HALIOHAJIbHA AKAJIEMISI HAYK YKPATHU

1939

IncruryT yopHoi metaayprii im. 3. I. HekpacoBa HAH Ykpainu (IYM HAH Ykpainn)
Ykpaincbkuid 1ep:xkaBHuil yHiBepcuTeT HaykH i TexHosorii MOH Ykpainu
JHinpoBcbkuii nep:xaBHuii TexHiynmii yHiBepcuter MOH Ykpainn

30ipHuK TE3

BCEYKPAIHCBKA HAYKOBO-TEXHIYHA KOH®EPEHIIISA
«HAYKA I METAJYPI'IS»

npuceauena 85-piuuio

Incmumymy uopnoi memanypeii im. 3. 1. Hekpacoea HAH Ykpainu

DOI: 10.52150/2522-9117-2024-conferens

19-20 aucromaga 2024
M. J{ninpo



Opranizauiiinnii KoMiTeT KOH}epeHuii:
Bba6auyenko O. L. (ronosa) — un.-kop. HAH Ykpainu, a.1.H., c.H.c., aupextop [YM HAH VYkpainu;
ITapycos E. B. (3acTynHuk rosiosu) — A.T.H., C.H.C., 3acTynHUK aupekropa [YM HAH Vkpainuy;
I'apmam JI. 1. (cexperap) — x.T.H., yuenuit cekperap [YM HAH VYxkpainu;
Iopoascebkuii P. B. (3acTynHuk cekperaps) — JIOKT. (i, ronosa Pagu monommx BYEHMX, HAyK. CHIBPOO. BIIILTY
npobiem aedopmaiiitHo-TepMidHoi 00poOku KoHCTpyKIiitHUX ctaneit [YM HAH VYkpainu;
Ioay6enko T. M. (3acTynHUK ceKpeTaps) — K.T.H., CTapIll. HAyK. CIiBpOO. BIUIUTY TEPMIYHOI 0OpOOKH MeTary s
MarmmHoOyayBanHs [YM HAH Vkpainn.

HaykoBuii KomiTeT KOH(pepeHuii:
Kamkina JI. B. — n1.1.H., npod., nekan ¢akynasTety MertanmypriitHux nporiecis Ta ximiuaux texnomnoriit HHI «lacturyry
MIPOMHUCIIOBHX Ta 013HEC TEXHOJIOTIH» YKPaiHCHKOTO IEpKAaBHOTO YHIBEpCUTETY HayKH 1 TexHosorii MOH Ykpainu;
YepusiteBu4 A. I'. — 1.T.H., ipod., IPOB. HayK. CHiBp0O. BIAIUTY (Hi3HUKO-TEXHIYHUX MpodieM meTaryprii cram [YM
HAH VYkpainu;
Toroounbka /1. M. — 1.1.H., 1pod., MpoB. HayK. CHIBPOO. BiALTY (i3UKO-XIMIYHHUX MPOOIEM METATyPriifHHUX MPOLIECIB
UM HAH VYxkpainu;
MypasiioBa I. I'.— 1.1.H., c.H.C., IPOB. HayK. cHiBpoO. Bty Metanyprii yaByny [YM HAH Ykpainu;
Jlyuenko B. A. — 1.T.H., C.H.C., IPOB. HayK. CITIBPOO. BIIIUTY TEPMIUHOI OOpOOKH MeTaTy /it MamiHOOy myBanHs [YM
HAH Vkpainy;
Heiinexo JI. M. — n.1.H., ipod., 3aB. kKadenporo «Marepiano3HaBcTBa Ta TepMidHOi 00poOku MetarmiBy HHI «IactuTyTy
IPOMHUCIIOBHX Ta O13HEC TEXHOJIOT1i» YKpaiHCHKOTO JepKaBHOTO YHIBEpcUTeTY Hayku i TexHonoriii MOH Ykpainu;
CirapboB €. M. — n.1.H., mpod., 3aB. Kadeaporo «MeTanyprii YOpHHX METATB Ta OOPOOKHM METaTiB THCKOM»
JIHIIPOBCHKOTO JIep>kaBHOTO TexHiuHOro yHiBepcutery MOH VYkpainu;
Camoxsanos C. €. — 1.17.H., ipod., cTapil. HayK. crmiBpo0. BiAALTY (i3UKO-TEXHIYHUX MPOOIEM MEeTalTyprii cTai
UM HAH Vkpainu;
I'pituun O. M. — 1.T.H., JI011., 3aCTYIHUK JiekaHa MeTtanypriiiHoro (axynsrery, foneHT kadenpu « TeopeTHaHuX OCHOB
Metanypriiaux mporeciBy HHI «lHcTtuTyTy mpommcriioBux Ta Oi3HEC TEXHONOTIH» YKPaiHCHKOTO AEP’KaBHOTO
yHiBepcUTeTy HaykH 1 TexHomoriii MOH Ykpainu;
Ipuxoabko L. FO. — 1.17.H., ¢.H.C., 3aB. BiILTY IIporieciB 1 MammH 00pooku MetamiB Tuckom UM HAH VYkpainw;
Kononenko I'. A. — 1.T.H., CT. 10CI1., 3aB. BiIUTY Tpo6ieM aedopManiiHo-TepMidHOT 00pOOKH KOHCTPYKIIHHIX
craneii [YM HAH VYkpainu;
Mepky.aos O. €. — 1.1.H., C.H.C., CTapIl. HayK. criBpoO. Biaainy meranyprii yaByny [YM HAH VYkpainu;
Bopucenko A. 0. — 1.1.H., C.H.C., CTapIl. HaAyK. CIiBPOO. BIILTY TEPMIYHOT 0OpOOKH METaITy [T MallTHHOOY Ty BaHHSI
UM HAH VYkpainuy;
bara K. B. — n.T.H., CT. 10C1., CTapil. HayK. CiBpOO. BiUIUTY TEXHOJOTTYHOTO OO JHAHHS Ta CUCTEM YIPABITIHHSI
I[YM HAH VYkpainm.




3MICT

MeTanyprisi 4aByHy Ta CTaJli: TEXHOJIOTiI, IHHOBaLIl, AKICTH

CemenoB 1O. C. [locnikeHHsT pallioHaIbHOT BUTPATH MUJIOBYTUIBHOTO MajMBa MPU HOTIPHICHHI SIKICHUX
XAPAKTEPHCTIK KOKCY - -+« et ente et ettete et e et e e et et ettt et ettt et et et e et e e ettt et et e et e e n tbteebeesseeebeesaaeenbeesaeas
Cewmipsrin C. B., Cmipaos O. M., Cemenko A. 10., Ckopobararsko 0. I1. Mani MeTanypriﬁHi 3aBOJU
(MM3) — nuisX BiAHOBJICHHS CTAJICTIABWIIBHOI TaTy31. . .

Kypasavosa C. B., Mapko A. ®@., Kpyrios A. M., HKOBnHa I[ O., PeMec.no O O BI/IKOpI/ICTaHHSI
BYTJICIBMICTSUMX MaTepiaiiB POCIUHHOTO MOXOHKEHHS MIPU BUPOOHHUIITBI CTAM. c...veeueieniveeeeenireeieesieeeeeenanens
CeaisbopcroB B. 0., lonenko 0. B., 3enencoknii K. A. Bukopucrtanss ra3oBoro TUCKY JUIsl BATUCHEHHS
po3IIaBy i3 CH(POHHOT TMBHUKOBOI CHCTEMHU KPYITHUX CTAIEBUX BHJIUBKIB 1 3IIUTKIB. .. .uvteuteeneeenneannnennnns
Kopninos b. B., Yaiika O. JI., Mypasiiosa L. I'., 'apmam JI. 1., Mockaauna A. O., JIe6ins B. B. Anaini3
€(EeKTUBHOCTI ICHYIOUMX Ta TEPCHEKTHBHUX TEXHOJOTIH, CIpsIMOBaHWUX Ha 3MeHIIeHHs BUKUAIB CO2 3
D1 0010 13202 (0] 3 (. PP
IMinTi0K B. I1., CamoxBanos C. €., I'pexoB C. B. JlociikeHHsI BIUTMBY KIJTbKOCTI T00aBKH MPH MO3AMIIHIN
00po0I1i cTasi Ha TIAPOAMHAMIYHI 1 TETIOBI YMOBU KOBIIIOBOi BAaHHHU. .
FOmkeBu4 I1. O. CyyacHuii cTaH Ta NEPCIEKTUBH KUCHEBO- KOHBepTepHOFO BI/Ip06HI/IHTBa cTanii B YKpalHl
Yaiika O. JI., MypasiioBa . I'., MepkyJos O. €., IBanua M.I'., Hecrepos O. C., T'apmam JI. L.,
Kopninos b. B. P03p061<a HayKOBO OOIPYHTOBAaHHMX TEXHOJOTIUHUX TIOJIOKEHh BHUKOPUCTaHHS BOJHIO Y
JIOMEHHI Tedi. . .
Bumnsikos B. I., ]J_Iepﬁaqos B P., Bmomamca O O., €pM0.111Ha K H BI/IKOpI/ICTaHHH KOMIUIEKCHOL
MaTeMaTuyHOi Mojeni popMyBaHHS OAraTOKOMIIOHEHTHHX IMOPIIi MIMXTOBUX MaTepialiB, 1X 3aBaHTAXKCHHS
B OyHKep 0€3KOHYCHOTO 3aBaHTAKyBAJIBHOTO TPUCTPOIO, BUBAHTAKECHHSI 3 OYHKEpa Ta pO3MOILTy Ha MOBEPXHI
3acuIy.. ..
MonanOB JI C., Fonyﬁ T C., Apennaq H A OHIHKa l'IOBep,I[lHKI/I JOMIIIIOK TIPH TPOIYBIII METajIeBOl
BaHHH CI[yMIIIIIIO0 KUCEHb — HEUTPATIbHUI Ta3 Yyepe3 JOHHUMA MPOTYBHUH OJTOK. ... ..ouvvueieiniiiiiiiiiinaennn.
Toay6 T. C., MoauanoB JI. C. JlociimkeHHs BIUTUBY BUCOKOBOJIBTHOI aKTHBI3allli KHCHEBOTO IMOTOKY Ha
HMOBIpHICTB Mepediry XiMIYHHUX PeakIliii 3a y4acTio KHCHIO. . o v
Yepusiteuu A. I'., Moauanos JI. C., I'oayo T. C. HlI[BI/IHleHa yacTka MeTano6pyXTy B IIMXT1 KUCHEBUX
KOHBEPTOPIB, SIK OCHOBA MiABUIICHHS TEXHOJIOTTYHUX Ta EKOJIOTTYHUX MOKA3HUKIB BUPOOHUIITBA. . .............
Cemukin C. 1., T'oay6o T. C., Jdyauenko C. O., Bakyabuyk B. B. BucokxoremneparypHe mociimKeHHsS
MPOIIECY MPOTYBKH METAIEBOTO PO3ILJIaBy KHCHEBUM CTPYMEHEM, aKTUBI30BAHUM €JIIEKTPUIHUM PO3PSIOM....
Hectepos O. C., I'apmam JI. I., MypasiioBa L. I'., Yaiika O. JI., Jlonatenko K. I1., boageaxo M. I'.
JlocnimkeHHs TPOIECiB BiTHOBJICHHS B JOMEHHIN 1€l MPU BUKOPUCTAHHI BOJHEBMICHUX Ta3iB.................

Enextpomeranypris

Kononenko I'. A.,, Amxamcbkuii C. B., Ilogoascbkuii P. B.  JlocnmikeHHs BIUIMBY — MapaMmeTpiB
BUTOTOBJICHHS 3a TexHoJoriero LPBF Ha MexaHiuH1 BIaCTHBOCTI CIIJIaBYy Ha OCHOBI aTIOMIHIIO..................
Amxamcbkuii C. B., Kononenko I'. A., Ilogoabcbkmii P. B., bapanoschka O. €., banaxanosa T. B.
Mikpoctpykrypa Inconel 718 B 3amexHOCTI Bim KOpekilii (DOKYCHOI BiJICTaHI B JETAJSAX, BUTOTOBJICHUX
METO/IOM JIA3€PHOTO IJIABJICHHS B IOPOIIKOBOMY IITAPI. . ¢ttt entetttent et et ttet et eteetee et etenteaeneeneaena

Amxamcbkuii C. B., Kononenko I'. A., Ilonoaschkuii P. B.,, CadponoBa O. A. [locmikeHHS BIUTUBY
MeXaHI4HO1 MOCTOOPOOKM Ha KiHIIEBI MEXaHIYHI BIACTUBOCTI 3pa3kiB 3i ctaii 316L, BurorosneHoi 3a SLM —
U4 (012 0] 12110

TexHoJ10rii mo3anmiyHoI 00pOOKH YaBYHY Ta CTaAJI

Toroounbka /I. M., beabkoBa A. l., Crenanenko /1. O., Iloopotnsn I. P., I'pexos C. B. ['enepaiis
KOMIUICKCHUX TMOKa3HHUKIB JJIi TPOTHO3YBAHHS KOE(QIIIEHTIB pPO3MOALTY €JEeMEHTIB MK KiHIIEBUMHU
PO3IIIaBAMH TTICTIS IOBEAEHHS CTAL B ATPETATT KIBIIT-TIIU. ..ttt utteeeseenteeeateenteeneeenteenneeeneeeneeaneeenanenness
Cwmipnos O. M., Bopon M. M., Tumoinenko A. M., Ckopobararbsko 10. I1., IIBa6 C. JI.,
Cemenko A. H0. HuzpkouacToTHa BiOpartis mijg yac 3aTBep/iBaHHs TUTUX 3MUTKiB Fe-28Mn-12A1-0,9S1-1,4C

Hytniii P. b., ’KypasasoBa C. B., boiiko M. M., Tpemos B. €., biimii b. FO. 3actocyBanns BigxoziB
BUPOOHHUIITBA ATFOMIHIIO MPH MO3ATTUHINA OOPOOIIL CTATL. .« ..t e entetttt et ettt e ettt et ettt e e e eenaens

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24



Py6an B. O., CrosinoB O. M., Cunerin €. B. Po60oTa enekTpoyroBoro npucTporo IpH Mmo3amivHii 00pooiri
o w0 00 6w 20 2 (00 RGN 0:011 1 e

|]J_Iquemco A. H.J Manauun 1. O., €xgiceeB B. 1., Kucasakos B. I'., Pubaabuenko M. O. MoneatoBanHs
MPOIIECiB  B3a€EMOii KOMIIOHEHTIB JBOGA3HOTO TIIOTOKY, BBEJACHOTO B 4YaByH, MpU I1HXEKIIHHIN
D1 <0 A1 1101 0 11 5 T
Tanues O. A., KypasaboBa C. B., Kypasabona l. B.,, Ap:xkanueB €. O. OcobnuBocti necynbdyparii
CTAJICH 13 HATHUZBKIAM BMICTOM CIPKH . ...\t utttntsennteenteenaee e eteeeateenaeeaneeenaeenaeeanaeeneeanaeanneenneeenns
Kucasiko B. I'., €uaiceeB B. 1., Manauun 1. O., Pyaenko O. JI., [lerpyma B. Il. [locnimxenHs raso-
JUHAMIYHHUX 3aKOHOMIPHOCTEH 1HKEKTYBaHHS MOPOIIKOBOI CyMillli Ha «XOMOJHUX)» MOJACIIX . euvenrenennenn..

ABTOMATH3AIliSl TA CYy4YACHI METOAM KOHTPOJIIO METAJTYPrilfHMX NMPOLECIB TA AKOCTI
MeTaJTypriiiHol NpoAYyKuil

Muxainoscbkuii M. B., IlIn6axkinceknii B. 1., 3inyenko M. JI. CucremMa aBTOMaTH4YHOIO praBHiHHH
€HEepropex1MoM Jyropoi cranemnaBmibHoi edi AT «Hikononbcbkuii 3aBoj1 pepociabiby. ..

Kyaskosebkuii O. O., XKyabkosebka L. 1. [ndopmaniiino-mMoenooda cuctemMa HpOFHOSYBaHHH CTIMKOCTI
BEPXHIX KOHBEPTEPHIX DYPM. ...ttt ettt ettt ettt et et et et et et et et et e et et et et e eeteete s enae e

MeTa103HaBCTBO Ta TepMiYHa 00po0Ka craJi

Ouiiinuk E. B., Ilapycos E. B., Yyiiko I. M. Meroauka NporHo3HOro BH3HAa4YeHHs AedopMalliiiHoro
3MiITHEeHHs HU3bKOBYyTIIeneBoi Cr-Mo-V cTaii mij yac BUTOTOBIICHHS 3BAPIOBATBHOTO JIPOTY.....eeervveerevreennnenn.
Bopucenko A. 10., banaxanoBa T.B. 3B's30k XiMiyHOi MIKPOHEOIHOPITHOCTI 31  CTPYKTYpOIO
MTACTUHYATOTO TPAPITY B CIPOMY TYTYHI. « .t v etttenttentteenteenteeenteenteeenteenseeaneeeseenneeanseenareeenseeenseeans
Jlyuenko B. A., Toay6enko T. M., Jlynenko O.B., CipakI'.I. Oco6muBocTi CTPyKTypOYTBOPEHHS
HU3BKOBYTJICTIEBOT cTalii Mapku SAE mpu 0X0J0/KEHH1 3 MPOKATHOTO HArpiBy.. .
I'y6enko C. L., Ilapycos E. B., Uyiiko 1. M., Hapycms 0. B. 3HOCOCTII/IK1TB KOJIICHOI CTaJli, sSiKa MijjIaHa
Ja3epHii 00pooIi. .. . .
I'y6enxo C. 1., Becna.m,lco B M Hp06neMH HU3bKO1 TEXHOJIOT1YHOI IJTACTUYHOCTI CTa 04X14T3P1CD an
BUPOOHUIITBI TPYO JITIST ATOMHOT CHEPTETHEKI . . .. e ev vt enteenteenteenneeenteenseeenaeenseeanseanaeenneeanseenseeanseenneens
Ouaiitnuk E. B., [1apycos E. B., bopucenko A. FO. 3B'130k ppakTanbHOI po3MIpHOCTI 13 Mop(bonoriero Ta
pO3MoIiIoM rpaanOBHx BKJIIOUEHB y CIpUX YaBYHax.. .

Cobogenxo M. O., Pomanosa H. C. [Ipo nHanpsvu 1HTeHCI/1(b1Kau11 cq)epommauu nemey y 60pBMICHI/IX
(G600 016 )] (0105 (0) 1034 (11 N PP
Bopucenko A. 10., bBapanoscbka O. €. BriiuB TeXHOJIOTIYHUX (baKTopiB BUPOOHMIITBA JIMTUX 3arOTOBOK
NOPIIHEBUX KIJIEIb 13 CIPOro YaByHY Ha iX CTPYKTYpPY 1 TBEpAICTb. . e
IMapxomuyk 7K. B., Beiic B. 1., /Keae3nsik O. B. Cipuii uaByH jeroBanuii BI/ICOKOGHTpOHlI/IHI/IM CILJIABOM. .
Booups C. B., bopucenko A. 0., JleBuenko I'. B. HepiBHOBakHUII TepMOIMHAMIUHUI aHai3 Hpouecy
TPAPITHBAIIT TABYHIB. ...t e tuttentteenttentteente et e e ante et e e a e e et e e et e e e e et e e eaeeeaae e e aa e enae e e e anaeeaneennee e
Ba6auenko O. 1., JIro6eka I. M. Po3BUTOK TeXHOJIOTiI OTPUMaHHSA aKyCTOONTHUYHHMX KPUCTAJIB HA OCHOBI
D1 L0023 01§ 20 L3 % 0 1
Kononenko I'. A., Ilogoascbkuii P. B., CagpponoBa O. A. AHani3 miaxo/iB m100 3a0e31neueHHs] BUCOKO1
HAJIHHOCTI Ta TOBTOBIYHOCT1 3ATIBHIUHOTO PYXY -ttt nnrenneennneenneennneenneeneeanseenseeaneeaneenneeanssenneennans
IMosopotHs L. P., Cagponona O. A., llogoabcwkuii P. B., Ouiiinuk E. B. B XiMigHOTO CKiTany Ha
CTPYKTYPY 1 TBEPAICTD CTATEH JJIS 3ATMIBHIUHIX OCCH . .. uuttnttentteente et eetteeteeeteeanteeaneeaneeaneenneeanaens
Kononenko I'. A., Kimcrau T. B., I[lomoancekuii P. B., CadponoBa O. A. TexHOJOTIUHI aCMEKTH
OTpUMaHHs 0e3KapOiIHOro OCHHITY B TOBCTOIMCTOBOMY METATIOTIPOKATI. .« v eueenteteteneeneeneteneaneenenneneens

IIporpecuBHi TexHOI0Tii 00POOKHM MeTAJy THCKOM

HInbakincskuii B. 1., Pubanbyenko M. O., MuxaiisioBcbknit M. B., 3inyenxko M. JI. dopmyBanHs
TEMIIEPATYPU MPOKATKH 32 JOBIKIHOKD CMYT . . .etenttenttenttente et enateenteenteeenaeenteeante et enneeeneeen s
Bomobam €. C. BuzHaueHHs TMOWHM TPOHUKHEHHS KYyMYJSTUBHOTO CTPYMEHIO B TEPEIIKOIY 3MiHHOT
0] 31107 1 1 (O P PP PRORUPRON

27

28

29

30

31

32

33

34

35

36

37

38

39
40

41

42

43

44

45

46

47



MoaenoBaHHS Ta ONITHUMI3allisi TEXHOJOTIYHUX MPOLIECIB

Toroouubka /I. M., IloBopoths I. P., Kykca O. B., I'pexoB C. B., XogoroBa H. €. [Iporaosni mozemni
BJIACTUBOCTEH METan0100aBOK, K 3aM0pyKa parioHaIpHOro iX Bukopuctanas Ha YKII..........................
Bopooeii C. O. Kommiekc mMaTeMaTHYHUX MOJEJICH MPOTHO3YBAHHS IMapaMeTpiB Tapsdoi NMPOKaTKH Ta
MOKA3HUKIB SIKOCT1 IITAOOBOTO 1 COPTOBOTO TIPOKATY . .. veeeententeentenaeaneentenaeeneenaeaneeneeaesenteaneeneennenns
BepennoB B. B. Po3BuTok cmoco0iB MiarHOCTUKH TEXHIYHOTO CTaHy OOJagHaHHS TPOKATHUX KJIITEH B
110570106 P1 15070815 47 1Y P @ o0 100} i 2 SO T
Moauanos JI. C., T'oay6 T. C., Cemukin C. I. B3aeM03B’ 130k 0COOTMBOCTEN XOJIOIHOTO MOJICTIOBAaHHS Ta
THTEPIPETAIT OTPUMAHUIX PE3YITBTATIB. ...ttt utte et enteenteeanaeenaeeneeenseenaeaneeenteeaaeeanseenneeaaeenneenneeans
Amopazkeii M. 10., IlapycoB E. B. Meroauka po3paxyHKy HmapamMeTpiB TEpMIYHOTO 3MII[HEHHSI KaTaHKH 3
BYTJIEIIEBOI CTall Ha 3acajaX MOJEIIOBAHHS MIPOLIECY MEPEPBAHHOIO 3arapTyBaHHS 3 CAMOBIAMYCKOM..........
Cemenko A. 0., Beiic B. 1., Ilapxomuyk 7K. B., Jlixaubkuii P. ®., Jlixaubknii I. ®. YucenpHe
MOJICNTIOBAHHS Mpo1eciB JIUTTA Ta Kpructamizamii TWIP cTam HUZBKOT TYCTHHH. ....vuveniitieiieniiiineeneaenn,
€ropos O. I1., Pudanabuenko M. O., Manauus I. O. Ontumizaitis pexxumy poOOTH BUXITHOI CTOPOHH
TIPIOHOCOPTHIIX CTAHIB. . ..t eettententeententeettent et e en e e te et e et e e e ea e et e e e e e et et e et e et e aeeae e e e eaeeneenaeeneraens
ApxanueB €. 0., Mamemun B. C., HizseB K. I'., ’KypaBasopa C. B. TlomiGHicTh Tpu XOJIOZHOMY
MO/JICITIOBAHH]1 BEPXHBHOTO MPOTYBAHHS Y KUCHEBUX KOHBEPTOPAX ...t tetententeneteneeneanentenneneenenneneenenes

49

50

51

52

53

54



MeTagyprisi 4aByHY Ta CTaJIi: TeXHOJIOril, iIHHOBaNil, AKICTH

YK 669.1.061.6

JOCJAIJIXKEHHS PALIIIOHAJILHOI BUTPATH IMUJIOBYT'VIBHOI'O MMAJIMBA ITPHU
IOT'TPIHEHHI AKICHUX XAPAKTEPUCTUK KOKCY

I0. C. CemeHoOB K.T.H., C.H.C.
IncTuryT yopHoi metaayprii im. 3. I. HekpacoBa HAH Ykpainu, M. /{Hinpo

B ocTanHi pok# y JOMEHHOMY BUPOOHHIITBI Y KpaiHH CYTTEBO MOTIpUIYEThCs AKICTh KOKey. Lle, Hacammepen,
noB’si3aHe 3 JAe(IUTOM KOKCiBHOTO Byriuisa. Tak, Hampuknan, y nomeHHomy 1exy [IpAT «Kamer-craiby
cepeIHbOpIYHE 3HAUCHHS MMOKa3HUKa raps4oi MinHocTi Kokcy CSR 3a 7 pokis 3menmmiocs Bix 53,37 % y 2018 p.
1o 41,45 % y 2024 p., noka3nuka peakiiinoi 3matHocTi CRI — 36impmmmnocs Bix 32,48 % no 41,67 %, BMicTy
cipku 30umbmmmnocs Big 0,58 % m0 0,92 %, Bmicty dpaxiii +80 mm 36inbimmiocs Bix 7,62 % 10 9,35 %, KinbKicTh
30711 Ta MOKa3HUKHU OapabanHoi MintHOcTI M10 Ta M25 cyTTeBo He 3minummmcs [1].

Husbka siKicTh KOKCY HETaTHBHUM YMHOM BIUIMBA€E SIK HA TEXHIKO-€KOHOMIUHI MOKAa3HUKU MPOIECY, TaK 1
3MEHIITY€ MOYJITMBOCTI 3aCTOCYBAaHHSI B TEXHOJIOT11 3aMIHHUKIB KOKCY: KOKCOBOTO TOPiXy, MTUJIOBYT1ILHOTO MAJIMBA
(IIBIT) Ta mpupogHOTO Tazy.

BukoHaHo aHani3 3MiHM TUTOMUX BUTPAT KOKCOBOTO €KBIBAJIEHTY, SIKUH € CYMOIO MUTOMHUX BUTPAT KOKCY
(K), xokcoBoro ropixy (k;°KO) ta IIBII (k2-[IBII), ne k; > — xoeditieHTH 3aMiHu KOKCY [2] IpH pi3HUX MATOMHX
Butpatax [1BII ms nepiomy poboru JI1-1M ta JII1-9 [IpAT «Kamer-cramb» npotsirom 50 1i6 Ha mouatky 2024 p.
[Tutoma Butpata IIBII y 1ieit nepioz 3mintoBanacs Big 60 no 120 kr/t waByny. [1BII y nocnimxyBanomy nepiosi
ckiaaanocs 3 100% Byrijuig aBcTpaliichbKOro MoxXo keHHs (1eTki pedoBuHu — 13,6 %, cipka — 0,63 %, 301a —
11,68 %, Byrneus — 87 %).

Pesynbrati anamizy mokaszaiad, 10 MiHIMaJIbHA MHATOMAa BUTpaTa KOKCOBOro ekBiBaseHTy s JII1-1M
cranoBmiIa — 538 kr/T npu nutomiii Butpati [IBII — 78 kr/T, mpu 36inbmenni nuromoi Butpatu [IBIT no 120 kr/T
CIoCTepiranaocs 301IbIICHHS K TUTOMOI BUTPATH KOKCY, TaK 1 KOKCOBOTO eKBiBaieHTy (552—573 kr/T). Jnsa All-
9 pe3ynbTaTé aHaii3ly aHAJOTIYHI: MiHIMaJlbHA MMUTOMAa BUTpPaTa KOKCOBOT'O €KBIBAJICHTY CTaHOBMJIA — 557 Kr/T
npu nutomiit Butpati [IBI1 — 81 xr/t, mpu 36umemenni nutomoi Butpatu IIBIT mo 110 kr/t cmoctepiranocs
3011bIIEHHS K TUTOMOI BUTPATH KOKCY, TaK 1 KOKCOBOT'O €KBiBasIeHTY (563—575 Kr/T).

Takum 9MHOM, OTPUMaHI pe3yJIbTaTH CBITYATH PO MoTipieHHs crynens 3ropssaast [1BI1 npu BukopucranHi
KOKCY 3 HU3bKMMU SIKICHUMHU XapakTepucTukamu, Tak CSR xokcy B aHanizoBaHOMY Iepiofi ctaHoBmiIo: 42,6 %
s AI1-1M ta 41,6 % nns [A11-9, y cepennbomy. PekoMeH10BaHa JOMEHHOMY 1I€XY BEJIMYMHA TUTOMOI BUTpaTH
[IBIT — 80 xr/1, Ik TpaHUYHO pallioOHa]IbHA OyJa NPUHHATA U1 TOJANIBIIOTO 3aCTOCYBaHHS.

Crnin 3a3Ha4MTH, M0 Y Apyrii mogoBuHi 2024 p. 3 eKOHOMIYHOT TOYKH 30py OyJia 3aCTOCOBaHA MPAKTHKA
BUKOpHUCTaHHs cyMini Byriwist y IIBII 3 nogaBanusM Byrinis noBromoixymeneBo razoBoi (') mapku. Ockiabku
Byriuis mapku JII' BiApi3HAETbCS BiJ BYTrUUIA, OJM3BKOTO 32 MOKAa3HWMKAMU JI0 CIAOKOCHIKJIMBOTO, 3HAYHOIO
KUTBKICTIO JIETKUX PEYOBUH, HU3bKHM BMICTOM BYTJICLIO Ta BUCOKUM BMICTOM CIpPKH, 3aCTOCYBaHHS TaKOi CyMiIi
Byriuis 3HWXKye 1oBHOTY 3ropsiHHa [IBII Ta moTpeOye 3axojiB, HampaBIeHWX Ha TOJIMIICHHS IPEHAXHOI
3matHoCTi ropHa [1].

JlirepaTypHi naxepesa
1. Semenov Yu. S., Horupakha V. V., Alter M.A., Vashchenko S. V. et al. Efficiency of washing blast
furnace hearth in case of pulverized coal injection. 4ISTech 2022 — Proceedings of the Iron & Steel Technology
Conference, 16—18 May 2022, Pittsburgh, Pa., USA, pp. 219-230. https://doi.org/10.33313/386/025
2. Tovarovskiy I. G. Normative estimation of parameters of the blast-furnace smelting. Advances in
Materials. 2017. Vol. 6. Iss. 4. P. 38-44. https://doi.org/10.11648/j.am.20170604.1
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YIK 669.1:669.14

MAJII METAJIYPTIHI 3ABOJIU (MM3) — IJISIX BITHOBJIEHHS CTAJIEILTABAJIBHOI
T'AJ1Y3I

C. B. CeMipHriH K.T.H., 101, O. M. CMipHOB I.T.H., ipo@., A. FO. CeMeHKO K.T.H., C.H.C.,
1O. II. CxopobararbKko K.T.H., C.H.C.

®DizuKo-TexHooriyHuil incTuTyT MeTaniB Ta ciiaBiB HAH Ykpainun, m. Kuis

Po3rsiHyTO HOBI TEXHOJOTIYHI MPOIECH, SKI BIAMOBIIAIOTH CyYaCHUM BHMOTaM €HEproe(eKTHBHOCTI Ta
€KOJIOTIYHOI Oe3IeKkH, a TakoK 3a0e3mnedyarh HaWKpalli MOMJIMBOCTI IS BITHOBIICHHS CTaJeTUIaBUIIBLHOI Tamys3i
VKkpainu Ta momonaHHSA I TEXHIYHOTO BiJACTaBaHHA. PillleHHS TONArae y TMPIOPUTETHOMY PO3BUTKY
€JIEKTPOCTANCIUIAaBUIILHOTO BUPOOHUIITBA B YMOBaxX MajuX MeTanypridHux 3aBomiB (MM3). Taki TexHonorii 3a
MiHIMaJIbHUX MaTepialbHUX, €HEPreTUYHUX Ta EKOJOTIYHHMX BHTPAT MOXKHA 3aCTOCOBYBATHU SK Yy «BEIHKIID»
METayprii, o BUPOOIIsE TOBAPHY MPOAYKINIO, TaK 1 Y «Mallid» METAIyprii Mpu MaITHHOOYIIBHOMY KOMILJIEKCI.
Po3BuTOK KOHIENINi MaauX MeTamypriilHUX 3aBOAIB CIPHATUME BiIOYHOBI perioHaNbHOI 1H(QPACTPYKTYPH,
CTBOPEHHIO HOBUX POOOYUX MICIlh, HAIXOKEHHIO KOIITIB JI0 MICIIEBUX OIO/PKETIB Ta iHIIe. BUXiTHUMYU IIUXTOBUMH
marepiaiamu MM3 € ckpar, MeTani3oBaHa CUpOBHHA 1 piakuil 4aByH (10 35-40 % 3aranbHOI Macu IIMXTH).
[Tponyxkiist MM3 BkJIrOUae mepeBaXHO TOHKHUMA TapsdeKaTaHWH JIUCT JIMBAPHO-TIPOKATHUX MOJYJIIB, KBaJApaTHY Ta
KPYIly COPTOBY 3aroToBKY a00 3arpelyBaHi crieniajibHi Mpodiii MpoKary, pi3HOMaHITHI CHOKHUBY1 METaJIeBl BUPOOH,
30KpeMa BeNTMKi KOBaJIbCKi 37MBKH [1].

JliteparypHi qkepesa
1. Cmipuos O. M., Timomenko C. M., Hapiscekuii A. B., Cewmipsrin C. B., Ocurmenxo B. B,
Cxopob6aratsko 1O. I1. Crane Ykpainu: BinHoBineHHs Ta iHHoBanii. Kuis : HaykoBa nymka, 2023. 268 c.



YK 669.02

BUKOPUCTAHHA BYTJIEHBMICTAYNX MATEPIAJIIB POCJIMHHOI'O NIOXOKEHHS ITPHU
BUPOBHUIITBI CTAJII

C. B. ’KypaBaboBa K.T.H., 10Ll., A. ®. Mapko, A. M. Kpyr.os, /1. O. fIkoBuna, O. O. Pemecsio
YkpaiHcbkuil 1epKaBHUN YHIBEpPCUTET HAYKH i TeXHOJIOTii, M. J[HINIpo

Biomaca Moske BifirpaBaTH BaXKJIMBY POJib y JAeKkapOoHi3alii yopHoi MeTanyprii. Bukopucranus 6iomacu B
MeTaTypriiiHUX MpoIecax MoXke OyTH HallpaBieHEe Ha BUPIIIICHHS HU3KU aKTyaJIbHUX MTUTaHb: YTUJII3aIlis BIIXO/I1B
nepepoOku 6iomMacu; CKOPOYEHHS BUTPAT KaM STHOTO BYT1/UISA 1 MPUPOJHOTO ra3zy B METAIypriiHUX IMpolecax;
CKOPOUYCHHS BUKH/IIB IIKIUTMBUX Ta31B; OTPUMAHHS BYTJICIIEBUX MaTepialiB 3 KpallMMH XapaKTEPUCTHUKAMU 3a
icHytoui anaznoru [1, 2].

B po6otTi po3risgaeTscss BUKOPHUCTAHHS allbTEPHATUBHOI CHPOBUHU: JYIINHWHHS COHSAIIHUKY, cTebia
COHSIIIHUKY, KYKYPYA3H Ta COJIOMH Yy SIKOCTI HaBYyIJeLbOBYBaYiB craji. Yci wi Oiomarepianu moTpeOyIoTh
crienii(p19HOT TEXHOJIOT1T MATOTOBKH Mepe]] BUKOPUCTAHHSM JIJIs1 HABYTJICIIbOBYBAHHS CTalli. 30UIBIIICHHS YaCTKH
NEPCIEKTUBHUX BUCOKOMIIIHMX CTajel B 3araJlbHOMY 00Cs31 BUPOOHHUIITBA CTall, SIKi B LIJIOMy MalOTh BUIIHUN
BMICT BYTJICIIO HIK 3BUYAiHI, HU3BKOBYTJICIEBl CTali, 301IBIINTH BUKOPHUCTAHHS HaBYTJIEIbOBYBaUiB Ta
MiJBUIIMTH BUMOTH MIOJIO iX SKOCTI. BijbII TOr0, BUKOPUCTaHHS OioMaTepialliB JO3BOJIUTH JOAATKOBO 3MEHIITUTH
BUKH/IU JTIOKCUAY BYTJICIIO Y HABKOJIMIIIHE cepeaoBuie [3].

JlirepaTypHi naxepesa

1. Koseps A. C., Keym JI. I'. OtpumaHHsT METaIyprifHOrO TMajuBa 1 BIJHOBHHUKIB IIJISXOM KOIPOJI3y
KaM’sIHOTO BYT1UUISA 1 pocauHHOI Oiomacu. TeroTexHika, eHepreTuka Ta €KOJIOTis B METaIyprii : KOJEKTHBHA
MoHorpadis. Y nBox kaurax. Kaura nepimra / [1ix 3aransHoro pepakiieto 1.1.H., mpod. FO.C. [Ipoiinaka. J{ninpo :
Hosa igeomnoris, 2017. C. 49-53.

2. Smirnov O. M., Timoshenko S. M., Narivskiy A. V. Renovation and innovative development of steel
production in Ukraine in the context of energy efficiency and Green Deal. Visn. Nac. Akad. Nauk Ukr.2023. No. 4.
P. 21-38.

3. Zhuravlova S. S., Marko A., Boiko M., Tanchev O., Mameshyn V. The use of agricultural waste in steel
production. Croatian metallurgical society (CMS) — 17" international symposium of croatian metallurgical society
SHMD 2024 materials and metallurgy book of abstracts metallurgy. 2024. Vol. 63. No. 2. P. 312.
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BUKOPUCTAHHSA I'A30BOI'O TUCKY JIJII BATUCHEHHSA PO3ILIABY 13 CH®OHHOI
JUBHUKOBOI CUCTEMHU KPYITHUX CTAJIEBUX BUJIMBKIB I 3JIUTKIB

B. 10. CeniBbopcTOB I.T.H., Ipo¢., FO. B. Jlonenko K.T.H., 1011., K. A. 3ejieHcbKui
YkpaiHcbkuil 1epKaBHUN YHIBEpPCUTET HAYKH i TeXHOJIOTi, M. J{HINIpo

TexHomoriuHi 0COOIMBOCTI MPOIMIOHOBAHUX CIOCOOIB MOJSATAIOTh B repMmeTu3amii CudOHHOI JIMBHUKOBOI
CHCTEMH KPYITHUX CTAJIEBUX BUJIMBKIB 1 3JIUTKIB BiJl HABKOJIHUIIHBOTO CEPEIOBHILA 33 PaXyHOK ILIApy 3aTBEPILIOrO
MeTaly Ta HaCTyHUI Ta30MHAMIYHUI BIUIUB.

BBeneHns rasy B INpHBENEHHMX KOHCTPYKLISX MPUCTPOIB MO OAHOMY 3 BapiaHTIB IMPOBOIUTHCS 3
BUKOPUCTAHHSIM KOHTEHHEPa-X0JI0IUIbHIKA 3 ()IKCOBAHOIO KUTBKICTIO PEUOBUHH, SIKa YTBOPIOE Ta3 IPH HarpiBi.
VY iHmIOMYy BapiaHTi 3IIHCHIOETBCS pErysibOBaHa IOAaya Ta3y BiJ 30BHIIIHBOIO JDKepesa 3 HEOOXiTHUMH
3Ha4YCHHSIMHU TUCKY [1]. Po3po0ieHi KOHCTpyKIIii MpUCTPOiB Ta pearizaris iXHb0i poOOTH MOXYTh OYTH JIETKO
BOYZIOBaHi B /11104l TeXHOJOr1uHI nporecu [2]. PeanizoBaHa TakoX MOXJIMBICTb 3aHYpEHHS MPUCTPOIO B PIIKY
CTaJIb y pa3i ONaJaHHs IIJaKy B CTOSIK.

Ha nmpuknani craneBoro BUJIMBKA «IUIMTA MiAITAMIOBa» BU3HAYEHI MapaMeTpH peasizalii 3a3HaYeHHX
TEXHOJIOTTYHHMX TmporieciB. [IpoBeneHunii po3paxyHOK OXOJIOI)KYBaHHS BUJIMBKA y (OpMi, TPUBATICTH SKOTO
ckiangae ~ 177 roa. BukoHaHi po3paxyHKH KiJIbKOCTI 1 CKJIaly PeYOBUH, ITPU HArpiBi SKUX BUIUIAETHCS JOCTATHIN
00'eM razy JjIs BATHCHEHHS PO3IUIaBY 13 CTOsKA MOKA3aJIH, 110 JJISI BATUCHEHHS CTaJll 13 CTOSIKA 3aBBUIIKHU 2,5 M
IpY CTBOPEHHI TUCKY Ha piBHI ~ 0,3 MIla mapadiny HeoOxinHo — 6,3 r, a cymii kapOOHATy Kajbllilo 3 ByTJeleM
B 13 paziB Outemie — 80 1. BcraHoBIeHO, MO 3aCTOCYBaHHS CyMilli KapOOHATy KaJbIliF0 3 BYTJICIIEM MEHII
TEXHOJIOTiYHE 1 e()eKTUBHE B MOPIBHAHHI 3 mapadiHOM (TBepAMM IpaHUYHUM BYTJIEBOAHEM). ['ojoBHa ioro
mepeBara — HE3aJIEXKHICTh BiJl THCKY peaklii TepMIYHOrO po3KiIafaHHs (peakiis po3kianaHHs mnapadiny
HE0OOPOTHA, IO POOUTH POOOTY MPUCTPOIO CTAOLTHHIIIIOND).

3a pesynbTaTaMH aHAJI3y TEXHOJOTIYHHUX OCOOIMBOCTEH POOOTH PI3HUX KOHCTPYKIIH NPHCTPOIB, IO
3a0€3MevyI0Th Ta30/IMHAMIYHE BUTHCHEHHS CTall 13 CH(OHHOI JMBHUKOBOI CHCTEMH BCTAHOBJICHO, IO JUIS
KPYITHUX BUJIMBKIB Ta 3JIUTKIB MIPH BUKOPUCTAHHI CU(OHHUX BOTHETPUBKHUX NPUIACIB HAMOLIbII MPUHHATHOIO €
KOHCTPYKITiSI PUCTPOIO 3 PEryJIbOBaHOIO MoAadeto razy. OkpiM HaaiiHOCTI (OpMyBaHHs 3aTBEPALIOTO IIapy B
cU(OHHIH JIMBHUKOBIHN cuCTeMi, JaHa KOHCTPYKIIis IPUCTPOIO 3a0e3Meuye JTIKBIJaIil0 MOKIMBUX HEIIITbHOCTEH
0 pPO3'eMy BOTHETPHUBKHX TPYOOK 3a paxyHOK MOJKJIMBOCTI TMOBEPHEHHS PIJKOTO MeTany B cTosK. I[licmst
3aTBEP/IiHHS HOBOTO IIapy METaNy 1 TOBHOI repMeTH3allii JMBHUKOBOI CUCTEMH Bijl HABKOJIMIIIHBOTO CEPEOBHUINA
3HOB 3/A1HCHIOEThCS BUTHCHEHHS PO3IIaBy y BUJIMBOK 200 3JIMTOK.

JlitepaTypHi 1:xepena

1. CeniBbopcroB B. 1O., CeniBropcroBa T. B. IlepcrieKTUBH BHKOPHCTaHHS KOMIUIEKCHUX TEXHOJOT1H
ra3oJJMHaMIYHOTO BIUIMBY Ha pO3IUIaB B JuBapHii popmi. Cucmemni mexnonozii : perioHaIbHUN MI>KBY31BCHKUH
30ipHUMK HaykoBuX mpaub. JHinpo, 2020. Bum. 5 (130). C.122-143. https://doi.org/10.34185/1562-9945-5-130-
2020-14

2. CeniBbopctoB B. FO., CeniBbopcroBa T. B. Po3paxyHkoBi cxemu Ta iHpOpMaLidHI TEXHOJOTIT I
BU3HAYCHHSI TEXHOJIOTIYHUX TMapaMmeTpiB ra30JWHAMIYHOTO BIUIMBY Ha po3IUiaB B JmBapHiil dopwmi. Cyuachi
npobaemu memanypeii : HaykoBui BicHuK. 2015. Ne 18 (2015). C. 55-64.
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AHAJII3 EOEKTUBHOCTI ICHYIOUMX TA NEPCOEKTUBHUX TEXHOJIOTI'THA,
CIIPSIMOBAHUX HA 3MEHILIEHHS BUKUJIIB CO: 3 JOMEHHOI EYI

b. B. KopnisioB k.T.H., O. JI. Haiika K.T.H., c.H.C., |. I'. MypaBsiioBa 1.T.H., C.H.C.,
JI. I. 'apmam k.T.H., A. O. MockajauHa K.T.H., B. B. Jledigb K.T.H.

IncTuryT yopHoi metaayprii im. 3. I. HekpacoBa HAH Ykpainu, m. /{Hinpo

VY nomoBiai 0OTOBOPIOIOTHCS Pe3yJbTaTH TEIJIOCHEPIeTUYHOTO Ta E€KCEPreTUYHOIro aHaji3y MOTEHI[aTy
HOBUX Ta ICHYIOUMX TEXHOJIOTIH CKOPOYCHHS BUKHJIB JIOKCHUAY BYIJICIIO Ta BHTPATH KOKCY, MOMJIHBOCTI
301IbIIEHHST BUPOOHMIITBA YaBYHY 32 paxyHOK BJyBaHHS B TOpPH pI3HUX MAJIMBHUX J00AaBOK: BOIHIO,
NUIOBYTUIBHOTO TallMBa, MPUPOIHOrO, KOKCOBOTO, YrapHOrO razy Ta CHHTE3-Ta3y, a TaKOX 3aCTOCYBaHHS
MeTaj0100aBOK, MIIACTUKY, TEXHIYHOTO KHCHIO Ta 30Ty, 30UIbIIICHHS TEMIIEPAaTyPH AyTTs, 3SMEHIIEHHS TEIIOBUX
BTpAaT, MOJIIMIIEHHS Ta30pO3MOALUTY B JOMEHHIH Imeyi.

3 BukopuctanHsaMm pospobsieHoi B [YM HAHY matemaruuHoi Mojeli MOBHOTO €HEPreTUYHOro OallaHCy
JIOMEHHOT IJIABKM BUKOHAHO OIIHKY BIUIMBY MOTEHITIaTy HOBUX Ta ICHYIOUMX TEXHOJIOT1H Ha 3MEHIIICHHS BUKHU/TIB
CO2 Ta TeXHIKO-eKOHOMIYHI MOKa3HUKHU JOMEHHOI IIJIaBKH.

OHUM 3 IEPCTIEKTUBHUX HAMPSMIB B Cy4aCHOMY JIOMEHHOMY BHPOOHUIITBI € 3aCTOCYBaHHS OUUIIIEHOTO BiJT
CO; KOJOUTHUKOBOTO ra3y, SKUi MpeCcTaBisie cO00I0 KOMOIHAIIIO BOHIO, yTapHOTO ra3y Ta a3ory. [lana cymimn
ra3iB B CBITOBIM MPAKTHIl HOCUTh Ha3BYy CUHTE3-Ta3y. 3TiHO 3 JTITEpaTypPHUMH JaHUMH CHHTE3-Ta3 OTPUMYIOTh 3
HEKOKCOBAHOTO BYT1JIIS 3 BEJIMKHM BMICTOM JICTIOUHMX, BUKOPUCTAHHS SKOTO JJO3BOJIUTH 3MEHIITUTH COOIBapTICTh
BUPOOHMIITBA YaBYHY, 32 PaXyHOK 3MEHIIICHHS BUTpPATH KOKCY B JOMEHHIHM Ieul, a 3a BEJIUKOiI JOJ1 BOJIHIO —
3HM3UTH BUKUAU CO2 B TOMEHHOMY BUPOOHHIITBI.

Bcranosneno, mo Bukugun CO; B JOMEHHOMY BUPOOHHMIITBI MOKHA 3HM3UTH Ha 25-30 % 3a paxyHOK
BHECEHHSI 3M1H JI0 TEXHOJIOT1i JOMEHHOI I1aBKH. Pearizalis mpoekTiB AekapOoHi3allii BUpOOHHUIITBA BU3HAYAETHCS
IHBECTULIIMU, CAPOBHHHOIO Ta €HEPIreTUYHOIO 023010 METAIYPriifHOTO MiANPHEMCTBA, PiBHS 1CHYIOUYOi TEXHOJIOT 1]
JIOMEHHOI Tu1aBKu. B nepcnextusi 3MeHmeHHs: BUkuiB CO2 3a paxXyHOK 3aCTOCYBaHHS BOJIHIO Ta BOJHEBMICHUX
NaJIMBHUX J00aBOK € HaWOUIbII TMEpPCIEeKTUBHUM, ajle 3apa3 € EKOHOMIYHO HE BUTIIHUM 3 TOYKH 30Dy
MOJIOPOKUAHHS METATOMPOAYKIIIT.

Ha cporoaHimHiii 7eHb 3aCTOCYBaHHS MHJIOBYTUIBHOTO TajiBa € OCHOBHHUM (DaKTOPOM 3MEHILICHHS
co0iBapTOCTI BUPOOHMIITBA YaBYHY y TI€PEIOBIH MpakTHili. ToMy B TOMOBi i HABOJAATHCS PO3PAXyHKH 3MCHIIICHHS
BukuaiB CO; Ta 3MiHM BUTpAaTH KOKCY Ta BUPOOHHUIITBA YaBYHY IPU BUKOPUCTAHHI MUJIOBYTUIHHOTO MajHBa 3
IHIITMMY TAJUBHUMHU T0OaBKaMH, Ta IX KOMOIHAIIN.

OOMeXyIoYMMHM YMHHUKAaMH BIYBaHHS PI3HUX MaJMBHUX JOOABOK B TOPHO JIOMEHHOI Medi € CTYIiHb
MPSIMOTO BiJTHOBJICHHS 3aJ113a, TECOPETUYHA TEMIIEpaTypa, HAIBHICTh KUCHIO 1 TEMIIEpaTypa KOJIOITHUKOBOTO Ta3y.
Ha miacraBi nux oOMe)keHb BU3HAYEHO TPAHWUYHI 3HAYCHHS BIYBaHHS BOJHIO Ta BOJHEBMICHUX MMAaTMBHUX
100aBOK.

30UIbIICHHS TEMIIEPATYPH IyTTs € MOTY>KHUM pe3epBoM 3MeHIeHHs BUkuaiB CO2 1o 10 % i Oinbiie Ta, B
[IJIOMY, TTOKpAIICHHS TEXHIKO-CKOHOMIYHHUX IMOKa3HUKIB TIIABKH.

3acTocyBaHHS YUCTHX METAJI0J00aBOK J1a€ CYTTEBHM eeKT moo 3MeHmeHHs BUKUAIB CO2, KUl MOXKHA
MOPIBHSATH 3 BIIyBaHHSIM YHCTOTO BOIHIO, aJI€ JTIMITOBAaHUM iX HASBHICTIO Ta MIHOK. SKIIO Mpy OTpUMaHHI YHUCTOT
METaJ0JJ00aBKH 3aCTOCOBYEThCS BYIJIElb, KUIbKicTh BUKHMAIB CO; Ha MeTanypriiHOMy MiIOpUEMCTBI HE
3MEHIIUTHCS.

BukopucTaHHs 11acTUKY B JOMEHHIN €Ul 103BOJIMThH HE TUTBKM 3MEHIIUTH BUTPATy KOKCy Ta BUKHIU CO2
3 IOMEHHOI Tevi, a ¥ yTHIi3yBaTH HOT0, 3MEHIITMBIIY MTPH [[bOMY HETAaTUBHUN BIUIUB HA €KOJIOT1O 3eMITi.
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JOCIIKEHHS BIVIMBY KIJIBKOCTI JOBABKMU I1PU HO3AHI‘IH_II71 OBPOBII CTAJII HA
I''IIPOOIMHAMIYHI I TEIIJIOBI YMOBH KOBIIOBOI BAHHHU

B. IL. ITinTOK K.T.H., ¢.H.C., C. €. CamoxBaJjioB A.T.H., mpo@., C. B. I'pexoB

IncturyT wopHoi meraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. {ninpo

B ocraHHI OECATWITTS aKTHBHO MOCTIPKYBaJld BIUIMB HU3KH MOCTIMHMX Ta 3MIHHHMX (DaKTOpiB Ha
e(eKTUBHICTb IPOIIECIB, 1110 BiIOYBAIOTHCS Y CTAJIEPO3TMBHOMY KOBIII i1 4ac mo3aniynoi oopooku crani. Cepen
HUX BU3HAYCHO BIUIUB €MKOCTI KOBINIA, MacH METAJIEBOTO PO3IUIABY, XIMIYHOTO CKJIaay CTali, TeMIlepaTypu
METaJICBOrO PO3ILIaBy, ClIOCO0y BBEIEHHS 100ABKH 1 11 CKJIaly, yMOB NEpEMIlIyBaHHs PO3ILJIaBy, iIHTEHCUBHOCTI 1
crioco0y MpoayBaHHS BaHHM Ta 0araThoX 1HIIMX. B TOW e yac I11e HeJOCTaTHBhO IOCIHIKEHUM BHUSBIISETHCS
OLIIHKa MOKJIMBOT'O BIUIMBY KiJIbKOCT1 TBEPAMX KYCKOBHUX J100aBOK, SIKI BBOAATHCS Y CTAIEPO3TUBHUIM KiBII i1 4ac
00poOKu cTaii, 30kpema, Ha yctaHoBIli KiBuI-id (YKII). 3 MmeToro BUSIBIICHHS BIUTMBY KUIBKOCTI KyCKOBO1 T00aBKH
Ha e(EeKTHBHICTh ii BUKOPUCTAHHS HA MOYATKOBOMY eTari OOpOOKH CTalli YMCEIbHUM METOIOM JIOCIiIKYBaIu
TiApOAMHAMIKY 1 TETUIOBHM CTaH PIJKOTO METaleBOrO po3IuiaBy. JloChipkeHHS BUKOHYBAJIM 3 3aCTOCYBaHHSIM
CHeliaJbHO PO3pOOJIIEHNX TPUBHUMIPHUX MaTeMaTHMYHHX MOJENeH 1 MpOrpaMHOro MPOAYKTY, SKi BPaxOBYIOTh
JTUHAMIYHUNA BIUTMB TBEPAUX J00ABOK, IO BUKOPUCTOBYIOTHCA. B SKOCTI 00 €KTIB AOCHITKEHHS PO3IVIAIATUCH
BaHHU CTAJIEPO3NIMBHUX KOBIIB €MKicTio 60 1 2501, 1m0 BIiANOBIAHO BUKOPUCTOBYIOTHCS Ha
eJIeKTpOMEeTANypriiHoMy  3aBoal  «JlHimpocmenctanpy (M. 3amopixoks) Ta MeETalypridHOMy —KOMOiHaTi
«Kamercranp» (M. Kam sinceke). Ha nmpuknani ¢pepomapranmo mapku @Mu78 B kinbkocti Bix 0,2 mo 3,0 kr/t
JOCTITMIIA T1APOIUHAMIKY 1 TETUIOBI YMOBH METAJI€BOi BaHHM B MOMEHT BBOIY 1 Ha MpoTa3i mepmmx 4,5¢
nepeOyBaHHs J00aBKM B METAJIeBOMY po3IUiaBi. BpaxoByBanmu ofHOYAacHE NPOAYBAaHHS BaHHH aproHOM 3
BuTparoro Big 50 1o 800 11/XB yepes KOKHY 3 TOHHHX (ypM KOBIIIA.

