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[HINPOBCbKMIA Aep>KaBHMiA TeXHIYHIUIA YHiBepcUTeT (Kam’aHCbke, YKpaiHa)

Ouinka 3miH npoayKTMBHOCTI i 06MeXeHb Y hopcyBaHHi xoay
npu 36inbLUeHHi 06’°eMy JOMEHHUX neveu

Bunbip kopucHoro o6’emy HoBux ab0 PEKOHCTPYMOBaHUX JOMEHHUX MNeYeli € akTyasibHOK 3aa4€l0 sIK /15 BUPOOHYIKIB,
TaK i 4151 NPOEKTYBAsIbHUKIB, TOMY OLjiIHKA TEXHOJIOMYHUX MOX/IMBOCTEV neyeri piaHoro o6’emMy 3aBxav BUKVKana iHtep-
€C §IK 3 MPaKTUYHOI, Tak i 3 TEOpeTnYHOI To4oK 30py. MeToro npeacTaBieHoi poboTu € BUGIp HanibinbLL NPeaCcTaBHULIbKUX
r1oKa3HuKIB, 3a [JOMOMOIOI0 SSIKMX MOXJIMBA MOPIBHSI/IbHA OLjiHKa PobOTy rnever pis3Horo o6’emy, ouiHka poboTu rneyeli B
yMOBax /1aHOBOI | PUHKOBOI €KOHOMIK, & Takox cripoba Bu3HaunTu Ta knacugikysatu paktopu obmexeHHs popcoBaHoi
poboTu neveri 36ibLLEHOr0 06°EMY.

lNoka3aHo, Lo 3acTocyBaHHSI MOKAa3HUKIB, SIKi PO3PaxoBYIOTHCS HA OAMHULIO MJIOLLYi rOpHAa, HE € AOL/IbHUM, OCKIfIbKN
roLya ropHa He € 0CHOBHUM PO3MipOoM redi. OCHOBHMM PO3MIPOM € roBHWY 06°eM reyi, sKui BU3Ha4a€e KOHCTPYKLIiO
arperary i obcsir kanitasabHUX BUTPAT Ha Foro 6yaiBHUUTBO. Moka3HVKY MMTOMOI MpoAYyKTUBHOCTI, L0 PO3Pax0BYOTLCS
Ha oaAnHULIO 06°eMy reyi, aHaniTMYHO 3asexarb Bif BUCOTU NedYi i aaekBaTHO BigobpaxaroTs Pe3ysibTaTuBHICTb POOOTH
rieyevi pi3Horo ob’emy.

lNoka3aHo 6e33anepeyHy nepesary KOMnakTHUX OMEHHWX rneveri 3 KopucHuM o6’emom < 1500 m® B NOpIBHSIHHI 3 neya-
My BinbLLUNX 06°EMIB, LLIO CBIAYNTB MPO HELOCKOHAJIICTb CPOLLEHOro Migxoay A0 OLiHKM MpoAYyKTUBHOCTI neyei, 3acHo-
BaHOMY Ha NoHsITTSIX 6anaHCoBOI | ra3oanHaMI4HOI CK1a40BUX, OCKIIbKM NPV BU3HAYEHHI LMX CK1ag0BuUX BaXKO Bpaxy-
Bartu BCi pakTopu BriJINBY.

BcTtaHoBneHo i knacugikoBaHo ¢pakTopy 0OMexXeHHs iIHTeHcuikauii npoLecy B JOMEHHUX redax cepeHboro i BeJimko-
ro 06’emiB. [0/10BHUMY 30BHILLHIMW pakTopamMuy € SIKICHI XapakTepUCTUKMN KOKCY, 3ai30pyaHnX Marepianis i ayTTs, GinbLu
KOHKDETHO, rapsi4a MilHiCTb KOKCY, 6aratCTBO CUPOBUHM 3a/1i30M i CIPOMOXHICTb MOBITPOAYBHMX MaLLmH 3abe3rneyyBa-
TV QYTTS NOTPIGHUX CTYNEHIB CTUCHEHHS. L]0 ro/I0BHUX KOHCTPYKLIViHUX ¢pakTopIiB Noa0/1aHHSI CYTTEBUX OOMEXEHb B €KC-
nnyaradii nevevi 3 kopyucHum o6’emom > 1500 m® € pavioHasbHi npoginb, CriBBiAHOLLIEHHS /0L BUXIAHOMO NepeTuHy
MOBITPSIHVX PYPM | NEPETUHY rOPHA, & TAKOX BUKOPUCTaHHSI O€3KOHYCHUVX 3aBaHTaXyBaJslbHUX MPUCTPOIB.

Kno4oBi cnoBa: fomeHHa iy, 06°’emM, NpoAyKTUBHICTb, MOKA3HUKY MOPIBHSIHHS, pakTopy 0OMeXeHb, iHTeHCUgika-
uis npouecy.

cmyn. CknagoBol aHanidy pesynbTaTMBHOCTI po-

6oTn gomeHHux nevewn ([OI1) € ouiHka ix NpogyKTUB-

HOCTi 3a [JOMOMOrol MOKa3HWKIB, BigHECeHWX A0

reoMeTpmyHmMx po3mipis nevi. Mpu nNopiBHAHHI pe-
3yneratmeHocTi poboTtu [ pisHoro o6’emy NpMHLMNOBO
BaXXIMBUM € BMBIp KpUTEPItO OLHKN NPOAyKTUBHOCTI. B
fanbHboMy 3apybixoki HabyB NOLIMPEHHS MOKa3HUK Mu-
TOMOI npoaykTusHocTi I,,, Akuin aABnsB coboto BigHO-
LueHHst foboBoi NpoaykTMBHOCTI nevi I, Ao ii poboyoro
06'emy — o6’emy pobo4Oro nNpocTopy Big KOMOLUIHMKA
RO PiBHS NOBITPSIHUX doypm V1 Mo =TT/ V,, T/M3-000
[1]. CyTTeBUM HepomnikoM LbOrO MOKas3HUKA pagsiHCbKi
daxisui, 3okpema [.I. Py6iH (1932 p.) Hebe3nigcTaBHO
BBa)kanu HeBpaxyBaHHSA 06’eMy ropHa nedi — BaXKnmBOi

YacTvHu npodinto, B KM BiabOyBalTbCA 3aBepLuanbHi
cTagii JoMeHHoro npouecy. ToMy Ha TepeHax KOMMLLIHBO-
ro CPCP noBctogHe 3acToCyBaHHS OTPMMaB MOKA3HUK,
HasBaHu KBKO — koediLieHT BUKOPUCTaHHS KOPUCHOTO
06'emy KBKO =V, / I'In, m*-106/T, ae V, — KopucHui o6’em
neuvi Bi BiCi YaBYHHWX NbOTOK A0 KOMOLUHMKA BKITHOYHO 3
06’eMOM 0 KPOMKM PO3NOAINbHMKA LUMXTU B KpaHbOMY
ONyLLEHOMY CTaHi.

Hapani nopsag 3 KBKO BukopucTaHHs oTpumas obep-
HEHUI NOMY MNOKa3HUK I'IKO =1/KBKO = I'In/ VK [2, c. 180],
Ha3BaHMN MMTOMOIO NPOAYKTUBHICTIO Nedi. 3 NoABOI0 po-
OiT [3, 4] 3’'AaBnNacs ragka nNpo «HeageKBaTHICTby OLiHKK
NMUTOMOI NPOAYKTUBHOCTI Ta iIHTEHCMBHOCTI MNaBKu, LLO
PO3paxoBYyETbCH HA O4MHMLI0 00’eMy nedi, 3aMiCTb LbO-
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ro NPOMOHYBariocs po3paxoByBaTW MOKa3HUKM NPOAYK-
TMBHOCTI NeYi Ha OQUHWLIKO NOLLI NePETUHY ropHa.

HincHo, Taki MNOKa3HWKM MMTOMOI NPOAYKTUBHOCTI
Ta iHTEHCUBHOCTI NIaBKM MaloTb MOLUMPEHHS, Of4HAaK iX
CYTTEBUM HEAOMIKOM SKpas3 € Te, Lo Nnfowa ropHa He €
OCHOBHUM po3mipom [I1, ockinbkn nNpyu OQHAKOBIN NOro
NSOLWi MOXYTb CYTTEBO PO3pPi3HIOBATUCL AK TaK 3BaHUN
pobounii HapdypmeHHuin ob'em V.., Tak i 3aranbHo-
MPUAHATUN KOpUCHWA V. [Ina npuknagy MoxHa HaBecTu
po3mipu Al Ne 1 3aBogy Kawwuma (Anonia [5]) i O Ne 3
3aBogy Bonbra PepoHpa (Bpasunis [6]), ski manu og-
HakoBi giametp (12,4 m) i nnowy ropHa (121 m2), ogHak
pi3Hi 06’emu:

Voo M3 Vi, m®
OM Ne 1 Kawwnma 2608 3159
[N Ne 3 BonbTa PegoHnga 2935 3390

OCHOBHMM pO3MipoM nedi € NoBHWUI 06’em Ti pobo4o-
ro NpOCTOPY Bif, HXKHBOT KPOMKM PO3MNOAINBHMKA LUNXTU
B HWXKHbOMY MOMOXEHHI A0 newagi [7], skuin Bu3Havae
BapTiCTb OrOPOMKEHHS NeYi — KOXyX, CUCTEMY OXOIo-
OKeHHS, pyTepiBKy, po3Mipu i BapTiCTb HECYYMX MeTano-
KOHCTPYKLUIR, O B LiNIOMYy CTAHOBUTb M'ATY YaCTUHY Ka-
niTanbHWX BUTPAT Ha ByaiBHMLUTBO i 06NnagHaHHS BCbOro
AomeHHoro komnnekcy [8]. OnupaHHs Ha nnowy ropHa
SK OCHOBHMI po3mip Al npu BU3HaAYeHHi NPOAYKTUBHOC-
Ti, IK NponoHyeTbCA B [3, 4], CTBOPIOE iNtO3il0 JOCKOHA-
nocti npodinis BCix pagsHCbKUX neven B npoueci 36inb-
LLIEHHSI X PO3MipiB.

lMocmaHoeka npobnemu. BignosigHo Ao koHuenuil
[3, 4] niaBULLIEHHS PO3paxyHKOBOI NPOAYKTUBHOCTI Ha
OOVHULIO NAOLi NepeTuHy neuvi 3i 30inbeHHaM o6’emy
06ymoBneHo 36inbLIeHHsIM 6anaHCcoBOi CkNagoBoi Npo-
OYKTUBHOCTI Ha HUX Yepe3 3MEHLUEHHS MMTOMKX BTpar
Tenna 3i 3pocTaHHAM 06’eMy neven, oTxe, i 3i SMEHLUEH-
HAM BUTpaTV nanusa.

OpHak cnogiBaHHA Ha 3HWDKEHHS] BUTpATU KOKCY 3a
paxyHoK 3pocTaHHs o6’emy [l He 3aBxau moxe ByTu
peanizoBaHe. Buxogsum 3 TeopeTnyHmx yasneHsb [3], 3Hu-
XXEHHS NMUTOMMX TennoBux BTPAT 3i 36iNbLUEHHAM 06’emy
nedi NoBUHHO ByTu OYikyBaHUM siBuLeM. Ha npaktuui Te-
NnoBi BTpATK Neyen pisHOro ob’emy 3anexHo Big CTaHy
OrOPOXKEHHS | pexrnMy BegeHHs Npouecy MakoTb CyTTe-
Bi BiAXMIEHHS Bif TEOPETUYHMX NpunyLieHb. [JoctaTHbo
HaBecTu npuknaau Ttennoeux BTpaTt Ha Ol Ne 2 3axig-
Ho-Cubipcbkoro meTkombiHaTy (B3CMK) 06’emom 2000 m3,
npoeeneHmx 01.2008 i AN Ne 9 ApcenopMittan Kpueuii
Pir (AMKP) o6’emom 5000 m3, npoBeneHux 08.2007 [9,
c. 50]. Obuasi nevi npautoBanu 3 LeHTpanbHUM raso-
po3noginom, ogHak Ha cyTTeBo MeHwin [N Ne 2 3CMK B
CiYHi BMTpaTa KOKCY Ha TennoBTpaTtu ctaHosuna 12 kr/t
YaByHy, ToAi Ak Ha [ Ne 9 B cepnHi Byna 22 Kr/T yaByHY.

He BUTpMMyeE KpUTMKM TBEPOXEHHS aBTopiB [4] npo
Te, Lo NMTOMa NPOAYKTUBHICTbL Nedi Ha 1 M2 nnoLwi nepe-
TUHY Nevi He 3aneXuTb Bif il reEOMETPUYHNX PO3MIpIB —
HeBXe NroLla NepeTnHy He € reOMEeTPUYHUM PO3MIpOM?
3BeOeHHs rasogmMHamiyHoOi CKNagoBOoi MUTOMOI NMPOAYK-
TMBHOCTI OO rasonponycKHOi 34aTHOCTI CTOBMNa LUMXTU
B Medi i nnowi il nepeTuHy cnpoLleHe, OCKIfbKM irHo-

PYIOTbCA BaXMMBi €NeMeHTU rasoguHamiku ypMeHol
30HW. [10 NUTaHHS NPo MOPiBHSAHHA po6otu A1 pisHoro
06’emy HeogHopasoBo noeepTtanuck B pobotax [10-14].
Kpali nokasHukn poboTn AOMEHHUX neden obmexeHo-
ro o6’emy nosiCHtoBanu GinbLUOK BiJHOCHOK YacCTKO
nnowli ropHa, wo 6pana y4actb B ropiHHi Kokcy [10],
MEHLUMMKN PO3MipaMy B NepeTuHi i Binbll iHTEHCUBHUM
NpOoTiKaHHAM Bi4HOBMOBaNbHMX npouecis B waxTi [11],
cniBnagiHHAM NpOoeEKLUil pygHoI MiH3n 3 pypMeHnmun Bor-
HUWamMmn [12], KpawwmM BUKOPUCTAHHAM €Heprii MiYHmX
rasiB yepes BiOCYTHICTb HEOOXigHOrO HaaMIpHOro pos3-
BUTKY LleHTpanbHOro NoToky rasis [13], 3HWXeHHAM npo-
TSDKHOCTI OKMCITHOBAsbHMX 30H MO BiJHOLLEHHIO A0 pagiy-
ca [N [14]. BiacyTHiCTb ogHOCTanHMX NOrNsAiB Ha hakT
NOripLWEHHS MOKa3HUKIB MMaBku 3i 3poCTaHHsAM 00’emy
neyen CBiAYMTb NPO HEOOXigHICTb AOAATKOBOrO BUBYEH-
HS1 MUTaHHS.

®opmynroeaHHs1 Memu po6omu. MeTta gocnigxeH-
HS nonsirana B HAaCTYMHOMY:

— y BUbBopi HanbinbLw NpeacTaBHMLBKUX MOKa3HUKIB
ANS NOPIBHANBHOI OUiHKK poBOTK neyew pisHoro ob’emy;

— B OUiHLi NPOAYKTUBHOCTI Ta e(PeKTUBHOCTI poboTK
neyen B ymoBax MiaHOBOI i PUHKOBO|T EKOHOMIK;

— y cnpobi BM3HauMTM Ta knacudikyBatn daktopu
obmexeHHA dopcoBaHOi poboTn neyen 36inbLUEHOro
ob’emy.

Buknad ocHogHO20 Mamepiasly. 3Baxatoun Ha Mno-
BCIOOHE BMKOPWUCTAHHS B MNOAAnbLUOMY aHanisi B SKOCTI
npeacTtaBHuubkoro posmipy [N BukopmucTtoByBanu Ko-
pucHui 06’eM, kU Ha 06’em 3yMndy MeHLLE MOBHOrO.
B skocTi KOMnnekcHoro napamertpa, SKMA OAHOYACHO
XapakTepusye pesynsTaTUBHICTb Ta e(peKkTUBHICTb nnas-
Kn, pospaxoByBanu koediuieHT piBHA TexHonorii KPT,
LLIO AOPIBHIOE CMiBBIQHOLIEHHIO MMTOMOI NPOAYKTUBHOCTI
Mo (T/M*006) i BuTPaTH Kokey K (T/1 YaByHy) [15]. KPT
BPaxoBY€ 3MiHM 51K B NPOAYKTUBHOCTI, TaK i BUTPATi KOKCY
i B JOCTaTHIN Mipi Binobpaxkae cTaH TeXHOMOTrii niarotos-
KV | IponMnaBneHHs WNXTU.

[1ns ouiHKM SIKOCTi Y TTS BUKOPUCTaNn abContoTHUN € =
=P,/ P,, i TUTOMWA CTyneHi CTUCHeHHs &' =¢ - Q__ /
/ Qﬂ_o_ — OOWHUYHA i bakTU4Ha BUTPATU OyTTA BignoBig-
Ho, M%/c [16].

3 BMKOPUCTAHHAM AaHuX AOBiHWKA [2] po3paxyBanu
cepeHin kopucHun o6’em [, oboBy BUNNaBKy YaByHYy,
LLIO NpMxogunack Ha OgHy Miy, i KoediLlieHT piBHS TEXHO-
norii ana 4ecsatn JOMEHHUX LexiB KonuwHboro MiHvop-
meTy YkpaiHu. Crig 3a3HaumTu, WO B JOBIOHUKY AN ae-
SAKMX LEeXiB He BpaxoBaHi BCi MpaLotodi neui, Wo Mormno
BMAMHYTU Ha pe3ynbTaT NOPIBHAHHS.

OuiHKa pPeNTUHTY BITYM3HAHNX JOMEHHUX LiEXIB MoKa-
3ana (puc. 1), wo 3a sBuHaTKOM [T Ne 9 KpCt 06’emom
5000 m3, uexu 3 MakcumarnbHUM cepegHim o6’emom ne-
yer (KomMK, KpCT1, )KMK) xo4a i Mmanu HanbinbLuy npo-
OYKTUBHICTb OOHOrO arperaty, He Oynu nigepamu B Tex-
HoMorii BUMNaBKM YaByHy NepLu 3a Bce Yepe3 06’ EKTUBHI
obmexeHHsA, obymoBrnieHi poamipamu [Al. Tomy HeBu-
NagkoBO BEPXHi pAOKM PEenTUHry 3a KoedilieHTOM piB-
HA TEXHOMOrii 3aNHANN LUexu 3 HaWMEHLIUM CepeaHim
o6’emom neven 3Ct, AHM3 i EMS3.

BuHaTkosicTb BUcoknx nokasHukis [ Ne 9 KpCt no-
ACHIOETBCS PI3KOK0 BIOMIHHICTIO 3ani3opygHOi CMPOBUHU
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Koed iwieHT piexs Texsonorii, T/m° go6

m OuiHka penTUHry AOMEHHUX LexiB YkpaiHu 3a cepen-
HiMun 3a 1983 p. [2]: kopucHUM o6’emom neveir (a), [oOoBO
BMMNMABKOK YaByHy Ha ogHy niv (6) i koediuieHTOM piBHSA
TEeXHONOorii (8): CKOPOYEHi KOMWLLUHI Ha3BW MeTanyprinHux nig-
npuemct: KomMK, XXMK, OMK, MakMK — KomyHapcbkuii,
XKpaHoscbknin, HINpoBCbKMI | MakiiBCbKuiA MeTanyprinHi Kom-
6iHaTtn; KpCr, A3Cr, 3CT — KpueopixcTanb, A3oBcTarnb, 3ano-
pixctanb BignosigHo, EM3, OIHM3 — €HakieBcbkui i [HiNpoB-
CbKWUI MeTanypriiHim 3aBoamn

BiJ MOLUMPEHOI Ha iHWKuX nedax KpmeopixcTani Ta ranysi
B3arani. Moea nge npo arnomepat HOBOKpPMBOPI3bKOIoO
ripHnyo-36aradvyBanbHoro kombiHaty-2 (HKIM3K-2), akui
3a MIUHICTIO i rpaHyNnoOMeTpUYHUM CKNagoM BignoBigas
KpalimMm CBiTOBUM 3paskam. Ha KOpucTb BUCOKOI sIKOC-
Ti armomepaty HKI3K-2 cBiguntb hakT piskoro nokpa-
weHHa pobotn Ol nepworo uexy Kpueopixctani B ne-
piogn npoBefeHHs kanitTanbHUx pemoHTis AN Ne 9 i Bu-
BifTbHEHHI SIKICHOI CMPOBUHW. HaBiTb BiaciB arnmomepary
HKI3K-2 BBogunu B wWnxTy neven [OQHINponeTpoBCLKOro
MeTanyprinHoro 3aBoay.

[nsa cniBctaBneHHsa nokasHukis pobotu [ Ne 6 ce-
peaHboro o6’emy i 11 Ne 9 Benukoro o6’emy kombGiHaTy
KpvBopixxcTanb B yMOBax pMHKOBOI EKOHOMIKM BUKOPUC-
Tanu iHdopmauito 3 nybnikauii [17]. B sakocTi nepiogis
nopiBHAHHA Bynu BUBpaHi Kpalwi pivyHi nepiogn npoTaroM
2000-2003 pp. gna O Ne 6 i npotarom 1999-2003 pp.
ana A Ne 9 (tabn. 1).

AKWoO NOpiBHATM OaHi, HaBedeHi Ha puc. 1 3 gaHu-
MM Tabn. 1, TO BUOHO, WO HECTabINbHICTIO PUHKOBUX
YMOB HaknafeHo Bif'eMHUI BigOuToK Ha poboTy 000X
nedyen. OgHak BTpaTtn noTyxHoi nedi A Ne 9 cytTeBo
OinbLui, He3BaXkaroumn Ha BinbLu AKICHY LWIKMXTY (armomepar
HKI3K-2), Buwy Temnepatypy AyTTs i BUTpaTy Nnpupoa-
HOro rasy, NigBMLLEHUA TUCK B pOBO4OMY NpPOCTOPI Mevi.
[MopiBHAHHA CBIAYMTbL NPO e OAWH HEeOosliK MOTYXXHUX
neyen, kMM nonsirae B GinbLUiA YyTNMBOCTI 40 poBOoTU

[HM3
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eM3 j
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3Cr
oo —
KpCtl | 1
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—

1 1! !

4000 6000 8000
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Ha 3HWKEeHMX abo CyTTEBO 3MiHHMX B Yaci napameTpax,
KON HiBENIOKTLCH BCi 3ax04M 3 MOKpaLEeHHS CUPOBUH-
HWUX Ta eKkcnnyaTauinHUX YMOB NiaBKu.

MogibHa cuTyauis cnocTepiranace TpMBanum 4ac i Ha
AN Yepenoseubkoro kombiHaTy (pd) Sk B ymoBax niiaHo-
BOI [2], Tak i B yMoBax puHKOBOI [18] ekoHOMIK (Tabn. 2).

Oani Tabn. 2 ceig4aTb NPO CyTTEBY TEXHOMOIIYHY ne-
pesary komnakTHoi [ Ne 1 B nopiBHAHHI 3 GinbLlumMmM 3a
Hel neyamu, He3BaXKar4uM Ha AeLLo HWXYi ANst HEl cupo-
BVHHI Ta ekcnnyaTtauiviHi ymosu. [Mpu yactui o6’emy Ol
Ne 1 Big 3aranbHoro o6’emy neven uexy 10,5 % yactka
BMpOOHMUTBa YaByHy cknagana 14,9 %, togi sk gns AN
5500 m® ui yacTku cknaganu 57,7 i 50,4 % BignosigHo.

3BepTae Ha cebe yBary KopenboBaHiCTb abCOMTHUX
BENMUYMH 30iMNbLUEHHS BUCOTU LLAXT 3i 3MEHLLEHHAM Npo-
OYKTMBHOCTI nedven i koediuieHTa piBHA TeXHOMOrii, ToAi
SK NOAibHUX cniBnagiHb He CnoCcTepiraeTbCs ANA 3MiHM
KopucHoro o6’emy abo giametpa ropHa. Lle we pas cBig-
YNTb NPO 3HaYeHHHA BMBOpPY pauioHanbHOI BUCOTU pobo-
4YOro NPOCTOpPYy Nneven.

Takum ymHOM, We pa3 foBeaeHo, wo A1 cepegHbo-
ro o6’emy 3 V, > 1500 m*® i ocobnmso Benukoro 3 V, 2
> 5000 m® cyTTEBO MOCTYNarTbCsl KOMMAKTHUM (3a
MikHapoaHoto knacudikauieto CBF [14]) nevam 3 V, <
< 1500 m® aK 3a NPOAYKTMBHICTIO, TakK i 3a BUTPATOO na-
nunea. ToMy BaXXNIMBO BCTAHOBUTU (hakTopu, LLIO 3HAYHOIO
MipOI0 BU3Ha4aloTb 3HWXKEHHS FOMOBHUX NMOKa3HWKIB 4O-
MEHHOro npoLuecy npu 3pOCTaHHi KOPUCHOTO i MOBHOIO
ob’emy neyen.

Baxnueum € po3rnsg rasoaMHaMiyHMX CKNagoBuXx,
Lo 3anexartb 6e3nocepenHbo Big KoHCTpyKuii A i go-
MEHHUX komnpecopis. [lepwwum akTopom, Ha SKkun
3BEepHynu yBary we Ha noyatky 60-x pokis XX cT. [19]
Gyno cniBBiQHOLEHHS NIIOLL ropHa S | cymapHoro nepe-
TUHY MOBITPAHUX PYpM XS, — S/ZS,,, AKe Ha OyMKy
pocnigHukis (Jlykawos I Ta iH.) noBMHHO ByTK ogHa-
KOBUM AnNs neyewn pisHoro ob’emy i BigpisHATUCA 3anex-
HO Big BUAY i EHEeproBMTPATHOCTI YaByHy. B gincHocTi 3i
36inbweHHsaMm 06’emy [l He3Baxatoum Ha 36inbLUEHHS
KiNbKOCTi MOBITPSAHWUX pypM i CymapHOi nnowi ix nepe-
TVHY, BiHOCHa [0 NMOLLi ropHa nnoLua BMXigHoOro nepe-
TUHY dPypM 3HUXKYyBanacs (puc. 2).

Take 3HWXKeHHA npumyLllyBano 30inbluyBaTh Kinb-
KiCTb MOBITPSIHUX DYPM B nepioan KanitanbHUX PEMOHTIB
i BUKOPMCTOBYBATU BinbLU MNOTY>Hi NOBITPOAYBHI 3acobu
ansa 3abesneveHHsa opcoaHoi pobotn 1 36inblieHo-
ro o6’emy. OgHak Ha 3aBagi NoAanbLIOro 3pOCTaHHA Mo-
TYXHOCTi yTTbOBOIO CTPYMEHS i LUBUAKOCTI AYyTTS CTanm
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Ta6bnuus 1

Moka3HMkKM poboTH AOMEHHMUX nevyen mMeTtanyprinHoro kombiHaTy «KpuBopixctanb» y 2001 i 2003 pp. 3a

AaHumm [17]

Homep neui
Moka3Hukun

6 9
Mepiogn poboTtun 2003 2001
TpwBanicTtb nepioais, Ai6 359 358
KopucHuii 06’em:
m3 2000 5000
% 100,0 250,0
Bucota waxtu:
M 18,2 20,7
% 100,0 113,7
[HiameTp ropHa:
M 9,75 14,7
% 100,0 150,8
3aBaHTaxyBanbHWUI NPUCTPI KOHYCHUI notkosun PW
BwmicT 3anisa B wunxTi, % 52,61 52,80
ButpaTa nigrotoBneHoi cupoBuHn, %:
arnomeparty KpCt i HKIM3K-1 80,5 -
arnomepaty HKIM3K-2 13,0 67,8
obkoTULIB 6,0 26,9
PyaHe HaBaHTaxeHHs, T/T 3,91 3,53
MnToMa NpoayKTUBHICTb:
T/M3 006 1,554 1,456
% 100,0 93,7
MuToMa BUTpaTa KOKCy:
Kr/T 458 488
% 100,0 106,5
OyTTa:
abConNTHNUIA CTYNiHb CTUCHEHHSA 3,47 417
NATOMWIA CTYMiHb CTUCHEHHS 1 m3/c ayTTa ¢ - 102 7,14 3,54
Temneparypa, °C 1021 1089
BMICT KUCHI0, % 26,7 26,2
BUTpaTa NPUPOAHOro rasy, % Ao BATpaTV JyTTs 6,66 7,86
HagmipHuI TUCK KONOLWHMKOBOTO rasy, kla 129 157
BuHic nuny (BnoBneHoro), Kr/T 19 2
KoeilieHT piBHS TexHonorii:
T/M3 006 3,393 2,984
% 100,0 87,9
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Tabnuus 2
Moka3Hukm pob6otn gomeHHUx nevyen BAT «CeBepctanb» 2003 p. 3a aaHumu [18]
Homep neui
MokasHukmn
1 3 5
KopwucHuin 06’em:
M3 1007 2000 5500
% 100,0 198,6 546,2
Bucora waxtu:
M 15 18,2 20,4
% 100,0 121,3 136,0
[HiameTp ropHa:
M 7.2 9,75 15,1
% 100,0 135,4 209,7
3aBaHTaxyBarnbHWUIN NpUCTpI KOHYCHUI KOHYCHWI notkosun PW
BwmicT 3anisa B wunxTi, % 58,5 59,2 60,1
lMnToMa NpoayKTUBHICTL:
T/M*p06 3,144 2,346 1,928
% 100,0 74,6 61,3
lMuToma BMTpaTa KOKCy:
Kr/T 400,8 414,9 420,3
% 100,0 103,5 104,9
PynoHe HaBaHTaxeHHs, T/T 4,075 3,868 3,787
OyTTa:
Temnepartypa, °C 1145 1153 1185
BMICT KUCHIO, % 30,3 29,6 23,55
BUTpaTa NpMpoaHoro rasy, M%/xs 290 397 692
HaamipHuin TUCK KONOLLHUKOBOIO rasy 1,42 1,79 1,86
::g;auf(;ntz neui Big cymapHoro o6’emy BCix 10,5 21.0 577
;I:c;z;)a( szggstv;:%&sin CyMapHoro BUpobHuLT- 14.9 21,6 50,4
OyTTa:
T/M3-006 7,84 5,65 4.59
% 100,0 72,1 58,5

CUPOBUHHI YMHHUKN — SKICTb KOKCY i 3ani3opygHoi cupo-
BUHW.

3anexHicTb WBMAKOCTI AYTTA Bid CUPOBUHHUX YMOB
paHille po3rnsiganachk 4515 ABOX 3MiHHUX — SIKOCTi KOKCY
i weunakocTi BuToky [20]. MigBuLweHHS WBMAKOCTi BUTOKY
CTPYMEHS AyTTS CYNnPOBOAXYETLCHA MOCUITEHHSM npoLie-
ciB cerperavuiji Kokcy y dpypmeHomy BorHuui [21], Hako-
NUYEHHAM OPIBHSIKY KOKCY Y rpaHUYHOMY Luapi BOrHULLA,
BMKITMKaHMM cerperauieto i noripweHHam rasudikadii na-
nuBa. B pesynbrati npoTikaHHS LuX npoueciB BMCXigHa

rinka oypMeHOro BorHuLa BigxXmnaeTbCa Big LeHTpa oo
nepudepii, 3MiHIOITECA YMOBW YTBOPEHHS pigkoi dasu,
BHacMigoK YOro BMHUWKaB Tak 3BaHWW rasogvHaMivyHui
nopir Mk BOrHULLEM i BiCbOBOI 30HOK — 30Ha 3HMXe-
HOI ra3oNPOHUKHOCTI, WO YCKragHioBana HopMmanbHy
eKkcnnyaravuito nedi.

[MepenoHow ANs AMHAMIYHOTO MPOXOMXKEHHS rasy
Kpi3b 060MOHKY (bypMEHOro BOrHMLLA € TPETIin dhakTop,
a caMe KinbKiCTb YTBOPIOBaHOroO Linaky, obymoBneHa
OaraTCcTBOM AOMEHHOI WKMXTW 3ani3om. [aHi, HaBeaeHi
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m 3miHa BigHOCHOT S/XS,,, i aBCoNoTHOI XS, MNoLL BUXIAHOMO NepeTuHy nosiTpsaHMX dypm aiametpom 140 MM Ha TUNOBMUX

OOMeHHMX nevax [20]

Tabnuuysi 3
Buxig wnaky Ta WBMAKICTb AYTTLOBOro CTPYMEHSA
Ha AOMeHHMUX neyax konuwHboro CPCP y 1983 p. [2]

NMianpuemcTBO B:r)l('ﬂ :-'E:')'/aHK;/, I.IJBM.?:,iﬂ-/Z ayT-
A3CT 579 157
3Cr 558 196
KMK 518 204
KapMK 690 152
HTMK 440 164
MMK 357 213

B Tabn. 3, iNOCTPyOTb BNAUB BUXOAY LUNAKy Ha LIBUA-
KiCTb AyTTS Ha pypmMax Ak Ha NignpMEMCTBaX KONMULLHBO-
ro MiHuopmety YPCP (A3Ct — >KMK), Tak i Ha nignpu-
emcTBax iHwwux perioHiB (KapMK — MMK). Tomy HeBu-
nagkoeo anga 3abesneyeHHa hopcoBaHOi poboTU neven
30inbLueHoro 06’eMy Hamaranmcsa 3abe3nedunT OCTaHHiI
BinbLU SKICHOO 3ani30pYAHOI0 CUPOBUHO.

Takum 4ymMHOM, YMOBOK (POPCOBaHOi pobOTM MOTYX-
HUX Neyer 3a paxyHOK NPUAHATTS AyTTS BiAnoBigHWX 06-
CAriB € BUKOPUCTaHHSA 3anisopyaHUX maTepianis 3 BUCO-
KMM BMICTOM 3ani3a.

HacTynH1M YYHHUKOM BMAMBY Ha rasoguHaMiyHi npo-
uecw B Ol pisHoro o6’emy € AKiCTb AyTTH, AKY NpoAyKy-
I0Tb AOMEHHI KOMMPECopK Pi3HOT MOTYXXHOCTI (Tabn. 4).

Posrnag gaHux tabn. 4 ceigumTb Npo Te, LWo 3i 36inb-
WweHHsaM o6’emy A i 3pocTaHHsAM NpOayKTUBHOCTI | ab-
COMIOTHOIO TUCKY AyTTS NMUTOMUN CTYMiHb CTUCHEHHS
OyTTS 3HWXKYBaBCSA. FKWO LeWn CTyniHb, po3paxoBaHWn
3a makcumanbHumu anga MNAOM napametpamu gna A6l
ob6’emom 930-1180 m® 3Haxoguscsa B mexax 8,33-10,81,
TO Anga neven o6’emom 2700-3200 m® — B mexax 4,52-
6,38, wo B 1,7-1,8 pasn Hmx4e.

AKLWO B Aianas3oHi 3pocTaHHst KOPUCHOro o6’emy ne-
yer 3 930 go 3200 m® npoayktueHicTe MNOM 3pocna 3
2200 go 6900 Hm3/xB abo y Tpu pasun, TO aGCONTHUNA
CTYNiHb CTUCHEHHA — 34 00 5,3, T06TO Nuwe y 1,3 pasw,
LLIO | 3yMOBWIO 3HMKEHHS MUTOMOTO CTYMEHS CTUCHEHHS,
Bifj SIKOr0 3anexuTb MOXMIMBICTb hOPCYBaHHS XxoQy AO-
MEHHOro npouecy AyTTaMm. Taka 0cobnuBiCTb PO3BUTKY
AOMEHHUX KOMMPECOopiB NputaMmaHHa BCiM MeTanyprini-
HUM perioHam cBiTy. Hanpuknag, nuToMmi CTyniHb CTUC-
HeHHs1 gyTTa O Ne 2 3aBogy Hakasima o6’emom 757 m®
6yB B cepegHbomy 11,25, 1IN Ne 3 dykysma o6’emom
3223 m® — 4,97, a AN Ne 2 Oita o6’emom 5245 m® —
3,86 (AnoHia [16]).

Buxogom 3i ctaHoBuLa, WO cKnanocd, moxe 6yTtu
YOOCKOHaNeHHs1 JOMEHHMX KOMMPEeCcOopiB He B HanpsMi
36inbLlUEeHHS NPOAYKTMBHOCTI, @ B HanpsMi 36inbLueHHs
abCconioTHOTO | NMTOMOrO CTyNeHIB CTUCHEHHs. Ockinb-
KM Take yOOCKOHaneHHsA notpebye 306iMblUeHHS NOTYX-
HOCTi NpuMBOAY KOMMPECOPIB i BUTPAT eHeprii Ha Komn-
pemyBaHHA OyTTd, TO nopsg 3 umMMm cnig nepegdauntu
000B’aA3KoBe BUKOpPUCTaHHA Ha [l rasoBux ytunisauin-
HUX TypOiH, WO A03BONUTH MOBEPHYTU B Mepexy Ao
35 % eHeprii, Ky BATPAY€HO Ha CTUCHEHHS OyTTS.

lMpuknagom nepexogy Ha KOMMPECOpW HOBOrO MO-
KONiHHA € npuadaHHa kombiHatom AMKP gns AN Ne 9
MNAOM 3 enektponpueogom. MAM SIEMENS STC-GV
(160-3) mae npogykTmBHicTb 4800 HM®/XB | enekTpoaBu-
rYH NOTYXHicTto 26,5 MBT. Taki komnpecopu BUKOPUCTO-
BYIOTbCS Ha MOTY>KHMX NeYax B peXuMi cnapeHoi poboTu.

lMoegHaHHS MO3UTUBHMX MapameTpiB npodinto (06-
MeXXeHi BUCOTa | NepeTrH) 3 NiABULLIEHOIO AKICTIO CTUCHE-
Horo ayTTs 06ymoBuno 6e3zanepeyHy nepesary KOMMNak-
THux Ol nepen arperatamu Ginbworo o6’emy. MNomipHa
BMCOTA LIAXTW i NPOTUTOKOBOI 0bnacTi B Linomy 403BO-
nAwTb hopcyBaTh NpoLec 6e3 CyTTEBOro NOCUNEHHS pa-
AianbHoi HepiBHOMIPHOCTI razopoanoginy. ObmexeHi no-
nepeyHi po3mipn 3abesneyyoTb MOXIMBICTE TPAHCMOPTY
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Tabnuusi 4

Heski napameTpu paasHCcbKux nosiTpoaysHux mawmH (MOM), pekomeHgoBaHux [16] ans AoMeHHUX ne4vewn

pisHoro o6’emy

KopucHumn KopucHun Butpara ayTrs Tuck pyTT], CTyneHi CTUCHEHHs AyTTA
06’em neyen, m* | 06’em neyen, M HM/XB HM®/c kMa aBCcontoTHUI € | NuToMUIA €102
K-2750-31-1 2200 37 400 4,0 10,81
930-1180
K-3250-41-1 2900 48 400 4,0 8,33
K-3250-41-1 2900 48 400 4,0 8,33
1300-1400
K-4250-41-1 3700 62 400 4,0 6,45
K-4250-41-1 3680 61 407 4,07 6,67
1500-1800 K-4250-41-1 3600 59 412 4,12 6,98
K-4250-41-1 3200 53 510 5,10 9,62
K-4250-41-1 3200 53 510 5,10 9,62
2000-2300 K-5500-41-1 3480 58 392 3,92 6,76
K-5500-41-1 4500 75 510 5,10 6,80
K-5500-41-1 5000 83 440 4,40 5,30
K-5500-41-1 4700 78 490 4,90 6,28
2700-3200
K-5500-41-1 5000 83 530 5,30 6,38
K-7000-41-1 6900 115 520 5,20 4,52

rasis i Tenna oo UeHTpy nedi 6e3 CTBOPEHHS cneujianbHoi
BICbOBOI BigAyLUMHKW, @ TaKOX CNpPUsAOTb (HOPMYBaHHIO
MiHiManbHOi 3a 06'eMOM HagdypMEHHOI BiCbOBOI 30HM
Manopyxomux marepianis.

Tomy B npoueci PEeKOHCTPYKLUil AOMEHHUX LexiB
gouinbHo 36epertn, NpWHanMMHI, OAQHY MY HEBEMNMWKO-
ro o6’emy, MOLEPHI3YOUM AK BNacHe nid, TaK i MivYHUN
komnnekc. BukopuctaHHa cydacHux [N Hesenukoi no-
TYXXHOCTi He MOB’A3aHe 3 TPUBaNuUM «OMEPTBIHHAMY» Ka-
niTanbHUX BKNageHb, A03BOMSE 3abe3nevnTn rHyYKiCTb
BMPOBHMUTBA | MiABMLWNTM MOT0 eEeKTUBHICTb SK Npu
CKOPOYEHHI BUPOBHWMYOI nporpamu, Tak i Npu 3acTocy-
BaHHi HU3bKOSIKICHMX LUMXTOBUX Marepianis.

Tum He meHw, 1 cepeaHboro i Benukoro o6’emy ma-
I0Tb 3HaYHE MOLUMPEHHS | ABMATLCA HE3aMIHHUMK Ha
nignpMemMcTBax 3 MOTY>XHUMW KOHBEPTEPHUMWU LEexamu
i Tam, ge Gpakye nnowy Ans PO3MILLEHHA O0AAaTKOBUX
arperatiB. Tomy i Hagani yBara 6yge npuainatucsa ygo-
CKOHamEeHH!o LiMX neven i ymoB ixX ekcnryaTtalii, OCKiNbKu
OCTaHHi BU3Ha4atoTb 06csrn BupobHMLTBA.

HocnigxkeHHss nonepegHuKiB | pesynbratu  npeg-
cTaBneHoi poboTn [o3BONAThE Knacudikysatn dakTo-
pu obmexeHb y BukopucTaHHi 1 36inbweHoro ob’emy.
3anexHo Big uMx (hakTopiB iX MOXHA MOZ4INUTN Ha Tpu
YMOBHIi FPynu — 30BHILLHi, KOHCTPYKLiVHI i CYyTO BHYTpILL-
Hi, 0bymMOBneHi 3mMiHaMW CTPYKTYpu CTOBMa LUMXTW Nig
BMnMBOM 36inbLlieHHs o6’emy [ON1.

[o nepwoi rpynu 30BHiWHIX hakTopiB crnig BigHECTH
AKOCTi KOKCY, 3anisopyaHux marepianiB i CNPOMOXHICTb
MOBITPOAYBHUX MalUVH NPOAYKYBaTW AyTTS HeobXigHWX
CTYMEHIiB CTUCHEHHS. BaxnueicTb OOTPUMMaHHS BMCO-
KOi rapsidoi MILHOCTI KOKCYy OBymOBrieHa MOripLUeHHSM
YMOB BUKOPUCTaHHSA KOKCY npw 36inbLieHHi o6’emy A1

BHacnigok Aii npMHaviMHi Tpbox dhakTopis: cerperadii y
dypMeHHIn 30Hi [21], nocnneHoi raaudikauii B KOKCOBO-
My LeHTpanbHOMY KaHani i 6inbw Tpuanoro nepeby-
BaHHSA B KOKCOBI/ Hacagui 36inbweHoro o6’emy. Kokc B
LeHTpanbHoMy KaHarni abo y «BiggyLWmWHi» Npu BUCOKMX
TemnepaTypax notepnae Big BNnuBY rasndikoBaHOro
KMCHIO LUNXTW, LLO NepemnLloB 3 NepndepinHoi i Npomix-
HOT YaCTWH nepeTuHy, e Biadbynocs BiAHOBMEHHS OKCK-
Aie 3anisa [22].

Opyra rpyna KOHCTPYKUiNHUX (DaKTOpiB NOAONaHHS
CyTTEBUX OOMEXeHb B eKcnnyaTauii ne4en 3 KOPUCHUM
o6’emom > 1500 m3® noBMHHa OyTW NpeacTaBneHa padi-
OHanbHUMKU npodhinem, CriBBigHOLIEHHAM MIOLL, BUXia-
HOro MepeTUHy MOBITPAHUX PYPM i NEPETUHy ropHa, a

Bicb neui
Bicb neui

2012 p. 2013 p.

m Po3paxyHkoBa CTpyKTypa BEpXHbOi 4YaCTMHW CTOBMa
LUMXTOBUX MaTtepianis Ansi nporpam 3aBaHTaXKEHHS, O BMKO-
puctoByBanucb Ha [N Ne 3 EM3 o6’emom 1719 m® y 2012 i
2013 pp. [23]: 1 — KkOKC; 2 — 3ani3opygHi matepianu
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TaKOX BUKOPUCTaHHAM BE3KOHYCHMX 3aBaHTaXKyBarbHUX
NpUCTPOIB.

TpeTs, «BHYTPILWHAY rpyna dakTopiB 0bMexeHb CTo-
CYETbCS 3MiH CTPYKTYpW CTOBMA LUNXTK 3@ paxyHOK yTBO-
PEHHSI LLeHTparnbHOro KOKCOBOro kaHany (puc. 3), Wwo He
XapaktepHe ans komnaktHux Ol i 36inbweHHa BucoTr
BiICbOBOI 30HM ManopyxoMoro kokcy [24]. Cioaum cnig go-
0aTn TakoX MEHLUi HecTauioOHapPHICTb CXOKEHHSs i po3-
MyLEeHHs1 CTOBMA LUMXTW B MOPIBHSIHHI 3 KOMMNAKTHUMM
nevyamm [25].

Takum 4vMHOM, nogarnblue YAOCKOHaneHHA OOMEH-
HOro npouecy B nevax cepedHboro i BEnMKoro ob’emy
NoB’si3aHe 3 BXUTTSM 3axoAiB Ana 0OMeXeHHs1 HeraTume-
HOro BMnMBY (PaKTOPIB 30BHILLHBOI i BHYTPILWHBLOI Ail, a
TakoX dpakTopiB, NOB’A3aHMX 3 KOHCTPYKTMBHUM OPOpM-
nenuam Arl.

BucHoBku

MokasaHo, Wo 3acTOCyBaHHS MOKa3HWKIB, SKi po3pa-
XOBYHTbCA Ha OOMHWLIKO NIIOLWi ropHa, He € OOoUiNbHUM,
OCKIfTbK/ NNOLLa ropHa He € OCHOBHWM PO3MIpOM Meui.

—
> JITEPATYPA

OCHOBHUM pO3MipOM € MOBHWUI 06’eM Neui, SK1in BU3Ha-
Yae KOHCTPYKLi0 arperaTy i obcsar kanitanbHUX BUTpar
Ha noro ByaiBHMUTBO. [MOKa3HMKM MUTOMOI NPOOYKTUB-
HOCTI, LLO PO3PaxoBYHOTbCS Ha OAMHMLI 06’emy neui,
aHaniTM4YHO 3anexaTb Big BMCOTU Medi i agekBaTHO Bi-
aobpaxatoTb pesynbraTUBHICTL PoBOTM MeYen pPi3HOro
ob’emy.

