeHns, nNo pacrofoXeHUo, reoMeTPUYECKNM
napameTpam cnoes u ap.

Ona paboTbl B 93KCTpeMarbHbIX YCMOBMAX MPUMEHSIOT OBumeTtannuyeckme
MaTepuanbl, OCHOBHbIM CFIOEM KOTOpbIX SABMSIOTCHA HEpXaBewLlne Un XapornpoyHble
cnnasbl, HUOOMIW, TaHTan n gpyrue Tyronnaskve mMartepuanbl. OgHako Mcnosnib3oBaHue
TakKNX [JOPOrocToslMX MaTepuanoB HeM30eXHO CKas3blBAa€TCsl Ha 3KOHOMWUYECKOM
3P PEKTUBHOCTM NX NPON3BOACTBA.

Mo cnocoby ob6pasoBaHus CBA3M Mexay cnosmu, bumeTannbl Oensatca Ha
ANPPY3NOHHbIE, MeTannypruieckme n aare3voHHbIE.

Hanbonee pacnpocTpaHeHHbIMM  MeTogamu  nonyvyeHus  GumeTtannoB C
npUMEHeHeM nnacTuyeckon gedopmauum UCnonb3yeTcs: npeccoBaHWe, MpokaTka,
cBapka B3pbiBOM U Ap. [Ans metoga 6e3 nnactuyeckon gedopmauum XxapakTepHbl Takue

npoueccbl Kak: JnTbe, CBapKa, HarnmaBka, HanblieHne wu  ap. OTM [OaHHble
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CBUAETENMbCTBYIOT O LUMPOKOM CMNeKTpe crnocoboB U TEXHOMOrMYeckux npuemoB
NCNonb3yemMbIX Npu U3roToereHnn bumetannuyecknx nsgenui (tTab. 1)

Tab.1. OcHOBHbIE CNOCOOLI NPOM3BOACTBA BUMETANIIMYECKUX U3OENUNA.

Cnocobbl Nnpon3BoacTBa GUMeTannMYecknx n3genuin

MexaHu4yeckune JInTenHble CBapHble MeToabl HannaBka v HanblineHue
MeToabl
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B pasButne paHee paspaboTaHHbIX TPaAULMOHHBLIX TEXHOMNOMMIN B AaHHOW paboTe
npegycMOTPEHO CO3[aHMe HOBOro rmbpugHoro mMetoda nUTenHo-nasepHon obpaboTkm
AN nonydeHnsa GumeTansimyecknx 1 MHOrOCITIOMHbIX U3AENNI, YTO NO3BONSAET COBMECTUTb
npeMmyLliectBa  UCMOMb30BAHUS  KOHLEHTPUPOBAHHLIX ~ WMCTOMHWMKOB  3Heprum C
TPAANLUMNOHHBIMU NIUTENHLIMU TEXHOSNOMMAMM NPOU3BOLCTBA M BOCCTAHOBIIEHUA AeTanen

MawuH (puc. 1).

W

w

Puc. 1. Cxema nonyyeHust BumeTannnyeckon KOHCTPYKLUMK No4 ENCTBUEM NA3ePHOro
nanydveHus, rge: 1 — nasepHoe nanyveHune, 2 — OKyCUPYOLWNA dNEeMeHT, 3 — conso, 4 —
A03MpYyroLWLMIA IOTOK, 5 — pacnnas MeTanna, 6 — 3aTesepaeBatoLni Crion, 7 — 3anuTtbin

crnon, 8 — 3aroTtoBka, 9 — orpaHmymTenu, 10 — 3alWmnTHbIN ras.

MeTog nos3BonsieT nonyynTb 3HaA4YUTESIbHblE TEXHUYECKME N ISKOHOMUYECKUE

pe3ynbTaTbl, M3 KOTOPbIX HauMbonee BaXHbIMU SBMASIOTCH: YBeNM4YeHWe pecypca
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aKcnnyatauum getanen MawuvH B 2,5 - 6,0 pa3 no cpaBHEHUIO C CEPUAHBIMU U3OESNTUSIMA U

ymeHbLeHne 0o 70 - 80% pacxonoB BbICOKONErMpOBaHHbIX AOPOroCTOAWLMX MaTepmnasnos.

YOK 621.744
M.B. WUBeu, O.U. NMoHomapeHko, U.A. N'pum3uH, H.C. EBTyLIEHKO,
A.B. 3youwumHa
HauunoHarnbHbIM TEXHUYECKUIA YHUBEPCUTET

«XapbKOBCKUWN MONMUTEXHUYECKUN NHCTUTYT», XapbKoB

UCMNOJNIb3OBAHUE CTEPXXHEW HA OCHOBE COJIAHOM KOMMNO3ULUnn Ons
NONYYEHUA BbICOKOKAYECTBEHHbIX OTJIMBOK

JInTenHbIn CTEpXKEHb - NPUMEHSIEMbIN B NMMTENHOM NPOU3BOACTBE OTbEMHAas 4acTb
nuTeNHON opMbl, ohopMnaoLLas NPENMYLLLECTBEHHO BHYTPEHHME MOSIOCTU OTNUBKK. B
Tex cnydyadax, korga KoHdurypauuss nuterMHon MoLenu 3aTpyaHsieT €€ U3BrevYeHue u3
NUTENHON (POPMbIl, NNTENHBIA CTEPXEHb UCNOMB3YIOT U AN POPMUPOBAHUS HAPYXKHbIX
yacTen OTNUBKW. JIUTEMHbLIN CTEPXEHb W3rOTOBMASKT Ha CTEPXHEBbLIX MaluMHax, M3
crneumanbHbIX CTEPXXHEBbIX CMECen C NOCreayloLlwen Ux CylKON UM OTBEPXOAEHWEM, B
TOM 4YMCre HEMOCPEACTBEHHO B CTEPXKHEBBIX AlMKax. [1]

CtepxHu npu 3anuBke OPMbl CO BCEX CTOPOH OKPYXEHbl XWUOKUM MeTarnsom,
MO3TOMY OHW OOSTKHbI 06nagaTh KOMMNIEKCOM CBONCTB: BbICOKOW ra3onpOHULLAEMOCTLIO, a
Takke MPOYHOCTbLI, MOAATAMBOCTLIO, BbIOMBAEMOCTbIO, YTO obecneynmBaeTcs BbIGOPOM
CoCTaBa COOTBETCTBYHOLLEN CTEPXKHEBOW CMECU U KOHCTPYKLUMNEN CTEPXKHS. [2]

Kak npaBuno Takume CTEepXHU UW3roTaBnMBalOT U3 BeLEeCTB, KOTOpble npu
Hagnexawem obpalleHnn He BCTynaltT B peakuuun, npoTekawwue ¢ BblaefleHMeM rasos,
oTpUUATENBHO HE BIIMSAIOT Ha OKPYXKaoLLYIO cpeay, HU NpU U3rOTOBIIEHUN CTEPXKHEN, HU B
npouecce nuTbsA. NMOCKONbKY Npu nNuTbe He 0bpasylTcsa rasbl, yryylwaeTca KayecTBO
OTNIMBOK, HEe BO3HMKAaeT rasoBblX W YCa[OYHbIX PakoBWUH. [pu yaaneHun CTepXHen He
obpasyloTcsa ocTtaTtku, Tpebywowme ocobon ytunusauuun. B 3aBucumocTn OT cocTaBa
BO3MOXHO WX MOBTOpPHOE WucCNonb3oBaHue. W3BneyeHne conen w3 Xuakom dasbl

BO3MOXXHO, HanpumMep, pacnblfiMTenbHOM CYLLKON Uiu BbinapuBaHueM. [3]
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OcHoBHOWM 3ajaden uUccrnegoBaHuMda  sBRsieTCA  paspaboTka NporpecCUBHbIX
TEXHONOIMM N3roTOBNEHUS1 CTEPXKHEN HA OCHOBE CONEBOM KOMMO3NLUK C UCMONb30BaHNEM
cesaaytowlero Recril Slow Set C n otBepautensa Dursil C1 nponssoactea Utanuu.

[ns 3TOro 6611 NOCTaBNEHbI U PELLEHbI cneayLlmne 3agayn:

- N3Y4YEHO COBPEMEHHOE COCTOSIHME BOMPOCa MO UCMOSIb30BAHUKD TEXHOSTOrMYECKOro
npoLecca Nosy4eHUs CONsHbIX CTEPXKHEMN;

- 9KCnepuMeHTanbHO oOnpeaeneHbl CBOMCTBA COMSAHbIX CTEPXHEW Ha OCHOBE
NCMonb30BaHUS METOAMNK OMNpeaeneHnsa NpoOYHOCTU Ha CXKaTue, OCbINaeMOCTb, XUBYYECTb
N OCTATOYHOM NPOYHOCTU CMECeW;

- NpoBedeH MNMaHMpPyeMbli 3KCNEPUMEHT M YCTaHOBIIEHbl 3aKOHOMEPHOCTU
HapacTaHWsi MPOYHOCTU CMECWU, WU3MEHEHWA OCTaTOYHOM MPOYHOCTU, XKUBYHECTU W
ocbiNaemocTn ¢ ucnonb3oBaHnem ceasytowlero Recril Slow Set C u otBepagutena Dursil
Cl.

MpuMeHeHMe CTepXXHEW Ha OCHOBE COMSIHOM KOMMO3MLMM MO3BONUT nonyyaTb

BbICOKOKa4eCTBEHHbI€ OTJIMBKN U YNYYLLNTb COCTOAHUE 0|<py>|<a+ou.|,e|7| cpenbl.

Cnucok nutepartypbil:

1. Anucosuy A. KpuctannormgpartHble cMecu ¢ KanbLUyHuposaHHon cogon. /T A.

Anmncosuu, E.C. I'amoB // luteiiHoe nponssoactso. — 1975. —Ne 9. — C.. 21-22.

2. O6onoHues ®. . O npumMeHeHMM nerkoygansdemblX CTEPXHEW Aans

TOHKONOMOCHbIX oTnueok / @.[1. ObonoHues., B.B. Actokos, [.I1. Npo3os, M.A.Tenuc //
INuTteliHoe npounssoacTeo. — 1978. — Ne 5. — C.. 30-32.

3. MeaHoBa J1.A. lpoueccbl opMUPOBaHUSA CITIOXHONPOMPUITbHBLIX OTNMBOK // JLA.
MBaHoBa, A.A. boHgapb — Opecca: MNonurpady, — 2006. — 128c.
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YK 621.744.3
WuvHcbkun, I. A. LLlaneBcbKa, €. B. MNMorpebay, B. A. Cnrocapes
Di3MKO-TEXHOMOrYHMI IHCTUTYT MeTaniB Ta cnnasiB HAH Ykpainu, Kuis
Ten. +380675067111 (m06.),E-mail: aluprt@ukr.net

PI3NYHA MOAEJIb MACO- | TENJNTOOBMIHY APMYKOUYUXX EJNIEMEHTIB |
MATPUYHOI'O CINJIABY

3rigHO BCTaHOBIIEHMM 3aKOHOMIPHOCTAM MNP0  YMOBM  3aTBEPAiIHHA, PYyXy
MaTpUYHUX chnasiB y opMax 3 MakpoapMyl4MMmu efieMeHTamu, IX B3aemopgil 3
NiIHOMOMNICTUPOSIOBOKD MOAENNIO | NpoayKTamMu I TepMOAECTPYKUIl Yy BUrnagi pigkol,
rasonofibHoi i TBepaol a3 byna po3pobneHa isanyHa mMogenb Maco- i TennoodMiHy
apMyr4nX eneMeHTIB i MaTPUYHOro cnnasy npu opmMyBaHHI CTPYKTYPU i BTaCTUBOCTEN
NNTUX  apMOBaHMX KOHCTPYKUIW B HOBUX AN Teopil  fiMBapHMX npouecis
©araTOKOMMOHEHTHUX  CUCTeMax: "MeTan—moaenb—mMakpoapMytodi enemMeHTn—

dopma"[1, 2].. CyTb uMx Mogenen nondarae B HacCTynHomy(puc.1).

Monens MAE

eo0ocee

1 — nouatkoBa cTagisa; 2 — crtagia Tepmogectpykuil 'M; 3 — nodatkoBa cragis

KpucTtanisauii; 4 — ctagisa 3aTBepaiHHS; 5 — OXONOOKEHHS
PucyHok 1— ®isnyHa moaenb OTPUMaHHS NMMTUX apMOBaHUX KOHCTPYKLIN

CnoyaTtky MaTpuUyHUI po3nniaB HagxoauTb Y dopMmy nig gieto rigpoctatnyHoro abo
nigBULLLEHOro TUCKY Ha pigkmn metan Pwm, Wo Bede 00 LWBWOKOMO NPOrpiBy MeTaneBoro
CTPMXXHA  pO3MilleHOro B MIHOMOMICTUPONOBIA  MoAeni, WO  NigTBEPAXYETbCS
PO3paxyHKOBUMU AAHUMMU HarpiBaHHSA CTPUXKHA MO BCi BMCOTI MoAgeni 4o Temnepatypu 1i

rasundgikauii (450 °C) He nepesuwwye 0,4...0,5 c.

Y uin i noganbwin cTtagii 3anoBHEHHA (OopMM 3 BCTAHOBMIEHMMU B HIN
BEPTUKANBbHUMUN apMYOYMMK efnleMeHTamun (y HawoMy BWUMNAAKy Yy BUMNAA4I CTPUKHIB),

yCKNaaHwTb 06r1acTb Teuil pigkoro metany i HagaTb NEBHUI BNAUB Ha TENNOMIi3NYHi Ta
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rigpoAnHaMiyHi npouecu, Lo NpoTiKaTb Y Hil.

Y HacTynHum nepiog pyxy MaTtpuyHoro cnnasy Yy dopmi 3 nNiHOMOAENso
BinOyBaeTbCA NoyaTkoBa cTagis rasudikauii mogeni (No3. 2) y ABOX HanpsiMKax: Ha QPOHTI
NOTOKY pigKkoro Metasny 3 YTBOPEHHSIM 3a30py "MeTan — moferib" Ta HaBKOMO CTPWKHSA 3
YTBOPEHHSAM 3a30py "MakpoapMykodi enemMeHTM — mogenb". Y uen nepiog nNpoaykTu
TepMoaecTpyKuil mogeni MirpytoTe B popMy 4yepes3 3a30pu, WO YTBOPUIIUCS, NPUHOMY
3a30p "MakpoapMyloui enemMeHTn — MoAenb" MNOCTIMHO 306iNblyeTbCa | gocarae Mexi
dopmu.

Mpn nepemileHHi NPoOAYKTIB TEPMOAECTPYKLUIT BiaOyBaeTbCA YacTKkoBa KOHAEHcaUid
Ha CTPUXHi (N03. 3) 3 YTBOPEHHAM OBGNSAMIBKA HABKOMO CTPWXKHSA Y BUMNAAI NipoBYrneLto,
AKUW BeJe 00 HaBYrreutoBaHHSA B KOHTaKTHIA 30HI CTPUXHS, BMICT BYrfeLto B SKOMY SBHO
HUXYeE, HXK Y MaTpuYyHOMY cnnasi (4aByHy, CEpeaHbO - Ta BUCOKOBYreLeBoi ctani). B uen
nepiog BioOyBaeTbCS PO3MNMaBNEHHS CTPWXKHA Y BUMMSAI 3HMXKEHHS MOro TemnepaTtypu
NNaBfieHHs, WO CNpuUse YTBOPEHHIO MILUHOI NepexigHOl 30HW Ha KOHTAKTHIN MOBEpXHi

"MakpoapMyoumimn eneMeHT — MaTpu4Hun cnnas".

Mepenik nitepatypun

1. WuHckul O. Y. TasormapogmHamuka u TEXHONOMMUITUTbSKENE30YrnepoaucTbIX U
LBETHbIXCNNaBoB MO rasuuumpyeMmbiM Moaenam: auc. AoktopartexH.Hayk: 05.16.04
«JlntenHoenpomnssoacteo» / O.U. WnHckun. — K., 1997. — 473 c.

2. Shinsky /.Efficiency of influence of a metal macroreinforcing phase on process of
solidification of large-sized castings. / IgorShinsky, Inna Shalevska, JamalMusbah //
TEKA. Edition of Lublin University of technology. — 2015. - Vol. XD(in English).
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YK 669.14.621.135.2
C.A. WuvnuuwmH, O.M. Octaw, B.B. Kynuk, U.®. Kupuy, B.I'. HoBuukun

DUN3NKO-TEXHOSTOrMYECKUA MHCTUTYT MeTannos 1 cnnasoB HAH YkpauHebl, r. Knes
Ten/pakc: (044) 423-15-83, E-mail: odus@ptima.kiev.ua

HOBAA CTAJb ANA XENE3HOAOPOXHbIX
KOJEC C NOBbIWEHHBIM PECYPCOM

HagexHOCTb M 3KCnnyaTauMOHHbIN Pecype Xene3HOAOPOXHbIX PenbcoB U
KOnec MaccoBOro npou3BOACTBa, KOTOpble HaxogaTcsa B Hambonee XecTKUX YCNoBUAX
akcnnyaTauuun 1, rnaBHbiM 0Bpa3oM, onpeaensalT TEXHUKO-IKOHOMUYECKME nokasaTenu
appekTMBHOCTN  paboTbl  KENe3HOLOPOXHOro  TpaHcnopTa, yXe He oTBevaroT
COBPEMEHHbIM TpeboBaHUAM MOBbILLEHHbLIX CKOPOCTEN ABWXEHUS U rPy30NogbEMHOCTU
NOOBWXKHOrO cocTaBa. 3OTO OTHOCUTCA KakK K YKpauHe, Tak W cTpaHam JdarnbHero
3apybexbs. MaBHOM NPUYMHON ABNSETCA NPUMEHEHME ANS MacCOBOro Npou3BOACTBA
KOnec HenermpoBaHHbIX W  HU3KOMErMpoBaHHbIX BbICOKO- W CpeaHeyrnepoancTbIX
nepnuTHbIX cTtanen. B crtanax 3TMX KNaccoB MNOBbILWIEHWE CTaTUY4ECKOW MPOYHOCTU U
M3HOCOCTOMKOCTM 3a CYeT YBEeNUYEeHUs codepxaHus yrnepoga CoOnpoBOXOaeTcs
CHXKEHNEM LIMKITMYECKOM MPOYHOCTUN, CTaTUYECKON U LIMKINYECKON BA3KOCTU paspyLUeHus,
NNacTUYHOCTWN, KOHTAKTHOW BbIHOCIMBOCTHM [1].

Mpn paspaboTke HOBOW KOMECHOW CcTanuM 9SKCnepMMeHTanbHO WuccrnegoBanu
BNUAHWE peXxnma AUCMEPCUOHHOINO HUTPUOBAHAOMEBOrO YMNPOYHEHUS U U3MEHEeHUS
6a3oBoro coctaBa ctanu (ctanb Ne2 no AACTY NOCT 10791:2006) no yrnepoay, KpeMHMIO
N MapraHuy Ha ee MexaHu4Yeckne n pecypcHble CBOMCTBA.

B Tabnuue npnBegeH XMMMYECKUIA COCTaB CTaHA4APTHOM CTanu aHanore n onbiTHON
ctann mapkm KA® ¢ KOMNMEKCHbIM ANCMEPCUOHHBIM HUTPUOHBIM U TBEPLOPACTBOPHbLIM

KpEMHMEM U MapraHueM YNpoYHEHUEM.

Cranb OneMeHTHbIN cocTas, Mac. % (octaTok Fe)

C Si Mn Y N (VxN)+10* Cr S P Al
CranpapTHas | 0,61 | 0,17 | 0,56 | 0,098 | 0,006 | 5,8 0,18 | 0,015 | 0,012 | 0,060
KA® 0,51 | 0,67 |081 |- - 29,8 0,37 | 0,025 | 0,025 | 0,014

OnpeneneHve ONTUMarbHOrO pPeXuMMa [OUCMEPCUOHHOIO  HUTPMABaHAOWEOrO
YNPOYHEHUS MO KONMMYECTBY asoTa M BaHagust B CTanu, KoTopblin obecneymBaeT
3phekTMBHOE MOMOXUTENbHOE BRMSIHAE HA AWUCMEepPryMpoBaHWE ayCTEHWTHOrO 3epHa WU

COCTaBNALWNX PEPPUTO-NEPNIUTHON CTPYKTYPbI, a Takke AUCNEPCUOHHOE YNPOYHEHUE
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deppuTa HaHOPO3MEPHbLIMM YacTMUaMU HUTPUAA BHAAMS, BbINOSHEHO B paboTe [2], a
ONTUManbLHOro TBEPAOPACTBOPHOIO YNPOYHEHUS KPEMHUEM W MapraHueM onpeaeneHsl rno
AaHHbIM paboT [3, 4]. HeobxooMMOCTb CHMXEHUA coaepXaHusa yrnepoga B OMbITHOM
ctann KA® nokasaHa B paboTax [1, 2]. N3roToBneHne ONbITHbIX CTanen npoxoausno B
OQHUX YCNOBUAX WX BbINNABKW, PasfnuBKKU, ropayvero 4edOopMUPOBaHUS N TEPMUYECKON
obpaboTku.

B pesynbTaTe uccnegoBaHuin yCTaHOBMEHO, YTO pa3paboTaHHasa KonecHas ctanb
KA® npeBocxoauT CTaHOApPTHYK MO CNeaylwmM  XapakTepucTukam: MOBbILLEHHOW
NPOYHOCTUN: o2 Ha 260MIMA npu npakTU4eckn OOUHAKOBbLIX MIIACTUYHOCTU U BA3KOCTU
paspylweHns §=19%; KCV*20°C=112 [x/cm? ; noBbllleHHON xnagocTonkoct : KCV npwu
MuHyc 40 °C nosbiieHa ¢ 10,0 go 13,0 [Ox/CM?, MOBLILIEHHON TEMNOCTOMKOCTU:
pasynpoyHeHne npu 100 yvacoBom Harpese npu 600°C cHwmxkeHo ¢ 40% po 30%;
NOBbILLIEHHOM MOYTU B 5 pa3 M3HOCOCTOMKOCTU MPU CYXOM TPEHUU CKonbXeHus n Ha 38%
Npu TPEHUM KayeHus C npocKasb3blBAaHWEM; MOHWXEHHOM B 2,5 pasa CKIOHHOCTU K
0—y—0a (MapTeHCUT) NPeBpPaLLEHUNIO, KOTOPOE ABMNAETCA OOQHOW M3 MPUYNH 0Bpa3oBaHMUS
AedeKToB TMMNa «MON3YHY.

Pesynbtatel  uccrnegoBaHWM — MOKa3blBAlOT — MEPCMEKTUBHOCTb  MPUMEHEHUS
pa3paboTaHHOW HOBOW KOMECHOM CTanu Ans rpy3oBOro MNOABMXKHOIO COCTaBa C
MOBLIWEHHLIM [0 2-X pa3 3KCniyaTauuMOHHbIM pecypcoM, NoBbiweHHONn Ha 15-20%
rpy30noAbeEMHOCTBIO ANns nnaHupyembix 4o 120-140 KM CKOPOCTAMU OBMXKEHUS B Pa3HbIX

KIMMMMaTU4eCKNX 30Hax N reoMeTpun >XeneHoaopOoXKHbIX nyTe17|.

Cnucok nutepaTypbl

1. Ocmaw O.ll., AHOpelko .M., Kynuk B.B. Ta iHW. BTOMHa [OBroBiyHiCTb cTanewu
3ani3Hn4HKuX Kornic // Pisnko-ximiyHa mexaHika matepianis. — 2007. — Ne3. — C.93-102.

2. babackuH KO.3., WunuubiH C.A., Kupdy UN.®. — KOHCTPYKUMOHHbLIE M CheunanbHble
cTtanu ¢ HuTpugHoun pasom — Kues: Hayk. gymka. — 2005. — 371 c.

3. babayeHko A.U., Tozobuukas [.H., Koza4ok A.C. n gp. KoHuenTyasnbHble OCHOBbI
BblbOpa  XMMMYECKOro cocTtaBa CTanu ANns  XKene3HOAOPOXHbIX  konec  //
MeTano3HaBCTBO Ta TepMiYHa 06pobka meTanis. — 2014. — Ne4. — C. 34-48.

4. TaHaka Mowuxapy. BnusiHne XMMUYECKOrOo COCTaBa, BEMWYMHBI 3epHa M CKOPOCTU
OXJlaXOeHNA Ha MexaHM4YecKue CBOMCTBA HU3KOSNErmpoBaHHOW CpenHeyrnepoancTon

ctanu // Tauy To xaraHa. — 1983. — 69, Ne5. — 507 c.
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0.B. WWmaTtko, B.I. Jluxowsa, J1.M. KnumeHko
Di3nKO-TEXHONOTIYHMI IHCTUTYT MeTanis Ta cnnasis HAH Ykpainu, m.Kuis
Ten. 044-424-323-30, e-mail: blacknorfolk@gmail.com

YNCENBLHE IMITALUINHE MOOENIOBAHHA NPOLIECY HATPIBAHHA CTANBHOI
3ArotOBKM KOHUEHTPOBAHUM TEMJIOBUM OXXEPEJIOM MNPU
BE3MEPEPBHOMY JINBAPHO-NMNA3MOBOMY OTPUMAHHI BIMETANEBOI
NOJNocCH

Mpn cydacHux obcsarax cBITOBOro BMpOOHMUTBA NpoAykuii, obnagHaHHsa noTpedye
BMKOPUCTaAHHA 3HOCOCTIKMX MaTepianiB. OcobnmBo roctpo npobrnema CTOiTb B
ripHn4ogobyBHIN  NPOMMUCNOBOCTI, A€ TEexHika npauloe B yMOBax iHTEHCUMBHOIO
abpasumBHOro i yaapHo-abpasmsHoro 3Hocy [1]. OgHuM 3 BapiaHTIB BUpiLLEHHSA Npobnemu €
BUKOPUCTaHHA OimeTaneBnx BMPOOIB, KOMMMEKC BNAacTUBOCTEN SKUX MOEOHYE SK
KOHCTPYKUiWHI, Tak i 3HOCOCTIMKI XxapakTepuctuku. besnepepBHa nvBapHO-NsasmoBa
TEeXHonoria oTpMMaHHs BGiMeTaneBux KOHCTPYKUiN [2] [o3Bonse oTpumyBatu bGimeTtanesi
CMYTU, LLO BMKOPUCTOBYKTbCS AS11 3HOCOCTIMKOrO MOCUIEHHSA KOBLUIB FiPHNYOO00YBHOI i
3eMMAepPUNHOI TEXHIKM.

HeobxigHO YyMOBOIO OTPMMaHHS SIKICHOrO 3’€QHaHHA € OOTPUMAaHHA HeoObXigHUX
TemnepaTypHMX NapameTpiB 3aroTOBKM B MOMEHT KOHTaKTy 3 pigkum meTtanom. [nsa uboro
noTpebyeTbCa NonepeaHin nigirpis CTanbHOI NOMOCHK.

B pamkax po3pobkm nmBapHO-NNa3MoBOI TEXHOMOrT OTpuUMaHHA OimeTaneBux
KOHCTPYKUiN Oyno npoBedeHe iMiTauinHe KOMM'IOTEPHE MOAENIOBaHHA ANA AianasoHy
BUXIAHWX OaHUX BigobpaxeHnx B Tabnuui Ta AOCNIAKEHO TeMnepaTypHUA CTaH CTaneBoi

3aroToBKWM Mig, Oi€0 KOHUEHTPOBAHOro [Xepena TensioBOl eHeprii B Npoueci CKaHyruyoil

00OpobKu.
Tabnuus. TexHonoriyHi napameTpn 06pobkM CTanbHOI NOSIOCKM KOHLEHTPOBAHUM
axepenom
MapameTpbl 3Ha4YeHHs
[ToBHaA NOTY)KHICTb KOHLUEHTPOBAHOro mxkepena, BT 2000 — 12000
[iameTtp nnamun Harpisy, Mm 4-6
[MOB340BXHSA LUBMAKICTb NEPEMILLEHHS 3arOTOBKU, MM/C 3-9
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YacToTa ckaHyBaHHs, 'L 1-7
Poamipn pospaxyHkoBol obnacTi Ix*ly*l,, Mm 70x100x10
MaTtepian 3aroToBku Ct.3

3aJaluncb  3HaAYEHHAM KpPUTUMYHOI  Temnepatypu nosepxHi T >900 °C, sk
HeobXigHMM Ons  rapaHTOBaHOro AWQY3IMHOMO 3'€dHAHHA CTanbHOI  3aroTOBKM 3
po3nnaBoM WO  3anMBaEeTbCs, BU3HA4YeHO  MiHIManbHe 3HAYeHHA  MNOTYXKHOCTI
KOHLUEHTPOBaHOro TennoBoro paxepena — 6 KBT. [Mpn NoOB3OOBXHIA - LIBMAKOCTI
nepemilleHHsa 3arotoBkn V=9 mm/c OBXWHaA TeMmnepaTypHoi 30HM > 900 °C BapitoeTbCA B
mMexax Big 3 0o 10mm. Takum YnMHOM, nroLla 30HM 3 HEOOXiAHMMM TemnepaTypamMm Moxe
pocaraty 700 MM2, LLO € 3a0BINbHUM A1 OTPUMAaHHS SIKICHOTO 3B’A3KY.

BusasneHo, Wo cTanbHa nosioca NporpiBaeTbCsl HEPIBHOMIPHO | TeMnepaTypHe nose
Ma€ YMOBHO CUMETPUYHUI XapakTep BiAHOCHO LEHTPY 30HM 06pobku. HepiBHOMIpHICTb
NporpiBaHHA 3aroTOBKW MOSICHIOETLCA CUHYCOIANbHOK 3aneXHIiCTIO NiHIMHOI LWBUAKOCTI
TENnOBOro [)xeperna BIiAHOCHO 3aroToBkW. [lo Kpasm 30HM 06POGKM NpPOXoauUTb
YMNOBINbHEHHS, WO NpPU3BOAMTbL [O 3HA4YHOro neperpiBy Mmartepiany 3arotoBku Ta i
nignnaBneHHs.

B 3B’A3Ky 3 TMM LLO HarpiB KOHLUEHTPOBAHUM [JKeperioM Tensia HOCUTb floKanbHUI
XapaKkTep CnocTepiraeTbCA 3Ha4yHe NadiHHA TemnepaTtyp MNo Mipi NPOCYBaHHA CTarbHOI
nonocu B 30HY 3anvMBaHHsS pigkoro Metany. [Ons KomneHcauii TennoBux BTpaT Ha
OXONOMAKEHHA HeobXiaHMM BinbnI NeperpiB Hag KPUTUYHOK TemnepaTypord MOBEPXHI.
Ane 36inblEeHHA MNOTY)XHOCTI KOHLEHTPOBAHOro [mpkepena npu3BoAuTb A0 30iNblUEHHSA
rpagieHTy TemnepaTyp MK LLEHTPOM i Kpasmu 30HM 00pobku. [onepegHin o6’eMHui
nigirpiB ~ 3aroTOBKM nepeq CKaHYlYUMM HarpiBaHHSAM Cnpuse 3MEHLLEHHIO nepenagis
TemnepaTyp B 30Hi 06pobkM Ta LO3BOMSE YHUKHYTU BMKOPUCTAHHA OOnagHaHHS BMCOKOI
NOTY>XHOCTI.

Cnucok nitepatypm

1. bBpbikoe M.H. WM3HOCOCTOMKOCTb CTaneM Wu 4YyryHoB npu abpasvBHOM
n3HawmeaHun: Hay4yHoe nsgaHue / M.H. Bbpoikos, B.I'. EdbpemeHko, A.B. EdpemeHko. —
XepcoH: N'puHb O.C., 2014. — 364 c.

2. lNaTeHT YkpaiHn Ha kopucHy mogenb UA Ne54486, B22C 19/00. Cnocib
OAEpPXXaHHA 3HOCOCTIN- Knx 6araTowwapoBmnx meTtanesmx sunmekis / Jluxowsa B.I1., Hanagek
B.Nl., Kapuukoscbkuii [1.M., MenikaH O.A., nywkos [O.B., HapgawkeBud P.C. - Ne
u201005922; zaaen. 17.05.2010; ony6n. 10.11.2010. — Bron. Ne 21/2010.
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OOEPXAHHSA WWNTbHUX HAHOKOMMNO3UTIB HA OCHOBI BPOH3 3MILHEHUX
ANCNEPCHUMU OKCUOAMU | KAPBIOAMMU

B pob6oTi gocnigKyBann BMAAMB TEXHOMOMYHMX PEXUMIB. Ha LWINbHICTL 3paskiB
KOMMNO3UTIB 3 HaHOPO3MIPpHUMW 3aMiHOBadYamMu KapbigiB Ta OKCUAIB, OAep)KaHuX 3a
TEXHOMNOrYHMM pileHHAM onucaHum B poboti [1]. CTaneBe OCHaLLEHHA B BUNagky
popMyBaHHSA KOMMO3ULIMHOro wapy Ha ocHoBi bBpO10d1 po3amilyoTb MIKPO-HAHOrpaHynu
Ha ocHoBi nopoLwky bpO10®1, a B BunagKy popmyBaHHS KOMMNO3ULINHOMO LLAapy Ha OCHOBI
BpA9XK4 — nopowkn migi Ta antomiHito B nponopuii 1:10. [NonepegHb0 Ha MOBEPXHIO
MIHOr0 MOPOLLKY HaHOCUNWU HAHOPO3MPIHUW 3MILHIOBaAYi, @ Ha MOBEPXHIO antoMiHIEBOro
MOPOLLKY rekcaxfiopeTaH, LAAXOM NOro po34YMHEHHSA B eTUITIOBOMY CnMpTi B KinbkocTi 0,5
mMac. % BIiQHOCHO Macu TMOPOLLKY artoMiHilo, 3 HACTYNHOK CYLUKOH MPWU KIMHAaTHIN
Temnepartypi. KomnosuuinHa 3aroTiBka niggaBanacsa nonepegHboMy  rapsyomy
NpecyBaHH, Ta HACTYNHOMY MiYHOMY HanmaBfeHHo, ANnS (OPMYBaHHSA MiLHOro
aaresiviHOro 3B’s3Ky MK LWapamMu maTepiany, Wwo 3abe3nevyeTbCcs LUMPOKOK NepexigHo
ANAY3INHOK 30HOI0.

[na npouecy nonepedHbOl KOHcoMigauil MaTpuui LUNAXOM rapsyoro npecyBaHHS
BCTAHOBIOBANM ONTUMarbHi PEXUMU HarpiBy, i30TEPMIYHOI BUTPUMKKU, NPECyBaHHA Ta
NiYHOT HanMaBKW, SKi 4O3BONUIIM OAEPXYBaTU LWap 3 MaKCUMAaITbHOK LUISTbHICTIO.

Ons wmatepiany Ha ocHosBi BpO10®1, onTMmManbHUM pexumMoM nonepeaHbol
TepMidHOi 06pobkn € Harpie go 450 °C 3 Butpumko 15 xB. [na maTepiany Ha OCHOBI
BpA9>K4, onTumanbHUM pPeXrUMoM nonepeaHbol TepmivyHoi 0b6pobkm € HarpiB go 500 °C 3
BUTpUMKOI 10 XB.

Ona wmartepiany Ha ocHoBi BpO10®1 ©Oyno BCTaHOBNEHO, WO MpU 3MiHi
HaBaHTaXeHHs npecyBaHHA Big 8 go 20 Mlla Ta 4vacy sutpumkm Big 5 o 20 xs;
NMOPUCTICTb 3aroTiBKM 3MiHIOTLCA B Mexax 31-23 %, onTUManbHUM PEXUMOM rapsiyoro

npecyBaHHs € HaBaHTaxeHHa 17 Mla 3 Butpumkoro 15 xs.
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[Ons maTtepiany Ha ocHoBi BpA9XK4 6yno BCTaHOBMAEHO WO, OMTUMasbHUM
PEXMMOM rapsiyoro npecyBaHHs € HaBaHTaxeHHs 20 Mla 3 sutpumkoro 10 xB.

Ons WKM 3 dyHKUiOHanbHMM Wwapom Ha ocHoBi bpO10d1 6yno BCTaHOBMEHO, WO
npwn 3MiHi Yacy i TemnepaTypu MiYHOI HanNnaBKM MOPUCTICTb MaTepiany 3MiHTbLCSA Big 8
10 3 %. OnTumManbHUM pexxMMomMm nivHoT Hannaeku € Harpis 4o 1100 °C 6e3 BUTPUMKN.

Ona WKM 3 cyHKUioHanbHMM Wwapom Ha ocHoBi BpA9XX4 6yno BcTaHOBNEHO, WO
npu 3MiHi Yacy i TemnepaTtypu MivYHOI HanMaBKM NOPUCTICTb MaTepiany 3MiHIOTbCS Bif 4,6
00 1,3 %. OnTumanbHUM pexxMmMomM MiYHOT Hannaeku € Harpie 4o 1150 °C 3 Butpumkoro 10
xB (puc.1).

CepegHa wupuHa nepexigHow 3oHM B LWKM npu 3actocyBaHHi onTMManbHUX
pexXxnMiB KoHconigauil wapie cknana 25 MkM Ta 63 MKM gns maTtepianis 3 KOMAO3ULINHUM
Lapom Ha ocHoBi cnnaeiB cuctem bpAX ta BpO® BignosigHo.

MeTtanorpadivHi AocnifXeHHs BUABMAN, WO 3 36ifbLUEHHAM 4Yacy i30TepMivHOI
BUTPMMKM MpU NiYHIN Hannasy,i, 36inblwyeTbCca po3mip 3epeH matepiany, ansa KM Ha oCHOBI
BpA4>X9 3 3% kapbigie Bonbcpamy edekT 36inblleHHA po3Mipy 3epHa Marxke

HiBENbOBaHUM i€0 HAHOPO3MIPHOro 3MiLHKOBaYa.

v * 1250°C
1250°C
- el 1200°C
80 o nooc 49 %/
60 30 1150°C
150°C
1100°C
20

] 10

lNopucmicme

00 00
Oxe Sx 102 1518 Oxe 5x8 10xe 15x8

Yac 06pobku, xe
Puc. 1 — 3anexHicTb NokasHMKa NMOpUCTOCTi KOMNO3ULIMHOIO Wapy Big YMOB MiYHOI
06pobku (a — KM Ha ocHoBi BpO10®1; 6 (a — KM Ha ocHoBi BpA9XK4).

Cnucok nitepatypu

1. Shcheretskyi V.O., Zatulovskyi A.S., Shcheretskyi O.O. Formation of
tribotechnical composite layer on the base of Cu-Al-Fe system reinforced with nanosized
particles by liquid phase metallization method // Book of abstracts International research
conference “Nanotechnology and Nanomaterials” NANO-2018, ISBN: 978-966-97694-0-4.
—2018. - P. 212.
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NIABULWEHHSA CMNIHIOOYOI AKTUBHOCTI MIHOMOMICTUPONOBUX MPAHYI
ONA BUrOTOBJIEHHA MOAEJEWN, WO FA3U®IKYIOTbCA

Onepaudii nonepedHbOro CniHWBAHHA | akTuBauil rpaHyn nonictupony €
HEBiJ'EMHOI0 CKIMafoBOK TEXHONOTII NMUTTA 3a MoAensaMu, Wo ra3ndikyrotses (JITM). BoHu
NPOBOAATLCA 3 METOK peryntoBaHHA ryctuHU 'M i 3Ha4HOO MipO0 BU3Ha4YalTb AKICTb SK
camoi 'M, TaK i BUnmMBKa. ICHye npsima 3anexHiCTb MiXK YACTOTOK MNOBEPXHi, PO3MiPHO0
TOYHIiCTIO, MiuHicTio M Ta 1i o6’emHOO Macow. B npoueci ontumisauii TpuBanocTi
nonepeaHLOro CMiHIBaHHSA | akTMBaLil OAHOYaCHO PO3B’A3YI0TLCSA [ABi OCHOBHI 3ajadi — 3
ogHoro Ooky HeobxigHo oTpumatm M 3 MiHIManbHOK TYCTUHOW, LWO B CBOK 4epry:
1)003BONAE €KOHOMUTU MOAENbHUIA MaTepian, 2)CNpUsie 3HWKEHHIO KiNbKOCTI MPOAYKTIB
TepMogecTpyKuil B npoueci 3anutTa ¢opmu, WO pearyioTb 3 MeTanoM BUNUBKA |
BUOINAIOTECA B HABKOMULLIHE CcepefoBullle, a 3 IHWOro — BUKIKOYUTA HaWMEHLUY
MOXNUBICTb Aedopmadii cuctemn “metan-moaens-opma”, LWo HEMOXNNBO 3abe3neunTu
©e3 'M 3 BignoBiAHNMN MILHICHUMW BNAacTUBOCTAMM. 3rigHO TPaAWULINHOI TEXHOMOrII nicns
HarpiBaHHS | BUTPUMKM MPOTArOM 3a[aHOro 4acy CriHeHi rpaHynvM OXOnoKylTb Ha
NnoBiTpi, B pe3ynbTaTi 4oro nosiiMepHa OCHOBa rpaHyn rnocTyrnoBO 3 B’A3KOMSIMHHOIO CTaHy
nepexoamTb B CKIIOMOAIOHMI, a CMiHIOKYNI areHT KOHAEHCYETLCS, CTBOPKOOYN MPU LbOMY
B KOXHIN KOMipLi rpaHynn BakyyMm. [0ns Toro, wo6 cniHeHi rpaHynu Hambinblw edekTUBHO
MO BUKOPUCTATK CBi NOTeHLUian Ha eTani 3aBepLluanbHOro OpMyBaHHS KOHrinomepary
rpaHyn B M, BOHWM niggoawTbCa JOCUTH TPUBAriomy npoLecy BUTPUMKU, SKUA CNpUsie
Andysii NoBITpA BcepenuHy KOMIPOK rpaHyn. B iHWoMy Bunagky 3HadHa KinbKiCTb
3anvLIKOBOro NopoyTBoptoBada byae BMKOpUCTaHa He Ha PiCT rpaHyn, a Ha KoMneHcauito
MPUCYTHLOrO B HiM Bakyymy. KpiM TOro, aktuBauis CRiHEHWX TrpaHyn Ha MnoBiTpi
CYNPOBOXKYETLCH TAKOX MPOLECOM, WO NPOXOANTb B 3BOPOTHBOMY HanpsMKy: OUdysieto
3anuvLLKOBOro NopoyTBOploBava (B SKOCTI SIKOFO BUKOPUCTOBYKOTb PEYOBUHU 3 HU3BKOK
TemnepaTyporo KuNiHHA tkun=26+30 °C) 3 rpaHynu, Wo HeraTMBHO BMMBAE Ha 11 CRiHIOYY

aKTUBHICTb, SIKa XapaKTepu3yeTbCs KoeiuieHTOM cniHoBaHHA Ks, WO BW3HAYaETbCS
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cnisBigHOWeEHHAM o06’emy cniHeHOi g0 o6’eMmy noyaTkoBOi rpaHynu. Ockinbku npu
HE3MIiHHI MONeKynspHin Maci niHononicTupony NoTpibHy MiyHicTe TM npy MiHIManbHIN
gonyctmmin - ryctmuHi M MoxHa 3abe3neunmtM 3a paxyHOK Oinblioro  BMICTY
nopoyTBoptoBaya, BigMoBIi4HO €KOHOMHE MOro BUKOPUCTaAHHSA Ha eTani aktusauil € AieBuUM
CnocoboM A0CArHEHHsI NocTaBneHol MeTu. MNMPUCKOPUBLLM MPOLIEC OXOMOOXKEHHS rpaHyn,
AKMA MOXHa 34INCHUTU HU3bKOTEMMEpaTypHOK OOPOOGKOK B XONOAMMBHIA YCTaHOBL
ogpasy X nicna BUWUMaHHA 3 nigcniHlBaya, TUM CaMUM CKOPOYYKOTb TpMBanicTb
nepebyBaHHs rpaHyn B TemnepartypHomy iHTepBani 100+26 °C. lMonimepHa CTpyKTypa
rpaHynu weungLlle ikCcyetbcs, nepexoasym B CKNonogibHM ctaH, CTBOPKOKYM TUM CaMUM
A00aTKOBI NepeLlukoan Afs BUBISIbHEHHS MopoyTBoptoBayva. [MopiBHAMBHI eKCnepuMeHTn
3anuLIKOBOro BMICTY NOPOYTBOPKOBaYa B CMiHEHUX rpaHyrnax 3a 3Ha4YeHHSAMU KoedilieHTIB
NMOBTOPHOrO CMiHIOBaHHA 403BONUAM BCTAHOBUTHU, LLIO BUTPUMKA Npu TemnepaTtypi -60 °C
NOPIBHAHO 3 TPaAULINHOK BUTPUMMKOK Ha MOBITPI Ao03Bonufa 3HU3UTU  BTpaATU
nopoyteoptoBada Ha 0,1+0,5 % npu wnoro BMicTi B noyaTkoBoMy nosictuponi 7%.
3HWXKEHHA rycTuHU (Ha 4+7%) 'M, BUrotoBneHnx 3 rpanyn, o6pobneHnx npu Temneparypi
-60 °C, cnpusie 3MEHLUEHHIO BenuuuMHu ycagku M, Wwo NOSsICHIETBCA nocnabneHHAM
CTUCKaUMX 3yCUrb MoniMepHOl OCHOBM rpaHyn. [ligBuLLeHnn BMICT nopoyTBoptoBaYva B
aKTOBOBaHMX rpaHynax npu TemnepaTtypi -60 °C € npuumHo  36inblUEHHS
BHYTPILUHbOKOMIPKOBOrO TUCKY i, SIK pe3ynbTaT, MOKpalleHHA <HKOcTi nosepxHi M.
3HayYeHHs MILHOCTEN Ha CTUCKaHHSA | BUTMH npu 1 %-Bin gedopmaldii 3paskis, BUPi3aHUX 3
M ryctnHoto 25 kr/m3, cknanu BignosigHo 0,12 MMa i 0,15 MMa, wWo nepeBuLLyOTb
HeobXxigHi 3Ha4YeHHs1 MmiuHocTen 'M 3rigHO TexHonoriyHMX BuMor. NpoBeaeHi AocnigXeHHs
A03BOSIAI0Tb 3pobuTK BMCHOBOK npo NepCcnekTUBHICTb 3acTocyBaHHSA
HU3bKOTEMMNEpPATYpHOI 06pOOKM Ons  NiABULIEHHS  CMIHIOKYOI  aKTUBHOCTI  rpaHyn

NiIHOMONICTMPOSY 3 METOK OTPUMAHHSA MiLUHUX M 3 MEHLLO ryCTUHOLO.
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®U3UKO-XUMUNYECKUE NPOLIECChI B OTNIUBKAX NMPU U3HOCOCTOUKOM
NOBEPXHOCTHOM NNIETMPOBAHUU NOBEPXHOCTH

BonblINHCTBO AeTanen N3roToBsoT C UCMOSb30BaHMEM NUTLIX 3aroTOBOK, TO €CTb
oTnNuBOK. Cpok cnyxbbl nNUTLIX AeTaneh B 3HAYUTENbHOW CTeneHu onpegenset
HaOEeXHOCTb MaLUVH U NX NPOU3BOAUTENBHOCTb.

[ns OOCTUXEHUS BbICOKMX MOBEPXHOCTHOW MPOYHOCTU U M3HOCOCTOMKOCTWU JIUTbIX
petane B MaLUMHOCTPOEHUU WUCMONb3YIT pasfinyHble BuAbl 06pabOTKM:  XMMWKO-
TEPMUYECKYIO, Na3epHy0 U Ap., a Takke 9NeKTPOXMMUYECKME MOKPLITUS N crieunarbHble
HannaBKW. YCTaHOBSIEHO, YTO TEXHOMOMMWU W3roTOBMIEHUS OTIMBOK C WUCMONb30BaHUEM
06BbEMHOro nerMpoBaHusa CnnaBoB Aaneko He Bcerga cebs onpaBabiBalOT, @ BO MHOMMX
crny4yasix 3KOHOMWYECKM He BbIrOAHO, MOCKOMbKY nulb Hebonbllas TOmMwWMHa Takux
petanen W3HaWKWBAETCH WM OKUCNSeTCs BCNeacTBUE BHELWHUX BO3AEWCTBUN, YTO
NPUBOAUT K HeornpasdaHHbIM pacxofdam AOpPOrnx nernpyrowmx 35IEMEHTOB, B COCTaBe
BbICOKONErmMpoBaHHbIX CrsiaBoB.

lMepcnekTMBHbIM HarnpaBfeHneM pasBUTUA TEXHOMOMMW MOMydYeHUs OTMMBOK C
AndpepeHUMpoBaHHbIMU CBONCTBAMU ABMNSETCA NOBEPXHOCTHOE NernposaHne, KOTopoe
3aKn4yaeTca B NPUMEHEHUU KPacoOK M MNacT, HAHOCUMbIX Ha MNOBEPXHOCTb NUTENHOWN
dbopMbl Nepe 3anvBKOW ee yrrepoancTbiM pacriaBoM.

ABTOpamMu nccrneaoBaHbl NPOLECChl M3HOCOCTOMKOro MOBEPXHOCTHOrO NermpoBaHus
C WCNONb3OBaHMEM HEKOTOpbIX (eppocnnaBoB, B COCTaB KOTOPbIX  BXOAAT
KapbuaoobpasyoLmne afemMeHThbl.

M3yyeHo BnusHue kKapbugoobpasylowmx 9SNemMeHTOB, BXOASAWMX B COCTaB
CpaBHUTENBHO AelleBblX (PeppocrniaBoB, Ha MNPOLLECChl NMOBEPXHOCTHOIO JierMpoBaHus
OTNNBOK B NnTENHOM hopme.

TeopeTnyeckum 1M NpakTM4eCcKNn UHTepec NPeacTaBfsalT UcCrneaoBaHWe KpUBbIX
OXNaxaeHnn He Joporux deppocnaBoB C LUeSbio  onpeaeniutb BO3MOXHOCTb  UX
MCNONb30BaHUA ANs MOBEPXHOCTHOrO JermpoBaHus. AHanM3OM KPUBbLIX OXNaXK4eHWn
YCTaQHOBMEHO, 4TO MCMNOMb30BaHWe [aHHbIX deppocnnaBoB LenecoobpasHo Ans

NOBEPXHOCTHOIO JiermpoBaHUA. ,D,J'IFI BCeX KOMMOHEHTOB o4eBMUOHOE NX pacniaBiieHne noa
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AENCTBMEM TemnepaTypbl pacnnaBa, MOCKOMbKYy WX TemnepaTtypbl  NnaBreHus
3HAYNTENBbHO HWXE TemnepaTypbl NNaBneHnsa xenesa. PacnnaBneHve nermpylowmx
MOKPbLITUA  NOATBEPXKAEHO  BU3yaribHbIM  aHaNM30M  MOfyYeHHbIX obpasuoB. B
COOTBETCTBMM C cCofep)XaHueMm yrrnepoga Temnepartypa nnasneHus deppomMapraHua
1200 °C gnsa ®MH78 n 1240 °C — ®MH1,5. AHanorn4yHasa cutyaumst n ¢ beppoxXpoOMOM:
1580°C — ®X800 m 1620°C — dX015. AHanu3 KpuBbIX OXNaXOEHWs MoAaTBepxaaeT
npeablaywne aaHHble aBTOPOB paboTbl OTHOCUTENBHO TOMLWMHBI JIETMPOBAHHOIO Crnosa oT
MaTepuana nokpbITUA B 3aBUCMMOCTU OT TeMMNepaTypbl NIIaBeHNs NOKPbITUS.

C yBenuyeHmem pasmepoB (PpakLmm KONMYECTBO NernpyroLwero noKpbiTUs, KOTopoe
He pacnnaBuIioCb, YBENWYMBAETCS, a TOMWMHA NEermpoBaHHOrO Crosi yMeHbLuaeTcs.
Taknm o6pa3om, ANA MNOMHOrO pacnnaBfieHUs NerMpylowero nokpbiTUS Ha OCHOBE
MapraHua HeobxogMmo noBbilWaTh TemnepaTypy pacnnasa pgo 1620+10 °C n
yBENMYMBaTbL CKOPOCTb  3arnoSfiHEHUS NUTENHOW (opMbl  ONA  COXPaHEHUA  ero
TennocoaepXaHusi.

Takmm obpasomMm, [Ans  M3HOCOCTOMKOrO MOBEPXHOCTHOrO  fermpoBaHus  C
9KOHOMMYECKOWN TOYKM 3peHns uenecoobpasHo ncnonb3oBaThb Aellesbln
BbICOKOyrnepoauctbii eppomapraHey, ®MH78, koTopbii obecnevnBaeT CTabunNbHOCTb
npouecca NOBEPXHOCTHOrO fermpoBaHMs U cnocobcTByeT 0Opa3oBaHWMI0 NermMpoBaHHOro
CNnos 4OCTaTOMHOW TOSMLUHbI.

PacnpenenexHne Mn n Fe nokasbiBaeT, YTO B NNErMPOBaHHOM Crioe 06pa3oBbIBaETCA
AocTaToyHoe KonmyecTBo KapbugoB Mn, 4TO noaTBepxaaeT MOBbIWEHWE TBepOoCTU
nernposaHHoro cros Ao 3 mm. [Janee B rnybuHe cnos TBEpAOCTb NajaeT BCneacTBue
mManon aunddysmm mapraHua B CTPYKType >xenesa, 06pa3oBbiBasi TOMbKO TBEPAbIN
pacTBoOp, BCNeacTBUE NPOMNUTKU XXUAKUM METasnsoM.

BrnivsHue yrnepoada, KOTOpbIM MpUCYTCTBYEeT B doeppomapraHue cnocobctByeT
obpasoBaHnto KapbuaoB BbLICOKOW CTENEeHW [UCNEPCHOCTWU, KOTOpble MNPEensiTCTBYOT
NPOTEKaHUIO MPOLLECCOB pekpuctannmsaummn. Takke YCTaHOBMEHO, YTO MapraHey,
obnapaet andyamen B agnanasoHe Temnepatyp 1050...1450 °C

CnepoBaTenkeHo, ans N3HOCOCTOMKOrO MOBEPXHOCTHOrO  ferMpoBaHus
LenecoobpasHo UCNonb30BaTh BbICOKOYINEPOAMCTbIN heppoMapraHel, YNCTbIN MapraHel,
Mapkn MH965, mexaHu4eckme cMmecu kapbugoobpasyowmx aNeMeHTOB UM XMMUYEeCKne

coegnHeHnd nermpyrowmnx afieMeHToB.
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BUCOKOXPOMUCTI HABYHU ONA POBOTU B EKCTPEMAJIbHUX YMOBAX

Y BITUM3HAHIN | 3apyBiXKHIN NpakTULi HAKONMMYEHUIN 3HAYHUI OOCBIA 3aCTOCYBaHHS SK
3HOCOCTIKMX MaTepianiB, WO MNpaulTb B YMOBaxX iHTEHCUMBHOro abpasmBHoro abto
rinpoabpasnmBHOro 3Hocy, 6inMx YaByHIB 3 BUCOKMM BMICTOM XpOMY Ta Mapraduto. lNpoTte
Taki YaByHW MatoTb BIGHOCHO HEBUCOKI 3HOCOCTIMKICTb | MeXaHiYHi BNacTUBOCTI, CXUMbHI 4O
YTBOPEHHSA TPILLUMH Y BUNMBKAX nifg Yac Kkpuctanidauii metany abo tepmiyHoro o6pobneHHs
BUNmMBKIB. [MOWyKM HOBUX, €dEeKTUBHIWMX | AeleBwunx cnnaeiB ans pobotn B
ekcTpemarnbHuX ymoBax abo yOOCKOHaneHHs icHytumx 6e3 nigBuLieHHs cobiBapTOCTi
NpoAaYKUiT NMMBApHUX LiEXIB, € 3aBOaHHAM aKTyaslbHUM.

[MpoTe, aHanizoM nitepaTypHUX JaHUX 3 LbOro NMUTaHHA YCTAHOBIMEHO, LLO CbOroAHi
OAHO3HAYHOI YiTKOI BIANOBIAI LWOAO0 BNIMBY CTPYKTYPHUX CKMNagoOBUMX Ha 3HOCOCTIMKICTb
cnnasiB HEMaEe.

Y poboTi po3rnsHyTO NEepCnekTUBHICTb BUKOPUCTAHHS BUCOKOSIEroBaHMX YaBYHIB 3
kapbigamm Tuny Me7Cz Ta Me23Cs ana BupobHMUTBaA NUTUX geTanen, wo npauioTb B
YMOBaX iHTEHCMBHOIO 3HOCY.

OpepxaHHA Takoro KOMMMEKCY BracTUBOCTEW MNPAKTUYHO HEMOXMIMBO Hi B
O4HOA3HOMY OAHOKOMMOHEHTHOMY, Hi HaBiTb y ©araTOKOMMOHEHTHOMY cnnasi, ane
LiNIKOM MOXITMBO B MakCcMMarnbHO reteporeHHomy. [pu ubomy Tpeba BpaxoByBaTtu, LLO
ANS PiI3HUX YMOB BMSIMBY HaBaHTaXeEHb, LLIO CNPUAOTbL 3HOCY, ONTUMaribHa 3HOCOCTINKICTb
CTBOPIOETLCA 3a PI3HUX, ane XapakTepHUX ANs  KOXHOrO0 KOHKPETHOro BMNAAKy,
CTPYKTYPHUX CKIagoBUX Cnnasy.

[ocnigkeHo BNNMB XPOMY Ha BNAacTUBOCTI 3HOCOCTIMKOrO YaByHy B Aiana3oHi Noro
KOHUeHTpauin Big 4,5 0o 31,6% 3a Bmicty B meTani 6insa 3,0% Byrnewto.

Bigomo, Lo XPOMMCTI YaBYyHWU oe3 [00aTKOBOro neryBaHHs
ayCTEeHITHOCTabinisyBanbHMMN €fneMeHTamMn MalTb HU3bKy MNpOrapToBYBaHiCTb, TOMY
BUXiAHWA 4YaByH BwmiwysaB popatkoBo 4,0...5,0% Mn. Takum BMIiCT MapraHuio B
XpoMomapraHuesux Binnx yaByHax 3 kapbigamu Me7Cs 3abesneyye nporapToByBaHiCTb
BUSIMBKIB 3 €KBiBaNIEHTHOK TOBLUMHOK CTiHKM 0 350 MM, TOOTO NpakTUYHO Oyab-SIKUX

BUIMBKIB, LLO BUIOTOBIISKOTb \ I'IpOMI/ICJ'IOBOCTi.
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BigHOCHY 3HOCOCTINKICTE TYT i gani BM3Hayanu B rigpoabpasvBHOMYy cepeoBuLLi 3
BUKOPUCTaAHHAM Kap’€pHOro nicky. Ak eTanoH AN NopiBHSAHHS BUKOPUCTOBYBaNM 3pasku i3
cnnasy 280X28H2.

YcTaHoBNEeHo, WO NiABULLEHHA KOHUEHTpauii xpomy B 4aByHi Big 4,5 go 21,0%
CYTTEBO MOKpaLLye WMOro ekcnnyaTtauiHi BRacTUBOCTI, OCKINbKM KiNbKIiCTb Kapbigis
LEeMEHTUTHOro TUNy 3MeHLWYETLCA BHACNIAOK YTBOPEHHSA cneuianbHux kapbigis xpomy (Cr,
Fe, Mn);Cs 3 Buwol MikpoTBepaicTio. lMpn uboMy eBTekTUKa nenedbyputHoOro Tuny
MOCTYNOBO BUTICHAETLCA E€BTEKTUKOK 3 pOo3ranyXeHUMu LUCNEeproBaHUMU CKNagHUMU
kKapbigamu, sika 3Ha4yHow Mipoto Bignosigae npuHumny LWapni. MigBuweHH0 TBepAoCTi Ta
3HOCOCTINKOCTI 4YaByHy crpusie 306inblUEHHS KiNbKOCTI Ui€i €BTEKTUKM W 3MEHLUEeHHS
KINbKOCTI ayCTEHITY.

MigBULWEHHA KOHUEHTpaUil Xpomy B 4aByHi noHag 21% npu3BoauTb OO MOSIBU B
CTPYKTYPi KpYnHUX 3aeBTekTu4Hux kapbigis tuny Cr7Cs Ta A0 36inblIeHHS KifbKOCTi
neroBaHoro XxpoMom pepuTy, O 1 3HUKYE 3HOCOCTIMKICTb CnriaBy.

Kapbign CrzCz KpucTanisyloTbCs y BUIMsAi AOBMMX rofikonogibHmx LecTUrpaHHuKIB.
Taki kapbign 3HMXYTb 3HOCOCTIMKICTL 1 0COBNMBO MILHICTL BUMMBKIB, XO4a TBEPAICTb
cnnasy npu LbOMY MiABULLYETLCS.

OTxe, ONA odepXaHHs XPOMOMapraHueBMX YaByHIB 3 BUCOKOK 3HOCOCTINKICTHO
(Buwoto, Hixx YaByHy 280X28H2), BoHM MaloTb BMillyBaT B cBoeMy ckragi Big 8 oo 30%
Xpomy.

[MpoTe 3 ypaxyBaHHAM NMOBHOINO KOMMMEKCY NIMBAPHUX, MEXAHIYHUX, eKCryaTauinHnX
Ta EKOHOMIYHMX TMOKa3HMKIB  OOUISbHILLIMM  Adiana3oHOM  KOHUEHTpaui Xpomy Yy
BMCOKOXPOMMCTUX YaByHax cnig Beaxatun 15...25%.

MapraHeub cnpusie ctabinizauii aycTeHiTy y BWUCOKOXPOMUCTOMY 4YaByHi. 3
NiABULLEHHSAM BMICTY MapraHLo B YaBYHi TBEPAICTb CrnsiaBy 3HMXKYETLCA, O NOACHIOETLCA
36iMbLUEHHAM KiNbKOCTi 3anvLIKOBOrO ayCTeHiTy B OCHOBI MeTany Ta noro crtabinisauieto.
Kpim TOro, mapraHeupb MigBULLYE PO3YMHHICTb BYrneuw B y-3anisi, WO npu3BoauTb A0
3MEHLLEHHSA 3aranbHOI KiflbKOCTi KapbigiB xpomy.

3a pesynbTtatamu poboTu, MOXHa BBaXaTu O B XPOMOMapraHueBuX YaByHaX KOXeH
BiCOTOK MapraHLto Moxe 3HWKyBaTn BMICT kapbigHoi dasn Ha 1,0...1,4%. 3HOCOCTInKICTb
cnnasy Npu LUbOMY 3MEHLLYETLCH — yXKe 3a BMICTy MapraHuto 6ina 9% BoHa CTae MeHLLOoto,
HX cnnasy 280X28H2.

TakuM 4YMHOM, ANS AOCArHEHHS BMCOKOI 3HOCOCTIMKOCTI XpOMOMapraHueBi YaByHU

MaloTb BMiLLyBaTK B cBOeMY cknagi Big 15...25% xpomy Tta Big 2,0 oo 9,0% mapraHugo.
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YK 621.74.04:621.763
B. B. Acwokos, T. B. JlbiceHko, A. A. BoHaapb

Opeccknin HauMoHanbHbIM NONNTEXHMYECKM yHUBepcuTeT, Ogecca

ANPDPY3NOHHDbIE NMPOLIECCHI B KOMINO3ULMNOHHBIX OTIIMBKAX

PasBuTtne otpacnen HOBON TEXHUKM (aBMaLMS, BbICOKOTEMMNEPATYpPHAs dHEPreTrKa,
peakTopocTpoeHne 1 Ap.) NPUBENN K HOBbIM TpeboBaHUAM, NMpU KOTOPbIX HEODXOOUMBIN
KOMMJSIEKC CBOWCTB He MOXeT OblTb obecneyeH U3BeCTHbIMWU cnriaBamu. [ns pelleHus
9TOM  3agaun  uenecoobpasHo ucnonb3oBaTb  MeTod  dopmoobpasoBaHus  —
KOMMO3MLUMOHHOE INUTLE, uMmewnin 6onbline noTeHuManbHble BO3MOXHOCTU. 3TO
AOCTUraeTCa CUHTE30M OTAENbHbIX ANIEMEHTOB, M3rOTOBMNEHHbIX Hanbonee apdekTUBHLIM
ANS JaHHOW feTann MeToaoM WM YyAOBIETBOPSAOLWMX IKCNNyaTaunmoHHbIM TpeboBaHNAM.
Takne 3nemeHTbl, YCTaHOBMEHHble B JIMTEMHYO OpMy, Mocne 3asnMBKU KUOKUM
MeTannoMm Ob6beauHSITCAS B eOuHoe  uenoe —  KOMMO3ULMOHHYK — OTIMBKY.
KoMnosnunmoHHoe nnTbE MO CBOEW NpUpoae reTeporeHHo, 4YTo MNo3BonsfeT nofyvaTb
cnyxebHble CBOMCTBA HOBOro KayecTtBa, HeOOCTYNHble OM9 OTAEeNbHbIX 3f1EMEHTOB,
COCTaBNAKOLWMX KOMMO3MUMio. JIuMuTupyowmnmMm 3BEHOM 3TOro npouecca SaBndeTcs
obbeauHeHne oTAeribHbIX 3MEeMEHTOB B e€AMHOEe Lenoe pacnnaBsoM u dopMmupoBaHue
Ka4eCTBEHHbIX CBA3eW are3voHHOro, MexaHuyeckoro, ANdY3NMOHHOro XxapakTtepa. B
KayecTBe TBepAblX 3MEMEHTOB pacCMaTpuBalOTCA MOPUCTbIE MeTannokepaMmmyeckme
o6onoykn (MMKO), nonyyaemble wmeTogom TBepaodasHoro cnekanua [1]. [pwu
TBEPAOMA3HOM CMEKaHUN MeTanIMYecknx NOPOLUKOB BO3MOXHO YNpaBnsTbe XMMUYECKUM
COCTaBOM [UCMEPCHOM cpefbl, rpaHyrIOMEeTPUYECKUM COCTaBOM, CeUMEHTaLMOHHON
YCTOMYMBOCTLIO CYCMeH3un, napameTpamm obxura, nopucTtoctblo. KoHconuaauus
n3genus  NpPoMcxoguT MpyU  «CamMOMNpPOU3BOSIbHOMY»  YMMOTHEHUM MOPUCTOro Tena,
00yCrnoBNeHHOM TeHOEHUMEN K YMEHbLUEHUIO CBOOOAHON MNOBEPXHOCTHOW 3JHEPruu;
KMHETMKa npouecca onpenensieTcss CKOPOCTbO BA3KOrO TeyeHus. ITOT npouecc
ocylwlecTBndeTcsa nog AeNcTBMEM  KanumnsipHOro  OaBfieHusi, MPUIIOXEHHOro K
NCKPUBNEHHBIM y4acTkaM cBO6OAHOM NOBEPXHOCTU AucnepcHomn dasbl [2].