[IpoBeneHMMH  PO3paXyHKOBUMHU JOCIHIDKEHHSMU OIIIHWIM BIUIMB KUIBKOCTI KYCKOBUX J100aBOK
¢depoMapraHiio Ha TiAPOAMHAMIYHUN CTaH PO3IUIaBy B KOBIIAX PI3HOI €MKOCTI B 3aJIS)KHOCTI BiJ] PEKUMIB
MPOJyBaHHS BaHHHW 3 METAJIECBUM PO3IJIaBOM. BCTaHOBWMIIM, IO XO4ya TiApOAMHAMIKA Y KOBIIAX B IUIOMY (B
CEpeHbOMY) HE 3MIHIOETBCS CYTTEBO MPH MOAA41 KYCKOBUX J00ABOK, TPOTE Y MICIIi X BBEACHHS BOHA 3MIHIOETHCS
CYTTEBO Ha IKICHOMY piBHi. B 1IbOMy MiCIIi 3MIHIOIOTHCS HAIIPSIMKH 1 BEJTMYUHH TTOTOKIB PO3ILIABY, SIKi BU3HAYAIOTh
po3TalIryBaHHS B pO3ILJIaBi Marepiajis, 110 BBOAATHCA, 1 IX MOAANBITY AMHAMIKY Micis BBeACHH. OCKUIBKH 3 TOUKH
30py 3aCBOEHHS TMPOBITHUX EJIEMEHTIB 3 TBEpAUX J00aBOK (epocCIuiaBiB, IO BBOAATHCS, € CYTTEBUM IS
BU3HAUEHHS PalliOHAIBHUX PEXHUMIB iX BUKOPHCTAHHS, BBAXKAE€THCS MOLUIBHUM BpaxyBaHHsS (DakTopy, IO
pO3IISAAETHCSA, SIK BIUTMBOBOTO [1].

UncenbHUMHU NOCITIKEHHSIMI BUBYIIIA TaKOXK BIUTMB KUTBKOCTI BBEIEHOI JOOABKHM Ha TEIUIOBUU CTaH Y
KOHTAKTHIA 30HI IIIJJAKO-METAJICBOTO pO3IlIaBy. BuszHaumim, mo nuToMa Maca J00aBKM BIUIMBAE HA TPATIEHT
TEMIEPATyp PiAKOTO METAITy Y MOMEHT BBEAICHHSI OCTAHHBO1 Ta Ha MTPOTS31 IOYAaTKOBOTO Yacy (4,5 ¢), 110 BUBYABCS.
Bcranounm, mo Butparu aprony Ha ¢ypmy B Mexkax Big 200 mo 600 n/xB (kiBm emMKicTio 250 T) HEe3HAUYHO
3MIHIOIOTh TEMIIEPATYPy MeTamy, [0 0Touye A00aBKy. B Toii jxe 4ac y MeTaneBiii BAHHI TaKOT €EMKOCTI B MOMEHT
BBEJICHHS J0OOABKH 3 BUTpaTaMH aproHy, IO MPaKTUYHO BUKOPUCTOBYIOTHCS, B1IOYBA€ThCS 3HAUHE 3HM)KCHHS
TEMIEPATYpPH, SIKE MiATBEPIKYETHCSA PE3yIbTaTaMU YUCENBHHUX NOCTiKeHb [2]. Tloka3zaHO TakoX 3MEHIICHHS
TEeMITepaTypH i i€l Macu 100aBKH B BaHHI KoBia 60 T 3 aHAJIOTTYHUM BIUTUBOM IIOTO (DAKTOPY Ha i1 TErIoBUi
CTaH.

Haitommkum yacoM 3 BUKOPUCTAHHSAM PO3pOOICHUX MaTeMaTHYHUX MOJIEeH 1 MPOrpaMHOro MPOAYKTY I10
JOCIIPKCHHIO BIUTUBY KIJTBKOCTI KyCKOBUX T00aBOK, IO BBOAATHCS y MeTayneBy BaHHy koBmia Ha YKII, Oyxe
OI[IHEHO TETUIOBI YMOBH JI0 MOMEHTY IOYATKy TUIABJICHHS TBEPIUX JT00ABOK 1 CTYIIHb YCEPETHEHHS MPOBITHUX
€JIEMEHTIB 3 (pepocIiiaBiB B 00’ €Mi pO3ILIaBY.

JlirepaTypHi naxepesa
1. Camoxsanos C. €., [TinTiok B. I1., I'pexor C. B. BrumB xisibkocTi 100aBKH Ha T1APOAMHAMIKY METaJIEBOT
BaHHU Y KiBIli. @yHOaMeHmanvHi ma npukiaoui npooremu yoproi memanypeii. 2023. Bum. 37. C. 85-93.
https://doi.org/10.52150/2522-9117-2023-37-231-245
2. Camoxsanos C. €., IlinTiok B. I1., I'pexoB C. B. BB kinbkocTi 700aBKH Ha TEIJIOBUN CTaH BaHHU Y
KiBII. @yHOaMeHmanvHi ma npukiaori npoosemu yoproi memanypeii. 2024. Bum. 38. C. 105-113.



12
VK 669.184

CYYACHHUM CTAH TA NEPCHEKTUBYU KUCHEBO-KOHBEPTEPHOI'O
BUPOBHUIITBA CTAJII B YKPAIHI

II. O. FOmkeBUY K.T.H.
IncturyT wopHoi meraayprii im. 3. I. Hekpacoa HAH Ykpaiuu, m. {ninpo

YV 2024 pori B YkpaiHi BiAMOBIAHO 0 CBITYEHb MPO HAasBHI Ta 3aljlaHOBaH1 oOcsarn BUpoOHHITBA [1] 3a
CIPUATIMBUX YMOB, MOXKe OyTH 30inblieHe BUpOOHHLTBO cTaii Ha 17 % mopiBHsAHO 3 oOcsirom 2023 poky Ta
ckinactu npubauzHo Bixm 7300000 T mo 7500000 T HampwKiHI MOTOYHOTO KajeHAapHOro poky [1, 2], mo €
MO3UTHBHUM IPOSIBOM TaK SK METAIYprisl € APYyroro 3a 00CATOM eKCIOPTHOIO Taly3310 Haoi aep:kaBu. Pazom 3
MM B)KJIMBO BII3HAYMTH, 110 Ha ChOTOHI B 65 % 10 75 % [1, 2] cBiTOBOrO BUpOOHMIITBA CTaIl BiOYBAETHCS
caMme y KUCHEBHX KOHBEPTEpax 3a TEXHOJOT1SIMH BEpPXHbO1, KOMOIHOBAaHO1, 014HOT Ta TOHHOT IPOAYBKU. 32 JAaHUMU
mxepena [3] 3 2017 p. monst KUCHEBO-KOHBEPTEPHOI cTajii B YKpaiHi ckimanana moHaa 70 % Bij 3araibHOTO
BUPOOHHUIITBA, OJTHAK Y 3B’SI3KY 3 3HUILEHHSIM Ta YIIKOKCHHIM MEBHUX METANYPTriiiHUX MiAIPUEMCTB YKpaiHu Yy
X0l BiHHM BiAOyJOCS TEBHE TEPEpO3MOIICHHS y TEXHOJOTIYHUX IOTY)KHOCTSX BHUPOOHHWIITBA CTali MiX
KHCHEBO-KOHBEPTEPHUM, MAapTEHIBCHBKUM 1 E€JIEKTPOCTAICIUIaBUIBHUM crnocoOoM BHpoOHHMITBa crami. Ha
ChOTOJHI B YKpaiHi € TpH BEJIMKI METAIYpriifHi MIIPUEMCTBA Y CTPYKTYpl SKAX (YHKIIOHYIOTH KHCHEBO-
xkouBeprepHi nexu: IIpAT «ApcenopMitran Kpusuit Piry; TIpAT «/IHITpOBChKUI MeTaypriiHUi 3aBOI;
[IpAT «KAMET-CTAJIby». IToTpiOHO BiI3HAYUTH, 10 KUCHEBO KOHBEPTEPHUM CIIOCIO BUPOOHHUIITBA CTaJIi Ma€
pSA mepeBar MOPIBHAHO 3 EJIEKTPOCTAICIIABHIBHUM Ta MapTeHIBCHKUM, a caMe: HalBHIY NMpPOAYKTHUBHICTD;
BIJICYTHICTb O0€31ocepeIHb01 HEOOX1THOCTI Y 30BHIIIHIX OKPEMHX MAIMBHUX Ta EHEPTETUYHUX PECypCax; MIBUIIIE
OpOTiKaHHA (I3UKO-XIMIYHHUX MPOIECiB; HE3HAUHI KamiTaldbHI BUTPATH HA OYIIBHUIITBO Ta PEMOHT; BHIILY
€KOHOMIYHICTh; YMOBH JUIS MEPEepOOKM 3HAYHOI KIIBKOCTI METaneBOro OpyxTy 0e3 3acTOCYBaHHs 30BHILIHIX
EHEePTeTUYHUX pecypciB; 3abe3medye M00py KEpOBAaHICTh MEpeOiroM TEXHOJOTIYHOTO MPOIeCy; Mae I
€KOJIOT14YHI MMOKAa3HUKU HI>K MapTEeHIBCHKUH Mpoliec. BiAMOBIHO 10 HABEICHUX NEpeBar, JOUUTBHIM Y OAAIbIIIN
MEePCIEKTUB] BUPOOHUIITBA CTalll B YKpaiHi € BiAHOBJICHHsS IOMIHYIOYOi YaCTKH y BHPOOHHIITBI CTalli came
KHCHEBO-KOHBEPTEPHUM CIIOCOOOM 10 MOKA3HUKIB Y CIIBBIAHOIIEHH] CBITOBOTO PiBHS, 110 Oy/1e MOTpeOyBaTH sIK
BiIOY/IOBH paHillle ICHYIOUMX KHCHEBO-KOHBEPTEPHHUX II€XIB, PO3IIMPEHHS ICHYIOUHMX a00 CTBOPEHHS HOBUX
METaTypriiHUX MiANPHEMCTB B CTPYKTYPi SIKUX BOHU OYIyTh (DYHKILIOHYBaTH.

JlirepaTypHi naxepesa

1. I'puropenko FO. Ykpainceki mermianpuemctBa y 2024 poiti MOXYTh 30UIBIIUTH BUILIABKY CTalll 0

7,3 mnH. T. : Beb-caiit. URL: https://gmk.center/ua/news/ukrainski-metpidpriiemstva-u-2024-roci-mozhut-
zbilshiti-viplavku-stali-do-7-3-mln-t/ (nata 3Bepuenns 29.10.2024).

2. 'apOatenko B. KitowoBi TexHozorii BuruaBistHHS cTaimi @ BeO-caiit. URL: https://metinvest-
smc.com/ua/articles/sliaxi-rozvitku-zelenoyi-metalurgiyi-castina-2-texnologiyi-virobnictva-
stali/?srsltid=AfmBOoppuXIKQNS4WPIi_BkQS5CJiXK40R67d%20y0AX1FjG9ad2pmIL8Orw (mata
3BepHeHHs 30.10.2024).

3. OcHOBHUM crocodoM BUIIJIaBKU cTaii B VYkpaini 3aJIMIIAE€THCS
KHCHEBO-KOHBEPTEPHMIA: O1np1Ie 70 % BUPOOHUIITBA : BeO-CailT. URL:

https://ukrrudprom.ua/news/Osnovnim_sposobom_viplavki stali v_Ukraine ostaetsya kislorodnok.html (mara
3BepHeHHS 30.10.2024).
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PO3POBKA HAYKOBO OBIPYHTOBAHUX TEXHOJIOTTYHUX HOJTOKEHb BUKOPUCTAHHA
BOJHIO Y JOMEHHIHA ITEYI

0. JI. Yaiika K.T.H., C.H.C., I. I'. MypasiioBa 1.T.H., C.H.C., O. €. MepKyJI0OB 1.T.H., C.H.C.,
M. T. IBanua, O. C. HectepoB K.T.H., ¢.H.C., JI. . Fapmam k.T.H., b. B. KopHijioB k.T.H.

IncruryT yopHoi meraayprii im. 3. I. Hekpacoba HAH Ykpainu, m. JIHinpo

Inrerpanist Ykpainu y cBiTOBE CIIBTOBapUCTBO PO3BMHEHUX €KOHOMIK Mependayae peaizalito NPUHIIMIIIB
JekapOoHizalli BUPOOHUIITBA Y PI3HUX Taly3sX MPOMHUCIOBOCTI, Y TOMY 4YUCHi, B MeTanyprii. [lepcnekruBHUM
IIIIXOM JIOCATHEHHS BYTJIENIEBOI HEUTPaTbHOCTI NpH 30€peKeHHI TPaJAULIHHOIO JOMEHHOTO CIIOCO0Y
BUPOOHHUIITBA YaBYHY € PO3BUTOK Ta BHECEHHS HOBHX, IPOPUBHUX 3MiH Y TEXHOJOTiI0, 30KpeMa, IMOB’sI3aHHUX 3
BUKOPHUCTAHHSM BOJHIO, SIK BITHOBHHKA Ta JPKEpelia Terula MIITXOM 3HAYHOTO 301IbIIEHHS HOTO BMICTY y IyTTi.
OxpimM mpsiMoro e(ekTy 3MEHIICHHS BUKHUIIB BYTJICHIO UM JIOCATAETHCS TaKOX 3arajibHe 3MEHIICHHS
HEraTUBHOTO TEXHOT'C€HHOTO HABAHTAXKCHHS HA OTOUYYIOUE CEPEIOBHILE 32 PaXyHOK 3HMKEHHS IHTEHCHUBHOCTI
BUJI00YTKY BUKOITHOT CHPOBUHH JIJIs1 BAPOOHHUIITBA BiJTHOBHUKIB Ta TETIOHOCIIB.

BukopucraHHs BOJHEBMICHOTO TajuBa IMPH BHUPOOHMULITBI YaBYHY NPHU3BOAUTH JIO0 ICTOTHHX 3MiH Yy
TEXHOJIOT11 JIOMEHHOI TUIaBKH, 30KpeMa, TEIUIOBUX Ta BiJIHOBIIOBAaHUX IIPOIIECIB, sIKI MPOTIKAIOTH Yy TIedi.
[MornmuGnenHss poO3yMiHHS IUX MPOIECIB NPH BUKOPUCTaHHI B AYTTI BOJAHEBMICHUX [00aBOK, HAyKOBE
OOTpYyHTYBaHHSI PAIIOHATBHOI iX KUIBKOCTI 3 METOI0 3a0e3MEYCHHS MAKCUMAaJbHOTO CTYIICHS BUKOPHUCTAHHS
BOJIHIO BH3HAUWJIM AKTYyaJIbHICTh Ta CIPSAMOBAHICTH pO3POOOK, SIKI B TEHEPIIIHIA Yac MPOBaAATHCS y BIIALII
MeTayprii 4aByHY.

JlonaBaHHS BOJIHIO y OYTTS Ta MiJBUINEHHS HOro KOHLEHTpAIii y Ta3oBiii ¢a3i Beae A0 NPUCKOPEHHS
BiJTHOBJIIOBAIbHUX ITPOLECIB, 30KpeMa, 10 30UIbILICHHS CTYNEHIO HEMpsIMOTO BiTHOBICHHS 3aimi3a. Pesynbrartn
paHile BUKOHAHUX JOCIIKEHB MOKa3aH, 10 301JIBIIEHHS KUTBKOCT1 BOJHIO, 1[0 TIOJIA€THCA B JOMEHHY Ti4, J10
NEBHOI MEXi, CIpUsie 30UIbIIEHHIO CTYIICHIO HOro BUKOpHUCTaHHs. [lepeBuIeHHs I[bOr0 TPAHUYHOTO 3HAUYEHHS
NPU3BOJMTH 10 3BOPOTHOTO — 3HIDKEHHSI CTYIIEHS BHKOPHCTAaHHS BOAHIO. TOMYy BHM3HA4YCHHS palliOHAJIHHOI
KUTBKOCTI BOJHEBMICHHX J00ABOK y CKJIAJI AYTTS 32 TOTIOMOTOI0 PO3PaxyHKIB TEIIOBOTO Ta MaCOBOTO OaIaHCiB
€ OJIHIEO 3 OCHOBHUX 3a7a4 JTOCIIKEHbD.

JlexapOoHizalisi mporecy BUpOOHHUIITBAa YaBYHY Ieperdadae MiABHIIECHHS HOTro eHeproe(eKTUBHOCTI, 1110
MOXke OyTH 3a0€31eUYeHO BiIMOBITHOIO SKICTIO 3a1130BMICHUX MaTepiaiiB Ta KOKCY, PO3pOOKOIO Ta peari3alicro
aJIalTOBaHUX 0O HOBUX YMOB PEKUMIB 3aBAHTQXCHHS IIUXTH, BUOOPOM MapaMeTpiB IYTTEBOTO PEKUMY, IO
JIO3BOJISIFOTh JTOCSATTH BUCOKHX 3HAU€Hb CTYNEHIO BUKOPUCTAHHS BOJHIO 3 ypaxyBaHHSM OCOOIHMBOCTEW HOTO
MOBE/IHKH Y Pi3HUX 30HaX JOMEHHOI Teyi.

Ha ocob6nuBy yBary 3aciyroBylOTh JOCIIKEHHS BIUTMBY BOJAHIO HA MEXaHI3M BiTHOBJICHHS 3aJ1130BMICHO1
YaCTHMHHM IIIHMXTH, $KAa BUKOPHCTOBYETHCS Ha MIANPUEMCTBAX MeETaNypriiHoi ramy3i. Pesympratm 1mx
EKCIIEPUMEHTAIBHHUX JTOCIIKEHD JO3BOJISTH COPMYITIOBATH Ta YTOYHUTH BHMOTH JO SIKOCTI Ta BJIACTUBOCTEH
3aJ1I30BMICHUX MaTepiaiiB i KOKCY yMOBaX BUKOPUCTAHHS BOJHIO B TOMEHHIH I1aBIli, @ TAKOK YTOUHUTHA BUMOTH
JUIS IOMEHHOI TUIaBKM B HOBHX TEXHOJIOTIYHHUX YMOBax. Po3paxyHKOBO-aHATMITHYHI JOCIIJDKEHHS Ta aHali3
MOKA3HUKIB IUIABKM Y PI3HUX 30HAX JOMEHHOI MedYi, eKCIHEPUMEHTAIbHI TOCIIHPKCHHS BiJHOBIIOBAHOCTI
3aJ1I30BMICHOT CHPOBHHU Ta ypaxyBaHHS OCOOJIMBOCTEH XapakTepy pO3MOAUTYy BOJHIO IO paaiycy TropHa
CTBOPIOIOTH HayKOBY 0azy JUIst OOIpyHTYBaHHS Ta pO3POOKH TEXHOJIOTIYHUX BUMOT JI0 PAIliOHAIEHOTO PO3MOALTY
3aJ1I30BMICHUX MaTepialliB, a TaKOX BH3HAYCHHS PAIIOHAJILHUX CIIBBIIHONIEHb BIyBaHWUX BIJTHOBHHKIB, SKi
3a0e3MeuyoTh BUCOKHUI CTYMiHb BUKOPUCTAHHS BOJHIO.

Pe3ynbratoM mOCIHiKEHB, KI BUKOHYIOTHCS BLIILJIOM METaTyprii 4aByHY, 3’ SIBUTHCS pO3pOOKa HAyKOBO
OOTPYHTOBaHUX IMOJIOKEHb TEXHOJIOTIi TOMEHHOI MaBKu (HEOOXigHI BIACTUBOCTI 3ali30BMiICHUX KOMIIOHCHTIB
IIUXTH, PAIIOHATEHI PEKUMH 1X 3aBaHTAKEHHS, CITIBBITHOIICHHS CKJIAIOBUX KOMOIHOBAHOTO AYTTS MapameTpiB
TEIIOBOTO Ta [IJIJAKOBOT'O PEKUMIB) B yMOBaX BUKOPHCTAHHS BOJIHIO Ta BOJHEBMICHHUX J00aBOK Y KOMOIHOBaHOMY

Ty TTI.
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BUKOPUCTAHHSA KOMILTEKCHOI MATEMATHYHOI MOJEJII ®OPMYBAHHSA
BATATOKOMIIOHEHTHUX ITOPHIN IMUXTOBUX MATEPIAJIB, iX 3ABAHTAKEHHS B
BYHKEP BE3KOHYCHOI'O 3ABAHTAXYBAJIBHOTI'O ITPUCTPOIO, BUBAHTAKEHHA 3

BYHKEPA TA PO3IIOALTY HA IIOBEPXHI 3ACHUITY

B. I. Buminsikos, B. P. lllep6ayvos, O. O. bisiomanka, K. I1. Epmosina
IncTuryT wopHoi meraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. {ninpo

BukoHaHni B OCTaHHI POKM JOCTIIHKCHHS IOKa3aJld MOXKJIMBOCTI BHUKOPHUCTAHHS KOMILIEKCHOI MOl
PO3MOALTY KOMIIOHEHTIB IIMXTH MPU BUPILICHHI Pi3HUX TEXHOJOTIYHHUX 3aBAaHb. OJHUM 3 HAHOLIbII BaXKITUBUX
pe3yabTaTiB, IKMK MOKe OYTH OTPUMaHUM 32 JIOTTIOMOTOI0 MOJIEI1, € KIJTbKICHA OIliIHKa MacH KO)KHOTO KOMITOHEHTa
[INXTH, 0 HAAXOIUTH y PO3TISHYTY KUTBLIEBY 30HY IIiJl Yac MPU BUBAHTAKEHHS IIUXTOBUX MaTepiajiB y
KO)KHOMY 3a/IiTHOMY KyTOBOMY ITOJIO’KEHHI JIOTKa OE3KOHYCHOTO 3aBaHTa)XyBaJIBHOTO MpucTpoto. Lle mo3Bosse
aHaJi3yBaTH BIUIMB KIJBKICHHX XapaKTEPUCTHK 3aCTOCOBYBAHOI NMPOrpPaMH PO3IMOALTY IIMXTOBUX MaTepialiB Ha
MOKa3HUKH PO3MOILITY OKPEMHUX KOMITOHEHTIB, SIK 3aT130PY/IHO1, TaK 1 MaJWBHOI YaCTUHHU IIIUXTH, & TAKOXK PYIHOTO
HaBaHTAXXCHHS, Ta CTBOPIOE MOKJIMBICTH BUOOPY Ta KOPETyBaHHS MPOrPaMH Ha OCHOBI PE3yJIbTaTiB MPOTHOZHUX
PO3paxyHKiB JI0 BBEJICHHS 11 y CHCTeMY yIPABIIHHS 3aBaHTAXCHHSM, 110 3HAYHO 3MEHIITY€E TPUBATICTh PO3POOKH
palioHAIBHUX PEXHMIB 3aBaHTAKEHHS IIMXTH Ta 3HWXKY€E PIBEHb PU3UKY NMPUNHHATTS HEe(EKTHBHUX DIllICHb.
OKpiM TOTO, pe3yJIbTATOM MaTEMAaTHYHOTO MOJICTIOBAHHS € KOMITOHEHTHUH CKJIaJl CyMIIlIel MUXTOBUX MaTepialliB
y Pi3HHUX 30HaX JTOMEHHOI Medi, 1110 1a€ MOKJIMBICTh BUKOHAHHS IIPOTHO3HUX PO3PaxXyHKiB BUCOKOTEMIIEPATYPHUX
BJIACTUBOCTEH PO3IUIABIB Ta OIIHKK PAIliOHAIBHOCTI iX PO3MOAUIY O TMepepidy TOMEHHOI Medi 3 ypaxyBaHHIM
TEXHOJIOTIYHUX OOMEXECHb Ta PU3WKIB BUHUKHEHHS HETaTUBHUX SIBUII Y XOl TUIABKH, TAKUX 5K, YIIKOHKCHHS
(dyTepiBKH 1edi, yTBOPEHHS TYTOIUIAaBKUX KOHTJIOMEPATiB, 3aXapalleHHs TOPHY Ta iH..

PesynbraTit MOJEMIOBaHHS 3a TOTIOMOTOI0 KOMITIEKCHOT MOZETI TO3BOJISIIOTh TAaKOXK 3IIMCHIOBATH OI[IHKY
MOYJIMBOCTI peaii3alii TeXHOJOTIYHUX BUMOT JI0 PO3MOAUTY IIMXTOBUX MAaTepiajiB Ta ra30BOr0 MOTOKY IpHU
po0OOTI TOMEHHUX TeUeH y Pi3HUX TEXHOJIOTIYHUX YMOBAX.

Hapasi, MaTemMaTuuHe MOJEIIOBAHHS PO3MOJALTY KOMIIOHEHTIB IIUXTH Yy POOOYOMY IMPOCTOPi TOMEHHOI
BUKOPHUCTOBYETHCS Y POOOTAX MO PO3pOOIIl HOBUX METO/IIB OTIEPATUBHOTO BU3HAYEHHS TIOJIOKCHHS Ta TTapaMeTpPiB
TUTACTUYHOI 30HU B JIOMEHHIN Tedi, sKa B 3HAYHIM Mipi BU3HAUa€ TEXHIKO — €KOHOMIYHI MMOKAa3HHUKU TIJIaBKH, a
TaKOX y aKTyaJIbHUX JOCIIDKEHHSX BUKOPHUCTAHHS BOJHIO Ta BOJHEBMICHHX 3aMIHHUKIB KOKCY y JOMEHHIH
TEXHOJIOT11.

BukoHaHHS pO3paxyHKOBO - aHATITHYHHUX JOCIIHKEHb 3 BU3HAUCHHSI MOKA3HUKIB TUTABKU y PI3HUX 30HAX
JIOMEHHOI T1e4i, a TaKOX 1X aHalli3 JO3BOJIUTh YTOUHUTH BHMOTH JIO PO3MOALTY KOMIIOHEHTIB IIUXTH, BUTPATH i
napamMeTpiB KOMOIHOBaHOTO AYTTS I 3a0€3MEUeHHS MaKCHUMAJIBHOTO CTYNEHS BUKOPHCTaHHS BOJHIO Ta
BU3HAUUTH pAaIliOHAbHI CHIBBITHONIEHHS BAYBaHUX BIJIHOBHUKIB: KOKCOBOTO Ta MPUPOAHOTO Tazy,
MWJIOBYTUILHOTO TTAJINBA.



15
VK 669.184

ONIHKA INOBEPAIHKHA JOMIIIOK ITPU TPOAYBILI METﬁUIEBOi BAHHH CYMIHIITTO
KHUCEHDb - HEMUTPAJIBHUU I'A3 YEPE3 JTOHHUU ITPOAYBHHUMU BJIOK

JI. C. MoayanoB k.T.H, T. C. I'oay0 k.1.H, H. A. Apennayu
IncturyT wopHoi meraayprii im. 3. I. Hekpacoa HAH Ykpaiuu, m. {ninpo

BpaxoByroun CBITOBy HEOOXIiIHICTP B KOHCTPYKIIIMHMX Marepiajgax, cepell SKUX He3aMIHHUMH
3aJIMINAIOTHCS CTAJIb Ta YaBYH CIiJ OCOOIMBO MIAKPECIUTH MiClle Ta 3HAYMMICTh HH3BKO BYTJICIIEBUX CTaJIeH 3
BMmicroM Byriento Humwkde 0,01 % mac. OCHOBHMM MOKa3HMKOM iX CIy>KOOBHX BJIaCTUBOCTEHl € BHCOKa
IUTACTUYHICTh y XOJOJHOMY CTaHi. BUpOOHHITBO TakuX cTajeld MOB’S3aHO 3 HEOOXIHICTIO BUKOPUCTAHHS
CHeIaIbHUX TEXHIYHMX PINICHb IJIs BUJIAJCHHS BYTJICHIO 3 PO3IUIABY HIDKYE KPUTHUHOI KOHIeHTpamii. Llei
IpOIIEC CYNPOBOKYETHCS 3HAYHUM 3HIDKEHHSIM BUXOAY HPUIATHOTO PiAKoi cTanmi. Y 3a3HAYeHHUX YMOBAxX
aKTyaJbHHUM 3aBJIaHHSM JIJISl Cy4acHOT METaypriiHOT HAYKH € pO3po0Ka aTbTePHATUBHIUX €(DEKTUBHUX TEXHIYHIX
pilieHs, o0 BUPOOHHIITBA cTanei 3 BMicToM Byruemio Hux4de 0,01 % B ymoBax marepiajbHO-TEXHIUHOI Oa3u
BITUM3HSHUX METATYpPrifHUX MIANPHEMCTB 3 MIHIMAJIBLHOIO MOJICPHI3AIEI0 yCTaTKyBaHHs. [lepcrieKTHBHUM
HaNpsSIMOM BUILICHHS 3a3HA4YCHOI 3a/1aui € 3/A1HCHEHHsS 3HEBYIJICLIOBAHHS 3aJ1i30BYTJICLIEBOTO PO3ILIABY 3a
paxyHOK IPOTyBKH BaHHH CYMIIIIIITIO KHCEHb-HEUTPAIBHUH a3, SKa 3/1iHCHIOETHCS 32 MEKaMH CTaJICTUIAaBUIIBHOTO
arperary.

3 MeTOI0 BCTAHOBJIEHHS TEXHOJOTIYHOT €(EeKTHBHOCTI 3a3HA4YEHOro Tpoiecy Oyino TpPOBEICHO
BUCOKOTEMIIEpATypHE JOCHIKEHHs, L0 Tepeadadano MpOAYBKY BYIJICIIEBOI CTajl CyMIIIIIIO «KHCEHb —
HiTporen» cmiBBigHomeHHsM 30 mo 70 % BiamosimHo, 3 Butparotro 0,075 n/rox. IlmaBka Ta mpomyBka
3nificHIoBasiacs y 1 Kr iHIyKIiiHINA nedi. [y mpoBeaeHHs AOCHIHKEHb BUKOPUCTOBYBAJIACS CTajeBa IIUXTA 3
MOYaTKOBUM XiMIYHUM ckIaaoM, % mac.: C 0,3; Si 0,03; Mn 0,34; P 0,012; S 0,014. TIpoxyBKy IpOBOAKIN KPi3b
KepaMiuHy TpyOKy, ska Oyia 3aHypeHa J0 JOHHOI YAaCTHMHHM THUIJIS, IO IMITYBaJO OJWH KaHajl OHHOTO
IpOaYyBHOTO OJOKY 32 YMOB OOpOOKH CTalli B CTallb-KOBIIi. Yac mMpoayBKH CKiIafaB 3 XBUJIMH 3 Bi1OOpOM mpod
koxHI 40 cek. Pe3ynpTaTl a0COMIOTHOT 3MiHHM XIMIYHOTO CKJIaly CTaJli 3a Yac MPOTyBKH:

e BMICT ByTrJIelio 3meHmuBes Ha 0,153 % wmac.;

¢ BMicCT KpemHito 30inbmuBes Ha 0,077 % mac.;

e BMicT Maprasifo 30inbpmuBes Ha 0,044 % mac.;

e BmicT (hocopy 3menmuBcs Ha 0,002 % mac.;

® BMICT CipKH HE 3MiHHUBCSL.

BiamoBigHO 10 peACTaBIeHUX JTaHUX MOKHA BCTAHOBUTH, IO TIPH MIPOIYBIl METAJIEBOI BAHHU CYMIIIIIIIIO
TEXHOJOTIYHUX Ta3iB, IO MICTITh KUCEHb Yy KimbkocTi 30 % Big 3araibHOTO 00’€My TPOAYBHOTO Tasy,
CIIOCTEPIraeThCs MPIOPUTETHE OKUCIICHHS BYIJICHio Ta (ochopy 0e3 OKUCICHHS HITUX BAKIUBUX IS SIKOCTI
CTaJli JOMIIIIOK — KPEMHIIO Ta MapraHIIio.

[IpoBeneni AoCiHKEHHS JO3BOJISIIOTH 3pOOMTH BUCHOBOK PO MOJKJIMBICTH 3allPOBA/KEHHS pO3p00OJIEeHOT
TEXHOJIOT1i IPOIYBKH CTaJl CyMIIIIIIO TEXHOJIOTIYHHUX Ta3iB B IPOMHUCIIOBHX YMOBax. [Ipy 1boMy BUKOPUCTaHHS
JIBOCTAITHOT TEXHOJIOTIi 3HEBYTJICIFOBAHHSI 3aJ1i30-ByTJICIIEBOTO PO3ILIaBYy (1-ii eTarr - OKHCICHHS y TUTaBUIBHOMY
arperari g0 Bwmicty 0,2-0,3 % Mac.; 2-i eran — OKHCIIEHHS 10 HEOOXITHOI KOHIIEHTpAIlli Y CTalepO3TUBHOMY
KOBIIIl 32 PaXyHOK MPOYBKH CYMIIIIIIIO Ta3iB, O MICTITh KUCEHb, KPi3b JOHHUHN MPOAYBHHUU OJO0K) J03BOIUTH
301IBIIUTH BUX1J TpuAaTHOrO Ha 7-10 % y MOpiBHSAHHI 3 KJIACHYHUMH MPOLIECAMH OTPUMAaHHS HU3bKO BYTJICLIEBUX
CTaJIeH.
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AOCJIIKEHH BIIVINBY BHUCOKOBOJIBTHOI AKTI/IBBUAHIi KNCHEBOI'O IOTOKY HA
NUMOBIPHICTD HEPEBIT'Y XIMIYHUX PEAKIIIHN 3A YYACTIO KUCHIO

T. C. T'oay0 k.1.H, JI. C. M0JITYaHOB K.T.H
IncturyT wopHoi meraayprii im. 3. I. Hekpacoa HAH Ykpaiuu, m. {ninpo

Ha cporonHimHii AeHh KHCHEBO-KOHBEPTEPHHUM CIIOCIO OTPUMAHHS PIIKOTO METAJIEBOTO HAIMIBIPOIYKTY
3aJMIIAETHCS €IMHIM €KOHOMIYHO BHUT1HUM CIIOCOOOM BHPOOHUIITBA HE3aMIHHOTO KOHCTPYKIIIHHOTO MaTepiary
— cTaje pizHOro coprameHty. [IpoTe cam cmoci® s miATpUMaHHS KOHKYPEHTOCTIPOMOXXHOCTI Ha PUHKY
notpedye MOCTIHHOTO MiJBUINEHHS €(PEKTHBHOCTI BUPOOHHUIITBA Ta CKOPOYEHHS BUTpAT. TpaauuiiiHi muisxu
BIUTMBY Ha CTaJICIUIABWJILHY BaHHY JJIS MOKpAIIEHHS OOMIHHUX MPOIIECIB MAaIOTh PsJi OOMEXEHb Ta y CBOIH
OUTBIIOCT] BKe BUUEpHaian cBoi MoxuBOCTI [1]. ToMy y mpakTuili cBiTOBOi 4OpHOI MeTanyprii Bce ydacTimie
3BEPTAOTHCA 10 HETPATUIIHHUX CHOCOOIB IMIBHMINCHHS 1HTEHCHBHOCTI TPOIECIB BUPOOHHUIITBA CTaji, SKi
PO3IINPIOIOTh MOKIIUBOCTI ICHYIOUHUX MPOLIECIB 1 HE BUMAraloTh 3HAYHHUX KaIliTAJIOBKJIACHb 1 KapIMHATBHUX 3MiH
B IIUKJII BAPOOHUIITBA.

Cepen HE3BHYHHX, MTPOTE MEPCHEKTUBHUX CIIOCOOIB iHTEHCH(DiKalii KOHBEPTEPHOIO BUPOOHUIITBA MOXKHA
BUJIUTUTH CIMOCIO €eKTPUYHOT aKTHUBI3aIlli CKIaJ0BHX IMPOIIECY, HAPUKIIA, eeKTPUYHA aKTHBI3aIlisl Ta30BOTO
MPOAYBHOTO TIOTOKY [2]. Lle 00yMOBIIOE aKTyanbHICTh MPOBENCHHS JAOCTIKEHb 3 BUBUCHHSI CIIOCOOIB (hi3HKO-
XIMIYHOTO BIUIMBY Ha 3aJ1i30BYTJICLEBHH PO3IUIAB €JIEKTPHYHO AKTHBI30BAHUMH I'a30BUMH CTPYMEHSAMHU. 3aBISIKH
aKTHUBI3allil KHCHEBOT'O MOTOKY MiJ Yac MPOAYBKH JI0 HOTO MOTPAIUISHHS y PiAKY METajeBy BaHHY y CTpyMeEHi
YTBOPIOIOTHCS HOHM KHUCHIO. BilomMo, 110 y MOPIBHSHHI 3 aKTUBHICTIO MOJIEKYJI, aKTUBHICTh WOHIB Oiibina [3].
BinnoBinHO 1€ Mae CHPUATH MiJBUIIEHHIO CTYIEHS 3aCBOEHHS MPOAYBHOTO Ta3y pO3IUIABOM 1 SIK HACIHiJIOK
BUKJIMKATH iHTeHCU(DiKallil0 0OMIHHHMX MPOLECIB Y KOHBEPTEPHii BaHHI 3 BiIMOBIIHUM CKOPOUYEHHSM TPHUBAJIOCTI
MPOJTYBKH Ta IMTiABUIIICHHSIM MPOYKTUBHOCTI KUICHEBUX KOHBEPTEPIB.

VY po6oTi npoBeZIeHO aHATITUYHE JOCTIKEHHS BIUTMBY BUCOKOBOJIBTHOI aKTHBI3allil KHCHEBOTO MIOTOKY Ha
nepebir peakilii okucieHHs Byrieno A0 CO nusIXoM OIIHIOBaHHS TEPMOJIMHAMIYHOTO IMOKa3HWKa Tepediry
peakiiii y HampsiIMKy YTBOPEHHSI IPOAYKTIB peakiii — BiIbHOI eHeprii [100ca [4]. Byrnenp, sk KOMIOOHEHT JUIs
OIliHIOBaHHs, 0OpaHMii, 60 MpoIeC HOTO OKHMCICHHS BHU3HAYA€ MIBHAKICHI MOXJIWBOCTI TPOIECY KHCHEBOTO
KOHBEPTYBaHHS 32 YMOB IIPOJIYBKH 3BepXy. PO3paxyHOK mpoBeieH i 3 ypaXyBaHHSAM ITiJIBUILEHOI KUIBKOCT1 HOHIB
KUCHIO, SIKi (pOpMYIOThCS Ha HUISAXY A0 METAJIeBOI BaHHM y KHCHEBOMY CTPYMEHI 3a PaxyHOK €IEKTPUYHOTO
pO3psy sl YMOB OKHCIIOBAJIBHO-BIAHOBHUX pEaKIliii, A SKUX OYyJIO0 pO3paxOBaHO ENEKTPOAHI MOTEHIIAIH
CKJIaIoBUX. BCTaHOBIICHO, 110 BUCOKOBOJIBTHA aKTUBI3aIlisl HOTOKY KHCHIO Ha BUXO/I 3 COTIIa CTBOPIOE TOCTATHIO
KUTBKICTh aKTUBHUX YaCTOK — HOHIB, sIKi 30epiratoTbesl y Takiid KUTbKOCTI Ha BifcTaHi 40-ka KaniOpiB, 1110 MOXKHA
BIJIMITHTH 1CTOTHE T1JIBUIIIEHHIO €JIEKTPOIHOTO IMOTEHITIaTy KUCHIO. Lle, y CBOIO 4epry, miBUIILY€E EIEKTPOPYXOMY
CHITy OKHCITIOBAJIbHO-BIIHOBHHX PEaKIiii 3a y4acTio ra301o/1i0HOT0 KHCHIO, & CaMe CUCTEMH «BYTJIELb — KUCEHBY
H, BIAMOBIJHO, BCTAHOBJICHO ITIIBUIIICHHS HETaTUBHOCTI BUIbHOI eHeprii ['100ca y MOpIBHAHHI 3 KJIACUYHHM
BapiaHTOM MPOIYBKH y 3 pa3u. OTpuMaHi pe3ynbTaTH CBiAYaTh PO BiIMOBIIHY MOXIIUBICTH CKOPOUEHHS Yacy
MPOJIYBKM METAJIEBOTO0 PO3IUIABY IS JOCATHEHHS HEOOXITHOTO BMICTY BYTJICIIO paHIIIe 3aBASKHA O1IbIIT
AKTUBHOMY IPOTIKaHHIO peaKIlii 31 301JIbIIEHOI0 KIJIBKICTIO HOHIB KHUCHIO.
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HIABUIIEHA YACTKA METAJIOBPYXTY B IIUXTI KUCHEBUX KOHBEPTOPIB, IK OCHOBA
HIABUINMEHHSA TEXHOJOI'TYHUX TA EKOJIOTTYHHUX ITOKA3ZHUKIB BUPOBHHUIITBA

A.T. YepHsTteBHY A.T.H., 1poP., JI. C. MoruanoB k.T.H, T. C. I'0os1y0 K.T.H.
IncturyT wopHoi meraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. {ninpo

CroroicHHs KHJlIa€ HOBI BHKJIMKH JIIOJICHKIA IMBLTI3aMil y cdepi cTamoro po3BUTKY Ta palioHAILHOTO
npupogoKopucTyBanHs. [Ipu 11boMy 3HaYHMIT HETaTUBHUI BIUIMB Ha JOBKUUISA B IIJIOMY 1 Ha aTMocdepy 30KpeMa
Mae came MeTanypriiina ranyss. [Ipu 1boMy OCHOBHA YacTka 3a0pyaHeHHs npunaaae came Ha Bukuan CO ta COy,
10 CYMPOBOKYIOTh TEXHOJIOTIUHI MPOILIECH BiIHOBJICHHS 3ai3a 3 OKCHIIB Ta 0€3MOCEPeTHHOTO OKHCIICHHS
HAJUTHIIIKOBOI KIJTLKOCTI BYTJICHIO Y METAJIOIIMUXTI TPH BUPOOHHUIITBI CTAII.

BpaxoBytoun TEXHOJOTI4HI Ta OpraHizamiiiHi 0coOIMBOCTI HAHOUIBIN CKIIAAHO OpraHi3yBaTH e(eKTUBHE
VJIOBJICHHSI Ta YTWJII3AIlil0 OKCHJIB BYTJICIIO MPU 3AIMCHEHHI MPOIECIB BUIUIABKK CTajl 3 BUKOPHCTAHHSIM
KHCHEBUX KOHBepTOpiB. [Ipy 1IbOMy B Cy4acHHX yMOBax 3a3HaueHHi croci0 BUPOOHHIITBA CTalli € TOJOBHUM
CTOCOBHO COPTAMEHTY METAJONPOAYKIIii COPTAMEHTY 3BHYaiHOI SKOCTI. Y CBITOBIM MpaKTHUIl ICHYE MIAXia y
3HIKEHHI HETaTUBHOTO BIUIMBY KOHBEPTEPHOTO BUPOOHUIITBA CTali, 110 0a3yeThCsl HA YJIOBJIEHHI, OYMIICHH] Ta
YCEpEeIHEeHH] JUMOBHUX Ta3iB, CKJIaJyBaHHI iX y CHCTEMI Ta3rojibJepiB Ta MOAAJbINE BUKOPUCTAHHS Yy SIKOCTI
€HEeproHOCiiB AJ1s IHIIHMX MOTped BUpoOHUITBA. [Ipu IbOMY CIIOpYIXKEHHS CUCTEMH 3 Ta30yJIOBICHHS MiATOTOBKU
Ta CHCTEMHU Ta3roJibJIepiB I 30epiraHHs Ta YCEepeAHEHHS Tra30moaiOHUX TPOIYKTIB BIAPI3HAETHCS BHCOKOIO
BapTicTi0. Takox iCHye ¥ IHIIMN MiAXiT y 3MEHIIEHHI BUKHUIIB OKCHIIB BYTJCIIO y arMocdepy 3a paxyHOK
BUKOPHCTAHHS TETUIOTH JOMAJIICHHSI MOHOOKCHTY BYTJICITIO /IO TIOKCUAY Y TTOPOKHIHI KHCHEBOTO KOHBEPTEPA JIJIst
301IbIICHHS] YaCTKH METaNoOpyXTy y BUXiOHIM mmxTu. [Ipy 1poMy BIANOBIAHO 3MEHIIYETHCS KUIBKICTDH
HAQTMIITKOBUX JIOMIIIIOK y METaJeBiil BaHHI, 30KpeMa 1 BYTJICIIO 3 BIAMOBITHUM 3MEHIICHHSIM KITbKOCTI BUKH/IIB
OKCH/IIB BYTJICIIO y atMochepy.

MeTo10 3a3HaYeHOTO JTOCIIKEHHS € 1H)KEHEPHO-PO3paxyHKOBa OLlIHKA 30UIBIIICHHS YaCTKU METaIO0PyXTY
y IHUXTI KUICHEBUX KOHBEPTOPIB 3 BEPXHBOIO MPOYBKOIO HA KiIBKICTh OKCHJIIB BYTJIEITIO, IO YTBOPIOIOTHCS Ta
BIJIOBITHO BIABOJATHCS Y aTMocdepy. BpaxoByrouu, mio ckiaa Ta KiUTbKICTh JUMOBHX Ta3iB IiJ] Yac MPOTyBKU
3HAYHO 3MIHIOETHCS, TO JIJIS OLIHKYU OyB B3ATHUN CEpeIHIN MOKAa3HUK, PO3PAXOBAHUMN 3 YpaxXyBaHHIM OCOOIMBOCTEH
MaTepiaibHUX Ta TEIUIOBUX OajaHCIB BUIUIABKU CTall HAOJIMKEHUX JI0 PEabHUX YMOB BUIUIABKH cTaii y 250-T
KOHBEpTEpax 3 BEPXHBOI MPOAYBKOIO. [l IpoBeIeHHs MOPIBHSIBHOTO aHANi3y OyJI0 BUKOPHCTAHO KIACHYHY
KOHCTPYKIIiIO KHCHEBOI (PypMHU, TBOKOHTYPHY Ta ABOsipycHY. OLIHKY pe3ybTaTiB MPOBOJMIN 33 IHTETPOBAHUM
MOKAa3HUKOM KUIBKOCTI JIOKCHAY BYIJICIIO, IO MOTparisie y arMochepy (Mpu 1bOMY KITBKICTH MOHOOKCHITY
BYIJICLIO TIE€PEepaxoByBalach Ha JTIOKCHI Ta JJIs TOJANBIIO] OIIHKA BUKOPHUCTOBYBABCS caaMe IOKa3HUK
CyMapHOTO BUKHY TIOKCHIY BYTJICIIO).

TakuMm 4MHOM, 3a pe3yJbTaTaMH IPOBEACHUX JJOCIIPKEHb BCTAHOBJICHO, IO IHTErpPOBAaHA KUIBKICTh
JIOKCHU]TY BYTJICITIO JIJIs1 BAKOPUCTAHHS KJIACHYHOT KOHCTPYKIIiT (hypMH, TBOKOHTYPHOI Ta TBOSIPYCHOI BiJIMOBITHO
CTAaHOBUTH, M°/T cTati: 2,79; 2,71 Ta 2,62. OTpuMaHi pe3y/IbTaTH KOPEIIOIOTh 3 BiINOBITHUM 30iIbIIEHHAM YaCTKH
MeTajo OpPYXTy y IIMXTi Ta 301IBIIEHHSM IMOKa3HUKIB BUXOAY MPUAATHOTO PIKOI CTai.

Buxonsuu 3 HaBeIGHOTO BHIIE, IUIIXOM 1H)XEHEPHO-TEXHIYHUX PO3PAXyHKIB MiITBEPPKEHO e(hEeKTUBHICTD
BIUTMBY Ha KUJIBKICTh BHKHJIY OKCHIIIB BYTJEIIO y arMochepy BiJl KOHBEPTEPHOTO BUPOOHHMIITBA 32 PaxXyHOK
301IbIIEHHS] YaCTKH METaNoOpyXxTy y mmxTi. [Ipu npomy 30UTbIIEHHS KUTBKOCTI METaNoOpYyXTy y IIHMXTiI HE
MPUBOAUTH JI0 TOJIIMIIEHHS TEXHOJIOTIYHUX TMOKA3HHUKIB OCKIJIBKH 3a3HAYCHHU €(EKT AOCATAETHCA 3a PaXyHOK
ONTUMI3allil TEIUIOBOTO PEXUMY KOHBEPTEPHOI IJIaBKHU 32 paXyHOK 301b1ieHHs yacTku CO, 110 TOMaToeThes 10
MOPOXXKHHMHI KOHBEPTEpa 3a paXyHOK BUKOPUCTAHHS MPOAYBHUX (ypM MPOTPECHUBHOT KOHCTPYKIIi.
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BUCOKOTEMIIEPATYPHE JOCJ/IIKEHHSA ITPOLHECY ITPOAYBKHN METAJIEBOI'O
PO3IIJIABY KHCHEBUM CTPYMEHEM, AKTUBI3OBAHUM EJIJEKTPUYHUM PO3PAIOM

C. I. CeMmuKiH K.T.H., ¢.H.C., T. C. I'0oa1y0 k.T.H, C. O. lynuyeHko K.T.H., B. B. Baky/J1b4yK K.T.H.
IncturyT wopHoi meraayprii im. 3. I. Hekpacoa HAH Ykpaiuu, m. {ninpo

IcTopis KOHBEPTEpPHOTO BUPOOHHUIITBA TIOYHNHAJIACS 3 TIPOAYBKHU MOBITPSM, MOTIM MpoIec OyB NepeBeACHUIN
Ha KUCEHb sIK OUTBII akTUBHMIA Ta3 [1]. 3apa3 HacTaB yac, KOJIM BUHUKIIA HEOOX1IHICTh 3aCTOCYBaHHS aKTHBHIIIINX
MIPOJTYBHHUX Ta3iB, SIKUM € 030H [2]. OHaK CKIIaHICTh Ta EHEPTOEMHICTH MPOIIECY HOTO OTPUMAHHS, a TAKOXK HOTO
BUCOKAa HECTaOUIBHICTh € 3HAYHOK NEpeIIKOAOI0 sl HOro IIMPOKOTO BIIPOBAKEHHS y IMPOMHUCIOBHX
Maciradax. Y 3B'SI3Ky 3 UM aKTyaJbHUM € IIPOBEIEHHS 1OCIIIKEHb 1010 MOUIYKY pallioHAIbHUX MOKIMBOCTEN
iHTeHcupiKaLii mpolecy KICHEBOTO KOHBEPTYBAaHHS IIJIIXOM 3aCTOCYBaHHS 030HY.

MeTtoto po6oTH 0yJI0 JOCIITKEHHS Ha BUCOKOTEMIIEpATyPHIl MOJIeTl KHCHEBOTO KOHBEpTEpa 0COOTMBOCTEH
BEPXHBOI MPOTYBKH KHUCHEBHM CTPYMEHEM, SIKUH MOMEpPeIHbO AaKTHBI3yBaJH EJIEKTPHUYHUM DPO3PSIOM IS
CTBOPEHHS O30HY.

[lonepenupo mpoBeACHE AOCHIHKEHHS JO03BOJIMIO BCTAHOBUTH, IO HAWKpAIIUM IS YMOB TNPOTYBKH
MeTaJIeBOi BaHHU O30HOM € OTPUMAaHHS O30HY 3a paxXyHOK aKTHUBI3allii KUCHEBOTO CTPYMEHS Ha BUXOJl 3
pOayBHOI ()ypMH BUCOKOBOJIBTHUM €JIEKTPUYHUM po3psiioM [3]. Lle 3yMoBIIeHO SIK MPOCTOTOIO peaizalii Iiboro
croco0y, Tak 1 HaAIMHICTIO B poOoTi. OOpaHuii TUTT BUCOKOBOJBTHOTO PO3PSIAY — KHCTHOBHH, SIKUM 3yMOBITIOE
YTBOPEHHS 10HIB B Ta30BOMY CTPYMEHI.

HocnimkenHs Oyid TPOBEICHI Ha BHCOKOTEMIIEPATypHIN MOl KHCHEBOTO KOHBEPTEpa 3 BEPXHBOIO
npoayBKor. B 60 Kr Moiens 3a/MBaliu MONEepeHLO PO3IIAaBICHUN YaByH ckiany, % mac.: C 3,85-3,95; Si 0,7-
0,9; Mn 0,15-0,17; S 0,018-0,021; P 0,086-0,090 3 temmneparyporo 1360-1400 °C, BBOAWIN IUTAKOYTBOPIOIOUI
KOMITOHEHTH 1 MPOAYBaJIN 3aJ1130-BYTJICIICBUH PO3ILJIaB KPi3h BEPXHIO (PypMy TEXHIYHO YHCTHUM KUCHEM MPOTATOM
12 xBunuH. JlocniKkeHHs pOoBeeH] K MPU 3aCTOCYBaHHI aKTHBI30BAHOTO €JIIEKTPHUYHUM PO3PSIIOM KUCHEBOTO
MOTOKY, TaK 1 JAJIs IOPIBHSHHS 32 YMOB KJIACHYHOTO BapiaHTy MPOAYBKU. BUCOKOBOJIBTHY aKTHBI3aIli10 TPOBOIAIIN
6e3nocepeIHbO Ha BUXO/I1 3 IPOLYBHOI (PypMH 32 yMOB I10/1a4i Ha po3TaiioBasi B pypmi enexrpoau 25-30 kB, mo
BiJIMOBI/aJI0 yTBOPEHHIO 030HY Ha BificTaHi 40 kani6pis Bif comna Gpypmu 6am3bK0 25-27 Mr/m’.