MMokasaHo, WO NoedHaHHA MO3UTMBHMX MapameTpis
npocpinto (obmexeHi BUCOTa i NEPETMH) 3 MigBULLEHOO
AKICTIO CTUCHEHOro QyTTa 06yMOBUIO Ge33anepeyHy ne-
peBary KOMNakTHUX AOMEHHUX NeYen nepeq arperatamu
BinbLoro ob’emy.

BcTaHoBneHo i knacugikoBaHo pakTopn 0bmMexeHb y
BUKOPWCTaHHi AOMEHHMX neven 36inbieHoro ob’emy. 3a-
NexHo Bia Ail umx dakTopiB NoQineHo ix Ha Tpu rpynu —
30BHiLUHi, KOHCTPYKLiVHI i CyTO BHYTpILWHi, 0BymMOBneEHi
3MiHaMmn CTPYKTypu CTOBNa LUMXTU Nig BNnvBoM 36inb-
weHHa oB’emy nedven. lMokaszaHo, WO noganblle yoo-
CKOHarneHHs JOMEHHOro npouecy B nevyax cepeaHboro i
BENMKOro ob’emMy NoB’si3aHe 3 BXUTTAM 3axofiB ans ob-
MEXEHHS1 HeraTMBHOI Ail, a TakoX hakTopiB, NOB’A3aHNX
3 KOHCTPYKLEI Neven.
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Assessment of changes in productivity and limitations in forcing movement when increasing
the volume of blast furnaces

The selection of the useful volume of new or reconstructed blast furnaces is an urgent task for both manufacturers and de-
signers; therefore, the assessment of the technological capabilities of furnaces of different volumes has always been of in-
terest from both a practical and a theoretical point of view. The purpose of the presented work is the selection of the most
representative indicators, with the help of which a comparative assessment of the operation of furnaces of different volumes is
possible, the evaluation of the operation of furnaces in the conditions of planned and market economies, as well as an attempt
to determine and classify the factors limiting the forced operation of furnaces of increased volume.

It is shown that the use of indicators calculated per unit area furnace is not appropriate, since area furnace is not the main size
furnace. The main size is full volume furnace, which determines design unit and amount of capital costs for its construction.
Specific productivity indicators calculated per unit volume furnace similarly depend on the height furnace and adequately
reflect performance of furnaces of different volumes.

The indisputable advantage of compact blast furnaces with a useful volume < 1500 m? in comparison with furnaces of larger
volumes is shown, which indicates imperfection of a simplified approach to evaluating performance of furnaces based on the
concepts of balance and gas dynamic components, since it is difficult to take into account all the components when determin-
ing these components influencing factors.

Factors limiting process intensification in blast furnaces of medium and large volumes have been established and classified.
The main external factors are the quality characteristics of coke, iron ore materials and blowing, more specifically, hot strength
of coke, richness of raw materials in iron and the ability of air blowers to provide blowing with required degree of compression.
The main structural solutions to overcome significant limitations in operation of furnaces with a useful volume > 1500 m?® are
a rational profile, ratio of output cross-section of air nozzles and cross-section furnace, as well as the use of coneless loading
devices.

]
Blast furnace, volume, performance, benchmarks, limiting factors, process intensification.
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The investigation of the thermal performance of the graphitized
hollow electrode in the "ladle-furnace” with the supply of
neutral gas

The article presents an analysis of heat transfer efficiency from an electric arc discharge formed in the sub-electrode
zone to a metal bath under different operating conditions of the “ladle-furnace” (LF). A numerical modeling methodology
has been developed, and the obtained data have been analyzed to determine the heat transfer efficiency with the supply
of neutral gas through a graphitized hollow electrode (GHE).

The objective of this study is the numerical modeling of the influence of changing the geometric parameters of the
metal bath cavity formed by gas injection through the channel of the graphitized hollow electrode on the heat transfer
efficiency from the electric arc to the metal bath at different thickness of the slag cover in the “ladle-furnace”.
Research methods. Numerical modeling of the heating of the metal bath was performed on a developed 3D model of
a steel ladle with liquid metal and a cavity zone formed under the action of an electric arc and gas supplied through the
channel of the graphitized hollow electrode. Heating was conducted under different geometric parameters of the cavity
and varying heights of the slag cover. The obtained data were analyzed, indicating the advantage of using the graphitized
hollow electrode with gas supply through its channel compared to a conventional electrode.

Results obtained. The share of heat absorbed by the slag and metal under the conditions of using a conventional elec-
trode and a hollow electrode with gas supply through its channel was determined. The influence of the parameters of the
reaction zone formed under the GHE on the heat transfer from the electric arc to the metal bath was determined, with
maximum temperature increase values of the metal amounting to 0.6 °C/min.

Scientific novelty. New data were obtained regarding the influence of neutral gas supply through GHE on the amount
of heat transferred to the metal by convection, and indicators of the heat flux density from the electric arc to the metal
cavity in the sub-electrode zone were determined.

Practical significance. It was determined that increasing the area of the metal cavity by supplying gas through the GHE
channel improves the heat transfer from the electric arc to the metal bath. Meanwhile, increasing the thickness of the
slag cover reduces heat losses to the furnace atmosphere. The carried out research provided important data regard-
ing the thermal performance of the "ladle-furnace" in the sub-electrode zone, which can be further utilized for process
optimization.

Keywords: ladle-furnace, graphitized hollow electrode, numerical modeling, 3D model, geometric parameters of the
cavity, heat transfer, heat flux density.

ntroduction. The organization of technological pro-
cesses in the “ladle-furnace” (LF) requires determining
the sequence and timing of operations, which influenc-
es the consumption of energy and material resources.
Therefore, the schemes for organizing these processes
are continuously being improved. The efficiency of ther-
mal processes during secondary steel refining in the
"ladle-furnace" depends on various factors. In particular,
the modification and removal of non-metallic inclusions,

desulfurization, and steel alloying result in significant
heat losses, which are compensated by heating through
the electric arc formed between the lower end of the
electrode and the metal bath.

One of the possible directions of development is the
use of new materials and technologies that reduce en-
ergy consumption and increase equipment productivity.
An option in this regard is the application of a graphitized
hollow electrode (GHE) with gas supply through its chan-
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nel, which increases the geometric parameters of the
metal cavity, thereby positively impacting the efficiency
of heat absorption from the electric arc.

Thus, the development of new technologies and
equipment can improve the quality and efficiency indica-
tors of secondary steel refining. Therefore, the research
on the thermal performance of the graphitized hollow
electrode with gas supply through its channel during
steel processing in the “ladle-furnace” is a relevant task.

Relevance. During secondary metal processing,
compensation for heat losses occurs through the heat-
ing of the metal by the heat released under the action of
alternating or direct current electric arc. In the “ladle-fur-
nace”, the electric arc is formed between the metal and
three vertically positioned graphitized electrodes (GE),
creating a junction point of three arcs in the form of a
“star” [1].

Approximate values characterizing the temperature
drop of liquid steel in ladles with a capacity of 100-
150 tons during desulfurization, deoxidation, alloying,
holding-on, and ladle replacement are provided by the
authors of works [2-4]. During desulfurization, when
slag is formed and the melt is agitated by gas through
bottom blowing devices or submerged lance, the steel
temperature can decrease by 30-40 °C. After the fer-
roalloys addition and subsequent homogenization of the
chemical composition and temperature of the steel in
the ladle, the temperature decreases by 10-15 °C. The
rate of temperature decrease of the steel reaches up to
0.6 °C/min during holding-on and ladle replacement, and
1.1-1.4 °C/min during homogenization of the metal by in-
ert gas blowing.

The practice at many metallurgical plants shows that
during the secondary processing of a wide range of steel,
the overall temperature decrease is 50-60 °C or more. In
the case of producing special steel grades using single
or double vacuum technology, the temperature decrease
can reach 150 to 250-300 °C, respectively [2, 5, 6].

The rate of metal heating during processing in “ladle-
furnace” ranges from 2 to 5 °C/min and depends on se-
veral technological parameters such as: heat accumula-
tion and oxidation of electrodes; weight and rate of add-
ing slag-forming materials; gas blowing regimes and flow
rate; methods and locations of adding solid and powder
materials; thickness of the slag layer; melt temperature;
state of gas blowing blocks [3, 6, 7].

Based on the analytical review, there is a lack of reli-
able data on heat exchange in the “plasma-slag-metal”
system, taking into account changes in the geometric
parameters of the cavity and the formation of additional

convective flows through gas injection through the chan-
nel of the graphitized hollow electrode.

This provides grounds to assert that research aimed
at determining the influence of gas supply through the
channel of the graphitized hollow electrode on heat
transfer from the electric arc discharge to the metal bath
during secondary processing is quite relevant.

Research methodology. Based on the results of
previous studies on the influence of gas injection re-
gimes through the channel of the hollow electrode, em-
pirical regularities regarding the shape and size of the
cavity have been defined. It is evident that changes in
the geometric parameters of the cavity should affect the
efficiency of heat transfer from the arc formed in the sub-
electrode zone to the metal melt on the “ladle-furnace”.
To evaluate this effect, computer modeling of non-sta-
tionary heat transfer in the “plasma-slag-metal” system
was carried out.

In works [8-14], a significant number of various mod-
els used for numerical simulation of processes related to
the transfer of energy, mass, momentum, and charge in
the plasma of an electric arc are discussed.

To determine the effect of gas supply through the
channel of the graphitized hollow electrode on the heat
absorption efficiency of the metal, a comparison was
made between different variants of secondary steel pro-
cessing on the “ladle-furnace” with varying slag thick-
ness and corresponding gas flow rate, proposed in the
previous stage, and base variants without blowing with
various slag thickness. The base variants were cho-
sen to be the operation of a conventional graphitized
electrode without gas injection with a slag thickness of
100-200 mm. The geometric parameters of the cavity un-
der the given conditions were calculated in the previous
stages of the research using models described in works
[8, 15, 16]. In the next stage, initial conditions for cal-
culating heat transfer in the plasma-slag-metal system
were set, as presented in Table 1.

Using the software “Ansys”, in the “DesignModeler”, a
3D model of a ladle for steel casting with liquid metal and
the cavity zone formed under the influence of an electric
arc and gas was created. The geometric parameters of
the 3D ladle model include a capacity of 250 tons with a
metal level in the ladle of 3.96 meters and a bath diame-
ter of 3.6 meters. To simplify the calculation, one-third of
the total volume of the liquid bath was taken in the form
of a part of truncated cone with a sector of a circle at its
base, with the electrode axis located on the bisector of
the angle of this sector. The distance of the GHE above
the metal bath level is equal to 70 % of the thickness

Table 1
Initial conditions for heat transfer calculation
Parameter Steel Slag
Temperature t, °C 1600 1700
Density p, kg/m? 7000 3000
Thermal conductivity A, W/(m-°C) 60.5 0.45
Specific heat capacity, J/(kg-°C) 434 1100
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Geometric parameters of the cavity

Table 2

Gas flow rate through the . . Diameter of the circl.e at
Ne GHE channel, m*h Slag thickness, H_, m Cavity depth, h_ , m the basedof, t:‘e cavity,
1 No gas supply 0.1 0.05 0.495
2 No gas supply 0.2 0.04 0.495
3 3 0.1 0.07 0.499
4 4.5 0.1 0.08 0.502
5 6 0.1 0.09 0.507
6 6 0.2 0.06 0.608
7 8 0.2 0.07 0.626
8 10 0.2 0.08 0.644

of the slag cover [4]. The geometric parameters of the
cavity for the base cases and the developed cases are
provided in Table 2.

To obtain detailed information on any area of the in-
vestigated region, a computational grid was applied to
the 3D model of the liquid bath, consisting of 12.098 ele-
ments and 41.368 nodes. Boundary conditions (bc) for
the calculation of transient heat transfer were specified
separately for each variant. For the electrode-slag inter-
face, both in the base variants and with gas supply, Dir-
ichlet (15t type) boundary condition was assigned, as the
temperature in this region of the graphitized hollow elec-
trode had been determined in the previous stage of the
study [17]. For the slag and metal surfaces, Neumann
(3¢ type) boundary condition was specified, which was
calculated based on the work [18].

Since the Grashof number for the given conditions is
about 10°, the convective heat transfer coefficient was
determined using formula (1) for heat exchange during
natural convection of liquid metals:

-h 1
Nu = O‘Tzo,szer4 Pr%* where Gr =102...10°, (1)

where o is the average heat transfer coefficient in
W/(m2-°C), h is the depth of the cavity formed between

the metal and the slag, A is the thermal conductivity of
argon at high temperatures [19, 20].

The Grashof number (Gr) was calculated using the
formula:

_ 9B dgHE (Tamb —Taver )

Vg

Gr Ao~2,

()

where g = 9,81 m/s? is acceleration of gravity; B = 1/T_ —
volume expansion coefficient of gases, K'; d, . — diam-
eter of the graphitized hollow electrode, m; (T~ T, .)—
the temperature difference between the atmosphere in
the arc burning zone and the average temperature of the
metal surface and the atmosphere, K; v,— coefficient of
kinematic gas viscosity, m?/s.

Pr — the Prandtl number was calculated using the
formula:

Pr= vg/a , (3)
where a — thermal diffusivity, m?/s.

Thus, the following boundary conditions were adopted
for the calculation of unsteady heat transfer during process-
ing of steel in a “ladle-furnace”, as presented in Table 3.

The calculation of the increase in specific heat Ai of
liquid steel through the metal mirror surface (without

Table 3
Boundary conditions for unsteady heat transfer
Convective heat .
Surface Type of t.)(?undary transfer coefficient o, Ambient terr;perature Emissivity € [21]
conditions 2.0 T _.,°C
W/(m . C) amb
Contact of slag with the
lateral surface of the Dirichlet (1%t type bc) — 2500 —
electrode
Surface of the slag in i
the arc burning zone Neumann (3" type) 8.07 4500 0.9
Surface of the metalin | o o0 (34 type) 8.15 4500 0.4
the arc burning zone
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considering heat losses through the walls and bottom of
the ladle) during heating in the “ladle-furnace” was per-
formed using the following formula:

F
Al =— /kg,
i mJ'q(r)dr, Jlkg @)

where F is the surface area of the metal mirror, m%, m is
the mass of steel, kg; q(r) is the time-varying change in
the average value of the heat flux density over the area
F, W/m?; 1 is the time, s. The surface area of the metal
mirror was determined based on the given parameters in
the “DesignModeler”.

Since the calculation results of the average heat flux
density function were obtained in a discrete form, it was
necessary to apply a numerical integration method for
the calculation of the specific heat increment. Among the
known methods, the Simpson's method was chosen for
its sufficient accuracy and reliable results. This method
was implemented using the Microsoft Excel.

This method of computing a definite integral is based
on replacing the graph of the integrand function with
parabolic arcs whose axes are parallel to the Oy axis,
rather than using straight chords as in the trapezoidal
method. If the integration interval [a; b] is divided into an
even number of equal parts (i.e., n = 2m) and denoted by
y = f(x,), where x,_ = a + Ax - k represents the division
points with k=0, 1, 2, ..., 2m, then the definite integral
can be computed using the formula [21-24]:

ma(y0 +Yom +2(Vo + Y4+t Yoo )+

+4(y1+y3+...+y2m_1)). (3

Here, the number of division points 2m is arbitrary,
but the larger this number, the more accurate the sum on
the right-hand side of the equation provides the value of
the integral.

Modeling results. The modeling results provide data
on the distribution of heat flux density through the curved
surface of the metal cavity and the surface of the slag in
the sub-electrode zone during the steel processing in the
“ladle-furnace”. This distribution is depicted in Fig. 1 as
a set of vectors with different directions on the 3D model
of the sub-electrode zone during metal treatment in the
“ladle-furnace”, under the conditions of a slag height of
100 mm and a gas flow rate supplied through the GHE
channel of 3 m¥h.

The magnitude and main directions of the heat flux
density distribution vectors have been determined, of
which the majority is directed through the curved cavity
formed by the action of the electric arc into the volumes
of the metal bath and slag layer.

Based on the obtained distribution data, separate
graphs of the average heat flux density distribution have
been constructed for the surface of the metal cavity and
the surface of the slag, considering a gas flow rate of
3 m3/h supplied through the channel of the graphitized hol-
low electrode and a slag layer height of 100 mm (Fig. 2).

From the data shown in Fig. 2, it can be observed
that at the beginning of the process, the heat flux den-
sity sharply increases, reaching its peak and then starts
to decrease. This phenomenon can be explained by the
fact that at the start of the operation of the electric arc
device, the temperature of the surfaces of the liquid steel
and slag in the arc burning zone rapidly increases, lead-
ing to a significant increase in heat flux density. Subse-
quently, the heat flux density gradually decreases after
reaching its peak due to the redistribution of temperature
from the surfaces of the steel and slag into their overall
volumes. This dependence is relevant for both steel and
slag, despite the fact that the heat flux density to the slag
is higher than to the steel due to its higher emissivity.

For the calculation of the increase in specific heat
content of the liquid steel through the metal mirror sur-
face, the share of heat transferred to the metal through
radiation and convective heat transfer were determined.
The influence of the gas flow rate supplied through the
channel of the graphitized hollow electrode on the por-
tion of heat transferred to the metal through convective

m Distribution of heat flux density through the surface of steel and slag in the sub-electrode zone
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m Change in the average heat flux density through the
surface of steel and slag in the sub-electrode zone

heat transfer in the arc zone during the operation of the
“ladle-furnace” is depicted in Fig. 3.

The investigated range for a slag layer height of
100 mm varied from 3 to 6 m%nh, while for a slag lay-
er thickness of 200 mm, it ranged from 6 to 10 m¥h. It
has been determined that the share of heat transferred
to the metal bath by convection during the operation of
the electric arc device in the “ladle-furnace” increases
with an increase in the gas flow rate supplied through the
GHE channel. This dependence is characteristic for slag
layer thickness of 100-200 mm. The difference lies in the
fact that with a larger induced slag layer, at the same gas
flow rate, the share of heat transferred by convection will
be smaller. This phenomenon can be explained by the
fact that as the slag volume increases, the distance of
the electrode tip above the level of the metal bath also
increases to a degree that its value is equal to 70 % of
the slag layer thickness, which leads to a deterioration in
convective heat transfer.

Additionally, based on the obtained data, the frac-
tions of heat absorbed by the metal bath and slag layer
were calculated and plotted for the use of a conventional
GE without gas supply and a hollow GE with gas sup-
ply through its channel at rates of 4.5 m%h and 8 m?h,
respectively, with a slag layer thickness of 100 mm and
200 mm, respectively.

A circular diagram comparing the aforementioned
modes with a slag layer thickness of 100 mm has been
constructed, as shown in Fig. 4. When using a regular
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m Comparison of the absorbed share of heat by the
metal and slag during gas injection through the GHE channel
with and without it, with a slag layer thickness of 100 mm
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m The effect of gas consumption on the share of heat
transferred by convection

electrode without gas supply, the share of heat obtained
by the metal reaches 81 %, while the slag accounts for
19 %. However, when using a GHE with gas supplied
through its channel, the share of heat obtained by the
metal increases by 2 % and reaches 83 %, while the slag
share decreases to 17 %. The increase in the share of
heat absorbed by the metal when gas is supplied through
the GHE channel is due to the enlargement of the effec-
tive surface area for heat exchange.

The comparison of the share of heat absorbed by
the slag and metal during gas injection through the GHE
channel and during the use of a regular electrode with-
out gas supply in the sub-electrode zone is presented
in Fig. 5, considering a slag layer thickness of 200 mm.

Similar to the previous diagram, it can be observed
that the share of heat absorbed by the metal is lower
when using a regular electrode without gas injection
compared to when gas is supplied through the GHE
channel. Specifically, without gas supply, the share of
heat transferred to the metal is 67 %, while to the slag
layer it is 33 %. However, when gas is injected into the
sub-electrode zone, the share of heat absorbed by the
metal increased by 7 %, reaching 74 %, while the share
absorbed by the slag decreased to 26 %. The increased
slag mass ensures more efficient heat absorption by the
metal bath, reducing heat losses to the furnace atmos-
phere.

Fig. 6 illustrates the influence of gas flow rate and slag
layer thickness on the temperature increase of the steel

With gas

—_— ; supply; 26%

No gas supply;
33%

67%

No gas supply;
With gas
supply; 74%

=Slag n Steel

m Comparison of the absorbed share of heat by the
metal and slag during gas injection through the GHE channel
with and without it, with a slag layer thickness of 200 mm
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m Influence of gas flow rate and slag layer thickness on
the temperature increase of steel

during gas injection through the GHE in steel treatment
in the “ladle-furnace”. Based on the aforementioned data
of the investigated region, the heating rate of the liquid
steel was calculated to compare the proposed injection
modes with the baseline variant without injection. In the
baseline variant, the heating rate was 2.8 °C/min.

Gas injection through the GHE channel leads to an
increase in the heating rate of the metal, depending on
the gas flow intensity and slag layer thickness. This val-
ue ranges from 0.2 to 0.5 °C/min for a slag layer height
of 100 mm, and from 0.4 to 0.6 °C/min for 200 mm of
slag. This can be explained by the fact that the geometric
parameters of the cavity formed under the action of the
electric arc depend on the distance of the electrode tip
and the gas flow rate supplied through the GHE chan-
nel. With an increase in gas flow rate, the diameter and
depth of the cavity increase, thereby improving the per-
formance of the electric arc discharge by increasing the
contact area between them.
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Conclusions

The results of the carried out modeling provide data
on the distribution of heat flux density through the curved
surface of the metal and slag cavity in the sub-electrode
zone during steel treatment in the “ladle-furnace”. The
maximum values of heat flux density to the metal reach
6 MW/m?, while to the slag, it reaches 7.7 MW/m?2,

The obtained data provide information about the heat
transfer by convection in the sub-electrode zone under
different processing conditions in the “ladle-furnace”.
With gas flow rate of 3-6 m®h and a slag layer height of
100 mm, the proportion of heat transferred to the met-
al by convection ranges from 7 % to 12 %, while with
gas flow rate of 6-10 m®h and a slag layer thickness of
200 mm, it ranges from 9 % to 13 %.

The share of heat absorbed by the slag and metal
has been determined under the conditions of using a
conventional electrode and a GHE with gas flow through
its channel. With a slag layer thickness of 100 mm and
gas injection through the GHE channel, the share of heat
absorbed by the metal increases by 2 % compared to the
use of a conventional electrode. With a slag layer thick-
ness of 200 mm, this share increases by 7 %.

The heating rate of liquid steel has been calculated
when using a conventional electrode (without gas injec-
tion), which amounts to 2.8 °C/min. The temperature in-
crease, at the recommended gas flow rate of 3-6 m%h
and a slag layer thickness of 100 mm, ranges from 0.21
to 0.43 °C/min. With gas flow rate of 6-10 m%h and a slag
layer thickness of 200 mm, the temperature increase
ranges from 0.47 to 0.61 °C/min.

The supply of neutral gas in the range of 3 to 10 m?h,
with a slag layer thickness of 100-200 mm, improves the
thermal performance of the “ladle-furnace”.
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AHoTauin

YkpaiHcbkull 0epxasHull yHigepcumem Hayku i mexHonoail ([Hinpo, Ykpaita)

HNocnigxeHHA TennoBoi poboTy rpacdiToBaHOro NOPOXHUCTOrO eNeKTPOAa YCTAaHOBKM «KiBLU-
niYy» NPU NoAaYi HeUTpanbLHOro rasy

Y crarTi BUKOHaHO aHani3 e(bekTMBHOCTI nepeaadyi Ternsioty Big eJ1eKTPOo4yroBoro po3psay, ChopMoBaHOro B niaeaeKTpoaHIv
30Hi, 10 MeTaIeBoi BaHHY 3a Pi3HUX yMOB POOOTY yCTaHOBKM «KiBLLU-rid» (YKI1). PO3po6/1eHOo MeToAMKY Y1CEJIbHOr0 MOAESIHO-
BaHHS1, NMpoaHasi3oBaHO OTPUMAaHI AaHi, BU3Ha4eHo eeKTUBHICTb nepenadi Tersiotn 3 rnoaadvyer HeruTpaabHoOro rasy 4yepes
rpagiroBaHui NOPOXHUCTUY enekTpos (ITIE).

MerToro Uiei poboTH € yncesibHe MOAEIOBAHHS BIJINBY 3MiHVW F€OMETPUYHUX NapaMeTpiB JIyHKU MeTasly, ska c(popMoBaHa
3a paxyHoK BAyBaHHS ra3y kaHasaoM rpa@itoBaHOro nopPoXHUCTOro e/1eKTpoaa Ha e(pekTUBHICTb nepeaaYi TenaoTy Bia eslek-
TPUYHOI AYrv 0 MeTaseBOoi BaHHU Mpy PI3HIVi BUCOTI LLIJIAKOBOIO NMOKPOBY HA YCTaHOBL «KiBLL-I1i4».

Meroaun gocnigxeHHs. YvicenbHe MoaeloBaHHs HarpiBy MeTasieBoi BaHHN Ha po3pobieHii 3D moaesni cTanepo3mBHOIO
KOBLLUA 3 PiaKUM METasioM i 30HOIO JIYHKU, YTBOPEHOI i AIE0 eNeKTPUYHOI Ayrn, Ta rasy, kv nogaetbcs kKaHasaom rpagito-
BaHOro NMOPOXHUCTOrro esiekTpoaa. HarpisaHHsi npoBOANIOCS 3a PI3HUX FrEOMETPUYHUX NapamMeTpiB JIYHKU Ta Pi3HOI BUCOTH
LLIJIAaKOBOIO NOKpPoBY. BUKOHaHO aHasli3 OTpyuMaHuX AaHuX, Sk BkasaB Ha repeBary BUKOPUCTaHHS rpa@itoBaHoOro rnopox-
HUCTOro enekTposa 3 rnogadvero rasy vioro KaHasaoM rnepes 3BU4ariHM esieKTpOLO0M.

OTpumaHi pe3ynbratn. BusHa4yeHo 4acTKy TEMI0TU, SKY NOTIMHYN LUK | METaJ1 3a yMOB BUKOPUCTaHHSI 3BUYariHOro esek-
TPOAA, Ta MOPOXHUCTOIO 3 Nogayero rasy Moro kaHasiom. BuaHayeHo BriivB rnapameTpiB peakuiviHoi 30HU, L0 pOPMYETLCS
nig 'MIE Ha nepegadyy TenaoTv Bif eNeKTPUYHOI Ayrn 4O MEeTasieBoi BaHHN, MakCUMasibHi 3Ha4€HHS MPUPOCTY TeMneparypu
mertany cknanmv 0,6 °C/xB.

HaykoBa HoBu3Ha. OTpyMaHi HOBI AaHi LoaA0 BrivBY roAadi HerTpasabHoro rasdy Yepes IMIE Ha KinbkiCTb Teriotu, Lo ne-
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penaeTbcs MeTasly KOHBEKLEIO, BUSHAYEHI MOKa3HUKW rYCTUHW TEerJI0BOIro rnoTOKY Bif e/1eKTPUYHOI AYrn A0 JIYHKU MeTasy B
niaenekTPOAHIV 30HI.

TMpakTn4Ha uiHHiCTb. BU3HaYeHo, LU0 3a paxyHOK 30i/bLUEHHS MJI0LLYi MeTaneBoi IyHKM 3a A0NOMOror noaayi rasy kKaHasaom
[TIE nokpalyyetbcs Ternonepenaya Big e1eKTpuyHoI ayry 4o MeTaneBoi BaHHU. B Tol Yac sk 36i/bLUeHHS TOBLUVHY Luia-
KOBOIo roKpoBYy 3MEHLUYE TErJ1I0Bi BTpaty B atMocgepy nedi. [poBeaeHi 4OCHiAXeHHS JO3BOJININ OTPUMATU BaXXnBi AaHi
CTOCOBHO Ter/ioBOi pob0oTH YCTaAHOBKM «KIBLL-i4» B MiA€EKTPOAHIN 30HI, siKi B 1ogasbLioMy MOXYTb OYTy BUKOPUCTaHI a1
BLJOCKOHAaJIEHHS BUPOOHUYMX MPOLIECIB.

YcraHoBka «kiBLu-Miy», rpa@itoBaHWi MOPOXHUCTUI €1EKTPOA, YncesibHe MogentoBaHHs, 3D
Mozesib, reoOMEeTPUYHI napamMeTpu JiyHKu, Ternonepeaada, rycCtmHa TernioBoro rnoTokKy.

KnrouoBi cnosa
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[HCTMTYT YopHoi meTanyprii imM. 3.1. Hekpacosa HAH Ykpainu (JHinpo, YkpaiHa)

Oco6nuBo rnuboka aecynbgypadia 4aByHy MOHOIHXEKLiEH0
MarHito B KOBLLAX Pi3HOro TMNOPO3Mipy

CTarTio NpUcBsIYeHO BiANpPaLBaHHIO Ta NPOMUCIOBOMY OCBOEHHIO TEXHOJIOMYHUX MpoLeciB 0cobmMBO rinbokKoi ge-
cynb@ypauii 4aByHy (BMICT cipku < 0,002 %) MOHOIHXEKLIIEIO MarHito B KOBLLIAX Pi3HOrO TUMopPOo3Mipy.

lMpencraBieHo pel3ynbTaTy 4OCIAXEHb 3 BiAnpaLIloBaHHS! TEXHOJIOr iV 0COBIMBO rIMGOKOI AecynbpypaLii yaByHy MOHO-
IHXeKLjieto 3epHNCTOro MarHiro, Lo 6y/iv NPOBEAEHI Ha Cy4aCHUX aBTOMAaTU30BaHNX KOMIIIekcax Aecyib@ypawii 4HaByHy
Ta ckayyBaHHs LWnaky. Po60OTv BUKOHYBA/INCh CrisIbHO YKPAiHCbKMU Ta KuTaricbkumm ¢axisusmmy B Kutai Ha ctasnb3aBo-
A4i Ne 1 YxaHbcbkoro metanypriviHoro kombiHaty (MK) y 110-ToHHUX 3anmBHuX KiBLUuax Ta Ha TaviBaHi Ha cTtanb3aBogi Ne 2
KOHLiepHY «CSC» y 300-TOHHWX 3a/INBHWX KiBLLIAX.

BignpauboBaHi TEXHOJIOrMYHI napameTpu npoLecis Aecysib@ypadii YaByHy iHXEKUIEO 3EPHUCTOro MarHito ypmamu 3
BUNapPHUMU kKamepamu Ha ctanb3aBoai Ne 1 YxaHbcbkoro MK i aBocornnoBumu pypmamm Ha ctasib3aBoi Ne 2 KOHLepHY
«CSC» 3abeaneqdnnn HeobXiaHi Uk 06po6KU, HaOIVIHE | TEXHOJIOTMYHE IHXEKTYBAHHS MarHilo 1a foro e(pekTUBHICTb
3aCBOEHHSI.

BcTaHoBneHo, Lo 3abe3neqyeTbesi CTyriHb Aecyib@ypadii yaByHy 10 99 % 06pobok, Ta AOCAraeTbCs KiHLIEeBUY BMICT
cipku B yaByHi 1o 0,0002 %, cymapHuii po3paxyHKOBUI CTyrliHb 3aCBOEHHS MarHito Ha CipKy, 3a/11LLIKOBUV MarHiv i po3-
KUCJIEHHS YaByHY CTaHOBUTb ~95 %.

BcTaHOBIEHO, 1110 BaX/IMBUM TEXHOJIOMHHUM MPUIAOMOM, LLIO MiABULLYE CTabIIbHICTb NOKa3HWKIB rpoLiecy 06pobku, 1110
J0CAraloTbCsl, € KOPUryBaHHsI CKaay KOBLLOBOIO LLIAKy, sike npoBoAnIOCs A00aBKOI BiAX0OA4iB 3€pHUCTOro BarHa B
kinbkocTi 1,0-2,0 Kr/T 4aByHy i He BUMarasio 3Ha4Hux BUTPAT.

lMpoBeneHo aHani3 pe3ynbTaTiB MPOMUCIOBUX 0OPOOOK YaByHY, i MOOY0BaHO HOMOrpamm 3a1eXHOCTI MMTOMOI BUTpaTn
MarHito Bifj BUXiHOro BMICTY CipKu AJ151 YypM Pi3HOI KOHCTPYKLII.

Po3pobneHi npoLecy eEKOHOMIYHO BUpaBAaHi a1 BUKOPUCTaHHS Y NPaKTUL MiAroTOBKU YaBYHY 0 KOHBEPTYBAHHSI.

KnioyoBi cnoBa: marHivi, iHXekuisi, ABOCONI10Bi pypmu, pypmMmu 3 BunapHukamm, ocobimso rmnboka gecynbdypadis,
epekTnBHICTb Aecynbdypadii.

cmyn. CyyacHUI eTan pO3BUTKY YOPHOi MeTanyp-

ril XapakTepmnsyeTbCs NOCUNEHHAM BUMOT 4O SKOCTI

MeTanonpoaykuii Ta NigBULLEHHSM BUMOT [0 ii KOH-

KYPEHTOCMPOMOXHOCTI, LLIO 3yMOBIIOE PO3POOKY HO-
BMX Ta MOZEPHI3aLito iCHYYMX TEXHOMOTYHMX NpoLeciB
[1-5]. NMoTpeba meTanonpoaykuii 3 0COBNMBO HU3BLKNM
CYMapHUM BMICTOM LKignuBmMx gomiwok — < 0,005 %
MOCTINHO 3pocTac. Y 3B'A3KY 3 LM 0COBNMBO NOCUNUIK-
Csl BUMOIU [0 BMICTY CipKv B piQKOMY YaByHi, WO Aae Ha
BMNNaBKy cTanen 3 ocobnMeumMun BNacTMBOCTAMM Ta Xa-
paktepuctukamm [2, 4-10]. 3aBaaHHA OTPMMaHHSA YaBy-
Hy 3 0COGNMMBO YMCTMM BMICTOM Cipku, ax o < 0,002 %
3a MiHiManbHWX BUTPAT, cTae BCe Oinblu akTyanbHUM.
CaiToBa npakTnka ctaneBapiHHs Nnokasye, Lo HanbinbL
eeKTMBHMM Ta EKOHOMIYHO OBI'PYHTOBaHWM LLFISIXOM

OTPMMaHHSA 0COBMMBO YMCTOrO YaByHY MO CipLi € 3acTo-
CyBaHHS NpOoLECiB MOro no3anivyHoro padiHysaHHs [1-12].
Mema po6omu — BignpautoBaHHS Ta NPOMUCIIOBe
OCBOEHHS TEXHOMOrYHUX NpoLeciB 0cobnmneo rmMmnbokoi
aecynbdypadii yaByHy (BmicT cipkn < 0,002 %) MOHO-
iH>KEKLIE0 MarHito B KOBLLAX Pi3HOro TUMNOPO3Mipy.
3micm. BignpautoBaHHA Ta OCBOEHHSI pO3pobneHnx
daxisugmm MM HAH Ykpainu [4, 7] TexHonorin oco-
6nmBo rmubokoi gecynbdypauii YaByHY MOHOIHXEKLiE
MarHito, 6yno npoBedeHO Ha CyyYacHWX aBTOMaTM30Ba-
HUX KOMMNeKcax gecynbdypadii YaByHy Ta cKadyBaHHSA
wnaky. Po6oT BUKOHYBanuMCh CNiflbHO KUTANCbKMMK Ta
yKpailHCbkuMmu dpaxiusimm B Kutai Ha ctanb3asogi Ne 1
YxaHbcbkoro MK y 110-ToHHUX 3anuBHMX kiBwax [11]
Ta Ha TamBaHi Ha ctanb3aBogi Ne 2 koHuepHy «CSC» y
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300-ToHHUX 3anuBHMKX KiBwax [12]. Komnnekcn gecynb-
dypauii yaByHy (KOY) unx kombBiHaTiB BigpisHAnMcs Tex-
HIYHUMMN Ta TEXHOMOTYHUMMU PILLEHHAMW, @ TakoxX ana-
paTypoto, WO BUKOPUCTOBYETHLCSA AS1S1 KOHTPOMO BMICTY
KOMMOHEHTIB po3nnasy.

Y KOY cranb3aeogy Ne 1 YxaHbcbkoro MK, skuii 6yB
nepeobnagHanui y 2001 poui 3 TexHonorii gecynbdy-
pauii YaByHy MOHOIHXEKLIE CyMili (pe3epoBaHOro
MarHito 3 NOPOLUKOBMM BarnHOM Ha TEXHOMOril0 AeCynb-
dypauii YaByHY MOHOIHXEKLIEI rpaHyIbOBAHOrO MarHito
6e3 gobaBok, BUKOPUCTOBYBaNUCH pypMm 3 BUNapHUMu
kamepamu (puc. 1). BBegeHHs cypm y posnnas 3gin-
CHIOBanocs crauioHapHMM OBONO3WLUIMHUM (DYypMEHNM
NPUCTPOEM.

BoyBaHHSA MarHito B po3nnaB 34iMCHIOBanocs iHXek-
LiiNHOK CMCTEMOIO 3 PO3PaxyHKOBMM TMCKOM CTUCHEHOTO
asoty 0,6 MIMNa Ha Gasi mogynsi-go3artopa, Akun 3abes-
nevyyBaB JO3yBaHHSA MarHito 3 Noxmbkoto < 2 % Ta 3Baxy-
BaHHS peareHTy 3 noxubkoto < 0,5 %.

Ak peareHT BUKOPUCTOBYBaBCH rpaHynbOBaHWUI Mar-
Hin 3 CONMbOBOK OBOMOHKOK 3 PO3MipaMM YaCTUHOK
0,4-1,6 mM. MarHin nocta4yaBca Ha YCTaHOBKY AeCySb-
dypauii yaByHy (YY) aBTOLMUCTEPHOLD, 3 AKOI MHEBMO-
TpaHCNopTyBaBCH B CUIOC, NOTiM B ByHKep po3gaBaHHs
i Aani B OyHkep mogynsi-gosaropa.

OuuLLeHHs YaByHy Bif LUNaKy NPOBOAMIIOCS MalUMHaAMM
3aBaHTaXeHHS LWMNaKy KMTancbKoro BUPOGHMLUTBA 3 MHEB-
MaTU4YHUMM NPMBOAAMUM NOBOPOTY Ta NEPEMILLEHHS CTPINW.

Mpobwu yaByHy Bigbupanmcsa Bpy4YHy NposigbipHukamm
3i 3BMiHHMMM ogHopa3oBuMK Bnokamm Tuny KQY-07/1200.
BmicT cipkun y 4aByHi BM3Ha4anu Ha CNeKTPOMETPi Tuny
LECO CS. lNoxnbka ananidy ctaHosuna + 0,001 %.

Y npobax, BigibpaHmx nicns BAyBaHHA MarHito, BU-
3Ha4aBcs, KpiM CipKu, BMICT 3aMLLKOBOrO MarHito (crnek-
TpanbHum metogom MOCT 22 536.13-77 Ha mikpoaHani-
3atopi JIMA-10).

i

B

S

N : . e e

Y YacTuHi KOHTponbHUX 06pobokK Biabrpanucsa npobu
ANS BU3HAYEHHSI BMICTY KMCHIO B YaByHi 40 i nicnsa ob-
pobku (ximiyHUM meTogom 3a MOCT 22536.6-88).

KOY ctanb3aBogy Ne 2 koHuepHy «CSCy», wo BkIto-
yaB gBa noctn 3 KR-npouecowm, y 2012 poui 6y 0oo6-
nagHaHuMM gBoma MnocTtamMu Ans MOHOIHXKEKLiT Mardito
6e3 pobaBok. KoxxeH noct 6yB OCHaLLEHUI NnepecyBHUM
OBOMNO3ULINHUM Bi3KOM, Ha siKoMy Bynmn 3MOHTOBaHI ABa
NPUCTPOi BBEAEHHS (hypM y po3nnas i OguH MOAYNb-A40-
3aTop 3 NepemMukKayem nogadi MarHito Ha KOXHy 3 oypm.
[ns BOyBaHHA MarHilo B 4aByH BUKOPUCTOBYBanucs
asoconnoBi ypMn 3 MOLEPHI30BaHMMK OrofiloBKaMm
(puc. 2).

Y KOY ctanb3asogy Ne 2 koHuepHy «CSC» dypmu 3
BUMapHMMUK Kamepamu He Byrno MOXNUMBMM 3acToCyBaTh
yepes BENUKY MubuHy BaHHM YaByHY — ONuU3bko 4 M.
PaHiwe npoBegeHi gocnigkeHHa [4, 7] nokasanwu, Lo
npu 36iNbleHHi MubnHM 3aHypeHHsA ypM y posnnas,
Binblwe 2,5 M Yepes 3pocTaHHs PepocTaTU4HOrO TUCKY
3pocTae Temnepatypa KuMiHHA MarHito, y 3B'A3Ky 3 UM
3MEHLLYETbCSA IHTEHCUBHICTL MPOLECY WMOro BuMapoBy-
BaHH4A. Lle Np1M3BOauTb 4O HAKOMUYEHHS PigKOro MarHito
y BUNA@pHUKY PypMn, NepioanYHOro HagxoOXKEeHHS MOro
Y 3HAYHMX KiNbKOCTAX 3a MeXi BUMapHOi kKamepu Ta He-
KOHTPObOBaHOIO BMNApOBYBaHHS BXe B 00CA3i BaHHM.
Y Takux ymoBax npouec obpobku YaByHy CTa€ HETEXHO-
noriyHnM, a MoKasHUKM npouecy Aecynbdypadii norip-
LUYIOTBCS.

3acTocyBaHHS NPSAMOTOYHMX dhypM Be3 BUNapHMX Ka-
Mep i ogHoCcoMnoBuX hypM 3 BiArMHOM KaHany He 3ago-
BOJTbHANO BUMOT BUPOBHMLTBA B YacCTuHI 3abe3nedeHHs
LMKy o6pobkn Yyepes oOMEXEHICTb iIHTEHCUBHOCTI BOY-
BaHHA MarHito, sika ans umx dypm ctaHosuna He binbLie
13 kr/xB.

lMpomuncrnoBa ekcnnyatauid nokasana HagivHiCTb
po6oTK ABOCOMMNOBMX PYpPM 3 MOAEPHI30BAHMMM OrOro-

m [Bsoconnosuii ypmMeHni NPUCTPI ANs BAyBaHHA 3€PHUCTOrO MarHito
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BKaMy Ta iHXEeKUiMHUMKM cuctemamum Ha 6asi mogynie-
[03aTopiB 3 YOOCKOHAINEHOK KOHCTPYKLIEHD POTOPHUX
XMBUIbHUKIB, O 3a0e3neyyroTb BUCOKY TOYHICTb 403Y-
BaHHs (noxmbka < 1,5 %) Ta 3BaxxyBaHHSA peareHTy (no-
xnbka < 0,1 %). [lna BoyBaHHA MarHito B YaByH BUKOpUC-
TOBYBaBCS a30T (Mig Yac Habopy TUCKY) | aproH (B nepiog
BAYBaHHS MarHito) 3 Tuckom y mepexi 1,0 Mla.

Ak peareHT BMKOPUCTOBYBABCS 3€PHUCTUWA MarHin i3
3aXxMCHO 060MOHKOI 3 po3mipamm YacTnHoK 0,2-1,2 Mm
i rpaHyNbOBaHWIA MarHin i3 ConbLOBOK OBONOHKOK 3 PO3-
Mipammn yactuHok 0,4-1,6 mm. MarHii noctaensecs Ha
KOY y 1-TOHHMX «Bir-6erax», 3 AKMX NnepeBaHTaXXyBaBCs
B OyHKep 3aBaHTaXyBanbHOIO MOAYMs, 3BiAKW MHEMO-
TpaHcnopTyBaBcs 0o ByHkepa moaynis-gosatopis. Cku-
JaHHS 3anopoLUEeHOoro rasy 3ginicHioBanocs y qinetp-
ocagpKyBau.

KOY cranb3aBogy Ne 2 koHuepHy «CSC» 6yB ocHa-
LLIEHUA NPUCTPOSIMM ANS NOAaYi Ha NOBEPXHIO PO3nnaBy
BiAXOAiB 3€pHMCTOro BanHa Ans KOPUryBaHHS XiMiYHOIO
CKkragy KOBLLOBOIO LUFIaKy.

OuuLLeHHs YaByHy BiA LUNaKy 34iMCHIOBaNoCcs MallvHa-
MW 3aBaHTaXXeHHS LUMaKy KMTancbKoro BMpobHuuTtea 3 ri-
ApaBnivyHMM NPYBOLOM NMOBOPOTY Ta NEPEMILLEHHS CTPInu.

Bigbip npo6 4yaByHy 3AivcHOBaBCS aBTOMaTu3OBa-
HUM NpUCTpoem Bigbopy Npob 3i 3MiHHUMK OQHOPa30BU-
mMu 6rniokamu Tuny T.P. Sampler BupobHuuyTea Yi Sheng
Enterpris Co LTD (Caoxing, Taiwan). BmicT cipkn YaByHy
BM3Ha4yanu Ha cnektpomeTpi Tmny ARL 3460. MNMoxubka
aHanigdy ctaHosuna £ 0,0002 %. Y 4acTuHi KOHTPOIbHMX
06p0o6OK BM3HAYaABCA BMICT Y YaBYHi 3arMLLKOBOro mar-
Hil0 Ta KWUCHIO.

Y npoueci npoBegeHHs KOHTPOrnbHMX 06pobok y KOY
06ox kombiHaTiB dikcyBanmcsa BuxigHi ymoBu obpobku,
TEXHOSMOriYHI napameTpu npouecy, KOHTportoBanacs
TemnepaTtypa 4YaByHy Ao Ta nicns o6pobku, CTyniHb O4u-
LLIEHHS YaByHy Bif LaKky Ta AOCArHyTi pe3dynstatu ge-
cynbypadii.

BuxigHi ymoBu, napameTpu Ta NoKasHUKM 0CcoBNmnBo
rmmnbokoi aecynbdypadii YaByHy iHXEKLiEH 3€pHMUCTOrO
marHito B 110-ToHHI KOBLi oypmamu 3 BUNAPHUMU Ka-
mepamu Ta B 300-TOHHI KOBLLi 4BOCONNOBMMU dpypMamu
npeacTaeneHi B Tabnuui.