B peanbHbIX TEXHONMOMMYECKMX YCNOBUSAX CrekaHue MOPOLLKOBbLIX MaTepuarnos
npoTtekaeTt ¢ y4eToM Anddy3nm, XMMNUYECKNX NPOLIECCOB Ha rpaHuue pasgena v rasoBown

cpeabl, B KOTOpOVI nponcxognT cnekaHue. I'Ipou,ecc cnekaHnA YCIoBHO pa3fendeTcd Ha
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Tpu cTagun. Ha HavanbHOM CcTaguu NPOUCXOAUT yOareHUe OpraHukM U npunekaHue
MOPOLLKOB C YBEenMYeHMeM Mrowann KoHTakTa Mexay Humu. KnHeTudeckas Kpuas
OFHEBOW YCadKM XapakTepu3yeTCsi BbICOKOW CKOpPOCTbIO, YTO creayeT yuuTbiBaTb MNpu
onpeaeneHnn pasMepHom TOYHOCTU Byayuien oTnvekW. Ha BTOpoM 3Tane npoucxoguT
peKpUCTanIn3aunoHHOe CMeLLeHe HOBbIX rpaHuvL 3epeH bnarogapsa HanMuuio 60nbLIoro
Konuyectsa 0edeKTOB KpUCTaNIMYECKON peLleTKN OTAeSbHbIX KOMMIOHEHTOB ANCMIEPCHOMN
dasbl. TpeTba cTagna xapakrepusyeTtcsa ganbHENLWM POCTOM NPOYHOCTU U NOBbILLIEHNEM
orHeBon ycagku. Mcnonb3oBanune NMMKO 3aknoyaeTca B yCTaHOBKE CreYeHHON 060n0oYKu
B NUTENHYIO (POPMY W 3anuBKy €€ >XMAKAM MeTannom. Ha rpaHuue xuakmn metann —
TBepaasa obonoyka popmmpyetcs nepexogHas 3oHa. Obs3aTtenbHbIM YCIOBMEM ABMASIETCA
nporpeB 06BOMOYKM OO0 TemnepaTypbl KpuCTannu3auuu pacnnaea; MaTeMaTUyecKui
pacyeT TemnepaTypHbIX MOfieNn OCYLLEeCTBNSEeTCA pelweHnemM auddepeHumnansHoOro
ypaBHeHnsa  TennonpoBogHocTM  dypbe  MEeTOAOM  KOHeYHbIX  pasHocTen. [lpu
B3aMMOAENCTBUM MeXAy dNeMeHTamMu NpoTekarT creayrowme npouecchl: 1) cmadmBaHmne
n pactekaHme ¢ obpaszoBaHMeM PU3NYECKOrO KOHTaKTa U POPMUPOBAHNEM MEXATOMHbIX
CBA3€M Ha rpaHuue pasgena C MCNosfib30BaHUMEM aare3voHHbIX cun. 2) amddy3noHHoe
Unn  XMMUYecKoe  B3aMMOLENCTBME  Mexay  TBepaon U xugkou  hasamu,
CONpoBOXAatoLLleecs MI3MEHEHMEM XMMNYECKOro COCTaBa KOHTAKTHbIX 30H, 06pa3oBaHneM
TBEepAblX PacTBOPOB UMW WHTEPMETannuaoB, Ha 9TOM CTaguu pellalouiee 3HadyeHue
urparT aedekTbl KpUCTanIm4yeckoro ctpoeHnda. Bo3amMoxHbIMM MexaHu3mamn guddysmm
ABNATCA OOMEHHbIe, BaKaHCUOHHbIE, MeXYy3erlbHble, KpayaAnoHHble. 3) Kpuctannusauns
Xungkon dasbl, dUKCUpyloWwas CTPYKTYpHOE COCTOAHME OTNMBKU. Yem cnoxHee
MOPOLLKOBAsi KOMMNO3MLUMs, TEM sipye BbIpaXXeH 3TOT Npouecc n TeMm 6onee pasHoobpasHbl
CBOMCTBA OT/IUBKM.

Mpeonaraemasa TexHosnorns obecrneynBaeT HU3KYK LLIEepPOXOBaTOCTb MOBEPXHOCTU
(5 — 6 knacc TOCT 2789-95), ynpaBrneHne B LWWPOKOM AnanasoHe CTPYKTYpoWn
NOBEPXHOCTHOIO CroSA OT/AIMBKN U PU3MKO-MEXaHNYECKMMU CBONCTBaMU.
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UDC 621.771.8
Y. Haranich, Y. Frolov

National Metallurgical Academy of Ukraine (NMetAU), Dnipro

ROLL BONDING OF ALUMINUM COMPOSITE REINFORCED WITH STEEL MESH

Nowadays, a roll boning process is widely used for manufacturing of flat layered
metal composites. In the current research direction, it is being investigated roll bonding of
layered composite materials that consists of aluminum outer layers and reinforced with
meshed austenitic steel inlets.

It was presented in recent years that applying a thin steel layer between aluminum
sheets allows increasing the force that is needed to separate layers (Peeling force) during
the peeling test [1,2]. Therefore, it is promising to use steel layer not only in order to
reinforce aluminum sheet but also in order to enhance bonding properties between layers.
At the same time, applying solid steel sheet raises specific weight of a product, hence,
using meshed steel material supposed to more perspective.

Such type of reinforced aluminum sheet can be applied in aerospace, automotive,
train, ship building, and household industries. However, developing of its manufacturing
technology is challenging due to the presence of stress concentration in meshed inlets
during the manufacturing process that may result in fracture at the producing stage,
therefore, further studying of its manufacturing process and properties is currently actual.

Reinforcement of aluminum alloys with woven austenitic steel mesh by means of
roll bonding and twin-roll casting has been studied by Ukrainian, German and Chinese
researchers.

It was observed a significant raise of strength of aluminum up to 30 % due to
reinforcement phase. At the same time, it is reported in corresponding papers about the
presence of intensive deformation at zones with intersecting wires due to the significant
reduction of wires [3-6]. Such zones constrain an opportunity of plastic deformation of a
composite due to possible destruction of metal which is difficult to control. In addition,
intersected wires restrict of metal flow in this region and cause appearance of voids that
negatively affect bonding properties as well as strength of material [6].

Thus, in the current research it was decided to use expanded mesh instead of
woven one in order to avoid above-mentioned disadvantages. Current research has shown

an opportunity to produce such composite material with expanded mesh inlets without any
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destruction. Also, advancing of bonding properties between aluminum layers with
austenitic steel inlets compared to bonding of two layered aluminum sheets was observed.
However, at the current stage there is no exact conclusions about the correlation between
types of inlets, technological parameters of manufacturing and peeling force and this is

supposed to be studied at further stages.
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PALIOHAJI3AUIA NMPOLIECY NMPOKATKN 3ArOTOBOK HA NUJTITPIMOBOMY CTAHI

MeTanyprisa € 6a30B0H0 rany33to YKpaiHCbKOI NPOMMUCAOBOCTI, SKiN Hanexuntb 23,2%

3aranbHoro obcsary  npomucrioBoro  BuMpobHuuTtBa. [lpokaTHe  BUMPOOHMUTBO €
3aBepLianbHOK faHKOK MeTanyprinHoro UMKy Ta CnpsiMOBaHO Ha BUMYCK BUMPOOIB, SKi
LUMPOKO BMKOPUCTOBYKTbLCA B YCiX rany3sx rocnogapcrtea: cTanesi Tpybu pisHOro
AiameTpa, COPTOBUW i NNCTOBUM MNpPOKaT, perku Ta iHwe. YKpaiHa € BigOMWM Yy CBITI
BUPOOHMKOM TpyO pi3HOro npuU3HaYeHHs, cepeq SKMX nepeBaxarwTb Tpyou ans
TpaHCNOpTyBaHHA HadTU i ra3dy, siki BUpOONATLCA Ha arperatax 3 po3kaTHUMU CTaHaMu
Pi3HOro TMNy: NiNIrPMMOBMMN, aBTOMATUYHUMM, Be3nepepBHMMHK Ta iH.[1].

Mpn npokaTtui 3aroToBkM B Tpyby Ha onpaBLi CTaHy OCOGMMBO BaXKUM € nepiof
HECTanoro pexumy npokaTkn nepeaHboro KiHus Tpyou, wo obymoBneHo HecTabinbHICTHo
YMOB 3axOMfeHHs MeTany Bankamu, Ta CYnpOBOLXKYETbLCA BENUKAMW BTpataMu meTany
(2,5-4,0% Big macu BuxigHOI 3aroToBKu). [Ana noninweHHA yMOB 3aTPaBOYHOrO pPexumy
MpoOKaTKW Ha MNinirpMMOBOMY CTaHi [OUIMbHO 3MIHUTU CXxeMy OOBTUCKY KiHUS rinb3u
npoinbHMMKN GoMKamK, WO [O3BOMUTb BUKIKOYUTU KAHTOBKY [ifIb3U MiXK CYMiKHUMMU
obTuckaHHAMM 11 NepeaHboro KiHUs Ha onpaBui i CKOPOTUTM TUM CaMUM TpUBaniCTb
npouecy NiaroToBKM rifib3u.

PauioHanbHa cxema 0BTMCKY nepefHboro KiHus rifb3n no il nepumeTpy Ha Topui
NPUNHATA TaKol, NPWU KM BiOHOWEHHA OBTMCHEHOI YacTMHW OO0 NEepPUMETPY rinb3n npu
agedopmadii  nepworw  napow  npodinbHuUx  6ornkie  ctaHoButb  0,4-0,7.Bnbip
CriBBiAHOLWEHHA OOTUCHEHb YaCTUHM NEPLLOKD Napoto NpodinbHMX BOKMKIB A0 NnepumeTpy
rinb3v 06YMOBEHNA HACTYMHUM.

3MEeHLUIEHHA Lboro cniBeigHoweHHs MeHwe 3a 0,4 npu3BoanTb A0 36inbLUEHHS
nepumeTpa HEOOTUCHEHOI YacTUHWU Tifnb3n, WO He 3abe3neunTb OTPUMAaHHS 3agaHol
dopMu NIArOTOBNEHOro nepefHboro KiHUS rifib3an 3a MiHIMarbHO MOXIUBY KiSTbKIiCTb
006TucHeHb ABoMa napamy npodpinbHMX G0KKiB | 36iNbWNTE TUM CaMUM TpUBasiCTb
npouecy niaroToBKM KiHUSA rinb3n. 36inbleHHA uboro cniBeBigHoweHHA O6inbw 3a 0,7
NpuM3BOaUTb OO0 3HAYHOrO PO3LUMPEHHS MeTany B 3a30pyM MK OOMKaMum Mpu CTUCHEHHI

nepLlow napoto NpodinbHMX BONKIB, LLIO MPU CTUCHEHHI APYro0 Napok NPogiNibHNX GONKIB
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npu3Bege 40 3HA4YHOI HepPIBHOMIPHOCTI gedopmalii i 4O NopyLEeHHS HOpManbHOI poboTH
Ha nepefHbOMY KiHUi Y BUrNAAi TPILWH | 3aKaTiB.

Mpuctpin gna nigrotoBkM nepegHboro KiHUSA rinb3yM  nepeq  npokaTkow  3a
NPOMNOHOBAHNM CNOCOBOM MICTUTb YOTMPU BONKa, KOXEH 3 AKMUX 3aKPinneHnn B CBOEMY
Tpymadi. Tpumadi B3aeMHO NepneHauKynApHO PO3MILLEHI B HanpsMHUX OTBOpax
HEepyxXoMOro Kopnycy Ta NPUTUCHYTI rankamu A0 nnyHxepy poboyoro uuniHapa. anku
HaKpyYeHi Ha KiHUi LWTOKIB 3BOPOTHUX rigpounniHapiB, sKi CMiBBICHO poO3TalloBaHi 3
NAyHXepHUMK rigpoumniHgpamu. LLTokM npoxoasaTb Kpisb MNIYHXepu 3 MOXIIMBICTIO
OCbOBOr0O NepeMiLLeHHs.

MepegHin kiHeub rinNb3nM o6GXWMaeTCss Ha oOnpaBui CcrnodaTky MNepLUo Napoko
NPOMINbHMX KOHIYHMX BONKIB YOTMPLOXOOMKOBOrO rigpaBnivyHOro npeca (Npu LWBUOKOCTI
6orkis v = 0,1 m/c) i cniBBigHOLWEHHI OBTUCHEHb YacTMHU OO0 nNepumeTpy rinb3m 0,52, B
pesynbTaTi Uboro BigbyBaeTbCsA BUTICHEHHS AEAKOro 3amMBoro obcsary meTany B HanpsiMKy
nepneHauKynsipHOMy pyxy nepwoi napu OO0MKiB 3 MNOTOBLUEHHAM CTiHKA T[iNb3n Ha
BENUUUHY Ahx Sika 3anexmTb Big yMOB TepTs Ta € MakCMMaribHOK Ha nepegHbLoMY TopLi
rinb3n i BU3HAYaETbCH eKCnepuMeHTanbHO A58 pearbHUX YMOB MpoLecy.

[Mpn CTUCHEHHI nNepegHbOro KiHUSA rifib3M ApYrow napor MNpOdINbHUX KOHIYHUX
OonkiB Ha onpaBui B HanpsMmKy, nNeprneHAMKyNnsapHOMY pyxy nepwioi napu 6ovikiB,
AedopMyeTbCA MOTOBLUEHA YaCcTUHA KiHUS TiNb3n, | NepeaHin KiHeub OTPUMYE BiAHOCHO
npaBubHY KOHIYHY doopmy. [1pyM HEMOXNUBOCTI OTPUMAaHHSA NPaBUIbHOI KOHIYHOI hopMun
nepeaHboro KiHUS rinb3u 34iNCHI0ETLCA TPeTE OOTUCHEHHS NEPLLIOK Napo DONKIB.

3anponoHoBaHui cnocib NigroToBkM NEpPeAHbOro KiHUSA rinb3v nepen npokaTKoo
[O3BOMSE CKOPOTUTU TpUBAMiCTb NIArOTOBKM NpubNu3HoO B 3 pasu, 3MEHWWUTU BTpaTh
Tenna rinb30o nepen rapsyol NPOKATKOK | BUNYYUTU MeEXaHi3M KaHTYBaHHA Tifib3u.
3anponoHoBaHa cxemMa OOTUCKY NepeaHbOro KiHUs rifb3yM Ha onpasui NpodinbHUMK
KOHIYHUMM BonKamn 4YOTUPbOXOOMKOBOro rigpaBniYHOro npeca 3abe3neyvyye OTPUMAaHHS
3a[aHOro KOHIYHOro npochinto nepegHbOro KiHUA rinb3m 6e3 KaHTyBaHHA [inNb3v Mix
NPOMIKHUMN OBTUCKAHHSIMU, LLO CKOPOYYE AOMOMDKHUIA Yac NiArOTOBKM Fifb3n Ha AiNsHUi

Nno3acTaHOBOI 3apsiAKM | BMEHLLYE TENNOBTPATH riflb3n Nepea NinirpuMoBOO NPOKATKOHO.
Cnucok nitepatypu

1. TexHonoris  KOHCTPYKUinHMX Matepianis. [igpydHnk /  M.A. Conory®6,

I.0. PoxxHunubkun, O.l. Hekos Ta iH. — K.: Buwa wkona, 2002. — 374 c.
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MMM HAH YkpauHsl, 1. Knes;
2rBY3 «MITY», r. Mapuynons;

3HMNO «MepcnekTuBay, r. 3anopoxbe

CMNJIABbI CUITMKOKANbLUMUBAPUA ONA KOBLUEBON OEPABEOTKU CTAINMU

[Ons koBweBon 00paboTkM cTann NPUMEHSIOT [BOWHbIE W TPOWHbIE CnaBbl
LLernIoYHO3EeMENbHbIX MeTannoB, B KOTOPbIX coaepxaHue 6apusi pernameHTupytoT
TY0832000-006-311780390-2001 go 30% [1].

CncTeMHbIM KnaccuukaTopoM KOMMIIEKCHbIX CMaBoOB SABMSETCH NOSIMroHanbHas
Anarpamma coctosHua (MNOC) TpomHom cuctembl Si-Ca-Ba, kotopas He wusyvyeHa u
ABNSAETCA NpeamMeToM HacTosiwen paboTbl, npeacTtaBrieHHas Ha puc.1, Bnepsble
NOCTPOeHHast rpacoaHanMTM4eckuM MeTOAOM BO BCEM MWHTepBane KOHLEeHTpauun
TBEpPObIX U XUOKNX NCXOOHbIX KOMMOHEHTOB Ha Ba3e GuHapHbIx cuctem Si-Ca, Si-Ba n Ca-
Ba [2].

PucyHok — lNonuroHaneHas gnarpamma cuctemol Si-Ca-Ba
Nnac Si-Ca-Ba Bknwo4vaer 15-Tb NpOMEXYTOYHbIX pa3: 6-nepBUYHbIX, 2-
9BTEKTUYHbLIX U 7-6a30BbiX. lMepBu4YHble ha3bl pacnonoXeHbl B 30HE LEHTpanbHOro
TpPeyronbHUKa, 0OpPa30BaHHOrO  JIMHENMHBIMM  CUCTEMaMM  OMHApPHbIX  NEPBUYHBIX

NPOMEXYTOUHbIX ha3. 30Ha NEePBUYHbLIX NPOMEXYTOYHbLIX a3 SiBaz(102)-Si-SiCaz(120),

249



JIMTBO.METAJIYPTIA. 2019

30Ha Kanbums: SiCaz(120)-Ca-CaBa(011) n 3oHa 6Gapus: CaBa(011)-Ba-SiBaz(102). B
3TUX 30HAX HaxoOATCs BTOPUYHbIE NMPOMEXYTOYHble (ba3bl — 6a30Bble M IBTEKTUYECKME
cnnasbl. 30eCb TpexaHadHble UMdpbl 0603HavalT cTexmoMeTpuyeckne Ko3IUUNEHTDI
WHTEpPMETaNNMAaoB: nepsble ungpbl — Si, BTopble — Ca, TpeTbn — Ba.

MexaHn3am obpa3oBaHusl NEPBUYHLIX HemeTannuyeckux BkroyveHun (MHB) n ux
mogmdpuumposaHna (MHB) npu paspaboTke cTanu cnnaBamu CUNMKOKanbLmnbapus
mapkn C35K356a30 (SisCasBa) wuccnegoBaH crToxacTUdeckuMm — aHanusom  [3]
nocnegoBaTenbHOro psga CTPYKTYPHO-XUMNYECKMX peakumm packucrneHus

MeTannm4yeckoro pacnsjaBa.

2(SisCasBa)wve + 34(0O)ve — (12Si028Ca02BaO)nHe
(12Si028Ca02Ba0)nHs + 8(CaO)twec — (12Si0216Ca02BaO)wmHs

S 2(SisCasBa)ve + 34(0O)ve 8(CaO)muc (12Si0216Ca02BaO)wHs

AHanu3 MmatepuanbHoro 6GanaHca CyMMapHOM peakuuMuM  PackucrieHuss wu
MOANULMPOBAHMS MOKa3biBaeT, YTO Npu pacxoge cnnaea B konundectse 1,0 kr/t 1 0,50
Kr/T n3sectun ygansetcsa 585 ppm kncnopoga ¢ obpasosaHmem 2,0 kr/t MHB, cogepxawymx
(macc. %) 37,5Si02 + 46,6CaO + 15,9BaO npwu ocHoBHOCTM Bo = 1,24 n B = 1,67,
obpasytoLmx rnodynv B MeTanmne, OTBe4arLMX 3BTEKTUYECKOMY COCTaBY TUMa PaHKUHUT

c TemnepaTtypown nukeuayca ~ 1400 °C.
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’HauuoHanbHas meTannypruyeckas akagemus YkpauHsl, r. Henp

AKTYAINbHOCTb UCCNEQOBAHNA NU3MEHEHUSA COOEP)XXAHUSA KUCITOPOOA B
CTAINU NPU EE KOBLUEBON OGEPABOTKE

BaxHbiMn  gna  Teopumn n NpakTUKM  CTAHOBATCS  3aKOHOMEPHOCTU
nepepacnpegeneHss Kucrnopoga Mexay @asamMmm Ha Kaxoom aTtane  BTOPUYHOW
METannyprum, WM3y4YeHHble HENOCPeACTBEHHO B MNPOU3BOACTBEHHbLIX YycrnoBusax. OHO
onpegensieT rMybuHy yaaneHus W3 CTanu BpedHbIX [ONA €e KayecTBa npumecem,
HEMeTannNMyecknx BKMNIOYEHUA W ras3oB. M3aMepeHHble coaepXaHusa Kucnopoga
uenecoobpasHo CpaBHUTb C PaABHOBECHLIMM COCTOSIHUSIMM, KOTOPblE MOFYT OKa3aTbCs
NEerko AOCTMXUMBIMW Ha NPaKTUKE, a UX pacyeT YYEHHbIMU-MEeTannypraMmm OCBOEH.

KoBLLEeBOW LUSAK.

MeTannypruyeckyto 3¢eKTMBHOCTb KOBLUEBOrO LUfaka ycunuearT 6apboTaKHbIM
nepemMeLlnBaHMEM COOEPXKMMOro KoBLUA MPOAYBKOW HeEUTparnbHbIMU rasdamu, MOCKOMbKY
peakuunm YCKOPSIOTCA nocpeacTBoOM yBENn4eHuns yOenbHomn NOBEPXHOCTMN
B3aMMOAENCTBYIOLLINX (a3, AOCTABKM peareHTOB K MECTY peakuuum B TE€YEHUE KOPOTKOro
NpOMeEXyTKa BPEMEHMU.

B koBW npu npogyeBke cTanuM aproHOM BBOAOM COOTBETCTBYIOLIMX MaTepuanos
dopmupytoT wnakm 1-ro (nyydwe) mnm 2 — ro copta (gewesne) B 3aBUCMMOCTM OT

)KeCTKOCTUN TpeboBaHWI 3aka3umnka K CoaepKaHuio BpeaHbIX MpUMecer B cTanu, Tabn.

Ta6nmu,a. XNMNYECKM COCTaB KOBLLEBbIX LLAKOB BTOpI/I‘-IHOIZ mMeTannyprimu

Coprt CaO Al203 SIiO2 MgO FeO+MnO
1, % mac. 50-58 30-35 5-6 5-7 <1,0
2, % mac. 50-58 21-26 10-15 8-10 <1,0

[eokcupauma ctanu
CHmXeHne coaepaHusi pacTBOPEHHOro B CTanuM  Kucropoga MoXeT ObiTb

OOCTUTHYTO ANGPEY3MOHHOW Jeokcuaaumen C MNOMOLLbD  (POPMUPOBAHUSA LWlaka ¢
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OonblIOM  BO3MOXHOCTbKO  MOMMOLWEHUS  KACnopoda WM BCNeACcTBME  Nagaroluen
TemnepaTypbl U /unu ocaxgarLlen — nobaBneHNeM 3N1EMEHTOB, KOTOPbIE MMEIOT BbICOKOE
cpoactBo Kk kucnopogy [1]. Onementol C, Si, Mn un Al umelT B npeacraBreHHON
nocrnegoBaTenbHOCTM 6onee BbICOKOE CPOACTBO K KMCOPOAy MO CPABHEHUIO C XKENE30M.
C ymeHbwatwenca TemnepaTtypon cnocobHoctn Si, Mn un Al Kk ageokcugaumm
yBENMUMBAKOTCA 3a c4yeT o00pas3oBaHWA TBEPAbIX WM XKUOKNX AEOKCMAALMOHHBIX
npoaykToB. HanpoTtuB, yrnepog npeAacTaBnsdetr cobon Bcneacteme rasoobpasHbix
npoayktoB pgeokcugaumm CO wmn CO:2 cneumanbHbin cnyydan. BnusaHuwe yrnepoga B
npouecce AeoKcMaauun yBEnMYMBAETCA MNOoL BaKyymMOM W /MM C MNOBbIWAKOLWLENCS
TemnepaTypoi Takum obpasom, 4To Npu Temnepatypax cebie 1600° C v napumansHoM
aasnenHumn 103 MMa, yrnepoa sBnsieTca 6onee cunbHbIM AeoKcMaaHToM, Yyem Al.

Mpn aHanu3e COoCTOsIHUS paBHOBECUS crieayeT MpUHUMAaTtb BO BHWUMaHue, 4TO
3NIEMEHTbI AeoKCMaauum 1 KUCNopoa HaxoaaTCcs B XXUOKOW cTann B pacTBOPEHHOW hopme.
Mo aTon NpuynHe B pacyeTax AOMKHbI ObITb YY4TEHbl aKTUBHOCTU YYACTHMKOB peakumnin un
Tennota BblaeneHus ux npoayktoB [2]. lNpouecc geokcupaumm He 3akaH4MBaeTCs C
AobaBrneHnemM OEOKCUAMPYHOLMX SNEMEHTOB U peakuui C pacTBOPEHHbIM B CTanu
KACNOPOAOM: CO CHWKEHMEM TemnepaTypbl MNOCTOSSHHO 0O0pasylTca AanbHenwme
NPOAYKTbl AeOKCuaauum, Kotopble MOryT ObITb pPasfnMyYHbIMU B 3aBUCMMOCTU OT BPEMEHMU
nx nosaBneHnsa. MakcnmanbHO BO3MOXHbIE COAEPXXaHNA PAaCTBOPEHHOIO B YMCTOM Xenese
Kucnopoda nexat cornacHo [3] B obnactn temnepartyp 1530 n 1700 °C mexgy 1860-
2800 ppm. Bnnanue anementoB C, Si, Mn n Al Ha cogep)xaHne pacTBOPEHHOro B CTanu
Kncnopoda BbIYMCIIAIOT MO NapameTpaM B3anMOAENCTBUS, onpeaeneHHbiM B paboTe [4].

Yrap eoKkcuaaHToB

OnemeHTbl C, Si, Mn 1 Al pearnpyloT C pacTBOPEHHbLIM KUCIIOPOAOM MSIaBKW.
O6pasoBaHHble OKCUAbl yoanawTcsa U3 MeTanna B wnak u Bce, kpome CO, nornowaroTrcs
wnakoM. Bbicokoe copgepxaHue kucnopoga B CTanu, 3HauuTenbHasa yaenbHas
MOBEPXHOCTb «pacnyLeHHOW» CTPyM MeTanna npu BbiNyCKe MMaBkM M3 KOHBEPTEP U
NMO3TOMY BO3MOXHOCTb MOrMOLEHNA KACNOpOoA4a W3 OKpyXalwero BO3ayXa, Takke
nonagaHne KOHBEPTEPHOrO Laka B KOLU MOBbILWAKOT yrap JIerMpyroLwmx n 4eoKCaaHToB.

Llenbto nepBoouvepenHbIX  MCCNeaoBaHUM — AOMKHbl  ObiTb  NMpocneXxuBaHue
noBefeHns B MNPOM3BOLCTBEHHbIX YCMOBUSX PaCTBOPEHHOrO B CTanuM KUcropoga Ha
KakgoM W3 3TanoB BTOPUYHOW MeTanmnypruu, onpeneneHnsa creneHn npubnmkeHus

NpoLEeCcCoB AeoKcnaaumm K TepMoaAMHaMMYECKOMY PaBHOBECHIO.
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Cnucok nutepatypbl

1. D. Janke, Z. Ma, P. Valentin u. A. Heinen: Improvement of Castability and
Quiality of Continuously Cast Steel ISIJ International Vol. 40 (2000), S. 31-39.

2. S.K. Choundary, S. Chandra u. A. Ghosh: Thermodynamic Model for
Deoxidation Inclusion Precipitation in Liquid Steel Tata Search 2002, S. 95-102.

3. C.M. Taylor u. J. Chipman: Gleichgewichte zwischen flussigem Eisen und
einfachen basischen und sauren Schlacken in einem rotierenden Induktionsofen Trans.
AIME 154 (1943), S. 228-247.

4. H. Schenk u. E. Steinmetz: Wirkungsparameter von Begleitelementen flussiger
Eisenlosungen und ihre gegenseitigen Beziehungen Verlag Stahleisen, Dusseldorf, 1968,
S. 818-823.

YK 669.18
C. BonueHkol, A. A. Kupunenko?, 6. M. BonuyeHko?, A. H. CtosaHoB?, E. B. CuHernn®
LJansen Steel Tubes, Wseliuapus
2Saarstahl AG, NepmaHus

SHauuoHanbHasa MeTannypruyeckas akagemusa YkpauvHel, r. Henp

CTENEHb NPUBJIMXXEHUA NPOLIECCOB AEOKCUAALIUN KOHBEPTEPHOW
CTAJIN, K TEPMOANHAMUYECKOMY PABHOBECUIO HA KAXKOOM U3 3TAMNOB
BTOPUYHOW METANNYPIrUn

OnbITbl NpoBeaeHbl B koHBepTepax émkocTbio 180 T 3aBoga «A» Ha nnaBkax C
BakyymvpoBaHueM n 6e3 Hero aHanutuyeckn 6nmskux mapok ctanu 34Cr n 36CrB. Kak
Wwnakoobpasyowme  UCMonb3oBaHbl  M3MEHsIIOWMECs  KonudectBa  u3Bectn  (C
copgepxaHvem CaO He meHee 95%) n antomuHaTa kanbuus (25% CaO un 75% Al20s3). Mpu
BblllyCcKe CTanuM M3 KOHBepTepa W pJdanee 4epe3 kaxable 10-15 MWH. Cc nomMoLbO
aBTOMATUYECKOro ycTpomctBa oOTOupanu npobbl MeTanna wu  Wwnaka, WU3Mepsnu
TemnepaTypy 1 obwee cogepxaHue kucropoga B ctanu [Os] aHanusatopom «Celox»
dupmbl  «Electro-Nite». CocTaBbl LINAKOB M3MEHANM MO Nporpamme C TeM, YTOObI
npoaHann3npoBaTb AeOoKCuaaumio cTanu npu BapumaHTax obpaboTkum meTanna Linakamu,

COCTaBbl KOTOPbLIX pacnonaraeTtcda Mexay CcoCTaBaMu 1-ro n 2-ro CopTa. N3meHsnn
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cooTHowweHne Ca0:Al203:SiO2 B CTOPOHY yAelleBneHuns wakoobpasywmx matepmasnos
nytTem Bo3pactaHum cogepxanus SiOz (BMecTo Yactu Al203) 1 coxpaHeHUn COOTBETCTBUSA
NX TOSTIbKO OCHOBHbIM TpeboBaHNSAM.

TemnepaTtypa nnaBKku CHWXaeTCs B TeyeHue Bbinycka ctanu n obpaboTkm eé B
koBwe ¢ 1650 °C 0o OOCTUXKEHMUSI CTAUMOHAPHOIrO COCTOSIHUSA B NMPOMEXYTOYHOM KOBLUE
1530° C y nnaBok 6e3 BakyymHonm obpabotkm m c¢ 1700 °C pgo 1570 °C vy
BaKyyMHOOOpaboTaHHbIX NNaBOK.

Honto CaO B KoBLUEBbLIX LUMakax npyu obpaboTke cTanu BbliAEPXMBANN NPakTUYEeCKn
HenameHHon, Ha ypoBHe 50 %. CocTaB KOBLUEBbIX LUMAKOB WCCneayeMblX MnaBoK
nogaepxuneanu B cucteme Ca0O:Al203:SiO2 B cocTtosiHumn HackliweHna CaO n reneHnTom,
yTO 0BycnaBnMBaET UX BbICOKNE padhmHMpytoLmMe 1 geokenanpyoLimne cesoncrtaea [1].

AKTMBHOCTb KMCriopoda B CTanu CHuxaeTcs BO BpeMsi obpaboTtkm ¢ 75 go 3 ppm.
CopaepxaHne pacTBOPEHHOro KMcnopoaa nocrie Bbinycka ctanu U3 KoHBepTepa okasanocb
HaMHoOro Bbiwe, a nmeHHo 110 ppm, u3-3a Hanuuma B Hen C, Si, Mn. B ganbHenwem
[Olpacme CHWXaeTCs B pe3ynbrate AeoKkcuaaunm antoMUHUEM, YMEHbLUEHNSA TeMnepaTypbl

N cocTaBnseT B KOHLUE «4mucTom» npogysku 10-15 ppm.

Bez BaryyMipoEaHNa C BaxkyyMHpOEaHIEM

o t T y T t T ¥
0,00 oo 002 0,08 0,04 200 0.01 0.0z 0,03 004

.00 om 0,02 0.03 004 goo 0,01 0,02 0,03 o004
[A1], % [AL] %%

PucyHok 2 — IameHeHne akTMBHOCTU KUCopoaa B 3aBMCUMOCTU OT KOHLLEHTpauum
antoMUHUS B MeTanse BoOBpeMs KoBLUEeBOW 06paboTku (a — Havano npogyskn Ar; 6 —
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nepep seogom Ca; B — nocrne obpaboTtkm Ca; r — BakyymHast obpaboTka; 4 — «4nctas»
npoayska Ar)

CopoepxaHne kucnopoga B okcuaax [Oloxcus M3MeHsieTcss oT 10 ppm OO0 OYeHb
HU3KOTO YPOBHA B KOHLE «4ucTomM» npoayeBkum (puc.). Ca B cocTaBe MOPOLUKOBOW
NPOBOMOKN BBOAWUSIM MOCME PACKUCIIEHUSA U BaKyyMHOMW 06paboTku u nepen «4MCcTom»
npoayBkon Ansa obecnevyeHns YNCTOTbl CTann No HEMETaNIMYECKNM BKIIOYEHUSAM.

Mpun npoBegeHun nccnepoBanunit BenuunHbl [Al], [Ols, [Olpacme 1 [CaO] obecneyeHsi
Ha TeopeTUyeckn 0OOCHOBAHHbLIX YPOBHSAX, HAMEYEHHbIE pe3ynbTaTbl 06paboTkm ctanu B
KoBLUE AOCTUMHYTbI n ABMAOTCA npeacTaBUTENbHBIMU ans pacyeToB
TepMOAMHaMNYECKOro paBHOBECHS.

CopepxxaHne Kucrnopoga B MeTanfie UCCNenoBaHHbIX MMaBOK MNPy MPOTEKAHWUK
NnpoLeccoB BTOPUYHOW MeTannyprum HenpepbiBHO cHwxaetcsa co 130 go 15-20 ppm.
Camoe mHTeHcuBHoe okncnenne C, Si, Mn n Al HabniogaeTca nocne BBoAa Nermpyrowmx
anemMeHToB B TedeHne nepsBblx 10 MMH. Nocne BbiNycka cTanu n3 koHeBeptepa. CornacHo
pacyéTam, BO BTOPOM NOSIOBMHE 0OpaboTKM B KOBLLE U BO BPEMS Pa3fMBKA MMEET MECTO
He3HaunTenbHasa geokcnaaums ctanu antoMMHUEM BCNEOCTBME CHUXXEHUSA TemnepaTypsbl.
[axe ecnn Ha 9TOM OTpe3Kke BpeMeHM U3-3a peakumm obmeHa meny CTanbio M LWIakoM
BOCCTaHaBnueaeTcsl Hebonbloe konndecteso Mn 1 Si M3 KOBLUEBOrO LUMaka, ero Coctas
OTaeTCcsa NPaKTUYECKN NOCTOSIHHLIM BECb nepuog obpaboTkuM cTanu B KOBLUE, NPU 3TOM
MeTannypruyeckne peakuum npotekaroT B 06nactm TepMoagNHaMNYECKOro paBHOBECUS.

Mcnonb3oBaHne MoOMnyyYeHHbIX 3aKOHOMEPHOCTEN MO3BOMSAEeT nonyvatb 3afaHHoe
cogepxaHve anomuHusa B ctanu (200 ppm ans  muccnegyeMmoro coptameHTa) U
NporHo3mMpoBaTb yrap packucnutenem u nervpylowmx anemMmeHToB, obecnednBas
HaOEXHOCTb MONyYeHUs1 He0BXO0AMMOro XMMUYECKOrO COCTaBa Tasnn C BbICOKOW CTENEHbIO

YNCTOTbI.
Cnucok nutepatypbl
1. B.M.Boychenko, V.B.Okhotskiy, P.S.Kharlashin Converter steel production:

theory, technology, quality of steel, the facilities design, materials recirculation and
environmental protection: Textbook.-Donetsk: «Nord-Computer» publishers, 2008. — 407

p.
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YK 669.162
B. B. Bouka, A. B. CoBa, A. B. I1Boernasosa, M. O. BawieHko

HauioHanbHa meTanypriiHa akagemis YkpaiHu, m. [JHinpo

YOOCKOHANEHHSA TEXHONOT T BUPOBHULTBA SIKICHOIO ArTIOMEPATY

[na oTpymaHHA sikicHOro arnomepary, cTabinisoBaHOro 3a KpynHiCTO Ta MiLHICTHO,
HeobXxigHO dopMyBaTU Yy HbOMY OFOKOBY CTPYKTYPY 3 OMTUMAaNbHMM MiHEPANOrivyHMUM
cknagom MiKONoKoBOI 3B’s13kM, HaNbIiNbLL MiLHUMW KOMNOHEHTaMM SKOT € bepuTn KanbLito
Ta OniBiHN HN3bKOI OCHOBHOCTI. [1;2]

dopmyBaHHS 3B’A3KU i3 MiLHUX PepuTiB KarnbLitlo Ta OIBIHIB 3aneXuTb NepeBaXxHo
BifL OCHOBHOCTI, Ta Bif ONTUManbHUX YMOB KOHTAKTYy KOMMOHEHTIB LUMXTU MK COBO N y
B3aemogii 3 Bosioroto. Hambinblua KinbKiCTb 3ani3o-kanbLUieBMX OMIBiHIB YTBOPHOETLCA NpU
ocHoBHOCTI MeHwe 0,9-1,0 oa., depuTn Kanbuilo MNoYMHaTb YTBOPKOBATUCA NpU
OCHoBHoOCTI b6inbwe 1,5 oa.. [3]

BupiweHHa uiei 3agadvi HeobXigHO BMKOHYBATW Ha CTagil MigroTOBKW LUMXTU [O
cnikaHHsa. KrnacuyHa cxema nMigrotoBKM LIMXTWU, SKa BKAYae B cebe [03yBaHHSA,
3MillyBaHHS, 3BOJSIOXKEHHA Ta rpyaKyBaHHS BCIX KOMMOHEHTIB He [O03BOSISE OTpUMaTU
BMCOKWW CTyMiHb OOHOPIAHOCTI rpaHyrn 3a KPYynHICTIO Ta XiMiYHMM cknagom. Lle
BinOyBaeTbCA Yyepe3 HeaoCTaTHE BpaxyBaHHA OCOONMBOCTEN MOBEAiHKM MaTtepianis npwu
3BOJMIOXKEHI Ta TrpyaKyBaHHI, a TaKoX 4epe3 3HaudHi KOSIMBAHHA pPO3MIpiB  4acTOK
arnomepadinHoi wmnxtn. OcobnMBO Lie CTOCYETbLCA BUKOPUCTAHHS LUMXT, SKi MICTATb
3Ha4yHYy KINbKICTb KOHUEHTpaTy, KpynHicTio MeHwe 0,1 MM, Ta KpynHO3EepPHUCTUX
KOMMOHEHTIB, TaKNX SAK 3ari3Ha pyga Ta 3BOpOT.

Lle BucyBae HeoOXigHICTb pO3pOOKM HOBMX LWNAXIB YOOCKOHANEHHS NiaroToBKM
arnomMepauiHol WWNXTN OO ChiKaHHS.

[oBegeHo, WO OOHMM i3 HanNpsIMKIB BUpIlLEHHS Uiei npobnemu moxe 6yTu
po3gdinbHa nigrotoBka LWMXTU 3 BUKOPUCTAHHAM KOMMO3WUTIB 3a[aHOro ckrnagy Ta
B1aCTUBOCTEMN.

Ha ekcnepumeHTanbHiM YyCTaHOBLiI Kadegpu mMeTanyprii 4aByHy npoBegeHo
AOCNiAKEHHA cnocobiB  rpyaKkyBaHHS — arnomMepauiiHoi  WMXTU 3 BUKOPUCTAHHAM
nonepeaHbO NiAroTOBNEHMX KOMMNO3UTIB HA OCHOBI KOHLEHTpATY.

Halkpalua gakicTb arnomeparty cepef YCix npoBefeHux crnikaHb Oyna 3abesneveHa

npu Bl/IKOpl/ICTaHHi KOMMO3NTY 3 «KKOHUEHTPATy — pyan — BalnHa — BarnHAKy».
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[ns nokpaweHHss e(PeKTUBHOCTI rPYAKYBAHHA, NPUMHATO PiLLEHHS po3dinuTn pyay
Ha dopakuii: 0-3 MM, sika nogaBaTMMeETbCA 4O cknagy komnosuty, Ta 3-10 mm, gka byae
BUKOPUCTOBYBATUCS Y 3aNULLKOBIN LUNXTI.

MigroToBKa LWNXTU 3 BUKOPUCTAHHAM KOMMO3UTY 3 «KOHUEHTpaTy — pyau — BanHa —
BanHsIKy» [03BONS€ (OOPMyBaTU CKNag i OCHOBHICTb CaMOro KOMMO3UTY Ta 3anuLKOBOI
WNXTU WAAXOM 3MiHM BMICTY BanHSKy B HUX, WO BMAAMBaTUME Ha pO3Mo4ifieHHs
MaTepianiB y CMpUX rpaHynax Ta Ha KiHueBYy CTPYKTYypy arnomepary.

[ocnigpkeHHs nokasanu, WO Haukpawa SKIiCTb arnomepaTty [AoCAraetbCs npu
ChiKaHHi LWMXTKN, NIArOTOBMEHOI 3 BUKOPUCTAHHSM KOMMO3UTY, KiSfbKICTb BanHAKY y sSiKOMY
3abe3neyye 1MOro OCHOBHICTb Ha piBHi 0,9-1,0 of., Ta 3anNMLWKOBOI LUMXTU, OCHOBHICTIO Ha
piBHi 1,6-1,8 og.. TakMm 4YMHOM CTBOPHOIOTLCA HaWbINbW CAPUATAMBI yMOBM Ons
dopMyBaHHA MILHOT 3B’s13KK 3 3ani30-KanbLieBnX ONiBiHIB Ta hepuTiB KanbLito.

Y pesynbTaTti NigroTOBKM LUMXTU 3 BUKOPUCTAHHAM 3anpOroHOBAHOrO KOMMo3uTa y
MOPIBHSAHI 3 KMTAaCU4YHOK MiArOTOBKOK YCiX KOMMOHEHTIB 3HAYHO 3MEHLUYETbCS KifbKiCTb
HerpygkoBaHoi dpakuii 0-1 MM Ta 36inblIyeTbCA ekBiBaNEeHTHUA AiaMeTp rpaHyn,
3MEHLLUYITLCA NOKa3HUKM cepefHbO-KBaApaTUYHOroO BiAXUMNEHHS Ta KoediuieHTy Bapiauil,
WO CBiAYMTb MPO OTPUMaHHA OGinbl OAHOPIAHOrO rpPaHyrnoOMETPUYHOro CcKragy CUpUx
rpaHyn.

CnikaHHA arnomepaTty nokasanu, Wo [JaHa TEeXHOMOoris XapakTepusyeTbes
30inbLweHHAM Buxogy npugaTtHoro arnomepaty Ha 10,29 %, 36inbweHHamM Buxoay dpakuii
+5 MM Ha 11,5% nicnga BunpobyBaHHS Ha MILHICTb Ta 3MEHLUEeHHS BMICTY dpakuil 0-5 Mmm
Ha 11,5%.

Cnucok nitepatypu

1. Koeanee []J.A. TeopeTuyeckne OCHOBbI NMPOU3BOACTBA OKYCKOBAHHOIO CblpbS:
y4yebHoe nocobue ans Bbiclwmx y4ebHbix 3aBeaeHun / [.A. Kosanés, H.[l. BaHtokosa, B.I1.
MeaweHko, B.M. KpukyHoB, M.B. AronbHuk, M.H. Bonko — HMeTAY. — [JHenponeTpoBCkK:
MMA-npecc. — 2011. — 476 c.

2. Bacunbes I.C. Jluswuy 5.A. O NpOYHOCTU MUHEpanbHbIX a3 Kene3opyaHbiX
maTtepuanos / N3B. Bysos. YepHaa meTtanyprus, 1982, Ne10, C. 41-43.

3. Egpumenko I.I. MeTtannyprusa yyryHa: yyebHuk ansa sysos / I'. . EdoumeHko, A.

A. N'mmmenbdapb, B. E. JleByeHko. — K. : Buwa wkona, 1981. — 496 c.
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YOK. 691.87:691,714:539.434
I. O. BakyneHko, [1. M. bonoTtoBa, O. M. lNepkoB
[HINPOBCbKMI HaLiOHANbHUI YHIBEPCUTET 3ani3HUYHOro TpaHcnopTy iM. ak. B. JlazapsHa,

M. Hinpo

BMNJUB OUCNEPCHOCTI MEPNITY HA BTOMY BYINELIEBOI CTAJI 3A PI3BHOIO
CTYNEHA UMKNIYHOIO NEPEBAHTAXEHHA

3a TEexHOnoriel BUrOTOBIIEHHS 3ani3HUYHUX CyUiNbHOKATaHUX KOSic, TepMidHe
3MiLHEHHSI CYNPOBOOXKYETHCA (POPMYBaHHAM CTPYKTYpPWU BYrneueBoi cTani NpUuMycoBO 3a
ANdy3inHMM MexaHisamoM. Ha nigcrasi Uboro, ToBWWHA PepUTHOrO NPOLLApPKy NepniTHOI
KOJTOHIT € OCHOBHMUM CTPYKTYPHUM €NeMEHTOM, AKUN BU3HA4Yae KOMMIIEKC BNacTUBOCTEN
MeTany B enemeHTax koneca. OkpiMm BNAMBY Ha MeXYy MILHOCTI Npyv BTOMI, OMCNEPCHICTb
nepnity CyTTEBO BMNIMBAE Ha BUIMSA caMol AiarpamMu LUMKITIYHOrO HaBaHTaXeHHsa [1], wo
HabyBae BW3HAYEHOrO0 3HAYEHHS, OCOGNMBO 3a YMOB OUiHKM OOMEXEeHOI BUTPUBANOCTI
MeTanesoro martepiany Big CTYNeHs LUWUKIMIYHOro nepeBaHTaXeHHS. YMOBHUK po3nogin
KpmnBOI BTOMM Ha obnacTi 3 Mano - Ta 6arato LUMKNOBOK BTOMOK, 0OYMOBMAEHUIN AKICHUMM
3MiHaMun B MexaHi3mi (oopMyBaHHS ocepeaKiB pynHyBaHHA meTany. binbLe uboro, 3mMiHu B
PO3BMTKY MPOLIECIB CTPYKTYPHUX NEPETBOPEHb Ha MeEXi nepexoay Big oAHiel obnacTi oo
HWOI, WO  CYNPOBOOXYKTbCA  BUHUKHEHHAM  OOCTaTHbO  3HA4YHOro  Po3Kuay
eKCrnepuMeHTanbHUX AaHuX, CYyTTEBO OOMEXye MporHo3 CTOCOBHO OBMEXEHO!
BUTPMBAnNoOCTi MeTany npu BUKOPUCTaHHI BUpoby. Ha npuknagi ByrneueBoi cTani 3i
3mictom Byrneuto 0,63% npoBeaeHO JOCNIAXKEHHS BNAUBY TOBLUMHU (PEPUTHOIO NpoLuapKy
nepnity (A) (iHtepsan 0,14 — 0,5 MKM) Ha BUrMAL AiarpamMn UUKIIYHOrO HaBaHTaXXEHHS.
BunpobyBaHHS NPOBOANNNCS 3@ CXEMOIO 3HAKO3MIHHOMO 3rMHY, MPU CUMETPUYHOMY LMK
HaBaHTaXeHHA. 3 aHanidy pgiarpam 0Oyno NigTBEPKEHO iCHyBaHHS aHomanii Ha
MOHOTOHHOMY XOZAi KPpUBUX BTOMMW, PO3TaLLyBaHHS SIKOI BBaXXaETbCA YYTNMBUM (PaKTOPOM
A0 0cobnmBoOCTEN BHYTPIWLHLOI Oy40BM MeTany, yMOB LMKNIYHOrO HaBaHTaXEHHS Ta iH.
[1,2]. B mipy 30inbLlUeHHA MCNePCHOCTI NepPRiTHOI KOMOHIT, po3TallyBaHHA aHOManii No BiCi

abcumc KpMBOi BTOMU 3CYBAETbCS Yy OiK 3HMKEHHS BENMUYMHM OBMEXEHOI BUTPUBANOCTI

(N;), 3 oOAgHO4YaCHMM 3pOCTaHHAM pPO3KMOY 3HadeHb amnniTyanm uukny (oi). Okpim

MOPYLUEHHS  OOHOPIAHOCTI  PO3MOBCIOMAXKEHHA agedopmauii  abo  3MiIHM  aKTUBHUX

KpuctanorpadgivyHmx cuctemMm KoB3aHHsi agucrokauin [19], BAHUKHEHHS aHOManii BBaXXaeTbCs
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0OyMOBMEHNM 3MIHOK HanpyXXeHoro CTaHy MeTany nonepeay 3pocTaroyol TpilwmHKU. Ha
nigcrasi UbOro, 3a YMOB Mano UMKIOBOI BTOMW MOBWHEH peanidyBaTtucs MIIOCKO
AedopmMoBaHui CTaH i obrnacTb BTOMW Ha MOBEPXHi PyMHYBAHHA 3aiMa€e BiOHOCHO He
BENUKY NMOLWMHY. IHWI YMOBM 3pOCTaHHSA TPiWMHM BTOMWU BUKOHYKOTbCA Ansi obnacTi
Garato uuknoBoi BTOMW. Ha OCHOBI aHanizy noBEPXOHb PYMHYBAHHSA, MPUCYTHICTb
XapaKTepHUX O3HaK NepeMilleHHs i 3aTPUMKU OPOHTY 3pOCTaloyOl TPILWMHK cBig4aTh Npo
dopmyBaHHA 06’€EMHOrO0 HaMpPy>XEHOro CTaHy. 3 MEeTOK YTOYHEHHSI MEexXaHi3amy BMnvBYy
ANCNEepPCHOCTI NepniTHOI KOMOHIl HAa BUHMKHEHHA aHOManii Ha KpUBIM BTOMU BUKOpUCTanu

AOTUYHY, $KY BMMIpIOBanM Ha AinsHKax KpuUBOI 3  Pi3HUM CTyNeHeM LUKIiYHOro

nepeBaHTaXXeHHA MeTany. Tak, 3a yMOB HeOOMeXeHOI BUTPUBaNocCTi, Konn Ni»«, a 0i=0-,
ae 0.1 - Mexa MiyHocTi npy BTOMi, daZdN=0. B Mipy BigxuneHHsi Big ymMOB HEOOMEXEHOI
BUTPUBASIOCTI, KON CMiBBIAHOWEHHS O; 000-1 b6inbwe 1, ogHo4yacHe 36inblLUeHHA O; i
3meHweHHa N; OyayTb MOCNiAOBHO NPUCKOPKOBATM 3POCTaHHA abCOMTHUX 3HAYEHb

dadN. 3a giarpamamu UMKNiYHOro HaBaHTa)keHHdA Temn niasuweHHs dadN gna obnacten

3 Mano - Ta 6araTo UMKNOBOO

do/dN; X107*MnNa/u
0,5 x
S

0,4

' N
0,3 —~——

‘H-\-\-‘_‘“--
0,2 — R““*:»\-
* iﬁﬁ%
0,1 e — =
P B———
0 |
A, MKM
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7

Puc. 3anexHictb dodN Big A ana pisHMX 3HauyeHb o6MexeHoi BuTpuBanocTi: (¢)-2-10°;
(m)-3-10°; (A)-5-10%; (X)-6-10°; ()-10° u.

BTOMOK Oyae pisHMM. [iicHO, nouymHatoum Big ob6nacTi 3 ManouMKIIOBOK BTOMOK ANs
yacrna umknie  2-10° Ta  3-10°MigBMLIEHHS  OWCMEPCHOCTI  MEepriTHOI  KOMOHil
CYNpPOBOOXYETLCA 3pOCTaHHAM BenuuunHn dodN (puc.). lMpu uboMy, ONA OAHAKOBUX

BENNYUH A NPONOPLINHO 3MEHLLEHHIO CTYMNEHA LMKIIYHOrO nepeBaHTaXXeHHs BiabyBaeTbCA
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3HWKEHHA KyToBOro KoediuieHTa 3anexHocTti da/dN~f(A). Mpu noganbwiomMy 36inbLUEHHI

obmexeHo! BWUTPUBAmNOCTi, Hanpuknag Aana KinbkocTi uuknie  5-10°  nounHawoTb

BUKOHYyBaTUCS YMOBM Nepexoay Big mano Ao 6arato umknosoi BToMu. [na obnacTi KpuBmx

3 Garato umknosol BTOMoOl (6-10°; 10° u) sanexHicte dadN~f(\) mae Bxe npamo

NPONOpLiNHUA XapakTep. TakMM YMHOM, HecTabinbHi YMOBM HaKOMUYEHHs AedekTiB
KpucTaniyHoi 0ygoBu nigyac UuMKIiYHOro HaBaHTaXKeHHs1 B obnacTi nepexoay Big mano —
Ao Garato  UMKNOBOI  BTOMW, WO  NIATBEPAXYETLCS  iICHYBAHHSAM  poO3Kuay
eKkcrnepuMMeHTarbHUX 3Ha4YeHb NO aMnniTyai UMKy i obMmexeHol BUTPUBarocCTi Npu BTOMI, €

pe3ynbTaToOM CyMapHOro edekTy, WO MpuMBOAUTL A0 NPaKTUYHO BiACYTHLOro BNnvBY. Y

nepLiomMy HabnuxeHHi, xapaktep 3anexHocTti do/dN Big TOBLMHU (PEPUTHOrO MpPOLLAPKY

nepnity, Ans pPi3HOr0 CTYNeHA UMKMIYHOrO MepeBaHTaXXEeHHS, MOBWHEH BU3Ha4aTu
CTafiHICTb pPO3BUTKY npoueciB BTOMWU. EkcTpanonsuis rpagiyHux 3anexHocten o
B3aEMHOro nepeTuHaHHS NpuBnM3HO cniBnagae 3 MakCmarnbHO NPUMNYCTUMOKO TOBLUMHOK
depuTHOro npowapky nepnity ByrneueBoi ctani [3]. Akwo BBaxatn, WO 3a Aiarpamoto
UuKIiyHoro HaBaHTaxeHHa da/dN € Mipoto 3MEHLIEHHA amnniTyan umkny ans 36inbweHHs
obmexeHoi BUTpMBanocCTi Ha 1u, TO UINKOM OBrpyHTOBAHO iCHyBaHHS 3B'A3Ky BKa3aHOI

XapakTepnuctmukm 3 TeMmrnom Hakornnm4eHHA ANCroKauin.

Cnucok nitepatypu

1. UsaHos, Y. N. Hassanue ctatbun / N.WN. NBaHoB // XKypHan. —rog. — Ne. — C. X-X.

1. lypesuy, C. E. WccnepoBaHve HEKOTOPbIX 3aKOHOMEPHOCTEW paccesiHusd
SHepruu npu yctanocTn B 3aBUCMMOCTW OT YPOBHSA MpuroxeHHoro HanpsbkeHus / C.E.
'ypeBwud // YcTtanocTb meTannos u cnnasos. M.: Hayka. — 1971. - C.23-31.

2. TpoweHko B. T. Yctanoctb 1 Heynpyroctb metannoB / B.T. TpoweHko // K.:
HaykoBa gymka,. — 1971. - 268c.

3. pudHes, B. H. NpOYHOCTb M NNACTUYHOCTb XONOAHOAE(OPMUPOBAHHOM cTanu /

B.H. NpugHes, MNaepuntok B.I"., Mewkos HO.A. // K.: HaykoBa gymka, - 1974. - 232c.
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YK 669.245.018.044:620.193.53
A. A. TnoTtka, C. B. Nanayk

3anopoXXCKMi HaUMOHAIbHbIN TEXHUYECKNIN YHUBEPCUTET, I. 3anopoXxbe

MATEMATUYECKOE NMPOrHO3MPOBAHUE CBOUCTB MOHOKPUCTAJIITMYECKUX
XXAPOINPOYHbIX HUKEJEBbIX CMJIABOB

YnpoyHeHue y'-gpason obecneumBaeT ONUTENbHOE  COXPAHEHUE  BbICOKON
TemnepaTypHon paboTocnocoBHOCTM CMMaBoOB AAHHOrNO Knacca B LUMPOKOM WHTepBane
Temnepatyp, Bnnotb 4o 1150°C [1]. CnegoBaTtenbHO, BaXXHeNLWas posib B CONPOTUBNEHUN
BbICOKOTEMMEpaTypHON Nonadyyectn MoHokpuctannudeckux XHC npuHagnexuT, Takmm
CTPYKTYPHO-(Pa30BbIM XapaKTepuUCTUKaM, Kak Nepuoa KpUCTanmyecknx peLueTok y- u y'-
da3 n nx pasmepHoe HeCoOTBETCTBUE & UNN Y/Y'-MUCHUT, KOTOPbIA paccynTbiBaeTcs no
dopmyne & =2-((ay- ay)/(ay+ ay))-100% , roe ay n ay — nepuoabl peweTok y- n y'- gas,
COOTBETCTBEHHO [2].

B pesynbrtate aHanmMsa " O6p360TKI/I SKCNMepuMeHTarbHbIX OaHHbLIX MNpearoXeHo

T (Al+Ti+Nb+Ta+Hf)
0.2 T, (Cr#W+Mo+Re+Co+Ru)

COOTHOLLEHME nernpyrwmx anemeHTtos K. = (kannBpoBOYHbIN

koadppmumeHT 0,2 Gbin onpegeneH AIMNUPUYECKUM MyTeEM) LA OLEHKM MeXaHUYeCKnX
CBOWMCTB, KOTOPOE YYMTbIBAET KOMIMIIEKCHOE BIIMSIHUE OCHOBHbIX KOMIMOHEHTOB CniaBa.
[MocKoNbKy pasmMepHOe HEeCOOTBETCTBME MapaMeTpoOB pPELLUETKM CBSA3AHO CO CTEMNEHbHO
KOHLIEHTPALMOHHOIO TBEPAOPACTBOPHOrO YMNPOYHEHUA Y- U Y'-ha3, 3PPEKTUBHOCTbLIO
ANCMEPCUOHHOIO YNPOYHEHUST CnnaBa, CKOPOCTbI MON3y4ecTn u OpYyrMMu CBOWCTBaAMU
MOHOKpUCTanoB, TO COOTHoweHue K, no3BonseT cBsi3aTb 9TWM CBOWCTBA C
MHOTFOKOMMOHEHTHBLIMU CUCTEMaMMU.

YcTaHoBNeHo, 4TO 3aBUCUMMOCTb npefena (Os) KpaTKOBPEMEHHOW MPOYHOCTU
cnnaBoB OT BENUYMHbI  MUCHUTA ONTUMAnNbHO OMNUCLIBAETCA  florapudmmnyeckon
3aBUCUMOCTbIO: 68=-52,32In(8)+1179,9 ¢ oTHOcuTenbHOM norpewHocTblo +3,74%. [OAns
MoOHoKpucTannuyecknx XXHC yBenuyeHne 3HadeHns MuchuUTa COMNpPOBOXKOAETCA
CHMXEHMEM npedena WX  KPaTKOBPEMEHHOW  MPOYHOCTW,  MOCKOSIbKY  Mexay
KpUCTanM4ecknmmn peLuetkamm y- n y'- gasbl 00pa3syoTca 3HauYUTENbHbIE HaMPsHKEHUs,
KOTOpble CMOCOBCTBYOT npoueccam CTPYKTYPHOWM M (pa3oBOW HeCTaburibHOCTU, YTO
NpMBOAMT K MNpeXaeBpeMEHHOMY paspylleHntio maTtepuana. [lokaszaHo, 4TO npu
Temnepatype wucnbitaHun 1000°C, 3asucumocTtb npegenos 100- m 1000- 4vacosown
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ANUTENBHOM NPOYHOCTU OT BEMMYMHBbI MUCUTA ONTUMATbHO ONUCHLIBAETCS NOMYyYEHHbIMU
MoaenamMun: c1001°%°=587,75%+347,965+269,65 C OTHOCUTENbLHON MOrPELUHOCTbIO +3,46%;
61000100=561,45%+276,645+174,65 C OTHOCUTENbHOW MOrpelHocTbio  +3,6%. 31K
3aBMCUMOCTU noKasbiBalT, 4To npu Temnepatype 1000°C, 3HayeHue pasmepHoro
HEeCOOTBETCTBMS ONM3KOMY K HYM, ChnaBbl UMEKT fydliMe nokasaTtenu AnuTenbHOM
NPOYHOCTU. MIcxoas 13 Bbille paCCMOTPEHHbIX 3aBUCMMOCTEN, MOXHO cAenaTb BbIBOA, YTO
npu paspaboTke HOBLIX CMMaBOB WW COBEPLUEHCTBOBAHWW COCTABOB W3BECTHbIX
MPOMBILLIIEHHbIX MapoOK AaHHOro Knacca, HYXHO 3aknagbiBaTb BbICOKME 3HAYEHMS
MucuTa Npy KOMHATHOW TemnepaType. OTO CBA3aHO C TeM, YTO C MOBbILEHUEM
TemnepaTypbl UBMEHATCA pa3MepHOe HECOOTBETCTBME NapamMeTpPoB peLleTokK Y- Y'- das u
npyu TemnepaTtype aKcnnyatauuMum XenatenbHO WMEeTb BEenUYuHY Muchuta O6nmuskom K
HYMO, YTO CHU3UT KOrepeHTHble HanpsbkeHust n obecneunTt ynyydlweHne CTPYKTYPHO-
da3oBon CTabunbHOCTK, a, crieqoBaTeNbHO, NOBLICUTCS ANUTENbHAA MPOYHOCTD.

CBasb obbemHOM gonu y'- hasbl, Nnpegenamm KpaTKOBPEMEHHOW W ONUTENbHOWN
NPOYHOCTU C NpeanoXeHHbIM cooTHowWweHneM K, onga knacca MoHokpuctannmyeckmux XXHC
afeKBaTHO ONUCHLIBAKOTCS MOMYyYEHHbIMU PErPECCUOHHBIMN MOLEMNSMU:

0s=57,414 K,+1030,1,;

V,29=3,2607 K,+62,481
61001°%°=14,303 K,+201,11
V,1000=3 6597 K,+43,551

Taknm o6pas3omM, MNonydYeHHble Mogenu MOryT MPUMEHSITbCA ANS pacyeToB Npwu
NPOrHO3MPOBaHUN MEXaHNYECKUX CBONCTB MHOFOKOMIMOHEHTHbIX HUKENEBbIX CUCTEM
(moHokpuctannuyeckmx XHC) Ha 0OCHOBE MX XMMUYECKOro CoCcTaBa.

Cnucok nutepatypbl

1. Kucenee @.[]. ViccnepoBaHne CTPYKTypbl MaTepuana paboymx nonaTok
TYypOVH aBMaUMOHHBLIX ra3oTypOMHHBLIX ABUratenen B npouecce akcnnyataumu/
®.[. Kucenes // 3aBoackas nabopatopus. lnarHoctnka matepuanos.- 2018.- Ne2.- C.28-
37.

2. lpomacoesa H.A. PasmepHoe HecOOTBETCTBME NEPUOSOB KPUCTaNIMYECKNX
peweTok y- My -pa3 B MOHOKpUCTanmax >KaponpoyHblX HUKeneeBbix cnnasoB /
H.A. MNpoTtacoea, W.J1. Ceetnoe , M.b. BpoHuH // dnsnka meTannos n MeTannoBeaeHume. -
2008.- Ne5.- C.512-5109.
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YK 669.017
A. B. Nnyuwko, 0. B. Pa6eub

HauioHanbHun TexHiYHMI YHIBepcUTeT «XapKiBCbkU MoniTEXHIYHUIA IHCTUTYT», M. XapKiB

BUKOPUCTAHHSA TEMJIOCTIMKMX NEPJIITHUX CTANEN Y CYYACHOMY
EHEPTETUYHOMY OBJIAOHAHHI

[na naponpoBofiB TENSIOBUX €NIEKTPOCTaHLUIN | eNneMeHTiB IX CUCTEM BUKOPUC-
TOBYIOTb NepeBaxHO TennocTivki nepnitHa ctani 12X1M® i 15X1M1®. B eHeprobnokax
TEC, notyxHictio 100,150, 200, 300, 500 i 800 MBT, enemeHTu KOTNIB i CTaUiOHapHMX na-
pPOMNpPOBOAIB, a TAKOX CaMi NaponpoBOAMW, BUrOTOBMSAOTbL NEPEBaXHO i3 6e3woBHMX KaTa-
HUX, NpecoBaHnx abo BoNounnbHUX Tpyo i3 cTanen HaBegeHMxX Mapok [1].

Crani 12X1M® i 15X1M1® BUKOPUCTOBYIOTb Y TEPMIYHO-3MILLHEHOMY CTaHi. Tpybun
3i ctani 12X1M® nignaratoTe HOpManisauii 3 Bignyckom, a Ti Tpyou, WO MakTb TOBLUUHY
CTiHKM Binbwy 3a 45 MM nNiggaloTb 3arapTyBaHHIO 3 Bignyckom]. Tpybu, siki BUrOTOBNAOTb
3i ctani 15X1M1®, nignsaratoTb TiNbkM HOpManisadii 3 BignyckoM. TepmiyHa obpobka 3a-
Besnevye oTpUMaHHA HeobXigHOI XXapOMiLUHOCTI Ta BigMOBIAHMX MeXaHiYHWX BracTUBOC-
Teun cTanemn.

Tpybu gna konektopiB Ta naponposogis, 3i ctanen 12X1M® i 15X1M1®, wo He
MarTb LUBIB, BUrOTOBMAOTL BiAMOBIAHO NonoxeHb TY 14-3-46075. MakcumanbHe Harpi-
BaHHA Takmx TpyO He noBuMHHO nepesuwyBatn 570°C. I3 ctanen 12X1M® i 15X1M10,
srigHo OCT 108.030.113-77, BUroTOBNAOTbL MOKOBKM, MakCMMaribHa rpaHu4yHa Temnepa-
Typa ekcnnyartauii akMx He NoBWHHa nepesuLlyBaTtu, BignosigHo 570°C i 580°C. Takox 3i
ctani 15X1M10J1(TY-108.874-95) BurotoBndawTb Yy BignosigHocTi go TY 108.874-95
LEeHTPOoOKHI Tpydun 3 giametpom 630 i 920 MM, | TOBLUMHOK CTiHKK 25-32 mMm. Tpybu ans
eHeprobnokie TEC 3apyOiKHUX KpaiH TakoX BUrOTOBMIAIOTL i3 GrIM3bKMX 3a XiMiYHMM CKna-
AOM Ta CTpyKTypoto ctanen. NepenbadeHo oOMexXeHHSA TUCKY napy, a TakoXx TemnepaTtypu
ekcnnyaTtauil naponposofgiB. [lepeBulleHHs napaMeTpiB ekcnryaTtauil MOXe CyTTEBO
NPUCKOPUTK PYNHYBaHHS HE TiNlbK1M NaponpoBOAiB, a B NepLUy Yepry iX 3BapHUX 3'€qHaHb.

Mepenik nocunaHb

1. lMamoH b.E. CoBpeMmeHHble HanpasfieHuUsi uccrnegoBaHust M paspaboTok B
obnacTtu cBapkm M nNpovHOCTU KoHcTpykuun / B.E. MNaToH // ABTOMatnyeckasa ceapka. —
2003. — Ne 10-11. - C. 7-22.
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YK 669.15-194
A. M. NpuwmH, E. C. 3bIKuH

HauuoHanbHas meTannypruyeckas akageMmms YkpauvHel, r. IHenp

DOUSUKO-XUMUYECKUE OCHOBBbI NMOJTYYEHUA XKEJIE3OXPOMUCTDBIX
NErnPyrownx MATEPMANOB

MNpoBeneH TepMmognHamuyecknin aHanua cuctembl Cr — O — C B TeMnepaTypHOM
AnanasoHe 1000...1500°C, no3BOMAKWMUA YTOYHUTL BO3MOXHbIE NYTU pPa3BUTUA
yrnetepmuyeckoro socctaHosneHus Cr203 ¢ 06paszoBaHNMeEM CTabUNbHBIX U HEYCTONYMBbIX
TBEpAbIX NPOAYKTOB MpW pasnuyHbix cooTHoweHusax C/O B wwuxTe. [NpoaHann3npoBaHbl
TEPMOAMHAMMYECKNE U CTPYKTYPHblE€ CABWUIMM, Bbi3blBaeMble MNPUCYTCTBMEM Xenesa B
pearupyioLlern cucteme. PacCmMoTpeHbl UMeLLMecs BO3MOXHOCTU CHUXKEHUS COAepKaHUs
yrnepoga B TBepAblX NPOAYKTax BOCCTAHOBMNEHMS.

OKcnepuMeHTanbHO uccrnegoBaHa KUHeTUKa BoccTaHoBreHns Crz0s B MpUCyTCTBUK
xenesa. BbisBneHbl 0COGEHHOCTUN BRUSHWA Xene3a, BBEAEHHOro B LUMXTOBYHO CMEChb B
mMeTannuyeckon ¢opMe U B BMAE OKCMAA, Ha pasBuUTME npouecca Npu pasfnuyHbIX
TemnepaTtypax U Ha OTAernbHbIX 3Tanax BocctaHoBneHus Cr20s3. Pa3suTbl npeacraBneHns
O MexaHu3Me BNUSHUS Fe Ha CKOPOCTHble 3aKOHOMEPHOCTU WU rnybuHy BOCCTaHOBMEHUS
XpOMa 13 oKkcmagHowm assbl.

WccneposaHbl npouecchl YNpPOYHSIOLLE-BOCCTaHOBUTENBbHOIO obxwra
OKYCKOBaHHbIX OKCWOHO-YrnepoaucTtbix WWUXT Ha 6ase Cr:03 1M XpoMoBOW pyabl
camocToaTenbHO 1 ¢ go6aBkamu xernesa B LUMXTOBYK cMecb. BBog Fe B meTannuyeckom
dopme n B BMAE MarHeTUTOBOrO KOHLIEHTpaTa YCKOpsSieT BOCCTaHOBIEHWE Xpoma W
yBenuumBaeT rnyobuHy pasBuTUs npouecca Npyv HEM3MEHHOM cogepXaHuu yrrepoja B
OKyCKOBaHHbIX obpasuax. OgHOBpeMEeHHO co34alTCsd YCMoBUSA AN CyWEeCTBEHHOro
o06e3yrnepoxvBaHns NoNy4eHHOro TBEpAOro NpoayKTa.

