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MeTtanyprisi 4aByHy Ta CTaJli: TeXHOJIOTil, IHHOBaIii, AKICTH
YK 669.184

AHAJII3 EOEKTUBHOCTI BUJAJIEHHA BYTI'JIELIO 3 PO3IIJIABY HA PIBHUX
ETAITAX BUPOBHUIITBA CTAJII

Apenaau H.A., Moauanos JI.C., K.T.H.
IncTuryT yopHoi merauyprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo

B cywyacHux ymoBax 3aii30BYyTJIeleBI PO3IUIABH 1 30KpeMa CTajib JIMIIAIOTHCS OJHUM 3 Haii
PO3IMOBCIO/DKCHIMNX KOHCTPYKIIIMHUX MarepiaidiB y CBiTi. BHUpOOHMHITBO cTaii TMOB’s3aHO 3
BUJJAJICHHSM HAJTUIIKOBOTO BMICTY JOMIIIIOK 3aJ1i30-BYTJIEIIEBOTO PO3ILIABY, 30KpeMa Byriemnto. [Tpu
IbOMY iICHY€ 3Ha4YHA KIJIbKICTh TEXHOJIOTIYHUX PIIIEHBb 3 BUPOOHUIITBA CTAJIEH PI3HOTO COPTAMEHTY BiJl
yJIBTPa HU3BKO BYTJICIIEBHUX J0 JETOBAHUX BYTJICIEM.

OCHOBHUM METOJIOM BHUPOOHHWIITBA KOHCTPYKIIMHUX CTajied 3BUYAWHOI SIKOCTI JIMIIAETHCS
KHCHEBO- KOHBEPTEPHUHN IPOILEC, SIKUM 3A1HCHIOETHCS 32 CXEMOIO 3 I0JIa4ei0 KHUCHIO Yepe3 BEPXHIO
dbypMy 1 HEHTpaAJIBHOTO Ta3y yepe3 JAOHHI MPOAYBHI 0J0KH. BUPOOHHUIITBO BUCOKOBYTIICIIEBUX CTaCH
0a3yeTbcs Ha BUKOPUCTAHHI TEXHOJIOTIi ENEKTPOIUIaBKM 3a CXeMaMH I1HAYKLIHHOrO HarpiBy abo
IYyroBOrO, IO TIOB’A3aHO 3 HU3BKUM OKHUCIIOBAIBHUM [OTEHIIAJIOM 3a3HAY€HUX IMPOIIECIB.
BupoOGHuuTBO CTasjeil 3 BMICTOM ByIJelio Hibkde KputudHoi koHumentpauii (0,01%) mor’szano 3i
CKJIQJIHICTIO OpraHizarii MiJABEJACHHS BYTJICIIO O MICI OKHCJICHHS. ToMmy pO3poOJIeHI TeXHIYHI
pillIeHHs 3 JOJATKOBUM BBEICHHSIM y BaHHY iHTeHcHikaTopiB MacooOoMiny (TexHosorii ['KP ta AOJI),
a TaKo)X IMPOBEJICHHS OKHUCIIEHHS BYIJICLIO MPU HU3bKOMY THUCKY. 3a3HaueHl Mpolecu MOTpedyIoTh
CHEIIAIbHOTO CKJIATHOTO YCTaTKyBaHHS 1 HE JO3BOJSIOTH 3IHCHIOBATH BUPOOHHIITBO CTallel 3
HU3BKUM BMICTOM BYTJICHIO Ha AIIOYUX METATypridHUX MANPUEMCTBaX Oe3 3HAYHOI MOjepHi3allii
YCTaTKyBaHHSI 1 3MiHM TEXHOJIOT1i BUpOOHUIITBA. BiAMOBITHO /10 iICHYIOYHX TOTJISIIIB I0JI0 MEXaHI3MiB
OKHCJICHHI BYTJICHIO B METAJICBIil BaHHI BUIUIAIOTH TPU JAHKHM 3a3HAYEHOTO Tporecy: 1) BBeICHHS
OKHCJIIOBAYa B PO3ILJIaB; 2) MPOTIKaHHS XIMIYHOT peakilii OKUCICHHS; 3) MiABEACHHS BYTIICIIO IO MICIIs
XIMIYHOT peaKIii.

VY BunajaKy KOHIIEHTpALii BYIJIELIO B PO3IUIaBy HA PiBHI OJU3bKOMY 10 KPUTHYHOI IIBUAKICTDH
MPOTIKAHHS XIMIYHO1 PeaKilii JIMITY€EThCS caMe TiJIBEICHHIM BYTJICITO 10 MicIA ii mpoTikaHHs. Takum
YHHOM, 17151 3a0e3neueHHs €)eKTUBHOTO MPOIIeCY BUAAICHHS BYTJICIO 3 PO3ILIABY MPU KOHIICHTPAITisSX
HIDKYE KPUTHYHOI HEOOX1JHO 3aCTOCOBYBAaTH METOIM IHTEHCH(IKAIli MacOOOMIHHUX TMPOIIECIB Y
MeTaneBiii BaHHi. [IpM 1bOMY ICHYIOTH HACTYIHI METOIM iHTEeHCHdiKalii MacooOMiHaxX MpPOCIB:
BHUMYIIICHE ME€PEMIIIyBaHHS, BILUTUB 30BHIIIHBOTO €JIEKTPOMArHITHOTO MOJs, IPOAYBKa HEHTpaIbHUM
razoM. Cepes 3a3HaYeHUX METOIB iHTeHCH]iKallii MACOOOMIHHUX MPOLIECIB HAUOIBII TEXHOIOTIYHUM
€ TMPOJTyBKa HEUTPAJILHUM Ta30M.

Buxonsun 3 HaBeOEHOro BHUIIE MPOIMOHYETbCS 3AIMCHIOBAaTH BHUPOOHUITBO CTaledl 3
KOHIIEHTPALII€10 BYTJICLIO HI)KYE KPUTHUHOI 32 HACTYTTHOIO CXEMOIO: OKHCIIEHHS BYTJICIIO 10 KPUTUYHOL
KOHIIEHTpaIllli CTaHIAPTHUMH METOJaMH KHCHEBO-KOHBEPTEPHOI IUIABKH, JO OKHCIEHHS BYTJICIIO
HIDKYE KPUTUYHOI KOHIIEHTpAIlii B PO3IUIaBi 32 paXyHOK MPOYBKH PO3IIJIaBy CYMIIIIITIO IHEPTHUH Ta3 —
KHCEHb Ha eTarli o3aniyHoi 00poOKH yepe3 JOHHI MPOYBHI OJOKH CHEeliabHOI KOHCTPYKIIII.
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AHAJII3 YMOB E®EKTUBHOI AKTUBI3ALITI HITPOTEHBMICHOI'O 'A30BOI'O
MHOTOKY

JI. C. MosnyaHnoB, k.T.H., T.C. I'0o1y0, K.T.H.
IncTuryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo

CporosieHHs1 MeTalyprifiHol ramy3i, SIK OCHOBHOTO BHpPOOHMKA KOHCTPYKLIHHOTO Marepiany,
CTaBUTDH HOBI ITiJIBUIIEHI BUMOTH J0 MIITHOCTI CTaJeH Ta MOKPAIIEHHS iX eKCIUTyaTalliiHUuX SKOCTEH, K
MOKa3HMKA HAIIHHOCTI Ta JOBrOBIYHOCTI Jeraneil Ta KOHCTpyKuUiii. CrnocoOM MOminiieHHs
BJIACTUBOCTEH CTaJled JOCUTH PI3HOMAaHITHI, MPOTE BAXKJIWBE MICIE Cepell HUX 3aiiMae JieTyBaHHS.
Jleryioui e1eMeHTH HaJIal0Th BUPOOAM KapOCTIMKOCTI Ta KOPO31MHOT CTIMKOCTI, MABUIITYIOTh MEXaHIYHi
noka3sHuku. Ceper HUX CIIiJI BUAUTATH HITPOTEH, BBEJICHHS SIKOTO J03BOJISIE 3MEHIIIUTH y CIIJIAaBaX BMICT
OUTBII BapTICHUX EJIIEMEHTIB HIKENI0, MAapraHIlo Ta IHIIUX ayCTEHITOYTBOPIOIOUMX EJIEMEHTIB MpHU
30epexeHH1 3aJJaH0T ayCTEHITHOT a00 1HIIOT CTPYKTYPH Ta, BIAMOBITHO, PiBHS ()ePOMArHITHOCTI CILIABY;
301IBIIUTH BMICT Y CIIaBaX €JIEMEHTIB ()epUTOYTBOPIOBAUIB, 1110 MIO3UTUBHO BIUIMBAE HA MEXaHIYHI Ta
KOpO3iliHI XapaKTePUCTUKH CIUIABIB; MOKPAIIUTH XapaKTEPUCTUKU TEXHOJOTIYHOT TUTACTHYHOCTI
BHACIIIJIOK PO3IIUPEHHS IHTEPBAJy iICHYBaHHS ayCTEHITY Y BUCOKOTEMIIEpaTypHiil 001acTi; miABUIUTH
TePMIUHY CTAOUTBHICT AYCTEHITY Ta 3HU3UTH HMOBIPHICTh HOTO PO3MAaay MPU HarpiBaHHI 3 YTBOPEHHSIM
HITPUIIB Ta IHIIKX (a3; 30UIBIINTH OMip MITTUHTOBOT Ta HOXKOBOT KOPO3ii, KOPO31HHOTO PO3TPICKyBaHHS
IiJT HaNpyrol, IHTEPKPUCTATITHOI KOPO3ii; MIJBUIIATHA MIIHICTh CIUIABIB MIJISXOM BUKOPHUCTAHHS
nedopMaIitHoro 3MIITHEHHS TPU HAKJIeTTi.

Hitporen moctaTHRO pO3MOBCIOHKCHUH XIMIYHHM €JIEMEHT 1 SK JICTYIOUHMW BiJIOMHUHA JTaBHO,
MPOTE MIMPOKOMY BUKOPHCTAHHIO 3aBaXkae Horo oOMeKeHa pO3UYMHHICTh Y 3aJlI3HUX CIIIaBaX, 0COOIHBO
MIPU BUCOKOMY BMICTI 1HIITUX KOMITOHEHTIB. JIJIs T IBUIIIEHHS PO3YMHHOCTI HITPOT€HY BUKOPHUCTOBYIOTh
pi3Hi ciocoOu akTUBi3alii rasy. ABTOpaMu OyJ0 JOCHIHKEHO BapiaHT aKTHUBI3allii HUIIXOM CTBOPEHHS
EIIEKTPHUYHOTO KUCTHOBOTO PO3PSIY.

JlocitipKeHHs IPOBEIeHO Ha CTBOpeHOoMY Ha nociianii gt [YM HAHY ¢isuunomy crenmi.
MopentoBaHHIO MijsATaia AUBTHKA (GypMH HAa BHUXOMA1 JUIS TMOJadvi MPOJYBHOTO Ta3y y sKik OyIio
PO3MIIIEHO NPUCTPIl aKTUBI3ALlIT Ta3y 3aKPUTOrO TUITY (LUIIXOM CTBOPEHHS KUCTHOBOTO PO3PSAY MIX
METAJICBIM €JIEKTPOIOM Ta METAIIEBUM HAKOHEUHUKOM QypmH). ByIto TociiKeHO 1Ba THITA IPUCTPOIB:
13 3aHYpIOBAaHUM HE 130JIbOBAHUM E€JIEKTPOJIOM Ta BUCTYIMAIOYMM MPAKTHYHO MOBHICTIO 130JbOBAHUM
EJIEKTPOIOM (pO3psAa MK HAKOHEYHUKOM ()YypMH Ta HEI130JIbOBAHMM KIHYMKOM E€JIEKTPOay). AHai3
BIUTMBY THCKY IPOJYBHOTO Ta3y Ta TOBXMHHM IYTH (BIICTaHI MIX €JEKTPOJaMH) Ha €PEeKTHBHICTh
mporiecy 10Hi3alii TMOTOKY HITPOTEHBMICHOTO ra3y (Ha MPUKIAAlI TOBITps) TMOKa3aB, IO MpH
BUKOPUCTaHHI PO3PSIHOIO MPHUCTPOIO 13 3aHYpPEHUM EJIEKTPOJOM Ccuja CTpyMy, SKui (opmye
aKTMBOBAHUH Ta3, Ma€ KBaJIpaTUUYHY 3aJICKHICTh BIJl BIJICTaHI MK €JIEKTPOJaMHU 3 MAKCUMyMOM TIPH
BifCcTaHi O1M3bKo 15 MM Ta THCKY mpoayBHoro rasy 0,25-0,3 Mlla. Ilpu noxanbmiomy 301bIICHHS
TUCKY BUIUMHIA PO3PSIT 3HUKAE 1 CHJIa CTPYMY 3HIKYETHCS.

3a yMOB BUKOPUCTAHHS 1HIIOTO TUITY PO3PSAHOTO MPUCTPOIO, SIKUH BIAPIZHAETHCA BUCTYIIAIOYHM
€JIEKTPOIOM OyJM OTpHMMaHi 3HAYHO BHIII MOKAa3HUKH CHJIM 10HI30BAHOTO CTPYMY 1 MpH 301IbIICHI
IMCTaHIII po3psay cuiia cTpyMmy 3poctana. Kpim Toro Bi3yanabHO po3ps] OyB BHIMMHUI HaBiTh IpU
BHCOKHMX THCKaX mpoayBHoro rasy (0,6MIla) (i3 HaltO1IbIIMMK TOKa3HUKAMU TTPH HU3bKUX MPOTYBHHUX
THCKax). TakuM YHMHOM MOXHA 3pPOOUTH BHUCHOBOK, IO JUIS aKTUBI3alii HITPOT€HBMICHOTO Tra3y
HaOIIBIII TEPCTICKTHBHUM € BUKOPHUCTAHHSI PO3PSTHOTO MPHUCTPOIO i3 BUCTYNAIOUUM €IIEKTPOIOM.
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BUKOPUCTAHHSA AKTUBOBAHUX I'A3IB, SIK HAITPAM IHIABULIEHHA
E®EKTUBHOCTI TEXHOJIOTTYHUX IMMPOIIECIB B METAJIYPTTI

Cemukin C. L., k.1.H., I'ony6 T. C., k.T.H., MomuanosB JI. C., k.T.H
IncTuryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo

TexHozoriuni onepariii BAPOOHUITBA CTalli 1 METAIONPOIYKIi 0a3yeThCsl Ha OKHCIIOBAIBHO-
BIIHOBITIOBAIBHUX XIMIYHUX TMpolecax (TOpiHHSA TalvBa, OKHCJICHHS Ta BITHOBJIEHHS JIOMIIIOK).
Oco0nuBe 3HaUYEHHS MPOIIECIB XIMIYHOTO OKHCIICHHS BCTAHOBJICHE Y TIPOIlecax BUPOOHUIITBA CTali, IO
MOB’S13aHO 3 BUJIAJCHHSM 31 CKJIaIy PO3IUIABICHOI METAIOIIUXTH HAIUTMIIKOBOTO BMICTY KPEMHIIO,
Maprasiito, Byriemto ta gpocdopy. [Ipu nbomy y IKOCTI OCHOBHOT'O OKHCITIOBAaYa B yCTAJICHUX TEXHIYHUX
PIIEHHSAX BUKOPUCTOBYETHCS Ta30M0II0HNH KHCeHB. B cydacHMX MeTanypriiHuX arperarax JOCSITHYTa
MaKcUMalibHa €()EeKTHBHICTh MPOTIKAHHS XIMIYHMX HEPETBOPEHb MpPH BUKOPHUCTaHHI ra3oroaioHOTroO
KHCHIO.

[IBuKICTh XIMIYHOI B3a€MO/IIi PI3HUX €JIEMEHTIB 3 KMCHEM BH3HAYA€THCS BEITMYUHOIO €HEeprii
aKTHUBAIll IEBHOTO MMEPETBOPEHHS. 30KpeMa B aKTHBOBAHOMY CTaHi KUCEHb (POPMYE MOJIEKYITy O30HY,
sKa BIAPI3HAETHCS OUIBIIOI XIMIYHOIO AKTHUBHICTIO HDK MOJIEKyna raszomnofionoro kuchio. lLle
BHUKJIMKAHO HAsIBHICTIO B MOJIEKYJI1 IOJTATKOBOTO aTOMY, SIKMM 3MIIIY€E €JIeKTPOHHY IIUTbHICTh MOJICKYJTH
Ta 3MEHIIY€ CHEePTii0 aKTUBAIIII0 XIMIYHUX MPOLECIB 3a 11 ydacTi.

3araqom akTHBAIlisS Ta30MOI0HUX PEUOBHUH BIIOYBAETHCS ITiJT /II€I0 30BHIIMIHIX BIUIMBIB, JI0 SKHX
MOJKHA BiTHECTHU: BIUIUB 10HI3yIO4UMX BUIpoMiHEeHb (YD, o, B Ta y CreKTpiB); BIUIMB HaJJIHIIKOBOI
TEIUIOTH; BIUIMB E€JICKTPUYHUX PO3psAAiB. MexaHi3M ¢GopMyBaHHS TOJISITae€ y PYWHYBaHHI CTAOUTBHUX
MOJICKYJI Ta30MoAi0HOiI pEeYOBUHHM Ta YTBOPEHHS 10HIB, SIKI BCTYNAIOUM Y B3AEMOJII0 3 MOJEKYJIaMu
dhopmyroTh XiMivHI 3’eqHaHHS. [Ipy 1IbOMY 3 TEXHOJIOTIYHOT TOYKH 30py HAMOUIBII BIAIMM METOJOM
aKTHUBAIlii Ta30M0JiIOHNX PEYOBUH € BUKOPUCTAHHS €IEKTPUYHUX po3psiaiB. [Ipu 11boMy eQeKTHBHICTh
TepeBEICHHS PEYOBUHH 3AJICIKUTD SIK BiJ] KOHCTPYKITii 10HI3aTOpa TaK 1 BiJ HOTYKHOCT1 CAMOTO PO3PSIAY.
3a3HaueHi 0cOOIMBOCTI Jal0Th MOKJIMBICTh y HIIMPOKHX MeKaX BIUIMBATH Ha MPOLECH, IO MPOTIKAIOTh
B 00Cs131 KOHBEpTEpA.

B nporieci BUKOHaHHS JOCIIKEHb BCTAHOBJICHO, 1110 3aCTOCYBAaHHS aKTUBOBAHOTO MIOTOKY CIIPHUSIE
TT1IBUIIICHHIO TEIJIOBOTO PiBHS MiAGypMEHOi 001acTi, 10 CBIAYUTH PO OLIBIINHI, HIXK Ha MOPIBHSUTBHUX
IUTaBKax, pO3irpiB BaHHU, WMOBIPHO, 32 paXyHOK OLJIbII aKTUBHOTO MPOTIKAHHS pPEaKIliii OKHCICHHS
KPEMHIIO Ha TI0YaTKy MPOJAYBKH, BYTJICHIO B CEpEIMHI MPOAYBKH 1 AOMATIOBaHHS (POPMOBAHOTO B XOJIi
npoxayBku CO no COzrazy - B KiHIIi npoayBku. [Ipu nbomMy aHasi3 3MiHM BMICTY BYTJICLIO 1 IIBUIKOCTI
HOT0 OKMCIICHHS IO X0y MPOYBKH IUIABKW BUSBUB 301bIIIEHHS YaCTKU KUCHIO, 1[0 BUTPAYAETHCS HA
OKHCIICHHS BYIJICIIO TPU 3aCTOCYBaHHI AaKTHBI30BAHOTO KHCHEBOTO TIOTOKY, 3 BIANOBIAHUM
M ABUILIEHHSIM IIIBUIKOCTI OKHCJICHHS BYTJICITIO 110 X0y TIPOIYBKH 1 CKOPOUCHHSI TPUBAIOCTI MPOAYBKH
1o maniHas ¢akena. [IpoBeneHi AOCHIHKEHHS PiBHS NUWIOBMAUICHHS 3 KOHBEpPTEpa Ha JOCIIIHUX
TUTaBKaxX MOKa3ajo 3HWKEHHS IbOTO IMOKAa3HUKA MPU BUKOPHCTAaHHI aKTUBI30BAHOTO Ta30BOTO TOTOKY
Ha BEJIMYMHY TOPSAKY 56,9% BimH. B epio HaBeACHHS IUIaKy 1 Ha 69,5%BiIH. B Iepio/] MPOTyBKH i
nutakoMm. [IpoBenennii 3a pe3ynbraramMu JJa0OpaTOPHUX JAOCTIHKEHb aHaJll3 BIUIMBY KUIBKOCTI 030HY B
MPOAYBHOMY Ta3i Ha KiJIbKICTh BUAUIEHOI 3 arperaty Muily MokKa3aB HasiBHICTb 3BOPOTHOI 3aJI€KHOCTI 3
MiHIMQJIBHUM PIBHEM TUJIOBHIUICHHS IIPU MPOYKTUBHOCTI 030HY O1u3bK0 25-30 r/T*xB. OTpuMaHi B
pOOOTI pe3yIbTaTH CBiAYATh PO BUCOKY 3HAYMMICTh HAIIPSMKY, 1110 PO3POOISIE€THCS, A1 METaTy priiiHOi
MMPOMHCIIOBOCTI, a BCTAHOBJICHI HAYKOBO-T€XHIYHI TIIOJOKEHHS TNPHUITYCKAIOTh MPOJOBKEHHS
JOCIIJIKEHb B YaCTUHI KOHCTPYIOBaHHS PO3PSAHUX MPHUCTPOIB 1 OUIBII INTMOOKOT0 BUBUCHHS B3a€EMOII]
AKTHBI30BAHMX CTPYMEHIB 3 PiJKOIO 3aJ1130BYTIIEIIEBOIO BAHHOIO.
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JOCJIIKEHHS BIVIMBY BAYBAHHA BOJAHIO B TOMEHHY IIIY HA BUKHU/IH CO:2
TA BUTPATY KOKCY

Yaiika O. JI., K.T.H., ¢.H.C., KopHninoB b. B., k.T.H., Mockaiuna A. O., K.T.H., [3loMmcbkniit M.M.,
Jlaxurora MLI'.

IncruryT yopHoi Mmeraayprii iM. 3.1. Hekpacosa HAH Ykpainu, m. J[ninpo

Ines 3actocyBaHHs BOJHIO Ta MOCTaHOBKA MPOOJIEMH HOro BUKOPUCTAHHS y TPOMHUCIOBOCTI Oyia
copmynboBaHa 1me Ha moyaTtky 70-x pokiB XX CTOMITTS micis nepiioi HadhToBo1 nanuBHOI Kpu3u. Citifg
3a3HAYUTH, 110 B I€il Yac W BITUM3HSIHI JOCTIAHUKH 3aliMajucsl MUTAaHHSIMH 3aCTOCYBaHHS BOJHIO B
JOMEHHOMY BUPOOHHUITBI. Y CBITI, Ha PiBHI JE€pXKABHOI MOJITUKH, BCe OibIla yBara MpUAUISETHCS
PO3BHUTKY BOJHEBOT'O CIIPSIMyBaHHs, 1 BOJIHEBA €HEpPreTrKa HaOyBae Bce OUIBINIOT MIATPUMKH HE JTUIIIE
Ha KOPIOPAaTUBHOMY, a i Ha JepaBHOMY piBHI. BogHeBa eHepris 3 ii pi3HOMaHITHUMH JDKEpeIaMH,
HU3bKUMH BUKHJIAaMU BYTJIEL}0, BHCOKOIO €(QEKTHUBHICTIO Ta IIMPOKHM CIIEKTPOM 3aCTOCYBAaHHS
BBKAETHCS HAMOIIBIT 0araToo0iI0Y0I0 Ta €KOJIOTTYHO YUCTOK0 CHEPricr0 y 21 CTOMITTI Ta BKIIOUSHA
710 HallIOHAJIBHOI CTpaTerii pO3BUTKY €HEpreTUkH OaraTbma KpaiHamu. TOMY NMHUTaHHS 3aCTOCYBAaHHS
BOJIHIO B METAIYPrii B IIJIOMY Ta IOMEHHO{ TIe4i 30KpeMa, SIK HalO1IbIII eHeprOEMHOTO arperary y MUK
BUPOOHUIITBA METATY, € aKTyaJIbHUM 3 TTOTJISTY 3MEHIIIEHHS eMiCil TIOKCHIY BYTJICIIIO.

3 BUKOPHCTaHHSAM BJOCKOHAJIEHHX MOJIENICH TEIJIOBOTO Ta €KCEPreTUYHOro OanaHCiB JOMEHHOI
TUTAaBKM BUKOHAHO OLIHOYHI PO3pPaxXyHKH BIUIMBY 3aCTOCYBaHHS Pi3HOI BUTpaTu BoAHIO Ha Bukuau COa,
TEXHIKO-€KOHOMIYHi, TETJIOBI Ta €KCEPreTUYHI TOKa3HUKH JOMEHHOI TUIABKH.

BcranoBneno, 110 3011bII€HHS] BUTPATH BOJHIO Ha KOXHI ~50 M>/T J03BOJISIE 3MEHIITUTH BUXIiJI
CO; 3 ypaxyBanusm gonanroBanHs CO mo3a JoMeHHO mivyio Ha 2,4-2,6%, a 3aCTOCYBaHHS BOJHIO B
KinpkocTi ~600 M>/T no3Bosuth 3MeHImUTH Bukuan CO; Ha 33,4-33,7%. OKpiM 3MEHIIICHHS] BUKH/IIB
CO., 3actocyBaHHS BOJHIO B JJOMEHHIH Iedi J03BOJIE€ 3MEHIIUTH BUTpaTH Kokcy Ha 0,46-0,48% Ha
koxHi 10 M>/T H2, M0 eKBiBaNEeHTHO 3MEHIIEHHIO BUTpAT Kokcy Ha 0,22-0,25 xr/m> BogHio. Takum
YMHOM, BIIEpIIE AHAIITHYHUM MUIAXOM BCTAaHOBJIEHO KOE(]Iili€HT 3aMiHM KOKCY BOJHEM IIpU
3aCTOCYBaHHI BOJIHIO B JOMeHHI# miasmi — 0,22-0,25 KI/M.

3a pe3ynpTaTaMu JAOCIHIHKEHHS BU3HAYEHO, 10 CHUIbHE BAYBaHHS B TOPH JOMEHHOI €4l BOAHIO
ta [IBII no3Bosisie BUPIIMTH OAHOYACHO JBa 3aBIaHHs: 3MeHIICeHHs BUKUAIB CO, (mpu 30UIbIIEHH]
BUTPATH BOJHIO) Ta 3a0€3MEUUTH MiHIMAJIbHY COOIBapTICTh YaByHY Ta CTaji (MpH 301JIbIIEHH] BUTPATH
[1BII).

B pesynbTari aHanizy BU3HAYEHO KPUTHUYHI BUTPATH MAJUBHUX J00ABOK, MPU SKUX 3TITHO 3
MIPUHIIAIIOM ['proHepa MOKHA OUYIKYBaTH JIOCATHEHHS MOBHOTO BITHOBJICHHS 3aii3a TiJIbKA HEMPSIMUM
[IISIXOM, a 3HAUYUTh 1 MiHIMAJIIBHOT BUTPATH HajuBa MPH J0CATHEHHI 1¢=0%:

- TP BUTPATi BoAHIO 585-600 M>/T Ta Kokcy 378-401 kr/T;

- mpu Butpari [1BIT 100 kr/t, Boaio 500 M>/T Ta kKokcy ~329 Kr/T;

- ipu BuTpati [1BIT 150 kr/t, Boanio 485-500 M>/T Ta Kokcy 268-289 Kr/T;

- mpu Butpari [IBIT 200 kr/T, BoxHio 450-485 M>/T Ta KoKCy 228-251 KI/T;

- ipu BuTpati [1BIT 250 kr/T, Bognio — 421-450 >/t Ta xokcy 191-212 kr/T.

BnyBaHHs B TOpH HOINIEPEAHBO HATPITOTO BOAHIO BIIKPUBAE 3HAUHI PE3EPBU 3MEHIIICHHS BUKH/IIB
CO2 Ta Butparu kokcy. Iligirpis BogHto B kisibkocti 100-500 M>/T Ha KokHI 100°C 103BOJISIE 3MEHIIIUTH
nporuo3uuii Buxig CO:2 3 ypaxyBanuam gonamoBanHg CO mo3a qomenHoro mivuto Ha 0,37-1,35% Ta
3MEHIIUTH BUTpaty Kokcy Ha 0,07-1,16%.

Ha ocHOBi BHIIE HaBEJECHOTO BCTAHOBJICHO, II0 BUKOPUCTAHHS BOJHIO B JIOMEHHIN Tedi €
MEPCIIeKTUBHUM HarpsiMoM 3MeHIIeHHs BUKUAIB CO2 Ta 3MEHIIEHHS BUTPATH KOKCY Ta IHIIUX
MaJTUBHUX JO00ABOK B JOMEHHIH Tedi.
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JOCIIIKEHHA I'ASOAUHAMIKHA IBOX®A3HOI'O ITIOTOKY
Y T-IOAIBHOMY HAKOHEYHUKY ®YPMHU

€cbkoB /I. B., CirapsoB €. M., a.1.H., Kpsiuko I'. 10., k.T.H.
JHinpoBCcHKUIl Aep;kaBHUI TeXHIYHUI yHiBepcuTeT, M. Kam’siHCbKe

[epexin 10 BUKOpUCTaHHS €(DEKTUBHUX, 3 TOUKU 30py 301IBIICHHS IHTEHCUBHOCTI BBEJCHHS Ta
BIJIMOBITHO CKOPOYCHHSI TPUBAJIOCTI KOBIIOBOI OOPOOKH YaBYHY, MPOCTOTH OOCIYyrOBYBaHHS TOIIIO,
¢bypm 3 T-moiOHUM HAKOHEUHUKOM IPU3BIB 0 BUHUKHEHHS CYNyTHIX MPOOJieM, TIOB’I3aHUX Y TOMY
YHCIIl 3 3aKyNOPIOBAHHSM COIEN Ta YCKJIAJHEHHSIMH Y MEePEHANPaBICHHI Ta30IIOPOIIKOBOTO MOTOKY Y
coIuIa i3 poOOYOro MPoCTOpY HAKOHEUHHKA 0€3 BTpaT €Heprii mpu 3MiHaX MIBUAKOCTI i HANPSMKIB Teuil
MMOTOKY, HEPIBHOMIPHICTIO 3HOCY BOTHETPHUBKOTO 3aXUCTy (ypM MO BHCOTi, OCOOJHMBO y 30HAX,
HaOJIMKEHUX JI0 COTIEN, HECTAllIOHAPHICTIO TUCKY Ta3y-HOCIIO Tepel CoMjlaMi HaKOHeUHUKa GypMH Ta
T. 1H.

VY 10moBiJli HABEAECHO PE3yJIbTAaTH IOCIIIKEHb Ta30AMHAMIKU ABOX(Aa3HOTO MOTOKY Y poOoYOMy
npoctopi T-moaiOHOTO HaKOHEYHHKA 3ariauOHOi pypmMu Ta GOopMyBaHHS Ta30MOPOITKOBHX CTPYMEHIB
Ha BUXOJl 3 comen. Bukopucrani MeTonuku (i3MYHOTO MOJENIOBAHHS Ta30JMHAMIKH TOTOKY 3
BUKOPHUCTaHHAM Tpo30puXx Mojeneii T-momgiOHOro HaKOHEYHHWKA Ta pe3yJbTaTH JOCHIHKEHBb
MaKpOCTPYKTYpPH MEPETUHY COILIA, «3aKyIOPEHOT0» Y MPOIIeCi BAYBAHHS Ia30[MOPOLIKOBUX CTPYMEHIB
Ha OCHOBI CyMillll BalTHa Ta MarHiro yriaud po3IjiaBy YaBYHY 3 METOIO 3a0€3I11eUeHHS BUIAJICHHS CIPKH.

[TinTBepmKeHO, IO MPOLEC PIBHOMIPHOTO Ta Oe3MepepBHOTO BIYBaHHS Ta30MOpPOIIKOBUX
CTPYMEHIB yriau0 po3MJlaBy B KOBIIN Y 3HAYHOMY CTYICHI 3aJeXKHUTh BIiJ] XapaKTEPUCTUK
ra30IMopOIIKOBOrO MOTOKY y KaHalli GypMH, poOOYOMY HPOCTOpPi HAKOHEYHUKA Ta HA BUXOJI 3 COIIEIL.
XapakTep MakKpOCTPYKTYpPH MarTepialliB «3aKyImoOpKW» COIUIa BKAa3ye Ha MOJKJIMBI BTpaTH CHeEprii
ra30MmopoIIOKOBOTO TIOTOKY, 10 (DOPMYETHCS Ha BUXOJII 3 OCTaHHLOTO. Lle mpU3BOAUTH A0 3aTiKaHHS
METaJICBOTO PO3IUIABY Y BHYTPINIHINA MPOCTIp COIUIa 3 MOAAIBIINM HAMOPOXKYBaHHIM, 3MECHIICHHSIM
BHYTPIIIHBOTO AlaMETpPy COIUIA, MiJABUICHHSIM OIOPY CUCTEMH 3 YTBOPEHHSM IEPEIIKO/ JJIS BUXOTY
cymimn necynbdyparopiB y BaHHy. OCTaHHE YCKIIATHIOETHCS 1 BHACHIIOK HEIOCTATHHOTO IMITYJIBCY
MOTOKY Ta BHHMKHEHHIO MYyJbCallii B 30HI BUTOKY 3 COIEJN MpPH MEPeXoAi Bil CTPYMHUHHOTO MO
My3UPKOBOTO PEKUMY.

3a pe3ynpTaTaMu JOCITIUKEHb MiATBEPKEHO, 0 KITBKICTh METAJICBOTO PO3ILIABY, 10 MOTPAILISLE
y comuta ¢ypMH TIPH TOPYIICHHSIX PO3PaxyHKOBOTO PEKUMY BAYBAHHS, 3MEHIIYETHCS MPH 301JIbIIICHH]
IIBUJIKOCTI BUTOKY Ta3y-HOCIIO 1 MICJsI JOCATHEHHS MEBHOTO KPUTHUYHOTO 3HAYEHHS, OJM3BKOTO J0
IIBUJIKOCTI 3BYKY, MPUIUHIETHCA. [Ipu 301MbIIEHHI BUTpAT ra3y-HOCIIO BiIOYBa€ThCSA Mepexia 110
CTPYMEHEBOI'O DPEXUMY BUTIKAHHS 1 MICIs WOro 3aBepIIeHHS JOCTYN 0 comia JUIsl PiAuHU
MIPUTIMHSAETHCS, a TOAPIOHEHHS CTpyMEHs Ha My3upi BiOyBaeThCs Ha 3HAYHIA BIJCTaHI BiJ COILIa
bypmn.

VY naniit poOOTI HOCTIHKEHO BIUIUB KOHGIrypaiii podouoro npocropy (PI1) HakoHeuHnKa Ha KyT
PO3KPUTTSI Ta JOBXKUHY TOPHU3OHTAIBHOI MITBHUII Ta30MOPOIIKOBOTO CTPYMEHS. 3 METOI 3MiHU
koH(irypari PII Bukopuctanu pi3Hi GopmMu AHHINA Y BHYTPIITHBOMY MPOCTOPI TTpo30opoi moxaemni T-
MoJiIOHOTO HAaKOHEYHHKA Ta HOro rauOWHU (BiACTaHi BiJ AHUINA 10 oci comnen). Bukopucranu gpopmu
MOBEpXHI JHMINA y opMax HamiBcepu Ta yBIrHyToi HamiBcdepu, KOHyca Ta MITIHIpA.

Oco6auBOCTI ra30JUHAMIKH Ta30TIOPOIIKOBOT0 MOTOKY Y MPO30Piii MOEIi HAKOHEYHHUKA BUBYAIIN
31 3aCTOCYBaHHSM BHCOKOMBHIKICHOI (240 k/c) 3iioMku. OOpOOKOI pe3yJbTaTiB E€KCIEPUMEHTIB
BCTaHOBJICHI BIJIMIHHOCTI Ta OCOOJMBOCTI MEPEMILICHHA TBEPAUX YACTHHOK pi3HUX (pakiii y
po6oYOMy TIPOCTOPI HAKOHEYHHKA, JOBXKHUHA, JiaMETp Ta HAITOBHEHICTh YaCTUHKAMH TOPU30HTAIBHOI
TUISTHKYA TIOTOKY y COILIi Ta ChOPMOBAHOI'O CTPYMEHS Ha BUXO/I1 3 COMeNl HakOHeYHUKa. [1pu BUCOkomy
CTYTICHIO 3aBaHTAXEHHS MOTOKY NpiOHI ¢pakilii, Ha BIIMIHY B/l KKPYITHUXY», PYXalOThCs 31 IIBUIKICTIO
ra30BOr0 MOTOKY.
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3anporoHOBaHO METOJUKY PO3PaXyHKY pPAIllOHAILHOTO KyTa Haxwiry moBepxHi maaumia PIT T-
NoJIIOHOTO HAaKOHEYHHKA JUIs 3a0e3MedeH sl MiHIMi3allii BTpaT eHeprii Ha MepeHanpaBiIeHHs] YaCTHHOK
ra30MOPOIIKOBOTO MOTOKY, BIIOUTHUX BiJl AHHINA, y COILJIA.

BceraHnoBieHo, 1o 3i 3MEHIIEHHSM BijcTaHi Mk qHumieM y PII HakoHeuHWKa Ta BiCCIO comeln
TYCTHHA Ta30TOPOIIKOBOTO IMOTOKY MPOMOPIIIHHO 3POCTAE Ta B MAJIOMY CTYIICHI 3aJIeKUTh BiJ popmu
nauma. CHiBBITHOMIEHHS MK JTOBXHHOIO TOPU30HTAIBHOI NUITHKA Ta30MOPOIIKOBOTO CTPYMEHS Ta
Horo miametpom Ha BifcTaHi 18 kai. Bijg 3pi3y comna ckianae: 0,9 — s muIiHAPUIHOT HOPMU JTHUINA,
1,33 — nna «xonyca», 2,0 — st «yBirHyToi HamiBchepu» Ta 2,4 — A HamiBCQEpUUHOTO THHIIA
BIJIITOBITHO.

Bcranosieno, 1o 3a mpogiieM y ra3ornopomkoBoMy CTpPYMEHI MOXKHA BUAUTUTH TOPH30HTAIBHY
Ta BHUCXIJHY NUIBHUII, 7€ CTPYMiHb BTpaya€ MOXJIHMBICTh NMPOHMKHEHHs y BaHHY. [ns onrumizartii
nporiecy BAyBaHHs HEOOXilHa JOCTOBipHA iH(pOpMAlis LOJ0 KyTa PO3KPHUTTS Ta30BOTO CTPYMEHS,
MIMOWHY TPOHUKHEHHS, CTPYKTYpH ey, TypOyIeHTHOCTI 00’ €MHOTO TIOTOKY, SIKI XapaKTepU3yIOTh
OCHOBHI TapaMeTpu CTPyMEHs. 3riIHO 3 JaHUMHU pPI3HUX JAOCIITHHUKIB KYT PO3KPHUTTS Ta30BOTO
CTPYMEHSI y CHUCTeMI TOBITps-BoAa ckianae 20 rpan, y cucteMi pTyTh-ToBITps — 155 rpaa. Takum
YUHOM, KYT PO3KPHUTTS 3aJCKHUTh BiJl BIACTUBOCTEH piAvHM (TYCTHHH, IOBEpXHEBOro HaTATy). s
3aJT130BYTJIEIEBUX PO3IIABIB KYT PO3KPHUTTS, HAIICBHE, MOXKE KOJIMBATHCS Y BUIIIEBKa3aHOMY Jiana3oHi.

CTOCOBHO pO3MOALTY YAaCTMHOK HA TOPU3OHTANBHIN AUISHII Ta30MOPOLIKOBOTO CTPYMEHS Ha
BHUXO/I1 3 COIEJl MOKHA BIIMITHTH HacTyIlHEe. BHAcIiA0K CyTT€EBOI pi3HUIII MIXK IIUIBHICTIO Ta30BOi Ta
TBEpIOi CKJIAIOBHX Ta30IMOPOIIKOBOTO CTPYMEHIO CIIOCTEpIraeThCsi WOro cemapaiis 3 YTBOPEHHSIM
MEHIIl KOHIICHTPOBAaHOI (BEpXHBO1) Ta30BOI Ta OUIBII KOHIICHTPOBAHOI (ITOPOIIKOBOi) yacTuH. [Ipu
[IbOMY HAHOLIBII PIBHOMIPHMNA PO3MOLIT YACTUHOK 32 MPO(IIEM CTPyMEHS y JOCTIDKEHUX yMOBax
CIIOCTEpIrajay MpPHU BHKOPHUCTAHHI IMWTHAPUYHOI popmu gHuUmA. KyT pO3KpUTTS Tra3omopoIIKOBHUX
CTPYMEHIB Ha BHXO/Ii 3 COIEJI BINOBIJa€ HACTYITHUM 3Ha4eHHsAM: 10 rpaj — ans nuimiHapuaHoi GopMu
nHuma, 12 rpag — s «koHycay, 16 rpam — mia «yBirHyTol HamiBchepu» Ta 22 Tpam — s
HamiBC(EPUIHOTO THHILA BiAMOBIIHO.
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AOCTIKEHHA KIHETUKHW TBEPATHHAA 205 TOHHOI'O KOBAJIbCBKOI'O 3JIMBKA
HA XOJIOAHIN ®I3BUYHIN MOJEJII

IIporokogiios I. B.!, k.1.H., [lopoxousko B. B., k.T.H., AGpajgoB M. M.2, K.T.H.

TucruryT esrexrposBapoBanns im. €.0. Ilatona HAH Ykpainu, m. KniB, Ykpaina
2 TamkeHTCHKMIA Aep:KaBHUi TexHiunmii yHiBepenTer, M. TamkenT, Y36ekucran

OCHOBHMMHM CHOXXMBa4aMHM BEJIMKUX KOBAJIbCHKUX 3JIMBKIB € €HEPreTUYHE Ta BaxKe
MaIMHOOYTyBaHHs. 3 TaKUX 3JIMBKIB BUTOTOBIIIOTH POTOPH TypOiH, JeTaji KOPIYCiB PeakTopiB, Balu
rpeOHUX TBUHTIB Ta MPOKATHUX CTaHIB, JA€TaJll XIMIYHOTO 00IaiHaHHs. Buxoas4u 3 yMOB ekcruTyaTartii
(IMHaMiYHI HaBaHTa)XXCHHS, MIABUINCHI TEMIIEpaTypH, arpeCHBHI CEPEJOBHINA) 10 METAIy TaKHX
JeTaJIeH P ABIISIOTHCS BUCOKI BUMOTH.

YMOBH TBEpIIHHS BETMKHX KOBAIbCHKUX 3JMBKIB (BEIHUKHIA 00'€eM PiAKOTO METally 1 TPUBAINKN Yac
HOTO TBEPAIHHS) MPU3BOASATH JI0 3HAYHOTO PO3BUTKY B METAJIEBOMY PO3ILIaBl JIKBAIlIMHUX 1 YCAIKOBUX
MPOIIECIB 1, SIK HACHIJOK — (Di3MYHOI Ta XiMIYHOI HEOAHOPITHOCTI JuTOro MeTany. Ilpm momanburiit
TepMOMEXaHI9H1 00p0OIIl HEOJHOPITHICTH 3IMBKA YCIIaIKOBYEThCS TTIOKOBKOIO 1 HammiBhaOpuKaTaMu, siKi
OTPUMYETbCS 3 HBOro. Tomy mpoGieMa BIOCKOHAJEHHS TEXHOJOTIH BUTOTOBJICHHS BEJIHUKHUX
KOBaJIbCHKUX 3JIMBKIB JIOCI 3aJIUIIAE€THCS aKTyalIbHOIO.

ExcniepumeHTanbHI JOCTIHKEHHS POLECIB, SIKi BiI0OYBalOTHCS MPU TBEPAiIHHI BEIUKUX 3JTUBKIB
Jy’Ke CKJIaH1 1 3aTpaTHi. B X ymMoBax JOIIBHO 3aCTOCOBYBATH METOIU (hi3UYHOTO MOJICITFOBAHHS Ha
XOJIOHUX MIPO30PUX MOJIEISIX 3 JOTPUMAHHAM KPUTEPiiB MOAIOHOCTI.

Meroto nanoi po6otu Oyii0 BU3HaUCHHS BIUIUBY MapaMeTpiB enekTpoiuiakoBoro ooirpisy (EIIO)
1 MiPKUBJICHHS NMpUOYTKOBOI YAaCTHMHM 3JIMBKA Ta MpOLEC TBEpAiHHA y BWiMBHULI 205 TOHHOrO
CTaJIeBOTO KOBAJIbCHKOTO 3JIMBKA 1 PO3BUTOK Y HHOMY A€(PEKTIB yCaIKOBOTO MOXOIKEHHS.

ExcniepumMeHTH IPOBOAMIIM Ha TUIOCKiH MOJIeNi, 110 IMITY€E TIOB3/I0BXHIHN 1epepi3 31uBka. Mojaenb
BHKOHaHa y MacmTabi 1:15 3 qoTpuMaHHsIM reOMeTPUYHOI TOAIOHOCTI 0 HATYPHOTO 00'€KTY. Y SIKOCTI
MO/JICJIBHOI P1IMHH 3aCTOCOBAHO PO34MH Tiocynbdary Hatpito (Na2S203) saxuii TBepi€ 1Mo ASHAPUTHOMY
MexaHi3my. Temneparypa miaBieHHs TiocynbdaTy HaTpito Mae ckianae 48,3 °C 1 BiH 30epira€ ONTHYHY
MPO30PICTh 10 MOBHOTO TBEPIiHHS, L0 J03BOJISIE Bi3yaJbHO CIIOCTEpIraTH IpolecH (HopMyBaHHS
KpuctaniuyHoi OynoBu 3nuBKa. Dikcarliro mporecy TBEpIIHHS MPOBOIWIM 3a JOMOMOTOI (OTO- Ta
Bigeosiiomku. TemmepaTypy po3IIaBy KOHTPOJIOBANM TepMmomnapaMmu. s OLIHKKA TEIIOBHX
MPOIIECIB IPH KPUCTATI3AIlli 3JIMBKA IMTPOBOIUIN TEPMOMETPYBaHHS IMTOBEPXHI MOJIEI IPOTATOM BChOTO
qacy TBEpJIiHHS 3 BUKOPUCTAHHAM TeruioBizopa Wintact WT3160.

byno BcranoBneno, mo 3actocyBanHs EIIIO mpu3BOoauTh A0 3MIIIEHHS TEIMJIOBOTO
HEeHTPY Yy NpuOyTKOBY YaCTUHY 3JIMBKA 1 301JbIIEHHS KyTa Haxuiy V-moaibHoro ¢ppoHTy
KpucTamizamii, 4epe3 Mo MOKPaIly€eTbCs MiIKUBJICHHS OChOBOI 30HU 3JIMBKAa PIAKAM MeTaioMm. B
IIUX YMOBAX MOCTYMOBO 301JbIIy€ETHCS BEPTUKAIbHA CKJIa0Ba IPOCYBAaHHS TBepAOi Pa3u, sKa
Ha 3aKJIIYHOMY e€Tali TBepAiHHA 3JMBKa NMOYUHAE IEpeBakaTW HaJ TOPU3OHTAIBHOIO
ckiaanoBoto. Lle 3abe3neuye cpuUATINBI YMOBH JUIsl YCYHEHHSI OCHOBOI MOPUCTOCTI Ta 3MEHIIEHHS
mikBariiaux mnporeciB. [Ipu mpomy momitHoro BmimBy EIIIO Ha CTpyKTypOyTBOpPEHHS HMIKHBOI
YaCTUHU MOJICTLHUX 3JIMBKIB (Bia JoHHOI yacTuHU 10 BUCOTH 0,5...0,6xHsy;, me Hsy — BucoTa 3mmBka)
BUsiBIIeHO He Oyro. Lle nae migcraBy BBaxartu, o EIIIO MokHa mOYMHATH HE 0/1pa3y Micis pO3JIHMBaHHS
MeTally Y BUJIMBHHUIIIO, a Yepe3 MEeBHUM MPOMIXKOK Jacy.

[Tokazano, mo EIIO 3 temneparypoto miaakoBoi BaHHM Ha piBHI 1,15xTay (a1 Tuw —
TeMIeparypa IJIaBJIeHHS MeTally) 1 MiJUKUBICHH] PIAKUM MeTalloM 3 TeMnepaTyporo 1,2x Ty
1 o6'emom 1,5...2% Bin 3araipHOro o0'emMy 3J1uBKa, 3a0e3nedye MOBHE YCYHEHHS OCBHOBOI
MOPHUCTOCTI 1 YCaJIKOBOT paKOBUHH B PUOYTKOBIM YacTHHI 3/IMBKa. B peaqbHUX yMOBax 1€ JO3BOJIHUTH
3MeHIUTH Ha 70% 00'eM nMpuOYTKOBOT YACTHHHU 3JIMBKA 1 THM CaMUM 3€KOHOMUTH JI0 25 TOH MeTaly,
Ak i1e Ha oOpi3. Ilpu mpomy 3aranbHUl 4ac TBEpAIHHS 37MUBKA 30UIBIIYETHCS B CEPEIHBOMY Ha
15..20 %. Ha ocHOBI mpoBeneHUX IOCIIIKEHb OyJiH peKkoMeHAoBaHl momnepenHi pexxumu EIIO 3
1PKUBJICHHAM PiKUM MeTasioM 205 TOHHOTO KOBaJIbChKOTO 3JIMBKA.
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JOCIIIZKEHHSA HAITPYKEHO JE®@OPMOBAHOI'O CTAHY BAJIOK KAHTYIOUYHUX
XO0JIOANJIBHUKIB HA MAIIINWHI BE3ITEPEPBHOI'O JIMUTTA 3ATOTOBOK

BoJox B. 1., Ma3yp L A., K.T.H.
Ykpaincbkuii iepKaBHUH YHIBepCHTeT HAYKH Ta TeXHOJIOTii, M. /{HInpo

Beryn. 3a HaniiiHOIO Ta 0€3MeYHOI0 SKCILTyaTAIll€l0 METaTOKOHCTPYKIIM MaIlTMHU HETIEPEPBHOTO
uTTA 3aroToBoK (MBJI3) BUKOHY€EThCS TpaAUIIIHHUMU, HEPYHHIBHUMH METOJAAaMH KOHTPOJIIO, a came:
Bi3yaJIbHO —OIITUYHUH, YIBTPa3BYKOBUH, palialliiHuii, KaniIspHUNA, MarHiTonopormkosuid. Ha
Cy4acHOMY €Tarli pO3BUTKY TEXHOJOTIYHUX MPOIECIB Ta KOMIUIEKCHOT OIIHKHU J1arHOCTYBaHHS MAaIlluH
Ta MEXaHI3MIiB SIBHO HEJIOCTATHBO.

VY ocTaHHI POKHM BEIMKHI 1HTEpec MpPOSBISETECS 10 HEMPSIMHUM MAarHITHUM METOJaM KOHTPOIIO
HanpysxeHo-nepopmoBanoro crany (HIAC) cranmpHux KOHCTpyKuid. Ski 3acHOBaHI Ha TiCHIN
KOPEJAIIAHIA ~ 3aJIeKHOCTI MAarHiTHUX Ta MEXaHIYHUX BJIACTUBOCTEH TapamMeTpiB  MeTamy.
3anpornoHoBaHuii MeTo 1 KOHTpoutto BuMiptoBanHs HIC 3a 10moMororo BeTMYMHU KOSPLIUTHBHOI CHUIIN
Hc sixuit Mmae 3HauH1 IepeBaru s JiarHOCTYBaHHS.

VY poGoti jocmiKyBanuch OadKu KaHTYIOUMX XonoawibHUKIB Ha MBJI3. 3a momomoroio Tprox
TIAPOIUIIHAPIB BiOYBAIOTHCS MPOLIEC EPEMIIIICHHST 3aroTOBOK. ballky KaHTYHOYHMX XOJIOIUJILHUKIB
MOCTIHO MEPEMIIIYIOTh 3aTOTOBKH, JIe TAKUM YHMHOM BiI0yBa€ThCs MPOLIEC OXOJOKEHHS 3arOTOBOK
Ha noBiTpi. B mporieci pobotu 6anku mianaoThes HapaHTaxeHHsIM 110 150 - 180 ToH. B 30H1 KpinueHHs
TAPOMIITIHAPIB 10 OANKH, TOYATH 3’ IBJISITHCS BUIUMI TPIIIUHU.

banku KaHTyIOUMX XONOIUILHUKIB BUTOTOBJEHA 3 Mapku ctaii 091°2C.

BumMiproBaHHsI KOEpPUUTUBHOI CHJIM BUKOHYBajach MarHiTHUM cTpykrypockonom KPI[-K2M Ha
BEpXHi Ta HWXKHI YacTuHI Oamku yepe3 0,6 MeTpiB Ta B 30HI KPIIUICHHS T1POLUIIIH/PIB.

3a pe3ynbTaTé BUMIPIOBaHHS BCTAHOBJIEHO, 110 BHIle Touku He=6,7A/cM, mnactuunoi nedopmarrii
Q= 5,6 T 3HaxomATHCS nedopmMoBaHi AUITHKK Oanku. KoepruTrBHA cHiia y 30H1 KPITUICHHS TAJITHAPIB
TUISTHOK Jtocsirae Bennanau He 7,8-7,9 A/cM, 1110 3HaYHO BUIIE TOYKH TUTMHHOCTI IJIS1 TAaHOT MApKU CTaTi.
Ile mokasye, 110 € 30HMU MiIBUINEHOT KOHIIEHTpAIlii HANPY>KEHHS K Ha BEPXHIN Ta 1 HA HIDKHIM YaCTUHI
0asKu, Ta 0COOIMBO B 30H1 KPIIJICHHS T1APOLMITIHIPIB.

BucHoBKM: y pe3ynbTaTi MPOBEACHUX €KCIIEPUMEHTIB BCTAaBJICHA 3aJI€KHICTh KOEPIUTHUBHOI CHIIH
BiJl IPUKIIAJICHOTO HABAHTA)XCHHSA. BUTOTOBIEHUHN €KCIEPUMEHTAIBHUM IUIIXOM ETAJIOHUH 3pa3oK 3
Mapku ctam 091'2C. Ha ocHOBI mpoBeACHUX MarHiTHUX JOCIIIKEHb MPOBEACH] CIIIIyI0OYHd PEMOHTHI
pobotu:

- po3po0JIeHi TPIIMHN Ta BAKOHAHO 1X 3BApPIOBAHHS;

- BCTAHOBJICHI METAJICBI HAKIIAJKW B 30HI KPIMJIEHHS TiIAPOIIIHAPIB, TOBIIUHON, & = 20 MM, aJs
PO3BaHTXKECHHS HANPYKEHHS Ta 3ao0iraHHs BUHUKHEHHS TPIIMH HaIaJIl.

[To BUMIpIOBaHHSM MOXXJIMBO OOTPYHTOBAHO CYIUTH NPO BiANpPalbOBAHWHA pecypc Ta TOYHIIIE
CIIPOTHO3YBAaTH OCTaTOYHUH pecypc A0 Havano pykHyBaHHs. llepeBumienHs Hc Buine neBHOro
3Ha4YeHUs (JUIs1 KOXKHOT MapKH) € 3apa3 €JMHUM BiICHUKOM BTOMHUX 3MiH y MeTani 6anku. [lokpamienns
JIOCTOBIPHOCTI OIIIHKA BTOMJICHOTO CTaHy METally IMPHW JIarHOCTHUIII CaMUX pPI3HUX 00 €KTIB Jnae
KOPUCHUH e(eKT MpU MIarHOCTULI METAJIOKOHCTPYKLIN L0 JT03BOJISIE CBOEYACHO BHUBECTH OO €KT 3
eKCIUTyaTallii Ta TUM CaMUM TONEPEeTUTH pyHHYBaHHS.

JlitrepaTypHi mxepena

1. MeroauyHi BKa3iBKA 3 TPOBEACHHS MAarHiTHOTO KOHTPOJIIO HAampyKEeHO-Ie(OpMOBAHOTO CTaHy
METaJIOKOHCTPYKIIH MiJHOMHUX CHOPY Ta BU3HAYEHHS 1X 3aJUIIKOBOro pecypey: MB 0.00- 7.01-05.-
X,. 2005.-77c.

2. Aruneii P.B., Ky3p00xkeB A.C. OcoO€HHOCTH KOHTPOJISI TEXHUYECKOTO COCTOSIHHS Ta30MPOBOJIOB 10
KOIpIUTUBHOU cuie metaia. // Kontposns, Iuarnoctuka Nel.2006. C 18-24.
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JOCIIKEHHA OCOBJIUBOCTEM MOTOKY IUXTH Y JIOMEHHIM ITEYI
Jlebdinns B.B., K.T.H.
IncruryT yopHoi Meraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

3acTocyBaHHs 0€3KOHYCHUX 3aBaHTaKyBaJibHUX NpucTpoiB (B3Il) Ha goMeHHHX Meyax
pi3HOro 06’€My, 30i/blIEHH KOHCTPYKTUBHUX BapiaHTIB 3aBaHTaXXyBaJIbHOT0 anapara i Woro
pPO3MOJIIBHOIO JIOTKA, BUMAaraloTh ypaxyBaHHS B aJTOPUTMax MoJeJied MapaMeTpiB MOTOKY
MaTepiaJiiB, [0 CXOAATH i3 PO3MOAiIbHUKA.

Po3po6JieHO pO3paxyHKOBUW METOJ, OLIHKHA pO3MNOAIJAY LIJIbHOCTI MOTOKY IIMXTOBUX
MaTepiaJiB, o cxoAaTh i3 1oTka B3Il, npu ix 3aBaHTa)keHHi B iy [1]. [l oLiHKY a/ileKBaTHOCTI
pe3y/bTaTiB PO3paxyHKIB BUKOHAHO €KCIepUMEHTAJIbHI JOC/i[P)KEeHHA IapaMeTpiB IOTOKY
MaTepiajiB. YJOCKOHa/lleHO eKCIIepUMMeHTaJbHUM CIOCi6 i3 3acTOCYyBaHHAM CEHCOPHOTO
BUMIPIOBAJIbHOI'O 30H/4, 1110 J03BOJIUJIO IIePEBIPUTH pe3y/bTaTiB PO3PaxXyHKIB Y IPOMUCIOBUX
yMmoBax. Kopmnyc 30HZa MOHTYETbCA B MIYHOMY MNpPOCTOPI B MeXax LUJIIHAPUYHOI YAaCTUHH
KOJIOLIIHMKA 3a JONOMOIOI CleljjaJbHOI OMOPHOI KOHCTPYKLIil Ha BiAMITL{, BIiANOBIAHIW 40
po6oyoro piBHA 3aculy MWMUXTH. EKceprMeHTaJbHO BCTAaHOBJIEHO, 110 LIMPUHA MOTOKY
MaTepiasiB, IKi BUBAHTaXXyIOTbCS IPU BUKOPUCTAHHI KYTiB HaxuJy JIOTKa B Jiana3oHi 30°-48°
Biipi3HSAETHCA HE3HAYHO U Ha piBHIi 3acuny WXty 1,0 M cTaHOBUTH 6J1M3bKO 0,8 M, a po3noaina
IiJIbHOCTI MOTOKY MO MOT0 NIMPHHI HEpiBHOMIpHUM — HAMOGi/IbII iIHTEHCUBHA YaCcTHHA 3MillleHa B
HaNlPAMKY [0 OCi Ileyi.

Po3pobiieno crocid excrepuMeHTaIbHO1 OLIHKH TPAEKTOPIN MIMXTOBUX MaTepiaiiB y pobodomy
00’eMi 1edi Ha OCHOBI ()OPMYBaHHSI T€OMETPHUYHUX «TPEOEHIB)» 3a JOMOMOT0I0 BUBAHTAXECHHS MOPIIii
IIUXTOBUX MaTepialliB 13 3aJjaHUX KYTOBUX ITOJIOKEHBb JIOTKA 3 HACTYITHUM BHMIPIOBaHHIM TPOQiITIO
3aCHUITy IIUXTH B M€Yl OE3KOHTAKTHUM CITIOCOOOM, OTpUMAaHO MaTeHT [2,3].

Hogi po3paxyHKOBO-€KCIIEpUMEHTAIbHI IaHI TTPO 3aKOHOMIPHOCTI PO3MOALTY IIITFHOCTI MTOTOKY
3aBaHTa)KyBaHMX HIMXTOBUX MarepialliB JO3BOJMIM YTOYHHUTH METOJ BHOOpPY palioOHAJbHHX KYTiB
HaxXWIy JIOTKa B pOOOYMX KyTOBHX IMOJIOKEHHSX 1 BIOCKOHAJIWTU MaTeMaTUYHY MOJEINb PajiadbHOro
PO3MOALTY HIMXTOBUX MaTepialiB.

JliTeparypHi mxepena

1. Meronuka pacdera mapaMeTpoB MOTOKa IUXTOBBIX MaTepuanos / B.M.bonbmakos, B.B.JleGenp,
A.A. XKepebenkuii / MeTtamumyprudeckas 1 TOPHOPYAHAS MPOMBIIIIEHHOCTB. — 2014. - No. 6— C. 99-104.
2. UccnenoBanue TOBEPXHOCTH 3aChIMA IIMXTOBBIX MATEPUANOB B JOMEHHOW Ie4d BO BpeMs €e
ocranoBku / B.M.bonbmakos, B.B.JIe6ean, A.A.XKepebeukuii / Meramuryprudeckass U TOPHOPYIHAS
IpOMBIIIIEHHOCTh. — 2011, - Ne6. — C. 58-61.

3. IlatenT Ha BuHaxig Nel 14553, Cnocib 3aBaHTakeHH JOMeHHOI nedi muxToro / B.I.bonpmakos, B.B.
Jlebinp, A.O.XKepebeupbkuii, O.J1.Yaiika / 3assn. 28.09.15. Omy6um. 25.02.17. 3aper. 26.06.17.
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3ACTOCYBAHHA EOEKTUBHUX TEIIJIOI3OJJIIOIOYHNX MATEPIAJIIB —
PE3EPB EHEPT'O3EEPEXXKEHHS B METAJTYPI'II

Masyp B. B.
IncTuryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo

OnHi€l0 3 aKTyalbHUX 3a7ad METAIYpPrifHMX, MAIMHOOYIIBHUX, JUBAapHUX MiANPHEMCTB
VYKpaiHu y BOEHHHH i HOBOEHHHH MEPio/IH Ta Ha IEPCIEKTHBY € MOMINPEHHS BUKOPUCTAHHS e()eKTHBHUX
TEIUIOI30JII0I0YMX MaTepialiB 3 METOI0 eHepro3depexkeHHs y BUpoOHMUTBI. HaykoBusMu Ykpainu
po3pobneno 1 peamizoBano Ha 3aBoai «CHMHTU3» mnpomucioBe BUPOOHHITBO €(PEKTUBHHUX
TEIUIOI30JII0I0YMX MaTepialliB i3 MyJII TOKPEMHE3EMHUCTOTO BOJIOKHA, SIKI ITpale31aTHI IpU TeMIlepaTypax
o 1600 °C [1-5]. Temneparypa 3acTocyBaHHS BUPOOIB 13 MYJITOKPEMHE3EMHCTOTO BOJOKHA MOXKE
PEryJIIOBaTUCS 3aJIeKHO BiJl BMICTY CHOJYK AITIOMIiHIIO, XpOMY, IIUPKOHIIO Y IIUXTI JJIs1 BUILTaBICHHS
MYJTITOKPEMHE3EMHUCTOr0 MaTepiany. BHKOHaHMMH  JOCHI/DKCHHSMH BCTAQHOBJIEHO, WIO IIpH
3aCTOCYBaHHI BOJIOKHUCTUX BOTHETPUBKUX MaTepiaiiB, HAIPUKIA, s pyTepyBaHHS METATypriiHUX

o . . 1 . . .
CJICKTPOINCUYCHU TICP1OJUYIHO1 [11 Ha ~ ; SMCHIOYIOTBCA BTpPATH TCIUIA 1, BIANOBIIHO, BHUTpPATHU

enekTpoeHeprii. TenaoBi BTpaTH, 3yMOBIICHI aKyMYJISII€I0 TEMIa KJIAAKOO 3 BOJIOKHUCTUX MaTepialis,
menr Ha 2040 %, Hix 3a nerasHoro ¢pyrepyBaHHs. EKoHOMIs TemIoBo1 eHeprii BHACTIA0OK 3MEHIIICHHS
TEIUIOBOTO TOTOKY d4epe3 cTiHM medi ckiagae (8...10) %. Po3poOiieHo 3axoau Mmoo pO3BUTKY
TEXHOJIOT11 1 aBTOMaTru3allii BUPOOHUIITBA TEILIOI30JIIOI0OUNX MYJIITOKPEMHE3EMHUCTUX MaTepiamiB 1
BUPOOIB 3 HUX PI3HOTO COPTAMEHTY.

JlitrepaTypHi mxepena

1. Mazyp B.JIL., Ps6oB A.l., Ma3zyp B.B. DHeprocOepexxeHue, TEIION30JISINS, «MATKHE» OTHEYIIOPHI.
Mertann u nuthe Ykpaunnsl. 2009. Ne 6. C. 27-33.

2. Mazyp B.JI., Ps6os A.M., Maszyp B.B. IlpoGiembl TemiocOepekeHus] W TETUIOM3OJSINNA B
METAJLTYpPTHH U TIyTH UX pelieHusl. Meramryprudeckasi U TOpHOPYIHAS MPOMBIIUIEHHOCTh. 2007. No 1.
C. 68-T71.

3. Mazyp B.JL, Psa6o A.M., Ma3yp B.B. «Msrkue» oraeynopsl — 3QQeKTUBHBIA MyTh TEMJO- U
HEPTOCOEPEIKECHUSI B METAITYPruu. MeTajuryprudeckas 1 TOpHOPYIHAsE MPOMBIIIIeHHOCTh. 2008, No
2. C. 82-86.

4. BAT «YkpaiHChKHIA HAYKOBO-IOCTIAHUHN IHCTUTYT BOTHeTpUBIB iMeH1 A.C. bepexxnoro» — 75 pokiB.
Xapkis: [Ipanop. 2002. 272 c.

5. Ilpuxonpko 2.B., Mazyp B.JI., Xamxotbko A.D., Mazyp B.B. IIporHo3upoBanue BS3KOCTH
pacmiaBoB TOpHbIX opoA. Metann u mutbe Ykpaunsl. 2006. Ne 1. C. 94-98.
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KHCHEBO-KOHBEPTEPHE BUPOBHUIITBO CTAJII Y CYYACHIH
METAJYPIIUHIN T'AJTY3I YKPATHHA

Omxkesnu I1.0., k.T.H.
IncTuryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo

Mertanyprisi € OJIHI€IO 3 IPOBITHUX TaiTy3eil eKoHOMIKK Ykpainu [1-4], no 2022 poky cTaHOBHIIA
IpyTy 3a 00cATOM Ta MPUOYTKOM CTATTIO YKpaiHChKOTo ekcnopTy [2]. CranennaBuibHe BUPOOHHUIITBO
€ IPYTOI0 JIAHKOIO B 3aTaJIbHOMY BUPOOHHUYOMY LMK 4OpHOi MeTanyprii [3]. 3aramom Ykpaina € onHUM
13 JigepiB AeprkaB-BUpOOHUKIB ctanmi y cBiTi [1,3]. ¥V 2021 pomi Ykpaina 3aiimana 14 [1] micie B
ri100abHOMY PEHTHHTY CBITOBUX BUPOOHUKIB cTaii 3a nanuMu World Steel Association (WSA) [1]. 3a
2021 pik B Ykpaini Oysno Bupobseno 21366 tuc. Tons crani [1].

Y cyuacHii  MeramypridHid ramy3i  YKpaiHM ~ OCHOBHHUMH  CHOCO0aMHM  BHUIUIABKH
cram € KHCHEBO-KOHBEPTEPHHI, MapTEHIBChKUN 1 €JIEKTPOCTAJICIIIaBUILHUN
nporec [3]. CniBBiAHOIIEHHS y 3arajJbHOMY BHUPOOHHUITBI CTalli MK MMM BUAAMU TEXHOJOTTYHUX
MPOIIECIB 3MIHIOETBCSI KOKHOTO poky [3]. Tpeba Big3HAuuTH, IO OACpP)KAaHHS CTalli 3a KHUCHEBO-
KOHBEPTEPHUM TE€XHOJIOTIYHUM MPOLIECOM € HAWOUIBII TOITMPEHUM Y CBiTi 1 Ykpaini. Bxke y 2011 poi,
7071l cTajl OTPUMAaHOI B KHCHEBMX KOHBepTepax ckianaia npubdiauzno 70% Bim iHmMX crnocoOiB
BUpoOHMIITBA cTaii y cBiti [5]. Ctanom Ha 2017 pik B YKpaiHi J0Js KOHBEpTEpHOI CTaji CKiajzana
71,7% [6] Bix 3aranbHOro BUPOOHUNTBA [5,6]. 3a KHCHEBO-KOHBEPTEPHUM CIOCOOOM IEpEBaX]HO
OJICPXKYIOTh MapK{ CTajli MAaCOBOT'O MPU3HAYCHHSI.

KucHeBo-KOHBEpTEpHE BUPOOHHUIITBO CTajli Ma€ MOTEHIaN IS TMOJAIBIIOTO PO3BHTKY B
Jlep>kaBi Ta 30UIbIIEHHS BUPOOHMLTBA. 3a naHMMH [3-6], Ha CbOroIHI KOHBEpTEpHA CTallb €
HaWBUT1IHIIIO 332 COOIBAPTICTIO MOPIBHSIHO 3 IHIIUMH OCHOBHUMH CITOCOOaMU BUPOOHHMIITBA CTaJll B
Vkpaini. Hampuknax —enekTpoctanb, L0 OAEPKYETHCS 3a TMPOLECOM BHUIUIABKA B JIYTOBHX
craneraBmiibHUX nievax (JCII), Mapok aHAJIOTTYHHMX 0 COPTAMEHTY MapOK KOHBEPTEPHOI CTasl, MOXKE
OyTH gopoxua y Mexax Bin 7,8 % 1o 95,6 % [4]. MapTteHiBcbKa cTaib JOpPOXkKYa 3a KOHBEPTEPHY BiJ
24,5 % no 99 % [4]. Taki gaHH1 CBiAYaTh 32 JOMUIBHICTH MMEPEBAKHOTO BUKOPUCTAHHS 1T MAPOK CTasl
MacoBOT'0 COPTAMEHTY caMe KHCHEBO-KOHBEPTEPHOTO CIIOCO0Y.

Bumie HaBeseHi CBiUEHHS Ta Te, M0 KHCHEBO-KOHBEPTEPHE BUPOOHUIITBO CTaji B YKpaiHi €
€IMHUM, KOTpE 3arajioM, He MOTpedye TaKMX NaJMBHUX PECypCiB K MPUPOIHUIN Ta3, KOKC s
OJIep’KaHHs CTall, € BAKJIMBUMHU apryMEHTaMHU JUIsl KOHIIEHTpAlii Ha HOro moJaiblioMy PO3BUTKY Y
YOpHIN MeTanyprii YKpaiHu i BUpOOHHUIITBA CTajei MacoBoro coprameHty. KonBeprepHa crainb 3a
OCHOBHHUMH XapaKTEPUCTUKAMH Ta SKICTIO HE TIOCTYMAEThCsl aAHAJOTIYHIA eJIEKTpOoCTall Ta
MapTEHIBCHKIN cTali Ta MOXe OyTH Kpallor 3 BUPOOHUIITBOM 3a MPOTPECHBHUM TEXHOJIOTIYHUM
npouecoM [ 1-6].
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KOPUT'YBAHHS CYJb®IJJHOI EMHOCTI KOBIIOBOI'O LIIJIAKY
CirapboB €. M., 1.T.H., €cbkoB /I. B., MaTtuna I. M., KoBanenko /l. A.
JAHinpoBchbkMii nepxaBHUl TeXHIYHUI yHIBepcuTeT, M. Kam’siHCbKe

HaBeneno pe3ynbTaTi po3paxyHKiB 3MiHH CYJIb()ITHOT EMHOCTI IIUIAKY, 0 (OPMYETHCS 110 X0y
KOBIIIOBOI Jlecynb(dypallii mepepoOHOro YaByHY 3a KOIHKEKI[IHHOK CXEMOIO 3 BUKOPUCTAHHSAM CyMilln
Ha OCHOBI BamHa Ta MarHito. Ilepes mouaTkoM BIyBaHHS pearcHTIB-AeCyJbPypaTopiB Ha MOBEPXHI
KOBIIIOBOi BaHHM, 3a3BU4ail 3anumaerbes 0,6-1,2 % Big Macu MeTaly LUIaKy, 10 MOTPANuB Y KiBII i3
YaBYyHOM IIPH BUITYCKY 3 IOMEHHOI 11eui abo mpu nepenusi 13 Mmikcepa. Ckiiaf nepiioro («mepBUHHOTOY)
CYTTEBO BiJIPI3HAETHCS BiJ] CKJIaly JOMEHHOTO IIJIAKY Ta XapaKTepU3YEThCS 3HUKEHOIO OCHOBHICTIO I
HE3HAYHOIO CYJIb(}1THOIO0 EMHICTIO.

[nak micnst necynbdypalii 4aByHy CKJIQAA€ThCS 13 3aJIMIIKIB IIEPBUHHOTO Ta MPOIYKTIB PeaKIliii
BHJIAJICHHS Ta TEPEpO3IMOALTY CIpKH, 3ajuIliKiB He3acBoeHHoro BamHa (CaO, MgO, CaS Tta iH.).
Bracnigok mnporikanHs MacooOminHux mporeciB CaO—MgS;—CaS—MgO xiMmiuHuid ckiajg Ta
(¢i3uYHI BIACTUBOCTI NUIAKy Oe3mepepBHO 3MIHIOIOTHCS. BupaneHHs nuraky micis aecynbyparii
yCKJIaJHEeHEe 30UIbIIICHHSAM HOro 00csATy, 3MiHM KOHCICTEHIIT Ta HEOOTPYHTOBAaHUMHU BTPAaTaMH YaBYHY,
BMICT SIKOT'O y BUIJISII1 KOPOJIBKIB pi3HUX (pakiiii csrae 68-80 %.

[TigBumennass Bmicty CaO ta MgO B mumiaky 30UIbLIYIOTH HOTO OCHOBHICTB, TEMIIEPATYpY
MJIABJICHHS Ta B S3KICTh, IPU3BOAUTH /10 3MIHU MOBEPXHEBOTO HATATY. DOpMyBaHHS OLIBII PiIKOTO
[IJIAKy 3 METOI0 CTBOPEHHS YMOB JIJIsl IOBEPHEHHS YaCTUHU KOPOJBKIB 31 IUIAKY Y BAHHY MOXKITUBE 32
pPaxyHOK BUKOpHCTaHHS MoIU(ikaTopiB (IMJIaBUKOBOTO IIMATy, KPEMHE3eMY, KapOOHATY KaJlisl, XJIOPUILY
HaTpiI0, KOJIEMaHITy, He(peTIHOBOTO CIEHITY, aTIOMIHATY KaJbliO Ta iH.), 10 MICTATH IPUHANMI OJIMH 3
KOMITOHEHTIB C()OPMOBAHOTO KOBIIOBOTO nuiaky cuctemu CaO-Si02-MgO-ALOs.

B nonoBiai npencTaBieHo pe3yNbTaTH pO3pPaxyHKIB AJIsl BUSHAUYCHHSI MOMIIMBOCTI KOPUTYBaHHS
OCHOBHOCTI, B’SI3KOCTi, TEMIIEpaTypH TUIaBJICHHS Ta CyJIb(iTHOT EMHOCTI «IIEPBUHHOTOY» Ta KIHIIEBOTO
KOBIIIOBHX IIJIAKIB NMPU BUKOPUCTAHHI BIAXOMIB CTAJCIUIABUILHOTO BUPOOHUIITBA — KIHIIEBHX IILJIAKiB
necynbdypartii ctani Ha arperatax «KiBHI-ITY» (32 YMOB OOMEKEHHsI BMICTY S B OCTaHHIX). Bimomuii
MO3UTHUBHUI NMPOMUCIIOBUH JJOCBIJ] BUKOPHCTAHHS TaKUX IIIAKIB Y SKOCTI MOJU(IKATOPY KOBIIOBOTO
[IaKY.

Bimomo, mro Haitbinem nerkomnaBki  eBTekTUkH (CaO SiO+Ca0 Al,032SiOr+TpuanMir;
Ca0O'Si0,+Ca0 Alx032810,+2Ca0 Al,03S102), Ha BiAMIHY BiJl TMOKPOBHHMX IIJaKiB KOBIIOBOT
necynbQyparii 4aByHy 3 IHXeKIi€o cyMimiei Ha ocHOBI CaO Ta MarHiro, MIaBISThCS IPH TEMIIEPATYpi
~1300 °C. Maca cipku, mo Moke OyTH BHAANeHa 3i IUIAKOM («IIPOAYKTHBHICTBY» IINAKy MO CipIli)
BIPI3HAETBCSA BiA «Cynb(]imHOI €MHOCTI» NIIaKy, OTPHUMAaHOI poO3paxyHKaMH 3 Ha OCHOBI
TepMoarHaMiku. He3Bakaroun Ha iCHyBaHHS PI3HOMaHITHUX MEXaHi3MIB Ta MPUYUH BTPAT 3aji3a IpH
KOBIIOBI# ecynbdypailii: BuHeceHHs Fe y moToIi BiAXiJHUX Ta3iB; BUIBOT Kparelns Fe 3a Mexi KoBIa
IIpHU pyHHYBaHHI CIUTUBAIOYUX Ia30BUX My3UPIB HA TPAHMIIl METaNI-ra3; 3aTATYBaHHS IIJIaKy Y METaJeBYy
BaHHY IMOTOKaMH y 0apOOTakHIi 30H] 13 3aXOIUICHHSAM PIIKOTO MeTaly; BuiaieHHs Fe 31 muakom, 1mo
CKa4dyloThb 3 IOBEpXHI BaHHMU micig 00poOku, HaWOuibmii BTpatH (0,4-2,6% Big Macu MeTany)
00yMOBJIEH] CaMe OCTaHHIM BapiaHTOM.

ABTOpamMu IOMOBII TOCTIIKEHO YMOBH 3MiHH Ta XapaKTEPUCTUKH MUIAKY JecyIb(ypallii 4aByHy
Ha Y /Uy 230-1 3asinBanbHuX KoBmax koHBeprepHoro nexy [IpAT «Kamer-Ctanby. Y TeXHOIOTTHHOMY
MapmipyTi BupoOHuiTBa ctam Ha [IpAT «Kamer-Crampy 3amisiHi arperatu «kiBmr-mu» (AKII);
BIJIXO/IaMHM JIOBEJICHHS CTalli Ha SKkuX € MamookucHeHui nutak (IITAKII) 3 migBummernm BMictom CaO
Ta BMicToM cipku Big 0,2 o 0,9%. Cxnax nutaky HIAKII, %: 65-68 CaO, 24-26 Si0,, 4,4-5,3 MgO,
2,21-4,23 Al>0s3, 0,1-0,13 P2Os. Bukopucranns nutaky LITAKII y sikocti MoaudikaTopy «IepBHHHOT0»
[UTAKY COPHUATHME TAaKOX BUPINIEHHIO €KOJIOTIYHMX 3aBlaHb (yTHumi3allii BIAXOIIB) Ta 3MEHIICHHIO
coOiBapTocTi 00poOKH 1 BTpar 3amiza. Y makax 3 ocHoBHIcTIO CaO/SiO2 Hmxkye 0,93 (110 Bignmosigae
MossipaoMy  criBBigHOIIeHHI0O CaO/Si0,=1) ytBopenHs CaS ymoBiTbHEHE BHACIHIIOK BiJCYTHOCTI
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BinbHUX ioHiB O # noTpeOye nonarkoBux Butpat BanmHa. BBenenns LIIAKII; 3 Bmictom CaO > 60%
3/1aTHE 320€3MEUNTH €KOHOMIIO KOIITOBHOTO (PIIFOITM30BAHOTO BaITHA.