-
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BuxigHui BmicT cipku, %

m?:ane)l(HiCTb NUTOMOI BUTPaTW MarHito Big BMUXigHOro
BMICTY Cipku npwu BOYBaHHI MarHito yepes cypmu 3 Bunap-
Hot kKamepoto Yy 110-TOHHI 3anmBHI KoBLI cTanb3asogy Ne 1
YxaHbcbkoro metkombiHaty (KHP). Lindopu y niHin — kiHuesni
BMICT CipKW Y YaByHi

BignpauboBaHi TexHOMOriYyHi napameTpu npouecis
aecynbgypauii YaByHy iHXEKUIE 3EepHUCTOr0 MarHito
dypmamn 3 BUNapHUMmn kamepamu Ha ctanb3asogi Ne 1
YxaHbcbkoro MK i ggoconnosumn cpypmamm Ha cranb-
3aBogai Ne 2 koHuepHy «CSC» 3abeaneunnu HeoOXigHi
LUK obpobkn, HagiHe i TEXHOMOriYHE IHXEKTYBaHHSA
MarHito Ta Noro ePEKTUBHICTb 3aCBOEHHS.

Benvkuii «BinbHUA 6opT», WO MaB Micle, Npu BUKO-
puctaHHi gsoconnosux gypm B KOY koHuepHy «CSC»
He MNOB'AI3aHUN 3 OOMEXEHHAM HanuBy KoBLUa depe3
npouec 06pobku, a 6ys 06ymoBneHuii BUpOOGHUYNMM BU-
mMoramu 0o macu dasyHy npw KR-npoueci. Bigomo [7],
LLIO 3acToCyBaHHsI ABOCoMnoBMx dypm npu obpobui ya-
BYHY B 150-TOHHMX KOBLLAX A03BOSMITIO 3MEHLLNTY «Bifb-
Hun 6opT» 0o 0,4 M, a B YacTuHi koBwie — o 0,1-0,2 m.

HesBarkatoum Ha Te, LLO Npuy 3aCTOCYBaHHi 4BOCOMIIO-
BUX ypm MOTPiGHO Byno 36inbwMTK BUTpPaTy rady Ao
140 HMm3/rop, KOHUEHTPaLis MarHito B rasoHocii (B cepea-
HboMy 27,5 kr/m®) BGyna BWLLOK, HiXK NPY BUKOPUCTAHHI
dypM 3 BUNapHuMu kamepamu (y cepegHeomy 20,5 kr/m?®)
3a paxyHoK 36iNblUEeHHSA IHTEHCUMBHOCTI nogadi Marito
(B cepeaHbomy 16 kr/xB). Bigomo [4, 7], wo 36inbLieHHs
KOHLIEHTpaLii MarHito B rasoHoCii Cnpusie MigBULLEHHIO
edeKTUBHOCTI npouecy Aecynbdypauii YaByHy.

Ha pwuc. 3 ta puc. 4 npegcraBneHo Homorpamun 3a-
NEeXHOCTi NUTOMOT BUTPATU MarHito Big BUXigHOMo BMIiCTY
CipKMm.

AHani3 nokasHukiB gecynbdypadii YaByHy iHXeKLUie
3epHucToro marHito B KOY ctanb3asogy Ne 1 YxaHbCbKo-
ro MK Tta B KOY ctanb3asogy Ne 2 koHuepHy «CSC» no-
KasaB, LLO BignpaubOBaHi Ta OCBOEHI TEXHOMONiYHI NPO-
Luecu ocobnmeo rmmbokoi aecynbdypadii YaByHy xapak-
TEPU3YTbCS BUCOKUMU MOKA3HUKaMU:

- CTyniHb Aecynbdypauii yaByHy — ax o 99 % (y
cepegHbomy 95,2 Ta 96,3 % BignoBigHO);

- KiIHLLEBUI BMICT CipKu B YaByHi, LLIO AOCAraeTbCs, —
ax go 0,0002 % (B cepegHbomy 0,0015 i 0,0012 % Bia-
noBigHo);

- BUTpaTa MarHito Ha CipKy BuganeHy — B CEpeaHbO-
My 2,2 i 1,9 Kr/kr BignoBigHo;

- MUTOMUI CTYNiHb Aecynbdypnuii YaByHy — y ce-
pegHbomy 18,9 ta 22,4 %/0,1 kr/T marHito BignoBigHo;
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BuxigHuin BMICT cipku, %

m 3anexHicTb MMTOMOI BMTpaTWM MarHito Big BUXiOHOrO
BMICTY CipKM Npv BAYBaHHI MarHito Yepes ABOCOMMOBi PypMn y
300-ToHHi 3anumBHI koBLWi cTanb3asogy Ne 2 koHuepHy «CSCx»
(TamBaHb). Lindppu y niHin — KiHLEBWIA BMICT CIpKW Y YaByHi
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Tabnuusi
BuxigHi ymoBuM, napameTpu i NOKa3HUKM O0COGNMBO rMuboKoi Aecynbgypauii YaByHy iHXeKLi€0 3ePHUCTOro MarHito
HanmeHyBaHHA
Ne nin niAnpuemcTea KHP, YxaHbchkuit MK, TaiBaHb, KOHLEPH «CSC»,
- BuxigHi ymoBm, ctanb3asopg Ne 1 cTtanb3asop Ne 2
napameTpu
BuxigHi ymosmn
1 Twvn KoBLA, EMHICTb 3anueanbHuii 110 T 3anueanbHuii 300 T
MapameTpw koBLUa, M:
2 - BHYTPILLHI AiameTp 2,95 4,19
- rmunbunHa 3,0 5,0
[MapameTpm piakoi BaHHW B KOBLUi, M
3 - rMnbuHa 22-25 36-44
2,35 4,0
. 05-08 07-11
- BUCOTA «BinbHOro GopTta» 06 09
4 Maca 4yaByHy B KOBLUI, T 1011671 10 @.275—7%,5
5 MoyaTkoBMIA BMICT Cipku B YaByHi, % Q 013 62% 049 Q‘%@
o 1189 — 1335 1263 — 1406
6 MoyaTkoBa Temnepatypa 4aByHy, °C 1257 1328
[MapameTpm CTUCHYTOro a3oTy: Mpu BayBaHHi marHito Mpwu Habopi Tucky
- TUCK B Mepexi, MMNa 0,6 1,0
7
- BUTpaTH, HM3/Y % 160 — 200
- CTyniHb OCYLLIKW, TOYKa pocu °C -70 -70
[MapameTpu CTUCHYTOroO aproHy: — Mpw BAYBaHHI MarHio
- TUCK B Mepexi, MMNa — 1,0
8
- BUTpaTH, HM3/Y — 140
- CTYMiHb OCYLLKM, TO4Ka pocu °C — -70
MapameTpu iHXeKTyBaHHS
9 Twn cdoypmmn BUMapPHUK [,BOCONOBUIA
10 MBuHa 3aHypeHHs! ypMM B YaByH, M &%& g‘%‘g
MapameTpu BAyBaHHS MarHito:
. . . . 40-11.3 129-240
- iHTEHCMBHICTb Nofdadi MarHito, Kr/xs 8.0 16.0
" ) , 45-105 51-12.0
- TPUBanICTb BAYBaHHS MarHito, X8 75 8.0
. . R 10,7-248 226-313
- KOHLIeHTpaLia MarHito B ra3oHocii, Kr/m 205 275
MokasHuku npouecy Aecynbdypauii YyaByHy
12 BuTpatu marHito Ha KiBLL, Kr 3 %§g4 2 %ﬁ
13 MuToma BUTpaTa marHito, Kr/T 0 2%;3 15 0 2% :1;? 0
14 TpwsanicTb umky 06pobku, X8 203_039 182_536
15 KiHLEeBWI1 BMICT cipku B YaByHi (micns 06po6ku), % g 0%10635002 9 008%61% 002
16 CTyniHb aecynbdypalii yasyHy, % ﬂ‘%‘z 88 %g?g 0
17 Mutomuin cTyniHb aecynbdypadii YaByHy, %/0,1kr\T MarHito ﬁ‘%‘l E‘%‘g
18 Lsunakicte npouecy aecynbdypalii, %/xs &%@ 8—%@
CTyniHb 3aCBOEHHS MarHito, %:
. 303-517 199 -65.2
- Ha cipky BuganeHy 398 43.9
19 : .
- Ha CipKy i MarHiv 3aanuwkosuin 64 37;‘?5 L H\O
. . 15-28 12-36
20 BuTpaTy marHito Ha CipKy BuganeHy, Kr/kr 22 19
. o 1172 — 1328 1257 — 1390
21 TemnepaTypa 4aByHy nicns gecynbdypalii, °C 1240 1318
22 BTpaTu TemnepaTypu 4asyHy, °C L ;; 0 6 ;01 6
. ) 8-33 10-23
23 Yac mix 3amipamu Temnepatypu, X8 17 15
24 LLBuAKicTe 3HWMKEHHst TeMnepaTypu YaByHy, °C/xB Q‘%‘z g‘%‘z
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- WBMAKICTb Npouecy Aecynbdypauii — y cepegHbo-
My 12,8 Ta 12,2 %/xB BignoBigHo;

- CTYNiHb 3aCBOEHHS MarHilo Ha Cipky BuganeHy — y
cepepHbomy 39,8 Ta 43,9 % BignosigHo.

Mpouec ocobnmeo rmmnbokoi gecynbdypalii YaByHy
CYNpOBOOXKYBABCSH [MMOOKMM PO3KUCIIEHHAM YaByHY.
AHania npob yaByHy, BigibpaHmx y KOY YxaHbcbkoro MK
BM3HAYEHHS BMICTY KMCHIO, NMOKa3as, WO BMICT KUCHIO B
YaByHi 3HMXyBaBcs y cepegHbomy 3 0,0085 go 0,0025 %,
a yacTKka BUMTPaYeHOro Ha PO3KMUCIEHHSA YaByHY MarHito
ctaHoBuna 14-19 %. MNpu UbOMY CyMapHUIA PO3paxyHKo-
BMI CTYNiHb 3aCBOEHHSA MarHito ctaHoBuB ~93,4 % (Bia
BBEAEHOrO).

AHani3z BUTpaT MarHito Ha CipKy, MarHii po3d4vHeHun
Ta PO3KUCMNEHHSA YaByHY B KOMMNMEKCi KoHuepHy «CSC»
OyB TakOX BMKOHaHUM daxiBuamu uiei komnaHii [13].
MokasaHo, Wo YacTka marHito, WO pO34YMHMBCH B YaBy-
Hi, cTaHOBUTb ~37 %, BUTpa4YeHOro Ha aecynbdypadito
— ~44 %, BUTpPA4YeHOro Ha PO3KUCIEHHS po3nnaBy —
~15 %, BTpatn marHito — ~4 %.

HaBegeHi gaHi KopecnoHAaylTbCsl 3 pesyrbratamm
aHanisy npob 4YaByHy Ha 3anMLUKOBUIN MarHin i KNCEHb,
BigibpaHMX nig Yyac NpoBeAEHHS KOHTPOSbHNX 06po6oK
KOY koHuepHy «CSC». byno BCTaHOBMEHO, L0 YacTka
MarHito, BUTPAYEHOro Ha HACUYEHHsSI YaBYHY MarHiem,
cTtaHoBUTb ~35,9 %, Ha po3kncneHHs YaByHy — ~16 %.
Takmm 4YMHOM, CymapHUI pPO3PaxyHKOBWW CTyMiHb 3a-
CBOEHHS MarHito npu ocobnueo rnmnbokin gecynsdypadii
3a gaHnmun [13] cknaB ~96 %, a 3rigHo 3 pesynbraTtamu,
oTpMMaHumu B Ui poboTi, — ~95,8 %.

MpoBeaeHi gocnigXeHHs nokasanw, LWo npu po3poob-
Ui npoueciB ocobnmeo rmMmbokoi gecynbdypauii YaByHy
Anga 3abesneyeHHs iX BUCOKOT e(PeKTUBHOCTI i cTabinb-
HOCTI pesynbratiB, WO JocdAraloTbCd, HeobxigHO npu
NPOrHO3yBaHHi HEOBXiAHUX MMTOMKX BUTPAT MarHito Bpa-
XOBYBaTW OOMHUYHWIA BMAUB HA NPOLEC BUXIOHWUX YMOB
(NoyaTKoBMIN BMICT CipKW i KUCHIO B YaBYHi, HEObXigHWI
KiHLEeBWUI BMICT Cipku, Maca i Temnepartypa 4YaByHy, [nu-
OvHa pigkoi BaHHM, TUMN ra3oHOCIS, KiNbKICTb Ta cknag

<
‘ '/// NITEPATYPA

KOBLLUOBOIO LUMAKy), a TakoX napameTpiB 06pobku (rnu-
OviHa 3aHypeHHsa hypMKM B po3nniae, BUTpaTa ra3oHocis,
KOHLIEHTpaLis MarHito B ra3oHocil).

BaxnvmBoro BMMOrol npu peanisadii npouecis oco-
6nmeo rmmnbokoi gecynbdypauii YaByHy € 3abe3neyeHHs
SKOCTi NpoO, WO BiaOMPaKTLCS, | TOYHICTb METOAIB EKC-
npec-aHanizy. ToMy Ans HanawTyBaHHS CNeKTPOMeTpiB
NMOBWHHI BUKOPUCTOBYBATMCSA CTaHAAPTHI 3pasku i3 BMicC-
TOM cipku He BinbLie 0,002 %.

[na BMCokoi HaginHocTi npouecy o6pobkn HeobXxia-
HO, W06 3acTocoBaHi TUNKW Npuagie i NapaMeTpu iHXeK-
TyBaHHA 3abe3nevyBanu TEXHOMOrIYHICTb 06POGKN.

TakoXX BCTAHOBMEHO, WO BaXXIMBUM TEXHOSOTYHUM
NPUMOMOM, LLO NigBULLYE CTabiNbHICTL MOKA3HUKIB NPO-
Lecy obpobku, Lo JocCAraTbCs, € KOPUryBaHHS CKnagy
KOBLLUOBOIO LUMaKy, sike npoogunocst 4o6aBkoo Bigxo-
AiB 3epHuUcTOro BanHa B kinbkocTi 1,0-2,0 Kkr/T YyaByHy i He
BMMarano 3Ha4yHux BuTpar.

OcBoeHi B KOY ctanb3aBogy Ne 1 YxaHbcbkoro MK
i KOY ctanb3aBoagy Ne 2 koHuepHy «CSC» TexHonoriy-
Hi npouecn ocobnueo rMnbBoKoI AecynbdypaLii YaByHy
€KOHOMIYHO BUMNpaBAaHi ANg BUKOPUCTAHHA y npakTuui
NiaroToBKWN YaByHY 0O KOHBEPTYBAaHHSI.

BucHoBok

BignpauboBaHi Ta OCBOEHI B NMPOMUCIIOBUX YMOBaXx
npouecun gecynbdypadii YaByHy iHXEKLiE0 3ePHUCTOro
marHito y 110-ToHHux Ta y 300-TOHHUX KiBuax 3abesne-
YYIOTb OTPUMAHHSA YaBYHY 3 OCOBNIMBO HM3bKMM BMICTOM
cipkn — 0,0002-0,002 %.

Mpouecn xapakTepuayrTbCs HaginHUM Ta TEXHOSO-
MYHUM iHXXEKTYBAHHAM MarHito Ta BUCOKMMM MOKA3HMKa-
MMU:

- CTyniHb Aecynbdypadii YyaByHy — 93,2-93,8 %, Bia-
noBigHo;

- BUTpaTa MarHito Ha Cipky BuganeHy — 2,2-1,9 kr/kr,
BiANOBIOQHO;

- uunkn obpobkm — 30-25 xB, BigNOBIQHO.
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Especially deep desulphurization of cast iron by magnesium mono-injection in ladles of
different size

The article is devoted to the development and industrial mastering of technological processes of particularly deep desulphuri-
zation of cast iron (sulphur content < 0.002 %) by magnesium mono-injection in ladles of various sizes.

The paper presents the results of research on the development of technologies for extra deep desulphurization of cast iron
by mono-injection of granular magnesium, which was carried out at modern automated cast iron desulphurization and slag
rolling complexes. The work was carried out jointly by Ukrainian and Chinese specialists in China at Wuhan Steel Plant No. 1
using 110-ton ladles and in Taiwan at CSC Steel Plant No. 2 using 300-ton ladles.

The proven technological parameters of the cast iron desulphurization processes using granular magnesium injection with
tuyeres with evaporation chambers at Steel Plant No. 1 of Wuhan Steel and double-nozzle tuyeres at Steel Plant No. 2 of
CSC Concern ensured the required processing cycles, reliable and technological magnesium injection and its absorption ef-
ficiency.

It was found that the degree of desulphurization of cast iron is up to 99 % of treatments and the final sulphur content in cast
iron is up to 0.0002 %, with the total estimated degree of magnesium absorption into sulphur, residual magnesium and deoxi-
dation of cast iron being ~95 %.

It has been established that an important technological technique that increases the stability of the achieved processing pa-
rameters is the adjustment of the ladle slag composition, which was carried out by adding waste granular lime in the amount
of 1.0-2.0 kg/t of cast iron and did not require significant costs.

The results of industrial cast iron treatments were analysed and nomograms of the dependence of specific magnesium con-
sumption on the initial sulphur content for tuyeres of various designs were constructed.

The developed processes are economically justified for use in the practice of preparing cast iron for conversion.

Magnesium, injection, nozzle lances, lances with evaporators, extra deep desulphurization, de-
sulphurization efficiency.
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'Di3NK0-TeXHONOrYHWIA IHCTUTYT MeTanis Ta cnnaeis HAH Ykpainu (Kui, YkpaiHa)
2TOB «LLIE®®IN PEGPAKTOPIC YKPAIHA» ([IHinpo, Ykpaina)

STOB HBIT «[IHinpoeHeprocTanb» (3anopixxs, YkpaiHa)

“TOB «TIP-IHXIHIPIHI» (OHinpo, YkpaiHa)

Neski 0co6aMBOCTi pO3NMBAHHA COPTOBOI 3ar0TOBKN BiAKPUTUM
Ta 3aKpPUTUM CTPYMEHEM

lMpoBeneHo ekcriepuMeHTasbHi Cepii pO3mMBaHHS CTasli A BUSHA4YEHHS BI/MBy MeToay 6e3rnepepBHOro po3avBaH-
HS1 Ha YacToTy popMyBaHHSI AepEKTIB COPTOBOI 3aroToBku. pu LiIbLOMY BUPOOHMLITBO KBaAPaTHUX 3aroTOBOK NepeTu-
HOM 125x125 mm 31iiCHIOBAIOCh Ha LLIECTUCTPYMKOBIV COPTOBIN MaLLnHi 6e3rnepepBHOro NTTs 3arotoBok (MbJ13) 3i
LIBUAKOCTSIMM PO3/nMBaHHS 2,8-4,3 M/xB. Y npoueci AocniaxXeHHs crioyatky 6yna posimta cepis 3 5 nnaBok crani 60
(C160) Biakputm cTpymeHeM. [1icns Lboro, 3 BUKOPUCTAHHSIM TUX X€ Tiflb3 KPUCTasiaaTopis, NocsiJlOBHO PO3JINBAIIN
3aKpUTUM CTPyMeHeM 5 rnaaBok ctasi 40X. LLnsgxom npoMuncioBOro eKkCcriepuMeHTy 6y/10 BU3HAYEHO, LLO B Pe3y/bTarTi
6e3rnepepBHOro PO3/IMBaHHS CTasli BiAKPUTUM CTRPYMEHEM Ki/lbKiCTb POMOIYHOCTI COPTOBOI 3aroToBKM CTaHOBUTL 4,5 %.
3okpema, y BunNaakKy 3acTocyBaHHsI TEXHOJIOrIi PO3/IMBAHHS MeTasly 3aKpUTUM CTPYMEHEM Ae@EKTIB reOMeTPUYHOI
¢$opmMy 3aroToBOK He BUSIBJIEHO. BUKOpUCTaHHS CUCTEMU «CTOMOP-MOHOBJIOK» — «CTaKaH-403aTtop» — «3aHypPeHWi
cTakaH» 403BOJISIE OibLL TOYHO ¥ B4ACHO PErysoBaTv BUTPaTy MeTasly Mif 4ac PO3/IMBAHHS B aBTOMAaTUYHOMY PEXUMI,
HEe 3MIHIOYM LLIBUAKICTE BUTSIYBaHHST 3aroToBKW. [lpn LboMy 3abe3rneqyeTbcsi 36epexeHHsi piBHS METaieBoro pos-
rnaaBy B KPUCTAas3aTopi, L0 HavibislbLL TOYHO BPaxoBye 0COB/IMBOCTI pOPMYBaHHSI CKOPUHKN 3arOTOBKM M0 BCIli IOBXNHI
rifib3u 1Py NOTOYHIVI LUBUAKOCTI JIMTTS. BiacyTHICTb HEOOXiAHOCTI peryitoBaHHs LBUAKOCTI PO3/IMBAHHSI PIBHEM METaly
B MPOMKIBLLIi 103BOJISIE MNIATPUMYBATU B HbOMY ONTUMAJIbHY KiflbKICTb PO3IM/aBY, L0 cTabinizye Temnepartypy PO3/mMBaH-
Hs. lligBeneHHs1 CTpyMeHs cTasli 3a AOMOMOro 3aHYyPEHOro ctakaHa nia piBeHb MeTasy B KpucTasi3aTopi 3anobirae
OYPiHHIO Ha MeXi po3rnoAiny ¢as, a MOX/NBICTb ICTOTHOIro 30i/bLLIEHHS] BHYTPILLIHBOIO AiaMeTpa cTakaHa-go3aropa (y
MOPIBHSIHHI 3 BIJIbHUM BUTIKAHHSIM) Y KiJlbka Pa3iB 3HUXYE LUBUAKICTb VIOro 3apOCTaHHs BiAKAaAEeHHSIMU KOpyHAY. Kpim
LbOro, PO3/IMBaHHS 3aKPUTUM CTPYMEHEM [I03BOJIIE 3aCTOCOBYBATU CrieLiasibHi LLIaKoyTBOPIOYI CyMiLLli, sSKi 3a6e3-
MeyvyroTb NOKPAaLLIEHHS SIKOCTi MOBEPXHI 3aroToBku. []oAaTtkoBO MniaBULLINTY SIKICTb 6e3nepepBHOJINTUX 3JINBKIB MOXJINBO
3a paxyHOK 3aCTOCYBaHHS €/1eKTPOMarHIiTHOro rnepeMilllyBaHHs pigkoi ctasii.

Knoyosi cnoBa: 6e3nepepBHe po3ivBaHHs, AepekTn 6e3nepepBHOINTOI COPTOBOI 3aroTOBKMN, BTOPUHHE OKUCHEH -
HS1, BIAKPUTNY CTPYMIiHb, CTONOP-MOHOOJ/IOK, 3aHYPEHWUI CTakaH, e/1eKTPOMAarHiTHe nepemilllyBaHHs.
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03BUTOK PUHKOBUX BIiOHOCUH y cdepi BUpObHMUTBA i

peanisauii MeTanonpoaykuii xapakTepu3yeTbCa BU-

nepegkalynMm poCcTOM BUMOT A0 NiABULLEHHS AKOC-

Ti cTani NnpyM OQHOYACHOMY 3HWKEHHI ii cobiBapTocTi
BXE Ha CTafii ogepxaHHs Ge3nepepBHONMTOI 3aroTOBKM.
Y uboMy 3B'I3KYy paLioHanbHa TexHornoris 6e3nepepBHOro
PO3MNMBaHHA CTani NPeacTaBnseTbCAd AOCUTb BaXKMBUM
CKNagoBUM €NeMEHTOM, L0 BU3HA4Ya€E TEXHIKO-EKOHOMIYHi
MOKa3HWKM poboTu Lexy i cobiBapToCTi MeTanonpogyKLii.

Hanbinbw wupoke npomMmucnoBe BNPOBagXeHHS Y
CBIiTi AN COpTOBMX MawwwH 6e3nepepBHOrO NUTTHA 3a-
rotoBok (MBJ13) opepxana TexHonoria po3nNuBaHHSA
cTani BigkpuTum ctpymeHem (puc. 1) yepes ctakaH-go-
3aTop CTPOro pernameHToBaHoro giametpa [1]. Bigkpu-
TMM CTPyMEHEM 3a3Bu4al pPo3NUBaTb CTasni 3BMYaANHOI
AKOCTi, WO HEe 3a3HalTb CTPOroro KOHTPOM Makpo-
CTPYKTYpPY Npv noganbluii NpoKaTui Ta Npu3HayeHi ons
ofepXaHHSA MeTanonpoaykuii y BUrnsai nepioanyHoro
npoainto, KyTWKiB, ABOTaBpiB, OPOTY, apMaTypu Ta iH.
Hanbinblue NowmnpeHHa Taka cCxeMa po3nuBaHHS oaep-
Xara B yMOBax MiHi-meTanyprinHux 3asogis [2]. OcHo-
BHMM CTpaTeriyHMM 3aBAaHHAM PO3NMBAHHA cTani Bif-
KpUTUM cTpymeHeM Ha copTtoBux MBJI3 € miHimizauis
BMPOBHMYMX BUTPAT, sika HanbinbLUIOK Mipolo Moxe ByTu
peanizoBaHa npv po3nuBaHHi JOBMMMU Ta HagAOBrMMU
cepisMun 3 ogHOro npomixHoro koswa [3]. Ha cboroa-
HiLLHIA AeHb TpMBanicTb cepii PO3NMBaHHA Ha Cy4YaCHWX
coptoBux MBJ13 gocsarae 70-100 «kiBwiB i Ginbe. Mpu
LUbOMY BKpawn BaXXMMBWUM TEXHOIOMYHMM MOKA3HUKOM €
3abe3neyeHHs cepifHOCTI po3nuBaHHA GesnocepeaHbo
3 OQHOr0 MPOMKOBLUA, WO TAKOX Cnpuse cTabinbHOCTI
po6OTN MaLLMHW i 3HWXKYE MMTOMI BUTPaTK Ha BOrHETPU-
BW Ta BTpaTu MeTany, nos'a3aHi 3 3ynuHkowo MBJI3 [4-6].

3okpema, binbla npogykTuBHiCTb copToBux MBJI3
OOCAraeTbCs 3a PaxyHOK BUCOKOI LUBWAKOCTI BUTAry-
BaHHSA 3arotoBku (8o 5-6 m/xB), sika obymoBneHa 3a-
CTOCYBaHHAM BaraTocTyneHeBux (napaboniyHux)

H 2

KpucTanisatopis, JoBXMHa Akux ctaHoBuTb 1,0-1,1 m.
nb3u kpucTanisatopie cyvyacHux coptosux MBJ13 € Bu-
COKOTEXHOMOriYHNMMN BUpOBaMu, SKi BUrOTOBMAOTLCH 3
BMCOKOI PO3MIPHOI0 TOYHICTIO, @ Ha iXH pobo4y no-
BEPXHIO HAHOCUTbLCH CrevjianbHe 3HOCOCTIViKe MOKPUTTH
Ha OCHOBI XpOMY, Hikento Ta iHwWnx meTtanis. [ns 3abes-
nevyeHHs MiHiManbHoi gedopmadii npodins rinb3n Kpuc-
Tanizatopa piBeHb HanNuBY MeTany MOBWHEH CTaHOBUTU
100-150 mm Big i BepxHboOro Topus. binbw Bucokmn pi-
BEHb HanNUBY NPU3BOAMTb A0 NEPEMILLEHHS 30HN MaKCK-
MarsibHOrO PO3LUMPEHHS, WO OBYMOBIIOE CUMbHE XKOro-
BneHHs rinb3n B 06nacTi KpinneHHs il BePXHbOi YaCTUHM.
Mpu HWKYOMY po3TallyBaHHI piBHA MeTany BigdyBaeTb-
Csl CKOPOYEHHs yacy nepebyBaHHS 3aroToBKku B KpuUcTa-
nizaropi, Wo noTpedye KopekKLii peXXMmiB po3nMBaHHS.

OpHieto 3 0OCHOBHMX Npobnem, WO nepeLuKoaXatTb
cTtabinbHOMy po3nuMBaHHKO cTani Ha coptoBux MBJI3
NpoTAromM TpMBArnoro 4acy, € 3HowyBaHHs abo 3apoc-
TaHHS BHYTPILLIHBOI MOPOXHUHW CTakaHa-go3artopa. Taka
npobnema 3Ha4yHO MiIpOI0 BMPILLYETLCS LUMASXOM 3aCTO-
CyBaHHS MPUCTPOIO ANS WBWAKOI 3aMiHM CTakaHa-go3a-
Topa.

Binbw nporpecuBHolO, 3 NornNsaay 3abesneyeHHs Bu-
COKOrO piBHs1 AKOCTi 3aroToBKW, € Cxema nogadi metany 3
NPOMIXKHOIO KOBLUA Yy KpUCTanisatop 3a A0ONOMOroH CUC-
TEMW «CTOMOP-MOHOBNOK» — «CTakaH-403aTop» — «3a-
HypeHun cTakaH». Butparta meTtany nig yac posnmBaHHA
PerynoeTbcs MOMOXEHHAM FOMOBKU CTOMOpa BigHOCHO
CTakaHa-go3aTtopa abo gpocentoBaHHSAM LWNMGepHOro 3a-
TBOpa. KepyBaHHSA NONOXEHHSIM CTONopa 34iACHIOETHCA
3a JOMNOMOIOoK CreujianbHOro MexaHiaMy, KM npautoe
B py4yHomy abo B aBTOMatu4Homy pexumi. [pyn ubomy
CTPYMiHb CTani MiX MPOMKOBLLEM i KpucTanisatopom 3a-
XWLWAETHCS 3a AONOMOIOH 3aHYPEHOro ctakaHa.

Taka cxema Bumarae cneuianbHUX KOHCTPYKLiMHUX
pilleHb Yy YaCTWHI 3aHypPeHOro ctakaHa, ki 3abesnevy-
H0Tb BinbHWUIA NpocTip (20-30 MM) Mi>K KO0 30BHILUHBOO

2 [ d

m Cxema posnuBaHHA cTani Ha copToBin MBJ13 3akputum (a, 6, 8, r) Ta BigkputTum (2, 0) cTpyMeHeMm: 1 — 3axucHa Tpy-

6a; 2 — KpuwiKa NpomKoBLUa; 3 — cTonop-MoHObMok; 4, 5, 6 — pobouni, TennoisonAUIHUA | apMmaTypHuii wap dyTepos-
Kn; 7 — Tennoisontotoda cymiw (TIC); 8 — pigkmii meTan y npomkiBli; 9 — crakaH-go3atop; 70 — 3aHypeHuii ctakaH; 11 —
KpucTanisatop; 712 — 3aHypeHui cTakaH, Crony4YeHui 3i cTakaHoM-4o3atopoM; 13 — wnakoyTBopioloda cymiw; 74 — pigkvn
MeTan y KpuctanisaTopi; 15 — TpunnuTHuiA wnbepHui 3ateop; 16 — cnnboH; 17 — NpUCTPIN WBMAKOI 3aMiHM CcTakaHa
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NnoBepxHel i CTiHKamu KpucTtanisatopa. Kpim Toro, Bu-
KOPUCTaHHSA TaKoro BUPOOY NPakTUYHO BUKITIOYAE MOX-
NMBICTb PO3NMUBAHHSA AOBIMMU CEPiSMU B CUIY HEMOX-
NMBOCTI MOr0 3aMiHW B pe3ynbTaTi 3HOLYBaHHSA. Tomy
PO3NMBaHHs cTani 3akpuTUM CTPYMEHEM Ha COPTOBMX
MBJ13 3acTtocoByeTbcA 30€6inbWOro y ToMy BUNagky,
KOnn mMoBa hae npo SKIiCHi HM3bKOMerosaHi Ta fneroBaHi
ctani [1].

Y npoueci po3nuBaHHA COPTOBOI 3aroTOBKM HEOOXia-
HO CTPOro JOTPMMYBATUCh CYKYMHOCTI Takux HEepO3puB-
HO MOB'I3aHUX MiXX CODOK TEXHOMOrYHUX MapameTpis
NUTTS 9K LWBWAKICTb BUTArYBaHHA 3aroToBKW, Npodoinb
rinb3n KpucTanisatopa, Mapka Ta TemnepaTtypa crtani,
SIKi BpaxoBYtOTb OCODNMBOCTI (POPMYBaHHA TBEPAOI CKO-
PUHKM B yMOBaXx KOHcirypaLiii BAKOPMCTOBYBAHOI Tifb3u.

HesanexHo Big o6paHOi cxeMu po3nNuBaHHA BiOgXK-
NEHHS Big HOMIHANbHUX MapameTpiB NUTTS MOXe npwu-
3BECTU A0 HEPIBHOMIPHOIO KOHTaKTY TBEPAiH0HOT CKOPUH-
KW 3i CTIHKOIO Tifb3un KpucTanisatopa. HepiBHomipHe Big-
BEAEHHA Tenna Bif 3aroTOBKW CMpUSiE HEPIBHOMIPHOCTI
po3noainy TemnepaTtypHUx NoniB y TBEPAiA CKOPUHLI, Lo
CMpPUYMHSE (DOPMYBAHHSA B Hill BHYTPILLHIX HaMpy>XeHb,
SKi € NpuYnHOK Aecdbopmallii 3arotoBkM B NONEpeYHoOMy
Ta NO34OBXHBOMY nepeTuHax. Lle npu3soanTtb 4O pos-
BUTKY YMCIEHHMX MOBEPXHEBMX i BHYTPILLHIX AedekTis,
SKi 3HWXKYHOTb AKICHI MOKa3HWUKM | MEXaHiYHi BacTMBOCTI
NNTOro MeTany, a TakoX CKOPOYYHTb TEPMIH CIyX0u me-
TanoBupobiB 3 HUX.

OpgHum 3 po3snoBcrlogkeHux aecdbekTiB Gesnepeps-
HOMMUTOI COPTOBOI 3aroTOBKN € BUKPUBIEHHS ii reome-
TPUYHOI popmun, Tak 3BaHa «POMOIYHICTb», 0OyMoBHe-
Ha pi3HMLEl0 giaroHanen NPAMOKYTHMKA, WO CTaHOBUTb
5-12 mm i Ginbwe (puc. 2). MNepeBULLEHHA TEPMIYHUMMU
Hanpyramym Mexi MILHOCTI MeTany B TakuxX 3aroToBKax
NPU3BOAMTb 40 BUHUKHEHHS NOBEPXHEBUX ab0o BHYTpILL-
HiX TpiwwH [7, 8].

[MoBepxHEBI TPILLMHN Yy TBEPAIN CKOPWUHL 3aroTOBKM
BMHWKAIOTb, SIK npaBwio, 6e3nocepeaHbo B KpucTani-
3aTopi BHACNigok fil B Hi po3TaryBanbHuxX Hanpyr. Mpu

a

LbOMY TaKi TPiLLMHM HaNBIiNbL XapakTepHi Ans TUX KyTiB
TBEPAOro kapkacy, y AKX croctepiraetecs gedopmadis
CKOPMHKM i Ti BigXig Big NoBepxHi rinb3u Kpuctanisaropa.
Y TOW e 4ac y TBEpAiN CKOPUHLi BUSABMAETLCA MOXIN-
BMM PO3BUTOK BHYTPILLHIX TPILWMH, SKi 3'9BNSTLCA Ne-
pPEeBaXXHO B Tynux KyTax 3 60Ky poHTy TBepaiHHA [9].
Pa3om 3 TMM, pO3BUTOK LMX TPILUH 3aNeXuTb Big Uinoi
CYKYMHOCTI TEXHOMOTiYHNX hakTopiB (TemnepaTtypu pos-
NNBAaHHSA, MapKuK cTarsni, reomeTpuyHoi dopmMmu KpucTani-
3aTopa Ta AKOCTi MOro NOBEPXHi, LBUAKOCTI BUTANYBaHHS
3aroToBKM Ta iH.), WO YCKMagHE POPMYIOBAHHA YHi-
BepcarnbHMUX 3aKOHOMIPHOCTEN AMs ONUCY NOBEAIHKN 3a-
rotoBkM B KpucTtanizartopi [10].

[ns ouiHkn BNnuBy metony 6e3nepepBHOro NUTTS Ha
YacToTy ()OPMYBaHHSI TAKOro MOBEPXHEBOr0 AedekTy
COpTOBOI 3aroTOBKW, SIK POMOIYHICTb, HA OQHOMY 3 Mia-
npuemMmcTB YkpaiHu Oynu npoBefeHi ekcrnepuMeHTarbHi
cepii posnuBaHHs ctani. MNpu uboMy BUPOOHMLTBO KBa-
ApaTHMX 3aroToBoK nepetnHoMm 125x125 mm 3giicHoBa-
nocb Ha wecTucTpymkosin coptosin MBJI3 3i weugko-
CTSIMU po3nuBaHHA 2,8-4,3 M/xB. Y npoueci AocnigKeH-
HA crnovaTtky byna posnuta cepis 3 5 nnaeok crtani 60
(CT160) BigkpuTMm cTpymeHem. lMicns uporo, 3 BUKOPUC-
TaHHAM TUX XKe TiNb3 KpMcTaniaTtopis, NOCNIAOBHO PO3-
nuBanu cepito 3 5 nnaesok ctani 40X 3akpuTMM CTpy-
MeHeM. TexHOMOoriYHi napameTpu ekcnepuMeHTarnbHUX
NniaBoOK NpeacTaBrneHi B Tabnuui.

Y pesynerati MPOMUCIOBOrO €KCnepuMeHTy Oyrno
BCTAHOBIEHO, WO Nig 4Yac 6e3nepepBHOro po3nmBaHHS
cTani BiKPUTUM CTPYMEHEM KifnbKiCTb pOMOIYHOI cop-
TOBOI 3arotoBku AopisHioBano 4,5 %. lNMpu ubomy y BU-
nagky 3acTOCyBaHHA TEXHOSMOrii PO3NMBaHHA MeTany
3aKpUTUM CTpyMeHeM OedeKTiB reoMeTpu4Hoi opmm
3aroTOBOK He CnocTepiranocs.

IMPUYNHOIO ICTOTHOI pi3HULI B KiNbKOCTI AedEeKTHMX
3aroToBOK, OTPUMAHUX BIAMOBIAHO OO0 OMNWCAHUX BWU-
e TEXHOMOrin, nondrae B NPUHLMMNOBO Pi3HMX CXemax
O03yBaHHA MeTany npu MOoro BUTIKaAHHI 3 NPOMKOBLUA B
KpucTanisatop. Y npoueci 6e3nepepBHOro po3nmBaHHs

6

m XapakTepHe po3TallyBaHHA AdiaroHanbHUX TPILWH Ha nonepeyHnx Temnnerax (kBagpat 125 mm) COpTOBOI 3aroTOBKM:

a — poMOGiYHicTb 18 MM; 6 — pomBiYHiCTb 20 MM
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Tabnuus
TexHonorivyHi NnapameTpu eKCnepumMeHTanbHUX cepiil po3NUBaHHA CTani B COPTOBi 3aroToBKN NEepPeTUHOM
125x125 mm
MeTon 6e3nepepBHOro po3nmBaHHA BiakpuTun cTpymiHb 3akpuTun cTpyMiHb
Mapka ctani C160 40X
KinbkicTb NnnaBok y cepii, WT. 5 5
LLiBnakicTb po3nmBaHHs, M/XB 2,8-4,3 2,8-3,2
Meperpie meTany Hag TgmqefaTypom nikeigyc y 14-40 25.37
npowmkisLui, °C
ButpaTta Bogu Ha OXOnogKeHHst KpucTarnisaTopa, f/xB 1600-1750 1700
PisHnusa Temnepatypu BOAM Ha ;on;u Ta Buxofi 3 7.8:9.2 6,8-8.2
KpucTanizaTopa, °C
BuTtpaTa BoAM Ha BTOPUHHE OXOMNOMKEHHS:
3oHa 1, n/xs 140-190 60-170
30Ha 2, n/xB 180-240 190-220
3oHa 3, n/xB 130-170 140-160
MuTtoma BUTpaTa BoAM B 30HI BTOPMHHOIO 14 14
OXONOOXKEHHS, N/Kr ’ ’

cTani BiOKPUTUM CTPYMEHEM peryrioBaHHSA LUBUOKOCTI
PO3NMBAHHSA 34INCHIOETLCSA LUMSXOM 3aflaHHS MEBHOI BU-
COTW HanuBy MeTany B NPOMKIBLUI Ta BHYTPILIHBLOrO Aia-
MeTpa cTakaHa-gosatopa. [pu uboMy niaTpUMKa piBHA
MeTany B KpucTarnisaTopi 34iMCHIOETLCS 3a AOMOMOIoH
BapitOBaHHA LUBWUAKOCTI BUTANYBaHHS 3aroToBKW. 3MiHa
KiNbKOCTi po3nnaBy B NPOMKHOMY KiBLLi, 3 METOIO pery-
MOBaHHA WBWAKOCTI NUTTH, NPOBOKYE BinbLui BigXuneH-
HA TemnepaTtypu neperpisy MeTany Big HOMiHANbHUX
3HayeHb y MPOLECi PO3nMBaHHA (SK nokasaHo B Tabnu-
L), WO y CBOI Yepry Hadani noripLye yMOBY TBEPAIHHA
3aroTOBKM.

Mpw nocTinHomy chepocTaTtMYHOMY Hanopi Ta ogHaKo-
Bii MMTOMIW BUTpaTi cTani CTpyMiHb MeTany, WO BiNbHO
BUTIKAE 3i CTakaHa-go3aTopa, Mae CyuinbHy AiNsHKy, Ao-
BXXMHa SKOi JOCTaTHA A1 AOCATHEHHS HEto A3epkana me-
Tany B KpucTanisatopi. Y Bunagky noinbHoi 3miHN (36inb-
LWEHHs) fiameTpa CTakaHa-go3aTopa, BHacnigoK WMoro
3HOLLYBaHHS, pPerynioBaHHA piBHS MeTany B KpucTanisa-
TOpIi 34iINCHIOETLCA 36iMbLUEHHSAM LUBUAKOCTI BUTArYBaHHS
3aroToBku. Llle ogHiel npuumMHOO BUXOAY CTakaHa-A4o3a-
Topa 3 nafy € 3apOCTaHHS MOr0 BHYTPILLUHBOT MOPOXHU-
HW BHACIMiAOK OCiAaHHA Ha NOBEPXHi LMPKOHOBOI BCTABKM
NPOAYKTIB PO3KUCMEHHA cTani anomiHiem. byab-aka He-
piBHOMiIpHa 3MiHa giameTpa cTakaHa-go3aTtopa MOXe Bu-
KMnuKaTy BigXUNEHHS TOYKW NadiHHSA CTPYMEHs MeTany Big
LEHTPY 3aroToBKW, LLO NOPYLUMTb CUMETPI0 HApOCTaHHSA
TBEPAOI CKOPMHKM 3a MEepPUMETPOM KpucTanisartopa.

Y TOIM Xe 4ac 3acTOCyBaHHS Takoro iHepuifiHOro me-
XaHi3aMy, SK TArHy4Ye-npaBunbHa KIiTb, Y SAKOCTi 3acoby
3MiHM Ta KOHTPOMIO WBWUAKICHMX NapameTpiB po3nvBaH-
HS MOXe NPU3BECTM A0 KONMMBAHHSA PiBHS CTani B KpucTa-
ni3aTopi, WO cTaHe nNpu4nHo hopmyBaHHSA gedekTiB y
3aroToBui abo HaBiTb 4O NPOPUBY CKOPUHKM MeTany. Bu-
KOPUCTaHHA CUCTEMM «CTOMOP-MOHOBMNOK» — «CTaKaH-
[03aTop» — «3aHypeHun cTakaH» (puc. 3) [o3BOnsiE
BinbL TOYHO Ta BYaACHO perynoBaTtu BUTpaTy MeTany nig

Yac po3NUBaHHS B aBTOMaTUYHOMY PEXMMI, He 3MiHIOLO-
YN LWBMAKICTb BUTSATYBaHHSA 3aroTOBKMW.

[Mpn BUKOpPUCTaHHI BULLEHaBEOEHOI CMCTEMMU CTae
MOXNMBMM 3abe3neyeHHs1 NOCTINHOIO NOMOXEHHS PiBHA
po3nnaBy B KpucTanisaTtopi, ske Hambinblw TOYHO Bpa-
XOBYE 0COBMMBOCTI (POPMYBaHHSA CKOPWHKM 3arOTOBKM
no BCii AOBXWHI FiNb3n NpW MOTOYHIN LWIBWAKOCTI MAWT-
TA. BigcyTHiCTb HEobBXigHOCTI perynoBaHHSA LUBUAKOCTI
PO3MMBaHHA piBHEM MeTany B NPOMKIBLUI 4O3BONSE Nig-
TPUMyBaTM B HbOMY ONTMMarbHY KifbKICTb pO3nnasy,
wo crabinizye temnepatypy poa3nuaHHs. [ligBeaeHHs

m Cxema nogadi MmeTany 3 NPOMKOBLLUA B KpucTanisatop
3a JOMOMOroK CUCTEMU «CTOMOP-MOHOBNOK» (1) — «CTakaH-
aosatop» (2) — «3aHypeHui ctakaH» (3)
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CTPYMEHSI cTani 3a AONOMOroK 3aHYpPEeHOro ctakaHa nig
piBEHb MeTany B KpucTanisatopi 4ae MOXNUBICTb iCTOT-
HO 36iMbWNTN BHYTPIWHIN diamMeTp CTakaHa-go3artopa
(y MOPIBHSIHHI 3 BiNlbHUM BUTIKaGHHAM), WO Yy Kifbka pa-
3iB 3HMKYE LUBMAKICTb MOro 3apOCTaHHs BigknaaeHHAMMW
KopyHay. KpiM Lboro, po3nvBaHHs 3aKpuTuUM CTPyMEHEM
[O03BOMsE 3aCTOCOBYBATM CheLianbHi  LINakoyTBOPH-
BarsbHi CyMmiLli, SKi 3a6e3nevyoTb NiaBMLEHHS AKOCTi Mo-
BEPXHi 3aroTOBKM.