PesynbTaTbl BbIMONMHEHHbIX B paboTe TeopeTuyeckux W 3IKCnepuMeHTanbHbIX
nccnegoBaHUM ABUINUCH PU3NKO-XMMUYECKOW OCHOBOM ANt pa3paboTkn TeXHONOrm4eckom
CXEeMbl MOSTyYEHUs XKene3oXpOMUCTbIX NEernpyowmx MaTepvarnos B TBEPAOM COCTOSHUW.
MNpouecc MoOXeT ObITb OCYLLECTBNEH MyTEM YrnepoaoTEPMUYECKOrO WM KOMMIEKCHOro
BOCCTAHOBMNEHNA OpuKeTOB Ha OCHOBe 6oraTton XpOMOBOW pyabl (KOHUEHTpaTa) C

,D,O6aBKOl7I B WWNXTY MeTarin4ecKkoro xerlries3a 1Uiin MarHeTuToBoro KOHUeHTpaTa FJ'Iy60KOFO
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oboralleHna npy atoMHOM cooTHoweHun Fe/Cr = 1 n temnepatype 1300...1400°C.
KomnnekcHoe BoOcCTaHoBMeHue LuenecoobpasHo OCyWecTBNATb B MNOTOKE MPOAYKTOB

NnapoBoW KOHBEPCUM NPUPOAHOrO rasa.

YK 669.112.2:669.26
A. M. N'puwuH, U. C. WLlernosa, A. A. HaaTouun

HauuoHanbHas meTannypruyeckas akageMmms YkpauvHel, r. [IHenp

BITUAHUE Feyer HA KUHETUKY TBEPAO®A3HOIO BOCCTAHOBJIEHUA XPOMA C
YYACTUEM KAPBUIA

B paboTe BbINONHEH TEPMOAMHAMUYECKMIA aHANN3 OCHOBHbIX pPeakumini B cuctemax
Cr— 0O -CwuCr—-Fe — 0 - C, npoTtekawowmx ¢ obpasoBaHMeM MeTanM4eckon u
KapbuaHbix a3  pasnuyHoro coctaBa. OnpegeneHbl  TemnepaTypbl  Havana
BOCCTaHOBJIEHNA XpOMa U3 ero okcmga, a Takke xenesa n xpoma ns xpomurta Cr2FeOs B
ycnoBunsax obpasoBaHWA MeTannnyeckoro nNpoaykra u kapbuaos Mpu UCMOSb30BaHUMM B
KayecTBe BoccTaHoBuTenen teepgoro yrrnepoaa, CrsCz n CrzCs.

C npUMeHeHneM TepmorpaBumMeTpumn nccrnegoBsaHa KMHEeTUKa
yrnepogoTepMmMYEcKoro U KOMMMEKCHOro BoccTaHoBneHus Cr20Os3 v XpomMoBOW pyabl C
BapvauMsiMM  COOTHOLLUEHUSI KOMMOHEHTOB  LWKUXTbl, Buaa TBepgoro yrnepoaa,
NCMOMb30BaHMEM CbINMyYNX W OKYCKOBAHHbIX LUMXTOBbLIX CMECeW. YCTaHOBSIEHO, 4TO
OpukeTupoBaHMe o00pas3uoB crnabo oTpaxaeTcss Ha CKOPOCTHbIX XapakTepucTukax
npouecca. CoxpaHseTcs NO3MTUBHOE BNusaHMe pocta fonu Crs. B WUNXTE M nepexoda oT
yrnepoaoTepMUYECcKoro K KOMnIeKCHOMY BOCCTAHOBIEHWIO B NOTOke Ho.

WccnepoBaHua nokasanu, YTO MPUCYTCTBUE METanfIMyeckoro >xeresa yckopsieT
BoccTaHoBneHne Cr203 kapbugom xpoma u yBenuumBaeT riybuHy passBuTusa npouecca.
OpHOBpEMEHHO NPOUCXOAUT onpefeneHHoe CHUXeHWEe yriepoda B KOHEYHOM MpoayKTe
BOCCTaHOBIEHUS.

PacyeTbl, BbINOSIHEHHbIE HA OCHOBE NUTEPAaTYPHbIX AaHHbIX W MOMYYEHHbIX B
HacTodwen paboTe, nokasanu, 4YTo yyactue napoB Cr203 n kapbnagoB xpoma He urpaet
BeAyLleN ponn B MexaHn3mMe TBepaodasHOro BOCCTAHOBIEHWUS OKCMAa XpoMa YrinepoaoMm.
HenocpencteeHHOe B3aMmogencTsne TBepOblX peareHTOB MOXeT 3aMeTHO CKa3blBaTbCs

JiMib B HaYasibHOM nepumoge rpouecca. Pewatowmn BkNag B KUHETUYECKMe
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3aKOHOMEPHOCTU yrnepoaoTepMuyeckoro BocctaHosneHms Cr20O3 BHOCUT ra3oBasi (hasa
CO — CO2 B cooteBeTcTBUM C OBYx3BeHHoW cxemon A.A. Bbawnkosa. [MpuHuunuaneHas

BO3MOXHOCTb peannm3aunn 3TON CXEMBbI noarsepXxXageHa BbINMOJIHEHHbIMU pacyHeTaMW.

YK 669.787:621.783.223.2:621.181
E. B. l'ynano, A. O. EpémuH, E. A. Kapakaw

HauuoHanbHas meTannypruyeckas akageMmms YkpauvHel, r. [IHenp

METOAMUKA OUEHKU 3PPEKTUBHOCTU NPUMEHEHUA TEXHOJIOTMYECKOIO
KUCITOPOAA B TEMNOBbLIX ATPEFATAX METAJIITYPTUA

OagHum  mn3  3pPEeKTUBHBLIX CNOCOBOB  MOBLIWEHUS  3HEProadPEKTUBHOCTH
MeTannyprmyecknx TennoBbIX arperaTtoB SBSETCA WCMNOMb30BaHME TEXHOMOrMYeCcKoro
Kucrnopoga Aonst ckuranms Tonnuea. [pyn 3TOM KMCAOPOA MOXET MCNnornb3oBaTbCcs NMbo B
KayecTBe OKUCIUTENA NpW peanu3aumm TEXHOMOrMM ra3o-KUCNOPOAHOrO CXUraHus
TonnmBa, NMbo Ans oborawleHnss BO3ayxa ropeHums.

3apybexXHbIMM U OTEYECTBEHHbIMM  KOMMaHUsSMW  pa3paboTaHbl  FrOpenkw,
peanuayoLme TEXHOMNOMMI0 ra3o-KMCNOPOLAHOrO CXXUraHnsa Tonnmnea, NPMMeHeHne KOTopomn
obecneunBaeT 3HauMTeNbHOE YMeHblUeHWe obbemMa MNPOAYKTOB CropaHusi, yBenuyeHue
TemnepaTypbl rOpeHus TonnuMBa W uM3nydaTernbHOW CcnocobHocTn dhakena, W, Kak
cnencTeve, MOBbILEHME MPOM3BOAUTENbHOCTU TennoBbIX arperatoB Ha 25— 50 % wu
9KOHOMUIO TOMMMBA B 3aBUCUMMOCTU OT KOHKPETHbIX YCNOBUW NPOU3BOACTBA B Anana3oHe
30 — 60 % [1]. CoepxuBatowmMn akTopaMmm MPUMEHEHUST 3TOM TEXHONOMMN ABMSETCS
HeobXoOMMOCTb PEKOHCTPYKUMU TEMMOBbLIX arperatos, npeaycMmaTpuBalollen 3ameHy
ropesiok 1 MmogepH1M3aumio BcrnomoraTesribHoro o6opyaoBaHus.

B 1O xe Bpems, obGorawieHne BO3dyxa rOPEeHUs1 TEXHONOrMYECKUM KUCNOPOAOM
MOXeT ObITb C YCNexoMm peann3oBaHO B HarpeBaTeslbHbIX nevax M Kotnax TalU
OTeYeCTBEHHbIX MNPEeAnpUSTUIA, MOCKOMbKY ero BHeApeHwe He TpebyeT CylleCTBEHHbIX
KanuTanbHbIX 3aTpaT 1, Npy onpedeneHHbIX YCIOBUSX, OHO MOXeT ObITb peann3oBaHo 6e3
3aMeHbl TOpesioyHbIX YCTPOoUCTB. [1o CpaBHEHMIO C ra30-KMCNOPOAHbIM  CXUraHUEM
TONNUBA, YBENWYeHWe [ONW KUCropoda B BO3AyXe FOPEHUst Marno ckasblBaeTcs Ha
N3MEHEeHUN NPON3BOANTENBHOCTU TENMOBLIX arperaToB, OAHAKO AOBOMbHO CUMBHO BIUSET

Ha X aHeproadeKTUBHOCTL [2].
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ABTOpamun paboTbl NpeanoXeHa KOMMNIEKCHast MeToauKka oueHKM 3pPekTUBHOCTU 1
3KOHOMMYECKOM LienecoobpasHOCTM WCMOMb30BaHUSA KUCopoda B HarpeBaTerlbHbIX
YCTPOMCTBAX MEeTanypruiecknx NnpeanpuaTuim, Kotopas BKNOYaeT:

— pacyeTbl MPOLIECCOB TFOPEeHUs TonnMBa M oOnpederieHne TenroTEXHUYECKUX
rnokasatenen ToMnMBa MpPU U3MEHEHUW COLEpXaHWsA Kucnopoga BO3OyXe TOpPeHUSA B
ananasoHe 21 — 100 %;

— aHanua cocTaBa MPOAYKTOB CropaHusi, yAenbHbIX pacxofoB aTMOCHEepHOro
BO34QyXa M BbIXxo4a [AbIMOBbLIX ra3oB, TEMSOTEXHMYECKMX MOKasaTenem TonnmBa B
3aBMCUMOCTU OT YCMOBUW €ro CxuraHuma (Temnepartyp nogorpeesa Bo3gyxa M TONMMBA,
CTEeNeHn yTunuaauumn TennoTbl yXOAsAWMX rasoB, u3bbiTka BO3dyxa, NO4ABAEMOro Ha
ropeHuve v ap.);

— onpegeneHne 9SKOHOMMM TonmnmMBa npu  oboraweHun BO3gyxa [OpeHus
KACNOPOAOM W YAENbHOro pacxoda TEXHOSIOrMYyeckoro kKucnopopa, obecnevmBaloLLero
aKoHOMMIO 1 M3 TOMNUBA;

— obocHOBaHME MaKCMManbHOM CTOMMOCTM TEXHOJIOMMYECKOro Kucropoga, npu
KOTOpPOW €ro npuMEHEHWE SKOHOMMYECKM LEenecoobpasHO B KOHKPETHOM TEMNSOBOM
arperarTe;

— pacyeT OXMAaemMoro 3KOHOMWUYeckoro adppekta OT MCMONbL3OBaAHUA KUcRopoaa
ANsA 3ameHbl unn oboraweHnsa Bo3ayxa ropeHust.

C wncnonb3oBaHMeM pas3paboTaHHOM METOAMKM  BbINOSIHEHbI  UCCREeaoBaHUS
3(PPEKTMBHOCTN NCNONb30BaHUS KMcrnopoaa Ans oboraweHns Bo3agyxa ropeHns napoBbIX
kotnoB TOL u wmeTogudecknx neyen, OOCNYXMBAKOLWMNX MENKOCOPTHbIE CTaHbl.
NccnepoBaHus BbINOMHEHbI ANs paboTbl TEMMOBbLIX arperatoB Ha JOMEHHOM, KOKCOBOM,
NpPUPOSHOM N CMELLUaHHOM rase (NPUPOAHO-KOKCOAOMEHHOW CMECU C TEMSOTON CropaHus
13,9 MOx/m3).

Kak nokasanu wuccnegoBaHusi, Afs paccMaTpuBaeMblX TEMMOBbIX arperaTos,
yBenuyeHne cogepxaHus kucropoga B Bosgyxe ropeHus o 31 % He npuBoauT K
HapyLleHuto paboTbl ropenoYHbIX YCTPONCTB, a, CrieaoBaTefibHO, He TpebyeT MX 3aMeHbI K
CBAA3AHHbIX C 3TMM KanuTanbHbIX 3artpaTt. [lpy 3ToM 3(PPEKTUBHOCTL MNPUMEHEHUS
TEXHOMOMMYECKOro KMCropoga B MeToaMYEeCKnX nevax 3HauymMTesnibHO Bbille, YeM B KOTMax
T3LU. Tak, akoHOMMA TonnmMBa B MeToamndeckmx nedvax gocturaet 10,5-13,7 %, B TO Bpemsa
Kak B kotnax TOL|, oHa He npeBbiwaeT 1,7 %. B TO e BpeMs pacxon TEXHONOrm4yeckoro
kucnopoga, obecneumBarowmin akoHomuo 1 M3 rasa ana kotnos T3L, B 7,7-13 pas

bonblie, Yem AN MeTOONYECKNX NeYen.
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Cnucok nutepatypbl

1. Kapn, N. H. cnonb3oBaHue kncrnopoga v oboraleHHOro KUCopoaom Bo3ayxa B
HarpeBaTeNbHbIX Mevyax, Konoguax, CTeHOax pasorpeBa cTanepasfMBOYHbIX KoBLUER /
L. H. Kapn, A. H. 3anmBbin, E.TI. MapueBon, K. E. lNbsHbix// 3HeprotexHonormm u
pecypcocbepexeHue. — 2012. — Ne 3. — C. 18-29.

2. l'ynano, O. B. JocnigkeHHa TennoBol poboTn KinbueBol nedi 3a 36aravyeHHsm
NOBITPS rOPiHHA TexHonoriyHum kucHem / O. B. T'ynano, O. O. EpbomiH // MeTtanypris : 36.
Hayk. np. 30IA. — 3anopixeka : 30IA, 2016. — Bun. 2 (36). — C. 87-92.

YK 621.745.35
I. B. OepeB’siHko, O. B. XXagaHoc, C. M. NMigropHun

HauioHanbHa meTanypriviHa akagemis Ykpainu, M. [JHinpo

BUMJTABKA CUHTETUYHUX YABYHIB HA LUUXTI, LLO MICTUTb BYINELb-
KAPBIOAKPEMHIEBI MATEPIAIA

CuHTeTnyHMin YaByH (Cu4), Ak npasuno, BUNMaBnsAwTb B iHAYKUINHUX nedax (IM)
BukopuctoBytoun 50...70% (B aeskux Bunagkax oo 100%) cranesoro 6pyxty, 30...50%
AOMEHHNA 4YaByHy abo MNOBEpHEHHA BacHOro BUPOBHWUTBA, a ANA HaByrneLBaHHA
po3nnaBy 3aCcTOCOBYIOTb rpadiT, NMMBapHUn abo JOMEHHUI KOKC. [ns OTPUMAHHS YaByHY,
cTaHAapTHOro 3a BMICTOM Si, NOro nerywTb hepocuniliem.

AkicTb i cobiBapTicTb OTpUMaHOro YaByHy 6e3nocepedHbO 3anexuTb Big SKOCTI i
BApPTOCTi LUMXTOBUX MaTepianis, a TaKoX KiNbKOCTI i LiHX cnoxmnBaHoi enektpoeHeprii. LLo6
oTpumaTu B Il aKkiCHM YaByH HEOOXiAHO 3aCTOCOBYBATU ANA NiaBku padiHOBaHI YyLLKOBI
YaByHW. AnbTepHaTuBa pacpiHOBaHMM YaByHam - 3acTOCOBYBaTW B LUUXTi 30inblueHy
KINbKIiCTb cTanesoro 6pyxTy.

Cranesi Bigxoau - siKiCHiWIi martepiann, HiX NMBapHi i NepepolbHi YaByHKU, ane ix
3acTocyBaHHS BUMarae HaByrneutoBaHHs poannasy. Heponikv Bunnaskm Cu4d B M1, 3
BMKOPUCTAHHAM B LWKXTi KapOropusatopa i depocuniuito: neperpiBaHHa meTany,
CXWIbHICTb YaByHY A0 Bigbiny, nepesuTpaTta HaByrneLboByBayda i hepocuniuito, 3HUKEHHS
CTINKOCTI (pyTepyBaHHS.

PospobneHa TexHosnoria 3 3anyydeHHaAM [0 npouecy KapbiakpeMHINBMILLYHUNX

mMartepianis gossonsie sBunnaenatm Fe - C - cnnaeu i3 3agaHMMM BRAAcTUBOCTSMU i
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Mapo4HUM BMICTOM Si i C, 3 MOXITMBICTIO THYYKOro KOPUIyBaHHS MOro XiMiYHOro ckragy Ha
Pi3HMX eTanax nnaBku. Y OCHOBI TEXHOSOril - BMAacTUBOCTI MaTepianis, BXMBaHUX OS5
BUIOTOBMNEHHA MEeTanyprinHnx cymiwen 3 Byrneub-kapbigokpemMHinosux matepianis (CSiC
- cymiwen). Kapbig KpemHilo MICTUTb MEHLUE HeMeTasniYHMX BKOYEHb | [AOMILIOK
KONbOpOBMX MeTarniB, HixX epocuniuin. BeegeHHs B po3nnas SiC, cninbHO 3 TePMiYHO
obpobneHnM ByrneLesnm MmaTepianom 3abesneyye npouec HaByrneuBaHHs. [1pyn ubomy,
nigBULLYETLCA rpadiTu3dyroya 30aTHICTb YaBYHY, 3HUXKYETLCA KIMbKICTb KUCHIO Y LUMNAKY |
3MEHLLYETbCA CXMMbHICTb 4YaByHY Ao Bigbiny. OagHoyacHo BigbyBaeTbCA BiOHOBIEHHS
oKcuaiB 3anisa wnaky, LWo cnpuae oOpMyBaHHIO PO3CMMNYaCTUX LUNAKIB B nepiog nnasBku i
3HWKEHHIO 3aranbHOro Burapy nerylodmx enemMeHTiB.

Mpouec po3unHeHHst 3epeH SiC npoxoanTb Ayxe wemako (1...2 xB.) npu 1250°C, Si
yTBOpIOE 3 Fe po3uumH, i Byrneub, Wo AndyHOyBaB, BUAINAETLCA Y BUMMSAI BTOPUHHOIO
rpacpity. Lla Bnactusictb SiC BnnuBae: Ha 36inblUeHHS 4ucna 3apodkiB rpadity i
3abesnevye oTpumMaHHA ApiGHOAMCNEPCHOro, PIBHOMIPHO PO3MNOAINIEHOr0 MO MeTanesin
MaTtpuui rpagity, 3HWXKEHHA TemnepaTypu €eBTEKTUYHOrO MNepeoXOSIOMXKEHHA 4YaByHY
nokpatuye rpacitnaytodi Bnactneocti CuM i nigBuLLye NOro MexaHivHi XapakTepUCTUKMN.

BeegeHHa 2...8% cymiwen BKKM (Big macu pigkoro metany) A03BOMSE MOHU3UTU
BiA6in, NoninwWuTN CTPYKTYPY YaByHy i NIBULLMTN MOro pigKoTekydicTb. BuaineHHs Tenna
npu po3vmHeHHi SiC TakoX cnpuae SAKHAWMMOBHILLOMY 3aCBOEHHIO BifIbHOO BYrfieLto, Lo
3HaxXOAUTbLCS B CYMiLLi, i KOMMNEHCYe TennoBi BTpAT po3niaBy Ha MOro 3aCBOEHHS.

Y I cepefHbOl i BUCOKOI 4aCcTOTW pe3ynbTaTh 3aCBOEHHS KOMMOHEHTIB CyMiLlli
cknann, BignosigHo: 90...95 i 85...92% no «Si», 82...86 i 75...82% no «C», wo
obymoBneHo Hwx4oww B ~ 1,7-2,5 i 5-8 pasiB, BignoBigHO, B MNOPIBHSHHI 3 ne4Yyamu
NPOMUCOBOI YaCTOTU, IHTEHCUBHICTIO €MEKTPO-MarHiTHOro nepemillyBaHHs.

OTpumaHi pe3ynbTatv 06yMOBMEHI 3aNEXHICTIO LWBMAKOCTI pyNHYBaHHSA 3B'sI3KIB MiX
atomamm B rpatax SiC, wnaxom obmmBaHHa wapiB Si i C pigkum meTanom, Big
iHTeHcuBHOCTI EM-nepemiwyBaHHs MeTany B nedi. B ycix Bunagkax 6yB BunnaeneHumn
CuY i3 3apgaHOK CTPYKTYPOK | MexaHiYHMMM BRacTUBOCTSAMWU. Y CTPYKTypi meTtany
OTPMMaHUn ApibHOANCNEPCHUI, PIBHOMIPHO PO3MOAINEHUN nnacTMHYaTUM rpadit, LWwo
3abe3nevynno niaBuLLEeHHs mexaHiyHmux Brnactmeocten CuY Ha 10...15%.

BeepneHHs B 3aBarnky y cknagi wuxtn cymiwen BKKM possonse otpumysatn CuY
3aJaHMX MapoK, MO CTPYKTYpi i MexXaHiYHMM BNacTMBOCTAM WO He MOCTynalTbCA

3apybikHMM aHanoram.
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YK 669.184.244.66.001.57-52
K. B. €ropos, B. C. boryweBcbkuu
HauioHanbHUN TexHiYHMI yHiBepcuTeT YKpaiHU «KUIBCLKMIW MNONITEXHIYHUWA IHCTUTYT

imeHi Iropsi Cikopcbkoro», m. Knis

ONEPATUBHWINA KOHTPOJIb KOHBEPTEPHOIO NPOLIECY TA KOPEI'YBAHHS
NIABKA

Cy4aCHMA KUCHEBO-KOHBEPTEPHUA LEX SABMAA€ COOOK CKMagHWM i OCHaLeHWn
Pi3HOMaHITHUM OBnagHaHHAM KOMMSEKC B3aEMOMNOB's3aHuX OyaiBenb i cnopyd, B AKOMy
34iNCHIOITL 36epiraHHs 3anacy LMXTOBMX MaTtepianiB, nogady i 3aBaHTaXEHHs 1X B
KOHBEpPTEpP, BUNMABKY | pO3nnBaHHA cTani, npubmnpaHHa npoayKTie nnaeku. Llex Bknoyae
PS4 OCHOBHMX BMPOOHUYMX i OOMNOMDKHWMX BigdiNeHb, po3TawoBaHMX abo B OKpeMux
OymiBnax, abo B nponboTax opgHoro OyauHKy. CTpoOro Kaxyyu, KOHBEPTEP HeE €
nnasBunbHOK niydo. [lo-neplwe, B KOHBepTEp He ModaeTbCd Nanveo, a, no-gpyre,
BUXIOHWI MaTepian Mamxe BeCb BXe po3nfaBneHun (Haragaemo, LWo nnaBubHa niv — ue
nivy ons nepeTBopeHHst byab-gkMX MaTepianis B pPiakMi CTaH ...). Takum YMHOM, KOHBEpPTEP
3a CBOIMM O3HaKaMu € YCTaHOBKOK MNo3aniyHoi 06pobkM 3 NMPOAYBKOK OKUCIOBarbHUM
rasom. [MpoOnoOHYeTbLCA BBaXaTn NMasnMBOM AOMILLKK, LLO MICTATLCS B YaByHi. Togi nutoma
BUTpaTa yMOBHOro nanuea ckrnage (npun 79% pigkoro yaByHy, 21% 6pyxTy) npnbnusHo 30-
35 kry.n. /1 cTani.

TpuBanicTb SOMOMPKHUX onepauiin 3aBantoBaHHs i nporpisy 6pyxty (npu poboTi 3
nigBuLLEHOK BUTpaTod OpyxTy), 3anuMBkM 4aByHy, Bigbopy npob i BUMIpHOBaHHS
TemnepaTtypu MeTany, OuiKyBaHHA aHanisy, 3nuBaHHA MeTany i wnaky, ob6pobku i
3aKrnajeHHs CcTaneBUnyCKHOro OTBOPY) BU3HA4YaEeTbCs Macok NfaBku, napamMeTpamu
yCcTaTKyBaHHA OOCNYyroByruMx KOHBEpPTEp | TEexXHOmnorii BeAeHHs nnaBku. 3 LbOro
BUNNUBAE, LLO NpW NPOBEeAEHHI KOHBEPTEPHOro npouecy HeobxigHi 6e3BiAMOBHO Aitoui
AaTynknm 0N BU3HAYEHHA Macu  3anuBaHHA  YaBYHY, 3BaxyBaHHA  OpyxTy i
LLaKOYTBOPHOKOYNX, BUMIPIOBAHHA TemnepaTypu i cknagy rasis, WO Bigxo4saTb, BATpATU
KACHIO, O MOAAETbCA ANA NpoayBKu meTany. Akwo B uexy 3abe3anevyeHa abconoTHa
CTaHOApPTHICTb Bi4 MNNaBkuM OO0 MNMABKW CKMagy LUMXTU | TemnepaTypu pPigKoro 4aByHY i
BCTaAHOBIIEHI HaAiMHI NPUCTPOI, WO 3abe3neyvyoTb TOYHICTb 3BaXKyBaHHS martepianis, TO,

I'IpOBiBLIJI/I nonepegHbO PO3PaxyHKMU 3 BU3SHAYEHHA KiNIbKOCTi  KUCHIO, HeO6Xi,D,HOFO ans
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OKUCMNEHHS OOMILIOK i KiNbKOCTI BUAINEHOro MNpu LbOMY Tenna, KOHTpOsoBaTu npouec
nNaBKW , 3HAKO4YM NULLE KiNbKICTb BUTPAYEHOro Ha NPOAYBKY BaHHU KUCHIO (@ Npu NOCTINHIN
BUTPATi KUCHIO — 3a 4acom). HeobxigHO npoBECTM Cepitd KOHTPOSIbHMX MNMaBOK ANs
YTOUMHEHHS OaHUX MNP0 PEeXUM LWTakOyTBOPEHHS | BCTAHOBIIEHHSA KiNbKOCTI 3anisa, wo
nepexoauTb B NPOLECI NIIaBKK B LWMAK | BUOANSETbCA 3 ra3amu, WO BiaXoasThb.

OOHMM 3 OCHOBHUX NapameTpiB MiaBKK, LLIO KOHTPOSIOKTBLCS € KOHLUEHTpaLia B BaHHI
Byrneuyto. OTpumaHHA 6Ge3nepepBHOI iHOpMaUii NPO KifbKICTb OKUCMAEHOro BYrneuto
MOXITMBO B TOMY BMMAaKy, SIKLLO TOYHO BilOMa Maca i cknag MeTtaneBol LWNXTU Ha noyaTky
onepauii i cknag Ta KinbKiCTb rasiB, WO BiaxoaaTb. Mawun TOYHI AaHi Npo KinbKiCTb
BMAINEHMX rasiB i iX cknag, MOXHa cknagatM MuTTeBi 6anaHcu i B Oyab-SKMN MOMEHT
NnNaBKM 3HATU, CKINbKM Byrneuwo 3anuwmnocs B BaHHI. OgHak BHACNIOOK BaXXKUX YMOB
ekcnnyaTtauil JaTyuMKkiB B 30HI BUCOKUX TemnepaTtyp i Benukol 3anuneHocTi rasis, LWo
BiAXOOATb 3 NMaBUMbHUM MUIOM AaHi Npo CKNag i KinbKiCTb rasiB He4OCTaTHbO HagilHI,
Wwob HMMKN MOXHa Byno KopuCcTyBaTUCA ON1s1 BUSHAYEHHA MOMEHTY 3aKiHY€HHS MPOAYBKM.
[Mpy NpoeKTyBaHHI CUCTEM KOHTPOSIO i perynioBaHHA OOBOAUTLCA BpaxoByBaTW, LLO Ha
NpakTuUi Big4 NNaBkM OO0 NNaBKM 3MIHIOKTBCA CKNnag YaByHy, OpyxTy (3BMYAMHO BigoMui
npnbnusHnin cknag) i gogatkoBux martepianis. 1o xo4y KamnaHii 3MiHIOKTLCA (B 3B'A3KY i3
3HOCOM) i pO3MipKU KOHBEpPTEpPA, BIAMNOBIAHO 3MIHIOETLCS KiNIbKICTb Tensa, akymyrnbOBaHOro
Knagkow, BTpaTU Tensia yepes Knagky, MOBEpPXHA BaHHWM MeTany (y Mipy 3HOLUYBaHHSA
dyTEPOBKM MOBEPXHIO BaHHW MpPW HE3MIHHIN Maci meTany 3pocTae, a rMmubuHa BaHHU
3MEHLLYETbCA), 3MIHIOIOTLCA YMOBM MiACOCY B MOPOXHWMHY KOHBEpTepa aTtMocdepHOro
noBiTpsA. Y 3B'A3KY 3 UMM CUCTEMW aBTOMATUYHOIO KOHTPOSIO 3a XOAOM KOHBEPTEPHOI
NNaBkKM MNOKW Lle He 3aBXaW [OO3BOMAKTb MOBHICTIO BIiAMOBUTUCA Bif Bi3yanbHOro
KOHTPONHO (SICKpaBiCTb (pakena rasis, L0 BigXoaaTb, XapakTep iCKop WO BUNITAOTb i T. N.) i
Big Bigbopy npo6 meTtany i BuMmipy noro Temnepartypu. Bigbip npob i BuMiptoBaHHS
TemnepaTypy MOXHa MPOBOAUTU AK NPW MoBarui KOHBepTepa (rnonepeaHbo Ans LUboro
NPUNUHAIOTL NPOAYBKY i NigHIMalTb ypMy), Tak i 6€3 NPpUNUHEHHSA NPOAYBKM i NOBaNeHHs

KoHBepTepa.

Cnucok nitepatypu
1. KepyBaHHS KMCHEBO-KOHBEPTEPHOK MMaBKOK B 3aMKHEHOMY pexumi /
B.C. borywescbkuin, C.B.Kyk, €.K.boHgapeHko, O.O.KanycHsik // Haykosi Bicti HTYY
«KIMl». —2014. —Ne 5. — C. 76 — 83.
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YK 621.785.72:621.783.224.001.76
l. I. IBaHOB

HauioHanbHa meTanypriviHa akagemia Ykpainum, M. [JHinpo

TEXHOJNOINYHA TA EHEPTETUYMHA E®PEKTUBHICTb YOOCKOHAJIEHHA
YNPABNIHHA HATPIBOM METAIY B EJIEKTPOKOJIOAA3AX

Y koneconpokatHoMy uexy BAT IHTepnavn HT3 Bignyctka kineub Ta GaHgaxis
nicna rapTy BUKOHYETbLCA B enekTpokornoaassax npu temnepatypi 480 - 540 °C ctonamu
BMcoTolo 00 3 M Ha npoTsasi 4,5 — 6 roa. Enektpokonogasi no BUCOTI po3fineHi Ha Tpu
30HM perynioBaHHA TeMnepaTypu 3 NOTYXHICTIO HIXPOMOBUX HarpiBadiB 177 KBT y KOXHIMW.
MMicna 3aBaHTaxeHHA MeTany 3 Temnepatypoo 290 — 310 °C HarpiB BegeTbca npu
MakCUMarbHi NOTYXXHOCTI OO 3aJaHoi TemnepaTtypu, Micns 4oro BoHa cTabinisyetbcs.
OCHOBHUM He[ornikoM Mpouecy € Hudbka eHeproedekTUBHICTb. [licna KopoTKoYacHOro
nepiogy niguomy TemnepaTtypu 3 MakCUManbHUM TEnmnoBUM [MOTOKOM Ha MeTan
MOTYXXHICTb HarpiBayiB i TemnepaTypa iX iCTOTHO 3HWXYTbCS. BinbyBaeTbca piske nagiHHA
TENMOBOro MOTOKY i 3HAa4YHE 3MEeHLUeHHs LUBWOKOCTI HarpiBy. Y nepiog BUTPUMKM, LWO
pocsarae 80 - 90% Big 3aranbHOro yacy HarpiBy, NnvLie He3Ha4yHa YacTuHa eHeprii nae Ha
Harpis MeTany, a OCHOBHa Ti KiflbKiCTb BUTPa4YaeTbCA Ha MOKPUTTA TennosTpar.

3 MEeTOW 3HWXKEHHSI €eHeproBuTpaT | CKOPOYEHHs  TpuUBanocTi  HarpiBy
3anporoHOBaHO 3A4iNCHIOBATW BIKMOYEHHS HarpiBadiB 30H €NeKTPOKOosrioAa3a B nepiof
BUTPUMKM NpU nepeBuLlieHHi Ha 5 °C 3agaHoi TemnepaTypu | BKIIOYEHHS 1X Ha
MakCMMarnbHy MNOTYXHICTb MNpWU 3HWXKEHHI 1T Ha 5 °C Hwkye 3agaHoi. [lopiBHAMBHI
BMNpoOyBaHHA 6a30BOro i yA0CKOHANEHOro pexumis ynpasniHHA HarpiBOM BMKOHYBasnnCs
npwv HarpiBaHHi cton 3 12 kinbuesux Bupobis giametpom 1060 MM i TOBLUMHOW CTiHKM 95 -
98 mm 3 cepeaHboByrneuesoi ctanm (C = 0,61%). Maca cagku ctaHoBuna 6,96 1, 3agaHa
TemnepaTtypa B 3oHax 520 °C Bignosigana TeXHOMOrYHIN Temnepartypi BignycTkn metany

500 - 510 °C. [llocag npoBOAMBCA B enekTpokoroasasi nicns Buaadi 3 HUX MeTtany
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NOTOYHMX MAAaBOK Npu TemnepaTtypi B poboyomy obcsasi 520 £ 5 °C. Temnepatypa meTany
B Mpoueci HarpiBy KOHTpontoBanaca 4epe3 KoxHi 5 - 10 xB Xpomernb-antomeneBumm
TepmornapamMn, BCTAHOBMEHUMWN Ha TPbOX PIBHAX CTOMWU: MK NEPLUMM | PYrUM, LLUOCTUM i
CbOMUM, OANHAAUATUM | ABaHALUSTUM KinNbLUAMN.

Mpn HarpiBaHHi XONOAHOI CagKku 3a iCHYOUYOK TEXHOSOrE TemnepaTtypa BepXy,
cepeaunHun i HM3y ctonmn gocsarana 500 °C yepes 5 rog 35 xB; 6 rog 05 x8 i 6 rog 30 xB
BiAMOBIAHO; MpPW 3anpornoOHOBaHOMY iMMNYNbCHOMY ynpaeniHHI HarpiBoM - yepe3 3 rog 10
xB, 4 rog i 4 rog 05 xB. Cnoctepiranocs iCTOTHE 3MEHLUEHHS pi3HMUi TemnepaTtyp no
BUCOTi cTONM B nepiof Harpisy. 3MiHa TeNNOBOI MNOTY>KHOCTI 30H CBigYUTb, LLO iMNYNbCHUN
pexnm xapaktepuayetbcs 6inbl oopcoBaHOK poOOTOK HMXHBLOI | CepeaHbOl 30H B NepLUi
2 - 2,5 roag nicng nocaga npu nNpakTMYHO HE3MiHHIA CMOXWMBAHIM MOTYXHOCTI B KiHL
HarpiBy. Butpata enektpoeHepril npu LbOMYy cknasna y BepXHin 30Hi 386,7 i 288 kBT-rog; B
cepenHin 550,5 i 456,9 kBt-roa; B HmxHin 573 i 453,3 kBT-rog BignosigHO npn 6a30Bin
TeXHororil Ta iMMNynbCHOMY Harpisi.

CepegHin TennoBui NOTIK Ha MeTan npu upoMy 36inbwyetbca 3 3,88 po 6,15
kBT1/m?, KK[ nigsuwyetbes 3 33,2 0o 41,9%, nutoma BUTpaTa eHeprii 3HUKyeTbes 3 781,2
0o 619,7 k[x/kr.

AKWOo NPpUNHATK 32 NoYaTOK BiANiKy nepiogy HarpiBy nig BiAnycTKy Yac AOCATHEHHS
300 °C camoi "Bigctanoi" TOYKM cagku, TO TpuBanicTb 6a30BOro i iMNynbCHOro HarpiBy
MOXHa ouiHnTK 9K 4 rog 40 xB i 2 rog 45 xB. 3a 6a30BOI TexXHoNoril BUTpaTa eHeprii y
BEPXHil, cepeaHin i HMKHIM 30HaxX 3a uen nepiog cknana eignosigHo 796, 1181 i 1269
MIOx; cepeaHii Tennosuin notik 1,96 kBt/m2, KK[ arperaty 20,3%, nutoma BuTpata
eHeprii 466,5 kx/kr. MNpun iMnynscHoMy pexumi 3a nepiog nignomy temnepatypu 3 300 °C
ao 500 °C suTpata eHeprii no 3oHax 553, 932 i 891 MLx; cepeaHin Tennosun NoTik 3,51
kBT/M?; KKO 29,3%, nutoma BuTpata eHeprii 371,4 kIK/Kr.

[Ona GinblWw TOYHOrO ypaxyBaHHA YMOB AitOMOro BMPOBHUUTBA [OCAIOHY Cagky
rnorepefHLO HarpiBann B OKPeMOMY KOnogssi 4O TemrepaTypu KiHus rapTy, nicns 4oro
3[incHoBanu 1l nepecanky Ha Harpis nig BignycTky. MNpun iMnynbCHOMY peXxXnMi NOPIBHAHO 3
0a3oBMM Takox crocTtepiranaca 6inbw dopcoBaHa poboTa HMXKHLOI i cepeaHbol 30H B
nepLui 2 rog HarpiBy, CKOPOYeHHA Yacy Harpisy 3 4,5 0o 3 roa nNpy NPakTUYHO OL4HAKOBUX
TemnepaTypHux nepenagax no BWUCOTI cagku. EHeproButpatm Ha Harpis 3a
3anponoHOBAaHOK TEXHOMOTIE B MOPIBHAHHI 3 iCHYO4YO0 3HM3uNmnea 3 3658 no 2702 MIx,
B T.4. Y BEPXHIM 30Hi 3 955 oo 698 Mx, B cepeaHin 3 1350 go 1055 MK i H/XKHIA 30Hi 3

1343 po 959 Mx. NuToma BuTpaTa eHeprii Ha HarpiB 3Hu3unaca 3 525,6 k[x/kr go 388,2
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k[x/kr, KKO 36inbwwueeca 3 20,5 no 27,9%, a cepedHin tennosun notik 3 2,32 go 3,48
KBT/M2.

TakMM 4YMHOM, YOOCKOHANeHHa ynpaefiHHA HarpiBoM MeTany nicnsa rapty y
BiAMYCKHMX €NeKTPOKONoANA3sX O3BOMSE CKOPOTUTU TPMBANICTb LMKy TepMOOOPOOKN Ha

20 - 25%, 3Hn3nTK eHeproBuTpaTtn Ha 18 - 20%, niasnwmnTn KK arperatiB Ha 7 - 9%.

YK 669.162.1:632.15:504.064.4
l. 1. IBaHOB

HauioHanbHa meTanypriiHa akagemia Ykpainu, M. [JHinpo

CKOPOYEHHS BUKUAIB OIOKCUHIB TA ®YPAHIB B ATJIOMEPALIIUHOMY
NPOLECI

OpHieto 3 rnobanbHUX eKonoriyHnx npobnem € 3abpyaHEHHS HaBKOMULLIHLOMO
cepefoBuLLa CTIMKUMW OpraHiyHMMmn 3abpyaHioBavyamm, Hambinblw Hebe3nevyHnmMmM 3 SKNX €
OIOKCUHU | pypanu. Lli nonixnopoBaHi MONIUMKITIYHI CNOMNYKK, WO YTBOPIOKTLCA MpuU
B3aeMofil Xnopy 3 opraHiYyHMMKU peyvyoBUHaMW NPU HarpiBaHHi, HEPO34MHHI y BOAi, MaloTb
BUCOKY afresito i XiMiyHy CTiNKiCTb; nepiog HaniBposknagy ix 10 — 15 pokiB Ha noBepxHi
rpyHTY i 25 — 100 pokiB Ha rmMubuHi [1]. BoHM € KceHobioTMKaMKn i KyMynsTUBHUMMU
OoTpyTamu, MalTb MOTY)KHY MYyTareHHy, KaHUEPOreHHy, TepaToreHHy, emMOpiOTOKCUYHY,
iIMMYHOOEenpecaHTHY Aito; iX we HasuBalTb XimiyHuM CHIOom. NMepiog HaniBBMBEAEHHS
AIOKCUHIB 3 opraHiaMmy cTaHoBUTb 6rn3bko 7 pokiB; nuwe 10% ix niggaetbcs metaboniamy.
FOK giokcuHiB y nosiTpi 5:10°1° mr/m3, y Bogi - 5:-108 mr/n, y rpyHTi - 1:108 mr/kr, y Toit yac
Ak y 6eHs(a)nipeHa i pTyTi Ti ) nokasHukn 1-10° i 3-10* mr/m3, 5:10° i 5-10* mr/n, 0,02 i
2,1 wmr/kr [2]. HanGinbw TOKCMYHUMK 3 HUX € 2,3,7,8-TeTpaxnopaidbeHsodypaH i 2,3,7,8-
TeTpaxnopAibeH30-n-4ioKCMH, BIAHOCHO SKOro BW3HA4YalOTb TOKCUYHMI eKBiBaneHT Oyab-
SKOI CYMILLI.

[MonoBnMHa BUKMAOIB UMX CYNepeKkOTOKCUKaHTIB 3'dBNAETbLCA NpU  CrasntoBaHHI
nobyToBMX | MeauvHMX BIAXOAIB, pelwTa Hanexmtb NpoOMUCNOBOCTI. MeTanyprinHi
nignpuemMcTea i npunerni 4O HUX TEPUTOPIT € 30HOK MiABULLEHOT AIOKCMHOBOI Hebeaneku.
HannoTyxHilwmm gxepenom emicii giokcuHis/pypaHis B MeTanyprii € arnomMallnHm; Ha ix
yacTky npunagae noHag 80% piyHoro Bukugy. NMutomMuin BuXig UMX PEYOBUMH CTaAHOBUTH

0,55-4,14 Hr/kr arnomepary [3]; ix BmicT y arnorasax 1-10 Hr/m® npu Hopmax €C o 0,1
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Hr/m3. [kepenamu yTBOPEHHS AioKCUHIB/ypaHiB € opraHiyHi Cronyky arfoLwmnxTy i Xnop,
wo npucyTtHin (o 0,01%) y ByrinbHoMy nanusi, pyai, donocax y surnagi NaCl, KCI Ta iH.
[logaBaHHA y arnowuxTy 3amacneHol NPOKAaTHOI OKanwuHW, MNOMIXMOPBIHINY MNOKPUTTIB i
ynakoBoK, Ae 57% xnopy, HasBHICTb KaTanisaTopiB, Takux sK Migb, y 6arato pasis
36iNbLYOTb BMICT AIOKCMHIB Y rasax.

OOmMexeHHs Woa0 BUKOPUCTAHHA B LWKMXTI 3abpyaHEeHoi okanuHu, BOAW 3
nigBuLLEHMM BMICTOM XnopuaiB, MUy 3 OYMCHUX anapartiB, BUKITOYEHHs 3 11 cknagy
NosliMEPHUX MOKPUTTIB, MNSIIBOK, HAPTOMPOAYKTIB, IHWNX [Kepesi YTBOPEHHA [iOKCUHIB
A03BOSISIE CKOPOTUTU BUKMAWM AiOKCUHIB/ypaHiB Ha 50-70%. Baxnueum Hanpsmom €
YOOCKOHAmNEeHHs iCHYIUYMX CUCTEM ras3o04vMCTKW, AKi BnoBnoTb A0 60 % AiokcuHiB. Y
kpaiHax €C 000B'A3KOBMM € 3acTOCyBaHHA Ha  arfnomawimnHax edqeKTUBHMUX
eneKkTpodiNbLTPIB i OKNCNIOBANbHUX KaTaniTUMHUX KOHBEPTEPIB. TepMidHe 3HEeLUKOOKEHHS
piokcuHis/pypaHiB o CO:2 i H20 npoBoasTh WASXOM AonasitoBaHHS TEXHOMOMYHMX rasis
npn Temnepatypi 1100-1300 °C. [Ons nonepenXeHHS 3BOPOTHOrO MpoLecy IX yTBOPEHHS
NPOAYKTM [OnantoBaHHA "3arapToBYKOTb" 3pOWEHHAM Bogok abo 3miwyBaHHAM 3
nosiTpsm [4]. BeBegeHHs obnaneHoro BanHa Ta BAYBAHHSA MOPOLUKY JirHITY B MNOTIK
TEXHOMNOrYHMX rasiB 4O YCTaHOBKM MUIIOBIIOBIOBAHHS 3HWXKYE BUKUAW LIOKCUMHIB BinbLu
Hi>X Ha 97% [5]. OunLLeHHs rasis Big aacopbeHTy 3 ynoBNeHMMN OioKCMHaMu BiabyBaeTbCS
pa3oM 3 TEXHOMOrYHMM MUMNOM Yy pyKaBHOMY QifbTpi 3 NoAanbLUOK YTUMi3auieto Y WKXTI.
BmicT pgiokcuHiB y BUKMAOHMX rasax He nepsuwlye 0,1 Hr/m® npu Butpati nirHity ao 30
mr/m3; npyu BAyBaHHI MirHiTy 6Ginbwe 50 Mr/mM3 BMHMKaE 3arpo3a 3aropsiHHA nuny vy
dinbTpax.

BmicT pgiokcuHiB/(pypaHiB TakoX MoOxHa 3HM3UTUM Ha 60-70% 3a paxyHok
peumpKynauil rasisB B XBOCTOBUX BaKyyM-kamepax arfiomallnHu, e iHTEHCUBHO MNpOoTikae
npouec ix yTBopeHHA npu temnepatypax 250-300 °C. BoHn noTpannsaTb B 30HY FOPiHHSA
3 PEeUMpPKYIIOYMM ra3oM i Mamxe NOBHICTIO po3knagarTbcd. 3a gaHnmMu komnaHii Corus
[6] pobBaBka [0 arnoOWMXTU PO3YMHY CEYOBWHW B KinbKocTi npubnuaHo 0,15 «kr/T
arnomepaTty [O3BONSE 3HM3UTM Oinbll HiK  yaBiYi BUKMAW AIOKCUMHIB/pypaHiB  npu
OfHOYacHOMY 3Ha4yHOMY ckopoyeHHi BuknaiB SOz i NOx 3a mexaHiaMOM xeMocopOLinHoro

YNoOBJTHOBaHHA.

Cnucok nitepatypu
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2[MpnasoBCKMIN roCyAapCTBEHHbIN TEXHUYECKUA YHMBEPCUTET, . Mapuynonb

PA3BUTUE TEOPUM FOPEHUSA YIOJIbHOM NbIIM B ®YPMEHHOM OYATE
OOMEHHOW MEYHX

Llencto paHHOM paboTbl sABndetca paspaboTka W yCOBEPLUEHCTBOBaAHME
TEXHOMNOMMYEeCKOM CXeMbl T[OpeHUsi BHYTPU YPMEHHOro o4vara [AOMEHHOW Meyun
NblNeyronbHOro hakena nyTem 4YacTMYHOM 3aMeHbl UM BbICOKOKA4YE€CTBEHHOIO KOKCa Yepes
pekoMeHOBaHHbIE OMTUMarbHble 3HayYeHUs HadvanbHbIX MaccoBoro pacxoga YT, ero
ANCMNEPCHOCTU, TemnepaTypbl BO3AYWHOMO AyTbs UM COOEpXaHud Kucropoda B
3aBMCUMOCTM OT cocTaBa yrns (COpT, 30MbHOCTb, MOPUCTOCTb, COAEPXaHuUe neTyynx
raszoB). [na 9artoro paspabotaHa GuU3MKO-MaTtemMaTUdeckass MOAENb, BKKOYaloLwas
pelieHne CUCTEMBI AndpdepeHunanbHbIX " anrebpanyeckmx ypaBHEHUN,

obecneunBatowmx y4€t okono 30 akTopoB W (PM3MYECKMX BO3AEUCTBUN Ha
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TEensIomMaccoobMeH U ropeHuve 4vactuy, B oypMeHHOM ouvare JOMeHHOW neudn. Npu aTom
MOAENUPYeTCs M3MEHEeHUsI NapamMeTpoB MblfleyrofibHOro dakena no ero AnvHe npu
ropeHun yrnst BHYTpU YPMEHHOro o4ara u paspabaTbiBalOTCA pekoMeHZaumm no
yBEIIMYEHUIO NOMHOTLI CrOpaHUs YacTul, yris.

B psge pabot getanbHO He paccMaTpuBaeTCHa ropeHue neTyymx BewecTB (MeTaH,
BoOopon) BOOMb (pakena W ero BRUAHME HEMNOCPEACTBEHHO Ha roOpeHWe KOKCOBOW
yactuupl. PaboTbl No mMeTannypruiyeckon TemaTuKe WCMNOomMb3ylT «BUAUMbBIE» peakumu
rOpPeHnst B KNCITOPOAHON M YrMEKNCNOTHOW 30Hax hakena, YTo He oTobpaxkaeT peanbHom
KMHETUKN FOpeHust koca. HacTto Ons OnNncaHus ropeHuUst YrofbHbIX YacTuL, Un neTydmnx
rasoB MCMOJSIb3YOTCA AMNNPUYECKME 3aBUCUMOCTU (KOTOpble Aal0T BO3MOXHOCTb caenaTb
NPUONMXKEHHbIE OLIEHKKN), B KOTOPbIX, Hanpumep, He ykKasblBaeTCs BNUSHWE OaBReHus.
CnoxHOCTb peLleHns MOCTaBfieHHOW 3ajadv npegycmaTpuBaeT MCMNonb3oBaHWe psna
0BOCHOBaHHbIX NPEANONOXEHUN:

- ra3000pa3Hble NPOAYKTbI MMEKT TEMMNEepaTypy 1 CKOPOCTb ANCNEPCHbIX YaCcTUL;

- 3a c4yeT TypOYNEHTHOCTU KOHUEHTpauum ra3oobpasHblX KOMMOHEHTOB
MOMEHTarIbHO yCTaHaBNMBaKTCA B BbIOpaHHOM 06beMe, YacTuubl He KoarynmpylTcsa U B
cpefHeM paBHoyAaneHbl;

- YacTuubl U ras B pakene [OBUralwdTCA C OAMHAKOBOW CKOPOCTbIO, U3MEHeHue
KOTOPOW ONUCbIBAeTCA TeopeTUYecKU MOMy4YeHHOMW 3aBUCUMOCTbIO Ans TypOyneHTHOW
CTpyu C TBEpPAbIMU MPUMECAMU.

[na aHanMTMYecKoro pacCMOTPEHUSA ropeHnsa U OABWXEHUS OUCMEPCHbIX CUCTEM B
npegenax dgypMeHHoOM obnacTu Mucnonb3oBaHa CUCTEMA YpPaBHEHW, OCHOBaHHas Ha
3aKOHaX COXpaHeHUsi Maccbl, SHEPrMm U UMMYNbCY, 3aKOHaX XUMWUYECKON KUHETUKU:
1) ypaBHeHne TennoBoro GamnaHca ANd 4YacTuubl C Y4eTOM MPOTEKaHWA OCHOBHbIX
nocnegoBaTenbHO-NapansenbHblX  peakumMni, TypOyneHTHOro  TensomacconepeHoca,
CTe(aHOBCKOr0 TeYeHUd W TENNOBOro W3NyvYeHus, 2) ypaBHEHUS On9 W3MEeHEeHUs
TemnepaTtypbl rasoBoM CMeCUM C Y4ETOM TFOMOreHHbIX peakuni rOpeHusi yrapHoro u
neTyymMx rasoB W npeobpasoBaHUA KUHETUYECKOW 3JHEPrMm CuUcTeMbl B TEMSOBYIO;
3) ypaBHEHUS AN YMEHbLUEHNA auameTpa U NnoTHocTu YacTtuy MNYT; 4) ypaBHeHus ans
N3MEHEHNA KOHLIEHTPaLUMKN KMCnopoaa, yrapHoro u yrineknucnoro rasos; 5) ypaBHeHUN Anis
N3MEHEHNA CpefHUX CKOPOCTeW rasa, 4acTtuy, WupuHbl dakena. [Ans 4YncneHHbIX
pacyeToB MCMOMb3yKTCA Knaccuveckne cxembl PyHre-Kytta. Beca gnmHa dypmeHHoro

ovara pasbuBaetcsa Ha 500-3000 yyacTkoB.
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B pesynbTate MmogennpoBaHus cropaHus 1 rasmdukaummn yrnst B ypMeHHOM o4vare
nony4eHbl No AnvHe dakena npounm CpeaHnx no CeYeHuro TemnepaTyp vacTtuy T2 u
rasoBon cmecu T1, pa3amepoB YacTuy 02, OTHOCUTENBHOM MacCbl M2/M2p, CKOPOCTUN YacTuL
W2 1 cmecn Wi, razosoro cocrasa (CO2, Oz, CO, N2, CH4, H2, H20), anameTtpa oceBoro
ceyeHus akena 0Os. [lapameTpbl, Ha KOTOpble oObpallaeTcs BHMMaHWE, crnegyloLlime:
ANNHA KNCNOPOAHOM 30HbI Lok; MakcMmManbHas TemnepaTypa Yyactuy Tamax, ra30BOM CMECH
Timax B PYPMEHHOM oO4are; MexaHudeckass U XumMumyeckasd MOfHOTa CropaHus 4YacTtuu;
KOHeYHbI ra3oBbii coctaB no CO u CO2. OTO0 NO3BONSAKT CyAUTb O CTEMNEHU BNUSHUSA
MacCOBOro pacxoga YrosisHom nbiM Mzp, ANCNEPCHOCTM MblM d2pn, COCTaBa YrofibHOW

Nbinu, TemnepaTtypbl Tib U MAccoBOW AONM K1ucrnopoda Yozs BO3AYLLIHOIMO AYThbS.

YK 669.162.22-52
0. A. Kaccum, B. I. Ilanwok, E. B. YynpuHoB

Kpusopoxckuin metannyprudecknn nHctutyt HMeTAY, r. Kpuson Por

NMPOBJIEMbl PABHOMEPHOCTW PACMPELEJNIEHUA NAPAMETPOB JOMEHHON
NMNABKU MO OKPY>XHOCTWU JOMEHHOW NEYM

OnutenbHble HabnogeHWst 3a pacnpegeneHveM pacxoga AyTbsi No  dhypmam,
NpoBeAEHHbIE HA MHOMMX MeTannypruieckux 3aBogax, B TOM Yucre M Ha AOMEHHON neyn
Ne9 o6bemom 5000 M3 kombuHaTa “KpuvBOpOXCTanb”, nokasanu, YTo pacxodbl AyTbs Mo
dypmMaM U3MEHATCHA B 3HaAYMTENbHbIX Npedenax. HepaBHOMepHOCTb pacxoda AyTbs Mo
dypmMaM No OKPYXHOCTM ropHa OOMEHHOW Meyn 3HaYMTeNnbHO BNUSIET Ha pas3mepbl 30H
ropeHusi, rnmybuHy MNPOHWKHOBEHUSI ra3oBOrO MOTOKa K LEHTPY ropHa, W3MEHeHue nons
Temnepatyp MO paguvycy W OKPYXHOCTM TOpHa, Ha (OpPMYy W pacrofioXeHne 30Hbl
pasMsArYeHnsi, Ha XMMWYECKUA COCTaB U (U3MYECKOE COCTOSIHME MaTepuarnoB, Ha
HEpPaBHOMEPHOCTb CXOAda LUMXTbl, HA pasrap npodunsa neyn u T.4., YTO CyLEeCTBEHHO
CKa3blBAeTCsl HA POBHOCTM X04a Neyn, ee Npon3BOAMTENbHOCTM, yOENTbHOM pacxode Kokca
N Ka4yecTBe YyryHa.

[Mpn n3yyeHnn NpoueccoB JOMEHHOW MraBku MyTeM MpoBedeHUs UccrneaoBaHun C
N3MEHeHneM napamMeTpoB W YCMOBMIA MWCMOMb30BaNM METOAMKY BOCCTAHOBIIEHMS

OOQHOMEPHbIX 3aBUCUMOCTEN, KOTOpad no3BosndeT Ha OCHOBaHMWN OaHHbIX, MNOJIY4YEHHbLIX B
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pexunme HOpMarnbHOW 3KCnyaTtaumm KOHKPETHOM AOMEHHOW Mneyu, yCTaHaBnuBaTb CBS3M
MeXay BXOOHbIMU napameTpamun 1 BbIXOOHbIMU NoKasaTensiMv AOMeHHOW nnasku [1].

Ha ocHoBaHuM gaHHbIX O pacxoge AyTbsa no gypmam (Qz) AomeHHon nevn Ne9 3a
171 cytkm ¢ 1975 no 1985 rog GbINM paccumMTaHbl TeEopeTUYECKas TemnepaTypa ropeHus
(T+,), BbIXog, ropHoBoro rasa (Qrr) 1 3HepreTU4Yeckne napameTpbl — NOSIHbIE MeXaHN4eckne
9Heprum notoka koMbuHupoBaHHOro AyTbA (Emw kg) M ropHosoro rasa (Emv ). ONA
KONMNYECTBEHHOW OLEHKM HEpaBHOMEPHOCTM pacnpedeneHns  BbllenepeyncrieHHbIX
napameTpoB MO OKPYXHOCTWU TropHa [OOMEHHOW nedn onpenenunu  KodapguumeHTsl
Bapuaummn (Vs) 3a kaxable n3 171 pacCMOTPEHHbIX CYTOK paboTbl neyun, Hanpumep, Ans
ayTba Vs=13,6-45,2.

PesynbTatbl yyeta BAUAHUS KOIMMPUUUEHTOB Bapuvaumm BXOOHbIX MapameTpoB
(HepaBHOMEPHOCTN UX pacnpeneneHns No OKPY>KHOCTU Neydn) Npu nx nameHeHnn Ha 1 %
Ha NPOM3BOAUTENBHOCTb M yAENbHbIA pacxoq Kokca npueeaeHbl B Tabn. 1.

lMpoBeaeHHbIN aHanus rnokasan, yTO HanbonbLuee BNUAHME Ha
NpOM3BOAMTENBHOCTL [JOMEHHOM TMeyYn U yaerbHbli  pacxod Kokca okasbiBaeT
HepaBHOMEPHOCTb pacnpefernieHns pacxoga AyTbsa Mo ypMam MO OKPY>KHOCTM ropHa

JOMEHHOW neyn.

Tabnuua 1. BnuaHue Bapuaumm TEXHOMNOMMYECKNX 0akTOPOB Ha NPOU3BOANTENIbHOCTb

N yaenbHbIA pacxof Kokca

YMeHbLUEeHNE
YaenbHbI pacxos

KoadpdpmumeHTa MponssoauTenbHocTb, %

KoKca, Kr/T
Bapvaumm Ha 1 %
Qn +1,10 -0,97

Tr; Qr +0,79; +0,89 -0,46; -0,73
Emmka; Envrr +0,70; +0,72 -0,72; -0,65

Mpuyem, CyLeCTBEHHO CHU3UTb HEPABHOMEPHOCTb TEOPETMYECKOW TeMnepaTypsbl,
BblXOJa FOPHOBOrO rasa W ABYX MOMHbIX 3HEPrui npu nbblX BapuaHTax WM3MEHEeHUs
pacxofoB NMPUPOAHOro rasa, KUCMopoAda W napa, M3MEHeHWst TemnepaTypbl NPUPOAHOro
rasa v TemnepaTypbl napa, nytem nogayv Mx HernocpeacTBEHHO B Kaxayw dypmy, He
y4anocs.

OpHako, ecnu, NCNONb3ysi CUCTEMY KOHTPOIS U PErynMpoBaHns AyTbs Mo doypmam,
BbIPOBHATb pacxod AOyTbs Ha Kaxayl ypMy M MNPUHATL MNPU 3TOM MNOCTOSIHCTBO

TemnepaTtypbl OyTbsl Ha Kaxgoh dypme, To 3agada obecnevyeHuss paBHOMEPHOCTU
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ocTanbHbIX YeTblpex napamMeTpoB OYTbEBOro MNOTOKa Meped Kaxaoon dypmor rnerko
pellaeTcs NyTemM He3HauuTenbHOW PeryriMpoBKM PacXxo[doB KMcrnopoda, NPUPOAHOro rasa
nnu napa, nogaBaeMbiX HenocpeacTBEHHO B hypMy, Npu 3TOM KO3hPULMEHTbI Bapuaumm
paccMmaTpuBaeMbix NapaMeTpoB Cpasy CHUXKAKTCS A0 NpueMnemMoro ypoBHs V.=0,46-2,1.

HecMoTpsi Ha M3BECTHbIA OMbIT U CIIOXHOCTU OCYLLIECTBIIEHUSI aBTOMATUYECKOrO
KOHTPONS U perynMpoBaHnst pacxoga AyTbs MO oypmam, peanu3aumsi Takon CUCTeMbl C
KOHTpONEM Takke W TemnepaTypbl OyTbs Ha Kaxgonm dypme, sBNsieTcs BecbMa
NepcnekTMBHOW. OTO MO3BOMUT ONEpPaTUBHO KOHTPONMPOBaTb M3MEHEHUS Nepen KaXaom
dypmont n obecneunTb NMOCTOSIHCTBO KOMMMEKCHbIX MokasaTenen OyTbeBOro pexuma no
OKPY>KHOCTM JOMEHHOW Neyn, a Takke onTUMMU3NPOBaTb ra3o4MHaAMUKY U TEMMOBON PEXMUM
AOMEHHOW MnaBKkM W BbINTW HaA COrMacoBaHHOE YyrpaBfieHWe napameTpamun 3arpyskm U

AOyThA.
Cnucok nuTtepartypbil

1. 'paveB KO.M., Kauy M.A., JaBuaeHko A.M. HoBbI nogxon K peLueHnto 3agayn
NoBbILEHNST 3PAEKTUBHOCTU JOMEHHOWN NfaBKU OAHOBPEMEHHO MO YAENbHOMY pacxopmy
KOKCa 1 npousBoauTenbHocTh // MeTannypruyeckas u ropHopyaHasi NPOMbILLSIEHHOCTb. —
2008. — No5. — C. 142-145.

2 JNlantok B.IM., Toeaposckun W.I"., Kaccum [.A. O paBHOMEPHOCTM pacnpeneneHns
napamMeTpoB AOMEHHOW NIIaBKU MO OKPY>KHOCTU JOMeHHON neyn // Ctanb. — 2018. — Ne3. —
C. 8-13.

YK 622.781:622.788.3
0. O. Kaccim, B. . Jlanwk, €. B. YynpuHoB

KpuBopisbkun metanyprinHmm iHctutyt HMeTAY, Kpnsnn Pir

CYYACHA NJOMEHHA NMJTIABKA NOTPEBYE €ANHOIO OrPrYAKOBAHOIO BUAY
3ANI3OPYAHOI CUPOBUHU

Ha cborogHilWwHin AeHb OCHOBHI HaNPsIMKN PO3BUTKY TEXHOMOrii JOMEHHOI MNaBKu
(nigBULWEHHA TeMnepaTypu rapsqoro AyTTs, 3daravyeHHst AyTTS KUCHEM, MiABULLEHHSA TUCKY
rasy Ha KOMOLUHMKY, BOYBaHHA B Mi4 NWUIIOBYriSIbHOro nanuBea, MPUPOOHOro i KOKCOBOIO
rasis, MasyTy, ONTUMI3auid po3noainy LWUXTOBUX MaTepianis Ha KOMOLWHWUKY i3
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3aCTOCYBaHHSAM HOBWX 3aBaHTaXyBaslbHUX MPUCTPOIB, BAOCKOHANEHHSA po3noginy
rasoBOro MnoTOKY B FOPHi JOMEHHOI Medi, aBToMaTtusauis LOMEHHOI MfaBKu) MNpakTUYHO
OCBOEHI. TOMY HaBaXXnMBILLMM HaNPAMKOM YOOCKOHANIEHHSA TEXHOSIOr T JOMEHHOT NiaBku
€ 3abe3neyeHHs1 JOMEHHUX NeYen BUCOKOSKICHUMU LUMXTOBUMW MaTtepianamm (KOKCOM i
3ani30BMICHOK CMPOBUHOLD).

TpaguuivHi 3anisopyaHi matepiann MawTb pag Hedonikis. 3okpema, arrnomepart
XapakTepuayeTbCst HU3bKMM BMICTOM 3ani3a, BUCOKMM BMICTOM ApibGHOI dopakuii (0-5 mm) B
roTOBOMY MPOAYKTI, LUMPOKAM Aiana3oHOM KPYMHOCTI rOTOBOI MPOAYKUil Ta HWU3bKOK
MILHICTIO Ha yaap i BUCOKOK CTMPAHHICTb Npu TpaHcnopTyBaHHi. OkaTuli, B CBOO 4epry,
MalTb HU3bKUMA KyT MPUPOOHOro yKocy Ta noTpebylTb KOHUeHTpaTy rnmboKoro
30arayeHHs B pasi BUpobHULTBA okaTuMLWiB i3 cniBBigHOWeEHHam CaO/SiO2 suwe 0,8 g.opa.

ABTOpamMn [JaHoi poboTM po3pobneHa TEXHONOorid OTPUMaHHA OOHOPIAHOro
OorpygKoBaHoro odfitoCOBaHOro 3anisopygHoro matepiany (ogniocoBaHuX nokanbHUX
CrekiB), WO MalTb NPAKTUYHO BCi NO3UTUBHI MeTanypriviHi XapakTepucTuku arnomeparty Ta
OKaTuLiB, Ta He BMMaralTb 3HAYHUX KaniTanbHUX BKMaAeHb NpU PEKOHCTPYKLUIl uexis 3
BUPOBHULTBA okaTuwiB [1].

TexHonoris nepenbavae BUroTOBIEHHS OBOX BUAIB CUPUX OKaTULWLIB: 3 BUCOKOK
(noHag 1350 °C) i Husbkow (MeHwe 1150 °C) TemnepaTypamu nnaeneHHs. Wuxta ans
OTPUMAHHSA BUCOKOTEMMNEPATYPHUX CUPUX OKaTUWIB MOXe O6yTn Oyab-sIKoro CTYMeHHo
0bNICYBaHHA B 3arneXHOCTi Bi BMICTY KpEeMHe3eMy B KOHLEHTpaTi, a TakoX BKOYaTu:
TBEpAe nanmeo poamipom 0-12 mm B kinbkocTi go 151 %; npu HeobXigHOCTI
BMCOKOTeMnepaTypHi MiHepanu B Hesenukux (0-3 %) KinNbkoCTsX; 3anisopygHum
KOHLEHTpaT 3 BWCOKOTEMMEPATYPHOK HEPYAHOK YacTuHOW i Hudbkum (1-5 %) abo
BiJHOCHO BUCOKUM (5-
10 %) BMIiCTOM KpemMHe3eMy, nNpu BiagnoBigHOMY BMICTI 3asiza abo meTanizoBaHi okaTuLui,
abo pyay poamipom 8-20 MM 3 fouinbHOK Mipoto meTanisadii (5-95 %).

Wunxta ons oTpMMaHHA HU3bKOTEMMEPATYPHUX CUPUX OKaTULLIB CKNagaetTbca i3
3ani3opyaHoOro KOHUeHTpaTy O6yab-sKoro cknagy i NoBUHHa OyTn BMCOKOOMSIHOCOBAHOM
(3,5-8,7 4. og.), wob 3abesneunTn HeOOXiOHY CepeaHid OCHOBHICTb BCbOro mMmatepiany.
Kpim TOro, go cknagy Ui€i LWMXTM MOXHa BBOAUTWU, MpW HeOoOXigHOCTI, nerkonnaski
MiHepanu i TOHKonoapibHeHe TBepAe nanuMBO AN MPUCKOPEHHS PO3NMaBMEHHS LUX
oKaTULLiB.

3 KOXHOI LUMXTU B OKPEMMUX OrpyaKyBayax BUrOTOBMASOTLCA CUPI OKaTULWi, NpU4oMy
po3Mip BMCOKOTEMMEpaTypHMX noBuHeH 6yt 10-20 MM, a HM3bKOTEMMEpPATYPHUX
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okatuwie 8-14 wmm. O60e BuAiB OKaTUWIB 3MIWYIOTLCA Ha KOHBeepax npu
nepeBaHTaXXEHHAX B MPOLIECi TpaHCMOPTYBaHHA Bifg orpyakyBada Ao obnantoBanbHOro
arperary y cniBBigHOLWeHHAX 71-79 % 0o 29-21%.