3a pe3ynbpTaTaMu JIOCHTIKEHb MEXaHI3MYy Jecynbdypallii 4aByHYy MOKa3aHo, 110 MAKCUMAaJIbHOIO
PIAKOTEKYUICTIO BOJIOJIIOTH JIETKOIUIABKI IIIJIAKM €BTEKTHMYHOI'O CKIaay, a iX ajacopOilliHa €MHICTb
3QJIKUThH BIJl CTYINICHS CTPYKTYpPHO-XIMIYHOTO posmnopsmxkeHHs [1]. Bizomo, mo mpucaakun MgO Ta
ADO3 3HNKYIOTh TEMIIEPATypPy TUIABIICHHS IIJIAKy Y BUSHAUEHUX IHTEpBaJIaX iX BMICTY.

ABTOpamu J0TIOBI1/1l BAKOHAHI PO3PAaXyHKH 3MIHU XIMIYHHUX CKJIJ[IB «IIEPBUHHOTO» Ta KIHIIEBOTO
koBmoBoro nutaky Y AU IpAT «Kamer-Crane» npu BBeaenni HIAKII y xinbkocTi 0,05-0,3% Big macu
YaByHY, BU3HaU€HI iX Cyyb(iaHa EMHICTb, IJIABKICTh Ta B’SA3KICTh micys MoaudikyBanHs. B’ s3kicTh Ta
TUIABKICTh AOCHTIKEHUX MIIAKIB BU3HAYAIIM 3 BUKOPUCTAHHSIM MOTPIMHUX Jllarpam.

[TporuosyBanns cynbhinHoi emHOCTI (Cs) MOIM(IKOBAaHUX IIJIAKIB BUKOHAHO 3 BUKOPHUCTAHHSIM
ONTUYHOI OCHOBHOCTI (A), 3ampomnonoBanoi Duffy Tta Ingram. Jlns pospaxyHkKy BenuuuHHu /A
BHKOPHCTaH1 Mojieni, 3anpononoBadi Duffy ef al., Tsao et al., Hao & Wang, Sosinsky & Sommerville,
Young et al., Znang et al., Shankar et al. Ilpu po3paxyHkax A Ta BU3HaYCHHI 3MiH (i3UKO-XIMIYHUX
BJIACTMBOCTEH BpaxoBYBaJId OCHOBHI koMnoHeHTH nutakiB (Ca0, Si02, A1O3) ta npucytHicts A0 10%
MgO. Bukopucrani Mojeni HaloTh BiIMiHHI pe3ynbratd (3HaueHHS logCs) mms MoandikoBaHUX
BBeaeHHAM [ITAKII nurakis (miama3oH Bifg -2,3 1o -5,15), aje B ijIoMy BiAMOBIAAIOTH TaHUM BIJIOMHUX
JOCIHIJKeHb. 3Ba)KaloyM Ha Te, 10 LUIAKU JAecyibdyparlii 3a3BHyYail He € TOMOT€HHHUMH Ta MICTATh
NEeBHY KUTBKICTh TBepaoro CaS, mporHozyBaHHs Cs MOXe OyTH HEIOCTaTHHO TOYHUM JJISI IPOMHUCIIOBUX
YMOB, aje MpUIAaTHUM JUid BHOOpPY HampsMKIB ONTUMI3alil CKJIaay TIOKPOBHOTO IUIAKy 3
BukopuctanasaM CaO ta AlbO3-MiCTIUNX BIIXO/IIB.
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MOJAEJIFOBAHHS ITPOUEAYPU BUSHAUYEHHS LHUXTHU I KOPUT'YBAHHSA
XIMIYHOTI'O CKJIAZY PO3IIJIABY YABYHY
(dimoBipHicHuMI miaxix i3 3acrocyBanHsaM MeToay MonTe-KapJio)

Cipenko K. A., Ma3yp B. JI., yi.-kop. HAH Ykpainu, 1.T.H.
Di3UKO-TeXHOJOTIYHNH iIHCTUTYT MeTaJiB Ta ciiiaBiB HAH Ykpainu, m. Kuis

Bigomi meToau BUOOPY KOMITOHEHTIB 1 pO3paxyHKY IMIUXTH ISl BUTUTABKH CHHTETHYHOTO YaBYHY
JI03BOJISIIOTH Y MEPIIOMY HAaOMMKEHHI BU3HAYATH BiJICOTKOBUI BMICT KOKHOTO KOMIIOHEHTA y CKJIaJi
IIUXTH, BUXOJSYU 13 BHMOT CTAHAAPTY JO XIMIYHOTO CKJIaJly YaBYHHOTO JINTBA Ta TEXHIYHHX
MO>KJIMBOCTEH JIMBApPHOTO BUPOOHMIITBA HAa KOHKPETHUX MiANpPUEMCTBAX. JlesKki 3 Ha3BaHUX METO[IB
nepeadavaroTh MOXJIMBICTH ONTHUMI3yBaTH BUTPATH Ha IMUXTy. HeZOMIKOM pPO3MOBCIOKEHUX Ha
NPaKTULl METOAIB BU3HAUEHHS CKJIAAy IIMXTH € Te, L0 IMPH iX 3aCTOCYBaHHI HE BPAaXOBYETHCS
HECTaOlIBHICTh  XIMIYHOTO  CKJIaJy KOMIIOHEHTIB IMXTH (MeTamoOpyxTy, (epocruiaBis,
kapOropuzatopiB Tomo). Lle cyTTeBo moripiiye JOCTOBIpHICTh, TOYHICTh PO3PaxXyHKIB IIUXTH 1,
BIJIMOBITHO, CTYMiHb HAIIHHOCTI MPOTHO3YBAaHHS XIMIYHOTO CKJIaJy BHILIABJICHOTO 4YaByHY. Bimowmi
METOAM BU3HAUCHHSI IIUXTH JJIs1 BUIUIABJICHHS YaBYHY IMOJISTAlOTh B TOMY, 110 BC1 BOHH OPIEHTYIOTHCS
Ha 3a0e3MeUeHHs CEPEIHIX BEJIMYHMH BiJICOTKOBOTO BMICTY €JIEMEHTIB y CKJIaJli TOTOBOTO YaByHY. AJie
Ha MPaKTHII BUMAIU XIMIYHOTO CKJIaqy TOTOBOTO YaBYHY 3a MEXIi, PErJIaMEHTOBaHI CTaHIApTOM,
00YMOBITIOIOTBCS BIIXHIJICHHSIMH BMICTY OyIb-SIKOTO €JIEMEHTa B MEHIIHMI OiK BiJ HOTO MIHIMaIbHOTO
3HA4YeHHS Yy CTaHIApTi YM BHACHIJOK BiIXWJCHHA B OIK NEPEBHUIIEHHS MaKCUMAJIBHO JOIYCTUMOI
BEJIMYMHU HoTo BMicTy. HaBiTh mpu TOoMy, IO cepelHl BEIMYMHH BiJICOTKOBOTO BMICTY E€JIEMCHTIB
MOXYTh CIIBIAJaTH 3 CEpPeIHIMH 3HAYCHHSMHU BIAMOBIAHUX Jiana3oHiB iX BMICTy, BU3HAUEHUX Y
CTaHJApTax YW TEXHIYHWX YMOBaX Ha 4YaBYHHI BHpOOW. 3a3Ha4y€HE CTBOPIOE 3HAYHI TPYAHOIII IS
BUPOOHMYHMKIB. CaMe TOMY BiZIOMi METOJHM PO3pPaxXyHKY CKJIaay IMIMXTH JUIS BUIUIABJICHHS YaBYHY YU
IHIMUX CIUIaBIiB TOTPEOYIOTh PO3BUTKY Yy HampsiMi, SKUH 1030aBise€ iX 3a3HAUYCHOTO HEMIOINIKY.
BpaxoByBaTu BIUIMB HECTaOUIBHOCTI XIMIYHOTO CKJIQAy KOMIIOHEHTIB IIMXTH Ha BMICT XIMIYHHUX
€JIEMEHTIB y CKJIa/Ii BUTUIABIICHOTO YaBYHY JI03BOJISIE METOIMKA MOCTIOBAHHS MPOLIEAYPH BU3HAUYCHHS
CKJIaJy IIMXTH, 3aCHOBaHA Ha IMOBIPHICHOMY MiAXO/i 13 3acTocyBaHHsIM MeToxy MonTe-Kapio [1-4].

BaxxnmuBo BigMITHTH, 10 Yy HaykoBUX mpaisix ykpainchkux BueHux O.I. ITonomapenxo, C.I'.
[lenuxa 3 xojmeramu mie y CiMJIECSATHX POKAaxX MUHYJOTO CTOJITTS HAroJIOIIyBajlocs Ha JOIUIBHOCTI
BUKOPHUCTAHHS TPU MOJCIIOBAHHI JIMBAPHUX TEXHOJIOTIYHUX CHCTEM IMITaIliiHO-HMOBIPHICHHX
nigxoxaiB Ta Meronuk. Tak y kau3i [5] Cemecernko MLIL. i [lenuxa C.I'., sixa Oyna omy6iikoBana y 1975
poIIli, yBara HAayKOBIIIB 1 1HXXCHEPHO-TEXHIYHHMX (PaxiBI[iB JIMBApHUX IIeXiB Oylia aKIeHTOBaHA Ha
HEOOXiTHOCTI MOIIMPEHHS 3aCTOCYBaHHA HMOBIPHICHO-CTaTUCTUYHMX MIAXOIB Y MPAKTHULIl JTUBAPHOTO
BUPOOHUIITBA. 30KpeMa — MPH po3paxyHKax 1 MPOrHO3yBaHHI MapaMeTpiB ONTUMAJIbHOI IIUXTH IS
BUILJIABJICHHS 3aJTI30BYIJICHIEBUX CIUIaBiB. MOXHa OYIKYBaTH, MO MiIXOJ1, METOAOJOril, METOIUKA i
METOAM PO3PaxXyHKy CKJIaJy IIUXTH 1 PETyJIIOBaHHS BMICTY XIMIYHHUX €JIEMEHTIB y pO3IUIaBi
0e3mocepeIHbO B ITPOLIEC] BUIUIABJIICHHS YaBYHY, Y TOMY YHCII 13 3acTOCyBaHHAM MeToaxy MonTe-Kapio
[1-4], oTpuMaroTh HAHOIMIKIMM YaCOM MOJAATBIINNA PO3BUTOK.
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HOBHI METOJ] OBIPYHTOBAHOI'O KOPUT'YBAHHSI XAPAKTEPUCTHUK PEXXUMY
3ABAHTA’KEHHSI IUXTH, O 3ABE3NEYY€ ®OPMYBAHHSI PAHIOHAJIBHUX
IMAPAMETPIB IVIACTUYHOI 30HU B JOMEHHIM MEYI

Mypasiiosa L. I'., A.1.H., IBanua M. I'., lllep6auoB B. P., Buminskos B. 1.
IncturyT yopHoi Mmeraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

Pe3ynpTatu 4ymMCleHHUX OOCHIIPKEHb MIATBEPKYIOTh BAXKJIMBY POJb PEKUMY 3aBaHTAKEHHS
JOMEHHOI meuyi y QopMyBaHHI IUIACTUYHOI 30HM Ta  BIUIMB  [ApPaMETPIB  PEXUMY
3aBaHTAXKEHHS HA 11 XapaKTEPUCTUKMU.

3 BUKOPUCTAHHSAM po3pobienoro y [YM merony Bu3HaYeHHS (OPMHU Ta TOIOKEHHS IJIACTUYHOT
30HM BHWKOHaHI JOCIHIIKECHHS 3 BCTAaHOBJICHHS B3a€MO3B’SI3KIB IMapaMeTpiB IUIACTUYHOI 30HU 3
TEMIIepaTypol0 Ta3y HaJ MOBEPXHEI0 3aCUIy IIMXTH Ha OCHOBI pPEAJbHUX NaHUX POOOTH Iit0YOi
TOMeHHOI medi. BusiBiieHi B pe3ysbTaTi JOCTIIKEHb B3a€MO3B’A3KH BEPTUKATHBHUX KOOPAUMHAT TOYOK
TiHIT TUIaBJICHHS 3 TEMIIEPATyPOIO ra3y HaJl MOBEPXHEIO 3aCUITy Ta PyIHUM HABAHTAKEHHSM Y PIBHHX 3a
TJIOMICI0 KIJTBIIEBUX 30HAX JIOMEHHOI Medl MOoKa3ajdd MOKJIUBICTh KOHTPOJIIO TOJIOKEHHS Ta (opmu
MJIACTUYHOI 30HHM 3 BUKOPUCTAHHSIM JaHUX TEPMOBHMIPIOBAIBHUX 30HIB, @ TAKOX OOIPYHTOBAHOTO
KOpEeryBaHHS TapaMeTpiB Ili€l 30HU IUISIXOM 3MiHH PO3MOJITY PYJIHOTO HAaBaHTAXKEHHS IO pajiycy
KOJIOIIIHUKA JIOMEHHO] Iedi. BCcTaHOBIEHO, 110 3B'30K BEPTUKAIBHOT KOOPJMHATH JIiHIT TUIABICHHS Y
KUTBIICBIA 30HI 3 PYJHUM HABAaHTAKEHHSM Y IId 30HI XapaKTEPU3YEThCA TOCTATHHO BHCOKHUMU
3HAa4YCHHSMU KOe(]illi€eHTIB JOCTOBIPHOCTI anpokcuMaliii crerneHeBoro ¢ynkiiero 0,72 — 0,80.

OOMexyro4l TIACTUYHY 30HY JIiHIT pO3M’SKIICHHS Ta IJIABJICHHS BHU3HAYAIOTHCS BiAMOBIIHUMHU
TemmneparypaMd. B ymoBax 3aBaHTaKEHHs JOMEHHOI TMe4yi OaraTOKOMIIOHEHTHOIO IIUXTOIO
TeMIIEpaTypH PO3M’ SIKIIEHHS Ta TUIABJICHHS IMUXTOBUX MaTepialliB y KOHKPETHIM KUIbLIEBIH 30HI
BH3HAYAIOThCS CKJIQJOM CyMIII MaTepialiB y il 30H1 Ta iX iIHAMBIIyaJIbHUMU BUCOKOTEMIIEPATYPHUMHU
BJIACTHBOCTSAMHU. B SKOCTI peryiiolouoro mapameTrpy IpU KOpEryBaHHI TEMIEPaTypHOTO pIBHA
MOBEPXOHb PO3M’SKIICHHS Ta IUIABJICHHS Yy PI3HUX KUIBIIEBHX 30HAX JIOMEHHOI Te4i MOXKe
BHUKOPHUCTOBYBATHCSI BiTHOIIEHHS K1JIbKOCTI OKATHUIIIIB 1 aryioMepaTy y 1ux 30Hax. OCHOBOIO 7S ITbOTO
€ BHUCOKMHA KOEQIIIEHT JIOCTOBIPHOCTI aNpoKCHUMAIlil B3a€MO3B’A3KY PpI3HOCTI TeMIleparyp
PO3M’SIKIIICHHS Ta TUIABJICHHS 3 BKa3aHWM BIIHOLIECHHM, sikuii ckiaagae 0,977 — 0,999.

VYrpaBiiHHS MapamMeTpaMu IUTACTUYHOI 30HH, BUOIp HAMpPSIMKY Ta BEIUYHHH YIPABISIOUOTO
BIUIUBY y KOXXHOMY KOHKPETHOMY BHIIaJIKy TMOBHMHHI 0a3yBaTucCs Ha pe3yJbTaTaX MaTeMaTUYHOIO
MO/ICJIFOBAHHS PO3MOJILTY IIMXTOBUX MaTepialliB O pajiycy KOJOIIHKUKA, BA3HAUYEHH] CKJIay CyMilIen
KOMITOHEHTIB IIMXTH Y PI3HUX 30HAX I1€4l, MPOTHO3YBaHHI X BUCOKOTEMITEPATYPHUX BIACTUBOCTEH Ta
TEH/ICHII 3MIHM LIMX BJIACTUBOCTEH MpH 3MiHI KOMIOHEHTHOTO CKJaxy cyMimm. J[ist perymroBaHHS
PO3MOALTY KOHKPETHOTO KOMITOHEHTA 3MIIMaHO01 3a1i30pyAHOT TOPIIii 10 pajilyCy KOJOMIHUKA y SKOCTI
YIPaBJISIFOUOro MapamMeTpy Moke OyTH BUKOPUCTAaHA yCTAaBKA PO3TALIYBaHHS 03U LIbOTO KOMIIOHEHTY
B 00’ eMi mopii (1mogadi) Ha KoHBeepi a00 y ckimi. OTpuMaHo GOpMyIIH 71l BUSHAYCHHS 11€1 BETUYUHU
MY 33JJaHUX BMICTI KOMIIOHEHTAa y KUIbIEBIM 30HI Ta BMICTI HOTO y MIMXTI JUIsl JOMEHHHUX Teuel 3
PI3HOIO CTPYKTYPOIO CUCTEMHU 3aBaHTAKEHHSI.

PesynpTaTi MOCHiIKEHb TO3BOJIMIM BCTAHOBUTH 3B’S3KM TapaMeTPiB IUIACTUYHOI 30HU
(po3paxoBaHUX 3a JOIIOMOTOIO 3aIIPOIIOHOBAHOTO METOAY iX BHU3HAYEHHSI) 3 MOKA3HUKAMH PO3MOJILITY
[IMXTOBUX MaTepiaiiB MO pajiyCy KOJIOIIHMKA JOMEHHOI medi. BcTaHOBIEHI 3B S3KH IMOKa3HUKIB
PO3MOAUTY IMXTU MO PajiyCy KOJOIIHHUKA, TAKUX, K PyJHE HABAHTAXEHHS Ta BMICT KOMITOHEHTIB
IIMXTH B KUJIBIIEBUX 30HAX KOJIOIIHUKA, 3 MapaMeTpaMH MJIACTUYHOI 30HU € OCHOBOIO JJIsI pO3pOOKH
METOJly OOIPYHTOBAHOTO KOPETYBaHHS XapaKTEPUCTHK PpEXUMY 3aBAaHTAKECHHS IIMXTH, SKHM
3abe3neuye (hopMyBaHHS PalliOHATHHUX apaMeTPiB MIACTUYHOI 30HU B IOMCHHIH meyi.
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OCOBJIMBOCTI TBEPJODPA3ZHOI'O BITHOBJIEHHS 3AJII30MAPI'AHIIEBUX PY /]
Hanrouiii A. A., K.T.H., 'pumun O. M., k.T.H., Kupnuok B. C.
YkpaiHcbkuii 1epKaBHUN YHIBEPCUTET HAYKH Ta TEXHOJIOTIH

3a 00csroM 3arajJlbHHX 3alaciB MapraHIeBUX Pyl YKpaiHa mocifae Apyre Micie y CBITI MicCIs
ITAP. KapGonaTHi MapraHieBi pyau YKpaiHM — HH3BKOI SIKOCTi, 3 KOE(II[IEHTOM CITiBBiTHOLICHHS
Maprafiflo 0 3ajli3a MEHIIE TPbhOX, XapPaKTEPU3YIOThCA BHUCOKUM BMICTOM dochopy Ta
Bakko30arauysani. 3anacu I1AP, bpasuiii Ta qeskux iHIIUX KpaiH CKIaJaloThCs 3 OUIBII IHHUX Py 3
BHCOKMM BMICTOM Maprasiifo. Maprasiesi pyad YKpaiHu €, MO CyTi, KOMIUICKCHUMH, IO MICTSTh
3aJIi3H1 Ta MapraHieBi MiHepain. Y 3B'S3Ky 3 IIUM 3a ICHYIOUOIO TEXHOJIOTI€I0 3 TAKUX PYJ HEMOKIHBO
OTPUMATH CTaHJAPTHI MapKu MapraHieBux ¢epociuiaBiB. [Ipu BUpOOHHUIITBI MapraHIIEBUX CILIABIB 13
TaKUX Py KpiM MOJLTY MapraHilio Ta 3aji3a mpodJIeMolo € TaKoX BUAAIEHHS Gochopy. 3 HuX NPUINH
JUTsl BAPOOHHUIITBA CTaHJIAPTHUX MAapraHIEBUX CIUIaBiB B YKpaiHI MapraHieBi pyJau BHUCOKOI SKOCTI
JOBOJIUTHCS IMIOPTYBaTH. ToMy BH3Hau€HHS YMOB TBepA0o(a3zHOro BiIHOBIEHHS 3aii3a Ta hocdopy 3
MepPeXoJIoM iX y MeTaneBy (a3y npu 30€pe’keHH1 MapraHITio B OKCUIHIN (a3l € aKTyaIbHUM 3aBIaHHSM.

JlocimipkeHi  3pa3kd  MapraHieBHUX pyA pi3HOi sikocti: Oararoi pymu (Mn/Fe = 6),
3aJ1130MapraHileBOro KOHIIGHTPATy 3 BHCOKMM BMicToM 3ajiza (Mn/Fe = 1,6) Ta 3amizomapraHIiieBoi
PYIH 3 BiTHOCHO BUCOKUM BMIiCTOM 3aiiza Ta gochopy (Mn/Fe = 2,3, P/Mn = 0,004). JocaimxyBaiau
BIUIUB TEMIEPATypH Ta TPHUBAJIOCTI BITHOBJICHHS 3pa3KiB, B SKOCTI BITHOBHUKIB BHKOPHCTOBYBAJIU
MOHOOKCH/I BYTJICI[IO Ta TBEPAH BYTJICLb.

Pe3ynbratu BiZHOBHOTO HarpiBy B KOHTakTi 3 rpadiToM ab0 TIIBKH Yy BiJHOBIIOBAJILHIN
aTMocdepi MpuOIU3HO aHAJOTi4HI. BiIMIHHICT MOJIATa€ JUIIE B TOMY, II0 B KOHTAaKTI 3 TBEPIUM
BYTJICIIEM MIEPETBOPEHHS B PYJHHX 3pa3kax MarOTh TIUOmmiA xapaktep. [licias BiITHOBHOTO BUMATy Ha
MOBEPXHI Ta BCEPEAMHI 3pa3ka BHSBIAIOTHCS BUAUICHHS MeTaneBoi (as3u, IO MICTHTh 3aji30.
3anumkoBa oKCHIHA (Pa3a CKIAJAEThCS 3 OKCUIIB MapraHifio 1 pochopy, IpuIoMy CITiJT 3a3HAYUTH, 1110
BUJIUIEHHS MeTaleBUX (a3 CIIOCTEPIraloThCsl TUTBKU B O1IHIIINX 3pa3kax, B Oarariii Mapratiesiil pyi
B armoc(epi CO BUAUICHHS METaJeBUX YaCTHMHOK HE BiJI0YBa€ThCS, 3aTi30 BIIHOBIIOETHCS TLIBKU
TBEPAHMM BYTJICIIEM 1 JIUIIIE B CUITIKAaTHIN (a3i.

[Tpu migBuIEeHH] TEMIIEpaTypHy Ta Yacy BUTPUMKH 3pa3kiB y atMocdepi CO BiTHOBIIOETHCS SK
3aii30, Tak U ¢ocdop, a y GaraTiit pyni — yacTkoBo e i maprasens. [lpu me Oinbinii TpuBamocTi
BUTPUMKH 3pa3ka B arMocdepi CO Ta 3 TBEpAUM BYTJIEIEM CIIOCTEPIra€ThCs 3MEHIIICHHS! MacH 3pa3KiB,
00yMOBJICHE BiIHOBJICHHSIM 3aJli3a Ta MEPETBOPEHHIM BUIIMX OKCHUIB MAPTAHII0 B MOHOOKCH/I.

Pesynbratu TBepmoda3zHOTro BiMHOBIEHHS MOKa3aji, IO MPH BITHOCHO HU3bKIA TeMIeparypi
(HmK4Ye 3a TemIeparypy IUIaBJICHHS OKCHIHOI (a3 MapraHueBUX PyA) MOKHA BHKOPHCTOBYBAaTH
TBepoda3He BigHOBIEHHd 3amiza. ITicis BigHOBIIOBANIBHOTO BUNany npu Temmneparypi 900 °C pymax
BUSIBIISIETBCS BUAUICHHS MeTaneBoro 3ainiza. Ilpu 1poMy BiHOBIEHHS MOHOOKcHaoOM Byriemio CO
MIPU3BOJIUTH JIO MEPEX0Iy B MeTaleBy a3y TUIBKHU 3aji3a y Jiuiie OiTHINMINX MapTraHIeBUX 3pa3kax. Y
Oarariii MapraHueBiif py/ii MOHOOKCH/] Ha BiZIMiHY BiJl TBEpOrO BYIJICIIO HE BiTHOBIIOE HABITh 3ai30.
[linBuimeHHs] TemmepaTtypu MPU3BOAUTHL 10 BiHOBIEHHS B atMocdepi CO He Tinbku 3aimiza, a U
bochopy, mpruuOMy MiABUIIEHHS TPUBAIOCTI BUTPUMKH MPU3BOIUTH JI0 MiJIBUIIIEHHS BMICTY (hochopy
B MeTajeBi (a3i. Y KOHTaKTi 3 TBEPAMM BYTJEIEM NpPH Il TeMmmeparypl y MeTajeBy YacTUHY
NEepexoAsITh HE TUTBKH 3al1i30 1 pocdop, a it 4acTKOBO MapraHelb, MPUIOMY 31 30UTbIIICHHSIM TPHUBAJIOCTI
BUTPUMKH 30UIBIIYETHCS 1 KUIBKICTh BIAHOBJICHOTO MapraHIllo. Y 3B'S3Ky 3 IIUM BHUKOPUCTaHHS MPHU
TBeprodasHomy BiHOBIEHHI CO € OUIbII eeKTUBHUM MOPIBHSHO 3 TBEPIUM BYTJICIIEM, OCKIIBKH 1I€
cripusie 30epeeHHI0 MapraHIlio B OKCUAHIN (Da3i Ta oJiep>KaHHIO 0araTioro Ha MapraHelb IUIaKy TiCist
po31ii0Boi 1uaBky. [Ipu iboMy B OKCHIHIH (ha3i micis BITHOBHOTO BUIANTY Y BCIX 3pa3KaxX BUSBIISAETHCS
1HIUBITyaTbHUH MOHOOKCH]T MapTaHIIIO, @ TAKOXK MapraHelb y CKJIa/l CHIIIKaTHOT (a3Hu.
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OTPUMAHHSA I'YBUACTUX JIITATYP METOJIOM TBEPJO®A3ZHOI'O BIJHOBJIEHHS
I'pummn O. M., k.1.H., Haarouiii A. A., K.T.H., [lerpenko B. A., 1.1.H., XpomoBcbkux C. A.
YkpaiHcbkuil 1epKaBHUI YHiBEpCUTET HAYKM Ta Te€XHOJIOrii, M. /{Hinpo

[IpiopuTeTHIM HANPSMKOM PO3BUTKY YOPHOI METadyprii HUHI € BUPOOHHUIITBO SIKICHUX MapoOK
cTajui 1 KOMIIO3UIIMHMX MarepianiB. Peamizamis Takux TexHOJOrIM moTpedye 3ale3nedeHHs
BHCOKOSIKICHUMH JICTYFOUMMU J00aBKaMHU, SIKi IIOBHHHI BIJIMOBIIaTH IEBHUM BHMOTaM II0JI0 CKJIaAy Ta
¢izuko-ximiuHux BiactuBocteil. ['ybuacti niratypu (I'JI) BUKOpHUCTOBYIOTBCSA, B TOMY YHCHi, MpPHU
BHILIABIII CHEIiaTbHUX MapOK CTaJll 1 B MOPIBHIHHI 3 TpaAUIIIHHUMU (DepocTTaBaMu BOJIOIIOTH PSIIOM
nepeBar: 0JHOCTaIiiHa TEXHOJIOTisI OTPUMAaHHS, 3HAYHO HMXKYa €HEPTOEMHICTh 1X OTpUMAaHHS, OLIbII
BUCOKUU pIBEHb BWJIYYEHHS JIETYIOYOrO0 KOMIIOHEHTAa 3 BHMXIJHOI CHPOBMHM, BHUCOKA IIBHJIKICTbH
PO3UMHEHHS Yy BaHHI piaKoro meramy. Jlemamni mmupiie 3acTOCyBaHHS Y BUPOOHUITBI SKICHUX MapoK
CTaJl 3HaXOJUTh XPOM Yy BHUTJISII TyOuacToro depoxpoma. TexHoorii BUpOOHUIITBA IUX MaTepialiB
JIOCUTH OJHM3BKI, ajle MalOTh NEeBHI BiAMiHHOCTI. [Ipn BUpOOHMIITBI JiraTyp Ha (epocIuiaBHUX 3aBOJax
BHKOPHUCTOBYIOTh MEPEBAKHO METAJIOTEPMIUHI MTPOIICCH BITHOBJICHHS IIMXT ATFOMIHIEM.

OnHuM 13 HalOUIBII e(EeKTUBHUX CHOCOOIB €KOHOMIT JIETYIOUMX MaTepialliB € 3HUKECHHS Yafy.
BukopucToBytoun TEXHOJOTII0 TBEpAO(PA3HOTO BiJTHOBJICHHS, MOXJIHMBE OTPUMAHHS METaJeBUX
ry0uacTHx JIratyp OXHOCTAAIMHUM CIOCOOOM, 3HMKYIOUH NP LIbOMY BUTPATH, MiIBUIIYIOUYH CTYIIIHb
BHJIYYCHHS €JICMEHTIB 1 PEryJIIOI0YM BIACTHBOCTIMHU TYyOUacTHX JITaTyp. 3aBAsSKH ONTHMI3aIlli TaKKX
HaBaXJIMBIIIMX TEXHOJOTIYHUX MapaMeTpiB, SK BMICT BYIJICHIO B KiHIIEBOMY MpPOAYKTI, CTYIiHb
BWJIYYCHHS JIETYIOUOTO €JIEMEHTAa, a TAaKOX JACIKMX (I3UYHUX XapaKTEPUCTHUK T'yO4acToi JiraTypu
(UITBHICTR ), MOKIJIMBA EKOHOMISI MaTepiaIbHUX TAa eHEPreTHUYHUX PECYPCiB MpH BUILIABILI cTami [1].

MeranizoBanuii ryduacTuii MaTepian MOPIBHSHO JIETKO MOoApiOHIOEThCsS. MeTon TBepaodazHoro
BiTHOBJICHHS TEXHOJIOT1YHO KpPaIIHii, TOMY IO HE MOTPedy€e CKIIaJHOI MONepeAHbOT MiATOTOBKY IIHXTH.
MoskHa BUIUTUTH HOTO TepeBaru:

1. CtyniHp BiJHOBJICHHS OPHKETIB MpH MeTasizalii y maxtHoi neyi 96,9-98,3 %.

2. 3pocTtae MpOIyKTUBHICTH MIPOIIECY BiTHOBJICHHS.

3. IIpu neryBanHi CTasi MIBUIKICTh HOTO PO3UMHEHHS 3MIHIOETHCSI B IHTEpBaJIi BiJl 5 10 24 XBUIIUH,
3JIC)KHO BIJ] BMICTY €JI€MEHTa B METAITI30BaHOMY TTPOTYKTI.

4. 3acBOEHHSI JIETYIOUOTO KOMITIOHEHTA PO3IIJIaBOM 3MIiHIOEThCS B Mexkax Bif 92,1 mo 94,9 %, mo
3HAYHO BHILIE, HIK IIPH JIETYBAaHH] PO3ILJIaBYy CTajll KOHIIEHTPATOM, 1110 CTaHOBUTH 84,6%.

5. Cxopouytoteess 10 0,5 % mac. MexaHi4HI BTpaTH KOMIIOHEHTIB IIUXTH Ta, OTXKE, BTPATU
JIraTypH.

BuxopucTtanas TexXHONOTii TBep10ha3HOTO BiIHOBJICHHS J03BOJISE 32 TOMIOMOTOI0 ONTHMI3allii
rmapameTpiB mpoiiecy 3a0e3NeUnTH 3HUKEHHS BMICTY Cipku Ta pocdopy B mpoaykTi ~ B 4-6 pasib.

Teepaodazuuii HaPSIMOK BKJIIOYAE Pi3HI TEXHOJOTIUHI PILICHHS, Cepe/l AKUX MOXKHA BUILIUTH
TEXHOJIOTIIO CITUTBHOI MeTalmi3allli METAJIOOKCHIHUX TEXHOTEHHUX BIIXOJIB Ta KOHIIGHTPATIB 3a
JIOTIOMOT 010 TETJIOBOT 0OpOOKH OPUKETIB Y KarCydi, MOMILIEHIH y HarpiBaibHy mid (y IIAaXTHUX MeYax,
IHIYKIIHHOMY HarpiBaHHi OpWKETOBAaHOI IIMXTH Ta IHIIMX IMMYHHUX arperarax). Temmeparypa
HarpiBaHHs Karcyiu He nepeBuinye 1523 K npu mBunkocti HarpiBanss 8-12 K/xB. Kinuesuit npoaykr
Mae piBeHb BITHOBJICHHS O3bK0 96 % [1]. BukopuctanHs B SIKOCTI KOMIIOHEHTA IIUXTHU [TUKJIOHHOTO
NWIy Ta OKAJWMHHM IIBUAKOPI3AJIbHUX CTalieil Jla€ BUCOKI SIKICHI MOKa3HUKU TyOkH. TexHoJoriui
BJIACTUBOCTI TyO4acToi miraTypu (IIUIBHICTh, BMICT TMPOBITHOTO €JIEMEHTa Ta 1H.), IO
BUKOPHUCTOBYETHCS TMPH BHILIABII CTaji, MOXYTb PEryJIIOBATHUCSA 3a JIOTIOMOTOIO CITiBBiTHOIICHHS
KOMITOHEHTIB IIUXTH, @ TAKOXK PEKUMY B1IHOBJICHHS.

JlitrepaTypHi mxepena

1. Octpuk I1. H., 'acux M. M., ITupor B. JI. MeTtaimyprust Ty04aThiXx 1 MOPOIIKOBEIX Juraryp. K.:
Texnuka. 1992. 128 c.
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INEPCIHIEKTUBHU BUKOPUCTAHHA MbJI3 JI51 PO3JIMBAHHSA COPTOBHUX
3AT'OTOBOK JAPIGHOI'O IIEPEPI3Y HA MIHI-3ABO/JIAX

Cumnerin €. B. k.1.H., ’Kypasasosa 1. B., Pyoan B. O.
Ykpaincbkuii 1ep:KaBHI YHIBepCHUTET HAYKH TeXHOJIOTii, M. /IHIIpo

[lle 3 KiHII MHHYJIOTO CTOpIY4Ys B CBITI CIOCTEPIraeThCs CTiKa TEHJIEHINS A0 OyiBHUIITBA
METaTypriiHUX MiHI-3aBOJIIB 3aMICTh BEIMYE3HUX METaTypriiHUX KOMOIHATIB 13 TOBHUM ITUKIIOM
METaypriiHoro BUpoOHUITBA. Taki MiHi-3aBOJIM 3a3BHYail OPIEHTOBaHI Ha MEPEPOOKY METATO0PyXTY
Ta MeTanizoBaHol cupoBuHU [1]. OcoOaMBOI aKTyaJbHOCTI BIPOBADKEHHS MiHI-3aBOJIIB HAOyBae B
yMOBax Kypcy Ha Mepexia 70 «3eleHoi» MeTanyprii. HeBennka mpoayKTUBHICTh TaKUX MiANPUEMCTB
(40-2000 THc. T cTayi Ha PIK) Ta HEBEIHMKI OOCSATH 3aMOBJICHb 3 YacTO JOBOJII PI3HUM MapOYHHM
COPTaMEHTOM MPOIYKIIil poOJIATh MOXIMBUM BUKOpHCTaHHS MiHI MBJI3 3a3Bu4aii TOpU30HTAIBLHOTO
TUITY JIJIs PO3JMBAHHS 3arOTOBKH, IMEpepi3 sIKO1 JOpiBHIOE a00 MaKCUMAaJIbHO OJM3BKHU 10 TEpepizy
rotoBoi npoaykuii. Taki MBJI3 103BOSIOTh 3MEHIINTH KUJTBKICTh YUCTOBUX KJIITEH MMPOKATHOTO CTaHY,
0 3MEHIIY€ CEHEProOEMHICTh BUPOOHHUIITBA MPOAYKIIi, IUIONIY IE€XiB Ta KamiTaJdbHI BUTPATH Ha
OyniBauLTBO. IlepeBaramu Takux MBJI3 € Takok MEHII BUTpaTH JOMOMIDKHUX MaTepiaiiB, TAKUX SIK
(dyTepiBKa, MUTAKOYTBOPIOIOY1 CYMIllli, BOJY Ha OXOJIO/KCHHS TOIIO. XapaKTEPHOIO PUCOI0 0aratbox
MiHi MBJI3 € BukopuctanHs rpagiToBaHIX KPUCTATII3aTOPIB 3aMICTh MITTHUX, SIK Y Tpaaumiiaux MBJI3,
10 € JCHICBIIMMH Y BUPOOHHIITBI.

JlitrepaTypHi mxepena

1. Metannyprudeckue MUHH-3aBO bl Monorpadus / CmupuoB A.H., Cadonos B.M., [lopoxosa JI.B.,
ynpyn A.1O. — lonenx: onHTY, 2005. — 469 c.



25
YK 669.162.262.4:622.78

NEPCIEKTUBU BUKOPUCTAHHS Y CKJIAJAI JOMEHHOI IIUXTHU 3BLIBIIEHOI
YACTKHU OKATHIIIB

Cemenos 10. C,, k.1.H., 'opynaxa B. B.
IncruryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainu, /{ninpo

B octanHi poku y MeTanmypriiHiid ramy3i YKpaiHW mpuaiisiacs 3HauHa yBara eKOJIOTI4HIN
CKJIQZIOBIH BUpOOHMUYOTO 1UKIy. OMHUM 13 HAHOLIBII BaroMUX YWHHHKIB aHTPOTIOTEHHOTO THUCKY €
HETaTUBHHI BIUIMB MHUJIOMOAIOHUX TEXHOTCHHUX BIAXOMiB. JpiOHOIMCIEPCHUI T MPOMHCIOBOTO
MOXO/KEHHsI 0€3 HasSBHOCTI HAJEKHHUX acHipamiifHUX yCTaHOBOK ICTOTHO 3a0pyaHIoe atMocdepy i
HAKOMHUYYEThCS B BOJOMMax. B maHumii yac ekoHOMika MeTalypriiiHOi raimys3i B yMOBax BiliCBKOBOTO
CTaHy HE JI03BOJISIE B HAJIGKHINA Mipl IPUAUIATH yBary €KOJOTIYHUM MporpamaM, TaKUM SIK, HaIpUKIIa],
MOJICpHi3allil JIMBapHUX JBOPIB JOMEHHHMX IIeXiB, OONaJHaHHS arjoMepauidHux @adpuk i3
BCTAHOBJICHHSIM CYYaCHUX Ta3004YMCHUX YCTaHOBOK, IO OyJ0 paHilie YCIIIIHO peajTi30BaHO Ha
METaTypriiHuX MiANPHEMCTBaX M. Mapiymnoib 10 HOBHOMACIITAOHOTO POCIHCHKOTO BTOPTHEHHS.

ArnomepariitHa (adpuka mignpuemctBa «Kamer-crane» (M. Kam’sHCBKE), 110 (PYHKITIOHYE B
JaHWH Yac, BUMArae riio0ansHOl MOJIEpHI3allii, K IS ITiIBUIIEHHS TEXHIKO-€KOHOMIUYHUX MTOKA3HUKIB
BUPOOHUIITBA arjoMepary, Tak 1 Jyis 3a0e3nevYeHHs BIAMOBIIHUM CyYaCHUM €KOJIOTIYHUM BUMOTaM. B
YMOBax, 10 CKJIAJIUCS, EKOHOMIYHO JOIUILHUM € CKOpPOUEHHs BUPOOHUIITBA arjioMepara Ha (gadpuiii 3
MTOCTYTOBHUM 301IBIIICHHSIM Y CKJIaJll TJOMEHHOI IIUXTH OKATHUIIIIB.

3 ypaxyBaHHsIM Toro, mo nomeHHi meui (JI1) miampuemctBa «Kamer-ctamp» 3actapinoi
KOHCTPYKIIii OyJIM CIPOEKTOBaHI JJI1 poOOTH Ha arjoMepari, aKTyaJIbHOIO 3aJladyeio cTajia po3poOKa
MIOJIO’KEHb Ta 3aX0/IiB, CIIPSIMOBAHUX Ha MEPEXiJ JOMEHHOI0 BUPOOHHIITBA 3 BUKOPUCTAHHIM Y CKJIai
LIMXTHU 30UTbLICHOT YacTKU okatulIiB — 70% 1 OiibIie y cymimii 3 arfiomepaTom, abo 6e3 Hporo. [lana
pob6ora Oyna BukoHaHa [nctutyrom y 2023 p. lani npeacraBieHi OCHOBHI MOJOKEHHs, HEOOXiIHI IS
nepexoy icHyrounx JI1 Ha TeXHOIOTII0 31 301TBIICHO0 YaCTKOIO OKATHUIIIB Y CKJIaIl IIUXTH.

BinnoBinHO 10 BITYM3HSAHOTO Ta 3apyOixkHOTO A0CBiAy nmpoekTyBaHHs Il mix BUKOpHCTaHHS Y
CKJIaJIl ITUXTH 30UThIIIEHOT YaCTKU OKATHUIIIIB, Yepe3 O14H1 po3MUparodi 3yCHILIs, 0 BUHUKAIOTh, TI0 Mipi
ix omyckanss Ta BinHoBNIeHHs B 11 [1-3], pamioHadbHUMU Jiama3oHaMH KyTiB HAXHMITY IAXTHU € Olmaxr
= 81-83° mpu MakCUMaJbHUX KyTax HAXWIy 3aIUICYUKIB — Ozans = /4—76°. ToMy HE0oOXiIHOIO cTajna
3MiHa KyTiB HAXWJIy IIaXTH Ta 3arsiedukiB npodimto I, mo nocsaraerbes NUISIXOM 3aMiHM KOXKyXa Medi
31 301IBIIICHHSM JlaMeTpa po3mapy.

[TepmodeproBuM 3aXx070M € MUTAHHS 3aMiHU ICHYIOUOi CUCTEMH OXOJIOJKEHHS enemenTiB JII1
TEXHIYHOIO BOJOI0 HAa CHCTEMY OXOJIO)KCHHS 3 XIMIYHO ouuieHo Bojor (XOB), mo m103BOIUTH
320e3MeUnTH K €PEKTHUBHICTH MPOLIECY OXOJOIKEHHS, TaK 1 MPOJOBKUTH TEPMiH CIIy)KOU €JIeMEHTIB
CHUCTEMHU OXOJIO)KCHHS. PeuoBMHM (COJ1 JKOPCTKOCTI), PO3UYMHEHI B BOMI MIIKUBICHHS CHCTEMH
OXOJIO/PKEHHS, IPY HarpiBaHHi 1 B3a€EMOJI{ 3 METAJIOM NOBEPXHI YTBOPIOIOTh BiJKJIaJE€HHS Ha CTIHKax
MOBEPXHI 1 BUIMAMAIOTh y BUTJIAAI IIaMiB. BUCOKI BUTpaTH TEXHIYHOI BOAM TO3BOJISIIOTH BUMHBATH
[IJIAMOBI1 BiJIKJIAJICHHS HA TTOYATKOBIN CTaJil eKCIUTyaTallii CHCTEeMHU OXOJIOKEHHS TEXHIYHOI BOJIOIO.
Opnak y Mipy 30UTbIIEHHS TOBIIMHHM BINKJIAQJEHb Ha CTIHKax TPyO, 30UIBIIYEThCS TeMmmeparypa
MOBEPXHI CTIHKH XOJIOAMIbHUKA 3 00Ky pobodoro npocropy /I, 30iabIIeHHs TEIIOBOrO MOTOKY BeJe
70 30UTBIIIEHHS TIEperaay TEeMIepaTyp BOAM 1 KUIBKOCTI NUIaMiB, IO BHIAQJAl0Th, 1 JOCATAIOUN
KPUTUYHOTO PiBHS BiIOYBAa€THCS 3HMKEHHS BUTPATH BOJM B OKPEMHX JIHISX XOJIOAWJIBHUX IUIUT 1,
3pemTor0, iX mporap. 3 1HIIOrO OOKYy, 3HIMDKCHHSI MOMJIMBOCTI TEIUIOBIABEACHHS Ta 30UTBIICHHS
TeMIepaTypy MOBEPXHI XOJOIMWIBHOI TUIUTH BeJe A0 i MPUCKOPEHOTO 3HOIIYBaHHSA. TOMY 3HIKEHHS
KOPCTKOCT1 BOJAM B CHCTEMI OXOJIOJKEHHSI BUCOKOTEMIIEpAaTypHUX Ta TEIIOHABAaHTA)XEHUX 30H Mae
OyTH y IpiIOpPHUTETI.

Jami, y 3B'A3Ky 3 Cy4aCHUMH TCHJICHIIISIMH, OYJIO peKOMEHI0BAHO PO3IJISIHYTH MUTAHHS 3aMiHU
CTaJIEeBUX XOJOIMIHHIUKIB HI3Y IIIAXTH Ta 3aIJICYHKIB HA BEPTUKAIIbHI Mi/IHI, 2 TAKOK 301IBIIUTH Ha JIBA
PSAIN KUTBKICTh XOJOMWIBHUKIB CEPEIUHM MIAXTH, IKI MOXKYTh OYTH K CTaJIeBUMH, TaK 1 YaByHHUMH
neorutomuHHAME 3 XOB (kinbKa mapaielbHUX 3MIHOBUKIB y Tl XonoauiabHHUKA). KpiMm mporo, s
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oprasizarii mamnopy oOTsSHKEHOTO CTOBIMA IIMXTHU 3 MPUIYIICHHAM Mepu(epiifHOro Tra30BOTO MOTOKY
OyJI0 PEKOMEH/IOBAaHO IMIJBHUILYBATH CTIHKICTh (yTEepiBKM KapOiIKPEeMHI€BOIO IETJIOK0 Ha piBHI
3aIUICYMKiB, Ha KM BIJTUBA€ aKTHBHA Bara IIUXTH, 10 301IbITY€ETHCS 31 3pOCTAHHIM YAaCTKH OKATHIITIB.

BaxnBoro ckiasoBo0 €(pEKTUBHOCTI TEXHOJIOTIT 13 3aCTOCYBaHHSM 30UIBIICHOI YacTKU
OKaTHUIIIB € TPOBEACHHS IIOTKpPETyBaHHsA BHyTpimHboro mpodimo JIII. PexomenmoBana uacrota
IIOTKPETYBaHHA ILIAXTH, PO3IApy Ta 3allJICUUKiB KapOiAKpEeMHIEBOIO (yTepiBKOIO HA PIBHAX CTAJICBHX
XOJIOMUIBHUKIB Ta BEPXHbOT YACTUHH LIAXTH — BOTHETPUBKUM OE€TOHOM 3 BUCOKMM BMICTOM TJIMHO3EMY
Ha OCHOBI IIIAMOTY CKJIQJa€ — HE PiAIIe OJHOTO pa3y Ha 1,5 poku.

Oco06muBy yBary HEOOXIIHO TPHAUIATH PO3IMOAUTY Ta30BOTO TOTOKY 13 3a0e3MeUeHHSIM
PO3BHHEHOTO IIEHTPAJIBHOTO Ia30BOTr0 MOTOKY. [IMHHICTh okaTHIIiB Ha oBepxHi 3acumy B JI1 Moxe
MPU3BOJIUTH 10 HAAMIPHOI KOHIIEHTpalli iX B ochoBiit 30H1 JII, ToMy st hopMyBaHHS PO3BUHEHOI
OCBOBOT BIJJIYIIIMHH MPU BUKOPUCTAHHI B MIMXTi 3017BIIEHOT YaCTKH OKATHUIIIIB AOIIIBHO MepeI0aunTu
a00 ycTaHOBKY (B mpiopuTeTi) 0€3KOHYCHOTO 3aBaHTAXKYBAJIBLHOTO MPHUCTPOIO [4, 5] a0 KOHYCHUX
3aBaHTaKyBaJIbHUX MPUCTPOIB 3 MOXKIIUBICTIO 3aBaHTAXXECHHS KOKCY y LeHTpasibHy 30HY HII [6].

Jlani mpeacTaBiieHi AesiKi TEXHOJIOTIYHI pEeKOMEHIallii A1 TEXHOJIOT1 31 301JIBIIIEHOI0 YaCTKOK
okaTHIIiB. {7 MOCATHEHHS 3aOBUTPHHX TEXHIKO-€KOHOMIYHHMX IMOKA3HUKIB HEOOXITHO MPHUALIATH
0COOIMBY yBary sIKOCT1 IIMXTOBUX MaTepialliB, CTAOLIHHOCTI iX BUKOPUCTAHHS Y IIUXTI, CTa0ITLHOCTI
ra3o-JyTT€BUX MapaMeTpiB Ta MaIUBHUX 00aBOK. HeoOXiqHO BpaxoBYBaTH, 110 3MEHILICHHS BUXOMY
IUTaKy TpH 30UTBIICHH] BMICTY 3aj1i3a B 3aJ1i30py/IHIM YaCTHHI IIUXTH 3HIWKYE TETUIOBUM 3amac TopHa i
OyAb-Ky HE3HauHy 3MiHY CKJaay IIUXTH HEOOXiTHO KOMIIEHCYBaTH 30UIbIIEHHSM HArpiBy, 3MiHa
SIKOCT1 IIIMXTOBUX MaTepialliB MOBHHHA OYTH MiHIMAJIBHOIO.

[pamtoroun 3 yacTkoro okarumriB y muxti 10 3040 % nouinbHO 30UIbIIYBaTH OCHOBHICTH
armomepary g0 1,6—1,8 ox., momaneIie 301IbIIEHAS] OCHOBHOCTI arjioMepary — HeIOIIJIbHO, OCKUTBKH
NPOMHCIOBUHA JIOCBi TIOKa3ye, IO BHUPOOHHMIITBO arjioMepary OCHOBHICTIO moHan 1,8 on.
CYNPOBOKYETHCS 30UTBIICHOI0 HECTAOUTBHICTIO 332 XIMIYHHMM CKJIQJIOM, a TaKOX, Y PSAIi BHITAJIKiB,
CHJIbHUM TOTIPIICHHSAM HOT0 XapaKTePUCTUK MIITHOCTI. ToMy 31 301IbIIIEHHAM YaCTKH OKaTUlIiB 10 70—
100% OCHOBHICTB LUTAKy 3a0€3MeuyeThesl 30UIbIIEHHSM MUTOMOI BUTpPATH BANHSKY, KU MOBUHEH
BinnoBigatu Bumoram CaO + MgO = 53,8-54,5 1 matu HU3bKUH BMicT cipku — g0 0,050 [7].

36inpmenns B muxTi JI1 okaTummiB 1 BiAmoBigHE 301IbIICHAS aKTHBHOI Baru IIWXTH, BEJE 110
301IbIICHHS THCKY Ha KOKC, Y TOMY 4YMCJIi Ha KOKCOBY HAacaJKy 1 TOPHOBHI KOKC, IO BeZe 0
JIOTATKOBOTO WOT0 PyHHYBaHHS B HWXXHIW Ta IEHTPaJIbHIN 30HI, JOJATKOBOTO 30UIBIIECHHS OIOPY
ra3oBoMy MOTOKY. J[JIst KOMIeHcalii boro, a Takox 3a0e3neveHHs neHTpaibHoro xony AI1 HeoOxigHO
BHUKOPHCTOBYBATH KOKC ITiIBHUIICHOT IKOCTI, Tpu poooTi 11 3 vacTkoro okaTuIIiB y mmxTi Ha piBHI 30—
40% wirHOCTI KOKCcy 1o CSR He Hux4ue 46%, npu vacTii okatumiB 60—100% — He Hmkde 55%. 3
ypaxyBaHHsIM TCHJICHIIIT OCTaHHIX IMIBTOPa POKY Il BUMOra Ha0yia 0coOJMBOi aKTyalIbHOCTI, OCKIJTbKH
xapakTepucTHku Kokcy 1o CSR 3nusmnmcs no 37-40%.

[Tpu 30ibIIEHH] YaCTKH OKATUIIIB Yy MIMXTI MiABUIIYETHCS MOKA3HUK PEaKIIMHOI 3aTHOCTI 1
3HWXKYEThCS Tapsiya MIIHICTh KOKCY 3a PaxyHOK BiJIHOBJICHHsS Ha MOT0 MOBEPXHI APIOHOANCIIEPCHOTO
ATy, TPUCYTHHOTO TIPH CTUPAHHI OKATHUIIIIB 1 pyHHYBaHHI1 1X IIpH BiIHOBJICHHI B IIaxTi 1medi. Buxomsun
3 LIBOTO, P 'SIBJIAIOTHCS OKPEMi BUMOTHY J0 BUKOPUCTAHHS B IIUXTI, KOKCY 3 HU3BKOIO PEAKIiHOIO
3natHicTio (He Ounbiie 30%), a Takok 3a0e3MevYeHHs] MaKCUMaJbHOTO CTYINEHs BiJICIBY OKAaTHIIIB 3
METOIO MiHiMi3alil KUTBKOCTI IpiOHOIUCTIEPCHOTO MHITY.

301nbIIeHHs YacTKu okartuiliB noHag 40 % Buxiinkae HectaOuibHUM Xin I (mpu icHyrodiii
HU3BKIH SKOCTI KOKCY, BUKOPHCTAaHHI HEO(IIIOCOBAaHMX OKATHUIIIB, BUCOKOOCHOBHOTO ariioMepary 3
MOXJIMBUM 3HUKEHHSM XapaKTEPUCTHUK MIIHOCTI), 10 ()aKTUYHO HIBEIIOE TEXHIKO-EKOHOMIUYHUUN
edexT Bif 30iunbmIeHHS Fe B MMXTi 1 3HIKEHHS BUXOAYy HUIaky. [Ipu HEoOXiAHOCTI 30UIBIINTH YacTKy
okatumIiB moHan 40% peKoOMEHJIO0BAHO TMOETAIMHO 301IbINTYBATH YacTKy oKatuiiiB 10 60% i1 OimbIe.
Pesxxum po6otu 111 i3 criiBBITHOLIEHHAM BMICTY B IIMXTi OKaTHUIIIIB/arinomepaty 6n3bkum 10 50%/50%
XapaKTEPHU3YETHCS CYTTEBOIO HECTAOUIBHICTIO.

Sk 3a3HauvaeTbca B JiTeparypi [8], 1 MIATBEpIKYEThCS MPAKTUYHHUMH CIIOCTEPEKECHHIMH,
30UIbIIEHHS YacTKW okaTulriB moHan 30-40% HeoOXigHO MPOBOMUTH TMOETAmHO. [Ipu oMy KOXKEH
KpOK 301sbIIeHHs (200 3MEHIIECHHS) YaCTKU OKATHILIB 0a)kaHO BUTPUMYBATH TPUBAIICTIO — HE MEHIIIE
MPOTUIaBY JBOX-TPHOX 00 €MIB IIUXTH B 3AJICKHOCTI BiJl IHTEHCUBHOCTI.
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BpaxoByroun MeHIIHI BMICT y KHCIHX okaTumax MgQO, HiX B arjomepari, JUisl MATPUMKH
TUTMHHOCTI IUIaKy HEOOX1HO MPH 3MEHILICHHI YaCTKH arjoMepaTy B IIMXTIi Ta 3HIKEHHI BUXOY LIIIAKy,
BHUKOPHCTOBYBAaTH KOMOIHOBaHMH ()JIFOC: BAIHSIK + JOJIOMIT, AJI MIATPUMKH BMicTy MgO y KiHIIEBOMY
naky 5—7%. IlepcieKTBHOIO TOKpaIieHow cupoBuHO0 it 11 mpu 301IbIIeHI YaCTKU OKATHILIB
nonax 40-50 %, MOXyTb BUCTYIATH YacCTKOBO O(IIIOCOBaHI OKaTHUIIi, Y TOMY YHCII, 3 MiJBUIICHUM
BMIiCTOM MarHesii.

JloTpuMaHHsT ~ HABEACHOTO  pPO3POOJIEHOTO  KOMIUIEKCY  TOJOXKEHb 00  BHECEHHS
KOHCTPYKTHUBHUX 3MiH Ta TEXHOJOTIYHUX PEKOMEHIAMIN JO3BOIUTh JOCUTH €(EKTUBHO 3aCTOCYBATH Y
HaWOIMKI1i TIEPCIEKTUB1 TEXHOJIOTIIO JOMEHHOI TUTABKH 31 301JIBIIIEHOI0 YaCTKOK OKATHIIIIB Y IIMXTI
IpU 3MEHIIEHHI OOCSTiB BHUTOTOBJIEHHS BIACHOTO arjioMepary Ha arjoMmepauiiHiii ¢adpurmi, 3
MEPCIEKTUBOKO 11 MOBHOI 3yITHHKH.
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NEPCHEKTUBHU JEKAPBOHI3ZAILIII METAJIYPIIHHOI'O BUPOBHHUIITBA CTAJII B
YKPAIHI

Ty6oabues JL.I'., k.T.H.
IncruryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainn, /{ninpo

VY crani BiifHU 3 poOCiiicbKOIO arpeciero Metanypris y Ykpainu 2022-2023 pokax BTpaTuia cBOi
TpaguIliiiHI TIepeBard. bijble MOJOBMHU METaTypriiHUX MIAMPUEMCTB 3PYWHOBAHO, 1HIIN 3HAYHO
3MEHIIWIA BUPOOHHUIITBO, BTPATHIIH JOCTYI A0 €KCIIOPTHOTO Ta BHYTPIIIHHOTO PHHKY. TOMYy B Takux
YKOPCTKUX YMOBaX Iepes METATypriiHUMH MANPUEMCTBAMH Y KpaiHi MOCTal0Th MPoOJIeMU HE TUTBKU
(Gi3MYHOTO BITHOBICHHA, aje ¥ oNTUMI3alii BUTpAT 1 MiJBUIICHHS €()EKTUBHOCTI BUPOOHHIITBA.
BiamoBigHO 10 11bOTO KIIFOYOBUM (DAaKTOPOM CIIiJI BBaXKATH TEXHOJOTIYHHUU aCTEKT, K 1HCTPYMEHT

IEPCIIEKTUBHOTO BUYKUBAHHS 1 PO3BUTKY MeTaypriiinoi ramysi Ykpainu (EU 2022).

Merto1o JaHO1 JONOBII € aHAJI3 CTPATETIYHUX ACTIEKTIB TEXHOJIOTIYHOT'O PO3BUTKY METATyprifHOT
MIPOMHUCIJIOBOCTI Ha OCHOBI1 TpaHC(Epy TEXHOJIOT1H Ta po3po0Ka TEOPETUKO-METOA0JIOTIYHUX OCHOB HOTO
aHamizy. [lis BUpIMIEHHS IOCTABJICHOTO 3aBAAaHHS BUKOPUCTAHO CHCTEMHMH MiAXiZ 110 aHali3y
B3a€EMO3B’A3KY TEXHOJIOTIH 1 PaKTOPIB PO3BUTKY METATYPIrifHUX TEXHOJOTIH.

CyuacHe MeTadypriiHe BHUPOOHHMIITBO XapaKTEPU3YETHCS CKIAAHUMHU CXEMaMHU IepepoOKu
MeTaaypriiHoi CUpPOBHHH. TOMy MH TakOX TOBHHHI BpPaxOBYBaTH pPe3yJibTaTH JOCTIIHKCHbB, SIKI
BU3HAYAIOTh IEpeslik MalOyTHIX NpIOPUTETIB YOPHOI MeTamyprii (€KOoJorisi, TEeXHOJOTriYHa 3MiHa
(G13UYHOT CTPYKTYpH YOPHUX METaJiB, BUJAICHHS Ta MEepepoOKa TBEPAMX BiJIXOJIIB, MPOTHO3YBAHHSI
BJIACTUBOCTEH, MOJICJIIOBAHHS Ta BIPOBAKCHHS CYYaCHHUX BHUCOKONPOIYKTHBHMX BHPOOHHYMX
nporecis) (GMK nentp 2022).

VY cywyacHomy MetanypriiiHomy BUpoOHUITBI 90 % crani BUpPOOJSETHCS 3 BUKOPUCTAHHSAM
TEXHOJIOTIYHO1 CXeMH «J{oMeHHa MMy — KUCHEBHI KOHBepTep». JlIOMEHHA Mid sBJIsie COOOI0 arperar, 1o
Yy MaKCHMAaJIbHO JOCTYMHIA Mipli BHKOPHCTOBYE TPOIIECH BUPOOHHUIITBA CTaji 3 MiHIMaJIbHUMH
SHEepreTUYHUMH BUTpaTamMu Byriemo. [IpoTe, cydacHi €KOJOriuyHi BUMOTH MOTPEOYIOTh 3MEHIIECHHS
«BYTJIEIIEBOTO CIIY» Yy BHUPOOHUIITBI METaTypriiiHOT MPOAYKIIii, BHACIIIOK YOTO0 y CBITI aKTUBHO
PO3BHBAETHCS TEXHOJIOTISI BUILJIABKM METaliB 0€3 BUKOPHCTAaHHS AOMEHHUX medeil. [lepcnexTuBHUM
BB@)XAETHCS 3aMiHA BYTJICIIO, SIK BIJIHOBHHUKA OKCHJIIB 3aji3a Ta €HEProHOCisl, Ha 1HII albTePHATUBHI
JDKepesia eHeprii, 30KkpeMa Ha BOJCHb. . Y TOH k€ 4ac, HAyKOBUH Ta €KCIIEpUMEHTAIbHUN PO3BUTOK
HOBUX METaJyprifHUX TEXHOJOrIM 1€ HeNOCTaTHIA [UIsl IIUPOKOTO BIPOBAIKEHHS BOJHEBUX
TEXHOJIOTIH y MpOMHCIOBE BUPOOHUITBO. Taka nepcnekTiBa ouiHoeThes y Tepminu 2030-2050 poku

(Wang et al. 2020).

Buxonsuu i3 3aBHaHb MEPCIEKTHBU PO3BUTKY IPOIECiB AekapOoHi3allii BUPOOHHIITBA CTaIi,
CTPATETiI0 TEXHOJIOTIYHOTO PO3BUTKY METANTYpPrii OIIJIPHO B3aEMOIIOB’S3aHO PO3MISIATH  Ha
HACTYIHHX PiBHSX:

BHYTpIIIHIA KOproOpaTUBHUM TpaHchep TexHoyorid. B yMoBax pHHKOBUX BiJHOCHH
IHHOBAIlIMHAN PO3BUTOK TMIIMPUEMCTB METATYPTIMHOI TMPOMMCIIOBOCTI CHHUPAETHCS HA BJACHI
IHBECTULINHI pecypcH (aMOpTH3aliiiHI BigpaxyBaHHS Ta 4YacTUHY 4YHCTOTO TNPUOYTKY, SKY
MIIMTPUEMCTBA MOKYTh CIIPSIMOBYBATH Ha IHBECTHIlIHE 3a0€3T1IEUeHHS IHHOBAIIHHO1 A1SUTBHOCTI);

MDKrany3eBUil piBeHb: HAJIAroKEHHs 3B'A3KiB MK METaIypraMy Ta CIOXHBayaMH MPOIYKIIi,
KOJIM HOB1 METAJTyPTriifHI TEXHOJOT1i MOXKYTh AaTH 3HAYHHUK €(DEKT IJIs 1HIIHMX TaTy3eid TPOMHCIIOBOCTI;

(opMyBaHHS JAEp>KaBHOI MPOMHUCIOBO-TEXHOJOTIUHOI MIaTGOpMU pO3pOOKH, BUPOOHUIITBA Ta
BUKOPHUCTAHHS MaTepialliB 1 TEXHOJIOTIA METaIyprii.

Po3rnsiHeMO MOXKITUBI BapiaHTH JeKapOOHi3allii BUPOOHUIITBA CTaJIl.

VY 0BIFOBaHHSI BYTJICITIO € OJTHIEI0 3 HAMOUIBIN pealbHUX albTEPHATHUB JIJIsl JOCATHEHHS 11€1 MeTH
(Crietmanbabiit 1okiaag MI'OUK 2018). Lig texHonoris rpyHTY€eThCs Ha CTPATETIi PEMPKY SIS
JOMEHHOTO Ta3y 3a paxXyHOK HOTO IMOBEPHEHHSI Y caMmy JOMEHHY TIi4, IO J03BOJISIE CKOPOTUTH BUKUIN
COz 1o 8 %, ciokuBaHHS BYTUIbHOTO manuBa Ha 12 %, a TakKoX MOXKJIMBICTH BUPOOJISATH JOJATKOBY
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enekTpoeHeprito. Taki pe3yabTaTH MOKa3yTh BAXKINUBICTh MMPOBEACHHS MaOyTHIX JOCIIIKEHB 11010
BIIPOBAKEHHS YJIOBIIOBAHHS BYTJICIIO Ta MEPETBOPEHHS E€NEKTPOCHEPTii Ha ra3 y MPOMHUCIOBOMY
cekTopi. TeXHOJIOTis YJIOBIIOBAaHHS BYTJIEIIO 3 BUXIAHUX Ta31B JO3BOJISIE TAKOX OTPUMYBAIIN TEIUIOBY
CHEpTril0 3a PaxyHOK CHOKMBAaHHS YAaCTUHHM MAIMBHUX Ta3iB, II0 YTBOPIOIOTHCS B KOKCOBIM meuli,
JIOMEHHIH TIedl Ta KHCHEBOMY KOHBEPTEPI, 3aMICTh BUKOPUCTAHHS JI0JJaTKOBOTO BUKOITHOTO ITAJIUBA.
BukopucTanHs cy4acHUX MPOIIECIB JOMEHHOI TUIABKH JO3BOJISIE 3MEHIIUTH BUTPATH BYTJIEIIO
(KOKCy), MPOTE HE 03BOJISE 3a0E3MEUNTH CyYacHI €KOJIOTIYHI BHUMOTH JO 3MEHIICHHS BUKHIIB

Byrnekucioro rasi (Chaika et al. 2022). TeopeTU4HO 3aMiHa BYTJICIIO HAa BOJCHBH MOXE JO3BOJIUIH
BUJATUTH KUCEHB 13 3aJli3HOT PyAd, IPU I[bOMY pPEe3yJIbTaTOM peakiii BiJHOBICHHsS OKCHIIB 3ai3a €
BOJISIHA T1apa 3aMICTh BYTJIEKUCIIOro Tasy. [Ipore, ekcriepuMeHTa bHI JOCITIKCHHS TTOKa3yIOTh, IO
BUKOPUCTaHHA BOJHIO y cyyacHuX JII1 He 103B0OJIsI€ 3SMEHIIMUTH BUKHU/IM BYTJICIIEBOTO ra3y OUIBII HIXK Ha
20 %.

JIOKOpIHHO 3MIHUTH €KOJOTiuHy CHUTyamilo Ta 3MeHmuTH Bukuaun CO: y meramypriiiHoMy
BUPOOHUIITBI MOKJIMBO 3a PaXyHOK 3aCTOCYBaHHS TEXHOJOTIi mpsimoro BigHoBieHHs 3aimiza (DRI) 3
BUKOPHUCTaHHAM BOJIHIO Ta HACTYIHOI IJIAaBKU MPOAYKTY B €JIEKTPOIYTOBii medi. Y CBITI MPOBEICHO
0arato ekcrepuMeHTATBHUX J0ciipkeHb Takoi TexHonorii (DRI + EAF), mpore moHuHI 111 T€XHOJIOTT
HE OTPUMAJIM HIMPOKOT'0 3aCTOCYBAHHS, MeperyciM uepe3 0OMEeKEHICTh EHEPreTHYHUX pecypceiB. Taki
TEXHOJIOT11 IJIAaHYIOTh 3aCTOCYBATH 1 B YKpaiHi 3aMICTh MOPYIIEHOTO BIHOIO MapKy JOMEHHUX TICYCH.
[Ipote, Ha naHwmii yac icHye nesika mpoOieMu 1moao0 3acrocyBanHs TexHouorii DRI + EAF B Ykpainu.

1. OpieHTalliss METATypPriiHOr0 KOMIUIEKCY YKpaiHW Ha BUKOPHUCTAaHHS I1HTErPOBAHOTO
croco0y BUPOOHUIITBA CTal HE JO3BOJIMIIA MATH XOY-SIKHH JOCB1A poOOTH 3 HOBUMHU TEXHOJIOT1SIMHU, 10
MO€E CYTT€EBO BIUTMHYTH Ha OpraHizaiiro poootu 3 TexHonoriero DRI + EAF.

2. HaykoBi nocmimkeHHss B YKpaiHi He OynM Opi€eHTOBaHI Ha JOCHIIKEHHS HOBHUX
TEXHOJIOT1H JekapOoHi3allii BUpOOHUIITBA CTaJIl, IO TOTpeOye MepeopieHTallll HAYKOBUX JTOCIIIKEHb B
METaJypridiHOMYy CEKTOpi. BUKOpHUCTaHHS 1HO3EMHMX JOCIIIKEHb, SK TOKa3ye IMOMepenHiid JAOCBij,
HEMOXUTHBE 0€3 ypaxyBaHHS KOHKPETHHX YMOB CUPOBHHHOI 0a3u YKpaiHu Ta 0e3 ydacTi BITYM3HSIHHUX
HAYKOBLIIB.

3. Oprani3atis B Ykpaidi BApOOHHIITBA CTaJIi 3 MIHIMAJILHUM BYTJICIIEBUM CJT1JI0M MOKJINBA
TIBKM 32 paxyHOK OO’€HAHHS 3yCHJIb JIep’KaBH, MPHUBATU30BAHMX METANYPTiHUX IiIIPUEMCTB,
CIOXKMBAYiB METATYPTiiHOT MPOIYKIlIi Ta BITYN3HIHUX HAYKOBIIIB.

Taxkum unHOM, mepexia B YKpaiHi Ha BUPOOHUIITBO CTali 3 MiHIMAJIbHUM BYTJICIIEBUM CIIIOM €
0e3aIbTePHATUBHOIO PEATBHICTIO 1 MOTPeOye KOHIIEHTPAIIIT HAYKOBUX JOCIIIKEHB Ha [IbOMY HAPSIMKY
PO3BUTKY MeTanyprii Ha HacTynHi 10-30 poxkis.
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HIAI'OTOBKA I TPOBEJAEHHSA ®I3UYHOI'O MOJAEJIIOBAHHA JOCJ/ILKEHHSA
BILIMBY MOJAYI I'A3Y YEPE3 IOPOXKHUCTUM EJIEKTPO/I HA 3MIHY
I'EOMETPUYHUX ITAPAMETPIB JIYHKH

Py6an B.O., Cunerin €.B., CrossnoB O.M., CaBuyk 5.B., CaBenxo M.O.
YkpaiHcbKkuil 1epKaBHUI YHIBEPCUTET HAYKHM TeXHOJIOriii, M. /{Hinpo

Pexxum pobGoTu TpaHcopmaTOopa YCTaHOBKH «KIBII-TIIY» Ma€ TPSIMHN BIUIMB Ha JOBXKHUHY
eJIEKTPUYHOI TyTH, MiJ €0 SKOI YTBOPIOETHCS JyHKA Ha IpaHUIll IIaK-MeTan. PeakiiitHoi 30Ha, sika
BUHHUKAE TIPH B3a€EMOJII €JIEKTPUYHOI IYr'M 3 METAJEBOI0 BAHHOK I €JIEKTPOJOM Mae (GopMy
«MEHICKY».

JIyist oIiHKM KOMOIHOBAHOTO BIUIMBY IMITYJIbCY €JIEKTPUYHOI AYTH Ta MOJadvi ra3y 4epe3 KaHal
rpaditoBanoro mopoxHucroro enekrpona (I'TIE), Oymo mpoBemeHo momepenHi po3paxyHKH OO
TEOMETPUYHUX MMapaMeTpiB I1i€i JIyHKH. Taki mapaMeTpu sk TIUOWHA 1 pajilyc 3ajie)aTh Bl 3HAYCHHS
JOBXHHHM JYTH sika Oyiia BU3HaueHa B poOori [1].

Jlam 3a po3paxOBaHUMH KPHUTEPISIMU MOAIOHOCTI PO3pOOJICHO IJIaH E€KCIEPUMEHTY, CTBOPEHO
eKCIIepUMEHTAIbHY YCTAaHOBKY Ha SIKil poBeAeHo nociimkeHHs. [1ig yac mpoBeAeHHs eKCIIEPUMEHTY
3MIHIOBIKMCS Taki MapaMeTpu SK IHTEHCHUBHICTh Togadi razy kaHamoMm [TIE, Bucora mnurakoBoro
MOKPOBY, Ta BUCOTa PO3TAIlyBaHHS MMOPOKHUCTOTO €JIEKTPOJa HaJ piBHEM J3epKajia MeTany. Bineo-
dikcaris gaHux BigOyBasach (PpOHTAIHHO HA TPAHUINl METal-IUIaK 1 3HU3Y. KOHTpooBaIMCh Taki
napaMeTpH: JiaMeTp Ta TTMOMHA yTBOPEHOI JIYHKHU, TUCK Ta3y, TOBIIMHA [IUIAKY 1 BUCOTA PO3TAITyBaHHS
I'TIE.

Ha ocHoBi npoBeneHOro (pi3MuHOr0 MOJAETIOBAHHS, HA 130TEPMidHIA MOJEINI, MPEeICTaBIAETHCS
MOJKJIMBUM OTPUMATH aHAJTITHYHI BUPA3H, IO TIOKA3YIOTh CHUIBHUHN BIUIHB IMITYJIbCY €IEKTPUYHOL IyTH
1 ra30BOr0 CTPYMEHIO, SIKi BIUIMBAIOTh Ha XapaKTEPUCTHKY TETNIOOOMIHY.
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YU € MICHE JOMEHHIHI ITEYI B YMOBAX (3EJIEHOI'O KYPCY»?
MepkyJos O.€., 1.T.H.
IncTuryTt yopHoi Mmeraayprii im. 3.1. Hekpacoa HAH Ykpaiuu, {ninpo

3 nanux [1] BUTIITHMBAE, IO TEXHOJIOTTYHUI MapIIpyT OJIep >KaHHS CTajll JOMEHHA MY — KHCHEBHMA
kouBeptep (BF-BOF) mae ictotHuit pe3eps no 3meHmeHnHio BUkuiB CO2 10 3HaYeHb MOPIBHSIHHUX 3
TEXHOJIOTISIMU TIPSIMOTO BiTHOBJICHHS 3aJ1i3a.

Jnis “3enmeHoro nmepexoay’’ mMOTpiOHA “3enmeHa’’ CTallb, IHITUMH CIIOBAMH — METATYpris MOTpedye
nekapOoHi3alii, ane W aekapOOHi3amis IHIIWX Taly3ed 3aJIeKUATh BiJ MeTanmyprii. 3rigHO JaHUM
ArcelorMittal 6yniBaunTeo 1 MBT motyxHOCTEH COHSYHOI eeKTpOCcTaHLii BUMarae Bif 35 mo 45 1
cTaii, BiTpoBoi enekrpoctaninii — Bix 120 mo 180 T [2]. Tomy mexapOoHizallis ramy3eidl eHepreTHKy i
TPAHCHOPTY, IK OCHOBHUX JpKkepen BukuAiB CO2, moBHHHA BiTOyBaTHCA MapajienbHo 3 1eKapOoHi3alli€o
MeTayprii, o0 JaBaTH MOXJIUBICTh PyXaTHCS B OJHOMY HANpsSMKY. TWM OLibIe, IO TEXHOJOTIi
BUPOOHMIITBA CTaJli 3 HU3bKUMH BUKuAaMU CO2 HE ofiep Kajii NOLIMPEHHS paHille, TOMY IO CIIOIy4eH1
3 OUTHII BUCOKMUMH BUPOOHMYMMH BUTpaTaMu. Y TMOPIBHSIHHI 13 TPaAMIIHHUM MapIIpyToM JIOMEHHa
niy—koHBeptep (BF-BOF) BupoOHUIITBO TOHM CTaji 1O HU3BKOBYTJICIIEBUM TEXHOJOTISIM 001HIeThCS
10 80% mopoxde [3]. Ll oOcTaBrHA TaKOX HABOJUTH PO HEOOXITHICTH 30€PEKEHHS U MOJACpHI3aIlii
BF-BOF sik MiHiMyM, TIOKH He 3MeHIIaThcst BUKHIM CO2 B €HEpreTUlli Ta TPAHCIIOPTI 10 MOPIBHAHHUX
3 METAJTyPri€l0 3HAYCHb.