[ooatkoBuM MeToaoM MiaBULLIEHHA SAKoCTi 6esne-
pPEPBHONMUTOI COPTOBOI 3aroTOBKW € €ereKkTpOMarHiTHe
nepemiwysaHHa (EMI) pigkoi ctani [11, 12]. MexaHiam
€NEeKTPOMarHiTHOro BMAMBY € pe3ynbTaTOM CKMagHoi
B3aEMOfii  eNneKkTpoguMHaMiYyHUX,  MarHiToriapoamHa-
MiYHMX | MeTanyprinHux dakTtopis. |HAyKTMBHa cucTe-
ma EMI1 aBnse coboto cTatop acUHXPOHHOrO OBUryHa
(pnc. 4), poTOpOM SIKOTO € pigka nyHka 6esnepepBHONM-
TOro 3nueka. 3actocyBaHHa EMIT go3sonsie nokpawmtm
SKICTb NigNOBEPXHEBOI i OCbOBOI 30HW 6e3nepepBHONK-
TMX 3aroTOBOK, OCKifbKM BOHO BMNfMBa€e Ha hopMyBaHHS
KpMCTaniyHoi CTPYKTYpW, NEepeMillleHHs HemeTanesBux
BKIMOYEHb, XiMiYHY cerperauito Ta posnogin rasis. Ha
npakTuLli BUKOPUCTOBYIOTLCHA CTaTopu 3 06epToBMMM i fi-
HinHMMK nonamu. OCHOBHI eNeKTPUYHI NnapameTpu npu-
cTpoiB EMI1 mMiHAOTLCA B LUMPOKOMY Aiana3oHi 3anexHo
Bif IXHbOI KOHCTPYKLUIT Ta NepeTnHy 3arotoBku. Xapakrep
MOTOKIB, LLO CTBOptotOTLCA wsxom EMI, 3anexnTtsb Big
KOHKPETHMUX YMOB (NepeTuHy 3aroToBKM, MiCus 3acTo-
CyBaHHS BMMMBY, BUMOT OO pe3ynbraTtiB BAMAMBY Ta iH.).
MarHiTognHamidHi MOTOKW, SKi CTBOPHOOTHCS LUMAXOM
EMI, cknapatoTbes 3 ogHOro abo Aekinbkox 3aMKHEHUX
KOHTYpIB.

OcHosHun edpekt EMI y kpucTanisatopi nos’asaHmn
3i 3MiHOIO rigpOAMHAMIYHOIO CTaHy B PidKi BaHHI Kpuc-
Tanisatopa nig BAAVBOM MNPYMYCOBUX KOHBEKTUBHUX
noTokie. BigomMo, Wo KapTvHa nepemillyBaHHA MeTany
B KpucTanisatopi 3ae06inbLuoro BU3Ha4aeTbCs iHTEHCUB-
HICTIO Ta XapakTepom NOBEeiHKM Magatyoro 3 NPOoMix-
HOro KoBLla CTpyMeHs. [py ubOMy nagiHHA CTPyMeHs

m Cxema kpuctanisatopa coptooi MBEJI3 i3 npuctpos-
Mun ans EMI

m5ypHiHHﬂ MeTaneBoro poanrnaBy B KpucTanisartopi,
CMpUYMHEHE Nagatynm CTPYMEHEM

B KpuCTanizatop CymnpOBOMKYETbCA MNepemillyBaHHSAM
(BypniHHsaM) meTany 6ins NoBepxHi Ta y caMoMy KpucTta-
nizatopi (puc. 5), Wwo noripwye poboTy 3MaLLeHHS, crnpu-
SI€ 3aTAryBaHHIO B MeTan NyxvpuiB rasy Ta LUNAKOBUX
BKIMIOYEHb, YCKNagHe poboTy NpUCTpolo Ans aBToMa-
TWYHOIO KOHTPOSIO PiBHA MeTany Ta iH. Ha Haw nornsag,
HanbinbL CUMbHWUIA BNNUB edekTy NagiHHA CTPYMEHS B
piakOMeTaneBy BaHHY KpucTanisatopa CnocTepiraeTbes
npv pO3NnBaHHi COPTOBUX 3aroTOBOK Ha BUCOKOLUBUAKIC-
Hux MB3.

lMepepaxoBaHi BUlle SBULLA MOXITMBO HiBemnoBa-
TV 3actocyBaHHAM npucTtpoiB EMI, aki 3abesneuyiotb
opMyBaHHS BUCXiOHWUX MOTOKIB y300BX (DPOHTY TBEp-
AiHHa abo obepTaHHA cTani B ropM3oHTanbHiA NOLWMHI
KpucTanisatopa.

OGepTOBE MarHiTHE none B KpucTanisatopi nig yac
NUTTA COPTOBKX 3aroTOBOK BiAKPUTUM CTPYMEHEM CTBO-
proe rMmMBOKMIA MEHICK MeTany, Ha OHi 9KOro 3ocepenky-
I0Tb HEMeTarneBi BKMIOYEHHS, WO 06epTalTbCs 3 MeH-
IO LIBMAKICTIO, HXK pigka ctanb. Y pesynbraTi Luboro
edeKkTy KOHLEHTpaLis HemMeTaneBux BKIIOYEHb Y TBEp-
Ain 06ONOHL 3rMBKa CYTTEBO 3HMXKYETbLCS.

Y BUNagKy BUKOPUCTAHHA eneKTpOMarHiTHOro nepe-
MiLLYBaHHSA MPU PO3MMBaHHI CTani 3akKpUTUM CTPyMEHEM
HeoOXxigHO BpaxoByBaTW BMNMB MPUMYCOBO BMOPSAKOBa-
HWMX NOTOKIB MeTany Ha CTilKICTb BOrHeTpmBiB. BukoHaHi
OOCTIiIKEHHS1 3 BUKOPUCTAHHAM 8 3aHYpPEeHUX CTakaHiB
nokasanu, WO XapakTep iX 3HOLIYBaHHS NpW 3acTocy-
BaHHi EMI y kpucTanisatopi Mae BMpa)xeHi 0cobnmBOCTi
(noyaTkoBa TOBLUMHA CTiHkM cTtaHoBuna 17,5 mm). Mo-
nepwe, y 3aHypeHUX CTakaHax 3MEHLUYETbCA TOBLUM-
Ha wapy BigknageHb Ha 15-25 % (3anexHo Big mMapku
ctani ta pexumie EMI). MNo-gpyre, y HWXKHIA YacTuHi
3aHYpPEHOro CTakaHa CMOCTEpIiraeTbCs CTiKe eposifiHe
3HOLLUEHHS CTiHKM i3 30BHILWHBOI i cTOpoHW. 3adikcosa-
Ha TakoX BTpaTa TOBLUWHW CTiHKM Ha piBHi 10-15 % npwu
cepinHocTi 4 nnaeku. Ha puc. 6 HaBegeHo doTorpadito
NO300BXHBOIO MEPETUHY HUXHBOI YaCTUHWU 3aHYPEHOrO
cTakaHa 3 BukopuctaHHam EMIT (a) i 6e3 EMIT (6) (nicns
PO3NMBaHHSA Cepii i3 ABOX NIIABOK).
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Y uinomy HaBedeHi 3pas3ku JocuUTb GrnmM3bKi 3a KOH-
dirypaudieto npocpina. Ocobnueo BaknuBMM NpeacTas-
NAETbCA NiABMLLEHE 3HOLIYBaHHA B TOPLEBIN YaCTUHI
3aHypeHoro crakaHa (obnacTtb BWUTIKAHHS CTPyMEHs B
Kpuctanisatop). Mpu ubomy npu BukopucTaHHi EMI y
KpucTanisaTopi CepilHIiCTb PO3NUBAHHSA 3HWXKYETbCS B
cepegHbomy Ha 20-25 %.

BucHoBku

B pesynbraTi BUKOHaHWX JOCHiAXeHb BCTaHOBIEHO,
LLIo cxema nogadi MeTany 3 MPOMIKHOTO KOBLUA B KpuUcTa-
nisaTtop 3a 4ONOMOro CUCTEMM «CTOMOP-MOHOBMOK» —
«CTakaH-003aTop» — «3aHypeHUM CTakaH» [O03BOnse
NigBULLNTA AKICTb COPTOBOI 3arOTOBKW, Y MOPIBHSAHHI 3
PO3MMBaHHAM CTani BiAKPUTUM CTPYMEHEM 3a paxyHOK
3abesneyeHHs Ginblw cTabinbHUX i TOYHUX NapameTpis
nntTa. logaTtkoBO NiABULLNTY SKICTb 6e3nepepBHONUTMX
3MUBKIB MOXINMBO 3@ paxyHOK 3aCTOCYBaHHSA MPUCTPOIB
ANS eNeKTPoOMarHiTHOro nepeMillyBaHHs pigkoi cTani.

m DOoTO NO3OOBXHLOIO MEPETUHY HWKHBOI YacTUHU 3a-
HYpEHOro cTtakaHa npu po3nvBaHHi 3 BUkopucTaHHaM EMIT (a)
i 6e3 EMI (6)
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Some specifics of the billet open and submerged stream casting

Experimental series of steel casting were carried out to determine the effect of the continuous casting method on the fre-
quency of defects formation in billets. At the same time, the 125x125 mm square billets production was carried out on a
six-strand caster with casting speeds of 2.8-4.3 m/min. In the process of research, a series of 5 melts of steel 60 (S5t60) was
initially casted with an open stream. After that, using the same molds, 5 melts of steel 40X were sequentially casted with a
submerged stream. As a result of an industrial experiment, it was found that because of the open stream continuous casting
the number of rhomboidal billets was 4.5 %. In the case of using the submerged stream technology defects in the billet shape
were not observed. The use of the "stopper rod” — "tundish nozzle” — "submerged entry nozzle" system allows to control
metal consumption during casting more accurate and timelier in automatic mode without changing the billet casting speed. At
the same time, the position of the metal level in the mold is constantly ensured, which most accurately considers the features
of the billet solid shell formation over the entire mold length at the current casting speed. The absence of the need to control
the casting speed by the level of metal in the tundish makes it possible to maintain the optimal amount of melt in it, which sta-
bilizes the casting temperature. The submerged casting prevents bubbling at the phase boundary in the mold and provides
the possibility of a significant increase in the nozzle inner diameter (compared to the open stream) that reduces the rate of its
clogging with corundum deposits several times. In addition, submerged casting allows the use of special mold powders, which
improve the surface quality of the billets. It is possible to additionally improve billets quality using electromagnetic stirring of
liquid steel during continuous casting.

Continuous casting, defects in continuously casted billets, reoxidation, open stream, stopper
rod, submerged entry nozzle, electromagnetic stirring.
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3anexHicTb TBEPAOCTi Ta iHLIKX BNACTUBOCTEN CipOro YaByHY
Bi[l Oro ByrneLeBoro ekBiBajeHTa 1a CTyneHs eBTeKTUYHOCTI

lMpoaHanizoBaHO XiMiYHWI CKJiaf, BYI/IeLLeBUV eKBIBaJIeHT Ta BJ1aCTUBOCTI BUJINBKIB 3 HeJIeroBaHux 1a HU3bKOJIEro-
BaHUX Cipyx YaByHIB 3 r1acTuH4YacTuM rpa@irom pisHmx mapok Big CH4100 o CHA400 3srigHo 3 ACTY 8833:2019. Ha
Takuvi YaByH € NMOCUIaHHS B TEXHIYHUX YMOBax Ha rajibMOBIi KOJI04KU 3 KOMINO3ULIIHUX MaTtepianis (ryMmocymiLli), 30-
Kpema Asis BUrOTOBJIEHHS] YaBYHHUX BCTaBOK. 3 4aByHy CH350 BUroToBasiOTE TAKOX iHLLI BUPOOY A5l 3a/1i3HUYHOIMO
TPAHCMOPTY, HANPUKIaL4 GPUKUIIHUA «KJiInH XaHiHa». loka3aHo, Lo B MPOMUCIIOBUX NapTiax «KJanHy XaHiHa», BUriaB-
neHoro 3 YaByHy CH350, TBepaicTb He KopesitoBana Hi 3 BMICTOM €/1eMEHTIB Y XiMiHHOMY CKnazi 4aByHy, Hi 3 ByrneLe-
BUM €KBIBaJIEHTOM BHACJIAOK BY3bKOIro Aiarna30Hy Vioro BEJINYMH HaBiTb B MeXax YaByHy OAHIEi mapku. BianosigHo 4o
JCTY 8833:2019 npu niaBuLLieHHI Byr/ieL,eBoro ekBiBasieHTa B MOX/NBOMY PErfiaMeHTOBaHOMY Aiarna3oHi BeamynH (%)
Bia 3,03 go 4,54 tBepaicte 3a bpiHennem HB MOHOTOHHO 3MeHLLYETLCS Npnban3Ho B 1,54...1,57, a koeiuieHT Terno-
npoBIAHOCTI 30iNbLUYETLCS Mavixe B niBTopa pasa. 3MeHLLIEeHHS BMICTY Cipku B ximiyHomy cknaai Bia 0,20 ao 0,05 %
yaByHy Mapkn CH4350 cyTTeBO CKOPOYYE Aiana3oH PO3KUAy BYr/IELL,EeBOro ekBiBaneHTa. LLnsgxom cTatmcTudHNX BUMpPO-
6yBaHb 3a MmeToa0oM MoHTe-Kapao Bu3Ha4yeHo napameTpu (CepenHi 3Ha4eHHs, cepeanHi KBaapaTnyHi BiAXnIeHHs i Koe-
QiuieHTn Bapiauii) ByrnieLleBoro ekBiBasieHTa 1a CTyrieHss eBTEKTUHHOCTI XiMIYHOIro Cckiaay Y4aByHIB 3 M/1aCTUHYacTUM rpa-
¢pitom 3a mapkamu Big CH100 go CHA400. MNoka3aHo HasiBHICTb 3HAYHOIrO PO3KUAY BEJINYUH BYITIELIEBOIrO €KBiBasieHTa
XiMIYHOro ckiagy, TBeEPAOCTI, KoedilieHTa TernionpoBigHOCTI, MILHOCTI, rYCTUHW, MOAYJIS MPYXXHOCTI, JIHIVMHOI ycanku,
TEM/I0EMHOCTI, KOeQiLlieHTa NiHIIHOro PO3LUNPEHHS YaBYHIB 3 riacTuH4YactTum rpagirom 3a mapkamu Big CH100 ao
CHYA400. PekomeHaoBaHO i3 BKa3aHOIro rnepeJiiky Mapok YyaByHy 3rigHo 3 ICTY 8833:2019 BuaHa4ntu i pernameHTyBatu
B TEXHIYHUX YMOBaxX Ha rasibMOBIi KOMMNO3ULiFiHI KOJIOAKN KOHKPETHY MapkKy 4aByHY, Npu3Ha4eHoro 4Jisi BUrOTOB/IEHHS
BCTaBOK y TaKVX KOJIOJKax.

Kno4oBi cnoBa: 4aByH, XiMiYHWUM CK1a4, BYr/ieL€Buii EKBIBASIEHT, CTYMiHb EBTEKTUYHOCTI, BIACTUBOCTI, JINTBO, rajib-
MOBI KOJ1IOAKW.

mMeTanyprii, MawnHOByayBaHHi, NMMBapHOMY BMPO6-
HWUUTBI, iHWWX rany3sax MpOMUCIIOBOCTI NOLUIMPEHO
BMKOPWCTaHHS BYrMeLEeBOro ekBiBaneHTa Ta CTyneHs
€BTEKTMYHOCTI YaByHY AN XapakTePUCTUKM MOTO Xi-
MiYHOrO cKragy i BnacTMBocTen nmBapHnx Bupobis. AHa-
ni3y 3anexHOCTi MexaHi4YHUX BnacTMBOCTeN i ekcnnyaTa-
LiNHNX XapakTepUCTUK AeTanen, BUrOTOBMEHNX NUTTSAM,
npucBAYeHo G6arato JOCnigXeHb, pesynbraTn SKUX ony-
bnikoBaHO B MOHOrpadisix, cTaTTsx, Te3ax AOMoBigewn,
nateHtax Towo [1-15 Ta iH.]. MpoTe BpaxoBy4M NEBHI
OOCAHEHHS Y PO3B'si3@HHI HAYKOBWUX | TEXHOMOFYHMX
npobnem B Ui TeMi, crig 3asHauuTK, WO He BCi 3agadi

e rmmboKo BMBYEHI i, ronoBHe, 6arato NporpecuBHMX
pilleHb He AoBedeHO A0 BMPOOHMYOI mpakTukn. Tomy
OOCHIMDKEHHS Yy HanpsMi pPO3LMPEHHS BUKOPUCTaHHS
BYIMELEBOro ekBiBaneHTa XiMiyHOro cknagy 4YaByHy i Ha-
BiTb CcTani, 0cobrnMBO NEroBaHoOro Metary, 3anuialTbCs
BENbMW akTyanbHUMU. FAK 3a3Ha4eHo B Hawimx poboTax
[8, 15], He3BaxauM Ha LUMPOKE PO3MOBCIOMKEHHS BYr-
neueBoro ekeiBaneHTa B AKOCTi y3araribHEHOro mokas-
HMKa XiMiYHOro CKragy YaByHy, a TakoX BracTUBOCTEW
YaByHHVX BUpOBIB, AediHiLiA ByrneLeBoro eksisaneHTa,
0COobnMBOCTI Ta MEXi MOro BUKOPUCTAHHA B OOCIiOKEH-
HAX | NPOMWCNOBIV NpakTUUi NOTPebyloTb NoganbLIOro
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AeTanbHOro HaykoBoro o6rpyHTyBaHHA. [ligkpecnmmo,
WO JOCMiMKEHHA B Ui Temi MatoTb OyTn HauineHi, B
nepLuy 4Yepry, Ha peanisauii HayKOBUX pe3ynbTaTiB Y npo-
MMWCNOBOCTI 4S8 MOKPALLEHHSA SAKOCTi MeTanonpoaykKuii.

B ocTaHHi poku, y 3B'A3Ky 3 KOPiHHOK MOgepHi3aLi€to
nMBapHOro BMpobHUUTBa Ha GaraTtbox NignpuemcTBax i
MOLIMPEHHSIM BUMMAaBKN YaBYHY B EMNEKTPUYHWUX iHOYK-
LiMHMX neYax 3amiCTb BUKOPUCTaHHS BarpaHok [16-17],
NMOCUMWUANCA MOXIMBOCTI TOHKOIO perynioBaHHS KOro
XiMiyHOro cknagy. BignoBigHO akTMBi3yBaBcs iHTepec
HayKOBLIB i BAPOOHWYHWKIB 0O BMKOPUCTaHHS ByrneLe-
BOrO eKBiBaneHTa XiMiYHOro cknagy YaByHy Ans Xapak-
TEPUCTUKN SKOCTI nmBapHUx BupobiB. NMokasoBuM npu-
Knagom y uboMy Moxe OyTu npakTuka pernameHTauii B
CTaHAapTax, TEXHIYHUX YMOBaX, iHLUIA HOPMAaTUBHO-TEX-
HOMOriYHIN JOKyMeHTauii XiMiYHOro cknagy matepianis
AN BUTOTOBMEHHSA NMBapHUX BMpOLIB BignoBigansHOro
NMpU3HaYeHHs, 30KpemMa YaBYHHUX ranbMOBWUX KOMOQOK
AN 3anisHU4Horo TpaHcnopTy. B craHgaptax Ha uto
NpOoAyKLUito AeTanbHO pernameHTyeTbCa He TiMbKu BMICT
XiMiYHMX eneMeHTIB y cknagi YaByHy, a N MiKPOCTPYKTY-
pa YaBYyHHMX ranbMOBUX KOrodok. ToBTo B cTtaHaapTax
Ha YaBYHHi ranbMOBI KONOAKM BiAMOBIAHO 40 3aKOHOAaB-
cTBa YKpaiHu BUMOra Loao 000B'A3K0BOI pernameHTauii
XiMiYHOro cknagy marepiany KOnogoK NPMCKiniMBO BU-
KOHYETbCS.

3rigHo 3 TOCT 2.114-95 ximiyHun cknag Oyab-sikux
BMpoGiB Mae ByTn geTtanbHO BU3HAYEHWUA B TEXHIYHMX
ymoBax Ha Bupobu. lNMigkpecnmmo, Lo BMMorn go mate-
piany BupobiB, a came 0O MOro XiMmi4HOro cknagy, Mo-
XyTb OyTW BCTaAHOBMEHI B iHLWWX, HK TEXHiYHi ymMOBM,
KOHCTPYKTOPCBKMX OOKYMEHTax, 30KpemMa B KPECHeHHsIX
Aetaneu, a B TexHiyHUx ymoBax (TY) gaHo nocunaHHs
Ha Ui KOHCTPYKTOPCbKi JOKYMEHTH.

HeBun3HayeHiCTb B TEXHIYHMX YMOBAX XiMi4HOro ckna-
Oy martepiany Bupob6iB, B TOMy 4Mcni 1 maTepiany Kom-
MO3ULINHNX ranbMOBUX KONOAOK, € rpybuM NopyLLUEeHHSM
3aKoOHO4ABCTBa i CTaBuUTb Taki TY A0 po3rnsagy Heneri-
TMMHUX 3 yCiMa HeraTMBHMMM Hacnigkamu. Ane Taki npu-
knagu y cdepi, Wo po3rnsgaetbes, 3ycTpidaTbes. Tak
B TEXHIYHMX yMOBAX Ha KOMMO3MLiMHi ranbMOBi KONOAKU
3 YyaByHHMMU BcTaBkamm TY Y 23.9-35046274-053:2015
«Konogka ranbmoBa KOMMO3WUiMHA 3 4YaBYHHUMMU
BCTaBKaMm A11s 3ani3HUYHOro tpaHcnopty» i TY Y 302-
35046274-059:2016 «Konoaka ranbMoBa KOMMNO3ULiiHa
3 YaBYHHUMW BCTaBKamu Ansi MOTOPBAroHHOro PyXoMoro
CKnagy» He pernameHTOBaHO XiMiYHMI CKrazg KOMMo3u-
Ty Ta HaBiTb HEe pernameHToBaHO XiMiYHUIA cKkrag YaBy-
HY, 3 SIKOFO MaloTb BUIOTOBMATUCH YaBYHHI BCTaBKW ANs
kornodok. B 3asHayeHux TY HagaHO nulle nocunaHHsA
Ha mixgepxasHui ctaHgapt TOCT 1412-85 «YyryH ¢
nnacTuH4aTbiM rpacdomMToM ANs OTNIMBOKY, BIAMOBIAHO A0
BUMOT SIKOTO MOBUWHHI BUTOTOBIATUCS Lii YaBYHHi BCTaBKM.

3pasy X 3ayBaxummo, WO HUWHI B YkpaiHi gie Hauio-
HanbHWi ctaHgapT Ykpainm ACTY 8833:2019 «Bunusku
i3 ciporo 4aByHy 3 mnacTMHYacTum rpacditom (3aranbHi
TEXHiYHI YMOBW)», AKMIA BKItodae mapku vyaByHy 3 FTOCT
1412-85 Ta [OOATKOBO BBOAMTL e OOHY Mapky 4aBy-
Hy CHA400. B 3a3HayeHnx cTaHgapTax y Mapui YaByHy
nepwi 6yksn CY o3HavatoTb cipuii YaByH. Lindposa no-
3Ha4yka BKA3ye Ha BENUYMHY MiHiManbHOI MILUHOCTI nifg

yac posTaryBaHHs o, H/mm? srigHo 3 ICTY 8833:2019,
i krc/mm? BignosigHo go MOCT 1412-85. Mapka 4aByHy
CYA o3Ha4ae 1noro MikponeryBaHHs1 a30TOM.

Migkpecnumo, Wo y BULLEHA3BAHUX TEXHIYHUX yMO-
Bax Ha KOMMO3WLiVHI KONOAKN 3 YaBYHHUMW BCTaBKamu
He BKa3aHO KOHKPETHO 3 YaByHy SKOi MapKu MarTb BU-
rotoBnaTUcA Ui Bctasku. [Nputomy, wo B FOCT 1412-85
npegcTaBneHo AeB'aTb Mapok YaByHy Big CH10 (CY100)
po CY35 (CY350). B ACTY 8833:2019 — cim mapok ya-
ByHy Big CY100 go CHA400. | yaByH KOXHOI Mapkn Mae
CBIill KOHKPETHUIN XiMiYHWI CKrag, CBOi 0COBNMBI MiKpo-
CTPYKTYPY, MExXaHidHi Ta iHwWi BnactueocTi. Ha npesenu-
KWW XKanb, HIKOMY HEBIOOMO, KU XiMIYHMI CKNag i MiKpo-
CTPYKTYpY NOBMHEH MaTu YaByH LMX BCTABOK BignoOBigHO
0o TY Ha KOMMNO3MLiiHI KONOAKM 3 YaBYHHUMW BCTaBKa-
MU, HeBiAOMO TakoX, IKUM YMHOM i KUM KOHTPOMOKTLCH
NoKasHWKM BNacTUBOCTEN YaBYHHUX BCTaBOK. Bce 3a3Ha-
YeHe Npu3BOAUTb A0 Pi3HUX kKoediLieHTIB TepTH i 3HOCOC-
TINKOCTi YaBYHHMX BCTABOK B KOMMO3ULIAHMX KOMOAKax
i 3aranoM OO HEKOHTPOSIbOBAHOI SIKOCTI KOMMO3ULIINHNX
3 YaByHHMMW BCTaBKamMu Konopok. HectabinbHocTi me-
XaHiYHMX BNaCTMBOCTEN, koedilieHTa TepTs, 3HOCOCTIN-
KOCTi KOMMO3ULIMHNX ranbMOBUX KOMOAOK € Heaomnikom,
no3baBnUTMCA SKOro MOXHa i HEOOXiAHO LNSAXOM perna-
MeHTaUii BifCOTKOBOrO BMICTY KOMMOHEHTIB KOMMO3MLii-
HOro matepiany, iX XiMiYHOro cknagy B TEXHIYHUX YMOBaXx
Ha KOMOAKK, a TaKOX XiMiYHOro Cknagy Ta BracTUBOCTEN
YaByHHMX BCTaBOK. Po3rnsaHemMo Le nuTaHHS Ha npuknagi
aHanisy 3aranbH1X TeXHIYHMX BUMOT OO BUNMBKIB i3 Cipo-
ro YaByHy 3 NNacTMHYacTUM rpaditom.

XiMiyHUW cknag YaByHy 3 nnacTuH4acTum rpaditom,
pekomeHgoBanui B ACTY 8833:2019, npeacrasneHo B
Tabn. 1.

Ak 6a4unMmMo, MapkM YaByHy, IO HaBegeHi B Tabn. 1,
HaBINbLUOK MIPOK BiAPI3HAKTLCA BMICTOM BYrneuto i
KpeMmHito. BogHouvac 3 nepexogom Big CH100 go CHA400
mMacosi vactkn C i Si y cknagi YaByHy 3MEHLUYIOTbCH,
yactka Mn (%) 36inbwyetbesa Big 0,5...0,8 y 4yaByHax
C4100, CY150, CHA400 go 0,7...1,0 y CH200, CH300
i o 0,7...1,1 y yaByHi CY350. panunui (He BinbLue Hix)
BMICTY dpoccopy Maimke He 3MiHTbea. Jonyctuve
3Ha4yeHHs (He BinbLue HiX) CIpKM 3MeHLLYyeTbCca npw nig-
BULLEHHI MiHIManbHOI rpaHuLi MiLHOCTI YaByHY B NIUTOMY
cTaHi. 3a3HavyeHa iHhopmaLis € 0bMexeHo | HegocTaT-
HBbOK ANA LUMPLUMX BUCHOBKIB LLIOAO 3B'A3KY TBEPAOCTI
Ta iHWMX NOKa3HWUKIB BNACTMBOCTEN YaByHY 3 MacOBMMM
YacTKkamMu eneMeHTIB y noro cknagi. Tomy gnsi nocu-
NeHHs iHPOpPMAaTUBHOCTI AaHux Tabn. 1 npoaHanizyemo
3B'A3KM PI3NYHNX | MEXaHIYHMX BNacTMBOCTEN YaByHY 3
BYIMELEeBMM €eKBiBaneHTOM i CTyneHeM eBTEeKTUYHOCTI
Moro XiMi4HOro cknagy.

Byrneuesuit eksiBaneHT C_ _ XiMi4HOro cknagy vasy-
Hy po3paxoByBanu 3a (popMyrio:

CEKB =C +0,3Si +0,33P -0,15Mn + 0,26S, (1)

BMKOPMCTOBYIOYM HaBeAeHi B Tabn. 1 gaHi woao macoBoi
yactkn (%) enemeHTiB y 4aByHi. [1pn BM3HAYEHHI Mak-
CMManbHOI BENn4YMHKU ByrneueBoro eksiBaneHTa Cqg max
BMicT Mn npuimanu MiHiManbHMM, OCKIfTbKWU NOro BMMB
Ha BenuuuHy C_  3rigHo 3 copmyroto (1) HeraTUBHWIA.

ISSN 2077-1304. Met. lite Ukr., vol. 31, 2023. Ne2 (333) 43



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

PekomeHaoBaHMIM XiMiYHUIM CKNap YaByHY 3 nnacTMH4YacTum rpaditom BignoeiaHo go ACTY 883175-?26(1)7:’9”;' 1
MacoBa yacTka enemeHTa, %
Mapka yaByHy P S
C Si Mn
He GinbLue Hix
C4100 3,5...3,7 2,2..2,6 0,5...0,8 0,3 0,15
CY150 3,5...3,7 2,0..24 0,5...0,8 0,2 0,15
C4y200 3,3...3,5 14..2,4 0,7..1,0 0,2 0,15
CY250 3,2..34 1,4...2,2 0,7...1,0 0,2 0,15
C4300 3,0...3,2 1,3...1,9 0,7..1,0 0,2 0,12
C4350 29...3,0 1,2...1,5 0,7..11 0,2 0,12
CYA400 2,7..29 1,3...1,6 0,5...0,8 0,1 0,10

Mpn BM3HaYeHHiI MiHiManbHOI BeNMUYNHN Cgg max BMICT
Mn npunimann makcumansHum. ®opmyna (1) Gyna 3a-
CTOCOBaHa K Taka, WO 4acTO BUKOPUCTOBYETLCHA B MO-
[ibHMX pgocnigkeHHsx. B Hawwux poboTtax [5, 8, 15] no-
kasaHo, Wo yci Bigomi opmynu Ans pospaxyHky C_
YaByHiB AaloTb 6NM3bKi pesynsraTtu.

CTyniHb €BTEKTUYHOCTI YaByHy, Sika 3Ha4YHOK MipOI0
BM3HAYa€e NMUBApPHi XapakTepPUCTUKN YaByHY i MeXaHiYHi
BMacTUBOCTI YaByHHUX Bupobis [1, 3, 13, 18] Ta iH., pos-
paxoByBanu 3a dopmynoto (2):

B

S, =C/[43-03(Si+P),

e

)

ne C, Si, P — BigcoTkoBMiA BMICT BYIMeL0, KPEMHIto,
ocopy B YaByHi.

B Hawin pob6orTi [15] po3rnsHyTi pisHi dhopmynu ans
pospaxyHky S__ 4aByHy. [loka3aHo, Lo KoedilieHTu
nepeg 3Ha4eHHAMU BMICTY XiMIYHUX €NeMeHTIB y ckragi
YaByHy B YCiX BigomMux popmynax npnbnusHo ogHaKkoBsi.

Pesynbtatv po3paxyHKiB  BENWYMHU  BYINELEBOrO
eKBiBanieHTa i CTyneHs1 eBTEKTUYHOCTI YaByHy 3 nnac-
TMHYaCTUM rpadiToOM pi3HUX MapoK npeacTaBneHi B
Tabn. 2 pasom i3 nokasHMKamu iX TBepgocCTi i koediLli-
€HTa TennonpoBigHOCTI. TBepaiCTb € OgHUM i3 iHOUKa-
TOpPIB PPUKLINHNX XapakTepmucTuk YasyHy [18-19] Ta iH.,
30KpemMa YaBYHHUX rarnbMOBMX KONOAOK 3ani3HWYHOro
TpaHcnopTy. 3Ha4yeHHs koediuieHTa TennonpoBiAHOCTI
YaByHiB B Tabn. 2 Bka3yloTb Ha Te, L0 YaBYHHi BCTaBKU
3aCTOCOBYIOTb ANS NOKPaLLEHHs BigBody Tenna B ranb-
MOBMX KOIogKax 3 KOMMO3MLUiNHOro marepiany. 3anex-

Tabnuus 2

MokasHuku Byrneuesoro ekeiBaneHta C_ , cTyneHs eBTekTu4HocTi S__, TBepaocTi HB, koediuieHTa Tenno-

NpPoBiAHOCTI YaBYHIB 3 NnacTMH4YacTum rpaditom 3rigHo 3 [ACTY 8833:2019

Mapka yaByHy CYA400 CY350 CY300 CY250 CY200 CYy150 CY100
J— 3,03 3,19 3,34 3,58 3,68 4,09 4,18
ke max’ 70 3,36 3,44 3,76 4,06 4,22 4,45 4,54
Teepaictb HB, He GinbLu Hixx 245 229 197 187 170 163 156
285 270 250 238 216 201 185
5°§g";8‘ffg EeT';?:'_“ﬁ’(c)’Bm”°°Ti’ 38 42 46 50 54 59 60
_eKBi, % 3,20 3,22 3,33 3,90 3,94 4,14 4,25
S Coray % 0,098 0,052 0,099 0,103 0,099 0,103 0,105
Va Coxs’ % 0,031 0,016 0,030 0,026 0,025 0,029 0,025
gean 0,741 0,759 0,813 0,897 0,929 0,975 0,976
O Seer, 0,026 0,013 0,026 0,027 0,027 0,027 0,026
Va Sest. 0,035 0,017 0,032 0,030 0,029 0,028 0,027
Mpumitka. [o3Ha4yeHo: c s - cepeaHi BeMYNHU BYIJIELLEBOr0 €KBIBaneHTa | CTyneHss €BTEKTUYHOCTI 4YaBYyHIB, PO3PaxoBaHNX

eks/ esT;
/imoBipHicHum meTofom MoHTe-Kapno; g, Csyyr —
1 —_ 1

cepeaHi ksagpatnyHi sigxunexHs; Vac,,., Vas, . —
1 1

koeiuieHTn Bapiauii unx

MOKa3HuKIB, Vacwl = GCEKB,' / CeKB,-’ VaseﬁTl_ = GSEBTI_ / SeBT,-' KinbkicTb BapiaHTiB po3paxyHKiB meToaoM MoHTe-Kapsio KOXHOro rnokasHvika ckna-

nana 1000. B uncenbHuky — 1BEpAiCTL HB YaByHy npuv TOBLUWHI BU/IMBKa He biniblue 50 MM; B 3HAMEHHUKY — rpu TOBLUMHI He BinbLue 30 MM.
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HICTb KoedilieHTa TennonpoBiAHOCTI YaByHy Big MOro
XiMiYHOro cknagy Mae€ BenbMW CYTTEBE 3HAYEHHS Mpu
BMOOpPI MapKM YaByHy AN KONOAOK.

B Hawwnx pob6otax [8, 15] Ha niacTaBi maTepianis go-
cnigpkeHb XiMiYHOrO CKMnagy i BNacTMBOCTEN YaByHy, 3
SIKOro BUrOTOBMISAIOTb ranbMOBi KONOAKW, PEKOMEHA0BaHO
AN NOCUIEHHS iHDOPMAaTUBHOCTI NOKa3HMKIB SKOCTI 3a-
3HaYeHMX Ta iHWMX NIBapHMX BUPOBIB BUKOPUCTOBYBATH
NMOBIpHiCHWUI niaxia, metog MoHTe-Kapno i cTaTucTuyHi
napamMeTpu po3noginiB BENWYUH BYIMELEBOr0 ekBiBa-
NneHTa Ta CTyneHs eBTEKTMYHOCTI. B Tabn. 2 HaBeaeHo
OaHi Woao cepedHix 3HavyeHb, cepefHix KBaapaTU4HMX
BiOXMNeHb i koedilieHTiB Bapiauii BENWMYMH Byrneuesoro
eKBiBaneHTa i CTyneHs eBTEKTUYHOCTI YaBYyHiB, XiMiYHUI
CKnag siknx HaseaeHo B Tabn. 1. Po3paxyHku BUKOHaNu 3
BUKOPUCTaHHAM MeTogy MoHTe-Kapno i npunyLeHHsm,
LLIO PO3MOAiNn BMICTY KOXXHOTO eneMeHTa B Mexax Aonyc-
TMMOIO Aiana3oHy MOro BEMWYUH BignoBigae HopManb-
HOMY 3akoHy [aycca.

Pesynbratu, HaBegeHi B Tabn. 2, cBigyatb, WO Mak-
CUManbHi BENNYMHU i MiHIManbHi BENNUYMHU BYTNELEBOro
eKBiBaneHTa, po3paxoBaHoro 3a opmynoto (1), ana ya-
BYHIB Pi3HMX MapoK CyTTEBO pi3HATbCA. Hanpuknag, ans
yaByHy CH100 maemo Cgg max = 4,543, gna CH350 —
Ces max = 3,4422 i Cgg min = 3,1922 BigcotkiB. OTpu-
MaHi BENUYMHN CBigYaThb, WO Aiana3oH MOXIIMBUX 3Ha-
YeHb BYIMELEBOro ekBiBaneHTa YaByHiB, nepegbadyeHmnx
y ACTY 8833:2019 i FTOCT 1412-85, 3rigHO 3 iX Ximiy-
HUM CKnagom Henpunyctumo wwupokun (Big 3,1922 go
4,543). 3a Takoi ymosu TBepgictb HB yasyHy CY100
npu ToBWWUHI 50 MM B CTiHKax BUNUBKIB Mae cknagatu
He Binble 156, yaByHy CH350 — He GinbLie 229. To6To
Aiana3oH MOXNMBMX i AOMYCTUMUX TEXHIYHUMW yMOBaMM
BeNnu4yMH TBepgocTi HB yaByHHUX BCTaBOK B raribMOBMX
Korogkax 3 KOMMno3uuinHoOro matepiany (rymocymilui) gy-
Xe wupokun. BogHovac ansa yasyHy CH350 koediuieHT
TennonposigHocTi A gopisHioe 42 B1/(m-K), ana C4100
— 60 B1/(m-K) (Tabn. 2).

Taknm YnmHOM, B TeXHiYHMX ymMOBax Ha ranbMOBi KO-
NOAKN KOMMO3WULiNHI 3 YaByHHMMM BCTaBKaMKn anpiopi
nepegbayeHa MOXNMBICTb i AOMYCTUMICTb BMCOKOI He-
CTabinbHOCTI I3NYHUX | MexaHiYHMX BMacTMBOCTEN Ta
eKkcnnyarauinHMX xapakTepucTuk (TBepaocCTi, koedilieH-
Ta TepTs, 3HOCOCTINKOCTi) YaByHHMX BCTaBOK i, BigNoBia-
HO, N 3a3Ha4YE€HMX KONMOJOK B LiNoMy. AKLIEHTYEMO yBary,
Lo TBEPAiCTb i kKoedilieHT TENNONPOBIAHOCTI, 30Kpema
yasyHiB CH100 i CY350, pi3HATbCA NpMBAM3HO Yy NiBTO-
pa pasa (Tabn. 2). lNpn ubOMy Haragaemo, Lo YaBYHHI
BCTaBKM Yy maTepiani KOMMO3ULNHUX ranbMOBUX KOIo-
[OK nepenbayeHi Ans nokpalleHHsa BigBogy Tenna Big
KONOoA0oK 3 METO MNiABULLEHHSI 3HOCOCTIMKOCTI 1 cTabinb-
HOCTi koedilieHTiB TepTa KONogoK No poboyii MoBepXHi
Kormic mig yac ranbmMyBaHHS pyxoMux 3acobis.

AHani3 gaHux, HaBegeHux y Tabn. 2, NpM3BOANTb LLE
00 psgy A04aTKOBUX BMCHOBKIB | KOMeHTapiB. Tak, y BU-
pobHuYin NpakTuui nueBapHi BMpobu 3 YyaByHy, B TOMY
YNCNi YaBYHHI ranbMOBI KONMOOKM YK YaBYHHI BCTaBKKU OO
ranbMOBMX KOMOAOK 3 KOMMNO3MLiMHOTO martepiany (rymo-
CyMilli), MaloTb KOHKPETHWUWA, OQHO3HAYHWA BMICT KOX-
HOro ernemeHTa y xiMmiyHOMY cknagi. Tomy Byrneuesui
€KBiBaneHT XiMi4HOro CKnagy 4aByHY, 3 SIKOrO BUIOTOB-

NeHO KOHKPETHI BUpoOM, getani, BU3HA4YaeTbCa OOHIE
KOHKPETHOK BENMYMHOK. AHanNoriYHMi BUCHOBOK Bifd-
HOCUTbCA M OO CTYMNEHA eBTEKTUYHOCTI YaByHy. BusHa-
YeHi MeTogamMun CTaTUCTUKU Adiana3oHu po3Kuay BMICTY
XiMIYHMX eNeMeHTIB y CKknagi YaByHY, MOro XiMi4HOro ex-
BiBaneHTa 4M CTyNeHs eBTEeKTUYHOCTI XapaKTepusyoTb
CTabinbHICTb UMX MOKa3HMKIB B Mexax napTil (napTin)
0OHaKoBUWX NuBapHux BuUpobis [4-5, 14]. CtaHgapTy, 30-
kpema NOCT 1412-85 ta OCTY 8833:2019, (Tabn. 1),
i TEXHIYHI YMOBU, B SKMX peErnamMeHTOBaHO AOMyCTUMI
AdianasoHun, MakcMMarbHi i MiHiManbHi BEMMYUHN BMICTY
XiMIYHMX erneMeHTIB y YaByHi, (PakTU4YHO BU3HaYaloTh i
AianasoHu Ta MiHiMarnbHi, MakCuMarbHi 3Ha4eHHS Byrne-
LeBOr0 eKkBiBaneHTa Ta CTyNeHs €BTEKTUYHOCTI YaByHY
(Tabn. 2). Ane pearnbHO B NPaKTU4HIN OiSnbHOCTI nMBap-
HUX NIGNPUEMCTB BMICT KOXHOMO XiMiYHOro ernemeHTa y
CKrafi YaByHy € BEMUYMHOK BMNAAKOBOK i HE3AMEXHO
BiJ BENMYUHM BMICTY iHLUMX ENEeMEeHTIB B Mexax diana-
30HIB, OKpecneHux B cTaHgaptax [5]. Came Tomy pearnb-
Hi CTATUCTMYHI MOKA3HWKM i AianasoHn po3KMAy BENUYMH
Cewsl Sesr 40T Pe3ynbTaTh IX PpO3paxyHKy Npu MMoBip-
HiCHOMY nigxodi 40 BUBOPY BENUYMHU BMICTY KOXHOIO
enemeHTa 3 BU3Ha4YeHUX CTaHgapToMm dianasoHis (Tabn.
2). MNpurAHATTA B NepwoMy HabmvbkeHHi rinotesn, Lo
po3nodin BMICTy eneMeHTiB NignopsaKkoBYETLCA 3aKOHY
laycca, cnig BBaXaTu NpaBOMIPHMM, OCKIfNIbKW HiSIKUX 3a-
CTepexeHb 3 LbOro NpvBOA4y B CTaHAapTax Ha Npoayk-
Lito, WO po3rmsaaaeTbes, He HaBedeHo. _

3rigHo 3 AaHUMK Tabn. 2 cepefHi 3Ha4eHHs Ceyg BYT-
neueBoro ekeiBaneHTa, pospaxoBaHi merogqoMm MoHTe-
Kaprno, cyBopo Kaxy4u, He crniBnagalTb 3 cepeguHoro
AianasoHiB Bif Ceyg min 8O Ceys max- Al LS pi3HMLSA HE3Ha-
YHa. AKWO BBaXaTu, WO MOXMIMBUIM AianasoH po3kugy
Ces OOPIBHIOE LLECTW BENWYMHAM CepeaHbOro Keagpa-
TUYHOTO BiAXMNEHHS 66Ceg, TO LieW Aiana3oH Ceys AELLO
LUMPLUWA, HiX Pi3HNUA MK Cog max | Cexa min- HaVIMeHLINI
koediuieHT Bapiauii Vace Mae yaByH CH350. [lo peui,
yaByH mMapku CY350 srigHo i3 ACTY 8833:2019 nepea-
Bavae meHwwni gianasoH TBepaocTi HB (Big 229 go 270),
Hi>X YaByHM mapok CY300, CHY250, CH200. lNcTtorpamu
PO3NOAINY BENUYMH BYINELEBOrO EKBiBaNeHTa XiMidHOro
cknagy 4YaByHy mapok CH100 i CH350, po3paxoBaHux 3
BUKOPUCTaHHAM MeTogy MoHTe-Kapno ans ymos Bunag-
KoBMX 3Ha4yeHb BMicTy C, Si, Mn, P, S B mexax giana-
30HIB LMX eNeMeHTIB Y CKnai YaByHy, npeacTaBrieHi Ha
puc. 1. Fictorpamu Ha LbOMY PUCYHKY HAO4YHO iNHOCTPY-
I0Tb pe3ynsTaTv po3paxyHkiB, HaBegeHuX y Tabn. 2.

Ha puc. 2 npepcraeneHo 3anexHocti TBepgocti HB
i KoedpiuieHTiB TennonposigHocTi A, 3a 20 °C, B1/(m - K)
yaByHiB mapok CH100...CHA400 Big ix ByrneLeBoro eksi-
BaneHTa C__, pO3paxoBaHoro 3a AaHnMm XiMi4HOro ckra-
Ay nnactuMHyacToro 4aeyHy 3rigHo 3 [ACTY 8833:2019
(tabn. 1i 2). Ak 6aunmo, npwu 36inbeHHi BennunHn Cg,q
TBepaicTb HB YaByHy MOHOTOHHO 3MeHLyeTbes. B Ton
e Yac BaXKnMBO 3a3HayMTW, WO OAHaKOBY TBEPAICTb
MOXYTb MaTu BUNMBKWN 3 OOHIEI0 TOBLUWHOIO CTiHKMW, ane
npv CyTTEBIN Pi3HULI MK MiHIManbHOK Ceyg min | MAKCK-
ManbHOW Cgyg max BENMMYMHAMM BYIMELEBOrO eKBiBaneH-
Ta. lHakwe kaxy4u, TBepaicTb HB yaByHiB MOXxe cyTTEBO
Pi3HUTMCA MpPU OOQHAKOBOMY BYrMeLEeBOMY €eKBiBaneHTi
ix ximiyHoro cknagy. Lli gaHi kopenoTb 3 BUCHOBKaMM
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BenuuuHa Cews, %

m lcTorpamum po3noainy BeNMYuH ByrneLeBoro ekeBisaneHTa y yaBsyHax mapok CH100 i CH350, pospaxoBaHi metogom MoHTe-
Kapno ans BMmicTy xiMmiyHMXx enemMeHTIB y YaByHax, nepeabavennxy FOCT 1412-851a CTY 8833:2019 (1abn. 1). KinbkicTb BapiaHTis
XiMIYHOrO CKnagy KOXHOro 4YaByHy Mpu po3paxyHkax napameTpiB ix po3noginis gopisHoBano 1000. MosHaveHo: a — CY100;

6 — CY4350
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m 3anexHicTb TBepaocTi HB i koediuieHTiB TennonposigHocTi A, 3a 20 °C, Bt/(m - K) yaByHis C4100...CHA400 Big ix Byrne-
ueBoro ekBiBaneHTa Cqyp. [03HaYEHO: Ceoyg max — NPV MaKCMManbHOMY 3HaYEeHHi ByrneueBoro ekBiBaneHTa; Cog min — MPU MiHi-
ManbHoMy; umudpoto 1 — BenuunHn TBepgocTi HB npum TOBLUMHI CTiHKM BUnuBKa He Binblie 50 MM; undpoto 2 — npu TOBLUMHI He
Ginbwe 30 mv; @i A — TBepaicTb HB BiAHOCHO Ceyg min; B | X — BiGHOCHO Ceys max: ¥i @ — 1 BigHOCHO Ceys max | Cexs min

[OCniopKeHb, HABEAEHUX B HalmMx cTatTax [5, 8, 15 ta
iH.] Ta NpoaHanizoBaHMx Nybnikauisix iHWKX aBTopIB, B
SKUX CTBEPLKYETbCS, WO Y BY3bKOMY AianasoHi pos-
kngy BenuunH Cg,; 3anexHictb TBepaocTi HB Big Ceyg,
K MpaBuno, He MposBnsieTbCA. Ane BignNoBigHO [0
OCTY 8833:2019 TeHaeHUjist 3MeHLeHHs TBepaocTi HB
YaByHy Npwu 36inbLUEHHI BYrneueBoro ekBiBaneHTa mno-
ro xiMmiyHoro cknagy (puc. 2) moxe matu micue (aus.
puc. 3 y cTaTTi [8] 3 nocunaHHAM Ha aBTopa ancepTauii
[20]).