Tepmoobpobka Ta YTBOPEHHA OOHOPIAHOrO OCOCOBAHOIO  OKYCKOBAHOMO
MaTepiany BiabyBaeTbCA 3a MPOMUCIIOBUM PEXMMOM TEPMOODBPOOKM, O BKMOYAE CYLLKY,
HarpiB, obnaneHHsa i OXONOMKEHHA NPOAYKTaMu MOBHOrO CrantoBaHHA Oyab-AkMX BUAIB
nanuea.

[ns 30epexeHHA B roTOBOMY OKYCKOBaHOMY MaTtepiani MakCUMManbHO MOXIMBOI
KifTbKOCTi 3anuMLLKOBOro BYrfewuto i 3anisa (B pasi BUKOPUCTAHHA MeTani3oBaHMX OKaTULLIB
abo pyau) HarpiB Ta OXONOMKEHHSA 34IMCHIOTE 3 MNiABULLEHMMW LUBUMAKOCTAMM, abo
BMKOPWCTOBYIOTb 3abanactoBaHUn TEMMOHOCIN.

MeTanypriiHi XapakTepucTUKMU KOMIMIEKCHOrO MPOAYKTY BIiAMNOBiAalOTb CyYaCHUM
BUMOram AOMEHHOI nnaBku: BMICT Fesar — 64,6-77,2 %, FeO — 7,1-8,4 %, 3anuLikoBoro
Byrneuto 2,1-3,4 %; ocHoBHiCTb — 1,25-1,5; miyHicTb B 6apabaHi (+5 mm) — 96,0-96,5 %,
ctupanHictb (0-0,5 mm) — 2,7-3,2 %; MIiUHICTb Npu BigHOBMEHHI (+5 mm) — 90,7-93,1 %,
CTUpaHHICTb Npu BigHoBreHHi (0-0,5 mm) — 5,1-6,2 %; nepenag TUCKY Lapy Npw BiOHOBMNEHHI
— 60-72 MNa, ycagka wapy — 13-19 %; kiHUueBa cTyniHb BigHOBNEHHSA — 85,3-87,1 %; kyT
npupogHoro ykocy — 36-42 rpag [2].

Mepenik nocunaHb

1. XKypaenee ®. M. KoMnsiekCHbI OKYCKOBaHHbIN Xenesocogepxawimn matepuan c
ynyylEeHHbIMW  MEeTannypruyeckumMm XxapaktepucTukamm Ofisi COBPEMEHHOW AOMEHHON
nnaskn / ®. M. XXypasnes, B. . Jlantok, H. N. CtynHuk u gp. // Ctanb. — 2016. — Ne12. —
C.11-17.

2. Jlamok B. Tl., CtynHuk H. W., Xypasnes ®. M. n pgp. CoBeplLieHCTBOBaHME
TEXHOMNOrMM 1 06opyaoBaHUA NPOM3BOACTBA XXene3opy4HOro Cblpbs AN COBPEMEHHOW

AoMeHHoun nnasku. — Kpmsown Por: OuoHat, 2017. — 368 c.
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YOK 628.511:66.074.2
M. A. Kawees?, B. A. Bnagu?, H .P. PyaeHko!
L[IHenpoBCKWIA rocy4apCTBEHHbIV TEXHUYECKUI yHUBEPCUTET, . KameHckoe

2000 «[MpuaHenpoBCKMiA MexaHUYECKUn 3aBoay, . KameHckoe

AMMNAPAT ONnA NPEOABAPUTENbHOU OYUCTKN FA30B

YBenuyeHve  nNpou3BOACTBa  arfioMepara Mpu  BbICOKOM  COAEepXKaHuu
TOHKOM3MESNbYEHHbIX MaTtepuarnoB  (KenesopyaHbl  KOHUEHTpaT, wrambl, Mbifb
MeTannyprmyeckoro npoms3BoacTBa W Op.) CONPOBOXAAeTCs YBeNUYeHueM pacxoja
N3BECTU (KaK OCHOBHOMO CBA3YHOLLEro) U obpasoBaHnem 60nbLIMX 06bEMOB 3anblfieHHbIX
rasos [1, 2]. Hanpumep, BbIXOL TEXHOMOMMYECKUX rasoB MNpU 3aXUraHMm wn crnekaHum
LUMXTbI Ha arnomalunHax nnolaabo cnekaHus 75 m? obpasyeTtcs B cpegHem oT 360 Thic.
m3/yac. TemnepaTypa rasoB coctasnseTt 120-180°C.

OCHOBHbIM ~ arperaToMm  Af1  OYUCTKM  3anblfieHHbIX ra3oB B YCNOBUSX
arnonpounsBoACTBa YKpauHbl SBfsieTcs 6aTapenHbli MyNbTULUKIIOH C MOKPbLIM yaaneHnem
NPOAYKTOB OCaXAeHUs. YUnTbiBas 3Ha4NTENbHY Harpy3Kky no cogepxaxuto noinu (4,0-8,0
r/H.M3) MyNbTULIMKNOHBLI paboTarT HeaddEKTMBHO U co cHmkeHneM KKI [3, 4]. Mpu Takom
paboTe nNpouMcxoauT yXyAlWeHue ras3oBOro pexuma paboTbl CUCTEMbl arfiomalumHa-
aKcraycrep.

[MpeonoxeHo pelleHne No npeaBapuTENnbHOW OYUCTKE arfomMepauuoHHbIX ra3oB
6e3 pacwmpeHna nnowaaun arfioMawmHbl M CYLWECTBYHOLEN CUCTEMbI  OYMCTKM.
[MpoBedeHHOE KOMMNbIOTEPHOE MOAENMPOBaHME pPasfUYHbIX Y4aCTKOB ra3oBOro TpakTa
arnomawmnHbl Tmna AKM-75. PaspabotaHo annapaT WMHEPUWOHHOrO OCaXAEHWSA Mbifn
«VAV» (puc.1) u npeanoXxeHo YCTaHOBUTb B KONEKTOP ra3oBOro TpakTa nepen
GaTaperHbiM  MyNbTULUUKNOHOM (puc.2). OTnNnYMTENbHOW OCOBEHHOCTBIO SABMsSieTCH
KOH(purypaumsa annapart, nblfeocaguTernbHble MNMacTUHbl, CUCTEMA YCTaAHOBKUM W
BO3MOXHOCTb PerynmpoBaHusi UX pacronoXeHns.

B0O3MOXHOCTb M3MEHEHUS B3anMHOE pacronoXeHue nblreocagnTenbHbIX NacTuH
Nno3BONSEeT HanpaeMsATb ra3oBbI MOTOK MO TPAEKTOpUU MeXAy anemMeHTamu. 3a cyeT
MEeXaHN3MOB rpaBUTaLMOHHOIO ocaxaeHus YCUNEHHbIE aspoavHamMnyeckomn
COCTaBnsoWen, MenkogucnepcHble YacTuubl Mbifv YacTUYHO BbIBOAATCA M3 MOTOKa B
30Hbl CO 3HaYUTENbHO HU3KOM CKOPOCTbK rasa, rge npoucxoauT WX BblaeneHve B

OTAENbHbIN 6yHKep. Taknm O6p830M, BO3MOXHO KaK nMoBbllLEHNE COMpPOTUBIIEHUNE
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annapata (go 500 la) u KM vnu noHwxkeHue. MNpu aTOM perynmpyeTca Harpyska Ha

MYNbTULIUKIIOH.
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PucyHok 1 MogenunpoBaHue Tpaektopun  PuUcyHOK 2 YcTaHoBKa annapaTa
3anblfIEHHbIX FA30BbIX MOTOKOB B CUCTEME  MHEPLMOHHOro ocaxaeHus « VAV-250-
nblieocaxageHnsa nHepunoHHoro annapata A®K» B ra3oBblil KONNEKTOP
arnomawumHel Ne 12 NMAO
«[JHenpoBCcKkMin METKOMOUHAT»

[MpoBedeHHblIE  MHCTPYMEHTanbHble  3aMepbl  nokasanu  3(eKTUBHOCTb
ynaBnuBaHus Yactuy ¢ MeanaHHbiM guameTtpom o 10 mkm go 50% c 20 mkm go 70%. Mo
pesynbTatam 3aMepoB, MPOBEAEHHbIX 3JKorornyeckon cnyxbon kombuHata (MAO
«[JHenpoBckMi MeTkomMbumHaTy, r. KameHckoe, YkpaunHa), 3anbifieHHOCTb ra3oB Ha BbIXO4e
n3 annaparta coctasuna 0,92 r/H.m3 (npu BXoAsLlel 3anbiNeHHOCTU ra3oB He MeHee 3,0
r/H.m3). DpPEKTUBHOCTL OUYMCTKM annaparta coctasuna okono 70%.

MpeumywiectBa MogepHU3auun npeaBapuTENbHON OYUCTKM ra3oB: COKpalleHue
yHOCa nbinn K3 rasoBoro konnektopa Ao 70% 3a cyeT ocaxaeHuss B annaparte
KpynHogucnepcHon dpakumm Ao 20 MKM; yBenuyeHme Aonu KpynHogmcnepcHom dpakumm
B ofwen macce YynoBreHHOW nNbinM ANa Bo3BpaTta B MNPOW3BOACTBO M3 ras3oBOro
KOMNEKTOpa; CHWXKEHNE NbINIEBOW Harpy3kuM Ha oyTbeBoe 0b6opyaoBaHNE U CyLlecTByoLLee

obopyaoBaHue Ansi O4YMCTKM ra3oB; CHMKEeHNe abpa3nBHOMO M3HOCa METanOKOHCTPYKLMIA.

Cnucok nutepatypbl
1. CasuHos B.M., OpobHbin O.®., CagbikoB H.X. Acnvpaumsa XBOCTOBbIX YacTen
arnomawmH. «Ctanb» Ne 2. 2007 .
2. CoBepLUeHCTBOBaHNE TexHorormm cnekaHust arnomepata / P.C. bepwTenH un

ap. — OHenponeTtposck: MNMpomiHb, 1975-11c.
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3. lypbee B.C., Kopeukas H.MN. Ounctka rasoB B arnoMepauyoHHOM
nponseoactee CLUA., nn-t1 «H4epmetnHgopmaumsay, 1978 - 20 c.

4. MuweHko W.M., EropoB H.T. B0O3MOXHOCTM KapAWHanbHOro COKpalieHuns
MbINEBLIX M ra3oBbIX BbIOPOCOB B arnoMepauuoHHoM npounssoactese / MeTannypruveckas

N ropHopyAHas NpoMbILneHHOCTb — 2005 - No4.

YK 622.788:662.6/9:504
N. T. Keyw?, A. C. Koseps?, M. H. Boriko?, A. 0. Xyasikos?, H. B. MonsakoBa'
! HaumoHanbHaa meTannypruyeckas akagemus YkpauvHel, r. Henp

2 MHCTuTyT YepHoi meTtannyprm um. 3.U. Hekpacosa HAH YkpauHsl, r. OHenp

OCOBEHHOCTU ATTNIOMEPALINU XENE3HbIX PY C UCNOJIb3OBAHUEM
TEXHUYECKOIO JIMTHUHA

TexHnyecknin  rmaponunaHbin - nurimH - (TIJ1)  aBnseTca  KpYNMHOTOHHAaXKHbLIM
NMPOMBILLIIEHHLIM OTXOAOM, KOTOpbIi oObpasyeTcsas Ha npeanpuaTUsX FMOPONIU3HON U
LEeNnono3Ho-6yMaXHOM MPOMBILLIIEHHOCTM B pes3ynbTate XUMUYECKMn nepepaboTku
apeBecHonM ©Ouomaccbl U HEKOHAMLUMOHHONO  CerlbCKOXO3SIMCTBEHHOrO Chbipbs. Ha
CErOAHSALHNA OeHb OPUEHTUPOBOYHBLIE 06BEMbI HakonneHna TIT1 B YkpanHe cocTtaBnsawoT
okono 10 MNH. TOHH. [locKoNbKy 3eMernbHble pecypcbl, OTYYX4aeMble nof rmaposin3Hole
OoTBasnbl, He nognexat pekynbTuBaumun, a cam TIJ1 CnykXMT MCTOYHUKOM MOCTYNIEHNa B
OKpY>KaloLLyo cpefy pasHoobpasHbIX YrneBOAOPOAHbBIX COEANHEHWI, BKOYAS TOKCUYHbIN
dypdypon, 1o npobnema nepepabotkm TIJ1 aBnAeTcsa akTyanbHOW XO3ANCTBEHHOW
3agaden.

CyuwiecTBeHHbI pe3epB ANA yTUnM3auum TeXHUYEeCKOro JUrHMHa WMeeTca B
MeTannyprmiyeckom  npomssoactee. Metannypruyeckas  ueHHoCcTb  cyxoro  TIJ1
onpegenseTcs 3HaunTenbHbIM cogepxxaHuem yrrnepoga (65-70 %), HU3KuM cogepxaHmem
cepbl (0,09-0,5 %) 1 BbICOKON peakUMOHHOM CNOCOBHOCTLIO.

Bo3MoOXHOCTb MCMNonb30BaHUS rMOpOnN3HOro NUrHUHa B KayecTse
MeTannyprmyeckoro TOnfvMBa W BOCCTAHOBUTENS  MOATBEPXOAETCA  pasfnyHbIMU
nccnegoBaHMsMU. Tak, YCTaHOBIIEHO, YTO MPU OKUCIUTENBHOM OBXure xenesopyaHbiX
okatblwen, ¢ pobaBneHnem 5-6 % nNWrHMHA OT Macchl WUXTbl, ObINM  NOMyYeHbl

OOCTaTO4HO TnMpoYHble W MNOPUCTbIE OKaTblllK, coaepxawnme [Oo 0,1% ocTtaTo4Horo
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yrnepoga, a Bpems obxwura ymeHbwwmrniocb B 1,5 pasa. [Jobasnenne TIJ1 B cocTas
KOMOWHMPOBAHHON LUMXTbl ANSA BbINMaBkM PeppOCUNNKOKanbLMs, MNO3BOMUIO YNYyYLWNTb
paboTy anekTponeyn, NoOSIHOLEHHO OCYLLECTBUTb pa3ferlbHoe BOCCTAHOBMEHME KPEMHUS
n kanbumsa. MNpu BBoge nurHo6pukeToB B Konuyectee Ao 100 Kr/T 4YyryHa KanopuUMHOCTb
AOMEHHOro rasa Bo3pocria Ha 6-7%, noBbicMNacb MHTEHCUBHOCTb AOMEHHOW MIlaBKM.
Kpome Toro, ycrtaHoBneHo, 4to pgobaeska go 20% nurHMHa B COCTaB MblN€YrofibHOro
Tonnuea nossonseT B 1,3-1,4 pasa CHU3UTb pacxo NpUpoaHOro rasa 6e3 CHWKeHWS
OCHOBHbIX MOKa3saTenen OOMeHHOMW nrnaBkn. CBefeHnsa Xe O NPUMEHEHUM TEXHUYECKOro
NUIHWHa B NPOM3BOACTBE Xenes3opyagHoro arriomepaTa npakTM4ecku OoTCYTCTBYIOT, MexXay
TeM arnomepaumsi OCTaeTCa OCHOBHbIM CMOCOOOM OKYCKOBaHWUS Xene3opyaHOoro Cbipbs
ANS OOMEHHOW MnaBKu, NOTPEONSWMM 3HaYNTENbHbIE KONMMYeCcTBa TBEPAOro TONnuBa,
NO3TOMY U3bICKaHWE NyTEeN 3KOHOMWUMK KOKCa AN arfioMepauvoHHOro npou3BoacTBa 3a
cYyeT yTUnmM3aumm TEXHNYECKOro rmaponmn3HOro NMrHMHa UMeeT cepbe3Hoe 9KOHOMUYECcKoe
3HayeHwue.

B paboTe akcnepMMeHTanbHO M3y4YeHO BNUSHWE [006aBKM B arfioMepaumoHHYHO
LUMXTY TEXHWUYECKOrO rMAPOSIM3HOIO SIMrHUHA, NOABEPrHYTOro NMPONM3aumMm 40 KOHEYHbIX
Temnepatyp 400, 600, 800 m 1000 °C, Ha npouecc arfnomepaummn xenesopyaHbiX
MaTepuanos 1 CBOMCTBA NOSTY4EHHOro arnomMmepara.

YcTtaHOBNeHo, 4TO npu  3amMeHe 25%  KOKCOBOM  MENnoYu  FINFHUHOM,
nuponuanpoBaHbiM oo temnepatypbl 800 °C OCHOBHbIE MOKa3aTenu arrnomepaumoHHOro
npouecca ocTtalTcsd Ha 0a3oBoM ypoBHe. HabniogaeTcs HesHauyuTerbHOE CHUXEHue
NPOYHOCTK arfioMepaTa Ha yaap U Ha UCTUpaHue, OAHAKO AaHHble MoKasaTenn octakTcs
Ha npuemnemMoM ypoBHe. CrnegyeT OTMETUTb, NMPU MUCMNONb30BaAHUN JIUTHMHA B KavecTBe
arnoMepauMoHHOro Tonnuea OBHapYXMBaeTCs TEeHOEHUMS K HEKOTOPOMY CHUXEHUIO
cogepXaHus Xernesa B arnoMmepate B CBA3M C MOBbIWEHHOW 3onbHOCTbO TIJ1 no
CPaBHEHMIO C KOKCOBOW MeNoybid M aHTpaumTomM. Kpome TOro, npuMeHeHwe furHuHa
BbI3blBAE€T POCT CpefHero guameTpa nop B arfnomepare, npuyeM C MOBbILLEHUEM
TemnepaTtypbl nuponusa TIJ1, o6bem nop yBenuuneaeTcs.

HanpaBneHnem panbHenwmx paboT MOXeT £BNATbCA pas3sBuTne cnocobos
NOArOTOBKN TEXHUYECKOro rMAPOSIM3HOrO NUrHMHA K UCMOMb30BaHUIO B Kene3opyaHoWn
arnomepaumMm B KadectBe TBEpporo Tonnmea. [lockonbky  TIJ1  gaBngetcsa
MeNKOMPaAKUMOHHBLIM  CbIMy4YuM MaTepuanom, To ANs ero npuMeEHeHUs Heobxoanmo

npeaBapuTenbHOE  OKYCKOBaHWE, KOTOpPOe MOXeT ObiTb  OCYLEeCTBMEHO nyTem

286



JIMTBO.METAJIYPTIA. 2019

OpuKkeTMpOBaHMS B Mpeccax BankoBOro TuMa WAW MNPUHYOUTENbHOW rpaHynsumm B
dunbepax.

[MpoBeaeHHble MccneaoBaHUs MO3BOSAIOT cAenaTth BbIBOA O MNEPCneKTUBHOCTU
npegnaraemMoro HarpasfieHUs nepepaboTku TEXHUYECKOro JIMrHWHa, NOoCpeacTBOM

Mcnonb3oBaHUA ero B Ka4ecTtBe TBépﬂ,OI’O Tonnumea npu arriomepaunin Xerne3Hblx pya.

YK 669.004.8:622.785
H. A. Kon6uH, A. . MewankuH, 1. B. MaHoBcKas

HauuoHanbHas MeTannyprmyeckasa akagemMmumd praVIHbI, r. ,D,Hel'lp

NMCCNEAQOBHUE CNMEKAHUA ArnOLWNXTbI C LIEJIbIO MOBbIWEHUA MPOYHOCTU
roToBOIro ArfiOMEPATA

OueHka meTannypruiyecknx CBOWCTB arfiomeparta 3aHMMaeT B HacTosilee BpeMms
Ba)XHOE MECTO B CUCTEME KOHTPOSS KadeCTBa PyAHbIX COCTABMASALMX LUMXTbl AOMEHHOWN
nnaskn. Pes3ynbTaTbl KOMMSIEKCHOW OLEHKM CBOWCTB arnomepara Moryt ObiTb
NCNONb30BaHbl AN yNpaBfieHUsl, Kak TeXHONornen npousBoACTBa arfiomepaTa, Tak U
TexHonorven JomMeHHoW nnaBkn. K kadecTBy arnomepata npeabsBRSOTCA XecTKue
TpeboBaHmsa. OH [OMKEH WMETb [LOCTAaTOMHO BbLICOKME MoKasaTenum MNPOYHOCTM WU
BOCCTAaHOBMMOCTU, BbICOKOE CoAepXXaHne xenesa, paBHOMEPHbIN rpaHyrioOMETPUYECKNN U
XUMmndeckmn coctae u T1.4. Pag TpeboBaHuii K Ka4yecTBY LUMXTbl UMEET NPOTUBOPEYMBbLIN
Xapaktep, TaK, Hanpumep, MNOBbILEHME BOCCTAHOBUMMOCTW arfiomepara npuBoauUT K
CHVKEHUIO €ro NPOYHOCTU N NO3TOMY HeobXoaMMa ONTUMM3aUNSA TaknuX CBOMCTB.

MpoyHOCTb, Hapsgy C  BOCCTAHOBUMOCTbK,  OTHOCUTCA K OCHOBHbIM
MeTannyprmyecknm CBOMCTBAM Xene3opyaHbIX MaTepuaros, UCNOMb3yeMbIX B JOMEHHOMN
nnaeke. O6e 3TN XapaKTEPUCTUKM SBNSAIOTCS Ba)KHEMLUMMWU acrnekTamu KadecTBa Cbipbs,
HO BHUMaHWe UM yaensatT HeoanHaKoBoe. M3-3a BbICOKOM 40N MENOYM, BO3HMKAOLWEN B
Xo4e Npoun3BOACTBaA, MPOXOYEHUS], Neperpy3ok U nepepaboTkm OKYCKOBAHHOrO CbIpbdA, Ha
nepBbI MNNaH BbiWfa €ero npo4YyHocTb. [loaToMy npobneme nOBbIWEHUS MNPOYHOCTU
XXenesopyaHoro Cbipbs yAensieTcs 3HavdnTenbHoe BHUMaHue.

OgHum 13 NpenMmyLllecTB arnomepauum  sBnsietcsa  rnybokoe  pasButune

XuakopasHoro crnekaHuda, 4YTo [Jernaer ee CaMblM  BbICOKOMPOU3BOAUTENBHBIM U
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pacrnpoCTPaHEeHHbIM TEXHOMOrMYEeCKMM MPOLLECCOM OKYCKOBaHWUA, M MNO3BONSAET nosnyyaTb
NPOYHbLIN arnomepar.

Ha dpopmumpoBaHne cTpykTypbl arnomeparta 6onblioe BANsSHNE OKa3dbliBaeT NpoLecc
ero oxnaxgeHus. lNMpn ObICTPOM OXNaxaeHun roToBOro arriomepara, BCreacTteve Toro,
YTO HEMnpepbiBHO MpocacbiBaeTcs BO34yX, 00pasylTCaA CTEKNOBUMAHbLIE BeELLECTBa,
obnagarolime MOBbLILWEHHON XPYNKOCTbO M B CUMy 3TOMO CHWXalLWMe MPOYHOCTb
arnomeparta. Npnyem B 6onbLUeEn Mepe Npu 3TOM CTpagaeT BEPXHUI CNOW arnomMepara, u
No3TOMY OH MONny4YyaeTca MeHee NpoyvHbIM. Ona nonyvyeHnsa 6ornee NpovHOro arriomepaTta

npoLecc oOxnaxaeHusi peKoMeHOyeTCsl BECTU MeANEHHO.

Tabnuua
MapameTp cnekaHus CpaBHuTENbHOE OnbITHOE
cnekaHue cnekaHue

Pacxon maTepuanos Ha criekaHue, %:

XKenesHas pyaa dpakumnm -5Mm 40 40

XKenesopyaHbin KOHUEHTpaT dpakumm  -1mm 20 20

Tonnueo cpakumm 2-3Mm 8 8

N3BecTHsIK opakumm 2-3MMm

BosBpaT dpakumm -5MM 25 25
Bcero wnxTbl Ha cnekaHue, r 1500 1500

TennousonupyoLwwmnin cnow, r:

BosspaTt dpakuyunm 3-5Mm - 200
Tonnueo dpakuummn -1 Mm - 12
Macca cneka, r 1380 1420
Mpo4HoCTb No dpakummn +5mm, % 90,2 95,7

B paHHoOM paboTe u3yvanocb BNUsHME crnocoba yKnagku crnekaeMowm LWKMXTbl Ha
NPOYHOCTb MOfy4yaeMoro arnomepaTta. bbino muccnegoBaHo BNUSHWE YKNAOKW Ha Crow
arnowmnxTbl AOMNOMHUTENBHOrO TENSTION30STMPYIOLLErO CIosi, KOTOPbIN ByaeT NpeaoxpaHsaTb
BEPXHUIM CMOWN arfnowmnxTbl OT BbICTPOro oxnaxneHuss NoToKoM Bo3ayxa. B pesynbtaTte
yero, [AOSMKHO YMeHbLNTbLCA obpa3oBaHMe CTEKNOBUOHbLIX BeELWeCcTB U MNOBbICUTCS
NPOYHOCTb BEPXHEro cros arnonupora. lNpoBedeHHble uccneaoBaHUs Mnokasanu, 4To
Korga nepepg 3axuraHMem LUMXTbl Ha Hee ykrnagblBaeTCcsl CNOWn, COCTOALNN N3 BO3BpaTa U
TBEpPO4Oro TOMNMBa. MNOMly4YaeTCA [OOCTaTOMHO MpPOYHbLIM  arnomepaTt. B Tabnuue
npeacTaBneHbl pesynbTaTbl UCCNegoBaHus.
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BbiBoagbl. TakMm o06pa3om, no pesynbTataM CMeKaHWsi YCTaHOBMEHO, u4TO
MCMONb30BaHNE [OOMONHUTENbHOIO TEMNON30NMPYIOLLEro Crnosi MNO3BOMSeT  YryyluTb

NPOYHOCTb BEPXHEro Crios arrnonunpora, n BCero arfiomeparta B LEeJIOM.

YOK. 669.162
P. O. Kysemko?, T. I'. LleBuyeHko?, C. B. Kosnosues?, B. 0. CUHeNnbHUKOB?,
P. B. KapHayweHko*, A.B. Jlo3a?
rBY3 «[MNpunasoBCckuin rocyaapCTBEHHbIN TEXHUYECKUI YHUBEPCUTET», I. Mapuynornb
2HAO «Mapuynonbckuin MeTannyprudeckuii KomomHat um. Unbuday, r. Mapuynonb
SAGH «Hay4Ho-TexHu4Yecknin yHuBepcuteT», r. Kpakos, MNonbwa

406LLeobpasoBaTenbHas LWwkona Ne 36

BJIIMAHUE HATPEBA TA3OB3BECW MNEPEA COMJIOM HA NYBUHY
NPOHUKHOBEHUA FA30MNMOPOLLKOBOMN CTPYU B LLNTAKOBbIA PACIJIAB

AkmyanbHocmb pobnembl. YBENUYEHNE CTOMKOCTU OYTEPOBKM KMCIOPOOHbIX
KOHBEPTEPOB — Haubonee adpdeKkTMBHbIN Cnocod CHMXKeHUss cebecToMmMoCcTu CcTanwu.
OpgHako nNo BHeOPEHU0 3TOW BbICOKOM TEXHOMNOrMu KUCHOPOAHO-KOHBEPTEPHBIX LIEXOB
YKpauHbl CyLLECTBEHHO OTCTAOT OT AOCTUXKEHUIN METKOMOMHATOB CTpaH Mupa.

Lenb uccrnedogaHusi — BbIMOMHUTbL MOLENMPOBAHNE MPOLLECCOB B CBEPX3BYKOBbIX
rasogucnepcHbIX CTPYsiX C YAAPHO-BOSIHOBOW CTPYKTYPOM W YCTAHOBUTb BRUSAHWE
npegBapuTenbHOro  Harpesa rasoB3Becu [0 Temnepatypbl to B dypme Ha
cpeaHeMaccoByo TemnepaTypy tx U CKOPOCTb Wx CTPYW, NPUCOEAMHEHHYI0 Maccy rasa g u
Wwrnaka gw B CTPYHD M3 MOMOCTU KOHBepTepa W Apyrux pakTopoB Ha rnyobuHy hy
NPOHNKHOBEHNSA ra30MNoOpOLLUKOBOM CTPYM B LLUMAKOBLIN pacnnas.

Mamemamuyeckasi modesib. C y4eToM uUenoro psga usmyeckux BO3OENUCTBUN —
KOHUEHTpauMm nopowka U, KoIdhuuMeHTa CKOMbXeHna a3 @, BennYUHbI
NPUCOEANHEHHOW MaccChl ra3a g M wnaka guw, CTeNEeHN HepacyHeTHOCTU N CBEPX3BYKOBOW
CTPyW, BbIXOOHOrO ceveHns Fi conna — ypaBHEHME ANS UMMyNbCa B CEYEeHUU XX

ncnosnb3oBanun B oopme

l, =V, (1+ uy ) (1+ 9+ 9, )W, + Fp,(n-1). (1)

[na HaxoxXaeHns BennYnHbI g NpUMeEHANn paHee nojty4eHHble COOTHOLLEeHUA
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21 X 12
g =B—ZXCi (1_Ci2) (lir = 12r). )
n n 2
roe Iy, = IR pdn PR IR v°dn (3)

0+¢p(1-0)-p*Ct 0+9p(1-0)-p?C?’

—o0 —o0

B ypaBHeHusix (1-3) npuHATbI cnegyowme 0B03HAYEHUS: max — MakCUMarnbHbIN
pagunyc nepsomn 604KM Hepac4HeTHOM cBepx3BykoBon cTpyn, Ci — umcno Kpokko, D — yncno,
3aBucsllee ot vmucrna Maxa Ha cpe3e M1 M CTeneHu HepacyeTHOCTM N, O — napameTp
nopobusa, n — 6e3pasmepHas nepeMeHHas B 30He CMelleHus, 6 — TemnepaTypHbIN
daktop. MybuHy nyHkn hx paccunteiBanu no opmyne Mapkos B.J1.

MpakTnyeckMn UHTEpec nNpeacTaBndeT BNUSHWE HarpeBa rasa nepen COMMoBbIM
6nokom OO TemnepaTtypbl to Ha 3arnybrneHue hy razonopoLLKOBOro MoToka B pacnnas.
PacuyeTbl nokasanu (ame. pUc.), 4TO YeM Bbille Cpe3 Comnna Hag pacniiaBoMm, TEM MeEHbLUE
rnybuHa hy npu nobon TemnepaTtype to. Hanpumep, npu to = 200°C n yBenudennn x ¢ 0 go
30 kannbpoB npuBOANT K CHMXeHuto hx ¢ 0,88 m oo 0,77 m. OgHako, ecnn CMecb HarpeTb
[0 to = 600°C, 10 npn nameHeHnn x ot 0 go 30 rmybuHa hy ymeHbliaetcs, Ho ¢ 0,99 m go
0,83 m. XapakTepHo, 4To, Hanpumep, ecnn x = 20, To NoBbIwas TemnepaTypy to ¢ 50°C oo
600°C rnybuHa nyHku hy yBenunumnsaetcsa ¢ 0,74 m po 0,89 m.

/] 1, °C

1,=600°C, = =
- { 1000

r -
400, -

200 - = 7 4 850
700

1 550

1 400

PucyHok — BrinsiHme temnepatypsbl to Ha rmybuHy nyHku hy (—) n cpegHemaccoByro
Temnepartypy tx (— —) npu pasnnyHoMm yganeHnn x OT cpesa conna. MicxogHble AaHHble: |
= 0,3 ke/ke, gu=0,5, ¥ =10,8, ¥, = 0,8, Vi = 100 M3>/mMuH, dip = 32 MM, d1 = 49 Mm, My =
37,5 ke/MuH, po = 1,25 Mlla

UTto kacaeTca cpegHemaccoBoM TemnepaTypbl ty, TO npu nwobOM 3HayeHuun to
Temnepartypa tx No anuHe x pacteT. Tak, ecnu to = 600°C, To Npu yBenudeHun x ot 0°C oo

30°C TemnepaTtypa tx yBenuumaetcs ¢ 630°C go 1150°C. Ha paccTtosiHuu, Hanpumep,
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x = 20 yBenunyeHue t, ¢ 50°C pgo 600°C npmBoguT Kk noBbiweHuto ty ¢ 710°C go 1000°C,
4YTO HEOOXOOAUMO y4MTbIBaTb Npu pacyeTe hy.

EcTecTBEeHHO, ecnn KOHLEeHTpaumsa nopoluka B raso3secn 4 — 0, TO HactosLlas
3ajava yxxe pelaeTcs No pacayBKe Lufaka YACTbIM a30TOM.

MpMMEHMB COBPEMEHHbIE [AOCTUXKEHUSI TEeOPWUW CROXHbIX ra3oguHaMUYecKnX
NPOLIECCOB MpU B3aMMOOENCTBUN CBEPX3BYKOBbIX ra30MOPOLLKOBbIX HEPACYETHbIX CTPYM C

pacnnaBoM MOXHO CyLLeCTBEHHO COKPaTUTb BpeMa BHEOPEHUA HOBEWLUMX TEXHONOMMN.

Y[K. 669.162
P. O. Kysemko?, 3. O. Ukutnweunn?, I'. A. Qopodeen?, B. B. KannHuak?,
A. C. YepHeHko?, A. 1. LaTpoBCckun'
'BY3 «[lMpunasoBckuii rocyaapCTBEHHbIN TEXHUYECKUI YHUBEPCUTET», I. Mapuynonsb;
2MAO «MK «AsoBcTanby, r. Mapuynons;
3«OPVEH TEXHONOOXKN»

BY3 «Opecckuii HauMoHanbHbIN yHUBEpcuTeT», r. Ogecca

BJIMAHUE KOHCTAHTbI MACLUTABA TYPBYNNEHTHOCTU HA UBMEHEHUE
CKOPOCTUN TrA3OHOCUTENA BAOJIb OCU CTPYU NPU BAYBAHUN
HEPEATUPYIOLLMX NOPOLLUKOB B ®YPMEHHbIA OYAT AOMEHHOW NEYX

AkmyanbHocmb npobrembl. ToNbKo Ha ABYX MeTkoMOuHaTax r. Mapuynons, rae
paGoTatoT 10 AOMeHHbIX Neyen, Yyepes ~200 dypm BayBaeTcs 45 Tbic. M3/MUH BO3ayXa,
Ha 4yTo 3aTpauymBaeTca okorio 200 MBm aHeprum cxatnsa. O4eHb BaXXHO MaKCUMarnbHO
3(PPEKTMBHO NCMONb30BaThL 3Ty BECbMa OrPOMHYI0 3HEpPruto. VIHTepec Kk aTon npobneme
BO3HMKaeT W MNOTOMY, 4YTO [ANA COBEPLUEHCTBOBAHUS COBPEMEHHbIX TEXHOSOorMmn
Npon3BoACTBa YyryHa B JOMEHHbIX neyax ctpaH mupa (AnoHuna, Kutan, Nepmannsg, CLUA
W Op.) KpoMe nMblIeyrosibHOro TOMNMBA BAYBalOT W Hepearnpylolime MopoLKn —
XenesHylo pyay, OOSIOMUT, TPaHyNMPOBaHHbLIN LWNaK, ¢nckbl, M3BECTb U Ap. OTn
NMOPOLLKN B PYPMEHHYIKO 30HY BHOCUT TypOyneHTHas CTpys, KOTopasi XxapakTepusyeTcs
pasHbiM MacwTabom TypOYneHTHOCTW, BUXPEBbIM 3ddeKkToM, nynbcalMOHHbIMN
xapaktepuctukamn. Bce 3T usnyeckne SBNEHUS MpUMBOAAT K CYyLEeCTBEHHOM

anccmnagum BHOCMMOM SQHEprun.
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Uens pabombi — wucnonb3dys dyHOAAMeHTanbHble MHOronapamMmeTpuyeckmne
COOTHOWeEHMA Ans rasoobpasHon u TBepaon asbl — YpaBHEHUS HepaspbIBHOCTY,
COXpaHeHMs UMMynbca U 3HEPrn 1 Ap., NepeHoca NynbCauMoOHHOW 3HEPTNN — YCTAHOBUTb
BNuAHMEe MacwTtaba TypOyneHTHOCTWU, AnameTpa M NNOTHOCTU YacTuL Ha CKOPOCTHbIE U
TemnepaTypHble XapakTePUCTUKM CTPYWU.

Mamemamuuyeckasi moOernib. [Ana nNpoBeAeHUs  YUCIIEHHOTO  3KCrNepumeHTa
ncnono3oBanu ~ 10 gudpdepeHumanbHbiX, U Lenbin pag anrebpandecknx ypaBHEHUMN,
KOTOpble peLlarTcs COBMECTHO. B kayecTBe npumepa 3anuiieM HEKOTOpble N3 HUX:

— YpaBHEHWe Hepa3pbIBHOCTM ANCNEPCHON NpUMeECH

o 1 7 ‘W ) =0
ﬂ(pZWZX)_F;O,,—y y(Pzwzy +102W2y) =V (1)
— ypaBHEeHUe nepeHoca nyribcaLMOHHON 3HEPrun

2
o 170 170 v, d k oW
E(Wlxk)jL;é,—y(—ley)=§é,—y[ya—;é7—yj+vt[ é’;xj +(Gy—¢—-5); (2)

B ypaBHeHusx (1) u (2), a Takke B NOAPUCYHOUHBIX MOAMUCAX NPUHATBI cnegyowme
0603HaYeHNs: W1y, W2x, W1y, W2y — CKOPOCTb HECYLLEro ra3a v nopoLluka BAOSMb OCEN X U Y,
2 — NNOTHOCTbL YacTuy, Gk — reHepaunsa TypOyneHTHOM 3Heprun B crneje 3a yactuuamu,
Vi — KO3(bpmuneHT TypOYyneHTHOM BSA3KOCTM Hecywero rasa, Ok — 9SMMIMPUYECKUN
koadppuumeHT, k — KnHeTMyeckaa 3Heprnsa TypOyneHTHOCTH, & & — Auccunauums
TypOyneHTHOW 3Hepruun rasa u auccunaunsa TypbyneHTHOM 3Heprum 3a cyeT MexdasHoro
B3anMoaencTeus, V, — pacxoq rasa, me — pacxop nopollka, 6 — pasmep yactuy, to, toc —
TemnepaTypa 4acTuL, 1 OKpyXatoLlen cpeabl, U — MaccoBasi KOHLEHTpaumm nopoLuka, Ccz —
TENNOeMKocTb 4yactuy. [lapameTpbl CO  LWITPUXOM  YYMTBLIBAKOT  MyIbCaLMOHHYIO
COCTaBISIlOLLYIO.

Pesynbmambl pacdema u ux aHanu3. PaccMoTpum BnusiHMe TypOYyneHTHOCTU
cTpyu. Kak cnegyeTt u3 pucyHka, YeM darnblue OT cpesa conma, TEM HUXe CKOPOCTb Wi
Hecyuwlero rasa. Hanpumep, npy x = 300 MM, n toc = 1800 °C, yBennyeHne KOHCTaHTbI
macwrTaba TypbyneHtHoctn Ci ¢ 0,1 go 0,6 npMBOAMT K CHWXEHMIO CKOPOCTM Wi rasa —

HocuTens ¢ 110 m/c no 60 m/c.
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PucyHok — PacnpefgeneHne CKOpPOCTU HeCywlero rasa wi no AfvHEe CTpyu X npu
pasnu4HoM kKoadpmumeHte macwtaba TypbyneHtHoctTn Ci. MicxoagHble gaHHble: V,, = 300
m3/4ac; my = 20 ke/muH; & = 0,1 MmM; p2 = 1600 ka/mM3; to = 1800°C; t, = 1100°C; c2 = 500
LDx/(keK); u = 3,2 ka/ke

Teopemuyeckas u npakmu4yeckasi yeHHocmb pabomesl. YncneHHble nccnegoBaHns
BbIMOSIHEHbI C WCMOMb30BAaHUEM KOPPENSLMOHHBIX MOMEHTOB M C Y4ETOM MEXGa3HOro
B3aMMOAEWNCTBUS, TreHepauum TypOyneHTHOMW 3HeprMm B crege  3a  vacTvuamu,
KNHETUYECKON 3Heprum TypbyneHTHOW CTpyu, koaddpuumneHTa TypOyneHTHOM BSA3KOCTM,

MakpomaclwiTaba TypbyneHTHOCTM B CTpye, Anccunauumn TypoyneHTHON SHEPTUN.

YK 669.162
P. O. Kysemko?, T. I'. LLleB4eHko?, B. B. Kanunuak3, A. C. YepHeHKoO?3,
P. B. KapHayweHko*, A. 1. laTpoBckun?
'BY3 «[MpunasoBckuii rocyaapCTBEHHbIN TEXHUYECKUI YHUBEPCUTET», I. Mapuynonsb;
2MAO MK «uMm. Unbunyay, r. Mapuynornb;
3rBY3 «Opgecckuin HauMoHanbHbIn yHUBepcuTeT», r. Ogecca;

406LeobpasoBaTenbHas Lkona Ne36

NCCNEAOOBAHUE BIIUAHNA NMIOTHOCTU NMOPOLUKA HA CKOPOCTb HECYLUEIO
FA3A B NONEPE4YHOM CEYEHUU CTPYU MNMPU BAYBAHUN HEPEATUPYIOLLUUNX
NMOPOLLKOB B JOMEHHYIO MNEYb

AkmyasnbHocmb rpobriembl; I3BECTHO, YTO B JOMEHHbIE NeYM pasHbIX CTpaH Mupa

(AnoHwns, Kntan, Nepmanusa, CLUA v ap.) kpome nbineyronsHoro Tonnuea (MYT) saysatoT
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elwle M HepearvpyloLwme MOpoWwKn. Tak, Hanpumep, NpW BbINfaBKe YyryHa B TOPH
AOMEHHOW neyn BOYBaKT (POCOBbIE CMECUM U TOHKOM3MENbYEHHYIO pyay, NbINIEBUAHYIO
N3BECTb, NbINIEBMAHBIE OKCUAbI Xenesa, (pnocbl N Lenbin pag apyrux TeXHOMOrnyecknx
nopowkoB. OAHako, MeTKOMOMHAaTbl YKpauHbl 3Ty BaXHEWLW Y TEXHONOru elle He
ocBauBatoT. TypOyneHTHasi CTpys XapakTepu3yeTcd nyribCaluMOHHbIMU CKOPOCTAMU U
TemnepaTypamy, pasHbiIM  MacwTabom  TypOYneHTHOCTW, BUXPEBbIM  3PEEKTOM,
aKycTunyecknm Bo3byxaeHnem u ap. B razonopolkoBom TypOyneHTHOM NOTOKE 3a KaXKaoM
yacTuuen obpasyeTcs TypOyneHTHbIn crned. B HacToswen pabote aTuM XapakTepuCTUKU
ra3ornopoLUKOBbLIX TYPOYNeHTHbIX CTPYyh ByayT yYTeHsbl.

Llenb Hacmosiwel pabombl — UCNOMb3ysi CUCTEMbI YPaBHEHUIA HEPa3PbIBHOCTMH,
COXpaHeHUs UMMyIibca U 3HepPrum Kaxaon na das, ypaBHeHUs nepeHoca nyrbCaunoHHON
9HEeprMM YCTaHOBUTb BIUSHWE TMIIOTHOCTM MOPOLUKA Ha W3MEHEeHWe CKOpoCTU B
nonepevyHoM cevyeHun asyxdasHon TypOyneHTHOM CTpyW.

Mamemamuueckas modenb: [Ana YACNEHHOro aKCrNepuMeHTa mucnonb3oBanu ~ 45
YpaBHEHWUN, KOTOpble pellalTCa COBMECTHO. B kadecTBe npumepa MNOKaXeMm, Kak npu
MOLENMPOBaHUN 3anncbiBanu crieaytoLlimne COOTHOLLEHUS:

— YpaBHEHWe HepaspbIBHOCTU ANA HecyLlen cpeabl

o 170 ‘W)= 0:
5(plwl> )+ vy oy y(lely + ,01W1y) =Y, (1)

— YpaBHEHNE COXPaHEHUSI UMMyNbCa UCNEPCHOM NPUMECH B MPOEKLMNAX Ha

NPOAOSBbHYIO X U NOMEPEYHYHO ¥ OCK
é( .\, 10 o w1 E
E(pZWZX)—F;a_y y|:p2 (W2xW2y +W2xW2y)+ W2xp2W2y:| — Tx (2)

B ypaBHeHusix (1) n (2) »n NOOAPUCYHOYHBLIX MNOAMUCAX MPUHATHI Ccreayowme
0003Ha4YeHNs: p1, o2 — NINOTHOCTM rasa W 4YacTul, Ke/M3, Wix, Wax, W1y, W2, — CKOPOCTb
HecyLlero rasa M nopoLuka BAOMb OCEN X U ¥, M/C, Mz — pacxod nopoLuka, Ka/MuH, V, —
pacxoq rasa, mM3/yac, § — pa3mep 4acTuu, MM; U — MaccoBasi KOHLEHTpauMK MopOLLKa,
Ke/ke; 12, toc — TEMMEpPATYpPA YacTuL, U OKpyxatoLen cpeapbl, °C; C2 — TENNOEMKOCTb YacTul,
k[Dx/(keK), Fx — npoekumsa MexdasHon cunbl Ha ocb X, H/M°. MapameTpbl CO LUTPUXOM
YYMTbIBAKOT NYNbCALMOHHYIO COCTaBIISIOLLYHO CTPYW.

Pe3ynbmamel pacyema u ux aHasu3: YncneHHble pacyeThl ele pa3 NnoaTsepannu,
YTO MSIOTHOCTb MOPOLUKA P2 CYLLECTBEHHO BMMSIET HA CKOPOCTb Wi HECYLLEero rasa, Kak B

npoaofibHOM, Tak WU B MOMEPEYHOM cedeHun TypOyneHTHom cTpym (cMm. puc.). Tak,
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Hanpumep, Ha ocu cTpyu (y = 0) yBenmdeHne nnotHoctn p2 ¢ 1600 ka/m3 no 2600 ke/m?
NPUBOANT K BO3pacTaHMIO CKOPOCTU W1 ¢ 57 m/c go 81 m/c. T pacyeTbl NnoaTBEpPXKAAOT
TOT €CTeCTBEHHbI hakT, 4yTo 4Yem Oonblie pz, TeEM NPU OOHOM M TOM XX€ MacCOBOM
pacxoge nopoLlka My U KOHUEHTpAUUKM U MEHbLUE NEPEMELLAETCSA YacTuLl, U CKOPOCTb W1

HecCyLllero rasa Bbllle.

Wi, M/C

80
p2=2600 kr/™m’

2200
1900
1600

60

40
20 F
0 o » o » o » o 2
0 20 40 60 80 ¥, mm

PucyHok — BnnsaHne nnoTHOCTM NOpoLLKa P2 HA U3BMEHEHNE CKOPOCTU YacTuL, Wi MO
ceveHuto cTpyu y. MicxoaHble aaHHble: V, = 300 m3/uac; mz = 20 ka/mMuH; & = 0,1 MM; toc =
1800°C; t> = 1100°C; c2 = 500 Ox/(ke-K); u = 3,2 ka/ke

PaspaboTaHHbIi NPOrpaMMHbIA  KOMMMEKC MO3BONSAET Yy4yeCTb KO3(PULUMNEHTDI
TypOyneHTHOM andpdpysnmn n TennonpoBogHOCTU, AMcCUnaumio TypOyneHTHON SHeprum C
y4eToM Mexdas3HOro B3auMOAEWCTBUS, BpPeEMS AMHAMUYECKOW penakcaumm 4YacTuubl,
OnnepoB NHTErpanbHbIN, NPOCTPaHCTBEHHO-BPEMEHHON MacwTab TypOyneHTHOCTM BAOSb

TpaeKkTopun YacTuu,.
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YOK. 669.162
P. O. Kysemko?, 3. O. Ukutuwsunu?, B. C. Koanosues?, J1. A. [lo6poBonbckas?,
B. J1. MoHumH?, C. A. lNynak!
I'BY3 «[lMpunasoBckuii rocyqapCTBEHHbIN TEXHUYECKUI YHUBEPCUTET», I. Mapuynonb
2YAO «MeTannypruyeckuii KombmHaTt «A3oBcTanb»», I. Mapuynonb

34AO «Mapuynonbckuin MeTannypruyeckuii KomouHaT um. Unbmday, r. Mapuynons

BIMUAHUE KOHLUEHTPALUX NOPOLLKA HA CKOPOCTb UCTEYEHUA U3 COIMIA
®YPMbl U TEMIMEPATYPY CBEPX3BYKOBOM FA30MNOPOLLUKOBOW CTPYU NMPU
PA3QYBKE WJIAKA B KOHBEPTEPE

AkmyarnbHocmbe npobremsl. Ha MMK nm. Mnbnya paspaboTtaH 6a30Bbii NpoOeKT no
pasgyBKe OCTaTOYHOrO LUfiaka M HaHEeCEHWUKD 3alUMTHOro rapHucaxa Ha dyteposky 1601
KMCNopoaHOro KoHesepTepa. [nsi yCKOpeHUsi BHEOPEHUS MPOPbLIBHOW TEXHOSOMMU HYXHbI
onepexaroLime TemMnbl HayYHbIX UCCreaoBaHnin.

Lenb pabombi — pa3paboTaTb MoAesib, MPOBECTU YUCIEHHbIA 3KCMEPUMEHT U
YCTAHOBUTb BfMSIHUE MacCOBOW KOHLEHTpauuu g MopowKa M HarpeBa CMmecu [0
TemnepaTypbl fo, Ha CKOPOCTb WCTEYEeHUs ras3oB3BECM Wiz W Temnepatypy tx
ra3ornopoLUKOBOWN CTPYW.

Mamemamuyeckasi molesni. PacyeTHad Moaenb MnO3BOnuMa YCTaAHOBUTb, Kak
nepeyncrnieHHble  Bbie  (akTopbl n dusnyeckme - BO3OENCTBUSA BNNAOT
ra3zoTepMoanHaMnYecKne xapakTepnucTUKn CBEPX3BYKOBOW HepaCcYETHOW ra3onopoLLKOBON
CcTpyu. Hanpumep, CKOpPOCTb MWCTEYEHUS ras3onopoLIKOBOM CTpyn u3 conra Jlasans

paccynTbiBanun Kak:

N-1
28 1 pn| %
Wo,= |2 % RT |1-| P P N=(k-1)(1-¢)+L 1
N L A (Po] (k=1)(1-¢1) (1)
Pl LY NPT S 7 S PV RS 2)
v—kk_1(1+bpo) 1+ uy” wp, Cpy J1+uy

B dopmynax (1), (2) u nNOAPUCYHOYHbIX NOANUCAX MPUHATLI Ccneaylwue
0003Ha4yeHns: N — nokasaTtenb MOMUTPONHbI ra3onopoLLKOBOro NOTOKa, U = Mz /puNVu —
MaccoBas KOHLEHTpauusa nopollka, Ri — rasoBasi NOCTOSIHHAA Hecyllero rasa, to, po —
TemnepaTypa W AaBneHve TopmoxeHue, K — nokasatenb aguabartbl asoTta, Po, P2 —
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NMOTHOCTb a30Ta U NOPOLLKA, W = W2/ W1 — KO3(PPUUMEHT CKONbXeHNsA a3, N — CTeneHb

Hepac4eTHOCTH, Cp , Cz — TEMMOEMKOCTb HECYLLEro rasa 1 NopoLuka, pr, tr — AaBneHue u

TemnepaTtypa rasa B MofocTu KOHBepTepa, Juw — npucoeguMHeHHaa macca wnaka, Yy —
KO3 PULIMEHT CKONbXEHUS Wwnaka, dqp, di — AnameTp conna B KpUTUYECKOM U BbIXOLHOM
cevyeHun,

M2 — MacCoBbIN pacxod NopoLlka, V, — 06beMHbIN pacxod HecyLlero rasa.

Pe3ynbsmamsi pacdema u ux aHanu3. Kak crnegyeT N3 pucyHka, YeM Bbille KOHLeHTpaums
nopoLuKka U, TEM HMXe CKOPOCTb Wiz ra3oB3BECU B BbIXOAHOM cedeHuu conna JlaBansa um
BblLLe Temnepatypa tx npu nodon 3HadeHnn to,. Tak, ecnum t, = 200 °C, TO yBENMYEHME U C
0,2 Ke/ke [0 2 Ka/k2 NpuUBOOMT K CHWXEHMIO cKOpocTM Wiz ¢ 680 m/c po 480 wm/c, a

TemnepaTypa CBepX3BYKOBOW ra3onopoLLKkoBon cTpyu BodpactaeT ¢ 890 °C go 917 °C.

Wy , M/ t, °C

880

780

680

580

480

380 ' ' ' i 800
0.2 0,6 1 14 18 H Kehe
PucyHok — BnusiHne temnepatypbl TOPMOXEHUS to HA CKOPOCTb UCTEYEHUS Wi2(—)
a30TOMNOPOLLKOBOM CTpyM wn3 conna JlaBana W cpegHemaccoBoM TemnepaTtypbl
t« (——) nNpuM U3MEHEeHUM KOHUEeHTpauum nopowka u. WMcxogHble — OaHHbIe:
tr= 1500 °C; gw = 0,5; ¥ = 0,8; ¥, = 0,8; V., = 100 M3/MuH; dip = 32 MM; ch = 49 mm;
my = (25 — 250) ka/MuH.

3ameTum, 4YTO ecnu BOoOOXNaxAaeMyo ypMy 3aMEHWUTb Ha rasooxnaxgaemyto
NN nocTaBuTb B (pypMmy crneumanbHbli HarpeBaTtenb, TO NOBbILEHWEe TemnepaTtypbl to
pagukanbHO BNUSIET Kak HAa CKOPOCTb W12 MCTEYEHUS U3 COoMna, Tak U Ha TemnepaTypy tx.
Hanpumep, ecnu y = 1,4 ka/ke, TO nosbileHne Temnepatypbl to ¢ 50 °C go 600 °C
NpVBOAMT K yBenuyeHuto ckopoct wiz ¢ 430 m/c po 700 m/c (B ~ 1,63 pasa) u npu aTunx

yCcrnosusi MOLWHOCTb Nx O4HOWM W3 NATUM CTPpyW yBenuumBaetca B ~ 2,7 pasa. 3710
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Ype3BbIYaMHO BaXXHO AS11 TEXHOMOrMK, Koraa HykHo ~ 10T wnaka B NoOfoCcTU KOHBEpTepa
NoaHATb Ha BbICOTy ~ 8 meTpoB. [pu yBenunyeHun t, ¢ 50 °C go 600 °C tx Bo3pacTaeT ¢
847°C no 1096 °C.

BHegpeHne pacCMOTPEHHOrOo pacyeTHOro KoMMMekca, BkAwvawwero ~ 50
YPaBHEHUN rasognMHaMnKM n TennoobmeHa YeTbipexda3Horo noToka, KoTopble peLuarTcs
COBMECTHO, MO3BONSAET COKpaTUTb BPEMs Mpu peanu3auuMuM MacwtabHou nporpammbl

paguKkanbHOro pecypcoctepexeHust B Metannypruu.

YK 669.162.16
B. IN. NNanwok, E. O. lmenbuep, U. A. JlaxoBa, M. B. Kopmep

KpuBopoxcknn metannypruyecknin MHCTUTYT HMeTAY, Kpuson Por

OUEHKA BJTIUAHNA XAPAKTEPUCTUK YIOJIbHOIO CbIPbA B YCJIOBUAX
MHOIOGEACCEMHOBOM BA3bl KOKCOBAHUA HA KAYECTBO KOKCA

CambIM BaxHbIM HanpasBfeHWeM COBEPLUEHCTBOBAHUA TEXHOMOrMN [AOMEHHOM
NnnaBKW, KOTOPOE OCTAETCs aKTyallbHbIM WU JOMMKHO ornepexaTb B CBOEM pa3BUTUM BCe
ocTanbHble — 3TO0 obecneyeHne AOMEHHbIX MeYyen BbICOKOKAYEeCTBEHHbIMU LUMXTOBLIMU
MaTepuanamm n npexae BCero KOKCOM. KayecTBO Kokca SIBNSIETCS OOHVMM M3 rNaBHbIX
napameTpoB, OnNpeaensaLLmMX Xo4 U pe3ynbTaTbl JOMEHHOM MaBki. B JOMeHHOM nnaBke KOKC
BbINOMHSAET (PYHKUMM KOMMIEKCHOIO 3HEPro-TeXHONorM4yeckoro matepuarna. B npoueccax ero
npeBpaLLeHin y oypM BbIAENSETCA OCHOBHas 4YacTb HEOOXOAMMOW Anst MPOLECCOB NMaBKu
TennoTel M 0bOpadyeTcs OCHOBHAsi Y4acTb BOCCTAHOBUTENbHOIO ra3a, K KOTOPOMY B
BbILLIEPACMNONOXEHHbIX MOPU30OHTax AobaBNAeTcs OOMOMNHUTENbHAS YacTb rasa OT MpPSMOro
BOCCTaHOBIIEHNS.. Kpome yKa3aHHbIX 3HepreTMdeckux (OYHKUMW KOKC BbIMOSTHAET (OYHKLIMIO
TBEpPOON Hacafkyn B 30HE pasMsrdeHus W nnasfieHUs KenesocodepXallumMx MaTepuarnos,
obecrneunBatoLLien NMPOTMBOTOK LIMXTbl M ra3oB B Meyn, a Tawke QyHKUMIO perynsaTtopa
rasopacnpegeneHunsi No nroLwiaan NonepeyHoro ceveHns arperarta. B ¢BA3n ¢ 3TMM K kavecTBy
KOKCa 1 NpeabaABstoTCs BbICOKME TpeboBaHUS.

YronbHas cbipbeBasi 6asa kokcoxmmmnydeckoro nponssoactea MNAO “ApcenopMuttan
KpuBon Por”, kak n 6OnblUMHCTBA KOKCOXMMWYECKMX NPeanpuaTtMini YKpauHbl, HOCUT
MHorobaccenHoBbIM  xapakTep. Wcnonb3oBaHMe WMMOPTHONO CbipbsA CBSA3AaHO Kak C

AedULUMTOM YKpaMHCKUX Yrie COOTBETCTBYIOLLIEro KayecTBa (HU3Koe coaepXkaHue cepbl,
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WMHOEKC OCHOBHOCTU Mo<2,5), TaKk 1 C nosblleHneM TpeboBaHM K Ka4eCTBY KOKCa C Liefbio
YMEHbLUEHNA €ero pacxofja B LAOMEHHOW NMaBKe, a Takke B CBSA3W C BHeOpPEHWeM B
AOMEHHOM NPON3BOACTBE TEXHOMNOMMN BAYBAHWS MblN1€YronbHOro TONmnBea.

AHanua kayecTBa KOKCa KOKcOxummdeckoro npoussogctea (KXI) TMAO
“‘ApcenopMutTtan Kpuson Por” (AMKP), noctynatouwero B goMeHHble uexa NAO AMKP
rnokasasn, 4YTO WCMNONb30OBaHME B YrofibHbIX LUMXTax Yrren pasnuyHbix 6GaccenHos,
CyLLECTBEHHO OT/MYaloWmMXcs Apyr OT Jpyra Mo TEXHOSOTMYEeCkMM  CBOUCTBaM,
HEPUTMUYHOCTb MOCTaBKN YrofibHOrO Cbipbs U KonebaHus ero (OuU3MKO-XMMUYECKNX
napameTpoB CHWXalT KayeCTBO, CTAbUNbHOCTb NokasaTenen Kokca W BNUSAKOT Ha ero
rpaHyrnomMeTpuyeckMin coctaB. Tak, yCTaHOBMEHO, YTo B nocregHee Bpemsi (2008-2014 rr.)
Npon3oLLNO nepepacnpeaeneHne CoaepXaHnsa KnaccoB KpPYMHOCTU B BarloBOM KOKCE C
yBennyeHnem Bbixoga knaccos >80 MM, <25 mm n 80-60 MM, a Takke yxyaLleHne KayecTBa
KOKCa No nokasaTtensaMm npoyHoctn Mazs u uctupaemoct Mio. Ha ocHoBaHWM un3yyeHus
AVNHAMUKA  M3MEHEHMSI TPaHYyNIOMETPUYECKOrO COCTaBa KOKCa B 3aBUMCMMOCTM  OT
KayeCTBEHHbIX MNOKasaTernen yYrofibHOW LWWUXTbl CAenaH BbIBO4, YTO NPU MOCTOSHHOM
TEXHOITOrMYECKOM peXnme KOKCOBaHUSA OOHUM 13 haKTOPOB BIIMSIHUSA Ha KPYMHOCTb KOKCa
ABNSAETCA 30MbHOCTb YrOfNIbHOW LUMXThI, @ TaKKe ee HacbIMHasa NNoOTHOCTb, KOTOpasi B CBOKO
oyepeab 3aBUCUT OT BIIXHOCTU U CTEMNEHU U3MENbYeHUs (cogepkaHusa knacca 3-0 mm).
[MoBbILEHNE pPaBHOMEPHOCTM W OAHOPOAHOCTU IPaHYNOMETPUYECKOro COCTaBa KoKca
MOXET ObITb AOCTUIHYTO NPU ONTUMAaribHOM YPOBHE U3MENbYEHUS YroNbHOW WKnXThl [1].

Takke ycTaHOBReHO [2], 4YTO KonebnemocTb MoKa3aTenien KavecTBa LWWUXTbl, B
YAaCTHOCTW, BMAXHOCTU M 30SIbHOCTU HaxoAUTCA B [OOCTAaTOMHO TECHOM CBA3UN C
konebaHuaMM nokasartenen kadyectsa kokca Mio n Mzs. Tak, yBenuyeHune konebnemoctu
(cpeaHekBagpaTUYHOrO OTKMOHEHUS) BNAXXHOCTU M 30MbHOCTU WKXTbl HA 1 % BbI3biBaeT
yBernuyeHune konebnemocTn nokasartens nctnpaemoctun kokca Ha 0,1 %. 3a uccnegyemoli
nepuog B ycnosusax KX MAT “ApcenopMuttan Kpuson Por” konebnemocTb BNaXXHOCTU U
30MbHOCTU YronbHOM LWKMXTbl goxoauna Ao 2 %, npy atoMm omio — Ao 0,23 %, 4to B
COOTBETCTBMW C AaHHbIMKU nccnegoBaHum [3], obycnasnmBaeT NoOBbILIEHME pacxoda Kokca
Ha 3,7 % W CHWKeHMEe NPOM3BOAUTENBLHOCTU OOMEHHOW neuvn Ha 2,8 %. Heobxogumo
OTMEeTUTb, YTO KonebnemocTb cogepxaHua knacca 3-0 mm B wmnxte ot 0,15 go 0,85 %
obycnosuna konebnemocTb Nokasarenen kadyectsa kokca Mio o1 0,14 0o 0,23 % 1 M2s un
ot 0,2 go 0,45 % [2]. Ans OMEHHOro nNpPoM3BOACTBA, PaAcXO4YHLWEro B TeYEHNE CYTOK
AECATKM ThbICAY TOHH >Xenes3opyaHOro Cbipbs W TONnuBa, CTabuibHOCTb WX CBOWCTB

nprobpeTaeT ocoboe 3HauveHune. Vimetowmecst cylecTBeHHble konebaHusi kayecTBa yrnen
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Tpe6y+0T obda3aTenbHOro npUMeHeHnA MepOI'IpVIFITI/IIZ no ycpeaHeHuUo oTAesIbHbIX MapoOK
yFJ'IEVI npn mMx cCkKnagnpoBaHnMn ”n nogadvye B MNpoun3BoACTBO, a TakKXe OpraHn3oBaHHOIo

CMeLlleHnA yroan0|7| LUNXTbI.

Cnucok nurtepaTypbl

1. Jlamok B.[l. BnusHue CBOWCTB Cblpbsi W  TEXHOMOMMW KOKCOBaHUS Ha
rpaHynometpuyeckun coctaB kokca / B.I. Jlamok, E.O. Wmensuep, WN.A. Jlaxosa, O.A.
Kaccum // Kokec n xummnga. — 2014, — Ne10. — C.29-35.

2. lamok B.[1. CtabunbHOCTb KavyecTBa Kokca And aomeHHown nnasku / B.I1. Jlantok,
B.l. Cokonoea, N.A. Jlaxoea n gp. // Kokc n xumusa. — 2012. — Ne 8. — C. 19-24.

3. Ynaxosuy B.A. OueHka BNUSHWS KavyecTBa KOKCa Ha nokasatenu AOMEHHOW nrasku /
B.A. Ynaxosuuy, B.N. Conoakos, K.A. LWteu u ap. // Metannypr. —1982. — Ne 7. — C. 16-18.

YOK 669.02
B. C. MamewwuH, C. B. XXypaBnboBa

HauioHanbHa meTanypriiHa akagemia Ykpainun, M. [JHinpo

ANNbTEPHATUBHI NMPOLIECU — YU € NEPCMNEKTUBWU?

[MpoTarom ocTaHHIX poKiB B YKpaiHi cTana BKOpiHOBaTUCA iness HeobXiaHOCTI
CTPYKTYpPHOI nepebynoBu ranysi YOpHOI MeTanyprii, BKIOYalo4M CTBOPEHHSA HEBENUKUX
BUPOBHMUTB — MiHi-3aBodiB, SKi dopMyoTb "MOGINbHY" nponosuuito B ranysi 3a
KMIOYOBUMM  PUHKOBUMM  MO3ULISAIMA  Ta MNOLWYKY HOBUX arnbTepHATUBHUX MPOLECIB
BUpPOOHMLTBA YOPHUX MeTanis. Hosi HanpaMKun e(EKTUBHOIO PO3BUTKY
KOHKYPEHTOCMPOMOXHOCTiI MeTanyprinHoi ranysi CTaloTb Ha CbOroAHi OOHUM 3 NPIOpUTETIB
BAOCKOHarNeHHsA YOpHOI MeTanyprii.

[lo TenepiwHbOro 4Yacy po3pobneHa 3Ha4yHa KinbKiCTb anbTepHaTMBHMX MPOLIECIB
OAEPXaHHA YOpHMX MeTaniB, $Ki PIBHATbCA AK 3@ nNpuHuMnamm gii, Tak | 3a
KOHCTPYKTMBHOK KOMMOHOBKOK arperaTis. Y 3aranbHOMYy BWUMMS4i «anbTepHaTUBHI»
npouecun BUpOBHMLTBA YOPHMX METariB MOXHa NOAINUTK Ha 4 rpynu.

Mpouecn nepwoi rpynn (BMpOOHMLUTBO 3arniza NpsAMOro BiAHOBMNEHHS B arperaTtax
TBepao(asHOro BiAHOBMEHHS 3 NepepobKo B enekTpoayroBux nedax), 6asyoTbCca Ha

BMKOPUCTaHHI Ans BigHOBNEeHHs pi3HuMx rasis (CO, Hz abo ix cymiwi) abo TBepgoro
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BYrinNs. Y 3anexHoCTi Bi4 LbOro BOHM MarTb Pi3Hi NPUHUMNN pOBOTU N KOHCTPYKTUBHE
odopmneHHs. [JomMiHytoudi no3uuii y CBITOBOMY BMPOBHWLUTBI MeTanisaoBaHOi CUPOBUHU
3ariMaloTb LWAxXTHI npouecy TBepaodasHOro BigHOBIEHHS, siKi 6a3yl0TbCA HA BUKOPUCTAHHI
BiHOBHMX rasiB. Lle noB’si3aHO 3 MPOCTOTOK KOHCTPYKLiT LUX YCTAHOBOK, HaZiMHICTIO 1X
pobOTM Ta HU3LKMM BMICTOM LUKIANMBMX AoMmiwok (S,P) y meTanisoBaHin npoaykuil,
OCKINbKW BiACYTHIN KOHTAKT MK OKOTULLIAMU Ta BYTiNNsM.

CyTHicTb npouecis gpyroi rpynu (BMpPOGHMLTBO BYrfneueBoro HamiBnpoaykTty B
arperaTax pigakoasHoro BigHOBMEHHS 3 NepepobKO0 B KUCHEBUX KOHBEPTOPAX) Nonsrae y
BiIHOBJIEHHI 3ari30BMICHUX MaTepianiB eHepreTu4Hnm Byrinnam npu temneparypax 1400-
1600°C 3 ogep)XaHHAM pigKoro ByrneueBoro HaniBnpoAyKTy OnmM3bKoro 3a XiMiYHUM
CKNagoM [0 MepedinibHOro 4YaByHY. Y SKOCTi LIMXTW Mpouecu Uiel rpynu MOXYTb
BUKOPUCTOBYBATK, $SIK 4aCTKOBOBIQHOBMEHi 3anidopygHi matepianu (npouecn Corex,
FinexTecnored Ta iH.) Tak i cupy 3ani3Hy pyay (npouecu Hismelt, Romelt, Ausiron).