3a pe3ynpTaTaMu JIOCTIKEHb Y TMOPIBHAHHI 3 KJIACUYHHM BapiaHTOM KOHBEPTYBaHHS BCTAHOBIICHO, IO
3aCTOCYBaHHS JIJIsl TPOYBKH 3aJ1130-BYTJI€1IE€BOi BAHHH aKTUBOBAHOTO €JIEKTPUYHUM PO3PSIIOM KUCHEBOT'O TOTOKY
CHIpHUSIE:

- CKOpPOYEHHIO Yacy 3amajioBaHHs BaHHU y 2-3 pa3u Ta MiABUINCHHIO TeMiiepaTypu Banau Ha 100-500 °C;

- MIiJIBUIIEHHIO MBUIKOCTI OKUCIIeHHS Byrento Ha 30-40 % BigH. Ta CKOPOYCHHIO MIUTOMOI BUTPATH KHCHIO
Ha 9-10 % BigH.;

- 3HIDKEHHIO PiBHS BHIUICHHS MUY 3 BaHHH Ha 56,9-69,5 % BigH.

JlirepaTypHi naxepesa
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JOCIIIKEHHSA IMTPOIECIB BITHOBJIEHHA B JIOMEHHIM ITEYI
TP BUKOPUCTAHHI BOOJHEBMICHHUX I'A3IB

O. C. HecrtepoB K.T.H., C.H.c., JI. . 'apmam k.T1.H., I. I'. MypaBiioBa 1.T.H., C.H.C,
0. JI. Yaiika K.T.H., c.H.c, K. I1. Jlonatenko, M. I'. Bosiienko

IncruryT yopHoi meraayprii im. 3. I. Hekpacoba HAH Ykpainu, M. JIHinpo

OpHuM 3 0aratooOiLgIOYNX IUISXiB 3HAYHOTO CKOPOUEHHS HIKIIJUBUX BUKUIIB B YOPHIA MeTanyprii €
3MEHIIICHHS BUKOPUCTAHHS BYTJICIIO 32 PaxXyHOK MaKCHMaJbHOI HOrO 3aMiHU allbTepHATHBHUMH JDKEpEIaMu
Tema 1 BiJHOBHMKaMH. BenMkuil moTeHmiand B I[bOMY IUIaHI Ma€ BOJCHb 3aBASKH CBOIM (Di3HMKO-XIMIYHHM
BJIACTUBOCTSIM 1 TOMY, IIIO B pe3yJIbTAaTI HOTO Peakiliii 3 OKUCIaMH 3aj1i3a He yTBOPIotoThCs BUKkuan CO».

30UIbIICHHST BUKOPHCTAaHHS BOJHEBMICHUX Tra3iB CYTTEBO BIUIMBA€ Ha TMapamMeTpu Ta eQEKTHUBHICTb
JIOMEHHOT TIJIaBKH, 3MIHIOE IepeOdir MPoIIeciB B JOMEHHIH 1edi, pO3MO/IiJI TEMIIEPATyp Ta Ta30MPOHUKHICTD IIUXTH.
3 ogHOrO OOKY, MiBUIIEHHS KOHIICHTpPAllii BOJHIO IPUCKOPIOE MPOLIECH BiTHOBICHHS, 3 IHIIIOTO — IPU3BOIUTH 10
3HIDKCHHS TEMIIepaTypy B IIAXTi Ie€4i, TOMY ONTHUMI3allis BIACTHBOCTEH 3ai30pyIHOI CUPOBWUHHU, HacaMIIepe]]
BiJTHOBJIFOBAHOCTI Ta MIIIHOCTi, € HEOOXIJHOIO YMOBOIK MiJBHINEHHS €()EeKTHBHOCTI JOMEHHOI IUIAaBKH TpH
BUKOPHUCTAaHHI BOJAHEBMICHHUX Ta3iB. Tpeba MaTh 4iTKe ySBJICHHS SIK HA MPOIECH BITHOBJICHHS BIUIMBAIOTH CKJIA]]
ra30BUX CyMilllel, IIBUKICTb IXHBOI 110/1a4i, TEMIIEpPATypa, BIACTUBOCTI 3aJ1i30pyAHOI CHPOBUHH 1 6araTo 1HIIUX
¢dakTopiB. OHAK OJTHO3HAYHOI 1 3araJIbHONPHUIHATOT Teopii, sika O y3arajJbHIOBaja BCl 3aKOHOMIPHOCTI MPOIIECIB
BIJTHOBJICHHSI BOJJHEM B JIOMEHHIH meui, He icHYye 1 goci. [likaBi mocmipKeHHsS BIUIMBY BOJHEBMICHUX Ta3iB Ha
BIIHOBJTIOBJIBHICTh PI3HUX THUIMIB 3a1i30pyAHOI CHPOBHHHU B OCTaHHI POKH TPOBOIATHCS KHUTAHCHKUMH,
SATIOHCHKMMM, €BPOINECHCHKUMHU, 1HAINCHKUMHU JOCTIIHUKAMH, ajle pPe3yJbTaTH MPOBEACHUX B PI3HUX yMOBax
JOCITIJIKEHb JOBOJII CYTIEPEUIUBI.

VYKpaiHChKiI BYEHI Ta JOMEHIIMKU-TIPAKTUKH MPOBOJATH JOCTIIKCHHS B IIbOMY HAmpsMi BXKE JEKIIbKa
JeCATUIITD 1 MAalOTh AyKe I[iKaBl HAYKOBI 1 MPAKTUYHI Pe3yJIbTAaTH, ajle 32 OCTaHHI POKU YMOBH JJOMEHHOI IJIABKU
Ta CKJIJ] 1 BIACTUBOCTI 3aJ1130py/AHOI CHPOBHHHU, 3 KOO MPAIIOIOTh YKPaiHChKI METKOMOIHATH, Ty>K€ 3MIHUITUCA,
1110 HaraJbHO NOTpeOye MOJANBIIOTO MOTINOICHOT0 BUBYCHHS Mepediry BiIHOBHUX MPOLIECIB MPU BUKOPUCTAHHI
BOJIHIO CaMe JIJISl CY9aCHUX YKPaiHChKUX peajtii.

Hapasi B mabGoparopHux ymoBax I[HCTHUTYTy 4YOpHOI MeTanyprii MpOIOBXKYIOTbCS TOCITIIKEHHS BILTUBY
BOJHIO Ha BIJHOBHI TPOIECH B JOMEHHIM Ieul JJId PI3HUX THIIB 3ai30pyIHOI CHUPOBHHH YKPAiHCHKOTO
BUpoOHHUIITBA. [Iporiecy BiTHOBICHHS MOAETIOBAINCEH Ha JabopaTopHOMY ycTaTtkyBaHHI [YM mpu BUKOpUCTaHHI
PI3HUX CyMIIIIeH BIIHOBHUX ra3iB, CKJIAJ IKUX € OJU3BKUM J0 MPOMHUCIOBUX YMOB. BUBYAIN BIJIMB BMICTY BOJAHIO
B BiJIHOBHOMY Tra3i, HIBHJIKOCTI HarpiBaHHs Ta LIBHJKOCTI MOJayi Ta3y Ha BTpaTy MacH HaBilllyBaHb, HA OCHOBI
YOT0 PO3paxOBYBAJIM IMOKA3HUK BITHOBIIOBAILHOCTI R.

Byno Bu3HaveHO, 110 MiABUIICHHS BMICTY BOJHIO B CYMIIlll BiJHOBIIOBAJIBHUX Ta3iB y TEeMIEPaTypHOMY
niarazoni 900-1000 °C  cynpoBOKY€ETBCSI TOKPAIICHHSM BITHOBIIOBAIBHOCTI JUISI BCIX THIMIB IIMXTOBHUX
MmarepiasiB, aje BiTHOBHA ITOBEIIHKA arIOMEpaTy 1 OKaTUIIIB CYTTEBO BiAPI3HIAETHCS 1 3aJIKUTH BiJ BMICTY BOJHIO
B Ta30BId CyMmilIl Ta IMBHUAKOCTI HOro mojadi. AHaji3 OTPUMAaHUX EKCIEPUMEHTAIBHHX JaHUX J03BOJIMB
BU3HAYUTU HAWOLIbII e(heKTUBHI JJIS IMX YMOB KOHIIGHTpAllii BOJHIO B BiITHOBHOMY rasi.

OTpumani pe3yabTaTH, 3 OJTHOTO OOKY, IMIATBEPAWIN 3aralIbHOBH3HAHI 3aKOHOMIPHOCTI TIepediry mporieciB
BiJTHOBJICHHS B JIOMEHHI} TIevi MpU BUKOPUCTAHHI BOJHEBMICHUX Ta3iB, a 3 1HIIOTO, BUSBHIU JEsKi OCOOITHBOCTI
came s TakuX THiiB 3PC, 110 1ae 3Mory BUKOPUCTATH iX SIK IS IDTAHYBaHHS IOJAITBIIAX JOCIIKEHb, TaK 1 15
PO3pOOKH TEXHOJOTIYHUX PEKOMEHJAIlil M0 BUKOPHUCTAaHHIO BOJHEBMICHHMX Tra3iB B JIOMEHHOMY BHPOOHUIITBI
VYkpainu.
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Enextpomeranypris

YIK 662.352:621.73

JOCJIKEHHSA BIVIMBY TAPAMETPIB BUI'OTOBJIEHHSA 3A TEXHOJIOI'IEIO LPBF HA
MEXAHIYHI BJIACTUBOCTI CIIJIABY HA OCHOBI AJIIOMIHIIO

I'. A. Kononenko!*? 1.1.1., cT. noci., C. B. Amkamenkuii>* nokr. ¢in., P. B. Ilogoabcbkniil? nokr. dir.

! Tucruryr yopnoi meramyprii im. 3. I. Hekpacosa HAH Ykpainu, m. lninpo
2 TOB «Additive Laser Technology of Ukraine», m. {ninpo
3HTY «/lninpoBchbKa mosirexnikay», M. J{ninpo
4 TncTuTyT TpaHCHOpPTHHX cucTeM i TexHosoriiit HAH Ykpainu, m. [ninpo

Pobota mpucBsiueHa AOCHIHKEHHIO BIUIUBY LMPKYJALIl 3aXHCHOTO CepeloBHUINAa B poOOUYOMY MpOCTOpi
KaMepu IpUHTEpa i Yac jJa3epHoro miasieHHs mapy nopomky (LPBF). 3a pesyapTaTamu mociimkeHb OCTaHHIX
POKIB AJIs MaTepiaiiB 3 HU3bKOI MUTOMOIO IIUTBHICTIO (JIETKUX) OCOOJIMBO aKTyadbHUM € BIUTHB IIBUIKOCTI Ta
TpaexTopii BUAyBaHHA. MarepiaioM Ui JOCTIIKEHb € BEPTHUKAJIbHI 3pa3KH 31 CIJIaBy Ha OCHOBI QJIFOMiHIIO
LPBF-AISi10Mg, piBHOMipHO pO3TalIOBaHi MO BCiii poOOUii IUIOMMHI KaMepH KOHCTPYKIIii, BUTOTOBJICHI 3a
palioHaJTbHUMHU TEXHOJIOTTYHIUMH peKUMaMu. BurpoOyBaHHs Ha po3TST HEOOXITHO TPOBOIUTH 32 CTAHIAPTHOIO
metoaukoro (JICTY ISO 6892-1:2019). CyuinpHICTh (MOPUCTICTH) BU3HAYAIN METAIOTrpadidHO 33 JOMOMOTOI0
nporpamMHoro 3abe3nedeHHst Imagel. BcraHoBneHo, 1110 Mpy Mmofavi MOCTIMHOT MIBUAKOCTI MOAa4l Ta MUPKYJISIIIL
3aXMCHOTO CEpPEIOBUIIA YACTUHKH CIUIaBY 3aXOIUTIOIOTHCA Ta MEPEHOCATHCS 10 BUXIAHOTO COIIA, 10 BIUIMBAE HA
KIHIIEBY LUTICHICTB, a came po3mip nop. [TokazaHo 3aieXHICTh MEXaHIYHUX BIIACTHBOCTEH BiJ pO3TalIyBaHHS
JOCJTIJDKYBAHUX 3pa3KiB y 30H1 1aTGopMu (BIUIMB iX 00 TyBaHHS).
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MIKPOCTPYKTYPA INCONEL 718 B 3AJIEXKHOCTI BIJI KOPEKIIII ®OKYCHOI BIJICTAHI B
AETAJIAX, BUTOTOBJIEHUX METOJOM JIASEPHOI'O IIJIABJIEHHA B IOPOIIKOBOMY
IIAPI

C. B. Axxxamcenkuii gokr. ¢in., I'. A. Kononenko'?? 1.1.1., cT. 10ca., P. B. llogoabcbkuii’? 10KT. ¢id.,
0.€. Bapanoscbka’® K.1.H., T.B. Bagaxanosa® K.1.H

1 TOB «Additive Laser Technology of Ukraine», m. Jlninpo
2 TucruTyT YopHOi MeTamyprii im. 3. I. HekpacoBa HAH Ykpaiuu, m. /Tninpo
3HTY «/lninpoBchbKa mosirexnikay», M. J{ninpo
4 TncruTyT TpaHCHOpTHHX cucTeM i TexHosoriiit HAH Ykpainu, m. {ninpo

Jledpextn B roroBoMy BHPOOiI € OJIHIEI0 3 OCHOBHHUX INPHUYMH PYHHYBaHHS KOMIIOHEHTIB, OTPUMAaHHUX
METO/IOM JIa3€pHOTO TUIABJICHHS B IMTOPOIIKOBOMY Iiapi. byso nmpoBeaeno 6e31i4 10CiiKeHb KOHTPOITIO TIPOIIeCy
Ja3epHOTO IJIaBJIEHHS B TOPOIIKOBOMY IIapi JUist JOCATHEHHS BUCOKOI ITUIBHOCTI Ta BIACYTHOCT1 HECYIITEHOCTEH.
[le mocsramoch 3aCTOCYBaHHSM KOMIUIEKCY PIi3HHX 3alpOINIOHOBAHUX HASBHUX BIJOMHUX METOAMK aHANi3y
(onTHYHA MIKPOCKOIis, KOMIT'IOT€pHa ToMorpadis Ta MpocBidyloya PEHTTEHOCKOMIs MiJ Yac Mpolecy) Ta
moOyI0BOIO KapT MpoleciB AePeKTHOI CTPYKTYpH BUpoOHMIITBA. [lepeBarkHa KITBKICTh JTOCTIKEHh CKEpOBaHa
Ha aHaJi3 1edeKTiB, iX GopMy Ta MEXaHi3M YTBOPEHHS, 1110 Hapas3i J0BOJIi 100pe BitomMo. BpaxoByroun 11eii 10CBix
JIOCJTIJDKEHb aBTOpaMU 0aratbox poOiT OyJIo MOCATHYTO HEOOXiqHOTO /i HUX piBHA. Hapasi B mpomucioBoMy
CEKTOp1 BHPOOHUIITBA METOJOM JIa3epHOTO IUIABJICHHS B MOPOLIKOBOMY IIapi MOCTAIOTh OLIBII MPOTPEeCcUBHI
MATaHHA: 301IBIICHHS TPOIYKTUBHOCTI MPOIIECY Ta MOXKIMBOCTI HAPOIyBaHHS 00’ €MY JIPYKY, SIK CEPIHHOTO Tak
1 BeTMKOrabapuTHOr0 BUPOOHUITBA AeTanel 31 30epexeHHAM BHCOKOI HIUIBHOCTI roroBoro BupoOy. Illomo
NPOAYKTHBHOCTI, TO Ili MHUTAHHS YaCTKOBO MAalOTh DIIIEHHS, a caMe 3aCTOCYBaHHS IWHAMIYHO aJarTOBaHOi
dokycHoi TwsiMu, dopma (POKyCHOI TUIAMH, 30UIBIICHHS TOBIIMHU IOPOIIKOBOTO Iapy Ta 1H. Aje TpH
HapOIlyBaHI 00’e€My JAPYKY BHHHKAIOTH JEAKI CKJIAJHOCTI, IO Hapasi IIyKalOTh BUPIIMIEHHS, MEPEBaKHO Il
nmpoOJeMHu OB’ s3aH1 3 HEMOXJIMBICTIO 3acTocyBaHHs F-Theta mia3u. TakuM 4WHOM B POMHCIIOBOMY CEKTOP1
Oyna 3acTocoBaHa IHIIA ONTHYHA CHUCTEMA, a CcaMe€ CHCTEMa TPhOX OChOBOTO (OKYCYBaHHS (IMHAMIuHE
dboxkycyBaHHs) A1 30UTbIIEHHS 00JIaCTI APYKY, IIO JO3BOJWJIO 30UIBIINTH OOJACTh 3a PaxXyHOK KOMITEHCAIlil
(oKyCHOI BiJICTaHI IUIAXOM MEpEMIIIEeHHS pPyXoMoi (POKYCHOT JIIH3H Ta MOKJIMBICTIO BCTAHOBJICHHS JJOJAaTKOBUX
ONTHUYHHUX CUCTEM JIJISl MTOKPUTTSI O1bIol AUTstHKY (BuIe 400 MM). 3acTOCyBaHHS JaHOT CHCTEMH MOYKE BIUTUBATH
Ha SIKICTb TOTOBUX BUPOOIB Ta OCOOJMBO B TOBTOPIOBAHOCTI MEXaHIYHMX BJIACTHBOCTEH B 3AJIEXKHOCTI Bif
3MIIIEHHS KOPEeKIlli (hOKyCHOT BiJCTaH1 BiJl IIEHTPY. B pe3ynbTari 1OCTiKEHb BCTAHOBIICHO, IO MPU 3MIIICHH]
Kopekuii (oKycHOI BificTaHi BiIOYBAa€TbCS BUKPHUBICHHS I'paHHIb TPEKiB, IO BKa3ye Ha 3MiHY KpuCTaizamii
TPEKIB B 3aJIEKHOCTI BiJ BUKpUBJICHHS (oKycHOi muismu. [Ipu 3acTocyBaHHI pI3HMX IMapaMeTpiB TOBIIUHU
HAHECEHOI0 IIapy, IPU BUKOPHCTAHHI palliOHATIBLHHUX MapaMeTpiB MOOYAOBHU, CTPYKTYpa 3pa3KiB, BUTOTOBICHUX
npu 40 MKM, Ma€e CTOBITUACTI 3epHA Ta obOyacTi TepmiyHoro BmumBy HAZ, mo Bkasye Ha meperpis. JlocmiaHi
3pa3KH, 1110 BUTOTOBJICHI MPHU TOBIIKHI 60 MKM MalOTh XapaKkTepHy 001aCTh BUKPUBJICHHS yronoaAi0HOi TPEKOBOT
CTPYKTYpH 3 KyTOM Haxuiy 14° B 3aexHOCTI B Kopensiii pokycHoi Biactani. [Ipu aHami3zi gociaigHuX 3pa3kKis,
110 BUTOTOBJICH] MU TOBIIMHI 1apy 40 MKM 3MiHa KyTa Haxwiy He CHOCTEpIirajaoch, 10 MOB’s3aHO 3 MEHIIIO
TOBIIMHOIO APy Ta HASBHICTIO CTOBIMYACTHX 3€PEH, IO B CBOIO YEpry MPUTHIYYE BUSABIEHHS IyromnoaiOHOi

CTPYKTYpH.
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JOCAIIKEHHA BILIUBY MEXAHIYHOI IOCTOBPOBKHU HA KIHIIEBI MEXAHIYHI
BJIACTUBOCTI 3PA3KIB 31 CTAJII 316 L, BATOTOBJIEHOI 3A SLM — TEXHOJIOI'IEIO

C. B. Axxamenkuii nokr. ¢in., I'. A. Kononenko'?? n.1.1., cT. 10c., P. B. Hogoabcbkuiil? qokr. ¢i.,
0. A. Cadponosa’

1 TOB «Additive Laser Technology of Ukraine», m. {ninpo
2 InctuTyT YopHOi MeTaayprii im. 3. I. Hexpacosa HAH Ykpaiuu, m. {ninpo
3HTY «/IninpoBcbKka nojitexuika», m. J[inpo
4 IncTuryT TpancnopTHUX cucTeM i Texnosoriii HAH Ykpainu, m. {ninpo

VY cydacHOMY auTHBHOMY BHPOOHHIITBI JIeTajeH MIMPOKOTo MOMUpeHHsT Ha0yB MeToa SLM — TexHosoris
Ja3epHOrO TUIABJICHHS IIApy METaJeBOrO MOPOMIKY, SKHH J03BOJISE€ 3HAYHO PO3MIMPHUTU MOXKIUBOCTI IOJO
onTUMIi3allii reoMeTpii BupoOiB. s neraneit TpaauiiiiHoro cnoco0y BUpoOHUITBa (JIUTTSI, AehopMalris) BiIOMO,
110 HIOPCTKICTh MOBEPXHI MOXE CYTTEBO BIUIMBATHU HA PIBEHb MEXAaHIYHMX BJIACTUBOCTEH, OCKUIBKU BHCTYIH Ta
3aMaJuHu € KOHIEHTpaTopaMu HampyskeHb. JleTasi, BATOTOBJIEHH] 32 TEXHOJIOT1SIMH aJUTUBHOTO BUPOOHHUIITBA
MaroTh MiJABHILEHY MIOPCTKICTh, ajie iX CTPYKTYpPHMH CTaH MICJIsI BUTOTOBJCHHS CYTTEBO BIJIPI3HSETHCSA BiX
TpaauIliiHoTo MeTary. YacTo BUHHMKA€e HEOOX1AHICTh EKCILTyaTailii 0e3 HacTyImHOT MeXaH19HOT 0OpOOKH IMOBEPXHI
BUPOOiB, BUTOTOBJIEHUX MeTo oM SLM. MeTta poOOTH: BU3HAYUTH BILUIMB IIOPCTKOCTI, HASIBHOCTI 200 BiJICYTHOCTI
MexaH19HO1 00poOKH poOOY0i 30HM 3pa3KiB Ha MEXaHIYHI BJACTUBOCTI 31 yMOB CTaTUYHOTO pO3TAry. Marepian ta
METOAMKA AOCHIHKEeHb. 3pa3Ky Ha PO3TATYBAaHHS 3 JlaMeTpoM poOov0i 30HU 5 MM, 6 MM (TIPUITYCK JJIsl HACTYITHOT
MexaHI9HOi 0OpOOKH) Ta JOBXHHOI poO0UYO0i 30HM 25 MM BHTOTOBJICHI 3 METAJIEBOro Mopomky craii 316L Ha
mamuHi 15 3-D npyky Alfa-150D Bupobuuntsa TOB «AJIT Ykpaina» y BepTUKanbHOMY HampsiMi. MexaHiuHi
BJIACTUBOCTI BHM3HA4YaJld IpH BUMNPOOYBaHHI Ha pPO3TATYBaHHS 3a CTAHIAPTHOIO METOJIMKOI0 Ha MalluHi
«INSTRON». KonTposs mopcTkocTi OyJ0 BUKOHAHO 3a JBOMa METOJAMH: 3 3aCTOCYBaHHSAM IIOPCTKOMIPY
DANA-260 Ta MiKpOCTPYKTYPHOTO aHajli3y Ha onTHYHOMY Mikpockoni AxioVert 200 M Mat 3 BUKOpHUCTaHHIM
CIIeIiali30BaHOr0 MpOoTrpaMHOTO 3a0e3neueHHs Imagel. 3 anamizy npodiToMETpUIHOT KPUBOi Ta MIKPOCTPYKTYPH
BCTaHOBJICHO, 1110 3pa3Ku 0e3 MexaHI4HO1 0OpOOKH MarOTh MEPIOAMYHI BUCTYIIH, 110 MOB’A3aHO 3 TEKCTYPOIO, KA
dbopmyeTbes Tia yac BUTOTOBIEHHs. CepelHl 3HAYeHHS MEXaHIYHUX BJIACTUBOCTEHW 3HAYHO HE BIJIPI3HIIOTHCS
(MeH1IE HIXK 6,6% U1 PI3HUX XapaKTEPUCTHK) B 3AJIEKHOCTI BiJl HAABHOCTI UM BIZICYTHOCTI MeXaHI4HOT 00poOKH,
ajie BIIXUJICHHS BiJ] CEPEAHBOTO B MEXaX BUOIPKH II0JI0 3HAYEHb TPAHUIIl MIITHOCTI Ta BITHOCHOTO 3BYKCHHS IS
3pa3kiB 0e3 MexaHi4HOi 0OPOOKHM KpaTHO OUIBIII MOPIBHSAHO 3 IHTEPBAIOM KOJMBAHb 3HAYCHb BCEPEANHI BUOIPKH
JUTS 3pa3KiB 3 MEXaHIYHOI0 00POOKOIO.

Pezynemamu ompumani 6 pamkax YKpaincbKo-a8cmpilicbKo20 HNPOEKMY « YOOCKOHANEHH pexcumis
mepmooopooku AISI316L eupoonuymea SLM 055t 3HUMCEHHS 3ATULUKOBUX HANPYIICEHbY (HOMep Oepaicpeccmpayii
0123U103227) 3a 0ocosopom M29-2024/KC.0226.24 6io 30.05.2024.
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TexunoJ0rii mo3anmiyHoi 00poOKM YaByHY Ta CTaJI

YK 669.17.046.517B.083.133

I'EHEPAIA KOMIIVIEKCHHUX ITOKA3HUKIB JJI5S1 TIPOI'HO3YBAHHSA KOE®IHICHTIB
PO3NIOALTY EJIEMEHTIB MI’K KIHHEBUMHU PO3IIJIABAMM IIICJIA JOBEJAEHHSA CTAJII B
AI'PET'ATI KIBHI-IITY

. M. Toroduubka a.71.H., mpod., A. I. beabkoa k.T.H., /[. O. CTenaHeHKo K.T.H.,
I. P. IloBopoTH1 K.T.H., C. B. I'pexosn

IncruryT yopHoi meraayprii im. 3. I. Hekpacoba HAH Ykpainu, M. JIHinpo

[IporHo3yBaHHsS TOKa3HUKIB CTAJCIUIABUIBLHOTO MPOIECY J03BOJIE DPALliOHAIBHO BHUKOPHCTOBYBATH
00aBKH Ta TOKpaIIyBaTH (i3UKO-XIMIUHI Ta €KCIUTyaTalliifH1 BIACTUBOCTI CTICIIaTbHUX CTael. J{Jist miaBuIeHHs
epexTuBHOCTI padinyBanHs ctani Ha YKII BaknuBo po3poOUTH METOAM MPOTHO3YBAHHS CKIIAAY KiHIIEBHX
MpOyKTiB. B3aeMoist po3iiaBIeHOTO METaly Ta IJIAKy € I0HOOOMIHHHMM ITPOIIECOM €JIEMEHTIB CUCTEMHU «METaJl-
[IJTaK», Pe3yJbTaTH SKOTO OMHCYIOTHCS 3a JOMOMOTIOI0 KOe(ilieHTIB MDK(pa3HOTO PO3MOALTY IU(PYHIYIOUHX
€JIEMEHTIB.

B Incruryri wopnoi wmertamyprii HAHY HakonuueHuil 1ocBil MojentoBaHHS —(i3MKO-XIMIYHHUX
BJIACTUBOCTEH CTayiel Ta (epocIiaBiB Ha PiBHI MI>KATOMHOI B3aEMO/II1, @ TAKOK MPOIIECIB PO3TOILITY €JIEMEHTIB B
CHUCTEMI «MeTal-UUIaK» Yy BIJHOBIIOBAaHMX yMoBax [l1-2] 3 BUKOpHUCTaHHAM KOMIUIEKCHUX IOKa3HHKIB
3aBaHTAXXyBAJIbHUX B IUIAaBUJIBHUM arperaT MarepiaiiB Ta TEXHOJIOT1] BUIUIABKH METaly.

Jlnist mporHo3yBaHHs KOeQIIiEHTIB PO3MOUTYy CIpKH, KPEMHIIO, MApraHIlo Ta alIOMIHII0 MIX KiHIEBUMH
MPOYKTaMH TUIABKH TICJS KOBIIOBOI JOBOJKH CTajll HA OCHOBI KOHIIEMIII CIPSIMOBAHOTO XIMIYHOTO 3B'S3KY
PO3p00IEHO METOIUKY, SIKa BKIIIOYAE:

— BUOIp Ta 0OrpyHTYBaHHS HAHOUIBII 3HAUYIIUX MOKA3HUKIB XIMIYHOTO CKJIaay ctaii Ta nuiaky no YKII,
00aBOK Ta TEXHOJOTIYHOTO PEXHMY, IO 3a0€3MeUyI0Th OTPUMaHHS HEOOX1AHOTO XIMIYHOTO CKJIaay KiHIEBOi
cTai;

— TeHEpaIlil0 CTPYKTYpH KOMIUJICKCHUX TIOKa3HUKIB CHCTEM «METaj-IIaK» Ta MeTal-100aBKu 3
ypaxyBaHHSIM iX XIMIYHOTO CKJIay Ta (hi3UKO-XIMIYHUX BIACTHBOCTEH 3 BUKOPUCTAHHSIM MaTEMAaTHYHOTO arapary
y3arajibHeHoi (QyHKIII 6akaHOCTI XappiHITOHA, IO JTO3BOJISE PI3HOPO3MIPHI MOKA3HUKH «3TOPHYTH» y €IMHUM
y3araJilbHEeHU MOKa3HUK;

— po3po0OKy POTHO3HUX MOJIENEH JUIsl pO3paxyHKy KOe(DIIIEHTIB pO3MOIiTY €JIEMEHTIB 3 BUKOPUCTAaHHSIM

KOMILUIEKCHUX TTOKa3HUKIB Yy BHIJISIL Loy = A'Fr?lé Fr‘;é .Fto‘3, ne Fms, Fmd, Fit — KOMIUIEKCHI ITOKa3HHUKHU

BIJIMOBITHO CHUCTEM «MeETaj-IIJIaKk», «MEeTaja-I00aBKM» Ta TEXHOJOTIYHOTO PEXUMY IIIaBKH, A, di, 02, 03 —
KOE(IIiEHTH PiBHSAHB, AKI BU3HAYAIOTHCS U1 KOHKPETHOI MapKH CTaJli.

3anpornoHOBaHUHM MiAX1J BIAPIZHAETHCSA BiJl TPAAMIIIMHUX METOMIB PO3IIAIaHHS KOC(DIIEHTIB pO3MOIiTY
€JIEMEHTIB IIMXTH SIK MOCTIMHUX BEIMYWH Ta 3aKJIaJIa€ MIEPEAYMOBH JIJIsl PO3POOKH alrOpUTMY MPOTHO3YBAHHS Ta
HarpaBjeHOTO (JOPMYBaHHS XIMIYHOTO CKJIay KiHIIEBUX PO3IUIABIB 3 ypaxXyBaHHSAM IMOYaTKOBOTO CKJIAIy METaly
Ta [UIAKy, SKI MOJAIOThCS B KiBII, Ta BUOOPY ONTHMAJIbHOIO CKJIAAy LUIAKOBUX CyMIIIeH, JEeTryrouux 1
MIKPOJIETYIOUHX J00aBOK.

JlirepaTypHi naxepesa
1. Torooumeka JI. M., Kykca O. B., I'pexos C. B., IloBopotns I. P., Jlixaues }O. M., Xomorosa H. E.
[Iporuo3yBanHs TemIO(I3UYHUX BIACTUBOCTEH XPOMOBMICHUX (epociuiaBiB. @PyHOaMeHMANbHI MA NPUKIAOH]
npobnemu woproi memanypeii. 2023. Bum. 37. C. 287-294. https://doi.org/10.52150/2522-9117-2023-37-287-294
2. Togobitska D., Bielkova A., Stepanenko D. Model decision-making system in the task of choosing the
optimal composition of the blast furnace burden under specific operating conditions of BF. Acta Metallurgica
Slovaca. 2023. Vol. 29(2). P. 67-74. https://doi.org/10.36547/ams.29.2.1764
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HU3bKOYACTOTHA BIGPALISA ITIJ YAC 3BATBEPIIBAHHA
JIMTHUX 3JIMTKIB Fe-28Mn-12A1-0,9Si-1,4C CTAJII

O. M. Cmipnos! a.1.H., npo¢., M. M. Bopon! k.1.H., cTapu. 10c..,
A. M. TumomeHnko' K.T.H., cTapur g0ci., FO. II. Ckopo6araTrbKko! K.T.H., cTapul. 10¢.,
C. JI. llIBa6? K.T.H., crapul. a0ci., A. FO. Cemenko! K.T.H., cTapIiL. 10CII.

! ®izuko-Texnooriuynmii inctutyt meraiis Ta ciasis HAH Ykpainn, m. Kuis
2TucruryT ejekTpo3BapioBanns im. €. O. Ilarona HAH Ykpaiuu, m. Kuis

JluBapHi Ta METaypriifHi IPOIECH € TMEPIIO0 1 OCHOBHOIO CTAJI€I0 Y BUPOOHUIITBI METANEBOT MPOIYKIIii
BiJl IKO1 3aJIGKUTHh (DOPMYBaHHS iX SIKOCTI, TTOYATKOBOT'O CTPYKTYpPHO-(a30BOr0 CTaHy, HasBHOCTI AC(EKTIB 1
JnoMimIok. JImsi BemuKOi KUIBKOCTI CIUIaBIB iCHYe 0araTo TpPYIHOIIB, MOB'SI3aHUX 3 OTPUMAHHSAM OJHOPIIHUX
3JITKIB 3 MIHIMAJBHOIO KUIBKICTIO Je(eKTiB, BIACYTHICTIO JIIKBAIlli Ta CIPUATIUBUMH CTPYKTYpHO-(Ha30BHMHU
XapakTepucTukamu. Lle ocoOMMBO BaXKIMBO MAJisl CIJIABIB, SIKi MICTATh KOMIIOHEHTH 3 OJHOYACHO BEITUKHUMHU
BIJIMIHHOCTSIMH B TEILJIOTPOBITHOCTI, TETUIOEMHOCTI 1 HIUIbHOCTI. OTpUMaHHS SKICHMX 3arOTOBOK Ta BHPOOIB 3
TaKUX MarepiajiB MmoTpedye BUKOPHUCTaHHS METOJIB BIUIMBY Ha IPOLECH KpHCTami3amii TakuX CIUIaBiB, SKi
3a0e3meuyloTh YCyHeHHS HeOaxaHux aedektiB. L[i muTaHHS CTarOTh OCOOJMBO aKTyaJIbHUMH JUISI CKIIQTHUX
0araTOKOMIIOHEHTHHUX CIUIABIB, SIKI BIIHOCSTHCS O TMEPEJOBHX KOHCTPYKIIMHUX MaTepiaiiB, TAKUX SK JIETKI
BUCOKOMIITHI CTaJi 3 BHCOKHM BMICTOM MapraHIi0 Ta amioMiHio. IliroToBka Takoro posiaBy MOTpelye
BpaxyBaHHS PI3HOMAHITHUX TEXHOJOTIYHUX AaCIEKTIB, TAKUX SIK MIUIBHICTh KOMIIOHEHTIB, IIIJIAKOYTBOPIOIOYA
3IaTHICTh, MEXI1 TMEPErpiBy Ta iHIII, 00 3a0€3MeYNTH HAMKpAIly SKICTh 1 BIACTUBOCTI OJIEP)KYBaHUX 3JIUTKIB 1
BHJIMBKIB.

Jami HaBemeHO pe3yibTaTH EKCIEPUMEHTAIBHUX JOCHIKEHb, NPHUCBSIUYCHUX BUBYCHHIO BIUIUBY
BiOparriiinoi oOpoOku Ha nedekTH Ta cTpykTypoyTrBopeHHs Fe-28Mn-12A1-0,9Si-1,4C crani y nutoMy craHi.
Bimgomo, 1o crani 3 BUCOKMM BMICTOM MapraHilfo, 0COOJIMBO 3 BUCOKOIO KOHIICHTPAIIIEI0 AMFOMIHIIO, CXHITBHI JI0
ycaakoBux aedekTi. Bidpariitna o0poOka po3miaBy mij 4ac KpucTaiizallii € epeKTHBHUM METOJI0M 3MCHIIICHHS
nedexTiB. BiAmoBigHi 3aJIe)KHOCTI Maike He JOCHiPKeHI, TOMYy JaHa poOoTa MPUCBSYEHA BCTAaHOBJICHHIO
3aJIEKHOCTEH SIKOCTI Ta GopMyBaHHs CTpyKTypH JuToi Fe-Mn-Al-C crani 3 BUCOKUM BMICTOM MapraHIlio Ta
QJIIOMIHIIO MiJ] BIUIMBOM BiOparii. Takuii MeTox 1ie He BUNPOOYBaHUIl Ha CTANIAX 3 BUCOKMM BMICTOM MapraHIlO
Ta amoMiHii0. OCHOBHUMH 3MiHHUMH TTapaMeTpaMu 00poOKu Oyiu yacToTa BiOparlii Ta TeMiiepaTypa po3JIUBaHHS
cruiaBy. Jls MOPIBHAIIBHOTO aHAI3y 3MTUTKH OTpUMYBaiH 6e3 00poOku Ta 3 BiOpaliitHOI0 00pOOKOIO 3 YACTOTOIO
—12,24 ta 48 T'n.

Byno Bu3naueno, mo Bidpauiiina 06pooka Fe-28Mn-12A1-0,9Si-1,4C crani 3 yactororo 12 't unHUTH Maio
BIUTMBY Ha Je(EKTHICTh, aje HEMOraHo NOJAPIOHIOE MaKpo- Ta MIKPOCTPYKTYpy BUIUBKiB. HaiiGinbina
nedeKTHICTh 1 Halikpaie noJpiOHeHHs 3epeH 3abe3nedyeThesi 00poOkor 3 wactororo 48 ['m. OnTumanbHUM
pexuMoM 0yJio BU3HaUeHO 00poOKyY 3 wacTtoToro 24 I'm, 1o 3a0e3meunsio MiHIMaabHy 1e()EeKTHICTh BHJIMBKIB Ta
ix momiTHe 3epHomonpiOHeHHs. BiOpamiiina o0pobka Fe-28Mn-12A1-0,9Si-1,4C crami crnpusie A0BHIOMY
30epiranHto piakoi (hazu y hopmi Ta iHTEHCH(DIKY€E KPUCTATIZAIIIO.

B xozi mpoBesieHHsI €KCIEpUMEHTIB OyJI0 BCTAHOBIEHO, IO Temreparypa cominyc ans Fe-28Mn-12Al-
0,9Si-1,4C cram cranoButh 1300 °C. 3a pesyapTaTaMu aHaii3y MIKPOCTPYKTYPH OJEp)KaHHX 3pa3KiB OyIio
BU3HAYEHO, 1[0 ONTHMaJbHA TEMIEpaTypa AJs JUTTSA Ta 0OOpOOKH CTali JAaHOTO XIMIYHOTO CKJIaJqy CTaHOBHUTH
1450 °C. 3061abIeHHS ITi€] TEMIEPAaTypH MPU3BOJAUTH IO CYTTEBOI BTpaTu e€deKTy BiJl HaKJIadaHHsS BiOparii, o
IPOSIBIISETHCS Y 3POCTaHHI 3€PEH.

Jlocniooicenns nposedeno 6 pamkax suxonauus Ilpoexmy 2023.04/0021 «Ooepocanns enremenmis OpoHi 3
HaonezKux cmanetl OJisl iliCbKOBOI MEXHIKU 3 BUKOPUCMAHHAM 8MOPUHHOI cuposuHuy. IIpoekm peanizoeano 3a
PpaxyHok epanmogoi niompumxu Hayionanenoco ¢pondy docniodcensv Yxpainu, konkypce «Hayka ons 3miynenHs
000poHo30amuocmi Ykpainuy.
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3ACTOCYBAHHA BIIXOAIB BUPOBHUIITBA AJTIOMIHIIO
IPU MO3ANITYHIN OBPOBII CTAJII

P. b. lyrniii, C. B. ’KypaBaboBa K.T.H., 1011., M. M. Boiiko k.T.H., 1ou., B. €. Tpemos, b. 1O. binnii
Yxpaincbkuii 1ep:KkaBHU YHIBepCHTET HayKH I TeXHOJIOTiH, M. JIHInpo

B pob6oti posrasHyTO crmocobu mo3amiyHoi OOpOoOKM CTaji TpH  SKHUX MOXIJIMBE BHKOPHUCTAHHS
IIOMOBIIXO/IIB Y CKJIa/i IUTAKOBUX CyMIIIEH, 10 BUKOPUCTOBYIOTH Ui padinyBanHs ctaini [1-3]. Ogaum i3
PO3IMOBCIOKEHUX CIOCO0IB MOo3amiyHoi 00poOKH cTalli € 00poOKa CTaml piIKUMHU BaIHSIHO-TIIMHO3EMHUCTUMHU
IIJIaKaMH 3 MeToro Aecynbdypanii i po3kucienHs. [lepeminryBaHHs MeTany 31 CHELialbHO MPUTOTOBICHUM
(CHHTETMYHHM ) IITAKOM 1HTEHCU(]IKY€E TTepexia y IIIaK MIKiTMBUX TOMIIOK (cipku, pocdopy, kucHio). OCHOBHA
BHMOTA, SIKa MPeJ1 ABISETHCS 10 CHHTCTUYHUX BAITHSIHO- TTIMHO3EMHUCTHX IIIAKiB — MiHIMaJIbHA OKUCIICHICTD, 110
3a0e3mneuye q100pi YMOBH I PO3KHUCICHHS CTam Ta ii pecynbdyparii, 1 MakcuMmainbHa akTuBHICTH Ca0. Tomy
OKHCIIiB 3aJ1i3a HE TOBUHHO OYTH 30BCIM, 200 X BMICT — OOMEKCHHIA.

[TepeBaroro MmeToy 0OpoOKH CTalli CHHTETHIHUMU [ITAKAMU € BeJTMKa HOTO MPOAYyKTUBHICTh. Best oneparrist
3MIHCHIOETHCS i Yyac BUITYCKY METally 13 arperary B KiBII, TOOTO 32 KiJibka XBUJINH. [IpOAyKTUBHICTH arperaris
MIJBUIYETHCS, OCKUIBKM TEXHOJOTIUHI omepamii (aecynbdypartii 1 poO3KUCICHHS) MEPEHOCATh Yy KIBII.
BuxopucranHs BiAXOJIB QFOMIHIIO JJIs BUTOTOBIECHHS CHHTETUYHHMX IIUIAKIB Ta TO3amivHOi 0OpoOKHM crami
JI03BOJISIE 30€perTd MPUPOY 1 HABKOJIHUIIHE CEPEAOBHINE, TMOJIMIIUTH E€KOJIOTIYHY OOCTaHOBKY 3a PaxXyHOK
YCYHEHHs HEeOe3NMeuyHNX MPOMUCIOBUX BiaxomiB [4]. Jlo Toro xk, e me ¥ eKOHOMIYHa BUTOJA 3a PaxyHOK
peaizaiii a0 BUKOPUCTAaHHSI BTOPUHHOI CHPOBHUHH.

JlitepaTypHi 1:xepena

1. 'natym B. A. CBiTOBI TeHIEHIII PUHKY BTOPHMHHOI MHEpepoOKH BIIXOAIB Ta OpYyXTYy alIOMiHIEBUX
crnagiB. [Ipoyecu numms. 2020. Ne 3 (141). C. 56-69.

2. Takayuki N., Kaoru S. Formation of spinel inclusions in molten stainless steel under Al deoxidation with
slags. ISIJ Int. 2014. Vol. 100(4). R7-RS.
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4. Zhuravlova S., Dutnii R., Boiko M., Zhuravlova 1., Mamuzi¢ I. Disposal of aluminum-containing waste
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POBOTA EJEKTPOAYTI'OBOI'O NPUCTPOIO
ITPU IMMO3AITYHIN OBPOBIII CTAJII HA YCTAHOBII «KIBHI-TTTY»

B. O. Pyban npokr. ¢ii., O. M. CTOsIHOB K.T.H., 101., €. B. CUHeriH K.T.H., 101I.
YkpaiHcbkuii 1epKaBHUN YHiBepPCUTET HAYKH TEXHOJIOTIi, M. J{HIinpo

Ha cyyacHomy eTami po3BUTKY METaIypriiHOTO BHPOOHHUIITBA BUCOKHW PIBEHBb SKOCTI METaJOMPOMYKITii
3HaYHOIO MIpOI0 3a0e3MeuyeThCsl MOEJAHAHHAM PI3HUX TEXHOJIOTIYHMX OMepaliii mo3amiyHoro padiHyBaHHS
PIIKOTO MeTally, 0 HEMUHYYE MPHU3BOAUTH 10 30UIBIICHHS TPUBAJIOCTI Horo nmepeOyBanHs B KoBiii. [ nOoke
padinyBanHs ctaini Ha yctaHoBLi «KiBI-iu» (YKII) B ¢Bo{if O171bII0CTI CYTPOBOKYIOTHCS ICTOTHUM 3HIXKEHHSIM
il Temneparypu. Pazom 3 TMM, HaBiTh B YMOBaX 5Kl 3a0€3M€4YyOTh MiHIMQJIbHI BUTPATH TEIJIOTH MPU 00pOOIIl Ha
VKII, mist 3a0e3nedeHHss HEOOXiIHUX MapaMeTpiB pO3JIMBAHHS CTaji, TEMIIEPAaTypy BUITYCKY HOTPiOHO emo
MiJBHUIYBAaTH, II0 HEMUHYYE TMPHU3BOIUTH N0 IOJATKOBHX BHUTpAT enekTpoeHeprii. CTymiHb 3aCBOEHHS
€JIEKTPOEHEPrii 3aJeKUTh BiJl YMOB TEIUIOOOMIHY MK Jyror0 Ta METajoM, L0 3aJIeXkaTh, Y CBOIO Yepry, Bif
dbopmu, po3mipy Ta Xapaktepy poOotm nyru. [laHi mapamMeTpw BH3HAYAIOTHCSA TMapamMeTpaMu poOOTH
enexkrpoayrosoro npuctporo (EJIN) arperaty. [1pu po6oti EAIT Mix rpagiToBaHUMH €IEKTPOAAMHU Ta METAJIOM
YTBOPIOETHCS CTOBI JYTH, IO CKJIAAETHCA 13 CyMIlll HEHTPAJIbHUX T'a30BUX YACTHHOK, €JICKTPOHIB, 10HIB Ta
aTOMIB, TapH MaTepiany eleKTpoaiB Ta meraiy [1].

®dipma-BUPOOHUK BHU3HAYAE MIBUIKICTH HArpiBy poO3ILIaBy IMOTYXKHICTIO YT, CTYIIEHEM HaIlpyTd 1 MpH
toBMHI nutaky 150-200 MM rapantye Ha 16-My cTymeHi Hampyru TpaHc(opmaTopa HMIBHAKICTh HarpiBaHHS
4 °C/xB, a Ha 12-my — 6mu3bko 3 °C/xB. IIpoBeneni AoChipKeHHs MOKa3ai, 0 Taka MIBHAKICTh HArpiBaHHS
CIIOCTEPIraeThCs JaeKO HE 3aBXKIH 1 MOB'13aHa 31 3MIHOIO IHTEHCUBHOCTI TETJIO00MiHY B CHCTEMI TIa3Ma—IIlTaK—
Mmeran [2, 3].

VY cTabibHO iICHYIOYiH €NeKTPpUYHIN AyT1 MATPUMYETHCS TEIJIOBA PIBHOBAra, sika XapaKTePU3y€EThCS TUM,
10 KUIBKICTh TEIUIOTH, SIKa BHIIISETHCS, JOPIBHIOE KIUIBKOCTI TEIUIOTH, IO BiIJAEThCS B HABKOJIUIIIHE
cepenoBuie. ToMy 3a 3MiHHM YMOB OXOJIOJDKEHHS AyTH YU (DI3UYHUX BIACTUBOCTEH CEPEIOBHINA 3MIHIOIOTHCS ii
napameTpH.

Pospsin enextpudnoi myru, B mporieci podotu EJII, mocTiitHO 3MiHIOE MOJI0KEHHSI TI0 BC1H TIJIOMIMHI TOPIISA
eJIEKTpOoZia Ta MOBepxHi piakoro Metanmy. JloBemenns crami Ha YKII 3a XiMIYHMM CKJIagoM 3IIHCHIOETHCS
JIOJTaBaHHSIM Y KiBIII CUITYYHX MaTepialliB — (epoCIliaBiB, YyIIKOBOTO ATFOMiHIIO Ta iH. CTa01IbHICTh TOPIHHS TyTH
3aJISKUTh BiJl BIACTUBOCTEH MOBEPXHI METaly: Py MEepEeMIllleHH] TyTH Ha TBEPi YACTHHKH JTOJJaHUX MaTepiajiB
3MIHIOETBCS TEMIEpaTypa TOYOK KOHTAKTY, IO BIUIMBAE HAa CTAOUIbHICTh TOPIHHS Ta TEIUIOOOMIH 31 CTaLTIO, a
OTXe 3HIKY€EThCS €JIEKTPUUHUHN Koe(DillleHT KOPUCHOI Aii Ta 3pOCTae BUTpATa €IEKTPOeHeprii

3 1BOrO MOXKHA 3pOOMTH BHCHOBOK, IO PEXKHM pOOOTH EJIEKTPOIYrOBOrO MPHCTPOIO BH3HAYAE
e(eKTUBHICTb HAarpiBaHHs CTaJl Ha YCTAaHOBII «KiBHI-TIiw». [Ipu 11boMy OCHOBHMMH (pakTOpamu, 110 BIUIUBAIOTh
Ha epexTuBHICTE poO0TH EJII1, € CTIHKICTB 1 CTAOUTBHICT TOPIHHS EIEKTPUYHUX AYT 1, SIK HACTIIOK, €PEKTUBHICTh
nepeaayi TEIUIOTH Bix HUX Metany. ToOTo, BUPIMIMBIIM 3aBIaHHs MigBUINEHHS edexkrtuBHOCTI podotu EJII,
MO>KHA 3HU3UTH BUTPATH €IEKTPOSHEPTIi MpHU Mo3aIivHii 00poOIli CTal Ta 3SMEHIITUTH TPUBAIICTD 11 0OPOOKH.
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MOJIEJIOBAHHS ITPOLECIB B3AEMOIII KOMIIOHEHTIB IBO®A3HOI'O IIOTOKY,
BBEJAEHOI'O B YABYH, IIPU IH’KEKHIUMHIU JECYJIb®YPAILII

|A. II. ]J_IqueHK01 A.T.H., ipod., I. O. Manauun'? K.1.H., cT. g0C.1., B. I. €aiceeB!? K.T.H., C.H.C.,
B.TI. Kucasiko! k.1.H., M. O. Pu6ajb4yenko? K.T.H., J01I.

! TucruryT yopHoi meramyprii im. 3. I. Hekpacoa HAH Ykpainu, m. /lninpo
YYkpainchbKuii AepKaBHUI yHiBepCHTET HAYKH i TexHoJoriii, m. J{ninpo

Bukopucranas  moszamiyHoi  aecyiabdyparii  4yaByHy [1,4,5-9] pi3HUMH  JIUCIIEPTOBAaHHMH
necynbhypyrounmu [2] oOyMOBIEHO Oa)kaHHSIM JOCATTH HAWIOBHINIONO BHUAAJIEHHS CIPKH 3 pO3ILIaBy 3a
HakopoTImii yac. @akTU4HI pe3ybTaTh MPOMHCIOBOTO 3aCTOCYBaHHS MO3aIMYHOI Aecyabdypartii cBiqyaTs [4],
10 MPAKTUYHI Pe3yJIbTaTH 3aCTOCYBAaHHS TEXHOJIOTIi B 0araTb0X BHUIAJIKAaX HE € JOCUTh CTIMKUMU Ta JAIEKi Bijl
MO>KJIMBOTO 1 O4iKyBaHOTO. JlocmikeHHs OyJiH MPOBEACH] Ha PO3paxyHKOBHUX Ta "XOIOAHUX'" (BI3MIHUX MOJEIISX
[3]. B sixocti necynbypyrodnx peareHTiB OyJd OLlIHEHI MarHiid, MelieHe BammHO Ta KapOia kambilito. Ha ocHOBI
(haKTHYHUX Pe3yJIbTATIB (PI3UIHOTO MOJCITIOBAHHS Ta HACTYITHUX PO3paxyHKIB OyJ10 chopMyTbOBaHO TOIMIICHE
BUpA3 JJIs TNIMOMHU 3aHYPEHHS CTPYMEHsSI B 3aJIS)KHOCTI BiJl TapaMeTpiB 1HXKEKIIIHOT yepe3 MiIBOHY JIAHIIOTY
[6]. Bynu mociimkeHi mporecu B3aeMO/Iii Ta30B01 Ta TBepoi a3 B 30H1 Oust Gypmu mia yac aecyiabdypariii B
koBii. [Toka3ano, mo mig yac iHXeKUidHOI aecynbdypallii 4aByHy ra30BUN KOMIIOHEHT MOTOKY 3YIUHSE CBil
HaINpsMHUN pyX y po3miasi 10 80 MM (paktuaro 50-60 MM), TBEp/Ii YaCTKH TPOIOBKYIOTh PyXaTHUCS Yy TTOPOKHHUHI1
Ta BIAPSIOTHCS Y MOBEPXHIO Ii€i MOPOKHUHU. J{JI OIIHKM MOJANBIIOT0 PyXy YaCTHHKH 4Yepe3 MEXy ''Tra3oBa
MOPOXXHUHA-PO3IUIaB" Oyia po3paxoBaHa TITHOWHA MPOHHUKHEHHS YAaCTHMHOK y PO3IUIaB 4aByHY. Po3pobieHo
MO/IeJIi Ta HOMOTpaMH JJIsl BU3SHAYCHHS TTIMOMHY 3aHYPEHHS YaCTHHOK peareHTa sk (PyHKIIT IIBUAKOCTI BIyBaHHS
nBodazHoro notoky. Hagani pekomeHaaiii mo/1o mapamMeTpiB iHKEKIIHOT MarHito Ta MEJICHOTO BallHa Ta iH.
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123456789/14635
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OCOBJIMBOCTI IECYJIb®YPAIIIl CTAJIEH I3 HAJJHU3bKUM BMICTOM CIPKA
O. A. Tanues, C. B. ’KypasiaboBa K.T.H., 101, . B. ’KypaBasoBa, €. O. ApxaHuen
Yxpaincbkuii 1ep:KkaBHU YHIBepCHTET HaYKH I TeXHOJIOTiH, M. JlHInpo

B poGoTi mpoBeneHuii aHai3 OCHOBHUX JDKEpEN] BHECEHHS CIpKHM B CTaJb NP BUKOPUCTAHHI PI3HHUX
IIMXTOBUX MaTepiaiiB Ta cnoco0iB iX MiArOTOBKH, BKIIOYAIOUX Pi3HI METOJM MO3aIiYHOI JAecyibdypallii yaByHy
[1]. PosrmssHyTo mnuTaHHS eQEKTUBHOCTI TPOBEACHHS KOHBEPTEPHOI TUIABKU 31 3HIDKCHHM CTYICHEM
necynbdypallii 3 HACTYIHOIO MO3aMiYHOI0 00pOOKOIO cTam Ui BUAAIeHHS CipkH [2, 3].