PartioHanbHU 1 CUCTEMHMIN MiJIX1JT MOKHA MTPOAEMOHCTPYBATH Ha NpUKIaal MeTanyprii SAmnoHii.
B manax po3BuTKy HanOUIBIIOI MeTamypriiinoi koproparitii SAmnonii Nippon Steel [4] Hemae BigMOBH
Big Mapupyty BF-BOF Ha BiaMiHy, Hanpukiaz, BiJl yKpaiHCbKOi MeTainypriiiHoi kommaHnii Metinvest
[5]. HaBmaku, AAnoHcekka deneparriss yaByHy i cTami [6] mpocyBae 1/1€10, BUpaKEHY B TOMY, 1110 HEXai
nomenHa niv (BF) mis BimHOBIEHHS 3ai3HOI pyAM MPHU BUPOOHMITBI CTAll BUSBISE OUTBII CUIBHUNA
BIUIMB Ha HABKOJIMIIHE CEPEIOBHUINE, YAM METOJ IUIABKH CTAJICBOr0 OPYXTY B €JIEKTPOIYTOBil medi
(EAF) nns BupobHuLTBa cTami, oqHak MapuipyT BF-BOF cTBOproe craneBy mpoayKuio, y pe3yibTaTi
SIKOT YTBOPIOETBCSI OpYyXT, SKHH 3a PaXyHOK MEPEepOOKH NMPHUBOAUTH 10 CKopodeHHS BHKHIIB COs.
Ockinbku edext nepepodku Opyxty komneHncye Bukuaun COz y npoueci BF-BOF, BB mapuipyTiB
BF-BOF 1 EAF Ha HaBKOJIMIITHE CEPEIOBUIIE B IUTOMY TaKe XK, K 1 IpH Oaratopa3oBiii mepepoOIli crai
[6]. Lle#t miaxix 3HaiimoB BigoOpaxkeHHs B simoHchbKkoMy ctannapti JIS Q 20915 «Life cycle inventory
of steel productsy.
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JOCIIIKEHHS BIVIMBY TPUBAJIOCTI BIAITAJIY 3PA3KIB 31 CIIJTABY HA
OCHOBI TUTAHY, BUTOTOBJIEHUX 3A 3-D TEXHOJIOI'I€EIO, HA MEXAHIYHI
BJIACTUBOCTI TA MIKPOCTPYKTYPY

Amxamcenknii C. B., Ph.D, Kononenko I'. A., 1.1.H. Ilogoaschkuii P. B. Ph.D

IncturyTt yopHoi Mmeraayprii im. 3.1. Hekpacoa HAH Ykpaiuu, {ninpo
IncTuryT TpancnopTHux cucrem i Texnoaoriii HAH Ykpainu, m. JIHinpo
TOB «AUTHBHI JIa3epHi TexXHOJIOTiT YKpaiHu», M. J[Hinpo

AnuTHBHE BUPOOHMIITBO, 30KpeMa BHOIpKoBe jaszepHe ruiaBieHHs (BJIII) - cydacHmii meton
BUTOTOBJICHHS JIeTajeil Ta BY3JB CKJIAJHOI T€OMETpii 3 METaJieBOro IMOPOIIKY, SKi CKIagHO abo
HEMOXJIMBO BIJITBOPUTH B YMOBaX TPAIUIIHHOTO BUpOOHHUIITBA. OCOOIMBICTIO NTaHOI TEXHOJIOTII €
3aJIUIIKOBI HAIPYKEHHS, 1[0 YTBOPIOETHCS HA €Tarli BUPOOHHUITBA fAeTaneil. OCKUTbKH TUTAHOBI CIUIABH
XapaKTEPHU3YIOThCSI HU3BKOIO TETUIOMPOBIAHICTIO, TO TTPo0aemMy (hOpMyBaHHS 3JIMIIKOBUX HANPYKEHb
IUI. HUX € OCOOJIMBO aKTYyaJbHOIO, a TepMidHAa 00poOKa I iX 3HATTS - 000B’SI3KOBOIO JIsi BUPOOIB,
BurotoBieHnx 3a BJIII-rexnonorieto. OCKIIbKH CTPYKTYpHUH cTaH BUPOOIB, oTpuMmanux 3a BJIII-
TEXHOJIOTIEI0 BIJPI3HAETHCS BiJl TAKOTO, 10 (POPMYETHCS MPH 3aCTOCYBAHHS TPAJAULIHHIX TEXHOJIOT1H,
TO HEOOXIJHI JOCHIKEHHS BIUIMBY BiANaiay /I 3HATTS 3aJUIIKOBUX HANpyXeHb HAa MEXaHIuHI
BJIACTUBOCTI Ta MIKpOCTPYKTYpYy ciutaBy Ti6Al4V, orpumanoro 3a BJIII rexHonoriero. JocmimpkyBanu
3pa3Ku MiCHs BiANaNy 3 TPUBAIICTIO BUTPUMKH 1...5 roaun npu 800 °C. BeTaHoBIIEHO, IO THMYACOBUHT
OITip TiCHs TePMIYHOi 0OpOOKH MPOTSIroMm 1...5 TOAWH 3a3Ha€ 3MEHIICHHS B TIOPIBHSHHI 3 BUXIIHUM
cTaHOM Tiicis BuroToBieHHS Ha 20,55...-23,03%, BigHOCHE TOAOBXKEHHS — 30imbmenHs 31,33...
+35,57%. Ilpu upoMy xapaktep 3MiHHM 3HAY€Hb BIJHOCHOTO 3BY>KEHHS — HEPIBHOMIpHUU: Biman 3
BUTPUMKOIO | TOJIMHA HE 3aB/a€ 3HAYHUX 3MiH; 31 301IBIIICHHSM Yacy BUTPUMKH 110 2, 3 Ta 4 TOIuH,
CIIOCTEPIraeThCs 3MEHIIIEHHS JaHOi XapakTepucTuku Ha 9,03%:; 45,97%; 62,56% BiaNOBIAHO MTOPiIBHIHO
3 BUX1IHUM CTaHOM; ITiCIISl BATPUMKH 5 TOJTMH 3HAYCHHS BiJJHOCHOTO 3BY)KEHHS 3a3HA€ MPUPOCTY JaHOi
XapaKTepUCTUKH B OPIBHSAHHI 31 3HAYCHHSAMH MICIISI BATPUMKH 4 roinHU Ha ~26,12%. 3a pe3ynpraTramMu
KOPEJSIIHHOTO aHajli3y 3Ha4eHb MEXaHIYHUX BIIACTHBOCTEH Ta TMapaMmeTpiB MIKPOCTPYKTYPH,
BCTaHOBJICHO, 10 KOe]ilieHT (OpMH IUIACTUH O-(pa3d Mae€ BUCOKY KOPENALiI0 31 3HAYCHHIMHU
THUMYaCOBOTO OIOPY, a KUIBKICTh 0-(ha3u HaHOUIbIIIE KOPETIOE 31 3HAUCHHSIMH BITHOCHOTO 3BY>KCHHS
MIPU CTATUIHOMY PO3TATYBaHHI.
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JTOCJIIKEHHA MEXAHITYHUX BJJACTUBOCTEM 3PA3KIB 31 CILTABY CO-CR-
MO, BUT'OTOBJIEHHUX 3A TEXHOJIOT'TEIO CEJIEKTUBHOI'O JIASBEPHOI'O
IIVTABJIEHHA 3 TEXHOJIOI'TYHOIO 3YIIMHKOIO

Amxamcenknii C. B., Ph.D, Kononenko I'. A., 1.1.H. Ilogoaschkuii P. B. Ph.D

IncruryTt yopHoi Mmeraayprii im. 3.1. Hekpacoa HAH Ykpaiun, {ninpo
IncTuryT TpancnopTHux cucrem i Texnoaoriii HAH Ykpainu, m. JIHinpo
TOB «AIUTHBHI JIa3epHi TexXHOJIOTiT YKpaiHu», M. J[Hinpo

VY cyyacHOMY BUPOOHUITBI JeTanel 3 METaJIeBOro MOPOIIKY IIUPOKOTO MOUIMPEHHS HA0yB METO
CEJICKTUBHOTO JaszepHoro IuiaBieHHs — Selective Laser Melting (SLM). B VYkpaini po3poOkoro
oOnamHaHHS JUIsl CTBOPEHHS JeTajeil 13 MeTaleBHX MOpomKiB 3a SLM-TexHOJorie 3aiMaeThes
kommadiss TOB «AnuTuBHI Ja3zepHi TexHojorii Ykpainw». B mganuit yac nis maHoro oOnagHaHHS
aKTyaJIbHUM 3aBJIaHHSM € PO3poOKa METOIAMKH BUOOPY MapaMeTpiB MPOIECy IUIABICHHS METAJICBOTO
MOPOIIKY, IO 3a0e3MeuyloTh HEOOXIMHI MEXaHIYHI Ta eKCIUTyaTaliifHi BIacTHBOCTI nmeraneit. Jlms
JOCIIKeHb OyJIM BUTOTOBJICH] Y BEPTUKAIBLHOMY HAIpsIMi TPU TOCIiAHI IIMIIHAPUYHI 3pa3KH 31 CIIJIaBy
Co-Cr-Mo nmns BunpoOyBaHHSI Ha po3TsaryBaHHs 3a [SO 6892:2019 — miameTp pobodoi 30HU 5 MM, 3
KOHTPOJIbOBAHOIO 3YMHHKOIO Ha BUCOTI 18 MM BijJ moyaTtky po0Oo4oi 30HH, 3arajbHa JOBXHHA SKOi 28
MM. B pesynpTaTi aHamilzy 3HaA4eHh MEXaHIYHHUX BJIIACTHBOCTEH BCTAaHOBJICHO, III0 TUMYACOBHH OIIip
JOCIITHUX 3Pa3KiB 3 KOHTPOJIBbOBAHOIO 3yMTMHKOIO POTroM 24 roz. crutaBy Co-Cr-Mo, BUTOTOBIICHOTO
3a SLM- TexHojori€lo, 3a3Ha€ 3MCHIICHHS B TOPIBHSHHI 31 3pa3KaMu, BUTOTOBJIEHUMHU 03
KOHTPOJIBOBAHO1 3yNUHKU — Ha ~13%, BiTHOCHE MOJOBXKEHHS —HA ~1% Ta BIAHOCHOTO 3BYXCHHS — HA
~17%. BcTaHoBeHO, 110 JUTs TOCIITHUX 3Pa3KiB 3 3YIIMHKOIO B MPOIIECi TOOYI0BY BIAXUIICHHS 3HaYEHb
BiJl CepeHIX 3HaUYeHb CKJIAAajo: sl TUMYacoBoro onopy ~11 %, BimHOCHOrO MOAOBXKEHHS ~62% Ta
BITHOCHOTO 3BYXeHHS ~ 21%. Lle 00yMoBieHO pyHHYBaHHSIM OIHOTO 31 3pa3KiB B MICIl 3yNHHKH.
Bukopucranss geraneii 3 1e)eKToM BUPOOHUIITBA (3yIHHKA TOOYI0BH) Ma€e OyTH CYTTEBO OOMEKEHO,
BIJIMOB1THO JI0 MOXJIMBOTO 3HAYHOTO 3HEMIITHEHHS Ta OKPUXUYEHHS BUPOOY.
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OBIPYHTYBAHHS PEKUMIB CJIN-TEXHOJIOI'I 3 METOIO 3HUKEHHS
SAJIMIIKOBUX HAIIPYKEHb PO3PAXYHKOBUM METOJ1OM

Amxamcnknii C. B., Ph.D, Kononenko I'. A., a.1.H. Ilogoancekuii P. B. Ph.D, llInak O. A.

IncruryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainu, /{ninpo
IncTturyT TpancnopTHux cucrem i texnoJiorii HAH Ykpainu, m. J{Hinpo
TOB «AnuTHBHI Ja3epHi TexHoJoril YKpainw», M. /{Hinpo

VYIOCKOHAJECHHS PEXUMIB TEXHOJOTil CEJIEKTHMBHOTO JIA3ePHOTO IUIABJICHHS Ha OCHOBI
PO3paxyHKOBOI MOJIENI ISl 3HWKEHHS PIBHS 3QJIMIIKOBUX HAIPY>KEHb Ta 3aroOiraHHs BiIXWJICHb B
reoMeTpii eTaii € akTyaabHUM 3aBAaHHAM. [[puBOAATECS pe3yIbTaTH MOJICIIOBAHHS HA YHIBEpCAIbHIN
BOKCEJIbHIHM CTPYKTYPI 1 CIIPOIIEHOMY 00’ €KTi /I TPOTHO3YBAaHHS MTOBEIIHKH METAITy B 3aJICKHOCTI BiJl
IITBHOCTI THUTOMOI eHeprii B o0nacti KopaoHiB MetaneBoi netani 3 Inconel 718. IIposeneno
€KCIIEPUMEHT JIJIs BUBYCHHS BIUIMBY PI3HUX CTPATETiil 1 peXKUMIB MPOIECY HAa BUKPHUBJICHHS JCTAICH B
pe3yJbTaTi BIUTUBY 3aJIMIIKOBUX HANpPYXEHb 3 METOIO iXHBOI MiHiMizawii. JIpyk 3xiiicHioBaBcs Ha 3D-
npunTepi «Alfa-150» (TOB «ALT VYkpaina») npu moCTiiHIA MOTY>XKHOCTI 1 BICTaHI MDK.TPEKaMH B
KOokHIH 30H1 (up-skin, down-skin, in-skin) 31 3MiHOIO IIBHIKOCTI PyXy MpOMEHs Jiazepa, a TaKOX
pI3HUMU CXe€MaMHU HapOoIlyBaHHS 3pa3KiB crmocod6oM 3D-NpUHTIHTY 3 MOBOPOTOM 67° KOXKHOTO HOBOTO
1apy BiTHOCHO MOIEPETHBOr0. 3 METOI BHU3HAUYEHHS 1e(eKTiB 1 BiAXWIECHb BiJ BUXiIHOI MOJeN 70
TBEPJIOTO TiJIa (3pa30K) OyB BUKOHAHUN MeTaorpadiqHuil aHasi3 3a JOTIOMOTOI0 ONTHYHOT MIKPOCKOTTI{
(Carl Zeiss AXIOVERT 200M). BcraHoBieHO, IO CHMYJIALIS NHPOLECIB OPYKy, BUKOHaHAa Ha
maatdopmi Magics, 3a JOTIOMOTO0 PO3OMBKM MOJENI Ha BOKCEIBHY CTPYKTYPY [1a€ MOXKIJIUBICTh
aHAJIITUYHOI OILIHKU HampyXeHb 1 aedopmariii. AHai3 30BHIIIHBOTO BUTIIALY AOCTITHUX 3pa3KiB
MoKa3aB, 10 Haikpami mnokasHukd down-skin ¢gopMyroTbest mpu moTykHOCTI 80 BT 1 miibHOCTI
nutomoi eHeprii (40...38 Jlx/mm3). Ilpu BUKOpHCTaHHI CTparerii IpyKy B IIaXOBOMY MOPSAKY 3
MOBOPOTOM 67° MpU ONTHUMAJIBHIN HIITFHOCTI MUTOMOI €HEprii MOXKJIMBO MIHIMI3yBaTH 3aJIHIIKOBI
BHYTpIIIHI HANpy>KEHHS, IO NPHU3BOIATH 10 BUKPUBJICHHS BUPOOy. Y MalOyTHBOMY pe3yibTaTu
MOXYTbh OyTH JOTIOBHEHI JOCIIKCHHSMH BILTUBY 3aJIMITKOBUX HAINPY)KEHb CHJI CTUCHEHHS ITPH BIUINBI
IIPOMEHS Jiazepa NPy MOCTIHHIHM MiABeICHIH MOTYKHOCTI. 3 BAKOPHCTAHHIM PO3paxyHKOBOI MOJIel, sSKa
JI03BOJISIE OOYMCITIOBATH 3AIMIIIKOBI HAIIPY)KEHHS ITPY HAHECEHH] HACTYITHOTO I1apy B 3aJIEKHOCTI BiJ
IIBUJIKOCTI PyXy Ja3epa, MOTYXHOCTI 1 BIJICTaHI MK HAaHECEHMMHU TpPEKaMH MOXKIUBE OTPUMAaHHS
BHUCOKOTOYHHMX JeTajei 3 3aJaHWMHU BJIACTUBOCTSAMH. BUKOHAHO amanTaimilo MO, sKa J03BOJISIE
OTPUMATH KUIBKICHY OI[IHKY 3aJHMIIKOBHUX TEPMIYHHUX HANpy>XeHb B 3aJIKHOCTI BiJ IIBUIKOCTI
MepecyBaHHs 1 TIOTYXXHOCTI Jlazepa Ui KapomimHoro criaBy Inconel 718. BusnaueHo onTumanbHi
PEXKUMHU TSI MiHIMI3aIliT IIUX HAPYKEHb 1 3SMCHIIICHHSI BUKPUBIICHHS JIETaI.
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HOPIBHAJIBHI TOC/IKEHHA MEXAHIYMHUX BJIACTUBOCTI 3PA3KIB
ALSI10MG, BUT'OTOBJIEHUX TPAIUINIMHUM CIIOCOBOM TA 3A TEXHOJIOI'IEIO
BUBIPKOBOT'O JIASEPHOTI'O IIVTABJIEHHSA

Anxamcokuii C. B., Ph.D, Kononenko I'. A., A.T.H., [lonoascekuii P. B., Ph.D, /lemenTheBa K. A.

IncruryTt yopHoi Mmeraayprii im. 3.1. Hekpacoa HAH Ykpaiun, {ninpo
IncTuryT TpancnopTHux cucrem i Texnoaoriiit HAH Ykpainu, m. JIHinpo
TOB «AaUTHBHI JIa3epHi TexXHOJIOTiT YKpaiHu», M. J[Hinpo

Bubipxoge nazepue miasieHus (BJII) - TexHom0TisS aAUTHBHOTO BUPOOHMIITBA, TAKOXK BiJIoMa SIK
3D-apyK, OCTaHHIM YaCOM BCE YaCTillle 3aCTOCOBYIOThCS, a TAKOXK PO3ILIMPIOETHCS KUTBKICTh MaTepiajiB
1 METO/IB, SIKI MOYXXHA BUKOPHUCTOBYBATH.

B pamkax poGoTu HeOOXiJHO BCTAHOBHUTH pAIliOHAIbHI PEKUMH BHTOTOBJICHHS 3pa3KiB 3
amroMinieBoro criaBy AlSilOMg mpu toBmuHi mapy 40 mxMm 3a BJITI-TexHosori€r0, TOCTIIKEHHS iX
MEXaHIYHUX BJIACTMBOCTEH, Ta MOPIBHSAHHS 31 3pa3KkaMH, BUTOTOBJICHUMH 33 TPAJUIIMHUM CIIOCOOOM
BUpoOHUITBA. [l BHU3HAUEHHS CTPYKTYPHOIO CTaHy CIUIaBIB BHUKOPHUCTOBYBAJIM ONTHYHY
MIKpPOCKOIIiI0, TPaHyJIOMETPHUYHUM aHaii3 MPOBOJWIM 3a JIOMOMOIOI0 CKAaHYIOUOTo eIeKTPOHHOTO
MIKPOCKOITY, MEXaHIYHl BJIACTUBOCTI BH3HAYaIM 3a CTAaHJAPTHOI METOJMKOI 3 3aCTOCYBAHHSIM
PO3pHUBHOI MALLIMHM.

BcranoBiieno, mo mpu 30UTbIIEHHI MIBHAKOCTI CKaHyBaHHs 10 1200 mm/c 3Ha4Hy poyib B
OTpUMaHHI BHCOKOI IIUIBHOCTI BiJArpa€e caMme BIJCTaHb MDK TpeKaMHu. 3 aHali3y MeXaHIYHHUX
BJIACTUBOCTEH BCTAHOBJIEHO, IO 3pa3ku BHUTOTOBJICHI 3a BJIII-TexHOMOTIEI0 MalOTh BUIIE 3HAYCHHS
TUMYacCOBOT0 o1opy Ha 28%, Ta MEHIII1 3HaU€HHsI XapaKTePUCTUK IJIACTUYHOCTI (B1THOCHE MOJJOBKCHHS
Ta BiJIHOCHE 3BY>KeHHs) Ha 17,4% ta 31,7% BinmoBigHO B MOPIBHSAHHI 31 3pa3kaMy, BUTOTOBJICHUMH 3a
TPaAULIHAM CITIOCOOOM BUPOOHUIITBA.

BcTaHoBiieHO 3aleXHICTh 3MIHM IMUIBHOCTI JOCTIAHMX 3paskiB BuroroBieHux 3a BJIII-
texHosorieto 3 AlSilOMg Big mapameTpiB BHUIOTOBJICHHS. BCTaHOBIEHO, MO MpHU HIBHIKOCTI
ckanyBanHs 1000...1100mm/c 3pa3ku MarOTh po3Mip MOpP B cepeaHbOMY BiT 2...7 MKM; 3pa3Ku,
BUTOTOBJICHI MPH MIBUAKOCTI ckanyBaHHA 1200mm/c - Bix 1 10 5 MKM.

3acToCcyBaHHS OTPUMAaHUX pPE3yJbTaTiB JO3BOJUTH BHUTOTOBJISATH JI€Tallli 3 MiJBUIICHUMU
XapaKTepUCTHUKAMU MIITHOCTI.
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®A30BHI CKJIAJL BACOKOEHTPOIIMHOI'O CILTABY AlCrosFeCo1.7sNizWo.sTio.sBo.s
OTPUMAHOTI'O METOIOM AYT'OBOI'O IIEPEIIVIABY

MucauBuenko O. M., K.T.H.
IncruryT npobdsaem martepiano3nascrBa iMm. .M. ®@pannesnuya HAH Ykpainn, m. Kuis

Y 2004 poui Oyno omyOnmikoBaHO pPOOOTH B SKHX ONUCAHO HOBHWM THI MaTepialiB-
BrucokoeHtpomiiiHi crutasu (BEC) [1-2]. B mporeci po3po6kwu 1 gociimkeras BECiB Oyio mokaszaHo, mo
Il CIUIaBU € MEPCHEKTUBHUMHU 3HOCOCTIMKMMH MaTepiajJaMH OCKIIBKH B HUX OJHOYACHO MOXXYTh OyTH
BHCOKMMH TaKi XapaKTEPUCTHKU SK B'SI3KICTh PYWHYBaHHS, TBEPIICTh, CTIWKICTh 1O BHCOKHX
TeMIepaTyp, 4YyJOBe IOE€IHAHHS BHCOKOI MIIHOCTI Ta IIacTUYHOCTI. B maHiii poOOTi HaBeneHO
pesyabsTatu gociimkeds BECy nactynmnoro ckianay AlCrosFeCor.75Ni3Wo sTio.sBos.

JocnipKkyaHuid  crijlaB  OTPUMYBaJId METOAOM JYTOBOTO TIEperiaBy, BUKOPHCTOBYIOUH SIK
BHXIJIHI KOMIIOHEHTH METaJi YHUCTOTOIO Olibine 3a 99,5 aTOMHUX BiJICOTKIB Ta MOPOIIOK AUOOPHUIY
TuTany. TiB2 BHKOPHCTOBYETHCS SIK CHPOBHHA, OCKUJIBKM TEPMiuHI BIACTHBOCTI Ta LIUIBHICTH OOpy
3HAQYHO BIJPIZHAIOTBCS BiJ I1HIMUX MeTamiB. [laBKy NpOBOAWIM HEBUTPATHUM BOJIb()PAMOBUM
eJIEKTPOJOM Ha MIJHIM BOIOOXOJIOMKYBaJIbHIM moauHi. Ha mepmomy erami B nyroBiil meui Oynu
crutaBineni metanmu Ni, Ti, Al, Cr, W, Fe ta Co y BianoBigHux mponopiisx. OTpuMaHi 3JIUTKH
MEXaHIYHUM [UISIXOM MOAPIOHIOBAIKCS 0 MOPOIIKOBOTO CTaHy, MICs YOro J0 cyMimn Oyio A0JaHo
nopomok TiB2 1 MOBTOPHO MeperuIaBiIeHo IiCTh pa3iB JiJIsk TOMOTeHI3aIil CKIady.

Pentrenoctpykrypuuii anamiz nuroro cmiaBy AlCrosFeCoi75sNisWosTix mokazaB, mo BiH
KPUCTAJI3Y€ThCS 3 YTBOPSHHSIM IMPOCTUX TBEPAUX po34unHiB Ha 0cHOBI (a3 3 OLIK- i 'TIK-cTpykTypamu,
nepioan TpaTku sSkux ckiagaitbk a=0,2920 ta a=0,3615 um BianosiaHo. Ilicng nogaBaHHS 10 IIHOTO
CIUIaBy TOPOIUIKY IHOOpPUAY THUTaHy Ta TOBTOPHOTO TEpEIUIaBy BigOYBA€TCs CYTTEBE 3MEHIICHHS
kinpkocTi OLIK 1 pikcyeThest HasiBHICTD 60puy 31 cTpykTypoto Tuiry W2CoB2 (127 mpoctoposa rpyna).
Takox micns momaBanHs TiB, mpocmiAKOBYETHCS pO3AUICHHS TBEPJIOTO PO3UYMHY Ha OCHOBI (azu 3
OLIK-cTpykTyporo Ha nBa komnoneHTH OLIK; Ta OLIK?> 3 mepioiamu rpaTKu OJIM3bKUMH J10 BOJIb(pamy
Ta 3aji3a. 3riIHO JaHUX PEHTTEHOCTPYKTYpHOTO aHami3y KimbkicTh (asu 'K micas nogaBanus TiBa
3aJIMILIUIIACS HE3MIHHOIO, 1110 CBIAYUTH PO Te 110 Oopua yTBopuBcs Ha ocHoBi OLIK. Bapro 3a3HaunTty,
110 TIEPIOJIM TPaTOK TBEpAUX po3umHIB Ha ocHOBI ¢a3 3 OLIK1- i I'TIK-cTpykTypamu memio 3pocTaroTh
micis noaaBanHs TiBo, 110 MOXe CBITYUTH MPO YACTKOBE PO3YMHEHHS 0OpY B HHX.

JliTeparypHi mxepena

1. Yeh, J. W,, Chen, S. K., Lin, S. J., Gan, J. Y., Chin, T. S., Shun, T. T., ... & Chang, S. Y. (2004).
Nanostructured high-entropy alloys with multiple principal elements: novel alloy design concepts and
outcomes. Advanced engineering materials, 6(5), 299-303.

2. Cantor, B., Chang, 1. T. H., Knight, P., & Vincent, A. J. B. (2004). Microstructural development in
equiatomic multicomponent alloys. Materials Science and Engineering: A, 375,213-218.
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VK 669.162.267.6

AHAJII3 MOJIEJIEM, IO ONMCYIOTH MMPOIECH MO3AIIIYHOT'O OGPOBJIEHHS
YABYHY

Kucaskos B. I'.!2, k.1.u,Toroounska JI. M., 1.1.H., Mostuanos JI. C., K.T.H.,
Pynenko O. JI., k.T.H., [lerpyma B. II.

! TucruryT yopHoi meranyprii im. 3.1. HexkpacoBa HAH Ykpainu, m. /lninpo;
2 YkpaiHchbKHii 1ep:KaBHUN YHiBepCHTET HAYKH Ta TexHoJorii, M. J{ainpo

Hecynbdypaltis raps4oro MeTaay € OCHOBHUM IPOIECOM BUIAICHHS CIPKH y BHUPOOHHUIITBI
craii. TunoBuMu peareHTamu, 110 3a3BUYall BUKOPUCTOBYIOTHCSI B IPOMHCIOBOCTI, € KapOi KaJbIIiIo,
BaITHO, MarHii, cojia Ta X CyMilIli.

MaremaTruHi MOZIEIi KIHETUKH PEaKIliid eBOIIOI[IOHYBAIH BiJl CIIPOIICHUX PiBHSHD IIBUIKOCTI
710 OUTBINI CKJTAIHMX MOJIENIECH, 3aCHOBAaHUX Ha SIBUIAX, SIKI HAJAIOTh KOPUCHY 1H(POPMAIIIIO PO BILIUB
(h13UKO-XIMIYHHX BJIACTUBOCTEH 1 poOOUYMX mapameTpiB Ha eeKTUBHICTH Aecynbdypartii. B ocranni
POKM sIBUIA TeYii PIAUHU 3AcOUTBIIEHO BHBYAIWCA 3a JOMOMOTOK (I3MYHOTO Ta YHUCEITHHOTO
MO/ICITIOBAHHS.

MarematnuHi Mojiesi Oyiu kiracugikoBaHi BiIMOBIIHO 10 OCHOBHUX IMPUHIIAITIB MOJICTFOBAHHS.
dyHIaMeHTabHI MOJIENl MalOTh Ha METI OMUCATH JUHAMIKY MTPOIECY 32 TOTIOMOTOI0 (hi3MKO-XIMITHHIX
OCHOB 1 MOXYTh OyTH PO3AUICHI Ha IMAKATETOPii 3aJI€KHO BiJ TOTO, K OMUCYEThCS KiHeTHKa. Moseri
MiHiMi3aIlil BUTbHOI €Heprii CHCTEMH MPHITYCKalOTh, M0 BECh CIOCTEPEKyBaHUN 00’eM mepeOyBae B
TepMOJAMHAMIYHIN piBHOBAa31 B OyAb-sIKUi MOMEHT. MoielTi peakIiiiHoro 00’ eMy HaOJIMKEHO OMUCYIOTh
TeTepOreHHl peakilii, BpaxoByIOYH MacoOOMIH Mik 00’€éMOM i OJHUM a0o0 KiTbKOMa peaKIiiHIMH
0o0’eMaMu, SKI JOCSTAIOTh CBO€I TEPMOAMHAMIYHOI PIBHOBAard B OyAb-SIKHM MOMEHT. Y MOJIETAX
peakIiiifHoi piBHOBaru 30epeeHHsS IMIYJIbCy HE BPAaXOBYETHCSA, a MAcoBl MOTOKM MK 00’ eMamu
BB@XAIOTHCSA JOBUIRHUMU. Mojeini peakilii KiHIIEBOro 00’€My pPO3B’S3YIOTh PIBHSHHS IMIYJbCY B
3ajaHiii reomeTpii 1 TakUM YHMHOM 3a0e3MeuyroTh (Pi3HUHY OCHOBY MJIi MAacOBHX HOTOKIB MIX
croctepexxyBanuMu 00’emamu. llle oxHiei kareropiero hyHAaMEHTATBHIX MOJACIICH € MOJIeI oIy
peaKIliif, sKi OMUCYIOTh reTeporeHHi MiX(a3Hi peakiii 3a JOMOMOTO0 Teopii MPUKOPIAOHHOTO ILapy.
KirrouoBrmE mapameTpamMu Takux peakiiii € po3mip Mixkda3Hoi 110111, €pEeKTUBHICTH MacOIIEPEHOCY 10
Ta BiJl MOBEPXHI PO3/iTY Ta MBUIKICTH MiXK(pa3HOT peakiii.

€MmipiuHi Mozemi BIIPI3HIIOTHCS BiJl GyHAAMEHTAIBHUX TUM, IO JJIS MOJCIICH TaKoTO THUITY
imeHTudikamis mapamMeTpiB MoOAeTl NMPOBOAMIIACS TEBHOIO MIpOI0 Ha OCHOBI JlabopaTopHuUX abo
MPOMUCIIOBUX AaHUX Mporecy. CTyIiHb TOYHOCTI OMHUCY MPOIECY 3aJICKUTh BiJ PIBHS €KCIEPTHHX
3HaHb, OCTYNHUX y cucTtemi. [loganpina kimacrepizalisi Mojesei, KepoBaHUX JaHUMH, MOXe OyTu
3po0JIeHa Ha OCHOBI1 CTPYKTYpPH MOJEII, siKa a00 TMOXOAWTHh BiJ (I3UKO-XIMIYHMX SIBUIT (MOl
napaMeTpU30BaHMX peakliii), a0o Mae 3arajgbHy MaTeMaTu4Hy ¢popmy (Mojeni JiHiiHOT a60 HenmiHiHHOI]
perpecii Ta MOZeINI MITYYHOT HEUPOHHOT MEPEXKI).

dyHaaMeHTaIbHa MOJIENb, 3anponoHoBana Deo and Boom [1] dokycyerses Ha aecynbhyparii
3a ponomororo CaC, y TopneaHOMY KOBIII. 3arajibHa IMBHAKICTh JIeCyJb(ypallii BBAXKAETHCS CyMOO
MOCTIHHUX (METa-1IUIAK) 1 TAMYAacOBUX (MeTall-peareHt) peakiiil. [Ilpumyckarouun rapue 3milryBaHHs B
MeTajeBii BaHHI, IBHUAKICTh IOCTIHHOI peakuii Oyna cdopMmynboBaHa BIAMOBITHO JO BHpA3y
IIBUJIKOCTI IIEPIIOTO MOPSAKY, B IKOMY Iepeadayanocs, o MBUIKICT MACONEPEHOCY KOHTPOIIOEThCS
MacomnepeHocoM y nudy3iiHOMy MPUKOPIOHHOMY IIapi MeTajieBoi (ha3u.

Zou [2] 3anmponioHyBaB MoJIeNb Aecybdypaltii uaByHy 3a nornomoroio CaCz, Mg abo ix cymii.
Braxanocs, mo necynbdypaiis, npu 3actocyBanHl CaCs, CKJIaa€ThCs 3 TUMYACOBHX 1 MOCTIHHHUX
peakIiiif, ToAl AK peakiii MarHilo 3 PO3YMHEHOIO CIPKOIO OYyJHM PO3JiICHI Ha TeTEPOTeHHY PEaKIiio
MIEPIIOTO MOPSIKY 3 TBepIuM Mg 1 04eBHIHY TOMOT€HHY PEaKIIifo APYTOro MOPSIKY 3 pO3UNHEHHM Mg.
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Pesynbratn MopemoBaHHS Zou TpUIyCKalOTh, 1m0 BHecok CaCr 1 Mg y 3aranbHy HIBHUIKICTH
necynbdyparii 3MIHIOETBCS 3 4acoM. Y JIOCIIPKYBaHOMY BMITAJKy IIBHUIKICTH Aecynbdyparnii CaCs
3MEHIIIyBaJlacsd Maibke JIHIMHO K (QYHKIS Yacy I1HXKEKIi, ToAl SK KpuBa aecyibdyparii, 1o
BITHOCUTHCS 10 Mg, Masia mpuoOIkeHo 0 napabomiuHiil TpaekTopii, sika mepeBeplIyBaia TPAEKTOPIIO
CaCa,.

VYkpaiHCbKMMU crienianicTaMy B [HCTUTYTI 4OpHOi MeTayprii CTOCOBHO TEXHOJIOTIT lecyab(yparii
36pHUCTHM MarHi€eM , yJOCKOHAJIeHa I1HTEJEKTyaJbHa CHCTeMa IMIATPUMKH TPUHSTTS PIIICHb 10
KEPYBaHHIO TEXHOJIOTIYHMMHU HpolecaMd OOpOOKM UYaByHY UIUIAXOM pPO3pOOKH iH(popMamiiHO-
MareMaTuyHoro 3adecrnedeHHs s Excrniepnoi cuctemsl «Ilozamiuaa oO6pobOka yaByHy». Po3pobrieni
aJIeKBaTHI MOJIENI PO3paxyHKY MUTOMOI BUTpPATH PEAreHTIB MPH IHXKEKTYBaHHI Martiro abo cymimri
MarHiro Ta BamHa [3[.

BaxxuBy posb y onmci mpouecis, SKi IPOTIKAIOTh i1 4ac mo3aniyHoi 00poOKY YaByHY, Biirpae
¢izuune monemoBaHHA. [lim gac (Gi3UMYHOrO MOMETIOBAaHHS BHBYAIOETHCS PO3IMOAUICHHS Ta30BOTO
MOTOKY, IEPMIIITyBaHHS BaHU, TTOBEIHKA I'a30[OPOIIKOBOTO CTPYMEHIO, 3arIMOJIEHHS YaCTOK PEareHTy,
noBeiHKa Oyap0amok. Pi3HUMH aBTOpaMu CTOCOBHO OOpaHOi TEXHOJTIT MPOBEICHO PSIT JOCIIKEHB
Ha OCHOBI (hI3MYHOTO MOJICIIIOBaHHS MPOIlecy Aecyb(ypariii.

Tripathi Ta iH.[4] BUKOpUCTOBYBaB (hi3MUHE MOJICTIOBAHHS Il BABYCHHS BIUTMBY CEMHU PI3HUX
KOHCTpYKLi ¢ypmu Bumanaky aecynbdyparii CaC,. bymo BusiBneHo, mo Oynb0amku razy
MiTHIMAIOTECS B OCHOBHOMY TmoOpyd 13 ¢ypmoro uyepe3 edekT moBepXHeBoro Harary. Ilpu
BUKOPHUCTOBYBaHHI mpsiMa ¢ypma 3abe3nedye 3HAYHO MEHIIY JHCIEpCiio Oysb0amok MOpIBHIHO 3
OUTBIII CKJIAIHUMH KOHCTPYKIISIMU (YPMH.

Farias and Irons [5] 3po0wmin y3aragbHEHHsI MOBEIIHKHM TeYil PiAMHU CTPYMHUHHUX YAaCTHHOK
raszy, 0 Mae€ 3Ha4eHHS Uil Aecyiabdyparlii yaByHy. BoHM Bim3HAUMiIM, MO0 MPU BHCOKOMY BMICTI
YaCTUHOK JpiOHI YaCTHHKM 3a3BHYAll PYyXalOThCS 31 MIBUAKOCTSIMH, IO BIJANOBINAIOTH IIBUIAKOCTI
ra3oBOro MOTOKY.

B IncTHTYTI YOpHOT MeTayprii MPOBEJEHO TiIPOra3oqMHaMIYHI JOCIIHKEHHS PiIKOMETaIeBOT
BaHHM ITi]T 9ac 1HXKEKIIHHOTO padiHyBaHHs PO3IUIaBYy Yepe3 3aHypIOBaIbHY QypMy Ha XOJIOIHINA MOIeTi
KoBIIa [6]. 3acTOCOBaHa METOAMKA KOMIT'FOTEPHOTO OMPALIOBAHHS BiZICOKAAPiB MPOLECY Ta30piAMHHOT
B3a€EMOJIIi, MO JaJI0 3MOTY TPOBECTH KIIBKICHY OIIIHKY €(QEKTHMBHOCTI Ta30pO3MOily B 00'emi
piAMHHOMETANIEBOT BAHHU MPH ByBaHHI a30MIOPOLIKOBOIO CTPYMEHS i/l Pi3HUM KyTOM.

Takox B [HCTHUTYTI YOpHOi MeTanyprii BUKOHAHWW BETUKHK OOCSIT JOCITIHKEHBb MO PO3pOOIIi
MaTEeMaTHYHOI MOJIETI JIJIsl OI[iIHKU 3aHYpPEHHS YaCTHHOK PEareHTy 3 Ta30M Yy pO3ILIaB YaByHY IiJ 4ac
necynbdypartii [ 7]. 3akoHOMIPHOCTI MTOBEIIHKH Ta B3a€MO/Iii 1BO(Aa3HUX CTPYMEHIB (TPAaHCIOPTYIOUUI
ra3+peareHT) 3 pO3IUJIaBOM YaBYHY CKJAJHI, OCKUIBKM BTPAYalOThCS 1HIUBIAYyalbHI JAWHAMIUHI
XapaKTEPUCTUKHA OKPEMOI YACTUHKH. 3 T1IPOIMHAMIYHOT TOUKH 30pY 3a7a4l MPOHUKHEHHS TUT Y PIAUHY
BiJTHOCSITHCSI JIO KJIACHYHOTO TUIY T1APOJMHAMIYHHX 3a/1a4 1 aKTyallbHi i B Hai yac. Ha ocHOBI piBHSIHB
rigpo- 1 aepoauHamiku, piBHAHb Hap’e-CTokca po3po0sieHi MaTeMaTHYHl METOIU ISl 3HAXOKEHHS
TUHAMIYHAX XapaKTePUCTHK TiNia, M0 3aHYPIOETHCA y PIAMHY 3 ypaxyBaHHSM KaBEpHH, IO 32 HUM
YTBOPIOETHCA.

BucHoBok.

3po0OneHuil  OrisA  aHANITUYHHMX, EKCIEPUMEHTAJbHUX Ta MOJENbHUX  JIOCIHIKEHb
necynbdyparii 4aByHy. 3 30UIbIIEHHSM JaHUX, 3pOCTA€E IHTEPEC O 3aCTOCYBAHHS METO/IIB, KEPOBAHUX
JaHUMH, 7S TIIBUIIEHHS TOYHOCTI MPOTHO3YBaHHA. Mojeni, 0 KepyHThCS JaHUMH, BUSBUIHMCS
e(eKTUBHUMH, OCOOJIMBO MpH Aecylbdypallii yaByHy, OCKUIBKM JAEAKi SBUIIA MPOIECY HEMOMKIUBO
TOYHO BH3HAYUTH KUIBKICHO 3a JOTIOMOTOI0 CY4aCHUX TEXHOJIOTIH.
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HEOBXIJHICTD JIETA3AIIIl CTAJII HA MpAT «KKAMETCTAJIb»
HinToK B. I1., K.T.H., 'pexoB C. B., Kykca O. B., k.T.H.
IncturyTt yopHoi Meraayprii im. 3.1. Hekpacoa HAH Ykpaiuu, m. /Ininpo

[lepcnekTrBH pPO3MIMPEHHS MAapOYHOTO COPTaMEHTY cTajai 1o BupoOsserbess Ha [IpAT
«Kamercranp» mnoTpeOyIOTh 30KpeMa pO3BUTKY TEXHOJIOTIH Mo3amiuHoi oOpoOkM B YacTUHI
3a0e3meYeHHs] MOXKJIMBOCTEH J0JIaTKOBOTO ITIBUIICHHS SKOCTI MeTany. BUpoOHHUIITBO OChOBOi Ta
HIINX BYTJICLIEBUX 1 BUCOKOBYTJICLIEBUX MApOK CTaJi MOB'SI3aHO 3 HMOBIPHICTIO YTBOPEHHS (PIIOKEHIB y
Oe3repepBHONIUTIN 3aroToBIi. [IpHYMHOIO ITFOTO € HAsIBHICTh BMICTY HAJIJTUIIIKOBOTO BOJIHIO Ta 1HITUX
rasiB micis 0OpoOKH METaleBOro po3IUIaBy Ha YCTAaHOBKAaX KiBII-Mid. BifcyTHICTH B KOHBEPTEPHOMY
1exy MAMpUeEMCTBA 00JIaIHAHHS JIs Jiera3allii cTajai CKOpouye YMOBU BUPOOHUIITBA SKICHOTO METaly,
o0MeXye MapOyHHMH TepesliK 3aka3iB 1 3BYKye€ IMOTCHIIWHI MOXXJIMBOCTI BEIMKOrO0 BHPOOHHUKA
METaJIOMPOAYKITIi.

CyuacHi TeXHOJIOT14HI MapIIPyTH MO3aMi4YHOT 00POOKH CTalli B CBITOBii METaIyprii B epeBakHil
OLTBIIOCTI BUMAAKIB BKJIIOYAIOTh BaKyyMYyBaHHS PiJIKOTO METAJEBOTO PO3ILJIABY B CTAICPO3TUBHOMY
KiBIII B SIKOCTI O/IHI€1 3 BOXKJIMBHX, HEOOXIJHHX 1 IEPEeJOCTAaHHIX Mepe]] pO3IMBOM oneparliif. HasBHicTh
BIJIMMOBITHOTO OOJIaIHAHHS 1 3MIMCHEHHS TaKOi orepartii mpyu BUPOOHUIITBI CTajli 00yMOBJIEHA HE JIUIIIE
MOJKJTUBICTIO 3a0€3MeYeHHs] HeOOX1THUX BHMOT BiJIHOCHO BMICTY BOJHIO, KHCHIO, a30Ty Ta BYTJICIIO,
OCTaTOYHOTO KOpEryBaHHs ii XIMIYHOTO CKJIQAy aje W OTPUMaHHIM «YHCTOTO» MO HEMETAICBUM
BKIJIFOUEHHSIM METaIy.

Pi3HOMaHITTS iCHYIOYMX 1 3aCTOCOBYBAaHHMX Y CTAJICINIABUJIBHOMY BHPOOHHUIITBI CIOCOOIB
no3amiyHoi (KOBIIOBOi) OOpPOOKM J[03BOJIMJIO OTPHUMYBAaTH CTalb 3 HEOOXIAHMMU BHUMOTaMH,
3a0e3mevmno OuUThill eEeKTUBHE BHKOPHCTAHHS JIOPOTHMX €HEPTeTHUYHUX Ta MaTEpialIbHUX PECypCiB i
MiABUIIIIO KOHKYPEHTOCIPOMOXKHICTh METAJIOMPOAYKLIi 110 BUPOOIISETHCS.

B ocranHi gecaTHIITTS TpuBajia po3poOKa HOBHX MapoOK CTalli 3 3aIaHUMH BJIACTUBOCTSIMH Ta 3
pEerIaMeHTOBaHUM BMICTOM IIKIITMBUX JOMIIIOK 1 JIETYIOUHX €JIEMEHTIB, TaK 3BaHUX «YHUCTUX CTAJICH»
[1, 2], siki BUpOOIISUTHCH 3 BUKOPUCTAHHSM Pi3HUX TEXHOJIOT1H MO3amivyHoi 00pOoOKH.

AHaii3 HampsMiB BJIOCKOHAJIEHHS YCTaTKyBaHHs Ui KOBIIOBOi OOpOOKHM CTali CBITYUTH MPO
30epexeHHsT TEHACHII B po3poO0Ill 1 BUKOPHCTaHHI OaraTOQyHKIIOHATHPHUX KOMIUIEKCIB ISt
3IACHEHHSI TPOIIECIB BaKyyMyBaHHA, padiHyBaHHS 1 JOBEACHHS cTaii (CKJIal 1 TeMmieparypa) mpu
MiHIMi3aIlil BUTpaTHUX CKJIAJIOBUX.

VY CBITOBI MeTanypriiHiii mNpakTUIll 3HAaYHE NOUIMPEHHS OTpUMaia Jerasamis cTajil B
craneposnuBHoMy KiBiii (VD, VOD — kamepsri ciocodu; DH — mopmiitauii 1 RH — nupkynsmiiamit
crioco6u Ta ix moaudikanii; PM — mynecamiiine nepeminryBanHs (Cr1oci0 BaKyyMyBaHHS)).

3 BpaxyBaHHSIM TpOaHaTi30BaHUX JaHUX i1 yMOB KoHBepTepHoro 1exy IIpAT «Kamercramasy
PEKOMEHIOBAHO JI0 MOJAJBIIOT0 PO3TISAY B SIKOCTI MPUUHATHOTO BapiaHTy MPSIMHUA TEXHOJIOTIYHUN
MapipyT (KOHBEpTEp — YCTaHOBKA KiBII-MY — BakyyMHH# nerazatop — MBPC) BupoOHuUIITBa CcTai 3
M03aIiYHOI0 BaKyyMHOIO JIETa3alli€lo.
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PO3POBKA KPUTEPIIO OINIHKHU ITPOLECY PO3IIOALTY EJIEMEHTIB Y CUCTEMI
«METAJI - IUTAK» TIPU TIO3AIITYHIN OBPOBIII CTAJII

Toroounbvka /I. M., a.1.H., [loBopothsa I. P., k.T.H., [linTiok B. II., k.T.H.,
beabnkona A. 1., k.T.H., XomoToBa H. €.

IncruryT yopHoi Mmeraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

CyuacHi po3mipeHi morsau Ha Qi3uKo-XiMivdHi npouecn MK METaJIOM Ta IIUIAKOM, BIIACTUBOCTI
XIMIYHHX €JIEMEHTIB 1 3aKOHOMIpPHOCTI (OopMyBaHHsI iX 3’€qHaHb, 3MIHEHI yMOBH BHUPOOHUIITBA,
CHpPOBHHHOI 0a3M W MOJEpHi3allisl CTaJCIUIaBWIIBHUX arperatiB BUMarairoTh BpaxyBaHHS HOBHX
YMHHUKIB, 110 OOYMOBIIIOIOTH NEpEeXiJl €IEMEHTIB y CHUCTeMI «MeTajl-IIak» Ta CHpPOLIEHHS (popmu
3anmucy 1 TpuBanocTi po3paxyHkiB. B [UM HAHY crpykrypodopmyBanHs moxaeneld 3 METOIO
BU3HAYCHHS KIHIEBOIO BMICTY KPEMHIIO, Maprasiio, cipku, ¢ochopy 3HIHCHIOETbCS Ha OCHOBI
MOETHAHHS BCTAHOBJICHUX 1H(QOPMATUBHHUX (PI3UKO-XIMIYHUX TapamMeTpiB METaJIeBOTO, IUIAKOBOTO
pO3IIaBiB Ta J0OABOK, IX KOMITJIEKCHHUX CITIBBIIHOLIEHD 1 TEXHOJOTTUHUX IapaMeTpiB, 110 BitoOpaxae
HOBUM MIiJXiA 0 OOIPYHTYBaHHs pillieHb MIOJO OIIHKK iX €(PEeKTHBHOCTI 3acBOE€HHS. PiBHOBaXkHI
3HA4YeHHs pO3MojaLTy cipku Ta Qocdopy pospaxoByBamuchk no monemsMm Ilpuxomsko E.B. Tta
Torobunpkoi .M. [1], siki po3poOieHi Ha OCHOBI aHaNI3y HAaKOMHYEHOI iHpopMallii y 0a3ax NaHHX.
Pe3ynbraTi MOpIBHSUIBHOTO aHaNi3y (PaKTHYHOTO PO3IMONALTY 3 PIBHOBOXHUM BiloOpa)kae CTYIiHb
BIIIAJICHOCTI Ta HAOMMIKEHHS JO0 CTaail CIOKOK (3aBEpIICHHS 10HOOOMIHMX TIPOIECIB) CHUCTEMHU
«MeTan-nutak». Sk mokaszye aHali3 JaHUX, YacTHHA BUOipkM naHux Mapku cram 09I2C Tta ii
Moaudikaiii HaOIM3WINCH 10 PIBHOBOXXHOTO 3HAYEHHS IO CipIli, MPOTe 3HAYHA YACTHHA ITUIABOK
3HAXOAUTHLCI Ha CTaail 3HAYHOI'O BiTAJIEHHS.

OriHka e(peKTUBHOCTI MPOIIECY PO3MOALTY €IEMEHTY MPOBOAMIACH 110 HACTYITHOMY KPHUTEPIif0: &

= Lew = Lew, 1009 » M€ Lexin — 3HAYEHHS PO3MOJLTY EIEMEHTY MiX KiHIIEBUMH METAJIOM Ta ILIAKOM,
Le

nou

Lenoy — JaH1 po3noaiTy eeMeHTy MiXK MOYaTKOBUMH METAJIOM i uTakoM. Y pasi, KOJiu 3HaueHHA & > 1,
TO MIPOLIEC BUIAJICHHSI CIPKHU MPOXOIUTH 3 BUBEJICHHSM i 31 IJTAKOBOIO (pa30r0, 4uM OLTbIa BIIMIHHICTh
Bix 1, THM edeKTUBHIIIE MPOTIKAE Tpolec aecynbdyparii, aine y BUMaIKy, sk & < 1, BimOyBaeThcs
cerperaiist Cipku y MerajgeBoMy posiuiaBi. IIpoBeneHuil po3paxyHOK Mo KpuTepito & Ui OLIHKH
PO3MOALTY CIpKH TOKa3aB, 10 3HAYCHHS HOro Njis yciei BUOIpKHM JTaHUX OUIbIe OJWHMII, TIPU IIbOMY
MiHiMaJIbHA MMO3HAYKa Ha piBHI Emin =~ 3,5, a MakcuManbHa Emax ~ 730,9.

3HavYeHHS KpUTEPIIO & 3ajie)aTh BiJ MPOLECIB MEpe3apsaKki CIPKH MK METAJIOM Ta IIJIAKOM 1
BUPAXKAIOTHCS MApaMETPOM MIKATOMHOI B3a€MOJIiI, SIKMI BUPAXOBYETHCS, K PI3HUI MK 3apsaoM
CIpKH y METaJIeBOMY Ta IIAKOBOMY po3iuiaBax: AZc"S = Zc Smet - Zc¢ Suu1. YUum MeHIn 3Ha4eHHS
AZc"S, TUM BINIOBITHO BUII TOKA3HUKH KPUTEPItO & Ta HAOIMKEHHS CUCTEMH JI0 PIBHOBAYKHOTO CTaHYy.
VY pe3ynbTati Big00py HaHOUIBII BiAICHUX 110 PIBHOBAXKHOMY 3HAYCHHI CIPKH JTAHUX, IPU BUPAKCHH1
NporHo3HuX Mozjeneit THIy Iglspaxr = f (Pumaxy, AZc™S) R? = 0,7, 1m0 migTBEpIKy€e MPOIOBKEHHS
MPOTIKaHHS KOOTEPATUBHUX 10HOOOMIHHUX MPOIECIB Y HHUX, HA BIIIMIHY BiJ TUIABOK OJMXKYHX 10
piBHOBAry Ha AKKMX JAHMI MapaMeTp He Mae CYTTEBOro iH(opMariiiHoro 3Hauenns R? = 0,089.

3anpornoHOBaHUNA KPUTEPIH JTEMOHCTPYE €(GEKTHUBHICTh BUKOPUCTAaHHSA (Hi3UKO-XIMIYHOTO
armapary KOHIIETLIi CIIpsIMOBAHOTO XIMIYHOTO 3B’SI3KY Uil OMKCY CKJIaJHUX METaTypriifHUX MpOLECB,
30KpeMa aHali3y MOBHOTH MPOTIKaHHS (PI3UKO-XIMIYHUX B3AEMOJIN y CHUCTEMI «METaJ-IIIAK», 10 €
BaKEJIEM BIUIMBY IS OJIEP)KaHHS KOHKYPEHTO3JaTHOTO MeTaly 3arpeOyBaHOl SKOCTI MeTajo
CIOKHMBaYaMH.

JliTeparypHi mxeperna
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PO3POBKA PO3PAXYHKOBUX MOJIEJIEA MIATOMHUX BUTPAT MAT'HIIO I BMICTY
CIPA B YABYHI ITPHU PI3BHUX YMOBAX IH’)KEKIIIMHOI JECYJIb®YPAIIII

IlleByenko A. ®@., 1.T.H., Manauun U. A., K.T.H., /[Bockun b. B., k.T.H.
IncruryT yopHoi Mmeraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

VYKpaiHChKa TEXHOJIOTIS TPOIECY IHXKEKIIHHOI aecynbdyparii 4aByHY 3€pHHCTHM MarHiem
po3poOieHa IHCTUTYTOM 4YOpHOi MeTanyprii Ta [HCTUTYTOM THTaHy CHUIBHO 3 HU3KOIO OpraHi3arlii
[1,2,3]. YMOBH 3acTOCYBaHHS MO3aMivHOI IeCyIb(ypallii 4aByHY Ha [UX MiAIPHUEMCTBAX TyKE Pi3HI: 32
Macol0 YaByHY B KiBIIax, 3a HEOOXITHMMHU oOcsramu Jecynbdypallii, 32 BUXITHUM Ta HEOOXiTHUM
KIHIIEBUM BMICTOM Cipku. Ha mizcraBi oTpuMaHuX Ta HaSBHUX (DAKTUYHUX TTOKA3HUKIB Ta MapaMeTpiB
necynbdypanii yaByHy cpopmoBaHo 0aHk maHux moHaa 3000 KOHTpoJbHMX OOpOOOK YaByHY - 3
OTpUMaHHS CIPKM y BUXIJHOMY YaByHi, sIK mpaBuiio, nepedyBatu B Mexax 0,03-0,06-0,07%. Maca
YaByHY B KOBIIaX CTaHOBUTH BiJ 40 10 350 T. BMicT cipku B 4aByHI micis ecyab(ypaiii 3HaXOAUTHCS
B ocHOBHOMY B Mexax 0,002-0,010%. VY mpakTulil CTBOpPEHHSI Ta OCBOEHHS Ipoliecy necyibdyparii
YaByHY BAyBaHHSIM MarHiro MoTpioHO HafiiHe MPOTrHO3YBaHHS O4iKYBaHUX BEJIIMYMH KiHIIEBOTO BMICTY
CIpKM B 4YaBYHI IIpH BapilOBaHHI BUXIJHOTO BMICTY CIPKHM B 4YaByHI, IMUTOMOI BUTPATH MarHiro Ta
TUIIOPO3Mipi KOBIIIB, B IKUX 3HECIPUYETHCS YaBYH. 3 I1€10 METOI0, BAKOPUCTOBYIOUH OTPHUMAaHUI MacuB
(hakTHYHUX JaHUX Oy PO3pOOJICHI MOJENI MPOTHO3YBAaHHS MapaMeTpiB HEOOX1THUX BUTpAT MArHiro
JUIs KIHIIEBUX BMICTIB CIPKM B YaBYHi NPH 3MIHHUX BEJIWYMHAX BUXIJHOTO BMICTY CipKM B YaBYHI,
MMATOMOI1 BUTpaTH, IO 3MIHIOETHCS MarHiro, pi3HOI Macu 4aByHY B KoBImax. Lli maHi mpeactaBieHi
BiJIMOBITHAMH PO3PAXYHKOBUMH MOJCIISIMU :

gmg = 0,36 + 8,5 * (S nou- 0,02) - ((In (S 1in) - In (0,015)) / 11,5) - koswii 3 macoro wagyny menuie 75 m
gmg = 0,206 +7,5 (S nou-0, 02) + (In (0,02) - In (S «in)) / 10,5 - koswii 3 macoro uasyny 80-130 m

gmg = 0,200+7,0( S nou-0, 02)+(In (0,02)- In (S «in))/9,1 — koswii 3 macoro yagyny nonao 140 m
Po3pobiieHi po3paxyHKOBI MOJENi IMEpeBipeHI Ha BCIX MIIOYHUX KOMIUIEKCaX Hecysbdypartii

yapyHy. IlinTBep/keHo ixHIO mpaBoMipHicTh. Lli pe3ynabTatu poOOTH Ta AOCHIIKEHHS 3'SBUIHCS

HEBII'€MHOI0 YaCTHHOIO TEXHIYHHUX 1 TEXHOJOTIYHHUX PErJIaMEHTIB JII0YMX Ta HOBOCTBOPIOBAHHUX

MOTYXXHOCTEH 3 Aecynbdyparlii 4aByHy.

JliTeparypHi mxeperna
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ABTOMATH3AllIA TA CYYACHI METOAM KOHTPOJII0 METAJYPriiiHUX MPOLECIiB Ta AKOCTI
MeTaJypriifHol npoayKuii

VIK 621.771.685.5

AJJAIITUBHA CUCTEMA YIIPABJIHHS HIBUJIKICHAM PEXKUMOM BLIBHOI
ITPOKATKH 3 HEYITKHUM PEI'YJIATOPOM

€ropos O. I1., k.T.H., Pubaabuenko M. O., k.T.H., Manauun 1. O., K.T.H.
YKpaiHcbKkuil 1epKaBHUI YHIBEPCUTET HAYKHM i T€XHOJIOTIii, M. J{Hinpo

HaiikpamuyM MBHIKICHUM PEXHMOM MPOKATKH Ha APIOHOCOPTHHX CTaHAaX € PEKUM BUIHHOI
MPOKATKU 3 TMETJICYTBOPEHHSAM Yy UYMCTOBUX rpynax kiite [1] . Crabimizamis metii 31iHCHIOETHCS
CHUCTEMOIO KEPYBaHHS YacCTOTOIO OOepTaHHs BaJIKIiB MPOKATHUX KIIITEH 3a iHQOpMalli€ro aaTduKa
MIOJIOKCHHSI TIETITI.

30i1bIIeHHS MeTJIi MPOKATY 3aJ1eKUTh BiJl 4aCTOT 00epPTAHHS BAJIKIB CyMIKHUX KJIiTeH i
Koe(illieHTa BUTSKKH IIPOKATY B KJIIiTi, HACTYIHOI 32 peryJibOBAHUM IPOMIiKKOM.

Jns HanmamTyBaHHS CHUCTEMHU HEOOXIAHO 3HATH YHCJIOBI XapaKTEPUCTHUKHU BIUIMBIB, IO
00ypIOIOTH 1 BIUTUBAIOTH HA BEMYMHY IMETJII IPOKATY.

byno pocmimpkeHo 3MiHY 4YacTOTH OOEpTaHHS JBHUTyHA TOJIOBHOTO TIPHUBOJY KIITEH mpH
crabimizamii BeIMYMHM TETIi MPOKAaTy B MDKKIITHOBOMY IPOMDKKY KIITEH YHCTOBOI Tpymu
Oe3IepepBHOTO MPOKATHOTO CTaHy [2]. 3MiHa 4acTOTH 0OEpTaHHS BaJKIB XapaKTepHU3ye CyMapHi il
PEeXUMY MIPOKATKU HA BETMYUHY TETIi.

JlocmikeHHs TOKa3adM, M0 Yy HE CTaIllOHApHOi peami3ailii MO)XHa BHUIIJUTH TPEHI, SKHUI
OIMMHCYETHCS LITKOM JIETEPMIHOBAHOIO 3aJICKHICTIO, Ta MPOBOJIUTH aHATI3 BUMAJKOBOI CTAI[lOHAPHOI
peaizaiii mo0 bOro TPEHY.

Byna po3pobieHa cTpykTypHa cxema KOHTYPY PperyJIOBaHHS MOJOXEHHS MeTNi IpOoKaTy
(perynaropu po3paxoBaHi 3a MeToaukoro [3]). Lls cxema BKITtoUae: eneKTpOIpoBij] 3 KOHTYPOM CTPYMY,
KOHTYPOM HIBHJIKOCTI, PEryJISTOPOM IIBUAKOCTI, METICIO MPOKATY, PEryJaTOPOM MOJOXKEHHS IEeTIIi,
KOMITEHCAaTOPOM 00yproBaibHUX BIUIMBIB . KommneHcaTop BukoHaH Ha 0a3i Fuzzy kontponepa [4] i
BUPOOJIsiE€ KEPYIOUMA BIIMB 3AJIEKHO BiJl HEY3TrO/HKEHOCTI B KOHTYpi netneperynoBanns. Llum camum
BIJICTE)KYETHCSI Ta KOMIIEHCYEThCSI HU3bKOYACTOTHA CKJIaZ0Ba OOYPEHHs 3a IIBUJKICTIO MPOKATy, sSKa
Moxe nocsaratu 10% Bijg MIBUIKOCTI MPOKATKH.

OTpumaHni AaHi 3MiHM BEJIMYUHU TIETI1 0€3 KOMIIEHCYIOUOTro KOHTYPY Ta 3 HUM. Bennunna et
B cuCTeMi 0e3 KOMIIEHCYIOUOro KOHTYpY NpH MpPOKaTyBaHHI OULIbII MOTOBIIEHOI 3aJHBOI YAaCTHHHU
MPOKATy JOCATAaE MAKCUMAJIBHO JOMYCTUMOI0 po3Mipy. B cucremi 3 KOMIEHCYIOUUM KOHTYPOM IIHOTO
HE B110yBa€THCH.

CralbinmizyBaTi BEIMUMHY IETJI B 3aJlaHOMYy Jiara3oHi MOXxHa a00 30UIbIIyroun KOoedimieHT
perynsTopa, MOTIPIIYIOYM MpH LbOMY JIUHAMIKy BCi€l 0araTo3B'sS3KOBOi CHUCTEMH YIPABIIHHA
HIBUAKICHUM PEXKUMOM IPOKATKH, ab0 BHUKOPHUCTOBYIOUM 3alpONOHOBAaHUN METOJ aJanTHUBHOL
KOMITEHCAIlil 00ypeHHSI.

3anpornoHOBaHUIl METOJ KOMIIEHCAIlll 3a JOMNOMOTOI0 aJanTHUBHOTO PEryJsiTopa CYTTEBO
MOKpaIlye AMHAMI4HI polecH y cuctemi. [Ipu MonentoBanHi poOOTH CUCTEMH KEpyBaHHS IBUKICHUM
PEKUMOM MPOKATKU BIIXUJICHHS JOBXKHHHM MeTi1 He epeBunmio 0,02 m.

JlitepatypHi mxepena

1. ABTOMaTH3anus TEXHOJIOTUIECKUX MPOIIECCOBHA MEJIKOCOPTHBIX MIPOKATHBIX
cranax:moHorpadus/A.C. bemrra, B.H. Kysae, O.E. Iloram, A.Il. Eropos.- [IHempormerpoBck:
Kypdonn, 2014.-283 c.
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AJIEKTPOIIPUBOAAMU TPYIIIBI KJIETEH MPHU MPOKATKE € METIePeryTupOBaHUEM: JUC. ...KaH/A. TEXH. HAyK:
Huenponerposck, 1981. 145 c.

3. €ropos O.IL., Pubansuenko M.O., Manauun 1.O. LupoBi MeToau AOCHIPKEHHS Ta PO3PAXYHKY
peryasTopiB B CUCTEMax aBTOMAaTUYHOTO KepyBaHHs: HaBuanbHiil mociOHuk. Ykpain. [epx. YH-T
HayKH 1 TexHoJjor.-J{Hinpo, 2022.-124 c.

4. €ropos O.I1., Muxaitnoscekuit M.H. IlpoekTyBanHscHcTeM ynpaBiiHHA B cepenosuuli Fuzzy Logic
Toolbox : HaBuansumii mociouuk. — JAninpo: HMetaV,2020. — 85 ¢
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AHAJII3 3AXO/IB 3AITIOBIAHHA METAHOBUM BUBYXAM HA BYI'TVIbHUX
IMAXTAX

'anuk O. O., Cassiu O. B., k.T.H.
YkpaiHcbkuii iepKaBHUH YHIBepCHTeT HAYKH i TexXHoJIorii, M. /{Hinpo

KoxkcoximiuHa MPOMHUCIIOBICTH € CKJIaJJOBOIO Ba)KKOI IIPOMUCIIOBOCTI 1 BKJIIOYA€E B cebe mporiec
XIMIYHOT OOpOOKH KaM'SSHOBYT1JIbHOT CHPOBHUHH 32 JIOMTOMOTOI0 METOAY KOKCYBaHHS.

KaMm'ssHOByT1/IbHE KOKCYBaHHS BiIOYBA€eThCs y creniagbHuX nevax. Llel npouec po3kinanae
MAJIMBO Ha JIETKI IPOAYKTH Ta KOKC. OCHOBHUM pe3yJIbTaTOM KOKCYBaHHSI € KOKC, SIKHI
BUKOPUCTOBYETHCS Y METATYPTii K BITHOBHUK 1 MAJIHBO.

['onmoBHy ponb y ByrinbHIN poMuciIoBOCTI YKpainu Bigirpatots maxtu [IpAT «ITEK
[TaBnorpansyriuisy. Haitbineima maxrta 3axigHoro Jlon6acy (maxra-rirant) "3axigHo-/lonOachka' -
BYIUIEBHA00YBHE MIAMPUEMCTBO Yy MicTi TepHiBka J[HimpomneTpoBchKkoi obsacTi. [ MnOuHa mpoBeneHHs
po6iT ctaHoBUTH 480-585 MeTpiB.

19 kBiTHsa 2012 poky Ha maxTi «3axigHo-J{oHOackka» cTaBcs BUOYX METaHy, BHACIIIOK SIKOTO
3arMHyB MpaliBHUK IaXTU. BcranosneHo, 1mo BUOyX cTaBcs yepes MopyLeHHs MpaBui Oe3neku. byno
MOPYIIEHO PEKUM BEHTHIAL] TIPHUYUX BUPOOOK, 1110 TIPU3BEIIO 10 HAKOMTUYEHHSI BUOYXOHEOE3IeUHOT
KUTBKOCTI METaHy.

3anobiranHs BUOYXy METaHy Ha BYTUIbHIN IIaxTi HOTpeOye CyBOPOro TOTPUMaHHS OE3MEUHUX
MPAKTHUK T4 BAKOPUCTAHHS CIIEIiaJli30BaHOT0 00JIaJTHAHHS.

Kinbka 3axomiB, ki MOXKYTh JOIIOMOTTH 3an00IrTH BUOYXy METaHy Ha BYTUIbHIN MIAXTi:

a) BCTAaHOBJICHHS CUCTEM BEHTHJIALIT, 0) MOHITOPUHT ra3iB (I[i CACTEMH MOXKYTh TIOMIEPEIUTH TIPO
MOXJIMBY HEOE3MEKY Ta aBTOMATHYHO BKJIFOYUTH CUCTEMHU BEHTUJIALIT a00 CHUTHAJII3AITII0);

I') BUKOPUCTAHHS METaHOTOPLIOK (JI03BOJISIOTH CIIANIOBATH METaH, 110 BUAUIAETHCS y MIAXTi, ¥
oesrneunii popmi); 1) mpodinakTHYHI 130JA11IHHI 3aX011 (BoJiora 00poOka abo 3akaduyBaHHs IHEPTHHUX
rasiB (a30Ty) B IIaxTy, 100 3HU3UTH KMOBIPHICTh YTBOPEHHS CyMIiIlIel METaHy Ta IOBITPS).

JliTeparypHi mxepena

1. B.L. Capanuyk, M.O. Inbsmos, B.B. Omoscekuii, B.C. bineupkuii. OcHOBU XiMii 1 (pi3UKH TOPIOYNX
konanuH. - Jlonenpk: Cxigauid BugaBHuaui aiM, 2008. - c. 600.

2. Mana ripanya eniukionenis: y 3 t./3a pea. B. C. binenpkoro. - Jlon6ac, 2004. - 640 c.

3. lNpanumii eHnukIonenuYHUil cmoBHUK, T. 3. / 3a pen. B.C. bineupkoro. - Jlonenpk: CxigHMi
BUIaBHHUuMii giM, 2004. - 752 c.

4. KokcoximiuHe BUPOOHUIITBO/Di3MYHI Ta XiMiIUYHI OCHOBM Tajy3eBOro BHUpOOHHITBA: HaBuanpHuit
noci6uuk. / CmupnoB B.O., bineupskuit B.C. - «Hoswuit CBiT-2000», 2022. - 148 c.
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JTOCBIJ JOCJIIKEHHSA CEITAPATOPY ITIPUPOJHOT'O I'A3Y HEPYHHIBHUMHU
METOJAMM KOHTPOJIIO

I'purop’eBa H.O., Mipomnuxosa T.II.
daxoBuil KOJIEIK 3BapIOBaHHA Ta ejleKTpPoHikM imeni €.0. Ilatona, m. /Ininpo

JliarHOCTHKA YCTaTKyBaHHS JIO3BOJISIE 3aMOBHMKY JI3HATUCS MPO MpoOJIeMU B YCTaTKyBaHHI i
CBOEYACHO BXXUTH 3aXO0/IB JI0 iX yCYHEHHsI. J[iarHOCTHYHI pOOOTH - BKIIFOYAIOTh B ce0e Mo TaK THIHMI
OIJIAJ YCTaTKyBaHHs Ta BUSBICHHA MOXUIMBUX Je]ekTiB (a00 HEOOXiTHICTh y PEryJroBaHHI) By3JiB 1
MEXaHI3MIB yCTaTKyBaHHsA. Pa3oBi MiarHOCTHYHI POOOTH MPOBOAATHCA 3a (HaKTOM HECIPABHOCTI.
JliarHocTH4YHI poOOTH 3a rpadikoM OUTbII mepeBakHi. BoHHM, sSK mpaBmiio, TO3BOJSIOTH 3amoOirTu
MOJIOMKY OOJIaJIHaHHS, a, OTXKE, 1 HOTO TPUBAIHI MPOCTIH.

HepyiiHiBHMI KOHTPOJIb — 1€ KOMIUIEKC BJIACTUBOCTEH 1 METOIB 00'€KTIB, IPH SIKUX PyHHYBaHHS
00'ekTa mOCHiKEHHS He OoTpiOHO. ToOTO 00'€KT AOCTIKEHHS TOBHICTIO 30€epirae CBOi BIACTHUBOCTI,
MoKe OyTH BUKOPUCTAHUH 32 MPU3HAUCHHSIM.

B pamkax mociigpkeHb BHKOPHCTOBYIOTHCS HACTYIHI METOAM 3 MPOBEICHHS iarHOCTYBaHHS
HEPYHHIBHOTO KOHTPOJIIO CemapaTopa NpUpOIHOTo rasy:

- BI3yaJIbHO-BUMIPIOIOYHIA KOHTPOJIb;

- YIIbTPa3BYKOBUI KOHTPOJIb Ta TOBIIUHOMETPIS;

- MarHiTOMOPOIIKOBUI METO]T KOHTPOJIIO;

- BU3HAYCHHS TBEPAOCTI METOAOM yJIapHOTO BiIOUTKY.

Cemaparop TpHpPOAHOTO Ta3y - CKIATHOTEXHIYHWM MPUCTPINA, MPU3HAYCHUH JIS OUYHUIICHHS
ra3oBUX MOTOKIB BiJi MEXaHIYHHUX JIOMIIMIOK, (pakiii BOAM Ta IHIIUX CTOPOHHIX BKJIIOYEHb. BiH
BUKOPHUCTOBYETHCS JJIsl OCHAIICHHS T'a30MEPEePOOHUX TMiAMPUEMCTB, KOMIPECOPHHUX Ta PO3MOAITEHUX
cranuiii. JlomatkoBa (QyHKIIS Takoro oOOJIaHAaHHS NOJATae y MIATPUMII THCKY B CHUCTEMI Ha
ONTUMATBLHOMY PiBHI.
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MOJEPHIBALIISI CHCTEMH ABTOMATH30BAHOI'O HAJTAIITYBAHHA
HIBUJAKICHOT' O PEXKUMY CEKINIMHOI'O POJIBI'AHI'A XOJIOAWJIBHUKA
APIBHOCOPTHOI'O CTAHA

Moran O. KO., K.T.H., 3iHyenko M.L., k.T.H., Kucaskosn B. I'., k.T.H., Byrenko M. B.
YKpaiHcbKkuil 1epKaBHUI YHIBEPCUTET HAYKHM i T€XHOJIOTIii, M. J{Hinpo

bezaBapiiine ykiagaHHS CTPHIKHIB MPOKATy HAa XOJOJMJIBHHUK O€3MepepBHOTO APiOHOCOPTHOTO
cTaHa 3a0e3MeuyeThesl BiIMOBIIHUM HAJIAMITYBAHHAM IIBUAKICHOTO PEKUMY CEKLIHHOTO POJIBIaHTY,
110 MiABOANTH. ONTUMabHUM BBAXKA€THCS PEXKHUM, 3T1IHO 3 SKUM B MOMEHT M1IX0ly IEPETHHOTO KIHIIS
PO3KaTy JI0 MEepPEeTUHY MEepUIOro KiarnaHy CKuaada XoJIOAMIbHUKA 33aHIM KIHEb BIPI3aHOTO CTPUKHS,
10 TaJIbMY€EThCS, MIEPECYBAIOUNCh HA KJlalaHaxX CKujada, rnepeOyBae y TOMY K MEPETHHI, a KIanaHu
MiTHATI HA «BUCOTY BIJICIKaHHS», 110 TapaHTye HaAiiiHE PO3JAUIEHHS CYMDKHUX CTPHIKHIB Ha BXOJI
xonoauiabHuKa [1].

TexHiyH1 pillleHHS MO0 aBTOMATU30BAHOTO HANAIITYBAHHS IIBUIKOCTI CEKI[I POIBTaHry, 110
I1JIBOJIUTH, 0a3YIOTHCS Ha MPHUITYIICHH] PO 3HEBAKIIMBO MAJTy TPUBATICTh IEPEXOY CTPYIKHIB 3 OTHI€T
IIBHJIKOCTI Ha iHIITy B Iporieci po3rony [2]. B po6oTi Oy:1o 31ilicHeHO nepeBipKy BUIPABAAHOCTI TAKOTO
MPUITYIICHHS MIISXOM KOMIT IOTEPHOTO IMITAIIHHOTO MOJentoBaHHs pobotu BimmoBigHoi ACY.
JloBenieHo, 110 JIJIs IEBHUX 3HAYEHB IIBUIKOCTI MPOKATKY 1 TOBXKUHU CTPUIKHIB, 1[0 TPAHCIIOPTYIOTHCS,
HEXTYBaHHS TPUBATICTIO MEPEXiTHUX MPOIIECIB PO3TOHY CTPHIKHIB HAa POJILIAHTY € HEMPUITYCTUMHUM 3
OMVIALy HAa BUHUKHEHHS aBapiiiHMX CHUTyalild 4epe3 HEpO3IICHHS CYMIKHHMX CTPHXKHIB Ha BXOl
XOJIOIUIbHUKA.

3a pe3yabTaramMu 0araro(pakTOPHOIO aKTUBHOI'O EKCIEPUMEHTY Ha CTBOPEHIM Mojeni mpoiecy
TPAHCIIOPTYBAaHHS CTPWXXKHIB OyJI0 OTpUMaHe PIBHSHHS MHOKHHHOI perpecii, 10 MOB’SI3y€ TOBXKHUHY

MIPOCTOPOBOTO PO3pUBY AS MiX KiHI[EM MOMEPEAHHOTO Ta MOYATKOM HACTYITHOTO CTPHKHIB 3 TAKIMH

napamMeTpamH MpoIecy, K IBUAKICTD 170 TIPOKATKM, IMBHAKOCTI ¥, Ta V, — mepioi Ta Apyroi cexitii

POJIBTaHTy Ta JOBKUHA CTPHIKHIB, SIKE TICIs BU3HAYCHHS 3HAUYIIOCTI KOoe(illieHTiB Ha0yJI0 BUTIISITY
AS =2,62+0,397, +0.42V, +0.07V, ), —1.5V,,

ne V,, V, tTa V, BITHOCHI HOPMOBAaHI 3HAUEHHS BIANOBIIHUX IIBUIKOCTEH.

3anporoHoBaHa MojepHizamis icHytouoi ACY monsirae y BU3HA4YeHHI ONTUMAaJIbHUX 3HAYCHD
IIBUAKOCTI CEKIIi POJbraHra, BUXOASYH 31 3a3HAUEHOTO PiBHSHHSL.

ImiTamiitne wmonemoBaHHs MojaepHizoBaHOT ACY  CEKIIMHMM pPOJBIaHTOM BUSABHIO il
epeKTHBHICTb Ta JOLUIbHICTH BIIPOBA/DKEHHS, 30Kpema, Ha JApiOHocopTHHX craHax [IAT
«ApcenopMirran Kpuswuii Piry.

JlitrepaTypHi mxepena

1. ABTomMaTu3aIus TEXHOJIOTHYECKUX IIPOIIECCOB HA METKOCOPTHBIX MPOKATHBIX CTaHaX: MOHOTpadust /
A.C. bemrra, B.H. Kysaes, O.E. [loran u ap. J{nenpornerposck: XKypdonn, 2014. 283 c.

2. Ky3pmenko A. I'. TIpon3BoaCTBO MEPHOTO MpoOKaTa Ha HEMPEPBIBHBIX MEJIKOCOPTHBIX cTaHax. M.:
Metannyprus, 1997. 310 c.
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HIABUIMEHHSA TOYHOCTI PO3PAXYHKY EHEPI'OCHNJIOBUX ITAPAMETPIB
ITPOKATKHN HA TOBCTOJIMCTOBOMY CTAHI

[puxoasko L. 10., 1.1.H., Bopooeii C. O., a.T.H.
IncTuryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo

JocnimkenHs 0yio mpoBeaeHo Ha oqHoMy 3 ToBcTosmcToBux craniB (TJIC) 3600. [Tporpama ans
PO3paxyHKIB E€HEProCUJIOBHX IIapaMeTpiB MPOKATKH 3aCTOCOBYETHCS B CHCTEMI aBTOMAaTHYHOTO
KEepyBaHHS IMPOIECOM IPOKATyBaHHS JIMCTIB. Big TOYHOCTI pO3paxyHKIB 3al€KUTh ONTHMAJIbHICTH
rapameTpiB MPOKATKH 1 AKICTh MpoaykKiii. [cHyrouuit Ha cradi 3600 aaropuT™ 1 KOMIT I0T€pHA Mporpama
BUKOPUCTOBYIOTh, TaK 3BaHi «KPUBI TBEPAOCTI», Ki BU3HAYAIOTh 3aJEKHICTh KOe(]illi€eHTIB TBEPIOCTI
BiJ Temriepatypu nedopmartii amst rpynu craneit. [pu Bciid cBOil MPOCTOTI TaKWi MixXij 3a0e3mneuye B
OLTBIIOCTI BUMA/IKIB HETIOTAH1 pe3yIbTaTH MPOTHO3HUX PO3PAaXyHKIB €HEPrOCHIIOBHUX 1 TEMIIEPAaTyPHHUX
napameTpiB npoiiecy npokarku. OAHaK MpH IIbOMY HE BPaXOBYETHCS PsiJi BAXKJIMBUX (DaKTOPIB, 30KpeMa,
3MiHY XIMIYHOTO CKJIaay CTajli B MekaxX oaHiei mapku. OKpiM IbOTO, ICHYIOUH 3apa3 25 KpUBHUX
TBEPIOCT1 OXOILTIOITH Oi3bK0 780 pi3HUX MAapOK CTajiel 1 BOHU 3TPyINOBaHi B TAKUM CIIOC10, 110 3/1aTHI
B JICAKHX BUIMAJIKaX MPUBECTH 10 BUCOKOI MOXHUOKH PO3paxyHKiB.