3aranowm, y pi3HMX KpaiHax cBiTy 6yno po3pobneHo n BunpobyBaHo BinbLue copoka
npoueciB, NpuU3HayYeHUX AN 3aMiHW OOMEHHOI NnaBkW. Y TenepiwHin Yac y cBiTi gie 7
ycTaHoBokK Corex (2 - Kutan, 4 - IHgia, 1 - TAP) cymapHO pi4YHOK MNPOAYKTUBHICTHO
6nmn3bko 7 MnH. T, 3 yctaHoBku Finex (2 y Kopei, 1 B IHAi) pi4HOK NPOAYKTUBHICTIO
6nm3bko 3,5 MnH. T.

Po3pobkn npoueciB npsMoro ogepxaHHA cTtani 3 pyam (3-4 rpyna) y uen yac
cnpsimoBaHi Ha nepepoObKy 3ani3oBMICHUX BiAXoAdiB (LWnamiB, OKanwvHW, pyau) y cTanb.
Mpuknagamm MOXyTb CriyrysaTu: npouec CTPYMEHEBO-eMYIbCIMHOMO padiHyBaHHA,
OLEepXXaHHA BUCOKOBYrELEeBOi CTani B poTauilHMX MOXMNuX nedvax abo nepcneKkTuBHI
npouecu npamoro enektponidy 3anisHoi pyan MOE, pospobka skux nepebyBae Ha
noyaTKoBMX eTanax nabopaTopHuUx JOCHIOKEHb.

besnepepBHi Npouecn BUpobHMLUTBA cTani 3 piakoro YyaByHy (4-a rpyna). BHacnigok
CKIagHOCTEN Y KepyBaHHiI 6e3nepepBHUM TEXHOMOrMYHMM NPOLECOM, BMCOKOI BUTpPaTU
BOrHETPUBIB, HU3bKUX E€KOHOMIYHMX MOKA3HWUKIB i, HAWrosfoBHiWe, nossu W BypxnmMBOro
pPOCTYy npoueciB nosaniyHoi 06pobkn cTtani, He 3MOrnM CKNacTU KOHKYPEHL KUCHEBO-
KOHBEPTOPHMM npouecaM i B Liei Yac NpakTUYHO He 3aCTOCOBYIOTLCS.

BuCHOBOK. Y 4KOCTi BUCHOBKIB Crif ckasatu Npo MNepCrnekTUBHICTb PO3rnsHYyTUX
anbTepHaTMBHUX npoueciB BUpOOHMUTBA 4YopHUX MeTaniB. [lpouecn TBepaodasHoro
BiHOBIIEHHA [0BESIN CBOK KOHKYPEHTOCNPOMOXHICTb, MNEPCNEeKTUBHICTb I1X PO3BUTKY
BU3HA4YaeTbCA NOTpebo enekTpocTanennaBunbHOroO BUPOOHMLTBA Yy BUCOKOSIKICHIN

nepBopoaHi MeTanowwuxTi. PigkodasHi npouecn BMPOOHMLTBA YOPHUX MeTanis, Ha
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AaHUN MOMEHT, CKMagHO BBaXKaTW peanbHUMU KOHKYpPEeHTaMu OOMEHHOMY npouecy, 1
MOKM X BapTO po3rnsaatn nuue sk JOMOBHEHHS A0 Hboro. OgHak aKWwo TeHAeHLUist pocTy
LUiHA Ha MeTanypriiHAn KOKC 3anuvuTbCs, TO MOXIMBE OinblU LUMPOKE MNOLUMPEHHS
pigkodasHmnx npouecis. [lpouecn TpeTbol rpynu 3apas ABnsATb iIHTEpPeC, SIK CPsSIMOBaHI
Ha yTuUni3auilo 3anisoBMIiCHUX MeTanyprintHnx BigxoaiB i nunyeBaTuX pyd, O4HaK po3pobka
GinbwocCTi TakMx npoueciB nepebyBae Ha MOYaTKOBMX CTagdisix, iX nepcnektmBa byae
BM3HA4YaTbCA E€KOHOMIYHOK edeKTUBHICTI0. be3anepepBHi npouecu BMpoOHUUTBA cTani 3
PiOKOro YaByHY He 3MOrMM $SBHO [JOBECTWU CBO€El nepeBarn nepeq «Knacu4yHUMU»

cTanennaBuUibHUMW arperatamu, Ha JaHoOMY eTarni iX NePCneKkTUBM LOCUTbL CYMHIBHI.
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YK 669.046.564.001
C.T. MenbHuk!, A. U. Tpouan?, B. U. Kypnac?, 6. ®. Benos?
1dn3unKo-TeXHONOrMYecknini MHCTUTYT MeTannos 1 cnnasoB HAH YkpauHbl, r. Kues

2MHcTutyT Nnpobnem matepuanoseneHms HAH YkpaunHbl, r. Kues

KWHETUYECKUE OCOBEHHOCTU OKUCINEHUA NPUMECEW XENE3O-
YrMEPOAUCTDLIX PACIJTABOB MNMPU NMPEABAPUTEJNIbHOM PACKUCJIEHUA
®EPPOANTIOMUHUEM

Mo pencteylOWEN TEXHOMNOIMW BbINSIABKM CTann Mpu  BbINYCKE >Xeneso —
yrnepoamcToro Nonynpoaykta U3 KOHBepTepa B CTanepasnMBOYHbIA KOBLU NPOU3BOAUTCA
npenBapuTenbHOE packucreHne MeTanna npucagkon antomMuHua. OOblMHO Anst 3Toro
NPUMEHSIOT BTOPUYHBIA antoMuHuin mapkn AB 87 no MOCT 295-98. HeobxoaumocTb
npeaBapuUTENbHOTO PAaCKUCEHNS Xenes3o — YrnepoaucToro nonynpoaykra obycnosneHa
MOBLILEHMEM aKTUBHOCTM KMCNOpo4a B XXMOKOM MeTanne B pesynbrate ero
NepecbILLEeHNs NpyU MPOAYBKE TEXHMYECKM YUCTBIM KUCIIOPOA4OM, YTO MpMBOAUT K
yXyOWEHNIO KadecTBa cTanu, nepepacxogy ¢eppocnnaBoB M ONAaCHOMY BCMEHUBAHWUIO
Lunaka B Hadvane Bbinycka. B 60nbLuen cTeneHn aTo CBA3aHO C opraHM3auuven BbinmaBku
cTanu No TEXHONOMMKN C «NepeayBoOM» MO OTHOLLUEHMIO K OCHOBHOW peakumn NpovM3BOACTBa
cTanu — peakumm obe3yrnepoxmBaHms N MOXeT ObiTb OOBSACHEHO, NCXOAA U3 NMOMOXEHWUN
TEOPUN KPUTUYECKNX KOHLIEHTpauun npodgeccopa C.N. dununnosa.

CornacHo ykasaHHOM Teopuu, NPWU OKUCIEHWW yriepoga B pacnnase Fe-C no

[AOCTVXEHUN OMpPeAeNieHHON KOHLEHTpauuu yrnepoaa, HasbiBaeMow Kputudeckon |Clgg,
NPONCXOAUT M3MEHEHWE KUHETUYECKUX YCroBMI npouecca obesyrnepoxueaHus. [o
[OOCTUXXEHMUS KPUTUYECKOW KOHLEeHTpauumn yrnepoga |Clyz npouecc obe3yrnepoxuBaHus

HaxoauTcA BO BHeLUHe,EI,I/I(b(*)y3I/IOHHOI;I obnactn JIMMUTUPOBAHNA WU XapakKTepUu3yeTcH
N30bITKOM yrnepoga B CTanin MNO OTHOWEeHUWK K paBHOBECHOMY NO peaKkuuun

obesyrnepoxuBaHns. Mpu JocTwkeHun [Clyr NPOUCXOOUT U3MEHEHUE KUHETUYECKMX

YCIOBUIA npoLecca — OH NepexoauT B 0bnacTb BHYTpMAUMDEY3MOHHOIO NMMUTUPOBAHMS,
XapaKkTepusyemyto HeoCTaTKOM yrnepoga, NoCTynatloLwero M3 pacnnaea K peakLyoHHOMN
nosepxHoctM. OOGbLIMHO AN CcTanM  KpUTUYeckasl  KOHLEeHTpauus  yrnepoga

cocTtaensieT |C|yz= 0,10 — 0,20 % B 3aBMCMMOCTM OT XMMMUYEcKoro coctasa ctanu. lpwu

peann3aunn BbiMN1aBKK CTaJIM NO TEXHONOIMMN C «nepeayBomMm» KOHUEHTpaUuUA yrinepoaa B
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MeTanne Ha noBanke koHBepTepa gocturaet 0,05 — 0,03 % n conpoBoOXaaeTcss pOCTOM
coep)xaHusi CBepXpaBHOBECHOro Kucrnopoaa. B Havane Bbinycka B cTanepasnMBOYHbIN
KOBLI W3 KOHBepTepa BMeCTe C MeTannioM nonagaetr 4acTb BbICOKOOKMCIEHHOIO
KOHEYHOro KOHBEepTEepPHOro wnaka. [loaToMy npucaxuvBaemblh B MeTans anioMUHUN
AB 87 yacTnyHO naeTt n Ha packucneHue wnaka. TexHonorna «nepeaysa» U nonagaHve
B KOBLU KOHEYHOro KOHBEPTEPHOrO LWfaka C NoBblWEHHbIM cogepxaHnem FeO npuBogaT
K MOBbILWEHHOMY pacxody eppocnnaBoB W packUCiUTend, YXYAWeHU0 KadecTBa
MeTanna v ysenmyeHunio cebectonmocTu ctanm.

MccnepoBaHuss BO3MOXHOM 3ameHbl antomuHua AB 87 Ha deppoantoMuHmin
NpoBOAUIIM B YCIIOBUSIX AENCTBYIOLLEro Npon3sBoacTBa Ha ctanu mapok 10XCH[, 09I2C,
S355J2, A32 n HekoTopbix Apyrnx. MeTann BbinnaBnanu B 6onbLluerpy3HbiX KOHBepTepax
C NPOAYBKOW TEXHUYECKU YMCTbIM KMCIOPOAOM, BbINyCKanu B CTanepasfIMBOYHbIA KOBLL,
OCYLLECTBNANN BHeENeYHy o6paboTky n pasnmBanu Ha MHII3 cepuamu metomom
«nnaBka Ha nnaeBky». B npouecce BbiNnycka MeTanna B cCTanepasMBOYHbLIA KOBLU
npucaxmeanu nog cTpyro metanna eppoantomuHui mapkn OA 30 ¢ cogepxaHnem B
HeM antoMuHua 28 — 32 % M pacxo4oMm, IKBMBANEHTHbIM 3aMEHAEMOMY KOSNMYECTBY
antoMUHUS C y4eTOM ero Bo3pacTaroLero KoadguuneHTa yCBOEHNS.

[MpmMeHeHWe NpeaBapuTESIbHOrO packUcneHus ctanu deppoantoMmHnem mapku ©A
30 BmecTo BTOpUYHOro antomuHua AB 87 nossonset Ha 30 — 35 % (OTHOCUTENbHbIX), TO
€CTb NpMMepPHO Ha 1/3, NOBLICUTL YCBOEHUE artoMUHUS B OCHOBHOM 3a CHET U3MEHEHUS
MeXxaHM3Ma N KMHETUYECKNX YCITOBUN NOBEAEHNSA antOMUHUS, Bbli3blBAaEeMbIX pasnnynsamMm B
PU3MKO-XMMUYECKMX CBOWCTBAX 3TUX MaTepuanoB: WX MAOTHOCTM W TemnepaTypbl
nnasneHus. lNocne npucagkn B XXUOKUW MeTann Kyckn antoMUHUA U peppoantoMUHNA B
pe3ynbTate LeCTBUS BblTankMBatoLeEeNn CUIbl BCAMbIBAOT OT AHMLA KOBLUA B BepxHUe
cnon wmeTtanna. [Mpyu 3TOM KyckM eppoantoMuMHUsS  nnoTHocTelo  5,5-6,3 1/m3
BCNIbIBAOT B METaNNM4YeckoMm pacnnase, MMeloLweM nnoTHocTb 7,0 T/M3, 0o rpaHuupbl
CO LWnakoBoi cpason (MnoTHocTb wWwnaka 2,9 T/M3) ¥ npogonkawT pacTBOpPATLCS,
HaxoOscb B MeTanne Ha rpaHuue Metann/wnak. ANMOMUHUIA NNOTHOCTb 2,7 T/M3,
BCMNMblBas U3 Metanna sBaBoe bbicTpee, YeM heppoartoMUHUA, NPOXOOAUT 3Ty rpaHuLy U
npogorkaeT CBOe [ABWXEHWEe B LUfake A0 BbIXxo4a Ha €ero MOBEPXHOCTb U NPSMOro
KOHTakTa C aTMOC(EpPHbIM KUCNOPOAOM, rae W MNpOUCXOAUT ero OKOH4YaTernbHoe
OKUCneHue.

YKkaszaHHaa TexXHOSorns, BKYawLllasa 4acTUyHYyl 3aMeHy aniomuHma AB 87 Ha

deppoantomuHmn A 30, B Te4eHne NATK NeT YCnewHo npuMeHsnack ansa npoMsBoAcTBa
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Ka4yeCTBEHHOW CTanM B OOHOM U3 KOHBEpPTEpHbIX LexoB YKpauHbl. Becb meTann,
NPON3BEOEHHbIN C MNPUMEHEHWEM  TEeXHONOrMuM npenBapuUTenbHOrO0  PacKUCeHns
deppoantoMmHmMeM, BbinT OTFPYKEH MO 3akasam. JKOHOMUYECKUIN 3PDEKT OT NPUMEHEHUS
9TOM TEXHOSOMMKN B pe3ynbTaTe CHUXEHUS 3aTpaT npu 3ameHe BTOPUYHOIo antoMuHna AB

87 Ha deppoantommHnin A 30 coctaBnan donee 3 rpH/T cTanu.

YK 669.18.046.5
C.T. MenbHuK

PU3MKO-TEXHONOMMYECKUIN MHCTUTYT MeTannoB 1 cnnasoB HAH YkpauHsl, r. Knes

TEPMOOWHAMMKA NOBEAEHUA BOOOPOOA B KOHBEPTEPHOW CTAINU NoA
BO3OEUCTBUEM ATMOC®EPDI

[nsi BbICOKOKAYECTBEHHbIX CTane OTBETCTBEHHOro HasHayeHus, usgenvs us
KOTOpbIX paboTalT B CHOXHbIX YCMNOBUSX, BMOMHE 3aKOHOMEpPHO TpeboBaHMe O
HeobXOOAMMOCTM CHWXEHUSI B HUX KOHLEHTpauuMu BOAOpPoAa A0 3, a B psae criyyaes U
Ao 1 ppm, 4YTO CYLIECTBEHHO YynydlaeT cnyxebHble CBOWCTBA MeTannonpoayKumu.
Bogopoa npv npousBoAcTBe KOHBEPTEPHOW CTanu nornagaeT B MeTann C LUMXTOBbIMU
maTtepuanamu, n3 orHeynopoB, Yepes LUakoByo a3y 1 M3 aTMoccepHOro Bo3ayxa.

Ecnu nepexopn Bogopoaa 13 ra3oBov B MeTanin4eckyo pasy npeactaBuTb Kak
1
L) = LH] (1)

TO KOHCTaHTY paBHOBECHS 9TON peakuun K|, MOXHO OnpeaenuTb PaBeHCTBOM

Kia = H_H : )

roe a‘H‘ - aKTMBHOCTb BOAOPOAaA B CTaAlw; P{Hz}- napuuanbHoe gasrieHne Bogopoana B

razosou ase, aTm.

AKTVBHOCTb BOOPOAa NpW €ro pacTBOPEHUN B CTanu Ay = fi H (3)

rae |H| - conepxaHue Bogopoaa B ctanu, %; fi| - K03(hhMLIMEHT aKTUBHOCTM BoAopoaa
B CTanm.

N3 (2) n (3) KlHl .

! K
VPugy= fia 1HL (4w HI= 2% [Py (5)

KoHcTaHTy paBHOBecus K, , 3Has Temnepatypy T, MOXHO OonpeaenuTb no ypasHeHuto [1]:

305



JIMTBO.METAJIYPTIA. 2019

lIgKy = - @— 1,577 . (6)

W3 ypaBHeHun (4) n (5) ansa cogepxaHusi Bogopoda B CTann nosnyvymm

K Py,
H| =2 |2 (7)
flg| ~ Kpajp

WcxopgHoe napumanbHoe AaBneHne BoAAHOMo napa B ra3oBoi dase P{’Z,Cz’g} COCTOUT

M3 CyMMbI NapuuarnbHbIX aBneHnii Bogopoaa Py, 1 BofsHoro napa Py,
Hex
Py = Pury + Py (8)
C uenblo onpedeneHWss BO3MOXHOTO HABOAOPOXWBAHUS CTanu  Haigem
napuuanbHoe —flaBfieHMe BOAOPOAa B rasosoit  hase P, AN peakuuu

|0l +{H,} = {H,0} [1,2]:

P
(+,0)
P —__ Ol @)
()
Ko -ty

KoHcTaHTa paBHOBECUS peakuum B3auMogencTBus Kucrnopoga ¢ Bogopoaom KO

npu Temnepatype T MOXeT BbITb onpeaeneHa n3 ypasHeHus [1]:

lgfi'o — &45900

— 2,976, (10)
W3 ypaBHeHus (8) ¢ y4é€ToMm (9) nony4aem paBeHCTBO:

Py

Ko - @y =Piio) = Prop (11)
[¢] (0]

lMocne npoBefeHns HeobxoaMmbIx NpeobpaszoBaHUN:

C
_ P{ZZ)(;} K, ") _ P{I;[JCZ)(;} (12)
Ty P S
KO '(Z‘O‘

CopepxaHve Bogopoaa B ctanu |H| no ypaBHEHUIO (7) C y4ETOM BbINONHEHHbIX

npeo6pasoBaH|/||7| MOXHO npeactasnTb  cnegyrowimMm paBeHCTBOM:

o | Puo Pl 1 Pl
| o . . | Doy
|H|= Korag " UKy ag+1 Koray " 14K, (13)
: i . i . o |

PesynbTatbl pacyeToB (pacyeTbl BbiMonHeHbl E.N. BblkOBbIM) HacbIWeHUs cTtanu
BOAOPOAOM B pearbHbIX YCNOBUSAX Npu npoudsoactese TpybHowm ctanu X70 no ctraHaapTty
APl 5L Ha ocHOBe [aHHbIX TepMOAMHaMMYEeCKOro aHanu3a npeacrtaBfeHbl B BuAe

rpadoMKoB Ha puc.
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cTane X70
10 (APISL)

a)

=t (B4

Conepixarne 3010poga
s cran H], ppm
o)

O 002 004 0,006 008 0,10 012 014 016
ITapIuHANEHOES QABICHMHG
e
BOASHOrG napa Pia:-oarm

N

10y

H, ppm
m
i

Cosiepranic Bogopoza
B CTAMH |

iy,

2
-
S
=
-
-~
iy

L

Temneparypa T,

Puc. BrnivaHue temnepatypbl T (6) M napumanbHOro aBneHUs BOASHOro napa

Piio} (@) Ha paBHOBECHYIO KOHLEHTPaLWio BOAOPOAa |H| B cTanu X70 (API5L)

AHanna NOoNy4YeHHbIX AaHHbIX TMMOKa3biBae€T, YTO MNMpU yBENMMYEHUN NapunaribHoOro

AaBneHus BogsiHoro napa Py, ,y OT 0 oo 0,15 aTm cogepxxaHue Bogopoada B cTanu |H|

MOXeT JOCTUrHYTb OT 8,5 go 10,5 ppm B 3aBUCMMOCTM OT TemnepaTtypbl ctanu 7.
Cnucok nutepatypbl
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YK 669.431.6
A. 1. MewankuH?!, A. B. Benbiin?, B. 0. Kamkun?, H. A. Kon6un', P. B. AHKyauHoB!
'HaunoHanbHas MeTannypruyeckas akagemus, r. JHenp,

2Hay4HO npoMbILLNEHHO-KOMMepYeckoe obbeanHeHe TATA, 3anopoxbe

PALMOHANBHOE UCMNOJIb30OBAHUE TEXHOINEHHbLIX OTXOOOB BTOPUYHOW
PECYPCHOW BA3bl 3ANOPOXCKOIO PETMOHA B METANNYPIUun

CoBpeMeHHOe COCTOSIHME YepHOW MeTannyprum YKpauHbl W, KOHKPETHO,
cTanennaBUbHOrO NPOM3BOACTBA, OT 3PIPEKTUBHOCTU (PYHKLNMOHMPOBAHUS KOTOPOro
3aBUCUT HAOEXHOCTb M MPOYHOCTb OBOPOHHOrO LWMTa CTPaHbl, MOXHO OXapaKTepu3oBaTb
cnegylowmnmMm obpasoM: CHWXKEHWE W  HEKOHTPONUpyemMoe WCNosib3oBaHWe 3arnacoB
NPUPOAHBLIX PEeCcypcoB MUHEPAarbHOro CbipbsS M TOMNMMBA, YXyALWEHWEe 3KOSOrm4yeckoro
COCTOSIHMSA MO4YBbl, BO3QYLWHOMO W BOAHOrO GacCcewHoB, HEBbICOKAA KOHKYpEHTHas
crnocobHoCTb MeTannonpoaykumm. Hambonee paumoHanbHbIM MNyTEM peELUEeHUA 3TON
KOMMMeKkcHon npobrema npeacraenseTca paspaboTka W BHeApeHuMe  KoMMsekca
TEXHOIOrMYECKNUX pPEeLUeHUn, OCHOBaHHbIX Ha cbanaHCMpOBaAHHOM MNPUMEHEHUN B
OCHOBHbIX MeTannypruyecknx npoueccax 3anacoB Cblpbs M TOMMMBA, CO30aHHbIX
npupogon. KoHuenuusa nx cbanaHcMpoBaHHOIO MCNOMb30BaHNSA MOXET ObiTb 9(hEKTUBHO
peanu3oBaHa nyTemM (U3MKO-XMMUYECKOTO OOOCHOBaHUS, pa3paboTkm U BHeAPEHUS
pauUMOHanbHbIX CXeM peLuMKria TeXHOreHHbIX OTXOOOB B MeTasnfypruyeckme npouecchl,
NO3BONSAIOLINX CHU3UTb YPOBEHb 3aTpaT Cbipbs U SHEPrUM Ha MPOU3BOLCTBO KOHEYHOW
MEeTannonpoaykuum 1 ynyylnTb 3KOMOrM4yeckoe COCTOSAHWE MNPOMbILISIEHHO Pa3BUTbIX
perMoHoB YKpauHbl.

BaxHbIM ycnosuem, nNO3BOMNALWMM pewnTb 3T B3aMMOCBA3aHHbIE 3ajauu,
ABNSAETCA A0CTWXKEeHMe 6onee MnOMHOro WCNONb3OBaHUA MOTeHUMana WX Mosfe3HbiX
cBonCcTB. OCHOBHbIMM CTaguUsIMU peLLeHUs] KOMMEKCHOMW 3adayv no ux apdeKkTUBHOMY
BO3BpaTy B OCHOBHOE MPOU3BOACTBO ABMASIOTCS:

- paspaboTtka  9HeproadpekTMBHbIX,  pecypcocbeperalowmnx  cnocobos
TEPMOXMMUYECKOM 0BpabOTKM MCXOAHBIX LUMXT HA OCHOBE TEeXHOrEeHHbIX OTXOAOB MNpu
cbanaHcnpoBaHHOM NMPUMEHEHUM CbIpbs U TONMMBA NPUPOLHOIO NPOUCXOXAEHUS;

- MpOM3BOACTBO MHHOBAUMOHHBIX MaTepuarioB, pacliMpeHue crektpa Wux
PYHKUMOHANBbHOrO Has3HayYeHUs nyTemM M3MEHEeHUS KOMMOHEHTHOro CoCTaBa MCXOOHbIX

LWMXT WU KOPPEKTUPOBKM NapamMeTpoB WX TepMOXUMMUYeckon o6paboTkn. BaxHbiM
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MOMEHTOM, OMnpeaensrwmmMm 3HepProaddEeKTUBHOCTL 3TOM CcTaguun, saBnsetcsa 6onee
MOfIHOE MCMOMb30BaHWE MOTeHunana BTOPUYHOM SHEPrMn OTX040B, WX TEMNSIOBOM U
TONSIMBHOW COCTaBIISIIOLLNX;

- paspaboTka paumMoHanbHbIX CXEM UX NPUMEHEHUS MPU BbIMnaBke U BHENEYHON
obpaboTke cTanu;

- aHanuM3 JocTuraeMbix Npy NPOM3BOACTBE M MPUMEHEHNN MaTEpPUarnoB Ha OCHOBE
TEXHOTMEHHbIX OTXOA4OB NOSMOXUTENMbHbIX 3(PEKTOB CUHEPTUMN.

Ha ocHoBaHWM AaHHbIX XMMUYECKOro, KOMMOHEHTHOro, OPakLMOHHOIO COCTaBOoB U
U3NYECKMX CBOWCTB OMbITHbIX 0OpasLoB TEXHOreHHbIX OTXOAOB, MNPefOCTaBIIEHHbIX
HIMKO TATA, r. 3anopoxbe, caenaH nporHo3 TeXHONOrM4Yecknx adpdeKTos, JOCTUraeMbIX
npyv NpOM3BOACTBE U MNPUMEHEHUN ONbITHLIX LUaKoobpasylLwmnx maTepuanoB Ha Ux
OCHOBe.

KOMMNOHEHTHbIN COCTaB MCXOOHOW LUMXTbl, KOTOpas mnogsepranacb TennoBoun
o6paboTke C Uenbk NOMyvYeHust Lwnakoobpasyrwmnx MaTepuanoB  KOMMIEKCHOro
Ha3Ha4YeHnd, BKNKOYan cregylolme TeXHOreHHble OTXOAbl: LWaM cranennaBuibHOro
NpoM3BOACTBaA, OTCEeB APOBNeHns U3BECTHSIKA, MENKoAMCNEepCHas M3BECTb U3 LINKIOHOB
ra3oouMUCTKN, MUKPOKPEMHE3eM, LWaM HeuTpanusaumm 9nekTpokopyHa u kapbuaa
KpeMHusi, 3ona yHoca TOC u yrnepoacoaepXallmi 0TXo4 pacTUTENbHOMO NPOUCXOXAEHMS
- NINTHWH 13 oTBanoB GbIBLIEr0 3anOPOXKCKOro rMAPOSIM3HOrO 3aBOAA.

CoOTHOLIEHNE YKa3aHHbIX KOMMOHEHTOB-OTXOA40B Obinu BbiOpaHbl C  LEnNbHo
nonyyeHns Lwnakoobpasyrwmnx mMaTepuanoB KOMMMEKCHOrO0 Ha3HavyeHuss C moaynem
OCHOBHOCTM OKOMNo 2,3, KOTOpble WCMOMb3yKTCSA AN pPaHHEero HaBeAEeHWA aKTUBHOro
XNOKONOABWXXHOIO LUMaka, AoBeaeHnsa Ao 6onee nonHom 3aBepLueHHOCT gedocdopaumm
n gecynbdypaumm ctanu 1M npoBeAeHUs NpeaBapuUTesibHOro yrinepoaHoOro packUcreHus
cTanu B neyn. JTOT OMbITHbIM MaTepmnan 6bin MCNONb30BaH B3aMeH NPUCafoK U3BECTMU,
N3BECTHSIKA M LWaMOTHOro 604, KOTOpble OCYLIECTBNSAOTCS, COrflacHO TEXHOMOrnM4yeckon
nHcTpykummn T 226-CT. M-01-2014, nocne pacnnasrfieHUs fiomMa npu  BbinsiaBke
HecTapetowen ctanm 08O npu Temnepatype He MeHee 1570°C u cogepxaHum yrnepoaa
~ 0.70%.

PesynbTatbl BbICOKOTEMMNEPATYPHOrO MOAENMPOBAHUS  CBUOETENbCTBYT O
LuenecoobpasHOCTM UCNOMb30BaHMSA HOBbIX MaTepuarioB Ha OCHOBE psida TEXHOreHHbIX
oTxopoB, obecneuvmBalolmx cbepexeHne MNpUPOAHbIX PEeCypCoOB CbipbS W 3HEpPruu,
YMEHbLUEHNEe HeraTMBHOIrO BIUSHUS TEXHOreHHbIX OTXOOOB Ha OKpYXatollyt cpedy u

300pOBbE 4HeJ10BEKa, 6e3 yXyaweHuna KadecTtsa MeTarna.
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YK 628.17
A.T. MewkoBa, C. B. KpaBuos, C. E. CynumeHko

HauuoHanbHas metannypruyeckas akageMmms YkpauvHel, r. [IHenp

HEKOTOPbIE ACIMNEKTbl CUCTEM OBOPOTHOIO BOOOCHABXEHUA
NMUTEUHOIO NPOU3BOACTBA

B HacTosiwee BpemMsi Ha COBpPEMEHHbIX MeTannypruyeckux npeanpusaTusx,
000pOoTHOE BOAOCHabXeHMe — 3TO HeoTbeMnemas 4YacTb TEXHONOrM4yeckoro npouecca
npoussoacTBa. [1pn 9TOM Ha NpeanpUsaTUN Co34aeTca eAnHbIA KOMMMEKC, 06beaNHAOLLI
B cebe BogocHabxeHne, BO4OOTBEAEHNE U OYUCTKY CTOYHbIX BOA (C LeSibio MOBTOPHOIO UX
NCMOMb30BaHUS U BO3MOXHOMW YTUIIM3aLMKN NOSTyYEHHbIX OTXOA0B).

B nutenHom npon3soacTee BoAa pacxodyeTcs, rnaBHbIM 06pa3oM, Ha OxXnaxaeHue
00pyaoBaHus, yBriaxHeHne (oOpMOBOYHON CMECU, TMAPABANYECKY0 OYUCTKY NUTbA U T.A4.

BopocHabxeHne nUTENHbIX LEXOB MpedaycMatpyBaeT [Be CUCTEMbI: MepBasd
npegHasHayeHa aAng oxnaxaeHus MHAYKUMOHHBIX NevYer U CTEPXKHEBbLIX MaLUUH, BTOpasa —
ANS OYUCTKM OTXOOSALWMX ras3oB, BbIOMBHOW YCTAHOBKM ANA OpM, MPUroTOBNEHNS
d>OPMOBOYHOM CMECU B CMEeCUTENAX U T. 4.

[ns nepeon cuctembl TpebyeTca Boga C MUHUMAnbHOW XECTKOCTbIO (MeHee 5 Mr-
3KkB/n), Temnepatypon meHee 15 °C, KonM4yecTBOM B3BeLLEHHbIX BewecTB MeHee 10 mr/n,
pH 6,5-8,5. [Ina BTopon cuctemMbl TpeboBaHNA K Ka4eCTBY LIMPKYNUPYHOLLEN BOAbl ropasno
HWxe: Temnepatypa MmeHee 28 °C, KONMYECTBO B3BELUEHHbIX BewecTB MeHee 100 mr/n,
KOHLeHTpauma macen u HeprenpoayktoB — meHee 20 mr/n [1].

PasnuyaloT Takke ABa BMAA CTOYHbIX BOO — OT MEPBOW CUCTEMbI —YCITIOBHO
«4ncTasi» Boda C noBblleHHOW TemnepaTtypon (25-35 °C); oT BTOpon cuctemMbl — BoAa
3arpsisHEHHast Nblnblo, POPMOBOYHOM 3EMMNEN, OKaNMHON N nMmelwasa TemnepaTypy 25-40
°C. KonnyectBO CTOYHbIX BOA4 COOCTBEHHO OT NUTENHOro npomsBoacTBa (6e3 Boabl OT
CMbIBa MOJOB M OYUCTKM Bo3ayxa) coctaBnsaeT oT 6 4o 10 M3 Ha 1 T NUTbA.

CnctemMbl O4UCTKM ODOPOTHOW BOAbI OPUMEHTMPOBAHbI HA pelleHue creayroLmnx
OCHOBHbIX nNpobnem, BO3HMKaKLWMX B cCUCTeMax OOBOPOTHOrO BOAOCHAGXEHUs, Kak
obpasoBaHMe Hakunu W pPasfnyHbIX OTNOXEHUN, KOPPO3MOHHbIE MPOLECcChl U

buonornyeckoe obpacTaHue, 3arpsA3HEeHMst OOOPOTHOM BOAbI COMSIMKU, MNPOAYKTaMU
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Koppo3nn 1 Nbinbto. OT paunoHanbLHOro peweHnsa aTux Nnpobnem 3aBUCUT 3PFPEKTUBHOCTb
YyHKLUMOHNPOBAHMSA cMCTEM 0BOPOTHOrO BOAOCHAGXEHNS.

JlaHxenbe npeanoXxun mMcnonb3oBaTb pa3paboTaHHyrd MM opmMyny AnsS OLEHKKU
TepMmocTabunbHocTM pactBopa. Popmyna ocHoBaHa Ha oOnNpeaeneHun CTeneHu
HachbILWeHUs pacTBopa KapboHaToM Kanbumsa. HectabunbHOCTb pacTBOpa NPUBOLUT UMN K
06pas3oBaHMo HaKUNN UM KOPPO3nN. YpaBHEHNE BbipaxaeT BNuaHue pH, KOHUEHTpaumm
Kanbums, oO6Wen LWenoYyHoCTM, pacTBOPEHHbIX BEWEeCTB W Temnepatypbl Ha
pacTBOPMMOCTb KapboHaTa Kanbuma Anst Bo4 B AnanasoHe ot 6,5 4o 9,5 pH.

pHs = (pKz — pKs) + pCa + p Alk Q)
dopmyna ons onpeaerneHvs nHaekca HacbIWeHNS:
Iv = pH — pHs (2)

Ecnu wnHOEKC NOMOXMUTENbHbLIA, TO KapboHaT KanbuMs WMMEEeT TEeHAEHUUIO K
obpasoBaHuo. Ecnn nHoekc otpuuaTenbHbin, KapboHaT Kanbuusi UMeeT TEeHOEHUMIO K
PacTBOPEHUIO OTNOXEHUA W KOPPO3UW. ECnM MHOEKC paBeH Hymnto — 3TO COCTOSAHME
pPaBHOBECUSI CUCTEMbI.

PacyeT pHs ynpolleH ncrnonb3oBaHMEM pasfiMyHbIX HOMOrpaMm, NpuBeLeHHbIX B
crnpaBoyHOW nNutepaTtype [2, 3].

3Ha4yeHNa NHOEKCOB, pacCYMTaHHbIX HA OCHOBAHWW NapaMeTpoB KavyecTBa BOAbI,
Nno3BONAT AaTb MpaBUMibHbIE PEKOMEHAauun no m3bpaHnio ONTMMAanNbHONO peXxuma

06paboTKn UMpPKYyNUpYyoLLen Boasl.

Cnucok nutepatypbl

1. MpoekTnpoBaHue nUTENHbIX LexoB. MalnHbl NUTEWHOTO MPOM3BOACTBA.
YyebHoe nocobue. /A.H. bonduH, E.A. Pe3yukos, A.H. pabnés, E.A. Ocurnos. — M.:
MY, 2010. — 435 c.

2. Bonikoe A.U., XKapckuli .M. BonblOn XMMUYECKMN CNPaBOYHUK. — MMUHCK:
CoBpemeHHag wkona, 2005. — 608 c.

3. BankiHa O.M, BepHesi C.A., Xopyxud B.l1. Ximis Bogn Ta Mikpobionoria:
HasyanbHui nocioHuk. — Cimgeponons; B «APIAIT», 2011. — 246 c.
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YK 669.182.71
B. J1. Hanpek, A. B. Hapueckun, B. U. Kypnac, C. I'. MenbHuk, A. A. Cbl4eBCKUM

PU3NKO-TEXHONOIMYECKUIA MHCTUTYT MeTannoB n cnnasos HAH YkpauHel, r. Knes

KOBLUEBAA OGPABOTKA KOHBEPTEPHOW CTAJTU AKTUBHbIMU LUNTAKOBbIMU
PACIJIABAMU

Mpobnema yTunNU3auun TEXHOTEHHbIX, B TOM 4uUCre MeTannypruveckux,
obpasoBaHuin B CBA3N C NPOLOMKALWNMCH UX HaKoneHnemM octaeTcs aktyanbHon. Mpu
pauHUpOBaHUM MeTanna B CcTanepasnMBOYHOM KOBLUE BO BpeMs BbilNycka W3
NNaBUITIbHOrO arperata YrnepoamcToro nonyrnpoaykta MpUMEHSIT padUHUPOBOYHbIE
LUMaKK, KOTopble (POPMUPYIOT B CTanepasnMBOYHOM KOBLUE C MCMOSb30BaAHUEM XUOKUX
KOHEYHbIX LWUMakoB W TBepablX Lrakoobpasywowmux cmecen. WMoesa noBTOpHOro
MCNONb30BaHUSA B TEXHOMOrMYECKMX npoueccax MNpOM3BOACTBA CTanuM OTpabOTaHHbIX
KOHBEPTEPHbIX LUMAKOB C LieNblo COepexeHnss aHepreTMyecknx u NpUpOAHbIX CbipbeBbIX
PECypcoB W YNy4lleHUs 9KONOrMyeckom OOCTaHOBKM B npuneralowen K oTeanam
MECTHOCTU UMeEET MpakTU4YeCKU NHTepeC.

[MonesHoe wucnonb3oBaHWe TennoBoro U U3MKO-XMMUYECKOro noTeHumana
OTpaboTaHHbIX CTanennaBuSibHbIX LUMAKoB MOXeT ObiTb  OCYyWEeCTBNEHO NyTeM
dhopmupoBaH1s pacMHMPOBOYHOIO LUMAKOBOro pacrnnasa B CcTanepasnmBOYHOM KOBLUE B
npoLecce BbiNycka NMaBkU UMW MyTEM CUHTE3MPOBAHWUA €ro B crneumanbHOM arperate —
LLUIAaKOBOM peakTope KOHBEPTEPHOro Tuna, No3BoNsoLWNM pasaesibHO CrMBaTh LUMaKoBbIN
pacnnas 1 MeTannMyeckuin NpoaykT, obpasylowmnncs B pesynbTaTte BOCCTAHOBUTENBHOIO
paMHMpOBaHNA LINaka. JOKCnepuMeHTaMuM B 3NEeKTPOAYroBOM YCTAHOBKE rMOKa3aHa
BO3MOXHOCTb CHWXXEHUSI KOHLUEHTpauun cepbl B LWaKe [Mpu  3eKTPOLLTakoBOM
paduHnpoBaHmum ctanu. B npouecce anektpoayroBon 06paboTkuM copepallascs B
Lnake cepa ygansetcs B atmocadepy. Nocne Takon 06paboTkm NONMyYEHHbIN WAk MOXET
MCNONb30BaTbCA MHOMOKPATHO ANd Aecynbdypaunn criefyowmx nopumin metanna.

B npoMbIWNEeHHbIX YCroBUAX pereHepaumio OTpaboTaHHbIX cTanennaBuiibHbIX
lWUNakoB  BLINOMHANM B CneuuanbHOM  LfakoBOM  peaktope.  dopmupoBaHue
paoMHMPOBOYHBLIX  LWIMAKoB € TpebyeMbiMn  MeTannyprmyeckumn  CBOMCTBaMM
OCYLLeCTBNANN NPUCALKON antoMUHUIA - N yriepoacoaepXalmnx peareHTos ¢ JobaBkamu
N3BECTW, NNAaBMKOBOrO LWINata U Apyrux matepuanos. [Ana nepemelumBaHnsa 1 nogorpesa

wakKka, ycpeaHeHna ero coCtaBa W TemMnepaTtypbl UCMONb3oBaAlin  NOrpy>xHble
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ra3okMcrnopogHble Unu nnasmMeHHble ropenikM C BOCCTAaHOBUTENbHLIM U HEWTParnbHbIM
noteHumManom rasoBbix cTpyh. CTteneHb pgecynbdypauum cTtanu, obpaboTaHHOM B
cTanepasnMBOYHbIX KOBLUAxX eMKOCTbio 250 T CMHTE3UPOBaHHbIMU B peakTope Lurakamm
coctaBuna 42 — 45 %. CpaBHutenbHble nnaeskn 6e3 Takon obpaboTkm obecneuynBanu B
2,5 pasa MeHbLUY CPpefHIo CTeneHb aecynbdypaunmn ctanu. lNpuyem, npn NpakTn4eckm
MOSIHOM BOCCT@HOBIIEHMM OKCMAOB Kenesa B LWNake KONM4yecTBO 0ObGpasyroerocs
MeTannuyeckoro pacnnasa gocturano 10 — 25 % o1 macchl wnaka.

PereHepaumMsi KOHEYHOro KOHBEPTEPHOro LWWfaka Takke MoxeT ObiTb
ocyllecTBNeHa  MeTOAOM  antoMOTEPMUYECKOrO  BOCCTAHOBMIEHWA  OKCMAOB B
cTanepasnMBoOYHOM KOBLUE, obecneumBaloMM NPUXOA4 AOBOSIbHO  3HAYUTENbHOro
KonuyecTtBa Tenra 9K30TEPMUYECKMX peakumin. [Ona aT1oro nepeq BbIMYCKOM MSiaBku B
KOBLU CNUBanM KOHEYHbIN KOHBEPTEPHbIN wWwnak u3 pacveta 3 -10 kr/t cranu ¢
OAHOBpPEMEHHbIM fob6aBneHnem antomuHusa B konumyectse 0,3 — 1,0 kr/T ctanu. lNMocne
HeGONbLUON BbIAEPXKKM HA COPMMPOBAHHLIN aAKTUBHbLIA PaAPUHUPOBOYHBIA LUNAK M3
KOHBepTepa BbINycKanu MeTans, B KOTOPbIN MpUcCaXxuBanun Mo Xody BblMyCcKa KyCKOBYHO
TBEPAYI LWNakoobpasyoLlylo CMecb Ha OCHOBE M3BEeCTM W MnaBuKOBOro Lwnata. B
pe3ynbTaTte antMOTEPMUYECKOro BOCCTAHOBMNEHNA MeTanna 13 LWnaka u nocnegyouen
npucagkn wnakoobpasywwen cMmecu nonyvann KUOKMA  Wnak C  MNOBbILEHHON
OCHOBHOCTbIO MO COCTaBy npubnumxawwmmca K pacpuHUPOBOYHOMY U3BECTKOBO-
rMUHoO3emMucToMy LWnaky. ConoctaBneHnemM pesynbTaTtoB XMMUYECKOro aHanusa LUfakoB
0O pereHepaumMm M nocrie YCTaHOBMEHO CHWXXEHWEe KOHUEHTpauum OKCUOOB >Xernesa u
MapraHua, a Takke YyBenuyeHve KOHUeHTpauuu okcuga anomuvHmnda.  CreneHb
Aecynbdypauumm ctanu npu BHenevyHom obpaboTke chopMnpoBaHHBLIM LLUNIAKOM 3aBucena
OT KOnuMYecTBa LUraka, KOHUEeHTpauum B HEM OKCWOOB Xernesa, OKMCIIEHHOCTM MeTanna,
yOEenbHON JHeprumM nepemeLllvBaHnA LUakoBoW W MeTannudeckon a3 B Koslie. B
cpegHeM oHa coctaBnsana 34 % npuv MakcumarnbHO gocturHyton 64 %. PacueTtsl
nokasanu, 4To NpUMeHeHe B MpoLecce NPOU3BOACTBA CTanNu XUOKUX cTanennaBubHbIX
LLSIAKOB MO3BOSIIET 3KOHOMUTL Ha KaXKaon TOHHe meTara okosnio 2200 MO vnn 75 Kkr y.T.

Taknm obpasom, B pesynbrate nabopaTtopHbIX YU MPOMBbILLNEHHbIX NCCNeaoBaHuUm
NnokasaHo, YTO pereHepauusi KOHEYHbIX KOHBEPTEpPHbIX LUMAKoB B cCTanepas’nMBovYHOM
KOBLUE, KaK W B LUIAKOBOM peakTope, No3BOSISeT, COXpaHAas (puandeckoe Tenso Lwnaka m
ero MuHeparsbHyl0 COCTaBMSOLWYO, CUHTE3NPOBATb pacnnae Linaka, npubnuxawoLmimnca

Nno COCTaBYy K XNOAKUM U3BECTKOBO-TITMHO3EMUCTbIM CUHTETUYECKUM LLUJ1aKaM.
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anBe,D,eHHble TEXHOINOIMn npon3BoacTBa cTtanu C npuMeHeHnem
CUHTE3NPOBAHHbIX LW1akKoB HarpasBlieHbl Ha CHWXEHUEe TEeXHOrNeHHbIX o6pa303aH|/||7| npu
npon3BoacTBe cTanem W MO3BOMNSAIOT, Hapsaay C€ NOBTOPHbIM  MUCMOJNIb3OBAHUEM

MeTannypriuyeckmx LUakos, NOBbILWATb CryXeOHble CBOMCTBA MeTarsionpoAYKLUN.

Y[K 696.18
K. I". Huasaes!, A. H. CtoaHoB!, . MN.Bacunwes?, E. B.CuHerun?, J1. C.MonyaHoB!
'HaunoHanbHas meTannypruyeckasi akagemust YkpauHsl, r. JHenp

2[1HenpOBCKUIA MeTanmnypruieckuin 3aesog, r. QHenp

CTATUCTUYECKUA AHATIN3 N3HOCA ®YTEPOBKU KUCITOPOOHBIX
KOHBEPTEPOB

BbinonHeH cTaTUCTUYECKMA aHann3 Kamnauui paboTbl NEepUKNas3oyrnepoamncTbiX
OrHeynopoB paboTbl KOHBEPTEPHbLIX UEeXOB. M3 aHanmM3a WCKMYeHbl KamnaHun MraBok
NPy NCNONb30BaHUKN Pa3SIMYHbIX TUMOB FONTOBOK KUCNOPOAHbLIX ddYPM, MOCKOSMbKY OAHUM 13
3HaYUMbIX (aKTOPOB BAUAIOWNX HA WU3HOC OrHEYrnopoB SBMAKOTCA MNapamMeTpbl
peakuMOHHON 30Hbl, KOTOpble B CBOKW O4Yepedb OnNpefensloT Xxog mnpouecca
WwnakoobpasoBaHna. Ha nNpoTshkeHMM  aHanuMsuMpyemoro nepuoga nNPUMEHSANUCH
OrHeynopHble MaTepuansl crnegywowmx npounssogutenen: R.X.1., Hdonmong, Harima,
Hydepko.

CornacHo gaHHbIMW OCHOBHOW MPUYMHOW BbiBOOA M3 3KCMyaTauuun KNCHOPOAHbLIX
KOHBEPTEPOB ABNAETCA MHTEHCUMBHbIA U3HOC U paspyLlleHne pyTepoBKM LLIEMOBOWN YacTu
NPakTU4EeCKN [0 YPOBHA OPOHM (METanMYeckoro KoXxyxa) U B MeHbLlen Mepe
paspyLlieHme yTepoBKM Bcero paboyero NpoCTpaHCTBa U CO 3HAYNTENBHOW BbIpabOTKOM
B UMNIMHOPUYECKOW okorouangeHHon 4actu (ocTtaTtoyHas TOrMWMHA OrHeynopHOro
maTepunana < 100 mm).

YuntbiBad, 4TO B pasfUYHbIX 30HAX KUCOPOAHOro KOHBepTepa npoTekarT
pasfinyHble  PUIMKO-XUMUYECKME NPOUECChbl, TO pasfiMyHble Y4acTKM  (yTepoBKu
uenecoobpasHo BbINOMHATL W3 PasNU4YHbIX MO XMMUYECKOMY COCTaBY OFHEYNOPHbIX

MaTepuanoB (pasnuyHoe coaep)kaHue yrnepoaa u marHesuTa).
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aHanus cxeM (30H) QyTepoBKM  KUCNOPOAHbIX

BbinonHeH NMPUMEeHAEeMbIX

KOHBEPTOpOB nMpumMmeHseMblx B ycrnoBuax KKL, u npoBegeHo cornocTaBfieHne ¢
pe3ynbTataMmm MUPOBOW MPaKTUKN.

B cooTtBeTCTBUM C OaHHBIMWU NpUBEAEHHbIMU B Tabn. B OrHEYNoOpHbIX Matepuanax
wnemoBoun YyacTtu, npumMmeHsaemMblx B KKL|, 3aBbileHo cofepkaHue yrnepoaa, Yto npusoant
K UX WHTEHCMBHOMY M3HOCY, 3a CYET OKUCIIEHUs yrrepoda OKUCNUTENbHOW ra3oBow
cpenomn.

Tabnuua — ConocTaBrieHne XMMUYECKOrOo CoCTaBa KOHBEPTEPHbIX OrHeynopHbIX

Martepuanos, npumeHsemblx B ycriosusax KKLL ¢ MmupoBon npaktukom

MpoekT compmel MwupoBas npakTuka
Ne n/n 30Ha (pyTepoBku ‘“DOLMOND”

MgO, % C,% MgO, % C,%
1. LLInemoBas 4acTb 79 12 =80 5-7
2. LLInakoBbIN nosic 82 12 80 -90 10-15
3. OKOJ‘I*OLl,aI'I(*)eHHbIe 78 14 70 — 80 1218

30HbI

4, BaHHa 86 8 85 - 90 6-10

* - B MMPOBOW NpakTnke 0b6s13aTeNbHON COCTaBMAIOLLEN OFHEYNOPHbLIX MaTepmnanos ans
oKonouangeHHbIX 30H ABMAITCA aHTUOKCUOAHTHI.

Ncnonb3yss OaHHble akToB crioma yTEpPOBKM W >KYpHANoOB 3KCnyaTaumm
rnyGuHbI

3aBNCNMOCTU paspyLwieHund

KUCINOpPOAHbIX KOHBEPTEPOB Obinu nony4eHbl
q)yTepOBKl/l B Ll,aI'I(beHHbIX 30Hax OT ANUTEeNbHOCTU eé aKcnityataunn rnpm npuMeHeHun

OrHeYNopHbIX MaTepunarosB pasfnn4YHbIX NponssoauTenen (CM. puc.).
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Puc. paspyLleHus

JKCnyataunnm KOHBepTepoB (Ll,l/l(*)pbl Yy TO4YeK COOTBETCTBYHKOT KOJIMHECTBY MJ1aBOK OT

Havyana koMnaHuy KoHBepTepa)
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AHanna3 pgaHHbIX MoOKasblBaeT u4To, CKOPOCTb W3HOCa (*)yTepOBKI/I ABNdeTcA
HepaBHomepHon Ha MNpOTAXEeHUN BCEN KOMMNaHUn KOHBepTEepa. Hanbonbwunm wn3Hoc

npeTtepneBaeT yTepoBKka B MNEPBON TPeTM KOMMAHWM 3JKChryaTauuMm KUCNopoaHbIX

KOHBEpPTEpOB.

YK 669.18
K. I. Hizses?, O. M. CtosHoB!, [1. B. lep6eHboB?, B. B. YepeBaHb!
'HauioHanbHa MeTanypriiHa akagemist Ykpainu, M. [Hinpo

200N MeTanyprnpoM, M. [Hinpo

AOCNIMKEHHA XBUINNEYTBOPEHHA B KWCHEBOMY KOHBEPTOPI BEPXHBLOI'O
ayTTA

JocnimkeHHa NpoBOAMMN Ha LWMAXOM NPOAYBKM PiAKOI BaHHM KUCHEM Ha mopeni
60-T kOHBepTOpPAa, sk OyB BUrOTOBIIEHUI 3 NPO30POro nnekcurnacy B macwtabi 1:10 3a
A0MNOMOroo oypm, rosioBkn sikmx manm 3, 4 abo 5 ocHoBHux conen JlaBans. B Tabn.
npvBeLEeHi napameTpu rofiloBoK KMCHEBUX PypMm, O Bynn AoCnigKeHi 3 TOUKM 30py XBUIe
YTBOPEHHS KOHBEPTEPHOI BaHHW.

Tabnuusa — NapameTpu rofioBok KNCHEBUX PypM

KinbkicTb conen
JlaBans 3 4 5
- KYT Haxuny conen
00 BEPTUKarbHOI 10 14 18 12 16 20 12 16
ocCi ai,rpag.
- KyT PO3KpUTTA 15 15 | 15 15 15 | 15 15 15
KOH(py3opyao,rpag.
- KyT POSKpITTA 8 8 8 8 8 8 8 10
andoysopy az, rpag.

HDiameTtpu, mm:
- macuBy conen di 10,5 10,5 | 10,5 10,5 10,5 | 10,5 10,5 10,5
- BXigHWINd, 3,2 3,2 3,2 3,0 3,0 3,0 2,8 2,8
- KpUTUYHUI d3 3,0 3,0 3,0 2,6 2,6 2,6 2,3 2,3
- BUXigHWI da 3,8 3,8 3,8 3,3 3,3 3,3 3,0 3,1
nosa conna, 67 | 67 | 67 | 66 | 66 | 66 | 65 | 65

B skocTi Mogentoryoi piguHM BUKOPUCTOBYBANuM BoAy. 3 METOH MOKPALLEHHA SKOCTI

BiJ€0 3MOMKWN NepeaHsa CTiHKa koHBepTopa 6yna 3pobneHa nnockoto.
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Mig Yac npoBefeHHs eKCrnepuMMEeHTIB pa3oM 3 BidyanbHOK dikcauieto noBeniHku
BaHHW BUMIpIOBann BUCOTY Ta OOBXWHY XBWUMb, SKi yTBOpIOBANMCA Mig BMAAVMBOM ra3oBuUX
cTpymeHiB. Yci pgocnign 6ynu 3adinbMoBaHi Ha BMCOKOLUBMAKICHY Bigeokamepy 3
yacTtoToto 3anucy 400 kagpis/c.

BcTaHoBreHi 3 pexxmu yTBOPEHHS XBUITb B BaHHI KOHBepTOpa.

MepLumin pexxmm — pexxMm nriaBHoOro Xxsure yTBOpeHHS. Lien pexunm cnocrepiraetbcq
NpyY He3HaAYHOI IHTEHCUBHOCTI NPOAYBKM NPY BUKOPUCTAaHHI BCiX TUMIB pypM.

B ubomy pexumi XBUNs yTBOPIHOETLCS 3a paxyHOK Buxody Oynbballok KUCHIO 3
peakuiMHOI 30HW i Mae OOCUTb YiTKO BUpPaXeHy CTPYKTypy. XBuns, WO yTBOpUnacs,
PyXaeTbCA B HanpsIMKy Bi4 LEHTpa KOHBepTopa A0 MOro CTiHOK, 6'eTbCA O CTiHKY 3
YTBOPEHHSAM HE3HA4HOro Cnnecky, BUCOTa AKOro , 9K NpaBwuiio, He nepeBuLlye BUCOTY
XBUNi, OOpYyLWYeETbCA BHM3, MiCNS 4YOro nMpouec NOBTOPKETLCA. Llen pexum
CMnoCTepiraeTbCA y BMNagKax, Konn SOBXUHA XBUITi HE KpaTHa | MeHLU NOMOBUHM AiameTpa
KOHBepTOpa.

Y BuNagkax, KONvM AOBXMHA XBWUSli CTAHOBUTLCA KpaTHOK abo piBHOK MOMOBUHI
AiameTpa KoOHBepTOopa CMOCTEPIraeTbCA OPYrM PEXNUM XBUNE YTBOPEHHSA — PEXUM raciHHA
XBUIb.

Mpn pgpyromy pexumi XBUNS, WO YTBOpUNAcs pPyXaeTbCs, SK i nonepegHboMy
BMNAAKy, B HaMNpPsIMKy CTiHKM KOHBepTopa, 6'eTbCA 06 Hel 3 YyTBOPEHHAM cnnecky. Ane B
UbOMY BWUMAAKY, B TOM MOMEHT, KONMWU XBWUNS OBPYLIYETLCA BHU3, Ha CTiIHKY KOHBepTopa
Habirae HacTynHa XBUIs, eHepria Kol NOrMMHAETbLCA BNaguHOW, SKa yTBopuracs nig Yac
oBpyLLEeHHs nonepeaHbOoi XBUAi, | HA OeAKMI Yac NOBEPXHS BaHHM 3acrnokoleTbes. icns
LbOro Npouec NOBTOPHETLCS 3 AEAKOI NEepPiOANYHICTIO.

TpeTin pexmm xBune YTBOPEHHS — IHTEHCUBHOrO XBWUNe YTBOPEHHsA. BiH
CMNOCTEPIraeTbCs, KONMM AOBXWUHA XBUAi CTae Oinblle NOMOBMHW AdiaMeTpa KOHBEpPTOpa i
HabyBae Hanbinbll APKO BMPaAKEHOro XapakTepy KONu AOBXMHA XBWUINI CTae PiBHOK Ta
nepesullye AiameTp KoHBepTopa. Llen pexum cynpoBOOXYETbCA 3HAYHUM XBuUre- Ta
OpM3KO YTBOPEHHSAM, BEMMKOK BUCOTOK CrnrieckiB 6ins CTiHOK KoHBepTopa. [pu ubomy, B
OOHOMY BWMNAaAKy, CMAMecKk YTBOPKETbCA CUMETPUYHO Bina  NPOTUNEXHUX CTIHOK
KoHBepTopa. B gpyromy Bunagky YTBOPEHHSA cnnecky 6ina ofHiei CTiHKM KOHBepTopa

CYNpPOBOOXYETLCA YTBOPEHHSM BriagmHu 6ins NpoTUNEXHOI CTiHKN KOHBEpTOopa.
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YK 696.162.267.6
K. . Husses!, A. H. CtoaHoB!, 3. Tabataase?, B. B. YepeBaHb!
'HaunoHanbHas meTannypruyeckas akagemus YkpauHsl, r. QHenp

2PycTaBckuii MeTannypruyeckuii 3asog, r. Pycrasu

OBPABOTKA XENE3OYITMEPOAUCTbLIX PACIMJTABOB NOIPY>XAEMOW
ANEKTPUYECKON OYTOW

CylwecTBylOLWNIA  KOMMMNEKC TEXHOSNIOrMYECKUX pPeLleHnn, HanpaefeHHbIn Ha
nony4YeHne BbICOKOKAYECTBEHHOW CTann C HU3KMM codepXaHMeM BpeaHblX NpuMecewn, B
0OCOBEHHOCTM Cepbl, CBSA3aH C MHOIOCTYMNeHYaTbiM NPOLEeCcCOM. OTOT NPOLIECC BKIOYAET B
cebs:

- NpeaBapuTenbHy0 06paboTKy YyryHa;

- BbINaBKy CTann Ha «4MCTOMY», Npexae Bcero no cepe n gocdopy, LWNXTe;

- BHENeYyHyo obpaboTky ctanu.

B HacTodwee BpemMs Bce CTaguuM 9TOM TEXHOMOMMW AOCTATOYMHO TLaTernbHO
nuccrnegoBaHbl M HaWM  COOTBETCTBYIOLLYK peanu3auuio B MNPOMbILIEHHOCTUN. Tak,
Hanbonee adpdekTnBHLEIM AecynbdypaTopoM YyryHa nNpu3HaHbl MarHMncogepxaime
peareHTbl. CTeneHb YCBOEHWS Xenes3oyrnepoaucTbiM pacrnnaBoM paHyIMpPOBaHHOIO
marHna pocturaet 90 % wu Bblwe. [pu BHenevHon o6paboTke cTann Haunydwune
pesynbTaTbl OOCTUIHYTbl Ha YCTAHOBKE «KOBLU-NEYb», C MCMNONb30BaHMEM B KadecTBe
AecynbdypaTopoB Kak TPaANLMOHHBIX LUSIAKOBbIX CMECeN, Tak U MOPOLLKOBLIX MPOBOJIOK C
pasnuYHbIMM HanonHuTensamu. BmecTe ¢ TeM BCe BblWleNepeYUCrieHHbIE TEXHOSOrnm
TpebyloT ANsa CBOEro OCyLEeCTBNEHUS AOPOroCTOAWMX, 4EPULNTHBIX peareHToB.

TennoTtexHn4yeckne BO3MOXHOCTU YCTAHOBKM «KOBLU-MEYb», B CBOK 04Yepenb,
oKasanucb orpaHudeHbl. [MOBbICUTb CKOPOCTb HarpeBa MeTtanna Bbiwe 4-5 °C/MuH
NMPakTU4YeCKn HEBO3MOXHO M3-3a YPEe3MEepPHO BbICOKOW TEMNnoBOW  Harpy3kum Ha
OrHeynopHble 3neMeHTbl KOHCTpykumn. Tennoson KI1[ paboTbl YCTAHOBKM «KOBLU-NEYbY
coctaBnsetT Bcero 40-60 % 1 He MOXeT BbITb MOBLILEH B CBA3U C TEM, YTO afieKTpudeckas
ayra ropuT Ha rpaHuue pasgena Mmetann-wnak, npyM 3TOM 4YacTb TENSIOBOW 3HEprum
paccemnBaeTCs B OKpyxatoLlee npoctpaHcTBo. [loBbicuTb Tennoson K14 npouecca MOXHO
3a CYeT MNOrpyXeHusl 3NeKTpUYeckon Oyrm B OObeEM XenesoyrnepoamcToro pacnrasa.
Ecnn xe, npm atom, obecneuntb o6pasoBaHMe, B 30HE BbICOKMX TemnepaTtyp,

rasonaposoﬁ CMEeCH N3 aKTUBHbLIX peareHToB KOTOpPblE, BblAETAACD U3 peaKLLMOHHOVI 30HHbI,
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npomnssoaunn rnyoboky Aecynbdypauuio MeTtanna, TO BO3MOXHO CO3[aHuMe HOBOro, B
HEKOTOPOWN CTEeneHn yHMBEpCanbHOro npouecca BHenevyHorn obpaboTku vyryHa u cranu,
NULWIEHHOrO HEOOCTAaTKOB M COYETAaloLWEro npeuMmylecTsa CyWecTBYOLWMNX, TO €CTb
npouecca, COBMELLAOLLEro HarpeB 1 paduHUpPOBaHUE Xenes3oyrnepoancToro pacnnasa,
ncnonb3oBaHne gna obpaboTkn AelleBbIX, LMPOKO PacnpoOCTPaHEHHbIX MaTtepuanos, UX
A03UPOBaHHbIN BBOA U BbICOKUA KOIPULMEHT YCBOEHUS.

BnepBeble, B nonynpomMbIlLNIEHHOM MaclwiTabe, peanus3oBaHa TeEXHONorn4eckas
cxema ocobo rnybokon gecynbdypauum YyryHa u ctanu, UCKnYaroLwas NCnosib3oBaHne
A0POrocToAWMX U 4ePUUNTHBIX MaTepuanoB (MeTann4yeckoro MarHusl, CUNMKoKanbLms n
ap.). [docturHyta, 3a cyeT WUCNONb3oBaHUs pas3paboTaHHbIX TEXHOMOMMYECKUX W
9HEepreTUYeCcKnX pexxmmoB 06paboTKn, CTeneHb AecynbgypaLumm:

- YyryHa, B nonynpoMblilLfeHHbIX ycnoBusix, - 90-98 %, npu CHUXeHUn cogepxaHus
cepbl ¢ 0,042 % po 0,003%, npu cTeneHn ncnonb3oBaHNA marHnsa — 95 %;

- cTanu, B nabopaTopHbIX YCNoBUAX Npy OAHOKpaTHon obpaboTke, - 90-95 %, npu
CHWXeHnUn cogepxanus cepbl ¢ 0,030-0,035 % po 0,002-0,003 %, npu cTeneHu
ncnonb3oBaHnsa mardHnsa — 80-97 %.

PaspabotaHa ” aKCNEpMMEHTanbHO pelleHa, Ha OCHOBE WccnenoBaHus
3aKOHOMEPHOCTEWN MPOLIECCOB BO3HWKHOBEHMS SNEKTPUYECKON Ayrv, 3ajada cTabunbHoOro
BO3HMKHOBEHMSI YCTOMYMBOrO 3NEKTPUYECKOrO paspsga  Mexay pabodnmmm  KoHuamu
9MEKTPOAOB 3@ CYET  YCTaHOBKM  MeXay HuMMKW, B npouecce  OpPMOBKU
BOCCTaHaBnuBaemoro 6noka, cMecu M3 TOHKOMOSIOTOro rpadmra u XuOKoro cTekna.
MopobHoe pelueHne cgenano onepaumio U3roToBfEHWUsI BOCCTaHaBnmBaemoro 6roka
TEXHOSOrMYHOM N HEe HyXKAaLWencst B 0CoObIX MeToaax KOHTPONS.

lMokaszaHO, 4YTO 3a CYEeT WUCMOMb30OBaHMs  pas3paboTaHHOro  KOMMnekca
TEXHONOMMYECKMX MEPONPUATUIA BO3MOXHO OCYLLECTBUTb HarpeB CTanm CO CKOPOCTAMM
10-14 °C/muH, npu nosbiweHun Ttennosoro K4 npouecca Ha 15-20 % no cpaBHeHUIO C

nogorpeBoM CTalin Ha YCTaHOBKE KOBLU-MeYb.
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YK 669.18
K. . Hizses, B. |. XoTioH, O. M. CtosiHOB

HauioHanbHa meTanypriiHa akagemis YkpaiHu, m. JHinpo

PO3KUCIIEHHA CTAII NOPOLWKOMNMoAisHAMU MATEPIANTAMU

CTtabinbHicTb TEXHOMOrIT iHXEeKTyBaHHS XapakTtepuayeTbca Garatbma haktopamu,
ane came BM3HAYEHHS ONTMMAaribHOrO (PpaKUiMHOro ckragy Bu3Havae 6GaraTto iHLWMX
drakTopIiB TaKi SK: PEXUM BUTIKAHHA CTPYMEHIO, KPUTUYHI LLUBUOKOCTI BUTIKAHHA CyMilli Ta
iHWI SKi BNAMBATUMYTb Ha e(PeKTMBHICTb NpoLecy BBEOEHHS peareHTy y po3snnas. Takum
YNHOM BU3HAYEHHSA OMTMMarnbHOro PpakuUivHOro CKragy peareHTy MOKMageHO Yy OCHOBY
po3paxyHKy napamMmeTpiB TEXHONOTII.

3Ha4yHO MipoK CTabINbHICTE XO4y MPOAYBKM 3anexuTb Bif PeXuMMy BUTIKAHHS
ra3o-nopoLuKoBol cymiwi B obcar pigkoro metany. B po6otax [1, 2] 3a3HayaeTbCs, L0
OynbballKoBMIA pPEXUM CrpUSiE BUHWKHEHHIO HaMmep3aHHs MeTany Ha 3pi3i kaHany
BUTIKAHHSA ra3o-nopOLLKOBOI CyMilli, TakK SIK pianHa B NPOMiIKKax MK BUXoaom Oynbballok
MOXe 3aTikaTh B NpoayBHY TPybKy. Lle noAcHI0ETbCS TUM, WO B pasi BENMUKMX YacToK, LLO
npunararnTs 40 MOBEPXHEBOro LWapy rasdy, wap OCTaHHbOrO MOPIBHAHO TOHKUK, TOMY
3Ha4yHa KMoro Yactka Oyage BinNbHOW. B pesynbTati ra3 BUTpayaeTbCA Ha YTBOPEHHSA
Oynbbawok. Y pasi gpibHNUX YaCTUHOK NOPOLLKY MPUMNOBEPXHEBUI LIAP rady BUABNAETLCS
BiJHOCHO TOBCTWUM, B pe3ynbTaTi ra3oBuin NoTiK BinbLll TICHO MOB'A3aHM 3 YacTKamu, LLO
Bege 00 (POpPMYBaHHS KOHTaKTy PiAVHW 3ra3o-MOpPOLUKOBOI CYMIlWLWIK. TakMM YMHOM
BAYBaHHSA ApiGHOOMCNEPCHMX YACTMHOK MPU BUCOKIA KOHLEHTpaUii nopolky 3abesnevye
cTauioHapHUN PEXUM CTPYMUHHOIO BUTIKAHHSA, HE CTBOPIOKOYM YMOB AN 3BOPOTHOrO Teuil
PiaVHU B NPOLYBHUN NPUCTPIN.