Ha puc. 2 nokasaHo, Wwo KoedilieHT Tennonposia-
HOCTi A 30iNblUYETbCS MPU NiABULLEHHI BEMWYUHN BYr-
NeueBoro ekeiBaneHTa XiMiYHOro cknagy YaByHy. Buule
Oyno 3asHayeHo, Lo 3a paxyHOK OCHALLEHHS YaByHHU-
MW BCTaBKaMu ranbMOBUX KOMMO3ULIMHMX KONOAOK iX
BUPOOHMKM HamaralTbCa 3HU3NTU TeMMepaTypy B 30Hi
KOHTaKTy ranbMOBMX KOMOAOK 3 Kofecamm TPaHCMOPTHMX
3acobiB. Kpusi A (Cg,s) Ha puc. 2 NOKa3ywoThb, WO Tenso-
NPOBIAHICTb YaByHY 3 NNacTMHYacTUM rpadiTomM CUbHO
3aneXuTb Bif NOro BYrMeELEBOro eksiBaneHTa.
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B ctatTax [17, 12] 3anponoHoBaHa Tesa, WO YMOBHO
Ha3BaHMN «CymMapHUM» KoedilieHT TepTs i BignoBigHo
«CyMapHa» curna TepTsa BU3Ha4valTbCcs 3a hopMynamu:

@5 = (pKSK + (pqsq’ TZ = Ps* P= ((PKSK * (p‘-IS‘-I) P, (3)
ae ¢, ¢y, ¢ — KoediuieHTn Tepts; Sy i S, — BiOHOCHI
YaCTKM NNOLLi KOMMO3WLUINHOro martepiany i nnowi yasy-
Hy B KOMMO3WULiMHIA KonoAui 3 YaByHHUMW BCTaBKamu,
Sy — cymapHa nnowa TepTs ranbMOBOI KONOAKN NO Mo-
BEpXHi Koneca, Sy = S, + S, = 1; Tz — cymapHa cuna
TepTs KOMOAKWM No Korecy; P — cuna TUCKY KOMNOAKWU Ha
Koneco.

OueBnaHoO, WO B rpaHMYHMX BUNagkax, konu S, = 1
i Sy = 0 mae micLe NOBHICTIO YaByHHa Konoaka, npu S, =
=0 i Sy = 1 Konogka MOBHICTIO 3 KOMMO3ULIAHOIO Ma-
Tepiany. TakMMm YMHOM, MOBHICTIO YaByHHa i MOBHICTIO
KOMMNO3MLiHA KONOAKN € rPaHUYHUMN BUNagKammn CTaHy
KOMMO3MLINHNX KONOZOK 3 YaBYHHUMW BCTaBkaMu. Taka
TPaKTOBKA KOHLENTY «KOMMO3WLINHI KONOAKN 3 YaByHHU-
MM BCTaBKkaMu» NPU3BOAMTb A0 BMCHOBKY, LLIO XiMiYHUI
ckrag, MiKpOCTPyKTypa i BMacTUBOCTI YaBYHHUX BCTABOK
B 3a3Ha4YeHUX Komnogkax mMarTb OyTW iAE€HTUYHUMK LM
MoKasHMKam MOBHICTI0O YaBYHHUX KOMOAOK Tuny «My,
«C», «®» BignosigHo go NMOCT 30249-97 uun iHworo no-
AibHoro. [Ina nokpaljaHHA ekcnnyaTauilHUX XapakTte-
PUCTUK KOMMO3ULINHMX KONMOAOK 3 YaByHHUMM BCTaBKa-
MW MOXHa PEKOMEHOYBATW BUIOTOBMATU BCTaBKU, SIK 1
MOBHICTIO YaBYHHi KONOAKW, 3 BUCOKOMILHOIO YaByHY 3
KynenogioHnm (Kynsactum) rpaditom B KOro MikpOCTPYK-
Typi.

B TexHiuHin nitepatypi nybnikauin Wogo pesynsraTis
OOCNIMKEeHb CTYNEeHA €BTEeKTUYHOCTI Sggr YaBYHIB Ha iX
BMacTUBOCTiI 3HAYHO MEHLUE, HiXK cTaTen, NpUCBAYEHMUX
BYINeLeBoOMYy eKBiBaneHTy YaByHiB. [1o BigHOLWEHHIO Ao
YaBYHIB 3 MnacTMH4YacTUM rpad)itom i YaByHiB, NpU3Ha-
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m lMcTorpama posnoginy BenWYMHU CTYMEHA €BTeKTUY-
HocTi YaByHy Mapku CY350 arigHo 3 ACTY 8833:2019, ximiu-
HWI cKNag sikoro npeacTaBneHo y Tabn. 1. KinekicTe BapiaHTiB
Sesr NPV po3paxyHKax MMOBIpHICHUM MeTogoM MoHTe-Kapno
popisHioBano 1000

YeHMX A58 BUTOTOBMNEHHS NMBapHUX BMpo6iB, nowmnpeHa
TOYKa 30py, WO CTyMiHb €BTEKTUYHOCTI YaByHIiB BM3Ha-
Yyae ix mexaHivHi BnactusocTi [1, 18]. Pesynbratu cra-
TUCTUYHUX OOCHIMKEHb CTYNEHs €BTEKTUYHOCTI YaByHiIB
3 nnactuH4yactum rpacitom mapok CH100...CHA400
3rigHo 3 ICTY 8833:2019, BMKOHAHMX i3 3aCTOCYBaHHAM
MMOBIpHICHOro nigxody, npeacraeneHi B 1abn. 2. lMo-
KasaHo, Lo Npu XiMiYHOMY CKragi YaByHIB 3a3HayeHuX
Mapok (Tabn. 1) cepeaHi 3Ha4YEeHHS CTyNeHs iX eBTEKTUY-
HOCTi 3HaxogaTbcAa B gianasoHi 0,741...0,976, cepenHe
KBagpaTuyHe BigxuneHHst gopisHioe 0,026...0,027 gns
YaByHiB ycix Mapok, okpim CH350. KoediuieHT Bapiauii
— Ha TOMY X PiBHi, siK 1 koedilieHT Bapiauii ByrnewueBo-
ro eksisaneHTa. pu LbOMy cepegHe 3Ha4YEeHHS CTYMEeHS
€BTEeKTMYHOCTI, K N1 BENWYUHM BYINELEBOro ekBiBaneH-
Ta, 3MeHwWwyeTbca npu nepexogi Big CH100 go CHA400.

lcTorpamy po3noginy BENUYMHU CTYNEHS €BTEKTUY-
HOCTi YaByHy mapkm CY350 npepgctaBneHo Ha puc. 3.
3asHadeHa rictorpama B UinoMmy nogibHa HaBegeHUM
Ha puc. 1 rictorpamam po3noainy BeNuYMH ByrneLeBoro
ekBiBaneHTa. Ha puc. 4 noka3aHo 3anexHOCTi cepeaHix
3Ha4YeHb BEMNVYWMH BYIMELEeBOro ekBiBaneHTa i CTyneHs
eBTekTU4HOCTI YaByHiB CH100...CHA400 Big rpaHuui ix
MiLHOCTi NpW PO3TAryBaHHi.

Toukn, HaBefeHi Ha puc. 4, 3acBigumnu, WO rpaHnus
YaByHiB 3 NnacTMHYacTUM rpaditom 36inbLyeTbca npu
3MEHLLEHHI BEMWYMH X BYINELEBOro ekBiBarneHTa i cTy-
neHs eBTeKkTUYHOCTI. HaBegeHi B Tabnmusax i Ha pucyH-
Kax AaHi WoAo po3noginy BenvynH BYIneLeBoro ekeiBa-
fneHTa i CTyneHsa eBTEKTUYHOCTI XiMIYHOrO cknagy 4YaBy-
HiB 3 NNacTMH4YacTMM rpaditom HagalTb iHdopMaLito,
HeoOXxigHy Ans BM6opy Mapku YaByHY NPW BUTOTOBMEHHI
nMBapHOI NPOAYKLUIi BigNoBiganbHOro Npu3HaveHHs.
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m 3anexHocTi cepefHiX 3Ha4YeHb BEMWYUH BYINeLEeBO-
ro ekBiBaneHTa Ceyg, i CTYNEHS €BTEKTUYHOCTI Segp, YaBYHIB 3
nnactuHyactum rpacpitom (signosigHo go ACTY 8833:2019)
Bif, rpaHuLi iX MiLHOCTI NpK PO3TAryBaHHi
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BucHoBku

1. ByrneueBuin ekBiBaneHT € HAOYHUM y3aranbHio-
YMM NMOKAa3HMKOM XiMIYHOrO CKnagy i BnacTMBOCTEN 4a-
BYHIB B yMOBax BapiaLii B HUX BMICTY XiMiYHMUX eneMeH-
TiB Yy NOPIBHAHO LUMPOKUX AianasoHax. 3anpornoHOBaHO
METOAOMOri0 BU3HAYEHHS BENMYMHU LIbOro MOKa3HUKa.
PekomeHgoBaHO po3paxoByBaTu BYINeLEBUN ekBiBa-
MNEHT XiMiYHOro CKMagy YaByHIB 3a OAHIEI0 3 MOLWMPEHNX
dopmyn — metogoM MoHTe-Kapno, BMKOPUCTOBYHOUN
MMOBIPHICHUI NiOXi4 NpW BpaxyBaHHiI BMICTY KOXHOMO
enemeHTa y crnnasi.

2. MokasaHo, Lo giana3oHu BMICTY XiMiYHUX eNnemMeH-
TiB y cknagi YaByHy 3 nNnacTMH4YacTum rpad)itom mMapku
CY350 3arigHo 3 Bumoramu [CTY 8833:2019 3abesne-
YyloTb MiHIManbHi Bapiauii ByrneueBoro eksiBaneHTa
cepep YaByHIB iHLUMX MapoK. 3a3HayeHe NOBHOK Mipoto
3abesnedvye nigBuLEHy CTabinbHICTL BNAacTMBOCTEN BU-
pobiB 3 yaByHy Mapku CHY350.

3. MNprHUMNOBUM HEAOMIKOM TEXHIYHMX YMOB Ha rasnb-
MOBI KOMMO3WULiMHI KONMOAKW 3 YaBYHHMMW BCTaBKamu
ONSA 3ani3HUYHOTO TPAaHCMOPTY, AKUN 3BOAUTb TEXHiYHi
YMOBW Ha piBEHb HeneriTMMHOCTI, € BiACYTHICTb perna-
MeHTauii BUMOr A0 BiACOTKOBOrO BMICTY KOMMOHEHTIB
KOMMO3WUINHOT r'yMOCYMiLLi Ta iX XiMiYHOro cknaay, a Ta-

i
‘ "// JITEPATYPA

N

KOX BiACYTHICTb BU3HaAYEHHS i pernameHTaLii Mmapku 4a-
BYHY 0151 BUFOTOBMEHHS 3a3HayeHuXx BCTaBok. [Mokasa-
HO, LLIO MOCUMaHHSA B TEXHIYHNX yMoBax Ha Bumorn FOCT
1412-85 He 3abe3nedye OQHO3HAYHOCTI BUOOPY YaByHY
KOHKPETHOI Mapku Ansi BUTOTOBMIEHHSA YaBYHHWX KOIo-
OOK, npu Tomy, wo 3asHadeHi B FOCT 1412-85 i Bigno-
BigHo B [ICTY 8833:2019 4aByHu 3 neperniky Mapok Big
CY100 go CY350 matoTb CyTTEBO Pi3Hi BNnacTmeocTi. [pwn
YAOCKOHAMNEHHI TEXHIYHMX YMOB Ha Lji ranbMOBi KOMOAKM
HeobXigHO YCYHYTU 3a3HaueHi BMLLE HEOONMIKM.

4. [Ina 3a6e3nevyeHHs NEeriTMMHOCTI TEXHIYHUX YMOB
Ha KOMMO3ULiNHi ranbMOBi KONOAKN 3 YaBYHHUMMW BCTaB-
Kamu ans 3anisHM4YHOro TpaHcnopty, a came TY Y 23.9-
3504674-053:2015, TY VY 30.2-35046274-059:2016 Ta
iHWKX nofibHMX, HEOOXiAHO pernameHTyBaTu B HUX Big-
COTKOBWUW BMICT KOMMOHEHTIB KOMMNO3MLiMHOrO MaTtepia-
ny (rymocymiLli) Ta iX XiMiYHWUIA CKnag, a TakoX XiMiYHWM
cknag, MiKpOCTPYKTYpY, BMacTMBOCTI YaBYHHUX BCTaBOK
LUMSIXOM pernamMeHTaLii KOHKPETHOI MapKku YaByHy 3 ne-
peniky, HasegeHomy B [JCTY 8833:2019 (8 NOCT 1412-
85). [Inda nokpalleHHs ekcnnyaTtauinHUX XapakTepucTmk
ranbMOBMX KOMMO3WLINHMX KONTOAOK 3 YaByHHMMM BCTaB-
Kamy peKkoMeHAOYyeTbCs BCTaBKN BUIOTOBMATU 3 BUCOKO-
MILHOIO YaByHY 3 KynenogioHum (Kynsactum) rpaditom B
MNOro MiKPOCTPYKTYPI.
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Dependence of hardness and other properties of gray iron on its carbon equivalent and
degree of eutecticity

The chemical composition, carbon equivalent and properties of castings from unalloyed and low-alloyed gray irons with lamel-
lar graphite of various grades from C4100 to C4A400 were analyzed in accordance with DSTU 8833:2019. There is a refer-
ence to such castiron in the technical conditions for brake pads made of composite materials (rubber mixtures), in particular,
for the production of cast iron inserts. Other products for railway transport are also made from cast iron C4350, for example,
the friction “Khanin wedge”. It is shown that in industrial batches of the “Khanin wedge”, cast from cast iron C4350, the harad-
ness did not correlate either with the content of elements in the chemical composition of the cast iron, or with the carbon
equivalent due to the narrow range of its values even within the cast iron of the same grade. According to DSTU 8833:2019,
with an increase in the carbon equivalent in the possible regulated range of values (%) from 3.03 to 4.54, the Brinell hard-
ness of HB monotonically decreases by approximately 1.54...1.57, and the coefficient of thermal conductivity increases by
almost one and a half times. Reducing the sulfur content in the chemical composition from 0.20 to 0.05 % of CH350 cast iron
significantly reduces the range of dispersion of the carbon equivalent. The parameters (mean values, mean square deviations
and coefficients of variation) of the carbon equivalent and the degree of eutecticity of the chemical composition of cast irons
with lamellar graphite of brands from C4100 to C4YA400 were determined by means of statistical tests using the Monte Carlo
method. It is shown that due to the significant dispersion of the values of the carbon equivalent of the chemical composition,
hardness, coefficient of thermal conductivity, strength, density, modulus of elasticity, linear shrinkage, heat capacity, coef-
ficient of linear expansion of cast iron with lamellar graphite of grades from C4100 to C4A400 according to DSTU 8833:2019,
it is necessary from the specified list grades of cast iron to determine and regulate in the technical conditions for composite
brake pads a specific grade of cast iron intended for the manufacture of inserts in such pads.

]
Castiron, chemical composition, carbon equivalent, eutectic degree, properties, casting, brake
pads.
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Influence of microstructure parameters of [Al - FeCr] cast
composite material, obtained in the “volume” of foundry
mold using lost-foam casting process, on its mechanical
characteristics

The authors conducted an in-depth analysis of domestic and foreign literary data, as well as formulated and set the goal
of this scientific work. The inoculation of cast Al-based alloy of the AK12 DSTU 2839:1994 with dispersed intermetallic
FeCrin the “volume” of the casting mold (CM) during casting by using of Lost-foam casting (LFC-process) allowed to get
samples of zero-dimensional cast composite material (CCM) of the system [Al — FeCr]. Metallographic analysis (MGA)
showed that the parameters of the microstructure, such as the specific number of c-phase inclusions and its dispersion,
can vary not only along the height of the cast samples, but are also dependent on each other. Mechanical tests of the
obtained material showed that not only the height of the composite casting, but also the parameters of its microstructure
affect the temporary resistance to rupture, relative elongation and hardness on the Brinell scale. The application of MGA
and mechanical tests for the zero-dimensional CCM of the system [Al — FeCr] and, accordingly, for the control casting
showed experimentally what a decrease in the average dispersion of c-phase inclusions from 26.6 um to 57.1 um leads
to the fact that the temporary resistance to rupture and the relative elongation of the investigated composite decrease
from 135 MPa and 2.5 % to 60 MPa and 0.5 %, respectively. At the same time, the increase in the hardness of samples
of the zero-dimensional CCM system [Al — FeCr] from 6.923x10"" GPa to 7.885%10"" GPa on the Brinell scale is a conse-
quence of the fact that the average dispersion of c-phase inclusions in the structure of the studied composite decreases
from 26.6 um to 57.1 um. The results of the conducted research also made it possible to find out that the increase in the
specific number of c-phase inclusions from 63 mm2 to 263 mm is the reason for the increase in the temporary resist-
ance to rupture and the relative elongation of the zero-dimensional CCM of the system [Al — FeCr] from 60 MPa and
0.5 % up to 135 MPa and 2.5 %, respectively. However, the hardness of the composite casting, which was determined
according to the Brinell scale, and under the condition that the specific number of c-phase inclusions in the structure of
the zero-dimensional CCM of the system [Al - FeCr] is in the range given above, as a result decreases from 7.885%10°'
GPa to 6.923%x10" GPa.

Keywords: Al-matrix, FeCr, c-phase, reinforcement, dispersed-filled gasmodel, intermetallic reinforcing phase,
composite casting, composite strengthening, lost-foam casting (LFC-process), cast composite material of [Al —
FeCr] system, metallographic analysis, mechanical trials, mechanical properties, microstructure.
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ntroduction. The needs of modern industrial produc-

tion and the rapid dynamics of scientific and techni-

cal progress present the main prospects for the use

of composite materials (CM). Information on the use
of dispersion-reinforced alumino-matrix CM in domes-
tic and foreign developments, analysis of scientific and
technical and patent literature show that to date, certain
experience has been accumulated in the use of the CM
system “Al-alloys — refractory, heat-resistant, hard parts”
in tribotechnics. The development of alumino-matrix CM
is the very important for aviation and rocket engineering
(skinning, spars, panels, etc.). In space technology, these
materials are used for components of power structures
that heat up during operation. In the automotive industry,
it is used to lighten bodies, frames, bumpers, etc. In civil
construction, these are spans of bridges, elements of
prefabricated structures of high-rise buildings, etc. The
filler in the form of reinforcing elements in the bars of CM
volume is distributed uniformly or uniformly with a given
gradient in the entire cross-section of the Me-matrix. A
wide variety of components are chosen as the reinforc-
ing phase (RP): molybdenum, vanadium, aluminum ox-
ide, graphite, borides, carbides, nitrides, carbonitrides,
and the like. Wide prospects open up for non-metallic
oxygen-free refractory compounds such as carbides and
nitrides of boron and silicon, as well as solid refractory
oxides of aluminum, zirconium and other metals; sitals,
intermetallics, various chemical compounds and ceram-
ics [1]. The RP can be presented in the form of sheets or
fibers, in which case the CM is anisotropic (two- or one-
dimensional, respectively), or in the form of dispersed
particles, in which case it is isotropic (zero-dimensional).
Highly dispersed particles of the other component are
uniformly distributed in the Al-matrix, as a result of which
an isotropic structure is formed, which effectively resists
plastic deformation.

The cast aluminum alloys (Al-alloys) have become
widespread in almost all branches of the national econ-
omy, and in aviation and rocketry these alloys play an
extremely important role [2]. This was already mentioned
earlier. This became possible at a successful combina-
tion of high specific strength with good technological and
casting properties [3]. However, the low hardness and
wear resistance of Al-alloys limit their use in engineering
for the production of parts that work in friction nodes and
abrasive wear conditions [2-4].

Analysis of literary data and the purpose of the
work. To date, a number of technological methods and
techniques for improving Al-alloys are known [2-26], in
particular foundry ones [2-4, 6, 8-22, 24, 26], among
which their reinforcement (composite strengthening) oc-
cupies a central place [2, 4, 6, 8, 10, 12, 14-22, 24, 26].
The CCM, obtained on the basis of these alloys, have
an optimal microstructure, as well as high hardness and
wear resistance [2, 4, 6, 8, 10, 12, 14-22, 24]. However,
the dependence of the mechanical characteristics of
CCM, in particular zero-dimensional, which were ob-
tained in the “volume” of the CM according to the LFC-
process, on the parameters of its microstructure, has
not been studied to a sufficient extent. The service and
operational properties of zero-dimensional CCM system

[Al — RP] (reinforcing phase — RP) directly depend on
this, which will be discussed further.

However, traditional casting methods do not provide
composite castings with high dimensional accuracy and
minimal allowances for mechanical processing [4, 15,
17]. The most promising method for the production of Al-
matrix zero-dimensional CCM’s is the LFC-process [6],
since its main feature is the use of a gasifiable model
(GM), that is, a model that is not removed before filling
the CM with liquid metal, defines the main advantages
of this technological process in comparison with other
methods of casting. In addition, GM can be obtained in
the volume of the press-form (i. e. mold) (PF) from pre-
foamed granular modeling material. These circumstanc-
es made it possible to introduce dispersed additives into
the composition of GM, and thus to solve a two-fold task —
to carry out reinforcing inoculation of the matrix melt [8,
10, 12] in the “volume” of the CM and to carry out the
disposal of dust-like waste from the ferroalloy industry.
Implantation of the RP in the “body” of the GM in practice
is reduced to cold plating of the surface of the foamed
granules of the model material with dispersed ferroalloys
before they are blown or filled into the volume of the PF
[27].

In most cases, expanded polystyrene is used for the
manufacture of GM by the autoclave method. It is ob-
tained by two-stage foaming of polystyrene. The physi-
co-chemistry and technology of the process of industrial
production of polystyrene is described in detail by the
author in the paper [28].

The distribution of dispersed inclusions in the Me-ma-
trix does not change even with a significant increase in
temperature, since these inclusions, being separated by
the matrix itself; almost do not agglomerate due to diffu-
sion processes. In CM with a Me-matrix, the advantages
of structural materials on a metallic basis are combined
with the advantages of filler, most often a high-modulus
ceramic or intermetallic one. At the moment, dispersion-
strengthened CM are used in industry based on almost
all alloys of ferrous and non-ferrous metals widely used
in technology. An optimal Me-matrix makes it possible
to implement high characteristics of the original compo-
nents and to form a CM that corresponds to the specific
conditions of its operation. When choosing a Me-matrix,
it is necessary to take into account both the mechanical
and operational properties of CM, as well as the manu-
facturability of the production process of such a material.
In practice, the requirements for CM are reduced not on-
ly to ensuring the necessary mechanical properties, but
also its operational characteristics and reliability, which
is associated with high fracture toughness, should also
be remembered.

Based on these considerations, the goal of this sci-
entific-research work was formulated and set. It consist-
ed of obtaining samples of the zero-dimensional CCM
of the [Al — RP] system, investigating its microstructure
and mechanical properties, and also finding out how and
to what extent do the mechanical characteristics of the
studied CCM depend on the average dispersion and the
specific amount of RP inclusions in the structure of the
composite casting.
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Table 1
Chemical composition [% (mass fraction)] of the control alloy
Alloying elements (Al — base)
Alloy type
Si Mg Cu Mn Ni Ti Fe Cr
AK12 DSTU 2839:1994 11.002 0.028 1.105 0.370 0.025 0.055 0.500 0.015
DSTU 2839:1994 is the State Standard of Ukraine 2839:1994
Since silumin of the eutectic composition of the AK12 im,-d,-

type has high casting and technological characteris- (d) =L ) (1)
tics [3], samples of the zero-dimensional CCM system 2m

[Al — RP] were obtained on the basis of this commercial-
ly available alloy with dimentionals, mm: length — 100,
width — 10, height — 300. As the RP of the experimental
composite, in this scientific work, a dispersed interme-
tallic FeCr, better known in the alloys of the binary sys-
tem “Iron — Chromium” as the o-phase, was used in the
amount of 10 % of the mass of the control casting. Thus,
in this scientific work, according to the classification [15],
we are talking about the zero-dimensional CCM of the
[Al — FeCr] system, hereinafter referred to as the CCM of
the [Al — FeCr] system.

Research methodology. In order to obtain sam-
ples of the CCM of the [Al — FeCr] system, which were
mentioned earlier, a cast Al-alloy of the AK12 type was
prepared. The test material, the chemical composition of
which (Table 1) is given below, was melted in a crucible
furnace of the “CAT-025-M12” model. The temperature of
the matrix melt is, K: at the outlet from the melting unit
—1053; during mold filling — 1023. Supply of liquid metal
into the “volume” of the CM was carried out from above
into the side wall of the CM to obtain casting. The supply
of liquid metal into the “volume” of the CM was carried
out from top side.

Dispersed intermetallic FeCr was obtained from cast
samples of a high-chromium Fe-based alloy. For this,
the bar material was pre-annealed in a laboratory muffle
furnace of model “CHO-2,5.5.2,5/13,6 11" for the forma-
tion and separation of the o-phase from a solid solution
of Cr in Fe and crushed by laboratory crusher of model
“BibpoTexHik WO-10 6411-00013” and sieved through
sieves. Characteristics of RP: annealing temperature —
1073 K, isothermal exposure time — 3600 s, dispersion —
20 ... 100 um, the shape of the particles is scaly, the une-
venness factoris 2 ... 5. The chemical composition of RP
(Table 2) of the composite casting is presented below.

It was possible to obtain a powder of the specified
dispersion by to sieve analysis. For this, a set of labo-
ratory sieves made of braided wire fabric, regulated by
DSTU EN 233-2:201_ (EN 233-2:1995, IDT), was used.
The average dispersion of c-phase particles was deter-
mined by the formula [29]:

where m. — the mass of the i-th fraction of the powdered
c-phase, kg; d - the arithmetic average of the dispersion
of the o-phase particles in the i-th fraction, x10-° m.

Depending on the size of the particles (dispersity), the
FeCr intermetallic powder, in our case, is, conditionally,
a mixture of powders of 2 incomplete groups [29]. Such
groups are fine powder (10 ... 40 ym) and medium-sized
powder (40 ... 250 ym).

The study of the influence of the height of composite
castings on mechanical characteristics was carried out
according to the original method developed by special-
ists of the Physico-technological Institute of Metals and
Alloys of the NAS of Ukraine [10, 22]. For this, the cast
bars (Table 3) were pre-marked and cut into templates.
From the templates, grindstones for MGA at dimension-
als — 25x10x50 mm and samples for mechanical tests
at dimensionals — 75x10x50 mm were made. The MGA
of the [Al — FeCr] CCM samples and their mechanical
tests were carried out according to standard methods
corresponding to [30, 31]. The method of determining
the microstructure parameters of composite castings is
also regulated by GOST 1778-70. Methodology for de-
termining temporary resistance to rupture and relative
elongation and hardness is corresponds of GOST 1497-
84, 9012-59, 25.503-97. The microstructure of the metal-
lographic sections was etched using a water solution of
a mixture of mineral (inorganic) acids with the following
chemical composition according to [29], % (mass frac-
tion): HF (hydrofluoric acid) — 1.0; HCI (hydrochloric acid)
—1.5; HNO, (nitric acid) — 2.5; H,O (distilled water) — 95.0.

Discussion of the results of the experiment. It has
been experimentally determined that the effectiveness of
the composite strengthening of cast Al-alloys with dis-
persed intermetallic FeCr (in particular for the AK12 type)
is primarily determined by the microstructure of the CCM
system [Al — FeCr], which can be obtained on the basis
of these alloys (this alloy). The criteria for evaluation or
main parameters of the microstructure of a composite
casting are, first of all, the average dispersion and the
specific number of inclusions of intermetallic RP. First of

Table 2
Chemical composition [% (mass fraction)] of the reinforcing phase before reinforcement
Alloying elements and impurities (Fe — base)
Material
Al Cu Mn Ni Ti Cr Mo w
Intermetallic FeCr 0.363 0.147 1.105 0.359 0.297 39.951 0.447 0.930
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Table 3
Microstructure of the CCM system [Al — FeCr] and its mechanical properties
Index Microstructure parameters Index Mechanical characteristics
template D, pm n, mm? template c,, MPa 85 % HB, x10-' GPa
1-b 27.5 195 1-A 120 2.0 7.110
2-b 26.6 263 2-A 135 2.5 6.923
3-b 35.5 184 3-A 110 1.7 7.277
4-b 50.9 074 4-A 075 1.0 7.679
5-b 57.1 063 5-A 060 0.5 7.885
6-b 45.4 068 6-A 090 1.3 7.522
60
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all, the physico-mechanical [10, 14, 22] and special, in
particular, tribotechnical [12, 14, 18] properties of the ob-
tained composite depend on these indicators. This was
already mentioned earlier.

The above conclusions were reached on the basis
of analysis after determining the mechanical characteris-
tics [10, 14, 22] and parameters of the microstructure [2,
8, 16, 18, 20, 22, 24] of the CCM samples of the [Al —
FCr] system, which were carried out in height for com-
posite castings. In order to refute or confirm the hypoth-
esis put forward for discussion, it is necessary to conduct
a series of additional studies. This will make it possible to
find out how and to what extent the average dispersion,
the specific number of inclusions of intermetallic RP af-
fect the temporary resistance to rupture of the material
and the relative elongation and hardness of the CCM of
the [Al — FeCr] system. In the future, in order to predict
the dependence of the mechanical characteristics of the
obtained material on the parameters of its microstruc-
ture, it is advisable to derive empirical equations through
mathematical processing of experimental data, which
will allow to analytically describing the functional relation-
ship of independent factors with certain qualitative and
quantitative indicators.

The results of the experimental data (Table 3) showed
that the average dispersion and the specific number of
inclusions of intermetallic RP not only change along the
height of the composite casting, but are also directly func-
tionally dependent. To reveal its nature, we resorted to a
graphical interpretation of the results of the conducted
experiment (Fig. 1). The analysis showed that the graph-
ic dependence has a power-law character. For example,
an increase in the specific number of FeCr intermetallic
inclusions from 63 mm2 to 263 mm2 is the reason for
an increase in the average dispersion from 53.1 uym to
26.6 pym. Such a phenomenon is a consequence of ther-
mo-physical processes occurring in the process of crys-
tallization during and, accordingly, after filling the volume
of the mold. The processes that take place in the system
“Al-melt — GM — DI — CM” (that is, which we are talking
about) are described in detail by the authors of the re-
search paper [2]. Mathematical processing of the results
of the conducted research made it possible to derive an
empirical equation (R? = 0.9096), which analytically de-
scribes the influence of the specific number of inclusions
of intermetallic RP on its average dispersion in the struc-
ture of the CCM system [Al — FeCr]:
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D =394.7 no%, ()

where R? — approximation reliability value; D — average
dispersity of intermetallic RP, um; n — specific number of
FeCr intermetallic inclusions, mm-=2.

The analysis of the results of the experiment (see
Table 3) made it possible to find out that there is a func-
tional relationship between the parameters of the micro-
structure for composite castings and their mechanical
properties. Graphical interpretation of the array of ex-
perimental data (Fig. 2, 3) showed that this relationship
is of polygonal character. In particular [Fig. 2 (a, b)], a
decrease in the average dispersion of the o-phase in-
clusions from 26.6 uym to 57.1 ym leads to the fact that
the temporary breaking strength and relative elongation
of the investigated composite decrease from 135 MPa
and 2.5 % to 60 MPa and 0.5 %, respectively. Along
with this [see Fig. 2 (c)], the increase in the hardness
of the samples of the zero-dimensional CCM system [Al
— FeCir] from 6,923x10" GPa to 7,885%x10" GPa on the
Brinell scale is a consequence of the fact that the av-
erage dispersion of o-phase inclusions in the structure
of the investigated composite decreases from 26.6 um
to 57.1 uym. The results of the conducted research [see
Fig. 3 (a, b)] also made it possible to find out that the
increase in the specific number of c-phase inclusions
from 63 mm2 to 263 mm2 is the reason for the increase
in the temporary resistance to rupture and the relative
elongation of the zero-dimensional CCM of the system
[Al — FeCr] from 60 MPa and 0.5 % to 135 MPa and
2.5 %, respectively. However [see Fig. 3 (c)], the hard-
ness of the composite casting, which was determined
according to the Brinell scale, and provided that the
specific number of o-phase inclusions in the structure of
the zero-dimensional CCM of the system [Al — FeCr] is
in the range given above, as a result, it decreases from
7,885%10" GPa to 6,923x10" GPa.

At the same time, the examination of fracture of sam-
ples of the studied material after rupture showed that
macrograins of CCM system [Al — FeCr] and control
Al-alloy AK12 type (DSTU 2839:1994) differ from each
other in size and color. In the 1-st case, the studied ma-
terial has a silvery-white coarse-grained macrostruc-
ture, and in the 2-nd — ash-gray fine-grained. Therefore,
a preliminary conclusion is suggested that the color and
granularity of the fracture of the examined casting from
the CCM system [Al — FeCr] is determined by the inter-
metallic RP, which also has a silver-white color, and in
this case, most likely, the fracture of the studied mate-
rial has a brittle intercrystalline nature [32], which can-
not be said about the control cast sample. In addition,
this assumption is also confirmed by the fact that the
temporary resistance to rupture and the relative elon-
gation of the CCM system [Al — FeCr] are lower, and
the hardness is higher than that of the basic Al-alloy of
AK12 type (DSTU 2839:1994). However, for the final
confirmation of this assumption, it is necessary that the
condition of brittle fracture be fulfilled, under which the
destructive stress would be no less than that proposed
by the authors [32]:

o, =AY 3)

ock\/lil

where o, — crack initiation stress, MPa; n — shear modu-
lus, MJ/m?; y — effective crack surface energy, MJ/m?;
o — fraction of dislocation energy, MJ/m; k — proportional-
ity factor (k = const), m®5; | — length of the sliding strip, m.

Mathematical processing of the research results was
reduced to polynomial approximation of the ratios of
physical quantities given in tabular form (see Table 3)
and made it possible to obtain empirical dependences
(R? = 0.9787, 0.967, 0.9824, respectively) of the me-
chanical characteristics of the studied material on the
average dispersion of intermetallic FeCr particles, dis-
tributed in the volume of the composite casting:

GIN-Feol = _1.2.10%D "+ 1.437-10D " -

—7.6636-D + 254.11 (4)
§N-Fecl = 104D " +1.42102D " -
—6.262:10"-D + 11.044 ’ (5)
HByy rooy = 3.0-105D° =3.7:10°D " +
+1.801-10"-D + 4.2925 ’ (6)

as well as the specific number of intermetallic RP in-
clusions o-phases in its structure (R*> = 0.9016, R? =
= 0.8778, R? = 0.907, respectively):

GIN-FeCl = 3.0-10-5° — 1.47-102:n% +
+2.6356:n — 45.278

(7)
§,A~FeCl = 3.0-10:n% + 7.0-10%n + 4.289-10°", (8)

HB[AI—FeCr] =-4.01107-n*+2.0-10*n? -
-3.4-102-n + 9.2426

(9)

where c/*'~Fe¢1 — temporary resistance to rupture for the
CCM system [Al — FeCr], MPa; 5" ~Fe¢1 — relative elon-
gation of the CCM system [Al - FeCr], %; HB,, ., — the
hardness of the CCM system [Al — FeCr] according to the
Brinell scale, kgf/mm?.

This is the influence of the main parameters of micro-
structure on the mechanical properties of the composite
casting can be explained as follows. As the average dis-
persion of intermetallic RP particles decreases, their to-
tal area in the field of the metallographic slide increases,
and the total area of the Al-matrix, accordingly, decreas-
es. This, of course, leads to the fact that the hardness
of the samples from the CCM system [Al — FeCr], deter-
mined according to the Brinell scale, increases some-
what as a result. In particularly, the particles of interme-
tallic FeCr is the as stress concentrators. In other words,
they “cut” and separate the Al-matrix. The lower their av-
erage dispersion, the stronger the effect will be. There-
fore, the relative elongation, and especially the tempo-
rary resistance to rupture of composite castings, will be
significantly reduced. An increase in the specific number
of inclusions of intermetallic RP is possible under the
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condition of a constant concentration of them in the vol-
ume of the studied cast sample. There is a relationship
between the average dispersion and the specific number
of FeCr intermetallic particles, which is clearly shown in
fig. 1. It is described using the empirical equation (2).
The slope of the line of functional dependence indicates
favorable conditions for the appearance of areas with an
increased area of the Al-matrix in the field of the metal-
lographic slide. An increase in the area of the areas, as
a final result, leads to a certain decrease in the hardness
of the CCM system [Al — FeCr] according to the Brinell
scale. At the same time, as the specific number of inclu-
sions of intermetallic RP (which has increased disper-
sion) increases, the Al-matrix of the composite casting
is strengthened due to the inhibition of the movement of
dislocations of highly dispersed FeCr-based inclusions.
These circumstances are the root cause that contributes
to the increase in relative elongation, and first of all, the
temporary resistance to rupture of the samples for CCM
system [Al — FeCr].

Conclusions

With the use of MGA and as a result of mechanical
testing of castings from cast Al-alloy AK12 type (DSTU
2839:1994), reinforced with the help of dispersed-filled
GM with FeCr intermetalide, it was experimentally prov-
en that:

a) there is a functional relationship between the spe-
cific number of inclusions of intermetallic RP in the CCM

<
I/'& JIITEPATYPA

structure of the [Al — FeCr] system and its average dis-
persion, and this relationship is of a power-law nature; for
example, an increase in the specific number of c-phase
inclusions from 63 mm2to 263 mm2 leads to an increase
in its average dispersion from 53.1 um to 26.6 um;

b) as the average dispersion of FeCr intermetallic
particles in the volume of composite castings decreases
from 26.6 ym to 57.1 ym, their Brinell hardness increas-
es from 6.923x10' GPa to 7.885x10' GPa, and the rela-
tive elongation and temporary rupture resistance, on the
other hand, decrease from 2.5 % and 135 MPa to 0.5 %
and 60 MPa, respectively;

¢) an increase in the specific number of inclusions
of intermetallic RP in the structure of cast blanks from
63 mm2to 263 mm leads to a decrease in the hardness
of the CCM [Al — FeCr], determined according to the Bri-
nell scale, from 7.885x10" GPa to 6.923x10"' GPa, as
well as an increase in its relative elongation and an in-
crease in temporary rupture resistance from 0.5 % and
60 MPa to 2.5 % and 135 MPa, respectively;

d) the temporary breaking strength and relative elon-
gation of the composite casting, on average [10], are
16.7 MPa and 1.7 % less than the similar properties of
the cast Al-alloy AK12 type (DSTU 2839:1994), respec-
tively, while the hardness according to the Brinell scale
of the CCM system [Al — FeCr] exceeds the same char-
acteristic of the cast sample from the control alloy by
1.329%10" GPa.
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'®i3uko-mexHonoaiyHul iHcmumym memarnie ma cnnaeie HAH YkpaiHu
(Kuis, Ykpaita)

ZlHecmumym npobnem mamepianosHascmea im. I.M. ®paHuesuya HAH
YkpaiHu (Kuie, YkpaiHa)

Bnnue napameTpiB MiKpOCTPYKTYpPM IMTOr0 KOMNO3MLIIMHOroO MaTepiany cuctemu
[Al - FeCr], oTpumaHOro y «nopoxHuHi» nusapHoi hopmu 3a JIFM-npouecom, Ha noro
MeXaHi4Hi XapaKTepuCTUKM

ABTOpPamMu npoBefeHo MnboKui aHani3d BITYN3HSIHUX Ta 3apyOiKHUX JITeparypHux daHux, a TakoxX CQOpMYy/ib0BaHO i
oCTaBAEHO HUMU METY LiiEi HayKoBO-A0CmiaHOi po6oTtu (HAP). LLnsxom iHOKymoBaHHS inBapHoro Al-crninaBy mapku AK12
ACTY 2839:1994 aucnepcHum iHTepmeTaninom FeCr y “nopoxHuHi” nveapHoi ¢opmu (J1d) npu nutti 3@ moaensimu, LU0
rasngikytoTbcs, (3a JIFM-npouecom) ogepxasu 3pasku Hy/1ibMipHOro INTOro KOMno3uuiviHoro marepiany (JIKM) cuctemu [Al
— FeCr]. 3a nonomoroto metasiorpagiyHoro aHanisy (MIA) 6ysio noBeneHo, Lo napameTpuy MiKpOCTPYKTYPU (MMTOMA KiJlbKiCTb
BKJTIOYEHb G-ba3u Ta ii ANCrnepcHIcTb) 3anexarb OAuH Bif O4HOro. Pe3ynbtatn MexaHidHux BunpobyBaHb AOCLXYBaHOMo
marepiasy nokasaau, L0 Ha MexXaHidHi XapakTepucTuky (TUMHYacoBuUy Onip PO3PUBY, BiAHOCHE BUAOBXEHHS | TBEpAICTb 3a
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Lwkasnor bpiHenns) BnnavBawTe HE JINLLE BUCOTA KOMIO3UTHOIO BUIMBKA, Lo OyJ/10 AOBEAEeHO paHille, a vi napameTpu Horo
MIKPOCTPYKTYpW. 13 3acTtocyBaHHsM MIA Ta B pe3ynbTati MexaHidHux BunpobyBaHb 3paskiB HysbMipHoro JIKM cuctemu [Al
— FeCr] 6yn0 ekcriepyMeHTailbHO 0BEAEHO, L0 3HUXEHHS CepeaHbOoi ANCNEePCHOCTI BKIIOYEeHb c-pasun Bia 26,6 MKM 40
57,1 MKM nipu3BOANTL 4O TOro, WO TUMYaCOBUV Orip PO3PUBY K BIAHOCHE BUAOBXEHHS AOCJIAXYyBaHOIro KOMIIO3UTY
3MmeHLyoTbes Big 135 MIA i 2,5 % ao 60 MIA i 0,5 %, BigrnoBigHO. Pa3om i3 uuM, nigBuLLieHHs TBePAOCTi 3pa3kiB
HynbmipHoro JIKM cuctemu [Al — FeCr] Big 6,923%10° [Tla go 7,885% 10" [Tla 3a wwkasnoto bpiHesnsns € HacaigkoMm Toro, Lo
cepenHsi ANCNePCHICTb BKJIIOYEHb G-(asu B CTRYKTYPI AOCIAXYBAHOIrO KOMMO3UTY 3HUXYETLCS Bif 26,6 MKM 40 57,1 MKM.
Pesynbtatv npoBeaeHvx 4OC/iAXeHb JO3BOJININ TAKOX 3’CyBary, Lo 30i1bLLEHHS] MUTOMOI Ki/lbKOCTi BK/TIOYEHb G-pasu Bif
63 MM2 g0 263 MM € NPUYNHOIO 3POCTaHHSI TUMYaCcOBOIro Onopy PO3PUBY Ta BiIHOCHOIO BUAOBXEHHS HyJibMipHoro JIKM
cuctemu [Al — FeCr] Big 60 Mla ta 0,5 % no 135 Mrla ta 2,5 %, BignosiaHo. poTe, TBEpAICTb KOMMIO3UTHOIO BUINBKA, SIKa
6ys1a BU3Ha4YeHa 3a LKasow bpiHenns, i 3a ymoBu, O NMUTOMA KiJIbKICTb BKJIIOYEHb G-¢a3un B CTPYKTYPI HysibMipHoro JIKM
cuctemu [Al — FeCr] 3HaxoanTbCs y Aiana3oHi, HaBeAeHOMY BULLE, B PE3Y/bTaTi 3HUXYeTbCs Bif 7,885% 107" Tla go 6,923x% 10
"IMa.

Al-matpuus, FeCr, c-¢asa, apMyBaHHs, ANCEPCHO-HarNoBHeHa ra3mMoAesib, iHTepMmeTanigHa
apmyiroya ¢asa, KOMoO3UTHUY BUTMBOK, KOMIO3uUiviHe 3miuHeHHs1, JIFM-npouec, JIKM cucte-
mu [Al — FeCr], meTanorpagiyHnii aHasnia, MexaHidHi BUrpobyBaHHsl, MexaHi4Hi BN1acTUBOCTI,
MIKPOCTPYKTypa.