B IactuTyTi 9opHOT MeTanmyprii po3pobiieHa 1 mepeBipeHa B yMOBax IIMPOKOIITA0OBUX CTaHIB
rapsdoi MpOKaTKH MporpaMa po3paxyHKy TEMIIEPaTypPHUX Ta €HEPrOCHIIOBUX MapaMeTpiB MPOKATKH.
Po3pobiiena nporpama BpaxoBye Taki 10AaTKOBI (hakTopH, siki He BpaxoBaHi B anroputmi TJIC 3600:

- KOHKPETHHUI BMICT OCHOBHHUX XIMIUHUX €JIEMEHTIB B CTaJli (Uepe3 ByIJIeLeBUI €KBIBAJICHT);

- MBUAKICTh Aedopmariii, ska 3MiHIOETbCA Big 3 1o 50 cli TOMY CYTTEBO BIUIMBA€E Ha
BEJIMYUHY OIOpY Aedopmalrtii;

- BIUIMB TEPTS Ta MO3aKOHTAKTHUX 30BHINIHIX 30H — Uyepe3 Koe(illieHT HAIPyKEHOTO CTaHy B
ocepenky nedopmailii, IKUi aJanToBaHO A0 YMOB YHCTOBOI KJIiTi ctany 3600;

- JTUHAMIYHE 1 CTAaTUYHE 3HEMIIIHCHHS CTaIl B 3aJISKHOCTI BiJ yacy may3 MiXk MpOX0JIaMu;

- BIUIMB MIPYXXHUX JleopMaiiii podounx BaJKiB.

3 ypaxyBaHHSIM CTPYKTYpH CHUCTeMH aBToMmaTu3arlii ctaHa 3600 equHuM e()eKTUBHUM METOIO0M
ajanTanii iCHy10401 MOJIelli € KOpeKiis Koe(illieHTiB KPUBUX TBEPAOCTI B yMOBaX KOHKPETHOTO PEXKUMY
MIPOKATKH, MPU SKOMY BIJOMI KUIBKICTh MPOXOMAIB, OOTHCKAHHS, TEMIIEpaTypHI Ta CHJIOBI MapaMeTpu
nporecy. Takuil miaxif A03BOJIsSE€ aganTyBaTH KPHBI TBEPIOCTI, K 3a HAIIOK (YMOBHO TOYHOIO)
MOJICIITIO TIepe]] MPOKATKOIO MEPIIOro JIMCTa MapTii, Tak 1 3a PaKTUYHO BUMIPSHUMH TEMIIEPATyPHO-
nedopMarifHIMH Ta €eHEProCUIOBUMH MapaMeTPpaMu Y APYTroMy Ta HACTYITHUX MPOXOAAX.

Po3pobiennii anroput™ aganTaiii KoedimieHTiB KpUBOi TBEPAOCTI Y BY3JOBUX TEMIIEPATyPHHUX
TOUYKaX BPaxoBYE JIiHIHHY IHTEPHOJIALIIO0 TaHUX, TepeJ0aYeHy ICHYIOUUM aJITOPUTMOM.

O06po0Oka naHuX MokKasana, o ajanToBaHa MOJENb JI03BOJIMIIA I IBUIIIMTH TOYHICTh PO3pPaxXyHKIB
npubmzno B 1,3 pasu. Tak, cepenHbOKBaJpaTW4yHE BIAXWICHHS CWIM MPOKATKH CKJIAl0 NpHU
3acTocyBaHHI icHyro4oi mozeni 12,4 MH, a po3po6ienoi i agantoBanoi moaem — 9,6 MH.
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AHAJII3 3B’S13KY 3HOCOCTIMKOCTI, CTPYKTYPHOI'O CTAHY TA TBEPJOCTI
MEPJIITY BACOKOBYTJIEHIEBOI CTAJI

MepkyJos O. €., a.1.H., [lonoabcbkuii P. B., PhD, Cadpponosa O. A., Knunosa O. II.
IncruryT yopHoi meraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

ExcruryaTariiiini BJaCTUBOCTI 3aJIi3HUYHUX PEHOK, BUTOTOBIICHUX 3 KOHCTPYKIIMHUX CTajieH, B
Mepiry 4epry 3ajekaTh Bil MEXaHIYHUX BiacTUBOCTe. CIil 3a3HAYUTH, IO 3HOCOCTIHKICTH
3QII3HUYHUX PEHOK B CHCTEMI KOJIECO- pEeiiKka € OJHIEI 3 HaWBAKIMBIINIMX XapaKTEPUCTHK ii
Mpale3JaTHOCTI. 3HOCOM NPUHHATO BBa)KaTH 3MiHY MPOQIII0 MOBEPXHI MO KOJYy KaTaHHS KoJjeca
MTOBEPXHI TOJOBKM PEHKM BiJ CHJI B3aEMOJIIi Kojieca 3 PEHKOI0 B Mpolleci ekcruryarailii. TBepaicTh
TPaIULifHO BUKOPHUCTOBYBAJIACS JUI OLIHKMA 3HOCOCTIMKOCTI MEpiTHUX peiikoBux craneil. Lle He
03HayYae, 110 BHCOKA TBEPIICTh € MPSIMOI0 MPHUYUHOI0 BHUCOKOI 3HOCOCTIMKOCTI. Y MEPIITHUX CTaJIAX
3HOCOCTIMKICTh 3pOCTae B Mipy 30UIBIICHHS BMICTY BYIVICHIO 1 3MEHIICHHS MiKIUIACTHHYACTOL
nepmiTHOT BizcraHi. [lepmiT ckimamaeTbes 3 TiacTuH GepuTy 1 KapOiay 3aiiza 0 YepryrThCsa 1 Mae
BIICTaHb MDX IUIACTHUHAMH, sKa 3MIHIOETbCS B 3aJIC)KHOCTI BiJl TEMIIEpaTypu YTBOPEHHS B Mipy
OXOJIOJUKEHHSI PEUKH MICHIS MPOKATKH. Y Mipy 30UIBIICHHS IIBUIKOCTI OXOJIOKEHHS BIJCTAHb MiX
peiikaMM TepiiTy 3MEHIIYEThCSA, OT)KE, 30UIBIIYEThCS TBEPHAICTh, KA 3a0e3MeuyeThCsl B perKax 3
3arapTOBaHOIO TOJIOBKOK. 30aradeHWil MHUCIOKAIISIMH IMap 3 YIIIJILHEHOI CTPYKTYpPOIO TBEPIOTO
KapOixy cam 1o co0i, IMOBIPHO, MiBUIILY€E 3HOCOCTIMKICTb.

Takum 4uHOM, B IEPIITHUX CTAISAX 3HOCOCTIMKICTh 3a0€3MeUyEThHCS 32 PAXYHOK BUCOKOTO BMICTY
BYTJIEITIO 1 MaJioi BiJICTaH1 MiXK TUTACTUHAMM TMEPIITY (IO TOCATAETHCS 32 PaXyHOK MPOIECY TEPMIYHOTO
00poOJIEeHHS TOJIOBKM pPEWKH), siKi 00MBa MIABUILYIOTH TBEpAiCTh. Ha miaTBEp»KEHHS BTOPUHHOTO
BIUIMBY TBEPJOCTI Ha 3HOC, XipaKkaBa 1 1HII MMiJBUIIMIA TBEPAICTb 3pa3KiB 3 MEPIITHOIO CTPYKTYPOIO 32
PaxyHOK 3HIDKEHHSI TEMIIEPATypH BiIITYCKY, aje B 1a00paTOpHUX BUIIPOOYBAHHSX JJAaHE TBEPKEHHS HE
MiATBEPIUIOCH (HE 30UTBIIMIN 3HOCOCTIHKICTB).



50
YK 621.74:669.13.017

AHAJII3 MATEPIAJY I'AJIBMIBHUX KOJIOAOK PYXOMOI'O CKJIALY
BakyJenko I. 0.1, 1.1.1., [Ltituenko C. O. !, k.T.H., [Iepkos O. M. 2, K.T.H.

'VkpaiHchbKuii 1ep:KaBHHII YHiBepCHTET HAYKH i TexHoJIoriii, M. [Hinpo
"ucruryt yopuoi meranyprii im. 3.1. Hexkpacosa HAH Ykpaiuu, m. {ninpo

[Tpu BuOOPI Marepiany IS TAIBMIBHUX KOJIOJJOK PYXOMOTO CKJIaay, OKpiM KOedIlieHTy TepTs,
CIIiJ] BpPaxOBYBaTH BHHMUKHEHHS TpPAJI€HTy TEMIepaTyp MO TOBIIMHI caMoOi KOJIOAKH Ta 0001y
3aJII3HUYHOTO KoJieca. 3a yMOB iHTEHCHBHOT'O TaJIbMyBaHHSI, TEMIIEpaTypa Ha MOBEPXHI KOYCHHS KoJieca
MOKe NepeOUTbITyBaTH 3HAUEHHs MOYaTKy (pa30BUX mepeTBopeHsb B cTaii. Ha migcrasi nporo, B MeTai
moOJiM3y 3 TOBEPXHEI0 KOUEHHS Kojieca, TOYMHAIOYHM BiJ CEPEIHBOTO I1HTEpBAIy TeMIIepaTyp,
30IBIICHHS CTYyMEHs IulacTHYHOi nedopmamnii Ta HeogHOpimHOCTI ii posmoainy, Oyle CHIpHsTh
i ABUILIEHHIO TETEPOr€HHOCTI B PO3BHUTKY IPOIIECIB CTPYKTYPHUX MEPETBOPEHb MeTany. Bumaakosuii
XapakTep i BU3HaAU€HOI KIIbKOCTI YMHHUKIB BIUIMBY Ha Mapy rajbMiBHA KOJIOAKA — IOBEPXHS KOYCHHS
3aJI3HUYHOTO KOJIeca, MPAKTUYHO HE YMOXJIMBIIOE TEpPeN0auuTH XapakTep 3MiHA KOMILUIEKCY
BJacTUBOCTEH MeTtany. Jl0JaTKOBUM YCKJIaJHEHHAM 3arajbHOi KapTUHU CTPYKTYpHHX IEPETBOPEHb B
MeTaji Kojeca, € IUKIIYHUN XapaKTep 3MIHU TEeMIEepaTypu HarpiBy IpH EKCIUTyaTtalii pyXoMoro
ckinany. TakuM YMHOM, IPY BU3HAYCHHI MaTepialy ralbMiBHOT KOJIOAKH OKpPIM KOS(IIIEHTY TepTS, CIIiJ
BpaxoOBYBaTH MOJKJIMBI 3MIHHM BIJIACTUBOCTEH MeETaly 3aJI3HUYHOTO KOJIeca IMICIs KOXKHOTO aKTy
ragbMyBaHHs. binbiie nporo, cyyacHe BUPIMICHHS MUTaHb IMiJBUILEHHS MATOMOTO HABaHTa)KEHHS Ha
KOJIICHY TIapy, 3a paxyHOK BUKOPHUCTaHHS 3aTI3HWUYHUX KOJIC MICIS TEPMIYHOTO 3MIIHEHHS, CYTTEBO
YCKJIQHIOE BHOIp MaTepiany raJbMiBHUX KOJ0MOK. JlificHO, mpu (opMyBaHHI CTPYKTYPH BYTJICLIEBOI
craii 6e3 MPUMYCOBOTO OXOJIOJKEHHsI 0001y 3aIi3HUYHOTO KOJieca, CTYMiHb IEePEeCUYCHHS aTOMaMHt
BYIUICIIO (DEPUTHOTO MPOIIAPKY MEPIITHOT KOJOHIT MPAKTUYHO HE BIAPIZHAETHCSA Bl (HepUTY CTal TICISA
Bignany. 3 iHIIOr0 OOKY, 3aCTOCYBaHHS MMPUCKOPEHOTO OXOJIOKEHHS ISl 301UIbIICHHS MIITHOCTI CTal,
CYNPOBOKYETHCS HE TUIBKA TIIBUIIEHHSAM JTUCIIEPCHOCTI TMEPIITHOI KOJIOHIT aje 1 CTymeHs
nepecuueHHs (GepuTy MepiiiTy Ha ByTJielb. B 11boMy BUTIA/IKY, BIAIOBIIHO MiABUIEHHIO XapaKTEPUCTUK
MIITHOCTI cTaji, OyJe 3pocTaTi YyTJIMUBICTh TAaKUX KOJIC /IO HArpiBy NpH TrajbMyBaHHI. B pe3ynbrari,
Koe(illi€eHT TEIUIONPOBITHOCTI Marepiany (A) KoJoAKM HaOyBaTMME BaroMoro 3HaueHHS. Tak,
30UIBIIICHHST KOHIICHTPAIIIT BYTJICIIO B I[IJIOMY CIpHUSE 3HIKEHHIO A 4aByHY. OHAK, 00yMOBIICHO I1€
CKOpIlI 3a Bce 30UIbLICHHAM 00 €MHOI YacTKM MeTacTabuIbHOI BHCOKO ByrieneBoi ¢asu. JlilicHo,
MPOTIOPIIIAHO 301IBIICHHIO 00’€MHOI YaCTKH IIEMEHTHUTY, CIIOCTEPITaeThCs 3HUKEHHS KOeDIIieHTY
TEIUIONPOBIAHOCTI. 3 1HIIOTO OOKY, MPUCYTHICTH B CTPYKTYPI YaBYHY I'padiTOBUX BKIIOUEHb MA€E SKICHO
MIPOTHJIC)KHUH BIIUB Ha A. B pe3ymbTaTi, 3MiHa CIIiBBIAHOMIEHHS MIXK KIJTBKICTIO TpadiTy Ta IEMEHTHUTY
B CTPYKTYpl YaBYHY, MOXKE PO3TJISIIATHCS SIK YUHHUK BIUIMBY Ha BeJWYMHY A. OKpiM JHCIIEPCHOCTI
CTPYKTYPHHUX CKJIQJIOBHX, BU3HAYCHOT'O 3HaUYCHHs HaOyBae ix Mopdosoris. Ilicas 3amiam rpadiToBUX
BKJIIOYEHb CIPOTO JIMBApHOTO YaBYHY Ha IUIACTIBI KOBKOT'O YaBYHY, MiJBHUIICHHS KOE(IIi€HTY
TEIUIONPOBI1AHOCTI MOke focsrati 20%. B mopiBHSAHHI 3 4aByHOM, HIMPOKOT0 3aCTOCYBaHHS OTPUMAIIU
KOMIIO3ULIHHI MaTepiajiu, 3 BUCOKHM piBHEM KoediuieHTy TepTs. UYucenbHi cpoOu 3acTOCyBaHHS
HaIITOBXYIOThCS HAa BU3HAueHI TpyaHoili. OKpiM, CKIAIHIIIOI TEXHOJOTIi BUTOTOBIEHHS KOJIOIKH,
KOMIIO3UTHI MaTtepiajii MaloTh IyXe HU3bKHHA KOeQiIlieHT TerIonpoBigHOCTi. B pesynbpraTi mporo,
BUHUKAIOTh OOMEXCHHSI CE30HHOTO XapaKTepy iX BUKOPHCTaHHs. B MOpPiBHAHHI 3 4aBYHOM, MEHIIIOTO
PO3MOBCIOPKEHHS] OTPUMAIM CIJIaBH THITy OpOH3 3 nogaTkoBuMu (azamu rpadity Ta kepamiku. Lle
JT03BOJIMIIO 301IBIIIMTH B ICKIJIbKA pa3iB KOe(PIII€HT TETUIONPOBIIHOCTI, B TOPIBHIAHHI 3 CIPUM YaBYHOM.
OpnHak, miIBUIIIEHA TBEPAICTh TAKOTO MaTepiaidy 30UIbIIy€e 3HOC KOJIeca M0 MOBEPXHI KOUEHHS, a BMICT
JETYIOUNX XIMIYHUX €JIEMEHTIB, MIABUINYE HWoro coOiBapTicTh. HaBemeHi BiOMOCTI MOXYTb OyTH
KOPUCHUMH JUI TIPOAOBXKEHHS MOUIYKY ONTHMAJIbHOIO CTPYKTYPHOTO CTaHy 1 XIMIYHOTO CKJIamy
Marepiany Juisl TaTbMIBHUX KOJIOZOK PyXOMOTO CKJIay.
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AHOMAJIBHE 3bIJIBINEHHSI KPAHOBOI'O KYTA 3MOYYBAHHS OJIOBOM
CTAJIBHOI IIAKJIAJAKHA B 3AJIEZKHOCTI BII TEMIIEPATYPHU

IItanenxo E. IL. L. ¢.-m. 1., Cuposatko 1O. B.2, k. ¢.-m. H.

'Y kpainchKuii JepskaBHUil yHiBEPCHTET HAYKH i TexHoJIoTiii, M. [HIIPO
2JlninponerpoBcbKa (ijist mep:kaBHOT ycTaHOBH «[HCTUTYT 0XOPOHH IPYHTIB YKpainm»,
M. J{Hinpo

JloCImiDKeHHST TeMIlepaTypHOi 3alle)KHOCTI KpaHOBOTO KyTa 3MOYYBaHHS KpaIulelo pO3ILIaBY
TBEPI01 MIIKIAIKA MA€ TPAKTUIHUI 1HTEPEC 1 BUKOPUCTOBYETHCS B Oaratbox cdepax MmpoMHUCIOBOCTI.
Hanpuknan, mpu npocoueHH1 KOMITO3UIIIHUX MaTepialiiB JUIst 3a0€3MeYeHHS KPaIoro 3MO4yBaHH MK
CTPYKTYpPHUMH CKJIaIOBUMHU HEOOXITHO BU3HAUEHHS TeMIIEpaTypH MOpora 3MOYYBAaHHSI CUCTEMH. Y
TESIKUX TOCTiPKeHHsX [ 1, 2] Oynu Biq3HAYCH] BUMTAKA aHOMAJTBLHOTO 301IbIIIEHHSI KOHTAKTHOTO KyTa 3i
30UIBIIICHHSIM TEMITIEPaTypH CUCTEM Kparuis po3IjIaBy-TBep/a miakiaaaka. ABTopH [1, 2] mpumyckaioTsb,
10 30UIbIICHHST KpalloBUX KYTiB BiOyBa€ThCS BHACIIIOK YTBOPEHHS HOBUX XIMIUHHUX 3’€JHaHb MIX
KOHTAKTYIOUMMH pPEUYOBMHAMH a00 BHACTIZOK 3MIHM CTPYKTypu moBepxHi. lleii ¢deHomen
JOCTIKYBABCS HAMH Y CUCTEMI OJIOB’sTHA Kparuis — miaknaaka 3i ctam 12X15T9H/T.

KpaiioBuii KyT 3MO4YyBaHHS PIIKMM OJIOBOM MIAKIAAKH 31 CTalli BU3HAYAIN METOJIOM JIeKadoi
kparti. s 3amobiraHas ¢popMyBaHHIO HeOaKaHMX 3’€JHAaHb, HArpiBaHHS IPOBOIWIM B aTMocdepi
a3zoTy. Jlns moOynoBM KOXKHOI HACTYMHOI TOUYKM 3aJIe)KHOCTI KpalOBOro KyTa BiJ TeMmIeparypu
MOJIaBAJIM 1 AOCIHIHKYBAIM HOBY OKpEMY KpaIUlio 0JIoBa Ha MiAKIAAKy. Po3paxyHok KpailoBOTO KyTa
3MOUYYBaHHS TMPOBOAWIN CKaHyrouu IudpoBi (ortorpadii xpart 3a gomomororo mporpamu TLC-
manager. [Ipu gocnipkeHH1 Ticiis MPOBEACHHS eKCIIEPUMEHTY PEHTICHO(IIyOPECHEHTHUM Ta aTOMHO-
aOCopOIlifHMM aHaJli3aMH Ha TOBEPXHI Kparul ojoBa HE OyJIo BHUSBIEHO aTOMIB 3aji3a. BusBieHO
HE3HAYHY KUJIBKICTh OKCHJIIB @30Ty Ha MOBEPXHI Kparuli 0JI0Ba 10H-CEJIeKTUBHUM MeToaoM. OqHaK 11e
HE MOIJIO CYTTEBO BIUTMHYTH Ha 3aJI€KHICTh KpailoBOTroO KyTa Bijl TEMIEPATYPH.

VY mporeci npoBeeHHsT eKCIEPUMEHTY OYyJI0 BCTaHOBJICHO, IO HA MOYATKY JOCHIJKCHHS MPH
temrepatypi 525 K 3HaueHHs kpaiioBoro Kyta 3mModuyBaHHs ckiagano 130°. Ilpu minBuimeHHi
TeMIepaTypu KpaoBHii KyT 3MOYyBaHHs 3MeHIIyBaBcs 1 mpu 650 K fioro 3naueHHs1 KpailoBoro Kyrta
ckianano 55°. OgHak Mpy MoJaibIIoMy MiABUIICHH] TeMrepatypu 10 725 K 3HaueHHs KpalioBOToO KyTa
3HOB 301bIIyBasIOCh 70 112°. MoOXHa MPUITYCTUTH, 110 30UIBIICHHS KOHTAKTHOTO KyTa B CHCTEMI
OJIOBO-CTAJIb CIIOCTEPITa€ThCS BHACTIOK 3MIHM €HEprii B3aeMoaii MK aTOMaMH pO3IUIaBy Ta
HiAKIaaKa. 3MOYYBaHHS y CHUCTEMax piJIKe OJOBO — CTajieBa MigKJIaJKa paHille JOCTiIKyBaaocs y
po6oti [3]. Onnak y po6oti [3] deHOMEH aHOMaIBLHOTO 30UIBIIEHHS KyTa HE BHUSBIICHO, OCKIJIBKH
JOCIIJKYBAJIX 3aJIKHICTh KpalloBOTO KyTa BijJ Temreparypu, Oe3rnepepBHO HArpiBaro4u CHCTEMY 10
BHCOKHMX TeMmIiepaTyp. Takum 4yuHOM, B [3] micisi 3MEHIIIEHHST KpalilOBOTO KyTa 3MOYYBaHHS Kparjiero
po3MIaBy TBEpAOI MiAKIAAKH, MOAAIBIIOTO 30UIBIICHHS KyTa NpU MiABHUIICHHI TEMIEpaTypH He
crioctepiraiocs. Y Halomy AOCTIHKEHH] 17151 OOy I0BU KOXKHOT TOUKH 3aJIEKHOCTI KPalloBOTO KyTa Bij
TeMIIepaTypH Mo/1aBaiacs i BUBUAIACs II0pa3y HOBA Kparuis 0JioBa. ToMy B KOXKHIN TOYIIl 3aJI€KHOCTI
KpaiioBuil KyT (opMyBaBcs 3aHOBO, IO HE BHKJIIOYAIO HWOTO BHUIII 3HAYEHHS B TOPIBHSHHI 31
3HA4YEeHHSMU KYyTiB 3MOUYBaHHS MOMEPEIHIX Kparesb MiIKIaIKi TPy HIDKYii TemMreparypi.
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BU3HAYEHHS BIIJIMBY TUCIIEPCHOCTI HEPJIITY HA BUTPUBAJIICTD 3A
HNUKJITYHOT'O HABAHTAKEHHSA BYTJIEHHEBOI CTAJII

BakyJaenko 1.O. !, 1.1.1., Ilepkos O.M. 2, K.T.H.
ILiityenko C.0. !, k.T.H.
'"YkpaincbKkuii iep;kaBHUIl YHiBepcUTET HAYKH i TexHoJoriii, M. [{Hinmpo
2 TucruryT YopHoi Metaayprii im. 3.1. Hekpacosa HAH Ykpainu, m. J{Hinpo

3a eKCIepUMEHTAIbHUX JOCIIPKEHb BYTJICIIEBOI CTalli TOBIIMHA (DEPUTHOTO MPOIIAPKY MEPIITY
Ha0yBa€e BU3HAYEHOTO BIUIMBY HE TIJIbKH HA BUTPUBAIICTh IIPH BTOMI aJie 1 HA BUTJISAJ CaMOi JliarpaMu
[UKJIIYHOTO HAaBAaHTAXKEHHS. Y MOBHUH PO3MO/IiJI KpUBUX Ha 00JIaCTi Mao - Ta 6arato IUKJIOBOI BTOMU
0oOyMOBJICHUH SKICHUMH 3MIHAMH B MEXaHi3Ml pO3IMOBCIO/DKCHHS IUIACTHYHOI nedopmartii B
CTPYKTYPHUX CKJIQJOBUX cTaii. B pe3ymbraTi, mepexin Bifg OAHIE] MUISHKH KPHUBOI IMKJIIYHOTO
HaBaHTKEHHS 10 1HINOI, TOCTATHHO YacTO, CYNMPOBO/KYETHCS BUHUKHEHHSM 3HAYHUX MOPYIICHb ii
MOHOTOHHOT'O XOJy. 3a 30BHIIIHIM BHUTJISAO0M MOPYIIEHh KPUBOI HABAHTAXKEHHS, X 4acTO HA3UBAIOTh
«TOYKaMH PO3PUBY», 3 KOOpAMHATAMU 110 Bici abcuuc (Ng) Ta opauHart (o4), Xoua B TIMCHOCTI 001aCTh
MOPYIIEHHS Ma€ BU3HAYCHUH po3Mip. bisbIie 1boro, B 3a1€KHOCTI BiJl CTPYKTYpPHOTO CTaHy BYTJICIIEBOT
CTaJi Ta YMOB IMKJIIYHOTO HAaBAaHTA)KEHHS, MOJIOKCHHSI BKAa3aHOI NMIJITHKM HAa KPUBIM MOXE CYTTEBO
3CyBaTUCSl Ta 3MIHIOBaTH CBOi po3Mipu 1 BuUrisa. CTOCOBHO TpPHUYMH iX BUHUKHEHHS HE Mae
OJIHO3HAYHOTO TJIYMaueHHs. 3a PI3HOMAHITHUMH pe3yJbTaTaMu JOCIIHKeHb, HAWOUIBIN dYacTille,
MPUYMHOIO BBAXKAIOTHCS MOPYILICHHS B PO3BUTKY MPOIIECIB CTPYKTYPHUX MEPETBOPEHb, OJHOPITHOCTI
po3moAiTy TutacTHYHOI Aedopmairii abo 3MIHM CHCTEMH KOB3aHHS JUCIOKAaIl 3a IHKJIITYHOTO
HaBaHTaXCHHs. [CHYIOTh MPUMYIIEHHS MPO 3MiHY HAMPY»XEHOTO CTaHy METaJeBOr0 MaTepialy Irepej
(GbpoHTOM 3pocTarouoi TPIMHU. BBakaeThCs, M0 32 YMOB BITHOCHO HU3BKOTO CTYIEHS HUKIIYHOTO
MEPEBAHTAXKEHHS, METaJ 3HAXOIUTHCS TMEPEBAXHO Yy IJIOCKO AedopMOBaHOMY cTaHi. IHIII ymoBH
3pOCTaHHS TPIIIMHU BIAMOBIIAIOTH UISHII Majo IUKIOBOI BTOMHU (00JIACTH BUCOKOTO CTYIICHS
IUKJTIYHOTO MepeBaHTaKeHH:). [[boMy BUTIaIKy BIAMOBIA€ MIOCKO HAMPYKCHUH CTaH. 3a aHAII30M
KPUBUX IUKIIYHOTO HABAHTAXXEHHS BYTJICHEBOI CTali 3 MEPIITHOIO CTPYKTYPOIO BHU3HAYEHO, IO
3MEHIICHHS TUCTIEPCHOCTI MEPIIITY, CYIIPOBOIKYETHCS 3CYBOM TOJIOKEHHS MEPEXiTHOT TUITHKH Y 01K
301IbIICHHS BUTPUBAJIOCTI, 3 OJAHOYACHUM 3HIDKCHHSIM DPO3KHIY 3HAYeHb aMIUNTyau IuKiy. Jls
BU3HAYCHHS XapakTepy HaKOMWYeHHS NMe(EeKTIB KpPUCTAT4HOiI OyJOBH 3a IMKJI HABAHTAKCHHS, B
3aJIeKHOCTI BiJl JAMCIIEPCHOCTI MEpiiTy, OyJlo BHKOpHUCTaHE CHiBBIAHOIIEHHS, 0,=K(N;))™, ne o4 —
aMIUTITy1a UKy, N; — BUTPUBAIICTh TIpU BTOoMi, K — TOCTiiHA, m — TOKa3HUK cryneHs. [licms
MEPETBOPEHHSI BKA3aHOTO CITiBBIJHOIICHHS, CTAJI0 MOMJIMBUM OIIIHUTH IIBUJKICTH 3MIHU aMILTITYAH
UUKNY (do./dN;), Mo € AOTUYHOK KPHWBOI IUKIIYHOTO HAaBAaHTAKCHHS 3a BU3HAYCHOTO 3HAYCHHS
BUTpUBAJIOCTI. Iy BiAMOBIOHOI TOBIIMHMU (DEPUTHOTO MPOIIAPKY MEPIITHOI KOJIOHIi, BUMIPIOBaHHS
LIIBHOCTI HAKOIMYEHHS AMCIOKAI{H (p), OKA3ano iCHyBaHHs criBBimHomeHHS do./dNi~1/p. oro
BUKOPHUCTAHHS JIO3BOJMIIO OOTPYHTYBaTH MEXaHi3M CTPYKTYPHHUX TIE€PETBOPEHb 3a IHUKJIIYHOTO
HaBaHTaXeHHs. [Ipu 3HIWKEHHI 04, TPOMOPIIIIHO 3MEHIIYETHCS NIUTBHICTh PYXOMUX JHUCIIOKAIIIH, 1110
HeoOXigHa I MIATPUMKH YMOB 0e3 IMepepBHOTO PO3MOBCIOMKEHHs nedopmarii 3a nukia. Huzpkomy
CTYTICHIO TIPUPOCTY p BIATOBIIAE ITiIBUIIIEHA PIBHOMIPHICTH pO3TalTyBaHHS JUCIOKAIIN B CTPYKTYPHUX
CKJIQJIOBUX CTali. B pe3ynbrari, MOMEHT BHHHKHEHHS OCEpPEIKiB 3 HEMOHOTOHHHUM PO3TaIlyBaHHSIM
JUCIIOKAIIA 1 TMEepeTBOPEHHs iX B 3apOJIOK pPYHHYBaHHS, 3CYyBa€ThCs y OIK MIABUIICHUX 3HA4YEHBb
BUTPUBAJIOCTI IpU BTOMI. [[11 Maj1o HukIioBoi 001acTi KpUBOI, CTPYKTYpHI 3MiHI B METaJIi MalOTh SIKICHO
1HIMH XapakTep. Bucokuit mpupicT quciokarii ajis 3a0e3rneueHHs BiAMOBIIHOTO CTyneHs aedopmarii
3a LUKJI, CIIPUSATUME MPUCKOPEHHIO MPOIIeCy BUHUKHEHHS OCEPEIKY 3 HEMOHOTOHHUM PO3TAlTyBaHHSIM
JTUCIIOKAIlIA B CTPYKTypi cTaji. BiAMoOBiAHO 1IbOMY, MOMEHT YTBOPEHHS 3apOJKy PYWHYBaHHS 3a
UKJIIYHOTO HAaBaHTAXXEHHs, Oy/ie 3cyBaTucs y 01K HU3bKHX 3HAUY€Hb BUTPUBAJIOCTI MIPU BTOMI.
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BIIJIMB AKTUBHUX CEPEJJOBUII I HEMETAJIEBUX BKJIIOYEHDb HA .
JOBI'OBIYHICTb TA MEXAHIYHI BJJACTUBOCTI HNIAIIMUITHUKOBUX CTAJIEHU

I'yoenko C. L2, n.1.n, Iapycos E. B.!, 1.1.H.

! TncruryT yopHoi meranyprii im. 3.1. Hexkpacosa HAH Ykpainu, m. [ninpo
MIpuaninpoBcbKa JepKaBHA aKkaaeMis OyIiBHHITBA Ta apXiTeKTypHu, M. J{Hinpo

JlocipkeHO BIUTMB THIIB HEMETAJICBUX BKIIIOUEHb Ha PIBEHb 1X AKTUBHOCTI y 3apOKEHHI
KOpPO3IMHUX TMOIIKO/DKEHh Ta MEXaHIYHI BIACTUBOCTI MiJIIMIHUKOBUX CTaleld. 3acTOCOBYBaIU
MIPUCKOPEH1 METOIM KOPO31MHUX BUIIPOOYBaHb, 1110 JO3BOJISIIOTH 32 KOPOTKUN Yac CIPUYMHUTH OYEBHTHE
pyinyBanns ctaneid IX15 ta HIX15CT cremianbHO OTpUMaHUX IUIABOK, MPOTPAMHO 3a0pyTHEHUX
PI3HMMH THITAMHA HEMETAJICBUX BKJIIOYCHH [ 1-5]. BunpoOyBaHHS Ha MaJIOIMKIOBY BTOMY ITPOBOJIMIIN Ha
MOBITPI Ta y KOPO3IHHUX CEpeIOBHIaX. 3aCTOCOBYBAIN NMPUCKOPEHUN METO BUIIPOOYBaHb CXMIBHOCTI
CTaJiell 10 KOPO31MHOTO PO3TPICKYBaHHSA Ha ycTaHOBI «IM-12y». BunpoOyBaHHS Ha BTOMHY MIITHICTh
poBOMIM Ha MamuHi Tury « HY» npu 6a3i N=3'10° uki1iB HapaHTaKeHb.

3a BUMPOOYBaHHSAX Ha MaJONHUKIOBY BToMy N Ha moBiTpi craiert X115 1 HIXI15CT
CIIOCTEPITaeThCsl BIUIMB THUIy HEMETAJEBUX BKIIOYEHb Ha BTOMHI XapaKTEPUCTUKU: HaWHMKYA
BenuuuHa N oTpuMaHa Ajis cTajiei, 3a0pyaHeHUX Cyb(igaMu, OTIM BOHA 30UTBITY€E€THCS 32 HASIBHOCTI1
BIJITIOBITHO KOPYHIY 1 IITIiHeNeH, CUITiKaTiB 1, HapemITi, kapOoHiTpuay TutaHa. Koposiiine cepenoBuiie
MPU3BEJIO 7O CYTTEBOTO 3HM)KEHHSI JOBTOBIYHOCTI CTajiell 3a MAaJIOIUKIOBOi BTOMH, MPOTE THII
BKIJIIOUEHBb CYTTEBO BIUIMBAE HA €W MOKa3HUK. Bu3HaueHO KoeilieHTH BIUIMBY CepeloBUINA c, 110
CTaHOBJIAITH BIIHOIIEHHS JIOBFOBIYHOCTI CTaJIl Ha MOBITPI JI0 aHAJIOTIYHOTO MOKa3HUKA Y KOPO3IHHOMY
cepenoBuili. [TokazaHo, 110 6ibIle BETUYMHA HHOTO KOe]ilieHTa, TO CUIIbHIIIE 3HUKYIOTh HEMETaJeB1
BKJIIOUEHHSI MAaJIOLMKIIOBY JIOBIOBIYHICTh. BcTaHOBIIEHO cmajHUN psija, L0 [OKa3ye CTYIiHb
IIKiJJTUBOTO BIUIMBY BKJIIOUYEHB Ha 3apOJKEHHS Ta PO3BUTOK KOPO31MHUX MOUIKOKEHb: cybdinu (Fe,
Mn)S, FeS-MnS — kopysa i mmineni AlbOz, MgO-Al,O3, MnO-ALO3, (Mn, Mg)O-Cr203 — cunikatu
Si02, MnO" Si0,, FeO-Si10, — kap6onitpuau tutany TiCN.

[IBuakicHi BUNpOOYBaHHS Ui BHU3HAYEHHS CXWJIBHOCTI 70 KOPO3IHHOTO pPO3TPICKYBaHHS
MOKa3ajy, IO MEXaHIYHI BJIACTUBOCTI CTaJIed 3alie)Kalld BiJl TUIy HEMETAJICBUX BKJIIOYCHb 3a
BUNIPOOYBAaHHSAMHU Ha MOBITpi. BunpoOyBaHHS y KOpO3IMHUX CEpelOBHINAX CHPHUSUIN IMEPEPO3MOALTY
BIJIHOCHOTO BIUIMBY THUITy BKJIIOUEHHS HAa MEXaHIYHI BJIIACTUBOCTI MiJAIIMITHUKOBHX cTanel. ['panHuis
MIIHOCTI CTalli o, OIIP BIAPUBY Sk, XapaKTEPUCTUKH TUIACTUYHOCTI J 1 Y HAWOUIBII 3HAYHO 3MEHITUITHCS
JUTS TUTABKY 3 CyJb(iiaMu, 7S 1HIIAX THITIB BKJIFOYCHB 11€ 3MEHIIIEHHS OyJIO0 MEHIII 3HAYHUM.

[TokazaHo Ta OOIPYHTOBAHO HAMIIKIUIMBILIY pOJb CyIbQiIiB y 3HMKEHHI JTOBrOBIYHOCTI Ta
MEXaHIYHUX BJIACTUBOCTEH MIJIMIMITHUKOBHUX CTaJIell B aKTUBHUX CEPEIOBUIIIAX.
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BILJIUB BMICTY BYIJIEIIO B CTAJISAX BEMHITHOI'O KJIACY HA MEXAHIUHI
BJACTHUBOCTI HICJISA HOPMAJII3AIIIL TA BIJIIYCKY

badauenko O. L., 1.1.H., Kononenko I'. A., n.1.H., [logoabcbknii P. B., PhD, Ca¢gponos O. JI.
IncTuryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo

Peiikn yKkpaiHCBKOTO BHPOOHMLTBA 33 TOTOYHOIO TEXHOJIOTIEI0 IOCTYMAIOThCA 3apyOiKHUM
aHajioraM IO MEXaHIYHUM BJIACTHBOCTSM, Ta, SK HACIIIOK, MO EKCIUTyaTalliiHii JOBTOBIYHOCTI.
[IpomyckHa 31aTHICTH peioK, BUpoOJIeHUX B YKpaiHi, cTaHOBUTH (0,5 MIIpA. TOHH OpYyTTO, B TOU Yac sK
aHaJIoT1YHUHN Noka3HUK y Dpaniii, Anonii ctaHoBUTh | MIpa. TOHH OpyTTO, TOOTO B 2 pa3u OLIbIIE.
[Toka3zaHo, 110 MiJBUINEHHS XapaKTEPUCTUK MIITHOCTI CTalli 32 PaxXyHOK pO3pPOOKH HOBOT'O XIMiYHOTO
CKJIaZy Ta TepMIdHOI OOPOOKH MPU3BOAMUTH JI0 MiABUIIICHHS €KCIUTyaTaIlIHHUX XapaKTePUCTHUK.

3 JjiTepaTypHOro aHamizy OyJO BCTAHOBJICHO, IO OCWHITHI CTajli HE MOXYTh YTBOPIOBATH
3HOIIIEHW MOBEPXHEBUM 11ap, 30araueHuit kapOimom. Kpim Toro, ockinpku aedopMariiiftHe 3MIITHEHHS
MOCHJTIOETHCS. IPUCYTHICTIO IpYroi ¢a3u (Takoi sk KapOig), MOXKHA OYiKYBaTH, 110 HU3bKOBYTJIELEBI
OcitHITHI cTami OyayTh AedopMyBaTHCS MEHIIE, HixK TepJiTHI cTami. Haciiakom mporo € te, 1o, Xxo4ya
OelfHITHA CTaJlb MOKE€ MaTH IOYATKOBY OUIBII BHUCOKY OO'€MHY TBEpIICTb, HIX IEpIIITHA CTalb,
OCHHITHO 3arapToBaHa 3HOIICHA TOBEPXHS MOXKe OyTH M'sKkiie, HDK mepiiTHa. Takuii edekt OyB
MOMIYEHHH B 1aOOpaTOpHUX BUNPOOYBAaHHAX HA 3HOLITYBAHHSI.

[Ticns HOpMasTizarii Ta BiIMMyCKy BCTAHOBJICHO, 110 BIAXUJICHHS CEPEIHIX 3HAYEHb TUMYAaCOBOTO
OIopy Micis BIANYCKY YOTHPHOX mocmiguux craneit 3 0,37...0,47 %C (kpok 3MiHH BMICTY BYTJICIIO
0,025%) mae 3meHIeHHs 3Ha4YeHb Ha -15,46, -9,55,-7,94 Ta -2,52% BiANOBiAHO, B MOPIBHSIHHI 31
CepeHIMU 3HAYCHHSIMH MicCIsl HOpMaui3alii. ['paHuils MIMHHOCTI AOCTIAHUX cTajei 1...4, B cBOIO
yepry, Mae 3HadeHHs -16,31, +14,62, -12,42 ta +29,75% BiAnoBiHO, B MOPIBHSIHHI 31 3HAYCHHSIMHU
JOCHITHUX CTayled micis HopMmauizamii. BimHocHe mNOMOBXKEHHS AocHigHMX crajeid 1...4 mae
TiJIBUINICHHS 3Ha4eHb Ha +15,12, +1,68, +24,91 ta +22,18% BianoBigHO, B MOPIBHIHHI 31 CEpEAHIMU
3HAYEHHSMU JOCTITHUX CTaJIed miciisi HopMaizailii. BimHOCHE 3ByXeHHS AOCTiaHuX cTanei 1...4 mae
3HaueHHs Ha +28,73, +18,72, -32,74 Ta +32,15% BiAnOBiHO, B MOPIBHSAHHI 3 JOCTIAHUMHU CTaIsIMU
micIs HopMalizartii.



55
YK 669.162.262:669.131.6.001.5

BILJIUB JIIKBAILIII HA YTBOPEHHSI TPA®ITY Y YABYHAX
bopucenko A. 0., a.1.H., JleBuenko I'. B., 1.T.H.
IncruryT yopHoi Meraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

BunukHeHHs XiMi4HO1, ()a30BOi Ta pi3HOTO PiBHS CTPYKTYPHOI F€TEPOTreHHOCT] B KOHJICHCOBAHUX
CepeloBHINAX — aKTyalbHa HayKoBa mpobiema Teopii (a30BHX Ta CTPYKTYpHHUX IEPETBOPEHb NPHU
KpHUCTaJIi3allii Ta y TBEpIOMY CTaHI METaJeBUX CIUIABIB, BUPIIIICHHS SKOi HEOOX1HE JIJIs1 CIPSIMOBAHOTO
¢dopmyBaHHS iX BiaacTuBOCTell. Pi3HOrO pojay reTeporeHHicTh BUXITHUX (a3 METAIEBUX CIUIABIB MPHU
HACTYITHHX TEPETBOPEHHSX IEpeIBU3HAYAE 3aKOHOMIpHE YTBOPEHHS KIHIIEBOI MIKPOCTPYKTYpH 3
BJIACTUBOIO il TE€TEPOTreHHICTIO XIMIYHOTO CKJIay, BHJIOM Ta PO3MOAUIOM JAe(eKTiB KpPHCTaTiuyHOi
Oy[10BH, BHYTPIIIHIX HAIMPY>KCHb Ta IHIIWX CKJIAJIOBUX BHYTPINTHLOI OyJOBU Ta CTaHy PEUOBHH, IO
BIUIMBAIOTh Ha iX BIacTUBOCTI. OYEBHUIHO, 1110 B JINBAPHUX CIUIABAX, CEPe AKUX Cipl YaBYHU 3aiiMalOTh
BOKJIMBE MICIIE, CIIAJIKOBUM BIUIMB BUX1IHOI ()a30BOi reTEpPOreHHOCTI Ha IXHIO KiHIIEBY CTPYKTYpY Ta
BJIACTUBOCTI Ma€ OyTH HalOUIBII BUPAKECHHUM.

[IpencraBneni pe3yiabTaTH aHATIITUYHUX JOCHIKEHb 3B'SI3KY XIMIYHOI HEOJHOPIAHOCTI CIpHX
YaBYHIB 13 CTPYKTYpOIO Tpadiry.

Jlnsi BU3HAYEHHS 3HAYEHb XIMIYHOI HEOJHOPITHOCTI IO OOYMOBJIGHA JIIKBAIlI€l0 TIPH
KpHUCTadi3alii MeTaJeBUX CIUIaBiB, HEOOXIJHO BUKOPUCTOBYBaTH HE pO3PAaXyHKOBI 3HAYCHHS
koe(irieHTiB JiKBalii Ha MiJACTaBl TEPMOJWHAMIYHMX PO3PaxyHKIB YW aHaANI3y JiarpaM CTaHy, a
eKCIIepUMEHTaNIbHI J1aHl, OTpUMaHi MeTajorpagiuHuMu MeTofamu aHamiizy. CTymiHb Ta HaImpSIMOK
JKBAIlii 3aJI€KaTh BiJ CKJIaAy CIUIaBy Ta YMOB KpucTtaiizarii. HaltOinpImmii BIJIMB HA CTYIHB JIIKBAIi
Ma€ BMICT BYTJICI[IO, 301JIbIIEHHS SIKOTO IPU3BOAMTE J0 3POCTAHHS JIIKBalii O1IBIIOCT] €JIeMEHTIB.

Kpucranizanis BucokoByrieneBux 4daByHiB (Ounbme 2,8-3,0% C) mpu3BOAUTH 10 3BOPOTHOI
JKBaIii 3 KOHIICHTPAIIEI0 KPEMHII0 B THX TUISTHKAX ayCTEHITY, sIKi paHillle BUAUISIOTHCS 3 PiIWHH,
TOOTO B JCHAPUTAX TMEPBUHHOTO AYCTEHITY Ta B IEHTPAJbHHUX IISHKAX €BTEKTUYHUX KOJOHIN. Y
manoByriieneBux (1,5-2,0% C) kpeMHIHBMICHUX 4YaByHax JIIKBallis KPEMHIIO INpsiMa: y CEpLEBHHI
JNEHIAPUTHHX T1JI0K KPEMHIIO MEHIIE, HXK Y MaTpuIll rpadiTHOT eBTEKTHKHU Ta Ha niepudepii KomoHiH. Y
MAJIOBYTJICHICBUX YaBYHaxX JIIKBallisl KPEMHII0O B EBTEKTHMYHHX KOJOHISIX IOPIBHAHO HEBENWKa 1
BUSIBIISIETHCS CKIIAJIHIIIE, HIXK Y BUCOKOBYTJICIICBIX YaByHAX.

VYTBOpeHHs rpadiTy BiIOyBa€eThCA y JIKBAIMHUX TUISTHKAX, 30araueHNX KPEMHIEM Ta BYTJICHIEM.
[Tpuuman rpadiTH3yrO4oi Aii B JIKBAIIMHUX AUISHKAX OJHUX XIMIYHHX €JIEMEHTIB Ta BiJICYTHICTh
TaKOro e(eKTy B IHIIUX XIMIYHUX €JIEMEHTIB 3aIMIIAI0ThCA HE 3'sICOBAaHMMHU Ta BUMAraloTh IMOAaIbIINX
IIOCIIIKEHb.

Haii0inpi nommpeni y ckiazi cipux 4aByHiB serytoui enementu: Ni, Cr, Mo, Cu, Al He cyTTeBO
BIUIMBAIOTh Ha OYyJIOBY TrpadiTy Ta €BTEKTHYHHUX KOJOHIM. OCHOBHE BIUIMB ITUX €JIEMEHTIB TOJIATAE B
peryJoBaHHI CTPYKTYpU METaJIeBOi MaTpulli B TBepaoMy ctaHi. Mn, Cr, Mo Ta As CXUJIbHI 10 IPsAMOi
JikBalii, ToOTO BOHU 30arauytoTh nepudepiitHi TUISHKA TSHIPUTHUX TUIOK Ta €BTEKTUYHUX KOJIOHIM.
Ni, Cu i Al moaibHO 10 KPEMHIIO CXUJIBHI O 3BOPOTHOI JIKBAIIil 3 KOHIICHTPAIIIEI0 B CEPEINHI TJIOK 1
€BTEKTUYHHUX KOJIOHIH. [TosicHeHHs MpUYXH BIACYTHOCTI JIii IIMX €JIEMEHTIB, 3a CHUJIOK0 TTOPIBHSHHOTO 3
Ji€I0 KPEMHII0 Ta CIpKHM, Ha YTBOpPEHHs rpadiTy Npu ICHYBaHHI TNPHHIMIIOBO OJHAKOBUX
3aKOHOMIPHOCTEH iX JIIKBAIlii BIJICYTHE.

BrnuBaroun Ha (a3oBO-KOHIEHTPALIHY HEOJHOPIIHICT CIPUX YaBYHIB, II0 KPUCTAI3YIOTHCS,
4yepe3 CIpsSMOBaHY 3MiHY XIMIYHOTO CKJIaay, 0OpoOKy po3IIaBy Ta YMOBH HOTO KpHUCTaJli3allii MOXKHA
KepyBaTH CTPYKTYpPOIO rpadiTy 1 METajaeBoi MaTpHULli 3 METOIO JOCATHEHHsI HEOOX1THUX BIACTMBOCTEH
BUJIMBKIB.
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BILJIUB PEXKUMIB JE®OPMAIIIL HA ®OPMYBAHHSA CHENIAJIBHUX T'PAHUILLL B
CTPYKTYPI YJIbTPAHU3LKOBYIJIEHEBOI CTAJII

Kos3seas M.A.! k.T.H., KoToBa T.B.2, K.T.H.

UTninponerpoBcbKuii HAYKOBO-TO0CTIIHAI iHCTHTYT CYI0BHX €KCIIEPTH3
MinicrepcrBa FOcTuuii Ykpainu, m. JIninpo
2YKkpaiHChbKuil 1ep:KaBHUI YHIBEPCHTET HAYKH i TeXHOJIOTIii, M. J{Hinpo

AKTyalbHOIO TPOOJIEMOIO B IIHCHHI Yac € OKpAIEeHHs IKICHUX XapaKTEPUCTHK Ta 3AaTHOCTI J10
rTMOOKOT BUTSDKKM — TOHKOJIMCTOBOTO TPOKATy 3  YJIBTPAHWU3BKOBYIJICHIEBUX — CTaled, SKHUA
BUKOPHUCTOBYETHCS JJIi BUTOTOBJICHHS METOJOM XOJOIHOI IITAMIOBKH JeTalieil KOHCTPYKLIH B
aBromMoOiie- Ta MammHOOyayBaHHI [1]. IlepcriekTHBHMUM € METOA MiABUINCHHS KOMILIEKCY
BJIACTUBOCTEH METAIONPOAYKINI 3 MOJIKPUCTATIYHUX MaTepialiB — MPUHIUI 3€pHOTPAHUYHOTO
KOHCTpYyIOBaHHS. Bkazanuii MeToj mossrae B po3po0JeHHI TeMIiepaTypHO-a1eQopMaifHIX PEXUMIB,
AKl CHOpUAIOTH (OPMYBAHHIO CTPYKTYPH 3 MAaKCHMAaJbHO MOXKIIMBOIO KUIBKICTIO —CIEIiaJIbHUX
HU3HKOEHEPreTHYHMX IPAHMIb 3€peH THITy 2, 3", Ta 0a3y€eThesl Ha KOHIIEMIIT PENITOK CIiBIaal0unX
BY31iB [2].

[IpencraBnsie HayKOBUI iHTEpeC BH3HAYCHHS B3a€MO3B’SI3KYy MK pEXHMaMH TEMIIEPaTypHO-
nedopmaritHux oO0poOOK, MUTOMOIO MOBEPXHEIO CIEMiaIbHUX TPaHMIb 3€peH cimeiicTBa X3" Ta
MiABUIIEHHSIM BJIACTUBOCTEH HU3BKOJIETOBAHMX 1 BHUCOKOJIETOBAaHUX CTajiel. Brmepiie BcTaHOBICHO
HasBHICTH CIEI[laIbHUX TPaHHLb 3€peH y (PepuTi 3 00’€MHOIEHTPOBAHOIO KYOIYHOIO KPHCTAIIYHOIO
PENITKOI0 HU3bKOJIErOBaHUX (PEPUTHO-TIEPIIITHUX CTaeH [3].

B nawniit po6oti 3a gonomoroto EBSD—anani3zy BU3HAYEHO BMICT CIIELiaTbHUX I'paHUllb X3 60°
<111> B ctpykrypi ctam 01FOT, nedopmoBaHOi B ayCTeHITHINA Ta GEepUTHINA 00JACTAX TEeMIEpaTyp 3
OXOJIO/DKEHHSIM Ha MOBITpi. BcTaHOBIEHO, 110 BMICT crieriaibHuX rpanuilb X3 60° <111> B cTpykTypi
crami 01FOT pocsarae makcumanbHOro 3HaueHHsA 13,2% micns mpokaTKu B ayCTEHITHIM oOmacti 13
crynereM nedopmarii 32,3%. 30iabIeHHS BMICTY ClieLialIbHUX ITpaHullb X3 60° <111> B cTpykTypi
cTai, 00po0JIeHOi 3a oauH Tpoxia npu TemmepaTtypi 970-980°C, B 3piBHsAHHI 3 AedopMalli€ro 3a aBa
IPOXOAM Ta 3aKiHYEHHSIM MpoKaTku B (eputHiit obmacti nmpu temnepatypi 730-740°C (ctymiHb
nedopmariii 62,9%), cripuse maBUIICHHIO 3AaTHOCTI 10 TIMOOKOT BUTSKKU rapsiaekaranoi craiai 011OT.
Bu3HaueHHs pallioHaNbHUX TeMIepaTypHoO-AehOopMaIlifHUX pEeXUMIB  JI03BOJIUTH  KepyBaTu
BJIACTUBOCTSAMH METAJIONPOKATY IUIIXOM TMIIBUINEHHS BMICTY CHEIIaJbHUX TPAaHUIbP B CTPYKTYpI
YIIBTPAHU3bKOBYTJICLIEBOI CTaJl JUIs OTPUMAHHS SKICHOTO TOHKOTO JIUCTA, 3/JaTHOTO 10 TIMOOKOi
BUTSIKKH.
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BIIJIUB TEMIIEPATYPU T'APTYBAHHS HA CTPYKTYPOYTBOPEHHS
JIETOBAHOI CTAJII

Jlyuenko B. A., a.1.H., 'oay6enko T. M., k.T.H., JIynenko O. B., K.T.H.
IncruryT yopHoi meraayprii im. 3. I. HekpacoBa HAH Yxkpainu, m. /{Hinpo

OcCHOBHI MeXaHI4Hi BIACTUBOCTI METATOBUPOOH 3 JIETOBAHOI CTali HA0yBAIOTh MICHISI TEPMIYHOTO
o0pobnenns. [lopymieHHs TeMIepaTypHO-4acOBOTO PEeXUMy OOpOoOKM Ta HaAMIpHE HarpiBaHHS
METaJIOBUPOOIB YacTO MPHU3BOAUTH 1O OTPUMAHHS MPOAYKLIi 31 3MIHOIO pPO3MipYy IOYAaTKOBHX
ayCTeHITHUX 3epeH. B momanbpimomy 3miHa po3Mipy ayCTEHITHHX 3€peH MOXKE BiT0OpasHTHCh Ha
MapTEHCUTHINA CTPYKTYpi, Ky OTPUMYIOTH IpH KiHIEBii TepmiuHiii oOpobui. 3mina mMopdoorii
MapTEHCUTY BIUTMBAE HA 3HUKEHHS MEXaHIYHUX BJIACTUBOCTEH: yIapHOT B'I3KOCTI, TpaHUIll TUTMHHOCTI,
TBeprocTi Tomo. Tomy OynuM mpoBeeHi MJOCHIHKEHHS BIUIMBY 30UIBLICHHS TeMIEpaTypH
ayCTEHITH3allll Ha MapTEeHCUTHY CTPyKTypy ctajii 31CrMoV9. ¥V Hopmaii3oBaHOMY CTaH1 CTPYKTypa
JIAHO1 CTalli CKIIAA€Thes 3 OCHHITY Ta MApTEHCUTY.

JIyist mocmiaHOI cTaii XapakTepHUM € Te, 110 31 30UIbineHHsM Temneparypu 3 850°C mo 1050°C
IIpU HOpMai3alii 3pocTae KiTbKiCTh MapTEHCHUTY B CTPYKTYPi 3 ~10 10 ~50% BinnosinHo. B ocHoBHOMY
B1IOyBa€eThCs 301IBIICHHS 3arajibHOl IUIOINII, 3aHATOI MapTEHCHTOM, 0e3 3MiHM Horo mopdosorii.
[Ticna narpiBanus o temneparyp 850°C, 950°C 1 1050°C, rapTyBaHHs Ta BIIIIYCKY, CTPYKTypa CTali
31CrMoV9 cknagaeThes 3 BIAMYIIEHOTO MAPTEHCHUTY 1 3QJIMIIKOBOTO ayCTEHITY.

B Mipy 30inb1eHHS TeMIepaTypy BUXITHUH cepeHiil TiaMeTp 3epeH ayCTeHITy 30UIbIIY€eThCS, a
TaKOXX 30UTBIIYIOTHCS PO3MIPH OJIOKIB 1 MAKETIB y MapTEeHCUTi. PO3Mip TOJIOK MapTEHCUTY MiCIs
3arapTyBaHHs Bi TemnepaTtypu 850°C Mae 3HaueHHs B cepeHboMy 4 MKM, BiJ 950°C — 10 MkM, Ta 11s
raptyBanHs Bix 1050°C — 18 Mxm. Po3mip aycTeHITHOTO 3epHa BITUBAE€ HA MAPTEHCUTHE MIEPETBOPEHHS
3a paXyHOK 3MiHH LIUIBHOCTI 3apOJIKiB 1 cTabii3alii aycTeHITHOI (a3 B Mipy pO3BUTKY EPETBOPECHHS.
3 MiABUIIECHHSIM TEMIIEpaTypyd TapTyBaHHS TaKOX CIIOCTEPIraeThCcsl 301TBIIEHHS MIKPOTBEPIOCTI
JKBaliMHUX AUISTHOK, IPU I[bOMY 3arajbHa CepeiHs MiKpOTBEpIICTh cTalli 3HMKYyeThesa 3 4060 MIla
npu HarpiBy 850°C, 3960 MIIa — npu 950°C, mo 3894 MIIa mnsa 1050°C. Taka 3MiHa MiKpOTBEPAOCTI,
HMOBIpHO, OB’ s13aHa 31 30UIBIIEHHSIM KUIBKOCTI 3aIMIIIKOBOTO ayCTEHITY, 00 MiIBUIIICHHS TeMIIepaTypu
3arapTyBaHHS IABUIIY€E KUIBKICTh Ta CTYIIIHb METAaCTaOUTHHOCTI 3JIMIIIKOBOTO ayCTEHITY, 30aradyeHHs
fioro ByrjemeM 1 JETyIOUMMH €JIEMEHTaMH, 10 OOYMOBIIOE 3HM)KEHHS TeMIlepaTryp IOYaTKy
MapTEHCUTHOTO TEPETBOPEHHS 1, SK HACTIAOK, 30LTBIIEHHS KITBKOCTI 3aIMIIKOBOTO aycTeHiTy. [Ipu
raptyBanHi BiJ 1050°C crioctepiraerbcs HAWMMPIINI IHTEPBAI Mi’K MiHIMAaIbHUMHU Ta MAaKCUMAJIbHUMU
3HAQYEHHSIMHU MIKPOTBEPJIOCTI, 0 B MOJAJBIIOMY MOKE€ HETaTHBHO BiJOOPA3UTHCS Ha BIIACTUBOCTSX
crani 31CrMoV9. ToMy 11 AOCIHIITHOT CTajl peKOMEHA0BAaHO PU3HAYATH TEMIIEPATY Py 3arapTyBaHHs
850°C, 1m0 1acTh 3MOry JOJAATKOBO EKOHOMUTH PECYPCH.
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BIIJIMB TOHKOILIIBKOBOI KOPO3II HA KOPO3IMHO-MEXAHIYHY MOBEJIHKY
TPYBHOI CTAJII 10125 B YMOBAX KATOJHOTI'O 3AXUCTY

Hupxkosa JLI., 1.T.H., Ocaguyk C.O., K.T.H., ['oH4apenko JI.B., bparoukin O.B.
Incruryt enexkrpo3BapwBanns im. E.O. Ilatona HAH Ykpainu, m. Kuis

OgauM 3 HaWBAaroMmilMX YMHHUKIB KOPO3IMHOTO PO3TPICKYBaHHS TPYOOIIPOBOJIB Yy BOJIOTOMY
IPYHTI € KOpO3is B TOHKHUX IIapax eJEeKTPOJITY Mij BIIIIAPOBAHUM 3aXMCHUM MOKpUBOM. [lepebir mux
MPOIIECIB MOXKE CTaTU MPUIMHOIO aBapiii Ha MariCTPaJIbHUX Ta30MPOBOAX.

[IpoBeneHO enekTpoXiMiyHI Ta KOPO3iMHO-MEXaHIYHI JOCHIHKEHHS HHU3bKOJIETOBAHOI TPYOHOI
cram 10[2Db B ymoBax, 110 MOJIETIOIOTH TOHKOIUTIBKOBY KOPO3ii0 y cepenoBuiax 3 pH 6au3bkum 10
HeirpanbHoro (po3unH NS4 cknany: 0,122 r/n KCl1 + 0,483 r/n NaHCO3 + 0,181 r/n CaClx+ 0,131 r/n
MgSO4, pH 8,3). JlocmimkeHHS KOpPO3IMHOTO PO3TPICKYBAaHHS MPOBOJIWIM 3a IEPIOAUIHOTO
3MouyBaHHSA po3dyrHOM NS4 (50 xB y po3uuHi Ta 10 XB y OBITpi) Ta y IpyHTOBOMY Ce€peOBHUIII (TTICKY,
3modyeHoMy NS4 1o Bosorocti 20 %) 3a minimanbHoro -0,750 B ta makcumansnoro -1,050 B 3axucHux
noTeHmianis, mo Hopmyotbes ACTY 4219.

3a pe3yJbTaTaMu eJIEKTPOXIMIYHUX JOCTIHPKEHh BCTAHOBJICHO: TIOTEHINIAJI KOPO3ii CTalll y pO34YHHI
NS4 cranoBurts -0,780 MB, y rpynToBOMY cepenosuii -0,744 B; anonni Haxunu nopiHio0Th 0,036 Ta
0,029 B, rpannuHmii audysiitauii cTpym BigHOBIeHHs kucHo 0,128 Ta 0,071 A/M2, BigmoBimHO.
[ToTenmian BiAHOBIEHHS BOJHIO CTaHOBUTH -0,98 B nmns po3umny NS4 Ta -1,23 B mist rpyHTOBOTO
cepenoBuia. EnekTpoxiMiuHi JaH1 3aI0BIJILHO KOPEIOOTH 13 pe3yJbTaTaMyd BU3HAYCHHS IITBUIKOCTI
KOpO3ii, Ka y IpyHTOBOMY CEpEIOBHUIII HIKYa, HDK Y po3unHi — 0,029 ta 0,036 MM/pik, BiAMOBIAHO.
Taka pi3HHULA OOyMOBJ€Ha YTPYIHEHHSM JIOCTAaBISIHHSA KHUCHIO JI0 TOBEpPXHi, IO KOpOIye, Ta
BiJIBEJICHHSM MPOAYKTiB KOPO3ii.

PesynbTaTi KOpO3iifHO-MeXaHIYHMX BUTIPOOYBaHb 3 MaNol0 MIBHIKICTIO Aedopmaii 10 ¢! 3a
MiHIMaJIbHOTO 3axucHOro noreHiany -0,750 B y NS4 ta rpyHTOBOMY CepeioBuILI IPOAEMOHCTPYBAIN
MEPEBAYKHO B’sI3KE PyHHYBaHHS 3pa3KiB 3 BIIMIHHOCTSMH CXUJIBHOCTI 10 KOPO31MHOTO PO3TPICKyBaHHS,
omiHeHoi 3a koedimieaTom Ks (BiqHOLIEHHS BITHOCHOTO 3BYKEHHS 3pa3KiB y MOBITP1 Yy 10 BIIHOCHOTO
3BYKEHHS y pO3uuHi ;) nopiBHioBaiu 1,03 ta 1,0, BinnosinHo. @pakrorpadis penbedy BkazyBaja Ha
B’S3KMI XapakTep pyiWHyBaHHS K y NS4, Tak 1 rpyHTOBOMY cepenoBuil. CTpyKTypa CKJIaJOBHX
MOBEPXHI 371aMy YTBOPHMJIACS 3a PaxyHOK 00’ €HaHHs IpiOHUX mop y ¢parMenTi i gedopmariii 3cyBy y
IJTACTUYHIN 00J1aCT1 Ta MaJIO BiZIpi3HsUIACS Bif 371aMy 3pa3ka, 3pyHHOBAHOTO Ha MOBITPI.

PyitnyBannus y NS4 3a mMakcuManbHOTo 3axucHoro moteHuiany -1,050 B mano mepeBaxHO
KpUXKHi Xapaktep. Bimmiueno 3pocranss Ks g0 1,15. YV rpyHTOBOMY cepeloBHIII BUSBICHO MEHIITY
IUTAaCTUUHY JedopMalliio 3pa3ka, HIX 3a MIHIMAIbHOTO 3aXMCHOro, Ta 3poctaHHs Ks mo 1,24.
®pakrorpadiunuii aHami3 3mamy y NS4 mokazaB 3MillIaHUNA XapakTep pyHHYBaHHS: TOPS 3 IPIOHUMEU
SMKaM{ BHUSBJICHI €JIEMEHTH KPUXKOro pyHHyBaHHS — (PaceTKu CKOJy BHYTPILIHHO3EPEHHOTO
pyiiHYBaHHs (MaKCUMaJILHOTO AiaMeTpa npuonau3Ho 30 MkM), OO0k sstMkH (iameTpoM pudauzHo 20
MKM) Ta JApiOHIII SIMKH BiJl MDK3€PEHHOTO pyWHYBaHHS Ha JIHI SKUX HPOSBIAEThCS KapOigHa Qasa.
YacTka SIMKOBOT'O B’SI3KOTO pyHHYBaHHsI 3HQYHO MEHIIIA y TOPIBHSHHI 3 KPUXKUM PYWHYBaHHSIM. Y
IPYHTOBOMY CEpEIOBHILI Ha TOBEPXHI pyHHYBaHHS BiJ3HAYEHO 3MiHY CTaHy METaly B OKpEMHUX
JIOKAJBHUX 30HAaX JiaMmeTpoM npubau3Ho 110 MKM, SKi KPYIHIII HIX Ti, 0 YTBOPHJIUCS HAa TTOBEPXHI
pyHHYBaHHS 3pa3Ka IiJ] yac BUIIPoOyBaHb y po3unHi NS4. 3po0seHo MpHITyIIeHHS, IO 11 € HACIIiIKOM
BHOIPKOBOTO MPOHUKHEHHS BOJAHIO y METAJ.

TakuM YMHOM MeXaHi3M pyHHYBaHHS BiJ B’S3KOr0 32 MiHIMaJIbHOTO 3aXHCHOTO IMOTEHIiAIy
(-0,750 B) 3miHIOETHCS 32 MAKCUMAILHOTO 3aXMCHOTO moTeHmiany (-1,050 B) B O11b110CT1, HA KPUXKHUH.
BusiBneHO mMigBUIIEHHS CXWJIBHOCTI O KOPO3IMHOrO pO3TPICKYBaHHS B HOPMOBAaHOMY [iara3oHi
3aXMCHHUX MOTEHINATIB B YMOBaX TOHKOIUTIBKOBOI KOpo3ii, omiHeHoi 3a koedimienToM Ks, Big 1,03 Ta
1,00 mo 1,15 ta 1,24 BinnmoBigHo y NS4 Ta IpyHTOBOMY CEpPEIOBHIIII.
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JOCJAILIXKEHHA KOPO3IMHOI'O PO3TPICKYBAHHA 3BAPHUX 3°€THAHD JIJIs1
I'ABOHA®TOINNPOBIIHUX TPYDb B HEUTPAJIbHOMY CEPEJOBHUIII 3A KATOJHOT'O
3AXUCTY

Hupxosa JL.La.1.1., Jicoscbknii ¥O.I., ®aiinéepr JI.M., I'onuapenxo JI.B.

IncTuryT enexrposBapoBanni im. E.O. Ilatona HAH Ykpaiaun, m. Kuis

JlocnipkeHo Kopo3iiiHe po3TpiCKyBaHHS 3BapHMX 3’€HAHb 3 HU3bKOJETOBaHOI TpyOHOI craii
10I"2®5 kareropii mirtHoCcTi X70. OAHOCTOPOHHI KOHTPOJIBHI IIIBY 3BaproBaiu Ha anapari A 909 M mo
V-00pa3zHiii po3po01ii kpoMok po3mipom 90°x4 mm. 3BaproBaHHsl BUKOHYBanH mia ¢uirocom OK 10-74
nporamu CB-O8I'THMA Tta S3Mo-TiB nHa pexumi: [=850-890 A; U=38 B; V=25 w/rox;
V=110 M/rox (IIBUAKICTE MOAAY1 3BAPIOBATBHOTO APOTY). 3aBISKH 3aCTOCYBAaHHIO 3a3HAYCHUX JIPOTIB
OTPUMAaHO 3BapHi 3’ €HAHHS 3 MiJIBUIICHUMHU B I3KMMHU BJIACTUBOCTSAMU: yJIapHa B’ A3KICTh METAITy 1B
3a Temneparypu -20°C cranoBuia 199 ta 150 JIx,cM?, mo BuIle, HiX A8 ocHoBHOro mertany (128,3
Jlx/cm?).

MiKpOCTpyKTypa OCHOBHOT'O METally € CyMIiIIIIo (epuTy i MepiiTy 3 o3HaKamu Jedopmarii,
po3Mip (hepuTHOTO 3epHa CTaHOBUTH Big 6 MkM 10 11 MM 3rimHo 3 JICTY 8972. B crpykTypi miBa,
BukoHaHoro japorom CB-08I'IHMA, e cymim romuactoro deputy (65-70%), napiGHOTO
BHYTPIIITHRO3E€PEHHOTO TMOJITOHAILHOTO (PeputTy po3mipoM 70 12 MKM, MI>K3EpEHHOTO MOJIITOHATHLHOTO
depury Ta OeliHITI yTBOpeHHS. BiAMiHHOIO 03HAKOK MIBa, BUKOHAHOTO ApoToM S3MoTiB, € Ginbim
TOHKI MDK3EPEHHI MPOIIApPKUA TMOJIrOHAIBHOTO (GepuTy Ta Oiibllla YacTKa rodactoro Qepury —
npubmuzno 80 %.

EnextpoximiuHi Ta KOpO3iiHO-MEXaH1uHI JOCIIHKEHHS TPOBOIUIIN Y MOJICTEHOMY IPYHTOBOMY
enektpoiniti NS4 (cknax y r/m: 0,122 KCI + 0,483 NaHCO3 + 0,181 CaCly+ 0,131 MgSQy4). CrarionapHi
3HAQYCHHS  TOTEHIIATiB  KOpO3ii  CTaHOBWJIM: 0,699 B gma cram 10I'2dF  Ta
-0,716 Ta -0,628 B nns metany mBiB, BukoHaHuX Aporamu CB-08'1THMA ta S3MoTiB. To6to metan
mBa S3MoTiB MeHm Kopo3iitHO-akTMBHUK HIK OCHOBHHHN Metaini, mBa CB-08I'ITHMA — Oinbm
KOpO3iiHO-aKTUBHHHA, ajie pi3Huus noreHmianiB crtaii 101206 ra mBa C-08I'THMA cranoButs 0,017,
110 HE MEPEBUINYE TOMYCTUMY HOPMAaTUBHUMU JIOKyMEHTaMu pi3Huio noteHianis 0,05 B. Haxunu
aHogHUX KpuBux gopiBHOBa# 0,052 B mus crani 10I'®b Ta 0,050 ta 0,115 B ans 3BapHUX MIBIB.

Kopo3iitHo-MexaH14H1 BUIPOOyBaHHS 3BapHOTO 3’ €JHAHHS MPOBEICHO 3a MiHIMaasHOTO -0,75 B
Ta MakKCUMaIbLHOTO -1,05 B 3axucHuX moTeHIianis (BIIHOCHO XJIOPUACPIOHOTO €NEKTPO Ty TIOPIBHSHHS).
CXUIBHICTB 10 KOPO31HHOTO PO3TPICKYBAHHS CTal Ta 3BAPHOTO 3’ € THAHHS OI[IHIOBAJIH 33 KOS(PII[IEHTOM
Ks (BiaHOIIEHHS BIAHOCHOTO 3BYKEHHSI 3pa3KiB y MOBITP1 Yy 10 BITHOCHOTO 3BYXKEHHS y PO3UHHI p).
3 anamizy jniarpaM pyHHYBaHHS BCTaHOBWJIM, L0 DPO3PHB 3pa3KiB 3BapHUX 3’€lHAHb y MOBITPI
B110yBa€THCS 32 MEHIIIOTO BIITHOCHOTO MOJOBKEHHS TIOPIBHSIHO 3 OCHOBHHM METaJIoM. B KOpo3uBHOMY
CepeIOBUILI 3a KaTOAHOI MOJSIpU3allii CIOCTEPIraeThbCsi NMPUCKOPEHHS MpOLEeCY pyHHYBaHHS, SK
OCHOBHOT'O METally, TaK 1 3BapHOTO 3’ €JHAHHS, IPUYOMY CKOPOUYY€EThCS TPUBATICThH LILOTO MPOIIECy, a
PO3pHUB BiI0OYBAETHCS 32 MEHIIIOTO BiIHOCHOTO TTOIOBKCHHSI.

Ak y moBiTpi, Tak 1 Yy KOPO3UBHOMY CEPEIOBHIII, PO3PUB 3BAPHUX 3’€IHAHD BIIOYBAETHCS IO
OCHOBHOMY MeTally, HE TOPKAl4MCh 3BapHOro mmBa. JliHig pylHHYBaHHS 3pa3KiB 3BapHOTO 3’€IHAHHS
MPOXOAUTH HA BiJICTaHI 5-5,8 MM Bif JIiHI{ CIIJIaBJIEHHS, IO I[IJTKOM 3aKOHOMIPHO, OCKUIBKH IIIOB Ma€
ORI BUCOKY MIIIHICTh y TMOPIBHSHHI 3 OCHOBHUM METAJIOM: TBEPJIICTh OCHOBHOT'O METay CTAHOBUTh
(190-200) HVs, metany mBa (210-225) HVs.

TakuMm ymHOM, TIpW 3pocTaHHI 3axucHoro moreHmiany Bix -0,750 B go -1,050 B BusBneni
BIZIMIHHOCT1 KOPO31MHO-MEXaHIYHUX BJIIACTHBOCTEH MOCII/DKCHUX 3BapHHUX 3’ €HAHB. CXWJIBHICTH JI0
KOPO3IMHOTO pO3TPiCKYBaHHS 3a KAaTOAHOTO 3aXMCTy, olliHeHa 3a koedimienrom Ks, mis 3BapHOTO
3’eqHanHs, BUKoHaHOTO napoTtoM CB-08I'THMA 3poctae intencusHime (Big 1,1 mo 1,35), Hixk mms
3BapHOTO 3’€THaHHA, BUKOHaHOTO npoToM S3MoTiB (Bix 1,17 no 1,28).
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JTOCJIIXKEHHA OCOBJIMBOCTEN MIKPOCTPYKTYPH CTAJII 316 L,
BUT'OTOBJIEHOI 3A TEXHOJIOT'IEIO CEJJEKTUBHOTI'O JIASEPHOI'O ILIABJIEHHSA

Amxamenkuii C. B.12, PhD, Kononenko I'. A.13, 1 .T.H.,
Momoancwbkuii P. B.13, PhD, Cadponosa O. A3, llInak O. A3

ITOB «AnuTHBHI J1a3epHi TexHoJ0rii YKpainm», m. Jlninpo,
2IncTuTyT TPAaHCHOPTHUX cucTeM i Texnosoriii HAH Ykpainu, m [{inpo,
3 InctuTyT yopHoi MeTaayprii im. 3.1. Hekpacosa HAH Ykpainu, m. JIninpo

Kopo3iifHOCTilKI CIIJIaBU Ta CTall 3HAXOATh MIMPOKE 3aCTOCYBAHHS Y MEIUYHIN, XIMIUHIH, Xap4OBiit
raiysi, aBToM0oO11e0yyBaHHi, a TAKOXK B aepoKOCMiuHii TexHimi. CydyacHa TEXHOJIOTisI CEIEKTUBHOTO
nazepHoro taBieHHs (CJIII-rexHosorisl) Hamae MOAaTKOBI MOXKJIMBOCTI IIOAO peami3allii CKIaJaHOoi
reomMeTpii Ta MPOEKTYBaHHS MeTajoBHUPOOiB. Bimomo, mo cnocié BUPOOHMIITBA CYTTEBO BILTMBAE HA
MIKPOCTPYKTYpY, fKa BU3HAUa€ KOMILIEKC MEXaHIYHUX Ta E€KCIUTyaTallilifHUX BJIACTUBOCTEH. MeToro
po6oTu Oyno AOCIIIUTH OCOOIMBOCTI CTPYKTYPHOTO CTaHy HeipkaBkoi crani 316 L, mo dpopmyeTbes
nipu BurotosiieHHi 3a CJIII-texHomoriero.

3 MIKPOCTPYKTYPHHUX JOCTIIKE€Hb BCTAHOBIIEHO, 110 CTalh CKIIAJAEThCS MEPEBAKHO 3 ayCTEHITY, B
TONEPEYHOMy Ta MOB3JI0BXKHBEOMY TIepepi3i cepefHs MIiKpOTBepIicTh — 268 Kr/MM?, BCTaHOBJIEHO
HasIBHICTh HEBEJIMKOI KUIBKOCTI MOp po3MipoM 1 — 7 MKM Ta rapsuux MikpoTpinmH. [Ipu qociimkenHi
MIKPOCTPYKTYpH IICJII TPaBIEHHS 3a JOMOMOTOI peakTuBy MepOmi Oyio BHSBICHO TpaHUIl
NEPBUHHUX AayCTEHITHUX 3€peH Ta BCTAHOBJICHO HAINpaBJICHICTh ()OPMYBaHHS IMEPBHHHOTO 3€pHA
AyCTEHITY Y BUTJISIII AYTomoi0HOI CTPYKTYpH BaHHHU PO3ILIABY, IO XapaKTepHa IMOBTOPIOBAIILHOMY
rayCiBCbKOMY PO3IOJILTY €Heprii 1a3epy npu nporuiaBienHi. Ciiji 3a3HauuTH, 110 PH TPABJICHHI JaHUM
peaKkTHBOM He OyJI0 BUSIBICHO JBIMHUKIB MIEPBUHHOTO ayCTEHITHOTO 3€PHA.

[Tpu mocnimkeHHI MIKPOCTPYKTYPH 3pa3KiB Micis TpaBieHHA peakTuBoM KatiHra Oyso BHSBIIEHO
HETHUIIOBY PI3HOOIYHO OpPIEHTOBAHY BHYTPIIIHHO3EPEHY CYOCTPYKTYPY, sIKa MEPEBAKHO 3HAXOIUTHCS B
o0iacTi MpPOCTOpYy MK BEpXiBKaMU TPEKIiB HACTYITHOrO MIapy B JUISHII TEPEKPUTTS TPEKiB
MONEPETHHOTO MIapy. MIKpPOTBEpPIAICTh B 00JIaCTI 3a3HAYEHOI BUIIE CTPYKTYPH B3JIOBXK HAIPIMKY
no6ymoBu ckmagae 239...251 kr/Mm?, a HpU KOHTPOIi B IONEPEYHOMy Mepepi3i JaHOl MiMSHKH
TBEpICTh ckimanana 286...317 KI/MM?, 1110 CBiT4HTH PO aHI30TPOIIIIO0 BIACTUBOCTEH.