Buznaueno, mo rtinmboka aecynbdyparis cTali MOXKIMBA IUISIXOM BHUKOPHUCTAHHS TEXHOJOTIYHUX
komiekciB «YJIU — cranenaBuibhuii arperat» ta «Y JIU — cranemasuibauii arperat — YIIK». Ix 3actocysanns
3a0e3mevy€e MOKIIMBICTh ONTHUMI3allii BUTPAT HA BUPOOHMUIITBO CTaJll, PO3IMIUPIOE COPTAMEHT NeMIIUTHUX BHUIIB
METaJIONPOAYKLIi Ta T03BOJISE YCYHYTH Psii OOMEXYBaJIbHUX YMOB, IO YCKJIaJHIOIOTH OTOYHE BUPOOHHUIITBO
cram. Kineruka aecynsdypariii craji 3aJeXuTh BiJl BUAY pearcHry Aecyib(ypaTopy, HOro XiMidvHOTO CKiIamy,
TEMIIEpaTypHUX YMOB, YMOB IE€PEMIIIyBaHHS CTaJli B KOBIII, J0JaTKOBUX TEXHOJOTIYHUX OINepalliid, KOBIIOBOI
00poOku MeTany [3, 4].

JlitepaTypHi 1:xepena

1. Sener B., Hiisken R., Cappel J. Desulfurization Strategies in Oxygen Steelmaking. Iron and Steel
Technology. 2013. No 10(4). P. 147-158.

2. Kypasnvona C. B., [Tanioros lO. C., Mamemun B. C. Ouinka nporecy aecynbdyparii metany Ha AKII
no OiBapiaTuBHOMY MexaHi3My. Meman i iumms Ykpainu. 2015. Ne 2 (261). C. 8—11.

3. Vodennikova O. S., Vodennikova L. V. Desulfurization of steel: modern technologies, trends and
prospects. Metal and Casting of Ukraine. 2022. Vol. 30(1). P. 42-53.
https://doi.org/10.15407/steelcast2022.01.042

4. XKypasnwsoBa C. B., CrosHoB O. M., HizsieB K. I'., Maumiii X. B., Cuneriu €. B.,, Mawmemun B. C.
TexHonorii mo3zaniunoi aecynbdyparii crani : Mmororpadis. Juinpo : Cepennsik T. K., 2024, 150 c.
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JTOCJIIKEHHA I'A30-TAHAMIYHAX 3AKOHOMIPHOCTEM ITH)KEKTYBAHHSA
MOPOIIKOBOI CYMIIII HA «XOJIOJHUX» MOAEJISX

B. I'. Kucasikos'”? k.1.1H., B. I. €iiceeB! k.T1.H., c.H.C., I. O. Manaunn'? K.T.H., CT. J0CJI.,
0. JI. Pyaenko' k.1.1., B. I1. Ilerpyma!

! Tucruryr yopnoi meramyprii im. 3. I. Hekpacosa HAH Ykpainu, m. lninpo
2 YkpaiHChKMii JepsKaBHU YHIBEPCHTET HAYKH i TexHoJoriii, M. [Hinpo

B cyuyacHux ymMOBax BITUM3HIHI METaTypriliHi MiIIPUEMCTBA, a 0COOIMBO CTaJeIJIaBUIIbHE BUPOOHHUIITBO B
iX cKkJsaji, 3a3HAaIOTh 3HAYHOTO HETATUBHOTO BIUIMBY AE(IIIUTY SKICHOI CHPOBHUHHM, BIJICYTHOCTI CTa0lIBbHOCTI
MIMXTOBUX MaTepialiB, M0 HaAX0oAATh. IIpu 1ibOMy B CBITOBIM MpakTHIll AJI MOJOJAHHS 3a3HAYCHUX MPOOIIEM
BUKOPHUCTOBYIOTh TEXHIYHI PIIICHHS, 110 JO IO3aMiYHOi 0OpOOKH MIMXTOBUX MaTepiaiiB, 30KpeMa W PIAKOTO
YyaByHy. TakuM 4MHOM, aKTyaJIbHUM IMUTAHHSM BITYU3HSIHOI METAypriifHOI HAYKH € BCTAHOBIICHHS €(DEKTUBHOCTI
HaWOIIBII PO3MOBCIOKEHUX METOIB T03arivyHOl OOpOOKM YaBYHY CTOCOBHO CY4YaCHUX pealiil 1CHyBaHHS
BITYM3HSHOTO CTAJICTUIABUIILHOTO BUPOOHHUIITBA.

Ha ocHoBi Teopii nBodasHux Tedii (ra3 - TBEpAl YACTUHKH), IO 0a3ye€ThCsl HA MAaTEMAaTHYHOMY OTIHCI
JOCIIJKYBaHUX CHUCTEM, PO3POOJIEHO METOAUKY TEOPETUYHOTO OLIHIOBAHHS BIUIMBY XapaKTEPUCTHUK JABO(DA3HUX
MOTOKIB (BUTpaTa ra3oBoi (ha3u, IHTEHCUBHICTH MMOa4i TBEPAOi as3u) Ta XapaKTEPUCTUKU TPACH, IO TPAHCTIOPTYE
nBo(a3Huid MOTIK (AiaMeTp KaHaly, JOBXKHHA TOPU3OHTAJIBHUX, BEPTHUKAIBHUX Ta MOXMJIMX AUISTHOK, MaTepial
Tpacu), Ha 3MiHYy TNapameTpiB (Tepernaa TUCKY, MK IMOYaTKOM Ta 3aKiHYCHHSIM TpPacH, MIBUIKICTh Tra30BOi Ta
TBepaoi ¢a3) aBodazHoro nmotoky [1-4].

3 BUKOPHUCTaHHSM PO3POOIICHOI MeTOAWKH [5, 6] BUKOHAHO TOIMEpPEIHI PO3PaxXyHKH Tepenaay THCKIB,
MIBUAKOCTEH Ta30Boi Ta TBepaoi ¢a3 mist yactuHok CaO 3 miamerpom 60, 100 mxm; FeO — 70, 450 mxMm; NayCO3
— 100 mxm) 1 Al — 500 mxm 3a BuTpaTu ra3zy 100 HII/XB Ta IHTEHCHBHOCTI mojiavi TBepA0i ¢azu 1,67 kr/c Ta 2,5 kr/c,
SK1 TPAHCTIOPTYIOTh KaHAJIOM JliaMeTpOM 4 MM 3 TOPU30HTAIBHOIO IIISIHKOI0 | M 1 BepTuKanbHo 0 0,6 M.

Ha mnabGopatopniii 6a3i [YM Oyna 3MOHTOBaHa YyCTaHOBKA [JIsi TIPOBEIEHHS JIOCHTIKEHb Tiapo-
ra30JUHaMIYHUX 3aKOHOMIPHOCTEH 1HXEKTYBaHHS IOPOIIKOBABOi CyMillli Ha «XOJIOIHUX» Mojensix. bymu
3po0JieHI BUMNPOOYBaHHS YCTAaHOBKM 0O€3 peareHTIB, 3 BHUKOPUCTAaHHSIM COJIM, 3 BUKOPHCTAHHSIM BalHa Ta 3
BukopucTtanusaM cymimn CaO-NaxCOs-FeO.

JlirepaTypHi naxepesa

1. Coy C. 'mapoaumHamuka MHOTOda3HbIX cucteM / o pen. M. E. leiitua. Mocksa : Mup, 1971. 536 c.

2. Haxopuesckuii A. U., bacok b. W. I'mapoanHaMuka 1 TEMJIOMAacCONEPEHOC B TETEPOTEHHBIX CUCTEMAX U
MyJIBCUPYIOMUX ToTOKax / moxa pexd. A. A. Jlomuuackoro. Kues : HaykoBa mymka, 2001. 346 c.
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CUCTEMA ABTOMATHUYHOI'O YIIPABJIIHHS EHEPI'OPEXKUMOM JAYTI'OBO1
CTAJIEILIABUIBHOI IIEYI AT «HIKOIIOJIbCHKHUH 3ABOJ] ®EPOCILIABIB»

M. B. MuxaiijioBCLKHUM K.T.H., TO0IIL.,
B. 1. llInb6akincbKuUii K.T.H., 101., M. /[. 3iH4eHKO K.T.H., C.H.C.

Yxpaincbkuii 1ep:KkaBHU YHIBepCHTET HaYKH I TeXHOJIOTiH, M. JIHInpo

[IpoxykTuBHicTh AyroBoi cranemiasuiabHoi eyl (JJCII) i BuTpara enexTpoeHeprii Ha TOHHY CTajli B 3HaYHIH
MIpi 3aJIe’KaTh Bl BAOOPY pallioHATBLHOTO EJICKTPUIHOTO PEKUMY, SIKMI TIOBUHEH 3a0€3MeUNTH HaO1IbII TTOBHE
BUKOPHUCTAHHS BCTAHOBJICHOI MOTYXKHOCTI, BBEICHHS B 14 SKOMOTa OibIIIe €HepTii B OJIMHUITIO Yacy i 3aBaIUTH
neperpiBanHio  knaaku nedi. Jlns  3abe3nmedeHHss BucokompoayktuBHoi pobotu  JICII  oGmamHyroThCst
ABTOMATHYHUMH PETYJISITOPAMH MOTYKHOCTI, K1 371 ICHIOIOTH MIATPUMKY 33JJaHO1 MMOTYKHOCTI eJIEKTPUYHOI TyTH
[1]. PoGoTa 110r0 aBTOMaTUYHOTO PETYJISATOPA 3aCHOBAHA HA 3MiHI MOJOXKEHHS €JICKTPOIIB I PETYTIOBaHHS
JIOBXKUHH AyTH. YTIPaBIiHHS MPOLECOM JIyTrOBOI IUIABKU 3A1MCHIOETHCS, SIK MPABUIIO, B YMOBAaX HEBU3HAYEHOCTI
BJIACTUBOCTEH 00'€KTa YIpaBIiHHA W BIICYTHOCTI CUCTEMH MIATPUMKN MIPUHHATTS PIIlICHb.

Jliss IpUHAHATTS PEIeBAHTHUX PIlIEHb 3 METOK JOCATHEHHS MaKCUMAalTbHOI MPOJYKTUBHOCTI Tedi Mpu
MIHIMQJIBHUX €HEProBUTPATaX po3po0seHa KOMIUIEKCHA CUCTEMA aBTOMAaTH30BAHHOTO YIIPABIIHHS, 1[0 PETYIII0E
CJIGKTPUYHI MapaMeTpu AyrH W NepeMillieHHs eneKkTponiB. [lms peamizamii miei 3amayi BUKOpHCTaHa CXxema
peneitHoro perymoBaHHs moTyxHOCTI JICII 3 BHKOpHCTaHHSM aCHHXPOHHOTO KOPOTKO3aMKHEHOTO IBUTYHA.
Cucrema aBTOMaTH4HOro YyrpasiiHHSA eHepropexumom JICII cknmamaeTbcss 3 MOIYJIBHOTO MPOTrPamMOBaHOTO
KoHTpoJsiepa Simatic S7-300, MOayJnBbHOI CTaHIi CHCTEMH pPO3MOAUICHOrO BBeneHHS-BuBeneHHs ET-200M i
cranuii posnoainenoi nepudepii ET-2008S. 3a indopmarii€ero mpo oTOUHY HAIPYyTy eNEKTPO MEPEXi, TEMIIEpaTypy
MOAWHM 1 PyTepyBaHHS, CHCTEMa YIPABIIIHHSI PO3PAXOBY€E EICKTPUIHUH 1 TETUIOBUM PEKUMH, 1110 BiAMOBIIAIOThH
YMOBaM MiHIMaJIbHUX MMUTOMUX BUTPAT €IEKTPOEHEPrii, TPUBAJIOCTI MJIaBKU Ta coliBapTocTi cram. Po3pobiieHo
iHopmMarttiitHe 3a06e3MeYeHHsT CHCTEMH, AITOPUTM i1 poOOTH Ta BIJIMOBITHA KOMIT FOTEPHA IMPOTrpama.

Kowmn’rorepaum mMopaenoBanHsAM B cepenoBuii Matlab/Simulink nokasana cTiikicTb poOOTH peryisitopa
IIpU anepioIMYHOMY XapaKTepy MEPeXiJIHUX MPOIECiB 1 30UIBIICHHS IIBUIKOII PEryasTopa B MOPIBHSHHI 3
TPAJUIIIHUM DETYJISATOpPOM JIBUTYHA TOCTIHHOro cTtpymy. Po3pobneHa cuctema 103BOssie 3a0e3medyBaTu
pPIBHOMIpHE TOpIHHS IyTH 3a PaxyHOK peryiroBaHHs mosiokeHHs enektpomaiB JICII 3 xomm'toTepa omeparopa.
[epenbauennit Ha JICIT oOcsr 3aco6iB aBTOMAaTHUYHOTO KOHTPOJIIO Ta YIPABIIHHS 3a0€3Meuye MiATPUMKY 3a1aHUX
TEXHOJIOTTYHHX PEXXHUMIB €JICKTPOIIABKH, a TAKOXK O€3MeKy eKCIuTyaTallii arperary.

JlitepaTypHi 1:xepena
1. Ceunono6oB H. II., BpoBkun B. JI. Ileun yepHoii MeTamunypruu : yuebHOe mocodue. JJHemponeTpoBeK :
IToporu, 2004. 154 c.
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THO®OPMAIIMHO-MOJAEJTIOIOYA CUCTEMA ITPOTHO3YBAHHSA CTIHKOCTI
BEPXHIX KOHBEPTEPHUX ®YPM

0. O. KyabkoBcbKHii! K.T.H., 1011, I. I. ’KyabkoBcbka? K.T.H., 101.

1 MninpoBcbKuii qep:xkaBHuii TexHiunmii ynisepenrer, M. Kam’sincbke
2 YuiBepcHTET MHTHOI clipaBu Ta (inancis, M. [ninpo

EdexTrBHE KepyBaHHS Cy4aCHHUM METAIypPriiiHUM BHPOOHUIITBOM BUMArae MOCTIHHOTO MOHITOPUHTY BCiX
TEXHOJIOTTYHHMX MpoIieciB. 3a0€3MeYnTH TaKuii KOHTPOJIb MOXKIIMBO 3a HasBHOCTI cucteM MES (Manufacturing
Execution System) ta SCADA (Supervisory Control and Data Acquisition), $iKi JO3BOJSIIOTH KepyBaTH
BUpOOHMYMMH Tiporiecami [ 1]. Li cuctemu nmpeacTaBisitoTh COO0I0 CIieliali3oBaHe MPOTpaMHe 3a0e3MeUCHHS TSt
BUPILICHHS PI3HOMAaHITHUX BUPOOHUYMX 3aBIaHb HA PiBHI LIEXY UM MIANPHEMCTBA. Y OIBIIOCTI BUMAIKIB BOHU
MpaIoTh y peadbHoMy 4daci B pamkax Industrial Control System Ta Instrumentation and Control System, mpoTe
MOXYTh (DYHKIIIOHYBAaTH 1 aBTOHOMHO, 3a0e3mneuytoun 30ip Ta 00poOKy BUPOOHHUYUX JaHUX, KOHTPOJb SKOCTI,
HagaHHs HeoOxiaHoi iHdopmarllii Ta GopMyBaHHS peKOMEHAAIIN Il ONTHUMI3allii TEXHOJIOTIYHOTO TMPOIeCy i
ynpaBiiHHA oOynagHaHHsAM. OTXe, HasBHICTh 1H(OpPMAIiITHO-MOAETIOI0Y0i CUCTEMH MPOTHO3YBAaHHS CTIHKOCTI
BEpXHIX (ypM, SK CKJIQJ0BOI 3a3HAYCHUX BHIINE CHUCTEM, JO3BOJUTH BHUPINIUTH aKTyalbHI MpOOIeMH
KOHBEPTEPHOT0 BUPOOHMIITBA.

[HdopmartiitHo-MOIeTI0I091 CHCTEMH KOHTPOJIIO Ta KEPYBAHHS MAOTh BUCOKHUM MOMHUT Y METATyPTiHHOMY
BUpoOHUITBI. He € BUHATKOM 1 moTpeba B cUCTeMax MOEIIOBAHHS TEIUIOBOTO PEXHUMY SIK IITATHUX BEPXHIX
bypM, Tak 1 CHemiaIbHUX TapHICAXHUX (ypM, IO BUKOPHUCTOBYIOTHCS I Tapsdoro PeMOHTY (yTepiBKH
KOHBEpTepa METOZOM pO3JyBaHHS LUIaKOBOi BaHHM Ha (yTepiBKy (slag-splashing process). Bepxni ¢ypmu,
HE3AJICKHO BiJl KOHCTPYKILII Ta NMPpU3HAUEHHs, YaCTO BUXOAATH 3 JIaay 4epe3 3HauHI TErJIOBI HaBaHTAKCHHS,
3allsTAKOBYBaHHS, PyWHYBaHHsS 3BapHUX IIBIB Ta Mporapu. BHKOpHCTaHHS CIEiali30BaHOTO MPOrPaMHOTO
3a0e3nedeHHs J103BOJIsie e€()eKTUBHO KepyBaTH MPOIIECOM NPOEKTYBAaHHS (ypM Ta CHUCTEM iX OXOJIOKCHHS,
MIPOTHO3YBATH Ta CBOEYACHO CHTHAJI3YBATH MPO MEPErpiB a00 KPUTHYHHUKN CTaH OOJaJHAHHSA, 110 B PE3yibTaTi
CHPUATUME MiABHILIEHHIO 3HOCOCTIKOCTI MPUCTPOIO Ta 3aM00IraHHIO aBapiiiHUM CUTYaIlisiM HAa BUPOOHHUIITBI.

3 METOI BUKOHAHHS aKTyaJIbHOTO 3aBIaHHS II0JI0 BU3HAYCHHS BIAMOBIAHOCTI BXIIHMX TEXHOJOTIYHUX
napamMeTpiB KpuTepisM Oe3MeKd BEJCHHS KOHBEPTEPHOTO MpPOIEeCy B LIJIOMY pPO3pPOOJIEHO KOMII IOTEPHY
1H(pOpMaIIfHO-MOIENIOI0YY CHUCTEMY TMPOTHO3YyBaHHS TEIJIOBOTO PEXUMY CTOBOypa BEpXHIX KHCHEBHX 1
rapHicaxHux GypMm. Marematuyti MOZei, IK OCHOBAa CUCTEMH, Nepe0adaroTh po3B’ si3aHHs TU(EpeHIiaTbHOTO
PIBHSHHS TETIOTPOBITHOCTI B WJIIHIAPUYHUX KOOPAMHATAX 13 3aIaHUMH MTOYATKOBUMH (PO3IIOILT TEMIIEPATYP Y
po3paxyHKoBiii oOxacti) i rpannuHuMu ymoBamu II Ta III poay (BiamoBiTHO Ha 30BHIIIHIA 1 BHYTPILIHIH
MOBEPXHsIX cToBOypa dhypmu). [{s yncenbHOTro po3B’si3aHHS PIBHSAHHS TEIIONPOBITHOCTI 3aCTOCOBAHO 1HTETPO-
iHTepnoAiMHUN  Meroa. Po3paxyHOK  TeMIlepaTypHOro TMOJsl  3/iMCHIOBaBCS ~ METOJOM  INPOTOHKHU
(MomudikoBanuM MeToI0M ["ayca) i3 BUKOPHUCTAHHSAM HESIBHOT O€3yMOBHO CTIMKOT CXEMH.

[Iporpamuuii 3acTOCyHOK po3pobieHo y cepenosuiii Microsoft Visual Studio. Bim He mnotpebye
CreliaIbHUX BUMOT JI0 KOMIT FOTEpHOI 1HPpacTpyKTypH, GYHKIIIOHYE JIOKATBbHO (0€3 HeOOX1THOCTI JOCTYIy 10
[HTepHETY) 1 HE BUMAarae creniaJbHUX HABHUYOK JJIsi POOOTH 3aBASKU IHTYITHBHO 3pO3yMiIOMY iHTepdeicy.
Po3pobiiena iHopMamiifHO-MOACNIOI0Ya CUCTEMa JO03BOJISIE OIIHIOBAaTH KOHCTPYKTHBHI ¥ TEXHOJOTIYHI
napameTpu poOOTH BepxHix (ypM sK Kputepii OesmeuHoi ekcryaramii. Ii 3acTocyBaHHS y pexHMi
«KOHCYJIbTaHTa» 3a0e31neuye OnTUMaIbHE POEKTYBAHHS BEPXHIX (ypM 3 e(heKTUBHOIO CHCTEMOIO BOJISTHOTO a00
ra30BOTO OXOJIOKEHHsI, CIIPSIMOBaHE Ha MIATPUMAHHS HAJIEKHOTO TEIJIOBOTO PEXHUMY MPOTATOM YChOTO 4Yacy
eKcIuTyaTallii, a Takox 0e3aBapiiiny poOOTy KOHCTPYKIIii.

JlitepaTypHi 1:xepena
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METOJIMKA ITPOrHO3HOT'O BU3HAYEHHS JE®OPMAIITHOTO 3MILIHEHHSA
HU3bKOBYTJEIEBOI Cr-Mo-V CTAJII IIJl YAC BUTOTOBJIEHHS 3BAPIOBAJILHOT'O
TIPOTY

E. B. OJiiinuk, E. B. [1apycoB a.T.H., c.H.c., [. M. UyiiKko0 K.T.H., CT. 10CJ]I.

IncruryT yopHoi Mmetaayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. /Ininpo

BusnaueHHs piBHA 3MIITHEHHS CTali B 3aJIS)KHOCTI BiJl MApaMeTPiB TEXHOJIOTI 11 XOJIOJHOTO MJIACTUYHOTO
nedhopMyBaHHS, 30KpeMa BOJIOYIHHS, Ta CTBOPECHHS HA IMX 3acajiaXx METO/IIB PO3PaXyHKY MOKa3HUKIB MIITHOCTI
BIZTHOCUTBCS JI0 aKTyaJIbHUX HaNPsSMIB JISIbHOCTI Cy4aCHHX METaJOBUPOOHUX mianpueMcTB. Ha nedopmariiine
3MIITHEHHS CTai IiJl Yac BOJIOYIHHS OCHOBHHM BIUIMB YWHATH CTYMiHb nedopmariii i Temmeparypa po3irpiBy
00po0IIIOBaHOT 3arOoTOBKH, a caMe IOB'sI3aHl 3 UM TMPOIECH 3MIIHEHHS Ta 3HEMIIIHCHHS MeTaly. 3a YMOBH
CTaJIOCT] MAapaMeTPiB TEXHOJIOT1i BOJOYIHHS CTAE MOXKIIMBUM PO3paxyBaTH IPOTHO3HE 3HAUCHHSI TPAHMIII MilTHOCTI
MeTalxy, TOTpiOHI TATOBI 3yCWJUIS BOJOUYMIBHOTO OOJagHAHHSA, a TaKOX BHU3HAYUTH BIATOBIAHICTH
X0JI0THOIe(DOPMOBAHOTO APOTY YHOPMOBAaHMM BUMoOram crtaHaapTiB [1]. BpaxoBywoum Te, mo mnpokar 3
HU3bKOBYTJICIIEBUX JICTOBAHKX CTAJICH 3BAPIOBAIILHOTO MPU3HAYCHHS € TEPEPOOHOI0 3aT0TOBKOIO, KA IIIA€THCS
XOJIOTHOMY 1e()OPMYBaHHIO BOJIOYIHHSM, TO IO OJTHOTO 3 OCHOBHUX MOKa3HUKIB HOTO MEXaHIYHHUX BJIIACTUBOCTEH
BIJIHOCSITh TPAHMITIO MIITHOCTI, SIKa BUCTYIIA€ Y SIKOCTI TOJIOBHOTO 1HIMKATODY.

HaBeneHo pesynbTaTé MpakKTUYHOTO 3aCTOCYBAaHHS aBTOPCHKOI METOIMKH JUIsl IPOTHO3HOTO BH3HAYCHHS
TPaHMII MIITHOCT1 X0J01HOAC(OPMOBAHOTO APOTY B 3aJICKHOCTI BiJl CTYIIEHS CYMapHOTO BITHOCHOTO OOTHUCHEHHS
CTaJIeBOrO MpOKaTy, M0 Oa3zyeTbcs Ha Bimomomy piBHsSHHI TynenkoBa-3omoTHikoBa [2], Ta sike Oyno
MoauGiKOoBaHE NUIIXOM YBEICHHS eMITipudHOTO KoeditieHTy (k). el koedimieHT BpaxoBye IHTETpaibHUHN BIUIHB
XIMIYHOTO CKJIaJay 1 mapaMeTpiB CTPYKTYPH CTali, 110 ICTOTHO BIUIMBAIOThH Ha AedopMalliiiHe 3MIIIHEHHS MeTalTy
miJ 9ac BOJOYiHHA. HakonmuueHuii GaraTopiyHHI TOCBIJ aBTOPIB 3 aHAII3Y 3MiHM MEXaHIYHHMX BJIACTHUBOCTEH
IIMPOKOTO MapOYHOTO COPTaMEHTY CTaJied 32 yYMOBHM 3aCTOCYBAaHHS TEXHOJIOTiI MPSMOTo BOJOYiHHS (0e3
MPOBEICHHS BiAMaNy) AO3BOJIMB BH3HAYUTH KoedimieHT k= 1,17-1,22 nnsa HU3BKOBYTJCIEBUX CTajlei
(C <£0,15 % Bar.) 3 peputHOIO MaTpHUIIEtO, sIKi 101aTKOBO jieroBadi xpomom (0,70-1,30 %), monioaenom (0,50—
1,30 %), Banaxgiem (0,10-0,30 %) Ta micTaTh MapraHenb 1 KpeMHii B miamazonax 0,70-1,60 ta 0,20-0,80 %
BiJITIOBI/THO.

I3 BUKOpHUCTaHHAM 3a3HAYEHOI METOJMKH BCTAHOBJICHO 3aJICKHICTH Je(POPMaIIfHOTO 3MIIIHEHHS JAPOTY 3
HU3BKOBYTJICIIEBOT XpoMoModtioaeHBanaieBoi ctam (CrMoV1Si) y mporieci mpsSsMoro BOJOYiHHS BiJl MEXaHIYHUX
BJIACTUBOCTEH MPOKATy y CTaHI NOCTadyaHHs. Bu3HaYeHO miama3oH BHIXIIHOI MIITHOCTI CTajJeBOTO IMPOKATy
miam. 5,5 mm (R, =450-550 MIla), skwii rapaHToBaHO 3a0e3ledye BIAMOBIAHICTh TPAHUI MIITHOCTI
xonoaHoneopmoBaHoro ApoTy aiam. 1,2—3,0 MM BUMOTaMu iICHYIOUHX CTaHIApTiB.

JlitepaTypHi 1:xepena
1. ITapycoB E. B. [IporHo3yBaHHS €HEPrOCHJIOBHX IapaMeTpiB BOJOYIHHS Ta MEXAHIYHUX BIACTUBOCTEH
XOJIOAHOAC(POPMOBAHOTO JIPOTY 3 BHUCOKOBYIJICLIEBUX CTaleh. [Hgopmayiini mexuonocii 6 memanypeii ma
MawiuroOyoyeanHi : MaTepiany X Mi>KHApOIHOI HAyKOBO-TIPAKTUUHOT KoH(epeHii, M. J{Hinpo, 27-29 6epe3nst 2018 p.
Juinpo : HMeTAY, 2018. C. 31.
2. Tynenkos K. U., 3notaukoB M. U., boosuieBa C. @. MexaHu4eckne CBOKWCTBA CTAIBHON HaKJICTaHHON
npoBooku. Cmane. 1956. Ne 9. C. 821-825.
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3B'SI30K XIMIYHOI MIKPOHEOJHOPITHOCTI 31 CTPYKTYPOIO INTACTUHYATOI'O
I'PA®ITY B CIPOMY YYI'YHI

A. JO. bopucenko a.1.H., c.H.C., T. B. baiaxanosa K.T.H.

IncruryT yopHoi Mmeraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. /Ininpo

YaByH 13 IMJIaCTUHYACTUM TpadiTOM IIHPOKO 3aCTOCOBYETHCSA B PI3HUX Tally3sX mHpoMucioBocTi. Lle
HEIOpOTruil MaTepiay, M0 JIErKO MiJIA€ThCS PEUUKIIHTY Ta Ma€ BIAHOCHO HU3bKHMHA piBEHb 3a0pyAHEHHS
HAaBKOJIUIITHBOTO CEPEIOBHINA, 30KkpeMa Hu3bK1 BUKuIu CO5.

YTBOpEHHS CTPYKTYypH YaBYHY 3 IUIACTHHYACTUM TpadiTOM J0CI 3aJUINAETHCA MPEIMETOM YHCICHHHUX
nociipkeHb. [lmactuHuacTuii rpadit y cipoMy 4YaByHI MOXKE MaTdh Pi3HI (OPMH: TOJIYacTy, IUIACTIBIEBY,
OpSAMOJIiHINHY, 3aKpydyeHy, THI3I0MOAIOHy, SKi TakoX pi3HATHbCA 3a po3mipom. dopma, po3mip Ta po3moiin
rpadgiTy B CipoMy YaByHI € HaJI3BHYANHO YYTIWBHUMH JI0 HE3HAYHUX 3MiH XIMIYHOTO CKJIaay (0CoOIMBO
JOKaJbHMUX), a TaKOX 1O IIBHUIKOCTI OXOJOKEHHS. B Mexax omHiei JuTOi aeTani MOXYTh YTBOPIOBaTHCS
pi3HOMaHITHI TpadiTOB1 YaCTKH, TOMY KOHTPOJIhOBaHE ()OPMYBAaHHS Pi3HUX CTPYKTYP IUIACTUHYACTOTO Tpadity B
MeKax OJIHOTO JJUTOTO BUPOOY € aKTyalIbHUM 3aBJIaHHSIM.

Hacpkoroni Opakye 3HaHb PO BIUIUB JIIKBAIITHOT MIKPOHEOJHOPITHOCT1 Ha MPOIEC YTBOPEHHS rpad)iTOBUX
4acTOK pizHOT MOpdoIIorii Ta po3MmipiB.

VY poborti Oysio nmpoBeseHO aHaii3 MOpQoJIoTii rpadiTOBUX YaCTOK Yy CIpOMY 4YaBYHI, a TAaKOXK JOCTIIKEHO
YeproBiCTh BUHUKHEHHS YacTOK pi3HOI popMu Ta po3Mipy i iXHii 3B'A30K 13 XIMIYHOIO MIKPOHEOJHOPIIHICTIO.
JocaimxyBaHuil 3pa3ok Ciporo 4aByHy MaB XIMIYHUN CKJafd, O1u3bkuid 0 eBTekTuyHoro (3,94 % C; 2,59 % Si),
1 KpHCTami3yBaBCsi NpU YIOBUIBHEHOMY OXOJIOJKeHHI. byno mpoBeaeno weranorpadiunuii anami3z Ta
BUMIPIOBaHHSI MIKPOTBEPAOCTI CTPYKTYpPHUX CKJIamoBuX. Jlims Bizyamizamii XiMiuHOT MIKPOHEOIHOPITHOCTI
BUKOPHCTOBYBAJIM METOJI Tapsiu0ro TPABJICHHS B JIy’KHOMY PO34HHI MIKpaTy HATPIIO.

V¥ 3pa3Ky cnoctepirair MacuBHi, THI310MOA10H1, 3ip4acTi Ta rikonoAioHi popmu rpadity, sKi, 3aJI€KHO BiJ
iXHBOTO pO3TalIyBaHHS y Makpo- Ta MIKpooO’eMmax, Malu pi3Hi po3Mipu. XiMidHa MIKPOHEOAHOPITHICTD, IO
BUHHKAE HA BCIX CTAJIAX KPUCTATI3allii, TPOSBIISIETHCS y Bapiallisix KOHIIEHTpaIlli KpeMHI0 Ta ByTielo. OCKUTbKH
KPEMHIN 3HMXKY€ PO3YMHHICT BYTJICLIO, Y BUCOKOKPEMHICTHX AUISHKAX KOHIEHTPAIlisl BYTJICII0 € MEHIIOKO, 1110
MPU3BOJIUTh 70 PI3HUIB Y TBEPAOCTI MK PI3HUMH AUBTHKaMH 3pa3ka. MIKpOCTPYKTYpHI HOCHTIIKEHHS
MOKa3yI0Th, 10 IHTEHCUBHICTH 1 TOTOJIOT1S XIMIYHOT MIKPOHEOTHOPIAHOCTI BILTUBAIOTH HA PO3TAIlyBaHHS, PO3MIip
1 hopmy rpadiTOBUX BKIIIOUCHD.

JlocmiKeHHsT BUSBUIIO CTaiHICTh YTBOPEHHS Pi3HUX I'padiTOBUX YaCTOK y cipomy 4aByHi. Tomosoris
XIMIYHOT MIKPOHEOAHOPITHOCTI Ta TIOB'SI3aHI 3 HEK I1HTEHCUBHICTh PO3MOJLTY XIMIYHHUX EJIEMEHTIB,
po3TauryBaHHs, po3Mip 1 popma rpadity, a TaKoK XBHIIETOI0HA TOCIIOBHICTh 3MiHH MIKPOTBEPOCTI METAJIEBOI
MaTpHIll CBIiIYaTh MPO ICHYBaHHSA IWHAMIYHUX TPOIECIB y pO3IJIaBi 4aByHYy. Big mmx mporeciB 3ajieXuTh
CTPYKTypa PO3ILIABY 1 PO3MOILT y HbOMY XIMIYHHUX €JIEMEHTIB, TOOTO HOro XiMidHa MiKpOHEOAHOPIIHICTD, SKa
BIUTMBA€E Ha YTBOpPEeHHs Trpadity. J[MHaMidHI mpolecu B pO3IUIaBaxX 3aJieXkaTh BiJl IXHIX (PI3MUHHX BIACTHBOCTEH
(UIUTBHOCTI, B'A3KOCTi, MOBEPXHEBOTO HATATY TOIIO), TEMIIEPATypu Ta IMIBHIKOCTI i 3MiHH, TOOTO KiHETHUKHU
KpucTasizarii.
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OCOBJIMBOCTI CTPYKTYPOYTBOPEHHS HU3bKOBYTIJIEIIEBOI CTAJII MAPKM SAE ITPH
OXOJIOZKEHHI 3 ITIPOKATHOI'O HAI'PIBY

B. A. JlynieHko A.T.H., C.H.c., T. M. I'oi1y0eHko K.T.H., O. B. JIynenko k.1.H., I'. I. CiBak
IncruryT yopHoi Mmeraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. /Ininpo

CopToBuii TpoKaT KPYIJIOro IMepepidy 3 HHU3BKOBYIUICNEBHX crajied Mapok SAE Bumarae mocTiitHOTO
MiBUIICHHS HAJIMHOCTI cucTeMU 3a0e3nedeHHs SKOCTi. [IepCleKTUBHUMU € TPOIECH, IO BKIIOYAIOTh IMICIs
MIPOKATHOTO HArpiBy Taki TEMIEPaTypPHO-IIBUAKICHI TTapaMEeTPH OXOJIOKEHHS, K1 3a0e31euyoTh (OpMyBaHHS
OJTHOPIAHOI CTPYKTYpH. 3aJeKHO BiJl YMOB IPOBEACHHS rapsdoi aedopmariii B cTalieBOMy HMpPOKaTi MOXKYTh
CIIOCTEpIraTucs pi3Hi CTPYKTYPHI CTaHH, 3a()iKCOBaH1 OXOJIOHKCHHSM ITiCIIS Tapssdoi aedopmariii, siki BA3HAYAI0Th
BJIACTUBOCTI MeTaiy. SIKIIo MeTan mijJaBaTH BUTPHUMKaM IPH TeMIepaTypi KiHI nedopmarii, TO B HbOMY
MPOTIKAIOTh TMPOIECH 30MpaabHOT peKpUcTaiizallii, sika MPOsBISETbCS Yy (opMyBaHHI 3apOAKiIB, 3IaTHUX 10
MOJAJIBIIOrO 3pOCTaHHSA. Y CTAIAX 13 HEBUCOKMM BMICTOM BYTJELIO Micis rapsuoi aedopmartii moapiOHeHHS
ayCTEHITHOTO 3€pHAa MPU3BOIUTH 0 3MEHIIICHHS PO3MIPiB NMEPIITHUX AUISHOK. Y TBOPEHHS BHACIIIOK 30UpaTbHOL
pekpucTaizanii BEJIUKOr0 ayCTEHITHOTO 3€pHA MPU3BOAUTH 1O 3MEHIICHHS KITBKOCTI CTPYKTYpPHO-BLIBHOTO
dbeputy. ToMy akTyaJlbHUM € BUBYCHHS BIUIMBY Ha CTPYKTYPOYTBOPEHHSI COPTOBOTO MpOKaTy craji Mapku SAE
[IpY BUKOPUCTAHHI 3 IPOKAaTHOTO HArpiBy TeMIEepaTypHO-IIBUAKICHUX MTapaMeTPiB 0XOJIOHKEHHSI.

JlocmiKyBany COPTOBUM TMPOKAT 13 HU3bKOBYyTJeneBoi ctam mapku SAE 1008 kpyrmoro miamerpy 1o
18,0 mm. Ilpokar micisi IIBHAKICHOTO YUCTOBOrO OJIOKY 3 TEMIIEpaTypolo rapsdoi mpokatku (Buie 3a Aj)
OXOJIO/IKYBAJIM BOJOIO MEpell PO3KIAIKOI0 Ha BUTKU 0 PI3HUX TeMmIepaTyp BHUIIE 3a A, Y HOJANbIIOMY
OXOJIOJKYBAIH 13 CEPeTHBOI0 MBHUAKICTIO ~ 3,0 °C/c 10 Temneparyp HaBKOJUIITHEOTO CEPEIOBHUIIA.

Haii6inpi BaxIMBUM HapaMeTpoM MIKPOCTPYKTYPHU € PO3Mip 3€pHa, AKHH € OJHUM i3 Halle(heKTUBHIIINX
Croco0iB YMpaBIiHHS CTPYKTYpOIO, IO TPUBOIUTH JI0 3MIHM MEXaHIYHUX BJIACTHUBOCTEH. Metamorpadivyni
JIOCITIJIKEHHS T0O3BOJIMIIM BCTAHOBUTH BIUIMB MapaMeTpiB TEPMIYHOT 0OPOOKH Ha CTPYKTYpY JOCIIIKEHOI cTai,
sKa sBIsi€e co0010 (DEpUT 3 HEBEIMKWMHU IISHKAMH IUIACTUHYACTOTO TEPJITY. 3a JOMOMOTOI0 MPOBEICHUX
PO3paxyHKOBO-aHATITHYHHUX TOCIIIKEHb BCTAHOBIJICHO, 110 MICJIs BUCOKOIIBUIKICHOI rapsa4oi aedopmariii came
TeMIlepaTypa KIHISI OXOJO/KEHHS BIUIMBA€ Ha CepeAHid yMOBHUU piameTp 3epHa. [Ipu BUpOOHMIITBI
HU3BKOBYTJICLIEBOTO COPTOBOIO Mpokary Mapok Ttumy SAE ciii BUKOpPHUCTOBYBaTH cCXeMy OOpoOKH 3
peryJibOBaHUM JBOCTAIITHUM OXOJIOPKCHHSIM TIPH CepeHIN TeMneparypi Ha BUTKOyTBoproBadi A + 150 °C, npu
AKiil popMyeThcs OLIbII pIBHOMIPHE 3€pHO, 110 3a0€3MEeYUTh MiHIMAJIIBHUI PO3KUI MEXaHIYHUX BIACTUBOCTEH.
[TigBumieHHsT TeMmepaTypud TpU OXOJO/PKEHHI 3 MPOKATHOTO HarpiBy NPU3BOJIUTH JO YTBOPEHHS
PI3HO3EPHUCTOCTI Y MIKPOCTPYKTYPI, 110 € HEOaKaHHUM.
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3HOCOCTIMKITH KOJICHOI CTAJII, SIKA TIIJITAHA JIASEPHINA OBPOBIII

C. I. I'voenko!? n.1.H., npod., E. B. Ilapycos! a.1.1., c.H.c., I. M. Uyiiko! K.T.H., ¢T. K0CJL.,
O. B. Iapycos! k.T.H., c.H.C.

TacruryT yopuoi meraayprii im. 3. I. Hexkpacosa HAH Ykpainu, m. {ninpo
2 YKpaiHChKMii IepsKaBHUI YHIBEPCHTET HAYKH i TEXHOJIOTIiA:
HHI IlpuaninpoBcbka akajaeMisi Oy1iBHUIITBA Ta apXiTeKTypH, M. /{Hinpo

JloxazaHa JOIUIBHICTh JIOKAJIBHOTO 3MIIHEHHS 30HUW BUKPY)KKH TMOBEPXHI KOB3aHHS NUISIXOM JIa3epHOI
00poOku. Ha OCHOBI TOCHIIXKEHHS 3HOLICHUX Y TMPOLECi eKCIuTyaTalii 3aJi3HUYHUX KOJIC, 1[0 MalOTh Pi3HUHN
npodiik MOBEPXHI KOB3aHHS, MOKA3aHO, IO MPOTIKAHHS IHTEHCUBHUX IJIACTUYHUX 3CYBIB B YMOBaXx Jiii TOCUTh
BUCOKHMX KOHTaKTHHMX HAamNpy>KeHb IiJ] Yac eKCIUTyaTalii NpU3BOAUTH O IHTEHCUBHOTO 3HOCY B 30H1 BHKPYKKH,
10 MO€E BUKJIMKATH Mipi3 rpedeHis [1, 2].

Bcranosneno, mo micis ja3epHoi 0OpOOKHM KOMICHOI CTajli B PEXHMi IMIYJIbCHOTO BHIIPOMIHIOBAaHHS
BUHHKAE JIa3ePHO-3arapToOBaHa 30HA 31 CTPYKTYPOIO JUCIEPCHOTO MAPTEHCHUTY, AKa 1ICHTUYHA «OUTOMY Iapy»,
10 YTBOPIOEThCA MiJ Yac eKCIulyartallii Ha MOBepXHi KoB3aHHS. JlOCHiUKeHHs TIOKa3ajy, 10 Taka CTPYKTypa €
HECITPHUATIMBOIO 3 TOYKHU 30py €KCIUTyaTariitHoi HaaiiHocTi. [TokazaHo, 1m0 micis J1a3epHOi 00pOOKH B peKUMI
0e3mepepBHOrO BUIPOMIHIOBAHHA MOKHAa OTPUMATH MIKPOKOMIIO3UTHY OCHHITHY CTPYKTYpy Ja3epHO-
3MIIHEHOTO IIapy, siIKa COPUSATINBA JUTsl YMOB ekcrutyaraiii. [Ipu 1ipoMy, mapaMeTpu 3MIiITHEHOTO IIapy, TOHKOi
CTPYKTYpH CTalli, a TAKOK MIKPOTBEPIICTh 1 TBEPICTh MO’KHA BapilOBATH B IIEBHUX MEXKaX 3aJI€)KHO BiJl BUX1THOTO
CTaHy KOJIICHOI CTaji, a TaKOX PEKUMY O€3MepepBHOIO Ja3epHOTo BIUIMBY. Ha OCHOBI MOPIBHSAIBLHOTO aHATI3Y
MOKa3aHo, 1110 PEXUMH Jla3epHOi 00pOOKH, a TAKOXK CTYIIHB JUCTIEPCHOCTI BUX1AHOT MIKPOCTPYKTYPH BU3HAUAIOTh
e(eKT Ja3epHOro 3MIIHEHHS KOIICHOI CTaJIl.

3anpornoHOBaHO MEPCIEKTUBHUI PEXXHUM 3 TOTYXHICTIO J1azepHOro mpoMenro 600 BT i mBuakicTio #oro
nepemimeHHs 5—15 Mm/c, KMl PEeKOMEHJOBAHO BUKOPUCTOBYBAaTH OCOOJMBO y MOETHAHHI 3 TPATULIIHHOIO
TEPMIYHOIO0 00pOOKOI0. PEKOMEHI0BAaHO TaKOK MPOBEICHHS JIOKAIBHOTO J1a3€PHOTO 3MIITHEHHS 30HU BUKPYXKH
B YMOBax BHPOOHHUIITBA 3aJi3HUYHUX KOJIIC MICIS rapTyBaHHSA HEpeid BIAIMYCKOM Ul 3MEHIIEHHS TepMIYHHX
HaIpy>KeHb.

[TokazaHo, 10 MiABMINEHHS 3HOCOCTIMKOCTI KOJICHOI CTaji Micis Jla3epHOI OOpOOKM CBIMYUTH PO
e(EeKTUBHICTh 3aCTOCYBAaHHS 3MIIHIOBAJILHOI JIA3€PHOI TEXHOJIOTII IIJISAXOM IUJIECIIPSIMOBAHOTO BHUKOPHUCTAHHS
BHYTPIIIHIX pe3epBiB CTPYKTYPHOI NPUCTOCOBAHOCTI IMOBEPXHEBUX IIAPIB CTali B YMOBax eKCIUTyaTalii.
OO6roBopeHi MEePCIEKTUBH JIOKAJTBHOI JIa3epHOT 00pOOKH BUKPYIKKH 3 OTPUMAHHSIM MIKPOKOMITO3UTHOT OCHHITHOT
CTPYKTYpH B PEXHMI O€3MepepBHOTO JTa3epHOrO BUIPOMIHIOBAHHS, IO JO3BOJIUTH HE TUIBKU IMiJBUIIUTH
3HOCOCTIMKICTh TOBEpPXHI KOB3aHHS 3aJI3HMYHUX KOJIC, @ W 3HU3UTh PH3UK MiJpi3y TpeOeHiB y TMporieci
excrutyaranii. Takiii oOpoOui MoOKHA MiJAaBaTH SIK HOBI 3ali3HUYHI KoJieca MICNsA TPaIULiHHOI TepMivyHOi
00pOOKH, TaK 1 BAKOPUCTOBYBATH ii B 3aJTI3HUYHHX JICTIO 111 YaC MPOBEJACHHS BiTHOBJICHHS 3HOMIEHUX MPOQLTIB
MOBEPXHI KOB3aHHS LIUIIXOM ITEPETOUOK.

JlirepaTypHi naxepesa
1. Sladkovsky A., Yessaulov V., Shmurygin N., Taran Y., Gubenko S. Analysis of stress and strain in freigth car
wheels. Computational Method and Experimental Measurements VIII. Southampton, Boston : Computational
Mechanics Publications, 1997. P. 15-24.
2. Taran Y. N., Esaulov V. P., Gubenko S. I. Increase of wear-resistance of railway wheels with different
profile of tread. Metallurgical and Mining Industry. 2000. No. 2. P. 4244,
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MPOBJEMM HA3BKOI TEXHOJOTTYHOI INIACTUYHOCTI CTAJII 04X14T3P1® IIPH
BUPOBHUITBI TPYB JIJIsI ATOMHOI EHEPTETUKHA

C. 1. I'voenko'? A.T.H., mpod., B. M. Becnajibko K.T.H., C.H.C.

TacruryT yopuoi meraayprii im. 3. I. Hexpacosa HAH Ykpainu, m. {ninpo
2 YKpaiHChKMii IepsKaBHUI YHIBEPCHTET HAYKH i TEXHOJIOTIiA:
HHI IlpuaninpoBcbka akajaeMisi Oy1iBHUIITBA Ta apXiTeKTypH, M. /{Hinpo

Jlis TpaHcniopTyBaHHS Ta 30epiraHHs BiIPalbOBaHOTO SIEPHOIO MaINBa BUKOPUCTOBYIOThCS KOHTEIHEpH
[1]. yist iX BUTOTOBJICHHS 3aCTOCOBYIOTh BHCOKOXpoMHucTy cTaib 04X 14T3P1®, neroBany 6opom. [Ipu BBeaeHH1
B CTaJIb 0OPY YTBOPIOETHCS BEJIMKA KITBKICTH OOPHIIB, IO HETAaTUBHO BIUIMBAE HA i1 MEeXaHIYHI BJIACTHUBOCTI Ta
TEXHOJIOT1YHY IJIACTUYHICTh B MPOLIeCi BAPOOHUITBA rapsiuekaTaHux TpyO [2-5]. Meroro po6otu Oyno BUBYCHHS
BIUTMBY OOpPHAHMX BKJIIOYCHh HA MEXaHIYHI Ta TeXHOJOTiuHI BiIacTUBOCTI ctaimi 04X14T3P1® 3a pizHux
TEMIIeparyp.

B cram 04X14T3P1® Busunu nsa tunu 6opuaaux BrioudeHb: (T1,Fe,Cr,V)2B 3 o6ononkoro (Ti,Cr,V)2B
ta (Fe,Cr):B, mo maroTh 3HauHy XiMiuHy HEOAHOPIAHICTE. B mporieci rapsiuoi aedopmartii BigOyBaroTbes (a3osi
Ta CTPYKTYpHI TpaHcdopmarlii: 3MiHa CKjJIaay OOpHIIB BHACIIIOK IMEPEPO3MOALTY €JIEMEHTIB, JUHAMIYHE
nudysiiiHe ApoOJeHHS Ta BUAUICHHA «CATENITHUX» YaCTHHOK, KpPHXKe pyHHYyBaHHS OopuiiB, OopuiHe
nepetBopenns (T1,Fe,Cr)2B — (Fe,Cr)2B, a Takox orniaBiaeHHS BKIIOYCHb.

Bopunni BkIoueHHs B mporeci rapsdoi gedopmaliii He MIaCTUYHI Ta € JPKepelaMH MOSBU TPILIUH, IO
CIIpHUsiE€ 3HMKEHHIO TEXHOJOTIuHO1 muactTuyHOCTi craimi 04X14T3P1®. Tpanchopmarlii 60puaHNX BKIIOYCHB
CHPUSIOTH 3MiHI CTPYKTYpH Ta MeXaHi4HUX BiactuBocTei crani 04X14T3P1® 3a pizHux ymoB aedopmariii, 1o
HEOOXITHO BPaxOBYBATH IIiJl 4aC PO3POOKU PEKUMIB OOpOOKH THCKOM 3 METOIO MiABUIICHHS TEXHOJOTIYHOI
MIaCTUYHOCTI. JloCTiPKeHHS MOBENIHKY BKIIFOUEHb OOPH/IIB 11T 9ac rapsdoi 0OpoOKH CcTajil TUCKOM 1 iX BILJIUB Ha
dopmyBaHHS 1eOPMOBAHOI MATPHIIi, @ TAKOK PO3BUTOK PyHHYBaHHS MOOJIM3Y BKJIIOYEHb JO3BOJIMIA BUSHAUUTH
pexumMu 00poOKH (TemrmepaTypH 1 cTyneHi nedopmartii), siki CIPUAIOTh OTPUMAHHIO ONTUMAIBHOI CTPYKTYPH, 11O
3a0e3mneuye MmiABUILEHY yaapHy B'a3KicTh ctani 04X14T3P10.

JlirepaTypHi naxepesa

1. Topemaun U. B., Kapzos I'. I1., ®umumonos I'. H. Pa3zpaboTka u coBepiieHCTBOBaHHE KOHCTPYKIIMOHHBIX
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of pipes for nuclear energy. Machines. Technologies. Materials. 2024. Vol. 1(4). P. 140-143. URL:
https://stumejournals.com/journals/mtm/2024/4/140.full.pdf
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3B'SI30K ®PAKTAJBHOI PO3MIPHOCTI I3 MOP®O.JIOTIEIO TA PO3INOALIOM I'PA®ITOBUAX
BKJUIIOYEHD Y CIPUX YABYHAX

E. B. OJiiinuk, E. B. IlapycoB a.T.H., c.H.c., A. FO. bopuceHko a.T.H., C.H.C.

IncruryT yopHoi Mmeraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. /Ininpo

Bigomo, mo s KUTbKICHOTO Omucy (pakTalliB JOCTaTHHOK YMOBOIO € BHU3HAYCHHS (pakTalbHOI
po3mipHOCTI 200 mapamerpa, KUl OnHcye 30€peKEHICTh CTATUCTUYHUX XapaKTEPUCTHK IPU 3MiHI MaciTaly.
AHai3 TpaauIiiHAX METOTIB TOCIIIIPKEHHS CTPYKTYPU METaNIB 1 CIUTaBiB (CBITJIOBA Ta €JIEKTPOHHA MIKPOCKOIIIS,
KUTbKiCHA MeTtanorpadii, peHTTeHOCTPYKTYPHHMI aHai3) CBITYUTH MPO TE, IO JKOJEH 3 HUX HE MOXe OyTH
YVHIBEpCaJIbHUM 1 MPUIATHUM [JI1 BUPIMICHHS TOBHOTO OOCSTY 3aBAaHb MI0J0 1AeHTH(IKAIi KiUTbKICHHX
XapaKTepUCTHK CTPYKTYpH MeTaleBUX MaTepiainis [1].