KnovoBi cnoBa
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HauioHanbHUA TeXHIYHWUIA yHiBepcUTeT YKpaiHn «KUIBCbKWIA MOMITEXHIYHWIA IHCTUTYT iMeHi Irops
Cikopcbkoro» (Kuis, YkpaiHa)

Bnnue yMOB cnikaHHA Ha CTPYKTYPOYTBOPEHHA KOMNO3ULIMHMX
MmarepianiB Ha OCHOBI BONbthpamy

3acTocyBaHHs1 BaXKux CrijiaBiB 3 BOsIbpamMy € HeobXiaHUM 151 6aratbox rasay3ei, OCKislbky Taki criiaBv igeasbHo rig-
XOAsiTb AJ151 PIBHOMAHITHUX BUPOBIB Yepe3 BUCOKY rycTuHy Bosibppamy. OCHOBHOIO rpobs1eMOolt0 rnpy CTBOPEHHI Takmx
crnaaBiB € HEOOXIAHICTb 3aCTOCYBAHHSI BUCOKMX TEMIEPATyp CriikKaHHS, L0 3HA4YHO YCKIaaHIOE TEXHOJION 0 OTPUMAHHS
BOJIbppamoBux crnaasiB. i 3HUXKEHHS TEMNePaTyp CriikaHHs BOJIb¢paMoBux CriiasiB A0 ix CKaaay BBOASTh JIEryoYi
€JIEMEHTU, L0 aKTUBYIOTb MPOLECH CITiKaHHS PV HUXXKYMX TeMnepartypax (Hikesb, 3ani30 1a mMigb). OCHOBHOIO 3343a4€10
rnpuy opmMyBaHHI CTPYKTypu Ta BAaCTUBOCTEN CriiaBiB Ha OCHOBI BOJIbppamy € 3abe3rneqeHHsl yMOB CriikaHHSI B rpu-
CYTHOCTI piaKoi ¢pasu, Lo crpusie yTBOPEHHIO MIiLJHOIro KapKacy B CTPYKTYPI marepiasy 1a BUCOKIV ryCTUHI KOMMIO3UTY.
JlocnigxeHo pi3Hi crnocobn oTpuMaHHS criJlaBiB Ha OCHOBI BOJIbppaMy Ta BUBYEHO BIJINB XiMIYHOrO CKAaAY JEryoumx
£006aBOK Ha YMOBW NpoLecy CrikaHHs. BCTaHOBIEHO BrINB TUCKY NPECYBaHHS Ta A0NPECYBaHHS Ha MOPUCTICTb MPeco-
BOK Ha ocHoBI Bosib¢pamy. lNokasaHo, Lo B giana3oHi Tnckis 200-700 Mla, makcumarsibHe yLisIbHEHHS MOPOLLKY BOJIb-
ppamy BinbysaeTbcs npu Tuckax 500-550 Mlla, wo 3abesneyye nopucTicTb Ha piBHi 35-37 %. lNoka3aHO BiAMIHHICTb
mexaHiamis crniikaHHs cuctem W-Ni Ta W-Fe 3a temneparypun 1350 °C, sika € 4OCTaTHbOIO A1 POXOAXKEHHS piakogpas-
HOro criikaHHs1 3 Hikes1eBOIo 3B ’3K00, Ta € HU3bKOIO [J151 3aJ1i3HOI 3B’3KU.

JocnigxxeHo npouec iHpinbTpawdii nopncToro kapkacy i3 Bosib@dpamMoBOro crisiaBy po3riasoMm Migi, L0 OTPUMAHO i3 Bif-
XoAiB MeTasnoobpobku. BuaHa4eHo yMoBu, L0 3abe3reyyroTh MOBHE MPpOoCoYyBaHHS BOJIbGPamMoBOro kapkacy mMiaar 3a
Temnepatypu 1200 °C i 4o3Bos15II0Tb OTPUMaTH 6e3rnopucTuii maTepiarn.

Pesynbtatn poboTn MOXYTb OYTU BUKOPUCTaHHI Mpyv CTBOPEHHI BUPOBIB Ha OCHOBI BOJIbpamMy 3 BUCOKOIO MATOMOIO
Baroo 1a rycTuHO, B TOMY YMC/i i3 BigxoaiB MeTaio00pobku, L0 3HA4YHO 34ELUEBJIIOE Taki Matepiau.

KmoyoBi cnoBa: rnopoliok, Bo/ibpam, Hikesb, Miab, 3as1i30, NMPECYBaHHS, CrikaHHS, MOPUCTICTb, MPOCOYYBaHHS,
CTPYXKa, 4ONpecyBaHHs, ryCTUHa.
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cmyn. CnnaeBu Ha OCHOBI BOnbdpamy MatTb YHi-
KanbHe MNOEOHAHHSI TYCTUHWU, MEXaHiYHOi MiLHOCTI,

00poOntoBaHOCTI Ta KOPO3INHOI CTINKOCTI, WO [0-

3BOMISiE 3aCTOCOBYBATU IX AMs NPOTMBAT, iHEePLiNHMX
mMac, pagiauiviHoro 3axucty, 6oenpunacis Towo [1]. Wu-
poke KOMo 3acTocyBaHb BONbPamMoBUX ChraBiB Mosic-
HIOETLCS BEMNUKOK NYCTUHO i LIMBHICTIO, WO Habnmxy-
l0TbCs A0 Ynctoro Bonbdpamy (19,3 r/cm®). MaTepianu
Ha OCHOBi BaXXKMX CMMaBiB BWUrOTOBASOTbCA METOAOM
MOPOLLKOBOI MeTanyprii 3 ApibHMX MeTaneBmx NOPOLLKIB
BMCOKO| YNCTOTH, siKi pOpMYIOTb Nig TUCKOM 3 HaJaHHSAM
dopmy, Wo € 6rnm3bkolo OO reoMeTpii KiHLEeBOoro B1po-
Oy. BukopucToBytoun uew nigxig, peanisyeTbCsi EKOHOMIsA
MaTepiany 3a paxyHOK YCYHEHHs1 onepaLii MexaHi4HOoro
06pobneHHs. MpoTe, Hegonikom Takux cnrasiB € HeOO-
XiQHICTb 3aCTOCYBaHHS BMCOKUX TemnepaTyp ChikaHHs,
IO 3HAYHO YCKIAAHKE TEXHOMOri0 X OTPUMaHHA. [ns
3HWKEHHSA TemnepaTyp ChikaHHS BaXKWMX CnnasiB go
iX cknagy BBOOATb Neryodi enemeHTu (Hikenb, 3aniso,
Midb), LLO aKTMBYOTb MpoLecH cnikaHHs npu 6inbLu HU3b-
KMX TemnepaTypHux pexumax [2]. 3aranbHo TeXHOMo-
riYHOK MpPOBNEeMOI0 3aCTOCYBaAHHA aKTUBYHOUMX Mpuca-
[OOK € BenvKa pisHuLUS iX ryCTUHM NOPIBHAHO 3 BONbdpa-
MOM, L0 YCKNaAHIOE NpoLec NneryBaHHs i 3abesneveHHs
piBHOMIpHOroO po3noginy no o6’emy matepiany. Ans pis-
HOMIPHOro PO3nodiny Neryynx eneMeHTiB 3a3Bu4yan 3a-
CTOCOBYIOTb HaraToroguHHi onepavuii po3meny B Kynbo-
BMX MIMHaXx, WO 3Ha4yHO 36inbLuye cobiBapTiCTb TaKux
CyMilLlen Ta niaBuULLYyE eHepreTuYHi 3aTtpatu npu B1Upob-
HUUTBI. OgHUM i3 BiNbLL EKOHOMHUX i LUBUOKUX CrocobiB
BBEAEHHA nerywounx 0obaBok € nnakyBaHHS MOPOLUKY
BONbdpamy LUNSAXOM HaHECEHHS Ha NOro NOBEPXHIO Mo-
KPUTTS METOAOM XiMiYHOIO OCadXeHHS i3 po3ynHiB [3].
Mpn LbOMY PIBHOMIPHICTb HAHECEHHS MOKPUTTIB CyTTE-
BO 3aNeXMWTb 5K Bif, TEXHOMOrYHMX NapamMeTpiB npoLlecy
OCaPKeHHs, TakK i Big hopMu Ta po3mipiB BUXigHUX MO-
POLLKIB BOfb@dpamy, Lo BHOCUTb NEBHIi OOMEXeHHs ans
3aCTOCyBaHHA AaHOro cnocoby y BUPOBHUYY MPaKTuUKy.
Tomy, OCHOBHMMMW OonepaLisiMu BUrOTOBMEHHS CMfaBiB Ha
OCHOBI BOrnbpamy € 3MilLlyBaHHSA NOPOLLKiB Bofbpamy
3 NeryrynmMmn enemMeHTamMm, NpecyBaHHs Ta CrikaHHS.

B nmpakTuui nopoLlkoBoi MeTanyprii NOPOLIOK BOSb-
dpamy YLiNbHIOWTL Y POpMi WTanMKiB B PO36ipHMX
npec-popmax npu HM3bkux Tuckax 150-200 Mla, go no-
pUCTOCTI 3aroTiBok He MeHwe 50 %. HactynHoto TexHo-
NoriYHo onepakdieto, 3aMiCTb CnikaHHs, € 6araTtokpaTHe
poTauifiHe KyBaHHS, WO 3abe3neyye BMCOKY LUiMbHICTb.
[HWUMKM MeTogamm, WO 3abesneyyoTb BUCOKY Lifb-
HICTb, € TEXHOMOriA raps4oro NnpecyBaHHs y rpadiToBmx
npec-gopmax, abo rapsde i3ocTaTMyHe NpecyBaHHS
B obonoHkax y rasocrtatrax npu Temneparypax 1500-
1700 °C 3 BuTpuMmKo A0 4-5 rogmH [4]. Takox 3acTo-
COBYIOTb TEXHOMOTiI0 YOApHOro NpecyBaHHs Npu Temne-
patypax B gianasoHi 800-1640 °C [5]. OgHak, oaHi Bu-
COKOEHEepPreTUYHi TEXHONOriT BMMaraloTb BUKOPUCTaHHSA
crneuianbHOro yctaTkyBaHHS Ta NPeCc-0CHACTKK, O He €
BUMpPaBAaHNM 3 TOYKM 30pYy K OOCHIOHULBKOI, TakK i BU-
POGHUYOT MPaKTUKK. [HLWIMM HEQOMiKOM JAaHUX METOAIB €
Te, WO YLiNbHEHHS NPEeCOBOK i3 MOPOLLKY BONbpamy
BiAOyBa€ETLCA B yMOBaXx Harpisy 3 BEMWKUM 4acom i30-
TEePMIYHOI BUTpMMKK. MpakTnyHO BiACYTHS iHpopMauis

OO0 CTAaTMYHOrO MpecyBaHHS MOPOLLKY Bomnbdpamy B
LUMPOKOMY Aiana3oHi TUCKIB 3 BMKOPUCTaHHAM Bignany
Ta gonpecyBaHHs.

MpMHLMNOBOK TEXHOMOTIYHOK OnepaLie nNpu BUro-
TOBMEHHI CMMaBiB Ha OCHOBI BONbdpamy € CrikaHHS, Npu
SAKOMY (POPMYETLCS CTPYKTYpa Ta BNAaCTUBOCTI MaTepia-
ny. MakcMmanbHUX 3Ha4Y€eHb LWiNbHOCTI, MILHOCTI i nnac-
TUYHOCTI MOXHa AOCArTW NpU ONTUMAarbHOMY PEXUMI
cnikaHHs (TemnepaTtypa, 4Yac i30TepMi4yHOI BUTPUMKN Ta
LWBUOKICTb OXONOMKEHHS). Y NPOLUECi CnikaHHA LeMeH-
Tytodi 3B'a3km Cu-Ni i Ni-Fe ytBoptotoTb pigky casy, B
AKiN BonbdpaM YaCcTKOBO PO34MHAETLCS [6]. BHacnigok
LUbOro npw crikaHHi BiabyBaeTbCa nepekpucTanisauis
YaCTUHOK BoOnbpamy 4vepes pigky ¢asy i 3pocTaHHs
YacTuHOK. pn ubOMy, CrikaHHA B MPUCYTHOCTI PigKoi
dasn BM3Ha4Yae MeBHi YMOBU ANS OTPUMAHHS BUCOKOI
LinbHOCTI: 3abe3neyeHHa HeobXigHOT MiHiManbHOI Kinb-
KOCTi pigKoi pa3n, JOCTaTHS PO3YMHHICTL TBEpAOoi hasu
B PiOKiN CKNadoBin crnna.y, a TaKOX MOBHE 3MOYYyBaHHSA
TBEpPOOoi hasun pignHoto.

Memoro po6omu € BUBYEHHSI BNIMBY TEXHOMOTMYHNX
PEXUMIB Ta XiMiYHOro Cknagy Ha CTPYKTypy Ta Bractu-
BOCTi CNnaBiB Ha OCHOBI BonbdpamMy 3 fobaBkamu Hike-
nto, Migi Ta 3anisa.

MocmaHoeka 3adayi. B poboTi noctaBneHo HacTyn-
Hi 3agadi oCniaKeHb:

1. Jocnigntn npouec yLWinbHEHHSA MOPOLLKIB CyMiLUi
Ha OCHOBI Bonbgpamy Npu CTaTMYHOMY NpecyBaHHi, Big-
nany Ta gonpecyBaHHi.

2. Jocnigntn npouec crnikaHHa Matepianis cuctem
Bonbd)pam — Hikenb, Bofbdpam — 3arniso Ta BOSb-
dhpam — Hikenb — 3anizo — Mmigp.

3. [locnigntn CTpyKTypy Ta BNacTMBOCTI CMraBiB Ha
OCHOBI Bofnbdpamy 3anexHO Bif YMOB CMiKaHHS.

Pe3ynbmamu JdocnidxeHHs. B poboti Oyno Bu-
KOpMCTaHO ABa Pi3HUX CMOCOOW CTBOPEHHs Matepianis
Ha OCHOBI Bonbpamy: 1) NpecyBaHHSA CyMillli MOPOLLKIB
Bonbdpamy, HiKen Ta 3anisa 3 HaCTYMHUM CriKaHHAM
3a Temnepatyp 1300-1350 °C, 2) npecyBaHHS CTPYXKM
cnnasy BoONbdpam — Hikenb — 3ani3o 3 (opMyBaHHAM
NMOPMCTOrO Kapkacy Ta HacTymnHe NpOCOYyBaHHS Kapkacy
posnnasoM Migi 3a Temnepatypu 1200 °C.

Ha nepwomy etani po6oTn NpoBOAMNN JOCHIAXKEHHS
yLWifbHEHHSA NOPOLUKY BOrbdpamy B yMOBax CTaTUYHOIO
npecyBaHHs Ha rigpaBniyHOMy npeci y po3bipHin npec-
dopmi 3 giameTpom pobodoro kaHany 10 MM, npu TUCKY
200-700 Mrla. byno BcTaHOBMEHO, L0 B fAiana3oHi TUC-
ki 200-700 MMMa, makcnmarnbHe YLiNbHEHHS NMOPOLLKY
Bonbdpamy BigbyBaeTbcs Ao Tucky 550 Mrlla i 3abes-
neyye nopucTicte Ha piBHi 35-37 %, noganblie 36inb-
LWEeHHS TUCKY NPW3BOAMTb OO YaCTKOBOrO PYWHYBaHHS
BpuketiB i 36inbweHHs nopucTtocTi (puc. 1). Le moxe
NOSACHIOBATUCA TUM, LLO YLUiNbHEHHS BOMbdPamMoBOro
NOPOLLKY BigOyBaeTbCA NEPEBAXKHO 3@ paxyHOK Nepemi-
LLIeHHS YacTMHOK 6e3 npoueciB NnacTuyHoi gecopmadii.
Tomy, 3pOCTaHHA TUCKY NPU3BOANTL 40 30iNbLUEHHSA KOH-
TakTy MiX YaCTMHKaMW, 3pOCTaHHS TepTa Ta 3anMpaHHs
YaCTMHOK, WO NpM3BOAUTbL OO PO3TPICKYBaHHS i PYMHY-
BaHHA b6pukeTiB. Bignan 3paskiB y BogHi 3a Temnepatypu
900 °C npoTsarom 60 XBWUAMH NPU3BOAUTbL 4O YaCTKOBOrO
36iNbLUEHHsT NOPUCTOCTI, WO MOSICHETBLCS NpoLecamm
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m 3anexHicTb NOPUCTOCTiI NPECOBOK i3 NOPOLLKY Bonbdpamy Bif TUCKY NpecyBaHHA: 7 — nicnsa npecyBaHHs; 2 — nicns

Bignany; 3 — nicnsa gonpecyBaHHs

BiJHOBNEHHSA OKCUOHWX NMIBOK Ta 3MEHLUEHHAM Macu
opukeTiB. NpoBeaeHHs [OOATKOBOI onepadii gonpecy-
BaHHS BignaneHux npecosBok npu Tucky 700 Mrlla, npu-
3BOOAUTb 40 3aKOHOMIPHOMO 3HMKEHHS MOPUCTOCTI Ha
5-7 %, wo obymoBneHo 36inbLIEHHAM MNIACTUYHOCTI
NPecOoBOK Micns Bignany Yepes 3HATTA AedopmMauiiHoro
3MiLHEHHS nicnsl npecyBaHHA. TakuM YMHOM, BCTaHOB-
fNeHo, WO MiHiManbHa MOPUCTICTb NPECOBOK i3 BaXKKNX
crnnaeiB nepep crnikaHHAM cTaHoBuTb 35-37 %. Tomy
noganbli SOCNIAXEHHA NPOBOAUNM NPW BUKOPUCTAHHI
TMCKY npecyBaHHs 550 Mla.

Cymiwi nopowkis Bonbpamy 3 gobaBkamu Hikenio
Ta 3anisa B kinbkocTi 10 %mac. rotysanu y 6apabaHHo-
My 3miwyBadi npotarom 10 roguH, nicns Luboro npoBoau-
v onepadii NpecyBaHHs, Bignany, 4onpecyBaHHs Ta cni-
KaHHS y Bakyymi 3a Temnepatypu 1350 °C npotsarom 60
XBUIUWH. AK nokasanu pesynstaTtv BUMiptoBaHb, 06’eMHa
ycagka 3paskie cuctremmn W-Ni cknana 6nusbko 30 %, wo
3abe3neunno nopucTictb 6nnsbko 5-7 %, ana cuctemum
W-Fe o6’emHa ycagka 3paskiB npu gaHux pexumax cni-
KaHHsA cTtaHoBuTb nuwe 20 %, wo oBymMOBWIO BENUKY
3anuLIKOBY NOPUCTICTb Ha piBHI 15-17 % (puc. 2).

Pesynbratv metanorpadpiyHnx gocnigkeHb nokasa-
nn, wo B npoueci cnikaHHa gsox cuctem W-Ni ta W-Fe
€ npuHumnosi BigmiHHocTi. Cuctemun W-Ni xapaktepu-
3yeTbCa chepoiganbHOK MIKPOCTPYKTYpOto, O CKna-
OA€ETbCS i3 OKPYIMKMX 3epeH Bornbdpamy, SK1A OTOYEHUI
MeTaneBolo 3B’sI3KOK0 HA OCHOBI HiKerto, WO MiCTUTb Ae-
AKY KinbKiCTb po34mMHeHoro Bonbgpamy (puc. 3, a). daHa
CTPYKTYpa hOPMYETHCS 3a paxyHOK MPOLECiB Nepekpmc-
Tanisauii YacTMHOK Bonbcpamy vepes pigky dasy. Llen
MexaHi3M (QOPMYBaHHA CTPYKTYpW MiATBEpOXKYE 3Ha-
YHUIN PICT 3epeH Bonbdpamy, YaCTUHKN AKOrO y BUXiA-
HOMY CTaHi MatTb po3mip 6nuaeko 10-15 Mkm, a nicns
cnikaHHs 3pocTaloTb 4o po3mipy 40-50 MKM.
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Pexum

m 3anexHicTb NOPUCTOCTI NPECOBOK i3 CyMmillel NOpPOLL-
KiB Bonbpam — Hikenb Ta Bonbpam — 3ani3o Big TUCKy npe-
CyBaHHA: 1 — nicns npecyBaHHs; 2 — nicnsa Bignany; 3 — nic-
NS gonpecyBaHHs; 4 — nicna chikaHHsA

Ona cuctemmn W-Fe cnoctepiraetbCsl iHWNA Mexa-
Hi3M cnikaHHSA: OpMyBaHHs maTtepiany BigbyBaeTbCcH
3a paxyHOK npuvnikaHHa YacTUMHOK 3ani3a i Bonbgpamy B
MiCUSAX KOHTaKTY, Lo BiAOyBaeTbCA NPAKTUYHO B YMOBaX
TBepAoda3Horo cnikaHHA. AHani3 MikpOCTPYKTYpW Nnoka-
3aB HasBHICTb BEMNWUKOro 06’eMy 3anuLLKOBOI MOPUCTOCTI,
LLIO O6YMOBIEHO HU3bKOK B3AEMOLIEI0 MK BONbhpamMom
Ta 3anisom (puc. 3, 6). BignosigHo ons gaHoi cuctemun
HeoOxigHO 3abesneuyBaTtu Oinbll BUCOKY Temnepartypy
cnikaHHs Ta 6inbLniA Yac i30TepMiYHOT BUTPUMKMN.

Ha gpyromy etani po6otu 6yno otpumaHo martepian
Ha ocHoBi cuctemu W-Ni-Fe-Cu, skuin bopmyBanm i3 Big-
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m MikpocTpyKTypa maTepiany Ha OCHOBI BONb(pamy: a — A0 NPOCoYyBaHHS; 6 — nicnsd NpoCcovyBaHHS

xofis MeTanoobpobku BaXKKOro Boribd)pamMoBOro crnasy
W-Ni-Fe y Burnsai ctpyxkn. CTpyxky BigcitoBanu oo
po3mipy meHLwe 500 MkmM, nicnsa Yyoro hopmyBanu kapkac
METOAOM CTaTUYHOrO NpPecyBaHHs y npec-popmi giame-
Tpom 10,0 mm npwm Tucky 550 Mra. Ak i y Bunagky npecy-
BaHHS MOPOLLIKY, MOPUCTICTb Kapkacy ctaHoBurna 6nusb-
Ko 34-36 %, To6TO BiAHOCUTBLCS A0 BiAKPUTOrO TUMY MO-
PUCTOCTI, WO € HeobxigHOK YyMOBOW ANns iHdinbTpauii
(MpocoyyBaHHA) NPEeCcoBKM PO3NMaBOM FErkonnaBKoro
meTtany [7, 8]. NMpecoBku i3 BonbhpamoBOro cnnaey no-
nepeaHbLo cnikanu npu temnepatypi 1200 °C y cepeg-
OBULL BOAHIO NpoTsirom 60 XBUNWH ANSA BiQHOBMEHHS
OKCULHUX MIiBOK Ta BMAANEHHS 3anuvLKiB 3MallyBarb-
HUX OXOMOOXKYBAHWX PiAWH, sIKi BUKOPUCTOBYHOTLCS NMpU
MeTanoobpobui. [1ns npocoyyBaHHs Migato 6yno pospa-
XOBaHO 06’eM MOp NPEeCcoBOK Ha OCHOBI BONb(PaMOBOro
cnnaey Ta cnpecoBaHo 6puketn npu Tncky 300 MMa i3
BigXoA4iB Migi, Wo npeactaBnsAwTb cobo nogpidHeHUN
apiT giametpom 0,3 MM. IH(iNbTpaUito kapkacis nposo-
annn 'y mydenbHin nevi 3a Temnepatypu 1200 °C npo-
TaroMm 30-40 XBUNWH LUNSAXOM BCTAHOBMEHHSA MigHNX
NpecoBOK Ha Kapkacu Bonbdpamosoro cnnasy [9]. Mpo-
uec iHdinbTpauii BigbyBaBcs nig Aieto KaningapHUMx cun,
TO6TO Mpu pos3nnaeneHHi Midb, 3a paxyHOK rpasiTauivi-

HWX CUN, cCamMOoNMMBOM MPOCOYyBana NOpPUCTUIA Kapkac.
[Mpu ubOMY, Yepe3 HasBHICTb B CUCTEMIi Hikento i 3anisa
Oyno 3abe3snedyeHO BMCOKY 3MOYYBaHICTb MOPOBMX Ka-
HaniB po3nnaBoM Midi, a TakoX iX XiMi4HYy B3aemMogito.
Takvm 4YnHOM Byno OTPUMaHO BUCOKOLLINBHUI MaTepian
cnctemmn W-Ni-Fe-Cu 3 KapKacHOK CTPYKTYPOIO i3 BOSb-
dhpamoBoro cnnasy 3 npowapkamu migi (puc. 4). AHa-
ni3 MIKPOCTPYKTYpW MOKasaBs, WO CTPYKTypa KOMMO3uTy
CKMagaeTbCs MEepeBaxXHO i3 TPbOX Pi3HUX CKNagoBUX:
OCHOBHa YacTunHa maTtepiany (CBiTNo-Cipa) CKragaeTbes
i3 BoNbpamMy 3 HE3HAYHOH KiNbKICTHO PO34YMHEHUX Hike-
nto Ta 3anisa, TeMHa asa CKnagaeTbesa 3 Mifi, Lo pos-
YMHMNA NEBHY KiMbKIiCTb HIKEr0, a TakoX TPeTsa (TEMHO-
cipa) cknagoBa, Lo po3TallOBaHa Ha rpaHuli Mixk Kap-
KacoM Ta MigA cKnagaeTbes i3 Borbdpamy Ta 3Ha4yHol
KinNbKOCTI Hikento i 3anisa, Wwo 3abe3neynno agresito Mix
BOnbgpamom Ta mMiaato.

Pesynbtat peHTreHoa3oBoro aHaniay, sikuin npo-
BOAMNM Ha gudppaktomeTpi mapkn RIGAKU ULTIMA 1V,
niaTBEPAUNN NMpouec B3aemogii Migi i Hikento Ta yTBO-
PEeHHS TBEPAMX PO34YMHIB Hikento B Migi (puc. 5).

AHanisytoun andpaktorpamm, MoxxHa nobauntu, Lo
NiHIT 5K Bonbgpamy, Tak i Migi 3 Hikenem yLimpeHi Ta 3cy-
HyTi B Bik MmeHWwunx KyTiB. [laHa noBeaiHka niHi gndpak-
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m IOundpakTorpamm matepiany Ha ocHoBi Bonbdpamy: a — cuctema W-Cu; 6 — cuctema W-Ni

Lii cBIOYMTb NPO YTBOPEHHSA TBEPANX PO3YMHIB HA OCHOBI
Migi Ta Hikento.

BucHOBKM Ta nepcnekTMBU [OCHiAKEeHHSA

[ocnigpkeHo pisHi cnocobu oTpuMaHHSA MOPOLLKOBMX
cnraeiB Ha OCHOBI BOmnb(pamy, NeroBaHoro Hikenem, 3a-
nisom Ta migat. BctaHoBnNeHo BNAMB TUCKY NpecyBaHHS
Ta OOMNpecyBaHHSA Ha MOPUCTICTb MPECOBOK Ha OCHOBI
BONMb(pamy Ta BU3HAYEHO ONTUMAsbHUIA giana3oH TUc-
KiB, sikmi ctaHoBuTb 500-550 MMa. [JocnigxeHo npo-
uec cnikaHHa Ha popMyBaHHS CTPYKTYpu Ta dasoBoro
CKknaay BOnb(pamMoBKX CMfaBiB 3anexHo Big XiMi4HOro
CKnagy nerywoymx enemeHTiB. BcTaHOBNEHO BiAMIHHICTb
MexaHiamiB cnikaHHa cuctem W-Ni Ta W-Fe, oTpMmaHHs

<
" '4 NITEPATYPA

MaTepiany 3 BUCOKOH) LLMbHICTIO AOCAraeTbCA B yMOBaxX
pigkodasHoro npouecy cnikaHHs, WO peani3yeTbcsa npu
neryBaHHi Bonbpamy Hikenem.

Takox Oyno BignpaLbOBaHO TEXHOMOrK0 OTPUMAHHS
BOnbpamoBMX CnnaBsiB i3 BigxodiB MeTanoobpobku y
BUrMSAI CTPYXXKM Ta MigHoOro apoty. NokasaHo MOXnu-
BiCTb CTBOPEHHS BMCOKOLLIMTbHUX KOMMO3UTIB LUNSAXOM
NpOCOYyBaHHS MigA NOPUCTMX KapKacis i3 Bonbdpamo-
BOro cnnaey 3a temnepatyp 1200 °C, wo 3Ha4YHO HMXKYe
Hi>XK MPpUW 3aCTOCyBaHHI HiKenio Ta 3anisa.

Pesynbsratn pobotn mMoxyTb ByTu BMKOpUCTaHi npwu
CTBOpPEHHi BMpo6iB 6aniCTMYHOro NpuM3HayYeHHs 3 BUCO-
KOK MUTOMOK Barok Ta ryCTMHO, B TOMY YMChi i3 Big-
XoAaiB MeTanoobpobku, Lo 3HaYHO 3AELUEBMOE Taki Ma-
Tepianu.
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Influence of sintering conditions on the structure formation of tungsten-based composite
materials

The use of heavy tungsten alloys is essential for many industries, as these alloys are ideal for a variety of products due to their
high density. The main problem in creating such alloys is the need to use high sintering temperatures, which significantly
complicates the technology of producing tungsten alloys. To reduce the sintering temperatures of tungsten alloys, alloying
elements are added to their composition to activate sintering processes at lower temperatures (nickel, iron and copper). The
main task in forming the structure and properties of tungsten-based alloys is to ensure sintering conditions in the presence
of the liquid phase, which contributes to the formation of a strong framework in the material structure and high density of the
composite.

Various methods of producing tungsten-based alloys have been investigated and the influence of the chemical composition of
alloying additives on the sintering process conditions has been studied. The effect of pressing and post-pressing pressure on
the porosity of tungsten-based molds was determined. It is shown that in the pressure range of 200-700 MPa, the maximum
compaction of tungsten powder occurs at pressures of 500-550 MPa, which provides porosity at the level of 35-37 %. The
difference between the sintering mechanisms of W-Ni and W-Fe systems at a temperature of 1350 °C, which is sufficient for
liquid-phase sintering with a nickel bond, and low for an iron bond, is shown.

The process of infiltration of a porous tungsten alloy framework with copper melt obtained from metal-working waste was stud-
ied. The conditions that ensure complete impregnation of the tungsten framework with copper at a temperature of 1200 °C
and allow to obtain a porous material are determined.

The results of the work can be used to create tungsten-based products with high specific gravity and density, including from
metalworking waste, which significantly reduces the cost of such materials.

]
Powder, tungsten, nickel, copper, iron, pressing, sintering, porosity, impregnation, chips, re-
pressing, density.
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Di3nKO-TEXHOMOrYHWUIA IHCTUTYT MeTanis Ta cnsasis HAH Ykpainu (Kuis, YkpaiHa)

Bnnue enekTpomarHiTHoro nepemillysaHHs po3nnaBy Ha
TEXHOJNOriYHWIA NpoLec ofepXaHHA antOMiHIEBOro NOPOLLKY

Ha npuknani mogepHisauii BUpobHMLTBa a/IloMIHIEBOro NMopPOLLKY nokasaHa epEeKTUBHICTL BK/IIOYEHHSI 10 TEXHOJIOr Y-
HOro ripouecy onepawii e1eKTpoMarHiTHoOro nepemillyBaHHs po3riiaBy. ICHyr4Ya TeXHOJI0rYHa cxema xapakrepmnsyBa-
slacb HEeEKTUBHICTIO Hepe3 HeOOX|AHICTb nepenBaHHs PO3riaBy KOBLUEM 3 POTOPHOI ne4i 4o neyveri ornopy, nigsu-
LLIEHHS1 BUTPAT eJIEKTPOEHEPrii Yepe3 HeoOXiaHICTb neperpiBy Beiei BaHHW piaKOro Metasy A0 TeMneparypu iHxXekLii Ta
CKNaaHICTb PEryJsIt0BaHHSI TEMIeparypv po3riasy, L0 Npu3BoANIO0 A0 KpucTanidadii metany y popcyHLi abo BuMmaraio
vioro 3HayHoro neperpiBy Buiue 900 °C. B xoni moaepHi3aLii npomixHi ne4i ornopy 6y 3aMiHeHi Ha rid ornopy eMHICTIO
1,56 T, oCHalLeHy enekTpomMarHiTHUM rnepemillysadyem pigkoro metasny. e npuaseso o nigBuLLEeHHS NPOoAYyKTUBHOCTI
TEXHOJIOM4YHOIro rNPOLECY, 3HUXKEHHSI EHePreTUYHNX BUTPAT i MiABULLEHHS PiBHS aBToMaTtu3adii. Cuctema rnepemillyBaH-
Hs1 3a0e3reyye 6e3KOHTaKTHUV CUIOBUIA BIJINB HA PIAKWV MeTas i 403BOJISE NMiATPUMYBATUN HEOOXiAHI TeMneparypHi i
rigpoavHaMiv4Hi pexuvumMmu poaraasy y TUIJi nedi ornopy. [1s pyTepyBaHHs KaHasy nepemillysada BUKOPUCTaHO CyMilll Ha
OCHOBI BOJIOrpaHy, S\kuii Mae BUCOKY BOrHETPUBKICTb, HU3bKY LUIJIbHICTb | TEM/10MPOBIAHICTE Ta BUCOKY XiMIYHY CTIViKICTb
A0 PigKnX atoMiHIEBUX CrIaBiB i HU3bKY CXWJIbHICTb 40 3apOCTaHHS okcuagamm. 3acTocyBaHHS! MOCTIliHOroO e1ekTpo-
MarHiTHOro rnepemillyBaHHs PO3riaBy BUKIIIOYMIIO VIOro neperpis y Tviiii neyi i ctabiniayBaao Temrneparypy B Mexax
790 + 10 °C. lNpu ubomy, Temneparypa MmeTasy B 30Hi iHxekuii cknana 840-850 °C. CrabinizaLis TemneparypHUX pexiu-
Temnepartypu iHxekuii Ha 50-60 °C 103BO/INA0 3MEHLLUNTN OKUCHEHHSI HaCTOK MOPOLLIKY, L0 MiABULLIMIIO AOro SKICTb.
lMpoBeneHa mogepHi3aLis BUpoOGHULTBA MiaBuLLMAEa BUPOOHMNYY MNOTYXXHICTb OAePXaHHS MOPOLLKY a/ltoMIHIEBUX criniasiB
3300 go 500 kr/roaunHy.

KnoyoBi cnoBa: anomiHieBi crinaBu, es1eKTpoMarHiTHe nepemillyBaHHs PO3riiaBy, iHXeKLis, BUPOOHULITBO aslloMiHi-
€BOro rnopoLLKY, MOAEpHi3aLlis BUDOOHULTBA.

NeKkTpOMarHiTHe nepeMillyBaHHSA po3nsiaBy € OAHUM

3 HaMBaXKNUBIWKNX Ta HanbinbLw edekTnBHUX hakTo-

piB iHTeHcudikauii NpoueciB nnaBneHHs i padiHy-

BaHHS artoMiHieBMX CMraBiB, 3aCBOEHHSA B HUX KOM-
MOHEHTIB, MiABMWLLEHHSA OOHOPIAHOCTI CKnaay, CTPYKTypu
Ta BriactMBocTen. [OUiNbHICTb NOro 3acTOCyBaHHS O0-
BeJeHa BENMKOH KiNbKICTI0 BNPOBagKEHb B NMBApHOMY
BUPOOHMLTBI Ta MeTanyprii i 30kpema nokasaHa Ha npu-
Knagi mogepHisauii BUpobHULTBA antoMiHiEBOro NopoLL-
Ky METOOOM iHXeKUji po3nnasy.

[lo mogepHisaLii TexHonoris Bkrovana po3snnaBnex-
HSA TBEPAOI LUNXTK | JOBEOQEHHSA pO3nnaBy A0 HEObXiaHO-
ro XiMi4HOro cknagy y pOTOpPHIW rasoBin nedi, ctabiniza-
Lito TemnepaTypu po3nnasy y ABox neyax onopy CAT-0,6
3 HaACTYMHUM MNepenuBaHHAM y po3faBasibHy Mid onopy
CAK-0,4 3 BiggineHHaM Onsi pO3MILLEHHS iHXEKLiMHOT
dopcyHkun. Taka TEXHONOrYHa CxeMa Marna iCTOTHI Heo-
niKn, OCHOBHUMM 3 sIkUX By 3HayHi TpygosaTpartu, oby-
MOBJIEHi HEeOOXIQHICTIO mepenvBaHHA NPUrOTOBIEHOrO
CnrnaBy KOBLLUEM 3 POTOPHOI MeYi B Neyi onopy, nigsuLLeHi
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BUTPATU eNEeKTPOeHeprii Yepe3 HeobXigHICTb neperpiBy
BCi€l BaHHM pigKOro mertany o TemnepaTypu iHXekKuii,
CKMagHiCTb perynoBaHHA TemnepaTypu po3nnasy, Lo
npv3BOaUNO OO KpucTanisauii metany y dgopcyHui abo
noro 3Ha4Horo neperpisy (noHag 900 °C).

[Ona nigBuWeHHA nNpoOAyKTUBHOCTI TEXHOMOrYHOro
NpoLecy, 3HWXEHHS BUTPaT 3a paxyHOK 3aCTOCYBaHHS
pecypco3bepiraloumx TEXHOMOrih i MiABULLEHHA pPiBHSA
aBTOMaTu3adii, byno npoBeaeHo AOKOPiIHHY PEKOHCTPYK-
uito BupobHuyTea. MNevi CAT i CAK 6ynu 3amiHeHi Ha niy
onopy eMHicTio 1,5 T, OCHaLLEeHy eneKkTpomMarHiTHUM ne-
pemillyBayem pigkoro Metany y BUrMsSAi OKpemoi MarHi-
ToguHamiyHoi ogmHuui (MOO). PotopHa rasoBa niy i niyv
OMnopy BCTaHOBMEHi Ha Pi3HMX PIBHAX ANS NepenvMBaHHSA
po3nnasy no »*onooby.

MO 3abe3neyye 6E€3KOHTAKTHUI CUMOBMWIA BNSIMB Ha
pigkomeTaneBuin BUTOK, SIKUA € BTOPUHHOK OBMOTKOIO
iHOYKTOpAa, LWNAXOM HaKNageHHSA enekTpoMarHiTHMX no-
ni., WO 003BONSE NiATPMMYBaTK HEOOXigHI TemnepaTtyp-
Hi i rigpoguHaMIYHI peXxnMmn po3nnasy Y TUMMi nedi onopy.
MOO (puc. 1) saensie coboro N-nogidHuI ropmsoHTanb-
HUA KaHan 3 BiOKPUTOK BEPTUKaNbHOK AiMsHKOK ANis
BCTaHOBMNEHHS popcyHkn. KaHan oxonnie iHAyKTop,
Sk cknagaeTbea 3 L-nogibHoro marnitonposoaa i Ko-
TYLLUKM, pO3TaLLIOBaHOI Ha LeHTpanbHoMy cTpuxHi. MOO
BCTaAHOBMEHa Ha nepefHin CTiHUi nedi onopy. Hanpyra
XMBreHHA nepemiwysada — Big 220 go 380 B, yactota
— 50 Iy, MakcMmarnbHa NOTYXHicTb — 55 KkBT.

3a Bigomoto meTogukoto [1] Bynu npoBedeHi ekcne-
pUMeEHTanbHI AOCHIAXEHHA HanpsMKY i LWBWAKOCTI pyxXy
posnnaBy NpW MaKCUMarbHIN MOTYXHOCTi iHAYKTOpA.
KapTuHa pyxy meTtany B Turi nedi B ropuM3OHTasnbHIN,
cepegHin No BUCOTI MeTany NAoWwwuHi (puc. 2), y3rogxy-
€TbCHA 3 TEOPETUYHUM aHani3om pyxy metany [2]. Lsuna-
KICTb pyXy pO3nnaBy Ha BUXOAi 3 rmpra KaHany B Turerb i
BXOf4i B KaHan cknana signosigHo 1,4 m/ci 1,25 m/c. binga
nepegHbOoi CTIHKX TUIMS po3TalloBaHa BUXPOBa CTPYKTY-
pa, Wo NpuBOAUTLCA B PyX MOTOKOM MeTany, WO pyxa-
€TbCHA MO KinbuUto. MMpy LbOMY MakcumarnbHa LWBMAKICTb

m Cxema MO, BcTtaHoBneHoi Ha nevi onopy: 7 — dop-
CYHKa; 2 — CTUCHeHe NoBiTpsl; 3 — kaHan; 4 — iHaykTop; 5 —
niy onopy; 6 — ByHKep AN NOPOLLKY

pyxy B Hi ctaHoBUTb 0,8 M/C, i B Mipy HabnmkeHHa Ao
CTiHKM TUINA BOHa 3HWXKyeTbca 0o 0,4 m/c. Ha BigcTaHi
2/3 [OBXWHM TUIMA Bifg, rMpna KaHamnis CnocTepiraeTbes
ABa NPOTUMEXHO CPAMOBaHi BUXOPW, LUBMAOKICTb PyXy B
AKnx 3ameHwyeTbes 3 1 go 0,3 m/c no Mmipi BigganeHHs Big
rmpra. bins 3agHbOI CTIHKM TWUIMMSA WBWAKICTb pyXy Me-
Tany craHoBuTb 0,1-0,15 m/c. Takum YMHOM, NPAKTUYHO
BeCcb 00’eM po3nnaBy B Medi nepemiwlyetbcs 6e3 yTBO-
PEHHS 3aCTINHNX 30H.

dyTepoBka kaHany MOO BukoHaHa 3 BonorpaHy [3],
AKUA Ma€e BMCOKY BOrHeTpuBkicTb (1883 K), HM3bkKi Lwinb-
HicTb (1300 kr/m®) i TennonposigHicTb (0,16 BT/Mm - K) [4]
Ta BUCOKY XiMiYHY CTilKICTb A0 PigKMX antoMiHieBKX cnna-
BiB. dyTepoBKa KaHany, BUKOHaHa 3 LibOro BOrHETPUBY,
Ma€ HM3bKYy CXWUNBHICTb A0 3apoCcTaHHsA okcugamu. Ofg-
Hak, B NpoLeci NPOMUCMOBOI ekcnnyarauii neyi onopy 3
MO BuHukna npobrnema nNpocoyeHHst PyTEPOBKN KaHa-
ny MeTanom, sike gocarano mubunmn 15 mm. Hanbinbwa
rmmnbrHa NPOCOYEHHs CTIHOK KaHany crnocrtepiranacs B
30Hi po3TallyBaHHS MarHiTonpoBoAy iHAYKTopa, Lo no-
SICHIOETBCS HAsABHICTIO B Ui 06nacTi enekTpoMarHiTHUX
CUN MaKCMMarbHOI LWiNbHOCTI, YTBOPEHMX B3AaEMOAIED
CTPyMY B MeTari 3 NonemM po3citoBaHHs iHQyKTopa i BNac-
HUM MarHiTHUM nonem. Kpim Toro, npocodeHun metanom
wap yTepoBKM € €NeKTPONPOBIAHNM, LLO 3HAYHO 3HU-
Xye eHepreTnyHi nokasHukn MOO. Lis npobnema 6yna
BMpillEeHa 3MIHOIO peuenTypu dyTepyBarnbHOI Macu, Lo
A03BONUNo 36iNbWWTK TepMiH cnyxobun kaHany 3 3 go 8
Mmicsauis.

3acTocyBaHHsI NOCTIMHOIO €neKTPOMAarHiTHOro nepe-
MiLLYBaHHSA pO3nnaBy BUKIOYUIO NOro neperpis y TUrMmi
neuvi i crabinisysano temneparypy B mexax 790 + 10 °C.
Mpu LbOMY, 3@ paxyHOK MiICLLEBOro neperpiy po3nnaey
B piAKOMETaneBOMYy BUTKY KifbLEBOro ropu3oHTarnbHO-
ro kaHany Temneparypa MeTany B 30Hi iHXeKLUii cknana
840-850 °C. Crabinizauis TeMnepaTypH/UX pPexunMiB iH-
XeKuii posnnasy 403BONMNA BUKMIOYNTM KpUCTanisadito
posnnasy y ¢popcyHUi i NigBUWUTU TEPMIH Ti crnyxowu.
BHWXKeHHs TemnepaTypw iHxekuii Ha 50-60 °C gossonu-
110 3MEHLUUTU OKUCHEHHSI YacCTOK MOPOLLIKY, LLO MiABULLN-
no noro gkicTb. NpoBegeHa MogepHisauia BMpobHuuTBa
nigsywuna BUpoBbHNYY NOTYXKHICTb OAEP>KaHHSA NOPOLLKY
antominieBmx cnnasiB 3 300 go 500 kr/roguHy.
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m Cxema pyxy pigkoro metany B TUMi Meyi onopy npu
enekTpoMarHiTHOMy nepemillyBaHHi
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Effect of electromagnetic melt mixing on the technological process of aluminium powder
production

Efficiency of including the operation of electromagnetic stirring is shown on example of aluminium powder production mo-
dernization. The existing technological scheme was characterized by inefficiency due to the need to pour the melt with a ladle
from the rotary furnace to the resistance furnaces, increased electricity costs due to the need to overheat the entire bath of
liquid metal to the injection temperature, and the difficulty of adjusting the temperature of the melt, which led to the metal crys-
tallization in the nozzle or required its significant overheating above 900 °C. Due to modernization, the intermediate resistance
furnaces were replaced by a resistance furnace with a capacity of 1.5 tons, equipped with an electromagnetic stirrer of liquid
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metal. This led to an increase in the production productivity, decrease in energy costs and an increase in the level of automati-
zation. Stirring system provides a non-contact influence on the liquid metal and allows to maintain the necessary temperature
and hydrodynamic regimes of the melt in the crucible of the resistance furnace. To form a stirrer channel, a mixture based on
vologran was used. It has high heat resistance, low density and thermal conductivity, high chemical resistance to liquid alu-
minium alloys and low tendency to oxides overgrowth. The use of melt electromagnetic stirring eliminated its overheating in
crucible and stabilized the temperature near point of 790 + 10 °C. At the same time, the temperature of a metal in the injection
zone was 840-850 °C. Stabilizing the temperature regimes of melt injection made it possible to exclude its crystallization in the
nozzle and increase its service life. Lowering the injection temperature by 50-60 °C made it possible to reduce the oxidation
of powder particles, which increased its quality. Modernization of production increased the production capacity of aluminium
alloy powder from 300 to 500 kg/hour.

Aluminium alloys, electromagnetic stirring of the melt, injection, production of aluminium
powder, modernization of production.
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'HauioHanbHwii TexHiYHWiA yHIBepCUTET YKpaiHn «KNiBCbKMIA NONITEXHIYHUIA IHCTUTYT iMeHi Irops
Cikopcbkoro» (Kuis, YkpaiHa)

2lHcTMTYT Npo6nem matepiano3HascTtea im. |.M. ®paHuesnya HAH Ykpainm (Kuis, YkpaiHa)
CTBOpeHHA 3B’A3yBaNbHMX MaTepianiB ANna NMBapHUX CTPUXKHIB
i3 opTochochopHOI KUCNOTH | anOMOCUNIKATHUX HaNnOBHIOBAYiB

Y cratTi npeacrasneHo pe3ynbTatv AOCHIAXEHHS amoModochaTHnX 3B’s3yBalbHUX KOMIOHEHTIB, SIKi OTPUMAaHO B pe-
3y/bTaTi XiMiYHOI B3aemogii opTopocpopHOi knciot 3 nuaononibHumMmy anomocunikaramu. lNpeameramv 4OCTIIKEHHS
€ paszoBuii Ta XiMiYHWUV CKAaAa, ANHaMIKa TePMIYHUX MEePETBOPEHb 3B’3yBaslbHUX KOMIMOHEHTIB, & TakOX BAaCcTUBOCTI
CTPVIXXHEBUX CYMILLEV 3 HUMU.