ITpu 3acrocyBaHHI Au(EpeHIIATBHOTO 1HTEPPEPEHIIIHO-KOHTPACTHOTO OCBITJIICHHS Ta MPU3MHU
Howmapcrkoro Oyio BCTaHOBJIEHO HasIBHICTh BUIOBKEHUX CTOBOYACTUX 3€PEH, 10 PO3MOBCIOKYIOThCS
yepe3 TpaHUIll BaHHM PO3IUIaBY, Ta MAIOTh €MITAKCIaNbHUN 3pICT Yy HANPSIMKY MaKCHMAaJbHOTO
TEeMITIEpaTypHOTO TpaJieHTy. BcTaHOBIIEHO, 110 KyTH HalpaBleHHS TaHUX CTOBITYACTHX 3epeH - 15° no
HANPSAMKY T106y10BH. VIMOBIpHO Iie T10B’3aHO 3 TIOBOPOTOM HACTYIHOTO IIapy MoOyJOBH BiIHOCHO
MOTNIEPETHHOTO. 32 IOBKUHOIO 111 3epHAa MarOTh po3Mip 140+MKM, 110 BKa3y€e Ha MPOILIABICHHS OJIM3BKO
3 mapiB HAHECEHOTO MOPOIIIKY.

Takum yMHOM TIpH aHaJ31 MIKPOCTPYKTYPH BCTAaHOBJICHO, IO cTaib 3161, Burotosiena 3a BJIII-
TEXHOJIOTI€I0, Ma€ IYronoJiOHy ayCTEHITHY CTPYKTYpY, IO XapakKTepHa MpH MpOIUIABICHHI 3a
HOPMaJIBHUM PO3TOJIIJIOM €HEprii ja3epy.
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JOKAJIBALISA ®OPMYBAHHAA 3EPEH“HOT CTPYKTYPH HU3bKOBYIVIEHEBHX
CTAJIEA 3A IHTEHCHUBHOI INTACTUYHOI JE®OPMAIIII

I'yéenko C. 1., 1. T. H.

IncTuryT yopHoi metaayprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo
IIpuaHinpoBcbKa nepkaBHA akaaeMis OyIIBHMITBA Ta apXiTeKTypH, M. /{Hinpo

InTencuBHa mmactuyHa ngedopmailisi € OJHMM 13 TIEPCIIEKTUBHUX METOMIB OTPUMAaHHS
YIBTPaapiOHO3EPHUCTOI CTPYKTYPU METAJIEBUX MaTepiajiB, IO Ja€ 3MOTY OTPHUMATH BHUCOKOMIITHHMA
CTaH, a TaKOXK YHIKaJIbHI (DYHKIIIOHAJIbHI BIACTUBOCTI IUX MaTepialiB 0e3 3MiHU XimMidHOTO cKiamy [1].
JlocItipKeHO JTOKalbHI MPOLIECH CTPYKTYPOYTBOPEHHS, 0 BiJOYBAIOTHCSI B HU3BKOBYTJICIIEBUX CTAJISX
Mo0JIM3y HEMETANICBUX BKJIIOYECHB 32 IHTEHCHUBHOI IJIACTUYHOI AedopMaIlii METO0M PiBHOKAaHATIBLHOTO
KyToBOro npecyBaHHs. 3pasku craneit 0810, 08X18H10T, 091'2C po3mipamu 920x80 MM mignaBanu
macTudHoMy aedopmyBanHio meTosioM PKVYII 3a wotupu npoxoau (0uH TPOXig 3 KyTOM NEPETHHY
kananiB 90° 1 Tpu mpoxoau 3 Kytom 120°), 1o Bianosinas ictuHHIN nepopmanii 3,2 [2, 3]. CtpyKkTypHU
aHaII3 TPOBOJWIM 32 JOMOMOro onTudHoro Mikpockoma Olympus PME 3, a Takox enekTpoHHUX
mikpockoniB JEM 100CX i JXA-50F; nHanoTBepAicTh CTajeBOi MaTpUIli BUMIPIOBAIM Ha yCTAaHOBII
Nano Indenter II nmpu HaBanTaxxerni 10 mH.

BcranoBneno, mo B cTaneBiil Marpuii, MOONM3y BKJIIOYEHb Ta Ha MDK(A3HHUX TPaHUIIX
BKJTFOUCHHS-MATPHIl 3MIHIOETHCS XapaKTep HAmNpyKEHOro Ta AeGOPMOBAHOTO CTaHIB, 30LTBIICHHS
nedopmarlii BU3HAYa€ThCSI KYTOM MOBOPOTY BKJIIOUEHHS 32 MOro pyXoM B IUTACTHUHIN AinsHi. PizHi
BapiaHTH TPOCTOPOBOTO PO3BUTKY AedopMallii peami3yloThCsl NUIIXOM 3MIHH TOJO0KEHHS 3CYBHHX
IUTOIIMH, XapakTep SKOTO 3aJIeKHUTh BiJ] CTYNEHS IUIACTHMYHOCTI BKIIOUeHHs. [1o0nm3y BKIIOUYEHB
(hopMYIOTECS 30HM JIOKaji30BaHOi nedopmartii, 1o MICTATh yTPYyJAHEHI BUKPHBICHI ()parMeHTOBaH1
CMYTH 3CyBY, BUCSYl CyOrpaHHIl, MIKpOJABIHHHKH Ta BUXOPOBI YTBOPEHHS 3a paXxyHOK pOTaIliiHOT
JIOKaJi3arii Ta yTBOPEHHS JUCKPETHUX PO30piEHTYBaHb. Me3ocMyru aAedopMaliii moOIu3y BKIIOYCHD €
nBo(asHUMH, B OKpEMHX 30HAaX ME30CMyI pO3BHUBAETHCS, TaK 3BaHA, XOJOJHA JIMHAMIYHA
pekpucramizamis. Y JOCHIIKEHUX CTaIAX CTPYKTYpPOYTBOPEHHs 3a IHTEHCHBHOI IUIACTHYHOI
nedopmartii MoB'si3aHe 3 YTBOPEHHSIM OPIEHTOBAHUX CTPYKTYPHUX EJIEMEHTIB, IO MAalOTh pPO3Mipu
100...260 uM 1 po3/i7eH] BEIMKOKYTOBUMHU TPAHULISIMH, TSI IKUX XapaKTEepHA HASBHICTh AUCTIEPCHUX
BUKpHUBJIEHUX Me30ocMyT aedopmarnii, a B ctami 08X18HIOT — me # mMapreHCHTHI IUIacTHHHU. 3i
30UIBIICHHSIM YHCJIa MPOXOiB BiAOyBagocs IpoOJeHHS Me30CMyT jaedopMallii, Mo MPU3BOAWIO 10
3HA4YHOTO JIpo0OIieHHs 3epeH. [100m13y BKII0UeHb po3MipH 3€peH 3HAaYHO MEHIIIe, HIXK AaJIeKO BiJ HUX, 1
cTaHOBJIATH 75...100 HM. 3Ha4YeHHS HAHOTBEPJOCTI CTAJIEBOI MATpHIll MOOJMU3Y BKJIIOYEHb OYJW Ha
25...40 % BuIEe aHANOTIYHMX 3HAYEHb JAJNEKO BiJ BKIIOYEHb. [l0ONMM3y IUIACTHYHUX BKIIOYEHB
cyJb(]iAiB 1 CHITIKATIB 3HAYCHHS HAHOTBEPIOCTI HUXKYE, HIXK TTOOJIN3Y OKCHIIB 1 KApOOHITPHIIB THUTAHY,
10 He 1e(OopMYIOThCS, 1 I1e TOB'I3aHO 3 MEBHOIO Ae(hOpMAIliitHOIO peNaKcalli€lo HalpyXeHb B CUCTEMI
IJJACTUYHE BKIIIOYCHHSA-MATPHIA. Y BHIAAKaxX JIOKai3allii JWHAMIYHOI XOJIOAHOI peKpHcCTaIi3allii
o013y BKJIIOYEHb HAHOTBEPAICTh CTAJIEBOI MATPHIIl 3HIXKYBajaca npubinsHo Ha 10 %.

BB HemeTaneBuX BKJIIOYEHBb Ha JIOKAIbHE MOAPIOHEHHS MIKPOCTPYKTYPH CTalll € BaXKIMBUM
e(eKTOM 3a IHTEHCUBHO] IUTACTUYHOI Aedopmaltii, 110 103BOJISIE OTPUMATH JOJATKOBE HAHOCTPYKTYpHE
3MIITHEHHS TOOJIN3Y BKIIFOUEHB MTPH 3aralIbHOMY MOAPIOHEHH] 3€pEH 10 CyOMIKPOKPUCTAIIYHOTO CTaHy.

JlitrepaTypHi mxepena
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OCOBJIMBOCTI TA METOJIU AHAJII3Y ATEPMIYHOI'O MAPTEHCHUTHOI'O
IHEPETBOPEHHS B CTAJII 30XT'CA

Yyiiko I. M., k.T.H., Ilapycos E. B., n.1.H., Booups C. B., 1.T.H.,
IMapycos O. B. K.T.H.

IncruryT yopHoi Mmeraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

[IpoBeneHO MOPIBHSUIBHUI aHaAMI3 KIHETUKH aTePMIYHOTO MAapTEHCHUTHOTO IEPETBOPECHHS Y
HU3bKOJIeroBaHiil kKoHCTpyKuikHii ctani 30XI'CA aunaToMeTpuuHuM 1 po3paXyHKOBUMHU METOJIAMH 3
BuKopucTaHHsIM Mojeni Koiictinena-MapOyprepa [1] 1 3a BIacHOIO aBTOPCHKOIO METOAMKOIO [2].
BcranoBieHo, 110 Ha MOYaTKOBOMY €Talli 3CYBHOTO mepeTBopeHHst Mojens Koiicrinena-MapOyprepa
JIOCTaTHBO J00pE Y3TOIUKYEThCS 3 EKCIEPUMEHTAIBHUMH (IMJIATOMETPUYHUMH) TaHUMH, aje Tph
MOJAJIBIIIOMY 3HM)KEHHI TEMIIepaTypu Ja€ CyTTEBY MOXHMOKY y pe3yibTaTax po3paxyHKIB YTBOPEHOI
00’eMHOI YacTKH MapTEHCUTY. ¥ MOMEHT (aKTHYHOTO 3aBEPIICHHS MapTEHCHUTHOTO IEPETBOPEHHS
mojenb Koiictinena-MapOyprepa BU3Hauae HasiBHICTb B CTPYKTYpPi 3HAUHOI KiTBKOCTI 3aJIMIIKOBOTO
aycreHiTy (~ 12 % 006.), 1m0 CBIIYUTH MPO NEBHY ii HEAOCKOHAIICTh JJS OIMUCAHHS KIHETHUKU
aTepMIuHOTrO MEPETBOPEHHS Y TOCIIIKYBaHIN CTai.

ABTOpChKa METOJ/IMKA, 3aIIPOIIOHOBAaHA y po0OTi [2], BpaxoBye HE TIILKUA TEMIIEpaTypy MOYaTKy,
aJie il TeMmeparypy 3aBepILEHHS 3CyBHOTO IEPETBOPEHHS ayCTEHITY, 110 JO3BOJIIE€ OTPUMATH HabaraTo
Kpaluii KOpeIsiiHIHN 3B’ 130K 3 nuiiaTroMmeTpuaHuMu JaaumMu ctajii 30XIT'CA y mopiBHSIHHI 3 MOJIEIUTIO
Koiicrinena-MapOyprepa. OnHe i3 3ampONOHOBAaHUX CKCIOHEHIIWHUX PIBHSHbP MOXXHA BBa)XKaTH
YHIBEpCAJIBLHUM 3 TOUKH 30PY 3arajibHOTO aHaJ13y KIHETHKHA MapTEHCUTHOTO TIEPETBOPEHHS y JOCIITHIM
CTaji, a iHIIE PIBHSIHHSA CJiJl BAKOPUCTOBYBATH Y BUIIAJKaX, KOJIU MPIOPUTETHUM € TOUHE BU3HAUCHHS
criBBigHOMICHHS (a3 (ayCTEHIT/MapTEHCHUT) Ha KIHIIEBOMY €Tarll aTepMIYHOTO MTEPETBOPCHHS.

BceraHoBneHi 0coOMMBOCTI Cii BpaxoBYyBaTH MiJ dYac BAOCKOHAJCHHS ICHYIOUHMX a0o
MIPOCKTYBAaHHS HOBUX PEXHUMIB TEPMIYHOTO OOpPOOJICHHS, 1[0 BKJIFOYAIOTh TIEpPEpBAaHE 3arapTyBaHHS,
Hanpukian, craneid 3 TRIP-epextom abo nBodasHuX cranei, A 3amobiraHHs OTPUMAaHHS
MTOMHUJIKOBOT'O IIPOTHO3HOTO BU3HAYCHHS (DA30BOTO CKIIAY 1, IK HACI1OK, HEBIAMOBITHOCTI MEXaHIYHHUX
BJIACTUBOCTEH MeTally LIJTbOBUM MOKAa3HUKAM.
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MNEPCHEKTUBHI IIUISIXW NIJBAIIEHHA BJACTUBOCTEN
TOBCTOJIMCTOBOI'O ITPOKATY

Kononenxo I'. A.!, 1.1.1., Kimcrau T. B.12, k.1.1., [logoabcbkuii P. B.! k.1.H., Cadponosa O. A.!

TucruryT yopnoi meranyprii im. 3.1. HexkpacoBa HAH Ykpainu, m. {ninpo,
YykpainchbKuii AepKaBHUI yHiBepCHTET HAYKH i TexHoJoriii, M. J{ainpo

JlucToBuii mpoKat € OAHUM 3 OCHOBHHMX BHU/IIB MPOIYKIIi YOPHOI METAITYprii, 110 CIIOXKUBAETHCA Y
BEJIMKHX 00csATax yciMa ramy3sMi IPOMHCIOBOCTI. 3 TOCTIHHMM PO3BUTKOM BUPOOHHIITBA BUMOTH JI0
KOMIUIEKCY MEXaHIYHUX BJIACTUBOCTEN Ta )KMBYYOCTI JIMCTOBOTO MPOKATY MOCTIHHO 3pOCTaIOTh.

OnmHMM 13 MEpCeKTHBHUX HANPSMKIB OTPUMAHHS BHCOKOTO KOMIUIEKCY MIIHOCTI Ta B'SI3KOCTI
KOHCTPYKIIIMHUX CTaled JUii BHPOOHUIITBA MPOKATy € po3poOKa EKOHOMHOJICTOBAaHMX CTallel 31
CTPYKTYpOIO HIKHBOT0 6e3kap6igaoro OeitHiTy (HBKDB), sikuii siBsie co0010 o€ AHAHHS MaJIOBYTIIEIIEBOTO
OeliHITHOTO (DepHUTY 1 BUCOKOBYTIICIIEBOTO 3AJTUIIIKOBOTO aycTeHITy [ 1, 2]. YMmoBu yrBopenns HBKb, 6ynosa
a-pa3u Ta MOpdoIOoris 3AIUIIKOBOTO ayCTEHITYy Oe3kapOiTHOro OelHITy 3anexaTh Bifl BMICTY BYTJIEIIIO,
CTYIIEHsI JIETOBAHOCTI cTaii Ta Temreparypu neperBopenns [3]. Crpykrypa HBKbB 3a6e3neuye yHikanbHe
TMIO€THAHHS MIIHOCTI, B'SI3KOCTI Ta TPIMHOCTIHKOCTI [4, 5].

OcTaHHIM YacoM aKTHBHO BEAYThCA POOOTH 3 BUBUEHHS ¢opmyBaHHS cTpykTypu HBKDB y
3aroTOBKax JOCHTb BEIUKOTo nepepizy — 10 100 MM npu Oe3nepepBHOMY 0X0JI0/keHHI [6]. BcraHoBieHo,
o HeoOxigHuMH yMoBaMu (opmyBanus cTpyktypu HBKB mpu 6e3nepepBHOMY yHOBUIEHEHOMY
OXOJIOJKEHHI1 3ar0TOBOK Ta JIeTalel BEJIMKOT0 Mepepisy €:

—BHCOKA CTIHKICTh IE€PEOXOJIOHKEHOTO ayCTeHITy B 00JacTi MepiiTHOro Ta OEWHITHOTO
NIEPETBOPEHHS, IPU IIbOMY CTIMKICTh y OeiHITHIN 00nacTi Mae OyTH MEHILO0, HIXK Y MEPIIiTHIH;

—TeMIeparypa mo4yaTky OCWHITHOro rmepeTBOpeHHs1 He moBuHHA mepeBuiryBatu 400°C, mo0
YHEMOXXJIMBUTH TIOSBY BEpXHBOTO OCiHITY;

—JIOAaTKOBE JIETYBaHHS KpEeMHIEM (QIIOMIHIEM), IO CHOPHUS€ TMPOTIKAHHIO OEHHITHOTO
MIEPETBOPEHHS 3a Oe3KapOiTHOI0 CXEMOTO.

Takum umHOM, mTIpoOieMa YIOCKOHAJICHHS XIMIYHOTO CKJIaJy Ta OTPUMAHHS TIEBHOTO
CTPYKTYPHOTO CTaHy CKOHOMHOJIETOBAaHUX CTaled, $Ki BHKOPHCTOBYIOTHCS [UI BHUTOTOBJICHHS
BHCOKOMIITHOTO JIMICTOBOTO TIPOKaTy 3 METOK MIiJABUIIEHHS WOro0 MEXaHIYHHX 1 CIIy)KOOBHX
XapaKTePUCTHK € HAI3BUYAIHO aKTyaJIbHOIO JUI Cy4acHOT METalIyprii.

JliTeparypHi mxepena

1. Bojarski Z., T. Bold. Structure and properties of carbidefree-bainite. Acta Metallurgica. 1974. Vol.
10, no. 22. P. 1233-1234.

2. Hell J.C., Dehmas M., Allain S., Prado J.M. Microstructure-properties relationships in carbide-free
bainitic steels. ISLJ International. 2011. Vol. 51, no. 10. P. 1724-1732.

3. Fransis B. Incresing the fracture toughness of a maraging steel type alloy. Metallurgical and Materials
Trans actions. 1976. Vol. 3, no. 7A. P. 465-468.

4. Bhadeshia H.K.D.H. Bainite in steels. London : The In- stitute of Materials, 2001. 460 p.

5. Garcia-Mateo C., Sourmail T., Caballero F.G., Smanio V., Kuntz M., Ziegler C. Nanostructured steel
industrialisa- tion: plausible reality. Mater. Sci. Techn. 2014. Vol. 9, no. 30. P. 1071-1078

6. Goulas C., Mecozzi M.G., Sietsma J. Bainite formation in me- dium-carbon low-silicon spring steels
accounting for chemical segregation. Metallurgical and Materials Transactions. 2016. No. 47A. P. 3077—
3087.



YK 669.15".-74.-194-15.669.17

HIABUILIEHHA BJIACTI/IBOCT]%I‘/Jl CTAJIEM TEPMOOBPOBKAMM 3
HATI'PIBOM Y MIDKKPUTUYHUU IHTEPBAJI TEMIIEPATYP (MKIT)

Bbyposa /I. B., K.T.H.
JABH3 «IIpua3oBcbkuii 1ep:kaBHUI TeXHIYHMI YHiBepcuTeT», M. /[HINpo

B po6oTi nocnimkeHO BIUIMB Ha CTPYKTYpPY Ta MexaHiuHi BiactuBocti crajeir 2001,
20T DJI, 1412 pizHuX pexxumiB TepMooOpoOok 3 HarpiBanHsaM y MKIT, ski 3a3Buvail 111 HUX He
3aCTOCOBYIOTHCS. BeTaHOBIIEHO, 1110 3acTOCYBaHHS HOpMaJli3allii 3 HarpiBaHHIM Y MIKKPUTHYHHUHA
1HTepBaJ TEeMIIepaTyp y MOPIBHSHHI 31 3BHYAHOI0 HOPMAJII3AIlIEI0 JTO3BOJISE OTPUMATH OUIBII
CHPUATIUBUHN PiBEHb BIACTHBOCTEH. Y BCIX JOCTIKYBAaHUX CTAJISX CIIOCTEPITAEThCS M1 ABUIICHHS
SIK MIITHOCTI, 1 TUTACTUYHUX BJIAcCTUBOCTEeH. HalOiabIn iICTOTHO 30UIBIIYIOTHCS TUIACTUYHICTD Ta
ynapHa B's3kicTe. Kpim Toro, mpoBeaeHHss HopManizanii 3 HarpiBanHsaM y MKIT no3Boisie He
TUTBKH OTPUMATH OLTBIIT BUCOKHI KOMIUJIEKC MEXaHIYHUX BJIACTUBOCTEH, a i 3HU3UTH BUTPATH HA
BUpoOHMUMiA npouec. Jist crani 20IJI noraTkoBo OyiM MpoBeaeHI HOpMai3allisl 3 HarpiBaHHIM
y MKIT i3 nonepeaapo1o0 Ta Mogaiblino aycTeHuTH3amiern. KopoTkodacHa aycTeHITH3AITIS TICIs
ButpuMkn B MKIT BukiIIOuae BHUPIBHIOBAHHS CKJIagy ayCTEHITY Ta 3a0e3rneuye HoOro
npiOHO3EpHUCTICTH. Posb monepennpoi aycrenituzatii nepea Butpumkoo B MKIT nosicHioeThes
OTpPUMaHHAM JIPpiOHO3EPHHUCTOI CTPYKTYPH, 110 moJerurye nepeposnoxain enementis y MKIT. Lei
BapiaHT TMPOCTIiIIe, HI)X POOUTH KOPOTKOYACHY aycTeHiTh3alito micis BUTpuMkud B MKIT,
OCKUTBKU MOTO MOKHA 3IIHCHUTH B O/HIN medi. [Ticis mpoBeaeHHS WX peKUMiB 00poOKu OyB
OTPUMAaHHWKA BUCOKWU PIBEHb IUIACTMYHOCTI Ta YyJIapHOI B'A3KOCTI MOPIBHSHO 3 TAKUM ITICIS
3BHYAIHOT HOpMai3alii nmpu 30epexeHH] XapaKTepUCTUK MIITHOCTI Ha HEOOXITHOMY IS ITi€i
cram piBHi. ['apTyBanus 3 HarpiBanHsM y MKIT 1 Hu3bKa BiNyCTKa MO3BOJSIOTH OTPUMATH
piBEHb BIIACTUBOCTEH MIIIHOCTI ONM3BKUN 10 HHU3BKOBIAMYIICHOTO CTaHy (TapTyBaHHS 3
HarpiBaHHsAM BuIe Ac3) Tpu BUIIN muactudHoCcTi. [Ipu mpomy TemmepaTypa HarpiBaHHS i
rapTyBaHHs 3Ha4HO Hmxk4a. OntumansHuM yacom ButpuMku B MKIT € 60 xB. Kpim Toro,
MOPIBHSHO 3 MOJIMIICHHSIM, BJIACTUBOCTI MIIHOCTI TIC/Is Takoi TEepMIYHOI OOpoOKH BHIIE, a
TUTACTUYHICTH 1 yJapHa B'SI3KICTh 3aJIMIIAIOTECS HA TOMY K PiBHI, @ B ACAKHX BHUIIaJKaX, HaBIiTh
Buime. 3actocyBaHHs rapTy 3 HarpiBanHsM y MKIT Tta BHCOKOI BIAIyCTKHM TPHU3BENIO 0
MiBUIIICHHS] BCHOTO KOMILIeKCy BractuBocteit s cranein 200771, 20I'DJI ta 1412 mopiBHSHO 3
MOJIIMIICHHSIM.

3acrocyBaHHs i30TepMiuHOoro rapry 3 HarpiBanHsM B MKIT mopiBHSHO 3 mosinmeHHsIM
JT03BOJISIE OTPUMATH B JOCIIHKYBAaHUX CTAJISX BHIILY MIIHICTB, MPH 3a0BUTHHIN IIACTUYHOCTI 1
yaapHoi B'sa3kocTi. ONTUMaNbHUM YacOM BUTPUMKH B 1HTEpBaJi OCHHITHOTO repeTBOpeHHs € 60
xB. Jlms crami 20IJI OyB mpoBeneHHWI 1 MOKa3aB BUCOKWM PIBEHb BIIACTUBOCTEH PEKUM
TEpMOOOPOOKH, 110 MOJATaE B i30TepMiuHOMY raptyBanHi 3 BUTpuMKo0 MKIT i nonepenHporo
aycTeHiTizamiero. MilHICTh Ta yaapHa B'sI3KICTh 3HAYHO TIEPEBEPITYIOTH 111 XapaKTEPUCTUKH TTICTIS
nokparieHHs. Jlemo 301abIyoThes 1 TNIACTHYHI XapaKTePUCTHKU.

Takum unMHOM, 3acTOCYBaHHS TapTyBaHHS Ta Hopmami3amii 3 HarpiBanHsM y MKIT, sxi
paHillie HE BUKOPUCTOBYBAJIHUCS JUIsl JOCTIIKYBaHUX CTajied, JO3BOJIJIO OTPUMATH OLIBIIT
BUCOKHIA piBeHb MEXaHIYHUX BIIACTUBOCTEN MMOPIBHSAHO 3 BIACTUBOCTSIMH ITiCIIS THIIOBUX 0OPOOOK,
ajie TMpu IbOMY Temreparypa HarpiBy Oinbm HiX Ha 100 °C Hmkue, HIK BUKOPUCTOBYETHCS
3a3Buuail . lle 103BoJisie €KOHOMHUTH eHeproHocii y BUpOOHHMUTBI. KpiM TOro, 0XojaogHuM
CEPEIOBHUIIIEM TP MTPOBEICHHI TAKOTO POy TEPMOOOPOOOK € MOBITPst a00 BO/AA, IO CIPOIILYE Ta
MiJBHILY€E EKOJOTIYHICTh BHPOOHHMITBA. BpaxoByrouM MO3UTHBHI pPE3yJIbTaTH MPOBEACHUX
JOCITIJKEHb, a TAKOX BIUIUB MaciTabHOro ¢akTopa, rnepeadadaeTbcs B yMOBaX BHPOOHHUIITBA
BIJIIIPAIIOBATH HOBI PeXUMHU TepMidHOi 00poOku 3 HarpiBanHsaM y MKIT, a came: Hopmaitizaiito
3 HarpiBanHaM y MKIT, Hopmanizartito 3 HarpiBanHsM y MKIT 3 monepennboro ayCTeHITH3AIIIETO,
raptyBanHs 3 HarpiBoM y MKIT Ta Bucoka BiamycTka, i30TepMidHe rapTyBaHHS 3 BUTPUMKOIO B
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MKIT, a Takox i30TepmiuHe rapTyBaHHs 3 BUTpuMKoio B MKIT 3 monepeapo10 ayCTeHUTH3AIIIETO.
B po6oTi 1ociKeHo BIUIMB HAarpiBy B MDKKPUTHYHUH IHTEpBaJ TeMIIEpaTyp, TapTyBaHHs 3 HbOTO
3 HACTYNMHOKI HHU3BKOI0 BIAMYCTKOI Ha abpasuBHY 3HOCOCTiHKICTH cTtam 60C2A. Ils oOpobOka
nopiBHIOBaJIACS 3 TAKOIO Y L€l cTani micns i3oTepmiunoro rapry 3 Temmneparypu 860°C i Burpumku 10
xB ipu 350°C, mo 3abe3neuye HAHBUIIMI PiBEHb 3HOCOCTIHKOCTI. 3rifHO 3 TAHMMHU PEHTIEHiBCHKOTO
¢azoBoro aHamizy, y CTpyKTypi AociipkeHoi ctaii npucytHe ~30% meracTabibHOrO ayCTeHITy, 10
Maii’ke TMOBHICTIO TIEPETBOPIOETHCSI HA MapTeHCUT nedopmartii mpu abpasuBHoMy BIUtuBi. [licis rapry
3 MKIT ta HM3BKOI BiAMYCTKH OTPUMAHO MPHOIM3HO TAKy K KUIBKICTh ayCTEHITY Ta 3HOCOCTIMKICTb.
Taka TepmMo0oOpOOKa MPOCTIIIE 1 €KOJIOTTYHIIIE 3a 130TePMIYHE TapTyBaHHSI.
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MOPIBHSJIbHUM AHAJII3 PI3HUX CIIOCOBIB BUSHAYEHHS AYCTEHITY
3AJIMIIIKOBOI'O MICJISA TEPMIYHOI'O OBPOBJIEHHS JIETOBAHUX CTAJIEA

booups C. B., a.1.H, [lapycos E. B., a.1.H., Uyiiko 1. M., K.T.H.,
bapanoschka O. €., K.T.H., Oqiiinuk E. B.

IncruryT yopHoi Mmeraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

[Tim yac BHUTOTOBJICHHS METAJIOBHPOOIB BiAMOBIJAIBHOTO TpH3HAYEHHS (MTPOKATHI BAJIKH,
IITaMIH Taps4oro AeGopMyBaHHs, BaJid, POTOPH TOLIO) BUKOPUCTOBYIOTh CTall, SIKI MICTSATh 3HAYHY
KUTBKICTh JedinuTHuX JeryBaabHux eneMmeHTiB (Cr, Ni, V, Mo). ¥V cTpykTypi Takux crajed micis
TEPMIYHOTO OOpOOJIEeHHSI 30epiraeThCsi MeBHA KUIBKICTh AYCTEHITY 3aJIUIIKOBOTO (Asqr), SKHHA Y
MOJAJIBIIIOMY BIUIMBA€ Ha €KCIUTyaTaIlliHy CTIHKICTh TOTOBHUX MeTanoBHpoOiB. Hapasi Bigomi pi3Hi
CIOCOOM BU3HAYCHHS A3y B JIETOBAHUX CTANAX, ajle CIIiJ] pO3YMITH, III0 CaMe TOYHICTh BUMIipIOBAaHHS
OCTaHHBOTO JI03BOJISIE OOIPYHTOBAHO MIiAXOAUTH IO OOpaHHS OCTATOYHHUX TMapaMeTPiB TEPMIYHOTO
00poOICHHS 3 METOIO MiABUIIICHHS HAAIHHOCTI €KCIUTyaTallii TOTOBUX METaJIOBUPOOIB.

Cnoci0 peHTreHOCTPYKTYPHOTO aHalli3y Ha MPAKTHUIll € HAWOUIbI TOYHUM, SIKHA JO3BOJISIE
JOCTOBIPHO BHU3HAYATH BMICT Asq.. OHAK NIpU HE3HAYHOMY BMICTI Aswx (£ 5,0 %) B cTpyKTypi crani,
BIIHOCHA MTOXHOKa HOT0 BUMIPIOBAaHHS MOXKE€ CTaHOBUTH 110 ~ 50 %, 110 BiJMOBi/Ia€ MEXi YyTIUBOCTI
PEHTTEeHOCTPYKTYPHOTO METO/TY, a TOJIOBHUM HEJIOTIKOM € 3HauHa TPYJOMICTKICTh LIOTO CIIOCOOY.

MarniTHuii croci0, skuii 0a3yeThCs Ha BUMIPIOBAHHI PI3HUII MK CHJIAMH TIPUTSITaHHS
MOCTIHHOTO MAarHiTy 10 JOCHIIPKyBaHOTO Ta €TAJIOHHOTO 3pa3KiB, BUSBIAETHCS HENPUAATHUM IS
BU3HAYCHHS Ase; B CTPYKTYP1 JITOBAaHUX CTaJIC, OCKUIBKM BOHU MICTSTh HEMAarHiTHI KapOimau, 110
BIUIMBA€ Ha TOYHICTH Pe3yJIbTaTiB BUMIPIOBaHHS.

Bigomuii TakoXK yIbTpa3ByYKOBHUH CIOCIO BUSHAYCHHS BMICTY A 344, AJI€ IIEH METO € 0OMEKESHUM
1 He Moyke OyTH NOUIMPEHMI Ha JIETOBaHI CTall y 3B’SI3KYy 3 TUM, 110 BiH OyB po3poOJICHUN BUKIIIOYHO
JUIst ctaned tumy X12.

BpaxoByroun BUKIIa/ieHe, aBTOPaMU 11i€i poOOTH PO3pOOIIEHO YHIBEPCATbHHUN YIbTPa3ByKOBUN
croci0 BU3HAUEHHS BMICTY Asq;: CIIOYATKY BCTAHOBIIOETHCS IMIBHIKICTH YJIBTPa3BYKy B GepuTi i
ayCTEHITI €TaJJOHHUX 3pa3KiB JETOBAaHOI CTalli, MOTIM MPOBOAUTHCS BHUMIPIOBAHHS TOBILIMHH 3pa3Ky
yIbTPa3BYKOBUM TOBIIMHOMIPOM 32 BCTAaHOBJIGHHX IIBHJKOCTEH YIbTPa3BYKY, Nail BUMIPIOETHCS
TOBIIMHA KOHTPOJIHOBAHOTO 3pa3Ky METPUYHUMHU TpuUiaAaMu (IITAaHTCHIHUPKYIEM), a KUIBKICTh Asu
PO3paxoByeThCS 32 (HOPMYIIOIO.

VY BIAMOBIOHOCTI 10 po3poOieHOro crnocoly, BUSHAYCHHS BMICTY Asq; OYyJO MPOBEACHO HA
nociiaaux 3paskax craneit 38XH3IM®DA, 4X5SMDI1C, X37CtMoV5-1, 60X2CM® 1 80X5SMD. 3 meToro
MIATBEPKCHHS JOCTOBIPHOCTI OTPUMAHUX pPE3yJbTaTiB JOAATKOBO BH3HAYAIU BMICT A
PEHTIEHOCTPYKTYpHUM criocoboM Ha nudpakromerpi «JIPOH-2.0» B MigHOMY BHIPOMIHIOBAaHHI 3
MOHOXPOMaTOPOM.

[TopiBHsUTbHUI aHAJI3 pe3ybTaTiB BUMIPIOBAHHS KIJTBKOCTI Asq; B TOCIITHUX JISTOBAHUX CTAJISIX
3aCBIUMB T€, [0 BUKOPHCTAHHSI 3aIIPOTIOHOBAHOTO CIIOCO0Y 3abe3reuye JOCTaTHIO TOYHICTh 332 3HAYHO
MEHIIIOi TPYJOMICTKOCTI, HXK PEHTTEHOCTPYKTYPHHUH aHaJIi3, OT)KE€ MOKE€ BUKOPHUCTOBYBATHUCH Y SKOCTI
eKCIIPeC-METOly KOHTPOJIIO SIKOCTI TOTOBUX MeTasoBUpoOiB. [Ipy 1iboMy moxuOka BU3HAUYEHHS BMICTY
Asq1 € MIHIMQJIBHOIO, OCKUTBKH PO3POOJICHUH CITOCIO HIBETIOE BIUIMB CIEIIaTbHUX KapOiliB B CTPYKTYPi
JIETOBAHO]I CTali Ha pe3yJbTaTH BUMipIOBaHb.

Takum 4rHOM, 3ampPONMOHOBAHUH CIOCIO, HA BIAMIHY BiJl IHIIUX aHAJIOTIB, A€ 3MOTY 1CTOTHO
CIPOCTUTH BU3HAYEHHSI KUIBKOCT1 Asq; B CTPYKTYPI JIETOBAHUX CTaJIel Ta CYyTTEBO PO3MIMPUTU 007IaCTh
HOT0 3aCTOCYBaHHS 13 BIJIMTOBITHUM 3a0€3MEYCHHSIM TOYHOCTI BUMIPIOBAHHSI.
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PO NEPEBAI' TA HEJOJIIKH ITOJIIKPHCTAJIIB KYBIYHOI'O HITPHAY BOPY
CUCTEMM cBN - Al, 3AJIE’KHO BIJI IX ®A30BOI'O CKJIAQY

Bexenap M. I1., n.1.H., Pomanenko 5. M., [lanuk A. M., K.T.H.
Incruryr HaagTBepaux martepianis im. B. M. bakyis HAH Ykpaian, m. Kuis

[Monikpucramiuni HagrBepai Matepianu (PCBN) Ha ocHOBiI Kyb6iuHOro HiTpuay Oopy (cBN)
BUKOPHUCTOBYIOTHCSI B 1HCTPYMEHTI, IIIO MPAIO€ NMPH YOPHOBOMY, HAIIBUMCTOBOMY Ta UYHUCTOBOMY
TOYiHHI BUPOOIB 13 3aJ1130BYTJICIIEBUX CIUIAaBIB TBepAicTIO 10 63 HRC, y TOMy UHMCIIi ISTOBAaHUX XPOMOM,
Maprasiiem 1 Hikejaem. OfepKyIoTh Taki MaTepiaiu MPpH CIIIKaHHI 32 BUCOKOTO THCKY TopoIkiB cBN 3
pisHHMHU JOOaBKaMH, HaiigacTimie 3 100aBKOKO amoMiHio [1].

[Ipu peakiiiiiHoMy CIiKaHHI TOPOIIKIB HITPUIY KyOidHOTO OOpYy 3 alrOMiHIEM BigOyBaeThCs
XIMI4Ha B3a€MO/Iis 3 yTBOPEHHSAM HITPHULY 1 OOpUIIB aMfoMiHit0 [2], mpuKIaau Takoi B3a€EMO/Iii HaBeIeHi

HUXKXYC:
Al+ 2 BNS2 AN+ LAIB, 1)
3 3 3
A+ 2 BN 52 ANy g, @)
13 13 13
Al+ BN — AIN(B) 3)

dazoBuii CKIaa OTpUMaHUX KOMIIO3UTIB Oyze BianoBigHo cBN, AIN, AIB; y nepmioMy Bumaky,
cBN, AIN, AlB12 y npyromy i cBN, TBepauii pozunn 6opy B AIN (Al(NB)). Koxxen 3 BapiaHTiB Mae cBoi
nepesaru Ta Hegodiku. [lepepaxyemo ix:

Komnosurl ckiaany ¢cBN, AIN, AlB:. IlepeBaru - BUCOKI TBEPIICTh 1 TPIIMHOCTIHKICTD 3a
paxyHoOK yTBopeHHs MirtHoro ¢cBN kapkacy, THCK 1 TeMIiepaTypa mpoiiecy orpuManss He Buie 4,5 ['Tla
1 1450 °C. Oco0auBicTh - Takuil (a3zoBHil CKIaa SK MPAaBUIO Peali3yeThCsl MpU CHiKaHHI BiAHOCHO
Benukux 3epeH 3 BN (Ourbme 10 MkM), MOB'si3aHO 1€ 3 KiHETHKOI XiMiuHOI B3aemoxii. Hemouik -
3HIKEHa TepMOCTIHKicTh 4epe3 posman AlB: mpu temmeparypax Bumie 1000 °C 3a cxemoro AlB»
AlB2+AL

Komnosur 2 ckaany cBN, AIN, AlB12. [lepeBaru - nyxe BUCOKa TBEPIICTh 1 TEPMOCTIHKICTb,
MPUHHATHA TPIIMHOCTIWKICTH. Hexoik - BUCOKI THCK 1 TeMItepaTypa mpoIiecy OTpUMaHHs He HUKYE 6
I'Tla Ta 1800 °C.

Komno3ut 3 ckaaay cBN, AI(NB). IlepeBaru - BHCOKI T€pMOCTIMKICTh, TPIIIUHOCTINKICTD,
MiIBUIICH] JOeMIQYI0Yi XapaKTepUCTHKH, MPUHHATHA TBEPAICTb, THCK 1 TeMIieparypa Mpolecy
orpumanHs He Buile 4,5 ['Tla ta 1450 °C. OcobauBicTh - Takuii pa30BUii CKIIa]] 3a3BUYAN Peali3yeThCs
npu crikaHHi ApiOHUX 3epeH 3 BN (MeHmie 7 MKM), MOB'SI3aHO 11€ 3 KIHETUKOIO XIMIYHOI B3a€MOII.
Henmousik — mpu cmikanHi mopomkiB ¢cBN 3 po3mipom 3epeH MeHIIe 3 MKM MOXJIHBE YTBOPEHHS
TeKCaroHaJIbHOTO HiTpuIy 0opy. [IpuunHM - 3HUKESHHS TUCKY B anapaTti BUCOKOTO THCKY Yepe3 HU3BbKY
MMOYATKOBY HIUTBHICTH 1 TMOAAJIBINY MiJBHUINECHY YCaIKy MPECOBKH, a TaKOXX JOMIIIKK Ha PO3BUHEHIN
noBepxHi nopomkiB cBN.

Kepyroun TexHONOTIYHMMU YWHHUKaAMHU (THCK, TeMreparypa 1 TPHUBAJICTh CITIKaHHS,
TMCIIEPCHICTh BUXigHOrO mopomky cBN) mu ozepxyemo wmarepianu 3 OakaHUMU CTPYKTYPOIO
(dazoBwmii ckimam) 1 BIACTHBOCTIAMU. J[71s1 YOPHOBOTO TOYIHHS CIUTABiB HAa OCHOBI 3aili3a HaWKpamuit
KOMIIO3HT 1, JyIsl YUCTOBOI'O TOYIHHS — KOMITO3UT 3.

JlitrepaTypHi mxepena
1. HoBukoB H.B., Ilynexenko A.A., bexenap H.II., boxko C.A., bopumckuii A.U.,
Haropusiii IILA.  Kuboput: moiydeHue, CTPyKTypa, CBOWCTBa, mnpumMmeHeHue // CBepXTBepable
Matepuansl.- 2001. Ne2.- C. 40 - 51.

2. bexxenap H.II., boxko C.A., benssuna H.H., Mapkus B.4., Haropnsriii [1.A. ®a30Bb1ii cocTaB
MOJIMKPUCTAIIJIOB, TOJNYYCHHBIX TPU PEAKIMOHHOM CIEKaHWU KyOMYecKoro Hutpuaa Oopa ¢
amromuanem// CeepxtBepasie Matepuansl. — 2002, — Nel. — C.37-48.
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PO3POBJIEHHA METOJUKHU BUABJEHHS CTPYKTYPU BUCOKOBOPUCTOI
HEPXKABIFOUOI CTAJII ®PEPUTHOI'O KJIACY

banaxaunosa T. B., k.1.H., [lapycos E. B., a.1.H., Uyiiko I. M., k.T.H., OJjiiinuk E. B.
IncTuryT yopHoi merauyprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo

Ha cporonmni simepHa raiy3b € iJeajlbHUM BapiaHTOM EKOJIOTIYHOTO JpKepena eHeprii, Mo
0a3yeThcs Ha oAl ypany-235. [Ipu 1iboMy, TOJIOBHUN HEOJIK aTOMHOI €HeproreHepartii moJysrae B
YTBOPEHHI  Pa/liOaKTUBHUX BIOXOAIB  (BiAmpanpoBaHE SACpHE MAIMBO MNP  BUPOOHUIITBI
enekTpoeneprii). [licas BugasieHHs 3 peakTopy Il BIIXOIW PO3MIIIAIOTh Y CIICHiaIbHUX KOHTCHHEpax,
IO MICTATh TMOTJMHAJIBHUNA 1 3aTPUMYBaJIbHUN eneMeHTH. Martepianu, SKi BUKOPHCTOBYIOTH ISt
BUTOTOBJICHHS KOHTEHHEpIB TIOBHHHI BIJMOBIJATH TIEBHMM BHUMOTaM: CTaJIHH CTPYKTYpHUH 1
eJIEMEHTHUH CTaH, CTiliKka reomMeTpis 30ipok 30epiraHHs BiANpabOBaHOTO MAIMBA, JepHA pajialiiHa
Oesrieka KpuTHYHOCTI. [IIMpokoBimOMUM MarepianoM, SKHH BHUKOPHUCTOBYIOTH TiJ Yac pPoOOTH 3
BiJIIPAI[bOBAHUM IAJIHMBOM 1 J0CI 3aJIUIIAETHCS HeprKaBiloya CTallb 3 BACOKUM BMICTOM 0OOpY, SIKa OKpIM
MOTJIMHAJILHUX 3A10HOCTEH Ma€ 1HII BJIACTUBOCTI, IO € OOOB’SI3KOBUMH [IJISi 3a3HAYEHOTO BHUIY
npoaykuii. HaiOGinbn po3moBCIOKEHUM MaTepialioM JUIsi BUTOTOBJICHHSI KOHTEHHEpIB B YKpaiHi €
ctanb 04X14T3P1D, sixka HaleXUTh 10 HepXKaBiouux cTaneit peputHoro kiacy ta mictuth 1,1-3,0 %
6opy. He nuBnsumch Ha Te, 110 1S cTalb po3po0sieHa 1€ B MUHYJIOMY CTOPiuYi, MUTaHHS MOB’s[3aHi 13
mporecaMi  CTPYKTYPOYTBOPEHHS, a TaKOX MIJABUIIEHHS TEXHOJIOTIYHMX 1 eKCIUTyaTallliiHuX
BJIACTUBOCTEH, JI0CI 3aIMIIAIOTHCS AUCKYCIHHUMHU. OCKiNbKH OOp BOJOAI€ HHU3BKOIO 3HATHICTIO IO
PO3YMHEHHS SIK B ayCTEHITI, TaK 1 epuTi, 11e MPU3BOIUTH 10 POPMyBaHHS y CTPYKTYpi cTasield Oopu/IiB
piznoro tuny. Kpim toro, 60opBmicHi a3y OKpUx4dyroTh cTaib. [lpu oMy, hopmyBanHs, MOP(OIIOTis
Ta PIBHOMIPHICTh PO3MOJAUTY TOTO YW IHIIOTO THUITY OOpHIIB 32 00’€MOM TOTOBOT'O METAJIOBHPOOY
BU3HAYAIOTh HE TUIBKM KOMIUIEKC MEXaHIYHMX BIACTUBOCTEH Ta HANpyXEeHUH CTaH, a TaKOX
BH3HAYaIOTh 3aXHCHI BJIACTUBOCTI Marepialy Ta CTYIHb CKJIAJHOCTI BHTOTOBJICHHS 3 HUX KIHIIEBOT
MPOTYKITii.

[TpoBeneni iH(opMalifHO-aHATITHYHI JOCTIHKEHHSI 3a IMM HaNpsSMKOM 3aCBIIUMIN TIPO
OOMEKEHICTh 3aCTOCOBYBaHHMX MeTajorpadiyHuX CcrocoOiB BHSBIECHHS CTPYKTYPHU HEP)KaBIIOUHX
CTaJIel 3 BUCOKUM BMICTOM OOpY, 110 00YMOBJICHO CKJIaAHUM (h)a30BUM CKJIAJ0OM OOPHIHHUX BKITIOYCHb.
Mera poOoTu monisirajia y BHU3HAYCHHI JOCTOBIPHOI METOJUKM JOCHIIDKEHHA CTPYKTYypHU
BHCOKOJIETOBaHUX CTallel PepUTHOTO Kiacy, 10 MICTATh 3HA4YHY KUTbKiCTh O0opy. Ha 3acamax Bimomux
CIOCO0IB  Ta TPAKTUYHOTO JOCBIAY aBTOPIB PO3POOJIEHO METOAUKY MiJArOTOBKU ITOBEPXHIi
TOCIiKyBaHUX 3paskiB 31 ctani 04X 14T3P1®, sxa crpolirye BUSBICHHS CTPYKTYPH Ta MiKpopenbedy
Ha TIOBEpXHI mUTida, 10 J03BOJISE TOCTOBIPHO OIIIHIOBATH SAKICTh Marepiany. CyTHICTH CIOCOOY
MOJISITa€ y 3aCTOCYBaHHI JIBOX TUITIB PEAKTHUBIB 13 TOCTAITHUM 3aHYPIOBAaHHSIM JIOCIIPKYBaHHUX 3pa3KiB
y TpaBWiIbHY pedoBuHY. llpu oMy BinOyBaeThes crilika mudepenmianis OopunHux (a3 Ta diTke
BH3HAYCHHS TPaHUIIl cTajgeBa MaTpuI-0opuaHa ¢asza. Ilin yac mpoOOmiAroTOBKYM MEpPIINii peakTHUB
PO3UMHSE MATPUIIO 1 JesAKi BUAM OOpHUAIB, a JAPYTHMM peakTHB J03BOJsi€e MpodapOyBaTH Ha Pi3HUIMA
BIITIHOK OOpPUIM KOXXHOTO THUIy, sIKIi mpucyTHi y ckmami craimi 04X14T3P1d. 3a momomororo
3alpONOHOBAHOT MeTOMuKU mpoOomiarotroBku B cram 04X14T3P1® Oyna BusBIEHa CTPYKTYpa,
JIOCTOBIPHICTh BU3HAYCHHS SIKOT JIOJJATKOBO IMiITBEPHKEHA PE3YJIbTaTAMH MIKPOPEHTTEHOCTPYKTYPHOTO
Ta MIKPOPEHT€HCIEKTPATbHOTO aHAi31B.
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PO3POBKA IPOITO3UIIIH IIO10 BUMOT 10 KIJIBKOCTI HEMETAJIEBUX
BKUIIOYEHD Y 3AJIIBHUYHUX KOJIECAX ITPU CTBOPEHHI HOBOI'O
HAIIIOHAJIBHOI'O CTAHJAPTY

bab6auenko O. 1., 1.1.H., Kononenko I'. A., 1.T.H.,
Hoxoascukuii P. B., PhD, Cadponona O. A.

IncTuryT yopHoi metaayprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo

Ha chorogni OCHOBHUI BITYM3HSHHU crokuBad 3amizHMYHUX Komic AT «Ykp3amizHHID
TEXHIYHO HE TOTOBUH MEPEUTH Ha 3aCTOCYBAHHS KOJIIC BIJIMOBIIHO /IO €BPOMEHCHKUX HOPMATUBHHUX
nokyMeHTiB, ane mpu 1pomy BuMoru JICTY T'OCT 10791 € mopaibHO 1 TEXHIYHO 3aCTApiINMH 1 HE
BIJIMOBIIAIOTh CYYaCHOMY PIBHIO CKJIATHOCTI YMOB €KCILTyaTaIlii Ta 3Ha4HO ITiIBUIIICHOMY (paKTHYHOMY
PIBHIO SIKOCTI 3aJIi3HUYHHUX Koulic. TakuM 4yuHOM, HEOOXiHE pO3pOOJIECHHS HOBOTIO HAI[IOHAIBHOTO
CTaHJAPTy Ha 3aJI3HUYHI KOJieca BaroHHI, SIKWW BIJMOBIAE Cy4aCHOMY €TaIly PO3BHTKY TEXHIKH Ta
TEXHOJIOTIH.

J171st po3pOoOKH TIPOITO3HUIIIH TTO BUKOPHUCTAHHIO TOJAaTKOBUX MTOKA3HUKIB SKOCTI 3aTI3HUYHUX KOJIIC
(MIKpOCTpPYKTYypa, XIMIUHUH cKiaa BUpoOy Ta 1H.) Ta MIJBUINEHHS pPIBHA ICHYIOYHX BHUMOT
(3a0pyIHEHICTh HEMETAJIEBUMH BKJIIOYEHHSMH, PIBEHb MEXaHIYHUX BJIACTHBOCTEH Ta 1H.) B HOBIH
penakuii JepaBHOTO CTaHJApTy Ha 3aJi3HUYHI Koseca y nopiBHsAHHI 3 icHytounmu B JICTY T'OCT
10791:2016 Ta B wMmixkHapogHomy crarmapti ['OCT 10791-2011 31 3minoro 1, Oyno BUKOHaHO
CTaTUCTHUYHUM aHaii3 (PaKTUYHOTO PIBHSA IMOKA3HUKIB SIKOCTI, SIKHH IOCSATAETHCS NMPU BUPOOHUIITBI
3ami3HH4HEX Kouic B ymMoBax [IAT «IHTEPIIAMIT HT3».

HemeraneBi BKIIIOYEHHSI MOXKYTh ICTOTHO 3HHMKYBAaTH TEXHOJIOTIYHI Ta MEXaHIuHI BJIACTHBOCTI
CTaJIeH, CIIPUSIOYN YTBOPEHHS Pi3HOTO ponay aedextiB. OaHUM 13 NUISIXIB MABUIICHHS HAIIMHOCTI Ta
JIOBIOBIYHOCTI METaJI0BUPOOIB BIAMOBIIAIBEHOTO MIPU3HAYCHHS 31 CTaJIel € 3MEHIIEHHS 3a0pyAHEHOCT]
HEMETaJIEBUMH BKIIIOUCHHSIMHU. TOMY MOCHJICHHS BUMOT I10JI0 OOMEXKEHHsI X BMICTY Ta 301JbIICHHS
qHcia KOHTPOJIbOBAHUX BUPOOIB CIIPUATHME ITiIBUIIEHHIO O€3MEeKH 3aTi3HUYHOTO PyXY.

B pe3ynpTaTi cTaTUCTUYHOTO aHaJi3y PO3MOILTY KUTBKOCTI HEMETAJICBUX BKIIOYEHB MPOTATOM
2019-2021 pokiB, BCTAaHOBJICHO, 3HAYHY IIE€PEBary sIKOCTI METally HaJl BAMOTaMH YMHHOTO CTaHIApTY.
3HAYHO MEHIIA KiIBKICTh CIIOCTEPIrae€ThCs ISl TAKMX THUIIB HEMETAJEBUX BKIIOUCHb SIK: CYIb(DiIu,
OKCHJIM PSAKOBI, CUJTIKATH TUTACTUYHI, CHITIKATH KPUXKI T4 OKCHJIA TOYKOBI.

Po3pob6iieno mpomosmiii moA0 HOBUX OUIBII JKOPCTKUX BHMOT IMOJO0 MaKCHMAJIbHO
MPUITYCTUMOTO PiBHA 3a0pyJHEHOCTI HEMETAJIEBUMHU BKIIOUEHHSIMHM JJIS KOlic KaTteropii B: oxcuan
ToukoBi — 2,0 Oamm 3amicTh 2,5; cuiikatv ImacTuyHi — 1,5 Oamm 3amicte 2,0; criikaTu, sKi
HenehopmyoTbes — 2,0 6anu 3amicTth 2,5. KpiM Toro, 3alpornoHOBaHO OIIHKY YUCTOTH CTall MPOBOAUTH
3 3acrocyBaHHsaM JICTY 8966:2019 «Crans. Metanorpadgiuydai MeTOAu BHU3HAYCHHS HEMETAJICBHX
BKJIIOYEHbY, 1110 OyB BBeaeHuil Ha 3aminy ['OCT 1778-70.
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CIHHAJKOBICTb CIPUX YABYHIB
bopucenko A. 0., a.1.H., JleBuenko I'. B., 1.T.H.
IncruryT yopHoi Mmeraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

[Ipencrarneni pe3ynbTaT aHATITUYHUX JTOCTIKEHD 3a TPOOJIEMOIO CIIAKOBOCTI CIpHX YaBYHIB.
3a3BUuail Mil MOHATTSAM CIIAJKOBOCTI YaBYHIB Ta IHIIMX METAJIEBUX CILJIABIB PO3YyMIIOTh 3B'SI30K MIX
BJIACTMBOCTSAMHU BHUXIJHUX IIMXTOBHX MaTepialliB Ta BJIACTUBOCTSMHU BHPOOJEHHX 3 HUX BUJIMBKIB.
SIBuIe CaJKOBOCTI Y CipHX YaByHaX — II€ CKJIaJJ0Ba YaCTHHA 3arajJibHOI MPOOJIEMU CIIaJKOBOCTI Y
METaJICBUX CIUIaBaX, a y OUIBII MUPIIOMY 3HAYEHH1 — METATyPTiHOI CIIaIKOBOCTI.

HaiiBa)xMBIIIOIO CKIJIQJOBOIO CTPYKTYpH JIMBapHUX (JOMEHHHMX) YaBYHIB € XapaKTEPHCTUKA
rpadity. BBakaeTbcs, 1o SBUINE CMAIKOBOCTI y CIPUX YaBYHax IOJSITa€ y CHAIKOBIM mepemadi
BUWJIMBKaM po3Mipy, Mopdosorii, xapakTepy po3nofiry rpagiTHUX BKJIIOYEHb, a TaKOX CTPYKTYypHU
MeTajeBOi MaTpHIli (OCHOBH) BUXITHUX JTUBAPHUX YaByHiB. HeraTuBHa CIiaIkoOBICTh JIMBAPHUX YaBYHIB
HaMOIIBII CUIIBHO MPOSBISIETHCS Y BUIMBKAX 332 paXyHOK I'pyOOIIaCTHHYACTOI CTPYKTYpH Trpadity.
JluBapHi yaByHU OJIHiI€T MapKH, IO MAOTh OJHAKOBUN a00 ONMM3bKUI XIMIYHHMK CKJIaa, aje pi3HUX
3aBO/IIB-BUPOOHMKIB MAIOTh pi3HY CTPYKTYpY Ta MEXaHI4HI BJIACTHUBOCTI, sKi 30epiraioThCs mpu
HACTYIHHX neperuiaBax. [Ipu iboMy nprpo/ia TMBApHUX YaBYHIB CHITBHIIIE BHSIBIISIETHCSI IIPH BUCOKOMY
BYTJICLIEBOMY C€KBIBJICHTI YaByHY BTOPHHHOI IJIaBKU. BiIMIHHICTH BJIAaCTUBOCTEH JIMBApHUX YaBYHIB
OJTHOT'O XIMIYHOTO CKJIaJTy, aJIe PI3HUX METATyPriHHUX 3aBOJIiB MOSICHIOIOTh HASIBHICTIO P13HOT KUTHKOCTI1
JOMIIIIOK, HEMETAIIYHUX BKIIIOUYCHb Ta BMicTOM ra3iB (O2, N2, CO) ta okcunis 3amsa (FeO, Fe30a).

Ha cmagkoBi BIacTMBOCTI JMBapHUX YaBYHIB BIUTMBAIOTH (PAKTOPH JOMEHHOT'O BHUPOOHHUIITBA:
00'eM TOMEHHOI meui, TeMIeparypa Ta peXuM IyTTs, CTYIiHb BiJHOBIIOBAHOCTI pyJaH, OCOOIMBOCTI
PO3JMBaHHS YaBYHY Y BUWIMBHUII Ta 1H. OTpUMaHOMY B KOHKPETHIHM JJOMEHHIH €4l YaByHY NMpUTaMaHHI
CBOi OCOOJIMBOCTI IIOJI0 YYTIMBOCTI JIO YCaJKHU Ta IMOPUCTOCTI, CXMJIBHOCTI N0 rpadirtusamii Ta
(dhopMyBaHHSI CTPYKTYpHU MeETalIeBOi OCHOBHU. [li 0COOMMBOCTI MepeaaroThCs MICHsl TEPETIaBy YaByHY
BUJTUBKAM.

CnazKoBICTh JUTUX CIUIABIB Ta 30KpeMa CIpUX YaBYHIB TAKOXX BU3HAUAETHCS 3aJCKHICTIO X
BJIACTUBOCTEH Ta KIHETUKM KpHCTaTi3allil BiJ CTPYKTYPHOTO CTaHy PO3IUIABY, 3 SKOT'O yTBOPIOIOTHCS
BWINBKU. OHUM 13 (haKTOPIB, IO BILUIUBAIOTH HA CTPYKTYPHY CHAIKOBICTh Y CIpUX YaBYHAX € CTYIiHb
pO3UMHEHHA TpadiTHUX BKIIOYEHb Y PpO3IUIABI 3alE€XKHO BiJ X BHUXIZHOTO po3Mmipy, (opmu Tta
TeMIIepaTypu NeperpiBy po3IliaBy.

SIBHIIE CTaJKOBOCTI JIMBAPHUX CIUIABIB, Y TOMY YMCII 1 CIpUX YaBYHiB, IIMPOKO BUCBITIECHO Y
JmiTepaTypHUX pKepenax. HesBakaroum Ha 1me poOiT, CHpSMOBAaHMX Ha BCTAHOBICHHS MPHYHH
BUHUKHEHHSI CMIAJKOBOCTI MaJIo, a MEXaHi3M 1 peami3allii Joci 3anuimaeThesi He 3'scoBaHuM. CkazaHe
3YMOBIIIO€ aKTYyaIIbHICTh MTPOBEACHHS MOJATBIINAX JOCTIKCHD Y IIbOMY HAIIPSIMI.

Jlnst ynpaBiiHHSA (OpMyBaHHAM CTPYKTYpH TpadiTy Ta MeTajieBOi MaTpUIll CipUX YaBYHIB, Bij
SIKUX 3aJIeKaTh BJIACTUBOCTI BUJIMBKIB Ta YCYHEHHS Y HMX HETaTUBHOI CIIAJKOBOCTI HEOOXI1THE 3HAHHS
MEXaHi3My BIUIMBY OCHOBHHMX XIMIYHUX €JIEMEHTIB, MIKPOJOMIIIOK, KUIBKOCTI Ta CKJIady ra3iB Ha
CTPYKTYPY PO3IUIaBy Ta PiAKO-TBepaAo(da3Hi MEpeTBOPEHHS CipUX YaBYHIB 3aJIEKHO BiJl YMOB iXHBOT
KpHUCTaTi3alii.
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TEPMOJUHAMIKA XIMIYHOI B3AEMO/III KYBIYHOI'O HITPUAY BOPY 3
AJIIOMIHIEM I TYTOIIVTABKUMHU CITOJIYKAMU TUTAHY

Pomanenko 5. M., k.T.H., [lanuk A. M., be:kenap M. IL., a.T.H.
Incruryr HaapTBepaux martepianis im. B. M. bakyns HAH Ykpaian, m. Kuis

[MonikpucraniuHi HaATBEPl MaTepiaan Ha OCHOBI KyOiuHoro HiTpuay 6opy (PCBN) oxepxyroTh
CHIKaHHSAM 32 BUCOKOT0 TUCKY nopoiukiB cBN 3 nobaBkamu, cepen SKMX HaiuacTilie BUKOPUCTOBYIOTh
TYrOIJIaBKi CIIOJIYKM THUTaHy 1 amioMmiHiil. Bubip ckmamy 1 KUIBKICHMX CITIBBIIHOLIEHb JOOaBOK
OCHOBY€ETbHCS Ha TOMY, 1100 B pe3yJbTaTi iX Pi3uKo-XIMIYHOI B3a€EMO/II 3 HITpUIOM OOPY YTBOpIOBAIaCh
TBEpJla Kepamika, sika 3a0e3nedye BUCOKY MIILIHICTh 3B’ 43Ky MO IpaHHIIIX 3epeH cBN.

[1] po3paxoBaHo 3MmiHy eHeprii ['100ca s TOMOHIMIYHMX peakiiii B3aeMojii KyOIdHOTO
HiTpuay Oopy 3 nepexinnumu Metanamu [Va-Vla rpyn 3 BpaxyBaHHSM BIUTUBY BUCOKOT'O THUCKY, a B [2]
— 3MiHy eHeprii ['100ca mpu B3aemoii 3a Bucokux TUCKIB ¢BN 3 amominieM. B naniit poOoTi anamoriuHi
PO3paxXyHKU BUKOHYIOTHCS ISl B3a€MOJIii B MOTPIiiHIN cucreMi, a came: ¢cBN — TyroraBka croiyka
tutany (TiN, TiC, TiB2) — Al. Curyanis 3 amominieMm notpedye moscHeHHs. Cmikanas PCBN
KOMIIO3UTIB IPOBOJIWIIM B JIBA €TAIU: MEPUINA — MOMEPEIHE MPOCOUYEHHS CTUCHYTOI IIMXTH aTIOMiHIEM
3a Trcky 2 ['Tla i temneparypu 1300 K, apyrwuii eram - criikanHs 3a Tucky 4,2 - 7,7 I'Tla 1 Temnepatypu
1750 — 2300 K. IIpu Takux ymMOBax altOMiHIA 3HAXOIUTHCS y PIIKOMY CTaHi i TOMY JJIsl IPOBEIACHHS
TEPMOJAMHAMIYHUX PO3pPaxyHKIB OpalucCh €HTPOIIisl 1 MOJBHHN 00’€M Mg piakoro amomiHioo. [Ipu
BUOOP1 MOXKIIUBUX pEaKIliil s po3riIsiay BUOMPAINCH TaKi, B X0/l SIKHX HE YyTBOPIOETHCS ra3oBa (aza
(manpukiaag N), KpiM TOro, mpu BUOOpI BapiaHTIB peakiiid B3aemMojii BpaxoBYBaJIM JaHi
PEHTTEHOCTPYKTYPHOTO aHANI3y CIIEYCHNUX KOMITO3UTIB.

Po3paxynok eneprii ['160ca BukonyBagcst B Ha0mkeHH1 ACp = 0. 3anexHicTh eHeprii ['166ca Bix
tucky (dG/dp)T =V BcTaHOBIIOBaJIach 3 BpaxyBaHHSIM 00’ €MHOTO €(PEKTY IIIaBJICHHs allfoMiHIt0 AV =
0,724 cM**monb™!. CTucHeHHAM (a3 HEXTyBalu, Tak K HOro edeKT B TAKUX peakiisx manuil. Takum
YUHOM, BIUIUB BHCOKOTO THCKY Ha eHepriro ['10ca mis BCiX BKa3aHUX peakilii BU3HAYAIUCH TUIBKU
00’eMHUM e()eKTOM IIJIaBJICHHS ATIOMIiHIIO 1 00’€MHUM epEeKTOM peaxiiii:

AV =d(AG)/dp + AV s Al

Jus eneprii ['i66ca ogepkuMo BUpa3s:

AG;j = AH9s + T AS + p AV

3 NpUBEICHUX JaHUX BUILUIMBAE, IO 3 TOYKH 30py TEPMOJIMHAMIKH y BUOpAHHX HaMHU CHCTEMax
MTOBUHHA MTPOXOJIUTHU XIMIYHA B3aEMO/Iis, & TaK SIK CHTPOITiifHA 1 00’ €MHa CKJIaJIOB1 peakilii BiJl’€MHi, TO
3 MABUIICHHSIM TEMIIEpaTypH 1 TUCKY HMOBIPHICTh TaKOi B3a€MOII1 3pOCTaE.

Bucnosox. BUKOHaHO TepMOIAMHAMIYHMNA aHai3 XiMIYHOi B3a€MOJii MPU BHCOKOMY THCKY
KyOIYHOTO HITpUAY OOpy 3 TYrOIUIaBKMMH CIIOJIyKaMH TUTaHy Ta amroMiHieM. [lokaszaHo, mo Taka
B3aeMOJIisl MOXJIMBa B obnacti remnepatyp 1o 2300 K i tuckiB go 7,7 I'Tla, i300apHOo-i30TepMidHMIA
noteHiian AG (enepris [166ca) Bim’eMHUN I JAAHOTO Jiama3oHy THUCKIB 1 Temmeparyp. [lpu
MIJIBUINICHHI TeMIiepaTypu adcoitoTHe 3HaueHHsS AG 3pocTae, Mpu MiABUINCHHI THCKY aOCONIOTHE
3HadeHHs AG 3poctae, TOOTO MIABHUILEHHS TUCKY 1 TEMIIEpaTypu CHpPUSAIOTH XIMIUHIN B3aeMogii B
PO3TIISIHYTHX CHCTEMaX.
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VJIOCKOHAJIEHHA TEXHOJIOTI'TI BUPOBHULTBA APMATYPHOI'O TPOKATY
NIABUINEHHOI MIHOCTI Y MOTKAX

Ilepuyn I'. L., k.T.H., IBuenko A. O.
Ykpaincbkuii iepKaBHUH YHIBepCHTeT HAYKH Ta TeXHOJIOTii, M. /{HInIpo

HasBHICTb Ha BITYM3HIHOMY PUHKY apMaTypHOro npokaty (All) y MmoTkax 3a0e3nedye nepeBaru
HOro 3acTocyBaHHS B OyJiBHMUMK Traiay3l 3a PaxyHOK BIPOBADKEHHS I1HAYCTplaJbHUX METOJIB
BUTOTOBJICHHSI 3aJ1i300€TOHHUX KOHCTPYKLIA Ta 3HMKEHHS BUTpAT cTaimi Ha 5-7% mpuU PO3KPOIO.
ApMaTypHHI TIpOKaT, SIKMK HAHO1JIbIII MacOBO 3aCTOCOBYETHCS y OYIIBHHMIITBI SIK B YKpaiHi, TaK 1 B
kpainax €sponu, € AIl knacy mirocti 500 H/mm? (AS00C 3a JICTY 3760, Bst 500/550 3a DIN 488 -
Himeuuuna, BS00B 3a BS 4449 -Anrmis).

Bupo6uuurso All piamerpom 6,0-18,0 MM y MOTKax B YKpaiHi BEAEThCS Ha METaTypriiHUX
I ITPUEMCTBAX, JI€ BUTOTOBJISIOTH MPOAYyKITito Kiaacy mirmHocTi A240C, A400C ta AS00C. ITpu npomy
npu BuroroBieHHi All kmacy A5S00C 3a paxyHOK TEPMOMEXaHIYHOTO 3MIIIHEHHS Ma€ MICIle BeJMKa
HEOAHOPITHICTh TTOKa3HUKAa MEXHU TUIMHHOCTI TIO0 JOBXHHI CTproKHS (po3kary) B miarazoni 350-550
H/MM?, 110 CBiTYUTH PO HASIBHICTH B OJHOMY MOTKY MPOJYKIIii TPHOX KIaciB MilIHOCTi ogHOo4acHo. 1le
HE BIAMOBITAE TEXHIYHMM BHMoraM ctaHmaptTiB Ha All. Tomy ans yCyHEHHsI Takoro HEAOJIKY 3a
kopaoHoM sikicHuH All kimacy A500C BUTOTOBIISIIOTE 10 KOMOIHOBaH1#M TEXHOJIOT11, KOJIU 33 TOTTIOMOT'010
raps4oi neopMaliii BUTOTOBJIAIOTH MPOKAT 3 piBHEM MeKM IMHHOCTI 350-450 H/mm? (Tepmiumne
3MIITHEHHSI HE 3aCTOCOBYETHCS), a 3a JOIMOMOTOI0 HACTYIHOI XOJIOAHOI AedopMariii TOBOIATH I
nmokasHuk 70 piBHsA 500-600 H/mm?. ToOTO, TaKMM YHHOM, 3JiHCHIOIOTH JIOJATKOBE 3MiIlHCHHS.
TexHoorist xonoaHOI AedopMariii peanizyeTbcs Ha CIeliajli3oBaHOMY 00JaJHaHI HUIIXOM PO3TATY
3arOTOBKH 3 TOTOBHM IEPIOANYHUM MPodijeM B MPOIlECi 11 MepeMOTKH 13 MOTKa B MOTOK (stretching-
TEXHOJIOT'Is).

VY poborti [1] posrasHyTa MO¥IJIMBICTE oTpuMmaHHs All y MoTkax, IO BiAMOBiTaE BUMOTaM
HAI[IOHAJILHOTO CTAaHIApTy 3 ONTHMAJIBLHUM CITIBBIJHOLICHHSIM MMOKAa3HHUKIB MIITHOCTI Ta MJIACTHYHOCTI
IUISIXOM 3ampoBajKeHHs stretching-rexnosorii. [l peamizalii Takoi TEXHOJIOTIT B SIKOCTI 3arOTOBKH
BUKOPUCTOBYETHCS MpoKaT mepioguunoro npodimo kimacy A400C 3a ICTY 9130 3i craneit mapok
Cr3I'nc, 181'2C, 201"2 Ta 251"2C 13 BMicTOM ByTJIeIto B Mexax 0,16...0,24% 3 mogansIimM OTpUMaHHSIM
NPOAYKLii OUTBII BUCOKOTO KJIaCy MiHOCTI. JIOCHiKEeHHAMH y 1a00paTOpHUX YMOBAxX MOKa3aHo, M0
MIPU BUKOPUCTaHHI 3arOTOBKHU MEpiogudHoro npodiiato aiamerpom 8,0 MM 3 HU3bKOsIeroBaHoi ctaii (%
mac.: C — 0,24; Mn — 1,39; Si — 0,76), npu ii nepopmyBanHi noaatkoBum postsiroM (%, €) Ha 2,0 ta
4,0% npu Temmeparypi HOBKiLIsA orpuMysanu All 3 Mexero miuHHOCTI Ha piBHI 580 u 650 H/mm?
BimoBiAHO. Lle cBiquuTh Tpo Te, M0 HUIIXOM X0J0HOI Aedopmartii po3tsirom 3 All kiacy MilHOCTI
A400 moxmmBo otpumyBatd All Oumbm Bucokoro kiacy wimHocti — AS00C Ta A600C. [lns
3ampoBa/KeHHs  stretching-texHomorii Ta opranizamii MacoBoro BUpoOHHHTBa All miaBHIIeHOT
MIIIHOCTI y MOTKax HEOOXiJHa HAasSBHICTh JOJATKOBOTO OOJagHaHHS (TEXHOJIOTT4HOI JiHiT). Takmx
BITYM3HIHUX JIIHIN HE ICHYE€, alie € 3aKOPJOHHI JIiHil, 10 BXKe NMEeBHUH Yac BUKOPUCTOBYIOThCS, 1 SIKi
JIOBEJIM CBOIO TPAIle3aTHICTh Ta HAAIHHICTB.
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©®OPMYBAHHSI KOMIPKOBOI CTPYKTYPU MIXK®A3HOI IOBEPXHI ITPU
CTAIIOHAPHIU o—y IEPEKPUCTAJIIBALII ®PEPUTHUX CIIJIABIB 3AJII3A

Yopuoisanenko K.O., k.1.H., MoBuan O. B., k.T.H
Ykpaincbkuii iep:KaBHUH YHIBepcHTeT HAYKH i TexXHoJIorii, M. /{Hinpo

[IpoBeneHo  AOCHIPKEHHS — CTAalllOHApHOI O—Yy  peKpHcTamizamii mpu  130TEPMIYHOMY
HayTJICPOIFOBaHHI CTUIaBy (DEPUTHOTO 3ajli3a 3 KOMIPYACTOIO CTPYKTYPOIO MiX(a3HOT rpaHuII].

Hudy3ilinuii nepeHoc Byriemo yepes y-pasy 10 Mik(a3HOT MOBEPXHI € OCHOBHUM YMHHUKOM,
10 BU3HAYA€ KIHETUKY 0.—Y PEKpUCTAJII3aIlii 1] 9ac HaBYTJICI[FOBAHHS.

da3oBe nepeTBOPEHHs 0—y MPEACTABISIIN y BUIJISII HAOOPY MOCIIOBHUX CTAI[IOHAPHUX CTAHIB.
[Ipoec 0—y TEpPeTBOPEHHS PO3IIISAABCS Yy JBOBHMIPHOMY HAONMKEHHI, HPUITYyCKalOUYd OCHOBY
CHUMETpito KOMipkH. Byio oTpuMaHo Bupas /uis po3noaiiay ByIJIeio B Y-(hasi nmepes miockuM GppoHTOM
MEPETBOPEHHS TIi]] 9ac CTalliOHAPHOTO MPOIIECy .

Pi3HuIII rpaHUYHUX KOHIEHTPALii MK BUTHYTHUM 1 IUIOCKUM (DPPOHTOM NEPETBOPEHHS BU3HAYAIH
HUIAXOM O0O0YI0BU CNIUIBHOI JOTUYHOI IUIOIIKMHY 10 TOBEPXOHb TEPMOANHAMIYHUX NoTeHI1aniB Gq 1 Gy
JUTSL TIFIOCKOTO 1 BUTHYTOTO (PPOHTY.

PosrnsnyTi audysiiiai nporecu B o-¢asi nepen GponTtom meperBopeHHs. CepenHs TpaHUYHA
KOHIIEHTpaLis a-cTabinizaTopa B a-(}asi Buila, HiXk y 3pocTatodiil y-¢a3i. OTpumano Bupas, 1o 3B's3ye
nporecu nudy3ii B a-hasi nepen GpoHTOM IMepeTBOPEHHS 31 MBHUAKICTIO MPOCYBaHHS (QPOHTY.

[ToGynoBaHO MO370BXKHI PO3pi3K KOMIPOK, 110 BIMOBIJAIOTh IPAaHUYHUM BHITaJKaM Koe(ilieHTa
MMOBEPXHEBOTO HATATY G Ta MIKPOCTPYKTYPH TpH 0—Y pekpuctamizamii. [Ipu mpoBemeHHI mux
PO3paxyHKiB aMILTITYa 30ypeHHs: @(X) Oylia almpoKCUMOBaHa KyCKOBO-HETIEPEpBHOIO (PYHKIIIEIO, 110
CKJIQIA€THCS 3 (PparMeHTiB KPUBUX APYTOTO MOPSIIKY Ta MPSIMUX.

JletanbHe BUBYEHHSI MIKPOCTPYKTYpH (ppoHTY Tpancdopmauii nokasye, mo kiituau I11 maroTs
BHpaXEHY KpUCTaTIiuHy (aceTKy Mpu TBepAoda3Hii pekpucTamizaiii. 3 oaHOro 3epHa 0-(ha3u MOXKYTh
BUPOCTH JBa a0o OiIbIIe CTOBMYACTUX KpHCTaNiB Y-(pa3u. 3pOoCTaHHS TPAHUYHOI IJIOUIMHU
B11I0YBa€THCSA 3 MAaKCUMAJIBLHOIO MBUIKICTIO, AKIO {111}y 1 {110} 0 B3aeMHO Opi€HTOBaHI 32 OJTHUM 13
BapiaHTIB opieHTaliiiHOTO criBBiAHOmEHH KypaiomoBa—3akca.

OtpuMaHy MOzENb MOXXKHAa BHKOPHCTOBYBAaTH SIK 0a30By MOJENb Ui JIOCTIDKEHHS POCTY
MPUPOJHOTO ayCTEHITHO-KapOiTHOTO KOMITO3UTY.
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BUBIP METOAUKHU BUSHAYEHHS EHEPI'OCUJIOBUX ITAPAMETPIB ITPOLHECY
MPOTATYBAHHSA ITABU YEPE3 3rHHO-PO3TATYBAJIBHUHN NPUCTPIN

Kmounikos K. 10., [Ipuxoasko LIO., a.1.H., Pa3znodpees B.I'., k.T.H.,
Hanamap . I'., Jlemenko O. L.