3acTtocyBaHHs Teopii ppakTaniB A aHATI3y 00 MOJICTIOBaHHS Pi3HUX MPOIIECiB (OPMYBaHHS CTPYKTYD Ta
BU3HAYEHHS iXHBOTO 3B’S3KY 13 BIACTUBOCTSAMH Martepiaiy € HalOUIbII MOMKUPEHUM, JOCTYITHUM 1 JTOCTOBIPHUM
HaIpsMOM y MaTepiaio3HaBcTBi. [lomyk cepennpoi hpakTaabHOT po3MipHOCTI TpadiTOBUX BKIIOUYEHD y CTPYKTYPi
ciporo yaByHy mpoBoAwid y BianoBigHOCTi 10 BUMOT ['OCT 3443-87 (momarok Ne 3, mikana Ne 1) 3a METOUKOIO,
CYTHICTh SIKOi TOJiiTaja y BHU3HA4YCHHI HAWOMMK4oi 301KHOCTI 3HA4YEeHb (PPaKTATbHOI PO3MIPHOCTI, SIKY
00YMCITIOBAIIN 33 JOTIOMOTOK0 KJIITHHHOTO Ta TOYKOBOT'O METOIB [2].

3a pe3ysJbTaTaMH PO3PaxXyHKY OTPUMAHO HACTYMHI CepeaHl 3HadeHHs (pakTalbHOI po3MipHOCTI (D;) B
3aJIeKHOCTI Bi MOpdostorii Ta po3noaity rpadiToBUX BKIIIOYEHb: TUIACTHHYACTA NMpsMOiHiiHa Gopma (1,180),
nacTuHYacTa 3aBuxpena dopma (1,328), rHizgononionuit posmoxin (1,344), poserkoBuii po3moxain (1,539),
po3monin y MibKACHIpUTHUX KoNoHisX (1,590), MibkaennputHuii ToukoBud posmonin (1,799). HomaTkoBo
BU3HAYCHO (PpakTaybHi pO3MipHOCTI MeTaneBoi Matpuli (Dy), a TakoX MAOBKHUHH MDbK(]a3HOT TpaHHuIl
rpadit/meraneBa maTpuusd (Ly) y CTPYKTYpi Ciporo 4aByHY, sIKi 3MiHIOBaJIHCh B iHTepBasiax Dy =1,977-1,890 ta
Ly =5820-21071 mikc. BiaNOBITHO.

Otpumani 3Ha4YeHHsS (paKTaATBHUX PO3MIPHOCTEH JO3BOJIMIIA PO3MEKOBYBATH TpadiToBI BKIIOUEHHS 3a
MOpP(hOJIOTIEI0 Ta PO3MOALIOM Yy CTPYKTypl CIpOro 4dYaByHYy, IO OOYMOBIIOE€ MOXIUBICTh CTBOPEHHS
YHIBEpCAJIBLHOTO METOMY KiJIbKICHOI OIIIHKM €JEMEHTIB HOT0 CTPYKTYpH 13 BHUKOPHCTAaHHSIM (PaKTaIbHOTO
aHaizy.

Po3paxyHkoBi JaHi MalOTh KOHKPETHI YHCJIOBI 3HAYEHHS, TOMY Y IOJAIBIIIOMY BOHH MOXYTh OyTH
BUKOPHUCTaHI JJIs1 CTBOPEHHS aHAJIITUYHUX MOJEJCH MPOTHO3HOTO BM3HAYEHHS BJIACTUBOCTEH CIpUX YaBYHIB B
3aJIEKHOCTI BiJl 0OCOOIMBOCTEH (hOpMyBaHHS KIHIICBOI CTPYKTYpH. PO3MIISIHYTHIT MEeTO] BU3HAYCHHSI (hpaKTaIbHOT
PO3MipHOCTI MOKe OyTH KOPHUCHHMM IIiJl Yac JOCIIKEHHS OCOOJMBOCTEH MPOIECIB CTPYKTYPOYTBOPEHHS Ta
orinku Mopdoiorii rpadiTOBUX BKIIOUEHb HA PI3HUX CTAJiAX OOpOOJIEHHS CipUX YaBYHIB, IOYWHAIOUU 3 €TAIy
BUIUIABJISIHHSL Ta 3aBEPUIYIOUYH (DIHILIIHOIO TEPMiYHOIO0 00poOKoI0. Jlo1aTKOBO (pakTadbHUN aHali3 Moxe OyTu
3aIisTHO JIJIs1 BU3HAYCHHS Ta OILIHKU BIUIMUBY MOP(OJIOTTYHUX IMapaMeTpiB rpadiTOBUX BKIIOUYEHb HA (OPMYBaHHS
MOKa3HMKIB SKOCTI CIpHMX YaBYHIB, 1[0 BHKJIMKA€ NEBHI TPYTHOII NMPH BUKOPUCTAHHI TPAAMLIHHUX METOIIB
KUTbKICHOTO aHaui3y. [lomameini mocmipkeHHs OyayTh c(hOKYCOBaHI Ha BCTAHOBJICHHI CTATUCTHYHO 3HAYYITUX
KOPeJSILIMHUX 3B’SI3KIB  (PpaKTaIbHOI PO3MIPHOCTI 3 BJIACTUBOCTSAMH CIpUX YaBYHIB B 3aJIe)KHOCTI BiJ
0COOJIMBOCTEH YTBOPEHHS KIHIIEBOI CTPYKTYPH.

JlitepatypHi 1:xepena
1. Itodens O. O. BrockoHaneHHs: METOy (paKTaTbHOTO aHAN3y Ul OLIHKHU B3a€EMO3B'S3KY CTPYKTYPH 1
BJIACTUBOCTEH KOHCTPYKIIIMHUX CTalel : Tuc. Kaua. TexH. Hayk : 05.16.01. Kuis, 2021. 163 c.
2. bonbmakoB B. U., Bomuyk B. H., y6pos FO. M. ®pakransl B MarepuanoBeAeHUH. J[HEPONEeTpoBCK :
III'ACA, 2006. 253 c.
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IIPO HAIIPSIMU IHTEHCU®IKA LI COEPOIIU3ALIL IEPJIITY Y BOPBMICHUX CTAJISIX
JUIS XOJIOTHOT BUCAIKA

M. O. Coboaenko, H. C. PomanoBa K.T.H., 101I.
YKpaiHCHKOI0 1ep:;KaBHOI0 YHIBEPCUTETY HAYKH i TeXHOJIO0TIii, M. /{Himpo

Bukopucranas 60pBMICHUX CTaJICH JJa€ 3MOTY ICTOTHO PO3IIMPIOBATH 00CATH BUPOOHHUIITBA BUCOKOMIITHUX
KPINMJIBHUX BHUPOOIB, $KI OTPUMYIOTh METOJAMHU XOJOAHOI Jedopmamii. Y TEXHONOTIAX OTPUMAaHHS
xonoaHoneopMoBaHUX BUPOOIB Hale(EKTUBHIMIUM CITOCOOOM MiATOTOBKH CTPYKTYPHOTO CTaHy CTali Mepen
XONOHOIO Ae(OpMalli€lo € TeXHOIOriYHa OIepallis TOM'SKITyBalbHOI TepMiuHOT 00poOKHu. Ii mpu3HaYeHHs —
3MiHa CTPYKTYPHOTO CTaHy, 1110 ToJiArae B TpancdopMmailii kapOiaHoi (a3u 3 TUIaCTHHYACTO1 B OUIBII CIIPUSTIUBY
rnoOynsipay ¢gopmy. CTanb 3 Takol CTPYKTYPOIO Ma€ HailMEHIIy TBEpJICTb 1 Jierme oOpoOsseTbes Mg vac
MOJAJIBIINX TIEpepoOOK (BHUCanKa, pi3aHHs, XonoaHe 00’eMHe mTamMmyBaHHA Ta iH.). KpiM mporo, 3epHHCTHI
HEepJIT € ONTUMAIBHOIO BHXIJHOIO CTPYKTYPOIO Mifl Yac MPOBEACHHS IMOJAIBIIOT0 TEPMIYHOTO OOpOOICHHS,
OCKUJTBKM Ma€ MEHIy CXWJIBHICTB J0 3pOCTaHHS ayCTEHITHOTO 3€pHa Iij yac HarpiBaHHsA. ToMy KOHCTPYKIIIHI
CTaJIi JUIsl XOJIOAHOT BUCAIKU IIOBUHHI MaTH y MIOYaTKOBOMY CTaHi CTPYKTYPY 3€PHUCTOTO MEPIIITy MEBHOTO Oaiy.

Jnist oTpuMaHHS B rapsyeKaTaHWX CTAJIEBUX 3arOTOBKAX CTPYKTYPH 3€PHUCTOTO TEPIITY iX, SIK BiIOMO,
HiAIAI0Th NIepe] BUCAIKOIO chepoinu3yrouoMy Bianay, sikuil € qudysiiHum mnporecoMm. Tomy HasiBHI criocoOu
chepoinuzarii moTpeOyIOTh TPUBAIOTO Yacy JJIA 3[IHCHEHHS, a caM TPOIeC € CHeproeMHUM. [ IPUCKOPEHHS
nporiecy chepoinuzaiiii 3acTOCOBYIOTh Pi3HI CXeMHU MOMEPEAHIX 00pOOOK SIK 3 MPOKATHOTO, TaK 1 31 CHEIIaThHOTO
HarpiBy 3aroTOBKH.

BukopucroByBaHi pexuMu mornepenHix o0poOok mepern cdepoiguszalliero MpU3BOIATH 10 30UIbIICHHS
JMCTIEPCHOCTI YaCTUHOK Kap0i/iiB B MEPIIITHUX KOJOHISX 1 10 MiABULICHOTO CTYTNEHs Ae(PEeKTHOCTI KPUCTATIUHUX
rpaT ¢hepuTHOI MATPHIll 3a PaXyHOK 3HWKEHHS TEMIIEpaTypu pO3Iaay ayCTECHITY B 1HTEpBaJl €BTEKTOITHOTO
(TepIiTHOTO) MepeTBOpeHHs. 3a3HaYeHi 3MIHU Y CTPYKTYpI MiCIsl peXXKUMIB HOMEPEIHbOI 00pOOKH MPU3BOASTH 10
JIESIKOTO 3MEHIIIEHHS TPUBAJIOCTI Mporiecy cepoinuzariii, ajie 11e 3SMEHIICHHS HE € TOCUTh €(heKTHBHUM.

Po3pobka pexumiB 31 3HAYHUM CKOPOYEHHSM TpHBAJIOCTI  cdepoigusyrouoro BiAmamy JUIs
HU3BKOBYTJICIIEBUX OOPBMIIIYIOUHX CTaJIeH € aKTyaJbHUM 3aBIaHHSM, OCKUIBKH II€ JO3BOJINTH CKOPOTHUTH HE
TUIBKM €HEProBUTpPATH Ha TepMiuHy OOpoOKy, a ¥ 3xilcHIOBaTH cdepoiqu3yrounii BiAmaa y HOTOKOBIH
TEXHOJIOTTYHIH JIiHIT BUPOOHUIITBA KPIMMIBHUX BUPOOiB.

VY po0oTi po3risgaroThCs Taki TPU OCHOBHI HaNpsIMKM KOMILJIEKCHOI iHTeHCHiKalii chepoinu3yrouoro
Bianany. [lepmmit HampsAMOK MOB'SI3aHUM 3 TATOTOBKOIO CTPYKTYPHOTO CTaHY CTaJIEBOI 3ar0TIBIII MTepe/1 BiIaaIoM
3 ypaxyBaHHSIM O0COOJIMBOCTEH cdepoinnzallii HeMEHTHTY B HU3bKOBYTJICHEBUX CTAJSAX Ta BUMOT IO CTPYKTYpH
micas BiAMady 3 pO3MOAUTY TIOOYIiB IeMEeHTUTY y (eputHii matpuii. HeoOXimHi 3MiHM B CTPYKTYpi
0e3mocepeIHbO TMepe] BUTPUMKOIO Mporiecy cepoinusariii mpormoHy€eThCs TOCATATH IIITXOM PO3Maay ayCTeHITY,
10 TIEPEOXOJIOHKYETHCS, TIPU OUTBIII HU3BKUX TeMIiepaTypax. Jpyruii HanpsMoK iHTeHCH}IKaIlil MOB'I3aHuM 13
po3po0OKOI0 Ta OOIPYHTYBAaHHSIM TEMIIEPATypPHUX PEKUMIB CPepoiqu3yrouoro Bignaly 3 ypaxyBaHHIM
0COOJIMBOCTEH 3MIHM 3HAYCHb TEPMOJAMHAMIYHOTO Ta KIHETHYHOTO (DAKTOPIB y MPOIEC PO3ZBUTKY CTPYKTYPHHUX
nepeTBopeHb. TpeTiit HanpaMoK iHTeHcudiKalii cGepoiTu3yrdoro Bianany MoB's3aHi 3 BUKOPUCTAHHSAM HarpiBy
BHYTPIIITHIM TEIUIOHOCIEM Ha BCIX CTaAISX Peai3oBaHOTO pexuMy. HarpiB BHYTpIIIHIM TEMJIOHOCIEM MPU3BOAUTH
JI0 JIOKAJIBHOTO MiJBUILEHHS TEMIIEpaTypu B MIKpO IUISIHKaxX Ha MbK(a3HUX (epUTO-LIEMEHTUTHUX MeKax
MEPJITHUX KOJIOHIM, TOOTO Tam, Je MBUIKICTh MU(]y3ii KOMIIOHEHTIB € BUPIMIAIBLHOI I CTPYKTYPHOTO
NEePEeTBOPEHHS TUIACTHHYACTOTO MEPIITY Ha 3epHUCTHUH.
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BIIJIMB TEXHOJIOTTYHUX ®AKTOPIB BUPOBHUIITBA JIMTUX 3AI'OTOBOK ITIOPITHEBUX
KLJIELD I3 CIPOI'O YABYHY HA IX CTPYKTYPY I TBEPJICTD

A. 10. bopuceHKO JI.T.H., C.H.C., O. €. BapaHoBcbKa K.T.H.

IncruryT yopHoi Mmeraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. /Ininpo

BupoOHUIITBO SIKICHMX 3aroTOBOK IOPIIHEBUX KUICIh 1HAWBIAYaJbHOTO BIJUIMBAHHS 13 CIPOTO YaBYHY
YCKIIQIHIOETHCS THM, 110 HE0OXiIHA CTPYKTypa rpadiTy Ta MeTaieBoi MaTpulli (HOpMY€eThCs Y JTUTOMY CTaHi 0e3
BUKOPUCTAHHS TepMIuHOT 00poOKH. [le 3yMoBIt0€ HEOOX1THICTh YITKOTO KOHTPOJTIO XIMIYHOTO CKJIaly YaBYHY Ta
TeXHOJIOT1T JIUTTS. KOHTPOIHOBaHOIO XapaKTEPUCTHUKOI0 MEXaHIYHUX BJIACTMBOCTEH JIMTUX KIJIEIb-3aTrOTOBOK i3
CIpOro 4aByHY € TBEPHICTh, sIKa JIUTHBHE 3aJICKHUTh BiJ CTPYKTYpHU TpadiTy Ta CTPYKTYpH METaJeBOI MaTpPHIII.
HagiTh mpu A0TpUMaHHI TEXHOJIOTii BUPOOHUIITBA MOXYTh BMHUKATH BHIAAKH (POPMYBAHHS HE33aJOBUIHHOI
CTPYKTYpPH Ta TBEPIOCTI JINTHX KUJIEIb-3arOTOBOK 13 ciporo 4yaByHy. [IpuumHa I1bOTO MOJATAE Y CHAJAKOBOMY
BIUIMBI IIMXTOBHUX MarepiajiiB, HETaTUBHY [0 SKUX MOXXKHAa YCYHYTH LUIIXOM 3MiHH PEXHMIB JHUTTA abo
BapilOBaHHS XIMIYHOTO CKJIay YaBYHY.

Iness mocnmipkeHb TOJsrana B aHali3l BIUIUBY TEXHOJOTIYHO JOIYCTMMHUX Jialla30HIB TeMIEepaTypu
neperpiBy, 4acy BUTPUMKU Ta TEMIEpaTypu PO3JIMBAHHS Ha CTPYKTYpY Ta TBEPIICTh KiJIELb-3arOTOBOK IpPH
3alaHOMy XIMIYHOMY CKJaai 4aByHy B % wmac.: C=3,72; Si=2.82; Mn=0,79; P =0,4; S=0,045; Ni=0,23;
Cr=0,26; Cu=0,48; Mo = 0,53; Ti = 0,05.

[IpoBenena oLiHKAa BIUIMBY TEXHOJOTIYHUX (AKTOPIB JUTTS y MIMAHO-TIMHHUCTI (OpMH, a came
TEeMIIEpaTypHu MeperpiBy, 4acy BUTPUMKH Ta TEMIIEPATypu PO3IUBAHHS PO3ILIABY HA TBEPAICTD 1 CTPYKTYPY JIUTUX
3aroTOBOK JJIsSi BAPOOHHIITBA KOMITPECIHHUX MOPIIHEBUX KUICIh Pi3HOTO po3Mipy. 3a BUMOTaMU TEXHOJIOT1YHOT
IHCTpYKIi TeMnepaTypa neperpiBy mae 6yt 1530—-1560 °C. ITokazano, 1110 KOJTUBAaHHS TeMIEpaTypH MEperpiBy
Ta po3JMBaHHS po3muiaBy B aiana3zoHi 10-50 °C ta yacy HWOro BUTPUMKH MPOTAToM 1-11 XBUIMH HE HAMAOTh
3aKOHOMIPHOTO BIUIMBY Ha TBEPAICTb Ta MIKPOCTPYKTYpPY BHJIMBKIB KiJI€llb-3aTOTOBOK 13 CIpOTO YaBYHY.
TBepaicTh 3a TOBKUHOIO BUJIMBKIB KUI€Ih-3arOTOBOK HEOJHAKOBa, Ta cTaHOBUTH 94-112 HRB, 1o Bigmosimae
Bumoram ['OCT 621-87 «Konblia mopuiHeBble JBUTATeNeld BHYTPEHHEro cropaHus». HaiimeHma TBepaicTh
BHUJIMBKIB KiJI€I[b-3arOTOBOK CIIOCTEPITa€ThCs B AUISTHKAX, 1110 IPWIATAIOTH JI0 JIABHUKOBOI CHCTEMH.

BcranoBneHo, o cTpykTypa rpadiTy Ta MeTajaeBoi MaTpUIll BHJIMBKIB KiJICIIb-3arOTOBOK 13 CIpOTO YaBYHY,
HE3BaKalOYM Ha JOTPUMAHHS TEXHOJOTIYHOTO TMPOIECY iX BHPOOHHUIITBA, YaCTO HE BIJANOBITAE BHUMOTaM
3a3HaYCHOT0 CTaHAapTy. MakcUManbHUN po3Mip rpadiTOBUX BKIIOYEHb CTAHOBUTH 120-250 MKM, 1110 IEpeBUIIy€E
HeoOximuuii po3mip 80 mxMm 3rigHo TOCT 621-87. Ilomansiny TepmiuHy 00poOKYy (cepeaHiit Biamyck) 6e3 dha3oBoi
nepeKprcTatizalii MpOBOAMIN 3 METOIO 3HATTS JMBAPHUX HANPY’KEHb, sIKa MpU3Bea 10 30UIBIICHHS PO3MIpY
rpadgiTOBUX BKIIOUYCHbD.

VY MerazneBiii MaTpulle BHJIMBKIB KiJIEIb-3aTOTOBOK 13 CIpOoro 4yaByHY (OpPMYIOTHCSI HE AOMYCTHMI 3a
I'OCT 621-87 OelHITO-MapTEeHCUTHI CTPYKTYpPH, BIAMYCK SKHX, BUKIWKAE 3HIKCHHS TBEPAOCTI KIJIEIb-
3aroTOBOK.

st 3a6e3nieuens BianoBigHocTi BUMOT 3a [TOCT 621-87 momo cTpykTypu rpadiTy Ta METalIeBOi MaTpHIIi,
a TaKoX 3arnoOiraHHs 3HWKEHHS TBEPIAOCTI MICHsS TepMiuHOI OOpPOOKM JMTHX KiJelb-3arOTOBOK HEOOXiTHO
3MEHIIIMTH MaKCUMaJIbHUIA po3Mip rpadiTOBUX BKIIOUEHD 10 80 MKM Ta 3a0e3neunTu (popMyBaHHS TUCIIEPCHOTO
nepiiTy 3 He Oubine 5 % JoeBTekToiqHOro Geputy. s rapaHTOBaHOTO 3a0€3MeUeHHs BUILIECHABEACHUX BUMOT,
32 YMOBH CTaJIOCT1 TEXHOJIOTIYHOTO MPOLIECY JIUTTS, TOIIJILHO KOPETYBaHHS XIMIYHOTO CKJIaTy pPO3IUIaBy YaByHY
3 ypaxyBaHHIM BMicTy B HboMy ra3iB (O, N, H), 110 cragkoBo 3aJIe)KUTh BiJl TOXOKEHHS IIUXTOBUX MaTepialiB,
OCHOBHI 3 SIKUX — JJOMEHHHI YaBYH Ta 000pOT BJIACHOTO BUPOOHUIITBA.
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CIPMI YABYH JETOBAHU BUCOKOEHTPONIMHUM CILJIABOM
7K. B. [IapxomM4yK K.T.H, C.H.C., B. 1. Beiic qokTt. ¢in., O. B. Kene3nsak
@Di3uK0-TeXHOJOTiYHNI IHCTUTYT MeTaJiB Ta ciuiaBiB HAH Ykpainu, m. Kuis

BucokoeHTpomiiiHi CIJIaBU BUKIMKAIOTh 3HAYHHUM 1HTEpEC y Cy4aCHOMY MaTepiajlO3HABCTBI 3aBISKH
IIUPOKOMY CIIEKTPY MOXKJIMBUX KOMOIHAI[IN €JI€MEHTIB 1, BIAMOBIAHO, YHIKAJILHUM BIIACTHBOCTSIM, SIK1 BIZICYTHI B
TpPaJUIIMHUX MaTepiajax, 30KpeMma CTIMKOCTI 10 BUCOKOTEMIIEPATypHOTO OKHCIeHHA. OJHAK CTBOPEHHS
BHCOKOCHTPOMINHUX CIUIABIB 13 CTPYKTYPOIO TBEPJIUX PO3YMHIB 3aMIIICHHs € BKpail CKJIaIHUM 3aBIaHHSIM, IO
noTpedy€e BUKOPUCTAHHS BHUCOKOUYMCTUX KOMIIOHEHTIB 13 MiHIMAIBHOI KUIBKICTIO TOMIIIOK, 00 3amoOirTu
YTBOPEHHIO TBEPJAUX PO3UMHIB NPOHUKHEHHs. [le poOWTh [OCHIKEHHS CTPYKTYpH 1 BIACTHBOCTEH
BUCOKOEHTPOMIWHUX CIUIABIB Ty>K€ BUTPATHUM. TOMy Ha MOYaTKOBUX €Tamax JOCIHiHPKeHb IPU CTBOPEHHI HOBUX
BHCOKOCHTPOMINHUX CIUIABIB 3aMICTh YUCTHX KOMIIOHEHTIB JOIIIbHO BUKOPUCTOBYBATH (pepocIuiaBu, 0COOIUBO
y KOHTEKCTI B3a€MOJIii BUCOKOCHTPOMIMHUX CIUIaBIB i3 pO3IUIaBaMU Ha OCHOBI 3aii3a, J€ MOXHA 3HEXTyBaTH
HasBHICTIO y )epocIiaBax BYTJICIIO Ta IHIIUX JOMIIIOK.

VY upoMy AOCHIKEHHI PO3MIISAHYTO e(pEeKTHBHICTH JieryBaHHA ciporo yaByHy (3,46 % C, 2,30 % Si,
1,1 % Mn) BucokoenTpomiitHuMm crmaBom cucremu Fe-Ni-Cr-Cu-Mn (24,18 % Fe, 20,85 % Ni, 23,30 % Cu,
15,8 % Mn, 14,28 % Cr, 1,46 % Si, 0,68 % C), oTpuMaHUM IUIIXOM BaKyyMHOT IHAYKIIIIHOI IIJIAaBKH, TA CYMIIIIITIO
YUCTHX KOMIIOHEHTIB Y KUIbKOCTI 2 Ta 5 Mmac. % ansa mopiBHSHHS. XIMIYHUN aHami3 MOKazaB e(peKTUBHIIIE
3aCBOEHHS TaKMX €JIeMeHTiB, K Ni, Cu Ta Mn, npu JeryBaHHI 4aByHY BUCOKOCHTPOIIIHUM crutaBoM. Kpim Toro,
nicis Bignany npu 920-930 °C npoTsirom 4 roj. 4aByH, JISTOBaHUH BUCOKOSHTPOITIMHUM CIIABOM, TTOKA3aB JICIIO0
BUIIII MOKAa3HUKU TBEPAOCTI, IO CBIAYUTH MPO MEPCIEKTUBHICTh TAKOTO MIAXOMY JUISI OTPUMAHHS 3HOCOCTIMKUX
CIUTaBIB.
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HEPIBHOBAXKHU TEPMOJUHAMIUHUIA AHAJII3 IIPOLECY T'PA®ITU3AILII YABYHIB

C. B. booups A.T.H., €.H.C., A. 1O. BopuceHko a.T.H., c.H.C., I'. B. JleBueHKo 1.T.H., ipod.

IncturyTt yopHoi meranyprii im. 3. I. Hekpacoba HAH Ykpaiuu, m. /Ininpo

Po3Buneno mudysiiiHO-BaKaHCIOHHHMIM MEXaHi3M, IO ONHUCye mporec Tpadituzamii 4YaByHy, 1 HE
BUKOPUCTOBYE THCK TpadiTy Ha MaTpUIIO i MNOsCHeHHs 1udysii 3amiza. Po3paxoBaHo 3HaueHHS
TEPMOJIMHAMIYHUX CHJI Ta KIHETUYHHUX KOCQIIIEHTIB I BUTIAAKY rpadiTr3alii 01HapHOTO CIIaBy cuctemu Fe—
C 32,5 % npu 1100 °C. BcTaHoBieHo, 10 B yMOBaxX CTalliOHAPHOTO MOTOKY BaKaHCIH mpu rpadiTu3alii 4aByHy
B TBepAii (a3i, KOHIIEHTpaIlisl BakaHCIi Ha Mexi y-haza — rpadit npudauzno B 0.97723 pa3u MeHIa Bif
KOHIIEHTpalii BakaHCiii y y-¢a3i. BuKkoHaHO OLIHKY BIUIMBY JIETYIOUMX €JIEMEHTIB, Ha IMPHUKIAIl XpOMy Ta
KpeMHiI0, Ha rpadiTu3aniio 4aByHny 3 2,5 % C.

3anponoHOBaHO TepMOJIUHAMIYHMM mapameTp rpadirtuzanii T, 10 BpaxoBye BIUTUB YCIX JIETYIOUHX
€JIeMEeHTIB (32 BUHATKOM ByTJIens 1 3amiza) [1]:

T6 =3 gn,» ey

ne N — KUIbKICTh BpaXOBaHUX JIETYIOUUX €JIEMEHTIB Y YaBYHI.
[Ipu nmaniii Temnepatypi rpadiTuzamii 11 YTBOPEHHS B CTPYKTYpi 4aByHy rpadiry, a He IIEMEHTHUTY, Ma€
BUKOHYBATHUCs TEPMOIMHAMIUHA YMOBA:

Te > In(a®c/a®c) = a®c — a¥c. (2)

[Ipu T > 0 TepmoanHamMiuHui apameTp rpadituzaiii XxapakTepusye CTYIiHb CTabLILHOCTI rpadiTy 1 MOXKe
OyTH MoB's13aHUl 3 MOP(OJIOTi€I0 1 PpO3MipOM TpadiTHUX BKIFOYCHb.

JlitepaTypHi 1:xepena
1. Bobyr S. V., Krot P. V. Nonequilibrium thermodynamic analysis of diffusion processes in the steel —
carbon thin film tribological system. Material Science & Engineering International Journal. 2022. Vol. 6(1).
P. 14-18. https://doi.org/10.15406/mseij.2022.06.00174
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PO3BUTOK TEXHOJIOT'TI OTPUMAHHS AKYCTOOIITUYHUX KPUCTAJIIB
HA OCHOBI JIOKCHAY TEJIYPY

O. 1. badauenko 4i.-kop. HAH Ykpaiuu, a.1.H., I. M. JIio0eka
IncruryT yopHoi Mmeraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. /Ininpo

[linBumeHHst sKocTi akyctroonTuyHuX (gam AQ) KpucCTaaiB MOXKE 3HAYHO MOKPAIIUTH TOYHICTH Ta
e(eKTUBHICTh BIMCHKOBUX MpmianiB. lle € Hag3BHUailHO BaXKIMBUM y KOHTEKCTi BIfHH, /¢ KOKHA TEXHIYHA
nepeBara Moke OyTH BUpIIIaIbHOI. BiiiChKOBI IIpHJIa i MOBUHHI MPAIIOBATH B €KCTPEMATBHUX YMOBAX, TAKUX
SK BHCOKa TeMIleparypa, BiOpaiii, MeXaHi4Hi yiapy Ta eJIeKTpOMAarHiTHi 3aBagu. Y qockoHaneHHss AO KpHCTaiB
JUIS TIABUIEHHS iX BUTPUBAJIOCTI Ta HAIIAHOCTI 3a0e3medye CTaOUIbHY poOOTy TMpWiIadiB HaBITh Yy
HANCKJIaIHIIINX YMOBaX.

Temyp 1 Horo cmoyykw, 30KpemMa MIOKCHI TEIypy, MalTh YyHIKadbHI BJIACTUBOCTI, fAKI POOIATH iX
HezaMiHHUMU Ui AO MonynsATOpiB, AedaekTopiB Ta nepeHanamToByBaHux (inbTpiB. [Torpebda y BupolyBaHH1
BEJIMKUX BUCOKOSIKICHUX KpucTaiiB TeO, BUHUKAE yepe3 3pOCTalOunid MMOMUT Ha HOB1 TEXHOJIOT1, 1[0 BUMArarTh
MartepiaiiB i3 BUCOKMMHU ONTHYHUMH XapaKTEePUCTUKAMU JJIs1 BAKOPUCTAHHS y BiANOBIJAIbHUX Npuiangax. [Ipore
BHUPOIIIYBaHHS BEIMKUX KpucTaiiB TeO; MoB'sI3aHE 3 HU3KOI TEXHIYHUX BUKIHWKIB, TAKUX SK HEOOXIIHICTH
ONTUMI3allil TeMIIEpPaTypHHUX I'PATIEHTIB, IBUIKOCTI POCTY Ta 3MEHIIEHHS Ee(EKTIB Y KpHCTAIaX.

Jlnst ycminiHOTo BHPOIIYBaHHS BeIUMKUX KpuctaiaiB TeO, HeoOXigHE BUBUCHHS MPOIECY KpHCTaIi3alli Ta
¢da3oBUX mepexoliB y MaTepiayi, II0 € KPUTUYHO BAXKJIMBUM JJIsi OTPUMAHHS CYTTEBUX MEpeBar y sSKOCTI
MOHOKPHCTATIB.

Ili 3HaHHS O3BOJIAIOTH TOYHO HANIAMITYBAaTH IMapaMeTpH IPOIeCy, SKi € KIOYOBUMH (HaKTOpaMu st
OTPUMAaHHSI BUCOKOSIKICHUX KpHUCTaliB. TakoX CIiJ] 3a3HAYMTH, IO BUPOLIYBAaHHS BEIMKUX KpuctamiB TeO:
BUMarae KOHTPOJIIO YACTOTH BUXIJHUX MaTepiajliB 1 TOYHOTO aHAJII3y JOMIIIIOK.

TakuM YMHOM, 3aCTOCYBAaHHS HOBHX TEXHOJOTIYHUX pIIIeHb MIOAO BUPOIIyBaHHS KpuctaiiB TeO:
JIO3BOJISITh BUPIMIUTH MPOOJIEMH MAacIITa0yBaHHS pPO3MIPIB  BHPOIIYBAHMX KPUCTAJIB MPUAATHUX IS
3aCTOCYBAHHS Y MPUJIAIaX BiAMOBIIaTHLHOTO MPU3HAYCHHSI.
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AHAJII3 MIAXO/IB OO0 3ABE3NEYEHHSI BUCOKOT HAQIMHOCTI TA
JIOBIOBIYHOCTI 3AJIIBHUYHOI'O PYXY

I'. A. Kononenko!? 1.T.H., cT. 10¢a1., P. B. logoabcbkuii! gokr. ¢ima., O. A. Cagponosa’

! Tucruryr yopnoi meranyprii im. 3. I. Hekpacosa HAH Ykpainu, m. lninpo
2HTY «/IninpoBcbKa nojirexuika», m. J[inpo

3ai3HUYHUN TPAHCHOPT € CKIIAJ0BOIO KPUTHYHOI iHPpacTpyKTypH. [HHOBalii y 3aii3HUYHIN ramy3i He
JUIIE TTOKPAIIyIOTh €PEKTUBHICTh PyXy, & 1 BHOCATh 3HAYHUU BKJIAJ y O€3MEKy MepeBe3eHb Ta ONTHUMI3alliio
BUTpAT Ha 00CIyroBYBaHHs. 3aBISKH BIPOBAKCHHIO HOBITHIX TEXHOJIOTIH Ta MaTepiaiB, Cy4acHi 3aji3HUYHI
CHUCTEMH CTAIOTh HAMIMHIIIMMH Ta €KOHOMIYHIIIUMHU B €KCIUTyaTallii.

B3aemonisa xoneca Ta pedku € (i3MYHOI0 OCHOBOIO PYXY MOI3IiB 3aii3HUIIMH. [lpu 1boMy BHUMOTH 10
MOKa3HUKIB B3a€MOJIi1 KOJIIC Ta PEHOK y pi3HUX 30HaX KOHTAKTYBaHHs CynepedauBi. 3 OAHOTO OOKY 3YCTUICHHS
KOJIiC 3 peiikamMu Mae OyTH TakuM, 1100 3a0e3nedyBaBcs MaJIui omip pyxy noizaa. 3 iHmoro 60Ky — s peasizarii
HEOOXITHOT CUJTH TATH HEOOX1THO 3a0€31euyBaTH BUCOKHH Ta CTa01IbHUHN PIBEHD 3UETIJICHHS IOKOMOTHBHUX KOJIIC
3 Ti€I0 CaMOI0 TIOBEPXHEIO.

KoHTakTHa BTOMa 1 3HOIIYBAaHHS € KOHKYPYIOUMMH MEXaHI3MaMH YIIKO/DKCHHS 1 TIPH MO€THAHH] TIEBHUX
YMOB IOYEProBO BHHHUKAIOTh Ha 3aJI3HUIIX, 10 MPU3BOAUTH JI0 MiJABHUIICHOT 3MIHIOBAHOCTI KOJIC Ta PEHOK.
Excrutyarariiiina HaaiiHICTh Ta TIOBFOBIYHICTH MapH KOJIECO-peiika 3a0e3medyeThes 3a paioHAIBHOTO OajaHCy
3HOIIYBaHHS Ta 3HOCOCTIHKOCTI. TakuM YMHOM, MiJABHILEHHS MIIHOCTI Ta TBEPAOCTI 0001a Kojeca € OAHUM i3
HaWBaKJIMBIIINX 3aBJIaHb JIJIs 3a0€3MEUCHHS 3aralbHOT HaIIHHOCTI PYXOMOTO CKJIay.

JlocTaTHsI 3HOCOCTIMKICTD CIIpHsie TPUBAJIOMY 30€pEKEHHIO TeOMETPil MPodiIt0 Ta KOPEKTHOMY PO3IOILTY
HABaHTAXXEHb Yy TUISIMI KOHTaKkTy. O/IHAK, 32 YMOB KOJIM METaJI B3/IOBXK MMOBEPXHI KOHTAKTY TPUBAIHI YaC IMiIJIsTae
Iii eKCIuTyaTalliiHMX HaBaHTAKEHb, CTPYKTypa 3a3HA€ 3MIH: BHHHUKA€E JOKaibHa aedopMallisi, HACHUYCHHS
JUCIIOKALIsIMUA, MOXKYTh 3apOJKyBaTHCS Ta pO3BUBATHCA BTOMHI TpiliMHU. ToMy meBHa Mipa 3HOLIYBaHHS, B
pe3yabTaTi SAKOTO MOXK€ 3MEHIIYBAaTHCh JIOB)KMHA BTOMHHMX TpPIIIMH BIJ TIOBEPXHI Ta BHAAJCHHS
JIECTPYKTYPOBAHOTO METaJIa € KOPUCHUM IIPOLIECOM.

CyuacHi TeHJeHIlii Y BUPOOHUIITBI KOHCTPYKIIIHUX CTaJIed 3ai3HUYHOTO MPU3HAYCHHS TMOKA3YIOTh, 1110
NEPCIEKTUBHUMU € JeTa3allis CTaji y BaKyyMi 3 METOIO 3MEHIICHHS BMICTy BOJHIO, €(EKTHBHE PO3KUCICHHS Ta
pamioHajgbHE JIETyBaHHSA CTall, sSIKI B KOMIUIEKCI 3a0e3NeuyloTh 3a/JlaHi MEXaHIuHI Ta eKCIuTyaTalliidHi
xapaktepucTuku [1-3]. Opmnak cmil BpaxoBYyBaTH TaKOX CHOCIO BHUrOTOBIIEHHS (JuTe, AedopMoBaHe) Ta
CTPYKTYpHHUU CTaH (TepMidHa 00poOKa, CTPYKTypHA HEOAHOPITHICTH) KOJIC Ta peHOK. 3aJIe)HO BiJ XIMIYHOI Ta
CTPYKTYpPHOT HEOJHOPIAHOCTI peaKilisi Ha Ji0 eKCIUTyaTal[iiHIX HaBaHTAXEHb MOYKE BiJIPI3HATHUCH.

Pezynomamu ompumani 6 pamxax Yxpaincoko-Himeybko2o npoekmy «Bnaue cmpykmypHoi ma Xximiunoi
HEOOHOPIOHOCMI HA 3HOCOCMIUKICMb MA NOWUPEHHT 8MOMHUX MPIWYUH 8 MICYI KOHMAKMY KOJeco-petkay (Homep
oepoicpeecmpayii 0124U003037) 3a 0ocosopom M14-2024/KC.0227.24 6io 30.05.2024.

JlitepaTypHi 1:xepena

1. Ocram O. I1., Ano¢pie B.I'., Anapeiiko I. M., Mypansan JI. A., Kymuk B. B. Tlpo kxoHnermiio Bu6opy
CTaJIeH JUI BUCOKOMIITHHX 3JTI3HUYHHX KoJIic. Dizuxo-ximiuna mexanixa mamepianie. 2012. T. 48. Ne 6. C. 7-13.

2. babauenko A. 1., Kononenko A. A., Kupir A. B, Xymun A. H., Jlementsea XK. A., lInak E. A. Brusiaue
TBEPJIOCTH M XHMHYECKOTO COCTaBa J>KEJIE3HOMOPOXKHBIX KOJIeC Ha CTOMKOCTh K 0Opa3oBaHWIO JePEKTOB Ha
MIOBEPXHOCTH KataHust. Memasnnypeuueckas u 20pHopyonas npomviuiienrocms. 2013. Nel. C. 53-56.

3. Gubenko S., Ivanov 1., Kononov D., Kiselev 1. Wear of railway wheels tread. AIP Conf. Proc. 2022. 2503.
080010. https://doi.org/10.1063/5.0100009
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BILIMB XIMIYHOI'O CKJIAAY HA CTPYKTYPY I TBEPJAICTD CTAJIEHA 1A
SAJIIBHUYHUX OCEU

I. P. IToBopoTHA K.T.H., O. A. Cadponona, P. B. [logoabcbknii 1okT. ¢ii., E. B. Oniiitnnk
IncruryT yopHoi Mmeraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. /Ininpo

3Bakar0uu Ha YMMaTy KUIBKICTh KOMIUIEKCHUX ITIIXO/IB 13 3aCTOCYBaHHAM 1H(QOPMAIIHHUX TEXHOJIOTIH 10
OOIpyHTYBaHHs BUOOPY BMICTY XIMIYHHMX €JIEMEHTIB B CTaJli Ta 3aKJIaJ€HUX Y HUX 0OMEXKEHHSX, 3alIPOIIOHOBAHO
BUKOPHUCTAHHS KOHIIEMIIIi CIPSIMOBAHOTO XIMIYHOTO 3B’SI3Ky, IO 3a0e3Iedy€e BHCOKY MPOTHO3HY TOYHICTH Ta
oJiepKaHHA HeoOXiTHMX i BIacTUBOCTEH Ha 3aTpeOyBaHOMY CIOXKHMBaueM piBHI. ByB BUKOHAaHUI aHai3 BUMOT
HOPMATHBHOT JJOKyMEHTAIIIi 11010 XIMIYHOTO CKJIaay, a CaM€ BMICTY OCHOBHUX KOMITOHEHTIB TaKHUX SIK BYTJICIIb,
Maprasens i KpeMHii, B crami ans 3amizanunux oceit Mapok EAIN, F 1 OC. 3acrocoBani iHpopmaniiiHi TeXHOIOTIT
3 BHUKOPHCTAHHSM KOHIICMIIII CIPSIMOBAHOI MIDKaTOMHOI B3a€MOIi, KOJIM KPHUTEPii € KOMIUIGKCHUMH Ta
XapaKTepU3yIOTh BeCh CKJaJ OJHOYACHO, @ TaKOX OTPUMAaHi JIiHIIHI 3aKOHOMIPHOCTI BIUIMBY IHTETPabHOTO
MOKa3HUKA XIMIYHOTO CKJIaJy Ha TBEPICTh.

MeTor0 JOCHIKeHHS € BCTAaHOBJECHHS 3aKOHOMIPHOCTEH BIUIMBY XIMIYHOTO CKJIaay Ha (popMyBaHHA 1
Tpanchopmariito $Ha3oBoi CTPYKTYpH Ta TBEPIOCTI Micis AedopMalii i TepMIidHOT 0OPOKH BYTJICLIEBOI CTal TS
3ami3HUYHUX oceid. O0’eKTOM NocHiKeHb Oynu JabopaTOpHI 3JIMTKU BYTJICIIEBHX CTajel, sKi CIIBCTaBHI 3a
XIMIYHUM CKJIQOM 31 CTasAMH JUIsl 3QTI3HUYHUX OCEH BIAMOBITHO 10 JEP)KaBHOTO, €BPOMEHCHKOTO Ta
aMEepPUKAaHCHKOTO CTaH/ApTiB. BUrOTOBNEH] 3 HUX 3pa3Ky MmianaBaiucs rapsdiid miactuunii gedopmanii (I'TL) 3
HacTymHO TepMidHor0 00pookoto (I'TIJ] + TO). [IpoBenennii MIKpOCTPYKTYPHHI aHATI3 TOCTIPKYBAaHUX CTaJICH.

BusiBieHo 3aKOHOMIPHOCTI BILTUBY XIMIYHOTO CKJIJy Ha CIiBBiAHOIICHHS (a3 Ta TBEPIICTh JOCITIIHKEHUX
crajeil y pizHux craHax: juromy, micias ['TIJ[ ta T'TIJJ+TO 3 BuKOpHCTaHHSIM KOHIEMIii CHPSIMOBAHOIO
XIMIYHOTO 3B's13Ky. BCTaHOBIJIEHO, 1110 32 IHTETPAIBHOTO IMapaMeTpy 3apsnoBoro crany (ZY) menme 1,20 e, To6To
3a MEBHOTO XIMIYHOTO CKJIaay B JOCHTIIKYBaHOMY IHTEpBali 3HA4y€Hb, TBEPAICTh ctam y craHi micas [TIJ]
MIePEBUIILY€E TBEPICTh Takoi ctani y crani micis ['TI + TO.
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TEXHOJIOTTYHI ACHEKTH OTPUMAHHS BE3KAPBIJTHOI'O BEVHITY
B TOBCTOJIUCTOBOMY METAJIOITPOKATI

I'. A. Kononenko'? a.T.H., cT. noci., T. B. Kimcrau!? k.1.H., J011.,
P. B. IToxoabcebkuii! 1okT. ¢it., O. A. Capponosa’

TucruryT wopHoi meramyprii im. 3. I. HekpacoBa HAH Ykpainu, m. /Tninpo
2 YkpaiHnchbKuii 1ep:KaBHUI YHiBepCHTET HAyKH i TexHoJIorii, M. J{Hinpo
SHTY «/IninpoBcbKa nojitexHika», M. J[ninpo

Jnst oTpuMaHHS HEOOXiTHOTO pIBHS MEXaHIYHUX, TEXHOJOTTYHMX Ta eKCIUTyaTalilfHUX BJIACTUBOCTEH
BOXIIMBUM € TPAMOTHHUN BHOIp TapaMeTpiB TEXHOJOTIT 3MIIHIOIYO0I TEPMIYHOI OOpOOKH TOBCTOJMCTOBOTO
METaJIONPOKATY 3 OKPEMOTO HarpiBy, 3 ypaxyBaHHSIM TOBIIMHH JIMCTA Ta XIMIYHOTO CKJIaly CTaJIi.

[lepcrieKTHBHUM HAINPsIMOM OTPUMAaHHS BHCOKOI MIITHOCTI TIpU 3a0e3IMe4eHH] JOCTaTHhOI IJIACTUYHOCTI Ta
CTIHKOCTI JI0 PO3TPICKyBaHHS KOHCTPYKUIHHUX cTayieil € GopMyBaHHsS CTPYKTYpHU JIpiOHOIMCIIEPCHOrO OSHHITHOTO
beputy 06e3 BUAUICHHS KapOiJliB IIEMEHTUTHOTO THIY Yy TOEJHAHHI 31 CTAaOLIPHUM 3aJIMIIKOBUM ayCTeHiToM [1].
@opMyBaHHS TaKOi CTPYKTYPH JOCITA€ThCS 3aBASKH KOMIUIEKCHOMY JIETYBAHHIO CTalll XIMIYHUMH €JIEMEHTaMH, SIKi
JIO3BOJISIFOTh TTPAKTHUYHO TIOBHICTIO TPUAYIIMTH TPOIECH YTBOPEHHS KapOimiB y OeiHITHOMY deputi (KpemHi,
AIIIOMIHIH, K0OaJbT, HiKeNb) [2], Ta/ab0 BiIMOBIAHOI TEPMIUHOI OOPOOKH.

CranmapTHUM METOJIOM TepMidHOi 00poOKH /Tt hopMyBaHHS CTPYKTypu Oe3kapoOigHoro OeitHiTy (BKDB) €
130TepMiUHe 3arapTyBaHHS, SIKE MOXKE MPOBOJUTHUCS SIK 3 TEMIEpaTypH ayCTeHITHU3allii, TaK 1 3 MDKKPUTHUYHOTO
IHTEepBaJy TEeMIIepaTyp.

AmHaii3 JiTepaTypHUX JDKepes IOoKas3aB, IO Ul CTajedl MEeBHOro XiMiyHoro ckiaay orpumanHs BKbB
MOYKJIMBE B Pe3yJIbTaTi 0€3MepepBHOIO OXOJIOKEHHS 3 TEMIIEpaTypH ayCTEeHI3allil K Ha MOBITPi Tak 1 3 miudro. 3a
JaHUMH poOOTH [3] MEPCIIEKTUBHUM € HACTYIHHM PEKUM TEpMIuHOT 00pOoOKHU: Oe3mepepBHE OXOJIOMKCHHS Ha
HOBITPI Ta 3 MIYYI0 3 MIKKPUTHYHOTO iHTEpBany Temneparyp Ilopsn 3 OeiiHiToM, y CTpYKTYpi 30epiraeThcs aesika
KUIBKICTh PIBHOMIPHO PO3MOALICHOI (DepuTHOI CKJIaa0BOi. Y poboTax 3a3HavaeThcs [4, 5], MO CYKYyMHICTh
6e3kap6Oignoro Oeiinity (BKB), depury Ta moctatHpoi KiNBKOCTI 3aJMIIKOBOIO AayCTEHITY MOXKE MO3UTHBHO
BIUTMBATH HA XapaKTEPUCTUKH TPIITUHOCTIHKOCTI.
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YAK 621.771.251
®OPMYBAHHSA TEMIIEPATYPHU ITPOKATKHU 3A IOB)KHHOIO CMYT'

B. 1. llIn6aKiHCLKH K.T.H., 101L., M. O. Pu6ajpb4eHKo K.T.H., 101I.
M. B. MuxaiijioBcbKHii K.T.H., 101., M. /I. 3iHUeHKO0 K.T.H., C.H.C.

YkpaiHcbkuil 1epKaBHUN YHIBEPCUTET HAYKH i TeXHOJIOTi, M. J[HINIpo

BimomMo, 10 MOHOTOHHA 3MiHa TEMIIEpaTypyd TPOKATKH 3a JOBXHHOI CMYTr (TaK 3BaHUN «KIIMH
TEMIIepaTypru») BHHHMKAE€ Ha IMEPEBaKHIN OUIBLIOCTI CTaHIB Tapsuoi MpPOKATKH, HE3AJIEKHO BiJl TUIY CTaHy,
po3TanryBaHHsS OCHOBHOTO OOJIalHAHHS Ta COPTaMEHTy Npoaykilii. Bubip cmocoOy ycyHeHHs HaCTiKIB KIIWHA
TEMIEPATypU 3aJEKHUTh BiJl 6araThbOX CKJIAJOBHX, OUTBIINICTh SKHX 3aCHOBaHA Ha KOMIICHCAIlll BXKE HAsIBHOTO
KJIMHY 9H oro HaciakiB. Hanmpukian, TpruCKOpEeHHs YMCTOBOI TPYIH KIIITEH, 3MiHA PO3XHITY MIXK BaJKaMH KJIITi
B 3aJIC)KHOCTI BiJl 3MiHU TEMIIEpaTypy METaIly, pi3Hi CIIOCOOM MiIirpiBaHH 33HBOTO KIHI[I PO3KATY TOIIO. 3BICHO,
0 YCYHEHHS I[LOTO SIBUIA OLTBIIT e(PeKTUBHE, HIXK CITPOOM KOMITEHCAIIil HOTro HACIIiIKiB.

B nanomy nocmimkeHHI 3fiiiCHEHa crpo0a BU3HAYWTH YNPaBISAIOYl Iii I cTabimizamii TemmnepaTypu
IITPUTICIB Ha Oe3mepepBHOMY CTaHI 3 THUIIOBUM pO3TallyBaHHSM IMPOKATHOTO oOjamaHaHHs. [IpoanamizoBaHMit
IpoIiec MPOKATKH THIOBUX 3aroTiBOK J0BXHUHOIO 12 M 1 mepepizom 360 x 110 mm y rotoBi cmyru 360 x 3,4 Mm
3TiTHO TEXHOJIOTIYHOT IHCTPYKIII Ta peaJbHUM HaJaIlITYBaHHSIM BEJIUYHH OOTHCHEHHS Ta MIBUIKICHUM PEKUMaM
pOOOTH KITITEH.

VY pesynbTari AOCTIKEHHS 3MIHM TEMIIepaTypyd MeTajla, TOOTO TeMIlepaTypyu MPOKATKH Y TEpPIIid KIiTi
0e3mepepBHOTO CTaHa, 3 ypaxyBaHHSIM yMOB OXOJIOKEHHS PI3HUX JUISTHOK 3aTrOTOBKH IMicIIs BUIAYi ii 13 meyi (pu
OJIHAKOBIN TOYATKOBIM CEpeIHbOMACOBIA TEMIEpPATypl 3a JOBKHWHOIO), BHSIBUJIOCH, 110 KJIMH TEMIEPATypH
YTBOPIOETHCS TIPU MPOKATLi y mepuriii kmiti (yac mpokatku ~ 50 ¢) i, 3a BiIOMHUX OOCTaBMH, BiH TPOXHU
3MEHIIIYETHCS B YCIX HACTYIMHHUX KITITSX.

Amnai3 pe3ynbTaTiB TOCTIKEHHS T0Ka3aB, 1[0 OCHOBHOIO MPUYMHOI0 YTBOPEHHS KIMHY TEMIepaTypu Ha
MOAIOHMX 3a po3TalTyBaHHAM OOJIaJHAHHS CTaHAX € PI3HUN Yac OXOJIOMHKCHHS OKPEMHUX MIJITHOK 3arOTIBKH MIPH
TPaHCHOPTYBaHHI 11 BiJ BiKHa BHJAyi 3 eyl 10 BXOAY L€l TIISTHKHM 3arOTOBKU y BaJIKu nepuioi kiiTi. [TokazaHo,
0 TPH BIAMOBIIHUX TEXHOJOTIYHUX YMOBAaX MPOKATKH €(PEKTUBHOIO YIPABISAIOYOI €0 IMPOIECOM
(dbopMyBaHHS TeMIIEpaTypu MPOKATKU y IEPIIiH KTiTi MOKe OyTH 3MiHA IIBUAKOCTI BUTATYBAHHS 3arOTIBKH 3 Teyi.
ButsaryBanHs BiOyBaeTbcs 3a JOIMOMOTOI0 CIICIIATIbHUX BaJKIB 3 €IEKTPUYHUM MPUBOJIOM. TOMY KEpyBaHHS
MIBUJKICTIO BUTACKyBaua B 3aJIC)KHOCTI BiJ MIHCHOI PI3HMII TeMIIEpaTyp MPOKATKH MEPEeIHBOIO Ta 3aJHHOTO
KIHI[IB pO3KaTy MOXe OyTH epeKTHBHUM criocoboMm crabimizamii Temmneparypu. Llei dakt OyB miaTBepmKeHHI
EKIIEPUMEHTAJILHO Ha MmTpUrncoBoMmy npokarHomy cradi 300 [1]. Kpim Toro, mokaszaHo, 1o pi3Hi TpaekTopii
MEepPEMIITIEHHS TePEIHBOTO Ta 33HHOTO KIHIIIB 3arOTiBKM MalOTh HE3HAYHHH BIUIMB Ha iX TeMIlepaTypy Iepen
IPOKATKOIO.