B po6oTi BMKOHaHi 4OCNIAXEHHSA 3aKOHOMIPHOCTEN anbTEPHATMBHOIO 3aCTOCYBaHHS
TEXHOIOril PO3KUCIIEHHA MeTany B CTanepo3nMBHOMY KOBLUI KyCKOBMMW bepocraBamu,
nig 4Yac BUMNYCKY, 3 3aCTOCYBaHHAM crieuianbHUX NMPUCTPOIB ANS iHXeKUill matepiany y
rMUBuHy MeTany, 3 METO NOro MakCMMarnbHO MOXIMBOIrO 3aCBOEHHS PO3MN1aBoM.

Ha OCHOBI NpakTUYHMX Ta TEOPETUYHMX OOCHILKEHb BU3HAYEHO YMOBM HEODXIAHOrO
CTYNeHsa aucnepryBaHHA MaTtepianis, 3 TOYKM 30py CcTabinibHOro xoay npouecy iHxekuil Ta
B3aeMofil peareHTy. Po3paxoBaHi i yTOYHEHI OCHOBHI ra3oguHamivyHi napameTpu npolecy

iHXKEeKUIT MOpOLLKONOAIOHMX peareHTiB, sKi 3abeanedyaTb BUCOKOMPOAYKTUBHY i HafgilHy
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poBOTYy NPUCTPOIB AN1s1 BBEOEHHS NMOPOLLKIB Npu 3abe3neyvyeHHi HeobXigHOro, 3 TOYKM 30py
KIHETUKKN NpoLecy PO3KUCIIEHHS, Yacy B3aeMofil YaCcTOYOK 3 MeTasrioMm.

BcTaHoBneHi HacTynHi napameTpu ob6pobku crani:

- HeobXxigHa IHTEHCMBHICTb Nnogavi nopoluky, 75 — 80 Kr/xB;

- WASXOM MaTeMaTU4YHOro MOAENIBaHHA BU3HAYEHO HeOoOXigHUM dpakuinHuin
ckrag nopowky. 3 MeTow MiHiMi3auil BipOriAHOCTI 3aKynopkM BUIMYCKHOrO OTBOPY
NPOAYBHOIrO NPUCTPOLD,3HaNAEHa KPUTUYHA KOHUEHTpauis y 06’emi rady Hocis, 74Kr/m3;

- PO3paxyHKOBUM LUASXOM BW3HAY€Ha rPaHUYHO HU3bKa LUBWAKICTb YACTOYKM, SiKa
BU3HA4Yae MOXIUBICTb 3aHYPEHHS Ti y po3nnas, BoHa cknana 8,5 m/c npoTn MiHiManbHO
HeobXxigHoi 5,6 M/c;

- BCTQHOBNEHO MiHiManbHO HeobXiaHY Ta PaKTUYHY LUBMAKOCTI MOTOKY NPU SIKUX Ha
CTiHKax TpybonpoBogy He Oyae BiabGyBaTMCA OCa[KEHHS YACTOYOK MOPOLUKY i CKnanu
22,12 m/c Ta 52,76 m/c BignoBiaHO;

- NO BIAOMWM 3aneXHOCTAM BU3HAYEHO BMCOTY ra30-MOPOLUKOBOrO CTPYMEHS Yy
o6’emi poannasy 0,69 wm;

- Ha OCHOBI (Pi3MKO-XIMIYHMX BNacTUBOCTEN MaTepianis Ta TennodisndHnX sBuULL
3HanMgeHo Yac posnnaeBneHHs Yactodkn 8,9-10-5 cek. Ta vac 1l cnnuBaHHA: 1,27 cek npu
piBHi MeTany 1 M (moyaTtok npoayBku) Ta 5,7 cek. npu piBHi metany 4,5 M (KiHeub
npoayBKn);

BcTtaHoBreHo, WO 3acTocyBaHHSA 3anpoOroHOBAHOI TEXHOSOrT 403BOMUTL 3HU3UTU
CTyniHb yrapy cdepomapraHuto oo 4 - 7%, Wo B cepegHbOMY Npu3Beae 40 3HUXKEHHSA NOro

BuTpat Ha 0,64 kr/T cTani.

Mepenik nitepaTtypun

1. MakHannaH M. TwpgpoovHamuka 3aTtonneHblx ctpyn / M. MakHannad //
NHxekuoHHaa meTtannyprusa-80. Tpyabl koHdepeHumn Scanlnjectll.— M.: Metannyprug,
1982. —C. 114 — 115.

2. AlpoH3 [.A. HaydyHble u npakTudeckne acnekTbl KOHCTpynpoBaHuUA dypm
ana sayBaHua nopowkoB / .A. AnpoH3 // WHxekuyoHHas MeTtannyprus-86. Tpyabl

KOHpepeHuumn ScanlnjectlV.— M.: MeTtannyprus, 1990. —C. 44 — 62.
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Y[1K.669.162.212
A. H. CtosiHoB, B. M. BonueHko, K. I'. Husses, E. B. CuHeruH

HauuoHanbHas meTannypruyeckas akageMmms YkpauvHol, r. [JHenp

O BO3MOXHOCTU NOBbILWEHNSA CTON KOCTU ®YTEPOBKU
CTAJIENNABUIIbHbBIX ATPEFATOB

B ocHoBe npouecca paspyLleHns orHeynopa LWakoM fexaT afeKTpoKanunsspHble
N 3NEKTPOXMMUYECKME npouecchl, npoTekawwune B 6Oonblen cTeneHn B nopax WU
TpewmHax OrHeynopa, MOBEPXHOCTHAas 3HEPrus B KOTOPbIX HUXE, YeM Ha rnagkom
MOBEPXHOCTU. JOTM MPOLLECCbl Ha CErofHAWHWA OeHb Mano M3y4YeHbl, OQHAKO KOHTPOIb
Hag X NpoTEeKaHMEM MOXET 4aTb BO3MOXHOCTb MOBbICUTb CTOMKOCTb OrHeynopa K Lnaky
Ha NPUMHUMNNanbHO HOBbIWN YPOBEHb.

AHanUTUYeCKMMM  UCCNeaoBaHMSIMW  [OKa3aHOo, 4TO  MpU  MPOMNYCKaHuM
9NEKTPMYECKOrO TOKa Yepes LUak U nepuknasoyrnepogucTbiini OrHeynop Ha NOBEPXHOCTU
nocrneaHero BO3HMKaeT ABOMHOW anekTpudecknin cnon (4.3.c.) [1-3]. 31o pesko 3ameanseT
B3aMmoencrane pyTepoBKU CO LLNTaKOM.

OPdEeKT NOBLILEHUS CTOMKOCTU YTEPOBKU [OCTUraeTcs npu co3gaHum C
MOMOLLBbIO BHELIHEro WMCTOYHMKA JNEKTPUYECKOro TOKa pasHOCTU MOTEHUMANoB Mexay
XMOKAM  LUNAKoBbIM  pacnfnaBoM W orHeynopom. [lponyckaHue Toka npuBOAUT K
HaKOMIIEHUIO Ha rpaHuLEe OrHeynop-wnak WOHOB OnpedeneHHOro 3Haka, Bbl3BaHHOMY
cneuncmnyeckon agcopbumen, U, Kak cneacrtenme, K 00Opas3oBaHWIO  OBOWNHOrO
anekTpuyeckoro crosi. KayecTBeHHbIM U KONMMYECTBEHHbIA COCTaB 3TOr0 [A.3.C. MOXHO
N3MEHATb NYTEM W3MEHEHUS COOTBETCTBEHHO 3HaKa W BEeSIMYUHbI  ANEKTPUYECKOro
noteHuMana, noABeAEeHHOro K OrHeyrnopy, MW MMOTHOCTU 9fEeKTPUYECcKoro TOKa,
onpegensoLwen CKopocTb ANGPIY3NOHHBIX NPOLECCOB MeXay OrHeynopomM u wnakom [4].
[Mpn 3TOM CKOPOCTb MacCOOOMEHHbLIX MPOLECCOB B CUCTEME OrHEeynop-Linak 3aBucuUT oT
coCTaBa W 3NEeKTPUYECKON EMKOCTU [0.3.C. U 3NEKTPONPOBOAHOCTU LUMAKOBOro pacnnasa
[5].

MpumeHeHne nonspu3aumMmM OrHeyrnopoB Ha MpakTUKe MO3BOMUT MOBLICUTH
CTOMKOCTb MEepUKasoyrnepoaucTon pytepoBkn metannypruyecknx arperatos B 1,5+1,7
pasa.

CospgaHa matematnyeckass mogenb Ans NPOrHO3MPOBaHUA CKOPOCTU paspyLleHus

nepuknasoyrnepoancTbiX OrHeyrnopos B 3aBUCMMOCTU OT TemMnepartypbl U XMMUYECKOro
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coCTaBa LUfaka, HanpsbkeHust U MAOTHOCTU 3MEeKTPUYECKOro TOKa, MNoJaBaemMoro Ha
rpaHvly pasgena wnak-orHeynop. E€ aHanus noatBepxgaeT oTpuuaTenbHOe BRvsiHUE
noebiweHHoro konunyectBa (FeO) Ha un3HOC nNONAPU3yeMOro OrHeynopa. Xapaktep
TemnepaTypHON 3aBUCMMOCTM NPEACTaBMEH B BuAe napabornbl ¢ nokanbHbIM MUHUMYMOM,
KOTOPOMY OTBeYyaeT uenecoobpasHbii TemnepaTypHbld  MHTEpBan  3dKcnnyataumm
dyTtepoBkn  1520+1600°C. 3a npegenamum 3TOr0  WHTEepBana  HabniogaeTcs
He3HaunTenbHoe  ymeHblleHne  addekTMBHocTM  cnocoba.  [porHo3upoBaHHOE

NoBbILLEHNE CTOMKOCTU NepukrasoyrnepoancTon yteposkn coctasut 1,5+1,7.

Cnucok nutepatypbl

1. ComHukos A.N. CTpoeHue rpaHuubl MeTans-oKCUAHbIA pacnsiaB 1 0COO6EeHHOCTH
3NEKTPOXMMUYECKNX MeToaoB B MeTannyprudecknx cuctemax / A.W. CoTHUKOB. — B KH.:
PuU3MKO-XMMMYECKME UCCIedoBaHMUs MeTannyprudecknx npoueccos. Ceepanosck: YA
um. C. M. Kuposa, 1974.
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"ocypapcTBeHHOE Hay4YHO-TEXHUYECKOe n3gaTenscTBo, 1963. — 608 c.

3. Tamm U.E. OcHoBbl Teopun anektpudectsa / N.E. Tamm. — M. — 1989. — C. 57-
58.

4. QpymkuH A.H. [1BoHOM cnon B anekTpoxummumn / A.H. DpyMKuH. — Ycnexm xvmmuu,
IV, Bbin. 7. — 1935 . — 987 c.

5. Odnarpammbl 3NEKTPONPOBOAHOCTM LUMAKOBLIX pacniaBoB cTanennaBUiibHbIX
npoueccoB / bonveHko B.M., Husses K.I'., CtosHoB A.H. [n ap.] // N3B. BY3o0B. Yé€pHas
meTannyprusa. — 2011. — Ne4. — C. 58-60.

YK 669.1.002.5.004.67
B. M. MNManyua, C. O. lNonos, B.I'. 3t03b
TOB «HTL «HIMPI», m. KpnBun Pir

TEXHONOrIA NPAMOIo BIAHOBJIEHA 3AJNI3A I3 CUPOBUHHUX MATEPIAJIB 3
HU3bKUM BMICTOM KOPUCHOIO KOMIMOHEHTY

B YkpaiHi yHKuioHye ripHmyo-meTanyprinium komnnekc (FMK Ykpainu), skui 3a
NPOAYKTUBHICTIO BXOOAUTb Y OECATKY HanbinbL NOTY>XHUX Y CBITi.
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OcobnumBIiCTb LBOro KOMMEKCY nomnsrae y ToMy, WO Yy MOro pamkax pearnisyeTbcs
MOBHUN BUPOOHMYMI UMK TipHMYO-METanyprinHoro BuMpoOHuUTBa. Llenm uukn Bknodae
BNMOoOyToK 3ani3Hol pyanm Ta dnociB, 36aradeHHa BuagobyToi pygHoi macu 3
BUPOBHMLITBOM 3arni3opyaHOro KOHLIEHTpATy i OKaTuLWiB, MeTanypriiHy nepepobky Uil
CUPOBMHN Ta BUPOOHMLTBO TOBAPHOI MeTanyprinHoi npoAaykuii. [Ons BUKOHAHHSA LbOro
uunkny MK Ykpaiim mae Bci HeobxigHi pecypcu i BUPOBGHUYI MOTYXKHOCTI.

Hapsgy i3 uum, HeobxigHO BiAMITUTK, WO Y (PYHKLIOHYBaHHI LIbOro KOMMeKcy mae
Micue cepnosHa npobnema, €ka nonsrae y HaAATO BUCOKUX BUTpaTax pecypcis
(MaTepianbHNX, TPYOOBUX, €HEPreTUYHMX, GiHaHCOBWUX) MPU BUFOTOBMEHI MeTanyprinHoi
NPOAYKLil, WO HeraTMBHO BMNMBae Ha ii cobiBapTiCTb. Y cepeaHboMy ii cobiBapTicTb
nepesuye 20-40% BKa3aHUIM NOKaA3HUK ANA KpaiH €BPOCHISKK.

OpHieto 3 HaMBINbLW PEeCYpCOEMHUX CTafii LUpOro BMPOOHULTBA € MeTanypriiHa
nepepobka 3anizopyaHoro CMpoOBMHHOIO pecypcy. Lle o6ymoBneHe 3acTocyBaHHAM BKpaw
3acTapinoi JOMEHHOI TeXHOMOriT MeTanyprinHoro BUpoGHULTBA.

Ha pgaHui yac nepcnekTMBHUM HaNPAMOM PO3BUTKY MeTanyprinHoro BUpoOHMLTBa
Yy CBiTi € 3acTocyBaHHs « TexHornoril npsiMoro BigHoBneHHs 3anisa» (TMB3). Lia TexHonoriga
BUKNIOYaE HEOOXiOHICTb BMKOHAHHS pPsiAy BKpan pPecypCoEMHMX MPOLECIB i [4O3BOMSE
CYTTEBO 3HM3UTK COBIBAPTICTb MeTanyprinHol NPoAYKLii.

Mpn pomMeHHOMY BMPOGHULUTBI, AaHUM Npouec Mae Taki cTagii: 3anisopyaHun
KOHLIEHTpaT—OKaTULWI—NIArOTOBKA LUMXTU—METaNyprintinin nepegin—yyryH/ctans. lMpn
BUKopucTaHHi  TMNB3 uer npouec Mae  MeHWwy  CTagurMHOCTb, a  caMme:
KOHLEeHTpaT—bpunkeTyBaHHA—MeTanyprinHnin nepeain—yyryH/crans.

Y cBiTi BXe po3pobneHo psg BapiaHTiB TMB3, ski BigpisHAOTbLCA 3a MeTo4amm
BUKOHAHHA MEBHUX MPOLECiB, BUKOPUCTAHHAM PI3HUX CUPOBUHHUX | [OMOMDKHUX
Matepianis, peXxumiB NepepobKkn CUPOBUHU. 3a UMM TEXHIYHI I EKOHOMIYHI pe3ynbTaTh LuX
TEXHOJOrI TaKOX € Pi3HUMM, XO4a BCi BOHU € NINWMMKN 3a JOMEHHE BUPOOHMLITBO.

3a ckasaHum Buwe cnipobGiTHukamm TOB «HTL «HITPIl» nponoHyeTbes
po3pobneHnm Humn BapiaHT TIB3, skui agantoBaHMA OO0 YMOB (PYHKLIOHYBaHHS
nignpmuemcts MK YkpaiHu. 3aranbHa cxema uiei TeXHONorii HaBeaeHa Ha puc. 1.

BuxigHum cuposuMHHMM pecypcom peanisdauil TMNB3 € 3anisopygHuin KoHueHTpaT
abo bGarata pyaa 1 3 BmictoMm 3aniza Fe=60-70%. TexHonoris nepeabavae BUroTOBNEHHSA
3 KOHLeHTpaTy OpuMKeTiB, NiAroTOBNEHNX A0 METanNypriiHOro nepeainy.

Mpouec BGpukeTyBaHHS BKIOYAE: MOMOST PYAHOro Martepiany 2 00 BMICTY (hpakuin

45-55 mkm 90%; [opaBaHHA NanMBHOI BYrNeBMiCHOI AobaBku Ta npucagok 3, sKi
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CrpusATL BIAHOBMNEHHIO 3ani3a 3 OKUCAIB Yy XiMIYHO YnNCTUW BUA. [Ana KOXHOro suay pyaHol
CUPOBUHW CKIaa npucagok € cneumdivHnM i nigbupaeTbcsa 3anexHo Big MiHepanoridyHoro
cKknagy KOHUeHTpaTy, BMICTY B HbOMY 3anisa Ta iHWWX XiMIYHMX KOMMOHEHTIB. [loTim
30INCHIOETLCA BUTOTOBNEHHS OpukeTiB 4 po3mipoMm 32x30x15 Mm abo 64x69x39 mm,
OpukeTn BUpOBGNATLCS 3a 4OMNOMOroK BankoBOro npeca.

Micna GpukeTyBaHHA OTPUMaHWI MaTepian NiggaeTbCs NnaBLi B eneKTpoayrosin
abo iHgykuinHin neyi 5 npn temnepatypi 1350-1500 °C 3 6e3nepepBHMM 3aBaHTAKEHHAM

BpuKeTiB Ta NepioguYHNM BUMYCKOM MPOAYKTIB NNaBKu.

' B mioae 3

2

Rosmpenmpar

Mongon

e 1

Bemuo Gy Gipecc . BEQUOSIOG: SarwTEe I,

AT A EELT

3anexHo Bi4 pexumy nnaBfeHHs W BUAIB BUKOPUCTOBYBaHMX MPUCALOK MOXYTb
OyTn OTpUMaHi HaCTyMNHi NPOAYKTU: YaByH (O3epKanbHi abo BMBINeHnin); pi3Hi BUAN ctanen
(Big BYrnewueBoi 4O IHCTPYMEHTarbHOI).

ABTOpamu Byan BMKOHaHi NMPOMUCNOBI BUNPOBYBaHHSA Li€l TEXHOMOri, pe3ynbTatu
AKX nNokasanu, wo 6inblWw NpocTa TEXHOMOoris AaHOro MeTody AO3BOMSE MNiABULLATY
npunbyTKoBICTb BMPOOHMUTBa B 1,2-1,5 pa3n B NOPIBHAHHI i3 TpaguLiMHUMKN TEXHOMOTISAMU.
Lle nocsaraetbcsa 3a paxyHOK CKOPOYEHHSI BUTPATM E€HEPropecypciB (BYrinng, rasy) mamxe
Ha 40%, CKOpPOYEHHs OCHOBHUX (OHAIB (HeobxigHOro ycTaTKyBaHHS, OyauHKiB,
CMOpPYOKEeHb) Mamxe B 2 pasu, i BIiAMNOBIOHOrO 3HWXEHHA  TPyAOBUX BUTpAT Ha
BUPOBHULITBO MeTanyprilHoi NpoaykKuii.

OpHieto 3 cepnosHux nepesar TIMB3 nonarae y ToMy, WO BOHa [J03BOSISIE
CTBOpPIOBATM MiHi enekTpoMeTanyprinHi 3aBoaun, SKi MOXHa po3TalloBYyBaTM MPSMO Ha
TepuTopii ripHM4ogo0yBHMX MIANPUEMCTB i OTPUMYBATM HUMM HOBI BUOW NMPOAOYKLii, Takoi
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AK: Kyni Ana pyaHux MIvHIB, BpoHs Ans MNuHIB, 3yOUi ekckaBaTopiB, MOMOTKM Opobapok
Ta iH. Kpim Toro, TINB3 gossonse ckopotntn BUKNG Byrnekucroro rady Ha 30% Ha KOXHY
TOHHY BWUMNSI@BMEHOoI cTani y MOPIBHAHHI i3 TpaguuiMHUM LOMEHHUM NpOLEecOM, Hadae
MOXIUBICTb KOMMEHCYyBaTU 3poCTarunin aediumt meTanobpyxTy y KpaiHi 1 Kpalie
3banaHcyBatn pobOTYy MeTanyprintHMx nignpuMeMcTB, ogepXaTu npsiMy €EKOHOMio Ha

BUTpaTax Ha BUPOBHNLTBO 3ani3opyaHOi NpoayKLUii.

O. M. NMepkoB?, I. O. BakyneHko?
HHcTuTyT YopHoi meTanyprii HAH Ykpainu, m. [Hinpo

2[IHINPOBCLKMIA HAaLliOHANbHWUIA YHIBEPCUTET 3anisHUYHOro TpaHCnopTy, M. [AHIiNpo

BMNJIUB ONEPALII BIANYCKY HA BHYTPILWHIO BYAOBY KONICHOI CTANI NICNA
TEPMIYHOIO 3MILULHEHHA

[ocniopKeHHa 3aneXHOCTi KOMMMeKcy BnacTMBOCTEW BiL TEpPMiHY BUTPUMKM MpwU
Pi3HMX TemnepaTypax [LO3BOMHAE OUIHUTM KIHETUKY | MeXaHi3M nNpoLeciB BHYTPILLHbOI
nepebypoBn, wo BigbyBawTbca B MeTani npu Bignycky. B npoueci npuckopeHoro
OXonoaKeHHa oboay koneca BM3HAYeHO, WO 36inbleHHs BiACTaHi Big NOBEPXHi KOYEHHS
CYNPOBOKYETLCA 3MEHLUEHHSAM LUBUAKOCTI OXOSIOMKEHHA MeTany. Ha BigcrtaHi 45 mm
LBNOKICTb OXONOMKEHHA CKNnagae 3Ha4yeHHs Ha piBHI 2 rpad/c, a Ha BiAcTaHi 4o 5 mm -
npnbnunaHo 9 rpaa/c. 3a ymoB 36inbLUEHHS LWIBUOKOCTI OXONOMAXKEHHSA CYMICHUIA BNAUB Big,
NOAPIOHEHHA 3epHa ayCTeHiTy | gucnepryBaHHA nepnity Ccnpusde NiaBULLEHHIO
XapaKTepPUCTUK MILHOCTI i nnactuyHocTti. OgHovacHo 3 UMM, nigaaryn nPUCKOPEHO
OXOSOKEHY CTarnb HarpiBsy A0 BM3HAYEHUX TeMmnepaTyp, Cnig OYikyBaT 3MiHM KOMMIIEKCY

BNacTUBOCTEN TEPMIYHO 3MILHEHOro MeTany.

B gqkocti matepiany ana pgocnigkeHHs Oyna BMKOpUCTaHa ByrneueBa cTanb
3ani3HNYHOro Koneca 3 BMICTOM XiMidHUX enemeHTiB: 0,57 % C, 0,65 % Si, 0,45 % Mn,
0,0029 % S, 0,014 % P, 0,11 % Cr. 3ani3Hn4yHe koneco nigaaBanu Harpisy Ao
TemnepaTyp Buwe AcCsz, BUTPUMKA MNpU LA TemnepaTtypi Ans 3aBepLUEHHS npouecy
rOMOreHisauii  ayCTeHiTy | NPUCKOPEHOMY OXONOMKEeHH0 o06ody [0 BU3HAYEHO!
Temnepartypun. [licns npuCKOPeHOro OXOMOKEHHS Koneco niggasanocda Bignycky npuv
Temnepatypi 550 °C, pisHOI TpMBanocTi BUTPUMKN. CTPYKTYpYy BMBYANu 3 BUKOPUCTAHHAM

eIleKTPOHHOrO i ceiTnoBoro Mikpockonis. OUiHKY CTyneHs OedeKTHOCTI CTPYKTYypy meTany
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nicna NPUCKOPEHOrO OXOSIOPKEHHS | BiQNYCKY 34iMCHIOBaNM 3 BUKOPUCTaAHHAM MeTOAMUK
PEHTIEeHIBCbKOro CTPYKTYPHOro adanidy. Mexu MiLHOCTI, MAWHHOCTI, XapakTepuCTUKn
NIaCTUYHOCTI BYrNeLueBol cTani BM3Ha4anu npu postaranHi. Weunakicte gedopmadii npm

MeXxaHiYHMX BUnpobyBaHHaX cknagana 103 ¢,

BpaxoBytoun napamMeTpu  TEXHOSNOril  BWUIOTOBMEHHA TEPMIYHO  3MiLHEHOro
3ani3HNYHOro Komeca, OOCHIOKEHHSA KIHETUKM CTPYKTYPHUX NepeTBOpeHb OobmexyBanuchb
TemnepaTtypoto Bignycky 550 °C. AHani3 xapakrepy BNnuBy TemnepaTtypu BiAnycKky Ha
BSIACTUBOCTI MOKasaB CchiBnafiHHA 3 BigOMUMW pesynbTaTamMu AOChiAKEeHb TepMiYHO
3MiLHEHOI ByrneueBoi cTani: 30inblueHHA TemnepaTtypu BiAnycKy npu3BoauTb O
3HMXKEHHS MILHOCTI | 3pOCTaHHA XapakTepUCTUK NnacTu4HocTi meTany. [ina metany oboay
Ha BiacTaHi 4-5 MM Big noBepxHi KoYeHHA npu Temnepatypi Bignycky 550 °C Bnnus
TEPMiHY BUTPUMKUN Ha 3arexHiCTb XapakTEPUCTUK MILHOCTI MOXe ByTu nogineHnn Ha Tpu
AingHkn. [Ona BUTPUMOK TPUBAmICTIO A0 OAOHIET FOAMHWU 3HWKEHHSI MEXWM MILHOCTI He
nepebinbwye 40 MlMa. 3HWXEHHA Mexi nAuMHHOCTI we meHwe — go 30 MMa. Ak gns
BUTPUMOK TpuBanictio 1 — 1,5 rog., Tak i 2,5 rod. BenMUMHA 3HUXKEHHS MILHOCTI
3anuwmnnaca npakTMYHO HEe3MiHHOK. 3MiHA MEeXW NMMHHOCTI, HaBnaku, Mae 6inbLu
MOHOTOHHMUN BUMMA4. B MOPIBHAHHI 3 MILHICTIO, MeXa MNIMHHOCTI NpU MNOLOBXEHHI

BUTPUMOK A0 2,5 rof. 3meHwyeTbca Ao 600-610 MlMa.

Po3BuTOK npoueciB NOM'AKWEHHSA MNPW BiAMNYCKY TEPMIYHO 3MiLHEHOoro metany
NiATBEPLKYETLCA XapakTepoM 3MiHM NIacTUYHMUX BNAacTUBOCTEN. IHTepBany BUTPUMOK 1 —
1,5 roag. Bignosigae MakcumarnbHe nNiABULLEHHS 3Ha4YeHb BIOHOCHUX BWOOBXEHHSA |
3BY)XEHHS. I3 CymicHOro aHanisy oTpumaHux pes3ynbTaTiB AOCNiAXEeHb MOXHa 3pobutn
BMCHOBOK, L0 NpW MiABULLEHHI CTyneHs 3MiUHEeHHs MeTany nobnu3y 3 MOBEPXHEID
NMPUMYCOBOIO OXONMOKEHHSA, PO3BUTOK MPOLECiB NOM’SKLWEHHS Byae TUM BinbwunM, Ynm
Binbw cyTTeBUM Byae edekT MigBULLEHHS MILHOCTI. 3 aHanidy KiHETUKU NepeTBOPEHHS
ayCTeHiTy B npoueci NPUCKOPEHOr0 OXONOMKEHHS BU3HAYEHO, LU0 MOM'SKLIEHHS npu
BiNyCKy CTani Koneca novMHaeTbCs Big TemnepaTtyp npmbnmsHo Ha 150 - 200 °C Huxye

TemnepaTtypu noyaTtky nNepniTHOro NepeTBOPEHHSI.

TakuMm 4YMHOM, piBEHb 3MILUHEHHS MOBWHEH BU3HA4YaTUCA PO3BUTKOM MpPOLECIB
dra3oBOro Hakreny rnpu nepeTBOPEHHI aycTeHiTy B nepnit. Baaemopgia atomis Byrneuo 3
aucnokaudismy  npu - BiAMNyCcKy CcTae [JOOaTKOBUMM YMHHUKOM BMIMBY Ha KOMMMEKC
BNacTMBOCTEN  TEPMIYHO  3MiUHEHOI  cTani. PeHTreHiBCbkMMM  CTPYKTYPHUMU

OOCNIMHKEHHAMW BU3HAYeHOo, WO nicna BignycKy MiHiManbHa KOHUeHTpauia aAedekTis
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KpucTaniyHol 6ygoBu Bignosigae npolwapkam MmeTtany, Wwo € Hanbinbw HabnuxeHnmm o
NMoBepXHi OCHOBHOrO TEMNMOBIABOAY NpM OXOnogXeHHi oboay koneca. 3 BigganeHHAM
ob’emiB metany oboay Big NMOBEPXHi KOYEHHS, €deKT MOM'AKLWEHHS 3HUXYETbCH, a Ha

BiiCTaHi 45 MM BKa3zaHa xapaKTepucTuka OpiBHIOE MiHIMaNbHUM 3HAYEHHAM.

YOK 669.168.004.12.001.8
A. ®. lNMeTtpos, O. B. Kykca, J1. A. TonoBko

NHcTUTYT YyepHon metannyprum nm. 3.U. Hekpacosa HAH YkpauHsbl, r. Henp

MOAENbHOE NPOMHO3UPOBAHUE ®U3UYECKMUX CBONCTB CUNTMKOKAIbLUA
CTAHOAPTHbBIX MAPOK

B coBpemMeHHOM cTanennaBuibHOM MNPOM3BOACTBE BHeneyHas ob6paboTka
Kanbuuncogepxawmmm matepvanamn ABnseTcs HeOTbEMEMOM 4YacTbi) TEXHOMOrMn u
3aHMMaeT Befyllee MNOfIoXKeHNe B CBA3M C MHOrO(akTOpHbIM BUSIHWEM KanbLWs Ha
PU3NKO-XMMNYECKOE COCTOSIHWME pacnnasBa, Makpo- W MUKPOCTPYKTYPY 3aroTOBKM,
KayeCcTBO M cCBOWCTBA MeTannonpoaykuuun [1]. OpdeKTMBHOCTL BRUSHUSA KarnbLus Ha
CBOMCTBA XWUAOKOW W TBEepAOW CTann 3aBUCUT OT ero YyCBOEHUSA MNpuU BBOAE B XUOKUM
meTann. CTeneHb YCBOEHWA £BNSETCA OOHUM U3 Havbonee BaXHbIX KpuUTepues
apPeKTUBHOCTM peppocnnaBa, HanpAMyK 3aBUCALLMX OT TaKMX €ro OCHOBHbIX
XapaKTepUCTUK Kak MMOTHOCTb, TemnepaTtypa nnaeneHus. C TemnepaTypon nnaBneHus
CBfi3aHa CKOPOCTb W MOSIHOTa YCBOEHUS 3remMeHToB cnnasa. [MnoTHocTb dheppocnnasa
BNUAET Ha ero nofoXeHne W ABWKEeHMe B pacnnase, BpeMs U MOMHOTY YCBOEHUS
3NeMeHTOoB cnnasa.

B HacTtoswen paboTe AnA NPOrHO3HOW OLUEHKM TemnepaTtypbl NNaBneHus wu
NNOTHOCTU CUNUKOKaNbUUA CTaHOAPTHBIX MapoK aBTOpbl paccMaTpuBaloT BO3MOXHOCTU
ncnonb3oBaHUs paspaboTaHHOM MeToOUKWM, OCHOBaHHOW Ha OMUCaHUM CTPOEHUA WU
CBOWCTB MHOIFOKOMMOHEHTHbIX pacnnaBoB W TBepAblx pacTtBopoB [2]. NHdopmaumsa o
cocCTaBse CNraBoB 3aKoaupoBaHa B BuAe napametpa Zy, SBNAIOLWErocs ero 3NeKTpOHHbIM
XUMUYECKNM IKBMBAINEHTOM, CTPYKTYpHOro napametpa d. N36bITouHble napameTpbl AZy n

Ad, yunTbIBalOT MUKPOHEOAHOPOAHOCTL CTPYKTYPbl COOTBETCTBYIOLLMX PACniaBoB.
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Hwxe npuBefeHbl ypaBHEHUS!, 3anMCaHHble B TEPMUHAX MOENbHbIX NapameTpoB,
ANa pacyeTa no XMmMuyeckomy coctay: NiioTHOCcTU (D-103 kr/m3), TemnepaTypbl Ha4Yana u

koHua nnaenenus (T, °C) onga pasnuyHbIX MapoK CUMMKOKaNbLMS:

D=16,42 — 14,6 A7) — 14,3 r=097 (1)
T wnn = 1666,3 2V — 1743,7 A7 — 583,1 r=09  (2)
Tenn = 752,2 2Y—500,4 AZY + 346,6 r=093 (3

Tabnuua 1 — ConoctaBneHue paccumTaHHbIX (1-3) 1 akcnepuMeHTarnbHbIX [3] 3Ha4YeHUn

cb|/|3|/|qu|<v|x CBOWCTB CUNMKoKanbuma pa3rinvHbIX Mapok.

Mapka D-10%, «kr/m® T vmn, °C T «n1,°C
CK10 4300/4110 1160/1146 1300/1286
CK15 3470/3550 1090/1092 1250/1245
CK30 2510/2580 980/988 1200/1181

*Yucnurtenb n 3HameHaTtenb — SKCnepunmMeHTarbHbli€ N pacH4eTHble 3Ha4YEeHUA

PaspaboTaHHble aHanuMTuyeckne 3aBUCUMOCTM Ha OCHOBE  WHTerpanbHbIX
napameTpoB MeXaTOMHOro B3auMOAEWCTBUS MNO3BOMAT MNPOrHO3UpOBaTb BIIMSHUE
N3MEHEHNA COCTaBa Ha CBOWCTBA CTaHOapTHbIX Mapok geppocnnaBoB. OHM MOryT ObITb
MCMONb30BaHbl Af1I OLEHKW CBOWCTB KakK BHYTPUM OTAENbHOM Mapku, Tak U BCero
COpPTaMEHTHOro psaa goeppocniaBoB NPU OUEHKe 3PEEKTUBHOCTU UX MPUMEHEHUS Ha

OCHOBHbIX 3Tanax cranennaBuribHOro nepeaena.

Cnucok nutepatypbl

1. fusamynuH P.A., Banyes [1.B., EgewweBa 4.B. TexHonorna komnnekcHom
06paboTkM MeTanna Ha Bbinycke Kanbunem u antoMmHnem // CoBpeMeHHble Npobrnems!
Haykn n obpasoBaHus. — 2014. — Ne 2. — C.32-35.

2. lMpuxodeko 3.B., MNeTpoB A.®. DU3NKO-XMMUYECKNE KPUTEPUUN 4N OLLEHKN
CTeneHn MUKPOHEOAHOPOAHOCTN MeTannunyeckmx pacnnasos / 3.B. MNMpuxogbko, A.O.

MeTtpos // MeTtannodusnka n Hoeenwme TexHonormm. — 1998. — 1.20. - Ne7. —C. 64-74.
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3. N3yyeHune cBOMCTB heppOoCnaBoB U nuraTyp ANS MUKPONErmnpoBaHns un
packucnenus ctanu / B.C. UrHatbes, B.A. Buxnesuwyk, B.M. YepHorpuukun [u gp.]. // N3B.

By30B. Y€pHas metannyprus. 1988. Ne 6. C.37-42.

YK 669.141.245:669:66.046.55
A. A. Noxeanitun, €. M. Cirapbos, B. I. NoneTaes, O. B. lNoxBanita

[HINpOBCbKUI AepXXaBHUM TEXHIYHUIN YHIBEpCUTET, M. KaM'aHCbKe

BUMNYCK NMJITABKU 3 KOHBEPTEPA 3 OBPOBKOIO PO3IJIABY APFTOHOM B
POBOYOMY NPOCTOPI CTANIEBUIMYCKHOIO KAHAITY

B ocTaHHi pokM B npakTuui MeTanypriniHoro BMpobHMLTBA CNOCTEpPIraeTbCA CTilka
TEHOEHLUi 0O MOCUNEHHA BUMOr A0 CTabinNbHOCTI XiMiYHOro cknagy ctani, a Takox Ao
3abpyAHeHHs 1T WKignMBMMM SOMilLKaMX, HeMeTaneeBnmmn BrrtodeHHaMn. OCHOBHa YacTka
HemeTaneBux BKIHOYEHb YTBOPKOETLCA NPU PO3KUCIIEHHI po3nnaBy rMUOUHHUM METOAOM.
Tomy BaXSIMBOKO YMOBOK OepXXaHHS HU3bKOro BMICTY HEMeTaneBux BKNIOYEHb Y roTOBIN
ctani € [JOCArHeHHa MiHiManbHOI  OKUCMEHOCTI MeTaneBoro posnnasy nepen
PO3KUCMNEHHAM. 3HU3UTU KiSTbKICTb HEMeTarneBuX BKITOYEHb MOXITMBO MPU 3aCTOCYBaHHI
BaKyyMHO-BYIIieLeBoro po3k1CIieHHs 3 BUAaneHHAM nNpoayKTiB peakuii B rasoBy (asy.

BUKOHaAHUI KPUTMYHMI aHani3 TexHIYHOI niTepaTypu BKa3ye Ha MOXIUBICTb
peanisalji ByrneLeBoro po3k1CreHHs npu BUTparti aproHy B mexax 0,4-1,2 m3/T ctani npu
BiJCYTHOCTI BMCOKOOKMCNeHoro wnaky [1]. [Hdocartu Takmx yMOB B KOHBepTepi
NpobremMaTyHO i € EeKOHOMIYHO HEeAOUINbHUM. 3HU3UTU aKTUBHICTb LUMAKy MOXINBO Yy
KOBLUI NMPW BUKOPUCTaHHI edeKTUBHOro BiACiKaHHA wraky. [NpoTe npogyBka aproHoMm 3
BUTPATO, AOCTAaTHLOK ANSA BYrNELeBOro pO3KUCIEHHS, 3HAaYHO MNiABULLNTL Yac 0Opobku
(20-60 xB.). do Toro  obpobka meTaneBoro po3nnaBy B KOBLUi aproOHOM 3 3a3HA4YeHO0
BUTPATOID MOXEe NPU3BECTU A0 YTBOPEHHS BEenuKUX No o6’emy LIBMAOKO ChNMBaK4YmX
ny3upiB rasy, sikui BUKOPUCTOBYETLCA HEE(PEKTUBHO | MOXe CTaTu MPUYNHOK BUHUKHEHHS
aBapiHUX cuUTyauin Yepes BUMKMAN po3nnaBy 3 KoBLUA. TOMY BUHUKIIA iges 3aCTOCYBaHHS
€HepreTMYHOro MnoTeHuiany CcTaneBUNYCKHOrO KaHarny KoHBepTepa pnAna peanisadil
PO3KMUCINEHHS 3anuLLKOBUM BYrfeLeM B NpoLeci BUMYCKY po3nraBy 3a paxyHOK 06pobku

OCTaHHbLOrO iIHEPTHMM ra3omMm B po604OMY NPOCTOPI NIbOTKN.
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loes BNAMBY Ha po3nsiaB  rasoBMMU  CTPyMeHAMM B pobodomy npocTopi
CTaneBUNYCKHOro kaHany BuHuKkNa we B 70-80x pokax XX ctonitta 3aebinbworo ans
BiZICIKAHHS1 BUCOKOOKMCIIEHOrO WraKy. B noganbwomMy iHepTHUI ra3 3anporoHyBann Takox
BUKOPUCTOBYBATU AOS11 BMKOHaHHS 3axXUCHWUX i padiHyBanbHUX onepauil. OgHak wnpoke
3aCTOCyBaHHA YyCKnagHeHe 4epes3 BIACYTHICTb BIiZOMOCTEN MPO MOXIUBUA  CTYMiHb
PO3KUCMEHHSA pO3MnnaBy 3aruWKOBMM BYrfneuem, a TaKoX BiOMOCTEN MpO CTYMiHb
opraHisauii NOTOKy MeTaneBoro po3nsiaBy i 3aXMCHUN eeKT iIHepTHOro rasy.

[Onsa po3pobkn TexHomnorii BYrNeueBoro pPO3KUCIEHHS 3a paxyHOK 06pobkun
po3nnaBy iHEPTHUM ra3om y poboyoMy MPOCTOpPi CTaneBMMYCKHOrO KaHamy, 3 MEeTO
3MeHLWeHHA 3abpygHeHOCTi po3nnaBy HeMeTaneBUMM  BKITHOYEHHSMWU | €KOHOMIi
PO3KUCMOBaYiB, BWKOHAHO KOMMMEKC AOCMigXeHb CAPAMOBAHUX Ha  BUBYEHHS
0COBNMBOCTEN | 3aKOHOMIPHOCTEN BMAMBY BUTPATHUX XapaKTEPUCTUK iIHEPTHOrO raay i
KOHCTPYKTMBHMUX MapamMeTpiB  CTaneBUNYCKHOrO KaHamy Ha CTyniHb opraHisauii
rasoMeTaneBoro MOTOKY, 3aXUCHYy [Ail0 aproHy i MOXNMMBUW CTYMiHb PO3KUCIIEHHS MNpwU
LUbOMY 3 BUKOPUCTAHHSAM Cy4aCHUX MeToAiB (Pi3NYHOro i MaTeMaTU4YHOro MOAeNOBaHHS.

3a pesynbTaTamu gocnigkeHb [2] 3anponoHoBaHa KOHCTPYKLiS OBOKaMEpHOro
CTaneBUMNYyCKHOrO KaHary KUCHEBOro KOHBepTepa [Ansa peanisaudii o6pobku noToKy
po3rnnaBy aproHOM Ha BUNYCKYy (AvB. puc.). PauioHanbHUM CriBBiAHOLWEHHAM AiamMeTpiB
Kamep kaHany € 1,2-1,5, a BigHOCHa OOBXWHaA peakuinHol 30HWM (apyroi kamepu) — 0,25-

0,75 BiO NOBHOT AOBXWHM KaHany npu nMTomin BuTpati aproHy 0,7-2,8 m3/(T-ron).

PucyHok — Cxema gBOKaMepHOro ctaneBunyCcKkHOro KaHany 3 npogyBHMM Griokom: 1
— MeTaneBun pos3nnas; 2, 3 — nepwa i Apyra Kamepa CTaneBuNyCKHOro KaHany
BianoBiaHO; 4 — Onok 3 npogyBHUMM By3namu (connamu); 5 — TMI; 6 — Hacagka 3

rasonigsigHoo NiHieto
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OuikyBaHNn €KOHOMIYHMI ebeKT Npu peanisauil 3anponOHOBAHOI TeXHOMOorii Ang
ymoB koHBepTepHoro uexy MNAT «[HinpoBcbknii meTkoMbiHaT» cknagae 4311789 rpH. Ha
PiK (2 rpH./T cTani).

Cnucok nitepatypu

1. CmupHos A.H. BHeneyHoe paduHmpoBaHme 4yyryHa u ctanm / A.H. CMnpHOB,
A.M. 36opwmk. — [JoHeuk: NBY3 «oHHTY», 2012. — 186 c.

2. High-temperature modeling of hot metal tapping from the converter with argon
supply to the tap hole cavity // A.A. Pohvalityi, A.D. Kulik, E.N. Sigarev, K.I. Chubin,
M.A. Kascheev, A.N. Stoyanov / Metallurgical and Mining Industry. — 2017. — Ne5. — P. 46-
50.

YOK.669 18:519.564
B. O. Py6aH, O. M. CtosiHoB, K. I'. HizsieB, €. B. CuHeriH

HauioHanbHa meTanypriiHa akagemia Ykpainu, M. Hinpo

XONOAHE MOAENOBAHHA MNAPOAMHAMIKU KOBLUOBOI BAHHU

MosaniyHa o6pobka meTany € ogHUM i3 Hanbinblw edeKTUBHUX HanpsIMKIB
eeKTMBHOIO MigBULLEHHS HAKOCTIi Ta BNacTUBOCTEM MeTanonpogykuil  MacoBOro
npu3HaveHHa | pecypcosbepexeHHa B metanypril. OgHum 3 Hanmbinbw egeKkTBHUX
3acobiB 3HMXXEHHA MaTepiano- Ta eHeproeMHOCTi cTani npn o6pobui Ha yCTaHOBL, «KiBLU-
niy», € OOTPUMaHHS BCTaHOBIMEHUX PEXMMIB NPOAYBKW, LIO 3HA4YHO BMNIMBAKTb Ha
dopmMyBaHHA 6GapOOTaXKHOT 30HM.

[ns npoBeAeHHA AoCNiAXeHb rigpoAnHaMIK/ KOBLLOBOI BaHHM Npwu NpoayBLi Yepes
AOHHI OyTTbOBi npuctpoi BOyna cTtBopeHa nabopaTtopHa yCTaHOBKA AN XOMOAHOro
MOZENIOBaHHS.

[MpoBeneHo xonogHe MoLentoBaHHA NPOAYBKM cTasli HAa Mogeni YCTaHOBKU «KiBLU-
niy» Yepes OOHHI AYTTbLOBI NPUCTPOI PO3TallOBaHi Ha Nepudepii, ANA BUBYEHHSA BNNMBY
IHTEHCUBHOCTI NPOAYBKW, a TakoX OCOBMMBOCTEN rAPOANHAMIMHUX MPOLIECIB, CTBOPEHHS
MaTeMaTUYHUX Mogenen npouecis y 6apboTaxHin 30HM Ha rpaHuui meTan-wnak. 3a
pesynbTaTamu npoBeAeHUX AOCHiMKeHb, OTPUMaHi 3aneXxHOCTi BMnuBy BUTpaT rasy i

KINTbKOCTI LUMaKy Ha BiAHOCHY NSOLLY OrofieHHs A3epkana metany (aue. Tabn.).
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Tabnuusa — Bnnme BUTpaT rasdy i TOBLMHM LUMAKy Ha BiAHOCHY MIOLLY OrofieHHs

O3epkara Mmetany

ButpaTu rasy, n/xs
ToBLMHa Waky, MM
100 400 800
200 1% 61% 67%
220 1% 48% 63%
240 1% 43% 62%

BcTaHoBneHo, Wo TOBLWWHA LWMAaKy He CYTTEBO BMSIMBAE Ha BiAHOCHY MNMOLLY OrOfeHHS
MeTany nopiBHAHO 3 BuUTpatamu rasdy. lNpu padiHyodin npoaysui 3MiHA TOBLUWMHM LUMAKY
Ha OrosfieHHs A3epkana MeTany He BnivMBae, TOAI SK NPU yCepeaHIoYin Ta IHTEHCUBHIN
NpoAyBUi Nnowa Asepkana MeTany OroftetTbca npubnmusHo Ha 43-61% Ta 62-67%
BiAMOBIAHO, B 3anexHOCTi Big TOBLWMHW wWwraky. BigMiyeHo, WO npyv BUKOPUCTaHHI
npoayBHMX OMOKIB po3TalloBaHUX Ha nepudepii LWnak 30CepeaKyeTbCsl B MPOTUNEXHIN
CTOPOHi KOBLIA Bi4 1X poO3MilleHHda. BigmiHHOK ocobnumBICTIO NpoayBkM 4epe3 [ABa
npoayBHMX 6noka € YTBOPEHHSA 3acTinHOI 30HW. MeTogomM CTaTUCTMYHOrO aHanisy
OTPUMaHI PIBHAHHSA, $Ki OaloTb 3MOry BU3HAYUTUM OCHOBHI MNPUHUMMIM  (POPMYBaHHS
GapboTaxHOl 30HM i i BAAMBY Ha LWap LWMAaky npu npoayBui Yepe3 npoaysBHi 6noku.
3aranbHnin BUMMSA PIBHAHHSA, SIKUA O03BONSIE po3paxyBaTy BiOHOCHY MSIOLLY OrOSIEHHS

A3epKana MeTarny, HaBeeHO HUXX4Ye:

9,3
5=136-102 . hq — %,

wi

ae (- BuTpatu rasy, n/xs;
h — ToBWMHa Wnaky, MM;

S — BigHOCHa nnowla oroneHHa a3epkana metany, %.

OTprmaHa mofenb He B MOBHIM Mipi ONUCYE CTaH LWaKy, OCKiflbkM He Bpanucb oo
yBarun kputepii PenHonbaca i Bebepa. 3a pesynbTaTamm po3paxyHKy Npouecy BUaaneHHs
HemMeTaneBuxX BKIOYEHb BCTAHOBIIEHO, LWLO BiCOTOK BUAANEHUX HEMeTaneBux BKMOYEeHb

3poctae 3 9 o 26 % npwu 36inbLeHHi BUTpaTn HenTpanesHoro rasy 3i 100 go 800 n/xs.

333




JIMTBO.METAJIYPTIA. 2019

YK 669.162.261.3
B. B. CemakoBal, B. . Pycckux?, C. A. Kapukos?, B. B. CemakoB!

MpnasoBckuin rocyaapCTBEHHbIN TEXHUYECKUiA yHuBepcuteT, Mapuynonb
2YAO «MK «A3OBCTAJIb»

AHAINMN3 UBMEHEHUA PYOHbIX HATPY30K MO PAOUYCY KOJTOLWWHUKA NPU
3AIrPY3KE WUXTbl LUKITAMU NOOAY AAKK| U KAAK|

Hanbonee 4yacto OoMeHHble ne4yu, obopyaoBaHHble KOHYCHBIMM 3arpy304HbIMM
ycTponcTBamu, 3arpyxatoT umknamu nogad AAKK|-n, KAAK|-m, rae n 1 m — yucno nogad
B uukne. MNpamble nogaun AAKK| (A — arnomepart, K — KOKC) 3HaA4YNTENbHO MOArpyXarwT
nepudeputo TONbKO NpU HerryboKMX BOPOHKax MOBEPXHOCTM 3acbinu (Yron HakmnoHa K
ropu3oHTanbHonM noBepxHocT a Ao 28-30°). C yBenuyeHneM o 3arpyska npsiMbiMn
nogayamm He JdaeT BO3MOXHOCTM ObICTPOW [Orpy3kuM pygHbIMM — MaTepuanamu
nepudepunHon 30Hbl. 3arpyska nogadamu kokcom Bnepen KAAK| cnocobeTtByeT
CHWXKEHUIO pyaHou Harpy3km Ha kokc (PH) Ha nepudepun, He yBenuuumBas eé€ B
LEeHTpanbHOM 30HEe KOMOLLHMKA.

AHanus kayecTBeHHOro mamMeHeHuss PH no paguycy KonowHuka npu 3arpyske
wnxtbl uuknamm nogad AAKK|-n, KAAK|-m npoBogunca Ha OCHOBE YrpOLLEeHHOWN
MaTeMaTM4YeCKOM MOAeNiM pPacrnofioXXEHUs CrioeB KOMMOHEHTOB LUMXTbl Ha MOSIOron
MOBEPXHOCTM 3acbinn nepeq 3arpyskon oyepegHonm nogaynm 6e3 ydyeta nepeToka
mMaTepuanoB Kk ocu gomeHHon neuwn (Of1), B TomM 4ymcne npu oGpa3oBaHUN KOKCOM
3arpy>keHHou nogayun NceBAOOXKMKEHHOro Crnod B LeHTpansHon 3oHe [1, 2]. Cpasy nocne
3arpy3kn B OOMEHHYKO MeyYb LUMXTOBblE MaTepuanbl B TeyeHue Hebornblioro nepuona
BPEMEHM pacTeKkalTCA MO KOMOLWHMKY 1 06pa3ytoT NOBEPXHOCTb 3achbinu ¢ a = 5-12°,

[ns onpegeneHns Ka4eCTBEHHOro U3MeHeHus pagmanbHbix PH paccmaTtpuBanoch
pacrnonoxeHue pyaHbIX N KOKCOBbIX COEB Mpu 3arpys3ke mMatepuasrioB ¢ YpOBHEM 3acbInu,
COOTBETCTBYIOLUMM WX YKNagke HenocpeCTBEHHO K CTeHaM KOMOLWIHMKA, Ha Mosoryro
NMOBEPXHOCTb 3acbinu. MopgenuvpoBaHue npoBOAUSIOCH AN uUMkna nogady c obuien
PH=4,6kr/kr. [lpyHaTble ycrnoBus MoAenvpoBaHWA npegnonaranu  co3gaHue
MakcumarnbHon PH y cTeH neuun B npouecce 3arpy3ky NnpsmMon nogayu, B T.4. 3a CHET TOro,
YTO He Y4YUTbIBaNOCb nepepacnpeferieHne WuxTel NO paguycy u nNepeTtok pyaHbIX

mMaTepuanoB B LieHTparnbHbI cToNb kokca. Takum obpasom, yCcunmBanucb KaueCcTBEHHbIE
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OTNNYMS XapakTepa pagmanbHoOro pacnpegenenus pyaHslx Harpysok (PPPH) Ha kokc ans

LUUKITOB 3arpy3kun ¢ pa3findHbiM COOTHOLWLEHNEM MNMPAMBIX nogady U nogay KOKCOM Bnepép,.
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PaccmosHue om cmeH KofowHuKa, 0. ed.

Puc. 1— Pesynbtatbl mogenupoBaHus nameHenna PPPH npu 3arpyske uuknamm
AAKK|-n, KAAK|-mnpn: 1 - m=0;2-n=0;3-n=2,m=3;4-n=3, m=2;5-n=4,
m=1

Kak BuaHo u3 puc. 1, npsmasa nogaya (nuHus 1) nogrpyxaet nepngepunHyto 30Hy,
oTHocuTenbHasa PH y cteH neun 2,88 a. eq., n pasrpyxaet 30HY, pacnonoxeHHyto y Or1.
Mnowaab oceBoW OTAYWMHbI B OTCYTCTBUE MepeToka pyAdHbIX MaTtepuanos B
LEeHTpanbHy0 30HY cocTaBenseT okorno 29 % nrowanu KomowHuka. [logada Kokcom
Bnepea (NMHusa 2) pasrpyxaet nepudpepunHyto 3oHy (PH=0,81p4.en.), cmewas
MakcumanbHyto PH B npomexytouHyto 30Hy (PH = 2,17 AO. eq.) n HeCcKonbKo nogrpyxas
PyOHbIMW MaTepuanamu LeHTpanbHyo 30Hy neydn. Mpu 3Tom nnowagb oceBov OTAYLINHbI
cokpawaetcsa 0o 20 % nnowaan KonowHuka. Ana 0encTByoWmMxX AOMEHHbIX neYven nocne
nepepacnpeaeneHus matepumanoB no paguycy nedn CHYMTaeTcs pauuoHanbHOW nnowanb

OCEBOW OTAYLUMHBI OKOMO 4-6 % nnoLwiagn KonoLHMKa.

Cnucok nutepaTypbl

1. UccneposaHne MmacconepeHoca npu nortepe cTabunbHOCTH rpaHn4yamnx

3epHucTbIX cnoes / B. 1. Tapacos [n gp.] // Ctanb. —1991. — Ne 9. — C. 11-14.
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2. ®edynos, KO. B. MexaHuka opmMmMpoBaHUSA CNosi MatepuanoB Ha KOMOLUHWUKE
aomeHHoun neuu / HO. B. ®deaynos // Ctanb. — 1991. — Ne 3. — C. 9-14.

YK 669.162.261.3
B. 6. CemakoBa, . U. XapueHko, B. B. CemakoB

lMprasoBcKknn rocygapCTBEHHbIN TEXHUYECKU YHUBEpCUTeT, . Mapuynonb

MATEMATUYECKOE MOAEJIMPOBAHUE LIUKIOB 3AINPY3KU C BbICOKMMMU
CNOAMU KOKCA

CHmXeHne pacxoga Kokca Ha BbiMnmaBky 1T 4YyryHa B pesynbrarte
COBEpPLUEHCTBOBAHNA [AOMEHHOro npouecca npuMBOAUT K YMEHbLUEHUIO BbICOTbl CrOEB
KOkca B CToNnGe WMXTOBbIX MaTepuanoB, YTO yXyAlwaeT rasoguMHamMumyeckue YcCroBus
paboTbl gomeHHon neun (O). ChopmmpoBaTb BbICOKME CrOM KOKCA MO3BOMSANOT LMKIIbI
nogad, npegycmaTtpusarollmMe nocrnenoBaTernbHy0 3arpy3ky B AOMEHHbIe MeYn YeTbipex
ckmnoB kokca [1]: AAAA|KKKK|, AAA|AKKKK| n AAKKK| KAA|, koTopble obecneuynBatoT

nepepacnpeaerneHse maTepuarnos no paguycy KOMOLLHUKA.
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PaccmosiHue om cmeH neyu, M

Paccmoskue om cmeH nedu, m
a) 6)

Puc. — PagnansHoe pacnpegenenuve ansa umkna nogad AAKKK| KAA|: a — BbIcOT crioes
arnomeparta (1-5) n kokca (6-9) npn PH B nogave: 2, 6 — 3,5 kr/ kr; 3, 7 — 4,0 kr / Kr;
4,8 —-4,5«kr/kr; 5,9 —5,0 kr/ kr; 6 — pyaHblx Harpy3ok npu PH B nogave: 1 — 3,5 kr / kr;
2—4,0«r/kr;3—4,5«kr/kr; 4—5,0kr/kr
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Mpn noMmoLm maTeMaTU4ECKOro MOLENMPOBAHUS CUCTEM 3arpy3ku JOMEHHOW neyun
nonesHbiM o6 bemoM 2000 M2 Npy NONOro NOBEPXHOCTU 3aChINU U PACTONOXEHUN rPeGHS
MaTepuanoB Yy CTeH KonowHuka 6e3 ydyeTa nepetoka LWMXTbl K OCM neynm Obino
yctaHoBneHo [2], 4to uumkn 3arpy3km AAAA|KKKK| oTHOCUTENLHO paBHOMEPHO
noarpyxaeT nepugepumiHyio U NPOMEXYTOYHYK 30Hbl, pasrpyxas OCEeBYH 30HY Mpu
pyaHon Harpyske Ha kokc B nogade (PH) po 4,5 kr / kr. PH y cTeH konowHuka coctaBnseT
3,9-4,8 kr / kr.

Unkn 3arpyskun AAA|AKKKK cnocobcTteyeT nosbiweHnio PH B nepudepuiiHon 3oHe
6onee 8,0 kr / Kr  opMMpPOBaHMIO OCEBOM OTAYLUNHLI BoMnbLUEro gnameTpa.

[MpomexyTouHOe pacnpeferneHne crnoes arfiomepara U Kokca opmupyeTcs npu
3arpyske wnxtbl umknom AAKKK| KAA|. lNMpu noBbileHUM pyOHOW Harpy3km Ha KOKC B
nogadve c 3,5 oo 5,0 kr/ kr PH y cTeH konowHuka ysennumBaetcs ¢ 4,9 kr / kr 4o 6,6 kr / kr.
Mpn oTHOCKMTENBbHO HM3Kon PH = 3,5 kr / kr B Nogade pyaHasa Harpyaka Ha KOKC no paguycy
KOMOLUHMKa NfiaBHO CHWxaetcs oT nepudpepumn (PH = 4,9 kr/ Kr) K NPOMEXYTOYHOM 30He
(PH = 4,3 kr/ kr) n ganee — K LeHTpy ne4vun, npu oTHoCUTeNbHO Bbicokon PH = 5,0 kr / kr —
y CTEH KOSOLLHMKA Ha npoTsbkeHnn 1 m PH ocTtaetca npaktnyeckm HemameHHon 6,4 Kr/ Kr.
Takke ycTaHOBSIEHO, YTO C yBenuyeHnem PH NpoTsiKeHHOCTb pyaHbIX Matepuanos Mo
paguycy KomnowHuka ymeHbwaetca ¢ 2,1 M npu PH = 3,5 kr/kr go 2,0 m npu
PH = 5,0 kr / kr B nogaye, 4To yBenuyMBaeT nrowagb OCeBOW OTAYLWMHbI U cnocobecTByeT

Pa3BUTUIO OCEBOIO rA30BOro rnoTokKa.

Cnucok nutepaTtypbl

1. Cemakos, B. B. WccnepoBaHue BnvsiHAS nopsigka 3arpy3kM  LUMXTOBbIX
mMaTepmanos nNpu GOpMUPOBAHNN UX BbICOKMX CIOEB Ha pacnpeneneHve pyaHbIX Harpy3ok
no pagnycy KonowHuka gomeHHon neun / B. B. CemakoB // MNpobnemn eHepros3bepexxeHHs
B npomMmucrioBoMy perioHi. Hayka i npaktuka: || BceykpaiHCbka HayKoBO-NpakTuyHa
KOH(pbepeHuia monoanx BYeHuX, daxiBuiB, acnipaHTis, [1IBH3 «[lMpunasoBcbkuin aep>xaBHUN
TEXHIYHUM yHiBepcuTeT», M. Mapiynonb, 11-12 TpaBHsa, 2016 p. — Mapiynons : ABH3
«MNATY», 2016. — C. 82-84.

2. Cemakosa, B. 6. MogenupoBaHue pyaHbIX Harpy3ok no pagnycy AOMeHHOW neyn
npu 3arpyske LUMKIOB C pas3genbHbiMu pyaHbiMyi nogadamu / B. b. Cemakosa [un gp.] //
Jinteo. MeTtanypria. 2018 : Marepianm XIV  MikHapogHOI  HayKOBO-MPaKTUYHOI
KOHpepeHUuii (22-24 TpaBHa 2018 p., M. 3anopixka) — 2018. — C. 295-297.
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YK 669.76:669
B. O. CuHenbHukoB?!, M. Wyuku?!, A. Kanuw?, P. O. KysemMko?
AGH «Hay4HO-TexHUYeckuin yHuBepcuteT», r. Kpakos, MNonbwa

2I'BY3 «[lMpunasoBckuit rocyaapCTBEHHbIN TEXHUYECKUIA YHUBEPCUTETY, I. Mapuynonb

MOLENIMPOBAHUE NPOLIECCA PA3BPbI3rMBAHUA LUNTAKA NMPU PA3JIMYHbIX
BAPUAHTAX KOJINYECTBA CBEPX3BYKOBbIX CONE/

OanH wn3 cnocoboB NPOANEHNA KamMmnaHuM  KACIIOPOAHbIX KOHBEPTEPOB —
yBenunyeHne CTOMKOCTU OrHeyrnopHon yTepoBKX, YTO JOCTUraeTCs NyTeM UCMONb30BaHUS
NMPOMBILLIIEHHOrO OTXO4a — LWraka, KOTOPbIN OCTaeTCcs B KOHBepTepe nocre npoayBku U
cnuBa ctann. HepoctatouHad  3PPEKTUBHOCTb  UCMONb30BaAHUA  TEXHOMNOTUK
pa3bpbI3rMBaHNSA OCTAaTOYHOrO LWaka cBA3aHa B Gonbluen Mepe C TeM, YTO NpoBeaeHne
NMONMHOLIEHHOr0 3KCNepuMeHTa B 30HE BbICOKMX TemnepaTyp KMCNopogHOro KoHBepTepa
HEeBO3MOXHO. [loaTomy 6e3 mMoaenvpoBaHUSA pasfMyHbIX BapuaHTOB 3TOro npouecca C
y4eTOM pPasfnyHbiX (akTopoB U PU3NYECKUX BO3OEUCTBUM YCKOPUTbL BHeOpeHue
CINOXHOro TEXHOSTOrMYeCKoro npouecca 3aTpyaHuTesnbHo [1].

UcxodHble OaHHbIe, UCrosfib308aHHbIe rnpu moodesnupogaHuu: anametp ypmbl 0,2-
0,25 M; yron HakrnoHa CBepx3BYKOBbIX conen 14°; konn4ecTBo paclumpsaowmxea conen 1-
5; npoayBoyHbi ras3 — as3oT (N2); BA3kocTb asota 6-10° [Ja-c; NMMOTHOCTb LUMaka
3000 xa/m3; nHTepBan mogenuposaHus — 0,05 ¢, BbicoTa cros wnaka — 1 m.

B HacToswen pabote 6binn MccrnenoBaHbl pasfMyHble BapuaHTbl MO BAWSAHMIO
KOnmM4yecTBa CBEpPX3BYKOBbLIX COMef, pacrnofioKeHHbIX B CpeanHe connoBoro 6rnoka m no
nepudepun, Ha pasbpbl3rMBaHue LNaka.

3ameTMMm, 4YTO nNpu NPOBEAEHUM  pasnuYHOro BuAa  UccnegoBaHUnM  —
NPOMbILUSIEHHbIA  9KCMEPUMEHT WM  MaTtemaTuyeckoe MOoAenuMpoBaHue npouecca —
AOBOMBbHO NMpoGrnemMaTnyHO y4ecTb OMHAMUYECKYH BS3KOCTb 77 KOHBEPTEPHOro Lwinaka. B
nutepatype WHpopmauunm o6 3ToM napameTpe (7)) BecbMa Mano. WccrnepoBaHui,
MO3BOMAIOLNX ONPeAennTb ero TOYHOE 3HaYeHne, aBTopammn 3Ton paboTbl HE HadeHO, a
BCA MHpOpMaLMA MO BA3KOCTU LIiaka MeTannyprumiecknx kombuHatos EBponbl SBnstoTCS
cyrybo KoMmep4yecknum npoaykTom. VIMEeHHO no 3ToM npuyMHe B HacToswen paboTe
NCMOnb30BaHbl pe3ynbTaT 3HAaYeHNN ANHAMUYECKOW BA3KOCTU, KOTOPbIE aBTOPbI NONYy4Ynnm
amnupuyecku [1].
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Pesynbmambi modenuposaHusi. ABTOpbl AaHHOW paboTbl Hambonee ycneLwHbIMK
cunTaloT pesynbTaTbl MOAENMPOBAHMS C UCMONb3oBaHMEM 4-X U 5-m CBEPX3BYKOBbIX

conen. Ha puc. 1,a npeacraesneH KOHBepTep nepepn nogadven asora vYepes pypmy (t = 0c).

Time Frame: 0.00000 Time Frame:  0,70001

a

Puc. 1 — Pe3synbmamsi modesiuposaHusi pa3bpbizausaHus wiaka 8 ripogpamme FLOW-3D

C YembIPeXcorn08bIM HAaKOHEYHUKOM ¢pypmbl: a — 0 cek., 6 — 0,7 cek., 8 — 3 cex.

Time Frame: ~ 0.00000 Time Frame: 0.50002 Time Frame:  3.00004

Puc. 2 — Pe3ynbmamsi ModesiuposaHusi pa3bpbizausaHus wraka 8 ripoepamme FLOW-3D

C MuCOonIo8bIM HaKOHEeYHUKOM pypmbl: a — 0 cek., 6 — 0,5 cek., 8 — 3 cex.

3ameTuMm, 4YTO B OTNMYMe OT BapuaHtoB C 1-3 connamu, umMmnynbca CTpyw,
NCTEKAKLWMX N3 YEeTbIPEXCOMMNOBON PypMbl, AOCTATOYHO AN TOro, Ytobbl NOAHATL BCHO
Maccy pasbpbidrmBaemoro wnaka yxe 4yepesd 0,7 cekyHabl. CywecTBEHHO OTnMYaroTCs
pesynbTatbl  MOAENMPOBaHWA MPU  UCMOMb30BaHUM  QYpMbl  C  NATUCOMMOBbLIM
HaKOHe4YHMKOM. M3 puc. 2,6 BMAHO, YTO OTPbIB LUITAKOBOro pacnnaea OT AHa KOHBepTepa
npoucxoaut yxe 4vepesd 0,5 cekyHabl, YTO eulle pa3 noaTeBepxgaeT akT yBenMyeHus
nMnynbca CTpyW, BTEKawLwmnx B pacnnas. danbHenwun xopn npouecca MoaenupoBaHus
Ba)XXEH WCKMIOYNTENBbHO C TOYKM 3peHUsi HabnaeHust noneTta Kanefb wWrnaka UM ux
npununaHns K yTepoBKe, Torga Kak B Hactoswen paboTe CTEHKM KoHBepTepa Obinu

3afaHHbl, Kak abCconoTHO rnaakue.
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Cnucok nutepatypbl

1. Sinelnikov V.O. Influence the FeO content on slag viscosity at his spraying.
Increase the life of the refractory lining / V.O. Sinelnikov, D. Kalisz // Glass and Ceramics.
—2016.—Vol. 73, Ne 3 — 4, — P. 144-148.