IncruryT yopHoi Mmeraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

B npakTtuiii BupoOHUIITBA METaI0BUPOOIB OCOOIUBY pOJIh BiAITpatoTh pacoHH] mpodisi CKIagHOT
KOH(irypallii, y TOMy 4HCJIi TOHKOCTIHHI, CTPIYKOBI 1 Mpodii nepioanIHOro nepepisy. SkicHi ocobo
BHCOKOTOYHI ¢pacoHHI Tpodimi 3 pi3HUM CHIBBIIHOMIEHHSM IMUPUHU JO BUCOTH CTPIUKH, SKI
BUPOOJISIOTECS MAaJOTOHHAKHUMHU TMApTISIMH 32 KOPJOHOM Ta IMUPOKO BHKOPUCTOBYIOTHCS Ha
MIIMPUEMCTBAX MaIIMHOOYyBaHHS, TPUIaA00yIyBaHHS, aBiaOyJyBaHHS Ta IHIIUX Tally3sx
rocnofapcTBa. B YkpaiHi BUpOOHULITBO BUCOKOTOUHUX (pacOHHMX HPOQisiB € BKpail oOMexeHUM, a
BUPOOHUIITBO MPOQIIIB CTPIYKOBOTO THITY B3arajii BiacyTHe. DacoHHI mpodiji CTPIYKOBOTO THITY
3a3BHYail BUPOOIIAIOTH XOJIOIHOO AehopMalliero Ha BOIOUYUIBHUX, IUTIONIMIIBHUX 200 JIMCTONPOKATHUX
cTaHax. BukopucTaHHs BOJIOUIHHSI B POJMKOBUX BOJIOKaX B MOPIBHSIHHI 3 XOJOAHOI MPOKATKOIO Ta
TUTIOIIEHHSIM Ma€ OUTBII BUCOKY TEXHOJIOTIYHY THYUKICTh, HE MOTPeOy€e BEIUKHUX KaIliTAIbHUX BUTPAT
JUTs opraHi3aiii BupoOHHUITBA. [IopiIBHSIHO 13 TpaIUIlIHHUM BOJIOYIHHSIM 3 BUKOPUCTAHHSM MOHOJIITHHX
BOJIOK, MPOIIEC BOJIOYiHHS B POJIMKOBHUX BOJIOKAaX MAa€ HACTYITHI IIepeBaru: HIKYe BUTPATa CHEPTii; BUIIE
nomyctuma edopmartis 3a MpoxXiJI; BUIA OJHOPIAHICTh BIACTUBOCTEH MPOAYKITli, HE BUKOPHUCTOBYIOTh
JIOpOTi BOJIOYMJIBHI MAacTHiIa, HE MPOBOJSATH JTOJATKOBI CHEIiallbHI OMeparii MmiJIroTOBKA METaly 0
BosiouiHHs (pocdaTyBaHHs, OKCaIaTyBaHHs, MITHEHHS, MIOKPUTTA Oyporo Toio). OCHOBHUIA HEIOTIK
crioco0y BOJIOYIHHS B POJIMKOBHX BOJIOKaX — HASBHICTh TATOBOrO 3ycWUis. HampyskeHHs, 110
PO3TATYIOTH IPO(DIIb Y CYKYITHOCTI 31 3HWKEHHSM TIJIACTUYHOCTI METaTy B IPOIIECi BOJIOUYIHHS, MOXYTh
MPUBECTH J0 pyWHYyBaHHS npokaTy. {00 ycyHyTH IIKiITUBUI BILTUB 3aJIUIIKOBUX HAMPY>KEHb, IO
pPO3TATYIOTH HEOOX1THO a0 X 3HIBENMOBAaTH, A00 TIEPEBECTH B CTUCKAIOUM HAIPYTH, K1 ITiIBHINYIOThH
Mpare3AaTHICTh CTaIeBOI 3ar0TOBKH. 3 I[I€I0 METOIO B ITPAKTHUIlI BHPOOHHUIITBA IPOTY 3aCTOCOBYIOTH JIBa
CrocoOu: TepMIYHMM 1 MexaHiyHuUU. TepMiuHuN cmociO, sIKii 3aCTOCOBYETHCS B IPOMHCIOBOCTI,
notpe0ye 3HAYHMX BHUTpAT eHeprii. MexaHiuHUH croci® Mae KilbKa Pi3HOBHIIB, 3 SIKUX HANOLIBII
parioHaIBbHUHN € TIPOIeC 3HAKO3MIHHOI tepopmartii 3 po3TATYBaHHIM APOTY B 3rHHO-PO3TATYBATHHOMY
IIPUCTPOL.

[Ipouec xonogHoro aedopmyBaHHS 13 3aCTOCYBAaHHSM 3THHO-PO3TATYBAJIbHOTO IMPUCTPOIO
Bi/I0YBA€THCS 3 MPOTHHATATOM, BEIMYMHA SKOTO JOPIBHIOE 3YCUILIIO MPOTATYBAHHS 3aTOTOBKU Yepes
e npuctpiid. [IpoTuHATAT BH3HA4Yae 3yCHJUIS XOJOAHOI aedopMallii 1 MOTYXKHICTh MPUBOTHOTO
JIBUTYHA TATHYYOTO MPHUCTPOIO, BEIMYMHY MAKCUMAIIBHO MOXIUBOI AedopMariii 3a Mepuui mpoxis,
CTIHKICTB TIpOIIeCy XOJI0aHO1 AedopMalrii Ta iHII mapameTpH. [Ipairoroun 3 BEIUKUM TPOTHHATATOM
MOJKJIUBI YacTi OOpuBH Mpokary. ToMmy ayKe Ba)XJIMBO MPAaBUIBLHO PO3paxyBaTH 3yCHIUIS XOJOIHOI
nedopmarlii 13 3aCTOCYBaHHSIM 3THHO-PO3TATYBAIBHUX POJTMKOBUX MPUCTPOIB.

Merta poOoTu: Ha mMiACTaBi BUKOHAHOTO aHaNi3y, BHOpAaTH METOJAMKY JMJIS BHU3HAYCHHS
€HEeproCcUJIOBUX MapaMeTpiB MpoIeCy MIPOTATYBAHHS IITA0U Yepe3 3TUHO-PO3TATYBAIbHUN IPUCTPIil.

B pesynbraTi aHamizy BU3HAu€HAa METOAMKA PO3PAaXyHKY CHIIOBHX IapaMeTpiB IMpoLecy Ta
(hOpMO3MIHU KaTaHKU B 3THHO-PO3TATYBAIbHOMY POJIMKOBOMY MPUCTPOT 3 KOMIIEKCHUM ypaxyBaHHSIM
B3a€MHOI 3aJIe)KHOCTI CTyNeHs aedopmarii, CHIM MpOTATYBaHHS MeETaly, a 3MiHHM MEXaHIYHUX
BJIaCTUBOCTEH y mporeci nedopmartii mrabu y PpOITMKOBOMY 3THHO-PO3TITYBAILHOMY MPHUCTPOI
NPUKAHSIIM METOJMKY, SIKy po3poounu panime B [UM HAHY. OOpani METOAMKH CIYTYIOTh Y
MOJAJBIIOMY JJIi PO3POOKM MaTeMaTHMYHOI MOJeNi pPO3paxyHKy €HEproCHJIOBHX IapaMeTpiB Ta
napameTpiB OPMO3MIHU MPOLIECY MPOTATYBAHHS IITa0M yepe3 3rHHO-PO3TATYBATIBHUM MPUCTPIH, 110
JT03BOJIUTH TIPOBOJUTH OOTPYHTOBAHMM BHOIp MapaMeTpiB 3HAKO3MIHHOTO BUTHHY IITA0H.
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BUPOBHHUITBO APMATYPHOI'O ITPOKATY 3 HU3BKOJIETTOBAHUX
MOJUPIKOBAHUX A30TOM CTAJIEM

Isuenko O.B.! k.1.H., ITepepsa B.41. ? k.T.H., 3yeB O.B.!

1 Ykpaincbkuii 1epskaBHHil yHIBEpCHUTET HAYKH Ta TEXHOJI0TIiH, M. [[Hinpo;
2 Hanionanbuuii Texniynmii ynisepenrer "Jlninposcbka noJitexunika', m. J{uinpo

AKTyaJlbHUM 3aBJIaHHSIM IIPH BUPOOHMIITBI CTAJIEBOTO MPOKATY 3 HU3bKOJIETOBAHMX MapoOK CTalll
€ T1IBULIICHHS MIHOCTI 0e3 3011bIIeHHs co01BapTOCTI MpoayKIlii. Peamnizartis cnoco0iB MoandikyBaHHS
Ta MIKPOJIETYBAaHHS JI03BOJISIE T1IBUIITUTH XapaKTEPUCTUKH CTaJIeBUX BUPOOIB [1, 2] sIK 1110 10 MIITHOCTI
Tak 1 ekcruryatarlii. HoBi TexHomorii MomudikyBaHHs CTali NUIIXOM BUIUICHHS HAHOIUCIEPCHUX
HaJUTUIIKOBUX (ha3 3a pI3HUX YMOB 3HAYHO IIABUIIYIOTh MIIIHICTb 1 TIJIACTHYHI BJACTUBOCTI CTAJICBOTO
MPOKATy, B TOMY YHUCJIi apMaTypPHOTO.

Po3ristHyTO MOXKIIMBOCTI  OTPHMaHHS apMaTypHOrO IIPOKaTy, IO BiAMOBiIa€ BUMOTaM
MDKHApOJHHUX CTaHAAPTIB 3 ONTUMAILHUM CITIBBITHOIICHHSM MMOKA3HHUKIB MIIIHOCTI Ta IJIACTHYHOCTI
NUBIXOM peaiizamii TEeXHOJIOTiT KapOOHITPUAHOTO 3MII[HEHHS HHU3bKOJETOBAaHUX KOHCTPYKITIMHUX
cranei [3, 4].

301IbIICHHS] CIIOKMBAHHS apMaTypH 3 BIIMOBITHUMHU TOKAa3HUKAMU MIITHOCTI Ta IJIACTUYHOCTI
3YMOBJIIOE€ BUCOKI BHUMOTH 10 ii BHTOTOBJIEHHS, IO JOCATAETHCA TEXHOJIOTIEI KapOOHITPHIHOTO
3MIITHEHHS CTaJieH, 1110 MICTATh BaHaAiH 1 piamie HI001i. BUpoOHUIITBO apMaTypHOTO TPOKaTy Kiacy
mirHOCTI 500-600 MIIa 3 HHM3BKONETOBAaHHUX cTaie MOAU(DIKOBAHHX a30TOM [5] CYTTEBO MiABHIIYE
CIIO’KMBY1 BJIACTUBOCTI TOTOBOI MPOAYKIIii, TaKi, IK BATPUBAJIICTh, XOJIOAOCTIHKICTh, CEHCMOCTIUKICTb,
BOTHECTIMKICTh Ta BOTHE30€pEKHICTh. 3aCTOCYBaHHS TAaKOTO MPOKATy MpH OYyIBHUITBI B perioHax i3
MIBUIIICHOI0 CEHCMIYHOK AKTHBHICTIO Ta BEJIMKHMH IEperajiaMd TEeMIEpaTyp HaBKOJHUITHLOTO
CepeIoBHILA CIPUATINBO MO3HAUYUTHCS HA HATIIHOCTI 3a11300€TOHHUX KOHCTPYKIIIH Ta CIIOPY/I.
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ICHYIOUI TA NIEPCIIEKTUBHI CIIOCOBU OXOJIO/KEHHSI CTAJIENA
3BAPIOBAJIBHOI'O IPU3HAYEHHS B JIIHII IPOKATHOI'O CTAHA

Ouniiinuk E. B., ITapycos E. B., 1.1.H.
IncTuryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainn, m. /Ininpo

JInisi BUTOTOBJICHHS 32 Cy4acHOIO TEXHOJIOTIE€I0 X0JIO0AHOAE()OPMOBAHOTO IPOTY 3BAPIOBAILHOTO
MPU3HAYCHHS 3 JICTOBAHUX CTaJed HEOOXIMHO MaTH BUCOKOSIKICHY BUXIIHY CHPOBHHY — IPOKAT Y
OyHTax, SIKU{ MOBUHEH BOJIOJITH TOJIMIICHUM IMOEIHAHHSAM MMOKA3HHUKIB MIIIHOCTI Ta MIACTHYHOCTI.
MiKkpoCTpyKTypa MpOoKaTy 3 JISTOBaHUX CTalell BU3HAYa€ HOTr0 3/IaTHICT IO XOJIOJHOTO TUIACTHYHOTO
negopMyBaHHs, a CIHIBBIIHOWIEHHS CTPYKTYPHUX CKJIQJOBUX, IXHS KUIBKICTh Ta pPIBHOMIPHICThH
pPO3MOATY YHMHSTH ICTOTHUH BIUIMB Ha TMpolec cTabuipbHOro 0e300puBHOTO BoJowiHHS. CyuacHa
TEXHOJIOT1s1 OTPUMAaHHS 3BapIOBATBHOTO JPOTY 13 BAKOPUCTAHHIM €HEpro30epirarouoro MpuHIUILY, TaK
3BaHE «IpsSIME» BOJIOYIHHS, Tepeadavae BIACYTHICTh JOJATKOBUX TEPMIYHMX OOpOOOK Tij vac
XOJIOZHOTO TUIACTHYHOTO AepopMyBaHHS MPOKATy HA METAIOBUPOOHOMY TIepepo0i. 3HMKEHHSI MIIIHOCTI
Ta MIJIBUIICHHS MOKA3HUKIB TJIACTUYHOCTI MPOKATY 3BAPIOBAIHHOTO MPU3HAYCHHS 3a0€3MeUyeThCs 3a
PaxyHOK CEJICKTUBHHX BUMOT J0 XIMIYHOTO CKJIAJly CTali y MeKaxX MapOYHUX IHTEpBaliB, JOAATKOBOTO
3B'I3yBaHHS a30Ty BUIBHOTO, a TaKOX 3aCTOCYBaHHS CICIIAIBPHUX PEKUMIB PO33MIITHIOIOYOTO
00poOJIeHHA 13 PEryjJbOBaHOIO MIBUAKICTIO MOCTAC(POPMAIIHOTO OXOJOPKEHHS Ha POJHUKOBOMY
TpaHCIIOPTEP1 B JIiHII MPOKATHOTO CTaHa.

Teopernuni 3acaau  aedopmariifHO-TepMiuHOrO 00pOOJIEHHST TpoKary 0a3yloThCsl Ha
3aKOHOMIPHOCTAX KIHETHKHM pO3Iaay ayCTEHITY 1, BIAMOBIHO, OCOOJMBOCTSIX mepediry ¢a3oBo-
CTPYKTYPHUX TEPETBOPEHb, SIKI BiOYBAIOTHCS MiJ JI€I0 rapsvyoro IUIACTUYHOrO AeGopMyBaHHS B
neroBaHux ctaysx. [Ipy BU3HaUeHHI mapaMeTpiB AedhopMaIiiHO-TEpMIYHOTO OOPOOIICHHS MMPOKATY CITiJT
BPaxOBYIOTh XIMIUYHHUI CKJIaJ CTaji, TEMIIEPaTypy 3aBEpIICHHS raps4oro MpoKaTyBaHHS, TPUBATICTh
noctaedopMaIiitHOT may3H, a TaKOK TeMITepaTypHO-9acOBl YMOBU OXOJIOKEHHS.

B meramyprifiHiii mpakTHIi MiJ Yac BUTOTOBJICHHS MPOKaTy B OyHTaX BHUKOPHUCTOBYIOTbH JIiHIi
CKOPOTKHI» Ta «IoBrHi» Stelmor. OXoyIomKeHHST KOHCTPYKIIMHUX Ta BHUCOKOBYTJICIIEBHX CTajeit
MPOBOJIATH Ha JIiHIT «KOpOTKUi» Stelmor (moBxkuna Tpancnoprepa ~ 70-90 M), a jeroBaHux cranen
3BapIOBAJILHOTO TIPU3HAYEHHS Ha JiHIT «1oBrui» Stelmor (momkuHa TpancmopTtepa ~ 110—150 m).
301IbIIECHHS TOBXUHU TPAHCIIOPTEPa JO3BOJISIE CTBOPIOBATH PI3HOMAHITHI YMOBHU Uil OXOJIOJKCHHS
MPOKaTy B IIMPOKOMY TEMIIEpaTypHO-4acOBOMY IHTEpBaJli Ta KOMOIHyBaTh Oe3mepepBHE Ta
KBa31i30TepMiuHEe OXOJOKEeHHs. ['00BHA mepeBara JiHii «10Brui» Stelmor mosnsirae y MOXINBOCTI
OXOJIOJDKEHHSI METaJTy Ii/ TeIUIOI30JAIIMHUME KPUIIKaMU TPaHCIIOpTEpa B yMOBaX, HAOIMKEHUX 10
130TepMIUHUX, 110 J03BOJSE TOCATTH HAHOUIBII €()EKTUBHOTO MOEAHAHHS CTPYKTYPU Ta MEXaHIYHHX
BJIACTUBOCTEH MPOKATy 3 JICTOBAHUX CTajel. YTMOBIIbHEHE OXOJO/KECHHS JITOBAHUX CTajei IIijl
TEIUIOI30JALIHUMHU KPUIIIKAaMH TpaHCIopTepa crpusie (GOpMyBaHHIO (HEpUTO-TIEPIITHOI CTPYKTYPH 13
MIHIMQJIBHOIO KUIBKICTIO OCHHITO-MapTEHCUTHUX [IISHOK, IO 3a0e3medye MiJABHIINCHHS HOTo
TEXHOJIOT1YHOI MJTACTUYHOCTI ITiJ] Yac BOJIOYiHHS 0€3 3aCTOCYBaHHS JOJAaTKOBOTO BiJIaly.

ANBTEpHATUBHUM DPE3epPBOM 3a0€3MEUYCHHSI YIOBUTLHEHOTO OXOJIOJUKCHHS MPOKATy MOXE OyTH
J0JaTKOBA T€pPMETHU3allis CeKIii TpaHCIOpTEpy MiJ TEIIOI30AMIMHUMI KPUIIKAMH, BCTAHOBJICHHS
CHeIiaJbHUX IMUPKYJISAIIHHAX BEHTHJIATOPIB, @ TaKOX TEIIOBI30piB. OUYEBUIHO, MO TEMIIEPATyPHO-
IIBUJIKICHUH periiaMeHT OXOJIO/PKEHHS MPOKATy Biirpae CyTTeEBY poJib Ha (OpMyBaHHS HOTO SIKOCTI, a
3arajJbHUAN MPOIEC BUTOTOBIICHHS CKIAJAAE€THCS 3 TEXHOJIOTTYHUX Olepalliid, KO)KHa 3 SKMX poOUThH CBii
NEBHUI BHECOK Y (JOPMYBaHH KiHLIEBOTO KOMILIEKCY BiacTHBOCTe. HeoOxiaHo 3a3HaunTH, 1110 Hapasi
HaWOIIBII paIlioHANTbHI PEXUMH OXOJIO)KCHHS TPU BUTOTOBJIEHHI MPOKATy 3 JIETOBAHWUX CTajei
peaizoBaHO HE y TMOBHIM Mipi, IO J03BOJIE 3alpONOHYBAaTH HAIlIOHATBHUM METalTypriiHUM
MiApUEMCTBaM €()EeKTUBHI TEXHOJIOT1YHI 3aXOAH, SKI CIPsIMOBaHI Ha BJIOCKOHAJIEHHS BHUPOOHHYOTO
IpoIiecy 3a BIIHOCHO MiHIMAJIIbHUX MaTepiallbHUX BUTPAT.
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METOAUKA JOCII/UKEHHSA INMTMBUHU TPOHUKHEHHSA KYMYJIATHUBHOI'O
CTPYMEHS HIPOTEXHIYHOI'O TPUCTPOIO CUCTEMM PO3AIVIEHHSA PAKETH-
HOCIA

Bouo6am €. C.
Hepxane minnpuemctBo «Kb «IliBnenne» im. ML.K. SIureas, m. ninpo

[TipoTexHiuHI TPHUCTPOI BIAITPAIOTh BAXKIWBY POJb y 0ararboX CHUCTEMax pPaKeTHO-KOCMIYHOI
TEXHIKH, JIe BUMAra€TbCsi MUTTEBE BUKOHAHHS OTEpaliid, 30KpeMa, PO3AUICHHs CTYIEHIB paKkeT-HOCIiB.
OpauM 3 HaOUTBIT €(PEKTUBHUX THUIIIB MIPOTEXHIYHUX MPHUCTPOIB JJIsI BUKOHAHHS TaKUX OMEparliil €
TiHiMHI KymynsTuBHI 3apsau (JIK3).

I'miOuna nmpoHuKHEeHHsS KyMyasTuBHOTO cTpyMeHto (KC) € ogHuM 13 OCHOBHUX MapaMeTpiB, IO
BU3HAYAIOTh €(EKTUBHICTh 1 HAMIMHICTP MIPOTEXHIYHUX MPUCTPOIB CHCTEMH pPO3JIUICHHS. SIKIIO
ruouHa poHukHeHHs: KC HegocTaTHsI, TO MPOTEXHIYHUN TPUCTPI HE 3MOKe 3a0e31MeunTH e(DEeKTUBHE
pyHHYBaHHS 3B’5I3KiB MXK CTYNEHSIMH 200 eIeMEHTaMU KOHCTPYKIIii B paKeTHO-KOCMIYHIM TEXHIIT.

MeTtoro aHoi poboTH € po3poOKka METOIMKH MocCiipkeHHs runonan npornkHenHs KC JIK3, mo
BUKOPHCTOBYETHCS B CUCTEMAX PO3IJICHHS PaKeT-HOCIIB.

Metonuka MOCTIIKEHHsSI CKIAAA€ThCsl 3 HACTYIMHUX €TaliB: IMIATOTOBKA 3pa3KiB MEPEIIKOIH;
nigroroBka JIK3; Bcranosnenns JIK3 Ha mepenikony; BUMIpIOBaHHS IMTHMOWHHM NMPOHUKHEHHS; aHaNi3
TaHUX.

Po3po0Gnena mMeroamka A03BOJISIE MPOBOAUTH JoCipkeHHs rmuOuHu nponukHeHHs KC JIK3 3
BHCOKOIO TOYHICTIO Ta HaAiiHICTI0. OTpUMaHi 3a JOMTOMOTOIO JTAaHOT METOIUKH PE3YJbTATH A0CIIIKECHHS

J03BOJIAIOTH MIATBEPANUTH Mpale3aaTHICTh, e(heKTUBHICTD 1 HAAIHHICTh MIPOTEXHIYHUX MPHUCTPOIB HA
JIK3.
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PO3POBKA 3ACOBY BUT'OTOBJIEHHSA TEXHOJIOT'TYHUX MACTHJI JIS1 OBPOBKH
METAJIIB TUCKOM

Kaprin C.B., k.T.H., CyxomumH C. A.

BH?3 “IIpua3oBchbKkuil AepKaBHUI TeXHIiYHUH yHiBepcuTer”, M. lHinpo-M. MapiynoJn
9

BinbmiicTh TEXHOJIOTIYHUX MacTU Il 00poOku MeTaniB TuckoM (OMT) MicTath B cobi rpadit.
Ho TaKHX MacCTHI MO>KHA BiHECTH: OI'B-75, T'®II,
VYkpinon-7, denpra-31, Cyminepa Ta iH. B nux Mactunax ¢paxiiis rpadita Mae po3Mmip Bi 2 — 5 MKM.
JInisi BUTOTOBIICHHS MAacTUJI 3 TAKMMH PO3MipaMu Tpadita Ha MIAMPHUEMCTBI IIUPOKO 3aCTOCOBYIOTHCS
mapoBi MiauHU. [Iporec BiApPI3HAETBCS TPYAOMICTKICTIO Ta BEIUKOI €HeproMicTkicTio. Hamu
po3po0iieHi 1 BpoBakeHi Ha MapiynoiabcbkoMy rpadiToBoMy 3aBOJi 3aCi0 BUTOTOBJIEHHS APiIOHOTO
rpadiTy 3a IOMOMOTOI0 TiIpaBIYHOrO Aichipraropa. [Ipu mpoMy 3a AOMOMOTOIO KaBiTAIlIHHUX CTPYH
BEJIMKI YaCTHHU TpadiTa MBUAKO MOAPiOHIOIOTHCS Ha (pakiii po3mipom 2 — 5 Mxm. OTpumMani npodu
Oysy 3acBiTUeHI Ha JIEKTPUIHOMY MiKpocKori. Bymo BcTaHOBIIEHO, 1110 32 6 TOIWH Ha KaBiTalllHHOMY
micriepraropi MOJKJIMBO OTpUMaTH
60 % npiGHoro rpadita Ppakuiero 2 — 5 MKM. Y TOil jke yac Ha MAapOBUX MIIMHAX Oyno 6 moTpiOHO y
10 paziB Ginble yacy, a BUTpaTH mpaii — y 5 pasiB Oinbie. Po3pobaenum 3acodoM Oy BUTOTOBIEHI
texHosoriuni mactmwia OI'B-75, T'®II, VYkpinon-7, ski TpoWIIIM BHUMNPOOYBaHHS Y KOBaJIbCHKO-
mramnyBagbHoMy 1exax (“AsoBmam”, M. Toxmax; FOXMAIL, m. [IHinpo) 1 mokasamu Xoporri
pesynbrati. Baxaemo, 1mo po3pobieHuii 3acid € mepcrneKTUBHUM, €KOJOTIYHO YUCTUM Ta MOXKE OyTH
BIIPOBAKEHUM Ha MIANPUEMCTBAX, SIKI BUTOTOBJISIOTH TEXHOJIOTIYHI MacTHJIA.
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CIIOCIB BUTOTOBJIEHHS TPYB-3ATOTOBOK JIJISI APTUJIEPIHCHKHUX CTBOJIIB
MAJIMX KAJIIBPIB 3 /KAPOMIIIHUX PEJIAKCAHJI?'IHOCTII?'IKI/IX
XPOMOMOJIIBAEHOBHUX CTAJIEN

Kopoas P.M., k.T.H., Muponenko M.A., K.T.H.

HepxaBHe nixnpuemcTBo «HaykoBo-10¢HiTHUA Ta KOHCTPYKTOPCHKO-TEXHOJOTIYHUH iHCTUTYT
TpyOHOI mpomucaosocti imM. S.1O. Ocagm» M. J{Hinpo

Jlep>kaBHe mianpueMcTBo «HaykoBo-mocmiiHUil Ta KOHCTPYKTOPCHKO-TEXHOJIOTTYHUIN 1HCTUTYT
Tpyonoi mpomucnoBocti iM. S.FO. Ocamu (cxop. AIT «HJTI»). Opranizamiiino-npaBoBa (opma:
nep>kaBHa BiacHicTb. CyO’ext ympasninusa: oI nepkaBHOro MaiiHa Ykpainu. Po3mip nepkaBHOi
YacTKH B cTaTyTHOMY KamiTaii — 100%.

3rigao IloctanoBu KMY Ne83 Bim 04.03.2015p. (umnna penmakmis Big 26.08.2021p.) «IIpo
3aTBEP/KEHHS TEpesiky 00’ €KTIB Jep>KaBHOI BIJIACHOCTI, IO MAalOTh CTpaTeriyHe 3HAYCHHS s
eKOHOMIKH 1 Oe3neku nepxkasu», A1 «HATID» BigHOCUTBCS 10 CTpaTeriyHuX MiANPHEMCTB.

Ha ©6amanci JIT «HJTI» mepeOyBae 3axmcHa cropyaa IIMBUIBHOTO 3aXUCTy — IIEHTPaJIbHE
6ombocxosuiie CobopHOro paitony M. J{Himpa.

JIT «HATD» ceprudikoBano Ha BianosigHicTs BuMoraM JICTY ISO 9001:2015 (ISO 9001:2015,
IDT). AIT «HATD» arectoBane sik HaykoBa yctaHoBa (CBiouTBo mpo aepxkasHy atecraiito Cepis A
No 00494 Bim 26.05.2022p.) 1 #ioro BKIOUEHO A0 JlepKaBHOTO PEECTPY HAYKOBHX YCTAHOB, SIKUM
HagaeTbes nmigTpuMka nepxkasu (CeimonTBo Ne 03116 Cepis AP Bix 26.07.2022p.).

[Tpu AIT «HATI» dpynkuionytots Texuiuni komitetn TK 8 « TpyOu cranphi Ta 6amonn» it TK 81
«CrangapTusaiisi METOAIB KOHTPOJIO MEXaHIUYHUX, MeTalorpadiyHuX M KOpPO3iHHHX BHIIPOOYBaHb
MeTaJonpoAyKilii». IHCcTUTYT Mae kosnexktuBHe uiaeHCTBO B TK 79 «Atomua enepris» it TK 176
«CrangapTu3aiiist 030pO€HHS Ta BIHCHKOBOI TEXHIKM.

B pamkax poOGOTH OCTaHHBOTO 3 MEpPETIYCHUX KOMITETIB Y I1HCTHTYTI MPOBAIATHCS POOOTH
O3HauYeHOi TeMaTuku. Hampukman, Ha AOCHITHIN IUTBHULI OyJO YCHIIIHO arpoOOBaHO HOBHH croci0
BHUTOTOBJICHHSI TPYO-3arOTOBOK, SIKI BUKOPHUCTOBYIOTHCSI TIPU BUTOTOBJICHHI apTUJIEPIACHKUX CTBOJIB
MaJIuX KajiopiB. 3anponoHOBaHUH cr1oci0 peani3y€eTbCcsi HACTYITHUM YHHOM.

VY BimoMoMy crmoco61 BUpOOHUIITBA TPYO-3arOTOBOK /TSI apTUIIEPIACHEKUX CTBOJIIB MaJuX KasliOpiB
3 YKapOMIITHUX PeNaKCAI[iTHOCTIMKIX XpOMOMOJIOICHOBUX CTaJIel, KOTPHA BKJIIOYAE OaraToOmpoXigHy
MPOKATKY Ha CTaHAX XOJIOJHOT MEePIOAUIHOI TPOKATKU 3 TPOMIKHOIO TEPMIYHOIO 0OPOOKOI0, TPOMIKHY
TepMiyHy OOpOOKYy mepel OCTaHHIM MPOXOJOM BHMKOHYIOTH B JIBa €TallM: HArpiBaloTh TPyOH 10
temmneparypu 870°- 890°C 3 0X0JIOMKEHHSIM B Macli, a MOTIM 3/IIHCHIOIOTh iX IMOCTYNOBUH HArpiB 10
temmnepatypu 300°- 650°C 3 oxomnomKkeHHIM Ha ToBiTpi. [Ipu 11boMy KiHIIEBY TpOKaTKy TpyO poOIATh
3 o0tuckoMm 15 - 25%.

Sk MU B)Ke 3a3HaYAIIM PaHillIe, 3aPOIIOHOBAHUMN CIIOCIO MPOMIIOB anpoOarlito B yMoBax JOCTITHOT
ainerumi JAIT «HATD» npu BUrOTOBIIEHH] €KCIIEPUMEHTANIbHOT MapTii TpyO-3aroTOBOK apTUIIEPIACHKUX
CTBOJIIB PO3MIpoM 32X8 MM 3 >KapOMIITHOI peslakcaIliiHOCTIHKOI XpOMOMOJIIOAEHOBOI CTalll MapKu
30XMA. Xononny npokatky npooauiau Ha ctani XI1T-75 B Tpu npoxoau. [lepen octanHIM TpoxoaomM
3MiMCHIWIM orepaltifo TepmidHoi o0poOku TpyO mpu 880°C ympomorxk 30 XBUIWMH 3 HACTyIMHUM
OXOJIO/DKEHHSM B BaHHI 3 MacyioM. [1otiMm 3HOBY moctynoBo Harpinau Tpyou 10 300°- 320°C BpooBxk
TPHOX TOJIMH 3 HACTYITHUM OXOJIO/PKCHHSIM Ha IMOBITPI A0 KiMHATHOI TeMriepaTypu. Ilicis 3a3HaveHoi
TEepMIYHOI 00pOOKHU TPyOU MaIl MEXy MILIHOCTI Ha po3puB B fiana3oni 880 - 920 MITa. [Ticis mpokatku
3 obtuckoMm 15% wmexa MinmHOCTI roToBUX TpyO 3pocna mo 1120 MIla 3 po3birom MexaHIYHUX
BJIACTUBOCTEH 10 TOBXHUHI TpyOu 10 12%. SIkicTh 30BHINIHBOI TOBEPXHi TPyO Oyiia 3a/10BUIbHA.
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VYIOCKOHAJIEHHS ITPOLLECY KYBAHHS ITPOKATHHUX BAJIKIB
Kapriu C. b., k.T.H., Majnii LA.

BH?3 “IIpua3oBchbKuii Aep:KaBHUI TeXHiYHUH VHiBepcuTeT”, M. JlHinpo-mM.MapiynoJuin
9

[Tpu KyBaHHI TPOKATHUX BAJIKIB 110 TPATULIMHINA TEXHOJOT1, 17151 3a0€3MeYeHHS TOTPIOHOTO YKOBY
IIUPOKO 3aCTOCOBYIOTH ONEparlito ocaaku 3iuBka. Hamu 3ampoHoBaHa ¢gopma OOHKIB, TpU KyBaHHI
AKMMH HeMa TOoTpeOM y TPYIOMICTKIA omepauii ocaKyBaHHS 3/1uBKa. KyBambHOMY Iiexy Ha
TiApaBIiYHOMY TIpECi PH KyBaHHI MPOKATHOTO BaJIKy Barokoo 25 T OyiaM 3aCTOCOBaHI TPUIIPOMEHEBI
00liKH, KyBaHHS SIKUMH J03BOJIMJIO OTPUMATH TPUIIPOMiHEBHIA 31MMBOK. Oniepartisi ocaKyBaHHs He Oyna
3actocoBaHa. [lomanpmie KyBaHHS IIbOTO TPHUIIPOMEHEBOTO 3JMBKA TNPOBOAMIM IO TPAIHMLIiAHINA
texHonorii. [Ilpyu npoMy TeXHIYHI OKa3HUKU MPOKATKU BaJKa BIANOBIJANM yCiM moTrpedam CTaHIapTy
(ACTY), a cam nporiec Ha 30 % OyB mBuammM. TeopeTruHi JOCIIHKEHHS TPOBEASHI METOAOM JIHIH
KOB3aHHS TOKa3alik, 110 KyBaHHS LUMHU OOWKaMHU J103BOJsIE JOOpE MPOKATyBaTH 3JIMBOK IO BCHOMY
nepepizy. Mu ramaeMo, 1mo po3poOiieHa 1 BIPOBAKEHAa KOHCTPYKINSE HOBOI TPUIIPOMEHEBOI (Gopmu
KOBaJIbCHKMX OOHKIB MOXe OyTH LIMPOKO 3aCTOCOBaHa NMpHU KyBaHHI Pi3HUX MOKOBOK, B TOMY YHCII 1
MIPOKATHUX BAaJIKIB.
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YK 004.02:519.63:669.717

JOCIIIKEHHSA METOAIB PO3PAXYHKY 3AJJAYI MOAEJIIOBAHHSA ITPOLHECY
IIVTABJIEHHSA MATEPIAJIIB

babenko M. B., k.T.H., Tonkomkyp I'.O.
JHinpoBCcHKUIl Aep;kaBHUI TeXHIYHUI yHiBepcuTeT, M. Kam’siHCbKe

MarematuuHe MoOJETIOBaHHS Oaratoa3HHX CepeloBHUII TPYHTYEThCS Ha (DyHIAMEHTaIbHUX
MOCTYyJIaTax 1 MPUHIMIIAX MEXaHIKU CYIUTbHUX cepeoBuIll. OMHAK BaXXIMBO 3a3HAYUTH, 10 PIBHSIHHS,
SKi OMUCYIOTH IIi MpolecH B OaratodazHUX CEPeIOBHINAX, € MEPEBAKHO CKIATHUMH 1 HETIHIHHUMU
nudepeHIiaTbHIMH PIBHAHHSIMHU B YaCTUHHHUX TIOXITHUX, SIK1 9aCTO MAalOTh aHATITUYHI PO3B'SI3KH JIAIIIE
B 0OMEXEHiH KiJTbKOCTI BUMAJIKIB, 110, K MPABUJIO, HE MAIOTh MPAKTUYHOI 3HATYIIIOCTI.

Jlist oTpuMaHHS KUIBKICHOTO YSIBJICHHS TPO Tepedir TakuxX MPOIECIB CTald HE3aMiHHUMHU
YHCEeTbHI METO/IH, L0 PEali3yloThCs 32 JOMOMOT0I0 00UNCITIOBAIbHOI TeXHIKU. Lle cipuuuHIIIO0 MosiBy
HOBUX HAYKOBHUX JUCITUIUIIH, 30KpeMa, 00UMCITIOBAIBHOT (DI3UKH, OOUNCITIOBAIBHOI T1APOAMHAMIKH Ta
00YHCITIOBANIBHOT TETUIO(I3UKH.

ABTOMAaTH30BaHI CHCTEMH HAyKOBHX JOCTIIDKEHb — I1€ CHUCTEMH, B SKHX IS IiABHIICHHS
e(EeKTUBHOCTI HayKOBUX JOCIIKEHb PsiJ MPOLENyp OTPUMAaHHS, aHaNli3y, Meperadi Ta HAaKOMUYEeHHS
iH(dopmartii, OB’ s13aHUX 3 BUKOPHCTAHHSAM B XOJII MOIIYKIB METOJy MaTeMaTHUYHOTO MOJICITIOBAHHS,
(dbopManizoBaHUH 1 BAKOHYETHCS aBTOMAaTHU30BaHO.

Ha xadenpi «IIporpamue 3abe3nedeHHs cuctem» JIHITPOBCHKOTO JEPKaBHOTO TEXHIYHOTO
yHiBepcuTeTy Oyja mpoBeaeHa podoTa 3 po3poOKH aBTOMATH30BaHOI CUCTEMHU HAyKOBHX JIOCIIIKEHb
«[InaBneHHst MaTepianiBy. Pe3ynbraToM IIOTO CTANO MpOorpamMHe 3a0e3neueHHs, TPUCTOCOBAHE IS
OTpUMaHHS BCEOIYHUX 1 BUCOKOTOYHUX JAHUX MO0 TUHAMIKH MPOIECIB TEIJIO- 1 MACONIEPEHOCY MiJ
yac IJIaBJIEHHs MaTepiamiB. Pe3ynbratm MojaentoBaHHSA AAOTh 3MOTY (OPMYIIOBATH PEKOMEHIAI
II0JI0 ONTHUMI3aIlii BiIMOBITHUX TE€XHOJOTIYHUX MPOIIECIB.
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JOCJIIPKEHHS HAIIPYKEHD Y IHCTPYMEHTI III{ YAC KYBAHHA
METOJAMU MOJAEJIIOBAHHSA KIHIHEBUX EJIEMEHTIB

MkTrpusH €. A., K.T.H.
JABH3 “IIpua3oBcbkuii Jlep:xaBHuii TexHiYHMI yHiBepcuTeT”, M. MapiynoJn

KyBanns1, Oe3nepevHo, € OHI€I0 3 KIIIOYOBUX TEXHOJIOTIH B 00poOIIi MarepiaiiB, i BOHO BiJirpae
BOXJIMBY DPOJb Yy BHUPOOHHUIITBI PI3HOMAHITHUX BHUPOOIB, MOYMHAIOUM BiJ] METaJEBHX JETalled 0
CKJIAJHUX KOMIIOHEHTIB MikpoenekTpoHiku. Ilif yac KyBaHHs, mMarepiall HiJAA€TbCs IHTCHCUBHOMY
MEXaHIYHOMY BILUIMBY, 1110 MOXKE MPU3BECTH JO BUHUKHEHHS 3HAUHUX HANpPYXeHb B 1HCTPYMEHTI Ta
obpobmoBanoMy Marepiani. JloCHiPkeHHS IUX HANpyXeHb Ta iX BIUIMBY Ha IPOLEC KyBaHHS €
aKTyaJIbHOIO MPOOIEMOI0, OCKITBKA BOHU MOXYTh BIUIMHYTH Ha SKICTh Ta MIITHICTh BUPOOIB, a TAKOXK
Ha TepPMiH eKcIuTyaTanii 00po6aroBabHOTO iHCTpYMeEHTY [1].

Mera 1i€i HayKoBOi poOOTH TMOJSITaE y MOJETIOBAaHHI Ta aHalli31 HallPYXXEHb, 1[0 BUHUKAIOTH B
IHCTpYMEHTI MiJl 4ac KyBaHHs MarepiaiiB. Hamr mociing BpaxoBye pizHi (pakTopH, Taki K TeMIepaTypa,
MBUIKICTE Aedopmarrii, BIaCTHBOCTI MaTepiamiB, a TaKOXK T€OMETPUYHI MapaMeTpy I1HCTPYMEHTY.
OcHOBHa MeTa [BOTO JOCTIDKEHHS - BU3HAYUTH ONTHMAJbHI YMOBHM KyBaHHS [UIsl MiHiMi3alii
HaIpy>KeHb B IHCTPYMEHTI Ta 3a0e3MeUeHHs IKOCTI 00pOOKH.

VY naniit po60Ti Oys0 MPOBENEHO JAOCTIIKEHHS 010 MOJETIOBAaHHS HAPY>KEHb, 110 BUHUKAIOTh
B IHCTPYMEHTI TiJ 4ac KyBaHHs MmarepiaiiB. OCHOBHI BUCHOBKH IIbOTO JOCIHIJKEHHS MOXYThb OyTH
y3arajbHeHi HaCTyIIHUM YHHOM:

1. 3amexHicTh BiJ TeMmIiepaTypu: 30UIbIICHHS TEMIIEpaTypH IIiJl Yac KyBaHHS MPUBOAWUTH O
3pOCTaHHSI MaKCUMaJbHUX HAINpy>XeHb B 1HCTpyMeHTI. Ll 3aexHiCTh € BaXKIMBOIO MpPHU IJIaHYyBaHHI
MpoIiecy KyBaHHS Ta BUOOPI ONTUMATBHUX YMOB JJIs IEBHUX MaTepiaiib.

2. HlIBuakicte nedopmarii: Bucoka mBuakicte aedopmauii TpU3BOAUTH 10 301IbIICHHS
HaIpy>XeHb B iHCTpYMEHTI. LI BiiomMicTh MOke OyTH BUKOPUCTaHA JJIsl ONTUMI3aIlii IIBUIKOCTI 00pOOKH
Ta MiABUILICHHS IPOTYyKTUBHOCTI.

3. TeomeTpu4Hi mapamMeTpH 1HCTPYMEHTY: [ eoMeTpuuHI XapaKkTEPUCTHUKUA 1HCTPYMEHTY, TaKl SK
fioro po3mip Ta opma, MarOTh CyTTEBHI BIUIMB HA PO3MOALT HANPY>KEHb ITiJ] Yac KyBaHHA. BaxinBo
BpaxoBYBaTH 111 TapaMeTpH MpU MPOEKTyBaHHI IHCTPYMEHTY JUIsi KOHKPETHUX 3aBIaHb.

4. BrutuB Ha siKicTh BUpOOiB: HanpyeHHs B IHCTpyMEHTI MOXKYTh BIUTMBATH Ha SIKICTh 00pPOOKH
Ta MIIHICT BUPOOiIB. PO3yMiHHS IIhOTO BIUIMBY J03BOJISIE MOKPAIIUTH SIKICTh KIHIIEBHUX BUPOOIB 1
MiBUIIATH iXHIO TPUBAIICTH CITYKOH.

5. Ilpaktnunuii BrumB: Pe3ynbTaTHl 1MOTO MOCTIIKEHHS MalOTh MPaKTUYHE 3aCTOCYBaHHS B
MIPOMHCIIOBOCTI Ta BHPOOHHIITBI, JIe MPOLIECH KyBaHHS € HEBIJI'€MHOI0 YaCTHHOIO BUpOOHMITBA. Lli
pe3yJIbTaTH MOXKYTh OyTH BHUKOPHCTaHI ISl TTOKPAICHHS TEXHOJOTIYHHUX IPOIECIB Ta ONMTUMI3AIlii
BUTpAT MaTepiaiiB Ta pecypciB.

3aranbHi pe3ylbTaTd I[BbOTO JOCHTI/DKEHHS BKa3yIOTh Ha BaXJIMBICTh PETEIHHOTO aHATI3y
HaNpy>XeHb B 1HCTPYMEHTI IiJ] yac KyBaHHS Ui JOCATHEHHS €(eKTHBHUX TEXHOJOTIYHUX pillleHb Ta
TT1IBUILICHHS SIKOCT1 BUPOOHUIITBA.

JliteparypHi mxepena

1. Kaprun b.C. CoBepiieHCTBOBaHHE TEXHOJIOTHH U3roTOBICHHS MOKOBKH «Octpsik»/ b.C. Kaprus,
E.A. Mkpruss // Bicauk HanionansHoro texaiyHoro yHiBepcutety "XIII". 30ipHUK HayKOBUX Ipallb.
Temarnunuii Bummyck: HoBi pimeHHs B CydBCHUX TeXHOMOTIsX. - XapekiB: HTY "XIII", 2010. -Ne43 .-
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JOCIIIKEHHA IIBUAKOCTI I CIHIOXKUBAHHSA ITAM’ATI JIA AJITOPUTMY
B3AEMO/III 3IPOK HA TPA®ITYHUX IPUCKOPIOBAUYAX

Kpacnikos K. C., k.T.H., [leiinexa C. B., Jlumap H. M.
JHinpoBCcHKUIl Aep;kaBHMI TeXHIYHUI yHiBepcuTeT, M. Kam’siHCbKe

[IpencraBneHo neraiabHE JOCHIIKEHHS ACMEKTIB MPOJYKTHBHOCTI aJTOPUTMY TpaBiTallifHOTO
B3a€EMOJII1 TUI TIpH Horo peamizaiii Ha rpadiyHUX MPUCKOpIOBaYax. AJITOPUTM B3a€MOJIIT Tia Bifirpae
BOXIIUBY pOJIb y PI3HUX HAYKOBUX CHUMYJIALISAX, BiZl acTpO(i3MKH 10 MOJEKYJSIpHOI IWHAMIKU. 3i
3pOCTaHHSM BUKOPUCTaHHS TpaidyHUX MPUCKOPIOBAYIB JUIsi HAYKOBUX OOYHCICHH PO3yMIHHS
MOBEIHKU aJITOPUTMY B IIbOMY KOHTEKCTI HaOyBa€ MepIIOYeproBOro 3HaYCHH.

HocmimxenHss GOKYCyeTbCsl Ha JBOX KIFOYOBHX IMOKa3HHUKAX MPOTYKTUBHOCTI: IIBUIKOCTI Ta
CIMOXHMBAHHI MaM'ATi. 3a JOMOMOTOIO cepii PeTeIbHO CIUIAHOBAaHUX €KCIIEPUMEHTIB MU CHUCTEMATUYHO
aHaATI3y€eEMO Yac BUKOHAHHS aJITOPUTMY Ta BUKOPUCTAHHS MaM'ATi Ha Pi3HUX KOHPIryparisax rpadiaHux
npuckoproBauiB. JloCiKEHHS OXOIUTIOE PI3HOMAaHITHUN Ha0ip clieHapiiB, BKIIIOYAIOUU Pi3HI LIUTBHOCTI
YaCTUHOK 1 CHJIM B3a€MOJI1i, 00 3a0e3meunTu BceOiuHe PO3yMIHHS MOBEAIHKH aJlTOPUTMY 3a PI3HHUX
YMOB.

Kpim Toro, Mu nociipkyemMo BIUTMB METOIB ONTUMI3AIli HA MIBUIKICTh Ta CTIOKUBAHHS TTaM'ATi,
1100 BU3HAYUTH CTPATETii, AKi MiABULIYIOTh €(EKTUBHICTh aITOPUTMY Ha rpadiuHUX MPHUCKOPIOBayax.
Harri BUCHOBKHM He JUIIIE AAOTh MIHHY iH(OpMAIlito TPO MPOAYKTUBHICTh JITOPUTMY B3a€EMOJIi1 T1JI, ajie
i IPOTMTOHYIOTH MPAKTUYHI PEKOMEHIAIIIT /IS TOCIiAHUKIB 1 IPAKTHKIB, SIKi IPAarHyTh BUKOPUCTOBYBATH
rpadiyHi TPUCKOPIOBAYi JJI BEIMKOMACIITAOHUX CUMYJISIIIH.
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KOPEJISIIIAHI ITOJISI KPYTHOI'O MOMEHTY B TIPOKATHHUX KJIITSAX
Bepensos B. B., 1.1.H., Kopennoii B. B.
IncruryT yopHoi Mmeraayprii iM. 3.1. Hekpacoa HAH Ykpainu, m. J[ninpo

Ha 6a3i yucineHHUX IOCHITHO-TPOMUCIOBUX BUMIpIOBaHb [1,2] Ha MIMPOKOIIOIOCOBUX CTaHaX
BCTaHOBJICHA EMITIpUYHA CTATUCTHYHA 3aJIC)KHICTh MAKCHUMAaJbHOTO JAMHAMIYHOTO MOMEHTY M, mpu
3aXBaTi METAJTy BAJIKAMHU B1J1 MOMEHTY M, B CTAJIOMYy pEKUMI MPOKaTku. Yum Oinbiie M, TUM Oiibiie
M. 114 3a51eXKHICTh MA€ BUIIISLT HAXUJICHOTO KOPEJALIIHHOTO Moist TOUOK My, Me, iK€ alpOKCUMYETHCS
JHIMHOIO 3anexHIcTI0O My (M.). llupuHa monst o0yMoBIeHa MEKaMHU 3MiHH CTATUYHOTO MOMEHTY TIPH
NPOKAaTIl IOJIOC PI3HOTO copTopo3Mipy. Ha mpokaTHHX cTaHax MOCTIHHO BHUMIPIOETHCS TUIBKU
€JIEKTPOMArHiTHUH MOMEHT JIBUTYHA, TOOTO CTaTMYHUN MOMEHT, IiJl Yac MPOKATKU KOKHOI TMOJIOCH.
Busnauenns 3anexxHocti My Bify M. 103BOJISiE€ BUPIIIYBAaTH PSJI BAKIIMBHX 33/1a4.

1. IIporao3yBaTy MaKCUMaJIbHUM TUHAMIYHIH MOMEHT IT1/1 4YaC OCBOEHHS MPOKATKH MOJI0C HOBOTO
COPTOPO3MIipy MiIBULIICHUX OOTUCHEHb, 3MEHILICHOI TEMIIEPATypH MPOKATy.

2. . OgHOYacHI BUMIPIOBAHHS MOMEHTY B 2-3-X CyMIXHUX KIIITSX MPOKATHOTO CTaHY 3 MOOYI0BOIO
KOPEISLIHHUX ToJiB My, M. IIISX0M X aHami3y JO3BOJISE MPOCTEKUTH MPOXOIKEHHS 30ypeHb Yepes
KJIIT1 Ta G111 TTOBHO Ta TOYHIIIE OI[IHUTH SKICTh MPOIECY MPOKATKHU Ta CTaH 00JIaTHAHHS.

3. BpaxoByBatu JaHi eMMIpUYHOTO PO3MOJUTY CTATUYHOTO 1 JUHAMIYHOTO MOMEHTY Y
pO3paxyHKax pecypcy oOagHaHHS.

4. 3amaroun B MaTeMaTHYHY MOJENb (DakTHUHI 3HAYECHHS MOMEHTY M. 3 ypaxXyBaHHSM BIUIHBY
TEXHOJIOTTYHHX 30yKEHb Ta 3a30piB NUIIXOM CTATUCTHUYHOTO MOJIC/IIOBAaHHS BU3HAYaTH MaKCHMalbH1
JMHAMIYHI MOMEHTH Ta PO3B’S3yBaTH 3ajadi 3TigHO I.I. | 1 2 6e3 mpoBeaeHHS TPUBAIMX HATYPHUX
BUMIPIOBaHb.

5. BUKOpUCTOBYBaTH XapaKTEPUCTHUKU PO3MOILTY MOMEHTIB My 1 M. — cepeHbOro 3HaYCHHS,
CEPEeHhOKBAPATHYHOTO BIIXWJIEHHS Ta KoedillieHTa Bapiailii 3 METOK BU3HAYCHHS CTaOUTLHOCTI
TEXHOJIOTIYHOTO MPOLIECY Ta CTaHy 00JIaHAHHS.

6. [1InsxoM mpuB'sI3KK COPTOPO3MIPIB 10 KOPEIAIINHUX TOJIIB BU3HAYATH TOW 3 HUX, TIPU IKOMY
JTMHAMIYHI HAaBaHTAXXEHHS 10CATAIOTh HAalO1IbIIOr0 3HAYEHHS 1 BpaXOBYBATH i€ IPU KOPEKIIil peKuMiB
MPOKATKH.

7. 3 MeTOIO0 MiABHUILEHHS 1HPOPMATUBHOCTI Ta JOCTOBIPHOCTI OIIIHKM CTa01IbHOCTI TEXHOJIOTI] Ta
cTaHy 00JIaJHAHHS JOIIBHO 3aTydaT 0 aHATI3y JOJAaTKOBI MOII0H1 TOJIS IS IIMUHACIBHOL JUTSTHKH,
a TaKOX IOJIsI CTATUYHOTO HABAHTAXKEHHS — TeMmIlepaTypa METaly Ta JAWHAMIYHE HABAHTAKCHHS —
TeMreparypa npokary. J[ias 1mporo moTpiOHI BUMIpPIOBaHHS MOMEHTY MpHHAWMHI Ha OJHOMY 3
IIMUAHACTIB 1 TEeMIEpaTypH MeTally Ha BXOJli B IOCIII/PKYBaHI1 KIIITi.

8. Pesynbrath JOCHIAHO-TPOMHCIOBUX BHUMIPIOBaHb Ta CTATUCTHUYHOTO MOJEIIIOBaHHS
MOKa3yIoTh, 0 (pOpMyBaHHSA KOPEISALIHHUX MOMIB My, M. CTAaHOBIATH XapaKTepHY OCOOIHMBICTH ISt
IIUPOKOIIOJIOCOBUX Ta IHIIMX CTAaHIB 3 BHPAKEHUM IEPEXiTHUM TIPOIECOM 1 CTaIMM PEKUMOM
MIPOKATKHU.

BcTraHoBiieHHST  BWINCO3HAYEHOI 3aJIeKHOCTI  JIO3BOJIIE BECTH TIOCTIHHUH  MOHITOPUHT
MaKCHUMAaJbHO JMHAMIYHOTO MOMEHTY IO BCIM KIITAM O€3MEepepBHOrO CTaHy Ta KOPEryBaTH HpHU
HEOOX1THOCTI TapaMeTpH NMPOKATKH B CTOPOHY 3MEHIICHHSIM yIapHUX HAaBAaHTAXEHb.

JliteparypHi mxepena

1. BepeneB B.B. /Ilunamuyeckue mpoiecchl B NIMPOKOIMOJIOCHBIX CTaHaxX ropsdei npokarku. — [.:
Jlitorpad, 2018. — 158 c.

2. Bepener B.B., Ilogo6enor H.M. CraTuctudyeckoe MOACIUPOBAHWE NTHHAMHYECKUX HArpy3oK B
LIMPOKONOJIOCHBIX cTaHax. — Juenp: JIMPA. —2021. - 74 c.
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MOJAEJIFOBAHHS ITPOUEAYPU BUSHAUYEHHS LHUXTHU I KOPUT'YBAHHSA
XIMIYHOTI'O CKJIAZY PO3IIJIABY HABYHY
(dimoBipHicHuMI miaxix i3 3acrocyBanHsaM MeToay MonTe-Kap.io)

Cipenko K. A., Ma3yp B. JI., wi.-kop. HAH Ykpaiunu, 1. T. H.
Di3uKO-TeXHOJIOTIYHMH iIHCTUTYT MeTaJiB Ta ciiiaBiB HAH Ykpainu, Kuis

Bigomi meToau BUOOPY KOMITOHEHTIB 1 pO3paxyHKY IMIUXTH ISl BATUTABKH CHHTETHYHOTO YaBYHY
JI03BOJISIIOTH Y MEPIIOMY HAaOMMKEHHI BU3HAYATH BiJICOTKOBUI BMICT KOKHOTO KOMIIOHEHTA y CKJIaJi
MIUXTH, BUXOJSYU 13 BHMOT CTAHAAPTY JO XIMIYHOTO CKJIaJly YaBYHHOTO JINTBA Ta TEXHIYHHX
MO>KJIMBOCTEH JIMBApPHOTO BUPOOHMIITBA HAa KOHKPETHUX MiANpPUEMCTBAX. JlesKi 3 Ha3BaHUX METO[IB
nepeadavaroTh MOXJIMBICTH ONTHMI3yBaTH BUTPATH Ha MMHUXTy. HeZOJMIKOM pPO3MOBCIOKEHUX Ha
MPAKTHUI[l METOJIB BU3HAYCHHS CKJIAMy MIUXTH € Te, M0 MPHU iX 3aCTOCyBaHHI HE BPaxXOBYETHCA
HECTaOlIBHICTh  XIMIYHOTO  CKJIaJy  KOMIIOHEHTIB IMXTH (MeTamoOpyxTy, (epocruiaBis,
KapOropuzatopiB Tomo). Lle cyTTeBo moripiiye AOCTOBIpHICTh, TOYHICTh PO3PaxXyHKIB IIUXTH 1,
BIJIMOBITHO, CTYMiHb HAIIHHOCTI MPOTHO3YBAaHHS XIMIYHOTO CKJIaJy BWILUIABJICHOTO 4YaByHY. Bimowmi
METOJIM BU3HAUEHHS IIUXTH IS BUIIABIICHHS YaBYHY TOJSATAOTh B TOMY, 1110 BCi BOHU OPI€HTYIOTHCS
Ha 3a0e3MeUeHHs CEPEeIHIX BEJIMYMH BiJICOTKOBOTO BMICTY €JIEMEHTIB y CKJIaJli TOTOBOTO YaByHY. AJie
Ha MPaKTHII BUMAIU XIMIYHOTO CKJIaqy TOTOBOTO YaBYHY 3a MEXIi, PErJIaMEHTOBaHI CTaHIApTOM,
00YMOBITIOIOTBCS BIIXMJICHHSIMH BMICTY OyIb-SIKOTO €JIEMEHTa B MEHIIHMI OiK BiJ HOTO MIHIMaIbHOTO
3HAUEHHS Yy CTaHIAPTI YW BHACHIJOK BIAXWICHHS B OIK TNEPEBUINEHHS MAaKCHUMAIIHO JIOMYCTUMOI
BEJIMYMHU HOTo BMicTy. HaBiTh mpu ToMy, IO cepeiHl BEIMYMHHU BiJICOTKOBOTO BMICTY E€JIEMCHTIB
MOXYTh CIIBIAJATH 3 CEPEAHIMH 3HAUEHHSMHU BIAMOBIIHUX Jiama3oHIB iX BMICTy, BU3HAUEHUX Y
CTaHJapTax YM TEXHIYHWX YMOBaX Ha 4YaBYHHI BHpOOW. 3a3HA4Y€HE CTBOPIOE 3HAYHI TPYIAHOIII IS
BUPOOHMYHMKIB. Came TOMY BiZIOMi METOJHM PO3pPaxXyHKY CKJIaay IMIMXTH JUISl BUIUIABJICHHS YaBYHY YU
IHIIUX CIUIaBiB TOTPEOYIOTh PO3BUTKY Yy HampsiMi, SKUH 1030aBis€ X 3a3HAUYCHOTO HEIONIKY.
BpaxoByBaTu BIUIMB HECTaOUIBHOCTI XIMIYHOTO CKJIQAy KOMIIOHEHTIB IIMXTH Ha BMICT XIMIYHHUX
€JIEMEHTIB y CKJIaJll BUIUIABIIEHOTO YaBYHY J03BOJISI€E METOAMKA MOJICIIOBAaHHS MPOLEAYPHU BU3HAUCHHS
CKJIay IIMXTH, 3aCHOBaHAa Ha IMOBIPHICHOMY MiAXO/i 13 3acTocyBaHHAM MeToxy MonTe-Kapio [1-4].

BaxxnuBo BigMITHTH, 10 Y HaykKoBUX mpaisix ykpainchkux BueHux O.I. TTonomapenxo, C.I'.
[lenuxa 3 xojmeramu mie y CiMJIECSATHX POKAaxX MUHYJOTO CTOJITTS HAroJIOIIyBajocs Ha JOLIBHOCTI
BUKOPHUCTAHHS TPU MOJCIIOBAHHI JIMBAPHUX TEXHOJIOTIYHUX CHCTEM IMITalliiHO-HMOBIpHICHHX
nigxoxaiB Ta Meronuk. Tak y kau3i [5] Cemecenko MLIL. i [Tenmuxa C.I'., sixa Oyna omy6iikoBana y 1975
poIIli, yBara HAayKOBIIIB 1 1HXXKCHEPHO-TEXHIYHHMX (PaxiBI[iB JIMBApHUX IIeXiB Oylia aKIeHTOBaHA Ha
HEOOXiTHOCTI MOIIMPEHHS 3aCTOCYBaHHA HMOBIPHICHO-CTaTUCTUYHHX MIAXOIB Y MPAKTHULIl JTUBAPHOTO
BUPOOHUIITBA. 30KpeMa — MPH po3paxyHKax 1 MPOrHO3yBaHHI MapaMeTpiB ONTUMAJIbHOI IIUXTH IS
BUILJIABJICHHS 3aJTI30BYIJICIIEBUX CIUIaBiB. MOXHa OYIKYBaTH, MO MiJXOJH, METOAOJOril, METOIUKA i
METOAM PO3PaxXyHKy CKJIaJy IIUXTH 1 PETyJIIOBaHHS BMICTY XIMIYHHUX €JIEMEHTIB y pO3IUIaBi
0e3mocepeIHbO B ITPOLIEC] BUIUIABJIICHHS YaBYHY, Y TOMY YHCII 13 3acTOCyBaHHAM MeToay MonTe-Kapiio
[1-4], oTpuMaroTh HAHOIMIKIMM YaCOM MOJAITBIINNA PO3BUTOK.

JliTeparypHi mxepena
1. Cipenko K.A., Mazyp B.JI. Igeomorisi kopuryBaHHs XiIMI4YHOTO CKJaJy CHUHTETHYHOTO YaBYHY B
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2. Cipenko K.A. YaockoHalIeHHSI TEXHOJIOTII KOPUTYBAaHHS XIMIYHOTO CKJIaJy YaBYHY 1] 4ac TJIaBKU
B IHAYKIIHHUX TUTeNbHUX nevax. [Ipomecu mutts. 2022. Ne 1 (147). C. 3-10.
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ONTUMIBALISI HAIIMCAHHS KOJIB OBPOBKU JIETAJIE HA BEPCTATAX 3 YIIK
NIJIIXOM iX ABTOMATUYHOI TEHEPAIIIL

Coxkonan K.C., JIapionos 1.B.
XMeJbHUIbKUI HAlIOHAJIbHUH YHIBEpCUTET

JlociipKyBaBcs PoLeC aBTOMAaTUYHOT reHepaii koaiB 00poOku netaneit Ha Bepcratax Roland
MDX 40A [1] Ta HAAS VM3 [2]. 3 meTor0 onTumi3aliii HamucaHHs KOAiB 00poOKH OyJI0 CTBOPEHO
bpeiiMBOpK B IporpaMHoMy 3a0e3nedeHHi SRP.

[lepmum eTamomM aBTOMATH30BAaHOTO HANMMCAaHHA KOMIB OOpOOKM JeTalli € CTBOPEHHS
napamerpuunoi mozaeni B Catia V5. Ilicns ananizy koxy B nporpami Catia V5 Gyne cTBopeHo Habip
napameTpiB. Takuii HaOlp CTBOPIOETHCS I MPUCYTHIX Yy KOAI 3MIHHHX, J0 SKHMX MOXHa BITHECTH
rMUOMHY pi3aHHS, KOOPJMHATH IMOJIOKEHHs 1o ocsiM X Ta Y, Tomo. Ha npoMy erami BinOyBaeThes
3B’S130K HAOOpPIB mapameTpiB 3a JOMOMOTo (GopMyl, B pe3yibTaTi 4Yoro OyAYEThCS B3a€MO3B’SI30K
reomerTpii i3 KoJOM. Y BHIAJKy, SKIIO BUKOPHCTOBYETHCS aBTOMATH30BaHUM MeToJ reHeparii NC-
KO/IIB, TO BOHM T'€HEPYIOTHCSA aBTOMAaTUYHO. TaKuM YMHOM ITiCIIsl TPOBEACHOTO aHAJII3y KOy JJist OY/Ib-
SKOTO 13 BUMIpiB BUpOOy Ta/abo feraii y omneparopa € MOXKIUBICT 3TreHEpyBaTH HOBI KOJIU y BUIIAKY
3MIHH PO3MIPHOCTI MOJem. 3MIHUTH PO3MIPHICTh MOJENl MOXKHA IIISXOM 3MIHM OCHOBHHUX ii
napameTpis.

I'enepyBanHS KOy BiIOYBAETHCS AaBTOMAaTUYHO B TEKCTOBOMY (pOpMATi, IICIISI 9YOT0 HOT0 MOKHA
3MIHUTH Ha (opMmat ¢aitny «.NC» mia nogansiioro 3amycky Ha Bepctari 3 UIIK. Takwuii miaxix Oynae
TaK0X BUKOpUCTOBYBATUCH 115l BepcTaty 3 UIIK HAAS VM 3. Bukopucranss 1ibOro Koy Npyu3BOIUTh
710 MOJICTIOBaHHA Ha maHeni auciuies Bepcraty 3 UIIK BianoBiaHol cumysisii Ta nepeBipku TOYHOCTI
HAIMMCaHOTO KOJY.

OCHOBHUM HENIOJIIKOM TeHepalii KoaiB pyuyHuM mMetonoMm 3a gornomoroio CATIA V5 e te, mo y
BHUIMAJIKy 3MIiHH OyJb-IKUX TMapaMeTpiB Mojeii abo ii po3mipiB, MpoIec CTBOPEHHS KOAY HEOOX1ITHO
MOBHICTIO MPOBOJUTH 3 MEPIIOTro J0 OCTAaHHBOTO €TaIy, TOOTO BHOIp MOBEPXOHB 1 IUIOMIMH, MpOLEC
00po06kwu, Tomo. [HmmM HepoaikoM nipu reHepairii kogi 3 CATIA V5 € Te, 10 11i K011 J0CTaTHBO JIOBT1
i micTaTs Big 300 mo 2500 psnkis.

JlociakeHHsT TPOBOJMIINCH AJIsl IEKUIBKOX TUIOBHMX JleTallel, a caMme: KOPIIyC i3 OTBOPOM IO
LEHTPY, MOPOXKHHUCTUI LMIIHAP, KOPIYC i3 TphOMa OTBOPAMHU PI3HOTO pajiycy, KOpPIyC i3 TphoMa
OTBOpPaMH OJTHAKOBOTO pajiycy Ta mipamiga. B pe3ynbrari Oyiio mopiBHSHO pydyHU METO (hOPMYBaHHS
KOJIiB 00pOOKH AeTaneil Ta aBTOMaTU30BaHUM METOJIOM.

Jly1st Koprycy 13 OTBOPOM py4dHHUI MeToa Koay 00pooku, chopmoBanuii B CATIA V5 mictus 388
PAAKIB KOy, a aBTOMaTH30BaHUM MeToaoM — 32 psnaku komy. OOpoOka MOpOXHUCTOTO IMIIHAPY
MPHU3BEIA JI0 3MEHIIEHHS PAAKiB koxy 3 267 mTyk 10 50. Kopmyc 13 oTBopamu pi3zHOTo paaiycy — 432
PAAKH PYYHHM METOJOM Ta 53 pAaKu aBTOMaTH30BaHUM MeToaoM. Kopryc i3 0TBOpaMu OHAKOBOTO
paniycy — 418 psnkiB Ta 45 psiakiB BianosigHo. [Tipamina — 1206 psiakiB ta 142 psiaku BiImOBITHO.

[Ticns mpoBeneHHsT aHaNi3y IMIOJO0 TeHepalii KOAIB IS JeTaled pyYHHM Ta aBTOMAaTH30BaHUM
METOJIOM, MOXHA BIIMITUTH, 110 TAKUHA METOJ € OLJIBIIT ONTUMAIBHUM JIJII 00OpOOKHU JIeTanei, OCKITbKU
KO/ 00poOKH JieTasti aBTOMaTU30BaHUM METO/I0M 3MEHIIY€ThCS B ICKUIbKA pa3iB y MOPIBHIHHI 13 KOJOM,
KUl GOpMyeThCs B TporpamMHomy 3abe3nedenHi Catia V5. Kpim Toro, BUKOpUCTaHHSI TAKOTO METOIY
Mae OiIbIIUI pPiBEeHb THYYKOCTI IIporpam oOpoOKu JeTasneil, OCKiIbKY MpHU 3MiHI TapaMeTpiB MOAET] y
mporpami, B sIKiii CTBOpIOBajach T€OMETpis JAeTal, 3reHEPOBaHU aBTOMATHYHO KOJ OOpOOKH aerai
Oyze 3MiHIOBaTUCH 0e3 BTpydaHHs onepaTtopa Bepcraty 3 UIIK.

JlitrepaTypHi mxepena
1. ®pesepHo-rpaBitoBanbHuil Bepctar MDX-40A. [Enexkrtponnuii pecypc]. — Pexum nocrymy:
https://rdm24.ua/products/frezernye-stanki/mdx-40a/
2. VM3. [Enextponnuii pecypc]. — Pexxum nocrymy: https://www.haascnc.com/ps/machines/vertical-
mills/mold-machines/models/vm-3.html
3. MipannoB C.JI. CucremMu aBTOMaTu30BaHOro MpoekTyBaHHs BepcTariB 3 UIIK: HaBuanbHMi
nocionuk. / C.JI. Mipanmos, B.I. Tynymnos, C.I'. Oaumyk, 0. b. Bopucenko, €. B. Mimypa, O. C.
Kosanescrka — Kpamaropeek: JJJIMA, 2011. — 152 c.
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ITPOI'PAMHE 3ABE3NEYEHHA JJIA JOCALIKEHHSA I'TIPOAUHAMIKHA PO3IIJIABY
B TIPOMKOBIIT

Kpacnikos K. C., k.1.H., Kpuxra A. O.
JHinpoBCcHKUIl Aep;kaBHUI TeXHIYHUI yHiBepcuTeT, M. Kam’siHCbKe

JlocitipkeHHs! BUKOPUCTOBY€E HOBY MPOTrpaMHY IUIaTGopMy, IpU3HAYECHY IS TIOTJIMOJICHOTO BUBYCHHS
TIAPOAMHAMIKH PO3IUIaBY B ITPOMKOBIIAX, M0 € KIIOUYOBUM KOMIIOHEHTOM METATypriiHHUX IMPOIIECIB.
IaTepakTuBHUI BeO-caliT Hajae 3pyyHMid iHTEepdENc U TOCTIAHUKIB 1 MPAKTUKIB JJIs Bi3yauniszamii Ta
aHaI3y CKIIAQIHUX MOJIEICH Tedii po3IIaBIeHOTO METATY 1] Yac PO3JUBHUX OTIEpPaIliil.

3aBIsAKM 1HTErpalii mapaMeTpiB, BU3BHAYEHUX KOPUCTYBaueM, i CIIEHapiiB, 10 HAJAIITOBYIOThCS, BEO-
CalT JT03BOJISIE KOPHCTYBauaM JOCIIHKYBATH Pi3HI YMOBU €KCIUTyaTallii Ta OI[iHIOBaTH iX BIUIMB Ha
JIMHAMIKY Tedil po3IliaBy.

KirouoBi pyHKIIiT BeO-10AaTKy BKIIOYAIOTh PE3YJIbTaTH MOACIIOBaHHs, 3D-Bi3yaii3aliii Ta KOMIUIEKCHI
IHCTpYMEHTH aHajli3y AaHuX. JlOCHIIHUKM MOXYTh OTPUMAaTH LiHHY iH(OpMaIiio mpo TEioBi Ta
(bmoinHI XapaKTepUCTUKH PO3IUIABY, IO TOJICTIIYE ONTHUMI3aIlil0 KOHCTPYKIli MPOMKOBINA IS
HiABUILEHHS TMPOJYKTUBHOCTI posnuBaHHA. Kpim Toro, miardopma crnpusie criBmpaini Ta OOMiHY
3HaHHSMHU B METAITYPTIHOMY CITIBTOBAPHCTRBI, JO3BOJISIIOYN OOMIHIOBATHCS IMITAlITHUMHU MOJACIISIMH 1
pe3yJbTaTamMH.

s crarTs miaAKpecioe BaXKJIUBICTh BEO-IHCTPYMEHTY ISl TIOTJMOJICHHST PO3YMIHHS TiIPOJMHAMIKA
pO3ILIaBy, 110 B KIHIIEBOMY MIJICYMKY CIIPHsI€ BJOCKOHAJICHHIO MPOLIECIB PO3IMBAHHS B METAIYpriiHii
MPOMHCIIOBOCTI. JIOCTYIHICTh 1 yHIBEpPCAIBHICTh TIATHOPMH POOJSITH 11 IIHHUM PECYPCOM SIK ISt
aKaJIeMIYHUX KiJI, TaK 1 A7 MPOMHCIOBOTO 3aCTOCYBaHHS, CIPHUSIIOYM 1HHOBAISIM 1 IMiJBUILIEHHIO
€(EeKTUBHOCTI B TaJTy31 METATYPrii.
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TEXHOJIOI'TI PO3POBKH ITPOT'PAMHOI'O 3ABE3NEUYEHHSA JIJISA JOCJIILIKEHD
I''APOANHAMIKHA B AEPOTEHKY

Kpacnikos K. C., k.T.H., lynauk C.B.
JHinpoBCcHKUIl Aep;kaBHUI TeXHIYHUI yHiBepcuTeT, M. Kam’siHCbKe

VY crarTi IOCHiKYIOTbCS TEpEeNoBl TEXHOJOTI PO3pOOKM MPOrpaMHOro 3a0e3nedeHHs Ui
JOCITIJDKEHHS T1IPOJAMHAMIKA B a€pOTCHKAX, KPUTHUYHO BAKIMBOMY KOMITOHEHTI MICBKHX OYHMCHHX
cropyn. JocmimkeHHs: GOKYCY€EThCS Ha IHTETpallii 00YHCIIOBaIbHUX IHCTPYMEHTIB JIJIsl MOJICTFOBAHHS
Ta aHaI3y CKJIATHOI TWHAMIKW PIIUHUA B a€POTECHKY, [0 MA€ HAa METI MOKPAIIUTH HAIle PO3YMIHHS
MPOLIECY aeparlii Ta ONTUMi3yBaTH HOTO €()EKTUBHICTb.

3anporoHoBaHe MporpaMHe 3a0e3MEUYCHHS] BUKOPUCTOBYE HalCydacHIIll MOBHU MPOTPaMyBaHHSI,
taki sk C#, ta moryxHi Oibmioreku, Taki sk ASP.NET, ans mpencraBneHHs TiIpoauHAMIYHUX
cumyssiii. ['padiunuii iHTepdelic kopuctyBada, po3podnenuii 3 BukopuctanHsiMm ASP.NET MVC,
MOJIETIIIYE B3AEMOJII0 3 KOPHCTyBadeM, JO3BOJISIOUM AOCTIHUKAM JIETKO BBOJUTH IMapamMeTpu Ta
Bi3yari3yBaTH Pe3yIbTaTH MOJICITIOBAHHS.

3HaueHHs I[LOTO JOCIHIKCHHS TOJSIrae B TOMY, III0O BOHO MOXE PEBOJIOIIOHIZYBaTU cdepy
OUHMINIEHHS CTIYHMX BOJl, HAJAOYM KOMIUIEKCHY BIpTyaiabHy TUIaTGopMy IS JOCTIIKCHHS
riipoarHaMiki. BHKOPUCTOBYIOUN alTOPUTMH MAITUHHOTO HABYAHHS, MPOTpaMHE 3a0e3MmeueHHsT Ma€e
Ha MeTI IHTEJICKTyaJIbHO aHa3yBaTH JaHl, BHSBJISATH 3aKOHOMIPHOCTI 1 CHPHSATH pPO3pOOIT
ONTUMI30BaHUX CTpATETil aeparii.

3po0JIeHO BHCHOBOK TPO aKTYyaJdbHICTh POOOTH y BHPIIICHHI MOTOYHUX MPOOJIEM OYUIIECHHS
CTIYHUX BOJ, MAKPECICHO MOTEHIlIfHE 3MEHIIICHHS BILUTUBY HA HABKOJUIIHE CEPEIOBUIIE, €EKTUBHE
yIpaBIiHHA pecypcaMyd Ta CTBOPEHHsS MHU(PoBOi MmiaaTdhopMHu IJis CHIIBHUX JOCTIKEHb Y Taly3i
T1IpOIMHAMIKH.
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YK 669.712.04

BITPOBAUKEHHS HAUKPAIIIMX JOCTYITHUX TEXHOJIOI'T B TEPMIYHUX
INEYAX B YMOBAX JE®IIUTY BUKOITHOI'O ITAJIMBA

€pbomin O. O, a.T.H., ['ynano O. B., K.T.H.
YkpaiHcbkuii iep:KaBHUH YHIBepCHTeT HAYKH i TexXHoJIorii, M. /{Hinpo

B ymoBax nedinury BHKOMHOrO HajiuBa (MPHUPOJHOTO Ta3y) B YKpaiHi aKTyaJbHUMH CTalOTh
MUTAaHHS BIOPOBA/KCHHS HaWKpalIMX JOCTYMHHX TEXHOJOrI B MeETamyprii Ta peKOHCTPYKLIi
METaJypriiHUX TEIUIOBUX arperariB- OCHOBHMX CMOXHBayiB nanuBa [1]. 3MEHIIEHHS CHOXHBAaHHS
BHKOITHOTO TaiMBa 3a0e3Mnedye 3HMKCHHS BUKHIIB B aTMoc(hepy MapHUKOBUX Ta3iB 1 € BaXJIMBUM
acleKTOM Ha NUIAXY iHTerpamii Ykpainu ao €Bponeicbkoi cniabHOTH. 3 peanizamiero J[upextuBu
2010/75/€C €sponeiicekoro [Tapnamenty ta Pagu «IIpo mpomucioBe 3a0pyIHEHHS OB’ 13aH1 KPOKH
VYkpainu B MaiiOyTHe Ta Ii eKOHOMIYHA Ta CHEPreTHYHA HE3aJIeKHICTb.

BaxxnmuBuM HampsIMKOM €KOJIOTI3aIlil TEMJIOBUX arperariB € BHUKOPHCTAHHS BiJIHOBIIOBAIHHUX
JDKEpEIT eHepTii s reHepallii TerIoT, HeoOX1THOT Ui 3A1ICHEHHS TEXHOJIOTIYHOTO mportiecy. B sikocTi
MEPCIEKTUBHUX JDKEPENI €Heprii HalvacTime po3rJIsiIaloTh BiTHOBIIOBAJIBbHI BOJICHb Ta EICKTPUYHY
eHeprito. IlepeBeieHHs TEIUIOBUX arperariB Ha OMaJeHHS BOJHEM NOTpeOye PEeKOHCTPYKLIi crcTeM
onasiennst Ta ACY TII arperaris, ane maibke 3aBKau 3a0e3nedye MOTPiOHI TEXHOJOTIUHI MapaMeTpHu
nporecy [1], B Toil yac sk 3acTOoCyBaHHS €JEKTOpEHeprii BuMarae abo MOBHOI 3aMiHM TEXHOJIOTIi
TEIJI0BOT 00pOoOKH, a00 3HAYHY PEKOHCTPYKIIO ICHYIOUOTO OOJIafHAHHS 3 MPOPOOKOI MHUTaHb
3abe3neueHHs] HeOOX1THUX MPOAYKTUBHOCTI Ta SIKOCTI TETIIOBOT 0OPOOKH.

ABTOpamMu JIOCITIPKEHO TEIUIOBY POOOTY MPOXiAHOT el 1J1si TEpMOOOpOoOKH TpyO IpH ii omasieHHi
MPUPOJTHUM Ta30M Ta pO3p00OJIeH] TEXHIUHI PILIeHHS 010 3aMiHH IPUPOIHOTO I'a3y BiIHOBIIOBAIHLHUM
BOJHEM a00 MEpeBENICHHM Iedi Ha eleKkTpoHarpiB. Il yac BUKOHAHHS JOCIIDKEHHS: PO3POOICHO
MaTeMaTHYHy MOJIEh TEIUIOBOi pOOOTH Ta30BOi MPOXITHOI medi JUisi TepMOOOPOOKH MaKeTiB Tpyo
BIIMOBIIHO 3a/laHOMYy PEKHMMY; BHKOHAHO aJalTallil0 MaTeMaTHYHOI MOJei 3a pe3yjbTaTaMu
eKCIIEpUMEHTAIBHOTO HArpiBy CaJKM MeTally Ta OallaHCOBUX BHIIPOOYBaHb Iedi MpH ii OmaneHHi
MPUPOJTHUM Ta30M. 3a JOTIOMOTOIO PO3POOICHOI MOJEl JOCIIKEHO TEIUIOBY poOOTy medi mpH ii
OTTaJICHH]1 BOJAHEM 1 BH3HAYEHO ii TEXHIKO-€KOHOMIYHI MOKA3HUKH Ta PO3POOIECHO peKOMEHIAI1 00
PEKOHCTPYKIIIT CHCTeMH ONaJICHHS Tedl IpH 3aMiH1 MajuBa.