Takum ywmHOM, a7 cTalLIi3aIii TeMIepaTypu TPOKATKH 3a JOBXHHOI CMyTH Tpeba 3a0e3rneuuTH
OJTHAKOBHI Yac OXOJIO/PKEHHS YCiX AUISHOK 3aroTiBKH MPH TPAHCHOPTYBaHHI ii 10 MepIIoi KIIiTi.

JlirepaTypHi naxepesa
1. Tpery6os 1O. B., Makapenko FO. M., lllu6akunckuit B. U. u ap. Ctabunuzamnms TeMiepaTypbl MPOKaTKH
no JyinHe packata. Cmans. 1984. Ne 9. C. 57-59.
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BU3HAYEHHA INIMBUHU ITPOHUKHEHHA KYMYJ/ISITUBHOTI'O CTPYMEHIO
B IIEPEIIKOAY 3MIHHOI TOBIIIMHU

€. C. bosrobam
Hepxane minnpuemctBo «Kb «IliBnenne» im. M. K. SIureas, m. {ninpo

[TipoTexHiuH1 MPUCTPOT HA OCHOBI JIHIMHUX KyMYJIATHBHUX 3aPsJIiB ITUPOKO BUKOPUCTOBYIOTHCS B PAKETHO-
KOCMIYHIM TeXHIIl A PO3AUICHHS CTYINEHIB 1 BIAIUICHHS KOHCTPYKIiiHUX enemeHTiB [1]. [Ipu npoektyBaHHi
JTAaHUX CUCTEM BUHHKA€ HU3Ka CKJIATHUX 1HKEHEPHUX 3aJ1a4, OTHIEIO 3 SIKUX € BU3HAUEHHS [NIMOMHYU MPOHUKHEHHS
KyMYJISITUBHOTO CTPYMEHIO B ITEPEIIKOTy 3MIHHOT TOBUIMHU. TOYHICTH MPOTHO3YBAaHHS NIMOMHU TPOHUKHEHHS Ma€
KpUTUYHE 3HAYCHHS I 3a0€3MeUeHHs] HalIMHOCTI Ta OE3MEeKH pOOOTH PaKETHO-KOCMIUYHUX CUCTeM. HasBHICTH
JIOKaJbHUX HEONHOPIAHOCTEH B MEPETUHI PO3IUICHHS PAKeTH CYTTEBO YCKIAIHIOE IMPOLEC MPOCKTYBaHHSA Ta
BHMarae JIeTaJlbHOTO aHaJIi3y MOBEAIHKN KyMYyJISTUBHOTO CTPYMEHIO.

Jlnst BUpilIeHHs 1€l 3a7a4i, OCHOBHY YBary NpHALJICHO BCTAHOBICHHIO (DyHKIIIOHAIBHOI 3aJI€)KHOCTI MiX
JTMOMHOIO TPOHUKHEHHS KyMYJISTHBHOTO CTPYMEHIO 1 (POKYCHOK BIJICTAaHHIO BCTAHOBJICHHS JIHIMHHUX
KyMYJSTHBHUX 3apsaiB [2, 3]. HaBemeHo po3paxyHOK 3HAXOKEHHS DIMOMHM MPOHUKHEHHS KyMYJISTUBHOTO
CTPYMEHIO JIJIS TOBIJILHOTO MEPETUHY KOHCTPYKIIT 31 3MIHHOIO TOBITHHOIO TIEPEIIKO/IH.

Marepianu MOXyTb OyTH KOPUCHUMH 1H)KEHEPHO-TEXHIYHUM pPOOITHHKAM HpU po3poOui i onThMizarii
MIPOTEXHIYHUX CUCTEM Y PAKETHO-KOCMIYHINA TEXHIIII.

JliteparypHi mkepesa
1. Konecnukos K. C., Koznos B. 1., Kokymkun B. B. JluHaMuka paszneneHusi CTyNEHEH JieTaTeIbHBIX
anmnapaTtoB. Mocksa : MammHoctpoenue, 1977. 224 c.
2. Hxine M. 1., Cnenkans 3. 1., Jyounuyk O. C. AnreOpa i modaTkw aHamizy : mapyd. mas 10 ki
3arajJbHOOCBIT. HaB4. 3akianiB. Kuis : 3omiak-EKO, 2006. 272 c.
3. lllenk X. Teopus UHKEHEPHOTO IKCIIEpUMEHTA : nepeBoj ¢ aHml. E. I KoBaneHko ; moa pen. 4i.-Kopp.
AH CCCP H. I1. Bycnenko. Mocksa : Mup, 1972. 381 c.
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IMPOTHO3HI MOJIEJII BJACTUBOCTEMN METAJIOJIOBABOK, SIK 3AIIOPYKA
PAIIIOHAJIBHOT O iX BAKOPUCTAHHS HA YKII

. M. Toroduuska a.1.H., npo¢., I. P. I[loBopoTHs K.T.H., O. B. Kykca k.T.H., C. B. I'pexos,
H. €. XoxoToBa

IncruryT yopHoi Mmeraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. /Ininpo

CyuacHa MeTanmypriiHa TPOMHCIIOBICTh 3HAMEHYETHCS KOMITIOTEPHO - 1H(GOPMAIIHUM MPOPUBOM, IIIO
3a0e3mneuyeTbess HayKoBUM (pyHaaMeHTanmizMoM. [1po 1e cBiqunTh 3HauHa KiTbKICTh CTBOPEHHX CIIELiani30BaHUX
KOMITFOTEPHUX CHCTEM, sIKi y €Bponelchbkux kpaiHax Ta SmoHii goBemeHl 10 piBHSA «IU(POBOTrO NBIHHUKA
nporecy», M0 B CBOIO 4epry 3abe3lneuyye BHCOKY KEpOBAHICTh IPOLECIB BHUIUIABKA METaly. 3amopyKoio
aZIeKBaTHOI pOOOTH MPOrPaMHOTO 3a0€3MEeUEHHS TAKUX CHUCTEM € CTIHWKI MPOTHO3HI MOJIEN, IO aJanToBaHl J10
KOHKPETHOIO BUPOOHHMITBA Ta po3pobieHi Ha noctoBipHux nganux. ¥ IYM HAHY ctBopeno GaHk naHHX
«Metanyprisi», skuii € 6e3yMOBHHUM JIiIEPOM 3a 00'eMOM 310paHuX aHUX, HOro iH(OpPMAIIHHUM HAITOBHEHHSIM
(pizmko-ximiuHi, Ter10(i3UYHI BIACTUBOCTI B3a€MOIII0YHUX PO3IUIABIB, TEXHOJIOT1UHI 0COOIMBOCTI BUPOOHUIITBA
Ta 1HII1 JaHi1), 0 OXOILUTIOTH Pi3HI KJIACH CTaJIeH, CIIIaBiB, YaByHiB, uiakis, LITYC, ¢pepocmasi, SK BaXITHBUX
CKJIQJIOBUX METaJTyprifHOrO BUPOOHUIITBA Ta HOro MOBHUW IMKJI OAepkKaHHs sKicHOi ctam. Came i aaHi
BUKOPUCTaHI HAMH Y SKOCTI iH()OpMAIIHHOT OCHOBHY TIPU MOJIENIIOBaHHI, a ()i3UKO-XIMIYHE MIATPYHTS 3a0e3medeHe
BUKOPUCTAHHSAM YHIKQJIBbHOI KOHLEMIII CHpPSMOBAHOTO XIMIYHOTO 3B’s3Ky [l], sika Ha BiAMIHY BiA 1HIIMX
po3IIIsiAae po3IUIaBH, sIK XIMIYHO €MHI CUCTEMH, a BIIPOBA)KCHHS MMapaMeTPiB MIXKaTOMHO1 B3a€EMO/TIi pO3KpHBa€e
CYTh HEPO3PUBHOTO JIAHIIIOTA «CKIIAJ] - TEXHOJIOT1S - CTPYKTYpa - BIACTUBOCTI».

3riIHO BiAMpPAaBHUX TOJIO)KEHb KOHIICIIIT CIPSAMOBAHOTO XIMIYHOTO 3B’S3KYy XIMiYHA 1HIMBITYaJIbHICTh
CUCTEMH, PeaKIliiiHa 31aTHICTh Ta CTPYKTYpPHUH CTaH PO3ILIaBiB BUPAKAIOTHCS 3a JIOIOMOTOI0 METOTy KOAYBaHHS
XiMiYHOTO CKJIaJy JOCIiJHOTO PO3IJIaBy B iHTErpalbHHX MapaMeTpax MiKaToOMHOi B3aeMogil: Z' — mapamerp
3apsA0BOrO CTaHy CUCTEMH, €; d — CepeIHbO3BaKeHa Mixk siepHa BifcTanb, 107! HM; fgo — KOHCTaHTa 11 KOKHOTO
€JIEMEHTY, sSKa XapaKTepU3y€e T'PaJi€HT 3MIHU pajilyCy 10Ha TP 3MiHI HOTO 3apsny; pl — cipsMoBaHa 3apsaoBa
MIUTBHICT, ¢/HM. Ha OCHOBiI BHSBICHHMX BaroMux iH(OPMATHBHUX MapaMeTpiB MIKaTOMHOI B3aeMOJil Ta
pe3yabTaTIB KOPENAIIHHO-PErPeCciifHOTO aHaji3zy po3poOJICHO MPOTHO3HI MOJENI I PO3PaxXyHKY Ba)KIMBHUX
¢i3uKo-XiMIiYHUX  BIIACTMBOCTEW  (epomapraniio, (¢epocuiikomMaprauio, ¢epocuiimniio, (epodopy,
AITIOMIHIEBOTO JIPOTY, XPOMOBMICHHX (DepOCIUIaBIB, 30KpeMa TeMIlepaTypH IUIaBJIEHHS Ta KpucTaji3arlii,
IIUTBHOCTI 1 TEIUIO(I3NYHUX XapaKTEPUCTHK (TEIUIONPOBIIHICTh; TEIUIOEMHICTD; TEIJIOTA IJIaBJICHHS; MTUTOMUN
e7IeKTPOOIip; TUMYACOBHI1 OMip) 3 JOCTATHHOIO TOUHICTIO MPOrHO3Y (R% > 0,9), M0 103BOMSAE PEeKOMEHIYBATH iX
BukopuctanHsa B cucremax ACHJI ta ACYTII cranennaBuinbHOro BUpoOHHMITBA. Buiesragani depocmiaBu
30KpeMa BUKOPUCTOBYIOTHCS TPHU JTOBEJEHHI 10 3aTpeOyBaHOr0 XIMIYHOTO CKIamy s craieil mapok 40X ta
SAE. IlpoBeneHHs Ha pemnpe3eHTAaTUBHUX BHOIpKax po3paxyHKIiB mo ¢ — kpurepito CTbhIOAEHTa, TO3BOJIHMIIO
BCTAaHOBHUTH 3HAYMMICTh BMICTY aJlFOMiHIIO Ha 3MiHY TeMIlepaTypu IuiaBiieHHs ctaini SAE, mo y3romkyerbes 3
TEXHOJIOTIYHOI0 KapTOI0 MpOIecy, a caMe OOpOOKOI0 Ha YCTaHOBIN «KiBII-MY» Ta JOJATKOBUM BBEICHHSIM
aMroMiHI0. TakuM YMHOM, OpraHiuHe MO€IHAHHS MPOTPAMHUX MPOAYKTIB, MO (PYHKIIOHYIOTh Y BUPOOHHUKIB 3
3aMpONIOHOBAaHUMH OJIOKAaMU PO3POOJICHUX MPOTHO3HUX MOJENel TO3BOJIUTH OJEp)KAaTH aJeKBaTHI YMCIIOBI
3HAYCHHsI CTYTICHIO 3aCBOEHHS JTI00aBOK, 110 PEAIBHO Bi0Opa)aroTh MPOIEC PO3IMOALTY Ta B3aEMO/IIi €JIEMEHTIB
B CHCTEMi «METaJ-IUIaK» 1 MiIBUIIUTH €(PEKTUBHICTh NIPUMHATUX OMIEPATUBHUX PIllICHb.

JlirepaTypHi naxepesa
1. [Tpuxonpko 3. B., Torobunkas JI. H. ®usznko-xuMuyeckoe MOJEIUPOBAHUE MPOILIECCOB MEXATOMHOTO
B3aMMOJEMCTBUS B METAJUTYprudeckux pacmiasax. Becmuux [II'TY. 1998. Bem. 7. C. 72-83.
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KOMILIEKC MATEMATUYHHUX MOJEJIEA TPOTHO3YBAHHS TAPAMETPIB T'APSYOI
ITPOKATKMU TA ITOKA3HHUKIB AKOCTI ITABOBOI'O I COPTOBOI'O ITPOKATY

C. O. Bopo0eii a.T.H., C.H.C.
IncruryT yopHoi Mmeraayprii iM. 3. I. Hekpacoa HAH Ykpaiuu, m. /Ininpo

baratopiuHi eKcnepuMEHTaJIbHI Ta TEOPETHUYHI JIOCTI/DKCHHS TEXHOJIOTIH Tapsdol MPOKATKH
IMIMPOKOIITAO0BOTO Ta COPTOBOTO MPOKATY, SIKI IPOBECHO Y BiJI1JII MPOLECIB 1 MALTHH 0OPOOKH METaIiB TUCKOM,
JIO3BOJIMJIM  PO3POOUTH KOMIUIEKC MAaTeMAaTHYHHX MOJeNIed MPOTHO3YBaHHs IMapaMeTpiB aedopmariii Ta
MOKa3HMKIB SKOCTI MpoaykKuii. Po3poGieni mopmeni Bigpi3HSIOTH BiJl BIAOMHUX OUIBII BHCOKOIO TOYHICTIO
MIPOTHO3YBaHHsI, B TOMY YHCIIi 32 PaXyHOK (haKTOPiB, sIKI paHiIle He BpaXOBYBaJiv, a00 BpaxoBYBaJIl HEIOCTATHHO
KOPEKTHO. 30KpeMa, BpaxoBY€eThCs (DAaKTUYHUN XIMIUHUH CKJIa]] TPOKATY; HEITOBHE PO3MIIIHEHHS METaITy B Iay3ax
MDXK e opMallisiMi; KOHCTPYKTHBHO-CTPYKTYPHHM CKJIaJl IPOKATHOTO CTaHa (XapaKTEPUCTHUKH Ta PO3TAITyBaHHS
NPOKAaTHUX KIIITeH, 3aCTOCYBaHHS TEII030€piralounx eKpaHiB, IPOMIKHUX MIEPEMOTYBAIBHUX MIPUCTPOIB, CUCTEM
MIPUMYCOBOT'O OXOJIOJKEHHSI PO3KaTiB MK KIIITSAMH; MapaMeTPiB MPUCTPOIB VI OXOJIOHKEHHS MPOKATY TICIIs
3aBepiieHHs nedopmallii); mapaMeTpu 0XO0JI0KCHHS BAJIKIB.

Komrieke MareMaTHaHUX MOZEIIEH O3BOJISIE PO3PaXOBYBAaTH HACTYITHI TTApaMETPH:

— TeMIlepaTypy MpoKaTy B JIiHII CTaHa, MOYMHAIOUM 3 BUA4l 3arOTOBKH 3 HarpiBaJIbHOTO HPHUCTPOIO, 1
3aBepILyIOUH TicasaeopMaliitHIM 0XO0JIOKEHHSIM IPOKaTy;

— GHEeprocwiioBi mapamerpu Aedopmarii y BCIX NPOKATHUX KIITAX CTaHA — TOPU3OHTAIBHUX 1
BEPTUKAIbHHX;

TeMIIepaTypHi MapaMeTpy eKCIuTyaTallii poOo4rX MPOKaTHUX BAJIKIB;

— 3HOC MPOKATHUX BaJIKIB;

— TO3JIOBXKHIO Ta MOIEPEYHY PiI3HOTOBITUHHICTD MITA0;

— BIAXWUJIEHHS JTUCTOBOTO MPOKATY BiJl IJIOMIUHHOCTI;

— mapamMeTpH MIKpOCTPYKTYpH JIMCTOBOTO Ta COPTOBOTO MPOKATY;

— MEXaHI4HI BJIACTUBOCTI MPOKATy: TPaHUI IUIMHHOCTI, TUMYAaCOBHUU OIip, BIAHOCHE MOJOBXKEHHS,
BIJIHOCHE 3BY>KCHHSI (711 COPTOBOTO TIPOKATY).

Po3pobennii KoMIIIeKC MaTeMaTHYHUX MOJIEJIeH YCIIIIHO 3aCTOCOBYBABCS Ha OaraThOX MPOKAaTHUX CTaHAX
METaTypriiHUX MIANPUEMCTB I BUPIMICHHS BAXJIMBUX MPAaKTHYHUX 3amad. Cepen HUX JOLIILHO BUIUIUTH
HACTYTIIHI:

— po3pobOka epeKTUBHUX BapiaHTIB PEKOHCTPYKIIii MPOKATHUX CTaHIB;

— TOpPIBHSUIbHA OLIIHKA PI3HUX MPOMO3HILINA Ha OyIIBHUIITBO, 2800 PEKOHCTPYKIIIIO MPOKATHUX CTaHIB,

— MOJIepHi3allisi CHCTEM OXOJIO/IKEHHS TPOKAaTHUX BaJIKiB;

— BU3HAYEHHS PaIliOHAIBHUX MTaPaMETPiB TEXHOJIOTIYHOT0 00JIaIHAaHHS TPOKATHUX CTaHIB;

— OCBOEHHS HOBUX BHUJIIB ITUPOKOIITA00BOTO MPOKATY, ApMAaTYPHOTO MPOKATy 1 KaTaHKU;

— po3poOka O11bI e(heKTUBHUX PEKUMIB IIPOKATKH ICHYIOUOTO COPTAMEHTY.

CrBOopeHHMII KOMIUIEKC MAaTeMaTHYHUX MOJEJeH [O3BOJMTH BH3HAYAaTH €QEKTHUBHI pINIEHHS IO
BIJIPO/DKEHHIO 00’ €KTIB YOPHOI MeTanmyprii YKpaiHu y micasBiiiCbKOBHIA TEP10.
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PO3BUTOK CIIOCOBIB JIATHOCTHKHA TEXHIYHOI'O CTAHY OBJIATHAHHA ITPOKATHUX
KJIITEHX B IEPEXT/THUX PEXKUMAX POBOTH

B. B. BepeHboB 1.T.H., C.H.C.
IncruryT yopHoi Mmeraayprii iM. 3. I. Hekpacoa HAH Ykpaiun, m. /Ininpo

PosrasnyTo 3acHoBanwmii B [YM B ocTaHHI 1Ba JECATUIITTS HOBHUH MiAX1/] 10 BABHAYEHHS TEXHIYHOTO CTaHy
oOmagHaHHA mpokaTHUX Kiited [1,2]. Bin Ga3yeThcsi Ha BUKOpPHUCTaHHI MapaMeTpiB MEPEXiHUX IMPOLECIB B
HEeCTalllOHAPHUX PEeKUMax poOOTH, TIEPI 3a BCE MiJ] Yac 3aXBaTy MeTajla BAJIKAMHU Ta TAHUX MAaCOBHX JIOCIITHO-
NPOMHCIIOBUX BHMIpIOBaHb Ha HIECTH Oe3MepepBHUX HIMPOKOMOJIOCHUX CTaHAX raps4oi NmpokaTku. Bmepiue
3aMpONOHOBAHO BU3HAYATH CTAaH 3HOCY Ta 3a30piB 32 YaCOM 3aITi3HEHHsI PeaKIlii IITHOK JIiHIT MPUBOIY Ha yIapHE
HABaHTAXXCHHS B MPOKaTHIN KiiTi [3]: yum Oinblie 3a30p, TUM Ouiblie yac 3ami3HeHHs peakiii. Llei moka3zHuk
BUKOPHCTAHO B IHIIUX CIOCO0ax: 3aJaHHs MOJIOCH B BAJIKH 31 30UIBIIEHHSM MBUAKOCTI (yAapy 1o Baykax) [4], 3
BUKOPUCTAHHSAM IIBUAKOCTI PO3MOBCIO/KEHHS YJIapHOI KPYTHIIBHOI XBHJII B3JOBXK MAUISHOK, B CIIOCOO1 st
0araTOHUTKOBUX JPOTSHUX CTaHIB [5]. Bmepiie BCTaHOBIEHO HAsSBHICTh KOPESALIMHMX IIOJIB 3HAYCHB
JUHAMIYHOTO 1 CTATUYHOT'O MOMEHTIB, SIKi aTPOKCUMYIOTHCS JTIHIHHOIO 3aJIeKHICTIO, KYT HAXMITy SIKUX 3MIHIOEThCS
3 MOTIPIICHHSIM TEXHIYHOTO CTaHy 00JIaIHaHH 1 TeXHOOT1i [2]. 3anmponoHoBaHo mops 3 KoedimieHToM Bapialii
MOMEHTY B CTJIOMY PEKHUMI IPOKATKA BUKOPHCTOBYBATH 3HAUEHHS KOS(IIIEHTIB Bapialii AMHAMIYHOTO MOMEHTY
1 KoedilieHTa AMHAMIYHOCTI, SIKi BU3HAYAIOTHCS 3 MACHBIB BUMIipIoBaHb. [1I1sxoM mopiBHSHHS KOMOIHAITIH TPhOX
iX 3Ha4eHb BCTAHOBIIIOIOTh, K1 30yJKEHHS MEePEBAXKAIOTh — HECTAOUIBHICTh ApaMETPiB MPOKATKH, HAIIPUKIIA,
PO3KH TEMIIEpAaTypH METaIly, il 3MiHa B3JIOBXK MPOKATY, YA 00JIaTHAHHS 1 JIisl, TIEPIII 3a BCE, 3a30piB. Po3pobiieHa
JiarHOCTUYHA MOJIENb JIiHII NMPUBOLY 3 ypaxyBaHHSIM JMHAMIKU 3y0UaTOro 3adeIUIeHHS LIECTEPEHHUX BAaJIKiB,
KoJieca 1 IeCTepHI pelyKTopa Ta ix ocell B omopax MpH HAsSBHOCTI HU3KM 3a30piB, MOKA3aHO, MO0 TETIi
nepeMillieHb OCei, yIapHi 3yCHUIS Ha CTAHMHHA MAalOTh O3HAKH, MOB'S13aHi 3 KOHKPETHUMH 3a30paMH.

JlocBia AocmipKeHb BKa3zye Ha e(EeKTHBHICTH IiarHOCTYBAaHHS MPOKATHOTO OOJaJHAHHS B IMEPEXiTHUX
pEeKUMaX.

Po3risiHyTO HUIAXM PO3BUTKY CIIOCOOIB JIarHOCTHUKM 3TiHO BH3HAYEHOMY Miaxony. Jlo HHUX HaleXUTh
MONIYK HOBUX KOPENSIINHUX TOJIIB, HAIPHUKJIAA, MKOBE 3yCHUIA B (DyHIAMEHTHUX OOJTaX — CTAJIMA MOMEHT;
BUKOPUCTaHHS OCOOJIMBOCTEH TEXHOJOTIT MpOKaTKW 1 obnmaaHaHHsA (xmiti 5, 6 crany 1680), cTBOpeHHs
[IJIECIIPIMOBAHUX PEXKHUMIB MPOKATKH 1 poOOTH 00JagHAHHS, CIPSIMOBaHI Ha MiIBUIIECHHS 1H()OPMATHBHOCTI
nepexiTHUX MPOIIECiB.

JlirepaTypHi naxepesa

1. Bepenes B. B., bonbsmakos B. 1., IlytHoku A. FO., Kopunb A. A., Mauko C. B. JluarHoctuka u
JMHAMUKA IPOKATHBIX CTaHOB : MOHOTpadus. {nenponerposck : UMA-mpecc, 2007. 144 c.

2. BepeneB B. B. CHmxeHue AMHAMHUYECKUX HArpy30K M JUAarHOCTHKA IIMPOKOMOJIOCHBIX CTaHOB B
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B3AEMO3B’S130K OCOBJIMBOCTE XOJO0JHOIO MOJETIOBAHHSI TA IHTEPOPETALIII
OTPUMAHUX PE3VJILTATIB

JI. C. MosayanoB k.T.H, T. C. I'o1y0 k.T.H, C. I. CeMUKIH K.T.H.
IncruryT yopHoi Meraayprii iM. 3. I. Hekpacoa HAH Ykpaiun, m. /Ininpo

B cywacHux ymoBax Ha psay 3 BUKOPHUCTaHHAM METOIB YHCEIbHOTO MOJEIIOBAHHS IIMPOKE
PO3MOBCIO/DKEHHST Y METaIypriiHUX mpolecax 3HAWIUIM METOAM HaTypHOro (ismuHoro MmojemoBaHHsA. lLle
MOB’S13aHO 31 CKJIQJHICTIO OJJHOYACHOTO MAaTEMaTUYHOTO OMHUCY IMPOIIECiB BUPOOHUIITBA METATIB 3 TOYKH 30pYy
¢izuku, Ximil Ta TEIIOTeXHIKW. BUX0asg4M 3 CydacHOTrO JOCBily NMPH MOJEIIOBAHHI METAIypriiHUX 00’ €KTiB
BUJUISIIOTh BHCOKOTEMIIEpaTypHE Ta HHM3bKOTEMIIEpaTypHE MOJETIOBaHHS. MeToau HU3bKOTEMIEPaTypHOTO
MO/JIENIIOBaHHS 0a3yI0ThCSl HA BUKOPUCTaHHI Y SIKOCTI MOJIETBHUX Pi1IMH PEYOBHH OPraHiyHOTO Ta HEOPTaHIYHOTO
MOXO/KEHHSI 31 3HAaYHO HIKYOI0 Yy TMOPIBHSAHHI 3 peaJbHUMH METAlIeBUMU Ta MNUIAKOBUMH pPO3ILIaBaMU
TEMIIepaTypolo MmiaBieHHs. Haiikpamum BapiaHTOM MOJICTIOBaHHS 115l IEPEHECEHHS! OTPUMAaHHUX Pe3yJIbTaTiB Ha
pearbHUN TPOMHUCTIOBUN 00’ €KT € BUCOKOTEMIIEpAaTypPHE MOJCIIIOBaHHS Ha 00’ eMHUX MojemsiX. [Ipore 3HauHnM
HEOJIIKOM 3a3HaU€HOr0 CIOCOo0y MOCTiIKEHHS € BHCOKA BapTiCTh Ta TEXHOJOTIYHA M €KOJIOTiYHA CKIIAJHICTh
opraHizarii Ha AUISTHKAaX JOCHIJIHHUIIBKAX IEHTpiB. TOMy Ha JaHWl MOMEHT HANOUIbIIE PO3MOBCIOIKCHHS
OTPUMAJIM METOJIM HHU3BKOTEMIEPATYPHOTro (DI3MYHOTO MOJENIOBAHHS, IO IOB’S3aHO 3 HU3BKOIO BapTICTIO
MIPOIIECY Ta MOKIIMBICTIO OaraTOKpaTHOTO MMOBTOPEHHS TOCITI/IiB.

Bigomo, mo ans gocsrHeHHs y (Pi3WYHIN MOAeni MOMIOHOCTI MPOIECIB 0 pPeaTbHUX METalypriiHuX
00’€KTIB (KOHBEPTEP YM KiBIIl) HEOOX1AHO JOTPUMAHHS MO00U BETUYNH OCHOBHUX (haKTOPIB, 110 BU3HAYAIOTH 111
IpoIleCcH — TaK 3BaHi KpUTepii mogoou (HarmpuKIIad, s MOJCTIOBAaHHS 3 BUKOPUCTaHHSAM BOJIU, 3aCTOCOBYIOTD SIK
OCHOBHMI MoaudikoBanuii kputepii @pyzaa). JoTpuMaHHs KpUTEpiiB Mog00U HE Ja€ PO3yMiHHS Ha CKUIBKU
IHTepIpeTalliss Bi3yalbHUX pe3yJbTaTiB BIAMOBigae micHOCTI. Hampuknan, y BUMamKy, KOJW MPOBOJAUTHCS
doro/Bineo (ikcaris mpoieciB Kpi3b BOAY 3BEPXY, UM KPi3b IPO30PY EMHICTH Ta BOAY 300Ky. Bimomo, 110 cBiTIO,
MepPeXoTYi 3 OJHOTO CEPENOBUINA IO 1HIIOTO, 3MIHIOE CBOIO IIBHIKICTh Ta HANPSIMOK, IO BiJIOMBAETHCS y
Bi3yaJIbHIN 3MiHI JIIHIHHUX PO3MIpiB 00’ €KTa, SIKUI AOCIIHKYETbCS W PO3MIILIEHUH Y 3a3HAYEHUX CEPEIOBUIIAX.
HaiiuacTime st CTBOPEHHST XOJIOAHUX MOJIeNIe BUKOPUCTOBYIOTh MPO30pi CKIISIHI @00 MIIACTUKOBI €MHOCTI, SIK1
MaroTh CBOi OCOOJMBOCTI, B MEPIIYy 4Yepry, MPOXOKEHHs CBITIA, siKke (OpMye Bi3yallbHy KapTUHY O0’€KTiB B
cepenuHi mojeni. J{iis aHami3y BIUTMBY THITY EMHOCTI, KPi3b Ky MPOBOAATE CIIOCTEpEKEHHS Ta (hoTodiKcarliio 3a
XOJIOM XOJIOJTHOTO MOJICIIIOBaHHS B POOOTI OyJi0 MpoBeeHO cepito POTO3HOMOK 3a Pi3HHX YMOB: HasIBHICTh M
BIJICYTHICTh OCBITJICHHS, HASIBHICTh BOJM HABKOJIO 00’ €KTa, Pi3Hi 32 POPMOIO EMHOCTI, B IKUX PO3MIIIEHO 00’ €KT.
VY sKoCTi 00’€KTiB ToCiKeHHs 0y10 00paHO Pi3HOKOIBOPOBI 00’ €KTH MPaBMWIBHOI Ta HEMPABUIBHOI (hopMu. Y
SIKOCTI €MHOCTEH i1 MOJETIOBaHHS OyJ0 BHKOPHUCTAHO MPO30pi NUJIHAPHYHI Ta KBaJpaTHI 3a MEPETHHOM
€MHOCTI 3 Oprckia. 3a mapamerp MopiBHsAHHS Oyso 0OpaHO CHiBBIJHOMICHHS JIIHIHUX pO3MipiB pO3MIIIEHUX B
cepenrHi eMHOCTEHN 00’ €KTiB. BcTaHOBIEHO, 1110 MPU TOCTIKEHH] 00’ €KTIB KPi3b OMYKIIY CTIHKY IUJIIHAPUIHOT
€MHOCTI 0€3 J0JjaBaHHSA BOJAM MU 0auMMO Bi3yaJlbHO BiJICYTHICTh 3MiHM T€OMETPUYHHMX ITOKA3HHUKIB, MPOTE
BUMIPSIHI TEOMETPUYHI TTApaMeTPH CBITYaTh PO BUKPUBJICHHS (JIiana3oH MOB'I3aHUH 3 JOCIIHKEHHSIM TiJ1 pi3HOT
dopmu): 3a paxyHok oprckia Ha 0,5-2,2 %; 3a paXyHOK OIYKJIOTO CKJIaJ] IMJIIHAPUYHOI opMH eMHOCTI Ha 2,0-
3,0 %; 3a paxyHOK BOJM Ta ITacCKOro oprckia Ha 3,8-5,7 %; 3a paxyHOK BOJM Ta OIyKJIOro oprckia Ha 21,9-
36,2 %. Ilpu uboMy OyJ10 BCTAaHOBJICHO, 1110 MOE€HAHHS OHOYACHO IIACKOTO Ta OMYKJIOTO OPICKJIa, 0 PO3IiIeH]
HEBEJIMKUM BOJIHUM MPOIIAPKOM (TOBIIMHOIO 710 1 ¢M), 3HMKYIOTh BETUUMHY BUKPUBICHHS 110 4,9-9.9 %.

Jis moKpaiieHHs 1HTeprpeTaunii pe3yiabTaTiB MpU MPOBEACHHI (DI3MYHOIO HU3BKOTEMIIEPATyPHOTO
MOJICITIOBAHHS 3 METOIO Bi3yaJIbHOTO CIIOCTEPEKEHHS KPi3h CTIHKY MOJYKHA JaTH PEKOMEHJIAIII0 BHKOPHCTAHHS
CHUCTEMH €MHOCTEH: BHYTpIIIHS OIYyKJa, SKa MOJENIOE T'€OMETPUYHI IMapaMeTpu arperaTry, Ta 3OBHILIHS 3
IUTACKUMH CTIHKaMHU 3allOBHEHA P1IMHOIO 3 OJIHAKOBUMHU ONTUYHUMH MOKa3HUKAMHU, 110 3MEHIIY€E BUKPUBJICHHS
300paKeHHSI.
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METOAUKA PO3PAXYHKY HAPAMETPIB TEPMIYHOI'O 3MIIITHEHHSI KATAHKH 3
BYIVIEHEBOI CTAJII HA 3ACAJJAX MOJEJIIOBAHHSA ITPOLHECY IEPEPBAHHOI'O
3ATAPTYBAHHSA 3 CAMOBIAITY CKOM

M. 10. AmoOpa:keii, E. B. [1apycoB a.T.H., C.H.c.

IncruryT yopHoi meraayprii im. 3. I. Hekpacoba HAH Ykpainu, m. JIHinpo

IIpokar y OyHTax, 30KpeMa KaTaHKa 3 BYIJICLIEBUX CTaJei, HAJCKHUTh JO OJHOTO 3 MAacOBUX BHUJIIB
METAJIOMPOAYKIIii, KUK 3a3BHYail BUKOPHUCTOBYIOTH JUIsl TIEPEPOOSICHHS Yy Pi3HI METAJIOBHPOOHM 3a CIOCOOOM
XOJIOJTHOTO TUIACTHYHOTO Ae(popMyBaHHA. PI3HOMaHITHICTh TOBapHOI MPOAYKIIii, IKy BUTOTOBIISIOTH, O0OYMOBIIIOE
HEOOXIAHICT, OTPUMAHHS CTajeBOi KaTaHKA 3 PI3HUM pIBHEM MEXaHIYHUX BIACTUBOCTEH, 30KpeMa, 3
1 IBUIIICHUMH TOKa3HUKAMH MIITHOCTI Ta IOCTATHHOIO IJIACTHYHICTIO. Jl0aTKOBO CUTYAITiI0 YCKIIQIHIOE TOH (haKT,
mo o0CATH KaTaHKU y MeXaxX OKPEMHUX KOMEPIIHHUX 3aMOBJIEHb HE 3aBKIMU BIJMOBINAIOTh MIHIMAJIBHUM
IPOMUCIIOBUM MAapPTisiM, a OOIPYHTOBAaHE BH3HAYEHHS MapaMeTpiB TEXHOJOTIYHOTO Mpolecy Oe3nocepeaHbo B
yMOBaX BUPOOHHMIITBA € €KOHOMIYHO HEIOIIILHUM, OCKUIBKH 1CTOTHO 3HIDKYE MPOMYKTHUBHICTH Ta BIUIMBAE Ha
BIZICOPTYBaHHSI TOTOBOI MeTajlonmponykiii. Jlis BupilmieHHS iCHyIOuoi 3aaadi, fKa IOJIATa€ y TapaHTOBAHOMY
OTPUMaHHI CTaJIEBOi KaTaHKU 3 PETJIAMEHTOBAHOIO MIIIHICTIO, CTBOPEHA METOJMKA PO3PAaXyHKY TPUBAJIOCTI Ta
IHTEHCUBHOCTI BOJSIHOTO OXOJIO/DKEHHS MIPOKaTy Ha JAPOTOBIH JiHII MPOKATHOTO CTaHa, CYyTHICTD SIKOi 3aCHOBaHA
Ha IPUHIUII aJUTUBHOCTI [1].

Po3paxyHoKk 3a3Ha4eHHUX MapaMeTPiB TEPMIYHOTO 3MIITHEHHS MPOBOIMIIN 32 HACTYITHUM aJITOPUTMOM:

1. YncenpHe BupilieHHS AUQEPEHIIATPHOTO PIBHSIHHS TEIUIONPOBITHOCTI 13 3aJaHUMHU MOYATKOBHUMH Ta
IpaHUYHUMH yMOBaMH. BuxinHi naHi: Teruiogi3ndHi XapakKTepUCTUKU MaTepiaiy, JiaMeTp KaTaHKH, TPUBAJIICTh
OXOJIOJDKEHHS, Jianma30H cepelHiX 3HayeHb KoeQillieHTa TeruloBifnadi B TalynboBaHiid ¢opmi. TpuBamicTh
BOJITHOTO OXOJOKEHHsI (cTamis Ne 1) BuU3Hauanmu BUXOISMYM 3 JIOBKWMHH TPAacH BOISHOTO OXOJIOJDKCHHS Ta
mBHUAKOCTI mpokatku. Ilig yac po3paxyHKy mporecy camoBiamycky (ctamis Ne 2) KiHLIEBUH CTaH MpoOIECy
BOJISTHOTO 0XOJIO/KEHHS (cTamis Ne 1) mpuiiMaeThCsi TOYaTKOBOIO YMOBOIO TIPOIIECY CAMOBIJIITYCKY.

2. AHani3 OTpUMaHUX JaHUX JJI BU3HAYCHHS ITHOWHU 3arapTOBAHOTO APy Ta TEMIIEPaTypy CaMOBIIITYCKY.
3HaueHHs MTMOWHY 3arapTOBAaHOTO MIAPy BU3HAYAIH 33 HAsIBHUM JMCKPETHHM HaOOpOM pO3paxOBaHUX 3HAYCHBb
METOJIOM JIiHINHOI iHTepronsnii. TeMnepaTypa caMOBIANYCKY BH3HAYA€THCS K TeMIIEpaTypa MOBEPXHI MPOKATy
Ha 3aJJaHUii MOMEHT Yacy 1 3aJI&KHUTh Bl MICIISl pO3TalTyBaHHS MipOMETpa, MBHUIKOCTI IPOKATKU Ta IIBUIKOCTI
nepeMillleHHs BUTKIB KaTaHKU Ha POJIMKOBOMY TpaHcmoprepi JiHii Creamop.

3. AHaJi3 OTpUMaHHMX 3aJKHOCTEH TIIMOMHHU 3arapTOBaHOIO IIapy Ta TEMIIEpaTypd CaMOBIAMYCKY BiJ
cepenHporo koedimieHta TeruioBinnadi. BusHadeHHs: HEOOXiqHOI MMTMOWMHM 3arapToBaHOTO Imapy. BuximHi maHi:
JlaMeTp KaTaHKH, TPAaHUIIS TUTMHHOCTI TOTOBOTO MPOKATy Ta MPOKaTy 3 MOJEILHUM THIIOM CTPYKTYp (deputo-
NepIIiTHA, MAPTEHCUTHA).

4. Po3paxyHOK I'paHHMIIl TZIMHHOCTI BiJ] TEMITIEpaTypH CaMOBIIITYCKY 13 BpaxyBaHHSIM JIJIs 3a7]aHOTO JiaMeTPy
KaTaHKU il IHTeTpaIbHOT MIITHOCTI B 3QJIKHOCTI BiJl ITHOWHU 3arapTOBAHOTO IIapYy.

3anponoHOoBaHa METOMKA PO3pPaXyHKy IMapaMeTpiB TEPMIYHOTO 3MIITHEHHS (TPUBAIICTh Ta IHTEHCUBHICTh
BOJITHOTO OXOJIOJDKCHHSI) MPOUIIIA yCHmimHy ampoOarlito B yMOBax Oe3lepepBHOTO ApiOHOCOPTHO-APOTOBOTO
CTaHa IMiJ Yac BHUTOTOBJIEHHA pi3HUX Hpodinepo3MipiB karaHnku 3 BynieneBoi crami (0,21 % C; 0,56 % Mn;
0,06 % Si).

JlireparypHi 1kepesa
1. Park C.S., Yi H.J., Kim Y.-T., Han S. W., Lee T., Moon Y. H. Tempcore process simulator to analyze
microstructural evolution of quenched and tempered rebar. Applied Sciences. 2019. Vol. 9. Iss. 14. 2938.
https://doi.org/10.3390/app9142938.
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YUCEJBHE MOJEJIOBAHHS MMPOLECIB JINTTSA TA KPUCTAJI3AIIL TWIP CTAJII
HU3bKOI 'YCTUHHU

A. 10. CemeHKO K.T.H., C.H.C, B. L. Beiic nokT. ¢ii., 7K. B. [lapxoMuyK K.T.H., C.H.C.,
P. ®@. Jlixaubkuii 10KkT. Pis., L. @. Jlixanbkuii

@Di3uK0-TeXHOJOTiYHNI IHCTUTYT MeTaJiB Ta ciuiaBiB HAH Ykpainu, m. Kuis

Bucokominni Fe-Mn-Al-C TWIP crani € nepcrneKTHBHMMH KOHCTPYKIIMHUMH MatepiajlaMH 3aBJsSKH
BHUCOKIM TEXHOJOTIYHOCTI 1 KOMIUIEKCY MEXaHIYHUX BJIACTUBOCTEH, SKUMH MOKHA KEPYBATH IUIIXOM OTEparliit
nedopmartii i repmigHoi 00poOku. Lleit kiac marepianiB 6a3y€eThCsl Ha KOHIEMI[iT BACOKOGHTPOMIHHUX CIUIaBiB HA
OCHOBI 3aiiza 3 Oaratoa3Hol0 CTPYKTypor. TakuMm cTajsM MpUTaMaHHI BHUCOKI MIIHICTh 1 TJIACTUYHICTH
(400 MIla < mexa Tekydocti < 1200 MIla, 600 MIla < mexa minaocti < 2000 MIla i 30 % < BigHOCHE
BunioBx)eHHA < 100 %). Fe-Mn-Al-C crani npubnusnao Ha 18 % nermri 3a iX TpaauiiitHi aHaiory. Take moeTHaHH
MEXaHIYHUX BIIACTMBOCTEH 3YMOBIIIOE iX IIMPOKE BUKOPUCTAHHSA B aBIaKOCMIUHIN raiy3i A BUTOTOBJICHHS
BHCOKOHABAHTAKEHUX KOPITYCHUX JI€TaJIEH.

UYepes Bucokuid BMicT Maprasiio (15-35 mac. %) ui crutaBu nepeBakxHO MarOTh ayCTEHITHY CTPYKTYpY, AKa
3a0e3nedye iM 3MaTHICTh /O HaI3BUYaiiHO €(EKTHMBHOTO 3MIilHEHHsS mia 4vac aedopmaiii. Bucokuit BMICT
amomiHito y TWIP cramsx (5-12 mac. %) cripusie 3Ha4HOMY 3MEHILIEHHIO iX T'YCTHHH Ta ITiIBUIIEHHIO KOPO3iiHOT
CTIHKOCTI.

Taki ocobmuBocti ximiunoro ckiaxy TWIP craneit 3ymoBmiooTh y raGapuTHuUX HamiBgpaOpHkarax,
OTPUMAHMX JIUTTSM, TPOSIBH ACPEKTIB MOB’A3aHUX 3 YCAIKOI — yCAJKOBI PAaKOBHHH, TPIIIUHU, TIOPH, BUTOKH
tomto. Lle yckiiagHioe mporiec BUpOOHUIITBA IIUX MaTepialiB.

B po0Goti mpeacraBneHo pe3yiabTaTH YUCENbHOTO MojentoBaHHS TuTTss TWIP crami HHU3BKOI ryCTHHH B
JUBApHIN CUCTEMI 3 YOTHpPMa BapiaHTaMHU KOH(Irypallii )KUBUILHOTO KaHATy: 110/1ava po3IIaBy 3HU3Y ITiJ1 KyTaMu
15 ©130 °, 6e3nocepenHbo OiYHA OJayYa Ta Mogayda 300Ky uepe3 MIECTUCTYNCHEBUN KOHTYPHUI KUBUIIbHUK.

Pe3ynbpTaty uncenbHOrO MOJAENIOBAHHS TOKa3ald, IO MiJ Yac MPOLECYy JIUTTS CTall HU3bKOI T'yCTUHU
3a3HAIOTh HE TIJIBKH BIUIMB TEPMIYHUX HANIPY>KEHb, aJle i J0JaTKOBUH BILIMB BiJ IIMPKYJIALIT piAKuX noTokiB. [Tpu
bOMY HaMOLIbIIMKA BIUIMB, BUPQKEHUN Y MAKCUMAJIbHUX 3HAUEHHSAX TEMIEPATypH, CIIOCTEPIraeThCsl y KyTax
dbopMu 1 30epira€ThCsi MOKKU PiBEHb METAITy HE CTaHE HAJIMIIKOBUM.

Posnoain remmnepatyp y hopmi rmokasas, 1o npu 014HiIi mo1a4ui MeTany )KUBHIBHUK HE 3aMep3a€ TTOKU MeTajl
HE JIOCSATHE TeMIeparypu coligycy. Takuii BapiaHT MiJBEJCHHS MeETaly MOKHAa BBaXKaTH ONTUMAIIbHUM,
3Ba)KarOYM Ha CXUJIbHICT IIOTO KJIACy CTajeH 10 yTBOPEHHS ra30BHX 1 yCAAKOBUX Ee(PEKTIB.
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OIITUMIBALIA PEXXUMY POBOTHU BI/IXII[HOi CTOPOHMU IPIBHOCOPTHUX CTAHIB
O. I1. €ropos! k.1.H., 1011., M. O. Pubanbyenko' K.1.4., 1011, I. O. Manaunn'? K.T.H., CT. J0CJL.

1 VkpaincbKuii 1ep:kaBHHIl yHIBEpCHUTET HAYKH i TeXHOJIOTIH, M. J[Hinpo
2 InctuTyT YopHOi MeTaayprii im. 3. I. Hexpacosa HAH Ykpainu, m. {ninpo

CopToBuii MPOKAT BUPOOIISAETHCS 3 BYTJICIIEBUX, KOHCTPYKIIIHHUX Ta HU3HKOJIETOBAHUX MAPOK CTaJllel yCIX
CTyNeHIB po3kucieHHs. Ilicns mpokaTKM Ha BUXIAHIA CTOPOHI CTaHy pO3KaT, MOpi3aHUM Ha UITaHTH,
OXOJIOJDKYETBCST Ha PEUKOBOMY XOJIOAWIBHUKY, TOTIM 30HMpAEThCs B TMAYKH, TPAHCIOPTYETHCS O HOXHUIh
XOJOAHOTO pizaHHA. Ha HOXHMIAX BiH piXeTbcs HAa MipHI 4M HOpMaJbHI npyTKu. Hapizani npyTku 30upaoTh y
KHIICHSAX BiJBOJJHOTO POJBraHTy HOXHIIb, 3BXKYIOTh, YB'SI3YIOTh Y MAYKH 1 TIOJJAIOTh €JIEKTPOMOCTOBAM KPaHOM
Ha CKJIaJl TOTOBOI MPOTYKIIii.

OHUM 13 BaXKJIMBUX TTOKA3HUKIB POOOTH CTaHy € TEMIT MPOKATKHU. 3a0e3MeueHHs MaKCUMaJIbHO MOKITUBOTO,
BUXOJSIYU 3 POOOTH TEXHOJIOTIYHOTO 00JIaHAHHS, TEMITy ITPOKATKU 3HMXKY€E cOOIBapTICTh TOTOBOI MPOIYKIIIT 32
paxyHOK, HalPUKJIA]], 3SMEHIICHHS] eHEPTOBUTPAT MIPH 3HWKECHHI TEMITy 200 TEXHOJIOTTYHUX MPOCTOIB.

PosrnsinyTo poOOTYy TpaHCHOPTYBaHHS CMYT IMPOKAaTy, 310paHMX B MAKET POJIbFAHTOM IO MiJBOIUTH, J10
HOXXHITh XOJIOTHOTO pi3aHHs. Bara makera cMyr B 3aJIEKHOCTI BiJT X JJOBKUHHU Ta KUIBKOCTI CYTTEBO BapIIOETHCS.
Bix 1boro 3ai1exuTh 1 TaIbMiBHUHN IIISAX MMAKETY, 0 TPAHCTIOPTYETHCS.

[Ipopi3zka makeTa HOKHUISIMH XOJIOJHOTO Pi3aHHs 3M1IMCHIOETHCS TTiJT yIIOP, TOMY MaKeT IMiIBOIUTHCS 0 HUX
Ha MOB3Y4il MBUAKOCTI. UMM JOBIIMH NUIAX, TUM OUTBIIMKA BUTPAaYSHUH Yac Ha Pi3aHHS, [0 3HUXKYE 3aralbHUN
TEMIT IPOKATKH.

Po3pobnena cucrema q03BOJIsIE TIPH TPAHCIIOPTYBAHHI MTAKETa POJBraHTOM IO HOXKHIIh XOJIOAHOTO Pi3aHHS
JUTSI TIEPIIIOTO 3a4MCHOTO Pi3y BU3HAYUTH MTApaMETPH PO3TOHY Ta TaJbMyBaHHS MPUBOAY POJIHKIB.

VY maketi BiJ MOYAaTKy 10 KIiHII MOXYTh OYyTH CMYTH PI3HOI JOBXKHHH, IO 3aJEKHUTh B aJITOPUTMY
po3kporo. ToMy IIISX PO3TOHY Ta ralbMyBaHHS MTAKeTa JJIS MOPI3KH HA HOXKHIISX XOJOJHOTO Pi3aHHS MOXE OyTH
pizauM. OTHaK MOMEHTH 1HEPIIii MaKeTa Ta CTAaTHYHI MOMEHTH ITO3HAYAI0THCS OJTHAKOBO Ha MPOIIecax pO3rOHY Ta
raibMyBaHHs. Bu3Hayaroun 4ac i misX po3roHy, MOXKHA BHU3HAYMTH 1 NUISIX TadbMyBaHHS BiTHOIICHHS MUIAXY
PO3TOHY 10 HUIAXY TajdbMyBaHHS, OTPUMaHE ISl 3a4MCHOTO Pi3y, BUKOPHCTOBYETHCS JIJIsl BU3HAUCHHS 4acy
raJlbMyBaHHS JJI HACTYITHOTO pi3aHHs. [Ipy KO’)KHOMY BKITFOUEHHI POJIBTaHTy 1€ BIHOIICHHS YTOYHIOETHCS.

[IpoBenene imiTariiHe MOJAEIIOBAHHA POOOTH CHCTEMH TOKAa3ajlo, M0 TaKUM YHUHOM MOXHa TOYHO
BCTAHOBIIIOBATH TAKET Mepei yImOpOM HOXUIh Ta 3HU3UTH NUISIX TMEPEMIIICHHs MayKd INTaHT Ha MOB3YYii
MIBUKOCTI TPAKTUYHO JI0 HYJISA, 1 THM CaMUM ITiIBUIIIUTH MPOAYKTHUBHICTD IT1€1 TIJISTHKH.

JlitepaTypHi 1:xepena

1. YerpoiicTBO ymnpaBiieHUsI MEPEMEIIEHUEM MaKeTa IMOJ0C MEJIKOCOPTHOTO IMpOoKaTa MpHU IMOpe3Ke Ha
CTallMOHAPHBIX HOXHUIAX : aBTOpckoe cBuueresnbcTBo SU1109207 CCCP. Ne 1109207 ; 3asBn. 13.07.1983 ;
ory6. 23.08.1984. bron. Ne 31.

2. bemta A. A., Kysaes B. H., Ilotan O. E., Eropo A. II. ABTomMaTu3anusi TEXHOJIOTUYECKUX MPOIIECCOB
Ha MEJIKOCOPTHBIX MPOKaTHBIX cTaHax. JJnenponerposck : M3n-so HI'Y, 2014. 333 c.

3. KyBaeB B. M. Po3BuUTOK HayKOBHX OCHOB aBTOMATH3aIlii MPOIIECiB BUPOOHHUIITBA ApMATYPHOTO MPOKATY :
JMC. ... 1-pa TexH. Hayk : 05.13.07. IninponerpoBcbk, 2007.
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INOAIBHICTD ITPHU XOJIOJHOMY MOJIEJIOBAHHI BEPXHbBOI'O ITPOJYBAHHA Y
KHUCHEBHUX KOHBEPTOPAX

€. O. Ap:xkanuesn, B. C. MamemnH K.T.H., 10ou., K. I'. Hi3sieB a.1.H., npog.,
C. B. ’KypaBiaboBa K.T.H., 10L.

YxpaiHcbkuii 1ep:KkaBHU YHIBepCHTET HAYKH I TeXHOJIOTiH, M. JIHInpo

[IponyBanHs piakoi MeTaneBOi BaHHU HAJ3BYKOBUMH KHCHEBUMHU CTPYMEHSIMHU € KJIIFOYOBUM €IEMEHTOM
KHCHEBO-KOHBEPTEPHOTO MpoIiecy. B3aemois cTpyMeHiB KUCHIO 3 PO3IUIaBOM HE TUIBKHU 3a0€31euy€e OKUCICHHS
JIOMIIIIOK YaBYHY, a ¥ 1HIIIIO€ PO3BUTOK CKIIATHUX TiIPOJMHAMIYHUX SBUILA B PIAKINA BaHHI, K1 BIUTMBAIOTH HA
nepedir MIaBKy Ta BABHAYAIOTh OCHOBHI TEXHIKO-€KOHOMIYH1 MMOKa3HUKH TIPOIecy. Y 3B’SI3KY 3 IIUM, TOCTIKCHHS
KJIIOYOBHUX aCIIEKTIB B3a€MOJIi1 ra30BUX CTPYMEHIB 3 P1JIKOIO BAHHOIO, @ TAKOXK aHaJi3 TApOIMHAMIYHUX IPOLIECIB
y BaHHI 3aBXI1 BUKIMKAIA OCOOJMBY yBary y MeTaIypriiaii Haymi [1-3].

OnHUM 3 HAYKOBUX METO/IIB, 110 3aCTOCOBYIOTh MIPU JOCIIKEHHI METATYPriiiHUX MPOIECIB, € «XOJIOIHE»
moxaemoBanHs [1, 4]. Take MojenrOBaHHS € JIETKUM B peajizallii, HAOYHUM Ta BIJHOCHO HEBUTPATHHUM IO
00yMOBIIIOE HOT0 HIMPOKE BUKOPUCTAHHS MpPU JOCTIDKEHHI NMHUTaHb TiIPOAMHAMIKA KOHBEPTOPHOI BaHHH.
«XomoaHe» MoIeToBaHHs 0a3yeThCcsl Ha BUKOPUCTAaHHI TeOpeMi Moao0M 1 BUMAarae JOTPUMaHHS PIBHOCTI
KPHUTEPIIB MOA0OU MiXK OPUTIHATIOM Ta MOJEIUTIO.