YK 669.162
€. M. Cirapbos, O. B. [loBxeHko, B. . NoneTaeB

[HINPOBCbKUI Aep>KaBHUN TEXHIYHUIW yHIBEpCUTET, M. Kam’stHCbke

3ATANYBAHHA NOKPMBHOIO LUNAKY A0 KIBLLOBOI BAHHU

BmicT 3aniza y wnakax, fiki ckadytoTb nicrnsg obpobku Ha Y[, konuBaetbcs y
Aiana3oHi 60-78%. BcTaHoOBRNEHO, WO Yy HE3aNeXHoCTi Big MicTa Biabopy npob 3a BUCOTOO
Lapy MOKPUBHOTO LWUMAaKy, B OCTaHHIX 3HaXOAUTbCS He MeHLW HiK 25% KOpOnbkKiB YaByHY
pisHNX ppakuin. KiHUEeBMA BMICT KOPOMbKIB Yy LIMAaKy 3anexuTb Bif TEXHOMOr4YHOro
BapiaHTy gecynbdypauii Ta psgy nepemMiHHUMX napameTpiB npouecy, Yy TOMYy YMCHi:
MOTY)XKHOCTI MepeMillyBaHHs Ta CTyneHa TypOyrneHTHOCTI BaHHW; TOBLUWHM MOKPUBHOIO
wapy, gi3nKo-xiMiYHOro CTaHy, B’SI3KOCTi OCTaAHHbLOrO Ta rMMOWHN 3aTAryBaHHS LUNaKy 3
rpaHuLi «Lnak-meTan» 4o MeTaneBol BaHHM.

[MoTpannsaHHA Kpanenb 4YaByHY OO LWMAaKy, 3a OAHUM 3 MOXIUBUX MEXaHi3MiB,
3abe3nevyeTbCca 3a paxyHOK iX 3axOMMEeHHs LWIakoM, WO 3aTAryeTbCs LMPKYNALIMHUMUN
noTokamMn A0 BEPXHiX LwapiB MeTaneBol BaHHW. BuHeceHi 0O wnaky Kpanni 4aByHYy
KoanecuylTb Ta, 3a YMOBWU OOCATHEHHS KPUTUYHOrO po3mipy (3-5 mMMm), kKonn gis cunm
TSOKIHHA CTae Oinblle HbK cuna MOBEPXHEeBOro HATArHEHHd, OCigatoTb Yy HWKHI wapu
LUNaKoBOI BaHHM [0 rpaHuui 3 MeTanom, a 3a YyMOB [JOCTaTHbOI BUTPUMKW BaHHU —
noBepTalTbCs 40 MeTaneBol BaHHW.

3 MeTo AochnigKeHHA 0cobnmMBOCTEN 3aTAryBaHHSA MOKPUBHOMO LUMaKy Ao ob’emy
MeTany 3 MixdasoBoi rpaHuLi, NpoBedeHa cepia i30TePMiYHUX eKCnepuMeHTIB Ha Moaeni
BENNKOBAHTAXXHOrO 3anuBarsibHOro KoBLwy. [1ns BU3Ha4YeHHS BNSIMBY OCHOBHUX NapamMeTpiB
npouecy rmMbMHHOro BAYBaAHHS rady Ha MacoOOMiHHI npouecu Ta rMUbuHy 3aTaryBaHHS
MOKPUBHOrO LWMaKy [0 MeTaneBol BaHHM 3acTOCOBaHO METOAMKY NiaHyBaHHS

E€KCNepuMeHTy.
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PeanizoBaHnin NOBHUIN (bakTOpHUI eKcnepuMeHT. [JO hakTopiB BNAMBY BigHOCUIN:
WwBKAKICTb obepTaHHa 3arnnbHoi dypmu (X1 (n), 06/xB.), BUCOTY wWapy MNOKPUBHOIO
«wnaky» (X2 (8), mm), ButpaTy rasy-Hocito (X3 (Q), n/xs.).

BcTtaHoBMEeHNMM HeOOHO3HAYHUN XapaKTep BMNUBY $SK KOHCTPYKLUIiI HakOHEe4YHuKa
dypmMu, NMUTOMUX BUTPAT rasy, WO BAYBaKTb KPi3b COMMa HAKOHEYHWKA, Tak i TOBLUMHU
MOKPMBHOIO LWMAaKy Ha rNUBUHY 3aTAryBaHHA OCTaHHbLOrO OO0 BaHHW. 3a pesynbTatamu
00pobOKM OTpMMaHMX AaHUX 3anpornoHOBaHi MaTeMaTuudHi Modeni, ki npugaTtHi ans
BM3HAYEHHS BNNUBY OOCHIOXEHUX (PakTopiB Ha MUBUHY 3aTAryBaHHS «LWIMaky» 00 BaHHU
(Zwn, MM).

[o npuknagy, Ans ymMOB BMKOPUCT@HHSA [OBOCOMMOBOrO HAKOHEYHuKa 3arnunbHoi
dypmu BignoBigHI MaTemaTudHi mogeni npeacTaBneHi Bupasamu:

— [ON4 giana3oHy wBnakocTi obepTtaHHa 3arnnbHoi dypmum 0...90 06/xs.
Zuwn=0,6328 - 0,0068 -n + 0,0257 -6 + 0,1673 - Q + 0,0077 -n- & +

+0,9702-6-Q-0,0068 n-6-Q; Q)

— AnA gianasoHy WBMaKoCcTi o6epTaHHA 3arnnbHoi dpypmun 120...240 ob/xs.

Zwn=0,6265 - 0,0091 -n+0,0309-6+0,1763-Q + 0,004 -n- 5+ 0,0049 'n-Q +
+0,9645-6-Q-0,0048 n-6-Q. (2)

29

m29-31
- 24
m24-29

m19-24
r 19

m14-19

m9-14
- 14

m4-9

Z, rnubvHa 3aTAryBaHHA, MM

6 10 15 20

ToBwuHa waaky, mm

25 30

PucyHok — lNoBepxHs Biaryky WBWMAKOCTI o6epTaHHA 3arnMbHoi pypmMu (y AianasoHi
120...240 06/xB.) Ta TOBLUMHW LLAPY LUSIAKOBOro NOKPUBY Ha MMUOMHY 3aTAryBaHHs LUNaKy

00 BaHHW. BuTtpaTta rasy Ha npoaysky — 1,0 n/xs.
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3rigH0 3 pesynbTatamu  NPOBEAEHUX  YUCENbHUX  EKCNEePUMEHTIB 3
BUKOPUCTaHHAM OTPMMaHUX MoAaenen 4o Hanbinbl BU3HavYanbHMX pakTopis BNAMBY Ha
rMMbnHy 3aTaryBaHHs WaKky NOToOKamMu 40 BaHHU MOXHa BiAHECTH:

— npu wBmMaKocTti obeptaHHa 3arnubHoi dypmn o 90 06/xB. — WBMAKICTb
obepTaHHa hypMn Ta TOBLLMHY LLAPY NOKPUBHOIO LUMAKY;
— Big 90 oo 120 06/xB. — TOBLUUHY LLapy NOKPUBHOIO LUSAKY;

— Big 120 go 240 06/xB. — WBMAKICTb 06epTaHHA bypmu (puc.).

YK 669.162
€. M. Cirapbos, [1. C. Koumona, A. A. lNoxBanituun

[HINPOBCbKNI Aep>KaBHUN TEXHIYHNIN YHIBEPCUTET, M. Kam’stHCbke
3AKOHOMIPHOCTI ®OPMYBAHHSA BYPYHA HA NOBEPXHI KIBLLOBOI BAHHU

Ha ocHoBi pgocBigy BMNPOOYBaHHA  KOIHXEKLINHOI ~ TEXHOMOrii  KOBLUOBOI
aecynbypaudii B ymoBax kKoHBepTepHoro uexy [TAT «OMK» Bu3HayeHi ymoBM
pauioHanbHOro AyTTbOBOrO pPexXumMy Ofs BAYBAHHS peareHTiB yrnvbd BaHHW, BiOXWNEHHS
BiO, SIKMX CNpUSIE BUKMOAHHIO LUNakoMeTaneBoi Macu, YTBOPEHHIO «MPOBUBHOIO» peXunmy,
Npun3BoaUTb 0 36iNbLEHHA aMnniTyan KoNMBaHb BaHHW Ta BUCOTM BypyHa Ha i NOBEPXHI.

[na yTOYHEHHA CTyneHs BNSIMBY Pi3HUX (pakTopiB Ha (pOpMyBaHHA Ta reOMeTpUYHI
napameTpu (BMCOTY (X1)) OypyHa Ha NOBEPXHi BaHHW NPOBENW Cepito i30TEPMIYHMX
eKCMepuMEeHTIB 3 BMKOPUCTaHHAM Mogeni KiBwa 3 nnekcurnacy y macwTtabi 1:12 no
BigHOWeHHIO o0 230-T npomucrioBoro arperaty. Y SKOCTIi MOLENbHOI PpianuHKM ans
MeTaneBoro poannasy BukopuctoByBanu Boay (20°C), rasy-Hocito — KOMMpecopHe
NOBITPSA, a ANA MOAEMOBaHHA LWapy MNOKPMBHOMO LWaky (ToBWMHOW (X2) 6...30 mMm) —
CUHTETUYHE MOTOpPHe Macno. BukopuctoByBanu ogHO- Ta ABOCOMMOBI HaKOHEYHWUKU
3arnnbHux ypm 3 uuniHgposumn connamm giameTtpom 0,0013 Ta 0,001 mm BignosigHo.
LWsunakicte obepTtaHHa 3arnMbHol dypmn (X3) HaBKONO BepTUKanbHOI Bici 3MiHIOBanu B

mexax Big 0 go 240 ob/xB.
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saranbma  BUKPHTA lona
pypma \\I I

A Gypyn

mizpazona
rpanHns
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, | ponaan
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a B
Puc. 1 - Cxema chopmyBaHHs (a) Ta npodinb 6ypyHa (6, B) Ha noBepXHi MOAENbHOI

KOBLLOBOI BaHHW NMpu LWBUAKOCTI o6epTaHHA 2-x connoBoi hypmun y 120 06/xB. (6) Ta 240

06/xB. (B) 3 BuTpatoto rasy 2,2 n/xs. Ta 1,0 n/xs. BiaNoBiaHoO

OTpumaHi mMatemaTuyHi Mogeni Ansi BU3HAYEHHSA 3anexHoOCTi BUCOTU BypyHa Ha
NOBEpPXHi BaHHM Big4 bakTopiB BNnAMBY. Tak, 4O Npuknagy, Ana ogHoconnosBoi ypmn y
AianasoHi weunakocTi i o6epTaHHsa Big 120 o 240 o6/xBun.:

H, =1.3888 — 0.00044-X, — 0.1178- X, — 0.0628 - X; + 0.00001 - X, - X, +
+0.00158-X, - X; + 0.2425-X, - X; — 0.00148 - X, - X, - X,
[na 2-x connosoil pypmu:
H, = 0.858 + 0.0041-X, — 0.0413-X, + 0.167-X, — 0.001-X, - X, —
—0.00072 - X, - X; +0.000625 - X, - X, - X,
Pesynbtaty  4ncenbHOro  MOAENIOBAHHA i3 BUKOPUCTAHHSAM  OTPUMaHUX

MaTeMaTUYHUX Moenen HaBedeHi Ha puc. 2.

5 8
BucoTa bypyHa, mm

Bucora BypyHa, Mm

Puc. 2 — Bucota 6ypyHa Ha noBepXxHi BaHHW NpU BUKOPUCTaHHI 1-HO (@) Ta 2-X ConsioBol

(6) dbypmum, sika obepTaeTtbes 3i wemakicTio 120...240 o6/xB., npu BUTpaTax rasy 2,2n/xs.
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Ha nigcTaBi aHanisy pesynbtaTtiB MOAeNtoBaHHSA MOXHA 3p00OUTU BUCHOBKM, WO ANs
3abe3nevyeHHs HanexHUX yMOB KOBLUOBOI Aecynbdypauii YaByHY, 3MEHLUEHHS NUTOMUX
BUTPAT MarHito Ta NiABULLEHHS CTYNEHS BUKOPUCTAHHA OCTAHHbOMO Ha CipKY OOUISTbHUM €:

- po30CepeKEHHS peaKkUiiHUX 30H BAYBaHHA peareHTiB y BaHHY, Y TOMY 4uchi 3a
paxyHOK 30ifibLUEHHSA KiNbKOCTI conen y HakOHEYHUKY dypMK Ta 3aCTOCYBaHHS MPUAOMY
obepTaHHA bypMK HABKOMO BEPTUKANBHOI BiCi;

- NIATPUMAHHA MaKCUMMaribHO MOXIMBOrO, Y OaHHUX YMOBaxX BUTPAT peareHTiB,
PiBHS MOKPUBHOIO LUMAaKy Ta NOro pigkopyxoMocTi;

- 3MEHLUEHHHA NMUTOMUX BUTPAT rady-Hocito 40 MiHIManbHO MOXITMBOrO PIBHSA, AKUN
34aTHuKM 3abesnevnTy NikBigaUito «3BOPOTHIX» yaapis, nonepeanTu 3anevyatyBaHHA conen

dypmu Ta 3ab6e3neunT TPaHCMOPTYBAHHA peareHTiB 40 peakuiiHUX 30H.

YK 669.162
€. M. Cirapbos, [1. C. Koumona

[HINPOBCbKUI Aep>KaBHUN TEXHIYHUIN YHIBEPCUTET, M. Kam’stHCbke

MNIABULLEHHA CTIMKOCTI ®YTEPYBAHHA 3ArNMUBHUX ®YPM

B ymoBax pi3kux TennoBux yaapiB i XiMi4HOI Ail wnaky 3arnubHi dypmu gng
KiBLUOBOI Aecynbgypauii 3a3Hal0Tb MeXaHiYHUX HaBaHTaXeHb, BUKINKAHUX Bypxnunsum
nepebirom npouecy. Ha TepmiH cnyxbu BNNnBatoTb HE TiNbKN BNAaCTUBOCTI BOTHETPUBKMUX
Martepianis, ane n cnocid BBegEHHA peareHTiB, KOHCTPYKLiA MeTaneBoro kapkacy, cnocio
3aKpinneHHa gyTtepyBaHHa Towo. [Ana niaBuleHHA TepMiHy cnyxbu dypm yeary
HEeOOXiAHO NMPUAINATU K 3HUXKEHHIO CXMMBHOCTI PYTEPIBKM A0 PO3TPICKyBaHHSA, Tak i B
AeLlo MEHLIOMY CTYNEH, KOPO3iMHIA CTINKOCTI. YTBOPEHHIO TPILLMH CNPUSIE HAABHICTb Y
Tpybi, WO Hece rasonopoLIKOBY CyMill peareHTiB, MiACUIOYNX eneMeHTiB. PisHa
TOBLUMHA LLapiB BOrHETPUBY B MiCLAX NMOCUMEHHS i NO3a HAMU CNPUSIE PO3TPICKYBAHHIO.
Okpim TOro, dytepyBaHHS PYMHYETbCA Nig BMSAVMBOM PO3LUMPHOOYUX HaMpyXeHb, Lo
BUHUKAIOTb B MeTaneBoMy Kapkaci oypmMun BHACMiLOK BMAMBY BUCOKMX TeMneparyp.

3acTocyBaHHA  KOKCO-kapbopyHAOBMX, KOKCO-LUAMOTHMX Mac, MPOCOYEHHS
BOFHETPUBKOI Macu Kam’ AsHOBYTifIbHUM MEKOM, BUKOPUCTAHHSA BUCOKOTIMHO3eMHOT (96%

Al203) Ta anokcutoBoi (55% Al203) dyTepiBkM, NnaBneHOro rAMHO3eMy, AO04aBaHHSA
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cTaneBnx apMyl4Mx BOSIOKOH, Ha Xalb, HE NPU3BENO 40 MNOBHOrO BMPILLEHHSA Npobnemu
PO3TPICKyBaHHS Ta KOPO3INHOCTINKOCTI.

Baxnueo yMOBOK nNiABULLEHHS TepMiHy ekcnnyartauili QypM € Takox
pauioOHaNbHUM PEXUM TX OXONOLKEHHS MiCfs BUMYYEHHS 3 poannaBy Ta TpuBanicTb
NPOCTOIB MK 0Opobkamn oOCTaHHbOro. Y HAnoHii dypmum He niggalTbCs  pisKoMy
OXOJTOAXKEHHIO, TX NoMiwalTb B GawTy nonepeaHboro HarpiBy i BUTpUMYOTb npu 600-
800°C po HactynHoi 06pobku. Po3pobneHi Takox pidHi cnocobu 3axucty dypm Big
HaaMIpHOro neperpiBaHHA LWNAXOM BiABEOEHHS Tenna Bif 1l 30BHILWHbLOI NOBEPXHi, 3a
paxyHOK 6e3nepepBHOro nNogaBaHHSA rasy-Hocito. Lle 3anobirae BUHMKHEHHIO TEPMIYHOI
Hanpyru. MNepcnekTMBHMM BUrNSLAE | BUKOPUCTAHHA bypM 3 ABOLLAPOBOK (DYTEPOBKOKD
Ta 3aCTOCYyBaHHA O4HOYACHO ABOX hypM.

Mpobnemun cTinkocTi cyTepyBaHHA 3arnMbHOI dypMn NoBsi3aHi, HE B OCTaHHIO
yepry, i3 HeBIQMOBIAHICTIO XiMIYHOrO CKnagy BOrHETPUBIB Ta LUMaky, Wo PopMyeTbCS Mo
xogy obpobku. Tak, go npuknagy, B ymoBax [MAT «OMK» poboTa dyTepyBaHHS
3arnnbHoi oypMu Npu KONMMBAHHAX XiMIYHOTO CKnagy LwWnaky, SiKMM 3anuuaeTbCs Ha
noBepxHi nepepobHOro YaByHy y KoBLWI nepea gecynbdypauieto (% CaO 21,0-44,7; SiO2
38,3-43,5; MgO 4,3-5,1; Al203 6,5-6,85; MnO 0,42-0,78; FeO 0,51-0,57) Ta dopmyeTbCA
no xoay o6bpobkn (% CaO 50,2; SiO2 37,3; MgO 6,9; Al203 7,2; MnO 1,2; FeO 4,5),
TpuBani nepepsu Mixk 06pobkamu, NPU3BOAATL 4O CKOPOYEHHS TEPMIHY Ti ekcnnyaTauil y
1,3-1,5 pa3n y NopiBHAHHI 3 rapaHTOBaHOK BUPOBHMKOM CTIMKICTIO.

[ns yTOYHEeHHs TemnepaTypHMX yMOB poboTu bypmMu i3 Pi3HOK TOBLUMHOK LUApy

dyTepiBkM 3 BUKOPUCTaHHAM Bupasy (1), npu rpaHnyHmnx ymosax Il pogy,

—=>A -cos(ﬂi g} - exp(— Bl Fo) (1)
- , . . a-o - : ,
ae B, 1a A, — KoediluieHTN AK PyHKUiA KpuTepito Bi :7, o — KoeqilieHT Tennosigaadi,

a.
B1/M? rpag; A — TennonposigHocTi, BT/M rpag; Fo=5—27 — Kputepun Oypbe; a —

TeMnepaTyponpoBigHOCTi, M?/C 3a 4ac 7, Cek, BU3HAYMNU [OUHaMIKy HarpiBaHHs

BHYTPILUHBbOrO LWapy dyTepyBaHHA No xogy o6pobku po3nnasy (OUB. puc.).
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Temnepamypa, C

Tpusanicms, cek

PucyHok — Po3paxyHkOBa AMHaMika HarpiBaHHs Lwapy Ha rpaHuvui 3 mMeTanesolo

Tpy6oto 3arnnbHoi bypmu (a19 BUCOKOrMMHO3EMHOI (DYyTEPOBKN)

[o HanpsamkiB NigBULWEHHS CTIMKOCTI dQoyTepyBaHHA (ypM MOXHa BigHecCTu:
HabNXKEHHS CKragy BOMHETPUBKOrO LWapy 40 CKnagy LiakKy, KOpUryBaHHS BNacTUBOCTEN
Wwnaky, 3MiHy reomeTpii pyTepyBaHHs no BuUcoOTi cToBOypa, BMKOPUCTAHHA ras3oBOro

(MpMMyCcoBOro) ii OXONOAXKEHHS.

YK 669.184.125
€. M. CirapboB, M. M. Hepg6anno, A. B. AptamoHOoBa

[HINPOBCbKNI Aep>KaBHUN TEXHIYHNIA YHIBEPCUTET, M. Kam’stHCbke

BMNUB AOHHUX FA30BUX NMOTOKIB HA YMOBU PO3[YBAHHSA LLUNAKOBOI
BAHHW Y KOHBEPTEPI

PosgyBaHHSA KiHLEBOrO LUMaKy Ha CTiHU KOHBepTepa 3 KOMBIHOBaHMM NPoLyBaHHAM,
3 MeTOo (POPMYBaHHS 3aXMCHOrO rapHiCaXKHOro MOKPUTTS, NPU3BOAUTL A0 YCKNagHEHHS
YMOB CNyXbu Ta «3anedaTyBaHHS» AOHHUX AYTTbOBUX MPUCTPOIB LLAKOM.

[ns BU3HaA4YeHHA XxapakTepy BMMMBY B3aEMHOr0 poO3TallyBaHHA HaKOHEYHMKa
BEpXHbOI ypmn (hgp) Ta OOHHMX MPUCTPOIB, NPU 3MiHIi NOro MNOSIOXKEHHA MO Xoay
poO34yBaHHS LUMAKOBOI BaHHW, MpPOBeAEeHi AOCHigXEeHHA 3 BUKOPUCTAHHSAM MeTOAIB
i30TEpPMIYHOro MoAentoBaHHA. 6-Tb OOHHUX coren (otBopiB dz = 0,7 mMm) y mogeni

KoHBepTepa 6ynn piBHOMIpHO po3TalloBaHi 3a KonomM. ButpaTa rasy Ha ogHe conno 6-Tu
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COMMOBOro HakoHeYHWKa BepxHboi dypmu cknagana 0,037...0,049 m3/xB. npu 3aranbHii
iHTeHcuBHOCTI ayTTa 0,23...0,29 m3/xB. Butpaty rasy kpisb OOHHIi OTBOpM Ha Mogeni

niaTpumyBanu y mexax 0,004...0,006 m3/xB. Ha oguH OTBIp (puc. a).

PucyHok — KombGiHOBaHe po3gyBaHHA LUMAKOBOI BaHHW (@) Ta BMAMB B3AEMHOrO
po3TallyBaHHSA HaKOHeYHWKa oypMu Ta AOHHUX OTBOPIB HA BUCOTY HAHECEHHS LUTAaKOBUX
Kpanenb Ha CTiHM KoHBepTepa (1, 2) Ta ctoBbyp cdypmu (3, 4) (6): posTawyBaHHA
HakoHeuyHuka cypmn - 15 kanibpis; a) 1 — 30Ha Buxogy rasy 3 AOHHOI dypmu; 2 —
peakuirHi 30HM B3aeMopil BEPXHiX CTPYMEHIB i3 LWNaKoBOK BaHHOMO; 6) 1, 4 - BuTpaTa rasy
Ha ofIHe conro HakoHe4Huka ypmu 0,037 m3/xB., 2, 3 — 0,047 M3/xB. BiONoBigHO

BcTtaHoBneHnn npeBaniooyuMi  BMAAMB  MiCUS  po3TallyBaHHS [OOHHUX OTBOPIB
BiIHOCHO 30H B3a€EMOil BEPXHiIX CTPYMEHIB 3 LUMAKOBOK BaHHOK Ha CNiBBIgHOLUEHHS
ofbcsariB BUHOCY Kpanenb LWnaky 3 BaHHW Yy HanpsMKax CTiH KOHBepTepa Ta crtoBbypa
ypmm.

Y BuUNagKy po3TallyBaHHA HakoHeyHuka Ha BucoTi 40 kanibpiB 3abesnedvyeTbcs
NPakTUYHO TMOBHE MPUrHIYEHHS BWHECEHHA Kpanenb Ha cToBOyp ypmu, ane He
YTBOPKOETLCA HanexHe (WifibHe Ta piBHOMIpHE 3a TOBLLMHOK) MOKPUTTSA LIAPOM LUfaKy
BEPXHbOI KOHYCHOI YaCTUHWN KOHBEpTepa. 3MEHLLEHHSA BUCOTU HAKOHEeYHMKa Ao 25 kanibpis
NpV3BOAMTbL A0 3MEHLUEHHSA AiaMeTpy KpaTepiB peakuiiHux 30H 3a BinbLuoto BicClo, npu
UboMy 3abe3nevyeTbCA PO3LUMPEHHSI CEKTOPY BMHECEHHS OiNbluOl 4acTUHM ApiGHMX
Kpanenb LWnaky Ha BEpXHi YacTMHM CTOBOYpa pypmu i LmniHapuYHOT obnacTi KoHBepTepa.

Y BM3Ha4yeHOMY gianas3oHi BigHoweHHs hg/de (30HM Ha puc. 6, AKi OBMEXeHi
BEPTUKANbHUMU NiHIIMW), BCTAHOBIEHUA DaKT 3MEHLUEHHS CTYMEeHs «3aluriakoByBaHHSA»
ctoBbypa oypmm 3 ogHOYaCHUM 36inbLUEHHAM 06CAry LWNakoBUX Kpanersb, AKi CIPsiMOBaHi

6e3nocepeHbO Ha CTiHM KOHBEpTEpa.
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BcTaHoBneHo, WO pauioHanbHUI BapiaHT KOMBIHOBaAHOro po3ayBaHHA LOCAraeTbCH
y pexumi 3 «npoboem» LUNaKoBOI BaHHW CTPYMEHSAMM rady, Lo BUTIKaOTb 3 conen ypmum
npyv BWUCOTI HakoHeyHuka Yy 23...27 kanibpie npu MakcMmanbHin, Yy [OChigXeHOMY
AianasoHi, IHTEeHCMBHOCTI npoayBku. PekomeHOoBaHe [ONA  po3gdyBaHHA  LUMaky
cniBBigHowWweHHA he/de Bignosigae 3HaveHHam 0,55...0,80.

BcTtaHoBneHo, Wo noTiKk rasy 3 AOHHUX OTBOPIB CNpusie OOPMYyBaHHIO KpaTepis
30inblweHoro giameTpy, 3 BIigMNOBIAHVMM MIABULLEHHAM BUCOTM LUMAKOBOro rpebeHio Ta
BMKMAAHHAM 30inbLUeHnX obcariB Kpanenb LWaky y HanpsiMKy CTiH KOHBepTepa.

3a pesynbTatamm  OOCAIMKEHb  3arnponoHOBaHO BAYBaHHA  MarHesianbHUX
MOPOLLKOMNOAIOHMX MaTepianiB  Kpidb [OOHHI OTBOpPM B MNOTOUI HenTpanbHUX abo
cnabookMcnioBarnbHMUX rasoBuMX CTPYMEHIB y 06’eéM LUMakoBOI BaHHW MO xody onepadii
po34yBaHHA OCTaHHbOI Ha MOBEPXHIO (PyTEpPIBKM KOHBEPTEpPA NPU BU3HAYEHOMY JianasoHi
BMCOTU HaKOHEeYHWKa ypMU Hag BaHHOK. Takuu NpUUOM [O03BOSMUTL OMEPTUBHO
KopuryBaTn  (Pi3MKO-XIMIMHMIM  CTaH  LUMIAKoOBOI  BaHHW, MiABUWNTU  e(EeKTUBHICTb
BUKOPUCTaAHHA MoAUMiIKaTopiB LWaKy Afs CTBOPEHHS BUCOKOCTIMKOrO rapHiCaXHOro
MOKPUTTS Yy KOHBEPTEPI 3 KOMOIHOBaAHMM NpoAyBaHHSIM BaHHW, 3MEHLUUTU BipOrigHICTb

3anevyartyBaHHA OJOHHUX OTBOpiB LUTaKoM.

YK 669.162
€. M. Cirapbos, €. B. Jlixauos, . A. AKyHiH

[HINpOBCbKUIN Aep>KaBHUN TEXHIYHUIW yHIBEpCUTET, M. Kam’stHCbke

MEPEMILLYBAHHA TA AUCUNALISA EHEPTII Y KIBLLOBIA BAHHI

AHani3 pesynbTaTiB eKCNepuMeHTIB aBTOpIiB 3 AOCHIMAKEHHSA rigporasoanHamiki
po3nnaBy Npu BUKOPUCTAHHI CTauioHapHOI Ta 06epToBOi 3arnMbHnx ypmMm Ana BAyBaHHS
rasie Ta MOPOLLKOMOAIOHMX MaTepianiB Yy KiBLIOBY BaHHY MoKasaB, LIO HauKpalli ymMOBM
aucnepryBaHHA Ta po3ocepemkeHHs no ob’eMy rasoBumx nysupiB 3abesnevyoTbca npu
lwBmAaKocTi obepTaHHsa o 2,17 cek! Ta nutommnx Butpatax rasy go 0,018 m3/xe. O6’em
30H, BINbHUX Big MNOPOLIKY («MEPTBUX» 30H), NPU BUKOPUCTaHHI 0BepToBOI dypmMu
ctaHoBuTb 10-15% Big 06’emy BaHHM (ANS cTauioHapHoT - 40-55%).

Ak BCTAHOBNEHO aBTopaMu, 3 MiABULLEHHAM 4Yucna obepTiB 3arnmbHoi dypmmn

ra3oHacu4yeHiCTb BaHHU SMEHLUYETbCA, WO MOXe 6yTI/I NnoB’si3aHo 3 I'IepeXi,D,OM 0o
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KaHanbHOro pexumy npoaysBku, Ta obmexeHHsaM po3mipiB 6apboTaxHoi 30Hu. Lle BnnvBae
SIK Ha NOTYXHICTb NepeMillyBaHHS, Tak i Ha BCi NpoLecu, aKi CynpoBOLXKYHTb NpoAyBaHHS
BaHHW. IrHOpyBaHHS BNNMBY PO3MIipiB ra3oBUX My3npiB, SKi CNMBalOTb 40 NMOBEPXHI BaHHN,
Ha MOTYXHICTb MEepeMillyBaHHsS KiBLLOBOI BaHHW Yy OinblloCTi BigoMmnx Bupasis gna i
BU3HAYEHHs, MOXe MPU3BECTU [0 MOXMBOK. Y TakoMy BUMNaAKy HE BPaxoBYHOTHCH YMOBMU
NOApPIGHEHHA Ta iI30TEPMIYHOIO PO3LUMPEHHS My3UpiB rady, 3MiHa 3aranbHOi peakuinHOi
NOBEPXHI My3unpiB 3a Pi3HNX YMOB X YTBOPEHHS Ta DOpPM.

MoapibHeHHSA ra3oBuX Ny3upiB Yy BaHHi BioOyBaeTbCs 9K B flaMiHapHOMY, TaK i B
TypOyneHTHOMY MOTOLi 3a paxyHOK B3aEMOAIT MK CYUISIbHOK Ta AUCNEPCHOK dhasamu.
B’aska Hanpyra B nepwomy Bunagky abo iHepuinHi cunu y Opyromy nparHyTb
AedopmMyBaTtn i 3pynHyBaTu rasoBui ny3up. KaninsgpHi cunu noBepxHEBOro HaTArHEHHA
MOBHICTIO abo 4aCTKOBO KOMMEHCYIOTh Ui AiT Ha ny3up rasy 3 60Ky piagnHu. Takum YmHOM,
noapibHeHHA rasoBux ob6’emiB y TypbyneHTHOMYy noToui BigbyBaetbca abo He
BiAOYBa€eTbCs Yy 3anexHOCTi Bif CMIBBIAHOWEHHA MiX iHEepUiMHMMW | NOBEPXHEBUMM
cunamu. lNepeMilleHHs y TepMOANHAMIYHO rOPU3OHTarbHIN MIOLWWHI 3aHYPEHUX [0 BaHHU
ra3onopoLLKOBMX CTPYMEHIB, NPU BUKOPUCTAHHI 06epTOBOI hypMn, BHOCUTL CBill BHECOK Y
3MiHYy CMiBBIAHOLEHHA MK IHEPLUIMHUMUK Ta CUiamMmu NOBEPXHEBOrO HATArHEHHS.

Y CBOK 4epry, NOTYXXHICTb NepeMillyBaHHSA YMHUTb CYTTEBUN BNAMB Ha rMUOUHY
3aTAryBaHHS LWaKy 3 rpaHuvui «NoBepXHEeBUM LIaK - MeTan» OO0 MeTaneBOi BaHHW,
po3Mipn «okay», napameTpu OypyHa, WO MOXEe BMAMHYTU Ha KiHUEBI MOKa3HUKK
padgiHyBaHHSA po3nnasy Ta NUTOMI BUTpaTU peareHTiB.

Y UYMHHOMY [OOCHigKEeHHi 3anpornoHOBAHO METOAMKY BU3HAYEHHSI MOTYXKHOCTI
nepeMilyBaHHA po3nnaBy Yy KOBLI Ta Aucunauil eHeprii ra3onopoLlIKOBUX CTPYMEHIB 3

BpaxyBaHHSM 3MiHW PO3MIpiB, KiNbKOCTI, LUBWAKOCTI CNAMBaHHSA ny3upiB. 3 BpaxyBaHHSAM

KifTbKOCTi My3npiB n =6Q-z‘/7z- D3 , O YTBOPKOKOTLCA MO Xo4y BAyBaHHA rady (Q) y BaHHy

rmmbuHoto H, Bupas3 anAa BM3Ha4eHHA pO6OTI/I crnnmBarO4mnx |'|y3|/|piB MaTumMme BuUrnaa:

. . 2. .
An:6 Q;Dspp T(g-D/3—C/4'Vc§J)'H' (1)

MUTOMY MNOTYXHICTb, WO NepenacTbCsl BaHHI Npu 3arnmbneHomy BAYyBaHHI rasy,

MOXHa BU3HA4YNTK 3a BUpa3oMm, BT/T:

N, =3.§—.'G%(9~D/3—C/4-Vci).H. )
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Ppr Pr— LWiNbHICTb piavHK i rasy BignosigHo, kr/m3; C — koediuieHT onopy (0,5-0,8); S —

MigeneBuin NepeTuH nyaups, M2,
3a ymOBM BOYBaHHSA MOPOLLKOMOAIOHMX YaCTOK peareHTiB Yy NOTOLi rady-HOCit, KU
He acUMINETbCS BaHHOK, HeOOXigHO BpaxyBaTW TakoX 36inblUieHHs po3MipiB nys3upis

rasy D npu HarpiBaHHi y MeTarnieBoMy po3nsasi:

2
618-Q-pp.ir 3.C V2 pp-g-H
= PRl D- P |1+ P 3

HaBegeHi Bupasn npuaatHi Ons yMOB BUKOPUCTAHHS CTauiOHapHUX 3arnmnbHuX
dypm. HacTuHa eHepril nepegaeTbCs BaHHi Bif KIHETUYHOI eHeprii CTPyMEHs Ta 3aneXxuTb
BiZl LOBXWHM OCTaAHHBLOIO 0 MOMEHTY MOro PyMHYBaHHA Ta NepeTBOPEHHS Y ra3osi Ny3upi.
Ons dypmu, wo obepTaeTthes, Len dpaktop HabyBae 0COBIMBOro 3HaYEHHS.

AKWo y nepwomMy HabnmKeHHi BBaXaTW CTPYMiHb CepefoBuLLEM, WO He

CTUCKaETbCS (Y Mexax 30epexxeHHs sapa ra3onopoLLKOBOro CTPYMEHS), Ta BUKOPUCTABLLIM
BUpas, 3anpornoHoBaHun BaH-ge-Byccom N =K nd.¢° P, Ae K — koediuieHT (0,5-0,8);
n — wBuAKiCTb obepTaHHs, o6/c; d — piameTp Koma, WO YMOBHO OMUCYHOTb TOpLi
CTPYMEHIB Yy BaHHi, M, MOXMIMBO BU3HAYUTU KiNbKICTb OUCUMNOBAHOI eHeprii npu
nepeMillleHHi CTPYMEHIB Yy pigKin BaHHI 3a YMOBW BUKOPUCTAHHA 06epToBOI 3arnnbHol

dypmu.

YK 669.162
€. M. Cirapbos, O. B. [loBxeHko, B. I1. llonetaes

[HINPOBCbKUI AEp>KaBHUN TEXHIYHNIN YHIBEPCUTET, M. Kam’stHCbke
BTPATU 3ANI3A 31 LLITAKAMU KIBLLUOBOI AECYNb®YPAUII

MigBMLEHHS BMICTY KOPOMbKIB YaBYHY Yy LWIAKy Yy Npoueci KiBLWOBOI gecyrnbdypadil
Ta yTpMMaHHS 1X B 06’eMi LWNaky, Maca sKoro no xoAy padiHyBaHHs, 3a pPi3HUMU OLiHKaMu
NnoaBOKETLCA, NPU3BOAUTL A0 BTpaT YaByHy Mig 4Yac OOOB’SI3KOBOro BMAANEHHS LUMaKy
nicna onepauji. 3Ha4MMICTb NpPoGnemMu NiABULLYETLCA 3 NEPEXOLOM Bif BMKOPUCTAHHS
MarHito 6e3 gobaBok (MOHOIHXEKLLIAA) 4O CyMmillen Ha OCHOBI BanHa abo kapbigy kanbLito 3

MarHiem (KOiHXeKuis).
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LLnak, sknin yTBOPKOETLCA N Yac Aecyrnbdypalii YaByHYy BOYBaHHAM CyMiLLi MarHito
Ta BarnHa, CKNagaeTbCs i3 HEBMKOPUCTAHOro BarnHa, rpadiTy, KOpPOmnbKiB 4YaByHy Ta
MiKCepHOro wnaky. BTpaTu uyaByHy i3 [0OOAaTKOBO YTBOPEHMM LUMAKOM CArawTb, Kr/T
YaByHYy: NpwW BAOYBaHHI rpaHynboBaHoro/gMcnepropaHoro Marito - 0,23...0,652; npwu
BOYBaHHI Cymilwi marHito Ta BanHa - 1,868...2,614; npu BAyBaHHI Cymilli MmarHito Ta kapbigy
kanbuito —1,53...1,64.

Y akocTi 4o6aBoOK, WO CNPUSIOTb 3MEHLLEHHIO BMICTY KOPOJbKIB YaBYHY (3@ paxyHOK
3MEHLLUEHHA B’SA3KOCTI LWMNaky) 3acTOCOBYHOTb: MMaBMKOBMI LUNAT, KpioniT, Bigxoau
BUPOBHULTBA antoMiHito, HepeniH-CIEHNTOBMI KOHLIEHTPAT Ta T. iH.

3 MEeTOK OUuiHKM CTyrneHs BMAMBY TUNY Ta CKAady peareHTiB, BU3HAYEeHHS
AOUINbHOCTI BUMYYEHHSA KOPOMbKIB YaByHY 3i wwraky Ao abo micns Moro ckadyBaHHA 3
NOBEpXHi  KIBLLUOBOI  BaHHM nicna  gecynbypauil, Yy YUHHOMY  LOCHILKEHHI
BUKOPUCTOBYBanNM faHi oTpuMaHi npu BignpautoBaHHi KOIHXEKLiMHOI TEXHONOrIT B yMOBax
koHBepTepHoro uexy MNAT «AMK» Ta 4OCTynHi nitepaTypHi AaHi.

MeToavka pocnigXeHHs BigibpaHoi Ans aHanisy Lwnako-meTaneBoi Macu Pi3HUX
nnaBoK (Hagani — wnak), Wwo yTBopunacsa no xoay onepauii BoyBaHHA CyMillli HQ OCHOBI
BanHa Ta MarHito, cknaganacsa 3 HactynHoro. BigibpaHi npobu wnaky nogpibHioBanu 3
BigAiNeHHAM Linaky Big MeTaneBol 4acTvHU. MeTaneBa 4acTuHa (KOPONbKM 4YaByHY) 3
BUKOPUCTAHHAM KOMIMMEKTY CUT posginanacsa Ha dpakuii <0,5; 0,5...1,0; 1,0...2,5;
2,5...5,0; 5,0...10,0 Ta >10 mm.

Micna posnoginy meTaneBux Kpanenb 3a dpakuismu 3 BM3HAYEHHSIM iX BaroBoi
KifTbKOCTi, OCTaHHI AocnigKyBanu Ha XiMiYHUIA cKrag i3 BUKOPUCTAHHAM MikpoaHanisaTtopy
Ha BMICT Byrneuto, ocopy Ta Cipku.

BcTtaHoBNEHO, WO BMICT CipkM B KOpOSfbKax 4aByHy npu o06pobui cymiliwto
Mg+CaO, B uinomy, nigBULLEHNN Yy MOPIBHAHHI 3 BMKOPUCTaHHAM MarHito 6e3 gobaBok
(amB. puc.).

Mapkepun 1...4 Ha pucyHKy 1 BigoGpakaroTb BMICT CipkM y KOPONbKax YaByHy B
ymoBax BayBaHHA cymiwi CaO 3 wmardHiem (MAT «OMK»), mapkepy 5...11 — 3a
nitepaTypHUMn OaHUMKM, Y SAKMX HaBefeHi pes3ynbTaTh  KiBLLIOBOro padiHyBaHHSA

nepepobHOro YaByHy 3 iHXeKLUieto Brnnb posnnaBy MarHito 6e3 gobaBok.
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PucyHok — 3anexHiCTb BMICTY Cipku Bif, giaMeTpy Kpanesib YaByHY Y LUSaky, WO CKavyloTb

nicns KisLWoBOI Aecyrnbdypaduii

3anexHictb BMICTY cipkn [S]k, % Big OiameTpy kopornbkiB 3aniza (dk), MM, LWO
YTBOPIOKOTLCA Y WNaky nig 4ac padiHyBaHHA nepepobHOro 4aByHY i3 BUKOPUCTAHHAM
CYMiLLi peareHTiB Ha OCHOBI BanHa Ta MarHito, Moxe 6yTu NpefcTaBneHa BMPa3om
[S]lx =0,013- dﬁ: —0,299-dg + 2,915, R?=10,96
BusHayeHo, WO CniBBIOHOLEHHA XapakTepHuX rpyn 3a AdiameTpamMu KOpO&bKiB
cknapae: 0,5...2,5 Mm — 10...16%; 6...8 mm - 10...20%; >10mm — 30...45%.
CnagkoBicTb MexaHi3aMy fecyrnbdypalil, WAsxiB NOTpannsHHA Kpanenb YaByHy Ta
NPOTiKAHHA MacoOOMiIHHMX MpoueciB y 06’eMi OCTaHHIX Mig Yac 3HAXOKEHHS Y PigkKin
LUTAKoBIN BaHHI, NiATBEPAXKYETLCA TPEHLOM Ha 3MEHLLUEHHS BMICTY CIpKM Yy KOpOSibKax 3i

306iMbLUEHHAM diaMeTpy OCTaHHIX (AMB. pUC.) y HE3anexHOoCTi Big TUNy peareHTiB.

YK 669.184
€. M. Cirapbos, O. A. BoBk

[HINpOBCbKUIN Aep>KaBHUN TEXHIYHUIN yYHIBEpCUTET, M. Kam’'ssHCbke
00 METOAUKN BUSHAYEHHA METANYPIIAHOI LLIHHOCTI METANTOBPYXTY

3miHa cuTyaudii 3 3abesnedeHHsM MeTaneBMMm  OpyxTOM  MeTanypriiHux

NiaNpUeEMCTB, WO CKnanacs Ha CbOrogHi B YKpaiHi Ta CBITi, CBidYMTb He CTiflbKM Npo
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3pOCTaHHA WMoro gediuunTy, CKinbku npo gediunt y noro sikicHomy cermeHTi. [o
pecypco3bepiratodoi CUPOBUHK y CKNagi MeTanowunxTu Ans cTanennaBuibHOro nepeginy,
Ha CbOrofHi, MOXXHa BiAHECTN OPUKETU 3i CTAnNeBOi CTPYXKKM.

[lo HeponikiB BMKOPUCTaHHA B cTanensiaBuibHOMY npoueci 6pukeTiB 3 cTanesoi
CTPYXKM 3 NiABULLEHUM BMICTOM HELUKIASIMBUX LOOMILLIOK MOXHa BIAHECTWU: nepesuTparty
BarnHa Ha nnaBKy B 3B'A3Ky 3 HEOOXiQHICTIO kKOMMeHcaLii HU3bKOI OCHOBHOCTI HEMeTaneBol
YacTUHM OpuKeTiB; MiOBULLEHMIA 3HOC BOrHETPUBIB NPW B3AEMOAii 3 MNEPEOKUCIIEHUM
KMCNUM LUNAKoOM NepLloro nepiogy KOHBEPTEPHOI MiaBKU; MOXITUBICTb NEPEOXOSTOKEHHS
MeTaneBOl BaHHW NP LUBUAKOMY pyMHYBaHHi OpuKeTy; BUHECEHHA OpiOHUX hpakuin, Lo
BioAIiNseTbCA BiA OpUKETIB Nig Yac 3aBankuy Ta T. iH.

3rigHo 3 ICTY 4121-2002 3acMideHiCTb HELKIANMBUMN OOMILLKaMK (3a Macor) He
nosmHHa nepesuwyBatn 1,0% ans 6pukeTis Buay Ne14 n 3,0% - ana 6pukeTtis Bugy Ne15.
MiyHICTb BM3HaA4aloTb KiNbKIiCTIO CTaneBOi CTPYXKM, WO ocunaeTbesa 3 bpuketiB Ao 3,0%
Big 3aranbHOi Macu. Y CBOKW 4epry, OCTaTOMHUM BMICT 3a0pyaHIOYMX efeMEeHTIB
(WKigNMBMX OOMILIOK), Y NEepLU Yepry Takmx 9K Mifgb, XpOM, Hikeflb, 0fI0BO, MONIBAEH, LMHK,
BM3HAYa€ MOXIUBICTb BUKOHAHHA BUMOT 4O XiMIYHOro cknagy rotoBol crarni.

Cnig 3asHaunTK, WO METOAMKM BU3HAYEHHs1 3acmivyeHocTi bpukeTis srigHo OCTY
3211:2009, CTI1 235-8-08-2016 (EHakiiBCcbknn M3) Ta iHLWIi J03BONATE OTPUMATU AOCUTb
HabnvXeHi 3Ha4YeHHs 3acCMIYeHOCTI, TaKk $K He BpPaxOBYKTb OKUCIMEHHS, BOMOrocTi
OpukeTiB, 0COBNMBOCTI XiMiYHOro cknagy 3abpygHeHb Towo. be3 BM3HAYEeHHST XiMiYHOro
cknagy, PiBHKO BOJSIOrOCTi Ta MILHOCTI Takoro TUMy CUPOBUHW, CTYMEHHA 3acMi4YeHOCTI
HEeLWKIANMBMW Ta WKIOIMBUMM LOMilLKaMK, OO’€KTMBHA OUiHKa MeTanypriiHoi LiHHOCTI
OpuKeTiB yCKNagHIETLCS.

3 MEeTOK YAOCKOHaNeHHA MEeTOAUKN BM3HAYEHHS MeTanypriiHoi LiHHOCTI ©pukeTiB
aBToOpamMu YUHHOI PoBOTM NPOBELEHO CEPID BUCOKOTEMMEPATYPHUX EKCNEPUMEHTIB i3
3aCTOCYBaHHSIM  iHAYKUINHOT ~ TUrenbHOi nedi, poboynn NpocTip SAKOI, 3aKpUTUA
creuianbHOK  KpuWKow, 6yB  O04ATKOBO — 3axvLeHUn  rasonofibHum  aproHom.
HocnigxkyBanu 3acMideHiCTb TPbOX PidHMX nNapTin 6pukeTiB (BignosigHo NeNe 1...3).

MMicna BM3HayeHHs, Ha nNepLwomMmy eTani eKCrnepuMeHTIB NYCTUHU KOXHOro 3paska, 3
BMKOPUCT@HHAM METOAY riApOCTaTUYHOIO 3BaXKyBaHHSA, BU3HAYanM MOKa3HUK MILHOCTI
(BincoTok obcunaHHs cTpyxkn). MNyctuHa GpukeTie Ne1 cknana 5614,0 kr/m3, Ne2 - 5423,0
kr/m3 Ta Ne3 - 6011,0 kr/m® BianoBiaHO, NokasHUK obcunaHHa - 0,458%, 0,619% ta 0,124%

Big noyaTtkoBoi Macu OpukeTtiB Ne1, Ne2 ta Ne3 signosigHo. HesBaxatum Ha CyTTEBI
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BiAMIHHOCTI, 3a MNOKas3HWKaMM FYCTUHM Ta MIUHOCTI YyCi [OCRigXeHi 3pasknm O6pukeTis
Bignosigatotb Bumoram ACTY 2141-2002 go metanobpyxty sugy Ne14.

Ha HacTtynHOMy eTani npoBoaMnu nepennaBneHHs OpUKeTIB y 3aXMCHOMY ra3oBOMY
cepedoBuLli, 3 dikcauieto 0cobnmMBOCTEM NPOUECIB BUOAANEHHA JETKMX OOMILLOK,
HarpiBaHHs, pyMHyBaHHS, onnaBneHHa OpUKeTIB, AMHaMIKM YTBOPEHHS pigkol MeTanesoi
BaHHM Ta WnakKy Ha ii noBepxHi. MNMpoTarom nnaeku Ta nicna ii 3aBepLUeHHsA Bigbupanu
npobu wnaky Ta metany. [liana3oH KonvBaHHA TemnepaTypu noyaTky pynHyBaHHs Ta/abo
onnaeneHHa OpukeTtiB cknae Big 1380 po 1470°C. OtpumadHi pesynbtatv Oynu
onpaubOBaHi 3 BUKOPUCTAHHAM MOSOXEHb Teopil MeTanyprinHnx NpoLecis.

3anponoHOBaHO anropuTM po3paxyHKY ANs BU3HAYEHHS iHTerpanbHOro nokasHuka
3abpyaHeHocTi 6pukeTiB (K3), KM BpaxoBYye CyMapHY KifbKiCTb HEMeTaneBnx BKMOYEHb
(HBe6), HelwKignuBux Ta LWKIONMBUX OOMILLIOK, BMXiA LWMaKy Ta MeTany, BTpaTu Macu 3a
paxyHOK BuAANEHHs MacTUNbHO-OXOMNOMXKYOUMX PEeYOBUH, 3 BpaxyBaHHSAM HeEBI' €MHUX

BTpAT Npu nepennaeneHHi. Pe3ynbTati po3paxyHKy npeacTaBneHi y Tabnumui .

Tabnuua — Pe3ynbTtaT po3paxyHKy 3abpyaHeHOCTi 3pa3skiB bpukeTis

Maca BTpaTtn macu Hasickn
Tuvn wnxTn nicnsa nepennaesy y HBs, % As', % Ks, %
Lunaky, Kr o
ctanb, % Big Mnoy
Cranb 1,10 0,652 0 0 0
3pa3ok Ne1 4,44 5,731 0,871 5,079 5,95
3pasok Ne2 3,42 6,137 1,841 5,485 7,33
3pa3sok Ne3 2,92 1,670 1,452 1,018 2,47

A6 — 8mpamu macu 6pukemy npu nepernasneHHi Ha cmarsb 3 ypaxysaHHsIM 8i0rnogiOHuUXx empam
emarioHHO20 3pa3Ky 3i cmarii 3 8i0OMUM 8UCXIOHUM XiMIYHUM CKriadom

Mpw BignosigHocTi Bumoram CTY 2141-2002 3a nokasHMKaMKN ryCTUHW Ta MiLHOCTI
aocnigkeHnx OpukeTiB  BCTAHOBMEHUM LUMPOKMMA  Aiana3oH  KOMMBaHb  MOKa3HUKIB
3abpyaHeHocTi (Big 2,47 no 7,33%) Ta po3paxyHKOBOro Buxogy 3aniza 3 OpukeTy (Big

92,67 po 97,53%) B ymoBax cTanennasuiibHOro nepeainy.
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YK 669.15:669.15*24*26-194.
I. P. CHirypa, . M. Toro6uubka

[HCcTUTYT YopHoi meTanyprii HAH Ykpainn im. 3.1. Hekpacoa, m. [JHinpo

PI3BNKO-XIMIYMHE MOOENIOBAHHA PO3NOAINY ENEMEHTIB B CUCTEMI «<METAI-
LUNTAK» HA OCHOBI MAPAMETPIB MDKATOMHOI B3AeMoIi

Y cy4acHuMx ymoBax pPO3BUTKY MeETanypriiHol ranysi NOMITHO 3HMXXEHHS SAKOCTI
BUNNAaBEHOI MeTanonpoaykuii, WO MOB’A3aHO He TiNbKM NPAMOKD 3arieXHICTI0 3 SKICTHO
BUXIOHOT CUPOBUHM, L0 3aBaHTaXYETbCH B Pi3HI MeTanyprinHi arperatm, a 1 HENMOBHOTOO
NPOTIKAHHA OCHOBHUX (PI3NKO-XIMIYHUX peakuini B CUCTEMI «MeTan-wwnaky», Wwo npu3BoauTb
[0 YTBOPEHHSA HemeTareBuX BKITOYEeHb, NMOPYLUEHHS FOMOreHHOCTI po3nnaBy, YTBOPEHHS
MIKPOTPILUNH Ta MiKpoaedekTiB, HeAOCTaTHLOr0 BUKOPUCTAHHS G)OCHOpPHOI Ta cipyaHol
EMHOCTI  LUMaKiB, 3HMWXEHHA e(EKTUBHOCTI 3aCBOEHHSA Meryruux, Moaudiky4mx,
padiHytounx 0obaBoK i K HACMIAOK HU3bKMX MOKAa3HMKIB MEXaHIYHUX Ta ekcnnyaTtauinHux
BNacTMBOCTEN CTarnewn.

Baromun BHecok y 3HWXeHHS cobiBapTOCTi MeTanonpoaykuii Ta niaBuWEHHS 1T
KOHKYPEHTOCMPOMOXHOCTI, 3HA4YHE PO3LUMPEHHS EKCMOPTHUX MOXIMBOCTEN BITYUIHAHUX
nignpuemMmcTB i3 3abeanevyeHHAM 3apybikHWMX CTaHO4apTIB €KOSoriYHOCTI BUPOBHULTBA
BHOCUTb CUCTEMHUIA aHania qi3nKo-xiMiYHMX OCOoBNMBOCTEN NpUPOOM | CTPYKTYpM
MaTepianiB, TEXHOMOTMYHNX acnekTiB MeTanyprinHoro BUpobHMLTBA, po3pobka cyvacHUX
METOAiB BM/IMBY Ha MOBHOTY MPOTIKAHHA peakui Ta MOoWyK pauioHanbHUX CKragis
AobaBok y ctanennasuibHOMY BUPOOHULTBI.

OcobnnBy 3HayyLlicTb AN 30iNblUeHHs TepMiHy ekcnnyaTtauil i HaginHOCTI
MaTtepianiB 30Kpema B arpecuBHMX cepeaoBuLLax BigirpaoTb HaAYUCTI cTani 3 MiHIManbHO
MOXITMBUM BMICTOM LUKIASIMBUX OOMILLOK, 30Kpema S Ta P.

[na cnpsmoBaHOro oOpmMyBaHHA BracTUBOCTEW MeTareBOro posnnaBy i OUiHKK
CTYNneHs HabnuxeHHsa [0 PIBHOBaXHOro po3noginy enemeHTiB (S, P) Mk meTanom i
LUIaKkoM BMKOPUCTaHa MeToAMKa «3ropTKuU» XiMIYHOro cKkragy MeTtanyprinHoro poasnnasy
Ha OCHOBI KOHUenNUii CnpsMOBaHOro XiMi4HOro 3B'a3Ky po3pobrnieHoi B IYM HAHY [1],
pO3paxyHOK iHTerpanbHUX napamMeTpiB ONA MeTany i wWnaky 34iMCHIOBaBCA Ha OCHOBI
creuianisoBaHnx npobnemHo-opieHToBaHMX komnnekciB «Metan» Ta «lWnak». CyTHicTb
KOHLeNUii nonsirae B MOXINUBOCTI iHTepnpeTauii 3B'A3Ky MK XiMiY4HUM CKagoM po3nnasy i

MOro BNacTMBOCTAMM 3a LOMOMOroK napameTpiB MiKaTOMHOI B3aemogii (ZY — napameTp
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3apagoBoOro  craHy cuctemu, e; Ae — cepegHbOCTAaTUCTUYHE YUCIO  ENEKTPOHIB,
nokanisoBaHMX Ha CronyyYHux opbiTanax B HanpsMKy 3B'A3Ky kaTioH-aHioH (K-A); p —
NMOKa3HMK CTEXIOMETPil OKCUMAHOI CUCTEMM, PIBHMI BIOHOLIEHHKO 4YMcna KaTioHiB (K) 4o
yncna aHioHiB (A). B pesynbTaTi aHanisy ekcnepuMeHTanbHUX AaHnX HakonuyeHnx B 6asi
AaHnx «Metan-Lnak-as3» 6axky gaHnx «MeTanyprisi» piBHOBaXXHUX JaHMX NPO PO3noAin
S i P, po3pobneHi mogeni ana po3paxyHKy PiBHOBaXHWX KoedilieHTIB iX po3noginy B

cuctemi «metan-wnak»: {Ig Ls, Ig Lp} = f (ZV, p, Ae).

Ig Ls tpanTiueckan
(%]

(]

1 1.5 2 25 3 3.5 4

lg Ls paBH. pacH.

* ¢

i
*n

PucyHok — NMopiBHAHHA (hakTUYHOro i piBHOBaXXHOIO pO3noAiny cipku (a) i docdopy (6) B
CUCTEMI «MeTan-Lnaky» npy BUpobHUUTBI cTanen knaccy LWX15

MopiBHANBHUI aHani3 akTUYHUX 3Ha4YeHb NPO po3nogin S i P (puc.) Mk meTanom i
LUS1aKOM 3 MPOTrHO3HUMM PIBHOBa)XHUMM 3HAYEHHSIMM MOKa3aB, WO iX PO3MOAiN Hux4e
PIBHOBAXXHOrO i padpiHylouMir noTeHuian wnaky HedoCTaTHbO pearnizoBaHun. [Mpn yomy
cnig 3as3HaunTy, Wo y wnakax obnacti 1 Bmict CaF2 mac.% Big 5.7 oo 19.1, wo creoptoe
BiAMOBIAHUIN PO3PIMAXKYIOUMA edekT Ta akTUBI3ye KIHETUKY MDKaTOMHOI B3aemopii B

po3annaBax.
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3 MeTow peanisadii 6inbw rMudokoi gedocdopadii i gecynbypauil meTtany
po3pobneHa meToauKa A03BONSE 34IMCHUTU HAyKoBO-OOrpyHTOBaHMI BUGIp BianoOBIiaAHMX
LLSTAaKOYTBOPHOOUYNX CYMILLIEN.

Cnucok nitepatypm
1. [lpuxodbko 3. B. 3hdHeKTUBHOCTL KOMMIIEKCHOIO NIErMpoBaHNSA CTanen u crnaBos.

— K.: HaykoBa gymka, 1995. — 292c.

YK 669.18
O. M. CrosiHOB, K. I'. Hizsies, K. P. Bonoabko, €. B. CuHeriH

HauioHanbHa meTanypriiHa akagemia YkpaiHu, M. Hinpo

EHEPFOTEXHOJNOMNYHE MOAENIOBAHHSA NMPOLIECIB MO3AMNIYHOI OGPOBKMU
CTANI

Po3spobka nporpecmBHUX TEXHOSMOrN, $Ki 3abe3nevyyTb MiOBULLEHHS SIKOCTI
MEeTanonpoaykuii, a TakKoX 3HWXKEHHA MaTepiano- i €HEeproeEMHOCTI, € MPIOPUTETHUM
HaNpPsIMKOM PO3BUTKY CTanennaBuibHOroO BMPOOHMUTBaA B CydacHUX ymoBax. PiBeHb
MOKa3HWUKIB MOMINLWeEHHA Cny>X60BUX BNAaCTUBOCTEN MeTany, Wo BuNnaBngeTecsa 6arato B
YOMY 3anexuTb Bif TEXHOSIOMNYHUX MNPUMOMIB, AKI BUKOHYIOTbCA Ha 3aKMYHMX eTanax
npouecy oTpUMaHHSA cTani, 40 AKMX BiAHOCUTbLCSA no3anivyHa obpobka.

3 MeTOK BWM3HAYEHHSA BMIMBY TEXHOMOMYHUX (PaKTOPIB AN OTPUMAHHS 3afaHux
NMOKasHMKIB Nno3anivyHoi 06pobku cTani BUKOHAHE MaTemMaTU4YHE MOLENHOBAHHSA TEXHOMOrii

Aecynbdypalii cTani Ha ycTaHoBLUi «KiBL-Miv» (puc.1,2).
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o 0035 .- @ 0035 | — /1 ~
§ X / 10|:— E Q\,, —Ar / 0,5 “'E
g 003 Ve g g~ 003 ’ :
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P 8002 /] 8 g o 8 0,025 4z
6 0025 N [|[—Tuwe 7 T S0 S o
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S 5 0,015 = S 5 0,015 S / =
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82 5005 |7 I~ . g S = 0,005 | | | toa
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ButpaTtu enektopoeHeprii KBT*r/T BurtpaTun enektopoeHeprii KBT*r/T
PucyHok1 - Homorpama BusHa4eHHs PucyHok 2 - Homorpama B13Ha4eHHs

BUTPAT eNeKTPOEeHepril B 3aNeXHOCTi Bif BUTPAT eNeKTPOoeHepril B 3anexHOCTi Big
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3a4aHoi KOHUEeHTpauil cipku B meTani i 3a4aHoi KOHUEeHTpauil cipku B meTani i

Butpatn TWC Ha YKI BUTpaTh aproHy Ha YKI1

[aHi Homorpamu 003BOMATL NPOBOAUTU PO3PaxXyHOK BUTPATU eneKkTpoeHeprii Ha
YKI Buxogsum 3 BUMOr 4O 3a4aHOro BMICTY CipKM B rOTOBOMY MeTarsi, 3 ypaxyBaHHAM

ButpaT TLWUC i aproHy npm o6pobui Ha yCTaHOBL,i «KiBLU-MiY».

YK 669.162
A. K. TapakaHoB, B. B. EdhbumeHko

HaunoHanbHas metannypruyeckas akagemus YkpauHsl, r. Henp

ONTUMU3ALUA OYTLEBOIO PEXXUMA JOMEHHOW NNABKU

OueHunBas 3Ha4YeHne oTaeNbHbIX perynmpyemMbix napaMmeTpoB JOMEHHOro npouecca
BO B3aMMOCBSA3aHHOM noabope ONTUMAarbHbIX PEXUMOB 3arpysku U OyTbd, cregyeT
npusHaTb, 4YTO BeAyWWM MapaMeTpoM ONTUMU3auUn [OOMEHHOW MNaBKM ABMSETCS
pacnpegeneHne WMXTOBbIX MaTepmarnoB Ha KOMOLLHMKE.

Bboibop nmapameTpoB AyTbEBOrO pexuma MnnaBku SBNSETCA CreaylwumM 3Tanom
ONTUMU3aLMM TEXHONOIMMYECKOro pexuma paboTel neyn. CoBepLUEeHHO 04YEeBUAHO, YTO Npu
BblOOpe onTMManbHbIX 3Ha4YeHWn napaMeTpoB [AyTbA HeobXxoAuMO UCXoauTb U3
MHOroo6pasHoro BAMsAHWUS NPOLLECCOB B (DYPMEHHbIX o4yarax Ha paboTy AOMEHHOW neuyw.
MapameTpbl (hypMEHHOrO rasa onpeaenstoT He TOMNbKO pacnpeneneHve rasoBoro noToka
BOONb paguyca nedn, HO Takke TemnepaTypHO-TENSIOBON YPOBEHb [MIaBkn U
razoguHamMuky OoMeHHoro npouecca. [loatomy ana obecneyvyeHus nyywWmx TEXHWUKO-
9KOHOMMYECKUX MNoKasaTtenen paboTbl AOMEHHOW neyn Heobxoaumo nogaepXvBaTb Ha
ONTUMANbHOM YPOBHE 3HA4YeHMs KoMMrekca obobuarwmx nokasaTtenen OyTbEBOro
pexuma nnaesku. OOGoOcCHoBaHMe 3TOro Habopa BaXHEWLWMX nokasaTenem wu ux
ONTUManbHbIX ONS Pas3HblX YCOBUA MNNAaBKM 3HAYEHUN SABNSETCHA BaXXHOW npobremown.
[Mounck >xe 3Ha4YeHun napameTpoB AyTbsl, obecneyMBalOLMX BbIXO4 Ha ONTUMAarnbHble
3HaveHus rpynnbl ob6obLaoWmMx nokasaTenen AyTbEBOro pexuma nnaBkun — 37O 3agada
CPaBHUTENbHO Ferko pellaemas, Hanpumep, Npyu UCMNofb3OBaHUN ONANIOroBOM CUCTEMBI

«OYTbE», paspaboTaHHoit B HaumMoHanbHOM MeTannypriuiyeckon akageMmm YKpamHbl.
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Ouanorosas cuctema «JYTbE» npegHasHavena ans pacyeTta TEKYLLMX 3Ha4YEeHUN
KOMMIEKCHbIX MOKasaTenen AyTbeBOro pexuma AOMEHHOW nnaBku (TEOpEeTUYEeCKON
TemnepaTtypbl FOpeHns Tonnmea y PypM, KMHETUYECKOW SHEPrUn CTPyu OyTbs, MOSHON
MEXaHN4YeCKON aHeprnn oypmMeHHOro rasa, oobema obpasyoLerocsi 3a eauHULY BPEMEHN
dypMeEHHOro rasa) n onpefeneHuns Takmx napaMmeTpoB OYyTbsl, KOTOpPbIE NPW NMAAHNPYEMbIX
ycnosusax obecneuvBaloT noggepxaHume  BblOpaHHbIX  KOMMSIEKCHUX MokasaTtenemn
AYTbEBOro pexunma nnaBky Ha 3agaHHOM YPOBHE.

Hanbonee npobnemHbiM sBNsieTca OOOCHOBAHME KOMMIEKCHOro nokasaTens,
KOTOpbI/ NOo3BOSAN Obl OUeHMBaTb CTENeHb NPOHMKHOBEHWUSI ra3oBOro MOTOKA K LEHTPY
neyn. B nnoTHOM crnoe Kokca KMHEeTU4eckasi 3Heprus cTpym AyTbs racutcs ObiCTpo, u
BO3MOXHOCTb MPOHWKHOBEHWSI Fasa B LEHTpanbHyl 30HY Me4Yn CBs3aHa, [MaBHbIM
obpasom, C Hanuumem M pasmepamMu pas3pbIXNIEHHOW 30HbI Nepen dypmamu, raoe ras
ABWXKETCS, pacxogysa OTHOCUTENbHO MeANEHHO CBOK MEXaHUYECKy aHepruto. Pasmepbl
Pa3pbIXNIEHHOM 30Hbl 3aBUCAT HE TONbKO OT KMHETUYECKOW IHEPrUN CTPYU OYTbSA, HO U OT
9Hepruu AaBneHns U paclumpeHnsa oypmMeHHOro rasa B pesynbTaTe ropeHusi Tonnmea.

TeopeTnyeckn Hanbonee KOPPEKTHbIM CNOCOBOM YY4ETa BNUSHUS FrOPEHUst TONNMBa
B (DYpPMEHHOM o4are Ha pasMepbl Pa3pbIXNIEHHOW 30Hbl WU CTEeneHb MNPOHUKHOBEHUS
ra3oBOro nNOTOKa K ULEHTPY neynm SBNAeTCA OueHKa TepmoauvHaMmmnyeckonm paboThbl
n3meHeHnsa obbEma rasa 3a 1 cekyHay BCNenCcTBME €ro Harpesa npv ropeHun Tonnmea B

Kucnopoae AyTbs:

L — P V 2c _Vdc
0 , BT,
n
roe L — tepmoguHammnyeckas paboTa paclumperus rasa 3a 1 cekyHay (MOLHOCTb
paclwmpeHnst ypMeEHHOro rasa), BT;
Po — AaBneHne ayTbs, NPUHMMaeMOoe 3a CpeaHee AaBreHne rasa B
dypmeHHOM ouare, H/M?;
Ve — 06bEM OBpasytolerocs 3a 1 cekyHay doypMeEHHOro rasa npm
TeopeTnyeckoi TemnepaType ropeHusl Tonnuea v gasneHumn Ps, m3/c;

Ve — CEKYHOHbIV 00BbEM AyThA, BOyBaeMoro B neyb npu ts u Py, M%/c;

N — YMCNO BO3AYLLUHbIX OYPM.