JUist OLIHKK MOXJIMBOCTI IIEPEBEICHHS TIeUl Ha eIeKTPOHArpiB 6e3 3MiHHM rabapuTHUX po3MipiB ii
po60Y0i Kamepu po3poOJICHO MAaTEMATHYHY MO/IETh TETIOBOT pOOOTH IeUi, TEeMIIEPaTypHI PEKUMU TeUl
s peepeHTHUX CaJOK METaly, BU3HAUYEHO TEXHIKO-€KOHOMIUHI MOKa3HHKH Tedi Ta po3poOieHO
pekoMeHalii 1mo/10 BUOOpy 11 KOHCTPYKTUBHHUX Ta €KCIUTyaTalliiHUX mapameTpiB. A came, 3MiHEHO
KUTBKICTh Ta TOBKMHY 30H PETYJIIOBaHHS, BU3HAYEHO 1X TEIUIOBY MOTYKHICTb, 3711 ICHEHO BUOIp TUILY Ta
PO3MipiB €KJICKTUYHUX HArpiBayiB, a TAKOXK 1X pO3TaIIyBaHHS B pOOOYOMY MPOCTOPI Tedi.

[TopiBHSIBHUI aHA3 TEXHIKO-€KOHOMIYHMX TIIOKAa3HUKIB Ta30BOi Ta EJIEKTPUYHOI Teyei
JT03BOJIMB 3pOOUTH HACTYITHI BUCHOBKH. BHKOpHCTaHHS BOJHIO B SIKOCTI IMAJIMBA JI03BOJISE MOBHICTIO
pearizyBaTu 3a/laHi PeXUMH TEpMOOOPOOKM HpU 3ajaHiil MPOXYyKTHBHOCTI meyi i 0e3 ypaxyBaHHS
KamiTaTbHUX BHUTPAT HA PEKOHCTPYKIIE € EKOHOMIYHO JOIIJILHUM TIPH CIIBBIHOIIEHHI IIIH Ha
NPUPOJHHUX Ta3 Ta BOJEHb He Oinmpiie HiX 2,9. IlepeBeneHHs medi Ha €JIEKTPOHArpiB Moke OyTH
3a0e3neyeHo JUIIe MpU 3MEHIICHH] TPOAYKTUBHOCTI nedi Ha 20 % mpu TepMooOpoOLi OKpEeMHUX THUITIB
CaJIKi MeTally. SIKIIO B SIKOCTI €HEeproHOCIiB pO3IJIsIAl0THCS BITHOBJICHI JUKepena eHeprii, To BiAMOBa
B1JI 3aCTOCYBAaHHS IIPUPOJAHOTO Ta3y 3a0e3MeYnTh 3HIKCHHS BUKHIIB JIOKCHAY BYIJICIIO Ha 765 Kr/T
MeTainy.

JliteparypHi mxepena
1. Gupalo O. Study of the efficiency of using renewable hydrogen in heating equipment to reduce carbon
dioxide emissions / O. Gupalo, O. Yeromin, L. Kabakova et al. / IOP Conference Series: Earth and
Environmental Science. —2003. — Vol. 1156, 012035. DOI: 10.1088/1755-1315/1156/1/012035
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JOCIIIKEHHA BUKHUAIB OKCHUIIB A30TY ITPU HAT'PIBAHHI AYTTSA B
MOBITPOHATPIBAYAX JOMEHHUX ITEYEN

I'pec JI. IL. ', a.1.1., Fynagao O. B.!, k.1.H., Epbomin O. 0.1, 1.1.1., Kabakosa JI. B.%, k.T.H

| YkpaincbKuii 1ep:kaBHHIl yHIBEPCUTET HAYKH i TeXHOJIOTIH, M. J[Hinpo
2 IncruTyT reorexniunoi mexaniku im. M.C. Ilonsikosa HAH Ykpainu, m. {ainpo

Jlisg omaneHHS NOMEHHHMX MOBITpPOHArpiBauiB BHKOPHUCTOBYEThCS aoMeHHMI ra3. Temora
3TOpSIHHA JIOMEHHOTO Ta3y He 3abe3mnedye MOCATHEHHS 3a/aHol TeMmrepaTypu MiJ KyHoJoM
noBitpoHarpiBadiB 1300 —1350 °C, i Tomy #oro, 3a3Buuai, 30araqyroTh TpUPOIHUM Ta3zoM. Jlocartu
3aJJaHOl TeMIepaTypd IMiJ KyMoJIOM MOXJIHMBO IHHOIMM IIJISIXOM — OIAJIOBaTH IOBITpOHArpiBaui
JIOMEHHHUM Tra30M, ajie 3aMiCTh 30araueHHs1 HOro MpUPOIHUM I'a30M, [I0/1aBATH Ha CHIATIOBAHHS MaluBa
MOBITPS, 30arayeHe TeXHOJOTIYHUM KUCHEM.

B pobGori posrmsHyTO 00MABA CMOCOOM MIABUINCHHS TEMIEpPAaTypud MiJ  KYyIOJOM
MOBITPOHATPIBAaYiB Ta BUKOHAHO JOCIIDKEHHS BIUIMBY ITUX CIIOCOOIB Ha BAJIOBI BUKHUIM OKCHIIB a30TY,
10 YTBOPIOIOTBCA TiJ Yac CHaJlOBaHHA NanuBa. Po3paXyHKH BHKOHAHO Ui yMOB poOOTH
TOBiTPOHArpiBayiB JOMEHHOI edi 06’ eMoM 1513 M /U1 HACTYHHMX MOYATKOBUX YMOB:

- TeMIIepaTypH ITi1 KymojoMm rnoBiTpoHarpiBava npuidasti 1300 ta 1350 °C;

- ckimaag goMeHHoro ra3y (o0’emui Bimcotkm): CO=15,95%; C0=22,55%; H»=3,37%;
N2=44,39%; H>20=13,74%;

- TEmIoTa 3TOPSHHS JOMEHHOTO Ta IIPUPOIHOTO Ta3iB, BiAMoBiaHO, 3 228 Ta 36 275 kJx/M>;

- BHTpaTa JOMEHHOTO ra3y Ha ONaJeHHs OJHOTOo MOBiTpoHarpiBaua 25 000 M>/rox;

- BUTPATH IYTTH, 1[0 HArpiBa€ThCs, OJHAKOBI 17151 000X BapiaHTIB, IO PO3TIISIAIOTHCA.

Busznaueno, mo st 3abe3nedeHHs: remmeparyp mig kymosoMm 1300 Ta 1350 °C npu omaneHHi
MOBITPOHATPIBAYIB MPHUPOTHO-TOMEHHOIO CYMIMIIIIO TEIJIOTAa 3TOPSIHHS CYyMIllll TIOBHHHA CKJIAIaTH,
BigmosigHo 4 550 Ta 5013 x/x/M>. Ilpy 1pOMy uacTka MPHPOAHOTO Ta3y B CyMillli TTOBHHHA
nopiBHioBatH BianoBigHo 4,0 ta 5,4 %. Ilpu omaneHHi MOBITpOHArpiBadiB JIOMEHHUM Ta30M 1
30aradeHH1 MOBITPs TOPIHHS KUCHEM JOCATHEHHS 33/IaHUX TEMIIEpaTyp Mij KYIOJOoM IMOBITpOHArpiBaya
MOJKJIMBE TIPY BMICT1 KHCHIO B TIOBITpi ropiHus 23, 4 ta 32, 3 % BiINOBiIHO.

JlJis yMOB CHaiOBaHHS MajuBa, 110 PO3IIISAAINCS, 32 JOMOMOIOI0 3alIeKHOCTEN, HaBEJACHHUX B
poboti [1], BUKOHAHO pO3pPaxXyHOK KOHIIEHTpaIiii okcumiB azoTy (NOX) mpu 3aJaHuX yMOBax
CHIAIOBaHHs MAJINBA, AKi CKIaal0Th BimoBigqHO 44,5 Mr/M> pu Temmnepatypi min kymnonom 1300 °C ta
79,0 mMr/m> npu TemmepaTypi mig kynoisom 1350 °C i maiibke He 3aexaTh BiJl CIIOCOOY ITiIBUIEHHS
TeMIIepaTypH i KYIIOJIOM MOBITPOHArpiBauiB, Tak SK YMOBH CITaJIOBaHHS TalMBa 3aJUIIAIOTHCS
MaiiKe He 3MiHHIMH.

UucenpHe MOJETIOBaHHS TEIJIOOOMIHY B Hacailll TOBITpOHArpiBada, SK€ BHKOHAaHO 3a
METOJIMKOI0, HABEACHOIO B poOOTI [2], MO3BOMWIO BU3HAYUTH BHUTPATH MMalliBa Ha OMAJICHHS
MOBITPOHATPIBayiB, TEXHOJIOTTYHOTO KUCHIO Ta JIMMOBHX Ta3iB, a TAKOXK PO3paxyBaTH BAJIOBI BUKUIU
OKCHJIB a30Ty. Bu3HaueHo, 1m0 s 3abe3meueHHs OJHAKOBUX YMOB TEIUIOOOMiHY B Hacaslli
MOBITPOHArpiBadiB HEOOXIMHO 3a0e3MeUYeHHs OJHAKOBMX BHUTpAT JAMMOBHUX Ta3iB dYepe3 HacaJKy
HE3aJIeKHO Bif] CIIOCOOY OMaNieHHs, M0 PO3TISAA€ThCA. TakuM YHHOM BaJOBHI BUKH OKCHJIIB a30Ty
npu 30aradeHHi JOMEHHOTO Tra3y MPUPOIHUM, a00 MpH 30aradeHHi MOBITPS TOPIHHS TEXHOJIOTIYHUM
KHCHEM TPAKTUYHO HE BIJIPI3HAIOTHCS 1 ckinafaoTh 50,75 T/pik npu 3abe3neueHH] TeMIepaTypH mija
KyroJsoMm noBiTpoHarpiBadiB Ha piBHi 1300 °C ta 94,67 1/pik npu Temneparypi mia kymoiaom 1350 °C.
TakuMm 9HOM O0UABA BapiaHTH CIPUINHSIOTH OJHAKOBUH BIUIMB HA JOBKILJLISL.

JliteparypHi jxepena
1. Kyn II. UccnenoBanue ropsiaeii meuyHo arMocdepbl B MpOMBIIIIEHHBIX medax u tonkax / I1. KyH,
J. 3ykep // YUepnsie metamibl. — 1988. — Ne 5. — C. 26-31.
2. TloBbimenue 3HeprodGHeKTUBHOCTH HarpeBa nomMeHHOTOo AyThs / Ilom obmr. pen. JI. I1. I'peca. —
Huinpo: HMetAY, 2001. - 612 c.
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IINTABJIEHHS PAJIOAKTUBHO 3ABPYJHEHOI'O METAJIY - SIK CKJIAIOBA B
BHUPIIIEHHI EKOJIOTTYHUX MPOBJEM HA METAJYPTTMHUX MIIIPUEMCTBAX

Mamunicros B. €., k.T.H., Pomanbko 5. B., k.T.H, MemkoBa A. I'., Cyxapesa M. B.
YxpaiHcbkuii 1ep:KaBHUH YHIBepCHUTET HAYKH | TeXHOJIOTIH

Ha wMeranyprilHUX miIOpUeEMCTBaX MOXKE IOCTYNAaTH  METAIOOPYXT, 3a0pyIHEHHH
PalioOHYKJIiIaMU SIK TIPUPOHOTO, TaK 1 MITYYHOTO MOXOKeHHs. [Ipy mboMy MOXKe CTBOPIOBATHCH
peanbHa 3arpo3a BIUIMBY IiJBUIIEHOrO PiBHS paiiaiii Ha MepcoHa MiANPUEMCTBA Ta HACEJICHHS Ha
MPUJIETIIUX 10 HHOTO TEPUTOPISX.

Sx mokazano B [1,2], omHUM i3 e(peKTHBHHX CMOCOOIB MOMEPEIKEHHS HEOOIPYHTOBAHOTO
MOTIPIIEHHS €KOJIOT14HOI 00CTaHOBKH Ha ITIAMPUEMCTBI € TUTABJICHHS METaJly B Iedl, sKa (PyHKIIIOHYy€
B IITATHOMY PEXKHUMi, TPUUOMY BX1JHY CHPOBHUHY MONEPETHHO HE JIC3aKTUBYIOTh.

B mporieci maBieHHs pagioOHYKIIAN MEPEMINTYIOTHCS Ta PO3MOAUIIETECS B 00’€Mi pO3IUIaBy
piBHOMIpHO. TakuM ke 3aIMIIaeThCsl 1ei po3MoALT Y BUP0Oax, BUTOTOBICHHX 13 IIbOTO METAIy.

Peanizaris migxomy, 0 3ampoOIIOHOBAHWUN TO3BOJISIE BUIYYUTH PATiOaKTUBHI 3a0pyIHEHHS 13
chepu IXHBOTO 0€3MOCEePETHHOTO KOHTAKTY 13 JIFOJWHOIO Ta, BIAMOBITHO, MOMEPEAUTH 1 BUKIIOYUTU
MOJIMBICTB i1 HEOOTPYHTOBAHOTO ONMPOMIHEHHS Ta 3a0pyTHEHHS HAaBKOJHUIITHLOTO CEPEIOBHUIIIA.
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Iron and Steel Metallurgy: Technology, Innovation, Quality
UDC 669.184

ANALYSIS OF THE EFFICIENCY OF CARBON REMOVAL FROM THE MELT AT
DIFFERENT STAGES OF STEEL PRODUCTION

N.A. Arendach, L.S. Molchanov, Ph.D.
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

In modern conditions, iron-carbon melts, and in particular steel, is one of the most widespread
structural materials in the world. The production of steel is associated with the removal of excess
impurities in the iron-carbon melt, in particular carbon. At the same time, there are significant number
of technological solutions for the production of steels of various assortments, from ultra-low carbon to
carbon-alloyed. The main method of production of structural steels of ordinary quality remains the
oxygen-converter process, which is carried out according to the scheme with the supply of oxygen
through the top blowing lance and neutral gas through the bottom blowing blocks. The production of
high-carbon steels is based on the use of electrosmelting technology using induction heating or arc
heating schemes, which is associated with the low oxidation potential of these processes. The production
of steels with a carbon content below the critical concentration (0.01%) is associated with the complexity
of organizing the supply of carbon to the place of oxidation. Therefore, technical solutions have been
developed with the additional introduction of mass transfer intensifiers into the bath (GKR and AOD
technologies), as well as carbon oxidation at low pressure. The specified processes require special
complex equipment and do not allow the production of low-carbon steels at existing metallurgical
enterprises without significant modernization of equipment and changes in production technology.

According to existing views on the mechanisms of carbon oxidation in a metal bath, three links of
the specified process are distinguished: 1) introduction of the oxidizer into the melt; 2) the course of the
chemical oxidation reaction; 3) bringing carbon to the site of the chemical reaction. In the case of a
concentration of carbon in the melt at a level close to the critical level, the speed of the chemical reaction
is limited precisely by the supply of carbon to the place of its flow. Thus, to ensure an effective process
of removing carbon from the melt at concentrations below the critical one, it is necessary to apply
methods of intensification of mass transfer processes in a metal bath. At the same time, there are the
following methods of intensification of the mass exchange of millets: forced mixing, influence of an
external electromagnetic field, purging with a neutral gas. Among the specified methods of
intensification of mass exchange processes, the most technological is purging with neutral gas.

Based on the above, it is proposed to carry out the production of steels with a carbon concentration
below the critical one according to the following scheme: oxidation of carbon to the critical
concentration by standard methods of oxygen-converter melting, oxidation of carbon below the critical
concentration in the melt due to blowing the melt with an inert gas-oxygen mixture at the post-bake
treatment stage through bottom blowing blocks of a special design.

UDC 669.184

ANALYSIS OF CONDITIONS FOR EFFECTIVE ACTIVATION OF NITROGEN-
CONTAINING GAS FLOW

L. S. Molchanov, Ph.D., T.S. Golub, Ph.D.
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

Today, the metallurgical industry, as the main producer of structural material, sets new, increased
requirements for the strength of steels and the improvement of their operational qualities, as an indicator
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of the reliability and durability of parts and structures. Methods of improving the properties of steels are
quite diverse, but alloying occupies an important place among them. Alloying elements give products
heat resistance and corrosion resistance, increase mechanical indicators. Among them, nitrogen should
be singled out, the introduction of which allows to reduce the content of more valuable elements of
nickel, manganese and other austenite-forming elements in alloys while maintaining the specified
austenitic or other structure and, accordingly, the level of ferromagnetism of the alloy; increase the
content of ferrite-forming elements in alloys, which positively affects the mechanical and corrosion
characteristics of alloys; improve the characteristics of technological plasticity due to the expansion of
the austenite existence interval in the high-temperature region; increase the thermal stability of austenite
and reduce the probability of its disintegration during heating with the formation of nitrides and other
phases; increase resistance to pitting and knife corrosion, stress corrosion cracking, intercrystalline
corrosion; to increase the strength of alloys by using strain hardening during slander.

Nitrogen is a fairly widespread chemical element and has long been known as an alloying agent,
but its limited solubility in iron alloys, especially with a high content of other components, prevents its
widespread use. Different methods of gas activation are used to increase the solubility of nitrogen. The
authors investigated the option of activation by creating an electric brush discharge.

The research was carried out on a physical stand created at the research site of the Iron and steel
Institute of National Academy of Sciences of Ukraine. The section of the nozzle at the outlet for
supplying purging gas, in which a closed-type gas activation device was placed (by creating a brush
discharge between the metal electrode and the metal tip of the nozzle), was subject to modeling. Two
types of devices were investigated: with a submerged non-insulated electrode and a protruding almost
fully insulated electrode (discharge between the lance tip and the non-insulated electrode tip). Analysis
of the influence of the pressure of the purge gas and the length of the arc (the distance between the
electrodes) on the efficiency of the process of ionization of the flow of nitrogen-containing gas (using
the air) showed that when using a discharge device with an immersed electrode, the current that forms
the activated gas has a quadratic dependence on the distance between the electrodes with a maximum at
a distance of about 15 mm and a purge gas pressure of 0.25-0.3 MPa. With a further increase in pressure,
the visible discharge disappears and the current decreases.

Under the conditions of using a different type of discharge device, which is characterized by a
protruding electrode, much higher indicators of the strength of the ionized current were obtained, and
with an increased distance of the discharge, the strength of the current increased. In addition, the
discharge was visually visible even at high purge gas pressures (0.6 MPa) (with the highest values at
low purge pressures). Thus, it can be concluded that for the activation of nitrogen-containing gas, the
most promising is the use of a discharge device with a protruding electrode.

UDC 669.184

USE OF ACTIVATED GASES AS A DIRECTION OF INCREASING THE EFFICIENCY OF
TECHNOLOGICAL PROCESSES IN METALLURGY

S.I. Semykin, Ph.D., T.S. Golub, Ph.D., L.S. Molchanov, Ph.D.
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

Technological operations in the production of steel and metal products are based on oxidation-
reduction chemical processes (burning of fuel, oxidation and recovery of impurities). The special
importance of chemical oxidation processes is established in the processes of steel production, which is
associated with the removal of excess content of silicon, manganese, carbon and phosphorus from the
composition of the molten metal charge. At the same time, gaseous oxygen is used as the main oxidizer
in established technical solutions. In modern metallurgical units, the maximum efficiency of the flow of
chemical transformations using gaseous oxygen has been achieved.

The rate of chemical interaction of various elements with oxygen is determined by the activation
energy of a certain transformation. In particular, in an activated state, oxygen forms an ozone molecule,
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which is more chemically active than a gaseous oxygen molecule. This is caused by the presence of an
additional atom in the molecule, which shifts the electron density of the molecule and reduces the
activation energy of chemical processes with its participation.

In general, the activation of gaseous substances occurs under the influence of external influences,
which include: the influence of ionizing radiation (UV, a, B and y spectra); the influence of excess heat;
the effect of electric discharges. The formation mechanism consists in the destruction of stable molecules
of a gaseous substance and the formation of ions, which interact with molecules to form chemical
compounds. At the same time, from a technological point of view, the most successful method of
activating gaseous substances is the use of electric discharges. The efficiency of substance transfer
depends both on the design of the ionizer and on the power of the discharge itself. The specified features
make it possible to influence the processes taking place in the volume of the converter within wide limits.

In the course of research, it was found that the use of an activated flow contributes to an increase
in the heat level of the under-furrow area, which indicates a greater heating of the bath than on
comparative melts, probably due to a more active flow of silicon oxidation reactions at the beginning of
purging, carbon in the middle of purging and afterburning formed in the course of purging CO to CO»
gas - at the end of purging. At the same time, the analysis of the change in the carbon content and its
oxidation rate during blowing of the melt revealed an increase in the proportion of oxygen spent on
carbon oxidation when using an activated oxygen flow, with a corresponding increase in the rate of
carbon oxidation during blowing and a reduction in the duration of blowing until the torch falls.
Conducted research on the level of dust emission from the converter on experimental fuses showed a
decrease in this indicator when using an activated gas flow by the order of 56.9% relative to in the period
of slag introduction and by 69.5%relatively during the period of blowing under the slag. Based on the
results of laboratory studies, the analysis of the influence of the amount of ozone in the purge gas on the
amount of dust released from the unit showed the presence of an inverse relationship with the minimum
level of dust release at an ozone productivity of about 25-30 g/t-min. The results obtained in the work
testify to the high significance of the direction being developed for the metallurgical industry, and the
established scientific and technical provisions suggest the continuation of research in terms of the design
of discharge devices and a deeper study of the interaction of activated jets with a liquid iron-carbon bath.

UDC 669.162.21: 662.6/9: 669.7.001.5

STUDY OF THE IMPACT OF HYDROGEN INJECTION INTO THE BLAST FURNACE ON
CO2 EMISSIONS AND COKE CONSUMPTION

O.L. Chaika, Ph.D., B.V. Kornilov, Ph.D., A.O. Moskalyna, Ph.D., M.M. Iziumskyi,
M.G. Dzhygota

Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

The idea of using hydrogen and posing the problem of its use in industry was formulated in the
early 70s of the 20th century after the first oil fuel crisis. It should be noted that at that time domestic
researchers were also engaged in the use of hydrogen in blast furnace production. In the world, at the
level of public policy, more and more attention is paid to the development of the hydrogen direction,
and hydrogen energy is gaining more and more support not only at the corporate level, but also at the
state level. Hydrogen energy with its diverse sources, low carbon emissions, high efficiency and wide
range of applications is considered the most promising and environmentally friendly energy in the 21st
century and is included in the national energy development strategy of many countries. Therefore, the
question of using hydrogen in metallurgy in general and the blast furnace in particular, as the most
energy-intensive unit in the metal production cycle, is relevant from the point of view of reducing carbon
dioxide emissions.

With the use of improved models of heat and energy balances of blast furnace smelting, estimation
calculations of the influence of the use of different hydrogen consumption on CO; emissions, technical
and economic, thermal and energy indicators of blast furnace smelting were performed.
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It was established that an increase in hydrogen consumption by every ~50 m?/t allows to reduce
the output of COs, taking into account the afterburning of CO outside the blast furnace, by 2,4-2,6%,
and the use of hydrogen in the amount of ~600 m*/t will allow to reduce CO, emissions by 33,4-337%.
In addition to reducing CO; emissions, the use of hydrogen in the blast furnace allows to reduce coke
consumption by 0,46-0,48% for every 10 m*/t of Hz, which is equivalent to reducing coke consumption
by 0,22-0,25 kg/m® of hydrogen. Thus, for the first time, the coefficient of replacement of coke by
hydrogen when using hydrogen in the blast furnace was determined analytically — 0,22-0,25 kg/m°.

According to the results of the study, it was determined that the joint injection of hydrogen and
PCI into the furnace of the blast furnace allows to solve two tasks at the same time: reducing CO»
emissions (with an increase in the consumption of hydrogen) and ensuring the minimum cost of iron and
steel (with an increase in the consumption of PCI).

As a result of the analysis, the critical consumption of fuel additives was determined, at which,
according to Gruner's principle, it is possible to expect to achieve full recovery of iron only indirectly,
which means the minimum consumption of fuel when reaching rd=0%:

- with consumption of hydrogen 585-600 m?/t and coke 378-401 kg/t;

- at consumption of PCI 100 kg/t, hydrogen 500 m?/t and coke ~329 kg/t;

- at consumption of PCI 150 kg/t, hydrogen 485-500 m*/t and coke 268-289 kg/t;

- at consumption of PCI 200 kg/t, hydrogen 450-485 m?/t and coke 228-251 kg/t;

- at consumption of PCI 250 kg/t, hydrogen — 421-450 m®/t and coke 191-212 kg/t.

Injection of preheated hydrogen into the blast furnace opens significant reserves for reducing CO»
emissions and coke consumption. Heating of hydrogen in the amount of 100-500 m*/t for every 100°C
allows to reduce the predicted output of CO;, taking into account the afterburning of CO outside the
blast furnace, by 0,37-1,35% and to reduce coke consumption by 0,07-1,16%.

Based on the above, it was established that the use of hydrogen in the blast furnace is a promising
way to reduce CO, emissions and reduce the consumption of coke and other fuel additives in the blast
furnace.

UDC 669.162
CORRECTION OF SULFIDE CAPACITY OF BUCKET SLAG
E.N. Sigarev, Dr.Sc., D.V. Eskov, .M. Matina, D.A. Kovalenko

Dniprovsky State Technical University, Kamianske

The results calculations changes in the sulphide capacity of slag formed during ladle
desulfurization pig iron using co-injection scheme using mixture based on lime and magnesium are
presented. Before start of blowing desulfurizing reagents on the surface ladle bath, usually 0.6-1.2% of
the mass slag metal, which got into the ladle with cast iron when it was released from blast furnace or
when overflowing from mixer, remains. The composition first ("primary") is significantly different from
composition of blast furnace slag and is characterized by reduced basicity and insignificant sulfide
capacity.

Slag after desulfurization of cast iron consists of primary residues and products of sulfur removal
and redistribution reactions, residues of undigested lime (CaO, MgO, CaS, etc.). As a result of mass
transfer processes CaO—MgS—CaS—MgO, the chemical composition and physical properties of slag
change continuously. Removal of slag after desulfurization is complicated by an increase in its volume,
changes in consistency and unreasonable losses of iron, the content of which in the form balls of various
fractions reaches 68-80%.

An increase in the content of CaO and MgO in slag increases its basicity, melting point and
viscosity, and leads to a change in surface tension. The formation of a more liquid slag in order to create
conditions for returning part of slag balls to bath is possible due to use of modifiers (fluorspar, silica,
potassium carbonate, sodium chloride, colemanite, nepheline syenite, calcium aluminate, etc.),
containing at least one of components of the formed ladle slag of the CaO-Si0,-MgO-ALO3 system.
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The report presents results of calculations to determine the possibility of adjusting the basicity,
viscosity, melting point, and sulfide capacity of the "primary" and final ladle slags when using
steelmaking waste - final desulphurization slags of steel on ladle-furnace units (subject to limiting the
content of S in the latter). Positive industrial experience of using such slags as a bucket slag modifier is
known.

It is known that the most easily melting eutectics (CaO-SiO+Ca0O Al,O32SiOx+tridymite;
Ca0O'Si02+Ca0 Al2032S102+2Ca0 Al203'Si0y), in contrast to the coating slags of ladle desulfurization
of cast iron with the injection mixtures based on CaO and magnesium, melt at a temperature of ~1300
9C. The mass of sulfur that can be removed with slag (slag sulfur productivity) differs from slag sulphide
capacity obtained by calculations based on thermodynamics. Despite existence of various mechanisms
and causes of iron loss during bucket desulfurization: removal of Fe in the waste gas stream; flight of Fe
drops outside bucket during destruction of floating gas bubbles at the metal-gas interface; drawing slag
into the metal bath by currents in the bubbling zone with capture of liquid metal; removal of Fe with the
slag that flows from surface of the bath after processing, largest losses (0.4-2.6% of the metal mass) are
due to the last option.

The authors of the report investigated conditions of change and characteristics of the slag
desulfurization of cast iron on the UDCH in the 230-t pouring ladles of the converter shop of PrJSC
"Kamet-Stal". In the technological route of steel production at PrJSC "Kamet-Stal" "bucket-furnace"
units (ACP) are involved; steel refining waste, which includes low-oxidized slag (SHAKP:) with a high
CaO content and a sulfur content of 0.2 to 0.9%. Composition of SHAKP; slag, %: 65-68 CaO, 24-26
Si02, 4.4-5.3 MgO, 2.21-4.23 A;03, 0.1-0.13 P2Os. The use of SHAKP; slag as a modifier of "primary"
slag will also contribute to solving environmental problems (waste disposal) and reducing the cost of
processing and iron losses. In slags with a basicity of CaO/Si0; below 0.93 (corresponding to the molar
ratio of Ca0/SiO,=1), the formation of Ca$ is slowed down due to the absence of free O’ ions and
requires additional lime consumption. The introduction of SHAKP; with a CaO content > 60% is able
to save precious fluidized lime.

According to the results studies of the mechanism desulfurization of cast iron, it is shown that low-
melting slags of eutectic composition have the maximum fluidity, and their adsorptive capacity depends
on the degree of structural and chemical arrangement [1]. It is known that MgO and Al,O; additives
reduce the melting point of slag in certain intervals of their content.

The authors of the report performed calculations of changes in the chemical composition of the
"primary" and final ladle slag of UDCH PrJSC "Kamet-Stal" when introducing SHAKP; in the amount
of 0.05-0.3% of the mass of cast iron, determined their sulfide capacity, melting point and viscosity after
modification. The viscosity and melting point of the investigated slags were determined using ternary
diagrams.

Prediction of sulphide capacity (Cs) of modified slags was performed using optical basicity (A1)
proposed by Duffy and Ingram. The models proposed by Duffy et al., Tsao et al., Hao & Wang, Sosinsky
& Sommerville, Young et al., Znang et al., Shankar et al. were used to calculate the value of A. When
calculating /4 and determining changes in physical and chemical properties, the main components of slag
(Ca0, SiO2, Al,03) and the presence of up to 10% MgO were taken into account. The used models give
excellent results (logCs values) for slags modified by the introduction of SHAKP1 (range from -2.3 to -
5.15), but in general correspond to the data of known studies. Considering the fact that desulfurization
slags are usually not homogeneous and contain a certain amount of solid CaS, the prediction of Cs may
not be accurate enough for industrial conditions, but it is suitable choosing directions for optimizing the
composition of cover slag using CaO and Al>Os-containing waste.
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INVESTIGATION OF THE KINETICS OF SOLIDIFICATION OF A 205-TON FORGING
INGOT ON A COLD PHYSICAL MODEL

L.V. Protokovilov!, Ph.D., V.B. Porokhonko!, Ph.D., M.M. Abralov?, Ph.D.

'E.O. Paton Electric Welding Institute of NAS of Ukraine, Kyiv, Ukraine
’Tashkent State Technical University, Tashkent, Uzbekistan

The main consumers of large forging ingots are the energy and heavy engineering industries.
Turbine rotors, parts of reactor bodies, shafts of propellers and rolling mills, parts of chemical equipment
are made from such ingots. Based on the operating conditions (dynamic loads, elevated temperatures,
aggressive environments), high requirements are placed on the metal of such parts.

The conditions of solidification of large forge ingots (a large volume of liquid metal and a long
time of its solidification) lead to a significant development of liquation and shrinkage processes in the
metal melt and, as a result, physical and chemical heterogeneity of the cast metal. During further
thermomechanical processing, the inhomogeneity of the ingot is inherited by the forging and semi-
finished products obtained from it. Therefore, the problem of improving technologies for the production
of large forging ingots is still relevant.

Experimental studies of the processes that occur during the solidification of large ingots are very
complex and expensive. In these conditions, it is advisable to apply physical modeling methods on cold
transparent models with compliance with similarity criteria.

The purpose of this work was to determine the influence of the parameters of electroslag heating
(ESH) and feeding the top part of the ingot on the process of solidification of a 205-ton steel forge ingot
in the mould and the development of shrinkage defects.

Experiments were conducted on a flat model simulating the longitudinal section of the ingot. The
model is made on a scale of 1:15 with geometric similarity to the real object. As a model liquid, a solution
of sodium thiosulfate (Na>S203) was used, which solidify according to the dendritic mechanism. The
melting point of sodium thiosulfate is 48.3 °C, and it retains optical transparency until complete
solidification, which allows you to visually observe the processes of forming the crystal structure of the
ingot. Fixation of the solidification process was carried out with the help of photo and video recording.
The temperature of the melt was controlled by thermocouples. To evaluate the thermal processes during
the solidification of the ingot, temperature measurements of the surface of the model were carried out
during the entire solidification time using a Wintact WT3160 thermal imager.

It was established that the use of ESH leads to the displacement of the heat center to the top part
of the ingot and an increase in the angle of inclination of the V-shaped crystallization front, which
improves the feeding of the axial zone of the ingot with liquid metal. Under these conditions, the vertical
component of the advancement of the solid phase gradually increases, which at the final stage of
solidification of the ingot begins to prevail over the horizontal component. This provides favorable
conditions for elimination of axial porosity and reduction of liquation processes. At the same time, no
noticeable influence of ESH on the structure formation of the lower part of the model ingots (from the
bottom part to a height of 0.5...0.6xHing, where Hing is the height of the ingot) was found. This gives
reason to believe that ESH can be started not immediately after pouring the metal into the mold, but after
a certain period of time.

It is shown that ESH with the temperature of the slag pool at the level of 1.15xTm (Where Tn is
the melting temperature of the metal) and liquid metal feeding with a temperature of 1.2xTn and a
volume of 1.5...2 % of the total volume he ingot, ensures the complete elimination of axial porosity and
shrinkage shell in the top part of the ingot. In real conditions, this will reduce the volume of the top part
of the ingot by 70 % and thereby save up to 25 tons of metal that goes to scrap. At the same time, the
total time of solidification of the ingot increases by an average of 15..20 %. On the basis of the
conducted studies, the preliminary modes of ESH with liquid metal feeding of a 205-ton forge ingot
were recommended.
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RESEARCH OF CHARGE STREAM CHARACTERISTICS IN A BLAST FURNACE
V. V. Lebid, Ph.D.
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

The use of bell-less top (BLT) on blast furnaces of various volumes, an increase in the design
options of the charging device and its distribution chute, require taking into account the parameters of
the stream of materials leaving the distributor in the algorithms of the models.

A calculation method has been developed for estimating the density distribution of the stream of
burden materials leaving the BLT chute when they are charged into the furnace. To assess the adequacy
of the results of the calculations, experimental studies of the charge stream parameters were performed.
The experimental method with the use of a sensor measuring probe was improved, which made it
possible to check the results of calculations in industrial conditions. The body of the probe is mounted
in the furnace space within the cylindrical part of the furnace using a special support structure on the
mark corresponding to the charge stock level. It was experimentally established that the width of
materials stream that are charged when using the angles of inclination of the chute in the range of 30°-
48° differs slightly and at the level of filling the charge of 1.0 m is about 0.8 m, and the distribution of
the stream density along its width is uneven - the most the intensive part is shifted in the direction of the
furnace center.

A method of experimental assessment of the trajectories of charge materials in the furnace was
developed based on the formation of geometric "ridges" by charging portions of charge materials from
the specified angular chute positions followed by non-contact measurement of the profile of charge
filling in the furnace, a patent was obtained.

New computational and experimental data on the regularities of the stream density distribution of
charge materials made it possible to clarify the method of choosing rational angles of inclination of the
chute in working angular positions and to improve the mathematical model of the radial burden
distribution.

UDC 669.184

PRODUCING STEEL WITH USING CONVERTER PROCESS IN THE MODERN
METALLURGICAL INDUSTRY OF UKRAINE

P.O. Yushkevich, Ph.D.
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

Metallurgy is one of the leading sectors of the economy of Ukraine [1-4], by 2022 it was be the
second largest and profit article of Ukrainian exports [2]. Steelmaking production is the second stage in
the total production cycle of ferrous metallurgy [3]. In general, Ukraine is one of the leaders of the steel
producers in the world [1, 3]. In 2021, Ukraine took 14 place in the global rating of world manufacturers
of steel according to World Steel Association (WSA) data [1]. During 2021 year in Ukraine was
produced 21366 thousand tons of steel [1].

In the modern metallurgical industry of Ukraine, the main methods of steel making is the oxygen
converter process, Marten process and electrometallurgical process [3]. The ratio in the overall
production of steel between these of technological processes changes every year [3]. It should be noted
that obtaining steel by oxygen-converter technological process is the most common in the world and
Ukraine. Already in 2011, the fate of the steel obtained in the converters was approximately 70% from
other ways of production of steel in the world. As of 2017, in Ukraine, the fate of steel produced in
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converter was 71.7% [6] from total steel produced [5, 6]. Converter process is predominantly using for
obtained the common steel marks.

Steel production with converter process has the potential for further development in the country
and increasing it is production. According to the data [3-6], produced steel with converter process is the
most favorable in cost compared to other basic ways of the steel producing in Ukraine. For example, an
electric steel, which is obtained by the process of smelting in arc steelmaking furnaces. The marks of
electric steels similar to the converter steel assortment can be more expensive in the range from 7.8 %
to 95.6 % [4]. The marten steel is more expensive than converter steel from 24.5 % to 99 % [4]. Such
data indicate the expediency of predominant use for the common marks of steels the converter process.

The above testimony and the fact that converter process of steel in Ukraine is the only one that in
general does not require fuel resources (natural gas, coke and others). All written above is important
arguments for concentration on further development on the converter process in the ferrous metallurgy
of Ukraine for producing the common steel marks. Steel from the converter by basic characteristics and
quality is not inferior to the electric steel and Marten steel. Converter steel can be better with production
by progressive technological process [1-6].

UDC 669.162
RESEARCH OF GAS DYNAMICS TWO-PHASE FLOW IN A T-SHAPED LANCE
D.V. Eskov, E.N. Sigarev, Dr.Sc., G.Yu. Kryachko, Ph.D.
Dniprovsky State Technical University, Kamianske

The transition to use effective, from point of view increasing intensity input and, accordingly,
reducing duration of ladle processing cast iron, ease maintenance, etc., lances with a T-shaped tip led to
emergence associated problems, including nozzle clogging and complications in redirecting gas powder
flow at the nozzle from working space of the nozzle without loss of energy due to changes in speed and
direction of flow, uneven wear refractory protection nozzles along height, especially in areas close to
the nozzles, non-stationarity pressure carrier gas in front nozzles, etc.

The report presents results of studies gas dynamics of two-phase flow in working space of T-
shaped tip submersible nozzle and formation of gas-powder jets at exit from nozzles. The methods of
physical modeling gas dynamics flow using transparent models of T-shaped tip and results of studies
macrostructure cross-section nozzle, "clogged" in the process blowing gas-powder jets based on a
mixture of lime and magnesium into the molten iron in order to ensure the removal of sulfur, were used.

It has been confirmed that the process uniform and continuous blowing gas powder jets deep into
melt in ladle largely depends on the characteristics gas powder flow in the nozzle channel, working space
tip and at the exit from the nozzles. The character macrostructure materials "clogging" nozzle indicates
possible energy losses of gas-powder flow formed at the outlet latter. This leads to flow metal melt into
inner space nozzle with subsequent freezing, a decrease in inner diameter nozzle, an increase in
resistance system with formation of obstacles to exit of the desulfurizer mixture into bath. The latter is
complicated due to insufficient momentum flow and occurrence pulsations in zone of leakage from
nozzles during transition from jet to bubble mode.

According to research results, it has been confirmed that amount of metal melt entering nozzle
lance in case of violations calculated blowing mode decreases with an increase in flow rate carrier gas
and stops after reaching a certain critical value close to speed of sound. When flow rate carrier gas
increases, there is a transition to the jet flow mode, and after its completion, access to nozzle for liquid
is stopped, and the jet shredding on bubble occurs at a considerable distance from nozzle.

In this work, influence configuration of the working space (WP) tip on the angle of opening and
length horizontal section gas-powder jet is investigated. In order to change configuration WP, different
bottom shapes were used in the inner space transparent model T- shaped tip and its depth (distance from
bottom to axis of the nozzles). We used shapes bottom surface in the form of a hemisphere and a concave
hemisphere, a cone and a cylinder.
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The peculiarities gas dynamics of the gas-powder flow in the transparent tip model were studied
using high-speed (240 f/s) imaging. By processing results of the experiments, differences and features
movement of solid particles of different fractions in working space tip, length, diameter and particle
filling of the horizontal section of the flow in the nozzle and formed jet at the exit of the nozzle tip were
established. At a high degree of flow loading, small fractions, in contrast to "large" fractions, move at
the speed gas flow.

A method of calculating rational angle of inclination of the surface bottom of the WP T-shaped tip
is proposed to ensure minimization of energy losses on the redirection of particles gas-powder stream,
reflected from bottom, into nozzle.

It was established that with a decrease in the distance between bottom in the WP tip and axis of
the nozzles, density gas-powder flow increases proportionally and depends to a small extent on shape of
the bottom. The ratio between length horizontal section of the gas-powder jet and its diameter at a
distance of 18 cal. from the nozzle section is: 0.9 — for a cylindrical bottom shape, 1.33 — for a “cone”,
2.0 — for a “concave hemisphere” and 2.4 — for a hemispherical bottom, respectively.

It was found that profile of the gas-powder jet can be used to distinguish horizontal and ascending
sections, where jet loses its ability to penetrate into the bath. To optimize blowing process, you need
reliable information about opening angle gas jet, penetration depth, structure plume, turbulence
volumetric flow, which characterize the main parameters jet. According to the data of various
researchers, opening angle of the gas jet in air-water system is 20 degrees, in the mercury-air system -
155 degrees. Thus, opening angle depends on properties of the liquid (density, surface tension). For iron-
carbon melts, opening angle can probably vary in the above range.

Regarding distribution of particles on the horizontal section gas-powder jet at exit from nozzles,
following can be noted. As a result of the significant difference between density of the gas and solid
components gas-powder jet, its separation is observed with formation of less concentrated (upper) gas
and more concentrated (powder) parts. At the same time, the most uniform distribution of particles along
jet profile in the studied conditions was observed when using a cylindrical shape of the bottom. The
opening angle gas-powder jets at the exit from the nozzles corresponds to the following values: 10
degrees — for a cylindrical bottom, 12 degrees — for a “cone”, 16 degrees — for a “concave hemisphere”
and 22 degrees — for a hemispherical bottom, respectively.

UDC 669.162.21.27.012.3

NEW METHOD OF SUBSTANTIATED ADJUSTMENT OF THE CHARACTERISTICS OF
THE BURDEN REGIME ENSURING THE FORMATION OF RATIONAL PARAMETERS
OF THE COHESIVE ZONE IN THE BLAST FURNACE

I.G. Myrav'yova, Dr.Sc., N.G. Ivancha, V.R. Shcherbachov, V.I. Vishniakov

Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

The results of numerous studies confirm the significant role of the blast furnace burden regime in
shaping the cohesive zone and the impact of the burden regime parameters on its characteristics. Using
the method developed at the ISI for determining the shape and position of the cohesive zone, research
was conducted to establish the relationships between the parameters of the cohesive zone and the gas
temperature above the charge surface based on real data from an operating blast furnace. The findings
from these studies revealed correlations between the vertical coordinates of the melting line and the gas
temperature above the charge surface and the ore burden in equal-area annular zones of the blast furnace,
demonstrating the potential for controlling the position and shape of the cohesive zone using thermal
measurement probes, as well as adjusting the parameters of this zone by altering the distribution of ore
burden within the radial profile of the blast furnace hearth. It was established that the interconnection
between the vertical coordinate of the melting line in the annular zone and the ore burden in that zone is
characterized by sufficiently high coefficients of approximation by a power function, which is 0.80.
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The boundaries of the cohesive zone are determined by the respective softening and melting
temperatures. In the context of charging the blast furnace with multi-component burden materials, the
softening and melting temperatures of the charge materials in a particular annular zone are determined
by the composition of the material mixture in that zone and their individual high-temperature properties.
The ratio of the quantity of pellets to sinter in these zones can be used as a controlling parameter in
adjusting the temperature level of the softening and melting surfaces in different annular zones of the
blast furnace. This is supported by a high coefficient of approximation of the interconnection between
the difference in softening and melting temperatures and the specified ratio, which is 0.99.

The control of the parameters of the cohesive zone, the selection of the direction and magnitude
of the controlling influence in each specific case should be based on the results of mathematical modeling
of the distribution of burden materials across the radial profile of the furnace hearth, the determination
of the composition of the mixtures of burden components in different furnace zones, the prediction of
their high-temperature properties, and the trends in changes in these properties when altering the
component composition of the mixture. To regulate the distribution of a specific component of the mixed
iron ore portion across the radial profile of the hearth, the control parameter can be the setting of the
location of the dosage of this component in the volume of the portion (feed) on the conveyor or skip.
Formulas have been derived to determine this quantity for given component content in the annular zone
and its content in the burden for blast furnaces with different charging system structures.

The results of the research allowed for the establishment of interconnection between the
parameters of the cohesive zone (determined using the proposed method) and indicators of the
distribution of burden materials across the radial profile of the blast furnace hearth. The identified
interconnection between the distribution indicators of the burden across the radial profile, such as ore
loading and the content of burden components in the annular zones of the hearth, with the parameters of
the cohesive zone, serve as the basis for the development of a substantiated adjustment method for the
characteristics of the burden regime, ensuring the formation of rational parameters of the cohesive zone
in the blast furnace.

UDC 669
PROSPECTS FOR USING CCM FOR CASTING SMALL SECTION BARS AT MINI-MILLS
Y.V. Synehin, Ph.D., I.V. Zhuravlova, V.O. Ruban
Ukrainian State University of Science and Technology, Dnipro

Since the end of the last century, there has been a steady trend in the world towards the construction
of mini-smelting plants instead of huge steel mills with a full cycle of metallurgical production. Such
mini-plants are usually focused on processing scrap metal and metallized raw materials [1]. The
introduction of mini-plants is particularly relevant in the context of the transition to green metallurgy.
The low productivity of such enterprises (40-2000 thousand tons of steel per year) and small order
volumes with often quite different product mixes make it possible to use mini-caster machines, usually
of horizontal type, to cast billets with a cross-section equal to or as close as possible to the cross-section
of the finished product. Such CCMs reduce the number of finishing stands in a rolling mill, which
reduces the energy intensity of production, shop floor space and capital expenditure on construction.
The advantages of such CCMs also include lower consumption of auxiliary materials, such as lining,
slagging mixtures, cooling water, etc. A characteristic feature of many mini CCMs is the use of graphite
molds instead of copper ones as in traditional CCMs, which are cheaper to manufacture.
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PREPARATION AND CONDUCTING OF PHYSICAL MODELING OF THE STUDY OF
THE EFFECT OF GAS SUPPLY THROUGH A HOLLOW ELECTRODE ON THE CHANGE
IN THE GEOMETRIC PARAMETERS OF THE HOLE

V.O. Ruban, Y.V. Synehin, Ph.D., O.M. Stoianov, M.O. Savenko
Ukrainian State University of Science and Technology, Dnipro

The operating mode of the ladle-furnace transformer has a direct impact on the length of the
electric arc, which forms a hole at the slag-metal interface. The reaction zone, which occurs when the
electric arc interacts with the metal bath under the electrode, has the shape of a "meniscus".

To evaluate the combined effect of the electric arc pulse and gas supply through the channel of a
graphitized hollow electrode (GHE), preliminary calculations were made on the geometric parameters
of this hole. Parameters such as depth and radius depend on the value of the arc length, which was
determined in [1].

Then, based on the calculated similarity criteria, an experimental plan was developed and an
experimental setup was created to conduct the study. During the experiment, such parameters as the
intensity of gas supply through the GPE channel, the height of the slag cover, and the height of the
hollow electrode above the level of the metal mirror were changed. Video recording of the data was
performed at the front of the metal-slag interface and from below. The following parameters were
monitored: diameter and depth of the hole formed, gas pressure, slag thickness, and height of the HPE.

Based on the physical modeling carried out, using the isothermal model, it is possible to obtain
analytical expressions showing the joint effect of the electric arc pulse and the gas jet, which affect the
heat transfer characteristics.
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UDC 669.169
BLAST FURNACE: “BE OR NOT TO BE?”
O.E. Merkulov, Dr.Sc.
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

According to [1], the blast furnace — basic oxygen furnace (BF-BOF) steelmaking process has a
significant potential to reduce CO2 emissions to levels comparable to direct reduction technologies.

The “green deal” requires green steel, in other words, the steel industry needs to decarbonise, but
the decarbonisation of other industries also depends on the steel industry. According to ArcelorMittal,
the construction of 1 MW of solar power plant capacity requires 35 to 45 tonnes of steel, and a wind
power plant requires 120 to 180 tonnes [2]. Therefore, the decarbonisation of the energy and transport
sectors, which are the main sources of CO; emissions, should go hand in hand with the decarbonisation
of the steel industry to enable progress in the same direction. Moreover, low-CO: steelmaking
technologies have not been widely adopted because they involve higher production costs. Compared to
the BF-BOF route, producing a tonne of steel using low-carbon technologies will cost up to 80% more
[3]. This argument also points to the need to maintain and upgrade BF-BOFs at least until CO2 emissions
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in the energy and transport sectors are reduced to levels comparable to those in the steel industry. A
rational and systematic approach can be demonstrated by the example of the Japanese steel industry.

The development plans of Japan's largest metallurgical corporation, Nippon Steel [4], do not
include a rejection of the BF-BOF route, unlike, for example, the Ukrainian metallurgical company
Metinvest [5]. On the contrary, the Japan Iron and Steel Federation [6] promotes the idea that even
though the blast furnace (BF) for iron ore reduction in steel production has a stronger environmental
impact than the method of melting steel scrap in an electric arc furnace (EAF) for steel production, the
BF-BOF route creates steel products that result in scrap, which, through recycling, leads to a reduction
in CO; emissions. Since the effect of scrap recycling compensates for the CO; emissions from the BF-
BOF process, the environmental impact of the BF-BOF and EAF routes is generally the same as that of
repeated steel recycling [6]. This approach is reflected in the Japanese standard JIS Q 20915 "Life cycle
inventory of steel products".
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STUDY OF THE EFFECT OF ANNEALING DURATION ON THE MECHANICAL
PROPERTIES AND MICROSTRUCTURE OF TITANIUM-BASED ALLOY SAMPLES
MANUFACTURED USING 3-D TECHNOLOGY

S.V. Adjamskiy*®, Ph.D., G.A. Kononenko ', Dr.Sc., R.V. Podolskyi ', Ph.D.

Tron and Steel Institute of Z.I. Nekrasov National Academy of Sciences of Ukraine, Dnipro
’Institute of Transport Systems and Technologies of the National Academy of Sciences of
Ukraine, Dnipro
SLLC «Additive laser technology of Ukraine», Dnipro

Additive production, in particular selective laser melting (VLP) - a modern method of
manufacturing parts and assemblies of complex geometry from metal powder, which is difficult or
impossible to reproduce in traditional production. A feature of this technology is the residual stress
generated at the stage of production of parts. Since titanium alloys are characterized by low thermal
conductivity, the problem of residual stress formation is especially relevant for them, and heat treatment
to remove them is mandatory for products made by VLP technology. Since the structural state of
products obtained by VLP technology differs from that formed by the use of traditional technologies, it
is necessary to study the effect of annealing to relieve residual stresses on the mechanical properties and
microstructure of Ti6Al4V alloy obtained by VLP technology. Examined samples after annealing with
a holding time of 1... 5 hours at 800° C. It was found that the temporary resistance after heat treatment
for 1... 5 hours decreases compared to the initial state after manufacture by 20.55... -23.03%, the relative
elongation - an increase of 31.33... + 35.57%. The nature of the change in the values of the relative
narrowing is uneven: annealing with a holding time of 1 hour does not cause significant changes; with
increasing exposure time to 2, 3 and 4 hours, there is a decrease in this characteristic by 9.03%; 45.97%;
62.56%, respectively, compared to baseline; after 5 hours the value of the relative narrowing increases
this characteristic in comparison with the values after 4 hours by ~ 26.12%. According to the results of
correlation analysis of the values of mechanical properties and parameters of the microstructure, it was
found that the shape coefficient of a-phase plates has a high correlation with the values of temporary
resistance, and the amount of a-phase correlates most with relative narrowing values under static
stretching.

UDC 668.048: 623.552: 622.23

STUDY OF THE MECHANICAL PROPERTIES OF CO-CR-MO ALLOY SAMPLES MADE
BY THE TECHNOLOGY OF SELECTIVE LASER MELTING WITH A TECHNOLOGICAL
STOP

S.V. Adjamskiy* 3, Ph.D., G.A. Kononenko '3, Dr.Sc., R.V. Podolskyi "3, Ph.D.

Tron and Steel Institute of Z.I. Nekrasov National Academy of Sciences of Ukraine, Dnipro
’Institute of Transport Systems and Technologies of the National Academy of Sciences of
Ukraine, Dnipro
SLLC «Additive laser technology of Ukraine», Dnipro

In the modern production of parts from metal powder, the method of selective laser melting -
Selective Laser Melting (SLM) - has become widespread. In Ukraine, the company "Additive Laser
Technologies of Ukraine" LLC is engaged in the development of equipment for creating parts from
metal powders using SLM technology. Currently, an urgent task for this equipment is the development



19

of a methodology for selecting the parameters of the metal powder melting process, which ensure the
necessary mechanical and operational properties of the parts. For the research, three experimental
cylindrical samples of Co-Cr-Mo alloy were made for tensile testing according to ISO 6892:2019 - the
diameter of the working zone is 5 mm, with a controlled stop at a height of 18 mm from the beginning
of the working zone, the total length of which is 28 mm As a result of the analysis of the values of
mechanical properties, it was established that the temporary resistance of the test samples with a
controlled stop within 24 hours. of the Co-Cr-Mo alloy, produced by SLM technology, undergoes a
decrease in comparison with the samples produced without controlled stopping - by ~13%, relative
elongation - by ~1%, and relative narrowing - by ~17%. It was found that for the experimental signs
with a stop in the construction process, the deviation of values from the average values was: for
temporary resistance ~11%, relative elongation ~62% and relative narrowing ~21%. This is caused by
the destruction of one of the samples at the stop. The use of parts with a manufacturing defect (stoppage
of construction) must be significantly limited, in accordance with the possible significant weakening and
embrittlement of the product.

UDC 668.047: 624.382

JUSTIFICATION OF THE MODES OF SLM TECHNOLOGY WITH THE AIM OF
REDUCING RESIDUAL STRESSES BY CALCULATION METHOD

S.V. Adjamskiy*?, Ph.D., G.A. Kononenko '3, Dr.Sc., R.V. Podolskyi 3, Ph.D., Shpak O.A.!

Tron and Steel Institute of Z.I. Nekrasov National Academy of Sciences of Ukraine, Dnipro
’Institute of Transport Systems and Technologies of the National Academy of Sciences of
Ukraine, Dnipro
SLLC «Additive laser technology of Ukraine», Dnipro

Improvement of the modes of selective laser melting technology based on the calculation model
to reduce the level of residual stresses and prevent deviations in the geometry of the part. The results of
modeling on a universal voxel structure and a simplified object for predicting metal behavior depending
on the specific energy density in the region of the boundaries of a metal part with Inconel 718 are
presented. An experiment was conducted to study the influence of different strategies and process modes
on the distortion of parts as a result of the influence of residual stresses from in order to minimize them.
Printing was carried out on the 3D printer "Alfa-150" (ToV "ALT Ukraine") at a constant power and
distance between tracks in each zone (up-skin, down-skin, in-skin) with a change in the speed of the
laser beam, and as well as different schemes for building up samples using 3D printing with a 67° rotation
of each new layer relative to the previous one. In order to determine defects and deviations from the
original model to the solid body (sample), metallographic analysis was performed using optical
microscopy (Carl Zeiss AXIOVERT 200M). It has been established that the simulation of printing
processes, performed on the Magics platform, with the help of dividing the model into a voxel structure,
makes it possible to analytically assess stresses and strains. The analysis of the appearance of the
experimental samples showed that the best down-skin indicators are formed at a power of 80 W and a
specific energy density (40...38 J/mm3). When using a staggered printing strategy with a 67° rotation at
an optimal specific energy density, it is possible to minimize the residual internal stresses that lead to
product distortion. In the future, the results can be supplemented by studies of the influence of residual
stresses of compression forces under the influence of a laser beam at a constant applied power. With the
use of a calculation model, which allows you to calculate the residual stresses when applying the next
layer, depending on the speed of the laser movement, power and distance between the applied tracks, it
is possible to obtain high-precision parts with specified properties. The model has been adapted to obtain
a quantitative estimate of the residual thermal stresses depending on the speed of movement and laser
power for the heat-resistant alloy Inconel 718. The optimal modes for minimizing these stresses and
reducing the distortion of the part have been determined.
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COMPARATIVE STUDIES OF THE MECHANICAL PROPERTIES OF AlSi10Mg SAMPLES
PRODUCED BY THE TRADITIONAL METHOD AND BY THE TECHNOLOGY OF
SELECTIVE LASER MELTING

S.V. Adjamskiy*®, Ph.D., G.A. Kononenko ', Dr.Sc., R.V. Podolskyi ', Ph.D.,
Dementieva Zha.A.!

Tron and Steel Institute of Z.I. Nekrasov National Academy of Sciences of Ukraine, Dnipro
’Institute of Transport Systems and Technologies of the National Academy of Sciences of
Ukraine, Dnipro
SLLC «Additive laser technology of Ukraine», Dnipro

Additive manufacturing technology, also known as 3D printing, has been used more and more
recently, and the number of materials and methods that can be used is expanding.

As part of the work, it is necessary to establish rational modes of manufacturing samples from
AlSi10Mg aluminum alloy with a layer thickness of 40 microns using the technology of selective laser
melting, to study their mechanical properties, and to compare them with samples made by the traditional
method of production. To determine the structural state of the alloys, optical microscopy was used,
granulometric analysis was performed using a scanning electron microscope, and mechanical properties
were determined according to the standard method using a tearing machine.

It was found that when the scanning speed is increased to 1200 mm/s, the distance between the
tracks plays a significant role in obtaining high density. From the analysis of mechanical properties, it
was established that the samples made by VLP technology have a higher value of temporary resistance
by 28%, and lower values of plasticity characteristics (relative elongation and relative narrowing) by
17.4% and 31.7%, respectively, compared to samples, made according to the traditional method of
production.

The dependence of the change in the density of the experimental samples made by the VLP
technology with AISi10Mg on the manufacturing parameters was established. It was established that at
a scanning speed of 1000...1100 mm/s, the samples have an average pore size of 2...7 um; samples made
at a scanning speed of 1200 mm/s - from 1 to 5 pm.

Application of the obtained results will make it possible to manufacture parts with increased
strength characteristics.

UDC 669[017.15+058]

PHASE COMPOSITION OF THE AICro5FeCo01.75sNi3sWo.5sTio.sBo.s HIGH-ENTROPY ALLOY
OBTAINED BY THE ARC MELTING METHOD

O.M. Myslyvchenko, Ph.D.

Frantsevich Institute for Problems in Materials Science, National Academy of Sciences of
Ukraine, Kyiv

In 2004, a new type of materials was developed - high-entropy alloys (HEA) [1-2.]. Investigation
of HEAs have shown that they are promising wear-resistant materials because they simultaneously
exhibit high fracture toughness, hardness, high-temperature resistance, and an excellent combination of
high strength and ductility. This paper presents the results of research on HEA of the following
composition AlCrosFeCo1.75Ni3Wo.5Ti0.8Bo..

The investigated alloywas obtained by the arc melting method using metals with a purity greater
than 99.5 at% and titanium diboride powder as initial components. In the work, TiB: is used as a raw
material because the thermal properties and density of boron are significantly different from those of
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metals, which makes melting difficult. Melting was carried out with a nonconsumable tungsten electrode
on a copper water-cooled hearth. In the first stage, seven metals, namely Ti, W, Cr, Fe, Co, Ni, and Al,
were melted in an arc furnace in required ratios. The resulting ingots were mechanically crushed to
powder, which was mixed with TiB> powder and remelted six times to homogenize the composition.

The XRD analysis data of the as-cast AICrosFeCo1.75Ni3Wo.sTix alloy show that it crystallizes with
the formation of simple solid solutions based on BCC and FCC phases whose lattice periods are
a=0.2920 and a=0.3615 nm, respectively. After addition of TiB, powder to this alloy and repeated
remelting, a substantial decrease in the content of the BCC phases occurs, and the presence of boride
with a W>CoBa-type crystal structure (127 space group) is recorded. Moreover, the BCC solid solution
in the boron-containing sample decomposes into two phases, namely BCC; and BCC», with lattice
parameters close to those of tungsten and iron. According to the XRD analysis data, the content of the
FCC phase after the addition of TiB> remains unchanged, which indicates that boride forms from the
BCC phase. It is worth noting that the lattice parameters of the solid solutions based on phases with
BCC1 and FCC structures slightly increase after the addition of TiB2, which may indicate the partial
dissolution of boron and titanium in cubic phases.
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Technologies for step by step processing of cast iron and steel
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NEED FOR STEEL DEGASATION AT PJSC «KKAMETSTAL»
V.P. Piptyuk, Ph.D., S.V. Grekov, O.V. Kuksa, Ph.D.
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

Prospects for the expansion of the quality range of steel produced at PJSC "Kametstal" require the
development of out-furnace processing technologies in order to provide opportunities for additional
improvement of the quality of the metal. The production of axial and other carbon and high-carbon
grades of steel is associated with the probability of the formation of flocs in the continuously cast billet.
The reason for this is the content of excess hydrogen and other gases after the processing of the metal
melt at ladle-furnace units. The absence of a converter workshop of the equipment for steel degassing
reduces the conditions for the production of quality metal, limits the brand list of orders and narrows the
potential opportunities of a large manufacturer of metal products.

Modern technological routes of out-of-furnace processing of steel in world metallurgy in the vast
majority of cases include vacuuming of liquid metal melt in a steel ladle as one of the important,
necessary and penultimate operations before pouring. The availability of appropriate equipment and the
implementation of such an operation during the production of steel is determined not only by the
possibility of meeting the necessary requirements regarding the content of hydrogen, oxygen, nitrogen
and carbon, the final adjustment of its chemical composition, but also by obtaining "clean" metal from
non-metallic inclusions.

The variety of existing and applied methods of out-of-furnace (ladle) processing in steelmaking
production made it possible to obtain steel with the necessary requirements, ensured more efficient use
of expensive energy and material resources, and increased the competitiveness of manufactured metal
products.

In recent decades, the development of new grades of steel with specified properties and the
regulated content of harmful impurities and alloying elements, so-called "pure steels" [1, 2], which were
produced using various out-furnace processing technologies, continued.

The analysis aimed at improving the equipment for ladle processing of steel indicates the
preservation of trends in the development and use of multifunctional complexes for the implementation
of processes of vacuuming, refining and fine-tuning of steel (composition and temperature) while
minimizing the cost components.

In world metallurgical practice, degassing of steel in a steel ladle has become widespread (VD,
VOD - chamber methods; DH - batch and RH - circulation methods and their modifications; RM -
pulsation mixing (vacuum method)).

Taking into account the analyzed data for the conditions of the converter workshop of Kametstal
PJSC, a direct technological route (converter — ladle-furnace unit — vacuum degasser — continuous steel
casting machine) of steel production with out-furnace vacuum degassing is recommended for further
consideration as an acceptable option.
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DEVELOPMENT OF A CRITERIA FOR EVALUATING THE PROCESS OF
DISTRIBUTION OF ELEMENTS IN THE «<METAL — SLAG» SYSTEM DURING OUT OF
FURNACE STEEL PROCESSING

D.N. Togobitskaya, Dr.Sc., I.R. Povorotnia, Ph.D., A.I. Bel’kova, Ph.D.,
V.P. Piptyuk, Ph.D., N.E. Khodotova

Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

Modern expanded views on the physico-chemical processes between metal and slag, the properties
of chemical elements and the regularities of the formation of their compounds, the changed conditions
of production, the raw material base and the modernization of steelmaking units require taking into
account new factors that cause the transition of elements in the «metal-slag» system and simplifying the
form of recording and duration of calculations. In the Iron and Steel Institute of Z.1. Nekrasov National
Academy of Sciences of Ukraine, the structuring of models to determine the final content of silicon,
manganese, sulfur, and phosphorus is carried out on the basis of a combination of the established
informative physicochemical parameters of metal, slag melts and additives, their complex ratios and
technological parameters, which reflects a new approach to justifying decisions regarding assessment
their absorption efficiency. The equilibrium values of sulfur and phosphorus distribution were calculated
according to the models of E.V. Prikhodko and D.M. Togobitskaya [1], which are developed based on
the analysis of accumulated information in databases. The results of the comparative analysis of the
actual distribution with the equilibrium one reflect the degree of remoteness and approach to the rest
stage (completion of ion exchange processes) of the «metal-slagy» system. As the data analysis shows,
part of the data sample of the 09T 2C steel grade and its modifications have approached the equilibrium
value for sulfur, but a significant part of the melts is at the stage of significant distance. The evaluation
of the efficiency of the element distribution process was carried out according to the following criterion:

= Lew =Ly 100, , where Leqy — is the value of the distribution of the element between the final metal

e

nou

and slag, Lenos — 1s the data of the distribution of the element between the initial metal and slag. In the
case when the value of & > 1, the process of sulfur removal takes place with its removal from the slag
phase, the greater the difference from 1, the more efficiently the desulfurization process proceeds, but
in the case that £ < 1, segregation of sulfur in the metal melt occurs. The calculation based on the criterion
& for evaluating the distribution of sulfur showed that its value for the entire data sample is greater than
one, with the minimum mark at the level of Emin = 3.5, and the maximum Emax ~ 730.9. The values of
the & criterion depend on the processes of sulfur recharging between metal and slag and are expressed
by the interatomic interaction parameter, which is calculated as the difference between the sulfur charge
in metal and slag melts: AZc"S = Zc¢ Smer - Zc¢"Suun. The smaller the values of AZc”S, the higher the
indicators of the & criterion and the approach of the system to the equilibrium state, respectively. As a
result of the selection of the data most remote in terms of the equilibrium value of sulfur, when
expressing predictive models of the type IgLsgaxr = f (Pumaxy, AZc*S) R? = 0,7, which confirms the
continuation of cooperative ion exchange processes in them, in contrast to melts closer to equilibrium
on which this parameter has no significant informative value R* = 0,089. The proposed criterion
demonstrates the effectiveness of using the physicochemical apparatus of the concept of directional
chemical communication for the description of complex metallurgical processes, in particular, the
analysis of the completeness of the flow of physicochemical interactions in the «metal-slag» system,
which is a lever of influence for obtaining competitive metal of the quality demanded by metal
consumers.
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Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

Ukrainian technology for the process of injection desulfurization of cast iron with granular
magnesium was developed by the Institute of Ferrous Metallurgy and the Titanium Institute together
with a number of organizations [1,2,3]. The conditions for using extra-furnace desulfurization of cast
iron at these enterprises are very different: by the mass of cast iron in the ladles, by the required volumes
of desulfurization, by the initial and required final sulfur content. Based on the obtained and available
actual indicators and parameters of cast iron desulfurization, a data bank of more than 3000 control
treatments of cast iron has been formed - with the sulfur content in the original cast iron, as a rule, being
in the range of 0.03-0.06-0.07%. The mass of cast iron in ladles ranges from 40 to 350 tons. The sulfur
content in cast iron after desulfurization is mainly in the range of 0.005-0.010%, some of the cast iron is
produced with a content of <0.002%. In the practice of creating and mastering the process of
desulfurization of cast iron by injection of magnesium, reliable prediction of the expected values of the
final sulfur content in cast iron is required when varying the initial sulfur content in cast iron, the specific
consumption of magnesium and the standard size of ladles in which desulfurization of cast iron is
performed. For this purpose, using the obtained array of actual data, models were developed to predict
the parameters of the required magnesium consumption for the final sulfur content in cast iron with
changing values of the initial sulfur content in cast iron, changing specific consumption of magnesium,
and varying mass of cast iron in ladles. These data are presented by the corresponding calculation
models:

gmg = 0.36 + 8.5%('S stare- 0.02) - (In(S ena) - In(0.015))/11.5) — ladles with cast iron weight less than
75t
gmg = 0.206+7.5( S start-0.02 )+( In (0.02)- In (S ena))/10.5 — ladles with a cast iron weight of 80-130 t

gug = 0.200+7.0( S s1art-0.02 )+(In (0.02)- In (S ena))/9.1 — ladles with a cast iron weight of more than
140 ¢t

The developed calculation models have been tested on almost all operating cast iron
desulfurization complexes. Their legitimacy has been confirmed. These results of work and research
were an integral part of the technical and technological regulations of existing and newly created
capacities for desulfurization of cast iron.
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Automation and modern methods of controlling metallurgical processes and the quality of
metallurgical products

UDC 621.771.685.5

ADAPTIVE CONTROL SYSTEM OF FREE ROLLING SPEED MODE WITH FUZZY
CONTROLLER

O.P. Yehorov!, Ph.D., M.O. Rybalchenko!, Ph.D., 1.O. Manachyn "% Ph.D.

"Ukrainian State University of Science and Technology, Dnipro
’Iron and Steel Institute of Z.I. Nekrasov National Academy of Sciences of Ukraine, Dnipro

The best high-speed mode of rolling mills is the mode of free rolling with loop formation in
finishing groups of cages [1]. Stabilization of the loop is carried out by the control system of the rotation
frequency of the rolls of rolling cages based on the information of the sensor of the position of the loop.

The increase in the loop depends on the frequency of rotation of the rolls of adjacent cages and the
coefficient of extraction of the rolled product in the cage following the adjustable gap.

To set up the system, it is necessary to know the numerical characteristics of the influences that
disturb and affect the size of the rolling loop.

The change in the rotation frequency of the main drive of the cages during the stabilization of the
size of the rolling loop in the intercellular gap of the cages of the finishing group of the continuous
rolling condition was studied [2]. The change in the rotation frequency of the rolls characterizes the total
effects of the rolling mode on the size of the loop.

Research have shown that in a non-stationary realization it is possible to single out a trend that is
described by a completely deterministic dependence, and to conduct an analysis of a random stationary
realization with respect to this trend.

A structural diagram of the circuit for regulating the position of the rolling loop was developed
(regulators are calculated according to the method [3]). This scheme includes: an electric wire with a
current loop, a speed loop, a speed regulator, a rolling loop, a loop position regulator, a compensator of
disturbing influences. The compensator is based on the Fuzzy controller [4] and produces a control effect
depending on the inconsistency in the loop control circuit. In this way, the low-frequency disturbance
component at the rolling speed, which can reach 10% of the rolling speed, is monitored and
compensated.

The obtained data of changes value of the loop without and with a compensating circuit. The size
of the loop in the system without a compensating circuit when rolling a thicker rear part of the rolled
product reaches the maximum permissible size. This does not happen in a system with a compensating
circuit.

It is possible to stabilize the value of the loop in a given range either by increasing the regulator
coefficient, thereby worsening the dynamics of the entire multi-link control system of the high-speed
rolling mode, or by using the proposed method of adaptive disturbance compensation. The proposed
method of compensation with the help of an adaptive regulator significantly improves dynamic processes
in the system. When simulating the operation of the high-speed rolling mode control system, the loop
length deviation did not exceed 0.02 m.
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THE EXPERIENCE OF RESEARCHING A NATURAL GAS SEPARATOR USING
NON-DESTRUCTIVE CONTROL METHODS

N.O. Hryhor'eva, T.P. Miroshnikova
Professional College of Welding and Electronics named after E.O. Paton, Dnipro

Diagnostics of the equipment allows the customer to find out about the problems in the equipment
and take timely measures to eliminate them. Diagnostic works - include a preventive inspection of the
equipment and detection of possible defects (or the need for adjustment) of equipment nodes and
mechanisms. One-time diagnostic work is carried out in the event of a malfunction. Scheduled diagnostic
work is preferred. As a rule, they prevent equipment breakdown and, therefore, its long-term downtime.

Non-destructive testing is a set of properties and methods of objects in which destruction of the
research object is not required. That is, the research object fully retains its properties and can be used for
its intended purpose.

As part of the research, the following methods are used for diagnosing the non-destructive control
of the natural gas separator:

- visual and measuring control;

- ultrasonic control and thickness measurement;

- magnetic powder control method;

- determination of hardness by the impact impression method.

A natural gas separator is a complex technical device designed to clean gas flows from mechanical
impurities, water fractions and other foreign inclusions. It is used to equip gas processing enterprises,
compressor and distribution stations. An additional function of such equipment is to maintain the
pressure in the system at an optimal level.

UDC 621.771: 685.5

MODERNIZATION OF THE SYSTEM OF AUTOMATED ADJUSTMENT OF THE SPEED
MODE OF THE SECTIONAL ROLLER GANG OF THE SMALL-ASSORTED
REFRIGERATOR

O. Yu. Potap', Ph.D., M.D. Zinchenko', Ph.D., V.G. Kysliakov !, Ph.D., M.V. Butenko'

!Ukrainian State University of Science and Technologies, Dnipro
’Iron and Steel Institute of Z.I. Nekrasov National Academy of Sciences of Ukraine, Dnipro

Accident-free stacking of rolled bars on the cooling table of a continuous bar mill is ensured by
the appropriate setting of the speed mode of the approach sectional roller table. The optimal mode is
considered to be one in which, at the moment the front end of the next rod arrives at the refrigerator,
there is no spatial gap between it and the rear end of the previous rod. In this case, the ejecting device
must be raised to a height that guarantees reliable separation of adjacent rods at the cooling table inlet

[1].
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Technical solutions for the automated adjustment of the speed of the sections of the feeding roller
conveyor are based on the assumption of a negligibly small duration of the transition of the rods from
one speed to another in the acceleration process [2]. In the work, the justification of such an assumption
was verified by means of computer simulation modeling of the operation of the corresponding automatic
control system. It has been proven that for certain values of the rolling speed and the length of the rods
being transported, neglecting the duration of the transient processes of the acceleration of the rods on
the roller table is unacceptable due to the occurrence of emergency situations due to the non-separation
of adjacent rods at the entrance of the cooling table.

A multifactorial active experiment was conducted using a computer model of the rods
transportation process. The result is a multiple regression equation that relates the length of the spatial

gap AS between the end of the previous bar and the beginning of the next bar with process parameters

such as rolling speed V;, speed of the first v, and second , rolling sections of the roller table and bar
length. After determining the significance of the coefficients, the equation took the form

AS =2,62+039V, +0.42 V, +0.07V,/, - 1.5V,

in which V;, V| and 7, are the relative normalized values of the respective velocities.

The modernization of the existing automatic control system (ACS) consists in determining the
optimal values of the speeds of the sections of the roller table based on this equation.

Simulation modeling of the modernized ACS for sectional roller table revealed its effectiveness
and feasibility of implementation, in particular, at small-grade mills of ArcelorMittal Kryvyi Rih PJSC
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The research was carried out on one of the thick-sheet mills (TLS) 3600. The program for
calculating the energy parameters of rolling is used in the automatic control system of the sheet rolling
process. The optimal rolling parameters and product quality depend on the accuracy of the calculations.
The existing 3600 algorithm and computer program use so-called "hardness curves", which determine
the dependence of hardness coefficients on the deformation temperature for a group of steels. Despite
all its simplicity, this approach provides in most cases good results of predictive calculations of energy
and temperature parameters of the rolling process. However, this does not take into account a number of
important factors, in particular, the change in the chemical composition of steel within the same brand.
In addition, the currently existing 25 hardness curves cover about 780 different grades of steel and they
are grouped in such a way that in some cases they can lead to a high calculation error.

At Iron and Steel Institute, a program for calculating the temperature and energy parameters of
rolling was developed and tested in the conditions of hot strip mills. The developed program takes into
account the following additional factors that are not taken into account in the TLS 3600 algorithm:

- the specific content of the main chemical elements in steel (through the carbon equivalent);
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- the rate of deformation, which varies from 3 to 50 sec™ and therefore significantly affects the
amount of resistance to deformation;

- the influence of friction and non-contact external zones - through the coefficient of stress in the
deformation zone, adapted to the conditions of the finishing stand of mill 3600;

- dynamic and static weakening of steel depending on the time of pauses between passes;

- the effect of elastic deformations of the working rolls.

Taking into account the structure of the automation system of the 3600 mill, the only effective
method of adapting the existing model is the correction of the coefficients of the hardness curves in the
conditions of a specific rolling mode, in which the number of passes, crimping, temperature and power
parameters of the process are known. This approach allows you to adapt the hardness curves, both
according to our (conditionally accurate) model before rolling the first sheet of the batch, and according
to the actually measured temperature-deformation and energy parameters in the second and subsequent
passes.

The developed algorithm for adapting the coefficients of the hardness curve at nodal temperature
points takes into account the linear interpolation of data provided by the existing algorithm.

Data processing showed that the adapted model made it possible to increase the accuracy of
calculations by approximately 1.3 times. Thus, the root mean square deviation of the rolling force when
using the existing model was 12.4 MN, and the developed and adapted model was 9.6 MN.
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ANALYSIS OF THE RELATIONSHIP BETWEEN WEAR RESISTANCE, STRUCTURAL
CONDITION AND PEARLITE HARDNESS OF HIGH-CARBON STEEL

O.E. Merkulov Dr.Sc., R.V. Podolskyi, Ph.D., O.A. Safronova, O.P. Klinova
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

The operational properties of railway rails made of structural steels primarily depend on the
mechanical properties. It should be noted that the wear resistance of railway rails in the wheel-rail system
is one of the most important characteristics of its performance. Wear is considered to be a change in the
profile of the surface along the rolling circle of the wheel of the surface of the rail head due to the forces
of interaction between the wheel and the rail during operation. Hardness has traditionally been used to
evaluate the wear resistance of pearlite rail steels. This does not mean that high hardness is the direct
cause of high wear resistance. In pearlitic steels, the wear resistance increases as the carbon content
increases and the interlaminar pearlitic distance decreases. Pearlite consists of alternating plates of iron
and iron carbide and has a distance between the plates that varies depending on the temperature of
formation as the rail cools after rolling. As the cooling rate increases, the distance between the pearlite
rails decreases, thus increasing the hardness provided in head-hardened rails. A dislocation-enriched
layer with a compacted structure of solid carbide itself probably increases the wear resistance.

Thus, in pearlite steels, wear resistance is provided by the high carbon content and the small
distance between the pearlite plates (which is achieved due to the hardening process of the rail head),
both of which increase the hardness. To confirm the secondary effect of hardness on wear, Hirakawa
and others increased the hardness of samples with a pearlite structure by lowering the tempering
temperature, but this statement was not confirmed in laboratory tests (they did not increase wear
resistance).

UDC 621.74:669.13.017
ANALYSIS MATERIALS BRAKE PADS OF THE ROLLING STOCK
1.0. Vakulenko', Dr.Sc., S.O. Plitchenko', Ph.D., O.M. Perkov?, Ph.D.