Buxonsun 3 pekomenmamiii pooit [1, 5, 6], mpu «X0I0IHOMY» MOJEIIOBAHHI BEPXHBOTO MPOIYBaHHS,
BU3HAYaJIbHUMHU KpUTEPisiMU € yrciio Maxa ta kpurepiit Herorona.

PiBHicTh 3HaueHHs yncia Maxa 103BoJIsi€ 3a0€3MeUnTH MOMI0HICTh CTPYMUHHOI Tedii Ta30BUX IMOTOKIB Ha
OpUTiHAJI Ta MOJEi [6]

Ma = — = idem, (1)

olg

Jie W — IIBUKICTh BUTIKAHHS Ta30BOT0 MIOTOKY, M/C; € — IIBUIKICTh MOIMHUPEHHS 3BYKY, M/C.
JloTpumaHHs iIeHTUYHOCTI KpuTepito HeroToHa HEeoOXimHe Tt 3a0e3MeUeHHs TMHAMIYHOI o000y MoAei
1 OpUTIHATTY W OJHIEIO 3 MOXJIMUBUX (POPM MOXKE OYTH TIPEACTABICHHUH Y BUTIISIAI KOMIUIEKCY

Ne; = 222 = idem, (2)
m
ne i — IMIyJbC TMOOJAWHOKOTO KHCHEBOTO CTpyMeHs, H; 7 — KiJBKICTh comel, IT.; o — KYT HaXWiy COmeln 10
BEPTHUKAI, TPajl.; g — IPUCKOPEHHs CHJIM TXKIHHSA, M/C; m — Maca PiJuHH, KT.
Jnst 3a06e3neueHHs FTeOMEeTPUYHO]I 1101001, HavacTiIIe, peKOMEHIY€ThCsl BAKOPHCTAaHHS CIMIUIEKCY [7,8]
Hy

dBHX

= idem, 3)

ne Hy, — BucoTa po3TantyBanHs (GpypMu Hajl pIBHEM PiIUHU, M; dpyy — BUXIIHUN JT1AMETP COMET, M.

OnHak BUKOPHCTaHHS TaKOTO CHUMIUIEKCY HE J03BOJISIE 1MeHTH(]IKYBaTH PEKUMH B3a€EMOIIT MIK
CTPYMEHSIMHU ra3y Ta piIKol0 BaHHOIO, 1[0 MOX€E MIPUBOAMTH 10 BUKPUBIICHHS OTPUMaHMX pe3ybTariB. Tomy ams
BU3HAYCHHSI YMOB «XOJIOJHOTO» MOJICIIOBAHHS, SIKE BPAXOBYE BILTUB PEKUMY BIPOBAKEHHS CTPYMEHS Ta3zy y
piAMHY Ha 3arajbHy TipOJAWHAMIUYHY KapTHMHY Yy BaHHI, MOXHa CKOPHCTATHUCS €KCIIepUMEHTAIbHUMHU
3aJIEKHOCTSIMH, 3aIIPOTIOHOBAaHUMH B po00Ti [9]. 111 3a1eXHOCTI MOXKYTh OYTH MIPEACTABIICH] Y BUTIISIII PIBHSIHHS,
sIKe OB’ A3Y€ OCHOBHI MapaMeTpy JAYyTTEBOTO PEKUMY Ta BU3HAYA€ TPAHWYHI 3HAYCHHS NPHU SIKUX BiIOYBAETHCA
3MiHa PEKUMY B3a€EMO/IIT Ta30BOTO CTPYMY 3 PIJIUHOIO:

H .
A = —t= = idem, 4)
(Pp'g)
l€ pPp — WIUIBHICTh PiIUHH, KI/M®; @ — eMIpUYHUIA MOKA3HMK CTYNEHs, 3HAYEHHS BU3HAYAECTHCS PEKHMOM
B3a€MOJIiT MK CTPYMEHSIMH Ta3zy Ta PIKOI0 BaHHOIO (I PeXHUMY B3a€MOJil HECTaOUIbHOI BiAKpUTA JIyHKA 3

po30puskyBaHHsIM a = 0,456; misi pexuMmy TIUOOKOTO NPOHUKHEHHS a = (0,462; Mg PeXUMY «KOPCTKA»
npoxayska a = 0,465)
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TakuM YMHOM, T€OMETPHUYHY NOMIOHICTH NPU «XOJOJHOMY» MOJICNIOBAHHI BEPXHBOTO IMPOTYBAHHS

MOKJTMBO BU3HAYATH I'PYHTYIOUHCH HA 3AJIC)KHOCTSIX, 10 BU3HAYAIOTh IPAaHWYHI YMOBH TIEPEXOAY MK PEeKUMaMHU
B33a€MO/Ii1 Ta30BOr0 CTPYMY 3 PIIAHHOIO.
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Iron and Steel Metallurgy: Technology, Innovation, Quality

UDC 669.1.061.6

STUDY OF RATIONAL CONSUMPTION OF PULVERIZED COAL WITH DETERIORATION OF
QUALITY CHARACTERISTICS OF COKE

Yu. S. Semenov Cand. Sc. (Engin.), Sen. Res.
Iron and Steel Institute of Z. I. Nekrasov of NAS of Ukraine, Dnipro

In recent years, the quality of coke in the blast furnace production of Ukraine has been deteriorating
significantly. This is primarily due to the shortage of coking coal. For example, in the blast furnace shop of PJSC
“KAMET-STEEL”, the average annual value of the hot strength indicator of coke CSR over 7 years decreased
from 53.37% in 2018 to 41.45% in 2024, the reactivity indicator CRI increased from 32.48% to 41.67%, the sulfur
content increased from 0.58% to 0.92%, the content of the +80 mm fraction increased from 7.62% to 9.35%, the
amount of ash and the drum strength indicators M10 and M25 did not change significantly [1].

Low quality of coke has a negative impact on both the technical and economic performance of the process
and reduces the possibilities of using coke substitutes in the technology: coke nut, pulverized coal (PCI) and natural
gas.

The analysis of changes in the specific consumption of coke equivalent, which is the sum of the specific
consumption of coke (C), coke nut (k;-CN) and PCI (k2-PCI), where ;> are the coke replacement factors [2] at
different specific PCI consumption for the operation period of BF-1M and BF-9 of PJSC “KAMET-STEEL” for
50 days at the beginning of 2024, was performed. The specific consumption of PCI during this period varied from
60 to 120 kg/t of cast iron. In the studied period, PCI consisted of 100% coal of Australian origin (volatile matter
—13.6%, sulfur — 0.63%, ash — 11.68%, carbon — 87%).

The analysis results showed that the minimum specific consumption of coke equivalent for BF-1M was
538 kg/t with a specific consumption of PCI — 78 kg/t; with an increase in the specific consumption of PCI to 120
kg/t, an increase in both the specific consumption of coke and the coke equivalent was observed (552-573 kg/t).
The analysis results are similar for BF-9: the minimum specific consumption of coke equivalent was 557 kg/t with
a specific consumption of PCI — 81 kg/t; with an increase in the specific consumption of PCI to 110 kg/t, an
increase in both the specific consumption of coke and the coke equivalent was observed (563-575 kg/t).

Thus, the obtained results indicate a deterioration in the degree of combustion of PCI when using coke with
low quality characteristics, so the CSR of coke in the analyzed period was: 42.6% for BF-1M and 41.6% for BF-9,
on average. The value of specific consumption of PCI recommended for the blast furnace shop — 80 kg/t of cast
iron, as the most rational, was adopted for further use.

It should be noted that in the second half of 2024, from an economic point of view, the practice of using a
coal mixture in the PCI with the addition of long-flame gas (LF) coal was applied. Since LF coal differs from coal
close in performance to low-caking coal by a significant amount of volatile substances, low carbon content and
high sulfur content, the use of such a coal mixture reduces the completeness of combustion of the PCI and requires
measures aimed at improving the drainage capacity of the blast furnace hearth [1].

References
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SMALL METALLURGICAL PLANTS (SMP) - THE WAY TO RECOVERY
THE STEEL INDUSTRY

S. V. Semiriagin Cand. Sc. (Engin.), Assoc. Prof., O. M. Smirnov Dr. Sc. (Engin.), Prof.,
A.Y. Semenko Cand. Sc. (Engin.), Sen. Res., Y. P. Skorobagatko Cand. Sc. (Engin.), Sen. Res.

Physico-Technological Institute of Metals and Alloys of NAS of Ukraine, Kyiv

New technological processes that meet the modern requirements of energy efficiency and environmental safety,
as well as provide the best opportunities for the restoration of the steel industry of Ukraine and overcoming its
technical lag are considered. The solution is to prioritise the development of electric arc furnace production at small
steel mills (SMPs). Such technologies can be used both in large-scale metallurgy, which produces commercial
products, and in small-scale metallurgy in the machine-building sector at minimal material, energy and environmental
costs. The development of the small steelmaking concept will help rebuild regional infrastructure, create new jobs,
generate revenues for local budgets, etc. SMP's feedstocks are scrap, metallised raw materials and liquid iron (up to
35-40% of the total charge weight). The production of SMP includes mainly thin hot-rolled sheet of foundry-rolled
modules, square and round grade blanks or in-demand special rolled profiles, various consumer metal products, in
particular, large forging ingots [1].

References
1. Smirnov O. M., Timoshenko S. M., Narivskyi A. V., Semiriahin S. V., Osypenko V. V., Skorobahatko Yu. P.
Stal Ukrainy: vidnovlennia ta innovatsii [Steel of Ukraine: recovery and innovations]. Kyiv : Naukova dumka, 2023.
367 p. [In Ukrainian]
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THE UTILISATION OF CARBON-CONTAINING MATERIALS OF PLANT ORIGIN IN THE
PRODUCTION OF STEEL

S. V. Zhuravlova Cand. Sc. (Engin.), Assoc. Prof., A. F. Marko, A. M. Kruhlov,
D. O. Yakovyna, O. O. Remeslo

Ukrainian State University of Science and Technology, Dnipro

Biomass has the potential to be a significant contributor to the decarbonisation of ferrous metallurgy. The
utilisation of biomass in metallurgical processes can provide solutions to a number of significant challenges,
including the disposal of biomass processing waste, the reduction of hard coal and natural gas consumption in
metallurgical processes, the reduction of harmful gas emissions, and the production of carbon materials with
superior characteristics compared to existing alternatives [1, 2].

The study examines the potential of utilizing alternative raw materials, including sunflower husks, sunflower
stalks, corn, and straw, as steel carburizers. Prior to utilisation for the carburising of steel, all of the aforementioned
biomaterials are subjected to a distinct preparation technology. An increase in the proportion of promising high-
strength steels in the total volume of steel production, which typically have a higher carbon content than ordinary,
low-carbon steels, will lead to an increased utilisation of carburisers and an elevated level of demand for their
quality. Furthermore, the utilisation of biomaterials will serve to diminish the emission of carbon dioxide into the
environment [3].
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K. A. Zelenskyy

Ukrainian State University of Science and Technologies

The technological features of the proposed methods are to seal the siphon casting system of large steel
castings and ingots from the environment by means of a layer of solidified metal and subsequent gas-dynamic
impact.

In one embodiment, gas is introduced in the above device designs using a refrigerator container with a fixed
amount of a substance that forms gas when heated. In another embodiment, a regulated gas supply from an external
source with the required pressure values is carried out [1]. The developed device designs and the implementation
of their operation can be easily integrated into existing technological processes [2]. The device can also be
immersed in liquid steel in case of slag ingress into the riser.

On the example of a steel casting of a ‘die plate’, the parameters for the implementation of these
technological processes are determined. The cooling of the casting in the mould, the duration of which is
~ 177 hours, was calculated. The calculations of the amount and composition of substances, which, when heated,
release a sufficient volume of gas to force the melt out of the riser, showed that to force steel out of a 2.5 m high
riser at a pressure of ~ 0.3 MPa, 6.3 g of paraffin is required, and a mixture of calcium carbonate and carbon
13 times more — 80 g. It has been established that the use of a mixture of calcium carbonate and carbon is less
technologically demanding and efficient compared to paraffin (a solid boundary hydrocarbon). Its main advantage
is the pressure-independence of the thermal decomposition reaction (the decomposition reaction of paraffin is
irreversible, which makes the device more stable).

Based on the results of the analysis of the technological features of various designs of devices that ensure
gas-dynamic extrusion of steel from the siphon casting system, it was found that for large castings and ingots using
siphon refractory supplies, the most acceptable design is a device with a regulated gas supply. In addition to the
reliability of solidified layer formation in the siphon casting system, this device design ensures the elimination of
possible leaks along the refractory tube connector due to the possibility of liquid metal returning to the riser. After
the new metal layer has solidified and the casting system is completely sealed against the environment, the melt is
again forced into the casting or ingot.
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The report discusses the results of thermal energy and exergy analysis of the potential of new and existing
technologies for reducing carbon dioxide emissions and coke consumption, the possibility of increasing iron
production due to the injection of various fuel additives into the furnace: hydrogen, pulverized coal fuel, natural,
coke, carbon monoxide and synthesis gas, as well as the use of metal additives, plastic, technical oxygen and
nitrogen, increasing the blowing temperature, reducing heat losses, improving gas distribution in the blast furnace.

With the use of the mathematical model of the full energy balance of blast furnace smelting developed at the
ISI NASU, an assessment of the impact of the potential of new and existing technologies on the reduction of CO>
emissions and technical and economic indicators of blast furnace smelting was carried out.

One of the promising directions in modern blast furnace production is the use of furnace gas purified from
COz, which is a combination of hydrogen, carbon monoxide and nitrogen. In world practice, this mixture of gases
is called synthesis gas. According to the literature, synthesis gas is obtained from non-coking coal with a high
volatile content, the use of which will allow to reduce the cost of iron production by reducing coke consumption
in the blast furnace, and with a large share of hydrogen - to reduce CO> emissions in blast furnace production.

It has been established that CO2 emissions in blast furnace production can be reduced by 25-30% by making
changes to blast furnace smelting technology. The implementation of production decarbonization projects is
determined by investments, the raw material and energy base of the metallurgical enterprise, and the level of
existing blast furnace smelting technology. In the future, the reduction of CO; emissions due to the use of hydrogen
and hydrogen-containing fuel additives is the most promising, but now it is not economically profitable from the
point of view of the increase in the price of metal products.

The use of pulverized coal fuel is the main factor in reducing the cost of production of cast iron in advanced
practice today. Therefore, the report provides calculations of CO> emissions reduction and changes in coke
consumption and pig iron production when using pulverized coal fuel with other fuel additives, and their
combinations.

The limiting factors for blowing various fuel additives into the blast furnace are the degree of direct reduction
of iron, the theoretical temperature, the presence of oxygen, and the temperature of the blast furnace gas. On the
basis of these restrictions, the limit values of hydrogen injection and hydrogen-containing fuel additives are
determined.

Increasing the blowing temperature is a powerful reserve for reducing CO> emissions by 10% or more and,
in general, improving the technical and economic performance of smelting.

The use of pure metal additives gives a significant effect on reducing CO> emissions, which is comparable
to the injection of pure hydrogen, but is limited by their availability and price. If carbon is used in the production
of pure metal additive, the amount of CO; emissions at the metallurgical enterprise will not decrease.

The use of plastic in the blast furnace will allow not only to reduce coke consumption and CO, emissions
from the blast furnace, but also to dispose of it, thereby reducing the negative impact on the Earth's ecology.
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RESEARCH ON THE INFLUENCE OF THE AMOUNT OF ADDITIVE DURING OUT-OF-FURNACE
STEEL TREATMENT ON THE HYDRODYNAMIC AND THERMAL CONDITIONS OF THE LAP
BATH

V. P. Piptyuk Cand. Sc. (Engin.), Sen. Res., S. E. Samokhvalov Dr. Sc. (Engin.), Prof., S. V. Grekov

Iron and Steel Institute of Z. I. Nekrasov of NAS of Ukraine, Dnipro

In recent decades, the influence of a number of constant and variable factors on the efficiency of processes
occurring in a steel casting ladle during out-of-furnace steel treatment has been actively studied. Among them, the
influence of the ladle capacity, the mass of the metal melt, the chemical composition of the steel, the temperature
of the metal melt, the method of introducing the additive and its composition, the conditions of mixing the melt,
the intensity and method of blowing the bath, and many others have been determined. At the same time, the
assessment of the possible influence of the amount of solid lump additives introduced into the steel casting ladle
during steel processing, in particular, on the ladle-furnace unit (UFU), is still insufficiently studied. In order to
identify the influence of the amount of lump additive on the efficiency of its use at the initial stage of steel
processing, the hydrodynamics and thermal state of the liquid metal melt were numerically studied. The research
was carried out using specially developed three-dimensional mathematical models and a software product that
takes into account the dynamic influence of the solid additives used. The objects of the study were the baths of
steel casting ladles with a capacity of 60 and 250 tons, which are used at the Dniprospetsstal electrometallurgical
plant (Zaporozhye) and the Kametstal metallurgical plant (Kamensk). Using the example of ferromanganese grade
FMn78 in an amount from 0.2 to 3.0 kg/t, the hydrodynamics and thermal conditions of the metal bath were
investigated at the time of introduction and during the first 4.5 seconds of the additive's stay in the metal melt.
Simultaneous purging of the bath with argon with a flow rate from 50 to 800 I/min through each of the ladle bottom
lances was taken into account.

The conducted computational studies assessed the effect of the amount of lumpy ferromanganese additives
on the hydrodynamic state of the melt in ladles of different capacities depending on the modes of purging the bath
with the metal melt. It was found that although the hydrodynamics in the ladles as a whole (on average) does not
change significantly when lumpy additives are introduced, it changes significantly at the qualitative level at the
place of their introduction. In this place, the directions and magnitudes of the melt flows change, which determine
the location of the introduced materials in the melt and their further dynamics after introduction. Since from the
point of view of the assimilation of conductive elements from solid additives of ferroalloys introduced, it is
essential for determining rational modes of their use, it is considered advisable to take into account the factor
considered as influential [1].

Numerous studies have also studied the effect of the amount of the introduced additive on the thermal state
in the contact zone of the slag-metal melt. It was determined that the specific mass of the additive affects the
temperature gradient of the liquid metal at the moment of introduction of the latter and during the initial time (4.5
s) studied. It was established that the argon flow rate per lance in the range from 200 to 600 I/min (ladle with a
capacity of 250 t) slightly changes the temperature of the metal surrounding the additive. At the same time, in a
metal bath of such capacity at the moment of introduction of the additive with argon flows that are practically
used, a significant decrease in temperature occurs, which is confirmed by the results of numerical studies [2]. It is
also shown that the temperature decreases under the influence of the mass of the additive in the ladle bath of 60
tons with a similar effect of this factor on its thermal state. In the near future, using the developed mathematical
models and software product for studying the influence of the number of lump additives introduced into the metal
bath of the ladle on the UCP, the thermal conditions will be estimated until the moment of the start of melting of
solid additives and the degree of averaging of conductive elements from ferroalloys in the volume of the melt
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CURRENT STATE AND PROSPECTS OF OXYGEN-CONVERTER STEEL PRODUCTION
IN UKRAINE

P. O. Yushkevych Cand. Sc. (Engin.)
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In 2024, in Ukraine, according to evidence of existing and planned production volumes [1] under favorable
conditions, steel production may be increased by 17% compared to the volume of 2023 and amount to
approximately 7,300,000 tons to 7,500,000 tons at the end of the current calendar year [1, 2], which is a positive
manifestation since metallurgy is the second largest export industry of our country. At the same time, it is important
to note that today from 65% to 75% [1, 2] of the world's steel production takes place in oxygen converters using
top, combined, side and bottom blowing technologies. According to the source [3], since 2017, the share of oxygen
converter steel in Ukraine has been over 70% of the total production, however, due to the destruction and damage
of certain metallurgical enterprises of Ukraine during the war, there was a certain redistribution in the technological
capacities of steel production between the oxygen converter, open-hearth and electric steelmaking methods of steel
production. Today, there are three large metallurgical enterprises in Ukraine in the structure of which oxygen
converter shops operate: PrJSC "ArcelorMittal Kryvyi Rih"; PrJSC "Dniprovsky Metallurgical Plant"; PrJSC
"KAMET-STEEL". It should be noted that the oxygen-converter method of steel production has a number of
advantages compared to electric steelmaking and open-hearth steelmaking, namely: the highest productivity; no
direct need for external separate fuel and energy resources; faster flow of physical and chemical processes;
insignificant capital costs for construction and repair; higher efficiency; conditions for processing a significant
amount of scrap metal without the use of external energy resources; provides good control over the course of the
technological process; has better environmental performance than the open-hearth process. In accordance with the
above advantages, it is advisable in the future perspective of steel production in Ukraine to restore the dominant
share in steel production precisely by the oxygen-converter method to indicators in line with world standards,
which will require either the reconstruction of previously existing oxygen-converter shops, the expansion of
existing ones or the creation of new metallurgical enterprises in the structure of which they will function.
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Ukraine's integration into the world community of developed economies involves the implementation of the
principles of decarbonization of production in various industries, including metallurgy. A promising way to
achieve carbon neutrality while maintaining the traditional blast furnace method of iron production is to develop
and introduce new, breakthrough changes in technology, in particular, those related to the use of hydrogen as a
reducing agent and heat source by significantly increasing its content in the blast. In addition to the direct effect
of reducing carbon emissions, this also achieves a general reduction in the negative man-made load on the
environment by reducing the intensity of extraction of fossil raw materials for the production of reducing agents
and coolants.

The use of hydrogen-containing fuel in the production of iron leads to significant changes in blast furnace
smelting technology, in particular, thermal and renewable processes that occur in the furnace. Deepening the
understanding of these processes when using hydrogen-containing additives in the blast furnace, scientific
justification of their rational amount in order to ensure the maximum degree of hydrogen use have determined the
relevance and direction of developments that are currently being carried out in the iron metallurgy department.

Adding hydrogen to the blast and increasing its concentration in the gas phase leads to an acceleration of
reduction processes, in particular, to an increase in the degree of indirect iron reduction. The results of previously
performed studies have shown that increasing the amount of hydrogen supplied to the blast furnace, up to a certain
limit, contributes to an increase in the degree of its utilization. Exceeding this limit value leads to the opposite - a
decrease in the degree of hydrogen utilization. Therefore, determining the rational amount of hydrogen-containing
additives in the blast composition using heat and mass balance calculations is one of the main research tasks.

Decarbonization of the pig iron production process involves increasing its energy efficiency, which can be
ensured by the appropriate quality of iron-containing materials and coke, the development and implementation of
charge loading modes adapted to new conditions, and the selection of blow mode parameters that allow achieving
high values of the degree of hydrogen utilization, taking into account the peculiarities of its behavior in different
zones of the blast furnace.

Of particular note are studies of the influence of hydrogen on the mechanism of reduction of the iron-
containing part of the charge used at metallurgical enterprises. The results of these experimental studies will allow
us to formulate and clarify the requirements for the quality and properties of iron-containing materials and coke
under the conditions of using hydrogen in blast furnace smelting, as well as to clarify the requirements for blast
furnace smelting under new technological conditions. Calculation and analytical studies and analysis of melting
indicators in different zones of the blast furnace, experimental studies of the reducibility of iron-containing raw
materials and taking into account the peculiarities of the nature of the distribution of hydrogen along the radius of
the furnace create a scientific basis for substantiating and developing technological requirements for the rational
distribution of iron-containing materials, as well as determining rational ratios of injected reductants that ensure a
high degree of hydrogen utilization.

The result of the research carried out by the Department of Iron Metallurgy will be the development of
scientifically substantiated provisions of blast furnace smelting technology (required properties of iron-containing
components of the charge, rational modes of their loading, the ratio of the components of the combined blast, the
parameters of the thermal and slag modes) in the conditions of using hydrogen and hydrogen-containing additives
in the combined blast.
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USE OF A COMPLEX MATHEMATICAL MODEL OF FORMATION OF MULTICOMPONENT
PORTIONS OF BURNING MATERIALS, THEIR LOADING INTO THE BUNKER OF A CONELESS
LOADING DEVICE, UNLOADING FROM THE BUNKER AND DISTRIBUTION ON THE SURFACE

OF THE FILLING

V. 1. Vyshnyakov, V. R. Sherbachov, O. O. Biloshapka, K. P. Yermolina
Iron and Steel Institute of Z. I. Nekrasov of NAS of Ukraine, Dnipro

Research carried out in recent years has shown the possibilities of using a complex model of distribution of
charge components in solving various technological problems. One of the most important results that can be obtained
using the model is a quantitative assessment of the mass of each component of the charge entering the considered
annular zone during the unloading of charge materials in each involved angular position of the tray of the coneless
loading device. This allows you to analyze the influence of the quantitative characteristics of the applied charge
materials distribution program on the distribution indicators of individual components, both iron ore and fuel parts
of the charge, as well as ore loading, and creates the possibility of selecting and adjusting the program based on the
results of predictive calculations before entering it into the loading control system, which significantly reduces the
duration of development of rational charge loading modes and reduces the risk of making ineffective decisions. In
addition, the result of mathematical modeling is the component composition of mixtures of charge materials in
different zones of the blast furnace, which makes it possible to perform predictive calculations of high-temperature
properties of melts and assess the rationality of their distribution across the cross-section of the blast furnace, taking
into account technological limitations and risks of negative phenomena during melting, such as damage to the furnace
lining, the formation of refractory conglomerates, clogging of the furnace, etc.

The results of modeling using a complex model also allow assessing the possibility of implementing
technological requirements for the distribution of charge materials and gas flow during the operation of blast furnaces
under various technological conditions.

Currently, mathematical modeling of the distribution of charge components in the working space of the blast
furnace is used in the development of new methods for the operational determination of the position and parameters
of the plastic zone in the blast furnace, which largely determines the technical and economic indicators of smelting,
as well as in current studies of the use of hydrogen and hydrogen-containing coke substitutes in blast furnace
technology.

Performing computational and analytical studies to determine the melting indicators in different zones of the
blast furnace, as well as their analysis, will allow specifying the requirements for the distribution of charge
components, flow rates and parameters of combined blowing to ensure the maximum degree of hydrogen use and
determine the rational ratios of injected reducing agents: coke oven and natural gas, pulverized coal fuel.
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ASSESSMENT OF IMPURITY CONTAINMENT DURING PURGE OF A METAL BATH WITH
OXYGEN-NEUTRAL GAS MIXTURE THROUGH A BOTTOM PURGE UNIT
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Considering the global need for structural materials, among which steel and cast iron remain irreplaceable,
the place and significance of low-carbon steels with a carbon content below 0.01%wt. should be especially
emphasized. The main indicator of their service properties is high plasticity in the cold state. The production of
such steels is associated with the need to use special technical solutions to remove carbon from the melt below the
critical concentration. This process is accompanied by a significant decrease in the yield of liquid steel. In these
conditions, the current task for modern metallurgical science is to develop alternative effective technical solutions
for the production of steels with a carbon content below 0.01% in the conditions of the material and technical base
of domestic metallurgical enterprises with minimal modernization of equipment. A promising direction for solving
this problem is the decarburization of the iron-carbon melt by purging the bath with an oxygen-neutral gas mixture,
which is carried out outside the steelmaking unit.

In order to establish the technological efficiency of the process, a high-temperature study was conducted,
which involved purging carbon steel with an "oxygen-nitrogen" mixture in a ratio of 30 to 70%, respectively, with
a flow rate of 0.075 I/h. Melting and purging were carried out in a 1 kg induction furnace. For the research, a steel
charge with the initial chemical composition, wt%: C 0.3; Si 0.03; Mn 0.34; P 0.012; S 0.014 was used. The
purging was carried out through a ceramic tube that was immersed in the bottom part of the crucible, which
simulated one channel of the bottom purging block under the conditions of steel processing in a steel ladle. The
purging time was 3 minutes with sampling every 40 seconds. The results of the absolute change in the chemical
composition of the steel during the purging:

* the carbon content decreased by 0.153 wt%;

« the silicon content increased by 0.077 wt%;

* the manganese content increased by 0.044 wt%;

« the phosphorus content decreased by 0.002 wt%;

* the sulfur content did not change.

According to the presented data, it can be established that when purging a metal bath with a mixture of
process gases containing oxygen in an amount of 30% of the total volume of the purge gas, priority oxidation of
carbon and phosphorus is observed without oxidation of other impurities important for the quality of steel - silicon
and manganese.

The conducted studies allow us to conclude that the developed technology of purging steel with a mixture
of process gases can be implemented in industrial conditions. In this case, the use of a two-stage technology of
decarburization of iron-carbon melt (1% stage — oxidation in the melting unit to a content of 0.2-0.3% by weight;
2" stage — oxidation to the required concentration in the steel casting ladle by purging with a mixture of gases
containing oxygen through the bottom purge block) will allow increasing the yield of the usable product by 7-10%
compared to classical processes for obtaining low-carbon steels.
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STUDY OF THE INFLUENCE OF HIGH-VOLTAGE ACTIVATION OF OXYGEN FLOW ON THE
PROBABILITY OF CHEMICAL REACTIONS INVOLVING OXYGEN
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Today, the oxygen-converter method of obtaining a liquid metal intermediate product remains the only
economically viable method of producing an indispensable structural material — steels of various grades. However,
the method itself, in order to maintain competitiveness in the market, requires constant improvement of production
efficiency and cost reduction. Traditional ways of influencing the steelmaking bath to improve exchange processes
have a number of limitations and have mostly exhausted their capabilities [1]. Therefore, in the practice of world
ferrous metallurgy, unconventional methods of increasing the intensity of steel production processes are
increasingly being used, which expand the capabilities of existing processes and do not require significant capital
investments and cardinal changes in the production cycle.

Among the unusual, but promising methods of intensification of converter production, one can single out a
method of electrical activation of the process components, for example, electrical activation of the gas purge flow
[2]. This makes it urgent to conduct research on the study of methods of physicochemical influence on the iron-
carbon melt by electrically activated gas jets. Due to the activation of the oxygen flow during purging before it
enters the liquid metal bath, oxygen ions are formed in the jet. It is known that compared to the activity of
molecules, the activity of ions is greater [3]. Accordingly, this should contribute to an increase in the degree of
assimilation of the purge gas by the melt and, as a result, cause an intensification of exchange processes in the
converter bath with a corresponding reduction in the duration of purging and an increase in the productivity of
oxygen converters.

The work carried out an analytical study of the influence of high-voltage activation of the oxygen flow on
the course of the carbon oxidation reaction to CO by evaluating the thermodynamic index of the reaction course
in the direction of the formation of reaction products - Gibbs free energy [4]. Carbon, as a component for
evaluation, was chosen because the process of its oxidation determines the speed capabilities of the oxygen
conversion process under conditions of purging from above. The calculation was carried out taking into account
the increased number of oxygen ions that are formed on the way to the metal bath in the oxygen jet due to an
electric discharge for the conditions of redox reactions, for which the electrode potentials of the components were
calculated. It was found that high-voltage activation of the oxygen flow at the nozzle outlet creates a sufficient
number of active particles - ions, which are stored in such a quantity at a distance of 40 calibers that a significant
increase in the electrode potential of oxygen can be noted. This, in turn, increases the electromotive force of redox
reactions involving gaseous oxygen, namely the "carbon - oxygen" system, and, accordingly, an increase in the
negativity of the Gibbs free energy compared to the classical version of purging by 3 times was established. The
results obtained indicate the corresponding possibility of reducing the time of purging the metal melt to achieve
the required carbon content earlier due to a more active reaction with an increased number of oxygen ions.
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Today poses new challenges to human civilization in the field of sustainable development and rational use of
nature. At the same time, the metallurgical industry has a significant negative impact on the environment in general
and the atmosphere in particular. At the same time, the main share of pollution falls precisely on CO and CO;
emissions accompanying the technological processes of iron recovery from oxides and direct oxidation of excess
carbon in the metal charge during steel production.

Taking into account the technological and organizational features, it is most difficult to organize effective
capture and utilization of carbon oxides during steelmaking processes using oxygen converters. At the same time, in
modern conditions, this method of steel production is the main one in relation to the assortment of metal products of
ordinary quality. In world practice, there is an approach to reducing the negative impact of converter steel production,
which is based on the capture, purification and averaging of flue gases, their storage in a gas holder system and
further use as energy carriers for other production needs. At the same time, the construction of a gas capture system
for preparation and a gas holder system for storing and averaging gaseous products is characterized by high cost.
There is also another approach to reducing carbon oxide emissions into the atmosphere by using the heat of
combustion of carbon monoxide to dioxide in the cavity of the oxygen converter to increase the proportion of scrap
metal in the initial charge. At the same time, the amount of excess impurities in the metal bath, in particular carbon,
is reduced accordingly with a corresponding reduction in the amount of carbon oxide emissions into the atmosphere.

The purpose of this study is an engineering and calculation assessment of the increase in the proportion of
scrap metal in the charge of oxygen converters with top purge by the amount of carbon oxides formed and,
accordingly, discharged into the atmosphere. Considering that the composition and amount of flue gases during
purging changes significantly, the average indicator was taken for the assessment, calculated taking into account the
features of the material and heat balances of steelmaking close to the real conditions of steelmaking in 250-t
converters with top purge. For the comparative analysis, the classical design of the oxygen lance, double-circuit and
double-deck, was used. The results were evaluated using the integrated indicator of the amount of carbon dioxide
entering the atmosphere (the amount of carbon monoxide was converted to dioxide and the same indicator of the
total carbon dioxide emission was used for further evaluation).

Thus, according to the results of the conducted studies, it was established that the integrated amount of carbon
dioxide for the use of the classical design of the lance, double-circuit and double-deck, respectively, is, m3/t of steel:
2.79; 2.71 and 2.62. The results obtained correlate with the corresponding increase in the proportion of scrap metal
in the charge and an increase in the yield of liquid steel.

Based on the above, engineering calculations have confirmed the effectiveness of the impact on the amount of
carbon oxide emissions into the atmosphere from converter production by increasing the proportion of scrap metal
in the charge. At the same time, increasing the amount of scrap metal in the charge does not lead to an improvement
in technological indicators, since this effect is achieved by optimizing the thermal regime of converter melting by
increasing the proportion of CO that is burned into the converter cavity by using blow-off lances of progressive
design.
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The history of converter production began with air purging, then the process was transferred to oxygen as a
more active gas [1]. Now the time has come when the need for the use of more active purging gases, such as ozone
[2]. However, the complexity and energy intensity of the process of its production, as well as its high instability, are
significant obstacles to its widespread implementation on an industrial scale. In this regard, it is relevant to conduct
research on the search for rational opportunities for intensification of the oxygen conversion process by using ozone.

The aim of the work was to study the features of the upper purge with an oxygen jet, which was previously
activated by an electric discharge to create ozone, on a high-temperature model of an oxygen converter.

A previously conducted study made it possible to establish that the best conditions for purging a metal bath
with ozone are to obtain ozone by activating the oxygen jet at the outlet of the purge lance with a high-voltage electric
discharge [3]. This is due to both the simplicity of implementing this method and its reliability in operation. The
selected type of high-voltage discharge is brush, which causes the formation of ions in the gas jet.

The research was conducted on a high-temperature model of an oxygen converter with upper purge. A 60 kg
model was filled with pre-molten cast iron of the composition, wt%: C 3.85-3.95; Si 0.7-0.9; Mn 0.15-0.17;
S 0.018-0.021; P 0.086-0.090 with a temperature of 1360-1400 °C, slag-forming components were introduced and
the iron-carbon melt was blown through the upper lance with technically pure oxygen for 12 minutes. The studies
were carried out both when using an oxygen flow activated by an electric discharge and for comparison under the
conditions of the classical blowing option. High-voltage activation was carried out directly at the outlet of the blow-
off lance under conditions of supply to the electrodes located in the lance of 25-30 kV, which corresponded to the
formation of ozone at a distance of 40 calibers from the lance nozzle of about 25-27 mg/m?.

According to the results of research, in comparison with the classical conversion variant, it was established that
the use of an oxygen flow activated by an electric discharge for blowing an iron-carbon bath contributes to:

- reducing the bath ignition time by 2-3 times and increasing the bath temperature by 100-500 °C;

- increasing the carbon oxidation rate by 30-40% rel. and reducing the specific oxygen consumption by
9-10% rel.;

- reducing the level of dust emission from the bath by 56.9-69.5% rel.
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One of the promising ways to significantly reduce harmful emissions in the ferrous metallurgy industry is to
reduce the use of carbon by replacing it as much as possible with alternative heat sources and reducing agents.
Hydrogen has great potential in this regard due to its physical and chemical properties and because its reactions
with iron oxides do not result in toxic CO; emissions.

Increased use of hydrogen-containing gases has a significant impact on the parameters and efficiency of blast
furnace smelting, changes the course of processes in the blast furnace, temperature distribution and gas
permeability of the charge. On the one hand, increasing of hydrogen concentration accelerates the reduction
processes, on the other hand, it leads to a decrease in the temperature in the furnace shaft, and therefore
optimization of the properties of iron ore raw materials, primarily their reducibility and strength, is a necessary
condition for increasing the efficiency of blast furnace smelting with using hydrogen-containing gases. It is
necessary to have a clear idea of how the composition of gas mixtures, their feed rate, temperature, properties of
iron ore raw materials and many other factors affect the reduction processes. However, there is still no
unambiguous and generally accepted theory that would generalize all the patterns of hydrogen reduction processes
in a blast furnace. Interesting studies of the effect of hydrogen-containing gases on the reducibility of various types
of iron ore raw materials have been carried out in recent years by Chinese, Japanese, European and Indian
researchers, but the results of studies conducted under different conditions are quite contradictory.

Ukrainian scientists and blast furnace operators have been conducting research in this area for several
decades and have very interesting scientific and practical results, but in recent years the blast furnace smelting
conditions and the composition and properties of the iron ore raw materials that Ukrainian metallurgical plants
work with have changed greatly, so urgently requires further in-depth study of the course of reduction processes
when using hydrogen specifically for modern Ukrainian realities.

In laboratory conditions of the Iron and Steel Institute research continues on the influence of hydrogen on
reduction processes in blast furnaces for different types of iron ore raw materials produced in Ukraine. The
reduction processes were modeled on laboratory equipment of the ISI by using various mixtures of reducing gases,
the composition of which was close to industrial conditions. The effect of hydrogen content in the reducing gas,
heating rate and gas feed rate on the loss of sample mass was studied, and then the reduction index R was
calculated.

It was determined that increasing the hydrogen content in the reducing gas mixture in the temperature range
of 900-1000 °C is accompanied an improvement in the reducibility for all types of charge materials, but the
reducing behavior of the sinter and pellets differs significantly and depends on the hydrogen content in the gas
mixture and its feed rate. Analysis of the obtained experimental data made it possible to determine the most
effective hydrogen concentrations in the reducing gas for these conditions.

The obtained results, on the one hand, confirmed the generally recognized patterns of the reduction processes
in a blast furnace with using hydrogen-containing gases, and, on the other hand, revealed some features specifically
for these types of raw materials with which Ukrainian metallurgical plants work. This result allows to be used
them for planning further research and for developing technological recommendations for the use of hydrogen-
containing gases in blast furnace production in Ukraine.
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The work is devoted to the study of the influence of the circulation of the protective medium in the working
space of the printer camera during laser powder layer melting (LPBF). According to the results of research in recent
years, for materials with a low specific density (light), the influence of the blowing speed and trajectory is especially
relevant. The material for the research is vertical samples made of LPBF-AISi10Mg aluminum-based alloy, evenly
spaced over the entire working plane of the construction chamber, manufactured according to rational technological
regimes. Tensile tests must be carried out according to the standard method (DSTU ISO 6892-1:2019). Continuity
(porosity) was determined metallographically using ImageJ software. It was established that when supplying a
constant feed rate and circulation of the protective medium, alloy particles are captured and transferred to the exit
nozzle, which affects the final integrity, namely the pore size. The dependence of the mechanical properties on the
location of the studied samples in the platform area (the influence of their blowing) is shown.
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Defects in the finished product are one of the main reasons for the destruction of components obtained by
laser melting in a powder layer. Many studies have been conducted to control the process of laser melting in the
powder layer to achieve high density and the absence of discontinuities. This was achieved by applying a complex
of various proposed available known methods of analysis (optical microscopy, computed tomography and
transmissive fluoroscopy during the process) and building process maps of the defective structure of production.
The majority of research is directed at the analysis of defects, their form and mechanism of formation, which is
currently quite well known. Taking into account this research experience, the authors of many works reached the
level they needed. Currently, in the industrial sector of production by the method of laser melting in a powder
layer, more progressive issues arise: increasing the productivity of the process and the possibility of increasing the
volume of printing, both serial and large-scale production of parts while maintaining the high density of the
finished product. As for productivity, these issues have a partial solution, namely the use of a dynamically adapted
focal spot, the shape of the focal spot, an increase in the thickness of the powder layer, etc. But when the volume
of printing is increased, some difficulties arise that are currently being sought for a solution, mainly these problems
are related to the impossibility of using the F-Theta lens. Thus, another optical system was applied in the industrial
sector, namely a three-axis focusing system (dynamic focusing) to increase the printing area, which allowed to
increase the area due to the compensation of the focal length by moving the movable focal lens and the possibility
of installing additional optical systems to cover a larger area (above 400 mm). The use of this system can affect
the quality of finished products and especially the repeatability of mechanical properties depending on the offset
of the focal distance correction from the center. As a result of the research, it was established that when the focal
length correction is shifted, the track boundaries are distorted, which indicates a change in the crystallization of
the tracks depending on the curvature of the focal spot. When applying different thickness parameters of the
deposited layer, when using rational construction parameters, the structure of the samples produced at 40 um has
columnar grains and HAZ thermally affected regions, indicating overheating. Test samples made at a thickness of
60 pm have a characteristic area of curvature of an arcuate track structure with an inclination angle of 14°
depending on the focal length correlation. During the analysis of test samples made with a layer thickness of
40 um, no change in the angle of inclination was observed, which is associated with a smaller layer thickness and
the presence of columnar grains, which in turn suppresses the detection of an arcuate structure.
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In the modern additive manufacturing of parts, the SLM method has become widespread - the technology of
laser melting of a layer of metal powder, which allows you to significantly expand the possibilities for optimizing
the geometry of products. For details of the traditional method of production (casting, deformation), it is known
that the surface roughness can significantly affect the level of mechanical properties, since protrusions and
depressions are stress concentrators. Parts manufactured using additive manufacturing technologies have increased
roughness, but their structural state after manufacturing is significantly different from traditional metal. It is often
necessary to operate without subsequent mechanical surface treatment of products manufactured by the SLM
method. The purpose of the work: to determine the effect of roughness, the presence or absence of mechanical
processing of the working area of the samples on the mechanical properties under static tension conditions.
Research material and methodology. Tensile samples with a working zone diameter of 5 mm, 6 mm (allowance
for subsequent machining) and a working zone length of 25 mm were made from metal powder of steel 316L on
a 3-D printing machine Alfa-150D manufactured by ALT Ukraine LLC in the vertical direction. The mechanical
properties were determined during the tensile test according to the standard method on the "INSTRON" machine.
Roughness control was performed by two methods: using a DANA-260 roughness meter and microstructural
analysis on an AxioVert 200 M Mat optical microscope using specialized ImagelJ software. From the analysis of
the profilometric curve and the microstructure, it was found that the samples without mechanical processing have
periodic protrusions, which is related to the texture that is formed during manufacturing. The average values of
mechanical properties do not differ significantly (less than 6.6% for various characteristics) depending on the
presence or absence of mechanical processing, but the deviations from the average within the sample for the values
of ultimate strength and relative shrinkage for samples without mechanical processing are many times larger
compared to interval of fluctuations of values within the sample for samples with mechanical processing.

The results were obtained as part of the Ukrainian-Austrian project "[mprovement of heat treatment regimes
of AISI316L produced by SLM to reduce residual stresses"” (state registration number 0123U103227) under
contract M29-2024/KC.0226.24 dated 05/30/2024.
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Predicting the indicators of the steelmaking process allows for the rational use of additives and improves the
physicochemical and performance properties of specialty steels. To enhance the efficiency of steel refining at the
ladle-furnace installation, it is essential to develop methods for predicting the composition of final products. The
interaction between molten metal and slag is an ion-exchange process within the "metal-slag" system, with results
described by interphase distribution coefficients of diffusing elements.

The Iron and Steel Institute of the National Academy of Sciences has accumulated experience in modeling
the physical and chemical properties of steels and ferroalloys at the level of interatomic interaction, as well as the
processes of the distribution of elements in the "metal-slag" system under renewable conditions [1-2] using
complex indicators of materials loaded into the melting unit and metal smelting technology.

To predict the distribution coefficients of sulfur, silicon, manganese and aluminum between the final
products of melting after ladle finishing of steel, based on the concept of directional chemical bonding, a
methodology has been developed, which includes:

- selection and substantiation of the most significant indicators of the chemical composition of steel and slag
to the UCP, additives and technological regime, which ensure obtaining the required chemical composition of the
final steel;

- generation of the structure of complex indicators of the "metal-slag" and metal-additive systems, taking
into account their chemical composition and physico-chemical properties, using the mathematical apparatus of
Harrington's generalized desirability function, which allows various indicators to be "collapsed" into a single
generalized indicator;

- development of predictive models for calculating the distribution coefficients of elements using complex

indicators in the form of L ; = A -F.1 Fgé 'Fta3 , Wwhere Frs, Fimg, Fr are complex indicators, respectively, of the

"metal-slag", "metal-additive" systems and the technological mode of melting, A, a1, 02, a3 — coefficients of the
equations, which are determined for a specific brand of steel.

The proposed approach differs from the traditional methods of considering the distribution coefficients of
charge elements as constant values and lays down the prerequisites for the development of an algorithm for
forecasting and directed formation of the chemical composition of the final melts, taking into account the initial
composition of the metal and slag fed into the ladle, and the selection of the optimal composition of slag mixtures,
alloying and microalloying additives.
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Foundry and metallurgical processes are the first and main stages in metallic materials production, on which
the formation of their quality, initial structural-phase state, presence of defects and impurities depends. For a large
number of alloys, there are many difficulties associated with obtaining homogeneous ingots with a minimum
defect, absence of liquation and favorable structural-phase characteristics. This is especially important for alloys
that contain components with simultaneous large differences in thermal conductivity, heat capacity and density.
Obtaining high-quality blanks or products from such materials requires the use of methods to influence the
crystallization processes of such alloys to provide elimination of undesirable defects. These issues become
especially important for complex multicomponent alloys, which are related to advanced structural materials like
lightweight high-strength steels with a high content of manganese and aluminum. Preparing of such melt needs
taking in account a various number of technological issues like components density, slag forming ability,
overheating limits and others to provide best quality and properties of obtained castings of ingots.

The abstract presents the results of experimental studies, devoted to investigation of the vibration treatment
influence on the defects and structure formation in Fe-28Mn-12A1-0.9Si-1.4C steel as-cast ingots. It is known that
high manganese steels, especially with high aluminum concentration, are very prone to shrinkage defects.
Vibration treatment of melt during crystallization is an effective method of defects decreasing and structure
refining. Corresponding dependencies are almost not investigated, so this work is dedicated to establishing
dependencies of quality and structure forming of as-cast Fe-Mn-Al-C steel with a high content of manganese and
aluminum under the influence of vibration. Such method hasn’t been tested on steels with high Mn and Al content
yet. The main variable treatment parameters were vibration frequency and the melt pouring temperature. For
comparative analysis, ingots were obtained without treatment and under three vibration frequencies — 12, 24 and
48 Hz.

Vibration treatment of Fe-28Mn-12A1-0.9Si-1.4C steel with a frequency of 12 Hz has a low effect on defects
but has a sufficient influence on refining the macro- and microstructure of castings. The highest defectivity and
the best grain refinement is provided by 48 Hz vibration frequency treatment. 24 Hz vibration treatment was
determined as the optimal mode, which ensured minimal as-cast sample defectiveness and caused noticeable grain
refinement, approximately twice, comparing to 12 Hz treatment and four times, comparing to untreated sample.

During the experiments, it was established that the solidus temperature for Fe-28Mn-12A1-0.9Si-1.4C steel
is close to 1300 °C. According to the obtained samples microstructure analysis, it was determined that the optimal
temperature for casting and pouring steel with such chemical composition is 1450 °C. An increase in this
temperature leads to a significant loss of the vibration treatment effect, which appears in grain growth and defects
formation.

This research has been funded by National Research Foundation of Ukraine, competition “Science to
Strengthen Defense Capabilities of Ukraine” (Project No. 2023.04/0021), “Production of armor elements for
military equipment from ultralightweight steels using secondary raw materials . The authors wish to acknowledge
the NRFU for their support.
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This paper presents a critical analysis of the out-of-furnace processing of steel, with a particular focus on the
potential use of aluminium waste as part of the slag mixtures employed in steel refining [1-3]. One of the most
commonly employed methods of out-of-furnace steel treatment is the treatment of steel with liquid slags containing
lime and alumina for the purpose of desulfurization and deoxidation. Mixing metal with specially prepared
(synthetic) slag intensifies the transfer of harmful impurities (sulfur, phosphorus, oxygen) into the slag. Synthetic
slags must be free from excessive oxidation, a condition conducive to the deoxidation of steel and desulfurization.
Moreover, the CaO activity within these materials must be kept at its maximum level. Therefore, iron oxides should
not be present at all, or their content should be limited.

The principal advantage of the method of steel processing with synthetic slag is its high level of productivity.
The entire operation is carried out during the tapping of metal from BOF into the ladle, which occurs in a matter
of minutes. The productivity of the units increases, as technological operations (desulfurization and deoxidation)
are transferred to the ladle. The utilisation of aluminium waste for the manufacture of synthetic slags and the out-
of-furnace processing of steel enables the conservation of nature and the environment, as well as the enhancement
of the ecological situation due to the elimination of hazardous industrial waste [4]. Furthermore, this represents an
economic benefit, given the sale or utilisation of secondary raw materials.
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At the current stage of development of metallurgical production, a high level of quality of steel products is
largely ensured by a combination of various technological operations of out-of-furnace refining of liquid metal,
which inevitably leads to an increase in the duration of its stay in the ladle. Deep refining of steel in a ladle-furnace
unit (LFU) 1s mostly accompanied by a significant decrease in its temperature. At the same time, even under
conditions that ensure minimal heat consumption during CCM processing, the outlet temperature needs to be
slightly increased to ensure the required steel casting parameters, which inevitably leads to additional electricity
consumption. The degree of electricity absorption depends on the conditions of heat exchange between the arc and
the metal, which in turn depend on the shape, size and nature of the arc. These parameters are determined by the
parameters of the electric arc device (EAD) of the unit. During the operation of the EDM, an arc column is formed
between the graphitized electrodes and the metal, consisting of a mixture of neutral gas particles, electrons, ions
and atoms, a pair of electrode material and metal [1].

The manufacturer determines the melt heating rate by arc power, voltage level, and with a slag thickness of
150-200 mm, guarantees a heating rate of 4 °C/min at the 16th transformer voltage level, and about 3 °C/min at
the 12th voltage level. Studies have shown that this heating rate is not always observed and is associated with
changes in the intensity of heat transfer in the plasma-slag-metal system [2, 3].

In a stably existing electric arc, thermal equilibrium is maintained, which is characterized by the fact that the
amount of heat released is equal to the amount of heat transferred to the environment. Therefore, when the arc
cooling conditions or physical properties of the environment change, its parameters change.

The electric arc discharge, in the process of EDM operation, constantly changes its position along the entire
plane of the electrode end and the surface of the liquid metal. The chemical composition of steel is adjusted at the
EAF by adding bulk materials to the ladle, such as ferroalloys, pig iron, etc. The stability of arc combustion
depends on the properties of the metal surface: when the arc moves to solid particles of the added materials, the
temperature of the contact points changes, which affects the stability of combustion and heat exchange with steel,
and therefore reduces the electrical efficiency and increases electricity consumption.

From this, it can be concluded that the operation mode of the electric arc device determines the efficiency of
steel heating in a ladle furnace. At the same time, the main factors affecting the efficiency of the EDM are the
stability and stability of electric arc burning and, as a result, the efficiency of heat transfer from them to the metal.
That is, by solving the problem of increasing the efficiency of EDM, it is possible to reduce electricity consumption
during out-of-furnace steel processing and reduce the duration of its processing.
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The use of off-furnace desulfurization of cast iron [1,4, 5-9] with various dispersed desulfurizers [2] is due
to the desire to achieve the most complete removal of sulfur from the melt in the shortest possible time. The actual
results of the industrial application of off-furnace desulfurization indicate [4] that the practical results of the
technology in many cases are not sufficiently stable and far from the possible and expected. The studies were
carried out on computational and "cold" physical models [3]. Magnesium, ground lime and calcium carbide were
evaluated as desulfurizing reagents. Based on the actual results of physical modeling and subsequent calculations,
an improved expression for the depth of jet immersion depending on the parameters of the injection through the
underwater circuit was formulated [6]. The processes of interaction of gas and solid phases in the zone near the
lance during desulfurization in the ladle were investigated. It is shown that during injection desulfurization of cast
iron, the gas component of the flow stops its directional movement in the melt up to 80 mm (actually 50-60 mm),
solid particles continue to move in the cavity and hit the surface of this cavity. To assess the further movement of
the particle through the "gas cavity-melt" boundary, the depth of particle penetration into the cast iron melt was
calculated. Models and nomograms were developed to determine the depth of immersion of reagent particles as a
function of the injection velocity of the two-phase flow. Recommendations are given regarding the parameters of
magnesium and ground lime injection, etc.
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The paper analyses the main sources of sulphur introduction into steel when using different charge materials
and methods of their preparation, including various methods of out-of-furnace desulfurization of hot metal [1].
The question of the effectiveness of BOF melting with a reduced desulfurization level with subsequent out-of-
furnace processing of steel to remove sulphur is considered [2, 3].