B excriepumMeHTax BCTaHOBJIEHO, LLIO BHACJIIAOK XiMiyHOT B3aeMogii nnnonoaibHux nipoginity Al(OH),[Si,0,,] abo auc-
TeH-cunimanity ALLO[SIO,] 3 0pTOGHOCHOPHOIO KMCIOTOK nicns HarpisaHHs 40 300 °C yTBOPIOIOTLCA MiLHi Ta TEPMIYHO
CTiViKi 3B’13yBasibHi KOMITOHEHTH, siKi SIBAISIIOTb COOOI0 KpucTasidyHi Ta amop@Hi opTopocpartu anomiHito. Lii pasn 3abes-
reyvyrTb MiLHe 3B’3yBaHHSI BOrHETPUBKOIO HaroBHIOBa4a i 4epe3s Le BUCOKY MILHICTb CTPVXKHEBOI CyMiLLi.

B pob6ori ans Bu3Ha4yeHHs1 6y0BY | BIaCTUBOCTEV 3B’13yBasibHUX KOMITOHEHTIB 3aCTOCOBaHO PEHTreHopas3oBuii Ta an-
epeHUiiHnii TepMorpaBiMeTpuyHuii aHanian. [lns BuaHayeHHs: pobo4oro ckiagy CTPUXHEBOI CyMilli 3aCTOCOBaHO
KOMMO3uUiviHe nnaHyBaHHsI EKCIEPUMEHTY 3 BiANOBIAHUM 00POOEHHSIM AaHUX.

BriepLue gocnigxeHo CTPyKTypy anomMopochaTtHux 3B’3yBasibHUX KOMIOHEHTIB, 4J1s1 OTPUMAHHS SIKUX BUKOPUCTaHO
MoLINPEHI B INBaPHOMY BUPOOHULITBI BOrHETPYBKI HaroBHIOBaYi. BriepLue npoaHaniaoBaHo yMOBY YTBOPEHHS KpUCTa-
JliYHMX ¢as. BcTaHOB/IEHO, L0 B pe3yabTaTti B3aeMOAii opToOHOCHOPHOI KNCAOTH 3 ANCTEH-CUTIIMAHITOM YTBOPIOETHLCS
OinbLLa NMMTOMa KiJlbKiCTb OpTOGOCHAaTy atoMiHito | MEeHLLA KiflbKICTb 3a/IMLLKOBOIro KBapLy, HiX rpy B3aemMojii Kucaotm
3 nipoginitom. Lle 3abe3neyye 6inbLL BUCOKY MILJHICTb CTPUXHEBOI CyMilLLli, 17151 yTBOPEHHS 3B ’s13YBaJIbHOrO KOMIMOHEHTA
B SIKiVi BUKOPUCTAHO OPTODOCHOPHY KUCOTY | ANCTEH-CUITIMAHIT.

3 ypaxyBaHHSIM MacoBuX CriBBiAHOLIEHb A/ MOBHOI peanisauii XiMiHHOI peakuii yTBOpPeHHSs1 anomopocdarHoro
3B’513yBaJIbHOr0 KOMIMOHEHTA, PO3P006JIeHO CKIaa CTPUXHEBOI CyMillli Ha OCHOBI KBapLIOBOIO MicKy 3 0pTOogOoCHOpHO0
KMCIOTOIO | ANCTEH-CUIMAHITOM, sika TBepaHe nicsns HarpiBarHs 40 300 °C i Mae MILHICTb rpyu CTUCKAHHI HE MeHLLe
2,0 Mrla.

Kno4oBi cnoBa: anomocunikar, ANCTEH-CUIMAaHIT, 3B’s13yBasibHUM KOMIMOHEHT, MiLHICTb, OpTOpoCcpOopHa KucsoTa,
nipoginiT, CTPUXHEBA CYMILL, TePMOrpaBiMeTPUYHUK aHali3, ¢pa3oBuii aHasli3.

cmyn. 3a nonepegHi ABa OecATUNITTA crnocTepira-
€TbCA cTabinbHa TeHAEHUis 40 3aMiHWM OpraHiYHMX
3B’A3yBanbHMX komnoHeHTiB (3K), 3okpema wwwupo-
KOro CMeKTpy CUHTETUYHWX CMOJS1, Ha HeOopraHiyHi
maTepianu Ons BUIOTOBMIEHHS NUBAPHUX CTPWKHIB. X
nepeBaru 3 TOYKM 30py E€KOSOrii Ta pecypco3depexxeHHs
oueBugHi [1, 2]. OgHak, He3BaXKatoumn Ha Le, PO3LUNPEHHS

X KOMepLiHOro BUKOPUCTaHHS NOTpebye NOCTINHNX Tex-
HiYHUX yAOCKOHaneHsb [3].

Ocobnuee micue cepen HeopraHiyHux 3K 3anmarotb
doccatn. 3aBasku psgy LiHHMX BracTUBOCTEN BOHU
3HANLLNM 3aCTOCYBaHHA sIK TEPMOCTIVKIi Ta KOPO3iNHOC-
TiVKi NOKPUTTSA, KNET, )XapocTinki 6eToHu [4, 5], KOMNOHEH-
TW NOpuCTOi Kepamikn [6]. S3okpema, asTopwm [7] nigTBep-
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OKYHOTb, Wo cdocdaTtHi 3K y cknagi CTpyXHEBUX CymiLLen
MatoTb MepeBaru nepeg CMOnsHMMM 3a PSAOM TEXHOIO-
FYHMX MOKA3HMKIB.

IcTOpMYHO cknanocs Tak, Wo AocnimkeHi B 70-x...
80-x pp. XX cToniTTa CTPUXHEBI CyMmilli 3 pocpaTtamu Fe i
Mg He BUTPMManu KOHKYPEeHLii 3 NiLaHo-CMONAHUMK KOM-
nosuuismu [8, 9]. NpuymMHaMm € HecTabinbHICTb XiMiYHOrO
cknagy Ta Bractuocten sk cammx 3K, Tak i NOpOLLIKOBUX
3aTBepapKyBayiB, WO He Jano 3morn 3abe3neuntn cra-
BinbHUIA piBEHb TEXHOMOTIYHNX BNACTUBOCTEN CYMiLLEN.

Ak anbTepHaTUBY UMM MaTepianam MOXHa po3rmsgia-
TV koMno3uuii 3 dpocdatamm aniomiHito. BoHn mictatb
rotoBun antomodpoccatHun 3K (NpogykT HeopraHivyHo-
ro XiMidHOro cmHTesy) abo BUIroOTOBMEHI HA MO0 OCHOBI
KOMMEKCHI MaTepianu, ski 4oaaTkoBO MicTATb ioHn Cr,
Mg, B, Fe, Ca, Zn, iHkonu HaBiTb Na. [Ina 3abe3neveH-
HA TBEPAIHHA TakMX KOMMO3MLi HeobXigHe HarpiBaHHS
no temnepatypu 200...300 °C [4, 8]. TexHonorii cMHTE3y
komnnekcHnx 3K TpmBani Ta 6aratoonepadifiHi, BOHU He
MOXYTb OyTW peani3oBaHi Ha NMMBapHUX NigNpUEMCTBAX.
Tepwmin npugatHocTi rotoBux 3K, sk npasuno, He nepe-
BULLYE 6 MicsaLiB.

lMocmaHoeka npobnemu. Y Hawnx nonepeaHix ao-
CMigKEeHHAX BMepLlle PO3MMsAHYTO BapiaHTW OTpPUMaH-
HA anomodocatHnx 3K ©OesnocepeaHbo B cknagi
CTPWXHEBUX CyMmillen nig Yac ix TennoBoro TBepAiHHA
[10, 11]. docchaTn antomiHil0 i3 AOCTAaTHBO BUCOKUM
3B’A3yBasfibHMM MOTEHUianoM OTpMMaHO B pesynbra-
Ti XimiyHOI B3aemopii optogpocopHoi kucnotn H,PO,
3 nunonogibHummn npomucrosuMmy npoayktamun [12],
HeopraHiyHMMKn conamu antomidito [10], a Takox 3 anto-
mMocunikatHumMmn matepianamu [13]. Cxoxi pesynsratu
npeactaeneHo y crtattax [14, 15]. Astopu [15] 3 meToto
nepepobrneHHs BigxoaiB BUPOBGHULTBA Ta iX KOPUCHOIO
BUKOpUCTaHHA cuHtedyBanu 3K i3 dhocchatHoro wnamy,
KaomniHOBOI IMWHKU Ta BigXoA4iB BUpOOHULTBA ckna. ABTO-
pu [14] nig yac cuHTesy docdhaTy anoMiHilo 3aMiHUAK
riAPOKCMA antioMiHil0 Ha PO34YMH a30THOKUCIOro astoMi-
Hit0, TOGTO BUKOpPUCTaNu HeopraHivHy Cineb.

Hanbinbw AOCTYMHUMU i NOWMPEHUMUN € artoMOCU-
nikaTHi MaTepianu, Ski TakoX pO3rMns4arTbCa SK CUpO-
BMHa Ang cTtBopeHHs antomodocdatHux 3K. MNpoTtarom
BaraTbox gecaTnpiv NogibHi cxemun BUKOPUCTOBYIOTb AN
BMIOTOBMEHHSI BOTHETPMBKMX BMPOGiB, Ski niggalTb cni-
kaHHIO npu Temnepatypax 900...1300 °C [4, 16]. pu
LUbOMY BiA3Ha4YaeTbCs, WO TeMneparypa nonepegHboro
3aTBepaiHHA po3pobneHunx 3K cknagae 6nunsbko 300 °C,
LLIO TEXHOMNOTYHO AOMYCTMMO A1 NIMBAPHMX CTPUXKHIB.

[locTaTHbO MOBHO OOCMIMKEHO 3B’si3yBasibHi KOMMO-
HEHTW, OTPUMAHI XiMiYHOI B3aEMogieo opTohocopHOi
KMCMNOTU 3 TAKUMW BOTHETPUBaAMMU, SK LLAMOT, MYRIT, rNu-
HO3€eM, KaoniHiT, KopyHa [4, 16]. € noogMHOKI AaHi LWwo-
00 nipodiniTy, e BKasyeTbCHA NPO YTBOPEHHSA BUKIMIOYHO
amopHux pocdatiB antomiHilo, WO YCKNagHE BU-
BYEHHS iX OygoBwu i BnactmueocTen. ®asoBuin Ta XiMivHUN
cKnag BigoMMX Ha cborogHi antomodoccaTtHnx 3K go-
Ope BMBYEHO, LLO Aae 3MOry MporHo3yBaTtu iX BMacTu-
BOCTi i MONIMOPHI 3MiHW NpW HarpiBaHHi.

Y nuBapHOMy BMPOBHMLTBI SIK BOTHETPUBKI HAnoOBHHO-
BaJi BUKOPUCTOBYIOTb B MepLUy Yepry AUCTEeH-CUMiMaHIT
i wamot, Ginbw obmexeHo KopyHA i nipodinit. OJaHux

npo ximiyHWM Ta asoBun cknag antomodocdatHux 3K,
YTBOPEHUX i3 ANCTEH-cuMiMaHiTy Ta nipodinity, Hapa-
3i Hemae. Takox Hemae iHopMalii WoAo iX TePMIYHOI
CTINKOCTi Ta MOXITMBOCTI BUKOPUCTAHHSA Y CKnagi nueap-
HUX CTPUXHIB.

Mema i 3aeldaHHsi docnidxeHb. MeToto Liei po-
60Tn € pocnimpKeHHA XxiMiyHOro, ¢ba3oBOro cknagy Ta
AVHaMIKW TepMiYHUX MNepeTBOpeHb antomodocdaTHUX
3B’A3yBarlbHNX KOMMOHEHTIB, SKi YTBOPKKTLCA B CUC-
TeMax opTodhoctOpHOI KMCMNOTK 3 nipodiniTom Ta auc-
TEH-CUIIMaHITOM, a TaKOX PO3pobneHHs cknagy antomo-
docdaTHOI CTPUKHEBOI CyMilli ANsi MMBapHOro BUpPOG-
HULTBA.

3aBagaHHA JOCNioKEeHHSA HACTYMHi:

1. BusHauntn pasoBun cknag npoaykTiB XiMiYHOI
B3aemogii opTopocopHOI KNCNOTH i NipodiniTy.

2. Jlocnigutn nepeTBOPEHHsT BU3HA4YeHNX NPOAYKTIB
npw HarpisaHHi Big 20 go 1000 °C.

3. BusHaunTn cpasosuii cknag npodyKTiB XiMiyHOT B3a-
emogii opTopochOpHOT KNCNOTK | QUCTEH-CUMIMAHITY.

4. Oocnigntn nepeTBopeHHs BM3HAYeHMX MPOAYyKTIiB
npw HarpiBaHHi Big 20 go 1000 °C.

5. BuaHaunTu MiLHICTb 3paskiB CTPUXKHEBUX CyMilLEn
3 oboma pgocnigpkeHnmm 3K Ta NpoBECTU MOPIBHANBHWNA
aHanis.

6. Po3pobutn cknag CTPUXHEBOI CyMmili 3 HOBUM
antomocpochatHum 3K Ons BUrOTOBIMEHHA NUBAPHUX
CTPUWXKHIB.

Mamepianu i memodu docnidxeHb. [Ins npose-
OEHHST  eKCNEepUMEHTIB BUMKOPUCTAHO OpTOoCcopHY
KMCMNOTY TEXHIYHY TepMiYHy y BMINSAi BOGHOMO PO3YMHY
3 koHUeHTpaluieto 85 % i ryctmHoto 1670 kr/m3, nunono-
AiGHU ancten-cunimaniT ALO[SIO,], nunonoaibHuin Ha-
MOBHIOBaY Ha OCHOBI nipocpiniTy. Cam no cobi nipodinit
€ nNpupogHum MiHepanom [17] i3 BiGOMOI KpucCTaniyHow
Gynosoto Ta ximiubum cknagom Al,(OH),[Si,O, ]. Bu-
KOPUCTaHWA BOTHETPMBKMI HAaMOBHIOBaY SBMASE COBO
NPUPOAHY CyMill Pi3HMX BOrHETPMBIB, SIK YCTAaHOBIEHO
dazoBmM aHanisom 3a gudpakrorpamoto Ha puc. 1.

B pgocnigxeHomy MaTepiani y piBHUX KifTbKOCTAX pO3-
noginexi keapy (50 %) Ta antomocunikatu, cepen aKnx
nepesaxae nipodinit.
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HanoBHioBayem Cymillen BUKOPUCTAHO PiYKOBUMA
ksapuosui nicok mapkun 3K,0,025 3a FOCT 2138-91.

[N BU3HAYEHHSA MiLHOCTI CTPUXHEBUX CyMilLEen npu
CTUCKaHHI BUrOTOBMSANN CTaHAAPTHI UMNIHOPWYHI 3pasku
gdiameTpom i Bucototo 50 mm.

BucokotemnepaTypHi NepeTBOPEHHSA AOCNigXyBanm
MeToAoM AudbepeHUinHOro TepmMorpaBiMeTpMyYHOro aHa-
ni3y 3 BUKOPUCTAHHAM CMHXPOHHOIO TEPMIYHOrO aHani-
3atopa STA 449 C Jupiter.

CTpykTypy i hasoBui cknag BU3HaYanum peHTreHo-
aszoBuM aHanizom Ha andppaktometpi RIGAKU mogeni
“‘Ultima IV”.

BcTaHOBMNEHHS  3anexHocTen  i3nKO-MexXaHiyHuX
BMacTUBOCTEWN CTPUXKHEBOI CyMiLli Bi CMiBBIQHOLWEHHS ii
KOMMOHEHTIB 3[iNCHEHO 3@ KOMMO3ULIMHUM MNNIaHOM EKC-
NepuMEHTY.

Pe3ynbmamu ma ix o62o080peHHs. B npoueci paHi-
We nposedeHMX ekcnepumMmeHTiB [13] BCTaHOBMNEHO, LWO
Komnoswuuii nunonogibHux nipodinity Ta AUCTEH-cuni-
MaHiTy 3 opTohOoCHOPHOK KNCIOTOK MOBHICTIO 3aTBEp-
aigatoTb nicns HarpiBaHHa o 300 °C. Lle cBigunTb npo
YTBOPEHHS Yy LMX KOMMO3WUIAX 3B’A3yBaribHUX KOMMO-
HeHTIB. 3 METOK BCTAHOBIEHHS iX cknagy i 6ygosu npo-
BELEHO peHTreHoda3oBuin aHanis.

Pesynstratom B3aemopii Mk maTtepianomMm Ha OCHOBI
nipodiniTy, cknag SKoro nonepegHbO BU3HAYeHO (OuB.
puc. 1), Ta opTodOCchOpHO KMCNOTOK cTana npoba,
andpakTorpamy SKoi HaBe4eHo Ha puc. 2.

Y npobi igeHTUikoBaHO MipohiniT, a TakoxX niHii,
SKi MOXYTb Hanexatu gBom ¢asam — opTococdary
antoMiHito Ta keapuy. Lli dhasmn matoTb Cxoxi KpucTaniyHi
XapaKkTePUCTUKN, TOMY BU3HAYMTKM iX MacoBe CniBBigHO-
LUEHHS TiNbKyM Ha OCHOBI (pa3oBoro aHanidy Hemae MOX-
nuBocTi. KinbkicTb nipodiniTy 3MmeHLwwunacsa nopiBHSAHO 3
puc. 1 mavixe BABiYi, OT>Ke NOro YacTuHa npopearysana
3 0pTOOOCCOOPHOIO KNCNOTO. TakoX BigCYTHI JOMILLKO-
Bi antomMocunikaTHi pasu, sKi Takox npopearyBarnu.

docdpaTiB KpemHito B Npobi He 3HaAMAEHO, WO MNOosic-
HIOETBCA OINbLLIOK aKTMBHICTIO IMMHO3EMHOI CKIagoBol
nipodiniTy A0 KUCMOTW, MOPIBHSAHO i3 KPEMHE3EMHOIO.
Paniwe asTopamu [4, 16] npu JOCHiAXEHHAX CUCTEM ni-
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m Oundppakrtorpama KOMNo3uLii HaNOBHIOBa4Ya Ha OCHOBI
nipodinity (5 mac. 4.) 3 optTodhocdopHoto kucnototo (1 mac. u.),
06pobneHoi npn Temnepatypi 300 °C

poMiniTy i KaoniHiTy 3 OpTOPOCHOPHOIO KUCNOTOK BKa-
3yBasioCb, WO B HMX YTBOPHOKOTHCS BUKIHOYHO aMOPQHI
npoaykTn. B Hawomy JOCNIMKEHHI HABMakm — XOQHOI
amopdHoi hasm He BUSABIEHO, a BCi ocdaT MiCTATLCS
y KpUCTaniyHin opmi.

XiMiyHi nepeTBOpeHHs, Ak Biobynuncs B Ui KOMNO3u-
Ljii, ONMMCYIOTLCS HACTYMHOI peakuieto:

AL(OH),[Si,0, ] + 2H,PO, — 2AIPO, + 4SiO, + 4H,0. (1)

Ons 3gincHeHHN Uiei peakuii, BpaxoByUn MOEKy-
NSAPHI Macu yCix pe4oBuH, CMiBBIAHOLLEHHSA MAa€e CTAHOBK-
7 360 mac. 4. ymcToro nipodinity Ha 196 mac. 4. H,PO,
(abo 231 mac. 4. KUCMNOTU 3 ypaxyBaHHAM 1i KOHLEHTpa-
uii 85 %). Y npobi, 3 ypaxyBaHHAM BMICTY nipodinity B
BOrHeTpMBKOMY HanoBHtoBadi (50 %) Ta KoHueHTpauii
kucnotn mictunoca 1155 mac. 4. HanoBHOBa4a i Bigno-
BigHO 580 mac. u. nipodpinity Ta 231 mac. 4. kucrnotu. B
TakoMy pasi 3anuwok nipodinity, Wo He npopearysas,
mae ctaHoBuTh 580 — 360 = 220 mac. 4. Ak Hacnigok,
3a peakuieto (1) yrBoptoeTbes 244 mac. 4. optococdarty
antomiHito Ta 240 mac. 4. ksapuy.

Y novatkoBin npobi BmicT kBapuy 50 %, TO6TO
580 mac. 4. [ogarwum o UbOro YTBOPEHUN KBapu,
oTpumaemo 820 mac. 4. B Takomy pasi po3paxyHKOBUM
cknag npobu cknagae: 820 mac. 4. (abo 64 %) keap-
uy, 244 mac. 4. (abo 19 %) optodocdarty antomiHito Ta
220 mac. 4. (abo 17%) 3anuwwkosoro nipodinity. Pesyrnb-
TarT KinbkicHoro ¢a3oBoro aHaniay (ams. puc. 2) € 6rnmab-
KMM OO TEOPEeTUYHO po3paxoBaHoro cknagy (moxmbka
MOXe ByTn NoB’si3aHa 3 JOMILLKOBMMUW aritoMOCUniKaTHU-
MK hasamu, SKUMKU Yy po3paxyHKy 3HexTyBanu). OTxe y
uin cuctemi yteopuacs 3K y dhopmi kpuctaniyHoro opto-
docdaty antomiHito. Kpim Hboro, B pesynsrati XiMivyHOi
B3aeEMOfji BUOINMBCS 3anuvLIKOBUN KBapL,

OndepeHuiinuin  TepmorpaBiMETPUYHMI aHarni3 Ha-
Ba)XKKM HanoBHKOBa4ya Ha OCHOBI Mipodinity 3 optodoc-
dopHoto kucrnototo, o6pobneHoi npyu 300 °C, nposenu
B MOBITPSIHOMY CepefoBuLLi NpY LUBUOKOCTI HarpiBaHHSA
20...30 K/xB. Ha kpuBin TepmoaHanisy BCTaHOBMEHO ABa
eHJoTepmidHi edpekTu (puc. 3).

[ICK /(MBT/Mr)
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m,ﬂ,mcpepeHuiﬁHmﬁ TepMOrpaBiMETPUYHMIA aHari3 KoM-
no3uuii HanoBHOBaYa Ha OCHOBI nipodinity (5 mac. 4.) 3 op-
TocbochopHoto kucroTot (1 mac. 4.), 06pobneHoi npu Temne-
patypi 300 °C
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m Oundbpakrorpama Komno3uuii ANCTeH-cuniMaHiTy (7 mac. 4.) 3 optocpocdopHoto kucnoTor (3 mac. Y.), o6pobneHoi npu

Temneparypi 300 °C

Mepwomy eHaooTepMiYHOMY edPekTy BignoBigae Tem-
nepatypa nopsagky 100...150 °C, npu ubomy HaBaxka
3MEHLLYE CBOK Macy. 3 ormnsdy Ha TemnepaTtypHi Mexi
Ta BiAHOCHO 3HAYHE 3HWKEHHS Macu BCTaHOBIHEMO, LLO
BifOyBaeTbCA BMAANEHHS BiNbHOI BOMOru, SIKy HaBaXka
nornuHyna 3 atmoccepm.

Opyruin eHOOTEPMIYHUI edDEKT 3 MEHLLOIO iHTEHCUB-
HicTIo, ane 6e3 3MiHM Macu HaBaXXKW, CMOCTEPIraeTbCs
npu 566,6 °C. Lle moxHa noscHUTM noniMopgHUM ne-
PETBOPEHHSIM 3aNMLLKOBOrO KBapLy. Y CBOK 4vepry, doc-
dat anioMmiHilo He NigaaeTbCs XOOHOMY NEePEeTBOPEHHHO.

AHanoriyHi gocnigXeHHs NpoBegeHO 3 KOMMO3ULED
OUCTEH-CUNIMaHITy 3 opTodhOoCEOPHOLO KMcnoTor. Oud-
pakTorpamy Ui€i Komnosuuii 306paxeHo Ha puc. 4.

3a nonepegHiMM gaHMMW, BCTAHOBIEHO HASABHICTb
YOTMPBLOX KpUCTanivyHuX gpas — cunimatity (65,4 %), op-
Todpocaty antominito (17,8 %), keapuy (9,8 %) Ta kpem-
HieBol kucnotu (7,9 %). MNpw ubomy YacTnHa npobu mae
amopdHun xapakTep.

Y cuctemi aucTeH-cuniMaHity 3 opTtodocdopHOD
KucnoToto, K nigTBepaxye dasoBui aHanis, Bigbysa-
€TbCHA HACTynHa peakuisi:

3AL,0[SiO,] + 6H,PO, — BAIPO, + SiO, + H,Si,0, +
+8H,0. 2)

3a mMacoBuMM ChiBBIAHOLWIEHHSIMW, LS peakuis no-
BHOIO MIpOI0 3AIMCHIOETLCA 3a YMOBM 3MilLlyBaHHS
486 mac. 4. gucTeH-cunimaHity 3 588 mac. 4. H,PO,.
Y Hawin npobi, BpaxoByk4YM KOHLEHTPAaLil0 KUCOTK

(85 %), mictunoca 1372 mac. 4. QUCTEH-CUNIMaHITy Ta
500 mac. 4. H,PO,. B Takomy pasi npopearysaso TifbKu
413 mac. 4. gucTeH-cunimanity,a 1372-413 =959 mac. u.
3anuwmnnocs. 3apeakuieto (2) Mae yTBopuTUCA 622 mac. u.
opTtodhocpaty antoMiHito, 51 mac. 4. ksapuy Ta 117 mac. u.
KpeMHieBOi kncnotn. CymapHa po3paxyHkoBa maca npo-
©un ctaHoBUTL 1749 mac. u.

OpHak HeBM3HayeHa 4YacTuHa docdaty antoMiHito
3HaxXoAMTbCS B aMOpdHOMY CTaHi. [ns 1i BCTaHOBNEHHS
CKOPMCTAEMOCS JaHUMM KinbKiCHOro ¢pas3oBOro aHaniasy,
AKUA Jae BIAHOCHWUIA po3noain KpuctaniyHmx gas. Akio
BCTAHOBINEHA KiNbKIiCTb 3anMLLKOBOrO ANUCTEH-CUMiMaHi-
Ty 64,5 %, a noro po3paxyHkoBa KinbkicTb 959 mac. u.,
TO CymapHa KinbKiCTb KpucTaniyHux a3 cTaHOBUTb
959/0,645 = 1487 mac. 4. OTxe, KinbkicTb amopdHOro
docdpaTty aniomiHilo OOPIBHIOE Pi3HULI PO3paxyHKOBOI
Macu Npobu i KiNbKOCTI BUABNEHMX Y Hil KPUCTaniYHMX
da3: 1749 — 1487 = 262 mac. u. KinbkicTb cboccaTty anto-
MiHil0 B KpUcTaniyHomy ctaHi 622 — 262 = 360 mac. u.,
o ctaHoBuTb (360/1487) - 100 = 24,2 %.

PospaxyHkoBuin pesynbTat He chniBnagae 3 paHu-
mu puc. 4. Ane Bigomo, wo dasu AIPO, i SiO, matoTb
iDEHTWYHI peHTreHorpamu, ToMy BCTaHOBUTW KiflbKiCHE
CMIiBBIAHOLUEHHS MiXX HAMMW TifnbKu 3a pesynstatamu da-
30BOrO aHarnisy HeMoxnumeo. [pu LsLoMy BigoOMUIA cymap-
HUIM BMICT UMX KpucTaniyHux ¢as: 17,8 + 9,8 = 27,6 %.
PospaxyHkoBui BmicT kpuctaniyHoro AlPO, popisHioe
24,2 %, Togj KinbKiCTb kBapuy 27,6 — 24,2 = 3,4 %. 3a pe-
akuieto (2) pospaxyHkoBa KinbkicTb yTBOpeHoro SiO, mae
oytn (51/1487) - 100 = 3,4 %. Po3paxyHkoBa KinbKiCTb
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m BunpasneHa gudpaktorpama KOMnoauii QUCTEH-Cu-
nimaHiTy (7 mac. 4.) 3 optocdoccopHo KMcroTot (3 mac. 4.),
o6pobneHoi npu Temnepatypi 300 °C

KpeMHieBoi kucrnotu (117/1487) - 100 = 7,9 %. Takum
YMHOM, OTPUMAHO MOBHUI 36ir PO3PaxyHKOBUX AaHUX 3
ekcnepumeHTansHumMn. BunpaeneHy andpakTorpamy
Liei KoMno3uuii 3 po3wndpPOBKOK HAaBEAEHO Ha puc. 5.

3 MeTO BCTaHOBIEHHA OUHAMIKM NepeTBopeHb A0-
cnigxeroro 3K npu HarpiBaHHi NnpoBeaeHo andepeHLin-
HWUI TepmorpasiMeTpuyHMIn aHanis. padik TepmoaHani-
3y HaBedeHo Ha puc. 6.

Ha rpacbiky BusiBneHo gBa Marno BUpakeHi eHao-
TepMiuHi edekTn npu Temnepatypi o 200 °C. Ix cnig
MOSICHUTY HASABHICTIO Y KOMMO3WUii rirpockonivyHol dhasu
H,Si,O..

Mpn Temnepatypi 417,9 °C 3adhikcoBaHO eHOoTEp-
MiYHUIA edekT, AKU CynpoBOMKYETbCA CTpubkonoait-
HUM, ane He3Ha4yHVM, 3MeHLIeHHaM Macu. O4eBungHo,
Len ebekT nos’s3aHo i3 posnagom casm H,Si,O,, B pe-

T 1%

-14.84 Iwir

3ynbTarti AKOro yTBOPHETLCA kKpemHedem SiO, i Buoans-
etbea H,O.

BaranbHe nnaBHe TeNnnoBMAINEHHA B iHTepBani
200...500 °C — pesynbrat nepexogy gocdarty antomi-
Hito AIPO, i3 amopdHoi y KpucTaniyHy cdopmy. Harpi-
BaHHA Buwe Temnepatypy 500 °C He nokasye >KoaHOro
TennoBoro edekty, To6TO opTodocdaTt antoMiHilo (Tak
CcaMo §K KBapL i ANCTEH-CUMIMaHIT) y HE3MiHHOMY BU-
rmnagi 36epiratotbea oo 1000 °C. TepmivHa cTabinbHICTb
CUCTEMMN Oa€E MOXNMBICTb BUKOpWUCTATW 1i Yy cknagi nu-
BapHUX CTPUXHIB.

Y cuctemax optopocopHOI KUCOTK 3 060Ma BOrHe-
TPUBKUMU antoMocuriikataMmm — nipodiniTom Ta AUCTEH-
cuniMaHiTOM — NigTBEPOXKEHO YTBOPEHHS NPW HarpiBaHHi
antomodpocdatHux 3K. [na NopiBHAHHSA iX 3B’A3yBanbHOi
3g0atHoOCTi Oyno MpuUroTOBNEHO CTPWKHEBI CyMili Ha-
CTYMHOro cknagy: kucrota optodocdopHa (85%-1
po3inH) — 3,0 %, nunonogibHum aniomocunikat —
5,0 %, nicok KBapLoBMA — peLuTa. 3pasku CyMillen cy-
wunum npotarom 1 rog npu Temneparypi 300 °C.

Pesynbtatv BU3HaYeHHS MILHOCTI NpuM CTUCKaH-
Hi HacTynHi: cymiw 3 nipodinitom — 0,65 Mra, cymiw
3 gucteH-cunimanitom — 1,55 MlMa. Takui pesynerat
NOSACHIOETLCA TUM, O Nicnsa B3aemogii opTodocdop-
HOI KMCNoTu 3 nipodpiniTom yTBOPKETLCA Binblua Kinb-
KiCTb 3anuLLIKOBOro KBapuy (SiK BCTAaHOBMEHO (hasoBUM
aHanisoMm 3 noganblUMM po3paxyHkoM — 64 %). lMicnsa
B3aEMOZji KNCIOTU 3 UCTEH-CUNIMAHITOM CyMapHa Kinb-
KiCTb 3anuukoBmx a3 (KBapuy Ta KPeMHIEBOI KMCNOTK)
3Ha4yHO MeHwa — 6nm3bko 11 % (ams. puc. 5). Takox
y CUCTEMIi 3 OUCTEH-CUNIMaHITOM YTBOPKETLCH BiAHOCHO
BinbLUa KiNbKiCTb opTodocdaTy antoMmiHito.

BpaxoBytoun oOTpuMaHi TEOPETWYHI Ta MpPaKTUYHI
pesynstaTtu, Ans CTBOPEHHS antomodocaTHOi CTpuK-
HeBOi Cymiwi BWBpaHO noegHaHHA OpTOOChOpPHOI
KWUCIMOTU 3 AucTeH-cuniMmaditom. [na Oinbll noBHOro
NPOXOMPKEHHS XiMiYHOI peakuii (2) yTBopeHHs 3K maco-
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m OndepeHuiiHnii TepMorpaBiMeTpUYHUIA aHarni3 KoMNo3uuii AucTeH-cunimaHity (7 mac. 4.) 3 opTocpocOpHOI KUCIOTO

(3 mac. u.), obpobneHoi npu Temneparypi 300 °C
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BE CMiBBIOHOLLIEHHS KOMMOHEHTIB Ma€e BiApi3HATMCS BiA
TOro, sike BMKOPUCTAHO Mig 4Yac nonepegHboro ekcnepu-
MeHTY. 3a po3paxyHKOM BOHO Ma€ cTaHoBUTU 1,4 mac. u.
pO34MHy O0pTOhOCOPHOI KUCIOTH Ha 1 mMac. 4. ANCTEH-
cunimMaHiTy.

Mig yac npuroTyBaHHA CyMillen KUCOTy 3 OUCTEH-
cunimaHiToM 3miwyBanu nonepegHbo. OCKiNbKM Kinb-
KiCTb KUCMOTK NepeBaana, Li nonepegHb0 NpuroTosre-
Hi KOMNO3WLiT Manu BUrNA4 CYCMNeH3in.

3anexHicTb BNacTMBOCTEN CyMilli Big i cknagy Ao-
cnigKyBanu 3a OpTOroHarnbHUM LIeHTPanbHUM KOMNO3u-
LiMHMM NnaHOM eKCnepumeHTy Ha Tpu daktopu. Mep-
WrM PaKTOPOM € CKrag CycneHsii, a KOHKPETHO — BMICT
B Hi gucTeH-cunimaHity. [pyrum ¢aktopom € 3ararsb-
HWI BMICT CycneHasii B cyMilwi. TpeTim chakTtopom Bubpa-
HO BMICT BoAMW. Boay posrnaganu sk MOXnmMBo HEOOXiaHy
TexHonoriyHy gobaBsky, a TakOX BpaxoByBanu Te, LLO BO-
Ha MOXe BMMMBATU Ha KOHUEHTpaLilo kucnotu. Matpu-
L0 eKCNEPUMEHTY Ta pe3ynbraTti BU3HAYEHHS MiLHOCTI
npeacTaBneHo y Tabnuui.

Bci 3pasku cywumnu npotdrom 1 rog npv Temneparypi
300 °C.

3a pesynsrataMmu BUKOHaHUX 4OCnifgiB OTPUMaHO piB-
HSHHA perpecii, ke NoKasye 3anexHiCTb MiLHOCTI CyMi-
Wi Big cknaay:

G = 0,256 — 0,683'x, + 0,584-x, + 0,069, + 0,51°X,X, +
+0,07:x,'X, + 0,005:x,'X, + 0,486+(x,)? + 0,253+(x,)? +
+0,046(x, )2, 3)

A€ X, — BMICT OWNCTEH-CUNIMaHITy B CYCMeH3ii, yMOBHI
oauHunui; x, = (%AC — 30)/20;
X, — 3aranbHUA BMICT CycrneHsii B cymiwi; x, =

= (%Cycn — 4,5)/1,5;
X, — BMICT BOAM B cymiuli; X, = (%B - 1,5)/1,5.

Bnnue cknagy CycneHsin Ha MiLHICTb 3pas3kiB CTPWK-
HEeBOI CyMmiLli HaBeaeHo Ha puc. 7.

Ha ycix rpadivyHmx 3anexHocTsiX, 300paxeHux Ha
puc. 7, cnocTtepiraloTbCs Makcumymu npu Bmicti 30 %
AVNCTEH-CUMIMaHITy B CycneHsii. Po3TallyBaHHA KpUBUX
Ha rpadiky nigTBEPAXYE, L0 3arafnibHUIN BMICT CyCneHsii,
a omxe i KinbKicTb yTBOpeHoro antomodocgartHoro 3K,
CNpUATL NIABULLEHHIO MILHOCTI.

Bnnve BMiCTYy BoAM Ha MiLUHICTb 3pas3kiB CTPUXHEBOI
CyMiLli HaBegeHo Ha puc. 8.
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m 3anexHicTb MiLUHOCTI Bi4 BMICTY OUCTEH-CUMIMaHITy B
cycneHrsii: 71— cymili 3 3 % cycneHsii; 2 — cymiuwi 3 4,5 % cy-
cnexsii; 3 — cymilwi 3 6 % cycnensii

Tabnuusi
Pe3ynbTatv eKCnepuMeHTy
IHpeke BMi?g’l?::;ﬁ?;?gHiTy Bwmict fu):?l‘:/fg;:nB CyMmi- | g et BoAM B cyMmili, %B | CepeaHs miuHicTb, MMa
1 50 6 3 0,47
2 50 6 0 0,10
3 50 3 3 0,11
4 50 3 0 0,11
5 10 6 3 2,39
6 10 6 0 2,65
7 10 3 3 0,34
8 10 3 0 0,27
9 30 4,5 3,3 0,59
10 30 4,5 0 0,12
11 30 6,3 1,5 1,45
12 30 2,7 1,5 0,13
13 54 4,5 1,5 0,06
14 6 4,5 1,5 2,21
15 30 4,5 1,5 0,41
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m 3anexHicTb MiLUHOCTI cymiwen Big BMiCTy Bogmn: 1 —
cycneHsii 3 10 % aucteH-cunimarity; 2 — cycnehsii 3 30 %
OucTeH-cunimatity; 3 — cycneHasii 3 50 % gucteH-cunimaHirty

BmicT Boau, siKk BUAHO i3 rpadivyHuX 3anexHocTtewn,
NpaKTMYHO He BMMBae Ha MiluHiCTb. OTXe, Bogy He cnig
BBaXkaTh 060B’A3KOBMM KOMMOHEHTOM CYMillli.

MMopiBHIOOYM BMACTUBOCTI CyMilLen i3 CyCneHsigmm
pi3HOro ckrnagy, CnocTepiraemMo Bi4YyTHY Pi3HULIO MiX
HuMK. CycneHnsii 3 Hn3bkuM 10 % (kpuBa 1) i BUCOKMM
50 % (kpvBa 3) BMiCcTOM nunonogibHoro gucTeH-cunima-
HITY MaloTb 3HAYHO MeEHLUY MILHICTb, HK CyMmiLli 3 none-
peaHbO BU3HAYEHUM ONTUMAaribHUM BMICTOM OUCTEH-CU-
nimaHiTy 30 % (kpuBa 2).

padivHi 3anexHocTi ona cymiwen 6e3 goaaBaHHSA
BOOW nokasaHo Ha puc. 9. lNpu uboMy CycneHsii 3 MiHi-
mansHuMm 10 % (kpuea 1) i makcumansHuM 50 % (kpu-
Ba 3) BMICTOM NMnonogibHOro AMCTEH-CUMiMaHITy Takox
3abe3neyvyloTb MEHLLY MiLHiCTb 3paskiB. CycneHsia 3
30 % gucTeH-cuniMaHiTy Npu 3aranbHOMY BMICTi B Cy-
Miwi noHag 5 % 3abesnedvye cTabinibHO BUCOKY MILHICTb
(noHag 2 MMa).

3a pesynbratamy BMKOHAHHS KOMMO3WULUINHOro nna-
Hy eKCnepuMMEHTYy BCTaHOBMEHO, WO anomodocdaTHa
CTPWXKHEBA Cymiwl mMae mictutn 5...6 % cycnensii, sika
cknagaetbes i3 30 % nunonogibHoOro oucTeH-cuniMaHiTy
i 70 % opTodocdopHoi Kncrnotu. MNpu LbOMY MILHICTb
ctaHoBuThb 2,0...3,0 MMa. Cymiw we Ao BCTAaHOBMEHHS
i3nKO-XiMIYHNX MPOLECIB YTBOPEHHS antomodocdgar-
Horo 3K Ta moro BnactusocTen ctana ob’eKToM nateH-
TyBaHHs [18].

BucHoBKku

1. BcTaHoBneHO yTBOpeHHs antomodocdaTHnx
3B’A3yBallbHUX KOMMOHEHTIB Yy KOMMO3uuisax opTtodoc-
hOpHOT KMCNOTK 3 NipopiniToOM Ta ANCTEH-CUNIMAHITOM
nicns ix HarpiBaHHS 8o 300 °C. 38’a3yBarnbHi KOMMNOHEH-
TN YTBOPIOKOTLCA B pesynbTraTi NpsiMoi XiMiYHOT B3aemogii
aniomocunikaTis 3 KMCNOTOM, i LUen npouec Moxe ByTtn
peani3oBaHo y cknagi CTPMXXHEBOI CyMiLli.

2. Brnepwle gocnigkeHo MexaHiaM B3aeMOZii AUCTEH-
cuniMaHiTy 3 opTodOCHOPHOK KUCIIOTOK | NokasaHo,
Wo B pe3ynbraTi XiMiYHOI B3aemogii MiXK HUMMK, OKpiM
3B’sA3yBaNnibHOr0 KOMMoHeHTa (opTtodhocdhaty antoMiHito)
Ta 3anuwkosoro SiO,, yTBOPIOETLCA AOAATKOBUIA NPO-
AYKT — pizHoBMz KpemHiesoi kucnotv H,Si,O,, sikoro He
BUSIBNEHO Y XKOAHIN iHWIN cnctemi optodhocopHoi Kuc-
NoTK 3 antoMocurikaTamu.

1 /

~

MiuHicTb npm cTUCcKaHHi, MMa
N

=
,_%' 3
e

——a

3 375 45 5,25 6 63
BwmicT cycnensii, %

m 3anexHicTb MiLHOCTI CyMillen Bif 3aranbHOro BMICTY
cycneHasii: 1 — cycneHsii 3 10 % AncTeH-cunimaHiTy; 2 — cyc-
nensii 3 30 % gucteH-cunimaHity; 3 — cycnensii 3 50 % anc-
TeH-cUniMaHITy

3. DocnipkeHo ¢as3oBui ckrag YTBOPEHMX artoMo-
docdaTtHMx 3B’A3yBanibHUX KOMMOHEHTIB. [lokasaHo,
IO B KOMMO3uUiT 3 MipodiniToM yTBOPHOIOTLCH BUKIHOY-
HO KpucTaniyHi dasm — optodocdaT antomiHito Ta 3a-
nuwkoBun kBapl. B komnosuuii 3 gnCTeH-cuniMaHiTom
opTochbocaT antoMiHilo PO3NOAINEHO MK KpUCTanNiYHUM
Ta aMOpHUM CTaHamW, a 3aranbHa Moro KinbkicTb Ginb-
wa, wo 3abesnevye 3Ha4YHO Ginblly MILHICTbL 3aTBepai-
noi KOMMNo3uLii.

4. lNokasaHo, Lo YTBOPEHi 3B’A3yBaribHi KOMMOHEHTM
€ TepMiYHO CTabinbHUMK Ta HE MatoTb NONIMOPMHUX Ne-
peTBopeHb npu HarpiaHHi 4o 1000 °C. Antomodpocdar-
HUI 3B’sI3yBanbHWIA KOMMOHEHT, YTBOPEHUN i3 opTodoc-
OPHOI KMCMNOTU i ANCTEH-CUMIMaHITY, 3MiHIOE nig Yac
HarpiBaHHs amopdHy OygoBy Ha KpucTaniyHy. BkasaHi
0COoBNMBOCTI HE MepeLLKOAXaloTb PO3POBNEHHIO CTPUXK-
HEeBOI CyMiLli Ha OCHOBI AocnigKeHNX antoModocdartis.

5. I3 3acTOoCyBaHHSIM KOMMO3ULINHOIO METOAY MnaHy-
BaHHS €KCNEPUMEHTIB JOCIIKEHO 3aNEXHICTb MILHOCTI
CTPWXKHEBOI CyMiLli 3 OpTOhOCHOPHO KUCMNOTOK i ANC-
TEH-CUNIMaHITOM Bif CNiBBIAHOLIEHHSI Ti KOMMOHEHTIB.
Y pesynbraTi BCTAHOBMEHO, L0 CyMill OMTMMarbHOro
cknagy mictutb 5...6 % cycnensii (30 % nunonogibHo-
ro gucteH-cunimaHity i 70 % optodocdopHOi Kncnotu),
pewTa — KBapuoBui nicok. MiLHICTb nicnsi HarpiBaHHS
3paskiB go 300 °C craHoBuTb 2,0...3,0 Ma.
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Creation of binders for casting cores from orthophosphoric acid and aluminosilicate fillers

The article presents the results of the research of aluminophosphate binders, which were obtained as a result of the chemical
interaction of orthophosphoric acid with dust-like aluminosilicates. The subjects of the research are the phase and chemical
composition, the dynamics of thermal transformations of the binders, as well as the properties of core mixtures with them.

In the experiments, it was established that due to the chemical interaction of dust-like pyrophyillite Al(OH),[Si,O,,] or dysten-
sillimanite AL,O[SiO ] with orthophosphoric acid after heating to 300 °C, strong and thermally stable binders are formed, which
are crystalline and amorphous aluminum orthophosphates. These phases provide strong bonding of the refractory filler and
high strength of the core mixture.

X-ray phase and differential thermogravimetric analyzes were used in the work to determine the structure and properties of
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binders. To determine the composition of the core mixture, the compositional planning of the experiment with appropriate
data processing was applied.

For the first time, the structure of aluminum phosphate binders, which were obtained from refractory fillers common in foundry
production, was investigated. The conditions for the formation of crystalline phases were analyzed for the first time. It was
established that as a result of the interaction of orthophosphoric acid with dysten-sillimanite, a larger specific amount of
aluminum orthophosphate and a smaller amount of residual quartz is formed than when the acid interacts with pyrophyllite.
This ensures a higher strength of the core mixture, for the formation of the binder in which orthophosphoric acid and dysten-
sillimanite are used.