"Ukrainian State University of Science and Technology, Dnipro
’Iron and Steel Institute of Z.I1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

When choosing a material for rolling stock brake pads, in addition coefficient of friction,
occurrence of a temperature gradient along thickness of the pad itself and rim of the railway wheel should
be taken into account. Under conditions of intensive braking, the temperature on rolling surface of the
wheel can exaggerate value beginning phase transformations in the steel. Based on this, in metal near
the rolling surface of the rim wheel, starting from average range temperature, increase degree of the
plastic deformation and heterogeneity of its distribution will contribute to the increase of heterogeneity
development processes structural transformations of the metal. The random nature of the action a certain
number influencing factors on the pair brake pad - rolling surface of a railway wheel practically makes
it impossible to predict nature change a set of the metal properties. An additional complication general
picture of the structural transformations in the wheel metal is the cyclic nature change heating
temperature during operation of the rolling stock. Thus, when determining material of the brake pad, in
addition to the coefficient of friction, one should take into account possible changes at properties metal
of the railway wheel after each act of braking. Moreover, modern solution to the issues of increasing
specific load on the wheel pair, due to the use of railway wheels after thermal strengthening, significantly
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complicates the choice of brake pad material. Indeed, during formation of the carbon steel structure
without forced cooling of the railway wheel rim, degree super saturation with carbon atoms ferrite layer
of the pearlite colony practically does not differ from the ferrite of the steel after annealing. On other
hand, use of the accelerated cooling to increase strength of the steel is accompanied not only by an
increase dispersion of the pearlite colony, but also degree super saturation ferrite of the pearlite by carbon
atoms. In this case, at accordance with increase strength characteristics of the steel, sensitivity of such
wheels to heating during braking will increased. As a result, coefficient thermal conductivity (1) material
of the pad will become significant role. Moreover, increase on carbon concentration in general
contributes to a decrease in A of the cast iron. However, this is most likely caused by an increase at
volume fraction of the metastable high-carbon phase. Indeed, proportion to the increase volume fraction
of the cementite, decrease at coefficient of the thermal conductivity is observed. On other hand,
appearance graphite inclusions in structure the cast iron have a qualitatively opposite effect on A. As a
result, the change at ratio between amount graphite and cementite in the cast iron structure can be
considered as a factor affecting the value of A. In addition to the dispersion of structural components,
their morphology acquires a certain importance. After replacing graphite inclusions of the gray cast iron
by flakes, the thermal conductivity can increase by up to 20%. Compared to cast iron, composite
materials with a high level of friction coefficient have been widely used. Numerous attempts at
application encounter certain difficulties. In addition to the more complex pad manufacturing
technology, composite materials have a very low coefficient of thermal conductivity. As a result, there
are restrictions on the seasonal nature of their use. Compared of the cast iron, alloys type of the bronzes
with additional phases of the graphite and ceramics are less common. This made it possible to increase
coefficient of thermal conductivity several times, compared to the gray cast iron. However, the high
hardness of such material increases wear of the wheel and content of the chemical elements increases its
cost. The given information can be useful for continuing search optimal structural state and chemical
composition of the material for brake pads of the rolling stock.
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ABNORMAL INCREASE OF CONTACT ANGLE OF WETTING OF THE STEEL
SUBSTRATE WITH TIN AS A FUNCTION OF TEMPERATURE

E.P. Shtapenko!, Dr.Sc., Yu.V. Syrovatko?, Ph.D.
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Studying of the temperature dependence of the contact angle of wetting of the solid substrate with
a melt drop is of practical interest in many industries. For example, when composite materials are
impregnated to ensure better wetting between the structural components, it is necessary to determine the
temperature of wetting threshold of the system. Several studies [1, 2] have noted the cases of abnormal
increase of the contact angle with the rise in temperature of melt drop - solid substrate systems. The
authors of [1, 2] assume that the increase in wetting angles occurs as a result of formation of new
chemical compounds between the contacting substances or a change in the surface structure. We studied
this phenomenon in the system of tin drop — substrate of steel 12X15I'9H/I.

The contact angle of wetting of the steel substrate with liquid tin was determined with the use of
sessile drop method. In order to avoid the formation of unwanted substances, the heating was carried out
in the nitrogen atmosphere. To construct each subsequent point of dependence of the contact angle on
the temperature, a new individual drop of tin was provided on the substrate and examined. The wetting
angle was calculated by scanning digital photographs of the drop using the TLC-manager software. After
the experiment, no iron atoms were detected on the surface of the tin drop during the research by the X-
ray fluorescence and atomic absorption methods. Insignificant amount of nitrogen oxides was found on
the surface of the tin drop by the ion-selective method. However, it could not significantly affect the
contact angle dependence on the temperature.
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During the experiment, it was found that at the beginning of the study at the temperature of 525 K
the value of the wetting angle was 130°. With the increase in temperature the wetting angle decreased,
and its value was equal to 55° at 650 K. However, as the temperature increased further to 725 K the
wetting angle value became higher again, reaching 112°. We can assume that the increase in wetting
angle in the tin-steel system is observed as a result of changing energy of interaction between the melt
and substrate atoms. Wetting in the liquid tin—steel substrate systems was previously studied in [3].
However, the phenomenon of abnormal increase of the angle was not found in [3], since the authors
investigated the contact angle dependence on temperature by continuously heating the system to high
temperatures. Therefore, after a decrease in the contact angle of wetting of the solid substrate by the melt
drop in [3], no further increase in the angle was observed as the temperature increased. Regarding our
study, a new drop of tin was provided and studied each time to construct each point of dependence of
the contact angle on temperature. Thus, at each point of dependence, the wetting angle was formed anew,
which did not exclude its higher values compared to the values of wetting angles of previous drops of
the substrate at the lower temperature.
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DETERMINATION EFFECT PEARLITE DISPERSITY ON ENDURANCE AT CYCLIC
LOADING OF THE CARBON
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According to experimental studies of the carbon steel, thickness ferrite layer of the pearlite has a
certain influence not only on endurance of the fatigue, but also on appearance of the cyclic load diagram
itself. Conditional distribution of curves on region of the low- and high-cycle fatigue is caused by
qualitative changes at mechanism propagation of the plastic deformation in structural components of the
steel. As a result, transition from one section of the cyclic load curve to another is quite often
accompanied by occurrence significant violations of its monotonous course. Due appearance of the load
curve violations, they are often called "break points", with coordinates on the abscissa (Ns) and ordinate
(oa) axes, although in reality the sector of the violation has a certain size. Moreover, depending on
structural state of the carbon steel and conditions of cyclic loading, position specified section on the
curve can significantly shift and change size and appearance. Regarding the reasons for their occurrence,
there is no unambiguous interpretation. According to various research results, most often, the cause is
considered to be violation development processes of structural transformations, the homogeneity
distribution of the plastic deformation, or a change at sliding system of the dislocations under cyclic
loading. There are assumptions about a change at stress state of the metal material before of the crack
front moving. It is believed that under conditions of a relatively low degree of the cyclic overload, the
metal is mainly in a flat deformed state. Other conditions of crack growth correspond to area of the low
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cyclic fatigue (area high degree of the cyclic overload). This case corresponds to the plane stress state.
According to analysis of the cyclic load curves of the carbon steel with a pearlite structure, it was
determined that decrease dispersion of the pearlite is accompanied by a shift position of the transition
area on direction of the increased endurance, with a simultaneous decrease spread values of the cycle
amplitude. To determine nature accumulation defects in the crystal structure during load cycle,
depending on the dispersion of pearlite, the ratio 6,=K (N was used, where o, is amplitude of the cycle
, Ni- is endurance at fatigue , K is a constant, and m is an exponent. After converting the specified ratio,
it became possible to estimate rate of the change cycle amplitude (do./dN;), which is a tangent of the
cyclic load curve at a certain endurance value. For the corresponding thickness ferrite layer of the pearlite
colony, measurement density of the dislocation accumulation (p) showed existence of the ratio
doa/dNi~1/p. Tts use made it possible to substantiate mechanism of the structural transformations under
cyclic loading. When o, decreases, the density of mobile dislocations decreases proportionally, that is
necessary to maintain conditions at constant propagation of the deformation per cycle. The low increase
in p corresponds to the increased uniformity location of the dislocations in structural components of the
steel. As aresult, the moment occurrence of the sectors with a non-monotonic location of the dislocations
and their transformation into cores of the metal destruction is shifted in the direction increase endurance
of the fatigue. When o, corresponds of the sector high amplitudes of the curve, the structural changes in
the metal have a qualitatively different character. At high increase dislocations to ensure the appropriate
high degree of deformation per cycle will accelerate formation of area with a non-monotonic location of
dislocations in structure of the steel. Accordingly, moment of formation germ of the destruction at cyclic
loading will be shift towards decrease endurance at fatigue.

UDC 669.018.294:620.19

INFLUENCE OF ACTIVE MEDIUMS AND NON-METALLIC INCLUSIONS ON THE
DURABILITY AND MECHANICAL PROPERTIES OF BEARING STEEL
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’Prydniprovska State Academy of Civil Engineering and Architecture, Dnipro

The influence of the types of non-metallic inclusions on the level of their activity in the initiation
of corrosion damage and the mechanical properties of bearing steels was studied. Accelerated corrosion
testing methods were used, which made it possible to cause in a short time the obvious destruction of
steels IIIX15 and IIIX15SG from specially prepared melts programmatically contaminated with various
types of non-metallic inclusions [1-5]. Low cycle fatigue tests were carried out in the air and in corrosive
environments. An accelerated method was used to test the susceptibility of steels to corrosion cracking
using the «IM-12» installation. Fatigue strength tests were carried out on a «NU» type machine with
base N=3-10° load cycles.

When testing steel BCr15 and BCr15SiMn for low-cycle fatigue N in the air, the influence of the
type of non-metallic inclusions on the fatigue characteristics is observed: the lowest value of N was
obtained for steels contaminated with sulfides, then it increases in the presence of corundum and spinels,
silicates and, finally, titanium carbonitrides, respectively. The corrosive environment has led to a
significant decrease in the durability of steels under low-cycle fatigue, however, the type of inclusions
significantly affects this indicator. The coefficients of influence of the environment Bc have been
determined, which are the ratio of the durability of steel in air to a similar indicator in a corrosive
environment. It is shown that the greater the value of this coefficient, the more strongly non-metallic
inclusions reduce low-cycle durability. A decreasing series has been established showing the degree of
harmful effects of inclusions on the initiation and development of corrosion damage: sulfides (Fe, Mn)S,
FeS-MnS — corundum and spinels Al,O3, MgO-Al,O3, MnO-ALlO3, (Mn, Mg)O-Cr,03; — silicates
Si02, MnO-Si0;, FeO-Si0; — titanium carbonitrides TiCN.
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High-speed tests to determine the susceptibility to corrosion cracking showed that the mechanical
properties of steels depended on the type of non-metallic inclusions when tested in air. Tests in corrosive
environments led to a redistribution of the relative influence of the type of inclusion on the mechanical
properties of bearing steels. The tensile strength of steel o, tear resistance S, plasticity characteristics
o0 and y decreased most significantly for melting with sulfides; for other types of inclusions this decrease
is less significant.

The most harmful role of sulfides in reducing the durability and mechanical properties of bearing
steels in active environments is shown and justified.
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EFFECT OF CARBON CONTENT IN BAINITE GRADE STEELS ON MECHANICAL
PROPERTIES AFTER NORMALIZATION AND TEMPERING

O.1. Babachenko, Dr.Sc., G.A. Kononenko, Dr.Sc., R.V. Podolskyi, Ph.D., Safronov O.L.
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

According to current technology, Ukrainian-made rails are inferior to foreign analogues in terms
of mechanical properties and, as a result, operational durability. The throughput capacity of rails
produced in Ukraine is 0.5 billion gross tons, while a similar indicator in France, Japan is 1 billion gross
tons, i.e. 2 times more. It is shown that increasing the strength characteristics of steel due to the
development of a new chemical composition and heat treatment leads to an increase in operational
characteristics.

From the literature analysis, it was established that the steels used in steel production cannot form
a worn surface layer enriched with carbide. Also, since strain hardening is enhanced by the presence of
a second phase (such as carbide), low carbon bainitic steels can be expected to deform less than pearlitic
steels. The consequence of this is that, although a bainite steel may have an initial higher bulk hardness
than a pearlitic steel, the bainite hardened worn surface may be softer than a pearlitic steel. This effect
was observed in laboratory wear tests.

After normalization and tempering, it was found that the deviation of the average values of
temporary resistance after tempering of all experimental steels 1...4 has a decrease in values by -15.46,
-9.55, -7.94 and -2.52%, respectively, compared to the average values after normalization. The yield
strength of experimental steels 1...4, in turn, has values of -16.31, +14.62, -12.42 and +29.75%,
respectively, compared to the values of experimental steels after normalization. The relative elongation
of test steels 1...4 has increased values by +15.12, +1.68, +24.91 and +22.18%, respectively, compared
to the average values of test steels after normalization. The relative narrowing of test steels 1...4 has a
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value of +28.73, +18.72, -32.74 and +32.15%, respectively, compared to the test steels after
normalization.
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INFLUENCE OF LIQUATION ON THE FORMATION OF GRAPHITE
IN CAST IRONS

A. Yu. Borysenko Dr. Sc., G. V. Levchenko Dr. Sc.
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The emergence of chemical, phase and different levels of structural heterogeneity in condensed
media is an urgent scientific problem of the theory of phase and structural transformations during
crystallization and in the solid state of metal alloys, the solution of which is necessary for the targeted
formation of their properties. Different types of heterogeneity of the initial phases of metal alloys during
subsequent transformations determine the regular formation of the final microstructure with its
characteristic heterogeneity of chemical composition, type and distribution of defects in the crystal
structure, internal stresses and other components of the internal structure and state of substances that
affect their properties. It is obvious that in foundry alloys, among which gray irons occupy an important
place, the hereditary influence of initial phase heterogeneity on their final structure and properties should
be the most pronounced.

The results of analytical studies of the relationship between the chemical heterogeneity of gray
cast irons and the structure of graphite are presented.

It is shown that in order to determine the values of chemical heterogeneity caused by liquation
during the crystallization of metal alloys, it is necessary to use not calculated values of liquation
coefficients based on thermodynamic calculations or analysis of state diagrams, but experimental data
obtained by metallographic methods of analysis. The degree and direction of liquation depend on the
composition of the alloy and the conditions of crystallization. The greatest influence on the degree of
liquation has the carbon content, the increase of which leads to an increase in the liquation of most
elements.

Crystallization of high-carbon cast irons (more than 2.8-3.0% C) leads to reverse liquation with
silicon concentration in those areas of austenite that were previously separated from the liquid, that is,
in the dendrites of primary austenite and in the central areas of eutectic colonies. In low-carbon (1.5—
2.0% C) silicon-containing cast irons, silicon leaching is direct: in the core of dendritic branches, silicon
is less than in the graphite eutectic matrix and on the periphery of the colonies. In low-carbon cast irons,
silicon liquation in eutectic colonies is relatively small and turns out to be more difficult than in high-
carbon cast irons.

Graphite formation occurs in liquation areas enriched in silicon and carbon. The reasons for the
graphitizing effect in the liquation areas of some chemical elements and the absence of such an effect in
other chemical elements remain unclear and require further research.

The most common alloying elements in gray cast iron: Ni, Cr, Mo, Cu, Al do not significantly
affect the structure of graphite and eutectic colonies. The main effect of these elements is to regulate the
structure of the metal matrix in the solid state. Mn, Cr, Mo and As are prone to direct liquation, i.e. they
enrich peripheral areas of dendritic branches and eutectic colonies. Ni, Cu and Al, like silicon, are prone
to reverse liquation with concentration in the middle of branches and eutectic colonies. There is no
explanation of the reasons for the lack of action of these elements, comparable to the action of silicon
and sulfur, on the formation of graphite in the presence of fundamentally identical laws of their liquation.

By affecting the phase-concentration inhomogeneity of crystallized gray cast irons, through a
directed change in the chemical composition, the processing of the melt and the conditions of its
crystallization can be controlled by the structure of the graphite and the metal matrix in order to achieve
the required properties of castings.
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An urgent problem at the present time is the improvement of the quality characteristics and the
ability to deep drawing thin-rolled sheets made of ultra-low carbon steels, which are used for the
production of structural parts in the automotive and machine-building industry by the method of cold
stamping [1]. A promising method of increasing the complex properties of metal products from
polycrystalline materials is the principle of grain boundary construction. This method consists in the
development of temperature-deformation regimes that contribute to the formation of a structure with the
maximum possible number of special low-energy grain boundaries of the X 3" type, and is based on the
concept of lattices of coincident nodes [2].

It is of scientific interest to determine the relationship between the regimes of temperature and
deformation treatments, the specific surface area of special grain boundaries of the £3" kind and the
improvement of the properties of low-alloy and high-alloy steels. For the first time, the presence of
special grain boundaries in ferrite with a volume-centered cubic crystal lattice of low-alloy ferritic-
pearlite steels was established [3].

In this work, the content of special boundaries X3 60° <I111> in the structure of O1OT steel
deformed in the austenitic and ferritic temperature regions with air cooling was determined using EBSD-
analysis. It was established that the content of special boundaries £3 60° <111> in the structure of 01}OT
steel reaches a maximum value of 13,2% after rolling in the austenitic region with a degree of
deformation of 32,3%. An increase in the content of special £3 60° <111> boundaries in the structure of
steel processed in one pass at a temperature of 970-980°C, in comparison with the deformation in two
passes and the end of rolling in the ferrite region at a temperature of 730-740°C (degree of deformation
62,9%), contributes to increasing the ability to deep draw hot-rolled steel 01FOT. Determination of
rational temperature and deformation regimes will allow to control the properties of rolled metal by
increasing the content of special boundaries in the structure of ultra-low carbon steel to obtain a high-
quality thin sheet capable of deep drawing.
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ALLOY STEEL
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The main mechanical properties of alloy steel products are acquired after heat treatment. Violation
of the temperature and time regime of processing and excessive heating of metal products often leads to
products with a change in the size of the initial austenite grains. Subsequently, changes in the size of
austenitic grains can affect the martensitic structure obtained during the final heat treatment. Changes in
the morphology of martensite affect the reduction of mechanical properties: impact strength, yield
strength, hardness, etc. Therefore, studies of the effect of increasing the austenitization temperature on
the martensite structure of 31CrMoV?9 steel were conducted. In the normalized state, the structure of this
steel consists of bainite and martensite.

The experimental steel is characterized by the fact that with an increase in temperature from 850°C
to 1050°C, the amount of martensite in the structure increases from ~10 to ~50%, respectively, during
normalization. This is mainly due to an increase in the total area occupied by martensite without
changing its morphology. After heating to 850°C, 950°C and 1050°C, quenching and tempering, the
structure of 31CrMoV9 steel consists of tempered martensite and residual austenite.

As the temperature increases, the initial average diameter of austenite grains increases, and the
size of blocks and packets in martensite also increase. The size of martensite needles after quenching
from a temperature of 850°C is on average 4 um, from 950°C — 10 pm, and for quenching from 1050°C
— 18 um. The size of the austenite grain affects the martensitic transformation by changing the density
of the nuclei and stabilizing the austenitic phase as the transformation progresses. With an increase in
the quenching temperature, an increase in the microhardness of the segregation areas is also observed,
while the total average microhardness of the steel decreases from 4060 MPa when heated to 850°C, 3960
MPa at 950°C, to 3894 MPa at 1050°C. This change in microhardness is likely due to an increase in the
amount of residual austenite, since an increase in the quenching temperature increases the amount and
degree of metastability of residual austenite, its beneficiation with carbon and alloying elements, which
causes a decrease in the temperature of the onset of martensitic transformation and, as a result, an
increase in the amount of residual austenite. When quenching from 1050°C, the widest interval between
the minimum and maximum microhardness values is observed, which may further adversely affect the
properties of 31CrMoV?9 steel. Therefore, it is recommended to set a quenching temperature of 850°C
for the test steel, which will further save resources.
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Corrosion-resistant alloys and steels are widely used in the medical, chemical, food, automotive,
and aerospace industries. The modern technology of selective laser melting (SLP-technology) provides
additional opportunities for the implementation of complex geometry and the design of metal products.
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It is known that the method of production significantly affects the microstructure, which determines the
complex of mechanical and operational properties. The purpose of the work was to investigate the
features of the structural state of stainless steel 316 L, which is formed during production using SLP
technology.

From the microstructural studies, it was established that the steel consists mainly of austenite, the
average microhardness in the transverse and longitudinal section is 268 kg/mm?, the presence of a small
number of pores with a size of 1-7 um and hot microcracks was established. When studying the
microstructure after etching using the Marble reagent, the boundaries of the primary austenite grains
were revealed and the directionality of the formation of the primary austenite grain in the form of an arc-
shaped structure of the melt bath, which is characteristic of the repetitive Gaussian distribution of the
laser energy during melting, was established. It should be noted that during etching with this reagent, no
duplicates of the primary austenite grain were detected.

When studying the microstructure of the samples after etching with Kalling's reagent, an atypical
multidirectionally oriented intragranular substructure was found, which is mainly located in the area of
the space between the tops of the tracks of the next layer in the area where the tracks of the previous
layer overlap. The microhardness in the area of the above-mentioned structure along the direction of
construction is 239...251 kg/mm?, and when checking the cross-section of this section, the hardness was
286...317 kg/mm?, which indicates anisotropy of properties.

When applying differential interference-contrast illumination and a Nomarsky prism, the presence
of elongated columnar grains spreading across the borders of the melt bath and having epitaxial growth
in the direction of the maximum temperature gradient was established. It was established that the
direction angles of these columnar grains are 15° to the construction direction. This is probably due to
the rotation of the next layer of construction relative to the previous one. The length of these grains is
140+um, which indicates the melting of about 3 layers of applied powder.

Thus, when analyzing the microstructure, it was established that 316L steel, manufactured by
VLP-technology, has an arc-shaped austenite structure, which is characteristic of melting with a normal
distribution of laser energy.
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LOCALIZATION OF EPY FORMATION OF GRAIN STRUCTURE OF LOW-CARBON
STEELS DURING SEVERE PLASTIC DEFORMATION

S. 1. Gubenko, Dr. Sc.

Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro
Prydniprovska State Academy of Civil Engineering and Architecture, Dnipro

Severe plastic deformation is one of the promising methods for obtaining the Ultrafine-Grained
structure of metallic materials, which makes it possible to obtain a high-strength state, as well as unique
functional properties of these materials without changing the chemical composition. The local processes
of structure formation occurring in low-carbon steels near non-metallic inclusions during severe plastic
deformation by the method of equal-channel angular pressing have been studied. Samples of steels 08Al,
08Cr18Ni10Ti, 09Mn2Si, having dimensions of 20x80 mm, were subjected to plastic deformation by the
ECAP method in four passes (one pass with a channel intersection angle of 90° and three passes with an
angle of 120°), which corresponded to a true deformation of 3.2 [2, 3]. Structural analysis was performed
using an Olympus PME 3 optical microscope, as well as JEM 100CX and JXA-50F electron microscopes;
the nanohardness of the steel matrix was measured on a Nano Indenter II setup at a load of 10 mN.

It has been established that in the steel matrix, near inclusions and at the inclusion-matrix interfaces,
the nature of the stressed and deformed states changes; the increment in deformation is determined by the
angle of rotation of the inclusion as it moves in the plastic region. Various options for the spatial
development of deformation are realized by changing the position of the shear planes, the nature of which
depends on the degree of plasticity of the inclusion. Near the inclusions, zones of localized deformation
are formed, containing difficult curved fragmented shear bands, hanging subboundaries, microtwins and
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vortex formations due to rotational localization and the formation of discrete misorientations. The
deformation mesobands near the inclusions are two-phase; in some zones of the mesobands, the so-called
cold dynamic recrystallization develops. In the steels under study, structure formation during severe plastic
deformation is associated with the formation of oriented structural elements that have dimensions of
100...260 nm and are separated by high-angle boundaries, which are characterized by the presence of
dispersed curved mesobands of deformation, and in steel 08Cr18Nil0Ti also martensitic plates. With an
increase in the number of passes, fragmentation of the mesobands of deformation occurred, which led to a
significant fragmentation of the grains. Near the inclusions, the grain sizes are significantly smaller than
far from them and are 75...100 nm. The nanohardness values of the steel matrix near the inclusions were
25...40 % higher than the similar values far from the inclusions. Near plastic inclusions of sulfides and
silicates, the values of nanohardness are lower than near non-deformable oxides and titanium carbonitrides,
which is associated with a certain deformation relaxation of stresses in the plastic inclusion-matrix system.
In cases of localization of dynamic cold recrystallization near inclusions, the nanohardness of the steel
matrix decreased by about 10 %.

The influence of non-metallic inclusions on the local refinement of the steel microstructure is an
important effect during severe plastic deformation, which makes it possible to obtain additional
nanostructural strengthening near the inclusions during the general refinement of grains to a
submicrocrystalline state.
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Rolled sheet metal is one of the main types of products of ferrous metallurgy, which is consumed
in large volumes by all branches of industry. With the constant development of production, the
requirements for the complex of mechanical properties and durability of rolled sheet are constantly
increasing.

One of the promising directions for obtaining a high complex of strength and toughness of
structural steels for the production of rolled products is the development of low-alloy steels with the
structure of lower carbide-free bainite (NBKB), which is a combination of low-carbon bainite ferrite and
high-carbon residual austenite [1, 2]. The conditions for the formation of NBKB, the structure of the a-
phase, and the morphology of the residual austenite of carbide-free bainite depend on the carbon content,
the degree of alloying of the steel, and the transformation temperature [3]. The structure of NBKB
provides a unique combination of strength, viscosity and crack resistance [4, 5].

Recently, work has been actively conducted to study the formation of the NBKB structure in
workpieces with a fairly large cross-section - up to 100 mm during continuous cooling [6]. It has been
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established that the necessary conditions for the formation of the NBKB structure during continuous
slow cooling of blanks and parts of a large cross-section are:

- high stability of supercooled austenite in the region of pearlitic and bainite transformation, while
the stability in the bainite region should be lower than in the pearlitic region;

- the temperature at the beginning of the bainite transformation should not exceed 400°C to prevent
the appearance of upper bainite;

- additional doping with silicon (aluminum), which contributes to the flow of bainite
transformation according to the carbide-free scheme.

Thus, the problem of improving the chemical composition and obtaining a certain structural state
of low-alloy steels, which are used for the production of high-strength sheet metal in order to improve
its mechanical and service characteristics, is extremely relevant for modern metallurgy.
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The work investigated the effect on the structure and mechanical properties of steels 20GL,
20GFL, 14G2 of various modes of heat treatment with heating in ITI, which are not usually used for
them. It was found that the application of normalization with heating in the intercritical temperature
interval compared to the usual normalization allows to obtain a more favorable level of properties. In all
studied steels, an increase in both strength and plasticity properties is observed. Plasticity and impact
toughness increase most significantly. In addition, carrying out normalization with heating in ITI allows
not only to obtain a higher complex of mechanical properties, but also to reduce the costs of the
production process. For steel 20GL, normalization with heating in ITI with preliminary and subsequent
austenitization was additionally carried out. Short-term austenitization after aging in ITI eliminates the
alignment of the austenite composition and ensures its fine grain. The role of preliminary austenitization
before aging in ITI is explained by obtaining a fine-grained structure, which facilitates the redistribution
of elements in ITI. This option is simpler than doing short-term austenitization after aging in ITI, because
it can be done in one furnace. After carrying out these processing regimes, a high level of plasticity and
impact toughness was obtained compared to that after normal normalization while maintaining the
strength characteristics at the level required for this steel. Tempering with heating in ITI and low



tempering allow to obtain a level of strength properties close to the low tempering state (tempering
with heating above Acs) with higher plasticity. At the same time, the heating temperature for
quenching is much lower. The optimal exposure time in the ITI is 60 minutes. In addition,
compared to the improvement, the strength properties after such heat treatment are higher, and the
plasticity and impact toughness remain at the same level, and in some cases, even higher. The use
of tempering with heating in ITI and high tempering led to an increase in the entire set of properties
for steels compared 20GL, 20GFL and 14G2to the improvement.

The use of isothermal tempering with heating in ITI compared to the improvement allows to
obtain higher strength in the studied steels, with satisfactory plasticity and impact toughness. The
optimal holding time in the bainite transformation interval is 60 minutes. For steel 20GL, a heat
treatment regime was carried out and showed a high level of properties, which consists in
isothermal quenching with ITI exposure and preliminary austenitization. Strength and impact
toughness significantly exceed these characteristics after improvement. The plastic characteristics
also increase somewhat.

Thus, the application of tempering and normalization with heating in ITI, which were not
previously used for the studied steels, made it possible to obtain a higher level of mechanical
properties compared to the properties after typical treatments, but at the same time, the heating
temperature is more than 100 °C lower than is usually used. This allows energy carriers to be saved
in production. In addition, the cooling medium during this type of heat treatment is air or water,
which simplifies and increases the environmental friendliness of production. Taking into account
the positive results of the conducted research, as well as the influence of the scale factor, it is
planned to work out new modes of heat treatment with heating in ITI in production conditions,
namely: normalization with heating in ITI, normalization with heating in ITI with preliminary
austenitization, quenching with heating in ITI and high relaxation, isothermal quenching with
holding in ITI, as well as isothermal quenching with holding in ITI with preliminary
austenitization.

The work investigated the influence of heating in the intercritical temperature interval,
quenching from it with subsequent low tempering on the abrasive wear resistance of steel 60S2A.
This treatment was compared with that of this steel after isothermal tempering from a temperature
of 860°C and holding for 10 minutes at 350°C, which provides the highest level of wear resistance.
According to the data of X-ray phase analysis, ~30% of metastable austenite is present in the
structure of the studied steel, which is almost completely transformed into deformation martensite
under abrasive action. Approximately the same amount of austenite and wear resistance was
obtained after tempering with ITI and low vacation. Such heat treatment is simpler and more
environmentally friendly than isothermal hardening.

References

40

1. Malinov L.S. Development of economically alloyed high-strength steels and methods of hardening
using the principle of regulation of transformed martensitic steels. Dissertation of Dr. technical Sciences:

05.16.01 - Yekaterinburg, 1992. - 381 p.

2. Yehorova S.V., Sterenbogen Yu.A., Yurchyshyn A.V. Possibilities and prospects of using intercritical

normalization for hardening of low-alloy steels and welds

3. Petrunenkov A.A., Yarovoi V.V., Bukreev B.A. The structure of low-alloy steels with the PNP effect

after heat treatment and deformation //Izv. universities Chern. metallurgy.- 1991.- P. 73-74.

4. Malinov L.S. Improving the properties of steels and high-strength cast iron by obtaining multiphase
structures in them, including bainite and metastable austenite / Metal and Casting of Ukraine.-2004.-

No. 7.- P. 24-28.



41
UDC 669.15-194:621.785:669.112.227.1

COMPARATIVE ANALYSIS OF DIFFERENT METHODS FOR DETERMINING
RESIDUAL AUSTENITE AFTER HEAT TREATMENT OF ALLOY STEEL

S. V. Bobyr Dr. Sc., E. V. Parusov Dr. Sc., I. M. Chuiko, Ph. D.,
O. E. Baranovs’ka Ph. D, E. V. Oliinyk

Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

Steels containing a significant amount of deficient alloying elements (Cr, Ni, V, Mo) are used
during the manufacture of metal products of responsible purpose (rolled rolls, hot forming dies, shafts,
rotors, etc.). A certain amount of residual austenite (R4) remains in the structure of such steels after heat
treatment, which subsequently affects the operational stability of finished metal products. Currently,
there are various ways of determining R4 in alloyed steels, but it should be understood that precisely the
accuracy of the latter measurement allows you to reasonably approach the selection of the final
parameters of heat treatment in order to increase the reliability of the operation of finished metal
products.

The method of X-ray structural analysis in practice is the most accurate, which allows you to
reliably determine the content of R4A. However, with an insignificant R4 content (< 5.0 %) in the steel
structure, the relative error of its measurement can be ~ up to 50 %, which corresponds to the sensitivity
limit of X-ray structural method, and the main drawback is the significant laboriousness of this method.

The magnetic method of determining the content of R4, which is based on measuring the
difference between the forces of attraction of a permanent magnet to the test and reference samples, turns
out to be unsuitable for determining R4 in the structure of alloyed steels, since they contain non-magnetic
carbides, which affects the accuracy of the measurement results.

An ultrasonic method for determining R4 is also known, but it is limited and cannot be extended
to alloy steels, due to the fact that it was developed exclusively for X12 type steels.

Taking into account the above, the authors of this work have developed a universal ultrasonic
method for determining the content of RA: first, the speed of ultrasound in ferrite and austenite of
reference samples of alloy steel is set, then the thickness of the sample is measured with an ultrasonic
thickness gauge at the set speed of ultrasound, then the thickness of the controlled sample is measured
with metric devices (caliper), and the amount of Azal is calculated according to the formula. In
accordance with the developed method, determination of the content of R4 was carried out on test
samples of steels 38CrNi3MoV, 4Cr5MoV1Si, X37CrMoV5-1, 60Cr2SiV and 80Cr5MoV. In order to
confirm the reliability of the obtained results, the content of R4 was additionally determined by the X-
ray diffraction method on the diffractometer «kDRON-2.0» in copper radiation with a monochromator.

A comparative analysis of the results of measuring the amount of R4 in experimental alloyed
steels testified that the use of the proposed method provides sufficient accuracy for much less time-
consuming than X-ray structural analysis, so it can be used as an express method of quality control of
finished metal products. At the same time, the error in determining the content of residual austenite is
minimal, since the developed method eliminates the effect of special carbides in the alloy steel structure.

Thus, the proposed method, unlike other analogues, makes it possible to significantly simplify
the determination of the amount of R4 in the structure of alloyed steels and significantly expand the
scope of its application with the corresponding assurance of measurement ac curacy.
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POLYCRYSTALS OF THE ¢BN - Al SYSTEM, DEPENDING ON THEIR PHASE
COMPOSITION

M. P. Bezhenar, Dr. Sci., Ya. M. Romanenko, Ph.D., A. M. Patsyk

V. Bakul Institute for Superhard Materials of
the National Academy of Sciences of Ukraine, Kyiv

Polycrystalline superhard materials (PCBN) on the basis of cubic boron nitride (cBN) are used in
the tool working in rough, semi-finish and finish turning of products made of iron-carbon alloys with a
hardness of up to 63 HRC, including those alloyed with chromium, manganese and nickel. Such
materials are obtained by high-pressure sintering of cBN powders with various additives, most often
with the addition of aluminum [1].

During the reactive sintering of cubic boron nitride powders with aluminum, chemical interaction
occurs with the formation of aluminum nitride and borides [2], examples of such interaction are given
below:

Al+ 2 BN 2 AIN+ L AlB, 1)
3 3 3

Al+ 2 NS 2 AN+ Loam, @)
13 13 13

Al+ BN — AIN(B) (3)

The phase composition of the obtained composites will be respectively cBN, AIN, AlB; in the first
case, cBN, AIN, AlB12 in the second and ¢cBN, a solid solution of boron in AIN (AI(NB)). Each of the
options has its advantages and disadvantages. Let's list them:

Compositel of cBN, AIN, AlB; composition. The advantages are high hardness and crack
resistance due to the formation of a strong sBN frame, the pressure and temperature of the production
process are not higher than 4.5 GPa and 1450 °C. The peculiarity is that such a phase composition is
usually realized during the sintering of relatively large grains of BN (more than 10 pm), this is due to
the kinetics of chemical interaction. The disadvantage is reduced heat resistance due to the
decomposition of AIB; at temperatures above 1000 °C according to the AlIB> AlB1>+Al scheme.

Composite 2 of the composition cBN, AIN, AIB12. Advantages - very high hardness and heat
resistance, acceptable crack resistance. The disadvantage is the high pressure and temperature of the
production process, not lower than 6 GPa and 1800 °C.

Composite 3 composition cBN, AI(NB). Advantages - high heat resistance, crack resistance,
increased damping characteristics, acceptable hardness, pressure and temperature of the production
process not higher than 4.5 GPa and 1450 °C. The peculiarity is that this phase composition is usually
realized during the sintering of small grains with BN (less than 7 pum), this is due to the kinetics of
chemical interaction. The disadvantage is that during the sintering of cBN powders with a grain size of
less than 3 pum, the formation of hexagonal boron nitride is possible. The reasons are a decrease in
pressure in the high-pressure apparatus due to a low initial density and subsequent increased shrinkage
of the pressing, as well as impurities on the developed surface of cBN powders.

Controlling technological factors (pressure, temperature and duration of sintering, dispersity of the
initial cBN powder) we obtain materials with the desired structure (phase composition) and properties.
Composite 1 is best for rough turning of iron-based alloys, composite 3 for finishing.
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Today, the nuclear industry is an ideal option for an ecological source of energy based on the
fission of uranium-235. At the same time, the main disadvantage of nuclear power generation is the
formation of radioactive waste (spent nuclear fuel during electricity production). After removal from the
reactor, these wastes are placed in special containers containing absorption and retention elements.
Materials used to manufacture containers must meet certain requirements: stable structural and elemental
condition, stable geometry of spent fuel storage assemblies, nuclear radiation safety of criticality.
Stainless steel with a high boron content is still a well-known material used when working with spent
fuel, which, in addition to absorption capabilities, has other properties that are mandatory for this type
of product. The most common material for making containers in Ukraine is steel 04Cr14Ti3B1V, which
belongs to stainless steels of the ferritic class and contains 1.1-3.0 % boron. Despite the fact that this
steel was developed in the last century, questions related to the processes of structure formation, as well
as the improvement of technological and operational properties, are still debatable. Since boron has a
low ability to dissolve in both austenite and ferrite, this leads to the formation of various types of borides
in the steel structure. In addition, ferrous phases embrittle steel. At the same time, the formation,
morphology, and uniformity of the distribution of one or another type of borides in the volume of the
finished metalwork determine not only the complex of mechanical properties and the stress state, but
also determine the protective properties of the material and the degree of complexity of manufacturing
the final products from them.

The conducted informational and analytical research in this direction testified to the limitations of
the used metallographic methods of detecting the structure of stainless steels with a high boron content,
which is due to the complex phase composition of boride inclusions. The purpose of the work was to
determine a reliable methodology for studying the structure of highly alloyed steels of the ferritic class
containing a significant amount of boron. On the basis of known methods and practical experience of
the authors, a method of surface preparation of the studied samples made of 04Cr14Ti3B1V steel was
developed, which simplifies the detection of the structure and microrelief on the surface of the cut, which
allows you to reliably assess the quality of the material. The essence of the method consists in the use
of two types of reagents with step-by-step immersion of the studied samples in the mordant. At the same
time, there is a stable differentiation of boride phases and a clear definition of the border between the
steel matrix and the boride phase. During sample preparation, the first reagent dissolves the matrix and
some types of borides, and the second reagent allows you to color the borides of each type, which are
present in the 04Cr14Ti3B1V steel, in a different shade. With the help of the proposed method of sample
preparation, a structure was detected in the 04Cr14Ti3B1V steel, the reliability of which was additionally
confirmed by the results of micro-X-ray structural and micro-X-ray spectral analyses.
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Today, the main domestic consumer of railway wheels, JSC "Ukrzaliznytsia" is technically not
ready to switch to the use of wheels in accordance with European regulations, but at the same time, the
requirements of DSTU GOST 10791 are morally and technically outdated and do not correspond to the
modern level of complexity of operating conditions and the significantly increased actual level of quality
railway wheels Thus, it is necessary to develop a new national standard for railway wagon wheels, which
corresponds to the current stage of development of equipment and technologies.

To develop proposals for the use of additional indicators of the quality of railway wheels
(microstructure, chemical composition of the product, etc.) and to increase the level of existing
requirements (contamination by non-metallic inclusions, the level of mechanical properties, etc.) in the
new version of the state standard for railway wheels in comparison with the existing DSTU GOST
10791:2016 and in the international standard GOST 10791-2011 with Amendment 1, a statistical
analysis of the actual level of quality indicators achieved during the production of railway wheels in the
conditions of PJSC "INTERPIPE NTZ" was performed.

Non-metallic inclusions can significantly reduce the technological and mechanical properties of
steels, contributing to the formation of various types of defects. One of the ways to increase the reliability
and durability of heavy-duty steel products is to reduce contamination by non-metallic inclusions.
Therefore, strengthening the requirements for limiting their content and increasing the number of
controlled products will contribute to increasing the safety of railway traffic.

As a result of the statistical analysis of the distribution of the number of non-metallic inclusions
during 2019-2021, it was established that the quality of the metal is significantly superior to the
requirements of the current standard. A much smaller amount is observed for such types of non-metallic
inclusions as: sulfides, row oxides, plastic silicates, brittle silicates, and point oxides.

Proposals have been developed regarding new stricter requirements regarding the maximum
permissible level of pollution by non-metallic inclusions for wheels of category B: point oxides - 2.0
points instead of 2.5; plastic silicates - 1.5 points instead of 2.0; silicates that do not deform - 2.0 points
instead of 2.5. In addition, it is proposed to evaluate the purity of steel using DSTU 8966:2019 "Steel.
Metallographic methods for determining non-metallic inclusions", which was introduced to replace
GOST 1778-70.

UDC 669.162.262:669.131.6.001.5
HEREDITY OF GRAY CAST IRONS
A. Yu. Borysenko Dr. Sc., G. V. Levchenko Dr. Sc.
Iron and Steel Institute of Z.I. Nekrasov National Academy of Sciences of Ukraine, Dnipro
The results of analytical studies on the problem of heredity of gray cast irons are presented. It is
shown that the concept of heredity of cast iron and other metal alloys usually means the connection
between the properties of the original charge materials and the properties of the castings produced from

them. The phenomenon of heredity in gray cast irons is a component of the general problem of heredity
in metal alloys, and in a broader sense — metallurgical heredity.
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The most important component of the structure of foundry (blast) cast iron is the characteristic of
graphite. It is believed that the phenomenon of heredity in gray cast iron consists in the hereditary
transmission to castings of the size, morphology, nature of the distribution of graphite inclusions, as well
as the structure of the metal matrix (base) of the original cast irons. The negative heredity of cast irons
is most strongly manifested in castings due to the coarse lamellar structure of graphite. Cast irons of the
same brand, having the same or similar chemical composition, but from different manufacturing plants,
have different structures and mechanical properties, which are preserved during subsequent remelting.
At the same time, the nature of cast iron is more pronounced with a high carbon equivalent of secondary
smelting iron. The difference in the properties of cast irons of the same chemical composition, but from
different metallurgical plants, is explained by the presence of different amounts of impurities, non-
metallic inclusions and the content of gases (O2, N2, CO) and iron oxides (FeO, Fe30s).

The hereditary properties of cast irons are affected by blast furnace production factors: the volume
of the blast furnace, temperature and blowing mode, the degree of ore recoverability, features of pouring
cast iron in the foundry, etc. Cast iron produced in a particular blast furnace has its own characteristics
in terms of sensitivity to shrinkage and porosity, tendency to graphitization and formation of the structure
of the metal base. These features are transferred to the castings after remelting the cast iron.

The heredity of cast alloys, and gray cast iron in particular, is also determined by the dependence
of their properties and crystallization kinetics on the structural state of the melt from which castings are
made. One of the factors influencing the structural heredity in gray cast irons is the degree of dissolution
of graphite inclusions in the melt, depending on their initial size, shape, and melt superheat temperature.

The phenomenon of inheritance of foundry alloys, including gray cast irons, is widely covered in
literary sources. Despite this, there are few works aimed at establishing the causes of heredity, and the
mechanism of its implementation still remains unclear. The above determines the urgency of conducting
further research in this direction.

To control the formation of the structure of graphite and the metal matrix of gray cast irons, on
which the properties of castings depend and to eliminate their negative heredity, it is necessary to know
the mechanism of influence of the main chemical elements, micro impurities, the amount and
composition of gases on the structure of the melt and liquid-solid phase transformations of gray cast
irons depending on the conditions of their crystallization.

UDC 621.762.5

THERMODYNAMICS OF THE CHEMICAL INTERACTION OF CUBIC BORON NITRIDE
WITH ALUMINUM AND REFRIGERANT TITANIUM COMPOUNDS

Y. M. Romanenko, Ph.D., A. M. Patsik, M. P. Bezhenar, Dr. Sci.

V. Bakul Institute for Superhard Materials of
the National Academy of Sciences of Ukraine, Kyiv

Polycrystalline superhard materials based on cubic boron nitride (PCBN) are obtained by high-
pressure sintering of cBN powders with additives, among which refractory compounds of titanium and
aluminum are most often used. The selection of the composition and quantitative ratios of additives is
based on the fact that as a result of their physical and chemical interaction with boron nitride, solid
ceramics are formed, which ensures high bond strength along the boundaries of ¢cBN grains.

In [1], the change in Gibbs energy was calculated for toponymic reactions of the interaction of
cubic boron nitride with transition metals of groups [Va-VlIa, taking into account the effect of high
pressure, and in [2] - the change in Gibbs energy during the interaction of cBN with aluminum at high
pressures. In this work, similar calculations are performed for the interaction in the ternary system,
namely: cBN — a refractory compound of titanium (TiN, TiC, TiB2) — Al. The situation with aluminum
needs an explanation. The sintering of PCBN composites was carried out in two stages: the first -
preliminary impregnation of the compressed charge with aluminum at a pressure of 2 GPa and a
temperature of 1300 K, the second stage - sintering at a pressure of 4.2 - 7.7 GPa and a temperature of
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1750 - 2300 K. Under such conditions, aluminum is in the liquid state, and therefore entropy and molar
volume for liquid aluminum were taken for thermodynamic calculations. When choosing possible
reactions for consideration, those during which no gas phase is formed (for example, N2) were selected,
in addition, when choosing options for interaction reactions, data from X-ray structural analysis of
sintered composites were taken into account.

The calculation of the Gibbs energy was performed in the approximation of ACp = 0. The
dependence of the Gibbs energy on pressure (dG/dp)T = V was established taking into account the
volumetric effect of aluminum melting AV = 0.724 cm**mol!. Phase compression was neglected, as its
effect in such reactions is small. Thus, the effect of high pressure on the Gibbs energy for all the indicated
reactions was determined only by the volume effect of aluminum melting and the volume effect of the
reactions.

AV = d(AG)/dp + AVHJ]aB Al

For the Gibbs energy, we obtain the expression:

GP
AT =AH298+TAS+pAV

It follows from the given data that, from the point of view of thermodynamics, chemical interaction
must take place in the systems we have chosen, and since the entropy and volume components of
reactions are negative, the probability of such an interaction increases with increasing temperature and
pressure.

Conclusion. A thermodynamic analysis of the chemical interaction at high pressure of cubic boron
nitride with refractory compounds of titanium and aluminum was performed. It is shown that such an
interaction is possible in the range of temperatures up to 2300 K and pressures up to 7.7 GPa, the
isobaric-isothermal potential AG (Gibbs energy) is negative for this range of pressures and temperatures.
When the temperature increases, the absolute value of AG increases, when the pressure increases, the
absolute value of AG increases, that is, the increase in pressure and temperature contribute to the
chemical interaction in the considered systems.
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IMPROVEMENT OF THE TECHNOLOGY OF THE PRODUCTION OF
REINFORCEMENT ROLLED ROD OF INCREASED STRENGTH IN COILS

G.IL Perchun, Ph.D., A.O. Ivchenko
Ukrainian State University of Science and Technologies, Dnipro

The availability of rebar (RR) in coils on the domestic market ensures the advantages of its use
in the construction industry due to the introduction of industrial methods of manufacturing reinforced
concrete structures and a reduction of steel costs by 5-7% during cutting. The most widely used in
construction in Ukraine, as well as in European countries, is RR strength class 500 N/mm? (A500C
according to DSTU 3760, Bst 500/550 according to DIN 488 - Germany, BS00B according to BS 4449
- England).
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The production of RR with a diameter of 6.0-18.0 mm in skeins in Ukraine is carried out at
metallurgical enterprises, where products of strength class A240C, A400C and A500C are manufactured.
At the same time, during the production of RR A500S due to thermomechanical strengthening, there is
a large inhomogeneity of the yield index along the length of the rod (rolling) in the range of 350-550
N/mm?, which indicates the presence of three strength classes in one skein of products at the same time.
This does not correspond to the technical meeting the requirements of the RR standards. Therefore, in
order to eliminate this shortcoming, high-quality RR class A500C is produced abroad using a combined
technology, when using hot deformation, a rolled product with a yield level of 350-450 N/mm? is
produced (thermal strengthening is not used), and with the help of cold deformation, this indicator is
brought to 500 - 600 N/mm?. That is, additional strengthening is carried out. Cold deformation
technology is implemented on specialized equipment by stretching a workpiece with a ready-made
periodic profile in the process of rewinding it from skein to skein (stretching technology).

The paper [1] considered the possibility of obtaining RR in skeins that meets the requirements of
the national standard with an optimal ratio of strength and plasticity indicators by introducing stretching
technology. For the implementation of such a technology, rolling of periodic profile of class A400C
according to DSTU 9130 from steel grades St3I', 1812C, 2012 and 25I"2C with a carbon content of
0.16...0.24% is used as a workpiece, with subsequent production of products of a higher strength class.
Experiments in laboratory conditions have shown that when using a periodic profile with a diameter of
8.0 mm from low-alloy steel (wt.%: C — 0.24; Mn — 1.39; Si — 0.76), when it is deformed by additional
by stretching (%, €) by 2.0 and 4.0% at ambient temperature, RR was obtained with a yield strength of
580 and 650 N/mm?2, respectively. This indicates that by means of cold tensile deformation from RR of
strength class A400 it is possible to obtain RR of higher strength class - AS00C and A600C. Additional
equipment (technological line) is required for the introduction of stretching technology and the
organization of mass production of RR of increased strength in skeins. Such domestic lines do not exist,
but there are foreign ones that have been in use for some time and have proven their efficiency and
reliability.
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FORMATION OF THE CELLULAR STRUCTURE OF THE INTERPHASE SURFACE
DURING STATIONARY o—y RECRYSTALLIZATION OF FERTITIC IRON ALLOYS

K. O. Chornoivanenko, PhD, O.V. Movchan, PhD

Ukrainian State University of Science and Technologies, Dnipro

Studies of steady-state a—y recrystallization during isothermal carburization of a ferritic iron alloy
with a cellular structure of the interphase boundary have been carried out.

Diffusion transfer of carbon through the y-phase to the interphase surface is the main factor that
determines the kinetics of a—y recrystallization during carburization.

The a— phase transformation was represented as a set of successive stationary states. The a—y
transformation process was considered in a two-dimensional approximation, assuming axial symmetry
of the cell. An expression for the distribution of carbon in the y-phase upstream of the flat PI during a
steady-state process was derived.
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The boundary concentration differences between curved and flat PI were determined by
constructing a common tangent plane to the surfaces of thermodynamic potentials G* and G” for flat and
curved PL

Diffusion processes in the o phase before PI have been described. The average boundary
concentration of the a-stabilizer in the a-phase is higher than in the growing y-phase. An expression
connecting diffusion processes in the a-phase before PI with the speed of front advancement was
obtained.

Longitudinal sections of cells corresponding to limiting cases of surface tension coefficient ¢ and
microstructures during o—y recrystallization are presented. The disturbance amplitude ¢(x) was
approximated by a piecewise continuous function consisting of fragments of second-order curves and
straight lines when performing these calculations.

A detailed study of the microstructures of the transformation front shows that PI cells have a
pronounced crystalline facet during solid-phase recrystallization. Two or more columnar crystals of the
y-phase can grow from one grain of the a-phase. The growth of the boundary plane occurs at the
maximum speed if {111}y and {110}a are mutually oriented according to one of the variants of the
Kurdyumov—Sachs orientation relationship.

The resulting model can be used as a base model for studying the growth of a natural austenite-
carbide composite.
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CHOICE OF THE METHOD OF DETERMINING THE ENERGY-FORCE
PARAMETERS OF THE PROCESS OF DRAWN OF THE STACK THROUGH A BENDING-
TENSIONING DEVICE

K.Yu. Kluychnikov, I.Yu. Prykhodko, Dr. Sci., V.G. Razdobreev, PhD, D.G. Palamar,
A.lL. Leshchenko

Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

In the practice of manufacturing metal products, shaped profiles of a complex configuration,
including thin-walled, strip and periodic cross-section profiles, play a special role. High-quality, high-
precision shaped profiles with different ratio of the width to the height of the tape, which are produced
in small-tonnage batches abroad and are widely used in machine-building, instrument-building, aircraft-
building and other industries. In Ukraine, the production of high-precision shaped profiles is extremely
limited, and the production of strip-type profiles is completely absent. Tape-type shaped profiles are
usually produced by cold deformation on drawing, flattening or sheet-rolling mills. The use of drawing
in roller drawing in comparison with cold rolling and flattening has higher technological flexibility, does
not require large capital costs for the organization of production. Compared to traditional drawing with
the use of monolithic drags, the drawing process in roller drags has the following advantages: lower
energy consumption; higher permissible deformation per pass; higher homogeneity of product
properties, expensive drawing lubricants are not used, additional special metal preparation operations
for drawing are not carried out (phosphating, oxalate, copper plating, brown coating, etc.). The main
drawback of the roller drag method is the presence of traction force. Tensions that stretch the profile in
combination with a decrease in plasticity of the metal during the drawing process can lead to the
destruction of the rolled product. In order to eliminate the harmful effects of residual tensile stresses, it
is necessary to either eliminate them or convert them into compressive stresses that increase the
workability of the steel billet. For this purpose, two methods are used in the practice of wire production:
thermal and mechanical. The thermal method used in industry requires significant energy consumption.
The mechanical method has several varieties, of which the most rational is the process of sign-changing
deformation with wire stretching in a bending-stretching device.

The process of cold deformation with the use of a bending-stretching device is carried out with a
counter-tension, the value of which is equal to the effort of drawing the workpiece through this device.
The counter-tension determines the force of cold deformation and the power of the drive motor of the
traction device, the value of the maximum possible deformation during the first pass, the stability of the
cold deformation process and other parameters. When working with a large back tension, frequent breaks
in the rolling stock are possible. Therefore, it is very important to correctly calculate the force of cold
deformation using bending and stretching roller devices.

The purpose of the work: on the basis of the performed analysis, to choose a technique for
determining the energy parameters of the process of drawing the staffs through the bending and
stretching device.

As a result of the analysis, the method of calculating the force parameters of the process and the
change in shape of the wire rod in the bending-stretching roller device with comprehensive consideration
of the mutual dependence of the degree of deformation, the tensile strength of the metal, and the changes
in mechanical properties during the deformation process was determined. The headquarters in the roller
bending-tension device adopted the methodology that was developed earlier in the ISI of the National
Academy of Sciences of Ukraine. The chosen methods serve in the future for the development of a
mathematical model for calculating energy parameters and shape change parameters of the process of
stretching the staffs through the bending-stretching device, which will allow for a reasonable choice of
the parameters of the sign-changing bending of the staffs.
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PRODUCTION OF REINFORCING ROLLED PRODUCTS FROM LOWALLOY
MODIFIED NITROGEN STEELS

A.V. Ivchenko!, PhD, V.Y. PerervaZ, PhD, O.V. Zuev!

!'Ukrainian State University of Science and Technologies, Dnipro;
2 Dnipro University of Technology, Dnipro

The actual task in the production of rolled steel from low-alloyed steel grades is to increase the
strength without increasing the cost of production. Implementation of methods of modification and
micro-alloying allows to increase characteristics of steel products [1, 2] both to strength and operation.
New technologies for modifying steel by isolating nanodispersed excess phases under various conditions
significantly increase the strength and plastic properties of rolled steel, including reinforcement.

The possibilities of obtaining reinforcing rolled products that meet the requirements of
international standards with an optimal ratio of strength and ductility by implementing the technology
of carbonitride strengthening of low-alloy structural steels [3, 4] are considered.

The increase in the consumption of reinforcement with the corresponding strength and plasticity
indicators leads to high requirements for its manufacture, which is achieved by the technology of
carbonitride strengthening of steels containing vanadium and less often niobium. The production of
reinforcing rolled products of strength class 500-600 MPa from low-alloy steels modified with nitrogen
[5] significantly increases the consumer properties of the finished product, such as endurance, cold
resistance, seismic resistance, fire resistance and fire safety. The use of such rolled products in
construction in regions with increased seismic activity and large differences in ambient temperatures
will have a beneficial effect on the reliability of reinforced concrete structures and structures.
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EXISTING AND PROMISING METHODS FOR COOLING STEELS FOR WELDING
PURPOSES IN A ROLLING LINE

E. V. Oliinyk, E. V. Parusov, Dr. Sc.
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

To produce cold-deformed welding wire from alloy steels using modern technologys, it is necessary
to have high-quality raw materials — wire rod, which must have an improved combination of strength
and ductility properties. The microstructure of alloy steel wire rod determines its ability to cold plastic
deformation, and the ratio of structural components, their quantity and uniformity of distribution have a
significant impact on the process of stable, break-free drawing. Modern technology for producing
welding wire using an energy-saving principle, the so-called “direct” drawing, assumes the absence of
additional heat treatments during cold plastic deformation of rolled products in metal production
conversion. Reducing the strength and increasing the ductility of welding wire rod is ensured by selective
requirements for the chemical composition of steel within grade intervals, additional binding of free
nitrogen, as well as the use of special modes of softening treatment with an adjustable rate of post-
deformation cooling on a roller conveyor.

The theoretical foundations of deformation-heat treatment of wire rod are based on the laws of the
kinetics of austenite decomposition and, accordingly, the peculiarities of the course of phase-structural
transformations occurring under the influence of hot plastic deformation in alloy steels. When
determining the parameters of deformation-heat treatment of wire rod, one should take into account the
chemical composition of the steel, the completion temperature of hot rolling, the duration of the post-
deformation pause, as well as the temperature-time cooling conditions.

In metallurgical practice, when producing wire rod, «short» and «long» Stelmor lines are used.
Cooling of structural and high-carbon steels is carried out on the «short» Stelmor line (conveyor length
~ 70-90 m), and alloy steels for welding purposes are cooled on the «long» Stelmor line (conveyor
length ~ 110-150 m). Increasing the length of the conveyor allows you to create different conditions for
cooling wire rod over a wide temperature-time range and combine continuous and quasi-isothermal
cooling. The main advantage of the «long» Stelmor line is the possibility of cooling the metal under the
heat-insulating covers of the conveyor under conditions close to isothermal, which allows achieving the
most effective combination of structure and mechanical properties of alloy steels wire rod. Slow cooling
of alloy steels under the heat-insulating covers of the conveyor promotes the formation of ferrite-pearlite
structures with a minimum amount of bainite-martensite areas, which ensures an increase in its
technological plasticity during drawing without the use of additional annealing.

An alternative reserve for ensuring slow cooling of wire rod may be additional sealing of conveyor
sections under heat-insulating covers, installation of special circulation fans, as well as thermal imagers.
It is obvious that the temperature and speed regulation of the cooling of rolled steel plays a significant
role in the formation of its quality, and the general manufacturing process consists of technological
operations, each of which makes its own contribution to the formation of the final set of properties. It
should be noted that currently the most rational cooling modes in the production of alloy steels wire rod
are not fully used, which allows us to offer national metallurgical plants effective technological measures
aimed at improving the production process with relatively minimal material costs.
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METHOD FOR STUDYING THE DEPTH OF PENETRATION OF THE CUMULATIVE JET
OF THE PYROTECHNIC DEVICE OF THE LAUNCHER ROCKET SEPARATION SYSTEM

Yevhen Boliubash
State Enterprise ""Yuzhnoye State Design Office", Dnipro

Pyrotechnic devices play an important role in many rocket and space technology systems, where
instantaneous operations are required, in particular, the separation of launch vehicle stages. One of the
most effective types of pyrotechnic devices for performing such operations are linear shaped charges
(LSC).

The depth of penetration of the cumulative jet (CJ) is one of the main characteristics that
determine the efficiency and reliability of the pyrotechnic devices of the separation system. If the
penetration depth of the CS is insufficient, then the pyrotechnic device will not be able to effectively
destroy the connections between stages or structural elements in rocket and space technology.

The purpose of this work is to develop a methodology for studying the penetration depth of CJ LSC used
in launch vehicle separation systems.

The research methodology consists of the following stages: preparation of interference samples;
preparation of LSC; establishing LSC on an obstacle; penetration depth measurement; data analysis.

The developed technique makes it possible to study the depth of penetration of CJ LSC with high
accuracy and reliability. The research results obtained using this technique make it possible to confirm
the performance, efficiency and reliability of pyrotechnic devices at the LSC.

UDC 629.764

DEVELOPMENT OF MEANS OF PRODUCTION OF TECHNOLOGICAL LUBRICANTS
FOR PROCESSING METALS BY PRESSURE

S.B. Karhin, Ph.D., S.A. Syhomlin

SHEI “Pryazovsky State Technical University”, Dnipro- Mariupol

Most technological lubricants for pressure metal processing (OMT) contain graphite. Such
lubricants include: OGV-75, GFP, Ukrinol-7, Delta-31, Sumidera, etc. In these lubricants, the graphite
fraction has a size of 2-5 microns. Layer mills are widely used at the enterprise for the production of
lubricants with these sizes of graphite. The process is time-consuming and energy-intensive. We
developed and implemented at the Mariupol Graphite Plant a means of producing fine graphite using a
hydraulic dispersant. At the same time, with the help of cavitation jets, large parts of graphite are quickly
crushed into size fractions 2 — 5 um. The obtained samples were verified on an electric microscope. It
was established that it is possible to obtain 60% of fine graphite with a fraction of 2 — 5 um. At the
same time, layer mills would require 10 times more time and 5 times more labor. Technological
lubricants OGV-75, GFP, Ukrinol-7 were produced using the developed tool, which were tested in
forging and stamping shops (Azovmash, Tokmak; YuZhMASh, Dnipro) and showed good results. We
consider that the developed tool is promising, environmentally friendly and can be implemented at
enterprises that manufacture technological lubricants.
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When forging rolling rolls using traditional technology, ingot sedimentation operation is widely
used to ensure the required forging. We have proposed a form of strikers, in the forging of which there
is no need for the time-consuming operation of depositing the ingot. The forging shop used three-beam
forgings on a hydraulic press to forge a rolling roll weighing 25 tons, which made it possible to obtain a
three-beam ingot. The deposition operation was not applied. Further forging of this three-beam ingot
was carried out using traditional technology. At the same time, the technical parameters of the roll rolling
met all the requirements of the standard (DSTU), and the process itself was 30% faster. Theoretical
studies carried out using the slip line method showed that forging with these punches allows good rolling
of the ingot over the entire cross-section. We think that the developed and implemented design of the
new three-beam form of forging hammers can be widely used in the forging of various forgings,
including rolling rolls.
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RESEARCH OF CALCULATION METHODS FOR MODELING THE PROCESS OF
MELTING MATERIALS

M.V. Babenko Ph.D., H.O. Tonkoshkur
Dniprovsky State Technical University, Kamianske

The mathematical modeling of multiphase media is rooted in the fundamental postulates and
principles of continuous media mechanics. However, it is important to note that the equations governing
these processes in multiphase media are predominantly intricate and nonlinear partial differential
equations, often possessing analytical solutions only in a limited number of cases, typically lacking
practical significance.

To extract quantitative insights into the progression of such processes, numerical methods
executed via computational devices have become indispensable. This has given rise to the emergence of
novel scientific disciplines, including computational physics, computational fluid dynamics, and
computational thermal physics.

Automated systems of scientific research are systems in which, in order to increase the efficiency
of scientific research, a number of procedures for obtaining, analyzing, transmitting and accumulating
information related to the use of mathematical modeling methods in the course of research are formalized
and performed automatically.

Within the Department of Systems Software at Dnipro State Technical University, a significant
endeavor has been undertaken in the form of developing an automated research system titled "Melting
of Materials". This initiative has yielded specialized software tailored to deliver comprehensive and
highly precise data regarding the dynamics of heat and mass transfer processes during material melting.
These modeling outcomes enable the formulation of recommendations for optimizing the corresponding
technological processes.

UDC 004.94

STUDY OF SPEED AND MEMORY CONSUMPTION FOR THE STAR INTERACTION
ALGORITHM ON GRAPHICS ACCELERATORS

K.S. Krasnikov, Ph.D., S.V. Deineka, N.M. Lymar
Dniprovskyi state technical university, Kamianske

It is presented a detailed investigation into the performance aspects of the N-body interaction algorithm
when implemented on graphics accelerators. The N-body algorithm plays a crucial role in various
scientific simulations, ranging from astrophysics to molecular dynamics. With the increasing reliance
on graphics accelerators for scientific computations, understanding the algorithm's behavior in this
context is of paramount importance.

The study focuses on two key performance metrics: speed and memory consumption. Through a series
of carefully designed experiments, we systematically analyze the algorithm's execution time and
memory usage across different configurations of graphics accelerators. The study encompasses a diverse
set of scenarios, including varying particle densities and interaction strengths, to provide a
comprehensive understanding of the algorithm's behavior under different conditions.

Additionally, we explore the impact of optimization techniques on both speed and memory consumption,
aiming to identify strategies that enhance the algorithm's efficiency on graphics accelerators. Our
findings not only contribute valuable insights into the performance characteristics of the N-body
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interaction algorithm but also offer practical guidance for researchers and practitioners seeking to
leverage graphics accelerators for large-scale simulations.

Overall, this research sheds light on the intricate interplay between the N-body algorithm and graphics
accelerators, paving the way for improved computational efficiency in a wide range of scientific
applications.

UDC 621.771.06:681.518.54:531.3
STEAD TORQUE CORELATION FIELDS IN ROLLING CLUTES
V.V. Verenyov, Dr.Sc., V.V. Korennoy
Iron and Steel Institute of Z.1. Nekrasov National Academy of Sciences of Ukraine, Dnipro

On the basis of numerical pre-production vibrations [1,2] on wide-strip mills, an empirical
statistical determination of the maximum dynamic torque Mm when gripping metal with rolls is
established at the moment Mc in the old rolling mode. The greater the Ms, the greater the MD. This
location has the appearance of a thin correlation field of points Md, Ms, which is approximated by the
linear location Md (Ms). The width of the field is determined by the change in static moment when
rolling strips of different sizes. On rolling mills, only the electromagnetic moment of the motor and the
static moment during the rolling of the leather strip are constantly vibrating. The importance of MD and
MS allows you to complete a number of important tasks.

1. Predict the maximum dynamic moment during the mastering of rolling of strips of a new grade
size, embossing movement, and changed rolling temperature.

2. Simultaneously changing the moment in 2-3 separate stands of the rolling mill from the daily
correlative fields MD, MS by their analysis allows you to follow the passage of drilling through the
stands and more accurately and more accurately evaluate them There is a rolling process and a rolling
mill.

3. Vary the data of the empirical division of static and dynamic moment in the development of
resource ownership.

4. By specifying in a mathematical model the actual values of the moment MC with the regulation
of the influx of technological developments and gaps in the way of statistical modeling, the maximum
dynamic moments are determined and the tasks are clearly identified. 1 and 2 without carrying out trivial
natural experiments.

5. Determine the characteristics of the division of moments Ma and Mc — the average value, the
mean square variation and the coefficient of variation according to the method of determining the
stability of the technological process and the state of ownership.

6. The way to link grade sizes to correlative fields is to determine the one with which dynamic
pressures reach the greatest value and remain stable when correcting rolling modes.

7. By increasing the information content and reliability of assessing the stability of the technology,
we will be able to fully obtain before analyzing the additional fields for the spindle section, as well as
the field of static tension - metal temperature lu and dynamic navantazhennya — rolling temperature. For
this purpose, the required temperature is measured on one of the spindles and the temperature of the
metal at the inlet in the monitored cage.

8. The results of pre-trace simulations and statistical modeling show that the formation of
correlative fields MD, MS becomes a characteristic feature for broadband and other mills with the
expression of the transition process and steel rolling mode.

The formation of a more significant position allows for constant monitoring of the maximum
dynamic moment across all cages without interruption and, if necessary, adjusting the rolling parameters
in the direction of changing the impact forces.
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OPTIMIZATION OF WRITING CODES FOR MACHINING PARTS ON CNC MACHINES
BY THEIR AUTOMATIC GENERATION

Sokolan K.S., Larionov L.V.
Khmelnytsky National University, Khmelnytsky

The process of automatic generation of part processing codes on Roland MDX 40A [1] and HAAS
VM3 [2] machines was studied. In order to optimize the writing of machining codes, a framework was
created in the SRP software.

The first step in automated part code writing is to create a parametric model in Catia V5. After
analyzing the code in Catia V5, a set of parameters will be created. Such a set is created for the variables
present in the code, which include the depth of cut, position coordinates along the X and Y axes, etc. At
this stage, the parameter sets are linked using formulas, resulting in the geometry-code relationship. If
an automated method of generating NC codes is used, they are generated automatically. Thus, after
analyzing the code for any of the product and/or part dimensions, the operator has the opportunity to
generate new codes in case of a change in the model dimension. You can change the model dimension
by changing its main parameters.

The code is generated automatically in text format, after which it can be changed to the ".NC" file
format for further running on the CNC machine. This approach will also be used for the HAAS VM 3
CNC machine. Using this code leads to a simulation on the display panel of the CNC machine and
checks the accuracy of the written code.

The main disadvantage of generating codes manually using CATIA V5 is that if any model
parameters or dimensions are changed, the code creation process must be completely carried out from
the first to the last stage, i.e., the choice of surfaces and planes, the machining process, etc. Another
disadvantage of generating codes from CATIA V5 is that these codes are quite long and contain from
300 to 2500 lines.

The research was conducted for several typical parts, namely: a body with a hole in the center, a
hollow cylinder, a body with three holes of different radii, a body with three holes of the same radius,
and a pyramid. As a result, the manual method of generating part processing codes was compared with
the automated method.

For the housing with a hole, the manual method of machining code generated in CATIA V5
contained 388 lines of code, and the automated method contained 32 lines of code. Machining the hollow
cylinder resulted in a reduction of code lines from 267 to 50. A case with holes of different radii - 432
lines of code using the manual method and 53 lines using the automated method. A case with holes of
the same radius - 418 lines and 45 lines, respectively. Pyramid - 1206 lines and 142 lines, respectively.

After analyzing the generation of codes for parts by manual and automated methods, it can be
noted that this method is more optimal for machining parts, since the code for machining a part by the
automated method is reduced several times compared to the code generated in Catia V5 software. In
addition, the use of this method has a greater level of flexibility in part processing programs, since when
model parameters are changed in the program in which the part geometry was created, the automatically
generated part code will change without the intervention of the CNC operator.
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SOFTWARE FOR STUDYING THE HYDRODYNAMICS OF THE MELT IN A TUNDISH
K.S. Krasnikov, Ph.D., A.O. Krykhta
Dniprovskyi state technical university, Kamianske

This research uses a novel software platform designed for the in-depth study of melt hydrodynamics
within tundish systems, a crucial component in metallurgical processes. The interactive website provides
a user-friendly interface for researchers and practitioners to visualize, and analyze the intricate flow
patterns of molten metal during casting operations.

Through the integration of user-defined parameters and customizable scenarios, the website allows

users to explore various operational conditions and assess their impact on the melt flow dynamics.
Key features of the web application include simulation outputs, 3D visualizations, and comprehensive
data analytics tools. Researchers can gain valuable insights into the thermal and fluidic characteristics
of the melt, facilitating the optimization of tundish design for enhanced casting performance.
Additionally, the platform fosters collaboration and knowledge-sharing within the metallurgical
community by enabling the exchange of simulation models and results.

This paper highlights the significance of the web-based tool in advancing the understanding of melt
hydrodynamics, ultimately contributing to the improvement of casting processes in metallurgical
industries. The accessibility and versatility of the platform make it a valuable resource for both academia
and industrial applications, promoting innovation and efficiency in the field of metallurgy.
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TECHNOLOGIES OF SOFTWARE DEVELOPMENT FOR HYDRODYNAMICS
RESEARCH IN AN AERATION TANK

K.S. Krasnikov, Ph.D., S.V. Dudnyk
Dniprovskyi state technical university, Kamianske

The paper explores advanced technologies in software development tailored for the investigation of
hydrodynamics within an aeration tank, a critical component of municipal wastewater treatment
facilities. The study focuses on the integration of computational tools to model and analyze the complex
fluid dynamics within the tank, aiming to enhance our understanding of the aeration process and optimize
its efficiency.

The proposed software leverages state-of-the-art programming languages, such as C#, and utilizes

powerful libraries like ASP.NET for presenting hydrodynamic simulations. The graphical user interface,
developed using ASP.NET MVC, facilitates user interaction, allowing researchers to input parameters
and visualize simulation results with ease.
The significance of this research lies in its potential to revolutionize the field of wastewater treatment
by providing a comprehensive, virtual platform for hydrodynamics research. By employing machine
learning algorithms, the software aims to intelligently analyze data, identify patterns, and contribute to
the development of optimized aeration strategies.

It is concluded the paper's relevance in addressing current challenges in wastewater treatment,
emphasizing the potential environmental impact reduction, efficient resource management, and the
creation of a digital framework for collaborative research in hydrodynamics.
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IMPLEMENTATION OF THE BEST AVAILABLE TECHNOLOGIES IN THERMAL
FURNACES IN THE CASE OF FOSSIL FUEL SHORTAGES

0.0. Yeromin, Dr.Sc., O.V. Gupalo Ph.D.
Ukrainian State University of Science and Technologies, Dnipro

In a time of fossil fuel shortage in Ukraine, especially natural gas, the issues of implementing the
best available technologies in metallurgy and reconstruction of metallurgical thermal units are becoming
relevant [1]. Reducing fossil fuel consumption decreases greenhouse gas emissions and is an important
aspect of Ukraine's integration into the European community. The implementation of "Directive
2010/75/EU of the European Parliament and of the Council of 24 November 2010 on industrial
emissions (integrated pollution prevention and control)" is Ukraine's steps into the future and a way to
economic and energy independence of the country.

An important area of greening technologies is the use of renewable energy sources to generate heat
for technological processes. Renewable hydrogen and renewable electricity are most often considered
promising sources of “green” energy. The conversion of thermal units to hydrogen heating requires the
reconstruction of heating systems and process control systems of the units but almost always ensures the
required process parameters [1]. The use of electric energy requires either a complete replacement of the
heat treatment technology or a significant reconstruction of the existing equipment with the study of
issues related to ensuring the necessary quality and performance of heat treatment.

The authors researched the thermal performance of a continuous furnace for pipe heat treatment
when the furnace is heated with natural gas. They also developed technical solutions for replacing natural
gas with renewable hydrogen or converting the gas furnace to electric one. During the study, authors
developed mathematical models of gas and electric furnaces for pipe thermal treatment. They adapted
the mathematical model of the gas furnace on the base of experimental results of metal heating when
natural gas is used as fuel.

To evaluate the possibility of converting the gas furnace to electric heating without changing the
overall dimensions of its chamber, furnace temperature regimes for reference pipe bundles were
developed, and the technical and economic indicators of the furnace operation were determined. Based
on the results of the calculations, recommendations for the selection of design and operating parameters
of the electric furnace were formulated. Namely, the number and length of temperature control zones
were changed, and their thermal capacity was determined; the type and size of eclectic heaters were
selected, as well as their location in the furnace chamber.

A comparative analysis of the technical and economic performance of gas and electric furnaces
led to the following conclusions. The use of hydrogen as a fuel makes it possible to fully implement the
required regimes of heat treatment regime and guarantee a required furnace capacity. Without taking
into account the investments for reconstruction, the replacement of natural gas with hydrogen is
economically feasible at a ratio of natural gas and hydrogen prices not more than 2.9. The conversion of
the furnace to electric heating can be achieved if the furnace capacity is reduced by 20 % for certain
steels and dimensions of the pipe bundles. The replacement of natural gas with renewable sources of
energy like electricity or hydrogen makes it possible to reduce carbon dioxide emissions by 765 kg/t of
metal.
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STUDY OF NITROGEN OXIDES EMISSION DURING AIR HEATING IN HOT-BLAST
STOVES

L.P. Gres!, Dr.Sc., O.V. Gupalo', Ph.D., O.0. Yeromin!, Dr.Sc., L.B. Kabakova?, Ph.D.

1- Ukrainian State University of Science and Technologies, Dnipro
2 -M.S. Poliakov Institute of Geotechnical Mechanics
of the National Academy of Sciences of Ukraine, Dnipro

Blast-furnace gas is used for air heating in hot-blast stoves. The combustion heat of blast-furnace
gas does not ensure the achievement of the required temperature under the dome of the hot-blast stoves
1300-1350 °C, and therefore blast-furnace gas is usually enriched with natural gas. Another way to
achieve the required temperature under the dome is to heat hot-blast stoves with blast furnace gas using
oxygen-enriched air for fuel combustion. In this case, process oxygen enriches the air.

The paper considers both methods of increasing the temperature under the dome of hot-blast stoves
and studies the impact of these methods on the nitrogen oxides (NOx) gross emission which is generated
during fuel combustion. The research was performed for the operation of hot-blast stoves, which are
ancillary equipment of the blast furnace with a volume of 1513 m®. The initial conditions were the
following:

- the temperatures under the dome: 1300 and 1350 °C;

- blast furnace gas composition (volume percentage): CO>=15.95%; C0O=22.55%; H»=3.37%;
N2=44.39%; N20=13.74%;

- the calorific value of blast furnace gas and natural gas, respectively: 3.228 and 36.275 kJ/m’;

- blast furnace gas consumption per one hot-blast stove: 25.000 m*/h;

- the consumption of blast-furnace air was the same for both considered methods of increasing the
temperature under the dome.

It was determined that to obtain the required temperatures under the dome in the hot-blast stoves
(1300 and 1350 °C) when they are heated with a mixture of blast-furnace and natural gases, the calorific
values of the mixture have to be respectively 4.550 and 5.013 kJ/m® and the natural gas contents have to
be respectively 4.0 and 5.4 %. If the hot-blast stoves are heated with blast furnace gas and the combustion
air is enriched with process oxygen, the required temperatures under the dome can be achieved when the
oxygen content in the air is respectively 23.4 and 32.3 %.

For the considered fuel combustion conditions, the concentrations of nitrogen oxides (NOx) were
calculated using the equations published in [1]. The results show that the concentrations of nitrogen
oxides (NOx) are 44.5 mg/m® when the temperature under the dome is 1300 °C and 79.0 mg/m® when
the temperature under the dome is 1350 °C. The NOx concentration does not depend on the method of
increasing the temperature under the dome of hot-blast stoves because the fuel combustion conditions
do not change.

Numerical modelling of heat transfer in the checker chamber was performed according to the
methodology given in [2] and made it possible to calculate the consumptions of fuel, process oxygen
and flue gases per hot-blast stove as well as gross NOx emission. It was determined that in order to
obtain the same heat exchange conditions in the checker chamber of the hot-blast stove, it is necessary
to ensure the same flue gas flow rate through the checker regardless of the methods of increasing the
temperature under the dome. The gross NOx emissions practically do not depend on methods of
increasing the temperature under the dome, and they are 50.75 t/year when that temperature is 1300 °C
and 94.67 t/year when it reaches 1350 °C. Thus, both methods have the same environmental impact.
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MELTING OF RADIOACTIVELY CONTAMINATED METAL AS A COMPONENT IN
SOLVING ENVIRONMENTAL PROBLEMS AT METALLURGICAL ENTERPRISES

V.E. Mashinistov Ph.D., Y.V. Romanko Ph.D., A.G. Meshkova, M.V. Suhareva
Ukrainian State University of Science and Technology, Dnipro

Metallurgical enterprises may receive scrap metal contaminated with radionuclides of both natural
and artificial origin. This may cause a real threat of exposure to elevated levels of radiation to the
company's personnel and the population in the adjacent areas.

As it is shown in [1,2], one of the most effective ways to prevent unreasonable deterioration of the
environmental situation at an enterprise is to melt metal in a furnace which operates in the normal mode,
and the incoming raw materials are not decontaminated beforehand.

During the melting process, radionuclides are mixed and distributed evenly in the melt volume.
This distribution remains the same for products made from this metal.

Implementation of the proposed approach makes it possible to remove radioactive contaminants
from the sphere of their direct contact with humans and, accordingly, to prevent and eliminate the
possibility of unreasonable exposure and environmental contamination.
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