MonHaa wmexaHudeckas 3Heprust (MOWHOCTb) dpypMeHHoro rasa (Eqr) B 3TOM

Crydyae MOXeT OLIEHMBATLCA Kak CyMMa KMHETUYECKON 3HEPrum (MOLLHOCTU) CTPYU AYTbS
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N TepmoamHammyeckon paboTtbl pacwmpeHnsa 3a 1 cekyHagy obbéma rasa B oypMeHHOM

ovare:

BT;

~ Q,(1,251+178w) +0,782Q,, 0,1(t, +273) i VeV
E, = — | + P —
n

¥ 4237920 n®- f? {(Q" 0.) 273(0,1+ P,)

rae Qo u Que— pacxoapbl AyTbs U NPUPOAHOrO rasa, Hm/c;
W N @ — coaepXaHne KUCrnopoaa u Brarv B AyTbe, 4ONU eOuHNL;
to — TemnepaTtypa oyTbs, °C;
f — nnowaab cBo60AHOrO ceyYeHnst BO3AyLIHON ypMbl, M2,
OnTtumanbHoe 3HayeHue Eqr, Kak 1 gpyrnx obobLuaroLlmx nokasaTtenen ayTbeBoro
pexuma nnaBku, OOSHKHO OnpeaensaTbCs ANA KaXaon AOMEHHOM Mevynm Ha OCHOBEe

CTaTUCTUYECKMX UCCIEeaoBaHUN.

YK 669.18
A. H. Toro6uukas, J1. C. Mon4aHos, A. C. BepryH, B. I'. Kucnsikos, 0. M. Jlnxayen

WNHcTuTyT YepHon metannyprum nm. 3..Hekpacosa HAH YkpawuHsl, r. QHenp

®OPMUPOBAHUE UHTETPUPOBAHHOW BA3bl 3KCMEPUMEHTAJIbHbIX
AOAHHbIX O COCTABE U TEXHOJIOTMYECKUX MAPAMETPAX TEXHOJIOI'MA
AECYINb®YPALUUU 3EPHUCTbIM MATHUEM

Pa3paboTtaHbl KOHUenTyalnbHble OCHOBbI CO34aHWsA WMHMOPMaLUMOHHOIO pecypca
noacuctembl «[ecynbypaumnay AONA  M3y4eHUs, BbIABMEHUST 3aKOHOMEPHOCTEN WU
MOLENVPOBAHNA  NPOLECCOB  BHEMEYHOW 00paboTkm 4YyryHa B 4YaCTHOCTU C
MCNONb30BaHMEM 3epHUCTOro MmarHus. CornacHo [aHHOW KOHUuenuun uHdopMauus
XpaHumass B 6ase OaHHbIX, afeKkBaTHO OTpakaeT pearbHble napameTpbl TEXHONOorum
BHene4Hon ob6paboTkm 4yryHa. OCHOBOW WHM(OPMALMOHHOW TEXHOMOrMM SABMSKOTCS
AaHHble, YYUTbIBAKOLIME XapaKTEPUCTUKM KOBLUEW, XMMWYECKUM COCTaB U Temnepartypy
YyyryHa, gecynbypaTtop, a Takke COCTaB YyryHa v Lunaka no okoH4aHumo obpaboTkm. basa
AaHHbIX nNpeacTaBnseT CcobOOW  COBOKYMHOCTb B3aMMOCBSA3aHHbIX  (PannoB  OaHHbIX
onpefeneHHon opraHusauumnm, perfnameHTMpyemMonM COOTBETCTBYHOLLMM  MaLUMHHBIM
nacnopTom.

OCHOBHblE KOMMOHEHTbI MHOpMaLUMOHHON nouckoBon cuctembl (UAMNC) — aTo

nporpaMMHble CPEeACTBa, NMOMCKOBbI MacCUMB LOKYMEHTOB, cpeactea obpaboTkum BXOOHOM
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WHopMaUmMn noaroToBneHHon B cpefe Excel, obecneuynBarwolme opraHusaumio U
ynpaBreHne AaHHbiMu (BBOA, XpaHeHwe, 3awmTta, MOUCK W Bblgaya) HaKOMNSeHHOro
MHOPMaLUMOHHOrO pecypca. basa [aHHbIX SABNSETCA  MOMHOTEKCTOBOM  (popMOoNn
opraHuMsaumn OOoKyMeHTanbHo-(hakTorpadudeckon 6a3sbl gaHHbIX. WMEHHO XpaHeHue
TeKkcTa B MOMHOM oOObemMe JdaeT BO3MOXHOCTb obecneunTb TemMaTU4ecKuin MOUCK Mo
onpegeneHHon npobrneme wunuM BONPOCY, YTO perfameHTUpyeTcs COOTBETCTBYHOLLUM
3anpocoM,06ecneyeHHbIMIIMOKUM MHTEPENCOM.

ApantupoBaHHaa UIMC paeT BO3MOXHOCTb: BBECTU OOKYMEHT, OTpedakTUpoBaTb
ero, NPoOn3BeCTU NOUCK N chOPMUPOBaTb OTYETHbIE JOKYMEHTLI MO pe3yrnbTaTtam Noucka B
dopmate nonb3oBaTend; xpaHuTb B B[l OOKyMeHTbl pasHoro Tuna (MoOXeT ObiThb,
HECKOJTbKO [eCATKOB (POpMaToB OOKYMEHTOB); MCMOMb30BaTb Af1 3anvMcu AaHHbIX Nons
nepemMeHHon (HedUKCMPOBaAHHOW) ANWHbLI, obecneynTb XpaHeHMe u  paboTy C
HECKOSTbKUMW 3HAYEHNAMU OAHOW XapaKTEPUCTUKM B OOQHOM Mosfie; peann3oBaTb rmbkue
NouncKoBble (PYHKLMM Npy paboTe ¢ TEKCTOM UK doakTorpaduent.

[okymeHT 6a3bl 4aHHbIX COCTOUT M3 HECKOSMbKMX NOSEN, KOTopble 00beanHAITCA B
rpynnbl. [pynna 1 onucbiBaeT JOKYMeEHTanbHyw 4actb 6asbl  (Tabnumua 1).
dakTorpadmyeckyto 4actb onucbiBaet Tabnuua 2. BbICTpbii NOUCK  MHGOpPMauunm
obecneunBaloT COOTBETCTBYHOLLME CpeacTBa MHAEKCAUUN NO perfnameHTUPYHLUM Mossim
“KntoyeBble cnoea”,” ABTopbl ” 1 T.4.

daktorpadumyeckas uHgopmauus (Tabnuua 2) nos3BonsieT pewaTb 3agady
MOENMPOBaHUA MPoLEecCoB Aecyrbdypaunn 3epHUCTbIM MarHMuem B COOTBETCTBUM C
yKka3aHHbIM [onb3oBaTtenem 3anpocom. [na ontuMmanbHoMpaboTbl ¢ hakTorpacdmyeckumm
AaHHBIMW UCMNONb30BaH METOA XpaHeHUs B pensaumnoHHon 6ase «Sqlite».

Tabnuua 1 - pokymeHTanbHyto Yacts UMC

Kno4yeBkle cnosa Marnui, asoT, ypma ¢ ucnapurenem
ABTOpLI K.T.H. [1BockuH B.B.
HassaHue Pa3paboTka TEXHONOMMYECKNX PELLUEHU N AOKYMEHTaLMN B KOMMNeKce paboT no
npoekTupoBaHuio 1 oceoeHnto Y4 cranb 3aBoga Ne2 TaHrwaHbckoro MK
W3pgaHue PM.07.04 r., JHenponeTpoBck. - 2005. - 44 c.
Pechepar OcBoeHa TexHonornsa gecynbdypaumm MarHmem co CHXXEHUEM CoaepXKaHUsA cepbl 40
0,002%
PedepeHT K.T.H. Kucnskos B.I".
Okcnept K.X.H. Fonosko J1.A.
MpegnpuaTtue TaHrwaHb— 2

MpoBeaeH ocMOTp M NoaroToBka o6opyaoBaHus k padote. MNpoeeaeHbl "xonoaHbIe"”,
MeToguka "ropsumne” n rapaHTUNHbIE UCMbITaHNUS! PaboTbl YCTAaHOBKU. XMMaHanu3 npood yyryHa
BbIMOSHANCS B XUM. nabopatopun npeanpuatnsa n UM
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Tabnuua 2 - NapameTpbl TEXHONOMMN

Macca | Temne- Temne- Macca Cepa | 'nybunHa | Macca I/I"'TeHCMB'Pacxo,tl, rasa Bpews
patypa Cepa HOCTb obpa-

yyryHa,| patypa peareHTa, o/ |KOHEM.,| morpyxe- | wnaka, HocuTens,
o~ | KOHeuY., ucx., % BBOJA, 3 60oTKN,

T Hau.,°C o Kr % HUS, M % HMm®/yac
C KI/MVH. MWH.
39.5 | 1286 - 19.75 0.027 | 0.006 1.70 1.1 4 45 5:30
41.6 1293 25.79 0.032 | 0.004 1.85 4 35 6:00
34.0 | 1351 1335 18.70 0.024 | 0.005 1.70 0.8 4.5 30 4:00
38.5 | 1317 1280 23.10 0.026 | 0.006 1.80 0.8 4.5 35 5:06
37.0 | 1286 1255 23.31 0.034 | 0.005 1.85 0.8 4.5 35 5:01
38.5 | 1240 1208 23.49 0.055 | 0.005 1.80 0.8 4.5 35 5:08

CYB[] «Sqlite» paboTaeT 6e3 cepBepa 1 NO3BONSET HakannueaTb U obpabaTtbiBaTb
dakTorpadunio, pacnosioKeHHY B foKanbHbIX dainax, YTo 3Ha4YMTeNbHO YyBenMyYnBaeT

MOBUNBHOCTL 06PaboTKM MHOPMaLNN.

YK 669.187-194.52:669.786
I. M. Tpery6eHko, I'. A. NMonsikos, C. M. lMigropHumn

HauioHanbHa meTanypriviHa akagemia Ykpainum, M. [Hinpo

PO3POBKA TEXHOJOI BAPOBHULITBA EKOHOMIYHUX CTAJIEN 3
KAPBOHITPUAHOIKO HAHOCTPYKTYPOIO AnA EHEPFTETUYHOIO
MALUMHOBYYBAHHA

YNpoaoBX OCTaHHIX POKIB AyXe iHTEHCUBHO 34IMCHIONTb PO3pobKy cTanen, Lo
MaloTb BUCOKMI onip niacTudHol aedopMadii i pyrHyBaHHIO Npu poboumx Temneparypax
po 450-550°C (tennocTtivikux cTtanen). [Ona po6otn npu Temnepatypi go 550°C
3aCTOCOBYIOTLCS NMEPNIiTHI i cepiTo-nepniTHi ctani. BkasaHi cTtani BUKOPUCTOBYIOTLCH B
eHepreTM4yHoMy MalnHoOyayBaHHI (4115 BATOTOBMNEHHS KOTAIB, MOCYAUH, MapoHarpiBavis i
napornpoBoAiB), @ TakoX B XiMiYHHOMY | HAPTOBOMY MaLUMHOBYQYBaHHI.

Bumorn no ximiyHoOMy cknagy i MexaHiYHUM BnacTUBOCTSIM CTarnemn, npawoydmx npu
nigBuLLeHnx Temnepartypax Ha Teputopii CHL, aeTtanbHO onucye HOpPMaTUBHO-TEXHIYHA
pokymeHTtauis (HTA): TOCT 20072-74 «CTtanb TennocTinkay i ABa ranysesi ctaHgapTtu
OCT 108.961.03 «Bunueku 3 Byrneuesoil i neroBaHol ctani gnsg acoOHHUX efleMEHTIB
napoBux KOTMIB i TpybonpoBOAiB 3 rapaHTOBaAHWMMW XapakTePUCTUKAMMU MILHOCTI npu
Bucoknx Temnepartypax» i OCT 108.961.02 «Bunueku 3 ByrneueBux i neroBaHmMx cranen

Ana  getanen napoBux CTauioHapHMx TypOiH 3 rapaHTOBaHMMW XapaKTepucTuUKamm
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MILHOCTI NPU BUCOKMX TeMnepartypax».

AHania Mapok HWU3bKOMEeroBaHmx CcTanen, npaulyMx npu  NigBULLEHUX
TemnepaTypax, CBiAYMTb MpO Te, WO Han4yacTille BUKOPUCTOBYBAHUMU NeryloynmMm
erniemMeHTaMn B cTandx, € Xpom, moniéaeH i BaHagin (ctani 12XM, 15X1M1dJ1, 20XMJ1,
20XMoJ1, 25X1M®, 18X3MD, 20X3MD), piglie BMKOPUCTOBYETLCA HiOBIK, BONbgpam i
™mTaH (ctani 20X1M1P1TP, 20X1M1P1B6P, 15X5B®, 12X8B®).

MpakTnyHe 3acTocyBaHHA MONIBAEHY | BaHaAilo ANs 3MiLHEHHs cTani iX kapbigamu
Pi3Ko OBMEXYETbCA BWCOKOK BapTICTIO LUMX JEryluYMX efieMeHTiB, LWo noTpibHO
BpaxoByBaTu Mpu NPOMMUCIOBOMY BUMPOOHMUTBI BENUKOrabapuTHUX BUIIMBOK, Bara SIKUX
pocsarae 200 T (Kopnycu rasoBux i napoBux TypOiH). AnbTepHaTMBHUM CNOCOGOM
NiABULLEHHS BNAaCTUBOCTEN MILHOCTI HU3bKOSIEroBaHUX cTaneun, npauoiynx npyu BUCOKUX
TemnepaTtypax, Moxe B6yTh X KOMNIIEKCHE MiKposnieryBaHHA a3oToM, TUTAHOM i antoMiHieM,
ake 3abe3nevye BUCOKI MeXaHidHi BNacTMBOCTI BKasaHWX cTanenm npu niaBULLLEHNX
TemnepaTypax (250-450°C) 3a paxyHOK 3MiUHEHHSI 06'eMy 3epeH BMCOKOAMCNEPCHUMM
KapOoHiTpMaammn TuTaHy, a ix Mex - HITpaoM arntoMiHito.

Y poboTi BCTaAHOBNEHUM BNNMB MiIKponeryrounx i 06a3oBMX enemMeHTiB  Ha
dopMyBaHHA KapOOHITPMOHOI HAHOCTPYKTYPU B KpeMHiMMapraHueBuX TenmnoCTiNKNX
ctansax. BwusHayeHi onTMmanbHi TemnepaTypHO-4YacoBi MNapameTpy TepMooOpobku
MikponerosaHoi ctani 201 CJ1.

BctaHoBneHo, wo  MikponerosaHa crtanb 20MCJ1 3 kapBoOHITpMAHO
HaAHOCTPYKTYPOI 3a MeXaHiYHMMM BNacTUBOCTAMM NPU KIMHATHIN TemnepaTypi Bignosigae
ycim Bumoram OCT 108.961.02 i OCT 108.961.03 HaBiTb OO0 HaWMIUHIWOI cTani
15X1M1]1.

BusHayeHo, WO KOMMNeKcHe MiKponeryBaHHA as3oTOM, TUTAHOM | asntoMiHiEM
HU3bKONEroBaHMX KpeMHiMapraHueBmMx TENsOCTINKOI enekTpocTani 3Ha4yHO nigBuLLye iX
Mexy nnuMHHocTI npy 250-450°C i 3abesnevye moro 3HadeHHs B 2,0-2,5 pasy Oinbie
HeobxigHoro piBHA. Mexi NAMHHOCTI i MiLHOCTI MikponerosaHoi ctani 20l CJ1 npu po6o4mx
TemnepaTtypax 3anumarTbCsa NMPakTUYHO OAHAKOBUMM, WO CBIiAYMTb NPO iX CTabinbHICTb B
ymMoOBax Tennosux Adin.

Ha nigctaBi npoBegeHOro KOMMMEKCY HayKOBMX AOOCMigKeHb po3pobneHa
TEXHONOris BUPOOHMUTBA EKOHOMIYHUX CcTanen 3 KapOOHITPUAHWM 3MILUHEHHAM AN
eHepreTMyHoro MawunHobyayBaHHA. PospobneHa TexHonoria npouwna  yCnilHy
anpobauito B ymoBax [NAT «Apmanpom» npu BupoOHuutsi ctani 20ICJ1 komnnekcHo

MIKpOfieEroBaHoI a30ToM, TUTAHOM i antoMiHIEM.
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YK 621.74:669-14
P. B. YceHko, E. A. ®ponosa, C. U. Pensax

HaunoHanbHas mMeTannyprumvyeckasda akagemMmuna YKkpauHbl, OHenp

KEPAMUWYECKUE OBOJIOYKOBbBIE »OPMbl OCHOBE MATEPUAJIOB
TEXHOIEHHOIO NPOUCXOXAOEHUA

OgHuUM 13 HanpaBneHun pasBUTUS COBPEMEHHbLIX TEXHOMNOormm SBNseTCs
NCNoNb30BaHNE MaTepuanoB TEXHOrEHHOro MPOUCXOXOEHUS, TpPebylowmx crneunanbHbIX
YCNOBUA yTUAM3aUMN N XpaHeHus. K 4ucny Takux maTepuanoB OTHOCATCA OTXOAbl,
obpasyolmneca B pesynbTaTe CKUraHusi KAMEHHOro yris U LWak oT BbinNfaBkM megun. Ha
CErOAHAWHNA OeHb Ha MONUroHax yTunmMsauuu yrbTpagucnepcHOM 305bl COXOKEHHOro
yrna B YKpanHe HakonneHo 6onee 200 mMnH. TOHH, a Kynepwnaka - nopsiaka 100 TobiC.
TOHH.

B nutenHom npomnsBoacTBe AaHHblE MaTepuarnbl MOXHO MCMNONb30BaTh B Ka4yecTBe
TEXHOMOrmyecknx AobaBoK B XMOKOCTEKOMbHbIE (POPMOBOYHbIE U CTEPXKHEBbLIE CMECU C
Lenblo CHMXEeHUA 3aTpaT Ha BblIOMBKY OTNMBOK M CTEPXHEN M3 OTMMBOK, B KayecTBe
HanonMHUTENen OrHeyNnopHOW CYCNEH3UU Mpu U3roTOBIEHUN KepaMUyecknx o60onovKoBbIX
dopM 1 T.n. B 4acTHOCTW, BBOA, YNbTPaAMCNEPCHON 305bl COXCKEHHOIO Yrigd B necyaHo-
XWOKOCTEKOmNMbHYIO cMecb, oTBepxaaemyro no COz-npoueccy, MNO3BOMSET YMEHbLUUTb
paboTy BbIOMBKM CTepxHen B 2...3 pasa, NOBbICUTb YUCTOTY MOBEPXHOCTU OTSIMBOK M3
yyryHa W OpOH3bl, Ha MENKUX W cpefHuX OTnMBKax npegynpeautb obpasoBaHue
MeXaHMYeCcKoro npurapa, yMeHbLNTb pacxon KBapLuesoro necka Ha 8...12%..

B HacToqwen paboTe 6binv onpegeneHbl OCHOBHbIE TEXHOOMMYECKNE napameTpbl
(POPMOBOYHbLIX CMECeN Ha OCHOBE MaTepuarnioB TEXHONEHHOro MPOUCXOXOEHUA — LUnaka
BbiNfiaBkM Meau (Kynepwsak) wW  30Mbl  TEMNMAOBOM  3dnekTpocTaHuuu. [lposefdeH
CpaBHUTENbHbLIN aHanuM3 3PEPEKTUBHOCTU MPUMEHEHUS KynepLunaka v 305bl TenrnoBon
3MIEKTPOCTaHUMKN Pas3fnNYHOro (ppakUMoOHHOro cocTasa.

YCTaHOBNEHO, 4YTO WUCMNOMNb30BaHWE B KayecTBE KOMIMOHEHTOB MaTepuarnos
TEXHOrEHHOro NPOUCXOXAEHNA ABNAeTcs Hanbonee apeKkTUBHLIM, YyYnTbIBas, npexae
BCEro, COCTaB MO BMAaM OKCUOOB M KonmnyectBy npumecen. OnpegeneHo BrvsiHue

cogepxaHna OdaHHbIX MaTepuasioB Ha  OCHOBHblE  TeXHOJIormd4eckume CBOMCTBA
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POPMOBOYHLIX CcMecel. PaspaboTaHa TEexXHOMOorMss WU3roTOBMEHUS  KepaMU4eCKUX
060noyYKkoBbIX OPM, MpPU  UCMOMb30BAHUN  BO3MOXHO MPUMEHEHME  OOBbIYHOro
AENCTBYOLEro Ha BonbLlUMHCTBE NpodunbHbIX Npon3BoAcTB obopyaoBaHus. Kpome Toro,
obecneunBaeTCa 3HaYUTENbHOE COKpaLleHMe HaknagHbIX pPacxXxodoB Ha UCXOAHbIX
POPMOBOYHBIX Matepuanax u CokpalleHUN OfMTENbHOCTU TeXHOSOrMyeckoro npouecca
narotoeneHns ¢opm, npu obecnedeHnn CpPaBHUTENBHO BbICOKMX 3JKONTOMMYECKNX

nokasarteneun npouecca.

Cnucok nutepaTypbl

1. Pensax, C.A. TexHonorn4eckne ocHOBbl NUTbA NO BbinnaBnsemMmbiMm moaensm / C.
N. Pensax. — HenponeTposck: Jlnpa, 2006. — 1056 c.

2. Usenko, R. V. The relative viscosity of the liquid-glass slurry filled with cooper
slag / R. V. Usenko, S. I. Repyakh, V. F. Mazorchuk // Metallurgical and Mining Industry —
2017. — Ne3. — p.p. 20-22.

Y[OK: 669.162.275.2:661.3
H. O. Urona, 1. O. CtenaHeHkKo, A.l. BenbkoBa, O.C. Cka4yko

[HCTUTYT YopHoi meTanyprii im. 3. |. Hekpacosa HAHY, m. [JHinpo

AOCNIAXEHHA B’A3KOCTI | ENEKTPOMNPOBIAHOCTI LWIAKOBUX
PO3MNABIB JOMEHHOI NNABKU

B cyyacHomy CBiTi MaTemaTudyHe MOAEMOBaHHA BUCOKOTEMMNEPATYPHUX MPOLECIB
cTano Hanmbinbw edeKTMBHUM METOAOM TMpU  MNPUUAHATTI  TEXHOMOMYHUX  pilleHb
niaBULLEHHS NPOAYKTUBHOCTI Ta eeKTUBHOCTI MeTanypriiHux npouecis. Benvky ponb B
3abe3neyeHHi BUCOKOT TOYHOCTI NPOrHO3HMX MaTteMaTUYHNX MOAENEN Bidirpae BpaxyBaHHS
di3nKo-XiMi4YHOT B3aeMoail Mi>k KOMMOHEHTaMWN OKCUOHUX CUCTEM.

Ha ocHoBi po3pobneHoi B IYM HAHY metoauku @i3nKo-xiMiYHOro MOAENHOBAHHS
OKCUOHUX pPO3MraBiB Ha pPiBHIi MibkaTOMHOI B3aemofii [1] Ta HakonuyeHol i NOMOBHEHOI
HOBMMM eKCnepuMeHTanbHMMn gaHnmm B 6asi «LLnak» [2] iHdbopmauii oTpyManun po3BuUToK
mMoZeni Ons NpOrHo3yBaHHS B’SAA3KOCTi, €neKTponpoBigHOCTI, NMOBEPXHEBOro HaTAry Ta

TeMneparypu XOpOLIJO'I' NSIMHHOCTI KiIHUEBUX OMEHHUX LUMakKiB, WO A03BOMSE onepatnBHoO
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BUpiLLYBaATM 3aBOaHHSA KOHTPOMK BfacCTUBOCTEM MNPOAYKTIB AOMEHHOI nfiaBknm y
B3aEMO3B'A3KY 3 CUPOBUHHUMM i TEXHOMNOTIYHMMW NapaMmeTpamMu nNpoLuecy 3 MeTor BUbopy
3ani3opyaHol CUPOBMHN 3 ONTUMarlbHUMK BACTUBOCTSIMN.

BukoHaHn aHanis BNacTMBOCTEN KIHLEBUX AOMEHHUX LUNAKIiB AS11 KOHKPETHUX YMOB
MeTanyprinHnx KombiHaTiB YKpaiHm Ta kpaiH CH[ nokasaB, WO LUMakMm JOMEHHUX neden
MalTb LWUMPOKMI Adiana3oH 3MmiHuM cknagy (0,683<p<0,732, oe p- nokasHuK crtexiomeTpil
oKCuaHMX posnnasis [1]), WO CBigYMTE NPO HecTabinbHUIM CKNag LUMXTOBMX MaTepianis.
Ockinbkn, onTuManbHa B’A3KICTb, WO 3abe3neuntb XOpoLly TeKydicTb, ANY3iiHy
PYXSIMBICTb Ta MiHIManbHy KOPO3iMHY aKTUBHICTb KiHUEBMX LUMakiB Ha BUMYCKY
3HaxoauTbesa Ha piHi 0,3 Ma-c, To npn TemnepaTtypi 1500 °C uto B’A3KICTL 3abe3nevyoTb
wnakm 3i ctexiometpieto p=0,716, AKi € oONTUManbHUMKN 3 TOYKMN 30pPY B'A3KOCTI.

3 METOK OUIHKM MIKpOreTepOoreHHOro CcraHy AOCHiAKEeHUX LWIakoBUX po3nsasiB
BUKOHAHNA pPO3paxyHKOBO-aHaNiTU4HUA aHania TemMnepaTypHOl 3aneXHOCTi B'A3KOCTi i
eNeKTPONpPOBIAHOCTI, K HAaNBINbL CTPYKTYPHO-Y4YTNMBUX BNacTMBoOCTeN. |3 aHanisy cnigye,
Wo Ans npoaHanisoBaHuxX wWnakiB YkpaiHu Ta kpaiH CHL B gocnigxeHux AianasoHax
TemnepaTtyp KpuBi rpadivyHOl 3anexHOCTi B’A3KOCTI Ta eNekTPonpoBIiAHOCTI (NpuBeaeHi 40

mMacwwTtaby [0+1]) B cuny ix xapaktepy 3MiHU Big TemnepaTtypu nepetuHaroTbes (puc 1).

! o o

Macmraboeani B'azricTs TA
EeNeKTPOTIPOBIIHICTE

1350 1400 1450 1500 1550 1600 1650

o
, BC .
- B'asmicte, [lac - @ - Enexrponpoeinmicts, Oml-cm!

PucyHok. TemnepaTypHa 3anexHiCTb B'AI3KOCTi i eNeKTponpoBigHOCTI KIHLEBUX JOMEHHUX
wnakie Ykpainu Ta kpaiH CH[

TemnepaTtypa TOYKM NEPETUHY KPUBUX B’SAIBKOCTI Ta €NeKTPOnpOBIOHOCTI BignoBiaae

TemnepaTypi no4yatky  YTBOPEHHSA reTepononisipHMx  3B’A3KiB B  poannasi

(MikporeTporeHHicTb) [3] | nNpy noganbWOMy MOHWXEHHIO TemnepaTypu npouec

reTeporeHisauii NiaBULLYETLCA.
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TakuM 4YMHOM, Ha OCHOBI AOCHILXEHUX FeOMETPUYHUX 3anexHoCTen B'A3KOCTI Ta
ereKTPOnpOoBIAHOCTI JOMEHHUX LUSaKiB 3anpornoHOBaHUMA MeTO[ BU3HAYEHHSA KPUTUYHOI
TemnepaTtypu IX reteporeHisauii, peanisauia SKOro npoAeMOHCTpOBaHa Ha npuknagi
KiHLEeBOro AomMeHHoro wnaky cknagy: SiOz - 38,52%, Al20s3 - 7,46%, CaO - 44,89%, MgO -
7,10%, FeO - 0,33%, MnO - 0,40%, CaS - 0,98%, K20 - 0,41%, Na20 - 0,36%, ZnO -
0,0014%, wo Bignosigae: n=0,33 Ma-c; x=0,27 Om*-cm; T=1480°C (puc.).

Cnucok nitepatypu

1. MNpuxodbko 3.B. TlporHo3npoBaHne GU3NKO-XMMUYECKMX CBONCTB OKCUOHbIX
cuctem / 3.B. lMpuxogbko, O.H. Torodbuukas, A.®. Xamxotbko, [O.A. CTenaHeHko. —
[HenponeTposck: MNoporn. — 2013. — 339 c.

2. lMpuxodbko 3. B. Basbl PUIMKO-XUMUYECKNX N TEXHOJOTMYECKMX OAHHbIX ANs
CcO34aHns UHAPOPMALMOHHBLIX TexHornormin B metannyprum / 3. B. [Mpuxogbko, . H.
Torobuukas // MeTtannypruyeckasi 1 ropHOpyAHasa MPOMbILWNEeHHOCTb. — 1999, — Ne3. — C.
17-21.

3. CmenaHeHko [J.A. ViccnegoBaHne MWKPOreTeporeHHOCTN pacniaBoB AOMEHHbIX
lUNakoB Ha ocHoBe ux ¢asoBoro coctaBa / CtenaHeHko [.A., Torobuukas [O.H.,

Xamxotbko A.®., baymep B.H. // MeTtann n nutbe YkpauHbl. — 2012. - Ne1. — C. 35-39

YK 669.184.235
A.T. YepHaTeBuuy, J1. C. MonuaHoB, B. B. Bakynbuyk

WHCTUTYT YyepHon metannyprum um. 3. V. Hekpacosa HAH YkpauHsl, r. [IHenp

NMEPCMEKTUBHAS KOHCTPYKLUMA OBYXbAPYCHOWU KNCNOPOOHON ®YPMbI

[1nsa npou3BoACTBa Ka4eCTBEHHOro Xenesoyrnepoaucroro nonynpogykra B 120-1
KOHBepTepe, paboTatollem no TEXHONOrMN KOMOMHMPOBAHHOW NPOAYBKW NpeaBapUTenbHO
pauHupoBaHHoro no cepe 4yryHa ([S]<0,005%) kucnopoaom CBepXy C pacxogom
500 M3/MUH X HelTpanbHbiM nepeMelnBaowyMm rasom (N2, Ar) 4yepes [OHuWEe C
WNHTEHCUBHOCTBIO 8-16 M3/MUH, paspaboTaHa n onpo6oBaHa Ha OMbITHO-MPOMbILLEHHOMN

KammnaHun MNiaBoOK HOBasi KOHCTPYKUMS ABYXbSPYCHOW BOA0OXNaXZaeMOW KUCIOPOOHOM

dypmsbl (puc. 1).

367



JIMTBO.METAJIYPTIA. 2019

Puc. 1 — lNporpeccrnBHasn KOHCTPYKUNA OBYXbSAPYCHOW KUCITOPOOHOM (hypMbl

dypma BkMwYaeT cregylowme  KOHCTPYKTUBHbIE  OfIEMEHTbl:  HAKOHEYHUK C
ABYXpSOHbIM  pacrnonoxeHnem 4-x conen JlaBana u  8-Mu  UMNMHOPUYECKUX,
obecneunBaroLLMX  HenocpeacTBEHHYHO npoayBKy  MeTannuyeckoro  pacnnasa
Pa3HOMMMYNbCHLIMU CBEPX- N 3BYKOBbLIMU KUCITOPOAHbLIMU CTpyaMnU. Ha yaaneHun 2 m ot
TOpUua HaKOHEYHMKa pacnofiokeH BepxHUM connoBor  6nok, BkNwo4vawowmm 8
UUNNHOPUYECKUX coner, npeaHasHavYeHHbIX ONna (oOpMUPOBaHUS 3BYKOBbIX KUCITOPOAHBLIX
CTPYM C Lefibio YaCTUYHOMO JOXUTaHNS OTXOOSALWNX ra3oB B NOSIOCTM KOHBEpTEpA.

YkasaHHass OByxbdApycHas dypma CcHabxeHa MOAEepHU3MPOBaHHOW CUCTEMOWN
nogsBoda K Heu oxnaxjawwen BoAbl U OBYX HE3aBUCMMO perynupyembiX MOTOKOB
OCHOBHOIO 1 AO0MNOSTHUTENBHOrO KUCIopoAda C BO3MOXHOCTbLIO UX MOMHOW 3aMeHbl Ha a3oT
B HY)XXHble nepuoabl onepauuun.

B nepsom nepuoge npoayBKM KOHBEPTEPHOW BaHHbl C  UCMOMb30BAHWEM
NpeasIoKeHHON KOHCTPYKUMKN OBYXbAPYCHOW (PypMbl OCYLLECTBNSETCS NPeMMyLLecTBEHHO
COBMECTHOE yaaneHue KpeMHus u gocdopa C NPOMEXYTOYHbIM CKayMBaHMEM LUMaka, a
3aTeM BO BTOPOM Mepuone BbiNosiHaeTca obe3yrnepoxumBaHne pacnnasa ¢ JOCTUXEHNEM
Tpebyembix nokasatenen ero xummmudeckoro coctaBa ([C],[P]) un Temnepatypbl. [locne
BbIMyCKa Xenes3oyrnepoancToro NonynpoaykTa B cTanepassiMBOYHbIN KOBLU OCTaBLUMIACA B
KOHBepTepe LWnak, cogepxawum 7-9 % okcuaa marHus, noaBepraeTcs pasgyBy CBepX- U
3BYKOBbIMW a30THbIMKU CTPYyAMU Npu pacxofe asota 475 mM3/MUH 4yepe3 HaKOHEeYHUK C

LieNnblo HAHECEHNS LLIMAaKOBOro rapHucaxa Ha yTepoBKy arperaTa.
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PaspaboTaHHass TeXHONOrns MpPOAYBKU C MPUMEHEHUEM ABYXbSPYCHOM ypMbl,
0b6opyaoBaHHOM CUCTEMOW PErynmMpyemMoro nogsoga K Hew OBYX MOTOKOB Kucrnopoga C
3aMeHoON nocrnegHMx Ha a3oT, obecneunBaer:

- YCKOpPEHME pacTBOPEHMSI M3BECTU W MarHesmasnbHbIX LUIakoobpasyoLmx
mMatepuanoB 6e3 pgobaBoK nNMaBMKOBOrO LWnNata ¢ OPMUPOBAHMEM BCMEHEHHOWN
LUSTAKOMETANMMYeckon  3MynbCuK,  CNOCOOCTBYIOWEN  WHTEHCUdMKauMn  yoaneHus
doccopa Npu BbICOKOM COoAepXaHUK yrinepoda B MeTanndeckomMm pacnase;

- MoBbllIEHNE IPPEKTUBHOCTU [OXKMIAHUA BO BCMEHEHHOM LUMAKe «CBULLEBOro»
notoka CO, BbIXOOSAWEN0O N3 OCHOBHOW pPEaKUMOHHOW 30Hbl  B3aUMOAEWNCTBUS
CBEPX3BYKOBbIX KUCMOPOAHLIX CTPYW C BaHHOW, MyTeM (OPMUPOBAHUS BCTPEYHO
HanpaBneHHOW [OBOMHOM 3aBeCbl 3BYKOBbIX KUCNOPOAHbIX CTpyn 6e3 arpeccuBHOro
BO3eNCTBUS pakenos A0XUraHUa Ha OyTepoBKY KOHBEPTEPa;

- OCaXuBaHWE 4pe3MepHO BCMEHEHHOro LWnaka W noaasneHne BbIGpocoB
nocpeacTBOM  KPaTKOBPEMEHHOM  MO4aynM  a30THbIX  CTPYW  BO  BCMEHEHHYHO
LUNaKkoMeTanmM4yecKyo aMyIibCuIo;

- NpeaoTBpaLleHMe MHTEHCUMBHONO 3aMeTansiMBaHus cTBofia ypMbl U FOPrOBUHbBI
KOHBEpTEPA;

- acbheKTUBHOE HAHECEHME LLMaKOBOro rapHucaxa Ha yTepoBKy KOHBepTepa.

YK 669.162
A. ®. WLeByeHko, U. A. MaHauuH, B. B. [iBockuH, B. . lNeTpyLua

WHcTutyT YepHon metannyprum um. 3.U. Hekpacosa HAH YkpauHbl, r. Henp

OCHOBHbIE COCTABJNAIOLWWE PALUMOHAITbHbIX TEXHOJIOMMYECKUX PELLEHUIA
NMPOLIECCOB KOBLUEBOW OECYIIb®YPALIUN YYTYHA UHXXEKTUPOBAHUEM
PA3JIMYHbIX ANCMNEPITMPOBAHHbIX PEAFEHTOB

[MpuMmeHeHVe AMcneprMpoBaHHbIX peareHToB B Mpoueccax BHenevyHon o6paboTku
4YyryHa M cTanu Mno3BONWMO PelnTb LUMPOKUA KPyr BOMPOCOB M 3agady [1-3] noBbieHUs
KadecTBa MeTannonpoayKumMmn n ynydeHnsi TEXHMKO-SKOHOMUYECKMX NoKasaTenen npoLeccos
BbIMNaBkM MeTanna. PesynbTatamm 3TOro SBUMOCH YBENUYEHVME MNPOU3BOACTBA BbIMSaBKu
YyryHa u ctanu, paclumpeHne coptameHTa notpebnsembiX LWMXTOBbIX MaTepuanos, noryyeHne

yyryHa u ctanu ¢ Hu3kmm (< 0,010 %) n ocobo Huskum (<0,005 %) coaep>kaHnem cepbl.
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Mpn  MHXEeKUMOHHOM Aecynbdypaumm 4YyryHa B KOBLIAX Ha  3deKTUBHOCTb
aecynbdypaumm BrMSIET HE TOMNbKO XMMUYECKUIA COCTaB peareHTa, a B 3HaYUTESNbHON CTeNneHn
1 (ppakUMOHHO-ANCMEPCHbIA COCTaB, NapameTpbl BAYBaHWUS peareHTOB U ra3oHOCUTENs (Yepes
norpy>kaemyto cpypmy).

Pesynbtatbl  MHXEKUMOHHOMO  padoMHUPOBaHWA  4YyryHa U 3(PPEKTUBHOCTb
aecynbdpypauMm B BeCbMa 3HAYMTENbHOW CTEMeHn onpenenserca  MacCoOOMeEHHbIMU
npoueccaMmn Mexagy WUCTeKawlmM AByXd)asHbIM MOTOKOM KaK B 30HE €ero UCTedeHus u3
norpy>kaemov oypmbl, Tak 1 B NpudypMEHHON 30HE. DKCNEPUMEHTaNbHbIMU UCCNEAOBAHNSMMN
Ha XONoAdHbIX MPO3payHblX MoZensxX W nNpu MaTemMaTUdeckoM MOLEenMpoBaHuM Obino
yCTaHOBMeHo [4,7], YTO Ha BbIXoAe M3 KaHana gypMmbl UCTekawwas OByxdasHaa cTpys
obpasyeT rasoByto NMofoCTb, B KOTOPOW CKOPOCTb ra3oBON dha3dbl CHUXKAETCA OT MakCMMaribHOM
npaktmydeckn A0 Hyns. Takum obpasom, B npouecce UcTeyeHust AByxdbasHom CTpyn U
YaCTUYHOIO €€ 3aTyxaHusi NPoUCXoaUT pasfeneHve OByXdas3HOW Ha rasoBble (B OCHOBE) U
BbICOKOKOHLIEHTPUPOBaHHbIE  cpeabl [4-6]. YactmyHO  MOXeT  0Opa3oBbIBaATLCA
HU3KOKOHLIeHTpMpoBaHHas cpeda. CylleCcTBEHHble W3MEHEHUS1 XapaKTepuCTUK BOyBaeMbIX
ABYX(Pa3HbIX MOTOKOB BHOCWUT 3HAYUTENbHbIE KOPPEKTUPOBKA B MEXaHU3M OOMEHHbIX
npoueccoB, 0COBEHHO Npu BAYBaHUM MarHWs, Tak Kak co3faltoTcs GnaronpusaTHble yCrnosus
YBEMNMYEHNS MapunanbHOro OaBrfieHUs1 MarHMa B pPeakuMOHHOM 30HEe, YTO cnocobcTByeT
PacTBOPEHWUIO MarHNS B YyryHe.

B utore npuHUMNMansHO U3MEHSETCA MeXaHU3M TEMo- U MacCOOOMEHHbIX NPOLECCOB
1 pesynbTaTbl padMHUPOBAHUS.

Mpn BOyBaHMWM peareHTOB B 3epHUCTOM Buae ¢ auametpoMm yactmy 0,3-1,6 mm
NMPOUCXOAUT CHWXKEHWE aKTUBHOM MOBEPXHOCTU peareHTa, HO obecnedvMBaeTca peskoe
yBenuyeHmne rnyomnHbl BHEAPEHMS YacTul, peareHTa B pacnnas vyryHa go 10-27 mm munu Ha 10-
15 nx gumeTpoB. B aTOM cryyae nponcxoauT NOBCEMECTHOE U UHOMBWAYanbHOE BHeApeHWe
YacTWL, peareHToB B XXWOKUA YyryH, Tak Kak 6ornee KpynHble YacTuupl peareHTa, umest 60mbLLo
3anac KMHETUYECKOW 3Heprim, NpobrBaroT MNEHKy My3blps U BHEOPSIOTCS Briybb pacnnasa
YyryHa, npyv 3TOM OTAENssACb OT rasa (kak 6bl "cTpsaxmBasa" ¢ cebsi razoBoe OKpyXeHue). ITo
N3MeHsIeT MexaHu3M OBMEHHbIX MPOLECCOB, YTO B Crydae MPUMEHEHUS 3EPHUCTOrO MarHus
PEe3Ko YyBENMYMBAET BO3MOXHOCTM HaCbIEHUs 4dyryHa MarHumem un obecneveHusi Gonee
BbIFOAHOINO MexXaHn3Ma B3anMoAenCcTBUS pacTBOpeHHbIX [S] 1 [Mg]. Mpu BayBaHWM 3€pHUCTBIX
peareHTOB pEKOMEH0BaHa CKOPOCTb UCTEYEHMS MOTOKa M3 ypMbl B pacnnas 4vyryHa bonee

80 m/cek.
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Mpu BOyBaHMM NOPOLLKOBLIX HEMArHMEBLIX peareHToB ¢ AnameTpoM vactmy < 0,08 mm
He OOCTUraeTcsl X NoSIHOe BHeJpeHWe B pacrrnas YyryHa, a NPOVCXOAUT UX NULLb BpeMEHHoe
norpyxenne. C y4eToM 3TOro, 3(pdeKTMBHOCTbE MaCCOOOMEHHbIX MPOLIECCOB YyXyALlaeTcs,
HUBENMUPYIOTCA NPEUMYLLECTBA WHXEKUMOHHOM 00paboTkn U1 yxXyawakrTcs nokasaTenu
aecynbdypaumm n akoHoMMKKM. OBOCHOBAHO, YTO NMPU BAYBaHWM MOPOLLKOBbLIX HEMAarHMEBbLIX
peareHToB OHMM 13 BaXKHEMLLNX NapaMeTpoB SBMNSETCA KOHUEHTpauus peareHTa B rase. [pu
BOYBaHUM MOPOLLKOODPA3HbIX HeMarHWEBLIX peareHTOB coAepXaHue TBepaon asel BO
CMNbIBaOLLMX MY3bIPSAX M3MEHSIETCS B O4€Hb LUMPOKUX Npeaenax — oT 2 Ao 700-800 kr Ha 1 m°.
Mpwn BAYBaHUM MENKOAUCNEPCHBIX MOPOLLUKOBLIX peareHTOB TBepAble YacTuLbl NPaKTUYECKN He
nokMgatloT obbem AByxdasHOM cpedbl, a HakanMBalTCA B 3TOM ABYyxdasHOM obbeme, 3a
CYET OTAENSIOLLMX ra30BbIX My3blpen, T.€. MPOMCXOanT Kak Bbl cenapaumst ABYyX(as3HoOM CTpyn C
yBenM4eHneM KOoHLIeHTpauum TBepaon dasbl Ao 700-800 kr/Hm® (o Mepe yaaneHus oT cpesa
conna gpypmbl). Mpu BOyBaHUM oKenaa Kanbums (M3BeCTn) BBOA, antoMUHNS B konnyectee 0,5—
0,7 xr/T 4vyryHa ysenuuusaeT cTerneHb Aecynbdypaumm 4dyryHa Ha 20 %. [NpumeHeHne
NPUPOLHOro rasa Ans BAyBaHUS U3BECTU YBENMYMBAET CTeNeHb Aecynbdypaumm dYyryHa Ha 10
% (abconoTHbix). [Npn pobaBke KanbUWMHMPOBAHHOW COAbl BO BAyBaemylo W3BeCTb (B
kornudectBe okorlo 5 % B cmecu) noBbIWaeT cTeneHb Aecynbdypaumn Ha 10-15 %
abcontoTHbIX. Takum 06pas3om, akTMBu3aumsi OOMEHHbIX MPOLECCOB MNMPU  UHXEKLMOHHOM
aecynbdypaumm U3BECTbIO 3a CYET CMEHbLI BOCCTAHOBUTENS (PacTBOPEHHOMO B YyryHe [Si] Ha
BBOAMMBIN n3BHE [Al]), ApobneHne KpynHbIX M3BECTLCOAEPKALLUMX MOSOCTEN B YyryHe 3a CYET
3aMeHbl rasoHocuTensi (asoTa MM BO3gyxa) Ha MPUPOAHLIA a3 No3BOMSeT peanu3oBaTb
Bonee BbIrOAHbIM MEXaHM3M OOMEHHbIX MPOLECCOB U YBENUUUTL CTENeHb Aecynbdypauum
yyryHa Ha 20-30 %. CnepoBaTenbHO, ONTMMMU3aumsi MexaHM3Ma OBMEHHbIX MPOLECCOB Mpu
BHEMEYHOM WHXEKUMOHHON Aecynbdypaumn 4YyryHa pasfuyHbiMKM - peareHTamm  umeet
pearnbHble pe3epBbl MOBbILLEHNA 3MEEKTUBHOCTU U CHWKEHUSI 3aTPaTHOCTM MNPOLIECCOB
BHeMeYyHoro obeccepuBaHnst YyryHa B KoBwax. B uTtore npu BayBaHWM MoOpOLLKOOGpPa3HOM
M3BECTM PEKOMEHOOBaHa BENUYMHA €€ KOHLUEHTpauuu B Hecywem rase 40-60 kr/Hm3,
npuMeHeHs BoccTaHoBUTENS B BuAe Al, a Take npypodHOro rasa, KanbLUMHUPOBaHHOW coapl
B cmecb po 5 %) wn pgpymx  pobaBok,  cnocobCTBylOLMX  ApObBreHuo
BbICOKOKOHLIEHTPUPOBAHHbIX MOPOLLKOBbIX MONIOCTEN B 30HE UCTEYEHNSA peareHToB 13 (PypMbl.

[Mony4yeHHble Hay4dHble NPeanocbiSikM MOBbIWEHNA 3EEKTUBHOCT Aecyrnbdypaumnm
YyryHa pasfnuyHbIMW peareHTaMn MpoBepeHbl B MPOMBILLIEHHbIX YCNnoBusix. MoHoMHXeKLmn

3epHuctoro (0,4-1,6 MM) mMarHua 4epes [ABYXCOMIOBYK MOrpy>Kaemyto  dypmy, npu
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[OCTaTOuHOMN CKOPOCTU NOTOKa U Tp66yeMbIX pexnmMax 0o3npoBaHNA obecneuvBaeT CHUKEHNe

cepbl B YyryHe Brnotb A0 < 0,001 % v cteneHb aecynbdypaumm YyryHa srinoTb 40 99 %.
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YK 669.162.267.642.669.721
C. A. lLleB4eHko, B. U. Enucees, J1. A. ®neep, A. ®. LLleB4eHKO

NHcTuTyT Yé€pHon metannyprum HAH YkpaunHbl nm. 3.U. Hekpacosa, r. [JHenp

OUHAMMUKA NOBEPXHOCTHbIX BOJTH NMPU UHXEKLMOHHOW OBPABOTKE
PACIJTABA C NMOMOLbBIO MOrPYXHbIX ®YPM

MHTeHcndunkauma npoueccoB KOBLLUEBOro paduHMpOBaHUA NepenenbHOro 4yryHa
NHXEKUMOHHbIMM cnocobamn orpaHndeHa GypHOCTbIO Mpouecca BOMHOOOpa3oBaHWA Ha
NMOBEPXHOCTU BaHHbl, KpanHAA CTeneHb KOTOPOM NPUBOAUT K BbiffeckaMm pacnnasa w3
koBLa. [103TOMYy aKkTyarnbHbIM SABMASETCA YCTAHOBUTb KOYEBbIE (PAKTOPbI, BAUAKOLWINE Ha
ANHAMUKY NpoLLeccOB BOMHOOBpa3oBaHMsS Ha OTKPbITON NMOBEPXHOCTU BaHHbI pacnsasa u
NX B3aMMOCBA3b Mexay cobon.

[na npoBegeHns nccnegoBaHui 3a OCHOBY Obin B3SIT npouecc padouHUpPOBaHMUS
YyyryHa B KOBLUE 3€PHUCTbIM MarHMeMm, rge peareHT BBOOUTCS Ha rryOuHy >XMAKOW BaHHbI
nyTEeM MHXEKUNN B CTPYE MHEPTHOrO rasa Yepes norpyxHy ypmy.

B aTOomM cnyvyae OCHOBHbIMW BO3MOXHbIMW WUCTOYHWKaMW BO3MYLLEHUA BEPXHEro
CMNosi XMAOKOW BaHHbl MOTyT OblTb pa3nuyHble MPOLECChbl: CXonbiBaHWE My3blperd Ha
NMOBEPXHOCTU, KonebaHne (pypMeHHOro yCTpoOWCTBa, OTPbIB My3bipel B NpudypMeHHON
30He, BCmbITUe Ny3blpen, rmMaApoANHaMUYECKMe NOTOKN B 06beMe XUOKOW BaHHbI U T.M.,
YTO MMEIT PasnnyHbIe aMnNIINTYAHO-YaCTOTHbIE XapaKkTePUCTUKM.

B nuTepaType u13BECTHO [OCTaTOMHO MHOro paboT pasnnyHbIX aBTOpPOB,
MOCBSAILLEHHbIX U3y4eHN0 KonebaHuo XMOKOCTU B eMKOCTAX. B KOTOpbIX, NMpUHUMNMansHO
BaXXHbIM YNPOLLEHNEM MPU PaCCMOTPEHUN OMHAMUKM TeN C XUOKUMU CrosIMU, ABRSETCS
npeacTaBneHne Koneodnwwmxcs Ccnoee B BuAe MasTHUMKOB. Takas MOCTaHOBKa He
pacKpbiBaeT MNOSIHOCTbIO MPOLECC B3aUMOAEWCTBUS, OAHAKO Ha obwem dusmnyeckom
YPOBHE roOKa3blBaeT BaxHble [eTanu pasBUTUS OBWXEHUS  paccMaTpvBaemoWn
konebartenbHoM cuctembl. B pgaHHoOM paboTte wmcnonb3oBaH JTOT noaxon Ans
paccMOTpeHUs1 B3aMMOOEeNCTBUA KONebnoLwerocs crnos pacnnasa B KOBLUE C (oypMOn U
y4yacTmeM reHepaTtopa konebaHus 3agaHHOM 4acTOTbl.

MaTtematnyeckasa mMopenb konebaHusa OaHHOW CUCTEMbI, KaKk WU B KIacCUYeCKoWn
dopme ypaBHeHUs konebaHus MaATHMKA BXOAWUT PaBEHCTBO CUM — WHEPLUMOHHOM U
ynpyron. B Hawem cnyyae pgobaBneHo eule cunbl B3aMMOAENCTBUA Mexay OBYMS

TellaMun: cuny conpoTtmuBieHnd n cuny, CBA3aHHYKO C FIpI/ICOGﬂ,VIHeHHOIZ mMaccon. Takum
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06pa3om, Ha OCHOBE YpPaBHEHUIN OBMXKEHMSI XXKMAKOCTM U PYPMbl, @ TaKkKe ypaBHEHWUN
COBCTBEHHOWN YaCTOThl XUAKOW BaHHbI U OypMbl Oblf10 BbIBEAEHO ypaBHEHNE COBCTBEHHOM

4YacCTOTbl CUCTEMbI B LIEJTOM:

. @+ mo )62+ @ me) 2]
f2 = _E(H me +mg )"

sl m )t + @ m)f 2 f —af 2 f 20 mg +m,)
rae mg =M, /Mg n m. =M, /M, BblpaxeHHble Yepe3 NpUcoeanHeHHY0 Maccy mMacchbl

dypmbl 1 Maccbl xuakoro cnos, a fo n f, nx cooTBeTcTByOLME PE30OHAHCHbBIE YaCTOThI.

PesynbTaTtbl pacyeToB, MpUBEAEHHblE Ha PUCYHKE, AEMOHCTPUPYIOT HACKOMbKO
N3MEHSATCA aMnnuTyabl konebaHmin cuctembl nepson M BTopon Moabl (fs1 u fs2) B
3aBUCMMOCTM OT 3aaBaeMon 4YacToTbl BO3MYLLEHNS fp 1 cCOBCTBEHHbLIX YacToT kornebaHus
Xngkow BaHHbI fg n pypmeHHoro yctponctsa ff.

JdononHutenbHo 6biNM NpoBeAeHbl Ha XOMNMOAHOW MOAENU 3SKCrnepuMeHTarnbHble
nccnepoBaHus konebaHuii cBo6OOHO MOABELUEHHOrO CTaNbHOrO CTEPXKHS, MOrpyXeHHOro
B XXMOKOCTb B Konebnowemca cocyae.

[Mpvmep nepBbIn.
fg ff fsl fs2 fp
4,70E-01 2,50E-01 1,68E-01 4,69E-01 1,68E-01

YacTOTHEIR SHEMMS

6,00E-04

3,00E-04 D001 - f i e

0,00E+00
0,00
-3,00E-04

+02

CNEKTRENEHEA NADTHOCTE

-6,00E-04 02 04 0E 0
e, ic

NMpumep BTOPOWN.

fg ff fsl fs2 fp
4,70E-01 4,90E-01 3,29E-01 4,70E-01 4,80E-01

2,00E-01 YacTOTHEE aHEMMS

1,00E-01 |

0,00E+00 -+
0,00
-1,00E-01 -

E+00 3,00

0 e
-2,00E-01 o1 02 03 04 05 OB 07 05 09

we i

A b
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Puc. KonebaHusa cnos pacnnaea. A — kpuBasi U3MEHEHUS BO BPEMEHN o ; b —

amMnIMTYQHO-4acToTHas XxapakTepucTmka XG, nony4eHHas nocre 6bicTporo

npeobpasoBaHus Pypbe

[OnnHa masTHuKa Obina BbibpaHa Takum obpa3om, YToObLl YacToTa ero CoO6CTBEHHbIX
konebaHnn B MOKOSLWENCS XMAKOCTU Oblna 3aBefOMO MEHbLUe WU fiexana BHYTpU
3agaBaemoro gmanasoHa 4YacTtoT koniebaHun nnatopmsbl.

bnarogapa wuccnegoBaHWAM  YCTAHOBAEHO, YTO MNpU  NPUBAMKEHUM YacTOTbl
KonebaHun >XWOKOCTU K COOCTBEHHOW 4acTtoTe KonebaHun maaTHMKa AnnHon 60 Mm
yacTtoTa ero konebaHuin B HEKOTOPOWM OBNacTM OcTaeTcs NMPaKkTUYECKU MOCTOSIHHOW, B TO
BpeMS Kak yactoTa konebaHmn masitHMka gnvHon 119 mm goctatoyHo 6nm3ko cnegyeT
yacTtoTe konebaHun cocyaa.

Ha ocHoBe pacyeTHO-aHanNUTUYEeCKMX W 3KCNEPUMEHTarnbHbIX WUCCregoBaHUN
konebaHnn MasTHUKOB pacCMOTpPEeHa CUCTEeMA, COCTOsILLast U3 Cros XUAOKOCTU U DypPMbl.
[MonyyeHo, 4TO NOMMMO COBCTBEHHbIX YACTOT 3TUX 3NIEMEHTOB, CUCTEMA MMEET €eLle ABe
cobCTBEHHbIE BENUYMHBLI. BBMAOY TOro, 4to Macca pacnnaBa 3HaunTenbHO BonbLUe Macchl
dypMbl 4acToTa, 6nm3kas K pPe30HAHCHOW 4acToTe BaHHbl MpakTUYecKu onpenenset
noBeAeHne CUCTEMbI NPU ee BO3MYLLLEHUU, T.€. CUCTEMA OTKITMKAETCHA NPaKTUYECKN TOSbKO
Ha Te€ BO3MYLLEHUS, Y KOTOPbIX YacTtoTa 6nmnaka K COBCTBEHHOW 4YaCTOTE >XMUAKOW BaHHbI.
OTO BaXHbIN pe3ynbTaT roBOPUT O TOM, YTO B NPaKTUYECKON OeATENbHOCTU HeobxoamMmo
3HaTb PE30OHAHCHble YacTOTbl XWOKOW BaHHbl, PYPMEHHOrO YCTPOMCTBA U BCEX MHbIX
NCTOYHMKOB KonebaHuin, COOTBETCTBEHHO C 3TUM, CTapaTbCa AeMndupoBaTb aMnnmMTyay C
aTOn BO3OyXXgarlen 4YactoTon. ITO MOXHO AenaTtb, KakK KOHCTPYKTMBHO, TakK WU
TEXHONOIrMYECKN, N3MEHAS pexnmbl npoayBkn. OgHako Heo6X0AMMO yKasaTb, YTO CMEKTP
YyacToT KonebaHum B NpncypmMeHHON 30HEe JOBOSIBHO LLUMPOK U, €CTECTBEHHO, COOAEPXKUT B

cebe onacHble HU3KMEe YacToThl.
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YK 669.184
M. O. OwkeBwuy, J1. C. MonyaHos, C. O. [lya4yeHko

[HCTUTYT YopHoi meTanyprii im. 3.1. HekpacoBa HAH Ykpainu, m. [Hinpo

CYYACHMU [OCBIA BUKOPUCTAHHA BEPXHIX ®@YPM ANIA NPOAYBKN Y
KUWCHEBUX KOHBEPTEPAX

OpaHospycHi dypMM, KNAaCcMYHOT KOHCTPYKLIT, L0 Ha CbOroaHI BUKOPUCTOBYHOTBHCA Nif
yac BeEpXHbOI Ta KOMOGIHOBaHOI MPOAYBKM KOHBEPTEPHOI BaHHW, Ha Xanb MawTb psag
HedonikiB, WO NpU3BOAUTbL A0 MNOripLIEHHs TennoBoro 6anaHcy KOHBEPTEPHOI NIaBku y
xo4i MpoAayBKW, CKMNagHOCTI Yy AOCATHEHHI PaHHbOro HaBe[EHHS LWMaky, YCKNnagHeHHS
BMaaneHHs oocdopy npyu ogHOYacHOMY BMCOKOMY BMICTi Byrneuto [1, 2].

3 MeTow NiABULEHHA pecypco- Ta eHeproowaHOCTi  cTanennaBuibHOro
BMPOOHMUTBA Y CBITOBIN NpakTuLi HabyBae akTyanbHOCTI BUKOPUCTAHHA anbTepHaTUBHUX
TEXHOMOrYHUX pilleHb, BIAHOCHO  KOHCTPYKUIN BepxXHiX dypM [0 SKUX BiAHOCATbLCS:
dypMKn 3 TaHreHUinHMM PO3MILLLEHHSM Ccones, OBOPSLHI, ABOKOHTYPHI, GaratosipycHi Ta
HWI cneundivHi TMnn dypm.

Mpn UbOMY HaMBINbLWKWK HTEpPeC MalTb KOHCTPYKUii dypM, WO [03BONSAOTH
MakcuManbHO 36iNblWMTK KINbKICTb KEepyluMx BRAUBIB Ha Xid NPOAYBKM Ta CYTTEBO
NMOKpaLLUMTN TennoBui GanaHC y KOHBEPTEPHOMY arperaTi, 3 i€l TOYkn 30py HambinbL
NepCcnekTUBHUM € BUKOPUCTaAHHA BEPXHiX BaraTtosapycHUx oypM, Y 3B’A3KY 3 TUM, LLO BOHU
3a6e3nevytoTb: 30INbLUEHHA KiNbKOCTI KepyluMx L Ha Xig NpPOAYBKM; MOKPALLEHHS
TennoBoro GanaHCcy KOHBEPTEPHOI NNaBKW; MOXNUBICTb OAHOYACHOI MPOAYBKM ABOMa
TMNaMmn rasiB; MOXNUBICTb 30INbLUEHHA KiNbKICTi MeTaneBoro nomMy Yy 3asarnui, BarHa,
NNaBMKOBOroO LUNAaTy, arfioMepaTty Ta XpoMoBOI pyau, 6e3 3acTtocyBaHHA [00aTKOBUX
€HeproHociiB. Takum 4uMHOM, Yy ManbyTHIM peani3auii HOBUX TEXHOMOrN KUCHEBO-
KOHBEPTEPHOro BUPOOHMUTBA Ha MeTanyprivHix nignpyemcrBax YkpaiHn ©6yge

NnepcnekTUBHUM BUKOPUCTaHHA BaraTosipyCHUX KOHCTPYKUIN doypMm.

Cnucok nitepatypu

1. YepHsmesuuy  A.T. CoBpemeHHoe cocTosHNe n HanpaBneHus

coBepLlleHCTBOBaHUA KOHCprKU,Mﬁ OYTbEBbIX yCTpOVICTB Ona KNCnopoaHO-KOHBEPTEPHbIX

376



JIMTBO.METAJIYPTIA. 2019

npoueccos/ A.l'. YepHaTteBuy // MeTannypruyeckasi U ropHOpyAHas MPOMBbILWSEHHOCTb. —
2002. — Ne7. — C. 20-23.

2. YepHsmesuy A. . HoBble pa3paboTKM KOHCTPYKUUA KUCNOPOAOHbIX ypM U
cnocoboB npoaysBkn BaHHbl 160-T koHBepTepoB OAO «ApcenopMutTtan Kpuson Pory /
A. . YepHsaTtesuy, E. H. Curapes, W. B. YepHatesu // Teopus n npaktnka metannyprum. —
2010. —Ne 1. - C. 31-38.

YK 669.162
M. B. AronbHuk, 0. B. Muxnuk

HauioHanbHa meTanypriiHa akagemis YkpaiHu, M. [JHinpo

AHATI3 BNJIMBY TEXHONOTI PO3A1SIbHOMO 3BONOXEHHSA LUMXTU HA
NMOKA3HMKWU ArNIOMEPALIIMHOIO NMPOLIECY

B paHin poboTi npoaHani3oBaHi i y3aranbHeHi TeOpeTUYHI i NpuKnagHi 4OCnioKeHHS
YMOB (POPMYBaHHSA i 3MILUHEHHSA rpaHyn LWWXTU B MNpoLeci orpyakyBaHHSA. Po3rnsHyTi
npono3uuii i cnocobu 3MiHM NapamMeTpiB  3BOSIOXKEHHSA  arfioMepauiiHoi  LUMXTW.
3anpornoHoBaHi cxemMu nNiAroTOBKM CUPOBUHHUX MatepianiB [0 ChikaHHA, 30Kpema
BUKOPUCTAHHS PO34iSIbHOr0 3BOSIOXKEHHS WnXTH [1, 2].

Mpwn 3MiHi NnapamMeTpiB 3BONOXEHHSA LUNXTU CTaBUNUCA 3aBLaHHA: NPOCTEXUTU 3a
3MiHOKO OCHOBHWMX MOKA3HWKIB MpOLECy arnomepawii; 3pobuTtn aHania nokasHuKiB SKOCTI
arnomepary npu pi3HMX BapiaHTax 3BOSIOXEHHA LUMXTW; BMOpaTU ONTUMarbHWA BapiaHT
BpaxoBYKOUM NOKa3HMKK arnonpouecy.

[MnaHyBanocs npocTeXxuTu 3a MnokasdHWKamu arsionpouecy npu 3MiHi napameTpis
3BOJIOXKEHHS LUMXTU, B 3B’A3KY 3 LM Byno obpaHo 5 BapiaHTiB gocnigis. Y BignoBigHOCTI 3
nonepegHiMn po3paxyHkamum Maca Cyxol YaCTUHU WNXTU cknagana 2 kr. Cknag wuxt ans
AocnigKeHb NpMBeAeHO y Tabnuui:

Mo oTpMaHuMM peaynbTaTamM eKCnepuMEHTIB MOXHa 3pOBUTU HACTYMNHI BUCHOBKN.

Mpwn KiNbKOCTI 3aBaHTaXXEHOI LWMXTU ANS OAHOro cnikaHHa 2,38 Kr Ta BUCOTI Wwapy
wuxtn 290 Mm B cepeaHbOMy 4ac cnikaHHs TpuBaB 8-16 xB. pu ubomy HanbinbLia
BepTUKanbHa LWBWOKICTb CMiKaHHA cnocTepiranaca B 2-n cepil cnikaHb, BOHa cTaHoOBUNA
36,3 mm/xB. MeHLwy, ane Tex BUCOKY LWBMAKICTb ChnikaHHS mMana 3 Ta 6 cepii, BOHK

ctaHoBunu 29,0 ta 29,5 mm/xB. TakMm 4nMHOM BapiaHT nogadi BOAW Y LUUXTY iCTOTHO

377



JIMTBO.METAJIYPTIA. 2019

BMSIMBAE Ha BePTUKaNbHY LUBUAKICTb CMiKAHHA, Yepes3 ra3onpoHUKHICTb, @ BHACNIAOK LibOro
i HA NPOOYKTUBHICTb arnoyctaHoBku. Macu oTpumaHoro arnomeparty konusanuce Big 1935
0o 1965 r. Ycagka B cnikaHHAX ctaHoBuna 10-40 mm.

Cnig BiA3HaA4YNTM MO3UTMBHY POJSib 3arnpPOMOHOBAHOIO TEXHIYHOrO PILLEHHS, SIKe
BMSIMHYNO Ha BMXi4 rogHoro arnomepaty Ta Moro MiuHicTe. [pyu uybomMy Hamnbinblue
3pOCTaHHA BMXOA4Y FOAHOrO y MOPIBHAHHI 3 6a3oBMM cnikaHHAM cnocTepiranocs B 6
pocnigi, a HanbinbHa MiyHicTb Ha yaap 6yna B 4 Ta 5 cnikaHHi - 94 %.

HanbinbHa NpoayKTUBHICTb MpoLecy CrnocTepiraeTbCsa y gocnigax 2 (3BONOXEHHSA
KOHUeHTpaTy) - 2,19 1/mM?roa, Ta y gocnigax 3, 6 (BiAnoBigHO 3BONOXEHHS BanHa Ta
3BopoTy) - 1,8 Ta 1,82 T/M?roa. TyT NO3UTUBHO POMb BUKOHANO TaK 3BaHe po3finbHe
3BOMOXEHHA LUMXTW, 3aBAAKA MOMY BOANoOCA MOKPaALMTA YMOBU OTPUMAHHS rpaHyn
LUMXTK, WO BigoBpasmnocs Ha ra3onpoOHNKHOCTI LLUMXTH.

TakMM 4YMHOM, MOXHa BiA3HAYUTM edqeKT Big 3acTOCYBaHHA pPO34ifIbHOro
3BONOXEHHA WmnxTN. OgHak Ans NOBHOrO PO3KPUTTS MOTEHUuiany uboro cnocoby nogadi
BOAM Y WUMXTY NOTPIGHO BinbLuy yBary npuainaTh ii NiAroToBLUi — Ta MOXNNBO 3MiLLyBaHHI
TaKnX KOMMOHEHTIB SIK BarNHO Ta KOHLUEHTPAaT, BarnHoO Ta 3BOPOT.

B poboTi MOXHa BMAINUTM HaWKpawMi BapiaHT 3BOSIOXKEHHSA LWUWMXTW, TOAI, KOMu
OKPEeMO 3BOMOXYBasnocs BanHO, BPaxoBYKOUU iCTOTHe 30iMblUeHHs NpoayKTUBHOCTI Ao 1,8

T/M?:rof Ta NOKa3HWKM BUXOAQY rOAHOMO Ta MiLHOCTI arnoMepary.

1 2 3 4 5 6
MaTepian % | 3BONOXEHHS 3BONOXEHHSA OKpeMUX MaTtepianis, Mn BOAU
BCIEI LLNXTWN
(6a3a), r KoHueHTpart, | BanHo, | BanHsik, | Pyaa, | 3Bopor,
’ 50 7 10 50 55
3BopoT 30 600
KoHueHTpat | 26,9 540
Pyna 26,9 540 [HWwa [HWwa [HWa IHWa IHWa
LmxTa lWKMXTa | WKXTa | WKUXTa | LWKXTa
BanHsk 5,14 100 130 173 170 130 125
Kokecunk 7,0 140
BanHo 4 80
Bopa ycboro | 9,0 180 180 180 180 180 180
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