Mass ratios are taken into account for the complete realization of the chemical reaction of the formation of the aluminum phos-
phate binder. The composition of a core mixture based on quartz sand with orthophosphoric acid and dysten-sillimanite was
developed, which hardens after heating to 300 °C and has a compressive strength of at least 2.0 MPa.

]
Aluminosilicate, dysten-sillimanite, binder, strength, orthophosphoric acid, pyrophyllite, core
mixture, thermogravimetric analysis, X-ray phase analysis.
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Di31KO-TEXHOMOrYHUIA IHCTUTYT MeTanis Ta cnnasis HAH Ykpainu (Kuis, YkpaiHa)

Tpengu nuBapHoro puHky Ykpaiiu B nepuwin usepti XXI
CTONITTA

lNpencrtaBneHo aHania cTaHy 1MBapHOro BUPOOHULTBA B YKpaiHi. JlnBapHa npoMucaoBicTe YkpaiHv B XXI cToniTti cyTTe-
BO 3HU3U/1Aa CBOI BUPOOHMNYI MOKA3HUKU, LLLO OOYMOBJ/IEHO BII/IMBOM Takux akTopiB, SK cTarHawisi raay3en, ki Croxvsa-
10Tb METAaJIeBIi BUIVBKY, @ TAKOX 3MEHLLIEHHS] eKCropTy. Ha uio cuTtyauito HeratneHO BriinHyaa naHaemis COVID-19, sk
i Ha cBiTOBE /IMBapHE BUPOOHULTBO, YEPE3 3MEHLLEHHS MOMUTY Ha BUINBKU Y KiHLIeBUX BUPOOHUKIB. [TPOrHO3yBaaocCh,
L0 B HAUOIVKYIVi TepCrneKkTUBi Caia o4ikyBaTy NO3NTUBHI 3pyLueHHs. [TpoTe Hanan pocii Ha Ykpainy 24 motoro 2022 p.
BHIC CYTTEBY KOPEKLiIO B PO3BUTOK r1106a/1b6HOi €KOHOMIKY, a, BiAMOBIAHO, i B QYHKLIIOHYBaHHSI CBITOBOI IMBapHOI npo-
mucnoBocTi. lignpuemcTsa YkpaiHn nuBapHoi raaysi Bia4ynm Ha cobi BrvB BitiHW, AESKi 3 HUX OTPUMAJIN 4aCcTKOBE
PYViHyBaHHS1 BUPOOHUYMX NPUMILLEHb. Benviki ninBapHi nianpuemcTBa YkpaiHn po3taluoBaHi 34e06ibLoro B niBAeHHO-
CXiAHWX perioHax, SKi HanbinbLue nocTpaxaanu Big 6orioBux Aii. B Tov xe 4ac A5 BigobpaxeHHs peasibHoi cutyadii B
JIMBAPHIV MPOMMUCIOBOCTI YKkpaiHn AouinbHO opraHidyBatu 36ip peasbHUX 4aHuX CTOCOBHO BUPOOHMLTBA B KpaiHi Bu-
JIMBKIB 3 Pi3HMX Cr/1aBiB, @ TaKOX CTOCOBHO €KCIOPTY Ta iMIOPTY /IMBAaPHUX BUPOOBIB. Lle A03BONNTL NPUIHATA Ai€Bi
PiLLEHHST CTOCOBHO MporpamMv MOAEPHI3aLii rasaysi 1a po3BUTKY rasy3eu, ki CIOXNBAaKOThb BITYN3HSIHI METa1€Bi BUIINBKU.
B kiHUeBOMY niacyMKy Le CrpusTUMe MifBULLEHHIO KOHKYPEHTO34aTHOCTI YKpaiHChKOI npoaykuii Ta 36iNbLUeHHIO Haa-
XO[XeHb A0 broaxeTy Ykpainn. [1ns ouiHkyu HanpsiMiB pO3BUTKY IMBAPHOro BUPOOHULITBA NepenoBuX KpaiH CBITy HaBe-
JIeHO CTaTuCTUYHI AaHi KpaiH-nigepis 1040 BUMYCKY BUVBKIB Ta OinlbLL OKNIAAHO Takux KpaiH, sk MNMonbua, HimeydnHa
1a CLLA. CTpykTypa BupobaeHOoi nnToi npoaykuii'y cBiTi nepebyBae B rNOCTIiiHIi AnHamiLli, i BigbyBaeTbCs MNOCTiiHa 3MiHa
CriBBifIHOLLIEHHS1 06CSIriB BUpob1eHOoro ntea 3 pi3Hux crnnaeiB. OCTaHHI POKN XapakTepu3yrTbCsl TEHAEHLIED CKOPO-
YeHHSs1 BUPOOHULITBA BUIMBKIB 3i CTali i Ciporo yaByHy 3 04HOYaCHUM 30i/IbLUEHHSIM YaCTKM BUJIMBKIB 3 BUCOKOMILIHOIO
4aByHy Ta aJIlOMIiHIEBUX Cr1/1aBiB.

KnoyoBi cnoBa: puHOK, BUINBKW, YKpaiHa, nnBapHe BUPOOHULITBO, CriiaBu, nianpueMcTBa, iHHoBaLii, BUDOOHMYI
Kaapw.

cmyn. JInBapHa NPOMMUCNOBICTb € BaXIMBUM

KOMMOHEHTOM rnobanbHOi eKoHOMIKK. JluTi BUpobu

3 YOPHWUX i KONMbOPOBMX CMMaBiB BUKOPUCTOBYIOTb

B BGaraTtbox ranyssx: Big aBTomobinebygyBaHHA 0O
060pOHHOI NpOMMCNOBOCTI. YKpaiHCbka nuBapHa npo-
MUCOoBICTb B XX CTOMITTi BigirpaBana BaxnuBy porb B
NPOMUCIIOBOCTI KpaiHWu. B Len nepiog makcnmarnsHe Bu-
po6HMLTBO BUNUBKIB B KpaiHi NnepeBuLLyBano 6 MiH T Ha
pik. MpoTe, Ha Nno4yaTKOBOMY €Tani He3aneXxHOCTi BHa-
CNifoK 3MiHM TPeHOy PO3BUTKY CMOXMBAKYUX rany3en i
3MEHLLEHHS BHYTPILUHLOrO MONUTY Ha MeTanesi BUNMBKM
ranysb NPoAeMOHCTpyBana HeraTuBHui TpeHa. Ha no-
Yyatky XX| cToniTTa MakcumanbsHun obcar BUpobHULTBa
BunuBkiB carae 1 MnH T. B 20-x pokax XXI ctonitTs, oco-

6nmMBo BHacnigoK pyviHyBaHHSA NPOMUCIIOBOrO MOTEHLia-
ny YKpaiHu poCiNCbKO-yYKpPaiHCLKOK BiHO, BENTbMU aK-
TyanbHUM € popMyBaHHSA NiaHy Ta yMOB BifHOBIEHHS
NMBaPHOI MPOMUCITOBOCTI KpaiHMW.

MpobnemaTMka PUHKY MeTaneBUX BUIIUBKIB $K
B rnobanbHOMy BWUMIpi, Tak i B popmaTi oKpemunx Kpa-
H posrnaHyTa B pobotax M. Muralidhar i G.L. Datta M.
(Inais); M. Holtzer, R. Danko, S. Zymankowska-Kumon
(MornbLa); M.S. Soinski, P. Kordas, K. Skurka (MonbLwa);
Dr. Heinz-Jirgen Buchner (Himewuuna); B.A. THaTty-
wa, B.C. JopoLieHka, O.N. WuHcbkoro, C.l. KnumeHka
(YkpaiHa) Ta iHwwux.

Memoro cmammi € npoBegeHHs aHanidy ctaTucTuy-
HUX JAHUX, TEXHIYHMX Ta EKOHOMIYHUX OrMsiAiB CTOCOBHO
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m O6csrv BUpobHMLTBA MeTaneBux BUNMBKIB B YKpaiHi (TUC. T) Mo pokax [2]

PUYHKY MeTaneBunx BunmBkiB YkpaiHu 3a 2017-2022 pp. B
po3pisi NignpuemcTs, cnnasiB i BAPOOHMUNX Kagpis. [ns
MOPIBHAHHA PO3rNAAaTbCA TAKOXK CyYacHi TPeHan pos-
BUTKY NMBapHOI NMPOMMUCIOBOCTI B Aeskux kpaiHax €C i
CUWA.

Bupo6HMLUTBO MeTaneBMX BUITMBKIB B YKpaiHi 3a
onybnikoBaHuMun gaHumu Oepxctaty Ykpaiqm [1] Bnpo-
pox 2017-2021 pp. konueBanocb B fAianasoHi Big 46,4
0o 80,4 tuc. T. B Tom xe vac 3rigHo 3 iHdopmaLuieto [2]
3a BKasaHuI nepiog, BUPOOGHNLITBO BUITMBKIB B KiJTbKICHO-
My BUMIpi 3meHwwunocek 3 700 (2017 p.) go 450 tuc. 1
(2021 p.), To6T70 3 cepegHbopiyHum Temnom (CAGR,
Compound annual growth rate) —8,5 %. B pesynbrari
POCIiCbKO-YKpaiHCbKOI BilIHN BMPOOHMLTBO BWIMBKIB B
KpaiHi ckopoTunock o 190 Tuc. T abo Ha —57,8 % npoTu
nokasHuka 2021 p. (puc. 1). Benuki nuBapHi nignpnem-
CTBa pO3TaLLOBYHOTbCS 34e06inbLIOro B NiBAEHHO-CXigHNX
perioHax YkpaiHu, ski Hanbinblwe noctpaxganu Big 60-
NoBUX Ain.

B Tom xe vac Big3HavaeTbca [2], Wo nignpuemcTea
KpaiHM MOTEHUINHO MOXyTb Bupobnatn 1,5-2,0 maH T
npoaykuii. OgHak B 2022 p. cepeqHsa 3aBaHTaXeEHICTb
NMBapHUX BUPOBHUYMX NOTY>KHOCTEW cTaHoBuna 20-
30 %. 3aranom ue cBig4MTb NPO Te, KepiBHMLTBO YKpai-
HW He CNpUsiE B MOBHIN Mipi PO3BMTKY MeTanoobpobHux
Ta MaLLUMHOBYAIBHUX CEMMEHTIB NPOMUCIOBOCTI, TAKMX K
TpaHcnopTobyayBaHHS, BepcTatobygyBaHHSA, 060poHHa

NPOMMUCIOBICTb, MeTanypriiHa nepepobka TBepanx Big-
X0[iB TOLLO.

Cnig Big3HaumTu, wo 3a gaHnmmn Modern Casting [3,
4] BnpobHULUTBO MeTaneBux BunuekiB y caiTi B 2020 p.
craHosuno 105,5 mnH T npotn 109,9 mnH T B 2017 p.,
TOGTO 3MEeHWWNoCcb 3 CepeaHbOpPiYHMM TEeMnom —
1,0 %. Lle obymoBneHo HeraTMBHMM BMSIMIBOM NaHAemMii
COVID-19 Ha cBiTOBY €KOHOMIKY, @ TakoX HecTabinbHic-
TH0 hiHAHCOBOI Ta NONITUYHOI CcUTyaUii B CBITi.

B tom xe uyac aHnanitukm komnanii Allied Market
Research (CLUA) no3nTMBHO OL,iHIOOTb NEPCNEKTUBY CBi-
TOBOIO NMBAPHOTIO PUHKY. AKwio B 2021 p. CBITOBUIA PUHOK
MeTanesux BUNMBKIB oLiHoBaBeca B 129,5 mnpg USD, To
y 2031 p. 3a nporHo3om BiH 3pocTe Ao 226,8 mnpg USD,
npogemoHcTpyBaBwn CAGR 5,8 %. B pospisi ranysen
mamxke 40 % cnoxveaHHA BUNMBKIB Npvnagae Ha aBTo-
MobinebyaysaHHA. OuikyeTbCs, WO Uen cermeHT byae
3poctatm 3 CAGR y 6,3 % BnNpogoBx NMpOrHo30BaHOro
nepiogy. Cepeq nvMBapHUX TEXHONOTIN YinbHa 4acTka
npunagae Ha nuTTs B niwaHy gopmy — 6nu3eko 33 %.
lMporHo3oBaHe 3pocTaHHs Lboro cermeHTa byge cknaga-
™ 6,2 % CAGR. Hanbinblw gnHamiyHUM perioHoMm CBiTy
Ha NMBapHOMY PUHKY Byae AsiaTCbKo-TMXOOKeaHCbKMM
perioH 3 CAGR 6,2 % [5].

Peani3auisa nuBapHux BUpo6iB koMmnaHiamn Ykpai-
HW y BapTicHOMy BMMipi Bnpogosx 2017-2021 pp. 36inb-
wunace 3 cepegHbopiyHum Temnom 3,2 % (tabn. 1).

Tabnuus 1
Peani3auis nuBapHux BMpo6iB KOMNaHiAsMKU YKpaiHu
. 2017 2021
HanmeHyBaHHA Kop 3a - - CAGR (2017-
BupoGHuuTBa | KBEA-2010 | Bapticte, mnH | - o | BapricTe,mnH | o o 2021), %
rpH ’ rpH ’
IInTTA MeTanis 24.5 2526,1 100,0 2950,9 100,0 3,16
IlutTa yaByHy 24.51 697,6 27,6 484,0 16,4 -7,05
InTTa cTani 24.52 1422,8 56,3 1264,2 42.8 -2,34
JlutTa nerkux Ko- 24 53 313,3 12.4 1146,3 38,8 29,62
NbOPOBUX MeTaniB
JIATTA iHLUX KO- 24.54 92,4 3,7 56,4 1,9 9.4
NbOPOBUX MeTanis

lMpuwmitka. BuxigHi aari Big Jepxctaty Ykpainm [1]. Po3paxyHku aBTopiB.

84 ISSN 2077-1304. Met. lite Ukr., vol. 31, 2023. Ne2 (333)



CNELIANBHI METOAN TATTA

Tabnuus 2
AKTUBHI nMBapHi nianpuemcTBa B YKpaiHi
2017 2021 2022, 1 nuctonaga
Ha Kop 3a CAGR 2022
aMMZHYBaHHH KBEQ- Kink- | yacrka Kink- | yacrka Kink- | yacrka (2017- 1 5009 .C‘I;
BUPOOHULTBA 2010 KiCTb, % ’ KiCTb, % ’ KiCTb, % * | 2021), % ) 1o
oa. oa. oa.
JlutTa yaByHy 24.51 81 445 84 39,8 59 41,3 0,7 -29,8
JlutTa cTani 24.52 42 23,1 49 23,2 34 23,8 3,1 -30,6
TtTa nerknx ko- |-, 4 5q 40 22,0 50 23,7 33 23,1 4,6 34,0
NbOPOBUX MeTaniB
JntTa iHWKX ko- 24 54 19 10,4 28 13,3 17 11,9 8,1 -39,3
NbOPOBYX METaniB
Pasom 182 100,0 211 100,0 143 100,0 3,0 -32,2

lMNMpumitka. BuxigHi aaHi Big Jepxctarty Ykpainu [1]. Po3paxyHku aBTopis.

Hanbinbw agnHamiyHO peani3oByBanucb BUMNWBKK 3 ner-
KMX KONMbOPOBWX METaniB (antoMmiHin Ta MarHin): 3pocTaH-
HA 3 CAGR 29,6 %. Lle cniBnagae 3 TpeH4OM CBiTOBOIO
nonuTy Ha BUNWBKM 3 CNNaBiB NerkMx MeTanis.

3a pesynbratamu 2021 p. nosigomnseTtscs [1], wo
3aranbHa BapTiCTb peanisauil nuBapHux BupobiB ckna-
na 2950,9 MnH rpH, 3 akux 33,3 %, abo 982,1 MIH IpH,
NPUALLIIOCH Ha EKCMOPTHI NOCTaBkW. 3aranbHa KinbKiCTb
aKTMBHWX NMBapHUX NiNPUEMCTB B YKpaiHi BNPO4OBX
2017-2021 pp. 3binbwunack 3 182 go 211 3 cepeaHbO-
piyHum Temnom 3,0 % (Tabn. 2).

Hawnbinbwe, Ha 8,1 % CAGR, 3pocna KinbkicTb nig-
NMPUEMCTB, SKi BUTOTOBNSAOTb BWUMMBKM 3 iHLWMX KOMbO-
poBMX MeTanie (cnnasu Migi, UMHKY Towlo). Pocincbko-
yKpaiHCbKa BillHa, gka po3noyanack 24 nwotoro 2022 p.,
HeraTMBHO BMNIMHYMa Ha NUBAaPHi NiANpMeMcTBa KpaiHu;
3aranbHa KiNbKiCTb aKTUBHWX FNMBapHUX MiANpUEMCTB
3MeHwwunacb Ha 32,2 % npotu 2021 p. (tabn. 2). Mpwu
uboMy Hambinbwe, Ha 39,3 %, ckopoTMnach KinbkKiCTb
NigNpMeEMCTB, SKi BUPOBNANM BUNUBKK 3 IHLLNX KONbOPO-
BMX MeTanis.

Cnig Big3Hauntn, wo B 2021 p. nopisHAHO 3 2017 p.
KINbKICTb MpauiBHUKIB NMBapHUX NigNnpuemMcTe B YKpa-
THM 3binbwwmnace 3 cepegHbopiyHum Temnom 0,3 %
(Tabn. 3).

Mpn ubomy Hambinbwe, Ha 1,4 % CAGR, 3pocna
KiNbKICTb NpauiBHUKIB, siki BUPOBNAIOTb BUITMBKU 3 YaBy-
Hy, B TOM Yac npauiBHWKIB CTanenvMeBapeHb 3MeHLlyBa-
nacb wopiyHo Ha 0,9 %.

CnoxuBaHHA BUWNMBKIB. [1aHi CTOCOBHO BMPOGHM-
uTBa B YKpaiHi OKpeMux BuAiB NPOAyKLii, B AKUX BUKO-
PUCTOBYIOTb MeTaneBi BUITMBKW, AEMOHCTPYIOTb BMpO-
posx 2017-2021 pp. NoOHWXKyBanbHWUI TpeHA (Tabn. 4).

Tak, BUPOOGHUNLITBO BaroHiB BaHTaXHUX B KiSfIbKiCHO-
My BUMIpi 3MEHLLYBanocb 3 cepegHbOPiYHUM TEMMNOM —
19,0 %, BepcratiB —12,9 % i TpakTopiB —18,3 %. 3Bu-
YariHo, Lie Aaneko He NOBHUI neperik Npoaykuii, npu Bu-
rOTOBMEHHI IKOT BUKOPUCTOBYIOTLCH MeTarnesi BUMNMBKW.

Ak ceigyatb gaHi [1] B 2021 p. komnaHii YkpaiHu ekc-
nopTyBanu KOTNu ANs UeHTpanbHOro onaneHHs 3 nueap-
Horo 4aByHy B Pecny6niky MongoBa B BarosoMy BUMIpI
0,364 T1. lNpn uboMy B YkpaiHi Byno iMnopToBaHO KOTNU
3 NIMBAPHOro YaByHy 3aranbHoto Baroto 431,3 T 3 ITanii,
JlInteu, HimevuunHu, Monbuwi, CrnoBayunHu, TypedymHum i
Yexii.

AHani3 ctaHy nMBapHOro BUpoBHWLITBA Y CBITi B Nepi-
og 3 2018 no 2020 p. [7] cBigunTb, WO cnocTepiraeTbcs
iCTOTHE nafiHHA CymapHuX OBCsAriB CBITOBOro BUMYCKY
BUMNMBKIB (NpnbnunaHo Ha 7 % y nopiBHAHHI gaHunx 2018
Ta 2020 pp.) (puc. 2).

Tabnuuys 3
YucenbHicTb NpauiBHUKIB NMBapHUX NianpuemMcTs YKpaiHu
HaiiMeHyBaHHs Koa 3a 2017 2021 CAGR (2017-
BUPOGHULTBA KBEO-2010 | inpkicTs, oa. YacTka, % KinbkicTb, og. YacTka, % 2021), %
JInTTa YyaByHy 24.51 1592 34,0 1708 35,9 1,4
NlnuTTa crani 24.52 2157 46,0 2066 43,4 -0,9
fuTTa nerkax koneo- | 54 5q 730 15,6 763 16,1 0,9
pOBVlX mMeTaniBs
TMTTA iHWWX KOmbO- 24.54 209 4.4 218 4,6 0,8
poBux MmeTarnis
Paszom 4688 100,0 4755 100,0 0,3

lpuwmitka. BuxigHi aaxi Big epxctaty Ykpainv [1]. Po3paxyHku aBTopiB.
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Tabnuus 4

Bupo6HuuTBO B YKpaiHi okpemux BuaiB npoaykuii, B AKil BUKOPUCTOBYHOTb BUITMBKU

2017

2021

HanmeHyBaHHsA npoaykuii
KinbkicTb, TnC. WT.

CAGR (2017-2021), %
KinbkicTb, TnC. WT.

Oinbwe 59 kBT

BaroHu BaHTaxHi Ta nnatcopmm 6,9 2,4 -19,0
Bepcratu gns o6po6n.eH+.|9| HemeTa- 10 05 12,9
neBux matepianis
3acobu aBTOTPAHCMOPTHI ANA nepe- 0.9 0.9 0.0
Be3eHHA 10 i BinbLue ocib
TpakTopu 3 NOTYXHICTIO ABUIyHa 3.3 12 18,3

lMpumitka. BuxiaHi naxi Big Jepxcrtaty Ykpainuv [6]. Po3paxyHkv aBTopiB.

Bekoro
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m O6csr BupobHMuTBa BUNMBKIB y cBiTi 3 2018 go 2020 pp. [7]

3MeHLweHHs1 0bcariB BMpobHuuTBa Bigbynocs ymn 3a-
nAMwmnoca NpubnmM3Ho He3MiHHUM y BinbLIOoCTi KpaiH 3
HanbBinbwumMn obcaramm BUPOBHMLTBA, 38 BUHSATKOM
Kutato, ge BupobHMUTBO AeLlo 3pocro. Lle BuknukaHo,
HanbinbL BIpOrigHO, KpiM BNMAMBY iHWWX hakTopis, 3a-
ranbHUM 3HWXKeHHAM obcsriB MawwmnHobyayBsaHHs. [poTe,
OCKIfNbKW B OCTaHHi poKun NOMITHO 36inbLuyBanacs yactka
BUITMBKIB 3 anioMiHIEBMX CMMaBiB Y NOPIBHSHHI 3 YAaCTKO
BWIMBKIB 3i CMnaBiB Ha OCHOBI 3ani3a i 3 ypaxyBaHHSM
TOrO, L0 NUTOMa Bara antoMiHiEBMX CMaBiB Y Kinbka pa-
3iB HVKYa, MOXKHA NPUMYCTUTK, LLO MPU HWDKYOMY TOHHa-
Xi LLOPIYHO BUPOBNSnach He MeHLa KiNbKiCTb BUMMBKIB.
[ns NOpiBHAHHSA HanNpsiIMiB PO3BUTKY i CNIBBIAHOLLEHb BU-
MyCcKy BUIMBKIB 3a BYAaMm CrnaeiB po3rnmsaHEMO TpeHau
PVHKY OesKnX nepegoBmx KpaiH €sponu i AMepuku.

TpeHau nusapHoro puHKy HimeyumHu Ta Monbui.
B 3BiTi EBponencbkoi NnMBapHoi acouiauii (The European
Foundry Association, CAEF) [8] Big3Ha4yaeTbcs, WO B
2021 p. Himeubki MawMHOBYAiBHI KOMNaHii 3adikcyBanu
3pPOCTaHHA 3aMoBrieHb Ha 32 % MOpiBHAHO 3 nonepe-
OHiM pokoM. [py LbOMY BHYTPILLHI 3aMOBMEHHS 3pOCI N

Ha 18 %, a 30BHIWHIi — Ha 39 %. Y 2021 p. yaByHO- Ta
cTanenueapHi 3aBoan HiMe4yynHun otpumanu 3aMoBneH-
Hs Ha BnKn3bko 3,5 MNH T BURKBKIB, Lo Ha 19,4 % GinbLue
npotn 2020 p. MNpn ubOMYy 3amMOBMEHHS Big aBTOMODi-
nebyayeaHHsa Bupocnm Ha 10,8 %, a Big malmHobyais-
HOi npommcroBocTi — Ha 39,4 % NpoTu nonepegHbOro
poky. JInBapHi 3aBogn HimeuunHu, Wo cneuianisytoTbes
Ha BUNMBKaXx i3 CMMa.iB KONbOPOBMX METarniB, OTpUManu
3aMOBJIEHHS Big aBTOMOGINbHOI NPOMMUCIIOBOCTI BinbLue
Ha 3,8 %, a Big MawmnHobyayBaHHA — Ha 26,7 %. B pe-
synerati B 2021 p. HimeyumHa ekcnoptysana 1,36 mnH
T BUMNKMBKIB, WO Ha 17,2 % 6inblwe nonepeaHbLoro poky.
Y 2021 p. 3aBaHTaXeHICTb MOTY>XHOCTEN Yy BUPOBHWUKIB
YaBYHHWX BWNMBKIB (Ciporo Ta 3 KynactuMm rpacditom)
cknano 85,3 % (+27,1 % npotun 2020 p.), y BUpo6HMKiB
ctanesux BunmekiB — 79,3 % (+10,6 %), a y BUpobHu-
KiB BUNMBKIB 3 cnraBiB KonbopoBux metanis — 78,8 %
(+10,6 %) [8].

BupobHuuTBO B HiMevunHi BunuBK«i8 3i cnnasis 4op-
HUX MeTaniB (4aByH Cipui, 3 KynacTum rpaditom, KoB-
kun Ta ctanb) y 2021 p. cknano 3,2 MnH T, wo Ha 16,4 %
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Tabnuuys 5

MapameTpyn pUHKY BUNUBKIB 3 Ciporo 4aByHy, YaByHY 3 KynsicTum rpaditom, KOBKOro 4aByHy Ta ctani Hi-

Me44uHuU, NMonbui Ta kpaiH CAEF B 2017 i 2021 pp.

Moka3Huk 2017 2021 CAGR (2017-2021), %

BupobHuuTBo B HiMeuumHi, MrH T 4,185 3,158 -5,5
Bupo6HuuTeo B lMonbLui, MAH T 0,690 0,571 -3,7
Bupo6Huureo B kpaiHax CAEF, MnH T 12,106 10,707 2,4
Yactka Himeuuunnu, % 34,6 29,5 -3,1
KinbkicTb nnBapeHb B HimeuudnHi, og. 240 220 -1,7
KinbkicTe nmBapeHb B MNMonbLui, oA. 215 216 0,1
KinbkicTb nuBapeHsb B kpaiHax CAEF, oa. 1878 1613 -3,0
YacTtka Himeuwunnu, % 12,8 13,6 1,2
KinbkicTb npauiBHukiB B HiMey4umHi 41774 34657 -3,7
Kinekicte npauiBHukiB B MonbLui 16000 10600 -7,9
KinbkicTb npauiBHukiB B kpaiHax CAEF 142673 122572 -3,0
YacTtka Himeuwunnu, % 29,3 28,3 -0,7
Ekcnopt Hime44ymHow, MiH T 1,631 1,249 -5,2
Excnopt MonbLuyeto, MIH T 0,312 0,259 -3,7
Ekcnopt kpaiHamu CAEF, MAH T 4,768 4,244 -2,3
Yactka Hime4yunnu, % 34,2 29,4 -3,0
YacTka ekcnopTy y BUpOOHULUTBI, %:

HimevynHa 39,0 39,6 0,3
Monbwa 45,2 454 0,1
Kpaitn CAEF 39.4 39,6 0,1

lNpumitka. BuxigHi naxi Big CAEF [8]. Po3paxyHku aBTopiB.

Ginbwe, Hix y 2020 p. [8]. MNpn ubomy 3a nepiog 2017-
2021 pp. BUPOBHMLTBO BKa3aHNX BUIIMBKIB 3MEHLLMITOCH
3 cepefHbopiyHM TemnoM (CAGR) -5,5 %, a ix ekc-
nopt — Ha —5,2 %. IMig BNNMBOM HEraTMBHMUX EKOHOMIY-
HUX paKkTopIB KiNbKiICTb BUPOOHWLITB BUMMBKIB 3 CrnaBiB
YOpHMX MeTaniBe B kpaiHi 3meHwunock 3 CAGR -1,7 %, a
KiNbKICTb NpaviBHUKiB — Ha —3,7 % (Tabn. 5).

B MonbLi BMpOOHMLTBO BUMBKIB 3i cnnaBiB 4Yop-
HUX MeTaniB (4aByH Cipui, 3 KynscTUM rpaditom, KoB-
kui Ta ctanb) y 2021 p. cknano 0,571 mnH T, wo Ha 9,0 %
Ginbwe, Hix y 2020 p. [8]. MNpn ubomy 3a nepiog 2017-
2021 pp. BUPOBHMLTBO BKa3aHNX BUNINBKIB 3MEHLLMITOCH
3 cepegHbopidHuM Temnom (CAGR) -3,7 %, a ix ekcnopT
— Ha —=3,7 %. lNpun ubOMy KiNbKiCTb BUPOOHULTB BUMB-
KiB 3i cnnasiB YOpHUX MeTaniB B KpaiHi 3b6inbwunace 3
CAGR 0,1 %, a KinbKiCTb NpauiBHUKIB 3MEHLUMAck Ha
—7,9 % (Tabn. 5).

BupoBHUUTBO BMMMBKIB 3 YaBYHY 3 KynsiCTUM rpa-
citom B 2021 p. B HimewunHi 36inbwmnock Ha 19,2 %
MOpPiBHSAHO 3 NonepegHiM pokom, a B Monbwi — Ha 9,0 %
[8]. Cnia Bia3HaunTwW, WO B pesynbTaTi BNAnBY KOMMeK-
Cy HeraTMBHUX EKOHOMIYHMX (pakTopiB BUPOBHULTBO

BWUMMBKIB 3 YaByHY 3 KynsicTum rpaditom B 19 kpaiHax
CAEF Bnpogox 2017-2021 pp. 3MeHLyBanocb 3 ce-
peaHbopiyHnm Temnom (CAGR) -2,0 %, B HimewunHi —
—6,4 % i B MonbLwi — —3,3 % (Tabn. 6).

BigsHauaetbesa [8], wo B 2021 p. BUPOGHNLTBO aBTO-
MOOINbHMX KOMMOHEHTIB B HiMeuyunHi 3 YaByHy 3 Kynsic-
TMM rpadgpitom 3pocrno Ha 9,8 % (go 470 tuc. 1) , a nu-
TMX getanen ona mawmHodynyBaHHA — Ha 33,7 % (mo
4245 Tuc. 1).

AmepukaHcbke nuBapHe ToBapucTBO (American
Foundry Society, AFS) BBaxae, LWo HanpaAMamu noganb-
woro po3suTky nmeapHoi npomucnosocTi CLUA ssns-
€TbCA pO3pobKa HOBMX MPOJYKTIB, €KCMOPT NUBaPHUX
BMpPOGIB, peLopuHr (MOBEPHEHHS NMMBAPHOIO BUPOBHM-
utea go CLUA, 3 sikoi BOHO Byno paHiwe nepeBegeHo oo
iHWOI KpaiHWM 3 geleBoo poboyoko CUMOK) i KOHBEPCIHD
BMPOBHMLTBA (BNPOBaOKEHHS TEXHOMOTrIN, SKi MOKpaLLy-
H0Tb MPOAYKTMBHICTb, 3MEHLLYIOTb Bary BUMMBKIB i CKOPO-
Yyl0Tb Yac BMroToBreHHs Bupobis) [9]. MNpogaxi nuTea
BupobHukamm CLUA y 2022 p. 3pocnu GinbLu Hixk Ha 9 %.
AFS Metalcasting Forecast and Trends y 2023 p. npo-
rHO3ye TakoX 36inblUeHHs npodaxis 6inbw Hix Ha 4 %,
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MapameTpyn pMHKY BUNUBKIB 3 YaBYHY 3 KynsacTum rpaditom Himeyunnun ta kpaiH CAEF B 2017 i Iggftpﬁ)ﬂ °
MokasHuk 2017 2021 CAGR (2017-2021), %

BupobHuuTtBo B HiMeuumHi, MrH T 1,588 1,141 6,4

Bupo6HuuTeo B MNonbLi, MAH T 0,160 0,135 -3,3

BupobHuutso B kpaiHax CAEF, mnH T 5,145 4,657 -2,0

YacTka Himeuunnu cepep kpaiH CAEF, % 30,9 24,5 -4.5

lMpumitka. BuxigHi gaHi Big CAEF [8]. Po3paxyHku aBTOpIB.

He3BaKalo4yM Ha pU3KK peLecii B Libomy poui. Y 2023 po-
Ui CTaH NpOMMWCMOBOCTI 3aranioM i NUTTS MeTaniB 30Kpe-
ma i CLUA € ctabinbHum. OcTaHHiI 3aKOHMW, BKMOYaoum
3aKOHOMPOEKT MPO iHPPACTPYKTYpPY Ta 3aKOH Npo BUpOO-
HULTBO 4iniB, CNPUSAOTb NOZANbLUINA AiSNbHOCTI 3 BUPOG-
HuuTBa meTanis. bnnseko 94 % nuBapHMX NiANPUEMCTB
CLUA uboro poky 3gificHIoTb KanitTanbHi inBecTumii [10].

B ornagi [9] Big3HavaeTbCA, WO NMBapHa NpOMUCIIO-
BicTb CLLUA BnpoBagyxye Taki HOBi TEXHONOTil:

— aBTOMAaTM30BaHUN MOHITOPUHI obragHaHHsA | Bu-
pobHMuTBa ONSA OUiHKKM iX CTaHy B peanbHOMY 4aci, a
TaKoX MPOrHO3HE Ta NpodpinakTn4He TexHiYHe obcenyro-
BYBaHHS AN 3MEHLLEHHSI BAPTOCTi PEMOHTY;

— BipTyarbHe HaBYaHHS Ta rapHiTypy 4OMNOBHEHOI pe-
anbHOCTI ANs 3MEHLUEHHS BUTPaT Ha HaB4aHHS pobo4o-
ro nepcoHany;

— KOMN'lOTEPHE KepyBaHHS TEXHOMNOriAMW Mpwu nnas-
NeHHi meTanis;

— nporpamHe 3abesneyeHHs AN ynpasriHHA nuBap-
HUM BMPOBHMLTBOM;

— TexHonorii nepepobku (peuunkniHry) Metanesux Big-
xofis i 6pyxTy onsa 3abesnedyeHHs 6e3BigxogHOro BUpob-
HUUTBA;

— 3D-gpyk/agntvBHe BUPOGHULTBO ANs NUTTA 6€e3 iH-
CTPYMEHTIB;

— nporpamHe 3abesneyeHHs MogentoBaHHSA BUMNMBKIB;

— poboToTexHika Ta UM poBi MaHinynsaTopu.

Hanpsamun BigHOBRNEHHA noTeHUiany nuMBapHOI
npomucnoBocTi YKpaiHu. Krno4oBrMin HanpsiMmammn Ha
BHYTPILUHbOMY PWHKY KpaiHW € CTBOPEHHS YMOB Ans
30iNbLIEHHA CNOXMBAHHA MeTaneBuX BUIMBKIB BiAMoO-
BIOHVMW rany3samm yKpaiHCbKOi eKOHOMiKW. [0 Takmx Big-
HOCUTBCA aBTOMOOINebyayBaHHs, BepcTaTobyayBaHHS,
BUPOOHMLTBO CiNbCbKOrOCNOAapChKOi TEXHIKN, eHepre-
TUYHOro obnagHaHHs, rigpaBniyHoro obnagHaHHs, BiR-
CbKOBO-MPOMMWCIOBUIA KOMMIEKC Towo. Apyrum Hanps-
MOM € 36inbLUeHHS eKCNOopTYy MeTaneBux BUMMBKIB OO
iHWKMX KpaiH, cepeq Skux crnig BMokpemuTn kpainm €C,
KaHOugaToM 40 BCTYNy A0 SKOro € YkpaiHa.

3a ypsgoBMM MMaHOM i 3a croBamMu MepLioro
BiLenpem'ep-MiHicTpa — MiHicTpa ekoHomiku tOnii Ceu-
pugeHko [11], YkpaiHa mae nepepobnaTt Ha meTtan Ginb-
WiCTb pyAn BnacHoro BMaobyTky, a MeTann — Ha rotoBy
npoaykuito. YkpaiHa — geB’sTa y CBiTi 3@ eKCNopToM Me-
Tanis (19 MnH T Ha pik). Mn ekcnopTyemo Benuky Kinb-
KICTb pyau, SiKy 3a NriaHOM MiCMSIBOEHHOTO BiAHOBMEHHS
cnig nepepobnaTn BcepeavHi kpaiHu. Agxe TOHHa pyam
kowTye 100-150 USD (gonapie CLLUA), ToHHa meTtany
— 500-1000 USD, a rotoBun metanesun supio — 1,5-

2 Tnc USD. Akwo 3 metanesunx BUpoOGIB BUrOTOBMASATU
€HepreTuYHi MalunHKU, To uiHa goxoamtb Ao 15-20 tuc
USD 3a ToHHy [11].

besneka YkpaiHuM 3anexutb nuuwle Big Hac camux,
ANs 4Yoro Ham noTpibHe BNacHe BUMPOGHMLTBO 36poi Ha
HalnX CTapToBUX MardaH4MKax — MignpuemMcTaax Bin-
cbkoBo-npomucnosoro komnnekcy (BI1K). Ypsaa Ykpainu
CTaBWUTb NUTaAHHA nepeq 3axigHUMu napTHepamy npo
TpaHcdep BIMCbKOBMX TEXHOIMOri, abu MakcumarbHO
LWIBWOKO Hanaroant BUPOOHMLTBO YCiX OCHOBHUX BUAIB
036pOEHHS: Big NPOTUNOBITPSHOI 060POHN A0 BpoHeTex-
HiKK, pakeT, CTpineubkoi 36poi, 6oenpunacie, niTakie Ta
Kopabnie. Hawe 3aBgaHHA — cdopMyBaTV MOTY>XHWUI
BiNCbKOBO-MPOMMUCINOBUA KOMMIEKC, WO CcTaHe 6a3oto
ONS NO4anbLIOro PO3BUTKY aepOKOCMIYHUX TEXHOIOTrin
3 KITHOYOBOK BMMOIOK — rioKarnisauisd BUpoOHULTBa He
MeHwe 60 % [11]. BaxnuBy ponb y LbOMY CEKTOpI Bi-
girpasatume IT, ockinbkn YkpaiHa pobuTnme cTaBky Ha
military-tech. B uboMy npuknagom Ans HacnigyBaHHSA
Moxe OyTu I3painb, SKuiA OEeMOHCTPYE, SiK BUCOKI Bil-
CbKOBIi TEXHOIMOriI MOXyTb CTaTu OBWUIYHOM LUBINbHOI
ekoHoMmiku [11].

B cBow 4epry gna niaBuweHHss edpeKTUBHOCTI Ta
KOHKYPEHTO34aTHOCTI YKpaiHCbKMX NMBapeHb MOTpibHa
iX MmogepHi3auin Ha 6asi cyyacHUX nNMBapHMX TEXHOMO-
riv, obnagHaHHA Ta matepianis. [1na npuckopeHHst Lboro
npoLecy Mae CEHC CTBOPKOBATM CNiNbHi NignpMeMcTBa
3 nposigHuMun nusapHumu komnaHismm €C i CLUA. ba-
30BOI0 YMOBOI [J181 IHBECTOPIB € CTBOPEHHS MPUNHAT-
HUX (EBPOMENCHKNX) NpaBun poboTn Ha pUHKY YKpaiHu.
BupiweHHa uiei npobrnemu 0ocobnuBO € akTyarnbHUM,
BMXOOAYM 3 HEOOXiAHOCTI BigHOBMEHHSI MPOMUCIIOBOIO
noTeHUiany KpaiHu nicns 3akiH4eHHS POCINCbKO-yKpaiH-
CbKOT BilHW.

BrnpoBagkeHHs cyyYacHuX iHHOBaUi, BMXOAAYM 3
npuvHuunie Industry 4.0 (iHdpopmaTtusadis, asTomaTtu-
3auis, poboTtumsauis), notpebye BiANOBIQHOI NIArOTOBKU
npodpecinHmMx KappiB Ak Ona NMBapHUX NiANPUEMCTB,
Tak | Ans  HaykoBO-BNPOBa[KyBanbHWUX IHCTUTYTIB
(BkntovHO 3i cTtaptanamu). B cBow yepry ue notpebye
CTBOPEHHS Ha kadegpax yHIBEPCUTETIB i konegxax yud-
00BUX LEHTPIB, CMINbHMX 3 IHO3EMHUMW KOMMAHISIMMU,
BUPOBHMKaMM Cy4aCHMX iHHOBALNHMX TEXHONOTIN Ta 06-
nagHaHHs. Kpim Toro, gns nigBuLLIEHHS KOMMETEHLIT CTy-
OEHTIB Ma€e CeHC 3anoyaTkyBaTu B YHiBepcuTeTax Kypc
«PvHOK MeTaneBux BUNmMBKiB YKpaiHu Ta CBiTy».

AKTyanbHMMK HanpsiMamm pPoO3BUTKY YKpaiHCbKOi Nu-
BapHOI MPOMUCIIOBOCTI € eHepro3bepexxeHHsA Ta nepe-
poodKa (pPeunkniHr) MeTaneBmx Ta HeMeTaneBuX BigXO-
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[iB, a TakoX po3pobka Ta BNPOBaKEHHA BiAMOBIgHMX
TexHiYHuX ctaHgapTie. Kpim Toro, cnig 36inbwvtn Bu-
po6HMLTBO B YKpaiHi Cy4acHOro nMBapHoro obnagHaHHs
Ta nMBapHUX MaTepianis.

TakuMm 4MHOM, BiOHOBMEHHSI BUMPOBHUYOro MOTEHL-
any ykpaiHCbKOl NnuBapHOI MPOMUCNOBOCTI MNOTpebye
KOMMNNEeKCHoro nigxoay Ans po3pobku BignoBigHOI
Mporpamu ain Ha nepiog ao 2035 p. [o cknagy po6o-
YOI rpynu LWoao po3pobKM NPOEKTY AOKYMEHTY MOBUHHI
BXOOUTW NPeACTaBHMKU NUBAPHUX KOMMAHIN 3 YKpaiHu
Ta €C, HaykoBUi iHCTUTYTIB, BUKMNagadi yHiBepCUTETIB,
aenytatn BepxoBHoi Pagu Ta BignoBigHUX MiHIiCTEpPCTB,
a Takox Acouiauii nuBapHukiB YkpaiHu Ta Acouiauii «Yk-
pmawobya». [nsa 6inbLu SKiCHOT OLiHKM CUMBbHUX | cnabkmnx
CTOpPiH NMBapPHOI NPOMUCIOBOCTI YKpaiHK, a TakoX MOX-
nmMBocTen Ta 3arpo3, mae ceHc nposectn SWOT-aHani3
LUMAXOM aHKETYBaHHSA Ta NigrotTyeBaTtu BignoBigHWN aHa-
NiTUYHWIA 3BIT.

BucHoBku

JlnBapHa npomucnosicTb YkpaiHu B XXI| cyTTEBO 3HU-
3ura cBOi BUPOGHMYI NOKa3HMKK, WO 06ymMOBNEHO BMM-
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Trends of the foundry market of Ukraine in the first quarter of the XXI century

An analysis of the state of foundry production in Ukraine is presented. The foundry industry of Ukraine in the 21st century
significantly reduced its production indicators, which is due to the influence of such factors as the stagnation of industries
that consume metal castings, as well as a decrease in exports. This situation has been negatively affected by the COVID-19
pandemic, as well as the global foundry industry, due to a decrease in demand for castings from end manufacturers. It was
predicted that positive developments should be expected in the near future. However, russia’s attack on Ukraine on February
24, 2022 made a significant correction in the development of the global economy, and, accordingly, in the functioning of the
world foundry industry. Ukrainian companies in the foundry industry felt the impact of the war, some of them suffered partial
destruction of their production premises. Large foundry enterprises of Ukraine are mostly located in the south-eastern re-
gions, which were the most affected by hostilities. At the same time, in order to reflect the real situation in the foundry industry
of Ukraine, it is advisable to organize the collection of real data regarding the production of castings from various alloys in the
country, as well as regarding the export and import of foundry products. This will make it possible to make effective decisions
regarding the program of modernization of the industry and the development of industries that consume domestic metal
castings. Ultimately, this will help increase the competitiveness of Ukrainian products and increase revenues to the budget of
Ukraine. To assess the direction of development of foundry production in advanced countries of the world, the statistical data
of the leading countries regarding the production of castings and in more detail such countries as Poland, Germany and the
USA are given. The structure of cast products produced in the world is in constant dynamics and there is a constant change
in the ratio of the volumes of castings produced from various alloys. Recent years have been characterized by a tendency to
reduce the production of castings from steel and gray iron with a simultaneous increase in the share of castings from high-
strength cast iron and aluminum alloys.

Market, castings, Ukraine, foundry production, alloys, enterprises, innovations, production per-
sonnel.
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OYb0JEJI0BA
BikTopa IBaHoBM4a

16 kBiTHs 2023 poky BMAaTHOMY BYEHOMY B ranysi MmeTanyprii Ta MatepianosHaBcTsa, BeTepaHy Pi3mko-TexHono-
riYHOro iHCTUTYTY MeTanie Ta cnnasiB HAH YkpaiHu, akTMBHOMY opraHi3atopy Hayku, AOKTOpPY TEXHIYHMX Hayk, Jlay-
peaty depxaBHoi npemii YkpaiHu B ranysi Hayku i TEXHIKW, 3aCnyXeHOMY Lisvy Hayku Ta TeXHiku YKpaiHu, akagemiky
HauionanbHoi akagemii Hayk Ykpainu Biktopy IBaHoBuuy [ly6oaenoBy BunosHunocs 6 84 poku.

Hupekuyiss ma konekmue IHcmumymy, py3i ma koneau nam'ssmaroms Bikmopa leaHoeu4a sIK CrpPaexHbo-
20 84eHO020, py2a ma 4YyUHY JIIOOUHY.
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YroaA
NMPO NEPEOAYY ABTOPAMU NPABA
HA ONYBJIIKYBAHHA PYKOINUCY

Mu, Wo Hwk4e nignucanucs, asTopu

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

(moBa — ykpaiHCbKa/aHrnincoka).

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

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

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

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

lidnucu asmopie 3as. ped.- sud. cekmopy

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

(nignwmc)
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