It has been determined that deep desulfurization of steel is possible through the use of technological
complexes "UDCH - steelmaking unit" and "UDCH - steelmaking unit - LF". Their use provides an opportunity
to optimize the costs of steel production, expands the assortment of scarce types of metal products and allows to
eliminate a number of restrictive conditions that complicate the current production of steel. Kinetics of steel
desulfurization depends on the type of desulfurizer reagent, its chemical composition, temperature conditions,
conditions of mixing steel in the ladle, additional technological operations, ladle processing of metal [3, 4].
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In today's environment, domestic steelmaking enterprises, and especially steelmaking within them, are
experiencing a significant negative impact from the shortage of high-quality raw materials and the lack of stability
of incoming charge materials. At the same time, in order to overcome these problems, the world's practice includes
technical solutions for out-of-furnace treatment of charge materials, including liquid iron. Thus, an urgent issue of
domestic metallurgical science is to determine the effectiveness of the most common methods of out-of-furnace
treatment of cast iron in relation to the current realities of domestic steelmaking.

Based on the theory of two-phase flows (gas - solid particles), which is based on the mathematical description
of the systems under study, a methodology for theoretical evaluation of the influence of the characteristics of two-
phase flows (gas phase flow rate, solid phase feed rate) and the characteristics of the route has been developed,
(channel diameter, length of horizontal, vertical, and inclined sections, and material of the route) on the change of
parameters (pressure drop between the beginning and the end of the route, velocity of the gas and solid phases) of
the two-phase flow [1-4].

Using the developed methodology [5, 6], preliminary calculations of the pressure drop, gas and solid phase
velocities were performed for CaO particles with diameters of 60 and 100 pm; FeO — 70 and 450 pm; Na;CO; —
100 pm) and Al — 500 um at a gas flow rate of 100 nl/min and a solid phase feed rate of 1.67 kg/s and 2.5 kg/s,
which are transported through a channel with a diameter of 4 mm with a horizontal section of 1 m and a vertical
section of 0.6 m.

An installation for studying the hydro-gas-dynamic laws of powder mixture injection on “cold” models was
mounted at the laboratory base of the IMM. Tests of the installation were made without reagents, using soda, using
lime, and using a CaO-Na>CO3-FeO mixture.
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The productivity of arc steelmaking furnace (ASF) and the consumption of electricity per ton of steel largely
depend on the choice of a rational electrical mode, which should ensure the most complete use of the installed
capacity, input into the furnace as much energy as possible per unit of time and prevent overheating of the furnace
masonry. To ensure high-performance ASF work, chipboards are equipped with automatic power regulators that
maintain the specified power of the electric arc. The operation of this automatic regulator is based on changing the
position of the electrodes to adjust the length of the arc [1]. Control of the arc melting process is carried out, as a
rule, in the conditions of uncertainty of the properties of the control object and the absence of a decision support
system.

For making relevant decisions in order to achieve the maximum productivity of the furnace with minimum
energy consumption, a complex automated control system was developed that regulates the electrical parameters
of the arc and the movement of the electrodes. To implement this task, the scheme of relay control of chipboard
power using the asynchronous short-circuited motor is used. The automatic conrol system of the ASF power
management consists of Simatic S7-300 modular programmable controller, an ET-200M distributed input-output
system modular station, and an ET-200S distributed peripheral station. According to information about the current
voltage of the electricity network, the temperature of the bottom and lining, the control system calculates the
electrical and thermal regimes that meet the conditions of the minimum specific electricity consumption, the
duration of melting and the cost of steel. The information support of the system, the algorithm of its operation and
the appropriate computer program have been developed.

Computer simulations in the Matlab/Simulink environment proved the stability of the controller's operation
with the aperiodic nature of the transient processes and increased speed of the controller compared to the traditional
DC motor controller. The developed system allows for uniform arc burning by adjusting the position of the
chipboard electrodes from the operator's computer. The amount of automatic control and management tools
provided on ASF ensures support of specified technological modes of the electrofusion process, as well as the
safety of operation of unit.
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Effective control of modern metallurgical production requires continuous monitoring of all technological
processes. Such control can be ensured through the presence of MES (Manufacturing Execution System) and
SCADA (Supervisory Control and Data Acquisition) systems, which allow the control of production processes
[1]. These systems represent specialized software designed to solve a variety of production tasks at the shop or
enterprise level. In most cases, they operate in real time within the framework of Industrial Control Systems and
Instrumentation and Control Systems; however, they can also function autonomously, providing data collection
and processing, quality control, delivering necessary information, and forming recommendations for optimizing
the technological process and equipment control. Therefore, the presence of an information-modeling forecasting
system for the durability of top converter lances, as part of the aforementioned systems, will address the current
issues of converter production.

Information-modeling control systems are in high demand in metallurgical production. This includes the
need for thermal mode simulation systems for both standard top converter lances and special slag-splashing lances
used for hot repair of the converter lining through the slag-splashing method. Top lances, regardless of design and
purpose, often fail due to significant thermal loads, slagging, weld seam destruction, and burn-throughs. The use
of specialized software allows for effective control of lance design and cooling system processes, forecasting, and
timely signaling of overheating or critical equipment conditions, which ultimately contributes to increasing the
durability of the device and preventing emergency situations in production.

In order to address the current task of determining the compliance of input technological parameters with
the safety criteria for conducting the BOF process as a whole, a computer-based information-modeling system for
forecasting the thermal mode of the barrel of top oxygen and slag-splashing lances has been developed. The
mathematical models, as the core of the system, involves solving the heat conduction differential equation in
cylindrical coordinates with given initial (temperature distribution in the calculation area) and boundary conditions
of the second and third kinds (on the outer and inner surfaces of the lance barrel, respectively). The integral-
interpolation method was applied for the numerical solution of the heat conduction equation. The temperature field
calculation was performed using the sweep method (modified Gauss method) with an implicitly unconditionally
stable scheme.

The software application was developed in the Microsoft Visual Studio environment. It does not require
special computer infrastructure and operates locally (without the need for internet access), while also not requiring
any special skills to operate due to its intuitive interface. The developed information-modeling system allows for
the evaluation of design and technological parameters of top lance operation as criteria for safe operation. Its use
in «consultant» mode ensures optimal design of top lances with an effective water or gas cooling system, aimed at
maintaining the proper thermal mode throughout the entire operational period, as well as ensuring the reliable
operation of the structure without emergencies.

References
1. MES vs SCADA in Industry 4.0. Nexus Integra : web-site. URL: https://nexusintegra.io/mes-vs-scada/
(accessed 08 November 2024).



32
Metal Science and Heat Treatment of Steel
UDC 621.785:669.15"26"28"292-194.018.26:621.771.25:621.79

METHOD OF PREDICTIVE DETERMINATION OF LOW-CARBON Cr-Mo-V STEEL STRAIN
HARDENING DURING THE MANUFACTURE OF WELDING WIRE

E. V. Oliinyk, E. V. Parusov Dr. Sc. (Engin.), Sen. Res.,
I. M. Chuiko Cand. Sc. (Engin.), Sen. Res.

Iron and Steel Institute of Z. I. Nekrasov of NAS of Ukraine, Dnipro

Determining the level of steel hardening depending on the parameters of the technology of its cold plastic
deformation, in particular drawing, and creating methods for calculating strength indicators on these principles are
relevant areas of activity of modern metalworking plants. The strain hardening of steel during drawing is mainly
influenced by the degree of deformation and the heating temperature of the processed workpiece, namely the
related processes of strengthening and softening of the metal. Provided that the parameters of the drawing
technology are constant, it becomes possible to calculate the predicted value of the metal's tensile strength, the
required tensile forces of the drawing machines, and also to determine the compliance of the cold-deformed wire
with the requirements of the standards [1]. Considering that low-carbon alloy steels wire rod for welding purposes
are a processing workpiece that is subjected to cold deformation by drawing, one of the main indicators of its
mechanical properties is the tensile strength.

The results of the practical application of the author's method for predicting the ultimate tensile strength of
cold-deformed wire depending on the degree of total relative compression of wire rod are presented, which is
based on the well-known Tulenkov-Zolotnikov equation [2], and which was modified by introducing an empirical
coefficient (k). This coefficient takes into account the integral influence of the chemical composition and structural
parameters of the steel, which significantly affect the strain hardening of the metal during drawing. The authors'
accumulated many years of experience in analyzing changes in mechanical properties of a wide range of steel
grades using direct drawing technology (without annealing) allowed us to determine the coefficient k= 1.17-1.22
for low-carbon steels (C < 0.15% wt.) with a ferritic matrix, which are additionally alloyed with chromium
(0.70-1.30% wt.), molybdenum (0.50-1.30% wt.), vanadium (0.10-0.30% wt.) and contain manganese and silicon
in the ranges of 0.70-1.60% wt. and 0.20-0.80% wt., respectively.

Using the specified method, the dependence of the strain hardening of a wire made of low-carbon chromium-
molybdenum-vanadium steel (grade CrMoV1Si) during drawing process on the mechanical properties of the wire
rod in the delivery state was established. The range of the initial strength of steel wire rod diam. 5.5 mm
(Rn=450-550 MPa), which guarantees compliance of the ultimate tensile strength of cold-formed wire with a
diameter of 1.2-3.0 mm with the requirements of existing standards.
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Gray cast iron with lamellar graphite is widely used across various industries. It is an inexpensive, recyclable
material with a relatively low environmental impact, including low CO, emissions.

The formation of the lamellar graphite structure in cast iron remains a subject of extensive research. Lamellar
graphite in gray cast iron can take various forms — needle-like, flake, straight, twisted, and rosette-like — and can
vary in size. The shape, size, and distribution of graphite in gray cast iron are highly sensitive to minor changes in
chemical composition (particularly at the local level) as well as to the cooling rate. Within a single cast component,
diverse graphite particles can form, making the controlled formation of various lamellar graphite structures within
a single cast product an important task.

Currently, there is a lack of knowledge regarding the effect of segregation-induced microheterogeneity on
the formation process of graphite particles with differing morphologies and sizes.

This study analyzed the morphology of graphite particles in gray cast iron and examined the sequence of
formation of particles of different shapes and sizes, as well as their relationship with chemical microsegregation.
The gray cast iron sample studied had a chemical composition close to eutectic (3.94% C; 2.59% Si) and
crystallized under slow cooling conditions. Metallographic analysis and microhardness measurements of the
structural components were conducted. Hot etching in an alkaline solution of sodium picrate was used to visualize
chemical microsegregation.

The sample exhibited massive, rosette-like, star-shaped, and dendritic forms of graphite, which, depending
on their location in macro- and microvolumes, varied in size. Chemical microsegregation, arising at all stages of
crystallization, manifests as variations in silicon and carbon concentrations. Since silicon reduces carbon solubility,
in silicon-rich areas, carbon concentration is lower, resulting in hardness variations across different areas of the
sample. Microstructural studies indicate that the intensity and topology of chemical microsegregation affect the
location, size, and shape of graphite inclusions.

The study revealed the staged formation of various graphite particles in gray cast iron. The topology of
chemical microsegregation and the associated intensity of element distribution, the location, size, and shape of
graphite, as well as the wave-like sequence of microhardness changes in the metal matrix, indicate the existence
of dynamic processes within the cast iron melt. These processes affect the melt's structure and the distribution of
chemical elements within it-i.e., its chemical microsegregation, which, in turn, influences graphite formation.
Dynamic processes in melts are determined by their physical properties (density, viscosity, surface tension, etc.),
temperature, and the rate at which it changes, i.e., crystallization kinetics.
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Bar sections of the round diameter from the low-carbon steel SAE brands, require the constant increase of
the improvements of the reliable quality assurance of the system. Processes that include, after rolling heating, the
temperature and speed parameters of cooling, which ensure the formation of a homogeneous structure, are
promising. Depending on the conditions of the hot deformation, different structural states can be observed in rolled
steel, fixed by cooling after hot deformation, which determine the properties of the metal. If the metal was
subjected to aging at the temperature of the end of the deformation, then processes of the collective recrystallization
take place in it, which manifests itself in the formation of nuclei capable of further growth. In steels with a low
carbon content, after hot deformation, grinding of the austenite grain leads to a decrease in the size of the pearlite
areas. The formation due to collective recrystallization of a large austenite grain leads to a decrease in the amount
of structurally free ferrite. Therefore, it is relevant to study the effect on the structure formation of SAE grade
rolled steel when using temperature-speed parameters of cooling from rolling heating.

Graded rolled products made of SAE 1008 low-carbon steel with a round diameter of up to 18.0 mm were
studied. The rolled product after the high-speed finishing unit with a hot rolling temperature (higher than Asz) was
cooled with water before being laid out into coils to different temperatures higher than A, then cooled at an
average rate of ~ 3.0°C/s to ambient temperatures.

The most important parameter of the microstructure is the grain size, which is one of the most effective ways
of the controlling the structure, which leads to a change in mechanical properties. Metallographic studies made it
possible to establish the influence of heat treatment parameters on the structure of the studied steel, which is ferrite
with small areas of lamellar pearlite. With the help of computational and analytical studies, it was established that
after high-speed hot deformation, it is the temperature at the end of cooling that affects the average conditional
diameter of the grain. In the production of SAE-type low-carbon graded rolled products, a processing scheme with
adjustable two-stage cooling at an average temperature of A1 + 150°C on the coil former should be used, which
forms a more uniform grain, which will ensure a minimum spread of mechanical properties. An increase in
temperature during cooling from rolling heating leads to the formation of heterogeneity in the microstructure,
which is undesirable.
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The expediency of local strengthening of the rolling surface rounding zone of railway wheels by means of
laser treatment has been proven. Based on the study of railway wheels worn during operation, which have different
profiles of the tread, it is shown that the flow of intense plastic shear under conditions of sufficiently high contact
stresses during operation leads to intensive wear in the rounding zone, which can result in undercutting of the
crests [1, 2].

It has been established that laser treatment of wheel steel in pulsed radiation mode creates a laser-
strengthened zone with a dispersed martensite structure, which is identical to the "white layer" that forms under
operating conditions on the tread. Studies have shown that such a structure is unfavorable from the perspective of
exploitation. It is demonstrated that during laser processing in continuous radiation mode, it is possible to obtain
a microcomposite bainite structure of the laser-strengthened layer, which is favorable for operating conditions. At
the same time, the parameters of the strengthened layer, the fine steel structure, as well as microhardness and
hardness can be varied within certain limits depending on the initial state of the wheel steel, as well as the mode
of continuous laser exposure. A comparative analysis shows that the modes of laser processing, as well as the
degree of dispersion of the initial microstructure, determine the effect of laser strengthening of wheel steel.

A promising mode with a laser beam power of 600 W and a movement speed of 5-15 mm/s is proposed,
which is recommended to be used, especially in combination with traditional heat treatment. It is also
recommended to carry out local laser strengthening of the rounding zone during the production of railway wheels
after quenching and before tempering to reduce thermal stresses.

The increase in the wear resistance of wheel steel after laser treatment indicates the effectiveness of applying
strengthening laser technology through the purposeful use of internal reserves of the structural adaptability of the
surface layers of steel in operational conditions. The prospects of local laser processing of the rounding zone with
the attainment of a microcomposite bainite structure in continuous laser radiation mode are discussed, which will
not only increase the wear resistance of the tread of railway wheels but also reduce the risk of undercutting of the
crests during operation. This treatment can be applied both to new railway wheels after traditional heat treatment
and in railway depots during the restoration of worn profiles of the tread by regrinding.
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For transportation and storage of spent nuclear fuel, containers made of 04Cr14Ti3B1V steel alloyed with
boron are used [1]. High-chromium steel 04Cr14Ti3B1V alloyed with boron is used for their production. When
boron is introduced into steel, a large quantity of borides is formed, which negatively affects its mechanical
properties and technological ductility during the production of hot-rolled pipes [2-5]. The goal of the work was to
study the influence of boride inclusions on the mechanical and technological properties of 04Cr14Ti3B1V steel.

In steel 04Kh14T3R1F two types of boride inclusions were revealed: (Ti,Fe,Cr,V),B with a shell (Ti,Cr,V).B
and (Fe,Cr)2B, which may have significant chemical heterogeneity. In the process of hot deformation, phase and
structural transformations occur: a change in the composition of borides due to the redistribution of elements,
dynamic diffusion crushing and separation of "satellite" particles, brittle destruction of borides, boride
transformation (Ti,Fe,Cr).B — (Fe,Cr)2B, as well as melting of inclusions.

Boride inclusions in the process of hot deformation are not plastic and are the sources of the appearance of
cracks, which contributes to a decrease in the technological plasticity of 04Cr14Ti3B1V steel. Transformations of
boride inclusions contribute to changes in the structure and mechanical properties of 04Cr14Ti3B1V steel under
different deformation conditions, which must be taken into account when developing pressure treatment modes to
improve process plasticity.

A study of the behavior of boride inclusions during hot pressure treatment of steel and their influence on the
formation of a deformed matrix, as well as the development of destruction near the inclusions, made it possible to
determine the processing modes (temperatures and degrees of deformation) that contribute to obtaining an optimal
structure that provides increased impact toughness of 04Cr14Ti3B1V steel.
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It is known that for the quantitative description of fractals, a sufficient condition is the definition of the fractal
dimension or a parameter that describes the preservation of statistical characteristics when changing the scale. The
analysis of traditional methods of studying the structure of metals and alloys (light and electron microscopy,
quantitative metallography, X-ray structural analysis) shows that none of them can be universal and suitable for
solving the full range of tasks related to the identification of quantitative characteristics of the structure of metallic
materials [1].

The application of fractal theory for the analysis or modeling of various processes of structure formation and
determination of their relationship with material properties is a widespread, accessible, and reliable direction in
materials science. This approach has proven particularly useful in understanding the structure of gray cast iron.
The search for the average fractal dimension of graphite inclusions in the structure of gray cast iron was carried
out following GOST 3443-87 standards (appendix No. 3, scale No. 1) according to the methodology, the essence
of which was to determine the closest convergence of fractal dimension values, which was calculated using cell
and point methods [2].

According to the calculation results, the following average values of the fractal dimension (D;) were obtained
depending on the morphology and distribution of graphite inclusions: lamellar rectilinear form (1.180), lamellar
swirl form (1.328), nest-like distribution (1.344), rosette distribution (1.539), distribution in interdendritic colonies
(1.590), interdendritic point distribution (1.799). Additionally, the fractal dimensions of the metal matrix (Dy), as
well as the length of the graphite/metal matrix interface (Ly) in the structure of gray cast iron, which varied in the
intervals Dy=1.977-1.890 and L, = 5820-21071 pixels, were determined. in accordance.

The obtained values of fractal dimensions made it possible to distinguish graphite inclusions by morphology
and distribution in the structure of gray cast iron, which makes it possible to create a universal method of
quantitative assessment of the elements of its structure using fractal analysis.

The calculated data have specific numerical values, so in the future they can be used to create analytical
models for the predictive determination of the properties of gray cast iron depending on the features of the
formation of the final structure. The considered method for determining the fractal dimension can be useful when
studying the features of structure formation processes and evaluating the morphology of graphite inclusions at
different stages of gray cast iron processing, starting from the smelting stage and ending with the final heat
treatment. In addition, fractal analysis can be used to determine and evaluate the influence of morphological
parameters of graphite inclusions on the formation of quality indicators of gray cast iron, which causes certain
difficulties when using traditional methods of quantitative analysis. Further research will be focused on
establishing statistically significant correlations between the fractal dimension and the properties of gray cast irons,
taking into account the final structure formation.
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The use of boron-containing steels significantly expands the production capabilities of high-strength
fasteners obtained through cold deformation methods. In the technologies for producing cold-deformed products,
the most effective method for preparing the structural state of steel prior to cold deformation is the softening heat
treatment operation. Its purpose is to alter the structural state by transforming the carbide phase from a lamellar to
a more favorable globular form. Steel with such a structure exhibits the lowest hardness and is more easily
processed during subsequent reworking (upsetting, cutting, cold bulk stamping, etc.). Additionally, granular
pearlite is the optimal initial structure for conducting further heat treatment, as it shows less tendency for austenitic
grain growth during heating. Therefore, structural steels for cold upsetting should initially possess a structure of
granular pearlite of a specific grade.

To achieve a structure of granular pearlite in hot-rolled steel billets, they are subjected to spheroidizing
annealing prior to forging, a process known to be diffusion-based. Consequently, existing spheroidization methods
require extended durations to complete and are energy-intensive. To accelerate the spheroidization process, various
schemes of preliminary treatments involving both rolling and specialized heating of the billet are employed.

The pre-treatment modes utilized prior to spheroidization lead to an increase in the dispersion of carbide
particles within pearlitic colonies and to an elevated degree of defectiveness in the crystalline lattices of the ferritic
matrix, due to the reduction in the decomposition temperature of austenite during the eutectoid (pearlitic)
transformation interval. These changes in structure following the pre-treatment regimes result in a slight reduction
in the duration of the spheroidization process, although this reduction is not sufficiently effective.

Developing modes that significantly reduce the duration of spheroidizing annealing for low-carbon boron-
containing steels is a pressing task, as it will not only reduce the energy consumption for heat treatment but also
enable spheroidizing annealing within the continuous technological line of fastener production.

In the study, three main directions for the comprehensive intensification of spheroidizing annealing are
examined. The first direction is associated with the preparation of the structural state of the steel blank prior to
annealing, taking into account the characteristics of cementite spheroidization in low-carbon steels and the
requirements for the structure after annealing with the distribution of cementite globules in the ferritic matrix. The
necessary changes in the structure immediately before the spheroidization process are proposed to be achieved by
the decomposition of supercooled austenite at lower temperatures. The second direction of intensification is related
to the development and substantiation of temperature regimes for spheroidizing annealing, considering the changes
in the values of thermodynamic and kinetic factors during the development of structural transformations. The third
direction of intensification of spheroidizing annealing is associated with the use of internal heat transfer at all
stages of the implemented regime. Heating with an internal heat carrier leads to a local increase in temperature in
micro areas at the interphase ferrite-cementite boundaries of pearlitic colonies, where the diffusion rate of
components is crucial for the structural transformation of lamellar pearlite into granular.
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The production of quality purveyances of piston rings of the individual founding from grey cast-iron
becomes complicated that the necessary structure of graphite and metallic matrix is formed as cast without the use
of heat treatment. It predetermines the necessity of clear control of chemical composition of cast iron and
technology of casting. The controlled description of mechanical properties of the poured rings purveyances from
grey cast iron is hardness that additively depends on the structure of graphite and structure of metallic matrix. Even
at the observance of technology of production there can be cases of forming of unsatisfactory structure and
hardness of the poured rings-purveyances from grey cast-iron. Reason of it consists in the inherited influence of
materials of charge, the negative action of that can be removed by the change of the modes of casting or varying
of chemical composition of cast iron.

The idea of researches consisted in the analysis of influence technologically of possible ranges of
temperature of overheat, holding time and temperature of pouring on a structure and hardness of rings purveyances
at the set chemical composition of cast iron in %wt: C = 3.72; Si=2.82; Mn=0.79; P =0.4; S = 0.045; Ni = 0.23;
Cr=0.26; Cu=0.48; Mo =0.53; Ti = 0.05.

Conducted estimation of influence of technological factors of casting in sand-clay forms, namely
temperatures of overheat, holding time and temperature of pouring of fusion on hardness and structure of the
poured purveyances for the production of compression piston-rings of different size. On the requirements of
technological instruction, a temperature of overheat must be 1530-1560°C. It is shown that fluctuation in the
temperature of overheat and pouring of fusion in a range 10-50°C and its holding time during 1-11 minutes does
not give appropriate influence on hardness and microstructure of founding of rings-purveyances from grey cast
iron. Hardness after length of founding of rings-purveyances is different, and presents 94-112 HRB, that answers
requirements GOST 621-87. The least hardness of founding of rings-purveyances is observed in areas that fit
closely to the pouring system.

It is set that the structure of graphite and metallic matrix of founding of rings-purveyances from grey cast-
iron, without regard to the observance of technological process of their production, often does not answer the
requirements of the specified standard. The maximal size of the graphite inclusions 120-250 pum, that exceeds the
necessary size of 80 um concordantly GOST 621-87. Further heat treatment (middle tempering) without phase
recrystallization was conducted with the aim of removal of casting tensions, which led to an increase in the size of
graphite inclusions.

Bainite-martensitic structures, which are not permissible according to GOST 621-87, are formed in the metal
matrix of castings of blank rings from gray cast iron, the tempering of which causes a decrease in the hardness of
blank rings.

For providing of accordance of requirements for GOST 621-87 in relation to the structure of graphite and
metallic matrix, and also prevention of decline of hardness after heat treatment of the poured rings-purveyances
must be decreased maximal size of the graphite including of to 80 um and to provide forming of dispersible pearlite
from no more to the 5 pre-eutection ferrite. For the assured providing of the above mentioned requirements, on
condition of constancy of technological process of casting, expediently it is advisable to adjust the chemical
composition of fusion of cast iron taking into account content in him gases (O, N, H), that hereditarily depends on
the origin of materials of charge, basic from that, is domain cast-iron and the turnover of its own production.
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High-entropy alloys (HEAs) have attracted significant interest in modern materials science due to the wide
range of possible element combinations and unique properties not found in traditional materials, such as resistance
to high-temperature oxidation. However, creating HEAs with a structure of solely substitutional solid solutions is
challenging, as it requires highly pure components without impurities that could form interstitial solutions. This
makes structural and property research of HEAs expensive. Therefore, at initial research stages, the use of
ferromaterials becomes practical, especially when studying the interaction of HEAs with iron-based melts, where
the carbon and other impurities in ferromaterials can be disregarded.

In this study, gray cast iron (3.46% C, 2.30% Si, 1.1% Mn) was selected and alloyed through vacuum
induction melting with an HEA of Fe-Ni-Cr-Cu-Mn (24.18% Fe, 20.85% Ni, 23.30% Cu, 15.8% Mn, 14.28% Cr,
1.46% Si, 0.68% C) as well as with a mix of pure components at 2% and 5% by mass for comparison. Chemical
analysis showed that gray cast iron more effectively absorbed alloying elements such as Ni, Cu, and Mn when the
HEA was used as a ligature. Additionally, after annealing the alloys at 920-930°C for 4 hours, the cast iron alloyed
with the HEA demonstrated slightly higher hardness values, suggesting this approach could be promising for
developing wear-resistant alloys.
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A diffusion-vacancy mechanism has been developed that describes the process of graphitization of cast iron,
and does not use the pressure of graphite on the matrix to explain the diffusion of iron. The values of
thermodynamic forces and kinetic coefficients were calculated for the case of graphitization of a binary alloy of
the Fe—C system with 2.5% C at 1100°C. It was established that under the conditions of a stationary flow of
vacancies during the graphitization of cast iron in the solid phase, the concentration of vacancies at the y-phase —
graphite boundary is approximately 0.97723 times less than the concentration of vacancies in the y-phase. An
assessment was made of the influence of alloying elements, using the example of chromium and silicon, on the
graphitization of cast iron with 2.5% C.

A thermodynamic parameter of T graphitization is proposed, which takes into account the influence of all
alloying elements (except for carbon and iron) [1]:

T6 =% g, (1)

where N is the number of considered alloying elements in cast iron.
At a given graphitization temperature, for the formation of graphite in the cast iron structure, rather than
cementite, the thermodynamic condition must be fulfilled:

T > In(ac/a%c) ~ac — a®c. 2)

At Tg > 0, the thermodynamic parameter of graphitization characterizes the degree of graphite stability and
can be related to the morphology and size of graphite inclusions.
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Improving the quality of acousto-optical (AO) crystals can significantly improve the accuracy and efficiency
of military devices. This is extremely important in the context of war, where every technical advantage can be
decisive. Military devices must operate under extreme conditions such as high temperature, vibration, mechanical
shock and electromagnetic interference. Improvement of AO crystals to increase their endurance and reliability
ensures stable operation of devices even in the most difficult conditions.

Tellurium and its compounds, in particular tellurium dioxide, have unique properties that make them
indispensable for AO modulators, deflectors and tunable filters. The need to grow large, high-quality TeO; crystals
arises from the growing demand for new technologies that require materials with high optical performance for use
in critical devices. However, the growth of large TeO- crystals is associated with a number of technical challenges,
such as the need to optimize temperature gradients, growth rates, and reduction of defects in the crystals.

For the successful growth of large TeO; crystals, it is necessary to study the process of crystallization and
phase transitions in the material, which is critically important for obtaining significant advantages in the quality of
single crystals.

This knowledge allows fine-tuning of the process parameters, which are key factors in obtaining high-quality
crystals. It should also be noted that the growth of large TeO, crystals requires control of the purity of the starting
materials and accurate analysis of impurities.

Thus, the application of new technological solutions for growing TeO: crystals will allow solving the
problems of scaling the size of the grown crystals suitable for use in devices of responsible purpose.
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Railway transport is a component of critical infrastructure. Innovations in the railway industry not only
improve the efficiency of traffic, but also make a significant contribution to the safety of transportation and
optimization of maintenance costs. Thanks to the introduction of the latest technologies and materials, modern
railway systems are becoming more reliable and economical in operation.

The interaction between the wheel and the rail is the physical basis of train movement on railways. At the
same time, the requirements for the indicators of the interaction of wheels and rails in different contact zones are
contradictory. On the one hand, the coupling of the wheels with the rails should be such that there is little resistance
to the movement of the train. On the other hand, in order to realize the necessary traction force, it is necessary to
ensure a high and stable level of traction of the locomotive wheels with the same surface.

Contact fatigue and wear are competing mechanisms of damage and when certain conditions are combined,
they occur alternately on railways, which leads to increased interchangeability of wheels and rails. The operational
reliability and durability of the wheel-rail pair is ensured by a rational balance of wear and tear resistance. Thus,
increasing the strength and hardness of the wheel rim is one of the most important tasks for ensuring the overall
reliability of rolling stock.

Sufficient wear resistance contributes to the long-term preservation of the geometry of the profile and the
correct distribution of loads in the contact patch. However, under the conditions when the metal along the contact
surface is subjected to operational loads for a long time, the structure undergoes changes: local deformation occurs,
dislocation saturation occurs, and fatigue cracks can originate and develop. Therefore, a certain amount of wear,
which can reduce the length of fatigue cracks from the surface and remove destructured metal, is a useful process.

Modern trends in the production of structural steels for railway use show that the degassing of steel in a
vacuum in order to reduce the hydrogen content, effective deoxidation and rational alloying of steel, which together
provide the specified mechanical and operational characteristics, are promising [1-3]. However, the manufacturing
method (cast, deformed) and structural condition (heat treatment, structural heterogeneity) of wheels and rails
should also be taken into account. Depending on the chemical and structural heterogeneity, the response to
operational loads may differ.

The results were obtained within the framework of the Ukrainian-German project "Influence of structural
and chemical heterogeneity on wear resistance and propagation of fatigue cracks at the wheel-rail contact point"
(state registration number 0124U003037) under contract M14-2024/KC.0227.24 dated 05/30/2024.
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Taking into account the considerable number of complex approaches with the use of information
technologies to justify the choice of the content of chemical elements in steel and the limitations inherent in them,
it is proposed to use the concept of directional chemical bonding, which ensures high predictive accuracy and
obtaining its necessary properties at the level demanded by the consumer. An analysis of the requirements of the
regulatory documentation regarding the chemical composition, namely the content of the main components such
as carbon, manganese and silicon, in steel for railway axles of EAIN, F and OS brands was performed. Applied
information technologies using the concept of directed interatomic interaction, when the criteria are complex and
characterize the entire composition at the same time, as well as obtained linear patterns of influence of the integral
indicator of the chemical composition on hardness.

The purpose of the study is to establish the regularities of the influence of the chemical composition on the
formation and transformation of the phase structure and hardness after deformation and thermal aging of carbon
steel for railway axles. The object of research was laboratory ingots of carbon steels, which are comparable in
chemical composition to steels for railway axles according to state, European and American standards. The
samples made from them were subjected to hot plastic deformation (HPD) followed by heat treatment
(HPD + TO). The microstructural analysis of the studied steels was carried out.

The regularities of the influence of the chemical composition on the ratio of phases and the hardness of the
investigated steels in different states were revealed: cast, after GPD and GPD + TO using the concept of directional
chemical bonding. It was established that with an integral parameter of the state of charge (ZY) less than 1.20 e,
that is, with a certain chemical composition in the studied range of values, the hardness of the steel in the state
after GPA exceeds the hardness of such steel in the state after GPA + TO.
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In order to obtain the required level of mechanical, technological and operational properties, it is important to
correctly choose the parameters of the technology of strengthening heat treatment of thick sheet metal from separate
heating, taking into account the thickness of the sheet and the chemical composition of the steel.

A promising direction for obtaining high strength while ensuring sufficient plasticity and resistance to cracking
of structural steels is the formation of a structure of finely dispersed bainite ferrite without the release of cementite-type
carbides in combination with stable residual austenite [1]. The formation of such a structure is achieved due to the
complex alloying of steel with chemical elements, which allow to almost completely suppress the processes of carbide
formation in bainite ferrite (silicon, aluminum, cobalt, nickel) [2], and/or appropriate heat treatment.

The standard method of heat treatment for forming the structure of carbide-free bainite (CFB) is isothermal
quenching, which can be carried out both from the austenitization temperature and from the intercritical
temperature interval.

The analysis of literary sources showed that for steels of a certain chemical composition, obtaining CFB is
possible as a result of continuous cooling from the austenization temperature both in air and with a furnace.
According to the work [3], the following mode of heat treatment is promising: continuous cooling in air and with
a furnace from the intercritical temperature interval Along with bainite, a certain amount of uniformly distributed
ferrite component is preserved in the structure. It is noted in the works [4, 5] that the combination of CFB, ferrite
and a sufficient amount of residual austenite can have a positive effect on the characteristics of crack resistance.
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It is known that a monotonous change in the rolling temperature along of the strips length (the so-called
«temperature wedge») occurs on vast majority of hot rolling mills, regardless of mill type, the location of main
equipment and assortment of products. The choice of way to eliminate the consequences of temperature wedge
depends on many components, most of which are based on the compensation of already existing wedge or its
consequences. For example, acceleration of the finishing group of cages, change of deviation between the rolls of
the cage depending on change in metal temperature, various methods of heating the rear end of the roll, etc. Of
course, eliminating this phenomenon is more effective than trying to compensate for its consequences.

In this study, an attempt was made to determine the control actions to stabilize the strips temperature in
continuous state with typical location of rolling equipment. The process of rolling typical blanks with a length of
12 m and a section of 360x110 mm into ready-made strips of 360%3.4 mm according to the technological
instructions and actual settings of the crimping values and speed modes of the cages was analyzed.

As a result of the study of changes in metal temperature, that is, the rolling temperature in first cage of
continuous mill, taking into account the cooling conditions of various parts of the workpiece after it is removed
from the furnace (at the same initial average mass temperature along the length), it was found that a temperature
wedge is formed during rolling in the first cage (rolling time ~ 50 s) and, under known circumstances, it slightly
decreases in all subsequent cages.

Analysis of the study results showed that the main reason for the formation of temperature wedge in
conditions similar to the equipment location is the different cooling time of separate workpiece sections during its
transportation from the delivery window from furnace to entrance of this section of the workpiece to rolls of first
cage. It is shown that under the appropriate technological conditions of rolling, the process of forming the rolling
temperature in first cage can be effective control action by changing the speed of pulling the workpiece out of
furnace. The pulling takes place with the help of special rollers with electric drive. Therefore, controlling the
pulling speed depending on actual difference in rolling temperatures of the front and rear ends of the roll can be
effective way to stabilize the temperature. This fact was confirmed experimentally on the strip polling mill 300
[1]. In addition, it is shown that different trajectories of movement of the front and rear ends of workpiece have
little effect on their temperature before rolling.

Therefore, in order to stabilize the rolling temperature along length of the strip, it is necessary to ensure the
same cooling time for all workpiece parts during its transportation to first cage.
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DETERMINATION OF CUMULATIVE JET PENETRATION DEPTH INTO AN OBSTACLE WITH
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Pyrotechnic devices based on linear shaped charges are widely used in rocket and space technology for stage
separation and detachment of structural elements [1]. The design of these systems involves a number of complex
engineering tasks, one of which is determining the penetration depth of the cumulative jet into obstacles of variable
thickness. The accuracy of predicting the penetration depth is critical to ensuring the reliability and safety of rocket
and space systems. The presence of local inhomogeneities in the separation section of the rocket significantly
complicates the design process and requires a detailed analysis of cumulative jet behavior.

To address this issue, the primary focus is placed on establishing a functional relationship between the
penetration depth of the cumulative jet and the focal distance of the linear shaped charges installation [2, 3]. A
calculation for determining the cumulative jet penetration depth for arbitrary cross-sections of a structure with a
variable thickness obstacle is presented.

These materials may be useful to engineering and technical personnel in the development and optimization
of pyrotechnic systems in rocket and space technology.
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The modern metallurgical industry is marked by a computer and information breakthrough, which is
provided by scientific fundamentalism. This is evidenced by the significant number of created specialized
computer systems, which in European countries and Japan have been brought to the level of a «digital duplicate
of the process», which in turn ensures high controllability of metal smelting processes. The key to the adequate
operation of the software of such systems is stable predictive models adapted to specific production and developed
on reliable data. The «Metallurgy» data bank was created in the Iron and Steel Institute of Z. I. Nekrasov of
National Academy of Sciences of Ukraine, which is the undisputed leader in terms of the volume of collected data,
its information content (physico-chemical, thermophysical properties of interacting melts, technological features
of production and other data), covering various classes of steels, alloys, cast irons, slags, slag-forming mixtures,
ferroalloys, as important components of metallurgical production and its full cycle of obtaining high-quality steel.
It is these data that we used as an information basis for modeling, and the physico-chemical basis is provided by
the use of a unique concept of directional chemical bonding [1], which, unlike others, considers melts as chemically
unified systems, and the introduction of interatomic parameters reveals the essence of inseparable chain of the
«composition - technology - structure - properties». According to the starting points of the concept of directional
chemical bonding, the chemical individuality of the system, reactivity and structural state of the melts are expressed
using the method of coding the chemical composition of the experimental melt in the integral parameters of the
interatomic interaction: Z' — parameter of the state of charge of the system, e; d — weighted average internuclear
distance, 10"! nm; zga — constant for each element, which characterizes the gradient of the change in the radius of
the ion when its charge changes; p/ — directed charge density, e/nm. On the basis of the identified important
informative parameters of interatomic interaction and the results of correlation and regression analysis, predictive
models were developed for calculating important physicochemical properties of ferromanganese,
ferrosilicomanganese, ferrosilicon, ferroboron, aluminum wire, chromium-containing ferroalloys, in particular
melting and crystallization temperature, density and thermophysical characteristics (thermal conductivity; heat
capacity; specific electrical resistance) with sufficient accuracy of prediction (R? > 0.9), which makes it possible
to recommend their use in automated systems of scientific research and automated systems for controlling the
technological process of steelmaking. The above-mentioned ferroalloys, in particular, are used when bringing the
required chemical composition to steel grades 40Cr and SAE. Carrying out calculations on representative samples
t - Student's criterion, made it possible to establish the significance of the aluminum content on the change in the
melting temperature of SAE steel, which is consistent with the technological map of the process, namely, the
processing at the «bucket-furnace» installation and the additional introduction of aluminum. Thus, the organic
combination of software products operating at manufacturers with the proposed blocks of developed predictive
models will allow obtaining adequate numerical values of the degree of assimilation of additives, which
realistically reflect the process of distribution and interaction of elements in the «metal-slagy» system and increase
the effectiveness of operational decisions.
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Long-term experimental and theoretical studies of hot rolling technologies for strrip and long rolled products,
conducted in the Department of Processes and Machines Metal Forming, allowed to develop a set of mathematical
models for forecasting deformation parameters and product quality indicators. The developed models differ from
the known ones by a higher forecasting accuracy, including due to factors that were not previously taken into
account or were taken into account insufficiently correctly. In particular, the actual chemical composition of the
rolled product is taken into account; incomplete softening of the metal during pauses between deformations;
structural composition of the rolling mill (characteristics and location of rolling stands, the use of heat-saving
screens, intermediate rewinding devices, forced cooling systems for rolled products between stands; parameters of
devices for cooling rolled products after the deformation); roll cooling parameters.

The set of mathematical models allows to calculating the following parameters:

— temperature of the rolled product in the mill line, starting with the delivery of the blank from the heating
device and ending with post-deformation cooling of the rolled product;

— energy-force parameters of deformation in all rolling stands of the condition - horizontal and vertical;

— temperature parameters of operation of working rolling rolls;

— wear of rolling rolls;

— longitudinal and transverse thickness variation of the rolls;

— deviation of sheet metal from flatness;

— parameters of the microstructure of strip and long rolled products;

— mechanical properties of the rolled product: yield strength, tensile strength, relative elongation, relative
contraction (for long rolled products).

The developed complex of mathematical models was successfully applied at many rolling mills of
metallurgical enterprises to solve important practical problems. Among them, it is advisable to highlight the
following:

— development of effective options for the reconstruction of rolling mills;

— comparative assessment of various proposals for the construction or reconstruction of rolling mills;

— modernization of cooling systems for rolling rolls;

— determination of rational parameters of technological equipment for rolling conditions;

— development of new types of strip rolled products, reinforcing rolled products and wire rods;

— development of more effective modes of rolling the existing range.

The created complex of mathematical models will allow us to determine effective solutions for the revival
of ferrous metallurgy facilities in Ukraine in the post-war period.
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DEVELOPMENT OF DIAGNOSTIC METHODS OF TECHNICAL CONDITION OF ROLLING
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A new approach to determining the technical condition of rolling mill equipment, which was established in
the ICH in the last two decades, was considered [1, 2]. It is based on the use of parameters of transient processes
in non-stationary modes of operation, first of all, during the gripping of metal by rolls and the data of mass
experimental and industrial measurements on six continuous wide-band hot rolling mills. For the first time, it was
proposed to determine the state of wear and clearances by the reaction delay time of sections of the drive line to
the impact load in the rolling cage [3]: the larger the gap, the longer the reaction delay time. This indicator is used
in other methods: setting the strip in the rolls with increasing speed (impact on the rolls) [4], using the speed of
propagation of the shock torsional wave along the sections, in the method for multi-filament wire looms [5]. For
the first time, the presence of correlation fields of the values of dynamic and static moments was established, which
are approximated by a linear dependence, the angle of inclination of which changes with the deterioration of the
technical condition of equipment and technology [2]. It is proposed to use the values of the coefficients of variation
of the dynamic moment and the coefficient of dynamism, which are determined from arrays of measurements,
along with the coefficient of variation of the moment in the steady rolling mode. By comparing the combinations
of their three values, it is established which excitations prevail - the instability of the rolling parameters, for
example, the dispersion of the metal temperature, its change along the roll, or the equipment and the action, above
all, of the clearances. A diagnostic model of the drive line was developed, taking into account the dynamics of
gear engagement of gear rolls, wheels and gears of the reducer and their axes in the supports in the presence of a
number of gaps, it is shown that the loops of axis movements, shock forces on the bed have characteristics
associated with specific gaps.

Research experience indicates the effectiveness of diagnosing rolling equipment in transient modes.

Ways of development of diagnostic methods according to the defined approach are considered. These include
the search for new correlation fields, for example, the peak force in foundation bolts — a constant moment; use of
features of rolling technology and equipment (cells 5, 6 of state 1680), creation of purposeful modes of rolling and
operation of equipment aimed at increasing the informativeness of transient processes.
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In modern conditions, along with the use of numerical modeling methods, methods of full-scale physical
modeling have become widespread in metallurgical processes. This is due to the complexity of the simultaneous
mathematical description of metal production processes from the point of view of physics, chemistry and heat
engineering. Based on modern experience in modeling metallurgical facilities, high-temperature and low-
temperature modeling are distinguished. Low-temperature modeling methods are based on the use of organic and
inorganic substances with a melting point significantly lower than that of real metal and slag melts as model liquids.
The best modeling option for transferring the results obtained to a real industrial facility is high-temperature
modeling on volumetric models. However, a significant disadvantage of this research method is the high cost and
technological and environmental complexity of organization at research center sites. Therefore, at the moment,
low-temperature physical modeling methods are most widely used, which is associated with the low cost of the
process and the possibility of multiple repetition of experiments.

It is known that in order to achieve similarity of processes to real metallurgical facilities (converter or ladle)
in a physical model, it is necessary to observe the similarity of the values of the main factors that determine these
processes - the so-called similarity criteria (for example, for modeling using water, the modified Froude criterion
is used as the main one). Compliance with the similarity criteria does not provide an understanding of how much
the interpretation of visual results corresponds to reality. For example, in the case when photo/video recording of
processes is carried out through water from above, or through a transparent container and water from the side. It
is known that light, passing from one medium to another, changes its speed and direction, which is reflected in the
visual change in the linear dimensions of the object being studied and placed in the specified environments. Most
often, transparent glass or plastic containers are used to create cold models, which have their own characteristics,
first of all, the passage of light, which forms a visual picture of objects inside the model. To analyze the influence
of the type of container through which observations and photo recording are carried out on the course of cold
modeling, a series of photographs were taken under different conditions: the presence or absence of lighting, the
presence of water around the object, and different shapes of containers in which the object is placed. As objects of
study, multi-colored objects of regular and irregular shape were selected. Transparent cylindrical and square in
cross-section plexiglass containers were used as containers for modeling. The ratio of linear dimensions of objects
placed in the middle of the containers was chosen as a comparison parameter. It was established that when studying
objects through the convex wall of a cylindrical container without adding water, we visually see no change in
geometric indicators, however, the measured geometric parameters indicate distortion (the range is associated with
the study of bodies of different shapes): due to plexiglass by 0.5-2.2%; due to the convex composition of the
cylindrical shape of the container by 2.0-3.0%; due to water and flat plexiglass by 3.8-5.7%; due to water and
convex plexiglass by 21.9-36.2%. It was found that the combination of simultaneously flat and convex plexiglass,
separated by a small water layer (up to 1 cm thick), reduces the amount of distortion to 4.9-9.9%.

To improve the interpretation of the results when conducting physical low-temperature modeling for the
purpose of visual observation through the wall, it is possible to recommend the use of a system of containers: the
inner convex one, which models the geometric parameters of the unit, and the outer one with flat walls filled with
a liquid with the same optical parameters, which reduces image distortion.
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Rolled steel, in particular carbon steel wire rod, is one of the mass types of metal products, which is usually
used for processing into various metal products by the method of cold plastic deformation. The variety of
manufactured products makes it necessary to obtain steel wire rod with different levels of mechanical properties,
in particular, with increased strength indicators and sufficient plasticity. The situation is additionally complicated
by the fact that the volumes of wire rod within individual commercial orders do not always correspond to the
minimum industrial batches, and a well-founded determination of the parameters of the technological process
directly in production conditions is economically inexpedient, since it significantly reduces productivity and
affects the sorting of finished metal products. To solve the existing problem, which consists in guaranteed receipt
of steel wire rod with regulated strength, a methodology for calculating the duration and intensity of water cooling
of rolled steel on the wire line of the rolling mill has been created, the essence of which is based on the principle
of additivity [1].

The calculation of the specified thermal hardening parameters was carried out according to the following
algorithm:

1. Numerical solution of the differential equation of heat conductivity with given initial and boundary
conditions. Initial data: thermophysical characteristics of the material, rod diameter, cooling duration, range of
average values of the heat transfer coefficient in tabulated form. The duration of water cooling (stage No. 1) was
determined based on the length of the water-cooling route and rolling speed. During the calculation of the self-
tempering process (stage No. 2), the final state of the water-cooling process (stage No. 1) is taken as the initial
condition of the self-tempering process.

2. Analysis of the obtained data to determine the depth of the hardened layer and the self-tempering
temperature. The value of the depth of the hardened layer was determined from the available discrete set of
calculated values by the method of linear interpolation. The self-tempering temperature is defined as the surface
temperature of the rolled product at a given time and depends on the location of the pyrometer, rolling speed and
the speed of movement of the wire rod turns on the roller conveyor of the Stelmor line.

3. Analysis of the obtained dependences of the depth of the hardened layer and the self-tempering
temperature on the average heat transfer coefficient. Determination of the required depth of the hardened layer.
Initial data: wire rod diameter, yield strength of the finished rolled product and rolled product with a model type
of structures (ferritic-pearlitic, martensitic).

4. Calculation of the yield strength from the self-tempering temperature taking into account, for a given
diameter of the wire rod, its integral strength depending on the depth of the hardened layer.

The proposed method for calculating the parameters of thermal hardening (duration and intensity of water
cooling) was successfully tested in the conditions of a continuous fine-gauge wire mill during the manufacture of
various profile sizes of carbon steel wire rod (0.21 % C; 0.56 % Mn; 0.06 % Si).
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High-strength Fe-Mn-Al-C TWIP steels are promising structural materials due to high manufacturability and
a complex of mechanical properties that can be adjusted by deformation and heat treatments. This class of materials
is based on the concept of high-entropy iron-based alloys having a multiphase structure. They have high strength
and plasticity (400 MPa < yield strength < 1200 MPa, 600 MPa < tensile strength <2000 MPa and 30% < total
elongation < 100%). Fe-Mn-Al-C steel is about 18% lighter than conventional ones. This combination of
mechanical characteristics contributes to the wide use of this type of alloys in the aerospace field to produce highly
loaded frame parts.

Due to the high content of manganese (15-35 wt. %), these alloys mainly have an austenitic structure, which
determines their ability for extremely effective strain hardening. The high content of aluminum in TWIP-steels
(5-12 wt. %) ensures a significant decrease in their density and an increase in corrosion resistance.

Due to the peculiarities of the chemical composition of TWIP steels, cast large-sized semi-finished products
have many defects of shrinkage origin - shrinkage shells, cracks, weights, leaks, etc. This causes the complexity
of the production process of this material.

The abstract presents the results of numerical simulation of low-density TWIP steel casting in a casting
system with four cases of feed channel configuration: alloy supply from below at an angle of 15° and 30°, side
feed direct and feeding from the side through a six-stage loop feeder.

The results of numerical simulation showed that during the casting process of the low-density steel
experience not only the influence of temperature stresses, but also additional effect from the circulating fluid flows.
In this case, the greatest impact, expressed in maximum values of temperature, is observed in the corners of the
mold and persists until the metal level reaches the surplus.

Temperature distribution in the mold showed that in case with side feed direct, the mold riser does not freeze.
Therefore, in this case, feeding the mold with molten metal will occur until the solidus temperature is reached.
Accordingly, taking into account the propensity of this class of steels to the formation of gas shrinkage defects,
this case can be considered optimal.
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Rolled products are produced from carbon, structural and low-alloy grades of steel. After rolling on the
output side of the mill, the rolled stock, cut into bars, is cooled on a rack cooler, then collected in bundles,
transported to the cold cutting shears. With scissors, it is cut into measuring or standard bars. The cut bars are
collected in the pockets of the scissor conveyor belt, weighed, tied into bundles and fed to the warehouse of finished
products by an electric overhead crane.

One of the important indicators of the mill's operation is the rolling rate. Ensuring the maximum possible
rolling speed, based on the operation of the technological equipment, reduces the cost of finished products due to,
for example, a reduction in energy consumption when the speed is reduced or technological downtimes.

The work of transporting rolled strips collected in a package by a conveyor belt to cold cutting shears is
considered. The weight of a package of stripes varies significantly depending on their length and number. The
braking distance of the transported package also depends on this.

The cutting of the package with cold cutting scissors is carried out under a stop, so the package is brought to
them at a crawling speed. The longer the path, the greater the time spent cutting, which reduces the overall rolling
rate.

The developed system makes it possible to determine the acceleration and deceleration parameters of the
roller drive during the transport of the package by the roller conveyor to the cold cutting shears for the first cleaning
cut.

The package can have strips of different lengths from start to finish, depending on the cutting algorithm.
Therefore, the path of acceleration and deceleration of the package for cutting on cold cutting shears can be
different. However, package moments of inertia and static moments affect the acceleration and deceleration
processes equally. Determining the acceleration time and path, you can also determine the deceleration path. The
ratio of the acceleration path to the deceleration path obtained for the cleaning cut is used to determine the
deceleration time for the next cut. Each time the roller conveyor is turned on, this ratio is refined.

The conducted simulation modeling of the system operation showed that in this way it is possible to
accurately set the package in front of the stop of the scissors and reduce the path of movement of the bundle of
rods at crawling speed to almost zero, and thereby increase the productivity of this section.
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Blowing a liquid metal bath with supersonic oxygen jets is a crucial part of the oxygen converter process.
The interaction between oxygen jets and melt not only facilitates the oxidation of impurities in melt but also leads
to intricate hydrodynamic phenomena within the fluid bath. These phenomena significantly impact the melting
process, ultimately influencing the key technical and economic parameters of the operation. Therefore, the
determination of the key aspects of the interaction between gas flows and a liquid bath, as well as the analysis of
related hydrodynamic processes, has always been a priority task for metallurgical science [1-3].

One of the scientific methods used in the study of metallurgical processes is "cold" modeling [1,4]. Such
modeling is easy to implement, visual and relatively inexpensive, making it widely used for studying
hydrodynamics in converter baths. "Cold" modeling is based on similarity theory and requires criteria for similarity
to be equal between the original and the model.

Based on these recommendations [1,5,6], the criteria for defining top blow in "cold" modeling are Mach
number and Newton criterion. The equality of Mach numbers ensures similarity of gas jet flow on the original and
in the model [6]

w

Ma = o= idem, (1)

where w is local flow velocity, m/s; c is speed of sound, m/s.
Compliance with Newton's identity criterion is necessary to ensure dynamic similarity between the model
and the original. One possible form of this compliance is complexity

i'n-cosa

Ne; =

= idem, (2)

where i is momentum of single flow rate, H; n is number of nozzles; a is nozzles inclination angle, deg; g is
acceleration of gravity, m/s?, m is mass, kg.

To ensure geometric similarity, it is often recommended to use simplex [7, §]

2 = idem, 3)
dex
where H is bath lance distance, m; d,, is nozzle exit diameter, m.

However, the use of simplex does not allow us to identify the interaction modes between gas jets and liquid
baths, which can lead to distortion of the results. Therefore, in order to determine the conditions for "cold"
modeling, which takes into account the effect of the gas jet introduction mode on the overall hydrodynamic picture
in the bath, we can use the experimental dependencies proposed by [9]. These dependencies are represented by
equations relating the main parameters of the blow mode and determining the limit values for which the mode of
gas current interaction with the liquid changes

A= = idem, (4)

e

where p; is density, kg/m?®; a is the empirical indicator of the degree is determined by the cavity mode (for splashing
mode, the value is 0.456; for penetrating mode, it is 0.462; for "hard" blowing, it is 0.465).

Thus, the geometric similarity of the "cold" model of the top blowing can be determined based on the
dependencies that define the boundary conditions for transition between cavity mode.
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